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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʥʪʝʨʝʩ ʢ ʤʘʛʥʠʪʥʳʤ ʯʘʩʪʠʮʘʤ ʠ ʢʣʘʩʪʝʨʘʤ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʥʦʜʦʤʝʥʥʳʤʠ, 

ʦʙʫʩʣʦʚʣʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʦʮʝʩʩʘʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʬʝʨʨʦʞʠʜʢʦʩʪʠ, ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʠʙʦʨʳ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʗʄʈ-ʪʦʤʦʛʨʘʬʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʘʛʥʠʪʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʕʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʩʧʝʮʠʬʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʛʥʝʪʠʟʤʘ ʚ ʩʠʩʪʝʤʘʭ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʦʚʦʛʦ 

ʨʘʟʤʝʨʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʪ ʦʙʲʸʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʠʪ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʠʭ ʧʦʚʝʜʝʥʠʝ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʦʢʨʫʞʝʥʠʷ, 

ʢʦʪʦʨʝr ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

ʚʤʝʩʪʦ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ 

ʟʘʜʘʚʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʥʘʯʝʥʠʷ ʩʘʤʠʭ ʩʨʝʜʥʠʭ ʙʫʜʫʪ ʥʦʩʠʪɹ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ʅʘʢʦʥʝʮ, 

ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ, ʯʪʦ ʙʫʜʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ, ʝʩʣʠ ʝʛʦ ʚʨʝʤʷ ʙʣʠʟʢʦ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 
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ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʯʘʩʪʠʮʘʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʥʦʯʘʩʪʠʮ 

ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ) 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʘʷ (ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʪʠ ʤʝʪʦʜʠʢʠ ʚʦ ʤʥʦʛʦʤ ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʄʘʛʥʠʪʦʤʝʪʨʠʷ ʜʘʸʪ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʙʨʘʟʮʘ, 

ʷʚʣʷʷʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʷʤʳʤ, ʥʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʘʪʯʠʢʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʣʫʞʘʪ ʷʜʨʘ ʘʪʦʤʦʚ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʠʟʦʪʦʧʘ, ʧʝʨʝʜʘʶʱʠʝ ʣʦʢʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʤʘʪʝʨʠʥʩʢʠʭ ʘʪʦʤʦʚ, ʦʜʥʘʢʦ ʵʪʠ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʩʚʝʨʭʪʦʥʢʠʝ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʰʴ ʢʦʩʚʝʥʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʩʦʩʪʦʷʪ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʝʸ ʦʪʢʣʠʢʘ ʥʘ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ 

ʩʠʩʪʝʤ r ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʟʘʤʝʥʷʝʪʩʷ ʩʠʣʴʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʘʪʦʤʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʦʯʝʥʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʄʘʛʥʠʪʥʳʝ ʢʨʠʚʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʧʦʣʷʭ ʩ ʯʘʩʪʦʪʘʤʠ ʦʪ ʤɻʮ ʜʦ ʢɻʮ, ʟʘʜʘʶʱʠʤʠ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʦʛʨʘʥʠʯʝʥʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ, ʩ ʜʨʫʛʦʡ ï ʣʘʨʤʦʨʦʚʩʢʦʡ ʧʨʝʮʝʩʩʠʝʡ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʚ 

ʩʚʝʨʭʪʦʥʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠʟʦʪʦʧʦʚ 

ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʦʪ ʄɻʮ ʜʦ ɻɻʮ. 
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ɽʩʪʝʩʪʚʝʥʥʦ, ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʘʥʦʤʘʛʥʝʪʠʢʘʭ, ʜʦʩʪʘʚʣʷʝʤʦʡ ʵʪʠʤʠ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʘʜʝʢʚʘʪʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʥʝʦʙʳʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʤʘʛʥʝʪʠʟʤʘ ʤʘʣʳʭ ʯʘʩʪʠʮ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦʪʘʪʴ ʩ ʨʝʘʣʴʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʪʦʯʥʳʭ, ʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʟʘʪʨʘʪʥʳʭ 

ʤʠʢʨʦʤʘʛʥʠʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ), ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʫʤʤʘʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ ʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʨʠʤʝʥʠʤʳ ʣʠʰʴ ʢ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤ. ɼʘʞʝ ʦʧʠʩʘʥʠʝ ʪʘʢʦʛʦ ʦʩʦʙʦʛʦ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ ʢʘʢ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʯʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʜʨʝʰʸʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʭ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʠ 

ʚʳʧʘʜʘʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʯʪʦ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʦʮʝʥʦʢ 

ʠʟʚʣʝʢʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʠʜʝʘʣʴʥʘʷ 

ʩʠʪʫʘʮʠʷ ʨʘʚʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʚʦʦʙʱʝ ʚʳʧʘʜʘʝʪ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʠʤʝʥʥʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʦʙʤʝʥʥʳʭ ʤʦʜ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʦʩʥʦʚʫ 

ʙʫʜʫʱʝʡ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʈʘʟʚʠʪʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʢʣʘʩʪʝʨʦʚ ʠ ʯʘʩʪʠʮ 

ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ ʩ ʮʝʣʴʶ ʦʧʠʩʘʥʠʷ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʯʝʨʪ, ʧʨʠʩʫʱʠʭ 

ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʭ ʦʜʥʦʜʦʤʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʪʘʢ ʠ ʚʳʷʚʣʝʥʠʷ 

ʩʧʝʮʠʬʠʯʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʪʠʧʘ ʠʭ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ 
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ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʘʥʩʘʤʙʣʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠ ʧʦʣʝʚʳʭ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʬʝʨʨʦ-, 

ʘʥʪʠʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ï ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʬʣʫʢʪʫʘʮʠʡ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʜʦʤʝʥʦʚ ʚ 

ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ CePdSn; 

ï ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʬʝʨʨʦʞʠʜʢʦʩʪʠ çARA-250è 

(Chemicell GmbH, Germany); 

ï ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ Fe2O3. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ 

ʜʠʥʘʤʠʢʠ ʧʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʝʣʘʢʩʘʮʠʠ ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ ʤʝʞʜʫ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʷʤʘʤʠ, ʦʪʚʝʯʘʶʱʝʡ ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʩʘʤʙʣʝ ʪʘʢʠʭ ʯʘʩʪʠʮ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʸʪʘ 

ʥʘʠʤʝʥʴʰʝʛʦ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝʥʫʣʝʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

ɺ ʨʘʤʢʘʭ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʦʙʦʙʱʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʤʦʜʝʣʠ ʥʘ ʩʣʫʯʘʡ ʘʢʩʠʘʣʴʥʦ-ʘʥʠʟʦʪʨʦʧʥʳʭ ʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʚʝʜʝʥʦ ʨʘʟʚʸʨʥʫʪʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʘʥʩʘʤʙʣʝʡ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʜʣʷ ʩʣʫʯʘʷ 

ʥʝʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ ʦʙʥʘʨʫʞʝʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʝ 

ʣʘʥʞʝʚʝʥʦʚʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʵʪʠʭ ʢʨʠʚʳʭ, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʧʦ 
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ʥʘʯʘʣʴʥʦʤʫ ʥʘʢʣʦʥʫ ʠʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʚ ʧʦʣʝ ʜʣʷ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʯʸʪʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ ʦʢʨʫʞʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʦ 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʘʥʝʝ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʢʚʘʥʪʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠʜʝʘʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʢʘʟʘʥʘ ʠʭ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚ ʧʨʝʜʝʣʝ ʙʦʣʴʰʠʭ ʩʧʠʥʦʚ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ. 

ɸʥʘʣʠʟ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʜʘʥʥʳʭ ʂʦʥʜʦ-ʩʦʝʜʠʥʝʥʠʷ CePdSn ʚ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʚʸʣ ʢ ʚʳʚʦʜʫ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʚʣʠʷʥʠʠ ʬʣʫʢʪʫʘʮʠʡ ʥʘ ʝʛʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʜʝʣʴ ʥʘʨʫʰʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(ñspin-flipò) ʠ ʧʦʟʚʦʣʷʝʪ ʪʨʘʢʪʦʚʘʪʴ ʝʸ ʢʘʢ ʨʘʟʙʠʝʥʠʝ ʚʩʝʛʦ ʦʙʲʸʤʘ ʦʙʨʘʟʮʘ ʥʘ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ. 

ʅʘ ʙʘʟʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ 

ʩʦʟʜʘʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ ʧʦʣʝʚʳʤ ʩʝʨʠʷʤ ʠʭ ʤʸʩʩʙʘʫʵʨʦʚʢʠʭ ʩʧʝʢʪʨʦʚ. ʕʪʦ 

ʤʘʪʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʘʢʫʶ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʡ ʠʭ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʣʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʠʟʦʪʦʧʘ ʢʘʢ ʚ ʩʘʤʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʪʘʢ ʠ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʬʘʟʘʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʤʦʜʝʣʝʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʤʘʣʳʭ ʯʘʩʪʠʮ ʢ 

ʪʨʘʢʪʦʚʢʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʜʘʥʥʳʭ ʫʣʴʪʨʘʪʦʥʢʦʛʦ ʧʦʨʦʰʢʘ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ 

ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʜʘʣʦ ʫʢʘʟʘʥʠʝ ʥʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʫʧʦʨʷʜʦʯʝʥʠʷ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʸʨʝʥ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ, ʯʪʦ ʦʪʚʝʯʘʝʪ Ŭ-ʬʘʟʝ ï ʛʝʤʘʪʠʪʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ɔ-ʬʘʟʳ ï ʤʘʛʛʝʤʠʪʘ. ʊʝʤ ʩʘʤʳʤ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʳ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʧʦ ʪʠʧʫ ʠʭ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʨʘʤʢʘʭ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʦʜʥʦʜʦʤʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʚ ʠʭ ʘʥʩʘʤʙʣʝ       

ʢʘʢ ʥʘʠʤʝʥʴʰʝʛʦ ʥʝʥʫʣʝʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. 

2. ʆʙʥʘʨʫʞʝʥʦ ʣʘʥʞʝʚʝʥʦʚʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʘʥʩʘʤʙʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ           

ʧʨʠ ʠʟʦʪʨʦʧʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʭ ʣʸʛʢʠʭ ʦʩʝʡ. 

3. ʇʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮ r ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʠ ʦʙʦʩʥʦʚʘʥ r

ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

4. ɼʦʢʘʟʘʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪ ɹ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ     

ʢʚʘʥʪʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠʜʝʘʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ. 

5. ʆʙʥʘʨʫʞʝʥ r ʬʣʫʢʪʫʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʜʦʤʝʥʦʚ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ CePdSn ʠ ʠʟʤʝʨʝʥ r ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

6. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʭ 

ʤʸʩʩʙʘʫʵʨʦʚʢʠʭ ʩʧʝʢʪʨʦʚ. 

7. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʥʠʭ Ŭ-ʬʘʟʳ Fe2O3 (ʛʝʤʘʪʠʪʘ) ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ɔ-Fe2O3 (ʤʘʛʛʝʤʠʪʫ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʦʣʫʯʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʘʥʩʘʤʙʣ ̫ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ, ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʩʝʨʠʡ 
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ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʜʦʢʣʘʜʦʚ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʤʦʜʝʣʝʡ ʤʘʛʥʝʪʠʟʤʘ ʤʘʣʳʭ ʯʘʩʪʠʮ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʩ ʦʙʰʠʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʙʦʪʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʜʦʢʣʘʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʥʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʰʢʦʣʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ: Moscow International 

Symposium on Magnetism (MISM 2011); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çINTERMATICè (2011); 3-ʡ ʠ 5-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ 

ʥʘʫʯʥʦʡ ʐʢʦʣʝ-ʉʝʤʠʥʘʨʝ (2011, 2015); 31
st
, 32

nd
 and 33

rd
 International Conference 

on the Applications of the Mºssbauer Effect (ICAME 2011, 2013, 2015); 4
th
 

International Competition of Scientific Papers in Nanotechnology for Young Researchers 

(RusNanoTech 2011); 8
th
 International Symposium on the Industrial Applications of the 

Mºssbauer Effect (ISIAME 2012); International Conference çMicro- and 

Nanoelectronicsè (ICMNE 2012, 2014, 2016); 12-ʡ, 13-ʡ ʠ 14-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷè (ICMSA 2012, 

2014, 2016); 48-ʡ, 49-ʡ ʠ 50-ʡ ʐʢʦʣʝ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʌʂʉ 2014, 2015, 2016); 10
th
 and 11

th
 International Conference on the 

Scientific and Clinical Applications of Magnetic Carriers (2014, 2016); 26-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘè (2016). 
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ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 40 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 16 

ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, ʩʧʠʩʦʢ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʩʦʜʝʨʞʠʪ 

125 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 2 ʧʨʠʣʦʞʝʥʠʷ, 28 ʨʠʩʫʥʢʦʚ, 4 ʪʘʙʣʠʮʳ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʠʟ 104 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 1. ʆɹʑʀɽ ʇʆɼʍʆɼʓ ʂ ʆʇʀʉɸʅʀʖ ʄɸɻʅɽʊʀɿʄɸ 

ʆɼʅʆɼʆʄɽʅʅʓʍ ʏɸʉʊʀʎ 

1.1. ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʅʘʥʦʯʘʩʪʠʮʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʶʜʴʤʠ ʩ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʸʥ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʢʘʢ ʦʩʥʦʚʘ ʢʨʘʩʦʢ ʜʣʷ ʥʘʩʪʝʥʥʦʡ ʞʠʚʦʧʠʩʠ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ, ʧʦʜʩʢʘʟʘʥʥʳʡ ʦʧʳʪʦʤ, ʙʝʟ ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ï 

ʠʟʚʝʩʪʥʦʝ ʝʱʸ ʚ ʜʨʝʚʥʦʩʪʠ ʮʚʝʪʥʦʝ ʩʪʝʢʣʦ, ʚ ʢʦʪʦʨʦʤ ʩʚʝʪ ʧʦʛʣʦʱʘʝʪʩʷ ʤʘʣʳʤʠ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʯʘʣʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʯʘʩʪʠʮ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʦʪʢʨʳʣʦ ʥʦʚʫʶ ʩʪʨʘʥʠʮʫ ʥʘʥʦʬʠʟʠʢʠ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ [1] ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʣʘʪʠʥʦʚʳʭ ʯʘʩʪʠʮ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʘʭ ʧʫʪʸʤ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʧʣʘʪʠʥʳ ʥʘ 

ʭʦʣʦʜʥʦʤ ʰʪʠʬʪʝ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʩʩʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʪʠʧ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʥʘʥʦʯʘʩʪʠʮ. ɺʩʣʝʜ ʟʘ ʵʪʦʡ 

ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʦʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʦʧʠʩʘʥʦ ʠ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʤʘʣʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʪʝʭʥʦʣʦʛʠʠ: ʥʘʥʦʤʝʪʨʦʚʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʯʝʢ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʜʝʨʞʘʥ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʠʭ ʨʦʩʪʘ. 

ɹʦʣʴʰʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʥʘʥʦʯʘʩʪʠʮ, ʩʧʦʩʦʙʘʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤ ʧʦʩʚʷʱʸʥ ʦʙʩʪʦʷʪʝʣʴʥʳʡ ʦʙʟʦʨ [2]. ʄ  r ʞʝ 

ʩʦʩʨʝʜʦʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʦʙʦʤ ʢʣʘʩʩʝ ʯʘʩʪʠʮ ʠʟ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʳʭ ʤʘʛʥʠʪʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ 

ʨʘʟʤʝʨʫ, ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʜʦʤʝʥʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʦʧʠʩʘʥʠʝ 

ʩʠʩʪʝʤ ʪʘʢʠʭ ʯʘʩʪʠʮ, ʩʯʠʪʘʷ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ çʦʜʥʠʤ ʙʦʣʴʰʠʤ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤè. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠʥʬʦʨʤʘʮʠʠ. ʀʥʪʝʨʝʩʥʳʤ ʠ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [3, 4]. ʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 



 

13 

ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʘ ʧʨʠ ʧʦʤʦʱʠ ʛʠʧʝʨʪʝʨʤʠʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [5]. 

ʅʦʚʳʤ ʪʠʧʘʤ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʧʦʩʚʷʱʸʥ ʦʙʟʦʨ [6].  

ʄʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʦʷʚʣʷʶʪ ʨʷʜ ʥʝʦʙʳʯʥʳʭ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ [7]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ ʧʦʟʚʦʣʷʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʢʨʳʚʘʪʴ ʯʘʩʪʠʯʢʠ ʟʘʜʘʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʠʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʘʛʨʝʛʠʨʦʚʘʥʠʷ [8, 9]. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʘʢʠʭ ʥʝʦʙʳʯʥʳʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʟʘʤʢʥʫʪʳʝ ʚ ʚʠʜʝ ʦʞʝʨʝʣʴʷ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [10]. ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʳʡ ʪʠʧ ʫʧʘʢʦʚʢʠ ï ʚʩʪʨʘʠʚʘʥʠʝ 

ʯʘʩʪʠʮ ʚ ʦʙʦʣʦʯʢʠ ʧʦʣʭr ʤʠʢʨʦʢʘʧʩʫʣ [11, 12], ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʥʦʩʯʠʢʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʧʨʠ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ 

ʧʦʥʠʤʘʥʠʠ ʩʚʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [13]. ʆʜʥʘʢʦ 

ʵʪʘ ʟʘʜʘʯʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦʡ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʯʘʩʪʠʮʘ 

ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʣʸʛʢʠʤʠ ʦʩʷʤʠ. ʅʝʨʝʜʢʦ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʠʩʪʝʤʳ [14], ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʭ ʣʦʢʘʣʴʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. 

ɿʘʜʘʯʘ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʠʟʙʝʞʥʳʭ 

ʚʘʨʠʘʮʠʡ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ, ʨʘʟʙʨʦʩʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʠʭ ʣʸʛʢʠʭ ʦʩʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʠʩʪʝʤ ʥʘʥʦʯʘʩʪʠʮ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʦʩʪʘʸʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩ ʦʮʝʥʢʦʡ 

ʫʩʨʝʜʥʸʥʥʳʭ ʧʦ ʘʥʩʘʤʙʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʳʪʢʘ ʪʨʘʢʪʦʚʘʪʴ ʤʘʛʥʝʪʠʟʤ ʚ ʩʠʩʪʝʤʝ ʤʘʣʳʭ ʯʘʩʪʠʮ 

ʚ ʪʝʨʤʠʥʘʭ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤʘ, ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʤʦʛʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ 

ʬʫʥʢʮʠʝʡ ʃʘʥʞʝʚʝʥʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʝʟʫʩʧʝʰʥʦʡ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʝʱʸ ʚ ʨʘʙʦʪʝ 

[15]. ʉʦʙʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʯʘʩʪʠʮ ʥʘʨʫʰʘʝʪ ʧʨʦʩʪʦʝ ʣʘʥʞʝʚʝʥʦʚʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʦʧʳʪʘʭ [16]. ɺʣʠʷʥʠʝ 

ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʝʱʸ  

ʚ ʨʘʙʦʪʝ [17] ʠ ʩ ʪʝʭ ʧʦʨ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʧʦʧʳʪʢʠ ʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ [18ï20], ʦʜʥʘʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʥʝ ʥʘʡʜʝʥʦ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. ɼʣʷ ʤʘʣʳʭ ʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʳʤ ʤʦʞʝʪ 
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ʩʪʘʪʴ ʚʢʣʘʜ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ, 

ʤʝʥʷʶʱʠʭ ʢʘʢ ʵʬʬʝʢʪʠʚʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʩʘʤʠʭ ʯʘʩʪʠʮ [21], ʪʘʢ ʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ ʘʥʩʘʤʙʣʝʡ [22]. 

ɻʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ çʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘè, ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ 

ʠʟʦʪʦʧʘ 
57

Fe ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʠʥʪʝʨʚʘʣ ʧʦʨʷʜʢʘ 10
ï9
ï10

ï5
 ʩ. ɺʧʝʨʚʳʝ 

ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʳʭ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʙʦʪʝ [23]. ʈʘʙʦʪʘ [24] ʧʦʩʪʘʚʠʣʘ ʚʦʧʨʦʩ ʦ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʚʦʟʙʫʞʜʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʘʥʩʘʤʙʣʝ ʥʘʥʦʯʘʩʪʠʮ ʠ ʦ 

ʚʣʠʷʥʠʠ ʙʳʩʪʨʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʠʟʤʝʨʷʝʤʳʝ ʨʘʩʱʝʧʣʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ. ɺ ʩʪʘʪʴʷʭ [25, 26] ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ. 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʠʩʘʥʠʶ 

ʤʘʛʥʝʪʠʟʤʘ ʚ ʘʥʩʘʤʙʣʷʭ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ (ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ), 

ʧʨʦʩʣʝʜʠʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘ ʧʨʠʤʝʨʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

1.2. ʉʪʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʚ ʤʦʜʝʣʠ ʉʪʦʥʝʨʘïɺʦʣʴʬʘʨʪʘ 

ɽʱ yʚ 1948 ʛʦʜʫ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʉʪʦʥʝʨʦʤ ʠ ɺʦʣʴʬʘʨʪʦʤ (ʉɺ) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ 

ʚʢʣʶʯʝʥʠʡ [27]. ɺ ʥʝʡ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʢʣʘʩʪʝʨʦʚ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʴʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ ʩ ʦʙʲʸʤʦʤ V ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʦʨʦʜʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʡ ʜʦ ʚʝʣʠʯʠʥʳ M0. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ 

ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʠ ʧʦʪʦʤʫ ʦʙʣʘʜʘʶʪ ʦʜʥʦʦʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ K. ɺʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H 

ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʯʘʩʪʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʚʝʢʪʦʨʥʫʶ ʩʫʤʤʫ 

ʚʢʣʘʜʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʦʤʦʚ, ʤʦʞʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʳʡ 
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ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩ ʚʝʣʠʯʠʥʦʡ M0. ʊʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ E ʯʘʩʪʠʮʳ 

ʙʫʜʝʪ ʩʣʘʛʘʪʴʩʷ ʠʟ ʝʸ ʩʦʙʩʪʚʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʟʝʝʤʘʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

 fq coscos 0

2 HMKE --= , (1) 

ʛʜʝ ɗ ʠ f ʝʩʪʴ ʫʛʣʳ, ʦʙʨʘʟʫʝʤʳʝ ʚʝʢʪʦʨʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʩ ʣʸʛʢʦʡ ʦʩʴʶ z ʠ 

ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ H, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1ʘ). 

ʈʠʩ. 1. (ʘ) ɺʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʩ ʣʸʛʢʦʡ ʦʩʴʶ z                      

ʚ ʥʝʢʦʣʣʠʥʝʘʨʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H. (ʙ) ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ             

ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʨʘʟʥʦʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ h ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ Ū = 45Á                       

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ f ʝʸ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʫʙʳʚʘʥʠʠ ʧʦʣʷ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʦʝ hc (45Á) = 0,5. ʇʫʥʢʪʠʨ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʣʝʤ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ï hc, ʢʦʛʜʘ ʠʩʭʦʜʥʳʡ ʤʠʥʠʤʫʤ 

ʠʩʯʝʟʘʝʪ. (ʚ) ʋʛʦʣ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ɗc ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ hc       

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ Ū. (ʛ) ʉʪʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʘʥʩʘʤʙʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠʭ ʣʸʛʢʠʭ ʦʩʝʡ. ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ  

ʦʪʚʝʯʘʝʪ ʩʣʫʯʘʶ ʩʧʣʶʩʥʫʪʳʭ ʯʘʩʪʠʮ ʩ ʣʝʛʢʦʡ ʧʣʦʩʢʦʩʪʴʶ (K < 0) ʚʤʝʩʪʦ ʣʸʛʢʦʡ ʦʩʠ (K > 0). 
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ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ Ū ʤʝʞʜʫ ʦʩɹ  ʁʣʝʛʯʘʡʰʝʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ z ʠ 

ʧʨʠʣʦʞʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ H ʜʚʘ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʜʝʣʷʶʪ ʧʣʦʩʢʦʩʪʴ,       

ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʣʝʞʘʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʧʦʣʦʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M , 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʵʥʝʨʛʠʶ (1) ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ʩʚʷʟʠ fq+=Q ,     

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʦʜʥʦʤʝʨʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ (ʨʠʩ. 1ʙ): 

 
)cos(2cos

cos2)(cos

2

2

qq

ff

-Q--=

=--Q-=

h

hKE
, (2) 

ʛʜʝ ʚʚʝʜʝʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ  

 0CC 2, MKHHHh == , (3) 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ HC, ʦʧʨʝʜʝʣʷʶʱʫʶ ʧʦʣʝ 

ʧʦʣʥʦʛʦ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ ʠʤʝʶʪʩʷ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ. 

ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʦʣʷ ʨʘʚʥʦʚʝʩʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʜʚʠʛʘʶʪʩʷ ʚ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʂʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ )(c QH  (ʠʣʠ 
Ccc )()( HHh Q=Q ), 

ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʯʘʩʪʠʮʳ, ʦʜʠʥ ʠʟ ʤʠʥʠʤʫʤʦʚ ʠʩʯʝʟʘʝʪ. 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ ʵʢʩʪʨʝʤʫʤʳ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ (2) ʷʚʣʷʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʢʦʨʥʷʤʠ 4-ʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʤʝʥʪʘ (ɗ ʠʣʠ f), ʦʜʥʘʢʦ ʠʭ 

ʧʦʠʩʢ ʧʨʦʱʝ ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ hc ʠ 

ʧʦʣʦʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ɗc, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʠʥ ʠʟ ʤʠʥʠʤʫʤʦʚ ʩʣʠʚʘʝʪʩʷ ʩ 

ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ, ʠʤʝʶʪ ʧʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ (ʨʠʩ. 1ʚ): 

 
3

c tantan Q== qt , (4ʘ) 

 
( )242

c 11 ttth ++-= . (4ʙ) 

ɺʘʞʥʦʝ ʜʦʧʫʱʝʥʠʝ ʤʦʜʝʣʠ ʉɺ ʩʦʩʪʦʠʪ ʚ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʧʣʦʚʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʯʘʩʪʠʮʳ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ ʨʘʚʥʦʛʦ 

 TkKVU B0 >>= , (5) 

ʛʜʝ kB ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, ʘ T ï ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʳʡ 
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ʤʦʤʝʥʪ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʜʚʫʭ ʧʦʣʦʞʝʥʠʡ ʚʜʦʣʴ ʣʸʛʢʦʡ ʦʩʠ ʠ 

ʧʝʨʝʩʢʦʢʠ ʤʝʞʜʫ ʵʪʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʧʨʦʠʩʭʦʜʷʪ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʪʘʢ 

ʯʪʦ ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɽʩʣʠ ʞʝ ʚʝʣʠʯʠʥʘ ʚʥʝʰʥʝʛʦ ʧʦʣʷ 

ʤʝʥʷʝʪʩʷ, ʩʢʘʞʝʤ, ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ h, ʧʨʝʚʳʰʘʶʱʠʭ )(c Qh , 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʯʘʩʪʠʮʳ ʥʝʧʨʝʨʳʚʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʠʥʠʤʫʤʘ ʠ ʣʠʰʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʣʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ )(c Q-h  

ʩʚʘʣʠʚʘʝʪʩʷ ʚ ʥʦʚʳʡ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ (ʨʠʩ. 1ʙ). 

ʇʨʠ ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʝʢʮʠʷ ʝʜʠʥʠʯʥʦʛʦ 

ʚʝʢʪʦʨʘ 
0/ MMm=  ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʢʣʘʜ 

)Ū,(Hm  ʯʘʩʪʠʮ ʩ ʟʘʜʘʥʥʳʤ ʧʦʣʷʨʥʳʤ ʫʛʣʦʤ Ū ʚ ʥʦʨʤʠʨʦʚʘʥʥʫʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. ʇʦʣʥʘʷ ʞʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʘʥʩʘʤʙʣʷ ʉɺ ʯʘʩʪʠʮ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ 

ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʚʩʝʚʦʟʤʦʞʥʳʤ ʦʨʠʝʥʪʘʮʠʷʤ 

 
ññ QQ=QQQ=
1

0

2/

0

cos)cos,(sin),()( dHmdHmHm
p

. (6) 

ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʦ ʚʥʝʰʥʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʘʤʧʣʠʪʫʜʦʡ H0 ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ w0 

 )sin()( 00 tHtH w= . (7) 

ʂʦʛʜʘ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 1=h , ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʦʪ ʚʨʝʤʝʥʠ 

ʠʤʝʝʪ ʬʦʨʤʫ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ. 1ʛ). ɽʩʣʠ ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʥʠʞʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 5,0)45( o

c =h , ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ 

ʉɺ ʚʩʝ ʯʘʩʪʠʮʳ ʦʩʪʘʶʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʵʥʝʨʛʠʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʧʦʣʷ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦʡ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʨʠʣʦʞʝʥʥʳʭ ʧʦʣʝʡ 1/5,0 C00 <=< HHh  ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʦʩʪʘʥʫʪʩʷ ʚ ʨʝʞʠʤʝ ʩʣʘʙʦʛʦ ʧʦʣʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʭʦʪʷ ʦʪʧʨʘʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʤʦʜʝʣʠ ʉɺ ʩʣʫʞʠʪ ʤʘʛʥʠʪʥʘʷ 

ʘʥʠʟʦʪʨʦʧʠʷ ʯʘʩʪʠʮ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʪʣʠʯʠʝʤ ʠʭ ʬʦʨʤʳ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ, ʙʘʟʦʚʦʝ 

ʚʳʨʘʞʝʥʠʝ (1) ʜʣʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʦʩʪʘʸʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ï 
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ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʢʦʙʘʣʴʪ), ʪʘʢ ʠ ʧʨʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʝʡ [27]. ʇʨʠ ɻʪʦʤ ʜʘʞʝ ʜʣʷ ʩʣʘʙʦ 

ʥʝʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʬʦʨʤʦʡ, ʦʙʳʯʥʦ ʥʘʤʥʦʛʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʪʘʢ ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʘʥʠʟʦʪʨʦʧʠʠ ʬʦʨʤ-ʬʘʢʪʦʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʤ ʠ 

ʧʨʠʙʣʠʞʸʥʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʪʝʤ ʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ (2). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʩʣʦʚʠʝ ʤʘʣʦʩʪʠ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ (5) ʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʉɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ (ʣʠʙʦ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠ ʥʝ ʩʣʠʰʢʦʤ ʤʘʣʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʨʘʟʚʸʨʪʢʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ, 

ʯʪʦʙ  rʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʦʙʦʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʷʤ ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʉɺ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʨʝʜʝʣʴʥʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

(ʩʪʘʪʠʯʝʩʢʠʭ) ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ. ʆʜʥʘʢʦ ʧʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʵʪʦʡ 

ʤʦʜʝʣʠ ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ, ʥʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ 

ʯʪʦ ʤʦʜʝʣʴ ʉɺ ʜʘʞʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʥʠ ʢ ʦʧʠʩʘʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʠ ʢ ʘʥʘʣʠʟʫ 

ʤʸʩʩʙʘʫʵʨʦʚʢʠʭ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

1.3. ʈʝʣʘʢʩʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦ ʅʝʝʣʶ 

ʊʦʛʜʘ ʢʘʢ ʉʪʦʥʝʨ ʠ ɺʦʣʴʬʘʨʪ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʥʝʙʨʝʛʣʠ ʪʝʧʣʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʫʯʘʡʥʳʤʠ 

ʧʝʨʝʩʢʦʢʘʤʠ ʤʝʞʜʫ ʣʦʢʘʣʴʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ, 

ʧʦʷʚʠʚʰʘʷʩʷ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘ ʅʝʝʣʷ [28] ʧʦʩʚʷʱʝʥʘ ʠʤʝʥʥʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʤʘʣʳʭ ʯʘʩʪʠʮʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʤʦʤʝʥʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʳʭ 

ʬʣʫʢʪʫʘʮʠʡ ʅʝʝʣʴ ʚʚʸʣ ʵʬʬʝʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʣʦʢʘʣʴʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ, ʨʘʟʜʝʣʸʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʚʳʩʦʪʳ U0 
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 )exp( B00 TkUpp -= , (8) 

ʛʜʝ ʯʘʩʪʦʪʘ ʬʣʫʢʪʫʘʮʠʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʙʘʨʴʝʨʘ p0 ʩʣʘʙʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʤʥʦʞʠʪʝʣʝʤ (ʨʠʩ. 2). ɸʩʩʦʮʠʠʨʫʷ 

ʤʘʛʥʠʪʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʩ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʝʡ ʠ 

ʬʣʫʢʪʫʘʮʠʷʤʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʳʟʚʘʥʥʳʤʠ ʥʘʠʥʠʟʰʠʤʠ ʤʦʜʘʤʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ 

ʯʘʩʪʠʮ, ʅʝʝʣʴ ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʬʣʫʢʪʫʘʮʠʡ (ʩʤ. ʪʘʢʞʝ [29]): 

 )(23 B

2

0pC0 TkGVMDGHp plg += , (9) 

ʛʜʝ g ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, l ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, G ï ʤʦʜʫʣʴ 

ʖʥʛʘ, ʘ Dp ï ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ. 

ɼʣʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ ʥʘʥʦʤʝʪʨʦʚ 

ʦʮʝʥʢʘ ʧʦ ʬʦʨʤʫʣʝ (9) ʧʨʠʚʦʜʠʪ ʢ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʬʣʫʢʪʫʘʮʠʡ ʤʦʤʝʥʪʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ɻɻʮ [29]. ʇʨʠ ʵʪʦʤ ʜʝʪʝʢʪʠʨʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ (8) 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʘʥʩʘʤʙʣʝ  

ʤʦʛʫʪ ʢʘʢ ʧʦʧʘʜʘʪʴ ʚ çʤʸʩʩʙʘʫʵʨʦʚʩʢʦʝ ʚʨʝʤʝʥʥʦʝ ʦʢʥʦè, ʪʘʢ ʠ ʙʳʪʴ 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʧʝʨʠʦʜʘʤʠ ʨʘʟʚʸʨʪʢʠ ʧʦʣʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʷʭ.  

ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ p ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʤʥʦʛʦ 

ʥʠʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ w0 ʚʳʙʨʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʩʫʤʤʘ ʧʦ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʣʦʢʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʩʠʩʪʝʤʳ, ʧʦʜʦʙʥʦ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (6) ʚ ʤʦʜʝʣʠ ʉɺ. 

ɽʩʣʠ ʞʝ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʯʘʩʪʦʪʫ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, 

ʪʦ ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʝʞʜʫ 

ʚʦʟʤʦʞʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʠʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ 

ʝʸ ʦʪʢʣʠʢ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʳʤ (ʷʚʣʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ 

ʅʝʝʣʝʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤʦʤ). ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʩʠʩʪʝʤʘ 
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ʈʠʩ. 2.    ʉʭʝʤʘ 

ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ 

ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ. 
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ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩ ʟʘʤʝʪʥʦʡ ʟʘʜʝʨʞʢʦʡ (ʪ.ʥ. 

ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ), ʠ ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʢʘʢ ʦʪ 

ʩʧʝʮʠʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ, ʪʘʢ ʠ ʦʪ ʜʝʪʘʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.4. ʊʝʧʣʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʦʜʭʦʜʝ ɹʨʘʫʥʘ 

ʆʙʱʘʷ ʪʝʦʨʠʷ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʫʯʸʪʦʤ 

ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ɹʨʘʫʥʦʤ ʚ ʨʘʙʦʪʝ [30] ʚ 1963 ʛ. ʊʨʘʢʪʫʷ 

ʩʣʫʯʘʡʥʫʶ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ M  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʳʩʪʨʦ ʬʣʫʢʪʫʠʨʫʶʱʝʛʦ 

ʧʦʣʷ h(t) ʢʘʢ ʙʨʦʫʥʦʚʩʢʦʝ ʙʣʫʞʜʘʥʠʝ, ʦʥ ʜʦʧʦʣʥʠʣ ʫʨʘʚʥʝʥʠʝ ʃʘʥʜʘʫïʃʠʬʰʠʮʘï

ɻʠʣʴʙʝʨʪʘ [31, 32] ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʯʣʝʥʦʤ, ʧʨʠʜʘʚ ʝʤʫ ʬʦʨʤʫ ʫʨʘʚʥʝʥʠʷ 

ʃʘʥʞʝʚʝʥʘ: 

 ùú

ø
éê

è
+-³= )(eff t

dt

d

dt

d
h

M
HM

M
hg  (10) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʩʠʧʘʮʠʠ ɖ  ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʣʝʤ 

 0effeff ),(),( ME jqjq Ð-=¹HH ,  (11) 

ʛʜʝ ɗ ʠ ű ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʷʨʥʳʡ ʠ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʣr, ʟʘʜʘʶʱʠʝ 

ʦʨʠʝʥʪʘʮʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ, ʘ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (1) ʚ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 )Q+Q--= jqqqjq cossinsincos(coscos),( 0

2 HMKE . (12) 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ h(t): 

 const,3,2,1,),()()(,0)( -==+= mtdmdt jiththth ijjii
,  (13) 

ɹʨʘʫʥ ʧʦʣʫʯʠʣ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘʩʝʣʝʥʥʦʩʪʴ W(ɗ,ű) 

),( jqW  ʩʦʩʪʦʷʥʠʡ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ M : 

 WP
t

W Ĕ-=
µ

µ
, (14) 
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ʛʜʝ ʦʧʝʨʘʪʦʨ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ [33]: 

 ( ) öö
÷

õ
ææ
ç

å
Ð³Ð-ù
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ê
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ÐÐ-D-= ),(),(Ĕ

00B

jq
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jq E
MM

E
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V
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M
, (15) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʶ ʕʡʥʰʪʝʡʥʘ 

 
00

B

2MVM

Tk
D

gmgh
== . (16) 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ (15) ʠʤʝʝʪ ʚʠʜ ʦʧʝʨʘʪʦʨʘ ʌʦʢʢʝʨʘïʇʣʘʥʢʘ, ʘ ʝʛʦ ʯʣʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪ ʠʟʦʪʨʦʧʥʫʶ ʜʠʬʬʫʟʠʶ, ʩʥʦʩ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʵʥʝʨʛʠʠ ʠ ʧʨʝʮʝʩʩʠʶ ʚʝʢʪʦʨʘ M  ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʣʝ Heff. 

ʉʦʦʪʥʦʰʝʥʠʝ ʞʝ (16) ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ ɛ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʠʤʳʝ ʚʝʣʠʯʠʥʳ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ M0 ʠ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ D. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (14) ʜʣʷ ʘʢʩʠʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ( 0=Q ) 

ɹʨʘʫʥ ʧʨʝʜʣʦʞʠʣ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʞʜʳʡ ʯʣʝʥ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʡʜʝʥ ʚ ʧʨʦʮʝʩʩʝ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʘʙʦʨʘ ʫʩʣʦʚʠʡ. ʆʛʨʘʥʠʯʠʚʘʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʝʨʚʳʤ ʬʠʟʠʯʝʩʢʠ 

ʦʩʤʳʩʣʝʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʧʝʨʘʪʦʨʘ (15), ʦʥ ʧʦʣʫʯʠʣ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʩʢʦʨʦʩʪʝʡ ʨʝʣʘʢʩʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʷʤʘʤʠ 

ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ: 

 ( ) 1,)1(exp)1)(1( B
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021,12 >>=+--°= TkKVhhhpp kk , (17) 

ʢʦʪʦʨʦʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷ ʧʝʨʝʭʦʜʠʪ ʚ (8), ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʬʣʫʢʪʫʘʮʠʡ 

 ( ) )(2 BC0 TkKVHp pg= . (18) 

ʇʦʜʨʦʙʥʦʤʫ ʩʦʧʦʩʪʘʚʣʝʥʠ ʁ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʝʝʣʷ ʠ ɹʨʘʫʥʘ 

ʧʦʩʚʷʱʝʥʘ ʩʪʘʪʴʷ ɼʞʦʥʩʘ ʠ ʐʨʠʚʘʩʪʘʚʳ [29]. ʆʥʠ ʫʢʘʟʘʣʠ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʯʪʦ ʭʦʪʷ ʜʣʷ ʢʨʫʧʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʧʦʨʷʜʢʘ 30 ʥʤ ʜʣʷ ʞʝʣʝʟʘ) ʬʦʨʤʫʣʳ (9) ʠ (18) 

ʧʨʠʚʦʜʷʪ ʢ ʦʜʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʩʘʤʘ ʟʘʚʠʩʠʤʦʩʪʴ p ʦʪ V ʠ T ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, 

ʧʨʠʥʷʪʳʤ ʚ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʧʦʣʘʛʘʶʪ p0 ʚ (8) ʠʣʠ D ʚ (15) 

ʧʨʦʩʪʦ ʢʦʥʩʪʘʥʪʦʡ, ʥʝ ʟʘʜʘʚʘʷ ʷʚʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʣʘʢʩʘʮʠʠ. 
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ʇʦʜʭʦʜ ɹʨʘʫʥʘ ʚ ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʢʘʢ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʜʘʥʥʳʭ ʘʥʩʘʤʙʣʝʡ ʥʘʥʦʯʘʩʪʠʮ. 

ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʣʠʰʴ 

ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ [34, 35], ʥʦ 

ʜʘʞʝ ʤʘʛʥʠʪʥʳʭ ʢʨʠʚʳʭ [36ï38] ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ [39]. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʯʪʠ ʚʩʝ ʨʘʩʯʸʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʩʪʝʡʰʝʤ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ ( 0=Q ), ʥʝ 

ʦʪʚʝʯʘʶʱʝʤ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʉʣʦʞʥʦʩʪʴ ʫʯʸʪʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (12) 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʘʩʴ ʩʘʤʠʤ ɹʨʘʫʥʦʤ [30]. ʆʜʥʘʢʦ ʩ ʪʝʭ ʧʦʨ ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ ʜʘʞʝ ʧʦʧʳʪʦʢ ʨʘʩʯʸʪʘ ʭʦʪʷ ʙʳ ʨʘʚʥʦʚʝʩʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʩʪʝʡʰʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ [27, 28], ʯʪʦ 

ʯʘʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʦʮʝʥʢʘʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʦʢʠʨʦʚʘʥʠʷ, ʢʦʵʨʮʠʪʠʚʥʦʩʪʴ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʣʠ 

ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [21, 26, 40ï46]. 

ʃʠʰʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [47ï50], 

ʧʦʟʚʦʣʠʚʰʠʭ ʧʨʝʦʜʦʣʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʢʩʠʘʣʴʥʦ-

ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (12) ʠ ʧʨʠʩʪʫʧʠʪʴ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʨʝʘʣʴʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ [51, 52]. ʇʦʜʨʦʙʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʩʚʷʱʝʥʘ 

ʛʣʘʚʘ 2. 

1.5. ʕʬʬʝʢʪ ʄʸʩʩʙʘʫʵʨʘ ʠ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɺ 1958 ʈʫʜʦʣʴʬʦʤ ʄʸʩʩʙʘʫʵʨʦʤ ʙʳʣ ʦʪʢʨʳʪ ʵʬʬʝʢʪ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʷʜʨʘʤʠ ʥʝʢʦʪʦʨʳʭ ʠʟʦʪʦʧʦʚ ʚ ʪʚʸʨʜʳʭ 

ʪʝʣʘʭ ʙʝʟ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʦʪʜʘʯʫ [53,54, ʩʤ. ʧʝʨʝʚʦʜ ʚ 55], ʧʦʣʦʞʠʚʰʠʡ ʥʘʯʘʣʦ 

ʥʦʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʧʣʦʜʦʪʚʦʨʥʦʤʫ ʢʘʢ ʜʣʷ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʬʠʟʠʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ [56, 57]. 
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ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʦʪʳ ɜ ʯʝʨʝʟ 

ʧʦʛʣʦʪʠʪʝʣʴ ʪʦʣʱʠʥʦʡ d ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʩʝʠʚʘʶʱʠʭ ʮʝʥʪʨʦʚ n ʦʩʣʘʙʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

 ( ))ɜ(exp),ɜ( 0 sndJdJ -= , (19) 

ʛʜʝ J0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʘ )ɜ(s  ï ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʦʜʠʥ 

ʘʪʦʤ. ɺʙʣʠʟʠ ʨʝʟʦʥʘʥʩʘ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʷʜʨʦʤ ɔ-ʢʚʘʥʪʘ ʩ ʵʥʝʨʛʠʝʡ ɜh=E

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ɹʨʝʡʪʘïɺʠʛʥʝʨʘ: 
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ʛʜʝ E0 ï ʨʝʟʦʥʘʥʩʥʘʷ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʨʘ, ũ0 ï ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʥʝʯʥʦʩʪʴʶ ʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ Ű 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ ɻʘʡʟʝʥʙʝʨʛʘ 

 t>=G0 , (21) 

ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ 
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ʛʜʝ Ig ʠ Ie ï ʩʧʠʥʳ ʷʜʨʘ ʚ ʦʩʥʦʚʥʦʤ (g) ʠ ʚʦʟʙʫʞʜʸʥʥʦʤ (e) ʩʦʩʪʦʷʥʠʷʭ, ɔwwa e=  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʩʧʘʜʘ 

ʷʜʨʘ ʩ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʘʪʦʤʥʦʤʫ ʵʣʝʢʪʨʦʥʫ we ʠ ʠʩʧʫʩʢʘʥʠʝʤ ɔ-ʢʚʘʥʪʘ wɔ, 

0pl 2=  ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, >p2=h  ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʩʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʚʘʜʨʘʪʦʤ ʜʣʠʥʳ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʦʯʝʥʴ ʚʝʣʠʢʠ. ʊʘʢ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 
57

Fe ʥʘ ʵʥʝʨʛʠʠ  E0 = 14,4 ʢʵɺ  ů0 = 2,56Ö10
6
 ʙʘʨʥ.     

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʠʟʢʦʣʝʞʘʱʠʝ ʷʜʝʨʥʳʝ ʩʦʩʪʦʷʥʠ̫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳ, ʪʘʢ ʯʪʦ 

ʷʜʝʨʥʳʡ ʨʝʟʦʥʘʥʩ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʦʩʪʨʳʤ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ 
57

Fe   

Ű = 142 ʥʩ  (ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ  T1/2 = 98 ʥʩ) ʠ  ũ0 = 4,66Ö10
ï9

 ʵɺ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʩʧʝʢʪʨʘʣʴʥʦʝ



 

24 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ )(0 EJ , ʪʘʢ ʯʪʦ ʥʘʙʣʶʜʘʪʴʩʷ ʙʫʜʝʪ ʠʥʪʝʛʨʘʣʴʥʘ ̫ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

 
( )ñ

¤

-=
0

0 )(exp)()( dEEndEJdJ s . (23) 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʘʭ ʧʦ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝ 

ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʘʪʦʤʦʚ, ʬʦʨʤʘ ʣʠʥʠʠ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ (20). ɽʩʣʠ ʩʜʚʠʛʠ ʠ 

ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʚ ʣʠʥʝʡʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠʤʝʝʤ 

 1,2)0()(1 0 <<=-= zsz ndJdJ . (24) 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʥʠʠ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʤʝʱʝʥʳ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʇʨʠ ʠʟʣʫʯʝʥʠʠ ɔ-ʢʚʘʥʪʘ ʩʚʦʙʦʜʥʳʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʦʢʦʠʚʰʠʤʩʷ  ʷʜʨʦʤ ʤʘʩʩʳ M ʵʪʦ ʩʤʝʱʝʥʠʝ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ɔ-

ʢʚʘʥʪʘ E ʥʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ʦʪʜʘʯʠ ʷʜʨʘ ER. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠʤʧʫʣʴʩ ʦʪʜʘʯʠ ʷʜʨʘ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʚʝʥ 

ʠʤʧʫʣʴʩʫ ɔ-ʢʚʘʥʪʘ cEP =ɔ  (c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ), ʪʘʢ ʯʪʦ  
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EE ===D . (25) 

ɿʜʝʩʴ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ ʷʜʨʘ ʥʘ ʚʝʣʠʯʠʥʫ, ʫʥʦʩʠʤʫʶ ɔ-ʢʚʘʥʪʦʤ, 

McEM <<= 2

ɔ  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʣʠʯʠʝʤ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ ʦʪ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ 

0R EEE º<< . ʇʨʠ ʨʝʟʦʥʘʥʩʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʪʘʢʫʶ ʞʝ ʵʥʝʨʛʠʶ ɔ-ʢʚʘʥʪ ʜʦʣʞʝʥ 

ʧʝʨʝʜʘʪʴ ʧʦʢʦʷʱʝʤʫʩʷ ʷʜʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʣʠʥʠʠ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʥʝʩʸʥʥʳʤʠ ʥʘ ʚʝʣʠʯʠʥʫ 2ER (ʨʠʩ. 3ʘ). ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʵʪʠ ʚʝʣʠʯʠʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʷʪ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʰʠʨʠʥʳ ʷʜʝʨʥʳʭ ʫʨʦʚʥʝʡ ũ0, ʪʘʢ ʯʪʦ ʣʠʥʠʠ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʨʝʟʦʥʘʥʩʥʳʡ ʵʬʬʝʢʪ (23) ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʠʟʤʝʨʠʤʦ ʤʘʣʳʤ. ʊʘʢ, ʜʣʷ 
57

Fe  ER = 1,96Ö10
ï3

 ʵɺ, ʯʪʦ ʧʦʯʪʠ ʥʘ ʰʝʩʪʴ ʧʦʨʷʜʢʦʚ 

ʙʦʣʴʰʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥ.r ʕʪʠʤ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʧʪʠʢʝ, ʛʜʝ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʤʘʣʳ, ʘ ʰʠʨʠʥʳ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʣʠʢʠ, ʠ ʩʚʝʯʝʥʠʝ ʘʪʦʤʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ ʥʘʙʣʶʜʘʝʪʩʷ. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʨʘʟʤʳʪʠʶ 

ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ. ɽʩʣʠ ʜʦ ʠʩʧʫʩʢʘʥʠʷ ʢʚʘʥʪʘ ʷʜʨʦ ʠʤʝʣʦ ʠʤʧʫʣʴʩ P, ʪʦ ʜʣʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʤʝʱʝʥʠʝ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʷʜʨʘ 

 vEE
MM

EE -=-
-

=D=D R

22

ɔ

c
22

)( PPP
, (26) 

ʛʜʝ ʚʪʦʨʦʡ ʯʣʝʥ ʝʩʪʴ ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ v: 

 
),cos( ɔ0 PPE

c

v
Ev = . (27) 

ɼʣʷ ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʣʠʥʠʠ ʠʩʧʫʩʢʘʥʠʷ ʠ 

ʈʠʩ. 3. (ʘ) ʉʤʝʱʝʥʠʝ ʣʠʥʠʡ ʠʩʧʫʩʢʘʥʠʷ (1) ʠ ʧʦʛʣʦʱʝʥʠʷ (2) ɔ-ʠʟʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʤ ʷʜʨʦʤ 

ʠʟ-ʟʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʦʪʜʘʯʫ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʥʠʠ ʫʰʠʨʷʶʪʩʷ ʟʘ ʩʯʸʪ 

ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. (ʙ) ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʡʥʰʪʝʡʥʦʚʩʢʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʧʨʠ ʠʩʧʫʩʢʘʥʠʠ (ʧʦʛʣʦʱʝʥʠʠ) ɔ-ʢʚʘʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ.         

(ʚ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʝʟ ʦʪʜʘʯʠ ʚ ʤʦʜʝʣʠ ɼʝʙʘʷ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠ ʨʝʥʠʷ. (ʛ) ʉʧʝʢʪʨ ʠʩʧʫʩʢʘʥʠʷ ɔ-ʢʚʘʥʪʦʚ ʪʚʸʨʜʳʤ ʪʝʣʦʤ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʜʝʣʴʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʧʨʦʮʝʩʩʫ ʙʝʟ ʦʪʜʘʯʠ. 
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ʧʦʛʣʦʱʝʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʬʦʨʤʫ ʪʦʛʦ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʩ ʜʦʧʣʝʨʦʚʩʢʦʡ ʰʠʨʠʥʦʡ 
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ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʰʠʨʷʶʪʩʷ (ʨʠʩ. 3ʘ), ʯʪʦ ʚ 

ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʫʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʯʘʩʪʠ ʠʩʧʫʩʢʘʝʤʳʭ ɔ-

ʢʚʘʥʪʦʚ. 

ɼʦʧʣʝʨʦʚʩʢʦʝ ʩʜʚʠʛ (27) ʦʪʢʨʳʚʘʝʪ ʠ ʠʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʚʝʜʝʥʠ̫ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʛʣʦʪʠʪʝʣʷ ʚʦ ʚʩʪʨʝʯʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʵʥʝʨʛʠʶ ʦʪʜʘʯʠ. ʀʤʝʥʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʙʳʣ 

ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤ, ʧʦʟʚʦʣʠʚʰʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʷʚʣʝʥʠʝ ʛʘʤʤʘ-

ʨʝʟʦʥʘʥʩʘ [58], ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʩʢʦʨʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʜʦʩʪʠʛʘʶʪ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʩʦʚʧʘʜʘʷ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩ 

ʪʝʧʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. 

ʉʦʚʝʨʰʝʥʥʦ ʦʪʣʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʠʟʣʫʯʘʶʱʝʝ ʷʜʨʦ ʩʚʷʟʘʥʦ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʆʢʘʟʳʚʘʝʪʩʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʦ ʥʝ ʤʦʞʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʵʥʝʨʛʠʶ ʦʪʜʘʯʠ ʢʘʢ ʩʚʦʙʦʜʥʦʝ ʠ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʧʫʩʢʘʥʠʷ ɔ-ʢʚʘʥʪʦʚ ʙʝʟ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʦʪʜʘʯʫ. 

ʇʨʠʨʦʜʫ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʣʝʛʢʦ ʧʦʥʷʪʴ ʥʘ ʧʨʠʤʝʨʝ ʠʟʣʫʯʝʥʠʷ ʷʜʝʨ 

ʤʥʦʛʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ɔ-ʢʚʘʥʪʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ cED , ʥʦ ʠ 

ʜʠʩʢʨʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʝʸ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ qED : 

 qc EEE D+D=D . (30) 

ɽʩʣʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ ʥʝ ʤʝʥʷʝʪʩʷ    

( 0q=DE ), ʬʦʨʤʘ ɔ-ʣʠʥʠʠ ʩʥʦʚʘ ʙʫʜʝʪ ʜʘʚʘʪʴʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (28), ʥʦ ʪʘʢ ʢʘʢ 

ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ ʙʦʣʴʰʝ ʤʘʩʩʳ ʷʜʨʘ, ʩʤʝʱʝʥʠʷ ʣʠʥʠʠ ʠʟ-ʟʘ ʦʪʜʘʯʠ (25) ʠ ʝʸ 

ʪʝʧʣʦʚʦʝ  ʫʰʠʨʝʥʠʝ (29) ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʩʧʝʢʪʨʝ 
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ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʧʦʙʦʯʥʳʝ ʣʠʥʠʠ ʪʦʡ ʞʝ ʬʦʨʤʳ ʩ 0q¸DE , ʧʦʣʦʞʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʩʧʝʢʪʨʦʤ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ. 

ɼʣ̫ ɔ-ʧʝʨʝʭʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ ʧʝʨʝʜʘʚʘʝʤʘʷ ʝʤʫ ʵʥʝʨʛʠʷ ʪʦʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (30), ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʩʩʳ ʢʨʠʩʪʘʣʣʘ      

( ¤­M ) ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
cED  ʙʫʜʝʪ ʠʩʯʝʟʘʶʱʝ ʤʘʣʦ ʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʣʠʰʴ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʢʨʠʩʪʘʣʣʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʚʩʷ ʵʥʝʨʛʠʷ ʷʜʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʫʥʦʩʠʪʩʷ 

ɔ-ʢʚʘʥʪʦʤ ʙʝʟ ʧʦʪʝʨʠ ʥʘ ʦʪʜʘʯʫ. ʕʪʦ ʷʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʢʦʛʝʨʝʥʪʥʦʤʫ ʨʘʩʩʝʷʥʠʶ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠʣʠ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʦʡ, ʧʨʝʜʩʢʘʟʘʥʥʦʤʫ ʝʱʸ ʚ 1939 ʛʦʜʫ ʃʵʤʙʦʤ [59]. ʆʜʥʘʢʦ 

ʪʘʢʘʷ ʘʥʘʣʦʛʠʷ ʙʳʣʘ ʟʘʤʝʯʝʥʘ ʣʠʰʴ ʄʸʩʩʙʘʫʵʨʦʤ, ʜʘʚʰʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʠʠ 

ʃʵʤʙʘ ʧʨʘʚʠʣʴʥʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʤ ʷʚʣʝʥʠʷ. 

 ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɔ-ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʷʜʨʘʤʠ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʩʣʦʞʝʥ ʠ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʝʥ. ʆʜʥʘʢʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʣʫʯʝʥʠʷ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʨʷʜ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʞʝ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ. 

ʀʥʪʝʨʝʩʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʃʠʧʢʠʥʳʤ [60], ʧʦʢʘʟʘʚʰʠʤ, 

ʯʪʦ ʝʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʚ ʨʝʰʸʪʢʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʢʦʨʦʩʪʝʡ, ʪʦ ʩʨʝʜʥʷʷ 

ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʢʨʠʩʪʘʣʣʫ, ʙʫʜʝʪ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʦʪʜʘʯʠ ʩʚʦʙʦʜʥʦʛʦ ʷʜʨʘ ER. 

ʀʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʩʫʤʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʣʷ ʧʝʨʝʭʦʜʦʚ ʙʝʟ ʦʪʜʘʯʠ ʙʫʜʝʪ ʚʝʣʠʢʘ, 

ʪʦʣʴʢʦ ʝʩʣʠ ʩ ʟʘʤʝʪʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʫ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʘ

ʣʴʰʘʷ ER (ʨʠʩ. 3ʙ). ɺ ʧʨʦʩʪʝʡʰʝʡ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʤʦʜʝʣʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʘʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʝ ʢʘʢ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ ɤ, ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʢʨʠʩʪʘʣʣʫ 

ʣʠʰʴ ʢʚʘʥʪʘʤʠ ǩɤ ʩ ʚʝʨʦʷʪʥʦʩʪʴ ʁʧʨʦʮʝʩʩʦʚ ʙʝʟ ʦʪʜʘʯʠ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  

 ( )w>R0 exp Ef -= . (31) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ǩɤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ 

ʨʝʰʸʪʢʠ [60]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʵʬʬʝʢʪʘ 
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ʙʫʜʝʪ ʧʘʜʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [59] 

 ( )22exp 0ðà-= xf , (32) 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ðà2x  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʣʝʪʘ ɔ-ʢʚʘʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʜʝ-ʙʨʦʡʣʝʚʩʢʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. 

ʗʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʦʣʠ ʙʝʩʬʦʥʥʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʝʙʘʝʚʩʢʦʡ ʤʦʜʝʣʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʜʘʸʪʩʷ ʬʘʢʪʦʨʦʤ ɼʝʙʘʷïɺʘʣʣʝʨʘ (ʨʠʩ. 3ʚ) 
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 (33) 

ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ T, ʥʠʟʢʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ɼʝʙʘʷ TD, 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ (31) ʩʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ DB32 Tk=w> ; ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʘʜʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. 

ʆʙʱʠʡ ʚʠʜ ʩʧʝʢʪʨʘ ɔ-ʠʟʣʫʯʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ 

ʯʨʝʟʚʳʯʘʡʥʦ ʫʟʢʦʡ ʣʦʨʝʥʮʝʚʦʡ ʣʠʥʠʠ (20) ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ ũ0 ʠ ʰʠʨʦʢʦʛʦ 

ʬʦʥʦʥʥʦʛʦ ʢʨʳʣʘ, ʢʦʪʦʨʦʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ 

ʩʤʝʱʸʥʥʦʛʦ ʥʘ ʵʥʝʨʛʠʶ ʦʪʜʘʯʠ ER ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (28) ʩ ʰʠʨʠʥʦʡ 

*

BR* TkE
T
=s , ʛʜʝ *T  ʝʩʪʴ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʨʝʜʥʝʡ 

ʵʥʝʨʛʠʝʡ ʥʘ ʦʜʥʫ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ (TT >* , ʨʠʩ. 3ʛ). 

ʆʙʥʘʨʫʞʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʷʜʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʥʝʩʤʝʱʸʥʥʦʡ ʣʠʥʠʠ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ ʜʘʣʦ ʚ ʨʫʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʡ ʧʦ ʪʦʯʥʦʩʪʠ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ (27), ʧʦʟʚʦʣʠʚʰʠʡ ʚʧʝʨʚʳʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ɔ-ʨʝʟʦʥʘʥʩ [58], ʚ ʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʪʦʯʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʣʠʥʠʡ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʞʝ ʥʝʧʨʝʨʳʚʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʦʪ r ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʩʢʘʥʠʨʦʚʘʥʠ ̫ ʦʙʨʘʟʮʘ ʚ 

ʪʨʝʙʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ 

 cEEv v 0=  (34) 



 

29 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʨʝʟʦʥʘʥʩʘ 
00 EG  ʠ ʦʙʳʯʥʦ ʠʟʤʝʨʷʶʪʩʷ 

ʤʠʣʣʠʤʝʪʨʘʤʠ ʚ ʩʝʢʫʥʜʫ. ʅʘʧʨʠʤʝʨ ʜʣʷ 
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Fe, 13

00 1023,3 -Ö=G E , ʘ ʰʠʨʠʥʘ ʣʠʥʠʠ 

ʚ ʝʜʠʥʠʮʘʭ ʩʢʦʨʦʩʪʠ ʤʤ/ʩ097,0)( 00 =G=vg . ʉʘʤ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʭʝʤʝ ʠʟʤʝʨʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʣʠʥʠʠ: 
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 (35) 

ʛʜʝ JÐ ï ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʧʫʯʢʘ Jv ʚʜʘʣʠ ʦʪ ʨʝʟʦʥʘʥʩʘ, fr ï 

ʜʦʣʷ ʨʝʟʦʥʘʥʩʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʚ ʧʘʜʘʶʱʝʤ ʧʦʪʦʢʝ ʠʟʣʫʯʝʥʠʷ, LS ʠ LH ï ʬʫʥʢʮʠʠ 

ʃʦʨʝʥʮʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʠ ʧʦʛʣʦʱʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʴ (S) ʠ ʚʳʩʦʪʫ (H), ŭ ï ʩʤʝʱʝʥʠʝ ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʧʦʢʦʷʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ, ʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʦʣʱʠʥʘ 

ʧʦʛʣʦʪʠʪʝʣʷ 

 0a ss fdn=  (36) 

ʜʘʸʪ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ ʧʦʛʣʦʱʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ (35) ʚ ʣʠʥʝʡʥʦʤ ʧʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʘ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʨʝʥʮʝʚʫ ʣʠʥʠʶ ʫʜʚʦʝʥʥʦʡ ʰʠʨʠʥʳ ʠ ʧʦʣʦʚʠʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, 

ʩʤʝʱʸʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ ʩʢʦʨʦʩʪʠ, ʝʩʣʠ ʩʦʩʪʦʷʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ ʚ 

ʠʩʪʦʯʥʠʢʝ ʠ ʧʦʛʣʦʪʠʪʝʣʝ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʳ. ʀʟʚʝʩʪʥʘʷ ʬʦʨʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʛʣʦʪʠʪʝʣʷ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʩʦʪʳʭ ʠ ʜʘʞʝ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ. 

ʅʝʦʙʳʯʘʡʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʚʘʝʤʳʝ ʷʚʣʝʥʠʝʤ ɔ-ʨʝʟʦʥʘʥʩʘ, ʙʳʣʠ ʩʨʘʟʫ 

ʠ ʧʦ ʜʦʩʪʦʠʥʩʪʚʫ ʦʮʝʥʝʥʳ ʬʠʟʠʢʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ 

ʨʝʢʦʨʜʥʦ ʫʟʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʪʘʣʦʥʳ ʯʘʩʪʦʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʝʥʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ 

ʘʥʘʣʦʛʠʠ ʫʞʝ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʚʳʭʦʜʘ ʧʝʨʚʦʡ ʨʘʙʦʪʳ ʄʸʩʩʙʘʫʵʨʘ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʧʳʪʳ ʧʦ ʧʨʷʤʦʡ ʧʨʦʚʝʨʢʝ ʧʨʝʜʩʢʘʟʘʥʠʡ 

ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʨʝʰʝʥʠʝ çʧʘʨʘʜʦʢʩʘ 

ʯʘʩʦʚè [61] ʠ ʠʟʤʝʨʝʥʠʝ ʠʥʝʨʮʠʦʥʥʦʛʦ [62] ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ [63] ʢʨʘʩʥʦʛʦ 



 

30 

ʩʤʝʱʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʚʳʚʦʜʳ 

ʪʝʦʨʠʠ. ɺ ʥʘʠʙʦʣʝʝ ʧʨʝʮʠʟʠʦʥʥʦʤ ʠʟ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʥʘʨʫʞʠʚʰʝʤ ʩʜʚʠʛ 

ʯʘʩʪʦʪʳ ɔ-ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʠʟʤʝʨʷʝʤʳʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʣ 

ʚʝʣʠʯʠʥʫ 5Ö10
ï15

 ʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩ 10%-ʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʥʘ ʠʟʦʪʦʧʝ 
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Fe). 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʦʧʨʦʩʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʩʚʷʟʘʥʥʦʤ 

ʩ ʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʜʚʠʛʝ ʣʠʥʠʡ [61]. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʭʦʜ ʝʸ 

ʯʘʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʯʘʩʪʦʪʘʤʠ ɜ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʟʘʤʝʜʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ: 

 cvcvcv <<-º--= ,211ɜɜ 2222d , (37) 

ʛʜʝ ŭɜ ï ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ. ɼʣʷ ʠʟʣʫʯʘʶʱʝʛʦ ʷʜʨʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ, ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʢʚʘʥʪʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T 

 D2

B2

c

22

0 ,
2

3
2 TT

Mc

Tk
McEcvEET >>-º-=-=d . (38) 

ʂ ʪʦʤʫ ʞʝ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʦ ʧʨʠʡʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʷʜʨʘ ʧʨʠ 

ʙʝʟʦʪʜʘʯʥʦʤ ʧʨʦʮʝʩʩʝ ʠʣʠ ʪʨʘʢʪʫʷ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʢʘʢ ʢʚʘʜʨʘʪʠʯʥʳʡ ʵʬʬʝʢʪ 

ɼʦʧʣʝʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʧʝʨʝʯʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʘʪʦʤʦʚ. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʠʯʸʤ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʝʩʪʴ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʦʪʦʧʘ ʚʝʣʠʯʠʥʘ. 

ɼʣʷ 
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Fe ʦʥ ʩʦʩʪʘʚʣʷʝʪ ï2,4Ö10
ï15

 K
ï1
, ʪʘʢ ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʛʣʦʪʠʪʝʣʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʣʠʥʠʠ ʧʦ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʳ ʩʦʚʧʘʜʘʝʪ ʩ ʝ yʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʦʡ. ʕʪʠ ʚʳʚʦʜʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʡ, 

ʠʩʧʳʪʳʚʘʝʤʳʭ ʢʦʣʝʙʣʶʱʠʤʠʩʷ ʘʪʦʤʘʤʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʫʩʢʦʨʝʥʠʷ ʥʘ ʪʝʤʧ ʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ. 

ɺʪʦʨʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʣʦʩʪʴʶ 

ʩʘʤʦʡ ʰʠʨʠʥʳ ʣʠʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʷʤʠ ʩʚʝʨʭʪʦʥʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ 

ʘʪʦʤʥʳʭ ʫʨʦʚʥʝʡ, ʚʳʟʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʦʙʦʣʦʯʢʠ ʩ 



 

31 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʘ ʷʜʨʘ ʠ ʝʛʦ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ. 

ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʉʊʉ): ʠʟʦʤʝʨʥʳʡ 

(ʭʠʤʠʯʝʩʢʠʡ) ʩʜʚʠʛ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʜʠʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʄʳ ʢʦʨʦʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʵʪʠ ʚʢʣʘʜʳ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʪʦʧʘ 
57

Fe, 

ʦʙʣʘʜʘʶʱʝʛʦ ʷʜʝʨʥʳʤʠ ʩʧʠʥʘʤʠ Ig = 1/2 ʚ ʦʩʥʦʚʥʦʤ ʠ Ie = 3/2 ʚ ʧʝʨʚʦʤ 

ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (E0 = 14,4 ʢʵɺ), ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʝʢʮʠʡ ʩʧʠʥʦʚ  mg = Ñ1/2  ʠ  me = Ñ1/2, Ñ3/2  ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ  

(ʨʠʩ. 4). ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʫʜʫʪ ʧʨʠʤʝʥʠʤʳ ʠ ʢ ʠʟʦʪʦʧʫ 
119

Sn, 

ʠʤʝʶʱʝʤʫ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʥʦʨʤʠʨʦʚʢʦʡ 

ʷʜʝʨʥʳʭ ʢʦʥʩʪʘʥʪ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʝʡ. 

ʗʜʝʨʥʳʡ ʠʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ʣʠʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʡ ʠʟʦʪʦʧʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʣʘʢʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʟʤʝʨʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ. ʉʠʣʘ ʵʪʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠ ̫ʷʜʨʘ, 

ʧʦʵʪʦʤʫ, ʝʩʣʠ ʭʠʤʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʟʦʪʦʧʘ ʚ ʠʩʪʦʯʥʠʢʝ ʠ 

ʧʦʛʣʦʪʠʪʝʣʝ ʨʘʟʣʠʯʥʦ, ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʩʜʚʠʛ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ. 4ʘ) 
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ʛʜʝ Z ï ʘʪʦʤʥʳʡ ʥʦʤʝʨ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, )0(as,y ï ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʷʜʨʘ (ʛʜʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 0ºr ) ʜʣʷ ʠʩʪʦʯʥʠʢʘ (s)     

ʠ ʧʦʛʣʦʪʠʪʝʣʷ (a), ðà2

eg,r  ï ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʨʘʜʠʫʩʘ ʷʜʨʘ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʝʛʦ ʟʘʨʷʜʘ ʚ ʦʩʥʦʚʥʦʤ (g) ʠ ʚʦʟʙʫʞʜʸʥʥʦʤ (e) ʩʦʩʪʦʷʥʠʷʭ.       

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʠʡ ʠʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ʦʢʘʟʳʚʘʝʪʩʷ ʜʚʘʞʜʳ ʨʘʟʥʦʩʪʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʟʘʚʠʩʷʱʠʤ ʢʘʢ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ, ʪʘʢ ʠ ʦʪ ʷʜʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ. ʇʦ ʠʟʚʝʩʪʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ ʠʩʪʦʯʥʠʢʘ ʠ 

ʧʦʛʣʦʪʠʪʝʣʷ ʬʦʨʤʫʣʘ (39) ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʷʜʝʨ 
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ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʦʢʘʟʘʣʠʩʴ ʥʝʦʞʠʜʘʥʥʳʤʠ: ʜʣʷ ʤʥʦʛʠʭ 

ʠʟʦʪʦʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 
57

Fe, ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ, ʯʝʤ 

ʦʩʥʦʚʥʦʝ. ʆʙʨʘʪʥʦ, ʢʦʣʴ ʩʢʦʨʦ ʷʜʝʨʥʳʡ ʤʥʦʞʠʪʝʣʴ ʠʟʚʝʩʪʝʥ, ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʈʠʩ. 4. ʉʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʷʜʝʨʥʳʭ ʫʨʦʚʥʝʡ 
57

Fe (ʩʣʝʚʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʩʧʨʘʚʘ): (ʘ) ʠʟʦʤʝʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ, ŭ = 0,35 ʤʤ/ʩ; 

(ʙ) ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, q = 0,35 ʤʤ/ʩ; (ʚ) ʤʘʛʥʠʪʥʦʝ ʜʠʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, Hhf = 500 ʢʕ; (ʛ) ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʜʠʧʦʣʴʥʦʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, Hhf = 500 ʢʕ, q = 0,35 ʤʤ/ʩ, Ū = 0Á ʠ ʚ ʩʣʫʯʘʝ ʭʘʦʪʠʯʝʩʢʦʡ 

ʦʨʠʝʥʪʘʮʠʠ z ʠ z' (ʧʫʥʢʪʠʨ). ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ; ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ  ɻ = 2ɻ0 + ȹũ = 3ɻ0. 
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ʷʜʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ ʵʪʘʣʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʩʣʦʞʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ɔ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ. 

ɺʪʦʨʳʤ ʩʣʘʛʘʶʱʠʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʨʘ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʟʘʨʷʜʘʤʠ ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʯʣʝʥ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʬʝʨʠʯʝʩʢʠ-ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʷʜʨʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʆʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ ʷʜʨʘ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ ʚ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ 

ʚʳʨʘʞʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʷʜʨʘ Q. ɼʣʷ 

ʚʳʪʷʥʫʪʦʛʦ ʷʜʨʘ Q > 0, ʜʣʷ ʩʧʣʶʩʥʫʪʦʛʦ Q < 0. ʂʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥ ʩ 

ʧʦʣʥʳʤ ʩʧʠʥʦʤ I ʠ ʜʣʷ ʩʦʩʪʦʷʥʠʡ ʩ I = 0 ʠ I = 1/2 ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 
57

Fe ʥʝ ʠʤʝʝʪ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʊʝʥʟʦʨ 

ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɻʕʇ) ʚ ʩʠʩʪʝʤʝ ʩʚʦʠʭ ʛʣʘʚʥʳʭ ʦʩʝʡ xyz ʟʘʜʘʸʪʩʷ 

ʪʨʝʤʷ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ Vii (i  =  x, y, z), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʫʨʘʚʥʝʥʠʶ 

ʃʘʧʣʘʩʘ 

 0=++ zzyyxx VVV . (40) 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ z-ʢʦʤʧʦʥʝʥʪʫ Vzz ʠ 

ʧʘʨʘʤʝʪʨ ʘʩʠʤʤʝʪʨʠʠ 

 ( ) zzyyxxq VVV -=h . (41) 

ɺʳʙʦʨ ʦʩʝʡ xyz ʧʨʦʠʟʚʦʜʷʪ ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 
zzyyxx VVV ¢¢ , ʧʨʠ 

ʢʦʪʦʨʦʤ 10 ¢¢ qh . ɺ ʩʣʫʯʘʝ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦʣʷ (0=qh ) 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

 )12(

)1(Ĕ3Ĕ
2

Q
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=

II

III
qH z , (42) 

ʛʜʝ 
zIĔ ï ʦʧʝʨʘʪʦʨ ʧʨʦʝʢʮʠʠ ʩʧʠʥʘ ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ z ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ m = I, I  ï 1, é, ï I, ʘ ʢʦʥʩʪʘʥʪʘ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 4zzeQVq= . (43) 

ɼʣʷ 
57

Fe ʚʦʟʙʫʞʜʸʥʥʳʡ ʫʨʦʚʝʥʴ ʩ Ie = 3/2 ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʚʳʨʦʞʜʝʥʥʳʭ 
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ʧʦʜʫʨʦʚʥʷ ŭEQ = Ñ q, ʦʪʚʝʯʘʶʱʠʭ me = Ñ3/2 ʠ Ñ1/2, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 2q (ʨʠʩ. 4ʙ). 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʉʊʉ ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɔ-ʢʚʘʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʳʭ ʦʩʝʡ ʪʝʥʟʦʨʘ ɻʕʇ, 

ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʜʣʷ ʥʘʩ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʚʩʝʚʦʟʤʦʞʥʳʤ 

ʦʨʠʝʥʪʘʮʠʷʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʜʠʥʘʢʦʚʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʣʠʥʠʡ 

ʜʫʙʣʝʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4ʙ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʜʣʷ I  = 3/2 ʪʝʥʟʦʨ ɻʕʇ 

ʦʙʱʝʛʦ ʚʠʜʘ (0̧qh ) ʥʝ ʩʥʠʤʘʝʪ ʚʳʨʦʞʜʝʥʠʷ ʧʦ ʟʥʘʢʫ m, ʠ, ʭʦʪʷ ʚʝʣʠʯʠʥʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʜʫʙʣʝʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ 2q, ʫʩʨʝʜʥʸʥʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʥʦʚʘ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʪʘʢ ʯʪʦ ʨʘʟʣʠʯʠʪʴ ʵʪʠ ʩʠʪʫʘʮʠʠ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʉʊʉ ʩʧʝʢʪʨʦʚ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʥʝʚʦʟʤʦʞʥʦ. 

ɸʥʘʣʦʛʠʯʥʦ ʠʟʦʤʝʨʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ (39), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʷʝʤʳʡ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʩʜʚʠʛ (43) ʟʘʚʠʩʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʦʪ ʷʜʝʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Q, ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʝʥʠʷ Vzz ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʜʣʷ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

ʌʘʢʪʠʯʝʩʢʠ, ʦʧʨʝʜʝʣʠʪʴ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʚʦʟʙʫʞʜʸʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ ʢʘʢʠʤ-ʣʠʙʦ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʊʘʢ, 

ʜʣʷ ʧʝʨʚʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
57

Fe ʠʟʤʝʨʝʥʠʷ ʜʘʣʠ Q = 0,2 ʙʘʨʥ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘʢ 

ʚʘʣʝʥʪʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʦʥʦʚ, ʪʘʢ ʠ ʩʠʤʤʝʪʨʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʮʝʣʦʤ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘ ʤʘʛʥʠʪʥʘʷ ʉʊʉ ̫ʜʝʨʥʳʭ ʩʧʝʢʪʨʦʚ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʷʜʨʘ ɛ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʝʛʦ ʩʧʠʥʦʤ I, ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʦʙʣʘʩʪʠ ʷʜʨʘ Hhf, ʥʘʟʳʚʘʝʤʳʤ 

ʩʚʝʨʭʪʦʥʢʠʤ ʠ ʧʦʨʦʞʜʘʝʤʳʤ ʵʣʝʢʪʨʦʥʘʤʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʘʪʦʤʘ ʣʠʙʦ ʥʘʣʘʛʘʝʤʳʤ 

ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ. ɻʘʤʠʣʴʪʦʥʠʘʥ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʚʠʜ 

 zIHgH ĔĔ
hfNnhfhf m-=-=ɛH , (44) 

ʛʜʝ ɛN ï ʷʜʝʨʥʳʡ ʤʘʛʥʝʪʦʥ, gn ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ (ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʝ ʷʜʝʨʥʳʤ g-ʬʘʢʪʦʨʦʤ), ʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ z 
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ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ Hhf. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʱʝʧʣʷʝʪ ʷʜʝʨʥʳʝ 

ʫʨʦʚʥʠ ʥʘ 2I+1 ʧʦʜʫʨʦʚʥʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʤʘʛʥʠʪʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ m ʠ 

ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʚʝʣʠʯʠʥʫ gn ɛN Hhf (ʨʠʩ. 4ʚ). 

ɺ ʦʧʳʪʘʭ ʧʦ ʷʜʝʨʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʨʝʟʦʥʘʥʩʫ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʫʨʦʚʥʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʦʝ ʢʚʘʥʪʦʚʦʝ 

ʯʠʩʣʦ ʤʝʥʷʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ (ȹm = Ñ1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʵʬʬʝʢʪʫ ʄʩyʩʙʘʫʵʨʘ ɔ-ʧʝʨʝʭʦʜʳ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʜʚʫʤʷ ʷʜʝʨʥʳʤʠ ʫʨʦʚʥʷʤʠ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʤʘʛʥʠʪʥʫʶ ʉʊʉ. ʇʨʠ ʵʪʦʤ ʧʨʘʚʠʣʘʤʠ ʦʪʙʦʨʘ 

ʟʘʧʨʝʱʝʥʳ ʧʝʨʝʭʦʜʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʝʜʠʥʠʮʫ (ȹm = 0, Ñ1), ʪʘʢ ʯʪʦ ʜʣʷ ʠʟʦʪʦʧʘ 
57

Fe ʚʦʟʤʦʞʥʦ ʰʝʩʪʴ ʤʘʛʥʠʪʥʳʭ 

ʜʠʧʦʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʤʘʛʥʠʪʥʳʡ ʩʝʢʩʪʝʪ ʣʠʥʠʡ, ʨʠʩ. 4ʚ). 

ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʨʘʩʱʝʧʣʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʠʭ ʤʘʛʥʠʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ mg ʠ me, 

ʪʘʢ ʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ɗɔ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɔ-ʢʚʘʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʥʦʡ ʦʩʠ: 

 ),(),()( egɔ

2
mmFCJ == aqq aaa

, (45) 

ʛʜʝ CŬ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʣʝʙʰʘïɻʦʨʜʘʥʘ, ʜʣʷ 
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Fe ʨʘʚʥʳʝ 

 121,122,123
2

)21,21(

2

)21,21(

2

)23,21( === -°°° CCC , (46) 

ʘ ʫʛʣʦʚʝr ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʜʣʷ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʘʁʪʩʷ ʬʫʥʢʮʠʷʤʠ 

 
( ) ( )ɔ2

ɔ)21,21(ɔ)23,21(ɔ

2

ɔ)21,21( cos143)()(,cos123)( qqqqq +Ö==-Ö= -°°° FFF . (47) 

ɼʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠ ̫ ʧʦ 

ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʪʦʤʥʳʭ ʧʦʣʝʡ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (47) ʚʳʧʘʜʘʶʪ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (46), ʜʘʚʘʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʉʊʉ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 3 : 2 : 1, ʩʯʠʪʘʷ ʦʪ ʚʥʝʰʥʝʡ ʧʘʨʳ ʣʠʥʠʡ ʢʦ 

ʚʥʫʪʨʝʥʥʝʡ (ʨʠʩ. 4ʚ). ɼʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʣʠʙʦ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ 

ʥʘʤʘʛʥʠʯʝʥ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʙʫʜʝʪ ʧʣʘʚʥʦ ʤʝʥʷʪʴʩʷ ʦʪ 

3 : 0 : 1 ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ (ɗ = 0Á), ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʠʝ ʣʠʥʠʠ ʧʨʦʧʘʜʘʶʪ, 

ʜʦ 3 : 4 : 1 ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ɗ = 90Á), ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʠ ʣʠʥʠʠ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʳ. 
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ɸʥʘʣʦʛʠʯʥʦ ʠʟʦʤʝʨʥʦʤʫ (39) ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʤʫ (43) ʩʜʚʠʛʘʤ, ʟʝʝʤʘʥʦʚʩʢʦʝ 

ʨʘʩʱʝʧʣʝʥʠʝ (44) ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʷʜʝʨʥʳʭ g-ʬʘʢʪʦʨʦʚ ʠ ʚʝʣʠʯʠʥ r

ʚʥʫʪʨʠʘʪʦʤʥʦʛʦ ʧʦʣʷ Hhf. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʷʜʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʠʥʮʠʧʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʉʊʉ ʩʧʝʢʪʨʦʚ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, 

ʦʜʥʘʢʦ ʥʘʜʸʞʥʝʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʗʄʈ, ʜʘʶʱʠʤʠ ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 
57

Fe gg = 0,18. ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʫʩʪʘʥʦʚʠʪʴ ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʥʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ 

ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʩʝʢʩʪʝʪʘ ʧʨʠ ʠʟʚʝʩʪʥʦʡ 

ʚʝʣʠʯʠʥʝ gg, ʪʘʢ ʯʪʦ ʜʣʷ 
57

Fe ʧʦʣʫʯʘʝʪʩʷ ge = ï 0,10. 

ʈʘʩʧʦʣʘʛʘʷ ʟʥʘʯʝʥʠʷʤʠ ʷʜʝʨʥʳʭ g-ʬʘʢʪʦʨʦʚ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʳ 

ʧʦʣʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʷʜʨʘ ʘʪʦʤʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʵʪʠ ʧʦʣʷ ʚʝʩʴʤʘ ʚʝʣʠʢʠ. ʊʘʢ, ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ Ŭ-Fe Hhf = 330 ʢʕ, 

ʧʨʠʯʸʤ ʚʥʫʪʨʠʘʪʦʤʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ; ʚ ʦʢʩʠʜʘʭ ʞʝʣʝʟʘ Fe2O3 ʠ Fe3O4 ʩʚʝʨʭʪʦʥʢʠʝ ʧʦʣʷ ʜʦʩʪʠʛʘʶʪ 

ʚʝʣʠʯʠʥ Hhf = 500 õ 550 ʢʕ, ʩ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʜʚʫʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ ʠ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʝʥ ʦʙʲʷʩʥʠʪʴ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʚʝʱʝʩʪʚ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʠʚʦʡ 

ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: 

 )()(hf TT MH ´ , (48) 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʷ ʘʪʦʤʦʚ ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʧʦʣʷʤʠ ʢʨʠʩʪʘʣʣʘ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʉʊʉ ʷʜʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʢ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʦʨʦʰʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʣʦʢʘʣʴʥʦʤʫ 

ʦʢʨʫʞʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʷʜʝʨ ʩʜʝʣʘʣʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ 

ʫʥʠʢʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. 

ʏʘʩʪʦ ʉʊʉ ʷʜʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʧʦʣʥʳʡ 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʦʩʥʦʚʥʦʛʦ (g) ʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ (e) ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ 
57
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 [ ]3)1(ĔĔĔĔĔ
ee

2e)(g,

hfNeg,

(e)

Q

e)(g,

hf

e)(g, +-+-=+= ¡ IIIqIHgHHH zzm , (49) 

ʛʜʝ )eg,(Ĕ
zI ï ʦʧʝʨʘʪʦʨʳ ʧʨʦʝʢʮʠʡ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ z ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʧʦʣʷ Hhf, ʘ zI ¡
Ĕ ï ʦʧʝʨʘʪʦʨ ʧʨʦʝʢʮʠʠ ʷʜʝʨʥʦʛʦ ʩʧʠʥʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ z' ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʝʥʟʦʨʘ ɻʕʇ. ɿʘʜʘʯʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (ʉɿ) 

ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ (ʉɺ) ʜʣʷ ʦʧʝʨʘʪʦʨʘ (49) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝ ʠʤʝʝʪ, ʦʜʥʘʢʦ, ʝʩʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʥʠʪʥʳʤ, ʧʨʠʙʣʠʞʸʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʜʚʠʛʦʚ ʵʥʝʨʛʠʠ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ Ū ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ z ʠ z' 

ʤʦʞʥʦ ʚʳʧʠʩʘʪʴ ʚ̫ʥʦ: 

 ( ) ( )
hfNe

2

hfNeegg ,21cos3)(
eg

HgqqHmgmgE mm mmd <<-Q°-ºQ , (50) 

ʛʜʝ mg ʠ me ï ʧʨʦʝʢʮʠʠ ʩʧʠʥʘ ʷʜʨʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ, ʘ ʟʥʘʢʠ "+" 

ʠ "ï" ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʷʜʝʨʥʳʤ ʧʝʨʝʭʦʜʘʤ ʩ |me| = 3/2 ʠ |me| = 1/2. ʕʪʦ ʚʳʨʘʞʝʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʣʘʙʳʡ ʛʨʘʜʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʨʫʰʘʝʪ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʩʝʢʩʪʝʪʘ, ʩʜʚʠʛʘʷ ʝʛʦ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʚʝʣʠʯʠʥʫ q', 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʦʨʠʝʥʪʘʮʠʝʡ ʛʣʘʚʥʦʡ ʦʩʠ ɻʕʇ ʠ ʣʝʞʘʱʫʶ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ï q/2 ʜʦ q 

(ʨʠʩ. 4ʛ). 

ɼʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ 

ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʯʢʫ ɔ-ʢʚʘʥʪʦʚ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ. ɽʩʣʠ ʩʚʝʨʭʪʦʥʢʦʝ 

ʧʦʣʝ ʥʘ ʷʜʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʛʥʠʪʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʪʦ ʜʣʷ ʣʶʙʦʛʦ 

ʢʨʠʩʪʘʣʣʠʪʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷ ʙʫʜʝʪ ʞʸʩʪʢʦ ʩʚʷʟʘʥʦ ʩ ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʪʝʥʟʦʨʘ 

ɻʕʇ ʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʩʣʫʯʘʡʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʸʨʝʥ ʦʙʨʘʟʮʘ ʩʚʝʜʸʪʩʷ ʣʠʰʴ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʬʬʝʢʪʘ ʧʦʛʣʦʱʝʥʠʷ, ʪʘʢ ʯʪʦ ʚ 

ʩʧʝʢʪʨʝ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʣʠʥʠʠ (50) ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

(46), ʧʦʜʦʙʥʳʝ ʩʧʣʦʰʥʳʤ ʢʨʠʚʳʤ ʥʘ ʨʠʩ. 4ʛ. ɽʩʣʠ ʞʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʫʞʠʪ ʘʥʠʟʦʪʨʦʧʠʷ ʬʦʨʤʳ ʯʘʩʪʠʮ ʦʙʨʘʟʮʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ 

ʩʚʷʟʘʥʥʘʷ ʩ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʦ ʧʦʤʠʤʦ ʫʩʨʝʜʥʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʡ 

(46) ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʨʘʟʤʳʪʠʝ ʧʨʦʬʠʣʷ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ (20) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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( ) ),(,sin),()( eg

2/

0

0

2

0 mmdvLCv H =QQQ-= ñ agdss
p

aaa . (51) 

ʅʝʣʠʥʝʡʥʘ ̫ ʟʘʚʠʩʠʤʦʩʪ ɹ ʨʝʰʝʥʠʡ ŭŬ ʟʘʜʘʯʠ (49) ʦʪ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʦʣʶ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʥʟʦʨʘ ɻʕʇ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʩʩʠʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʠʥʪʝʛʨʘʣʴʥʭr 

ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ (51) ʩ ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ, ʩʦʚʧʘʜʘʶʱʠʤʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʝʚʦʟʤʫʱʸʥʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (44): 

 
( ) hfNeegg0eg

HmgmgEcv mm m-Ö= , (52) 

 ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʫʰʠʨʝʥʠʝʤ 3/2 q, ʢʘʢ ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʦʤ ʥʘ ʨʠʩ. 4ʛ. 

ɸʩʩʠʤʝʪʨʠʯʥʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʧʨʠ ʯʠʩʪʦ 

ʤʘʛʥʠʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʝʩʣʠ ʩʚʝʨʭʪʦʥʢʦʝ ʧʦʣʝ ʥʘ ʷʜʨʝ ʥʝ ʠʤʝʝʪ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ ʠʣʠ ʠʟ-ʟʘ ʚʘʨʠʘʮʠʡ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ Hhf ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʬʫʥʢʮʠ ʁ

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ P(Hhf) [64], ʪʘʢ ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʙʫʜʝʪ ʜʘʚʘʪʴʩʷ ʠʥʪʝʛʨʘʣʦʤ 

 

( )ñ= hfhfhf0 )(,)( dHHPHvLv ss , (53) 

ʛʜʝ ʢʨʠʚʘʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʧʦʣʝ ʝʩʪʴ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʣʦʨʝʥʮʝʚʳʭ 

ʣʠʥʠʡ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʩʢʦʨʦʩʪʷʭ (52): 

 

( ) ( )ä
=

-=
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0hfhf

eg
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mm

H HvvLJHvL
a

aa g . (54) 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʵʪʦʡ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ 

ʟʘʜʘʥʠʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ P(Hhf) [65], ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʚʢʣʘʜʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ, 

ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʬʦʨʤʳ ʠʩʢʦʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʨʠʩ. 5). 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʷʜʨʘʭ ʦʢʘʟʘʣʦʩʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʚʝʩʴʤʘ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʛʘʤʤʘ-

ʨʝʟʦʥʘʥʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [41, 44, 65, 66]. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ 
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ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʘʣʴʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʣʫʯʘʝʤʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ 

ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʣʦʞʝʥʠʝ (53) ʜʘʞʝ ʩ ʫʯʸʪʦʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (49) ʜʘʸʪ ʣʠʰʴ ʩʪʘʪʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ 

ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ ʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʉʊʉ 

ʷʜʝʨʥʳʭ ʩʧʝʢʪʨʦʚ.  

1.6. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ɼʞʦʥʩʘïʐʨʠʚʘʩʪʘʚʳ 

ʉʧʝʮʠʬʠʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʦʟʥʠʢʘʶʪ ʚ ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [34]. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚ 

ʚʳʨʘʞʝʥʠʠ (1) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʦʩʪʘʸʪʩʷ ʣʠʰʴ 

ʩʣʘʛʘʝʤʦʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʝ yʩʦʙʩʪʚʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ: 

 q2cosKE -= , (55) 

ʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (10) ʜʣʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʯʘʩʪʠʮʳ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ɖ= 0 ʙʫʜʫʪ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʨʙʠʪʳ ʨʘʚʥʦʤʝʨʥʦʡ 

ʈʠʩ. 5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ) ʥʘʥʦʯʘʩʪʠʮ 

ARA-250 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʚʚʝʨʭʫ) ʠ ʢʦʤʥʘʪʥʦʡ (ʚʥʠʟʫ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʘʥʘʣʠʟʘ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ, ʩʣʝʚʘ) ʚ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʩʧʨʘʚʘ). ʇʫʥʢʪʠʨʦʤ ʥʘ 

ʩʧʝʢʪʨʘʭ ʦʙʦʟʥʘʯʝʥʘ ʜʦʙʘʚʦʯʥʘʷ ʥʝʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ; ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʜʘʶʪ 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ. 
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ʧʨʝʮʝʩʩʠʠ (ʨʠʩ. 6ʘ) ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʝ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

 zH nH qcosCan=  (56) 

ʩ ʯʘʩʪʦʪʦʡ 

 qg cos0an W-=-=W hH , (57) 

ʛʜʝ HC ï ʧʦʣʝ ʧʦʣʥʦʛʦ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʳʨʘʞʝʥʠʝʤ (3), ʘ 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ nz ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ.  ɽʩʣʠ ʭʘʨʘʢʪʝʨʥʘʷ 

ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ  

 hh CBC0 HgH mg ==W , (58) 

ʛʜʝ g ï ʵʣʝʢʪʨʦʥʥʳʡ g-ʬʘʢʪʦʨ, ɛB ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʯʘʩʪʦʪʳ 

ʣʘʨʤʦʨʦʚʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʚ ʩʚʝʨʭʪʦʥʢʦʤ ʧʦʣʝ 

 hhfNeg,eg, Hg mw = , (59) 

ʷʜʨʦ ʥʝ ʩʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʘ ʙʫʜʝʪ 

ʦʱʫʱʘʪʴ ʣʠʰʴ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʚʳʨʘʞʘʶʱʫʶʩʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʚʥʫʪʨʠʘʪʦʤʥʦʛʦ ʧʦʣʷ 

 
qq cos)( hfhf HH = . (60) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʈʠʩ. 6. (ʘ) ʆʨʙʠʪʳ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʯʘʩʪʠʮʳ ʚ ʧʦʣʝ ʝʸ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. (ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ  

ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʥʘ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʯʘʩʪʠʮ ʜʣʷ ʨʘʟʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ KV ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ T. (ʚ) ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʚ 

ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʝʸ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 
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ʚʝʣʠʯʠʥ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (ʨʠʩ. 6ʙ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʚʥʦʚʝʩʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʴʶ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮʳ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ (55): 

 ( ) ( ) hfhfB

2

B cos,,expexp HHzTkKVzTkEVW ====-´ qkk . (61) 

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʝʪʦʥʘ ɹʦʨʘ ʕ/ʄɻʮ40,1B =hm  ʧʦʯʪʠ ʚ 

2000 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʚʝʣʠʯʠʥʫ ʷʜʝʨʥʦʛʦ ʤʘʛʥʝʪʦʥʘ ʕ/ʢɻʮ76,0N =hm , ʪʦ ʜʘʞʝ 

ʜʣʷ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ  Hhf = 500 ʢʕ  ʷʜʝʨʥʳʝ ʯʘʩʪʦʪʳ  ɤg å 70 ʄɻʮ  ʠ  ɤe å 40 

ʄɻʮ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʦʣʪʦʨʘïʜʚʘ ʧʦʨʷʜʢʘ ʥʠʞʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ ʧʨʝʮʝʩʩʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʣʷ ʦʙʳʯʥʳʭ ʟʥʘʯʝʥʠʡ HC, ʠʟʤʝʨʷʝʤʳʭ ʚ ʢʕ, ʣʝʞʘʪ 

ʚ ʜʠʘʧʘʟʦʥʝ ʥʝʩʢʦʣʴʢʠʭ ɻɻʮ. ʉʨʘʚʥʝʥʠʝ ʨʠʩʫʥʢʦʚ 5 ʠ 6ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ 

ʪʘʢʦʝ ʧʨʦʩʪʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʦʩʪʦʷʥʠʠ ʜʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ 

ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʋʯʸʪ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʤʘʛʥʠʪʥʫʶ ʜʠʥʘʤʠʢʫ ʤʘʣʳʭ ʯʘʩʪʠʮ 

ʫʜʦʙʥʝʝ ʧʨʦʚʦʜʠʪʴ ʚ ʢʚʘʥʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ [34], ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʯʘʩʪʠʮʳ ʟʘʤʝʥʷʝʪʩʷ ʝʸ ʤʘʢʨʦʩʧʠʥʦʤ S, ʠʤʝʶʱʠʤ N =  2S + 1 ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʦʝʢʮʠʠ  m = - S, - S + 1, é, S - 1, S  ʥʘ ʦʩʴ ʣʸʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ (55), ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʝʩʪʴ (ʩʤ. ʨʠʩ. 6ʚ) 

 
22 SmKEm -= , (62) 

ʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʚʘʜʨʘʪʘʤʠ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʝʨʘʪʦʨʦʚ ʨʦʞʜʝʥʠʷ 
+SĔ ʠ ʫʥʠʯʪʦʞʝʥʠʷ 

-SĔ: 
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 (63) 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ ʜʠʬʬʫʟʠʠ D ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʤʫ ʢʚʘʜʨʘʪʫ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ 

ʠ ʟʘʜʘʸʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘʥʘʣʦʛʠʯʥʦ ʚʳʨʘʞʝʥʠʶ (16) ʚ 

ʧʦʜʭʦʜʝ ɹʨʘʫʥʘ. ɼʣʷ ʧʝʨʝʭʦʜʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʜʝʣʷʶʱʠʡ ʫʨʦʚʥʠ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ, ʯʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʜʝʪʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ: 

 
( )( ){ }TkVEEf mmmm B11, exp,1min --= °° . (64) 

ɽʩʣʠ ʩʤʝʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʘʟʜʝʣʝʥʳ ʤʘʢʩʠʤʫʤʦʤ ʵʥʝʨʛʠʠ, ʪʦ ʚ ʧʨʠʚʝʜʸʥʥʦʤ 

ʚʳʨʘʞʝʥʠʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʪʫ ʙʘʨʴʝʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʭʦʜʘ. ʉʢʘʯʢʠ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʧʠʥʘ ʙʦʣʝʝ ʝʜʠʥʠʮʳ ʟʘʧʨʝʱʝʥʳ ʧʨʘʚʠʣʘʤʠ ʦʪʙʦʨʘ, ʪʘʢ ʯʪʦ ʠʭ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʚʥʳ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ PĔ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʚʨʝʤʝʥʥʫ  ʁ ʵʚʦʣʶʮʠ ʁ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʦʢʘʟʳʚʘʝʪʩʷ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʠ ʟʘʜʘʸʪʩʷ ʵʣʝʤʝʥʪʘʤʠ 

 1,1,1,1,1,,
Ĕ,ĔĔĔ

°°°+- -=--= mmmmmmmmmmmm fpPPPP , (65) 

ʘ ʦʪʚʝʯʘʶʱʠʝ ʝʡ ʨʘʚʥʦʚʝʩʥʳʝ ʟʘʩʝʣʸʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʜʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ɹʦʣʴʮʤʘʥʘ 

 ( ) ( )ä --= TkVETkVEW mmm BB expexp . (66) 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ɔ-ʢʚʘʥʪʘ ʦʪ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʝʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʦʨʤʳ 

ʣʠʥʠʠ ʩʠʩʪʝʤʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʤʘʨʢʦʚʩʢʦʤ ʧʨʦʮʝʩʩʝ ʩ N ʩʦʩʪʦʷʥʠʷʤʠ [67]: 

 ä
-G

=
a

aa

s
s 1)(ĔIm

2
)( 1200 vAWCv , (67) 

ʛʜʝ W  ʝʩʪʴ ʩʪʨʦʢʘ ʟʘʩʝʣʸʥʥʦʩʪʝʡ (66), 1  ï ʩʪʦʣʙʝʮ ʝʜʠʥʠʮ, ʘ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ 

 2/ĔĔ)(Ĕ 0G++-= iPivvvA aa  (68) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʨʝʟʦʥʘʥʩʥʳʭ ʩʢʦʨʦʩʪʝʡ (52) ʩ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (60) 

 () mmmm
Smvv ¡¡
Ö= ,,

Ĕ daa  (69) 

ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ (65). ɿʜʝʩʴ ʠ ʜʘʣʝʝ 0000 GÖ=¹G Ecg . ɺ ʩʠʣʫ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚʳʨʘʞʝʥʠʷ (69) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ (Ŭ, m) ʥʘ   

(ïŬ, ïm) ʚ ʬʦʨʤʫʣʝ (67) ʜʦʩʪʘʪʦʯʥʦ ʙʨʘʪʴ ʩʫʤʤʫ ʣʠʰʴ ʧʦ ʪʨʸʤ ʧʘʨʘʤ ʷʜʝʨʥʳʭ 

ʠʥʜʝʢʩʦʚ. (62)ï(66) 

ʊʨyʭʜʠʘʛʦʥʘʣʴʥʘʷ ʬʦʨʤʘ ʤʘʪʨʠʮ (68) ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ 
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ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʤʘʪʨʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ (67). ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʤʘʪʨʠʮʳ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʜʚʫʜʠʘʛʦʥʘʣʴʥʳʭ aaa ULA ĔĔĔ=  ʠ ʚʚʦʜʷ 

ʥʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʢʦʤʦʛʦ ʩʪʦʣʙʮʘ 1Ĕ1-= aAX , ʧʦʣʫʯʠʤ ʜʣʷ ʥʝʛʦ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ): 

 YXUYLXULXA ==Ú== aaaaa
Ĕ,1Ĕ1ĔĔĔ , (70) 

ʪʨʝʙʫʶʱʠʝ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʣʠʰʴ O(N) ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ. ɼʣʷ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (62)ï(69) ʧʨʠʥʮʠʧʠʘʣʝʥ ʪʘʢʞʝ ʙʳʩʪʨʳʡ ʚʳʭʦʜ ʨʝʰʝʥʠʷ ʥʘ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʨʝʜʝʣ, ʪʘʢ ʯʪʦ ʪʨʝʙʫʝʤʳʝ ʚ ʨʝʘʣʴʥʳʭ ʨʘʩʯʸʪʘʭ ʚʝʣʠʯʠʥʳ 

ʩʧʠʥʘ S ʥʝ ʧʨʝʚʳʰʘʶʪ 100. ʅʘʢʦʥʝʮ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʟʘʧʠʩʠ ʩʝʯʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʬʦʨʤʝ (67) ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʝʛʦ ʩʚʸʨʪʢʠ (35) ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʣʠʥʝʡʥʦʤ ʧʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʘ ʧʨʠʙʣʠʞʝʥʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚ ʬʦʨʤʫʣʝ (68) ʟʘʤʝʥʠʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʰʠʨʠʥʫ ʣʠʥʠʠ ɻ0 ʥʘ 

ʩʫʤʤʘʨʥʫʶ ɻ = 2ɻ0 + ȹũs + ȹũa, ʛʜʝ ȹũs,a ï ʚʦʟʤʦʞʥʳʝ ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ ʠʩʪʦʯʥʠʢʘ 

ʠ ʧʦʛʣʦʪʠʪʝʣʷ, ʚʳʟʳʚʘʝʤʳʝ ʤʘʣʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ʂʦʥʢʨʝʪʥʳʡ ʚʠʜ ʙʦʣʴʮʤʘʥʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (66), ʘ ʩ ʥʠʤ ʠ ʬʦʨʤʘ 

ʩʧʝʢʪʨʘ (67) ʚ ʮʝʣʦʤ, ʟʘʜʘʪʁʩʷ ʚʝʣʠʯʠʥʦʡ ʙʘʨʴʝʨʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ KV,      

ʘ ʟʥʘʯʠʪ, ʦʙʲʸʤʦʤ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮ rV, ʪʘʢ ʯʪʦ ʘʥʘʣʠʟ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʨʠʩ. 5) ʪʨʝʙʫʝʪ ʫʯyʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʯʘʩʪʠʮ ʦʙʨʘʟʮʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʳʤ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʬʦʨʤʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ,            

ʤʳ ʧʘʨʘʤʝʪʨʠʟʫʝʤ ʵʪʦʪ ʨʘʟʙʨʦʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ   

ʧʦ ʜʠʘʤʝʪʨʘʤ 

 ( ) 0

22 ,2)1(exp)0( ddrrrP dd =--´> g , (71) 

ʩ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʟʥʘʯʝʥʠʝʤ d0 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʠʩʧʝʨʩʠʠ ɔd. 

ʊʘʢʘʷ ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʪ ʷʚʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʚ 

ʯʘʩʪʠʮʘʭ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢ ʯʪʦ ʜʣʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʧʝʢʪʨʘ (ʨʠʩ. 7) ʧʦʣʫʯʠʤ 

 ( ) ññ= drrPrdrrPrrvv dd )()(,)( 333ss . (72) 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʷ ̫ çʥʘʙʣʶʜʘʝʤʘè̫ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʨʴʝʨʘ: 
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 ññ= drrPrdrrPrKVVK dd )()( 36

0
, (73) 

ʛʜʝ KV0 ï ʠʟʚʣʝʢʘʝʤʘʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʣʠʯʠʥʘ ʙʘʨʴʝʨʘ, ʦʪʚʝʯʘʶʱʘʷ ʮʝʥʪʨʫ d0 

ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (71). ɺʭʦʜʷʱʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ 

ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ  x ʦʧʨʝʜʝʣʷʶʪ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʘʨʴʝʨʘ VK  

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɔd, ʯʪʦ ʦʪʯʸʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʪʘʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʨʠʩ. 7. ʉʘʤʠ ʵʪʠ ʩʧʝʢʪʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʝʨʝʭʦʜ ʦʪ çʦʙʲʸʤʥʦʛʦè ʩʝʢʩʪʝʪʘ (52) (ʩʨ. ʨʠʩ. 4ʚ), ʦʪʚʝʯʘʶʱʝʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʛʜʘ 

ʤʦʤʝʥʪʳ ʚʩʝʭ ʯʘʩʪʠʮ çʟʘʤʦʨʦʞʝʥʳè ʚʜʦʣʴ ʩʚʦʠʭ ʣʸʛʢʠʭ ʦʩʝʡ, ʜʦ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʧʷʪʠʩʪʫʧʝʥʯʘʪʦʛʦ ʧʴʝʜʝʩʪʘʣʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʝʜʝʣʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ 

ʦʨʠʝʥʪʘʮʠʠ ʤʦʤʝʥʪʦʚ, ʘ ʩ ʥʠʤʠ ʠ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʨʘʚʥʦʚʝʨʦʷʪʥʳ. 

ɺʢʣʶʯʝʥʠʝ ʨʝʣʘʢʩʘʮʠʠ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ ʨʠʩ. 7) ʫʩʣʦʞʥʷʝʪ ʢʘʨʪʠʥʫ, ʪʘʢ ʯʪʦ ʧʦʤʠʤʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʭʦʨʦʰʦ ʨʘʟʨʝʰʸʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦ 

ʈʠʩ. 7. ʉʪʘʪʠʯʝʩʢʠʝ (ʩʣʝʚʘ) ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ (ʩʧʨʘʚʘ) ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʚʝʨʭʫ ʚʥʠʟ) ʠ ʚʝʣʠʯʠʥʳ ʨʘʟʙʨʦʩʘ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʘʥʩʘʤʙʣʷ ʧʨʠ ʯʠʩʪʦʤ ʤʘʛʥʠʪʥʦʤ ʩʚʝʨʭʪʦʥʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, Hhf = 500 ʢʕ. 
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ʢʦʣʣʘʧʩʘ ʩʧʝʢʪʨʘ ʚ ʦʜʠʥʦʯʥʫʶ ʣʠʥʠʶ, ʢʦʛʜʘ ʚʳʟʚʘʥʥʦʝ ʨʝʣʘʢʩʘʮʠʝʡ ʩʤʝʰʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʣʠʢʦ, ʧʨʠ ʰʠʨʦʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʨʘʟʤʝʨʘʤ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʩʝʧʪʝʪ ʣʠʥʠʡ, ʦʪʚʝʯʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʦʩʫʱʝʩʪʚʣʝʥʠʶ 

ʨʝʞʠʤʦʚ ʙʳʩʪʨʦʡ ʠ ʤʝʜʣʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1.7. ʋʯʸʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ ʠʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ, 

ʧʦʤʠʤʦ ʫʯʸʪʘ ʨʘʟʙʨʦʩʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ (71), ʚʢʣʶʯʠʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʩʚʝʨʭʪʦʥʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (49). ʉʣʦʞʥʦʩʪʴ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʤʝʰʝʥʠ ʁ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʨʝʣʘʢʩʘʮʠʠ (63), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫

ʙʫʜʫʪ ʩʤʝʰʠʚʘʪʴʩʷ ʟʝʝʤʘʥʦʚʩʢʠʝ ʧʦʜʫʨʦʚʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ (44), 

ʪʘʢ ʯʪʦ ʨʘʟʜʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʚʝʨʭʪʦʥʢʠʭ ʧʝʨʝʭʦʜʦʚ, ʧʦʜʦʙʥʦʝ (67), 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʚ 

ʨʘʩʰʠʨʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʣʝʢʪʨʦʥʥʳʭ  m  ʠ ʷʜʝʨʥʳʭ  Ŭ  ʧʝʨʝʤʝʥʥʳʭ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʦʙʱʝʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ɸʥʜʝʨʩʦʥʘ 

[68] ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʨʘʙʦʪʝ [69]. ʋʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʫ 

ʷʜʨʘ 
57

Fe ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʠʘʛʦʥʘʣʴʥʦʩʪʴ 

ʦʧʝʨʘʪʦʨʘ ʟʝʝʤʘʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʝʢʮʠʡ ʷʜʝʨʥʳʭ 

ʩʧʠʥʦʚ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ɔ-ʢʚʘʥʪʘ ʧʨʠ 

ʨʝʣʘʢʩʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʚʝʨʭʪʦʥʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʛʣʦʤ Ū ʤʝʞʜʫ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʪʝʥʟʦʨʘ ɻʕʇ ʠ ʣʸʛʢʦʡ ʦʩʴʶ 

ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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=QG=Q ä
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ʩ ʙʣʦʯʥʦ-ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ 

 PL Ĕ)(Ĕ2/),(Ĕ e0 iivv +Q-G+=QA , (75) 

ʛʜʝ ʙʣʦʯʥʘʷ ʩʪʨʦʢʘ ʟʘʩʝʣʸʥʥʦʩʪʝʡ W , ʙʣʦʯʥʳʡ ʩʪʦʣʙʝʮ ʝʜʠʥʠʮ 1  ʠ ʙʣʦʯʥʦ-
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ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ PĔ ʩʫʪʴ ʨʘʩʰʠʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʨʠʯʥʳʭ ʚʝʣʠʯʠʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʙʫʞʜʸʥʥʳʭ ʷʜʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ  me  ʧʨʠ 

ʧʦʤʦʱʠ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʳ 
e
ĔI  ʨʘʥʛʘ (2Ie + 1): 

 eee
ĔĔĔ,Ĕ1,Ĕ IPI1IW Ã=Ã=Ã= PW , (76) 

ʘ ʜʠʘʛʦʥʘʣʴʥʳʡ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩʫʧʝʨʦʧʝʨʘʪʦʨ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
e
ĔL  ʟʘʜʘʸʪʩʷ ʵʣʝʤʝʥʪʘʤʠ 
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aaL , (77) 

ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 
ea

v  ʤʘʛʥʠʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ (52) ʠ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ 

(e)

Q
ĔH  ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (49), ʤʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʥʥʦʡ ʩʚʝʨʭʪʦʥʢʠʤ ʧʦʣʝʤ, ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ Ū ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʦ ʚ [57] (ʩʤ. ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʝ 1). 

ɿʘʤʝʥʘ ʬʦʨʤʘʣʴʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮ ʨʝʰʝʥʠʝʤ ʜʚʫʭ ʉʃɸʋ (70) ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʚ ʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʢ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝ ʙʣʦʢʦʚ ʨʘʥʛʘ 

(2Ie + 1) = 4 (ʜʣʷ 
57

Fe ʠ 
119

Sn) ʧʫʪʸʤ ʟʘʤʝʥʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ 

ʥʘ ʤʘʪʨʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʩ ʙʣʦʢʘʤʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 2). ɼʣʷ ʩʣʫʯʘʷ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ, ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʣʸʛʢʠʭ ʦʩʝʡ ʠ ʪʝʥʟʦʨʘ ɻʕʇ: 

 
ññ QQ=QQQ=
1

0

2/

0

cos)cos,(sin),()( dvdvv sss
p

, (78) 

ʠ ʫʯʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ (72). ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʨʘʩʯʸʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8. ɺ ʩʪʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ (ʣʝʚʘʷ ʧʘʥʝʣʴ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʭʦʜ ʦʪ ʫʰʠʨʝʥʥʦʛʦ ʠ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʩʝʢʩʪʝʪʘ ʣʠʥʠʡ ʦʙʲʸʤʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʨ. ʩ ʨʠʩ. 4ʛ) ʢ ʨʘʩʱʝʧʣʸʥʥʦʤʫ ʧʷʪʠʩʪʫʧʝʥʯʘʪʦʤʫ 

ʧʴʝʜʝʩʪʘʣʫ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʝʜʝʣʝ, ʦʪʨʘʞʘʶʱʠʡ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (61) ʠ ʨʝʰʝʥʠ ̫ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

(51) ʜʣʷ ʷʜʝʨʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ. ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʵʚʦʣʶʮʠʶ ʦʪ ʨʘʟʨʝʰʸʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʉʊʉ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʢ ʰʠʨʦʢʦʤʫ ʢʚʘʜʨʫʧʦʣʴʥʦʤʫ 



 

47 

ʜʫʙʣʝʪʫ ʣʠʥʠʡ ʩ çʤʘʛʥʠʪʥʦʡè ʘʩʠʤʤʝʪʨʠʝʡ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʘʜʠʶ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʦʠʭ ʨʝʞʠʤʦʚ ʜʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʦʙʨʘʟʮʦʚ. 

1.8. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʝʡ ʨʝʣʘʢʩʘʮʠʠ 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʩʣʦʞʥʳʝ ʚʳʨʘʞʝʥʠʷ (67) ʠ (74) ʜʣʷ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʨʝʣʘʢʩʘʮʠʠ (ʄʋʈ) ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʶʪʩʷ ʚ 

ʜʚʫʭʫʨʦʚʥʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ɼʋʈ), ʢʦʪʦʨʦʝ ʬʦʨʤʘʣʴʥʦ ʦʪʚʝʯʘʝʪ ʩʣʫʯʘʶ S = 1/2, 

ʪʘʢ ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ [23]: 

 ä
+-

+G
=

a a

a

s
s

222

200

~

~
Im

2
)(

pvv

ipv
Cv , (79) 

ʛʜʝ ipivv +G+= 2~
0 , ʘ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ, 

ʨʘʟʜʝʣʸʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ U0 = KV, ʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ʈʠʩ. 8. ʉʪʘʪʠʯʝʩʢʠʝ (ʩʣʝʚʘ) ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ (ʩʧʨʘʚʘ) ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʚʝʨʭʫ ʚʥʠʟ) ʠ ʚʝʣʠʯʠʥʳ ʨʘʟʙʨʦʩʘ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʘʥʩʘʤʙʣʷ ʧʨʠ ʩʤʝʰʘʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʚʝʨʭʪʦʥʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, Hhf = 500 ʢʕ, q = 0,35 ʤʤ/ʩ, ʦʩʠ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ɻʕʇ ʨʘʩʧʨʝʜʝʣʝʥʳ ʭʘʦʪʠʯʥʦ. 
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 )exp( BTkKVDp -= , (80) 

ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʬʦʨʤʫʣʦʡ ʅʝʝʣʷ (8) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʙʦʟʥʘʯʝʥʠʷ p0 = D. ɺ ʩʣʫʯʘʝ 

ʩʣʘʙʦʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʝʨʭʪʦʥʢʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ) ʨʝʣʘʢʩʘʮʠʠ ʚʳʨʘʞʝʥʠʶ 

(79) ʜʣʷ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʩʦʚʩʝʤ ʧʨʦʩʪʦʡ ʚʠʜ: 

 ( ) a
a

aass vpvvLCv H <<DG+G-
DG+G

G
º ä ,,~)( 0

2

0

0
0

, (81) 

ʧʦʢʘʟʳʚʘʶʱʠʡ, ʯʪʦ ʤʝʜʣʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʚʳʟʳʚʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʣʝʛʢʘ ʩʜʚʠʛʘʝʪ ʠʭ ʢ ʮʝʥʪʨʫ ʩʧʝʢʪʨʘ: 

  ( )22 21~,2 aaa vpvvp -º=DG . (82) 

ʌʠʟʠʯʝʩʢʘ ̫ʧʨʠʯʠʥʘ ʫʰʠʨʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʣʠʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʘʪʦʤʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ, ʘʥʘʣʦʛʠʯʥʦ ʢʦʥʝʯʥʦʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ (21), ʧʨʠʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʚ ʮʝʣʦʤ. 

ʇʨʦʩʪʦʪʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʠʣʘ ʝʸ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʝʪʠʟʤʘ ʤʘʣʳʭ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʝ yʩʚʷʟʴ ʩ 

ʤʦʜʝʣʴʶ ʄʋʈ, ʩ ʪʝʤ ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʦʠʭ ʧʦʜʭʦʜʘʭ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [70]. 

ɸʥʘʣʦʛʠʯʥʦ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ (14ï16) ʚ ʜʠʩʢʨʝʪʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ (62ï65) ʚʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ ʯʘʩʪʠʮ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

 PWW Ĕ=# , (83) 

ʚʳʨʘʞʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʧʝʨʝʟʘʩʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʯʝʨʝʟ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʠʭ 

ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʠʤʝʝʪ ʚʠʜ ʨʘʟʣʦʞʝʥʠʷ 

 ä -=
j

tpWatW
jjj
)(exp)( , (84) 

ʛʜʝ  pj  ʠ j
W  ʝʩʪʴ ʉɿ ʠ ʉɺ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ PĔ: 
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 jjj
WpPW -=Ĕ , (85) 

ʘ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ aj ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʦʞʝʥʠʝʤ ʥʘʯʘʣʴʥʳʭ ʟʘʩʝʣʸʥʥʦʩʪʝʡ 

ʧʦ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚʝʢʪʦʨʦʚ: 

 ä=
j

jj
WaW )0( . (86) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʟʘʜʘʯʫ ʥʘ ʉɿ (85) ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ (65) ʚʳʪʝʢʘʝʪ ʨʘʚʝʥʩʪʚʦ 

ʥʫʣʶ ʩʫʤʤʳ ʩʪʦʣʙʮʦʚ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠ ʣʶʙʦʤ ʨʘʟʤʝʨʝ N ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʫʣʝʚʦʛʦ ʉɿ, ʦʪʚʝʯʘʶʱʝʛʦ ʨʘʚʥʦʚʝʩʥʦʡ ʙʦʣʴʮʤʘʥʦʚʩʢʦʡ 

ʟʘʩʝʣʸʥʥʦʩʪʠ ʫʨʦʚʥʝʡ (66). ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ɼʋʈ ʚʪʦʨʦʝ ʉɿ 

 ( )TkKVDpp ȸTL exp22 -==  (87) 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʜʝʣʠ ʄʋʈ ʩʧʝʢʪʨ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘʭʦʜʠʪʴ ʯʠʩʣʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʠʟʰʠʭ ʟʥʘʯʝʥʠʡ ʩʧʠʥʘ  S  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 9. 

ʉʨʝʜʠ ʥʝʥʫʣʝʚʳʭ ʉɿ ʚʳʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ p2, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʩʭʦʞʘ ʩ ʵʢʩʧʦʥʝʥʪʦʡ (87) ʠ ʢʦʪʦʨʦʝ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʧʠʥʘ ʚʳʭʦʜʠʪ ʥʘ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʘʩʠʤʧʪʦʪʫ pML. ʆʩʪʘʣʴʥʳʝ ʉɿ pj >2 ʣʝʞʘʪ ʤʥʦʛʦ ʚʳʰʝ ʚʦ ʚʩʸʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ. 

ʉʫʪʴ ʨʘʟʣʠʯʠʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʦʜʦʣʝʥʠʝ ʯʘʩʪʠʮʘʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ KV ʚ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʦʜʥʠʤ 

ʩʢʘʯʢʦʤ, ʘ ʯʝʨʝʟ ʨʷʜ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʡʪʠ çʧʦ 

ʩʪʫʧʝʥʴʢʘʤè ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʱʝ, ʯʝʤ ʧʝʨʝʩʢʦʯʠʪʴ ʯʝʨʝʟ çʧʨʝʧʷʪʩʪʚʠʝè ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʡ ʢʨʫʧʥʦʡ ʬʣʫʢʪʫʘʮʠʠ. ʆʜʥʘʢʦ ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ kBT ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʳʩʦʪʫ ʙʘʨʴʝʨʘ KV, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ 

ʩʠʪʫʘʮʠʷʤʠ ʜʦʣʞʥʦ ʩʪʠʨʘʪʴʩʷ, ʪʘʢ ʯʪʦ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ 

 1,)( BTL2ML <<ºº TkKVpSpp . (88) 

ʊʝ ʞʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʫʨʦʚʥʝʡ. ɼʣʷ ʵʪʦʛʦ ʥʘʠʙʦʣʴʰʘʷ ʠʟ çʩʪʫʧʝʥʝʢè mm EE -+1  ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʣʘ ʧʦ
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ʈʠʩ. 9. ʉʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʤʦʜʝʣʠ ʄʋʈ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʩʧʠʥʘ S ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ ʥʘʠʤʝʥʴʰʝʝ 

ʥʝʥʫʣʝʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ p2 ʚ ʧʨʝʜʝʣʝ ʙʦʣʴʰʦʛʦ ʩʧʠʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʨʝʣʘʢʩʘʮʠʠ pTL ʚ ʤʦʜʝʣʠ ɼʋʈ. 
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ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ kBT. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (62) ʜʣʷ 

ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ, ʧʦʣʫʯʠʤ 

 TkKVSSpp B2ML 2),( >>º . (89) 

ʉʨʘʚʥʝʥʠʝ ɼʋʈ ʠ ʄʋʈ ʤʦʜʝʣʝʡ ʚ ʧʨʝʜʝʣʝ ʙʦʣʴʰʦʛʦ ʩʧʠʥʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [34], ʧʨʠʚʦʜʠʪ ʢ ʘʩʠʤʧʪʦʪʠʢʝ 

 ( ) 1,2 B

23

BTLML >>Öº TkKVTkKVpp p . (90) 

ʇʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʝ (18) ʜʣʷ ʯʘʩʪʦʪ rʬʣʫʢʪʫʘʮʠʡ p0 ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɹʨʘʫʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʜʠʬʬʫʟʠʠ D ʦʪ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʄʋʈ: 

 VMTkD 0B 2g= . (91) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʚ ʤʦʜʝʣʠ ʄʋʈ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ 

ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ ʧʦ ʤʦʜʫʣʶ ʥʝʥʫʣʝʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ 

ʤʘʪʨʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (62)-(65), ʜʣʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ D, 

KV, T ʠ, ʚʦʟʤʦʞʥʦ, S. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʪʘʚʢʝ ʨʠʩ. 9. 

1.9. ʄʘʛʥʠʪʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʚ ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʦʤ CePdSn 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʘ ʧʨʠʤʝʨʝ 

ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʂʦʥʜʦ-ʩʦʝʜʠʥʝʥʠʠ 

CePdSn ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 
119

Sn [70]. 

ʊʨʦʡʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʉePdSn ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣ ɹ

ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʫʱʝʩʪʚʫʶʪ ʠ ʢʦʥʢʫʨʠʨʫʶʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʥʠʟʢʠʭ (ʧʦʨʷʜʢʘ TN å 7 ʂ) ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠ ʦʜʥʦʠʦʥʥʳʝ ʂʦʥʜʦ-ʵʬʬʝʢʪ rʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ [71ï74]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʉePdSn 

ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʠ ʘʥʦʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ RPdSn [71]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʉePdSn ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʨʘʢʮʠʠ 

ʥʝʡʪʨʦʥʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʝʩʦʨʘʟʤʝʨʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ [72]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʝʮʝʩʩʠʠ 

ʤʶʦʥʥʦʛʦ ʩʧʠʥʘ ʚ ʣʦʢʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʦ 



 

52 

ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʳʭ ʬʫʨʴʝ-ʢʦʤʧʦʥʝʥʪ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʚʚʝʜʝʥʠʷ ʪʘʢʦʡ 

ʥʝʩʦʨʘʟʤʝʨʥʦʩʪʠ [73]. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ  ʨʘʟʥʦʛʣʘʩʠʷ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ spin-flip ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ 

ʩʦʨʘʟʤʝʨʥʦʡ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʷʭ ʨʝʣʘʢʩʘʮʠʠ ʤʶʦʥʥʦʛʦ ʩʧʠʥʘ, ʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʥʝʩʦʨʘʟʤʝʨʥʦʡ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʡʪʨʦʥʥʳʝ ʜʘʥʥʳʝ [74]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʬʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʙʠʝʥʠʶ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʦʙʨʘʟʮʘ ʥʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢ ʯʪʦ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʬʣʫʢʪʫʘʮʠʷ (ʨʝʣʘʢʩʘʮʠʷ) ʠʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ. ɼʝʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʠʥʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ 

ʪʷʞʝʣʦʬʝʨʤʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ CePdSn ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʥʘ ʷʜʨʘʭ 
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Sn ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ 

ʦʜʥʦʜʦʤʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʦʩʚʷʱʝʥ rʨʘʙʦʪ r[70]. 

ʉʦʝʜʠʥʝʥʠʝ CePdSn ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʄ ʩyʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
119

Sn ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʩʥʠʤʘʣʠʩʴ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʪʘʣʘ ʠʭ ʢʦʨʨʝʢʮʠ ̫ʧʦʩʨʝʜʩʪʚʦʤ ʫʯʝʪʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ ʧʦʛʣʦʪʠʪʝʣ ̫ [75] ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʜʫʨ r ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʩyʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ DISCVER [76], ʩʫʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ 

çʚʳʯʠʪʘʥʠʠè ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʝʣʠʥʝʡʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʘ 

(36) ʯʘʩʪʠ, ʪʘʢ ʯʪʦ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʣʠʥʝʡʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʷʚʥʦʡ ʩʚʸʨʪʢʝ (35) ʩ ʬʦʨʤʦʡ ʣʠʥʠʠ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ 

ʵʪʦʤ ʩʘʤʘ ʧʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʮʠʠ ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʦʨʤʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʝʡ ʨʝʟʦʥʘʥʩʥʳʭ ɔ-ʢʚʘʥʪʦʚ  fr  ʚ 

ʧʦʪʦʢʝ ʠʟʣʫʯʝʥʠʷ ʠ ʫʰʠʨʝʥʠʝʤ ʣʠʥʠʠ ʠʩʪʦʯʥʠʢʘ ȹũs, ʠʟʤʝʨʷʝʤʤrʠ ʥʝʟʘʚʠʩʠʤʦ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʭ ʦʮʝʥʢʠ ʩʦʩʪʘʚʠʣʠ  fr = 0,50  ʠ  ȹũs = 0,16 Ñ 0,01 ʤʤ/ʩ  (ũ0 = 0,321 

ʤʤ/ʩ  ʜʣʷ 
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Sn). ʇʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʤʠ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʩʷʢʠʡ 

ʨʘʟ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 5 %. 
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Sn ʚ çʪʦʣʩʪʦʤè ʦʙʨʘʟʮʝ 

CePdSn, ʠʟʤʝʨʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ  T = 5 · 300 ʂ  ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ 

ʥʘ ʪʦʣʱʠʥʫ ʧʦʛʣʦʪʠʪʝʣʷ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 10. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʜʫʙʣʝʪ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʷʜʨʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʝʢʫʙʠʯʝʩʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠ ̫ ʘʪʦʤʦʚ ʦʣʦʚʘ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦ 

ʨʘʟʨʝʰʝʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʚʝʜʝʥʠʝʤ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ 

ʥʘ ʷʜʨʘʭ ʥʝʤʘʛʥʠʪʥʦʛʦ ʦʣʦʚʘ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʮʝʨʠʷ. ʊʘʢʫʶ ʬʦʨʤʫ ʛʘʤʤʘ-

ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʶʪ ʢʘʢ ʢʦʤʙʠʥʘʮʠ  ʁ ʩʪʘʪʠʯʝʩʢʠʭ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʚ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫(49). 

ʉʧʝʢʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦ ʩʚʸʨʪʢʦʡ ʩ ʣʦʨʝʥʮʝʚʦʡ ʬʦʨʤʦʡ ʣʠʥʠʠ 

ʠʩʪʦʯʥʠʢʘ ʠ ʙʝʟ ʥʝʸ, ʧʦʢʘʟʘʥʳ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 10. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʝʣʠʯʠʥʳ ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ ŭ, ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ q, ʫʛʣʘ Ū ʤʝʞʜʫ ʦʩʴʶ 

ʩʠʤʤʝʪʨʠʠ ɻʕʇ z' ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ z ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʩ ʚʝʣʠʯʠʥʦʡ Hhf ʫʢʘʟʘʥ  r  

ʚ ʪʘʙʣʠʮʝ 1. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʧʝʢʪʨʦʚ ʩ ʨʘʩʯʝʪʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ŭ, q ʠ Hhf ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ T =  5 ʠ 300 ʂ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ [71]. 

ʅʝʪʨʠʚʠʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʂʦʥʜʦ-ʩʠʩʪʝʤʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ T = 7 · 77 K, ʛʜʝ ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʧʦʣʷ Hhf ʥʘ ʷʜʨʝ ʦʣʦʚʘ, ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʶʱʝʝʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ 

ʵʪʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʫʛʣʘ Ū ʤʝʞʜʫ 

ʦʩʴʶ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʥʟʦʨʘ 

ɻʕʇ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʩʪʨʦʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʦʣʦʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʚʝʜʝʥʠʝ ʠʟʦʤʝʨʥʦʛʦ ŭ ʠ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ q ʩʜʚʠʛʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʘʢʞʝ ʥʝʤʦʥʦʪʦʥʥʦ, ʩʦ ʩʢʘʯʢʘʤʠ ʥʠʞʝ 

T =  77 K. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ ʧʘʨʘʤʝʪʨʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ q, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʩʤʝʱʝʥʠʠ 

ʤʘʢʩʠʤʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʘʪʦʤʘ ʦʣʦʚʘ, 

ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ŭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʨʝʜʥʶʶ 

ʧʣʦʪʥʦʩʪʴ ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ. 
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ʈʠʩ. 10. ʃʝʚʘʷ ʧʘʥʝʣʴ. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ) ʷʜʝʨ 
119
Sn ʚ ʦʙʨʘʟʮʝ 

CePdSn ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʥʘ ʪʦʣʱʠʥʫ ʧʦʛʣʦʪʠʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʩʪʘʪʠʯʝʩʢʦʡ (ʬʠʦʣʝʪʦʚʳʝ), ɼʋʈ (ʩʠʥʠʝ) ʠ ʄʋʈ (ʟʝʣʸʥʳʝ 

ʣʠʥʠʠ) ʤʦʜʝʣʷʭ. ʊʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʨʘʟʮʝ ʙʝʟ ʩʚʝʨʪʢʠ ʩ 

ʣʦʨʝʥʮʝʚʦʡ ʬʫʥʢʮʠʝʡ ʣʠʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʫʤʝʥʴʰʝʥʥʦʤ ʚʜʚʦʝ ʤʘʩʰʪʘʙʝ. ʇʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʦʰʠʙʦʢ c 2
 ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ. ʇʨʘʚʘʷ ʧʘʥʝʣʴ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ P(Hhf), ʧʨʠʚʝʜʸʥʥʳʝ ʢ ʝʜʠʥʦʤʫ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ (ʟʘʢʨʘʰʝʥʥʳʝ ʦʙʣʘʩʪʠ), 

ʚ ʤʦʜʝʣʠ ʄʋʈ. ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʘ KV. ʇʨʘʚʘʷ ʛʨʘʥʠʮʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ Hhf ʚ ʤʦʜʝʣʠ ʄʋʈ. ɿʥʘʯʝʥʠʷ Hhf, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ɼʋʈ ʤʦʜʝʣʷʭ, 

ʦʙʦʟʥʘʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ʀʭ ʦʰʠʙʢʠ ʫʢʘʟʘʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʰʪʨʠʭʘʤʠ. 
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ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʧʝʢʪʨʦʚ ʧʨʠʰʣʦʩʴ ʚʚʝʩʪʠ ʝʱʝ ʦʜʠʥ ʚʘʨʴʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ï ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʰʠʨʠʥʫ ʣʠʥʠʠ ʚ ʧʦʛʣʦʪʠʪʝʣʝ ȹũa ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ T =  5 · 20 K. 

T, ʂ 5 7 10 20 77 300  

ʉʪʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

c 2
 2.1  18.  1.7  2.3  1.9  1.6  

ŭ, ʤʤ/ʩ 1.977 (2)  1.978 (1)  1.986 (1)  1.990 (1)  1.922 (1)  1.930 (1)  

ï q, ʤʤ/ʩ 0.341 (2)  0.305 (1)  0.366 (1)  0.362 (1)  0.354 (1)  0.350 (1)  

Ū, Á 38.8  (5)  33.7  (3)  67    (1)  90   (10)  90   (20)  90   (30)  

Hhf, ʢʕ 9.32  (4)  8.05  (2)  1.7   (1)  1.7   (1)  0.96  (7)  0.64 (15)  

ȹũa, ʤʤ/ʩ 0.154 (9)  0.237 (4)  0.135 (9)  0.041 (5)  ð ð 

ɼʚʫʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʨʝʣʘʢʩʘʮʠʠ 

c 2
 1.5  4.8  1.5  2.2  1.9  1.6  

ŭ, ʤʤ/ʩ 1.977 (2)  1.976 (1)  1.986 (1)  1.991 (1)  1.922 (1)  1.930 (1)  

ï q, ʤʤ/ʩ 0.354 (3)  0.331 (2)  0.357 (1)  0.359 (1)  0.354 (1)  0.351 (1)  

Ū, Á 41.1  (4)  38.5  (2)  57    (1)  71    (2)  90   (20)  90   (30)  

Hhf, ʢʕ 10.24 (5)  9.77  (3)  5.7   (2)  3.3   (1)  0.94  (8)  0.61 (15)  

p, ʄɻʮ 1.56  (9)  2.87  (6)  8.0   (9)  4.1   (6)  ð ð 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʨʝʣʘʢʩʘʮʠʠ 

c 2
 1.4  1.6  1.5  2.2  1. 9 1.6  

ŭ, ʤʤ/ʩ 1.979 (2)  1.977 (1)  1.986 (1)  1.991 (1)  1.922 (1)  1.930 (1)  

ï q, ʤʤ/ʩ 0.350 (3)  0.330 (2)  0.357 (1)  0.359 (1)  0.354 (1)  0.351 (1)  

Ū, Á 40.3  (4)  36.4  (2)  57    (1)  71    (2)  90   (20)  90   (30)  

Hhf, ʢʕ 12.9  (1)  12.9  (1)  9.5   (4)  5.5   (2)  1.6   (1)  1.0   ( 3)  

KV, ʂ 12.5  (8)  9.0   (3)  ð ð ð ð 

D, ʄɻʮ 2.9  (12)  0.6   (1)  7.6   (9)  3.9   (6)  ð ð 

p, ʄɻʮ 0.8   (3)  0.3   (1)  7.6   (9)  3.9   (6)  ð ð 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʩʦʝʜʠʥʝʥʠʷ CePdSn ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ T, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ 

ʝʛʦ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʯʝʩʢʦʡ, ɼʋʈ ʠ ʄʋʈ ʤʦʜʝʣʝʡ: ʠʟʦʤʝʨʥʳʡ ŭ ʠ 

ʢʚʘʜʨʫʧʦʣʴʥʳʡ q ʩʜʚʠʛʠ, ʫʛʦʣ Ū ʤʝʞʜʫ ʛʣʘʚʥʦʡ ʦʩʴʶ ʪʝʥʟʦʨʘ ɻʕʇ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩ ʚʝʣʠʯʠʥʦʡ Hhf, ʘ ʪʘʢʞʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʚ ʧʦʛʣʦʪʠʪʝʣʝ ȹũa ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ p ʚ ʦʙʦʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ KV ʚ ʧʦʣʝ 

ʘʥʠʟʦʪʨʦʧʠʠ ʚʤʝʩʪʝ ʩ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ D ʚ ʤʦʜʝʣʠ ʄʋʈ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʩʢʦʙʢʘʭ 

ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ ʚ ʧʦʩʣʝʜʥʝʤ ʟʥʘʢʝ. ʊʘʢʞʝ ʫʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʰʠʙʦʢ c 2
. 
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ʅʘʡʜʝʥʥʳʝ ʫʰʠʨʝʥʠʷ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʕʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʠʨʠʥʳ 

ʣʠʥʠʡ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʟʥʘʯʘʶʪ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ 

ʵʥʝʨʛʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʧʝʨʝʭʦʜʦʚ (81), ʯʪʦ ʷʚʠʣʦʩʴ ʝʱʝ ʦʜʥʠʤ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ 

ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʤʝʨʥʳʤ, ʢʘʢ ʠ ʜʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ [77]. ʇʦʵʪʦʤʫ ʧʨʦʩʪʝʡʰʠʤ ʚʘʨʠʘʥʪʦʤ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [74], ʙʫʜʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʸʛʢʘʷ ʦʩʴ 

ʚ̫ʣʷʝʪʩʷ ʝʜʠʥʦʡ ʜʣʷ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʠʣʠ ʂʦʥʜʦ-ʵʬʬʝʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʜʦʤʝʥʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʝʪʦʢ. ʉʧʝʢʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ɼʋʈ 

(S = 1/2) ʤʦʜʝʣʠ (62ï66, 74ï77), ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 10. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ŭ, q, Ū, Hhf, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ p, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʠʙʣʠʞʝʥʠʝ ʤʝʜʣʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (82) ʧʨʠʤʝʥʠʤʦ ʢ ʥʘʰʠʤ ʜʘʥʥʳʤ ʧʨʠ 

T =  5 ʠ 7 K, ʢʦʛʜʘ ʚ ʦʙʨʘʟʮʝ ʩʫʱʝʩʪʚʫʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ ʠ ʩʚʝʨʭʪʦʥʢʦʝ 

ʧʦʣʝ Hhf ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʢʦ. ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ p, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʤʦʜʝʣʠ ɼʋʈ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠʚʦʜʷʪ ʢ ʫʰʠʨʝʥʠʷʤ ȹũa = 0.16(1) ʠ 0.30(1) 

ʤʤ/ʩ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʰʠʨʠʥʘʤʠ 

ʣʠʥʠʡ ȹũa, ʥʘʡʜʝʥʥʳʤʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʙʳʩʪʨʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʥʘ ʧʨʠʚʦʜʠʪ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʢ ʩʤʝʰʝʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʟʘʤʳʚʘʥʠʶ ʤʘʛʥʠʪʥʦʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ 

ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ T =  10 ʠ 20 K, ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʘʙʦʝ, ʥʦ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʝ ʈʂʂʀ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʪʝʩʥʷʝʪ ʦʙʤʝʥʥʦʝ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ, ʦ ʯʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf, ʠ ʩ ʜʨʫʛʦʡ, ï ʢ 

ʫʩʠʣʝʥʠʶ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʢʣʘʩʪʝʨʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦ ʯʸʤ ʛʦʚʦʨʠʪ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ p. 
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ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʘʟʦʪʥʦʡ ʠ ʢʦʤʥʘʪʥʦʡ ʚʝʣʠʯʠʥ, ʈʂʂʀ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʝʥʷʝʪʩʷ ʂʦʥʜʦ-ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ 

ʢʣʘʩʪʝʨʦʚ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf ʠ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʚʠʞʝʥʠʡ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʦʥʦʚ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʯʝʟʥʦʚʝʥʠʠ ʨʝʣʘʢʩʘʮʠʠ ʚ 

ʩʠʩʪʝʤʝ, ʪʘʢ ʯʪʦ ʧʨʠ T =  77 ʠ 300 K ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʤ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (49). 

ɹʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʜʦʤʝʥʦʚ ʚ ʤʦʜʝʣʠ ʄʋʈ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ çʨʝʣʴʝʬè ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪɹ ʦ ʥʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʉʧʝʢʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʵʪʦʡ 

ʤʦʜʝʣʠ (S = 20), ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʦʤ ʞʝ ʨʠʩ. 10. ʆʪʚʝʯʘʶʱʠʝ ʠʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ KV ʚ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʢʦʥʩʪʘʥʪʘ ʜʠʬʬʫʟʠʠ D ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʦʛ pML/2 ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʨʝʣʘʢʩʘʮʠʠ p (ʩʤ. 87) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ ʨʠʩ. 10), ʚʦʟʥʠʢʘʶʱʝʝ ʚ 

ʤʦʜʝʣʠ ʄʋʈ, ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʰʠʨʝʥʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʣʠʥʠʡ ʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ p ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ 

ɼʋʈ, ʛʜʝ ʜʦʙʘʚʦʯʥʘʷ ʰʠʨʠʥʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʪʦʣʴʢʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʚ ʩʧʝʢʪʨʘʭ ʩ ʭʦʨʦʰʦ 

ʨʘʟʨʝʰʸʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɹʦʣʝʝ ʪʦʯʥʘʷ ʤʦʜʝʣʴ ʄʋʈ ʣʫʯʰʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ KV ʚ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʇʨʠ ʧʦʜʭʦʜʝ ʢ ʪʦʯʢʝ ʅʝʝʣʷ TN ʚʝʣʠʯʠʥʘ KV 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ TN ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʠʟʤʝʨʠʤʦ 

ʤʘʣʦʡ. ʕʪʦ ʚʳʥʫʜʠʣʦ ʥʘʩ ʠʩʢʣʶʯʠʪʴ ʚʝʣʠʯʠʥʫ ʙʘʨʴʝʨʘ KV ʠʟ ʧʨʦʮʝʜʫʨʳ 

ʦʙʨʘʙʦʪʢʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʚʦʜʠʪʩʷ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf ʚ ʤʦʜʝʣʠ ʄʋʈ ʚʤʝʩʪʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ɼʋʈ ʚʘʨʠʘʥʪʝ. 
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ɻʃɸɺɸ 2. ʄɸɻʅʀʊʅʓɽ ʅɸʅʆʏɸʉʊʀʎʓ                                                           

ɺʆ ɺʅɽʐʅɽʄ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ 

2.1. ʅʝʣʘʥʞʝʚʝʥʦʚʩʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ 

ʇʨʦʩʪʦʪʘ ʤʦʜʝʣʠ ɼʞʦʥʩʘ ʠ ʐʨʠʚʘʩʪʘʚʳ [34] (Ä1.6), ʧʦʟʚʦʣʠʚʰʘ ̫ ʣʝʛʢʦ 

ʚʚʝʩʪʠ ʥʘʙʦʨ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʛʥʠʪʥʦʡ ʥʘʥʦʯʘʩʪʠʮ r ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ, ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʩʠʘʣʴʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʧʦʪʝʥʮʠʘʣʘ (12) ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ (ʣʠʙʦ ʧʨʠ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʸʛʢʦʡ ʦʩʠ) ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (15) ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (10) ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʯʘʩʪʠʮʳ ʬʘʢʪʠʯʝʩʢʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʤʝʨʥʳʤ. ʆʜʥʘʢʦ ʷʩʥʦ, ʯʪʦ ʪʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʥʝ ʧʨʠʤʝʥʠʤʦ ʥʠ ʢ 

ʨʘʩʯʸʪʫ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ, ʥʠ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʠʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʠ ʜʣʷ ʟʘʜʘʥʠʷ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ 

ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʚʳʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʡ ʣʸʛʢʦʡ ʦʩʠ ʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. 

ʌʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (10) ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʘʭ [48, 49]. ɽʛʦ ʢʣʶʯʝʚʘ ̫ ʠʜʝʷ ï ʬʘʢʪʦʨʠʟʘʮʠʷ ʟʘʜʘʯʠ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʥʘʙʦʨʘ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮʳ ʚ ʚʠʜʝ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʨʙʠʪ ʧʨʝʮʝʩʩʠʠ CE ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  ʯʘʩʪʠʮʳ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʣʝ 

(11) ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʩʠʧʘʮʠʠ (ʨʠʩ. 11ʘ) ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʨʘʩʯʸʪʘ (14) ʜʚʫʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʚʝʨʦʷʪʥʦʩʪʝʡ W(ɗ,ű) ʚ ʧʦʜʭʦʜʝ ɹʨʘʫʥʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚ 

ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʦ, ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʮʝʩʩʠʠ 

 ),(),( )(

eff jqgjq E

E Hɋ -= , (92) 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʦʤ M  ʫʯʘʩʪʢʘ ʧʫʪʠ ʙʣʠʟʠ ʪʦʯʢʠ (ɗ,ű), 

ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʢʘʞʜʦʡ ʪʨʘʝʢʪʦʨʠʠ CE ʥʝ ʪʦʣʴʢʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʥʦ 

ʠ ʧʦ ʚʝʣʠʯʠʥʝ (ʨʠʩ. 11ʙ): 
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0 cos),(2),(),( hhmm zzE +Q+W-=W jqjqjq , (93) 



 

59 

ʛʜʝ mz = Mz /M0 ï ʧʨʦʝʢʮʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʦʩʴ ʘʥʠʟʦʪʨʦʧʠʠ, ʘ 

ʢʘʞʜʘʷ ʦʨʙʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʫʯʸʪʦʤ 

ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʘʝʢʪʦʨʠʠ 
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, (94) 

ʛʜʝ ʚʝʢʪʦʨ H ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ (x, z). ʈʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʘʩʪʠʮ rʧʨʠ ʪʘʢʦʤ 

ʈʠʩ. 11. (ʘ) ʋʨʦʚʥʠ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʠ ï ʦʨʙʠʪʳ ʧʨʝʮʝʩʩʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M  

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʩ ʣʸʛʢʦʡ ʦʩʴʶ z ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ  

h = 0,1 ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ Ū = 45Á ʚʦʢʨʫʛ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ M1 ʠ M2 ʠ ʘʙʩʦʣʶʪʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ M3 ʵʥʝʨʛʠʠ. (ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʧʨʝʮʝʩʩʠʠ ʚʜʦʣʴ ʦʨʙʠʪʳ CE ʦʪ ʝʸ ʵʥʝʨʛʠʠ E. 

ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʚʜʦʣʴ ʥʝʩʢʦʣʴʢʠʭ ʚʳʙʨʘʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ. (ʚ) ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʘʥʩʘʤʙʣʷ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʟʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʠʬʬʫʟʠʠ ʠ (ʛ) ʪʦ ʞʝ ʧʨʠ h = 0,02       

(KV/kB = 300 K) ʜʣʷ ʜʠʬʬʫʟʠʠ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʨʘʚʘʷ ʦʨʜʠʥʘʪʘ), ʩ ʫʯʸʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʣʝʚʘʷ ʦʨʜʠʥʘʪʘ, ʧʫʥʢʪʠʨ). 
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ʧʦʜʭʦʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ 

ʦʨʙʠʪʘʤ ʩ ʟʘʜʘʥʥʦʡ ʵʥʝʨʛʠʝʡ E: 

 ñW-´
pEC

p dTkEVTEW
,

)/exp(),( B
, (95) 

ʛʜʝ ʠʥʪʝʛʨʘʣ ʙʝʨʝʪʩʷ ʧʦ ʪʝʣʝʩʥʦʤʫ ʫʛʣʫ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ CE,p, ʘ ʠʥʜʝʢʩ 

p ʥʫʤʝʨʫʝʪ ʨʘʟʥʳʝ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʦʨʙʠʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʵʥʝʨʛʠʠ E. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʛʨʫʧʧʳ ʯʘʩʪʠʮ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ Ū 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤ ʣʦʢʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ (ʦʨʙʠʪʘʤ) 

 ( )ñ ä ÖQ+Q=Q
p

p

p

x

p

z TEWMMdETM ),(sincos),( )()( , (96) 

ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʩʝʛʦ ʘʥʩʘʤʙʣʷ ʜʘʸʪʩʷ ʫʩʨʝʜʥʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʳʭ ʚʢʣʘʜʦʚ (96) 

ʧʦ ʭʘʦʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ (6) (ʨʠʩ. 11ʚ). 

ʀʟʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʚ ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʨʙʠʪʘʤʠ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʪʠʧʘ (94) ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʟʘʜʘʯʫ (83). ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʯʸʪʝ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʘ ʣʠʰʴ ʚʳʟʚʘʥʥʘʷ ʨʝʣʘʢʩʘʮʠʝʡ ʧʝʨʝʥʦʨʤʠʨʦʚʢʘ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ (93), ʚʭʦʜʷʱʝʡ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʨʝʜʥʠʭ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʩʦʩʪʦʷʥʠʡ (94): 

 ),(),(),(
~ 22 jqjqjq EEE p+W=W , (97) 

ʛʜʝ pE(q,j) ï ʣʦʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ. ʇʨʠ ʠʟʦʪʨʦʧʥʦʡ ʜʠʬʬʫʟʠʠ pE = D0 

ʝʸ ʚʣʠʷʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʟʘʩʝʣʸʥʥʦʩʪʝʡ W(ɗ,ű) ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʝ D0ŸÐ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʣʘʥʞʝʚʝʥʦʚʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

 

TkVHMxxxxm B0,/1cth)( =-= . (98) 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ (91), ʢʦʪʦʨʫʶ ʟʜʝʩʴ ʫʜʦʙʥʝʝ 

ʟʘʧʠʩʘʪʴ ʚ ʬʦʨʤʝ pE = D0T/TC (TC ï ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ), ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ ʢʘʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʣʘʥʞʝʚʝʥʦʚʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʪʘʢ ʠ ʦʧʠʩʘʥʥʦʡ ʩʧʝʮʠʬʠʯʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 11ʛ). 
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2.2. ʂʚʘʥʪʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʀʟʣʦʞʝʥʥʳʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʚʝʩʴʤʘ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʘʷ ʪʨʫʜʥʦʩʪʴ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʩʯʸʪʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ (94, 

95) ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʧʨʝʮʝʩʩʠʠ CE ʢʘʢ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮʳ, ʪʘʢ ʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʫʯʸʪʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʵʥʝʨʛʠʠ ʩʘʤʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (97) ʠ ʥʘ ʨʠʩ. 11ʛ, ʚʣʠʷʥʠʝ ʨʝʣʘʢʩʘʮʠʠ ʥʘ 

ʨʘʚʥʦʚʝʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʩʘʤʙʣʷ ʯʘʩʪʠʮ ʟʘʤʝʪʥʦ ʣʠʰʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʜʠʬʬʫʟʠʠ D0, ʩʨʘʚʥʠʤʳʭ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʯʘʩʪʦʪʦʡ ʧʨʝʮʝʩʩʠʠ ɋ0 ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʧʠʥʘ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʯʘʩʪʠʮʳ (58), ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʳʯʥʦ 

ʥʝʩʢʦʣʴʢʦ ɻɻʮ. ɽʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʨʦʫʥʦʚʩʢʦʛʦ ʙʣʫʞʜʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 

ʩʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ, ʨʘʩʯʸʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ, ʥʝ 

ʧʨʠʚʣʝʢʘʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʘ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʣʠʰʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯʠ [50], ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʴʶ ʄʋʈ 

[34] ʜʣʷ ʩʣʫʯʘʷ ʦʪʩʫʪʩʪʚʠ ̫ʧʦʣʷ. 

ʇʝʨʝʡʜʸʤ ʦʪ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ (1) ʢ ʝy ʛʘʤʠʣʴʪʦʥʠʘʥʫ 

 

( )SShSShSSKH xzz
Ĕsin2Ĕcos2ĔĔ 22 Q+Q+-= , (99) 

ʛʜʝ )1(),1(2 +¹+¹ SSSSSS , xzS ,
Ĕï ʦʧʝʨʘʪʦʨʳ ʧʨʦʝʢʮʠʠ ʩʧʠʥʘ ʥʘ ʦʨʪʳ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʦʨʙʠʪʳ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ) ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (99): 

 
nnn EH yy =Ĕ  (100) 

ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ En (ʨʠʩ. 12ʘ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʥʳʤ ʬʫʥʢʮʠʷʤ ʧʨʦʝʢʮʠʠ ʤʦʤʝʥʪʘ 

 

mc
m

nmn ä=y . (101) 
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ʈʠʩ. 12. (ʘ) ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ                  

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ h =0,1 ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ Ū=45Á           

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʙʦʨʦʤ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʯʘʩʪʠʮʳ ʧʨʠ S =50.      

(ʙ) ɺʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʤʦʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʝʨʛʠʠ. 

(ʚ) ʇʦʣʦʞʝʥʠʷ ʩʨʝʜʥʠʭ ʤʦʤʝʥʪʦʚ ʯʘʩʪʠʮʳ ʚ ʧʣʦʩʢʦʩʪʠ ʣʸʛʢʦʡ ʦʩʠ ʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ.                  

(ʛ) ɺʝʨʦʷʪʥʦʩʪʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʯʘʩʪʠʮʳ 

(ʚʝʨʭʥʠʝ ʢʦʣʦʥʢʠ) ʠ ʩʫʤʤʘʨʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʢʠʥʫʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ (ʥʠʞʥʠʝ ʢʦʣʦʥʢʠ) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʷ (h =0,1) ʚʤʝʩʪʝ ʩ ʠʭ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ (ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʝ ʰʪʨʠʭʠ). ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ ʛʨʘʥʠʮʳ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʨʝʣʘʢʩʘʮʠʠ. 
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ʊʦʛʜʘ ʚʤʝʩʪʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ )(EM  ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʧʨʝʮʝʩʩʠʦʥʥʳʭ ʦʨʙʠʪ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ  ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ (101) 

ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʧʠʥʘ (ʨʠʩ. 12ʙ, ʚ) 

 
nxxzznn SS yy eeS ĔĔ += * , 0=yneS , (102) 

ʛʜʝ ex,y,z ï ʦʨʪʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. ʇʨʠ ʵʪʦʤ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʧʧʳ 

ʯʘʩʪʠʮ ʩ ʟʘʜʘʥʥʳʤ Ū ʚ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

 
ä

--
=Q

TkVETkVE

n
in eeW BB //

)( . (103) 

ʇʨʦʩʪʦʪʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʳʤ ʠ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʚʠʜʦʤ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (99) ʚ ʙʘʟʠʩʝ (101) [78], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (100) ʥʘ ʉɿ ʠ ʉɺ. 

ʍʘʨʘʢʪʝʨʥʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʪʘʢʦʛʦ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʠʩ. 12ʘïʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʪʨʠ ʦʙʣʘʩʪʠ ʬʠʥʠʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ 

ʫʩʪʦʡʯʠʚʦʡ ʧʨʝʮʝʩʩʠʠ ʚʝʢʪʦʨʘ M  ʚʦʢʨʫʛ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʤʠʥʠʤʫʤʦʚ ʠ ʤʘʢʩʠʤʫʤʘ 

ʵʥʝʨʛʠʠ (1) ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʩʤ. ʨʠʩ. 11ʘ). 

ʉʣʫʯʘʡʥʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʢʨʫʞʝʥʠʷ, ʩʣʘʙʦ ʚʣʠʷʶʱʘʷ ʥʘ ʨʘʚʥʦʚʝʩʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (Ä1.5) ʠʣʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ 

(Ä1.1), ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʥʳʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʤʥʦʛʠʝ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʯʘʩʪʦʪʳ ɋ0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (101) ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮʳ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʥʠʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʘʦʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʢʨʫʞʝʥʠʷ h(t) (13) ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʚʳʨʘʞʝʥʠʷʤʠ (63) ʤʦʜʝʣʠ ʄʋʈ [34]. ʆʜʥʘʢʦ ʚ ʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ (101) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʝʢʮʠʡ 

ʤʦʤʝʥʪʘ ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ, ʪʘʢ ʯʪʦ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʤʝʞʜʫ ʣʶʙʦʡ 

ʧʘʨʦʡ ʩʦʩʪʦʷʥʠʡ (n, i ) ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʘʛʘʶʱʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ h(t) ʚʜʦʣʴ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ex,y,z (ʨʠʩ. 12ʛ): 
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ʛʜʝ ʢʦʥʩʪʘʥʪʘ D, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʨʝʜʥʝʤʫ ʢʚʘʜʨʘʪʫ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ h(t), 

ʘʥʘʣʦʛʠʯʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʜʠʬʬʫʟʠʠ (63) ʤʦʜʝʣʠ ʄʋʈ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʥʦʨʤʠʨʦʚʦʯʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 2. 

ʍʦʪʷ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʬʦʨʤʘʣʴʥʦ ʜʦʧʫʩʢʘʝʪ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʣʶʙʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʬʘʢʪʠʯʝʩʢʠ ʟʘʤʝʪʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʩʢʦʢʦʚ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʪʘʢ ʯʪʦ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʨʘʟʫʤʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʥʘʙʦʨʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ (101) ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʤʘʪʨʠʮʳ 

ʧʝʨʝʭʦʜʦʚ (104) ʠ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʸʤʘ ʚʳʯʠʩʣʝʥʠʡ (83) ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʊʘʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [50] ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʨʝʣʘʢʩʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʧʦʣʷʭ h < hc(Ū) ʤʝʥʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ (4) 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʵʥʝʨʛʠʠ ʚʝʪʚʠ, ʛʨʘʥʠʮʝʡ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ 

ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ (ʯʝʪʚʸʨʪʳʡ ʵʢʩʪʨʝʤʫʤ) ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ (2) ʤʝʞʜʫ ʜʚʫʤʷ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʷʤʘʤʠ (ʨʠʩ. 12ʘ). (ɺ ʧʦʣʷʭ 

h > hc(Ū) ʦʜʥʘ ʠʟ ʷʤ ʠʩʯʝʟʘʝʪ ʠ ʩʦʩʪʦʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʦ ʵʥʝʨʛʠʠ.) ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʥʫʪʨʠ ʚʝʪʚʝʡ ʧʝʨʝʭʦʜʳ 

ʚʦʟʤʦʞʥʳ ʣʠʰʴ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ, ʘ ʚ ʪʦʯʢʝ ʚʝʪʚʣʝʥʠʷ ï ʤʝʞʜʫ 

ʥʘʜʙʘʨʴʝʨʥʳʤ ʠ ʜʚʫʤʷ ʧʦʜʙʘʨʴʝʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʨʘʟʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤ. 

ɽʩʣʠ ʚ ʧʦʣʥʦʤ ʥʘʙʦʨʝ ʩʦʩʪʦʷʥʠʡ ʨʘʩʧʦʣʘʛʘʪʴ ʚʝʪʚʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦ ʠʪʦʛʦʚʘʷ 

ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʢʘʞʝʪʩʷ ʧʦʯʪʠ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ 

çʚʳʧʘʜʘʶʱʠʤè ʵʣʝʤʝʥʪʦʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʪʨʝʪʠʡ ʚʦʟʤʦʞʥʳʡ ʧʝʨʝʭʦʜ ʚ ʪʦʯʢʝ 

ʚʝʪʚʣʝʥʠʷ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʘ ʨʠʩ. 12ʛ, ʛʜʝ, 

ʯʠʪʘʷ ʩʧʨʘʚʘ ʥʘʣʝʚʦ, ʤʳ ʜʚʠʞʝʤʩʷ ʦʪ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ, ʧʨʦʭʦʜʠʤ 

ʪʦʯʢʫ ʚʝʪʚʣʝʥʠʷ ʠ ʧʦʜʥʠʤʘʝʤʩʷ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʘ ʟʘʪʝʤ, ʩ ʨʘʟʨʳʚʦʤ 

ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʪʦʯʢʝ ʚʝʪʚʣʝʥʠʷ, ʦʧʫʩʢʘʝʤʩʷ ʜʦ ʚʪʦʨʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ. ʂʘʢ 

ʚʠʜʥʦ, ʧʨʠ ʪʘʢʦʤ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦ, ʣʦʢʘʣʠʟʫʷʩʴ ʦʢʦʣʦ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʩʝʛʦ ʣʠʰʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʨʘʟʦʨʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤ ʚʙʣʠʟʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚʝʪʚʣʝʥʠʷ. 
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ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʢʘʨʪʠʥ ʨʝʣʘʢʩʘʮʠʠ, ʜʘʚʘʝʤʳʭ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʷʤʠ. ʇʫʩʪʴ ʥʠʟʰʝʝ 

ʥʘʜʙʘʨʴʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʥʦʤʝʨ k, ʘ ʚʳʩʰʠʡ ʧʦʜʙʘʨʴʝʨʥʳʡ ʫʨʦʚʝʥʴ ʚʪʦʨʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ï ʥʦʤʝʨ l. ʊʦʛʜʘ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [50] ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷʤ (63) ʤʦʜʝʣʠ ʄʋʈ, ʧʨʠʥʠʤʘʶʪ 
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ʕʪʠ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 12ʛ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʰʪʨʠʭʘʤʠ. ɺʠʜʥʦ, ʯʪʦ ʦʥʠ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʠʣʴʥʦ ʨʘʟʤʳʪʳʭ ʧʝʨʝʭʦʜʦʚ 

ʪʨʝʪʴʝʡ ʚʝʪʚʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʤʘʢʩʠʤʫʤʫ ʵʥʝʨʛʠʠ. ʉʦʚʧʘʜʝʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ ʪʦʞʜʝʩʪʚʝʥʥʳʤ, ʝʩʣʠ ʠʥʪʝʨʝʩʦʚʘʪʴʩʷ ʩʫʤʤʘʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʁ

ʧʦʢʠʥʫʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʧʝʨʝʡʜʷ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ (ʨʠʩ. 12ʛ): 

 ä
¸
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ni
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʤʝʥʥʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʘ ʪʝʢʫʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʨʝʣʘʢʩʘʮʠʠ (105) ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʝʢʨʘʩʥʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʦʣʥʦʤʫ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʤʫ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʦʧʠʩʘʥʠʶ (104). 

2.3. ʈʘʚʥʦʚʝʩʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʀʟʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʨʘʩʯʸʪʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʦʧʠʩʘʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʩʣʘʙʘʷ ʨʝʣʘʢʩʘʮʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʘʟʚʸʨʪʢʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʯʪʦʙʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 



 

66 

ʫʩʧʝʚʘʣʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ (103). ʊʦʛʜʘ 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ M0 ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠ ̫Ū ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʜʘʚʘʪʴʩʷ ʚʟʚʝʰʝʥʥʦʡ 

ʩʫʤʤʦʡ ʩʨʝʜʥʠʭ ʤʦʤʝʥʪʦʚ (102) ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤʠ ʟʘʩʝʣʸʥʥʦʩʪʷʤʠ (103): 
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ʛʜʝ nS ï ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ, ʘ ɗn ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʸʛʢʦʡ ʦʩʠ ʩʨʝʜʥʝʛʦ 

ʩʧʠʥʘ ʚ ʩʦʩʪʦʷʥʠʠ n (ʨʠʩ. 12ʚ), ʘ ʩʘʤʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ m 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʙʝʟʨʘʟʤʝʨʥʫ  ʁ ʚʝʣʠʯʠʥʫ ʙʘʨʴʝʨʘ ʘʥʠʟʦʪʨʦʧʠʠ ə (ʩʨ. (61)) ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʫ  ʁʥʘ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ (h, (3)) ʣʠʙʦ ʵʥʝʨʛʠʶ ʬʣʫʢʪʫʘʮʠʡ (x, ʩʨ. 

(98)) ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʠʤʝʨʳ ʨʘʩʯʸʪʘ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʩʪʘʪʠʩʪʠʢʠ (99)ï(103) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 13ʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʘʥʠʟʦʪʨʦʧʠʠ (ə= 0) ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʧʨʝʜʝʣʝ (SŸÐ) ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʬʫʥʢʮʠʠ ʃʘʥʞʝʚʝʥʘ (98). ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʘʨʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ (107) ʟʘʤʝʪʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ, ʦʪʨʘʞʘʷ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʯʘʩʪʠʮ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʣʸʛʢʠʭ ʦʩʝʡ ʚʜʦʣʴ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (Ū~0Á) ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʯʘʩʪʠʮ (Ū~90Á). 

ɼʣʷ ʥʝʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʝʙʫʝʪʩʷ ʫʩʨʝʜʥʠʪʴ ʧʘʨʮʠʘʣʴʥʳʝ 

ʢʨʠʚʳʝ (107) ʧʦ ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʣʸʛʢʠʭ ʦʩʝʡ: 
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ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʨʘʩʯʸʪʘ ʜʣʷ ʩʣʫʯʘʝʚ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʩʧʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʠʩ. 13ʙ. ʇʨʠ ʤʘʣʦʤ ʩʧʠʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʢʚʘʥʪʦʚʦʛʦ çʚʳʧʦʣʘʞʠʚʘʥʠʷè 

ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

ʤʦʤʝʥʪʘ ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ: 1)1( <+SSS . ʇʨʠ ʙʦʣʴʰʦʤ ʩʧʠʥʝ ʚʦʟʥʠʢʘʝʪ 

ʜʨʫʛʘʷ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʯʘʣʴʥʳʭ 
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ʈʠʩ. 13. ʈʘʚʥʦʚʝʩʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʘʥʩʘʤʙʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ                  

(ʘ) ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʸʛʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ                         

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ; 

ʧʨʠ ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʣʸʛʢʠʭ ʦʩʝʡ (ʙ) ʜʣʷ ʩʣʫʯʘʝʚ ʤʘʣʦʛʦ ʠ ʙʦʣʴʰʦʛʦ ʩʧʠʥʘ, ʰʪʨʠʭʦʚʘʷ 

ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʃʘʥʞʝʚʝʥʘ, ʚʩʪʘʚʢʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʥʘʯʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ; ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʩʧʠʥʘ (ʚ) ʜʣʷ ʨʘʟʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʜʠʘʤʝʪʨʘʤ; (ʛ) ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʟʙʨʦʩʘ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʘʥʩʘʤʙʣʷ,        

ʚʩʪʘʚʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ. 
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ʫʯʘʩʪʢʦʚ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʝʣʠʯʠʥʳ 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʯʘʩʪʠʮ: 

 

1,3),( <<º xxxmk , (109) 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʘʩʠʤʧʪʦʪʠʢʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʃʘʥʞʝʚʝʥʘ (98) ʚ ʩʣʘʙʳʭ 

ʧʦʣʷʭ. ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨ  x  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ H, M0, T ʠ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʸʤʘ ʯʘʩʪʠʮ V, 

ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ (109) ʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʘʸʪ ʧʨʦʩʪʦʡ 

ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ɿʜʝʩʴ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʘ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʉɺ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (99) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʸʤʘ ʯʘʩʪʠʮ, 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʷʩʴ ʦʪʥʦʰʝʥʠʝʤ h ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʢ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʟʤʝʨʦʚ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʝʨʝʩʯʸʪʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʘ (102) ʠ ʚ ʚʳʨʘʞʝʥʠʠ (107) ʪʨʝʙʫʝʪʩʷ ʫʩʨʝʜʥʠʪʴ ʣʠʰʴ 

ʨʘʚʥʦʚʝʩʥʳʝ ʟʘʩʝʣʸʥʥʦʩʪʠ (103). ɺʦ-ʚʪʦʨʳʭ, ʚ ʩʠʣʫ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʘʙʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (109) ʦʪ ʦʙʲʸʤʘ ʯʘʩʪʠʮ V, ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʝʸ ʧʦʚʝʜʝʥʠʷ 

ʩʦʭʨʘʥʠʪʩʷ, ʝʩʣʠ ʚ ʥʦʨʤʠʨʦʚʢʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ x  ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʠʡ ʦʙʲʸʤ 

ʯʘʩʪʠʮ V . ʀʤʝʥʥʦ ʪʘʢ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʤʦʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʨʠʩ. 13ʚ, ʜʘʶʱʝʤ 

ʧʨʠʤʝʨʳ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

 ( ) ññ= drrPrdrrPrrxmxm dd )()(,,),( 333kk , (110) 

ʛʜʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʠʘʤʝʪʨʘʤ Pd (r ) ʟʘʜʘʥʘ ʩʦʦʪʥʦʰʝʥʠʝʤ (71), ʘ 

ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʙʘʨʴʝʨʘ ʘʥʠʟʦʪʨʦʧʠʠ k ʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ x  ʦʧʨʝʜʝʣʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʨʝʜʥʠʤ ʦʙʲʸʤʦʤ V  (73). ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʫʤʥʦʡ ʥʦʨʤʠʨʦʚʢʝ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʬʦʨʤʘ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʙʨʦʩʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʥʘ ʥʘʩʳʱʝʥʠʝ. 

ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʫʯʝʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʟʮʘ ʚ ʨʘʤʢʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʧʦʣʝ [79], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʦʤʠʤʦ ʧʦʣʷ H ʦʪ 
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ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʥʘ ʢʘʞʜʫʶ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʝ ʧʦʣʝ Hex 

ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʘʥʩʘʤʙʣʷ, ʧʦʨʦʞʜʘʝʤʦʝ ʠʭ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ M : 

 

( ) 0in

(0)

exexin )( MHMHHMHHH +=+= , (111) 

ʛʜʝ 
(0)

exH  ï ʦʙʤʝʥʥʦʝ ʧʦʣʝ ʚ ʦʙʨʘʟʮʝ ʧʨʠ ʝʛʦ ʥʘʩʳʱʝʥʠʠ: 0MM = . ɺ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʵʪʘ ʥʝʷʚʥʘ ̫ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

( )in

(0)

exin xmxxx += , (112) 

ʨʘʟʨʝʰʘʪʴ ʢʦʪʦʨʫʶ ʫʜʦʙʥʦ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɺ ʤʘʣʳʭ 

ʧʦʣʷʭ (109) ʨʝʰʝʥʠʝ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʨʷʜʘ: 

 

( ) ( ) 3,1,313 (0)
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ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʫʤʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, ʢʦʪʦʨʘʷ ʩʭʦʜʠʪʩʷ 

ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʧʦʣʷ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 3. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʷʜ ʨʘʩʭʦʜʠʪʩʷ, ʫʢʘʟʳʚʘʷ ʥʘ ʣʘʚʠʥʦʦʙʨʘʟʥʦʝ 

ʥʘʨʘʩʪʘʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʣʶʙʦʤ ʟʘʪʨʘʚʦʯʥʦʤ ʧʦʣʝ, ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʣʠʰʴ ʝʸ ʚʳʭʦʜʦʤ ʥʘ ʥʘʩʳʱʝʥʠʝ, ï ʷʚʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [79].  

ʍʘʨʘʢʪʝʨʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʦʙʦʠʭ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʚ ʦʙʨʘʟʮʝ ʦʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 13ʛ. ʆʪʤʝʪʠʤ ʚʩʸ ʞʝ, ʯʪʦ ʥʘʙʣʶʜʘʪʴ ʩʧʦʥʪʘʥʥʫ  ʁ

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪ ɹʤʘʛʥʠʪʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʘʚʪʦʨʫ ʥʝ ʧʨʠʭʦʜʠʣʦʩʴ. 

2.4. ʈʘʩʯʸʪ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

2.4.1. ʇʨʝʜʝʣ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪ ʠ ʠʭ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ. 

ʆʩʦʙʝʥʥʦ ʧʨʦʩʪʦ ʵʪʦ ʩʜʝʣʘʪʴ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʛʜʘ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʩʦʩʪʦʷʥʠʷ (100) ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʚʦʶ 

ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʤʦʤʝʥʪʘ (102). 

ʊʦʛʜʘ ʨʘʩʯʸʪ ʢʨʠʚʳʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ [50] ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (102) ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤʠ ʚʝʩʘʤʠ (103) ʠ ʫʩʨʝʜʥʝʥʠʶ 
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ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ (47) ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ 

ʫʛʣʫ ʧʦʚʦʨʦʪʘ ū ʣʸʛʢʠʭ ʦʩʝʡ ʯʘʩʪʠʮ z ʚʦʢʨʫʛ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ z' ʜʣʷ ʢʘʞʜʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʛʣʝ ʨʘʩʪʚʦʨʘ Ū ʢʦʥʫʩʘ 

(z, z') (ʨʠʩ. 14), ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ: 
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ʛʜʝ ɗɔ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ ʧʫʯʢʦʤ ɔ-ʢʚʘʥʪʦʚ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʚ ʧʨʝʜʝʣʝ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (114)ï(117) ʜʣʷ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥ ʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 15. ɺ ʩʣʘʙʳʭ ʧʦʣʷʭ 1<<h  ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʵʬʬʝʢʪʳ ʥʝ ʠʛʨʘʶʪ ʟʘʤʝʪʥʦʡ ʨʦʣʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʨʠʚʳʭ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʭʝʤʳ ʫʨʦʚʥʝʡ (100) ʯʘʩʪʠʮ ʚ 

ʧʦʣʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʩʪʦʷʥʠʡ ʩ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʤʦʤʝʥʪʘ (ʨʠʩ. 12ʙ, ʚ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʣʫʙʦʢʠʤ ʧʨʦʚʘʣʘʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʜʠʘʧʘʟʦʥʝ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʝʡ 15,0~ ·h  ʧʨʦʷʚʣʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (115) ʠ ʫʩʨʝʜʥʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʡ (116) ʠ ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢʘʢ ʢ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʢ 

ʥʘʧʨʘʚʣʝʥʠ ʁʚʥʝʰʥʝʛʦ ʧʦʣʷ. ɺ ʩʠʣʴʥʳʭ ʧʦʣʷʭ 1>>h  ʩʦʙʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʴʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ ʠ ʬʦʨʤʘ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ 

ʦʧʠʩʳʚʘʝʪʩʷ çʣʘʥʞʝʚʝʥʦʚʩʢʠʤè ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʝʡ 

 
( ) hfhfB0 cos,,exp HHzTkVHMxzxW ===´ q  (118) 

ʈʠʩ. 14. ʂ ʫʩʨʝʜʥʝʥʠʶ 

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ  

ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ   

ʚ ʧʦʣʝ. 
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ʠ ʫʛʣʦʚʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (47). 

2.4.2. ʂʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʨʝʣʘʢʩʘʮʠʠ 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘʥʦʯʘʩʪʠʮ 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʩʭʝʤʳ ʨʘʩʯʸʪʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʚ ʧʦʣʝ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʣʘʢʩʘʮʠʷ ʩʚʷʟʳʚʘʝʪ ʨʘʟʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮʳ, 

ʪʘʢ ʯʪʦ ʚʳʙʦʨ ʥʝʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠ, 

ʧʦʜʦʙʥʦ ʩʣʫʯʘ ʁ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Ä1.7), ʧʨʠʭʦʜʠʪʩʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʚ ʦʙʲʝʜʠʥʸʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 2S+1 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ (2I g+1)(2I e+1) ʷʜʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦʤ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (105) ʙʣʦʯʥʘʷ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ AĔ 

ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠʟ-ʟʘ ʚʝʪʚʣʝʥʠʷ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 16) ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʡ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʢʦʥʝʮ, ʚ ʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʡ ʧʦ 

ʈʠʩ. 15. ʉʪʘʪʠʯʝʩʢʠʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʘʥʩʘʤʙʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʝ 

ʨʘʟʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ (ʩʚʝʨʭʫ ʚʥʠʟ) ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ɔ-ʣʫʯʘ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ). 
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ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ ū (ʨʠʩ. 14) ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʚʩʝʭ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ (100). ʇʨʦʙʣʝʤʘ ʨʘʩʯʸʪʘ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʚ 

ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʰʝʥʘ ʚ ʨʘʙʦʪʝ 

[50], ʛʜʝ ʚ ʨʘʤʢʘʭ ʦʙʱʝʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ɸʥʜʝʨʩʦʥʘ [68] ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶ ʝɦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ɔ-

ʠʟʣʫʯʝʥʠʷ ʛʨʫʧʧʦʡ ʯʘʩʪʠʮ, ʦʪʢʣʦʥʸʥʥʳʭ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʥʘ ʫʛʦʣ Ū:  

 
ä
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200 ),(Ĕ)(Im
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zyx

JvJv
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hhh qa
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s 1AW , (119) 

 PL Ĕ)(Ĕ2/),(Ĕ 0 iivv +Q-G+=QA . (120) 

ɿʜʝʩʴ ʙʣʦʯʥʳʝ ʤʘʪʨʠʮʳ ʟʘʩʝʣʸʥʥʦʩʪʝʡ W , ʝʜʠʥʠʮ 1  ʠ ʨʝʣʘʢʩʘʮʠʠ PĔ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʰʠʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʨʠʯʥʳʭ ʚʝʣʠʯʠʥ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʜʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ (mg, me) ʧʨʠ ʧʦʤʦʱʠ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʳ IĔ 

ʨʘʥʛʘ (2I g+1)(2I e+1) = 8 (ʜʣʷ 
57

Fe): 

 
IPI1IW ĔĔĔ,Ĕ1,Ĕ Ã=Ã=Ã= PW , (121) 

ʨʘʚʥʦʚʝʩʥʳʝ ʟʘʩʝʣʸʥʥʦʩʪʠ W  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (103), ʨʝʣʘʢʩʘʮʠʦʥʥʘ ̫

ʤʘʪʨʠʮʘ PĔ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʩʭʝʤʝ (65) ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʝʨʝʭʦʜʦʚ 

(105), ʘ ʜʠʘʛʦʥʘʣʴʥʳʡ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ n ʩʫʧʝʨʦʧʝʨʘʪʦʨ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ LĔ ʟʘʜʘʸʪʩʷ ʵʣʝʤʝʥʪʘʤʠ 

 eeggggeeegeg
ŭŭĔ)Ĕ( )g()e(

mmmmmmmmmmmmn HH ¡¡¡¡¡¡ -=L , (122) 

ʢʦʪʦʨʳʝ ʚ ʷʜʝʨʥʦʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʛʘʤʠʣʴʪʦʥʠʘʥ r

ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 SHgH nn )(Ĕ)(Ĕ e)(g,

hfNeg,

)eg,( Q¡=Q SIm , (123) 

ʈʠʩ. 16. ʉʭʝʤʘʪʠʯʝʩʢʠʡ 

ʚʠʜ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ 

ʷʜʝʨʥʳʭ ʙʣʦʢʦʚ ʩ ʦʜʥʦʡ 

ʪʦʯʢʦʡ ʚʝʪʚʣʝʥʠʷ. 
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ʛʜʝ e)(g,ĔI  ï ʦʧʝʨʘʪʦʨʳ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ. ʆʧʝʨʘʪʦʨ r
nLĔ ʦʧʨʝʜʝʣʷʪʁʩʷ ʚʝʣʠʯʠʥʘʤʠ 

nS  ʠ ʫʛʣʦʚʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ 
nq

~
 ʩʨʝʜʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʤʝʥʪʦʚ (102) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʧʦʣʷ H. ʀʭ ʤʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʠʟʦʪʦʧʘ 
57

Fe 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [80], ʘ ʪʘʢʞʝ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʟʘʜʘʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ɗɔ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʯʢʫ ɔ-ʢʚʘʥʪʦʚ: 

 ( )2cos1)()(,sin)( ɔ

2

ɔ

2

ɔ

2

ɔ

2

ɔ

2 qqaqaqqa +=== ¡¡ yxz , (124) 

ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 
hJ
Ĕ ʚʝʢʪʦʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʷʜʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ 

ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʝ 3j-ʩʠʤʚʦʣ r[81] ʠ ʪʘʢʞʝ ʚʳʥʝʩʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʝ 1. ʇʨʦʮʝʜʫʨʘ 

ʨʘʙʦʪʳ ʩ ʧʦʯʪʠ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʙʣʦʢʦʚ AĔ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʯʝʢ 

ʚʝʪʚʣʝʥʠʷ ʧʫʪʸʤ ʝʸ LU-ʬʘʢʪʦʨʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʨʘʟʨʝʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʫʧʝʨʦʧʝʨʘʪʦʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ (119) ʦʧʠʩʘʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʨʝʜʥʠʪʴ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ (119) ʧʦ ʧʦʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ 

ʘʥʠʟʦʪʨʦʧʠʠ (78), ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ (72). 

ʍʘʨʘʢʪʝʨʥʳʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ 

(119)ï(124) ʚ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (105) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 17. ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʬʦʨʤ. ʀʭ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ï ʙʳʩʪʨʦʝ ʨʘʟʤʳʪʠʝ 

ʪʦʥʢʠʭ ʵʬʬʝʢʪʦʚ ʩʪʘʪʠʯʝʩʢʦʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 15), ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʩʧʝʮʠʬʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʝ, ʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï çʟʘʪʠʨʘʥʠʝè ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʚʘʣʦʚ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʩʤʝʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʩʧʠʥʘ (ʨʠʩ. 12ʚ), 

ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʩʧʝʢʪʨʦʚ ʩ ʩʠʣʴʥʦ ʨʘʟʤʳʪʳʤʠ ʚʥʝʰʥʠʤʠ ʠ ʨʝʟʢʠʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʬʨʦʥʪʘʤʠ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢʨʠʚʳʤ ʧʦʛʣʦʱʝʥʠʷ, ʜʘʚʘʝʤʳʤ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʴʶ ʨʝʣʘʢʩʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ (ʨʠʩ. 7). 

ʅʘʢʦʥʝʮ, ʢʦʩʥʸʤʩʷ ʧʨʦʙʣʝʤʳ ʫʯʸʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ. ɺ ʧʨʠʥʮʠʧʝ, ʦʙʱʠʡ ʩʫʧʝʨʦʧʝʨʘʪʦʨʥʳʡ ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ 
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ʧʨʠ ʚʳʚʦʜʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʩʝʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʘʢʩʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (74), ʪʘʢ ʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣ̫ (119), ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʉʊʉ ʩʧʝʢʪʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ, ʧʦʤʠʤʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʚʳʯʠʩʣʝʥʠʡ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʧʦ 

ʦʨʠʝʥʪʘʮʠʠ (Ūq, ūq) ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʝʥʟʦʨʘ ɻʕʇ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʣʸʛʢʘʷ ʦʩʴ ï 

ʚʥʝʰʥʝʝ ʧʦʣʝ (ʨʠʩ. 12ʚ), ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʷʚʥʝr ʚʳʨʘʞʝʥʠ ̫ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʧʦ ʫʛʣʫ ʚʨʘʱʝʥʠʷ ū ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʯʢʫ ɔ-ʢʚʘʥʪʦʚ (ʨʠʩ. 14) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʟʘʜʘʯʫ, ʚʳʭʦʜʷʱʫʶ ʟʘ ʨʘʤʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʩʧʝʢʪʨʦʚ ʚ 

ʈʠʩ. 17. ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʘʥʩʘʤʙʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʝ 

ʨʘʟʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ (ʩʚʝʨʭʫ ʚʥʠʟ, ɗɔ = 90Á) ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ). 
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ʤʦʜʝʣʠ ʄʋʈ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (74), ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (49) ʧʨʠʚʝʜʸʪ ʥʝ ʪʦʣʴʢʦ ʢ 

çʵʣʝʢʪʨʠʯʝʩʢʦʤʫè ʨʘʩʱʝʧʣʝʥʠʶ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʧʦʣʝ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʚʝʨʭʥʠʝ ʧʨʘʚʳʝ ʧʘʥʝʣʠ ʨʠʩ. 17), ʥʦ ʠ ʢ ʘʩʠʤʤʝʪʨʠʯʥʦʤʫ ʫʰʠʨʝʥʠʶ 

ʣʠʥʠʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 17 ʚʥʠʟʫ), ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ ʧʫʯʢʘ ɔ-ʢʚʘʥʪʦʚ (ʨʠʩ. 15). 

2.5. ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʦʣʝʚʳʭ ʩʝʨʠʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʬʝʨʨʦʞʠʜʢʦʩʪʠ 

ʆʧʠʩʘʥʥʳʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʦʜʥʦʜʦʤʝʥʥʳʭ 

ʯʘʩʪʠʮ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʧʦʣʝʚʳʭ ʩʝʨʠʡ ʠʭ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (100) ʥʘ ʉɿ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (99) ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʪʢʨʳʪʘʷ ʙʠʙʣʠʦʪʝʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ AlgLib  [82].     

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʉɺ ʨʘʩʩʯʠʪʳʚʘʣʠʩ ɹʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʠʪʝʨʘʮʠʡ 

[83], ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʥʘʤʥʦʛʦ ʵʢʦʥʦʤʠʯʥʝʝ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʘʢʝʪʘ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʚʩʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʸʤ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʦʰʠʙʦʢ ɢ
2
 ʧʨʠ ʧʦʤʦʱʠ ʟʘʧʠʩʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʴʥʳʭ ʢʨʠʚʳʭ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ ʧʦ ʠʩʢʦʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʜʠʥʸʥʥʳʭ ʤʘʩʩʠʚʦʚ 

ʩ ʜʫʙʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʘʜʨʝʩʘʮʠʠ, ʧʦʟʚʦʣʠʚʰʝʡ ʢʘʢ ʦʙʨʘʱʘʪʴʩʷ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʩʧʝʢʪʨʫ ʩʝʨʠʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢ ʠ ʨʘʙʦʪʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʢʨʠʚʳʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʉʃɸʋ ʠ ʩʪʦʣʙʮʘ ʝʸ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʩʧʫʩʢʘ ʢ ʤʠʥʠʤʫʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʳ 

ʧʨʠʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ 

çARA-250è (Chemicell GmbH, Germany) [84], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 
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ʜʝʛʨʘʜʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ [85ï87]. ɿʜʝʩʴ ʞʝ ʤʳ ʧʝʨʝʥʝʩʸʤ ʬʦʢʫʩ ʥʘ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʫʪʸʤ 

ʚʳʩʫʰʠʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʬʝʨʨʦʞʠʜʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʚʦʜʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʧʦʣʠʤʝʨʥʳʭ ʛʣʦʙʫʣ ʩ ʚʥʝʜʨʸʥʥʳʤʠ ʚ ʥʠʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʘʛʥʝʪʠʪʘ 

Fe3O4. ʇʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʯʝʢ ʢʘʢ ʚ ʠʩʭʦʜʥʦʡ 

ʬʝʨʨʦʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʚ ʣʠʦʬʠʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʷʜʝʨ 
57
Fe, ʩʥʷʪʳʝ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʠʧʝʥʠʷ ʘʟʦʪʘ ʜʦ ʢʦʤʥʘʪʥʦʡ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 18 (ʩʤ. ʪʘʢʞʝ ʨʠʩ. 5). 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʵʚʦʣʶʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʚʪʦʨʷʝʪ ʢʨʠʚʳʝ ʨʠʩ. 7, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʄʋʈ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ 

ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ (62)ï(69), ʢʦʪʦʨʘʷ ʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʥʘʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 18, ʩʣʝʚʘ). ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʯʘʩʪʠʮ, ʥʘʡʜʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ: ʦʙʱʘʷ 

ʜʣʷ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ KV0, ʦʪʚʝʯʘʶʱʘʷ ʮʝʥʪʨʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʧʦ ʜʠʘʤʝʪʨʘʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ɔd, 

ʪʝʤʧʝʨʘʪʫʨʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʯʘʩʪʠʮ D,    

ʘ ʪʘʢʞʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ï ʩʚʝʨʭʪʦʥʢʠʝ ʧʦʣ̫ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʷʜʨʘʭ Hhf 

ʠ ʩʜʚʠʛʠ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ ʩʧʝʢʪʨʦʚ ŭ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ (ɢ
2
~ 2) ʚʦ ʚʩyʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʝʛʦ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠʮʳ. ʅʘʡʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʘʥʠʟʦʪʨʦʧʠʠ KV0 > 300ʂ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

çʩʠʣʴʥʦʤʘʛʥʠʪʥʦʤʫè ʩʦʩʪʦʷʥʠʶ ʯʘʩʪʠʮ ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɿʥʘʯʝʥʠʝ ʨʘʟʙʨʦʩʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ɔd ~ 0,3 ʪʘʢʞʝ ʚʧʦʣʥʝ ʨʝʘʣʠʩʪʠʯʥʦ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʜʠʬʬʫʟʠʠ D(T) ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʸ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚ ʤʦʜʝʣʠ ɹʨʘʫʥʘ (91). ʋʤʝʥʴʰʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʥʘ 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʜʠʬʬʫʟʠʠ D(T) ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʸ 
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T, ʂ 300 250 190 78 

 ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ 

KV0, ʂ   360  (20)  

ɔd   0.31  (2)  

ȹũa, ʤʤ/ʩ   0.23  (1)  

D, ʄɻʮ 11.5  (5)  7.2   (6)  5.7   (8)  2.5   (6)  

Hhf, ʢʕ 496   (2)  512   (2)  523   (2)  528   (1)  

ŭ, ʤʤ/ʩ 0.349 (8)  0.359 (8)  0.411 (7)  0.444 (2)  

 ï//ï ʩ ʫʯʸʪʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

KV0, ʂ   370  (10)  

ɔd   0.28  (1)  

q, ʤʤ/ʩ ð 0.34  (1)  

D, ʄɻʮ 12.7  (5)  8.9   (6)  7.7   (8)  13    (2)  

Hhf, ʢʕ 501   (2)  517   (2)  527   (1)  530   (1)  

ŭ, ʤʤ/ʩ 0.352 (8)  0.366 (8)  0.414 (7)  0.448 (2)  

 çʀʥʪʫʠʪʠʚʥʘʷè ʤʦʜʝʣʴ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ 

KV0, ʂ 370  (20)  

ɔd 0.30  (1)  

D, ʄɻʮ 9.4   (4)  9.3   (6)  8.2   (9)  8     ( 2)  

Hhf A, ʢʕ 434   (2)  488   (3)  527   (2)  526   (1)  

Hhf B, ʢʕ 514   (2)  525   (2)  523   (2)  530   (1)  

ŭA, ʤʤ/ʩ 0.44  (2)  0.39  (2)  0.22  (2)  0.241 (5)  

ŭB, ʤʤ/ʩ 0.34  (1)  0.35  (1)  0.50  (1)  0.536 (2)  

 ï//ï ʩ ʫʯʸʪʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

KV0, ʂ   320  (20)  

ɔd   0.37  (2)  

qA, ʤʤ/ʩ ð 0.44  (2)  

qB, ʤʤ/ʩ ð 0.28  (1)  

D, ʄɻʮ 11.5  (6)  9.2   (8)  8     (1)  4     (1)  

Hhf A, ʢʕ 419   (2)  466   (3)  517   (3)  514   (1)  

Hhf B, ʢʕ 503   (2)  517   (2)  516   (2)  529   (1)  

ŭA, ʤʤ/ʩ 0.42  (2)  0.44  (2)  0.26  (3)  0.349(10)  

ŭB, ʤʤ/ʩ 0.34  (1)  0.35  (1)  0.48  (1)  0.485 (4)  

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʥʘʥʦʯʘʩʪʠʮ çARA-250è ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ T, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʦ ʠʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ ʚ ʨʘʤʢʘʭ ʄʋʈ ʤʦʜʝʣʝʡ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ 

ʫʯʸʪʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉʊʉ ʠ ʙʝʟ ʥʝʸ: ʵʥʝʨʛʠʷ ʘʥʠʟʦʪʨʦʧʠʠ KV0 ʜʣʷ ʮʝʥʪʨʘ ʛʘʫʩʩʦʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʜʠʘʤʝʪʨʘʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ɔd, ʢʦʥʩʪʘʥʪʘ ʜʠʬʬʫʟʠʠ D, 

ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʚ ʧʦʛʣʦʪʠʪʝʣʝ ȹũa ʣʠʙʦ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʩʜʚʠʛ q, ʩʚʝʨʭʪʦʥʢʦʝ ʧʦʣʝ ʥʘ ʷʜʨʝ Hhf 

ʠ ʦʙʱʠʡ ʩʜʚʠʛ ʩʧʝʢʪʨʘ ŭ. ʀʥʜʝʢʩʳ A ʠ B ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʧʦʟʠʮʠʷʤ ʘʪʦʤʦʚ Fe, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʦʧʨʝʜʝʣʝʥʠʝʤ ʚ ʤʦʜʝʣʠ ɹʨʘʫʥʘ (91). ʋʤʝʥʴʰʝʥʠʝ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʥʘ 

ʷʜʨʘʭʘʪʦʤʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʞʘʝʪ ʩʧʘʜ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ (48) ʯʘʩʪʠʮ ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʘʪʦʤʦʚ. ʇʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʧʝʢʪʨʘ ŭ ʩʤʝʱʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʳ 

ʣʠʥʠʠ ũ0 = 0,097ʤʤ/ʩ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʜʚʠʛʦʤ (38). 

ʆʜʥʘʢʦ ʩʝʨʴʸʟʥʘʷ ʪʨʫʜʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʚʝʜʝʥʠ ̫ʫh ʠʨʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʚ ʧʦʛʣʦʪʠʪʝʣʝ ȹũa (ʧʦʤʠʤʦ ʥʝʟʘʚʠʩʠʤʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʰʠʨʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʝ ȹũs ~ 0,1ʤʤ/ʩ), ʧʨʝʚʳʰʘʶʱʝʛʦ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʰʠʨʠʥʫ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 2ũ0 (35). ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ÄÄ1.5 ʠ 1.7, 

ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʨʠʩ. 4ʛ ʠ 8), ʧʦʷʚʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʤʘʛʥʝʪʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʚʢʣʘʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʪʦʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʳ ʧʨʦʚʝʣʠ ʦʧʠʩʘʥʠʝ ʪʝʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ ʄʋʈ ʤʦʜʝʣʠ (74ï77), ʫʯʠʪʳʚʘʶʱʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʩʚʝʨʭʪʦʥʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (49). ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʨʘʚʳʭ ʧʘʥʝʣʷʭ 

ʨʠʩ. 18. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ KV0, ɔd, D, Hhf ʠ ŭ ʚʤʝʩʪʝ ʩ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʩʪʘʥʪʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ q (43) ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʉʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʤʦʜʝʣʷʭ ʨʘʟʥʦʡ ʧʦʣʥʦʪʳ (ʨʠʩ. 18) ʧʨʠ 

ʙʝʛʣʦʤ ʧʨʦʩʤʦʪʨʝ ʚʳʟʳʚʘʝʪ ʜʘʞʝ ʥʝʢʦʪʦʨʦʝ ʟʘʤʝʰʘʪʝʣʴʩʪʚʦ. ɹʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʸ ʞʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʘʤʝʪʥʫʶ ʨʘʟʥʠʮʫ ʚ ʦʧʠʩʘʥʠʠ çʭʚʦʩʪʦʚè 

ʩʧʝʢʪʨʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʸʨʪʢʠ v, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ ʚ ʧʦʣʴʟʫ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʭʦʪʷ ʧʦʷʚʣʷʶʱʘʷʩʷ ʩ ʚʚʝʜʝʥʠʝʤ ʢʚʘʜʨʫʧʦʣʷ ʘʩʠʤʤʝʪʨʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʝʢʩʪʝʪʘ ʥʝ ʚʝʟʜʝ ʘʜʝʢʚʘʪʥʘ ʵʢʩʧʝʨʠʤʝʥʪʫ. ʉʨʝʜʠ ʠʩʢʦʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ̫ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ D(T), çʧʨʝʚʨʘʱʘʶʱʘʩ̫ʷè ʠʟ 

ʧʨʷʤʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʢʦʥʩʪʘʥʪʫ, ʯʪʦ, ʚʧʨʦʯʝʤ, ʚʧʦʣʥʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʩʤ. 
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ʦʙʩʫʞʜʝʥʠʝ ʚ Ä1.4). ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ D(300ʂ) ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ, ʢʘʢ ʠ ʟʥʘʯʝʥʠʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʵʥʝʨʛʠʠ ʘʥʠʟʦʪʨʦʧʠʠ KV0 ʠ ʨʘʟʙʨʦʩʘ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ɔd, ʩʦʚʧʘʜʘʶʱʠʝ ʚ ʦʙʦʠʭ ʧʦʜʭʦʜʘʭ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʠ ʜʨʫʛʦʝ, ʥʝ ʤʝʥʝʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ 

ʫʰʠʨʝʥʥʦʡ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤ r ʥʘʙʣʶʜʘʝʤʳʭ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ,     

ʘ ʠʤʝʥʥʦ ʨʘʟʣʠʯʠʝ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ Hhf, ŭ ʠ, ʚʦʟʤʦʞʥʦ, q ʜʣʷ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ A (Fe
3+
) ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ B (Fe

3+
 ź Fe

2+
) ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 

ʚ ʨʝʰʸʪʢʝ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʤʘʛʥʝʪʠʪʘ Fe3O4 = FeOĀFe2O3. ʇʦʣʥʦʮʝʥʥʦʡ ʪʝʦʨʠʠ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ, ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ A ʦʙʤʝʥʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʧʦʜʨʝʰʸʪʦʢ 

ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʭ ʩʫʤʤʘʨʥʫʶ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ K = KA + KB, ʪʦ ʜʣʷ 

ʥʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (5) ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʜʦʣʞʥʘ ʙʳʪʴ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʧʨʝʮʝʩʩʠʷ ʚʦʢʨʫʛ ʣʸʛʢʦʡ 

ʦʩʠ ʯʘʩʪʠʮʳ ʩ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʝʮʝʩʩʠʠ 

ʤʦʤʝʥʪʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ (ʨʠʩ. 6ʘ), ʘ ʚ ʠʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʚʝ çʬʝʨʨʦʤʘʛʥʠʪʥʳʝè ʢʦʤʧʦʥʝʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʝʜʠʥʦʤʫ 

ʙʘʨʴʝʨʫ ʘʥʠʟʦʪʨʦʧʠʠ KV ʠ ʢʦʥʩʪʘʥʪʝ ʜʠʬʬʫʟʠʠ D, ʥʦ ʨʘʟʥʳʤ ʩʚʝʨʭʪʦʥʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ Hhf, ŭ ʠ q, ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʨʝʰʸʪʦʢ (ůA :ůB = 1: 2 ʜʣʷ Fe3O4) 

[88]. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʯʠʩʪʦ ʤʘʛʥʠʪʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 19. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ KV0, ɔd, D, ʦʙʱʠʝ 

ʜʣʷ ʜʚʫʭ ʧʦʜʨʝʰʸʪʦʢ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Hhf, ŭ, q ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ çʠʥʪʫʠʪʠʚʥʦʡè ʤʦʜʝʣʠ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʘ ʧʨʦʠʟʚʦʜʷʪ 

ʜʚʦʡʩʪʚʝʥʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʯʝʩʪʚʦ ʦʧʠʩʘʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʠʚʳʭ (T < 200ʂ) ʙʣʠʟʢʦ ʢ ʠʜʝʘʣʫ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ qÍ0, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʦʪʫ ʠʜʝʠ ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘ ʥʘ ʜʚʝ 
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ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʣʳʤ ʯʘʩʪʠʮʘʤ ʥʝ ʦʯʝʚʠʜʥʘ, 

ʩʤ. [89] ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ 

ʪʝʦʨʠʝʡ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (T > 200ʂ) ʚʳʛʣʷʜʠʪ ʚʝʩʴʤʘ 

çʥʘʪʷʥʫʪʳʤè ʢʘʢ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʞʝ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ, ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ Hhf A,B ʠ ʩʠʣʴʥʦ ʨʘʟʥʝʩʸʥʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ ŭA,B ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ Hhf A < Hhf B, ŭA ~ ŭB ʧʨʠ 

T > 200ʂ. ɺʩʸ ʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʳ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ KV0, ɔd, D(T) ʙʣʠʟʢʠ ʠʭ ʟʥʘʯʝʥʠʷʤ, ʥʘʡʜʝʥʥʳʤ ʚ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ 

ʜʚʫʭ ʧʦʜʭʦʜʦʚ. 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʪʨʘʢʪʦʚʢʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʨʘʤʢʘʭ ʫʧʨʦʱʸʥʥʦʡ ʤʦʜʝʣʠ ʞʸʩʪʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤʠ 

ʧʦʜʨʝʰʸʪʢʘʤʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʝʮʠʬʠʯʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 

ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [90], ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʦʪ 

ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʭ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ 

ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʪʴʩʷ (ʩʤ. ʧʦʜʨʦʙʥʝʝ ʛʣʘʚʫ 3), ʯʪʦ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴ ʦʪʨʘʞʝʥʠʝ ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ 

ʧʦʣʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ, ʦʪʚʝʯʘʶʱʠʭ 

çʩʤʝʰʘʥʥʳʤè ʩʦʩʪʦʷʥʠʷʤ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʤʦʤʝʥʪʦʚ. ɹʫʜʫʱʘʷ ʪʝʦʨʠʷ ʤʘʛʥʠʪʥʦʡ 

ʜʠʥʘʤʠʢʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʜʦʣʞʥʘ ʧʨʦʷʩʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʦʤʠʤʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ ʠʭ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠ ʜʨʫʛʦʡ, ʥʝ ʤʝʥʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʡ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʢʨʠʚʳʭ ʚ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɽʛʦ 

ʦʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʭʣʘʜʘʛʝʥʪʦʚ, ʭʦʪʷ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦʜʦʙʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʤʦʜʝʣʝʡ 
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ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ɿʜʝʩʴ ʤʳ ʧʨʠʚʝʜʸʤ ʧʨʠʤʝʨ 

ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠ ʦʙʩʫʜʠʤ ʭʘʨʘʢʪʝʨ ʜʦʩʪʘʚʣʷʝʤʦʡ ʠʤ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ 

ʥʘʥʦʯʘʩʪʠʮ çARA-250è, ʩʥʷʪʳʝ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʟʥʦʡ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ H, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʫʯʢʫ ɔ-ʢʚʘʥʪʦʚ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 20. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʧʦʨʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʥʘ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʨʝʰʸʪʢʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ [89], ʠ ʫʯʠʪʳʚʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʩʫʞʜʘʚʰʠʝʩʷ ʚ ʢʦʥʮʝ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʨʘʛʨʘʬʘ, ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʳ ʧʨʦʚʦʜʠʣʠ ʚ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (119ï124). ʇʨʠ ʵʪʦʤ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠ ̫

ʦʙʱʠʭ ʧʘʨʘʤʝʪʨʦʚ KV0, ɔd, ȹũa, ʩʦʛʣʘʩʦʚʘʥʥʦ ʥʘʡʜʝʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʨʠʠ 

ʩʧʝʢʪʨʦʚ, ʠ ʚʘʨʴʠʨʦʚʘʣʠ ʚʝʣʠʯʠʥ rD, Hhf, ŭ, ʚʚʝʜʸʥʥʳʝ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʦʯʢʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʝʚʦʛʦ 

ʩʧʝʢʪʨʘ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ hin ʚ ʦʙʨʘʟʮʝ, ʟʘʜʘʶʱʝʛʦ 

ʩʪʨʫʢʪʫʨʫ ʫʨʦʚʥʝʡ (100) ʦʜʥʦʜʦʤʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʝʚʦʡ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 20, ʘ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʦʚ ʚ ʧʦʣʝ, ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʦʝ ʜʣʷ 

ʠʩʧʦʣʴʟʫʝʤʦʡ çʤʠʥʠʤʘʣʠʩʪʩʢʦʡè ʤʦʜʝʣʠ. ʊʘʢʞʝ ʧʨʠʷʪʥʦ ʦʪʤʝʪʠʪʴ ʩʦʛʣʘʩʠʝ 

ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʥʩʪʘʥʪʳ ʜʠʬʬʫʟʠʠ D, 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf ʠ ʩʜʚʠʛʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ŭ ʧʨʠ T = 300ʂ ï ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʨʠʠ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ hin ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ H ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʨʝʟʢʦʡ, ʯʝʤ ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʣʘʙʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʘʥʩʘʤʙʣʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ ʫʞʝ ʧʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʧʦ ʩʠʣʴʥʦʤʫ ʧʨʦʷʚʣʝʥʠʶ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʜʘʞʝ ʜʣʷ ʩʘʤʦʡ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʧʦʣʷ
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H = 400ʕ. ʌʦʨʤʘʣʴʥʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʪʚʝʯʘʝʪ ʨʝʞʠʤʫ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʘʥʩʘʤʙʣʷ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ (ʨʠʩ. 13ʛ), 

ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʚʳʭ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [85, 86]. 

ʈʠʩ. 20. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ) ʥʘʥʦʯʘʩʪʠʮ çARA-250è ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʟʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ), 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ. 



 

85 

 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʨʝʟʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʥʘ ʩʯʸʪ ʪʦʡ ʞʝ ʩʧʝʮʠʬʠʯʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʘʷ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʩʪʦʡ 

ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʚʢʣʘʜʦʚ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ. ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʨʘʩʯʸʪ ʩʪʨʫʢʪʫʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ [90] 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʝʸ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʪʘʢ ʯʪʦ ʚʢʣʘʜ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʫʨʦʚʥʝʡ ʚ ʦʙʱʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʧʝʢʪʨʘ ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʜʦʣʞʝʥ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 12ʚ, ʠʤʝʥʥʦ 

ʦʢʦʣʦʙʘʨʴʝʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ. ʊʘʢ ʯʪʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʚʣʠʷʥʠʷ ʧʦʣʷ ʥʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʝʨʨʠʤʘʛʥʝʪʠʢ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʥʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʪʝʭ ʞʝ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʥʘʭʦʜʠʪ ʩʚʦʸ 

ʚʳʨʘʞʝʥʠʝ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʧʨʠ ʫʧʨʦʱʸʥʥʦʡ 

ʪʨʘʢʪʦʚʢʝ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʘ ʤʘʣʳʭ ʯʘʩʪʠʮ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ. ɺʧʨʦʯʝʤ, 

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʤʦ- ʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

H,  kOe 0 0.4 0.8 1.3 2.1 3.4 

KV0, ʂ 360  (10)  

ɔd 0.31  (1)  

ȹũa, ʤʤ/ʩ 0.23  (1)  

D, ʄɻʮ 12.3  (5)  

Hhf, ʢʕ 497   (1)  

  ŭ, ʤʤ/ʩ 0.345 (2)  

hin ð 0.95  (1)  1.33  (2)  1. 29  (2)  1.50  (2)  1.6 7  (3)  

ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʥʘʥʦʯʘʩʪʠʮ çARA-250è ʚ ʧʦʧʝʨʝʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʟʥʦʡ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ H, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʠʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ: KV0, ɔd, ȹũa, D, Hhf ʠ ŭ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʧʦʣʝ hin ʚ ʦʙʨʘʟʮʝ. 
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ɻʃɸɺɸ 3. ʊɽʈʄʆɼʀʅɸʄʀʂɸ ɸʅʊʀʌɽʈʈʆʄɸɻʅʀʊʅʓʍ 

ʅɸʅʆʏɸʉʊʀʎ 

3.1. ɼʠʥʘʤʠʢʘ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʠʜʝʘʣʴʥʳʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ 

3.1.1. ʉʣʫʯʘʡ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ 

ʆʧʠʩʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʠʜʝʘʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ (ɸʌʄ) 

ʯʘʩʪʠʮ ʤʳ ʥʘʯʥʸʤ ʩʦ ʩʣʫʯʘʷ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʚʝʢʪʦʨʦʚ M 1 ʠ M 2 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ (M1 = M2 = M0) ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ 

ʚʦʢʨʫʛ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ [91]. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʦʡ 2

0JMA=  (ʠʣʠ J > 0) 

ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʘʢʩʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ K: 

 

( )
( ),2

coscos2

2

2

2

121

2

2

1

2

21

zz mmKA

KJE

+Ö-=

=+Ö-=

mm

MM qq
 (125) 

ʛʜʝ ɗ1 ʠ ɗ2 ï ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ M 1 ʠ M 2 ʠ ʣʸʛʢʦʡ ʦʩʴʶ z, m1,2 = M 1,2 / M0 ï 

ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ, m1,2z ï ʠʭ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʦʨʠʝʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [92], ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 

[ ](eff)

1,22,12,1 ,HMM g-=# . (126) 

ɿʜʝʩʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʘʞʜʫʶ ʠʟ ʧʦʜʨʝʰʸʪʦʢ, 

 
zzmHHE nmMH 2,1A1,2E2,1

(eff)

1,2 +-=µµ-=  (127) 

ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʣʷ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʘʥʠʟʦʪʨʦʧʠʠ: 

 
0A00E , MKHMAJMH === , (128) 

nz ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ, ʘ ɔ ï 

ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ.  

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʘʢʩʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʝ (126) 

ʦʧʨʝʜʝʣʷʝʪ ʯʝʪʳʨʝ ʥʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ 
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ʚʝʢʪʦʨʦʚ M 1 ʠ M 2 ʚʦʢʨʫʛ ʣʸʛʢʦʡ ʦʩʠ ʯʘʩʪʠʮʳ (ʨʠʩ. 21ʘ), ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʠʭ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʦʩʴ z (ʨʠʩ. 21ʙ): 

 )2()1(1

)2()1)(1(
2

1

2

11)2,1(

2
kkm

kkkmm
m

z

zz
z

+-+

++-°-
= , (129ʘ) 

 
zzz mmm ¹= 1

)4,3(

2 , (129ʙ) 

ʛʜʝ ʚʚʝʜʝʥ r ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʘʥʠʟʦʪʨʦʧʠʠ ʢ ʩʠʣʝ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ k = K/A ʠ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ʜʣʷ ʥʫʤʝʨʘʮʠʠ ʚʝʪʚʝʡ ʨʝʰʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʪʨʸʭ ʧʝʨʚʳʭ ʤʦʜ ʧʦʧʝʨʝʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ M 1 ʠ M 2 ʠʤʝʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʘ ʜʣʷ ʯʝʪʚʸʨʪʦʡ ʤʦʜʳ ʚʝʢʪʦʨʳ M1 ʠ M 2 

ʩʦʚʧʘʜʘʶʪ (ʨʠʩ. 21ʘ).    

ɺ ʨʘʤʢʘʭ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʤʘʣʦʩʪʠ ʵʥʝʨʛʠʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʤʝʥʥʦʡ, ʢʦʛʜʘ 

 

1<<= AKk , (130) 

ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʜ 

 

( )2
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-
-=  (131) 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʚʪʦʨʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ (55) ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ 

ʈʠʩ. 21. (ʘ) ʏʝʪʳʨʝ ʥʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʧʨʝʮʝʩʩʠʠ ʚʝʢʪʦʨʦʚ M1 ʠ M2 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ ʠʜʝʘʣʴʥʦʡ ɸʌʄ ʯʘʩʪʠʮʳ, (ʙ) ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʝʢʮʠʡ ʵʪʠʭ 

ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ ʘʥʠʟʦʪʨʦʧʠʠ ʠ (ʚ) ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʤʦʜ ʧʨʠ k = K/A = 0,01; 

ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʌʄ ʯʘʩʪʠʮʳ. 
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(ʨʠʩ. 21ʚ), ʘ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʪʁʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

 

( )[ ]2

102,1 11 zmk --°ºww , (132) 

ʛʜʝ )2( AEA0 HHH += hgw , ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ɸʌʄ 

ʨʝʟʦʥʘʥʩʘ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [92]. ʊʨʝʪʴʷ ʤʦʜʘ 

 

2

13 )2(1 zmkAE -+-= , (133) 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ çʦʙʤʝʥʥʦʡè ʯʘʩʪʦʪʦʡ hEE Hgw = : 

 
zmk 1E3 )2( --=ww , (134) 

ʚʥʦʩʠʪ ʩʦʧʦʩʪʘʚʠʤʳʡ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ʣʠʰʴ ʜʣʷ ʩʦʩʪʦʷʥʠʡ ʩ ʤʘʣʳʤʠ ʧʨʦʝʢʮʠʷʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʦʩʴ ʩʠʤʤʝʪʨʠʠ. ʏʝʪʚʸʨʪʘʷ çʬʝʨʨʦʤʘʛʥʠʪʥʘʷè ʤʦʜʘ 

 

2

14 1 zkmAE -=  (135) 

ʩ ʥʠʟʢʦʡ  ʯʘʩʪʦʪʦʡ ʧʦʨʷʜʢʘ hAA Hgw = : 

 
zm1A4 ww= , (136) 

ʣʝʞʠʪ ʤʥʦʛʦ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ ʠ ʦʙʳʯʥʦ ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ. 

ɼʚʝ ʦʩʥʦʚʥʳʝ ʤʦʜʳ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʸʪʦʢ ʩ ʙʣʠʟʢʦʡ ʢ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (129ʘ) ʠ ʧʦʯʪʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʯʘʩʪʦʪʘʤʠ (132) ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ɸʌʄ 

ʨʝʟʦʥʘʥʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʚʝʱʝʩʪʚʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ɻɻʮ. ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʵʪʠʭ ʤʦʜ (131) ʚ 

ʦʙʱʠʭ ʯʝʨʪʘʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʬʦʨʤʫ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ 

ʯʘʩʪʠʮʳ ʩ ʫʜʚʦʝʥʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʨʠʩ. 21ʚ) ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ɸʌʄ 

ʥʘʥʦʯʘʩʪʠʮ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʚʝ ʜʨʫʛʠʝ ʤʦʜʳ (129ʙ) ʚʳʧʘʣʠ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʪʝʦʨʠʠ ɸʌʄ ʨʝʟʦʥʘʥʩʘ 

ʧʨʠʙʣʠʞʝʥʠʷ ʤʘʣʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʦʤʝʥʪʦʚ M1 ʠ M2 ʦʪ ʣʸʛʢʦʡ ʦʩʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʪʠ ʚʝʪʚʠ ʣʝʞʘʪ ʤʥʦʛʦ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ, ʯʝʤ ʦʩʥʦʚʥʳʝ ʤʦʜʳ (129ʘ). ʆʜʥʘʢʦ 

ʠʤʝʥʥʦ ʜʣʷ ʪʨʝʪʴʝʡ ʚʝʪʚʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʧʨʝʮʝʩʩʠʦʥʥʳʭ 

ʯʘʩʪʦʪ (134), ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʤʥʦʛʠʭ ʊɻʮ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 
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ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʦʩʪʨʦ ʩʪʦʷʱʝʡ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ 

ʩʚʝʨʭʙʳʩʪʨʦʡ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ [93]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʫʟʢʦʛʦ ʫʛʣʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʨʘʱʝʥʠʶ ʚʝʢʪʦʨʦʚ M1 ʠ M 2 ʚʙʣʠʟʠ çʵʢʚʘʪʦʨʠʘʣʴʥʦʡè 

ʧʣʦʩʢʦʩʪʠ ʯʘʩʪʠʮʳ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʪʨʝʪʝʡ ʚʝʪʚʠ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʦʡ ʠ ʜʘʞʝ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʜ (ʨʠʩ. 21ʚ), ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ɸʌʄ ʯʘʩʪʠʮʳ ʩ ʙʣʠʟʢʠʤʠ ʢ ʥʫʣʶ 

ʧʨʦʝʢʮʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʣʸʛʢʫʶ ʦʩʴ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ 

ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʴʷ ʧʨʝʮʝʩʩʠʦʥʥʘʷ 

ʤʦʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɸʌʄ 

ʥʘʥʦʯʘʩʪʠʮ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʯʝʪʚʸʨʪʦʡ çʬʝʨʨʦʤʘʛʥʠʪʥʦʡè ʚʝʪʚʠ, ʝʸ ʚʣʠʷʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʤʘʛʥʝʪʠʟʤʘ 1>>k  [89]. 

ʆʜʥʘʢʦ ʨʘʩʯʸʪ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʘʥʩʘʤʙʣʷ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ, 

ʦʩʥʦʚʘʥʥʳʡ ʣʠʰʴ ʥʘ ʧʨʝʮʝʩʩʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʦʚ M 1 ʠ M 2,   

ʥʝ ʜʘʸʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʠʷ ʥʠ ʩ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʴʶ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ɸʌʄ ʯʘʩʪʠʮ (ʩʤ. Ä3.2), ʥʠ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ [94], ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (126) ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʮʠʡ ʧʦʣʷʨʥʳʭ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʥʘ ʬʦʥʝ ʠʭ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʚʳʜʝʣʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ (125) ï ʥʫʪʘʮʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ ɸʌʄ 

ʯʘʩʪʠʮʳ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʱʠʤʠ ʨʝʰʝʥʠʷʤʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʟʘʜʘʯ ʦ ʜʚʠʞʝʥʠʠ 

ʪʷʞʸʣʦʛʦ ʛʠʨʦʩʢʦʧʘ ʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ 

[95]. 

3.1.2. ʅʫʪʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (126), ʥʘʨʷʜʫ ʩ ʚʝʢʪʦʨʘʤʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ M 1 ʠ M 2, ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʠʭ ʨʘʟʥʦʩʪʴ L  = M 1 ï M 2, ʥʘʟʳʚʘʝʤʫʶ 

ʚʝʢʪʦʨʦʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ, ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʧʨʦʝʢʮʠʶ ʥʘ 

ʦʩʴ ʩʠʤʤʝʪʨʠʠ zzz mml 21 -= . ʊʦʛʜʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ [96]: 



 

90 

 

( )( )dtlmElmElldl zzz

2

21

20 ),(),(
2

-¡¡-°=
w

, (137) 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʜʚʫʤʷ ʠʥʪʝʛʨʘʣʘʤʠ ʜʚʠʞʝʥʠʷ: ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʵʥʝʨʛʠʠ 

AEE =¡  ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʦʝʢʮʠʝʡ zz mmm 21 +=  ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

M  = M1 + M 2 ʥʘ ʣʸʛʢʫʶ ʦʩʴ. ɺʭʦʜʷʱʠʝ ʚ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥʳ l1 ʠ l2 

ʟʘʜʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ: 
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ʛʜʝ ʧʘʨʘʤʝʪʨ s ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʢʚʘʜʨʘʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʪ m: 

 

)1(4/)1( 2422 EkmmkEks ¡--+¡++= . (139) 

ʇʨʠʤʝʨʳ ʨʘʩʯʸʪʘ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʦʚ M 1 ʠ M 2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ 

ʨʘʜʠʫʩʘ M0 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 22ʘïʛ. ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʧʝʨʠʦʜ r

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʥʫʪʘʮʠʡ mET ,¡  ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʌʄ ʯʘʩʪʠʮ, ʦʩʥʦʚʥʦʡ 

ʈʠʩ. 22. ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ M1 ʠ M2 ʠʜʝʘʣʴʥʦʡ 

ɸʌʄ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʧʦʣʝ ʘʢʩʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩ k = 0,01: (ʘ) ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʦʜʳ 

ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ, (ʙ) ʩʠʤʤʝʪʨʠʯʥʳʝ ʥʫʪʘʮʠʠ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ, (ʚ) ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʠ (ʛ) 

ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʫʪʘʮʠʠ ʩʨʝʜʥʝʛʦ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ; (ʜ) ʜʠʘʛʨʘʤʤʘ ʚʦʟʤʦʞʥʳʭ ʧʨʦʝʢʮʠʡ 

ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ m ʠ ʚʝʢʪʦʨʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ lz ʥʘ ʦʩʴ ʘʥʠʟʦʪʨʦʧʠʠ, ʰʪʨʠʭʦʚʳʝ 

ʣʠʥʠʠ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʤʦʜʘʤ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ. 
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ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʩ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʨʝʜʥʠʝ ʟʘ ʧʝʨʠʦʜ ʥʫʪʘʮʠʡ ʚʝʣʠʯʠʥʳ 

ʧʨʦʝʢʮʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʝʪʦʢ ʥʘ ʣʸʛʢʫʶ ʦʩʴ. 

ʍʘʨʘʢʪʝʨ ʠ ʨʘʟʤʘʭ ʥʫʪʘʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ 

ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (137) ʠ (138), ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪ 

ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ),( mE¡  ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ (ʨʠʩ. 22ʜ). ɼʣʷ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ 

1-¢¡E  ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ m ʟʘʜʘʶʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦʤ 
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ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ Eǋ ʠ m ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ lz ʦʛʨʘʥʠʯʝʥ 

ʫʩʣʦʚʠʤ̫ʠ 
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ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʘʭ ʥʫʪʘʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʪʫʘʮʠʠ 

m = 0 (ʨʠʩ. 22ʙ, ʢʨʠʚʳʝ lmin ʠ lmax ʥʘ ʨʠʩ. 22ʜ). ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ m ʵʪʦʪ ʨʘʟʤʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ ʧʨʠ )(max Emm ¡°= , ʢʦʛʜʘ 

21 ll =  ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʤʦʜʳ ʦʜʥʦʨʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ (ʨʠʩ. 22ʘ, ʢʨʠʚʳʝ 1 ʠ 2 ʥʘ ʨʠʩ. 

22ʜ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʩʨʝʜʥʠʝ ʟʘ ʧʝʨʠʦʜ ʥʫʪʘʮʠʡ ʟʥʘʯʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ 
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ʛʜʝ ʚʚʝʜʸʥ ʠʥʪʝʛʨʘʣ 
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ɺ ʩʣʝʜʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʤʦʜʳ 

ʦʜʥʦʨʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ (ʨʠʩ. 21ʚ), 
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11 )3,2(

c

)3,1(

c
, (144) 

ʛʜʝ 
)3,1(

cE¡  (ʠʣʠ 
)3,2(

cE¡ ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʪʚʝʡ 1 ʠ 3 (ʠʣʠ 2 ʠ 3, 

ʨʠʩ. 21ʙ,ʚ), ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʟʘʜʘʥʥʦʛʦ 
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ʟʥʘʯʝʥʠʷ Eǋ ʚʩʝʛʜʘ ʥʘʡʜʪyʩʷ ʚʝʣʠʯʠʥʘ ʧʨʦʝʢʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ  

 k

E
Em

-

¡+
¹¡

2

1
2)(3 , (145) 

ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʪʴʝʡ ʤʦʜʝ ʦʜʥʦʨʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ 0))(,( 31 =¡¡ EmEl . 

ʊʦʛʜʘ ʧʨʠ max3 mmm ¢¢  ʨʝʘʣʠʟʫʝʪʩʷ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʩʠʪʫʘʮʠʷ (1-¢¡E ), ʢʦʛʜʘ 

ʥʫʪʘʮʠʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʫ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʠʥʠʤʫʤʦʚ ʵʥʝʨʛʠʠ (125) 

ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʭ ʨʘʟʤʘʭʘ (141) ʠ ʩʨʝʜʥʠʭ ʧʨʦʝʢʮʠʡ ʤʦʤʝʥʪʦʚ (142) ʦʩʪʘʶʪʩʷ ʚ 

ʩʠʣʝ (ʨʠʩ. 22ʚ). ɺ ʜʠʘʧʘʟʦʥʝ 30 mm¢¢  ʠʤʝʝʪ ʤʝʩʪʦ ʠʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

0),(1 ¢¡mEl  ʠ ʥʫʪʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʤʝʥʳ ʟʥʘʢʘ lz ʚ 

ʠʥʪʝʨʚʘʣʝ 

 

),(),( 22 mEllmEl z
¡¢¢¡-  (146) 

(ʩʤ. ʨʠʩ. 22ʛ). ʊʦʛʜʘ 0
,

=
¡mETzl  ʠ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʠʤʝʝʤ 

 2
),(2,1

m
mEm z =¡ . (147) 

ʂʨʠʚʘ ̫l3 ʥʘ ʨʠʩ. 22ʜ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʵʪʠ ʜʚʝ ʩʠʪʫʘʮʠʠ. 

ʅʘʢʦʥʝʮ, ʚ ʪʨʝʪʴʝʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

 

2/)3,1(

c kEE -¢¡¢¡ , (148) 

ʛʜʝ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ 

ʙʠʢʚʘʜʨʘʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (139) ʠ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʸʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʦʙʱʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʦʤʝʥʪʦʚ (130), 

ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ m ʚ ʦʪʣʠʯʠʝ ʦʪ (140) ʦʛʨʘʥʠʯʝʥʘ ʟʥʘʯʝʥʠʝʤ 

ʧʨʦʝʢʮʠʠ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʪʨʝʪʴʝʡ ʤʦʜʳ ʦʜʥʦʨʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ: 

 

)(3 Emm ¡¢ , (149) 

ʠ ʥʫʪʘʮʠʠ ʚʩʝʛʜʘ ʩʠʤʤʝʪʨʠʯʥʳ ʧʦ ʟʥʘʢʫ lz ʩ ʨʘʟʤʘʭʦʤ (146), ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʝʢʮʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʝʪʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʦʡ (147). 

ʌʦʨʤʫʣʳ (138ï140, 142ï149) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʪʝʨʤʦʜʠʥʘʤʠʢʫ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ɸʌʄ ʯʘʩʪʠʮ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʘʪʦʤʥʳʭ ʷʜʨʘʭ, ʚʳʟʚʘʥʥʳʝ ʥʫʪʘʮʠʦʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ 
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ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ (ʨʠʩ. 23, ʩʣʝʚʘ): 
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1 aa , (150) 

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʩʪʫʧʘʝʪ ʩʨʝʜʥʷʷ ʧʨʦʝʢʮʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ zm  ʣʶʙʦʡ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ ʥʘ ʦʩʴ ʩʠʤʤʝʪʨʠʠ, ʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ŭ-ʬʫʥʢʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ E' ʠ ʩʫʤʤʘʨʥʦʡ ʧʨʦʝʢʮʠʠ m (ʨʠʩ. 22ʜ) ʩ ʫʯʸʪʦʤ ʙʦʣʴʮʤʘʥʦʚʩʢʠʭ 

ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ. 

ʂʘʨʪʠʥʘ ʵʚʦʣʶʮʠʠ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʨʠʩ. 23, ʩʣʝʚʘ) 

ʦʪʯʸʪʣʠʚʦ ʦʪʨʘʞʘʝʪ ʧʦʩʪʝʧʝʥʥʫʶ ʩʤʝʥʫ ʜʚʫʭ ʪʠʧʦʚ ʥʫʪʘʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʧʦʜʨʝʰʸʪʦʢ: ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʫʪʘʮʠʡ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʩʦ 

ʈʠʩ. 23. ʃʝʚʘʷ ʧʘʥʝʣʴ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʫʪʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʠʜʝʘʣʴʥʳʭ ɸʌʄ ʯʘʩʪʠʮ                     

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ k =0,01. ʇʨʘʚʘʷ ʧʘʥʝʣʴ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ      

ʩʪʘʪʠʯʝʩʢʠʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʘʥʩʘʤʙʣʷ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʯʠʩʪʦʤ ʤʘʛʥʠʪʥʦʤ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ, Hhf = 500 ʢʕ) ʠ ʩʤʝʰʘʥʥʦʤ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ, Hhf = 500 ʢʕ, q = 0,35 ʤʤ/ʩ) 

ʩʚʝʨʭʪʦʥʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 
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ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʮʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʣʸʛʢʫʶ ʦʩʴ (ʨʠʩ. 22ʘïʚ), 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʮʝʣʦʤ ʩʭʦʞʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ (ʩʤ. ʨʠʩ. 6ʙ ʠ ʨʠʩ. 10, ʩʧʨʘʚʘ), ʭʦʪʷ ʠ ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʝʝ 

ʨʝʟʢʠʤʠ ʚʥʝʰʥʠʤʠ ʠ ʙʦʣʝʝ ʢʨʫʪʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʨʦʥʪʘʤʠ, ʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʜʚʠʞʝʥʠʡ ʩ ʤʘʣʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʨʝʜʥʠʭ 

ʤʦʤʝʥʪʦʚ (ʨʠʩ. 22ʛ), ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʧʨʦʚʦʞʜʘʷʩʴ ʤʝʜʣʝʥʥʳʤ ʫʰʠʨʝʥʠʝʤ ʩʘʤʦʛʦ ʩʣʘʙʦʤʘʛʥʠʪʥʦʛʦ ʧʠʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʝʢʮʠʡ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ 

(149) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ. ʕʪʦ ʫʰʠʨʝʥʠʝ ʦʪʯʘʩʪʠ ʬʠʢʪʠʚʥʦ ʠ ʜʦʣʞʥʦ 

ʥʠʚʝʣʠʨʦʚʘʪʴʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʩʤʝʰʝʥʠʝʤ ʪʨʘʝʢʪʦʨʠʡ ʨʘʚʥʦʡ ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ 

ʧʨʠʝʤʣʝʤʦʡ ʪʝʦʨʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʧʦʢʘ 

ʥʝʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʤʤʘʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʠʣʫ 

ʜʠʧʦʣʴïʜʠʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ, ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʥʘ 

ʧʦʨʷʜʢʠ ʥʠʞʝ, ʯʝʤ ʚ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʠʪʠʢʘʭ, ʪʘʢ ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ 

ʜʣʷ ʥʠʭ ʥʝ ʜʦʣʞʥʳ ʠʛʨʘʪʴ ʩʪʦʣʴ ʟʘʤʝʪʥʦʡ ʨʦʣʠ, ʢʘʢ ʜʣʷ ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɿʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (150), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʩʧʝʢʪʨ rʧʦʛʣʦʱʝʥʠʷ ʘʥʩʘʤʙʣʷ ʠʜʝʘʣʴʥʳʭ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ 

ʯʠʩʪʦ ʤʘʛʥʠʪʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʩʪʳʤʠ 

ʬʦʨʤʫʣʘʤʠ (53, 54) (ʨʠʩ. 23, ʩʧʨʘʚʘ, ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ). ʇʨʠ ʩʤʝʰʘʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ Hhf ʤʦʞʥʦ ʠʩʢʘʪʴ ʉɿ 

ʟʘʜʘʯʠ (49), ʦʜʥʘʢʦ ʤʳ ʧʨʝʜʧʦʯʠʪʘʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʙʱʠʭ 

ʚʳʨʘʞʝʥʠʷʭ (74ï77), ʢʦʪʦʨʳʝ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ 0Ĕ=P  ʩʚʦʜʷʪʩʷ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ 

ʦʙʨʘʱʝʥʠʶ ʷʜʝʨʥʳʭ ʙʣʦʢʦʚ ʩʫʧʝʨʦʧʝʨʘʪʦʨʦʚ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ ʩ ʚʝʩʘʤʠ (150) (ʨʠʩ. 23, ʩʧʨʘʚʘ, ʧʫʥʢʪʠʨ): 
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ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʘʥʩʘʤʙʣʷ ʠʜʝʘʣʴʥʳʭ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩ. 23, 

ʩʧʨʘʚʘ) ʢʘʯʝʩʪʚʝʥʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ ʢʨʠʚʳʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ [97ï99], ʦʩʥʦʚʥʘʷ ʯʝʨʪʘ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʭʦʨʦʰʦ ʨʘʟʨʝʰʸʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʢʦʤʧʦʥʝʥʪʦʡ ʠ ʫʟʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʧʠʢʦʤ (ʣʠʙʦ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʜʫʙʣʝʪʦʤ ʣʠʥʠʡ) 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ 

ʨʘʟʤʳʪʠʷ ʢʦʤʧʦʥʝʥʪ. ʆʙʨʘʪʠʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ 

ʚ ʨʘʤʢʘʭ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɸʌʄ ʯʘʩʪʠʮ, ʥʝ ʧʨʠʚʣʝʢʘʶʱʝʡ ʥʠ 

ʜʝʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʧʦʜʨʝʰʸʪʢʘʭ, ʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʠʛʥʦʨʠʨʫʶʱʝʡ ʢʘʢʠʝ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʘ 

ʦʩʥʦʚʘʥʥʦʡ ʣʠʰʴ ʥʘ ʪʦʯʥʦʤ ʨʝʰʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (126) 

ʜʣʷ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʘʢʩʠʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʳ (125). 

3.2. ʂʚʘʥʪʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠʜʝʘʣʴʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ 

ʆʧʠʩʘʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʢʘʨʪʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʩʠʣʴʥʦ- ʠ ʩʣʘʙʦʤʘʛʥʠʪʥʦʡ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨ r ʩʧʝʢʪʨʦʚ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ ʥʘʧʦʤʠʥʘʝʪ 

ʩʠʪʫʘʮʠʶ ʧʝʨʝʟʘʩʝʣʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʜʝʣʴʥʳʭ, ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʫʨʦʚʥʝʡ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʨʝʜʥʠʭ ʤʦʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ɸʌʄ ʯʘʩʪʠʮʘʭ ʧʝʨʝʡʜʸʤ ʦʪ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʸʪʦʢ M 1 ʠ M 2 ʢ ʠʭ ʤʘʢʨʦʩʧʠʥʘʤ S1 ʠ S2, ʩʚʷʟʘʥʥʳʤ ʦʙʤʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʥʘʭʦʜʷʱʠʤʩ ̫ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ɺ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʳʭ ʩʧʠʥʦʚ S1 = S2 = S ʛʘʤʠʣʴʪʦʥʠʘʥ ʠʜʝʘʣʴʥʦʡ ɸʌʄ 

ʯʘʩʪʠʮʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [100]: 
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ʛʜʝ 
2,1
ĔS ʠ 

2,1
Ĕ

zS ï ʦʧʝʨʘʪʦʨʳ ʤʘʢʨʦʩʧʠʥʦʚ ʧʦʜʨʝʰʸʪʦʢ ʠ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʣʸʛʢʫʶ ʦʩʴ. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʘʥʠʟʦʪʨʦʧʠʠ (k =0) ʛʘʤʠʣʴʪʦʥʠʘʥ (152) ʦʙʣʘʜʘʝʪ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ, ʪʘʢ ʯʪʦ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪɹʩʷ ʧʦʣʥʳʡ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ      
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M = 0, 1, é, 2S, ʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʡ ɸʌʄ ʯʘʩʪʠʮʳ ʦʢʘʞʫʪʩʷ 

2M +1-ʢʨʘʪʥʦ ʚʳʨʦʞʜʝʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʦʧʝʨʘʪʦʨʘ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [78] (ʨʠʩ. 24ʘ, ʩʤ. ʪʘʢʞʝ ʨʠʩ. 2ʘ ʚ [100]): 

 [ ])1(2)1(
2

1
21 +-+= SSMMSS . (153) 

ɸʢʩʠʘʣʴʥʘ ̫ ʤʘʛʥʠʪʥʘ ̫ ʘʥʠʟʦʪʨʦʧʠ ̫ ʩʥʠʤʘʝʪ ʚʳʨʦʞʜʝʥʠʝ ʧʦ ʧʦʣʥʦʤʫ 

ʤʦʤʝʥʪʫ M (ʨʠʩ. 24ʘ), ʥʦ ʥʝ ʩʤʝʰʠʚʘʝʪ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʛʦ 

ʧʨʦʝʢʮʠʠ m = 0, 1, é, 2S ʥʘ ʣʸʛʢʫʶ ʦʩʴ (ʩʦʩʪʦʷʥʠʷ ʩ m Í 0 ʦʩʪʘʶʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤʠ 

ʧʦ ʟʥʘʢʫ m). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ 

ɸʌʄ ʯʘʩʪʠʮʳ ʚ ʙʘʟʠʩʝ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʧʨʦʝʢʮʠʡ m1 ʠ m2 ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʝʪʦʢ ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ: 

ʈʠʩ. 24. (ʘ) ʉʭʝʤʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ɸʌʄ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʰʝʥʠʷ k=K/A ʜʣʷ S1 = S2 = S=100; ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʫʢʘʟʳʚʘʝʪ ʛʣʫʙʠʥʫ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. (ʙ) ʈʘʟʣʦʞʝʥʠʝ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ )(m

jY  ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ɸʌʄ ʥʘʥʦʯʘʩʪʠʮʳ ʜʣʷ k=0,001 ʧʦ ʙʘʟʠʩʫ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ )(m

iɣ  ʧʨʦʝʢʮʠʡ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʸʪʦʢ i = (m1, m2); ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʧʨʦʝʢʮʠʠ m= m1 + m2 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ j 

ʵʥʝʨʛʠʷ ʩʦʩʪʦʷʥʠʷ 
)(m

jE  ʚʦʟʨʘʩʪʘʝʪ. (ʚ) ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʧʦʜʨʝʰʸʪʦʢ ʜʣʷ 

ʥʠʟʢʦʣʝʞʘʱʠʭ ʩʦʩʪʦʷʥʠʡ ɸʌʄ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ k. 
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mmmm
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i +=¹yy . (154) 

ɺ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮʳ ʦʧʠʩʳʚʘʪʁʩʷ 

ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʨʠʩ. 24ʙ): 
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤ ʩʝʢʫʣʷʨʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

 mSjEH m

j

m

j

m

j -+=Y=Y 12,,1,Ĕ )()()( 2 , (156) 

ʛʜʝ )(m

jE  ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ j-ʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʟʘʜʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ m. ʇʨʦʩʪʦʪʘ ʨʘʩʯʝʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ ʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ ʦʧʝʨʘʪʦʨʘ (152) ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ (154). 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ (155) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʦʤʝʥʪʦʚ (ʨʠʩ. 24ʚ): 
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ʩʦʚʦʢʫʧʥʦʩʪ ɹ ʢʦʪʦʨʳʭ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʦʙʝʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʜʨʝʰʸʪʦʢ, ʠ 

ʨʘʚʥʦʚʝʩʥʳʤʠ ʟʘʩʝʣʸʥʥʦʩʪʷʤʠ 

 
( )TkVEW m
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)()( exp-´ . (158) 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʚ ʩʭʝʤʝ ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ 

ɸʌʄ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʧʦʜʨʝʰʝʪʦʢ (S1 ʠ S2), ʢʦʛʜʘ ʘʥʠʟʦʪʨʦʧʠʷ k ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ ʠ ʤʫʣʴʪʠʧʣʝʪʳ ʩ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ M ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʢ ʨʝʞʠʤʫ ʩʣʘʙʦʡ ʩʚʷʟʠ, ʢʦʛʜʘ ʜʣʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ k ʬʦʨʤʠʨʫʪʁʩʷ ʩʣʘʙʦʨʘʩʱʝʧʣʸʥʥʳʝ ʜʫʙʣʝʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʚʦʣʥʦʚʳʤ ʬʫʥʢʮʠʷʤ )(

1,

m

jj +Y  (ʨʠʩ. 24ʘ). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʦʧʝʨʘʪʦʨʦʚ (152) ʠ (153) ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʣʝʞʘʱʠʭ 

ʪʝʨʤʦʚ )(

2,1

mY  ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʝʢʮʠʝʡ ʤʦʤʝʥʪʘ m ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʩʢʝʡʣʠʥʛʘ 

 
)1(2)(

2,1 += mkSmb . (159) 

ʈʝʞʠʤ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 1)(

2,1 <<mb , ʘ ʩʣʘʙʦʡ ï ʧʨʠ 1)(

2,1 >>mb . 



 

98 

ɼʣʷ ʜʨʫʛʠʭ ʧʘʨ ʫʨʦʚʥʝʡ ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ )(

1,

m

jj +b  ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ j (ʨʠʩ. 24ʘ). ɺ ʨʝʞʠʤʝ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʨʘʟʣʦʞʝʥʠʝ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

(155) ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʩʪʘʥʦʚʢʝ ʧʨʦʝʢʮʠʡ ʤʦʤʝʥʪʦʚ       

m1 ʠ m2 (ʨʠʩ. 24ʙ, m=1) ʠ ʩʨʝʜʥʠʝ ʤʦʤʝʥʪʳ ʧʦʜʨʝʰʸʪʦʢ (157) ʙʣʠʟʢʠ ʢ ʥʫʣʶ.      

ɺ ʨʝʞʠʤʝ ʩʣʘʙʦʡ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʠʟʘʮʠʷ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʚʙʣʠʟʠ 

ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʨʠʩ. 24ʙ, m=0) ʠ ʢʘʞʜʘʷ ʠʟ 

ʧʦʜʨʝʰʸʪʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʘʩʳʱʝʥʠʷ. ɺʘʞʥʦ ʪʦ, 

ʯʪʦ ʨʘʟʨʳʚ ʩʚʷʟʠ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʘʥʠʟʦʪʨʦʧʠʠ k 

ʧʨʦʠʩʭʦʜʠʪ ʚʝʩʴʤʘ ʨʝʟʢʦ (ʨʠʩ. 24ʚ), ʪʘʢ ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʥʠʟʢʦʣʝʞʘʱʠʭ ʩʦʩʪʦʷʥʠʡ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʩ 

ʤʘʣʳʤʠ ʣʠʙʦ ʙʦʣʴʰʠʤʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʦʜʨʝʰʸʪʦʢ. 

ʄʘʩʰʪʘʙʥʳʡ ʧʘʨʘʤʝʪʨ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
2)0(

2,1 kS=¹bb  ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ 

ʫʩʣʦʚʠʷ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʚ ɸʌʄ ʯʘʩʪʠʮʘʭ. ʇʨʠ ʥʝ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ɓ ~ 1 ʚ ʦʙʣʘʩʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʧʦʧʘʜʘʝʪ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʪʘʢ ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʜʣʷ ʣʶʙʦʡ ʚʝʣʠʯʠʥʳ 

ʩʧʠʥʘ S (ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ V) ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʢʦʥʩʪʘʥʪʳ ʘʥʠʟʦʪʨʦʧʠʠ 

K ʠ ʦʙʤʝʥʘ A, ʯʪʦ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ k = K/A ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ ʠ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʥʦʩʠʪʴ ʢʚʘʥʪʦʚʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ K ʠ A ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʧʠʥʘ S ʜʦʣʞʝʥ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ (126). ʉʧʝʮʠʬʠʢʫ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ɸʌʄ 

ʯʘʩʪʠʮʘʭ ʫʜʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʬʠʟʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ, ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʢʘʢ (ʩʤ. ʨʠʩ. 25, ʩʣʝʚʘ) 

 

( )ä -=
jm

m

jdz

m

j SSzWdzzP
,

)()( ŭ)(  (160) 

ʩ ʫʯʸʪʦʤ ʜʚʫʢʨʘʪʥʦʛʦ ʚʳʨʦʞʜʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʩ m Í 0, ʛʜʝ ʩʪʫʧʝʥʴʢʘ ŭdz ʦʪʣʠʯʥʘ ʦʪ 

ʥʫʣʷ ʠ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʪʦʣʴʢʦ ʚ ʠʥʪʝʨʚʘʣʝ ʰʠʨʠʥʦʡ dz ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ z = 0. 

ʕʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʥʦʚʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʡ ʠ ʩʠʣʴʥʦʡ 
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ʩʚʷʟʠ ʧʦʜʨʝʰʸʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʠʭ ʬʦʨʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠʘʪʦʤʥʳʭ ʧʦʣʝʡ, ʚʳʟʚʘʥʥʝr ʥʫʪʘʮʠʷʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ 

ʧʦʜʨʝʰʸʪʦʢ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ɸʌʄ ʯʘʩʪʠʮ (ʩʨ. ʨʠʩ. 

23, ʩʣʝʚʘ). ʆʜʥʘʢʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʡ ʢʘʨʪʠʥʳ ʧʦʣʝʡ ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʝ ʪʨʝʙʫʶʪʩʷ ʚʝʩʴʤʘ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʨʦʩʧʠʥʦʚ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʴʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ) ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʯʠʩʣʦ ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʷʝʪʩʷ (2S+1)
2
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 2S+1. 

ʈʘʩʯʸʪ ʩʪʘʪʠʯʝʩʢʠʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (160) ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ (151), ʯʪʦ ʠ 

ʚ ʩʣʫʯʘʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ (ʨʠʩ. 25, ʩʧʨʘʚʘ). ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝ ʞʝ 

ʈʠʩ. 25. ʃʝʚʘʷ ʧʘʥʝʣʴ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʚʘʥʪʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʠʜʝʘʣʴʥʳʭ ɸʌʄ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ          

k =0,01 ʠ S=500. ʇʨʘʚʘʷ ʧʘʥʝʣʴ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʪʘʪʠʯʝʩʢʠʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʘʥʩʘʤʙʣʷ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʯʠʩʪʦʤ ʤʘʛʥʠʪʥʦʤ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ, Hhf = 500ʢʕ) ʠ 

ʩʤʝʰʘʥʥʦʤ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ, Hhf = 500ʢʕ, q = 0,35ʤʤ/ʩ) ʩʚʝʨʭʪʦʥʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 
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ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʠ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʩʨ. ʨʠʩ. 

23, ʩʧʨʘʚʘ). ʂʨʦʤʝ ʪʦʛʦ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ ʛʘʤʤʘ-

ʨʝʟʦʥʘʥʩʘ (ʢʦʥʝʯʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ũ) ʥʠʚʝʣʠʨʫʝʪ ʢʚʘʥʪʦʚʳʝ ʘʨʪʝʬʘʢʪʳ, ʜʦʣʛʦ 

ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ (160), ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʣʘʙʠʪʴ 

ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʣʠʯʠʥʝ ʤʘʢʨʦʩʧʠʥʘ S, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʚʘʥʪʦʚʘʷ ʤʦʜʝʣʴ 

(152, 154ï158) ʦʩʪʘʸʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɸʌʄ ʥʘʥʦʯʘʩʪʠʮ. 

3.3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʧʦʨʦʰʢʦʚ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ Fe2O3 [101]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʤʘʛʥʠʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʧʨʠʨʦʜʝ, ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʪʘʢʞʝ ʥʝʪʦʢʩʠʯʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʩʥʦʚʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʈʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘʩʪʦʷʪʝʣʴʥʦ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʠʢ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

ʄʝʪʦʜʳ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʠ 

ʬʦʨʤʫ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ, ʦʜʥʘʢʦ ʦʥʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʤʘʛʥʠʪʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʠʢʠ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʲʸʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʯʘʩʪʫʶ 

ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʩʠʣʴʥʦʛʦ ʫʰʠʨʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʦʪ ʟʸʨʝʥ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. 

ʍʠʤʠʯʝʩʢʠʝ (ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ) ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʥʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʘʟʳ. 
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʛʘʤʤʘ-

ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʫʚʝʢʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʘʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʦʙʲʸʤʥʳʭ, ʪʘʢ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.           

ɺʦ-ʧʝʨʚʳʭ, ʨʝʢʦʨʜʥʦ ʤʘʣʘʷ ʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ 

ʩʚʝʨʭʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʷʜʝʨʥʳʭ ʫʨʦʚʥʝʡ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʥʫʪʨʠʘʪʦʤʥʳʤʠ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʘ ʟʥʘʯʠʪ, ʚʘʣʝʥʪʥʦʩʪʷʤʠ ʧʦʛʣʦʱʘʶʱʠʭ ʘʪʦʤʦʚ ʠ ʠʭ 

ʭʠʤʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ, ʪʘʢ ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʚʢʣʘʜʳ ʦʪ ʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ, ʘ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʲʸʤʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʘʤ, ʘ ʪʘʢʞʝ 

ʤʘʣʦʝ ʚʨʝʤʷ ʨʘʩʧʘʜʘ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʜʨʘ, ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʤʘʣʳʭ ʯʘʩʪʠʮ, 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʨʘʟʤʝʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʧʨʠʩʫʱʠʝ 

ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʲʝʢʪʘʤ. 

ʅʘʢʦʥʝʮ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢ ʣʦʢʘʣʴʥʳʤ 

ʧʦʣʷʤ ʚ ʦʙʣʘʩʪʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʜʝʨ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʫʩʨʝʜʥʸʥʥʳʤ ʧʦ ʦʙʨʘʟʮʫ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʜʝʣʘʝʪ ʝʸ ʤʦʱʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʪʦʣʴ 

ʙʦʛʘʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʸʥʥʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʘʜʝʢʚʘʪʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʉʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʦʙʦʣʦʯʢʝ ʠʟ ʜʝʢʩʪʨʘʥʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ [102], ʧʦʩʚʷʱʸʥʥʦʡ ʠʭ ʚʩʝʩʪʦʨʦʥʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʗʄʈ- ʠ 

ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʚʰʝʡ ʧʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʯʝʥʴ 

ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʠ ʜʘʥʥʳʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʤʘʣʳʡ ʨʘʟʙʨʦʩ ʜʠʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʷʜʝʨ ʩ ʤʘʢʩʠʤʫʤʦʤ   
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ʚʦʟʣʝ 3 ʥʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʘʚʪʦʨʘʤʠ [102] ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʫʯʸʥʳʭ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʘʥʩʘʤʙʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʤʘʣʳʭ ʯʘʩʪʠʮ. ʇʦʣʘʛʘʷ ʠʟʥʘʯʘʣʴʥʦ, 

ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʜʝʣʦ ʩ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʤʘʛʛʝʤʠʪʘ g-Fe2O3, 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ [102] ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʵʚʦʣʶʮʠʶ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʦʪ 

ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʝʢʩʪʝʪʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʜʫʙʣʝʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʢʘʢ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ 

ʦʪ çʚʤʦʨʦʞʝʥʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ʩʧʠʥʦʚ ʢ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʤʫ. ɺ ʵʪʠʭ ʞʝ 

ʪʝʨʤʠʥʘʭ ʠʤʠ ʪʨʘʢʪʦʚʘʣʠʩʴ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ 

ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʢʦʩʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʷʜʝʨʥʦʤʫ 

ʤʘʛʥʠʪʥʦʤʫ ʨʝʟʦʥʘʥʩʫ ʥʘ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʦʡ 

ʦʙʦʣʦʯʢʠ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʪʨʫʜʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʩʧʠʩʳʚʘʣʠʩʴ ʥʘ ʥʘʣʠʯʠʝ ʚ ʯʘʩʪʠʮʘʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʠ ʥʘ ʚʣʠʷʥʠʝ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɾʝʣʘʷ ʧʨʦʚʝʨʠʪʴ ʩʚʦʠ ʚʳʚʦʜʳ, ʘʚʪʦʨʳ [102] ʦʙʨʘʪʠʣʠʩʴ ʢ ʥʘʤ ʩ 

ʧʨʝʜʣʦʞʝʥʠʝʤ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʫ ʥʠʭ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʜʘʥʥʳʭ, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʠʚ ʠʭ ʚ ʥʘʰʝ ʨʘʩʧʦʨʷʞʝʥʠʝ. ʕʪʠ 

ʜʘʥʥʳʝ, ʨʘʥʝʝ ʫʞʝ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 26. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ ʤʳ ʚʳʙʨʘʣʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʫʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʤʦʜʝʣʴ 

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ [34], ʦʙʦʙʱʸʥʥʫʶ ʥʘ ʩʣʫʯʘʡ ʥʘʣʠʯʠʷ 

ʚ ʩʠʩʪʝʤʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [69]. ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʤʠʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʨʭʪʦʥʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʢʦʥʪʘʢʪʥʦʛʦ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ŭ, ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ Hhf ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ q, 

ʚʳʩʪʫʧʘʶʪ ʭʘʨʘʢʪʝʨʥʘʷ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʟʘʜʘʚʘʝʤʘʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ KV (K ï ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ, V ï ʦʙʲʸʤ ʯʘʩʪʠʮʳ), ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ D, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 26, ʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. 
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ʈʠʩ. 26. ʄyʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ) ʥʘʥʦʯʘʩʪʠʮ Fe2O3 ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʄʋʈ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. 












































