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ɺʚʝʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩʝ ʥʘʯʘʣʦʩʴ ʚ ʉʉʉʈ ʝʱʝ ʥʘ 

ʨʫʙʝʞʝ 50-ʭ ʠ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʵʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ. ɹʳʣʠ ʟʘʧʫʱʝʥʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ɿʝʤʣʠ 

(ʀʉɿ) ʩ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʥʘ ʙʦʨʪʫ ʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʠʟʫʯʝʥʠʝʤ 

ʬʠʟʠʢʠ ʢʦʩʤʦʩʘ [1]. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʦʩʚʦʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 1970-ʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ 

(ɼʆʉ), ʢʦʪʦʨʳʝ ʫʞʝ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʩʤʦʥʘʚʪʦʚ, ʪʘʢ ʠ ʙʝʟ 

ʥʠʭ. ɺ ʉʉʉʈ ʵʪʦ ʙʳʣʠ ɼʆʉ ʩʝʨʠʠ çʉʘʣʶʪè (ʨʠʩ. ɺ.1), ʚ ʉʐɸ ʧʝʨʚʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʩʪʘʣʘ ʩʪʘʥʮʠʷ çSkylabè [2] (ʨʠʩ. ɺ.2).  

 

 

ʈʠʩ. ɺ.1. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʦʨʙʠʪʘʣʴʥʘʷ ʩʪʘʥʮʠʷ çʉʘʣʶʪ-7è. 
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ʈʠʩ. ɺ.2. ʉʪʘʥʮʠʷ çSkylabè. 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʙʦʨʪʫ ɼʆʉ ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʢʦʩʤʦʩʝ, ʥʦ ʠ ʨʝʰʠʣʘ 

ʧʨʦʙʣʝʤʫ ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ ɿʝʤʣʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʃʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʪʝʤʳ ɼʆʉ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ çʄʀʈè ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ), ʥʘ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʥʘ ʄʂʉ) ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʈʘʟʚʠʪʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
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ʤʥʦʛʠʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʜʣʠʪʝʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ. ʅʦ ʫʞʝ ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʚʦʟʥʠʢʣʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʨʝʰʝʥʳ ʜʦ ʩʠʭ ʧʦʨ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ [3], ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ ʘʙʩʦʣʶʪʥʘʷ ʥʝʚʝʩʦʤʦʩʪʴ ʥʘ ʙʦʨʪʫ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʘ. ɺʦ ʤʥʦʛʠʭ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʫʯʥʳʝ ʮʝʥʪʨ,r 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʠʟʫʯʝʥʠʝʤ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ [4]: National Center for 

Microgravity Research NCMR (ʉʐɸ), Microgravity Research Centre MRC 

(ɹʝʣʴʛʠʷ), Center of Applied Space Technology and Microgravity ZARM 

(ɻʝʨʤʘʥʠʷ), Japan Microgravity Center JAMIC (ʗʧʦʥʠʷ) ʠ ʜʨ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ 

ʂɸ, ʷʚʣʷʶʪʩʷ ʨʝʞʠʤʳ ʝʛʦ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʘʶʱʠʝ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ ʂɸ. ʉ 

ʧʦʩʣʝʜʥʠʤ ʬʘʢʪʦʨʦʤ ʤʦʞʥʦ ʙʦʨʦʪʴʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʂɸ 

(>600 ʢʤ), ʥʦ ʪʦʛʜʘ ʵʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʠʪ ʚʦʟʚʨʘʱʝʥʠʝ ʥʘ ɿʝʤʣʶ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʝʤʣʝʤʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ( 5 210 ʤ/ʩ- ) ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʫʯʥʳʭ ʂɸ ʩʝʨʠʡ çɹʠʦʥ / ɹʠʦʥ-ʄè (ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʚ 1973 ʛʦʜʫ) ʠ çʌʦʪʦʥ / 

ʌʦʪʦʥ-ʄè (ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʚ 1985 ʛʦʜʫ). ɺʳʩʦʪʘ ʦʨʙʠʪʳ ʵʪʠʭ ʂɸ ʥʝ ʧʨʝʚʳʰʘʣʘ 

600 ʢʤ, ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ 

ʚʦʟʚʨʘʱʘʝʤʦʡ ʥʘ ɿʝʤʣʶ ʢʘʧʩʫʣʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʂɸ ʦʙʝʠʭ ʩʝʨʠʡ (ʢʨʦʤʝ ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ) ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚʳʥʦʩʥʳʝ ʧʘʥʝʣʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʯʪʦ 

ʫʤʝʥʴʰʘʣʦ ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠ ̫

ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʙʦʨʪʫ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʫʢʘʟʘʥʥʳʭ ʂɸ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʠʭ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʦʨʙʠʪʝ (ʥʝ ʙʦʣʝʝ 

30 ʩʫʪʦʢ ʚ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ ʂɸ 
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çʌʦʪʦʥ-ʄ4è), ʯʪʦ ʙʳʣʦ ʚʳʟʚʘʥʦ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɺ 

ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʩʦʩʪʦʷʣʦʩʴ 28 ʧʫʩʢʦʚ (27 ʫʩʧʝʰʥʳʭ) ʂɸ ʦʙʝʠʭ ʩʝʨʠʡ, 

ʧʦʩʣʝʜʥʠʡ ʧʫʩʢ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ 2014 ʛʦʜʫ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʂɸ ʦʩʪʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ.  

ʅʘ ʄʂʉ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʥʮʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʜʫʣʝʡ, ʥʘ ʝʝ ʢʦʨʧʫʩʝ ʟʘʢʨʝʧʣʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ 

ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʥʪʨʘ ʤʘʩʩ ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥ ʚʥʝ ʝʝ 

ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʛʤʝʥʪʘ, ʯʪʦ ʪʘʢʞʝ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

 

ʈʠʩ. ɺ.3. ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ çʆʂɸ-ʊè (ʧʨʦʝʢʪ). 
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ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʠʜʝʷ 

ʩʦʟʜʘʥʠʷ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʝʢʪ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʆʂɸ-ʊè (ʨʠʩ. ɺ.3) ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘè. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩʝ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ (ʢʦʩʤʠʯʝʩʢʠʡ ʚʘʢʫʫʤ, ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, 

ʥʘʣʠʯʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪ.ʧ.) ʜʘʝʪ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʂɸ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʣʠʪʝʣʴʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʙʦʨʪʫ ʄʂʉ ʠ ʂɸ ʩʝʨʠʠ 

çʌʦʪʦʥ-ʄè / çɹʠʦʥ-ʄè. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʯʠʪʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʰʠʝ ʠʟ-ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʢʘʟʘʥʥʳʭ ʂɸ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʠʝ ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ʄʂʉ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦʟʤʫʱʘʶʱʠʭ ʫʩʢʦʨʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ, 

ʚʳʟʚʘʥʥʳʭ ʫʧʨʫʛʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʄʂʉ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʦʨʪʫ ʂɸ ʩʝʨʠʠ çʌʦʪʦʥ-ʄè / 

çɹʠʦʥ-ʄè ʦʛʨʘʥʠʯʝʥʦ ʩʨʦʢʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷʭ ʠʭ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʦʜʥʠʤ ʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʨʝʰʝʥʠʡ 
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ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʂɸ (ʘʚʪʦʥʦʤʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʦʜʫʣʷ) 

ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʤʦʜʫʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇɸʆ çʈʂʂ 

çʕʥʝʨʛʠʷè ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘè ʈʦʩʩʠʡʩʢʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʈʆʉ). 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʂɸ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʘʤʦʛʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ 

ʩʦʩʪʦʷʪʴ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʦʪ ʦʩʥʦʚʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʪʥʦʡ ʩʪʳʢʦʚʢʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ.  

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʂɸ ʩ ʚʦʟʚʨʘʱʘʝʤʳʤ ʤʦʜʫʣʝʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʂɸ ʩʝʨʠʡ çʌʦʪʦʥ-ʄè / çɹʠʦʥ-ʄè. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʘ ʘʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘ ʂɸ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ ʧʘʥʝʣʠ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʞʠʤʘ 

ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʉ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʂɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩʝ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʠʙʦʨʥʦʤʫ ʩʦʩʪʘʚʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʦʚ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ɼʘʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʝʰʠʪ ɹ

ʥʘʫʯʥʫ  ʁʧʨʦʙʣʝʤʫ, ʠʤʝʶʱʫ  ʁʚʘʞʥʦʝ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʩʦʩʪʦʷʱʫ  ʁʚ 

ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʝʛʦ ʙʦʨʪʫ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ 

ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʂɸ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʠʟʜʝʣʠʝ, ʪʘʢ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʚʝʨʩʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʂɸ.  
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ʂʦʥʢʨʝʪʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 

ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʥʝʦʙʭʦʜʠʤʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ, ʦʮʝʥʢʫ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʦʨʪʫ ʂɸ, ʚʳʙʦʨ 

ʧʨʠʙʦʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ 

ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʡ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʚʨʝʤʝʥʠ. ʈʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʙʦʨʪʫ ʂɸ, ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʪʨʝʙʣʷʶʱʝʛʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ ʚ ʪʝʯʝʥʠʝ ʠʤʝʥʥʦ ʜʣʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʦʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ. 

2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ ʚ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ 

ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʡ ʦʨʙʠʪʳ ʠ ʨʝʘʣʠʟʫʝʤʦʛʦ ʨʝʞʠʤʘ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ.  

4. ʆʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
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ʨʝʘʣʠʟʘʮʠʶ ʧʦʩʪʨʦʝʥʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ.  

ʈʝʰʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʙʦʨʪʫ ʂɸ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ: ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʝʣʠʯʠʥʳ ʠ ʤʘʣʫʶ ʦʙʣʘʩʪʴ 

ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʳʩʦʢʠʡ ʵʥʝʨʛʦʩʲʝʤ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, 

ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʪʢʘʟʘʤ ʧʨʠʙʦʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ ʠ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʙʠʙʣʠʦʛʨʘʬʠʠ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʷʚʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ, ʚ ʥʝʡ ʚʚʦʜʷʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ, ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ, 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʥʝʢʦʪʦʨʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʇʨʠʚʝʜʝʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʣʦʚʥʦʛʦ ʂɸ, ʘ ʪʘʢʞʝ 

ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʦʨʙʠʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʨʙʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʙʣʠʟʢʠʝ ʢ ʢʨʫʛʦʚʳʤ.  ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʪʝʤʘ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʂɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʂɸ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʘʩʩʫ, ʘ ʧʦ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʳʪʷʥʫʪʳʝ, ʧʦʯʪʠ ʜʠʥʘʤʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [2, 5, 6]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʣʝʪʘ ʂɸ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʩʤʦʩʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90-180 ʩʫʪʦʢ. ʊʘʢʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʂɸ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  
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ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ, 

ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥ ʚʳʚʦʜ ʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ,b ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ [6] 

                               ( ) E
3 2

3
m Öå õ

-æ= ³ + ³ ³ ö
ç

-
÷

+
F

b ɟ ɤ ɤ ɟ ɤ
ɟ r

r ɟ
mr r

,                       (ɺ.1) 

ʛʜʝ ɟ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ, ɤ ï ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ, 

Em  ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ, r  ï  ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ, 

| |=rr , F  ï ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʨʧʫʩ ʂɸ, 

m ï ʤʘʩʩʘ ʂɸ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʛʨʫʙʘʷ ʦʮʝʥʢʘ ʠʭ ʫʨʦʚʥʷ ʥʘ ʙʦʨʪʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʩʣʦʚʥʦʛʦ ʂɸ. 

ɼʘʣʝʝ ʟʘ ʧʝʨʚʦʡ ʛʣʘʚʦʡ ʩʣʝʜʫʶʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʛʣʘʚ. ʅʠʞʝ ʜʣʷ ʢʘʞʜʦʡ 

ʛʣʘʚʳ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ; ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ; ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ 

ʦʙ ʠʭ ʦʧʫʙʣʠʢʦʚʘʥʠʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʟʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂɸ ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (ʄʇɿ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢ ʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʧʘʨʘʤʝʪʨ. ʀʩʩʣʝʜʦʚʘʥʠʝʤ 

ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ɺ.ɺ. ɹʝʣʝʮʢʠʡ, ɸ.ɸ. ɺʦʨʦʥʠʥ, ɼ.ʉ. ʀʚʘʥʦʚ, ɺ.ʀ. ʂʘʣʝʥʦʚʘ, ɺ.ʄ. ʄʦʨʦʟʦʚ, 

ʄ.ʖ. ʆʚʯʠʥʥʠʢʦʚ, ɺ.ʀ. ʇʝʥʴʢʦʚ, ɼ.ʉ. ʈʦʣʜʫʛʠʥ, ɺ.ɺ. ʉʘʟʦʥʦʚ, ɺ.ɸ. ʉʘʨʳʯʝʚ, 

ɸ.ɸ. ʍʝʥʪʦʚ, M. Lovera, M.L. Psiaki ʠ ʜʨ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʨʘʙʦʪ ʦʪʜʝʣʴʥʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ [7 ï 20]. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 
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ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʳ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʜʚʠʞʝʥʠʷ ʂɸ, ʚ ʢʦʪʦʨʳʭ ʝʛʦ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ 

ʩʠʤʤʝʪʨʠʠ ʩʦʩʪʘʚʣʷʝʪ ʤʘʣʳʡ ʫʛʦʣ ʩ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇɿ, ʩʦʙʩʪʚʝʥʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʘʨʘʣʣʝʣʝʥ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʂɸ.  ʈʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʩʣʫʯʘʷ 

ʜʚʠʞʝʥʠʷ: ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʝ ʫʪʦʯʥʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʩʧʦʩʦʙ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʚ ʫʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʚʦʜʠʪʩʷ ʩʣʘʛʘʝʤʦʝ ʩ ʤʦʜʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʂɸ. ʆʨʙʠʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʥʝʮʝʥʪʨʘʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɺ ʫʨʘʚʥʝʥʠʷʭ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚʝʢʪʦʨ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇɿ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴ  ʁ IGRF, 

ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʙʦʪʳ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʦʨʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʊʘʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʧʨʦʱʘʝʪ ʯʠʩʣʝʥʥʦʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ 

ʩʧʝʢʪʨʦʚ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʩʭʦʜʥʳʭ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ, 

ʧʦʢʘʟʘʚʰʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʭ ʩʦʚʧʘʜʝʥʠʝ ʧʦ ʙʘʟʠʩʥʳʤ ʯʘʩʪʦʪʘʤ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʂɸ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʥʘʣʠʯʠʝ ʨʝʟʦʥʘʥʩʦʚ ʚ ʩʠʩʪʝʤʝ, 

ʧʦʟʚʦʣʠʣʦ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʘʛʥʠʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʂɸ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ. 

ʇʨʠʚʝʜʝʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʂɸ ʝʛʦ ʦʨʙʠʪʘ ʧʨʠʥʠʤʘʝʪʩʷ ʢʝʧʣʝʨʦʚʦʡ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʄʇɿ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ IGRF, ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ 

ʜʠʧʦʣʷ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʨʘʟʣʠʯʠʷ ʚ 
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ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʷʭ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʤʦʜʝʣʝʡ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʦʨʙʠʪʫ 

ʂɸ ʢʨʫʛʦʚʦʡ, ʘ ʤʦʜʝʣʴ ʄʇɿ ʚ ʚʠʜʝ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ, ʪʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩʚʝʜʝʪʩʷ ʢ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ [15]. ʆʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʡ ʛʣʘʚʳ [21 ï 23]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʦʨʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʜʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂɸ.   

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ. ʇʨʦʛʥʦʟ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʦʡ 

ʦʨʙʠʪʳ ʠ ʨʝʞʠʤʘ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʜʣʷ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʙʦʨʪʘ. ʇʦʣʦʞʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ ʚʳʙʠʨʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʙʦʯʝʛʦ ʦʪʩʝʢʘ ʂɸ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ. ʉʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʠʜʝʪ ʪʦʣʴʢʦ ʦ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ) 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [4].  

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʝʱʝ ʜʣʷ ɼʆʉ çʉʘʣʶʪ-6è, ʚʳʚʝʜʝʥʥʦʡ ʥʘ 

ʦʨʙʠʪʫ ʚ 1977 ʛʦʜʫ [6, 24 ï 26]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʘʜʘʯʘʤ ʠʟʤʝʨʝʥʠʷ, ʨʘʩʯʝʪʘ ʠ 

ʚʦʟʤʦʞʥʳʤ ʩʧʦʩʦʙʘʤ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ ʙʳʣʦ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ: ɺ.ʀ. ɸʙʨʘʰʢʠʥ, ɻ.ʇ. ɸʥʰʘʢʦʚ, ɽ.ɺ. ɹʘʙʢʠʥ, ʀ.ɺ. ɹʝʣʦʢʦʥʦʚ, 

ʄ.ʖ. ɹʝʣʷʝʚ, ʂ.ɽ. ɺʦʨʦʥʦʚ, ʉ.ɼ. ɻʨʠʰʠʥ, ɺ.ɹ. ɼʫʙʦʚʩʢʠʡ, ʅ.ʀ. ɽʬʠʤʦʚ, 

ɼ.ɸ. ɿʘʚʘʣʠʰʠʥ, ʉ.ɻ. ɿʳʢʦʚ, ʄ.ʄ. ʂʦʤʘʨʦʚ, ɸ.ʇ. ʃʝʙʝʜʝʚ, ɺ.ʃ. ʃʝʚʪʦʚ, 

ʃ.ʌ. ʃʝʩʢʦʚ, ʄ.ʀ. ʄʦʥʘʭʦʚ, ʉ.ʉ. ʆʙʳʜʝʥʥʠʢʦʚ, ɼ.ʀ. ʆʨʣʦʚ, ɼ.ʉ. ʇʘʚʣʦʚʩʢʠʡ, 

ɸ.ɺ. ʇʠʷʢʦʚ, ɺ.ʀ. ʇʦʣʝʞʘʝʚ, ʖ.ʗ. ʇʫʟʠʥ, ɻ.ʌ. ʇʫʪʠʥ, ɼ.ʅ. ʈʫʣʝʚ, ɺ.ɺ. ʉʘʚʠʯʝʚ, 

ɺ.ɺ. ʉʘʟʦʥʦʚ, ɺ.ɸ. ʉʘʨʳʯʝʚ, ɸ.ɺ. ʉʝʜʝʣʴʥʠʢʦʚ, ʅ.ɼ. ʉʝʤʢʠʥ, ɺ.ʄ. ʉʪʘʞʢʦʚ, 
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ʊ.ʅ. ʊʷʥ, ʉ.ʖ. ʏʝʙʫʢʦʚ, J.I. Alexander, Ch. Baugher, T. Beuselinck, R. Crouch, 

G. Martin, N. Ramachandran, C. Van Bavinchove, ʠ ʜʨ.  

ʇʦʩʣʝ ɼʆʉ ʩʝʨʠʠ çʉʘʣʶʪè ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ çʄʀʈè, ʪʨʘʥʩʧʦʨʪʥʳʭ ʛʨʫʟʦʚʳʭ ʢʦʨʘʙʣʷʭ (ʊɻʂ) ʩʝʨʠʠ 

çʇʨʦʛʨʝʩʩè, ʂɸ ʩʝʨʠʡ çʌʦʪʦʥè, çɹʠʦʥè, ʘ ʪʘʢʞʝ ʥʘ ʄʂʉ [4, 27 ï 43]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦʩʚʷʱʝʥʦ ʣʠʙʦ 

ʧʨʦʙʣʝʤʘʤ ʠʭ ʠʟʤʝʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ [23 ï 28, 31, 33 ï 41], ʣʠʙʦ ʧʦʩʣʝ 

ʧʦʣʝʪʥʦʡ ʦʮʝʥʢʠ ʠʭ ʫʨʦʚʥʷ ʥʘ ʙʦʨʪʫ ʂɸ ʧʦ ʢʦʩʚʝʥʥʦʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [42]. ɽʱʝ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʘ ʚʣʠʷʥʠʶ ʫʩʣʦʚʠʡ ʥʘ ʙʦʨʪʫ ʂɸ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩʝ [43], ʚ 

ʯʘʩʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [29, 30, 32], ʪ.ʝ. 

ʬʘʢʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʠ ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ, ʪʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʜʥʫ ʠʟ ʥʝʤʥʦʛʠʭ ʨʘʙʦʪ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ï ʤʦʥʦʛʨʘʬʠ ʁ [4]. ɺ ʥʝʡ ʧʨʝʜʣʦʞʝʥʘ ʘʚʪʦʨʩʢʘʷ ʬʨʘʢʪʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ɻ ʪʘʧʝ ʝʱʝ ʨʘʥʥʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂɸ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ (ɺ.1), ʢʦʪʦʨʘʷ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʠʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʳʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, 

ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʥʘ ʣʝʪʘʚʰʠʭ ʂɸ [28, 33, 35, 38]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ, ʚʳʙʠʨʘʝʪʩʷ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ, ʚʳʯʠʩʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʝʝ ʵʪʦʪ ʨʝʞʠʤ, ʠ ʚʜʦʣʴ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʙʦʨʪʘ. ɼʣʷ ʦʮʝʥʢʠ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʥʘʭʦʜʷʪʩʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ, ʜʦʩʪʘʚʣʷʶʱʠʝ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ 
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ʛʜʝ ɤ ï ʩʦʙʩʪʚʝʥʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʟʥʘʯʝʥʠʝ 

T  ʨʘʚʥʦ ʥʝʩʢʦʣʴʢʠʤ ʦʨʙʠʪʘʣʴʥʳʤ ʧʝʨʠʦʜʘʤ. ʇʦʩʣʝ ʦʩʨʝʜʥʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ 2 ʩʫʪʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʯʪʦʙʳ 

ʟʘʜʘʪʴ ʥʦʤʠʥʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ ʚ ʨʝʞʠʤʝ ʝʛʦ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, 

ʨʝʘʣʠʟʫʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

(ʛʠʨʦʩʠʩʪʝʤʳ). ʇʦʩʪʨʦʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʞʠʤ ʦʨʠʝʥʪʘʮʠʠ ʂɸ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʚʩʝʡ ʨʘʙʦʪʝ ʢʘʢ ʵʪʘʣʦʥʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ, ʥʦ ʠ ʚʝʩʴʤʘ ʤʘʣʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʩʧʦʩʦʙ ʧʨʦʛʥʦʟʘ ʠ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʪʘʣʴʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥ rʚ ʨʘʙʦʪʘʭ [44 ï 47].  

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʢʪʠʚʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʂɸ ʚ ʨʝʞʠʤʝ 

ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʝʞʠʤʘ ï ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʠʩʪʝʤʳ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʝʞʠʤ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʣʠʟʢʠʡ ʢ ʵʪʘʣʦʥʥʦʤʫ, ʧʦʩʪʨʦʝʥʥʦʤʫ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʧʨʘʚʠʣʦ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ 

ʥʘʩʪʫʧʘʝʪ ʪ.ʥ. çʥʘʩʳʱʝʥʠʝè ʛʠʨʦʩʠʩʪʝʤʳ [48, 49]. ʊʦ ʝʩʪʴ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ, ʥʘʢʘʧʣʠʚʘʝʤʳʡ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʂɸ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ, 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʛʠʨʦʩʠʩʪʝʤʘ ʪʝʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʩʢʦʨʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʛʠʨʦʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʭʝʤʦʡ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ, ʨʝʞʠʤʦʤ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʛʠʨʦʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʝʥʴʰʠʪʴ ʝʝ ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ (ʧʨʦʚʝʩʪʠ çʨʘʟʛʨʫʟʢʫè), ʯʪʦ 
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ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ, 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʢʦʨʧʫʩʫ ʂɸ. ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʜʠʥʘʤʠʢʝ ʂɸ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʤʝʥʥʦ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʩʤʦʩʝ, ʪʦ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʟʛʨʫʟʢʠ ʛʠʨʦʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʚʰʠʡ ʫʞʝ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʂɸ ʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩ ʄʇɿ [48, 49]. ʆʜʥʘʢʦ 

ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʧʦʜʭʦʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʚʳʙʦʨʝ ʪʘʢʦʛʦ 

ʨʝʞʠʤʘ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʙʣʠʟʢʦʛʦ ʢ ʪʨʝʙʫʝʤʦʤʫ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʩʴʤʘ 

ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʆʙʱʠʡ, ʫʧʨʦʱʝʥʥʳʡ 

ʧʨʠʥʮʠʧ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʦʨʝʤʫ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʚʠʜʝ =K M , ʛʜʝ K  ï ʩʫʤʤʘʨʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʢʦʨʧʫʩʘ ʂɸ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʝʤ ʛʠʨʦʩʠʩʪʝʤʦʡ, M  ï 

ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʢʦʨʧʫʩʫ ʂɸ. ʊʨʝʙʫʝʪʩʷ 

ʦʩʪʘʥʦʚʠʪʴ ʠʟʤʝʥʝʥʠʝ | |K , ʪ.ʝ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʢ K  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʝʢʪʦʨʦʚ K  ʠ 

M, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʛʨʫʟʦʢ, ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ 

ʧʨʠʤʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʛʠʨʦʩʠʩʪʝʤʳ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʫʛʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʥʷʪʠʝʤ çmomentum managementè. ʉʨʝʜʠ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ ʪʝʤʝ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ [50 ï 54]. ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʳ ʪʨʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ 
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ʨʝʞʠʤ ʦʨʙʠʪʘʣɹʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʢʦʥʦʚ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ, ʢʠʥʝʪʠʯʝʩʢʦʤ ʤʦʤʝʥʪʝ ʛʠʨʦʩʠʩʪʝʤʳ ʠ ʦʙ ʫʛʣʦʚʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʳ ʜʚʠʞʝʥʠʷ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʩʦʩʪʦʠʪ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʈʝʰʝʥʠʝ ʧʝʨʚʦʡ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤʣʝʤʫʶ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʥʘ ʙʦʨʪʫ ʂɸ, ʘ ʚʪʦʨʦʡ ï ʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ 

ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʟʘʢʦʥʦʚ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʩʭʝʤʳ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥ 

ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʂɸ. 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʩʠʩʪʝʤʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʷ ʂɸ ʙʣʠʟʢʘ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʡ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) 

ʜʣʷ ʝʝ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʨʘʚʜʘʥʦ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠ ̫ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ 

ʙʦʨʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʦʨʠʝʥʪʘʮʠʶ ʂɸ [5, 55 ï 60]. ɿʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ 

ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʘʢ ɸ.ʖ. ɸʣʝʢʩʘʥʜʨʦʚ, ɺ.ɺ. ɹʝʣʝʮʢʠʡ, ɸ.ɺ. ɻʨʫʰʝʚʩʢʠʡ, 

ɼ.ʉ. ʀʚʘʥʦʚ, ɺ.ʀ. ʂʘʣʝʥʦʚʘ, ʉ.ʆ. ʂʘʨʧʝʥʢʦ, ɺ.ʄ. ʄʦʨʦʟʦʚ, ʄ.ʖ. ʆʚʯʠʥʥʠʢʦʚ, 

ɺ.ʀ. ʇʝʥʴʢʦʚ, ɼ.ʉ. ʈʦʣʜʫʛʠʥ, ɺ.ɺ. ʉʘʟʦʥʦʚ, ɺ.ɸ. ʉʘʨʳʯʝʚ, ɸ.ɸ. ʊʠʭʦʥʦʚ, 

ʉ.ʉ. ʊʢʘʯʝʚ, A.C. Stickler, M. Lovera, M.L. Psiaki ʠ ʜʨʫʛʠʭ [61 ï 79]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʚʘʨʠʘʥʪʳ 

ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʩ 



20 
 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʘʪʯʠʢʦʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʢʦʥ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʝʪʦʤʝʪʨʘ ʥʘ ʙʦʨʪʫ ʂɸ. 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʘʭ [19, 

80 ï 88]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʩʦʩʪʦʠʪ ʚ ʛʘʰʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ. ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʙʨʘʥʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɼʘʣʝʝ, ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ.  

ʆʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʳ 

[89 ï 92]. 

ʆʜʥʠʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ 

ʥʘ ʂɸ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʂɸ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʉɹ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚr ʙʦʨ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʢʨʝʧʣʝʥʠʷ ʉɹ ʦʙʫʩʣʦʚʣʝʥ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʨʘʱʝʥʠʝ ʧʘʥʝʣʝʡ ʉɹ, ʤʦʞʝʪ ʚʥʦʩʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʞʝʩʪʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʧʘʥʝʣʝʡ ʉɹ ʥʘ ʢʦʨʧʫʩʝ ʂɸ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʫʧʨʫʛʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʜʦʙʥʘʷ ʩʭʝʤʘ ʟʘʢʨʝʧʣʝʥʠʷ 

ʧʘʥʝʣʝʡ ʉɹ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʂɸ çʌʦʪʦʥ-ʄ4è, çɹʠʦʥ-ʄ1è, ʥʘ ʂɸ ʩʝʨʠʠ 

çʄʦʣʥʠʷè ʠ ʜʨ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʩʦʩʪʦʠʪ ʚ 

ʥʠʟʢʦʤ ʧʨʠʪʦʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʞʠʤʝ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʙʠʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʩʤʦʩʝ, ʚ ʢʦʪʦʨʳʭ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʢʪʠʚʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʂɸ ʚ ʨʝʞʠʤʝ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 
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ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʴ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʝʡ ʉɹ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʉʦʣʥʮʝ, 

ʠ ʨʝʞʠʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʠʩʪʝʤʳ, ʣʠʙʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ.  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ. ɼʣʷ 

ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠʚʠʘʣʴʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʇɼ-

ʨʝʛʫʣʷʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʷʪʦʡ ʛʣʘʚʝ.  ʅʦ ʧʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ 

ʝʱʝ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʚ ʨʝʞʠʤʝ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ ʪʦʛʦ ʞʝ 

ʂɸ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʞʠʤʘ 

ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʛʠʨʦʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʥʥʫʶ 

ʦʨʠʝʥʪʘʮʠ,ʁ ʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʟʛʨʫʟʢʫ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʟʘ ʩʯʝʪ 

ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʣʠ ʩʦʣʥʝʯʥʦʛʦ). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ [93, 94]. ɺ 

ʧʷʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʡ ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʏʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʂɸ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʥʝʣʝʡ ʉɹ, ʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʚʝʣʠʯʠʥʫ ( )ÖM Kg , ʛʜʝ M g  ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ 

ʢʦʨʧʫʩ ʂɸ. ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʢʘʟʘʚʰʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʦʚʝʜʝʥ 

ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʢʘʟʘʚʰʠʡ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʜʚʠʞʝʥʠʝ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʉɹ ʥʝ ʚʥʦʩʠʪ ʟʥʘʯʠʤʦʛʦ ʚʢʣʘʜʘ 

ʚ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ. 

ɼʘʣʝʝ, ʚ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ï ʛʠʨʦʩʪʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 
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ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʠ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʧʘʨʘʤʝʪʨ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʩʧʦʩʦʙʘʤ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ [79, 95 ï 100]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʞʠʤʦʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʦʝ 

ʜʚʠʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩ ʤʘʣʳʤʠ ʦʰʠʙʢʘʤʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

ʛʣʘʚʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʩʴ ʥʘʠʤʝʥʴʰʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʦʨʙʠʪʳ, ʚʜʦʣʴ ʵʪʦʡ ʦʩʠ ʥʘʧʨʘʚʣʝʥ ʧʦʩʪʦʷʥʥʳʡ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ; ʛʣʘʚʥʘʷ 

ʮʝʥʪʨʘʣʴʥʘʷ ʦʩʴ ʥʘʠʙʦʣʴʰʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ (ʥʦʨʤʘʣʴ ʢ ʧʘʥʝʣʷʤ ʉɹ) 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʉʦʣʥʮʝ; ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ ʨʘʚʥʘ ʥʫʣʶ. ʉʧʝʨʚʘ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʦʡ ʨʝʞʠʤ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ï ʛʠʨʦʩʪʘʪʘ ʚ ʫʧʨʦʱʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʢʦʛʜʘ ʛʣʘʚʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʩʴ ʥʘʠʤʝʥʴʰʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʴʶ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʂɸ, ʦʨʙʠʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ï ʢʨʫʛʦʚʘʷ ʠ ʥʝʠʟʤʝʥʥʘʷ ʚ 

ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʢʦʨʧʫʩ ʂɸ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʤʦʤʝʥʪ. ɿʘʜʘʯʠ ʩ ʧʦʜʦʙʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [101 ï 107]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ [108 ï 111], ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʡ 

ʧʘʨʘʤʝʪʨ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʦʩʪʦʷʥʥʳʡ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʂɸ). 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [105 ï 107] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʫʧʨʦʱʝʥʥʦʡ 

ʩʠʪʫʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠʤʝʶʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʨʙʠʪʘʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɺ [107] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ: 

- ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʂɸ ï ʛʠʨʦʩʪʘʪʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʤʝʥʪʘ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʂɸ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʧʦ ʥʝʠʟʤʝʥʥʦʡ 

ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʤʘʣʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʠʟʤʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʣʝʞʘʱʝʛʦ ʚ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ʊʘʢʠʝ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʣʝʞʘʱʠʭ ʚʥʝ ʤʘʣʳʭ 
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ʦʢʨʝʩʪʥʦʩʪʝʡ ʚʳʢʦʣʦʪʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ. 

ʇʝʨʠʦʜ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ ʧʦʣʦʚʠʥʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ1. 

- ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʂɸ ʩʦʩʪʘʚʣʷʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʳ ʥʝʥʫʣʝʚʦʡ ʫʛʦʣ, 

ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

ʢʦʪʦʨʳʝ ʚʳʛʣʷʜʷʪ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ ʤʝʜʣʝʥʥʘʷ ʧʨʝʮʝʩʩʠʷ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ʇʝʨʠʦʜ ʪʘʢʠʭ ʜʚʠʞʝʥʠʡ ʙʣʠʟʦʢ 

ʦʨʙʠʪʘʣʴʥʦʤʫ ʧʝʨʠʦʜʫ. ʇʦʨʦʞʜʘʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ ʩʣʫʞʘʪ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʢʦʡ, ʧʨʠʯʝʤ ʦʩʴ ʩʠʤʤʝʪʨʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʳ ʥʝʥʫʣʝʚʦʡ ʫʛʦʣ (ʧʘʨʘʤʝʪʨ ʩʝʤʝʡʩʪʚʘ). ʊʘʢʠʝ 

ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ, ʣʝʞʘʱʠʭ ʚʥʝ ʤʘʣʳʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʚʳʢʦʣʦʪʳʭ ʪʦʯʝʢ1. 

ʇʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʥʘʡʜʝʥʥʳʭ ʚ [105 ï 107] ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ 

ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ï ʛʠʨʦʩʪʘʪʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʷʪʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʀʟ-ʟʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷ ʂɸ, 

ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʨʙʠʪʳ, ʥʘʣʠʯʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠ ʜʨ.) ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʂɸ ʥʝ ʠʤʝʪʁ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ [107]. ʅʦ ʦʥʠ ʠʤʝʁʪ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʣʠʟʢʠ ʢ ʪʦʯʥʳʤ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʥʝ ʦʯʝʥʴ 

ʙʦʣʴʰʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ï ʛʠʨʦʩʪʘʪʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩ ʄʇɿ. ɺ ʧʷʪʦʡ ʛʣʘʚʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

 
1 ʊʨʦʠʮʢʘʷ ɸ.ɺ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʧʘʨʘʤʝʪʨ. ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. ʄʦʩʢʚʘ: ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʄʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, 2019. 
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ʂɸ ï ʛʠʨʦʩʪʘʪʘ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʇɼ ʨʝʛʫʣʷʪʦʨʘ, 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ, 

ʠʟʣʦʞʝʥʥʦʡ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ ʚʳʙʦʨ ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ [107]. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʷʪʦʡ ʛʣʘʚʳ [46, 

112 ï 119]. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʚʩʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʠʩʪʝʤ r

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʪʝʨʤʠʥʘʭ ʩʦʟʜʘʚʘʝʤʦʛʦ ʝʶ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝ ʟʘʪʨʦʥʫʪʳʤ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʢʦʥʢʨʝʪʥʦ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʨʛʘʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʛʠʨʦʩʠʩʪʝʤʳ. ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪ r

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʦʜʥʦʩʪʝʧʝʥʥʳʭ 

(ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ), ʪʘʢ ʠ ʜʚʫʭʩʪʝʧʝʥʥʳʭ (ʛʠʨʦʜʠʥʳ) ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʛʣʘʚʘʭ 4 ʠ 5. ɺʩʝ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ, 

ʘ ʪʘʢʞʝ ʦʙʱʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [48, 49].  

ʉʧʝʨʚʘ ʚ ʰʝʩʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʂɸ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ. 

ʄʘʭʦʚʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʂɸ ʩ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʟʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʳ [120, 121]. 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʚʳʙʦʨʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʣʶʙʳʭ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ 
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ʜʚʠʞʝʥʠʷ ʂɸ. ɺ ʢʘʯʝʩʪʚʝ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ ʤʘʭʦʚʠʢʦʚ ʚʳʙʨʘʥʘ 

çʯʝʪʳʨʝʭʫʛʦʣʴʥʘʷ ʧʠʨʘʤʠʜʘè, ʢʘʢ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ [49, 122 ï 124]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʩʨʘʚʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʠ ʨʝʘʣʠʟʫʝʤʦʡ ʦʙʣʘʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʂɸ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʠʨʦʩʠʩʪʝʤʦʡ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʯʝʪʳʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʤʘʭʦʚʠʢʦʚ, ʪʦ ʚʠʜ ʦʙʣʘʩʪʠ 

ʨʝʘʣʠʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠʟʚʝʩʪʝʥ 

[120, 125, 126] ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʦʙʩʪʚʝʥʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʤʦʤʝʥʪʦʤ ʢʘʞʜʦʛʦ ʤʘʭʦʚʠʢʘ ʠ ʜʚʫʤʷ ʫʛʣʘʤʠ (ʫʛʣʳ ʫʩʪʘʥʦʚʢʠ ʤʘʭʦʚʠʢʦʚ), 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢʘʞʜʦʛʦ ʤʘʭʦʚʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʂɸ. ɺʠʜ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʘʭʦʚʠʢʘʤʠ, ʟʘʚʠʩʠʪ 

ʦʪ ʨʝʞʠʤʘ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ: ʧʨʦʛʨʘʤʤʥʳʝ ʨʘʟʚʦʨʦʪʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʨʘʪʴ ʫʛʣʳ ʫʩʪʘʥʦʚʢʠ ʤʘʭʦʚʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʨʝʙʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʞʠʤʘ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɼʣʷ ʨʝʞʠʤʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʂɸ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ 

ʫʩʪʘʥʦʚʢʠ ʤʘʭʦʚʠʢʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʢ ʩʨʘʚʥʝʥʠʶ ʦʙʣʘʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʠʨʦʩʠʩʪʝʤʦʡ, ʩʧʨʘʚʝʜʣʠʚ 

ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʭ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʪʘʢ ʠ 

ʛʠʨʦʜʠʥʦʚ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʨʦʜʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʩʚʷʟʘʥʦ ʠ ʩ ʥʘʣʠʯʠʝʤ ʦʩʦʙʳʭ (ʩʠʥʛʫʣʷʨʥʳʭ) 
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ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʳ ʛʠʨʦʜʠʥʦʚ. ʈʝʰʝʥʠʝʤ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʜʠʥʦʚ ʟʘʥʠʤʘʣʠʩʴ ʪʘʢʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʢ ʅ.ʀ. ɸʤʝʣʴʢʠʥ, ʅ.ʀ. ɹʘʰʢʝʝʚ, ɺ.ʇ. ʃʝʛʦʩʪʘʝʚ, ɺ.ɺ. ʉʘʟʦʥʦʚ, 

ɽ.ʀ. ʉʦʤʦʚ, ɺ.ʅ. ʇʣʘʪʦʥʦʚ, ɸ.ɺ. ʉʦʨʦʢʠʥ, ɸ.ɺ. ʉʫʤʘʨʦʢʦʚ, ɽ.ʅ. ʊʦʢʘʨʴ, 

N. Bedrossian, J. Junkins, H. Kurokawa, F. Leve, H. Schaub, B. Wie [127 ï 136]. 

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʰʝʩʪʦʡ ʛʣʘʚʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ 

ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ 

ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤ ʙʝʟʫʧʦʨʥʳʭ ʛʠʨʦʜʠʥʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʙʦʪ [129, 136], ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ 

ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ [137, 138]. ʅʘ ʦʩʥʦʚʝ ʨʘʙʦʪ [128, 129] ʚ hʝʩʪʦʡ ʛʣʘʚʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʠʪʴ 

ʪʠʧ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʛʠʨʦʜʠʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʂɸ ʧʦ ʩʭʝʤʝ 

ç3-SPEè, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʩʦʚʧʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [130]. 

ʆʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʰʝʩʪʦʡ ʛʣʘʚʝ [112, 118, 119, 139 ï 143]. ʈʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʧʦʩʪʨʦʝʥʠ ̫ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʣʘʩʪʝʡ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ ʩʫʤʤʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤ 

ʙʝʟʫʧʦʨʥʳʭ ʛʠʨʦʜʠʥʦʚ [144]. 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ʇʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠ ̫ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʀʉɿ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʝʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ [145, 146], ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [147], ʪʝʦʨʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [148], ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [149] ʠ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ [150]. ɺ ʢʘʞʜʦʡ ʛʣʘʚʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ [151]. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʝʮʠʬʠʢʦʡ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʫʧʨʘʚʣʷʝʤʳʤ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʷʤ ʂɸ, ʫʩʣʦʚʠʷʤ ʥʘ ʙʦʨʪʫ, ʘ 

ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. ʅʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ:  

- ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʝʚʦʡ 

ʦʨʙʠʪʳ ʠ ʨʝʘʣʠʟʫʝʤʦʛʦ ʨʝʞʠʤʘ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ; 

- ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʯʠʩʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʮʝʥʪʨ ʤʘʩʩ 

ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ, ʙʣʠʟʢʦʡ ʢ ʢʨʫʛʦʚʦʡ;  

- ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʦʚʳʭ ʟʘʢʦʥʘʭ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʧʨʠ 

ʥʘʣʠʯʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʚʨʝʤʝʥʠ; 

- ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂɸ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʥʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʣʘʚʥʦʡ ʮʝʣʠ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʫʛʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʂɸ.  
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘ ʵʪʘʧʘʭ ʵʩʢʠʟʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʂɸ ʠ ʨʘʟʛʦʥʥʳʭ 

ʙʣʦʢʦʚ, ʢʘʢ ʫʞʝ ʩʦʟʜʘʥʥʳʭ, ʪʘʢ ʠ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʚ ɸʆ çɻʂʅʇʎ ʠʤʝʥʠ ʄ.ɺ. 

ʍʨʫʥʠʯʝʚʘè ʠ ʚ ʆʆʆ çʉʧʫʪʥʠʢʩè (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʪʳ ʦ ʚʥʝʜʨʝʥʠʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ).  ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʥʘ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʘʢ ʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè ʠʤʝʥʠ 

ʉ.ʇ. ʂʦʨʦʣʝʚʘè, ɸʆ çʈʂʎ çʇʨʦʛʨʝʩʩè, ɸʆ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʠʩʪʝʤʳè ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ɸʆ çʅʇʆ ʃʘʚʦʯʢʠʥʘè, ɸʆ çɺʇʂ 

çʅʇʆ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʠ ʜʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʣʝʛʣʠ ʚ 

ʦʩʥʦʚʫ ʜʠʩʮʠʧʣʠʥʳ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚè, ʢʦʪʦʨʘʷ ʯʠʪʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤ ʢʘʬʝʜʨʳ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè 

ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʄɻʊʋ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʛʦʪʦʚʢʠ 01.03.03 çʄʝʭʘʥʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè.  

ʉʦʟʜʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ çʇʨʦʛʨʘʤʤʘ 

ʨʘʩʯʝʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʠʥʛʫʣʷʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʣʦʚʳʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʛʠʨʦʜʠʥʦʚ)è [144] ʚʥʝʜʨʝʥʘ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ ʄɻʊʋ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚè (ʢʘʬʝʜʨʘ 

çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè) ʠ çʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʂɸè (ʢʘʬʝʜʨʘ çʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʥʘʚʠʛʘʮʠʠè). 

çʇʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸè [151], ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʚʥʝʜʨʝʥ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʫʜʝʥʪʦʚ ʄɻʊʋ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥʳ çɼʚʠʞʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩè (ʢʘʬʝʜʨʘ 
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çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè). 

ʇʦʣʫʯʝʥʦ 6 ʘʢʪʦʚ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

(ʩʤ. ʇʨʠʣʦʞʝʥʠʝ). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, 

ʦʪʨʘʞʘʶʪ ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʨʫʛʠʤʠ 

ʘʚʪʦʨʘʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʩʳʣʢʠ ʧʦ ʪʝʢʩʪʫ ʨʘʙʦʪʳ. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʨʠʯʝʤ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʙʳʣ 

ʦʧʨʝʜʝʣʷʶʱʠʤ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʦ ʩʭʦʞʠʤ 

ʧʨʦʙʣʝʤʘʤ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʚʝʜʫʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

¶ XIII  ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023; 

¶ XII  ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ. ʋʬʘ, 2019; 

¶ XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʝʪʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝè. ʂʘʟʘʥʴ, 2017; 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ 

ʤʝʭʘʥʠʢʠ (FAPM-2017)è. ʄʦʩʢʚʘ, 2017; 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ 

ʤʝʭʘʥʠʢʠ (FAPM-2022)è. ʄʦʩʢʚʘ, 2022; 
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¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ 

ʤʝʭʘʥʠʢʠ (FAPM-2023)è. ʄʦʩʢʚʘ, 2023; 

¶ XL, XLI , XLII , XLIII , XLIV , XLV , XLVI , XLVII  ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ 

ʢʦʩʤʦʥʘʚʪʠʢʝ (ʂʦʨʦʣʝʚʩʢʠʝ ʯʪʝʥʠʷ). ʄʦʩʢʚʘ, 2016, 2107, 2018, 2019, 2020, 

2021, 2022, 2023; 

¶ ʉʝʤʠʥʘʨ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠʤʝʥʠ ɺ.ɸ. ɽʛʦʨʦʚʘ ʤʝʭʘʥʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ʉʘʟʦʥʦʚʘ), 2016, 2017, 2018, 2019, 2020, 2021; 

¶ ʉʝʤʠʥʘʨ çɼʠʥʘʤʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʦʪʜʝʣʘ ˉ7 ʀʇʄ ʠʤʝʥʠ 

ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʖ. ʆʚʯʠʥʥʠʢʦʚʘ), 2023; 

¶ ʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʝ ʢʘʬʝʜʨʳ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ 

ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʄɻʊʋ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʀ.ɻ. ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ), 2022, 2023; 

¶ ʉʝʤʠʥʘʨ çɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʢʘè ʢʘʬʝʜʨʳ çʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʤʝʭʘʥʠʢʘ ʠ ʤʝʭʘʪʨʦʥʠʢʘè ʄɸʀ (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ.ʉ. ɹʘʨʜʠʥʘ), 2023, 

2024; 

¶ ʉʝʤʠʥʘʨ çʊʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤè ʀʇʄʝʭ ʠʤʝʥʠ 

ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ), 2024; 

¶ ʉʝʤʠʥʘʨ ʩʝʢʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ 

ʅ.ʅ. ʇʦʣʷʭʦʚʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ɼʦʤʘ ʫʯʝʥʳʭ ʈɸʅ (ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʇ. ʖʰʢʦʚʘ), 2024; 

¶ ɿʘʩʝʜʘʥʠʝ ʇʨʝʟʠʜʠʫʤʘ ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɸ. ʉʘʤʩʦʥʦʚʘ), 2024; 

¶ ʉʝʤʠʥʘʨ ʠʤʝʥʠ ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚʘ, ʅ.ɸ. ʇʘʨʫʩʥʠʢʦʚʘ, ʖ.ɺ. ɹʦʣʦʪʠʥʘ), 

2024; 
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¶ ʉʝʤʠʥʘʨ çʄʝʭʘʥʠʢʘ ʩʠʩʪʝʤ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦè ʧʨʠ 

ʅʘʫʯʥʦʤ ʩʦʚʝʪʝ ʈɸʅ ʧʦ ʤʝʭʘʥʠʢʝ ʩʠʩʪʝʤ (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɺ.ʌ. ɾʫʨʘʚʣʝʚʘ, ɼ.ʄ. ʂʣʠʤʦʚʘ), 2024. 

¶ ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʄʦʩʢʦʚʩʢʦʛʦ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ) (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɺ. ʉʦʢʦʣʦʚʘ), 2024. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʠʤʝʝʪʩʷ 17 ʧʫʙʣʠʢʘʮʠʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʚ ʪʦʤ ʯʠʩʣʝ 11 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʧʝʨʝʚʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʘʥʛʣʦʷʟʳʯʥʳʝ ʚʝʨʩʠʠ ʢʦʪʦʨʳʭ 

ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ ʙʘʟʘʭ Web of Sciences ʠ Scopus. ʇʦʣʫʯʝʥʦ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʧʝʨʝʚʦʜʥʳʭ ʞʫʨʥʘʣʘʭ: 

1. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʠʩʪʝʤ 

ʙʝʟʫʧʦʨʥʳʭ ʛʠʨʦʜʠʥʦʚ ʤʝʪʦʜʦʤ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ. ʂʦʩʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, 2009 ʛ., ʪʦʤ 47, ˉ4, ʩ. 355 ï 362. 

2. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʈʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʀʉɿ ʩ ʤʘʣʳʤ ʫʨʦʚʥʝʤ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ. ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2012 ʛ., ʪʦʤ 50, ˉ5, 

ʩ. 380 ï 393. 

3. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʆʮʝʥʢʘ ʦʩʪʘʪʦʯʥʳʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʀʉɿ 

ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʡ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2013 ʛ., 

ʪʦʤ 51, ˉ5, ʩ. 380 ï 388. 

4. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2018 ʛ., ʪʦʤ 56, ˉ5, ʩ. 375 ï 383. 

5. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʈʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʛʠʨʦʩʠʩʪʝʤʳ. ʀʟʚ. ʈɸʅ. ʊʠʉʋ, 2020 ʛ., ˉ1, ʩ. 129 ï 142. 
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6. ʀʛʥʘʪʦʚ ɸ.ʀ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ. ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2020 ʛ., ʪʦʤ 58, ˉ1, ʩ. 40 ï 48. 

7. ʀʛʥʘʪʦʚ ɸ.ʀ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ. ʀʟʚ. ʈɸʅ. 

ʊʠʉʋ, 2020 ʛ., ˉ3, ʩ. 164 ï 176. 
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ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʚ ʨʝʞʠʤʝ ʩʦʣʥʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ʇʨʝʧʨʠʥʪ ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ 
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ʉʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ: 

1. ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʠʥʛʫʣʷʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʣʦʚʳʭ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʛʠʨʦʜʠʥʦʚ). ɸʚʪʦʨʳ: ʀʛʥʘʪʦʚ ɸ.ʀ., 

ʄʘʨʪʳʥʝʥʢʦʚʘ ɽ.ɺ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 2023681348, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 12.10.2023. 

2. ʇʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɸʚʪʦʨ: ʀʛʥʘʪʦʚ ɸ.ʀ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ 

ˉ 2024616504, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 21.03.2024. 

 

 ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʫʛʣʦʚʳʭ ʜʚʠʞʝʥʠʡ ʂɸ ʙʣʠʟʢʠʭ ʢ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʘʢʠʭ ʜʚʠʞʝʥʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ. ʋʢʘʟʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [21 ï 23, 92, 114, 115]. 



34 
 

2. ɼʣʷ ʨʝʞʠʤʘ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂɸ 

ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ IGRF ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (ʄʇɿ). ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʫʛʣʦʚʳʭ ʜʚʠʞʝʥʠʡ ʂɸ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʟʦʥʘʥʩʦʚ ʤʝʞʜʫ 

ʚʨʘʱʝʥʠʝʤ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʄʇɿ ʚʜʦʣʴ ʦʨʙʠʪʳ ʠ ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʪʦʛʦ ʚʝʢʪʦʨʘ [21, 23]. 

3. ɼʣʷ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʟʘʜʘʥʥʦʡ 

ʪʦʯʢʝ ʙʦʨʪʘ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʜʣʷ ʂɸ ʚ ʨʝʞʠʤʝ ʝʛʦ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʙʣʠʟʢʦʡ ʢ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʡ [44 ï 47, 112, 113, 118, 119]. 

4. ʅʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʨʘʥʝʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʧʦʩʪʨʦʝʥ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʦʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʇʦʩʪʨʦʝʥʥʳʡ ʟʘʢʦʥ ʧʦʤʠʤʦ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ. ʈʝʘʣʠʟʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʟʘʢʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʢʘʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ, 

ʪʘʢ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ [89, 91]. 

5. ʇʦʩʪʨʦʝʥ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, 

ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ 

ʂɸ. ʊʘʢʦʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʣʥʝʯʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʨʘʟʛʨʫʟʢʫ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ. [46, 112, 113, 116 ï 119, 
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143]. 

6. ʅʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥ ʨʝʞʠʤ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ, ʨʝʘʣʠʟʫʝʤʳʡ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʂɸ [114, 115]. 

7. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦʚʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʩʭʝʤʝ çʯʝʪʳʨʝʭʫʛʦʣʴʥʘʷ 

ʧʠʨʘʤʠʜʘè ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʧʨʦʛʨʘʤʤʥʳʭ ʨʘʟʚʦʨʦʪʦʚ ʂɸ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ [139, 142, 143]. 

8. ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʠʩʪʝʤ ʙʝʟʫʧʦʨʥʳʭ ʛʠʨʦʜʠʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦ 

ʧʘʨʘʤʝʪʨʫ. ʌʦʨʤʘʣʠʟʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ 

ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʩʠʩʪʝʤʳ ʛʠʨʦʜʠʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʂɸ ʧʦ ʩʭʝʤʝ 

ç3-SPEè ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʦʩʦʙʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʈʝʘʣʠʟʦʚʘʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ 

ʚʳʙʦʨʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʠʨʦʜʠʥʦʚ [140, 141, 

144]. 

 

ʆʙʲʝʤ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 300 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʪʨʝʭ ʪʘʙʣʠʮ ʠ 126 ʨʠʩʫʥʢʦʚ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʚʝʜʝʥʠʝ, ʰʝʩʪʴ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 172 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ. 
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ɻʣʘʚʘ 1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ɺ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʠ ʩʭʝʤʳ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ. ʇʦʢʘʟʘʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʂɸ. ʇʨʝʜʩʪʘʚʣʝʥ ʚʳʚʦʜ 

ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

 

1.1 ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʉʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x , ʦʙʨʘʟʦʚʘʥʘ ʛʣʘʚʥʳʤʠ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʂɸ. ɹʘʟʠʩʥʳʝ ʦʨʪʳ ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʦʙʦʟʥʘʯʝʥʳ 

1e , 2e , 3e . 

ɻʨʠʥʚʠʯʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ E 1 2 3O YY Y. ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʚ 

ʮʝʥʪʨʝ ɿʝʤʣʠ, ʧʣʦʩʢʦʩʪʴ E 1 2O YYʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ, ʦʩʴ E 1O Y  

ʧʝʨʝʩʝʢʘʝʪ ʛʨʠʥʚʠʯʩʢʠʡ ʤʝʨʠʜʠʘʥ, ʦʩʴ E 3O Y  ʥʘʧʨʘʚʣʝʥʘ ʢ ʉʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ Ew  ʚʦʢʨʫʛ 

ʦʩʠ E 3O Y . 

ʆʨʙʠʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 2 3OX X X . ʆʩʠ 3OX  ʠ 2OX  ʥʘʧʨʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʜʦʣʴ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ r  ʪʦʯʢʠ O  ʠ ʚʝʢʪʦʨʘ 

³r r  ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʵʪʦʡ 

ʩʠʩʪʝʤʳ 

( )
0 2 2

Ö ³³
= +

³

r r rr r
ɤ r

r rr r
, | |r =r . 

ɹʘʟʠʩʥʳʝ ʦʨʪʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʳ 1E , 2E , 3E . 

ʂʚʘʟʠʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ E 1 2 3O Z Z Z . ʆʩʴ E 2O Z  

ʧʘʨʘʣʣʝʣʴʥʘ ʚʝʢʪʦʨʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʦʩʴ 

E 3O Z  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ɿʝʤʣʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʚʦʩʭʦʜʷʱʠʡ ʫʟʝʣ 



37 
 

ʦʩʢʫʣʠʨʫʶʱʝʡ ʦʨʙʠʪʳ ʂɸ. ɹʘʟʠʩ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥ ʦʨʪʘʤʠ 1
¡E , 2
¡E , 3
¡E . 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 2 3OX X X , ʩʚʷʟʘʥʥʘʷ ʩ ʚʝʢʪʦʨʦʤ B  ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʄʇɿ) ʚ ʪʦʯʢʝ O. ɹʘʟʠʩʥʳʝ ʦʨʪʳ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʦʙʦʟʥʘʯʝʥʳ 1
¡e , 2
¡e , 3
¡e . ʆʨʪ 1

¡e  ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʚʝʢʪʦʨʘ B , 1 /¡=e B B , | |=BB . 

ʆʨʪ 3
¡e  ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʦʡ ʚʝʢʪʦʨʦʤ B  ʠ ʚʝʢʪʦʨʦʤ 

³r r  ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ  

1
3

1

( ( ))

( )

¡³ ³
¡=

¡³ ³

e r r
e

e r r
. 

ʆʨʪ 2 3 1
¡ ¡ ¡= ³e e e ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x , ʦʙʨʘʟʦʚʘʥʥʘʷ ʦʩʷʤʠ ʈʝʟʘʣʷ ʂɸ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʉʠʩʪʝʤʘ 1 2 3Ox x x  ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ 

ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ, ʚʜʦʣʴ ʦʨʪʘ ʢʦʪʦʨʦʡ 

ʥʘʧʨʘʚʣʝʥʘ ʦʩʴ 1Ox. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ 1 2 3Ox x x  ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʠʩʪʝʤʳ 

1 2 3Ox x x  ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 1Ox . 

ʄʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ ʦʨʙʠʪʘʣʴʥʦʡ ʠ ʦʪ ʢʚʘʟʠʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤ ʢ 

ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʦʟʥʘʯʠʤ 
3
, 1( ) == ij i jV v  ʠ 

3
, 1( ) == ij i jV v  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ 

ijv  ï ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʩʷʤʠ E iO Y  ʠ jOX , ʘ ijv  ï ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʩʷʤʠ 

E iO Y  ʠ E jO Z . ʕʣʝʤʝʥʪʳ ʵʪʠʭ ʤʘʪʨʠʮʳ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ O  ʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ʄʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ 321 xxOx  ʢ ʛʨʠʥʚʠʯʩʢʦʡ, ʦʨʙʠʪʘʣʴʥʦʡ ʠ 

ʢʚʘʟʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʘʤ ʦʙʦʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
3
, 1( ) == ij i jW w , 

3
, 1( ) == ij i jU u ʠ 

3
, 1( ) == ij i jU u . ɿʜʝʩʴ ,= ÖE eij i ju  ,¡= ÖE eij i ju  ijw , iju  ʠ iju  ï ʢʦʩʠʥʫʩʳ 

ʫʛʣʦʚ, ʢʦʪʦʨʳʝ ʦʩʴ jOx  ʦʙʨʘʟʫʝʪ ʩ ʦʩʷʤʠ E iO Y , iOX  ʠ E iO Z . ʉʧʨʘʚʝʜʣʠʚʳ 

ʩʦʦʪʥʦʰʝʥʠʷ =W VU ʠ =W V U . 

ʄʘʪʨʠʮʫ U  ʧʘʨʘʤʝʪʨʠʟʠʨʫʝʤ ʫʛʣʘʤʠ g, d ʠ b, ʢʦʪʦʨʳʝ ʚʚʝʜʝʤ 
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ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʩʪʝʤʘ 321 xxOx  ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʠʩʪʝʤʳ 

1 2 3OX X X  ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ: 1) ʥʘ ʫʛʦʣ 2/pd+  ʚʦʢʨʫʛ ʦʩʠ 

2OX , 2) ʥʘ ʫʛʦʣ b ʚʦʢʨʫʛ ʥʦʚʦʡ ʦʩʠ 3OX , 3) ʥʘ ʫʛʦʣ g ʚʦʢʨʫʛ ʦʩʠ 1,OX

ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʧʝʨʚʳʭ ʜʚʫʭ ʧʦʚʦʨʦʪʦʚ ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ 1Ox. ʕʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ U  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʵʪʠ ʫʛʣʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

 11 sin cosd b=-u ,    12 cos sin sin sin cosd g d b g= +u , 

21 sinb=u ,     22 cos cosb g=u , 

31 cos cosd b=-u ,    32 sin sin cos sin cosd g d b g=- +u , 

(1.1) 

    13 cos cos sin sin sind g d b g= -u ,  

    23 cos sinb g=-u , 

    33 sin cos cos sin sind g d b g=- -u . 

ʄʘʪʨʠʮʫ U  ʧʘʨʘʤʝʪʨʠʟʠʨʫʝʤ ʫʛʣʘʤʠ y, q ʠ j, ʢʦʪʦʨʳʝ ʚʚʝʜʝʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʪʦʯʢʫ EO  ʧʝʨʝʥʝʩʪʠ ʚ ʪʦʯʢʫ O, ʪʦ ʩʠʩʪʝʤʘ 321 xxOx  

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʠʩʪʝʤʳ E 1 2 3O Z Z Z  ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʧʦʚʦʨʦʪʘʤʠ: 1) ʥʘ ʫʛʦʣ y ʚʦʢʨʫʛ ʦʩʠ E 2O Z , 2) ʥʘ ʫʛʦʣ / 2p q-  ʚʦʢʨʫʛ ʥʦʚʦʡ ʦʩʠ 

E 1O Z , 3) ʥʘ ʫʛʦʣ j p+  ʚʦʢʨʫʛ ʦʩʠ ʥʦʚʦʡ ʦʩʠ E 2O Z ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʧʝʨʚʳʭ 

ʜʚʫʭ ʧʦʚʦʨʦʪʦʚ ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ 2Ox . ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ U  ʚʳʨʘʞʘʶʪʩʷ 

ʯʝʨʝʟ ʵʪʠ ʫʛʣʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

  11 cos cos sin sin sinj y j y q=- +u ,  12 sin cosy q=u , 

  21 sin cosj q=-u ,     22 sinq=u , 

  31 cos sin sin cos sinj y j y q= +u ,  32 cos cosy q=u , 

(1.2) 

   13 sin cos cos sin sinj y j y q=- -u , 

   23 cos cosj q=u , 

   33 sin sin cos cos sinj y j y q= -u . 
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ʄʘʪʨʠʮʫ U  ʪʘʢʞʝ ʤʦʞʥʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʫʛʣʘʤʠ g, d ʠ b. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʝʝ ʵʣʝʤʝʥʪʳ 
3
, 1( ) =ij i ju  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ g, d, b ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ 

ʩʦʦʪʥʦʰʝʥʠʡ ʯʪʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ U . ʕʪʠ ʬʦʨʤʫʣʳ 

ʦʙʦʟʥʘʯʠʤ (1.2'). 

ɺ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ 

321 xxOx  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ E 1 2 3O YY Y ʙʫʜʝʤ ʟʘʜʘʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʚʘʪʝʨʥʠʦʥʘ 0 1 2 3( , , , )=Q q q q q , || || 1=Q . ɿʜʝʩʴ ʩʠʤʚʦʣʦʤ || ||Ö

ʦʙʦʟʥʘʯʘʝʪʩʷ ʥʦʨʤʘ ʢʚʘʪʝʨʥʠʦʥʘ. ʂʚʘʪʝʨʥʠʦʥʥʘʷ ʬʦʨʤʫʣʘ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ 321 xxOx  ʠ E 1 2 3O YY Y ʠʤʝʝʪ ʚʠʜ 

1
1 2 3 1 2 3(0, , , ) (0, , , ) -=Y Y Y Q x x x Q . 

ɿʜʝʩʴ ʩʠʤʚʦʣʦʤ  ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʚʘʪʝʨʥʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. ʕʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ 
3
, 1( ) == ij i jW w  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ Q  ʧʦ ʬʦʨʤʫʣʘʤ: 

 2 2 2 2
11 0 1 2 3= + - -w q q q q ,  12 1 2 0 32( )= -w q q q q ,  13 1 3 0 22( )= +w q q q q , 

 21 2 1 0 32( )= +w q q q q ,  2 2 2 2
22 0 2 1 3= + - -w q q q q ,  23 2 3 0 12( )= -w q q q q , 

 31 3 1 0 22( )= -w q q q q ,  32 3 2 0 12( )= +w q q q q ,  2 2 2 2
33 0 3 1 2= + - -w q q q q . 

 

1.2 ʄʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʄʇɿ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ IGRF 

(International Geomagnetic Reference Field). ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ 

ʄʇɿ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [152] M( )=-ÐB U , ʛʜʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

( )M , , ,l J¡ ¡U r t  ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ 

() ()( ) ( )
1

E
M E

1 0

cos sin cosl l J

+

= =

å õ
¡ ¡ ¡= +æ ö

ç ÷
ää

nN n
m m m

n n n

n m

R
U R g t m h t m P

r
. 

ɿʜʝʩʴ l¡ - ʜʦʣʛʦʪʘ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ, J¡ - ʝʝ 

ʰʠʨʦʪʘ, r  - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ ʜʦ ʪʦʯʢʠ, ER  - ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ, 

()m

ng t  ʠ ()m

nh t  - ʢʦʵʬʬʠʮʠʝʥʪʳ ɻʘʫʩʩʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ 
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ʠʟ ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [152], 
m

nP  - ʢʚʘʟʠʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʐʤʠʜʪʫ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʬʫʥʢʮʠʠ ʃʝʞʘʥʜʨʘ. ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʘʢ ʠ ʚʝʣʠʯʠʥʘ ʧʦʣʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʦ ʵʪʦʡ ʤʦʜʝʣʠ, 

ʠʟʤʝʨʷʶʪʩʷ ʚ ʥʊʣ). ɺ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠ ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʩʦʶʟ ʧʫʙʣʠʢʫʝʪ ʥʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ IGRF, 

ʜʝʡʩʪʚʫʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʣʝʪ. ʄʦʜʝʣʴ IGRF ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ2.  

ʇʦʤʠʤʦ ʤʦʜʝʣʠ IGRF ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ 

ʄʇɿ, ʦʧʠʩʳʚʘʝʤʘʷ ʧʦʣʝʤ ʜʠʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ ɿʝʤʣʠ ʠ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʝʝ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪ.ʥ. ʧʨʷʤʦʡ ʜʠʧʦʣʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ 

ʩʠʩʪʝʤʝ 1 2 3OX X X  ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɿʝʤʣʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [19] 

( )
T3

M sin cos , cos , 2sin sinX r i u i i um -= -B , 

ʛʜʝ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ɿʝʤʣʠ 
6 3

M 7.7245 10ʊʣ ʢʤm = Ö Ö, r  - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ 

ɿʝʤʣʠ ʜʦ ʪʦʯʢʠ ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ, i  - ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ 

ʂɸ, u  - ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʳ. ɺ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ 

B  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʨʠʮ ʧʝʨʝʭʦʜʘ. 

ʄʦʜʝʣʴ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʠʤʝʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʫʜʦʙʥʦʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ IGRF.  

 

1.3 ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ. ʆʜʥʘ ʧʦʜʩʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪ 

 
2 ʈʦʣʜʫʛʠʥ ɼ.ʉ. ɼʠʥʘʤʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʄʦʩʢʚʘ: ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, 2023. 
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ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʚ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ E 1 2 3O YY Y ʩ ʫʯʝʪʦʤ 

ʥʝʮʝʥʪʨʘʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

ɼʨʫʛʘʷ ʧʦʜʩʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. 

ɺ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʧʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ [143, 153]: 

                ( ) ( )
2

E
E E E2 3

2
m

+ ³ + ³ ³ =- +
r

ɤ v ɤ ɤ r r fd

d

dt r
, G vr=Ð -f vd aU c .          (1.3) 

ɿʜʝʩʴ ʩʠʤʚʦʣʦʤ /d dt  ʦʙʦʟʥʘʯʝʥʘ ʣʦʢʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʚʝʢʪʦʨʘ ʚ ʩʠʩʪʝʤʝ 

E 1 2 3O YY Y, Eɤ  ï ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, /=v rd dt  ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ, v | |=v , r  ï  ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 

ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ, Em  ï  ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ, f d  ï ʚʝʢʪʦʨ ʩʫʤʤʘʨʥʳʭ 

ʚʦʟʤʫʱʘʶʱʠʭ ʫʩʢʦʨʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʂɸ, GÐU  ï ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʷ, 

c  ï ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂɸ, ar ï ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʚ ʪʦʯʢʝ 

ʟʘʜʘʚʘʝʤʦʡ ʚʝʢʪʦʨʦʤ r . ʅʝʮʝʥʪʨʘʣʴʥʦʩʪʴ ʧʦʣʷ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ (36,36) ʚʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʘʟʣʦʞʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ɿʝʤʣʠ ʚ ʨʷʜ ʧʦ ʰʘʨʦʚʳʤ ʬʫʥʢʮʠʷʤ. ɺʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ 

ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ 

ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʘʪʘʢʠ. ɸʪʤʦʩʬʝʨʘ ʩʯʠʪʘʝʪʩʷ ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ɿʝʤʣʝʡ, ʝʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ɻʆʉʊ ʈ 25645.166-2004. 

ʇʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʳ ʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂɸ ʩʯʠʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ, 

ʚʳʨʘʞʘʶʱʠʤʠ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʩʠʩʪʝʤʝ 1 2 3Ox x x : 

                                                     + ³ =
K
ɤ K M

d

dt
.                                                (1.4) 

ɿʜʝʩʴ ʩʠʤʚʦʣʦʤ /d dt  ʦʙʦʟʥʘʯʝʥʘ ʣʦʢʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʚʝʢʪʦʨʘ ʚ ʩʠʩʪʝʤʝ 
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1 2 3,Ox x x  K  ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪʘ ʂɸ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ, ɤ ï ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ, M  ï ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʚʩʝʭ ʚʥʝʰʥʠʭ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʂɸ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ = + +M M M Mg a m, ʛʜʝ ,M g M a , M m

ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ M gʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [154] 

                              Ĕ( )n= ³M r rg I , 5
E3 / | |n m= r , 1 2 3

Ĕ diag( , , )=I I I I ,                     (1.5) 

ʛʜʝ iI  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ iOx , 1,3=i .  

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ M a  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʂɸ ʠ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʩ ʝʛʦ ʢʦʨʧʫʩʦʤ [155]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʣʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʂɸ 

ʠʤʝʝʪ ʬʦʨʤʫ ʧʨʷʤʦʛʦ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʜʚʫʤʷ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʝʤʫ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ï ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ (ʨʠʩ. 1.1). 

 

  

ʈʠʩ. 1.1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʂɸ ʠ ʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤʳ 1 2 3Ox x x . 

 

ʎʠʣʠʥʜʨ ʠʤʝʝʪ ʨʘʜʠʫʩ cR  ʠ ʚʳʩʦʪʫ cL , ʝʛʦ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ 1x . ʇʣʘʩʪʠʥʳ 

ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 31xx  ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 1x . 
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ʉʪʦʨʦʥʳ ʧʣʘʩʪʠʥ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ 1x  ʠ 3x . ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ 

ʩʦʩʪʘʚʣʷʝʪ .bS  ʂʦʦʨʜʠʥʘʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʮʠʣʠʥʜʨʘ ʠ ʧʣʘʩʪʠʥ ʩʫʪʴ 

( ,0,0)cx  ʠ ( ,0,0)bx . ʇʦʣʘʛʘʷ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ 

ʢʦʨʧʫʩʦʤ ʂɸ ʠʩʧʳʪʳʚʘʶʪ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ, ʬʦʨʤʫʣʫ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ [154] 

( )vr= ³M v Pa a . 

ɿʜʝʩʴ ( )=P P v  ï ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʬʠʛʫʨʳ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʝʢʮʠʝʡ ʂɸ ʥʘ 

ʧʣʦʩʢʦʩʪʴ VP , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʫ v . ɺʝʢʪʦʨ P  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ VP  

ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ʥʘ VP  ʪʦʯʢʠ O. ʌʦʨʤʫʣʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ p­ +P P v, ʛʜʝ p  

ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʢʘʣʷʨ, ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʶ ( )P v  ʤʦʞʥʦ ʟʘʜʘʪʴ, ʥʝ ʩʚʷʟʳʚʘʷ ʩʝʙʷ 

ʫʩʣʦʚʠʝʤ VÍPP . ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ v ( )P v  ʟʘʜʘʜʠʤ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʪʦʛʜʘ ʬʦʨʤʫʣʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

              ( )1= ³M v ea p , ( )2 2 2

1 2 2 3| v | | v | 2 v vr p= + + +ʘ c c b b c c cp R x S x R L x ,             (1.6) 

ʛʜʝ v i  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ v  ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ iOx , 1,3=i . 

ʇʨʠ ʚʳʚʦʜʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ 

ʚʟʘʠʤʥʦʝ ʟʘʪʝʥʝʥʠʝ ʢʦʨʧʫʩʘ ʂɸ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʪ ʥʘʙʝʛʘʶʱʝʛʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʦʧʨʘʚʜʘʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʙʦʣɹh ʠʥʩʪʚʘ ʜʚʠʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʨʝʟʢʦʚ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʥʦʝ ʟʘʪʝʥʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ, ʥʝʚʝʣʠʢʘ. 

ʇʦʜ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ M m ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʂɸ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʚʘʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ ʩ ʄʇɿ. ʊʘʢʦʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʚʠʜ [156] 

                                                          = ³M L Bm ,                                                    (1.7) 

ʛʜʝ L  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
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ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʂɸ, B  ï ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʄʇɿ ʚ ʪʦʯʢʝ O . 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 2
1 2600ʢʛ ʤ= ÖI , 2

2 11100ʢʛ ʤ= ÖI , 2
3 10900ʢʛ ʤ= ÖI , 

6440ʢʛ=m , 1.3ʤ=ʩR , 5.0ʤ=ʩL , 233.0ʤ=bS , 1.0ʤ=-bx , 0.3ʤ=cx . ɽʩʣʠ ʚ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʂɸ ʢʘʢ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʪʦ 

ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 22 3 11000ʢʛ ʤ= = ÖI I , ʟʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʥʘʯʝʥʠʝ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂɸ ʚʩʝʛʜʘ ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 

20.0017ʤ /ʢʛ=ʩ . 

ʆʧʠʩʘʥʥʫʶ ʚʳʰʝ ʧʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ 

ʜʦʧʦʣʥʷʶʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʣʠʙʦ ʫʨʘʚʥʝʥʠʷʤʠ 

ʇʫʘʩʩʦʥʘ ʜʣʷ ʩʪʨʦʢ w i , 1,3=i  ʤʘʪʨʠʮʳ W  ʠ ʫʨʘʚʥʝʥʠʝʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʝʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ (w i  ï ʦʨʪʳ ʦʩʝʡ ʩʠʩʪʝʤʳ E iO Y ) 

1
1 E 2w+ ³ =

w
ɤ w w

d

dt
, 2

2 E 1w+ ³ =-
w

ɤ w w
d

dt
, 

(1.8) 

3 1 2= ³w w w , 

ʣʠʙʦ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʚʘʪʝʨʥʠʦʥʘ Q  ʦʨʠʝʥʪʘʮʠʠ ʩʠʩʪʝʤʳ iOx  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ E iO Y , 1,3=i , 

0 1 1 2 2 3 3 E2 ( )w w w w=- - - -q q q q , 

       1 0 1 2 3 E 3 22 ( )w w w w= + + -q q q q ,                                    (1.9) 

2 0 2 3 1 1 3 E2 ( )w w w w= + - +q q q q , 

3 0 3 E 1 2 2 12 ( )w w w w= - + -q q q q . 

ɺ ʢʘʞʜʦʡ ʠʟ ʛʣʘʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ 

ʫʢʘʟʘʥʳ ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ (1.4) ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (1.8) ʠʣʠ (1.9). 
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1.4 ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʨʙʠʪ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ. ʂʘʞʜʘʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʦʨʙʠʪ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʚʦʩʭʦʜʷʱʝʤ ʫʟʣʝ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʟʦʚʝʤ 

çʆʨʙʠʪʘ Iè, çʆʨʙʠʪʘ IIè ʠ ʪ.ʜ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘ 

ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʦʨʙʠʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʨʙʠʪʳ. 

ʆʨʙʠʪʘ I (a). ɺ ʤʦʤʝʥʪ 07:13:07 UTC 05.05.2013 ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ 

ʩʦʩʪʘʚʣʷʣʠ: ʚʳʩʦʪʘ ʚ ʘʧʦʛʝʝ 575.2 ʢʤ, ʚʳʩʦʪʘ ʚ ʧʝʨʠʛʝʝ 546.8 ʢʤ, ʥʘʢʣʦʥʝʥʠʝ 

64.87Á, ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʳ ʧʝʨʠʛʝʷ ï124.65Á, ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 

(ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʪʦʯʢʠ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʵʧʦʭʠ ʜʘʪʳ) ï16.73Á. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ: 

22 2 1
10.7 137 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 

22 2 1
81 117 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 2.3333=pʂ . 

ʆʨʙʠʪʘ I (b). ɺ ʤʦʤʝʥʪ 07:13:07 UTC 21.12.2013 ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ 

ʩʦʩʪʘʚʣʷʣʠ: ʚʳʩʦʪʘ ʚ ʘʧʦʛʝʝ 575.2 ʢʤ, ʚʳʩʦʪʘ ʚ ʧʝʨʠʛʝʝ 546.8 ʢʤ, ʥʘʢʣʦʥʝʥʠʝ 

64.87Á, ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʳ ʧʝʨʠʛʝʷ ï124.65Á, ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ï150.03Á. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ:  

22 2 1
10.7 137 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 22 2 1

81 117 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 2.3333=pʂ . 

ʆʨʙʠʪʘ II . ɺ ʤʦʤʝʥʪ 09:10:34 UTC 21.09.2007 ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ ʩʦʩʪʘʚʣʷʣʠ: 

ʚʳʩʦʪʘ ʚ ʘʧʦʛʝʝ 450.0 ʢʤ, ʚʳʩʦʪʘ ʚ ʧʝʨʠʛʝʝ 400.0 ʢʤ, ʥʘʢʣʦʥʝʥʠʝ 63.0Á, ʘʨʛʫʤʝʥʪ 

ʰʠʨʦʪʳ ʧʝʨʠʛʝʷ 53.5Á, ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 164.0Á. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʘʪʤʦʩʬʝʨʳ:  

22 2 1
10.7 150 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 

22 2 1
81 150 10 ɺʪ ʤ ɻʮ- - -= Ö Ö ÖF , 2.6667=pʂ . 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʟʘʜʘʚʘʣʠʩʴ ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
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ʧʨʠʥʷʪʦʡ ʦʨʙʠʪʳ. ʕʪʦʪ ʤʦʤʝʥʪ ʩʣʫʞʠʪ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ï ʪʦʯʢʦʡ 0.=t  

 

1.5 ʈʘʩʯʝʪ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 

ʂʚʘʟʠʩʪʘʪʠʯʝʩʢʠʝ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ) ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʙʦʨʪʫ ʂɸ 

ʚʳʟʳʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʯʝʪʳʨʴʤʷ ʧʨʠʯʠʥʘʤʠ: 1) ʜʚʠʞʝʥʠʝʤ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʤʘʩʩ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 2) ʛʨʘʜʠʝʥʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, 3) 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʂɸ ʩʠʣ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, 4) ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, 

ʩʦʟʜʘʚʘʝʤʦʡ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ ʂɸ ʩʦʚʝʨʰʘʝʪ ʥʝʫʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ 

ʠʣʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʣʠ ʤʘʛʥʠʪʥʳʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ, ʪʦ ʧʦʩʣʝʜʥʷʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʯʠʥ ʠʩʯʝʟʘʝʪ. ɺʳʚʦʜ 

ʬʦʨʤʫʣʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʣʝʜʫʶʱʝʤ ʦʧʨʝʜʝʣʝʥʠʠ. ʇʫʩʪʴ ʂɸ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʠ ʪʦʯʢʘ P  ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʢʦʨʧʫʩʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ [6]: ʄʠʢʨʦʫʩʢʦʨʝʥʠʝʤ b  ʚ ʪʦʯʢʝ P  ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠ ʘʙʩʦʣʶʪʥʳʤ ʫʩʢʦʨʝʥʠʝʤ 

ʧʦʩʣʝʜʥʝʡ.  

ʈʦʣʴ ʚʝʢʪʦʨʘ b  ʚ ʦʨʙʠʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʥʘʣʦʛʠʯʥʘ ʨʦʣʠ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚ 

ʪʦʯʢʝ P  ʟʘʢʨʝʧʠʪʴ ʧʨʦʙʥʦʝ ʪʝʣʦ ʩ ʠʩʯʝʟʘʶʱʝ ʤʘʣʦʡ ʤʘʩʩʦʡ pm , ʪʦ ʨʝʘʢʮʠʷ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʪʦ ʪʝʣʦ ʩʦ ʩʪʦʨʦʥʳ ʂɸ, ʙʫʜʝʪ ʨʘʚʥʘ bpm- . ɼʚʠʞʝʥʠʝ ʮʝʥʪʨʘ 

ʤʘʩʩ ʂɸ ʧʦ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

2

E

2 3

m
=- +

r F
r

d

dt r m
, | |=rr , 

ʛʜʝ F  ï ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʨʧʫʩ ʂɸ, 

m ï ʤʘʩʩʘ ʂɸ. ʆʙʦʟʥʘʯʠʤ ʢʘʢ ɟ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ P  ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʧʫʩʦʤ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʮʝʥʪʨʘ ʤʘʩʩ. ʊʦʛʜʘ = +r r ɟ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ P  ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ɿʝʤʣʠ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ ʚ ʪʦʯʢʝ P  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

2

E

3 2

m
=- -

r
b r

d

r dt
. 
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ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ 

2 2 2 2

E

2 2 2 3 2

m
= + =- + +

r r ɟ F ɟ
r

d d d d

dt dt dt r m dt
 

ʧʦʣʫʯʠʤ  

2

E 3 3 2
m
å õ

=- - - -æ ö
ç ÷

r r F ɟ
b

d

r r m dt
. 

ʇʦʩʢʦʣʴʢʫ ʢʦʨʧʫʩ ʂɸ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʪʦ 

( )
2

2
= ³ + ³ ³
ɟ ɤ

ɟ ɤ ɤ ɟ
d d

dt dt
,  

ʛʜʝ ɤ ï ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ. C ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ 

2 2 2| | | | | | 2( )= + + Ör r ɟ r ɟ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ  

3
2 2

3

3 2 2

1 2( )
1

r
-

-å õÖ
= + +æ ö
ç ÷

r ɟ
r

r r r
, | |=rr , | |r=ɟ. 

ʊʦʛʜʘ, ʨʘʩʢʣʘʜʳʚʘʷ ʬʫʥʢʮʠʶ 31/ r  ʚ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ /r r  ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ r r  

ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ  

3 3 5

3 ( )+ Ö
= -

r r ɟ r r ɟ

r r r
. 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʳʨʘʞʝʥʠʝ ʜʣʷ b  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ [6]: 

                                                      r g a= + +b b b b ,                                                 

(1.10)    

( )= ³ + ³ ³b ɟ ɤ ɤ ɟ ɤr ,    E

3 2
3

m Öå õ
= -æ ö

ç ÷

ɟ r
b r ɟg

r r
,    =-

F
ba

m
. 

ʉʣʘʛʘʝʤʳʝ br , bg , ba  ʦʪʚʝʯʘʶʪ ʚʩʝʤ ʯʝʪʳʨʝʤ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʧʨʠʯʠʥʘʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ br , bg, ʚʳʟʚʘʥʥʳʭ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ, ʝʩʪʴ ʧʨʦʩʪʳʝ 

ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ, ʯʪʦʙʳ ʠʤʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʪʦʣʴʢʦ ʦʨʙʠʪʫ 

ʠ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʂɸ. ʂ ʪʨʝʪʴʝʤʫ ʩʣʘʛʘʝʤʦʤʫ ba  ʦʪʥʦʩʷʪʩʷ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʂɸ, 
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ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʚʣʠʷʥʠʝ ʄʇɿ ʠ ʪ.ʧ. ɺʳʚʦʜ 

ʷʚʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʚʝʣʠʯʠʥʳ /F m ʪʨʝʙʫʝʪ ʟʘʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂɸ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʤʦʜʝʣʴ 

ʨʘʙʦʪʳ ʝʛʦ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪ.ʧ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟ ʩʠʣ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʧʨʠʨʦʜʳ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʂɸ, ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢ ʚʥʦʩʷʱʘʷ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʥʠʟʢʠʭ 

(<600 ʢʤ), ʙʣʠʟʢʠʭ ʢ ʢʨʫʛʦʚʳʤ, ʦʨʙʠʪʘʭ ʂɸ. ɼʣʷ ʵʪʦʡ ʩʠʣʳ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʝʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ / vr=-F vam c , ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ, ʯʪʦ 

vr=b va ac . 

ɼʦʧʫʱʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ (1.6) ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʠʩʘʪʴ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂɸ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʝʝʪ ʚʠʜ V / ,=c S m 

ʛʜʝ VS  ï ʧʣʦʱʘʜʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʝʢʮʠʝʡ ʚʥʝʰʥʝʡ 

ʦʙʦʣʦʯʢʠ ʢʦʨʧʫʩʘ ʂɸ ʥʘ ʧʣʦʩʢʦʩʪʴ VP . ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

2 2 2
V 1 2 2 3v | v | | v | 2 v vp= + + +c b c cS R S R L , 

ʠ ʬʦʨʤʫʣʘ ʜʣʷ ba  ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

                              
2

2 2
1 2 2 3

2
| v | | v | v v

p
r
å õ

= + + +æ ö
ç ÷

b vc b c c
a a

R S R L

m m m
.                      (1.11) 

ʇʨʠ ʚʳʚʦʜʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʚʟʘʠʤʥʦʝ ʟʘʪʝʥʝʥʠʝ ʢʦʨʧʫʩʘ ʂɸ ʠ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʪ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʌʦʨʤʫʣʘ (1.10) ʚʳʚʝʜʝʥʘ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʯʘʩʪʦʪʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʆʜʥʘʢʦ ʝʩʣʠ ʂɸ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʝʛʦ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʪʘʢʦʝ 

ʜʚʠʞʝʥʠʝ ʦʙʳʯʥʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʝ), ʪʦ ʬʦʨʤʫʣʘ (1.10) ʜʘʝʪ ʠʤʝʥʥʦ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ. 

ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ (1.10), (1.11) ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 1 2 3Ox x x  ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ P  
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ 
T( 1.0ʤ,0.7ʤ,0.5ʤ)= -ɟ  (ʨʠʩ. 1.1). 

ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʨʘʙʦʯʝʛʦ 

ʦʪʩʝʢʘ ʂɸ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ. ɺʙʣʠʟʠ ʵʪʦʡ ʪʦʯʢʠ 

ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʯʠʩʣʦʚʳʝ ʦʮʝʥʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ï ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʅʠʞʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ 1 2 3OX X X . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʨʙʠʪʘ ʂɸ ʢʨʫʛʦʚʘʷ ʠ ʥʝʠʟʤʝʥʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʯʪʦ ʂɸ ʥʝʧʦʜʚʠʞʝʥ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʊʦʛʜʘ 

                                   3=r Er ,    1 1 2 2v v= +v E E ,    0 2w=ɤ E,                               (1.12) 

1 0 Ev ( cos )w w= -r i , 2 Ev sin cosw=r i u , 
3

0 E /w m= r . 

ɿʜʝʩʴ r  ï ʨʘʜʠʫʩ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʂɸ, 0ɤ  ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ ʂɸ (ʦʨʙʠʪʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ), 0 constw= +u t . ɼʣʷ ʪʘʢʦʛʦ ʂɸ, ʚʚʝʜʷ ʦʙʦʟʥʘʯʝʥʠʷ 
T

1 2 3( , , )r r r=ɟ  ʠ 

T
1 2 3( , , )=b b b b , ʬʦʨʤʫʣʫ (1.12) ʚ ʩʢʘʣʷʨʥʦʤ ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

1 1vvr= ab c , 2
2 0 2 2+ vvw r r=- ab c ,  2

3 0 33w r=b , 

2 2 2 2
1 1 0 E Ev v v ( cos ) ( sin cos )w w w= + = - +r i i u . 

ɼʣʷ ʂɸ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʩ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 400 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 63= ¯i   ʠʤʝʶʪ 

ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʷ 2 6 2v 10 ʤ/ʩr -ºac , 
1

0 0.001138ʩw -= , 
2 6 2
0 1.3 10 ʩw - -º Ö , 

06.0v/|v| 12 < . ɽʩʣʠ ʚʟʷʪʴ 
T(0,0,2.5ʤ)=ɟ , ʪʦ ʧʦʣʫʯʠʤ 6

1 10-ºb  ʤ/c
2
, 

6
2 1006.0|| -Ö<b  ʤ/c

2
, 6

3 107.9 -Ö=b  ʤ/c
2
. ʂʦʤʧʦʥʝʥʪʘ 3b  ʧʦʩʪʦʷʥʥʘ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʤʧʦʥʝʥʪʘ 1b  ʤʝʥʷʝʪʩʷ, ʥʦ ʩʦʭʨʘʥʷʝʪ ʟʥʘʢ, ʢʦʤʧʦʥʝʥʪʘ 2b  ʤʝʥʷʝʪ ʟʥʘʢ. 

ɼʣʷ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ ʩ ʤʦʜʫʣʝʤ 

5 210 ʤ/ʩ-
 ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦ, ʝʩʣʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʤʝʥʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ. ʊʨʝʙʦʚʘʥʠʷ 

ʢ ʚʨʝʤʝʥʥʳʤ ʚʘʨʠʘʮʠʷʤ ʢʦʤʧʦʥʝʥʪ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʫʜʦʙʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ 
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ʪʝʨʤʠʥʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʠ ʚʘʨʠʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʥʝʩʢʦʣʴʢʠʭ ʛʘʨʤʦʥʠʢ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʪʘʢʠʭ 

ʛʘʨʤʦʥʠʢ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʯʘʩʪʦʪʳ (ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʦ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [29 ï 32]). ɺʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʢʘʞʜʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʤʝʝʪ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʦʜʥʘʢʦ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʦʜʠʥʘʢʦʚʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʥʠʤ ʚʳʨʘʙʦʪʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʢʨʝʪʥʳʝ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʥʠ ʩʚʦʜʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʙʦʣʝʝ 

0.0001 ɻʮ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʚʦʟʨʘʩʪʘʶʪ ʚʤʝʩʪʝ ʩ 

ʯʘʩʪʦʪʦʡ. ʉʘʤʦʡ ʥʠʟʢʦʡ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʩʘʤʦʡ ʦʧʘʩʥʦʡ ʠʟ ʨʝʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʦʪ ʷʚʣʷʝʪʩʷ ʦʨʙʠʪʘʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʟʥʘʯʝʥʠʶ 
1

0 0.001138ʩw -=  

ʦʪʚʝʯʘʝʪ ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 0.000181 ɻʮ). ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ ʦʥʘ ʷʨʢʦ 

ʚʳʨʘʞʝʥʘ ʚ ʢʦʤʧʦʥʝʥʪʝ 2b , ʧʦʩʢʦʣʴʢʫ (ʩʨ. (1.12)) ucos~v2 , ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʢʦʤʧʦʥʝʥʪʝ 1b  ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚʜʦʣʴ ʦʨʙʠʪʳ. ɻʘʨʤʦʥʠʢʠ 

ʩ ʯʘʩʪʦʪʘʤʠ ʙʦʣʝʝ 0.01 ɻʮ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʞʝ ʙʝʟʦʧʘʩʥʳ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʜʦʩʪʠʛʥʫʪʳ ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʨʦʚʥʶ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʕʪʠ ʫʩʣʦʚʠʷ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʫʩʣʦʚʠʡ, ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʚ 

ʥʝʫʧʨʘʚʣʷʝʤʦʤ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ ʂɸ [33 ï 39] ʠ ʚ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ [6, 157, 158]. ɺ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʤ ʢ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ 

ʧʨʠʤʝʨʫ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ 

ʩʦʜʝʨʞʘʪ ʟʘʤʝʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 0.00018 ï 0.001 ɻʮ. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ï ʩʣʝʜʩʪʚʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, ʚʳʟʚʘʥʥʦʛʦ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ 

ʦʨʙʠʪʳ ʠ ʪ. ʧ. ʧʨʠʯʠʥʘʤʠ [154, 159]. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʂɸ ʩʣʝʜʫʝʪ ʩʥʘʙʜʠʪʴ ʩʨʝʜʩʪʚʘʤʠ ʪʨʝʭʦʩʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʅʠʞʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ (ʛʠʨʦʩʠʩʪʝʤʘ) ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. 
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1.6 ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʆʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʠʟʣʦʞʠʤ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʠ ʧʨʠʝʤʳ ʦʧʠʩʘʥʳ ʚ [149].  

ʇʫʩʪʴ nx , 1,=n N  ï ʟʥʘʯʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʡ )(tx  ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʫʟʣʘʭ ʨʘʚʥʦʤʝʨʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ }{ nt : )( nn txx = , ʰʘʛ ʩʝʪʢʠ 

ʦʙʦʟʥʘʯʠʤ ʢʘʢ 1+= -n nh t t . ʇʝʨʠʦʜʦʛʨʘʤʤʦʡ ʐʫʩʪʝʨʘ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ )( fI , 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘ ʦʪʨʝʟʢʝ 1)2(0 -=¢¢ hFf ,  ʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

() [ ] ( ) [ ] ( )
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* *
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ɿʜʝʩʴ f  ï ʧʨʦʙʥʘʷ ʯʘʩʪʦʪʘ, F  ï ʯʘʩʪʦʪʘ ʅʘʡʢʚʠʩʪʘ. ɽʩʣʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ nt  

ʚʳʨʘʞʝʥʳ ʚ ʩʝʢʫʥʜʘʭ, ʪʦ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ f  ʠ F  ï ʛʝʨʮʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʝʝ ʩʚʦʡʩʪʚʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ 0a  ʠ ma , mb , 1,=m M  ï ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʩʝ 0>amf  ʠ ʩʨʝʜʠ ʥʠʭ ʥʝʪ 

ʦʜʠʥʘʢʦʚʳʭ. ʉʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ 
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ɽʛʦ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 
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ɺ ʚʳʨʘʞʝʥʠʠ ʜʣʷ )(1 fID  ʯʘʩʪʦʪʳ jW  ʠ jW¡ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ ʯʠʩʝʣ 

{ }1 2, , ,° ° °Mf f f , ʢʦʵʬʬʠʮʠʝʥʪʳ jA  ʠ jB  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ma  ʠ mb , 

1,=m M . 

ʌʫʥʢʮʠʷ )( fW  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʢʥʘ [149]. ʆʥʘ ï ʯʝʪʥʘʷ, 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩ ʧʝʨʠʦʜʦʤ F2  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʷʤ 1)(0 ¢¢ fW , 

1)0( =W . ɽʝ ʥʘʠʤʝʥʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʫʣʴ ʨʘʚʝʥ 
1( )Nh -
. ɿʥʘʯʠʤʳʝ 

ʤʘʢʩʠʤʫʤʳ (ʧʠʢʠ) ʬʫʥʢʮʠʠ ʦʢʥʘ ʨʘʚʥʳ 1 ʠ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʪʦʯʢʘʭ Flf 2= , 

0,= ¤l . ɺʥʝ ʤʘʣʳʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʵʪʠʭ ʪʦʯʝʢ 01.0)( <fW . ʉ ʫʚʝʣʠʯʝʥʠʝʤ N  

ʰʠʨʠʥʘ ʧʠʢʦʚ ʵʪʦʡ ʬʫʥʢʮʠʠ ʩʫʞʘʝʪʩʷ. ɺ ʩʠʣʫ ʯʝʪʥʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʬʫʥʢʮʠʷ ʦʢʥʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʦʪʨʝʟʢʝ 0 .f F¢ ¢  

ɼʣʷ )(1 fID  ʥʝ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʧʨʦʩʪʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ, ʥʦ ʧʨʠ ʙʦʣʴʰʦʤ 

N  ʚʢʣʘʜʦʤ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ )(1 fI  ʚʙʣʠʟʠ ʪʦʯʝʢ ʝʝ 

ʟʥʘʯʠʤʳʭ ʤʘʢʩʠʤʫʤʦʚ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʧʨʠʥʷʪʴ 

() ( ) ( ) ( )
2

2 2
1

14
a b

=

è ø= + - + +
ê úä

M

m m m m

m

N
I f W f f W f f . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʤʳʝ ʤʘʢʩʠʤʫʤʳ ʬʫʥʢʮʠʡ )(1 fI  ʠ )(
~
1 fI  ʚʝʩʴʤʘ ʙʣʠʟʢʠ. 

ʆʪʩʶʜʘ, ʫʯʠʪʳʚʘʷ ʚʠʜ ʦʢʥʘ )( fW , ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʢʠ ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ ï ʦʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ Flff m 2|| =° a , 0,= ¤l . ɽʩʣʠ Ffm<
a , ʪʦ 

ʧʝʨʠʦʜʦʛʨʘʤʤʫ )(1 fI  ʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʠʥʪʝʨʚʘʣʝ Ff <<0 . ʅʘ ʥʝʤ ʝʝ 

ʟʥʘʯʠʤʳʝ ʤʘʢʩʠʤʫʤʳ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ a
mf . 

ɺʝʨʥʝʤʩʷ ʢ ʧʝʨʠʦʜʦʛʨʘʤʤʝ )( fI . ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʰʝʥʠʡ 

ʫʨʘʚʥʝʥʠʡ ʧʨʠ *0 xºa , ʟʥʘʯʠʤʳʝ ʤʘʢʩʠʤʫʤʳ ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʜʦʩʪʠʛʘʶʪʩʷ ʚ 

ʪʦʯʢʘʭ amm ff º* , ʠ )(4 *222
mmm fIN-º+ba , 1,=m M. ʊʦʯʥʦʩʪʴ ʚʳʧʠʩʘʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ N. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʝ ʤʘʢʩʠʤʫʤʦʚ 

ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʠ )(tx . ʅʠʞʝ ʚʤʝʩʪʦ ʛʨʘʬʠʢʦʚ ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʧʨʠʚʦʜʷʪʩʷ 
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ʛʨʘʬʠʢʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ )(2)( 1 fINfA -= . ʌʫʥʢʮʠʷ ( )A f  ʫʜʦʙʥʘ ʪʝʤ, 

ʯʪʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʘʤʠ ʘʤʧʣʠʪʫʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʘʨʤʦʥʠʢ. ʆʜʥʘʢʦ ʝʝ ʟʥʘʯʠʤʳʝ ʤʘʢʩʠʤʫʤʳ ʚʳʨʘʞʝʥʳ ʤʝʥʝʝ ʥʘʛʣʷʜʥʦ ʟʥʘʯʠʤʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʧʝʨʠʦʜʦʛʨʘʤʤʳ. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ h  ʠ N, ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʘʚʝ ʨʘʙʦʪʳ. 

 

ɻʣʘʚʘ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʝʪʦʜʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠ ̫ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂɸ ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʤʘʛʥʠʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʄʇɿ).  

 

2.1 ʋʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʯʠʪʘʝʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʪʚʝʨʜʳʤ ʪʝʣʦʤ, ʮʝʥʪʨ 

ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ʅʘ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥ ʤʘʛʥʠʪ, 

ʩʦʟʜʘʶʱʠʡ ʧʦʩʪʦʷʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʂɸ. ɼʣʷ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʠʥʚʠʯʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ E 1 2 3O YY Y. ɺ ʵʪʦʡ ʛʣʘʚʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʭ ʚʝʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʝ E 1 2 3O YY Y. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ (ʩʤ. ʧ. 1.3). 

ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ, 

ʦʧʠʩʳʚʘʶʱʠʤʠ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʜʚʠʞʝʥʠʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ (1.4) ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʦʨʪʘ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʂɸ. ɺ ʫʨʘʚʥʝʥʠʷʭ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʫʯʠʪʳʚʘʶʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ M g  (1.5), ʤʦʜʝʣʴʥʳʡ ʜʝʤʧʬʠʨʫʶʱʠʡ ʤʦʤʝʥʪ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ M m (1.7), ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʘ ʂɸ ʩ 

ʄʇɿ.  

ʇʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ  

                         ( )( )( ) ( )E 01n lW+ ³ + = - Ö ³ + ³ɋ ɤ ɋ ɋ n r n r n Bk l ,                     (2.1) 

E+ ³ = ³n ɤ n ɋ n, 5
E3 / | |n m= r , 1 2/l=I I . 

ɿʜʝʩʴ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ t, ʧʨʠʯʝʤ ʚʝʢʪʦʨʳ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ E 1 2 3O YY Y, 1I  ʠ 2I  ï ʧʦʣʷʨʥʳʡ ʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʛʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʂɸ, ɋ2I  ï 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʂɸ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, n  ï ʦʨʪ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʂɸ, 2 0I l  ï ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʘʛʥʠʪʘ ʂɸ, kW ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ B  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ IGRF. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ( )0 | | 1 0n l- >Bl , ʪ.ʝ. ʩʦʟʜʘʚʘʝʤʳʡ ʤʘʛʥʠʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʂɸ ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ [11 ï 13, 15]. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʂɸ ʩʦʚʝʨʰʘʝʪ ʤʘʣʳʝ 

ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇɿ. 

 

2.2 ʇʦʠʩʢ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʉʧʝʨʚʘ ʧʦʩʪʨʦʠʤ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʨʝʞʠʤʝ 

ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʪʘʢʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʩʪʝʤʳ (2.1) ʚ ʩʣʫʯʘʷʭ 

0W=k  ʠ 0W>k , ʧʨʠ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ. 

ʇʨʠ 0W>k  ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʡ 
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ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ )0(ɋ  ʠ )0(n  ʤʦʞʥʦ ʥʘʡʪʠ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ 

(ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʥʪʝʨʝʩ ʨʝʞʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ), ʥʦ 

ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʫʨʘʚʥʝʥʠʡ (2.1) ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ 

ä
=

³=F

S

s

ss

0

2|)()(| tt nB .                                            (2.2) 

ʄʠʥʠʤʠʟʘʮʠʷ ʪʘʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʨʝʞʠʤ ʦʜʥʦʦʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʚ ʩʣʫʯʘʝ 0=Wk . ʆʜʥʘʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʧʨʦʛʨʘʤʤʝ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ. ʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʂɸ ʧʨʠʚʝʜʝʥʳ ʚ ʧ. 1.3, ʟʥʘʯʝʥʠʝ 0.236l= . ʇʘʨʘʤʝʪʨ 0l  

ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 20 ɸ/ʢʛ, ʧʘʨʘʤʝʪʨ kW ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ: 0, 

0.0001 ʩ
1-
, 0.00015 ʩ

1-
 ʠ 0.0002 ʩ

1-
. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʆʨʙʠʪʳ I (a).  

ʊʘʢ ʢʘʢ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʜʚʠʞʝʥʠʠ ʬʫʥʢʮʠʷ |)()(| tt nB ³  ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʘʣʦʡ, ʤʠʥʠʤʠʟʘʮʠʷ ʌ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.1) 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘïʅʴʶʪʦʥʘ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ 1|)0(| =n . ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʚʘʨʠʘʥʪʝ 

ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʜʚʘʨʜʪʘ [150]. ɼʣʷ ʨʘʩʯʝʪʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʝʰʝʥʠʷ ʧʦ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʚʘʨʠʘʮʠʷʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʤʠʥʠʤʠʟʘʮʠʠ ʌ ï ʩ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʠ ʙʝʟ ʥʝʛʦ. 

ɺ ʚʘʨʠʘʥʪʝ ʩ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ 288=S , 5=t  ʤʠʥ (1=tS  ʩʫʪ), ʙʝʟ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ï 1152=S , 5=t  ʤʠʥ (4=tS  ʩʫʪ). ʇʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʠʩʢʦʤʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʣʫʞʠʣʠ ʟʥʘʯʝʥʠʷ (0) 0=ɋ , |)0(|/)0()0( BBn = . 
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ʊʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʚ ʤʝʪʦʜʝ ʫʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʚʘʨʠʘʥʪʝ ʩ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʧʨʦʜʦʣʞʝʥʠʝ ʵʢʩʪʨʝʤʘʣʠ ʬʫʥʢʮʠʦʥʘʣʘ (2.2) ʥʘ ʠʥʪʝʨʚʘʣ tSt>  

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʣʦ ʩ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʰʝʥʠʝʤ. 

ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (2.1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʪʨʝʤʘʣʝʡ ʬʫʥʢʮʠʦʥʘʣʘ (2.2) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.1 ï 2.3. ʈʝʰʝʥʠʷ ʚʳʯʠʩʣʝʥʳ 

ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ 20 ʩʫʪʦʢ ʧʨʠ 40 =l  ɸ/ʢʛ. ʈʝʰʝʥʠʝ ʥʘ ʨʠʩ. 2.1, 2.2 

ʧʦʣʫʯʝʥʦ ʚ ʩʣʫʯʘʝ 00015.0=Wk  ʩ-1. ɿʜʝʩʴ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ T
1 2 3( , , )= W W Wɋ , T

1 2 3( , , )=n n n n  ʠ ʫʛʣʘ 

arccos( )g= Ön B . ɻʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʚʫʭ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝʥʠ: 30 ¢¢t  ʩʫʪ 

ʠ 2017 ¢¢t  ʩʫʪ, ʦʥʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʥʘʯʘʣʦ ʠ ʦʢʦʥʯʘʥʠʝ ʚʳʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʉʫʜʷ ʧʦ ʛʨʘʬʠʢʘʤ, ʵʪʦ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʠ 

ʦʧʠʩʳʚʘʶʱʠʤ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʅʘ 

ʛʨʘʬʠʢʘʭ 1W  ʠ 2W  ʚʠʜʥʳ ʢʦʣʝʙʘʥʠʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʩ ʧʝʨʠʦʜʦʤ 1 ʩʫʪ ʠ 

ʢʦʣʝʙʘʥʠʷ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ, ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ ï ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʈʝʰʝʥʠʝ ʥʘ ʨʠʩ. 2.3 ʧʦʣʫʯʝʥʦ ʧʨʠ 0=Wk  ʠ 0=Öɋn  (ʧʨʠ 0=Wk  ʩʠʩʪʝʤʘ 

(2.1) ʠʤʝʝʪ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ const=Öɋn ). ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ɋ ʠ ʫʛʣʘ g. ʕʪʦ ʨʝʰʝʥʠʝ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʧʦʭʦʞʝ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ, ʠ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ, ʥʦ ʟʘʪʝʤ ʦʥʦ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ. ʈʝʰʝʥʠʝ ʥʘ ʨʠʩ. 2.3 ʠʥʪʝʨʝʩʥʦ 

ʩʨʘʚʥʠʪʴ ʩ ʨʝʰʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʄʇɿ ʚ ʚʠʜʝ 

ʧʨʤ̫ʦʛʦ ʜʠʧʦʣʷ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4. ʆʥʦ ʪʘʢʞʝ ʥʘʡʜʝʥʦ ʧʨʠ 

0=Wk , 0=Öɋn  ʠ 40 =l ɸ/ʢʛ. ɻʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ɋ ʠ ʫʛʣʘ g 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝʥʠ 30 ¢¢t  ʩʫʪ ʠ 37 40¢ ¢t  ʩʫʪ, ʢʦʪʦʨʳʝ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʥʘʯʘʣʦ ʜʚʠʞʝʥʠʷ ʠ ʝʛʦ ʫʜʘʣʝʥʥʳʡ ʦʪ ʥʘʯʘʣʘ ʫʯʘʩʪʦʢ. ɿʜʝʩʴ ʥʝʪ 

ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʫʰʝʥʠʷ ʜʚʠʞʝʥʠʷ. 
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2.3. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2.1) ʥʘ ʨʠʩ. 2.1, 2.2 ʚʳʛʣʷʜʠʪ ʢʘʢ ʫʩʣʦʚʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʝ. ɽʛʦ ʯʘʩʪʦʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʳʧʦʣʥʷʚʰʝʛʦʩʷ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧ. 1.6. ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʠʞʝ 

ʧʨʠʤʝʨʘʭ ʰʘʛ ʩʝʪʢʠ 16ʩ=h , ʯʘʩʪʦʪʘ ʅʘʡʢʚʠʩʪʘ 03125.0=F  ɻʮ.  

       ʊʘʙʣʠʮʘ 1. 

 ̄

ʏʘʩʪʦʪʳ ɸʤʧʣʠʪʫʜʳ 

 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 
    

ɻʮ Á/c ʛʨʘʜ. 

1 0.1145 Ef  99 103 5.44 0.142 

2 0.3435 E3 f  12 14 3.99 0.232 

3 1.506 0 E2-f f  11 12 4.71 0.184 

4 1.621 0 E-f f  1.75 8.11 0.68 0.312 

5 1.850 0 E+f f  3.06 10 3.85 0.106 

6 1.964 0 E2+f f  3.84 2.64 5.84 0.076 

7 3.356 0 E2 -f f  40 32 9.36 0.139 

8 3.470  13 12 20 0.736 

9 5.091 0 E3 -f f  5.81 8.65 4.56 0.071 

10 6.826 0 E4 -f f  13 17 1.40 0.043 

11 6.940  7.66 5.45 5.24 0.166 

12 8.675  0.28 0.92 2.87 0.056 

13 10.30 0 E6 -f f  6.48 5.25 2.27 0.044 

14 10.41  6.05 1.67 2.06 0.139 

15 12.15  1.21 1.44 2.05 0.043 

16 13.76 0 E8 -f f  2.24 2.50 1.38 0.026 

17 13.88  3.81 1.01 1.65 0.180 

f 1WA 2WA 3WA gA

410- 310-

02 f

04 f

05 f

06 f

07 f

08 f
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ɼʣʷ ʩʝʪʢʠ N
nnt 1}{ = ʩ ʰʘʛʦʤ h  ʠ ʧʨʠ 6000=N , ʬʨʘʛʤʝʥʪʳ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ 

ʦʢʥʘ )( fW  ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2.5. ʅʘ ʨʠʩ. 2.6 ï 2.8 ʯʝʨʥʳʤ ʮʚʝʪʦʤ (ʢʦʝ-ʛʜʝ 

ʯʝʨʥʳʝ ʣʠʥʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʯʥʦʩʪʠ ʧʦʜ ʣʠʥʠʷʤʠ ʢʨʘʩʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʥʝ 

ʚʠʜʥʳ) ʠʟʦʙʨʘʞʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ )( fA iW  ʧʝʨʝʤʝʥʥʳʭ )(tiW , 1,3,=i  

ʛʨʘʬʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.1. ʅʘ ʨʠʩ. 2.9 ʧʨʠʚʝʜʝʥ ʘʤʧʣʠʪʫʜʥʳʡ 

ʩʧʝʢʪʨ ( )A fg  ʫʛʣʘ g ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.2. ɺʩʝ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʥʘ 

ʨʠʩ. 2.6 ï 2.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ F = 0.0015 ɻʮ. ɺʳʝh ʚ 

ʪʘʙʣ. 1   ʧʨʠʚʝʜʝʥʳ   ʯʘʩʪʦʪʳ   ʠ   ʘʤʧʣʠʪʫʜʳ   ʥʘʠʙʦʣʝʝ   ʟʥʘʯʠʤʳʭ   ʛʘʨʤʦʥʠʢ. 

ɿʜʝʩʴ E E / 2w p=f  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, 00 / 2f pw=  ï ʦʨʙʠʪʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

( 0w  ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ). ʅʦʤʝʨʘ ʯʘʩʪʦʪ ʚ ʪʘʙʣ. 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʤʝʨʘʤ, ʫʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 2.6 ï 2.9. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʚʥʦʩʷʪ ʛʘʨʤʦʥʠʢʠ ʩ ʯʘʩʪʦʪʘʤʠ Ef  ʠ 0 E2 -f f . 

ʇʨʠʩʫʪʩʪʚʠʝ Ef  ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ʫʨʘʚʥʝʥʠʡ (2.1) ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʯʘʩʪʦʪʘ 0 E2 -f f  ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ 

ʛʨʠʥʚʠʯʩʢʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ( )B t  ʫʨʘʚʥʝʥʠʡ (2.1). ɺ ʤʦʜʝʣʠ 

ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʢʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʤʝʥʷʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 02 f  [12]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 2.6 ï 2.8 ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ 

ʩʧʝʢʪʨʳ ʧʝʨʝʤʝʥʥʳʭ ( )i tW , 1,3=i  ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (2.1), 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʨʝʰʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩ. 2.1, ʪʦʣʴʢʦ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʄʇɿ ʚʤʝʩʪʦ IGRF ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ. 

 

2.4 ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ 

ɸʥʘʣʠʟ ʨʠʩ. 2.1 ï 2.3 ʠ 2.6 ï 2.9 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ 

ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʧʦʭʦʞ ʥʘ ʫʩʣʦʚʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩ 

ʙʘʟʠʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ  ʠ E 0 /16ºf f . ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʩʚʦʡʩʪʚʝ ʠ 0f
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ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ 0 Ef f , ʧʦʩʪʨʦʠʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʪʘʢʦʛʦ ʨʝʞʠʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʧʝʨʠʦʜʦʤ , ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʧʦʣʦʞʝʥʠʝʤ ʦʨʙʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʄʇɿ. 

ʅʘ ʢʘʞʜʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʚʠʪʢʝ (ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʭʦʞʜʝʥʠʷʤʠ 

ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ) ʧʦʩʪʨʦʠʤ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʠʥʚʠʯʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʤʝʤ ʠʥʝʨʮʠʘʣʴʥʦʡ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʘ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʂɸ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʥʘ ʜʘʥʥʦʤ ʚʠʪʢʝ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʟʘʬʠʢʩʠʨʫʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʨʝʜʥʝʝ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ. ʆʨʙʠʪʫ ʚ 

çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠʤʝʤ ʢʝʧʣʝʨʦʚʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ. 

ʕʣʝʤʝʥʪʳ ʵʪʦʡ ʦʨʙʠʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʘʟʦʚʦʤʫ ʚʝʢʪʦʨʫ ʨʝʘʣʴʥʦʡ ʦʨʙʠʪʳ ʚ 

ʥʘʯʘʣʴʥʦʤ ʚʦʩʭʦʜʷʱʝʤ ʫʟʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪ ʚʠʪʢʘ ʢ ʚʠʪʢʫ ʜʦʣʛʦʪʘ 

ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʚ çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʤʝʥʷʝʪʩʷ, ʤʝʥʷʝʪʩʷ ʠ ʧʦʣʦʞʝʥʠʝ ʦʨʙʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʄʇɿ, ʥʦ ʚʥʫʪʨʠ ʚʠʪʢʘ ʵʪʠ 

ʜʦʣʛʦʪʘ ʠ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʄʇɿ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʋʨʘʚʥʝʥʠʷ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚʦʟʴʤʝʤ ʚ ʚʠʜʝ (2.1), ʧʦʣʦʞʠʚ ʚ ʥʠʭ E 0w =  ʠ ʧʨʠʥʷʚ ʚ 

ʬʦʨʤʫʣʘʭ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʠ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʩʩ ʚ 

çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʬʦʨʤʫʣʳ ʢʝʧʣʝʨʦʚʘ ʜʚʠʞʝʥʠʷ. 

ʇʦʣʫʯʠʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʙʦʟʥʘʯʠʤ (2.1'). ɺʨʝʤʷ ʚʭʦʜʠʪ ʚ ʵʪʫ ʩʠʩʪʝʤʫ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ , ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦʙ 

ʦʪʳʩʢʘʥʠʠ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʦʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ (2.1) ʥʘ ʜʘʥʥʦʤ ʚʠʪʢʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.1') ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

,    ,    .                      (2.3) 

ɿʜʝʩʴ  ï ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʥʘ ʚʠʪʢʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɿʘʜʘʯʘ (2.1'), (2.3) ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʧʨʠʩʪʨʝʣʢʠ. ʂʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ (2.3) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ 
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ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ , . ʇʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʣʫʞʘʪ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ ʚ ʪʦʯʢʝ . ʄʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʯʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ , . 

ʅʘ ʨʠʩ. 2.10 ï 2.13 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1), ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʧ. 2.2 (ʨʠʩ. 2.1, 2.2). ɿʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʥʥʳʭ ,  ʠ ʫʛʣʘ g.  

ɻʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ ï ʯʝʨʥʳʝ, ʛʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʨʝʰʝʥʠʷ ï ʢʨʘʩʥʳʝ. ʅʘ ʨʠʩ. 2.10, 2.11 ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʜʣʠʥʦʡ 3 ʩʫʪʦʢ, ʥʘ ʨʠʩ. 2.12 ï ʥʘ ʠʥʪʝʨʚʘʣʝ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (2.1'), (2.3). 

ɺ ʧʨʠʥʮʠʧʝ, ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘ 

ʚʝʩʴʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʧʦʜʭʦʜʷʱʝʡ ʦʨʙʠʪʳ ʂɸ. ʅʘ ʨʠʩ. 2.10, 2.11 ʢʨʘʩʥʳʝ ʛʨʘʬʠʢʠ ʚ ʤʘʣʳʭ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʦʤʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʩʭʦʜʷʱʠʭ ʫʟʣʦʚ ʦʨʙʠʪʳ ʥʘʣʝʛʘʶʪ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ (ʢʝʧʣʝʨʦʚ ʧʝʨʠʦʜ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʜʨʘʢʦʥʠʯʝʩʢʦʛʦ), ʥʦ ʧʨʠ 

ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ. 2.10, 2.11 ʥʘʣʝʛʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʤʝʪʥʳ. ʅʘ ʨʠʩ. 2.13 ʧʦʢʘʟʘʥ ʩʪʳʢ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1'), (2.3) ʥʘ ʩʦʩʝʜʥʠʭ 

ʚʠʪʢʘʭ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ) ʥʘ ʬʦʥʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ (ʯʝʨʥʳʝ ʣʠʥʠʠ). 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ 

ʦʪʨʝʟʦʢ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʠ 

ʢʦʥʝʯʥʳʤ ʥʘ ʜʘʥʥʦʤ ʚʠʪʢʝ ʚʦʩʭʦʜʷʱʠʤʠ ʫʟʣʘʤʠ. ʆʪʨʝʟʦʢ ʨʝʰʝʥʠʷ ʟʘ ʢʦʥʝʯʥʳʤ 

ʚʦʩʭʦʜʷʱʠʤ ʫʟʣʦʤ ʦʪʙʨʘʩʳʚʘʝʪʩʷ.  

ʇʦʩʪʨʦʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʢʝʧʣʝʨʦʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʦʨʙʠʪʳ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʥʘ 

ʦʨʙʠʪʘʣʴʥʦʤ ʚʠʪʢʝ. ɺʦ-ʚʪʦʨʳʭ, ʄʇɿ ʚ çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ 

E 1 2 3O YY Y ʚ ʪʝʯʝʥʠʝ ʚʠʪʢʘ ʤʝʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʙʣʠʟʢʦ ʢ 

ʧʦʣʶ ʜʠʧʦʣʷ, ʤʦʤʝʥʪ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʪʦʯʢʠ EO  ʠ ʩʦʩʪʘʚʣʷʝʪ ʩ ʦʩʴʶ 

E 3-O Y  ʤʘʣʳʡ ʫʛʦʣ (~12)̄. ʇʦʣʝ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʦʙʱʝ ʥʝ 
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ʤʝʥʷʣʦʩʴ ʙʳ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (2.1¡) ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʜʝʘʣʴʥʳʡ ʨʝʞʠʤ ʦʜʥʦʦʩʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʩʣʫʯʘʝ , 

. ʕʪʦʪ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝ ʞʝ ʦʰʠʙʢʠ ʦʨʠʝʥʪʘʮʠʠ ʢʘʢ ʧʨʠ 0,W>k  ʥʦ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ (ʩʤ. ʥʠʞʝ). ɻʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ,  ʠ ʫʛʣʘ ( )gt  ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʠʟʦʙʨʘʞʝʥʳ ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 2.14, 2.15 ʥʘ ʬʦʥʝ ʯʝʨʥʳʭ ʛʨʘʬʠʢʦʚ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2.1) ʧʨʠ  ʠʟ ʧ. 2.2 (ʨʠʩ. 2.3). 

ʅʘ ʨʠʩ. 2.16 ï 2.23 ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʧʝʨʝʤʝʥʥʳʭ  ʠ ʫʛʣʘ 

( )gt  ʚ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ (2.1) ʠ ʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʨʝʰʝʥʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ. ʈʠʩ. 2.16 ï 2.19 ʦʪʚʝʯʘʶʪ ʩʣʫʯʘʶ ʩ , ʨʠʩ. 2.20 ï 2.23 ï 

ʩʣʫʯʘʶ 0W=k , 0Ö =n ɋ . ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʳ ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ï ʢʨʘʩʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʂʦʝ-ʛʜʝ ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʥʘʣʝʛʘʶʪ ʥʘ ʯʝʨʥʳʝ, ʧʦʵʪʦʤʫ ʯʝʨʥʳʝ ʥʝ ʚʠʜʥʳ. 

ʉʧʝʢʪʨʳ ʬʫʥʢʮʠʡ  ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʉʧʝʢʪʨʳ ʫʛʣʘ ( )gt  ʥʘ ʨʠʩ. 2.19 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʪʨʝʟʢʝ  ɻʮ, ʥʘ ʨʠʩ. 2.24 ʠʭ ʦʪʣʠʯʠʝ 

ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

2.5 ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʋʜʦʙʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (2.1) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʧʦʩʣʝʜʥʠʝ ʜʦʧʫʩʢʘʶʪ ʜʝʪʘʣʴʥʦʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʦʩʪʨʦʠʚ ʩʝʤʝʡʩʪʚʘ ʨʝʰʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

(2.1'), (2.3) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ,  ʠ ʜʦʣʛʦʪʳ GW  ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 

ʦʨʙʠʪʳ ʚ çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʚ ʩʞʘʪʦʤ ʚʠʜʝ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ (2.1) ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʚʳʙʨʘʪʴ ʥʫʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʂɸ.  
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ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.1'), (2.3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.24 ï 2.31 

ʛʨʘʬʠʢʘʤʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ  ʠ GW . ɻʨʘʬʠʢʠ 

ʧʦʩʪʨʦʝʥʳ ʧʨʠ , ,  ʠ . 

ʆʥʠ ʠʟʦʙʨʘʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʥʳʤʠ, ʢʨʘʩʥʳʤʠ, ʩʠʥʠʤʠ ʠ ʟʝʣʝʥʳʤʠ 

ʣʠʥʠʷʤʠ. ɺ (2.3) ʧʨʠʥʷʪʦ , ʣɻʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʫʨʘʚʥʝʥʠʷʭ (2.1') 

ʢʝʧʣʝʨʦʚʦʡ ʦʨʙʠʪʳ (ʢʨʦʤʝ ʜʦʣʛʦʪʳ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ) ʩʦʚʧʘʜʘʣʠ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʦʨʙʠʪʳ ʂɸ ʧʨʠ . ʈʝʰʝʥʠʷ ʥʘʡʜʝʥʳ ʤʝʪʦʜʦʤ ʧʨʠʩʪʨʝʣʢʠ, ʧʝʨʚʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʟʳʩʢʠʚʘʝʤʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ , . 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ  ʠ  ʦʪ  ʧʦʩʪʨʦʝʥʳ ʧʨʠ G 11.67W =  ̄ʥʘ ʪʨʝʭ 

ʦʪʨʝʟʢʘʭ:  (ʨʠʩ. 2.24, 2.25),  (ʨʠʩ. 2.26, 2.27) ʠ  

(ʨʠʩ. 2.28, 2.29), ʟʜʝʩʴ /ʢʛ. ɺ ʩʣʫʯʘʝ  ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.1'), 

(2.3) ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʥʝ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ . ʃʘʢʫʥʳ ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʟʦʥʘʥʩʘʤʠ ʚ 

ʩʠʩʪʝʤʝ (2.1¡) ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʥʠʤʠ ʚʝʪʚʣʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [7, 11, 12, 

15]. ʈʝʟʦʥʘʥʩʳ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʚʝʢʪʦʨʘ  ʚʜʦʣʴ ʦʨʙʠʪʳ ʂɸ ʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʦʨʪʘ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʚʝʢʪʦʨʘ. 

ɻʨʘʬʠʢʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1'), (2.3) ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ 

 ʧʦʩʪʨʦʝʥʳ ʧʨʠ ɸ/ʢʛ (ʨʠʩ. 2.30, 2.31). ɺ ʩʣʫʯʘʝ  ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʥʝ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ GW . ʇʨʠʯʠʥʘ ʪʘ ʞʝ, ʯʪʦ ʠ ʫ 

ʣʘʢʫʥ ʯʝʨʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ. 2.24 ï 2.29 ï ʨʝʟʦʥʘʥʩʳ ʚ ʩʠʩʪʝʤʝ (2.1'). 

ʋʢʘʟʘʥʥʳʝ ʨʝʟʦʥʘʥʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʝ (2.1'), ʥʦ ʚ ʩʠʩʪʝʤʝ (2.1). 

ʀʟ-ʟʘ ʪʘʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʨʝʞʠʤʘ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʧʨʠ . ʀʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʤʘʛʥʠʪʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.1') ʚ ʬʫʥʢʮʠʠ 

ʫʛʣʘ GW . ʈʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.1'), (2.3), ʥʘ ʢʦʪʦʨʳʭ ʫʛʦʣ max max | ( ) |g g= t  

(0 )t T¢ ¢  ʤʘʣ, ʦʙʨʘʟʫʶʪ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʩʝʤʝʡʩʪʚʘ ʩ ʧʘʨʘʤʝʪʨʦʤ GW . 

ʇʨʠ  ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦ ʪʘʢʦʝ ʩʝʤʝʡʩʪʚʦ, ʠ ʦʥʦ ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʠʪ ʦʪ GW  
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ʥʘ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʀʥʪʝʨʚʘʣ 

ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʛʠʝ ʩʫʪʢʠ ʧʦʣʝʪʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʨʝʞʠʤ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ɺ ʩʣʫʯʘʝ  ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʩʝʤʝʡʩʪʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʤʘʣʳʤ maxg  ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʧʦ GW . ʇʨʠ 

ʢʘʞʜʦʤ GW  ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ. ʃʘʢʫʥʳ ï ʠʥʪʝʨʚʘʣʳ 

ʟʥʘʯʝʥʠʡ GW , ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.1'), (2.3) ʥʝ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ maxg  

ï ʚʝʩʴʤʘ ʤʘʣʳ. ʆʪʨʝʟʦʢ G0 2p¢W ¢  ʥʘ ʨʠʩ. 2.30 ʩʦʜʝʨʞʠʪ ʜʚʝ ʪʘʢʠʭ ʣʘʢʫʥʳ, 

ʥʝʢʦʪʦʨʳʝ ʠʭ ʜʝʪʘʣʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.31. ʇʨʠ ʠʟʤʝʥʝʥʠʠ GW  ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʝʨʝʩʢʘʢʠʚʘʝʪ ʩ ʦʜʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʥʘ ʜʨʫʛʦʝ. ɺʙʣʠʟʠ 

ʛʨʘʥʠʮ ʩʝʤʝʡʩʪʚ ʟʥʘʯʝʥʠʷ maxg  ʫʞʝ ʥʝ ʪʘʢʠʝ ʤʘʣʳʝ, ʧʦʵʪʦʤʫ ʫʢʘʟʘʥʥʳʝ ʩʢʘʯʢʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ (ʨʠʩ. 2.3). 

ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʷʭ (2.1) ʠ (2.1') ʧʨʠʥʷʪʴ ʤʦʜʝʣʴ ʄʇɿ ʚ ʚʠʜʝ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ, 

ʪʦ ʨʝʟʦʥʘʥʩʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ GW  ʥʝ ʚʦʟʥʠʢʘʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʞʠʤ ʤʘʛʥʠʪʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʨʠʩ. 2.4). ʅʘ ʨʠʩ. 2.32 ʧʦʢʘʟʘʥʳ 

ʛʨʘʬʠʢʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1'), (2.3) ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ GW  ʧʨʠ 

 ʠ  ɸ/ʢʛ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ʄʇɿ: IGRF ï ʯʝʨʥʳʝ 

ʣʠʥʠʠ, ʧʨʷʤʦʡ ʜʠʧʦʣʴ ï ʢʨʘʩʥʳʝ ʣʠʥʠʠ. ʅʘ ʨʠʩ. 2.33 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʝʭ ʞʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1'), (2.3), ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʚ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʚʦʨʦʪʦʤ 

ʚʦʢʨʫʛ ʦʩʠ E 3O Y  ʥʘ ʫʛʦʣ GW  ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʨʙʠʪʳ ʂɸ. ɺ ʢʘʞʜʦʡ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʦʩʴ E 1O Y  ʥʘʧʨʘʚʣʝʥʘ ʚ ʚʦʩʭʦʜʷʱʠʡ ʫʟʝʣ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʨʙʠʪʳ. ɻʨʘʬʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ IGRF, ʠʟʦʙʨʘʞʝʥʳ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ. 

ʀʭ ʮʚʝʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʷʪʳʝ ʟʥʘʯʝʥʠʷ : 0 ï ʯʝʨʥʳʝ ʣʠʥʠʠ, 0.0001ʩ ï 

ʢʨʘʩʥʳʝ ʣʠʥʠʠ, 0.00015ʩ ï ʩʠʥʠʝ ʣʠʥʠʠ ʠ 0.0002ʩ ï ʟʝʣʝʥʳʝ ʣʠʥʠʠ. 

ɻʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʨʷʤʦʛʦ ʜʠʧʦʣʷ, ʧʦʢʘʟʘʥʳ 

ʧʫʥʢʪʠʨʦʤ. 
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ʈʝʟʦʥʘʥʩʳ ʚ ʟʘʜʘʯʝ (2.1'), (2.3) ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʧʨʠ . ʈʠʩ. 2.34 

ʩʦʜʝʨʞʠʪ ʛʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ  ʠ ,  ʨʝʰʝʥʠʡ ʵʪʦʡ 

ʟʘʜʘʯʠ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʨʠ  ʩ , G 11.67W =  ̄ʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ : 

4ɸ/ʢʛ (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ 4.186 ɸ/ʢʛ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ). ɸʤʧʣʠʪʫʜʳ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʚ çʢʨʘʩʥʦʤè ʨʝʰʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 

ʚ çʯʝʨʥʦʤè. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʠʩʪʝʤʝ (2.1¡) ʨʝʟʦʥʘʥʩʘ ʧʨʠ 

 4.186 ɸ/ʢʛ (ʩʤ. ʨʠʩ. 2.24 ʠ 2.27). ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦ GW  ʧʨʠ  ʪʘʢʠʝ ʨʝʟʦʥʘʥʩʳ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

2.6 ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ 

ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦ ʢʦʪʦʨʳʭ 

ʛʦʚʦʨʠʣʦʩʴ ʚ ʧ. 2.4 ʠ 2.5, ʫʨʘʚʥʝʥʠʷ (2.1¡) ʟʘʧʠʰʝʤ ʠʥʘʯʝ. ʀʩʧʦʣʴʟʫʝʤ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 1 2 3OX X X  ʠ 1 2 3Ox x x. ʊʘʢ ʢʘʢ ʦʨʙʠʪʘ ʂɸ ʩʯʠʪʘʝʪʩʷ ʢʝʧʣʝʨʦʚʦʡ, ʪʦ

const³ =r r . ʇʨʦʝʢʮʠʠ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʠʩʪʝʤʳ 1 2 3OX X X  ʥʘ ʝʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʦʩʠ ʠʤʝʶʪ ʚʠʜ 

( )
( )

1
1 2

1

ʌ ʌ
¡³ Ö

=
¡³ ³

r r e

r r e
, 3

2ʌ
¡Ö

=-
B e

B
, 2

3ʌ
¡Ö

=-
B e

B
. 

ʉʠʩʪʝʤʘ 1 2 3Ox x x  ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ 1 2 3OX X X  ʜʚʫʤʷ ʧʦʚʦʨʦʪʘʤʠ. 

ʉʥʘʯʘʣʘ ʥʘ ʫʛʦʣ a ʚʦʢʨʫʛ ʦʩʠ 2OX , ʟʘʪʝʤ ʥʘ ʫʛʦʣ b ʚʦʢʨʫʛ ʦʩʠ 3OX , 

ʧʦʣʫʯʠʚʰʝʡʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʧʦʚʦʨʦʪʘ. ʂʦʤʧʦʥʝʥʪʳ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʂɸ ʚ ʩʠʩʪʝʤʝ 1 2 3Ox x x  ʦʙʦʟʥʘʯʠʤ . ʋʨʘʚʥʝʥʠʷ (2.1¡) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ 1 2 3OX X X  ʠ 1 2 3Ox x x  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [12, 19] 

1 1lw wW=-k , 
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                           1 3
3 3 1 2 2

cos sin
tg

cos

a a
w w lw w b w

b
W

å õF -F
=- + - - -æ ö

ç ÷
k                     (2.4) 

( )0 1 2cos sin 1a b n l hh- + -l B , 

( ) ( )2 2 1 3cos cos sin sinw a b a a b= +F - F -F , 

3 1 3sin cosw b a a= +F +F . 

ɿʜʝʩʴ hi  ï ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ O  ʚ ʩʠʩʪʝʤʝ 

,iOx 1,3=i . ʊʘʢ ʢʘʢ ʦʨʙʠʪʘ ʂɸ ʩʯʠʪʘʝʪʩʷ ʢʝʧʣʝʨʦʚʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ, ʚʨʝʤʷ 

ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ (2.4) ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ . ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ  ʠ ʧʨʠ  ʧʨʦʚʦʜʠʪʩʷ ʧʦ-

ʨʘʟʥʦʤʫ. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ . ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (2.4) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʨʘʙʦʪʳ [15]. ɺ [15] ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʄʇɿ ʚ ʚʠʜʝ ʧʨʷʤʦʛʦ 

ʜʠʧʦʣʷ, ʠ ʦʨʙʠʪʘ ʂɸ ʧʨʠʥʷʪʘ ʢʨʫʛʦʚʦʡ, ʥʦ ʵʪʠ ʫʧʨʦʱʝʥʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳ. 

ʊʘʢ ʢʘʢ  ʧʨʠ , ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.4) 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʝʝ ʫʨʘʚʥʝʥʠʷʭ  ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʧʘʨʘʤʝʪʨʦʤ. ɺʚʝʜʝʤ ʥʦʚʫʶ ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ  ʠ ʧʦʩʪʦʷʥʥʫʶ , 

ʧʦʣʦʞʠʚ 

,    . 

ʀʩʢʣʶʯʠʤ  ʠʟ ʧʦʩʣʝʜʥʠʭ ʯʝʪʳʨʝʭ ʫʨʘʚʥʝʥʠʡ (2.4) ʠ ʧʝʨʝʡʜʷ ʢ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ , ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʫʶ ʟʘʧʠʰʝʤ ʚ ʚʝʢʪʦʨʥʦʤ 

ʚʠʜʝ [15] 

2 ( )
( ) ( ) ( , , )m t t

µP
¡¡ ¡ ¡+ = +

µ

q
q q q q q

q
A C f .                             (2.5) 

ɿʜʝʩʴ ʰʪʨʠʭʦʤ ʦʙʦʟʥʘʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ , 
T( , )a b=q , , 

2( ) diag(cos ,1)b=qA ,   cos cosa bP=- ,     

T
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( ) ( )
( )

( ) ( )

t t
t

t t

-å õ
=æ ö
ç ÷

g p
C

p g
,    ,    , 

2( , , ) ( ,0,0) (|| || || || )t t¡ ¡- = +q q q qf f O , 

 ʠ  ʚʳʨʘʞʘʶʪʩʷ ʚ ʬʫʥʢʮʠʠ ,  ï ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ. ʇʝʨʝʤʝʥʥʘʷ  ʚʭʦʜʠʪ 

ʚ ʩʠʩʪʝʤʫ (2.5) ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʧʝʨʠʦʜʦʤ . ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʨʠʯʥʫʶ ʥʘʯʘʣʴʥʫʶ 

ʟʘʜʘʯʫ 2 ¡=U CU , 2(0) diag(1,1)= ¹U E . ɽʝ ʨʝʰʝʥʠʝ 

4
cos ( ) sin ( )(0)

( )
sin ( ) cos ( )( )

y t y t
t

y t y tt

-å õ
= æ ö

ç ÷

B
U

B
,    . 

ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 1 2( ) ( ) ( )t t t=U U U , ʛʜʝ 

4
1

cos ( ) sin ( )(0)
( )

sin ( ) cos ( )( )

y t y t
t

y t y tt

-å õ
= æ ö

ç ÷

B
U

B
,   2

cos sin
( )

sin cos

t t
t

t t

-å õ
=æ ö
ç ÷

a a
U

a a
, 

,    . 

ʌʫʥʢʮʠʷ  ʠ ʤʘʪʨʠʮʘ 1( )tU  ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦ  ʩ ʧʝʨʠʦʜʦʤ , ʤʘʪʨʠʮʳ 

1( )tU , 2( )tU  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ 

1 1 1

1

2
¡+ =U HU CU ,    2 2

¡=U HU ,    
0

0

-å õ
=æ ö
ç ÷

a
H

a
. 

ɺ ʩʠʩʪʝʤʝ (2.5) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ q u : 1( )t=q uU . ʇʦʣʫʯʠʤ ʩʠʩʪʝʤʫ  

2 2 2
2 12 ( ) ( , , ) ( , )m t m t¡¡ ¡ ¡- + + = +u u u u u uH E H f F ,                    (2.6) 

ʚ ʢʦʪʦʨʦʡ ʛʣʘʜʢʠʝ -ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦ  ʬʫʥʢʮʠʠ  ʠ  ʜʦʧʫʩʢʘʶʪ ʦʮʝʥʢʠ 

2
1 1( , , ) ( ,0,0) (|| || || || )t t¡ ¡- = +u u u uf f O ,    

2( , ) (|| || )t =u uF O . 

ɺʚʝʜʝʤ ʤʥʦʞʝʩʪʚʦ , . 

ʆʥʦ ʥʝ ʧʫʩʪʦ ʠ ʥʝ ʦʛʨʘʥʠʯʝʥʥʦ. ʇʨʠ  ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʚʘʣ 

 ʠʟ ʢʦʪʦʨʦʛʦ ʫʜʘʣʝʥʳ ʧʦʧʘʚʰʠʝ ʚ ʥʝʛʦ ʤʘʣʳʝ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ ʚʠʜʘ 

 ʧʨʠ ʮʝʣʦʤ . ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ [160]: ʜʣʷ ʣʶʙʦʛʦ  ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
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ʯʠʩʣʘ ,  ʠ , ʯʪʦ ʧʨʠ ,  ʩʠʩʪʝʤʘ (2.6) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ * ( , )t mu , ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʷʱʝʝ ʦʪ  ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʘʤ 

1
* 2

|| ( , ) ||t m
m
¢u

C
,    2

*|| ( , ) ||t m
m

¡ ¢u
C

,    . 

ʂ ʪʠʧʫ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ 

. ʇʨʠ  ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.4) ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʪʦʣʴʢʦ ʧʨʠ . ʇʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʦʩʠʪʴ ʧʝʨʚʦʝ 

ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʡʪʠ ʢ ʩʠʩʪʝʤʝ ʚʠʜʘ (2.5), ʚ ʤʘʪʨʠʮʝ  ʢʦʪʦʨʦʡ 

,    . 

ʈʝʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʠ 2 ¡=U CU , 2(0)=U E  ʪʝʧʝʨʴ ʠʤʝʝʪ ʚʠʜ  
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ʇʨʝʜʩʪʘʚʠʤ ʵʪʦ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 1 2( ) ( ) ( )t t t=U U U , ʛʜʝ 
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ʌʫʥʢʮʠʠ   ʠ ʤʘʪʨʠʮʘ 1( )tU  ʟʘʚʠʩʷʪ ʦʪ  ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʧʝʨʠʦʜʦʤ 2 ,b

ʤʘʪʨʠʮʳ 1( )tU , 2( )tU  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ 

1 1 1

1

2
¡+ =U HU CU ,    2 2

¡=U HU ,    
- -å õ

=æ ö
-ç ÷

d a
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a d
. 

ɺ ʥʦʚʦʡ ʩʠʩʪʝʤʝ (2.5) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ q u : 1( )t=q uU . ʇʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ ʚʠʜʘ (2.6), ʚ ʢʦʪʦʨʦʡ -ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦ  ʬʫʥʢʮʠʠ  ʠ  

ʜʦʧʫʩʢʘʶʪ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʮʝʥʢʠ. 
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ɺʚʝʜʝʤ ʤʥʦʞʝʩʪʚʦ 

, 

. ʆʥʦ ʥʝ ʧʫʩʪʦ ʠ ʥʝ ʦʛʨʘʥʠʯʝʥʥʦ. ʇʨʠ  ʦʥʦ ʩʦʚʧʘʜʘʝʪ 

ʩ ʠʥʪʝʨʚʘʣʦʤ . ʉ ʥʦʚʳʤ ʤʥʦʞʝʩʪʚʦʤ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚʳʰʝ 

ʪʝʦʨʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ (2.6). ɺʟʷʚ , ʤʦʞʥʦ 

ʠʛʥʦʨʠʨʦʚʘʪʴ ʨʝʟʦʥʘʥʩʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠ , ʥʦ ʵʪʦ ʧʦʪʨʝʙʫʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ,  ʠ . ɺ ʩʣʫʯʘʝ  ʚʣʠʷʥʠʝ ʨʝʟʦʥʘʥʩʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ .  

ʄʥʦʞʝʩʪʚʦ  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ . ʅʘ ʵʪʦʤ 

ʤʥʦʞʝʩʪʚʝ ʨʝʰʝʥʠʝ * ( , )t mu  ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʙʦʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʤʝʥʥʦ 

ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʠʤʝʣʠʩʴ ʚ ʚʠʜʫ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ, 

ʛʜʝ ʛʦʚʦʨʠʣʦʩʴ ʦ ʩʝʤʝʡʩʪʚʘʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1'), (2.3), ʟʘʚʠʩʷʱʠʭ ʦʪ .  

 

2.7 ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʦʜʠʣʦʩʴ ʢ ʚʳʯʠʩʣʝʥʠʶ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ. ʄʫʣʴʪʠʧʣʠʢʘʪʦʨʳ 

ʦʙʦʟʥʘʯʠʤ kr , 1,6=k . ʇʫʩʪʴ ʩʥʘʯʘʣʘ 0=Wk . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ (2.1¡) ʠʤʝʝʪ 

ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ const=Önɋ  ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1=Önn , ʧʦʵʪʦʤʫ ʜʚʘ 

ʝʝ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 121 ==ɟɟ . ʉʠʩʪʝʤʫ (2.1¡) ʧʨʠ 0=Wk  ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʬʦʨʤʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʳʨʘʞʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 1|| =kr . ʇʦʩʣʝʜʥʠʝ ʨʘʚʝʥʩʪʚʘ 

ʧʨʦʚʝʨʷʣʠʩʴ ʧʨʠ 3,6=k  ʚʤʝʩʪʝ ʩ ʨʘʚʝʥʩʪʚʘʤʠ 121 ==ɟɟ  ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʡʜʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.1¡), (2.3). ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʘʟʘʣʠʩʴ 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʚʩʝʭ ʪʘʢʠʭ ʨʝʰʝʥʠʡ. ʅʦ ʨʘʩʯʝʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ 0l  ʠ GW , ʧʦʵʪʦʤʫ ʤʘʣʳʝ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚ ʧʣʦʩʢʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʣʠ ʙʳʪʴ ʧʨʦʧʫʱʝʥʳ. 

ʇʨʠ 0>Wk  ʩʠʩʪʝʤʘ (2.1¡) ʠʤʝʝʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 1=Önn , ʘ 

})](sinsh)][(sinsh[,0:{)( 22222 emmmme ²-+++>= abbdabbdI

db2sh10 +<<e dbsh<e

),0( ¤+ )(eI

dbsh<e

0=Wk

M 1C 2C 0>Wk
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)(eI ),( GWm
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ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ x=Önɋ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ 0x xW+ =k . 

ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʜʚʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 11=r , )exp(2 TkW-=r . ʇʦ ʪʝʦʨʝʤʝ 

ʃʠʫʚʠʣʣʷ )3exp(654321 TkW-=rrrrrr , ʧʦʵʪʦʤʫ )2exp(6543 TkW-=rrrr . 

ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.1¡), (2.3) ʚʳʨʘʞʘʶʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ 1|| <kr , 3,6=k . ʕʪʠ ʥʝʨʘʚʝʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʧʠʩʘʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 1r, 2r  ʠ 6543 rrrr  ʦʢʘʟʘʣʠʩʴ ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʨʝʰʝʥʠʷʭ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ kr , 3,6=k  

ʦʙʨʘʟʫʶʪ ʜʚʝ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʝ ʧʘʨʳ, ʧʨʠʯʝʤ | | exp( / 2)k k Tr Wº - . ʅʘ 

ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʩʠʩʪʝʤʳ (2.1¡) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ Wk . ʅʘ ʨʠʩʫʥʢʝ ʠ ʚ ʣʝʛʝʥʜʝ ʩʧʨʘʚʘ ʦʪ ʥʝʛʦ ʚʝʨʭʥʠʡ 

ʠʥʜʝʢʩ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ j  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʟʥʘʯʝʥʠʶ Wk . ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ 
( )
1r

j
, 

( )
2r

j
, 0,3=j  ʣʝʞʘʪ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʦʩʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ, ʦʩʪʘʣʴʥʳʝ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ 
( ) ,rj
k 3,6=k  

ʣʝʞʘʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʨʫʞʥʦʩʪʷʭ ʨʘʜʠʫʩʘ ʨʘʚʥʦʛʦ 
( ) ( )
3 4| | | |r r= =j j

( ) ( )
5 6| | | |r r= =j j

. ɿʥʘʯʝʥʠʶ 0=Wk  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ 
(0) (0)
1 2r r= , 

(0) (0) (0) (0)
3 4 5 6| | | | | | | | 1r r r r= = = =. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʣʘʚʳ 2 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʠʢʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂɸ ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʤʘʛʥʠʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʄʇɿ). ʇʨʠ 

ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʄʇɿ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ IGRF.  

ʆʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʝʘʣʠʟʦʚʘʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʙʣʠʟʢʠʭ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 
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ʜʚʠʞʝʥʠʡ ʂɸ ʥʘʙʦʨʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ. 

2. ɼʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʝʞʠʤʘ ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂɸ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ IGRF ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (ʄʇɿ). 

3. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʫʛʣʦʚʳʭ ʜʚʠʞʝʥʠʡ ʂɸ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʨʝʟʦʥʘʥʩʦʚ ʤʝʞʜʫ ʚʨʘʱʝʥʠʝʤ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʄʇɿ ʚʜʦʣʴ ʦʨʙʠʪʳ ʠ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʪʦʛʦ ʚʝʢʪʦʨʘ. 
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ɻʣʘʚʘ 3. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʤʳʭ ʚ ʢʦʩʤʦʩʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʣʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʂɸ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʝʩʪ 

ʫʩʪʘʥʦʚʢʠ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ.  

 

3.1 ʋʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʯʠʪʘʝʤ ʛʠʨʦʩʪʘʪʦʤ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ 

ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ 

(ʩʤ. ʧ. 1.3). ɼʣʷ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x . ɺ 

ʵʪʦʡ ʛʣʘʚʝ ʠ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʭ ʚʝʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʝ 1 2 3Ox x x . ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʪʝʦʨʝʤʫ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ 

(1.4) ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ W  (1.8). ɺ 

ʫʨʘʚʥʝʥʠʷʭ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ M g  (1.5) ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ M a  (1.6) ʤʦʤʝʥʪ.r 

ʇʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

( )( )1
2 3 2 3 2 3 3 2 1m ww nhh w w= - + - +a

dk
h h m

dt
, 

( ) ( )2
1 3 1 3 3 1 1 3 2

1

1 1

l l
ww nhh w w

lm lm

-
= - + - +
+ +

a

dk
h h m

dt
, 

                       ( )( ) ( )3
1 2 1 2 1 2 2 1 31 l lm ww nhh l w w=- - + - + - +a

dk
h h m

dt
,                (3.1) 
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1 1 1w= -k h , 2
2 2

1

l
w

lm
= -

+

h
k , 3 3 3w l= -k h ,  

1 3/l=I I , 2 3 1( ) /m= -I I I , 1 0=am , 2 3 1v /=am p I , 3 2 1v /=-am p I . 

ɿʜʝʩʴ wi  ʠ hi  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ɤ ʠ r  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, iI  ï ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ iOx , ik , ih  ʠ aim  ï ʦʪʥʝʩʝʥʥʳʝ ʢ 1I  ʢʦʤʧʦʥʝʥʪʳ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ ʨʝʞʠʤʦʚ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʨʝʞʠʤ ʧʘʩʩʠʚʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʙʣʠʟʢʦʡ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʫʩʪʦʡʯʠʚʦʡ. 

 

3.2 ʇʘʩʩʠʚʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʏʪʦʙʳ ʧʦʷʩʥʠʪʴ ʵʪʦʪ ʨʝʞʠʤ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʫʧʨʦʩʪʠʤ ʫʨʘʚʥʝʥʠʷ (1.8), 

(3.1), ʦʪʙʨʦʩʠʚ ʥʝʢʦʪʦʨʳʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʨʙʠʪʘ 

ʂɸ ï ʢʨʫʛʦʚʘʷ ʠ ʥʝʠʟʤʝʥʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʂɸ ʜʝʡʩʪʚʫʝʪ ʦʜʠʥ 

ʣʠʰʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʛʠʨʦʩʠʩʪʝʤʳ (ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʂɸ) ʨʘʚʝʥ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʨʘʚʥʝʥʠʷ (3.1) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

( )2
1 2 3 0 32 333w m ww w= - u u ,            ( )2

2 1 3 0 31 33

1
3

1

l
w ww w

lm

-
= -
+

u u , 

( )( )2
3 1 2 0 31 321 3w l lm ww w=- - + -u u ,                                 (3.2) 

( )1 2 3tg cos sing w b w g w g= - - ,         2 3
0

cos sin

cos

w g w g
d w

b

-
= - , 

2 3sin cosb w g w g= + . 

ɿʜʝʩʴ 0ɤ  ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ ʂɸ (ʦʨʙʠʪʘʣʴʥʘʷ ʯʘʩʪʦʪʘ), ʚʝʣʠʯʠʥʳ 3iu  

ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ g, d ʠ b ʧʦ ʬʦʨʤʫʣʘʤ (1.1). 

ʆʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 4 (ʠʟ 24) ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 
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(3.2), ʟʘʜʘʚʘʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

sin sin 0g d b= = =,    1 3 0w w= =,    2 0cosw w g= . 

ʕʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (ʧʦʢʦʡ) ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʃʷʧʫʥʦʚʫ ʨʝʰʝʥʠʡ 

(3.2) ʚʳʨʘʞʘʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ [159]: 1<l , 0>m , 01 >+- lml . ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧ. 1.3 ʧʘʨʘʤʝʪʨʦʚ ʂɸ 0.238l=  ʠ 0.077m=  ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 

ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ. 

ʂʘʞʜʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (3.2) ʨʝʘʣʠʟʫʝʪ ʨʝʞʠʤ 

ʪʨʝʭʦʩʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʂɸ ʩʦʚʝʨʰʘʝʪ ʧʦʣʝʪ 

ʧʦʜʦʙʥʦ ʃʫʥʝ (ʧʨʠʤʝʨ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʝʙʝʩʥʦʛʦ 

ʪʝʣʘ), ʙʫʜʫʯʠ ʦʜʥʦʡ ʩʚʦʝʡ ʩʪʦʨʦʥʦʡ ʥʝʠʟʤʝʥʥʦ ʦʙʨʘʱʝʥ ʢ ɿʝʤʣʝ. ʊʘʢʦʡ ʨʝʞʠʤ 

ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʝʥ ʧʨʠ ʥʝʫʧʨʘʚʣʷʝʤʦʤ ʧʦʣʝʪʝ ʂɸ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʫʟʠʤ 

ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ ʜʚʠʞʝʥʠʡ ʠ ʥʠʞʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʨʝʰʝʥʠʝ 1 3=-e E , 2 2=e E , 3 1=e E, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

                                         0g d b= = =, 1 2 0 3 0w w w w= - = =.                                (3.3) 

ɺ ʵʪʦʤ ʨʝʰʝʥʠʠ ʦʩʠ 1Ox  ʠ 2Ox  ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ 3OX-  ʠ 2OX  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʨʘʚʥʝʥʠʷ (1.8), (3.1) ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʢʦʡ ʂɸ ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠ 

ʫʨʘʚʥʝʥʠʷ ʜʦʧʫʩʢʘʶʪ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʧʝʨʝʩʯʝʪʘ ʧʝʨʝʤʝʥʥʳʭ 1iu  ʠ 2iu  ʚ 

ʫʛʣʳ g, d ʠ b ʙʫʜʫʪ ʙʣʠʟʢʠ ʧʦʣʦʞʝʥʠʶ ʧʦʢʦʷ (3.3). ʏʪʦʙʳ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʪʘʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʙʳʣʠ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʦʥʠ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʤʘʣʦ 

ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ (3.3). ʋʜʦʚʣʝʪʚʦʨʠʪʴ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʞʥʦ ʚʳʙʠʨʘʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (1.8), (3.1) ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ 

                                
2

0 2

0

wF= -ñɤ E

T

dt ,                                               (3.4) 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʝ T  ʨʘʚʥʦ ʥʝʩʢʦʣʴʢʠʤ ʦʨʙʠʪʘʣʴʥʳʤ ʧʝʨʠʦʜʘʤ 0/2 wp . ʏʪʦʙʳ 

ʧʦʷʩʥʠʪʴ ʩʤʳʩʣ ʬʫʥʢʮʠʦʥʘʣʘ (3.4), ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʬʦʨʤʝ 
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( )
3

2

0 2

10

w w
=

F= -äñ
T

i i

i

u dt. 

ʊʝʧʝʨʴ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʥʘ ʨʝʰʝʥʠʷʭ ʩʠʩʪʝʤʳ (3.2), ʧʦʣʘʛʘʷ ʚʝʣʠʯʠʥʳ 

2iu  ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʬʫʥʢʮʠʠ ʫʛʣʦʚ g, d ʠ b ʧʦ ʬʦʨʤʫʣʘʤ (1.1). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʌ=0 ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʧʦʢʦʷ (3.3) ʠ ʌ>0 ʥʘ ʨʝʰʝʥʠʷʭ, ʣʝʞʘʱʠʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʥʠʤ. ʀʥʪʝʛʨʘʣ ʚ (3.4) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʩʫʤʤʦʡ 

1
2

0 2

0

( ) ( )t w t
-

=

¡F = -äɤ E
N

n

n n ,    
T

N
t= , 

ʛʜʝ N  ï ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠʚʝʜʝʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʂɸ ʫʢʘʟʘʥʳ ʚ ʧ. 1.3, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʆʨʙʠʪʳ II .  

ʄʠʥʠʤʠʟʘʮʠʷ ¡F ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.8), (3.1) 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʨʝʰʝʥʠʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 

ʚ ʚʘʨʠʘʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʦʪʙʨʘʩʳʚʘʣʠʩʴ ʯʣʝʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. ɺ ʦʧʠʩʳʚʘʝʤʳʭ ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʚʟʷʪʳ 04 / (0)p w=T , 

80.=N  

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.8), (3.1), ʜʦʩʪʘʚʣʷʶʱʠʝ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ 

ʬʫʥʢʮʠʦʥʘʣʫ ¡F ʠ ʙʣʠʟʢʠʝ ʧʦʣʦʞʝʥʠʶ ʧʦʢʦʷ (3.3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.1, 3.2. 

ɿʜʝʩʴ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ  g, d, b ʠ ʢʦʤʧʦʥʝʥʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ iw, 1,3=i . ʇʦʣʦʞʝʥʠʝ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t=  ʟʘʜʘʝʪʩʷ ʫʛʣʘʤʠ 0.06g= ,̄ 1.34d= ,̄ 0.07b=- ¯. 

ʅʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ: 5
1 ï1.35 10 /cw -Ö ¯= , 2 / c0.0655w ¯= , 
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6
3 / c8.68 10w -¯= Ö . ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ. ʉʣʘʙʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʞʠʤʦʚ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʩʤ. ʛʨʘʬʠʢʠ 

ʬʫʥʢʮʠʠ ( )tg  ʠ ( )tb ) ʩʚʷʟʘʥʘ ʩ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʂʦʣʝʙʘʥʠʷ ʂɸ ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʦʨʙʠʪʳ. ɺ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʝ ʫʜʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʠʟʙʝʞʥʳʭ 

ʦ ʠhʙʦʢ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʕʪʠ ʦʰʠʙʢʠ ʧʨʠʚʦʜʷʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʝʙʫʝʤʦʛʦ ʜʚʠʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ.  

 

3.3. ʆʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʆʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʧʦʢʦʷ ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʆʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ. ʋʜʦʙʩʪʚʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʨʝʞʠʤʝ, ʚʦ-ʧʝʨʚʳʭ, ʚʝʢʪʦʨ ʦʩʪʘʪʦʯʥʦʛʦ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 2 3Ox x x; ʚʦ-ʚʪʦʨʳʭ, ʥʘʢʦʧʣʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ ï ʚ ʫʢʘʟʘʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʤʘʣ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʥʝʨʛʦʩʲʝʤ ʩ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ ʂɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢ [40], ʯʪʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʏʪʦʙʳ ʟʘʤʢʥʫʪʴ ʧʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʜʦ ʜʦʙʘʚʠʪʴ 

ʢ ʫʨʘʚʥʝʥʠʷʤ (1.8), (3.1) ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ih . 

ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ  

               1 2 3 3 2 1w w= - -h h h m, 2 3 1 1 3 2w w= - -h h h m , 3 1 2 2 1 3w w= - -h h h m ,           (3.4) 

ʛʜʝ im  ï ʦʪʥʝʩʝʥʥʳʝ ʢ 1I  ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ M c , 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʢʦʨʧʫʩʫ ʂɸ ʩʦ ʩʪʦʨʦʥʳ ʛʠʨʦʩʠʩʪʝʤʳ. ʇʦʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ 

(3.4) ʚ ʧʝʨʚʳʝ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (3.1) ʠ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 
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( )1 2 3 2 3 1w m ww nhh= - +m , 

            ( ) ( )2 1 3 1 3 2 2

1

1 1

l l
w ww nhh

lm lm

-
= - + +
+ +

am m ,                          (3.5) 

( )( ) ( )3 1 2 1 2 3 31w l lm ww nhh l=- - + - + +am m . 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.5) ʚʳʙʝʨʝʤ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ ʪʘʢ, 

ʯʪʦʙʳ ʫʨʘʚʥʝʥʠʷ (1.8), (3.1), (3.4) ʜʦʧʫʩʢʘʣʠ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʨʝʰʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʤʘʪʨʠʮʘ U  ʙʳʣʘ ʙʳ ʙʣʠʟʢʘ ʢ ʧʦʩʪʦʷʥʥʦ 

ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʝ 0U , ʘ ʚʝʣʠʯʠʥʳ | |ih  ʚʦʟʨʘʩʪʘʣʠ ʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʝʜʣʝʥʥʝʝ. ʊʘʢʦʡ ʤʦʤʝʥʪ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

                                            2

0 2
Ĕ Ĕ2 ( )c I Ix x w=- - -M ɗ ɤ E,                                        (3.6) 

2

1 1 1 0 212 ( )x J x w w=- - -m u , 
2

2 2 2 0 22

1
2 ( )

lm
x J x w w

l

+
è ø=- + -ê úm u ,   

2

3 3 3 0 23

1
[ 2 ( )]x J x w w
l

=- + -m u , 

ʛʜʝ 1 2 3
Ĕ diag( , , )I I I I= , x ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, 

T

0 2 01 02 03( , , )w w w w=E ,  

0 0 2w w=i iu  ï ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ,

1,3=i , 
T

1 2 3( , , )J J J=ɗ  ï ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

                                     ( )
3 2

T T
3 1 0 0

2 1

0
1

0
2

0

J J

J J

J J

-å õ
æ ö

- = -
æ ö
æ ö-ç ÷

U U U U ,                               (3.7) 

ʤʘʪʨʠʮʘ 0U  ï ʟʘʜʘʝʪ ʪʨʝʙʫʝʤʦʝ (ʥʦʤʠʥʘʣʴʥʦʝ) ʧʦʣʦʞʝʥʠʝ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʩʣʫʯʘʝ 1|| <<ɗ  ʚʝʢʪʦʨ ɗ ʠʛʨʘʝʪ ʨʦʣʴ ʚʝʢʪʦʨʘ ʙʝʩʢʦʥʝʯʥʦ 

ʤʘʣʦʛʦ ʧʦʚʦʨʦʪʘ, ʠ ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 0w w J- ºi i i , 1,3=i . ɺʳʧʠʩʘʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʥʘ ʂɸ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʦʨʠʝʥʪʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ (3.4), (3.6). 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ (3.4) ï (3.7) ʚʤʝʩʪʝ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 
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(1.8). ʇʘʨʘʤʝʪʨ x ʚʦʟʴʤʝʤ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʪʦʙʳ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʜʝʡʩʪʚʠʷ ʥʘ ʂɸ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʦʚ. 

ɽʩʣʠ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʨʝʥʝʙʨʝʯʴ, ʧʨʠʥʷʪʴ ʦʨʙʠʪʫ ʢʨʫʛʦʚʦʡ, ʘ 

ʚʝʣʠʯʠʥʫ ɗ ʤʘʣʦʡ, ʪʦ ʵʪʫ ʩʠʩʪʝʤʫ, ʣʠʥʝʘʨʠʟʦʚʘʚ ʝʝ ʧʦ ɗ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʚʠʜʫ 

22 0x x+ + =ɗ ɗ ɗ . 

ɺʳʧʠʩʘʥʥʦʝ ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ ʠ ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʧʦʜʭʦʜʷʱʝʤ 

ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ x ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ 

ʧʦʢʦʷ 0=U U  ʙʫʜʝʪ ʟʘʪʫʭʘʪʴ ʟʘ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ. 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (3.6) ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʳʡ ʨʦʩʪ ʚʝʣʠʯʠʥ || ih . 

ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʤʘʪʨʠʮʳ 0U . 

ʇʨʠʝʤʣʝʤʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʫʩʨʝʜʥʷʷ ʥʘ ʦʪʨʝʟʢʝ 

Tt¢¢0  ʟʥʘʯʝʥʠʷ ( )U t , ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ F¡. ʋʩʨʝʜʥʝʥʠʝ ʟʜʝʩʴ 

ʦʟʥʘʯʘʝʪ ʦʪʳʩʢʘʥʠʝ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 0U , ʜʦʩʪʘʚʣʷʶʱʝʡ ʤʠʥʠʤʫʤ 

ʬʫʥʢʮʠʦʥʘʣʫ 

( )T

0 0

0

tr [ ( ) ] [ ( ) ]Y= - -ñ
T

U t U U t U dt .                               (3.8) 

ɺ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 0( )ºU t U , ʠ ʩ ʧʦʤʦʱʴʶ 

ʚʝʢʪʦʨʘ ɗ ʚʳʧʠʩʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

2 2 2

1 3 3

0

2 [ ( ) ( ) ( )]

T

t t t dtJ J JYº + +ñ . 

ʆʪʳʩʢʘʥʠʝ ʤʘʪʨʠʮʳ 0U  ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʨʘʞʝʥʠʷ (3.8) ʩʚʦʜʠʪʩʷ ʢ 

ʟʘʜʘʯʝ ʥʘ ʫʩʣʦʚʥʳʡ ʵʢʩʪʨʝʤʫʤ. ʇʨʠ ʝʝ ʨʝʰʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʨʘʟʳʩʢʠʚʘʝʤʦʡ ʤʘʪʨʠʮʳ 
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T

0 0 3 diag(1,1,1)= =U U E                                                (3.9) 

ʠ ʨʘʚʝʥʩʪʚʦ 0det 1=U . ʉʧʦʩʦʙ ʨʝʰʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [161]). ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. 

ʉʦʩʪʘʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ T
0 0 3tr ( )Y+ L -U U E , ʛʜʝ L ï ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ, 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʠ ʚʳʧʠʩʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʝʝ 

ʙʝʟʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ: 

                                                     ()0

0

L = ¹ñ
T

U U t dt S.                                               (3.10) 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ (3.9), (3.10), ʨʘʩʩʤʦʪʨʠʤ ʩʠʥʛʫʣʷʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʤʘʪʨʠʮʳ S: 
T=S PDR. ɿʜʝʩʴ P  ʠ R ï ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʧʦʨʷʜʢʘ 3, 

1 2 3diag( , , )=D d d d , 1 2 3 0² ² ²d d d . ʇʦʣʘʛʘʝʤ, ʯʪʦ 3 0>d , ʪ. ʝ. ʤʘʪʨʠʮʘ S ʥʝ 

ʚʳʨʦʞʜʝʥʘ. ɺʚʝʜʝʤ ʤʘʪʨʠʮʫ 1 2 3diag( , , )=F f f f , 1=°if , 1,3=i , ʥʦ ʚʳʙʦʨ ʟʥʘʢʦʚ 

ʧʦʢʘ ʥʝ ʬʠʢʩʠʨʫʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ S ʟʘʧʠʰʝʤ 

2 T T T.= =S PDF R PDFP PFR  ɺʦʟʴʤʝʤ T
0=U PFR , 

T.L=PDFP  ʕʪʦ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʡ ʚʠʜ ʤʘʪʨʠʮ 0U  ʠ L, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʠʩʪʝʤʝ (3.9), (3.10). 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʤʘʪʨʠʮʫ 0U , ʜʦʩʪʘʚʣʷʶʱʫʶ Y ʤʠʥʠʤʫʤ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʩʣʦʚʠʶ 0det 1=U , ʨʘʩʩʤʦʪʨʠʤ ʩʦʦʪʥʦʰʝʥʠʷ 

T
1 2 3det det det=PFR f f f P R, 

T T T
0 1 1 2 2 3 36 2tr 6 2tr 6 2tr 6 2( ).Y= - = - = - = - + +U S RFP PDR FD d f d f d f  

ʗʩʥʦ, ʯʪʦ ʥʘʜʦ ʧʦʣʦʞʠʪʴ 1 2 1= =f f , 3 det det .=f P R  ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ 0U  ʠʤʝʝʪ ʚʠʜ  

T
0 diag(1,1,det det )=U P P R R . 

ʇʦʢʘʞʝʤ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʛʠʨʦʩʠʩʪʝʤʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʠ 

ʤʘʣʳʡ ʨʦʩʪ ʚʝʣʠʯʠʥ || ih . ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʯʠʩʣʠʤ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.8), (3.1), 

(3.4), (3.6) ʧʨʠ 
10.01cx -=  ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʣʦʞʝʥʠʝ 
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ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0=t  ʟʘʜʘʝʪʩʷ ʫʛʣʘʤʠ 

0.002g=- ¯, 0.890d= ,̄ 0.005b=- .̄ ʕʪʠ ʫʛʣʳ ʦʪʚʝʯʘʶʪ ʤʘʪʨʠʮʝ 0U , ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʝʥʘ ʫʩʨʝʜʥʝʥʠʝʤ ʤʘʪʨʠʮʳ ( )U t  ʥʘ ʠʥʪʝʨʚʘʣʝ 2 ʩʫʪʦʢ ʚ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʧ. 3.2, ʨʠʩ. 3.1, 3.2). ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ ih  ʚʦʟʴʤʝʤ ʥʫʣʝʚʳʝ. ʊʦʛʜʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ik  

ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ wi. ʇʦʩʣʝʜʥʠʝ ʚʳʙʝʨʝʤ ʪʘʢ, ʯʪʦʙʳ 

ʫʯʝʩʪʴ ʦʰʠʙʢʠ ʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ (ʧʨʠ ʚʳʩʪʘʚʢʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʦʰʠʙʢʘ ʚ ʟʘʜʘʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ), ʘ 

ʠʤʝʥʥʦ ʧʦʣʦʞʠʤ  

             1 2 0 3(0) (0) (0) 0.01 /ʩw w w w= - = = .̄                           (3.11) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʚʠʞʝʥʠʷ ʂɸ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʠʷʪʦʡ ʤʦʜʝʣʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ 3.3 ï 3.5. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʘʤʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ g, d, b, ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ iw, 

ʢʦʤʧʦʥʝʥʪ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 1=i iH I h , 1,3=i  ʠ ʝʛʦ ʤʦʜʫʣʷ | |H . 

ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʦʚ ʚ 

ʫʢʨʫʧʥʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʝʥ ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʦʙʫʩʣʦʚʣʝʥ ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɻʨʘʬʠʢʠ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʦʚ ʠʣʣʶʩʪʨʠʨʫʶʪ ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʦʣʝʙʘʥʠʷ ʂɸ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʨʝʞʠʤʝ ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚʜʦʣʴ ʦʨʙʠʪʳ ʠ 

ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʧʦʩʣʝʜʥʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʝʩʴʤʘ ʤʝʜʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ ʚ ʧʦʩʪʨʦʝʥʥʦʤ ʨʝʰʝʥʠʠ. 

ʕʪʦ ï ʩʣʝʜʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʨʠʮʳ 0U . 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 3.6 ï 3.8 ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (1.8), (3.1), (3.4) ʩ ʟʘʢʦʥʦʤ 

ʫʧʨʘʚʣʝʥʠʷ 

 ( )2

2 2 3 1 0 2
Ĕ Ĕ2 ( )c I Ix x w= ³ + ³ - -M e E E e ɤ E ,                       (3.12) 
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2

1 23 1 0 212 ( )x x w w= - -m u u , 
2

2 33 2 0 22

1
2 ( )

lm
x x w w

l

+
è ø=- - + -ê úm u u ,   

2

3 21 32 3 0 23

1
[ ( ) 2 ( )]x x w w
l

=- + + -m u u u . 

ʕʪʦʪ ʟʘʢʦʥ ï ʚʘʨʠʘʥʪ ʟʘʢʦʥʘ (3.6) ʩ ʤʘʪʨʠʮʝʡ 0U , ʟʘʜʘʚʘʝʤʦʡ ʫʛʣʘʤʠ  g, d ʠ b 

ʠʟ (3.3). ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (3.3). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ (3.11) ʠ (0) (0) (0) 0g d b= = =, 1 2 3(0) (0) (0) 0= = =h h h  ʧʨʠ 10.01cx -= . 

ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (3.6) ʧʨʠ ʧʦʜʭʦʜʷʱʝʤ ʚʳʙʦʨʝ ʤʘʪʨʠʮʳ 0U  ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʘ 8 ʩʫʪʦʢ ʧʦʣʝʪʘ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ 

ʧʨʠʤʝʨʥʦ ʚ 23 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʥʘʢʦʧʣʝʥʥʳʤ 

ʟʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ (3.12), 

ʨʝʘʣʠʟʫʶʱʝʛʦ çʪʦʯʥʫʶè ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ 0U  ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ. ʈʘʩʯʝʪ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʣʦʞʝʥ ʭʦʪʷ ʙʳ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚʣʠʷʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʫʛʣʦʚʦʝ 

ʜʚʠʞʝʥʠʝ ʂɸ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʨʝʞʠʤʝ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (3.6) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.9, 3.10. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʘʤʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʦʤʧʦʥʝʥʪ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ T
1 2 3( , , )=br r r rb b b , T

1 2 3( , , )=ba a a ab b b , 

T
1 2 3( , , )=bg g g gb b b , ʠʭ ʤʦʜʫʣʝʡ | |br , | |ba , | |bg , ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪ ʩʫʤʤʘʨʥʳʭ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 
T

1 2 3( , , )=b b b b  ʠ ʠʭ ʤʦʜʫʣʴ | |b . ɺʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʧ. 1.5 ʚ ʪʦʯʢʝ P , 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʪʘʤ ʞʝ. ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 3.9 

ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʳʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ | |b  ʚʥʦʩʠʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ | |bg , ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 
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ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚ ʚʳʩʦʪʫ ʦʨʙʠʪʳ ʂɸ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʥʘʠʤʝʥʴʰʠʡ ʚʢʣʘʜ 

ʥʦʩʠʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ | |ba , ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʢʦʨʧʫʩʘ ʂɸ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʨʠʩ. 3.10 

ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪ ʩʫʤʤʘʨʥʳʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ib , 1,3=i  ʠʟ ʢʦʪʦʨʳʭ 

ʚʠʜʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ b  ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʘʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʳʙʨʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, 

ʙʣʠʟʢʦʡ ʢ (3.3). 

ɼʦʤʠʥʠʨʫʶʱʘʷ ʯʘʩʪʦʪʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʚʝʣʠʯʠʥ ib , 1,3=i , 

| |,b  ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ 3.10, ʨʘʚʥʘ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 0w . 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʣʘʚʳ 3 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʥʘ ʙʦʨʪʫ ʂɸ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʨʝʞʠʤ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʣʠʟʢʠʡ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.5 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʙʦʨʪʫ ʂɸ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʪʨʝʤʷ ʧʨʠʯʠʥʘʤʠ: 

ʛʨʘʚʠʪʘʮʠʝʡ, ʘʵʨʦʜʠʥʘʤʠʢʦʡ ʠ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʚʳʝ ʜʚʝ ʧʨʠʯʠʥʳ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʂɸ, 

ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʯʠʪʘʝʪʩʷ ʟʘʜʘʥʥʦʡ, ʪʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʥʘʭʦʜʠʣʠʩʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʘʩʩʠʚʥʦʛʦ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʜʦʩʪʘʚʣʷʶʱʠʝ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ (3.4) ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʚʘ ʦʨʙʠʪʘʣʴʥʳʭ ʧʝʨʠʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʷ (3.3). ʌʫʥʢʮʠʦʥʘʣ (3.4) ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʬʫʥʢʮʠʠ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʦʪ ʚʨʝʤʝʥʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʷ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʘ ʩʘʤ ʂɸ ʧʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʪ ʥʝʢʦʪʦʨʦʝ 



111 
 

ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʦʚ [162, 163], ʙʣʠʟʢʦʝ ʢ (3.3).  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ g, d, b ʠ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ iw, 

1,3=i , ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ, 

ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʦʨʠʝʥʪʘʮʠʠ ʂɸ 0U , 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ 2 ʩʫʪʦʢ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʥʘʡʜʝʥʥʘʷ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʦʤ ʤʘʪʨʠʮʘ 0U  

ʟʘʜʘʚʘʣʘ ʪʨʝʙʫʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʠʩʪʝʤʳ. ʅʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʨʘʩʩʯʠʪʘʥʳ 

ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ çɻ ʪʘʣʦʥʥʳʝè. ɺ 

ʜʘʥʥʦʡ ʛʣʘʚʝ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʘʪʨʠʮʫ 0U  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʈʝʘʣʠʟʦʚʘʪʴ ʪʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʂɸ ʥʘ ʧʨʘʢʪʠʢʝ ʢʨʘʡʥʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʦʯʥʦ ʟʘʜʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʚʠʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠ ʨʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʤʘʪʨʠʮ r 0U  ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʩʣʦʞʝʥ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚʣʠʷʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʂɸ. ʅʦ ʵʪʦ ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3, ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʂɸ ʚʝʩʴʤʘ ʙʣʠʟʢʦʝ ʢ çʵʪʘʣʦʥʥʦʤʫè 

ʤʦʞʥʦ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ɼʣʷ ʟʘʜʘʥʥʦʡ ʦʨʙʠʪʳ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʩʪʨʦʝʥ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʙʣʠʟʢʦʡ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʡ. ʇʦʣʫʯʝʥʥʘʷ 

ʦʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʂɸ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʦʚ. 

2. ʇʦʩʪʨʦʝʥʥʳʡ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ çʵʪʘʣʦʥʥʳʤè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʂɸ, ʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ. 

3. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 
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ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʨʪʫ ʂɸ ʚ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʙʦʯʝʤ ʦʪʩʝʢʝ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ (ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʚʦ-

ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɸ). 
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ɻʣʘʚʘ 4. ʈʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʇʦʜʜʝʨʞʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ [50, 53]. ʇʨʠ ʵʪʦʤ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʨʠʮʳ 0U , ʢʘʢ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ.  

 

4.1 ʋʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʤʦʱʴʶ ʛʠʨʦʩʠʩʪʝʤʳ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ [159]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʩʪʝʤʫ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʂɸ. ʏʪʦʙʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʥʘʜʣʝʞʘʱʠʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʛʠʨʦʩʠʩʪʝʤʦʡ. 

 

4.1.1 ʋʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʯʠʪʘʝʤ ʛʠʨʦʩʪʘʪʦʤ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ 

ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ 

(ʩʤ. ʧ. 1.3). ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʪʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʂɸ ʚ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ (1.4) ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ W  (1.8). ɺ ʫʨʘʚʥʝʥʠʷʭ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ M g  (1.5) ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪʳ M a  (1.6). 

ʊʝʦʨʝʤʫ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ  

      + ³ = +
K
ɤ K M Mg a

d

dt
, Ĕ= +K ɤ HI .                                      (4.1) 

ɿʜʝʩʴ 
T

1 2 3( , , )w w w=ɤ  ï ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ, 1 2 3
Ĕ diag( , , )I I I I=  ï 

ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ, 
T

1 2 3( , , )=H H H H  ï ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʂɸ 
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(ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʛʠʨʦʩʠʩʪʝʤʳ). 

ʏʪʦʙʳ ʟʘʤʢʥʫʪʴ ʧʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.8), (4.1) ʥʘʜʦ ʜʦʙʘʚʠʪʴ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʂɸ ʚ ʚʠʜʝ  

     + ³ =-
H
ɤ H Mc

d

dt
,                                                     (4.2) 

ʛʜʝ cM  ï ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʛʠʨʦʩʠʩʪʝʤʳ, ʥʘ ʢʦʨʧʫʩ ʂɸ. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ cM  ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

4.1.2 ʆʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠ ̫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ɺ ʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ʋʨʘʚʥʝʥʠʷ 

(1.8), (4.1) ʥʝʫʜʦʙʥʳ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʠ ʩʧʦʩʦʙʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ 

ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʫʨʘʚʥʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʪʦʣʴʢʦ 

ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ. ɸ ʠʤʝʥʥʦ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʨʙʠʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʢʨʫʛʦʚʘʷ 

ʠ ʥʝʠʟʤʝʥʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʂɸ ʜʝʡʩʪʚʫʝʪ ʦʜʠʥ ʣʠʰʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ (1.8), (4.1) ʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

        ( )2
0 3 3

Ĕ Ĕ Ĕ( ) 3w+ + ³ + = ³ɤ H ɤ ɤ H E EI I I ,                                 (4.3) 

( )1 2 3tg cos sing w b w g w g= - - , 2 3
0

cos sin

cos

w g w g
d w

b

-
= - , 

2 3sin cosb w g w g= + . 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ (4.3) ʠʤʝʝʪ 24 ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

0 2,w=ɤ E  ʦʨʪʳ ie  ʩʦʚʧʘʜʘʶʪ ʩ ʦʨʪʘʤʠ ,°E j  , 1,3=i j , ʛʜʝ 3
0 /Eɤ rm= ï ʩʨʝʜʥʝʝ 

ʜʚʠʞʝʥʠʝ ʂɸ (ʦʨʙʠʪʘʣʴʥʘʷ ʯʘʩʪʦʪʘ). ʕʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ (ʧʦʢʦʡ) ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ [154]. ɿʜʝʩʴ 

( )
T

3 31 32 33, ,=E u u u , ʘ ʚʝʣʠʯʠʥʳ 3iu  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ g, d ʠ b ʧʦ 

ʬʦʨʤʫʣʘʤ (1.1). 
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ʆʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʚʫʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (4.3), 

ʟʘʜʘʚʘʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

        1 3=-e E , 2 2=e E , 3 1=e E ,                                          (4.4) 

          1 1=e E , 2 3=e E , 3 2=-e E .                                         (4.5) 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚ 1 3 2I I I< <  ʨʝʰʝʥʠʝ (4.4) ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʘ 

ʨʝʰʝʥʠʝ (4.5) ï ʥʝʫʩʪʦʡʯʠʚʳʤ [154]. ʋʩʪʦʡʯʠʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (4.4) 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʪʨʝʭʦʩʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɼʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ (4.4) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ. 

ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʝ ʜʣʷ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʣʠʟʢʦʡ ʢ ʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʟʘʜʘʜʠʤ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ ʚ ʚʠʜʝ [164] 

        ( )0 2 0 2
Ĕ Ĕ w+ - = -H H e ɤ eT H J ,                    (4.6) 

ʛʜʝ 1 2 3
Ĕ diag( , , )t t t=T , 1 2 3

Ĕ diag( , , )=J J J J , iJ , ti , 1,3=i  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʧʦʩʪʦʷʥʥʳʝ, 0H  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

(4.6) ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʥʘ ʝʛʦ ʙʦʨʪʫ ʜʘʪʯʠʢʦʚ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʛʠʨʦʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4.3), (4.6) ʜʦʧʫʩʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ  

          0g d b= = =, 1 2 0 3 0w w w w= - = =, 1 2 0 3 0= - = =H H H H .           (4.7) 

ʕʪʦ ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ (4.4). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.7) ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʦʨʝʤʘʤʠ ɽ.ɸ. ɹʘʨʙʘʰʠʥʘ ʠ ʅ.ʅ. ʂʨʘʩʩʦʚʩʢʦʛʦ [145]. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ [164] 

( )
3 3 3 3

2 2 2 2

0 2 0 3 0 2 2 0 2 1

1 1 1 1

1 3 1
3

2 2 2
w w w w w w

= = = =

å õ
= - + + - + - +æ ö

ç ÷
ä ä ä äi i i i i i i i i

i i i i

V I I u I u H H u I I  

( )
22 2

2 01 3

1 2 3

1

2

å õ-
+ + +æ ö
æ ö
ç ÷

H HH H

J J J
. 
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ɽʝ ʧʨʦʠʟʚʦʜʥʘʷ ʚ ʩʠʣʫ ʩʠʩʪʝʤʳ (4.3), (4.6) 
3

2

1

/t
=

=-ä i i i

i

V H J  ʟʥʘʢʦʦʪʨʠʮʘʪʝʣʴʥʘ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʰʝʥʠʷ (4.7) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

ʤʘʣʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ , , ,g d b1 2 0 3, , ,w w w w- 1 2 0 3, ,-H H H H  ʠʤʝʝʤ 

( ) ( ) ( ) ( )
2 2 2 21 2 3

1 0 2 0 3 0 2 3 0 0 0

1

2 2 2 2
w w b w w w wg w wgè ø= - + - + + + - + +ê ú

I I I
V I I H  

( ) ( ) ( )2 2 2

0 3 1 2 1 0 0 0 0 3 1

3 1
4

2 2
w d w w b w g b+ - + - + + - +è øê úI I I I H H H  

( )
22 2

2 01 3

1 2 3

1

2

å õ-
+ + +æ ö
æ ö
ç ÷

H HH H

J J J
. 

ʅʝʪʨʠʚʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʳʧʠʩʘʥʥʦʡ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʚʳʨʘʞʘʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ 

           ( )2 3 3 0 0 0w- - + >I I J H , ( )2 1 1 0 04 0w- - + >è øê úI I J H , 3 1>I I .         (4.8) 

ɽʩʣʠ ʧʦʩʣʝʜʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ʚʳʧʦʣʥʝʥʳ ʠ  

         2 1¸I I ,                                                       (4.9) 

ʪʦ ʧʝʨʝʩʝʯʝʥʠʝ ʤʥʦʞʝʩʪʚʘ 0=V  ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʴʶ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ (4.7) ʥʝ ʩʦʜʝʨʞʠʪ ʮʝʣʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ (4.3), (4.6) ʦʪʣʠʯʥʳʭ 

ʦʪ (4.7). ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʝʤʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [165], ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʨʘʚʝʥʩʪʚ (4.8), (4.9) ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ɹʘʨʙʘʰʠʥʘ ï 

ʂʨʘʩʩʦʚʩʢʦʛʦ ([145], ʪʝʦʨʝʤʘ 3.2) ʠ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (4.7) 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ. ɽʩʣʠ ʞʝ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ (4.8) 

ʚʳʧʦʣʥʝʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʧʨʘʚʝʜʣʠʚʦ 

ʥʝʨʘʚʝʥʩʪʚʦ (4.9), ʪʦ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʂʨʘʩʩʦʚʩʢʦʛʦ ([145], ʪʝʦʨʝʤʘ 

4.1) ʠ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (4.7) ʥʝʫʩʪʦʡʯʠʚʦ [164]. 

ʀʟ-ʟʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʨʙʠʪʳ, 

ʚʣʠʷʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʜʨ.) ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.8), (4.1) ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʝʛʦ ʧʦʢʦʡ (4.7) ʚ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠ 

ʫʨʘʚʥʝʥʠʷ ʜʦʧʫʩʢʘʶʪ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʧʝʨʝʩʯʝʪʘ ʧʝʨʝʤʝʥʥʳʭ 1iu , 2iu , 

1,3=i , ʚ ʫʛʣʳ g, d ʠ b ʙʫʜʫʪ ʙʣʠʟʢʠ ʧʦʣʦʞʝʥʠʶ ʧʦʢʦʷ (4.7).  

 

4.1.3 ʋʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʨʝʞʠʤʝ 

ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.6) ʚʳʨʘʟʠʤ ʤʦʤʝʥʪ M c , 

ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʛʠʨʦʩʠʩʪʝʤʳ ʥʘ ʢʦʨʧʫʩ ʂɸ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʨʝʞʠʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ (4.7) ʚ ʚʠʜʝ 

                       ( ) ( )1 1
0 2 0 2

Ĕ Ĕ Ĕw- -= ³ - - + -M H ɤ ɤ e H ec T J T H .                      (4.10) 

ʉʠʩʪʝʤʘ (4.2), (4.3), (4.10), ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʰʝʥʠʷ (4.7) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ 

                           ( )1 1 1 1 1= +x xA B K , ( )
T

1 2 0 2 0, ,w w d= - -x H H ,                                 (4.11) 

( )2

0 1 3 2

1

0 3 0

1 0 0

0 0 0

wå õ-
æ ö
=æ ö
æ ö
ç ÷

I I I

A , ( )
T

1 21 ,0, 1= -B I , ( )1 2 2 2,0,1t t= -K J , 

 

           ( )2 2 2 2 2= +x xA B K , ( )
T

2 1 3 1 3, , , , ,w w g b=x H H ,                        (4.12) 

( )( )
( )( ) ( )

0 2 3 0 1 0 1

2

0 1 2 0 3 3 3 3 0 1 2 3 0 3

0
2

0

0 0 0 0

0 3 0

1 0 0 0 0

0 1 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

w w

w t w w

w

w

å õ- + -
æ ö

- - - -æ ö
æ ö

-æ ö=
æ ö
æ ö
æ ö
æ ö
ç ÷

I I H I I

I I H I J I I I I I

A ,  

T

1

2

3

1 0 0 0 1 0

0 1 0 0 0 1

-å õ
=æ ö

-ç ÷

I
B

I
, 

1 1 1

2

3 3 3

0 0 0 1 0

0 0 0 0 1

t t

t t

-å õ
=æ ö

-ç ÷

J
K

J
. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮ 1K , 2K  ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʥʝ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ 
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ʦʨʠʝʥʪʘʮʠʠ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ iJ , ti , 1,3=i  ʚʳʙʝʨʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʩʝ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʣʝʞʘʣʠ ʚ ʣʝʚʦʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ 

ʦʪ ʤʥʠʤʦʡ ʦʩʠ. ʊʦʯʥʝʝ, ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (4.11), (4.12) ï ʚʟʷʪʫʶ 

ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʘʤʦʛʦ ʧʨʘʚʦʛʦ ʢʦʨʥʷ ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦʪ ʧʦʣʠʥʦʤ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ 

ʧʦʣʠʥʦʤʳ ʪʨʝʪʴʝʛʦ  

( ) (1)

1 1 1 3det 0lè ø+ - =ê úA B K E ,  

ʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʦʚ 

( ) (2)

2 2 2 6det 0lè ø+ - =ê úA B K E ,  

ʷʚʣʷʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʧʦʣʠʥʦʤʘʤʠ ʧʝʨʚʦʡ (4.11) ʠ ʚʪʦʨʦʡ 

ʧʦʜʩʠʩʪʝʤ (4.12) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʜʝʩʴ 3E  ʠ 6E  - ʝʜʠʥʠʯʥʳʝ ʤʘʪʨʠʮʳ ʪʨʝʪʴʝʛʦ 

ʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʠʥʦʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 2J , 2t. ɺʳʙʝʨʝʤ ʠʭ 

ʪʘʢ, ʯʪʦʙʳ ʵʪʦʪ ʧʦʣʠʥʦʤ ʠʤʝʣ ʪʨʝʭʢʨʘʪʥʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ 
(1)l a=-j , 

1,3=j  ʛʜʝ 0>a  ï ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʣʫʯʘʝʤ 

2

3
t
a
= ,    2 28=J I ,    3 1

0

2

I I

I
a w

-
= .  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʚʦʡ ʧʦʜʩʠʩʪʝʤʳ (4.11) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʦʤʝʥʪʘʤʠ 

ʠʥʝʨʮʠʠ ʂɸ ʠ ʚʳʩʦʪʦʡ ʝʛʦ ʦʨʙʠʪʳ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧ. 1.3 ʧʘʨʘʤʝʪʨʦʚ ʂɸ 

ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʧʦ ʆʨʙʠʪʝ II  (ʧ. 1.4) ʠʤʝʝʤ 

0w=1.125Ā10
-3 ʩ-1, a= 9.73Ā10-4 ʩ-1, 2t= 3084 ʩ, 2J = 88000 ʢʛȚʤ2. 

ʇʦʣʠʥʦʤ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʩʦʜʝʨʞʠʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 1t, 1J  ʠ 3t, 3J . ʉ 

ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (4.8) ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ (4.12) 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 
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      ( ) 0
1 2 1

0

0 4
w

å õ
< < - +æ ö

ç ÷

H
J I I , 0

3 2 3

0

0
w

å õ
< < - +æ ö

ç ÷

H
J I I .                             (4.13) 

ʇʨʠʥʷʚ ʟʥʘʯʝʥʠʝ 0H = 5 ʅȚʤȚʩ ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ 1J , 3J  ʚ ʚʠʜʝ 

( ) 0
1 2 1

0

1
4

2 w

å õ
= - + =æ ö
ç ÷

H
J I I 19222 ʢʛȚʤ2, 0

3 2 3

0

1

2 w

å õ
= - + =æ ö
ç ÷

H
J I I 2322 ʢʛȚʤ2. 

ʇʨʠʤʝʤ ʟʥʘʯʝʥʠʷ 1 1 1/t c= =J 4805 ʩ, 3 3 3/t c= =J 2322 ʩ, ʛʜʝ 1c=4 ʅȚʤȚʩ, 

3c=1 ʅȚʤȚʩ. ʂʦʨʥʠ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʵʪʦʤ ʨʘʚʥʳ  

(2) 4 3 1

1,2 1.37 10 2.0 10 ʩl - - -=- Ö ° Öi ,  

(2) 4 5 1

3,4 1.37 10 3.7 10 ʩl - - -=- Ö ° Öi , 

(2) 4 3 1

5,6 8.61 10 1.4 10 ʩl - - -=- Ö ° Öi . 

ʉʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ a= 1.37Ā10-4 ʩ-1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ iJ , ti , 

1,3=i  ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ (1.8), (4.1), (4.2) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.7). 

 

4.1.4 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʷ  

ʇʦʢʘʞʝʤ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʛʠʨʦʩʠʩʪʝʤʳ (4.10) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ, 

ʙʣʠʟʢʫʶ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʯʠʩʣʠʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.8), 

(4.1), (4.2) (4.10) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 0)0()0()0( === bdg , 2(0) 0=H ,

1 3(0) (0)= =H H 5 ʅȚʤȚʩ ʠ  

        1 2 0 3(0) (0) (0) 0.01w w w w= - = =  Á/c                                 (4.14) 

ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 140 ʩʫʪʦʢ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ ʫʢʘʟʘʥʳ ʚ ʧ. 1.3, ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʆʨʙʠʪʳ II . ɿʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʧʨʠʥʷʪʳ ʢʘʢ ʚ 

ʧ. 4.1.3. ʅʘ ʨʠʩ. 4.1 ï 4.4 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ 

,g d, b, ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wi , 1,3=i , ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ iH  
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ʠ ʝʛʦ ʤʦʜʫʣʷ | |H , ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪ ib  ʠ ʤʦʜʫʣʷ | |b  ʚʝʢʪʦʨʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

ʅʘ ʛʨʘʬʠʢʘʭ ʥʝ ʧʦʢʘʟʘʥ ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʩʫʪʢʠ, ʩʦʜʝʨʞʘʱʠʡ 

ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (4.14) ʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʩʪʦʡʯʠʚʫʶ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʙʣʠʟʢʫʶ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ, ʠ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ.  

ʀʟ-ʟʘ ʚʳʙʨʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ ʥʘ ʨʠʩ. 4.1 ï 4.4 ʥʝ ʚʠʜʥʳ ʢʦʣʝʙʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʩ ʯʘʩʪʦʪʘʤʠ ʢʨʘʪʥʳʤʠ 
0w, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʠ ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʦʨʙʠʪʳ. ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʝ [47] ʛʜʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 6 ʩʫʪʦʢ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʧʦʜʦʙʥʳʤ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 4.1 ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ 

ʩʤʝʱʝʥʠʝ ʫʛʣʘ dº0.8Á ʚʳʟʚʘʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ, ʟʘʚʠʩʷʱʠʤ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ʂɸ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ 

ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʧʨʝʮʝʩʩʠʠ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ~5 Á/ʩʫʪ. ɿʘ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ ʧʨʠʤʝʨʥʦ 70 ʩʫʪʦʢ, ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʫʛʣʘ d ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0.1 ʜʦ 1.5Á. ʇʦʩʢʦʣʴʢʫ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʂɸ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ g, d, b ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 4.1 ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʚʥʦʚʝʩʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʂɸ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʦʚ 

[162] (ʩʤ. ʛʣʘʚʫ 3). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ 0d ʟʥʘʯʝʥʠʷ ʫʛʣʘ d 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

( )

2

0 E
0 2 2
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ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ (1.8), (4.1) ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.7). ʇʨʠ ʫʢʘʟʘʥʥʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʫʩʣʦʚʠʷ, ʯʪʦ ʮʝʥʪʨ ʤʘʩʩ ʂɸ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʨʘʜʠʫʩʘ 0 E= +r R R  
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ʥʝʠʟʤʝʥʥʦʡ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʨʙʠʪʝ ʂɸ [142]. ɿʜʝʩʴ E=R 6378.14 ʢʤ ï ʨʘʜʠʫʩ 

ɿʝʤʣʠ ʧʨʠʥʠʤʘʝʤʦʡ ʩʬʝʨʦʡ, 0R  ï ʚʳʩʦʪʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʂɸ. ɺ ʪʘʙʣ. 2 

ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ 0d ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 0R . 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 0R  ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ra  ʙʳʣʠ ʚʟʷʪʳ ʠʟ ɻʆʉʊ 

ʈ 25645.166-2004 ʜʣʷ 2 1
10.7 150ɺʪ ʤ ɻʮ- -= Ö ÖF . 

 

    ʊʘʙʣʠʮʘ 2. 

   0R , ʢʤ 400 420 440 

   ra , ʢʛ/ʤ3 
3.02Ț10-12 2.11Ț10-12 1.48Ț10-12 

   0d, ʛʨʘʜ 1.101 0.801 0.580 

 

ʅʘ ʨʠʩ. 4.3 ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʳ 2H  ʠ ʤʦʜʫʣʷ | |H  ʚʝʢʪʦʨʘ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ 

0 5ʅ ʤ ʩ= Ö ÖH  ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.10). ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ (4.13) 

ʚʝʣʠʯʠʥʘ 0H  ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1J , 3J , 

ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ 0H , ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ 

ʚʳʙʦʨʝ ʟʥʘʯʝʥʠʷ 0H  ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʭʝʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʂɸ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʛʠʨʦʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʢʘʞʜʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʥʝ ʧʨʠʙʣʠʞʘʣʩʷ ʢ 

ʩʚʦʝʤʫ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʩʤ. ʛʣʘʚʫ 6).  

ʅʘ ʨʠʩ. 4.4 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ | |b  ʥʝ 

ʧʨʝʚʳʰʘʝʪ 4.1Ț10-6 ʤ/ʩ2 ʠ ʦʙʣʘʩʪʴ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ b  ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ. ʂʘʢ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʟʥʘʯʝʥʠʝ | |b  < 10-5 ʤ/ʩ2 ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʅʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ b  ( )1| | | |ºb b  

ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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4.1.5 ʆʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.10) ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʚʝʣʠʯʠʥʳ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 0H . ʆʙʦʟʥʘʯʠʤ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

(4.7) ʧʨʠ 0 0=H  ʢʘʢ (4.7ǋ). ʊʦʛʜʘ ʤʦʤʝʥʪ M c, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʛʠʨʦʩʠʩʪʝʤʳ ʥʘ ʢʦʨʧʫʩ ʂɸ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (4.7ǋ), ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

          0 2( )w w=- - +M ɤ e Hc hK K ,                                          (4.15)  

ʛʜʝ 
( ) 3

, 1( )ww == ij i jK k , 
( ) 3

, 1( ) == h
h ij i jK k , 

( )w
ijk , 

( )h
ijk , , 1,3=i j  ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʉʠʩʪʝʤʫ (4.2), (4.3), (4.15), ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʰʝʥʠʷ (4.7ǋ), 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ 

      ( )3 3 3 3 3 3= +x xA B Kʉ , ( )
T

3 2 0 2, ,w w d= -x H ,                               (4.16)  

( )2

0 1 3 2

3

0 3 0

1 0 0

0 0 0

wå õ-
æ ö
=æ ö
æ ö
ç ÷

I I I

A , ( )
T

3 21 ,0, 1= -B I ,  

( )3 diag 1,0,1=C , ( )( ) ( )
3 22 22,0,= -ɤ hK k k , 

 

            ( )4 4 4 4 4 4= +x xA B K C , ( )
T

4 1 3 1 3, , , , ,w w g b=x H H ,                  (4.17)  

T

1

4

3

1 0 0 0 1 0

0 1 0 0 0 1

-å õ
=æ ö

-ç ÷

I
B

I
, ( )4 diag 1,1,0,0,1,1=C ,  

( )

( ) ( )
0 2 3 1

2
0 1 2 3 0 1 2 3

0
4

0

0

0

0 0 0 0 0

0 0 3 0 0

1 0 0 0 0

0 1 0 0 0

0 0 0 0 0

0 0 0 0 0

w

w w

w

w

w

w

å õ-
æ ö

- -æ ö
æ ö-
=æ ö
æ ö
æ ö-
æ ö
æ ö
ç ÷

I I I

I I I I I I

A , 
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( ) ( ) ( ) ( )
11 13 11 13

4 ( ) ( ) ( ) ( )
31 33 31 33

0 0

0 0

å õ- -
=æ ö
æ ö- -ç ÷

ɤ ɤ h h

ɤ ɤ h h

k k k k
K

k k k k
. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʧ. 4.1.3 ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮ 3K , 3ʉ, 4K , 4ʉ  

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʂɸ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

( ) ( ) ( ) ( )
12 21 23 32 0= = = =ɤ ɤ ɤ ɤk k k k  ʠ 

( ) ( ) ( ) ( )
12 21 23 32 0= = = =h h h hk k k k . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( )
22
ɤk  ʠ ( )

22
hk . ɺʳʙʝʨʝʤ ʠʭ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧ. 4.1.3, ʯʪʦʙʳ ʵʪʦʪ 

ʧʦʣʠʥʦʤ ʠʤʝʣ ʪʨʝʭʢʨʘʪʥʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ 
(3)l a=-j , 1,3=j  ʛʜʝ 

0>a  ï ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʣʫʯʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

( )

22
3

a
=hk ,    ( ) 2

22

8

3

a
=ɤ

I
k ,    3 1

0

2

a w
-

=
I I

I
.  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ: 
( )

22

hk = 3.24Ā10-4  ʩ-1, 
( )

22

ɤk = 28.8 ʅȚʤȚʩ.  

 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʢʘʢ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ [147] ʚ ʚʠʜʝ 

1 T
4 4

-=-K S B P, ʛʜʝ 6 6³ÍP  ï ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ  

       T 1 T T
4 4 4 4 4 4 0-+ - + =PA A P PB S B P C RC .                                       (4.18) 

ɿʜʝʩʴ 6 6³ÍR  ʠ 2 2³ÍS  ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʳʙʨʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʪʦʨʳʭ ( )7diag 1,5 10 ,0,0,100,1= ÖR , 

( )diag 1,1=S  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  

( )
11
ɤk = 1042.76 ʅȚʤȚʩ, ( )

13
ɤk = -1271.81 ʅȚʤȚʩ, ( )

11
hk = 9.60 ʩ

1-
, ( )

13
hk = 0.12 ʩ

1-
, 

( )
31
ɤk = 6620.91 ʅȚʤȚʩ, ( )

33
ɤk = -3709.13 ʅȚʤȚʩ, ( )

31
hk = -2.55 ʩ

1-
, ( )

33
hk = 1.54 ʩ

1-
. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʡ 

ʩʪʝʧʝʥʠ 

(4)
1,2l = -1.03Ā10

4-
 Ñ 2.10Ā10

3- i  ʩ
1-
, 

(4)
3,4l = -1.14Ā10

3-
 Ñ 4.72Ā10

4- i  ʩ
1-
,  
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(4)
5l = -1.20 ʩ1- , 

(4)
6l = -10.00 ʩ1- . 

ʉʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ a= 1.03Ā10-4 ʩ-1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.15)  ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 
( )w
ijk , 

( )h
ijk , , 1,3=i j  ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ (1.8), (4.1), 

(4.2) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.7ǋ). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ R ʠ S, ʢʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤʠ. ʇʨʠʤʝʥʷʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [147], ʚʝʨʦʷʪʥʦ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʦʣʴʰʠʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ 

ʷʚʣʷʝʪʩʷ ʪʝʤʦʡ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.15)  ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.10), ʚ ʢʦʪʦʨʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʘʛʘʝʤʦʝ ³H ɤ, ʟʥʘʯʝʥʠʝ 

0 0=H  ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 1Ĕ
w

-=K T J , 

1Ĕ-=hK T . ʇʦʵʪʦʤʫ 3 1=A A , 3 1=B B , 4 2=B B  ʠ ʤʘʪʨʠʮʳ 4A , 2A  ʠʤʝʶʪ ʧʦʭʦʞʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺʚʝʜʝʥʠʝ ʥʦʚʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ (4.16), (4.17) ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4.18). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (4.10), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

(1.8), (4.1), (4.2) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.7) ʪʘʢʞʝ ʤʦʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʨʠʮ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (4.12). 

ʇʦʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
( )w
ijk , 

( )h
ijk , , 1,3=i j   

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ (4.15)  ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ, ʙʣʠʟʢʫʶ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʚʳʯʠʩʣʠʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.8), (4.1), (4.2) (4.15) ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ 0)0()0()0( === bdg , 1 2 3(0) (0) (0)= = =H H H 0 ʠ (16) ʥʘ ʠʥʪʝʨʚʘʣʝ 
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ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ. ʅʘ ʨʠʩ. 4.5 ï 4.7 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʫʛʣʦʚ g, d, b, ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wi , 1,3=i , ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ iH  ʠ ʝʛʦ ʤʦʜʫʣʷ | |H . ʅʘ ʛʨʘʬʠʢʘʭ ʥʝ ʧʦʢʘʟʘʥ ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʩʫʪʢʠ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ 

ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (4.14). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.15) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʦʨʙʠʪʘʣʴʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʠ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʅʘ 

ʨʠʩ. 4.5 ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʫʛʣʘ d, ʘ ʪʘʢʞʝ ʝʛʦ 

ʧʦʩʪʦʷʥʥʦʝ ʩʤʝʱʝʥʠʝ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʧ. 4.1.4, ʥʘ ʨʠʩ. 4.1. ʆʪʩʫʪʩʪʚʠʝ ʚ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ (4.15) 

ʩʣʘʛʘʝʤʦʛʦ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 0H , 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʛʣʦʚʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ, ʝʛʦ 

ʘʙʩʦʣʶʪʥʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠ ʥʘ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʝʛʦ ʙʦʨʪʫ, 

ʨʘʟʥʠʮʘ ʚʠʜʥʘ ʪʦʣʴʢʦ ʥʘ ʛʨʘʬʠʢʘʭ ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʅʘ ʨʠʩ. 4.7 

ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.15) ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ 2H  ʠ ʤʦʜʫʣʷ | |H . 

ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʢʦʣʝʙʘʥʠʷ ʚʝʣʠʯʠʥ g, d, b, wi , ih , 1,3=i  ʠ | |H  ʧʨʦʠʩʭʦʜʷʪ 

ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 0w, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʣʠʷʥʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ vr vac . 

 

4.1.6 ʆʨʙʠʪʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (4.5) ʩʠʩʪʝʤʳ (4.3), ʢʦʪʦʨʦʝ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚ 1 3 2I I I< <  ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʟʘʜʘʜʠʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʛʠʨʦʩʠʩʪʝʤʦʡ 

ʚ ʚʠʜʝ 
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  ( )( ) ( )3 2 3 2 0 2q w wè ø=- ³ + ³ - - +ê úM E e e E ɤ E Hc hK K K ,                   (4.19) 

ʛʜʝ 
( ) 3

, 1( )qq == ij i jK k , 
( ) 3

, 1( )ww == ij i jK k , 
( ) 3

, 1( ) == h
h ij i jK k , 

( )q
ijk , 

( )w
ijk , 

( )h
ijk , , 1,3=i j  ï 

ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4.3), (4.19) ʜʦʧʫʩʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ  

          2g d p=- = , 0b= , 1 2 3 0 0w w w w= = + =, 1 2 3 0= = =H H H .      (4.20) 

ʕʪʦ ʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʩʠʩʪʝʤʳ 1 2 3Ox x x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ (4.5). 

ʉʠʩʪʝʤʫ (4.2), (4.3), (4.19), ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʰʝʥʠʷ 

(4.20), ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʩʠʩʪʝʤ ʪʨʝʪʴʝʛʦ ʠ ʰʝʩʪʦʛʦ 

ʧʦʨʷʜʢʘ 

              ( )5 5 5 5 5= +x xA B K , ( )
T

5 3 0 3, 2,w w d p= + +x H ,                       (4.21)  

( )2

0 1 2 3

5

0 3 0

1 0 0

0 0 0

wå õ-
æ ö
= -æ ö
æ ö
ç ÷

I I I

A , ( )
T

5 31 ,0, 1= -B I , ( )( ) ( ) ( )
5 33 33 33, ,q= -ɤ hK k k k , 

 

           ( )6 6 6 6 6= +x xA B K , ( )
T

6 1 2 1 2, , 2, , ,w w g p b= -x h h ,                (4.22)  

( ) ( )

( )

2
0 3 2 1 0 3 2 1

0 1 3 2

0
6

0

0

0

0 3 0 0 0

0 0 0 0 0

1 0 0 0 0

0 1 0 0 0

0 0 0 0 0

0 0 0 0 0

w w

w

w

w

w

w

å õ- - -
æ ö

-æ ö
æ ö-
=æ ö
æ ö
æ ö-
æ ö
æ ö
ç ÷

I I I I I I

I I I

A , 

T

1

6

2

1 0 0 0 1 0

0 1 0 0 0 1

-å õ
=æ ö

-ç ÷

I
B

I
,  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
11 12 11 0 12 12 0 11 11 12

6 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
21 22 21 0 22 22 0 21 21 22

2

2

q q

q q

w w

w w

å õ- - - - - +
=æ ö
æ ö- - - - - +ç ÷

ɤ ɤ ɤ ɤ h h

ɤ ɤ ɤ ɤ h h

k k k k k k k k
K

k k k k k k k k
. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʦʡ ʚʠʜ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (4.21), (4.22), ʘ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮ 5K , 6K , ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ 
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ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʥʝʣʴʟʷ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ. ɿʜʝʩʴ 
( ) ( ) ( ) ( )
13 23 31 32 0q q q q= = = =k k k k , 

( ) ( ) ( ) ( )
13 23 31 32 0= = = =ɤ ɤ ɤ ɤk k k k  ʠ 

( ) ( ) ( ) ( )
13 23 31 32 0= = = =h h h hk k k k . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( )
33
qk , ( )

33
ɤk  ʠ ( )

33
hk . ɺʳʙʝʨʝʤ ʠʭ ʢʘʢ ʠ ʚʳʰʝ, ʯʪʦʙʳ ʵʪʦʪ ʧʦʣʠʥʦʤ 

ʠʤʝʣ ʪʨʝʭʢʨʘʪʥʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ (5)l a=-j , 1,3=j  ʛʜʝ 0>a  ï ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʣʫʯʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

( )

3
( ) 3
33 2

0 1 23

a

w
=

-

h I
k

I I
, ( )( ) ( )

33 3 333w a= -hk I k , ( )( )( ) 2

33 3 0 1 23q a w= - -k I I I .  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʂɸ ʟʘʜʘʜʠʤʩʷ ʟʥʘʯʝʥʠʝʤ a=5.0Ț10-3 ʩ-1, ʪʦʛʜʘ   

( )

33

hk = -4.267Ā10-2 ʩ-1, 
( )

33

ɤk = 628.648 ʅȚʤȚʩ, 
( )

33

qk = 0.849 ʅȚʤ. 

ʂʘʢ ʠ ʚ ʧ. 4.1.5, ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 1 T
6 6

-=-K S B P, ʛʜʝ 6 6³ÍP  ï ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ 

T 1 T
6 6 6 6 0-+ - + =PA A P PB S B P R . ɿʜʝʩʴ 6 6³ÍR  ʠ 2 2³ÍS  - ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʳʙʨʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʢʦʪʦʨʳʭ ( )diag 1,1,0.01,1,0.01,1=R , ( )diag 1,1=S  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ  

( )
11
wk = 701.26 ʅȚʤȚʩ, ( )

12
wk = -554.17 ʅȚʤȚʩ, ( )

11
qk = 0.19 ʅȚʤ, ( )

12
qk = -0.30 ʅȚʤ, 

( )
11

hk = -0.17 ʩ
1-
, ( )

12
hk = 0.05 ʩ

1-
, 

( )
21
wk = 117.55 ʅȚʤȚʩ, ( )

22
wk = 128.15 ʅȚʤȚʩ, ( )

21
qk = 0.02 ʅȚʤ, ( )

22
qk = 0.09 ʅȚʤ, 

( )
21
hk = -0.04 ʩ

1-
, ( )

22
hk = 0.99 ʩ

1-
. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʡ 

ʩʪʝʧʝʥʠ 

(6)
1,2l = -8.40Ā10

5-
 Ñ 1.11Ā10

3- i  ʩ
1-
, 

(6)
3,4l = -6.52Ā10

4-
 Ñ 1.47Ā10

4- i  ʩ
1-
,  
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(6)
5l = -9.83Ā10

2-
 ʩ1- , (6)

6l = -1.00 ʩ1- . 

ʉʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ a= 8.40Ā10-5 ʩ-1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.19)  ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 
( )q
ijk  

( )w
ijk , 

( )h
ijk , , 1,3=i j  ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ (3), 

(4.2) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.20) . 

ʇʦʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
( )q
ijk  

( )w
ijk , 

( )h
ijk , 

, 1,3=i j  ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ (4.19)  

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʂɸ, ʙʣʠʟʢʫʶ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʥʝʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʯʠʩʣʠʤ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ (1.8), (4.1), (4.2), (4.19) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (0) 0b = , 

(0) (0) 2g d p=- = , 1 2 3 0(0) (0) (0) 0.01w w w w= = + =  Á/c, 1 2 3(0) (0) (0) 0= = =H H H

ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ. ʅʘ ʨʠʩ. 4.8 ï 4.10 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ g, d, b, ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wi , 1,3,=i  

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ iH  ʠ ʝʛʦ ʤʦʜʫʣʷ | |H . ʅʘ ʛʨʘʬʠʢʘʭ ʥʝ ʧʦʢʘʟʘʥ 

ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʩʫʪʢʠ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.19) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʩʪʦʡʯʠʚʫʶ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʠ ʛʠʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʅʘ ʨʠʩ. 4.8 ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚ g, b ʚʳʟʚʘʥʦ ʦʩʪʘʪʦʯʥʳʤ ʚʣʠʷʥʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʩʫʪʦʢ ʧʦʣʝʪʘ ʂɸ. ɿʜʝʩʴ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʢʦʣʝʙʘʥʠʷ ʚʝʣʠʯʠʥ g, d, b, wi , iH , 1,3=i  ʠ | |H  ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʩ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 0w . 

 

4.1.7 ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 

ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʂɸ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (4.10), ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 
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ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʦʜʫʣʝʡ ʚʝʢʪʦʨʦʚ ba , bg  ʠ b . ʏʘʩʪʦʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʷʚʰʝʛʦʩʷ ʧʦ ʩʭʝʤʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧ. 1.6.  

ʅʘ ʨʠʩ. 4.11 ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ( )baA f , ( )bgA f , ( )bA f  ʚʝʣʠʯʠʥ 

| |ba , | |bg  ʠ | |b  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʝʢʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0 

ʜʦ 0.001 ɻʮ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ h =10 ʩ ʠ N = 6.048Ț106. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ b  ʥʘ ʙʦʨʪʫ ʂɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʢʦʥʘ (4.10) ʚʥʦʩʠʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ba  ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʯʘʩʪʦʪʦʡ 

4

0 0 2 1.79 10w p -= º Öf  ɻʮ. ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʳʟʚʘʥʳ ʚʣʠʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. 

ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʚʝʣʠʯʠʥ | |ba  ʠ | |b  ʥʘ 

ʯʘʩʪʦʪʝ 
4

02 3.58 10-º Öf  ɻʮ, ʦʜʥʘʢʦ ʪʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʱʝʤ ʫʨʦʚʥʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ b, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʂɸ.  

ʅʘ ʨʠʩ. 4.4 ʚʠʜʥʦ, ʯʪʦ 
6| | 4.  1 10-< Öb  ʤ/c2, ʦʙʣʘʩʪʴ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ b  

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʠ ʢʦʣʝʙʘʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʚʝʩʴʤʘ 

ʤʝʜʣʝʥʥʦ ï ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʫʩʣʦʚʠʷ ʥʘ ʙʦʨʪʫ ʂɸ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  
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ʈʠʩ. 4.11. ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

 

4.2 ʋʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ 

ɺʳʰʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʛʠʨʦʩʠʩʪʝʤʳ ʨʝʞʠʤʘ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʙʣʠʟʢʦʡ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʫʩʪʦʡʯʠʚʦʡ. ʇʦʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʣʠʯʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. 
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4.2.1 ʋʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʯʠʪʘʝʤ ʪʚʝʨʜʳʤ ʪʝʣʦʤ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʛʦ 

ʜʚʠʞʝʪʩʷ ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ 

ʧʦʜʩʠʩʪʝʤ (ʩʤ. ʧ. 1.3). ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ 

ʢʚʘʪʝʨʥʠʦʥʘ ʦʨʠʝʥʪʘʮʠʠ (1.9). ɺ ʫʨʘʚʥʝʥʠʷʭ ʕʡʣʝʨʘ ʫʯʠʪʳʚʘʶʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ M g  (1.5) ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪʳ M a  (1.6), ʘ ʪʘʢʞʝ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ M m (1.7), ʩʦʟʜʘʚʘʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʩ 

ʄʇɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ  

            Ĕ Ĕ+ ³ = + +
ɤ
ɤ ɤ M M Mg a m

d
I I

dt
.                                      (4.23) 

ʏʪʦʙʳ ʟʘʤʢʥʫʪʴ ʧʦʜʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʢ ʥʠʤ ʥʘʜʦ 

ʜʦʙʘʚʠʪ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ L  ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʚʭʦʜʷʱʝʛʦ ʚ ʚʳʨʘʞʝʥʠʝ (1.7). 

 

4.2.2 ʈʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʏʪʦʙʳ ʧʦʷʩʥʠʪʴ ʟʘʢʦʥ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʫʨʘʚʥʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʪʦʣʴʢʦ ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ. ɸ ʠʤʝʥʥʦ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʨʙʠʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ 

ʢʨʫʛʦʚʘʷ ʠ ʥʝʠʟʤʝʥʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʤʝʝʪ ʨʘʜʠʫʩ  ʠ ʥʘʢʣʦʥʝʥʠʝ 

; ʥʘ ʂɸ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, 

ʩʦʟʜʘʚʘʝʤʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ; ʤʦʜʝʣʴ ʄʇɿ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʡ 

ʜʠʧʦʣʴ (ʩʤ. ʧ. 1.2). ʋʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʪʘʢʦʛʦ ʂɸ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

   
2

1 1 2 3 2 3 0 32 33 2 3 3 2( )( 3 )w ww w= - - + -I I I u u L B L B ,                      (4.24) 

2
2 2 3 1 1 3 0 31 33 3 1 1 3( )( 3 )w ww w= - - + -I I I u u L B L B , 

2
3 3 1 2 1 2 0 31 32 1 2 2 1( )( 3 )w ww w= - - + -I I I u u L B L B , 

( )1 2 3tg cos sing w b w g w g= - - , 2 3
0

cos sin

cos

w g w g
d w

b

-
= - , 

r

i
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2 3sin cosb w g w g= + ,  

3

1=

=äi Xi ji

j

B B u , 1,3=i , 0w=u . 

ɿʜʝʩʴ T
1 2 3( , , )=L L L L , T

1 2 3( , , )=BX X X XB B B , ʚʳʨʘʞʝʥʠʷ ʜʣʷ XiB , 1,3=i , 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧ. 1.2, ʘ ʚʝʣʠʯʠʥʳ 3iu  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ g, d ʠ b ʧʦ 

ʬʦʨʤʫʣʘʤ (1.1). 

ʇʨʠ 0=L  ʫʨʘʚʥʝʥʠʷ (4.24) ʘʚʪʦʥʦʤʥʳ ʠ ʜʦʧʫʩʢʘʶʪ 24 ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʰʝʥʠʷ [154]. ʅʠʞʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʯʝʪʳʨʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

sin sin 0g d b= = =,    1 3 0w w= =,    2 0cosw w g= .               (4.25) 

ʕʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʥʠʭ ʦʩʠ  ʠ  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ  ʠ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʙʦʨ ʟʥʘʢʦʚ ʟʜʝʩʴ ʧʨʦʠʟʚʦʣʝʥ. ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʃʷʧʫʥʦʚʫ ʨʝʰʝʥʠʡ (4.25) ʚʳʨʘʞʘʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ [154]: 

. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧ. 1.3 ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 

ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ. ʈʝʰʝʥʠʷ (4.25) ʨʝʘʣʠʟʫʶʪ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʧʨʦʩʪʝʡʰʝʡ ʩʠʪʫʘʮʠʠ.  

ʀʟ-ʟʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʨʙʠʪʳ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠ ʜʨ.) ʩʠʩʪʝʤʘ (1.9), (4.23) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ, ʪʦʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʷʤ (4.25). ʅʦ ʦʥʘ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷ (4.25) ʚʳʧʦʣʥʝʥʳ ʧʨʠʙʣʠʞʝʥʥʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʝ ʦʯʝʥʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ. ɼʚʠʞʝʥʠʷ ʂɸ, ʦʧʠʩʳʚʘʝʤʳʝ ʪʘʢʠʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʩʠʪʫʘʮʠʠ, 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʡ (4.25) ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʪ.ʝ. ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ), ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ (1.7), 

ʩʦʟʜʘʚʘʝʤʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ. 
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4.2.3 ʋʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ [156] 

,                                               (4.26) 

ʛʜʝ  ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, u  ï ʫʧʨʘʚʣʝʥʠʝ, ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʦʠʪ 

ʫʩʪʘʥʦʚʠʪʴ. ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (4.26) ʚ ʬʦʨʤʫʣʫ (1.7), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 

ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ, 

       
2

( )

| |

k
k

Ö
=- +

u B
M u B

B

u
m u

.                                       (4.27) 

ɽʩʣʠ ʚ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʦʪʙʨʦʩʠʪʴ ʩʣʘʛʘʝʤʦʝ , ʪʦ ʦʥʘ 

ʧʝʨʝʡʜʝʪ ʚ ʬʦʨʤʫʣʫ 

      k=-M um u ,                                                  (4.28) 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʙʳ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʢʦʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ʉʣʘʛʘʝʤʦʝ  ʩʫʞʘʝʪ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʝʩʣʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʚʠʪʦʢ ʠ ʙʦʣʝʝ, ʪʦ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʤʦʞʥʦ ʥʠʚʝʣʠʨʦʚʘʪʴ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʟʜʝʩʴ ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ʂɸ. 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʧʦʩʪʨʦʠʤ ʠʩʭʦʜʷ ʠʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʆʙʦʙʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʷʤʠ (4.24) ʚ ʩʣʫʯʘʝ 0=L , ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [154] 

( )
3

2 2 2
0 2 0 3

1

1
2 3

2
w ww w

=

= - +ä i i i i i

i

E I u u , 

ʘ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ (4.24) ʠʤʝʝʪ ʚʠʜ 

( )0 2wè ø= Ö ³ -ê úL B ɤ EE . 

ʇʨʠ  ʦʙʦʙʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʥʪʝʛʨʘʣʦʤ ʫʨʘʚʥʝʥʠʡ (4.24). 

ʕʪʦʪ ʠʥʪʝʛʨʘʣ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ [154] ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʧʨʠ 

2||B
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (4.25). ʅʘ ʵʪʠʭ ʨʝʰʝʥʠʷʭ ʠ 

ʪʦʣʴʢʦ ʥʘ ʥʠʭ  ʜʦʩʪʠʛʘʝʪ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʨʘʚʥʦʛʦ 

. 

ʇʨʠʤʝʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ (4.26), ʚʟʷʚ 

  0 2w= -u ɤ E.                                              (4.29) 

ʉʠʩʪʝʤʘ (4.24), (4.26), (4.29) ʜʦʧʫʩʢʘʝʪ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 24 ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʰʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

( )
2

0 22| |

k
w=- - ³ɤ E B

B

uE
. 

ɺ ʩʠʣʫ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ  ʦʙʦʙʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʂɸ ʫʙʳʚʘʝʪ. ɼʣʷ ʧʦʯʪʠ ʚʩʝʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʪʦ ʫʙʳʚʘʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʣʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (4.25). ʕʪʠ ʨʝʰʝʥʠʷ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ. ʆʩʪʘʣʴʥʳʝ 20 ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

(4.24), (4.26), (4.29) ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳ, ʠ ʚ ʥʠʭ min.>E E  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.29) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʨʝʞʠʤʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. 

ʉʪʨʦʛʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʜʝʣʘʥʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʤʳ 14.1 

ʠ 15.1 ʤʦʥʦʛʨʘʬʠʠ [166], ʫʩʣʦʚʠʷʤ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʘ (4.24), (4.26), 

(4.29). ʅʘʜʦ ʪʦʣʴʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ  ʚ ʨʘʩʰʠʨʝʥʥʦʤ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ (4.24) ʧʨʠ  ʥʝ ʩʦʜʝʨʞʠʪ ʝʝ ʮʝʣʳʭ 

ʧʦʣʫʪʨʘʝʢʪʦʨʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (4.25). ʇʨʦʚʝʨʢʫ 

ʵʪʦʛʦ ʬʘʢʪʘ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʘʥʘʣʠʟʫ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɿʘʢʦʥ (4.29) ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʩ ʜʨʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʉʦʟʜʘʚʘʝʤʳʡ ʧʦ 

ʵʪʦʤʫ ʟʘʢʦʥʫ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ M m ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ (4.28) 

0 2( )k w=- -M ɤ Em u . 

ɽʩʣʠ ʵʪʦʪ ʤʦʤʝʥʪ ʧʦʜʩʪʘʚʠʪʴ ʚ ʫʨʘʚʥʝʥʠʷ (4.24) ʚʤʝʩʪʦ ʤʦʤʝʥʪʘ ³L B, ʪʦ 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʩ ʧʨʦʠʟʚʦʜʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʵʥʝʨʛʠʠ 
2
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ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ (4.25) ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩ 

ʧʦʣʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ, ʠ ʵʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʤʠ. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 0g d= = ʠʤʝʝʤ 

T( , , )k g d b=-M m u . ʇʨʠ ʧʦʜʭʦʜʷʱʝʤ ʚʳʙʦʨʝ ku  ʪʘʢʦʡ ʤʦʤʝʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ʋʯʝʪ ʦʪʙʨʦʰʝʥʥʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ  ʚ ʬʦʨʤʫʣʝ (4.27) ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʥʦ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʥʘʢʣʦʥʝʥʠʷ 

ʦʨʙʠʪʳ ʂɸ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʝ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (4.25) ʤʦʪʠʚʠʨʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.29) ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1.9), 

(4.23), ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ 

(1.9), (4.23), (4.26) ʚ ʟʘʢʦʥʝ (4.29) ʩʣʝʜʫʝʪ ʚʟʷʪʴ  
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³ + ³
=

r v ɤ r
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ʛʜʝ T
E E 31 32 33( , , )w=ɤ w w w  ( T

E E(0,0, )w=ɤ  ʚ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʅʠʞʝ 

ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ 0w  ʦʧʨʝʜʝʣʝʥʘ ʚʳʧʠʩʘʥʥʦʡ ʬʦʨʤʫʣʦʡ. ɼʣʷ ʧʦʯʪʠ 

ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʧ. 1.3. ʂɸ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʫʪʦʢ ʤʦʞʥʦ ʚʟʷʪʴ 0 constw = . ʅʘ ʨʝʰʝʥʠʷʭ ʩʠʩʪʝʤʳ (1.9), (4.23), (4.26), (4.29) 

ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ɽ. ɽʝ ʧʨʦʠʟʚʦʜʥʘʷ E  ʙʫʜʝʪ ʪʝʧʝʨʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʣʠʰʴ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ 0 2| |w-ɤ E. ʉ ʫʙʳʚʘʥʠʝʤ ɽ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

0 2w-ɤ E. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʷ ɽ, ʥʝ ʜʦʩʪʠʛʥʫʚ ʤʠʥʠʤʫʤʘ, ʥʘʯʠʥʘʝʪ ʢʦʣʝʙʘʪʴʩʷ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ku  ʙʫʜʝʪ ʙʣʠʟʢʦ ʢ min.E  ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ 

ʩʠʩʪʝʤʳ (1.9), (4.23), (4.26), (4.29) ʙʫʜʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʜʥʦʤʫ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (4.25). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ (4.29) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʂɸ. ɽʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʙʨʘʙʘʪʳʚʘʷ ʥʘ ʙʦʨʪʫ 

ʂɸ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʀʟʚʝʩʪʥʳ 

BBuB )(|| 2 Ö-
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ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ ʂɸ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ (4.25) ʧʨʠ  ʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʚʤʝʩʪʦ (4.29) ʟʘʢʦʥ 

                                               ,                                               (4.30) 

ʧʨʠ  ʥʘʜʦ ʚʟʷʪʴ . ʇʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʦʥʘ (4.30) ʧʝʨʝʜ ʟʘʢʦʥʦʤ 

(4.29) ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦ 

ʚʝʢʪʦʨʘʭ  ʠ . ʕʪʫ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ 

ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʙʝʟ ʩʣʦʞʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

ɺʦʟʤʦʞʥʘ ʝʱʝ ʦʜʥʘ ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ 

ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʚʦʟʴʤʝʤ ʚ ʚʠʜʝ [47, 90] 

,                        (4.31) 

ʛʜʝ ,  ï ʧʦʩʪʦʷʥʥʳʝ ʤʘʪʨʠʮʳ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (4.26), (4.31) 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ. 

ʇʨʦʚʝʨʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ (1.9), (4.23), (4.26) ʩ ʟʘʢʦʥʘʤʠ 

(4.30) ʠ (4.31), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʘʤʠʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʘʥʘʣʠʟʫ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʥʦ ʜʘʣʝʝ ʚ 

ʵʪʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʦʡ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

4.2.4 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ 

ʎʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ 

(4.30) ʠ (4.31) ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʝʛʦ ʚ ʨʝʞʠʤʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ iL , 1,3=i , 

ʚʝʢʪʦʨʘ  ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʪʨʠ 
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ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ [90, 167]. ʀʭ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʳ iL  ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ iOx , 1,3=i , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʤʦʞʥʳʝ 

ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [90, 167]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɸ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʢʘʟʘʥʳ ʚ ʧ. 1.3, ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʆʨʙʠʪʳ I (a).  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ 

() () ()0 0 0 0g d b= = =, () () ()1 2 0 30 0 0 0.01° cw w w w= - = = . 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʂɸ. ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.9), (4.23) ʩ ʪʘʢʠʤʠ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʳʯʠʩʣʷʣʠʩʴ ʥʘ ʦʪʨʝʟʢʝ 6 cʫʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.9), (4.23) ʩ ʫʧʨʘʚʣʝʥʠʝʤ (4.26), (4.30) ʧʨʠ ʟʥʘʯʝʥʠʠ 

= 7.5 ʅÖʤÖʩ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.12 ï 4.14.  ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ g, d, b, ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ iw  ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ iL , 1,3=i . ʅʘ ʨʠʩ. 4.15 ï 4.17 ʧʦʢʘʟʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (1.9), 

(4.23) ʩ ʫʧʨʘʚʣʝʥʠʝʤ (4.26), (4.31) ʧʨʠ ʟʥʘʯʝʥʠʷʭ 7.5k=u  ʅÖʤÖʩ, 1 10,=k 5, 

6, 0.012 , 0.010 , 0.003 . ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʠʟ 

ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʘʥ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ 

ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɻʨʘʬʠʢʠ ʚʝʣʠʯʠʥ ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʧʨʦʮʝʩʩʝ 

ʦʭʚʘʪʳʚʘʶʪ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʧʨʠʤʳʢʘʝʪ ʢ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ 0t=  ʠ 

ʠʤʝʝʪ ʜʣʠʥʫ 3 ʯʘʩʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʘ (4.30) ʠ 6 ʯʘʩʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ (4.31). ɻʨʘʬʠʢʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʦʚ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʜʚʠʞʝʥʠʝ ʂɸ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʠʤʝʶʪ ʤʝʩʪʦ ʢʦʣʝʙʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ ʩ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 0 0 2w p=f . ɺʠʜʥʦ, ʯʪʦ ʦʙʘ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʝʛʦ ʚ ʨʝʞʠʤʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʜʠʧʦʣʴʥʦʛʦ 

uk

2k =

3k = 1k¡= 1c- 2k¡= 1c- 3k¡= 1c-
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ʤʦʤʝʥʪʘ ʢʘʞʜʦʛʦ ʠʟ ʤʘʛʥʠʪʦʚ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʂɸ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ 3 ɸȚʤ2. 

ɺ ʨʘʙʦʪʘʭ [90, 167] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʨʝʞʠʤʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʥʝʧʨʝʨʳʚʥʦ. ɽʩʣʠ 

ʧʦʩʣʝ ʛʘʰʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʨʝʢʨʘʪʠʪʴ, ʪʦ ʨʝʞʠʤ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʫʪʦʢ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʜʦʩʪʠʛʥʝʪ ʥʝʧʨʠʝʤʣʝʤʳʭ 

ʘʤʧʣʠʪʫʜ, ʝʛʦ ʛʘʰʝʥʠʝ ʩʪʦʠʪ ʧʦʚʪʦʨʠʪʴ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʣʘʙʦ ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʙʦʨʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʂɸ, ʧʦʜʦʙʥʦ ʘʧʧʘʨʘʪʫʨʘʤ çʄʠʨʘʞè, çɻʨʘʚʠʪʦʥè ʠ 

çʂʉʂʄè, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʂɸ ʩʝʨʠʡ çʌʦʪʦʥè ʠ çɹʠʦʥè. 

 

4.2.5 ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ɸʥʘʣʠʟ ʨʠʩ. 4.12 ï 4.14 ʠ 4.15 ï 4.17 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʧʦʭʦʞ ʥʘ ʜʚʫʭʯʘʩʪʦʪʥʦʝ ʫʩʣʦʚʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩ ʯʘʩʪʦʪʘʤʠ 0 0 2w p=f  ʠ ɽ ɽ2w p=f . ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʵʪʦʤ ʩʚʦʡʩʪʚʝ, ʧʦʩʪʨʦʠʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ ʥʘʙʦʨʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ ʙʣʠʟʢʠʤʠ ʢ 0f . ʀʩʧʦʣʴʟʫʝʤ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʪ.ʝ. ʥʘ 

ʢʘʞʜʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʚʠʪʢʝ ï ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʭʦʞʜʝʥʠʷʤʠ 

ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ï ʧʦʩʪʨʦʠʤ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ (ʩʤ. ʧ. 2.4). ʋʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʚʦʟʴʤʝʤ ʚ ʚʠʜʝ (1.9), 

(4.23) ʧʦʣʦʞʠʚ ʚ (1.9) ɽ 0w =  ʠ ʧʨʠʥʷʚ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʠ 

ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ O  ʚ çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʬʦʨʤʫʣʳ 

ʢʝʧʣʝʨʦʚʘ ʜʚʠʞʝʥʠʷ. ʇʦʣʫʯʠʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʙʦʟʥʘʯʠʤ (4.32). 

ɺʨʝʤʷ ʚʭʦʜʠʪ ʚ ʵʪʫ ʩʠʩʪʝʤʫ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ, ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦʙ ʦʪʳʩʢʘʥʠʠ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʀʥʪʝʨʝʩ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʨʝʰʝʥʠʝ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ (1.9), (4.23) ʥʘ ʜʘʥʥʦʤ 

ʚʠʪʢʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (4.32) ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

)()( 00 Ttt +=ɤɤ ,   )()( 00 TtQtQ += .                             (4.33) 

ɿʜʝʩʴ 0t  ï ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʥʘ ʚʠʪʢʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ, T  ï ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʠʩʪʝʤʝ (4.32) ʢʝʧʣʝʨʦʚʦʡ ʦʨʙʠʪʳ. 

ɿʘʜʘʯʘ (4.32), (4.33) ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʧʨʠʩʪʨʝʣʢʠ. ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (4.33) 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ )( 0tɤ , )( 0tQ . ʂʚʘʪʝʨʥʠʦʥ )(tQ  ʜʦʣʞʝʥ ʙʳʪʴ ʥʦʨʤʠʨʦʚʘʥʥʳʤ, ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (4.32), (4.33) ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʘʨʠʘʮʠʶ ʨʝʰʝʥʠʷ )(tɤ , )(tQ  ʩʠʩʪʝʤʳ (4.32) ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʤʝʪʦʜʘ 

ʧʨʠʩʪʨʝʣʢʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

)(tɤD ,    )()(
2

1
)( ttQtQ ɗa=D , 

ʛʜʝ )(tɗ  ï ʚʝʢʪʦʨ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʦʚʦʨʦʪʘ, ʟʘʜʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ 

ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ )(tQ . ɺʝʢʪʦʨ )(tɗ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

( ) ( )+ ³ =Dɗ ɤ ɗ ɤt t , ʘ ʚʝʢʪʦʨ )(tɤD  ï ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ ʜʣʷ 

ʫʨʘʚʥʝʥʠʡ (4.23) (ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʦʚ r , v  ʠ B  ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ 

ʧʦ ʬʦʨʤʫʣʘʤ ɗrr ³=D , ɗvv ³=D  ʠ ɗBB ³=D ). ʇʦʜʩʪʘʥʦʚʢʘ ʚʘʨʴʠʨʫʝʤʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (4.33) ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʷʤ 

)]()([2)0()0()()( 0000 TtQtQQTtTtQ +-=-++ ɗɗ aa , 

)()()()( 0000 TtttTt +-=D-+D ɤɤɤɤ . 

ɺʝʣʠʯʠʥʳ )( 0 Tt +ɗ , )( 0 Tt +Dɤ  ʚʭʦʜʷʪ ʚ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʚʝʣʠʯʠʥ )( 0tɗ , )( 0tɤD  (ʯʪʦ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 6 ʵʢʟʝʤʧʣʷʨʦʚ 

ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ ʜʣʷ ɤD  ʠ ɗ ʥʘ ʦʪʨʝʟʢʝ],[ 00 Ttt + ). ʇʦʣʫʯʝʥʥʳʝ 
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ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ )( 0tɗ , 

)( 0tɤD . ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʚʳʛʣʷʜʷʪ ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʳʤʠ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʨʝʜʠ 

ʥʠʭ ʥʝ ʙʦʣʝʝ ʰʝʩʪʠ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʤʘʪʨʠʮʳ. ɺʝʣʠʯʠʥʳ 

||)()(||/)]()([ 0000 tQtQtQtQ D+D+  ʠ )()( 00 tt ɤɤ D+  ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ )( 0tQ  ʠ )( 0tɤ . ʀʪʝʨʘʮʠʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʢʦʛʜʘ ʧʦʧʨʘʚʢʠ 0| ( ) |,ɗt  

|)(| 0tɤD  ʩʪʘʥʫʪ ʤʝʥʴʰʝ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʦʚ. ʅʘʯʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʣʫʞʘʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤʳ (1.9), (4.23) ʚ ʪʦʯʢʝ 0t . 

ʅʘ ʨʠʩ. 4.18, 4.19 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʦʚ r  ʠ v  ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ (1.3), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʨʠʩ. 

4.20, 4.21 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʨʘʥʝʝ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.9), (4.23) ʩ ʫʧʨʘʚʣʝʥʠʝʤ (4.26), (4.31) ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ (4.32), (4.33). ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 6 ʩʫʪʦʢ. 

ʅʘ ʨʠʩ. 4.20, 4.21 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʦʤʧʦʥʝʥʪ ,jq  

0,3=j , ʢʚʘʪʝʨʥʠʦʥʘ Q  ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʠ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ,wi  

1,3.i =  ɻʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʛʦ ʨʝʰʝʥʠʷ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʛʨʘʬʠʢʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʰʝʥʠʡ ï ʢʨʘʩʥʳʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝ 

ʫʯʠʪʳʚʘʣʩʷ ʫʯʘʩʪʦʢ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʫʯʘʩʪʢʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʂɸ. ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʟʘʜʘʚʘʣʦʩʴ ʩʣʝʜʫʶʱʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ 0t :  

() () ()0 0 0 0g d b= = =, () () ()1 2 0 30 0 0 0w w w w= - = =. 

ɻʨʘʬʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʤʘʣʳʭ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʦʤʝʥʪʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʩʭʦʜʷʱʠʭ ʫʟʣʦʚ ʦʨʙʠʪʳ ʥʘʣʝʛʘʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ (ʩʤ. ʨʠʩ. 2.13), 

ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʛʨʘʬʠʢʦʚ ʥʘʣʝʛʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʤʝʪʥʳ. 
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ʋʜʦʙʩʪʚʦ ʧʦʩʪʨʦʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʨʘʩʩʤʦʪʨʝʚ 

ʩʝʤʝʡʩʪʚʦ ʨʝʰʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (4.32), (4.33) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʜʦʣʛʦʪʳ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʚ çʟʘʤʦʨʦʞʝʥʥʦʡè ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʯʠʩʣʠʚ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʘʤʠ ʵʪʠ 

ʟʘʢʦʥʳ. 

ʅʘ ʨʠʩ. 4.22 (ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʰʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (4.32), (4.33), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ (4.26), (4.30). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʜ 

ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʚʟʷʪʳʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ 

ʥʘʠʤʝʥʴʰʠʡ ʠʟ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [148] ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʚ ʚʘʨʠʘʮʠʷʭ, ʪ.ʝ.   

      
1

lnz r=-
T

,                                             (4.34) 

ʛʜʝ r ï ʤʘʢʩʠʤʫʤ ʤʦʜʫʣʝʡ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʚʘʨʠʘʮʠʷʭ, 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (4.32), (4.33). ʉʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʪʢʘ ʦʨʙʠʪʳ ʂɸ, ʧʦʵʪʦʤʫ ʛʨʘʬʠʢ ʝʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʫʶ ʬʫʥʢʮʠʶ ï ʥʘ ʚʠʪʢʝ ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʪʦʷʥʥʘ, ʚ ʚʦʩʭʦʜʷʱʠʭ ʫʟʣʘʭ ʦʨʙʠʪʳ ʦʥʘ ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ. 

ʅʘ ʨʠʩ. 4.22 (ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ) ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (4.32), (4.33), 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

(4.26), (4.31). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʚʩʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʣʘʚʳ 4 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ ʜʣʠʪʝʣʴʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 



162 
 

ʂɸ ʢʘʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ, ʪʘʢ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʛʠʨʦʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʨʝʞʠʤʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʩʤʦʪʨʝʥ ʨʝʞʠʤ ʛʠʨʦʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʙʦʨʪʫ ʂɸ, ʘ ʪʘʢʞʝ ʠʭ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʝʱʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

ʛʠʨʦʩʠʩʪʝʤʦʡ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ. ɺʩʝ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʨʦʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ, ʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ 

ʛʠʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ. ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ. ʆʜʠʥ 

ʠʟ ʥʠʭ ʬʘʢʪʠʯʝʩʢʠ ʜʝʤʧʬʠʨʫʝʪ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʝʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʙʦʨʪʫ ʪʦʣʴʢʦ ʧʦʢʘʟʘʥʠʷ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. 

ɼʨʫʛʦʡ ʧʨʝʜʣʦʞʝʥʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʫʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʂɸ. 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʝʘʣʠʟʦʚʘʥ ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʨʙʠʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʂɸ ʢʘʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ, ʪʘʢ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʟʘʢʦʥ ʧʦʤʠʤʦ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʛʠʨʦʩʠʩʪʝʤʳ. 

ʇʨʝʜʣʦʞʝʥʘ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʭ 

ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʈʝʘʣʠʟʦʚʘʥ ʨʝʞʠʤ ʦʨʙʠʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ɼʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ ʂɸ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʛʣʘʚʝ 2.  
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