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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥɹ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʚʦʟʥʠʢʘʝʪ 

ʚʥʫʪʨʝʥʥʝʝ ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥ r[1]. ʕʪʦʪ ʪʠʧ 

ʜʚʠʞʝʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʥy ʚ ʧʨʠʨʦʜʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʢʝʘʥʘʭ, ʘʪʤʦʩʬʝʨʘʭ ʠ 

ʞʠʜʢʠʭ ʷʜʨʘʭ ʧʣʘʥʝʪ, ʘ ʪʘʢʞʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʟʦʥʘʭ ʟʚʝʟʜ. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ 

ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ ʚʥʦʩʠʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ ʫʜʚʦʝʥʥʫ  ʁ

ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʚʜʦʣʴ ʢʦʥʫʩʦʦʙʨʘʟʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʚʦʙʦʜʥʳʤʠ ʩʜʚʠʛʦʚʳʤʠ 

ʩʣʦʷʤʠ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʫʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʯʘʩʪʦʪʦʡ. ɺ ʩʚʷʟʠ ʩ ʛʝʦ- ʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʣʘʥʝʪ ʠ ʩʧʫʪʥʠʢʦʚ: ʧʨʝʮʝʩʩʠ ̫ ʦʩʠ ʚʨʘʱʝʥʠʷ [2], 

ʫʧʨʫʛʠʝ ʧʨʠʣʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ [3], ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ï ʣʠʙʨʘʮʠʠ [4 ï 6]. ɹʦʣʴʰʦʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʳʡ ʚʣʠʷʥʠʶ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ [7]. 

ʀʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʨʦʣʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ ʠʛʨʘʪʁ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʧʣʘʚʫʯʝʩʪʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʦʣʥʳ ʧʦʜʯʠʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦʤʫ 

ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʩʰʪʘʙ 

ʜʣʠʥʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʟʘʤʢʥʫʪʳʭ ʧʦʣʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʘʢʣʦʥʥʳʝ ʛʨʘʥʠʮʳ 

(ʥʝʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʥʝʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ ʚʨʘʱʝʥʠʷ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ ʦʪ ʪʚʝʨʜʳʭ ʛʨʘʥʠʮ ʩʦʭʨʘʥʷʝʪʩʷ ʫʛʦʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʩʠ ʚʨʘʱʝʥʠʷ, ʘ ʥʝ ʢ ʥʦʨʤʘʣʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʙʘʩʩʝʡʥʘʭ ʩʦ ʩʣʦʞʥʦʡ 

ʪʦʧʦʛʨʘʬʠʝʡ ʜʥʘ ʚʦʟʤʦʞʥʳ ʵʬʬʝʢʪʳ ʬʦʢʫʩʠʨʦʚʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʦʣʥʦʚʳʝ ʘʪʪʨʘʢʪʦʨ r [8 ï 10]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʪʪʨʘʢʪʦʨʳ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʞʠʜʢʠʭ 
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ʷʜʨʘʭ ʠʣʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʢʝʘʥʘʭ ʧʣʘʥʝʪ ʠ ʩʧʫʪʥʠʢʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

[11, 12]. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʧʣʘʥʝʪʘʨʥʳʭ ʤʘʩʰʪʘʙʘʭ ʯʠʩʣʘ ʕʢʤʘʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳ, 2 14 12E / ~10 10rotRn - -= W - , ʚʩʷ ʵʥʝʨʛʠʷ ʚʦʣʥʦʚʦʛʦ ʘʪʪʨʘʢʪʦʨʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʪʦʥʢʠʭ ʩʜʚʠʛʦʚʳʭ ʩʣʦʷʭ. ɿʜʝʩʴ n ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, rotW  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, R ï ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ ʜʣʠʥʳ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʩʢʘʜʥʳʝ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʩʮʝʥʘʨʠʶ ʪʨʠʘʜʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʚʦʣʥʦʚʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [10]. ɼʨʫʛʦʡ 

ʪʠʧ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ, ʩʚʷʟʘʥ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ [1]. ʕʪʠ 

ʛʣʦʙʘʣʴʥʳʝ ʦʩʮʠʣʣʠʨʫʶʱʠʝ ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʦʩʪʷʭ 

ʥʘʧʦʤʠʥʘʶʪ ʩʪʦʷʯʠʝ ʚʦʣʥʳ. ʇʨʠʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ʩʪʨʫʢʪʫʨʘ ʤʦʜ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʧʦʣʦʩʪʠ [13]. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʬʝʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ 

ʨʝʞʠʤʦʚ ʣʝʛʯʝ ʠʩʩʣʝʜʦʚʘʪ ɹ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʦʩʪʷʭ. ʊʘʢ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʠ ʤʦʜʳ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ 

ʮʠʣʠʥʜʨʝ ʩ ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ [14 ï 16]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʝ ʥʘʨʫʰʝʥʠʝ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʛʝʦʤʝʪʨʠʠ ʪʦʨʮʦʚ ʢʘʯʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʜʦʣʞʥʳ ʚʳʭʦʜʠʪʴ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʤʦʜ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʥʘʢʣʦʥʥʦʡ 

ʩʪʝʥʢʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦ̫ʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʬʦʢʫʩʠʨʦʚʢʠ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʘʪʪʨʘʢʪʦʨ [17, 18]. 

 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʢʨʫʛʦʚʦʤ ʮʠʣʠʥʜʨʝ ʩ 

ʥʘʢʣʦʥʥʳʤʠ ʪʦʨʮʝʚʳʤʠ ʩʪʝʥʢʘʤʠ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 
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ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʠ ʦʩʨʝʜʥʸʥʥʳʭ ʧʦʣʝʡ 

ʩʢʦʨʦʩʪʠ; 

¶ ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠʥʝʨʮʠʦʥʥʳʭ 

ʨʝʞʠʤʦʚ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʮʠʣʠʥʜʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, ʘʤʧʣʠʪʫʜʳ 

ʚʥʦʩʠʤʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʯʠʩʣʘ ʕʢʤʘʥʘ ʠ ʛʝʦʤʝʪʨʠʠ ʪʦʨʮʦʚ; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʣʫʯʝʚʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʚʦʣʥ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

¶ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʥʝʚʷʟʢʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʚʦ 

ʚʨʘʱʘʶʱʝʤʩʷ ʮʠʣʠʥʜʨʝ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʩʨʝʜʥʸʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʠʥʝʨʮʠʦʥʥʳʤʠ ʨʝʞʠʤʘʤʠ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ; 

¶ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʸʥʥʦʛʦ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ; 

¶ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ; ʧʦʠʩʢ ʦʩʥʦʚʥʳʭ ʙʝʟʨʘʟʤʝʨʥrʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʯʝʥʠʷ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʣʠʥʝʡʥʘʷ ʠ 

ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ ʞʠʜʢʦʩʪʠ ʚ ʣʠʙʨʠʨʫʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʩ 

ʧʘʨʘʣʣʝʣʴʥʦ (ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ) ʥʘʢʣʦʥʝʥʥʳʤʠ ʪʦʨʮʘʤʠ. ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʦʤ 

ʉ.ɺ. ʉʫʙʙʦʪʠʥʳʤ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʩʠʩʪʝʤʦʡ 

ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ (ʥʝʚʨʘʱʘʶʱʝʡʩʷ) ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʳ. ʆʙʥʘʨʫʞʝʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʘ: ʘʪʪʨʘʢʪʦʨ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ, ʠʥʝʨʮʠʦʥʥʘ ̫ʤʦʜʘ ʠ 

ʨʝʞʠʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠ ̫ ʚʦʣʥ ʦʪ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ. ɺʧʝʨʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʩʜʚʠʛʦʚʳʭ ʩʣʦʝʚ ʚ 

ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʝ ʦʪ ʯʠʩʣʘ ʕʢʤʘʥʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ 
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ʛʝʥʝʨʘʪʦʨʦʤ ʩʨʝʜʥʝʛʦ ʘʟʠʤʫʪʘʣɹʥʦʛʦ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʘʢʘʯʠʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʫ, ʠʩʧʳʪʳʚʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺʳʧʦʣʥʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ. ɺ ʙrʨʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʣʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ ʘʪʪʨʘʢʪʦʨʦʚ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʠ 

ʤʦʜ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʛʝʦ- ʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʣʶʙʳʭ ʙʳʩʪʨʦʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʢʦʛʜʘ ʥʝʪ ʪʝʭʥʠʯʝʩʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʩʲʝʤʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʟʙʫʞʜʝʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʝʥʝʨʘʮʠʶ 

ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʨʝʜʥʸʥʥʳʭ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʚʷʟʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʝʥʥʳʤ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ 

PIV (Particle Image Velocimetry). ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʴ 

ʜʦʙʘʚʣʷʶʪʩʷ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʠʝ ʯʘʩʪʠʮʳ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ, ʜʚʠʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʥʫʶ ʚʠʜʝʦʢʘʤʝʨʫ. ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠ ̫ PIVlab 

[19]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʉʪʨʫʢʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ 

ʮʠʣʠʥʜʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʦʡ ʚʥʦʩʠʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ 
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ʛʝʦʤʝʪʨʠʝʡ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ. 

¶ ʄʝʭʘʥʠʟʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ 

ʪʝʯʝʥʠʡ: ʬʦʢʫʩʠʨʦʚʢʘ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ 

(ʚʦʣʥʦʚʦʡ ʘʪʪʨʘʢʪʦʨ) ʩʚʷʟʘʥʘ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮ 

ʧʦʣʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʪʨʘʩʩʠʨʦʚʢʠ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ; ʚʦʟʙʫʞʜʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʭr ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʚʠʭʨʝʡ (ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ) 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʧʘʜʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʦʟʤʫʱʝʥʠʡ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 

ʚʨʘɦʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ. 

¶ ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘ ̫

ʥʘ ʘʥʘʣʠʟʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʣʠʙʨʘʮʠʡ. 

¶ ʉʢʦʨʦʩʪ ɹʞʠʜʢʦʩʪʠ ʠ ʰʠʨʠʥʘ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ ʚ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʯʠʩʣʘ ʕʢʤʘʥʘ ʢʘʢ 2/5~ Ee-  ʠ 1/5~ E , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

¶ ʀʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʠʥʜʫʮʠʨʫʶʪ ʦʩʨʝʜʥʸʥʥʫʶ ʘʟʠʤʫʪʘʣʴʥʫʶ ʠ 

ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʞʠʜʢʦʩʪʠ; ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʪʝʯʝʥʠʡ 

ʩʚʷʟʘʥ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʥʘ 

ʩʪʝʥʢʘʭ ʧʦʣʦʩʪʠ. 

¶ ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʧʦʣʦʩʪʠ ʚʦʟʙʫʞʜʘʝʪʩʷ ʦʧʝʨʝʞʘʶʱʝʝ, ʣʠʙʦ 

ʦʪʩʪʘʶʱʝʝ ʩʨʝʜʥʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʞʠʜʢʦʩʪʠ; ʟʘ ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʦʪʚʝʯʘʝʪ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

Rep . 

¶ ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ 

ʘʤʧʣʠʪʫʜʘʭ ʣʠʙʨʘʮʠʡ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʪʨʠʘʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. ɺʠʜ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

(ʚʦʣʥʦʚʦʡ ʘʪʪʨʘʢʪʦʨ ʠʣʠ ʠʥʝʨʮʠʦʥʥʘʷ ʤʦʜʘ). 

¶ ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʨʝʜʥʸʥʥʳʭ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘʤʠ ʩʫʙʛʘʨʤʦʥʠʢ ʪʨʠʘʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʥʦʛʦ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. ʅʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʷʝʤʳʭ 

ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ. ɺʝʨʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ 

ʪʝʯʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʠ [20]. 

 

ɸʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʈʝʟʫʣʪɹʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ çɿʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ: ʪʝʦʨʠʷ, 

ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʨʠʣʦʞʝʥʠʷè (ʂʨʘʩʥʦʷʨʩʢ, 2020); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ 

çʅʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩ rʚ ʩʧʣʦʰʥʳʭ ʩʨʝʜʘʭè (ʇʝʨʤʴ, 2021); ɿʠʤʥʷʷ ʰʢʦʣʘ ʧʦ 

ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ (ʇʝʨʤʴ, 2021, 2023); ʇʝʨʤʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ (ʇʝʨʤʴ, 2022, 2023); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʧʣʦʬʠʟʠʢʘ ʠ 

ʬʠʟʠʯʝʩʢʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘè (ʉʝʚʘʩʪʦʧʦʣʴ, 2021, ʉʦʯʠ, 2022, ʄʘʭʘʯʢʘʣʘ, 2023); 

XIII ʉʲʝʟʜ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʅʝɿʘʊʝɻʠʋʩ-2024" (ɿʚʝʥʠʛʦʨʦʜ, 2024). ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʅʌ ˉ18-71-10053, ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʇʝʨʤʩʢʦʛʦ 

ʂʨʘʷ ʉ-26/1191, ʧʨʦʝʢʪʦʚ ʄʂ-1779.2021.1.1 ʠ KPZU-2023-0002. 

 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

16 ʨʘʙʦʪʘʭ:  

¶ 4 ʩʪʘʪʴʠ [21 ï 24], (ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ɺɸʂ/WOS/SCOPUS); 

¶ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [25, 

20]; 

¶ 6 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʢʦʥʬʝʨʝʥʮʠʡ [26 ï 31] (ʠʥʜʝʢʩʠʨʦʚʘʥʳ 

ʚ ʈʀʅʎ);  

¶ 4 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ [32 ï 35] (ʠʥʜʝʢʩʠʨʦʚʘʥ rʚ ʈʀʅʎ). 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʘʥʘʣʠʟ ʠ 

ʥʘʧʠʩʘʥʠʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʦʤ ʢ.ʬ.-ʤ.ʥ. ʉ. ɺ. ʉʫʙʙʦʪʠʥʳʤ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʝʥ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ɺʠʢʪʦʨʫ ɻʝʥʥʘʜʴʝʚʠʯʫ ʂʦʟʣʦʚʫ ʟʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʩʦʘʚʪʦʨʫ ʢ.ʬ.-ʤ.ʥ. ʉʪʘʥʠʩʣʘʚʫ ɺʘʣʝʨʴʝʚʠʯʫ 

ʉʫʙʙʦʪʠʥʫ, ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʦ ʚʨʝʤʷ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘ ʧʦʤʦʱʴ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ʢ.ʬ.-ʤ.ʥ. ʅʘʪʘʣʴʝ ɼʤʠʪʨʠʝʚʥʝ ʐʤʘʢʦʚʦʡ, ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. 

 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʝ̡ʤ ʚʳʧʦʣʥʝʥʥʦʡ 

ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠʟ 120 ʩʪʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ, 52 ʬʠʛʫʨ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 

ʠʟ 109 ʠʩʪʦʯʥʠʢʦʚ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ, ʟʘʜʘʯʠ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʦ ʤʝʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʩʦ ʩʭʦʞʝʡ 

ʦʙʣʘʩʪʴʶ ʠʥʪʝʨʝʩʦʚ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʠʥʝʡʥʳʭ ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ c ʥʘʢʣʦʥʥʳʤʠ ʪʦʨʮʘʤʠ. ʇʦʣʫʯʝʥʳ ʢʘʨʪʳ ʪʝʯʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʘʢʦʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʳ ʩʜʚʠʛʦʚʳʭ ʩʣʦʝʚ ʚ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʣʠʙʨʘʮʠʡ ʠ ʯʠʩʣʘ ʕʢʤʘʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʣʫʯʝʚʘʷ 

ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʨʝʜʥʸʥʥʳʝ ʪʝʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʚʦʣʥʘʤʠ. 
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ɺ ʪʨʝʪʴʝ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ 

ʜʠʥʘʤʠʢʠ ʨʝʟʦʥʘʥʩʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ. ʀʟʫʯʝʥr  ʧʦʨʦʛʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʣʠʙʨʘʮʠʡ ʠ 

ʛʝʦʤʝʪʨʠʠ ʪʦʨʮʦʚ ʧʦʣʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ.  

ɿʘʢʣʶʯʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʘʚʣʝʥʥʳʤ 

ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʦ ʥʘ ʥʘʫʯʥʳʭ 

ʪʨʫʜʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 
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ɻʃɸɺɸ 1. ɻʀɼʈʆɼʀʅɸʄʀʂɸ ɺʈɸʑɸʖʑʀʍʉʗ ʉʀʉʊɽʄ 

 

1.1. ʀʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʝ ʨʝʞʠʤʳ ʚ ʟʘʤʢʥʫʪʳʭ ʚʨʘʱʘʶʱʠʭʩʷ 

ʧʦʣʦʩʪʷʭ 

 

ɺʨʘʱʘʶʱʘʷʩʷ ʦʜʥʦʨʦʜʥʘʷ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ [1, 36]. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʪʠʭ ʚʦʣʥ ʩʚʷʟʘʥʦ ʩ ʢʚʘʟʠʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ, 

ʢʦʪʦʨʘʷ ʩʪʨʝʤʠʪʩʷ ʚʝʨʥʫʪʴ ʩʤʝʱʝʥʥʳʝ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʘʩʪʠʮʳ 

ʞʠʜʢʦʩʪʠ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʷʟʢʦʩʪʠ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʙʳʣʦ ʙʳ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʢʦʣʝʙʘʥʠʷʤ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʀʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʙʳʯʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʤr ʩʦʦʪʥʦʰʝʥʠʝʤ: 2osc rotW = Ök W . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ oscW  ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʜʚʦʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ rotW , ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʢʨʫʛʠ ʚ 

ʥʘʢʣʦʥʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ rot rot=WzW  ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʁ ʢ ʧʣʦʩʢʦʩʪʷʤ ʠ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ( )arccos / 2osc rotW W . 

ʀʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩg  ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ rotW  ʚʨʘʱʝʥʠʷ ʚʩʝʛʜʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʬʘʟʦʚʦʡ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

( )arcsin / 2osc rotq W=° W . (1.1) 

ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʘ ʪʚʝʨʜʳʤʠ ʩʪʝʥʢʘʤʠ ʧʦʣʦʩʪʠ, ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ 

ʢʦʥʫʩʘ ʩ ʫʛʣʦʤ q ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ (ʨʠʩ. 1.1). 
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ʈʠʩ. 1.1. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʩʨʝʜʝ ʧʨʠ 2osc rotW W  

ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʣʠʥʦʡ l, ʩʦʚʝʨʰʘʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ Ů ʠ ʯʘʩʪʦʪʦʡ oscW . ʌʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʦʙʦʟʥʘʯʝʥʘ ʩ, ʘ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩg . ɿʥʘʯʝʥʠʝ ʫʛʣʘ q ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (1.1). ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [36]. 

 

ɺ ʟʘʤʢʥʫʪʳʭ ʧʦʣʦʩʪʷʭ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʩʰʠʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʤʦʜ [37] ʠ ʚʦʣʥʦʚʳʭ 

ʘʪʪʨʘʢʪʦʨʦʚ [38]. ʀʥʝʨʮʠʦʥʥʳʝ ʤʦʜr ʚʠʟʫʘʣʴʥʦ ʧʨʦʷʚʣʷʪʁʩʷ ʚ ʚʠʜʝ ʛʣʦʙʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʩʪʦʷʯʠʝ ʚʦʣʥʳ [39, 40]. ʉʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʠ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʧʦʣʦʩʪʠ [1]. ʇʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ 

ʮʠʣʠʥʜʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ [14, 12, 15]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʣʥʦʚʦʡ 

ʘʪʪʨʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ, ʢ ʢʦʪʦʨʦʤʫ çʧʨʠʪʷʛʠʚʘʶʪʩʷè 

ʪʨʘʝʢʪʦʨʠʠ ʚʦʣʥ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ. ɺʘʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʡ ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʦʢʫʩʠʨʦʚʢʠ 

ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʘʪʪʨʘʢʪʦʨ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʣʫʯ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʥʠʞʥʝʛʦ 

ʣʝʚʦʛʦ ʫʛʣʘ, ʧʦʩʪʝʧʝʥʥʦ ʚʭrʦʜʠʪ ʥʘ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 
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ʣʫʯʝʡ ʦʙʷʟʘʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠ ʁ 2osc rotW = Ök W , ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʣʫʯ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʥʘʢʣʦʥʥʦʡ ʛʨʘʥʠʮʳ, ʩʦʭʨʘʥʷʝʪ ʫʛʦʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ 

ʚʨʘʱʝʥʠʷ, ʘ ʥʝ ʢ ʥʦʨʤʘʣʠ ʛʨʘʥʠʮʳ [17, 41]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʣʥʦʚʳʝ 

ʘʪʪʨʘʢʪʦʨʳ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʥʝʚʷʟʢʠʭ ʤʦʜʝʣʝʡ, ʥʦ ʠ ʫʩʧʝʰʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [17]. 

ɺ ʩʣʫʯʘʝ ʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʚʦʣʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʟʘʤʢʥʫʪʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʘʪʪʨʘʢʪʦʨʘʤʠ. ʕʪʠ ʨʝʞʠʤʳ ʥʝ 

ʷʚʣʷʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤʠ ʠ ʦʙʷʟʘʥʳ ʩʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʩʠʤʤʝʪʨʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ ʦʪ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ 

ʚʦʣʥʳ ʚʩ y ʚʨʝʤʷ ʟʘʢʘʯʠʚʘʝʪʩʷ ʚʜʦʣʴ ʦʜʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʧʫʪʠ, ʥʘʟʳʚʘʝʤʦʛʦ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʨʙʠʪʦʡ [42, 43]. 

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʬʦʢʫʩʠʨʦʚʢʠ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʘʪʪʨʘʢʪʦʨ ʚ ʧʦʣʦʩʪʠ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤ 

ʩʝʯʝʥʠʝʤ; ʦʩʴ ʚʨʘʱʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. 

 

ɼʨʫʛʦʡ, ʤʝʥʝʝ ʠʟʚʝʩʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʢʦʥʘ ʦʪʨʘʞʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʚʦʣʥ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʥʘʢʣʦʥʥʳʭ ʛʨʘʥʠʮʘʭ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ [44]. ʊ.ʝ., ʧʨʠ ʦʪʨʘʞʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʟʠʤʫʪʘʣʴʥʳʡ ʧʦʚʦʨʦʪ ʣʫʯʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮr. 

ʅʘʧʨʠʤʝʨ, ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʬʝʨʝ ʚʦʣʥʳ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʪʚʝʨʜʳʤʠ ʩʪʝʥʢʘʤʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ [45]. 

ʉʚʦʡʩʪʚʘ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʨʦʣʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ ʠʛʨʘʝʪ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʠʣʘʤʠ ʪʷʞʝʩʪʠ ʠ ʧʣʘʚʫʯʝʩʪʠ. ɽʩʣʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦ 
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ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʴ ʚʨʘʱʘʝʪʩʷ, ʚʦʟʥʠʢʘʪʁ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

[46]. ɺʳʙʦʨ ʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʚ ʨʦʣʠ ʤʦʜʝʣʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʦʢʝʘʥʘʭ, ʘʪʤʦʩʬʝʨʝ, ʞʠʜʢʠʭ 

ʷʜʨʘʭ ʧʣʘʥʝʪ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʟʚʝʟʜʘʭ [42]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʦʩʪʷʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʙʦʨ ʧʦʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʝ, 

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʥʝʜʘʚʥʝʡ 

ʨʘʙʦʪʝ [47] ʙ ʣrʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʦʣʦʩʪʠ ʩ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ ʚʦʣʥʦʚʦʡ 

ʘʪʪʨʘʢʪʦʨ ʤʦʞʝʪ ʟʘʭʚʘʪʳʚʘʪʴʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʤʝʥʴʰʝʡ ʜʠʘʛʦʥʘʣʠ ʵʣʣʠʧʩʘ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʩʫʧʝʨ-ʘʪʪʨʘʢʪʦʨ). ʊʘʢʞʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʝʨʠʶ ʨʘʙʦʪ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʯʝʥʠʡ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʤʩʷ (ʣʠʙʨʠʨʫʁ ʝɦʤ) ʢʫʙʝ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʩʴ ʚʨʘʱʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʛʨʘʥʠ, 

ʦʩʥʦʚʥʳʤʠ ʨʝʞʠʤʘʤʠ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜʳ [39, 48]. ɽʩʣʠ ʦʩʴ 

ʚʨʘʱʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʚʝʨʰʠʥʳ, ʧʦʷʚʣʷʶʪʩʷ ʥʘʢʣʦʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʨʘʥʠʮʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʬʦʢʫʩʠʨʦʚʢʠ [49]. ɽʩʣʠ ʦʩʴ ʚʨʘʱʝʥʠ ̫ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʨʝʙʝʨ, ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʦʣʥʦʚʘʷ ʢʘʨʪʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ï ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʬʦʨʤʠʨʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʠʛʫʨ r[50]. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ, ʚ 

çʤʷʛʢʦʤè ʙʠʦʨʝʘʢʪʦʨʝ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ [51]. ʈʝʟʦʥʘʥʩʥʳʝ 

ʠʥʝʨʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʨʦʩʪʫ ʢʣʝʪʦʢ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʣʘʥʝʪʘʨʥʳʝ ʩʤʝʩʠʪʝʣʠ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʮʝʩʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʣʘʤʠʥʘʨʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʞʠʜʢʦʩʪʠ [52]. ɿʜʝʩʴ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

ʚʦʢʨʫʛ ʦʩʠ ʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʥʘ 
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ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɺʘʞʥʘ ʨʦʣʴ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʪʫʨʙʠʥ [53] ʠ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʠʥʝʨʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ [54ï57]. ɺʦ ʚʨʝʤʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʝʪʘ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʫʩʢʦʨʝʥʠʝ ʧʣʘʪʬʦʨʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ g-ʜʞʠʪʪʝʨ, ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ. ʏʘʩʪʦ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʥʦʩʷʪ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʤʝʶʪ ʤʘʣʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʦʙʳʯʥʦ ʚʳʟʳʚʘʶʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʵʢʠʧʘʞʘ, ʤʘʥʝʚʨʘʤʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʣʝʙʘʥʠʷʤʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. 

 

1.2. ʅʝʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ 

 

ʇʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʠʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ, ʚʷʟʢʠʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ, ʩʪʘʥʦʚʷʩʴ 

ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ [58, 59]. ɺ ʨʘʙʦʪʝ [60] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʨʝʪʨʦʛʨʘʜʥʦʡ ʬʘʟʳ ʣʠʙʨʘʮʠʡ ʚʦʟʥʠʢʘʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʚʠʜʝ ʚʠʭʨʝʡ ɻʝʨʪʣʝʨʘ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ. ʉʭʦʞʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʦʧʠʩʘʥʳ ʯʠʩʣʝʥʥʦ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʣʠʙʨʠʨʫʶɦʝʛʦ ʮʠʣʠʥʜʨʘ [61, 62]. ɺ 

ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʚ ʩʧʝʢʪʨʝ ʚʦʟʤʫʱʝʥʠʡ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʫʶ 

ʛʝʥʝʨʘʮʠʶ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚ ʨʘʙʦʪʝ [14] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠ ̫ ʚ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦ̫ʭ.  

ɺ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʘʭ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʨʠʘʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [63, 64]. 

ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ 

ʥʘ ʤʝʥʴʰʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʚʦʣʥʘ ʩʚʷʟʘʥʘ ʜʚʫʤʷ 

ʥʦʚʳʤʠ ʩʫʙʛʘʨʤʦʥʠʢʘʤʠ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʣʷ ʯʘʩʪʦʪ ʠ ʚʦʣʥʦʚʳʭ 
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ʚʝʢʪʦʨʦʚ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʝ, ʝʸ ʪʨʠʘʜʥʳʡ ʨʝʟʦʥʘʥʩʘ ʦʙʳʯʥʦ 

ʚʦʟʙʫʞʜʘʝʪʩ ̫ʩ ʧʦʤʦʱʴʶ ʧʨʝʮʝʩʩʠʠ [65 ï 68] ʠʣʠ ʚʨʘʱʝʥʠ ̫ʥʘʢʣʦʥʥʦʡ ʢʨʳʰʢʠ 

[63]. ʃʠʙʨʘʮʠʠ ʞʝ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʦʢʘ, ʧʦʩʢʦʣʴʢʫ ʚ ɻʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʘ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʘʤ 

ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʷʟʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ̫ ʚ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʣʦʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʝʮʝʩʩʠʠ ʭʘʨʘʢʪʝʨʥʘ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʞʠʜʢʦʩʪʠ ʟʘ 

ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʪʨʠʘʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠʟʫʯʘʣʘʩʴ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʣʥʦʚʳʭ ʘʪʪʨʘʢʪʦʨʦʚ [69, 70]. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʚ ʩʧʝʢʪʨʝ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʛʘʨʤʦʥʠʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚʦʣʥʳ ʈʦʩʩʙʠ [71]. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦʪ ʵʬʬʝʢʪ ʩʨʘʚʥʠʤ ʩ ʛʝʥʝʨʘʮʠʝʡ ʩʜʚʠʛʦʚʳʭ ʤʦʜ, ʥʘʙʣʶʜʘʝʤʳʭ ʚʦ 

ʚʨʘʱʘʶʱʝʤʩʷ ʥʘʢʣʦʥʥʦʤ ʢʦʣʴʮʝʚʦʤ ʩʣʦʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ [72]. ʂʦʣʝʙʘʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʩʨʝʜʥʝʥʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʣʦʞʥʳʤ 

ʧʨʦʬʠʣʝʤ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʠʩʧʳʪʳʚʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʜʚʠʛʦʚʦʛʦ ʪʠʧʘ, ʵʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʜʫʮʠʨʫʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʫ  ʁ ʙʘʨʦʪʨʦʧʥʫ  ʁ ʩʜʚʠʛʦʚʫ  ʁ ʤʦʜʫ. ɺ 

ʪʫʨʙʫʣʝʥʪʥrʭ ʧʦʪʦʢʘʭ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʘʶʪ ʵʥʝʨʛʠʶ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʢʦʛʝʨʝʥʪʥʳʤ ʚʠʭʨʷʤ [73]. 

 

1.3. ʆʩʨʝʜʥʝʥʥʳʝ ʵʬʬʝʢʪʳ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ 

 

ʀʟʫʯʝʥʠʝ ʧʦʪʦʢʦʚ, ʧʦʨʦʞʜʘʝʤʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʦʩʪʷʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʩʨʝʜʥʝʡ ʮʠʨʢʫʣʷʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʥʝʨʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʩʦʧʨʦʚʦʞʜʘʶʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʚʤʝʩʪʥʦʝ 

ʜʝʡʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʠ ʚʠʙʨʘʮʠʡ [74], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ 

ʩʠʩʪʝʤʘʭ [75]. ʂʦʣʝʙʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦʪʦʢʠ [76, 77]. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʨʝʜʥʝʥʥʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʦʤ [78, 79], ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʛʨʘʥʠʮʝ 
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ʨʘʟʜʝʣʘ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ [80], ʬʣʶʠʜʠʟʘʮʠʝʡ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ [81, 82]. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʪʝʯʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [7]. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʫʧʦʤ̫ʥʫʪʳʝ ʨʘʥʝʝ 

ʧʨʦʜʦʣʴʥʳʝ ʣʠʙʨʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʦʩʨʝʜʥʸʥʥʦʛʦ ʜʚʠʞʝʥʠ ̫ ʞʠʜʢʦʩʪʠ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚ ʣʠʙʨʠʨʫʶʱʝʡ ʩʬʝʨʝ ʠ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ, ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[6, 83, 84, 85 86]. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʦʥʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ ʣʠʙʨʘʮʠʡ ʠ ʯʠʩʝʣ ʕʢʤʘʥʘ ʚʳʧʦʣʥʝʥ ʚ [6]. ɺʩʣʝʜʩʪʚʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʚʷʟʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʕʢʤʘʥʘ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʦʪʩʪʘʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʦʪʜʘʣʝʥʠʝʤ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʦʙʦʨʦʪ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʧʝʨʝʞʘʶʱʝʝ ʪʝʯʝʥʠʝ [83]. ʇʦʩʢʦʣʴʢʫ ʛʣʦʙʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʦʣʦʩʪʠ 

ʥʘʢʣʘʜʳʚʘʝʪ ʫʩʣʦʚʠʝ ʛʝʦʩʪʨʦʬʠʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʚ ʮʝʣʦʤ ʩʪʨʫʢʪʫʨʫ ʩʨʝʜʥʝʛʦ 

ʧʦʪʦʢʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ ʚʣʦʞʝʥʥʳʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚʳʭ ʩʣʦʝʚ. ʉʢʦʨʦʩʪʴ ʟʦʥʘʣʥɹʦʛʦ ʧʦʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʳ ʣʠʙʨʘʮʠʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʕʢʤʘʥʘ. ɺ ʩʬʝʨʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʝ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʜʘʞʝ ʝʩʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʚʩʷ ʧʦʣʦʩʪʴ [85] ʠʣʠ ʪʦʣʴʢʦ ʚʥʝʰʥ̫  ̫ʩʬʝʨʘ 

[84]. ɺ ʩʣʫʯʘʝ ʣʠʙʨʠʨʫʶʱʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʪʘʢʞʝ ʚ ʦʙʲʸʤʝ ʧʦʣʦʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʦʪʩʪʘʶʱʠʡ ʟʦʥʘʣʴʥʳʡ ʧʦʪʦʢ [87].  

ʇʦʤʠʤʦ ʟʦʥʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʞʠʜʢʦʩʪʠ. ɺ ʨʘʙʦʪʝ [15] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ 

ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ ʩ ʧʨʷʤʳʤʠ 

ʪʦʨʮʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʪʦʨʦʠʜʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʉʪʦʢʩʘ. ʉʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʦʙʘʚʣʝʥʠʷ ʤʝʣʢʠʭ 

ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ (ʠʟʤʝʣʴʯʝʥʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʨʝʜʥʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʯʘʩʪʠʮʳ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʠʩʪʝʤʫ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʮ 

ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʧʦʣʦʩʪʠ. ɺ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ 

(ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ) ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʦʩʨʝʜʥʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ [16]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʩʠʣʴʥʦ 
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ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʉʪʦʢʩʘ 2 /S libd n= W, ʛʜʝ libW  ï ʫʛʣʦʚʘʷ 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, n ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ. ɽʩʣʠ ʪʦʣʱʠʥʘ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ / 1S Rd , ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʩʝʚʳʤ 

ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ. 

 

1.4. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʨʘʥʝʝ, ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʣʦʙʘʣʴʥʳʭ ʪʝʯʝʥʠʡ, 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʨʝʘʣʴʥʳʭ ʘʩʪʨʦ- ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʫʜʦʙʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʮʠʣʠʥʜʨ 

[61, 58, 14] ʠʣʠ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ [40, 72]. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʧʣʘʥʝʪʘʨʥʳʭ ʪʝʣ ʚʘʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʧʦʣʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ, ʦʪʩʯʠʪʳʚʘʝʤʦʛʦ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠʙʣʠʞʝʥʠʝ ɓ-ʧʣʦʩʢʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʳʡ ʥʘʢʣʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ [88]. ʅʘʧʨʠʤʝʨ, 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʩ ʦʜʥʦʡ ʥʘʢʣʦʥʥʦʡ ʙʦʢʦʚʦʡ ʩʪʝʥʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʵʢʩʮʝʥʪʨʠʯʥʦ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʦʣʝ [18]. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʶʱʘʷʩʷ ʢʦʣʴʮʝʦʙʨʘʟʥʘʷ ʦʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʜʚʫʤʷ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ, ʩ ʢʦʥʠʯʝʩʢʠʤ ʜʥʦʤ [70, 71]. ʉʪʦʠʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʘʢʣʦʥʥʳʭ ʩʪʝʥʦʢ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʢʫʩʠʨʦʚʢʠ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʘʪʪʨʘʢʪʦʨ [17, 89, 

10]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʚʦʣʥʦʚʳʭ ʘʪʪʨʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʚ 

ʧʦʣʦʩʪʠ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʤr ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ [17, 90] ʠʣʠ ʚ ʢʫʙʝ, ʛʜʝ ʥʘʢʣʦʥ 

ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʥʠʮʘʤ 

ʧʦʣʦʩʪʠ [91]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ 

ʘʪʪʨʘʢʪʦʨʦʚ ʤʘʣʦ, ʠ ʪʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʙʦ ʜʚʫʤʝʨʥʦʡ [17, 18], ʣʠʙʦ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ [70, 71]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʣʦʩʪʷʭ ʣʫʯʝʚʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʬʬʝʢʪʦʚ ʚʦʣʥʦʚʦʛʦ 

ʟʘʭʚʘʪʘ ʘʪʪʨʘʢʪʦʨʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ [47]. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪ r ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʣʥʦʚʳʭ ʘʪʪʨʘʢʪʦʨʦʚ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʣʦʩʪʠ, ʠʤʝʶʱʝʡ ʚʳʜʝʣʝʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʮʠʣʠʥʜʨ, ʩ ʜʚʫʤʷ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʤrʠ ʪʦʨʮʘʤʠ. ɺʳʙʨʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʩʦʭʨʘʥʷʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ɓ-

ʧʣʦʩʢʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʢʘʯʘʪʴ ʚ ʩʠʩʪʝʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʥʝʞʝʣʠ ʚ 

ʯʠʩʪʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʳ ʬʦʢʫʩʠʨʦʚʢʠ ʚʦʣʥ ʠ ʚʦʣʥʦʚʦʛʦ 

ʟʘʭʚʘʪʘ ʘʪʪʨʘʢʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ ʜʦʣʞʥʳ ʧʨʦʷʚʣʪ̫ʩɹʷ ʥʘʤʥʦʛʦ ʷʨʯʝ. ʅʝ ʤʝʥʝʝ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʟʘʢʦʥʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʰʠʨʠʥʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʢʦʨʦʩʪʠ ʚ ʚʦʣʥʦʚʳʭ ʧʫʯʢʘʭ ʩ ʯʠʩʣʦʤ ʕʢʤʘʥʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ [92] ʠ ʯʠʩʣʝʥʥʳʤʠ [93, 43] 

ʨʘʙʦʪʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʢʣʦʥ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ, ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʤʦʜ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʩ ʛʨʘʥʠʮʘʤʠ ʧʦʣʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ. ʅʘʧʨʠʤʝʨ, ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʠʭ ʰʠʨʦʪ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʶʪʩʷ ʚʦʣʥʳ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʥʫʣʝʚʘʷ ʦʩʨʝʜʥʝʥʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴ [93, 94]. ɺ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʪɻʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʞʠʜʢʠʭ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ 

ʮʠʣʠʥʜʨʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ɺʦʧʨʦʩ ʦ 

ʩʪʨʫʢʪʫʨʝ ʦʩʨʝʜʥʸʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʚʦʣʥʘʤʠ ʚ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

ʅʘʢʦʥʝʮ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʣʥ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʟʦʥʘʣʴʥʦʝ ʪʝʯʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʪʨʠʘʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥ rʚ ʫʩʣʦʚʠʷʭ 

ʚʦʣʥʦʚʦʛʦ ʘʪʪʨʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʚʦʣʥʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʨʝʜʥʸʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʢʣʘʩʪʝʨʘ [70, 71]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ ʞʠʜʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʞʠʤʘ ʠʥʝʨʮʠʦʥʥʦʡ 

ʤʦʜʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʇʦʵʪʦʤʫ ʝʱʸ ʦʜʥʦʡ ʟʘʜʘʯʝʡ, ʩʦʭʨʘʥʷʶʱʝʡ ʙʦʣʴʰʫʶ 
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ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʫ, ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʨʝʜʥʸʥʥʳʭ ʟʦʥʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ʚ 

ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʚʦʣʥʦʚʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʠ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ. 
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ɻʃɸɺɸ 2. ɼʀʅɸʄʀʂɸ ɾʀɼʂʆʉʊʀ ɺ ʅɽʈɸɺʅʆʄɽʈʅʆ 

ɺʈɸʑɸʖʑɽʄʉʗ ʎʀʃʀʅɼʈɽ ʉ ʅɸʂʃʆʅʅʓʄʀ ʊʆʈʎɸʄʀ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʪʁʩʷ ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʡ ʚ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʤʩʷ (ʣʠʙʨʠʨʫʶʱʝʤ) ʮʠʣʠʥʜʨʝ. ʀʩʪʦʯʥʠʢʘʤʠ ʚʦʣʥ 

ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʪʦʨʮʝʚʳʭ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥ rʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ: ʠʥʝʨʮʠʦʥʥʘʷ ʤʦʜʘ (ʛʣʦʙʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠ)̫, ʠʥʝʨʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʘʪʪʨʘʢʪʦʨ ʠ ʨʝʞʠʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʚʦʣʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʨʝʞʠʤʘ ʠʤʝʶʪ ʚʠʟʫʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ, ʠʭ 

ʧʨʠʨʦʜʘ ʨʘʟʣʠʯʥʘ. ɺ ʩʣʫʯʘʝ ʘʪʪʨʘʢʪʦʨʘ ʚʦʣʥʦʚʳʝ ʣʫʯʠ ʧʦʩʣʝ ʩʝʨʠʠ ʦʪʨʘʞʝʥʠʡ ʦʪ 

ʥʘʢʣʦʥʥʳʭ ʪʦʨʮʦʚ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ɺ ʨʝʞʠʤʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʟʘʤʢʥʫʪʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʦʙʨʘʟʦʚʘʥʘ ʣʫʯʘʤʠ, ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʜʚʫʭ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʫʛʣʦʚ 

ʧʦʣʦʩʪʠ. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʜʚʫʭʤʝʨʥʘʷ ʣʫʯʝʚʘʷ ʤʦʜʝʣʴ. ʀʩʩʣʝʜʫʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʪʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʳʝ 

ʚʦʣʥʘʤʠ, ʧʨʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜʘʭ ʣʠʙʨʘʮʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʤ ʝr ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ: [20, 22, 23, 24]. 

 

2.1. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

2.1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʧʣʝʢʩʠʛʣʘʩʦʚʦʤ ʮʠʣʠʥʜʨʝ ʜʣʠʥʦʡ H  ʠ 

ʨʘʜʠʫʩʦʤ R (ʨʠʩ. 2.1). ʊʦʨʮʳ ʧʦʣʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʳʝ ʩʧʣʦʰʥʳʝ 

ʚʩʪʘʚʢʠ ʚ ʬʦʨʤʝ ʫʩʝʯʝʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ a. 

ɼʠʘʤʝʪʨ ʚʩʪʘʚʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʧʦʣʦʩʪʠ; ʧʦʣʦʞʝʥʠʝ 

ʚʩʪʘʚʦʢ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʟʨʘʯʥʦʛʦ ʛʝʨʤʝʪʠʢʘ. ɼʣʠʥʘ H  ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʩʪʘʚʢʘʤʠ L  ʟʘʚʠʩʠʪ ʦʪ 

ʫʛʣʘ ʥʘʢʣʦʥʘ a ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʩʪʘʚʦʢ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʚʘʨʠʘʥʪʳ ʧʦʣʦʞʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʚʩʪʘʚʦʢ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ: ʧʘʨʘʣʣʝʣʴʥʳʡ ʥʘʢʣʦʥ 
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(parallel slope (PS)) (ʨʠʩ. 2.1a), ʥʝʧʘʨʘʣʣʝʣʴʥʳʡ ʥʘʢʣʦʥ (antiparallel slope (APS)) 

(ʨʠʩ. 2.1ʙ). 

 

 

ʈʠʩ. 2.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʨʮʦʚ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ: a ï ʧʘʨʘʣʣʝʣʥɹʳʡ ʥʘʢʣʦʥ (PS), ʙ ï 

ʥʝʧʘʨʘʣʣʝʣʴʥʳʡ ʥʘʢʣʦʥ (APS). 

 

ʊʘʙʣʠʮʘ 2.1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʦʩʪʝʡ 

H, ʤʤ R, ʤʤ Ŭ, Á L, ʤʤ 
PS APS 

R / L 2 ( )R / L H+  

99.0 26.0 

8.5 90.0 0.29 
ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 
15.0 84.0 0.31 

23.0 
77.0 0.34 

55.0  0.34 

 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʩʧʝʢʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠ ̫ʨʘʜʠʫʩʘ ʮʠʣʠʥʜʨʘ R ʢ 

ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʙʦʢʦʚʳʭ ʛʨʘʥʠʮ 
*L . ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ PS 

ʜʣʠʥʳ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʷʚʣʷʶʪʩʷ ʨʘʚʥʳʤʠ, ʪʦ *L L= . ɺ ʩʣʫʯʘʝ APS ʜʣʠʥʳ 

ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ( ) 2*L L H /= + . 

ɺʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʧʦʣʦʩʪʠ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʛʣʠʮʝʨʠʥʦʚʤr ʨʘʩʪʚʦʨʦʤ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ 1 9 43 0. .n= -  ʩʉʪ. ɺʷʟʢʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚʠʩʢʦʟʠʤʝʪʨʦʤ 

ɺʇɾ ï 2 ʩ ʪʦʯʥʦʩʪʴʶ 0.1 ʩʉʪ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪ ɹʜʦʙʘʚʣʷʶʪʩʷ 

ʯʘʩʪʠʮʳ ʠʟ ʧʦʣʠʘʤʠʜʘ ʜʠʘʤʝʪʨʦʤ ~60 ʤʢʤ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ~1.04 ʛ/ʩʤ3. 
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ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 
410- . ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʨʠʩ. 2.1ʘ) 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦʥʪʝʡʥʝʨʦʤ ʠ ʧʦʣʦʩʪʴʶ ʟʘʧʦʣʥʝʥʦ ʚʦʜʦʡ. ʇʨʠ ʧʦʤʦʱʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ʢʁ ʚʝʪʘ ʢʨʝʧʠʪʩʷ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʪʦʣʫ. ʉʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ ʢʶʚʝʪʳ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʦʧʦʨ r ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ. ɼʠʘʤʝʪʨ 

ʦʜʥʦʛʦ ʠʟ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʝʚʳʰʘʝʪ ʜʠʘʤʝʪʨ ʧʦʣʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ 

ʘʟʠʤʫʪʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ (ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ). 

 

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ɺʨʘʱʝʥʠʝ ʢʶʚʝʪʳ 1 ʟʘʜʘʝʪʩʷ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 2 (FL86STH118-6004A) 

ʙʣʘʛʦʜʘʨʷ ʙʝʟʣʶʬʪʦʚʦʡ ʫʧʨʫʛʦʡ ʤʫʬʪʝ 3 (SJCɸ-30C) (ʨʠʩ. 2.2). ʋʧʨʘʚʣʝʥʠʝ 

ʜʚʠʛʘʪʝʣʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʨʘʡʚʝʨʘ 4 (SMD-9.0). ʐʘʛ ʜʚʠʛʘʪʝʣʷ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1.8Á ʜʦ 0.45Á. ʇʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 5 (Mastech HY5005E) ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 50 ɺ. 

ɻʝʥʝʨʘʪʦʨʦʤ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ɸʎʇ/ʎɸʇ 6 (ZET 210), ʫʧʨʘʚʣʷʝʤʳʡ ʯʝʨʝʟ 
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USB ʧʦʨʪ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 7. ɺ ʧʨʦʛʨʘʤʤʝ ZETlab ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʠʧ 

ʩʠʛʥʘʣʘ ï ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʢʶʚʝʪʘ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʧʦ ʟʘʢʦʥʫ: 

( )ɤ( ) 1 Ůsinrot libt tè ø=W + Wê ú, (2.1) 

ʛʜʝ 
rotW  ï ʩʨʝʜʥʷʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ, 

libW  ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ. 

ɸʤʧʣʠʪʫʜʘ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ Ů űs=D , ʛʜʝ űD  ï ʫʛʣʦʚʘʷ 

ʘʤʧʣʠʪʫʜʘ ʣʠʙʨʘʮʠʡ ʠ /lib rots=W W ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ ʣʠʙʨʘʮʠʡ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʝʣʠʯʠʥʘ rotW  ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ 

ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ 
libW  ʚʘʨʴʠʨʫʝʪʩʷ (ʪʘʙʣʠʮʘ 2.2). ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʯʘʩʪʦʪ rotW  ʠ libW  ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 0.1 ʩï1. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʣʘʚʥʦ 

ʟʘʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ ʢʶʚʝʪʳ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ rotW . 

ʉʧʫʩʪʷ ʭʘʨʘʢʪʝʨʥʦʝ ʚʷʟʢʦʝ ʚʨʝʤʷ 1/2 1E rot

- -W  (ʥʝ ʙʦʣʝʝ 10 ʩʝʢ.) [1] ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʳ libW , ʧʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʜʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ e. ɿʜʝʩʴ ( )2E= / rotRn W  ï ʯʠʩʣʦ ʕʢʤʘʥʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʦʪʥʦʰʝʥʠʷ ʚʷʟʢʠʭ ʩʠʣ ʢ ʩʠʣʝ ʂʦʨʠʦʣʠʩʘ. 

 

ʊʘʙʣʠʮʘ 2.2. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

rotW , ʩ-1 
libW , ʩ-1 s e űD, ʨʘʜ 

31.4 6.28 ï 62.80 
0.20 ï 2.0 0.01 ï 0.20 0.005 ï 1.0 

62.8 12.56 ï 125.60 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PIV 

(Particle Image Velocimetry). ʀʩʪʦʯʥʠʢʦʤ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʣʘʟʝʨ 

8 (KLM -532/h-1000) (ʨʠʩ. 2.2). ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʯʘʩʪʠʮʘʤʠ 

ʚʠʟʫʘʣʠʟʘʪʦʨʘ, ʦʩʚʝʱʝʥʥʳʤʠ ʚ ʧʣʦʩʢʦʩʪʠ çʩʚʝʪʦʚʦʛʦ ʥʦʞʘè ʣʘʟʝʨʘ. ʊʦʣʱʠʥʘ 
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ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʢʦʨʦʩʪʥʫʶ ʢʘʤʝʨʫ 9 (Optronis 

CamRecord CL600x2). ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ 10 (DVR Express Core). ʏʘʩʪʦʪʘ ʩʲʝʤʢʠ ʚʳʙʠʨʘʝʪʩʷ ʢʨʘʪʥʦʡ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 2rot rotf / p=W  ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20ï

360 ʢʘʜʨ/ʩ. ʈʘʟʨʝʰʝʥʠʝ ʢʘʜʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 800 800³  ʠʣʠ 1000 600³  

ʧʠʢʩʝʣʝʡ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.2 ʜʦ 0.4 ʤʢʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʝʪʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʯʘʩʪʠʮ-ʪʨʘʩʩʝʨʦʚ ʚ ʢʘʞʜʦʤ 

ʢʘʜʨʝ. 

 

 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʘʟʝʨʘ ʠ ʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ ʚ ʤʝʪʦʜʝ PIV ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʞʠʜʢʦʩʪʠ: a ï ʚʜʦʣ ɹʦʩʠ ʚʨʘʱʝʥʠʷ, ʙ ï ʧʦʧʝʨʝʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʆʙʣʘʩʪʴ çʩʚʝʪʦʚʦʛʦ 

ʥʦʞʘè ʣʘʟʝʨʘ ʧʦʢʘʟʘʥʘ ʚ ʚʠʜʝ ʧʣʦʩʢʦʩʪʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. 

 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠʩʩʣʝʜʫʝʪʩʷ ʢʘʢ ʚ ʦʩʝʚʦʤ, ʪʘʢ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

(ʨʠʩ. 2.3). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʘʤʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʨʝʜʥʝʝ 

ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠ ʢʶʚʝʪʳ ʙʳʣʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʘʤʝʨʳ 

(ʨʠʩ. 2.3ʘ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʘʤʝʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ ʩʦʦʩʥʦ ʩ 

ʦʩɹ  ʁʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.3ʙ). ʇʣʦʩʢʦʩʪʴ çʣʘʟʝʨʥʦʛʦ ʥʦʞʘè ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʩʣʫʯʘʝʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʘʤʝʨʳ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʪʨʦʛʦ ʫʛʣʘ 

ʤʝʞʜʫ ʙʦʢʦʚʦʡ ʩʪʝʥʢʦʡ ʠ ʪʦʨʮʦʤ ʧʦʣʦʩʪʠ. ɿʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 
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ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ( )r , ,zj . ɺʨʘʱʝʥʠʝ ʧʦʣʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʟʨʘʯʥʦʛʦ ʪʦʨʮʘ; ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ j 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʩʪʨʦʛʦ ʫʛʣʘ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʣʠʥʠʠ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ. 

 

2.1.2. ʄʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʨʠ ʣʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʫʛʣʦʚʘʷ 

ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦ ʟʘʢʦʥʫ: 

( )0 rot libt cos tdj=j + j=W +Dj W, (2.2) 

ʛʜʝ rottW  ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʚʥʦʤʝʨʥʤr ʚʨʘʱʝʥʠʝʤ, ( )libcos tDj W  ï 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʚʳʙʠʨʘʶʪʩʷ ʧʘʨʳ ʢʘʜʨʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʚʨʝʤʝʥʠ, ʢʨʘʪʥʳʤ ʧʝʨʠʦʜʫ ʚʨʘʱʝʥʠʷ 2 /rot rotnT n= p W, ʛʜʝ n  ï ʮʝʣʦʝ ʯʠʩʣʦ. 

ʇʦʩʢʦʣʴʢʫ ʚʨʘʱʝʥʠʝ ʧʦʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ, ʪʦ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠ ̫ʧʦʣʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ rotnT , ʥʝ ʙʫʜʫʪ 

ʩʦʚʧʘʜʘʪʴ. ʅʘ ʨʠʩ. 2.4 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʘʤʝʨʳ, ʛʜʝ ld ï ʧʝʨʝʤʝʱʝʥʠʝ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ, 

0tdj = j -dj ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʯʝʨʝʟ ʦʜʠʥ ʧʝʨʠʦʜ ʚʨʘʱʝʥʠʷ rotT . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʢʣʦʥʝ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʤʝʱʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʩʞʠʤʘʝʪʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ çʢʦʣʝʙʘʥʠʡè 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʨʩʢʠʡ ʧʨʦʛʨʘʤʤʥrʡ ʢʦʜ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʧʣʘʪʬʦʨʤʝ MATlab. ɺ 

ʘʣʛʦʨʠʪʤʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʤʘʩʩ ʦʙʣʘʩʪʠ 

ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʜʣʷ ʚʩʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʥ̫ʥʦʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʝʨʠʠ ʢʘʜʨʦʚ. ʆʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʷ ʘʤʧʣʠʪʫʜ ʣʠʙʨʘʮʠʡ 

0.16e¢  ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʣʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

/ 0.02R RD ¢ . 
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ʈʠʩ. 2.4. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʯʝʨʝʟ ʧʝʨʠʦʜ 

ʚʨʘʱʝʥʠʷ rotT . ʈʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ. 

 

ʌʘʟʳ ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʠ ʩʲʝʤʢʠ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʙʳʣʦ ʚʩʝʛʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʢʘʤʝʨʳ. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʬʘʟʘʤʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

p rot libnT mTtD = - , (2.3) 

ʛʜʝ m ï ʮʝʣʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʣʠʙʨʘʮʠʡ. ʂʨʠʪʝʨʠʝʤ ʜʣʷ ʦʪʙʦʨʘ ʟʥʘʯʝʥʠʡ ptD  ʠʟ 

(2.3) ʷʚʣʷʝʪʩʷ: 

0.05 / 0.25
p libt T¢ D ¢ , (2.4) 

ʄʠʥʠʤʘʣʴʥʘʷ ʛʨʘʥʠʮʘ ʥʝʨʘʚʝʥʩʪʚʘ (2.4) ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ: ʜʣʷ 

| | / 0.05
p libt TD <  ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮ ʚʠʟʫʘʣʠʟʘʪʦʨʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʫʣʴʩʘʮʠʦʥʥʳʤ 

ʪʝʯʝʥʠʝ, ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʳʤ ʩʦ ʩʤʝʱʝʥʠʝʤ ʠʟ-ʟʘ ʦʩʨʝʜʥʸʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ 

| | / 0.25
p libt TD >  ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ ʣʠʙʨʘʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ 4-ʭ ʢʘʜʨʦʚ, ʯʝʛʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʭʦʨʦʰʝʛʦ ʨʘʟʨʝʝhʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ɺʳʙʦʨ ʟʥʘʯʝʥʠʡ n  ʠ m ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ =1n  ʤʝʪʦʜʦʤ 

ʧʦʜʙʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ m, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʶ 

(2.4). ɺ ʠʥʦʤ ʩʣʫʯʘʝ n  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʠ ʩʥʦʚʘ ʚr ʯʠʩʣʷʝʪʩʷ m. ʕʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ptD  ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ. 
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ʈʠʩ. 2.5. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʙʨʘʮʠʦʥʥʦʡ ( )libcos tdj=Dj W (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ 

ʨʘʚʥʦʤʝʨʥʦʡ 0j  (ʢʨʘʩʥʳʝ ʥʘʢʣʦʥʥʳʝ ʣʠʥʠʠ) ʢʦʤʧʦʥʝʥʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʧʨʠ 0.10e=  ʠ 

ʯʘʩʪʦʪʝ ʣʠʙʨʘʮʠʡ 0.90s=  (a) ʠ 1.10 (ʙ). ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʦʩʪʠ ʬʘʟ 

0tdj = j -dj ʟʘ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʧʦʣʦʩʪʠ. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ tdj ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʧʦʣʦʩʪʠ ʟʘ rotT  (ʯʝʨʥʳʝ ʪʦʯʢʠ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ld (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) (ʚ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ 

ʥʘ ʬʨʘʛʤʝʥʪʝ (ʙ). ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʥʫʤʝʨʘʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʦʨʦʪʦʚ ʧʦʣʦʩʪʠ. 

 

ʅʘ ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʣʠʙʨʘʮʠʡ 

dj ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ 0j. ʇʨʠ 0.90s=  ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʦʩʪʠ 

ʟʘʧʘʟʜʳʚʘʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʟʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ ʥʘ 



30 

11.11ʤʩptD =  (ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʨʠʩ. 2.5ʘ). ɺ ʩʣʫʯʘʝ 1.10s=  

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ, ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʦʧʝʨʝʞʘʝʪ ʩʨʝʜʥʝʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ 9.09ʤʩptD =  (ʨʠʩ. 2.5ʙ). ʅʘ ʬʨʘʛʤʝʥʪʝ 

(ʨʠʩ. 2.5ʚ) ʧʦʢʘʟʘʥʦ ʫʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʦʩʪʠ ʦʪ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ 

0tdj = j -dj. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 3.5tdj < ¯, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʯʘʩʪʠʮ ʚʠʟʫʘʣʠʟʘʪʦʨʘ, 

ʥʘʭʦʜʷʩʴ ʜʘʞʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʣʦʩʪʠ, ʦʩʪʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ çʩʚʝʪʦʚʦʛʦ ʥʦʞʘè. 

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜ ʤʦʜʫʣʷʮʠʠ 

ʩʢʦʨʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʘʜʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʛʨʘʤʤʝ PIVlab ʚ 

ʩʨʝʜʝ MATLAB  [19]. ʉʨʝʜʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 50 50³ , 40 40³ , 22 22³  ʠ 12 12³  ʧʠʢʩʝʣʝʡ. ʉʜʚʠʛ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1 2/  ʦʪ ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ɹʇʌ (ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ), 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʛʥʦʚʝʥʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ 

ʢʘʞʜʦʡ ʬʘʟʳ ʣʠʙʨʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʨʝʜʥʝʥʠʝ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

( )
0

1
1

m

j

jN
m =

+ä , (2.5) 

ʛʜʝ N  ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ ʣʠʙʨʘʮʠʡ libT , j  ï 

ʥʦʤʝʨ ʢʘʜʨʘ (ʦʜʥʘ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ). ʆʩʨʝʜʥʝʥʠʝ ʧʦ ʦʜʥʦʡ ʬʘʟʝ (2.5) ʧʨʦʠʩʭʦʜʠʪ 

ʜʣ ̫ 4m² . ʅʘʧʨʠʤʝʨ, ʧʨʠ ʯʘʩʪʦʪʝ 1.10s=  ʧʦʣʥʳʡ ʧʝʨʠʦʜ ʣʠʙʨʘʮʠʡ ʨʘʟʨʝʰʘʝʪʩʷ 

10N=  ʢʘʜʨʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʧʝʨʚʦʡ ʬʘʟʝ ʣʠʙʨʘʮʠʡ 

ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʳ ʢʘʜʨʦʚ ʩ ʥʦʤʝʨʘʤʠ 1,11, 21, 31, 41, ʜʣʷ ʚʪʦʨʦʡ ʬʘʟʳ 

2,12, 22, 32, 42 ʠ ʪ.ʜ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

(ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ) ʯʘʩʪʦʪʘ ʩʲʝʤʢʠ ʩʦʩʪʘʚʣʷʝʪ 

s 360f =  ʢʘʜʨ/ʩ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʩ ʯʘʩʪʦʪʦʡ 
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/ 2ˊrot rotf =W  ʚʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʨʘʱʝʥʠʶ ʥʘ ʚʝʣʠʯʠʥʫ, ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʠʭ ʩʦʚʤʝʱʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʨʘʤʠ ʢʘʜʨʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

sp ftD =1/. 

 

2.1.3. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦʪʦʢʦʚ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚʳʙʠʨʘʶʪʩʷ ʢʘʜʨʳ, ʚʨʝʤʷ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: os rotnTtD = , ʛʜʝ n  ï ʮʝʣʦʝ ʯʠʩʣʦ. ʆʩʨʝʜʥʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʧʦ 10 ʧʝʨʠʦʜʘʤ ʣʠʙʨʘʮʠʡ libT . ʈʝʟʫʣʴʪʘʪʦʤ 

ʷʚʣʷʶʪʩʷ ʦʩʨʝʜʥʸʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ <u >  ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ < >x . ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʥʘʯʘʣɹʥʦʡ ʬʘʟʳ ʣʠʙʨʘʮʠʡ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʦʩʨʝʜʥʝʥʠʷ. ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ [19]. 

 

2.2. ʇʦʣʦʩʪʴ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʢʣʦʥʦʤ ʪʦʨʮʦʚ 

 

2.2.1. ʇʫʣʴʩʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ s0< <2 ʩʫʝɦʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʫʣʴʩʘʮʠʦʥʥʳʝ 

ʨʝʞʠʤʳ ʪʝʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʘʩʪʦʪʦʡ s ʠ ʘʤʧʣʠʪʫʜʦʡ ʣʠʙʨʘʮʠʡ e. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʷʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ (ʚ ʦʩʝʚʦʤ 

ʩʝʯʝʥʠʠ) ʩʢʦʨʦʩʪʴ: 

2 21
r zu = u u s

S
+ Dä , (2.6) 

ʛʜʝ ru  ʠ zu  ï ʨʘʜʠʘʣʴʥʘʷ ʠ ʦʩʝʚʘʷ ʢʦʤʧʦʥʝʥʪr ʩʢʦʨʦʩʪʠ, S ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʘ sD  ï ʧʣʦʱʘʜʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʰʘʛʦʤ 
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ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ʊʠʧʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ( )libu t / T  ʜʣʷ ʯʘʩʪʦʪʳ 

ʣʠʙʨʘʮʠʡ s=1.06 ʠ ʘʤʧʣʠʪʫʜʳ e=0.06 ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.6. ʆʙʝ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʠ 

ʩʤʝʱʝʥʳ ʧʦ ʬʘʟʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ / 2p . ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ʨʘʟʣʠʯʥʳ, 

ʩʨʝʜʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʠ 
1

liblib T

<u >= udt
T ñ

 ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ɺʠʜʥʦ, 

ʯʪʦ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʣʠʙʨʘʮʠʡ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʜʚʘʞʜʳ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ ʧʦʣʦʩʪʠ ʠ ʧʝʨʝʩʪʨʦʡʢʦʡ ʪʝʯʝʥʠʷ. ʆʩʨʝʜʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

u< > ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʜʝʩʷʪʠ ʧʝʨʠʦʜʘʤ ʣʠʙʨʘʮʠʡ libT .  

 

a

a ʙ

 

 

ʈʠʩ. 2.6. ʌʦʪʦʛʨʘʬʠʠ ʢʶʚʝʪʳ ʜʣʷ a=23.0¯ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ 

ʧʝʨʝʧʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ: ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ (ʘ) ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ (ʙ). ʅʘ ʥʠʞʥʝʤ 

ʬʨʘʛʤʝʥʝʪʝ ʧʦʢʘʟʘʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʫʣʴʩʘʮʠʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʨʠ s=1.06, e=0.06 ʠ 
4

E 1 4 10.
-

= Ö  (ʚ); ʢʨʘʩʥʳʝ ʠ 

ʩʠʥʠʝ ʪʦʯʢʠ ʩʦʦʪʚʝʪʚʫʶʪ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʣʦʩʢʦʩʪʷʭ (ʘ) ʠ (ʙ), ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

u< >. ʏʝʨʥʦʡ ʩʧʣʦʰʥʦʡ ʢʨʠʚʦʡ ʧʦʢʘʟʘʥʘ ʣʠʙʨʘʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʧʦʣʦʩʪʠ dj. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʣʠʙʨʘʮʠʡ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʙʫʜʫʪ 

ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʝʯʝʥʠʷ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ (ʨʠʩ. 2.6ʘ). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ e ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ (ʤʘʣʳʝ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ s ʩʢʦʨʦʩʪʴ <u > e (ʨʠʩ. 2.7). ʀʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʩʪʨʫʢʪʫʨʳ ʠʥʝʨʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʠ ʵʪʦʤ 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʞʠʜʢʦʩʪʠ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʫʣʴʩʘʮʠʡ <u >  

ʥʦʨʤʠʨʫʝʪʩʷ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ: 

lib

u
U

R

< >
< >=

DjW
. (2.7) 

ʊʘʢʘʷ ʥʦʨʤʠʨʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʣʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

 

ʈʠʩ. 2.7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʚʦʤ 

ʩʝʯʝʥʠʠ ʧʦʣʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ e ʧʨʠ a=15.0¯ ʠ 
4

E 1.2 10
-

= Ö . 
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2.2.1.1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ 

 

ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʨʝʞʠʤʦʚ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʦʣʦʩʪʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ 23.0a= .̄ ɺʠʜʥʦ, 

ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʚʠʜ ʩ ʩʝʨʠʝʡ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʵʢʩʪʨʝʤʫʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʟʦʥʘʥʩʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʠʥʝʨʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ. ʅʘʠʙʦʣʝʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʪʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ 

0.65s= . ʇʨʠ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʚʜʦʣʴ ʙʦʣʴʰʝʡ ʜʠʘʛʦʥʘʣʠ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ 

(ʨʠʩ. 2.9ʙ). ʅʘʧʨʘʚʣʝʥʠʝ ʟʘʢʨʫʪʢʠ ʚ ʚʠʭʨʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪʩ,̫ ʩʦʧʨʦʚʦʞʜʘʷʩʴ 

ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ~ / 2p  [96]. ʕʪʦʪ ʨʝʞʠʤ ʥʘʧʦʤʠʥʘʝʪ 

ʩʦʙʦʡ ʩʪʦʷʯʫʶ ʚʦʣʥʫ ï ʠʥʝʨʮʠʦʥʥʫʶ ʤʦʜʫ ( )M , ,n m k , ʛʜʝ ʙʫʢʚʳ ʚ ʩʢʦʙʢʘʭ 

ʦʟʥʘʯʘʁʪ ʦʩʝʚʦʝ, ʨʘʜʠʘʣʴʥʦʝ ʠ ʘʟʠʤʫʪʘʣʴʥʦʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

ʈʠʩ. 2.8. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ s ʧʨʠ 

4E 1.2 10-= Ö . ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʩʠʥʠʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫ ʪʁ ʘʪʪʨʘʢʪʦʨʫ A (n, m); ʩʧʣʦʰʥʳʤʠ 

ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ ʨʝʞʠʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ C (n, m). ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʦʙʦʟʥʘʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. 
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ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜʳ ( )M , ,n m k  ʧʨʝʦʙʣʘʜʘʶʪ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ, 8.5a=  ̄ʠ 

15.0̄  (ʩʤ. ʨʘʟʜʝʣ 2.2.1.2). 

 

 

ʈʠʩ. 2.9. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ s ʧʨʠ 4E 1.2 10-= Ö  ʚ ʬʘʟʘʭ 

libtW =0 (ʘ, ʙ, ʚ, ʜ, ʝ, ʞ) ʠ 
libtW =p (ʛ, ʟ, ʠ, ʢ). ɹʝʣʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʪʨʘʝʢʪʦʨʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ; ʯʝʨʥʳʝ ʩʪʨʝʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʢʘʟʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ. 
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ɿʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʥʝʚʷʟʢʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʜʣʷ ʮʠʣʠʥʜʨʘ ʩ 

ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [1]: 

2 2
2

2 2 2 2

4

nmk

n
=

n / a

p
s

p x+
, (2.8) 

ʛʜʝ a R / L=  ʘʩʧʝʢʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, nmkx  ʭʘʨʘʢʪʝʨʠʟʫʝʪ m-ʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

() ()
2

2 2 2
1 0

k k
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J k J
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x x x
x p

+ + =, (2.9) 

ʛʜʝ ()k
J x  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦʨʷʜʢʘ k . 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʥʝʚʷʟʢʠʭ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʤʦʜ (0k>) ʜʣʷ 0.34ʘ=  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ s ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʩʠʩʪʝʤʳ ʠʟ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ U< >. ɺ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜʳ ʩ ʙʦʣʴʰʠʤʠ ʨʘʜʠʘʣʴʥʳʤʠ 

ʯʠʩʣʘʤʠ m. ʊʘʢ, ʧʨʠ 0.35s=  ʚʦʟʙʫʞʜʘʝʪʩʷ ʤʦʜʘ ( )M 1, 2,1  (ʨʠʩ. 2.9ʘ), ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ ʨʘʜʠʘʣʴʥʦ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʠʭʨʝʡ. ʏʘʩʪʦʪʘ 0.45s=  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤ ʤʦʜʘʤ ( )M 1,1, 2  ʠ ( )M 2, 3,1 , ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʟʫʘʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʦʜʘ ( )M 2, 3,1 . 

 

ʊʘʙʣʠʮʘ 2.3. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʚʷʟʢʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʜʣʷ 0.34ʘ=  

n m k  ʪʝʦʨʠʷs  ʵʢʩʧs  

1 1 1 0.679 0.65 

1 1 2 0.447 0.45 

1 2 1 0.339 0.35 

2 3 1 0.459 0.45 

3 1 1 1.570 1.60, A (3, 1) 

5 1 1 1.816 1.80, C (3, 1) 

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʥʘ ʩʤʝʥʫ ʠʥʝʨʮʠʦʥʥʳʤ ʤʦʜʘʤ ʧʨʠʭʦʜʷʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʝ ʨʝʞʠʤʳ. ɺʤʝʩʪʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʦʩʮʠʣʣʷʮʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʣʫʯʠ, ʢʦʪʦʨʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 
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0.8 1.2s< <  ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʟʘʤʢʥʫʪʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ 

(ʨʠʩ. 2.9ʚ, ʛ). ʇʦʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʪʨʘʢʪʦʨʫ ( )ɸ 1,1. ɹʝʣʳʤʠ 

ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ r ʧʫʪʠ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ ʣʠʙʨʘʮʠʡ 

libtW =0. ʂʦʥʝʯʥʘʷ ʪʦʣʱʠʥʘ ʚʝʪʚʝʡ ʘʪʪʨʘʢʪʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʬʦʢʫʩʠʨʦʚʢʠ ʠ ʚʷʟʢʦʡ ʜʠʩʩʠʧʘʮʠʝʡ. ʇʨʠ ʯʘʩʪʦʪʝ 

1sº  ʘʪʪʨʘʢʪʦʨ ʠʤʝʝʪ ʚʠʜ ʢʚʘʜʨʘʪʘ, ʩʠʤʤʝʪʨʠʷ ʩʪʦʨʦʥ ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʚʦʣʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʢʨʘʡʥʠʭ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʦʣʦʩʪʠ (ʚ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ rotW ). ʏʝʨʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʧʦʜ ʫʛʣʦʤ ( )arcsin / 2q s=°  [1], ʛʜʝ q 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ɼʣʷ ʯʘʩʪʦʪʳ 1.10s=  (ʨʠʩ. 2.9ʚ) ʚʦʣʥʳ 

ʜʦʣʞʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦʜ ʫʛʣʦʤ 33.4q= .̄ ʆʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʯʘʩʪʦʪʘ 

ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ 1.16sº . ɺʦʟʤʦʞʥʦ, ʨʘʩʭʦʞʜʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʩʨʝʜʥʝʥʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 

2.2.2. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ ʚʜʦʣʴ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ, ʠʩʧʫʩʢʘʝʤʳʭ ʠʟ ʦʩʪʨʳʭ ʫʛʣʦʚ 

ʧʦʣʦʩʪʠ (ʨʠʩ. 2.9ʛ, ʜ). ʉʪʨʫʢʪʫʨʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʠ ʧʨʠ ʯʘʩʪʦʪʝ s=1.24 ʧʨʦʷʚʣʷʶʪʩʷ ʫʞʝ ʜʚʝ ʟʘʤʢʥʫʪʳʝ ʪʨʘʝʢʪʦʨʠʠ. 

ʇʝʨʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʚʷʟʘʥʘ ʩ ʘʪʪʨʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚʜʦʣʴ ʤʝʥʴʰʝʡ 

ʜʠʘʛʦʥʘʣʠ ʧʦʣʦʩʪʠ; ʚʪʦʨʘʷ ʩʚʷʟʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʩʠʤʤʝʪʨʠʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ ʠʟ ʫʛʣʦʚ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʧʦʤʠʥʘʝʪ 

ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ [97], ʚ ʢʦʪʦʨʦʤ ʜʚʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʥʳʤʠ, ʥʦ ʙʣʠʟʢʠʤʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʯʘʩʪʦʪʘʤʠ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ 

ʜʚʫʭ ʧʨʝʜʝʣʴʥʳʭ ʮʠʢʣʘʭ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʯʘʩʪʦʪʘ ʚʩʝʭ ʚʦʣʥ ʦʜʠʥʘʢʦʚʘ, ʧʦʵʪʦʤʫ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʦʡ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʨʫʛʦʡ. 

ʇʨʠ ʯʘʩʪʦʪʝ s=1.30 ʘʪʪʨʘʢʪʦʨ (ʨʠʩ. 2.9ʝ) ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʟʘʤʝʪʥʳʤ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʥʝʨʛʠʷ ʚʦʣʥ, ʠʩʧʫʩʢʘʝʤʳʭ ʠʟ ʦʩʪʨʳʭ ʫʛʣʦʚ ʧʦʣʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʥʫʪʨʠ ʚʥʝʰʥʝʡ ʪʨʘʝʢʪʦʨʠʠ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʜʚʘ ʚʦʣʥʦʚʳʭ 

ʧʫʯʢʘ, ʢʦʪʦʨʳʝ ʥʘʧʦʤʠʥʘʪʁ ʩʣʝʜ ʘʪʪʨʘʢʪʦʨʘ ( )A 1,1 . ʇʨʠ s=1.44 (ʨʠʩ. 2.9ʞ) 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʠʩʭʦʜʷʱʫʶ ʠʟ ʦʩʪʨʳʭ 

ʫʛʣʦʚ. ɺʦ ʚʨʘʱʘʶʱʝʤʩʷ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʵʪʦʪ ʨʝʞʠʤ ʘʥʘʣʦʛʠʯʝʥ ʩʣʫʯʘʶ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʨʙʠʪ, ʢʦʪʦʨʝr ʥʝ ʷʚʣʷʶʪʩʷ ʘʪʪʨʘʢʪʦʨʘʤʠ [42, 43]. ɺʠʜʥʦ, ʯʪʦ 

ʧʦʯʪʠ ʚʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚ ʫʟʢʠʭ ʩʜʚʠʛʦʚʳʭ ʩʣʦʷʭ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʇʨʠ ʵʪʦʤ ʚʙʣʠʟʠ ʥʘʢʣʦʥʥʳʭ ʛʨʘʥʠʮ ʦʙʨʘʟʫʝʪʩʷ 

ʧʘʨʘ ʚʠʭʨʝʡ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʮʠʨʢʫʣʷʮʠʠ ʚʜʦʣʴ ʦʩʥʦʚʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʫʪʠ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʝʞʠʤʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʨʙʠʪ [43] ʜʘʥʥʳʡ ʨʝʞʠʤ ʦʙʦʟʥʘʯʝʥ ʢʘʢ ( )ʉ 1,1 ʠ ʥʘʟʚʘʥ 

ʨʝʞʠʤʦʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʟʘʤʢʥʫʪʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʩʞʠʤʘʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚʙʣʠʟʠ ʥʘʢʣʦʥʥʳʭ ʛʨʘʥʠʮ, ʩʤʝʱʘʶʪʩʷ ʢ ʪʫʧʳʤ ʫʛʣʘʤ (ʨʠʩ. 2.9ʟ). ʇʨʠ s=1.60 

ʚʦʣʥʦʚʳʝ ʧʫʯʢʠ ʩʥʦʚʘ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʁ, ʢʦʪʦʨʘʷ 

ʥʘʧʦʤʠʥʘʝʪ ʘʪʪʨʘʢʪʦʨ ( )A 3,1  (ʨʠʩ. 2.9ʠ). ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʝ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʩʜʚʠʛʦʚʳʭ ʩʣʦʷʭ, ʦʙʨʘʟʫʶʱʠʭ ʪʨʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ. ʇʨʠ 

s=1.80 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ( )ʉ 3,1 (ʨʠʩ. 2.9ʢ). ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʟʘʤʢʥʫʪʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ 

ʤʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʥʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʟʘʤʢʥʫʪʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

ʅʘ ʨʠʩ. 2.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʞʠʤʦʚ 

ʘʪʪʨʘʢʪʦʨʘ ( )A ,1n , ʛʜʝ 1, 3n= , ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠ̫ ʚʦʣʥ ( )ʉ 1,1 ʚ ʬʘʟʝ 

libtW =0. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʦʣʥʦʚʳʝ ʣʫʯʠ ʚ ʮʝʣʦʤ 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 2.10 ʘïʚ, ʜ-ʞ, ʠïʣ). ʅʘ ʯʘʩʪʦʪʝ 

s=1.10 ʧʨʠ / = 0.31r R  ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʪʴ ʚʦʣʥʳ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʦʩʪʨʳʭ 

ʫʛʣʦʚ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʥʥʝʝ ʥʝ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ / = 0r R . ʇʨʠ 
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ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʠʭ ʚʦʣʥ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ / 0.62r R= . 

ɸʟʠʤʫʪʘʣʥɹʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ / 0.50z L=  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʘʨʫ ʚʠʭʨʝʡ, ʩʤʝʱʝʥʥʳʭ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 0j=  

(ʨʠʩ. 2.10ʛ). ʇʦʣʦʞʝʥʠʝ ʵʪʠʭ ʚʠʭʨʝʡ ʩʦʦʪʚʝʩʪʚʫʝʪ ʜʚʫʤ ʚʝʪʚʷʤ ʟʘʤʢʥʫʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ( )A 1,1 , ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʣʠʙʨʘʮʠʡ ʚʠʭʨʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʶ ʧʦʣʦʩʪʠ ʠ ʟʘʪʫʭʘʶʪ, ʥʘ ʩʤʝʥʫ ʠʤ 

ʧʨʠʭʦʜʷʪ ʚʠʭʨʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʩʦʚʝʨʰʘʶʪ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʥʦʚʦʡ 

ʘʪʪʨʘʢʪʦʨ ( )A 1,1  ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʜʚʫʭʤʝʨʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʢʣʦʥʝʥʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ. 

 

 

ʈʠʩ. 2.10. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʠ s=1.10, e=0.03 (ʘïʚ); s=1.44, e=0.02 (ʜïʞ); 

s=1.64, e=0.01 (ʠ-ʣ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ /r R  ʚ ʬʘʟʝ = 0libtW  ʠ 5E 4.7 10-= Ö . ɺ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ (ʛ, 

ʟ, ʤ) ʧʦʢʘʟʘʥʳ ʤʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ / 0.50z L= . ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʯʝʨʥʘʷ ʣʠʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 0j=, ʧʫʥʢʪʠʨʥʝr ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʝʯʝʥʠʷʤ /r R , ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʩʪʦʣʙʮʘʭ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ 

ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 



40 

ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʝʞʠʤʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʥʝʨʮʠʦʥʥrʭ ʚʦʣʥ ( )C 1,1  ʧʨʠ ʯʘʩʪʦʪʝ s=1.44 

(ʨʠʩ. 2.10ʜïʞ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʣʥʳ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʦʩʪʨʳʭ ʫʛʣʦʚ ʠ ʚʠʜʠʤʳʝ ʧʨʠ 

/ = 0r R  (ʨʠʩ. 2.10ʜ), ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ / = 0.38r R  ʠ 0.70(ʨʠʩ. 2.10ʝ, ʞ). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʟʘʢʘʯʢʘ ʵʥʝʨʛʠʠ ʚ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ-

ʨʫʛʦʤʫ. ʈʘʩʧʝʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

(ʨʠʩ. 2.10ʟ) ʘʥʘʣʦʛʠʯʥʦ ʨʝʞʠʤʫ ( )A 1,1  (ʨʠʩ. 2.9ʛ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʣʦʩʢʦʩʪʴ, 

ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʚʠʭʨʠ, ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʥʘʢʣʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ 0j= . 

ʇʨʠ ʯʘʩʪʦʪʝ s=1.64, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ( )A 3,1 , ʚʝʪʚʠ ʘʪʪʨʘʢʪʦʨʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ (ʨʠʩ. 2.10ʠ,ʢ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ / 0.50z L=  ʚʙʣʠʟʠ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚʠʭʨʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ 

ʢʘʞʜʳʝ ~ / 2p  (ʨʠʩ. 2.10ʤ). ʇʨʠ ʵʪʦʤ ʚ ʩʝʯʝʥʠʠ / = 0.38r R  ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ 

ʦʩʪʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ / 0.50z L= (ʨʠʩ. 2.10ʢ), ʯʪʦ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʞʠʤʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠ s=1.10 ʠ 1.44. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʤʝʥʝʥʠʠ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ (/ = 0.70r R ) ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʦʣʥʦʚʳʝ ʧʫʯʢʠ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʳ ʚʙʣʠʟʠ ʪʫʧʳʭ ʫʛʣʦʚ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.10ʣ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʧʦʤʠʤʦ ʵʬʬʝʢʪʦʚ ʬʦʢʫʩʠʨʦʚʢʠ 

(ʪʝʥʜʝʥʮʠʷ ʢ ʩʪʷʛʠʚʘʥʠʶ ʥʘ ʦʜʥʫ ʪʨʘʝʢʪʦʨʠʶ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ) ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʬʬʝʢʪ çʟʘʭʚʘʪʘè ʩʚʷʟʘʥ ʩ ʚʣʠʷʥʠʝʤ 

ʥʘʢʣʦʥʘ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʥʘ ʘʟʠʤʫʪʘʣʥɹʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʣʥʦʚʳʭ ʣʫʯʝʡ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʣʫʯʝʡ ʦʪ ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʠ ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ q ʩʦʭʨʘʥʷʝʪʩʷ. ʅʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʟʠʤʫʪʘʣʴʥʳʝ ʫʛʣʳ ʧʘʜʘʶʱʝʛʦ ʠ 

ʦʪʨʘʞʸʥʥʦʛʦ ʣʫʯʝʡ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʠ ʩʠʣʥɹʦ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ 

ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʠ a [44, 98, 47]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʵʬʬʝʢʪʫ ʚ ʜʣʠʥʥʳʭ ʢʘʥʘʣʘʭ ʩ 

ʪʨʘʧʝʮʠʝʚʠʜʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʘʪʪʨʘʢʪʦʨ ( )A 1,1  ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʣʦʚʫʰʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʢʣʦʥʥʦʡ 
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ʛʨʘʥʠʮʝ [98]. ɽʩʣʠ ʥʘʢʘʯʢʘ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʫ ʠʩʭʦʜʠʪ ʦʪ ʦʜʥʦʡ ʩʪʝʥʢʠ, ʪʦ 

ʚʦʣʥʦʚʘʷ ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ: ʚʝʪʚʠ 

ʘʪʪʨʘʢʪʦʨʘ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ~1/ 4 ʦʪ ʦʙʱʝʡ ʜʣʠʥʳ ʢʘʥʘʣʘ. 

ʕʬʬʝʢʪʳ çʟʘʭʚʘʪʘè ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [99] ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩ ʧʦʜʚʦʜʥʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʴʶ. ʇʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʦʪ ʢʦʥʠʯʝʩʢʦʛʦ 

ʜʥʘ, ʧʨʦʠʩʭʦʜʠʪ çʟʘʭʚʘʪè ʚʦʣʥʳ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚʦʣʥʦʚʳʝ ʘʪʪʨʘʢʪʦʨʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ 

çʟʘʭʚʘʪʫè ʧʦʩʣʝ ʩʝʨʠʠ ʦʪʨʘʞʝʥʠʡ ʦʪ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ [45]. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʩʣʫʯʘʝ ʘʩʠʤʤʝʪʨʠʷ ʪʦʨʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʠʟʣʫʯʘʝʤʳʭ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ, çʢʦʥʠʯʝʩʢʠʡ ʚʝʝʨè ʚʦʣʥ, ʧʘʜʘʶʱʠʭ ʥʘ ʥʘʢʣʦʥʥʫʶ 

ʩʪʝʥʢʫ, ʢʘʢ ʙʳ ʩʦʙʠʨʘʝʪʩʷ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʢʣʦʥʘ. ʕʪʦʪ ʚʳʚʦʜ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʚʘʟʠʜʚʫʤʝʨʥʦʡ ʬʦʨʤʦʡ ʨʝʞʠʤʦʚ ( )A 1,1  ʠ ( )ʉ 1,1. ɼʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʅʘ ʨʠʩ. 2.11 ʧʦʢʘʟʘʥʘ ʩʝʨʠʷ ʤʛʥʦʚʝʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʜʣʷ s=1.44 ʚ 

ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ. ɺʠʜʥʦ, ʯʪʦ ʚʦʣʥʳ (ʨʠʩ. 2.11ʘ-ʛ), ʛʝʥʝʨʠʨʫʝʤʳʝ ʚʙʣʠʟʠ 

ʦʩʪʨʳʭ ʫʛʣʦʚ, ʩʦ ʚʨʝʤʝʥʝʤ ʧʘʨʘʣʣʝʣʴʥʦ ʩʤʝʱʘʶʪʩʷ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʟʘʤʢʥʫʪʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʞʠʤʘʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʤʝʨʝ. ɺ ʬʘʟʝ 
libtW =p 

ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʘʥʘʣʦʛʠʯʥʘ ʨʠʩ. 2.10ʘ, ʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. ɺ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʝʯʝʥʠʠ, 

ʧʦʚʝʨʥʫʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʯʝʥʠʷ ʩ ʥʘʢʣʦʥʳʤʠ ʪʦʨʮʘʤʠ ʥʘ ʫʛʦʣ j=p/2 

(ʨʠʩ. 2.11ʜ,ʝ). ʇʦʣʷ ʩʢʦʨʦʩʪʠ ʦʪʦʙʨʘʞʘʶʪ çʚʠʜ ʩʚʝʨʭʫè ʨʠʩ. 2.11ʘ. ʕʥʝʨʛʠʷ ʚʦʣʥ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʙʣʠʟʠ ʥʘʢʣʦʥʥʳʭ ʪʦʨʮʦʚ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ (ʙʝʣʳʝ ʣʠʥʠʠ) ʦʧʠʩʘʥʥʳʤ 

ʚ [1]. ʇʨʠ ʵʪʦʤ ʚʦʣʥʳ ʥʝ ʧʨʦʥʠʢʘʶʪ ʛʣʫʙʦʢʦ ʚ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʘ ʟʘʤʳʢʘʶʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1/3 ʦʪ ʜʣʠʥʳ ʧʦʣʦʩʪʠ. ɺ ʬʘʟʝ / 2libtW =p  (ʨʠʩ. 2.11ʝ) ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʦʯʝʥʴ ʤʘʣʘ, ʥʦ ʤʦʞʥʦ ʨʘʟʣʠʯʠʯʪʴ ʦʪʜʝʣʴʥʳʝ ʚʦʣʥʦʚʳʝ 

ʧʫʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʘʤʢʥʫʪʘ ̫ʪʨʘʝʢʪʦʨʠ ̫



42 

ʥʘʙʣʜʁʘʝʪʩʷ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʥʘʢʣʦʥʘ ʪʦʨʮʝʚʳʭ 

ʩʪʝʥʦʢ. 

 

 

ʈʠʩ. 2.11. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ ʣʠʙʨʘʮʠʡ libtW  ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʨʠ 

s=1.44 e=0.03 (ʘ-ʛ) ʠ e=0.04 (ʜ, ʝ) , 4E 1.2 10-= Ö . ʋʛʦʣ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ ʩʦʩʪʘʚʣʷʝʪ a=23.0¯. 

ɹʝʣʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʢʘʟʘʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. 

 

ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʙʣʠʟʠ ʪʦʨʮʦʚ (ʨʠʩ. 2.12ʘ,ʙ) ʠ ʚ ʮʝʥʪʨʝ 

ʧʦʣʦʩʪʠ (ʨʠʩ. 2.10ʟ) ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʩʝʯʝʥʠʠ / 0.50z L=  

ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʨʘ ʚʠʭʨʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ / 0.34z L=  ʚʠʭʨʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʙʣʠʟʠ ʪʫʧʳʭ 

ʫʛʣʦʚ ʠ ʚʳʪʷʥʫʪʳ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʊʘʢʘʷ ʬʦʨʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʦʪ ʪʦʨʮʦʚ ʚ ʦʙʲʝʤ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.11ʜ). ʉʦ ʚʨʝʤʝʥʝʤ 

ʚʠʭʨʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʜʦʣʴ ʥʘʢʣʦʥʥʥʦʛʦ ʪʦʨʮʘ ʠ ʟʘʪʫʭʘʶʪ, ʘ ʥʘ ʠʭ ʤʝʩʪʝ 

ʧʦʷʚʣʷʶʪʩʷ ʚʠʭʨʠ ʧʨʦʪʠʚʦʚʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʢʨʫʪʢʠ (ʨʠʩ. 2.12ʚ). ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʣʩɹʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʱʝʤ 

ʩʤʝʱʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ /z L ʢ ʦʩʪʨʦʤʫ ʫʛʣʫ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.12ʙ). 

 

- 03 30x, 1/ʩ  

ʈʠʩ. 2.12. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ x ʧʨʠ s=1.44 ʠ e=0.04 ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ / 0.34z L= (ʘ) ʠ 0.22(ʙ). ʅʘ ʬʨʘʛʤʝʥʪʝ ʚ ʧʦʢʘʟʘʥʦ ʢʘʢ ʤʝʥʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʛʥʦʚʝʥʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ j=0¯ ʩʦ ʚʨʝʤʝʥʝʤ (ʯʝʨʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʥʘ a, ʙ). ʏʠʩʣʦ ʕʢʤʘʥʘ 5E 4.7 10-= Ö , ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ a=23.0¯. 

 

2.2.1.2. ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ 

 

ʀʥʝʨʮʠʦʥʥʳʡ ʦʪʢʣʠʢ ʞʠʜʢʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ a ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ s=0.2-2.0 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.13. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ 

ʥʝʤʦʥʦʪʦʥʥʳʡ ʚʠʜ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. 

ʂʘʞʜʦʤʫ ʧʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ 

ʫʛʣʘ ʥʘʢʣʦʥʘ 8.5a=  ̄ ʚ ʧʦʣʦʩʪʠ ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʨʝʟʦʥʘʥʩʘ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ 

ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ ( )ʄ , ,n m k . ɺʦ ʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʦʩʪʷʭ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʨʝʞʠʤ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ [39, 48, 16] (ʨʠʩ. 2.13). ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʤʦʜ ʜʣʷ 8.5a=  ̄ʠ 15.0̄  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4, ʜʣʷ 23.0a=  ̄ʚ ʪʘʙʣʠʮʝ 2.3. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʢʘʨʪʳ ʪʝʯʝʥʠʡ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ a 

ʤʘʢʩʠʤʫʤʳ ʩʢʦʨʦʩʪʠ ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʣʠʙʨʘʮʠʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʧʦʣʦʩʪʠ. 
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ʈʠʩ. 2.13. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ s ʜʣʷ: (ʘ) 8 5.a= ,̄ 

3E 2.0 10-= Ö ; (ʙ) 15 0.a= ,̄ 4E 2.4 10-= Ö ; (ʚ) 23 0.a= ,̄ 4E 1.2 10-= Ö . ɿʘʰʪʨʠʭʦʚʘʥʥrʝ ʦʙʣʘʩʪʠ ʥʘ 

(ʚ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʪʨʘʢʪʦʨʫ A(n,m); ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥ ʨʝʞʠʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʦʪʨʘʞʝʥʠ ̫ʚʦʣʥ C(n,m). ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʤʦʜ M(n,m,k), ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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ʊʘʙʣʠʮʘ 2.4. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘ 

a,  ̄ ʘ R/ L=  n m k  ʪʝʦʨʠʷs  ʵʢʩʧs  

8.5 0.29 1 1 1 0.574 0.58 

2 1 0 0.857 0.86 

3 1 1 1.461 1.46 

5 1 1 1.758 1.76 

6 1 0 1.636 1.62 

7 1 1 1.868 1.88 

8 1 0 1.769 1.76 

10 1 0 1.844 1.88 

10 2 0 1.582 1.62 

15.0 0.31 1 1 1 0.619 0.62 

2 1 0 0.906 0.92, A (1,1) 

3 1 1 1.511 1.54 

5 1 1 1.786 1.78 

8 1 0 1.794 1.78 

 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʪʝʯʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʝʞʠʤʘ ʘʪʪʨʘʢʪʦʨʘ ( )ɸ 1,1 

(ʨʠʩ. 2.14). ʇʨʠ 8.5a=  ̄ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʪʦʨʦʠʜʘʣʴʥʳʭ ʚʠʭʨʝʡ ʩ ʦʩʝʚʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 2n=  (ʨʠʩ. 2.15ʛ). ɿʥʘʯʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʝʚʷʟʢʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʝʤʫʤʫ 

*

2,1,0 0.86s = , ʧʦʢʘʟʘʥʥʦʤʫ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 2.14. ʅʘ ʨʠʩ. 2.15ʛ ʚʠʜʥʦ, 

ʯʪʦ ʟʝʨʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʪʦʨʦʠʜʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʥʘʨʫʰʝʥʘ ʚʳʜʝʣʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʜʦʣʴ ʙʦʣʴʰʝʡ ʜʠʘʛʦʥʘʣʠ. ʕʪʦ ʜʚʠʞʝʥʠʝ ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ 

ʦʜʥʦʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʥʘ ʨʠʩ. 2.15ʘ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʦʜʳ ( )ʄ 1,1,1. ʇʨʠ ʵʪʦʤ 

ʩʪʨʫʢʪʫʨʘ ʤʦʜʳ ( )ʄ 1,1,1 ʩ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ a ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ 

(ʨʠʩ. 2.15ʙ, ʚ). 
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ʈʠʩ. 2.14. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʩ 

ʥʘʢʣʦʥʥʳʤʠ ʪʦʨʮʘʤʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ s ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ a ʠ ʯʠʩʝʣ ʕʢʤʘʥʘ E. 

ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ *

2,1,0s . 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ a ʠʥʝʨʮʠʦʥʥʘʷ ʤʦʜʘ ( )ʄ 2,1,0 ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʝʪ, ʘ 

ʵʬʬʝʢʪʳ ʬʦʢʫʩʠʨʦʚʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʣʴʥʝʝ (ʨʠʩ. 2.15ʜ, ʝ). ʊʘʢ, ʧʨʠ 15.0a=  ̄ʚ 

ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʚʝ ʟʘʤʢʥʫʪʳʝ 

ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 2.15ʜ). ɺʥʝʰʥʷʷ ʪʨʘʝʢʪʦʨʠʷ ʠʤʝʝʪ ʚʠʜ ʧʘʨʘʣʣʦʛʨʘʤʤʘ ʠ 

ʚʠʟʫʘʣʴʥʦ ʥʘʧʦʤʠʥʘʝʪ ʘʪʪʨʘʢʪʦʨ ( )A 1,1 . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʦʨʦʥʳ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʦʙʨʘʟʦʚʘʥʳ ʚʦʣʥʦʚʳʤʠ ʣʫʯʘʤʠ, ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʦʩʪʨʳʭ ʫʛʣʦʚ 

ʧʦʣʦʩʪʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʬʘʟʝ ʣʠʙʨʘʮʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ 

ʚʜʦʣʴ ʩʪʦʨʦʥ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʅʘʢʦʥʝʮ, ʧʨʠ 23.0a= ¯ 

ʪʨʘʝʢʪʦʨʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʣʫʯʝʡ ʘʪʪʨʘʢʪʦʨʘ ( )A 1,1  ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʦ 

(ʨʠʩ. 2.15ʝ). ʉʭʦʞʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʜʣʷ ʤʦʜʳ ( )M 3,1,1  (ʨʠʩ. 2.15ʞ). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʦʞʜʝʥʠʝ ʤʦʜʳ ( )M 3,1,1  ʚ 

ʘʪʪʨʘʢʪʦʨ ( )ɸ 3,1 (ʨʠʩ. 2.15ʟ, ʠ). 
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ʈʠʩ. 2.15. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʚʙʣʠʟʠ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ ʨʠʩ. 2.13. ʌʨʘʛʤʝʥʪʳ (ʚ, ʝ, ʞ) ʧʦʣʫʯʝʥʳ ʚ ʬʘʟʝ ʣʠʙʨʘʮʠʡ 

0libtW = , (ʘ, ʛ, ʙ, ʜ, ʟ, ʠ) ï libtW =p. 

 

2.2.1.3. ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʤʠ, ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ 

ʩʦʚʝʨʰʘʶʪ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʩ ʯʘʩʪʦʪʦʡ s ʚ ʧʣʦʩʢʦʩʪʷʭ, 

ʣʝʞʘʱʠʭ ʧʦʜ ʫʛʣʘʤʠ q°  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʝʚʘʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʴ rot ujx= , ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʚʦʣʥʦʚʳʤ ʣʫʯʘʤ, ʦʧʨʝʜʝʣʷʝʪ ʬʘʟʫ ʚʦʣʥʳ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʬʘʟʘ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʥʦʚʳʤ ʣʫʯʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ju  ʠ ʥʘʧʨʘʚʣʝʥʘ ʢ ʙʦʢʦʚʦʡ 

ʩʪʝʥʢʝ ʧʦʣʦʩʪʠ (ʨʠʩ. 2.16ʘïʚ). ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʬʘʟʳ (ʨʠʩ. 2.16ʚ) ʧʦʣʫʯʝʥʘ 
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ʚʜʦʣʴ ʩʨʝʟʘ 1 (ʨʠʩ. 2.16a) ʠ ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʨʮʝʚʳʤ 

ʩʪʝʥʢʘʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʣʥʦʚʳʝ ʣʫʯʠ ʩʦ ʩʪʦʨʦʥʳ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʪʫʧʳʭ ʫʛʣʦʚ ʧʦʣʦʩʪʠ ʨʘʙʦʪʘʶʪ ʩʠʥʬʘʟʥʦ, ʘ ʩʦʟʜʘʚʘʝʤʳʝ ʠʤʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʩʢʣʘʜʳʚʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʝʨʝʤʝɦ ʝʥʠʠ ʬʘʟʳ ʢ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʧʦʣʦʩʪʠ 

ʟʘʚʠʭʨʝʥʥʦʩʪʴ x ʩʦ ʩʪʦʨʦʥʳ ʦʩʪʨʳʭ ʫʛʣʦʚ ʛʘʩʠʪʩʷ ʙʳʩʪʨʝʝ. ɼʠʥʘʤʠʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʳ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʫʛʣʘ q, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʪ 

ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ s. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʪʦʨʮʘ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʝʨʭʥʶʶ, ʪʘʢ ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʢʶʚʝʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

ʈʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʩ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʄ(3,1,1) 

ʥʘʧʦʤʠʥʘʝʪ ʩʪʦʷʯʫʶ ʚʦʣʥʫ (ʨʠʩ. 2.16ʛïʝ). ɽʩʣʠ ʚ ʬʘʟʝ ʣʠʙʨʘʮʠʡ 0libtW =  ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʠʤʳ ʦʪʜʝʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʣʫʯʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʛʣʦʚ ʧʦʣʦʩʪʠ, ʪʦ ʧʨʠ 

libtW =p ʚʦʟʙʫʞʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʘʷ ʤʦʜʘ ʩ ʦʩʝʚʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 3n=  

(ʨʠʩ. 2.16ʜ). ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʣʠʙʨʘʮʠʡ ʟʘʢʨʫʪʢʘ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʷʭ ʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʳ ʟʘʚʠʭʨʝʥʥʦʩʪʝʡ ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 2.16ʝ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʰʥʠʝ ʢʦʥʪʫʨʳ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚʦʣʥʦʚʳʤʠ ʣʫʯʘʤʠ, ʠʩʧʫʱʝʥʥʳʤʠ ʠʟ ʣʶʙʳʭ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʫʛʣʦʚ ʧʦʣʦʩʪʠ. ʇʦʭʦʞʠʝ ʨʝʞʠʤʳ ʩʪʦʷʯʠʭ ʚʦʣʥ, ʥʦ ʩ ʯʝʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ n, ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʣʠʙʨʠʨʫʶʱʝʤ ʮʠʣʠʥʜʨʝ ʩ ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ [16], ʘ 

ʪʘʢʞʝ ʣʠʙʨʠʨʫʶʱʝʤ ʢʫʙʝ [39]. 

ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʚʦʣʥʦʚʘʷ ʜʠʥʘʤʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʨʝʞʠʤʘʭ, ʢʦʛʜʘ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚʦʟʙʫʞʜʘʶʪʩʷ 

ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ. ʊʘʢ, ʧʨʠ ʯʘʩʪʦʪʝ s=1.62 

(ʨʠʩ. 2.16ʞïʠ) ʧʦʧʝʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʜʳ ʄ(6,1,0) ʠ 

M(10,2,0). ʇʝʨʚʘʷ, ʜʦʤʠʥʘʥʪʥʘʷ ʤʦʜʘ, ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʘʟʘʭ 

ʣʠʙʨʘʮʠʡ 2libt /W =p  ʠ 3 2libt /W = p . ʇʨʠ ʵʪʦʤ ʘʩʠʤʤʝʪʨʠʷ ʢʶʚʝʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʳ ʚʙʣʠʟʠ ʪʦʨʮʦʚ ʧʦʣʦʩʪʠ: ʚʝʣʠʯʠʥʘ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʢʦʣʦ ʪʫʧʳʭ ʫʛʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚʙʣʠʟʠ ʦʩʪʨʳʭ 
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(ʨʠʩ. 2.16ʟ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʫʧʳʝ ʫʛʣʳ ʟʘʢʘʯʠʚʘʶʪ ʚ ʩʠʩʪʝʤʫ ʙʦʣʴʰʝ 

ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʨʳʤʠ. ɺʪʦʨʘʷ ʤʦʜʘ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʘʙʝʝ ʠ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʘ ʚ ʬʘʟʘʭ 0libt ,W = p. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʙʣʠʟʠ ʪʫʧʦʛʦ ʫʛʣʘ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʞʠʤ 

ʩʪʦʷʯʠʭ ʚʦʣʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ (ʨʠʩ. 2.16ʠ). ɺʙʣʠʟʠ ʦʩʪʨʦʛʦ ʫʛʣʘ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʘʙʝʝ, ʧʨʝʦʙʣʘʜʘʝʪ ʨʝʞʠʤ ʙʝʛʫʱʠʭ ʚʦʣʥ. 

 

 

ʈʠʩ. 2.16. ʄʛʥʦʚʝʥʥʦʝ ʧʦʣʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʦʣʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʘʭ ʣʠʙʨʘʮʠʡ 

s=1.08 (a, ʙ) s=1.46 (ʛ, ʜ) ʠ s=1.62 (ʞ, ʟ) ʜʣʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ a=8.5¯; ʯʝʨʥʳʤʠ 

ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ gu, ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ï ju . ɺ ʥʠʞʥʝʤ ʨʷʜʫ (ʚ, ʝ, ʠ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʭʨʝʥʥʦʩʪʠ x ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʚʝʨʭʥʠʭ ʬʨʘʛʤʝʥʪʘʭ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 1 ʠ 2; ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ z / L 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʣʝʚʦʛʦ ʪʦʨʮʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ x ʩʦʦʪʚʝʪʩʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʶ 

ʟʘʢʨʫʪʢʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɸʤʧʣʠʪʫʜʘ ʣʠʙʨʘʮʠʡ e=0.10, ʯʠʩʣʦ ʕʢʤʘʥʘ 3E = 2.0 10-Ö . 
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ʈʠʩ. 2.17. ʄʛʥʦʚʝʥʥʦʝ ʧʦʣʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʦʣʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʘʭ ʣʠʙʨʘʮʠʡ 

s=1.76 (a, ʙ) ʠ s=1.88 (ʛ, ʜ), e=0.10 ʠ 3E = 2.0 10-Ö . ɺ ʥʠʞʥʝʤ ʨʷʜʫ (ʚ, ʝ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʭʨʝʥʥʦʩʪʠ x ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ 1 ʠ 2, 

ʦʙʦʟʥʘʯʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʬʨʘʛʤʝʥʪʘʭ (a, ʙ, ʛ, ʜ). 

 

ʉʣʫʯʘʠ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.17. ʇʨʠ ʯʘʩʪʦʪʝ s=1.76 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʜʳ M(5,1,1) ʠ M(8,1,0), ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʠʤʝ ʙʝʛʫʱʠʭ ʚʦʣʥ (ʨʠʩ. 2.17aïʚ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ 

ʩʣʫʯʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ x ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ z / L. 

ɺ ʮʝʣʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʦʣʥʦʚʫʶ ʢʘʨʪʠʥʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʝ ʧʘʨʳ 

ʚʦʣʥ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʪʦʯʢʠ 0 7z / L .= , ʘ ʚʪʦʨʘʷ ʨʘʩʭʦʜʠʪʩʷ ʠʟ 
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ʪʦʯʢʠ 0 35z / L .= . ʅʘʢʦʥʝʮ, ʧʨʠ ʯʘʩʪʦʪʝ s=1.88 ʚʦʟʙʫʞʜʘʶʪʩʷ ʤʦʜʳ M(7,1,1) ʠ 

M(10,1,0). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʦʙʣʘʜʘʝʪ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʚʙʣʠʟʠ ʪʦʨʮʦʚ ʧʦʣʦʩʪʠ ʠ ʙʳʩʪʨʦ ʜʠʩʩʠʧʠʨʫʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʚʜʦʣʴ ʦʩʝʚʦʡ 

ʢʦʦʨʜʠʥʘʪʳ (ʨʠʩ. 2.17ʛïʝ). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ 

ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʝʪ ʩʪʦʷʯʫʶ ʚʦʣʥʫ. ɸʥʘʣʦʛʠʯʥʘʷ ʚʦʣʥʦʚʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʩʣʫʯʘʷ M(3,1,1), ʢʦʛʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʜʨʫʛʦʡ ʤʦʜʳ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʝ ʤʝʥʷʣʦʩʴ ʩʦ ʚʨʝʤʝʥʝʤ 

(ʨʠʩ. 2.15ʛïʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʙʣʠʟʠ ʪʦʨʮʦʚ ʧʦʣʦʩʪʠ, ʛʜʝ ʦʙʝ ʤʦʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʠʤ ʙʝʛʫʱʠʭ ʚʦʣʥ. 

 

2.2.1.4. ɺʣʠʷʥʠʝ ʯʠʩʣʘ ʕʢʤʘʥʘ ʥʘ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʯʠʩʣʘ ʕʢʤʘʥʘ ʥʘ ʪʦʣʱʠʥʫ ʩʜʚʠʛʦʚʳʭ ʩʣʦʝʚ ʚ 

ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʘʩʪʦʪʳ 1.44s=  ʠ 1.56, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʨʝʞʠʤʦʚ ʉ(1,1) ʠ ɸ(3,1). ʉʨʘʚʥʠʚʘʶʪʩʷ ʤʛʥʦʚʝʥʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʬʘʟʝ ʣʠʙʨʘʮʠʡ 0libtW = . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʘʝʢʪʦʨʠʷ ʚʦʣʥʳ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʧʦʣʦʩʪʠ ʦʙʨʘʟʫʝʪ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ (ʨʠʩ. 2.18ʘ). ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʜʦʣʴ ʢʨʘʩʥʦʡ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ. ɺ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʯʠʩʝʣ 

ʕʢʤʘʥʘ 5 4E ~10 10- --  ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʪʨʫʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʣʥʦʚʳʤ ʧʫʯʢʘʤ, 

ʦʪʨʘʞʝʥʥʳʤ ʦʪ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʕʢʤʘʥʘ ʰʠʨʠʥʘ 

ʩʪʨʫʡ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʧʨʠ 4E = 7.1 10-Ö , ʚʦʣʥʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ 

ʩʜʚʠʛʦʚʳʡ ʩʣʦʡ (ʨʠʩ. 2.18ʙ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʕʢʤʘʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ u^ ʚ ʩʜʚʠʛʦʚʳʭ ʩʣʦʷʭ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʢʦʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ, 

ʧʦʧʝʨʝʯʥʘʷ ʩʢʦʨʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʘʤʧʣʠʪʫʜʫ ʣʠʙʨʘʮʠʡ ʠ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ 

ʥʘ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʝ Ů rotRW . 
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u, /ʤʤʩ 500

s = 1.44

e = 0.03

 

ʈʠʩ. 2.18. ʄʛʥʦʚʝʥʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚ ʬʘʟʝ ʣʠʙʨʘʮʠʡ = 0libtW  ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʧʨʠ s=1.44, 

e=0.03 ʠ 4E 1.2 10-= Ö  (ʘ). ʇʨʦʬʠʣʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ (ʚʜʦʣʴ ʢʨʘʩʥʦʡ ʣʠʥʠʷ (ʘ)) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʕʢʤʘʥʘ (ʙ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʚʦʣʥʦʚʦʤ ʧʫʯʢʝ ʦʪ ʯʠʩʣʘ 

ʕʢʤʘʥʘ ʜʣʷ s=1.44 ʠ 1.56 (ʚ). ʅʘ ʬʨʘʛʤʝʥʪʝ (ʛ) ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʚ ʧʫʯʢʝ ʥʘ 2/5E-e  ʦʪ ʣʦʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ s /C R̂  ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ 1/5E . 

 

ʅʘ ʨʠʩ. 2.18ʚ ʧʦʢʘʟʘʥʦ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʚʦʣʥʦʚʦʤ ʧʫʯʢʝ. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʕʢʤʘʥʘ 4 3E =10 10- --  ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 
2/5~ E-e . ʇʦʣʫʯʝʥʥʳʡ ʟʘʢʦʥ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʣʠʙʨʘʮʠʡ. ʆʜʥʘʢʦ, ʫʞʝ ʧʨʠ 

4E <10-  ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʩʢʦʨʦʩʪʴ / (Ů )rotu R^ W  

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʯʠʩʣʦʤ ʕʢʤʘʥʘ ʧʦ ʟʘʢʦʥʫ 2/5~ Ee . ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʯʠʩʣʘ ʕʢʤʘʥʘ ʥʘ ʪʦʣʱʠʥʫ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʝʨʝʭʦʜ ʚ ʩʠʩʪʝʤʫ 

ʦʪʩʯʝʪʘ ʩʜʚʠʛʦʚʦʛʦ ʩʣʦʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʤʦʜʫʣʴ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.18ʙ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʦʩʨʝʜʥʷʝʪʩ ̫ ʚʙʣʠʟʠ 

ʤʘʢʩʠʤʫʤʘ ʩʢʦʨʦʩʪʠ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʨʦʬʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʯʠʩʝʣ 

ʕʢʤʘʥʘ ʩʦʚʤʝʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʚʦʜʠʪʩʷ ʣʦʢʘʣʴʥʘʷ 
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ʢʦʦʨʜʠʥʘʪʘ /Cs R̂ , ʛʜʝ Cs  - ʢʦʦʨʜʠʥʘʪʘ ʵʢʩʪʨʝʤʫʤʘ ʩʢʦʨʦʩʪʠ ʚ ʧʨʦʬʠʣʝ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʯʠʩʝʣ ʕʢʤʘʥʘ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ / 0Cs R̂ =  ʙʫʜʝʪ 

ʨʘʟʣʠʯʥʳʤ. ʅʘ ʨʠʩ. 2.18ʛ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʚ ʩʣʫʯʘʝ ʥʦʨʤʠʨʦʚʢʠ ʰʠʨʠʥʳ ʧʫʯʢʘ ʥʘ 
1/5E , ʘ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʠ ʧʫʯʢʘ ʥʘ 2/5E-e . 

ʇʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʟʘʢʦʥʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʚʝʩʪʠ ʤʦʞʥʦ. ɺ ʨʘʙʦʪʝ 

[92] ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʞʠʜʢʦʩʪʠ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʶʱʝʤʩʷ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʨʦʞʜʘʣʠʩʴ 

ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʰʠʨʦʪʘʭ ʚʥʝʰʥʝʡ (ʚʦʛʥʫʪʳʝ ʛʨʘʥʠʮʳ) ʠ ʚʥʫʪʨʝʥʥʝʡ (ʚʳʧʫʢʣʳʝ 

ʛʨʘʥʠʮʳ) ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʐʠʨʠʥʘ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ, ʨʦʞʜʸʥʥʳʭ ʚʥʝʰʥʠʤʠ 

ʰʠʨʦʪʘʤʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʣʘʩʴ ʢʘʢ 
1/5E , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʦʣʥ ʦʪ ʚʥʫʪʨʝʥʥʠʭ 

ʰʠʨʦʪ ʙʳʣ ʧʦʣʫʯʝʥ ʟʘʢʦʥ 
1/3E . ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʪʝʦʨʠʠ [43] 

ʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [95] ʠ [93] ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʠʩʝʣ ʕʢʤʘʥʘ 

7 5E =10 10- -- . ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʨʙʠʪ, ʢʦʛʜʘ ʠʥʝʨʮʠʦʥʥʘʷ ʚʦʣʥʘ ʦʙʨʘʟʫʝʪ ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ, 

ʥʝ ʷʚʣʷʶʱʫʶʩʷ ʘʪʪʨʘʢʪʦʨʦʤ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ C (1,1), ʢʦʛʜʘ 

ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʦʩʪʨʳʭ ʫʛʣʦʚ ʧʦʣʦʩʪʠ ʠ ʦʙʨʘʟʫʶʪ 

ʟʘʤʢʥʫʪʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
1/5s / ~ EC R̂  

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʣʷ ʚʦʣʥ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʛʥʫʪʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ʀʟ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ [92] ʩʣʝʜʫʝʪ, ʯʪʦ ʘʟʠʤʫʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ 

ʩʜʚʠʛʦʚʳʭ ʩʣʦʷʭ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʕʢʤʘʥʘ ʧʦ ʟʘʢʦʥʫ 
3/10~ Euj e . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʠʥʳ ʩʜʚʠʛʦʚʦʛʦ ʩʣʦʷ (ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʕʢʤʘʥʘ) 

ʠʥʝʨʮʠʦʥʥʳʡ ʦʪʢʣʠʢ ʞʠʜʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʤʘʣʳʭ ʯʠʩʝʣ ʕʢʤʘʥʘ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʫʞʝ ʧʨʠ 4E <10-  ʜʣʷ ʯʘʩʪʦʪʳ s=1.56 ʩʢʦʨʦʩʪʴ u^ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʧʦʥʠʞʝʥʠʝʤ E, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ. 

ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [93] ʜʣʷ ʜʠʘʧʘʟʦʥʘ 
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7 5E =10 10- -- , ʧʨʠ ʵʪʦʤ ʟʘʢʦʥ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣ ʦʪ ʪʦʛʦ, ʛʜʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʦʣʥʳ. 

ɽʩʣʠ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʣʘʩʴ ʚʥʝʰʥʷʷ ʩʬʝʨʘ, ʪ.ʝ. ʚʦʛʥʫʪʘʷ ʛʨʘʥʠʮʘ, ʘʟʠʤʫʪʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʢʘʢ 1/5~ Euj e . ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʥʝʰʥʷʷ ʩʬʝʨʘ 

ʚʨʘʱʘʣʘʩʴ ʨʘʚʥʦʤʝʨʥʦ, ʘ ʣʠʙʨʘʮʠʠ ʩʦʚʝʨʰʘʣʘ ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ, 1/12~ Euj e . 

 

2.2.2. ʆʩʨʝʜʥʝʥʥʳʝ ʪʝʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʥʝʨʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ 

 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʣʠʙʨʘʮʠʡ ʧʦʣʦʩʪʴ ʠ ʞʠʜʢʦʩʪʴ ʩʦʚʝʨʰʘʶʪ ʪʚʝʨʜʦʪʝʣʴʥʦʝ 

ʚʨʘʱʝʥʠʝ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʷʟʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʕʢʤʘʥʘ ʥʘ ʪʦʨʮʝʚʳʭ 

ʩʪʝʥʢʘʭ ʧʦʣʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʦʪʩʪʘʶʱʝʝ 

ʦʩʨʝʜʥʸʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ (ʨʠʩ. 2.19ʘ). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʥʝʝ 

ʚ ʨʷʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ [99, 100] ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [61, 15] ʨʘʙʦʪ ʩʢʦʨʦʩʪʴ 

ʦʩʨʝʜʥʸʥʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʳ ʣʠʙʨʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʙʫʜʫʪ ʥʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 
2e. 

ʅʘ ʨʠʩ. 2.19ʚ ʧʦʢʘʟʘʥʳ ʧʨʦʬʠʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 2/ ( )DW We ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʮʝʥʪʨ ʧʦʣʦʩʪʠ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ / 0.15z L= . ɺʠʟʫʘʣʴʥʦ 

ʧʨʦʬʠʣʠ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʣʠʙʨʠʨʫʶʱʝʤ 

ʮʠʣʠʥʜʨʝ ʩ ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ [61, 14]. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ 

ʫʛʣʦʚ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʩʠʣʴʥʦʝ ʦʧʝʨʝʞʘʶʱʝʝ ʪʝʯʝʥʠʝ. ɺ ʮʠʣʠʥʜʨʝ ʩ ʧʨʷʤʳʤʠ 

ʪʦʨʮʘʤʠ ʵʪʦʪ ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ [16] ʠ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʩʨʝʜʥʸʥʥʳʭ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ (ʨʠʩ. 2.19ʙ). ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦ 

ʥʘʢʣʦʥʥʳʭ ʪʦʨʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ. ʅʘ ʨʠʩ. 2.19ʚ ʮʠʬʨʦʡ 2 ʧʦʢʘʟʘʥ 

ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʩʝʯʝʥʠʠ / 0.15z L= . ɺ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ 

ʢʦʦʨʜʠʥʘʪʘ / 0.15z L=  (ʨʠʩ. 2.19ʙ, ʮʠʬʨʘ 2) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʪʫʧʦʛʦ ʫʛʣʘ 

ʧʦʣʦʩʪʠ. 
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ʈʠʩ. 2.19. ʆʩʨʝʜʥʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ uj< > ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ (ʘ) ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ <x> 

ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ (ʙ) ʧʨʠ 2.0s=  ʠ 0.12e= . ʌʨʘʛʤʝʥʪ (ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʜʣʷ / 0.50z L= , ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ (1) ʥʘ (ʙ). ʂʨʘʩʥʳʝ ʣʠʥʠʠ (1) ʠ (2) ʥʘ (ʙ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʘʪʝ /z L, ʚʜʦʣʴ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ çʩʚʝʪʦʚʦʡ ʥʦʞè ʣʘʟʝʨʘ. ʅʘ ʬʨʘʛʤʝʥʪʝ (ʚ) ʧʦʢʘʟʘʥʳ ʧʨʦʬʠʣʠ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚʜʦʣʴ ʣʠʥʠʡ (1) ʠ (2). ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ 8.5a=  ̄ʠ 
3

E 2.0 10
-

= Ö . 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0 2s< < ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 

ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʮʠʣʠʥʜʨʘ ʚʦʟʙʫʞʜʘʶʪ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʉʪʦʢʩʘ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʚʦʟʥʠʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʘʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ 

ʮʠʨʢʫʣʷʮʠʷ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ. ʅʘ ʨʠʩ. 2.20 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʨʝʜʥʝʥʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ 

ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ: ʥʝʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ 

ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʘïʚ); ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʩʪʦʷʯʝʡ ʚʦʣʥʳ (ʛïʝ); ʨʝʟʦʥʘʥʩʥʳʡ 

ʨʝʞʠʤ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʞïʠ). 
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ʈʠʩ. 2.20. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʚʠʭʨʝʥʥʦʩʪʠ <x> ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ  

ʧʦʣʦʩʪʠ (0.9r / Rº ) ʦʪ ʢʦʦʨʜʠʥʘʪʳ z / L ʧʨʠ s=0.72(ʘ); 1.46(ʛ); 1.76(ʞ). ɺʦ ʚʪʦʨʦʤ ʨʷʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʜʣʷ s: 0.72(ʙ); 1.46(ʜ); 1.76(ʟ). ɺ ʥʠʞʥʝʤ ʨʷʜʫ (ʚ, ʝ, 

ʠ) ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʳ ʚʦʣʥ ʜʣʷ ʵʪʠʭ ʞʝ ʯʘʩʪʦʪ (ʩʤ. 

ʨʠʩ. 2.16, ʨʠʩ. 2.17). 

 

ʅʘ ʯʘʩʪʦʪʝ s=0.72, ʚ ʥʝʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ, ʬʘʟʘ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʳ 

ʰʠʨʦʢʠʤ ʬʨʦʥʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʪʫʧʦʛʦ ʫʛʣʘ ʢ ʦʩʪʨʦʤʫ 

(ʨʠʩ. 2.20ʚ). ʂʘʢ ʚʠʜʥʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʨʝʜʥʝʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ 

ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ 

/ 0.2 1.0z L= - . ʅʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʝ ʷʚʣʷʝʪʩʷ 

ʮʠʢʣʦʥʠʯʝʩʢʠʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʳ ʚʦʣʥʳ. ʇʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨ ʚʠʭʨʷ ʪʘʢʞʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʰʠʨʠʥʦʡ ʬʨʦʥʪʘ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʪʦʣʱʠʥʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʉʪʦʢʩʘ 

S 2 / libd n= W. ɹʝʛʫʱʘʷ ʚʦʣʥʘ ʩʦ ʩʪʦʨʦʥʳ ʦʩʪʨʦʛʦ ʫʛʣʘ ʚʦʟʙʫʞʜʘʝʪ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚ ʧʨʝʜʝʣʘʭ / 0.2 1.0z L= - . 
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ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʨʝʜʥʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʠʥʝʨʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ ʠ ʫʛʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʧʦʣʦʩʪʠ (ʨʠʩ. 2.20ʘ) ʩʦʚʧʘʜʘʶʪ ʠ ʫʩʠʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ 

ʧʦʣʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.20ʙ, ʦʩʨʝʜʥʸʥʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʧʦʛʦ ʠ ʦʩʪʨʦʛʦ ʫʛʣʘ ʘʥʘʣʦʛʠʯʥʦʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʩʨʝʜʥʸʥʥʦʝ 

ʪʝʯʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ. 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʧʨʠ ʯʘʩʪʦʪʝ s=1.46 ʩʪʨʫʢʪʫʨʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʩʠʩʪʝʤʳ ʚʠʭʨʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣʴʥʳʡ 

ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ ( )ʄ 3,1,1(ʨʠʩ. 2.20ʛïʝ). ɺ ʜʠʘʧʘʟʦʥʝ / 0.4 0.7z L= -  

ʦʩʨʝʜʥʝʥʥʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʮʠʢʣʦʥʠʯʝʩʢʘʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ / 0 0.4z L= -  ʠ 

/ 0.7 0.9z L= -  ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ. ɺʙʣʠʟʠ ʤʝʩʪ ʩʦʝʜʠʥʝʥʠʷ ʙʦʢʦʚʦʡ ʠ ʪʦʨʮʝʚʦʡ 

ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʠʥʝʨʮʠʦʥʥʦʡ 

ʤʦʜʦʡ, ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ. ɽʩʣʠ ʚʙʣʠʟʠ ʦʩʪʨʦʛʦ ʫʛʣʘ 

ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʦʙʦʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʩʦʛʣʘʩʫʝʪʩʷ ʠ 

ʫʩʠʣʠʚʘʝʪʩʷ, ʪʦ ʚʙʣʠʟʠ ʪʫʧʦʛʦ ʫʛʣʘ ʩʠʪʫʘʮʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ. ʉʫʜʷ ʧʦ ʪʦʤʫ, ʯʪʦ 

ʫʛʣʦʚʦʡ ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʚʠʭʨʴ ʜʝʬʦʨʤʠʨʦʚʘʥ ʠ ʧʨʠʞʘʪ ʢ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʝ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʚʠʭʨʷ ʦʪ ʠʥʝʨʮʠʦʥʥʦʡ ʤʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʣʠʙʨʠʨʫʶʱʝʤ 

ʮʠʣʠʥʜʨʝ ʩ ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ [16]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʚʠʭʨʠ 

ʠʤʝʣʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʪʦʨʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ ʩ ʦʩʝʚʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 2n+ . 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʘʷ 

(s=1.76, ʨʠʩ. 2.20ʞïʠ). ɼʚʝ ʚʦʣʥʳ, ʩʭʦʜʷʱʠʝʩʷ ʚ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʦʡ 

/ 0.7z L= , ʠʥʜʫʮʠʨʫʶʪ ʧʘʨʫ ʩʦʛʣʘʩʦʚʘʥʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʦʩʨʝʜʥʝʥʥʳʭ ʚʠʭʨʝʡ. 

ʂʘʢ ʠ ʚ ʥʝʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ, ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʳ ʚʦʣʥʳ. ɺ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ / 0.35z L=  

ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʶʪ ʧʘʨʫ ʚʠʭʨʝʡ, ʥʦ ʫʞʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʟʘʢʨʫʪʢʦʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʯʝʥʠʝ ʚʙʣʠʟʠ ʪʫʧʦʛʦ ʫʛʣʘ ʫʩʠʣʠʚʘʝʪʩʷ ʙʝʛʫʱʝʡ 

ʚʦʣʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʙʣʠʟʠ ʦʩʪʨʦʛʦ ʫʛʣʘ ʦʩʣʘʙʣʷʝʪʩʷ ʚʦʣʥʦʡ. ʇʨʠ ʯʘʩʪʦʪʝ s=1.88, ʛʜʝ ʧʦʧʝʨʝʤʝʥʥʦ 



58 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʤʦʜʳ ( )ʄ 7,1,1 ʠ ( )ʄ 10,1,0 ʵʬʬʝʢʪ ʤʝʥʝʝ ʚʳʨʘʞʝʥ ʠʟ-ʟʘ ʚʷʟʢʦʡ 

ʜʠʩʩʠʧʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʉʪʦʢʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʩʨʝʜʥʸʥʥʦʛʦ 

ʪʝʯʝʥʠ ̫ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʨʝʜʥʸʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʳ 

ʚʦʣʥʳ. 

ɺʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʥʘ ʟʦʥʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʧʨʠ 

ʫʛʣʝ ʥʘʢʣʦʥʘ 23.0a= .̄ ʅʘ ʨʠʩ. 2.21 (ʣʝʚʳʡ ʩʪʦʣʙʝʮ) ʧʦʢʘʟʘʥʘ ʩʝʨʠʷ ʤʛʥʦʚʝʥʥʳʭ 

ʧʦʣʝʡ ʘʪʪʨʘʢʪʦʨʘ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ( )A 1,1 , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 

ʯʘʩʪʦʪʘʤ s. ʌʦʢʫʩʠʨʦʚʢʘ ʚʦʣʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʦʩʨʝʜʥʸʥʥʳʭ ʘʟʠʤʫʪʘʣʴʥʳʭ ʚʠʭʨʝʡ, ʨʘʜʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʤʝʥʷʝʪʩʷ 

ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ s (ʨʠʩ. 2.21, ʩʨʝʜʥʠʡ ʩʪʦʣʙʝʮ). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ /z L (ʨʠʩ. 2.22) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʚʠʭʨʠ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʤʝʨʥʳʤʠ. 

ʇʨʠ 0.90s=  ʚʙʣʠʟʠ ʤʝʩʪ ʦʪʨʘʞʝʥʠʷ ʚʝʪʚʝʡ ʘʪʪʨʘʢʪʦʨʘ ʦʪ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ 

ʚʦʟʥʠʢʘʝʪ ʧʘʨʘ ʦʩʨʝʜʥʸʥʥʳʭ ʚʠʭʨʝʡ, ʩʦʚʝʨʰʘʶʱʠʭ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ 

(ʨʠʩ. 2.21ʘ, ʝ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʦ 0.95s=  (ʨʠʩ. 2.21ʙ, ʞ) ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ ʦʪʨʘʞʝʥʠʷ ʘʪʪʨʘʢʪʦʨʘ ʦʪ ʥʘʢʣʦʥʥʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʩʤʝʱʘʝʪʩʷ ʢ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ ʫʧʣʦʪʥʷʶʪʩʷ ʚʜʦʣʴ ʣʠʥʠʠ 

ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ ʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʪʦʨʘʷ ʧʘʨʘ ʚʠʭʨʝʡ ʩ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʢʨʫʪʢʦʡ. 

ʇʨʠ ʯʘʩʪʦʪʝ 1.06s=  (ʨʠʩ. 2.21ʚ, ʟ) ʦʪʨʘʞʝʥʠʝ ʚʝʪʚʝʡ ʘʪʪʨʘʢʪʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ 

ʦʧʝʨʝʞʘʶʱʝ ʚʨʘʱʘʶʱʝʝʩʷ ʷʜʨʦ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʪʝʯʝʥʠʷ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʘ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 2k= . ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʪʦʯʢʠ ʦʪʨʘʞʝʥʠʷ 

ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʥʘ ʥʘʢʣʦʥʥʳʭ ʛʨʘʥʠʮʘʭ ʩ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʪʫʧʳʭ ʫʛʣʦʚ 

(ʨʠʩ. 2.21ʛ, ʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ, ʠ ʚʜʦʣʴ ʣʠʥʠʠ 

ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ ʧʦʷʚʣʷʝʪʩʷ ʧʘʨʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ (ʨʠʩ. 2.21ʜ, ʢ). 
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ʈʠʩ. 2.21. ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʚ ʬʘʟʘʭ 0libtW = (ʘ-ʛ) ʠ 
libtW =p(ʜ). ɺ 

ʩʨʝʜʥʝʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʧʨʠ / 0.50z L= ; ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ z ï ʢʦʤʧʦʥʝʥʪʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ; ʚʨʘʱʝʥʠʝ ʧʦʣʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ɺ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ; 

ʮʚʝʪʦʤ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ zu< >, 
4

E 1.2 10
-

= Ö . 
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ʈʠʩ. 2.22. ʆʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʝʨʠʦʜʫ ʣʠʙʨʘʮʠʡ ʧʦʣʷ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ s=1.0, e=0.08 

ʠ 
4

E 1.2 10
-

= Ö  ʜʣʷ a=23.0¯ ʚ ʨʘʟʣʠʯʥʳʭ /z L: 0.20(ʘ), 0.30(ʙ) ʠ 0.50(ʚ). ʂʦʦʨʜʠʥʘʪʘ /z L 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʦʩʪʨʦʛʦ ʫʛʣʘ ʧʦʣʦʩʪʠ. ɹʝʣʘʷ ʦʙʣʘʩʪʴ ʥʘ ʬʨʘʛʤʝʥʪʝ (ʘ) ʧʦʢʘʟʳʚʘʝʪ ʩʝʯʝʥʠʝ 

ʥʘʢʣʦʥʥʦʛʦ ʪʦʨʮʘ. 

 

 

ʈʠʩ. 2.23 ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʦʩʨʝʜʥʝʜʥʥʳʭ ʘʟʠʤʫʪʘʣʴʥʳʭ ʚʠʭʨʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʣʠʙʨʘʮʠʡ s ʜʣʷ / = 0.50z L , e=0.05 ʠ 
4

E 2.4 10
-

= Ö . ʂʨʘʩʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ (ʉV), ʩʠʥʠʤʠ ï ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ (ACV). 

 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʚʠʭʨʝʡ ʥʝ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ (ʨʠʩ. 2.23). ʊʘʢ, ʜʣʷ 0.90s=  ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʝ ʧʘʨʳ ʚʠʭʨʝʡ: ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ (CV ï cyclonic vortices) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ / ~ 0.5r R  ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ (ACV ï anticyclonic vortices) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ / ~ 0.4r R . ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ CV ʠ ACV ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. ʇʨʠ 1.0s>  ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘʯʠʥʘʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʠʭʨʴ CV, ʚʳʪʝʩʥʷʷ ʥʘ ʧʝʨʠʬʝʨʠʶ ʚʠʭʨʠ ACV. ɺ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ 1.04 1.12s= -  ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʝʞʘʶʱʝʝ 
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ʘʟʠʤʫʪʘʣʴʥʦʝ ʪʝʯʝʥʠʝ, ʘ ACV ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ PIV-ʤʝʪʦʜʦʤ (ʨʠʩ. 2.22ʟ). 

ʅʘʧʨʘʚʣʝʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ (ʨʠʩ. 2.19ʚ). ʇʨʠ 1.14s=  ʮʝʥʪʨʳ CV ʩʤʝʱʘʶʪʩʷ ʦʪ 

ʦʩʠ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ACV ʥʘ ʨʘʩʩʪʦʷʥʠʠ / ~ 0.6r R  

(ʨʠʩ. 2.23). ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1.14 1.20s= -  ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʤʝʱʝʥʠʝ 

ʮʝʥʪʨʦʚ ACV ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʦʩʪʠ. 

ʅʘʩʪʦʷʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʙʣʠʟʠ ʪʦʯʝʢ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ 

ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʦʩʨʝʜʥʸʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ (ʨʠʩ. 2.21, ʧʨʘʚʳʡ 

ʩʪʦʣʙʝʮ). ʅʘʧʨʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʪʘʢʦʚʦ, ʯʪʦ ʚʜʦʣʴ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʞʠʜʢʦʩʪʴ 

ʜʚʠʞʝʪʩʷ ʢ ʦʩʪʨʳʤ ʫʛʣʘʤ ʧʦʣʦʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ ʪʦʯʢʠ 

ʦʪʨʘʞʝʥʠʷ ʚʝʪʚʝʡ ʘʪʪʨʘʢʪʦʨʘ ʩʤʝʱʘʶʪʩʷ ʢ ʪʫʧʳʤ ʫʛʣʘʤ ʧʦʣʦʩʪʠ. ʇʨʠ 1.06s=  

(ʨʠʩ. 2.21ʚ, ʟ, ʥ) ʚʝʪʚʠ ʘʪʪʨʘʢʪʦʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦ, 

ʧʦʵʪʦʤʫ ʦʩʨʝʜʥʸʥʥʳʝ ʚʠʭʨʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʧʦʜ ʜʨʫʛʠʤ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ s ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʦʩʨʝʜʥʸʥʥʳʝ ʚʠʭʨʝʡ ʢ ʪʫʧʳʤ ʫʛʣʘʤ 

ʧʦʣʦʩʪʠ (ʨʠʩ. 2.21ʧ). 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʷʭ ʚ ʩʝʯʝʥʠʠ / 0.50z L= . 

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2.22ʚ ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ maxuj< > ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ CV ʠ ACV. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʭʨʷ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʤʘʢʩʠʤʫʤʦʚ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʩʨʝʜʥʷʶʪʩʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ. ʅʘ 

ʨʠʩ. 2.22ʚ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟ ʮʝʥʪʨʘ ʧʦʣʦʩʪʠ ʩʪʨʫʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ e ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʨʝʜʥʸʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʣʠʙʨʘʮʠʠ s ʩʢʦʨʦʩʪʴ 
maxuj< > ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ 

ʘʤʧʣʠʪʫʜʳ 
2~e (ʨʠʩ. 2.24). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ, ʢʦʛʜʘ 2s²  (ʨʠʩ. 2.19ʚ). 
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ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʝʢʪʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ 

max

max

2

rot

u
U

R

j

j

< >
< >=

e W
, (2.10) 

ʛʜʝ rotRW  ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ maxUj< > ʥʝʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʣʠʙʨʘʮʠʠ s (ʨʠʩ. 2.26ʘ). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʘʟʠʤʫʪʘʣʴʥʳʡ ʧʦʪʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ 0.98s= . 

ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ 1s, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʪʨʝʤʫʤ ʚ 

ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʪʝʯʝʥʠʠ (ʨʠʩ. 2.8). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʚ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʸʥʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ. 

ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ s ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʩʠʩʪʝʤʳ ʠʟ 

ʦʙʣʘʩʪʠ ʨʝʟʦʥʘʥʩʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʡ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʩʤ. ʨʠʩ. 2.25ʘ). 

ʉʣʝʜʫʶʱʠʡ ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʯʘʩʪʦʪʳ 2 1.05s = , ʢʦʛʜʘ ʘʪʪʨʘʢʪʦʨ 

A(1,1) ʧʨʠʥʠʤʘʝʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ (ʨʠʩ. 2.21ʚ). ʅʘ ʵʪʦʡ ʯʘʩʪʦʪʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʧʝʨʝʞʘʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ 
maxUj< > ʤʝʞʜʫ ʜʚʫʤʷ ʵʢʩʪʨʝʤʫʤʘʤʠ ʦʙʲʷʩʥʷʝʪʩʷ 

 

ʈʠʩ. 2.24. ʄʘʢʩʠʤʘʣʴʥʚʷ ʩʢʦʨʦʩʪ ɹʦʩʨʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʘʤʧʣʠʪʫʜʳ ʣʠʙʨʘʮʠʠ e ʧʨʠ s=1.06, / = 0.50z L , a=23.0¯. 
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ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ: ʚʥʫʪʨʝʥʥʝʝ ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʷʜʨʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʤʝʨʝ (ʨʠʩ. 2.21ʟ). 

 

  

ʈʠʩ. 2.25. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ (ʘ) ʠ ʦʩʝʚʦʤ (ʙ) ʩʝʯʝʥʠʷʭ 

ʧʨʠ 23.0a= .̄ ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʬʨʘʛʤʝʥʪʝ (ʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʦʧʝʨʝʞʘʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʦʩʨʝʜʥʸʥʥʫʶ ʩʢʦʨʦʩʪʴ 

ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ: 

max
max

2

z
z

rot

u
U

R

< >
< >=

e W
, (2.11) 

ʅʘ ʨʠʩ. 2.25ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʦʪ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ s. ʇʘʜʘʶʱʠʡ ʥʘ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ 

ʚʦʣʥʦʚʦʡ ʧʫʯʦʢ ʚʦʟʙʫʞʜʘʝʪ ʦʩʨʝʜʥʸʥʥʦʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (ʨʠʩ. 2.21, ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ). ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʦʣʱʠʥʘ ʩʣʦʷ ʉʪʦʢʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ: 

2 /
0.05libS

R R

nd W
= < . (2.12) 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʧʝʨʝʯʥʘʷ ʰʠʨʠʥʘ 

ʩʪʨʫʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʧʦʣʦʩʪʠ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʪʦʣʱʠʥ Sd. ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0.90 1.05s= -  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ 

ʩʪʨʫʷʭ 
max 0.15zU< >º  ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʣʠʙʨʘʮʠʡ s 
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(ʨʠʩ. 2.25ʙ). ʇʨʠ 1.05s>  ʩʢʦʨʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʘʪʪʨʘʢʪʦʨʦʤ, ʩ ʦʩʨʝʜʥʝʥʥʳʤ ʫʛʣʦʚʳʤ ʧʦʪʦʢʦʤ (ʨʠʩ. 2.19ʙ), 

ʛʝʥʝʨʠʨʫʝʤʳʤ ʫʛʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʣʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʯʘʩʪʦʪʝ ʣʠʙʨʘʮʠʡ 2.0s=  ʠ ʯʠʩʣʝ ʕʢʤʘʥʘ 4E 4.7 10-= Ö  ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʪʫʧʳʭ ʫʛʣʘʭ ʧʦʣʦʩʪʠ max 0.04zU< >º . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʨʝʜʥʝʥʥʳʡ ʧʦʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʘʪʪʨʘʢʪʦʨʦʤ, ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʫʛʣʦʚʦʡ 

ʧʦʪʦʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʙʦʠʭ ʪʝʯʝʥʠʡ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʚʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ ʫʩʠʣʝʥʠʝ ʵʬʬʝʢʪʘ. 

ɼʠʥʘʤʠʢʘ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʠʤʝʝʪ ʠʥʦʡ ʭʘʨʘʢʪʝʨ. 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʕʢʤʘʥʘ ʥʘ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ 

ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ z ï ʢʦʤʧʦʥʝʥʪʳ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ CV ʠ ACV ʚʘʣʦʚ c 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ. 

 

 

ʈʠʩ. 2.26. ʉʢʦʨʦʩʪʴ ʘʟʠʤʫʪʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 

ʕʢʤʘʥʘ 
1

E
-

. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʚʘʣʘʭ ʦʪ ʦʙʨʘʪʥʦʛʦ ʯʠʩʣʘ 

ʕʢʤʘʥʘ 
1E-  ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.26. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ s, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 
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. (2.13) 

ɽʩʣʠ ʘʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ lib R = uDjW , ʘ ʘʤʧʣʠʪʫʜʘ ʣʠʙʨʘʮʠʡ e=Djs, ʪʦ ʩʢʦʨʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʘʨʘʤʝʪʨʦʤ 

max

~ Rep

u

u

j< >
, (2.14) 

ʛʜʝ 
2

Re lib
p

R

n

DjW
=  ï ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

 

2.3. ʇʦʣʦʩʪʴ ʩ ʥʝʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʢʣʦʥʦʤ ʪʦʨʮʦʚ 

 

2.3.1. ʈʝʞʠʤʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

 

ʅʘ ʨʠʩ. 2.27 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʨʝʜʥʝʥʥʘ ̫ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʢʦʨʦʩʪ ɹ

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠ ̫ʢʘʢ ʬʫʥʢʮʠ ̫ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ s. ʇʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.1.2. ɿʜʝʩʴ ʪʘʢʞʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʝʨʠʶ ʧʠʢʦʚ: 0.72s= , 1.28, 1.52 ʠ 1.70. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʡ 

ʦʪʢʣʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ 1.28s= . ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʷ 

ʩʢʦʨʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ PIV ï ʤʝʪʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʚ ʬʘʟʝ 

ʣʠʙʨʘʮʠʡ 0libtW =  ʠʤʝʝʪ ʬʦʨʤʫ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʚʠʭʨʝʡ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʟʘʢʨʫʪʢʦʡ (ʨʠʩ. 2.28ʘ). ɺʠʭʨʠ ʠʤʝʶʪ ʟʝʨʢʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʡ ʥʘʢʣʦʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʠʭ ʮʝʥʪʨʳ ʩʤʝʱʝʥʳ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢ ʪʫʧʳʤ ʫʛʣʘʤ 

ʩʝʯʝʥʠʷ ʧʦʣʦʩʪʠ. ʉʦ ʚʨʝʤʝʥʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʷʭ, ʠ ʚ ʬʘʟʝ ʣʠʙʨʘʮʠʡ libtW =p 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠʤʝʁʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʥʘʢ. ʇʨʠ ʯʘʩʪʦʪʝ 0.72s=  ʚʦʟʙʫʞʜʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʠʟ ʰʝʩʪʠ ʚʠʭʨʝʡ (ʨʠʩ. 2.28ʙ). ʅʘʙʣʶʜʝʥʠ̫  ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ 

ʚʠʭʨʝʡ ʚ ʪʨʘʧʝʮʝʚʠʜʥʦʤ ʩʝʯʝʥʠʠ ʥʝ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠ ʵʪʦʤ ʟʥʘʢ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʧʝʨʠʦʜʘ ʣʠʙʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʩʤʝʱʘʝʪʩʷ ʩʦ 
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ʚʨʝʤʝʥʝʤ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʨʝʞʠʤʳ ʪʘʢʞʝ 

ʥʘʧʦʤʠʥʘʶʪ ʩʪʦʷʯʠʝ ʚʦʣʥʳ ï ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜr M( , , )n m k . ɹʣʘʛʦʜʘʨʷ 

ʥʝʧʘʨʘʣʣʝʣʴʥʦʤʫ ʥʘʢʣʦʥʫ ʚ ʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 1k=  ʠ 

ʯʝʪʥʳʤʠ ʦʩʝʚʳʤʠ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 2, 4, ...n=  ʠ ʪ.ʜ. 

 

 
ʈʠʩ. 2.27 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʣʠʙʨʘʮʠʡ s; ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʪʦʨʮʦʚ  23.0a= ¯. ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʚʫʶʪ ʨʝʞʠʤʘʤ ʚʦʣʥʦʚʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘ A(2,1) ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ C(2,1). ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʧʦʢʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ. 

 

ʊʘʙʣʠʮʘ 2.5. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʜʣʷ 0.34a= ( 23.0a= ¯) 

n  m k  ʪʝʦʨs  

2 2 1 0.684 

2 1 1 1.260 

4 1 1 1.728 

6 1 1 1.868 

 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʠʥʝʨʮʠʦʥʥʳʭ 

ʤʦʜ ʜʣʷ ʩʣʫʯʘʷ ʮʠʣʠʥʜʨʘ ʩ ʧʨʷʤʳʤʠ ʪʦʨʮʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʪʝʦʨs  ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʩ 

ʥʝʧʘʨʘʣʣʝʣʴʥʦ ʥʘʢʣʦʥʝʥʥʳʤʠ ʪʦʨʮʘʤʠ, ʚʚʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ʘʩʧʝʢʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʢʘʢ 2 ( )a R / H L= + . ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ a  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ (ʪʘʙʣʠʮʘ 2.5). ɺʠʜʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʤʦʜ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʨʝʟʦʥʘʥʩʥʳʭ 

ʧʠʢʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʠʩ. 2.27). 

ɼʨʫʛʦʡ ʵʢʩʪʨʝʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 1.73s= , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʞʠʤʫ M(4,1,1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʪʳʨʝʭ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʚʠʭʨʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ( )arcsin / 2q s°=  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

 

 
ʈʠʩ. 2.28 ʄʛʥʦʚʝʥʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʳʭ ʨʝʞʠʤʦʚ ʚ ʬʘʟʝ ʣʠʙʨʘʮʠʡ : 

ʠʥʝʨʮʠʦʥʥʳʝ ʤʦʜʳ (ʘ) ʠ (ʙ); ʘʪʪʨʘʢʪʦʨ  (ʚ, ʛ); ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ  (ʜ, ʝ). ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ; ʙʝʣʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʫʯʢʦʚ. 

 


