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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʨʘʟʚʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʧʨʠ 

ʙʦʣʴʰʦʤ ʩʜʚʠʛʝ, ʢʦʛʜʘ ʥʘʨʷʜʫ ʩ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʟʙʫʞʜʘʝʪʩʷ ʠ ʧʩʝʚʜʦʦʧʪʠʯʝʩʢʘʷ ʤʦʜʘ. 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʥʘʨʷʜʫ ʩ 

ʢʦʥʪʠʥʫʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʥʳʤʠ ʯʣʝʥʘʤʠ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʯʣʝʥ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʜʠʩʢʨʝʪʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʩʠʣʳ. ʇʦʣʫʯʝʥʳ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʨʦʩʪ ʧʣʘʩʪʠʥ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

 

 

1. ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʧʦʣʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʈʘʥʥʠʝ ʧʦʧʳʪʢʠ ʝʝ ʨʝʰʝʥʠʷ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʤʦʜʝʣʠ ʩʣʦʞʥʦʡ ʨʝʰʝʪʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʵʬʬʝʢʪʳ. 

ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ ʵʪʦʪ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʄʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʦ ʦʪʩʣʝʞʠʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʨʝʰʝʪʢʠ ʠ 

ʧʨʠʚʦʜʷʪ ʣʠʰʴ ʢ ʧʝʨʝʥʦʨʤʠʨʦʚʢʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ - ʤʦʜʝʣʴ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʚʦʜʠʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʢ ʤʦʜʝʣʠ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʩʥʦʚʥʳʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ - 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʦʜ ʦʧʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʛʨʘʥʠʯʥʳʝ ʵʬʬʝʢʪʳ ʚ ʩʪʘʪʠʢʝ. ʂʘʨʜʠʥʘʣʴʥʳʝ ʞʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʣʠʥʝʡʥʦʛʦ ʧʦʜʭʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʪʘʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ ʧʝʨʝʩʪʨʦʝʢ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʠʟʥʘʯʘʣʴʥʦ ʠʜʝʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʠ ʠʭ ʜʠʥʘʤʠʢʠ ʧʨʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʪʠʧʘ. 

ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ (ʄʇ) ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ 

ʤʝʪʘʣʣʫʨʛʦʚ. ʀʤʠ ʙʳʣ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʥʘʨʫʞʝʥ 

ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʦʪʘʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʪʝʨʤʠʥʦʣʦʛʠʷ [6]. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʢʨʠʩʪʘʣʣʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ [7]. ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ, ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʚʢʣʶʯʠʪʴ ʄʇ ʚ ʦʙʱʫʶ ʩʭʝʤʫ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 1-ʛʦ 

ʨʦʜʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʃʘʥʜʘʫ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʚʚʦʜʠʣʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʝʛʦ ʩʪʝʧʝʥʥʳʤ 

mailto:16aero@mail.ru


ʠʥʚʘʨʠʘʥʪʘʤ [8]. ʊʘʢ ʢʘʢ ʚ ʨʘʤʢʘʭ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʙʝʟʜʝʬʝʢʪʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʘ 

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʟʘʨʦʜʳʰʘ ʜʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10
5
 ʂ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʟʘʨʦʞʜʝʥʠʝ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʜʝʬʝʢʪʘʭ ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʳ. ɺ 

ʩʣʫʯʘʝ ʯʠʩʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦʜ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʣʠʩʴ ʜʠʩʣʦʢʘʮʠʠ, 

ʘ ʜʣʷ ʩʧʣʘʚʦʚ ï ʣʦʢʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʟʘʤʦʜʝʡʩʪʚʠʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʨʦʜʳʰʝʡ ʫʯʠʪʳʚʘʣʦʩʴ ʚʚʝʜʝʥʠʝʤ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʫʧʨʫʛʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʡ ʚʢʣʘʜ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. ʊʝʤ ʩʘʤʳʤ ʄʇ 

ʬʘʢʪʠʯʝʩʢʠ ʦʪʦʞʜʝʩʪʚʣʷʣʠʩʴ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʜʝʬʝʢʪʥʳʭ ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʘʭ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʘʶʪ ʢʘʨʪʠʥʳ ʩʪʨʫʢʪʫʨ, ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʭʦʞʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʟʘʨʦʞʜʘʶʱʝʡʩʷ ʤʘʨʪʝʥʩʠʪʥʦʡ 

ʬʘʟʳ, ʘ ʪʘʢʞʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʜʠʥʘʤʠʢʠ ʄʇ [9]. ɺ ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʘʭ, 

ʦʜʥʘʢʦ, ʧʝʨʝʭʦʜʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʤʷʛʯʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʬʦʥʦʥʥʦʡ ʤʦʜʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʄʇ ʥʝʙʦʣʴʰʦʝ ʩʤʷʛʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʝʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʤʘʨʪʝʥʩʠʪʘ ʚ ʤʘʪʨʠʮʝ ʣʠʰʴ 

ʦʪʯʘʩʪʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʈʷʜ ʚʘʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʄʇ ʦʩʪʘʝʪʩʷ ʥʝʦʙʴʷʩʥʠʤʳʤ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ çʛʨʷʟʥʳʭè 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʧʦʯʝʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʯʘʩʪʦ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ, 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ 

ʥʝʡʪʨʦʥʦʚ [10-13]. ʇʦʵʪʦʤʫ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʢʘʢʠʝ-ʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚ çʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʦʤè ʧʦʜʭʦʜʝ ʥʝ ʫʯʪʝʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʜʠʥʘʤʠʢʫ ʜʝʬʝʢʪʦʚ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ 

ʥʦʚʦʡ ʤʦʜʝʣʠ ʄʇ [14, 15]. ɼʣʷ ʥʝʝ ʥʘʡʜʝʥʳ ʪʦʯʥʳʝ ʜʚʫʤʝʨʥʳʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʦʣʝʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ (ʤʝʞʘʪʦʤʥʳʭ) 

ʩʤʝʱʝʥʠʡ ʚ ʩʣʦʞʥʦʡ ʨʝʰʝʪʢʝ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʨʷʜ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʥʛʫʣʷʨʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʟʘʨʦʞʜʘʪʴʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʝʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʚ 

ʧʦʣʝ ʧʦʩʪʦʷʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ. ʅʘʤʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʣʷ 

ʤʠʢʨʦʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ ʜʣʷ ʜʝʬʝʢʪʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ʅʦʚʠʟʥʘ ʥʘʰʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʦʙʱʝʤ 

ʘʨʛʫʤʝʥʪʝ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʢ ʄʇ ʦʪʥʦʩʷʪ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩ ʙʦʣʴʰʦʡ 

ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʝʡ [16]. ɺ ʢʨʠʩʪʘʣʣʘʭ ʩ ʙʦʣʝʝ ʯʝʤ ʦʜʥʠʤ ʘʪʦʤʦʤ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʷʯʝʡʢʫ (ʪ.ʝ. ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ) ʘʪʦʤʳ ʚʥʫʪʨʠ ʷʯʝʡʢʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʠʩʧʳʪʳʚʘʶʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʩʤʝʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ 

ʨʘʟʤʝʨʘ ʷʯʝʡʢʠ. ʉʠʪʫʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʩʭʝʤʘʪʠʯʥʳʤ ʨʠʩʫʥʢʦʤ 1.  
 

 
 

ʈʠʩ. 1. ʉʣʦʞʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʧʦʜʨʝʰʝʪʦʢ: ʙʠʬʫʨʢʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʭʦʜʝ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ. 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ, ʢʦʛʜʘ ʜʠʘʛʦʥʘʣʴ 13 ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʜʣʠʥʳ ʨʝʙʨʘ ʷʯʝʡʢʠ 12, ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ  ʩʢʘʯʢʦʤ çʚʳʞʠʤʘʝʪʩʷè ʥʘ ʙʦʢʦʚʫʶ 

ʛʨʘʥʴ 23. ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, 

ʥʘʜʦ ʟʥʘʪʴ ʘʪʦʤʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʤʘʣʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ ʘʪʦʤʦʚ, ʟʘʜʘʯʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ 

ʦʪʙʦʨʫ ʩʤʷʛʯʘʶʱʠʭʩʷ ʘʥʛʘʨʤʦʥʠʟʤʦʤ ʬʦʥʦʥʥʳʭ ʤʦʜ [17]. ɼʣʷ ʄʇ ʘʪʦʤʥʳʝ ʩʤʝʱʝʥʠʷ 



ʥʝ ʤʘʣʳ, ʠ ʠʭ ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʬʦʥʦʥʥʳʤ ʤʦʜʘʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʘʜʝʢʚʘʪʥʳʤ. ʂʘʢ ʞʝ 

ʟʘʧʠʩʘʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥ ʜʣʷ ʤʦʜʝʣʠ ʄʇ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʫʯʠʪʳʚʘʶʱʠʡ ʬʘʢʪ ʙʦʣʴʰʠʭ 

ʩʤʝʱʝʥʠʡ ʧʦʜʨʝʰʝʪʦʢ? ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ çʤʠʥʠʤʘʣʴʥʦʡè ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʯʝʩʪʴ ʪʨʘʥʩʣʷʮʠʦʥʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʡ 

ʧʦʜʨʝʰʝʪʦʢ ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʝʛʦ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʛʨʘʜʠʝʥʪʦʚ ʩʤʝʱʝʥʠʷ ʧʦʜʨʝʰʝʪʦʢ (ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ) ʩ ʫʧʨʫʛʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ɺ 

ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʵʪʘ ʤʦʜʝʣʴ ʦʧʠʩʘʥʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠ ʚʳʚʝʜʝʥʳ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʥʝʝ.    

 

2. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʋʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜ ʜʝʬʦʨʤʘʮʠʡ 
ɹʫʜʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ ʜʚʫʭ ʧʦʜʨʝʰʝʪʦʢ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʱʘʶʪʩʷ 

(ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ ʠʣʠ ʧʝʨʝʭʦʜʷʪ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʩʠʤʤʝʪʨʠʡʥʦ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ, ʥʘʧʨʠʤʝʨ, ʩʚʦʜʷʱʠʡʩʷ ʢ ʦʙʱʝʤʫ ʧʦʚʦʨʦʪʫ ʨʝʰʝʪʢʠ) ʩʜʚʠʛʦʤ ʥʘ 

ʧʦʩʪʦʷʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʚʝʢʪʦʨ a, ʷʚʣʷʶʱʠʡʩʷ ʧʘʨʘʤʝʪʨʦʤ ʩʣʦʞʥʦʡ ʨʝʰʝʪʢʠ. ʊʦʛʜʘ 
ʚ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [1, 2] ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʫʨʘʚʥʝʥʠʷ - ʜʣʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʤʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʧʦʣʝʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ , ,( ), ( )i iU x y t u x y t, , . ʇʝʨʚʦʝ ʦʧʠʩʳʚʘʝʪ ʩʤʝʱʝʥʠʷ 

ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʷʯʝʝʢ - ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʳ, ʢʘʢ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ɺʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʥʫʪʨʠ ʷʯʝʡʢʠ 

ʦʪʚʝʯʘʝʪ ʟʘ ʠʟʤʝʥʝʥʠʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʩʣʦʞʥʦʡ ʨʝʰʝʪʢʝ.  

ʄʳ ʧʦʣʫʯʠʤ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʚʘʨʴʠʨʫʷ ʬʫʥʢʮʠʦʥʘʣ ʵʥʝʨʛʠʠ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ (B,H), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  
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ɿʜʝʩʴ ( )n nm mu u a u= , ʛʜʝ - nma  ʪʝʥʟʦʨ ʦʙʨʘʪʥʳʭ ʜʣʠʥ ʷʯʝʡʢʠ. ɼʘʣʝʝ, 
i kU ,

, i ku,  - 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʟʘʧʷʪʦʡ ʚ ʪʝʥʟʦʨʥʳʭ ʠʥʜʝʢʩʘʭ. ʂʨʫʛʣʳʝ 

ʩʢʦʙʢʠ ʚ ʪʝʥʟʦʨʘʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʦʟʥʘʯʘʶʪ ʩʠʤʤʝʪʨʠʶ ʧʦ ʟʘʢʣʶʯʝʥʥʳʤ ʚ ʥʠʭ 

ʠʥʜʝʢʩʘʤ, ʪʦ ʝʩʪʴ 
 

( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( )
Ĕ Ĕ, , ,i k jm k i m j ik jm k i m j ik jm k i m j ik jm k i m jC C k k k kl l= = = = . 

 

ʀʟʙʝʛʘʷ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʬʦʨʤʫʣ, ʙʫʜʝʤ ʜʘʣʝʝ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʵʪʠ ʦʙʦʟʥʘʯʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʦʙʦʢ ʚ ʠʥʜʝʢʩʘʭ. 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2.2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ 

ʧʦʩʣʝʜʥʝʝ, ʩʦʜʝʨʞʘʱʝʝ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʤʠʢʨʦʩʤʝʱʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʨʝʰʝʪʦʢ ʠʥʚʘʨʠʘʥʪʥʫʶ ʢ ʠʭ ʞʝʩʪʢʦʤʫ ʩʤʝʱʝʥʠʶ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ. ʇʝʨʝʢʨʝʩʪʥʦʝ ʩʣʘʛʘʝʤʦʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ikjmC  ʦʪʚʝʯʘʝʪ ʟʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʧʦʣʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ʦʪʚʝʯʘʶʱʝʡ ʚʥʫʪʨʠʷʯʝʝʯʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʘʪʦʤʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ). ʆʙʦʩʥʫʝʤ ʥʘʰ ʚʳʙʦʨ ʝʛʦ ʬʦʨʤʳ ʚ (2.2).   

ɺʦʟʤʦʞʥʳʝ ʚʠʜʳ ʩʪʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

(ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ) ʩ ʧʦʣʝʤ ʜʝʬʦʨʤʘʮʠʡ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʫʧʨʫʛʠʭ, ʵʣʝʢʪʨʦ- ʠ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʤʘʪʝʨʠʘʣʘʭ, 



ʠʩʧʳʪʳʚʘʶʱʠʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ʇʨʠ ʵʪʦʤ ʚ ʦʩʥʦʚʫ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʳʣʠ ʧʦʣʦʞʝʥʳ 

ʩʠʤʤʝʪʨʠʡʥʳʝ ʩʚʦʡʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ 

ʵʣʝʤʝʥʪʳ (ʷʯʝʡʢʠ) ʩʨʝʜʳ ʥʝ ʦʙʣʘʜʘʶʪ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ, (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʭ), ʪʦ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʩʪʨʠʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʥʝʝʥ ʢʘʢ ʧʦ 

ʢʦʤʧʦʥʝʥʪʘʤ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ, ʪʘʢ ʠ ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ. ʆʥ ʠʤʝʝʪ ʚʠʜ 
, , .i kl i k ld uU  ɺ 

ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʩʨʝʜʘʭ ʪʘʢʦʛʦ ʚʢʣʘʜʘ ʥʝʪ, ʠ ʩʪʨʠʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʚʘʜʨʘʪʠʯʥʦ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠ ʣʠʥʝʡʥʦ ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ, ʪ.ʝ. 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 
, , .i klm i k l mq u u U  ʕʪʘ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʧʠʩʘʥʠʠ ʣʶʙʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ [18]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʜʥʦʨʦʜʥʳʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʳ ʠʥʪʝʨʝʩʫʝʤʩʷ ʦʧʠʩʘʥʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, 

ʧʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ 

ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʩʪʨʠʢʮʠʦʥʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʛʨʘʜʠʝʥʪʳ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨ ʠʤʝʥʥʦ ʵʪʠ ʛʨʘʜʠʝʥʪʥʳʝ ʯʣʝʥʳ ʙʫʜʫʪ ʜʘʚʘʪʴ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ 

ʩʪʨʠʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʩʨʘʚʥʠʚ ʛʨʘʜʠʝʥʪʥʳʝ ʚʢʣʘʜʳ  

, , , .i klm i k l mC u U ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 
, , .i klm i k l mq u u U  ʗʩʥʦ, ʯʪʦ ʜʣʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʛʨʘʜʠʝʥʪʥʳʡ ʚʢʣʘʜ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (1.2) ʚʢʣʶʯʝʥ ʠʤʝʥʥʦ ʵʪʦʪ ʚʢʣʘʜ, ʘ ʚʢʣʘʜʳ ʪʠʧʘ 
, , .i kl i k lq uU  ʠ  

, , .i klm i k l mq u u U ʦʧʫʱʝʥʳ ʢʘʢ ʤʘʣʳʝ.               

ɺʪʦʨʦʝ ʨʘʚʝʥʩʪʚʦ ʚ (2.2) ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʩʪʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʩʣʘʛʘʝʤʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʦʙʦʟʥʘʯʝʥʠʡ  
 

ik ikmn m n ikmn m nU C us l , ,= - ,                 (2.3) 
 

1Ĕ
pqrs ikrs ikmn mnpqpqrs

k C Ck l-= - .                 (2.4) 
 

ʇʝʨʝʭʦʜ ʢ ʥʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ - ʥʘʧʨʷʞʝʥʠʷʤ iks , ʘ ʪʘʢʞʝ ,x xy y xxu u,  x xyu ,  
i ku,  ʠ iu  

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʦʧʠʩʘʥʠʝ ʧʦ ʵʪʠʤ ʧʝʨʝʤʝʥʥʳʤ - ʬʫʥʢʮʠʦʥʘʣ ʬʦʨʤʘʣʴʥʦ ʥʝ 

ʩʦʜʝʨʞʠʪ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʣʘʛʘʝʤʳʭ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʠ ʬʦʨʤʫ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ. ʊʘʢ, ʚʘʨʴʠʨʫʷ ʚʥʘʯʘʣʝ ʬʫʥʢʮʠʦʥʘʣ (2.1) ʧʦ i kU ,, i ku, , iu  ʠ ʠʩʧʦʣʴʟʫʷ ʟʘʪʝʤ 

ʦʙʦʟʥʘʯʝʥʠʷ (2.3), (2.4) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʫʜʦʙʥʦʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʝ  
 

i ik kUr s,= ,                 (2.5) 
 

1

,
Ĕ ( )i k jm i mnik rsmn rs k i i n nm mikjm

u u pl sinu C l u u u u a ukm l s-

,= - - , = / , =.             (2.6) 

 

3. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʠ ʜʚʫʤʝʨʥʳʡ ʚʘʨʠʘʥʪ ʪʝʦʨʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʧʫʙʣʠʢʘʮʠʠ [19], ʜʚʫʤʝʨʥʫʶ ʟʘʜʘʯʫ, ʥʦ 

ʜʠʥʘʤʠʯʝʩʢʫʶ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (2.5), (2.6), ʢʦʛʜʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʤʘʣʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʤʝʱʝʥʠʡ  
 

,x y x yu u U U<< .                   (3.1) 



ɺʥʘʯʘʣʝ ʦʛʨʘʥʠʯʠʤʩʷ ʘʥʘʣʠʟʦʤ ʨʝʰʝʥʠʡ ʧʘʨʳ ʫʨʘʚʥʝʥʠʡ 
 

,x xx x x yyUr s s,= + , 1 3 231 1 2sin ( )x x x xx x yy y yx xx yy xu p u u u u s sk k km s s, , , ,=- + + + + +.          (3.2) 
 

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʫʨʘʚʥʝʥʠʡ 
 

,y yx x y yyUr s s,= + , 2 1 3 42 33
Ĕ Ĕ Ĕsin ( )y y y yy x xy y yx xx yy yu p u k u u u s sk km s s, , , ,=- + + + + +.         (3.3) 

 

ʈʝʞʠʤ ʧʦʜʚʠʞʢʠ ʧʦʜʨʝʰʝʪʦʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (3.1) ʦʪʚʝʯʘʝʪ ʩʣʫʯʘʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʣʘʩʪʠʥ ʚʜʦʣʴ ʦʩʠ OY. ʗʩʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʦʣʝ 
yu  

ʧʣʘʚʥʦ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ OY, ʘ ʧʦʣʝ xu  ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʛʨʘʜʠʝʥʪʳ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʝ (3.1) ʧʦʟʚʦʣʷʝʪ ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 

(3.2), ʟʘʤʝʥʠʚ ʩʠʥʫʩ ʣʠʥʝʡʥʳʤ ʩʣʘʛʘʝʤʳʤ. ʊʦʛʜʘ ʚʤʝʩʪʦ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.2) 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ  
 

1 3 231 1 2( )x x xx x yy y yx xx yy xp u u u u s sk k k s s, , , ,= + + + + , (3.4) 
 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʩʪʠʤ ʠ ʣʠʥʝʡʥʳʡ ʯʣʝʥ ʚ ʣʝʚʦʡ ʯʘʩʪʠ, ʧʨʠʥʷʚ ʦʢʦʥʯʘʪʝʣʴʥʦ  
 

1 3 23 1 20 ( )x xx x yy y yx xx yy xu u u s sk k k s s, , , ,= + + + + ,                (3.5) 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʫʩʣʦʚʠʝʤ (3.1) ʚ ʥʝʤ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʩʧʨʘʚʘ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ x, ʯʪʦ ʜʘʸʪ ʫʨʘʚʥʝʥʠʝ 

ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ 
 

1 23 1 2( ) ( )x x y y xx yyu u s s b yk k s s, ,+ + + = .                 (3.6) 
 

ɿʜʝʩʴ b(y) ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ.  

ɺʳʨʘʟʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʥʘʧʨʷʞʝʥʠʷ ʚ (3.6) ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʳʝ 

, , , , ,   ,   ,    x x y y x x y yU U u u : 
 

1 , 12 2 , 1 , 12 2 ,( ) ( )xx x x y y x x y yU U c u c c us l l l= + - + + -,   
12 2 , 1 , 12 2 , 1 ,( ) ( )yy x x y y x x y yU U c c u c us l l l= - + + - + 

 

2 , , 2 , ,( ) ( )xy x y y x x y y xU U c u us l= + + + .                  (3,7) 

 

ʕʪʦ ʜʘʸʪ ʚʤʝʩʪʦ (3.6) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦ ʠ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʷʤʠ 
 

1 2 1 2 12 1 1 , 2 12 2 ,23
( ) ( 2)] ( ) ( )[x x y y x x y yS C u S C C u s U S U b ykk l l l, ,+ + + - + + - =.            (3.8) 
 

ʇʦʣʫʯʠʤ ʝʱʸ ʦʜʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʆʥʦ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ x ï 

ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ  
 

, , 1 , 12 , 1 , 12 ,0 0y xx y yy x xx y yx x xx y xyU U C u C us s l l= + ­ = + + + .              (3.9) 
 

ɺ ʥʸʤ ʦʧʫʱʝʥʳ ʤʘʣʳʝ ʩʣʘʛʘʝʤʳʝ , , ,   x yy x yyU u . ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (3.9) ʧʦ x 

ʧʦʣʫʯʠʤ 
 

1 , 12 , 1 , 12 , ( )x x y y x x y yU U C u C u a yl l+ + + = .               (3.10) 
 

ʋʨʘʚʥʝʥʠʷ (3.8), (3.10) ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʜʠʝʥʪʦʚ , , ,   x x y yU U , ʯʪʦ ʜʘʸʪ  

 

1 2 12 2 1 12 , 1 2 12 2 12 1 2 1 ,[ ( ) ] [ ( ) ( )]x x x xS S U C S k S C ul l l l l l l- - + - - +  
 

12 2 12 2 12 23 2 12 2 , 2 12 2 12{ ( ) [ ( )]} ( ) ( ) ( )y yC S k S C C u S a y b yl l l l l l+ - - + - = - -,          (3.11) 



1 12 2 12 2 , 12 1 23 2 12 2 ,[ ( )] [ ( )]y y y yS S U C S k S C C ul l l- - + - - -  
 

1 1 2 1 1 , 1( ) ( ) ( )x xS C S C k u S a y b y+ - - = -.               (3.12) 

 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʘʥʘʣʠʟʫ ʚʪʦʨʦʡ ʧʘʨʳ ʫʨʘʚʥʝʥʠʡ (3.3). ʇʝʨʚʦʝ ʠʟ ʥʠʭ (ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ y ï ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ) ʠʤʝʝʪ ʚʠʜ, ʝʩʣʠ ʨʘʩʢʨʳʪʴ ʚ ʥʸʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʥʘʧʨʷʞʝʥʠʡ 
 

, , 2 , 1 , 12 , 2 , 12 , 1 ,y y xx y yy yy y xx y yy x xy y xx x xy y yyU U U U U C u C u C ur s s r l l l= + ­ = + + + + +.   (3.13) 

 

ɿʘʤʝʥʠʤ ʟʜʝʩʴ ʩʫʤʤʫ 12 , 12 ,x xy x xyU C ul + , ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (3.8) ʠ (3.10). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ (3.13) ʚ ʚʠʜʝ 
 

2 , , 11 , 2 , ( )yy y xx y yy y yy y xxU U U C u C u A yr l= +L + + +.             (3.14) 

 

ɿʜʝʩʴ ( )A y  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʮʠʷ (çʢʦʥʩʪʘʥʪʘè ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ). ʈʝʰʝʥʠʝʤ ʞʝ 

ʫʨʘʚʥʝʥʠʷ (3.14) ʟʘʡʤʸʤʩʷ ʧʦʟʞʝ. 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʘʥʘʣʠʟʫ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.3), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʚ ʥʸʤ ʥʘʧʨʷʞʝʥʠʡ 
 

2 3 , 1 3 12 2 4 1 , 23 , 4 1 3 12 2 ,
Ĕ Ĕsin [ ( ) ] [ ( )]y y y xx y yy x xy y yyu p u k u k S C C S C u k u S S Um l l l+ = + + - + + + + - 

 

3 1 4 12 2 , 3 1 4 12 2 ,[ ( )] [ ( )]x xy x xyS C C C C u S S Ul l l+ + - + + - .             (3.15) 
 

ɽʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʝʩʣʠ, ʟʘʤʝʥʠʚ ʧʨʦʠʟʚʦʜʥʫʶ 
,x xyu , 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ  ʧʨʦʠʟʚʦʜʥʳʝ 
, , ,   x x y yU U  ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʡ 

(3.11) ʠ (3.12). ʋʨʘʚʥʝʥʠʝ  (3.15)  ʪʦʛʜʘ ʧʝʨʝʧʠʰʝʪʩʷ ʪʘʢ 
 

2 3 , 1 , 2 ,siny y y xx y yy x xyu p u k u K u K um + = + + ,               (3.16) 
 

ʅʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
3k , 1 2,    K K  ʦʢʘʟʳʚʘʶʪʩʷ ʚʝʩʴʤʘ ʛʨʦʤʦʟʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʣʠʰʴ 

ʢʦʬɻʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ (3.2-3.15). ɺʤʝʩʪʝ ʩ (3.8), (3.10), (3.14) ʧʦʣʫʯʠʣʠ ʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. ʈʝʱʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.16) ʟʘʡʤʸʤʩʷ 

ʧʦʟʜʥʝʝ. 

 

4. ʉʪʘʮʠʦʥʘʨʥʳʝ ʚʦʣʥʳ. ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ   ( , , ),  ( , , ) y xu x y t u x y t  

ɼʘʣʴʥʝʡʰʝʝ ʧʨʦʜʚʠʞʝʥʠʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (3.14), (3.16) ʚ ʦʙʱʝʡ ʬʦʨʤʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʇʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʪʨʝʙʫʝʪ ʥʘʭʦʞʜʝʥʠʷ ʜʚʫʭ ʧʘʨ ʬʫʥʢʮʠʡ 

, , , ,( ), ( ), ( ), ( )x x y yU x y t u x y t U x y t u x y t, , , ,. ʉʥʘʯʘʣʘ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ 

 

2 , , 11 , 2 , ( )yy y xx y yy y yy y xxU U U C u C u A yr l= +L + + +,               (4.1) 
 

3 , 1 , 2siny y xx y yy yu k u K u p um = + - .                  (4.2) 
 

ʇʝʨʚʦʝ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʣʶʯʝʥʠʷ ʩʫʤʤr 12 , 12 ,x xy x xyU C ul +  ʚ ʩʠʣʫ 

ʩʦʦʪʥʦʰʝʥʠʡ (3.6) ʠ (3.7). ɺʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʧʨʦʱʝʥʠʷ ,x xy y xxu u, <<  ʟʘ ʩʯʸʪ  

ʤʘʣʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ x xyu , . ʈʝʰʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʠʡ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ  ʧʨʦʙʣʝʤʫ ʚ 

ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʥʠʝ ʬʫʥʢʮʠʠ , , , ,( ), ( ), ( ), ( )x x y yU x y t u x y t U x y t u x y t, , , , ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʝʨʰʠʪʴ ʚʩʶ ʟʘʜʘʯʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ.  



ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʩʪʘʚʰʝʩʷ ʫʨʘʚʥʝʥʠʝ (3.14) ʙʫʜʝʪ ʧʦʧʦʣʥʝʥʦ ʟʥʘʥʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʣʘʛʘʝʤʳʭ 12 , 12 ,x xy x xyU C ul +  ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʘ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ 

ʨʝʰʝʥʠʷ ï ʬʫʥʢʮʠʷ ,( )iU x y t, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʜʦʩʪʘʶʱʫʶ ʘʢʫʩʪʠʯʝʩʢʫʶ ʚʦʣʥʫ. 

ʆʜʥʘʢʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ (4.1), (4.2) ʩʣʠʰʢʦʤ ʩʣʦʞʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʳʩʪʨʳʭ ʚʦʣʥ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʝ ʫʩʧʝʚʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʦʩʣʦʞʥʷʶʱʠʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ï çʟʘʜʘʯ ʙʝʟ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡè. ʄʦʞʥʦ ʚʚʝʩʪʠ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʣʠʥʝʡʥʳʝ ʘʥʟʘʮʳ: 
 

qq x V t= - , rr y V t= - .                   (4.3) 
 

ʊʦʛʜʘ ʚ ʫʨʘʚʥʝʥʠʷʭ (4.1), (4.2) ʜʠʥʘʤʠʯʝʩʢʠʝ ʯʣʝʥʳ yyUr  ʠ yum  ʚʳʨʘʞʘʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ        
 

, , ...yy y qq y rrU U Ur ­ + + (4.4)    , , .y y qq y rru u ur ­ +              (4.5) 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʫʧʨʦʱʘʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʚʤʝʩʪʦ 

(4.1), (4.2) ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. ʊʘʢ, ʠʩʧʦʣʴʟʫʷ (4.5) ʚ (4.2) ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ           
 

2 2 2 2

3 , , 2(1 / ) (1 / ) sinq y q q r y rr yk V V u V V u p u- + - = .                (4.6) 
 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷ (4.1), ʦʥʦ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʣʠʥʝʡʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
 

2 2 2 2

1 , 2 , 1 , 2 ,(1 / ) (1 / ) ( )s y qq r y rr y qq y rrV V U V V U c u c u A yl - + - = + +.              (4.7) 
 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʣʠʥʝʡʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʩʫʤʤʳ 
 

0 2 2

2 1 2y y yU U u Aq A rl= +L + +.                  (4.8) 
 

ɿʜʝʩʴ 0

yU  - ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 
 

2 2 0 2 2 0

1 , 2 ,(1 / ) (1 / ) 0s y qq r y rrV V U V V Ul - + - =.                (4.9) 
 

ʆʥʦ ʦʧʠʩʳʚʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʚʦʣʥʫ, ʢʦʪʦʨʘʷ ʚʦʟʙʫʞʜʘʝʪʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ï ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ ʚ ʫʨʘʚʥʝʥʠʠ (4.8). ʆʥʠ ʧʦʨʦʞʜʝʥʳ 

ʤʠʢʨʦʩʤʝʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʫʨʘʚʥʝʥʠʝʤ (4.2) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʝ 

ʤʠʢʨʦʩʤʝʱʝʥʠʡ, ʧʦʨʦʞʜʝʥʥʦʝ ʤʘʨʪʝʥʩʠʪʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʪʠʭ ʧʦʩʣʝʜʥʠʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʪʴʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʝ (4.2). ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʛʨʘʥʠʯʠʤʩʷ ʧʦʠʩʢʦʤ ʨʝʰʝʥʠʡ ʪʠʧʘ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʤʳ ʫʞʝ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʵʪʦʤ 

ʧʘʨʘʛʨʘʬʝ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4.2) ʧʨʠʤʝʪ ʚʠʜ 
 

2 2 2 2

3 , , 2(1 / ) (1 / ) sinq y q q r y rr yk V V u V V u p u- + - = .              (4.10) 
 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.7) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ʤʠʢʨʦʩʤʝʱʝʥʠʡ ʢʘʢ ʬʫʥʢʮʠʶ 

ʘʥʟʘʮʝʚ   -q x V t= , r = y ï V t. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʘʫʩʪʝʥʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʁ  V. ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʘʫʩʪʝʥʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ.  



ʅʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (4.10) ʧʨʠ ʨʘʟʣʠʯʥʳʭ  ʟʥʘʯʝʥʠʷʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 
3k , 1 2K ,  K  . 

 

 
 

ʈʠʩ. 2. ʀʩʭʦʜʥʦʝ (ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ, ʦʪʚʝʯʘʶʱʝʝ 

ʦʜʥʦʨʦʜʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʝ (
3k , 1 2,   K K =0). 

 

ɼʘʣʝʝ, ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʦʜʣʦʞʢʠ (XY). ʇʦʜʘʚʣʷʶʱʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʟʘʥʠʤʘʶʱʝʝ ʰʠʨʦʢʠʝ ʟʦʥʳ 

(ʧʦʣʦʩʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʫʯʘʩʪʢʠ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ, ʨʘʟʜʝʣʸʥʥʳʝ ʫʟʢʠʤʠ 

ʧʨʦʩʣʦʡʢʘʤʠ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʤʘʨʪʝʥʩʠʪʥʦʡ.   

ʆʧʠhʝʤ ʥʘʙʣʶʜʘʝʤʫʶ ʢʘʨʪʠʥʫ ʧʦʜʨʦʙʥʝʝ. ʅʘ ʢʘʞʜʦʡ ʧʘʨʝ ʨʠʩʫʥʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʉʣʝʚʘ ʧʦʢʘʟʘʥʘ 

ʦʢʩʘʥʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʧʨʘʚʘ ʜʘʥʘ ʠʭ 

ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ XY (ʢʘʢ ʥʘ ʈʠʩ. 2), ʥʘ ʢʦʪʦʨʫʶ ʚʩʝ ʯʘʩʪʠʮʳ  ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ, 

ʚʳʙʨʘʥʥʳʭ ʚ ʨʘʟʣʠʯʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʳ ʧʘʨʘʤʝʪʨʦʚ 

ʪʠʧʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʤʠʢʨʦʩʤʝʱʝʥʠʷ xu (x,y,t), 
yu (x,y,t).  

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʫʯʘʡ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ z - ʢʦʤʧʦʥʝʥʪʘ 

ʤʠʢʨʦʩʤʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʩʪʘʥʪʦʡ ʟʘʜʘʯʠ ʧʨʠ ʦʪʣʠʯʥʳʭ ʦʪ ʥʫʣʷ 

ʛʨʘʜʠʝʥʪʘʭ ʬʫʥʢʮʠʡ ʤʠʢʨʦʩʤʝʱʝʥʠʡ xu (x,y,t), 
yu (x,y,t). ʇʦʵʪʦʤʫ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʠʩʫʥʢʘʭ, ʢʨʦʤʝ ʜʚʫʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʠʢʨʦʩʤʝʱʝʥʠʡ (ʧʨʘʚʳʝ ʨʠʩʫʥʢʠ), 

ʧʨʠʚʝʜʝʥʳ ʠ ʦʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʪʨʝʭʤʝʨʥʳʝ ʢʘʨʪʠʥʢʠ, ʨʘʟʫʤʝʝʪʩ,̫ ʥʝʠʟʤʝʥʥʳʝ ʚʜʦʣʴ 

ʦʩʠ OZ.  
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ʈʠʩ. 3. ʂʚʘʟʠʦʜʥʦʤʝʨʥʦʝ ʨʝʰʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʘ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ. ɺʠʜʥʳ ʫʟʢʠʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʣʘʩʪʠʥʳ (ʚ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ - ʧʦʣʦʩʳ), 

ʧʨʦʨʝʟʘʶʱʠʝ ʘʫʩʪʝʥʠʪʥʫʶ ʤʘʪʨʠʮʫ. 
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ʈʠʩ. 4. ʉʪʝʨʞʥʝʦʙʨʘʟʥʳʝ ʤʘʨʪʝʥʩʠʪʥʳʝ ʦʙʣʘʩʪʠ, ʦʙʨʘʟʫʶʱʠʝ ʢʚʘʟʠʦʜʥʦʤʝʨʥʫʶ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ. 
 

1 1 2 2tg ( , ) ( , ))
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ʈʠʩ. 5. ɼʚʫʤʝʨʥʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ  ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ ʪʨʝʱʠʥ, ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʤʘʨʪʝʥʩʠʪ-ʘʫʩʪʝʥʠʪ. 

 

,  

 

 
 

ʈʠʩ. 6. ʂʚʘʟʠʦʜʥʦʤʝʨʥʘʷ ʤʠʢʨʦʩʪʨʫʪʫʨʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʟʢʠʭ ʤʘʨʪʝʥʩʠʪʥʳʭ 

ʧʨʦʩʣʦʝʢ, ʦʪʚʝʯʘʶʱʠʭ ʯʝʨʝʜʫʶʱʠʤʩʷ ʨʘʟʥʳʤ ʤʘʨʪʝʥʩʠʪʥʳʤ ʚʘʨʠʘʥʪʘʤ. 
 


