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ɺɺɽɼɽʅʀɽ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʦʙʣʝʤʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʛʦʜʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʧʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʵʥʝʨʛʠʷ ʉʦʣʥʮʘ, ʚʝʪʨʘ, ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʧʨʠʣʠʚʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʷʪʴ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʉ ʥʘʯʘʣʘ ʢʦʩʤʠʯʝʩʢʦʡ ʵʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʂʉʕʉ) ʠ ʪʨʘʥʩʣʷʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ɿʝʤʣʶ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʝʨʝʭʦʜ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʂʉʕʉ, 

ʨʝʰʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʧʨʦʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʛʦʜʳ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʩʪʴ 

ʂʉʕʉ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʣʦʞʥʷʝʪ ʠʭ ʩʦʟʜʘʥʠʝ ʠ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʪʝʤ ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʙʣʠʢʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʩʪʦʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʷʤ ʫʢʣʘʜʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʨʘʟʣʠʯʥʦʛʦ 

ʚʠʜʘ ʢʘʨʢʘʩʥʳʭ, ʙʝʩʢʘʨʢʘʩʥʳʭ ʬʦʨʤʠʨʫʝʤʳʭ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ, ʥʘʜʫʚʥʳʭ 

ʠ ʬʦʨʤʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɿʘ ʧʨʦʰʝʜʰʠʝ ʪʨʠ 

ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʫʥʘʪʫʨʥʳʝ ʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʨʘʩʢʨʳʪʠʶ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ. ʉʨʝʜʠ ʥʠʭ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʧʝʨʚʳʡ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʶ ʧʘʨʫʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ çɿʥʘʤʷ-2è, ʧʨʦʚʝʜʝʥʥʳʡ ʚ 1993 

ʛʦʜʫ [1]. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʙʦʨʪʘ ʛʨʫʟʦʚʦʛʦ ʢʦʨʘʙʣʷ 
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çʇʨʦʛʨʝʩʩè, ʦʪʩʪʳʢʦʚʘʥʥʦʛʦ ʦʪ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ çʄʠʨè, ʙʳʣ ʨʘʟʚʝʨʥʫʪ 

ʜʚʘʜʮʘʪʠʤʝʪʨʦʚʳʡ ʙʝʩʢʘʨʢʘʩʥʳʡ ʧʘʨʫʩ [2]. ʊʘʢʞʝ ʚ 2010 ʛʦʜʫ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʧʨʦʚʝʜʝʥ r ʵʢʩʧʝʨʠʤʝʥʪ r ʥʘ ʷʧʦʥʩʢʦʤ ʘʧʧʘʨʘʪʝ IKAROS [3] ʧʦ ʨʘʩʢʨʳʪʠʶ 

ʢʚʘʜʨʘʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʩʦ ʩʪʦʨʦʥʦʡ 14 ʤʝʪʨʦʚ ʠ ʥʘ ʘʤʝʨʠʢʘʥʩʢʦʤ ʤʠʥʠ-

ʩʧʫʪʥʠʢʝ FASTSAT ʧʦ ʨʘʩʢʨʳʪʠʶ ʢʚʘʜʨʘʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ NanoSail-D2 ʩʦ 

ʩʪʦʨʦʥʦʡ 3 ʤʝʪʨʘ [4, 5]. 

ʇʦ ʢʦʤʧʣʝʢʩʫ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʙʝʩʢʘʨʢʘʩʥʳʝ 

ʬʦʨʤʠʨʫʝʤʳʝ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʩʢʣʶʯʘʪʁ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʩʪʢʠʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʥʘʪʷʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʝʩʢʘʨʢʘʩʥʳʝ ʬʦʨʤʠʨʫʝʤʳʝ ʮʝʥʪʨʦʙʝʞʥʳʤʠ 

ʩʠʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʠʭ ʢʘʨʢʘʩʥʳʭ ʘʥʘʣʦʛʦʚ ʨʷʜʦʤ ʚʘʞʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ [6, 7]: 

¶ ʤʘʣʳʤ ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʢ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʦ 5-10 ʛ/ʤ
2
); 

¶ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʢʣʘʜʢʠ ʚ ʤʘʣʳʡ ʦʙʲʝʤ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ 

ʙʝʟ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ; 

¶ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ; 

¶ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʤʝʪʝʦʨʠʪʥʦʡ ʦʧʘʩʥʦʩʪʠ; 

¶ ʧʨʦʩʪʦʪʦʡ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ʇʨʠʤʝʨʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʣʦʩʢʠʭ ʙʝʩʢʘʨʢʘʩʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ, 

ʨʘʩʢʨʳʚʘʝʤʳʭ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʚʦʶ ʬʦʨʤʫ ʟʘ ʩʯʝʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, 

ʷʚʣʷʶʪʩʷ ʫʞʝ ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ ʢʨʫʛʣʳʡ ʧʘʨʫʩ çɿʥʘʤʷ-2è ʠ ʢʚʘʜʨʘʪʥʳʡ ʧʘʨʫʩ 

IKAROS (ʨʠʩ. 1.1), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʛʝʣʠʦʨʦʪʦʨ çʇʘʨʫʩ-ʄɻʊʋè [8]. 
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ʘ) çɿʥʘʤʷ-2è      ʙ) IKAROS 

ʈʠʩ. 1.1: ʉʦʣʥʝʯʥʳʝ ʧʘʨʫʩʘ, ʨʘʩʪʷʥʫʪʳʝ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʦʛʦ ʢʘʨʢʘʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʣʷ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ 

ʵʥʝʨʛʦʩʠʩʪʝʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʤʝʪʨʦʚ ʠʣʠ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ, ʪ.ʢ. ʠʭ ʩʪʦʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʨʝʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʥʘʟʝʤʥʦʡ ʦʪʨʘʙʦʪʢʠ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʙʦʣʴʰʠʭ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨ ʠ ʥʘʣʠʯʠʷ ʛʨʘʚʠʪʘʮʠʠ. ɼʦʩʪʘʚʢʘ ʥʘ ʦʨʙʠʪʫ 

ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʢʘʨʢʘʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠ ʥʝʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʠʨʫʝʤʳʭ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ 

ʙʝʩʢʘʨʢʘʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʉʦʟʜʘʥʠʝ ʚ ʢʦʩʤʦʩʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʣʦʱʘʜʴʶ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ 

ʤʝʪʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʝʤ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʥʝ ʠʤʝʶʱʝʡ ʘʥʘʣʦʛʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʪʨʝʙʫʶʱʝʡ 

ʜʣʷ ʩʚʦʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. 
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ʉʦʯʝʪʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʣʫʙʦʢʠʡ ʚʘʢʫʫʤ, ʥʝʚʝʩʦʤʦʩʪʴ, 

ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩ ʧʨʠʥʮʠʧʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʦʪʨʘʞʘʪʝʣʝʡ ʠ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ. ʇʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʝʛʦ ʨʘʩʢʨʳʪʠʝ ʠʟ 

ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʦʜʜʝʨʞʘʥʠʝ ʝʛʦ ʬʦʨʤʳ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʢʣʘʩʩ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

(ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ) ʥʘ ʢʦʨʨʝʢʮʠʶ ʦʨʙʠʪʳ [9], ʫʛʣʦʚʳʝ ʤʘʥʝʚʨʳ ʠ ʨʘʟʛʨʫʟʢʫ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʊʘʢʠʝ ʂɸ ʠʩʧʦʣʴʟʫʶʪ ʙʝʩʢʘʨʢʘʩʥʳʡ 

ʚʨʘʱʘʶʱʠʡʩʷ ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ, ʨʘʩʪʷʥʫʪʳʡ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʢʘʢ ʠʤʧʫʣʴʩʘ, ʪʘʢ ʠ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ ʦʙʲʝʢʪʫ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩʠʣ 

ʩʦʣʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʨʘʱʘʶʱʝʡʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ [10]. ɹʘʟʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʢʘʢ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1.2) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʧʣʝʥʦʯʥʳʡ ʜʠʩʢ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ, 

ʧʨʠʙʦʨʥʳʡ ʦʪʩʝʢ ʩ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʩʠʣʦʚʦʡ ʛʠʨʦʩʢʦʧ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʢʘʨʜʘʥʦʚʦʤ ʧʦʜʚʝʩʝ (ʩʦʯʣʝʥʝʥʠʝ ɻʫʢʘ) ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʉʦʣʥʝʯʥʳʡ ʧʘʨʫʩ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʩʠʣʦʚʦʡ ʛʠʨʦʩʢʦʧ 

ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʂʦʥʩʪʨʫʢʮʠʠ ʪʘʢʦʛʦ ʨʦʜʘ 

ʦʙʣʘʜʘʶʪ ʩʢʨʳʪʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ. ɺʥʫʪʨʝʥʥʠʡ ʢʘʨʜʘʥʦʚ ʧʦʜʚʝʩ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ ʧʘʨʫʩʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ [11]. ʎʝʥʪʨʘʣʴʥʘʷ ʚʩʪʘʚʢʘ ʧʘʨʫʩʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ 

ʚʘʥʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʧʨʠʙʦʨʥʦʤʫ 

ʦʪʩʝʢʫ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊɿ.ʄʂʉ-ʂʕ.ʂʂʈ/11.08 ʦʪ 24.11.2008 ʛ. çʈʘʩʢʨʳʪʠʝ 
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ʜʚʫʭ ʧʣʝʥʦʯʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʥʘ ʊɻʂ 

çʇʨʦʛʨʝʩʩ-ʄè, ʨʝʛʠʩʪʨʘʮʠʷ ʤʠʢʨʦʯʘʩʪʠʮ, ʦʩʚʝʱʝʥʠʝ ɿʝʤʣʠ ʦʪʨʘʞʝʥʥʳʤ 

ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʘʨʦʡ, ʨʝʪʨʘʥʩʣʷʮʠʷ 

ʨʘʜʠʦʚʦʣʥè. ʊʘʢʞʝ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʚʝʪʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʦʪ 26.11.2008 ʛ. ʧʦ ʚʚʝʜʝʥʠʶ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ çɿʥʘʤʷ-3è ʚ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘʫʯʥʦ-

ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʣʘʥʠʨʫʝʤʳʭ ʥʘ ʨʦʩʩʠʡʩʢʦʤ 

ʩʝʛʤʝʥʪʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʈʉ ʄʂʉ). 

 

ʈʠʩ. 1.2: ɹʘʟʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ 

2. ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤ rʩ 

ʙʦʣʴʰʠʤ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

h1

h3

ʉʠʣʦʚʦʡ ʛʠʨʦʩʢʦʧ 
ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ

ɺʨʘʱʘʶʱʠʡʩʷ 
ʧʣʝʥʦʯʥʳʡ ʜʠʩʢ

ʎʝʥʪʨʘʣʴʥʘʷ ʞʝʩʪʢʘʷ
ʚʩʪʘʚʢʘ ʧʘʨʫʩʘ ʚ ʚʠʜʝ
ʚʘʥʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ

ʂʨʝʩʪʦʚʠʥʘ

ʈʘʜʠʘʪʦʨʳ

h2
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʜʠʩʢʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ. 

2. ʅʘʭʦʞʜʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ 

ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ 

ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚ ʨʝʞʠʤʘʭ ʛʘʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʧʫʩʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʠʟ 

ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʘʨʫʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʯʝʪʳʨʝʭ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʦʩʦʚ. 

6. ʅʘʭʦʞʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʤʘʣʳʭ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ  ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ ʥʘ ʥʝʚʝʩʦʤʦʤ ʪʨʦʩʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʫʩʢʘ ʠʟ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʣʦʢʘ. 

7. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʢʨʳʪʠʷ ʚʝʩʦʤʦʛʦ ʪʨʦʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʥʝʚʝʩʦʤʳʤʠ ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ. 

8. ʉʨʘʚʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʚʳʧʫʩʢʘ ʚʝʩʦʤʦʛʦ ʪʨʦʩʘ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. 

3. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʫʛʣʦʚʦʛʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʙʦʣʴʰʠʤ ʚʨʘʱʘʶʱʠʤʩʷ 

ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

4. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤ r

ʠ ʘʣʛʦʨʠʪʤ ʚʳʧʫʩʢʘ ʧʘʨʫʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

ʠʥʝʨʮʠʠ. 
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5. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣ ɹʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʜʠʩʢʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ.  

¶ ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʧʣʝʥʦʯʥʦʛʦ ʜʠʩʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʦʚʦʨʦʪʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ 

ʦʪʨʘʞʘʪʝʣʷ. 

¶ ʅʘʡʜʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ, ʢʘʢ ʧʨʷʤʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢ ʠ ʤʝʪʦʜʦʤ ʌʫʨʴʝ, 

ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʨʷʜ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ. 

¶ ɼʦʢʘʟʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ. 

¶ ɼʦʢʘʟʘʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ 

ʧʘʨʫʩʘ ʚ ʩʣʫʯʘʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ 

ʌʦʡʛʪʘ. 

¶ ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʂɸ ʚ ʨʝʞʠʤʘʭ ʛʘʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ. 

¶ ʅʘʡʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʤʘʣʳʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ  

ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ ʥʘ ʥʝʚʝʩʦʤʦʤ ʪʨʦʩʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʫʩʢʘ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʣʦʢʘ. ʈʝʰʝʥʠʝ ʥʘʡʜʝʥʦ ʜʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʳʧʫʩʢʘ 

ʯʝʨʝʟ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʠ ʜʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦ ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʳʧʫʩʢʘ 

ʯʝʨʝʟ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

¶ ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʚʳʧʫʩʢʘ ʚʝʩʦʤʦʛʦ ʪʨʦʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʥʝʚʝʩʦʤʳʤʠ 

ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ. 
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6. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʂɸ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʙʝʩʢʘʨʢʘʩʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɼʦʢʘʟʘʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ 

ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʂɸ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʢʨʳʪʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʨʘʩʢʨʳʪʠʶ ʢʘʢ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ, ʪʘʢ ʠ ʪʨʦʩʦʚʳʭ ʩʠʩʪʝʤ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʘʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʠ ʘʩʧʠʨʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʝ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʩʦʣʥʝʯʥʳʤʠ ʧʘʨʫʩʘʤʠ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʦʩʦʚʳʭ ʩʠʩʪʝʤ. 

7. ɺr ʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ: 

1. ɺʳʚʦʜ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤr ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʧʨʠ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʝʛʦ ʚʨʘʱʝʥʠʷ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

2. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤ r ʩ 

ʙʦʣʴʰʠʤ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚ ʨʝʞʠʤʘʭ ʛʘʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ. 

3. ʉʧʦʩʦʙ ʫʢʣʘʜʢʠ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʦʩʦʚ. 

4. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʚʳʧʫʩʢʘ ʥʝʚʝʩʦʤʦʛʦ ʪʨʦʩʘ ʩ 

ʪʦʯʝʯʥʦʡ ʤʘʩʩʦʡ ʥʘ ʢʦʥʮʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

5. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʧʫʩʢʘ ʚʝʩʦʤʦʛʦ ʪʨʦʩʘ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. 
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8. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ 

ʧʦʩʣʫʞʠʣʠ ʪʝʦʨʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚʝʢʪʦʨʥʦʡ 

ʘʣʛʝʙʨʳ ʠ ʪʝʦʨʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʇʨʷʤʦʡ ʤʝʪʦʜ 

ʃʷʧʫʥʦʚʘ ʧʨʠʤʝʥʝʥ ʢ ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ ʧʨʠ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʝʛʦ ʚʨʘʱʝʥʠʷ, ʘ ʛʠʧʦʪʝʟʘ ʌʦʡʛʪʘ ʧʦʟʚʦʣʠʣʘ ʜʦʢʘʟʘʪʴ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʦʨʠʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩ ʛʠʙʢʠʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʦʨʠʷ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʣʷ 

ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʦʨʠʷ ʤʘʪʨʠʯʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʝʛʦ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʨʝʪʝɹʡ ʛʣʘʚʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ

ʪʝʦʨʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʪʝʦʨʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ɻʣʝʤʝʥʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ʇʦʩʪʨʦʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ ʚ ʫʨʘʚʥʝʥʠʷʭ ʃʘʛʨʘʥʞʘ ʧʝʨʚʦʛʦ 

ʨʦʜʘ. 

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʚʝʜʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʩʠʩʪʝʤ ʢ ʠʭ 

ʜʠʩʢʨʝʪʥʳʤ ʘʥʘʣʦʛʘʤ ʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MATLAB, Simulink ʠ Borland C++ 

Builder 6.0. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʭʦʞʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʘʤʳʢʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʦʚ ʜʠʥʘʤʠʢʠ ʫʛʣʦʚʦʛʦ 
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ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʧʘʨʫʩʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CorelDRAW ʠ MATLAB  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʩʠʤʚʦʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ Maple. 

9. ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ, ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ ʦʜʦʙʨʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. 9-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ ï 2010è (16-

18 ʥʦʷʙʨʷ 2010 ʛʦʜʘ, ʄɸʀ, ʄʦʩʢʚʘ) [12]; 

2. XIII  ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʘʚʠʛʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤè 

(15-17 ʤʘʨʪʘ 2011 ʛʦʜʘ, ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) [13]; 

3. XIX  ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

(14-18 ʥʦʷʙʨʷ 2011 ʛʦʜʘ, ʈʂʂ çʕʥʝʨʛʠʷè, ʂʦʨʦʣʸʚ) [14]; 

4. LIV ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢè (25-26 ʥʦʷʙʨʷ 2011 ʛʦʜʘ, ʄʌʊʀ, 

ɼʦʣʛʦʧʨʫʜʥʳʡ) [15]; 

5. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʭʘʥʠʢʝ çʐʝʩʪʳʝ 

ʇʦʣʷʭʦʚʩʢʠʝ ʯʪʝʥʠʷè (31 ʷʥʚʘʨʷ ï 3 ʬʝʚʨʘʣʷ 2012 ʛʦʜʘ, ʉʇʙɻʋ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ) [16]; 

6. ʉʝʤʠʥʘʨ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠʤ. ɺ.ɸ. ɽʛʦʨʦʚʘ ʥʘ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɸ.ʖ. ɹʝʣʝʮʢʦʛʦ. (25 ʘʧʨʝʣʷ 2012 ʛʦʜʘ, ʄɻʋ, ʄʦʩʢʚʘ); 

7. LV ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢè (19-25 ʥʦʷʙʨʷ 2012 ʛʦʜʘ, ʄʌʊʀ, 

ɼʦʣʛʦʧʨʫʜʥʳʡ) [17]; 

8. XXX VII ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʈʦʩʩʠʡʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠè (27 ʷʥʚʘʨʷ ï 1 ʬʝʚʨʘʣʷ 2013 ʛʦʜʘ, ʄɻʊʋ ʠʤ. 

ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ) [18]; 
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9. XV ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʘʚʠʛʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤè 

(12-15 ʤʘʨʪʘ 2013 ʛʦʜʘ, ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

[19, 21]; 

10. ʉʝʤʠʥʘʨ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠʤ. ɺ.ɸ. ɽʛʦʨʦʚʘ ʥʘ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɸ.ʖ. ɹʝʣʝʮʢʦʛʦ. (3 ʘʧʨʝʣʷ 2013 ʛʦʜʘ, ʄɻʋ, ʄʦʩʢʚʘ); 

11. 64-ʳʡ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʩʪʨʦʥʘʚʪʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ (23-27 ʩʝʥʪʷʙʨʷ 2013 

ʛʦʜʘ, ʇʝʢʠʥ, ʂʠʪʘʡ) [20]; 

12. LVI ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʦʙʱʝʩʪʚʝè (25-30 ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʄʌʊʀ, ɼʦʣʛʦʧʨʫʜʥʳʡ) [22]; 

13. XVI ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʘʚʠʛʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤè (11-14 ʤʘʨʪʘ 2014 ʛʦʜʘ, ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ) [23]; 

14. ʉʝʤʠʥʘʨ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠʤ. ɺ.ɸ. ɽʛʦʨʦʚʘ ʥʘ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɸ.ʖ. ɹʝʣʝʮʢʦʛʦ. (14 ʤʘ ̫2014 ʛʦʜʘ, ʄɻʋ, ʄʦʩʢʚʘ); 

15. 7-ʷ ʈʦʩʩʠʡʩʢʘʷ ʤʫʣʴʪʠʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ 

çʋʧʨʘʚʣʝʥʠʝ ʚ ʤʦʨʩʢʠʭ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʋʄɸʉ-2014)è (7-9 

ʦʢʪʷʙʨʷ 2014 ʛʦʜʘ, ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) [24]; 

16. XX ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

(10-14 ʥʦʷʙʨʷ 2014 ʛʦʜʘ, ʈʂʂ çʕʥʝʨʛʠʷè, ʂʦʨʦʣʸʚ) [25]; 

17. ʉʝʤʠʥʘʨ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠʤ. ɺ.ɸ. ɽʛʦʨʦʚʘ ʥʘ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɸ.ʖ. ɹʝʣʝʮʢʦʛʦ. (19 ʥʦʷʙʨʷ 2014 ʛʦʜʘ, ʄɻʋ, ʄʦʩʢʚʘ); 

18. ʉʝʤʠʥʘʨ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʄʌʊʀ (21 ʥʦʷʙʨʷ 2014 ʛʦʜʘ, 

ʄʌʊʀ, ɼʦʣʛʦʧʨʫʜʥʳʡ); 

19. ʉʝʤʠʥʘʨ ʧʦ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʢʘʜʝʤʠʢʘ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ (25 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ, ʀʇʄʝʭ ʈɸʅ, ʄʦʩʢʚʘ); 
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20. XXX IX ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʈʦʩʩʠʡʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠè (27-30 ʷʥʚʘʨʷ 2015 ʛʦʜʘ, ʄɻʊʋ ʠʤ. 

ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ) [26]; 

21. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʭʘʥʠʢʝ çʉʝʜʴʤʳʝ 

ʇʦʣʷʭʦʚʩʢʠʝ ʯʪʝʥʠʷè (2-6 ʬʝʚʨʘʣʷ 2015 ʛʦʜʘ, ʉʇʙɻʋ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

[27]; 

22. XVI I ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʘʚʠʛʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤè (17-20 ʤʘʨʪʘ 2015 ʛʦʜʘ, ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ); 

23. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʂʦʩʤʦʜʨʦʤ çɺʦʩʪʦʯʥʳʡè ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ 

ʢʦʩʤʦʥʘʚʪʠʢʠè (5-6 ʠʶʥʷ 2015 ʛʦʜʘ, ʂʦʩʤʦʜʨʦʤ çɺʦʩʪʦʯʥʳʡè, 

ɹʣʘʛʦʚʝʱʝʥʩʢ) [28]; 

24. XI ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (20-24 ʘʚʛʫʩʪʘ 2015 ʛʦʜʘ, ʂʌʋ, ʂʘʟʘʥʴ) [29]; 

25. ʈʘʩʰʠʨʝʥʥʳʡ ʩʝʤʠʥʘʨ ʦʪʜʝʣʘ ˉ 5 çʄʝʭʘʥʠʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤè ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. 

ʄ.ɺ.  ʂʝʣʜʳʰʘ ʈɸʅ. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʧʨʦʬ. ʖ.ʌ. ɻʦʣʫʙʝʚ (17 ʩʝʥʪʷʙʨʷ 

2015, ʀʇʄ, ʄʦʩʢʚʘ). 

10. ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ 23 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚʢʣʶʯʘʷ ʪʝʟʠʩʳ ʠ 

ʜʦʢʣʘʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ 6 ʠʟ 

ʥʠʭ [12, 20, 30, 31, 32, 33] ʚ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ. 

11. ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʧʠʩʢʘ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʙʱʠʡ ʦʙʲʝʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 112 ʩʪʨʘʥʠʮ ʠ ʚʢʣʶʯʘʝʪ 45 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʩʯʠʪʳʚʘʝʪ 65 ʥʘʠʤʝʥʦʚʘʥʠʡ ʥʘ 8 ʩʪʨʘʥʠʮʘʭ. 
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ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʜʘʝʪʩʷ 

ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠ ʢʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʧʣʦʩʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ 

ʫʧʨʫʛʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. ʅʘʭʦʜʠʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ 

ʬʦʨʤʘ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ. 

ʇʨʷʤʳʤ ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ ʜʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʦʨʤʳ. ɺ ʩʣʫʯʘʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʌʦʡʛʪʘ 

ʜʦʢʘʟʳʚʘʝʪʩʷ ʝʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʟʘ ʩʯʝʪ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʢʘʨʜʘʥʦʚʦʤ ʧʦʜʚʝʩʝ ɻʫʢʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ: ʛʘʰʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʨʠʙʦʨʥʦʛʦ ʦʪʩʝʢʘ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʨʘʟʚʦʨʦʪ ʚʦʢʨʫʛ ʦʜʥʦʡ ʠʟ ʧʦʧʝʨʝʯʥʳʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʨʦʙʣʝʤʦʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʝʞʠʤʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʧʣʝʥʦʯʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʦʡ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʩʪʦʨʦʥʫ, ʦʙʨʘʪʥʫʶ ʚʨʘʱʝʥʠʶ ʩʠʩʪʝʤʳ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤ r ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʦʣʦʪʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʫʪʝʤ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʛʣʘʚʝ 3 ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʫʢʣʘʜʢʠ ʩʦʣʥʝʯʥʳʭ 

ʧʘʨʫʩʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʘʩʢʨʳʪʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʠʟ 

ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʧʫʩʢʘ ʧʦʣʦʪʥʘ 

ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʘʨʫʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ 

ʩʠʤʤʝʪʨʠʯʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʦʩʦʚ. ʅʘʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʢʦʥʮʝ ʥʝʚʝʩʦʤʦʛʦ ʪʨʦʩʘ, 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʜʣʷ ʩʣʫʯʘʝʚ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʳʧʫʩʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʫʩʢʘ ʚʝʩʦʤʦʛʦ ʪʨʦʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 1.   ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʋʇʈʋɻʆʉʊʀ 

ɺʈɸʑɸʖʑɽɻʆʉʗ ʇʃɽʅʆʏʅʆɻʆ ɼʀʉʂɸ 
 

 

 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʣʝʥʦʯʥʦʛʦ ʜʠʩʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʦʚʦʨʦʪʝ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʚʩʪʘʚʢʠ ʦʪʨʘʞʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʫʛʣʦʚʳʭ 

ʤʘʥʝʚʨʦʚ. ʅʘʭʦʜʠʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ 

ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ. ʇʨʷʤʳʤ ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ, ʧʨʠʤʝʥʝʥʥʳʤ ʢ 

ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʡʜʝʥʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ. ɺ ʩʣʫʯʘʝ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʠʧʦʪʝʟʦʡ ʌʦʡʛʪʘ ʜʦʢʘʟʳʚʘʝʪʩʷ ʝʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

1.1  ʇʣʦʩʢʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʣʝʥʦʯʥʦʛʦ 

ʜʠʩʢʘ 

ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʨʘʟʚʝʨʥʫʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʧʣʦʰʥʦʡ ʢʨʫʛʣʳʡ ʧʣʝʥʦʯʥʳʡ ʜʠʩʢ ʨʘʜʠʫʩʦʤ 50R=  ʤ, ʨʘʜʠʫʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ 5a=  ʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 
51,2 10h -= Ö  ʤ. ʄʝʤʙʨʘʥʘ 

ʜʠʩʢʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʧʦʣʠʘʤʠʜʥʦʡ ʧʣʝʥʢʠ ʧʣʦʪʥʦʩʪʴʶ 
31,4 10r= Ö  ʢʛ/ʤ

3
. ɼʠʩʢ 

ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0,5W=  ʨʘʜ/ʩ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʘʪʝʨʠʘʣ ʧʘʨʫʩʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [34]. 

ɺʚʝʜʝʤ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʩʠʩʪʝʤ rʢʦʦʨʜʠʥʘʪ. ʆʩʴ 1O x ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 1O xyz ʥʘʧʨʘʚʠʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ (1O  ï 

ʮʝʥʪʨ ʤʝʤʙʨʘʥʳ). ʆʩʠ 1O y ʠ 1O z ʚʳʙʝʨʝʤ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ʪʘʢ, 

ʯʪʦʙʳ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ ʩ ʦʩʴʶ 1O x ʧʨʘʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1.3). ʉʠʩʪʝʤʫ 
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1O xyz ʩʯʠʪʘʝʤ ʠʥʝʨʮʠʘʣʴʥʦʡ. ʂʨʦʤʝ ʥʝʝ ʚʳʙʝʨʝʤ ʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

1 1 1 1O x y z, ʩʚʷʟʘʥʥʫʶ ʩ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ ʠ ʚʨʘʱʘʶʱʫʶʩʷ ʚʦʢʨʫʛ ʦʩʠ 1O x ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ W. ʉʯʠʪʘʝʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t=  ʦʩʠ 1O xyz ʠ 

1 1 1 1O x y z ʩʦʚʧʘʜʘʶʪ. 

 

ʈʠʩ. 1.3: ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʋʨʘʚʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʫʛʣʦʡ ʤʝʤʙʨʘʥʳ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 1 1 1O x y z, ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʧʦʣʦʪʥʦʤ ʧʘʨʫʩʘ. 

ʇʦʣʦʞʝʥʠʝ ʣʶʙʦʡ ʪʦʯʢʠ ʤʝʤʙʨʘʥʳ ʟʘʜʘʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r  ʠ ʧʦʣʷʨʥʳʤ 

ʫʛʣʦʤ j. ɺʳʜʝʣʠʤ ʥʘ ʜʠʩʢʝ ʵʣʝʤʝʥʪ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʢʨʫʞʥʦʩʪʷʤʠ r  ʠ r dr+  ʠ 

ʩʝʢʪʦʨʦʤ ʩ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ dj, ʠ ʨʘʩʩʤʦʪʨʠʤ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʝʛʦ 

ʛʨʘʥʠʮʳ (ʨʠʩ. 1.4). 
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ʈʠʩ. 1.4: ʉʝʢʪʦʨ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ 

ʅʘ ʛʨʘʥʠʮʘʭ ʵʣʝʤʝʥʪʘ ʜʝʡʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʜʠʘʣʴʥʦʝ rs  ʠ ʥʦʨʤʘʣʴʥʦʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ js  ʥʘʧʨʷʞʝʥʠʷ. ʂʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ rjs  ʧʨʝʥʝʙʨʝʛʘʝʤ ʚ 

ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʳʜʝʣʝʥʥʳʡ 

ʩʝʛʤʝʥʪ ʧʣʝʥʢʠ ʜʝʡʩʪʚʫʝʪ ʦʙʲʝʤʥʘʷ (ʤʘʩʩʦʚʘʷ) ï ʠʥʝʨʮʠʦʥʥʘʷ (ʮʝʥʪʨʦʙʝʞʥʘʷ) ï 

ʩʠʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ, ʣʝʞʘʱʝʡ ʚ ʩʨʝʜʥʝʡ 

ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ: 

2 2m r h rdrd rr jÖW = ÖW 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʝʪ ʚʠʜ: 

2 ( )r rhrdrd r hdrd hdrd
r

j

s
r j j s j

µ
- ÖW = -

µ
   ʠʣʠ 

 
2 2 0r

rr r
r

j

s
s s r

µ
+ - + ÖW =

µ
  (1.1) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ rs  ʠ js  ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʧʝʨʝʤʝʱʝʥʠʝ ( )U U r=  ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʠʩʢʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʚ 

ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ r . ʀʩʧʦʣʴʟʫʷ ʦʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ɻʫʢʘ 

ʜʣʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ [35], ʧʦʣʫʯʘʝʤ: 
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  (1.2) 

ʛʜʝ r

dU

dr
e=  ʠ 

U

r
je=  ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʜʣʠʥʝʥʠ ̫ ʚ ʨʘʜʠʘʣʴʥʦʤ ʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, E  ï ʤʦʜʫʣʴ ʖʥʛʘ, m ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ ʧʣʝʥʢʠ. 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ (1.1) ʩ 

ʫʯʝʪʦʤ (1.2) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.3) ʚ ʚʠʜʝ [36]: 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʜʠʘʣʴʥʦʝ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʞ̫ʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 
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ʇʦʩʪʦʷʥʥʳʝ 1C  ʠ 2C  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʣʴʮʘ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ( ( ) 0U a = ) ʠ ʩʚʦʙʦʜʥʦʡ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ (( ) 0r Rs = ). 

ʇʦʣʫʯʠʤ 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ( )r rs  ï ʫʙʳʚʘʶʱʘʷ ʠ  

( ) 0r Rs = , ʪʦ ( ) 0r rs >  ʧʨʠ r R< . ʌʫʥʢʮʠʷ ( )rjs  ï ʚʳʧʫʢʣʘʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ( , )a R . 

ʊʘʢ ʢʘʢ ( ) 0ajs >  ʠ ( ) 0Rjs > , ʪʦ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʬʫʥʢʮʠʷ ( ) 0rjs > , ʧʨʠʯʝʤ 

ʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ (ʠ ʦʙʳʯʥʦ ʠʤʝʝʪ) ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ. ʅʘ ʨʠʩʫʥʢʘʭ 1.5 ʠ 1.6 

ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʨʘʜʠʘʣʴʥʦʛʦ ( )r rs  ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ( )rjs  

ʥʘʧʨʷʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ / 0,1a R=  ʠ 0,4m= . 

 

ʈʠʩ. 1.5: ʈʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ 
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ʈʠʩ. 1.6: ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ 

ʊʘʢ ʢʘʢ ( ) 0r rs >  ʠ ( ) 0rjs > , ʪʦ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʤʝʤʙʨʘʥʳ, ʨʘʩʪʷʥʫʪʦʡ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ.  

1.2  ʉʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʧʘʨʫʩʘ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʚʠʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚ ʚʠʜʝ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʧʘʨʫʩʘ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ. 

ʇʝʨʝʡʜʝʤ ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠ ̫ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʣʝʥʦʯʥʦʛʦ ʜʠʩʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʦʚʦʨʦʪʝ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʚʩʪʘʚʢʠ ʦʪʨʘʞʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʫʛʣʦʚʳʭ 

ʤʘʥʝʚʨʦʚ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʤʙʨʘʥʳ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ 

ʧʣʦʩʢʦʩʪʠ ʝʝ ʚʨʘɦ ʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʳ [6, 37]: 
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ʛʜʝ ( , , )W r tj  ï ʩʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʣʝʥʢʠ ʚ ʥʦʨʤʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ 

ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ r  ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, j ï ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʨʝʤʝʥʠ t ; rs  ʠ js  ï 

ʨʘʜʠʘʣʴʥʦʝ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ, ʥʘʡʜʝʥʥʳʝ ʠʟ 

ʨʝʰʝʥʠʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʫʧʨʫʛʦʩʪʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 0rjs =  [38]. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ ʠ 

ʩʚʦʙʦʜʥʦʛʦ ʚʥʝʰʥʝʛʦ ʢʨʘʷ ʤʝʤʙʨʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

( , , ) 0W a tj = ,   0rr W rsµ µ ­  ʧʨʠ  0r R­ -  

ʊʘʢ ʢʘʢ ( )rr c R rs ¡@ -  ʧʨʠ 0r R­ -  ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ c¡, ʪʦ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ɹʝʨʥʫʣʣʠ-ʃʦʧʠʪʘʣʷ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʫʩʣʦʚʠʷ 

ʩʣʝʜʫʝʪ, ʯʪʦ ( , , ) (ln( ))W r t o R rj = -  ʧʨʠ 0r R­ - , ʠ ʵʪʦ ʙʫʜʝʪ ʨʘʚʥʦʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ( , , )W r tj  ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʚʥʝʰʥʝʤʫ ʢʨʘʶ 

ʤʝʤʙʨʘʥʳ. 

ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1O xyz ʩ ʦʩʷʤʠ ʈʝʟʘʣʷ (1O x ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʚʩʪʘʚʢʠ ʧʘʨʫʩʘ) ʤʝʜʣʝʥʥʦ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w, ʥʘʧʨʠʤʝʨ, ʚʦʢʨʫʛ ʦʩʠ 1O y. ʊʦʛʜʘ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 1 1 1O x y z, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʚʩʪʘʚʢʦʡ, ʧʨʠ ʵʪʦʤ ʦʩʠ 1O x ʠ 1 1O x  ʩʦʚʧʘʜʘʶʪ, ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʤʙʨʘʥʳ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ [37, 39]: 
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ʅʝʦʜʥʦʨʦʜʥʘʷ ʜʦʙʘʚʢʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.7) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʨʠʦʣʠʩʦʚʳʤ ʩʠʣʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. ʎʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ-ʟʘ ʧʨʝʮʝʩʩʠʠ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ, ʧʨʝʥʝʙʨʝʛʘʝʤ ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ w. ʊʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʚʠʜʘ ( , , ) ( )cos( )W r t R r tj j= +W, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ( , , ) 0W a tj =  ʠ 0rr W rs µ µ ­ ʧʨʠ 0r R­ -  ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠ ( , , ) ( , 2 , )W r t W r tj j p= +  ï ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ. 

ʇʨʠʚʝʜʝʤ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ. 

1.2.1  ʄʝʪʦʜ ʚʘʨʠʘʮʠʠ ʧʦʩʪʦʷʥʥʦʡ 

ʇʦʜʩʪʘʚʣʷ ̫ ʠʩʢʦʤʳʡ ʚʠʜ ʨʝʰʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (1.7) ʠ ʩʦʢʨʘʱʘ ̫ ʥʘ 

cos( )tj+W, ʧʦʣʫʯʘʝʤ: 
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ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʪʷʥʫʪʦʡ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ 

ʤʝʤʙʨʘʥʳ (1.1) ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ: 

 ( ) 21
( ) 2r r
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r r R r r
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  (1.8) 

ʊʘʢ ʢʘʢ ( )R r r=  ï ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ( ) ( )pR r rC r= . ʇʦʜʩʪʘʚʠʚ ʝʛʦ ʚ ʫʨʘʚʥʝʥʠʝ (1.8), ʧʦʣʫʯʘʝʤ 

ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʫʨʘʚʥʝʥʠʝ 

( )2 2 2( ) ( ) 2r r r
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ʏʪʦʙʳ ʧʨʠʚʝʩʪʠ ʣʝʚʫʶ ʯʘʩʪʴ ʢ ʧʦʣʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʫ, ʫʤʥʦʞʘʝʤ ʣʝʚʫʶ ʠ 

ʧʨʘʚʫʶ ʯʘʩʪʴ ʥʘ r  ʠ ʧʦʣʫʯʘʝʤ: 

 ( )3 3( ) 2r

d
r C r r

dr
s wr¡ = W   (1.9) 
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ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʪʦʣʴʢʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ, ʪʦ 

ʧʨʦʠʟʚʦʣʴʥʘ ̫ʘʜʜʠʪʠʚʥʘ ̫ʧʦʩʪʦʷʥʥʘʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ, ʙʝʨʝʪʩʷ 

ʨʘʚʥʦʡ ʥʫʣʶ [40]. ʇʦʵʪʦʤʫ ʧʦʣʫʯʘʝʤ: 

4
3 ( )

2
r

r
r C r

wr
s

W
¡ =   ʠ  ( )

2 r

r
C r
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s

W
¡ = , 

ʛʜʝ 2 2
1 /r a b r crs= + - . ʋʯʠʪʳʚʘʷ, ʯʪʦ 2 2

1 /a cR b R= - , ʥʘʭʦʜʠʤ 

2 2 2 2

2 4
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4 1

r dr r dr
C r

bca r b cr
R r r
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b R r cR cR
c

cR

wr wr

wr

W W
= = =

å õ+ -
- +æ ö

ç ÷

W è øå õ
= - +æ öé ùå õ - ç ÷ê ú+æ ö
ç ÷

ñ ñ

 

ʉʘʤʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʨʘʚʥʦ ( ) ( )pR r rC r= . ʕʪʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʪʦʨʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠ r R= . ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ, 

ʥʘʡʜʝʤ ʚʪʦʨʦʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʠʤʝʪ ɹ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʠ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʠʟʙʘʚʠʤʩʷ ʦʪ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʯʘʩʪʥʦʤ ʨʝʰʝʥʠʠ. 

ɺʪʦʨʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʱʝʤ ʪʘʢʞʝ ʚ ʚʠʜʝ 2 1( ) ( )R r rC r= , 

ʪʦʣʴʢʦ ʥʝʦʜʥʦʨʦʜʥʫʶ ʧʨʘʚʫʶ ʯʘʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1.9) ʧʦʣʘʛʘʝʤ ʨʘʚʥʦʡ ʥʫʣʶ, ʘ 

ʘʜʜʠʪʠʚʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʧʨʠ ʧʝʨʚʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦʣʘʛʘʝʤ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ 

3
1( ) 1r r C rs ¡ = . ʊʦʛʜʘ 

2

1 2 4
2 2 2 21

2

2

2 2 2
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1
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1 1 1 1
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b
r r

b bbR r cR
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= + - +æ ö
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ɺʳʯʠʪʘ ̫ ʠʟ ( )pR r  ʨʝʰʝʥʠʝ 2 1( ) ( )R r rC r= , ʫʤʥʦʞʝʥʥʦʝ ʥʘ 
4 / 2RwrW , 

ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʦʝ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ: 
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2

4 2

4

1
( ) 1 ln ln

2
2

p

b b
R r r r r

b cR cRc
cR

wrW è øå õ å õ
= - + -æ ö æ öé ù

ç ÷ ç ÷ê ú
 

ɺ ʠʪʦʛʝ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.8), ʥʝ ʠʤʝʶʱʝʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠr R= , ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

* 2 *

4 2

4

1
( ) ( ) 1 ln ln

2
2

p

b b
R r R r C r r r C r

b cR cRc
cR

wrW è øå õ å õ
= + = - + - +æ ö æ öé ù

ç ÷ ç ÷ê ú
 

ʦʪʢʫʜʘ ʠʟ ʧʝʨʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ( ) 0R a =  ʦʧʨʝʜʝʣʷʝʤ 

* 2

4 2

1
ln 1 ln

2

b b
C a a

cR cR

å õ å õ
= - - +æ ö æ ö

ç ÷ ç ÷
 ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ 

2
22

4 2
2

4 2

2
( ) 1 ln ln

(3 )

b
r

r b rcRR r
b bcR aa

cR cR

w

m

è ø
+é ùå õ

= - -é ùæ ö
ç ÷é ù+ W +
ê ú

 

ʛʜʝ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ 

2

(3 )
8

c
r

m
W

= + . ʉʘʤʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ 

ʠʤʝʝʪ ʚʠʜ 

 

2
22

4 2
2

4 2

2
( , , ) 1 ln ln cos( )

(3 )

b
r

r b rcRW r t t
b bcR aa

cR cR

w
j j

m

è ø
+é ùå õ

= - - +Wé ùæ ö
ç ÷é ù+ W +
ê ú

  (1.10) 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 1 1 1O x y z (ʘʥʘʣʦʛʠʯʥʫʶ ʬʦʨʤʫʣʫ ʧʦʣʫʯʠʣ ʄʘʛʥʫʩ [41] ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʤʙʨʘʥʳ, ʩʚʝʨʥʫʪʦʡ ʚ ʢʦʣʴʮʦ ʮʝʧʦʯʢʦʡ ʠ ʨʘʜʠʘʣʴʥʦ ʩʚʷʟʘʥʥʦʡ 

ʥʝʚʝʩʦʤʳʤʠ ʥʠʪʷʤʠ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ) ʠ 

 

2
22

4 2
2

4 2

2
( , , ) 1 ln ln cos

(3 )

b
r

r b rcRW r t
b bcR aa

cR cR

w
j j

m

è ø
+é ùå õ

= - -é ùæ ö
ç ÷é ù+ W +
ê ú

  (1.11) 

ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1O xyz. ɺʠʜʥʦ, ʯʪʦ (1.11) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʠ 

ʦʙ̡ʷʩʥʷʝʪ ʥʘʟʚʘʥʠʝ çʩʪʘʮʠʦʥʘʨʥʘʷè. ʈʘʜʠʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʬʦʨʤʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʤʝʤʙʨʘʥʳ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʫʯʘʝ 
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/ 0,1a R= ; 0,4m= ; 
30,5236 10w -= Ö  ʨʘʜ/ʩ; 0,5W=  ʨʘʜ/ʩ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.7. 

 

ʘ) ʨʘʜʠʘʣʴʥʳʡ ʧʨʦʬʠʣʴ   ʙ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ 

ʈʠʩ. 1.7: ʉʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʤʝʤʙʨʘʥʳ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ 

1.2.2  ʄʝʪʦʜ ʌʫʨʴʝ 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ 

ʥʘʡʜʝʥʥʳʤ ʚ [39] ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ. ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʍʦʡʥʘ [42, 43]. ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (1.7) ʢ ʚʠʜʫ 

2
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2
2 (cos cos sin sin )r
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r r r t t

r r r t

js
s r wr j j
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å õµ µ µ µ µå õ
+ = + W W - Wæ ö æ ö

µ µ µ µ µç ÷ ç ÷
  (1.12) 

ʈʘʟʣʦʞʠʤ ʥʝʦʜʥʦʨʦʜʥʫʶ ʜʦʙʘʚʢʫ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1.12) ʚ ʨʷʜ ʧʦ 

ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʛʜʝ 2
1 1

1

( )
R

k k

k a

R r r dr
l

p
a r= ñ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʬʫʥʢʮʠʡ cosr j ʠ sinr j ʧʦ 

ʩʠʩʪʝʤʝ 0{ , , }k nk nkV V V , ʛʜʝ 
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( , ) cosnk
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R r
V r n

l
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p
= , 

( )
( , ) sinnk
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R r
V r n

l
j j

p
=  ï 

ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ (1.12) [39]. ʂʦʵʬʬʠʮʠʝʥʪʳ nka  ʩ 1n¸  

ʨʘʚʥʳ ʥʫʣʶ ʚ ʩʠʣʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʀʱʝʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.12) ʚ ʚʠʜʝ: 
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (1.12), ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 
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ʉʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʷʭ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ( )kq t  ʠ ( )ks t : 

2
1 1

2
1 1

( ) ( ) 2 cos 0

( ) ( ) 2 sin 0

k k k k

k k k k

q t q t t
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ʅʘʭʦʜʠʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ( ) cosp
k kq t C t= W: 

2 2 1
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k k k k k
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C t C t t C
wa

w wa
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W
- W W + W + W W = Ý =-
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ʠ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ( ) sinp
k ks t D t= W: 
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W
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʦʤʦʝ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ä   (1.13) 

ʈʷʜ ʚ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʩʫʤʤʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʪʝ ʞʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʨʝʰʝʥʠʝʤ (1.11), 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.2.1 ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʦʩʪʦʷʥʥʦʡ. ʇʦʵʪʦʤʫ 

ʧʦʣʫʯʘʝʪʩʷ ʪʦʞʜʝʩʪʚʦ 
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1.3  ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ 

1.3.1  ʇʨʷʤʦʡ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʜʠʩʢʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʝʛʦ ʚʨʘʱʝʥʠʷ ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ. ʇʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ (1.10) ʧʦʥʠʤʘʝʤ, 

ʯʪʦ ʤʘʣʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ [44] ʧʨʠʚʦʜʷʪ ʢ 

ʤʘʣʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.7). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [45], ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

ʜʚʠʞʝʥʠʷ (1.7). ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚʳʙʠʨʘʶʪʩʷ 

ʧʦʧʝʨʝʯʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʦʪ 
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ʌʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ ʚ ʵʪʦʤ ʚʠʜʝ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ 

ʥʝʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ (1.10). 

ʇʦʢʘʞʝʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ 
dV

dt
, ʚʟʷʪʘʷ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠ ̫

ʜʚʠʞʝʥʠʷ (1.7), ʨʘʚʥʘ ʥʫʣʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 
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ʀʥʪʝʛʨʠʨʫʷ ʧʦ ʯʘʩʪʷʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
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ɺʳʜʝʣʷʷ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ (1.7), 

ʧʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ rs , js  ʠ A, ʧʦʣʫʯʠʤ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʡ 

ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʝʛʦ ʚʨʘʱʝʥʠʷ ʜʦʢʘʟʘʥʘ. 

1.3.2  ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʇʨʠʤʝʥʠʤ ʛʠʧʦʪʝʟʫ ʌʦʡʛʪʘ [35], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʠʷ rs  ʠ js  

ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʝʬʦʨʤʘʮʠʡ e, ʥʦ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ teµ µ, ʪʦ ʝʩʪʴ 
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ʛʜʝ h  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, E  ï ʤʦʜʝʣʴ ʖʥʛʘ, m ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʨʠ 0h= , ʪʦ ʝʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʚʠʜʥʦ, ʯʪʦ ( , , )pW r tj  

ʩʦʚʧʘʜʘʝʪ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ (1.13), ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.2.2 

ʤʝʪʦʜʦʤ ʌʫʨʴʝ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʦʩʝʡ ʈʝʟʘʣʷ ʧʦʣʫʯʝʥʥʘʷ ʬʦʨʤʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

( ) ( )
1 1

2 2
2 2 20 1

( )
( , ) 2 cos( )k k

p k
k k

k k

R r
W r

l
h

a
j w j j

p
w w

¤

=

=- W -D

-W + W

ä  

ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.14) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʛʜʝ ( , , )hW r tj  ï ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.14) ʠ 

2 21
1

4
k k khw w w= -  ï ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩ ʟʘʪʫʭʘʥʠʝʤ. 

ʀʟ (1.16) ʚʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ  ʨʝʰʝʥʠʝ  ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ  

( , , )pW r tj  ï ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʦʢʘʟʘʥʘ. 

1.4  ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʚʦʡ ʛʣʘʚʳ 

ʇʦʣʫʯʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʨʤʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʧʨʝʮʝʩʩʠʠ 

ʦʩʠ ʝʛʦ ʚʨʘʱʝʥʠʷ ʢʘʢ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ 

ʤʝʤʙʨʘʥʳ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʥʘʡʜʝʥʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʘʨʫʩʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ, 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘʡʜʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʨʤʳ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ 

ʬʫʥʢʮʠʷʤ (ʣʦʢʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʍʦʡʥʘ) ʠ ʛʠʧʦʪʝʟʫ ʌʦʡʛʪʘ ʦ ʨʘʩʩʝʷʥʠʠ ʵʥʝʨʛʠʠ 

ʢʦʣʝʙʘʥʠʡ, ʜʦʢʘʟʘʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʪʴ ʩʣʦʞʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʫʛʣʦʚʳʭ ʤʘʥʝʚʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʦʚ ʚ ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʘʭ 

ʢʘʞʜʳʡ ʩʦ ʩʚʦʝʡ ʧʨʠʚʝʜʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʢʨʝʧʣʝʥʠʷ ʧʦʜʚʝʩʘ ʠ ʧʨʠʚʝʜʝʥʥʳʤ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ. 
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ɻʃɸɺɸ 2.   ʋʇʈɸɺʃɽʅʀɽ ʋɻʃʆɺʓʄ 

ɼɺʀɾɽʅʀɽʄ ʂʆʉʄʀʏɽʉʂʆʁ ʇʃɸʊʌʆʈʄʓ ʉ 

ʉʆʃʅɽʏʅʓʄ ʇɸʈʋʉʆʄ 
 

 

 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʤʝʤʙʨʘʥʳ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ [39, 46]. ɺ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʣʦʢʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʍʦʡʥʘ [47, 48, 49]. ɺ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʚʦʣʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʦʜ ʜʚʠʞʝʥʠʷ  ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ  ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʣʝʥʦʯʥʦʛʦ ʜʠʩʢʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʛʠʨʦʩʢʦʧʦʚ 

ʚ ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʘʭ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤ ʧʨʠʚʝʜʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʠ 

ʞʝʩʪʢʦʩʪʴʶ ʧʦʜʚʝʩʘ. ʀʟ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ 

ʤʘʩʩʳ (ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ) ʩʣʝʜʫʝʪ, ʯʪʦ 99,9% ʤʘʩʩʳ ʧʣʝʥʦʯʥʦʛʦ ʜʠʩʢʘ ʧʘʨʫʩʘ 

ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ 

ʢʦʩʦʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʘʭ ʢʦʣʝʙʘʥʠʡ ʧʘʨʫʩʘ (ʩ ʦʜʥʠʤ ʫʟʣʦʚʳʤ ʜʠʘʤʝʪʨʦʤ ʠ 

ʙʝʟ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ) [39]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ 

ʟʘʤʝʥʠʪʴ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩʠʩʪʝʤʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʦʧʠʩʘʥʠʝʤ ʢʘʢ ʂɸ ʩ ʦʜʥʠʤ ʛʠʨʦʩʢʦʧʦʤ ʚ 

ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ (ʚʨʘʱʘʶʱʠʡʩʷ ʤʝʤʙʨʘʥʥʳʡ ʜʠʩʢ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ) ʠ 

ʫʧʨʘʚʣʷʶʱʠʤ ʩʠʣʦʚʳʤ ʛʠʨʦʩʢʦʧʦʤ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʩ ʨʘʚʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ (ʨʠʩ. 1.1). 

 



38 

 

2.1  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʚ ʧʨʠʙʦʨʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

2.1.1  ʇʨʠʙʣʠʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʥʦʤʦʚ ʗʢʦʙʠ 

ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʚ ʨʘʙʦʪʝ [39] ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʧʣʝʥʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ɺʉʂ). 

ʆʜʥʘʢʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʤʦʜʘʣʴʥʫʶ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (ʇʉʂ). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ɺʉʂ ʢ ʇʉʂ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ  ʘʢʩʠʘʣʴʥʳʭ 

ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ 

ʨʘʟʜʚʘʠʚʘʶʪʩʷ ʥʘ ʥʫʪʘʮʠʦʥʥʫʶ ʠ ʧʨʝʮʝʩʩʠʦʥʥʫʶ ʯʘʩʪʦʪʳ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʵʪʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʚʝ ʙʝʛʫʱʠʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʥʳ 

ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʜʠʥʘʢʦʚʳʝ 

ʬʘʟʦʚʳʝ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ɺʉʂ ʢ ʇʉʂ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ, 

ʚʦʣʥʘ, ʙʝʛʫʱʘʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʯʝʤ ʚʦʣʥʘ, 

ʙʝʛʫʱʘʷ ʧʨʦʪʠʚ ʚʨʘʱʝʥʠʷ. ɺ ɺʉʂ ʵʪʠ ʚʦʣʥʳ ʩʦʟʜʘʶʪ ʦʜʥʫ ʩʪʦʷʯʫʶ ʚʦʣʥʫ. 

ʆʜʥʘʢʦ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼʋʉ) ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ, 

ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʩʘʤʦʡ ʇʉʂ, ʠ ʝʛʦ 

ʧʦʢʘʟʘʥʠʷ ʟʘʬʠʢʩʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ʤʝʤʙʨʘʥʳ ʩ ʜʚʫʤʷ ʯʘʩʪʦʪʘʤʠ: ʥʫʪʘʮʠʦʥʥʦʡ ʠ 

ʧʨʝʮʝʩʩʠʦʥʥʦʡ. ʈʘʟʥʦʩʪʴ ʯʘʩʪʦʪ ʧʦ ʢʘʞʜʦʡ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ 2W, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʩʪʠ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʝʛʫʱʠʭ ʚʦʣʥ ʜʝʬʦʨʤʘʮʠʠ. ʕʪʦ 

ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ a R. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʯʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʍʦʡʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʳ ʧʘʨʫʩʘ 

ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʠʥʦʤʦʚ ʗʢʦʙʠ [50, 51]. 

ɺʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʤʝʤʙʨʘʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʚʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ, 

ʙʝʛʫʱʠʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ,p nl° , 

ʩʦʟʜʘʶʪ ʦʜʥʫ ʩʪʦʷʯʫʶ ʚʦʣʥʫ: 

( ) ( ) ( ){ }2
, , ,

0 0

, , cos cos , 1, 1,p n p n p n
p n

W x t t p F n n p p xj l q j
¤ ¤

= =

= A + Ö Ö - + + +ää , 
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ʢʦʪʦʨʫʶ ʤʦʞʥʦ  ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʦʣʥ, ʙʝʛʫʱʠʭ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ: 

( ) ( ) ( ){

( )}

, , , , ,
0 0

2

, , cos cos

                                                                                      , 1, 1,

p n p n p n p n p n
p n

W x t p t p t

F n n p p x

j j l q j l q
¤ ¤

= =

è ø= A - - + + + Ö
ê ú

- + + +

ää
 

ʛʜʝ ( )2, 1, 1,F n n p p x- + + +  ï ʚʳʨʘʞʝʥʠʝ ʧʦʣʠʥʦʤʦʚ ʗʢʦʙʠ ʯʝʨʝʟ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʦʞʜʝʩʪʚʦ: 

( ) ( ) ( ), , , , , ,cos cos cos cosp n p n p n p n p n p nt p p t p tl q j j l q j l q+ Ö = - - + + + 

ɺ ʧʨʠʙʦʨʥʦʤ ʙʘʟʠʩʝ ʬʘʟʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʦʣʥ ʨʘʚʥʳ ʩʫʤʤʝ ʬʘʟʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚ ɺʉʂ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ,p nl +W ʠ ,p nl- +W, 

ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( ) ( )( ) ( )( ){

( )}

, , , , ,
0 0

2

, , cos cos

                                                                                                   , 1, 1,

p n p n p n p n p n
p n

W x t p t p t

F n n p p x

j j l q j l q
¤ ¤

= =

è ø= A - +W - + + -W + Ö
ê ú

- + + +

ää

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʣʷ ʤʦʜʳ ʩ ʦʜʥʠʤ ʫʟʣʦʚʳʤ ʜʠʘʤʝʪʨʦʤ (1p=) ʠ 

ʙʝʟ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ( 0n= ), ʪ.ʝ. , 0p nq = . ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 1,0l , 

ʧʦʣʫʯʠʤ: 

( ) ( )( ) ( )( )1,0 1,0 1,0

1,0

, , cos cos

                cos 1 cos 1

W x t t t x

R R
t t x

R a R a

j j l j l

j j

è ø=A - +W + + -W Ö =
ê ú

è øå õ å õå õ å õ
=A -W + + +W - Öé ùæ ö æ öæ ö æ öæ ö æ ö- -é ùç ÷ ç ÷ç ÷ ç ÷ê ú

 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʣʦʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ, ʧʨʠʯʝʤ ʯʘʩʪʦʪ r

ʥʫʪʘʮʠʦʥʥʳʭ ʠ ʧʨʝʮʝʩʩʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 1
R

R a

å õ
W +æ ö

-ç ÷
 ʠ 

1
R

R a

å õ
W -æ ö

-ç ÷
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʥʝʞʝʩʪʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʥʝʟʘʚʠʩʠʤʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ 

ʢʘʞʜʳʡ ʩʦ ʩʚʦʝʡ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʩʩʦʡ ʠ ʞʝʩʪʢʦʩʪʴʶ, ʪʘʢʞʝ ʠ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʣʦʩʢʠʭ 

ʛʠʨʦʩʢʦʧʦʚ ʚ ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʘʭ [52] ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤ ʧʨʠʚʝʜʝʥʥʳʤ ʤʦʤʝʥʪʦʤ 

ʠʥʝʨʮʠʠ ʠ ʞʝʩʪʢʦʩʪʴʶ ʧʦʜʚʝʩʘ. ʇʦʣʫʯʝʥʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʢʦʣʝʙʘʥʠʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʥʘ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʤʦʜʳ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʨʝʜʫʢʮʠʶ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʧʣʝʥʦʯʥʳʤ 

ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʙʦʨʪʦʚʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʦʜʥʦʡ ʧʘʨʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʦʜ, ʠʣʠ, ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʦʜʥʠʤ ʧʣʦʩʢʠʤ ʛʠʨʦʩʢʦʧʦʤ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ. 

2.1.2  ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ ʚ 

ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʇʨʠʩʪʫʧʠʤ ʢ ʦʙʱʝʤʫ ʩʣʫʯʘʶ ʜʚʠʞʝʥʠʷ ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

1O xyz ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʋʨʘʚʥʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 1 1 1O x y z, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʚʩʪʘʚʢʦʡ, ʠʤʝʝʪ 

ʚʠʜ: 

 

2
2

2

2 2 2

2 cos( )

      sin( ) 2 sin( ) cos( )

r y

y z z

W W W
r r r t

r r r t

r t r t r t

js
s r w r j

j j

w r j w r j w r j

å õµ µ µ µ µå õ
+ = + W +W +æ ö æ ö

µ µ µ µ µç ÷ ç ÷

+ +W + W +W - +W

  (2.1) 

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʘ ʠʤʝʥʥʦ, ʚʥʫʪʨʝʥʥʷʷ ʛʨʘʥʠʮʘ 

ʢʦʣʴʮʘ ʟʘʢʨʝʧʣʝʥʘ, ʘ ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʩʚʦʙʦʜʥʘ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

( , , ) 0W a tj =  ʠ ( , , )W r tj  ï ʦʛʨʘʥʠʯʝʥʦ ʧʨʠ 0r R­ - . 

ɿʜʝʩʴ ( , , )W r tj  ï ʧʦʧʝʨʝʯʥʦʝ ʩʤʝʱʝʥʠʝ ʪʦʯʢʠ ʤʝʤʙʨʘʥʳ, yw  ʠ zw  ï 

ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, W ï ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 
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ɸʥʪʠʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [39] ʚ ʪʦʯʥʦʤ ʚʠʜʝ, 

ʠʤʝʶʪ ʚʠʜ: 

( ) ( )
( , ) cos ,    ( , ) sin ,nk nk

nknk

nk nk

R r R r
V r n V r n

l h l h

w w
j j j j

p p
= =  

ʛʜʝ nkw  ï ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, nkl  ï ʥʦʨʤʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʠʟ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʦ ʤʘʩʩʝ, ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ( )
nk

R rw  

ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʍʝʡʥʘ ( ), , , , , ,F a q za b g d ʧʨʠʚʦʜʷʪʩʷ ʚ [51] ʠ ʜʣʷ ʩʣʫʯʘʷ 1n=  

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

1

2

1 1 1 1 2

3 1 3
( ) 1 , ( 1), , ,1,1,1

4 2 2k k k k k

r r
R r F A

R R
w n n n n

å õ
= - - + - + -æ ö

ç ÷
 

ʇʘʨʘʤʝʪʨʳ 1kn  ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 
1

( ) 0
k

R aw = , ʧʘʨʘʤʝʪʨ A ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 4( )A b cR=- . 

ʈʘʟʣʦʞʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (2.1) ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ: 

 

{

}

{ 1

1

1
0 1

1

1

(2 )cos ( 2 )sin cos

   ( 2 )sin ( 2 )cos sin

( )
(2 )cos ( 2 )sin cos

( )
( 2 )sin ( 2 )cos

k

k

y z y z

z y y z

y z y z k
k k

z y y z k

r t t r

t t r

R r
r t t

l h

R r
t t

l

w

w

r w w w w j

w w w w j

r w w w w a j
p

w w w w a
p

¤

=

è øW - W + + W W +ê ú

è ø+ - W W + + W W =ê ú

è ø= W - W + + W W +ê ú

è ø+ - W W + + W Wê ú

ä

}
0

sin
k kh

j
¤

=

ä

  (2.2) 

ʛʜʝ nka  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ cosr j ʠ sinr j ʧʦ ʩʠʩʪʝʤʘʤ

{ }nkV  ʠ { }nkV  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 1n¸  ʢʦʵʬʬʠʮʠʝʥʪʳ nka  ʨʘʚʥʳ ʥʫʣʶ ʚ ʩʠʣʫ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʘʣʴʰʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʣʫʯʘʡ 1n= . 

ʀʱʝʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.1) ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ: 
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[ ] 1
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1 1
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( , , ) ( ) ( , ) ( ) ( , )
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  (2.3) 

ʛʜʝ nkq  ʠ nks  ï ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʦʜʩʪʘʚʣʷʷ (2.2) ʠ (2.3) ʚ (2.1), ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʬʫʥʢʮʠʠ 1

1

( )
cosk

k

R r

l h

w
j

p
 

ʠ 1

1

( )
sink

k

R r

l h

w
j

p
 ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 2

1kw , ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠ ̫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʷʭ ʚ ʣʝʚʳʭ ʠ ʧʨʘʚʳʭ 

ʯʘʩʪʷʭ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

 

2
1 1 1 1

2
1 1 1 1

( ) ( ) (2 )cos ( 2 )sin 0

( ) ( ) ( 2 )sin ( 2 )cos 0

k k k k y z y z

k k k k z y y z

q t q t t t

s t s t t t

w a w w w w

w a w w w w

ë è ø+ + W - W + + W W =î ê ú
ì

è ø+ + - W W + + W W =î ê úí

  (2.4) 

ʠʟ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʤʝʤʙʨʘʥʳ ʢʘʢ ʫʧʨʫʛʦʛʦ ʪʝʣʘ. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ 1 1 1k k kt q is=- + , ʩʠʩʪʝʤʘ (2.4) ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 
2

1 1 1 1 2 ( 2 ) 0i t
k k k k z y y zt t i ew a w w w wWè ø+ + - W + + W =ê ú   (2.5) 

ʉʘʤʦ ʨʝʰʝʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʠʰʝʪʩʷ ʢʘʢ: 

 1

1
0 1

( )
( , , ) -Re ( )k i

k
k k

R r
W r t e t t

l h

w jj
p

¤

=

= ä   (2.6) 

ɺ ʫʨʘʚʥʝʥʠʠ (2.5) ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʦʩʮʠʣʣʠʨʫʶʱʝʡ, 

ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʜʝʣʘʪʴ ʟʘʤʝʥʫ 1 1
i t

k kt t eW¡= . ʀʩʭʦʜʷ ʠʟ (2.6), ʚʠʜʥʦ, ʯʪʦ 

ʜʘʥʥʘʷ ʟʘʤʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ 

ʧʨʠʙʦʨʥʦʡ, ʪʦ ʝʩʪʴ, ʝʩʣʠ 1 1 1k k kt q is¡ ¡ ¡=- + , ʪʦ 
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1 1 1
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k kk k

R r R r
W r t e t t q t s t

l h l h

w wjj j j
p p
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= =
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ʙʫʜʝʪ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʚ ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʷʨʥʳʝ ʫʛʣʳ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚ ʧʨʠʙʦʨʥʦʡ 

ʦʪʣʠʯʘʶʪʩʷ ʥʘ tW . 

ʀʪʘʢ, ʧʨʦʠʟʚʦʜʷ ʚ (2.5) ʫʢʘʟʘʥʥʫʶ ʟʘʤʝʥʫ ʠ ʩʦʢʨʘʱʘʷ ʥʘ i teW , ʧʦʣʫʯʠʤ: 

2 2
1 1 1 1 12 ( ) 2 ( 2 ) 0k k k k k z y y zt i t t iw a w w w w¡ ¡ ¡ è ø+ W + -W + - W + + W =ê ú  

ʆʪʜʝʣʷʷ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʥʘ ʦʙʦʙʱʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʠʙʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

 

2 2
1 1 1 1 1
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1 1 1 1 1

( ) 2 ( ) ( ) ( ) (2 ) 0

( ) 2 ( ) ( ) ( ) ( 2 ) 0

k k k k k y z
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q t s t q t

s t q t s t
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w a w w

ë¡ ¡ ¡+ W + -W + W - =î
ì
¡ ¡ ¡- W + -W + + W =îí

  (2.7) 

ʊʘʢʞʝ ʥʘʭʦʜʠʤ ʧʦʧʝʨʝʯʥʫʶ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʥʘ 

ʤʘʣʝʥʴʢʠʡ ʫʯʘʩʪʦʢ dj ʦʙʦʜʘ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ (ʩʠʣʫ ʨʝʘʢʮʠʠ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʋʤʥʦʞʘʷ ʥʘ cosa j-  ʠ ʠʥʪʝʛʨʠʨʫʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʦʙʦʜʘ, ʥʘʭʦʜʠʤ 

ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʥʘ ʞʝʩʪʢʫʶ ʚʩʪʘʚʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʝʡ Oy ʠ Oz: 
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ɺʳʨʘʟʠʚ ʠʭ ʯʝʨʝʟ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.7), ʧʦʣʫʯʠʤ: 
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ʆʩʪʘʣʦʩʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 1ka  
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ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.2.2, ʘ ʪʘʢʞʝ ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʨʘʚʝʥʩʪʚʘ ʇʘʨʩʝʚʘʣʷ 

ʪʦʞʜʝʩʪʚʦʤ 
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,k y z
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¤
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= = =ä  

ʛʜʝ yJ  ʠ zJ  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʝʤʙʨʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ Oy ʠ Oz 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʝʤʙʨʘʥʳ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʘʭʦʜʠʤ ʬʦʨʤʫʣʳ ʚʳʯʠʩʣʝʥʠʷ ʤʦʤʝʥʪʦʚ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʥʘ ʞʝʩʪʢʫʶ ʚʩʪʘʚʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ Oy ʠ 

Oz: 
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ʊʘʢ ʢʘʢ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʤʝʤʙʨʘʥʦʡ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ 

ʤʦʤʝʥʪʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʞʝʩʪʢʫʶ ʚʩʪʘʚʢʫ ʩʦ ʩʪʦʨʦʥʳ ʚʩʝʡ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʂɸ, ʪʦ ʧʦʣʫʯʘʝʤ çʪʚʝʨʜʳʝè ʫʨʘʚʥʝʥʠʷ ʤʝʤʙʨʘʥʳ: 
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  (2.8) 

ʇʝʨʝʭʦʜʷ ʦʪ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʬʠʟʠʯʝʩʢʠʤ ʧʦ ʬʦʨʤʫʣʘʤ 1
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=- , ʘ ʪʘʢʞʝ ʧʨʠʩʦʝʜʠʥʷʷ ʢ (2.8) çʫʧʨʫʛʠʝè ʫʨʘʚʥʝʥʠʷ (2.7), ʧʦʣʫʯʘʝʤ 

ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʝʤʙʨʘʥʳ: 
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ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʧʦʤʠʥʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʢʦʧʦʚ ʚ 

ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ [53]. ʇʦʵʪʦʤʫ ykm  ʠ zkm  ʧʨʠʦʙʨʝʪʘʶʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʛʣʦʚ 

ʧʦʚʦʨʦʪʦʚ ʛʠʨʦʩʢʦʧʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 1ka  

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʪʦʥʦʚ ʚ ʜʚʠʞʝʥʠʠ ʤʝʤʙʨʘʥʳ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ 

ʚʝʣʠʯʠʥʳ 2
1ka  ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʭ 

ʪʦʥʦʚ ʩʦʛʣʘʩʥʦ ʚʢʣʘʜʘʤ ʚ ʤʦʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ. 

ʉʫʤʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʨʘʚʥʘ ʤʦʤʝʥʪʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ, ʪ.ʝ. 
2
1
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k

k

Ca
¤

=

=ä . ʇʦʵʪʦʤʫ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʚʢʣʘʜʫ 2
1ka  ʚ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʘʞʥʦʩʪʠ ʫʯʝʪʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʪʦʥʘ 

ʚ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʤʙʨʘʥʳ. 
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ɺ ʨʝʘʣʴʥʦʩʪʠ ʧʨʠ ʦʙʳʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʝʤʙʨʘʥʳ ( 0,1a R=  ʠ 0, 4m= ) 

ʧʨʠʚʝʜʝʥʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʦʜ 

ʜʚʠʞʝʥʠʷ (2
10a ) ʜʘʶʪ 99,9% ʦʪ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʝʤʙʨʘʥʳ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʇʦʵʪʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ʩʚʦʜʠʪʩʷ ʢ ʤʦʜʝʣʠ ʦʜʥʦʛʦ 

ʛʠʨʦʩʢʦʧʘ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ. ʇʨʠ ʞʝʣʘʥʠʠ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʛʠʨʦʩʢʦʧʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʝʯʝʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʤʝʤʙʨʘʥʳ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ ʩ ʫʯʝʪʦʤ 2
10 Ca º  ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 
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  (2.10) 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.10) ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ 

ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʤʙʨʘʥʦʡ ʚ ʮʝʣʦʤ. 

ɼʘʣʝʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʳ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʧʝʨʚʳʝ 

ʜʚʘ ʪʦʥʘ: 
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ʧʨʠʚʝʜʷ ʠʭ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʢ ʤʦʜʝʣʷʤ ʛʠʨʦʩʢʦʧʦʚ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʪʘʢʞʝ ʫʧʨʦʩʪʠʪʴ ʫʧʨʫʛʠʝ ʫʨʘʚʥʝʥʠʷ, ʚʚʝʜʷ ʜʨʫʛʠʝ, 

ʬʠʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚʤʝʩʪʦ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 10q¡ ʠ 10s¡. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʩʦʛʣʘʩʥʦ ʩʢʘʟʘʥʥʦʤʫ ʚʳʰʝ, ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʥʘʧʠʩʘʪʴ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʢʦʪʦʨʳʭ 

ʯʠʩʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʯʪʠ ʩʦʚʧʘʜʘʶʪ ʩ ʧʣʦʩʢʠʤʠ ʬʦʨʤʘʤʠ cosy r j=  ʠ 

sinz r j= . ʊʦʛʜʘ ʜʚʠʞʝʥʠʝ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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ʇʦʵʪʦʤʫ, ʝʩʣʠ ʤʳ ʚʚʝʜʝʤ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ 10
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¡
= , ʪʦ yj  ʠ zj  ʧʨʠʦʙʨʝʪʫʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʛʣʦʚ ʧʦʚʦʨʦʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ çʧʦʯʪʠ ʧʣʦʩʢʦʡè ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. 

ʊʦʛʜʘ çʫʧʨʫʛʠʝè ʫʨʘʚʥʝʥʠʷ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʥʘ 10a  ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ: 
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z y z z y

y z y y z
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  (2.11) 

ɺ ʪʘʢʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʳ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʥʘʧʠʩʘʥʳ ɺ.ɸ. ʇʘʚʣʦʚʳʤ [10]. 

2.2  ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠ ̫ʂɸ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚʦʢʨʫʛ ʮʝʥʪʨʘ 

ʤʘʩʩ 

ɼʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʚʝʜʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ OXYZ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʩʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. O  ï ʮʝʥʪʨ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʠʤ ʚ 

ʮʝʥʪʨʝ ʤʘʩʩ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 1.3. ʠ ʨʠʩ. 2.1), ʦʩʴ OX  ʥʘʧʨʘʚʠʤ, ʢʘʢ 

ʠ ʨʘʥʝʝ, ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ 

ʚʩʪʘʚʢʠ, ʦʩʴ OY  ʥʘʧʨʘʚʠʤ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ 1O y, ʧʨʦʭʦʜʷʱʝʡ ʚ ʧʣʦʩʢʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ, ʘ ʦʩʴ OZ  ʙʫʜʝʪ ʜʦʧʦʣʥʷʪ ɹʩʠʩʪʝʤʫ ʦʩʝʡ ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦʢʨʫʛ ʧʦʧʝʨʝʯʥʳʭ ʦʩʝʡ 

ʘʧʧʘʨʘʪʘ [54], ʧʦʣʘʛʘʷ, ʯʪʦ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʫʜʝʨʞʠʚʘʝʪ ʘʧʧʘʨʘʪ. ʇʨʝʜʩʪʘʚʠʤ ʦʙʲʝʢʪ 
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ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʜʚʫʭ ʪʝʣ ʠ ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʦʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ: ʪʝʣʦ 1 ï 

ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ, ʪʝʣʦ 2 ï ʧʨʠʙʦʨʥʳʡ ʦʪʩʝʢ ʚʤʝʩʪʝ ʩ ʩʠʣʦʚʳʤ ʛʠʨʦʩʢʦʧʦʤ. 

 

ʈʠʩ 2.1: ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ OXYZ 

ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ɤ ï 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʘʧʧʘʨʘʪʘ, ɋ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ, ʨʦʪɤ  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ, m ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʜʠʩʢʘ, b ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʨʘʙʦʪʳ [39] ʧʨʠʚʦʜʠʪʩʷ 

ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʠʤʝʥʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʛʠʨʦʩʢʦʧʦʚ ʚ 

ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʘʭ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤ ʧʨʠʚʝʜʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʠ 

ʞʝʩʪʢʦʩʪʴʶ ʧʦʜʚʝʩʘ. ʇʨʠ ʵʪʦʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ 99,9% ʤʘʩʩʳ ʤʝʤʙʨʘʥʳ ʩʦʚʝʨʰʘʶʪ 

ʢʦʣʝʙʘʥʠʷ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʘʭ 

ʜʚʠʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʜʠʥʘʤʠʢʦʡ ʦʜʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʳʚʦʜʘ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ 1 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ: 

( )1 1= + ɇ
h ɀJ ɋ ɀ ɤ, 

ʛʜʝ M  ï ʤʘʪʨʠʮʘ ʤʘʣʦʛʦ ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ, 1J  ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʧʘʨʫʩʘ, ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʘʧʧʘʨʘʪʘ, ɋ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ. 
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ʛʜʝ A ʠ C  ï ʦʩʝʚʦʡ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʘʨʫʩʘ ( 2A C). 

ʇʦʩʣʝ ʣʠʥʝʘʨʠʟʘʮʠʠ, ʧʦʣʘʛʘʷ 0xm= , ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ ʧʦʣʫʯʘʝʤ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʘʨʫʩʘ: 
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A

C

C

A C C

A C C

A C C

m m m m m j

m m m m m j

m m m m m j

m m m j

m m m j

m m m j

å õè ø è ø- -W+ -è ø è ø è ø
æ öé ù é ùé ù é ù é ù

= - Ö Ö + - Ö =æ öé ù é ùé ù é ù é ù
æ öé ù é ùé ù é ù é ù- -ê ú ê ú ê úê ú ê úç ÷

è ø- -W+ +è ø
é ùé
= - Ö +é ùé
é ùé- +êê ú

h

x x

z y y

y z z

A A A

A C C

A C C

m j

m m j

m m j

è ø- W+ +
é ùù
= - W + +é ùù
é ùù W + +ú ê ú

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ: 

 1

x x

z y y

y z z

A A A

A C C

A C C

m j

m m j

m m j

è ø- W+ +
é ù
= - W + +é ù
é ùW + +ê ú

h   (2.12) 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ 2 ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

2 2  +h = J ɤ BH 

ʛʜʝ 2J  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʂɸ, B  ï ʤʘʪʨʠʮʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʤʘʣʳʭ 

ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ, H  ï 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʠʤ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 
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2

0 0

0 0

0 0

x

y

z

J

J

J

è ø
é ù
=
é ù
é ùê ú

J ,   

1

1

1

z y

z x

y x

b b

b b

b b

è ø-
é ù
= -é ù
é ù-ê ú

B ,   0

0

Hè ø
é ù
=
é ù
é ùê ú

H  

ʇʦʩʣʝ ʣʠʥʝʘʨʠʟʘʮʠʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʠ, ʫʯʠʪʳʚʘʷ, 

ʯʪʦ 0xb= , ʧʦʣʫʯʘʝʤ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ 2: 

 2

0 0 1

0 0 1 0

0 0 1 0

x x z y x x

x y z x y y z

x z y x z z y

J H J H

J J H

J J H

j b b j

j b b j b

j b b j b

è ø è ø- +è øè ø è ø
é ù é ùé ùé ù é ù

= Ö + Ö = +é ù é ùé ùé ù é ù
é ù é ùé ùé ù é ù- -ê ú ê úê ú ê ú ê ú

h   (2.13) 

ɿʥʘʷ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʢʘʞʜʦʛʦ ʪʝʣʘ (2.12) ʠ (2.13), ʧʨʠʤʝʥʷʷ ʪʝʦʨʝʤʫ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʢʦ ʚʩʝʤʫ ʦʙʲʝʢʪʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʪʜʝʣʴʥʦ ʢ 

ʧʘʨʫʩʫ, ʧʦʣʫʯʠʤ: 

 
1 2 1 2

2
1 1

( ) ( ) sun

k C

ë + + ³ + =î
ì
+ ³ =-îí

h h ɤ h h M

h ɤ h ɛ
  (2.14) 

ʛʜʝ 2k C ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ, 

2 2
2 2 2 2 2

10 2

(3 )
0,01 

2(1 )

a
k ʩ

R

m
w

m

-+
= -W º W º

+
. 

ʇʨʝʥʝʙʨʝʛʘʷ ʤʦʤʝʥʪʘʤʠ ʩʠʣ ʩʦʣʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ sunM , ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʧʘʨʫʩ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ: 

 
1 2

2
1 1 k C

+ =ëî
ì
+ ³ =-îí

h h const

h ɤ h ɛ
  (2.15) 

ʈʘʩʧʠʩʳʚʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.15) ʧʦʢʦʤʧʦʥʝʥʪʥʦ, 

0

0

0

0

0

0

x x x x x

z y y y y z y

y z z z z y z

x x z y

z y y z x

y z z y x

A A A J H h

A C C J H h

A C C J H h

A A

A C C

A C C

m j j

m m j j b

m m j j b

m j j j

m m j j j

m m j j j

è ø è ø- W+ + + è ø
é ù é ù é ù
- W + + + + = =é ù é ù é ù
é ù é ù é ùW + + - ê úê ú ê ú

è ø è+ -
é ù é
- W + + + -é ù é
é ù éW + + -ê ú ê

const

2

x x x

z y y y

y z z z

A A A

A C C k C

A C C

m j m

m m j m

m m j m

ë
î
î
î
î
ì

ø è ø- W+ + è øî
ù é ù é ùî Ö - W + + =-ù é ù é ùî
ù é ù é ùW + +î ê úú ê úí

 

ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦʢʨʫʛ ʦʩʝʡ Oyʠ Oz: 
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0

0

2

2

( )

( )

z y y y z y

y z z z y z

z y y z y

y z z y z

A C C J H h

A C C J H h

A C C A k C

A C C A k C

m m j b

m m j b

m m j j m

m m j j m

- W + + + + =ë
î
W + + + - =î

ì
- W + + - W =-î
î
W + + + W =-í

  (2.16) 

ʇʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʦʧʦʣʥʠʤ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ: 

1 2 3
Ĕ

z y y yK K Kb j j m= + +  ï ʚʦʢʨʫʛ ʦʩʠ OY  ʠ 

( )1 2 3
Ĕ

y z z zK K Kb j j m=- + +  ï ʚʦʢʨʫʛ ʦʩʠ OZ , 

ʛʜʝ zb ʠ yb  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚʦʢʨʫʛ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʝʡ, 1K , 2K , 3K  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ 

ʩʦʩʪʦʷʥʠʶ, ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, Ĕym , Ĕzm  ï ʦʮʝʥʢʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʢʦʣʝʙʘʥʠʡ 

ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʧʘʨʫʩʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ 

[12]. 

ɸʜʘʧʪʠʚʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ym  ʠ 

zm ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʮʝʥʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʘʢʪʠʯʝʩʢʠʤ ʫʛʣʦʚʳʤ ʩʢʦʨʦʩʪʷʤ ʢʦʣʝʙʘʥʠʡ (Ĕ
y ym m=  ʠ Ĕz zm m= ). 

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.16) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʝʮʝʩʩʠʠ, ʥʘʧʨʠʤʝʨ ʚʦʢʨʫʛ ʦʩʠ OY , ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ: 

 
( )

2

0ʧʨ ʧʨ ʧʨ
z y y z

ʧʨ ʧʨ
y z

A C J H

A k C

m j b

j m

ë- W + + + =î
ì
W =-îí

  (2.17) 

ʛʜʝ 
ʧʨ
yj  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ OY  ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ ʂɸ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ 

ʧʘʨʫʩʦʤ), 
ʧʨ
zb  ï ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ OZ  ʨʦʪʦʨʘ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʝʮʝʩʩʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ 
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ʂɸ, ʠ 
ʧʨ
zm  ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʠ OZ  ʧʨʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʝʮʝʩʩʠʠ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.17) ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʨ
zm  ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

2k , ʧʦʣʫʯʠʤ: 

( )
2 2

2

(3 )

4(1 )

ʧʨ ʧʨ
z z

y

H

a
A C J

R

m b
m

m

=
+

W+ + W
+

 

ʛʜʝ 0,4m=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ ʤʝʤʙʨʘʥʥʦʡ ʧʣʝʥʢʠ ʧʘʨʫʩʘ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.2. ʊʘʢ ʢʘʢ H A= W, ʪʦ ʟʥʘʢʠ 
ʧʨ
zm  ʠ 

ʧʨ
zb  ʩʦʚʧʘʜʘʶʪ, ʘ ʧʨ ʧʨ

z zm b< . 

 

ʈʠʩ. 2.2: ɻʠʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ OY  ʂɸ ʩ ʩʦʣʥʝʯʥʳʤ 

ʧʘʨʫʩʦʤ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

2.3  ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ 

2.3.1  ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʝʤʳ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. 

ɿʥʘʷ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ 

(2.12), ʧʨʠʤʝʥʷʷ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʪʜʝʣʴʥʦ ʢ 
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ʧʘʨʫʩʫ, ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʩʠʣʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʧʘʨʫʩ, 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ : 

 

2

2

z y y z y

y z z y z

A C C A k C

A C C A k C

m m j j m

m m j j m

ë- W + + - W =-î
ì
W + + + W =-îí

  (2.18) 

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʩʝʚʳʤ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʤʦʤʝʥʪʘʤʠ 

ʠʥʝʨʮʠʠ ʧʘʨʫʩʘ ( 2A C= ), ʧʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ (2.18) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

2

2

2 2

2 2

y z y y z

z y z z y

k

k

m m m j j

m m m j j

ë - W + =- + Wî
ì
+ W + =- - Wîí

  (2.19) 

ɺʚʦʜʷ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ( ) ( )  ( )  ( )  ( )
T

y y z zt t t t tm m m mè ø=ê úX , ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ 

(2.19) ʚ ʚʠʜʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

( ) ( ) ( )t t t= +X AX F  

ʛʜʝ 

2

2

0 1 0 0

0 0 2

0 0 0 1

0 2 0

k

k

è ø
é ù
- Wé ù=
é ù
é ù

- W -é ùê ú

A ,   

0

2
( )

0

2

y z

z y

t
j j

j j

è ø
é ù
- + W
é ù=
é ù
é ù
- - Wê ú

F  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʯʝʨʝʟ ʤʘʪʨʠʯʥʫʶ 

ʵʢʩʧʦʥʝʥʪʫ [55] ʠʤʝʝʪ ʚʠʜ: 

 0

0

( )
0( ) ( ) ( )

t
t t t

t

t e t e e dx x x- -= + ñ
A A A

X X F   (2.20) 

ʈʝʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʣʫʯʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: 

2 2

2 2 2 2 2 4 2 2 2 4

2 2

2
( ) 4 2(2 ) 0

2

k
k k k

k

l l
l l l l

l l

+ - W
= + + W = + W + + =

W +
, 

1,2 1il w=° ,   3,4 2il w=° , ʛʜʝ 2 2
1 kw= W + -W, 2 2

2 kw= W + +W. 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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1 1 1 1 1 2 1 2

1 1 1 1 1 2 1 2

cos( ) sin( ) cos( ) sin( )

cos( ) sin( ) cos( ) sin( )

y

z

A t B t C t D t

B t A t D t C t

m w w w w

m w w w w

= + + +ë
ì
= - + -í

  (2.21) 

ʛʜʝ 1A , 1B , 1C , 1D  ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʠʟ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ: 

 

0 00
1 2 2 11 1

0 00
1 2 2 11 1

0 0 0
1 1 1 2 1 1 2 1

0 0 0
1 1 1 2 1 1 2 1

( ) ( )(0)

( ) ( )(0)
   

(0) ( ) ( )

(0) ( ) ( )

z yy y

y zz z

y y z y

z z y z

AA C

BB D

B D C

A C D

m w m w wm m

m w m w wm m

m m w w m wm w w

m m w w m wm w w

ë = + -ë = = +
îî
î = - + -î = = + î

ì ì
= = + = - - -î î

î î
= =- - = - -îí í

  (2.22) 

ʈʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ( ) (0)tt e= A
X X , ʛʜʝ  

2 1 1 2 1 2 2 1 1 2 1 2

1 2 1 2 1 1 2 2 1 2 1 2 1 1 2 2

2 1 1 2 1 2 2 1 1 2 1 22 1

1 2 1 2 1 1 2 2 1 2 1 2 1 1 2 2

( ) ( )1

( ) ( )

t

c c s s s s c c

s s c c c c s s
e

s s c c c c s s

c c s s s s c c

w w w w

ww w w ww w w

w w w ww w

ww w w ww w w

- - + - -è ø
é ù
- - - + - - +
é ù=
é ù- + - + - - +-
é ù
- - - - - - +ê ú

A  

ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 1 1cos( )c tw= , 2 2cos( )c tw= , 1 1sin( )s tw= , 2 2sin( )s tw= . 

ʏʪʦʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʥʘʡʜʝʤ ʨʝʰʝʥʠʝ 

ʥʘ ʤʘʣʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ 0 0[ ,  ]t t t hÍ + , ʛʜʝ h  ï ʪʘʢʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʇʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʯʠʪʘʷ, ʯʪʦ 

( ) ( )tx= =F F const ʥʘ ʤʘʣʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ t, ʧʦʣʫʯʘʝʤ: 
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( ) ( ) ( ) ( ) ' ( )

t t
t t t tt t

t t

t
tt t t

t
t

t
t t tt t

t

t e t e e d e t e e d

e t e e e d

e t e e t e t e d t

e

x x

x x

x

x x x

x x x

x

- -- -

- - -

- -- -

= + = + =

å õ
= + - =æ ö

æ ö
ç ÷

å õå õ
æ ö= + - - =æ ö

æ öæ ö
ç ÷ç ÷

=

ñ ñ

ñ

ñ

A AA A A A

A A A A

A AA A A

A

X X F X F

X F F

X F F F

( )
[ ] ( )
[ ]

[ ]

0 0

0

0 0

0 0

0

( ) ( )
0 0

( )
0 0

( ) ( )
0 0

( )
0 0

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

t
t t t t t

t

t t tt t

t t t t

t t

t t e t e e t

e t t t e e e t

e t t t t e t

e t t t

x- - -

- --

- -

-

+ - - =

= - + - - =

= - + - + =

= + -

A A A

A AA A

A A

A

X F F F

X F F F

X F F F F

X F F

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʦʜʥʦʨʦʜʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠ ʁ(2.19), ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 [ ]( 1) ( ) ( 1) ( )hn e n n n+ = + + -A
X X F F   (2.23) 

ʇʝʨʝʯʠʩʣʝʥʥʘʷ ʥʠʞʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪ 

ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ.  
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1 2 3
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z y y y z

y z z z y
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z y y y
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A C C J H

A C C J H

n e n n n
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m m j b

m m j b
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î
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î
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î
=- + +í

A
X X F F  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ MATLAB 7.9.0 ʠ 

Simulink. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2.3. 
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ʈʠʩ. 2.3: ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴ  ʁ ʧʨʝʮʝʩʩʠʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ: 

1
1 0,8 K c-= ;   2 3,6K = ;   3 1,2K = . 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʙʝʟ ʫʯʝʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ, ʪ.ʝ. 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 
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2.3.2  ɻʘʰʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚ 

ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [56] ʧʨʠ ʘʢʪʠʚʥʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʠ 

ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.4ï2.9. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʫʥʢʘʭ 2.10ï2.15 ʧʨʠʚʝʜʝʥʳ ʪʝ ʞʝ ʛʨʘʬʠʢʠ ʚ ʫʚʝʣʠʯʝʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ 

ʛʘʰʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʦʢʨʫʛ ʦʩʝʡ 

OY  ʠ OZ  ʙʳʣʠ ʟʘʜʘʥ rʨʘʚʥʳʤʠ ï ʧʦ 0,1 ɻʨʘʜ/ʩ. 
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ʈʠʩ. 2.4: ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.5: ʇʦʚʝʜʝʥʠʝ ʫʛʣʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʦʞʝʥʠ ̫ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 



59 

 

 

ʈʠʩ. 2.6: ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪ ɹʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʦʛʦ ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.7: ʋʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY ʠ OZ  ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 
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ʈʠʩ. 2.8: ʉʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.9: ʋʛʣr ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 
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ʈʠʩ. 2.10: ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.11: ʇʦʚʝʜʝʥʠʝ ʫʛʣʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʦʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 
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ʈʠʩ. 2.12: ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʦʛʦ ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.13: ʋʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY ʠ OZ  ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 
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ʈʠʩ. 2.14: ʉʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

 

ʈʠʩ. 2.15: ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 
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2.3.3  ʇʨʦʛʨʘʤʤʥʳʝ ʨʘʟʚʦʨʦʪʳ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʚ 

ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.16ï2.21. ɼʣʷ 

ʠʣʣʶʩʪʨʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.22ï2.27 ʧʨʠʚʝʜʝʥʳ ʪʝ ʞʝ ʛʨʘʬʠʢʠ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʤʘʩʰʪʘʙʝ. 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʞʠʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ ʫʛʦʣ 

ʨʘʟʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ OY  ʙʳʣ ʟʘʜʘʥ ʨʘʚʥʳʤ 90.̄ ʉʢʦʨʦʩʪʴ ʨʘʟʚʦʨʦʪʘ ʧʨʠʥʠʤʘʣʘʩʴ 

ʨʘʚʥʦʡ 0,06 ɻʨʘʜ/ʩ. 
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ʈʠʩ. 2.16: ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.17: ʇʦʚʝʜʝʥʠʝ ʫʛʣʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʦʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ. 



66 

 

 

ʈʠʩ. 2.18: ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʦʛʦ ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY ʠ OZ  ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.19: ʋʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 
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ʈʠʩ. 2.20: ʉʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.21: ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 
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ʈʠʩ. 2.22: ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.23: ʇʦʚʝʜʝʥʠʝ ʫʛʣʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʦʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 
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ʈʠʩ. 2.24: ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʦʛʦ ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY ʠ OZ  ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.25: ʋʛʣʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 
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ʈʠʩ. 2.26: ʉʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 

 

ʈʠʩ. 2.27: ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʨʦʪʦʨʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ʙʘʟʠʩʘ ʚʦʢʨʫʛ ʦʩʝʡ OY  ʠ OZ  ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʘʟʚʦʨʦʪʘ 
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2.3.4  ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʟ ʨʠʩʫʥʢʦʚ 2.4ï2.27 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʘʨʘʤʝʪʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ 

ʧʘʨʫʩʦʤ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʧʘʨʫʩʘ ʚ 

ʨʝʞʠʤʝ ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ 5 ʛʨʘʜʫʩʦʚ, ʘ ʚ ʨʝʞʠʤʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,06 ɻʨʘʜ/ʩ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ 3,5 ʛʨʘʜʫʩʘ. 

ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʩʢʦʨʦʩʪʠ ʧʨʝʮʝʩʩʠʠ ʨʦʪʦʨʘ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʦʜʚʝʩʝ ɻʫʢʘ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ 0,5 ɻʨʘʜ/ʩ, ʘ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ 

ʦʩʠ ʨʦʪʦʨʘ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ 9 ʛʨʘʜʫʩʦʚ. 

2.4  ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʪʦʨʦʡ ʛʣʘʚʳ 

ʇʦʣʫʯʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪ r ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ [30, 39, 46] ʧʦʤʦʛʣʠ ʧʨʝʦʜʦʣʝʪʴ ʩʣʦʞʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʫʛʣʦʚʳʭ ʤʘʥʝʚʨʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʚʝʜʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ ʚ ʚʠʜʝ ʛʠʨʦʩʢʦʧʘ ʚ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ ʩʦ ʩʚʦʝʡ 

ʧʨʠʚʝʜʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʢʨʝʧʣʝʥʠʷ ʧʦʜʚʝʩʘ ʠ ʧʨʠʚʝʜʝʥʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʤʦʤʝʥʪʦʤ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ.  

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ, ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʪʬʦʨʤʳ [57] ʠ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʝʝ ʜʚʠʞʝʥʠʝʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʛʘʰʝʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʘʢʪʠʚʥʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ 

ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʘʟʚʦʨʦʪʦʚ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ MATLAB 7.9.0 ʠ 

Simulink. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ. 
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ɻʃɸɺɸ 3.   ɼʀʅɸʄʀʂɸ ɺʈɸʑɸʖʑɽɻʆʉʗ 

ʉʆʃʅɽʏʅʆɻʆ ʇɸʈʋʉɸ ɺ ʇʈʆʎɽʉʉɽ ɽɻʆ 

ʈɸʉʂʈʓʊʀʗ 
 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ 

ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʩʢʨʳʪʠʷ ʚ 

ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [58, 

59]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʦʙʟʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʙʝʩʢʘʨʢʘʩʥʳʤʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ [6, 7], ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʚʳʧʫʩʢʫ ʧʦʣʦʪʥʘ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ [60]. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʪʨʦʛʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʨʘʩʢʨʳʪʠʷ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

 

3.1  ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʠʟ ʫʣʦʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʥʘ ʩʭʝʤʫ ʫʢʣʘʜʢʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [7]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʪʁʩʷ 

ʤʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʫʣʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʛʝʦʤʝʪʨʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʦʩʧʫʩʢʘ. 

ʇʨʠʤʝʨʦʤ ʫʢʣʘʜʢʠ ʧʣʝʥʦʯʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ, ʪʝʨʷʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʩʠʤʤʝʪʨʠʶ ʥʘ ʵʪʘʧʘʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤ, ʷʚʣʷʝʪʩʷ ʫʢʣʘʜʢʘ 

ʪʠʧʘ çʛʘʨʤʦʰʢʘè (ʨʠʩ. 3.1) [7], ʢʦʛʜʘ ʧʦʣʦʪʥʠʱʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʚʜʦʣʴ ʦʩʠ ʚ ʩʢʣʘʜʢʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʜʚʘ ʢʦʥʮʘ ʨʘʜʠʘʣʴʥʳʭ ʪʨʦʩʦʚ ʩʧʠʨʘʣʴʥʦ 

ʥʘʤʘʪʳʚʘʶʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʙʘʨʘʙʘʥ. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʢʨʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʧʨʠʜʘʚʘʷ ʚʨʘʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʤʫ ʙʘʨʘʙʘʥʫ, 

ʨʘʜʠʘʣʴʥʳʝ ʪʨʦʩʳ ʨʘʩʭʦʜʷʪʩʷ ʩʧʠʨʘʣʴʥʦ ʢʘʞʜʳʡ ʚ ʩʚʦʶ ʩʪʦʨʦʥʫ, ʘ ʧʦʩʣʝ ʧʦʣʥʦʛʦ 
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ʨʘʩʢʨʳʪʠʷ ʪʨʦʩʦʚ ʠ ʟʘʥʷʪʠʷ ʠʤʠ ʧʦʣʦʞʝʥʠʷ ʚʜʦʣʴ ʦʩʥʦʚʥʦʡ ʦʩʝʚʦʡ ʣʠʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʧʦʣʦʚʠʥʦʢ ʧʦʣʦʪʥʠʱʘ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʋʢʘʟʘʥʥʘʷ ʩʭʝʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʚ ʉʉʉʈ, ʪʘʢ ʠ ʚ ʉʐɸ. ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ [61, 62] ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʧʦʣʦʪʥʠʱ ʠʟ ʜʘʥʥʦʡ 

ʩʭʝʤʳ ʫʢʣʘʜʢʠ ʧʦʢʘʟʘʣʠ ʝʸ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. 

      

 

ʈʠʩ. 3.1: ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʪʠʧʘ çʛʘʨʤʦʰʢʘè, ʪʝʨʷʶʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ ʥʘ ʵʪʘʧʘʭ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʚʳʧʫʩʢʘ ʧʦʣʦʪʥʘ ʩʦʣʥʝʯʥʦʛʦ 

ʧʘʨʫʩʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʘʨʫʩ, ʨʘʩʢʨʳʚʘʝʤʳʡ ʠʟ ʫʣʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʦʩʦʚ [60]. ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2. 
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ʈʠʩ. 3.2: ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʚ ʚʠʜʝ ʯʝʪʳʨʸʭ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʦʩʦʚ 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʦʪʥʠʱʝ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʜʦʣʴ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʨʘʜʠʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʚ ʯʝʪʳʨʝ ʣʝʧʝʩʪʢʘ (ʪʨʦʩʘ). ʇʦʣʫʯʝʥʥʳʝ ʪʨʦʩʳ ʩʧʠʨʘʣʴʥʦ 

ʥʘʤʘʪʳʚʘʶʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʙʘʨʘʙʘʥ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʩʪʘʚʢʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʘʨʫʩ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʫʣʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠʜʘʚʘʷ ʚʨʘʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʤʫ ʙʘʨʘʙʘʥʫ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʚʳʧʫʩʢ ʪʨʦʩʦʚ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʧʫʩʢʘ ʯʝʪʳʨʝʭ ʪʨʦʩʦʚ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ 

ʩʚʷʟʝʡ, ʠ ʧʦʣʦʪʥʦ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʟʘ ʩʯʝʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʨʘʩʧʨʘʚʣʷʝʪʩʷ ʠ 

ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʤʝʤʙʨʘʥʥʦʛʦ ʜʠʩʢʘ. 
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3.2  ʈʝʞʠʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʧʨʠ ʫʯʝʪʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʪʫʰʝʢ ʩ ʪʨʦʩʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʨʦʩʳ ʚʳʧʫʩʢʘʶʪʩʷ ʩʠʥʭʨʦʥʥʦ, ʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʧʫʩʢʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ ʧʨʦʮʝʩʩʘ. ʉ ʫʯʝʪʦʤ ʪʘʢʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʥʘʤʠʢʫ ʚʳʧʫʩʢʘ ʦʜʥʦʛʦ ʪʨʦʩʘ ʩ 

ʪʦʯʝʯʥʦʡ ʤʘʩʩʦʡ ʥʘ ʢʦʥʮʝ. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʚʳʧʫʩʢʘ 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ m, ʚʳʧʫʩʢʘʝʤʦʡ ʥʘ 

ʥʝʚʝʩʦʤʦʤ ʪʨʦʩʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʨʘʜʠʫʩʘ a , ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɋ: 

 [ ] ( ) 2,  2 ,  ,  
m

è ø+ + + - =ê ú
T

r ɋ r ɋ r ɋ ɋr ɋ r  (3.1) 

ɺʚʝʜʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Oxyz, ʚʨʘʱʘʶʱʫʶʩʷ ʚʤʝʩʪʝ ʩ ʢʦʥʪʝʡʥʝʨʦʤ. ʆʩʴ 

x  ʧʨʦʭʦʜʠʪ ʠʟ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʯʝʨʝʟ ʪʦʯʢʫ ʚʳʧʫʩʢʘ ʪʨʦʩʘ ʥʘ ʦʙʦʜʝ ʮʠʣʠʥʜʨʘ, 

ʦʩʴ z ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ, ʦʩʴ y  ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ a ʫʛʦʣ ʤʝʞʜʫ ʪʨʦʩʦʤ ʠ ʦʩʴʶ x, ʘ ʯʝʨʝʟ b ð 

ʫʛʦʣ ʤʝʞʜʫ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʠ ʪʦʡ ʞʝ ʦʩʴʶ x  (ʨʠʩ. 3.3). ɺ 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ (3.1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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  (3.2) 

 

 



77 

 

 

ʈʠʩ. 3.3: ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʳʧʫʩʢʘ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ ʥʘ ʥʝʚʝʩʦʤʦʤ ʪʨʦʩʝ 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʚʳʪʷʛʠʚʘʝʤʦʡ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ 

ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʧʦʣʦʞʠʤ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʪʨʦʩʘ T  ʧʦ ʦʩʠ z 

ʨʘʚʥʦʡ ʥʫʣʶ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʦʩʷʤ x  ʠ y  ʙʫʜʫʪ ʨʘʚʥʳ cosT a-  ʠ sinT a-  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 

ʫʯʠʪʳʚʘʷ ʤʘʣʦʩʪʴ ʫʛʣʦʚ a ʠ b, ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ m 

ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

 

2

2

2

2

x y x T m

y x y T ma

- W -W =-

+ W -W =-
  (3.3) 

3.2.1  ʈʘʚʥʦʤʝʨʥʳʡ ʚʳʧʫʩʢ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʚʳʧʫʩʢʘ ʪʨʦʩʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V  ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ W. ʀʤʝʝʤ: 

0x= ,     x a Vt= + ,     
y

Vt
a= ,     

+

y

a Vt
b=  

ʦʪʢʫʜʘ ʠʟ ʩʠʩʪʝʤʳ (3.3) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʦʡ y : 

22 2
yy ay

y V
Vt Vt

+ W +W =- W 
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ʇʦʩʢʦʣʴʢʫ ʥʝʣʠʥʝʡʥʦʝ ʩʣʘʛʘʝʤʦʝ 
12 ( )Vt yy-W  ʠʤʝʝʪ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ 

(ʩ ʫʯʝʪʦʤ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ), ʪʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʣʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʢʦʥʮʝ ʥʝʚʝʩʦʤʦʛʦ ʪʨʦʩʘ, ʠʤʝʝʪ ʚʠʜ: 

 
2

2 ,    
a

y y V
t V

c
c+ =- W =W  (3.4) 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤ ʯʣʝʥʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʜʘʣʝʝ ʚ 

ʨʘʟʜʝʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ, 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʥʝʣʠʥʝʡʥʳʭ ʩʣʘʛʘʝʤʳʭ, ʩ ʧʦʣʫʯʝʥʥʳʤ ʥʠʞʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʆʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.4) ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, 

ʧʦʣʫʯʝʥʥʳʤ ɸ. ʖ. ʀʰʣʠʥʩʢʠʤ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʠʢʘ, ʩʚʷʟʘʥʥʦʛʦ 

ʥʠʪʴʶ ʩ ʪʦʯʢʦʡ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦ ʢʨʫʛʫ, ʥʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʝ ʥʠʪʠ [63]. 

ʋʨʘʚʥʝʥʠʝ (3.4) ʧʫʪʝʤ ʟʘʤʝʥʳ 

 
22V

y w t
a

= -
W

  (3.5) 

ʩʚʦʜʠʪʩʷ ʢ 

2

0w w
t

c
+ =, 

ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʃʦʤʤʝʣʷ 

( )
2 2 2

2
1

2

1 2
0w w wga a n g

bgx
x x

-è ø- -
+ + + =é ù

ê ú
 

ʧʨʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 1 2a= , 2b c= , 1 2g= , 1n=  

ʠ x ï ʥʦʚʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʃʦʤʤʝʣʷ ʠʟʚʝʩʪʥʦ [47] ʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʩʣʫʯʘʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )( )w Za g
nx x bx= , 

ʛʜʝ Zn ï ʩʫʧʝʨʧʦʟʠʮʠʷ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

1 2 1 2( ) ( ) ( ),    , constZ z c J z c Y z c cn n n= + =  
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ y  ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ t , ʧʦʣʫʯʠʤ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.4) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 ( ) ( )1 1 2 12 2 sy t c J t c Y t yc cè ø= + +
ê ú

,  (3.6) 

ʛʜʝ 

 
22

s

V t
y

a
=-
W

,  (3.7) 

1( )J z  ʠ 1( )Y z  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [50]. 

ʇʦʩʪʦʷʥʥʳʝ 1c  ʠ 2c  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʂʦʰʠ 

 (0) 0,   (0) 0y y= =.  (3.8) 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ ʚ ʥʫʣʝ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

0

2
( ) lnY z z

p
­ ,   1

2
( )Y z

zp
­-    ʧʨʠ 0z­ , 

ʪʦ ʦʪʩʶʜʘ ʥʘʭʦʜʠʤ 
2

1

2V
c

ac
=
W

 ʠ 2 0c = . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ (3.4), (3.8): 

 
2 2

12

2 2
2

V Vt at V t
y J

a V aa

å õ
= W -æ ö

WW ç ÷
  (3.9) 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʳʧʫʩʢʘʝʤʦʛʦ ʪʨʦʩʘ l R a= -, ʛʜʝ R ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʨʘʜʠʫʩʘ ʚʨʘʱʝʥʠʷ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ, ʧʦʧʝʨʝʯʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ, ʠ ʥʘʯʠʥʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʛʨʫʟʘ ʥʘ ʢʦʥʮʝ ʪʨʦʩʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ 

 
2 2 20,   R Ry y a lk k+ = =W   (3.10) 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʢʦʥʝʯʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

(3.4): 
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2

0 12

2 2

0 0

2 2 2

2 2 2

R

R

V l Vl
y J al

a V aa

V V
y J al

a V a

Wå õ
= -æ ö

WW ç ÷

Wå õ
= -æ ö
W Wç ÷

  (3.11) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ (3.10), (3.11) ʠʤʝʝʪ ʚʠʜ: 

( ) ( )1
0 0cos ( / ) sin ( / )R R Ry y t l V y t l Vk k k-= - + -  

ɻʨʘʬʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ çʩʰʠʪʳʭè ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʚʳʧʫʩʢʘ ʠ 

ʫʨʘʚʥʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

 0,01 ʤ/ʩ,   1 ʤ,   1/2 ʨʘʜ/ʩ,   5 ʤV a l R a= = W= = - =  (3.12)

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

 

ʈʠʩ. 3.4: ʆʪʢʣʦʥʝʥʠʝ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ ʥʘ ʢʦʥʮʝ ʪʨʦʩʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʚʳʧʫʩʢʝ 

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʠʟʦʙʨʘʞʝʥʦ ʦʪʢʣʦʥʝʥʠʝ sy y yD = - ʨʝʰʝʥʠʷ y  (3.9) ʦʪ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ sy  (3.7) ʚ ʧʝʨʚʳʝ ʧʷʪʴ ʩʝʢʫʥʜ ʚʳʧʫʩʢʘ. 
































































