
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

ɼʦʨʦʰʠʥ ɸʥʪʦʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

 

 

 

 

 

ʈɽɻʋʃʗʈʅɸʗ ʀ ʍɸʆʊʀʏɽʉʂɸʗ ɼʀʅɸʄʀʂɸ  

ʉʇʋʊʅʀʂʆɺ-ɻʀʈʆʉʊɸʊʆɺ ʇʈʀ ɼɽʁʉʊɺʀʀ  

ʄɸʃʓʍ ɺʆɿʄʋʑɽʅʀʁ 

 

 

01.02.01 ï ʪʝʦʨʝʪʠʯʝʩʢʘ̫ ʤʝʭʘʥʠʢʘ 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

 

ʉʘʤʘʨʘ, 2019 ʛ. 
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 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʚʪʦʥʦʤʥʦʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘè 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ:   ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɸʩʣʘʥʦʚ ɺʣʘʜʠʤʠʨ ʉʪʝʧʘʥʦʚʠʯ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

 

- ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʴʝʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʌʀʎ 

ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʈɸʅ; 

 

- ʄʦʨʦʟʦʚ ɺʠʢʪʦʨ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʤʝʭʘʥʠʢʠ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; 

 

- ʆʚʯʠʥʥʠʢʦʚ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ. 

 

ɺʝʜʫʱʝʝ ʧʨʝʜʧʨʠʷʪʠʝ: ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ 

ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è. 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ñ 17 ò ʦʢʪʷʙʨʷ 2019 ʛ. ʚ 15 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 002.240.01 ʧʨʠ ʀʇʄʝʭ ʈɸʅ ʧʦ ʘʜʨʝʩʫ: 119526 

ʄʦʩʢʚʘ, ʧʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, ʜʦʤ 101, ʢʦʨʧ. 1.  

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʀʇʄʝʭ 

ʈɸʅ http://ipmnet.ru.  

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ñ        ò                           2019 ʛ.  

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ  

ɼ 002.240.01, ʢ.ʬ.-ʤ.ʥ._______________________________ ɽ.ʗ. ʉʳʩʦʝʚʘ 

http://ipmnet.ru/
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʫʣʷʨʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʝʙʫʝʤʳʝ ʵʚʦʣʶʮʠʠ ʠ ʤʘʥʝʚʨʳ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʩʢʚʦʟʥʦʡ ʩʭʝʤʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʠʩʢ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʉʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʚʷʟʠ 

ʩ ʧʨʦʩʪʦʪʦʡ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫʝɦʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʧʘʩʩʠʚʥʫʶ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ. ʉʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ 

ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʜʘʯʘʤʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʤʤʫʥʠʢʘʮʠʠ, ʩʚʷʟʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʤʠʩʩʠʡ ʧʦ ʠʟʫʯʝʥʠʶ 

ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ. ɺ ʨʷʜʝ ʙʫʜʫʱʠʭ ʧʨʦʝʢʪʘʭ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʚʝʜʝʥʠʝʤ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʦʩʥʦʛʦ ʨʦʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʭʘʦʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʨʝʛʫʣʷʨʥʦʡ 

ʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʚʢʣʶʯʘʷ 

ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʠʥʪʝʟʦʤ ʪʨʝʙʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʦʚʳʭ ʩʭʝʤ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʪʦʤ 

ʯʠʩʣʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʝhʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʰʝʩʪʠ ʚʠʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʬʝʥʦʤʝʥʘ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ 

ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʭʘʦʩʘ. 

ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʤʝʭʘʥʠʢʠ, ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ 

ʪʝʣ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʝʭʘʥʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʨʘʟʚʠʪʳʝ ʚ 

ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʖ.ɸ., ɸʩʣʘʥʦʚʘ ɺ.ʉ., ɹʝʣʝʮʢʦʛʦ ɺ.ɺ., 

ɹʫʨʦʚʘ ɸ.ɸ., ɻʘʥʪʤʘʭʝʨʘ ʌ.ʈ., ɾʫʢʦʚʩʢʦʛʦ ʅ.ɽ., ɾʫʨʘʚʣʸʚʘ ɺ.ʌ., ʀʰʣʠʥʩʢʦʛʦ ɸ. ʖ., 

ʂʣʠʤʦʚʘ ɼ.ʄ., ʂʦʟʣʦʚʘ ɺ.ɺ., ʂʦʩʤʦʜʝʤʴʷʥʩʢʦʛʦ ɸ.ɸ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʄʘʨʢʝʝʚʘ ɸ.ʇ., 

ʄʦʠʩʝʝʚʘ ʅ.ʅ., ʄʦʨʦʟʦʚʘ ɺ.ʄ., ʅʝʡʰʪʘʜʪʘ ɸ.ʀ., ʆʚʯʠʥʥʠʢʦʚʘ ʄ.ʖ., ʆʭʦʮʠʤʩʢʦʛʦ ɼ.ɽ., 

ʈʫʤʷʥʮʝʚʘ ɺ.ɺ., ʉʘʜʦʚʘ ʖ.ɸ., ʉʘʟʦʥʦʚʘ ɺ. ɺ., ʉʘʨʳʯʝʚʘ ɺ.ɸ., ʉʠʜʦʨʝʥʢʦ ɺ.ɺ.,  

ʉʪʝʢʣʦʚʘ ɺ.ɸ., ʊʠʭʦʥʦʚʘ ɸ.ɸ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., ʘ ʪʘʢʞʝ Andoyer H., Arichandran K., 

Bainum P.M., Cochran J.E., Deprit A., Elipe A., Hall C.D., Hughes P.C., I¶arrea M., Kuang J., 
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Lanchares V., Leung A.Y.T, Mingori D.L., Tan S., Serret J.A., Volterra V., Wittenburg J. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜʳ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜ 

ʄʝʣʴʥʠʢʦʚʘ ɺ.ʂ. ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ Wiggins S., Holmes P.J., Marsden J.E., ʦʪʦʙʨʘʞʝʥʠʷ H. 

Poincar®, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʟʚʠʪʳʝ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ, 

ʢʘʢ ʂʦʣʤʦʛʦʨʦʚ ɸ.ʅ., ɸʨʥʦʣʴʜ ɺ.ʀ., Moser J., ɸʥʜʨʦʥʦʚ ɸ.ɸ., ɺʠʪʪ ɸ.ɸ., ʍʘʡʢʠʥ ʉ.ɼ., 

ʂʫʟʥʝʮʦʚ C.ʇ., ɸʥʠʱʝʥʢʦ ɺ.ʉ., ɸʩʪʘʭʦʚ ɺ.ɺ.,  ʃʝʦʥʦʚ ɻ.ɸ., ʃʦʩʢʫʪʦʚ ɸ.ʖ, Guckenheimer J., 

Holmes P.J., Boccaletti S., Grebogi ʉ., Lichtenberg A.J., Lieberman M.A., Tabor M. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ 

ʨʝʰʝʥʠʷ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ 

ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʝʝ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ ʩ ʥʦʚʳʤʠ ʩʭʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ, 

ʧʘʨʠʨʫʶʱʠʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʣʠʙʦ, ʥʘʦʙʦʨʦʪ, ʠʥʠʮʠʠʨʫʶʱʠʤʠ 

ʭʘʦʪʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ ʚ ʧʦʟʠʪʠʚʥʳʭ ʮʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ 

ʥʘ ʩʧʦʩʦʙʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʠʥʠʮʠʘʮʠʠ 

ʭʘʦʩʘ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʨʘʩʢʨʫʪʦʢ ʠ ʪʦʨʤʦʞʝʥʠʡ ʩʦʦʩʥʳʭ 

ʨʦʪʦʨʦʚ.  

ʅʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʈɸʅ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʷʭ ʢʚʘʨʪʠʣʝʡ Q1 ʠ 

Q2 ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʜʠʥʘʤʠʢʝ 

ʛʠʨʦʩʪʘʪʦʚ. ʂ ʥʦʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʥʦʨʤʘʣʴʥʳʭ ʪʠʧʦʚ ʛʠʨʦʩʪʘʪʦʚ ʚ ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʩʭʝʤ rʠ ʤʝʪʦʜ r

ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʣʘʜʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ 

ʥʦʚʠʟʥʦʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʆʙʱʠʝ ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠ ̫ʜʣʷ ʜʠʥʘʤʠʢʠ ʦʜʥʦʦʩʥʳʭ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙʦʙʱʘʶʪ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʛʠʨʦʩʪʘʪʘ, ʘ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʙʦʙʱʝʥʠʝʤ ʨʝʰʝʥʠʡ ʜʠʥʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʤʦʤʝʥʪʦʚ: 

1.1. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʣʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ 

[17]; 

1.2. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 

ʩ ʤʘʣʳʤ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʨʝʮʝʩʩʠʡ [17]; 

1.3. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʪʠʧʘ çʜʝʡʩʪʚʠʝ-ʫʛʦʣè ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʫʛʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʜʥʦʦʩʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʤʘʣʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-

ʨʝʞʠʤʝ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡ [14]; 

1.4. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʤʦʤʝʥʪʦʤ ʩʠʣ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʩʣʫʯʘʶ ʃʘʛʨʘʥʞʘ [3]; 

1.5. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ (ʚ ɤ-ʨʝʞʠʤʝ) ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ [16]; 
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1.6. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʘʙʦʤ 

ʮʝʥʪʨʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ [19]. 

2. ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʜʠʥʘʤʠʢʝ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʠ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [10, 12, 13, 14, 15, 18, 19, 20]. ʀʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʟʘʮʠʠ ʠ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ, 

ʙʣʠʟʢʦʤ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʛʣʘʚʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʝʧʘʨʘʪʨʠʩʩ ʠ 

ʨʦʞʜʝʥʠʷ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʭʘʦʩʘ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-

ɺʠʛʛʠʥʩʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ [15]: 

2.1. ɼʠʩʩʠʧʘʪʠʚʥʘʷ ʩʭʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ. 

2.2. ʀʤʧʫʣʴʩʥʘʷ ʩʭʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

2.3. ʄʘʛʥʠʪʥʘʷ ʩʭʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. 

3. ʅʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʠʩʧʦʣʴʟʫʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʭʘʦʩʘ: 

3.1. ʄʝʪʦʜ ʭʘʦʪʠʯʝʩʢʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [18]; 

3.2. ʄʝʪʦʜ ʤʘʛʥʠʪʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʩʝʨʠʡ 

ʦʤʝʛʘ-ʨʝʞʠʤʦʚ [16]; 

3.3. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʢʦʥʫʩʦʤ ʥʫʪʘʮʠʠ ʜʣʷ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ [7, 8]. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʤʝʪʦʜʦʚ 

ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʪʝʦʨʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʘʣʠʜʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʃʠʯʥrʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʣʝʜʫʝʪ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʢʘʢ ʧʦʣʥʳʡ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʧʨʦʙʣʝʤʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʝʝhʥʘ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ.  

ɺ ʨʘʙʦʪʘʭ [1-6] ɼʦʨʦʰʠʥ ɸ.ɺ. ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ɸʩʣʘʥʦʚʳʤ ɺ.ʉ. ʠ ʂʨʫʛʣʦʚʳʤ ɻ.ɽ., ʧʨʠ ʵʪʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʫʩʣʦʚʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʢʣʶʯʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʶ, ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ.  

ʈʘʙʦʪʳ [7-19, 21, 22, 24-32] ʚʳʧʦʣʥʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ɼʦʨʦʰʠʥʳʤ ɸ.ɺ. 

ʝʜʠʥʦʣʠʯʥʦ. 

ɺ ʨʘʙʦʪʘʭ [20, 23], ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʂʨʠʢʫʥʦʚʳʤ ʄ.ʄ., ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʦʡʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ɼʦʨʦʰʠʥʳʤ ɸ.ɺ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚʢʣʶʯʘʷ: 

1. Doroshin A.V. Computing the Heteroclinic Orbits Splitting in Systems Phase Spaces via 

the Matricant Method (2018) Lecture Notes in Engineering and Computer Science: Proceedings of 

The International MultiConference of Engineers and Computer Scientists 2018, Volume 1, 2018, 

Hong Kong, pp. 428-433. 

2. Doroshin A.V. Attitude Dynamics of Spacecraft with Control by Relocatable Internal 

Position of Mass Center (2017) Lecture Notes in Engineering and Computer Science: Proceedings 
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of The International MultiConference of Engineers and Computer Scientists 2017, Volume 2227, 

2017, Hong Kong, pp. 231-235. 

3. Doroshin A.V. Initiations of chaotic regimes of attitude dynamics of multi-spin spacecraft 

and gyrostat-satellites basing on multiscroll strange chaotic attractors (2015) SAI Intelligent 

Systems Conference, 2015, London, United Kingdom, IEEE, pp. 698 ï 704. 

4. Doroshin A.V. Attitude Control and Angular Reorientations of Dual-Spin Spacecraft and 

Gyrostat-Satellites Using Chaotic Regimes Initiations, Lecture Notes in Engineering and Computer 

Science: Proceedings of The World Congress on Engineering 2015, 1-3 July, 2015, London, U.K., 

pp. 100-104. 

5. Doroshin A.V. Multi -spin spacecraft and gyrostats as dynamical systems with multiscroll 

chaotic attractors (2014) Proceedings of 2014 Science and Information Conference, SAI 2014, 

London, U.K., art. no. 6918290, pp. 882-887.  
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(ʋʄɸʉ-2014). ɻʅʎ ʈʌ ʆɸʆ "ʂʦʥʮʝʨʥ "ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

"ʕʣʝʢʪʨʦʧʨʠʙʦʨ" (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 2014. ʉ. 378-387.  

12. ɼʦʨʦʰʠʥ ɸ.ɺ. (2016), ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʤʦʱʴʶ ʠʥʠʮʠʘʮʠʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ // ɺ ʩʙʦʨʥʠʢʝ: ʋʧʨʘʚʣʝʥʠʝ ʚ ʤʦʨʩʢʠʭ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʋʄɸʉ-2016). ɻʅʎ ʈʌ ʆɸʆ "ʂʦʥʮʝʨʥ "ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ "ʕʣʝʢʪʨʦʧʨʠʙʦʨ" (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 2016. ʉ. 394-400.  

ɺ 2009 ʛʦʜʫ ʜʠʩʩʝʨʪʘʥʪʫ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʄʝʜʘʣʴ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩ 

ʧʨʝʤʠʷʤʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʇʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʭʘʥʠʢʠ ʠ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷè ʟʘ ʮʠʢʣ ʨʘʙʦʪ çɼʠʥʘʤʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʛʠʨʦʩʪʘʪʦʚ ʠ ʩʦʦʩʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘè.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʚʳʧʦʣʥʷʝʤʳʭ 

ʜʠʩʩʝʨʪʘʥʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʷʪʠ ʧʨʦʝʢʪʦʚ ʈʌʌʀ, ʯʝʪʳʨʝʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʛʨʘʥʪʘ 

ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʧʦʜʜʝʨʞʢʝ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ 

ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʘ ʇʨʦʛʨʘʤʤʳ ɻʦʩʟʘʜʘʥʠʷ ʈʌ, ʚʳʧʦʣʥʷʝʤʦʛʦ 

ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ: 

https://dl.acm.org/citation.cfm?id=2183383
https://dl.acm.org/citation.cfm?id=2183383
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ʧʨʦʝʢʪʥʦʛʦ ʦʙʣʠʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʪʨʝʭʦʩʥʦʤ 
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ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 32 ʨʘʙʦʪʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ Scopus|WoS, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʣʥʦʪʫ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ ʚ Scopus|WoS ʠ ʚʢʣʶʯʘʶʱʠʡ 7 ʩʪʘʪʝʡ 

ʚ ʚʝʜʫʱʠʭ ʞʫʨʥʘʣʘʭ ʈɸʅ [1-7] ʠ 13 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʟʜʘʥʠʷʭ ʢʚʘʨʪʠʣʝʡ Q1-Q2 [8-

20], ʧʨʠʚʝʜʝʥ ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʚʚʝʜʝʥʠʝ, ʧʷʪʴ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʝ 

ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 348 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 224 ʩʪʨʘʥʠʮʳ. 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ.  

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʩʫʞʜʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʝʝ ʮʝʣ,ɹ ʜʘʝʪʩʷ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʦʩʚʝʱʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ 

ʩʭʝʤʘ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʭʝʤʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʦʩʥʦʡ ʩʭʝʤʳ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʘʩʩʠʚʥʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʟʘ 

ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʦʦʩʥʳʭ ʪʝʣ. ʊʠʧʠʯʥʳʤ ʨʝʞʠʤʦʤ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʚʠʞʝʥʠʝ ʩ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ, ʢʦʛʜʘ ʨʦʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʚʦʠʤ ʙʳʩʪʨʳʤ ʚʨʘʱʝʥʠʝʤ, ʘ ʛʣʘʚʥʦʝ ʩʦʦʩʥʦʝ ʪʝʣʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʳʧʦʣʥʷʷ çʣʫʥʥʦʝè 

ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚʠʟʠʨʦʚʘʥʠʝʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʠʥʝʪʠʯʝʩʢʠʡ 
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ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʙʣʠʟʦʢ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʠ ʥʘʧʨʘʚʣʝʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ï ʪʘʢʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘʟʳʚʘʶʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʝʡ, ʠʟʫʯʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʩ ʫʯʝʪʦʤ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʠ ʤʘʣʦ ʠʟʫʯʝʥʥʳʭ ʬʝʥʦʤʝʥʦʚ ʚ ʚʦʟʤʫʱʝʥʥʦʡ 

ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʜʚʠʞʝʥʠʷ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʘʢ 

ʢʘʢ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʥʘʣʠʟ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʭʘʦʪʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʥʘʤʝʨʝʥʥʦʡ ʠʥʠʮʠʘʮʠʠ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʦʨʠʝʥʪʘʮʠʡ ʩʧʫʪʥʠʢʘ.  

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʠ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʘʝʪʩʷ ʰʠʨʦʪʘ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʛʠʨʦʩʪʘʪʘ, ʘ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʛʠʨʦʩʪʘʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʫʢʘʟʳʚʘʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʠʧʳ ʛʠʨʦʩʪʘʪʦʚ, ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʙʝʨʝʪ ʥʘʯʘʣʦ ʩ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʜʠʥʘʤʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʫʪʨʠ ʪʝʣʘ ʧʦʣʦʩʪʝʡ ʩ ʞʠʜʢʦʩʪʴʶ. ɺ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʜʠʥʘʤʠʢʦʡ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ ʩ ʜʠʥʘʤʠʢʦʡ 

ʜʚʠʞʝʥʠʷ ʪʝʣ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʨʦʪʦʨʘʤʠ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ ɻ. ʂʠʨʭʛʦʬʘ, ʋ. ʊʦʤʩʦʥʘ (ʣʦʨʜʘ ʂʝʣʴʚʠʥʘ), ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ, 

ɺ. ɺʦʣʴʪʝʨʨʘ, ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʥʠʤʠ ʨʘʙʦʪʳ ʁ. ɺʠʪʪʝʥʙʫʨʛʘ, ɸ. ɻʨʝʷ, ʅ.ʅ. ʄʦʠʩʝʝʚʘ, 

ɺ.ɺ. ʈʫʤʷʥʮʝʚʘ, ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ ʠ ʇ.ɺ. ʍʘʨʣʘʤʦʚʘ. ʇʦʩʣʝ ʵʪʠʭ ʨʘʙʦʪ ʟʘʢʨʝʧʠʣʠʩʴ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʧʦʤʠʥʘʶʪʩʷ ñʛʠʨʦʩʪʘʪʳ ɾʫʢʦʚʩʢʦʛʦ-

ɺʦʣʴʪʝʨʨʘò, ñʛʠʨʦʩʪʘʪʳ ʂʝʣʴʚʠʥʘò ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ.  

ʇʦʥʷʪʠʝ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʘ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʨʦʪʦʨʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ-ʥʦʩʠʪʝʣʶ. ʕʪʦ 

ʫʩʣʦʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʠ ʟʘʧʨʝʱʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʨʦʪʦʨʦʚ. ʆʙʝʩʧʝʯʠʪʴ ʧʦʜʦʙʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʦʩʪʦʷʥʩʪʚʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨʦʚ. 

ʇʦʥʷʪʠʝ ʛʠʨʦʩʪʘʪʘ ɾʫʢʦʚʩʢʦʛʦ-ɺʦʣʴʪʝʨʨʘ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʠʩʪʝʤʫ, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʪʝʣʦʤ-ʥʦʩʠʪʝʣʝʤ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʥʠʭ 

ʞʠʜʢʦʩʪʴʶ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʮʠʨʢʫʣʷʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʠʪʦʛʝ ʟʘʧʠʩʘʪʴ ʪʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ, ʠ ʯʪʦ ʪʘʢʞʝ ʦʪʨʠʮʘʝʪ ʥʘʣʠʯʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʚʦʧʨʦʩ ʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ ʨʦʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʝʤʦʡ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʙʦʪʝ1 ʂʘʥʘ ʠ ʌʦʫʣʝʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʛʠʨʦʩʪʘʪʘ ʠ ʫʩʣʦʚʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ 

ʛʠʨʦʩʪʘʪʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ 

(ʛʠʨʦʩʪʘʪʳ ʂʝʣʴʚʠʥʘ) ʠ ʛʠʨʦʩʪʘʪʳ ʩ ʨʦʪʦʨʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʪʝʣʘʤʠ. ɺ 

ʨʘʟʚʠʪʠʝ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʚʦʧʨʦʩʘ ʦ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʠʨʦʩʪʘʪʦʚ 

                                                 
1 Kane T.R., Fowler R.C. (1970), Equivalence of two gyrostatic stability problems. Journal of Applied 

Mechanics, 37(4), 1970, pp. 1146-1147. 
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ʈʦʙʝʨʪʩʦʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ2 ʧʦʢʘʟʘʣ ʩʠʤʤʝʪʨʠʶ ʬʦʨʤ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʜʣʷ ʛʠʨʦʩʪʘʪʘ ʂʝʣʴʚʠʥʘ ʠ ʥʦʨʤʘʣʴʥʦʛʦ/ʷʚʥʦʛʦ ʛʠʨʦʩʪʘʪʘ (ñapparent gyrostatò), 

ʠʤʝʶʱʝʛʦ ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ ʩʚʦʠʭ ʨʦʪʦʨʦʚ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʠʤʤʝʪʨʠʶ ʬʦʨʤ ʫʨʘʚʥʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠʭ ʨʝʰʝʥʠʡ ʥʝ ʙʫʜʝʪ, ʯʪʦ ʦʯʝʚʠʜʥʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʥʘʣʠʯʠʶ ʚʥʫʪʨʝʥʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʦʩʪʦʷʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʪʦʨʦʚ, ʠ ʨʘʟʣʠʯʠʝʤ ʠʥʪʝʛʨʘʣʦʚ ʵʥʝʨʛʠʠ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʪʠʧʳ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ ʠ 

ʥʦʨʤʘʣʴʥʳʭ ʛʠʨʦʩʪʘʪʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʠʤʝʥʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʪʠʧʦʚ ʛʠʨʦʩʪʘʪʦʚ. 

ʉʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʦʨʦʥʳ ʩʨʝʜʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʦʩʝʚʳʝ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʚ ʪ.ʯ. ʠʤʝʥʫʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ 

ʜʚʦʡʥʳʤ ʚʨʘʱʝʥʠʝʤ (çDual-Spin Spacecraft Configurationè3), ʘ ʪʘʢʞʝ ʤʥʦʛʦʨʦʪʦʨʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʠʤʝʥʫʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ (çgeneral 

Multi -Spin Spacecraft Configurationè4). 

ɼʘʣʝʝ ʚ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ 

ʜʠʥʘʤʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʠʭ ʩʚʷʟʴ ʩ ʦʩʥʦʚʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʘʝʤʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʠʧʦʚʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʝʮʝʩʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʢʦʤʫ ʦʨʙʠʪʘʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʝʥʘ ʛʠʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ (ʟʘ 

ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ.  

ʉʨʝʜʠ ʨʝʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʧʨʦʝʢʪʳ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʟʘʜʘʯ ʦʨʙʠʪʘʣʴʥʦʡ ʩʚʷʟʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ 

ʥʘʚʠʛʘʮʠʠ ï ʵʪʦ ʪʘʢʠʝ ʧʨʦʝʢʪʳ, ʢʘʢ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʡ ʪʘʢʪʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ 

ʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ TACSAT, ʩʧʫʪʥʠʢʠ ʩʚʷʟʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʠ Huges HS-333, HS-376, HS-381, 

HS-393, HS-389 ʪʘʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʘʢ Intelsat, Comstar, Anik, Marisat, 

Geostationary Meteorological Satellites (GMS), Geostationary Operational Environmental Satellites 

(GOES), Satcom, Arabsat, Aussat, Optus, Brasilsat, Galaxy, Marco Polo, MEASAT, Africasat, 

Palapa, SBS, Telstar, Westar, AsiaSat, ChinaSat, Sirius, Thor ʠ ʜʨ.  

ɺr ʩʦʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ 

ʠʟʫʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ ʧʦʜʪʚʝʨʜʠʣʠ ʤʠʩʩʠʠ Pioner-12 (Venera Orbiter), GIOTTO ʠ 

GALILEO. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʦʝʢʪ 

ñSolar sentinelsò, ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʟʘʧʫʩʢʫ ʚ 2020 ʛʦʜʫ, ʘ ʪʘʢʞʝ ʥʘʥʦʩʧʫʪʥʠʢʠ-

ʛʠʨʦʩʪʘʪʳ MicroMAS-1 ʠ MicroMAS-2 (Micro-sized Microwave Atmospheric Satellite), 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʦʨʙʠʪʫ 04.03.2015 

(MicroMAS-1) ʠ 12.01.2019 (MicroMAS-2A). 

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʠ ʩʧʫʪʥʠʢʠ ʩʦʚʝʨʰʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʜʝʡʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ. ʅʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʦʡ ʢʦʤʧʦʥʦʚʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʞʠʤʳ ʠ ʮʝʣʝʚʳʝ ʤʘʥʝʚʨʳ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ/ʢʦʥʠʯʝʩʢʠʝ ʧʨʝʮʝʩʩʠʠ, ʦʩʪʘʥʦʚʢʫ ʚʨʘʱʝʥʠʷ (ʩʙʨʦʩ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ), 

ʩʦʚʤʝʱʝʥʠʝ ʦʩʠ ʩʧʫʪʥʠʢʘ ʩ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʪ.ʧ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʫʪʥʠʢʠ-ʛʠʨʦʩʪʘʪʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ 

                                                 
2 Roberson R.E. (1971), The equivalence of two classical problems of free spinning gyrostats. Journal of 

Applied Mechanics, 38(3), 1971, pp.707-708. 
3 Junkins John L., Turner J.D. (1986), Optimal spacecraft rotational maneuvers (Studies in astronautics; v.3), 

Elsevier Science Publishers B.V. 1986. 
4 Hughes Peter C. (1986), Spacecraft attitude dynamics. John Wiley & Sons. New York, 1986. 
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ʤʦʤʝʥʪ ʠ ʪʝʤ ʩʘʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʄʘʛʥʠʪʥʳʡ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ ʘʢʪʫʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʧʦʩʪʦʷʥʥʳʤ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ.  

ɺʘʞʥʳʝ ʵʪʘʧʳ ʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʜʚʠʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʨʫʢʪʫʨʝ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʩʣʝʜʫʝʤʘʷ ʚ ʨʘʙʦʪʝ, ʚʦʟʥʠʢʘʝʪ ʚ 

ʩʣʫʯʘʷʭ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʜʚʠʞʝʥʠʠ ʩʦʦʩʥʳʭ ʩʚʷʟʦʢ ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʥʘ ʩʪʦʣʘʭ ʟʘʢʨʫʪʢʠ. 

ɺʳʚʦʜ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʨʙʠʪʫ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʨʝʟʦʢ ʜʚʠʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʢʨʫʪʢʘ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʦʣʝ 

ʨʘʩʢʨʫʪʢʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʦʩʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣ ʠ 

ʧʝʨʝʤʝʥʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʦʩʥʳʭ ʩʚʷʟʦʢ ʷʚʣʷʝʪʩʷ ʨʘʟʛʦʥʥʳʡ ʙʣʦʢ AJ10, 

ʧʨʦʠʟʚʦʜʠʤʳʡ Aerojet Rocketdyne (ʉʐɸ), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʳʭ ʩʪʫʧʝʥʝʡ 

ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ Delta II ʠ Titan III. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ c ʨʘʟʛʦʥʥʳʤ ʙʣʦʢʦʤ AJ-10 ʙʳʣʠ 

ʚʳʚʝʜʝʥʳ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʢʘʢ ICESat-2 (15.09.2018), Aquarius 

(06.10.2011), Mars Odyssey (24.10.2001), Kepler (03.06.2009), Stardust (07.02.1999), Polar 

Lander (03.01.1999) ʠ ʜʨʫʛʠʝ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʥʫʪʘʮʠʦʥʥʦ-ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʩʝʚʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʧʦʨʦʡ ʥʘ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʄʝʱʝʨʩʢʦʛʦ ʀ.ɺ, ʂʦʩʤʦʜʝʤʴʷʥʩʢʦʛʦ ɸ.ɸ., I¶arrea M., Lanchares V., Rothos V. M., Salas J.P. ʠ 

ʜʨ. 

ɼʘʣʝʝ ʚ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʦʭʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʧʨʦʙʣʝʤ ʠ ʟʘʜʘʯ. ʊʘʢ ʧʨʦʙʣʝʤʘ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ 

ʠʟʫʯʘʣʘʩʴ ʥʘ ʧʨʝʜʤʝʪ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʨʘʙʦʪʳ ɻʫʪʥʠʢʘ ʉ.ɸ., ʄʘʨʢʝʝʚʘ ɸ.ʇ., ʄʦʠʩʝʝʚʘ ʅ.ʅ., ʄʦʨʦʟʦʚʘ ɺ.ʄ., ʈʫʙʘʥʦʚʩʢʦʛʦ ɺ.ʅ., 

ʈʫʤʷʥʮʝʚʘ ɺ.ɺ., ʉʘʤʩʦʥʦʚʘ ɺ.ɸ., ʉʘʨʳʯʝʚʘ ɺ.ɸ., ʉʪʨʳʛʠʥʘ ɺ.ɺ., ʉʦʙʦʣʝʚʘ ɺ.ɸ., ʏʝʨʥʦʫʩʴʢʦ 

ʌ.ʃ., Bainum P. M., Fuechsel P. G., Mackison D.L., Cloutier G.J., Crespo da Silva M. R. M., 

Elmandouh A.A., Santos L., Silva A., I¶arrea M., Lanchares V., Pascual A.I., Elipe A., Kane T.R., 

Mingori D.L., Likins P.W., Longman R.W., Meng Y., Hao R., Chen Q., Nazari M., Butcher E.A., 

Vera J.A. ʠ ʜʨ. 

ɺʘʞʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʟʫʯʝʥʠʝ ʧʝʨʤʘʥʝʥʪʥʳʭ ʚʨʘʱʝʥʠʡ, ʨʝʛʫʣʷʨʥʳʭ ʠ 

ʜʨʫʛʠʭ ʧʨʝʮʝʩʩʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʪ.ʯ., ʚ ʨʘʙʦʪʘʭ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɸʥʯʝʚʘ ɸ., ɻʫʣʷʝʚʘ ʄ.ʇ., 

ʃʝʱʝʥʢʦ ɼ.ɼ., ʄʘʨʢʝʝʚʘ ɸ.ʇ., ʉʘʟʦʥʦʚʘ ɺ.ɺ., ʉʠʜʦʨʝʥʢʦ ɺ.ɺ., ʋʟʙʝʢʘ ɽ.ʂ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., 

Cochran J.E., Elmandouh A.A., Kinsey K.J., Mingori D.L., Rand R.H., Yehia H.M. 

ɼʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʟʫʯʘʣʘʩʴ ʨʘʥʝʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʪʘʢʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ 

ɹʝʣʝʮʢʠʡ ɺ.ɺ., ʂʦʟʣʦʚ ɺ.ɺ., ʄʘʨʪʳʥʝʥʢʦ ʖ.ɻ., ʄʦʨʦʟʦʚ ɺ.ʄ., ʆʚʯʠʥʥʠʢʦʚ ʄ.ʖ., 

ʇʠʚʦʚʘʨʦʚ ʄ.ʃ., ʉʘʤʩʦʥʦʚ ɺ.ɸ., ʉʠʜʦʨʝʥʢʦ ɺ.ɺ., ʊʠʭʦʥʦʚ ɸ.ɸ., Avanzini G., Bayat F. ʠ 

Bolandi H., Jalali A.A., Chen Li-Qun ʠ Liu Yan-Zhu, Cheng G. ʀ Liu Y. Z., I¶arrea M., Lovera 

M., Astolfi A., Silani E., Shigehara M., Zavoli A., Giulietti F., Matteis G.D., Zhou ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ. ʋʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʮʝʣʝʚʦʛʦ ʤʘʥʝʚʨʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

Stickler A. Craig ʠ Alfriend K.T., ʘ ʩʠʥʪʝʟ ʪʠʧʦʚʳʭ ʤʘʥʝʚʨʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʦʛʦ ʤʘʥʝʚʨʘ, ʢʘʢ 

ñB-dotò, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʦʩʪʘʥʦʚʢʫ ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ Flatley T., ʘ ʯʘʩʪʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ñY-dotò 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ Zavoli A., Giulietti F., Avanzini G., Matteis G.D. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʛʠʨʦʩʪʘʪʘ ʚ ʧʣʦʩʢʦʤ ʠ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʷʭ ʪʷʛʦʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. ʕʪʘ 

ʧʨʦʙʣʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʘʢʠʤʠ ʘʚʪʦʨʘʤʠ, ʢʘʢ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɸʥʯʝʚ ɸ., ɸʩʣʘʥʦʚ ɺ.ʉ., 
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ɹʝʣʝʮʢʠʡ ɺ.ɺ., ɹʦʟʶʢʦʚ ɸ.ʖ., ɹʫʨʦʚ ɸ.ɸ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʄʦʨʦʟʦʚ ɺ.ʄ., ʆʭʦʮʠʤʩʢʠʡ ɼ.ɽ., 

ʈʘʯʠʥʩʢʘʷ ɸ.ʃ., ʉʘʟʦʥʦʚ ɺ.ɺ., ʉʘʨʳʯʝʚ ɺ.ɸ., ʉʪʝʧʘʥʦʚ ʉ.ʗ., ʊʠʭʦʥʦʚ ɸ.ɸ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., 

Cochran J.E., Crespo da Silva M. R. M., Kuang J., Tan S., T. Leung A.Y., Longman R.W., Tong 

X., Tabarrok B., Rimrott F.P.J. ʠ ʜʨ. 

ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʮʝʩʩʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʧʣʦʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠʟʫʯʘʣʠ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɹʝʣʝʮʢʠʡ ɺ.ɺ., 

ɹʦʟʶʢʦʚ ɸ.ʖ., ɻʫʣʷʝʚ ʄ.ʇ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʄʘʨʢʝʝʚ ɸ.ʇ., ʉʘʟʦʥʦʚ ɺ.ɺ., ʉʠʜʦʨʝʥʢʦ ɺ.ɺ., 

ʋʟʙʝʢ ɽ.ʂ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., Cochran J.E., Kinsey K.J., Mingori D.L., Rand R.H., Yehia H.M. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʪʝʣ ʚ ʞʠʜʢʦʩʪʠ ʠʣʠ 

ʩ ʧʦʣʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʞʠʜʢʦʩʪʴ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʠʚʰʠʝ ʨʘʟʚʠʪʠʝ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʛʠʨʦʩʪʘʪʘ, ʚʢʣʶʯʘʶʱʠʝ ʨʘʙʦʪʳ ɾʫʢʦʚʩʢʦʛʦ ʅ.ɽ., ʄʦʠʩʝʝʚʘ ʅ.ʅ., ʈʫʤʷʥʮʝʚʘ ɺ.ɺ., ʉʪʝʢʣʦʚʘ 

ɺ.ɸ., ʍʘʨʣʘʤʦʚʘ ʇ.ɺ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. 

ʅʝʣʠʥʝʡʥʳʝ ʵʚʦʣʶʮʠʠ ʜʚʠʞʝʥʠʷ ʪʝʣ ʠ ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ʃʝʱʝʥʢʦ ɼ.ɼ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., ʘ ʪʘʢʞʝ ʚ ʠʭ 

ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɿʠʥʢʝʚʠʯʝʤ ʗ.ʉ., ʂʦʟʘʯʝʥʢʦ ʊ.ɸ., ʈʘʯʠʥʩʢʦʡ ɸ.ʃ. ʠ ʜʨ.  

ɺʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ, ʪʚʝʨʜʳʭ ʪʝʣ ʠ 

ʛʠʨʦʩʪʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ɸʢʫʣʝʥʢʦ ʃ.ɼ., ɸʢʠʤʦʤ ʕ.ʃ., ɸʤʝʣɹʢʠʥʳʤ ʅ.ʀ., ɸʥʘʥʴʝʚʩʢʠʤ 

ʀ.ʄ., ɸʩʣʘʥʦʚʳʤ ɺ.ʉ., ɹʘʥʠʯʫʢʦʤ ʅ.ɺ., ɹʘʥʱʠʢʦʚʳʤ ɸ.ɺ., ɹʝʣʝʮʢʠʤ ɺ.ɺ., ɹʫʨʦʚʳʤ ɸ.ɸ., 

ɺʠʪʪʝʥʙʫʨʛʦʤ ʁ., ɺʦʨʦʪʥʠʢʦʚʳʤ ɺ.ʀ., ɻʦʨʨʦʤ ɻ.ɺ., ʂʦʚʘʣʝʚʳʤ ɸ.ʄ., ʂʦʰʣʷʢʦʚʳʤ ɺ.ʅ., 

ʃʝʱʝʥʢʦ ɼ.ɼ. ʆʚʯʠʥʥʠʢʦʚʳʤ ʄ.ʖ., ʆʭʦʮʠʤʩʢʠʤ ɼ.ɽ., ʈʘʫʰʝʥʙʘʭʦʤ ɹ.ɺ., ʈʝʰʤʠʥʳʤ ʉ.ɸ., 

ʈʫʤʷʥʮʝʚʳʤ ɺ.ɺ., ʉʘʨʳʯʝʚʳʤ ɺ.ɸ., ʉʦʢʦʣʦʚʳʤ ɹ.ʅ., ʉʪʝʧʘʥʦʚʳʤ ʉ.ʗ., ʊʠʭʦʥʦʚʳʤ ɸ.ɸ., 

ʊʭʘʝʤ ɺ.ʅ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., ʕʥʝʝʚʳʤ ʊ.ʄ., Chobotov V.A., Guirao J.L.G., Vera J.A., Hall 

C.D., Hughes P.C., Likins P.W., Or A.C., McKenna Lawlor S., Santos L.F., Melicio R., Silva A., 

Shrivastava S.K., Modi V.J. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ ʠ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʙʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʛʠʨʦʩʪʘʪʦʚ 

ʂʝʣʴʚʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ Wittenburg J., Elipe A., Lanchares V., Basak I., ʧʨʠ ʵʪʦʤ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʧʠʩʘʥʳ Tong X., Tabarrok B., Rimrott F.P.J., Kuang J., Tan S., 

Arichandran K., Leung A.Y.T., ʩʧʝʮʠʘʣʴʥʳʝ ʩʣʫʯʘʠ ʨʝʰʝʥʠʡ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ɻʦʨʨʘ ɻ.ɺ., 

ʂʦʚʘʣʝʚʘ ɸ.ʄ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸʩʣʘʥʦʚʘ ɺ.ʉ., Cochran J.E., Shu P.H., Rew S.D. 

ɼʘʣʝʝ ʚ ʛʣʘʚʝ ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. ɿʜʝʩʴ ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʛʦʤʦ-

/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʙʝʩʢʦʥʝʯʥʦʢʨʘʪʥʦʛʦ 

ʚʟʘʠʤʦʧʝʨʝʩʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʞʝʩʪʚ ʩʝʜʣʦʚʳʭ ʦʩʦʙʳʭ ʪʦʯʝʢ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʧʘʨʘʪʨʠʩʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʠʪʦʛʝ ʢ ʛʝʥʝʨʘʮʠʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ 

ʧʦʜʘʚʣʝʥʠʷ ʣʠʙʦ ʧʦʣʥʦʛʦ ʠʟʙʝʛʘʥʠʷ ʭʘʦʩʘ ʚ ʨʘʤʢʘʭ ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʠ ʟʜʝʩʴ, ʢʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʨʘʙʦʪʳ, ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʢ 

ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ, ʧʨʠʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʠʪʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʣʠʙʦ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʝʥʦ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʘʭ El-Gohary A., I¶arrea M., Lanchares V., Kuang J.L., Leung A.Y.T., Meechan P.A., 

Asokanthan S.F., Zhou L.  

ʀʟʫʯʝʥʠʝ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʙʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʦʙʣʘʩʪʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʳ ɸʥʠʱʝʥʢʦ ɺ.ʉ., ɸʩʪʘʭʦʚʘ ɺ.ɺ., 

ɹʝʣʝʮʢʦʛʦ ɺ.ɺ., ʂʫʟʥʝʮʦʚʘ ʉ.ʇ., ʇʠʚʦʚʘʨʦʚʘ ʄ.ʃ., ʉʪʘʨʦʩʪʠʥʘ ɽ.ʃ., Boccaletti S., Celletti A., 

Lhotka C., Ge Z.-M., Guckenheimer J., Holmes P.J., Chen Li-Qun, Lin Yiing-Yuh, Meechan P.A., 

Asokanthan S.F., Meng Y., Nazari M., Pecora L.M., Strogatz S.H., Tabor M., Thompson J.M.T., 

Stewart H. B., Wiggins S.  
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ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʨʘʟʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ 

ʨʘʙʦʪʘʭ Bao-Zeng, Cheng, El-Gohary, Ge, Holmes, I¶arrea, Lanchares, Leung, Kuang, Meechan, 

Or, Peng, Shirazi, Tong, Tabarrok, Rimrott; ʧʨʠ ʧʨʠʯʝʤ ʚʦ ʚʩʝʭ ʵʪʠʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʭʘʦʪʠʟʘʮʠʷ ʛʠʨʦʩʪʘʪʦʚ ʂʝʣʴʚʠʥʘ, ʭʘʦʪʠʟʘʮʠʷ ʞʝ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ 

ʠʟʫʯʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ ɸʩʣʘʥʦʚʘ ɺ.ʉ., ɼʦʨʦʰʠʥʘ ɸ.ɺ., ʖʜʠʥʮʝʚʘ ɺ.ɺ. ʊʘʢʞʝ ʚ ʛʣʘʚʝ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʙʣʝʤʘ 

ʘʥʘʣʠʟʘ/ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʝ ʜʦʩʪʠʛʣʘ 

ʩʚʦʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʙʫʜʝʪ ʨʝʰʘʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʤʦ/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʦʪʤʝʯʝʥʳ ʬʦʨʤʘʣʠʟʤ 

ʄʝʣʴʥʠʢʦʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʬʫʥʢʮʠʡ, 

ʥʫʣʠ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ 

ʩʝʧʘʨʘʪʨʠʩʩ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ ʠ ʨʦʞʜʝʥʠʠ ʛʦʤʦ/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʯʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʪʨʘʞʝʥʦ ʚ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʘʙʦʪʝ ɸʥʨʠ ʇʫʘʥʢʘʨʝ. ʈʘʟʨʘʙʦʪʢʘ ʫʢʘʟʘʥʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʥʘʯʘʣʘʩʴ ʚ 

ʨʘʙʦʪʘʭ ʄʝʣʴʥʠʢʦʚʘ ɺ.ʂ., ʛʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʬʘʢʪ ʨʘʩʱʝʧʣʝʥʠʷ ʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʡ ʛʦʤʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʧʘʨʘʪʨʠʩʳ, ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ ɸʨʥʦʣʴʜʘ ɺ.ʀ., 

ʛʜʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʦʙʦʙʱʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʫʩʘʪʳʭ ʪʦʨʦʚè, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʪʦʨʘʭ ʠ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʘʥʘʣʠʟ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʤʦʢʣʠʥʠʯʝʩʢʠʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʧʦʩʣʝ 

ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ P.J. Holmes, J.E. Marsden ʠ S. Wiggins. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʘʢʞʝ 

ʧʨʦʙʣʝʤʘ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʧʝʨʝʩʝʯʝʥʠʡ ʥʝʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

ʨʘʙʦʪʘʭ ʂʦʟʣʦʚʘ ɺ.ɺ., ʛʜʝ ʛʣʘʚʥʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʩʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʩʝʧʘʨʘʪʨʠʩʩ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʦʟʤʫʱʝʥʠʡ. ɸʥʘʣʠʟ ʨʘʩʱʝʧʣʝʥʠʷ ʩʝʧʘʨʘʪʨʠʩʩ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ ɿʠʛʣʠʥʳʤ ʉ.ʃ. ʋʩʧʝʰʥʫʶ 

ʠʣʣʶʩʪʨʘʮʠʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚ ʪ.ʯ. ʢ ʘʥʘʣʠʟʫ ʜʚʠʞʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʝʣ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ɸʥʠʱʝʥʢʦ ɺ.ʉ., ɸʩʪʘʭʦʚʘ ɺ.ɺ., 

ɹʝʣʝʮʢʦʛʦ ɺ.ɺ., ɹʦʨʠʩʦʚʘ ɸ.ɺ., ʂʦʟʣʦʚʘ ɺ.ɺ., ʂʫʟʥʝʮʦʚʘ ʉ.ʇ., ʃʦʩʢʫʪʦʚʘ ɸ.ʖ., ʄʘʤʘʝʚʘ 

ʀ.ʉ., ʇʠʚʦʚʘʨʦʚʘ ʄ.ʃ., ʉʪʘʨʦʩʪʠʥʘ ɽ.ʃ. ʠ ʜʨ.  

ʆʪʜʝʣʴʥʳʤ ʧʘʨʘʛʨʘʬʦʤ ʚ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ5 ʄʝʣʴʥʠʢʦʚʘ ɺ.ʂ. ʠ ʝʛʦ ʤʥʦʛʦʤʝʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ6 S.Wiggins, ʚʢʣʶʯʘʷ ʚʦʧʨʦʩʳ 

ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʚʠʜʳ ʬʫʥʢʮʠʡ6 ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʝ ʩ 

ʧʦʤʦʱʴʶ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ 

ʥʘʰʝʜʰʠʝ ʩʚʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [14, 15, 16, 17]. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʙʱʠʝ ʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. 

ɺʚʦʜʷʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʝʨʮʠʦʥʥʦ-ʤʘʩʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʚʟʘʠʤʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʥʠʤʠ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʩʦʦʩʥʦʡ 

ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʪʝʣ (ʨʠʩ.1), ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʘʩʠʤʤʝʪʨʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʤʘʣʳʝ ʧʘʨʘʤʝʪʨʳ: 

- ʤʘʣʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʪʝʣ ʦʪ ʛʣʘʚʥʦʡ ʬʦʨʤʳ ( )eI , ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʤʘʣʳʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʦʚ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʛʣʘʚʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (Ŭi, ɓi); 

                                                 
5 ʄʝʣʴʥʠʢʦʚ ɺ.ʂ. (1963), ʆʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʥʪʨʘ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ ʚʨʝʤʝʥʠ ʚʦʟʤʫʱʝʥʠʷʭ // 
ʊʨʫʜʳ ʄʦʩʢʦʚʩʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ˉ 12. 1963. ʉ. 1ï56.  
6 Wiggins S. (1988), Global Bifurcations and Chaos: Analytical Methods (Applied mathematical sciences : 

vol. 73), Springer-Verlag. 1988. 



13 

 

- ʤʘʣʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʛʣʘʚʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ ( )( )1 1B A B Ae= - ; 

- ʤʘʣʳʝ ʣʠʥʝʡʥʳʝ ʩʤʝʱʝʥʠʷ ʦʩʝʡ ʪʝʣ ʦʪ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ 
() () () (){ } () () () ()( )1 1 2 2 1 1 2 2

1 1 2 2 1 2sup , , , ; ; ; ; ;x y x y x l x y l y x l x y l y ll l l l l l l l l l l l l l PPe e e e e= = = = = = . 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʦ ʚʝʜʫʱʝʤʫ ʬʘʢʪʦʨʫ ʘʩʠʤʤʝʪʨʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʝʜʠʥʦʛʦ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ Ů: 

 { }max , , ;B le e e e= I
; ;B B l le e ee e e e e e= = =I I      

ʛʜʝ eI, eB, el  - ʝʩʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ. ɼʘʣʝʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ ʚ ʕʡʣʝʨʦʚʦʡ ʬʦʨʤʝ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ [ ], ,
T

p q r=ɤ  ʩ 

ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʥʘ ʫʛʦʣ ŭ [1, 14]: 

 

 [] (1) (1) (2) (2) ( )e

C C C C C

d d

dt dt
Vhz Vhz Vhz Vhz Vhz¡ ¡ ¡ ¡ ¡ ¡

è ø è ø
¡+ ³ + + ³ =é ù é ù

ê ú ê ú
ŭ K ɤ K K ɤ K M  (2.1) 

 
(1) ( ) ( )

,1

e i

C C

d
K M M

dt
z z d¡ ¡= +      (2.2) 

ʛʜʝ 
( )e

CVhzM  - ʝʩʪʴ ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʩʠʩʪʝʤʝ, 
( )

,1

e

CM z¡- ʤʦʤʝʥʪ 

ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʪʝʣʫ-ʨʦʪʦʨʫ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ), 
( )iMd  - ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʡ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʠʥʝʤʘʪʠʢʝ ʫʛʣʦʚ 

ʕʡʣʝʨʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ d s= . 

 
( )

( )

1
sin cos ; cos sin ;

sin

ctg sin cos ;

p q p q

r p q

y j j q j j
q

j q j j d s

ë
= + = -î

ì
î = - + =í

   (2.3) 

ɺʚʦʜʷʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ { }{ }{ }{ }2 2 3 3, , , , , , ,l L I Ij j dD  (ʨʠʩ.2) ʉʝʨʨʝʪʘ-ɸʥʜʫʘʡʝ-

ɼʝʧʨʠ7 (ʜʘʣʝʝ ʧʝʨʝʤʝʥʥʳʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ), ʜʣʷ ʯʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʫʯʝʪʦʤ ʠʭ ʣʠʥʝʡʥʳʭ 

ʯʘʩʪʝʡ ʨʘʟʣʦʞʝʥʠʡ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ 

ʪʝʣʘ-ʨʦʪʦʨʘ ʩ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʨʦʮʝʜʫʨʘ ʚʚʝʜʝʥʠʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʪʨʝʙʫʝʪ 

ʟʘʧʠʩʠ çʩʦʶʟʥʳʭè ʚʳʨʘʞʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʛʨʫʧʧʠʨʦʚʢʠ ʯʣʝʥʦʚ ʧʦ ʩʪʝʧʝʥʷʤ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2 0 2 1 2

2 0 2 1 2

2 0 2 1 2

2 0 2 1 2

, , , , , , , , , , , , ;

, , , , , , , , , , , , ;

, , , , , , , , , , , , ;

, , , , , , , , , , , , ,

p p l L I p l L I p l L I

q q l L I q l L I q l L I

r r l L I r l L I r l L I

l L I l L I l L I

d d e d

d d e d

d d e d

s s d s d es d

= D = D + Dë
î
= D = D + Dî

ì
= D = D + Dî

î = D = D + Dí

  (2.4) 

 

                                                 
7 Serret J.A. (1866), M®moire sur lôemploi de la m®thode de la variation des arbitraires dans la th®orie des 

mouvements de rotation. M®moires de lôAcademie des Sciences de Paris, Vol. 55, 1866, pp. 585-616. 
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ʈʠʩ.1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʠʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ ʠʥʝʨʮʠʠ) 

 

 
ʈʠʩ. 2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʫʛʣʳ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ  
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ɺ ʩʦʶʟʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʚʳʧʦʣʥʝʥʦ ʚʳʜʝʣʝʥʠʝ ʛʣʘʚʥʳʭ çʥʝʚʦʟʤʫʱʝʥʥʳʭè ( )0 0 0 0, , ,p q r s  ʠ 

çʚʦʟʤʫʱʝʥʥʳʭè ( )1 1 1 1, , ,p q r s  ʯʘʩʪʝʡ [14]: 

( )1 2 12 2 2 2

0 2 0 2 0 0

2 1 2

1 1
sin ; cos ; ; ;

C C C LL
p I L l q I L l r

A B C C C
s

+ D--D
= - = - = =   (2.5) 

1 1 1 1; ; ; ;l l B B l l B B l l B B l l B Bp e p e p e p q e q e q e q r e r e r e r e e es s s s= + + = + + = + + = + +I I I I I I I I  

( )( ) ( )( )2 1 2 2 1 1 2 1 1

1 2

1
cos sin ;p C A C L C A C

AC C
b b d a dè ø= - D- - + - Dê úI

  

2 2 2

1 2 2

1 1
sin sin cos cos sin ;Bp A I L l l

A AB
d d d

å õ
= - -æ ö

ç ÷
  

( )( )1 2 2 2

1 2

1
;l xp L C M OPl

AC C
= D-  

( )( ) ( )( )2 1 2 2 1 1 2 1 1

1 2

1
sin cos ;q C C B L C A C

BC C
a b d a dè ø= - D- - - - Dê úI

 

2 2 2

1 2 2

1 1
cos cos sin cos sin ;Bq A I L l l

B AB
d d d

å õ
= - -æ ö

ç ÷
 

( )( )1 2 2 2

1 2

1
;l yq L C M OPl

BC C
= D-  

( ) ( )
2 2

2 2 2
2 2 2 2

2

sin cos ; 0;B

I L
r A C l C B l r

C A B

b a- å õ
=- - + - =æ ö

ç ÷
I  

2 2

1 2 2 2

2 2

2

cos sin
;l y x

M M OP I L l l
r l l

MC B A

- å õ
= -æ ö

ç ÷

 

( ) ( ) ( )

( ) ( ) ( )

1 1 1 1 2 2 22 2

2 1 1

1 1 2

1 1 1 1 2 2 2

1 1

1 1 2

sin cos cos

sin cos sin ; 0;B

C A C A C B
I L l

BC BC BC

C A C A A C
l

AC AC AC

a
s b d a d

b
a d b d s

åè ø- - -
æ= - - + +é ù
æé ùê úç

õè ø- - -
ö+ + + =é ù
öé ùê ú ÷

I

 

( ) 2 2

1 2 1 2 2 1 2

2 2

1 2

cos sin
,l y x

M M OPC OP C I L l l
l l

MC C B A
s

- - å õ
=- +æ ö

ç ÷
 

ʛʜʝ     
2 2 2 2

2 2 2 1 1 1 2 2 2 1 1 1 1 2; ;A M OP A M OP A B M OP B M OP A C C C= + + + = + + + = +.  

ɿʘʧʠʩʘʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʩʣʘʛʘʝʤʳʭ ʧʦ ʪʠʧʘʤ 

ʘʩʠʤʤʝʪʨʠʠ ʚ ʚʦʟʤʫʱʝʥʥʦʡ ʯʘʩʪʠ: 

 

( ) ( ) ( )

( )
( )

2 0 2 1 2

22 2 2
2 22

0 2

1 2

1

, , , , , , , , , , , , ;

1 1 1
, , , , sin cos ;

2 2

B l

T l L I T l L I T l L I

LI L
T l L I l l

A B C C

T T T T

d d e d

d

ë D = D + D
î

è øî -D- Dî è ø
D = + + +é ùì é ù

ê ú é ùî ê ú
î
= + +îí I

 (2.6) 

ʛʜʝ 
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 ( )
2

2 2

1 2

1 1 1
sin sin cos cos ;

2
B BT e A I L l l

A B
d d

å õ
= - -æ ö

ç ÷
    (2.7) 

 ( ) ( )2 2

2 2 2 2 2 2 2

2

sin cosL l l
T e I L A C C B

C A B
b a

ë -Då õ
=- - - + - +ì æ ö

ç ÷í
I I   (2.8) 

( ) ( ) ( )1 1 1 1 1 1

1

sin cos
cos sin sin cos ;

l l
A C

C A B
b d a d b d a d

ûDè ø
+ - + + - üé ù

ê úý
   

 
( )1 2 2 12 2 1 2

2 2 2 2

2 1

sin cos
;l l x y

OPC OP CM Ml l
T e I L l l L OP

A B C M C

ë ûD -î îè ø
=- - + Ö +ì üé ù

ê ú î îí ý

 (2.9) 

ɺ ʮʝʣʷʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʚʚʦʜʠʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʫʪʥʠʢʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ m ʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ orb
B , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʥʘʤʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʣʠʙʦ ʥʘ ʢʦʨʦʪʢʦʤ ʫʯʘʩʪʢʝ ʝʛʦ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʢʦʛʜʘ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʤʘʣʦ), ʣʠʙʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘ ʢʨʫʛʦʚʳʭ ɻʢʚʘʪʦʨʠʘʣʴʥʳʭ ʦʨʙʠʪʘʭ. 

 

 

ʈʠʩ.3. ʋʛʣʳ ʕʡʣʝʨʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʠ ʚʨʘʱʘʶʱʘʷ ʯʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʠ ʚʳʙʦʨʝ ʦʩʠ CZ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ orb
B  

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʤʝʥʪʦʚ ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ P ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʣʫʯʘʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʦʦʩʥʳʭ 

ʪʝʣʘʭ ʤʘʛʥʠʪʥʳʭ ʘʢʪʫʘʪʦʨʦʚ, ʩʦʟʜʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ m [14]: 

( ) ( )( )

( ) ( )( )

;

cos sin

sin cos sin cos cos cos sin sin ;

sin cos sin cos sin cos sin ;

m m

orb

m

m orb

M M M

B m m c s c s

M M m B c s c s

x h

q

c c c c

z

c c c c

j j

q q d d j d d j

q d d j d d j

^

D ^

= ³ë
î

= - =î
î
ì è ø= - + + + -ê úî
î

= = - - +îí

orbM m B

  (2.10) 

( ) ( )cos sin sin cos cos cos sin sin ,orb orbP mB m B c s c sc c c cq q d d j d d j^
è ø=- - + + -ê ú

  (2.11) 
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ʛʜʝ , ,m c sc c^ -ʤʘʣʳʡ ʧʦʧʝʨʝʯʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʧʘʨʘʤʝʪʨʳ ʫʛʣʦʚʦʛʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ, ʧʨʠʯʝʤ ʝʩʣʠ 

ʤʘʛʥʠʪʥʳʡ ʘʢʪʫʘʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ ʨʦʪʦʨʘ, ʪʦ ʚ ʚʳʨʘʞʝʥʠʷʭ (2.12) ʠ (2.10) ()td d= , ʘ 

ʝʩʣʠ ʚʥʫʪʨʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʪʦ 0d¹ . 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʨʘʙʦʪʝ ʚʘʞʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʜʣʷ ʥʝʛʦ ʨʝʞʠʤʝ ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ. ɽʩʣʠ ʧʨʠ 

ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʨʫʛʦʚʳʝ ʦʨʙʠʪʳ ɿʝʤʣʠ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʢʪʦʨ ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ orb
B  ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʩʪʦʷʥʥʳʤ ʢʘʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʚʝʣʠʯʠʥʝ (ʪ.ʢ. ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ).  

ɺʳʙʦʨʦʤ ʠʥʝʨʮʠʘʣʴʥʦʡ ʦʩʠ CZ ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ orb
B  ʩ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʚʦʙʦʜʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ K  ʚ 

ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ( )¬¬
orb

K B . ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʠʟʤʝʥʷʪʴ ʚʝʢʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʦʜʥʘʢʦ, ʝʩʣʠ ʚʝʣʠʯʠʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʢʘʞʫʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʚʦʝʤ ʦʪʥʦʰʝʥʠʠ, 

ʪʦ ʠʟʤʝʥʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʩʯʠʪʘʪʴ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ 

ʚʝʢʪʦʨʦʤ. ɼʣʷ ʦʮʝʥʢʠ ʪʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚʨʝʤʝʥʠ  

;K tK At= =ə K        

ʠ ʟʘʧʠʩʘʪʴ ʚ ʥʠʭ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ( )= ³
orb

K m B  ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʦʩʷʭ: 

  
2 CZ

Ad

d Kt
= ³

orb

m

m Bə
e e       (2.13) 

ʛʜʝ -ə  ʙʝʟʨʘʟʤʝʨʥʳʡ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ, K ï ʚʝʣʠʯʠʥʘ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ, ɸ ï ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʠʩʪʝʤʳ (ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʠ ʠʥʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ), t- ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, , CZm
e e ï 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʦʨʪ ʦʩʠ CZ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʫʨʘʚʥʝʥʠʷ (2.13) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʳ: 

  2 1A K <<orbm B      (2.14) 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (2.14) ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʳʤ ʚʝʢʪʦʨʦʤ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ( )const, CZ@ ¬¬ ¬¬
orb

K K B , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʦʩʠ 

CZ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʡ ʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ: 

  ( )1 2 3; ; ,bAp K Bq K C r Kg g g= = = +D    (2.15) 

ʘ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ ʩʚʷʟʠ ʫʛʣʦʚ ʕʡʣʝʨʘ ʠ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ: 

  2 2

2 2 2 2const; cos ; sin ;I K L I I L I lq q j= = = = - =   (2.16) 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (2.17) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

  ( )
2 2

2

2 2

sin cosorb x y z

I L L
P B m l m l m

I I

è ø-
é ù=- + +
é ùê ú

   (2.18) 

ʇʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚʜʦʣʴ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ( )zm m= , ʥʦ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʘʣʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ 
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ʩʦʩʪʘʚʣʷʶʱʝʡ ( )m̂ , ʪʦ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʡ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ: 

   1m m me ^= <<     (2.19) 

ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: 

{ }max , , , ; ; ; 1B l m m m m me m e m ee e e e e e e e^= = = ¢I
   

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (2.18) ʧʨʠʦʙʨʝʪʸʪ ʚʠʜ, ʚʢʣʶʯʘʶʱʠʡ ʛʣʘʚʥʫʶ ʠ ʚʦʟʤʫʱʝʥʥʫʶ ʯʘʩʪʠ: 

( ) ( )

0 1 0

2

2 2

2

1

2

; ;

sin cos cos cos sin sin

m

orb

m

orb m

L
P P P P mB

I

I L
P mB e c s l c s l

I
c c c c

e

d d d d

= + =-

-
è ø=- + + -ê ú

  (2.20) 

ʊʘʢʞʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʚʚʦʜʠʪʩʷ ʨʷʜ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. ʕʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʡ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʧʦ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ ʫʛʣʘ ŭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʣʘʤ çʚʷʟʢʦʛʦè ʠ çʩʫʭʦʛʦè ʪʨʝʥʠʷ: 

(); sign ; ,fl fd f fl fdM M M M M e en k

s
ns s k k es s

s
D D D D D=- =- =- = + =- è + øê ú(2.21) 

ʛʜʝ ,e en k - ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʚʝʣʠʯʠʥ ʞʠʜʢʦʩʪʥʦʛʦ ʠ ʩʫʭʦʛʦ ʪʠʧʦʚ 

ʪʨʝʥʠʷ ( ),e en kn e k e= = . ɺ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʤʦʤʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ [14]: 

( ) () () ()

() ( ) ()( )

1 2 1

1 2

1 2 1

1 2

,

sign sign

f e
m C C C L e F t e t e F t

C C

e
F t C C C L t

C C

n
k n k

n

s

s

D

ë
è ø=- + D- + =- +î ê ú

î
ì

å õî è ø=- + D- =-æ öê úî ç ÷í

  (2.22) 

ɺʚʦʜʠʪʩʷ ʪʘʢʞʝ ʤʦʤʝʥʪ ʨʘʩʢʨʫʪʢʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʜʝʡʩʪʚʫʶʱʠʡ ʤʝʞʜʫ 

ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʩʚʷʟʳʚʘʶʱʠʡ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʘ ʩʠʣ ʩ ʩʠʣʦʡ ʪʦʢʘ (I), 

ʥʘʧʨʷʞʝʥʠʝʤ (U), ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (R) ʠ ʚʝʣʠʯʠʥʦʡ ʧʨʦʪʠʚʦ-ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʩʦʟʜʘʶʱʝʡ çʦʙʨʘʪʥʦʝè ʥʘʧʨʷʞʝʥʠʝ (EB): 

 ; ;DC

I B B BM k I E k U IR EsD = = = +,    (2.23) 

ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

   () () () (),DC

Um e t e F t F t U tmsD =- + =     (2.24) 

ʇʦʤʠʤʦ ʤʦʤʝʥʪʘ ʨʘʩʢʨʫʪʢʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʘʯʝʡ ʥʘ ʥʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ U(t) ʚ ʚʠʜʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʥʘ ʪʝʣʦ-ʨʦʪʦʨ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚʪʦʨʠʯʥʳʡ ʧʘʨʘʟʠʪʥʳʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʦʰʠʙʦʢ ʚ 

ʮʝʧʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʦʩʫʱʝʩʪʚʣʝʥ ʫʯʝʪ ʤʘʣʦʛʦ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʢʦʤʫ ʢʦʥʝʯʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ 

ʩʠʛʥʘʣʘ/ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʚ ʨʷʜ ʌʫʨʴʝ ʧʦ ʫʛʣʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ŭ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʛʘʨʤʦʥʠʢ N [13, 15]. ʇʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʩʠʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʤʝʶʪ ʚʠʜ: 

( ) ( ) 0
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; sin cos ; 0
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de d dD D D
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è ø= = + =ê úä   (2.25) 
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=- = + =- =è øê úäñ , (2.26) 

ʛʜʝ ,n na b  - ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ, ʘ ʚʝʣʠʯʠʥʘ ed ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʘʚʥʦʤʫ 
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ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʆʪʜʝʣʴʥʦ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚʚʝʜʝʥʥʳʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʱʝʤʫ ʚʠʜʫ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫ 

ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʦʟʠʮʠʦʥʥʦʡ ʬʘʟʳ d. 

 ɺ ʠʪʦʛʝ ʚ ʛʣʘʚʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʚ ʕʡʣʝʨʦʚʦʡ ʬʦʨʤʝ, ʪʘʢ ʠ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʬʦʨʤʝ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ [14, 15]: 

  0 0 01 1 1 10; ;;T P T Pe= + = += +     (2.27) 
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ʩ ʬʫʥʢʮʠʷʤʠ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.30) ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʣʘʚʥʳʭ ʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʯʣʝʥʦʚ: 
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  (2.31) 

ʚʢʣʶʯʘʷ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳ ʚʦʟʤʫʱʝʥʠʷ ( ),f DCm mD D  ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʠʤʧʫʣʴʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ȹ. ʀʟ ʚʠʜʘ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (2.27), ʦʧʨʝʜʝʣʷʶʱʝʛʦʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

(2.28), ʠ ʠʟ ʩʠʩʪʝʤʳ (2.29) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʘʨ ʧʝʨʝʤʝʥʥʳʭ { }{ }{ }, , ,L l dD  

ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʦ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʧʘʨ ʢʦʦʨʜʠʥʘʪ 

{ }{ }{ }2 2 3 3, , ,I Ij j , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʜʫʮʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʩ ʯʝʪʳʨʴʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʜʦ 

ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ { }{ }{ }, , ,L l dD  ʠ ʜʚʫʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʝʧʝʥʝʡ 

{ }{ }{ }2 2 3 3, , ,I Ij j , ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʦʪʜʝʣʴʥʦ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʟʠʮʠʦʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ɸʥʜʫʘʡʝ-

ɼʝʧʨʠ [14-17]. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʥʘʭʦʜʷʪʩʷ ʥʦʚʳʝ ʦʙʱʠʝ 

ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [3, 

14, 16, 17]. ʀʟʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʢʣʘʩʩʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ: 
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I. ʂʣʘʩʩ ʜʚʠʞʝʥʠʡ ʕʡʣʝʨʘ ʜʣʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ [17]; 

II.  ʂʣʘʩʩ ʜʚʠʞʝʥʠʡ ʃʘʛʨʘʥʞʘ ʜʣʷ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʝʛʦ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ [3], ʘ ʪʘʢʞʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [16], 

ʦʙʦʙʱʘʶʱʠʭ ʩʣʫʯʘʡ ʃʘʛʨʘʥʞʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ; 

III.  ɼʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ [19], ʦʙʦʙʱʘʶʱʝʝ ʩʣʫʯʘʡ 

ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ. 

ʋʢʘʟʘʥʥʳʝ ʢʣʘʩʩʳ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʛʨʘʬʘʭ ʛʣʘʚʳ ʩ ʮʝʣʴʶ ʟʘʧʠʩʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʦʙʦʙʱʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʨʝʰʝʥʠʡ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ: 

I. ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʚʳʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʠʞʝʥʠʶ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʩʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ (2.14). ʕʪʦʪ ʨʝʞʠʤ ʘʢʪʫʘʣʝʥ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʨʫʛʦʚʳʭ 

ʦʨʙʠʪʘʭ ʠʣʠ ʥʘ ʤʘʣʳʭ ʩʝʛʤʝʥʪʘʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʦʨʙʠʪ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʚʝʢʪʦʨʦʚ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ I-ʛʦ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ: 

I.1. ɺ ʧʫʥʢʪʝ 3.2.1 ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ 

ʕʡʣʝʨʘ8 ʜʣʷ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʣʦʜʠʡ. 

I.2. ɺ ʧʫʥʢʪʝ 3.2.2 ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ8 ʢʣʘʩʩʘ ʕʡʣʝʨʘ ʜʣʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʧʦʣʦʜʠʡ (ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ). ɺ ʪʦʤ 

ʯʠʩʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʕʡʣʝʨʘ ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘ ʩʣʫʯʘʡ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʚʟʘʠʤʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʩʠʣ.  

I.3. ɺ ʧʫʥʢʪʝ 3.2.3 ʥʘʭʦʜʠʪʩʷ ʥʦʚʦʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ 

ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʨʦʪʦʨʘ ʚ ʧʝʨʝʤʝʥʥʳʭ ʪʠʧʘ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ (ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʘʥʘʣʠʟʘ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ).  

II. ɺ ʧʘʨʘʛʨʘʬʝ 3.3 ʠʟʫʯʘʝʪʩʷ II -ʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʩʘ: 

II.1. ɺ ʧʫʥʢʪʝ 3.3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʧʣʦʩʢʦʤ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ 

ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ, ʚ ʪ.ʯ.: 

II.1.1. ɺʳʧʦʣʥʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʦʙʱʝʤʫ ʨʝʰʝʥʠʶ ʃʘʛʨʘʥʞʘ ʩ ʝʛʦ ʦʙʦʙʱʝʥʠʝʤ ʥʘ 

ʩʣʫʯʘʡ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʣ. 

II.1.2. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʳʝ ʩʣʫʯʘʠ ʜʠʥʘʤʠʢʠ, ʚʢʣʶʯʘʷ çʣʫʥʥʦʝè ʜʚʠʞʝʥʠʝ ʠ 

ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʧʨʝʮʝʩʩʠʡ ʃʘʛʨʘʥʞʝʚʦʛʦ ʪʠʧʘ. 

II.2. ɺ ʧʫʥʢʪʝ 3.3.2 ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ, ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʚ ʪ.ʯ.: 

II.2.1. ʅʘʭʦʜʷʪʩʷ ʥʦʚʳʝ ʦʙʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʫ 

ʥʝʛʦ ʧʝʨʝʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ. 

                                                 
8 - Cochran J.E., Shu P.H., Rew S.D. (1982), Attitude motion of asymmetric dual-spin spacecraft. Journal of 

Guidance, Control, and Dynamics 5 (1), 1982, pp. 37-42; 

  - Aslanov V.S. (2012), Integrable cases in the dynamics of axial gyrostats and adiabatic invariants, 

Nonlinear Dynamics, Volume 68, Issue 1, 2012, pp. 259-273. 
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III.  ɺ ʧʘʨʘʛʨʘʬʝ 3.4 ʠʩʩʣʝʜʫʝʪʩʷ III -ʡ ʢʣʘʩʩ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʠʞʝʥʠʶ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ ʚ ʨʝʞʠʤʝ ʢʦʥʠʯʝʩʢʦʡ 

ʧʨʝʮʝʩʩʠʠ ʧʨʠ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ (ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ). ʈʝʞʠʤ ʘʢʪʫʘʣʝʥ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

III.1. ʅʘʭʦʜʠʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ (ʤʦʜʠʬʠʢʘʮʠʷ) ʨʝʰʝʥʠʷ8 ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʫʯʘʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, ʛʠʨʦʩʪʘʪʠʯʝʩʢʠ ʦʙʦʙʱʘʶʱʝʝ ʩʣʫʯʘʡ ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ. 

ʉʚʷʟʠ ʫʢʘʟʘʥʥʳʭ ʢʣʘʩʩʦʚ ʜʚʠʞʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʙʣʠʮʝʡ (ʪʘʙʣ.1). ʉʚʷʟʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʣʫʯʘʷʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʪʘʙʣʠʮʝʡ (ʪʘʙʣ.2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʚʳʨʦʞʜʝʥʠʷ ʢ 

ʠʟʚʝʩʪʥʳʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʛʠʨʦʩʪʘʪʘ ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʋʢʘʟʘʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʪʝʣ. 

ɼʘʣʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʚʦʜʷʪʩʷ ʰʝʩʪʴ ʚʠʜʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

1. ʆʙʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʦʩʝʚʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ʈʝʰʝʥʠʷ [17] ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚ ʨʝʞʠʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, 

ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ (2.14). ʕʪʦʪ ʧʝʨʚʳʡ ʚʠʜ ʨʝʰʝʥʠʡ ʘʢʪʫʘʣʝʥ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ ʠʣʠ ʥʘ ʤʘʣʳʭ ʩʝʛʤʝʥʪʘʭ ʦʨʙʠʪ ʦʙʱʝʛʦ ʚʠʜʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʫʪʥʠʢʦʤ-ʛʠʨʦʩʪʘʪʦʤ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ: 

() k= +m ɤ ɤ d     (3.1) 

ʛʜʝ k=const ʠ [ ]0,0,
T

zm= -d  ʧʦʩʪʦʷʥʥʳʡ ʚʝʢʪʦʨ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɿʘʢʦʥ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (3.1) ʧʨʝʜʣʦʞʝʥʦ ʠʤʝʥʦʚʘʪʴ, ʢʘʢ çɤ-ʨʝʞʠʤè. 

ɼʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (2.14), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ, ʢʘʢ ʚʦʟʤʫʱʘʶʱʝʝ, ʘ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ orb¬¬K B  

ʦʪʚʝʯʘʝʪ ʣʠʙʦ ʦʨʙʠʪʘʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʧʦ ʢʨʫʛʦʚʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ ʚ ʨʝʞʠʤʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʣʠʙʦ ʜʚʠʞʝʥʠʶ ʧʦ ʯʘʩʪʠ ʦʨʙʠʪʳ, ʛʜʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʣʣʠʥʝʘʨʥʳ ʚʝʢʪʦʨʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ.4).  

        

ʈʠʩ.4. ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʦʜʥʘ ʠʟ ʩʠʣʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʠ çʩʢʦʣʴʟʷʱʠʝè 

ʚʝʢʪʦʨʘ ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Borb ʚʜʦʣʴ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ 
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ʊʘʙʣʠʮʘ 1. ʉʚʷʟʠ ʦʙʱʠʭ ʨʝʰʝʥʠʡ ʠ ʢʣʘʩʩʦʚ ʠʟʫʯʘʝʤʳʭ ʜʚʠʞʝʥʠʡ 

ʂʣʘʩʩ  
ʄʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ 

ʉʠʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʊʨʝʙʦʚʘ-

ʥʠʝ ʢ 

ʥʘʧʨʘʚʣʝ-

ʥʠ ʁ

ʢʠʥʝʪʠ-

ʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ 

ʈʝʞʠʤʳ 

ʜʚʠʞʝʥʠʷ 

ʊʠʧʳ 

ʨʝʰʝʥʠʡ 

 

ʉʣʫʯʘʡ ʦʙʦʙʱʝʥʠʷ 

I  (ʕʡʣʝʨʘ) 

ʊʨʝʭʦʩʥʳʡ 

ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ 

ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯ-

ʥʳʡ ʨʦʪʦʨ: 

Ab>Bb>Cb 

Ar=Br 

ɼʚʠʞʝʥʠʝ 

ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚ 

ʩʣʫʯʘʝ (2.14) 

ʩ 

ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ 

ʚʠʜʘ: 

() zn m= +m ɤ ɤ e

 

const

¬¬

@

orb
K B

K
 

I.1. 

ʎʠʣʠʥʜʨʠʯʝʩ-

ʢʘʷ ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ 

 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʦʙʦʙʱʝʥʠʷ ʨʝʰʝʥʠʷ8 

ʕʡʣʝʨʘ ʜʣʷ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ 

I.2. 

ʎʠʣʠʥʜʨʠʯʝʩ-

ʢʘʷ ʧʨʝʮʝʩʩʠʷ, 

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠ-

ʥʠʯʝʩʢʦʝ 

I.3. 

ʎʠʣʠʥʜʨʠʯʝʩ-

ʢʘʷ ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠ-

ʥʠʯʝʩʢʦʝ 

ʜʣʷ 

ʜʝʡʩʪʚʠʝ-

ʫʛʦʣ ʜʣʷ 

ʬʘʟʳ (ȹ,ŭ)  

ʫʩʣʦʚʠʝ 

(2.14), 

ʜʠʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʠʜʘ:  

() zn m= +m ɤ ɤ e

ʧʨʠ ʫʩʣʦʚʠʠ 

 ( )1 bCn mD - =-  

const

¬¬

@

orb
K B

K
 

I.4.  

ɺʟʘʠʤʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ 

ʛʠʨʦʩʢʦʧʠ-

ʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ 

ɻʝʪʝʨʦʢʣʠ-

ʥʠʯʝʩʢʦʝ 

II  

(ʃʘʛʨʘʥʞʘ) 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯ-

ʥʳʡ ʩʧʫʪʥʠʢ-

ʛʠʨʦʩʪʘʪ: 

Ab=Bb 

Ar=Br 

ʇʣʦʩʢʦʝ ʧʦʣʝ 

ʪʷʞʝʩʪʠ, ʥʝʪ 

ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ 

ʅʝʪ  
II .1.1.  

ʆʙʱʠʡ ʨʝʞʠʤ 
ʆʙʱʝʝ 

ʨʝʰʝʥʠʝ ʃʘʛʨʘʥʞʘ ʩ 

ʦʙʦʙʱʝʥʠʝʤ ʥʘ ʩʣʫʯʘʡ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ 

ʩʠʣ 

ʦʪʩʫʪʩʪʚʠʝ 

ʩʠʣ ʪʷʞʝʩʪʠ ʩ 

ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ: 

() k=m ɤ ɤ
 

ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʣ 

ʅʝʪ  
II.2.1. 

ɤ-ʨʝʞʠʤ 
ʆʙʱʝʝ 

ɿʘʧʠʩʴ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ 

III  

(ʉʪʝʢʣʦʚʘ 

ʚ 

ʮʝʥʪʨʘʣʴʥ

ʦʤ ʧʦʣʝ) 

ʊʨʝʭʦʩʥʳʡ 

ʪʝʥʟʦʨ 

ʠʥʝʨʮʠʠ 

ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯ-

ʥʳʡ ʨʦʪʦʨ: 

Ab>Bb>Cb 

Ar=Br 

ʎʝʥʪʨʘʣʴʥʦʝ 

ʧʦʣʝ 

ʛʨʘʚʠʪʘʮʠʠ 

ʧʨʠ 
2

2g

K

A
m <<  

const

¬¬

@

orb
K g

K

 

III.1. 

ʂʦʥʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ 

ʆʙʱʝʝ 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ 

ʦʙʦʙʱʝʥʠʷ ʨʝʰʝʥʠʷ 

ʕʡʣʝʨʘ8 ʩ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʦʙʦʙʱʝʥʠʝʤ ʩʣʫʯʘʷ 

ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʣʝ 
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ʊʘʙʣʠʮʘ 3.2. ɺʳʨʦʞʜʝʥʥʳʝ ʩʣʫʯʘʠ ʨʝʰʝʥʠʡ 

ʂʣʘʩʩ  

ʅʘʠʤʝʥʦʚʘʥʠ

ʝ ʨʝʰʝʥʠʡ/ 

ʨʝʞʠʤʦʚ 

ʊʠʧʳ 

ʨʝʰʝʥʠʡ 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʠʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ 
ʉʣʫʯʘʠ ʚʳʨʦʞʜʝʥʠʷ  

I  (ʕʡʣʝʨʘ) 

I.1. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ʆʙʱʝʝ 

ɼʚʠʞʝʥʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ 

ʩʣʫʯʘʝ (2.14) ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚʠʜʘ: 

() zn m= +m ɤ ɤ e 

1.  ɜ=ɛ=0: 

ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʕʡʣʝʨʘ8 

ʜʣʷ ʦʩʝʚʦʛʦ  

ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʨʦʩʪʘʪʘ 

 

 

 

2. ɜ=ɛ=ȹ=0: 

ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʕʡʣʝʨʘ8 

ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ  

ʪʝʣʘ  

I.2. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ, 

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ 

I.3. 

ʎʠʣʠʥʜʨʠʯ. 

ʧʨʝʮʝʩʩʠʷ,  

ɤ-ʨʝʞʠʤ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ 

ʪʠʧʘ 

ʜʝʡʩʪʚʠʝ-

ʫʛʦʣ ʜʣʷ 

ʚʨʘʱʘʶʱʝʡ- 

ʩʷ ʬʘʟʳ (ȹ,ŭ)  

I.4.  

ɺʟʘʠʤʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ 

ʛʠʨʦʩʢʦʧʠ-

ʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʠ ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ 

ɻʝʪʝʨʦʢʣʠʥʠ- 

ʯʝʩʢʦʝ 

ɼʚʠʞʝʥʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ 

ʩʣʫʯʘʝ (2.14) ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚʠʜʘ:  

() zn m= +m ɤ ɤ e 

ʧʨʠ ʫʩʣʦʚʠʠ  

( )1 bCn mD - =-  

II  

(ʃʘʛʨʘʥʞʘ) 

II .1.1.  

ʆʙʱʠʡ 

ʨʝʞʠʤ 

ʆʙʱʝʝ 
ʇʣʦʩʢʦʝ ʧʦʣʝ ʪʷʞʝʩʪʠ, ʥʝʪ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

 

ȹſ0: 

ʨʝʰʝʥʠʝ ʃʘʛʨʘʥʞʘ  
ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

  

II.2.1. 

ɤ-ʨʝʞʠʤ 
ʆʙʱʝʝ 

ɼʚʠʞʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ 

ʪʷʞʝʩʪʠ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ: 

() k=m ɤ ɤ  

ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʩʠʣ ʠ ʜʨʫʛʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʝʪ ʩʣʫʯʘʝʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʚʳʨʦʞʜʝʥʠʷ ʢ ʠʟʚʝʩʪʥʳʤ 

ʨʝʰʝʥʠʷʤ (ʪ.ʢ. ʠʟʫʯʝʥʥʳʡ 

ʩʣʫʯʘʡ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ) 
-------------------------------------------- 

ʧʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʚʠʜʘ 

ʧʝʨʝʤʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʧʦʩʪʦʷʥʥʳʡ  

 () () zk k= Ý =m ɤ ɤ m ɤ e 

ʪʝʭʥʠʯʝʩʢʠ ʧʦʩʣʝʜʫʝʪ 

ʚʳʨʦʞʜʝʥʠʝ ʢ ʟʘʜʘʯʝ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ 

III  

(ʉʪʝʢʣʦʚʘ 

ʚ 

ʮʝʥʪʨʘʣʴʥ

ʦʤ ʧʦʣʝ) 

III. 1. 

ʂʦʥʠʯʝʩʢʘʷ 

ʧʨʝʮʝʩʩʠʷ 

ʆʙʱʝʝ 

ʎʝʥʪʨʘʣʴʥʦʝ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ 

ʧʨʠ 
2

2g

K

A
m <<  

1. ɛg=0: 

ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʕʡʣʝʨʘ8 

ʜʣʷ ʦʩʝʚʦʛʦ  

ʥʦʨʤʘʣʴʥʦʛʦ ʛʠʨʦʩʪʘʪʘ 

2. ȹ=0: 

ʨʝʰʝʥʠʷ ʉʪʝʢʣʦʚʘ 

ʜʣʷ ʪʝʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ 

3. ɜ=ɛ=ȹ=0: 

ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʕʡʣʝʨʘ8 

ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ  

ʪʝʣʘ 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ 

ʩʣʝʜʫʶʱʝʡ ʚʝʢʪʦʨʥʦʡ ʠ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ [17]: 
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[ ]

;

z

orb z orb

d

dt

kB K m B K

n m

n m

+ ³ = ³ = + ³

= =

orbK ɤ K m B ɤ e K
    (3.2) 

( ) ( )

( ) ( )

( )( )

1

1

1 0; 0

b

b

b

Ap C B qr q B q

Bq A C pr p A p

C r pq B A

n m

n m

n

ë + - + D - =-è øê ú
îî
+ - - D - =è øì ê ú

î
+D+ - - = D=îí

    (3.3) 

ʇʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʠʜ [17]: 

( )
[ ]

2
2 2 2 2

2
1

b b

r

Ap Bq C r C r T
C

m

n

D
+ + + - +D =

-
   (3.4) 

[ ]
22 2 2 2 2const 2bA p B q C r K DT+ + +D = = =   (3.5) 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʪ ʷʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [17]: 

()
( )

( ) ()( )

()
( )

( ) ()

() ()
( )

()
( )( )( )

( )( )( )

2

2

2 2
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   (3.6) 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ.5) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʝʨʠʬʠʢʘʮʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (3.6) ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ: Ab=15, Bb=10, Cb=7, Ar=5, 

Cr=4 [kgȚm2]; p0=0.60, q0=2.31, r0=1.86 [1/s]; ȹ=3, K=40 [kgȚm2/s]; Q=10 [kgȚm2/s2]; ɛ=-0.25 

[1/s]; ɜ=0.30.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ (3.6) ʩʣʝʜʫʶʪ ʨʝʰʝʥʠʷ8 ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ 

ʛʠʨʦʩʪʘʪʘ ʧʨʠ ɜ=ɛ=0, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʕʡʣʝʨʘ ʧʨʠ ȹ=ɜ=ɛ=0. 

2. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʦʣʫʯʝʥ ʷʚʥʳʡ ʚʠʜ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʣʝʜʫʶʱʠʭ ʠʟ ʦʙʱʠʭ ʨʝʰʝʥʠʡ (3.6) ʧʨʠ ʚʳʨʦʞʜʝʥʠʠ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ (ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʣʠʧʪʠʯʥʦʩʪʠ k=1). ʕʪʠ 

ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʠʞʝʥʠʶ ʚʜʦʣʴ ʩʝʧʘʨʘʪʨʠʩʩ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʜʠʥʘʤʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʘʩʱʝʧʣʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʦʟʤʫʱʝʥʠʡ [17]: 
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ʈʠʩ.5. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʣʠʥʠʠ) ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ (ʪʦʯʢʠ) ʨʝʰʝʥʠʷ (3.6) 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (3.7) ʦʙʦʙʱʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ9, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʣʫʯʘʷ ʩʚʦʙʦʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ (ʧʨʠ ɛ=ɜ=0) ʠ 

ʩʚʦʙʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ȹ=ɛ=ɜ=0).  

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.7) ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʣʝʜʫʝʪ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʝʣʘ-ʨʦʪʦʨʘ ŭ [14]: 
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ʠʣʠ ʚ ʧʝʨʝʟʘʧʠʩʘʥʥʦʡ ʬʦʨʤʝ: 

 ()* 0 ;t v tdd s d= - +      (3.9) 
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3. ɻʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ 

ʨʦʪʦʨʘ. ɺ ʮʝʣʷʭ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʘʣʠʟʤʘ ɺʠʛʛʠʥʩʘ10 ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʢʪʦʚ 

                                                 
9  - ɸʩʣʘʥʦʚ ɺ.ʉ., ɼʦʨʦʰʠʥ ɸ.ɺ. (2010), ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʛʠʨʦʩʪʘʪʘ // 

ʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ, ʪ.74, ʚʳʧ.5, 2010. ʉ. 734-750. 

   - Aslanov V.S. (2012), Integrable cases in the dynamics of axial gyrostats and adiabatic invariants, 

Nonlinear Dynamics, Volume 68, Issue 1, 2012, pp. 259-273. 
10 Wiggins S. (1988), Global Bifurcations and Chaos : Analytical Methods (Applied mathematical sciences : 

vol. 73), Springer-Verlag. 1988. 
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ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʢʘʨʪʝʟʠʘʥʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ 

ʚʨʘʱʘʶʱʠʭʩʷ ʬʘʟ ʢ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʘʤ ʪʠʧʘ çʜʝʡʩʪʚʠʝ-ʫʛʦʣè. ʇʫʪʝʤ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʡʜʝʥ ʚʠʜ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [14] ʜʣʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʠ ʠʤʧʫʣʴʩʘ { },dD  ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʜʝʡʩʪʚʠʷ 

{ },w Id D , ʘ ʪʘʢʞʝ ʠʭ ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ: 
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ɺr ʨʘʞʝʥʠʷ (3.13) ʩ ʜʦʧʦʣʥʝʥʠʝʤ (3.7) ʠ (3.11) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʬʘʟʳ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

4. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʤʦʤʝʥʪʦʤ ʩʠʣ, ʧʨʠʚʦʜʠʤʦʝ ʢ ʩʣʫʯʘʶ ʃʘʛʨʘʥʞʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʪʷʞʝʣʦʛʦ 

ʦʩʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [3]. ʆʩʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ Oz 

ʛʠʨʦʩʪʘʪʘ ʠ ʪʦʯʢʘ O ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʡ ʦʩʠ. 
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ʛʜʝ ʈ - ʚʝʩ ʛʠʨʦʩʪʘʪʘ, a - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʠʨʦʩʪʘʪʘ ʜʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ O, gi 
- ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ OZ ʚ 

ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ Oxyz( 1,2,3i = ), ,n r n rA A A C C C= + = + ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʛʠʨʦʩʪʘʪʘ  ʚ 

ʩʠʩʪʝʤʝ Oxyz; ,n n nA B C=  ï  ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ; ,r r rA B C=  ï 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ; ( ), ,
T

p q r=ɤ  - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʝʩʫʱʝʛʦ ʪʝʣʘ, s - ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, Mr ï ʚʥʫʪʨʝʥʥʠʡ ʤʦʤʝʥʪ ʩʠʣ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ. 

ʇʝʨʚʳʝ ʪʨʠ ʠʥʪʝʛʨʘʣʘ ʠʤʝʶʪ ʚʠʜ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʠʥʪʝʛʨʘʣʘʤʠ ʩʣʫʯʘʷ ʃʘʛʨʘʥʞʘ: 
2 2 2

1 2 3 1g g g+ + =      (3.15) 

( )( )1 2 3r ZA p q Cr C Kg g s g+ + + =    (3.16) 

r zCr C Ks+ =       (3.17) 

ʏʝʪʚʝʨʪʳʡ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤ rʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  
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d

s g dè ø+ + + + - =- +ê ú ñ   (3.18) 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ (3.19) ʩʣʝʜʫʝʪ 
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2
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d s d sè ø= + + + =ê úñ     

ʇʦɻʪʦʤʫ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ (3.18) ʠʤʝʝʪ ʚʠʜ 

2 2

3( ) const,
2

A
p q Pag+ + =     (3.20) 
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ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʚʠʜʫ ʩ ʠʥʪʝʛʨʘʣʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʩ ʪʝʤ 

ʦʪʣʠʯʠʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʦʜʦʣʴʥʘʷ 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ( )constr = . 

ʀʟ ʧʦʢʘʟʘʥʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʝʣʘ ʚ ʩʣʫʯʘʝ 

ʃʘʛʨʘʥʞʘ ʠ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʚʳʪʝʢʘʝʪ ʩʠʤʤʝʪʨʠʷ ʠ ʘʥʘʣʦʛʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ. ɼʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʩʝʚʦʡ ʪʷʞʝʣʳʡ ʛʠʨʦʩʪʘʪ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ, ʧʦʜʦʙʥʦʝ 

ʜʚʠʞʝʥʠʶ ʪʷʞʝʣʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ.  

ɺ ʦʪʣʠʯʠʠ ʦʪ ʪʝʣʘ ʚ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ, ʜʣʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʤʦʤʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ ʧʨʦʜʦʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʠʜʦʤ ʵʪʦʛʦ ʤʦʤʝʥʪʘ:  

 ()
() () () ()( )

0

, , , ,
,

t
r

n

M t t t t t
r t dt

C

s d
=-ñ

ɤ ɔ
    (3.21) 

ʯʪʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʷʚʥʦʤ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʫʛʣʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʜʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʃʘʛʨʘʥʞʘ: 
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( ) cos ( ) cos

sin

t t
G R

r t dt r t dt
q

j j y q q
q

-å õ
- = - = -æ ö

ç ÷
ñ ñ   (3.22) 

ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʠʜ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʣʫʯʘʝʚ ʧʨʝʮʝʩʩʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʠʨʦʩʪʘʪʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ "ʣʫʥʥʦʝ" 

ʜʚʠʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʩʫʱʝʝ ʪʝʣʦ ʚʩʝʛʜʘ ʦʙʨʘʱʝʥʦ ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʢ ʥʝʧʦʜʚʠʞʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ OZ, ʠʣʠ, ʯʪʦ ʪʦʞʝ ʩʘʤʦʝ, ʢʦʛʜʘ 0j¹ . ʊʘʢ ʠʟ (3.22) ʠ (3.21) ʩʣʝʜʫʝʪ, ʯʪʦ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ çʣʫʥʥʦʛʦè ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ: 
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  (3.23) 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʧʨʝʮʝʩʩʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʚʨʘʱʝʥʠʝ ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪ.ʝ., 

ʢʦʛʜʘ ʫʛʦʣ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʦʚʦʨʦʪ ʧʦ ʫʛʣʫ ʧʨʝʮʝʩʩʠʠ 

( () () constt tj y=- + ), ʯʪʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (3.22), ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʚ ʚʠʜʝ: 
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cos
cos 1

sin
r n n

d G R
M C r C

dt

q
q

q

-è ø
=- =- -é ù

ê ú
   (3.24) 

ɺʦʟʤʦʞʝʥ ʩʠʥʪʝʟ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʟʘ 

ʩʯʝʪ ʥʘʟʥʘʯʝʥʠʷ ʚʠʜ ʤʦʤʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʪʷʞʝʣʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʃʘʛʨʘʥʞʝʚ 

ʢʣʘʩʩ ʨʝʰʝʥʠʡ ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ ʚʨʝʤʝʥʥ ʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (3.21) ʠ ʫʛʣʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

5. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʣʘʩʩʘ ʜʚʠʞʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ɤ-ʨʝʞʠʤʦʚ [16]. ʇʫʩʪʴ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʝʛʦ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (Borb), ʪ.ʝ. 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʨʦʪʢʠʡ ʫʯʘʩʪʦʢ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʣʠʙʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʦ ʢʨʫʛʦʚʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ. ʀʥʝʨʮʠʘʣʴʥʘʷ ʦʩʴ CZ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚʜʦʣʴ ʚʝʢʪʦʨʘ Borb 
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(ʨʠʩ.6). ʉʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʩʦʟʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤʠ 

ʘʢʪʫʘʪʦʨʘʤʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʤʧʦʥʝʥʪʘʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-ʥʦʩʠʪʝʣʷ. 

 
ʈʠʩ.6. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  

ɺ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Cxyz ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʤʧʦʥʝʥʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ: 

    [ ] [ ]1 2 3, , ; , ,
T T

orb orbB k p q rg g g= =B m    (3.25) 

 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʨʠʤʫʪ ʚʠʜ [16]: 
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1 2 3

2 3 1

3 1 2

r q

p r

q p

g g g

g g g

g g g

= -ë
î
= -ì

î = -í

       (3.27) 

ʛʜʝ ,b rA A A= +  b rC C C= + ; { }, ,b b bA A C  ʝʩʪʴ ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʛʣʘʚʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʣʘ; { }, ,r r rA A C  - ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʦʪʦʨʘ; MD- ʤʦʤʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʩʥʳʭ ʪʝʣ. ʇʫʩʪʴ ʚ 

ʠʟʫʯʘʝʤʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʦʩʥʳʭ ʪʝʣ ʛʠʨʦʩʪʘʪʘ ʦʪʩʫʪʩʪʚʫʝʪ (Mȹ=0) ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʪʝʣʘ-ʨʦʪʦʨʘ ȹ=const. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ ʜʚʠʞʝʥʠʷ: 

 2 2 2

1 2 3 1g g g+ + =       (3.28) 

   ( )1 2 3 constb ZAp Aq C r Kg g g+ + +D = =   (3.29) 

  ( )2 2 2 constbA p q C r h+ + = =     (3.30) 

ʀʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ [16]: 

  ( ) ( )3 ,b orb

d
C r kB

dt
g+D = -     (3.31) 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʯʝʪʚʝʨʪʳʡ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ:  
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 3b orbC r kB Dg+D=- +     (3.32) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʨʷʜʘ ʟʘʤʝʥ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʛʣʘ ʥʫʪʘʮʠʠ [16]: 
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   (3.33) 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʝʱʝ ʯʝʪʳʨʝ ʩʣʫʯʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʳʨʘʞʘʝʤʳʭ ʚ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ ʗʢʦʙʠ cn(Ŀ), sn(Ŀ), nc(Ŀ), sc(Ŀ). 

 ʈʝʰʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ r(t) ʠʤʝʝʪ ʚʠʜ [16]: 

 () ()3orb br t kB t D Cgè ø= - + -Dê ú     (3.34) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʤʝʥʘ 

ʧʝʨʝʤʝʥʥʳʭ: 

 cos ; sinp G F q G F= =      (3.35) 

ʈʝʰʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

 () ()2 2 2

bG t p q h C r t Aè ø= + = -ê ú     (3.36) 

ɼʣʷ ʬʘʟʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫʨʘ [16]: 

() ( )() ()
() ()( ) ()

()

3

3 2

1
const

orb Z b

b orb

b

kB r t K C r t t
F t A C r t kB t dt

A A h C r t

g
g

å õè ø- +Dê úæ ö= D- - - + +è øê úæ öè ø-ê úç ÷
ñ (3.37) 

ʈʝʰʝʥʠʷ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ɔ1(t) ʠ ɔ2(t) [16]: 
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  (3.38) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ɤ-ʨʝʞʠʤʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʛʠʨʦʩʪʘʪʦʚ, ʘ 

ʪʘʢʞʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠʟ ʣʶʙʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʢʦʛʜʘ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʩʦʚʤʝʱʝʥʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʢʪʦʨʘ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

6. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʜʚʠʞʝʥʠʷ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʩʣʫʯʘʝ ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ 

ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʰʝʥʠʷ [19] ʜʣʷ ʜʚʠʞʝʥʠʷ ʦʩʝʚʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ ʪʷʛʦʪʝʥʠʷ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ.7) ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʣʷ (ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ) ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʣʦʩʪʠ ʚʦʟʥʠʢʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ 

ʩʠʣ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʨʝʞʠʤʦʚ çʢʦʥʠʯʝʩʢʠʭ ʧʨʝʮʝʩʩʠʡè ʩʧʫʪʥʠʢʦʚ ʚʦʢʨʫʛ ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ.  

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 
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    (3.39) 

ʛʜʝ ,b rA A A= +  ,b rB B A= +  b rC C C= + ; , ,b b bA B C  - ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʪʝʣʘ, , ,r r rA A C  - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʦʪʦʨʘ, ʧʨʠʯʝʤ ʙʫʜʝʤ 
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ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ A B C> > , ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

çʧʨʦʜʦʣʴʥʦʛʦè (ʧʦ ʦʩʠ z) ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ɛg ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ( )3 .g orb orb
g Rm=  ʉʠʩʪʝʤʘ (3.40) ʜʦʧʦʣʥʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʇʫʘʩʩʦʥʘ (3.41). 

     
ʈʠʩ.7. ʉʧʫʪʥʠʢ-ʛʠʨʦʩʪʘʪ ʚ ʩʣʫʯʘʝ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʠ g ʩ ʥʘʯʘʣʴʥʳʤ 

ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (K ) ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ,əʘʥʘʣʦʛʠʯʥʦʝ (2.13): 

  
2 g

d A

d Kt
=
ə

M       (3.42) 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʩʝʜʫʶʱʫʶ ʦʮʝʥʢʫ ʜʣʷ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ (ʩʯʠʪʘʷ, ʯʪʦ 

A>B>C): 

  
2

2 2g g g

A A
A C

K K
m m< - <M     (3.43) 

ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʙʝʟʨʘʟʤʝʨʥʳʡ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʝ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴ ʩʚʦʝʛʦ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʝʩʣʠ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: 

  
2

2g

K

A
m<<       (3.44) 

ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ (3.44) ʠ ʥʘʯʘʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʩ ʚʝʢʪʦʨʦʤ ʛʨʘʜʠʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ g ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

çʚʝʨʪʠʢʘʣʴʥʦʡè ʦʩʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ CZ (ʨʠʩ.7) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

( )1 2 3; ; bAp K Bq K C r Kg g g= = = +D   (3.45) 

ʇʦʜʩʪʘʥʦʚʢʘ ʚʳʨʘʞʝʥʠʡ (3.45) ʚ ʫʨʘʚʥʝʥʠʷ (3.39) ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʫʶ 

ʟʘʤʢʥʫʪʫʶ ʠʭ ʬʦʨʤʫ (ʧʨʠ Mȹ=0): 
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   (3.46) 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʘʝʤʦʝ ʜʘʣʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

(3.46) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʯʘʩʪʠʯʥʦʝ ʦʙʦʙʱʝʥʠʝ ʩʣʫʯʘʷ ʉʪʝʢʣʦʚʘ ʥʘ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ 
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ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʝʚʦʛʦ ʛʠʨʦʩʪʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ.  

ɼʣʷ ʫʨʘʚʥʝʥʠʡ (3.46) ʟʘʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ: 

( )
22 2 2 2 2constbA p B q C r K+ + +D = =     (3.47) 

( )
22 2 2

2 2 2

2 2 2
1 1 2

g g g b
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  (3.48) 

ʇʦʩʣʝ ʨʷʜʘ ʧʦʜʩʪʘʥʦʚʦʢ ʠ ʟʘʤʝʥ ʩʣʝʜʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʟʘʧʠʩʳʚʘʝʤʳʝ ʚ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ [19]:  
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 (3.49) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʨʝʭ ʢʣʘʩʩʦʚ ʜʚʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, 

ʚʢʣʶʯʘʷ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ ʕʡʣʝʨʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʩ ʪʨʝʙʦʚʘʥʠʝʤ 

ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ [17], ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ ʃʘʛʨʘʥʞʘ ʜʣʷ ʪʷʞʝʣʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [3] ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ [16], ʘ ʪʘʢʞʝ ʢʣʘʩʩ ʜʚʠʞʝʥʠʡ 

ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʢʦʥʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ [19], ʦʙʦʙʱʘʶʱʠʡ ʩʣʫʯʘʡ ɺ.ɸ. ʉʪʝʢʣʦʚʘ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ.  

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʠʟʫʯʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʜʠʥʘʤʠʢʝ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʥʘʣʠʟʫ ʭʘʦʪʠʟʘʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʶ ʭʘʦʩʘ, ʥʘʰʣʠ ʩʚʦʝ 

ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [10, 12, 13, 14, 15, 17, 18, 19, 20].  

ʍʘʦʩ ʧʨʠ ʤʘʣʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʝʞʜʫ ʩʦʦʩʥʳʤʠ ʪʝʣʘʤʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʣʳʝ 

ʚʦʟʤʫʱʘʶʱʠʝ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ MD, ʤʦʜʝʣʠʨʫʶʱʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ 

ʧʘʨʘʟʠʪʥʳʝ ʩʠʛʥʘʣʳ ʚ ʢʦʥʪʫʨʝ ʚʥʫʪʨʝʥʥʝʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʨʘʟʣʦʞʠʤʳʝ ʚ ʨʷʜ ʌʫʨʴʝ (ʩ ʫʜʝʨʞʘʥʠʝʤ N ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ): 

( )M polygarm teDD= = Ö     (4.1) 

ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ  

0

sin cos
N

n n

n

a nt b nte
=

è øD=D+ +ê úä     (4.2) 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ 

ʩʚʦʙʦʜʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʧʝʨʝʤʝʥʥʳʤʠ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ { },l L : 

( ) () ( ) ()

( ) ( ) ( )

() ()

2 2
2 2

2

0

, ; , ;

1 sin cos
, sin cos ; , ;

1
0; sin cos

L L l l

L l

b b

N

L l n n

nb

L f l L g t l f l L g t

l l
f l L I L l l f l L L

C A B C

g t g t a nt b nt
C

e e

a

=

= + = +

è øD
= - = - - -é ù

ê ú

è ø= =- +ê úä

  (4.3) 

ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʷʚʥʳʭ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (3.7) ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ [15]: 
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() () ()( ) ( ) (){ }0 0 0 0

0

, cos sin
N

n

L l s n n

nb

M t f l t L t g t t dt J a nt b nt
C

a
+¤

=-¤

= + = -äñ   (4.4) 

() () ( ) () () ( )sin 0; cos 0;
n n

s cJ g t nt dt J g t nt dt

+¤ +¤

-¤ -¤

= ¸ = =ñ ñ    (4.5) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʦʥʘ ʠʤʝʝʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʚʟʘʠʤʥʳʭ 

ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʩʱʝʧʠʚʰʠʭʩʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʝʧʘʨʘʪʨʠʩʩ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʣʦʢʘʣʴʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʩʝʯʝʥʠʷʭ ʇʫʘʥʢʘʨʝ (ʨʠʩ. 

8), ʚʳʧʦʣʥʷʝʤʳʭ ʧʦ ʫʩʣʦʚʠʶ ( )mod 2 0t pW =  ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ { }2, /l L I .  

ʊʘʢʞʝ ʧʨʠʤʝʨʦʤ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʦʪʜʝʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʩʪʘʨʪʫʶʱʝʡ ʙʣʠʟʢʦ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʝʧʘʨʘʪʨʠʩʝ. ʅʘ ʨʠʩ. 9. ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ { }2, /l L I  ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʩʣʫʯʘʷ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʦʟʤʫʱʝʥʠʡ.  

     
Ů=0       ŮÍ0 

ʈʠʩ.8. ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʩʠʩʪʝʤ  rʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ 

 

           
Ů=0       ŮÍ0 

ʈʠʩ.9. ʈʝʛʫʣʷʨʥʘʷ ʠ ʭʘʦʪʠʯʝʩʢʘʷ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ 

ʊʘʢʞʝ ʚ ʛʣʘʚʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʨʫʛʠʝ ʩʣʫʯʘʠ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ, ʚʢʣʶʯʘʷ ʩʣʫʯʘʠ ʥʘʣʠʯʠʷ ʤʘʣʳʭ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʧʨʠ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʚ ʩʣʘʙʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʢʦʛʜʘ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ [19]: 
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 (4.6) 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʭʘʦʪʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʘʣʠʯʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʣʦʢʘʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʠ. ʀʣʣʶʩʪʨʘʮʠʷ ʭʘʦʪʠʟʘʮʠʠ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 10, ʛʜʝ ʚʠʜʥʦ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʩʝʧʘʨʘʪʨʠʩʥʦʡ ʟʦʥʝ. 

     
ɛg=0                                                                        ɛg=0.046 

ʈʠʩ. 10. ʍʘʦʪʠʟʘʮʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʦʤʝʥʪʦʚ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ 

ʆʪʜʝʣʴʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʭʘʦʪʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʛʠʨʦʩʪʘʪʦʚ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʤʥʦʛʦʤʝʨʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʭʘʦʪʠʟʘʮʠʷ ʢʦʪʦʨʦʡ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʉ. ɺʠʛʛʠʥʩʘ. ʉʚʷʟʳʚʘʷ ʪʠʧʳ ʩʠʩʪʝʤ ɺʠʛʛʠʥʩʘ 

(ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ ʧʘʨʘʛʨʘʬʝ 1.5) ʠ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ, ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʩʣʫʯʘʡ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʩʠʩʪʝʤ ɺʠʛʛʠʥʩʘ6 ʧʨʠ 

n=m=k=1 ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷʭ:  
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 (4.7) 

ʛʜʝ ʚʩʝ ʚʦʟʤʫʱʝʥʠʷ , , ,l Lg g g gd D (4.7) ʷʚʣʷʶʪʩʷ 2-́ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʫʛʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ d. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-

ʛʠʨʦʩʪʘʪʘ ʚʳʜʝʣʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤ ɺʠʛʛʠʥʩʦʚʦʛʦ ʪʠʧʘ6: 

ɺʘʨʠʘʥʪ 1. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʙʱʝʛʦ ʚʠʜʘ 

ʚʦʟʤʫʱʝʥʠʡ (2.31) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʭ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʯʘʩʪʝʡ ( ),f DCm mD D , ʪʦʛʜʘ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʥʘ ʩʠʩʪʝʤʘ6 ʪʠʧʘ ñSystem Iò ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʘ ̫ ʬʫʥʢʮʠʶ 

ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ( )1 0, ;IM w a m: 

 ( ) [ ]
() () ()00

0 01 0 0 0 ;II

I

l l L L q tq t
M w D g D g D g dt D g dt

g

+¤ +¤

D D D DD

-¤ -¤

= + +Ö Ö Ö-Öñ ñ  (4.8) 
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ʠʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2.31), ʠʤʝʝʤ: 

  ( ) [ ]
() () ()00

1 0 ;II

I

L l qql L tt
M w f g g f g dt f dtf gd dg

+¤ +¤

D DD

-¤ -¤

Ö Ö Ö Ö= - + -ñ ñ   (4.9) 

() () () (){ }0 0, , , ,
t

Iq t l t L t f s ds wd= D +ñ  

ʛʜʝ ʚ ʩʦʩʪʘʚʝ ʚʝʢʪʦʨʘ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ()0

Iq t  ʧʦʩʣʝʜʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʨʪʝʟʠʘʥʩʢʦʛʦ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʛʣʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʩ ʧʦʤʦʱʴʶ çʩʦʶʟʥʳʭè ʩʦʦʪʚʝʪʩʪʚʠʡ (3.13): 

  ()
() ()

() () ()
, ,

t

l s L s
f s ds t w t v td d dd

D
= = -ñ     (4.10) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʡ ʚʝʢʪʦʨ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʚʳʨʘʞʝʥʠʷ (3.7), (3.9): 

 () () () () (){ }0 0 0, , ,
t

Iq t l t L t I f s ds w t wd dD= + = + =ñ   (4.11) 

() () () ()( ) () () () ()( ) ()( ) () (){ }0 0, , ,l p t ,q t ,r t , t L p t ,q t ,r t , t w t w w t v t wd d ds s d= D + = - + 

ɺʘʨʠʘʥʪ 2. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠʤʝʝʪ ʯʠʩʪʳʡ 

ʛʘʤʠʣʴʪʦʥʦʚʳʡ ʚʠʜ (ʪ.ʝ. 0f DCm mD D¹ ¹), ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʪʠʧ6 ʩʠʩʪʝʤʳ 

ñSystem IIIò ʠ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʫʶ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ( )2 0, ;IM w a m, ʢʦʪʦʨʘʷ 

ʚʳʯʠʩʣʷʝʪʩʷ ʫʯʠʪʳʚʘʷ (2.27) ʠ (2.28): 

 ( )
()0

12 0 ,I

I

q t
M w D dtd

+¤

-¤

=-ñ      (4.12) 

ʛʜʝ ʚʝʢʪʦʨ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ (4.11). 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʭʘʦʪʠʟʘʮʠʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʪʠʧʦʚ 

ʚʦʟʤʫʱʝʥʠʡ ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ ʭʘʦʩ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʫʩʪʨʘʥʠʤʳʤ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʫʛʣʦʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʘʩʠʤʤʝʪʨʠʡ ( )2 20, 0a b¸ ¸  ʠ 

( )2 20, 0x yl l¸ ¸  ʪʝʣʘ-ʧʣʘʪʬʦʨʤʳ ʙʝʟ ʘʥʘʣʦʛʠʯʥʳʭ ʩʤʝʱʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ-ʨʦʪʦʨʘ 

( )1 1 1 1 0x yl la b= = = = ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʳʭ (2.20) ʠ ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʭ (2.26) ʚʦʟʤʫʱʝʥʠʡ, 

ʚ ʛʣʘʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʚ ʬʦʨʤʝ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

  
( )

1 1 2 2

2 0 0 0

0 0 0 0

sin 2 sin

cos sin cos2 sin 2 ,

I

B B m m

a b a b

M w e J w e J w

e J w J w J w J wd d d d d

= + +

è ø+ + + +
ê ú

  (4.13) 

ʠʤʝʶʱʘʷ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʨʥʝʡ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʬʘʢʪ ʥʘʣʠʯʠʷ 

ʥʝʫʩʪʨʘʥʠʤʦʛʦ ʭʘʦʩʘ ʚ ʜʠʥʘʤʠʢʝ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ. 

ɺ ʩʣʫʯʘʝ ʞʝ ʥʘʣʠʯʠʷ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʢʣʶʯʘʷ (2.22) ʠ (2.24), ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ (4.9) ʚ ʬʦʨʤʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

 ( ) ( ) ( )1 0 0 0 ,IM w M w W w= +      (4.14) 

 ( ) [ ]
()0

0 ;
IL l q tl LM w f g g tf d

+¤

-¤

= Ö Ö-ñ     (4.15) 

 ( )
() ()( ) ()0 0

0 I Iq t q t
W w f f g dtd dg

+¤

DD

-¤

= - Öñ    (4.16) 
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ʌʫʥʢʮʠʷ ( )0M w  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʯʘʩʪʠ (ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ɺ.ʂ. ʄʝʣʴʥʠʢʦʚʘ), ʘ ʬʫʥʢʮʠʷ ( )0W w  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʧʦʣʥʝʥʥʫʶ ʯʘʩʪʴ ʉ.ɺʠʛʛʠʥʩʘ. 

ɺʠʛʛʠʥʩʦʚʘ ʯʘʩʪʴ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʟʘʧʠʰʝʪʩʷ: 

 ( ) ( )0 0W w W w W= +      (4.17) 

 ( ) ()( )
()0

0 * ;
Iq t

W w t g dts s
+¤

D

-¤

= - Öñ     (4.18) 

 ()( ) ()( )* , constW t m t t dt Js s s
+¤

D

-¤

= - Ö = =ñ    (4.19) 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ (4.18) ʠ (4.19) 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʭʦʜʷʪʩʷ, ʘ ʬʫʥʢʮʠʷ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʩ ʥʝʥʫʣʝʚʦʡ ʘʜʜʠʪʠʚʥʦʡ ʢʦʥʩʪʘʥʪʦʡ J : 

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

I

trigM w M w W w J P w J= + + = +   (4.20) 

ɼʘʣʝʝ ʚ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ. ɺ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʚʠʜʘ ʬʫʥʢʮʠʠ (4.20) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʫʩʣʦʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʩʪʳʭ ʝʝ ʢʦʨʥʝʡ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚʘ, ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʯʣʝʥʘ ʩʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʚʜʦʣʴ ʦʩʠ ʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʥʘʣʠʯʠʝ ʝʛʦ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʨʦʩʪʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ: 

  ( )( )0trigAm P w J¢      (4.21) 

ʛʜʝ ʬʫʥʢʮʠʷ Am(Å) ʦʟʥʘʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʇʨʦʩʪʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʩʣʦʚʠʷ (4.21) ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʝ ʧʝʨʝʩʝʯʝʥʠʷ/ʢʘʩʘʥʠʷ/ʦʪʩʫʪʩʪʚʠʷ 

ʢʦʥʪʘʢʪʘ ʣʠʥʠʠ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ( ) ( )0 0trigf w P w J=  ʠ ʦʩʠ ʘʙʩʮʠʩʩ: 

 

                  
ʈʠʩ.11. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ (4.21) 

ɼʠʩʩʠʧʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ ʧʦʜʘʚʣʝʥʠʷ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʝʩʧʝʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʯʣʝʥʘ J , ʧʨʝʚʳʰʘʶʱʝʛʦ ʘʤʧʣʠʪʫʜʫ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʞʠʜʢʦʩʪʥʦʝ ʪʨʝʥʠʝ, ʣʠʙʦ ʧʨʦʪʠʚʦ-ʕɼʉ ʚ ʤʦʤʝʥʪʘʭ ʩʠʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʩʦʦʩʥʳʭ ʪʝʣ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ): 

 ()m e tssD=-         (4.22) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʛʨʘʣ (4.19) ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ: 

 ()( )()*; constJ e J J t t dts s s s
+¤

-¤

= =- - =ñ   (4.23) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ñʢʨʠʪʠʯʝʩʢʠʝò ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʜʠʩʩʠʧʘʮʠʠ es , 

ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʚʣʷʝʪʩʷ ʭʘʦʩ: 

 ( )( )0trige Am P w Js=      (4.24) 

ʀʤʧʫʣʴʩʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʤʧʫʣʴʩʥʳʭ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, çʥʘʢʘʧʣʠʚʘʶʱʠʭè ʚ ʠʪʦʛʝ ʥʝʦʙʭʦʜʠʤʫʶ 

ʚʝʣʠʯʠʥʫ ʘʜʜʠʪʠʚʥʦʛʦ ʯʣʝʥʘ J . ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 

ʇʨʦʩʪʳʝ ʢʦʨʥʠźʭʘʦʩ ɼʠʥʘʤʠʢʘ ʥʘ ʛʨʘʥʠʮʝ ʭʘʦʩʘ ʅʝʪ ʢʦʨʥʝʡźʥʝʪ ʭʘʦʩʘ 

ʧʦʜʘʚʣʝʥ 
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ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʦʟʜʘʥʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʤʦʤʝʥʪʝ ʩʠʣ ʨʘʩʢʨʫʪʢʠ ʪʝʣʘ-ʨʦʪʦʨʘ, ʯʪʦ ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ 

ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʝʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʩʢʨʫʪʢʠ 

ʨʦʪʦʨʘ. 

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʝʡʰʠʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩʪʘʨʪʫʝʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ts ʠ 

ʬʠʥʠʰʠʨʫʝʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Tf :  

() ()

() ( ) ( )

;F

F s f

m m t e F t

F t e t T t T

D D
ë = =î
ì

è ø= H - -H -î ê úí

    (4.25) 

ʛʜʝ ()tH  - ʝʩʪʴ ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. ʊʦʛʜʘ ʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʯʠʩʣʠʪʴ ʥʝʩʦʙʩʪʚʝʥʥʳʡ 

ʠʥʪʝʛʨʘʣ (4.19): 

 ()( ) () () () ( )*;

f

s

T

F s f

T

J e J J t F t dt y t dt T Td ds s n n
+¤

-¤

= = - =- = -ñ ñ  (4.26) 

              
(a) (b) 

ʈʠʩ.12. ʇʨʦʮʝʩʩ ʣʦʢʘʣʴʥʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ 

ʄʘʛʥʠʪʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ 

ʩʭʝʤ ʪʝʤ, ʯʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʄʝʣʴʥʠʢʦʚʘ-ɺʠʛʛʠʥʩʘ. ʕʪʘ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪ 

ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʛʦ ʪʠʧʘ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ, çʧʝʨʝʙʨʘʩʳʚʘʷè ʪʝʤ ʩʘʤʳʤ ʨʝʞʠʤ ʚ 

ʜʨʫʛʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ ʜʠʥʘʤʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʤʦʛ 

ʩʪʘʨʪʦʚʘʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʧʘʨʘʪʨʠʩʩ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʤʫʱʝʥʠʶ, ʠ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʫʶ 

ʭʘʦʪʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʡ ʩʝʪʠ, ʠ ʝʩʣʠ ʪʝʧʝʨʴ ʢʘʢʠʤ-ʣʠʙʦ 

ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʠʪʴ çʧʦʜʤʝʥʫè ʩʘʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʦʢʘʟʘʚʰʠʩʴ ʚ ʠʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʜʘʣʝʝ ʙʫʜʝʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʜʨʫʛʦʤʫ; ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʘʢʫʶ çʧʦʜʤʝʥʫè ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʣʘʩʴ ʦʙʣʘʩʪʴ ʩʝʧʘʨʘʪʨʠʩʩ ʩʦ ʚʩʝʤʠ ʩʚʦʠʤʠ 

ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʭʘʦʪʠʟʘʮʠʠ. ʊ.ʝ. ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʣʦʢʘʣʴʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʩʘʤʠʭ ʧʨʠʯʠʥ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ. ʊʘʢ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʦʨʙʠʪʝ ʬʦʨʤʫ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʟʘ ʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ȹ and E [22], 

ʧʝʨʝʤʝʱʘʷ ʟʦʥʫ ʩʝʧʘʨʘʪʨʠʩʩ ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ, 

ʧʨʠʯʝʤ ʢʦʥʢʨʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʧʘʨʘʪʨʠʩʥʦʛʦ ʨʝʛʠʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳL: 

  ,Eb aL=D +       (4.27) 



37 

 

( )( )

( )

( )( )
; ;

bz orb

b b b b

B A Cm B A B
E

K B C A C B C A C
b a

--
=- = =

- - - -
 

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʘʩʪʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ȿ ʩʝʧʘʨʘʪʨʠʩʥʳʡ 

ʨʝʛʠʦʥ ʥʘ ʬʘʟʦʚʦʤ ʧʦʨʪʨʝʪʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɸʥʜʫʘʡʝ-ɼʝʧʨʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʚʝʨʭ, ʧʨʠ ȿ=0 

ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ, ʘ ʧʨʠ ʫʙʳʚʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ï ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʚʥʠʟ. ɽʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʣʶʯʠʪʴ ʧʨʦʜʦʣʴʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʥʘ ʢʘʢʦʡ-ʪʦ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʪʦ ʵʪʦ ʩʨʘʟʫ ʙʳ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʚʩʝʤ 

ʬʘʟʦʚʦʤ ʧʦʨʪʨʝʪʝ, ʧʨʠ ʵʪʦʤ ʩʝʧʘʨʘʪʨʠʩʥʳʡ ʨʝʛʠʦʥ ʤʛʥʦʚʝʥʥʦ ʠʟʤʝʥʠʣ ʙʳ ʩʚʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʤʝʩʪʝ ʩ ʦʢʨʫʞʘʶʱʠʤ ʝʛʦ ʭʘʦʪʠʯʝʩʢʠʤ ʩʣʦʝʤ, ʘ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʰʣʘ 

ʙʳ ʥʘ ʨʝʛʫʣʷʨʥʫʶ ʵʚʦʣʶʮʠʶ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʚʝʨʥʫʪʴ ʠʟʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʩʥʦʚʘ ʦʢʘʞʝʪʩʷ ʚ 

ʟʦʥʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʀʣʣʶʩʪʨʘʮʠʷ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʠʝʜʝʥʘ ʥʘ ʨʠʩ.13. 

  

ʈʠʩ.13. ʀʥʪʝʨʚʘʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʭʘʦʩʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʦʪʠʟʘʮʠʠ 

ʚʦʟʤʫʱʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ 

ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʚʢʣʶʯʘʷ ʛʘʤʠʣʴʪʦʥʦʚʳ ʠ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʳ ʪʠʧʳ ʚʦʟʤʫʱʝʥʠʡ. ʀʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʟʘʮʠʠ ʠ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʠʤ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʙʣʠʟʢʠʭ 

ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʛʣʘʚʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʦʡʥʳʤ 

ʚʨʘʱʝʥʠʝʤ.   ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ     ʧʨʦʮʝʩʩʳ 

ʨʘʩʱʝʧʣʝʥʠʷ   ʤʥʦʛʦʦʙʨʘʟʠʡ   ʩʝʧʘʨʘʪʨʠʩʩ   ʠ  

ʨʦʞʜʝʥʠʷ ʛʦʤʦ-/ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʭʘʦʩʘ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʄʝʣʴʥʠʢʦʚʘ-

ɺʠʛʛʠʥʩʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʧʦʜʘʚʣʝʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ.  

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʜʠʥʘʤʠʢʠ ʩʧʫʪʥʠʢʦʚ-

ʛʠʨʦʩʪʘʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʨʠ ʤʝʪʦʜʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʠʟʫʯʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʭʘʦʩʘ. 

ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘʰʣʠ ʩʚʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ʜʠʩʩʝʨʪʘʥʪʘ [18, 16, 7, 8, 21, 23].  

ʄʝʪʦʜ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʠʮʠʘʮʠʠ 

ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʶ ʭʘʦʩʘ, ʢʘʢ ʥʝʛʘʪʠʚʥʦʛʦ 

ʬʝʥʦʤʝʥʘ, ʚ ʧʘʨʘʛʨʘʬʝ 5.1 ʧʷʪʦʡ ʛʣʘʚ rʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʚʦʝʤ ʧʦʟʠʪʠʚʥʦʤ ʘʩʧʝʢʪʝ, ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ-ʛʠʨʦʩʪʘʪʦʚ. ʄʝʪʦʜ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ-ʛʠʨʦʩʪʘʪʘ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʝʛʦ ʚ ʭʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ [18] 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʝ ʰʘʛʠ: 

1. ɺʳʧʦʣʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ.  

2. ʇʝʨʝʭʦʜ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣ ʨʘʩʢʨʫʪʢʠ ʨʦʪʦʨʘ ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ-

ʧʣʘʪʬʦʨʤʳ ʜʦ ʫʨʦʚʥʷ ʚʭʦʞʜʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʩʝʧʘʨʘʪʨʠʩʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʵʥʝʨʛʠʠ ʪʝʢʫʱʝʡ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʘʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ). 

3. ɺʢʣʶʯʝʥʠʝ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʫʪʝʤ ʠʥʠʮʠʘʮʠʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ 

ʩʠʣ ʚ ʜʚʠʛʘʪʝʣʝ ʨʦʪʦʨʘ, ʣʠʙʦ ʚ ʜʠʧʦʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʤʦʤʝʥʪʝ, ʪ.ʝ. ʧʨʝʜʥʘʤʝʨʝʥʥʘʷ 

ʠʥʠʮʠʘʮʠʷ ʚʦʟʤʫʱʝʥʠʡ, ʧʦʨʦʞʜʘʶʱʠʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʝʪʝʨʦʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 




















