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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʩʨʝʜʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʩʨʝʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ [1]. 

ʅʘʟʦʚʝʤ ʩʦʭʨʘʥʷʶʱʠʤ ʧʦʣʷʨʠʟʘʮʠʶ ʘʥʠʟʦʪʨʦʧʥʳʤ ʟʝʨʢʘʣʦʤ (ʉʇɸɿ) ʟʝʨʢʘʣʦ, 

ʢʦʪʦʨʦʝ ʥʝ ʤʝʥʷʝʪ ʟʥʘʢ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ. ʀʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ʉʇɸɿ ï ʵʪʦ 

ʭʦʣʝʩʪʝʨʠʯʝʩʢʠʡ ʞʠʜʢʠʡ ʢʨʠʩʪʘʣʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ [2]. 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ï ʵʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚ ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ [3]. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ï ʭʠʨʘʣʴʥʳʡ ʤʝʪʘʤʘʪʝʨʠʘʣ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʜʣʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʉɺʏ ʜʠʘʧʘʟʦʥʘ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʉʇɸɿ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʬʝʨʦʠʜʘʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʟʨʘʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ. ʅʘʥʦʢʦʤʧʦʟʠʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ()wemix , 

ʦʧʠʩʳʚʘʝʤʦʡ ʬʦʨʤʫʣʦʡ ʄʘʢʩʚʝʣʣ-ɻʘʨʥʝʪʪʘ ʠ ʷʚʣʷʶʱʝʡʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʬʫʥʢʮʠʝʡ [5]: 
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ʛʜʝ f ï ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ (ʜʦʣʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʝ), de  ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʨʠʮʳ, ω ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʤʝʪʘʣʣʘ ʥʘʥʦʯʘʩʪʠʮ ʥʘʡʜʝʤ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʙʣʠʞʝʥʠʝ ɼʨʫʜʝ: 
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ɼʣʷ ʩʝʨʝʙʨʘ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʧʦʩʪʦʷʥʥʘʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʢʣʘʜʳ 

ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 50=e , ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ эВp 9=w , 

ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ эВ02.0=g . ɼʣʷ ʤʘʪʨʠʮʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 16.4=de . f =0.3. 
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. ɿʜʝʩʴ t ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ, seʠ

¤e , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʠ ʦʧʪʠʯʝʩʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʌʦʨʤʫʣʘ ɼʝʙʘʷ ʝʩʪʴ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ [6]. 

ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ, ʠ ʚʩʷʢʘʷ ʦʢʨʫʞʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ 

ʦʢʨʫʞʥʦʩʪʴ. ɸ ʧʨʷʤʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʝ, ʵʪʦ ʧʨʝʜʝʣʴʥʳʡ 
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ʩʣʫʯʘʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʨʘʜʠʫʩʦʤ. ʇʦʵʪʦʤʫ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ɼʝʙʘʶ ʥʘ ʣʶʙʦʡ ʯʘʩʪʦʪʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʦʢʨʫʞʥʦʩʪʠ [7]. 

ʌʦʨʤʫʣʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ [1] ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʫʣʘ 

ʄʘʢʩʚʝʣʣ-ɻʘʨʥʝʪʪʘ (1) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʘʣʦʛʦ ʟʘʪʫʭʘʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ 

ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ʇʦʵʪʦʤʫ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʥʘ ʪʘʢʞʝ 

ʠʟʦʙʨʘʟʠʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ (ʨʠʩ 1ʘ). 

ɿʥʘʤʝʥʘʪʝʣʴ ʬʦʨʤʫʣʳ ɼʨʫʜʝ (2) ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ ʠ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʙʦʣʦʡ. ɺ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʙʣʠʟʢʦʡ ʢ 

ʨʝʟʦʥʘʥʩʫ, ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ ʤʥʦʛʦ ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ (g << w). ɺʝʪʚʴ 
ʧʘʨʘʙʦʣʳ ʠʤʝʝʪ ʤʘʣʫʶ ʢʨʠʚʠʟʥʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʭʦʨʜʦʡ, ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ ʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 2w. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
А ʠ B, ʟʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʧʝʨʝʩʝʯʝʥʠʷ ʭʦʨʜʳ ʠ ʧʘʨʘʙʦʣʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ [ ]21,ww . ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ: 
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ʕʪʦ ʫʞʝ ʥʝ ʢʚʘʜʨʘʪʠʯʥʘʷ, ʘ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʢʚʘʜʨʘʪʘ ʯʘʩʪʦʪʳ. ʇʦʜʩʪʘʚʣʷʷ (3) ʚ (2), ʘ 

ʟʘʪʝʤ ʚ (1), ʧʦʣʫʯʘʝʤ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ () ()wewe mixc º , ʢʦʪʦʨʦʝ 

ʦʪʦʙʨʘʞʘʝʪ ʧʨʷʤʫʶ Re2Íw  ʚ ʦʢʨʫʞʥʦʩʪʴ ()wec  ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ [6]. ʇʨʠ 

deeº0  ʵʪʫ ʦʢʨʫʞʥʦʩʪʴ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʦʢʨʫʞʥʦʩʪʴʶ 

 () ()( )( )wjwe iiRmixc exp1 ++º , (4) 

ʛʜʝ mixR  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʘʩʪʝʪ ʩ ʬʘʢʪʦʨʦʤ ʟʘʧʦʣʥʝʥʠʷ f ʠ 

ʫʙʳʚʘʝʪ ʩ ʟʘʪʫʭʘʥʠʝʤ g, ʜʣʷ ʨʠʩ. 1ʘ 5.64=mixR . ɺ ʤʘʩʰʪʘʙʝ ʨʠʩ. 1ʘ. ʦʪʣʠʯʠʝ ʜʣʷ 

ʧʘʨʘʙʦʣʳ ʠ ʭʦʨʜʳ ʥʝ ʟʘʤʝʪʥʦ. ʈʠʩ 1ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʦʪʣʠʯʠʷ 

() ()wewe cmix -  ʥʘ 3 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ. ʕʪʘ ʨʘʟʥʦʩʪʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʚ ʪʦʯʢʘʭ 

2,1ww= , ʘ ʪʘʢʞʝ ʧʨʠ ¤w . ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ¤w  ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʨʛʫʤʝʥʪʘ ʧʨʦʧʘʜʘʝʪ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʘ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʧʘʨʘʙʦʣʘ ʠ ʝʝ ʭʦʨʜʘ ʧʝʨʝʩʝʢʘʶʪʩʷ ʪʨʝʪʠʡ ʨʘʟ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 
 

 
ʈʠʩ. 1. ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʯʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ () dmix ewe /  ʦʪ 

ʨʝʘʣʴʥʦʡ; ʙ) ɺʝʣʠʯʠʥʘ ʦʪʣʠʯʠʷ () ()( ) dcmix ewewe /-  ʜʣʷ ʧʘʨʘʙʦʣʳ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʭʦʨʜʳ. 
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ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇ) ʩʨʝʜʳ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʆʧʝʨʘʮʠʷ ʚʟʷʪʠʷ ʢʦʨʥʷ ʝʩʪʴ ʜʚʫʣʠʩʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʥʝ ʩʦʭʨʘʥʷʝʪ ʦʢʨʫʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʇʇ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʘʚʠʣʴʥʳʡ ʦʚʘʣ, ʠʤʝʶʱʠʡ ʟʝʨʢʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʦʪʨʘʞʝʥʠʶ ʚʦʣʥʳ ʠ ʠʟʦʙʨʘʟʠʤ ʝʛʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʌʦʨʤʫʣʘ ʌʨʝʥʝʣʷ ʜʣʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʇʇ: 

 
eo

eo

eo
nn

nn
r

,1

,1

,
+

-
= , (5) 

ʛʜʝ 1n  ï ʇʇ ʩʨʝʜʳ, ʛʨʘʥʠʯʘʱʝʡ ʩ ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ. ʇʨʠ 01 e=n ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʭʨʘʥʷʝʪ ʟʝʨʢʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʠʤʦʡ ʦʩʠ. ɼʘʣʝʝ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʨʤʠʨʦʚʢʫ 101 =º en . ɺʩʷ ʢʨʠʚʘʷ ()wr  ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ 

ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ (ʨʠʩ. 2ʘ). ʄʥʠʤʘʷ ʯʘʩʪʴ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʯʘʩʪʦʪ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʥʠʤʦʡ ʯʘʩʪʴʶ ʇʇ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʝ. 
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ʈʠʩ. 2. ʘ) ɸʤʧʣʠʪʫʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʙ) ʈʘʟʣʦʞʝʥʠʝ ʥʘ 

ʩʠʥʬʘʟʥʫʶ ʠ ʧʨʦʪʠʚʦʬʘʟʥʫʶ ʢʦʤʧʦʥʝʥʪʳ. 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʜʝʩʴ ʧʨʦʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʤʦʛʘʶʪ ʨʝʰʘʪʴ 

ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʥʘʭʦʜʠʪʴ ʧʦ ʪʨʝʙʫʝʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʨʘʞʝʥʠʷ ʥʫʞʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʟʝʨʢʘʣʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʉʇɸɿ ʠʜʝʘʣʴʥʳʤʠ ʙʫʜʫʪ ʪʦʯʢʠ 

1, °=i

eor , ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʨʠʩ. 2ʘ, ʦʥʠ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʠʤʦʡ ʦʩʠ: 
i

e

i

o rr -= . 

ʋʩʣʦʚʠʝ 1, °=eor  ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʥʦʢʦʤʧʦʟʠʪ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʤʥʠʤʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʇʇ ʠ ʦʪʨʘʞʝʥʠʷ. 

ʆʪʣʠʯʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʉʇɸɿ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʤʠ 

ʜʚʫʭ ʚʠʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʦʪʝʨʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʧʦʪʝʨʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʦʪʨʘʞʝʥʠʠ ʝʩʪʴ ʥʝʥʫʣʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʟʝʨʢʘʣʦ ʩʚʝʪʘ ʧʨʘʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʡ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ. 
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ʅʘ ʨʠʩ. 2ʙ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʩʠʥʬʘʟʥʳʝ ʠ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

( ) ( )2/,2/|| eoeo rrrrrr -=+= ^ . ʉʠʥʬʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʘʶʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʧʦʪʝʨʠ. ʇʨʦʪʠʚʦʬʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʘʶʪ ʦʪʨʘʞʝʥʠʝ, ʩʦʭʨʘʥʷʶʱʝʝ ʧʦʣʷʨʠʟʘʮʠʶ. 

ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʤʘʢʩʠʤʠʟʠʨʦʚʘʥʳ. ɹʣʘʛʦʜʘʨʷ ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʥʠʤʦʡ ʦʩʠ (() ()ww *rr - ), ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʯʠʩʪʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ: *eo rr -= , Im||Ír , ReÍr̂ .ʕʪʦ ʫʩʣʦʚʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (3) 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʦʩʪʦʤʫ ʫʩʣʦʚʠʶ
*= eo nn /1  ʠʣʠ 

*= eo ee /1 . ʕʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʠʤʝʝʪ 

ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʇʘʨʘ ʪʦʯʝʢ eo ee,  ʣʝʞʠʪ ʥʘ ʩʝʢʫʱʝʡ ʦʢʨʫʞʥʦʩʪʠ (4), 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʦʣʴ (ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ). ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʳ 

ʦ ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʩʝʢʫʱʝʡ [8], ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʭ ʤʦʜʫʣʝʡ ʨʘʚʥʦ ʢʚʘʜʨʘʪʫ ʜʣʠʥʳ 

ʢʘʩʘʪʝʣʴʥʦʡ. 

ʋʩʣʦʚʠʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʉʇɸɿ ï ʤʘʢʩʠʤʠʟʘʮʠʷ ʧʨʦʪʠʚʦʬʘʟʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʦʪʨʘʞʝʥʠʷ: max^r . ʄʘʢʩʠʤʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʟʘʜʘʯʫ, 

ʧʦʵʪʦʤʫ ʚʳʙʝʨʝʤ ʩʝʢʫʱʫʶ ʧʦ ʩʚʦʝʤʫ ʧʨʦʠʟʚʦʣʫ, ʥʘʧʨʠʤʝʨ, ʤʥʠʤʫʶ ʦʩʴ. ɼʣʷ ʥʝʝ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ )2/(1,2 mixomixe RR == ee  ʠʣʠ .2/)1(,)1( ninnin eo +=+=  ʈʘʩʯʝʪ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʘ ʧʘʨʘ ʪʦʯʝʢ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʧʘʨʳ. ʀʪʘʢ, 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʝʰʝʥʠʝ ( )[ ]./5,0;1, mixmixTL RRin +=

 ɿʝʨʢʘʣʦ, ʦʙʣʘʜʘʶʱʝʝ ʪʘʢʠʤʠ ʇʇ, ʧʨʠ 100=mixR  ʧʝʨʝʚʦʜʠʪ 80% ʵʥʝʨʛʠʠ 

ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʚ ʦʪʨʘʞʝʥʥʫʶ ʚʦʣʥʫ ʪʦʡ ʞʝ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʉʇɸɿ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʥʘʜʦ ʥʘʡʪʠ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʦʪʫ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʠʝ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ ʩʚʝʪʘ ʠʤʝʣʦ ʙʳ 

ʦʜʠʥʘʢʦʚʫʶ ʘʤʧʣʠʪʫʜʫ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʬʘʟʫ. ʕʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʠʟ ʩʝʨʝʙʨʷʥʳʭ ʩʬʝʨʦʠʜʦʚ, ʩʧʣʶʱʝʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʠ ʧʦʤʝʱʝʥʥʳʭ ʚ ʤʘʪʨʠʮʫ ʩ ʇʇ ʙʣʠʟʢʠʤ ʢ n1. ɼʘʥʥʦʝ ʟʝʨʢʘʣʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʪʘʤʤʦʚʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩʦ ʩʣʦʝʤ ʭʦʣʝʩʪʝʨʠʯʝʩʢʦʛʦ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ [9]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ ʈʌ ʉʠʙʠʨʩʢʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʚ 2016 ʛ. 

(ɿʘʜʘʥʠʝ ˉ 3.1276.2014/K), ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ ʉʇ-

227.2016.5). 
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ʇʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʥʝʚʳʨʦʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʜʚʫʭʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ. ʅʘʡʜʝʥ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ 

ω(k) ʠ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ ʚ ʜʚʫʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ. 

       ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʚʫʭʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʝʝʪ ʚʠʜ [1] 
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pE FF uuC

,     (1) 

ʛʜʝ D - ʧʦʣʫʰʠʨʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ ʧʨʠ р = 0, t  ̂å 0.35 ʵɺ ï ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʪʠʷ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʝʥʘ, uF - ʩʢʦʨʦʩʪʴ ʌʝʨʤʠ (uF º 106 ʤ/ʩ), ),( yx ppp=
C

. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ (1) ʩʧʨʘʚʝʜʣʠʚ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʷʤ ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʧʦʣʝʡ, ʘ 

ʪʘʢʞʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʦʜʦʣʴʥʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʚʳʨʦʞʜʝʥʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʝʭʤʝʨʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ [2] ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ f ï ʨʘʚʥʦʚʝʩʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ppE
CCC
µµ= /)(u . 

ʈʘʚʥʦʚʝʩʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʙʝʨʝʤ ʚ ʬʦʨʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ: )/)(exp()( TpEApf
CC

-=  (T - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ, A - ʧʦʩʪʦʷʥʥʘʷ ʥʦʨʤʠʨʦʚʢʠ). 

ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ k
C

 ʚ ʢʘʯʝʩʪʚʝ ʦʩʠ x. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʩʴ x 
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ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: T/D=a , ^D= t/2ab . 

ɺʳʧʦʣʥʠʚ ʧʝʨʝʭʦʜ ʦʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʠ ʧʝʨʝʭʦʜʷ ʚ ʧʦʣʷʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ʇʨʠ 1/ >>Fkuwa  ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʤʝʝʤ 
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ʛʜʝ neTa 24/ p= , n - ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, Erf(x) ï ʬʫʥʢʮʠʷ 

ʦʰʠʙʦʢ. 
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ b << 1, ʠʤʝʝʤ 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʣʘʟʤʝ 

ʧʨʦʜʦʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʣʥ. ɿʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʵʪʠʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

0),( =k
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ b << 1, ʠʤʝʝʤ 
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ʛʜʝ g - ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ. ɺ ʩʠʣʫ ʫʩʣʦʚʠʷ ka2 << 1, ʜʝʢʨʝʤʝʥʪ 

ʟʘʪʫʭʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʘʣʳʤ. ʆʥ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʧʨʠ ka2 ~ 1 (ʢʦʛʜʘ (8) ʫʞʝ ʥʝʧʨʠʤʝʥʠʤʘ) ʩʪʘʥʦʚʠʪʩʷ ʪʦʛʦ 

ʞʝ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʠ ʯʘʩʪʦʪʘ, ʪʘʢ ʯʪʦ ʧʦʥʷʪʠʝ ʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥʘʭ ʪʝʨʷʝʪ ʩʤʳʩʣ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʝʨʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ, ʦʧʠʩʳʚʘʝʤʳʤ ʢʚʘʜʨʘʪʠʯʥʳʤ ʩʧʝʢʪʨʦʤ, ʚ ʜʚʫʭʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ 

ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʨʝʜʝ ʩʣʘʙʝʝ. ʕʪʦʪ ʬʘʢʪ ʜʝʣʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ (ʠʥʬʦʨʤʘʮʠʠ) 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ. 

ʇʣʘʟʤʝʥʥʳʝ ʚʦʣʥʳ ʚ 2D ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3D ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʧʝʢʪʨ 2D ʧʣʘʟʤʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʙʝʩʱʝʣʝʚʳʤ ʠ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʦʡ ʜʠʩʧʝʨʩʠʝʡ k~2w  [3]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ (6) ʯʘʩʪʦʪʘ ʧʣʘʟʤʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʜʚʫʭʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ ʤʦʞʥʦ ʤʝʥʷʪʴ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʠʟʤʝʥʷʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʪʦ ʯʘʩʪʦʪʦʡ ʧʣʘʟʤʦʥʦʚ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʘ ʠʤʝʥʥʦ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʦʙʲʸʤʥʳʭ ʧʨʷʤʳʭ ʠ ʦʙʲʸʤʥʳʭ ʦʙʨʘʪʥʳʭ. 
 

 

                 а                                             ʙ                                               ʚ               
ʈʠʩ. 1: ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʷʤʳʭ ʦʙʲʸʤʥʳʭ (ʘ), ʦʙʨʘʪʥʳʭ ʦʙʲʸʤʥʳʭ (ʙ) ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʚ) 

 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʤʝʥʝʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʚʠʜʫ ʪʦʛʦ, 

ʯʪʦ ʤʦʜʫʣʠʨʫʶʪ ʩʚʝʪʦʚʫʶ ʚʦʣʥʫ ʪʦʣʴʢʦ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʧʣʸʥʢʠ, 

ʠʟ-ʟʘ ʯʝʛʦ ʜʣʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʯʝʥʴ ʤʘʣʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʦʙʱʝʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʵʬʬʝʢʪʘ ʂʝʨʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʦʛʨʘʥʠʯʝʥʳ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʧʦ 

ʯʘʩʪʦʪʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʘʩʧʝʢʪʝ ʤʝʥʴʰʝʛʦ ʚʳʙʦʨʘ ʯʘʩʪʦʪ ʚʧʣʦʪʴ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʦʩʳ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ, ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʙʨʘʪʥʳʝ ʦʙʲʸʤʥʳʝ ʚʦʣʥʳ ʦʧʪʠʤʘʣʴʥʳ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ï ʪʦʛʜʘ ʜʣʠʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʦʣʫʯʘʝʪʩʷ 

ʢʦʨʦʪʢʦʡ ʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʇʨʷʤʳʝ 

ʦʙʲʸʤʥʳʝ ʚʦʣʥʳ ʥʘ ʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ, ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʤʦʜʫʣʷʪʦʨ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʭʦʨʦʰʝʡ ʯʘʩʪʦʪʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 

ʉ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʦʚ ʌʘʨʘʜʝʷ ʠʣʠ ʂʝʨʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʜʠʬʨʘʛʠʨʦʚʘʚʰʠʡ ʧʫʯʦʢ ʩʚʝʪʘ ʠʩʧʳʪʳʚʘʝʪ ʚʨʘʱʝʥʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʟʜʝʣʠʪʴ ʜʠʬʨʘʛʠʨʦʚʘʚʰʠʡ ʠ 

ʥʝʜʠʬʨʘʛʠʨʦʚʘʚʰʠʡ ʧʫʯʢʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʪʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʟʤʦʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʣʠʙʦ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʸʥʦʢ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ (LuBi)3Fe5O12 

ʚʦʟʥʠʢʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ, ʚʦ-ʧʝʨʚʳʭ, ʫʩʠʣʠʚʘʶʪʩʷ 

ʵʬʬʝʢʪʳ ʂʝʨʨʘ ʠ ʌʘʨʘʜʝʷ, ʯʪʦ ʦʧʠʩʳʚʘʣʦʩʴ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʘ ʘʥʠʟʦʪʨʦʧʥʘʷ ʜʠʬʨʘʢʮʠʷ ʟʘ ʩʯʸʪ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʣʘʟʤʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʥʘʷ ʜʠʬʨʘʢʮʠʷ ʩʚʝʪʘ ʥʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʦʣʥʘʭ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʨʘʥʝʝ. ʊʘʢʘʷ ʜʠʬʨʘʢʮʠʷ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʡ ʢʣʘʩʩ ʧʨʠʙʦʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. 

 ɺ ʩʣʫʯʘʝ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʩʚʝʪ ʚʭʦʜʠʪ ʧʦʜ ʫʛʣʦʤ ʚ (LuBi)3Fe5O12, ʦʪʨʘʞʘʝʪʩʷ ʦʪ 

ʟʘʜʥʝʡ ʛʨʘʥʠʮʳ ʧʣʸʥʢʠ, ʧʦʢʨʳʪʦʡ ʤʝʪʘʣʣʦʤ (ʧʨʠ ʵʪʦʤ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ  
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ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ) ʠ ʚʳʭʦʜʠʪ ʠʟ (LuBi)3Fe5O12.. ɺ ʩʣʫʯʘʝ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʩʚʝʪ 

ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠʮʳ (LuBi)3Fe5O12, ʧʦʢʨʳʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʷʚʣʷʶʱʝʡʩʷ ʧʣʘʟʤʦʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ ʠ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʂʝʨʨʘ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʠʟʤʝʨʝʥ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ (LuBi)3Fe5O12: ʙʳʣ 

ʠʟʤʝʨʝʥ ʩʧʝʢʪʨ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʠ ʥʦʨʤʠʨʦʚʘʥ ʥʘ ʩʧʝʢʪʨ ʣʘʤʧʳ. ʊʘʢʞʝ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʠ ʩʨʘʚʥʸʥ ʩ ʛʨʘʬʠʢʦʤ 1. 

ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢ ʨʠʩʫʥʢʝ 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʧʠʢ ʚ ʞʸʣʪʦ-ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ ʦʧʨʘʚʜʘʥʦ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʦʵʪʦʤʫ, ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ 

532 ʥʤ. ʊʘʢʞʝ, ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 600-900 ʥʤ ʟʘʤʝʪʥʳ ʦʩʮʠʣʣʷʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʣʦʷ (LuBi)3Fe5O12, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠ-ʇʝʨʦ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ. 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʷʤʳʭ ʦʙʲʸʤʥʳʭ, ʦʙʨʘʪʥʳʭ ʦʙʲʸʤʥʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, ʠʟʦʙʨʘʞʸʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 2, ʧʦʢʘʟʳʚʘʝʪ ʩʭʦʞʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ 

ʪʝʤ ʭʦʜʦʤ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1, ʥʦ ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʙʨʘʟʝʮ ʩ ʤʝʥʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪ ʠ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ ʚʦʟʙʫʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ 

(LuBi)3Fe5O12 ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʣʦʥʸʥʥʦʡ ʢ ʥʝʤʫ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʩʠʣʴʥʦʤ 

ʧʦʩʪʦʷʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʤʘʛʥʠʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʷʜʦʤ, ʢʦʪʦʨʦʝ ʜʘʸʪ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ. ɿʘʪʝʤ ʩʧʠʥʦʚʘʷ ʚʦʣʥʘ ʧʨʦʭʦʜʠʪ ʧʦ (LuBi)3Fe5O12 ʠ 

ʚʦʟʙʫʞʜʘʝʪ ʪʦʢ ʚ ʧʨʦʚʦʜʥʠʢʝ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʳ ï ʵʪʦ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʪʝʨʷʭ ʚ 

ʛʨʘʥʘʪʝ. 

 
 

ʈʠʩ. 2: ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ. 
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ʇʦʩʪʦʷʥʥʦʝ ʧʦʣʝ (10 ʤʊʣ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʤʘʛʥʠʪʦʤ 

(ʥʘ ʨʠʩʫʥʢʝ 3 ʨʘʩʧʦʣʦʞʝʥ ʩʧʨʘʚʘ), ʥʘ ʧʝʨʝʜʘʶʱʫʶ ʘʥʪʝʥʥʫ ʧʦʩʳʣʘʝʪʩʷ ʨʘʜʠʦʠʤʧʫʣʴʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʤʢʩ ʩ ʯʘʩʪʦʪʦʡ ʥʝʩʫʱʝʡ 0.8 ɻɻʮ, ʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʨʠʥʷʪʦʛʦ ʧʨʠʸʤʥʦʡ 

ʘʥʪʝʥʥʦʡ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʭʘʨʘʢʪʝʨʝ ʩʧʠʥʦʚʦʡ ʚʦʣʥʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʣʸʥʢʘ 

ʪʦʣʱʠʥʦʡ 4,47 ʤʢʤ (ʥʘ ʨʠʩʫʥʢʝ 3 ʨʘʩʧʦʣʦʞʝʥʘ ʩʣʝʚʘ).  

 

 

 

 
 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʜʣʷ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʘ 

 
ʈʠʩ. 5: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

 
ʈʠʩ. 3: ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. ʈʠʩ. 4: ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʬʘʟʦʚʦʡ 

ʟʘʜʝʨʞʢʠ ʦʪ ʯʘʩʪʦʪʳ. 
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ʌʘʨʘʜʝʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʇʇʇ ʤʝʪʦʜʦʤ ʂʨʝʯʤʘʥʘ ï ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʸʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʚʝʨʭʥʠʡ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʭʦʜʠʪ ʩʚʝʪ, ʷʚʣʷʝʪʩʷ ʧʦʜʣʦʞʢʦʡ 

BiLuIG/YIG ʠ ʩʦʩʪʦʠʪ ʠʟ GdGaG, ʪʦʣʱʠʥʦʡ . ɼʘʣʝʝ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʦʡ ʛʨʘʥʘʪʘ 

ʪʦʣʱʠʥʦʡ 1,6 ʤʢʤ ʠ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʩʣʦʷ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 200 ʥʤ ʧʦʜ ʥʠʤ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʇʇʇ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʌʘʨʘʜʝʷ ʚ ʩʣʦʝ ʛʨʘʥʘʪʘ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʬʘʟʦʚʘʷ ʟʘʜʝʨʞʢʘ ʦʙʨʘʟʮʘ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʤʝʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʝʝʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ, ʚ 0.6 ʠ 0.75 ɻɻʮ, ʘ ʬʘʟʦʚʘʷ ʟʘʜʝʨʞʢʘ ʚ ʤʘʢʩʠʤʫʤʘʭ 

ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʥʠʷ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʣʠʥʠʡ ʢ ʛʦʨʠʟʦʥʪʘʣʠ), ʠʟ 

ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʠʤʝʶʪ ʧʨʠʨʦʜʫ ʜʚʫʭ ʪʠʧʦʚ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ, ʚ ʨʘʡʦʥʝ 0.75 ɻɻʮ, ʠʤʝʝʪ ʤʝʥʴʰʫʶ 

ʩʢʦʨʦʩʪʴ ʚ ʩʣʝʜʩʪʚʠʠ ʙʦʣʴʰʝʡ ʟʘʜʝʨʞʢʠ ʬʘʟʳ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥ ʧʫʯʦʢ ʩʚʝʪʘ, ʩʚʝʨʭʫ ʧʘʜʘʶʱʠʡ ʥʘ ʩʣʦʡ ʛʨʘʥʘʪʘ ʠ 

ʦʪʨʘʞʘʶʱʠʡʩʷ ʦʪ ʩʣʦʷ ʟʦʣʦʪʘ, ʥʘʧʳʣʸʥʥʦʛʦ ʩʥʠʟʫ ʥʘ ʩʣʦʡ ʛʨʘʥʘʪʘ. ʊʘʢʞʝ, ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ, ʢʦʪʦʨʳʡ ʚʠʜʝʥ ʥʘ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʤʝʪʘʣʣʘ, 

ʚʦʟʥʠʢʘʶʪ ʠʟʤʝʥʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʣʘʟʤʦʥʘ ʚ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʤ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʡ ʟʘʜʝʨʞʢʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ 

ʚʦʣʥʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ (LuBi)3Fe5O12  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʚʝʪʘ. 
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ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʳ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʦʥʘʥʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ [1,2]. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʳ - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ ʨʘʟʥʳʤʠ ʟʥʘʢʘʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ [3]. ʇʨʠ ʵʪʦʤ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʚ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ ʵʪʦ ʊʄ ʤʦʜʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ [4,5]. ɺ  ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʪʦ ʣʠʙʦ ʊɽ, ʣʠʙʦ ʊʄ ʤʦʜʳ [4,5].  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ. ɺ ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʨʷʜʘ 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʪʝʥʟʦʨ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ [6,7], ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ [8,9], 

ʭʠʨʘʣʴʥʳʭ [10] ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʦʚ, ʪʘʢ ʢʘʢ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʤʦʣʝʢʫʣʳ ʩʘʭʘʨʘ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʨʦʚʠ ʠ ʩʣʶʥʳ. ʉʘʭʘʨ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳ ʚ ʣʶʙʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʢ ʵʪʦʤʫ 

ʞʝ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʢʘʤʬʘʨʘ, ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ, ʩʢʠʧʠʜʘʨ). ʋ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʦʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʜʠʩʠʤʤʝʪʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʩʘʤʠʭ ʤʦʣʝʢʫʣ. ʆʜʥʘʢʦ ʠʭ 

ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʣʶʢʦʤʝʪʨʦʚ ʜʦʧʫʩʢʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʜʦ 20%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʯʝʡ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ 

ʛʣʶʢʦʤʝʪʨʘʭ ʥʦʚʦʛʦ ʪʠʧʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ. 

ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʜʠʵʣʝʢʪʨʠʢ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ: 

 Ὀᴆ ‐Ὁᴆ  ÒÏÔ Ὁᴆ ȟ  (1) 

ʛʜʝ ‐ - ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ,  - 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʨʘʮʠʠ. ʆʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʦʨʦʪʫ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩʢʚʦʟʴ ʥʝʛʦ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʚʟʘʠʤʥʳʤ: ʝʩʣʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʩʣʦʡ ʚʝʱʝʩʪʚʘ ʩ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪʩʷ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʠʩʭʦʜʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʩʫʤʤʘʨʥʳʡ 
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ʫʛʦʣ ʚʨʘʱʝʥʠʷ ʨʘʚʝʥ ʥʫʣʶ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʠʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ 

ʚʥʫʪʨʠ ʨʝʟʦʥʘʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʥʳʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʤʝʪʘʣʣʘ [7-9]. ʀʟ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʦʜʦʚʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ ʧʦʣʷʨʠʪʦʥʦʚ. ʆʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʦʥʦʚ ʠ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʴ ʩʨʝʜ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʨʘʮʠʠ  ʢ ʊʄ-ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʜʦʙʘʚʣʷʶʪʩʷ ʤʘʣʳʝ 

ʊɽ-ʜʦʙʘʚʢʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʛʠʨʘʮʠʠ ʚʝʱʝʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʘʭʘʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʨʘʮʠʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ 

ʩʘʭʘʨʘ ʚ ʨʘʩʚʪʦʨʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʊɽ ʠ ʊʄ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʭʘʨʘ. 

ʆʜʥʘʢʦ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʥʘ ʛʨʘʥʠʮʝ 

ʪʦʣʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ (ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ ʠʣʠ ʙʦʣʝʝ 50 ʥʤ), ʘʤʧʣʠʪʫʜʘ ʊɽ 

ʢʦʤʧʦʥʝʥʪ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʫʩʠʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʧʣʘʟʤʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʆʜʠʥ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʫʪʝʡ ʩʦʩʪʦʠʪ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʥʦʧʨʦʙʝʞʥʳʭ 

ʤʦʜ ʚ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ [7], ʦʢʨʫʞʝʥʥʳʭ ʦʢʨʫʞʝʥ ʜʚʫʤʷ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʜʳ ʚʩʝ ʙʦʣʝʝ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʚʥʫʪʨʴ ʦʢʨʫʞʘʶʱʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʚʝʩʪʥʦʤʫ ʵʬʬʝʢʪʫ ʫʤʝʥʴʰʝʥʠʷ 

ʤʥʠʤʦʡ ʯʘʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ 

ʧʨʦʙʝʛʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʦʙʨʦʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ 

ʨʝʟʦʥʘʥʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢ 

ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʣʷ ʧʣʘʟʤʦʥʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚʥʫʪʨʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, 

ʘʤʧʣʠʪʫʜʘ ʊɽ ʢʦʤʧʦʥʝʥʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʟʦʣʦʪʦʡ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 8 ʥʤ, ʦʢʨʫʞʝʥʥʦʡ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ n=1.3, ʘʤʧʣʠʪʫʜʘ ʊɽ ʢʦʤʧʦʥʝʥʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2 ʧʦʨʷʜʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʪʦʣʩʪʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

ʇʨʘʢʪʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʠʩʢ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʪʘʢʠʤʠ ʞʝ ʥʠʟʢʠʤʠ, ʢʘʢ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʞʠʜʢʦʩʪʠ ï ʦʙʲʝʢʪʳ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʷʜʝ ʨʘʙʦʪ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ 

ʧʦʜʭʦʜʷʱʠʡ ʜʠʵʣʝʢʪʨʠʢ (ʩʪʝʢʣʦ) ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʣʠʥʥʦʧʨʦʙʝʞʥʦʡ ʤʦʜʳ, ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʫʪʝʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʠ ʠʭ ʪʦʣʱʠʥ ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʡ ʠʤʧʝʜʘʥʩ ʙʳʣ ʨʘʚʝʥ ʠʤʧʝʜʘʥʩʫ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʟʤʦʥ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʝ ʩʦ ʩʪʦʨʦʥʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ï ʟʘ ʩʯʝʪ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ, ʧʦ ʩʫʪʠ, ʩʥʠʤʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʝʪ ʚʦʟʙʫʞʜʘʪʴ 

ʜʣʠʥʥʦʧʨʦʙʝʞʥʳʝ ʤʦʜʳ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʙʦʣʴʰʠʡ ʧʦʚʦʨʦʪ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʤʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʦʥʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʬʬʝʢʪ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʝʩʣʠ 
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ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦʚʧʘʜʘʶʪ ʩ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʳʤʠ, ʪʦ ʦʙʲʝʤʥʘʷ ʚʦʣʥʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʤʝʪʘʣʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʙʫʞʜʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʛʨʘʥʠ ʧʨʠʟʤʳ 

ʠʟʣʫʯʝʥʠʷ, ʠ ʧʨʠ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʩʭʝʤʝ ʆʪʪʦ Ὑ π: 

 Ὑ ρɀ
 

  
 ȟ  (2) 

ʛʜʝ  ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ, Ὧ .- ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʟʤʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʊɽ ʚ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣ-ʜʠʣɻʝʢʪʨʠʢ) ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ Ὑ  ρ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʦʪ 
ʛʨʘʥʠ ʧʨʠʟʤʳ, ʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʇʨʦʠʟʚʦʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʡ: 

 Ὁ  ὧἢἙ ὧἢἏ  ὪἢἙ –ἢἏ Ὢ–ἢἙ ἢἏ ȟ  (3) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὧ ȟ ʟʘʜʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʊɽ ʠ ʊʄ ʢʦʤʧʦʥʝʥʪ ʚ ʧʘʜʘʶʱʝʡ ʚʦʣʥʝ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ Ὢ ȟ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʦʞʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʥʘ 

ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʧʣʘʟʤʦʥʘ ʠ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʝʡ: 

 Ὢ
 
 ȟ (4) 

 Ὢ
 
  ȟ  (5) 

ʢʦʵʬʬʠʮʠʝʥʪ – ὉȾὌ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʶ ʊɽ ʠ ʊʄ ʢʦʤʧʦʥʝʥʪ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 

ʛʨʘʥʠ ʧʨʠʟʤʳ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 Ὅ Ὑ Ὅ Ὑ Ὅ  ȟ  (6) 

ʛʜʝ Ὅ  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʷʨʠʟʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʦʥʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʘʚʝʥ ʥʫʣʶ Ὑ π, ʘ ʜʣʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ - ʝʜʠʥʠʮʝ 

Ὑ ρ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʪʦʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʝʡ 

ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʣʘʟʤʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ: 

 Ὑ Ὢ  ȟ  (7) 

ʄʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʳ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʩʭʝʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1. 

ʉʭʝʤʘ (ʘ) ʦʩʥʦʚʘʥʘ ʥʘ ʩʜʚʠʛʝ ʤʠʥʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʧʨʠ • –, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦʣʷʨʠʟʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʣʷʨʠʟʘʮʠʶ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʣʘʟʤʦʥ ʠʟʣʫʯʝʥʠʷ: 

 Ὑ Ȣ  (8) 
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(а)        (б) 

ʈʠʩ. 1. ʉʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʝʱʝʩʪʚʘ. 

 

ɸʙʩʦʣʶʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʛʠʨʦʪʨʦʧʥʳʤ 

ʩʣʫʯʘʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ: Ὑ ρ  –Ⱦ– , ʠ ʜʘʥʥʘʷ ʩʭʝʤʘ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʙʦʣʴʰʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʘʢʠʭ, ʢʘʢ ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʠʣʠ ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ  ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. 

ʉʭʝʤʘ (ʙ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʦʚ. ʅʘ 

ʚʳʭʦʜʝ ʧʝʨʚʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʊʄ ʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʙʳ ʚ ʠʟʣʫʯʝʥʠʝ 

ʧʣʘʟʤʦʥʘ (ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ). ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪ.ʜ. ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʩʤʝʥʦʡ ʝʛʦ ʧʦʣʷʨʠʟʘʮʠʠ. ʈʦʣʴ ʚʪʦʨʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʦʩʪʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ ʵʪʠʭ ʷʚʣʝʥʠʡ ʊʄ ʢʦʤʧʦʥʝʥʪ ʚ ʦʪʨʘʞʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ. ʆʧʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʠʟʤʝʥʷʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʣʘʟʤʦʥʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʷʷ ʠ 

ʧʦʣʷʨʠʟʘʮʠʶ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʩʪʨʘʮʠʷ ʊɽ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨʘ 

ʩʦʩʪʘʚʠʪ: 

 Ὅ Ȣ  (9) 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʝʸ ʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʧʦʜʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʥʳʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʊʄ ʢʦʤʧʦʥʝʥʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ çʋ.ʄ.ʅ.ʀ.ʂ.è (ˉ0011409). 
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ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ [1]. ʆʥʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʨʷʜʘ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ 

[2,3], ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ [4,5], ʭʠʨʘʣʴʥʳʭ [6] ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʘʭ (ʊʀ) ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʳʭ ʤʦʜ. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʦʥʥʳʝ ʠʟʦʣʷʪʦʨʳ (ʜʠʵʣʝʢʪʨʠʢʠ), 

ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʨʦʚʦʜʷʱʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [7,8]. ɼʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ὄὭ Ὓὦ,  Ὓὲ, ὄὭὛὩ, ὄὭὝὩ ʠ 

ʜʨʫʛʠʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʫʱʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠʥʚʝʨʩʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʥʝʩʝʥʠʠ ʦʙʨʘʟʮʘ ʚ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʣʠ ʚʥʝʜʨʝʥʠʠ ʧʨʠʤʝʩʝʡ ʚ ʥʝʛʦ) ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʘʭ 

ʚʳʟʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. ɸʢʩʠʦʥʥʳʡ 

ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʚʷʟʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚʦʣʥʳ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʣʘʛʨʘʥʞʠʘʥʦʤ ὒ Ὁᴆ ὄᴆ, ʛʜʝ  ï ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ɡ - ʪ.ʥ. ʢʚʘʥʪʦʚʘʥʥʳʡ ʘʢʩʠʦʥʥʳʡ ʫʛʦʣ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʢʨʘʪʥʘ ʥʝʯʝʪʥʦʤʫ 

ʯʠʩʣʫ “. ʄʘʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʩ ʘʢʩʠʦʥʥʳʤ 

ʵʬʬʝʢʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 Ὀᴆ ‐Ὁᴆ ὄᴆ  (1) 

 Ὄᴆ ὄᴆ Ὁᴆ  (2) 

ʛʜʝ   . ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʥʫʪʨʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʩ ʘʢʩʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʥʝ 

ʩʦʜʝʨʞʠʪ ʢʘʢʠʭ-ʣʠʙʦ ʯʣʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʢʩʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʘʢʩʠʦʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʚ ʦʙʲʝʤʝ ʩʨʝʜʳ (ʧʦʣʷʨʠʟʘʮʠʶ ʠ 

ʧʦʩʪʦʷʥʥʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ) ʧʨʠ ʣʶʙʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʧʦʣ̫ʨʠʟʘʮʠʷʭ ʠʟʣʫʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʟʘ 

ʩʯʝʪ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚʦʟʥʠʢʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʠ ʪʦʢʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʢʩʠʦʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʩʦ ʩʨʝʜʦʡ, ʥʝ ʦʙʣʘʜʘʶʱʝʡ 

ʘʢʩʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠʣʠ ʧʨʝʣʦʤʣʝʥʠʠ [9-13]. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʘʢʩʠʦʥʥʳʤ ʠʟʦʣʷʪʦʨʦʤ ʥʝ ʦʜʥʦʢʨʘʪʥʦ, ʘ ʧʦʩʪʦʷʥʥʦ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚʜʦʣʴ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʥʥʦ ʵʪʦʪ ʩʣʫʯʘʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʩ ʘʢʩʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʠ ʤʝʪʘʣʣʘ. 

ɼʠʩʧʝʨʩʠʦʥʥʳʝ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ 

ʧʣʘʟʤʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ çʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ/ʤʝʪʘʣʣè ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 
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ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɼʣʷ 

ʧʨʦʩʪʦʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʤʘʣʦʤʫ 

ʧʘʨʘʤʝʪʨʫ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ  ρȾρσχḺ
ρ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠ ʵʪʦʤ ʥʝ ʩʦʜʝʨʞʠʪ ʯʣʝʥʦʚ, 

ʣʠʥʝʡʥʳʭ ʧʦ ɻ, ʧʦʵʪʦʤʫ ʘʢʩʠʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 
ʧʦʩʪʦʷʥʥʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ .  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʠ ʊʄ-ʤʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʙʦʣʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʊɽ-ʜʦʙʘʚʢʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʵʣʣʠʧʪʠʯʝʩʢʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʥʘʷ ʊʄ-ʚʦʣʥʘ (ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʦʙʳʯʥʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ “Ⱦς) ʠʩʧʳʪʳʚʘʝʪ ʥʘʢʣʦʥ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘ ʩʯʝʪ 

ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʫʛʦʣ 

 •   (3) 

ʚʦʢʨʫʛ ʦʩʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʛʜʝ β ï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʊɽ ʠ ʊʄ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ: 

 ’ , (4) 

ʏʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ’ ʥʝʚʝʣʠʢʘ ʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ρπ , 

ʪʘʢ ʢʘʢ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʦʣʷʪʦʨʘ ʠ ʤʝʪʘʣʣʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʟʘ ʩʯʝʪ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ 

ʚʘʞʥʦ ʥʘʡʪʠ ʫʩʣʦʚʠʷ ʫʩʠʣʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ. 

ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʝʭʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʊʀ-ʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʢ. ɺ ʧʦʜʦʙʥʳʭ ʪʨʝʭʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ 

ʤʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʨʝʰʝʥʠʷʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ: ʤʦʜʘ, ʠʤʝʶʱʘʷ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

- ʪ.ʥ. ʙʳʩʪʨʘʷ ʤʦʜʘ (ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʥʘ ʠʤʝʝʪ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʡ 

ʧʨʦʬʠʣʴ), ʠ ʤʦʜʘ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʪ.ʥ. ʤʝʜʣʝʥʥʘʷ 

ʤʦʜʘ (ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʨʦʬʠʣʝʤ). ɺ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʙʳʩʪʨʘʷ ʤʦʜʘ ʠʤʝʝʪ ʦʪʩʝʯʢʫ ʠ ʥʝ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʜʣʷ 

ʪʦʣʱʠʥ ʤʝʪʘʣʣʘ, ʤʝʥʴʰʠʭ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʚ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʟʥʠʮʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʨʝʜ, ʦʢʨʫʞʘʶʱʠʭ ʤʝʪʘʣʣ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʦʙʱʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʣʶʙʳʭ ʢʦʤʙʠʥʘʮʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʠ 

ʪʦʣʱʠʥ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥʘ ʪ.ʥ. ʤʝʜʣʝʥʥʘʷ ʤʦʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʨʭʥʝʡ ʚʝʪʚʠ ʨʝʰʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʊɽ/ʊʄ ʢʦʤʧʦʥʝʥʪ ʥʘ ʛʨʘʥʠʮʝ ʊʀ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʊʀ ï ʤʝʪʘʣʣ ï ʜʠʵʣʝʢʪʨʠʢ: ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ ʤʝʥʴʰʠʤ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ), ʩ 

ʦʜʠʥʘʢʦʚʳʤ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) ʠ ʙʦʣʴʰʠʤ (ʩʠʥʷʷ ʢʨʠʚʘʷ), ʯʝʤ ʫ ʊʀ, ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʤʝʪʘʣʣ ʦʢʨʫʞʝʥ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʦʣʷʪʦʨʘʤʠ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʘʢʩʠʦʥʥʳʤ ʫʛʣʦʤ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʩʠʣʴʥʝʝ ʧʨʦʷʚʣʷʶʪʩʷ ʜʣʷ ʤʝʜʣʝʥʥʳʭ 

ʤʦʜ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʝʭʩʣʦʡʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʘʢʩʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ. ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʊɽ/ʊʄ ʢʦʤʧʦʥʝʥʪ ʥʘ ʛʨʘʥʠʮʝ ʊʀ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ: ʚʦʟʜʫʭ/ʟʦʣʦʪʦ/ʊʀ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ‐ ςυ) - ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ; ʜʠʵʣʝʢʪʨʠʢ (‐ ςυ)/ʟʦʣʦʪʦ/ʊʀ 
- ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ;  ʜʠʵʣʝʢʪʨʠʢ (‐ ςχ)/ʟʦʣʦʪʦ/ʊʀ - ʩʠʥʷʷ ʢʨʠʚʘʷ. ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ 1 ʤʢʤ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʫʩʠʣʠʚʘʶʪʩʷ ʚ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʚʫʭ- ʠ ʪʨʝʭʩʣʦʡʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʟʘ ʩʯʝʪ ʘʢʩʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦʣʷʨʠʟʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʳʭ ʤʦʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʭ ʜʠʩʧʝʨʩʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʷ 

ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ ï ʟʦʣʦʪʦ ï ʚʦʟʜʫʭ ʩʦʦʪʥʦʰʝʥʠʝ ʊɽ/ʊʄ ʢʦʤʧʦʥʝʥʪ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2 ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʱʝ ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʧʦʟʚʦʣʠʪ ʥʘʙʣʶʜʘʪʴ ʘʢʩʠʦʥʥʳʡ ʵʬʬʝʢʪ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 14-32-00010). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʬʦʪʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʚʝʨʭʙʳʩʪʨʳʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʨʦʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ ʩʚʝʪʘ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʘʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʩʣʫʞʠʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʝʥʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ 

ʧʦʤʝʱʝʥʥʘʷ ʤʝʞʜʫ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʘʥʘʣʠʟʘʪʦʨʦʤ, ʢʦʪʦʨʳʝ ʧʦʚʝʨʥʫʪʳ ʥʘ ʥʝʢʦʪʦʨʳʡ 

ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʫʛʣʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʝʥʢʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʬʬʝʢʪʘ 

ʌʘʨʘʜʝʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ.   

ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʧʣʝʥʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʦʩʝʜʥʠʭ ʜʦʤʝʥʘʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. ɼʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ (ʧʝʨʝʭʦʜʥʘʷ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʜʦʤʝʥʘʤʠ) ʷʚʣʷʝʪʩʷ 

ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʥʝʝʣʝʚʩʢʦʡ ʠ ʙʣʦʭʦʚʩʢʦʡ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʭʦʜʘ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʜʦʤʝʥʥʳʤʠ ʩʪʝʥʢʘʤʠ (ʮʠʢʣʦʠʜʘ, 

ʛʝʣʠʢʦʠʜʘ). ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʨʝʘʣʠʟʫʝʤ ʪʦʣʴʢʦ ʜʣʷ ʥʝʝʣʝʚʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʝ (ɼɻ). ʇʨʠ ʧʦʜʚʝʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢ ɼɻ 

ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʪʝʥʢʦʡ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢ 

ʥʝʝʣʝʚʩʢʦʤʫ ʪʠʧʫ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ , ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʩʚʝʪʘ ʩ 

ʣʦʢʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɿʜʝʩʴ ʣʦʢʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʠʛʣʫ, ʢʦʪʦʨʘʷ ʧʦʜʚʦʜʠʪʩʷ ʢ ɼɻ. (ʇʨʠ ʧʦʜʚʝʜʝʥʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʜʦʤʝʥʘʤ) ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʜʚʘ ʩʦʩʝʜʥʠʭ ʜʦʤʝʥʘ ʠ ʘʥʘʣʠʟʘʪʦʨ, ʪʦʛʜʘ ʧʨʠ ʩʤʝʱʝʥʠʠ ɼɻ ʠʟʤʝʥʷʝʪʩʷ ʜʦʣʷ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʥʠʭ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʭʦʜʷʱʝʛʦ ʣʫʯʘ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʷʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʛʣʳ, ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʥʘ ʦʙʨʘʟʮʝ, ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʠ ʠʛʣʘ 

ʤʝʞʜʫ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʘʥʘʣʠʟʘʪʦʨʦʤ. 
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ʈʠʩ.1. ʉʤʝʱʝʥʠʝ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʦʩʚʝʱʝʥʥʦʡ ʣʘʟʝʨʦʤ (ʩʚʝʪʣʳʡ ʢʨʫʛ), ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ ʩʤʝʥʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʛʣʝ: (ʘ) ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʛʣʝ 0ɺ; (ʙ) ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʠʛʣʝ -1000B. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʝʥʢʘ ʩʦʩʪʘʚʘ (BiLu)3(FeGa)5O12, 

ʧʦʤʝʱʝʥʥʘʷ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʜʚʫʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʜʚʘ ʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʦʣʝ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ɼɻ, ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʩʤʝʱʝʥʠʝ, ʦʜʥʘʢʦ, ʧʨʠ ʝʛʦ ʫʚʝʣʠʯʝʥʠʠ ʜʦʤʝʥʳ 

ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʥʦʡ ʰʠʨʠʥʳ, ʠ ʧʣʝʥʢʘ ʧʝʨʝʭʦʜʠʪ ʚ ʤʦʥʦʜʦʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦʡ ʰʠʨʠʥʳ ʜʦʤʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ. ʃʫʯ ʣʘʟʝʨʘ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʷʪʥʦ ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʞʠʤʘ: ʤʦʜʫʣʷʪʦʨ (ʫʛʦʣ  

ʤʝʞʜʫ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 45Ј) ʠ ʦʧʪʠʯʝʩʢʠʡ ʢʣʶʯ( ωπЈ
•,  • - ʫʛʦʣ ʌʘʨʘʜʝʷ).ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʩʚʝʪʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʩʦʩʪʘʚʠʣʘ ʪʨʠ ʨʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʛʣʝ ʦʪ 0 ɺ ʜʦ 1000 ɺ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷʮʠʠ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʤʦʜʫʣʷʮʠʠ ʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʢʘʢ ʚ ʜʨʫʛʠʭ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʘʭ, ʘ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ 

ʩʤʝʥʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʥʘ ʠʛʣʝ. ʊʘʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʤʦʞʝʪ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʬʦʪʦʥʠʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 14-29-08216_ʦʬʠ_ʤ. 
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