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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ 

ʤʘʣʳʤ ʩʧʫʪʥʠʢʘʤ (ʜʘʣʝʝ ʧʦʜ ʤʘʣʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʧʫʪʥʠʢʠ 

ʤʘʩʩʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʛʨʘʤʤ ï ʥʘʥʦʩʧʫʪʥʠʢʠ ʠ ʤʠʢʨʦʩʧʫʪʥʠʢʠ). 

ɹʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʚʝʜʝʥʳ ʥʘ ʦʨʙʠʪʫ ʜʝʩʷʪʢʠ ʤʘʣrʭ ʩʧʫʪʥʠʢʦʚ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʘʧʧʘʨʘʪʳ ʤʘʩʩʦʡ ʜʦ 10 ʢʠʣʦʛʨʘʤʤ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʢ 

ʥʘʥʦʩʧʫʪʥʠʢʘʤ, ʘ ʘʧʧʘʨʘʪʳ ʤʘʩʩʦʡ ʜʦ 100 ʢʠʣʦʛʨʘʤʤ ï ʢ ʤʠʢʨʦʩʧʫʪʥʠʢʘʤ. 

ɼʘʣʝʝ ʨʝʯʴ ʧʦʡʜʝʪ ʚ ʦʩʥʦʚʥʦʤ ʦ ʥʘʥʦʩʧʫʪʥʠʢʘʭ. ʀʥʪʝʨʝʩ ʢ ʤʘʣʳʤ ʩʧʫʪʥʠʢʘʤ ʠ 

ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʨʦʪʢʠʤʠ ʩʨʦʢʘʤʠ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʩʘʤʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʝʛʦ ʚʳʚʦʜʘ 

ʥʘ ʦʨʙʠʪʫ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʚʳʧʦʣʥʷʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʙʳʣʠ ʧʦʜʚʣʘʩʪʥʳ ʪʦʣʴʢʦ ʙʦʣʴʰʠʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʘʧʧʘʨʘʪʘʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘ ʙʘʟʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʠʘʪʶʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʬʦʨʤʘʮʠʡ ʠ ʛʨʫʧʧʠʨʦʚʦʢ ʩʧʫʪʥʠʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ, ʥʦ ʙʣʠʟʢʠʭ ʪʦʯʢʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʩʣʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʦʩʷʱʝʝ 

ʥʘʟʚʘʥʠʝ çformation flyingè, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʨʠʦʙʨʝʣʦ 

ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ 

ʩʧʫʪʥʠʢʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʙʦʨʪʫ ʤʘʣʦʛʦ ʘʧʧʘʨʘʪʘ çʏʠʙʠʩ-

ʄè (ʨʘʟʨʘʙʦʪʢʘ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ), ʩʝʤʝʡʩʪʚʘ ʤʘʣʳʭ 

ʩʧʫʪʥʠʢʦʚ ʊʅʉ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʥʘʥʦʩʧʫʪʥʠʢ, ʨʘʟʨʘʙʦʪʢʘ ʆɸʆ çʈʦʩʩʠʡʩʢʠʝ 

ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè), ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ TabletSat, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʆʆʆ 

çʉʧʫʪʥʠʢʩè ʠ ʘʧʧʘʨʘʪʘ UniSat-5, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ GAUSS Srl. ɺ 

ʜʠʩʩʝʨʪʘʮʠʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʘʧʧʘʨʘʪʘʤʠ, 

ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ (ʟʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʘʧʧʘʨʘʪʦʚ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ) ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʥʘ ʙʦʨʪʫ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʨʘʥʝʝ ʧʦʥʷʪʴ, ʢʘʢ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʠʭ ʨʘʙʦʪʫ ʦʪʜʝʣʴʥʳʝ 
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ʧʘʨʘʤʝʪʨʳ ï ʢʘʢ ʘʧʧʘʨʘʪʘ (ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ), ʪʘʢ ʠ ʝʛʦ ʦʨʙʠʪʳ (ʥʘʢʣʦʥʝʥʠʝ). 

ʆʙʥɦʦʩʪʴ ʧʨʦʙʣʝʤ ʦʨʠʝʥʪʘʮʠʠ ʤʘʣʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʜʘʯʠ, ʩʪʦʷʱʠʝ ʚ ʨʘʤʢʘʭ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʠʣʠ 

ʠʭ ʩʝʨʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɺʦʟʥʠʢʘʶʱʠʝ 

ʚ ʢʘʞʜʦʡ ʤʠʩʩʠʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ (ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʳʭ, ʥʘʛʣʷʜʥʳʭ ʬʦʨʤʫʣ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʝʡ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʠ ï ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʤʠʩʩʠʠ. ʆʩʥʦʚʥʳʝ 

ʨʝʰʘʝʤʳʝ ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʠ ï ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʤʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʤʘʣʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ, ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʠ ʘʣʛʦʨʠʪʤʳ, ʜʦʚʝʜʷ ʨʝʟʫʣʴʪʘʪ ʜʦ ʫʨʦʚʥʷ 

ʢʦʥʝʯʥʳʭ ʬʦʨʤʫʣ ʠʣʠ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʚʙrʠʨʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʫʪʦʯʥʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʯʠʩʣʝʥʥʦʛʦ ʠ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʦʙʦʟʥʘʯʝʥʥʳʤ ʚʳʰʝ ʮʝʣʷʤ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʦʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʦʙʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ. ʆʧʠʰʝʤ ʩʥʘʯʘʣʘ ʧʨʦʝʢʪʳ, ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʢʦʪʦʨʳʤʠ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʄʠʢʨʦʩʧʫʪʥʠʢ çʏʠʙʠʩ-ʄè (ʟʘʧʫʱʝʥ ʩ ʙʦʨʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʇʨʦʛʨʝʩʩ ʚ ʥʦʯʴ ʩ 24 ʥʘ 25 ʷʥʚʘʨʷ 2012 ʛʦʜʘ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. ʅʘʫʯʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩʧʫʪʥʠʢʘ ʪʨʝʙʫʝʪ ʝʛʦ 

ʪʨʝʭʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪʥʦ-ʤʘʭʦʚʠʯʥʘʷ ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʪʨʝʭ ʧʘʨ ʤʘʭʦʚʠʢʦʚ ʠ ʪʨʝʭ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ. ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʥʘʯʘʣʴʥʦʡ 
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ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʥʦʩʠʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʧʧʘʨʘʪʘ ʚ ʪʨʝʙʫʝʤʦʤ 

ʧʦʣʦʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʭʦʚʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪʦʤʝʪʨ, ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ ʉʦʣʥʮʘ ʠ ʪʨʠ 

ʦʜʥʦʦʩʥʳʭ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʤʘʭʦʚʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʪʦʯʥʫʶ (ʤʠʥʠʤʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦ ʪʦʯʥʦʩʪʠ ï 5 

ʛʨʘʜʫʩʦʚ, ʤʘʭʦʚʠʢʠ ʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʣʫʯʰʝ 1 ʛʨʘʜʫʩʘ) ʦʨʠʝʥʪʘʮʠʶ ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʜʝʤʧʬʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʛʨʫʟʢʫ ʤʘʭʦʚʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ 

ʤʘʭʦʚʠʯʥʦʡ ʩʠʩʪʝʤʳ. ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʀʊʎ 

çʉʢʘʥʕʢʩè, ʦʙʣʠʢ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʙʳʣ ʧʨʦʨʘʙʦʪʘʥ ʚ ʀʇʄ ʠʤ. 

ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ. ʆʪʤʝʪʠʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʡ ʦʙʣʠʢ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʝʝ ʨʘʙʦʪʳ. ɺʦʟʥʠʢʰʠʡ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʳʚ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʦʧʳʪʘ ʟʘʧʫʩʢʘ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʧʦʙʫʜʠʣ ʧʨʦʚʝʩʪʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʦʚ ʦʨʠʝʥʪʘʮʠʠ ʪʘʤ, ʛʜʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʚʦʜʷʪʩʷ ʣʠʰʴ 

ʨʝʟʫʣʴʪʘʪʳ ʣʝʪʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʩʪʦʷʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʘʣʛʦʨʠʪʤʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʦʪʥʦʰʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [1]). ʊʦʣʴʢʦ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʡ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʚʝʨʠʬʠʢʘʮʠʶ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʩʪʝʥʜʘʭ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʥʘ ʙʦʨʪʫ ʤʠʢʨʦʩʧʫʪʥʠʢʘ 

çʏʠʙʠʩ-ʄè.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʘʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʣʘʥʠʨʫʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʘʧʧʘʨʘʪʘʭ ʩʝʨʠʠ ʊʅʉ. ʉ 2003 ʛʦʜʘ 

ʚ ʆɸʆ çʈʦʩʩʠʡʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè (ʙʳʚʰʝʝ ʈʅʀʀ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ) ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʊʅʉ-0, ʊʅʉ-1 ʠ ʊʅʉ-2, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʩʢʦʨʝʥʥʦʡ 
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ʣʝʪʥʦʡ ʦʪʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʦʨʪʦʚʳʭ ʧʦʜʩʠʩʪʝʤ ʤʘʣʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʊʅʉ-0 ˉ1, ʟʘʧʫʱʝʥʥʦʛʦ ʚʨʫʯʥʫʶ 

ʢʦʩʤʦʥʘʚʪʦʤ ʉ. ʐʘʨʠʧʦʚʳʤ ʚ ʤʘʨʪʝ 2005ʛ., ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ, ʧʨʦʩʪʦʪʫ, 

ʨʝʛʫʣʷʨʥʦʩʪʴ ʟʘʧʫʩʢʦʚ, ʤʘʣʳʝ ʩʪʦʠʤʦʩʪʠ ʠ ʩʨʦʢʠ ʨʘʙʦʪ. ʇʘʩʩʠʚʥʘʷ ʤʘʛʥʠʪʥʘʷ 

ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʥʘʥʦʩʧʫʪʥʠʢʘ ʊʅʉ-0 ˉ1 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʀʥʩʪʠʪʫʪʝ 

ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʥʩʪʠʪʫʪ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ, ʜʣʷ 

ʥʦʚʳʭ ʩʧʫʪʥʠʢʦʚ ʵʪʦʡ ʩʝʨʠʠ.  

ʉʣʝʜʫʶʱʠʡ ʘʧʧʘʨʘʪ, ʊʅʉ-0 ˉ2, ʙʫʜʝʪ ʪʘʢʞʝ ʦʩʥʘʱʝʥ ʧʘʩʩʠʚʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʦʜʥʘʢʦ ʪʨʝʪʠʡ ʘʧʧʘʨʘʪ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʥʘʩʪʠʪʴ 

ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ [2]. ʊʅʉ-0 ˉ3/GRESAT 

(ʩʦʚʤʝʩʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʆɸʆ çʈʂʉè ʠ ʎʝʥʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ZARM ɹʨʝʤʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʥʦʩʧʫʪʥʠʢ ʩ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ, ʜʚʫʤʷ ʙʦʨʪʦʚʳʤʠ 

ʢʦʤʧʴʶʪʝʨʘʤʠ ʠ ʜʚʫʤʷ ʙʦʨʪʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤ ʎʝʥʪʨʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ [3]. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ï ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ, 

ʥʘʢʦʧʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ 

COTS-ʢʦʤʧʦʥʝʥʪʳ, ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʘʮʠʠ. 

ʂ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ GRESAT ʥʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʝʛʦ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ [4]. ɹʫʜʫʪ ʘʧʨʦʙʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʢʘʢ ʧʦ ʨʝʞʠʤʘʤ, ʪʘʢ ʠ ʧʦ ʩʧʦʩʦʙʘʤ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʳ 

ʦʨʠʝʥʪʘʮʠʠ. ʇʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʭʦʩʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ, ʩʦʣʥʝʯʥʳʝ 

ʜʘʪʯʠʢʠ, ʪʨʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʪʦʢʦʚʳʝ ʢʘʪʫʰʢʠ, ʩʠʩʪʝʤʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ. ʆʩʥʘʱʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʧʫʪʥʠʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʦʩʠ ʚʨʘʱʝʥʠʷ 
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ʩʧʫʪʥʠʢʘ. ʉʘʤʳʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ʕʪʦʪ ʨʝʞʠʤ ʥʝ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʋʜʝʨʞʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ 

ʦʩʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʤʦʤʝʥʪʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ [5]. ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ 

ʢʘʪʫʰʢʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʥʘʥʦʩʧʫʪʥʠʢʝ GRESAT, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. ʆʥʠ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ 

ʩʧʫʪʥʠʢʝ ʊʅʉ-1, ʩʣʝʜʫʶʱʝʤ ʚ ʩʝʨʠʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. ʉʧʫʪʥʠʢ ʙʫʜʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ, 

çʢʘʪʷʩʴè ʧʦ ʦʨʙʠʪʝ ʪʘʢ, ʯʪʦ ʝʛʦ ʢʘʤʝʨʳ ʧʦʩʪʦʷʥʥʦ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ɿʝʤʣʶ. 

ʆʆʆ çʉʧʫʪʥʠʢʩè ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʩʦʟʜʘʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʎʝʥʪʨʘ ʚ ʉʢʦʣʢʦʚʦ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʥʘʟʝʤʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʣʫʞʝʙʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʤʘʩʩʦʡ 10-50 ʢʛ. ʆʩʥʦʚʥʦʝ ʥʦʚʰʝʩʪʚʦ ʎʝʥʪʨʘ ʜʣʷ 

ʨʦʩʩʠʡʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ ï ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʧʧʘʨʘʪʦʚ, ʟʘʣʦʞʝʥʥʘʷ ʚ 

ʧʨʦʝʢʪʝ çTabletSatè. ɿʘ ʨʫʙʝʞʦʤ ʪʘʢʘʷ ʩʭʝʤʘ ʫʞʝ ʧʦʣʫʯʠʣʘ ʧʨʠʟʥʘʥʠʝ ʠ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʘʧʧʘʨʘʪʘʭ ʪʠʧʘ CubeSat. ɼʣʷ ʥʠʭ ʩʦʟʜʘʥ ʆʪʢʨʳʪʳʡ 

ʩʪʘʥʜʘʨʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʳʩʪʨʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʧʦʜʢʣʶʯʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʪʘʥʜʘʨʪ 

ʨʘʟʨʘʙʦʪʘʥ ɸʤʝʨʠʢʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʘʵʨʦʥʘʚʪʠʢʠ ʠ ʘʩʪʨʦʥʘʚʪʠʢʠ. ʇʨʠ ʵʪʦʤ 

ʜʘʞʝ ʢʘʞʜʳʡ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʳʡ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʜʫʣʝʤ ʜʣʷ ʙʦʣʴʰʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʙʦʣʴʰʠʡ ʘʧʧʘʨʘʪ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʙʠʨʘʝʪʩʷ 

ʠʟ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʙʦʩʦʙʣʝʥʥʳʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ 

ʚʝʩʠʪʴ ʥʝ ʙʦʣʝʝ 1 ʢʛ ʠ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʦʨʤ-ʬʘʢʪʦʨ (1U-ʙʣʦʢ). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢʣʶʯʝʚʳʝ ʩʣʫʞʝʙʥʳʝ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʘ ʜʦʣʞʥʳ ʫʤʝʩʪʠʪʴʩʷ ʚ ʦʜʥʦʤ 

ʠʟ ʪʘʢʠʭ ʙʘʟʦʚʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢ ʙʣʦʢʫ ʩʣʫʞʝʙʥʳʭ ʩʠʩʪʝʤ 

ʩʪʳʢʫʶʪʩʷ ʜʨʫʛʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʙʦʩʦʙʣʝʥʥʳʝ ʙʣʦʢʠ ï ʚʩʝʛʦ ʜʦ 4 ʰʪʫʢ. 

ɹʘʟʦʚʳʡ ʙʣʦʢ ʪʠʧʘ 1U ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ ʊʘʙʣʝʪʉʘʪ (TabletSat). ɼʣʷ ʟʘʧʫʩʢʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʦʪ 1 ʜʦ 4 ʊʘʙʣʝʪʉʘʪʦʚ, 

ʩʦʟʜʘʥʥʳʭ ʢʘʢ 1U, 2U, 3U ʠʣʠ 4U-ʙʣʦʢʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʡ ʢʦʥʪʝʡʥʝʨ. ɽʛʦ ʛʘʙʘʨʠʪʳ (ʜʠʘʤʝʪʨ, 

ʜʣʠʥʘ) ʠ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤ-ʬʘʢʪʦʨ ʙʘʟʦʚʦʛʦ 1U-ʙʣʦʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Plug-and-

Play-ʘʨʭʠʪʝʢʪʫʨʳ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʧʦʪʨʝʙʫʝʪ 

ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦʙʣʶʜʘʪʴ ʝʜʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ, 

ʬʠʟʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʘʤ ʩʧʫʪʥʠʢʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʜʦʣʞʥʦ ʩʦʢʨʘʪʠʪʴ ʩʪʦʠʤʦʩʪʴ, 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʟʘʧʫʩʢʫ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ. ʆʜʥʘʢʦ, ʯʪʦʙʳ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʤʘʩʩʝ ʪʘʢʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʙʝʥʥʦ ʪʱʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʣʶʙʦʡ ʩʣʫʞʝʙʥʦʡ ʩʠʩʪʝʤʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʘʮʠʠ.  

ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʭʘ ʚʩʝʡ ʤʠʩʩʠʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʨʚʳʭ ʩʧʫʪʥʠʢʦʚ ʣʠʙʦ ʥʝ ʠʤʝʣʦ ʩʠʩʪʝʤʫ ʦʨʠʝʥʪʘʮʠʠ, ʣʠʙʦ 

ʠʤʝʣʦ ʧʘʩʩʠʚʥʫʶ ʩʠʩʪʝʤʫ. ʈʘʟʚʠʪʠʝ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʥʘʯʘʣʦʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʟʘʧʫʩʢʘʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʘʥʪʝʥʥʳ. ʄʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ (ʄʉʆ) 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʜʦʨʦʛʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʠ ʧʨʦʩʪʳʝ, ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʙʦʨʪʦʚʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʘʣʛʦʨʠʪʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʄʉʆ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʥʝʙʦʣʴʰʠʭ ʩʧʫʪʥʠʢʘʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ 

ʠʭ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʘʮʠʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʩ ʜʨʫʛʦʡ ï ʄʉʆ ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʝʜʠʥʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʚ ʩʠʣʫ ʠʤʝʶʱʠʭʩʷ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʝʛʦ ʤʘʩʩʝ ʠ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ. ʄʉʆ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʜʨʫʛʦʛʦ ʪʠʧʘ. 

ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ: ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʭʦʚʠʢʦʚ [6]. 

ʄʉʆ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ. ʄʘʛʥʠʪʥʘʷ ʢʘʪʫʰʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʢʦʤʧʣʘʥʘʨʥʳʭ ʚʠʪʢʦʚ ʧʨʦʚʦʜʥʠʢʘ (ʦʙʳʯʥʦ ʤʝʜʠ ʠʣʠ 

ʘʣʶʤʠʥʠʷ) ʚʦʢʨʫʛ ʩʝʨʜʝʯʥʠʢʘ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʪʦʢ, 
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ʩʦʟʜʘʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʄʦʜʫʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʟʘʚʠʩʷʪ ʦʪ ʩʠʣʳ ʪʦʢʘ, ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʯʠʩʣʘ ʚʠʪʢʦʚ ʠ ʧʣʦʱʘʜʠ ʚʠʪʢʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʢʘʪʫʰʢʠ m ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ 

ʚʝʢʪʦʨʦʤ ʠʥʜʫʢʮʠʠ B  ʩʦʟʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ M, ʟʘʜʘʚʘʝʤʳʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

= ³M m B . 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʪʫʰʢʠ, ʤʦʤʝʥʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ [7] 

0NIS= ³M m B , 

ʛʜʝ N  ï ʯʠʩʣʦ ʚʠʪʢʦʚ, I  ï ʩʠʣʘ ʪʦʢʘ, S ï ʧʣʦʱʘʜʴ ʚʠʪʢʘ, 0m  ï ʝʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʚʠʪʢʦʚ ʠ ʠʭ ʨʘʟʤʝʨʘ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʘʪʫʰʝʢ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʤʘʩʩʘ ʢʘʪʫʰʢʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, 

ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʩʦʟʜʘʝʪ ʥʝ ʟʘʜʘʥʥʳʡ ʪʦʢ, ʘ ʟʘʜʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʦʥʮʘʭ ʢʘʪʫʰʢʠ. ʇʦʵʪʦʤʫ ʚ ʨʘʩʩʫʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʚʚʝʩʪʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʘ, ʘ ʟʥʘʯʠʪ, ʝʛʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʝʨʝʭʦʜʷ ʜʘʣʝʝ ʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

/
4

d
PM gr=m , 

ʛʜʝ d  ï ʜʠʘʤʝʪʨ ʚʠʪʢʘ, P  ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, M  ï ʤʘʩʩʘ, g  ï 

ʧʣʦʪʥʦʩʪʴ, r ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʶʙʦʡ 

ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʤʘʣʦʛʦ ʘʧʧʘʨʘʪʘ, ï 

ʤʘʩʩʫ ʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ. ʉʦʦʪʥʦʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ,gr  ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʠʟʤʝʥʝʥʠʷ ,P M. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʝ ʠ ʜʠʧʦʣʴʥʦʤ ʤʦʤʝʥʪʝ 

ʢʘʪʫʰʢʠ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, 
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ʯʝʤ ʜʣʷ ʤʝʜʥʦʛʦ. ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʠʟʣʦʞʝʥʠʶ ʦʩʥʦʚʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʚʦʧʨʦʩʦʚ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʦʜʷʪʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʘʷ ʤʦʜʝʣʴ, ʚʳʙʨʘʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ; ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, 

ʧʦʩʣʝ ʝʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʄʉʆ, 

ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ñ-Bdotò (ʧʨʠʥʷʪʦʝ ʠ 

ʩʪʘʚʰʝʝ ʫʞʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʝʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʨʦʠʟʚʦʜʥʦʡ ʚʝʢʪʦʨʘ B  ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ). ɸʣʛʦʨʠʪʤ ʙʳʣ 

ʚʧʝʨʚʳʝ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 1976 ʛʦʜʫ ʂ.ʊ. ɸʣʬʨʝʥʜʦʤ (Alfriend) [8]. ɸʚʪʦʨʦʤ 

ʘʣʛʦʨʠʪʤʘ, ʦʜʥʘʢʦ, ʷʚʣʷʝʪʩʷ ʉʝʡʤʦʨ ʂʘʥʪ, ʠʥʞʝʥʝʨ ʎʝʥʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʦʚ ʠʤʝʥʠ ɻʦʜʜʘʨʜʘ. ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʪʥʦʩʠʪʩʷ ʢ 1972 ʛʦʜʫ 

ʚ ʦʪʯʝʪʝ [1]. ʅʠ ʵʪʘ ʨʘʙʦʪʘ, ʥʠ ʩʪʘʪʴʷ [8], ʦʜʥʘʢʦ, ʥʝ ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò. ɼʣʷ ʥʝʛʦ ʠ 

ʨʷʜʘ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʦʜʠʪʩʷ ʣʦʛʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ [9] ʘʚʪʦʨ ʘʣʛʦʨʠʪʤʘ ɸʣʬʨʝʥʜ ʠʩʩʣʝʜʫʝʪ 

ʘʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [8] ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʡ ʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʦʡ, ʧʨʠ 

ʵʪʦʤ ʜʝʤʧʬʠʨʫʶʱʘʷ ʯʘʩʪʴ ʜʦʧʦʣʥʷʝʪʩʷ ʧʦʟʠʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ. ɺʘʞʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʩʪʘʪʴʝ, ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ ʦʨʙʠʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

ʙʳʩʪʨʝʝ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʧʦʣʷʨʥʳʭ ʦʨʙʠʪʘʭ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʢʦʣʦʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʦʨʙʠʪʘʭ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʅʘʯʠʥʘʷ ʩ ʵʪʠʭ ʜʚʫʭ ʧʠʦʥʝʨʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʩ 

ʄʉʆ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤ ñ-Bdotò, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʣʠʙʦ 
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ʧʨʦʙʣʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʧʫʪʥʠʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

[10], ʣʠʙʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ [7]. ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʠʤ 

ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʨʘʙʦʪʳ. ɺ [12] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʧʫʪʥʠʢʘ ʤʘʩʩʦʡ ʥʝʩʢʦʣʴʢʦ 

ʢʠʣʦʛʨʘʤʤ, ʦʩʥʘʱʝʥʥʦʛʦ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʫʰʢʘʤʠ. ɺʨʝʤʷ ʛʘʰʝʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1000ʩ. ʀʥʪʝʨʝʩ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʤʘʣʳʡ ʩʧʫʪʥʠʢ, ʥʘ 

ʙʦʨʪʫ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʙʦʣʴʰʠʝ ʢʘʪʫʰʢʠ. ʏʠʩʣʝʥʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʨʝʤʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʝʤʣʝʤʦ ʜʣʷ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʠʩʩʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʨʘʙʦʪʝ [13] ʧʦʢʘʟʘʥʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʩʣʫʯʘʝ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʧʫʪʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʢʣʦʥʝʥʠʡ ʦʨʙʠʪʳ 30Á ʠ 85Á, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʪʦʨʝʥ 

ʨʝʟʫʣʴʪʘʪ [9], ʥʦ ʪʝʧʝʨʴ ʫʞʝ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ɸʚʪʦʨʳ, ʦʜʥʘʢʦ, ʥʝ ʜʝʣʘʶʪ 

ʚʳʚʦʜʦʚ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʠ ʦʥ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʦʙʦʩʥʦʚʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ɺ [14] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ. 

ʉʧʫʪʥʠʢ ʟʘʢʨʫʯʝʥ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʚʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʣʝʞʠʪ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʨʝʭʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʍʦʪʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʚʦ ʤʥʦʛʦʤ 

ʠʩʢʫʩʩʪʚʝʥʥʘ, ʵʪʦ ʦʜʥʦ ʠʟ ʥʝʤʥʦʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ï ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ ʟʘʪʫʭʘʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʉʭʦʞʘʷ ʧʦ ʩʫʪʠ ʟʘʜʘʯʘ, ʥʦ ʩ ʠʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʨʘʥʝʝ ɺ.ɺ. ɹʝʣʝʮʢʠʤ ʚ [11], [12], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʥʘ ʩʧʫʪʥʠʢ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʦʩʴ 

ʤʦʤʝʥʪʦʤ, ʧʦ ʬʦʨʤʝ, ʢʘʢ ʧʦʟʞʝ ʦʢʘʟʘʣʦʩʴ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʩʦʟʜʘʚʘʝʤʳʤ ʄʉʆ 
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ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò ʠ ʫʧʨʦʱʝʥʥʦʛʦ ʜʣʷ ʩʣʫʯʘʷ ʙʳʩʪʨʳʭ 

ʚʨʘʱʝʥʠʡ. ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ, ʘʚʪʦʨ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʩʪʨʝʤʣʝʥʠʠ ʝʛʦ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɼʣʷ ʜʚʠʞʝʥʠʷ ʧʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʳʣʦ ʥʘʡʜʝʥʦ. 

ɺr ʚʦʜʳ, ʦʜʥʘʢʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʚ 

ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʡ ʠʤ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʫʜʘʣʦʩʴ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ. 

ɺ ʨʘʙʦʪʘʭ [17], [18] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʩʧʫʪʥʠʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. ʆʧʠʨʘʷʩʴ 

ʥʘ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ [11], ʘʚʪʦʨʳ ʥʘʰʣʠ ʚʳʨʘʞʝʥʠʷ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ. 

ʊʨʝʪʴ ̫ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʠ ʦʩʥʘʱʝʥʥʦʛʦ ʄʉʆ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʜʝʨʞʘʥʠʷ 

ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ [19]. ʉʧʫʪʥʠʢ, ʙʳʩʪʨʦ ʟʘʢʨʫʯʝʥʥʳʡ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʛʠʨʦʩʢʦʧʘ ʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩʦʭʨʘʥʷʝʪ ʦʨʠʝʥʪʘʮʠʶ ʵʪʦʡ ʦʩʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ [20] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʝʩʣʠ ʥʘ ʩʧʫʪʥʠʢ ʥʝ ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʤʦʤʝʥʪʳ, ʥʦ ʠʤʝʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʫʩʪʦʡʯʠʚʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. ʄʝʭʘʥʠʟʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. ʆʙʳʯʥʦ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʨʘʟʙʠʚʘʶʪ ʥʘ ʪʨʠ ʵʪʘʧʘ: ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘʢʨʫʪʢʘ 

ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʟʘʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʘʧʳ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴʩʷ. ʊʘʢʘʷ 

ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ [21]. ɸʣʛʦʨʠʪʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [21], 

ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʣʠ ʠʭ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʯʘʪʴ 

ʧʨʦʮʝʩʩ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʧʦʢʦʝʥʠʷ ʠ ʟʘʢʨʫʪʢʠ, ʟʘ ʩʯʝʪ 
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ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʦʜʠʥ ʠʟ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [21], ʣʠʙʦ ʘʣʛʦʨʠʪʤ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [22]. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʘʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʫʪʥʠʢʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʨʘʱʝʥʠʝʤ, ʠʟʣʦʞʝʥʳ ʚ [23] ʠ [24]. ʕʪʠ ʨʘʙʦʪʳ 

ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ [21]. ʊʘʢʞʝ ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤʘ  ñ-Bdotò, ʦʩʥʦʚʥʦʡ ʬʦʢʫʩ ʨʘʙʦʪ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʣʝʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ. ɺ ʨʘʙʦʪʝ [25] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʝʨʚʦʛʦ ʙʨʘʟʠʣʴʩʢʦʛʦ ʩʧʫʪʥʠʢʘ SCD-1, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʨʘʱʝʥʠʝʤ ʠ ʦʩʥʘʱʝʥʥʦʛʦ ʄʉʆ, ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤʳ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ [23]. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʫʪʥʠʢʘ LionSat [26], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʉʆ ʥʘ 

ʘʧʧʘʨʘʪʝ, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʦʤ ʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ 5ę. ɺ ʨʘʙʦʪʝ [27] 

ʧʨʝʜʣʦʞʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʘʣʛʦʨʠʪʤ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʘʧʧʘʨʘʪʘ ʜʣʷ ʩʣʫʯʘʷ ʙʦʣʴʰʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʩʦʧʨʷʞʝʥʘ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʚʝʪʝ ʧʨʦʩʪʳʝ ʠ ʥʘʜʝʞʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ [21], 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʤʘʣʦʤ ʩʧʫʪʥʠʢʝ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʚʨʘʱʝʥʠʝʤ. ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʨʘʱʝʥʠʝʤ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʘʧʧʘʨʘʪʦʚ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [28]. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʠʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ. ʈʘʙʦʪʘ 

[29] ʩʦʜʝʨʞʠʪ ʜʝʪʘʣʴʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʚʦʧʨʦʩʘʤ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʝʭʦʩʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʝʘʣʠʟʫʝʤʫʶ ʧʨʠ ʧʦʤʦʱʠ ʪʦʣʴʢʦ 

ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ. ʉʧʝʮʠʬʠʢʘ ʵʪʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʚʘ, ʯʪʦ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʫʧʨʘʚʣʷʝʤʦʩʪʠ ï ʥʝʚʦʟʤʦʞʥʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
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ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. ʇʦʧʳʪʢʠ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ. ʉʨʝʜʠ ʨʘʙʦʪ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ [30], ʚ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʭʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʧʦʤʦʱʠ ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʣʘʷ ʦʢʨʝʩʪʥʦʩʪʴ 

ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ, ʩʘʤ ʩʧʫʪʥʠʢ ï ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʡ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʨʫʜʦʤ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʨʝʘʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʨʘʙʦʪʫ 

[31], ʚ ʢʦʪʦʨʦʡ ʙʝʛʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʧʦʤʦʱʠ ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ, ʥʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʘʮʠʠ, ʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʦʙʦʩʥʦʚʘʥʦ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʩʦʜʝʨʞʠʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʥʪʝʨʝʩʥʳʡ 

ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [32], ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ ʠ ʪʝʦʨʝʤʳ 

ɹʘʨʙʘʰʠʥʘ-ʂʨʘʩʦʚʩʢʦʛʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʨʝʭʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʩʜʝʣʘʥʦ ʚʘʞʥʦʝ ʜʦʧʫʱʝʥʠʝ ʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʘʧʧʘʨʘʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʨʘʤ ʚ ʬʫʥʢʮʠʠ 

ʃʷʧʫʥʦʚʘ ʦʪʙʨʦʩʠʪʴ ʦʜʠʥ ʠʟ ʯʣʝʥʦʚ. ɺ ʩʣʫʯʘʝ ʞʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʝʥʟʦʨʘ 

ʠʥʝʨʮʠʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʢʨʠʪʝʨʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʩ ʪʨʝʭʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ. ʅʘʧʨʠʤʝʨ, ʚ [33] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʘ ʨʘʙʦʪʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʪʩʷ ʯʠʩʣʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʦ ʚ [34] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʜʝʨʞʘʥʠʝ ʘʧʧʘʨʘʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʪʦʣʴʢʦ 

ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ. ʆʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʩʪʘʪʴʷ [35], ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ 

ʪʦʢʦʚʳʭ ʢʘʪʫʰʝʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʘʧʧʘʨʘʪʘ Gurwin-Techsat. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ 

ʢʘʪʫʰʝʢ, ʥʦ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ ï ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʤʘʭʦʚʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʝʰʝʥʘ ʣʠʰʴ 

ʟʘʜʘʯʘ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʩʣʝ ʝʝ ʜʦʩʪʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ 
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ʩʪʘʪʴʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʥʠʢʘʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʙʳ ʦʙʦʙʱʠʪʴ ʵʪʦʪ ʫʩʧʝʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ, ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 

çʧʦ ʤʦʪʠʚʘʤè ʇɼ-ʨʝʛʫʣʷʪʦʨʘ [31]. ʆʜʥʘʢʦ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʩʪʦ ʦʪʙʨʦʩʠʪʴ 

ʥʝʨʝʘʣʠʟʫʝʤʫʶ ʯʘʩʪʴ ʪʨʝʙʫʝʤʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʧʘʨʘʣʣʝʣʴʥʫʶ 

ʣʦʢʘʣʴʥʦʤʫ ʚʝʢʪʦʨʫ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ), ʟʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʧʫʪʴ, 

ʢʦʪʦʨʳʡ ʚʥʘʯʘʣʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʧʣʦʩʢʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ, ʘ 

ʟʘʪʝʤ ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʦʩʨʝʜʥʝʥʠʷ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʙʦʪʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

(ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʧʘʨʘʤʝʪʨʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜ̫ʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ɼʣʷ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠ ʣʝʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʙʦʨʪʫ ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-ʄè. 
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ɻʣʘʚʘ 1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʄʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʘ, ʚʚʦʜʷʪʩʷ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʙʨʘʥʥʘʷ ʤʦʜʝʣʴ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʢʨʘʪʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ. 

1.1. ʆʧʠʩʘʥʠʝ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʄʉʆ ʩʦʜʝʨʞʠʪ ʪʨʠ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʪʦʢʦʚʳʝ ʢʘʪʫʰʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʄʉʆ ʩʦʟʜʘʝʪ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚ ʪʝʣʝ ʩʧʫʪʥʠʢʘ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʨʝʜʥʝʥʥʘʷ ʤʦʜʝʣʴ [37]. ʋʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʳʭ ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ [38] ʠʣʠ 

ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ. ʆʨʙʠʪʘ ʩʧʫʪʥʠʢʘ ʢʨʫʛʦʚʘʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ. ɼʣʷ 

ʧʝʨʚʦʛʦ ʨʝʞʠʤʘ (ʛʣʘʚʘ 2) ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʦʣʝʪʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʘʢʝʪʳ ʥʦʩʠʪʝʣʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʛʘʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʩʧʫʪʥʠʢ. ɺ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʫʯʠʪʳʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʧʫʪʥʠʢ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʉʆ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩʧʫʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʙʳʩʪʨʦ 

ʚʨʘʱʘʶʱʠʤʩʷ. ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ  ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʧʫʪʥʠʢʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ. 

ɺʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ (ʛʣʘʚʘ 3) ʄʉʆ ʨʝʘʣʠʟʫʝʪ ʦʜʥʦʦʩʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʩʧʫʪʥʠʢʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ. 
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1. ɻʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʢʘʪʫʰʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʠ ʨʝʘʣʠʟʫʶʱʘʷ ʘʣʛʦʨʠʪʤ ñ-Bdotò. 

ʉʧʫʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʤʩʷ. 

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʢʘʪʫʰʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʩʧʫʪʥʠʢʘ. ʉʧʫʪʥʠʢ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʢʨʫʯʝʥʥʳʤ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ. 

3. ʈʘʩʢʨʫʪʢʘ ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʜʦ ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʢʘʪʫʰʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʧʫʪʥʠʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʤʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

4. ʇʨʠʚʝʜʝʥʠʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʚ ʟʘʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʧʫʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʤʩʷ ʚʦʢʨʫʛ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʝʣʦʤ. 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʤʘʣ, ʩʧʫʪʥʠʢ ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ. 

ʊʨʝʪʠʡ ʨʝʞʠʤ (ʛʣʘʚʘ 4) ï ʪʨʝʭʦʩʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʦʨʠʝʥʪʘʮʠʠ. 

1.2. ʄʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʆʧʠʰʝʤ ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʆʙʳʯʥʦ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷ ʚ ʨʷʜ ɻʘʫʩʩʘ [15] 
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ʛʜʝ 0l - ʜʦʣʛʦʪʘ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, 

0 090J q= - , 0q - ʝʝ ʰʠʨʦʪʘ, r  - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ, R - ʩʨʝʜʥʠʡ 
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ʨʘʜʠʫʩ ɿʝʤʣʠ, m

ng  ʠ m

nh  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʐʤʠʜʪʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʪʘʙʣʠʮʳ 

[4], 
0m ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʠʣʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ), m

nP  - 

ʢʚʘʟʠʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʐʤʠʜʪʫ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʬʫʥʢʮʠʠ ʃʝʞʘʥʜʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʚʚʦʜʪ̫ʩʷ ʫʧʨʦʱʝʥʥr ʝ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʥʘʢʣʦʥʥʦʛʦ 

ʜʠʧʦʣʷ, ʧʦʣʫʯʘʶʱʘʷʩʷ ʠʟ ʛʘʫʩʩʦʚʦʡ ʤʦʜʝʣʠ ʧʨʠ ʫʯʝʪʝ ʧʝʨʚʳʭ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ, 

ʦʧʠʩʳʚʘʝʪ ʧʦʣʝ ʜʠʧʦʣʷ, ʥʘʢʣʦʥʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ 168Á26' ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. 

ʍʦʪʷ ʵʪʘ ʤʦʜʝʣʴ ʜʦʧʫʩʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʫʶ ʟʘʧʠʩʴ, ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ 

ʫʜʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʥʘʛʣʷʜʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʘʶʱʠʭʩʷ 

ʫʨʘʚʥʝʥʠʡ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʧʨʦʱʝʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ ï ʤʦʜʝʣʴ 

ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʝʤ 

ʜʠʧʦʣʷ, ʣʝʞʘʱʝʛʦ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚ ʝʝ ʮʝʥʪʨʝ ʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʝʡ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ ʧʦ ʦʨʙʠʪʝ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʜʚʠʞʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʦʯʪʠ ʢʨʫʛʦʚʦʤʫ ʢʦʥʫʩʫ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ 

ʣʝʞʠʪ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʩʧʫʪʥʠʢʘ, ʘ ʦʩʠ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

OaY1Y2Y3, ʛʜʝ ʆa ï ʮʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ, ʦʩʴ OaY3 ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ, OaY1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʟʝʤʥʦʛʦ ʵʢʚʘʪʦʨʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʚʦʩʭʦʜʷʱʠʡ 

ʫʟʝʣ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ, OaY2 ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. ʅʦ ʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʤʦʜʝʣʠ ʝʱʝ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʭʦʪʷ ʙʳ ʚ ʢʚʘʜʨʘʪʫʨʘʭ. ʇʦʵʪʦʤʫ ʣʦʛʠʯʥʦ ʧʨʦʚʝʩʪʠ 

ʜʘʣʴʥʝʡʰʝʝ ʫʧʨʦʱʝʥʠʝ, ʤʦʜʝʣʠʨʫʷ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʢʪʦʨʦʤ, ʨʘʚʥʦʤʝʨʥʦ 

ʜʚʠʞʫʱʠʤʩʷ ʧʦ ʧʨʷʤʦʤʫ ʢʨʫʛʦʚʦʤʫ ʢʦʥʫʩʫ. ɽʩʣʠ ʧʝʨʝʥʝʩʪʠ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʚ 

ʮʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ, ʪʦ ʢʦʥʫʩ ʢʘʩʘʝʪʩʷ ʦʩʠ OaY3 ʩʠʩʪʝʤʳ OaY1Y2Y3, ʝʛʦ ʦʩʴ ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ OaY2Y3 (ʨʠʩ. 1.1.1). ʋʛʦʣ ʧʦʣʫʨʘʩʪʚʦʨʘ ʢʦʥʫʩʘ ʚʳʯʠʩʣʷʝʪʩʷ [37] ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ 

( )2 2

3sin2
tg

2 1 3sin 1 3sin

i

i i
Q=

- + +
.       (1.2.1) 

ɺʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʪʩʷ ʧʦ ʢʦʥʫʩʫ 

ʨʘʚʥʦʤʝʨʥʦ ʩ ʫʜʚʦʝʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, 0 0 02 2t uc w c c¡= + = +, ʛʜʝ 0w  

http://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC
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- ʦʨʙʠʪʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, u  ï ʘʨʛʫʤʝʥʪ ʰʠʨʦʪ.r ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ 

ʦʙʱʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪ,ɹ ʯʪʦ 
0 0c¡= . 

 

ʈʠʩ. 1.2.1. ʆʩʨʝʜʥʝʥʥʘʷ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʆʧʠʩʘʥʥʫ  ʁʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʫ  ʁʦʩʨʝʜʥʝʥʥʦʡ, 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʍʦʪʷ ʵʪʘ ʤʦʜʝʣʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʤʝʩʪʥʦʛʦ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ ʧʦ ʦʨʙʠʪʝ 

(ʢʘʢ ʵʪʦ ʫʯʠʪʳʚʘʝʪ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ) ʠ ʝʛʦ ʩʫʪʦʯʥʦʝ 

ʠʟʤʝʥʝʥʠʝ (ʢʘʢ ʫʯʠʪʳʚʘʝʪ ʤʦʜʝʣʴ ʥʘʢʣʦʥʥʦʛʦ ʜʠʧʦʣʷ), ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫, 

ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ. ɼʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʝʥʦ ʚ 

[15]. ʇʨʠʚʝʜʝʤ ʟʜʝʩʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʦʪ ʢʦʥʫʩʘ 

ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ maxd  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʣʦʥʝʥʠʷ (ʨʠʩ. 1.2.2). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ 52Á. ɼʣʷ ʵʪʦʛʦ 

ʥʘʢʣʦʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʛʨʘʬʠʢ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʚ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʦʪ ʢʦʥʫʩʘ d ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʨʛʫʤʝʥʪʘ ʰʠʨʦʪʳ 

(ʨʠʩ. 1.2.3). ʆʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʚ ʤʦʜʝʣʠ ʥʘʢʣʦʥʥʦʛʦ ʜʠʧʦʣʷ ʦʪ 

ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʚ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ę11'. 
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ʈʠʩ. 1.2.2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʜʠʧʦʣʴʥʦʡ ʤʦʜʝʣʠ ʦʪ ʢʦʥʫʩʘ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ 

 

ʈʠʩ. 1.2.3. ʆʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʜʠʧʦʣʴʥʦʡ ʤʦʜʝʣʠ ʦʪ 

ʢʦʥʫʩʘ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʦʨʙʠʪʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʨʝʜʥʝʥʥʘʷ ʤʦʜʝʣʴ 

ʙʣʠʟʢʘ ʢ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ, ʭʦʪʷ ʧʦ 

ʝʛʦ ʚʝʣʠʯʠʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ (ʚ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʚ ʜʚʘ ʨʘʟʘ). ʂʨʘʪʢʦʝ ʩʨʘʚʥʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʦ ʚ ʛʣʘʚʝ 5. 



21 
 

ʋʛʦʣ Q ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ. ɺʳʨʘʞʝʥʠʝ 

(1.2.1) ʟʘʜʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʢʣʦʥʝʥʠʝʤ ʦʨʙʠʪʳ ʠ ʫʛʣʦʤ Q. ʈʠʩ. 1.2.4 ʠ ʨʠʩ. 

1.2.5 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʠ ʜʚʘ ʫʛʣʘ ʙʣʠʟʢʠ. ʈʠʩ. 1.2.4 ʦʪʨʘʞʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

(1.2.1). ʅʘ ʨʠʩ. 1.2.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ Q ʠ ʥʘʢʣʦʥʝʥʠʝʤ ʦʨʙʠʪʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʥʝʛʦ. 

 

ʈʠʩ. 1.2.4. ɿʘʚʠʩʠʤʦʩʪʴ ()iQ  

 

ʈʠʩ. 1.2.5. ʈʘʟʥʠʮʘ ʤʝʞʜʫ Q ʠ i  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ i
 

ʀʟ ʨʠʩ. 1.2.3 ʠ ʨʠʩ. 1.2.4 ʚʠʜʥʦ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ iQº ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʪʘʢ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10ę. ɺ 

ʨʘʟʜʝʣʝ 4.1 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʤʘʛʥʠʪʥʦʤ 
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ʧʦʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʥʘʢʣʦʥʥʦʛʦ ʜʠʧʦʣʷ, ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʠ 

ʦʩʨʝʜʥʝʥʥʦʡ. 

1.3. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ɺʚʝʜʝʤ ʥʝʜʦʩʪʘʶʱʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʨʘʚʳʝ 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

OaZ1Z2Z3 ï ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʩʠʩʪʝʤʳ OaY1Y2Y3 

ʧʦʚʦʨʦʪʦʤ ʥʘ ʫʛʦʣ Q ʚʦʢʨʫʛ ʦʩʠ OaY1. 

OL1L2L3 ï ʩʠʩʪʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʩʧʫʪʥʠʢʘ. ʆ ï 

ʮʝʥʪʨ ʤʘʩʩ ʩʧʫʪʥʠʢʘ, ʦʩʴ OL3 ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʚʝʢʪʦʨʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʩʧʫʪʥʠʢʘ, ʦʩʴ OL2 ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ OL3 ʠ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

OaZ1Z2 ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ O, ʦʩʴ OL1 ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. 

Ox1x2x3 ï ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʝʝ ʦʩʠ ʩʦʚʧʘʜʘʶʪ ʩ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʩʧʫʪʥʠʢʘ. 

OX1X2X3 ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʩʴ OX1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʦʨʙʠʪʳ ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʫ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ 

ʩʧʫʪʥʠʢʘ, ʩʦʩʪʘʚʣʷʷ ʦʩʪʨʳʡ ʫʛʦʣ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʦʩʴ OX3 

ï ʧʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʫ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ɿʝʤʣʠ, 

OX2 ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. 

ʆʨʠʝʥʪʘʮʠʶ ʩʠʩʪʝʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʪʨʝʤʷ 

ʤʘʪʨʠʮʘʤʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ , ,Q A D, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

1 2 3

1 11 12 13

2 21 22 23

3 31 32 33

L L L

Z q q q

Z q q q

Z q q q

  

1 2 3

1 11 12 13

2 21 22 23

3 31 32 33

x x x

L a a a

L a a a

L a a a

  

1 2 3

1 11 12 13

2 21 22 23

3 31 32 33

x x x

X d d d

X d d d

X d d d

. 

ɺʚʝʜʝʤ ʠʥʜʝʢʩʳ , , ,Z L X x ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʦʚ, ʟʘʜʘʥʥʳʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʠʩʪʝʤʘʭ OaZ1Z2Z3, OL1L2L3, OX1X2X3 ʠ Ox1x2x3. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ , , , , ,L r s jy q [38], ʛʜʝ L  ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 
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ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʫʛʣʳ ,r s ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ OaZ1Z2Z3 (ʨʠʩ. 1.3.1). ʆʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʩʠʩʪʝʤʳ Ox1x2x3 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ OL1L2L3 ʟʘʜʘʝʪʩʷ ʫʛʣʘʤʠ ʕʡʣʝʨʘ , ,jy q. ʇʦʜʦʙʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʳ ɹʫʣʛʘʢʦʚʳʤ [39] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ 

ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʢʦʧʘ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ɺ.ɺ. ɹʝʣʝʮʢʠʤ [40], ʜʣʷ ʩʧʫʪʥʠʢʘ ʩ ʪʨʝʭʦʩʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ 

ʠʥʝʨʮʠʠ ï ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ [41]. ʋʨʘʚʥʝʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʧʝʨʝʤʝʥʥʳʭ , ,jy q ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʋʠʪʪʝʢʝʨʦʤ [42], 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ.  

 

ʈʠʩ. 1.3.1. ʆʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʄʘʪʨʠʮʳ Q  ʠ A  ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ  ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʠʜ 

cos cos sin sin cos

cos sin cos sin sin

sin 0 cos

r s s r s

r s s r s

r r

-å õ
æ ö
=
æ ö
æ ö-ç ÷

Q ,      (1.3.1) 

cos cos cos sin sin sin cos cos cos sin sin sin

cos sin cos sin cos sin sin cos cos cos sin cos

sin sin sin cos cos

j y q j y j y q j y q y

j y q j y j y q j y q y

q j q j q

- - -å õ
æ ö
= + - + -
æ ö
æ ö
ç ÷

A . (1.3.2) 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʫʪʥʠʢ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ ʠ ʚʚʝʜʝʤ ʝʛʦ 

ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ( , , )x diag A B C=J . ʉʯʠʪʘʝʤ, ʯʪʦ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ ʜʚʠʞʝʪʩʷ ʧʦ 
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ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ. ɼʚʠʞʝʥʠʝ ʪʘʢʦʛʦ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ 

ʦʧʠʩʳʚʘʝʪʩʷ [41] ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 
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  (1.3.3) 

( )
2 2

1 2

sin cos 1 1
cos ctg ctg sin ctgL L

d
L M M

dt A B L L

y j j
y q r y q

å õ
= + - - +æ ö
ç ÷

, 

ʛʜʝ 1 2 3, ,L L LM M M  - ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠ ʞʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ ʩ ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ ( , , )x diag A A C=J . ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 
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( )1 2

1 1
cos ctg ctg sin ctgL L

d L
M M

dt A L L

y
y q r y q= - - + , 

ʇʝʨʝʤʝʥʥʳʝ ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʘ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ, ʬʘʢʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʧʝʨʝʤʝʥʥʦʡ L . 

ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʫʜʦʙʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʡ 

ʕʡʣʝʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʝʨʝʤʝʥʥʳʝ 1 2 3, , , , ,w w w a b g. ɿʜʝʩʴ iw - ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʚ ʩʠʩʪʝʤʝ Ox1x2x3 (i=1,2,3), ʩʘʤʦʣʝʪʥʳʝ ʫʛʣʳ , ,a b g 
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ʟʘʜʘʶʪ ʦʨʠʝʥʪʘʮʠʶ ʩʠʩʪʝʤʳ Ox1x2x3 ʦʪʥʦʩʠʪʝʣʴʥʦ OX1X2X3. ʄʘʪʨʠʮʘ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ D  ʠʤʝʝʪ ʚʠʜ 

cos cos sin sin sin cos sin sin cos sin sin cos
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a b a b g a b a b g a g

b g b g g
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æ ö- + +ç ÷

D . (1.3.5) 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʩ ʫʯʝʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʄʉʆ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʠʤʝʶʪ 
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( )3 1 2tg sin cos ,
d

dt

b
w g w b w b= + +

 

1 2cos sin ,
d

dt

g
w b w b= -

 

ʛʜʝ 1 2 3, ,x x xM M M  - ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ Ox1x2x3. ʋʛʣʳ 

ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʳʨʦʞʜʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʧʨʠ ʠʭ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ. 

1.4. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʫʩʨʝʜʥʝʥʠʷ [38], ʧʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʘʧʧʘʨʘʪʘ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʤʝʥʪ, 

ʩʦʟʜʘʚʘʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʄʉʆ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʤʘʣ ʚ ʩʤʳʩʣʝ 
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ʤʘʣʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʘʧʧʘʨʘʪʘ ʟʘ ʦʜʠʥ ʝʛʦ ʦʙʦʨʦʪ ʚʦʢʨʫʛ 

ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʟʘ ʦʜʠʥ ʚʠʪʦʢ ʧʦ ʦʨʙʠʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʊʦʛʜʘ ʤʦʞʥʦ ʚʚʝʩʪʠ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ e (ʝʛʦ 

ʢʦʥʢʨʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʫʢʘʟʘʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ) ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ (1.3.3) ʚ ʚʠʜʝ 

( ) ( ) ( )0, , , , , ,
d d

t t
dt dt
e e= = +

x y
X x y y x y Y x y ,      (1.4.1) 

ʛʜʝ ( ), ,ujy=y  ï ʙʳʩʪʨʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ( ), , ,l r s q=x  ï ʤʝʜʣʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ 

ʧʦʠʩʢʘ ʵʚʦʣʶʮʠʠ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʆʜʥʘʢʦ, ʫʩʨʝʜʥʝʥʠʝ ʚʜʦʣʴ 

ʧʦʨʦʞʜʘʶʱʝʛʦ ʨʝʰʝʥʠʷ ï ʜʚʠʞʝʥʠʷ ʕʡʣʝʨʘ-ʇʫʘʥʩʦ ï ʧʨʠʚʦʜʠʪ ʢ ʛʨʦʤʦʟʜʢʠʤ 

ʫʨʘʚʥʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ. ʋʨʘʚʥʝʥʠʷ (1.3.4) ʪʦʛʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ 

( ) () ( )0, , , , ,
d d

t t
dt dt
e e= = +

x y
X x y y x Y x y .      (1.4.2) 

ʇʦʨʦʞʜʘʶʱʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (1.4.2) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʧʨʝʮʝʩʩʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʝʝ ʧʦ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʨʝʜʥʠʤ ʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʟʘʚʠʩʠʤʦ ʫʩʨʝʜʥʠʪʴ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʧʦ ʙʳʩʪʨʳʤ ʧʝʨʝʤʝʥʥʳʤ ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʨʝʟʦʥʘʥʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʨʷʜʢʘ 

1/e ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ e. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʠʣʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʳʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ 

ʢʚʘʜʨʘʪʫʨʘʭ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʇʫʘʥʢʘʨʝ [44] 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʘʣʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʩʤʳʩʣʝ ʧʨʝʚʘʣʠʨʦʚʘʥʠʷ ʥʘʜ 

ʥʠʤ ʜʨʫʛʠʭ ʤʦʤʝʥʪʦʚ ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, ʧʝʨʝʥʦʩʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ, 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʣ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 
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ʨʝʰʝʥʠʷ, ʟʘʯʘʩʪʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ 

(ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ), ʚʳʟʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʄʉʆ. 

ʆʙʘ ʤʝʪʦʜʘ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʇʨʠʣʦʞʝʥʠʠ I. 
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ɻʣʘʚʘ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ç-Bdotè 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ñ-Bdotò, ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʱʠʡʩʷ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʦʨʪʫ 

ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-ʄè ʠ ʙʫʜʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʥʘʥʦʩʧʫʪʥʠʢʝ ʊʅʉ-0 

ˉ3/GRESAT. 

2.1. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ï ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ. ɸʣʛʦʨʠʪʤ ñ-Bdotò ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʜʘʞʝ ʝʩʣʠ ʄʉʆ ʥʝ ʚʢʣʶʯʝʥʘ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʩʪʦʪʦʡ ʠ 

ʥʘʜʝʞʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ, ʙʦʣʴʰʠʤʠ ʪʦʯʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʩʩʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [45], ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ 

ʚʩʝʛʦ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ï ʤʘʛʥʠʪʦʤʝʪʨʘ. ɺʦʟʤʦʞʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʨʫʛʠʭ ʜʘʪʯʠʢʦʚ ʦʨʠʝʥʪʘʮʠʠ [46], [47]. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ = ³M m B , ʛʜʝ m ï 

ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ. ʋʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ 

ñ-Bdotò, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ ʟʘʜʘʝʪʩʷ 

[8] ʚʳʨʘʞʝʥʠʝʤ 

1
x

x

d
k

dt
=-

ȸ
m ,          (2.1.1) 

ʛʜʝ 1k  ī ʧʦʩʪʦʷʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺʳʯʠʩʣʠʤ ʧʨʦʠʟʚʦʜʥʫʶ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ Ox1x2x3 

ʯʝʨʝʟ ʝʛʦ ʧʨʦʠʟʚʦʜʥʫʶ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ OaZ1Z2Z3 ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ [48]: 

T Tx Z
x x

d d

dt dt
= - ³

B B
A Q ɤ B.        (2.1.2) 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʙʳʩʪʨʳʝ ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʚʳʤ 

ʩʣʘʛʘʝʤʳʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ B ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʛʦ 
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ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (2.1.2) ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦ ʝʩʪʴ ʩʯʠʪʘʝʤ, ʯʪʦ 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʝʛʦ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

(
0/L A w>> , 

0/L C w>> ). ʊʘʢʦʡ ʨʝʞʠʤ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʢʦʛʜʘ ʦʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʝʥʥʫʶ 

ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʦʪ ʥʦʩʠʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʜʝʤʧʬʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʜʘʞʝ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ. ʀʪʘʢ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʘ 

( )1x x x xk= ³ ³M ɤ B B.         (2.1.3) 

ɺʳʨʘʟʠʤ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʯʝʨʝʟ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ: 

1

x x x

-=ɤ J L. ʇʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʝʥ ʚʠʜ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ( )0,0,
T

L L=L  ʚ 

ʩʠʩʪʝʤʝ OL1L2L3, ʪʦ ʤʦʞʝʤ ʧʝʨʝʩʯʠʪʘʪʴ ʝʛʦ ʚ ʩʠʩʪʝʤʫ Ox1x2x3 ʧʦ ʬʦʨʤʫʣʝ 

T

x L=L A L , ʦʪʢʫʜʘ ( )31 32 33, ,
T

x L a a a=L . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʠʩʪʝʤʝ Ox1x2x3 ʪʘʢ: 31 32 33

1 1 1
, ,

T

x L a a a
A A C

å õ
= æ ö
ç ÷

ɤ . 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʩʧʫʪʥʠʢ, ʦʧʠʨʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʷ 

(1.3.4). ɺ ʫʨʘʚʥʝʥʠʷʭ (1.3.4) ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʚ ʩʠʩʪʝʤʝ OL1L2L3. ɿʘʧʠʰʝʤ ʝʛʦ ʚ ɻʪʦʡ ʩʠʩʪʝʤʝ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ L x=ɤ Aɤ ʠ T

L Z=B Q B , 

2 2

3 1 3 1 3 1 2 2 1 2

2 2

1 1 2 2 1 2 3 3 2 3

2 2

2 2 3 3 2 3 1 1 1 3

L L L L L L L L L L

L L L L L L L L L L L

L L L L L L L L L L

B B B B B B

B B B B B B

B B B B B B

w w w w

w w w w

w w w w

å õ- - +
æ ö
= - - +æ ö
æ ö- - +ç ÷

M . 

ɺʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʝʨʝʥʝʩʝʥʥʳʡ ʚ ʪʦʯʢʫ Oa, ʚ ʩʠʩʪʝʤʝ 

OaZ1Z2Z3 ʠʤʝʝʪ ʚʠʜ 

0

sin sin2

sin cos2

cos

Z

u

B u

Qå õ
æ ö

= Q
æ ö
æ öQç ÷

B .         (2.1.4) 
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ɿʘʧʠʰʝʤ ʪʝʧʝʨʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʡ ʤʦʤʝʥʪ LM , ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʚʳʨʘʞʝʥʠʝʤ 

2

1 0
LL

k B L

C
=M M .           (2.1.5) 

ʇʝʨʝʡʜʝʤ ʚ (1.3.3) ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʧʦ ʘʨʛʫʤʝʥʪʫ ʰʠʨʦʪʳ 

0 0( )u t tw= - , ʛʜʝ 
0t  ï ʥʝʢʦʪʦʨʳʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺʚʝʜʝʤ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ l  ʧʦ ʬʦʨʤʫʣʝ 
0L L l= , ʛʜʝ 

0L  ï ʥʘʯʘʣʴʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ (1.3.4) ʚ ʚʠʜʝ 

3L

dl
lM

du
e= , 1L

d
M

du

r
e= , 2

sin
L

d
M

du

s e

r
= , 

( )

( )

2 1

1 21

cos sin ,

cos cos sin ,
sin

L L

L L

d
M M

du

d
l M M

du

q
e y y

j e
h q y y

q

= -

= + +

     (2.1.6) 

( )1 22 cos ctg ctg sin ctgL L

d
l M M

du

y
h e y q e r y q= - - + . 

ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ 
2

1 0

0

k B

C
e
w
= , 0

1

0

1 1L

C A
h
w

å õ
= -æ ö
ç ÷

, 0
2

0

L

A
h

w
= . ʇʘʨʘʤʝʪʨ e 

ʠʤʝʝʪ ʩʤʳʩʣ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʟʘ ʚʠʪʦʢ 

ʚʦʢʨʫʛ ɿʝʤʣʠ ʢ ʝʛʦ ʟʥʘʯʝʥʠʶ. ɺ ʩʣʫʯʘʝ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʘʨʘʤʝʪʨ 

e ʠ ʦʪʥʦʰʝʥʠʷ 
2

1 0

0i

k B

L

e

h
 ʤʘʣʳ (ʝʩʣʠ ʩʧʫʪʥʠʢ ʥʝ ʙʣʠʟʦʢ ʢ ʩʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʦʤʫ, ʥʝ ʷʚʣʷʝʪʩʷ ʚʳʪʷʥʫʪʳʤ ʩʪʝʨʞʥʝʤ ʠʣʠ ʜʠʩʢʦʤ). ʕʪʠ ʦʪʥʦʰʝʥʠʷ 

ʠʤʝʶʪ ʩʤʳʩʣ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʟʘ ʦʙʦʨʦʪ 

ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ ʢ ʝʛʦ ʟʥʘʯʝʥʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʚʠʜʘ ʫʨʘʚʥʝʥʠʡ (2.1.6), ʧʝʨʝʤʝʥʥʳʝ , ,ujy  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʳʩʪʨʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʤʝʥʥʳʤʠ , , ,l r s q. 
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ʈʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʤʝʜʣʝʥʥʳʝ ʠ ʙʳʩʪʨʳʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [43]. ʇʦʩʢʦʣʴʢʫ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʚʦʣʶʮʠʷ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ 

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʝʨʚʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʧʦ ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ e. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʫʩʨʝʜʥʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʚʜʦʣʴ ʧʦʨʦʞʜʘʶʱʝʛʦ ʨʝʰʝʥʠʷ. 

ʇʦʨʦʞʜʘʶʱʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʧʨʝʮʝʩʩʠʷ ʚʦʢʨʫʛ ʚʝʢʪʦʨʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ 0e=  ʙʳʩʪʨʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʟʤʝʥʷʶʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ, ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʚʨʝʤʝʥʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʨʝʜʥʠʝ 

ʩʦʚʧʘʜʘʶʪ, ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʫʩʨʝʜʥʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʧʦ ʚʩʝʤ ʙʳʩʪʨʳʤ ʧʝʨʝʤʝʥʥʳʤ. ɼʣʷ ʵʪʦʛʦ 

ʪʘʢʞʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ A ʠ C  ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦ 
1h, 

2h ʠ 1 

(ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ u) ʨʘʮʠʦʥʘʣʴʥʦ ʥʝʩʦʠʟʤʝʨʠʤʳ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʫʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʚʳʨʘʞʝʥʠʷ 
, ,iL u

M
jy

, 

, ,
cosiL u

M
jy

y  ʠ 
, ,

siniL u
M

jy
y . ɼʣʷ ʫʩʨʝʜʥʝʥʠʷ (2.1.6) ʧʦ u  ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʯʠʩʣʠʪʴ ʚʳʨʘʞʝʥʠʷ 

2

0

1

2
ij i jB B B du

p

p
= ñ , ( , 1,2,3i j = ),       (2.1.7) 

ʛʜʝ iB  - ʢʦʤʧʦʥʝʥʪʳ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ OaZ1Z2Z3, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʳʨʘʞʝʥʠʷʤʠ (2.1.4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

2

11 22

1
sin

2
B B p= = = Q, 2

33 cosB q= = Q, 12 23 13 0B B B= = =. 

ʋʩʨʝʜʥʷʷ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʚʦʣʶʮʠ ʁ ʧʝʨʝʤʝʥʥʳʭ 

, , ,l r s q, 
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( ) ( ) ( )2 2 2 2 2

13 11 23 22 33 33cos sin 1 1 1
dl C

l q B q B q B
du A

e q q
è øè ø=- + - + - + -é ùê úê ú

, 

[ ]

[ ]

2 2

11 13 11 21 23 22 31 33 33

2 2

12 13 11 22 23 22

cos sin ,

1
cos sin ,

sin

d C
q q B q q B q q B

du A

d C
q q B q q B

du A

r
e q q

s
e q q

r

è ø
= + + +é ù
ê ú

è ø
= + +é ù
ê ú

   (2.1.8) 

( ) ( ) ( )2 2 2

11 13 22 23 33 33sin cos 1 1 1
d

B q B q B q
du

q
el q qè ø= + + + + +

ê ú
, 

ʛʜʝ 
1

1
2

C

A
l

å õ
= -æ ö
ç ÷

. ʋʯʠʪʳʚʘʷ (1.3.1) ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 
ijB , ʧʦʣʫʯʘʝʤ 

ʦʢʦʥʯʘʪʝʣʴʥʦ 

( ) 2 2 22 1 3 sin cos sin
dl C

l p p
du A

e r q q
å õ

è ø=- + - +æ öê ú
ç ÷

, 

( ) 2 23 1 sin cos cos sin ,

0,

d C
p

du A

d

du

r
e r r q q

s

å õ
= - +æ ö

ç ÷

=

,     (2.1.9) 

( )( ) 22 1 3 1 sin sin cos
d

p p
du

q
el r q qè ø= - + -ê ú . 

ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʚ ʢʚʘʜʨʘʪʫʨʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ. 

1. ʉʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʳʡ ʩʧʫʪʥʠʢ [49], ʪʦ ʝʩʪʴ 0A B C J= = =. ʊʦʛʜʘ 

ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ ʦ ʨʘʟʜʝʣʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ (j ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʜʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʥʦ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʥʝʡ ʥʝ ʪʨʝʙʫʝʪʩʷ), ʘ ʫʩʨʝʜʥʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

( ) 22 1 3 sin
dl

l p p
du

e rè ø=- + -ê ú, 

( )3 1 sin cos ,
d

p
du

r
e r r= -         (2.1.10) 

0,
d

du

s
=  0

d

du

q
= . 
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ʀʥʪʝʛʨʠʨʫʷ ʵʪʫ ʩʠʩʪʝʤʫ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ()0 1l = , ʧʦʣʫʯʘʝʤ 

( )( )

( )( )

0

0

0

1 exp 2 3 1 21
exp 2 ln ,

2 1 exp2

arctg exp 3 1 ,

p u c
l pu

c

p u c

e
e

r e

è øå õ+ - +
= - +é ùæ ö

æ ö+é ùç ÷ê ú

è ø= - +ê ú

    (2.1.11) 

0s s= , 0q q= , 

ʛʜʝ 0 0ln tgc r= . ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ ʦʪ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ i . ʅʘ ʨʠʩʫʥʢʝ 2.1.1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʤʦʜʫʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʨʘʟʥʳʭ ʥʘʢʣʦʥʝʥʠʡ ʦʨʙʠʪʳ. 

 

ʈʠʩ. 2.1.1. ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʩʣʫʯʘʝ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ 

2. ʉʣʫʯʘʡ 3 1 0p- =, ʪʦ ʝʩʪʴ 0 46i i= º . ʇʨʠ ʵʪʦʤ ʥʘʢʣʦʥʝʥʠʠ 

11 22 33B B B= = . ʇʨʠ ʤʝʥʴʰʠʭ ʥʘʢʣʦʥʝʥʠʷʭ ʧʨʦʝʢʮʠʷ ʩʨʝʜʥʝʛʦ ʚʝʢʪʦʨʘ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ ʦʩʴ OaZ3 ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʧʣʦʩʢʦʩʪʴ OaZ1Z2, ʧʨʠ 

ʙʦʣʴʰʠʭ ʥʘʢʣʦʥʝʥʠʷʭ ï ʤʝʥʴʰʝ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

2 22
cos sin

3

dl C
l

du A
e q q
å õ

=- +æ ö
ç ÷

, 

0, 0,
d d

du du

r s
= =           (2.1.12) 

4
sin cos

3

d

du

q
el q q= . 



34 
 

ʀʥʪʝʛʨʠʨʫʷ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ (2.1.12), ʧʦʣʫʯʘʝʤ 

0

1 2
ln tg

2 3
c uq el- = , 

ʛʜʝ 0 0

1
ln tg

2
c q= . ʆʪʩʶʜʘ ()2

0

8
tg exp 4

3
u c f uq el

å õ
= + =æ ö

ç ÷
 ʠ ʜʣʷ l  ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʝʥʠʝ 

()
()

2

3

A Cf udl
l

du A Af u
e
+

=-
+

, 

ʦʪʢʫʜʘ 

( )

0

0

8
exp 4 1

1 23
exp ln

2 exp 4 1 3

u c

l u
c

el

e

è øå õå õ
+ +æ öé ùæ ö

ç ÷é ùæ ö= -
+é ùæ ö

æ öé ùç ÷ê ú

.     (2.1.13) 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʙʱʠʡ ʩʣʫʯʘʡ. ʈʘʟʜʝʣʠʤ ʚ (2.1.9) ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ 

ʚʪʦʨʦʝ ʠ ʩʛʨʫʧʧʠʨʫʝʤ ʦʜʥʦʠʤʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

( )
( )

22 1 3 sin

3 1 sin cos

p pdl
d

l p

r
r

r r

+ -
=-

-
. 

ɿʥʘʤʝʥʘʪʝʣʴ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʝ ʨʘʚʝʥ ʥʫʣʶ (ʠʥʘʯʝ, ʩʤ ʚʳʰʝ ʩʣʫʯʘʡ 2). 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʘʝʤ 

( )2

0

1 2
ln ln tg 1 ln tg

2 3 1

p
l c

p
r r= + - -

-
, 

ʛʜʝ ( )2

0 0 0

1 2
ln tg 1 ln tg

2 3 1

p
c

p
r r= + -

-
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

ʩʠʩʪʝʤʳ (2.1.9) 

( ) ( )2

1

1 2
, ln ln tg 1 ln tg

2 3 1

p
I l l

p
r r r= - + +

-
. 

ʕʪʦʪ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

( )( ) ( )( )2

1

1
, 3 1 ln 3 1 ln tg 1 2 ln tg

2
I l p l p pr r r= - - - + + ,   (2.1.14) 

ʊʦʛʜʘ ʧʨʠ 3 1 0p- = ʧʦʣʫʯʘʝʤ 0r r=   (ʩʣʫʯʘʡ 2). 

ʈʘʟʜʝʣʠʤ ʪʝʧʝʨʴ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʪʨʝʪʴʝ ʠʟ (2.1.9) ʠ ʧʦʣʫʯʠʤ  
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( )( )
( )

2 2
2 cos sin2 1 3 1 sin 1

3 1 sin cos sin cos

C
p p Ad d
p

q qr
r q

r r l q q

+- + -
=

-
.    (2.1.15) 

ɿʥʘʤʝʥʘʪʝʣʠ ʚ ʚʳʨʘʞʝʥʠʷʭ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʥʝ ʨʘʚʥʳ ʥʫʣʶ (ʠʥʘʯʝ, ʩʤ. 

ʩʣʫʯʘʠ 2 ʠ 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.1.15) ʜʘʝʪ ʝʱʝ ʦʜʠʥ 

ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

( ) ( )2

2

2 2
, ln tg 1 ln tg ln sin ln cos

2 3 1

p C
I

p A

l
r q r l r q q

-
= + + - +

-
. 

ɸʥʘʣʦʛʠʯʥʦ ʠʥʪʝʛʨʘʣ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

( )( ) ( ) ( )2

2 , 3 1 ln tg 1 ln sin ln cos 2 2 ln tg
2

C
I p p

A

l
rq r q q l r

å õ
= - + - + + -æ ö

ç ÷
  (2.1.16) 

ʠ ʧʨʠ 3 1 0p- = ʧʦʣʫʯʘʝʤ 0r r=   (ʩʣʫʯʘʡ 2). 

ʀʥʪʝʛʨʘʣ ( )2 ,I rq ʟʘʜʘʝʪ q ʢʘʢ ʥʝʷʚʥʫʶ ʬʫʥʢʮʠʶ r. ʀʟ (2.1.16) ʚʠʜʥʦ, 

ʯʪʦ ( )2 ,I rq ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʥʘʧʨʠʤʝʨ, ( )0, 2q pÍ ) ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ ʦ ʥʝʷʚʥʦʡ ʬʫʥʢʮʠʠ [50] (ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ q ʠ 

ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʥʝʧʨʝʨʳʚʝʥ) ʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ q ʢʘʢ ʬʫʥʢʮʠʶ r. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢ (2.1.14) ʠ ʟʘʧʠʩʘʪʴ r ʢʘʢ 

ʬʫʥʢʮʠʶ l. ʊʝʤ ʩʘʤʳʤ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2.1.9) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ 

ʢʚʘʜʨʘʪʫʨʘʭ. 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ( )0 0, ,l l i r q= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ 

ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʠ ʦʩʴʶ ʢʦʥʫʩʘ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ 

ʩʧʫʪʥʠʢʘ ʠ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʅʘ ʨʠʩ. 2.1.2 ʠ ʨʠʩ. 2.1.3 ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ ʠ 0r. 
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ʈʠʩ. 2.1.2. ɿʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʯʝʨʝʟ 2 ʚʠʪʢʘ 

 

ʈʠʩ. 2.1.3. ɿʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʯʝʨʝʟ 10 ʚʠʪʢʦʚ 

ʅʘ ʨʠʩ. 2.1.2 ʠ ʨʠʩ. 2.1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʯʝʨʝʟ 2 (ʨʠʩ. 2.1.2) ʠ ʯʝʨʝʟ 10 (ʨʠʩ. 2.1.3) 

ʚʠʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ ʠ 0r (ʥʘ ʠʟʦʣʠʥʠʷʭ ʥʘʥʝʩʝʥʳ 

ʟʥʘʯʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ). ʇʨʠ ʵʪʦʤ ʫʯʪʝʥʦ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʷ (2.1.9) ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 0r=  ʠ / 2r p= . ʈʠʩ. 2.1.2 ʠ ʨʠʩ. 

2.1.3 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 0q. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.1.2, 

ʧʨʠ 0r, ʙʣʠʟʢʠʭ ʢ 90ę (ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 2r p=  ʫʨʘʚʥʝʥʠʷ (1.3.4) ʥʝ ʠʤʝʶʪ 

ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʫʛʦʣ s), ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʝʤʧʬʠʨʫʝʪʩʷ 
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ʙʳʩʪʨʝʝ ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʢʣʦʥʝʥʠʷʭ. ʆʜʥʘʢʦ ʨʠʩ. 2.1.3 ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʵʪʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʦʙʨʘʪʠʤʩʷ ʢ ʩʦʦʪʥʦʰʝʥʠʷʤ (2.1.11). ʇʨʠ 
0r, ʙʣʠʟʢʠʭ ʢ 90ę, ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ (ʵʪʦ ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ) ʚ ʧʦʢʘʟʘʪʝʣʝ ʵʢʩʧʦʥʝʥʪʳ ʧʨʝʚʘʣʠʨʫʝʪ ʚʪʦʨʦʝ 

ʩʣʘʛʘʝʤʦʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ 
0r. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʯʠʥʘʝʪ 

ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ, ʢʦʪʦʨʦʝ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʝ ʣʠʙʦ 

ʦʛʨʘʥʠʯʝʥʦ (ʧʨʠ 3 1 0p- <), ʣʠʙʦ ʚʦʟʨʘʩʪʘʝʪ ʤʝʜʣʝʥʥʝʝ. ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʣʠʷʥʠʝ 
0q ʘʥʘʣʦʛʠʯʥʦ ʚʣʠʷʥʠʶ 

0r. ɺ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʙʦʣʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠ ʤʝʥʴʰʝʤ 

ʥʘʢʣʦʥʝʥʠʠ ʦʨʙʠʪʳ (ʚʣʠʷʥʠʝ ʧʝʨʚʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ (2.1.13)). ɺ [16] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʘ (2.1.3) 

ʩʪʨʝʤʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʡʜʝʤ 

ʥʘʢʣʦʥʝʥʠʝ 0i , ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʥʘʯʝʥʠʝ 0i , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (2.1.11), ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʟʥʘʢʘ ʚʳʨʘʞʝʥʠʷ ( )3 1p ue - , ʪʦ ʝʩʪʴ 0 46i º . ʇʨʠ ʥʘʢʣʦʥʝʥʠʠ ʤʝʥʴʰʝʤ, ʯʝʤ 

0i , ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ ʩʪʨʝʤʠʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚʜʦʣʴ ʦʩʠ 

ʢʦʥʫʩʘ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ ʙʦʣʝʝ 0i  ī 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ. ʇʨʠ 0i i=  ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʩʤ. ʩʣʫʯʘʡ 2). ɸʥʘʣʠʟ ʦʙʱʝʛʦ 

ʩʣʫʯʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ñʧʦʛʨʘʥʠʯʥʦʛʦò ʟʥʘʯʝʥʠʷ 0i . 
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ʈʠʩ. 2.1.4. ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʠ ʫʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʅʘ ʨʠʩ. 2.1.4 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

(2.1.9) ʩ ʢʦʥʪʨʦʣʝʤ ʪʦʯʥʦʩʪʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ (2.1.6) ʧʨʠ 

0.1e= , 1 10h= , 2 5h=  (ʧʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 1 2,h h, ʤʦʤʝʥʪʘʭ ʠʥʝʨʮʠʠ 

ʩʧʫʪʥʠʢʘ 3A=  ʢʛĀʤ
2
, 2C=  ʢʛĀʤ

2
, ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 3 1

0 10 cw - -= , ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʝʛʦ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ), 0 1r= , 0 1q= , 80i= . ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʰʝʥʠʶ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʰʪʨʠʭʦʚʘʷ ï ʨʝʰʝʥʠʶ ʫʩʨʝʜʥʝʥʥʦʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩ. 2.1.4, ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʠ ʫʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʦʨʷʜʢʘ e.  

2.2. ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ, ʘ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ï ʩʣʘʙʳʤ [48]. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚ ʬʦʨʤʝ (1.3.6) ʠ ʧʝʨʝʧʠʰʝʤ 

ʠʭ, ʧʝʨʝʡʜʷ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʧʦ ʘʨʛʫʤʝʥʪʫ ʰʠʨʦʪʳ, 
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( )( )1
2 3 32 33 11 3 ,x

d
d d M

du

w
n w w e= - - +  

( )( )2
1 3 31 33 21 3 ,x

d
d d M

du

w
n w w e=- - - +  

3

3

1
,x

d
M

du

w
e
n

=   

( )1 2

1
sin cos 1,

cos

d

du

a
w b w b

g
= + - 

( )3 1 2tg sin cos ,
d

du

b
w g w b w b= + +  

1 2cos sin ,
d

du

g
w b w b= -  

ʛʜʝ 
0

i
i

w
w
w
= , 

C

A
n= , 

2

0

0

kB

A
e

w
=  ï ʥʦʚʳʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ, ʪʘʢ ʢʘʢ ʧʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʘʣ. ɿʘʤʝʪʠʤ, ʯʪʦ 1n<, ʪʘʢ ʢʘʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʧʫʪʥʠʢʘ, ʜʣʷ ʢʦʪʦʨʦʡ 

A C>  [38]. 

ɺʚʝʜʝʤ ʧʦʣʫʩʚʷʟʘʥʥʳʝ ʦʩʠ ʈʝʟʘʣʷ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʦʙʩʪʚʝʥʥʦʤ 

ʚʨʘʱʝʥʠʠ ʩʧʫʪʥʠʢʘ. ʆʙʦʟʥʘʯʘʷ ʧʨʦʝʢʮʠʠ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʵʪʠ 

ʦʩʠ 

1 21 cos sinw b w bW = - , 1 22 sin cosw b w bW = + , 33 ,wW =  

ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʫʩʚʷʟʘʥʥʳʭ ʦʩʷʭ ʚ ʚʠʜʝ 

( ) ( ) ( )21
2 3 2 1 2tg 3 1 cos sin cos cos sinx x

d
M M

du
n g n a g g e b b

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

( ) ( ) ( )2
1 3 2 1 2tg 3 1 cos sin cos sin cosx x

d
M M

du
n g n a a g e b b

W
=W W + W - - + + , (2.1.17) 

3
3

1
x

d
M

du
e
n

W
= , 

2

1
1

cos

d

du

a

g
= W -, 3 2tg

d

du

b
g=W + W, 1

d

du

g
=W, 
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ɽʩʣʠ ʥʘ ʩʧʫʪʥʠʢ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ (0e= ), ʪʦ 

ʩʠʩʪʝʤʘ (2.1.17) ʜʦʧʫʩʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ 
00, ,a g b b= = =  

1 3 20, 1W =W = W =. ɹʫʜʝʤ ʠʩʢʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʨʦʞʜʘʶʱʠʝʩʷ ʠʟ 

ʥʝʛʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʇʫʘʥʢʘʨʝ 

[44]. ʇʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (2.1.17) ʚ ʚʠʜʝ () ()
d

du
e= +

x
f x g x , ʛʜʝ 

( )1 2 3, , , , ,a b g= W W Wx . ʈʝʰʝʥʠʝ ʠʱʝʤ ʚ ʚʠʜʝ ( )20 1 Oe e= + +x x x , ʛʜʝ 

( )0 00,1,0,0, ,0b=x  ī ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ, ( )1 1 2 3 1 1 1, , , , ,w w w a b g=x  ī ʜʦʙʘʚʢʘ ʩ 

ʠʩʢʦʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʦʛʜʘ ʧʦʜʩʪʘʚʣʷʝʤ ʝʛʦ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

( ) ( ) ( )( ) ( )20 1
0 0 1 0

d d
O

du du
e e e+ = + + +

x x
f x F x x g x , ʛʜʝ i

ij

j

f
F

x

µ
=
µ
. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ 

( )

( )

0

0 0 0 0 2 3

0 0 0 3 1 0 0

0 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 1

1 0 0 0 0 0

n n

n

- -å õ
æ ö

- -
æ ö
æ ö
=æ ö
æ ö
æ ö
æ ö
ç ÷

F x . 

ʆʧʨʝʜʝʣʠʤ ( )0g x . ɿʘʤʝʪʠʤ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ 0x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʫʣʝʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʠʩʪʝʤ Ox1x2x3 ʠ OX1X2X3 ʠ ʧʦʚʝʨʥʫʪʦʡ ʥʘ 

ʫʛʦʣ 0b ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʴʥʦʡ. ʇʦʣʫʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʥʝ ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʩʧʫʪʥʠʢʘ, ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʩʪʝʤʦʡ 

OX1X2X3, ʘ ʟʥʘʯʠʪ, ʩʦʚʧʘʜʘʶʪ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ. ʀʩʧʦʣʴʟʫʝʤ ʩʥʦʚʘ ʦʩʨʝʜʥʝʥʥʫʶ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ 

ʇʨʠʣʦʞʝʥʠʠ I ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʪʷ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʢʦʣʝʙʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ 

ʚʦʟʥʠʢʘʶʱʝʝ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʉʆ ʠʭ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 
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ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 
1x  ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʧʨʦʱʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʣʫ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɼʣʷ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ 

OX1X2X3 ʠʤʝʝʪ ʚʠʜ  

0

sin cos

cos

sin sin

i u

B i

i u

å õ
æ ö

=
æ ö
æ ö-ç ÷

B . 

ɸʣʛʦʨʠʪʤ ñ-Bdotò, ʢʘʢ ʚʠʜʥʦ ʠʟ (2.1.2), ʧʦʟʚʦʣʷʝʪ ʜʝʤʧʬʠʨʦʚʘʪʴ ʫʛʣʦʚʫʶ 

ʩʢʦʨʦʩʪʴ ʜʦ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ ʦʨʙʠʪʘʣʴʥʦʡ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʠ ʦʜʥʠʤ ʠʟ 

ʩʣʘʛʘʝʤʳʭ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ. ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʧʦʨʦʞʜʘʶʱʝʝ ʨʝʰʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʪʦʣʴʢʦ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2.1.2). ʕʪʦ ʩʣʘʛʘʝʤʦʝ ʚʳʥʫʞʜʘʝʪ ʩʧʫʪʥʠʢ ʚʨʘʱʘʪʴʩʷ 

ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ( )1k= ³m ɤ B 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʘʧʧʘʨʘʪʘ (ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʦʚ). ʇʦʩʣʝ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ 

ʧʦʣʫʯʘʝʤ 

( )0 sin sin , 0, cos
TXd

i u u
dt

w= - -
B

 

ʠ 

( ) ( )0 sin cos cos , tg ,sin ,0,0,0
T

i i u i u= -g x .  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ 1x  ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ 

( ) ( )1
3 1 13 1 sin cos cos

dw
w i i u

du
n g n g=- + - - - , 

( )2
13 1 sin cos tg

dw
i i i

du
n a=- - + , 

3 1
sin cos sin

dw
i i u

du n
= , 

1
2

d
w

du

a
= , 1

1 3

d
w

du

b
g= + , 1

1

d
w

du

g
=  
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ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ 
3w  ʩʨʘʟʫ ʠʥʪʝʛʨʠʨʫʝʪʩʷ 

( )3

1
sin cos 1 cosw i i u
n
= - . 

ʉʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
1 1,wg  ʦʪʜʝʣʷʝʪʩʷ: 

( ) ( )1
3 1 13 1 sin cos cos

dw
w i i u

du
n g n g=- + - - - ,  

1
1

d
w

du

g
= . 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʥʝʝ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 
3w  ʠ ʧʨʝʜʩʪʘʚʣʷʷ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ 

ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʘʝʤ 

( )
2

1
12

3 2 sin cos
d

i i
du

g
n g+ - = . 

ɿʘʧʠʰʝʤ ʝʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

1 1 2

sin cos
sin 3 2 cos 3 2

3 2

i i
A u A ug n n

n
= - + - -

-
. 

ʉ ʫʯʝʪʦʤ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

( )1

sin cos
cos 3 2 1

3 2

i i
ug n

n
= - -
-

. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 1a ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

( )
2

1
12

3 1 sin cos tg
d

i i i
du

a
n a+ - = . 

ɽʛʦ ʨʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʤʝʝʪ ʚʠʜ 

( )
2

1

sin
cos 3 3 1

3 3

i
ua n

n
= - -
-

. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 1b ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 

( ) ( )1 1 1
sin cos 1 cos cos 3 2 1

3 2

d
i i u u

du

b
n

n n

å õ
= - + - -æ ö

-ç ÷
, 

ʠʤʝʶʱʝʝ ʨʝʰʝʥʠʝ  

( )
( ) ( )

1

3 1 1 1
sin cos sin sin 3 2

3 2 3 2 3 2
i i u u u

n
b n

n n n n n

å õ-
= - + -æ ö

æ ö- - -ç ÷

. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʦ ʜʚʠʞʝʥʠʝ, ʨʦʞʜʘʶʱʝʝʩʷ ʠʟ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʰʝʥʠʷ 
0x , ʚ ʧʦʣʫʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

( )
2sin

cos 3 3 1
3 3

i
ua e n

n
= - -

-
, 

( )
( ) ( )

0

3 1 1 1
sin cos sin sin 3 2

3 2 3 2 3 2
i i u u u

n
b b e n

n n n n n

å õ-
= + - + -æ ö

æ ö- - -ç ÷

, 

( )sin cos
cos 3 2 1

3 2

i i
ug e n

n
= - -

-
, 

1

3 2
sin cos sin 3 2

2 3
i i u

n
e n

n

-
W = -

-
, 

2

3 3
1 sin cos sin 3 3

3 3
i i u

n
e n

n

-
W = + -

-
, 

( )3

1
sin cos 1 cosi i ue
n

W = - . 

ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʧʦ 

ʫʛʣʘʤ ,a g, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʘ b, ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʧʦ ʚʨʝʤʝʥʠ, ʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦ ʫʛʣʘʤ a ʠ 

g. ɽʩʣʠ ʦʨʙʠʪʘ ʩʧʫʪʥʠʢʘ ï ʥʝ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʘʷ, ʪʦ ʩʤʝʱʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ 

ʦʨʙʠʪʳ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 

2sin

3 3

i
a e

n
=

-
. 

ʆʪʢʣʦʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʠ ʯʝʤ ʙʦʣʴʰʝ ʠʭ ʨʘʟʥʠʮʘ, ʪʝʤ 

ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʄʉʆ, ʪʘʢ ʢʘʢ 1n< . ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ 

ʦʪʢʣʦʥʝʥʠʝ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʄʉʆ ʥʘ ʚʳʩʦʢʠʭ ʥʘʢʣʦʥʝʥʠʷʭ. ʇʨʠ 0.5n= , 0.1e=  ʠ ʥʘʢʣʦʥʝʥʠʠ 50ę 

ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2.3ę. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ñ-Bdotò ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ [51]. 
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ɻʣʘʚʘ 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʫʪʥʠʢʘ, 

ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 

ʙʦʨʪʫ ʩʧʫʪʥʠʢʦʚ ʊʅʉ-0 ˉ3/GRESAT ʠ ʊʅʉ-1 [52]. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ 

ʦʙʩʫʞʜʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴ ʁʚʨʘʱʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʝʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ (ʪʦ ʝʩʪʴ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʫʩʧʦʢʦʝʥʠʝʤ), ʘ ʟʘʪʝʤ ï ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʧʦʢʦʝʥʠʷ ʩʧʫʪʥʠʢʘ. 

3.1. ɸʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʦʛʦ ñ-Bdotò ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʛʘʰʝʥʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʩʢʦʨʦʩʪʠ 

ʟʘʢʨʫʪʢʠ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ñ-Bdotò 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʜʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʧʫʪʥʠʢʘ, ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘʢʪʠʚʠʨʫʷ ʪʦʣʴʢʦ ʢʘʪʫʰʢʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ [21]. ʆʯʝʚʠʜʥʦ, ʩʢʦʨʦʩʪʴ ʟʘʢʨʫʪʢʠ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʇʦʢʘʞʝʤ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʰʝʥʠʝ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ [53]. ɼʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ xm  ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 

2 3 3

B
m e ex

x

d
k

dt

å õ
=-æ ö

ç ÷
,         (3.1.1) 

ʛʜʝ 2k  - ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 3e  - ʦʨʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ. 

ɹʫʜʝʤ ʩʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʳʩʪʨʳʝ ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʧʨʠ ʢʦʪʦʨʳʭ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʚʨʘʱʝʥʠʝ 

ʚʝʢʪʦʨʘ B ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (2.1.2) 
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ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʛʘʰʝʥʠʝ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ 

ʦʪ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʠʩʪʝʤʝ Ox1x2x3 ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʪʘʢ: 

31 32 33

1 1 1
, ,

T

x L a a a
A A C

å õ
= æ ö
ç ÷

ɤ .        (3.1.2) 

ʊʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʝʩʪʴ ( )3 2 1 2 2 1x x x x xm k B Bw w= - . 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʝʝ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʚ ʩʠʩʪʝʤʝ OL1L2L3 

( ) ( )3 2 1 31 12 32 11 2 31 22 32 21x L L

L
m k B a a a a B a a a a

A
è ø= - + -ê ú. 

ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʝ OL1L2L3 ʠʤʝʝʪ ʚʠʜ 

( )3 13 23 33, ,
T

L x xm a a a= =m Am . 

ʊʦʛʜʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

23 3 33 2

33 1 13 3

13 2 23 1

L L

L L L

L L

a B a B

m a B a B

a B a B

-å õ
æ ö

= -
æ ö
æ ö-ç ÷

M . 

ʉʥʦʚʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ 

(2.1.6), ʚ ʢʦʪʦʨʳʭ ʚʚʝʜʝʥ ʥʦʚʳʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ 
2

2 0

0

k B

A
e
w
= . ʇʦʚʪʦʨʷʷ 

ʨʘʩʩʫʞʜʝʥʠʷ ʦ ʨʘʟʜʝʣʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʘʝʤ ʦʩʨʝʜʥʝʥʥʫʶ ʩʠʩʪʝʤʫ  

( ) 2 21
2 1 3 sin sin

2

dl
l p p

du
e r qè ø=- + -ê ú , 

( )

( )

2

2

1
3 1 sin cos sin ,

2

1
2 1 3 sin sin cos ,

2

d
p

du

d
p p

du

r
e r r q

q
e r q q

= -

è ø=- + -ê ú

      (3.1.3) 

0
d

du

s
= , 
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ʛʜʝ 
21

sin
2

p= Q. ʋʨʘʚʥʝʥʠʷ (3.1.3) ʜʦʧʫʩʢʘʶʪ ʟʘʤʝʥʫ ,r r r p r­- ­ - ʠ 

,q q q p q­- ­ -. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.1.3) ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʚ ʢʚʘʜʨʘʪʫʨʘʭ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʩʥʘʯʘʣʘ ʥʘ ʜʚʫʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. ʊʨʠʚʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ s, 

ʠʤʝʶʱʝʝ ʨʝʰʝʥʠʝ consts= , ʦʪʜʝʣʷʝʪʩʷ ʠ ʜʘʣʝʝ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷ ʜʣʷ r. 

1. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
0r ʙʣʠʟʢʦ ʢ ʥʫʣʶ (ʚ ʥʫʣʝ ʫʨʘʚʥʝʥʠʷ (1.3.4) ʥʝ 

ʠʤʝʶʪ ʩʤʳʩʣʘ). ʊʦʛʜʘ ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ ʤʝʥʝʝ 46Á ʫʨʘʚʥʝʥʠʷ (3.1.3) ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʪʨʠʚʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʧʫʩʢʘʝʤ) 

2sin ,

sin cos .

dl
pl

du

d
p

du

e q

q
e q q

=-

=-

         (3.1.4) 

ʀʭ ʨʝʰʝʥʠʝ 

( )0tg exp pu cq e= - +, 

( )
( )

0

0

1 exp 2 2

1 exp 2

p u c
l

c

e+ - +
=

+
, 

ʛʜʝ 0 0ln tgc q= . ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ 

(ʘ ʟʥʘʯʠʪ, ʠ p), ʪʝʤ ʙʦʣʴʰʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ (3.1.4) ʚ ʚʳʨʘʞʝʥʠʠ ln tgq ʤʦʞʥʦ ʨʘʩʢʨʳʪʴ ʤʦʜʫʣʴ, ʪʘʢ ʢʘʢ q 

ʤʦʥʦʪʦʥʥʦ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʠʣʠ p. ɹʫʜʝʤ ʜʘʣʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ ( )0, / 2q pÍ , ʯʪʦ 

ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʦʙʱʥʦʩʪʠ ʚ ʩʠʣʫ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ,q q q p q­- ­ - ʚ 

ʫʨʘʚʥʝʥʠʷʭ (3.1.3), ʪʘʢ ʞʝ ʧʦʩʪʫʧʠʤ ʩ ʧʝʨʝʤʝʥʥʦʡ r. ɻʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ 

ʠʥʪʝʨʝʩʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʠʚʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠ 0q= ). 

2. ʇʨʠ 0 / 2r p= . ʋʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ (3.1.4), ʠʭ ʨʝʰʝʥʠʝ 

( ) 0tg exp 1 p u cq e= - - +è øê ú, 

( )

( )
0

0

1 exp 2 1 2

1 exp 2

p u c
l

c

e+ - - +è øê ú=
+

. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʧʨʦʪʠʚ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʠʡ ʩʣʫʯʘʡ. ʈʘʟʜʝʣʠʤ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.1.3) ʥʘ ʪʨʝʪʴʝ, 

ʧʦʣʫʯʠʤ 

tg
dl

d
l

q q= . 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

0cos
ln ln

cos
l

q

q
= , 

ʦʪʢʫʜʘ 

0cos cosl q q= . 

ʇʦʣʫʯʝʥ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ( )1 , cosI l lq q= , ʚʳʨʘʞʘʶʱʠʡ ʩʦʭʨʘʥʝʥʠʝ ʪʨʝʪʴʝʡ 

ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʩʤ. (3.1.2)). 

ʈʘʟʜʝʣʠʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (3.1.3) ʥʘ ʪʨʝʪʴʝ, ʧʦʣʫʯʠʤ 

( )
( )

22 1 3 sin
tg

3 1 sin cos

p p
d d

p

r
r q q

r r

+ -
- =

-
, 

ʦʪʢʫʜʘ ʦʧʨʝʜʝʣʷʝʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

( ) ( )( ) ( )2

2

1
, 3 1 ln tg 1 2 ln tg 3 1 lncos

2
I p p pr q r r q= - + - + - .  

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʣʫʯʘʡ 3 1 0p- = ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʷʤ 1 ʠ 

2. ʅʘʡʜʝʥʥʳʝ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ ʦ 

ʥʝʷʚʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (3.1.3) ʚ ʢʚʘʜʨʘʪʫʨʘʭ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ (3.1.3) ʧʨʠʤʝʥʷʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩ 

ʢʦʥʪʨʦʣʝʤ ʪʦʯʥʦʩʪʠ ʧʦ ʧʝʨʚʳʤ ʠʥʪʝʛʨʘʣʘʤ [54]. ʅʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: 0 0, ,i r q. ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʩ ʨʦʩʪʦʤ 

0q ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ (ʚʨʝʤʷ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ q, ʘ ʟʥʘʯʠʪ, ʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ sin /l Aq ) ʧʘʜʘʝʪ. 

ɺʣʠʷʥʠʝ i  ʠ 0r ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.1.1 ʠ ʨʠʩ. 3.1.2. 
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ʈʠʩ. 3.1.1. ʋʛʦʣ q ʯʝʨʝʟ 2 ʚʠʪʢʘ, 0 30q=  

 

ʈʠʩ. 3.1.2. ʋʛʦʣ q ʯʝʨʝʟ 15 ʚʠʪʢʦʚ, 0 70q=  

ʅʘ ʨʠʩ. 3.1.1 ʠ ʨʠʩ. 3.1.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʠʝ ʫʛʣʘ q ʯʝʨʝʟ 2 ʠ 15 ʚʠʪʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠʚʝʜʝʥʦ ʥʘ ʠʟʦʣʠʥʠʷʭ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.1.1, ʧʨʠ 

ʚʝʣʠʯʠʥʘʭ 0r, ʤʝʥʴʰʠʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 50ę, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ 

ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ, ʧʨʠ ʙʦʣʴʰʠʭ ï ʧʘʜʘʝʪ (ʩʤ. ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 1 ʠ 2). ʈʠʩ. 3.1.2 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, 

ʚ ʢʦʪʦʨʦʡ ʙʦʣʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ ʦʢʦʣʦ 45ę. 

ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.1.2, ʧʨʠ ʚʳʙʦʨʝ ʙʦʣʴʰʦʛʦ ʥʘʢʣʦʥʝʥʠʷ ʫʛʦʣ q ʚ 

ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʝ ʧʨʝʚʳʩʠʪ 14ę, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʚʳʙʦʨʝ ʤʘʣʦʛʦ ʥʘʢʣʦʥʝʥʠʷ ʦʥ 
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ʤʦʞʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʦʨʙʠʪʘ ʩ 

ʙʦʣʴʰʠʤ ʥʘʢʣʦʥʝʥʠʝʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʙʦʣʝʝ ʦʙʱʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʌʘʢʪʠʯʝʩʢʠ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʪʦʢʦʚʦʡ ʢʘʪʫʰʢʠ ʧʦʟʚʦʣʷʝʪ 

ʜʝʤʧʬʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢʘʪʫʰʝʢ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʜʝʤʧʬʠʨʦʚʘʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ (ʚ ʨʘʤʢʘʭ ʦʩʨʝʜʥʝʥʥʦʡ 

ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʢʨʦʤʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʳ). ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʘ ñ-Bdotò ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʜʚʝ, ʘ ʥʝ ʪʨʠ ʪʦʢʦʚʳʝ ʢʘʪʫʰʢʠ. ʕʪʦʪ ʚʳʚʦʜ 

ʜʣʷ ʩʧʫʪʥʠʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 3.1.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʩ ʪʝʥʟʦʨʦʤ ʠʥʝʨʮʠʠ ( )diag 1.02,1.51,1.73=J  ʢʛĿʤ
2
. ʆʨʙʠʪʘ 

ʩʧʫʪʥʠʢʘ ï ʢʨʫʛʦʚʘʷ ʩ ʨʘʜʠʫʩʦʤ 6850 ʢʠʣʦʤʝʪʨʦʚ ʠ ʥʘʢʣʦʥʝʥʠʝ 51.7ę. 

ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫʰʝʢ ï 3.2 ɸĀʤ
2  
(ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-

ʄè), ʢʘʪʫʰʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʪʨʝʪʴʝʡ ʦʩʠ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

 

ʈʠʩ. 3.1.3. ʆʪʢʣʶʯʝʥʘ ʪʨʝʪʴʷ ʢʘʪʫʰʢʘ, ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫʰʝʢ 3.2 ɸĀʤ
2
. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
1 2 3 10

c
w w w= = =  

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʩʥʠʟʠʪʴʩʷ (ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
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ʜʝʤʧʬʠʨʫʝʪʩʷ ʤʝʜʣʝʥʥʝʝ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʡ ʠʟ ʪʦʢʦʚʳʭ 

ʢʘʪʫʰʝʢ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʩʝ ʝʱʝ ʚʦʟʤʦʞʥʦ [42]. 

3.2. ɸʣʛʦʨʠʪʤ ʨʘʩʢʨʫʪʢʠ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ 

ʠʟʤʝʥʷʝʪ ʩʢʦʨʦʩʪʠ ʟʘʢʨʫʪʢʠ ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʢʨʫʪʠʪʴ ʩʧʫʪʥʠʢ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ [56] 

( )3 2 1, ,0m
T

x xk B B= - .         (3.2.1) 

ʄʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʩʧʫʪʥʠʢ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

1 3

3 2 3

2 2

1 2

M

x x

x x x

x x

B B

k B B

B B

-å õ
æ ö

= -
æ ö
æ ö+ç ÷

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ, ʟʘʚʝʜʦʤʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʦʣʦʞʠʪʝʣʴʥʘ. ɼʨʫʛʠʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʨʘʟʥʳʝ ʟʥʘʢʠ.  

ʇʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʤʝʥʥʳʭ 

ɹʝʣʝʮʢʦʛʦ-ʏʝʨʥʦʫʩʴʢʦ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ɼʣʷ ʵʪʦʛʦ 

ʧʝʨʝʧʠʰʝʤ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ (3.2.1) ʚ ʚʠʜʝ 

3 3m e Bx xk=- ³, 

ʛʜʝ 3e  ï ʦʨʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ. ʊʦʛʜʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚ ʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

( )2

3 0 3 3M e B B ex x xk Bè ø= -ê ú. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ T

x L=B A B , ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ OL1L2L3 

2 2

13 0 13 1 23 1 2 33 1 3

2 2

3 23 0 13 1 2 23 2 33 2 3

2 2

33 0 13 1 3 23 2 3 33 3

M

L L L L L

L L L L L L

L L L L L

a B a B a B B a B B

k a B a B B a B a B B

a B a B B a B B a B

å õ- - -
æ ö

= - - -æ ö
æ ö- - -ç ÷

. 
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ʇʨʝʜʧʦʣʦʞʠʤ ʦʧʷʪʴ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, ʤʘʣ. ʊʦʛʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʩʠʣʝ ʨʘʩʩʫʞʜʝʥʠʷ ʦ 

ʨʘʟʜʝʣʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ʋʩʨʝʜʥʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

( ) 22 1 3 sin cos
dl

p p
du

e r qè ø= + -ê ú , 

( )

( ) 2

1
3 1 sin cos cos ,

1
2 2 1 3 sin sin ,

2

d
p

du l

d
p p

du l

r
e r r q

q
e r q

=- -

è ø=- - - -ê ú

      (3.2.2) 

0
d

du

s
= , 

ʛʜʝ 
2

3 0

0 0

k B

L
e
w
=  ï ʥʦʚʳʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ, ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚ ʫʨʘʚʥʝʥʠʷʭ (3.2.2) ʥʝ ʤʘʣ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʥʝ 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʳʝ ,r s ʥʝ ʙʫʜʫʪ 

ʤʝʜʣʝʥʥʳʤʠ). ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ (3.2.2) ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʘʣʦʩʪʠ ʫʛʣʘ q. ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʛʦʣ q ʤʘʣ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ 

(3.2.2) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ: 

( ) 22 1 3 sin
dl

p p
du

e rè ø= + -ê ú, 

( )
1

3 1 sin cos
d

p
du l

r
e r r=- - ,        (3.2.3) 

( ) 21
2 2 1 3 sin

2

d
p p

du l

q
e r qè ø=- - - -ê ú. 

ɽʩʣʠ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʫʛʦʣ q ʙʣʠʟʦʢ ʢ p, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʢʨʫʪʢʫ ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ 

ʢʘʢ ()3 0 0w < . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (3.2.2) ʧʦʤʝʥʷʶʪ ʟʥʘʢ, 
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ʧʝʨʚʳʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ (3.2.3) ʦʩʪʘʥʫʪʩʷ ʚ ʩʠʣʝ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ q ʦʪʜʝʣʷʝʪʩʷ. 

ʈʘʟʜʝʣʠʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.2.3) ʥʘ ʚʪʦʨʦʝ, ʧʦʣʫʯʠʤ 

( )
( )

22 1 3 sin

3 1 sin cos

p pdl
d

l p

r
r

r r

+ -
=-

-
, 

ʦʪʢʫʜʘ ʥʘʭʦʜʠʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

( )( ) ( )( )2

1

1
, 3 1 ln 3 1 ln tg 1 2 ln tg

2
I l p l p pr r r= - - - + + . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 3 1 0p- = ʧʦʩʣʝʜʥʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʣʝʛʢʦ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʠ ʜʘʝʪ 
2

3
l ue= , 0r r= . ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʨʘʟʜʝʣʫ 

ʩʯʠʪʘʝʤ, ʯʪʦ ( )0, 2r pÍ . ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ. 

1. ɽʩʣʠ 0r ʙʣʠʟʢʦ ʢ ʥʫʣʶ, ʪʦ ʥʘ ʚʩʝʤ ʜʚʠʞʝʥʠʠ 2l pue=  ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ 

ʦʨʙʠʪʳ ʙʦʣʝʝ 46Á ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. 

2. ɽʩʣʠ 0 / 2r p= , ʪʦ ʘʥʘʣʦʛʠʯʥʦ ( )1l p ue= -  ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ 

ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. 

ʇʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ (3.2.3) 

ʚ ʢʚʘʜʨʘʪʫʨʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ.  

ɺʣʠʷʥʠʝ 0r ʠ i  ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʢʨʫʪʢʠ ʘʥʘʣʦʛʠʯʥʦ ʠʭ 

ʚʣʠʷʥʠʶ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʡ (ʨʠʩ. 3.2.1).  

 

ʈʠʩ. 3.2.1. ʋʚʝʣʠʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʫʪʢʠ ʩʧʫʪʥʠʢʘ 
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ʅʘ ʨʠʩ. 3.2.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʧʫʪʥʠʢʘ 

ʯʝʨʝʟ 5 ʚʠʪʢʦʚ ʧʨʠ 0.1e= , 
0 1q= . ʇʨʠ ʥʝʙʦʣʴʰʠʭ 0r ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʣʦʥʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 1), ʧʨʠ 
0r, ʙʣʠʟʢʠʭ ʢ 

90ę, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 2). 

ʆʜʥʘʢʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʢʣʦʥʝʥʠʷʭ ʦʨʙʠʪʳ ʥʠʟʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʙʦʣʴʰʦʤ ʦʪʢʣʦʥʝʥʠʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʪʨʝʙʫʝʤʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʦʜʥʦʛʦ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʛʨʫʙʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʵʪʦʪ ʫʛʦʣ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʤʘʣ, 

ʪʘʢʦʡ ʨʝʞʠʤ ʥʝʨʝʘʣʠʟʫʝʤ. ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ 

ʩʧʫʪʥʠʢ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʩ ʥʠʟʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ʇʨʠ ʤʘʣʳʭ r 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. 

ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʝ ʚʦʟʨʘʩʪʘʝʪ. ɽʝ 

ʧʨʦʠʟʚʦʜʥʘʷ ʠʤʝʝʪ ʚʠʜ 

( )
( ) 2sin

2 2 1 3 sin sin cos
d l

p p
du

q
e r q qè ø= - + + -ê ú . 

ʇʦʩʢʦʣʴʢʫ ʫʛʦʣ q ʙʣʠʟʦʢ ʢ ʥʫʣʶ, ʚ ʭʦʜʝ ʨʘʩʢʨʫʪʢʠ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʣʛʦʨʠʪʤʦʤ 

ʨʘʩʢʨʫʪʢʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

3.3. ɸʣʛʦʨʠʪʤ ʪʦʯʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ɼʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ( )0,0,
T

x m=m , ʩʦʟʜʘʚʘʝʤʳʡ ʢʘʪʫʰʢʘʤʠ, 

ʠʤʝʝʪ ʚʠʜ 

[ ]( )( )4 30,0,m L e B
T

x k= D Ö ³ ,        (3.3.1) 

ʛʜʝ fD = -L L L , fL  ï ʪʨʝʙʫʝʤʦʝ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

(ʟʘʯʘʩʪʫʶ ʵʪʦ ï ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʉʦʣʥʮʝ [57]), 4k  ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʘʟʤʝʨʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ [23]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʫʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʤʩʷ 

ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ.  
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ɼʠʥʘʤʠʢʫ ʩʧʫʪʥʠʢʘ ʦʧʠʰʝʤ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʤʝʥʥʳʭ ɹʝʣʝʮʢʦʛʦ-

ʏʝʨʥʦʫʩʴʢʦ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʝ 

OL1L2L3. ʆʧʨʝʜʝʣʠʤ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʨʘʞʝʥʠʷ. ʊʨʝʙʫʝʤʦʝ 

ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ( )1 2 3, ,
TT

f L L L=L Q , ʛʜʝ ʢʦʤʧʦʥʝʥʪʳ 
iL  

ʟʘʜʘʶʪ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; ( )3 0,0,1
T

L =e , ʪʘʢ ʢʘʢ ʩʧʫʪʥʠʢ ʟʘʢʨʫʯʝʥ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʪʦ 

ʝʩʪʴ 3iA Cw w<< , ( 1,2i= ); ( )0 0,0,
T

L L l=L , ʛʜʝ 
0L  - ʤʦʜʫʣʴ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, l  - ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 0L L l= ; ( )0 1 2 3, ,L L L LB B B B=B . 

ʇʦʩʢʦʣʴʢʫ ʩʧʫʪʥʠʢ ʟʘʢʨʫʯʝʥ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚ 

ʩʠʩʪʝʤʝ Ox1x2x3 ʠʤʝʝʪ ʚʠʜ ( )0,0,m
T
, ʪʦ ʚ ʩʠʩʪʝʤʝ OL1L2L3 ʤʦʤʝʥʪ Lm  

ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʪ ʞʝ ʚʠʜ. ʆʪʩʶʜʘ  

2

0 1

0

L

L L

B m

B B m

-å õ
æ ö

=
æ ö
æ ö
ç ÷

M ,  

ʛʜʝ [ ]( ) ( )4 3 4 0 0 2 1 1 2L e B L L L Lm k k L B L B L B= D ³ = - . 

ʇʨʦʚʝʜʷ ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ, ʟʘʧʠʰʝʤ ʩʥʦʚʘ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʵʚʦʣʶʮʠʶ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʣʘʙʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ 

0
dl

du
= , 

( )2

1 2 3

1 1
sin cos cos cos sin sin

2

d
L L L

du l

r
e r s r s r= Q + - ,   (3.3.2) 

( )2

1 2

1 1
sin sin cos

2 sin

d
L L

du l

s
e s s

r
= Q - + . 

0
d

du

q
= , 
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ʛʜʝ 
2

4 0

0

k B
e

w
=  ï ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. ʋʨʘʚʥʝʥʠʷ (3.3.2) ʫʜʘʝʪʩʷ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, 

ʝʩʣʠ 1 2 0L L= =, ʪʦ ʝʩʪʴ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʪʘʚʠʪʴ ʚʜʦʣʴ 

ʦʩʠ ʢʦʥʫʩʘ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʚʠʜ (ʪʨʠʚʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ l , s ʠ q ʦʧʫʩʢʘʝʤ) 

sin
d

du

r
h r=- , 

ʛʜʝ 
2

3

1
sin

2
Lh e= Q, ʪʘʢ ʢʘʢ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.3.2) ʩʣʝʜʫʝʪ, ʯʪʦ 1l ¹ . 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʡ ʬʦʨʤʫʣ r

( )02arctg expc ur h= -è øê ú, 

ʛʜʝ 0
0 tg

2
c

r
= . ʅʘ ʨʠʩ. 3.3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ r ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʢʣʦʥʝʥʠʡ ʦʨʙʠʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ / 2p .  

 

ʈʠʩ. 3.3.1. ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ r ʧʨʠ ʨʘʟʥʳʭ ʥʘʢʣʦʥʝʥʠʷʭ 

ɺʠʜʥʦ, ʯʪʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʩʧʫʪʥʠʢʘ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ r ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ( )30,0,
T

f L=L . ɻʨʘʬʠʢ ʧʦʩʪʨʦʝʥ ʜʣʷ 0.1e= . 
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ɺʦʦʙʱʝ, 2sin
d

du

r
Q, 2sin

d

du

s
Q (ʝʩʣʠ r ʥʝ ʤʘʣʦ). ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ i  ʠ Q ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 11ę, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 2sin
d

i
du

r
, 

2sin
d

i
du

s
, ʠ ʪʦʛʜʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʢʣʦʥʝʥʠʷ, ʟʥʘʯʠʪ, ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʣʦʥʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ 
2 0L = , 

3 0L =  ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʪʨʝʙʫʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʚʦʩʭʦʜʷʱʠʡ ʫʟʝʣ ʦʨʙʠʪʳ, ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

ʩʠʩʪʝʤʳ (3.3.2). ʈʘʟʜʝʣʠʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (3.3.2) ʥʘ ʪʨʝʪʴʝ 

( )1 2 3

1 2

sin cos cos cos sin sin

sin cos

L L Ld

d L L

r r s r s rr

s s s

+ -
=

- +
. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

sin cos cos

sin

d

d

r r r s

s s
=- , 

ʦʪʢʫʜʘ, ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʠʤʝʝʤ 

0 0ln tg / tg ln sin / sinr r s s= , 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

0 tg sinI r s= .           (3.3.3) 

ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

(3.3.2). ʆʙʦʟʥʘʯʘʷ ( ) 2 2

0 0, 1 ctgf I Ir r= - , ʠʟ (3.3.2) ʧʦʣʫʯʘʝʤ 

( )
2

0

1
sin

, cos 2

d
u

f I

r
e

r r
= Qñ  ʧʨʠ ,

2 2

p p
s
è ø
= -é ù
ê ú

, 

( )
2

0

1
sin

, cos 2

d
u

f I

r
e

r r
=- Qñ  ʧʨʠ 

3
,

2 2

p p
s
è ø
=é ù
ê ú

, 

ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ (3.3.3) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (3.3.2) ʚ ʢʚʘʜʨʘʪʫʨʘʭ. 

ʇʨʠʚʝʜʝʤ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ 

ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʥʘ ʩʧʫʪʥʠʢ ʢʘʢ 

ʤʘʛʥʠʪʥʦʛʦ, ʪʘʢ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʦʚ. ʋʧʨʘʚʣʝʥʠʝ ʜʠʧʦʣʴʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʢʘʪʫʰʝʢ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʩʧʫʪʥʠʢʘ, ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. ɺʤʝʩʪʦ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʦʤ ʢʘʪʫʰʝʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʩʢʨʝʪʥʳʡ, 

ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʦʨʪʫ. ʊʦ ʝʩʪʴ, ʚʤʝʩʪʦ ʟʘʢʦʥʘ ʚʠʜʘ m 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʟʘʢʦʥ ()0 signm m . ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

¶ ʩʧʫʪʥʠʢ ʦʩʥʘʱʝʥ ʤʘʛʥʠʪʦʤʝʪʨʦʤ ʠ ʩʦʣʥʝʯʥʳʤ ʜʘʪʯʠʢʦʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʩʦʩʪʘʚʣʷʝʪ 1Á, ʦʰʠʙʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ - 0.5ɕ; 

¶ ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʩʧʫʪʥʠʢʘ ( )0.011,0.011,0.02diag=J  ʢʛĿʤ
2
; 

¶ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʢʘʪʫʰʝʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʡ ï 0.8 

ɸĿʤ
2
, ʜʣʷ ʨʘʩʢʨʫʪʢʠ ï 0.1 ɸĿʤ

2
, ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ï 0.8 ɸĿʤ

2
, ʜʣʷ 

ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʡ ʚʦ ʚʨʝʤʷ ʨʘʩʢʨʫʪʢʠ ï 0.2 ɸĿʤ
2
; 

¶ ʪʨʝʙʫʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʩʠʩʪʝʤʝ OaY1Y2Y3 ï ( )1,1,0
T
; 

¶ ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʳ 

( )0.1,0.1,0.01
T

 ʩ
-1
; 

¶ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ï 60Á; 

¶ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʧʨʷʤʦʡ ʜʠʧʦʣʴ. 



58 
 

 

ʈʠʩ. 3.3.2. ɻʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 

ʈʠʩ. 3.3.3. ʈʘʩʢʨʫʪʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 
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ʈʠʩ. 3.3.4. ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʨʠ ʵʪʘʧʘ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 3.3.2, ʨʠʩ. 3.3.3 ʠ ʨʠʩ. 3.3.4) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ 

ʟʘ 1500ʩ, ʨʘʩʢʨʫʪʢʘ ʟʘ 1000ʩ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʟʘ 1000ʩ. 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʥʦ ʧʨʠ ʥʘʢʣʦʥʝʥʠʠ ʦʨʙʠʪʳ 10ę. 

 

ʈʠʩ. 3.3.5. ɻʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 
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ʈʠʩ. 3.3.6. ʈʘʩʢʨʫʪʢʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

 

ʈʠʩ. 3.3.7. ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʀʟ ʨʠʩ. 3.3.5, ʨʠʩ. 3.3.6 ʠ ʨʠʩ. 3.3.7) ʚʠʜʥʦ, ʯʪʦ ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʟʘ 5000ʩ, ʨʘʩʢʨʫʪʢʘ ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘ 1000ʩ, ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʜʝʣʘʥʥʳʤʠ 

ʨʘʥʝʝ ʚʳʚʦʜʘʤʠ ʦ ʪʦʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʨʘʩʢʨʫʪʢʠ ʤʘʣʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʥʘʢʣʦʥʝʥʠʶ ʦʨʙʠʪʳ (ʭʦʪʷ ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʥʘ ʦʨʙʠʪʘʭ ʩ ʚʳʩʦʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ), 

ʘʣʛʦʨʠʪʤ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝʝ 
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ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʘ ʦʨʙʠʪʘʭ ʩ ʚʳʩʦʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ, ʘ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʦʨʙʠʪʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ (3.1.1), (3.2.1) ʠ (3.3.1) ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ [58] ʠ 

[59]. 

3.4. ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʆʙʳʯʥʦ ʦʜʥʦʦʩʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɺʥʘʯʘʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʛʘʰʝʥʠʝ 

ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ), ʟʘʪʝʤ ʨʘʩʢʨʫʪʢʘ ʩʧʫʪʥʠʢʘ (ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ) ʠ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ï ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʘ ʩʭʝʤʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʪʨʝʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ [60]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʩʧʫʪʥʠʢ ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦ ʟʘʢʨʫʯʝʥʥʳʤ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʝʝ ʚ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʘʰʝʥʠʝʤ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, 

ʟʘʜʘʚʘʝʤʳʡ ʩʦʦʪʥʦʰʝʥʠʝʤ [22] 

( )5 3 3fk è ø= ³ê úm e B L e .         (3.4.1) 

ʂʘʢ ʠ ʧʨʠ ʛʘʰʝʥʠʠ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʢʘʪʫʰʢʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʥʝʠʟʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴ ʟʘʢʨʫʪʢʠ ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ (3.4.1) ʘʥʘʣʠʪʠʯʝʩʢʠ ʫʜʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ 

ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ( )0, 0,1
T

f Z =L . ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʧʘʜʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʦʩʴʶ ʢʦʥʫʩʘ ʚ 

ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʩʠʩʪʝʤʝ OL1L2L3 ʵʪʦʪ ʚʝʢʪʦʨ ʠʤʝʝʪ 

ʚʠʜ ( )31 32 33, ,
T

f L q q q=L . ɺʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ï  
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11 1 21 2 31 3

12 1 22 2 32 3

13 1 23 2 33 3

Z Z Z

L Z Z Z

Z Z Z

q B q B q B

q B q B q B

q B q B q B

+ +å õ
æ ö
= + +
æ ö
æ ö+ +ç ÷

B , 

ʦʩʴ ʩʠʤʤʝʪʨʠʠ ï 

( )3 31 32 33, ,L a a a=e . 

ɺʚʝʜʝʤ ʚʝʢʪʦʨ 
f= ³p B L  ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʠ. ʊʦʛʜʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

2 2

1 3 13 23 2 3 23 3 3 33 323 1 2 13 33 2 2 23 33 3 2 33

2 2 2

5 0 1 1 13 33 3 1 33 2 1 33 23 2 3 13 23 3 3 13 33 1 3 13

2

2 2 13 23 1 2 13 3 2 33 13 1 1 13 23 3 1 23 33

M

Z Z Z Z Z Z

L Z Z Z Z Z Z

Z Z Z Z Z

p B a a p B a p B a a p B a a p B a a p B a

k B p B a a p B a p B a a p B a a p B a a p B a

p B a a p B a p B a a p B a a p B a a

+ + - - -

= + + - - -

+ + - - 2

2 1 23Zp B a

å õ
æ ö
æ ö
æ ö-ç ÷

 (3.4.2) 

ɼʣʷ ʫʩʨʝʜʥʝʥʠʷ ʩʥʦʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʚʳʨʘʞʝʥʠʷ 

1 2, , , ,, ,
, cos , siniL L Lu uu

M M M
jy jyjy

y y . ɺʳʨʘʞʝʥʠʷ iLM  ʥʝ ʩʦʜʝʨʞʘʪ j. ɺ 

(3.4.2) ʪʦʣʴʢʦ ʚʳʨʘʞʝʥʠʷ ij kla a  ʩʦʜʝʨʞʘʪ y, ʪʦʛʜʘ ʢʘʢ ʚʳʨʘʞʝʥʠʷ i jB B  

ʩʦʜʝʨʞʘʪ u . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ij kla a  ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʨʝʜʥʝʥʳ ʧʦ y, ʘ 

ʚʳʨʘʞʝʥʠʷ i jB B  ï ʧʦ u . ʅʘʧʦʤʥʠʤ, ʯʪʦ 2

11 22 0.5sinB B p= = Q=, 

2

33 cosB q= Q=. ʇʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠ ̫

( )

2

2

sin cos ,

0.5sin 1 sin / ,

0,

sin cos cos / ,

dl
p

du

d
p l

du

d

du

d
p l

du

e q r

r
e q r

s

q
e q q r

=

= -

=

=

       (3.4.3) 

ʛʜʝ 
2

5 0

0 0

k B

L
e

w
= . ʋʨʘʚʥʝʥʠʷ (3.4.3) ʩʨʘʟʫ ʜʘʶʪ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ consts=  

(ʫʨʘʚʥʝʥʠʝ ʜʣʷ s ʜʘʣʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ). ʈʘʟʜʝʣʠʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (3.4.3) 

ʥʘ ʧʦʩʣʝʜʥʝʝ, ʧʦʣʫʯʠʤ, 

sin

cos

dl
d

l

q
q

q
= . 
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ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ( )1 , cosI l lq q= , ʚʳʨʘʞʘʶʱʠʡ ʧʦʩʪʦʷʥʩʪʚʦ 

ʩʢʦʨʦʩʪʠ ʟʘʢʨʫʪʢʠ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʣʛʦʨʠʪʤʘ (3.4.1) ʥʝ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʠ ʛʘʰʝʥʠʷ ʟʘʢʨʫʪʢʠ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʝʝ 

ʚʦʟʨʘʩʪʘʥʠʷ ʚʳʰʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʆ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʠ 

ʵʪʦʤ ʥʠʯʝʛʦ ʩʢʘʟʘʪʴ ʥʝʣʴʟʷ ʠ ʦʥʠ ʪʨʝʙʫʶʪ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʝʱʝ ʦʜʠʥ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ, ʨʘʟʜʝʣʠʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʚ (3.4.3) ʥʘ 

ʧʦʩʣʝʜʥʝʝ, 

2sin 0.5sin 1

cos sin cos

d

d

r r q

q r q q

-
= . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

( ) ( )2

2 , 0.25ln tg 1 ln tg ln sinI rq q q r= + - - . 

ɼʚʘ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣ ʜʘʶʪ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.4.3) ʚ ʢʚʘʜʨʘʪʫʨʘʭ. 

ʋʨʘʚʥʝʥʠʷ (3.4.3) ʠʤʝʶʪ ʜʚʘ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ( )0, 0 ʠʣʠ q r p= =  ʠ 

( )/ 2,  0 or  q p r p= = , ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʦʪʜʝʣʷʝʪʩʷ. ʋʩʪʦʡʯʠʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

( )/ 2,  0q p r= =, ʪʦ ʝʩʪʴ ʫʛʦʣ r ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ɺʝʣʠʯʠʥʘ ʤʦʜʫʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʘʩʪʝʪ. ɺʦʟʨʘʩʪʘʥʠʝ ʫʛʣʘ q ʛʦʚʦʨʠʪ ʦ ʨʦʩʪʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʦʣʷʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʚʝʜʝʥʠʝ ʫʛʣʘ r ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ. ʆʙʨʘʪʠʤʩʷ ʚ ʚʠʜʫ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

(3.4.1). ɼʝʡʩʪʚʠʝ ʄʉʆ, ʨʝʘʣʠʟʫʶʱʝʡ ʪʘʢʦʡ ʤʦʤʝʥʪ, ʧʨʠʚʦʜʠʪ ʩʧʫʪʥʠʢ ʚ ʦʜʥʦ 

ʠʟ ʜʚʫʭ ʧʦʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʳʨʘʞʝʥʠʤ [ ]3 0³ =e B , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦ ʚʝʢʪʦʨʫ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʣʠ 

3 0f
è ø³ =ê úe B L , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʠʶ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʧʣʦʩʢʦʩʪʴ 

( ), fB L . ʇʦʣʦʞʝʥʠʝ [ ]3 0³ =e B  ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ( , fB L ). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

ʚʝʢʪʦʨ fL  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʢʦʥʫʩʘ ʚ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ (3.4.1), ʘ ʪʘʢʞʝ ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʘʧʧʘʨʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʘʰʝʥʠʝʤ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʜʙʠʨʘʷ ʪʦʢʠ ʚ ʢʘʪʫʰʢʘʭ ʪʘʢ, ʯʪʦʙʳ ʛʘʰʝʥʠʝ 

ʥʫʪʘʮʠʡ ʧʨʝʚʘʣʠʨʦʚʘʣʦ ʥʘʜ çʨʘʟʙʘʣʪʳʚʘʥʠʝʤè, ʚʳʟʳʚʘʝʤʳʤ ʘʣʛʦʨʠʪʤʦʤ (3.4.1)

, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʭʦʜʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʛʜʘ ʥʫʪʘʮʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʤʘʣʳ, ʘ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʙʣʠʟʢʘ ʢ ʪʨʝʙʫʝʤʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʌʘʢʪʠʯʝʩʢʠ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʫʤʝʥʴʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ, 

ʘʣʛʦʨʠʪʤ ʛʨʫʙʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʜʦʣʞʝʥ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʤʝʥʴʰʠʤʠ ʪʦʢʘʤʠ ʚ 

ʢʘʪʫʰʢʘʭ, ʪʘʢ ʢʘʢ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʚʠʞʝʥʠʷ ï ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʛʘʰʝʥʠʷ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʦʚʧʘʜʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ. ʇʦʵʪʦʤʫ ʩʦʚʧʘʜʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩ 

ʦʩʴʶ ʢʦʥʫʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0r= , ʦʟʥʘʯʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʘʧʧʘʨʘʪʘ ʩ ʪʨʝʙʫʝʤʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʫʛʣʘ r ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʝʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

ʅʘ ʨʠʩ. 3.4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ 

ʠ ʫʛʣʘ 0q.  

 

ʈʠʩ. 3.4.1. ʋʛʦʣ r ʯʝʨʝʟ 10 ʚʠʪʢʦʚ, 0 20r=  

ʀʟ ʨʠʩ. 3.4.1 ʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʥʘʢʣʦʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʘʣʛʦʨʠʪʤʘ. ʅʘ ʦʢʦʣʦʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ ʘʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʙʦʪʘʝʪ. 
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ʈʠʩ. 3.4.1 ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʫʛʦʣ 0q  (ʩʧʫʪʥʠʢ ñʙʣʠʞʝò ʢ 

ʩʦʩʪʦʷʥʠʶ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ), ʪʝʤ ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʘʣʛʦʨʠʪʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʝʩʣʠ ʩʧʫʪʥʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʟʘʢʨʫʪʢʠ, ʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʫʪʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʘʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ çʧʨʠʙʣʠʟʠʪʴè ʘʧʧʘʨʘʪ ʢ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʩʣʫʯʘʝ ʥʝ 

ʦʢʦʣʦʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʳ. ʅʘ ʨʠʩ. 3.4.2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

r ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʢʣʦʥʝʥʠʡ ʦʨʙʠʪʳ. 

 

ʈʠʩ. 3.4.2. ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ r ʧʨʠ ʨʘʟʥʳʭ ʥʘʢʣʦʥʝʥʠʷʭ 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 

ʩʜʝʣʘʥʥʳʭ ʚʳʚʦʜʦʚ.  

ʅʘ ʨʠʩ. 3.4.3 ʠ 3.4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ (3.4.1) ʠ (3.1.1). 
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ʈʠʩ. 3.4.3. ʕʚʦʣʶʮʠʷ ʫʛʣʘ ʤʝʞʜʫ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʠ ʪʨʝʙʫʝʤʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʈʠʩ. 3.4.4. ɻʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʠʩ. 3.4.3 ʠ ʨʠʩ. 3.4.4 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ IGRF 

(ʨʘʟʣʦʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷ ʚ ʨʷʜ ɻʘʫʩʩʘ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 2010 

ʛʦʜʘ ʥʘ ʧʝʨʠʦʜ 2010-2015), ʥʘʯʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 12ę, ʥʘʯʘʣʴʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 1 2 3 10 /ʩw w w= = = ,̄ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠ ̫ 6 2 2

2 5 10 /k kg m T s= Ö Ö Ö, 6 2 2 2

5 10 /k kg m T s= Ö Ö. 

 



67 
 

3.5. ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʈʘʟʜʝʣ 3.3 ʩʦʜʝʨʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʄʉʆ, ʨʝʘʣʠʟʫʶʱʝʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

( )( )( )4 30, 0, fk= - ³m L L e B .       (3.5.1) 

ɺ ʨʘʟʜʝʣʝ 3.3 ʩʧʫʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʤʩʷ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ɽʩʣʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ ʠ ʝʛʦ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ, (3.3.1) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ: 

( )( )( )4 3 30, 0, fkº - ³m L e e B . 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ( )3 3 0³ =e e B , ʧʦʣʫʯʘʝʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (3.4.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʧʫʪʥʠʢʘ ʦʙʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʠʜʝʥʪʠʯʥʳʡ ʘʣʛʦʨʠʪʤʫ 

ʪʦʯʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʚʝʨʥʳ ʜʣʷ 

ʣʶʙʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ (3.5.1) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʘʧʧʘʨʘʪʘ [61]. ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʪʨʝʪʴʝʡ ʢʘʪʫʰʢʠ ʟʘʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

( )( )( )3 4 0 1 23 3 33 2 3 13 2 23 11m k B L a B a B L a B a Bè ø= - + - -ê ú, 

ʛʜʝ iL  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚ ʩʠʩʪʝʤʝ 

OL1L2L3. ʇʨʠ ʵʪʦʤ ʩʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ( )0, 0,1
T

f Z =L . 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʘʧʧʘʨʘʪ, ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

( )( )( )

( )( )( )

2 2 2 2 2 2

1 23 3 23 33 2 3 33 2 3 23 13 2 3 23 1 3 23 33 2 1 33 13 2

2 2 2 2 2

4 0 1 23 33 1 3 33 1 2 13 33 2 3 23 13 3 3 33 13 2 1 13 2 3 13 23 31 33 23 1

2

1 23 13 2 3 23 1 3 23 33 2 1

2 1

1

L a B a a B B a B L a a B B a B B a a B B a a B

k B L a a B B a B B a a B B a a B L a a B B a B B a a B B a a B

L a a B B a B B a a B B

- + + - - + -

= - + - + - - + -

- +

M

( )( )( )2 2 2 2 2

33 13 2 3 13 2 23 13 2 1 23 11 2a a B L a B a a B B a B

å õ
æ ö
æ ö
æ ö
æ ö- + - - +
ç ÷

 

ʄʦʤʝʥʪ ʩʥʦʚʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ j. ʋʩʨʝʜʥʷʷ ij kla a  ʧʦ y, ʘ i jB B  ï ʧʦ u , 

ʧʦʣʫʯʘʝʤ ʫʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 
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( )( )2 21
sin 2 cos 1 3 1 sin ,

2

dl
p p

du
e q r rè ø= - + -ê ú 

( )21
sin / sin sin 3 1 sin cos / ,

2

0,

d
p l p p l

du

d

du

r
e r e q r r r

s

=- + + -è øê ú

=

  (3.5.2) 

( )( ) 21
sin cos 2 cos 1 3 1 sin / ,

2

d
p p l

du

q
e q q r rè ø= - + -ê ú  

ʛʜʝ 
2

4 0

0

k B
e

w
= . ʋʨʘʚʥʝʥʠʷ ʩʥʦʚʘ ʠʤʝʶʪ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ( )1 , cosI l lq q= . ɼʨʫʛʠʭ 

ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ ʥʘʡʪʠ ʥʝ ʫʜʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʨʘʚʥʝʥʠʷ (3.5.2) ʫʜʦʙʥʝʝ 

ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ 

ʠʤʝʶʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ r ʙʫʜʝʤ ʩʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʤʝʨʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ. ʈʠʩ. 3.5.1 ʧʦʢʘʟʳʚʘʝʪ ʧʘʜʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʵʪʦʛʦ ʫʛʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʢʣʦʥʝʥʠʡ ʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʘ q.  

 

ʈʠʩ. 3.5.1. ʋʛʦʣ r ʯʝʨʝʟ 10 ʚʠʪʢʦʚ, 0 20r=  

ɺʨʝʤʷ ʨʘʩʯʝʪʘ ʠ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ r ʪʝ ʞʝ, ʯʪʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʠ 

ʘʥʘʣʠʟʝ ʧʝʨʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʨʫʙʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʠʭ 
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ʨʘʙʦʪʫ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.5.1, ʧʨʠ 
0 45q>  ʥʠʟʢʦʝ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ɺʩʝ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʢʣʦʥʝʥʠʷʭ, ʪʘʢ ʯʪʦ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʥʘʢʣʦʥʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʩʠʪʫʘʮʠʷ 
0 45q< , ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʳʰʝ, ʯʝʤ ʫ ʧʝʨʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʨʫʙʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʩʧʫʪʥʠʢ 

ʠʟʥʘʯʘʣʴʥʦ ñʜʘʣʝʢò ʦʪ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ (
0 45q> ), 

ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ (3.4.1). ʇʦ ʤʝʨʝ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʣʝʜʫʝʪ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤ (3.5.1). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʨʫʙʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʘʣʛʦʨʠʪʤ (3.5.1) 

ʧʨʠʚʦʜʠʪ ʢ ʛʘʰʝʥʠʶ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.5.2. 

 

ʈʠʩ. 3.5.2. ʋʛʦʣ q ʯʝʨʝʟ 10 ʚʠʪʢʦʚ, 0 40q=  

ʅʘ ʨʠʩ. 3.5.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʯʠʥʘ ʫʛʣʘ q ʯʝʨʝʟ 10 ʚʠʪʢʦʚ. ɺʠʜʥʦ, ʯʪʦ 

ʜʣʷ ʚʳʩʦʢʠʭ ʥʘʢʣʦʥʝʥʠʡ ʵʬʬʝʢʪ ʛʘʰʝʥʠʷ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. ɻʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʣʛʦʨʠʪʤʦʤ (3.5.1) 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʘ ʦʢʦʣʦʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʦʨʙʠʪʘʭ ʧʨʠ 

ʙʦʣʴʰʦʤ ʫʛʣʝ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʪʨʝʙʫʝʤʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦʪ ʚʳʜʝʣʝʥʥʳʡ ʩʣʫʯʘʡ ʦʙʳʯʥʦ 
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ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ, ʪʘʢ ʢʘʢ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʩʦʚʧʘʜʝʥʠʶ ʩ ʪʨʝʙʫʝʤʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʜʣʷ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʳ, ʪʘʢ ʠ ʜʣʷ 

ʦʨʙʠʪʳ ʩ ʫʤʝʨʝʥʥʳʤ ʠ ʚʳʩʦʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ (ʊʘʙʣʠʮʘ 3.5.1). 

ʅʠʟʢʦʝ ʥʘʢʣʦʥʝʥʠʝ ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ + 

ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ Ÿ ʨʘʩʢʨʫʪʢʘ Ÿ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ 

ʋʤʝʨʝʥʥʦʝ, 

ʚʳʩʦʢʦʝ ʥʘʢʣʦʥʝʥʠʝ 

ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ + 

ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ Ÿ ʛʘʰʝʥʠʝ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ Ÿ ʨʘʩʢʨʫʪʢʘ Ÿ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ 

ʊʘʙʣʠʮʘ 3.5.1. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʩʭʝʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ ʙʝʟ ʥʘʯʘʣʴʥʦʛʦ ʛʘʰʝʥʠʷ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʟʘʢʨʫʪʢʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ [62]. 

3.6. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʇʨʦʚʝʜʝʤ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʨʘʚʥʠʪʴ ʨʘʙʦʪʫ 

ʩʪʘʥʜʘʨʪʥʦʡ (ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʨʘʩʢʨʫʪʢʘ ï ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ) ʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ (ʛʘʰʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ï ʨʘʩʢʨʫʪʢʘ ï ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ) ʩʭʝʤʳ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʜʦʩʪʠʞʠʤʫʶ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ. 

- ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ 

- ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ 

1.49 0.054 0.0442

0.054 1.51 0

0.0442 0 1.56

å õ
æ ö
=æ ö
æ ö
ç ÷

J  ʢʛĀʤ
2
, 
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ʆʪʥʦʩʷʱʠʡʩʷ ʢ ʘʧʧʘʨʘʪʫ UniSat-5, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʚ GAUSS Srl. ʏʪʦʙʳ 

ʧʦʜʯʝʨʢʥʫʪʴ ʤʘʣʳʡ ʚʢʣʘʜ ʥʝʜʠʘʛʦʥʘʣʴʥʦʩʪʠ, ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ 

ʚ ʚʠʜʝ 

1.5 0 0 1 5.4 4.42

0 1.5 0 5.4 1 0

0 0 1.56 4.42 0 0

m

-å õ å õ
æ ö æ ö
= +
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

J  ʢʛĀʤ
2
 

ʛʜʝ 0.01m= . ʄʘʩʩʘ ʘʧʧʘʨʘʪʘ ï ʦʢʦʣʦ 30 ʢʛ.  

- ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. 

ʆʨʙʠʪʘ ʩʧʫʪʥʠʢʘ ï ʵʣʣʠʧʪʠʯʝʩʢʘʷ (ʧʝʨʠʮʝʥʪʨ ʦʢʦʣʦ 300 ʢʤ, ʘʧʦʮʝʥʪʨ ï 450 ʢʤ), 

ʥʘʢʣʦʥʝʥʠʝ ï 50ę, ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï IGRF. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ 

ʚʦʟʤʫʱʝʥʠʷ ʩʦʟʜʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ 

ʫʧʨʘʚʣʷʶʱʠʡ (ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫʰʝʢ ï 1 ɸĀʤ
2
). ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ: 

- ʦh ʠʙʢʘ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ19.6ę; 

- ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 1 2 3 6 /ʩw w w= = = ,̄ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʟʘʢʨʫʪʢʠ 

3 10 /ʩw= ¯ ; 

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ 6 2

2 5 0 /k ʢʛ ʤ ʊʣ ʩ= Ö Ö Ö, 5 2 2

4 5 10 /k k ʢʛ ʤ ʊʣ ʩ= = Ö Ö, 

6 2 2

3 5 10 /k ʢʛ ʤ ʊʣ ʩ= Ö Ö Ö. 

ʅʘ ʨʠʩ. 3.5.3 ʠ ʨʠʩ. 3.5.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʩʭʝʤ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩ. 3.5.3. ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʈʠʩ. 3.5.4. ʉʭʝʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʀʟ ʨʠʩ. 3.5.3 ʠ ʨʠʩ. 3.5.4 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʩ ʥʝʢʦʪʦʨʦʡ ʪʦʯʥʦʩʪʴʶ, ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʛʘʰʝʥʠʷ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʨʘʩʢʨʫʪʢʠ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʥʘʯʘʣʴʥʘʷ ʦʰʠʙʢʘ 
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ʦʨʠʝʥʪʘʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʧʦʢʦʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 106ę, ʪʦʛʜʘ ʢʘʢ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʵʪʘ ʦʰʠʙʢʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 85ę. ʌʘʢʪʠʯʝʩʢʠ, ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʘʨʠʨʦʚʘʪʴ 

ʤʝʥʴʰʝʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ ʫʛʣʫ ʦʨʠʝʥʪʘʮʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʚʳʠʛʨʳʰ 

ʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ ʚʩʝʡ ʩʭʝʤʳ. ɼʦʩʪʠʞʠʤʘʷ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ  ï ʥʝʩʢʦʣʴʢʦ 

ʛʨʘʜʫʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʷʪʠ ʘʣʛʦʨʠʪʤʦʚ 

ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʛʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ, ʦʪ 

ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʦʜʥʝʝ ʠʤʝʪʴ ʦʨʙʠʪʫ ʩ 

ʥʠʟʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ. ʆʜʥʘʢʦ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʦʨʙʠʪʳ ʩ 

ʚʳʩʦʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʥʝʪ ʦʧʘʩʥʦʩʪʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʥʠʟʢʦʛʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʘ ʜʣʷ ʯʘʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʚʝʜʦʤʦ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʦʨʙʠʪ ʩ ʥʠʟʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ. ʇʦʢʘʟʘʥ ʚʳʠʛʨʳʰ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ (3.4.1) ʠ (3.5.1) ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ [62] ʠ [63].
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ɻʣʘʚʘ 4. ʊʨʝʭʦʩʥʘʷ ʤʘʛʥʠʪʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʧʫʪʥʠʢʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɺ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʭʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʩʧʫʪʥʠʢʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʘʧʧʘʨʘʪʘʭ çTabletSatè. 

4.1. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʨʠʝʥʪʘʮʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴʥʫʶ ʟʘʜʘʯʫ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʇʦʚʦʨʦʪ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʛʣʦʤ j, 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʘʢʦʛʦ ʪʝʣʘ 

Mj= .  

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ 0j= . ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦ, 

ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʫʶ ʮʝʧʴ ʨʘʩʩʫʞʜʝʥʠʡ. ʀʩʧʦʣʴʟʫʝʤ ʥʝʚʷʟʢʫ 

( )( )22 21
1 cos sin

2
j j jD= + - + , 

ʦʧʠʩʳʚʘʶʱʫʶ ʦʪʢʣʦʥʝʥʠʝ ʪʝʣʘ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ. 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʫʧʨʘʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʪʨʝʤʣʝʥʠʝ ʵʪʦʡ ʥʝʚʷʟʢʠ ʢ ʥʫʣʶ, 

ʯʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ. ɺʳʜʝʣʠʤ ʚ ʥʝʡ ʧʦʟʠʮʠʦʥʥʫʶ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʯʘʩʪʠ 2D  ʠ 1D ʠ ʥʘʡʜʝʤ ʠʭ ʚʘʨʠʘʮʠʠ: 

1 td jjdD = , 2 sin td jjdD = . 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʯʘʩʪʴ ʥʝʚʷʟʢʠ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʝʝ 

ʚʘʨʠʘʮʠʷ ʩʦʜʝʨʞʠʪ j. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʝ ʚʝʣʠʯʠʥʦʡ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ. ɼʣʷ ʚʪʦʨʦʡ ʥʝʚʷʟʢʠ ʵʪʦ ʥʝʚʝʨʥʦ. ʇʦʵʪʦʤʫ ʚʳʧʠʰʝʤ ʨʘʟʣʦʞʝʥʠʝ 

ʥʝʚʷʟʢʠ ʚ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ ʧʨʠʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ, 

( ) ()
() ()2

2

2
...

d t d t
t t t t t

dt dt
d d d

D D
D + =D + + + 
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ɿʘʤʝʪʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ 1D ʧʝʨʚʘʷ ʚʘʨʠʘʮʠʷ ʥʝʚʷʟʢʠ 

2D ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʧʠʩʘʪʴ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ 

( ) ()
()2

2

1 2
...

d t
t t t t

dt
d d d

D
D + -D = D + + 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʯʝʪʘ ʚʪʦʨʦʡ ʯʘʩʪʠ ʥʝʚʷʟʢʠ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʚʪʦʨʫʶ 

ʚʘʨʠʘʮʠʶ, 

( )2 2 2

2

1
cos sin

2
td jj jj dD = + . 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʡ ʚʪʦʨʦʡ ʥʝʚʷʟʢʠ ʩʥʦʚʘ ʤʘʣʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʥʝʚʷʟʢʠ 2D  ʥʘʯʠʥʘʷ ʩ ʢʘʢʦʛʦ-ʪʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ j ʫʞʝ ʤʘʣʦ, ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʚ ʦʩʥʦʚʥʦʤ ʚʳʨʘʞʝʥʠʝ sinjj, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ: 

( ) () 21
sin ...

2
t t t t td jjd jjdD + -D = + + 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ D ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʦʣʞʝʥ 

ʧʦʜʙʠʨʘʪʴʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʫʩʣʦʚʠʡ 

0, sin 0.M Mj j< <          (4.1.1) 

ʄʦʤʝʥʪ ʚʳʙʝʨʝʤ ʢʘʢ ʩʫʤʤʫ ʤʦʤʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʘʞʜʳʡ ʦʜʥʦʤʫ 

ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ, 

sinaM k kwj j=- - , 

ʛʜʝ ak  ʠ kw ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

sin 0ak kwj j j+ + =         (4.1.2) 

ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʝʨʝʥʝʩʝʤ ʪʝʧʝʨʴ ʵʪʠ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʩʣʫʯʘʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ. ɼʣʷ ʢʦʤʧʦʥʝʥʪ ʥʝʚʷʟʢʠ ʠʤʝʝʤ 

( )2 2 2

1 1 2 3

1

2
w w wD = + +, 

( ) ( ) ( )
22 22 2 2 2 2 2

2 11 12 13 21 22 23 31 32 33

1
1 1 1

2
d d d d d d d d dè øD = - + + + + - + + + + -
ê ú

. 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 
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2 11 22 333 d d dD = - - -. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʝ 

,

,

ʫʧʨ ʛʠʨ= - =

=

Jɤ M M M

D DW
         (4.1.3) 

ʛʜʝ 

3 2

3 1

2 1

0

0

0

w w

w w

w w

-å õ
æ ö
= -æ ö
æ ö-ç ÷

W . 

ʊʦʛʜʘ 1

1 i i t td wwd d-D = =ä ɤJ M . 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʥʝʚʷʟʢʠ ʩʥʦʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʡ. ɼʣʷ ʚʪʦʨʦʡ - 

ʧʦʟʠʮʠʦʥʥʦʡ - ʯʘʩʪʠ ʥʝʚʷʟʢʠ, ʠʤʝʝʤ 

( ) ( ) ( )2 1 23 32 2 31 13 3 12 21iid t d d d d d d td d w w w dè øD =- = - + - + -ê úä . 

ɺʚʦʜʷ ʚʝʢʪʦʨ ( )23 32 31 13 12 21, ,
T

d d d d d d= - - -S , ʧʝʨʝʧʠʰʝʤ ʧʦʩʣʝʜʥʝʝ 

ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ 2 td dD =ɤS . 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʥʝʚʷʟʢʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ ʥʘʧʨʷʤʫʶ, ʦʜʥʘʢʦ 

ʤʳ ʤʦʞʝʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʩʫʞʜʝʥʠʷʤʠ, ʧʨʠʤʝʥʝʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʴʥʦʡ 

ʟʘʜʘʯʠ ʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ 1D ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʘʜʘʝʪ, ʘ 

ʧʦʪʦʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʪʦʨʫʶ ʚʘʨʠʘʮʠʶ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʝʚʷʟʢʠ, 

( )2 1 2

2 td d-D = +SJ M Sɤ . 

ʉʥʦʚʘ ʦʪʙʨʘʩʳʚʘʝʤ ʩʣʘʛʘʝʤʦʝ, ʩʦʜʝʨʞʘʱʝʝ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ D ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʷ 

1 10, 0,- -< <ɤJ M SJ M         (4.1.4) 

ʘʥʘʣʦʛʠʯʥʳʝ (4.1.1). ʆʧʷʪʴ ʦʙʨʘʱʘʝʤʩʷ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʤʦʤʝʥʪʝ M  ʦʪʙʨʘʩʳʚʘʝʤ ʛʠʨʦʩʢʦʧʠʯʝʩʢʫʶ 

ʢʦʤʧʦʥʝʥʪʫ, ʦʧʫʩʢʘʝʤ ʪʘʢʞʝ çʚʝʩʦʚʫʶè ʤʘʪʨʠʮʫ 1-J . ʅʘʢʦʥʝʮ, ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʫʧʨ= ³M m B  ʠ ʜʝʣʘʷ ʮʠʢʣʠʯʝʩʢʫʶ ʧʝʨʝʩʪʘʥʦʚʢʫ ʚ (4.1.4), 

ʧʦʣʫʯʘʝʤ 

( ) ( )0, 0,³ < ³ <m B ɤ m B S  
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ʯʪʦ ʧʨʠʚʦʜʠʪ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢ ʜʠʧʦʣʴʥʦʤʫ ʫʧʨʘʚʣʷʶʱʝʤʫ 

ʤʦʤʝʥʪʫ 

ak kw=- ³ - ³m B ɤ B S.         (4.1.5) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.1.5) ʠʤʝʝʪ ʘʥʘʣʦʛʠʠ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʶ - ʢʘʥʜʠʜʘʪ ʚ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ 

( )
3

1

1
1

2
a ii

i

V k d
=

= Ö + -äɤ Jɤ . 

ʆʯʝʚʠʜʥʦ, ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0=ɤ , (1,1,1)diag=D , ʪʦ 

ʝʩʪʴ ʩʦʚʧʘʜʝʥʠʝ ʦʩʝʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤ. ʅʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ 

ʵʪʦʡ ʬʫʥʢʮʠʠ  

( )
3

1

1

2
a ii

i

dV
k a

dt =

= Ö + Ö -äɤ Jɤ ɤ Jɤ . 

ʅʝʩʣʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ V  ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (4.1.3) 

ʠʤʝʝʪ ʚʠʜ 

( )ʫʧʨ ʛʠʨ a

dV
k

dt
= + +ɤ M M S.        (4.1.6) 

ʇʦʪʨʝʙʫʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʚʝʟʜʝ ʢʨʦʤʝ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ, 
dV

k
dt

w=- Öɤ ɤ. ʆʪʩʶʜʘ ʠʤʝʝʤ 

ʫʧʨ ak kw+ =-M S ɤ, 

ʪʘʢ ʢʘʢ 0ʛʠʨ=ɤM . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʤʦʤʝʥʪʘ 

ʫʧʨ ak kw=- -M ɤ S.         (4.1.7) 

ɺʳʨʘʞʝʥʠʝ (4.1.7) ʠʤʝʝʪ ʪʫ ʞʝ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʠ (4.1.5), ʦʜʥʘʢʦ ʟʘʜʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʡ, ʘ ʥʝ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ (4.1.7) ï ʨʝʘʣʠʟʘʮʠʷ ʪʦʣʴʢʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʣʦʢʘʣʴʥʦʤʫ ʚʝʢʪʦʨʫ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʢʦʤʧʦʥʝʥʪʳ. ʊʦ ʝʩʪʴ, ʚʤʝʩʪʦ 




























































































