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ɺ ʥʘʩʪʦʷʱʠʝ ʜʥʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩ ʨʠʜʙʝʨʛʦʚʩʢʠʤʠ ʘʪʦʤʘʤʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʠʤʝʶʪ 

ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [1]. ʈʠʜʙʝʨʛʦʚʩʢʠʝ ʘʪʦʤʳ - 

ʵʪʦ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʳʝ ʘʪʦʤʳ, ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʥ ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʝʡ ʧʦʨʷʜʢʘ 1000. ɼʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ [2], ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʚʘʥʪʦʚʦʤ ʢʦʥʪʨʦʣʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʜʨʫʛʠʤʠ ʙʣʘʛʦʜʘʨʷ ʨʠʜʙʝʨʛʦʚʩʢʠʤ 

(ʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʤ) ʩʦʩʪʦʷʥʠʷʤ.  ɺʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʘʪʦʤʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ 0.1 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʠʜʙʝʨʛʦʚʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ 

ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʠ ʜʘʞʝ ʚʳʰʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʪʦʤʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʘʭʦʜʷʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʕʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪ ʜʠʧʦʣʴʥʦʡ ʙʣʦʢʘʜʳ [3]. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʟʘʜʘʯʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ 

ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʝ. ʕʪʘ ʟʘʜʘʯʠ ʪʘʢʞʝ ʠʤʝʝʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʘʪʦʤʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʨʠʜʙʝʨʛʦʚʩʢʦʝ ʩʦʩʪʦʷʥʠʝ [4]. 

ʊʘʢʞʝ ʩʠʩʪʝʤʳ ʩ ʨʠʜʙʝʨʛʦʚʩʢʠʤʠ ʘʪʦʤʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ 

ʘʥʘʣʠʟ ʤʝʪʦʜʠʢ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʪ.ʢ. ʭʘʦʩ ʙʫʜʝʪ 

ʨʘʟʨʫʰʘʪʴ ʚʩʝ ʭʨʘʥʠʤʫʶ ʠʣʠ ʧʝʨʝʜʘʚʘʝʤʫʶ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʠʥʬʦʨʤʘʮʠʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ 

ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ ʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʦʡ ʧʫʪʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʩʠʩʪʝʤʫ ʩʚʷʟʘʥʥʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ [5]: 
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ʛʜʝ ɋ - ʯʘʩʪʦʪʘ ʈʘʙʠ, ʩ ʢʦʪʦʨʦʡ ʦʩʮʠʣʣʠʨʫʝʪ ʥʘʩʝʣʝʥʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʘʪʦʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ȹ - ʦʪʩʪʨʦʡʢʘ 

ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʥʦʛʦ ʘʪʦʤʥʦʛʦ ʧʝʨʝʭʦʜʘ; ʩ - 

ʨʠʜʙʝʨʛʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; 2,1w - ʠʥʚʝʨʩʠʠ, ʪ.ʝ. ʨʘʟʥʦʩʪʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʘʪʦʤʦʚ; 2,1q - ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 

ʘʪʦʤʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʩʣʫʞʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʪʝ [5] ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 3 ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʘ: 

ʦʜʥʦʨʦʜʥʳʡ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʡ.  

ʄʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʥʘʨʫʞʠʣʠ ʚ ʥʝʡ ʢʦʣʝʙʘʥʠʷ 

ʧʝʨʠʦʜʘ 1, 2 ʠ ʪʘʢ ʜʘʣʝʝ, ʚʧʣʦʪʴ ʜʦ ʭʘʦʪʠʯʝʩʢʠʭ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʨʝʞʠʤʦʚ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1, ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʦʙʣʘʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ. ʎʠʬʨʘʤʠ ʥʘ ʢʘʨʪʝ ʨʝʞʠʤʦʚ ʦʙʦʟʥʘʯʝʥʳ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ, ʭʘʦʩ ʦʙʦʟʥʘʯʝʥ 

ʯʝʨʥʳʤ ʮʚʝʪʦʤ. 

 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʨʝʞʠʤʦʚ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ, ʭʘʦʩ 

ʦʙʦʟʥʘʯʝʥ ʯʝʨʥʳʤ ʮʚʝʪʦʤ. 

 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʞʠʤʦʚ ʢʦʣʝʙʘʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʠ ʩʧʝʢʪʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʃʷʧʫʥʦʚʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʣʠ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʦʙʨʘʞʘʣʠ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʢ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ, ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʞʠʤʦʚ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩ ʥʘʣʠʯʠʝʤ ʦʢʦʥ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʭʘʦʩʘ. ɺ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʚʝʜʝʥʠʝ ʚʥʝʰʥʝʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠ.̫ ɺ 

ʢʘʯʝʩʪʚʝ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʳ ʙʨʘʣʠ ʤʦʜʫʣʷʮʠʶ ʯʘʩʪʦʪʳ ʈʘʙʠ ʚʥʝʰʥʠʤ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ  ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ: 

 ( )[ ]ftM p2sin1+W=W  (2) 

ʛʜʝ M - ʘʤʧʣʠʪʫʜʘ, ʘf - ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʝ, ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʨʠʩ.2. ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʬʫʨʢʘʮʠʦʥʥʘʷ 

ʜʠʘʛʨʘʤʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ɋ ʠ ȹ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ. ɺʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʘ M , 

ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ ʭʘʦʩʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʜʠʥʘʤʠʢʘ. 

 

 
ʈʠʩ. 2. ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ ʧʦʜ ʚʥʝʰʥʠʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ɋ=1.2, ȹ=2.6, 0ff = , ʛʜʝ 0f - ʯʘʩʪʦʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʦʙʣʘʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ "ʘʤʧʣʠʪʫʜʘ - ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ". ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʚ ʘʚʪʦʥʦʤʥʦʡ 

ʩʠʩʪʝʤʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʥʘʥʝʩʝʥʳ ʥʘ ʢʘʨʪʫ ʨʝʞʠʤʦʚ "ʘʤʧʣʠʪʫʜʘ - ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ", ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ 

ʚ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 15-32-20299). 
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ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʣʘʟʝʨʘʭ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʥʘʧʨʠʤʝʨ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ), ʚʦʟʤʦʞʥʦ 

ʥʘʙʣʶʜʝʥʠʝ ʩʣʦʞʥʦʛʦ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪ.ʝ. ʚ ʩʠʩʪʝʤʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʠʤʠ 

ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʣʘʟʝʨʥʦʝ ʧʦʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʧʝʨʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʝʯʝʥʠʠ ʧʫʯʢʘ, ʢʦʪʦʨʳʝ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʣʦʞʝʥʠʡ ʣʘʟʝʨʦʚ ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʠʥʘʤʠʢʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʭ ʣʘʟʝʨʘʭ ʷʚʣʷʣʘʩʴ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʙʣʠʟʢʠʭ ʩʠʩʪʝʤ: ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ (ʄɹ), ʢʦʤʧʣʝʢʩʥʦʝ ʫʨʘʚʥʝʥʠʝ ɻʠʥʟʙʫʨʛʘ-

ʃʘʥʜʘʫ ʠ ʫʨʘʚʥʝʥʠʝ ʉʚʠʬʪʘ-ʍʦʭʝʥʙʝʨʛʘ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʠ ʦʙʱʠʤ ʚʘʨʠʘʥʪʦʤ, ʠ ʠʟ ʥʝʸ ʩ ʧʦʤʦʱʴʶ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ 

ʦʩʪʘʣʴʥʳʝ. 

ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʜʠʥʘʤʠʢʠ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʣʘʟʝʨʳ. ɺ ʨʘʙʦʪʝ [2] ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʮʝʥʘʨʠʡ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʩʫ ʯʝʨʝʟ ʢʘʩʢʘʜ 

ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄɹ ʩ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʘʭ [3, 4] ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʨʘʣʴʥʳʭ ʚʦʣʥ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʄɹ. ʆʜʥʘʢʦ ʨʘʥʝʝ ʥʝ 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʙʠʬʫʨʢʘʮʠʷʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʣʘʟʝʨʘʭ, ʠ ʩʮʝʥʘʨʠʠ 

ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʪʪʨʘʢʪʦʨʦʚ ʚ ʚʠʜʝ 

ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʪʦʨʘ ʚ ʤʦʜʝʣʠ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʣʘʟʝʨʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘʢʘʯʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʣʘʟʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʦʣʥʘʷ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ-ɹʣʦʭʘ. ʆʥʘ ʦʧʠʩʳʚʘʝʪ 

ʜʠʥʘʤʠʢʫ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ ʩ 

ʫʯʸʪʦʤ ʦʪʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʮʠʠ ʦʪ ʮʝʥʪʨʘ ʣʠʥʠʠ ʫʩʠʣʝʥʠʷ ʜʣʷ ʣʘʟʝʨʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʦʜʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠ ʠʤʝʶʱʝʛʦ 

ʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʫʶ ʣʠʥʠʶ: 
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ʛʜʝ DPE ,,  - ʙʝʟʨʘʟʤʝʨʥʳʝ ʦʛʠʙʘʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʸʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ^= ggg /II  ʠ ^= gs /k , ʛʜʝ ĝ , IIg  ʠ k  - 

ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ, ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʸʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ( ) ^-= gwwd /21  - ʦʪʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʮʠʠ 

w ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʣʠʥʠʠ ʫʩʠʣʝʥʠʷ 21w  ʣʠʥʠʠ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, 

ʦʙʝʟʨʘʟʤʝʨʝʥʥʘʷ ʥʘ ʰʠʨʠʥʫ ʣʠʥʠʠ; )2/( 22 dca ^= wg  - ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʛʜʝ 

d  - ʰʠʨʠʥʘ ʘʧʝʨʪʫʨʳ; r - ʥʘʢʘʯʢʘ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ. ɼʘʥʥʘʷ 

ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʘ ʩ ʫʯʸʪʦʤ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʝʟʦʥʘʪʦʨʝ. 
ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʨʦʮʝʩʩʳ ʚ ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʡ ʦʪʩʪʨʦʡʢʠ ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (1) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʩʝʚʜʦʩʧʝʢʪʨʘʣʴʥʳʡ ʌʫʨʴʝ-ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʞʠʤʦʚ ʤʳ ʩʪʨʦʠʣʠ ʘʪʪʨʘʢʪʦʨ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʝʯʝʥʠʷ 

ʇʫʘʥʢʘʨʝ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʣʦʢʘʣʴʥʦʡ ʪʦʯʢʝ. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʥʘʢʘʯʢʠ ʥʝʤʥʦʛʦ ʚʳʰʝ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʦʜʥʦʨʦʜʥʦʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ. ʆʜʥʘʢʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʪʦʨʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʦʨʦʛʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ 

ʚʦʟʤʫʱʝʥʠʷʤ ʩ ʥʝʢʦʪʦʨʳʤ ʥʝʥʫʣʝʚʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ. 1, 

ʚʝʨʭʥʠʡ ʨʷʜ). ɺ ʧʨʦʬʠʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʜʫʣʷʮʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ. ʉ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʚʦʣʥʦʚʦʝ 

ʯʠʩʣʦ ʨʘʚʥʦ ʪʦʤʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʥʢʨʝʤʝʥʪ ʥʘʨʘʩʪʘʥʠʷ ʚʦʟʤʫʱʝʥʠʷ ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʜʘʣʴʥʝʤ ʧʦʣʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʜʚʘ ʤʘʢʩʠʤʫʤʘ, ʦʜʠʥ ʠʟ ʥʠʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʩʠ, ʘ ʜʨʫʛʦʡ - ʚʥʝ. ɺ ʪʨʝʭʤʝʨʥʦʤ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (|E|, |P| ʠ |dI|, ʛʜʝ dI ï ʵʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ 

ʚʨʝʤʝʥʠ) ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʜʣʷ ʘʪʪʨʘʢʪʦʨʘ, ʢʦʪʦʨʦʝ ʧʨʠ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʯʢʫ. ʉʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʠ ʦʜʥʦʡ ʧʦʙʦʯʥʦʡ. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʥʘʢʘʯʢʠ r=168.9 ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ 

ʙʠʬʫʨʢʘʮʠʷ, ʠ ʘʪʪʨʘʢʪʦʨ ʦʙʨʝʪʘʝʪ ʬʦʨʤʫ ʪʨʝʭʤʝʨʥʦʛʦ ʪʦʨʘ (ʨʠʩ. 1, ʚʪʦʨʦʡ ʨʷʜ ʩʚʝʨʭʫ). 

ʂʦʣʝʙʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʣʦʢʘʣʴʥʳʭ ʪʦʯʢʘʭ ʩʪʘʥʦʚʷʪʩʷ ʜʚʫʭʯʘʩʪʦʪʥʳʤʠ. ɺ ʩʝʯʝʥʠʷʭ 

ʇʫʘʥʢʘʨʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʟʘʤʢʥʫʪʳʝ ʢʨʠʚʳʝ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʦʢʨʫʞʥʦʩʪʠ. ɺ ʩʧʝʢʪʨʝ ʢʦʣʝʙʘʥʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʘʷ ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʤʥʦʞʝʩʪʚʦ ʧʦʙʦʯʥʳʭ.  

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʢʘʯʢʠ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ r=172.1 ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʘʷ ʙʠʬʫʨʢʘʮʠʷ. ʅʘ ʩʝʯʝʥʠʷʭ ʇʫʘʥʢʘʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʳʭ ʧʨʦʝʢʮʠʡ ʪʨʝʭʤʝʨʥʦʛʦ ʪʦʨʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ, ʘʪʪʨʘʢʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʯʘʩʪʦʪʥʳʡ ʪʦʨ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ 

ʢʦʣʝʙʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʪʨʝʪʴʝʡ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. 

ɺ ʦʙʣʘʩʪʠ ʥʘʢʘʯʝʢ r=177.5 ʧʨʦʠʩʭʦʜʠʪ ʝʱʝ ʦʜʥʘ ʙʠʬʫʨʢʘʮʠʷ, ʠ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʪʪʨʘʢʪʦʨ ʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʬʦʨʤʫ. ʅʘ ʩʝʯʝʥʠʷʭ ʇʫʘʥʢʘʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʧʫʪʘʥʥʳʝ ʢʨʠʚʳʝ. ʉʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ. ʅʘ 

ʥʝʤ ʧʦʷʚʣʷʶʪʩʷ ʫʟʢʠʝ ʫʯʘʩʪʢʠ ʩ ʛʫʩʪʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʠʢʘʤʠ, ʩʘʤʠ ʪʘʢʠʝ ʫʯʘʩʪʢʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʠ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ 

ʣʘʟʝʨʘ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʝʥʠʝ ʘʪʪʨʘʢʪʦʨʦʚ ʚ ʚʠʜʝ ʪʨʝʭʯʘʩʪʦʪʥʳʭ ʪʦʨʦʚ. 
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ʈʠʩ. 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʬʫʨʢʘʮʠʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘʢʘʯʢʠ 

r: ʘ) ʬʘʟʦʚʳʡ ʦʙʲʝʤ, ʙ) ʩʝʯʝʥʠʷ ʇʫʘʥʢʘʨʝ, ʚ) ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ, ʛʜʝ dI ï ʧʨʦʠʟʚʦʜʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, C ï 

ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ, f ï ʯʘʩʪʦʪʘ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: ů=1, ɔ=2.2, ŭ=0, ʘ=0.01. 

 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉɻɸʋ ʥʘ 2013ï2020 ʛʛ. ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚʫʟʘʤ ʠ 

ʥʘʫʯʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʝʢʪ 1451, ʅʀʈ ˉɻʈ 

114091840046, ʛʨʘʥʪʦʤ ʈʌʌʀ 14-02-31419 ʤʦʣ_a. 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʝʨʭʨʝʰʝʪʢʠ - ʩʣʦʞʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʦʥʢʠʭ (~10 ʥʤ) ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ [1]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʧʦʟʠʮʠʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ [2]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʷʚʣʝʥʠʝ ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʩʚʝʨʭʨʝʰʝʪʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʣʦʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ [3]: 
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ʛʜʝ n, F, J ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ; )(Fvd  ï ʜʨʝʡʬʦʚʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʧʨʠ ʜʘʥʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [3]; ɓ = 0.031, ɜ = 15.769 - ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ; )(FD  - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʚʝʜʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3]. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʤʦʜʝʣʴ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʝʘʣʠʟʘʮʠʠ ʪʦʢʘ ʠ ʬʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪ,r ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʝʘʣʠʟʘʮʠʷʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʟʘʜʝʨʞʝʢ 

ʊʘʢʝʥʩʘ [4], ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩʫʥʢʠ 1 ʠ 2). ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʩ ʨʦʩʪʦʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʚʝʨʭʨʝʰʝʪʢʝ ʥʘʧʨʷʞʝʥʠʷ ʭʘʨʘʢʪʝʨ 

ʢʦʣʝʙʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ. ɽʩʣʠ ʚ ʥʘʯʘʣʝ ʢʦʣʝʙʘʥʠʷ ʙʳʣʠ ʧʦʭʦʞʠ ʥʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ, ʘ ʥʘ ʬʘʟʦʚʦʤ ʧʦʨʪʨʝʪʝ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ, ʩ 

ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʞʝ ʢ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ. ʅʘ ʬʘʟʦʚʳʭ 

ʧʦʨʪʨʝʪʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʙʠʬʫʨʢʘʮʠʶ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. 

ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪʩʷ (ʨʠʩʫʥʦʢ 2). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʠ ʪʦʣʴʢʦ 

ʟʘʪʝʤ ʙʠʬʫʨʢʘʮʠʷ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. ʀʟ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʨʠʩʫʥʢʘʤʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʪʠʧʘʤʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʩʚʝʨʭʨʝʰʝʪʢʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʝʨʭʨʝʰʝʪʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʣʦʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥʦʯʥʘ ̫ ʙʠʬʫʨʢʘʮʠ ̫

ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. 

 

mailto:gekapavlov@gmail.com
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ʈʠʩ. 1. ʘ-ʚ - ʈʝʘʣʠʟʘʮʠʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʩʚʝʨʭʨʝʰʝʪʢʫ, ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ V=15.485 (ʘ), V=15.85 (ʙ), V=16.411 (ʚ). ʛ-ʝ - ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʫ 

ʊʘʢʝʥʩʘ (ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʝʪ ʯʝʪʚʝʨʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ), ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ V=15.485 

(ʛ), V=15.85 (ʜ), V=16.411 (ʝ). ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=4.2 ʂ. 

 

 
ʈʠʩ. 2. ʘ-ʚ - ʈʝʘʣʠʟʘʮʠʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʩʚʝʨʭʨʝʰʝʪʢʫ, ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ V=13.886 (ʘ), V=16.832 (ʙ), V=17.34 (ʚ). ʛ-ʝ - ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʫ 

ʊʘʢʝʥʩʘ (ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʝʪ ʯʝʪʚʝʨʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ), ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ V=13.886 

(ʛ), V=16.832 (ʜ), V=17.34 (ʝ). ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=100 ʂ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʟʘʜʘʥʠʝ 

3.23.2014/ʂ); ʬʦʥʜʘ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ òɼʠʥʘʩʪʠʷñ. 
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ʀʟʤʝʥʝʥʠʝ ʦʮʝʥʦʢ ʩʚʷʟʘʥʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦ ɻʨʝʡʥʜʞʝʨʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ 
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ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ 

golovatanya@rambler.ru 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʠʣʦ ʙʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ð ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʫʪʸʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʘʩʪʦʷʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ 

ʧʨʦʰʣʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʨʫʛʦʛʦ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ). ʂ ʪʘʢʠʤ ʧʦʜʭʦʜʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʨʠʯʠʥʥʦʩʪʴ ʧʦ ɻʨʝʡʥʜʞʝʨʫ [1], ʵʥʪʨʦʧʠʶ ʧʝʨʝʥʦʩʘ [2] ʠ ʯʘʩʪʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʢʦʛʝʨʝʥʪʥʦʩʪʴ [3]. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦ 

ɻʨʝʡʥʜʞʝʨʫ, ʩʧʦʩʦʙʥʳ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʩʚʷʟʘʥʥʦʩʪʴ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʨʳ: 

ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʬʫʥʢʮʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʟʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʬʫʥʢʮʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʷʚʣʷʶʪ ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʠ ʥʝ 

ʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʥʘʧʨʘʚʣʝʥʠʝ. ʀʟ ʚʩʝʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʠ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʪʦʜ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦ ɻʨʝʡʥʜʞʝʨʫ ʪʨʝʙʫʝʪ 

ʥʘʠʤʝʥʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ, ʪ. ʝ. ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʘʥʘʣʠʟ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʠʛʥʘʣʦʚ ʠʣʠ ʘʥʘʣʠʟ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ [4]. 

ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʤʝʪʦʜʘ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦ ɻʨʝʡʥʜʞʝʨʫ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪ ʰʫʤʦʚ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʘ, ʭʦʪʷ ʰʫʤʳ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʠ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʩʠʛʥʘʣ ʦʪ ʰʫʤʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʚʦʟʤʦʞʥʦ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʳ ʚ [5, 6] ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʠʣʠ ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ ʦʧʝʨʘʪʦʨ ʵʚʦʣʶʮʠʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʘ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦ ɻʨʝʡʥʜʞʝʨʫ ʦʪ ʜʠʩʧʝʨʩʠʠ ʚʥʝʰʥʝʛʦ ʰʫʤʘ „  ʥʘ 

ʵʪʘʣʦʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʀʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʩʠʩʪʝʤʘ ὣ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʠʩʪʝʤʫ ὢ, 

ʪʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ώ  ʩʠʩʪʝʤʳ ὣ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ 
ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ὼ  ʩʠʩʪʝʤʳ ὢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʯʸʪ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤʳ ὣʜʦʣʞʝʥ 
ʧʦʤʦʯʴ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʙʫʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ὼ . ʈʘʩʯʸʪ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ (1), ʧʨʝʜʩʢʘʟʳʚʘʶʱʘʷ ʩʣʝʜʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ ὼ   ʧʦ Ὀ ʧʨʝʜʳʜʫʱʠʤ: 

 ὼ Ὢὼ ȟὼ ȟȣȟὼ ȟὧ ‚ (1) 

ʛʜʝ Ὢ ï ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ὰ ï ʣʘʛ ʤʦʜʝʣʠ, Ὀï ʩʦʙʩʪʚʝʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 
ʤʦʜʝʣʠ, ὧ ï ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  ʘ ‚ ï ʦʩʪʘʪʢʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ὧ 

ʦʮʝʥʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ὼ . ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ ʘʧʧʨʦʢʩʠʤʘʮʠʠ , 

ʨʘʚʥʫʶ ʜʠʩʧʝʨʩʠʠ ʦʩʪʘʪʢʦʚ ‚. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʨʦʠʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʤʦʜʝʣʴ (2), ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʷ ʚ ʨʷʜʝ ὼ ʪʘʢʞʝ Ὀ  ʟʥʘʯʝʥʠʡ ʠʟ ʨʷʜʘ ώ : 

mailto:email@mymail.ru
mailto:email@mymail.ru
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 ὼ Ὣὼ ȟὼ ȟȣȟὼ ȟώ ȟώ ȟȣȟώ ȟὧ ‚ȟ (2) 

ʛʜʝ Ὀ  ï ʨʘʟʤʝʨʥʦʩʪʴ ʜʦʙʘʚʢʠ, ὧï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʚʤʝʩʪʥʦʡ ʤʦʜʝʣʠ; Ὢ ʠ Ὣï 
ʧʦʣʠʥʦʤʳ ʦʙʱʝʛʦ ʚʠʜʘ ʩʪʝʧʝʥʠ ὖ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʚʤʝʩʪʥʘʷ ʤʦʜʝʣʴ (2) ʧʦʩʪʨʦʝʥʘ, 
ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʝʸ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʘ ‐. 

ʉʣʫʯʘʡ ‐ ‐ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʠʟ ʨʷʜʘ ʩʠʩʪʝʤʳ ὣ ʧʦʤʦʛʣʠ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ .s ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ὣ ʜʝʡʩʪʚʫʝʪ ʥʘ  s ʧʦ 

ɻʨʝʡʥʜʞʝʨʫ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ὖὍ ð 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʛʥʦʟʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ (3): 

 ὖὍ ρ  (3) 

ʋʣʫʯʰʝʥʠʝ ʧʨʦʛʥʦʟʘ ὖὍ π ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʘʥʥʳʝ ʠʟ ʨʷʜʘ ὣ ʥʝ ʧʦʤʦʛʘʶʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ὢ, ʪ.ʝ. ‐ ‐. ὖὍ ʜʦʩʪʠʛʘʝʪ 1, ʝʩʣʠ ʜʠʥʘʤʠʢʘ  s

ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʶ ʤʦʜʝʣʴʶ (‐ π), ʥʦ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ. 

ɺ ʨʘʙʦʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʥʦʟʘ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ 

ʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ï ʜʠʩʢʨʝʪʥʳʭ ʦʪʦʙʨʘʞʝʥʠʷʭ ʧʦʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʦ (ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʣʦʛʠʩʪʠʯʝʩʢʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ; ʦʪʦʙʨʘʞʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ;  

ʦʪʦʙʨʘʞʝʥʠʝ ʕʥʦ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʕʥʦ; ʦʪʦʙʨʘʞʝʥʠʝ ʕʥʦ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ). ɸʪʪʨʘʢʪʦʨ ʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʶ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʥʦʛʦʣʝʥʪʦʯʥʳʡ ʭʘʦʪʠʯʝʩʢʠʡ 

ʘʪʪʨʘʢʪʦʨ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚʩʢʦʨʝ ʧʦʩʣʝ ʢʨʠʪʠʯʝʩʢʦʡ ʙʠʬʫʨʢʘʮʠʠ ʌʝʡʛʝʥʙʘʫʤʘ; 

ʘʪʪʨʘʢʪʦʨ ʚʝʜʦʤʦʡ ʩʠʩʪʝʤʳ ï ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩ ʧʝʨʠʦʜʦʤ 1, 2, 4 ʠ ʜʨ., ʪʘʢ ʠ 

ʭʘʦʪʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ, ʪʦʞʝ ʤʥʦʛʦʣʝʥʪʦʯʥʳʡ. 

ɼʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ὖὍ„ ʥʝʤʦʥʦʪʦʥʥʘ ï ʨʠʩ. 1(ʘ), ʯʪʦ  

ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʰʫʤʘ ʠ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʝ 

ʩʚʷʟʠ ʩʦʚʤʝʩʪʥʘʷ ʦʰʠʙʢʘ ʙʣʠʟʢʘ ʢ ʥʫʣʶ ʩ ʪʦʯʥʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʩʦʙʩʪʚʝʥʥʘʷ ð 

ʢʦʥʝʯʥʘ ʠ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ.  

ʇʨʠ ʤʘʣʳʭ ʫʨʦʚʥʷʭ ʰʫʤʘ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʦʚʤʝʩʪʥʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʰʠʙʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ „, ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʝʣʠʯʠʥʘ ‐ ‐ϳ  ʨʘʩʪʸʪ ʠ ὖὍ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʟʥʘʯʝʥʠʷ „ ʫʨʦʚʝʥʴ ʰʫʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʪʴ ʪʦʯʥʦ ʟʥʘʯʝʥʠʝ 

ὼ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦ, ʥʦ ʚʩʸ ʝʱʸ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʚ ʢʘʢʫʶ ʯʘʩʪʴ ʘʪʪʨʘʢʪʦʨʘ 

(ʣʝʥʪʫ, ʛʨʫʧʧʫ ʪʦʯʝʢ) ʧʦʧʘʜʸʪ ʪʦʯʢʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʠ ʧʦʣʝʟʥʦʶ ʦʢʘʟʳʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʤʝʞʜʫ ʣʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʫʯʸʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʝ 

ὣʩʪʘʥʦʚʠʪʩʷ ʩʥʦʚʘ ʧʦʣʝʟʝʥ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ὢ ʚʩʣʝʜʩʪʚʠʝ 

ʩʠʥʭʨʦʥʥʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʡ. ʏʝʤ ʙʦʣʴʰʝ ʰʫʤ, ʪʝʤ ʤʝʥʴʰʝ ʦʢʘʟʳʚʘʝʪʩʷ ʨʦʣʴ 

ʩʦʙʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʙʦʣʴʰʝ ʨʦʣʴ ʧʝʨʝʢʣʶʯʝʥʠʡ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ, ὖὍ„ ʨʘʩʪʸʪ. ʅʘʢʦʥʝʮ, ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʫʨʦʚʥʷʭ ʰʫʤʘ ʢʣʘʩʪʝʨʳ ʪʦʯʝʢ ʥʘ 

ʘʪʪʨʘʢʪʦʨʝ ʥʘʯʠʥʘʶʪ ʩʣʠʚʘʪʴʩʷ ʚʦʝʜʠʥʦ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʪʝʨʷʝʪ ʩʤʳʩʣ, ʠ 

ὖὍ„ ʩʥʦʚʘ ʥʘʯʠʥʘʝʪ ʫʙʳʚʘʪʴ ʢ ʥʫʣʶ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʚʷʟʘʥʥʳʝ ʧʦʪʦʢʦʚʳʝ ʩʠʩʪʝʤʳ: ʩʠʩʪʝʤʘ 

ʈʸʩʩʣʝʨʘ [7] ʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨ ʩ 1.5 ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ [8], ʜʣʷ ʢʦʪʦʨʳʭ ʪʦʞʝ ʙʳʣ 

ʧʦʢʘʟʘʥ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ὖὍ„ ï ʨʠʩ.1(ʙ).  

 

     (ʘ)             (ʙ) 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʥʦʟʘ ὖὍ, ʫʨʦʚʥʷ ʩʦʙʩʪʚʝʥʥʦʡ  ‐ ʠ ʩʦʚʤʝʩʪʥʦʡ ‐ ʦʰʠʙʦʢ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʪ ʫʨʦʚʥʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʰʫʤʘ „ ʜʣʷ ʩʚʷʟʘʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʪʦʙʨʘʞʝʥʠʡ (ʘ) ʠ ʜʣʷ 

ʩʚʷʟʘʥʥʳʭ ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʚ ʩ 1.5 ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (ʙ), k ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʭʨʦʥʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʘʪʪʨʘʢʪʦʨʘ ʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ʠ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʥʦʟʘ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʩʚʷʟʘʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʩʠʛʥʘʣ, 

ʜʠʩʧʝʨʩʠʷ ʠ ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʡ 

ʩʚʦʡʩʪʚ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚʦ ʚʨʝʤʝʥʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉˉ 14-02-00492 ʠ 14-07-

00273) ʠ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ ð ˉ ʉʇ-1510.2015.4. 
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ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʝʯʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ 

ʚ ʧʣʘʟʤʝʥʥʦʡ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʶʪ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ. ʇʦʜʦʙʥʳʝ ʩʨʝʜʳ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʞʟʚʝʟʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʟʚʝʟʜʥʳʭ ʘʪʤʦʩʬʝʨʘʭ, ʢʨʦʤʝ ʪʦʛʦ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤʠ ʩʨʝʜʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʛʨʝʚ ʠ ʫʜʝʨʞʘʥʠʝ ʧʣʘʟʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʥʝʘʜʘʠʙʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʥʝʯʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʨʝʜʘ ʩʯʠʪʘʣʘʩʴ ʦʜʥʦʨʦʜʥʦʡ ʠ 

ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʨʦʜʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. ʆʜʥʦʤʝʨʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʣʥ ʠʟʫʯʘʣʘʩʴ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʫʪʝʤ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʘʥʘʣʠʪʠʯʝʩʢʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʩʧʝʨʩʠʠ ʚʦʣʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜʭʦʜ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʠʩʧʝʨʩʠʠ ʚʦʣʥ ʚ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʨʝʜʘʭ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʢʘʞʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, 

ʚʥʦʩʠʤʳʝ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʚʷʟʘʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʛʘʟʘ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʭʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʠ ʜʘʚʣʝʥʠʠ, ʢʘʢ ʘʥʘʣʦʛ 

ʨʘʚʥʦʚʝʩʥʳʤ ʪʝʧʣʦʝʤʢʦʩʪʷʤ ʚ ʨʝʣʘʢʩʠʨʫʶʱʝʡ ʩʨʝʜʝ [1].  

ɸʥʘʣʠʪʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʘʢ 

ʥʘ ʘʣʴʬʚʝʥʦʚʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʧʦʪʝʨʷʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʯʘʪʴ ʫʩʠʣʠʚʘʪʴʩʷ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʣʠʷʥʠʝʤ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʦʡ 

(ʘʢʫʩʪʠʯʝʩʢʦʡ) ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ [2], ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʢʘʢ ʘʣʴʬʚʝʥʦʚʩʢʠʭ, ʪʘʢ ʠ 

ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ɽʸ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʢʪʨ ʫʩʠʣʠʚʘʶʱʠʭʩʷ 

ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. 

ɼʘʣʝʝ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʘʢʫʩʪʠʯʝʩʢʠ 

ʫʩʠʣʠʚʘʶʱʝʡ ʩʨʝʜʝ, ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʣʠʥʝʡʥʦʝ 

ʵʚʦʣʶʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʝʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʜʠʥʘʤʠʢʫ ʚʦʣʥ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 
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ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʣʠʯʠʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [3,4]. ʅʝʣʠʥʝʡʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ 0Y [5], 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʧʘʨʘʤʝʪʨʳ ʠ ʬʦʨʤʳ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʩʨʝʜʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʥʘʤʠ ʩʨʝʜʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠ ʧʦʥʠʞʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʟʘ ʬʨʦʥʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʥʘʯʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʤʝʥʴʰʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʥʘʯʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʘʯʠʥʘʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʩʝʨʠʶ ʫʜʘʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ (ʈʠʩʫʥʦʢ 1). ɸʤʧʣʠʪʫʜʘ pr  ʠ ʜʣʠʥʘ ʠʤʧʫʣʴʩʘ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʨʝʜʝ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʤʘʣʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʵʪʦʪ ʠʤʧʫʣʴʩ ʷʚʣʷʝʪʩʷ ʘʚʪʦʚʦʣʥʦʡ. ʂʦʥʝʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ 

ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʡ ʪʠʧ 

ʨʝʰʝʥʠʡ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʚʦʡʩʪʚ ʪʠʧʠʯʥʳʭ ʜʣʷ ʩʦʣʠʪʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʩʦʭʨʘʥʝʥʠʝʤ 

ʬʦʨʤʳ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʢʘʟʘʥ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ.  
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ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ 2013-2015 ʛʦʜ. 
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ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʧʨʠ ʢʚʘʥʪʦʚʘʥʠʠ ʫʨʦʚʥʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ï ʰʫʤ ʢʚʘʥʪʦʚʘʥʠʷ, ʦʙʣʘʜʘʶʱʠʡ 

ʨʘʚʥʦʤʝʨʥʦʡ (ʙʝʣʦʡ) ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ 

ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʣʛʦʨʠʪʤʝ ʛʝʥʝʨʘʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ) ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ɼɺ-

ʦʩʮʠʣʣʷʪʦʨ ʩ ʠʥʝʨʮʠʦʥʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ (ɼɺʀʅ-ʦʩʮʠʣʣʷʪʦʨ) [2], ʠʤʝʶʱʠʡ ʨʝʞʠʤʳ 

ʛʝʥʝʨʘʮʠʠ ʭʘʦʪʠʯʝʩʢʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ʆʩʮʠʣʣʷʪʦʨ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʫʨʩʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ (ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ) ʚʠʜʘ 

 ,])2[]1[])(1[ɔ(]2[]1[][ 21 -----+-+-= nYnYnZnYanYanY  (1) 

 .][]1[ů][ 2 nYnZnZ +-=  (2) 

ɼɺʀʅ-ʦʩʮʠʣʣʷʪʦʨ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ [3] ʧʦ 

ʘʥʘʣʦʛʦʚʦʤʫ ʧʨʦʪʦʪʠʧʫ ï ʛʝʥʝʨʘʪʦʨʫ ʩ ʠʥʝʨʮʠʦʥʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʂ.ʌ. ʊʝʦʜʦʨʯʠʢʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ (3)ï(4) ʩʚʷʟʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

 ( ) ( ) ( ) ( ),2expů,/2exp,2cos/exp2 02001 cQaQa W-=W--=WW-= pppp  (3) 

ʛʜʝ 0W  ʠ cW  ï ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʝʜʠʥʠʮʘʭ 

ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (5.0,0 <WW c ); 0ɔ>  ï ʥʝʟʘʚʠʩʠʤʳʡ ʧʘʨʘʤʝʪʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʛʣʫʙʠʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɺʳʨʘʞʝʥʠʷ (3) ʧʦʟʚʦʣʷʶʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʳʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʠʩʢʨʝʪʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʜʠʥʘʤʠʢʝ ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʈʠʩ. 1. ʋʩʨʝʜʥʝʥʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ (ʘ) ʠ ʬʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ ʦʩʮʠʣʣʷʪʦʨʘ (ʙ). 

 

ɼɺʀʅ-ʦʩʮʠʣʣʷʪʦʨ (1)ï(2) ʠʤʝʝʪ ʨʝʞʠʤʳ ʛʝʥʝʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. ʇʨʠʤʝʨʦʤ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʞʠʤ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 14.00 =W , 10=Q , 5.1ɔ=  ʠ 
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1.0=Wc . ʋʩʨʝʜʥʝʥʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʭʘʦʪʠʯʝʩʢʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 1, ʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʪʨʘʝʢʪʦʨʠʷ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ( )][],[ nZnY  ʥʘ 

ʨʠʩ. 1, ʙ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʬʨʘʢʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʠʛʥʘʣ ][nY  ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʮʝʜʫʨʝ ʢʚʘʥʪʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ q  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʝʡ 

 öö
÷

õ
ææ
ç

å
+Ö= 5.0

q

y
floorq)(yQ   

ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʥʳʡ ʩʠʛʥʘʣ 

 ( ){ }][][][ 1 nYnYQqnS -= - .   

ʉʠʛʥʘʣ ][nS  ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʫʶ ʚ ʠʥʪʝʨʚʘʣʝ 5.05.0 ¢¢- s  ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠ 

ʙʝʣʳʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ. ʋʩʨʝʜʥʝʥʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʠ ʬʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ 

( )][],1[ nSnS -  ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2; ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ 01.0=q .  

ʈʠʩ. 2. ʋʩʨʝʜʥʝʥʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ (ʘ) ʠ ʬʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ (ʙ) ʩʠʛʥʘʣʘ ][nS . 

 

ʄʦʜʝʣʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ (ʉʇʄ) 

ʚʠʜʘ 

 
gW

=ðà W

A
U 2 ,  (4) 

ʛʜʝ constA= , ʘ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 0>g , ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʰʫʤʦʚ ʚ 

ʬʠʟʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʠʙʦʣʴʰʫʶ 

ʠʟʚʝʩʪʥʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʬʣʠʢʢʝʨ-ʰʫʤ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 1=g  [4]. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʰʫʤʳ ʩʦ ʩʧʝʢʪʨʘʤʠ ʚʠʜʘ (4) ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ çʮʚʝʪʥʳʤʠè: 

ʨʦʟʦʚʳʤ (1=g ), ʢʨʘʩʥʳʤ ʠʣʠ ʢʦʨʠʯʥʝʚʳʤ (2=g ), ʯʸʨʥʳʤ (2>g ). 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʜʨʦʙʥʦʡ RC-ʮʝʧʠ: 

 )(
1

)(
1

)( tStUtUD
rr

t aa

a

tt
=+ , (5) 

As(ɋ) 

ɋ 

S[n] 

S[n-1] 

ʘ) ʙ) 


