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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʤʝʥʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ 

ʠʥʜʫʮʠʨʫʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ 

ʛʨʘʥʠʮʳ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʨʝʙʫʝʪʩʷ 

ʪʘʢʞʝ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʵʪʠ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʘ 

ʪʘʢʞʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʯʘʩʪʠ ʦʙʣʘʩʪʠ, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ. ʇʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʠ ʧʨʦʮʝʩʩʳ, 

ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ.   

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʪʢʘʥʠ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʚʣʝʥʠʶ ʠ ʨʝʰʝʥʠʶ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʩ ʪʨʫʜʥʦʩʪʴʶ 

ʠʟʫʯʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ, ʪʘʢ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʵʪʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ, ʥʘʩʪʦʷʱʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʪʝʤʦʡ.  

ʇʨʦʙʣʝʤʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʭʠʤʠʠ, ʙʠʦʬʠʟʠʢʠ 

ʠ ʤʝʜʠʮʠʥʳ ʚʩʝ ʯʘʱʝ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 
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ʧʦʟʚʦʣʷʶʱʠʭ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʙʠʦʪʢʘʥʝʡ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʳʭ 

ʤʦʜʝʣʝʡ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ʠʭ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʥʝ ʧʦʣʫʯʘʝʪʩʷ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ, ʪʨʝʙʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʞʠʚʳʭ ʪʢʘʥʝʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʥʝʣʠʥʝʡʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ, ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʘʥʘʣʠʟʫ ʠ 

ʨʝʰʝʥʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ,  ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʩʦʟʜʘʥʠʝ ʛʠʙʢʠʭ ʠ ʫʜʦʙʥʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ  ʘʢʪʫʘʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ in vivo.     

ʉʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʪʨʫʜʘʭ ʃ.ʀ. ʈʫʙʠʥʰʪʝʡʥʘ ʠ ɸ.ʄ. ʄʝʡʨʤʘʥʦʚʘ, ʘ 

ʪʘʢʞʝ ʚ ʦʙʟʦʨʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʀ.ʀ. ɼʘʥʠʣʶʢʘ, ɸ.ɸ. ʆʣʝʡʥʠʢ ʠ ɽ.ɺ. ʈʘʜʢʝʚʠʯ 

[208-214]. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʜʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʩʪʘʣʘ ʨʘʙʦʪʘ ʃʘʤʝ ʠ ʂʣʘʧʝʡʨʦʥʘ. 

ɺ ʥʝʡ ʘʚʪʦʨʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʟʘʥʠʤʘʶʱʝʡ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʛʜʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʝʱʝʩʪʚʦ 

ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʨʘʥʠʮʝ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʩʣʦʷ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʚʨʝʤʝʥʠ [296-

299]. ɸʥʘʣʦʛʠʯʥʫʶ ʤʦʜʝʣʴ ʚ 1889 ʛʦʜʫ ʧʨʝʜʣʞʠʣ ʘʚʩʪʨʠʡʩʢʠʡ ʬʠʟʠʢ ʁʦʟʝʬ 

ʉʪʝʬʘʥ. ɽʛʦ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʣʘ ʧʨʦʮʝʩʩ ʪʘʷʥʠʷ ʧʦʣʷʨʥʳʭ ʣʴʜʦʚ. ɺ ʨʷʜʝ ʩʚʦʠʭ 

ʨʘʙʦʪ ʁʦʟʝʬ ʉʪʝʬʘʥ ʝʰʸ ʨʘʩʩʤʦʪʨʝʣ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ 

ʦʜʥʦʬʘʟʥʳʭ ʠ ʜʚʫʭʬʘʟʥʳʭ ʧʨʦʙʣʝʤ. ʆʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʉʪʝʬʘʥ ʟʘʣʦʞʠʣ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʠʤ ʤʦʜʝʣʠ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʧʦʟʞʝ ʠ 

ʙʳʣʘ ʥʘʟʚʘʥʘ "ʟʘʜʘʯʝʡ ʉʪʝʬʘʥʘ" [222, 223, 296-299].   

ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʝʱʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʫʩʣʦʚʠʝʤ ʉʪʝʬʘʥʘ, ʃ.ʀ. ʈʫʙʠʥʰʪʝʡʥ ʧʦʣʫʯʠʣ ʪʝʦʨʝʤʳ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʩʚʦʝʡ ʪʝʦʨʝʤʝ ʈʫʙʠʥʰʪʝʡʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ 

ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ. ʊʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ ʧʦʣʫʯʠʣʠ ʝʱʝ ʃʠ ʏʘʥʛ, ɼʞ. ʂʵʥʥʦʥ, ɼʞ. ɼʫʛʣʘʩ, ɸ.ɸ. ʄʝʡʨʤʘʥʦʚ 

[265, 273, 296-299].  ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ, ʛʜʝ ʘʚʪʦʨʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʠ ʜʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʜʣʷ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ [154, 155, 182, 180].   

ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʃ.ʀ. ʈʫʙʠʥʰʪʝʡʥ, ɸ. ʌʨʠʜʤʘʥ, ɹ.ɺ. ɹʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʢʦʛʜʘ ʨʝʘhʣʠ 

ʦʜʥʦʤʝʨʥʳʝ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ [222, 223]. ʉ ʤʦʤʝʥʪʘ ʨʘʟʚʠʪʠ ̫ ʪʝʦʨʠʠ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʥʝʨʘʚʝʥʩʪʚ, ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʪʘʢʞʝ ʦʛʨʦʤʥʳʡ ʧʨʦʛʨʝʩʩ ʚ 

ʠʟʫʯʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ. ʉʨʝʜʠ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ɸ.ɸ. ʉʘʤʘʨʩʢʦʛʦ, ʆ.ɸ. ʆʣʝʡʥʠʢʘ ʠ ʜʨ. [70, 71, 187, 

188, 192, 195, 196, 208-214, 220, 230, 238, 239, 241, 242, 248, 249, 254, 271, 291, 

294]. ɺ 1979 ʛʦʜʫ ɸ.ʄ. ʄʝʡʨʤʘʥʦʚ ʚʧʝʨʚʳʝ ʜʦʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʚ ʤʘʣʦʤ ʧʦ ʚʨʝʤʝʥʠ, 

ʠʩʧʦʣʴʟʫʷ ʨʝʛʫʣʷʨʠʟʘʮʠʶ ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ ʠ ʧʝʨʝʤʝʥʥʳʝ ʄʠʟʝʩʘ [296-299]. ɺ 
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ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʨʝʛʫʣʷʨʠʟʘʮʠʶ ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ ʠ ʧʝʨʝʤʝʥʥʳʝ 

ʄʠʟʝʩʘ ʜʣʷ ʩʣʫʯʘʷ ʤʥʦʛʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ.  

ɺ 1980 ʛ. ɺ.ɺ. ʇʫʭʥʘʯʝʚʳʤ ʨʘʩʩʤʦʪʨʝʥʘ ʧʝʨʚʘʷ ʟʘʜʘʯʘ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ 

ʝʱʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘ ʢʦʥʝʯʥʦʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ.  

ɺ.ɺ. ʇʫʭʥʘʯʸʚ ʠʩʩʣʝʜʦʚʘʣ ʩʠʪʫʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʤ ʩʣʫʯʘʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʠ ʧʨʠʚʸʣ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ [296-299].     

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʬʦʨʤʠʨʫʶʪ ʧʝʨʝʤʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ 

ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʛʨʘʥʠʮ ʩʯʠʪʘʝʪʩʷ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤ ʠ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʩʯʠʪʘʶʪ ʃʦʤʦʚ ʉ.ɸ., ʃʦʤʦʚ ʀ.ʉ., ɺʘʩʠʣʴʝʚʘ ɸ.ɹ., ɹʫʪʫʟʦʚ 

ɺ.ʌ., ʅʝʬʝʜʦʚ ʅ.ʅ, ʈʘʜʯʝʥʢʦ ʀ. ɺ.  (2010, 2011ʛ.ʛ) [49,50,140] 

ʉʠʤʦʥʦʚ ɸ.ʉ. ʠ ʌʠʣʠʤʦʥʦʚʘʃ.ʅ. ʚ 2023 ʛʦʜʫ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʧʨʦʤʝʨʟʘʥʠʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʨʠ ʫʯʝʪʝ ʠʥʚʝʨʩʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. ʀʤʠ 

ʙʳʣʘ ʨʝʰʝʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʦʭʣʘʞʜʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʛʨʫʞʝʥʥʳʤ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʫʶ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ, 

ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʣʘʩʴ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ 

[202].  

ɻʘʡʜʫʢʦʚ ʈ.ʂ., ɼʘʥʠʣʦʚ ɺ.ɻ. ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʡ ʧʦʜʭʦʜ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ. ɻʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʢʘʢ ʣʠʥʠʶ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ ʧʦʨʷʜʢʘ. ʉʠʩʪʝʤʘ ʬʘʟʦʚʦʛʦ ʧʦʣʷ 

ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʰʘʛʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ.  ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʤʦʜʝʣʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʡʜʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ï ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʪʠʧʘ ʨʘʩʪʚʦʨʝʥʠʝ ï 

ʦʭʣʘʞʜʝʥʠʝ [69]. 
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ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ  ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʣʠʥʝʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʘʢʪʠʚʥʳʭ ʩʨʝʜʘʭ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʠʣʠ ʩʪʦʢʘʤʠ, 

ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʠʩʢʦʤʳʭ ʧʦʣʝʡ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ: ɸ.ɸ. ʉʘʤʘʨʩʢʦʛʦ, ʉ.ʇ. 

ʂʫʨʜʶʤʦʚʘ, ɻ.ɻ. ɽʣʝʥʠʥʘ, ɸ.ʇ. ʄʠʭʘʡʣʦʚʘ, ɺ.ɸ. ɻʘʣʘʢʪʠʦʥʦʚʘ, ʂ.ɹ. ʇʘʚʣʦʚʘ, 

ʃ.ʂ. ʄʘʨʪʠʥʩʦʥʘ, ɸ.ʅ. ʊʠʭʦʥʦʚʘ, ʅ.ʉ. ʇʠʩʢʫʥʦʚʘ, ʆ.ɸ. ʆʣʝʡʥʠʢʘ, ʆ.ɸ. 

ʃʘʜʳʞʝʥʩʢʦʡ, ʊ.ɼ. ɺʝʥʪʮʝʣʷ,  ɺ.ʇ. ʄʘʩʣʦʚʘ, ʄ.ʀ. ɺʠʰʠʢʘ, ʉ.ʀ. ʇʦʭʦʞʘʝʚʘ, 

ɸ.ʉ. ʂʘʣʘʰʥʠʢʦʚʘ, ʉ.ʅ. ʂʨʫʞʢʦʚʘ, ʉ.ʅ. ɸʥʪʦʥʮʝʚʘ, ɾ.-ʃ. ʃʠʦʥʩʘ, 

ʌ.ɹʨʘʫʜʝʨʘ, ʍ.ɹʨʝʟʠʩʘ  [2-6, 38-40, 50-53, 62-64, 68, 69, 72, 100, 101, 108, 127, 

128, 135, 136, 148-150, 156, 161, 162,167-169, 172, 184-172, 202, 203, 204, 205, 

261, 268, 269, 270, 283-284, 288].  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʚʥʝʩʣʠ ʨʘʙʦʪʳ ʗ.ɺ. ɿʝʣʴʜʦʚʠʯʘ, ʃ.ʀ. 

ʉʝʜʦʚʘ, ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ, ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ, ɸ.ɺ. ʃʳʢʦʚʘ, ʆ.ɹ. ʃʳʢʦʚʘ, 

ʗ.ʉ. ɹʘʨʠʩʘ, ʃ.ɺ. ʆʚʩʷʥʥʠʢʦʚʘ, ɸ.ɸ. ʉʘʤʘʨʩʢʦʛʦ, ʉ.ʇ. ʂʫʨʜʶʤʦʚʘ, ʂ.ɹ. 

ʇʘʚʣʦʚʘ, ʃ.ʂ. ʄʘʨʪʠʥʩʦʥʘ ʃ.ɸ. ʂʦʟʜʦʙʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʥʝʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʤʘʩʩʳ [70-72, 85, 95- 98, 113, 114, 132, 133, 185, 207, 218, 227]. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠ ̫ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʠ ʧʨʦʮʝʩʩʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʘʥʘʣʠʟʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʳʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ,  ʘ 

ʪʘʢʞʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʭ 

ʨʝʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ in vivo.      



 12 
 

ʈʝʰʠʚ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʪʘʚʣʝʥʥʘ ̫ʮʝʣɹ 

ʜʠʩʩʝʨʘʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʵʪʘʧʳ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʪʝʧʣʦʚʳʭ 

ʷʚʣʝʥʠʡ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʙʠʦʪʢʘʥʝʡ, ʩ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʚ ʬʦʨʤʝ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʠʟʦʪʝʨʤ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʨʝʜʘʭ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʙʠʦʪʢʘʥʷʭ, ʚʢʣʶʯʘʷ ʚʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ, 

ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʪʢʘʥʝʡ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ. 

5. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʫʪʸʤ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʠʥʪʝʛʨʘʮʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.  

6. ɺʳʧʦʣʥʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. 

7. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
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ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʩ ʦʧʦʨʦʡ ʥʘ ʩʦʟʜʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪ ɹʠʥʚʘʟʠʚʥʦʛʦ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ in 

vivo.   

ʅʘʫʯʥʘʷ ʢʦʥʮʝʧʮʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ 

ʘʢʪʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪ rʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʚʳʥʦʩʠʤʳʭ ʥʘ ʟʘʱʠʪʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ.  

1. ʇʦʩʪʨʦʝʥʳ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʤ, ʯʪʦ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʪʝʧʣʦʚʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʠʦʪʢʘʥʝʡ, ʬʦʨʤʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʠ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ (ʧ.1, 3 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2).    

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʠ 

ʄʘʨʢʦʚʘ, ʧʦʟʚʦʣʷʶʱʘ ̫ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ (ʧ.1,3 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2). 
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3. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ 

ʰʫʤʘ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ 

ʦʰʠʙʦʢ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʘʪʫʩʥʳʭ 

ʬʫʥʢʮʠʷʭ ʠ ʧʦʚʳʰʘʶʱʠʡ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʙʠʦʪʢʘʥʝʡ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺʚʝʜʝʥʳ ʥʦʚʳʝ ʪʝʨʤʠʥʳ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ: ʤʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʯʝʨʝʟ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʣʦʠ ʵʧʠʜʝʨʤʠʩʘ, ʤʝʪʦʜ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʟʘʜʘʯ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ (ʧ.1,3,5,8 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.1.2.2). 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ, ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʝ 

ʟʘʜʘʯʠ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʨʘʩʰʠʨʷʶʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʨʝʰʝʥʠʷ ʤʦʜʝʣʝʡ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʙʠʦʪʢʘʥʷʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʦʝ ʠ ʘʜʘʧʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʡ (ʧ.3,5 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2). 

5. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʜʦʢʘʟʘʥʳ ʣʝʤʤʳ ʠ ʪʝʦʨʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʜʣʷ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʫʩʣʦʚʠʷʭ 

ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ, ʩʧʦʩʦʙʩʪʚʫʶɦ ʠʝ ʫʣʫʯʰʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʮʝʥʦʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 
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ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʧ. 1,3 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2). 

6. ʈʝʘʣʠʟʦʚʘʥʳ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʟʘʜʘʯʠ ʂʦʰʠ, ʧʦʟʚʦʣʠʚʰʠʝ ʧʦʣʫʯʠʪʴ 

ʧʨʠʙʣʠʞʸʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ; ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʭʦʜʘ 

ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʢʘʥʦʥʠʯʝʩʢʠʤʠ 

ʨʘʟʣʦʞʝʥʠʷʤʠ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʧʨʠʢʣʘʜʥʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʧ.3 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2). 

7. ʈʘʟʨʘʙʦʪʘʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʫʯʝʙʥʫʶ ʠ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ, ʢʦʪʦʨʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʦʠʩʢ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʫʜʦʙʥʦʡ ʬʦʨʤʝ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʢ ʪʦʯʥʳʤ 

ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥ r ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, ʚʳʜʘʥʥʳʤʠ 

ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʈʦʩʧʘʪʝʥʪ) 

(ʧ.3,8 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜ r ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʝʡ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ   ʠ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ 
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ʨʝʰʝʥʠʷ, ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ.   

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ʄʝʪʦʜʳ ʢʚʘʟʠʣʠʥʝʘʨʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʣʠʥʝʘʨʠʟʘʮʠʠ (ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʂʨʳʣʦʚʘ-ɹʦʛʦʣʶʙʦʚʘ-

ʄʠʪʨʦʧʦʣʴʩʢʦʛʦ); 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ ʤʝʪʦʜ ʠ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʈʦʪʵ; 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʤʝʪʦʜʘʭ ʃʝʡʙʝʥʟʦʥʘ; 

ʇʦʜʙʦʨ ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ; 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʠʭ 

ʩʠʩʪʝʤ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʝʢʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʠʧʘ ʌʘʵʜʦ-

ɻʘʣʝʨʢʠʥʘ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʂʦʰʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʠʙʣʠʞʸʥʥʳʝ ʨʝʰʝʥʠʷ ʜʘʞʝ ʜʣʷ ʩʣʦʞʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ;  

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʟ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ; 

ʄʝʪʦʜʳ ʠʟ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜ 

ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ. 

ʉʫʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ  ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ:  [4, 7, 9, 10, 14-16, 

17-19,  32-37, 41, 42, 47-49, 54, 57, 65-67, 74, 79-81,  84-88, 105, 106, 108, 111, 

113, 114, 120, 123, 124, 127, 130, 131, 139, 145, 149, 152, 153, 160, 161, 163-166, 

175, 179, 180, 184, 187, 192, 194, 196, 198, 199, 201, 205, 217, 225, 226, 228, 229, 

231, 238, 244, 245, 247, 256]. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʴ, ʙʫʜʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʫʩʣʦʚʠʷʭ in vivo.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʨʘʤʢʘʭ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ, ʠʥʞʝʥʝʨʠʠ ʪ.ʢ. 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, 

ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʙʠʦʠʥʞʝʥʝʨʠʠ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʢ ʥʠʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʩʪʨʦʛʦ 

ʦʙʦʩʥʦʚʘʥʳ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʩʪʨʦʛʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʝʦʨʝʤ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʇʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʧʦʟʚʦʣʷʶʱʠʝ 
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ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ 

ʦʧʪʠʤʠʟʠʨʧʦʚʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʪʢʘʥʠ.  

2. ʈʝʘʣʠʟʦʚʘʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠʣʠʥʝʘʨʠʟʘʮʠʠ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʙʠʦʪʢʘʥʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

3. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʠ ʟʘʜʘʯ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ    

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʩʬʝʨʠʯʝʩʢʠʤʠ, ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʠ ʧʨʦʪʷʞʝʥʥʳʤʠ ʧʣʦʩʢʠʤʠ ʘʧʧʣʠʢʘʪʦʨʘʤʠ.  

4. ʉʦʟʜʘʥʳ ʢʦʥʮʝʧʮʠʷ ʠ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʪ̫ʴ 

ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʤʘʪʨʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ rʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. 

5. ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʭʦʜʝ ʦʪ ʟʘʜʘʯʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʦʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʝʤʤʳ ʠ ʪʝʦʨʝʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ 

ʚʘʨʠʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ. ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ 

ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʟʘʜʘʯʠ 

ʉʪʝʬʘʥʘ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

6. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʧʨʠʙʣʠʞʸʥʥʳʝ ʠ 

ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
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ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

7. ʇʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʙʠʦʪʢʘʥʝʡ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ.  ʈʝʟʫʣʴʪʘʪʳ ʥʘʡʜʫʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʪʨʘʪʝʛʠʡ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʞʠʚʳʭ ʢʣʝʪʦʢ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʙʠʦʪʢʘʥʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʢʣʝʪʦʯʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʉʦʟʜʘʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ rʟʘʤʦʨʘʞʠʚʘʥʠʷ ʞʠʚʦʡ 

ʪʢʘʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʢʨʠʦʛʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʟʚʦʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ʕʪʠ 

ʧʦʜʭʦʜʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʢʨʠʦʙʠʦʣʦʛʠʠ, ʥʦ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʥʝʬʪʝʛʘʟʦʚʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʭ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ.  

ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʢʘʬʝʜʨʝ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʠʥʩʪʠʪʫʪʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  ɺ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʳʩʰʝʛʦ 

ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʏʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʥʝʜʨʝʥʳ ʠ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʘʥʥʳʤ 

ʟʘʜʘʯʘʤ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʅʘ ʙʘʟʝ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. 

ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ (ʂɹɻʋ) ʚʥʝʜʨʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʕɺʄ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʙʲʝʢʪʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʈʦʩʧʘʪʝʥʪʝ ʈʦʩʩʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʢʘʬʝʜʨ rʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ.   

 ɸʧʨʦʙʘʮʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠè (ʅʘʣʴʯʠʢ, 2019ï2025 ʛʛ.) ʄʄʊʊ-

31(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2018); ʄʄʊʊ-36 (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2023); ʄʄʊʊ-38 

(ʉʘʤʘʨʘ, 2025); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çInternational Conference on 

Mathematical Modeling, Control Systems, Automation and Energy Efficiencyè 

(ʃʠʧʝʮʢ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çProceedings of the 2017 

International Conference çQuality Management, Transport and Information 

Security, Information Technologiesè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017, 2018);  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠè (ɺʦʨʦʥʝʞ, 2020);   ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè (ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ, 2021, 2024); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʝʢʣʘʩʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʷè (ʊʘʰʢʝʥʪ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɸʣʛʝʙʨʘ, ʪʝʦʨʠʷ ʯʠʩʝʣ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè (ʅʘʣʴʯʠʢ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʅʝʣʦʢʘʣʴʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʙʠʦʣʦʛʠʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠè (ʅʘʣʴʯʠʢ, 2021); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʳ - 2023è (ʅʘʣʴʯʠʢ, 2023);  ʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʉʘʤʘʨʢʘʥʜ, 2022); ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʌʦʨʫʤ çɺʝʨʰʠʥʳ ʂʘʚʢʘʟʘè (ʅʘʣʴʯʠʢ, 2023); ɺʩʝʨʦʩʩʠʡʩʢʘʷ  ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʫʢʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷè (ʅʘʣʴʯʠʢ, 2020); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɿʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ: ʪʝʦʨʠʷ, 

ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʨʠʣʦʞʝʥʠʷè (ʊʦʤʩʢ, 2023); ʇʝʨʚʘʷ ʈʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ  

ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʠʥʥʦʚʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭè (ʅʘʣʴʯʠʢ, 2022); ʈʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ  

ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʠʥʥʦʚʘʮʠʠ ʚ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠè (ʅʘʣʴʯʠʢ, 2023,2024); ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʅʘʣʴʯʠʢ, 2017), ʛʜʝ ʦʥʠ 

ʧʦʣʫʯʠʣʠ ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʇʫʙʣʠʢʘʮʠʠ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʜʚʫʭ 

ʤʦʥʦʛʨʘʬʠʷʭ, ʜʚʘʜʮʘʪʠ ʪʨʝʭ ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʘ ʪʘʢʞʝ ʚ ʯʝʪʳʨʥʘʜʮʘʪʠ ʨʘʙʦʪʘʭ, ʨʘʟʤʝʱʸʥʥʳʭ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʠʩʪʝʤʳ 

ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ Web of Science. ʇʦʣʫʯʝʥʦ ʰʝʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʚ ʈʦʩʧʘʪʝʥʪʝ ʈʌ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʫʙʣʠʢʦʚʘʥʦ 

53 ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʜʨʫʛʠʭ ʧʨʦʬʠʣʴʥʳʭ ʠʟʜʘʥʠʷʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʩʪʨʦʝʥʳ 

ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ, ʪʝʤ, ʯʪʦ 

ʧʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʧʣʦʚʳʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʠʦʪʢʘʥʝʡ, ʬʦʨʤʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʨʘʙʦʪʘʭ, ʥʘʧʠʩʘʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʘʚʪʦʨʫ 

ʧʨʠʥʘʜʣʝʞʘʪ 95% ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʪ.   ɺ ʨʘʙʦʪʘʭ, ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʘʪ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ.   

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘ ̫ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 

434 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 57 ʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 38 ʪʘʙʣʠʮ. ʉʪʨʫʢʪʫʨʘ 

ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ: ʚʚʝʜʝʥʠʝ, ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 304 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 15 ʧʨʠʣʦʞʝʥʠʡ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɸʣʝʢʩʘʥʜʨʫ ɸʬʘʥʘʩʴʝʚʠʯʫ 

ɹʦʣʴʰʘʢʦʚʫ, ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʀʨʠʥʝ ɺʣʘʜʠʤʠʨʦʚʥʝ   

ɺʝʰʥʝʚʦʡ ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ʉʘʨʘʪʦʚʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʟʘ ʚʥʠʤʘʥʠʝ, ʧʦʜʜʝʨʞʢʫ ʠ ʮʝʥʥʳʝ ʩʦʚʝʪʳ. 
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ɻʃɸɺɸ 1.  ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆɹʃɽʄ 

ʂʈʀʆʆʍʃɸɾɼɽʅʀʗ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʊʂɸʅɽʁ  

1.1.  ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʪʨʝʙʫʶʱʠʭ 
ʢʨʠʦʦʚʦʟʜʝʡʩʪʚʠʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ. ɼʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʞʠʚʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʪʨʝʙʫʶʱʠʭ ʢʨʠʦʦʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʦʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʧʨʦʙʣʝʤʳ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ, ʧʫʪʠ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʜʣʷ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʝ 

ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʠʪʴ ʚʭʦʜʥʳʝʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʦʧʠʩʳʚʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ.  

ɸʥʘʣʠʟ ʥʘʯʥʝʤ ʩ ʠʟʫʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʙʠʦʣʦʛʠʠ, ʬʠʟʠʢʠ, 

ʭʠʤʠʠ, ʩʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ), ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʭʦʣʦʜʘ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʙʠʦʣʦʛʠʠ, ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ ʜʚʫʭ 

ʩʦʪʝʥ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʣʝʪʦʢ, ʠ ʢʘʞʜʘʷ ʢʣʝʪʢʘ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ. ʂʣʝʪʢʘ 

ʣʶʙʦʛʦ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʮʝʣʦʩʪʥʦʡ ʞʠʚʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʦʙʦʣʦʯʢʠ, ʮʠʪʦʧʣʘʟʤʳ ʠ ʷʜʨʘ. ʂʣʝʪʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ: ʦʪ ʩʪʨʦʝʥʠʷ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʪ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ ʜʝʣʷʪʩʷ ʥʘ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ 

ʥʘʟʳʚʘʶʪʩʷ ʪʢʘʥʷʤʠ [45,75,94].  ɼʘʥʥʳʝ ʧʦʥʷʪʠʷ ʥʘʤ ʥʫʞʥʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʘʚʠʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʛʫʪ ʪʦʯʥʦ ʧʦʜʦʙʨʘʪʴ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ. 
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ʇʦʜ ʧʦʥʷʪʠʝʤ çʪʢʘʥʴè ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʣʝʪʦʢ, ʩʭʦʜʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʚʳʧʦʣʥʷʝʤʳʤ ʬʫʥʢʮʠʷʤ, ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʤʝʞʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ.  ʇʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʴʶ ʧʦʥʠʤʘʝʪʩʷ 

ʦʯʝʥʴ ʩʣʦʞʥʘʷ, ʧʣʦʪʥʘʷ, ʫʧʨʫʛʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʘʩʳʱʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʢʣʝʪʦʢ [138, 174, 233]. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʜʥʦ ʠʟ 

ʚʝʜʫʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʢʘʢ ʦʙʲʝʢʪ ʜʠʘʛʥʦʩʪʠʢʠ in vivo 

ʠ in vitro.  ɺ ʧʝʨʝʚʦʜʝ ʩ ʣʘʪʠʥʩʢʦʛʦ ʷʟʳʢʘ ʪʝʨʤʠʥ in vivo ʦʟʥʘʯʘʝʪ çʚʥʫʪʨʠ 

ʞʠʚʦʛʦè, ʪ.ʝ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʪʝʨʤʠʥ in vitro ʦʟʥʘʯʘʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ çʚ ʩʪʝʢʣʝè (ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʙʠʨʢʘʭ, ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ). ʇʨʠ ʠʟʫʯʝʥʠʠ   ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʪʠʧ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ [197, 234-236]. ʂʘʞʜʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʪʢʘʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʥʘʙʦʨʦʤ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ, ʚʭʦʜʷʱʠʭ ʚ ʝʸ ʩʦʩʪʘʚ. 

ʕʪʦʪ ʥʘʙʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʙʝʣʢʠ, ʣʠʧʠʜʳ ʠ ʫʛʣʝʚʦʜʳ, 

ʦʪʨʘʞʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʢʦʤʧʦʥʝʥʪʦʚ ʪʢʘʥʠ. ʇʦʜʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʙʠʦʪʢʘʥʝʡ ʠ 

ʩʣʫʞʠʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʸʪʦʤ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʆʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʝ 

ʦʩʥʦʚʳ ï ʢʣʝʪʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ.  ʇʨʠʨʦʜʘ 

ʧʦʙʝʩʧʦʢʦʠʣʘʩʴ ʦ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʢʠ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ. ʂʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʢʣʝʪʢʘ ʚʳʜʝʨʞʠʚʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʶʱʠʝ ʉ980
, ʠ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʩʦʭʨʘʥʷʶʪ 

ʩʚʦʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ - ʢʨʠʦʛʝʥʥʳʭ ʠ 

ʜʘʞʝ ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ (ī273,15 ÁC) [246]. 
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ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʨʘʚʤ 

ʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʩʧʘʣʝʥʠʡ,  ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ [11, 45, 75-77, 94, 105, 119, 233-236, 263].  

ʄʝʭʘʥʠʟʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʫʙʠʪʴ ʢʣʝʪʢʠ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

Lovelock.  ɽʛʦ ʤʝʪʦʜʳ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʪʝʦʨʠʠ ʢʨʠʦʥʠʢʠ (ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ 

ʣʶʜʝʡ), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ ʥʘ ʛʨʳʟʫʥʘʭ, ʠ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʠʦʪʢʘʥʠ ʛʨʳʟʫʥʦʚ. ʀʟ ʪʝʦʨʠʠ 

Lovelock ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ, 

ʚʥʝʢʣʝʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʠ ʩʚʦʙʦʜʥʘʷ 

ʢʣʝʪʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʚʳʪʝʢʘʝʪ ʠʟ ʢʣʝʪʦʢ ʢ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʦʩʤʦʪʠʯʝʩʢʦʤʫ 

ʛʨʘʜʠʝʥʪʫ. ʇʦʪʝʨʷ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʞʘʪʠʶ ʢʣʝʪʦʢ. ʇʦʩʪʝʧʝʥʥʦ ʩʞʘʪʠʝ 

ʢʣʝʪʦʢ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʦʚʝʩʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʣʝʪʢʫ. ʇʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʵʪʠ ʚʥʝʰʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʳʚʫ ʢʣʝʪʦʢ [264, 267, 272, 286]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʨʪʴ ʁ ʢʣʝʪʦʢ ʧʨʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ.  ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʳʡ ʣʝʜ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʘ ʚ ʙʠʦʪʢʘʥʠ ʥʝ ʫʩʧʝʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʧʦʢʠʥʫʪʴ ʢʣʝʪʢʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʣʦʩʴ ʦʩʤʦʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ.  ʇʦʵʪʦʤʫ ʨʘʚʥʦʚʝʩʠʝ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʴʜʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚʥʫʪʨʠ ʢʣʝʪʦʢ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. [250, 

290, 292] 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ, ʩʦʜʝʨʞʠʪ ʪʨʫʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ.  ʉʣʦʞʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ ʨʘʩʯʝʪʥʳʭ ʨʝʞʠʤʦʚ 



 26 
 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʨʠʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʩʧʝʮʠʬʠʢʫ ʢʨʠʦʧʦʚʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ ʚ ʙʠʦʪʢʘʥʷʭ; ʧʨʠ ʧʦʠʩʢʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ; ʠʟ-ʟʘ  ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʘʟʨʝʰʠʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʧʦʤʦʛʫʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʙʠʦʪʢʘʥʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨ,r ʦʢʘʟʳʚʘʶʱʠʝ ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʴ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʂ ʬʘʢʪʦʨʘʤ, 

ʧʦʚʨʝʞʜʘʶʱʠʤʠ ʩʪʨʫʢʪʫʨʫ ʙʠʦʪʢʘʥʠ ʦʪʥʦʩʷʪʩʷ: ʚʥʝʢʣʝʪʦʯʥʘʷ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʧʨʝʘʨʘʱʝʥʠʷ ʚʦʜʳ ʚ ʣʝʜ, ʪ.ʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʜʳ; 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ; ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʘʢʞʝ ʤʝʤʙʨʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʢʣʝʪʢʠ ʠ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʦʡ ʚʦʜʳ; ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʝʪʢʠ ʟʘ ʩʯʝʪ ʚʥʝʢʣʝʪʦʯʥʳʭ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʴʜʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʦʤ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʪʢʘʥʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʭʦʜʠʪ ʵʪʘʧʳ [92,177]: ʘ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; ʙ) ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʶʱʝʡ ʤʝʭʘʥʠʟʤʳ ʧʦʚʨʝʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʟʦʥʝ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ 

ʜʚʝ ʦʙʣʘʩʪʠ: ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʛʣʫʙʦʢʫʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ ʪʢʘʥʝʡ ʚʳʨʘʞʝʥʳ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ: ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʦʚʦʠʟʣʠʷʥʠʷ, ʜʝʩʪʨʫʢʮʠʷ ʚʦʣʦʢʦʥ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʦʪʸʢʠ. ɺ ʛʣʫʙʠʥʥʦʡ ʟʦʥʝ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʬʠʢʩʠʨʫʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʪʢʘʥʠ. 
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ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʪʝʨʤʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʪʢʘʥʠ ʠ ʫʯʠʪʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 

ʜʠʥʘʤʠʢʫ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʢʨʠʦʦʭʣʘʞʜʝʥʠʠ. ʄʦʜʝʣʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʢʨʠʦʪʝʨʘʧʠʠ [138, 236].  

ɺʦʟʥʠʢʘʶʱʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: ʧʝʨʚʠʯʥʳʝ ʠ 

ʚʪʦʨʠʯʥʳʝ.  ʉ ʧʨʷʤʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʢʣʝʪʦʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʚʷʟʘʥʳ ʧʝʨʚʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ.  ʇʨʠ ʘʩʝʧʪʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ 

ʮʝʣʝʚʦʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʧʨʦʠʩʭʦʜʷʪ ʚʪʦʨʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʙʠʦʪʢʘʥʠ [105, 116,171]. 

ʅʘ ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ: 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʮʝʣʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʙʲʝʤʝ ʪʢʘʥʠ.  

ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʝʩʪʨʫʢʮʠʶ ʪʢʘʥʝʡ ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʢʣʝʪʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.1. çʕʬʬʝʢʪ ʨʘʩʪʚʦʨʘè (ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʥʘ 

ʢʣʝʪʢʠ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ  

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʫʙʠʚʘʝʪ ʠʭ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʦʡ τ ,˞  ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ  ʉ210-º  [12, 

28, 75, 236].  ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʢʣʝʪʢʠ ʠʤʝʶʪ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʧʦʧʘʩʪʴ ʚ ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʜʚʝʨʛʥʫʪʴʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʣʠʯʝʩʪʚʦ ʫʙʠʚʘʝʤʳʭ ʢʣʝʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ.  ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʦʭʣʘʞʜʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʣʝʜ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ, ʜʝʩʪʨʫʢʮʠʷ 

ʢʣʝʪʦʢ ʦʧʷʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʢʣʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʟʘʤʦʨʘʞʠʚʘʝʤʦʡ ʢʣʝʪʢʠ.  
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ʈʠʩ. 1.1. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʝʩʪʨʫʢʮʠʶ ʙʠʦʪʢʘʥʠ ʪʨʝʭ 

ʪʠʧʦʚ ʢʣʝʪʦʢ (A, B, C) 

ɺ ʧʨʦʮʝʩʩʝ ʦʪʪʘʠʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ 

ʜʣʷ ʪʘʷʥʠʷ ʣʴʜʘ, ʯʝʤ ʜʣʷ ʝʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʩʩʘ ʪʢʘʥʠ 

ʙʳʩʪʨʦ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʚ ʪʦʯʢʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʢʣʝʪʢʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʜʝʣʷʝʤʫʶ ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʜʥʳʡ çʵʬʬʝʢʪ 

ʨʘʩʪʚʦʨʘè ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʪʪʘʠʚʘʥʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʝʭʘʥʠʟʤʳ, ʨʘʟʨʫʰʘʶʱʠʝ ʢʣʝʪʢʠ, ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʤʥʦʛʠʝ ʢʣʝʪʢʠ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʦʮʝʩʩ ʟʘʤʦʨʘʞʠʚʘʥʠʷ in vitro. 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʢ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʶʪ ʧʨʦʩʪʦ ʪʝʤ, ʯʪʦ 

ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ (ʵʢʩʧʦʥʠʨʫʶʪʩʷ) ʨʘʟʣʠʯʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʨʝʜʘʤ, ʘ ʥʝ ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʣʠʯʠʷʤ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʤʦʨʘʞʠʚʘʥʠʶ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʢʨʠʦʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʧʨʦʚʝʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ; 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʥʝʩʢʦʣʴʢʠʤʠ ʟʦʥʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʭʝʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʠ ʪ.ʜ. 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʣʘʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘ -40 Áʉ [12, 28].  ʇʦ ʚʦʧʨʦʩʫ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʦ 
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ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʤʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʣʠʯʘʶʪʩʷ [138, 174, 233-236, 

260, 266].   

ʆʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ [12, 28, 75, 236]. 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ (Áʉ/ʯ ʠ Áʉ/ʤʠʥ) ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ 

ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.1 [12, 28, 75, 236]. 

ʊʘʙʣʠʮʘ 1.1.  ʉʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ  

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʀʥʪʝʨʚʘʣ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʪʢʘʥʠ 

ʂʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʜʦ 10 Áʉ/ʯ (ʜʦ 0,166 Áʉ/ʤʠʥ)  

ʄʝʜʣʝʥʥʦ ʦʪ 10 Áʉ/ʯ ʜʦ 10 Áʉ/ʤʠʥ 

ɹʳʩʪʨʦ ʦʪ 10 Áʉ/ʤʠʥ ʜʦ 60 Áʉ/ʤʠʥ 

ɼʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʦʪ 1 Áʉ/ʩ ʜʦ 100 Áʉ/ʩ 

ʉʪʨʝʤʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ɹʦʣʝʝ 100 Áʉ/ʩ 

 

ɹʠʦʣʦʛʠʯʝʩʢʘ ̫ʢʣʝʪʢʘ ʣʶʙʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʚʳʞʠʚʘʥʠʷ. 

ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʞʠʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʩʠʛʥʘʪʫʨʝ, ʚʝʨʦʷʪʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʩɹʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ [12, 28, 75, 236].  

 

ʈʠʩ. 1.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʠʦʪʢʘʥʝʡ ʦʪ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ 
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ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʪʢʘʥʠ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʢʣʝʪʦʯʥʘʷ 

(ʤʝʞʢʣʝʪʦʯʥʘʷ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʢʣʝʪʢʠ ʙʠʦʪʢʘʥʠ [12, 28, 75, 236].  

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚʳʩʦʢʘʷ, ʪʦ ʞʠʜʢʦʩʪʴ, ʥʘʭʦʜʷʱʝʝʩʷ ʚʥʫʪʨʠ 

ʙʠʦʪʢʘʥʠ ʥʘʯʠʥʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʪʚʝʨʜʫʶ ʬʦʨʤʫ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʥʝ ʫʜʘʝʪʩʷ ʙʳʩʪʨʦ ʧʦʢʠʥʫʪʴ ʢʣʝʪʢʫ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʨʘʟʨʳʚʘʝʪ 

ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ʅʘʨʫʘhʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʦʚ.  ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤʠ ʢʣʝʪʢʠ ʨʘʟʨʫʘhʶʩʷ [12, 28, 75, 236].  

ʆʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʢʦʨʦʩʪʴ ʦʪʪʘʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ 

ʚʳʞʠʚʘʥʠʝ ʠʣʠ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʥʫʪʨʠ 

ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʢʣʝʪʦʢ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʦʪʪʦʨʞʝʥʠʷ ʥʠʟʢʘʷ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ.  ʇʦʚʨʝʞʜʝʥʠʝ 

ʢʣʝʪʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ ʙʠʦʪʢʘʥʠ ʩʚʷʟʘʥ rʩ ʪʝʤ, 

ʯʪʦ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʣʴʜʘ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ ʠʤʝʶʪ ʦʛʨʦʤʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʦʪʪʘʚʠʚʘʥʠʷ ʚʳʩʦʢʘʷ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [105, 118,174].  

ʌʘʢʪʦʨ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ, ʦʪʚʦʜʠʤʦʛʦ ʥʘ ʨʘʙʦʪʫ 

ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. [105, 118,174]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʠ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠʦʪʢʘʥʠ 

ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠʤʝʶʪ ʤʝʪʦʜ rʫʩʠʣʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ [28, 75, 105, 118,174]. 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʟʦʥʫ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, ʯʪʦ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ [12]. ʋʯʘʩʪʦʢ ʙʠʦʪʢʘʥʠ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪʩʷ ʟʘʤʦʨʦʟʠʪʴ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʦʭʣʘʞʜʝʥʠʷ (ʚʪʦʨʦʡ ʠ ʪ.ʜ.). 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚ ʨʘʟʨʫʰʘʝʤʫʶ 

ʦʙʣʘʩʪʴ ʙʠʦʪʢʘʥʠ ʚʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʳ. ʉʨʝʜʠ ʥʠʭ ʣʠʜʦʢʘʠʥ, 

ʘʜʨʝʥʘʣʠʥ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘ ̫ʚʦʜʘ [28, 75]. 
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ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʦʙʣʫʯʝʥʠʝʤ, ʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ [174,177].  

ɺʪʦʨʠʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ 

ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ 

ʠʟ-ʟʘ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ, ʧʨʠ ʚʪʦʨʠʯʥʦʤ 

ʧʦʚʨʝʞʜʝʥʠʠ, ʠʟʤʝʥʷʪʁʩʷ ʚʷʟʢʦʩʪʴ ʠ ʪʝʢʫʯʝʩʪʴ ʢʨʦʚʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, 

ʚʦʟʥʠʢʘʶʪ ʟʘʩʪʦʡʥʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʪʨʦʤʙʦʟʳ, ʨʝʬʣʝʢʪʦʨʥʳʝ ʨʝʘʢʮʠʠ ʩʦ 

ʩʪʦʨʦʥʳ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ [174,177].  

ɽʩʣʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʚʦʜʳ ʠ ʢʣʝʪʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʦ ʯʝʤ ʙʳʩʪʨʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʟʘʤʦʨʦʟʢʘ, ʪʝʤ ʙʳʩʪʨʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʝʤ 

ʜʦʣʴʰʝ ʪʢʘʥʴ ʥʘʭʦʜʠʣʘʩʴ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʟʨʫʰʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʦʟʜʘʚʘʝʤʦʡ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʝʥʠʡ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ. 

ʅʠ ʦʜʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʣʝʪʢʘ ʥʝ ʤʦʞʝʪ ʧʝʨʝʞʠʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ -60 ÁC ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʪʘʠʚʘʥʠʝʤ, ʥʦ ʪʘʢʘʷ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʵʧʠʮʝʥʪʨʝ ʟʘʤʝʨʟʘʥʠʷ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ 

ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʝʜʝʣʘʭ, ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʨʠʦʛʝʥʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʯʘʛʘ. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ -20ÁC ʚʙʣʠʟʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, 

ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʢʘʥʠ ʫʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -2Á -3ÁC ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʣʝʜʝʥʝʥʠʶ, ʪʦ ʥʝʠʟʙʝʞʥʦ ʦʙʨʘʟʫʝʪʩʷ 

ʩʣʦʡ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ, ʪ.ʝ. ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʣʝʜ, ʚ 

ʢʦʪʦʨʦʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʨʦʤʝʨʟʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʢʨʠʦʥʝʢʨʦʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ [174,177]. ʇʘʪʦʣʦʛʠʯʝʩʢʠʡ ʦʯʘʛ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʙʝʩʢʦʥʝʯʥʦ ʰʠʨʝ ʠ ʛʣʫʙʞʝ ʟʘʤʦʨʘʞʠʚʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤ ʨʝʘʣʴʥʳʤ 
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ʨʘʟʤʝʨʦʤ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʢʘʢʘʷ ʣʠʥʠʷ ʚ ʟʦʥʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʧʝʨʝʩʝʯʝʪ ʛʨʘʥʠʮʫ ʙʫʜʫʱʝʛʦ ʢʨʠʦʥʝʢʨʦʟʘ - ʜʝʤʘʨʢʘʮʠʦʥʥʫʶ ʣʠʥʠʶ ʤʝʞʜʫ 

ʦʙʨʘʪʠʤʳʤ ʠ ʥʝʦʙʨʘʪʠʤʳʤ ʢʨʠʦʛʝʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʨʝʘʣʴʥʦ ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʠʣʠ 

ʤʝʩʷʮʝʚ. 

ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ ʠ ʚʦʢʨʫʛ ʟʦʥʳ ʟʘʤʝʨʟʘʥʠʷ. ɸ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ 

ʥʝʠʟʙʝʞʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʦʩʣʝ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦ 

ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʪʝʢ ʪʢʘʥʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʟʦʥʳ, ʪ.ʝ. ʟʦʥʳ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʠʟʫʘʣʴʥʦ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʚ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ 

ʧʨʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ, ʚʢʣʶʯʘʶʪ ʟʦʥʳ ʪʝʧʣʦʦʙʤʝʥʘ (ʨʘʟʤʝʨʳ 

ʢʨʠʦʘʧʧʣʠʢʘʪʦʨʘ) ʠ ʚʦʟʥʠʢʘʶʱʫʶ ʟʦʥʫ ʢʨʠʦʥʝʢʨʦʟʘ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʦʥʝʢʨʦʟʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʟʘʤʝʨʟʘʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʠ ʦʯʝʥʴ ʯʝʪʢʦ ʚʠʜʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʪʠ ʚʩʝʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. ɺ ʟʦʥʝ ʟʘʤʝʨʟʘʥʠʷ ʪʢʘʥʠ ʩʪʘʥʦʚʷʪʩʷ ʩʚʝʪʣʝʝ ʠ ʪʚʝʨʞʝ, 

ʠ ʜʣʷ ʵʪʦʡ ʟʦʥʳ ʟʘʤʝʨʟʘʥʠʷ ʣʝʛʯʝ ʚʩʝʛʦ ʧʨʝʜʩʢʘʟʘʪʴ ʛʨʘʥʠʮʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʏʝʤ ʤʝʥʴʰʝ ʨʘʟʨʫʰʝʥʥʳʡ ʦʯʘʛ, ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ, ʪʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʘʧʧʣʠʢʘʪʦʨʘ, ʪʝʤ ʤʝʥʴʰʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ 

ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʪʝʧʣʦʦʙʤʝʥ, ʪʝʤ ʧʨʘʚʠʣʴʥʝʝ ʚʳʙʨʘʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʘʧʧʣʠʢʘʪʦʨʘ ʠ ʩʧʦʩʦʙ ʦʭʣʘʞʜʝʥʠʷ, ʪʝʤ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʪʣʦʞʝʥʠʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʦʙʣʝʜʝʥʝʣʘ.  
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ʄʦʜʝʣʴ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ ʚʦʢʨʫʛ ʥʘʢʦʥʝʯʥʠʢʘ ʢʨʠʦʟʦʥʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʅʘ 

ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʦ ʠʭ ʪʠʧʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ.  

 

          ʈʠʩ.1.3. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ ʥʘ ʙʠʦʪʢʘʥʠ 

ɺ ʨʘʙʦʪʘʭ [274-276] ʘʚʪʦʨ ʦʧʠʩʘʣ ʨʘʟʣʠʯʥʳʝ ʟʦʥʳ ʧʦʚʨʝʞʜʝʥʠʷ ʚʥʫʪʨʠ 

ʤʘʩʩʳ ʣʴʜʘ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ in vitro.   

ʂʣʝʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʙʣʠʟʠ ʥʘʢʦʥʝʯʥʠʢʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʳʩʪʨʦʤʫ 

ʦʭʣʘʞʜʝʥʠʶ, ʠ ʩʤʝʨʪʥʦʩʪʴ ʢʣʝʪʦʢ ʙʫʜʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʣʴʜʘ. ɼʘʣʴʰʝ ʦʪ ʥʘʢʦʥʝʯʥʠʢʘ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʤʝʥʴʰʝ ʢʣʝʪʦʢ ʙʫʜʝʪ ʫʙʠʪʦ. ʅʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʩʤʝʨʪʥʦʩʪʴ ʢʣʝʪʦʢ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ, ʥʦ ʥʘʯʥʝʪ ʦʧʷʪʴ 

ʧʦʚʳhʘʪʴʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʜʦʤʠʥʠʨʦʚʘʥʠʠ çʵʬʬʝʢʪʘ ʨʘʩʪʚʦʨʘè. ʀ, ʥʘʢʦʥʝʮ, ʚʦʟʣʝ ʢʨʘʷ ʤʘʩʩʳ ʣʴʜʘ, 

ʩʤʝʨʪʥʦʩʪʴ ʢʣʝʪʦʢ ʦʧʷʪʴ ʩʪʘʥʦʚʠʪʩʷ ʥʠʟʢʦʡ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʘʜʘʝʪ ʥʠʞʝ 

ʉ00  ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʣʴʜʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ ʚʦʢʨʫʛ ʢʨʠʦʟʦʥʜʘ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

(i) ɿʦʥʘ ʥʘʠʙʦʣʴʰʝʡ ʩʤʝʨʪʥʦʩʪʠ ʢʣʝʪʦʢ ʤʝʥʴʰʝ ʤʘʩʩʳ ʣʴʜʘ. 

(ii)  ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʤʘʩʩʘ ʢʣʝʪʦʢ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʦʙʲʝʤʝ ʚʳʞʠʚʘʝʪ. 

(iii)  ʉʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʟʘʤʦʨʘʞʠʚʘʥʠʷ: ʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʤʝʜʣʝʥʥʳʤ ʦʪʪʘʠʚʘʥʠʝʤ. 
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ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʠʰʝʥʴ ʥʘ ʪʢʘʥʠ 

ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʭʦʣʦʜʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ [274-277, 280]. Farrant [274-276] ʩʯʠʪʘʝʪ, ʯʪʦ ʦʢʨʫʞʠʚ ʦʙʣʘʩʪʴ 

ʤʠʰʝʥʠ ʭʦʣʦʜʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦ ʢʣʝʪʢʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʘʤʳʭ ʚʨʝʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʫʩʪʨʘʥʠʪʴ ʪʝʤ ʩʘʤʳʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʢʦʥʝʯʥʠʢʘ 

ʢʨʠʦʟʦʥʜʘ.  

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʬʬʝʢʪʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ in vivo 

ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʤʝʨʪʥʦʩʪʴ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ in vitro. Smith ʠ   

Frajer (1974 ʛ.)  ʚʟʷʣʠ ʩʨʝʟʳ ʪʢʘʥʝʡ ʠʟ ʦʙʣʘʩʪʠ ʧʝʯʝʥʠ ʢʨʳʩʳ, ʟʘʤʦʨʦʞʝʥʥʦʡ in 

vivo, ʠ ʦʧʨʝʜʝʣʠʣʠ ʩʣʘʙʫʶ ʜʝʤʘʨʢʘʮʠʦʥʥʫʶ ʣʠʥʠʶ ʤʝʞʜʫ ʞʠʚʳʤʠ ʠ 

ʤʝʨʪʚʳʤʠ ʢʣʝʪʢʘʤʠ ʩʧʫʩʪʷ 30 ʤʠʥ. ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ.  ʉʧʫʩʪʷ 48ʯ. ʚʠʜʥʘ 

ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʘʷ ʣʠʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʥʪʫʨʫ ʉ013-  

ʚ ʤʘʩʩʝ ʣʴʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʣʝʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʉ013-  ʜʦ ʉ070-  ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʤʠʥʉ/10030 0- .  ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʣʝʪʦʢ ʚʦ 

ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ ʩʫʩʧʝʥʟʠʷʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʪʘʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʚʳʞʠʚʘʝʪ, ʥʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʢʣʝʪʢʠ ʧʝʯʝʥʠ ʢʨʳʩʳ, 

ʟʘʤʦʨʦʞʝʥʥʦʡ in vivo, ʫʙʠʪʳ [274-277, 280]. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ ʧʦʜʪʚʝʨʜʠʣʠ ʜʘʥʥʳʡ ʚʳʚʦʜ. ʂʣʝʪʢʠ 

ʩʦʭʨʘʥʷʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʨʘʟʫ ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʥʦ ʩʧʫʩʪʷ 48 ʯʘʩʦʚ ʚʩʝ ʢʣʝʪʢʠ ʚ ʦʙʣʘʩʪʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʛʠʙʘʣʠ. 

ʄʝʭʘʥʠʟʤ, ʚ ʦʩʥʦʚʝ ʟʘʤʝʜʣʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʝʱʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʷʩʝʥ. 

ɺʝʨʦʷʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ, ʨʘʟʨʫʰʘʶʱʠʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro, ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʚ ʞʠʚʳʭ ʪʢʘʥʷʭ ʧʦʩʣʝ 

ʢʨʠʦʭʠʨʫʨʛʠʠ. ʆʜʥʘʢʦ ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ, ʧʨʦʠʩʭʦʜʠʪ ʢʘʢʦʡ-ʪʦ 

ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ, ʫʙʠʚʘʶʱʠʡ ʢʣʝʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʷ ʪʝ ʢʣʝʪʢʠ, 

ʢʦʪʦʨʳʝ ʩʥʘʯʘʣʘ ʚʳʜʝʨʞʘʣʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ [274-277, 280]. 
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ʇʨʦʮʝʩʩ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ, 

ʷʚʣʷʝʪʩʷ ʘʧʦʢʩʠʷ ʢʣʝʪʦʢ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʧʨʠ 

ʢʨʠʦʭʠʨʫʨʛʠʠ. ʆʜʥʘʢʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʠ ʣʠʰʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʤʫ. ʍʘʤʠʣʪʦʥ ʆʪʘʥʝʣ ʉʤʠʪ, ʘʤʝʨʠʢʘʥʩʢʠʡ 

ʤʠʢʨʦʙʠʦʣʦʛ, ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʠ ʬʠʟʠʦʣʦʛʠʠ 

1978 ʛʦʜʘ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʷʜʨʘ ʤʠʪʦʭʦʥʜʨʠʠ ʠ ʵʥʜʦʧʣʘʨʠʘʪʠʯʝʩʢʦʡ 

ʩʝʪʠ ʦʪʯʝʪʣʠʚʦ, ʚʠʜʥʳ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ ʥʘ ʧʝʯʝʥʠ ʢʨʳʩʳ, ʟʘʤʦʨʦʞʝʥʥʦʡ in 

vivo. ʊʦʣʴʢʦ ʧʦʟʞʝ ʧʦʷʚʠʣʦʩʴ ʩʣʘʙʦʝ ʚʘʩʢʫʣʷʨʥʦʝ ʠʟʤʝʥʝʥʠʝ. ʉʥʘʯʘʣʘ 

ʦʪʤʝʯʘʣʠʩʴ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʣʝʛʘʶʱʠʭ ʢʣʝʪʦʢ, ʥʦ ʩʧʫʩʪʷ 6 ʯʘʩʦʚ ʧʦʩʣʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʚʩʝ ʢʣʝʪʢʠ ʚ ʦʙʣʘʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʳʣʠ ʫʙʠʪʳ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ ʦʪʤʝʯʘʣʘʩʴ ʠ ʜʨʫʛʠʤʠ 

ʘʚʪʦʨʘʤʠ [287, 289, 293, 295]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʢʦʞʥʳʭ 

ʦʧʫʭʦʣʷʭ ʢʨʦʣʠʢʦʚ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʞʥʳʭ ʦʧʫʭʦʣʷʭ ʣʶʜʝʡ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʞʥʦʡ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʚ ʪʝʯʝʥʠʠ 

ʧʝʨʠʦʜʘ ʚʧʣʦʪʴ ʜʦ 2 ʯʘʩʦʚ ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʢʣʝʪʦʢ ʧʦʩʣʝ ʢʨʠʦʭʠʨʫʨʛʠʠ, ʦʪʤʝʯʝʥʥʘʷ ʚ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʚʩʝʛʜʘ ʠʤʝʣʘ ʤʝʩʪʦ. ɺʳʞʠʚʘʥʠʝ ʣʶʙʦʡ 

ʢʣʝʪʢʠ ʜʘʝʪ ʧʦʚʦʜ ʜʣʷ ʙʝʩʧʦʢʦʡʩʪʚʘ, ʝʩʣʠ ʦʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʠ 

in vivo. ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ 

ʤʘʩʩʳ ʣʴʜʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʣʦ ʠʩʪʦʣʢʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʦʣʝʝ 

ʪʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʜʝʣʘʥʥʦʝ Smith ʚ 1978ʛ., ʚ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʝʪʩʷ ʦʙʲʝʤ ʪʢʘʥʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, ʥʘʡʜʫʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʢʣʘ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ. 

ʀʩʯʝʨʧʳʚʘʶʱʝʛʦ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʠ ʪʢʘʥʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʧʦʣʫʯʝʥʳ.   
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ɸʥʘʣʠʟ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʧʨʠʯʠʥʘʤ, ʧʨʠʚʦʜʷʱʠʤ 

ʢ ʨʘʟʨʫʰʝʥʠ ʁʢʣʝʪʦʢ, ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ:  

- ʟʥʘʯʠʪʝʣʴʥʘ ̫ʜʝʛʠʜʨʘʪʘʮʠ ̫ʢʣʝʪʦʢ;   

- ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʢʨʠʩʪʘʣʣʘʤʠ ʣʴʜʘ;  

- ʩʜʘʚʣʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʪʝʣ ʢʨʠʩʪʘʣʣʘʤʠ;  

- ʜʝʥʘʪʫʨʘʮʠʷ ʬʦʩʬʦʣʠʧʠʜʦʚ ʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʘʭ;  

- ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ;  

- ʨʘʟʚʠʪʠʝ ʦʯʘʛʘ ʠʰʝʤʠʯʝʩʢʦʛʦ ʥʝʢʨʦʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʥʦʚʢʠ ʢʨʦʚʦʪʦʢʘ ʚ 

ʦʙʲʝʤʝ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ [257, 259, 262, 265, 278, 279, 281]. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʦʪʢʘʥʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʥʦ ʠ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ. 

1.2. ʌʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

1.2.1. ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʞʠ ʙʠʦʪʢʘʥʠ 

ɿʘʜʘʯʘ ʨʘʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪ,ɹ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʦʙʣʘʩʪʠ ʞʠʚʦʡ ʙʠʦʪʢʘʥʠ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʦʟʥʠʢʘʝʪ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʂ ʪʘʢʠʤ ʦʙʣʘʩʪʷʤ 

ʦʪʥʦʩʷʪʩʷ ʢʨʠʦʤʝʜʠʮʠʥʘ, ʢʨʠʦʙʠʦʣʦʛʠ ̫ʠ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ. 

ʏʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʪʢʘʥʝʡ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʠʤ ʙʠʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʀʩʩʣʝʜʦʚʘʥʠʶ 

ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [11, 45, 94, 123, 134, 177, 181, 233-235]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʘʥʘʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʪʢʘʥʝʡ ʧʨʠ ʣʦʢʘʣʴʥʦʤ 

ʢʨʠʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʇʨʠ ʵʪʦʤ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʚʘʣʠʜʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʢ ʨʝʰʝʥʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʧʨʦʩʦʚ ʧʦʢʘ ʥʝ ʧʨʝʜʣʦʞʝʥ.  

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʵʧʠʜʝʨʤʘʣʴʥʳʭ ʩʣʦʷʭ ʙʠʦʪʢʘʥʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 
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ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ. 

ʂʦʞʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʵʪʦ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʦʨʛʘʥ ʥʘʰʝʛʦ ʪʝʣʘ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ.  

ʂʦʞʘ ʙʠʦʪʢʘʥʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʩʣʦʷ: ʵʧʠʜʝʨʤʠʩ, ʜʝʨʤʘ ʠ 

ʛʠʧʦʜʝʨʤʘ (ʨʠʩ.1.4). ʂʘʞʜʳʡ ʩʣʦʡ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʬʫʥʢʮʠʷʤ.  

 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʘ (ʩʣʦʠ) ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʕʧʠʜʝʨʤʠʩ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʢʦʞʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ 

ʩʘʤʦʙʥʦʚʣʷʝʪʩʷ ʠ ʜʝʣʠʪʩʷ ʥʘ ʧʷʪʴ ʩʣʦʝʚ: ʨʦʛʦʚʦʡ, ʙʣʝʩʪʷʱʠʡ, ʟʝʨʥʠʩʪʳʡ, 

ʰʠʧʦʚʘʪʳʡ ʠ ʙʘʟʘʣʴʥʳʡ.  

ʋʨʦʚʥʠ (ʩʣʦʠ) ʵʧʠʜʝʨʤʠʩʘ: 

ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʚʳʡ ʩʣʦʡ. ɼʘʥʥʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ 

ʙʘʟʘʣʴʥʳʡ ʩʣʦʡ. ʅʘ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ ʨʘʩʧʦʣʦʞʝʥ ʩʘʤʳʡ ʧʝʨʚʳʡ ʨʷʜ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʵʧʠʪʝʣʠʷ.  ɺ ʢʣʝʪʢʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʚ ʙʘʟʘʣʴʥʳʡ ʩʣʦʡ, 

ʚʢʣʶʯʘʶʪʩʷ ʤʝʣʘʥʦʮʠʪʳ, ʥʝʩʫʱʠʝ ʟʘʧʘʩʳ ʧʠʛʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʢʦʨʠʯʥʝʚʳʡ ʧʠʛʤʝʥʪ ʤʝʣʘʥʦʥʠʥ. ɹʘʟʘʣʴʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʢʦʣʣʘʛʝʥʦʚʳʭ ʠ 

ʵʣʘʩʪʠʯʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʦʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʚʳʨʦʩʪʦʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ.  

ʂʘʞʜʳʡ ʤʝʣʘʮʦʥʠʪ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 30 ʢʝʨʘʪʠʥʦʮʠʪʘʤʠ. ɼʘʥʥʳʡ ʩʣʦʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʜʝʨʤʦʡ, ʩ ʦʙʣʘʩʪʴʶ ʜʝʨʤʦʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  
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ʀʟ ʩʦʩʫʜʦʚ ʜʝʨʤʳ ʧʨʦʠʩʭʦʜʷʪ ʩʥʘʙʞʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʯʝʨʝʟ ʙʘʟʘʣʴʥʫʶ 

ʤʝʤʙʨʘʥʫ. ʏʝʨʝʟ ʵʪʠ ʩʦʩʫʜʳ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʠʪʘʥʠʝ, ʚʳʚʝʜʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʵʧʠʜʝʨʤʠʩʘ. 

ʄʝʣʘʮʦʥʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢʞʝ ʚ ʚʝʨʭʥʝʤ ʷʨʫʩʝ ʜʝʨʤʳ.  ʎʠʪʦʧʣʘʟʤʘ 

ʤʝʣʘʮʦʥʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʠʙʦʩʦʤ ʠ ʤʝʣʘʥʦʩʦʤ. 

ʆʥʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʥʥʳʤʠ ʚʝʪʚʷʱʠʤʠʩʷ ʦʪʨʦʩʪʢʘʤʠ. ɼʘʥʥʳʝ 

ʦʪʨʦʩʪʢʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʝʞʢʣʝʪʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʰʠʧʦʚʘʪʦʛʦ ʩʣʦʷ, 

ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʝʱʝ ʥʘʨʫʞʫ ʢ ʟʝʨʥʠʩʪʦʤʫ ʩʣʦʶ.  

ʉʦʝʜʠʥʝʥʠʝ ʤʝʣʘʥʠʥʘ ʠ ʩʦʟʨʝʚʘʥʠʝ ʤʝʣʘʥʦʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʚ ʤʝʣʘʥʦʮʠʪʝ. ʄʝʣʘʥʦʩʦʤʳ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʢʝʨʘʪʠʥʦʮʠʪʳ. ɸ ʢʝʨʘʪʠʥʦʮʠʪʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʤʝʣʘʥʠʥʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʪʝʤʥʝʥʠʶ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ. 

ɼʣʷ ʟʘʱʠʪʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʨʦʩʪʢʦʚʦʛʦ ʩʣʦʷ ʢʦʞʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳʢʣʝʪʢʠ ʃʘʥʛʝʨʛʘʥʩʘ.  ʉʣʦʡ ʠʤʝʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʠ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ.  

ʐʠʧʦʚʘʪʳʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʝʪʢʘʤ ʩ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤʠ 

ʤʦʩʪʠʢʘʤʠ, ʥʘʟʳʚʘʝʤʳʝ çʰʠʧʳè, ʦʪʜʝʣʷʶʱʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʣʝʪʢʠ, 

ʧʦʤʦʛʘʶʱʠʡ ʨʘʩʰʠʨʝʥʠʶ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢ ʚʝʨʭʥʠʤ ʩʣʦʷʤ ʵʧʠʜʝʨʤʠʩʘ.   

ʂʣʝʪʢʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ, ʰʠʧʦʚʠʜʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 4-8 ʨʷʜʦʚ 

ʢʣʝʪʦʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʦʯʥʦʡ ʩʚʷʟʴʶ ʧʨʦʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʦʪʨʦʩʪʢʦʚ. ʕʪʦʪ 

ʩʣʦʡ ʧʦʣʫʯʠʣ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʠʟ-ʟʘ ʰʠʧʦʚʘʪʳʭ ʢʣʝʪʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʘʨʪʝʬʘʢʪ, 

ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʦʚ ʪʢʘʥʠ. ʇʨʦʜʫʢʪʳ 

ʩʠʥʪʝʟʘ, ʪʘʢʠʝ ʢʘʢ ʢʝʨʘʪʠʥ ʠ ʣʠʧʠʜʳ, ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʦʩʪʠʩʪʦʛʦ ʩʣʦʷ, 

ʟʜʝʩʴ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʣʝʪʢʠ, ʥʘʟʳʚʘʝʤʳʝ 

ʢʣʝʪʢʘʤʠ ʃʘʥʛʝʨʛʘʥʩʘ.  

ʂ ʨʘʟʙʠʝʥʠʶ ʩʧʦʩʦʙʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʣʝʪʦʢ ʰʠʧʦʚʘʪʦʛʦ ʩʣʦʷ, ʧʦʵʪʦʤʫ 

ʰʠʧʦʚʘʪʳʡ ʠ ʙʘʟʘʣʴʥʳʡ ʩʣʦʠ ʦʙʳʯʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʦʙʨʘʟʦʚʳʚʘʷ 

ʟʘʨʦʜʳʰʝʚʳʡ ʩʣʦʡ.  ɼʝʣʷʱʠʝʩʷ ʢʣʝʪʢʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪ ɹ

ʢʦʞʥʳʤʠ ʩʪʚʦʣʦʚʳʤʠ ʢʣʝʪʢʘʤʠ. 



 39 
 

ʂʣʝʪʢʠ, ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ, 

ʷʚʣʷʶʪʩʷ ʫʧʣʦʱʝʥʥʳʤʠ ʠ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ. ɼʘʥʥʳʝ ʢʣʝʪʢʠ ʦʙʨʘʟʦʚʳʚʘʶʪ 

ʩʣʦʡ ʢʦʞʠ, ʥʘʟʳʚʘʝʤʳ ʟʝʨʥʠʩʪʳʤ. ʀ ʵʪʦʪ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 3-4 ʫʨʦʚʥʝʡ ʢʣʝʪʦʢ, 

ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʢʝʨʘʪʠʥ - ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʨʦʛʦʚʦʛʦ ʩʣʦʷ.  

ɹʣʝʩʪʷʱʠʡ ʩʣʦʡ ï ʵʪʦ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ. ɼʘʥʥʳʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʣʦʩʢʠʤ ʙʝʟʲʷʜʝʨʥʳʤ ʢʣʝʪʢʘʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʢʝʨʘʪʦʛʠʘʣʠʥʘ ʚ ʢʝʨʘʪʠʥ ï ʨʦʛʦʚʦʝ ʚʝʱʝʩʪʚʦ. ɹʣʝʩʪʷʱʠʡ ʩʣʦʡ 

ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʪʦʣʱʠʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ.  

ʈʦʛʦʚʦʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʢʦʞʠ. ʅʘ ʜʘʥʥʦʤ ʩʣʦʝ 

ʩʦʜʝʨʞʘʪʩʷ ʦʨʦʛʦʚʝʚʰʠʝ ʵʧʠʪʝʣʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʚʥʝʰʥʠʤ ʩʣʦʝʤ ʵʧʠʜʝʨʤʠʩʘ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ (ʨʦʛʦʚʦʡ ʩʣʦʡ) ʩʦʩʪʦʠʪ ʦʪ 15 ʜʦ 30 ʩʣʦʝʚ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ. ʈʦʛʦʚʦʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʨʦʜʫʢʪʫ ʧʨʦʮʝʩʩʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ. ʇʨʦʯʥʦʩʪʴ ʨʦʛʦʚʦʛʦ ʩʣʦʷ 

ʩʚʷʟʘʥʘ ʩ ʢʘʯʝʩʪʚʦʤ ʢʝʨʘʪʠʥʘ ʠ ʥʘʣʠʯʠʝʤ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʙʘʨʴʝʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ pH. ɺʦʟʜʝʡʩʪʚʠʝ ʛʨʘʜʠʝʥʪʘ ʨʅ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʚʦ 

ʚʩʝʤ ʵʧʠʜʝʨʤʠʩʝ. pH - ʵʪʦ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ ʙʘʣʘʥʩ ʢʦʞʠ. ɹʣʘʛʦʜʘʨʷ ʝʤʫ 

ʢʦʞʘ ʩʦʭʨʘʥʷʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʥʦʨʤʘʣʴʥʫʶ ʚʳʨʘʙʦʪʢʫ ʩʝʙʫʤʘ ʠ ʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʉʫʱʝʩʪʚʫʝʪ ʰʢʘʣʘ pH, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ. ɽʝ ʛʨʘʜʘʮʠʷ 

ʦʪ 0 ʜʦ 14. ʉʫʭʘʷ ʢʦʞʘ ʠʤʝʝʪ pH 3 - 5,2, ʥʦʨʤʘʣʴʥʘʷ - 5,2 -5,7, ʞʠʨʥʘʷ - 5,7 - 

7,5. 
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ʈʠʩ.1.5. ʉʪʨʫʢʪʫʨʘ ʵʧʠʜʝʨʤʠʩʘ 

ʇʦʜ ʵʧʠʜʝʨʤʠʩʦʤ ʥʘʭʦʜʠʪʩʷ ʜʝʨʤʘ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,5 

ʜʦ 5 ʤʤ. ɼʝʨʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ: ʩʦʩʦʯʢʦʚʦʛʦ ʠ ʩʝʪʯʘʪʦʛʦ, ʠ ʧʨʦʥʠʟʘʥʘ 

ʢʨʦʚʝʥʦʩʥʳʤʠ ʠ ʣʠʤʬʘʪʠʯʝʩʢʠʤʠ ʩʦʩʫʜʘʤʠ, ʞʝʣʝʟʘʤʠ. 

ɼʝʨʤʘ ʝʩʪʴ ʢʦʞʘ, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʠ ʦʩʥʝʦʚʥʳʤ ʩʣʦʝʤ ʢʦʞʠ, ʵʪʦ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʩʣʦʝʚ: ʩʦʩʦʯʢʦʚʦʛʦ ʠ ʩʝʪʯʘʪʦʛʦ. 

ɼʝʨʤʘ ʚ ʩʝʙʝ ʩʦʜʝʨʞʠʪ: ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ; ʢʣʝʪʢʠ 

ʬʠʙʨʦʙʣʘʩʪʦʚ; ʩʘʣʴʥʳʝ ʞʝʣʝʟʳ; ʧʦʪʦʚʳʝ ʞʝʣʝʟʳ; ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ; 

ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ; ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʜʨʫʛʠʝ; ʚʦʣʦʢʥʘ ʵʣʘʩʪʠʥʘ 

ʠ ʢʦʣʣʘʛʝʥʘ; ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ. 

 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʘ (ʩʣʦʠ) ʜʝʨʤʳ 

ʇʦʜ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ ʨʘʩʧʦʣʦʞʝʥ ʩʦʩʦʯʢʦʚʳʡ ʩʣʦʡ ʜʝʨʤʳ. ɼʘʥʥʳʡ 

ʩʣʦʡ ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʨʳʭʣʦʡ ʚʦʣʦʢʥʠʩʪʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʴʶ. ʉʣʦʡ 
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ʜʝʨʤʳ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʵʧʠʜʝʨʤʠʩ ʚ ʚʠʜʝ ʩʦʩʦʯʢʦʚ, ʛʣʘʚʥʘʷ ʬʫʥʢʮʠʷ 

ʢʦʪʦʨʳʭ ï ʧʠʪʘʪʴ ʵʧʠʜʝʨʤʠʩ. ʉʦʩʦʯʢʦʚʳʡ ʩʣʦʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʠʪ ʠʟ 

ʪʦʥʢʠʭ, ʥʝʞʥʳʭ ʚʦʣʦʢʦʥ ʢʦʣʣʘʛʝʥʘ ʠ ʵʣʘʩʪʠʥʘ ʠ ʝʱʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʦʩʫʜʦʚ.  

ʈʘʟʤʝʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʦʯʢʦʚ ʥʘ ʢʦʞʝ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʪʝʣʘ ʨʘʟʣʠʯʥʳ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʦʯʢʦʚ ʚʳʩʦʪʦʡ ʜʦ 0,2 ʤʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʞʝ 

ʣʘʜʦʥʝʡ ʠ ʧʦʜʦʰʚ, ʩʦʩʦʯʢʠ ʥʘ ʢʦʞʝ ʣʠʮʘ ʨʘʟʚʠʪʳ ʩʣʘʙʦ ʠ ʩ ʚʦʟʨʘʩʪʦʤ ʤʦʛʫʪ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʥʫʪʴ. 

ɻʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʵʪʦʤ ʩʣʦʝ, ʠʥʦʛʜʘ 

ʩʦʙʨʘʥʥʳʝ ʚ ʥʝʙʦʣʴʰʠʝ ʧʫʯʢʠ ʠ ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʢʦʨʥʝʤ ʚʦʣʦʩʘ. ʕʪʦ ʤʳʰʮʘ, 

ʢʦʪʦʨʘʷ ʧʦʜʥʠʤʘʝʪ ʚʦʣʦʩʳ. ʉʦʢʨʘʱʝʥʠʝ ʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʤʫʨʘʰʝʢ ʧʦ ʢʦʞʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ ʤʝʣʢʠʭ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʪʦʢʘ ʢʨʦʚʠ ʢ ʢʦʞʝ. ɸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʪʝʣʘ. 

ʉʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚ ʤʝʞʢʣʝʪʦʯʥʦʤ ʚʝʱʝʩʪʚʝ, ʢʘʢ ʠʟʚʝʢʩʪʥʦ, 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʢʦʣʣʘʛʝʥ ʠ ʵʣʘʩʪʠʯʥʳʝ ʚʦʣʦʢʥʘ.  ɸ ʤʠʦʮʠʪʳ, ʪ.ʝ. ʤʳʰʝʯʥʳʝ 

ʢʣʝʪʢʠ ʩʦʩʦʯʢʦʚʦʛʦ ʩʣʦʷ, ʩʚʷʟʘʥʳ ʩ ʚʦʣʦʩʷʥʳʤʠ ʬʦʣʣʠʢʫʣʘʤʠ ʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʢʦʞʝʡ, ʦʙʨʘʟʫʷ "ʛʫʩʠʥʫʶ ʢʦʞʫ". 

ʂ ʬʫʥʢʮʠʷʤ ʤʠʦʮʠʪʦʚ ʦʪʥʦʩʷʪʩʷ ʧʨʠʪʘʥʠʝ ʵʧʠʜʝʨʤʠʩʘ (ʤʥʦʞʝʩʪʚʦ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ), ʪʝʨʤʦʨʝʛʫʣʷʮʠʷ, ʘ ʪʘʢʞʝ ʦʥʠ ʞʝ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʨʠʩʫʥʦʢ ʢʦʞʠ.  

ɽʱʝ ʦʜʠʥ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʦʞʝ ʙʠʦʪʢʘʥʠ ï ʩʝʪʯʘʪʳʡ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʣʦʪʥʦʡ, ʥʝʦʬʦʨʤʣʝʥʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʪʢʘʥʴ.ʁ ʉʣʦʡ ʦʯʝʥʴ ʨʘʟʚʠʪ ʥʘ ʫʯʘʩʪʢʘʭ ʢʦʞʠ, ʛʜʝ ʢʦʞʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʠ ʤʝʥʝʝ ʨʘʟʚʠʪ ʥʘ ʤʝʩʪʘʭ, ʧʦʜʚʝʨʛʘʝʤʳʭ 

ʨʘʩʪʷʞʝʥʠʶ. ɺ ʩʝʪʯʘʪʦʤ ʩʣʦʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʨʥʠ ʚʦʣʦʩ, ʧʦʪʦʚʳʝ ʠ ʩʘʣʴʥʳʝ 

ʞʝʣʝʟʳ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʩʝʪʯʘʪʦʛʦ ʩʣʦʷ ʚʳʜʝʣʷʶʪ: ʚʳʜʝʣʝʥʠʝ ʢʦʞʥʦʛʦ 

ʩʘʣʘ ʠ ʧʦʪʘ; ʫʢʨʝʧʣʝʥʠʝ ʢʦʞʠ; ʨʦʩʪ ʚʦʣʦʩ. 
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ʈʠʩ.1.7. ʂʦʣʣʘʛʝʥ ʠ ʵʣʘʩʪʠʥ ʚ ʜʝʨʤʘʣʴʥʦʤ ʩʣʦʝ ʙʠʦʪʢʘʥʠ 

 

ʉʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʞʠ, ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʢʣʝʝʤ (ʯʪʦ ʚ 

ʧʝʨʝʚʦʜʝ ʩ ʛʨʝʯʝʩʢʦʛʦ ʦʟʥʘʯʘʝʪ " kollo " ï ʢʣʝʡ, ʢʦʣʣʘʛʝʥ ï ʨʦʞʜʘʶʱʠʡ ʢʣʝʡ), 

ʷʚʣʷʝʪʩʷ ʢʦʣʣʘʛʝʥ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʠ "ʩʢʣʝʠʚʘʝʪ" ʚʩʝ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ, ʘ 

ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 70-80% ʩʝʪʯʘʪʦʡ ʜʝʨʤʳ. ʂʦʣʣʘʛʝʥ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 25-33% 

ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ ʚ ʦʨʛʘʥʠʟʤʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʣʦ 6% ʦʪ ʤʘʩʩʳ 

ʪʝʣʘ. 

ʉʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʢʦʣʣʘʛʝʥʘ ʷʚʣʷʝʪʩʷ ʪʨʦʧʦʢʦʣʣʘʛʝʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʪʨʝʭ ʩʧʠʨʘʣʴʥʦ ʩʢʨʫʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʮʝʧʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ (ʤʦʣʝʢʫʣʘ 

ʢʦʣʣʘʛʝʥʘ) ʠʤʝʝʪ ʜʚʫʭʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ: ʷʜʨʦ ʬʠʙʨʠʣʣʳ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʦʜʭʦʜʷʪ ʜʨʫʛ ʜʨʫʛʫ ʦʪ ʛʦʣʦʚʳ ʜʦ 

ʭʚʦʩʪʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʢʦʣʣʘʛʝʥʘ ʧʦʵʪʘʧʥʦ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦ ʩʦʝʜʠʥʝʥʳ ʩʰʠʚʢʦʡ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 1/4 

ʜʣʠʥʳ (64 ʥʤ) ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʙʨʘʟʫʶʪʩʷ ʚʦʣʦʢʥʘ, ʠ ʧʫʯʢʠ ʢʦʣʣʘʛʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʩʢʨʫʯʠʚʘʶʪʩʷ ʧʦ 

ʩʧʠʨʘʣʠ (ʢʘʢ ʰʧʘʛʘʪ), ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʪʷʞʝʥʠʶ. ɿʘʪʝʤ ʢʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ 

ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʦʙʨʘʟʫʷ ʧʣʦʪʥʫʶ 

ʪʨʝʭʤʝʨʥʫʶ ʨʝʰʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ. 
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ʉʚʦʡʩʪʚʘ ʢʦʞʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʝʨʤʳ: 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ, ʧʦʣʥʦʪʳ, ʪʫʨʛʦʨʘ ʢʦʞʠ. ɽʩʣʠ ʟʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ ʛʠʘʣʫʨʦʥʘ 

ʠʩʯʝʟʘʝʪ, ʢʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ ʧʦʣʫʯʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʨʘʟʨʳʭʣʷʶʪʩʷ ʠ ʠʩʪʦʥʯʘʶʪʩʷ. ʄʝʞʜʫ ʨʳʭʣʳʤʠ 

ʢʦʣʣʘʛʝʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʧʫʩʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʞʘ ʩʪʘʥʦʚʠʪʩʷ ʜʨʷʙʣʦʡ ʠ ʪʦʥʢʦʡ. 

ʅʘ 21ʩʤ ʢʦʞʝ ʚ ʩʨʝʜʥʝʤ ʠʤʝʝʪʩʷ 12-13 ʭʦʣʦʜʥʳʭ ʪʦʯʝʢ, 1-2 ʪʝʧʣʦʚʳʭ, 25 

ʪʘʢʪʠʣʴʥʳʭ ʠ 50-100 ʙʦʣʝʟʥʝʥʥʳʭ, ʦʢʦʣʦ 170 ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ. ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʦʩʷʟʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʞʝ ʛʫʙ ʠ 

ʢʦʥʯʠʢʦʚ ʧʘʣʴʮʝʚ, ʥʘʠʤʝʥʴʰʘʷ - ʥʘ ʩʧʠʥʝ, ʧʣʝʯʘʭ ʠ ʙʝʜʨʘʭ. ɺ ʢʦʞʝ ʯʝʣʦʚʝʢʘ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʩʝʥʩʦʨʥʳʝ ʨʝʮʝʧʪʦʨʳ. 

ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʨʝʮʝʧʪʦʨ ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʪʘʢʪʠʣʴʥʦʝ 

ʦʱʫʱʝʥʠʝ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʞʫ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ 

ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʝʮʝʧʪʦʨʦʚ ʨʝʘʛʠʨʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʢʦʞʠ ʚʘʨʴʠʨʫʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʦʱʫʱʝʥʠʡ: 0,9 ʩ ʜʣʷ ʙʦʣʠ; 

0,12 ʩ ʜʣʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ; 0,16 ʩ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʠʩʪʠ ʠ 

ʧʘʣʴʮʝʚ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘ; ʥʘʧʨʠʤʝʨ, ʢʦʞʘ ʧʘʣʴʮʘ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʚʠʙʨʘʮʠʠ ʩ ʘʤʧʣʠʪʫʜʦʡ 0,02 ʤʢʤ. 

ɽʱʝ ʦʜʥʠʤ ʩʣʦʝʤ ʢʦʞʠ ʙʠʦʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʛʠʧʦʜʝʨʤʘ. ʕʪʦ ʩʘʤʳʡ 

ʚʥʫʪʨʝʥʥʠʡ ʠʣʠ ʧʦʜʢʦʞʥʳʡ ʩʣʦʡ. ɺ ʜʘʥʥʦʤ ʩʣʦʝ ʭʨʘʥʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʞʠʨʘ, ʦʧʝʩʧʝʯʠʚʘʷ ʠʟʦʣʷʮʠʶ, ʟʘʱʠʪʫ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʦʩʪʷʤʠ ʠ ʤʳʰʮʘʤʠ.  

ʆʥʘ ʙʦʛʘʪʘ ʞʠʨʦʚʦʡ ʪʢʘʥʴʶ, ʢʦʪʦʨʘʷ ʩʤʷʛʯʘʝʪ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʞʫ, ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʥʘ ʫʯʘʩʪʢʘʭ 

ʢʦʞʠ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʩʠʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʢʦʥʯʠʢʠ ʧʘʣʴʮʝʚ, 

ʣʘʜʦʥʠ, ʩʪʫʧʥʠ). ɻʠʧʦʜʝʨʤʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʩʣʦʝʤ ʜʝʨʤ r(ʚʥʝʰʥʠʡ 

ʩʣʦʡ) ʠ ʵʧʠʜʝʨʤʠʩʦʤ (ʩʨʝʜʥʠʡ ʩʣʦʡ).  

ʊʦʣʱʠʥʘ ʛʠʧʦʜʝʨʤʳ, ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʙʠʦʪʢʘʥʠ ʨʘʟʣʠʯʥʘ. ɻʠʧʦʜʝʨʤʘ ï 

ʵʪʦ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʢ, ʪʢʘʥʝʡ, ʞʝʣʝʟ ʠ 
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ʩʦʩʫʜʦʚ. ɺʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʚʤʝʩʪʝ, ʟʘʱʠʱʘʷ 

ʦʨʛʘʥʠʟʤ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ.  

ʂʦʤʧʦʥʝʥʪʘʤʠ ʛʠʧʦʜʝʨʤʠʠ ʩʯʠʪʘʶʪʩʷ: 

1) ʌʠʙʨʦʙʣʘʩʪʳ, ʷʚʣʷʶʱʠʡʩʷ ʪʠʧʦʤ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪ 

ʢʦʣʣʘʛʝʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʞʠ, 

ʤʳʰʮ, ʢʦʩʪʝʡ, ʩʫʭʦʞʠʣʠʡ, ʩʚʷʟʦʢ, ʭʨʷʱʝʡ ʠ ʚʦʣʦʩ. 

2) ɾʠʨʦʚʘʷ ʪʢʘʥʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʨʦʚʫʶ ʪʢʘʥʴ ʧʦʜ ʢʦʞʝʡ 

(ʧʦʜʢʦʞʥʳʡ ʞʠʨ), ʚʦʢʨʫʛ ʦʨʛʘʥʦʚ (ʚʠʩʮʝʨʘʣʴʥʳʡ ʞʠʨ), ʚ ʛʨʫʜʠ ʠ ʤʝʞʜʫ 

ʤʳʰʮʘʤʠ. 

3) ʉʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ, ʢʦʪʦʨʘ ̫ʧʦʜʜʝʨʞʠʚʘʝʪ, ʟʘʱʠʱʘʝʪ ʠ ʧʨʠʜʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʜʨʫʛʠʤ ʪʢʘʥʷʤ ʠ ʦʨʛʘʥʘʤ ʦʨʛʘʥʠʟʤʘ. 

4) ʂʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ - ʵʪʦ ʘʨʪʝʨʠʠ, ʢʘʧʠʣʣʷʨʳ ʠ ʚʝʥʳ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʘʚʣʷʶʪ ʢʨʦʚʴ ʠ ʢʠʩʣʦʨʦʜ ʢ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʦʨʛʘʥʘʤ ʠ ʫʜʘʣʷʶʱʠʝ 

ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

5) ʃʠʤʬʘʪʠʯʝʩʢʠʝ ʩʦʩʫʜʳ - ʵʪʦ ʩʦʩʫʜʳ, ʧʦʤʦʛʘʶʱʠʝ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ, ʚʳʚʦʜʠʪʴ ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠʟ 

ʪʢʘʥʝʡ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʞʠʜʢʦʩʪʴ, ʥʘʟʳʚʘʝʤʫʶ ʣʠʤʬʦʡ, ʠ ʟʘʱʠʱʘʶʰʠʝ 

ʦʨʛʘʥʠʟʤ ʦʪ ʠʥʬʝʢʮʠʠ. 

6) ɺʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ - ʵʪʦ ʪʨʫʙʢʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʨʷʜʠ ʚʦʣʦʩʘ ʠ ʧʨʦʩʪʠʨʘʶʱʠʝʩʷ ʚ ʛʠʧʦʜʝʨʤʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʢʦʨʝʥʴ ʚʦʣʦʩʘ. 

7) ʇʦʪʦʚʳʝ ʞʝʣʝʟʳ ʧʨʝʜʩʪʘʣʷʶʪ ʠʟ ʩʝʙʷ ʢʨʦʰʝʯʥʳʝ ʦʨʛʘʥʳ, 

ʚʳʜʝʣʷʶʱʠʝ ʧʦʪ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨ rʪʝʣʘ ʚʩʷʢʠʡ ʨʘʟ, 

ʢʦʛʜʘ ʦʥʦ ʧʝʨʝʛʨʝʚʘʝʪʩʷ. 

8) ʅʝʨʚʳ - ʢʨʫʧʥʳʝ ʥʝʨʚʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʛʠʧʦʜʝʨʤʫ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʞʠ, ʚʢʣʶʯʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʥʝʨʚʳ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʙʦʣʴ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʘʚʣʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʩʧʨʠʷʪʠʝ ʧʦʣʦʞʝʥʠʷ ʥʘʰʝʛʦ 

ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

9) ɾʠʨʦʚʳʝ ʢʣʝʪʢʠ, ʥʘʟʳʚʘʶʱʠʝʩʷ ʘʜʠʧʦʮʠʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ 

ʞʠʨʦʚʘʷ ʪʢʘʥʴ, ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʦʨʛʘʥʠʟʤʘ. ɻʠʧʦʜʝʨʤʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʨʘʙʦʪʢʝ ʛʦʨʤʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʩʪʨʦʛʝʥ ʠ ʣʝʧʪʠʥ. 
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10) ɾʠʨ ʚ ʛʠʧʦʜʝʨʤʝ ʚʳʩʪʫʧʘʝʪ ʚ ʦʨʛʘʥʠʟʤʝ ʢʘʢ ʧʦʜʢʣʘʜʢʘ ʠʣʠ 

ʘʤʦʨʪʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʢʦʩʪʠ, ʤʳʰʮʳ ʠ ʦʨʛʘʥʳ ʦʪ ʭʦʣʦʜʘ, ʪʨʘʚʤ ʠʣʠ 

ʫʜʘʨʦʚ. 

11) ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʚʳʩʪʫʧʘʝʪ ʛʠʧʦʜʝʨʤʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʢʘʢ ʠʟʦʣʷʪʦʨ, ʟʘʜʝʨʞʠʚʘʷ ʠʣʠ ʩʦʭʨʘʥʷʷ ʪʝʧʣʦ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʟʘʱʠʪʫ ʦʪ ʭʦʣʦʜʘ. ʆʥʘ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʦʪ ʧʝʨʝʛʨʝʚʘ ʧʨʠ ʧʦʪʦʦʪʜʝʣʝʥʠʠ. 

12) ʌʫʥʢʮʠʠ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʦʞʠ ʢ ʤʳʰʮʘʤ ʠ ʢʦʩʪʷʤ ʚʳʧʦʣʥʷʝʪ 

ʛʠʧʦʜʝʨʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʪʢʘʥʴ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʢʦʞʫ ʩ 

ʢʦʩʪʷʤʠ, ʤʳʰʮʘʤʠ ʠ ʦʨʛʘʥʘʤʠ. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʢʘʥʠ ʚ ʛʠʧʦʜʝʨʤʝ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʥʝʨʚʳ ʠ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ. 

ɻʠʧʦʜʝʨʤʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ʆʥʘ 

ʫʣʘʚʣʠʚʘʝʪ ʪʝʧʣʦ, ʟʘʱʠʱʘʝʪ ʦʨʛʘʥʠʟʤ ʦʪ ʭʦʣʦʜʘ ʠ ʚʳʟʳʚʘʝʪ ʧʦʪʦʦʪʜʝʣʝʥʠʝ, 

ʟʘʱʠʱʘʷ ʦʪ ʞʘʨʳ. 

ʊʦʣʱʠʥʘ ʛʠʧʦʜʝʨʤʳ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʪʝʣʘ ʠʤʝʝʪ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ, ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʠ ʪʝʣʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʤʤ (ʥʘ ʯʝʨʝʧʝ) ʜʦ 10 ʩʤ ʠ ʙʦʣʝʝ (ʥʘ 

ʷʛʦʜʠʮʘʭ). ɻʠʧʦʜʝʨʤʘ ʪʦʣʱʝ ʥʘ ʜʦʨʩʘʣʴʥʳʭ ʠ ʨʘʟʛʠʙʘʪʝʣʴʥʳʭ, ʥʦ ʪʦʥʴʰʝ ʥʘ 

ʚʝʥʪʨʘʣʴʥʳʭ ʠ ʩʛʠʙʘʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʝʯʥʦʩʪʝʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ 

ʦʥʘ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʧʦʜʢʦʞʥʦʡ ʞʠʨʦʚʦʡ ʢʣʝʪʯʘʪʢʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʢʨʫʧʥʳʝ ʩʦʩʫʜʳ ʠ ʥʝʨʚʥʳʝ ʩʪʚʦʣʳ. 

ɻʠʧʦʜʝʨʤʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʣʝʧʪʠʥ, ʦʜʠʥ ʠʟ ʛʦʨʤʦʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʧʦʷʚʣʝʥʠʝ ʯʫʚʩʪʚʘ ʩʳʪʦʩʪʠ ʚʦ ʚʨʝʤʷ ʝʜʳ. ɹʣʘʛʦʜʘʨʷ ʣʝʧʪʠʥʫ ʦʨʛʘʥʠʟʤ 

ʩʧʦʩʦʙʝʥ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʰ ʘʧʧʝʪʠʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʨʘ ʚ ʧʦʜʢʦʞʥʦʡ ʢʣʝʪʯʘʪʢʝ. 

ʉʪʨʦʝʥʠʝ ʛʠʧʦʜʝʨʤʳ ʥʘʧʦʤʠʥʘʝʪ ʩʪʨʦʝʥʠʝ ʜʝʨʤʳ.  ɺ ʛʠʧʦʜʝʨʤʝ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪʩʷ ʢʦʣʣʘʛʝʥ ʠ ʵʣʘʩʪʠʥ, ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʠ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, 

ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, ʧʦʪʦʚʳʝ ʞʝʣʝʟʳ ʠ ʢʦʨʥʠ ʚʦʣʦʩ. 

ʅʦ ʠʤʝʶʪʩʷ ʠ ʨʘʟʣʠʯʠʷ ʪʦʞʝ. ɽʩʣʠ ʚ ʜʝʨʤʝ ʚʦʣʦʢʥʘ ʢʦʣʣʘʛʝʥʘ ʠ ʵʣʘʩʪʠʥʘ 

ʬʦʨʤʠʨʫʶʪ ʩʝʪʴ, ʟʘʧʦʣʥʝʥʥʫʶ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʪʦ ʚ ʛʠʧʦʜʝʨʤʝ ʜʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʝʥʦ ʘʜʠʧʦʮʠʪʘʤʠ, ʥʘʟʳʚʘʝʤʳʝ ʞʠʨʦʚʳʤʠ ʢʣʝʪʢʘʤʠ. 
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ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤ ʛʠʧʦʜʝʨʤʳ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ:   

1) ʋʯʘʩʪʠʝ ʛʠʧʦʜʝʨʤʳ ʚ ʞʠʨʦʚʦʤ ʦʙʤʝʥʝ;   

2) ʊʝʧʣʦʧʨʦʜʫʢʮʠʷ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʢʣʝʪʢʠ;   

3) ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʠʦʪʢʘʥʠ;   

4) ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ;  

5) ʅʘʙʠʚʢʘ ʩʦʩʫʜʠʩʪʦ-ʥʝʨʚʥʳʭ ʧʫʯʢʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʴʶ;  

6) ɻʦʨʤʦʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ;  

7) ʌʦʨʤʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʧʦʣ, ʚʦʟʨʘʩʪ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʳ ʪʝʣʘ);  

8) ʋʯʘʩʪʠʝ ʚ ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʞʠ ʙʠʦʪʢʘʥʠ;   

9) ʄʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʠʧʦʜʝʨʤʳ, ʢʦʪʦʨʳʝ ʜʝʣ̫ʪʩ ̫ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʨʝʟʝʨʚʥʳʝ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʛʠʧʦʜʝʨʤʘ ʚʳʧʦʣʥʷʝʪ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘ ̫

ʟʘʱʠʪʥʦ-ʘʤʦʨʪʠʟʘʮʠʦʥʥʘ ̫ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʣʘʜʦʥʷʭ, ʩʪʦʧʘʭ, ʱʝʢʘʭ. 

ʈʝʟʝʨʚʥʘʷ ʛʠʧʦʜʝʨʤʘ ʩʦʜʝʨʞʠʪ ʞʠʨʦʚʫʶ ʪʢʘʥʴ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ 

ʧʝʨʝʜʘʝʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʫʞʜ ʦʨʛʘʥʠʟʤʘ. ɼʘʥʥʘʷ ʛʠʧʦʜʝʨʤʘ ʷʚʣʷʝʪʩʷ 

ʛʠʧʦʜʝʨʤʦʡ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʪʝʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʠʧʦʜʝʨʤʘ ʥʝ ʚʠʜʥʘ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ 

ʥʘ ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʞʠ ʠ ʪʦ, ʢʘʢ ʩʪʘʨʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʢʦʞʫ. ɻʠʧʦʜʝʨʤʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʦʪʪʝʥʦʢ ʢʦʞʠ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʵʧʠʜʝʨʤʠʩ ʠ ʜʝʨʤʘ ʠʩʪʦʥʯʝʥʳ. 

ʊʘʢʦʝ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʪʷʞʝʣʦʡ ʙʦʣʝʟʥʠ, ʢʦʞʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʞʝʣʪʦʚʘʪʳʡ ʦʪʪʝʥʦʢ. 

                                                 
ʈʠʩ.1.8. ʉʪʨʦʝʥʠʝ ʛʠʧʦʜʝʨʤʳ      ʈʠʩ.1.9. ʉʪʨʦʝʥʠʝ ʛʠʧʦʜʝʨʤʳ 
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1.2.2. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʞʠ ʙʠʦʪʢʘʥʠ in vitro 
ʠ in vivo 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʬʘʢʪʦʨʦʚ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. ʂ 

ʯʠʩʣʫ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʷʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʢʘʥʷʤʠ, ʠʩʩʣʝʜʫʝʤʳʤʠ in vivo 

ʠ in vitro, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠʭ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ. 

ʂ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʪʝʣʘ 

ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʷʪʩʷ: ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʦʩʪʴʶ ʚ ʪʢʘʥʷʭ in vivo ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʠ ʤʝʪʘʙʦʣʠʟʤʘ.  ʂ ʤʦʜʝʣʷʤ ʜʣʷ ʫʯʝʪʘ ʪʘʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʪʢʘʥʷʭ in vivo ʦʪʥʦʩʠʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ in vitro-ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʫʜʦʙʥʦ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʠʟʤʝʨʝʥʥʳʝ ʚʥʝ ʦʨʛʘʥʠʟʤʘ ʩ ʫʯʸʪʦʤ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʜʥʘʢʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʘʢʠʭ ʜʘʥʥʳʭ ʥʠʞʝ, ʯʝʤ ʫ in vivo-ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʣʫʞʘʪ ʣʠʰʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ in vivo-ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʪʢʘʥʝʡ 

ʦʢʘʟʳʚʘʝʪ ʠʭ ʚʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. ɺʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʙʦʣʴʰʠʥʩʪʚʘ ʪʢʘʥʝʡ, ʦʧʨʝʜʝʣʷʷ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʥʠʟʢʠʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʥʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʪʢʘʥʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʦʜʳ ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤʠ ʠ ʚʣʘʞʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʦʙʨʘʟʮʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ð ʪʝʧʣʦʸʤʢʦʩʪʠ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʉʨʝʜʥʷʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,48 ɺʪ/(ʤÅʛʨʘʜ). 

ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʳ. ʂʦʞʘ ʠ ʞʠʨ ʯʝʣʦʚʝʢʘ 

ʠʤʝʶʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʠʞʝ, ʯʝʤ ʜʨʫʛʠʝ ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ. 

ɹʦʣʝʝ ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʞʠ ʠ ʧʦʜʢʦʞʥʦʛʦ ʞʠʨʘ ʯʝʣʦʚʝʢʘ ʧʦʤʦʛʘʝʪ 

ʪʝʣʫ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ. 

ʉʦʭʨʘʥʝʥʠʶ ʪʝʧʣʘ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ (ʋʊ) 

ʢʨʦʚʠ ʠ ʢʦʞʠ ʯʝʣʦʚʝʢʘ. ʉʨʝʜʥʷʷ ʋʊ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 3350 

ɼʞ/(ʢʛÅʛʨʘʜ), ʯʪʦ ʤʝʥʴʰʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʦʜʳ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ, ʠ ʯʝʣʦʚʝʢ ʠʟ-ʟʘ ʵʪʦʛʦ ʜʦʣʛʦ ʩʦʭʨʘʥʷʝʪ ʪʝʧʣʦ. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʨʘʚʥʘ 1036 ʢʛ/̍. ɿʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʝʣʘ 

ʯʝʣʦʚʝʢʘ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʣʦ ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʴʶ. ɿʥʘʷ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʯʝʣʦʚʝʢʘ. 

ʊʘʙʣʠʮʘ 1.2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ 

ɹʠʦʪʢʘʥʴ 

ʯʝʣʦʚʝʢʘ 

ʇʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ 3 

ʊʝʧʣʦʝʤʢʦʩʪʴ, 

ɼʞ/(ʢʛĿʛʨʘʜ) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĿʛʨʘʜ) 

ʕʧʠʜʝʨʤʠʩ 1200-1600 3600-3700 0,21-0,27 

ɼʝʨʤʘ 1000-1200 3200-3800 0,45-0,53 

ʂʦʞʘ - 2930-3445 0,45-0,5 

ʂʨʦʚʴ 1050-1062 3600-3900 0,53-0,55 

ʇʣʘʟʤʘ 

ʢʨʦʚʠ 1025-1035 - - 

ʕʨʠʪʨʦʮʠʪʳ 

ʢʨʦʚʠ 1090 - - 

ɾʠʨʦʚʘʷ 

ʪʢʘʥʴ 850-917 2250-2300 0,2 

ʄʦʟʛ - 3352 0,5 

ʄʠʦʢʘʨʜ - 3730 - 

ʄʷʛʢʠʝ 

ʪʢʘʥʠ ʠ 

ʤʳʰʮʳ - 3360 0,5 
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ʇʝʯʝʥʴ - - 0,43 

ʇʦʯʢʘ - - 0,47 

ʉʝʣʝʟʝʥʢʘ - - 0,46 

ʊʝʣʦ 

ʯʝʣʦʚʝʢʘ ʚ 

ʩʨʝʜʥʝʤ 1036 3350 0,48 

 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʪʦʯʢʠ (x,y,z), ʪʘʢ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ u(x,y,z,t) ʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʪ.ʝ. 

c=c(x,y,z,u,gradu). 

ɺ ʦʙʣʘʩʪʠ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʥʦʛʠʭ ʪʚʝʨʜʳʭ 

ʪʝʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ.  

ɼʨʫʛʦʡ ʦʯʝʥʴ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪ.ʝ. ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦ ʚʥʫʪʨʠ ʩʚʦʝʡ ʤʘʩʩʳ. 

ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʥʘʟʳʚʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʂʘʢ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚ (ʧʦʩʪʦʷʥʝʥ) ʜʣʷ 

ʚʩʝʭ ʪʦʯʝʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʯʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ 

ʛʨʘʜʠʝʥʪʘ ʚ ʵʪʦʡ ʪʦʯʢʝ, ʪ.ʝ. ),,,,( graduuzyxll= . 

ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʝʥ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ.  

ʊʨʝʪʴʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʘ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʣʠ ʧʝʨʝʜʘʚʘʪʴ ʪʝʧʣʦ ʯʝʨʝʟ ʩʚʦʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʧʣʦʦʪʜʘʯʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʪʝʣʫ, 

ʩʨʝʜʳ, ʦʪ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʵʪʦʡ ʩʨʝʜʝ ʠ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʠʣʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ). 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʪ.ʝ.  ʚʝʨʥʦ ʫʩʣʦʚʠʝ 
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ʚr ʪʝʢʘʶʱʝʛʦ ʠʟ ʦʙʱʝʛʦ ʙʘʣʘʥʩʘ ʪʝʧʣʘ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ  
0

nn= - 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ. 

ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʟʘʢʦʥ ʪʝʧʣʦʦʙʤʝʥʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʟʘʢʦʥ ʅʴʶʪʦʥʘ):  

0)( =-+
µ

µ
c

uu
n

u
al , 

ʛʜʝ a  ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʘ 
c

u  

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

1.2.3. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʝʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʋ ʪʢʘʥʝʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦ ʠʤʝʝʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘ ʪʝʧʣʦʦʙʤʝʥʝ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʂ ʧʨʠʯʠʥʘʤ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʢʘʥʠ ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʪʢʘʥʝʡ. ʂʦʞʘ, ʤʳʰʮʳ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠ ʪʝʣʘ ʩʦʩʪʦʷʪ ʠʟ 

ʢʣʝʪʦʢ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʛʨʘʜʦʡ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ. ʅʘʧʨʠʤʝʨ, ʵʧʠʜʝʨʤʠʩ ʢʦʞʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʝʚ ʢʣʝʪʦʢ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʝʩʪʴ ʚʦʟʜʫʰʥʳʝ ʧʨʦʤʝʞʫʪʢʠ. ɺʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʧʣʦʭʠʤ ʧʨʦʚʦʜʥʠʢʦʤ 

ʪʝʧʣʘ, ʧʦʵʪʦʤʫ ʢʦʞʘ ʩʣʫʞʠʪ ʥʝʢʦʪʦʨʳʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ. 

ɿʥʘʯʝʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʢʘʥʠ ʩʦʩʪʦʠʪ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ʆʨʛʘʥʠʟʤ ʩʪʨʝʤʠʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʩʚʦʠʭ ʪʢʘʥʝʡ, ʠ ʜʣʷ ʵʪʦʛʦ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʝʧʣʦʦʙʤʝʥ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʠ ʧʦʤʦʛʘʝʪ 

ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ ʚʥʫʪʨʠ ʪʝʣʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ ʠʟʣʠʰʥʶʶ ʧʦʪʝʨʶ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʭʦʣʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʋ ʪʢʘʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ʂʣʝʪʢʠ ʚ ʪʢʘʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. ʆʥʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʝʣʣʳ ʠ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ ʩʦʢʨʘʱʘʪʴʩʷ ʠ ʩʦʟʜʘʚʘʪʴ ʜʚʠʞʝʥʠʝ, ʚ 

ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʪʢʘʥʠ ʢʣʝʪʢʠ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʦʙʨʘʟʫʶʪ 

ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ. 

ʄʝʞʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ - ʵʪʦ ʛʝʣʝʧʦʜʦʙʥʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʟʘʧʦʣʥʷʶʱʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ, ʙʝʣʢʦʚ, ʫʛʣʝʚʦʜʦʚ ʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʝʞʢʣʝʪʦʯʥʦʝ 

ʚʝʱʝʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝ ʠ ʦʙʤʝʥ ʚʝʱʝʩʪʚ. ɼʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʜʘʝʪ ʪʢʘʥʠ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ʊʘʢ ʢʘʢ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʚʦʜʘ, ʦʪ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʝʱʝ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʢʘʥʝʡ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʨʛʘʥʳ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʂʘʞʜʳʡ ʪʠʧ ʪʢʘʥʠ ʠʤʝʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʝʝ ʩʦʩʪʘʚʦʤ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʣʝʪʦʢ ʠ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʥʠʤʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʪʢʘʥʠ ʧʦʤʦʛʘʝʪ ʦʙʲʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʂʣʝʪʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʝʜʠʥʠʮʝʡ ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʦʨʛʘʥʠʟʤʘ. 

ʈʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ, ʤʦʞʝʪ ʫʩʠʣʠʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʠ, ʪʘʢ ʢʘʢ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʠʪʦʢ ʢʨʦʚʠ ʠ ʫʣʫʯʰʘʝʪ ʮʠʨʢʫʣʷʮʠʶ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʣʦʠ ʵʧʠʜʝʨʤʠʩʘ 

ʝʩʣʠ ʧʨʦʠʟʦʡʜʝʪ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʦʩʫʜʦʚ, ʪʦ ʪʘʢʦʡ ʠʩʭʦʜ  ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʠ. ʇʨʦʙʣʝʤʳ ʩ 
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ʢʨʦʚʦʦʙʨʘʱʝʥʠʝʤ ʠ ʩʦʩʫʜʘʤʠ ʤʦʛʫʪ ʩʪʘʪʴ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʄʠʪʦʭʦʥʜʨʠʠ - ʵʪʦ ʦʨʛʘʥʦʠʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʥʘʰʝʛʦ 

ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ. 

ʆʥʠ ʷʚʣʷʶʪʩʷ çʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠè ʢʣʝʪʢʠ, ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʝʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʠʭ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʝʜʠʥʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʥʘ 1Áʉ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʤʦʟʛ - 0,565, ʤʠʦʢʘʨʜ 0,811, ʢʨʦʚʴ - 0,6-0,7, ʢʦʞʘ - 0,31-

1,5, ʤʷʛʢʠʝ ʪʢʘʥʠ - 0,44. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ ʨʘʟʣʠʯʥʘ, ʦʥʘ ʚʘʞʥʘ ʢʘʢ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʤʝʞʜʫ ʥʠʤʠ, ʪʘʢ ʠ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʘ ʦʨʛʘʥʠʟʤʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʉʫʱʝʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʞʠʜʢʠʤʠ 

ʪʢʘʥʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʪʢʘʥʝʚʘʷ ʞʠʜʢʦʩʪʴ, ʧʣʘʟʤʘ ʢʨʦʚʠ ʠ ʪ. ʜ. ʠ 

ʧʣʦʪʥʳʤʠ ʪʢʘʥʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ, ʞʠʨʦʚʘʷ ʪʢʘʥʴ ʠ ʪ. 

ʜ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʡ ʪʢʘʥʠ ʙʣʠʟʢʘ ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʳ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʦʪʥʦʡ ʪʢʘʥʠ - ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʟʜʫʭʘ. ɹʣʘʛʦʜʘʨʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʢʘʥʝʚʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ ʠ ʣʠʤʬʳ ʧʦ ʚʩʝʤʫ ʪʝʣʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʜʝʣʴʥʳʭ ʪʢʘʥʝʡ ʠ 

ʦʨʛʘʥʦʚ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʠ ʠ ʥʠʟʤʝʥʥʳʤʠ 

ʪʢʘʥʷʤʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʘʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ. ʂʦʞʘ ʠ ʧʦʜʢʦʞʥʳʡ 

ʞʠʨ ʩʣʫʞʘʪ ʭʦʨʦʰʠʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʩʣʦʝʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʪʝʧʣʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʩʦʩʪʘʚʣʷʝʪ 29 Á -30Á. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʣʫʙʠʥʘʭ ʪʝʣʘ. ʉʣʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ ʠ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʦʨʛʘʥʠʟʤʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ   ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʣʠʟʢʦ ʢ ʢʦʞʝ, ʚ ʢʦʪʦʨʦʤ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʛʣʘʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 
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ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʷʚʣʝʥʠ ʁ ʪʝʧʣʦʦʙʤʝʥʘ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩ ʠʟ ʩʝʙʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʦʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʙʤʝʥ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʯʘʩʪʷʤʠ ʠʣʠ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʨʝʜʳ. 

ɼʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪ 3 ʩʧʦʩʦʙʘ: ʢʦʥʚʝʢʮʠʷ, ʠʟʣʫʯʝʥʠʝ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ï ʩʧʦʩʦʙ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʪʝʣʘ.  

ʇʦʢʘʟʘʪʝʣʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʟʘʚʠʩʠʪ ʦʪ ʬʘʢʪʦʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʧʨʦʚʦʮʠʨʫʝʪ 

ʚʳʪʝʩʥʝʥʠʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʢʘʧʝʣʴʢʘʤʠ ʞʠʜʢʦʩʪʠ ʠʟ ʧʦʨ, ʠʟ-ʟʘ ʯʝʛʦ ʟʥʘʯʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ), ʩʪʨʫʢʪʫʨʘ ʙʠʦʪʢʘʥʠ, ʧʦʨʠʩʪʦʩʪʴ (ʧʦʨʳ ʛʦʚʦʨʷʪ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ: ʢʦʛʜʘ ʯʝʨʝʟ ʥʠʭ ʧʨʦʭʦʜʠʪ ʪʝʧʣʦ, ʦʭʣʘʞʜʝʥʠʝ 

ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ʩʪʘʮʠʦʥʘʨʥʳʡ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ. 

ʂ ʩʪʘʮʠʦʥʘʨʥʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʄʝʪʦʜ ʧʣʦʩʢʦʛʦ ʩʣʦʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʪʝʣ. 

2. ʄʝʪʦʜ ɽʛʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

3. ʄʝʪʦʜ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

4. ʄʝʪʦʜ ʥʘʛʨʝʪʦʡ ʧʨʦʚʦʣʦʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. 

5. ʄʝʪʦʜ ʰʘʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʩʳʧʫʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʤʝʪʦʜʳ ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʫʜʝʣʷʶʪ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ. 
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1.3.  ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʨʠʦʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʤʦʞʝʪ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.   

ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʞʠʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

(ʘʢʪʠʚʥʦʡ, ʥʝ ʠʥʝʨʪʥʦʡ ʩʨʝʜʳ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʳ ʩ 

ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʠʦʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʪʢʘʥʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʪʢʘʥʠ, ʪʘʢ ʠ ʧʦʣʥʦʩʪʴʶ ʚʥʝʜʨʷʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ 

ʙʠʦʪʢʘʥʠ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘ ʚ ʪʢʘʥʠ ʚʦʟʥʠʢʘʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ. 

ʀʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʪʢʘʥʠ, ʨʘʟʤʝʨʦʚ ʟʦʥ ʢʨʠʦʧʦʨʘʞʝʥʠʷ, 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʚʣʠʷʥʠʷ ʭʦʣʦʜʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʩʪʘʝʪ ʝʱʝ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʦʯʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ.  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. ʉʨʝʜʠ ʥʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʧʨʦʮʝʩʩʘʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ   [73, 89, 91, 92, 119, 120, 146, 

186, 187].  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʥʘʰʝʜʰʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʘʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʧʦʣʫʯʠʣʘ ʤʦʜʝʣʴ ɻʘʨʨʠ ʇʝʥʥʝʩʘ ʨʘʟʨʘʙʦʪʘʥʥʘ̫ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʧʨʝʜʧʣʝʯʴʝ. ʄʦʜʝʣʴ ʧʨʦʩʪʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ ʫʯʝʥʳʭ-ʙʠʦʣʦʛʦʚ.  
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʤʦʜʝʣʴ ʇʝʥʥʝʩʘ, ʧʨʝʜʩʪʘʣʷʶʱʘʷ ʠʟ ʩʝʙʷ   

ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʢʨʦʚʦʪʦʢʘ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʪʝʧʣʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʚ ʪʢʘʥʷʭ:  

mtiartblblbltitititi qTTWCTk
t
ti

T
C +-+ÐÐ=
µ

µ
)(rr . 

(1.1) 

 

ɺ  (1.1) ”  ï ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʠ,  ˞  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʢʘʥʠ, Ὕ  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʢʘʥʠ, Ὧ  ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʢʘʥʠ, ”  ï ʧʣʦʪʥʦʩʪʴ ʢʨʦʚʠ, ὅ  ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʨʦʚʠ, ὡ  ï ʩʢʦʨʦʩʪʴ ʧʦʜʚʝʜʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʦʚʠ, 

ʢʨʦʚʝʟʘʤʝʱʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʯʝʨʝʟ 

ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ ʢʨʦʚʠ, Ὕ  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ, ή  ï ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʪʝʧʣʦ. 

ɺ 1974 ʛʦʜʫ ʝʱʝ ʜʨʫʛʦʡ ʫʯʝʥʳʡ ɺʫʣʴʬ ʧʨʝʜʩʪʘʚʠʣ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʚʝʨʩʠʶ ʫʨʘʚʥʝʥʠʷ ʇʝʥʥʝʩʘ (1.1). ʄʦʜʝʣʴ ɺʫʣʴʬʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [296-299]: 

marthblbltitititi qTCTk
t
TC +Ð+Ð=
µ
µ urr 2  (1.2) 

ʛʜʝ ὺ - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʢʨʦʚʠ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ 

ʩʦʩʫʜʘ ʠʣʠ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  

ɸʥʘʣʦʛʠʯʥʫʶ ʤʦʜʝʣʠ ɺʫʣʴʬʘ ʚ 1974 ʛʦʜʫ ʫʯʝʥʳʤ ʂʣʠʥʛʝʨʦʤ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘ ̫ ʤʦʜʝʣʴ.  ʇʦ ʤʥʝʥʠʶ ʂʣʠʥʛʝʨʘ, ʠʟ-ʟʘ 

ʧʨʝʥʝʙʨʝʞʝʥʠ ̫ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʚ ʤʦʜʝʣʠ ʇʝʥʥʝʩʘ, 

ʚʦʟʥʠʢʘʶʪ    ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʯʝʪʝ ʨʝʟʫʣʴʪʘʪʦʚ.  ʋʨʘʚʥʝʥʠʝ 

ʂʣʠʥʛʝʨʘ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

martblbltitititi qTvCTk
t
TC +Ð-Ð=
µ
µ rr 2  (1.3) 

ʛʜʝ v ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ, mq   ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʢʨʦʚʦʪʦʢʘ 

ʋʨʘʚʥʝʥʠʝ (1.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʸʥʥʳʡ ʚʘʨʠʘʥʪ ʫʨʘʚʥʝʥʠʷ 

(1.2), ʚ ʢʦʪʦʨʦʤ ʫʯʪʝʥʳ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʩʣʦʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʣʷ ʩʢʦʨʦʩʪʠ v ʠ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʘ ή. ʊʦ ʝʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ (1.2), ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 
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ʣʦʢʘʣʴʥʳʡ ʩʣʫʯʘʡ, ʫʨʘʚʥʝʥʠʝ (1.3) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʨʠʤʝʥʠʤʦʡ ʢ ʨʝʘʣʴʥʳʤ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɺ 1980 ʛʦʜʫ ʏʝʥ ʠ ʍʦʣʤʩ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ, ʧʨʝʜʣʦʞʠʣʠ ʨʘʟʜʝʣʠʪʴ ʦʙʲʝʤ 

ʙʠʦʪʢʘʪʢʘʥʠ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʝʨʚʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʦʙʲʝʤ ʢʨʦʚʦʪʦʯʘʱʝʡ ʪʢʘʥʠ 

ὺ, ʚʪʦʨʘʷ - ʦʙʲʝʤ ʢʨʦʚʠ ὺ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ, ʠʤʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʢʨʦʚʠ 
bl

q : 

tipartblbltiartbltitibl
TkTvCTTWCq ÐÐ+Ð--= rr )( **  (1.4) 

 ʇʨʝʜʣʦʞʝʥʥʦʝ ʏʝʥ ʠ ʍʦʣʤʩ, ʫʨʘʚʥʝʥʠʝ (1.4) ʦʧʠʩʳʚʝʪ ʧʨʦʮʝʩʩ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤ ʢʨʦʚʝʥʦʩʥʳʤ ʩʦʩʫʜʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ 

ʪʢʘʥʴʶ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʢʨʦʚʠ.  

ʈʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʚʦʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʟʘʤʦʨʦʞʝʥʥʦʡ ʤʘʩʩʳ ʪʢʘʥʠ ʠʣʠ ʰʘʨʠʢʘ ʣʴʜʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ [120, 146,186, 187]. ʆʙʳʯʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʢʨʠʦʭʠʨʫʨʛʘ ʤʝʪʦʜʦʤ ʜʣʷ 

ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʰʘʨʠʢʘ ʣʴʜʘ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪ ʩʚʦʡ ʦʧʳʪ 

ʨʘʙʦʪʳ ʩ ʢʦʥʢʨʝʪʥʳʤ ʟʦʥʜʦʤ ʠ ʠʩʭʦʜʠʪ ʠʟ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʪʠ ʤʦʜʝʣʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʠʦʟʦʥʜʘ.  

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʙʠʦʪʢʘʥʠ ʩʦʟʜʘʝʪʩʷ, ʢʦʛʜʘ ʢʨʠʦʟʦʥʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʙʠʦʪʢʘʥʴʶ ʚ ʦʭʣʘʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʯʘʩʪʢʠ ʪʢʘʥʠ, ʧʨʠʣʝʛʘʶʱʠʝ 

ʢ ʟʦʥʜʫ, ʠʩʧʳʪʳʚʘʶʪ ʬʘʟʦʚʦʝ ʠʟʤʝʥʝʥʠʝ.  ɽʩʣʠ ʧʨʦʜʦʣʞʘʪʴ ʦʭʣʘʞʜʝʥʠʝ, 

ʬʨʦʥʪ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʫʯʘʩʪʢʠ ʙʠʦʪʢʘʥʠ. ʉʪʘʮʠʦʥʘʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʪʝʧʣʦ ʦʪʪʷʛʠʚʘʝʪʩʷ 

ʢʨʠʦʟʦʥʜʦʤ, ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʪʝʧʣʦ ʧʦʛʣʦʱʘʝʪʩʷ 

ʪʢʘʥʷʤʠ.  
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ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ï ʵʪʦ ʧʨʦʙʣʝʤʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʫʩʣʦʞʥʷʝʪʩʷ ʬʘʟʦʚʳʤ ʠʟʤʝʥʝʥʠʝʤ. ʊʝʧʣʦ 

ʧʦʜʚʦʜʠʪʩʷ ʠʟ ʦʙʣʘʩʪʝʡ ʪʝʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʟʦʥʜʘ, ʢ ʩʘʤʦʤʫ ʥʘʢʦʥʝʯʥʠʢʫ ʟʦʥʜʘ. ɺ ʤʦʜʝʣʷʭ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʝʧʣʦ, 

ʧʦʜʘʚʘʝʤʦʝ ʢʨʦʚʴʶ, ʩʥʘʙʞʘʶʱʝʡ ʥʝʟʘʤʦʨʦʞʝʥʥʫʶ ʪʢʘʥʴ, ʘ ʪʘʢʞʝ ʠ ʪʝʧʣʦ, 

ʚʳʜʝʣʷʝʤʦʝ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [73, 89, 91, 92, 119, 120, 146,186, 

187], ʘʚʪʦʨʳ ʘʥʘʣʠʟ ʥʘʯʠʥʘʶʪ ʩʦ ʩʣʝʜʫʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

.2

t

T
cSSTk mʚ
µ

µ
=++Ð r  (1.5) 

ɿʜʝʩʴ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʂʊ), T ï ʪʝʤʧʝʨʘʪʫʨʘ,  Ὓ̃ - ʪʝʧʣʦ, 

ʧʦʜʘʚʘʝʤʦʝ ʢʨʦʚʦʪʦʢʦʤ, ” - ʧʣʦʪʥʦʩʪʴ, mS  - ʪʝʧʣʦ, ʧʦʜʘʚʘʝʤʦʝ ʟʘ ʩʯʝʪ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʩ - ʋʊ, t ï ʚʨʝʤʷ. 

 ʊʦʢ ʢʨʦʚʠ Ὓ̃ ʚ (1.5) ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʭʠʨʫʨʛʦʤ ʠ ʥʘʪʫʨʘʣʠʩʪʦʤ ɼʞʝʡʤʩʦʤ ɻʨʵʤ ʂʫʧʝʨʦʤ, ɼʵʚʠʜ 

ʌʨʝʡʝʨ ʧʨʦʬʝʩʩʦʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʥʪʨʦʧʦʣʦʛʠʠ ʚ ʂʘʥʟʘʩʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ 1970, 1971 ʛ.ʛ., ɸʣʝʩʩʘʥʜʨʦʤ ʂʦʤʠʥʠ ʠ ʜʦʢʪʦʨʦʤ Andrea E. Del 

Guidice ʚ 1976 ʛ.  ɺʩʝ ʵʪʠ ʘʚʪʦʨʳ ʩʭʦʜʷʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ Perl (1962 ʛ.) ʜʘʝʪ ʭʦʨʦʰʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ: 

).( TTʩmS
ɺɺɺɺ
-=  (1.6) 

ɺ (1.6)  ά̃  - ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ ʧʦʪʦʢʘ ʢʨʦʚʠ,  Ὕ̃  - ʣʦʢʘʣʴʥʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʦʚʠ,  

̒̃  - ʋʊ ʢʨʦʚʠ, T - ʪʝʤʧʝʨʘʪʫʨʘ ʪʢʘʥʠ ʚ ʪʦʯʢʝ.  

 ɺ ʦʜʥʦʤʝʨʥʦʡ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1.5), ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʷʭ.  ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʷ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ: ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʝʡ, 

ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʵʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʜʠʫʩʘ ʰʘʨʠʢʘ ʣʴʜʘ: 
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ʛʜʝ 

ὶɕ ȟ ‍ άʚὧʚ ȟ ū , 

R ï ʨʘʜʠʫʩ ʰʘʨʠʢʘ ʣʴʜʘ, ὶ ï ʨʘʜʠʫʩ ʟʦʥʜʘ ʠʥʩʪʨʫʤʝʥʪʘ,  Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ, k - ʂʊ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ, Ὕ  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ, Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʦʥʝʯʥʠʢʘ ʟʦʥʜʘ, Ὕ ï 

ʛʣʫʙʠʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ,  ά̃  ï ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ ʧʦʪʦʢʘ ʢʨʦʚʠ,  ̒̃ ï ʋʊ 

ʢʨʦʚʠ.  

 ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ɻʨʵʤ ʂʫʧʝʨʦʤ ʠ ɼʵʚʠʜ ʌʨʝʡʝʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʩʣʫʯʘʷ ʦʜʥʦʤʝʨʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʧʦʣʫʯʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʜʠʫʩʘ. ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʘʥʘʣʠʟʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ɺʘʞʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ ʠ, ʝʩʣʠ ʫʯʝʩʪʴ ʵʪʦʪ ʤʦʤʝʥʪ, ʪʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʜʠʫʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 ɺʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʜʠʫʩʘ ʰʘʨʠʢʘ ʣʴʜʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 95% ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʘʜʠʫʩʘ ʰʘʨʠʢʘ ʣʴʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʢʦʥʝʯʥʠʢʘ ʟʦʥʜʘ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ρωπ˞ ʪʨʝʙʫʝʪʩʷ ʩʚʳʰʝ 20 ʤʠʥʫʪ.  ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʭʠʨʫʨʛʘ ʠ ʢʦʥʩʪʨʫʢʪʦʨʘ ʢʨʠʦʟʦʥʜʘ, ʠʤʝʝʪ ʨʘʟʤʝʨ ʰʘʨʠʢʘ ʣʴʜʘ ʧʦʩʣʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ.  

 ʋʨʘʚʥʝʥʠʝ (1.5), ʩʦʜʝʨʞʘʱʝʝ ʫʩʣʦʚʠʝ ʬʘʟʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ, ʥʝ ʠʤʝʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʦʣʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ, 

ʧʦʵʪʦʤʫ ʦʥʦ ʪʨʝʙʫʝʪ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ. ɻʨʫʙʫʶ ʦʰʠʙʢʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, 

ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʯʣʝʥʳ ʪʦʢʘ ʢʨʦʚʠ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʪʝʧʣʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʪʠʭ 

ʯʣʝʥʦʚ, ʝʩʣʠ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪʳ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʬʬʝʢʪʘʤʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʙʳʩʪʨʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 
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-
-=F , Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʦʥʝʯʥʠʢʘ ʟʦʥʜʘ, Ὧ ï ʂʊ ʟʘʤʦʨʦʞʝʥʥʦʡ 

ʪʢʘʥʠ. 

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʦʣʝʡ, ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʷʜʘ ʠʟʤʝʨʝʥʥʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʊʦʢ ʢʨʦʚʠ ʠ ʠʩʪʦʯʥʠʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʪʝʧʣʘ ʦʙʲʝʜʠʥʝʥʳ ʚ 

çʵʬʬʝʢʪʠʚʥʫʶè ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʟʘʤʦʨʦʞʝʥʥʳʭ ʪʢʘʥʝʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʘʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʪʢʘʥʠ. ɹʦʷʨʩʢʠʡ ʠ ʌʠʣʠʧʦʚ 

ʦʧʠʩʘʣʠ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʜʠʫʩʘ ʰʘʨʠʢʘ ʣʴʜʘ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʪʢʘʥʠ [296-299]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʭʦʪʷ ʠ ʷʚʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʪʢʘʥʠ. 

ɼʞʦʥ ʈʦʙʠʥ ʋʦʨʨʝʥ, ʘʚʩʪʨʘʣʠʡʩʢʠʡ ʧʘʪʦʣʦʛ ʠ ʫʯʸʥʳʡ, ʠʩʧʦʣʴʟʦʚʘʣ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʣʘʥʩʦʚ ʚ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʯʣʝʥʦʚ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠ, ʠʩʭʦʜʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  ʇʠʪʝʨ 
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ɻʨʠʮʘʢ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʠʥʞʝʥʝʨ-ʤʝʭʘʥʠʢ, ʠʩʧʦʣʴʟʦʚʘʣ ʨʝʰʝʥʠʝ ɼʞʝʡʤʩ ʈʦʡ 

ʅʴʁӢʤʝʥʘ, ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʩʪʦʨʠʢʘ ʤʘʪʝʤʘʪʠʢʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʨʦʥʪʘ ʣʴʜʘ ʚ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ ʩ ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʬʬʝʢʪʘ ʧʣʦʩʢʠʭ ʢʨʠʦʥʘʢʦʥʝʯʥʠʢʦʚ [296-299]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʡ, ʯʝʤ ʧʨʦʩʪʳʝ ʦʜʥʦʤʝʨʥʳʝ 

ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʢʦʥʝʯʥʦʡ ʨʘʟʥʦʩʪʠ. ʀʭ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʠʛʫʨʠʨʫʶʪ ʛʨʘʥʠʯʥʳʝ, ʫʩʣʦʚʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʚʨʝʤʝʥʠ.  

ʆʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʧʨʦʩʫ 

ʨʦʩʪʘ ʰʘʨʠʢʘ ʣʴʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʧʫʪʝʤ [73, 89, 91, 92]. 

ʀʟʤʝʨʝʥʠʷ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʃʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 1,5% ʨʘʩʪʚʦʨʝ ʞʝʣʘʪʠʥʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʣʩʷ ʚ ʧʨʦʟʨʘʯʥʳʡ ʛʝʣʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʥ ʠʤʝʝʪ ʂʊ, ʘʥʘʣʦʛʠʯʥʳʡ ʪʢʘʥʠ, ʞʝʣʝʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʦʩʪ ʤʘʩʩʳ ʣʴʜʘ ʥʝ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʚʝʢʪʠʚʥʫʶ 

ʪʝʧʣʦʦʪʜʘʯʫ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʪʫʱʝʛʦ ʰʘʨʠʢʘ ʣʴʜʘ ʦʙʳʯʥʦ 

ʠʟʤʝʨʷʶʪ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʢʨʠʦʟʦʥʜʫ ʪʘʢ, ʯʪʦʙʳ ʠʭ 

ʧʦʟʠʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʤʦʨʘʞʠʚʘʶʱʝʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʙʳʣʘ ʠʟʚʝʩʪʥʘ.  

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʘʨʠʢʘ ʣʴʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʘʨʪʠʥʦʡ (ʨʠʩ.1.10) 
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ʈʠʩ.1.10.  ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.5) 

 

ʇʦʩʣʝ ʙʳʩʪʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩʢʦʨʦʩʪʴ ʟʘʤʝʜʣʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʧʦʩʪʦʷʥʥʳʡ 

ʨʘʜʠʫʩ. ʇʦʩʣʝ ʦʜʠʥʘʢʦʚʦʛʦ ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʨʘʜʠʫʩ ʰʘʨʠʢʘ ʣʴʜʘ ʙʫʜʝʪ 

ʙʦʣʴʰʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʘʨʠʢʝ ʣʴʜʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʢʘʨʪʠʥʦʡ (ʨʠʩ.1.11) 

 

ʈʠʩ.1.11. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚʦʟʣʝ ʥʘʢʦʥʝʯʥʠʢʘ ʦʯʝʥʴ ʢʨʫʪʦʡ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʣʝʪʦʢ ʚ ʰʘʨʠʢʝ ʣʴʜʘ ʧʦʜʚʝʨʞʝʥʘ ʜʝʡʩʪʚʠʶ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʪʝʧʣʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʦʥʝʯʥʠʢʘ. 
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ʅʘ ʧʨʘʢʪʠʢʝ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʥʘʢʦʥʝʯʥʠʢʦʤ ʢʨʠʦʟʦʥʜʘ ʠ ʪʢʘʥʷʤʠ ʨʝʜʢʦ 

ʙʳʚʘʝʪ ʪʘʢʠʤ ʪʝʩʥʳʤ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʊʝʧʣʦʚʦʡ 

ʢʦʥʪʘʢʪ ʫʣʫʯʰʘʝʪʩʷ, ʢʦʛʜʘ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʴʜʘ ʚ 

ʤʘʣʝʥʴʢʠʭ ʱʝʣʷʭ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʪʢʘʥʷʤʠ.  

ʀʟ ʙʦʣʝʝ ʩʚʝʞʠʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʟʘʜʘʯʘʤ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ [43, 44,63,82,123,142,143]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, 

ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ.  

ʈʘʙʦʪʳ [31,232], ʩʦʜʝʨʞʘʪ ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ 

ʨʝʘʢʮʠʷ-ʜʠʬʬʫʟʠʷ. ɺ ʨʘʙʦʪʝ [232] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʜʘʯ: ʫʩʪʘʥʦʚʣʝʥʳ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ 

ʱʘʫʜʝʨʦʚʩʢʦʛʦ ʪʠʧʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʜʦʢʘʟʘʥʘ ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ 

ʟʘʜʘʯʠ.   ɺ ʨʘʙʦʪʝ [31] ʘʚʪʦʨʘʤʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ ʜʣʷ ʩʠʩʪʝʤ ʪʠʧʘ çʨʝʘʢʮʠʷ-ʜʠʬʬʫʟʠʷè, ʦʧʠʩʳʚʘʶʱʠʭ 

ʨʦʩʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʪʦʢʘ ʢʣʝʪʦʢ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ.  

ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ 

ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠ.̫ ʀʟʤʝʥʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ rʩ  

ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʢʘʥʴ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘ ̫ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʚʦʙʦʜʥʦʡ (ʧʦʜʚʠʞʥʦʡ) ʛʨʘʥʠʮʳ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫ  ʁʟʘʜʘʯʫ.    

ʂʘʢ ʧʦʢʘʟʘʣ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʣʠʪʝʨʘʪʫʨʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

 

1.4. ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠ ̫ʥʘ ʙʠʦʪʢʘʥʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʤʦʛʘʶʱʝʡ ʥʘʡʪʠ 

ʵʬʬʝʢʪʠʚʥʳʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʘʥʘʣʠʟʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
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ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ, 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʫ ʠ ʧʨʘʚʠʣʴʥʦ ʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ, ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʙʠʦʪʢʘʥʠ, 

ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦʪʢʠ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʨʘʞʸʥʥʳʝ 

ʚ ʪʘʙʣʠʮʝ 1.3, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʝʣʠʨʫʝʤʳʭ ʷʚʣʝʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1.3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ  

ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʆʩʦʙʝʥʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʄʥʦʛʦʤʘʩʰʪʘʙʥʦʩʪʴ ʉʭʦʜʠʤʦʩʪʴ 

ʄʥʦʛʦʬʘʟʥʦʩʪʴ ʋʩʪʦʡʯʠʚʦʩʪʴ 

ʅʝʣʠʥʝʡʥʦʩʪʴ ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʛʨʘʤʤ 

ʅʝʦʙʨʘʪʠʤʦʩʪʴ ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ 

ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʋʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʝʨʘʚʥʦʚʝʩʠʝ ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʇʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ ʅʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

 

ɼʦʢʫʤʝʥʪʘʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʘʷ 

ʧʦʜʜʝʨʞʢʘ 

 
ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʱʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ 

ɺʳʙʦʨ ʫʨʘʚʥʝʥʠʡ ʠ ʤʦʜʝʣʝʡ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ɺʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʪʦʪ ʧʨʦʮʝʩʩ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʙʠʦʪʢʘʥʠ ʦʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʦ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʙʠʦʪʢʘʥʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʟ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʫʯʠʪʳʚʘʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʦ ʙʠʦʪʢʘʥʠ.  ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʥʝʣʠʥʝʡʥʦ, ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩ ʢʠʥʝʪʠʢʦʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʝʤ 

ʢʣʝʪʦʢ.  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʪʘʢʞʝ ʫʯʝʩʪʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ, ʚʣʠʷʥʠʝ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʩʚʦʡʩʪʚʦ ʙʠʦʪʢʘʥʝʡ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʝʪʦʜʦʣʦʛʠʶ, ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʫ ʠ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʜʘʯʠ.  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ:  

- ʤʝʪʦʜʦʣʦʛʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ,  

- ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ,  

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʰʪʘʙʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ,  

- ʚʳʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʯʪʝʥʳ ʚ ʤʦʜʝʣʠ, 

- ʚʳʙʦʨ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ,  

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʦʚʝʨʢʠ.  

ʇʨʦʮʝʩʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1.3.   
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ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʚʥʘʯʘʣʝ ʚʳʜʝʣʠʪʴ 

ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ: 

- ʪʠʧ ʪʢʘʥʠ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʘʟʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ - 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʟʘʤʦʨʘʞʠʚʘʥʠʶ;  

- ʩʪʨʫʢʪʫʨʘ ʪʢʘʥʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʣʠʯʠʝʤ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʩ ʠʭ 

ʛʝʦʤʝʪʨʠʝʡ, ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ;  

- ʩʦʩʪʘʚ ʪʢʘʥʠ ï ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʣʠʧʠʜʦʚ, ʙʝʣʢʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ; 

- ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʪʢʘʥʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʪʢʘʥʠ;  

- ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ï ʚʦʟʨʘʩʪ, ʩʦʩʪʦʷʥʠʝ, ʟʜʦʨʦʚʴʝ, 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ.   

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ï ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʢʦʨʦʩʪʴ 

ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ; ʤʝʪʦʜ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ; ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʠ; ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.  

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʣʝʪʦʢ: 

- ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ,  

- ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʦʪʪʘʠʚʘʥʠʠ,  

- ʨʘʟʨʳʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ,  

- ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʢʣʝʪʢʠ,  

- ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʢʣʝʪʢʠ, 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʣʝʪʢʠ,   

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ.  

ɺʘʞʥʦ ʝʱʝ ʫʯʝʩʪʴ, ʯʪʦ ʚʩʝ ʬʘʢʪʦʨʳ ʝʱʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ.   
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ʊʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʫʯʝʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʘʜʝʢʚʘʪʥʫʶ ʠ ʪʦʯʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʪʝʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ. 

ɼʘʣʝʝ ʫʞʝ ʪʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʫʨʘʚʥʝʥʠʷ ʠ ʤʦʜʝʣʠ ï ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʠʬʬʫʟʠʠ.  

ʅʘ ʵʪʘʧʝ ʩʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʢʨʝʪʥʦʡ ʙʠʦʪʢʘʥʠ.  ɿʜʝʩʴ ʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʝʩʣʠ ʪʘʢʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʝʝʪʩʷ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʨʘʥʠʯʥʳʝ ʠ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʫʩʣʦʚʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. 

ɼʘʣʝʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʚʘʣʠʜʘʮʠʶ ʤʦʜʝʣʠ, ʪ.ʝ 

ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠ.  

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʟʚʣʝʯʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʦʮʝʥʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʮʝʩʩʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  ɸʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ:  

- ʚʠʟʫʘʣʠʟʘʮʠ ʁʨʝʟʫʣʴʪʘʪʦʚ (ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʙʠʦʪʢʘʥʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʟʘʤʦʨʦʞʝʥʥʦʡ, ʦʭʣʘʞʜʝʥʥʦʡ ʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʠʦʪʢʘʥʠ);  

- ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʨʘʩʯʝʪ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʪ.ʜ., ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʪʢʘʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ);   

- ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ; ʘʥʘʣʠʟ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʤʦʜʝʣʠ ï ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ, ʦʮʝʥʢʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʦʜʝʣʠ;   

- ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʳʚʦʜʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʜʣʷ ʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ.  ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʩ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʫʯʠʪʳʚʘʪʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʙʠʦʪʢʘʥʠ, ʫʯʠʪʳʚʘʪʴ ʢʨʦʚʦʪʦʢʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʫʯʠʪʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ.  ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʵʪʘʧʥʦ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ. ʊʨʝʙʫʝʪʩʷ 

ʩʦʯʝʪʘʪ ɹ ʥʝʩʢʦʣʴʢʦ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ: ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʂʦʰʠ.  ʂʘʢʠʝ ʤʝʪʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʪʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʠʧʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʬʦʨʤʘʤʠ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʪʘʢʞʝ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʦʜ ʣʦʚʣʠ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʚ ʫʟʝʣ ʩʝʪʢʠ, ʤʝʪʦʜʳ ʠʥʪʨʝʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ.  

ʅʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʢ ʤʦʜʝʣʷʤ, ʥʘ 

ʪʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ. 

  ʊʦʯʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʩʢʦʣʴʢʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʪʦʯʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ.  ʇʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʨʝʰʝʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʟʘʜʘʯ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʜʥʦʤʝʨʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʟʘʜʘʯʠ. ʀ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ.   
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ʋʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʅʝʫʩʪʦʡʯʠʚʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʬʠʟʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʨʢʫ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʩʦʭʨʘʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʠ ʥʝ 

ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ.  ɽʱʝ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ, ʫʤʝʥʴʰʘʪʴ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʧʦʢʘ ʨʝʰʝʥʠʝ ʥʝ ʩʪʘʥʝʪ ʫʩʪʦʡʯʠʚʳʤ.  

ʇʨʝʜʣʘʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ:  

- ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʠ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ,  

- ʠʤʝʝʪʩʷ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ,  

- ʙʘʟʘ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʚʠʜʦʚ ʪʢʘʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʇʨʦʛʨʘʤʤʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʩʪʨʦʝʥʠʝʤ ʛʨʘʬʠʢʦʚ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ.  ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ.   

1.5. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʨʝʜʘʭ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʧʨʦʙʣʝʤʳ ʉʪʝʬʘʥʘ.  ɿʘʜʘʯʘ ʉʪʝʬʘʥʘ - ʵʪʦ 

ʦʩʦʙʳʡ ʚʠʜ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ 

ʢʦʪʦʨʳʭ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʬʘʟʘʤʠ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʂʣʘʩʩʠʯʝʩʢʘʷ 

ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʧʠʩʘʥʠʝ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʜʚʫʤʷ 

https://alphapedia.ru/w/Boundary_value_problem
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ʬʘʟʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʪʝʨʧʝʚʘʶʱʝʛʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ.  ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ (ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝ), ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʏʪʦʙʳ ʟʘʤʢʥʫʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʪʨʝʙʫʝʪʩʷ ʝʱʝ 

ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ, ʫʩʣʦʚʠʝ ʉʪʝʬʘʥʘ [178, 202, 204, 208, 222, 223].  

ʇʨʦʙʣʝʤʘ ʥʘʟʚʘʥʘ ʚ ʯʝʩʪʴ Josef Stefan (ʁʦʟʝʬ ʉʪʝʬʘʥ), ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʠʣ ʦʙʱʠʡ ʢʣʘʩʩ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʦʢʦʣʦ 1890 ʛʦʜʘ ʚ ʩʝʨʠʠ ʠʟ ʯʝʪʳʨʝʭ 

ʩʪʘʪʝʡ, ʢʘʩʘʶʱʠʭʩʷ ʟʘʤʝʨʟʘʥʠʷ ʟʝʤʣʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ. ʆʜʥʘʢʦ ʚ 

1831 ʛʦʜʫ ʧʦʭʦʞʘʷ ʧʨʦʙʣʝʤʘ, ʢʘʩʘʶʱʘʷʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʃʘʤʝ ʠ ʂʣʘʧʝʡʨʦʥʦʤ.  

ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤ, ʯʪʦ ʧʦʷʚʣʷʶʪʩʷ 

ʦʙʣʘʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʪʢʘʥʠ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʦʙʨʘʟʫʶʪʩʷ ʬʘʟʳ (ʟʦʥʳ, ʫʯʘʩʪʢʠ) ʙʠʦʪʢʘʥʠ ʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʵʪʠʭ ʬʘʟ.  

 ʇʘʨʘʤʝʪʨʳ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ, ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠ ʬʦʨʤʘ ʢʨʠʦʛʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʪ 

ʩʪʨʫʢʪʫʨʫ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʠ ʦʙʣʘʩʪʠ ʚʢʣʶʯʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʣʘʩʪʴ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʠʟʦʪʝʨʤʦʡ ʢʨʠʦʧʦʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʟʦʥʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʦʪʝʨʤʘʤʠ - ʠʟʦʪʝʨʤʦʡ ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, 

ʠʟʦʪʝʨʤʦʡ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʵʬʬʝʢʪʘʤʠ ʢʨʠʦʧʦʨʘʞʝʥʠʷ. ɺ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ 

ʦʙʲʝʤ ʙʠʦʪʢʘʥʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥ.  ɺʦ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ 

ʙʠʦʪʢʘʥʴ ʟʘʤʦʨʦʞʝʥʥʘ. ɸ ʚ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ ʦʭʣʘʞʜʝʥʥʘʷ ʙʠʦʪʢʘʥʴ, ʥʝ 

ʟʘʤʦʨʦʞʝʥʥʘʷ ʠ ʥʝ ʨʘʟʨʫʰʝʥʥʘʷ. 

ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ:  

1) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʭʣʘʞʜʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

https://alphapedia.ru/w/Phase_transition
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2) ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʟʘʤʦʨʦʞʝʥʥʳʡ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʳʡ ʚʠʜ), ʠ ʥʘ ʝʝ 

ʩʪʨʫʢʪʫʨʫ;   

3) ʩʢʦʨʦʩʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʦʙʨʘʟʦʚʘʥʠʷ ʪʢʘʥʝʡ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʘ;  

4) ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʨʦʚʠ ʧʦ ʢʘʧʠʣʣʷʨʘʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʦʚʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʥʚʝʢʪʠʚʥʫʶ ʪʝʧʣʦʧʝʨʝʜʘʯʫ;   

5) ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʥʘ ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.   

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: ʤʦʜʝʣʴ ʀʟʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ; 

ʤʦʜʝʣʴ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʚʳʙʦʨʘ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ; ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʨʝʜʳ,  ʦʩʥʦʚʘʥʥʦʝ  ʥʘ  ʫʨʘʚʥʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ, ʜʚʠʞʝʥʠʷ ʠ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ, ʧʦʤʦʛʘʶ ʠɦʝ  ʦʧʠʩʳʚʘʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ (ʞʠʜʢʦʩʪʠ, ʛʘʟʳ ʠ ʪʚʝʨʜʳʝ ʪʝʣʘ); ʪʝʦʨʠʷ ɻʠʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʫʧʝʨʧʨʦʚʦʜʥʠʢʘʭ ʠ ʜʨʫʛʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ; ʤʝʪʦʜʳ ʩʨʝʜʥʝʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʫ ʁʩʠʩʪʝʤʫ ʚ 

ʪʝʨʤʠʥʘʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ,  ʫʧʨʦʱʘʶʱʠʝ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ; ʤʝʪʦʜʳ ʄʦʥʪʝ-ʂʘʨʣʦ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʚʨʝʤʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʫʯʘʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚʦ 

ʚʨʝʤʝʥʠ. 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ, ʯʪʦ ʟʘʜʘʯʠ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥ r ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. ɿʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ -
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ʵʪʦ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʳ ʬʫʥʢʮʠʡ: ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ ʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢʠʝ 

ʧʨʦʙʣʝʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʪʩʷ ʢʘʢ ʦʙʳʯʥʳʝ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ 

ʩʦʧʨʷʞʝʥʠʷ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʩ ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ ʥʘ ʠʩʢʦʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ʉʦʛʣʘʩʥʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ, ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʨʠʩ.1.12). 

 

ʈʠʩ.1.12. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʟʦʥ ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʪʁ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʟʘʜʘʯʘʤ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʦʧʠʩʳʚʘʁʪ ɻ ʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʦʭʣʘʞʘʜʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. 

ʇʫʩʪʴ ʦʙʣʘʩʪʴ 21
WÇW=W  - ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʘ ̫ ʩʨʝʜʘ, ʧʦʜʚʝʨʛʘʝʤʘʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʶ.  ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ S, ʦʛʨʘʥʠʯʠʚʘʶʰʘʷ ʦʙʣʘʩʪʴ W 

ʠʟʚʝʩʪʥʘ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪ ɹ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʝ W, ʧʦʜʚʝʨʞʝʥʥʦʡ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠ,ʁ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ:  
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ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ),( tPuu= , ʪʝʣʦʚʦʡ ʧʦʪʦʢ ),( tPqq= ,  ʋʊʕ ),( tPee= , ʛʜʝ 

.0, >WÍ tP  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʜʝʡʩʪʚʠʷ ʚʚʝʜʝʤ 

ʦʙʦʟʥʘʯʝʥʠʷ P: (x,y,z) - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʝ ʢʦʦʨʜʠʥʘʪ r ʦʙʣʘʩʪʠ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, t ïʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʢʘʥʠ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʧʨʠʨʦʜʘ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ï ʵʪʦ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ɸ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ 

ʤʝʞʬʘʟʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʦʟʥʠʢʘʝʤʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ.  ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠ̫  ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ   ʧʨʦʮʝʩʩ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ ɱ  ʠ ɱ , ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʘ 

ʦʙʣʘʩʪʠ ɱȟ    ʜʦʧʦʣʥʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʙʝʧʝʯʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʥʘ ʚʦʟʥʠʢʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ.  

ʇʨʠ ʣʶʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʠʷ ʥʝ 

ʠʩʯʝʟʘʝʪ ʠ ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʟ ʥʠʯʝʛʦ, ʦʥʘ ʪʦʣʴʢʦ ʧʝʨʝʜʘʸʪʩʷ ʦʪ ʦʜʥʠʭ ʦʙʲʝʢʪʦʚ ʢ 

ʜʨʫʛʠʤ ʠʣʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ ʬʦʨʤʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɤṒɋ [161]. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʨʘʚʥʦ ʩʫʤʤʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ wµ , ʚ 

ʪʝʯʝʥʠʝ ʣʶʙʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 0
12
>-tt , ʪ.ʝ. 

ὡὨὠὨὸ 
‬Ὡ

‬ὸ
ὨὠὨὸ ήȟὲὨὛὨὸ Ȣ (1.9) 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʪʦʯʢʝ P 

ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (1.5) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠ ʩ ʫʯʸʪʦʤ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ɺ ʫʨʘʚʥʝʥʠʠ (1.9) dV ʠ dS ʦʙʦʟʥʘʯʘʶʪ ʵʣʝʤʝʥʪʳ .‫ 

ʦʙʲʸʤʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ὲᴆ ï ʦʨʪ ʚʥʝʰʥʠʡ ʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʦʡ ʣʝʤʤʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʪʘʢʘʷ .‫‬ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ) ʚʠʜʫ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʪʦʯʢʝ P: 

0,, >WÍ=
µ
µ+ tPw
t
eqdiv  (1.10) 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ q, ʋʊʕ e ʠ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ W, ʚ ʩʣʫʯʘʝ ʘʢʪʠʚʥʳʭ ʩʨʝʜ, 

ʩʚʷʟʘʥʳ ʩʦ ʩʢʘʣʷʨʥʳʤ ʧʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ u(P,t) ʠ ʝʛʦ ʛʨʘʜʠʝʥʪʦʤ ʨʘʚʥʝʥʠʷʤʠ 

(1.11): 

)(),(,|)|,( uWWueegradugraduuq ==-= l  (1.11) 

ʛʜʝ ‗ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʘʣʷʨʥʫ  ʁʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʦʙʳʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪ.ʝ.  ‗

‗ό , ʘ ʚ ʩʣʫʯʘʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ - ʪʫʨʙʫʣʝʥʪʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪ.ʝ. ‗ ‗ȿὫὶὥὨόȿ, ‗ό ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʨʝʜʳ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ.  
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʦʪʨʦʧʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ  const==
0
ll   ʠʣʠ  )(Pll=  ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʟʘʢʦʥ ʌʫʨʴʝ graduq l-= . ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ  )(ul  ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ u, ʘ ʧʨʠ ʣʫʯʠʩʪʦʤ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʩʪʝʧʝʥʥʦʡ 

ʬʫʥʢʮʠʝʡ.   

ɺ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʂʊ )(ul  ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʳʚʫ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʘʯʦʢ: 

lllll -=--+= )0*()0*()]([
*

uuu
u

.  

ɿʜʝʩʴ u* ʦʙʦʟʥʘʯʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʝ, 

ʩʠʤʚʦʣ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ 
*

][
u

 ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʪʦʯʢʫ u*, 

)0*(),0*( -+ uu ll  ï ʧʨʝʜʝʣʳ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ  u ,z 

ll,  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʷʭ.   

ʌʫʥʢʮʠʷ e=e(u), ʦʧʠʩʳʚʘʶʱʘʷ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ,  ʩʦʙʦʡ ʝʪʧʨʝʜʩʪʘʚʣʷ

 ʦʩʥʦʚʥʳʭ ʠʟ ʦʜʥʦ ̝̜̖̍́̓̆̑̉́̌̎ ̔̑́̃̎̆̎̉̊ȟ  ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʜʘʥʥʘʷ 

ʬʫʥʢʮʠʷ ʪʝʨʧʠʪ ʨʘʟʨʳʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʪʦʯʢʝ u=u*, ʪ.ʝ. 

)0*()0*()]([
*

--+= ueueue
u

  

ʠʣʠ 

L=r
*

)]([
u

ue   

ʛʜʝ ʚ ʜʘʥʥʦʤ ʫʩʣʦʚʠʠ  L ʦʟʥʘʯʘʝʪ ʩʢʨʳʪʫ  ʁʪʝʧʣʦʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ  ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, r- ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʢʘʥʠ, 
*

][
u

 -  ʨʘʟʨʳʚ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʪʦʯʢʫ u* .  

 ʅʝʣʠʥʝʡʥʦʩʪʴ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ɻʥʝʨʛʠʠ, e=e(u) ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʛʠʩʪʝʨʝʟʠʩʘ. ɺ ʢʦʥʪʝʢʩʪʝ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ɻʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʠ ʨʘʟʣʠʯʥʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʠʟʤʝʥʝʥʠʷ.  ɺ ʟʘʜʘʯʘʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʛʠʩʪʝʨʝʟʠʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ e ʦʪ u ʟʘʤʝʥʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʩʣʫʯʘʝʤ.  ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ 

ʛʠʩʪʝʨʝʟʠʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʨʝʤʠʪʩʷ ʜʦ ʪʦʯʢʠ, ʘ 

ʚʳʩʦʪʘ ʨʘʚʥʘ L=rp , ʛʜʝ r ʧʣʦʪʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʥʘʭʦʜʷʘɦʷʩʷ ʚ 

ʦʙʣʘʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 

  ʗʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʘʤʢʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ. ʀ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʪʦʣʴʢʦ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ )(uWW °= . 

ʌʫʥʢʮʠʷ )(uWW °= ʦʧʠʩʳʚʘʝʪ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʚʨʝʤʝʥʠ ʦʪʪʘʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ -¤=)(' uW .  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠ,̫ ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ: 

])(*)([)(
1

0
uuuuuuuWW ----=

-
hhb

b
,  

ʛʜʝ )(uh - ʝʜʠʥʠʯʥʘʷ  ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ,  kk
mcW =

0
, k

c - ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦʪʦʢʘ 

ʢʨʦʚʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʢʘʧʠʣʣʷʨʘʤ, 
k

m - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʜʘʥʥʦʡ ʤʘʩʩʳ ʢʨʦʚʠ, 

10 <¢b .   

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʫʧʨʦʱʘʶʪ ʘʥʘʣʠʟ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ήO ‗όὫὶὥὨόᴆ
 

ʘ ʪʘʢʞʝ,  ʠ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ 
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Ὡ ὧό”όὨό
ᶻ

ὴ–ό όᶻ  

ʇʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʢʚʘʟʠʣʠʥʝʡʥʦʝ ʘʣʴʥʦʝʜʠʬʬʝʨʝʥʮʠ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

)(*)]([))(( uw
t

u
uupcgraduudiv -=
µ

µ
-+- drl  (1.12) 

ʛʜʝ )(ud - ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ-ʜʝʣʴʪʘ  ɼʠʨʘʢʘ.  

ɺʚʝʜʝʤ ʚ ʠʝʨʘʩʩʤʦʪʨʝʥ  ʴʧʦʚʝʨʭʥʦʩʪ ʨʘʟʜʝʣʘʬʘʟ 

  ɮᶻὖȟὸ όὖȟὸ όᶻ πȢ  

ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ (1.12) ʚ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʤ ʠ ʫʜʦʙʥʦʤ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʠʜʝ ʘʥʘʣʠʟʘ: 

*)()())(( * ʌpʌuw
t

u
cgraduudiv tdrl +-
µ

µ
= . (1.13) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʥʘʢ *)(ʌd ʦʙʦʟʥʘʯʘʝʪ ʦʙʦʙʱʸʥʥʫʶ ʬʫʥʢʮʠʶ ɼʠʨʘʢʘ 

(ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ), ʩ ʥʦʩʠʪʝʣʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 0),(* =tPʌ . ʊʘʢʦʡ ʧʝʨʝʭʦʜ 

ʬʦʨʤʘʣʴʥʦ ʚʳʪʝʢʘʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ t 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ **)(*)(
tt
ʌʌuuu dd =- , ʧʦʣʫʯʘʝʤʦʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ t ʪʦʞʜʝʩʪʚʘ *)(*)( ʌuu hh =- . 

 ʇʦʚʝʨʭʥʦʩʪʴ ʌ*(P,t)=0 ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʙʣʘʩʪʠ W  ʥʘ ʜʚʝ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ, ʢʘʢ 
1
W  ʠ  

2
W .  ʅʝʠʟʚʝʩʪʥʦʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ u(p,t) ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʧʦʜʦʙʣʘʩʪʝʡ ʧʦʜʯʠʥʷʝʪʩʷ 

ʢʚʘʟʠʣʠʥʝʡʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 

21
),())(( WÇWÍ-=

µ
µ- Puw

t
ucgraduudiv rl  (1.14) 

ʇʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʦʙʨʘʟʦʚʳʚʘʝʤʳʝ ʬʘʟʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʟʘʨʘʥʝʝ.  ʇʦʵʪʦʤʫ, ʜʣʷ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʫʩʣʦʚʠʝ 

ʩʦʧʨʷʞʝʥʠʷʋʉ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʩʦʝʜʠʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʚ ʩʦʩʝʜʥʠʭ ʬʘʟʘʭ: 
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n

t p
gradʌ

pʌ

ʌn

u
u

ʌ
u ul -=-=

µ

µ
=

|*|

*

*
])([,0

*
][  (1.15) 

ɺ (1.15)  
*

][
ʌ

 -  ʬʫʥʢʮʠʠ ʩʢʘʯʦʢ , ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʪʦʷʪʴ ʚ ʢʚʘʜʨʘʪʥʳʭ 

ʩʢʦʙʢʘʭ,  ʧʝʨʝʭʦʜʝ ʧʨʠ  ʯʝʨʝʟ  ɹʧʦʚʝʨʭʥʦʩʪʬʘʟ ʨʘʟʜʝʣʘʌ*(P,t)=0, 

|*|

*

gradʌ

gradʌ
n=  - ʢ ʥʦʨʤʘʣʴʧʦʚʝʨʭʥʦʩʪʠ ʌ*(P,t)=0, 

n
u-  ʢʘʞʫʱʘʷʩʢʦʨʦʩʪʴ 

 ʜʚʠʞʝʥʠʷ  ʚ ʠʧʦʚʝʨʭʥʦʩʪ  ʠʥʘʧʨʘʚʣʝʥʠʥʦʨʤʘʣʠ  n .  

   ʠʟ ʇʝʨʚʦʝ (1.15), ʦʟʥʘʯʘʝʪ ʩʪʴʥʝʧʨʝʨʳʚʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʠ  

ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʨʳʚʦʚ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ ʨʘʟʜʝʣʘ. ʫʩʣʦʚʠʝ ɺʪʦʨʦʝ

ʦʧʠʩʳʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʧʦʪʦʢʦʚʪʝʧʣʦʚʳʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʧʦʣʫʯʝʥʦ ʠʟ 

(1.13) ʧʦʪʦʢʦʚʪʝʧʣʦʚʳʭ ʧʦ ʦʙʣʘʩʪʠ ew , ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ

ʌ*(P,t)=0 ʧʦʩʣʝ  ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ 0­e : 

ÌÉÍ
ᴼ

ὨὭὺ‗όὫὶὥὨόὨὺ   ‗ό
‬ό

‬ὲ
 z 

ᶻ ȟ

Ὠίȟ  

ÌÉÍ
ᴼ

Ὠί ɮᶻ‏ɮᶻὨὲ  ÌÉÍ
ᴼ

ɮᶻὨί  ɮᶻ‏
Ὠɮ

ȿὫὶὥὨɮȿ
 

ᶻ ȟ

  

ɮᶻÄÓ

ȿὫὶὥὨɮzȿ
 Ȣ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

‗ό
‬ό

‬ὲ
 z 

ᶻ ȟ

Ὠί ὴ
ɮᶻÄÓ

ȿὫὶὥὨɮzȿ
ᶻ ȟ  

 

 ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʣʝʤʤʳ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

ʚʳʚʦʜʠʪʩʷ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʩʦʧʨʷʞʝʥʠʷ (1.15), ʢʦʪʦʨʦʝ ʠʟʚʝʩʪʥʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ.  

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʟʘʜʘʯʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʸ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʊʘʢʞʝ 
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ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʣʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ 

ʪʨʝʙʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʯʪʦʙʳ ʧʨʦʙʣʝʤʘ ʥʝ ʙʳʣʘ 

ʥʝʜʦʧʨʝʜʝʣʝʥʥʦʡ.  ɼʣʷ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʚʦʡʩʪʚʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʪʢʘʥʠ, ʪʘʢʠʭ ʢʘʢ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʤʦʛʫʪ ʥʝ ʧʨʠʚʝʩʪʠ 

ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ W, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S ʠ ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʙʠʦʪʢʘʥʴ, ʧʦʜʚʝʨʛʘʶʱʫʶʩʷ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ 

ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ S, ʦʪʨʘʞʘʶʱʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʘʣʴʥʦʤʫʜʠʬʬʝʨʝʥʮʠʫʨʘʚʥʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ 

ʪʘʢʞʝ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.  ɺ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʨʝʛʫʣʠʨʦʚʢʘ ʣʠʙʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʣʠʙʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ, ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʩʪʦʷʥʠʝ ʪʢʘʥʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ. ʇʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʪʠʧʘ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠ ʚʠʜ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʝʩʢʠʝɻʠʧʝʨʙʦʣʠʯ ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚʪʦʨʫʶ 

ʶʧʨʦʠʟʚʦʜʥʫ ʧʦ ʚʨʝʤʝʥʠ, ʪʨʝʙʫʶʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʩʢʠʝʇʘʨʘʙʦʣʠʯʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʧʝʨʚʫʶ ʶʧʨʦʠʟʚʦʜʥʫ ʧʦ 

ʚʨʝʤʝʥʠ, ʪʨʝʙʫʶʪ ʦʜʥʦ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʘʤʫ 

ʬʫʥʢʮʠʶ.  ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ,  ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ, ʥʝ ʪʨʝʙʫʶʪ 

ʟʘʜʘʥʠʷ   ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [3, 50, 52, 53, 62, 78, 99, 121, 125, 129, 156, 157, 

168, 173, 200, 204]. 
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ʆʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʝ ʦʪ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʪ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʢ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ,  ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʝʧʣʦʦʙʤʝʥ.  

ʀʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʙʠʦʪʢʘʥʠ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʂʊ ʦʜʥʦʡ ʠʟ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩʨʝʜ.  

 ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʨʝʥʥʫʶ ʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ.  

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ (ʭʦʣʦʜʘ), ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʴ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʦʥʦʪʦʥʥʦ-ʫʙʳʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ.  

ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʛʜʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʥʘ ʧʦʚʝʭʥʦʩʪʠ 

ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʭ ʥʦʨʤʘʣʷʤʠ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (1.10) 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

W
t

e

n

q
=

µ

µ
+

µ

µ
 (1.16) 

ʛʜʝ q ï  ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ  ʧʦʪʦʢʘ ʪʝʧʣʘ, e ï ʋʊʕ,  ʚʨʝʤʷ -t , n ï 

ʥʦʨʤʘʣʴ, W-  ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ.  

ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ð ʟʘʢʦʥ ʌʫʨʴʝ, 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʦʪ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

https://www.chem21.info/info/2649
https://www.chem21.info/info/8863
https://www.chem21.info/info/8863
https://www.chem21.info/info/26081
https://www.chem21.info/info/25700
https://www.chem21.info/info/25700
https://www.chem21.info/info/24952
https://www.chem21.info/info/24952
https://www.chem21.info/info/24952
https://www.chem21.info/info/25700
https://www.chem21.info/info/151902
https://www.chem21.info/info/24952
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n

u
uq
µ

µ
-= )(l  

ʠ ʠʩʢʣʶʯʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʥʦʨʤʘʣʠ ʧʦ  

duqdn l-= . 

ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʘʣʴʥʦʝʜʠʬʬʝʨʝʥʮʠ ʫʨʘʚʥʝʥʠʝ 

.0)( =-
µ

µ
-

µ

µ
W

t

e

u

q
q l  (1.17) 

 ɹɿʘʚʠʩʠʤʦʩʪ  ʤʦʱʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʦʪ ʚʝʣʠʯʠʥʳ 

 ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʝ ʘʢʪʠʚʥʦʡ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

ñ=
µ

µ
-= -

u

u

duuWuq
u

q
quW )()(2,)(1 ll  (1.18) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ q=q(u) ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʬʫʥʢʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ W=W(u).  

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.18) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ W(u) ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ   q(u). ɺʪʦʨʦʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ n ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ u: 

ὲ ὲ
‗ό

ήό
Ὠόȟ ό ό όȟ ὲ ὲόȢ (1.19) 

ʊʦʪ ʬʘʢʪ, ʯʪʦ (1.19) ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʦʙʩʪʚʝʥʥʳʤ ʧʨʠ  uu=   ʠ 0)( =uq , 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʥʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ T(p,t) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʦʭʣʘʞʜʝʥʠʶ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʠʦʪʝʨʘʧʠʠ ɻ(p,t)=0 ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʌ*(p,t)=0, 

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʣʝʜʫʶʝɦʛʦ ʫʨʘʚʥʝʥʠʷ: 
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,0),(),(
)(

))(( >WÍ-=
µ

µ
- ttpTw

t

Te
gradTTdivl  (1.20) 

ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

gradTgradTTqTwwTee |)|,(),(),( l-===  (1.21) 

ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ 

),0(,)0,( WÍ= pTpT  (1.22) 

ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʠʟʚʝʩʪʥʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

‗Ὕ
‬Ὕ

‬ὲ
‌ὴ Ὕ Ὕ ὴȟὸȟὴɴ Ὓὴȟὸ πȟὸ πȟ (1.23) 

ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʜʣʝʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʠʟʚʝʩʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ  ʪʢʘʥʠ  

‗Ὕ
‬Ὕ

‬ὲ
πȟ Ὕ Ὕȟ ɜὴȟὸ πȟὸ πȟ (1.24) 

ʠ ʫʩʣʦʚʠʡ ʥʘ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

Ὕὴȟὸ Ὕᶻȟὴɴ ɮᶻὴȟὸ πȟ (1.25) 

ʛʜʝ  )(tW  ï ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʨʝʜʘ (ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʪʢʘʥʠ), ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ  ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ,  

ʦʛʨʘʥʠʯʝʥʥʘʷ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S(p,t)=0 ʠ ʥʝʠʟʚʝʩʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ɻ(p,t)=0. ʅʝʠʟʚʝʩʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ɻ(p,t)=0  ʚʳʪʝʢʘʝʪ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ: 

TtpT =),( .  ɺ (1.20) - (1.25) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ w(T), e(T),  )(Tl    - 

ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʋʊʕ, ʂʊ ʙʠʦʪʢʘʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ɺ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʝ, 

ʧʝʨʝʤʝʥʥʘʷ  t -  ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ,  p ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ, 

ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ ʦʙʣʘʩʪʠ  )(tW ,  )(Pa  - ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʥʘ S(p,t)=0, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ, n  - ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʢ S(p,t)=0, CT 07,36= , 

CT 00 30* -·=  CCT 00 5030** -·-= , ),( tpT
c

- ʪʝʤʧʝʨʘʪʫʨʘ  ʘʧʧʣʠʢʘʪʦʨʘ 

ʢʨʠʦʟʦʥʜʘ, L=rp , L- ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, r- ʧʣʦʪʥʦʩʪʴ 

ʩʨʝʜʳ [229,240, 260].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

(1.20) - (1.25).   
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ɺ (1.20) - (1.25) ʪʨʝʙʫʝʪʩʷ: ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʘʧʧʣʠʢʘʪʦʨʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʦʨʤr; ʥʘʡʪʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʨʠʦʟʦʥʜʦʚ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; ʥʘʡʪʠ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʦʛʨʝʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; ʥʘʡʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ; ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ: ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʳʭ 

ʧʦʣʝʡ ʥʘ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʪʢʘʥʝʡ.  

ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʢʨʝʪʠʟʘʮʠʝʡ ʤʘʪʝʨʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʊʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. ʕʪʦ 

ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʩʠʤʤʝʪʨʠʷ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʙʣʝʤʳ; ʤʦʥʦʪʦʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʝʨʝʭʦʜʫ ʢ ʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʧʦʩʪʘʥʦʚʢʘʤ ʟʘʜʘʯ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʨʦʚʥʷ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ 

ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠ ̫

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝ. 

ɼʘʞʝ ʧʦʩʣʝ ʫʧʨʦʱʝʥʠʷ, ʪʘʢʠʝ ʟʘʜʘʯʠ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʙʠʦʪʢʘʥʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʫʩʧʝʭʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʝʩʣʠ 

ʩʦʯʝʪʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ,   ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʪʨʝʙʫʶʱʠʭ ʢʨʠʦʦʚʦʟʜʝʡʩʪʚʠʷ, 

ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ,  ʘ ʪʘʢʞʝ ʠʭʩʫʱʝʩʪʚʫʶʱ  ʤʝʪʦʜʦʚ 

ʩʢʦʛʦʤʘʪʝʤʘʪʠʯʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ,   

ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʠ.  ʎʝʣʴ ʦʥʥʦʡʜʠʩʩʝʨʪʘʮʠ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʦʚʝr ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ, ʩ ʦʧʦʨʦʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʨʠʦʛʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ in vivo. 
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 1 

ʀʟʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ. 

ɺ ʛʣʘʚʝ 1 ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʆʩʫʱʝʩʪʚʣʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

2. ʀʟʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʩ ʫʯʝʪʦʤ ʠʭ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

3. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʩ ʫʯʸʪʦʤ ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʧʨʠʢʣʘʜʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

4. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʬʦʨʤʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ   ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʤʝ ʪʢʘʥʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ.   

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʘʥʘʣʠʟʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʙʠʦʪʢʘʥʠ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʦʜʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ: 

1. ʌʦʨʤʘʣʠʟʘʮʠʷ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʩʚʦʡʩʪʚʘ ʙʠʦʪʢʘʥʝʡ ʠ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʝ ʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʢʨʘʝʚʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʟʘʜʘʯ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʢʚʘʟʠʣʠʥʝʘʨʠʟʘʮʠʠ, ʠʪʝʨʘʮʠʦʥʥʳʭ ʩʭʝʤ ʠ ʘʜʘʧʪʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 
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3. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʢʘʥʷʭ. 

4. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʜʠʥʘʤʠʢʠ ʬʘʟʦʚʳʭ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

5. ɺʥʝʜʨʝʥʠʝ ʧʦʜʭʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʜʫʨ ʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʙʠʦʪʢʘʥʷʭ, ʠ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʜʝʞʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɼʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʤʠ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʦʯʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʙʠʦʪʢʘʥʷʭ, ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʙʱʝʡ ʪʝʦʨʠʠ ʢʨʠʦʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ 

ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ.  

ʆʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʢʦʥʮʝʧʮʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʚʨʝʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʠ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ 

ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ  

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤ ̫ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʩʢʦʨʦʩʪʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʢʠʭʙʠʦʣʦʛʠʯʝʩ ʪʢʘʥʝʡ. ɼʣ ̫ʨʝʝhʥʠʷ ʵʪʠʭ  

ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪʩʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʮʠʬʠʢʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʵʪʘʧʳ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʪʝʧʣʦʚʳʭ 

ʷʚʣʝʥʠʡ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʙʠʦʪʢʘʥʝʡ, ʩ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʚ ʬʦʨʤʝ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʠʟʦʪʝʨʤ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʨʝʜʘʭ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʙʠʦʪʢʘʥʷʭ, ʚʢʣʶʯʘʷ ʚʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ, 

ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʪʢʘʥʝʡ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ. 

5. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʫʪʸʤ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʠʥʪʝʛʨʘʮʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.  

6. ɺʳʧʦʣʥʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. 

7. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʩ ʦʧʦʨʦʡ ʥʘ ʩʦʟʜʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪ ɹʮʝʣʠ, 

ʟʘʜʘʯʠ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ɿɸɼɸʏʀ ʉʊɽʌɸʅɸ ʉʆ 

ʉɺʆɹʆɼʅʓʄʀ ɻʈɸʅʀʎɸʄʀ 

2.1. ʂʘʥʦʥʠʯʝʩʢʘ  ̫ʬʦʨʤʘ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ 

2.1.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʫʩʪʴ  ɱὸȟὸ π ï ʦʙʣʘʩʪʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ,  ɻ(p,t)=0  - ʧʦʚʝʨʭʥʦʩʪʴ ʚʣʠʷʥʠʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ,  ʌ*(p,t)=0 ï ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʠʟʚʝʩʪʥʘʷ ʯʘʩʪʴ 

ʦʙʣʘʩʪʠ ʙʠʦʪʢʘʥʠ S(p,t)=0, ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ɱὸ, T(p,t)  - ʠʩʢʦʤʦʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫  ʜʠʥʘʤʠʢʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ  T(p,t), ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʩʪʚʠʷʢʨʠʦʚʦʟʜʝʡ  ɻ(p,t)=0  ʠ ʥʠʷʟʘʤʦʨʘʞʠʚʘ ʌ*(p,t)=0: 

,0),(),(
)(

))(( >WÍ-=
µ

µ
- ttpTW

t

Te
gradTTdivl   

),0(,)0,( WÍ= pTpT

 

 

,0,0),()],,()[()( >=Í-=
µ

µ
ttpSptpTTp

n

T
T

c
al

 

(2.1) 

,0,0),(,0)(, >==
µ

µ
= ttpɻ

n

T
TTT l

 

 

.0),(**,),( =FÍ= tppTtpT

 

 

ɺ ʟʘʜʘʯʝ (2.1) ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ‗Ὕ  ʠ ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ e(T) ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʕʪʠ ʬʫʥʢʮʠʠ 

ʠʤʝʶʪ ʨʘʟʨʳʚ ʚ ʪʦʯʢʝ T=T*, ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʟʥʘʯʝʥʠʡ ʚ ʵʪʦʡ ʪʦʯʢʝ 

Pe
TT
=¸

**
][,0][l ,

 

 

ʚʳʰʝ ʠ ʢʘʢ  
*

][
T

 - ʩʪʦʷʱʝʡ ʩʢʘʯʦʢ ʧʦʜ ʥʠʤ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʝ ʧʨʠ  ʯʝʨʝʟ 

ʴʧʦʚʝʨʭʥʦʩʪ ʌ*(p,t)=0, ʚʦʟʥʠʢʘʶʱʘʷ ʢʘʢ ʴʧʦʚʝʨʭʥʦʩʪ ʠʟʦʪʝʨʤʳ T(p,t)=T*,  

ʧʦʚʝʨʭʥʦʩʪʴ ɻ(p,t)=0, ʧʦʷʚʣʷʝʤʘʷ ʢʘʢ ʴʧʦʚʝʨʭʥʦʩʪ TtpT =),( .   
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 W(T)ʌʫʥʢʮʠ  ̫ - ʘʷʦʛʨʘʥʠʯʝʥʥ ʩ  ʬʫʥʢʮʠʷ ʢʦʥʝʯʥʳʤ ʥʦʩʠʪʝʣʝʤ  

}*{)(sup TTTTW <<= ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ: 

-¤== )(',0)( TWTW , 

ʋʩʣʦʚʠʷ  ὡ Ὕ π  ʠ ὡ Ὕ Њ  ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʦʟʥʘʯʘʶʪ, ʯʪʦ 

ʚ ʪʦʯʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ T=Ὕ  ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʙʝʩʢʦʥʝʯʥʳʤ 

ʧʝʨʝʧʘʜʦʤ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʪʝʧʣʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʦʪʨʘʞʘʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʢʘʥʠ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ɺ ʫʨʘʚʥʝʥʠʠ (2.1) ʧʝʨʝʤʝʥʥʘʷ t ʦʙʦʟʥʘʯʘʝʪ ʚʨʝʤʷ, ʘ p ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʢʦʦʨʜʠʥʘʪʫ ʚ ʦʙʣʘʩʪʠ ɋ(t), ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʢʨʠʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, )(pa  - 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʂʊʆʉ)  ʥʝʧʨʝʨʳʚʥʘ ̫

ʬʫʥʢʮʠ ̫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S(p,t)=0, - ʥʦʨʤʘʣʴ ʚʥʝʰʥʷʷ  (ɺʅ) ʢ S(p,t)=0, 

CT 07,36= , CCT 00 30* -·= , ,5030** 00 CCT -·-=  ),( tpT
c

- ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʢʨʠʦʟʦʥʜʘ), L=rP , L-  ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʘʮʠʠʢʨʠʩʪʘʣʣʠʟ ʧʨʠ 

ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ (ʉʊʂʌɿ), r- ʩʨʝʜʳ ʧʣʦʪʥʦʩʪʴ, 0)0( =Wmes , p=(x,y,z) 

[229,240, 260]. 

2.1.2. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʟʘʜʘʯʫ (2.1) ʢ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʬʦʨʤʝ, ʤʳ ʚʚʦʜʠʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ v(p,t): 

vTTTT
TT

TT
v *)(,

*
--=

-

-
=  (2.2) 

ʇʦʜʩʪʘʚʠʚ (2.2) ʚ (2.1) ʠ ʚʳʧʦʣʥʠʚ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʜʘʯʘ (2.1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ: 

n
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,0),(,
*

)]([)]([

*

1
))]([( >WÍ

-
=

µ

µ

-
- ttp

TT

vTW
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vTe

TT
gradvvTdivl   

),0(,0)0,( WÍ= ppv

 

 

,0,0),(],)[()]([ >=Í-=
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ttpSpvvp
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c
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(2.3) 

,0,0),(,0,0),( >=Í=
µ

µ
= ttpɻp

n

v
tpv

 

 

,0,0),(*,1),( >=Í= ttpʌptpv

 

 

ʛʜʝ  
*

),(

TT

tpTT
v c

c

-

-
= . 

 ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ. ʏʪʦʙʳ 

ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʪʩʫʪʩʪʚʫʶʪ [20,21]. ɸ ʝʩʣʠ ʧʨʦʠʩʭʦʜʷʪ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʪʝʧʣʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝʱʝʩʪʚ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʂʠʨʭʛʦʬʘ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɺʘʨʰʘʚʩʢʦʛʦ) ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.3).  ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʘʯʠ (2.1) ʤʳ ʚʚʦʜʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʂʠʨʭʛʦʬʘ: 

‪ ‗Ὕὺ Ὠὺȟ ‗Ὕὺ ὫὶὥὨὺὫὶὥὨ‪ Ȣ (2.4) 

ʇʦʜʩʪʘʥʦʚʢʘ ʚʳʨʘʞʝʥʠʷ (2.4) ʚ ʫʨʘʚʥʝʥʠʝ (2.3) ʧʨʝʦʙʨʘʟʫʝʪ ʠʩʭʦʜʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ‪ὴȟὸ ʢ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʝʰʝʥʠʝ:  

.0),(,
*

)]}([{

*

)]}([{
>WÍ

-
=

-
+D ttp

TT

vTW

TT

vTe
t

yy
y  (2.5) 

ʛʜʝ yyl D== )())]([( graddivgradvvTdiv ,  D-ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʩʘ. 

ɺʳʧʦʣʥʠʤ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ 
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tvTt
vTevTe yy
y

=)]}([{  (2.6) 

ʋʯʠʪʳʚʘʷ ʙʝʟʨʘʟʤʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (2.2)  

0*)( <--=
µ

µ
TT

v

T
  

ʠ  ʩʦʛʣʘʩʥʦ, ʂʠʨʭʛʦʬ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2.4)  

0
)]}([{'

1
>=

µ

µ

yly vT

v
  

ʇʨʦʠʟʚʦʜʥʘ ̫ ʬʫʥʢʮʠʠ 
'

T
e  ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʫʥʢʮʠʠ  e(T)   [287,288],  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ  ʩʫʤʤʳ 

ʡʧʨʦʠʟʚʦʜʥʦ ʬʫʥʢʮʠʠ e(T) ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ  Ὡ
ͯ

   ʠ ʠʷʧʨʦʠʟʚʝʜʝʥ ʚʝʣʠʯʠʥʳ 

ʩʢʘʯʢʘ P  ʥʘ ʦʙʦʙʱʝʥʥʫʶ ʬʫʥʢʮʠʶ ɼʠʨʘʢʘ,  ʢʦʪʦʨʘʷ  ʩʦʩʨʝʜʦʪʦʯʝʥʘ  ʚ ʤʝʩʪʝ  

ʨʘʟʨʳʚʘ: 

Ὡͻ Ὡ
ͯ ὖ

Ὡ
Ὕ‏ ὝɕȢ (2.7) 

ʇʨʠʤʝʥʷʷ ʢ ʬʫʥʢʮʠʠ e(T) ʩʣʝʜʫʶʱʝʝ ʩʚʦʡʩʪʚʦ )(
||

1
)( x

a
ax dd = ,  

ʧʦʣʫʯʘʝʪʩʷ: 

)).(1(
*

~
' yd v

TT

P
ee

TT
-

-
+=  (2.8) 

ʉ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ 

‪•‏
‪‏ ‪

ȿ•ᴂ‪ ȿ
 

ʧʦʣʫʯʘʝʪʩʷ 

Ὡͻ Ὡͻ
ͯ ὖ‗Ὕὺ‪ᶻ

ὩὝ Ὕz
‪‏ ‪ɕȟ  (2.9) 

ʛʜʝ 
i
y  - ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ 0)( =yj .  

ʇʦʩʢʦʣʴʢʫ, ʩʦʛʣʘʩʥʦ (2.4) ʠ ʪʘʢ ʢʘʢ •‪ ρ ὺ‪, ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ὺπ π, ʪʦ •π ρ, ʪʦ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ • ‪ ὺ ‪ π, ʠ ʯʪʦ 

ʬʫʥʢʮʠʷ •‪ (ʩʤ. ʨʠʩ. 2.1) ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʫʙʳʚʘʶʱʝʡ  ᶅ‪ π. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
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ʯʪʦ ʫ ʥʝʸ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ ‪ ‪ᶻ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (2.4) ʧʨʠ v=1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʚʳʪʝʢʘʝʪ 

*)()]}([{))(1( yydylyd -=- vTv  (2.10) 

ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʶ (2.9). 

 

ʈʠʩ.2.1 ʀʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ὺ‪  

ʅʘ ʦʩʥʦʚʘʥʠʠ (2.9), ʧʨʠʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚʘ [287,288] 

)()()()( 000 xxxaxxxa -=- dd , 

ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ ʢ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʶ: 

,*)](
*)(

1
*)[()]}([{

2 ttvTt

TT

P

a
TTvTevTe yyyd

y
yy
y

-
-

+--==  (2.11) 

ʛʜʝ 

)(*)(
|*)(

)]}([{
)(

~

2

y

yl
y

vTTTTT
eTT

vT
a

--=
-

=  
(2.12) 

 ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʂʠʨʭʛʦʬʘ (2.4), ʢ ʥʘʯʘʣʴʥʦʤʫ 

ʫʩʣʦʚʠʶ ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ (2.3), ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ɻʢʚʠʚʘʣʝʥʪʥʫʶ ʟʘʜʘʯʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫ ʩʁʷ ʥʘʣʠʯʠʝʤ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ   ),( tpy ,  ɮᶻὴȟὸ πȟɜὴȟὸ π: 

=
µ

µ
-

-
+Ö

-
-D

tTT

P

aTT

y
yyd

y
y *)](

*)(

1

*

1
[

2
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,0),(,
*

)]}([{
>WÍ

-
= ttp

TT

vTW y

 

 

),0(,0)0,( WÍ= ppy

 

 

,0,0),(],)()[( >=Í-=
µ

µ
ttpSpvvp

n
v

ya
y

 

(2.13) 

,0,0),(,0,0),( >=Í=
µ

µ
= ttpɻp

n
tp

y
y

 

 

,0,0),(**,),( >=Í= ttpʌptp yy

 

 

ʛʜʝ  ʚ (2.13) 0)]([*
1

0

>=ñ dvvTly . 

 ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʥʳʝ 

ʤʥʦʞʠʪʝʣʠ we,,l : 

)(')(),(')(),(')( TwWTWTeeTeTT === lll  (2.14) 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʟʘʜʘʯʠ (2.13) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʚʠʜ: 

=
µ

µ
-

-
Ö+Ö

-
Ö-D

tTTe

P

aTT

e y
yyd

yl
y *)](

*

1

)(

1

*

1
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2
  

,0),()]},([{'
*

1
>WÍ

-
Ö= ttpvTW

TT

w
y

l

 

 

),0(,0)0,( WÍ= ppv

 

(2.15) 

,0,0),(],)([
)(

>=Í-=
µ

µ
ttpSpvv

p

n
v

y
l

ay

 

 

,0,0),(,0,0),( >=Í=
µ

µ
= ttpɻp

n
tp

y
y

 

 

.0,0),(**,),( >=Í= ttpʌptp yy

 

 

2.1.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʘʜʘʯʝ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ  

ʘʥʠʝʇʨʝʦʙʨʘʟʦʚ ʭʥʝʟʘʚʠʩʠʤʳ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʘʜʘʯʝ (2.1) ʢ 

 ʳʤʙʝʟʨʘʟʤʝʨʥ ʢʦʦʨʜʠʥʘʪʘʤ p ʠ ʚʨʝʤʝʥʠ t  ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ (2.15). 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʠʷʧʨʝʦʙʨʘʟʦʚ ʧʝʨʝʤʝʥʥʳʝ p ʠ ʚʨʝʤʷ   t   ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʠʩʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

.,'
*)(

t
l

e

w
tp

w

TT
p =

-
=  (2.16) 

ʉ ʫʯʝʪʦʤ (2.16) ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  ),( tpy   

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ   ʚ ʥʦʚʫʶ ʬʫʥʢʮʠʶ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ: 

).,'
*)(

(),'( t
l

yt
e

w
p

w

TT
pu

-
=  (2.17) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʜʘʯʘ (2.15), ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ),( tpy , ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʟʘʜʘʯʫ   ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

,0),(),(*)]()([ >WÍ=
µ

µ
-+-D ttpuf

t

u
uuPuku d   

),0(,0)0,( WÍ= ppu

 

 

,0,0),(],)()[( >=Í-=
µ

µ
ttpSpvuvpH

n

u
c

 

(2.18) 

,0,0),(,0,0),( >=GÍ=
µ

µ
= ttpp

n

u
tpu

 

 

,0,0),(**,),( >=FÍ= ttpputpu

 

 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ u(p,t).  

ɺ (2.18)  
)(

1
)(

2 ua
uk = , 

e

p
p= , )]}([{')( uvTWuf = , 

L

-
=

)(*)(
)( 1

p

w

TT
pH

al
,  

** y=u ,  ɼʣʷ ʫʜʦʙʩʪʚʘ ʰʪʨʠʭ çȭè ʚ ʟʘʜʘʯʝ ʫʙʨʘʣʠ,  ʧʝʨʝʤʝʥʥʫ  ʁt ʩʥʦʚʘ 

ʟʘʤʝʥʠʣʠ  ʥʘ t.  

 ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.18) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʥʦʥʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʢʨʠʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʢʠʝʙʠʦʣʦʛʠʯʝʩʥʘ  ʪʢʘʥʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʚʝʣʠʯʠʥ: ʥʦʝʪʝʤʧʝʨʘʪʫʨ 0t)u(p, ʧʦʣʝ = , ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟ ʨʘʟʜʝʣʘ

ʌ*(p,t)=0 ʠ ʧʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɻ(p,t)=0. ɿʥʘʷ ʨʝʰʝʥʠʝ 
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ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ t)u(p, ʧʦʣʝ , ʤʦʞʥʦ  ʦʧʨʝʜʝʣʠʪʴ   

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʂʠʨʭʛʦʬʘ 

).,
*)(

(),( t
w

e
p

TT

w
utp

-
=

l
y  (2.19) 

 ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʂʠʨʭʛʦʬʘ (2.4), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟʨʘʟʤʝʨʥʫ  ʁʪʝʤʧʝʨʘʪʫʨʫ v(p,t). 

ʇʦʩʣʝ ʯʝʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ (2.2), ʥʘʭʦʜʠʪʩʷ ʨʘʟʤʝʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ T(p,t). 

2.1.4. ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠʟʦʪʝʨʤ 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜ,r 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʳʪʝʤʧʝʨʘʪʫʨ, ʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʘ 

ʧʣʦʪʥʦʩʪʴ ʦʪ ʳʪʝʤʧʝʨʘʪʫʨ, ʷʚʣʷʶʪʩʷ ʢʫʩʦʯʥʦ- ʠʧʦʩʪʦʷʥʥʳʤ ʬʫʥʢʮʠʷʤʠ, ʪ.ʝ. 

*),()( TT--+= hllll   

*),()( TTcccc --+= hrrrr
 

(2.20) 

ʛʜʝ ‗ό ï ʂʊ, c(u) ï ʪʝʧʣʦʝʤʢʦʩʪʴ, ”ό ï ʧʣʦʪʥʦʩʪʴ, ʯʝʨʪʘ ʩʥʠʟʫ ʦʪʥʦʩʠʪʩʷ ʢ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʘ ʯʝʨʪʘ ʩʚʝʨʭʫ ʢ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʙʠʦʪʢʘʥʠ, –Ὕ Ὕᶻ ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

 ʉ ʪʘʢʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʦʣʫʯʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

ὩὝ ὩὝᶻ ὧ”
ᶻ

ὨὝ ὖ–Ὕ Ὕᶻ   

*)(*)*)](()([*)( TTPTTTTcccTe -+---++= hhrrr

 

(2.21) 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠʟ ʜʘʥʥʦʡ ʟʘʜʘʯʠ  l  ʠ 

*)( TTce -=r  ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʤʝʨʥʳʭ ʤʥʦʞʠʪʝʣʝʡ.  ʆʪʢʫʜʘ ʠ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 1** ==yu    
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),1()1()]}([{' --+= uuvT h
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(2.22) 

).1(
*)(

-
-

+ u
TTc

P
h

r
  

ɸʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʚʳʰʝ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʦʙʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʂʠʨʭʛʦʬʫ (2.4), ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 

),1(]))1(1[( ---++= vvvv h
l

l
y   

)1(]))1(1[( ---++= yhyy
l

l
yv .

 

(2.23) 

ʊʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠ ̫ ʥʘ ʙʠʦʪʢʘʥʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʦʭʣʘʞʜʝʥʠʝ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʚʩʣʝʜʩʪʚʠʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʜʳ ʠ ʣʝʜ. ʂʨʠʩʪʘʣʣʠʟʘʮʠ ̫ ʚʥʝʢʣʝʪʦʯʥʦʡ ʚʦʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʦʜʳ [44-50].  ɺʳʜʝʣʷʝʤʦʝ ʪʝʧʣʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʚʠʜʝ: 

*),()()(
1

TTTTTmcTW
kk

--=
-

hb
b

 (2.24) 

ʛʜʝ  ʋʊmc
kk
-,  ʠ ʤʘʩʩʘ ʢʨʦʚʠ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 10 <¢b . 

  ʇʨʠʤʝʥʷʷ ʴʥʳʝʬʫʥʢʮʠʦʥʘʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2.2), (2.4), ʘ ʪʘʢʞʝ 

ʧʨʝʦʙʨʘʟʦʚʘʚ ʝʥʝʟʘʚʠʩʠʤʳ ʧʝʨʝʤʝʥʥʳʝ (2.16), ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ W(T) 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

).1()1(*)()]}([{
1

-=--=
-

uwuuuTTTmcuvTW
kk

hh bbb
b

 (2.25) 

  ,,),1()1()(
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l
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l
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c
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a

a

a
uk ==--+=   

.1**),(),1()( =-=-= uTT
c

p
Puuuf

r
hb

 

(2.26) 
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 ʈʠʩʫʥʢʠ 2.2ï2.4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʨʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

ʠ ʪʝʧʣʦʚʦʤʫ ʠʩʪʦʯʥʠʢʫ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʢʠ 2.2, 2.3 ʠ 2.4, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2.2) ʠ (2.4) 

ʥʝ ʤʝʥʷʶʪ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʠʜʦʤ 

ʛʨʘʬʠʢʦʚ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ )]}([{)],([),( ylll vTvTT  

(ʨʠʩʫʥʦʢ 2.2) ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ )]}([{)],([),( yvTevTeTe  (ʨʠʩʫʥʦʢ 2.3).  ʅʝ 
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ʤʝʥʷʶʪ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʠ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ  )(TW , )]([ vTW  )]}([{ yvTW , ʯʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

ʆʙʣʘʩʪʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ ʌ*(p, t) = u(p, t) ï 1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʟʦʥʳ: 

ʟʘʤʦʨʦʞʝʥʥʫʶ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʫʶ. ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʯʘʩʪʝʡ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ ʠ ʛʨʘʥʠʮ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʜʘʯʘ ʩʦʧʨʷʞʝʥʠʷ: 

,0),()(),()(
21

>WÇWÍ=
µ

µ
-D tttpuf

t

u
uku   

),0(,0)0,( WÍ= ppu

 

 

,0,0),(],)()[( >=Í-=
µ

µ
ttpSpvuvph

n

u
c

 

(2.27) 

,0,0),(*,*)],[(,1,0][ * >=FÍF=F== ttpppgradgraduuu
t

 

 

,0,0),(,0,0 >=GÍ=
µ

µ
= ttpp

n

u
u

 

 

ʛʜʝ v(u) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʬʦʨʤʫʣ r(2.23) ʧʦʩʣʝ ʟʘʤʝʥʳ ‪ ʥʘ u. 

(2.27) ʟʘʜʘʯʠ ʋʉ  ʚʳʪʝʢʘʶʪ ʠʟ ʘʣʴʥʦʛʦʜʠʬʬʝʨʝʥʮʠ ʫʨʘʚʥʝʥʠʷ ʟʘʜʘʯʠ 

(2.18). ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʢʦʤʦʝ  ʥʦʝʪʝʤʧʝʨʘʪʫʨ ʧʦʣʝ T(p,t) ʟʘʜʘʯʠ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠʛʨʘʥʠʮʘʤʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

)],,([*)(),( tpvTTTtpT y--=  (2.28) 

ʛʜʝ  

),1(])1(1[)( ---++= yhyy
l

l
yyv  (2.29) 

)
*)(

,
*)(

(),( t
w

TTc
p

TT

w
utp

-

-
=

r

l
y

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʢʦʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣ̫ ʜʣʷ ʚʦʟʥʠʢʘʝʤʳʭ ʦʙʣʘʩʪʝʡ, ʥʘ 

ʢʦʪʦʨʫʶ ʨʘʟʙʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, ʠʱʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ:  

,10,*)(),( <¢--= yyTTTtpT  (2.30) 
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.1),1)(*(*)]1(1*)[(),( ²--+=-+--= yy
l

l
y
l

l
TTTTTTtpT

 

 

2.1.5. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʇʨʦʮʝʩʩʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʪʘʢʠʝ ʢʘʢ 

ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ, ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ T(x,y,z,t), ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ 

ʬʫʥʢʮʠʷ u(x,y,z,t), ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʨʘʩʩʣʦʝʥʠʶ ʦʙʣʘʩʪʠ )(tW  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʫʨʦʚʥʷ constt)z,y,u(x, = . ʊʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ: 

z=z(x,y,u,t),  

ʛʜʝ x,y,z ï ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʩʚʷʱʝʥ ʨʘʟʜʝʣ 2.2. ɽʩʣʠ H(p)=H=const 

ʠ  ,0,0)(),( ²>=
ccc

vtvtpv  ʪʦ ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘ ʩʦʧʨʷʞʝʥʠʝ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ: 
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(2.31) 

,0,0,0
1

>== tu
z

u

 

 

,0),,,(),,,(
~

>== ttyxuutyxzz
s

 

 

ʛʜʝ  

ὃᾀ ȹᾀ
ᶯ
ͯ

ᾀȿ

ᾀ
ȟ ȹᾀ ᶯ

ͯ

ᶯ
ͯ

ᾀȟ ȹᾀ ᾀ ᾀ ȟ ᶯ
ͯ

ᾀ ᾀȟᾀȟρȢ (2.32) 
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ɿʜʝʩʴ )(tuW  - ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x,y,u, ʦʛʨʘʥʠʯʝʥʥʘʷ ʘʧʨʠʦʨʠ 

ʥʝʠʟʚʝʩʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ),( tpuG , ʟʘʜʘʚʘʝʤʦʡ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʝ  

),,( tyxuu=  ʠ ʧʣʦʩʢʦʩʪʴʶ u=0, (ʨʠʩ.2.5), ),,( tyxz
S

 - ʬʫʥʢʮʠʷ, ʟʘʜʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ,0),,(:),( =- tyxzztpS
S

 ),,(
0

uyxz  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

u=0. 

 

ʈʠʩ.2.5. ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x,y,u 

  

ʉʣʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (2.31), (2.32) ʩʦʩʪʦʠʪ 

ʢʘʢ ʚ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ɸ, ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʠ ʫʩʣʦʚʠʡ ʩʦʧʨʷʞʝʥʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʠ u=u*, ʪʘʢ ʠ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ  

.0),,(:),( =-G tyxuutp
u

  

ɺ ʟʘʜʘʯʝ (2.31), (2.32) ʧʦʚʝʨʭʥʦʩʪʴ ʌ*(p,t)=0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ 

z=z(x,y,u*,t). ɺ ʩʣʫʯʘʝ ʞʝ ʢʦʛʜʘ ʥʘ S(p,t)=0 ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ j=u   ʥʘ 

S(p,t)=0 ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ ʠ ʛʨʘʥʠʮʘ  

).1),,(()],,()1),,((1[),,(:)(
~

---+-==G tyxvtyxvtyxvtyxvuut
ccccu

h
l

l
  

ɼʣʷ z=z(x,y,u,t) ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʥʝʣʠʥʝʡʥʫʶ ʟʘʜʘʯʫ ʥʘ ʩʦʧʨʷʞʝʥʠʝ ʚ 

ʠʟʚʝʩʪʥʦʡ ʦʙʣʘʩʪʠ }0),,(,,{:)(
~

²²ÍW utyxuDyxt
u

. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ u=u(z,t), ʌ*(t)=z-z*( t)=0, ɻ(t)=z-s(t)=0, s(t)=z=0 ʠ 

ʩʦʛʣʘʩʥʦ (2.27) ʠ (2.31) ʧʦʣʫʯʘʝʪʩʷ ʦʜʥʦʤʝʨʥʘ ̫ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ: 
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Ћό

Ћᾀ
Ὧό ὖ‏ό ρ

Ћό

Ћὸ
Ὢόȟ π ᾀ ίὸȟ ὸ πȟ  

όᾀȟπ πȟ π ᾀ ίπȠ ίπ πȟ

 

 

Ћόπȟὸ

Ћᾀ
Ὄόπȟὸ ό ὸ πȟ ὸ πȟ

 

(2.33) 

όίὸȟὸ πȟ 
Ћόίὸȟὸ

Ћᾀ
πȟ ὸ πȟ

 

 

όὼɕὸȟὸ ρȟ ὸ πȢ

 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ (2.33) ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʜʥʦʤʝʨʥʫʶ 

ʟʘʜʘʯʫ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʛʨʘʥʠʮʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʠʟʦʪʝʨʤ ʚ ʬʦʨʤʝ ʩʦʦʪʥʦʰʝʥʠʷ z=z(u,t). 

ρ

ᾀ
Ὧό ὖ‏ό ρ

Ћᾀ

Ћὸ
Ὢόᾀ πȟ π ό ό

ͯ
ὸȟ ὸ πȟ (2.34) 

ᾀόȟπ πȟ π ό ό
ͯ
πȟ

 

 

ρ

ᾀ
Ὄό ὸ ό

ͯ
ὸȟ ό ό

ͯ
ὸȟ

 

 

ᾀό
ͯ
ὸȟὸ πȟ 

ρ

ᾀ πȟὸ
πȢ

 

 

 

2.2.  ɿʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ   ʜʣʷ ʧʦʣ  ̫ʠʟʦʪʝʨʤ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʙʠʦʪʢʘʥʠ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ.  ʇʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʯʝ ʉʪʝʬʘʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʣʦʞʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ.  
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2.2.1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʣ  ̫ʠʟʦʪʝʨʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʅʝʠʟʚʝʩʪʥʳʝ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʚ ʟʘʜʘʯʝ, ʙʫʜʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ:   

),,,,( tuyxzz=  (2.35) 

 
       ʇʫʩʪʴ ),,,( tuyxzz=   ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

ό όὼȟώȟᾀὼȟώȟόȟὸȟὸ πȟ (2.36) 

ʠʣʠ  ὼȟώȟᾀȟὸ πȟ  ʛʜʝ  ὼȟώȟᾀȟὸ ό όὼȟώȟᾀὼȟώȟόȟὸȟὸȢ 
ʈʝʰʠʚ (2.36) ʧʦʣʫʯʘʝʪʩʷ: 

ᾀ ‒ὼȟώȟόὼȟώȟᾀȟὸȟὸ πȢ (2.37) 

ɺʳʨʘʞʝʥʠʝ (2.37) ʷʚʣʷʝʪʩʷ ʥʝʷʚʥʦʡ ʬʫʥʢʮʠʝʡ  

ᾀ ‒ὼȟώȟόὼȟώȟᾀȟὸȟὸ πȟ 

ʛʜʝ z ʟʘʚʠʩʠʪ ʦʪ x,y,u,t.  

ʅʘʡʜʝʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ x,y,z,t. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ.  

ʇʫʩʪʴ Ὂὼȟώȟᾀȟὸ ᾀ ‒ὼȟώȟόὼȟώȟᾀȟὸȟὸȢ  ʊʦʛʜʘ ʥʘʰʝ ʫʨʘʚʥʝʥʠʝ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ Ὂὼȟώȟᾀȟὸ πȟ ʛʜʝ x, y, t ï ̫ʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ.  

ʅʘʡʜʝʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (2.37) ʧʦ x, y, z, t. 

ɼʠʬʬʝʨʝʥʮʠʨʫʝʤ F=0 ʧʦ x, ʫʯʠʪʳʚʘʷ, ʯʪʦ z=z(x,y,t) ï ʬʫʥʢʮʠʷ x: 

‬Ὂ

‬ὼ

‬ᾀ

‬ὼ

‬‒

‬ὼ

‬‒

‬ό

‬ό

‬ὼ

‬‒

‬ὸ

‬ὸ

‬ὼ
π 

ʊʘʢ ʢʘʢ t ʥʝʟʘʚʠʩʠʤʘ ʦʪ x, ʪʦ  π. ɿʥʘʯʠʪ  

‬ᾀ

‬ὼ
‒ ‒

‬ό

‬ὼ
π 

ʛʜʝ ‒ ,  ‒ . 

ʅʦ ʚ u=u(x,y,z,t), ʧʝʨʝʤʝʥʥʘʷ z ʟʘʚʠʩʠʪ ʦʪ x, ʟʥʘʯʠʪ 

‬ό

‬ὼ
ό ό

‬ᾀ

‬ὼ
 

ʛʜʝ  ό , ό . 
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ʇʦʜʩʪʘʚʠʤ: 

‒ ‒ ό ό ) = 0, 

ʠ ʨʘʩʢʨʦʝʤ ʩʢʦʙʢʠ: 

‒ ‒ό ‒ό  = 0, 

ʇʝʨʝʥʦʩʠʤ ʩʣʘʛʘʝʤʳʝ ʩ      ʚ ʣʝʚʫʶ ʯʘʩʪʴ: 

‒ό ‒ ‒ό, 

ʚʳʥʦʩʠʤ   ʟʘ ʩʢʦʙʢʠ  

ρ ‒ό ‒ ‒ό, 

ʆʪʢʫʜʘ ʧʦʣʫʯʘʝʪʩʷ  

. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʝʪʩʷ ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ y:  

. 

ʏʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ z. ɼʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ z, ʫʯʠʪʳʚʘʷ, ʯʪʦ z-ʪʘ 

ʧʝʨʝʤʝʥʥʘʷ, ʧʦ ʢʦʪʦʨʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʥʘʧʨʷʤʫʶ: 

ρ ‒ =0 

ʪ.ʝ. ρ ‒ =0 

ʕʪʦ ʫʩʣʦʚʠʝ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʠ z, ʫʨʘʚʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ. ʏʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ  ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ z- 

ʧʝʨʝʤʝʥʥʘʷ, ʧʦ ʢʦʪʦʨʦʡ ʙʝʨʸʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ. ʄʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ, ʯʪʦ ρ. 

ʏʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ t:  

‬Ὂ

‬ὸ

‬ᾀ

‬ὸ
‒ ‒

‬ό

‬ὸ
π 

ʛʜʝ 

‬ό

‬ὸ
ό ό

‬ᾀ

‬ὸ
 

ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ z 
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‬ᾀ

‬ὸ
‒ ‒ ό ό

‬ᾀ

‬ὸ
π 

ʨʘʩʢʨʳʚʘʝʤ ʩʢʦʙʢʠ: 
‬ᾀ

‬ὸ
‒ ‒ό ‒ό

‬ᾀ

‬ὸ
π 

ʧʝʨʝʥʦʩʠʤ ʩʣʘʛʘʝʤʳʝ ʩ   

ρ ‒ό
‬ᾀ

‬ὸ
‒ ‒όȟ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ 
‬ᾀ

‬ὸ

‒ ‒ό

ρ ‒ό
Ȣ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ z ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ: 

,  ,  ρ ‒ =0,  .  

ʋʩʣʦʚʠʝ 

ρ ‒ό π 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ. 

ɺʳʨʘʟʠʤ ʠʟ ʜʘʥʥʳʭ ʬʦʨʤʫʣ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ u ʧʦ x,y,z,t 

ό ,  ό ,  ό ,  ό  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

ό
‒ ρ ‒ό

‬ᾀ
‬ὼ

‒

‒

ρ ‒
ρ
‒
‬ᾀ
‬ὼ

‒

‒

π ‒

‒

‒

‒
 

ʧʦ ʘʥʘʣʦʛʠʠ ʧʦʣʫʯʘʶʪʩʷ 

ό ,  ό , 

ʀʪʦʛʦʚʳʝ ʚʳʨʘʞʝʥʠʷ:  

ό ȟ  ό ȟ ό ȟ  ό      ςȢσψ 

      ɺʳʯʠʩʣʠʚ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ x, y, z ʩʦʦʪʥʦʰʝʥʠʡ (2.38).  

ʅʥʘʡʜʝʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ x 

ό
‬

‬ὼ
ό

‬

‬ὼ

‒

‒

‬

‬ὼ

‒

‒
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ʀʩʧʦʣʴʟʫʝʤ ʧʨʘʚʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʯʘʩʪʥʦʛʦ: 

‬

‬ὼ

Ὢ

Ὣ

ὪὫ ὪὫ

Ὣ
 

ʛʜʝ Ὢ ‒ȟὫ ‒. ʊʦʛʜʘ  

ό
‒ ‒ ‒‒

‒
 

ɺʳʯʠʩʣʝʥʠʝ ʁ  

‒
‬

‬ὼ
‒

‬

‬ὼ

‬‒

‬ό
‒ ‒ ό 

ʧʦʪʦʤʫ ʯʪʦ ʁ ʁ ØȟÙȟÕȟÔȟ  ʘ u ʟʘʚʠʩʠʪ ʦʪ x. 

 

‒
‬‒

‬ό‬ὼ

‬‒

‬ό

‬ό

‬ὼ
‒ ‒ ό 

ʉʠʤʚʦʣ ʁ  ʟʜʝʩʴ ʦʟʥʘʯʘʝʪ ʯʘʩʪʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ʁ ʧʦ 

ʧʝʨʝʤʝʥʥʦʡ x, ʫʯʠʪʳʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ u. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ y 

ό
‒ ‒ ‒‒

‒
 

ʛʜʝ ‒ ‒ ‒ ‒ ό 

 

ɼʣʷ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ z 

ό
‬

‬ᾀ

ρ

‒

‒

‒
 

ʛʜʝ 
 

‒
‬

‬ᾀ
‒ ‒ ‒ ό 

ʀʪʦʛʦʚʳʝ ʬʦʨʤʫʣʳ 

ό ,      (2.39) 

 ό , ό   (2.40) 

 

    ʉ ʧʦʤʦʱʴʶ (2.38) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʧʝʨʘʮʠʠ gradu: 

,
1

)(
1 ~

z
z

kzjzi
zz

u
k

y

u
j

x

u
igradu

u

yx

u

Ð=+--=
µ

µ
+

µ

µ
+

µ

µ
=  (2.41) 

ᶯ
ͯ

ᾀ
Ћᾀ

Ћὼ
ȟ
Ћᾀ

Ћώ
ȟρ

 
 

ɼʘʣʝʝ ʚʳʯʠʩʣʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ  
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ὨὭὺ‗ὫὶὥὨόὨὭὺ
‗

ᾀ
ᶯ
ͯ

ᾀ
Ћ

Ћὼ

‗

ᾀ
ᾀ

Ћ

Ћώ

‗

ᾀ
ᾀ

Ћ

Ћᾀ

‗

ᾀ
Ȣ (2.42) 

ɺʳʧʦʣʥʷʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʫʯʠʪʳʚʘʷ (2.38), ʥʘʭʦʜʠʤ: 

Ћ

Ћὼ

‗ᾀ

ᾀ

‗

ᾀ
ᾀ τὼᾀ

‗ᾀ

ᾀ
ᾀ τὼᾀ   

ρ

ᾀ
‗ᾀ ς

‗ᾀ

ᾀ
ᾀ

‗ᾀ

ᾀ
ᾀ

ρ

ᾀ
‗ᾀ

‗ᾀ

ᾀ
Ȣ
 

 

 ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʪʩʷ 

Ћ

Ћὼ

‗ᾀ

ᾀ

ρ

ᾀ
‗ᾀ

‗ᾀ

ᾀ
ȟ (2.43) 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʷʶʪʩʷ 

Ћ

Ћώ

‗ᾀ

ᾀ

ρ

ᾀ
‗ᾀ

‗ᾀ

ᾀ
ȟ 
Ћ

Ћᾀ

‗

ᾀ

ρ

ᾀ

‗

ᾀ
Ȣ (2.44) 

ʇʨʠʤʝʥʷʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʚʝʥʩʪʚʘ (2.43), (2.44) ʚʳʨʘʞʝʥʠʝ (2.42) 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

ὨὭὺ‗ὫὶὥὨό
ρ

ᾀ
‗ᾀ ᾀ ‗

ρ ᾀ ᾀ

ᾀ
  

ρ

ᾀ
ᶯ ‗ɳ ᾀ ‗

ᾀɳ

ᾀ
ȟ
 

(2.45) 

ʛʜʝ     

ᾀɳ Ὥ
ᴼЋᾀ

Ћὼ
Ὦ
ᴼЋᾀ

Ћώ
Ὧ
ᴼ
ȟ ᶯ ‗ɳ ᾀ ‗

Ћᾀ

Ћὼ

Ћᾀ

Ћώ
Ȣ (2.46) 

ʇʨʠ ʚʳʚʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ (2.42) ʂʊ l ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ. ʂʊ l ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʜʣʷ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ   ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ 
1
W   ʠ  

2
W . 

      ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʛʦʪʝʤʧʝʨʘʪʫʨ ʧʦʣʷ ),,,( tzyxuu=  ʚ ʩʠʣʫ (2.45) ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʷʦʧʨʝʜʝʣʝʥʠ ʧʦʣʷ ʠʟʦʪʝʨʤ ),,,( tuyxzz= : 

ρ

ᾀ
ᶯ ‗ɳ ᾀ ‗

ᾀɳ

ᾀ
ὧ”
Ћᾀ

Ћὸ
ύό

Ћᾀ

Ћό
ȟ   

ὼȟώȟόᶰʍ ὸȟ ὸ πȟ ό όɕȢ
 

(2.47) 

),,,( tzyxuu=
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ɺ ʫʨʘʚʥʝʥʠʠ (2.47) ʦʙʣʘʩʪʴt
u
-W )(   ʠʟʤʝʥʝʥʠʷ ʭʥʝʟʘʚʠʩʠʤʳ 

uy, x,ʧʝʨʝʤʝʥʥʳʭ,   ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴʶ )(t
u
Wµ . ɼʘʥʥʘʷ 

ʦʙʣʘʩʪʴ ʥʝ ʩʦʜʝʨʞʠʪ ʧʣʦʩʢʦʩʪʠ  *uu¸ . 

2.2.2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʡ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ 

ɺ ʢʘʞʜʦʡ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ  *),( uut
u

<W   ʠ  *),( uutu >W  ʫʨʘʚʥʝʥʠʝ 

(2.47) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʦʙʣʘʩʪʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʋʉ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ *uu¸ ,  ʛʜʝ *),( uut
u

<W   ʦʙʣʘʩʪʴ ʦʭʣʘʞʜʝʥʠʷ,  

*),( uut
u

>W  - ʦʙʣʘʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ,  u* - ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʜʝʣʘ ʬʘʟ.  

ʇʝʨʚʦʝ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ ï     

ᾀ ɕ ᾀὼȟώȟόɕ πȟὸ ᾀὼȟώȟόɕ πȟὸ π (2.48) 

ʚʳʨʘʞʘʝʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʪʝʨʤʳ *uu¸ , 
*

][
u

- ʦʟʥʘʯʘʝʪ ʩʢʘʯʦʢ 

ʬʫʥʢʮʠʠ z ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ u*.  

      ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʩʦʧʨʷʞʝʥʠʷ ʚʳʪʝʢʘʝʪ ʠʟ ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ0),,,(* =F tzyx   ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʚ ʚʠʜʝ 

ūɕὼȟώȟᾀȟὸ ᾀ ᾀὼȟώȟόɕȟὸ π  

ᾀɕ ᾀὼȟώȟόɕȟὸ πȟ (2.49) 

ʥʘʭʦʜʠʤ 

ὲO
ὫὶὥὨūɕ

ȿὫὶὥὨūɕȿ
ȟ ὺ

ūɕ

ȿὫὶὥὨūɕȿ
ȟ ūɕ ᾀɕȟ 

Ћό

Ћὲ
ὫὶὥὨόȟὲOȢ (2.50) 

ɺ ʩʠʣʫ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʫʩʣʦʚʠʝ ʉʪʝʬʘʥʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

‗όὫὶὥὨόȟὲOūɕ ‗όὫὶὥὨόȟ
ὫὶὥὨūɕ

ȿὫὶὥὨūɕȿūɕ
ὴ

ūɕ

ȿὫὶὥὨūɕȿ
Ȣ (2.51) 

ʉʦʢʨʘʪʠʚ ʥʘ |*| Fgrad , ʧʦʣʫʯʘʝʤ: 

‗ό

ᾀ
ρ

Ћᾀ

Ћὼ

Ћᾀ

Ћώ ɕ ὴ
Ћᾀɕ

Ћὸ
Ȣ (2.52) 

ʋʩʣʦʚʠʝ (2.52) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʣʦʚʠʝ ʪʠʧʘ ʉʪʝʬʘʥʘ ʜʣʷ ʧʦʣʷ 

ʠʟʦʪʝʨʤ ᾀ ᾀὼȟώȟόȟὸ. 

  



 107 
 

2.2.3. ʇʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ʂʠʨʭʛʦʬ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʘʯʠ ʠʟʦʪʝʨʤ 

ʀʟ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ        

‪ ‪ὼȟώȟᾀȟὸ π (2.53) 

ʜʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ᾀ ᾀὼȟώȟ‪ȟὸ. 

       ʀʟ ʫʨʘʚʥʝʥʠʷ (2.44) ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʦʙʨʘʪʥʳʭ ʬʫʥʢʮʠʡ (2.38) ï (2.41) ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʥʝʣʠʥʝʡʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

ᶯ ẗɳ ᾀ
ᾀɳ

ᾀ

ЋὩ

Ћὸ
ᾀ‪ ύό‪

Ћᾀ

Ћ‪
ȟ  

ὼȟώȟ‪ᶰʍ ὸȟ ὸ πȟ ‪ πȢ
 

(2.54) 

ʋʉ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ  

ᾀ ɕ ᾀὼȟώȟπȟὸ ᾀὼȟώȟπȟὸ πȟ (2.55) 

ρ

ᾀ
ρ ᾀ ᾀ ɕ ὴᾀɕȢ (2.56) 

ʊʘʢ ʢʘʢ z, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 
x

z

µ

µ
, 

y

z

µ

µ
  - ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ 

0*==yy , ʪʦ ʫʩʣʦʚʠʝ ʉʪʝʬʘʥʘ (2.56) ʫʧʨʦʱʘʝʪʩʷ ʢ ʚʠʜʫ: 

ρ

ᾀ ɕ

ὴ
Ћᾀɕ
Ћὸ

ρ
Ћᾀɕ
Ћὼ

Ћᾀɕ
Ћώ

Ȣ (2.57) 

 

2.2.4. ʅʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʙʠʦʪʢʘʥʠ 

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

ᾀ ᾀ ὼȟώȟόȟ ὼȟώȟό᷾ ɋ πȟ ό όɕȟ (2.58) 

ʛʜʝ    ),,(
0

uyxz  - ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:    

ό ὼȟώȟᾀ ό. (2.59) 
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ʊʘʢ ʢʘʢ ʧʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ. ʋʩʣʦʚʠʝ 

ɼʠʨʠʭʣʝ ό όȟ ὴɴ ίȟ ὸ π  ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʢ ʚʠʜʫ: 

ᾀ ᾀ ὼȟώȟόȟ ό ό ὼȟώȟὸȟ ὸ πȢ (2.60) 

ʋʩʣʦʚʠʝ (2.60) ʩʣʝʜʫʝʪ ʠʟ ʷʚʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ S ʧʦʩʣʝ 

ʨʘʟʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ  

ū ὼȟώȟᾀ π ᵼ  ᾀ ᾀ ὼȟώ. (2.61) 

ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʯʪʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ  

όὼȟώȟᾀ ὼȟώȟὸ ό ὼȟώȟᾀ ὼȟώȟὸ ό ὼȟώȟὸȢ (2.62) 

      ɺ (2.62) ό ό ὼȟώȟὸ ʧʦʜʚʠʞʥʘ ̫ʧʦʚʝʨʭʥʦʩʪ,ɹ ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʦʙʣʘʩʪʴ ɋ ὸȟ ό όɕȢ ɼʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʛʨʘʥʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

),,( tyxuu
k

=  ʧʦʜʚʠʞʥʘ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʝʝ ʦʧʨʝʜʝʣʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ᾀὼȟώȟόȟὸ ᾀ ὼȟώ  ᵼ ό ό ὼȟώȟὸȟ ὸ πȟ (2.63) 

ʢʦʪʦʨʦʝ ʚʳʪʝʢʘʝʪ ʠʟ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʞʜʝʩʪʚʘ 

όὼȟώȟᾀȟὸ ό ὼȟώȟὸȢ (2.64) 

ʀʟʚʝʩʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Ὓȡū ὼȟώȟᾀ π ʦʙʣʘʩʪʠ W ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ 

ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ Ћɋȡό ό ὼȟώȟὸ πȟ ό όɕȢ 

       ʊʨʝʪʴʝ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ                          

‗ ‌ό ό πȟ ὴɴ Ὓȟ ὸ π ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʜʣʷ 

ʧʦʣʷ ʠʟʦʪʝʨʤ z: 

‗ ‌ό ό ȟ ὼȟώȟόᶰЋɋ ὸȟ ὸ πȟ ό όɕȢ. (2.65) 
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2.2.5. ɿʘʜʘʯʘ ʉʪʝʬʘʥʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʯʝʥʴ ʯʘʩʪʦ ʥʘʧʦʤʠʥʘʶʪ ʬʦʨʤʫ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.2.6).  ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʫʝʤ 

ʟʘʜʘʯʫ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʉʪʝʬʘʥʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ.  

 

ʈʠʩ.2.6. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x,y,u 

 ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʝʜʫʶʱʠʡ ʦʧʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʳʤ 

ὃᾀ ᶯ ‗ɳ ᾀ ‗
ᾀɳ

ᾀ
Ȣ (2.66) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ )(t
u
Wµ  ʦʙʣʘʩʪʠ )(t

u
W  ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʌʠʟʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʡ 

ʧʨʦʮʝʩʩ, ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ )},(),(;,{: yxzzyxzDyx
bH

<<ÍW ,   

ʧʦʵʪʦʤʫ         

 (2.67) 

ʛʜʝ     ʠ     ʟʜʝʩʴ ʧʦʣʫʯʝʥʳ ʠʟ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠ ̫ʠʟ ʫʨʘʚʥʝʥʠʡ  

. (2.68) 

ɽʩʣʠ ʚ ʧʨʷʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʩʦʜʝʨʞʠʪ ʥʝʠʟʚʝʩʪʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ),,,(* tzyxF , ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ʝʸ 

)},,,(),,(;,{:)( tyxuutyxuDyxt
u

¢¢ÍW

u u

).,(),,,(),,(),,,( yxztuyxzyxztuyxz
bH

==
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ʠʟʦʪʝʨʤʠʯʥʦʩʪʠ  ʊɕὼȟώȟᾀȟὸ όὼȟώȟᾀȟὸ όɕ, ʪʦ ʚ ʠʩʢʦʤʦʡ ʟʘʜʘʯʝ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ:   

ʊɕὼȟώȟᾀȟὸ ᾀ ᾀὼȟώȟόɕȟὸ. (2.69) 

ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 

*),( uut
u

¸Wµ , ʦʛʨʘʥʠʯʠʚʘʶʱʫʶ ʦʙʣʘʩʪʴ 
u
W . ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʘʷ 

ʦʙʨʘʪʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ɼʠʨʠʭʣʝ ʬʫʥʢʮʠʠ ),,(
)1(

tyxuu
c

=
 
ʠ  ),,(

)2(
tyxuu

c
= ʩʨʘʟʫ 

ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳʤʠ, ʘ ʜʣʷ z(x, y, u, t) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.68) 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ɼʠʨʠʭʣʝ ʥʘ ʧʦʜʚʠʞʥʳʭ, ʥʦ ʠʟʚʝʩʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ  ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ  ʷʚʣʷʶʪʩʷ,  ʦʜʥʦʤʝʨʥʳʝ 

ʟʘʜʘʯʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʠʧʘ ʉʪʝʬʘʥʘ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʢʦʛʜʘ 

),(),( tuzztzuu =­= , 
bH zzz << , constzconstz

bH == , , .0),()( ><< ttuutu  

ʇʨʠ ʧʣʦʩʢʦʡ ʩʠʤʤʝʪʨʠʠ n=0, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ n=1 ʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʠ n=2 ʦʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

ρ

ᾀ
‗
ᾀ

ᾀ
ύ
Ћᾀ

Ћό
ὧ”ὴ‏ό όɕ

Ћᾀ

Ћὸ
πȟ όὸ ό όὸȟ ὸ πȟ  

ᾀόȟπ ᾀ όȟ όπ ό όπȟ

 

 

ᾀόὸȟὸ ᾀȟ ᾀόὸȟὸ ᾀȟ

 

(2.70) 

‗ό ‌ό ό
Ћᾀόȟὸ

Ћό
πȟ

 

 

‗ό ‌ό ό
Ћᾀόȟὸ

Ћό
πȢ

 

 

2.2.6. ʌʦʨʤʫʣʳ ɻʨʠʥʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ Az 

ʌʦʨʤʫʣʘ ɻʨʠʥʘ ʧʦʣʝʟʥʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʧʣʦʩʢʠʤ ʢʦʥʪʫʨʘʤ, ʧʦʩʢʦʣʴʢʫ, ʟʘ ʩʯʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʜʚʦʡʥʦʤ ʠʥʪʝʛʨʘʣʝ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ.  ʅʦ ʵʪʠʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʦʨʤʫʣʳ ɻʨʠʥʘ.  
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ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ;,{:)( Dyxt
u

ÍW  

)},,,(),,( tyxuutyxu ¢¢  ʜʣʷ ʦʧʝʨʘʪʦʨʘ Az ʦʜʥʦʢʨʘʪʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 

ʧʦʣʫʯʠʤ ʧʝʨʚʫʶ ʬʦʨʤʫʣʫ ɻʨʠʥʘ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʧʠʰʝʤ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ: 

ὺὃᾀὨὼὨώὨόὨὼὨώὺὃᾀὨό  

Ὠό ὺɳ ᶯᾀὨὼὨώ ὨὼὨώὺ
‬

‬ό
‗
Úɳ

ᾀ
Ὠό ȟ

 
(2.71) 

ʛʜʝ ),,,(),,,,( tuyxzztuyxvv == - ʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ- 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ. ʇʝʨʚʳʡ ʠʟ ʠʥʪʝʛʨʘʣʦʚ ʚ (2.71) ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὠό ὺɳ ʇɳ ᾀὨὼὨώ  

 ᷿ Ὠό Ḃ ὺᶯ ʇɳ ᾀȟὲᴆὨὰ Ḁ ‗ᶯὺȟɳ ᾀὨὼὨώ, (2.72) 

ʠʩʧʦʣʴʟʫʷ ʧʝʨʚʫʶ ʬʦʨʤʫʣʫ ɻʨʠʥʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ɺ (2.72) D ʦʟʥʘʯʘʝʪ ʧʣʦʩʢʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʙʣʘʩʪʠ 
u
W, ʘ Wµ  ʷʚʣʝʪʩʷ 

ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ D ʜʣʷ ʵʣʝʤʝʥʪʘ dl.  ʀʥʪʝʛʨʠʨʫʷ ʧʦ 

ʯʘʩʪʷʤ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

 ὺ ‗
Úɳ

ᾀ
 ὨόὨὼὨώ (2.73) 

ὺ‗
Úɳ

ᾀ
 ‗

Úɳ

ᾀ

‬ὺ

‬ό
 ὨόὨὼὨώ Ȣ  

ʇʦʜʩʪʘʚʣʷʷ (2.72), (2.73) ʚ (2.71) ʧʨʘʚʫʶ ʯʘʩʪʴ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

ὨὼὨώὺὃᾀὨόὨό ὺʇɳ ᾀȟὲᴆὨὰ   
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ὨὼὨώʇᶯὺȟɳ ᾀ ‗
Úɳ

ᾀ

‬ὺ

‬ό
Ὠό ὺ‗

Úɳ

ᾀ
ὨὼὨώ Ȣ

 

(2.74) 

ʇʦʣʘʛʘʷ ʚ (2.74) 21 zzv -= , ʛʜʝ ʧʝʨʚʳʡ ʨʘʟ 
1

zz= ,  ʘ ʚʪʦʨʦʡ ʨʘʟ  
2

zz=  

ʧʨʠʭʦʜʠʤ ʢ ʜʚʫʤ ʨʘʚʝʥʩʪʚʘʤ: 

ὨὼὨώᾀ ᾀ ὃᾀὨό Ὠό ᾀ ᾀ ʇɳ ᾀȟὲᴆὨὰ   

ὨὼὨώʇᶯ ᾀ ᾀ ȟɳ ᾀ ‗
Úɳ

ᾀ

‬ᾀ

‬ό

‬ᾀ

‬ό
Ὠό

 

(2.75) 

ᾀ ᾀ ‗
Úɳ

ᾀ
ὨὼὨώ Ȣ  

  

ὨὼὨώᾀ ᾀ ὃᾀὨό Ὠό ᾀ ᾀ ʇɳ ᾀȟὲᴆὨὰ 
 

 

ὨὼὨώʇᶯ ᾀ ᾀ ȟɳ ᾀ ‗
Úɳ

ᾀ

‬ᾀ

‬ό

‬ᾀ

‬ό
Ὠό  (2.76) 

ᾀ ᾀ ‗
Úɳ

ᾀ
ὨὼὨώ Ȣ

 

 

ɺʳʯʠʪʘʷ ʠʟ (2.75), (2.76), ʧʨʠʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʦʦʪʥʦʰʝʥʠʶ: 

ὨὼὨώᾀ ᾀ ὃᾀ ὃᾀ Ὠό
 

 

Ὠό ʇɳ ᾀ ᾀ ȟὲᴆὨὰ   
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ὨὼὨώʇᶯ ᾀ ᾀ ȟɳ ᾀ ᾀ  (2.77) 

 ‗
Úɳ

ᾀ

‬ᾀ

‬ό

‬ᾀ

‬ό
Ὠό  ‗

Úɳ

ᾀ

‬ᾀ

‬ό

‬ᾀ

‬ό
Ὠό   

 ᾀ ᾀ ‗
Úɳ

ᾀ

Úɳ

ᾀ
ὨὼὨώ

 

 

ɺʦ ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʝ (2.77) ʚʳʥʦʩʠʤ  l ʟʘ ʩʢʦʙʢʠ ʠ ʨʘʩʧʠʰʝʤ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ: 

ᶯ ᾀ ᾀ ᶯ ᾀ ᾀ
ᾀɳ

ᾀ
ᾀ ᾀ

ᾀɳ

ᾀ
ᾀ ᾀ

 ᶯᾀ ᶯᾀ ςᶯᾀȟɳ ᾀ ᾀɳ
ᾀ

ᾀ
ᾀɳ
ᾀ

ᾀ
ᾀɳ

 ᾀɳ
ᾀ

ᾀ
ᾀɳ
ᾀ

ᾀ
ς ςᶯᾀȟɳ ᾀ

 ᾀɳ
ᾀ

ᾀ
ᾀɳ
ᾀ

ᾀ
ς ᾀɳȟɳᾀ Ȣ

 
ʊʦʛʜʘ ʧʝʨʚʘʷ ʬʦʨʤʫʣʘ ɻʨʠʥʘ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ A ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʘʢ: 

ὨὼὨώᾀ ᾀ ὃᾀ ὃᾀ Ὠό Ὠό ‗
‬

‬ὲ
ᾀ ᾀ Ὠὰ   

ὨὼὨώ‗ Úɳ
Ú

Ú
ᾀɳ

Ú

Ú
ς ᾀɳȟɳᾀ Ὠό

 

(2.78) 

‗
Úɳ

Ú

Úɳ

Ú
ᾀ ᾀ ὨὼὨώ ȟ

 

 

ʛʜʝ  ),,,(
1

tuyxz   ʠ ),,,(
2

tuyxz  - ʧʨʦʠʟʚʦʣʴʥʳʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ )(t
u
W  ʠ ʜʚʘʞʜʳ 

ʥʝʧʨʝʨʳʚʥʦ - ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ. 

  



 114 
 

2.2.7. ʕʣʣʠʧʪʠʯʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ Az 

     ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ [51], ʜʣʷ ʚʚʝʜʝʥʥʦʛʦ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (2.66), ʥʘʡʜʝʤ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ 

ʦʧʝʨʘʪʦʨʘ Az , ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʠʜ: 

ὗ‚ȟ–ȟ‟ ‚ ς‌‚‒– ‌‍–‒‎‒, (2.79) 

ʛʜʝ         ‌ ȟ ‍ ȟ ‎ Ȣ 

      ʇʦʣʴʟʫʷʩʴ ʥʝʨʘʚʝʥʩʪʚʦʤ ʖʥʛʘ  
222 bhbhx +¢  ʜʦʢʘʞʝʤ, ʯʪʦ ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʬʦʨʤʘ (2.79) ʧʦʣʦʞʠʪʝʣʴʥʘʷ. 

       ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  

‚ – ‎‒ ς‌‚‒ς–‒ ‎‒ ‌‒ ‍‒ȟ (2.80) 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

‚ ς‌‚‒ς‍–‒‌‒ ‍‒ πȢ (2.81) 

ʀʟ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ Az, ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʝʨʘʪʦʨ - ʵʣʣʠʧʪʠʯʥʳʡ.  

2.2.8. ʄʦʥʦʪʦʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ Az ʠ ʪʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʟʘʜʘʯʠ 

ʉʪʝʬʘʥʘ ʧʦʣʷ ʠʟʦʪʝʨʤ 

        ɺʦʧʨʦʩ ʦʙ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʜʣʷ 

ʦʙʣʘʩʪʠ ʠʟʦʪʝʨʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ (2.1): 

,0*,),(,,,)()()( >¸WÍ
µ
µ+

µ
µ= tuutuyx

u
zuw

t
zuucAz ur   

),0(,,),,,()0,,,(
0 u

uyxuyxzuyxz WÍ=

 

 

,),,,(,),,,( ztuyxzztuyxz ==

 

(2.82) 

*,),(,,,0)( uutuyxuu
z

z
uc

u

n ¸WµÍ=-+al

 

 

).*,,,(*,
*

)],(
)(

[,0][
**

tuyxzz
t

z
pzz

z

u
z

u

u

u
=

µ

µ
-=ÐÐ=

l

 

 

     ʃʝʤʤʘ 2.1. ʇʫʩʪʴ ʬʫʥʢʮʠʷ z=z(x,y,u,t) ʦʧʨʝʜʝʣʝʥʘ ʠ ʛʣʘʜʢʘ ʧʦ 

ʧʝʨʝʤʝʥʥʳʤ x, y, u, t ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ὼȟώȟόᶰ  ὸȟ ό όz ȟ ὸ π,  

u=u(x,y,z,t) - ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ c(u), ”(u), w(u) 

Az
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ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʥʝʧʨʝʨʳʚʥʳ, ʘ ʬʫʥʢʮʠʷ z ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ 

u ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ x, y, t. ʊʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ   

ὃᾀ ᶯ ‗ɳ ‗
ᶯ

, ʛʜʝ  ᶯ ‗ɳ ᾀ ‗ᾀ ᾀ ȟɳᾀ ᴆᾀ ᴆᾀ Ὧᴆ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʬʫʥʢʮʠʠ ᾀ ὼȟώȟόȟὸ ʠ ᾀ ὼȟώȟόȟὸ ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʫʥʢʮʠʡ ʩ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʨʠʯʝʤ ᾀ ᾀ ʧʨʠ ʚʩʝʭ x, y, 

u, t. 

ɿʘʧʠʰʝʤ ʨʘʟʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ: 

ὃᾀ ὃᾀ ὧό”ό
‬ᾀ ᾀ

‬ὸ
ύό

‬ᾀ ᾀ

‬ό
 

ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪʳ c(u), ”(u), w(u) ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ᾀ ᾀ πȢ  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʤ 

ὃᾀ ὃᾀȟᾀ ᾀ π 

ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʥʦʪʦʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ. ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

ʆʙʦʩʥʦʚʘʥʠʝ ʩʪʨʦʛʦʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ: 

ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʦʪ ʙʦʣʝʝ ʪʸʧʣʳʭ ʦʙʣʘʩʪʝʡ ʢ ʙʦʣʝʝ ʭʦʣʦʜʥʳʤ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʌʫʨʴʝ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʛʨʘʜʠʝʥʪʫ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʯʸʪʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʝʧʣʦʧʦʪʦʢʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʤʦʥʦʪʦʥʥʦʤʫ (ʥʝʧʨʝʨʳʚʥʦʤʫ ʠ ʙʝʟ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʢʘʥʷʭ. 

ɺʦ ʤʥʦʛʠʭ ʤʦʜʝʣʷʭ ʜʣʷ ʢʨʠʦʤʝʜʠʮʠʥʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʫʯʠʪʳʚʘʶʪʩʷ ʣʠʙʦ ʩʣʘʙʳʝ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʪʝʧʣʦʚʳʝ 

ʠʩʪʦʯʥʠʢʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʣʦʢʘʣʴʥʳʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʚʘʣʠ ʙ  rʥʝʤʦʥʦʪʦʥʥʦʩʪʴ. 
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ʉʥʠʞʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʝʧʣʘ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʢʘʥʝʡ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʷʪ ʧʣʘʚʥʦ, ʙʝʟ ʨʝʟʢʠʭ ʘʥʦʤʘʣʠʡ. ʕʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʝ ʬʦʨʤʠʨʫʝʪ ʵʢʩʪʨʝʤʫʤʦʚ ʚʥʫʪʨʠ 

ʪʢʘʥʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʩʪʨʦʛʫʶ ʤʦʥʦʪʦʥʥʦʩʪʴ. 

ʈʷʜ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʤʝʨ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʞʠʚʳʭ ʪʢʘʥʷʭ ʧʨʠ ʢʨʠʦʪʝʨʘʧʠʠ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʢʘʥʷʭ ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʦʭʣʘʞʜʘʝʤʦʡ) ʢ ʚʥʫʪʨʝʥʥʠʤ ʩʣʦʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʛʘʷ ʤʦʥʦʪʦʥʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ 

ʟʘʢʦʥʘʤʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʠ ʧʣʘʚʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. 

         ʊʝʦʨʝʤʘ 2.1. ɽʩʣʠ ʦʧʝʨʘʪʦʨ ὃᾀ ​‗​ᾀ ‗  ʤʦʥʦʪʦʥʥʳʡ, ʪʦ 

ʟʘʜʘʯʘ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (2.82) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ. 

     ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ),,,(
11

tuyxzz =  ʠ ),,,(
22

tuyxzz =  ʩʣʫʞʘʪ 

ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

(2.82).

 
ɼʣʷ ʥʠʭ ʠʤʝʶʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʘ

 
0|)(|)(

2121
=-=-

uu
zzzz  (2.83) 

),)(()(
2121 uuc

zzuuzz
n

---=-
µ

µ
al  (2.84) 

ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʶʪ ʠʟ ʢʨʘʝʚʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʟʘʜʘʯʠ (2.82). ʉ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚ (2.83) ʠ (2.84) ʬʦʨʤʫʣʘ ɻʨʠʥʘ (2.78) 

ʫʧʨʦʱʘʝʪʩʷ ʢ ʚʠʜʫ: 

ὨὼὨώὃᾀ ὃᾀ ᾀ ᾀ Ὠό   
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‌ ό ό Ὠό 
‬

‬ό
ᾀ ᾀ ᾀ ᾀ Ὠὰ

 
(2.85) 

ὨὼὨώ‗ Úɳ
Ú

Ú
ᾀɳ

Ú

Ú
ς ᾀɳȟɳᾀ Ὠό

 

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʨʘʚʝʥʩʪʚʦʤ 

=-----=-
µ

µ
- })()()](){[()()( 2

21

2

21

2

21
zzuuuuzzzz

u
uu

ucucc
 (2.86) 

},)()](){[( 2
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2

21
zzuuzz
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ʥʘʭʦʜʠʤ 

=--=--- 2

212121
))((

2

1
)())((

ucuc
zzuuzzzzuu  (2.87) 

}.)()](){[(
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21

2

21
zzuuzz

uc
----=

 

 

ʇʦʜʩʪʘʚʠʚ (2.87) ʚ ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ (2.85) ʠ ʚʳʧʦʣʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʧʦ u ʩ ʫʯʸʪʦʤ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʪʩʷ: 

ό ό Ὠό 
‬

‬ό
ᾀ ᾀ ᾀ ᾀ Ὠὰ  

ρ

ς
 Ὠὰ ᾀ ᾀ ό ό ᾀ ᾀ Ὠό   

ρ

ς
 Ὠὰ ᾀ ᾀ ό ό ȿ  

ρ

ς
 Ὠὰ ᾀ ᾀ Ὠό   (2.88) 

ρ

ς
 Ὠό Ὠὰ ᾀ ᾀ ὨὰȢ

 

 

ʉ ʫʯʸʪʦʤ (2.88) ʬʦʨʤʫʣʘ ɻʨʠʥʘ (2.85) ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ 

ʚʠʜʫ: 
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ὨὼὨώὃᾀ ὃᾀ ᾀ ᾀ Ὠό
‌

ς
ᾀ ᾀ Ὠὰ 

 

 

ὨὼὨώ‗ Úɳ
Ú

Ú
ᾀɳ

Ú

Ú
ς ᾀɳȟɳᾀ Ὠό

 

(2.89) 

ɽʩʣʠ ʫʯʝʩʪʴ ʤʦʥʦʪʦʥʥʦʩʪ ɹʬʫʥʢʮʠʡ ),,,(
1

tuyxz   ʠ  ),,,(
2

tuyxz  ʧʦ u, ʪʦ ʠʤʝʁʪ 

ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

.0,0
1

2

2

1 >>
u

u

u

u

z

z

z

z
  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʣʝʜʫʶʱʠʤ ʥʝʨʘʚʝʥʩʪʚʦʤ 

ʖʥʛʘ - ,2 2222 yaxaxy -+¢  

).,(2)()(
21

2

2

2

12

1

1

2 zzz
z

z
z

z

z

u

u

u

u ÐÐ>Ð+Ð  (2.90) 

       ɺ ʩʠʣʫ ʥʝʨʘʚʝʥʩʪʚʘ ʖʥʛʘ (2.90), ʧʨʘʚʘʷ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (2.89) 

ʥʝʧʦʣʦʞʠʪʝʣʴʥʘ, ʯʪʦ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʦʥʦʪʦʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ A ʥʘ ʨʝʰʝʥʠʷʭ 

ʟʘʜʘʯʠ (2.82). 

ʄʦʥʦʪʦʥʥʦʩʪ ɹʦʧʝʨʘʪʦʨʘ A ʜʦʢʘʟʳʚʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2.82), ʢʦʪʦʨʘʷ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʦʨʝʤʦʡ.  

ʀʩʧʦʣʴʟʫ ̫ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ *)( uu-d , ʋʉ ʚʢʣʶʯʘʶʪʩʷ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

*).(
*

)()()( uu
t

z
p

u

z
uw

t

z
uucAz -

µ

µ
+

µ

µ
+

µ

µ
= dr  (2.91) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ (2.91) ʧʦ ʦʙʣʘʩʪʠ u ʦʪ u*-0 ʜʦ 

u*+0  ʧʨʠʭʦʜʠʤ ʢ ʫʩʣʦʚʠʷʤ ʩʦʧʨʷʞʝʥʠʷ (2.82). ɼʘʣʝʝ, ʠʩʢʣʶʯʠʚ 
1

Az   ʠ 
2

Az  ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.82) ʧʨʝʦʙʨʘʟʫʝʤ ʣʝʚʫʶ ʯʘʩʪʴ 

(2.89) ʢ ʚʠʜʫ: 

ὨὼὨώὃᾀ ὃᾀ ᾀ ᾀ Ὠό ὨὼὨώὧ”ᾀ ᾀ   



 119 
 

=---+-+ duzzuuzzpzzuw
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ρ
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ὴᾀᶻ ᾀᶻὨὼὨώ  
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ς
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(2.92) 

ρ

ς
ὴᾀᶻ ᾀᶻ ὨὼὨώ

 
 

 
ρ

ς
ὨὼὨώὧ”

‬ᾀ ᾀ

‬ὸ
 
‬ύό

‬ό

‬ᾀ ᾀ

‬ό
Ὠό Ȣ

 
 

ʊʘʢ ʢʘʢ W=W(u) - ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ 

,0¢
u

W ʪʦ ʠʟ (2.92) ʩʣʝʜʫʝʪ, ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ (2.89) ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ (2.82) ʠʤʝʶʪ ʤʝʩʪʦ 

0)( 2

21
=-zz  ʠ ʚʝʣʠʯʠʥʘ 0)( 2

21
²-zz . 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʚʘʷ ʯʘʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.89) ʧʦʣʦʞʠʪʝʣʴʥʘ. 

ʀ ʪʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʳʭʦʜ ʠʟ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʷ  ),,,(),,,(
21

tuyxztuyxz = , )(,, tuyx uWÍ , t>0. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ.  
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 2 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ʥʘ ʙʠʦʪʢʘʥʠ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʦʭʣʘʞʜʘʝʤʳʭ ʠ ʟʘʤʦʨʘʞʠʚʘʝʤʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʚʠʩʠʤʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʟʘʜʘʯʘ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʩʚʝʜʝʥʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ.  

 ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʭʦʣʦʜʦʤ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʣʝ ʩʚʷʟʘʥʦ ʩ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʢ ʩʠʩʪʝʤʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʬʠʟʠʢʫ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʪ,ɹ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʚ ʪʝʨʤʠʥʘʭ ʵʪʠʭ ʚʝʣʠʯʠʥ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪʩʷ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʦʣʫʯʝʥʳ ʟʘʜʘʯʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʪʦʨʦʛʦ   ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ rʨʘʟʜʝʣʘ ʬʘʟ, ʪ.ʢ. ʥʝʠʟʚʝʩʪʥʘʷ 

ʬʫʥʢʮʠʷ u(x, y, z, t) ʚ ʪʘʢʦʡ ʟʘʜʘʯʝ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ. 
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 ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʟʘʜʘʯʘ ʥʘ ʩʦʧʨʷʞʝʥʠʝ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʷ.   

ɼʦʢʘʟʘʥʘ, ʯʪʦ ʝʩʣʠ ʬʫʥʢʮʠʷ z=z(x,y,u,t) ʦʧʨʝʜʝʣʝʥʘ ʠ ʛʣʘʜʢʘ ʧʦ 

ʧʝʨʝʤʝʥʥʳʤ x, y, u, t ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ὼȟώȟόᶰ  ὸȟ ό όz ȟ ὸ π,  

u=u(x,y,z,t) - ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ c(u), ”(u), w(u) 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʥʝʧʨʝʨʳʚʥʳ, ʘ ʬʫʥʢʮʠʷ z ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ 

u ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ x, y, t, ʪʦ ʪʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ   

ὃᾀ ᶯ ‗ɳ ‗
ᶯ

,  

ʛʜʝ  

ᶯ ‗ɳ ᾀ ‗ᾀ ᾀ ȟɳᾀ ᴆᾀ ᴆᾀ Ὧᴆ 

‗ - ʂʊ,  ᾀ ᾀὼȟώȟόȟὸ - ʧʦʚʝʨʭʥʦʩʪʴ ʫʨʦʚʥʷ, x, y ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, t ï ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʳʤ. 

 ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ  

      ʊʝʦʨʝʤʘ. ɽʩʣʠ ʦʧʝʨʘʪʦʨ ὃᾀ ​‗​ᾀ ‗  ʤʦʥʦʪʦʥʥʳʡ, ʪʦ ʟʘʜʘʯʘ 

ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (2.82) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 
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ɻʃɸɺɸ 3. ʆɼʅʆʄɽʈʅʓɽ ɿɸɼɸʏʀ ʉʆ ʉɺʆɹʆɼʅʓʄʀ 

ɻʈɸʅʀʎɸʄʀ ʇʈʀ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆʄ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ 

ɹʀʆʊʂɸʅʀ 

3.1.  ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʛʠʧʦʪʝʨʤʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

3.1.1.  ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

  ʉʬʝʨʠʯʝʩʢʠʝ ʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʝ ʘʧʧʣʠʢʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʪʢʘʥʝʡ [30,93, 94, 105,178,251-

253]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʚ ʩʬʝʨʠʯʝʩʢʠʭ ʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ 

ʘʧʧʣʠʢʘʪʦʨʦʚ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ: 
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      ɺ ʟʘʜʘʯʝ (3.1) ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʜʣʝʞʘʪ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ u=u(x,t), 

ʩʚʦʙʦʜʥʘʷ ʛʨʘʥʠʮʘ s=s(t), ʠ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ x*= x*( t).  
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CT 07,36= ,  CT 030* -·= , 
A

T - ʪʝʤʧʝʨʘʪʫʨʘ ʘʧʧʣʠʢʘʪʦʨʘ ʢʨʠʦʟʦʥʜʘ, L,,, rlc  

- ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
kk

mc ,  - ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʠ ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ ʢʨʦʚʠ; 0>c  -  ʧʘʨʘʤʝʪʨ ʚʳʭʦʜʘ ʥʘ ʟʘʜʘʥʥʳʡ ʨʝʞʠʤ 

ʦʭʣʘʞʜʝʥʠʷ; b ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ; ʟʥʘʢ ʯʝʨʪʳ ʦʪʥʦʩʠʪʩʷ ʢ 

ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ, ʩʥʠʟʫ ʢ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
*

][
x

  

ïʩʢʘʯʦʢ ʩʪʦʷʱʝʡ ʧʦʜ ʥʠʤ ʬʫʥʢʮʠʠ. 

             ʇʨʠʤʝʥʠʚ ʬʦʨʤʫʣʳ ʠʟ ʛʣʘʚʳ 2, ʨʘʟʜʝʣʘ 2.1, ʤʦʞʝʤ ʧʝʨʝʡʪʠ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ T( C0 ), ʢʦʦʨʜʠʥʘʪʝ x(ʤʤ) ʠ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ (ʩʝʢ): 
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       ɺʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʛʠʧʦʪʝʨʤʠʠ ʠ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʪ.ʢ. ʦʥʘ 

ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʪʢʘʥʠ  
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ʠʣʠ 
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       ɹʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ, 

ʢʦʪʦʨʳʝ ʤʝʥʝʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳ ʜʣʷ ʢʣʝʪʦʢ ʙʠʦʪʢʘʥʠ, ʘ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ 

ʢʣʝʪʢʠ ʙʠʦʪʢʘʥʠ ʠ ʜʘʞʝ ʨʘʟʨʫʰʠʪʴ ʙʠʦʪʢʘʥʴ. ʇʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʜʫʨ.  

t¡
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ʉʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʦʧʠʩʳʚʘʶʪ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʧʨʦʮʝʩʩʳ, ʧʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʕʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, 

ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʦʯʝʥʴ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʢʨʠʦʧʦʨʘʞʝʥʠʷ.   

ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (3.1) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ:  
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       ʇʨʠ  0=b  ʟʘʜʘʯʘ (3.4) ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ  
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ʘ x*  ʠ s ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 
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(3.6) 

ʃʝʤʤʘ 3.1. ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (3.1) 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ ʚʠʜʘ: 

ὒόὼ πȟπ ὼ ίȟ 
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όπ • , 

όί • , 

ὄόȟί π,  

ʛʜʝ L - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ὄόȟί - ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝ x=s, • , • - ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ.  

ɽʩʣʠ  • •  , ʪʦ ʟʘʜʘʯʘ (3.4) ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ  

όὼ Ὢὼȟὼᶻȟί 

ʛʜʝ x*  ʠ s ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

Ὂ ὼzȟί πȟ 

Ὂ ὼz ȟί πȟ 

ʧʨʠʯʸʤ ʬʫʥʢʮʠʠ ὊȟὊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ʛʨʘʥʠʮʘʭ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʮʠʦʥʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ὒόὼ π ʥʘ 

ʠʥʪʝʨʚʘʣʝ (0,s). ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ   

όὼ ὅ‪ ὅ‪  

ʛʜʝ ‪ȟ‪  - ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ὅȟὅ- 

ʧʦʩʪʦʷʥʥʳʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʫʩʣʦʚʠʷ όπ • ʠ όί •  ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ὅȟὅ.   ʈʝʰʘʷ ʝʸ, ʚʳʨʘʞʘʝʤ u(x) ʯʝʨʝʟ x, s ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ.  

ʊʨʝʪʴʝ ʫʩʣʦʚʠʝ ὄόȟί π ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʩʚʷʟʳʚʘʶʱʝʤʫ s ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ. 

ɽʩʣʠ ʚ ʟʘʜʘʯʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ x ,z ʪʦ 

ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʘʶʪ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʳ x*  ʠ s.  

ʇʨʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ x*  ʠ s ʦʙʣʘʜʘʝʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʟʘʜʘʸʪ ʧʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʠ ʬʦʨʤʠʨʫʝʪ 

ʩʪʨʫʢʪʫʨʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ x*  ʠ s ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ u(x), ʧʦʣʫʯʘʝʪʩʷ ʪʦʯʥʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.4) ʚ ʚʠʜʝ (3.5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʘ (3.4) 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (3.6). 

ʇʫʩʪʴ   ὼᶻ ρȟρȟ  ί ρȟρ   - ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ,  

*),*)(2(*)*,(
1

xsxsAxsxF -++=   

)1**)((*)*,( 22

2
--+-= xxBxssxF j

 
 

ʛʜʝ  ὃ ȟὄ Ȣ 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ [17,47]: 

‬Ὂ

‬ὼz
ρ ὃί ςὼᶻȟ   

‬Ὂ

‬ί
ὃτί ὼᶻȟ  

‬Ὂ

‬ὼz
ςὼᶻ ὄ ςὼᶻ • ρȟ   

‬Ὂ

‬ί
ςίȢ  

ɝὼᶻ
ɝ

ɝ

ςȟτςσȟσὃὄ• ρȟρπȟρ

ςȟς ρπȟςσὄ σȟσὄ•
ȟ  

ɝί
ɝ

ɝ

ὄ• σȟσρὄ πȟσσὃὦ•πȟσὃὄ ςȟτς

ςȟς ρπȟςσὄ σȟσὄ•
Ȣ  

ɽʩʣʠ ʜʣʷ ‐ πȟπππρ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ ÍÁØ ɝὼᶻ ȟȿɝί ȿ ‐, ʪʦ 

ʚʳʯʠʩʣʝʥʠʷ ʟʘʢʘʥʯʠʚʘʶʪʩʷ. ɽʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ ÍÁØ ɝὼᶻ ȟȿɝί ȿ ‐ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʪʦʛʜʘ ὼᶻ ὼᶻ ȟί ί  ʠ ʩʪʨʦʠʤ ʥʦʚʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ.  ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʤ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʡ.  

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ: 

,*)*)(2(),(),,( 2*

1

*

1

* xsxsAsxsxx -+== jj

 
 

2**2**

2

*

2
))((),(),,( xsxBxsxsxs ---°== jjj

 
 

 ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʤ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ (ʨʠʩ.1): 
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ʈʠʩ.3.1. ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʠʩʪʝʤʳ (3.6) 

  

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʞʥʦ ʚʟʷʪʴ 

2,1,1,1 )0()0( == sx .  

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʠʪʝʨʘʮʠʠ, ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʛʨʘʥʠʮ 

ʩʪʨʦʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ:

 
,)*)(*2( 2)()()()()1(* kkkkk

xsxsAx -+=
+

 

 

,...1,0,))(()( 2)(*)()(*2)(*)1( =---°=+ kxsxBxs
kkkkk j

 

 

 ʳʡʀʪʝʨʘʮʠʦʥʥ ʧʨʦʮʝʩʩ ʦʛʦʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ  ʥʝʥʘʨʫʰʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ:  

ὼ ὼ ‐ȟὭ ρȟςȟȣȟὲȢ  

ʋʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʥʮʠʧʦʤ ʩʞʘʪʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʠʩʢʦʤʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘʯʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʥʘʡʜʝʥʦ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ɿʝʡʜʝʣʷ 

(ʗʢʦʙʠ ʪʦʞʝ) ʧʨʠ ʧʦʠʩʢʝ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʨʠʮʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʭʦʜʠʪʩʷ, ʝʩʣʠ ʩʫʤʤʘ ʤʦʜʫʣʝʡ 

ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʨʥʷ.  

ʆʜʠʥ ʰʘʛ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ï ɻ ʪʦ ʨʝʝhʥʠʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʠʥʷʚ ʧʦʣʫʯʝʥʥʦʝ ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʟʘ ʥʘʯʘʣʴʥʦʝ, ʟʘʪʝʤ 

ʧʨʦʜʝʣʘʚ ʪʝ ʞʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ, ʤʦʞʥʦ 

0,00E+00

1,00E+02

2,00E+02

3,00E+02

4,00E+02

5,00E+02

6,00E+02

7,00E+02
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ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʨʝʰʝʥʠʶ. ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʧʦʣʫʯʘʝʤʳʝ ʧʨʠʨʘʱʝʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʤʘʣʳʤʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ: 

  

ʄʝʪʦʜ ʅʴʶʪʦʥʘ ʧʨʝʦʙʨʘʟʫʝʪ ʨʝʰʝʥʠʝ ʥʘʰʝʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʭʦʜʠʤʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʩ 

ʫʨʘʚʥʝʥʠʝʤ, ʠʤʝʶʱʠʤ ʦʜʥʫ ʥʝʠʟʚʝʩʪʥʫʶ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʅʴʶʪʦʥʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ, ʘ ʬʫʥʢʮʠʠ ʠ ʠʭ ʧʝʨʚʳʝ ʜʚʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʷʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ ʛʣʘʜʢʦʩʪʠ. 

 ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʷ ʪʦʣʴʢʦ n ʬʫʥʢʮʠʡ, 

ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʧʨʝʜʲʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʯʸʪʘ ʧʨʦʠʟʚʦʜʥʳʭ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʵʪʫ ʥʘʛʨʫʟʢʫ, ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʫʧʨʦʱʸʥʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʳʯʠʩʣʷʪʴ ʤʘʪʨʠʮʫ ʗʢʦʙʠ ʥʝ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʰʘʛʘʭ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʘʨʠʘʥʪʝ ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʜʠʥ ʨʘʟ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʠ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ 

ʠʪʝʨʘʮʠʡ. 

ʄʝʪʦʜ ʅʴʶʪʦʥʘ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʭʦʜʠʪʩʷ, ʠʤʝʝʪ ʚʪʦʨʦʡ 

ʧʦʨʷʜʦʢ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.  

ɺ ʤʝʪʦʜʝ ɿʝʡʜʝʣʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʠ ʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ 

ʧʨʘʚʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʪʝʨʘʮʠʠ.   

ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʭʦʜʠʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʥʦ ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ 

( )max ( 1,2,... ).k

i
i

x i nD <e =
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ʤʝʥʴʰʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ɺ ʪɻʦʤ ʠ ʩʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

3.1.2. ʄʝʪʦʜ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʙʠʦʪʢʘʥʠ 

         ɼʠʥʘʤʠʢʘ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ: 

,
12

2

2
0),(1, ><<=

µ
µ-

µ

µ - ttsxux
t
u

x

u bbc   

),0(1,0)0,( sxxu <<=

 

 

,0,1),( >=-=-
µ

µ
txthhu

x

u
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(3.7) 

,0,0
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,0)),(( >=
µ

µ
= t

x

ttsu
ttsu

 

 

ʛʜʝ  .
)(

)(
h

rg
t =j  

        ʋʯʠʪʳʚʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.7), ʨʝʰʝʥʠʝ 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ u(x,t)=u(x)+v(x,t), ʛʜʝ u(x) ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʩ s(t)=s=const.  ɸ ʬʫʥʢʮʠʷ v(x,t) 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

,0),(1),,(
2

2

><<=
µ

µ
-

µ

µ
ttsxvxF

t

v

x

v
  

),0(1),()0,(
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sxxvxv <<=

 

 

,0,1),( >=-=-
µ

µ
txtv

x

v
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(3.8) 

.0,
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µ

µ
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µ

µ
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x

ttsu

x

ttsv
tsuttsv

 

 

      ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ  )1(1 >>>> hJ , ʪʦ ʪʦʛʜʘ v(1,t)= )(ty .  ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

(3.8) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʝʧʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ [52,110]: 

ὺὼȟὸ xxx dvtxG )()0,;,(
0

  ')'(
)',1;,(

dtt
ttxG
y

xµ

µ
   



 130 
 

dttttstxG )'()'),'(;,( m   '),()',;,( dtdvFttxG xxx   (3.9) 

ʛʜʝ  

),',1;,1()',1;,1()',;,(
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ttxGttxGttxG -----= xxx   
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(3.10) 

         ʈʝʰʝʥʠʝ (3.9) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠ ʁʟʘʜʘʯʠ, 

ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠ ʁʠ ʢʨʘʝʚʦʤʫ ʫʩʣʦʚʠ ʁu(1,t)= )(ty  ʟʘʜʘʯʠ (3.8) ʧʨʠ ʣʶʙʦʤ 

ʚʳʙʦʨʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ )(tm   ʠ ʧʦʜʣʝʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʠʶ 

ʬʫʥʢʮʠʠ s(t). ʇʦʪʨʝʙʦʚʘʚ, ʯʪʦʙʳ ʦʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (3.8) ʚʳʧʦʣʥʷʣʠʩʴ, 

ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 ᷿ ὋίὸȟὸȠ‚ȟπὺ ‚Ὠ‚᷿Ὃ ίὸȟὸȠρȟὸᴂὨὸᴂ+  

+᷿ ὋίὸȟὸȠίὸȟὸ‘ὸὨὸᴂ ᷿᷿ ὋίὸȟὸȠ‚ȟὸὊ‚ȟὺὨ‚Ὠὸ=

 

(3.11) 

όίὸ
 

 

 

‘ὸ

ς
Ὃ ίὸȟὸȠ‚ȟπὺ ‚Ὠ‚  

‬ὋίὸȟὸȠρȟὸ

‬‚
‪ὸὨὸ   

 
‬ὋίὸȟὸȠίὸȟὸ

‬ὼ
‘ὸὨὸ

 

(3.12) 

‬ὋίὸȟὸȠίὸȟὸ

‬ὼ
‘ὸὨ‚Ὠὸ

 

 

‬ὋίὸȟὸȠίὸȟὸ

‬ὼὊ‚ȟὺὨ‚Ὠὸ

‬όίὸ

‬ὼ
  

       ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ (3.9)-(3.12) ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ v(x,t),  )(tm  ʠ s(t). 

         ʏʪʦʙʳ ʥʘʡʪʠ ʠʩʢʦʤʳʝ ʟʥʘʯʝʥʠʷ u=u(x) ʠ s ʪʨʝʙʫʝʪʩʷ ʨʝʠhʪʴ 

ʩʪʘʮʠʦʥʘʨʥʫ  ʁʟʘʜʘʯʫ [1]: 
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        ʇʨʠʤʝʥʷʷ ʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠ ʁ ɻʨʠʥʘ g(x, )=(1-h)/h+x+( x)  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ u=u(x) ʠ s ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʥʝʣʠʥʝʡʥʦʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʘ [61, 110, 137, 151] 

όὼ … ‚ ὼό ‚Ὠ‚ (3.14) 

   ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

… ρ Ὤ‚ ρ ό ‚‚ Ὠ‚ Ὤ• (3.15) 

ʊʝʦʨʝʤʘ 3.1. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʛʣʘʜʢʦʩʪʠ ʬʫʥʢʮʠʠ u(x) ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ …ȟὬȟ•ȟ‍ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ u(x) ʟʘʜʘʯʠ (3.7) ʥʘ ʦʪʨʝʟʢʝ ὼɴ ρȟί  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ s. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʀʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɺʦʣʴʪʝʨʨʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʧʦ 

ʬʫʥʢʮʠʠ u ʠ ʝʸ ʘʨʛʫʤʝʥʪʫ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ 

όὼ ὑὼȟ‚Ὢό‚ Ὠ‚ 

ʛʜʝ ὑὼȟ‚ … ‚ ὼȟὪόȟ‚ όȢ 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʠʤ ʩʣʫʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʡ:  

ό ὼ πȟ 

ό ὼ … ‚ ὼόὲ‚
‍
Ὠ‚

ί

ὼ

 

x -x )( xh -x
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ό ὼ πȟ  ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ό ὼ ʙʫʜʫʪ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ.  

ʀʩʧʦʣʴʟʫʝʤ ʧʨʠʥʮʠʧ ʩʞʠʤʘʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ (ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ). ɼʣʷ ʤʘʣʳʭ …  ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ s 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʙʫʜʝʪ ʩʞʠʤʘʶʱʠʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʧʨʝʨʳʚʥʳʭ 

ʬʫʥʢʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ό ὼ ʩʭʦʜʠʪʩʷ ʢ 

ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʥʝʧʨʝʨʳʚʥʦʤʫ ʨʝʰʝʥʠʶ u(x). 

ɿʥʘʯʝʥʠʝ s ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(3.15). ʌʫʥʢʮʠʷ 

Ὂί  … ρ Ὤ‚ ρ ό ‚‚ Ὠ‚ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ s, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ  Ὤ• - ʧʦʣʦʞʠʪʝʣʴʥʘ. ʇʦ ʪʝʦʨʝʤʝ ʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʟʥʘʯʝʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ s, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ. 

ɽʩʣʠ ʙʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʷ ό ὼ  ʠ ό ὼ, ʪʦ 

ʨʘʟʥʦʩʪʴ ʵʪʠʭ ʨʝʰʝʥʠʡ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʙʳ ʦʜʥʦʨʦʜʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʨʝʰʝʥʠʡ (ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʩʞʠʤʘʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʛʣʘʜʢʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩ ʥʝʣʠʥʝʡʥʦʡ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ, 

ʩʚʝʜʸʥʥʘʷ ʢ ʩʠʩʪʝʤʝ (3.14), (3.15), ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ u(x) ʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ s. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 0=b , ʪʦ ʧʦʣʫʯʘʝʪʩʷ 

,))(2(
6

)( 2

2

xsxsxu -+=
c

 (3.16) 

ʛʜʝ ʟʥʘʯʝʥʠʝ s ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ: 

),1(32,6)3(2,0 222223 hhbhhhddbss -=--==++ ccjcc   
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ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ ʂʘʨʜʘʥʘ: 

,
3

])([])([ 3/12/1323/12/132 b
pdgpdgs -+--+++-=   

ʛʜʝ 

.9,27254 23 bpdbg -=+=   

ʀʟ ʩʣʝʜʫʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ  1)1( ¢u  ʚʳʪʝʢʘʝʪ ʫʩʣʦʚʠʝ   ʩʣʝʜʫʶʱʝʝ 

ʫʩʣʦʚʠʝ:  .1)1)(12(
6

2

2

¢-+ ss
c

  

     ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 10 <¢b  ʩʠʩʪʝʤʘ (3.15), (3.16) ʥʝ ʠʤʝʝʪ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɽʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  

,)(~ b
xsAu -=  (3.17) 

ʛʜʝ ʚ (3.17) ʧʘʨʘʤʝʪʨʳ ɸ, s, b, ʥʝʠʟʚʝʩʪʥʳ ʠ ʠʭ ʪʨʝʙʫʝʪʩʷ ʪʦʞʝ ʥʘʡʪʠ.  

 ʇʫʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʳʪʝʢʘʶʱʝʝ ʠʟ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.13) ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ sx­ , ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

,)())(1( 12 bbb bb xsAxxsbAb -=-- --  
 

 ʠ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʧʨʠ ʭ=1.  ʊʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʷʤ: 

,
1

2
,)]1()[1( 1

b

b

-
=-+= - bbbyA   

ʛʜʝ y =s-1 ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥɹ ʫʨʘʚʥʝʥʠʷ:                                      

,011 =++ -+ deyay bb
  

.)]1([,,, /2 bbbhdbchbeha --==+== j
 

(3.18) 

     ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 0=b  ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.11), 

(3.12) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

ρ

ςЍ“ὸ
Ὡὼὴ

ίὸ ‚

τὸ
Ὡὼὴ

ς ίὸ ‚

τὸ
ό‚Ὠ‚  
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ρ

ςЍ“

ίὸ ρ

ὸ ὸ
Ὡὼὴ

ίὸ ρ

τὸ ὸ
‪ὸὨὸ

 

 

ρ

ςЍ“
ὸ

ρ

ὸ ὸ
ÅØÐ Ὡὼὴ

ίὸ ρ

τὸ ὸ
    (3.19) 

ÅØÐ
ς ίὸ ὸ

τὸ ὸ
‘ὸὨὸ  

+
-

-- ]
4

))((
exp[])({[

4

1

2

)( 2

2/3 t

ts
ts

t x
x

p

m
 

 

+
--

---+ xx
x

x du
t

ts
ts )(]}

4

))(2(
exp[])(2[

2

 

 

ρ

ςЍ“

ρ

ὸ ὸᴂȾ
ίὸ ρ

ςὸ ὸ
Ὡὼὴ

ίὸ ίὸ

τὸ ὸ
 

 

(3.20) 

)).((')(]}
4

))'()(2(
exp[)]'()(2[

2

tsudtt
t

tsts
tsts

x
-=

--
---+ m

 

 

        ʆʧʨʝʜʝʣʠʚ ʠʟ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʠ )(tmm=  ʠ s=s(t), c ʧʦʤʦʱʴʶ ʢʚʘʜʨʘʪʫʨʳ 

(3.9) )0),(( =vF x , ʥʘʭʦʜʠʤ v(x,t), 1<x<s(t), t>0. 

         ʆʪʥʦʩʠʪʝʣʴʥʦ )(tm  ʩʠʩʪʝʤʘ (3.19), (3.20)- ɺʦʣʴʪʝʨʦʚʘ. ʆʜʥʘʢʦ ʚʪʦʨʘʷ 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ s=s(t) ʚʭʦʜʠʪ ʚ ʥʝʝ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʠ ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʣʘʛʘʷ t=T, ʧʦʣʫʯʘʝʤ ʯʪʦ ʧʨʠ 

¤­T  ʧʝʨʚʦʝ ʠʟ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ ʦʙʨʘʱʘʝʪʩʷ ʚ ʪʦʞʜʝʩʪʚʦ, ʘ 

ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (3.19), (3.20) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

‘Ὕ ς Ὃ ίὝȟὝȠίὸȟὸ‘ὸὨὸ π Ȣ (3.21) 

            ʊʘʢ ʢʘʢ ʚʝʨʥʦ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

, ʪʦ ʷʜʨʦ ʜʘʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.21) ʠʥʪʝʛʨʠʨʫʝʤʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 0)( =tm . ʉʦʛʣʘʩʥʦ ʢʚʘʜʨʘʪʫʨʝ (3.9) 0),( ­Txv , ʠ ʧʦʵʪʦʤʫ 

)(),( xuTxu ­ , ʧʨʠ ¤­T . 

 

2/1)()),(;),(( -¡-<¡¡ tTconstttsTTsGx
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3.1.3. ʄʝʪʦʜ ʈʦʪ ɻʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ 

ɼʘʣʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.7) ʪʝʧʝʨʴ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʦʤ ʈʦʪʵ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ [25, 30, 

124]. ɼʣʷ ʨʝʰʝʥʠʷ ʩʥʘʯʘʣʘ ʚʚʝʜʝʤ ʩʝʪʢʫ ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ ʰʘʛʦʤ 

Nkktt
k

,...,1,0,: === tt .  ɿʘʪʝʤ ʟʘʤʝʥʷʝʤ ʦʧʝʨʘʪʦʨ   ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʧʦ ʚʨʝʤʝʥʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ.  

 
,1),,,(

1

1''

kkkkk
sxuuxFuu ¢¢=-

-

-ct   

,1,' =-=- xhhuu
kkk
j

 

 

,0)( =
kk

su

 

(3.22) 

,0)(' =
kk

su

 

 

ʛʜʝ  

),(,1,0
00

tjj ksu
k
===   

NkuuxuuxF
kkkk

,...,2,1,),,(
1

11

1
=-=

-

--

-
tc b

 (3.23) 

ʇʦʛʨʝʰʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ )(tO  ʠʤʝʝʪ ʤʝʩʪʦ ʩʭʦʜʠʤʦʩʪʴ, ʪ.ʝ. uu
k
­  

[13, 17, 47, 185, 217, 225]   

 ʊʨʝʙʫʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 0)( =
kk

su , ʧʦʣʫʯʘʝʤ 

ό ὼ •

ὧὬ
ί ὼ

Ѝ†

ὧὬ
ί ρ

Ѝ†

Ὃ ὼȟ‚Ὂ‚ȟόȟό Ὠ‚ 

 

 

 Ὃ ὼȟ‚Ὂ‚ȟόȟό Ὠ‚ ȟ

 

 

ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ɻʨʠʥʘ 
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,,
1

1
),( x

tt

t

tx <
--

-
= xxsh

xs
ch

s
ch

xG k

k
k

 
(3.24) 

.,
1

1
),( x

t

x

t

t

tx ²
--

-
= xsh

xs
ch

s
ch

xG k

k
k

 

 

ʟʘʧʠʰʝʤ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.22)       

• Ѝ†  ίὬ
‚ ρ

Ѝ†
Ὂ‚ȟόȟό Ὠ‚   

Ѝ† ίὬ
‚ ρ

Ѝ†
Ὂ‚ȟόȟό Ὠ‚ (3.25) 

ʉ ʧʦʤʦʱʴʶ (3.25) ʠʩʢʣʶʯʠʤ ʚ (3.24) ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ 

ό •

ὧὬ
ί ὼ

Ѝ†

ὧὬ
ί ρ

Ѝ†

ὧὬ
ί ὼ

Ѝ†

ὧὬ
ί ρ

Ѝ†

• Ѝ†Ͻ  

Ͻ ίὬ
‚ ρ

Ѝ†
Ὂ‚ȟόȟό Ὠ‚   

Ѝ†

ίὬ
ὼ ρ

Ѝ†

ὧὬ
ί ρ

Ѝ†

ὧὬ
ί ‚

Ѝ†
Ὂ‚ȟόȟό Ὠ‚ Ȣ

 

(3.26) 

ʇʦʩʣʝ ʧʨʦʩʪʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ 

όὼ ᷿ίὬ‚ ὼό ‚‚ Ὠ‚   

ὧ… ίὬ‚ ὼό‚Ὠ‚ȟρ ὼ ίȟ (3.27) 

ʛʜʝ ʚ ʟʘʜʘʯʝ ʠʥʜʝʢʩ k ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʫʙʨʘʣʠ, çόè ʦʟʥʘʯʘʝʪ ʟʥʘʯʝʥʠʝ u ʥʘ k-1 

ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ, 
t

c2

2 =c . 
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ʇʦʪʨʝʙʦʚʘʚ, ʯʪʦʙʳ ʨʘʚʝʥʩʪʚʦ (3.27) ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʢʨʘʝʚʦʤʫ ʫʩʣʦʚʠʶ 

ʧʨʠ x=1 ʟʘʜʘʯʠ (3.22), ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʝʣʠʥʝʡʥʦʝ 

ʫʨʘʚʥʝʥʠʝ 

… ὧὬ‚ ρ
Ὤ

ὧ
ίὬ‚ ρ ό ‚‚Ὠ‚   

ὧ… ὧὬ‚ ρ
Ὤ

ὧ
ίὬ‚ ρ ό‚Ὠ‚ Ὤ•   

ʦʪʥʦʩʠʪʝʣʴʥʦ u(x) ʠ s. 

ɺ ʠʪʦʛʝ ʥʘʰʘ ʟʘʜʘʯʘ (3.22) ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʥʝʣʠʥʝʡʥʦʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ ɺʦʣʴʪʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ 

(3.27), ʘ ʪʘʢʞʝ ʢ ʫʨʘʚʥʝʥʠʶ (3.28). 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ 

(3.27) ʠ (3.28), ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ό όὼ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ k. 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʝʯʥʦʤʝʨʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ (3.27), (3.28) 

ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʥʝʣʠʥʝʡʥʳʭ ʩʢʠʭʘʣʛʝʙʨʘʠʯʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ό όὼ  ʠ ʧʘʨʘʤʝʪʨ k: 

,,
1

1
~ v

k
kiAu ==

-b

t   

,,1,022
v

iiii
kkiFuAu -==-- ctc b

 
 

,1,1,022 -==F+--
v

iiiii
kiFuAu ctc b

 
(3.29) 

,0),1,(),,( 22 =-- jtycbtyc hukuk

v
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ʛʜʝ 

),,,(,,)1(
11,2/1,

~

ukDBuFaAaA
iiiiiikii
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bb
+==-=
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+++ kkk

a
c

h
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ʇʨʦʩʪʝʡʰʠʝ  ʳʝʧʨʠʙʣʠʞʝʥʥ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3.27), (3.28) ʤʦʞʥʦ 

ʚʠʜʝ ʚ ʠʩʢʘʪ :ɹ  

.1),(
1

)(
1

2

sxxuv
s

xs
uxu <<=ö

÷

õ
æ
ç

å

-

-
=

-b

 (3.31) 

ɼʣʷ ʥʝʠʟʚʝʩʪʥʳʭ u ʠ s ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

ό …†ὃίό …ὄίȋό π ȟ (3.32) 

ό
Ὤ• …Ὤὄό

… Ὤ†ὃί † ὅί
 Ȣ 

 

ʛʜʝ 

ὃί ὧ ὠ ίὬὧ‚ ρ ‚ Ὠ‚ ȟ  

ὅί ὧ ὠ ίὧὬ‚ ρ ‚ Ὠ‚ ȟ  

ὄίȋ ὧ ὠ ίὬὧ‚ ρ ‚ Ὠ‚ ȟ (3.33) 

Ὀίȋ ὧ ὠ ίὧὬ‚ ρ ‚ Ὠ‚ Ȣ  

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 0=b   ʠʥʪʝʛʨʘʣʳ (3.33) ʚʳʯʠʩʣʷʶʪʩʷ, ʠ ʤʳ ʧʦʣʫʯʘʝʤ 

),(
1

)( shcchcs
c

chssshcssA ---=   

),(
1

)( chcchcs
c

shssshcssC ---=
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)1(
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)1(
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chcschc
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shc
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chcsB
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vv
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--=

 

(3.34) 

).(
)1(

2

)1(
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shcsshc
sc

chc
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shcsD

v
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vv
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-

+
-

--=

 

 

ό …†ίὧὬὧίὧὬὧ
ίὬὧί

ὧ

ίὬὧ

ὧ
 

 

… ὧὬὧ
ςίὬὧ

ὧίȋρ

ςὧὬὧίȋ

ὧ ίȋρ

ςὧὬὧ

ὧ ίȋρ
ό  

ρ
Ὤ• Ὤ… ὧὬ

ςίὬὧ
ὧίȋρ

ςὧὬὧίȋ
ὧ ίȋρ

ςὧὬὧ
ὧ ίȋρ

Ὤ†… ίὧὬὧίὧὬὧ
ίὬὧί
ὧ

ίὬὧ
ὧ

  

ρ

Ѝ†
… ίὬὧ

ςὧὬὧ
ὧίȋρ

ςίὬὧίȋ
ὧ ίȋρ

ςίὬὧ
ὧ ίȋρ

ό

†… ίίὬὧίίὬὧ
ὧὬὧί
ὧ

ὧὬὧ
ὧ

  

ʊʝʧʝʨʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.13) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

,
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é
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ê
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--=º

ts
xutxutxu   
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sh
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sutu
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jb

 

(3.35) 

ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ s=s(t), ʛʜʝ ίὸ π  ʚʳʧʦʣʥʷʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ (3.35) ʘʚʪʦʤʘʪʠʯʝʩʢʠȢ ɼʦʧʫʩʪʠʤ, ʯʪʦ (3.35) ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (3.13) ʚ ʩʤʳʩʣʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʥʝʚʷʟʢʠ: 

ό …
‬ό

‬ὸ
ὼ ό Ὠὼ π Ȣ (3.36) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ï ʟʘʜʘʯʘ ʂʦʰʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ s(t):   

ρ ‍

ρ ‍
… ί ρ

Ὠόί

Ὠὸ
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ς…όί

ρ ‍Ὤί ρ
ί ὼ ὼ ρὨὼ

Ὠ

Ὠὸ
 

 

(3.37) 

… ὼ ό ὼȟὸὨὼ
ςόί

ρ ‍ ί ρ
 ȟ ίπ πȢ

 
 

      ɿʘʤʝʥʠʤ ʧʨʦʠʟʚʦʜʥʫʶ ʚ ʟʘʜʘʯʝ (3.37)   ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ, 

ʪʦʛʜʘ (3.37) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʣʠʥʝʡʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ s ʥʝ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ: 

ρ ‍

ρ ‍
… ί ρό   

ς…όί

ρ ‍Ὤί ρ
ί ὼ ὼ ρὨὼί

 

 

…† ὼ ό ὼȟὸὨὼ
ς†όί

ρ ‍ ί ρ  (3.38) 

… ί ρ

ρ ‍
ρ ‍όί   

…όί

ρ ‍Ὤί ρ
ί ὼ ὼ ρὨὼίȋ π Ȣ  

 

3.1.4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ 

ʟʘʜʘʯʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʪʢʘʥʠ 

ɼʣʷ ʧʝʨʚʦʛʦ ʰʘʛʘ ʧʨʠ ʢ=1 ʠʟ (3.27), (3.28) ʠʤʝʝʤ 

ό ὼ Ѝ†… ίὬ
‚ ὼ

Ѝ†
ό ‚‚ Ὠ‚ȟ ρ ὼ ί ȟ   

ὧὬ
‚ ρ

Ѝ†
Ὤ…Ѝ†ίὬ

‚ ρ

Ѝ†
ό ‚‚ Ὠ‚ Ὤ•Ȣ    (3.39) 

ɼʣʷ  ¤=h  ʠ 0=b  ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 1
s ʧʦʣʫʯʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ: 
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,1
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111

1

t

j

t
t

t
+=

-
-

- s
sh

s
chs  (3.40) 

 ʠ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ )(
1

xu : 

.1,)(
1

11

11
sxx

xs
sh

xs
chsxu ¢¢ö

÷

õ
æ
ç

å
-

-
-

-
=

t
t

t
t

 

(3.41) 

ʅʘ k-ʤ ʰʘʛʝ ʪʘʢʞʝ ʜʣʷ 
k

sʧʦʣʫʯʘʝʪʩʷ ʪʘʢʦʝ ʞʝ ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ίὧὬ
ί ρ

Ѝ†
Ѝ†ίὬ

ί ρ

Ѝ†
ρ
•

†

ρ

†Ѝ†
ίὬ
‚ ρ

Ѝ†
ό ‚Ὠ‚

 

(3.42) 

ʠ ʝʱʝ ʢʚʘʜʨʘʪʫʨʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ )(xu
k

  

ό ὼ †ίὧὬ
ί ὼ

Ѝ†
Ѝ†ίὬ

ί ὼ

Ѝ†
ὼ  

 

 

ρ

Ѝ†
ίὬ
‚ ὼ

Ѝ†
ό ‚Ὠ‚ Ȣ

 

(3.43) 

ʋʨʘʚʥʝʥʠʷ   ʜʣʷ k-ʛʦ ʰʘʛʘ (3.42) ʠ (3.40) ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʘʚʳʤʠ 

ʯʘʩʪʷʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʝʝ ʨʘʟʨʝʰʠʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ axf =)( , ʛʜʝ  

t
t

t

11
)(

-
-

-
=

x
sh

x
schxf . 

 

 

ʋʨʘʚʥʝʥʠʝaxf =)(  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʬʫʥʢʮʠʷ f(x) 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ  

f(1)=1,  ʘ 0
1

)(' >
-

=
tt

x
sh

x
xf ʜʣʷ ʚʩʝʭ x>1, 1<t . 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (3.40) ʠ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ (3.43) 

ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʳ, ʧʨʠʯʝʤ ¤<<<<<
k

sss ...1
10

.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (3.13) ʠʤʝʝʪ 

ʬʠʥʠʪʥʦʝ ʨʝʰʝʥʠʝ. ʌʠʥʠʪʥʦʝ ʨʝʰʝʥʠʝ ï ʵʪʦ ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʟʘ ʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʰʘʛʦʚ. 
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           ʇʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʚʝʣʠʯʠʥʘ ss
k
­  ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢ.  ʀʩʢʦʤʘʷ 

ʛʨʘʥʠʮʘ s ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʪʁʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʧʝʨʝʡʪʠ ʢ ʧʨʝʜʝʣʫ ʧʨʠ  ¤­t   

όὼ … ‚ ὼ‚Ὠ‚
…

φ
ςί ὼ σὼί  ȟ

 

 

.6)1(2)13)(1( 32 jhhssh =----

 

(3.44) 

        ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʪʝʦʨʝʤ [217] ʩʣʝʜʫʝʪ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.1) ʢ ʨʝʰʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ 

ʧʦʨʷʜʢʘ 

ὔ ό Ὠό Ȣ 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʕɺʄ çʉʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ 

ʤʝʜʠʮʠʥʝè [ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, 92], ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ 

ʧʨʦʛʨʘʤʤ.  

ʇʨʦʛʨʘʤʤʘ 1 ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʭʣʘʞʜʝʥʠʷ, ʜʠʥʘʤʠʢʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ  0=b , ʧʨʦʛʨʘʤʤʘ 2 ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʜʠʥʘʤʠʢʠ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ  0=b , ʧʨʦʛʨʘʤʤʘ 3 ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ ʘʧʧʣʠʢʘʪʦʨʘ ʚ 

ʩʣʫʯʘʝ 10 <¢b , ʧʨʦʛʨʘʤʤʘ 4 ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʨʠ 10 <¢b .  

ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  ɼʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ H=1, fi=-10, betta= 0, 

kappa=2, l= 0.6666666666666666, m= -2.0 ʧʦʣʫʯʝʥʳ ʥʝʠʟʚʝʩʪʥʘʷ ʛʨʘʥʠʮʘ 

ʦʙʣʘʩʪʠ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ s= 1.6257708306192618 ʠ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ u(x) (ʪʘʙʣ.3.1) 
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ʊʘʙʣʠʮʘ 3.1. ʊʘʙʣʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʧʣʠʢʘʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ 

******** X=********  *******U=*********  

1.1      

1.2000000000000002     

1.3000000000000003     

1.4000000000000004     

1.5000000000000004     

1.6000000000000005     

1.7000000000000006 

-3.952928254051556      

-3.7322615873848886      

-3.4675949207182217      

-3.154928254051555      

-2.7902615873848875      

-2.36959492071822      

-1.8889282540515526 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ.3.2) 

 
ʈʠʩ.3.2. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 0=b ,H=1, fi=-10) 

 

ɼʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ H=1, fi=-15, betta=0, kappa=4, l= 

2.6666666666666665, m= -8.0 ʧʦʣʫʯʝʥʳ s= 1.5377002261535395 ʠ ʜʠʥʘʤʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ u(x) (ʪʘʙʣ.3.2) 
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ʊʘʙʣʠʮʘ 3.2. ʊʘʙʣʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʧʣʠʢʘʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʦʨʤʳ 

********X=********  *******U=*********  

1.1       

1.2000000000000002      

1.3000000000000003      

1.4000000000000004      

1.5000000000000004      

1.6000000000000005 

-13.58284255076784       

-12.70017588410117       

-11.641509217434503       

-10.390842550767836       

-8.932175884101166      

-7.249509217434497 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ.3.3) 

 
ʈʠʩ.3.3. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 0=b ,H=1, fi=-15) 

 

ɼʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ H=1, fi=-20, betta=0, kappa=5, l= 

4.166666666666667, m= -12.5 ʧʦʣʫʯʝʥʳ s= 1.5247310372561205 ʠ ʜʠʥʘʤʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ u(x) (ʪʘʙʣ.3.3) 
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ʊʘʙʣʠʮʘ 3.3. ʊʘʙʣʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʘʧʧʣʠʢʘʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ 

********X=********  *******U=*********  

1.1        

1.2000000000000002       

1.3000000000000003       

1.4000000000000004       

1.5000000000000004       

1.6000000000000005 

-20.726725866318226        

-19.34755919965156        

-17.69339253298489        

-15.739225866318222        

-13.460059199651553        

-10.83089253298488 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ.3.4) 

 
ʈʠʩ.3.4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 0=b ,H=1, fi=-20) 

 

ʇʨʦʚʝʜʝʥʳ ʪʘʢʞʝ ʪʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʠ ʧʨʠ 10 <¢b . 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟ ʜʠʘʧʘʟʦʥʘ 10 <¢b

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.5. 
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ʈʠʩ.3.5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 10 <¢b  

 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʢʨʠʦʭʠʨʫʨʛʠʠè, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ 

ʠʩʢʦʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ.   

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ çʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ 

ʢʨʠʦʭʠʨʫʨʛʠʠè, ʚʳʚʦʜʷʪʩʷ: ʥʘ ʵʢʨʘʥ ʠ ʚ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʦʟʜʘʥ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢ ʞʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʠ ʩʦʭʨʘʥʝʥʥʳʝ ʨʘʥʝʝ ʜʘʥʥʳʝ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʦʡ 

ʟʘʢʣʘʜʢʝ ʬʘʡʣ ʦʪʢʨʳʪʴ ʩʦʭʨʘʥʝʥʥʳʡ ʨʘʥʝʝ ʬʘʡʣ. ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ [ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ].  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʂʊʆʉ h=0.001, ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ betta=0.01, ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʧʧʣʠʢʘʪʦʨʘ fi=1.1, kappa=0.1, ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ eps=0.0001. 

ʇʦʣʫʯʝʥʳ ʩʚʦʙʦʜʥʘʷ ʛʨʘʥʠʮʘ ʧʨʠ t=0, s=28.6729172535293, ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʪʝʨʘʮʠʡ k=19, ʟʥʘʯʝʥʠʝ x=5.27819008908637E-05, ʥʝʚʷʟʢʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ fv=-0.0038980667423725. 
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3.2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

3.2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʠʥʥʳʝ ʧʣʦʩʢʠʝ ʘʧʧʣʠʢʘʪʦʨʳ [12, 22-24, 26, 29]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʟ ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʝʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ 
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ɿʜʝʩʴ ʚ (3.45) - (3.47) ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ),( txuu= ʠ 
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ʘʧʧʣʠʢʘʪʦʨʘ, L,,, rlc  - ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, 
kk

mc ,  - ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ ʢʨʦʚʠ; b - ʧʘʨʘʤʝʪʨ 

ʥʝʣʠʥʝʡʥʦʩʪʠ; ʟʥʘʢ ʯʝʨʪʳ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ, ʩʥʠʟʫ ʢ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
*

][
x

   ʝʩʪʴ ʩʢʘʯʦʢ ʩʪʦʷʱʝʡ ʧʦʜ 

ʥʠʤ ʬʫʥʢʮʠʠ. 

ʇʦʣʫʯʝʥʥʦʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ (3.45) - (3.47) ʠʤʝʝʪ ʚʠʜ: 
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ʠ ʦʥʦ ʧʦʤʦʛʘʝʪ ʥʘʡʪʠ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ - ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ x* ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s. 
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ʃʝʤʤʘ 3.2. ʇʫʩʪʴ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ, 

ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʦʪʦʢʘ ʠ ʜʨ.) ʠ ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ (3.45)ï(3.47), 

ʥʝʧʨʝʨʳʚʥʳ ʠ ʦʛʨʘʥʠʯʝʥʥʳ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ u(x) ʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ x*. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ x* ʠ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ (3.49). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʣʠʥʝʡʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʵʪʘʧʥʦ, ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɺ ʦʙʣʘʩʪʠ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ ʧʨʠ x>x* ʠ ʚ ʟʦʥʝ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ 

ʧʨʠ x>x* ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʬʘʟ ʩ ʫʯʸʪʦʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʘʞʜʦʡ ʬʘʟʳ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ x=x* ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʩʦʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʨʝʰʝʥʠʷ ʚ ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ. ʈʝʰʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ (3.48). 

ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ x* ʠ ʛʨʘʥʠʮʳ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.49), ʢʦʪʦʨʦʝ, ʚ ʩʠʣʫ 

ʤʦʥʦʪʦʥʥʦʩʪʠ ʬʫʥʢʮʠʡ, ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ɽʩʣʠ ʙʳ ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʷ, ʪʦ ʨʘʟʥʦʩʪʴ ʵʪʠʭ 

ʨʝʰʝʥʠʡ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʙʳ ʦʜʥʦʨʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʨʝʰʝʥʠʡ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʧʦʣʦʞʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʟʦʥʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʦʭʣʘʞʜʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʧʦʜ ʝʤʚʦʟʜʝʡʩʪʚʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ: 
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1
tttsxu
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʯʝ (3.50) ʘʷʩʪʘʮʠʦʥʘʨʥ ʟʘʜʘʯʘ ʜʦʧʫʩʢʘʝʪ ʧʦʠʩʢ 

ʪʦʯʥʦʛʦ  ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠ ̫ 

,
2

1

1

2
,1)( 2

11

2

bb b

b

-- +

-
=ö

÷

õ
æ
ç

å
-= us

s

x
uxu  (3.51) 

ʛʜʝ )0(uu=   - ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʦʨʥʝʤ ʫʨʘʚʥʝʥʠʷ  

.0
1

21
2

1

=-
+

+
+

A
uu

h
u

b

b
 (3.52) 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʷ ʟʘʧʠʰʝʤ (3.52) ʚ ʚʠʜʝ:  

Ὂό πȟ  

ʛʜʝ .
1

21
)( 2

1

A
uu

h
uuF -

+
+=

+b

b
 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʢʦʪʦʨʳʡ ʚ ʨʘʟʥʳʭ 
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ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚʩʪʨʝʯʘʝʪʩʷ, ʢʘʢ ʤʝʪʦʜ ʢʘʩʘʪʝʣʴʥʳʭ, ʤʝʪʦʜ 

ʣʠʥʝʘʨʠʟʘʮʠʠ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ [17,47].  

ʌʫʥʢʮʠʷ Ὂό ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʷʤ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ, 

ʪ.ʝ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

ɼʣʷ ʬʫʥʢʮʠʠ Ὂό   ʥʘ ʠʥʪʝʨʚʘʣʝ π ὼ ί ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʦʠʟʚʦʜʥʦʡ; 

ʇʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ  Ὂό   ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʜʣʷ ʚʩʝʭ x ʠʟ ʠʥʪʝʨʚʘʣʘ  

π ὼ ί ,  ʪ.ʝ.  Ὂό πȠ  

ʅʘ ʠʥʪʝʨʚʘʣʝ π ὼ ί ʧʨʦʠʟʚʦʜʥʘʷ Ὂ ό   ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʳʡ ʟʥʘʢ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʩʥʘʯʘʣʘ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 
0

u , ʘ ʟʘʪʝʤ ʨʠʩʫʝʪʩʷ 

ʢʘʩʘʪʝʣʴʥʘʷ ʧʨʷʤʘʷ ʢ ʢʨʠʚʦʡ ʚ ʪʦʯʢʝ )(
0

uFy= . ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʠʜʝʪ ʩʣʝʜʫʶʱʝʡ, ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ ʢʘʩʘʪʝʣʴʥʦʡ ʩ 

ʦʩʴʶ ʘʙʩʮʠʩʩ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʠʨʘʱʝʥʠʝ ʥʝ ʩʪʘʥʝʪ 

ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ e. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὂό π

ό ό
Ὂ ό ḳὸὫ‌ȟ  

ʛʜʝ  ‌- ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʪʦʯʢʝ (όȟὊό  ʢ ʦʩʠ ʘʙʩʮʠʩʩ. ʈʝʰʠʚ 

ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ό, ʧʦʣʫʯʘʝʤ ό ό . ʇʦʚʪʦʨʷʷ 

ʧʨʦʮʝʩʩ, ʥʘʭʦʜʠʤ ʦʙʱʫʶ ʬʦʨʤʫʣʫ: 

ό ό
Ὂό

Ὂ ό
ȟὯ πȟρȟςȟȣ  

ʀʤʝʝʤ ʤʝʩʪʦ ʪʝʦʨʝʤʘ.  

ʊʝʦʨʝʤʘ 3.2. ʇʫʩʪʴ ʫʨʘʚʥʝʥʠʝ f(v)=0 ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ ʥʘ ʦʪʨʝʟʢʝ 

[a;b] ʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ: 1) f(v) ʦʧʨʝʜʝʣʝʥʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ ʦʪʨʝʟʢʝ 

[a;b]; 2) Ὢὺᶰὥȟὦ ʜʣʷ ʚʩʝʭ ὺɴ ὥȠὦ; 3) ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

q, ʯʪʦ ȿὪͻὺȿ ή ρ ʜʣʷ ʚʩʝʭ ὺᶰὥȠὦ. ʊʦʛʜʘ ʠʪʝʨʘʮʠʦʥʥʘʷ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὺ Ὢὺ ȟ ὲ ρȟςȟȢȢȢ ʩʭʦʜʠʪʩʷ ʧʨʠ ʣʶʙʦʤ 

ʥʘʯʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ὺᶰὥȠὦ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʀʟ ʫʩʣʦʚʠʷ ȿὪ ὺȿ ή ρ ʥʘ [a;b]  ʧʦ ʪʝʦʨʝʤʝ ʃʘʛʨʘʥʞʘ ʜʣʷ ʣʶʙʳʭ ύᶰ

ὥȟὦȡȿὪὺ Ὢύȿ ήȿὺ ύȿȢ ʊʦ ʝʩʪʴ F ï ʩʞʠʤʘʶʱʝʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ [a;b] .  

ʇʦʩʢʦʣʴʢʫ ʫʨʘʚʥʝʥʠʝ v=f(v) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ, ʠ f ʩʞʠʤʘʝʪ 

ʦʪʨʝʟʦʢ, ʧʦ ʪʝʦʨʝʤʝ ɹʘʥʘʭʘ ʦ ʩʞʠʤʘʶʱʠʭ ʦʪʦʙʨʘʞʝʥʠʷʭ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʪʦʯʢʘ ὺᶻ:  Ὢὺᶻ ὺᶻ. 

ʇʫʩʪʴ ὺᶰὥȟὦ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ὺ Ὢὺ Ȣ 

ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʚ ὥȟὦ, ʪʘʢ ʢʘʢ Ὢ ὥȟὦ Ṓ ὥȟὦȢ 

ʇʦ ʪʝʦʨʝʤʝ ɹʘʥʘʭʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὺ ʩʭʦʜʠʪʩʷ ʢ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ὺᶻ:   ÌÉÍ
ᴼ
ὺ ὺᶻ. 

ʇʨʠʯʝʤ ʦʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʷ: ȿὺ ὺᶻȿ ήȿὺ ὺᶻȿ. 

ʋʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʢʦʨʥʶ ʥʘ ʦʪʨʝʟʢʝ [a;b]  ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɿʘʜʘʯʫ (3.50), ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ b++< 1/21)( htu
A

, ʨʝʰʠʤ 

ʤʝʪʦʜʦʤ ʈʦʪʵ.  ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ t.  

ɺʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʘ ̫ ʩʝʪʢʘ Nkktt
k

,...,1,0, === t , ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ 

ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ t. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʷʪ ʟʘʤʝʥʫ ʦʧʝʨʘʪʦʨʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʝʛʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ [236-239]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʙʣʠʞʸʥʥʳʭ ʟʥʘʯʝʥʠʡ )(xu
k

 ʠ 
k

s  ʠʩʢʦʤʳʭ 

ʬʫʥʢʮʠʡ )(),,( tstxu  ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ 
k

tt=  ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʤʠʜʠʩʢʨʝʪʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (3.50) ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

,0,'' 22 sxucuucu
v

<<-=- b   

,0,' =-=- xhhuu j
 

(3.53) 

,0)(',0)( == susu
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ʛʜʝ ʚ ʟʘʜʘʯʝ (3.53) ʠʥʜʝʢʩ k ʦʧʫʱʝʥ, ʘ ʟʥʘʢ ""Ù - ʦʟʥʘʯʘʝʪ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʥʘ k-1 - ʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ; t/12=c .  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʩʣʦʷ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʦʨʤʫʣʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʣʦʷ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ό ὼ όὼ ʠ ί

ί  ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɺʦʣʴʪʝʨʨʘ:  

όὼ
ρ

ὧ
ίὬὧ‚ ὼό ‚Ὠ‚   

ὧ ίὬὧ‚ ὼό‚Ὠ‚ ȟπ ὼ ίȋ ȟ (3.54) 

όὼ
ρ

ὧ
ίὬὧ‚ ὼό ‚Ὠ‚ȟίȋ ὼ ί

 

 

ʠ ʫʨʘʚʥʝʥʠʶ 

ὧὬ‚
Ὤ

ὧ
ίὬ‚ό ‚Ὠ‚ὧ ὧὬὧ‚

Ὤ

ὧ
ίὬὧ‚ό‚Ὠ‚

ȋ

Ὤ• ȟ (3.55) 

ʛʜʝ ʚ (3.55) u(x) ʠ s- ʟʥʘʯʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʪʝʢʫʱʝʤ ʩʣʦʝ, ʘ u
$
 ʠ s
$

  - ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʚʨʝʤʝʥʥʳʭ ʩʣʦʷʭ. 

ɺʚʝʜʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ 

kixxksxix
i

,1,
2

1
)1(,)1( =D+D-ºD-=  

ʠ ʟʘʤʝʥʠʤ ʚʭʦʜʷʱʠʝ ʚ (3.54), (3.55) ʠʥʪʝʛʨʘʣʳ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʙʣʠʞʝʥʥʳʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ  

ὧ ίὬὧ‚ ὼό ‚Ὠ‚ ό ό
ὧ

ς
ίὬὧ‚ ὼ Ὠ‚   

illl
auu )(

1

bb

-
+=

 
(3.56) 

ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘ ̫ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

)(
ii

xuu = ʠ ʯʠʩʣʘ k:  
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,
~

)1/(1 bt -=
k

Au
k

  

,,1,0
v

iiii
kkiFuAu -==-- bt

 

 

,1,1,0 -==F+--
v

iiiii
kiFuAu bt

 

(3.57) 

,0),1,(),,( =-- jtybty hukuk
vv

 

 

ʛʜʝ  

,
2

,,)1( 2

2/1,

~

teb
x

aashAaA
ikii

D
==+=

+
  

,),,,(
1 iiii

ABukDBuF tbtb =+=
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),,1,(
1

1

vv

i

v

iii
ukDuA

-
+=F

t

 

 

Ὀ Ὧȟ‍ȟό ὥ ό ό ὃό ȟ

 

 

},]1)1(2{[ alshasha
il

--=

 

 

},
2

]1)(4{[
2

2/1,

a
ik

a
sha

ki
+-=

+

 

 

‪Ὧȟ‍ȟό ὄ ό ό ὄ Ⱦό ȟ

 

(3.58) 

)],32([,
1

-=+= lashachba
c

h
bB

llll

 

 

),1(
2/1,12/12/1

be+ö
÷

õ
æ
ç

å
+=

+++ kkk
a

c

h
bB

 

 

)].34(
2

[
2

2/1
-=

+

v

k
k

a
ch

a
shb

 

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 0=b  ʧʦʣʫʯʘʝʤ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ k, ʘ 

ʪʘʢʞʝ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʡ  ό 

,,,
2

}]1)(2{[
2 2

v

i
kki

aik
shu =

+-
=t   

.0),1,(
2

}]1)(2{[
2

1

2 =--
+-

=
-

jtt hukD
aik

shu
vv

ii

 

(3.59) 
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ʇʨʦʩʪʝʡʰʠʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3.54), (3.55) ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʦ ʤʝʪʦʜʫ ʌʫʨʴʝ, ʝʩʣʠ: 

,0),(1)(
1

2

sxxuv
s

x
uxu <<=ö

÷

õ
æ
ç

å
-º

-b

  

.0),(1)(
1

2

sxxvu
s

x
uxu

$$$$$
<<=ö

÷

õ
æ
ç

å
-º

-b

 

(3.60) 

ʇʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ u ʠ s  

,)(),,()( usBussGsAu
$$$$

-=t   

),,,(})(),,()({ ussGusBussGsA
v $$$$$

=- bt

 

(3.61) 

ʛʜʝ 

ὃί ὧ ὠ ‚ίὬὧ‚Ὠ‚ȟ  

ὅί ὧ ὠ ‚ὧὬὧ‚Ὠ‚ȟ  

ὄίȋ ὧ ὠ ‚ίὬὧ‚Ὠ‚

ȋ

Ȣ  

Ὀίȋ ὧ ὠ ‚ὧὬὧ‚Ὠ‚

ȋ

ȟ (3.62) 

.
)()(

)](
1

)([

),,(
sCsAh

usDshBh

ussG

v

tt

t
j

+

++

=

$$

$$

 

 

 ɼʦʧʫʩʪʠʤ, ʯʪʦ ί Ὧ ρЎὼ. ʊʦʛʜʘ ʝʩʣʠ ʧʨʠʤʝʥʠʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʚʠʜʘ 

(3.56), ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ k ʧʦ  ʠ  ʠʟ ʫʩʣʦʚʠʷ ʧʝʨʝʤʝʥʳ 

ʟʥʘʢʘ ʬʫʥʢʮʠʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʘʨʛʫʤʝʥʪʘ F(k) 

,)()()()()( ukBkukAkukF
$$

+-=
bt  (3.63) 

ʛʜʝ  

k
$

u
$



 156 
 

,
)()(

)(
1

)(

)(

1

b

tt

t
j

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

+

ù
ú

ø
é
ê

è
++

==
kCkAh

ukDkhBh

kuu

$$$

  

ὃὯ ὄὥ ὠ ὠ  ȟ

 

 

,
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1

2

b-

ö
÷

õ
æ
ç

å
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-
=

k

lk
V

lk

 

 

ὄὯ ὥ ὠ ὠ  ȟ (3.64) 

,
1

1

2

b-

öö
÷

õ
ææ
ç

å

-

-
=

k

lk
V

kl
$

$
$
$

 

 

ὅὯ ὦ ὠ ὠ  ȟ  

ὈὯ ὦ ὠ ὠ  Ȣ  

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ 0=b   ʠʥʪʝʛʨʘʣʳ (3.62) ʚʳʯʠʩʣʷʶʪʩʷ, ʠ ʤʳ 

ʧʦʣʫʯʘʝʤ  

x
h

u

h

h
Arch

h
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)1()1(

)(1
22 -

+
í
ì
ë

-

+
+ö
÷

õ
æ
ç

å
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ttttt
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t

t
t
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2
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î
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û
ù
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ø
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è
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÷

õ
æ
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å
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$

$

$
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(3.65) 

.1
2

4

2
2 2

2

2 u
s

sh
s

s
shu

$
$

$ ö
÷

õ
æ
ç

å
--=
t

t

t
t

 

 

ɽʩʣʠ  ὬO Њ, ʪʦ  

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
-++= 1

2

4
1 2

2

t

t

tt

j
t

s
sh

s

u
Archs

$

$

$

 
(3.66) 

ʊʦʛʜʘ ʠʩʢʦʤʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  
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,
)(

1),(),(
1

2

b-

öö
÷

õ
ææ
ç

å
-=º

ts

x
utxutxu

 

 

.
)1(2

)1(
)()(

hs

sh
sutu

b

jb

-+

-
==

 
(3.67) 

 ʇʨʠʤʝʥʠʤ ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʝʱʝ 

ʥʘʟʳʚʘʶʪ ʤʝʪʦʜʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ, ʤʝʪʦʜʦʤ ʂʨʳʣʦʚʘ-

ɹʦʛʦʣʶʙʦʚʘ-ʄʠʪʨʦʧʦʣʴʩʢʦʛʦ. ʇʨʠʤʝʥʷʷ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ, ʦʯʝʚʠʜʥʦ, ʯʪʦ, 

ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʨʠ ʣʶʙʦʡ 

ʬʫʥʢʮʠʠ 0)( ²= tss . ʇʫʩʪʴ ʨʝʰʝʥʠʝ (3.67) ʦʙʨʘʱʘʝʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʥʝʚʷʟʢʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʥʫʣʴ:  

ό ό ό Ὠὼ πȢ (3.68) 

ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ s(t)  

,0
)1(

)3(2

1

3
)(

2
=

-

-
-

+

-
+

s

u
susu

dt

d

b

b

b

b b

 
 

.0)0( =s
 

(3.69) 

ɽʩʣʠ ʟʘʤʝʥʠʪ ɹ ʚ ʟʘʜʘʯʝ (3.69) ʧʨʦʠʟʚʦʜʥʫʶ  ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ s  ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ  F(s)=0, ʛʜʝ  

.
1

3

)1(

)3(2
)()(

2
ussu

s

u
sussF

$$
-

+

-
+

-

-
-= b

b

b
t

b

b
t

 
(3.70) 

 ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʕɺʄ. 

3.2.2. ɿʘʜʘʯʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ɽʩʣʠ ʚʝʨʥʦ ʫʩʣʦʚʠʝ 
b+

+>
1

2
1)(

h
tu

A
 , ʪʦ ʧʨʠ 

1
tt>   ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ 

ʟʘʤʦʨʦʞʝʥʥʘʷ ʦʙʣʘʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ )(*0 txx<< . ɼʣʷ ʪʘʢʦʛʦ ʩʣʫʯʘ ̫

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʈʦʪʵ ʢ ʟʘʜʘʯʝ (3.45) - (3.47) ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʚʦʙʦʜʥʳʝ ʛʨʘʥʠʮ r )(* txx=  ʠ  )(tsx=  

( )Su
dt

d
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*,0,''
22

xxucucu <<-=-
$

 

 

,0,' =-=- xHHuu j

 

(3.71) 

,1*)( =xu

 

 

,*,'' 22 sxxucuucu <<-=-
$b

 
(3.72) 

,0)(,0)(,1*)( === susuxu
x

 
 

*).*(][ 2

*
xxcPu

xx

$
-=  (3.73) 

ɺ(3.71)-(3.73) ʠʥʜʝʢʩ k ʦʧʫʩʪʠʣʠ, ʧʦʣʘʛʘʷ)()( xuxu
k
= , )()(

1
xuxu

k

$
=

-
, 

jj=
k

, ** xx
k
= , **

1
xx

k

$
=

-
, 

2

2 1

a
c
t
= , 

t

12 =c .  

ʇʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ),(
1
xxg  ʠ ),(

2
xxg   

Ὣ ὼȟ‚
Ὡ ȿ ȿ

ɝ

Ὤ ‚Ὣ ὼȟπ ὼ ‚ȟ

Ὣ ‚Ὤ ὼȟ‚ ὼ ὼz ȟ
 

 

Ὣ ὼȟ‚
Ὡ ȿ ȿ

ɝ

Ὣ ‚Ὤ ὼȟὼz ὼ ‚ȟ

Ὤ ‚Ὣ ὼȟ‚ ὼ ίȟ
 (3.74) 

ʦʧʨʝʜʝʣʷʝʤʳʝ, ʢʘʢ ʨʝʰʝʥʠ ̫ʩʣʝʜʫʶʱʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ: 

*,,0),(
1

2

1
xxxgcg

xx
<<--=- xxd

 

 

,0*)(,0,0
111

===- xgxHgg
x

 

 

,,*),(
2

2

2
sxxxgcg

xx
<<--=- xxd

 

(3.75) 

.0),(,0)*(
22

==- xx sgxg
x

 

 

ɺ (30) 

,1)(,1)(
2)*(2

111

xcxxc
ebxgexh
---

+=-=   

,,1)(),1(2
1211

*)(2*2

Hc

Hc
bexhebc

xxcxc

+

-
=-=+=D

---

 (3.76) 

).1(2,1)(
)*(2)*(2

22

sxcxxc
ecexg

---
+=D+=  (3.77) 

 ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ɻʨʠʥʘ (3.74) ʠ ʬʦʨʤʫʣ ɻʨʠʥʘ  

ὺό ὧό όὺ ὧὺ Ὠὼ

ᶻ

ὺό όὺ ȿz
 

 

όὺ Ὄὺ ὺό Ὄό ὺό όὺ  z (3.78) 
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ὺό ὧό όὺ ὧὺ Ὠὼ

ᶻ

ὺό όὺ ȿz   

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (3.71)ï(3.73) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʠʩʢʫ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʘʤʤʝʨʰʪʝʡʥʘ ʜʣʷ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ 

ʟʦʥʳ, ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ x* ʠ s ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʢ ʚʳʯʠʩʣʝʥʠʶ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚ ʦʙʣʘʩʪʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ: 

Ὣ ὼz ȟὼz Ὣ ὼȟί ό ὼ ὧόὼ Ὠὼ

ᶻ

Ὄ•Ὣ πȟὼz  

ό‚ Ὣ ὼz ȟ‚ Ὣ ὼȟ‚ ό ὼ ὧόὼ Ὠὼ

ᶻ

 ȟὼz ‚ ί ȟ (3.79) 

Ὣ ὼz ȟ‚ Ὣ ὼȟί ό ὼ ὧό ὼ

ᶻ

Ὠὼ π ȟ  

Ὣ ὼz ȟ‚ Ὣ ὼȟί ό ὼ ὧό ὼ

ᶻ

Ὠὼ  Ὄ•Ὣ πȟὼz   

Ὣ ὼz ȟὼz ὧ Ὣ ὼȟὼz όὼ

ᶻ

Ὠὼ ὖὧ ὼz ὼz  ȟ

 

(3.80) 

ό‚ ὌὫ πȟ‚  Ὣ ὼz ȟ‚

 

 

ὧ Ὣ ὼȟ‚όὼ

ᶻ

Ὠὼ ȟπ ὼ ὼz  Ȣ (3.81) 

       ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʝʯʥʦʤʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʫʨʘʚʥʝʥʠʷʤ 

(3.78), (3.79), ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ 

kixuu
ii

,1),( == , ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘ k, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʠ *kk¢ . 

 ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʦʪʩʫʪʩʪʚʫʝʪ ʷʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʝʨʝʤʝʥʥʦʡ 

ʚʨʝʤʝʥʠ t, ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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),()(*,
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2

tsxtx
txts

xts
txu <<öö
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õ
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ç

å

-

-
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 (3.82) 

ʛʜʝ s=s(t) - ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʂʦʰʠ: 

,0
*

1

)1(

)3(2
*)(

1

3*)(
2

=
--

-
--

+

-
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(3.83) 

    ɿʘʤʝʥʘ ʫʨʘʚʥʝʥʠʡ (3.81) ʨʘʟʥʦʩʪʥʳʤʘʥʘʣʦʛʦʤ ʠ ʢʦʥʝʯʥʦʤʝʨʥʘʷ 

ʮʠʷʘʧʧʨʦʢʩʠʤʘʢʚʘʜʨʘʪʫʨʳ (3.79) ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʝ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʥʦʦʪʥʦʩʠʪʝʣʴ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ό όὼ  ʠ ʯʠʩʝʣ n  ʠ k: 

ό ὧ ὥ ό ό Ὄ•ὥ Ὀὦ π ȟ

 

 

ρ ὧ ὥ ό ό Ὄ•ὥ Ὀὦ π ȟ

 

(3.84) 
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ʛʜʝ  
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Ὤ

ςɝϽὧ
ὰ ὦὰ  ȟὭ ὰ ȟ  
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Ὣ

ςɝϽὧ
ὰ ὦὰ  ȟὭ ὰ ȟ  

ὥ Ὣ
ὰ

ɝ
Ὤ ȟ  

ὦ Ὤ
ᶻ

Ὣ ȟ   Ὣ ρ ὦὰ  ȟ (3.85) 

Ὤ ρ ὰ
ᶻ
 ȟ    ό ρ ȟὲ ὰ ὲ ȟ  

ὼ Ὥ ρɝὼȟ    ὼᶻ ὲ ρɝὼȟ  

ὼᶻ ὲ ρɝὼȟ    ί Ὧ ρɝὼȟ  

ίȋ Ὧ ρɝὼȟ  
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ˑ ὗὼᶻ ὼᶻ Ὀȟ       Ὀ ί ὼᶻȟ   ὗ ȟ  

ὲ ρȟὯ ά ȟ   ά  Ȣ   

  ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  ʉʯʠʪʘʷ, ʯʪʦ x=x*( t) ʠ s=s(t), 

ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.45) - (3.46) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 
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(3.86) 

ɺ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ )(*,,0 tsxxxx === ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ.  ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʩʪʘʚʰʠʝʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʳʧʦʣʥʠʤʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʦʪʜʝʣʴʥʦ ʧʦ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʷʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩ ʫʯʸʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ ʩʦʛʣʘʩʦʚʘʥʠʷ [10,11] 

‬όὼz πȟὸ

‬ὼ
ὖ
Ὠὼz

Ὠὸ
Ὄὠ •

ρ

ὥ

‬όὼȟὸ

‬ὸ
Ὠὼ π ȟ

ᶻ

  

‬όὼz πȟὸ

‬ὼ

‬όὼȟὸ

‬ὸ
Ὠὼ όὨὼ

ᶻ

π Ȣ

ᶻ

 (3.87) 

    ʇʦʣʘʛʘʷ ʚ (3.87) ),(
~

),( txutxu º , ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʠʥʪʝʛʨʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  )(** txx =  ʠ s=s(t) ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ: 

Ὠί

Ὠὸ
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ρ ‍

Ὠὼz

Ὠὸ

σ ‍

ρ ‍
ί ὼz

ςσ ‍

ρ ‍

ρ

ί ὼz
π ȟ

 

 

Ὠί

Ὠὸ

• ρὼz

ςὥ Ὄ ὼz
ὖὼz  (3.88) 
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• ρ

Ὄ ὼz

ς

ρ ‍

ρ

ί ὼz
π ȟ  

     ɺ (3.88) ʟʘʤʝʥʠʚ ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ x*  ʠ s ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ: 

  

ί
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ρ ‍
ὼz †
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ς†σ ‍

ρ ‍

ρ

ί ὼz

 

 

ίȋ
ς

ρ ‍
ὼz π ȟ (3.90) 

• ρὼz

ςὥ Ὄ ὼz
ὖὼz

†• ρ

Ὄ ὼz
  

ς†

ρ ‍

ρ

ί ὼz

• ρὼz

ςὥ Ὄ ὼz
ὖὼz  π Ȣ  

    ʇʨʠʚʝʜʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʪʘʢʞʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʕɺʄ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʕɺʄ çʇʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè 

[ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ] ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʛʨʘʤʤ: ʧʨʦʛʨʘʤʤʘ 1 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ, ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ; ʧʨʦʛʨʘʤʤʘ 2 ʩʪʨʦʠʪ ʛʨʘʬʠʢ 

ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ.  

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʇʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ 

ʤʝʜʠʮʠʥʝè ʧʨʦʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʩʯʝʪʦʚ ʥʘ ʕɺʄ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ.  

ʊʝʩʪ 1.  ʇʨʠ h=4, ua=-10, eps=0.01, v0=32, v0=0.019047619047619046, 

betta=0.5, ʧʦʣʫʯʝʥʳ vr=0.019047619047619046, s=1.2869177683215232,  
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X: [0.1, 0.2, 0.30000000000000004, 0.4, 0.5, 0.6, 0.7, 0.7999999999999999, 

0.8999999999999999, 0.9999999999999999, 1.0999999999999999, 1.2, 1.3] 

U: [0.009692242274813818, 0.006588118162970964, 0.004297055174540949, 

0.002662900348136849, 0.0015461673890384091, 0.0008240366691920422, 

0.00039035522721082947, 0.00015563676837451596, 4.7061664629514485e-05, 

8.47695458890483e-06, 3.963435324329276e-07, 2.0340651158785576e-10] 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.6 

 

ʈʠʩ.3.6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (5,0=b ,h=4, 

ua=-10, eps=0.01,v0=32) 

ʊʝʩʪ 2. ɼʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ h=4, ua=-10, eps=0.01, v0=32, v0= 

0.019047619047619046, betta=0.8 ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:                  

vr= 0.019047619047619046,  s= 6.38418295566299,  

X: [0.1, 0.2, 0.30000000000000004, 0.4, 0.5, 0.6, 0.7, 0.7999999999999999, 

0.8999999999999999, 0.9999999999999999, 1.0999999999999999, 1.2, 1.3, 

1.4000000000000001, 1.5000000000000002, 1.6000000000000003, 

1.7000000000000004, 1.8000000000000005, 1.9000000000000006, 

2.0000000000000004, 2.1000000000000005, 2.2000000000000006, 

2.3000000000000007, 2.400000000000001, 2.500000000000001, 

2.600000000000001, 2.700000000000001, 2.800000000000001, 

2.9000000000000012, 3.0000000000000013, 3.1000000000000014, 

3.2000000000000015, 3.3000000000000016, 3.4000000000000017, 
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3.5000000000000018, 3.600000000000002, 3.700000000000002, 

3.800000000000002, 3.900000000000002, 4.000000000000002, 

4.100000000000001,               4.200000000000001,           4.300000000000001, 4.4, 

4.5, 4.6, 4.699999999999999, 4.799999999999999, 4.899999999999999, 

4.999999999999998, 5.099999999999998, 5.1999999999999975, 

5.299999999999997, 5.399999999999997, 5.4999999999999964, 

5.599999999999996, 5.699999999999996, 5.799999999999995, 

5.899999999999995, 5.999999999999995, 6.099999999999994, 

6.199999999999994,            6.299999999999994,                   6.399999999999993],  

U: [0.01385513454326122, 0.011770911758197949, 0.009973235658535785, 

0.008426536954659735, 0.007099171479995621, 0.005963042890366139, 

0.0049932560860961595, 0.004167799321875792, 0.0034672530722129114, 

0.0028745238196061515, 0.00237460102840623, 0.0019543356597693557, 

0.0016022386722028352, 0.001308298038021294, 0.0010638128886335785, 

0.0008612434810269399, 0.000694075754167886, 0.0005566993173596386, 

0.00044429778294588,  0.00035275042319086704, 0.00027854419575849745, 

0.0002186952440189801,  0.00017067903749284026, 0.00013236837415954382, 

0.00010197852017349165, 7.801881380499745e-05, 5.9250109219532605e-05, 

4.4647482086496816e-05, 3.3367663030476396e-05, 2.4720706664855715e-05, 

1.8145443441191986e-05, 1.3188298869415088e-05, 9.485099875118626e-06, 

6.745521222423225e-06,   4.73985610557145e-06] 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.7. 

 
ʈʠʩ.3.7. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

 ( 8,0=b ,h=4, ua=-10, eps=0.01,v0=32) 
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ʊʝʩʪ 3.  h=4, ua=-15, eps=0.01, v0=32, v0= 0.019047619047619046, 

betta=0.5 ʧʦʣʫʯʝʥʳ vr= 0.019047619047619046, s= 1.2869177683215232 

X: [0.1, 0.2, 0.30000000000000004, 0.4, 0.5, 0.6, 0.7, 0.7999999999999999, 

0.8999999999999999, 0.9999999999999999, 1.0999999999999999, 1.2, 1.3] 

U: [0.009692242274813818, 0.006588118162970964, 0.004297055174540949, 

0.002662900348136849, 0.0015461673890384091, 0.0008240366691920422, 

0.00039035522721082947, 0.00015563676837451596, 4.7061664629514485e-05, 

8.47695458890483e-06, 3.963435324329276e-07, 2.0340651158785576e-10] 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.8. 

 
ʈʠʩ.3.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (5,0=b ,h=4, ua=-15, 

eps=0.01, v0=32) 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʜʣʷ ʕɺʄ çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ   ʛʠʧʦʪʝʨʤʠʠ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè. ʂʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʜʚʝ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʂʦʰʠ ʠ ʥʘʭʦʜʠʪ ʥʝʠʟʚʝʩʪʥʫ  ʁ

ʩʚʦʙʦʜʥʫ  ʁ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ. ɺʪʦʨʘʷ ʧʨʦʛʨʘʤʘ ʧʨʝʜʥʘʟʘʥʯʝʥʘ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʜʠʥʘʤʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ʉ ʧʦʤʦʱʴʶ  ʝʱʝ ʦʜʥʦʛʦ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ   ʛʠʧʦʪʝʨʤʠʠ ʠ  ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè, ʚ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: b=2,  tau=0.5, uk0=0.1, 
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sk0=0.2, h=0.2, fi=-10, eps=0.01, s=3, Sr= 0.2. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

ut=0.0017800453514739232,  T=30 ʧʦʣʫʯʘʝʤ [0, 0.5],  [0.1, 0.6], 

[0.007120181405895693]. 

ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ IBM PC XT/AT ʠ ʚʳʰʝ, ʩ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Windows ʨʘʟʥʳʭ ʚʝʨʩʠʡ.  ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʪʘʢʞʝ 

ʧʣʘʪʬʦʨʤʳ: Linux, Mac OS ʠ ʪ.ʜ.   ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ (IDE) - 

PyCharm (ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python), ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Pascal 

ʣʁ ʙʦʡ ʤʦʜʠʬʠʢʘʮʠʠ)  -  ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ [56, 60, 83, 115, 137, 141, 167, 168, 202].  ʄʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʩʨʝʜʳ (Turbo Pascal, Borland Pascal, Free Pascal ʠ ʪ. ʧ.).    

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʩʪʝʡʰʠʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ (3.67), (3.85). 

3.3.  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ   

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

3.3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʛʦ ʥʝʦʙʨʘʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʳ, ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʫʶ ʧʣʦʩʢʫʶ ʦʭʣʘʞʜʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [22-24, 26].   

ʇʫʩʪʴ ʟʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ 

)(tuu
AA

= , ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ ʬʫʥʢʮʠʷ t. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʫʧʨʘʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʝʡ ʠ ʧʨʠ 

ʩʪʨʝʤʣʝʥʠʠ t ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ  ό Ð ό ὧέὲίὸ. 

ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ: 

Ћ

Ћᾀ
‗ό

Ћό

Ћᾀ
ὡ ό ʩό”ό

Ћό

Ћὸ
ὴ
Ὠᾀɕ

Ὠὸ
ᾀ‏ ᾀɕȟ   

ᾀ ᾀ қȟ ὸ πȟ
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όᾀȟπ όȟ

 

(3.90) 

‗ό
Ћό

Ћᾀ
‌ό ό πȟ ᾀ ᾀȟ  

ὰὭά
қO
όᾀȟὸ πȟ όᾀɕȟὸ όɕȟ  

ʛʜʝ    )()( 0 AuuWuW T-= , ()ul  -  ʂʊ ʙʠʦʪʢʘʥʠ, ()uʩ  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʙʠʦʪʢʘʥʠ, ()ur -ʧʣʦʪʥʦʩʪʴ, ό  - ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 
A

u -  ʪʝʤʧʝʨʘʪʫʨʘ ʘʧʧʣʠʢʘʪʦʨʘ,  a  -  ʂʊʆʉ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʙʝʟʨʘʟʤʝʨʥʳʝ ʘʥʘʣʦʛʠ 

ό ό ό ό Ūȟ ᾀ ᾀɕὼȟ ὸ
ὧʟ”ʟ
‗ʟ
ᾀɕ†ȟ  

‗όɸ ‗͘‎ɸȟ ὧ” ὧ͘”͘ὑɸȟ ὡ ὡ ό ό ‍ɸȟ

 

 

ɸ †
ό ὸ† ό

ό ό
ȟ Ὤ

‌ᾀɕ

‗͘
 ͋ ὖ

ὴ

ὧ͘”͘ ό ό
ȟ

 

(3.91) 

ὡ
ὡᾀɕ

‗͘
ȟ ‍ɸ ɸ–ɸ ɸɕȟ

 

 

ʛʜʝ z* - ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 

ʜʦʩʪʠʛʘʝʤʳʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʟʘʜʘʯʘ (3.90) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  

Ћ

Ћὼ
‎Ū

ЋŪ

Ћὼ
ὡ‍Ū ὑŪ ὖ

Ὠὼɕ

Ὠ†
ὼ‏ ὼɕȟ π ὼ Ðȟ † πȟ  

ɸὼȟπ πȟ

 

 

‎
Ћɸ

Ћὼ
Ὤ
ͯ

ɸ ɸ ȟ ὼ πȟ † πȟ Ὤ
ͯ

‎Ὤȟ

 

(3.92) 

ὰὭά
қO
ɸὼȟ† πȟ ɸὼȟ† ɸɕȢ

 

 

ɺ (3.92) ‍Ū Ū–Ū Ūɕ, ʛʜʝ  –Ū  - ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 
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3.3.2. ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʣʦʚʠʝ 1)( -­Q t
A

 ʧʨʠ ¤­t , ʪʦ ʪʦʛʜʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʝʩʪʘʮʠʦʥʘʨʥ ʥʦʝʪʝʤʧʝʨʘʪʫʨ ʧʦʣʝ. ʀ ʠʩʢʦʤʦʝ ʧʦʣʝ  

ʩʷʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (3.90) ʦʡʩʪʘʮʠʦʥʘʨʥ ʟʘʜʘʯʠ  

,0,0)(( ¤<<=Q- xW
dx

d

dx

d
bg   

,0),1(
~

=+Q=
Q

xh
dx

d
g

 

(3.93) 

.**)(,0)(lim Q=Q=Q
¤­

xx
x

 

 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʦʡʩʪʘʮʠʦʥʘʨʥ ʟʘʜʘʯʠ (3.93) ʷʚʳʯʠʩʣʷʝʪʩ ʠ ʠʤʝʝʪ ʚʠʜ:  

,10),1)(1(*)( ¢<-+Q+Q=Q xxhx   

.1,)1(exp*)( ¤<¢ö
ö

÷

õ

æ
æ

ç

å
-Q=Q x

W
xx
g

 

(3.94) 

ʇʦʩʪʦʷʥʥʳʝʚʝʣʠʯʠʥʳ hW,_,Q  ʩʚʷʟʘʥʳʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

.0)1_(*),1(*_ =+Q+QQ+-Q=Q hWh l  (3.95) 

ʊʝʧʝʨʴ ʩ ʧʦʤʦʱʴʶ (3.91) ʠʩʢʣʶʯʠʤ h ʠ W ʠʟ (3.93).  ʀ ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʥʝʣʠʥʝʡʥʘ ̫ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ _Q   ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʦʥʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ z*  

,0)1_(
*

**_),1(
*

*_ 0 =+Q+QQ+-Q=Q
ʟʟʟ

zW
z

z

l

a

l

g

l

a
 (3.96) 

ʛʜʝ ʦʟʥʘʯʘʝʪ_Q  ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ  ʢʦʡʙʠʦʣʦʛʠʯʝʩ ʪʢʘʥʠ. ʀʟ 

(3.96) ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʷ  ʠ_Q   z*   

.
|*|

|*|
1*

*,
|*|

1_
0

0

0

W

W

zW T

T

T

l

g

l
al

a Q

Q
-+Q

=
Q

+-=Q  (3.97) 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0 ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʢʘʥʴ ʦʙʣʘʜʘʝʪ 

ʦʜʥʦʨʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪ.ʝ ό όȾɡ πȾ.ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʦʟʦʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ό ὸȾɡ †Ⱦ  ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ, 
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ʪʘʢ ʯʪʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ t* ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʠʷ 

όπȟὸ όᶻȾɡπȟ† ɡᶻȾ.  ʕʪʦ ʚʨʝʤʷ ʯʘʩʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʦʮʝʥʢʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ 

ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʢʘʥʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʤʘʯʠʚʘʥʠʷ ʪʢʘʥʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʧʨʦʮʝʩʩ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʩʣʦʞʥʷʝʪʩʷ. 

 ʚʩʝʭ ɼʣʷ  ʧʝʨʝʤʝʥʥʳʭ  ʚ*tt<  ʙʠʦʪʢʘʥʠ ʧʨʠ x>0   ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

 ʥʝ ʠʤʝʶʪ ʤʝʩʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʚʦʣʶʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʯʝʨʝʟ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ: 

*,0,0,0
2

2

tt
t

g <<¤<<=
µ

Qµ
-Q-

µ

Qµ
xKW

x
  

,0,0)0,( ¤<<=Q xx
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xh
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(3.98) 

.0),(lim =Q
¤­

tx
x

 

 

     ʀʩʧʦʣʴʟʫʷ ʜʘʣʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ 

ɡὼȟὴ Ὡ ɡὼȟ†Ὠ† (3.99) 

ʟʘʜʘʯʫ (3.98) ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʧʦʣʫʦʩʠ   

,0,0
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¤<<=Q-Q-
Q

xKpW
dx

d
g  (3.100) 
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    ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ  ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ  

 (3.101) 

ʘ ʦʨʠʛʠʥʘʣ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʦʙʱʝʡ 

ʬʦʨʤʫʣʝ ʦʙʨʘʱʝʥʠʷ:   

ɡὼȟὴ
ρ

ς“Ὥ
ɡὼȟὴὩ Ὠὴ Ȣ (3.102) 

    ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (3.102) ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ. ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʝʛʦ ʚʠʜʘ ʩ ʧʨʠʢʣʘʜʥʦʡ ʩʪʦʨʦʥ,r ʦʛʨʘʥʠʯʠʤʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.98). ʇʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʤʫ 

ʩʤʳʩʣʫ ʬʫʥʢʮʠʷ ɡὼȟ†  ʝʩʪʴ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘ ̫ʬʫʥʢʮʠ,̫ ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʢʦʦʨʜʠʥʘʪʳ    x (ʨʠʩ. 3.9).  ɸ ʪɻʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

(3.98) ʚ ʚʠʜʝ  

 (3.103) 

 

 

 
                ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ (3.98) ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʣʶʙʳʭ 

ʬʫʥʢʮʠʡ ʠ , ʩʚʷʟʘʥʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ (3.103). 

ʇʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.98) ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʩʤʳʩʣʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ  
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‎
‬ɡ

‬ὼ
ὡɡὼȟ† ὑ

‬ɡὼȟ†

‬†
Ὠὼ π Ȣ (3.104) 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʠʥʪʝʛʨʘʣʦʚ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ 

ʂʦʰʠ  

,0
_)(

_)2(
_)(

_
2

_2

_
=Q

Q-Q

Q
-Q+Q

Q
Q-Q

Q-Q

Q ¶

-

-

A

A

A

A

K
W

d

dK

t
  

.0)0_( =Q

 

(3.105) 

     ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʜʦʚʦʜʠʪʩʷ ʜʦ ʟʘʜʘʥʥʦʡ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʟʘʜʘʯʘ ʂʦʰʠ (3.105) 

ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 

†
ὑὼ

Ὢὼ
Ὠὼ ȟ ɡᶻ ɡ π ȟ (3.106) 

ʛʜʝ 

,)2()( xxKxK +=   

_],_)2()_)[()(1()( 22 ccc WhxWhxxxf Q-Q++-Q-+= gg

 

(3.107) 

._

g

W
h

hc

+

-=Q

 

 

    ʀʥʪʝʛʨʘʣ ʠʟ (3.106) ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʜʨʦʙʠ ʥʘ ʧʨʦʩʪʝʡʰʠʝ. ɺʨʝʤʷ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

(3.107) ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ Ūͅ Ūɕ. ɺ ʩʣʫʯʘʝ ʫʧʨʘʚʣʷʝʤʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ    

Ū π  ʟʥʘʯʝʥʠʝ ɸ  ͅ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ [41, 47, 54, 185, 

225]. 

       ɼʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʝ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.98), ʧʦʣʘʛʘʷ     ɡὼȟ† ɡ †Ὡὼὴὼ   

       ʊʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʜʘʯʠ (3.98) 

ʫʜʦʚʣʝʪʚʦʨʷʣʦʩʴ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʩʤʳʩʣʝ (3.98), ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ɡ †Ȣ  

*t
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Ὠɡ

Ὠ†

ρ

ὑ
ὡ Ὤ

ὡ

‎
ɡ

Ὤ

ὑ

ὡ

‎
ɡ π Ȣ (3.108) 

     ɺ ʩʣʫʯʘʝ ɡ † Ὡ ρ   ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.108), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ 

ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ɡ π, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ:  

ɡ † Ὢ
‍

ὫὫ ‍
Ὡ

ρ

Ὣ ‍
Ὡ

ρ

Ὣ
 ȟ   

π ɡ ɡᶻȟɡ † ɡᶻ π ȟ (3.109) 

ʛʜʝ 

Ὢ
‌ὡ

ὑ ὡ‗
ȟ Ὣ

ρ

ὑ
ὡ ρ

‌

ὡ‗
ȟὡ

ὡᾀᶻ

‗̈
 ȟ

 

 

ᾀᶻ
ρ

‎ȿɡzȿ
ρ ɡᶻ

ȿɡᶻȿ

‌
ὡ‗

‗

ὡ
Ȣ (3.110) 

    ɽʩʣʠ ɡ †ᶻ ɡᶻȟ  ʪʦ ʚʨʝʤʷ †ᶻ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ 

ɡᶻ Ὢ
‍

ὫὫ ‍
Ὡ

ρ

Ὣ ‍
Ὡ

ρ

Ὣ
Ȣ (3.111) 

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʝʡ       ɡ

ɡ †  ʠ  ɡ ɡ †    ʦʪ   †  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ ʥʘ ʨʠʩ.3.10 

 

ʈʠʩ.3.10. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʝʡ  ɡ †  ʠ  ɡ †     

    ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨ,r ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʚʳʚʦʜ, ʯʪʦ ʘʪʝʤʧʝʨʘʪʫʨ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ  ʪʢʘʥʠ ʚʳʰʝ ʨʘʚʥʦ ʠʣʠ  ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʜʘ, ʪ.ʝ. ɡ ɡ †Ⱦɡ ɡ †  ʧʨʠ   ‌ Њ.  

ʉʣʝʜʫʷʧʝʨʚʦʤʫ ʤʝʪʦʜʫ ʃʝʡʙʝʥʟʦʥʘ, ʧʦʣʫʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.98), ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʘ, ʟʘʪʨʘʯʠʚʘʝʤʳʤ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ὑɳ  ɡ Ⱦ‬† πȾ. ʊʦ ʝʩʪʴ ʚ 

ʨʝʰʝʥʠʠ (3.112) ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʢ ʧʨʝʜʝʣʫ ¤­K ʧʨʠ , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  

ɡ † ρ
ὡ‗

‌
Ȣ ɡ †Ȣ (3.112) 

ʀʟ (3.112) ʩʣʝʜʫʝʪ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʐᶻ ὰὲρ ȿɡᶻȿρ
ὡ‗

‌
Ȣ (3.113) 

3.3.3.  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

 ʂʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ 

, ʪʦ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ , ʢʦʪʦʨʦʝ ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʤʝʤ ʟʘ ʥʘʯʘʣʴʥʳʡ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʘʤʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

(ʨʠʩ. 3.3). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʕɺʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ 3.11.  

 

ʈʠʩ.3.11.  ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ 

*qq= *tt=
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ɼʣʷ ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʠʩʢʦʤʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʨʝʰʝʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ  

Ћ

Ћὼ
‎Ū

ЋŪ

Ћὼ
ὡ‍Ū ὑŪ

ЋŪ

Ћ†
ὖὼɕ‏ὼ ὼɕ πȟ   

π ὼ қȟ † πȟ

 

 

ɸὼȟπ ɸɕὩὼὴὬ
ɸ ɸɕ

ɸɕ
ὼȟ π ὼ қȟ

 

(3.114) 

‎
ЋŪ

Ћὼ
Ūͅ Ū ȟ ὼ πȟ ŪÐȟ† πȟ † πȟ

 

 

ɸὼɕ†ȟ† ɸɕ ὧέὲίὸȟ † πȢ

 

 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʠʱʝʤ ʚ ʚʠʜʝ:  

ɡὼȟ† ɡᶻ Ὤɡ † ɡ † ὼ ὼᶻ† ȟπ ὼ ὼᶻȟ 
 

ɡὼȟ† ɡᶻὩὼὴ
ὡ

‎
ὼ ὼᶻ† ȟὼᶻ† ὼ Њȟ (3.115) 

ʛʜʝ ʬʫʥʢʮʠʠ  ɡ †   ʠ  ὼᶻ† ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

ɡ
ɡᶻ Ὤɡὼᶻ

ρ Ὤὼz
 ȟ  

 

ὼᶻ
ɡ ɡ

Ὤɡ ɡ
 Ȣ (3.116) 

 ʈʝʰʝʥʠʝ (3.115) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ (3.116), ʠ 

ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʥʝʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ, ʥʘʧʨʠʤʝʨ .

 ʇʦʧʨʦʙʫʝʤ, ʯʪʦʙʳ ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʚ ʩʤʳʩʣʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʙʘʣʘʥʩʘ 

‎π
‬ɡ

‬ὼ ᶻ
ὑὼ

‬ɡ

‬ὼ
 Ὠὼ ὖὼᶻ† πȢ (3.117) 

()t** xx =
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 ɺʳʧʦʣʥʠʚ ʥʝʦʙʭʦʜʠʤʳʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʫʩʪʨʘʥʠʚ 

ʠʟ ʚʳʨʘʞʝʥʠʡ ʬʫʥʢʮʠʠ ɡ†, ʩʠʩʪʝʤʫ (3.117) ʫʜʘʸʪʩʷ ʩʚʝʩʪʠ ʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ὼᶻ† 

ὖ ὑȿɡȿz
Ὤɡᶻ ɡ

ςρ Ὤὼz
ὼᶻ ὼᶻ   

 
Ὤρ ɡᶻ

ρ Ὤ
 
Ὤɡᶻ ɡ

ςρ Ὤὼz
π ȟ† π ȟ (3.118) 

ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʫʩʣʦʚʠʠ, ʪ.ʝ ʧʨʠ    ὼᶻπ

π.  

ɽʩʣʠ  ɡ † ρȟ   ʪʦ ʜʣʷ ὼᶻ†   ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ: 

ὖ ὑȿɡȿz
Ὤɡᶻ ɡ

ςρ Ὤὼz
ὼᶻ ὼᶻ

 
(3.119) 

 
Ὤρ ɡᶻ

ρ Ὤ
 
Ὤρ ɡᶻ

ρ Ὤὼz
π ȟ† π ȟ  

ὼᶻπ πȢ  

ʈʝʰʠʚ ʟʘʜʘʯʫ ʂʦʰʠ (3.119) ʧʦʣʫʯʘʝʤ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

†
ρ

ρ Ūɕ
ςὖ ὑȿŪɕȿὼɕ

ρ Ūɕ

ρ
ὰὭάρ ὼɕ   

ρ Ὤ ς ὖ ὑȿɸɕȿ ρ ɸɕ
ρ ɸɕ

ρ Ὤ
ὰὲ

ρ

ρ ὼɕ
Ȣ

 

(3.120) 

     ʇʨʝʜʝʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠ ὬO Њ  ʜʣʷ ʩʣʫʯʘʷ ʠʜʝʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʢʦʥʪʘʢʪʘ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʦʣʫʯʘʝʪʩʷ: 

†
ρ

ρ Ūɕ
ὖ ὑȿŪɕȿ

ρ Ūɕ

ς
ὼ ὰὲρ ὼ Ȣ (3.121) 

 

3.3.4. ʋʧʨʘʚʣʷʝʤʘʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʧʨʠ 

ʠʜʝʘʣʴʥʦʤ ʠ ʥʝʠʜʝʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ 

      ʇʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʤ.  ʊʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʠʜʝʘʣʴʥʳʤ ʠʣʠ ʥʝʠʜʝʘʣʴʥʳʤ. ʀʜʝʘʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʢʦʥʪʘʢʪʦʤ ʥʘʟʳʚʘʝʪʩʷ 
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ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠʣʠ ʩ ʜʨʫʛʠʤ ʪʝʣʦʤ, 

ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳ. ɺ ʩʣʫʯʘʝ 

ʢʦʛʜʘ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʠʜʝʘʣʝʥ, ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʙʠʦʪʢʘʥʠ, ʧʨʝʜʝʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠ  ὬO Њ ʚ (3.119), ʟʘʜʘʯʘ ʂʦʰʠ 

ʫʧʨʦʱʘʝʪʩʷ ʢ ʚʠʜʫ: 

ὖ ὑȿɡȿz
ρ

ς
ɡᶻ ɡ †ὼᶻ ὼ

Ὠzὼᶻ

Ὠ†  
 

 ρ ɡᶻὼᶻ
ρ

ς

Ὠɡ †

Ὠ†
ὼᶻ ɡᶻ ɡ † ȟ  (3.122) 

ὼᶻπ πȢ  

ʆʧʫʩʢʘʷ ʠʥʜʝʢʩ ç*è ʫ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ  ὼᶻ†   ʠ ʚʚʦʜʷ ʥʦʚʫʶ ʬʫʥʢʮʠʶ,      

Ὢ† ɡᶻ ɡ †ȟὪ  ɡ   ʧʝʨʝʧʠʰʝʤ (3.122) ʚ ʚʠʜʝ  

ὖ ὑȿɡȿz
ρ

ς
Ὢὼ

Ὠzὼᶻ

Ὠ†  
 

 ὼᶻ Ὢ π ȟ† πȢ   (3.123) 

ʋʧʨʘʚʣʷʝʤʘʷ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʜʦʩʪʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ 

ɡ † ρ ɡᶻὩ ρ , 

ʛʜʝ ‍ - const. ʋʨʘʚʥʝʥʠʝ (3.123) ʧʨʠ ʵʪʦʤ ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

,0)0(,0,0
2

1
)

2

1
( 2 =>=-+++Q

¶

xx
dt

d
xx

dt

dx
x tj

j
j  (3.124) 

ʛʜʝ  •† ρ Ὡ ȟρ ɡᶻὗ ὖ ὑȿɡȿzȢ  

ʀʩʧʦʣʴʟʫʷ ʥʝʷʚʥʫ  ʁʨʘʟʥʦʩʪʥʫ  ʁʩʭʝʤʫ, ʧʦʣʫʯʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ὃ† ὼ
ὼ  ὼ

ɝ†
ὼ ὧ† ὼ •† π ȟ (3.125) 

ʛʜʝ ὃ† ὗ •†ȟὧ† •†ȟ    ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ὼ.  

ʈʝʝhʥʠʝ ʫʨʘʚʥʝʥʠʝ (3.125), ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ 

ʜʣʷ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʨʥʷ  
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ὼ
ὃ† ὼ ɝ† ὃ† ὼ ɝ† τὃ† Ãʐɝ†•ʐ ɝ†

ςὃ† Ãʐɝ†
 (3.126) 

       ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ.  ɼʣʷ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (3.126) 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

‗̈ ςȟςς
ˏ̓

̍˞
ȟ   ‗˟ πȟυφ

ˏ̓

̍˞
ȟ   ὧ̈”̈ ςπρϽρπ

ˏ Ͻ̓̒ ̆̋

̍ ˞
ȟ  

ὧ˟”˟ σȟφϽρπ
ˏ Ͻ̓̒ ̆̋

̍ ˞
ȟ ὖ σππϽρπ

ˏ Ͻ̓̒ ̆̋

̍
 

ύ τψυϽρπ
ˏ Ͻ̓̒ ̆̋

̍ ˞
 ȟὟ ςρὅȟὟᶻ πὅȟὟ σχȟυὅ 

ʘ ʪʘʢʞʝ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ‍  ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʦʟʦʥʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.12. 

 

ʈʠʩ.3.12. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʦʟʦʥʜʘ ʧʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ‍   

       

 ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ  ‍ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʠʝ ʜʠʥʘʤʠʢʠ ʢʦʦʨʜʠʥʘʪʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.3.6. ʇʨʠ ‍ ρ ʜʠʥʘʤʠʢʘ 

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘ ʨʠʩ.3.13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʘ  ‍ , ʘ ʪʘʢʞʝ 

ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ P, ʢʦʛʜʘ ὼᶻ† πȟωυ. 
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       ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʠ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʥʝʠʜʝʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ  Ⱦπ Ὤ ЊȾ. ʂʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʥʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ὼ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʤ 

ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʪʝʭ ʞʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ‌ ὲ‍ȟὲ

ςȟτȟψȟЊȟ‍ȿɡᶻȿύ‗ ρ ɡᶻ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.14.  

     ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ,  ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʥʝʠʜʝʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʦʟʦʥʜʘ: ʧʨʠ ʤʘʣʳʭ 

/2/ =na ʦʥʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʜʝʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ¤=n . 
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3.3.5. ʉʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʪʢʘʥʠ  

ʂ  ʚʘʞʥʤr  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʢʮʠʠʢʨʠʦʜʝʩʪʨʫ 

ʦʪʥʦʩʷʪʩʷ  ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ɝ† †ɡȟᾀ †ɡᶻȟᾀȟ   ʜʠʥʘʤʠʢʘ ʠʟʦʪʝʨʤʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ὼɕ ὼɕ†,  ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ † †, ʢʦʪʦʨʦʤ ʧʨʠ  ὼ† πȢωυȢ   ɺ ʫʢʘʟʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʢʘʥʴ ʚ ʪʦʯʢʝ ᾀ ᾀ  ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʩʪʠʵʚʪʝʢʪʠʯʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ɡ ɡ
ᶻ

Ὗ Ὗᶻ.  

ʅʘ ʜʘʥʥʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

ɝ† Ὂ
ὼ Ὢɡ

ρ ὬὪɡ
Ὂὼȟ (3.127) 

ʛʜʝ ʬʫʥʢʮʠʷ Ὂὼᶻȟ ʦʧʨʝʜʝʣʷʝʪʩʷ (3.120) ʠʣʠ (3.121), ʘ                                        

Ὢɡ ɡ ɡᶻ Ὤρ ɡᶻ  .  

      ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʦ ʠʝʠʩʩʣʝʜʦʚʘʥ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʧʦ ʨʷʜʫ ʩʣʫʯʘʝʚ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥ r ʩ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ 
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ʥʦʛʦʪʝʤʧʝʨʘʪʫʨ ʧʦʣʷ, ʠ ʝʛʦ ʠʟʦʪʝʨʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʘʣʠʟʦʤ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ. 

  

3.4. ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʂʘʢ ʜʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ II , ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, 

ʫʧʨʘʚʣʝʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʦʪʝʨʤ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʪʝʨʤʠʥʘʭ ʵʪʠʭ 

ʚʝʣʠʯʠʥ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʘʥʦʚʢʝ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʠʧʘ:  

Ћ

Ћᾀ
‗Ὕ

ЋὝ

Ћᾀ
ὧὝ”Ὕ

ЋὝ

Ћὸ
ὡ Ὕ ὖ

Ὠᾀɕ

Ὠὸ
ᾀ‏ ᾀɕ   

”ɽ
Ὠᾀ

Ὠὸ
ᾀ‏ ᾀ ȟ π ᾀ ᾀ ὸȟ ὸ πȟ

 

 

‗Ὕ
ЋὝ

Ћᾀ
‌Ὕ ‌Ὕȟ ᾀ πȟ ὸ πȟ

 

(3.128) 

Ὕᾀ ὸȟὸ Ὕȟ ‗Ὕ
ЋὝ

Ћᾀ
πȟ ᾀ ᾀ ὸȢ

 

 

         ɺ ʟʘʜʘʯʝ (3.128)  z ʠ t  ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ; Ὕ Ὕᾀȟὸ - ʠʩʢʦʤʦʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ; ᾀ ὸȟ ᾀɕὸ ʠ ᾀ ὸ - ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʪʝʨʤʳ ʢʨʠʦʧʦʨʘʞʝʥʠʷ Ὕ Ὕ,  ʟʘʤʦʨʘʞʠʚʘʥʠʷ Ὕ Ὕɕ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʢʘʥʠ  TT=  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ‗ ‗Ὕ, ὧ ὧὝ ʠ ” ”Ὕ - 

ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ; , ʩʢʨʳʪʘʷ-L   ʪʝʧʣʦʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; r ʠ ” - ʤʘʩʩʳ ʚʥʝʢʣʝʪʦʯʥʦʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʦʜʳ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; ‏ᾀ - ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ-ʜʝʣʴʪʘ  

ɼʠʨʘʢʘ; a- ʢʦʵʬʬʠʮʠʝʥʪ ʘʪʝʧʣʦʦʙʤʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʡʙʠʦʣʦʛʠʯʝʩ ʪʢʘʥʠ; 

L= nP r
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Ὕ Ὕ ὸ - ʘʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ 

ʤʝʥʪʘʢʨʠʦʠʥʩʪʨʫ. 

      ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ, 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʠ ʫʞʝ ʥʘ ʢʦʥʝʯʥʦʤ ʥʘʯʘʣʴʥʦʤ ʥʦʩʠʪʝʣʝ ʟʘʜʘʝʤ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

     ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ᾀ ὸȟᾀɕὸ ʠ ᾀ ὸ ʧʨʠʚʣʝʢʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʠʟʦʪʝʨʤʠʯʥʦʩʪʠ 

 Ὕᾀ ὸȟὸ Ὕ ,  Ὕᾀɕὸȟὸ Ὕɕ ,  Ὕᾀ ὸȟὸ Ὕ. (3.129) 

      ɺ ʩʣʫʯʘʝ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠʤʝʝʪ ʤʝʩʪʦ ʚʟʘʠʤʥʦ-

ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ T  ʠ ʢʦʦʨʜʠʥʘʪʦʡ z.  ʕʪʦ ʠ 

ʧʦʤʦʛʘʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

),( tzTT=  ʢ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ᾀ ᾀὝȟὸ 

‗Ὕ ὧὝ”Ὕ ὖ‏Ὕ Ὕɕ ”ȿ‏Ὕ Ὕ    

0,)(,)( ><<
µ

µ
-= tTTtT

t

z
TW ,

 

 

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

>=-= ttTTtTT
z

T
A

a
l

 (3.130) 

ᾀὝὸ πȟ 
‗Ὕ

ᾀ
πȟ Ὕ Ὕȟ ὸ πȟ  

ᾀὝȟὸ ᾀ ὸȟᾀὝɕȟὸ ᾀɕὸȟᾀὝȟὸ ᾀ ὸȢ  

      ɺ ʟʘʜʘʯʝ (3.130), ʢʨʦʤʝ ʠʩʢʦʤʦʛʦ ʧʦʣʷ ʠʟʦʪʝʨʤ ),( tTzz= , ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʦʜʣʝʞʠʪ ʝʱʝ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʝʛʦ ʥʦʩʠʪʝʣʷ )(tTT= . ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ, 

ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʳ ʠʟ ʛʣʘʚʳ 2, ʨʘʟʜʝʣʘ 2.2. 

ὤὸȟ‐
ɕ
ɕᾀ ‐ ᾀ Ὕ,  TTT <<)(e   (3.131) 

ɺʚʝʜʝʤ ʥʦʚʫʶ ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ 

Ὗ ‗ὝὨὝ ȟ Ὕ ‪Ὗȟ ‗ὨὝὨὟȟ
ᶻ

 (3.132) 
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  ʪʦʛʜʘ ʟʘʜʘʯʘ (3.130) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

 =
µ

µ
öö
÷

õ
ææ
ç

å
-L+++öö

÷

õ
ææ
ç

å

t

z
UUUp

U

UUc
U

z
nn

U

)()(
)(

)()(1
drd

l

r
  

,0,,)( ><<
µ

µ
-= tUUU

U

z
UW   

,0,))),(((
1

>=-= tUUtU
z

A

U

yya  (3.133) 

,0,,0
1

,0)),(( >=== tUU
z

ttUz
U

  

))(),(),(),(),(),(( ** tztUztztUztztUz
bnn

===   

     ʇʫʩʪʴ ʬʫʥʢʮʠʷ )(UQQ=  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʂʦʰʠ 

)(UW
dU

dQ
-= , 0)( =UQ ,  UUU << , )

1
(

U
z

Q= . (3.134) 

ʊʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ññ -=-=

T

T

U

U

dTTTWdUUWQ )()(2)(22 l . (3.135) 

ʀʩʧʦʣʴʟʫʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ  

tq wtlxzUUVqV ==== ,,, ,      (3.136) 

ʛʜʝ l  ʠ w- ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙʥʳʡ ʠ ʚʨʝʤʝʥʥʦʡ ʤʥʦʞʠʪʝʣʠ, ʟʘʜʘʯʘ (1.130) 

ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 
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zz  (3.137) 

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

>=-= ttqqtqyqy
a
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A
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,0,1,0
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,0)( >=== tqqy
q

x
  



 183 
 

)).(),1(),(),0(),(),(( * ttttttq
bnn

xxxxxx ===   

    ʏʪʦʙʳ ʜʘʣʴʰʝ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ (3.137) ʚʳʙʠʨʘʝʤ ʚʝʣʠʯʠʥʳ l  ʠ w  ʪʘʢ, 

ʯʪʦʙʳ  

ὰɕὠ Ὗȟύɕὠ ὴɕὰ.     (3.138) 

ʊʦʛʜʘ ʟʘʜʘʯʘ (3.137) ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʝ: 

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

><<=
µ

µ
-+++öö

÷

õ
ææ
ç

å
tqtq

t
qqdqdqq

qq

q

xqq
x

kx
x
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ὼ—ȟπ ὼ —ȟ —† — ρȟ

 

 

,0,))),(()((
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>Q=Q-= ttqjqj
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nA
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(3.139) 

,0,1,0
1

,0)( >=Q==Q t
b

x
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))(),1(),(),0(),(),(( * ttttttq
bnn

xxxxxx ===

 

 

ʛʜʝ  

))(/()()()( 2 qwlqrqq clx = , *rr
n

k= ,  

)()( 1 qyqj -=T , 
U

Tl
h
a
= . 

 

 

3.5. ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠ ̫ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ   ʚʘʨʠʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʝʙʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʯʠʪʘʝʤ 

ʜʦʧʫʩʪʠʤʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝ ʪʝʦʨʝʤʳ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ [58, 59, 211].  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ: 
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),()),((
1

tuutuu
x

c

u

=-=a

 

(3.140) 

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

=== ttuxu
x

u

 

 

ʛʜʝ )(),( ufuk  - ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʪʝʨʧʷʱʠʝ ʨʘʟʨʳʚ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʪ.ʝ. 

Ὧό
ρȟπ ό ρȟ
Ὧȟρ ό όȟ

  

Ὢό
Ὢόȟπ ό ρȟ

πȟρ ό όȟ
  

a- ʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ), )(),(
0

uxtu
c

 - ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ. ʀʩʢʦʤʳʤʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ )(),,( tuutuxx == . 

ʇʫʩʪʴ ),( tuv  - ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʟ )),0((1

2
WxTW , ʛʜʝ W - ʢʣʘʩʩ 

ʬʫʥʢʮʠʡ }0),(0:{ ><<=W ttuuu .  

ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (3.140) ʥʘ v(u,t) ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʦʙʣʘʩʪʠ W. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ constutu ==)( . ʊʦʛʜʘ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ, ʠ ʩ 

ʫʯʝʪʦʤ ʜʚʫʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʘʝʤ ʚʘʨʠʘʮʠʦʥʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ 

(3.140): 

ὺόȟὸὯόὼ Ὢόὼ Ὠό ὺόȟὸ‌ό ό ὸ  (3.141) 

 
ρ

ὼ
ὺ όȟὸὨό πȟ  

.0)0(,0),();()0,(
00
=== xtuxuxux

 

 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ (3.141) ʧʦ ʦʙʣʘʩʪʠ (0,ʊ) ʠ ʚʳʧʦʣʥʠʤ ʝʱʝ ʨʘʟ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʷʤ.  

ʋʯʠʪʳʚʘʷ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʧʨʠʭʦʜʠʤ ʢ ʩʦʦʪʥʦʰʝʥʠʶ: 

ὺόȟπὼ όὨό   
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ὼ
‬ὺ

‬ὸ
ὼ
‬ὺ

‬ό
Ὢό ὺ

‬Ὢό

‬ό
ὼ
ρ

ὼ

‬ὺ

‬ό
ὨὸὨό  

Ὧ ὼ
‬ὺ

‬ὸ

ρ

ὼ

‬ὺ

‬ό
ὨὸὨόὯ ὺόȟπὼ όὨό  (3.142) 

‌ὺόȟὸ ό ό ὸὨὸπ ȟ
 

 

.0),( =tux

 

 

ʉʦʦʪʥʦʰʝʥʠʷ (3.141), (3.142) ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ  ʨʘʙʦʪʘʭ [58,59,211] ʘʚʪʦʨʘʤʠ  ʧʦʜ ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ  ʧʦʥʠʤʘʶʪ 

çʦʙʦʙʱʝʥʠʝ ʧʦʥʷʪʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

(ʧʩʝʚʜʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ) ʫʨʘʚʥʝʥʠʡè  ʆʥʠ ʧʠʰʫʪ, ʯʪʦ ʜʘʥʥʦʝ  ʧʦʥʷʪʠʝ 

ʚʦʟʥʠʢʣʦ ʚ ʩʚʷʟʠ ʩʦ ʤʥʦʛʠʤʠ ʟʘʜʘʯʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʢʦʛʜʘ ʧʦʜ 

ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʦʥʠʤʘʪʴ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʝ  ʥʝ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʨʦʠʟʚʦʜʥʳʭ, ʠ ʜʘʞʝ ʚʦʚʩʝ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʱʠʝ ʦʙʲʝʢʪʳ , ʪʘʢʠʝ ʢʘʢ 

ʦʙʦʙʱʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʛʠʧʝʨʬʫʥʢʮʠʠ ʠ ʪ.ʜ. [58,59,211]. 

ʆʧʨʝʜʝʣʝʥʠʝ. [58,59] ʇʫʩʪʴ ʧʝʨʝʤʝʥʥʘʷ x ʟʘʜʘʥʘ ʚ ʦʙʣʘʩʪʠ W ʠ 

ʩʫʤʤʠʨʫʝʤʘ ʧʦ ʣʶʙʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 
1
W  ʪʘʢʦʡ, ʯʪʦ WËW

1
. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ u ʥʝʧʨʝʨʳʚʥʫʶ ʩʦ ʚʩʝʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʦ ʧʦʨʷʜʢʘ l 

ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ ʨʘʚʥʫʶ ʪʦʞʜʝʩʪʚʝʥʥʦ ʥʫʣʶ ʚʥʝ ʥʝʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ 
u

V , ʪʘʢʦʡ, ʯʪʦ WË
u

V .  

ɽʩʣʠ x ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʦ 

0]
...

)1(
...

[
11

1

11

11

=
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µ
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µµ

µ +

Wñ dv
xx

x
u

xx

u
x

nn

l

l

l

aaaa
 (3.143) 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʤʳ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʤ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʥʢʮʠʠ ʧʦ  x,  ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʬʫʥʢʮʠʷ 
naa

ww ...
1

, ʩʫʤʤʠʨʫʝʤʘʷ ʧʦ ʣʶʙʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 
1
W  ʪʘʢʦʡ, ʯʪʦ WËW

1
 ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʨʘʚʝʥʩʪʚʫ: 
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ὼ
‬ό

‬ὼ ȣ‬ὼ
ρ ό‫ ȣ Ὠὺ π (3.144) 

ʜʣʷ ʚʩʝʭ ʬʫʥʢʮʠʡ u ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ [200,201], ʛʜʝ   

nn xx

ul

aaaa
w

11

...

...11 µµ

µ
=  (3.145) 

ɺʳʨʘʞʝʥʠʝ (3.145) - ʦʙʦʙʱʝʥʥʘ ̫ʧʨʦʠʟʚʦʜʥʘ ̫ʬʫʥʢʮʠʠ u ʧʦ x. 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 1. ʇʦʜ ʦʙʦʙʱʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

(3.140) ʧʦʥʠʤʘʝʪʩʷ ʧʘʨʘ ʬʫʥʢʮʠʡ x=x(u,t)  ʠ ό όὸȟὼɴ ὒ πȟὝὼɱȟόᶰ

ὒ πȟὝὼɱ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ u(0,T)=0 ʠ ʚʳʧʦʣʥʷʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ (3.141) ʜʣʷ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʦʙʣʶʜʘʶʪʩʷ ʟʘʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ  ʣʶʙʳʭ ὺᶰὡ πȟὝὼɱ , ʪʘʢʠʭ, ʯʪʦ 

ὺόȟὝ π.  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 2. ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.140) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʫ ʬʫʥʢʮʠʡ x=x(u,t) ʠ ό όὸȟὼɴ ὒ πȟὝὼɱȟόᶰ

ὒ πȟὝὼɱ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʦʤʫ ʪʦʞʜʝʩʪʚʫ (3.134), 

ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ʠ ʫʩʣʦʚʠʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʠ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʠ  ʣʶʙʳʭ ὺɴ ὡ πȟὝὼɱ , ʪʘʢʠʭ, ʯʪʦ ὺόȟὝ π.  

 ɺʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ 3. ʆʙʦʙʱʝʥʥʳʤ ʩʫʧʝʨʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.140) ʚ 

ʦʙʣʘʩʪʠ )),0(( WxT ʥʘʟʦʚʝʤ ʧʘʨʫ ʬʫʥʢʮʠʡ ),( tuxx=  ʠ  ό όὸ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (3.141), ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ, ʫʩʣʦʚʠʶ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʪʦʞʜʝʩʪʚʫ (3.141) ʩ ʟʘʤʝʥʦʡ ʟʥʘʢʘ ç=è ʥʘ ʟʥʘʢ 

çè.  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 4. ʆʙʦʙʱʝʥʥʳʤ ʩʫʙʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

(3.140) ʚ ʦʙʣʘʩʪʠ πȟὝὼɱ ʥʘʟʦʚʝʤ ʧʘʨʫ ʬʫʥʢʮʠʡ ὼ ὼόȟὸ ʠ ό όὸ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (3.141), ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ, ʫʩʣʦʚʠʶ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʪʦʞʜʝʩʪʚʫ (3.141) ʩ ʟʘʤʝʥʦʡ ʟʥʘʢʘ ç=è ʥʘ ʟʥʘʢ 

çè.  
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 ɺʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ 5. ʆʙʦʙʱʝʥʥʳʤ ʩʫʧʝʨʨʝʰʝʥʠʝʤ (ʩʫʙʨʝʰʝʥʠʝʤ) 

(3.140) ʥʘʟʦʚʝʤ ʧʘʨʫ ʬʫʥʢʮʠʡ ),( tuxx=  ʠ ),(tuu= ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ (3.142)  

ʩ ʟʘʤʝʥʦʡ ʟʥʘʢʘ ç=è ʥʘ ʟʥʘʢ ç²è (ç¢è). 

 ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ consttu =¤= )(,a  ʩʬʦʨʤʫʣʠʨʫʝʤ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.140).  

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 6. ʣʴʥʫʶʅʝʦʪʨʠʮʘʪʝ, ʥʝʧʨʝʨʳʚʥʫʶ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ),(ʬʫʥʢʮʠʶ tuxx=  }0,0{: TtuuRR ¢¢¢¢= , 

ʷʶʱʫʶʫʜʦʚʣʝʪʚʦʨ ʫʩʣʦʚʠʶ 0|
1

0
=

=u

u
x

, ʥʘʟʦʚʝʤ ʦʙʦʙʱʝʥʥʳʤʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ (3.140) ¤­aʧʨʠ , ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʦʙʱʝʥʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ  
 
, 

ʩʫʤʤʠʨʫʝʤʘʷ ʩ ʢʚʘʜʨʘʪʦʤ ʚ R,  ʘ ʪʘʢʞʝ ʩʫʤʤʠʨʫʝʤʘ ʩ ʢʚʘʜʨʘʪʦʤ 
u

x

1
, ʠ ʜʣʷ 

ʣʶʙʦʡ ʬʫʥʢʮʠʠ v(u,t) ʥʝʧʨʝʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʚ R, ʷʶʱʘʷʫʜʦʚʣʝʪʚʦʨ 

ʫʩʣʦʚʠʷʤ v(u,t)=0, 0),( =tuv  ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

‬ὺ

‬ὸ
Ὧόὼ

‬ὺ

‬ό

ρ

ὼ
ὺὪόὼ ὨόὨὸ ὺόȟπὼ όὨό πȢ (3.146) 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 1.  

ʊʝʦʨʝʤʘ 3.3. ɿʘʜʘʯʘ (3.133) ʠʤʝʝʪ ʦʝʝʜʠʥʩʪʚʝʥʥʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ, 

ʝʩʣʠ ¤­a  ʠ constutu ==)( . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʩʪʚʦɼʦʢʘʟʘʪʝʣʴ ʧʨʦʚʝʜʝʤ ʤʝʪʦʜʦʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʟʘʜʘʯʘ (3.140) ʜʚʘ ʠʤʝʝʪ ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʷ 

),(),,(
2211

tuxxtuxx == . ʇʦʜʩʪʘʚʠʚ ʠʭ ʚ (3.146), ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ 

ʳʭʠʥʪʝʛʨʘʣʴʥ ʪʦʞʜʝʩʪʚʘ ʜʣʷ 
21

, xx : 

‬ὺ

‬ὸ
Ὧόὼ

‬ὺ

‬ό

ρ

ὼ
ὺὪόὼ ὨόὨὸ ὺόȟπὼ όὨό πȢ (3.147) 
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‬ὺ

‬ὸ
Ὧόὼ

‬ὺ

‬ό

ρ

ὼ
ὺὪόὼ ὨόὨὸ ὺόȟπὼ όὨό πȢ (3.148) 

ɺʳʯʠʪʘʷ ʠʟ (3.147)  (3.148) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ )(
02010

uxxx ==  ʧʦʣʫʯʘʝʤ: 

‬ὺ

‬ὸ
Ὧό ὼ ὼ ὨόὨὸ

‬ὺ

‬ό

ρ

ὼ

ρ

ὼ
ὨόὨὸ  

ὺὪό ὼ ὼ ὨόὨὸπȢ (3.149) 

ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ  

ὺ ὼ ὼ Ὠ† Ȣ (3.150) 

ʇʦʜʩʪʘʚʠʚ (3.150) ʚ (3.149), ʧʦʣʫʯʘʝʤ: 

Ὧό
Ὠ

Ὠὸ
ὼ ὼ Ὠ† ὼ ὼ ὨόὨὸ  

‬

‬ό
ὼ ὼ Ὠ†

ρ

ὼ

ρ

ὼ
ὨόὨὸ (3.151) 

Ὢό ὼ ὼ Ὠ† ὼ ὼ ὨόὨὸπȢ  

ʆʙʦʟʥʘʯʠʤ ʩʣʘʛʘʝʤʳʝ ʚ (3.151) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ 
321

,, JJJ . ʊʦʛʜʘ 

(3.151) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ:  .0
321
=++ JJJ  ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ὐ Ὧό ὼ ὼ ὨόὨὸ (3.152) 

ὐ ὼ ὼ
ρ

ὼ

ρ

ὼ
Ὠ†ὨόὨὸ  
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ὼ

ὼ

ὼ

ὼ
ςὨ†ὨόὨὸ

 

(3.153) 

ὐ Ὢό ὼ ὼ Ὠ† ὨόὨὸ   

ρ

ς

‬

‬ὸ
ὼ ὼ Ὠ† Ὠό Ȣ

 
(3.154) 

ʇʦʜʩʪʘʚʠʚ (3.152) - (3.153) ʚ (3.151) ʧʦʣʫʯʘʝʤ: 

Ὧό ὼ ὼ ὨόὨὸ 
ὼ

ὼ

ὼ

ὼ
ςὨ†ὨόὨὸ   

ρ

ς

‬

‬ὸ
ὼ ὼ Ὠ† Ὠό Ȣ (3.155) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ (3.145) ʠ (3.147) 

ʧʦʣʦʞʠʪʝʣʴʥʳ.   

ʇʦʢʘʞʝʤ, ʯʪʦ  

02

1

2

2

1 >-+
u

u

u

u

x

x

x

x

  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʥʝʨʘʚʝʥʩʪʚʦʤ ʖʥʛʘ  

ςὼώ ὥὼ
ρ

ὥ
ώȟ  

ʛʜʝ    

ὼ ρȟ ώ ρȟ ὥ
ὼ

ὼ
ȟ ὥ

ὼ

ὼ
  

ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ ʥʝʨʘʚʝʥʩʪʚʦ, ʧʦʣʫʯʘʝʤ   ς ,  ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ  

ς π. 
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     ʊʘʢ ʢʘʢ ʚʩʝ ʩʣʘʛʘʝʤʳʝ ʚ (10) ʧʦʣʦʞʠʪʝʣʴʥʳ, k(u)>0, f(u)>0 (16) ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʘʞʜʦʝ ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʪʘʢʦʝ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ὼ ὼ. 

ʇʦʣʫʯʠʣʠ ʠʝʧʨʦʪʠʚʦʨʝʯ, ʯʪʦ ʠ ʜʦʢʘʟʳʚʘʝʪ ʦʩʪʴʝʜʠʥʩʪʚʝʥʥ 

ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʩʣʫʯʘʝ ʚ  ‌ᴼÐ ʠ όὸ ό ὧέὲίὸ. 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 2 (ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ).  

ʊʝʦʨʝʤʘ 3.4. ʇʫʩʪʴ   ὼ ,  ὼ  - ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (1), 

ʧʨʠʯʝʤ  ὼ όȟπ ὼ όȟπȟόᶰɱȟ   ɱ όȡπ ό όὸ,   ὼ όȟὸ

ὼ όȟὸȟ   ὸɴ πȠὝȟόᶰ‬ɱ Ȣ    ʊʦʛʜʘ    ὼ όȟὸ ὼ όȟὸȟ  ʚ  πȠὝὼɱȢ 

ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʤʘ ʣʝʛʢʦ ʦʙʲʷʩʥʠʤʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʯʝʤ ʙʦʣʴʰʝ ʥʘʯʘʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʠ ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʡ 

ʛʨʘʥʠʯʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʨʝʜʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʣʠʥʝʡʥʦʛʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʟʥʦʩʪʠ 
)1()2( xxz -=  ʠ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʪ 

ʟʥʘʢʦʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʦʡ zD  ʚ ʪʦʯʢʝ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ z . 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 3.  

ʊʝʦʨʝʤʘ 3.5 (ʩʨʘʚʥʝʥʠʷ).  ʇʫʩʪʴ ),( tux - ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

(3.140), ),(
1

tux - ʦʙʦʙʱʝʥʥʦʝ ʩʫʙʨʝʰʝʥʠʝ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

)(),(
01

uxtux ¢ , ʪʦ  ),(),(
1

tuxtux ¢ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʳ ʙʫʜʝʤ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʫʤʘ. ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ ʦʪ ʧʨʦʪʠʚʥʦʛʦ. ʊʘʢ ʢʘʢ  

),( tux ʠ ),(
1

tux  ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʨʫʛ }{2 TtRE ¢ÆÍ
+

, 

ʚ ʢʦʪʦʨʦʤ xx >
1

. 

ʈʘʩʩʤʦʪʨʠʤ ʛʣʘʜʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ),( tux
n

, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (3.135), ʘ ʪʘʢʞʝ ʨʘʚʥʦʤʝʨʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ n, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ɻʸʣʴʜʝʨʘ 

ÌÉÍ
ᴼ
ὼ όȟὸ ὼόȟὸȢ  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ 
n

xx >
1

, ʘ  
n

x  ʠ ʝʩʪʴ ʦʙʦʙʱʸʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(3.140).  

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ: (3.143) ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  ).,1,0;,0;,( uTVxJ  ʊ.ʢ. 
n

x  

ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.140), ʪʦ ʠʤʝʝʤ: 

0),1,0;,0;,(),1,0;,0;,( 1 ¢- uTVxJuTVxJ n  (3.156) 

ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ 

ὼ ὼ
‬

‬ό

‬ὺ

‬ό
Ὧό

‬ὺ

‬ό
ὥὺὨόὨὸ   

ὼ ὼ ὺὨό  ὼ ὼ
‬ὺ

‬ό
ὨὸȢ (3.157) 

ɿʜʝʩʴ   

ὥ όȟὸ ὪɡϽὼ όȟὸ ρ ɡὼ όȟὸὨɡ ȟπ ɡ ρ Ȣ  

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 4.  

ʊʝʦʨʝʤʘ 3.6. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.140) ʩʫʱʝʩʪʚʫʝʪ, ʠ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ: 

ᴁὼᴁ ȟ  
ό

Ὢ
ςÅØÐρ

Ὢ

Ὧ
ὸ ρ Ȣ (3.158) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

    ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ )(~,),(~),(~
21

uxuxux
m

3
.  

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʩʢʦʤʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

ὼ όȟὸ ὥ ὸὼό ȟ (3.159) 

ʛʜʝ )(taim  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ: 

))(~,)(())(~,)(())(~,)
~

1
(( uxxufuxxukux

x
ininiu

m
ut

u

+=  (3.160) 

     ʆʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʛʘʨʘʥʪʠʨʫʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 
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     ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (3.160), ʦʪʚʝʯʘʶʱʝʝ ʠʥʜʝʢʩʫ i, ʥʘ )(' ta
mi

 ʠ 

ʧʨʦʩʫʤʤʠʨʫʝʤ ʧʦ i. ʊʦʛʜʘ ʧʦʣʫʯʠʤ: 

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

(( =+-
nnnnnu

n

xxufxxukux
x ut

u

 (3.161) 

ʠʣʠ ʨʘʩʢʨʳʚ ʩʢʦʙʢʠ ʧʦʣʫʯʘʝʤ 

ρ

ς

Ὠ

Ὠὸ
Ὧόὼ  

ρ

ὼ
ὼ ό Ὠό Ὢόὼ Ὠό πȢ (3.162) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ: 

ρ

ς

Ὠ

Ὠὸ
Ὧόὼ ό  

ρ

ς
Ὢό

Ὠ

Ὠό
ὼ Ὠό (3.163) 

ʠʣʠ  

Ὧ
Ὠ

Ὠὸ
ᴁὼᴁ ȟ ςό  ὼὪ όὨό π (3.164) 

Ὠ

Ὠὸ
ᴁὼᴁ ȟȟ ςό  ᴁὼᴁ ȟȟ πȢ (3.165) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ  

ὼὪ όὨό Ὢ ὼ όὨό Ὢᴂᴁὼᴁ ȟȟ  

ᴁὼᴁ ȟȟ Ὧᴁὼᴁ ȟ πȟ

 

 

(3.165) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ  

Ὧ
Ὠ

Ὠὸ
ᴁὼᴁ ȟ ςό Ὢᴂᴁὼᴁ ȟ πȟ  

ʠʣʠ  

Ὧ
Ὠ

Ὠὸ
ᴁὼᴁ ȟ ςό

Ὢ

Ὧ
Ὢᴂᴁὼᴁ ȟ

ςό

Ὧ
πȟ (3.166) 

ɸ ʵʪʦ ʝʩʪʴ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ  ᴁὼᴁ ȟ,  ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʚʠʜ: 
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ᴁὼᴁ ȟ ÅØÐ Ὂ–
ό

Ὧ
Ὠὸ (3.167) 

ʛʜʝ  

Ὂὸ
ό

Ὧ
Ὠὸ ȟ ‚ ὸ

Ὧό

Ὢό
ȟ ὸ π ȟ–

ό

Ὢ
 Ȣ  

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ F(t) ʠ ʧʦʜʩʪʘʚʠʚ )(,, tFhx  ʚ (3.167) ʧʦʣʫʯʘʝʤ: 

ᴁὼᴁ ȟ  
ό

Ὢ
ςÅØÐρ

Ὢ

Ὧ
ὸ ρ Ȣ (3.168) 

 ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ.  ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (3.140) ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ )(uxx=  ʠ constu= , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʠ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ: 

,0,0)(
1

uu
u

x
uf

xu
u

<<=
µ

µ
+öö
÷

õ
ææ
ç

å

µ

µ
  

,),(
1

uuuu
x

c

u

=-=a

 

(3.169) 

.0)(;0,0
1

=== uxu
x

u

 

 

ɿʘʜʘʯʘ (3.169) ʠʤʝʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: 

ὼόȠό
Ὠό

ςɮό
 

Ὠό

ςɮό
 ȟπ ό ρ ȟ   

ὼόȠό  
Ὠό

ςɮό
 ȟρ ό ό ȟ  (3.170) 

ʛʜʝ  

ɮό ὪόὨό ȟ (3.171) 

ʘ u  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ό ό
ρ

ς
ςɮρ Ȣ (3.172) 

ʈʘʟʤʝʨʳ ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʚʦʟʤʫʱʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ὼᶻ ὼρ
ό ρ

ςɮρ
 ȟ ὼ̃ ὼπ ὼᶻ

Ὠό

ςɮρ
 (3.173) 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʝʪ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣ 

(3.170), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʶ: 

ὼό  
Ὠό

ςɮό
Њȟ   

ʛʜʝ 

ɮό ὼ όὨό Ȣ (3.171) 

x(u) - ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ.  

ʇʨʠ Ὢό Ὢό ό , ʠ ‍ ρ, ʪʦʛʜʘ ʠʥʪʝʛʨʘʣ ʜʣʷ ʬʫʥʢʮʠʠ x(u) 

ʨʘʩʭʦʜʠʪʩʷ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ.  

ʇʨʠ ‍ π, Ὢό Ὢ–ό, ʛʜʝ –ό ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, ʪ.ʝ. ὼ

–ό, ʝʩʣʠ ‍ᴼπ.  

ʀʟ ʫʩʣʦʚʠʷ ʅʴʶʪʦʥʘ ʧʦʣʫʯʘʝʪʩʷ  

ς ‗ὺὪὺὨὺ ‌ό ό Ȣ  

ʇʫʩʪʴ Ὂό ‌ό ό . ʌʫʥʢʮʠʷ Ὂ ό πȢ  ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʬʫʥʢʮʠʷ Ὂό ʫʙʳʚʘʶʱʘʷ ʚ ʧʨʦʤʝʞʫʪʢʝ π ὼ ὼȟόὼ ό, ʪ.ʝ ʩʘʤʘ 

ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ  
buuf =)(  ʧʦʣʫʯʘʝʤ 
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,10),1(
2

1
)1(

1

2

2

1
)( 2

1

¢¢-
+

+-
-

+
=

-

uuuux
b

b

b b

 

 

,1,)(
2

1
)( uuuuux ¢<-

+
=
b

 

(3.174) 

ʛʜʝ  

,
2

1

2

1 +
=

b
c

uu  (3.175) 

).1(
2

1

1

2

2

1
),1(

2

1
* -

+
+

-

+
=-

+
= uxux

ʚ

b

b

bb
 (3.176) 

ʈʘʟʨʝʰʠʚ (3.174) ʦʪʥʦʩʠʪʝʣʴʥʦ u ʥʘʭʦʜʠʤ: 

*,0*),(
*1

)1(
1 xxxx

x

u
u c ¢¢-

+

-
+=

a

a

 

 

.*,)
*

( 1

2

ʚ

ʚ

ʚ xxx
xx

xx
u ¢<

-

-
= -b

 

(3.177) 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.141).  

ʇʦʣʘʛʘʷ ))(;(),(,1 tuuxtuxv º=  [14] 

ὼόȠόὸ
Ὠό

ςɮό

όὸ ρ

ςɮρ
 ȟπ ό ρȟ

 

 

),(1,
)(2

)(
))(;( tuu

u

utu
tuux ¢<

F

-
=

 

(3.178) 

ʛʜʝ )(tu - ʧʦʜʣʝʞʘʱʘʷ ʦʧʨʝʜʝʣʝʥʠʶ ʬʫʥʢʮʠʷ. ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʥʘʭʦʜʠʤ 

10,
)(2

1
),( ¢¢

F
-= u

u
tux

u

 

 

),(1,
)1(2

1
),( tuutux

u
¢<

F
-=

 

(3.179) 

).(0,
)1(2

1
),( tuutux

t
¢¢

F
=  (3.180) 
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ʇʦʜʩʪʘʚʣʷʷ (3.178), (3.180) ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ ʧʨʠʭʦʜʠʤ ʢ ʟʘʜʘʯʝ 

ʂʦʰʠ: 

Ὧόὸ ρ όὸ

ςɮρ

Ὠόὸ

Ὠὸ
 

Ὢό

ςɮό
Ὠό  ‌ό ό ὸȟὸ π ȟ    

όπ π Ȣ  (3.181) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ  ɮό ᷿ὪόὨό , ʥʘʭʦʜʠʤ 

Ὢό

ς᷿ ὪόὨό

Ὠό  ς ὪόὨό ςɮρȟ (3.182) 

ʚ ʩʠʣʫ ʯʝʛʦ ʟʘʜʘʯʘ (3.181) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

Ὧόὸ ρ όὸ

ςɮρ

Ὠόὸ

Ὠὸ
 ςɮρ  ‌ό ό ὸȟὸ π ȟ  

 

 

όπ π Ȣ (3.183) 

ɽʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ constutu
cc
==)(  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʫʨʦʡ 

ὸ
Ὧό ρ ό

ςɮρ ςɮρ ‌ό ό
Ὠό Ȣ (3.184) 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ: 

ʉʣʫʯʘʡ 1. .1)( =uf  

,10,
2

))(;( ¢¢
-

= u
uu

tuux  (3.185) 

,1,
2

))(;( uu
uu

tuux ¢<
-

=

 

 

ʛʜʝ  

,
2

1
*,

2

1
* +=

-
= xx

u
x

ʚ
 (3.186) 

)).ln(
2

)(1(
2

u
u

k
u

t c a
a

a
-++=  (3.187) 
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ʉʣʫʯʘʡ 2. 
buuf =)( . 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

ὼόȠόὸ
‍ ρ

ς

ς

ρ ‍
ρ ό

‍ ρ

ς
όὸ ρȟ π ό ρȟ  

ὼόȠόὸ
‍ ρ

ς
όὸ όȟ ρ ό όȟ

 

(3.188) 

ʛʜʝ 

ὼɕ
ρ ‍

ς
όὸ ρȟ ὼ͍

ρ ‍

ς

ς

ρ ‍

ρ ‍

ς
όὸ ρȟ (3.189) 

ὸ
ρ ‍

ς
Ὧ ρ

ρ ‍

ς
‌ό ὰὲ‌ό (3.190) 
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 3 

ʊʨʝʪʴ ̫ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʧʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʜʥʦʤʝʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʦʚ ʩ 

ʘʧʧʣʠʢʘʪʦʨʘʤʠ ʚ ʩʬʝʨʠʯʝʩʢʦʡ, ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʠ   ʧʨʦʪʷʞʝʥʥʦʡ ʧʣʦʩʢʦʡ 

ʬʦʨʤʘʤʠ. 

ʇʨʠ ‍ π ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʥʘʡʜʝʥʦ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ.  ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ  π ‍ ρ ʨʝʰʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʜʣʷ ʦʥʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʕʤʜʝʥʘ-ʌʘʫʣʝʨʘ. 

ʃʝʤʤʘ 3.1. ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (3.1) ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʟʘʜʘʯʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ ʚʠʜʘ: 

ὒόὼ πȟπ ὼ ίȟ 

όπ • , 

όί • , 

ὄόȟί π,  

ʛʜʝ L - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ὄόȟί - ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʥʘ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʝ x=s, • , • - ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ.  

ɽʩʣʠ  • •  , ʪʦ ʟʘʜʘʯʘ (3.4) ʜʦʧʫʩʢʘʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ  

όὼ Ὢὼȟὼᶻȟί 

ʛʜʝ x*  ʠ s ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

Ὂ ὼz ȟί πȟ 

Ὂ ὼz ȟί πȟ 

ʧʨʠʯʸʤ ʬʫʥʢʮʠʠ ὊȟὊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ʛʨʘʥʠʮʘʭ. 

ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʢʨʠʦʟʦʥʜʘʤʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ ʉʪʝʬʘʥʘ.  ʈʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʥʘʡʜʝʥʦ ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʝʧʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ, 
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ʠʩʧʦʣʴʟʦʚʘʥʳ: ʤʝʪʦʜʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜ ʈʦʪʵ, ʢʦʥʝʯʥʦʤʝʨʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ.  

ʊʝʦʨʝʤʘ 3.1. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʛʣʘʜʢʦʩʪʠ ʬʫʥʢʮʠʠ u(x) ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ …ȟὬȟ•ȟ‍ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ u(x) ʟʘʜʘʯʠ (3.7) ʥʘ ʦʪʨʝʟʢʝ ὼɴ ρȟί  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ s. 

ʄʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ s(t) ʧʦʣʫʯʝʥʘ ʟʘʜʘʯʘ ʂʦʰʠ. 

ʇʦʣʫʯʝʥʦ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʧʨʦʮʝʩʩ ʜʝʩʪʨʫʢʮʠʠ ʪʢʘʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʠʭ ʠ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʘʧʧʣʠʢʘʪʦʨʦʚ.  

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘ ʢʦʥʝʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʧʦʨʷʜʢʘ ὔ ᷿όὨό   ʩʪʨʝʤʠʪʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ.   

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʇʦʣʫʯʝʥʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʝʜʝʥʦ ʢ 

ʥʝʣʠʥʝʡʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ɺʦʣʴʪʝʨʨʘ. 

  ʃʝʤʤʘ 3.2. ʇʫʩʪʴ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ, 

ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʦʪʦʢʘ ʠ ʜʨ.) ʠ ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ (3.45)ï(3.47), 

ʥʝʧʨʝʨʳʚʥʳ ʠ ʦʛʨʘʥʠʯʝʥʥʳ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ u(x) ʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ x*. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ x* ʠ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ (3.49). 

ʇʦʩʪʨʦʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʤʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʳʭ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʧʦʣʫʯʝʥʘ ʟʘʜʘʯʘ ʂʦʰʠ.  

ɼʣʷ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ, ʤʝʪʦʜʦʤ ʈʦʪʵ 

ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
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ʫʨʘʚʥʝʥʠʡ. ʇʨʠʤʝʥʷʷ ʬʫʥʢʮʠʠ ʠ ʬʦʨʤʫʣʳ ɻʨʠʥʘ, ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ, ʩʦ ʟʘʜʘʯʘ  ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʩʚʝʜʝʥʘ ʢ 

ʨʝʰʝʥʠʶ ʠʟ ʩʠʩʪʝʤʳ ʜʚʫʭ ʥʝʜʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ 

ʬʘʟ ʨʘʟʜʝʣʘ ʠ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ, ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʪʠʧʘ ɻʘʤʤʝʨʰʪʝʡʥʘ ʚ ʥʥʦʡʥʝʟʘʤʦʨʦʞʝ ʦʙʣʘʩʪʠ, ʠ ʢʚʘʜʨʘʪʫʨʝ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ 

ʦʙʣʘʩʪʠ.  

ʊʝʦʨʝʤʘ 3.2. ʇʫʩʪʴ ʫʨʘʚʥʝʥʠʝ f(v)=0 ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ ʥʘ ʦʪʨʝʟʢʝ 

[a;b] ʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ: 1) f(v) ʦʧʨʝʜʝʣʝʥʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ ʦʪʨʝʟʢʝ 

[a;b]; 2) Ὢὺᶰὥȟὦ ʜʣʷ ʚʩʝʭ ὺɴ ὥȠὦ; 3) ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

q, ʯʪʦ ȿὪͻὺȿ ή ρ ʜʣʷ ʚʩʝʭ ὺᶰὥȠὦ. ʊʦʛʜʘ ʠʪʝʨʘʮʠʦʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὺ Ὢὺ ȟ ὲ ρȟςȟȢȢȢ ʩʭʦʜʠʪʩʷ ʧʨʠ ʣʶʙʦʤ 

ʥʘʯʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ὺᶰὥȠὦ. 

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚ ʢʦʪʦʨʫʶ 

ʚʢʣʶʯʝʥʳ ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʥʘʡʜʝʥʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʡʜʝʥʦ ʚʨʝʤʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʡ    ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ  ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ 

ʚʳʯʠʩʣʝʥʠʷ  ʜʣʷ ʨʷʜʘ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʝʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ, ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʘʚʠʪʴ 

ʥʦʤʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʥʘʡʜʫʪ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʚ , ʘ ʪʘʢʞʝ 

ʥʘʤʝʪʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʯʩʢʠʝ ʪʢʘʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʢʠʝʘʥʘʣʠʪʠʯʝʩ ʚʳʨʘʞʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʣʷ  ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʧʦʣ ̫ʝʛʦ ʠʟʦʪʝʨʤ 
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ʧʦʤʦʛʫʪ ʚ ʤʝʜʠʮʠʥʝ ʚʨʘʯʫ-ʭʠʨʫʨʛʫ ʨʝʠhʪʴ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʚʷʟʘʥ r

ʩ ʨʘʩʯʝʪʦʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ, ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʦʛʝʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʝʙʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʯʠʪʘʝʤ 

ʜʦʧʫʩʪʠʤʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝʦʨʝʤʳ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ.  ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦ  ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʝʡ. 

ɺʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʦʙʱʸʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʫʙʨʝʰʝʥʠʷ ʠ 

ʩʫʧʝʨʨʝʰʝʥʠʷ ʦʩʥʦʚʘʥʥrʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ 

ʟʘʜʘʯ. 

ʀʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʪʝʦʨʝʤʳ.  

ʊʝʦʨʝʤʘ 3.3. ɿʘʜʘʯʘ (3.133) ʠʤʝʝʪ ʦʝʝʜʠʥʩʪʚʝʥʥʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ, 

ʝʩʣʠ ¤­a  ʠ constutu ==)( . 

ʊʝʦʨʝʤʘ 3.4. ʇʫʩʪʴ   ὼ ,  ὼ  - ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

(1), ʧʨʠʯʝʤ  ὼ όȟπ ὼ όȟπȟόᶰɱȟ   ɱ όȡπ ό όὸ,   ὼ όȟὸ

ὼ όȟὸȟ   ὸɴ πȠὝȟόᶰ‬ɱ Ȣ    ʊʦʛʜʘ    ὼ όȟὸ ὼ όȟὸȟ  ʚ  πȠὝὼɱȢ 

ʊʝʦʨʝʤʘ 3.5 (ʩʨʘʚʥʝʥʠʷ).  ʇʫʩʪʴ ),( tux - ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

(3.140), ),(
1

tux - ʦʙʦʙʱʝʥʥʦʝ ʩʫʙʨʝʰʝʥʠʝ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

)(),(
01

uxtux ¢ , ʪʦ  ),(),(
1

tuxtux ¢ . 

ʊʝʦʨʝʤʘ 3.6. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.140) ʩʫʱʝʩʪʚʫʝʪ, ʠ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ: 

ᴁὼᴁ ȟ  
ό

Ὢ
ςÅØÐρ

Ὢ

Ὧ
ὸ ρ Ȣ  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʳʤʠʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʜʣʷ 

ʤʦʜʝʣʝʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʩ ʦʨʠʛʠʥʘʣʴʥʳʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 
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ɻʃɸɺɸ 4. ɼɺʋʄɽʈʅʓɽ ʄʆɼɽʃʀ ʉ ʇʆɼɺʀɾʅʓʄʀ ɻʈɸʅʀʎɸʄʀ 

ɼʃʗ ʆʇʀʉɸʅʀʗ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʊʂɸʅʗʍ 

ʈʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʪʴ ʛʣʫʙʠʥʫ 

ʢʨʠʦʧʦʨʘʞʝʥʠʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʵʢʟʧʦʟʠʮʠʶ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. ʅʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. 

ɺ ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʫʞʝ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʠ ʪʨʝʙʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʚʝʜʝʥʥʳʭ ʜʦ 

ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʕɺʄ ʩ ʙʦʣʴʰʦʡ ʧʘʤʷʪʴʶ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ.  

ɸʥʘʣʠʟ ʨʘʙʦʪ [27, 155, 215, 216] ʧʦʢʘʟʘʣ, ʯʪʦ ʣʦʢʘʣʴʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ 

(ʃɿ), ʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʢʨʠʦʟʦʥʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʪʁ ʨʘʟʥr ʝ ʬʦʨʤʳ.    

ʇʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʨʫʰʝʥʠʝ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚʦʜʷʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʢʨʠʦʛʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ, ʢʦʛʜʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʢʘʥʴ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ 

ʢʨʠʦʟʦʥʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʩʤʦʪʠʯʝʩʢʦʤ ʥʘʙʫʭʘʥʠʠ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʢʨʠʦʭʠʨʫʨʛʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʣʝʯʝʥʠʷ, ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʣʦʢʘʣʠʟʘʮʠ,ʁ ʢʦʪʦʨʘʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʠʛʨʘʮʠʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʝʪʦʢ ʠʟ ʨʘʟʨʫʰʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ 

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʩʦ ʩʢʘʣʴʧʝʣʝʤ ʚʦ ʚʨʝʤʷ ʢʨʦʚʦʪʦʢʘ.  



 203 
 

ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

(ʨʠʩ.4.1).  

 

ʈʠʩ.4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʇʝʨʚʘʷ ʦʩʦʙʝʥʥʦʩʪ ɹʦʢʘʟʳʚʘʝʪ ʧʦʤʦɦɹ ʧʨʠ ʨʝʝhʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʘʜʘʯ ʉʪʝʬʘʥʘ. ʉ ʧʦʤʦʱʴʶ ʥʝʛʦ ʥʘʭʦʜʷʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʦʥ 

ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. ɺʪʦʨʘʷ ʧʦʤʦʛʘʝʪ 

ʧʝʨʝʡʪʠ ʢ ʟʘʜʘʯʘʤ ʧʦʣʷ ʜʣʷ  ʠʟʦʪʝʨʤ.  ʉ ʧʦʤʦʱʴʶ ʪʨʝʪʴʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʞʥʦ  

ʦʧʠʩʳʚʘʪ ɹ ʦʢʘʯʝʩʪʚʝʥʥ ʥʦʚʳʡ ʠ ʬʘʢʪʠʯʝʩʢʠ ʡʥʘʙʣʶʜʘʝʤʳ ʵʬʬʝʢʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʣʦʢʘʣʠʟʘʮʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʇʃʊʇ)  ʚ ʦʭʣʘʞʜʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. 

    ɽʱʝ ʦʜʥʠʤ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʙʨʘʟʫʪʁʩʷ 

ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ.4.2).  
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ʈʠʩ.4.2. ʆʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ 

ʅʘ ʜʠʥʘʤʠʢʫ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʯʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 4.2 

 

 

ʈʠʩ.4.3. ʇʨʠʯʠʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 
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4.1. ɸʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

4.1.1. ʊʝʧʣʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ [240, 243, 255, 258, 285], ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʠʭ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦ ʨʘʟʨʳʚʫ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ɺʦʟʥʠʢʘʶʪ ʩʢʘʯʢʠ,  ʢʦʪʦʨʳʝ  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 
0
r ʠ r,  ʪ.ʝ.  

PePe
TTn

=D==D=
¶

rr
*00

][,][ , 

ʛʜʝ D - ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ”  ʧʣʦʩʢʦʩʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʜʳ, ” - ʧʣʦʩʢʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ.  ʀʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʚ 

ʧʨʦʮʝʜʫʨʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʥʝʠʟʚʝʩʪʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

,0),(),( =-=F
nʪ

TtpTtp  .0*),(),(* =-=F TtpTtp  

ʀʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ ʠ ʢʘʢ 

ʚʥʫʪʨʝʥʥʠʝ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʪ.ʝ. 

,
|*|

*)(

||

)( *

0
FÐ

F
F+

FÐ

F
F=

dd
t

n

n

ntk
pPW  

ʛʜʝ  - ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ-ʜʝʣʴʪʘ  ɼʠʨʘʢʘ ʩ ʥʦʩʠʪʝʣʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

0),( =F tp , ʘ .kjigrad
zyx
F+F+F=F=FÐ    

     ɺ ʜʘʥʥʦʤ ʪʝʧʣʦʚʦʤ ʧʨʦʮʝʩʩʝ ʙʠʦʪʢʘʥʴ ʧʦʢʨʳʚʘʝʪʩʷ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 

ʩʝʪʴʶ ʤʝʣʢʠʭ ʢʘʧʠʣʣʷʨʦʚ, ʢʦʪʦʨʳʝ ʩʥʘʙʞʘʶʪ ʢʨʦʚʴʶ ʦʭʣʘʞʜʝʥʥʫʶ 

ʥʝʟʘʤʦʨʦʞʝʥʥʫʶ ʦʙʣʘʩʪʴ ʙʠʦʪʢʘʥʠ )*( TTT <<  ʠ ʟʘʤʦʨʦʞʝʥʥʫʶ ʦʙʣʘʩʪʴ 

ʙʠʦʪʢʘʥʠ ʥʝ ʢʨʠʦʧʦʨʘʞʝʥʥʫʶ  *)( TTT
n

<<  [292-295]. ʀʩʢʦʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʯʠʪʘʝʪʩʷ ʬʫʥʢʮʠʝʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ. ʊʝʤʧʝʨʘʪʫʨʘ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʢʘʥʴ, ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʡ ʦʭʣʘʞʜʘʝʤʦʡ 

ʪʢʘʥʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ: 

.7,36,*,),( 0CTTTTTtpT
k

=¢¢>  

()Fd



 206 
 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʪʝʧʣʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ:  

)](*)()[()( TTTTTTcmTW
kkkk

----= hh , 

ʛʜʝ )(Th - ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, k
m - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʤʘʩʩʳ ʢʨʦʚʠ, k

c - ʋʊ.  

ʦʜʥʠʤ ɽʱʸ  ʚʥʫʪʨʝʥʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʤʝʪʘʙʦʣʠʟʤʘ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʧʦʩʪʦʷʥʥʘ, ʪ.ʝ. constmW = , ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʪ̫ʴ 

ʦʙʘ ʠʩʪʦʯʥʠʢʘ, ʟʘʤʝʥʷʷ ʥʘ .
~

kk

k
kk cm

W
TT +=  ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ [20, 21, 51, 94, 95, 154].  ʀ ʪʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʦʚʠ  

,
~

,
kk

k
kk cm

W
TTTT +==  

ɿʘʚʠʩʠʤʦʩʪʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʩʪʦʯʥʠʢʠ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 

ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʥʝ ʚ ʢʨʠʦʛʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. 

   ʇʦ ʝʩʢʦʤʫ ʪʝʧʣʦʬʠʟʠʯ ʩʤʳʩʣʫ, ʢʘʢ ʠ ʚʳʰʝ, ɹʥʘʷʬʫʥʢʮʠʦʥʘʣ 

ʴʟʘʚʠʩʠʤʦʩʪ )(TWW=  ʜʣʷ ʚʩʝʭ ),( TTT
n

Í , ʜʦʣʞʥʘ ʙʳʪʴ ʦʡʦʛʨʘʥʠʯʝʥʥ ʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʥʘʪʫʨ 

**TTT
n

<¢  ʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʝʡ ʚ ʠʥʪʝʨʚʘʣʝ TTT <<** . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʤʝʣʦ ʤʝʩʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ʣʦʢʘʣʠʟʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʚʝʥʩʪʚʘ:   

-¤=)(' TW
T

.  

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: çʇʨʠ ʣʶʙʦʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʨʫʰʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ 

ʥʝʡ ʚʦʟʥʠʢʘʶʪ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʳʝ ʠʩʪʦʯʥʠʢʠ, ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʥʝʦʛʨʘʥʠʯʝʥʥʘè ʚʳʙʦʨʝ ʇʨʠ  ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
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ʠʩʪʦʯʥʠʢʘ ʜʣʷ  ʪʝʧʣʘ )(TWW=  ʪʨʝʙʫʝʪʩʷ  ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ  ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. 

ʢʘʯʝʩʪʚʝ ɺ  ʧʨʦʩʪʝʡʰʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʤʝʤ ʩʪʝʧʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ  

TTTTTTTWW nnn <<---= ,])()[(0
bJJ  

ʩ 10 <<b  ʠ 1>J . ʇʘʨʘʤʝʪʨʳ J,
0

W  ʠ  ʚ ʠʟʘʚʠʩʠʤʦʩʪ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʘʢ ʥʦʚʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ ï ʘʢʪʠʚʥʦʡ, ʠ ʥʝ ʠʥʝʨʪʥʦʡ ʩʨʝʜʳ.  

 ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

- ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʡ ʧʦʜʭʦʜ. 

ύ ύ ύ ύ–Ὕ Ὕᶻȟ   Ὕ̐ Ὕ Ὕ ȟ  

 ʛʜʝ ύ  ʠ ύ  - ʥʝʠʟʚʝʩʪʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʨʦʚʦʪʦʢʦʤ ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ 

ʠ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ w=w(T) ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʪʨʝʙʫʶʱʝʡ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

4.1.2. ʊʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʳʭ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ,  ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʘ  Q ʯʝʨʝʟ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ           ɮὴȟὸ

Ὕὴȟὸ Ὕ π , ʷʚʣʷʶʱʘʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʴ ʦʪʚʦʜʠʤʦʛʦ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʦʪʦʢʘ 

ʝʩʪʴ ʠʥʪʝʛʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʢʨʦʚʦʪʦʢʘ ʠ ʤʝʪʘʙʦʣʠʟʤʘ. 

ɺ ʢʨʠʦʧʦʨʘʞʝʥʥʦʡ  Ὕ Ὕ  ʦʙʣʘʩʪʠ, ʛʜʝ ʫʞʝ ʥʝʪ ʠʩʪʦʯʥʠʢʦʚ, ʦʥʘ ʜʦʩʪʠʛʘʝʪ 

ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  ὗὝ ὺ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʫʤʤʦʡ ʚʩʝʭ 

ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʦʭʣʘʞʜʝʥʥʦʡ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʪʦʢ ʪʝʧʣʘ ʠʟ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʚ ʪʝʧʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ 

ʦʙʣʘʩʪʠ ʪʢʘʥʠ ʨʘʚʝʥ ʥʫʣʶ - ὗὝ π.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,   

b
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π ὗὝ ὺȟ Ὕ Ὕ Ὕȟ  

ὗὝ ὺȟὝ Ὕȟ  

ὗὝ πȟὝ ὝȢ 

ʇʦʠʩʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Q=Q(T) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ 

ʧʨʦʩʪʫʶ ʧʨʦʙʣʝʤʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʮʝʩʩʦʤ ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ύ

ύὝ. ʇʦʵʪʦʤʫ ʞʝʣʘʪʝʣʴʥʦ ʥʘʫʯʠʪʴʩʷ ʧʦ ʧʦʪʦʢʫ Q ʧʝʨʝʩʯʠʪʘʪʴ ʠʩʪʦʯʥʠʢʠ ύ, 

ʪ.ʝ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ Q(T) ʠ ύὝ. ɼʣʷ ʧʨʦʩʪʝʡʰʠʭ 

ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʬʫʥʢʮʠʷ  ύὝ ʷʚʣʷʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ, ʪ.ʝ.   

ύ ‗ ὗὗ  ȟ 

ʛʜʝ 

‗ ‗Ὕ ‗ ‗ ‗–Ὕ Ὕᶻ  

‗ ʠ ‗ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ 

ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,                  

ɮᶻὴȟὸ Ὕὴȟὸ Ὕᶻ π - ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ,  ʠ  ʧʦʚʝʨʭʥʦʩʪʴ ʚʣʠʷʥʠʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ -  ɮ̃ ὴȟὸ Ὕὴȟὸ Ὕ π .  

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʩ ʠʩʪʦʯʥʠʢʘʤʠ  

ύ ‗ ὗὝὗ Ὕ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʠʤ ʟʘʜʘʯʘʤ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ 

ʦʙʣʘʜʘʶʱʠʝ ʥʘʯʘʣʴʥʳʤ ʚʳʨʦʞʜʝʥʠʝʤ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ɱὸ

άὩίɱπ π, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ɮὴ π  ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ɮ̃ ὴȟὸ π. ɺʥʝ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʢʘʥʠ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ, 

ʢʦʛʜʘ Ὕὴȟὸ Ὕ, ʝʩʣʠ ὴɵ ɱὸ. 

  ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪʚʦʜ ʪʝʧʣʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʨʫʪʨʥʦʛʦ ʧʦʣʷ T(p,t) ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ɮ̃ ὴȟὸ πȟ   

ɮᶻὴȟὸ πȟɮ ὴȟὸ π  ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘ ̫ʟʘʜʘʯʘ ʪʠʧʘ  ʉʪʝʬʘʥʘ:  
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ʛʜʝ  ‌ὴ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ c ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ,  ),( tpT
c

 - 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʘʧʧʣʠʢʘʪʦʨʘ ʢʨʠʦʟʦʥʜʘ) , n ï 

ʚʥʫʪʨʝʥʥʷʷ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɮὴȟὸ π. 

ʇʨʠʥʠʟʢʦʪʝʤʧʝʨʥʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥ,ɹ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʚʠʷʢʨʠʦʚʦʟʜʝʡ Ὕ ὸ ʤʦʥʦʪʦʥʥʦ ʧʦʥʠʞʘʝʪʩʷ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ. ɸ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʘʧʧʣʠʢʘʪʦʨʘ ʢʨʠʦʟʦʥʜʘ), ʠ ʜʣʷ ʥʝʝ 

ʚʝʨʥʦ ʫʩʣʦʚʠʝ Ὕ π Ὕȟ  ʧʨʠʯʝʤ Ὕ Ὕ. 

ʂʨʠʦʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʪʢʘʥʴ ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧ:r  

ʅʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʭʣʘʞʜʝʥʠʷ ʙʠʦʪʢʘʥʠ, ʢʦʛʜʘ Ὕὴȟὸ Ὕᶻȟ

ὴɴ ɮὴ π, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

Ὕὴȟὸȟὴɴ ɱÔ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʴ ɮ̃ ὴȟὸ π.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʧʨʠ ʫʩʣʦʚʠʠ Ὕὴȟὸ Ὕȟὴɴ ɮὴ π, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʪʝʨʤʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ  

ɮᶻὴȟὸ π.  

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ˟ὴȟὸ Ὕȟὴɴ

ɮὴ π, ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʣʘʩʪʠ ʢʨʠʦʧʦʚʨʝʞʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʟʘʜʘʪʴ 

ɮ ὴȟὸ π. 
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ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʱʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʭʦʜʷʱʝʛʦ ʠʟ 

ʙʠʦʪʢʘʥʠ; ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ 

ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʌʫʨʴʝ. 

Q ‗  

 ʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ     

ὨὝ

Ὠὲ
ύȟ 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠʭ ʠ  ʥʦʨʤʘʣʷʤ, ʧʦʩʣʝ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʥʦʨʤʘʣʠ ὗὨὲ ‗ὨὝ.  

 ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʳʯʠʩʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʦʧʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ύ ‗ ὗὝὗ Ὕȟ  

ʘ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʇʊ Q(T) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ  

ὗ ς ‗ὝύὝὨὝ Ȣ 

ʅʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʭʦʞʜʝʥʠʝ ʢʨʠʚʦʡ ὗ ὗὝ ʚ ʪʦʯʢʫ  Ὕȟπ ʩ 

ʘʩʠʤʧʪʦʪʠʢʦʡ    ὗὝͯὝ Ὕ,    ʛʜʝ π ‎ πȟυ .  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ  

ύ ύ Ὕ ύ Ὕ Ὕ –Ὕ Ὕᶻ –Ὕ Ὕ ȟ 

ʛʜʝ ύ ά ὧȟ  ʧʦʣʫʯʘʝʤ, ʯʪʦ ὗ Ὕ ‗ύ Ὕ Ὕᶻ, ʝʩʣʠ Ὕ Ὕᶻ ʠ ὗ Ὕ

‗ύ Ὕ Ὕ,  ʝʩʣʠ   Ὕ Ὕᶻ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʆʧʠʩʘʥʥʳʤ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ 

ʪʝʧʣʦʚʳʭ ʘʩʧʝʢʪʘʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 
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ʥʝʩʪʘʮʠʦʥʘʨʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩ ʪʨʝʤʷ 

ʧʦʜʣʝʞʘʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ:    

ʢʨʠʦʧʦʨʘʞʝʥʠʷ  ɮ ὴȟὸ Ὕὴȟὸ Ὕ π, 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ    ɮᶻὴȟὸ Ὕὴȟὸ Ὕᶻ πȟ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ɮ̃ ὴȟὸ Ὕὴȟὸ Ὕ̃ π. 

ʏʪʦʙʳ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʨʝʰʠʪʴ ʩʪʘʮʠʦʥʘʨʥʫʶ 

ʟʘʜʘʯʫ. ʉʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʩʣʠ 
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4.2.  ɼʚʫʤʝʨʥʳʝ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ 

ʃʦʢʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʢʘʥʠ ʢʘʢ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʫʶ, ʘʢʪʠʚʥʫʶ ʪʝʧʣʦʧʨʦʚʦʜʷʱʫʶ ʩʨʝʜʫ.   ɽʩʣʠ 

ʧʨʝʥʝʙʨʝʯʴ ʢʨʘʝʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʜʚʫʭ ʦʪ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ y ʠ z , T=T(y,z,t)  

p:(y,z); s(y,z)=z=0; 
zn µ

µ
=

µ

µ
;  

))(()((])([
z

T
T

zy

T
T

y
gradTTdiv

µ

µ

µ

µ
+

µ

µ

µ

µ
= lll   

ʀʟʦʪʝʨʤʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪ ɹ ʚ 

ʦʜʥʦʤ ʠʟ ʚʠʜʦʚ 0),(*),,(* =-=F tzYytzy  ʠʣʠ 0),(*),,(* =-=F tyZztzy . 

ʊʦʛʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʦʨʪʘ ʥʦʨʤʘʣʠ ὲᴆ  ʢ  0),,(* =F tzy  ʧʦʣʫʯʘʶʪʩʷ 

ʚʳʨʘʞʝʥʠʷ:  

),(1

),(

|*|

*

2*

*

tzY

ktzYj

grad

grad
n

z

z

+

-
=

F

F
= ,    

),(1 2*

*

tyZ

kjZ
n

y

y

+

+-
=

 
(4.1) 

ɼʘʣʝʝ, ʜʣʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʥʦʨʤʘʣʠ  

‬Ὕ

‬ὲ
ὫὶὥὨὝȟὲᴆ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 0),,(* =F tzy  ʠʤʝʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: 

),(1

),(

2*

*

tzY

tzYTT

n
T

z

zzy

+

-
=

µ
µ ,  .  

),(1 2*

*

tyZ

TTZ

n
T

y

zyy

+

+-
=

µ
µ

 
(4.2) 

ʊʝʧʝʨʴ ʧʨʝʦʙʨʘʟʫʝʤ ʋʉ  
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ɮᶻ πȟ‗Ὕ
ᶻ

ὴ’, 

ʛʜʝ ’ ɮᶻȾȿɳɮȿz - ʢʘʞʫʱʘʷʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

0),,(* =F tzy  ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ  ὲᴆ
ᶯ ᶻ

ȿɳ ȿz
.  

ʇʦʣʫʯʘʝʪʩʷ:  

),,(*),,(),(])([])([ **
**

tzYytzpYtzYTTTT tzzy ==-
FF

ll   

),,(*),,(),(])([])([ **

**
tyZztypZtyZTTTT

tyyz
==-

FF
ll

 
(4.3) 

ʛʜʝ 
*

][
F

 ʝʩʪʴ ʩʢʘʯʦʢ ʩʪʦʷʱʝʡ ʧʦʜ ʥʠʤ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ  0),,(* =F tzy .  

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʦʚʝʜʷ ʪʘʢʠʝ ʞʝ ʚʳʢʣʘʜʢʠ, ʧʦʣʫʯʘʶʪʩʷ ʫʩʣʦʚʠʷ ʉʪʝʬʘʥʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 0),(),(),,( =-=-=G tyzztzyytzy : 

),,(,0),,( tzyytzyTT
zy

==-   

).,(,0),,( tyzztzyTT
yz

==-
 

(4.4) 

ʊʦʛʜʘ ʠ ʫʩʣʦʚʠʝ ʉʪʝʬʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʧʦʨʘʞʝʥʠʷ 

0),(),(),,( =-=-=F tyzztzyytzy nn
n : 

,),(),,(),(])([])([
0

tzyytzyptzyTTTT nn
t

n
znzny ==-ll   

).,(),,(),(])([])([
0

tyzztyzptyzTTTT nn
t

n
ynynz ==-ll

 
(4.5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʙʠʦʪʢʘʥʝʡ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʘ ʠ ʩʦʧʨʷʞʝʥʠʷ ʥʘ ʠʩʢʦʤʳʭ 

ʛʨʘʥʠʮʘʭ: 0),,(* =F tzy   ʠ 0),,( =F tzy
n

.  

ɺ ʦʙʣʘʩʪʠ Ὕ Ὕ ɮ ώȟᾀȟὸ π ʧʦʣʫʯʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

ɝὝ
ρ

ὥ

ὨὝ

Ὠὸ
πȟ  

ʚ ʦʙʣʘʩʪʷʭ Ὕ Ὕ Ὕᶻ ɮᶻώȟᾀȟὸ π, ʠ Ὕᶻ Ὕ Ὕ ɮ̃ ώȟᾀȟὸ π , 

ʧʦʣʫʯʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ:  

ɝὝ
ρ

ὥ

ὨὝ

Ὠὸ

ύὝ

‗
ȟ  

ʠ 
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ɝὝ
ρ

ὥ

ὨὝ

Ὠὸ

ύὝ

‗
ȟ  

ɝὝ Ὕ Ὕȟ  

ʛʜʝ 

ὥ
‗

ὧ”
 ȟ ὥ

‗

ὧ ”
  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʩʢʦʤʦʡ ʟʘʜʘʯʝ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ:  

,0),(,0 ¢F=D zyT
n

  

,0),(*,
)(

<F
-
=D zy

TW
T

l

 

 

,0),(,
)(

<G-=D zy
TW

T
l

 

 

,0)],()[()( =-=
µ

µ
zpTTp

z

T
T

c
al

 

 

Ὕ Ὕȟ Ὕ πȟ ɱώȟᾀ πȟ

 

(4.6) 

),(,0)(])([])([ zyyzyTTTT nn
znzny ==-ll

 

 

),(,0)(])([])([ yzzyzTTTT nn
ynynz ==-ll

 

 

),(*,0)(*
*
])([

*
])([ zyyzyTTTT zzy ==-ll

 

 

),(*,0)(*
*
])([

*
])([ yzzyzTTTT yyz ==-ll

 

 

),(,0)( zyyzyTT
zzy ==-

 

 

).(,0)( yzzyzTT yyz ==-

 

 

ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ, ʚʣʠʷʶʱʝʡ ʥʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [93, 94] ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ύ ύὝ, ʥʝ ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯ, ʧʦʩʢʦʣʴʢʫ ʦʪʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʭʦʞʜʝʥʠʠ ʙʝʩʢʦʥʝʯʥʦʡ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ɮ̃ ὴȟὸ π, ʠ 
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ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʩʪʨʘʥʝʥʠʝ ʚʳʨʦʞʜʝʥʠ ̫ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ.  ɺ 

ʟʘʜʘʯʘʭ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʚʤʝʩʪʦ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɮ̃ ὴȟὸ π, ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ ʥʘʯʘʣʴʥʦʝ 

ʫʩʣʦʚʠʝ Ὕὴȟπ Ὕ ὧέὲίὸ,  ʛʜʝ P ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ  ᾀ

π ὶ ὶ .  

ɼʘʣʴʥʝʡʰʝʝ ʫʧʨʦʱʝʥʠʝ ʟʘʜʘʯ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʧʨʝʥʝʙʨʝʛʘʝʤ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ.  ʀʩʢʦʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʠʟʦʪʝʨʤʘ ʢʨʠʦʧʦʨʘʞʝʥʠʷ  ɮ ὴȟὸ Ὕὴȟὸ Ὕ π  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʰʝʥʠʝʤ ʜʚʫʭʬʘʟʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ. 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʜʘʥʥʳʭ ʟʘʜʘʯ.  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʦʩʢʠʡ ʢʨʫʛʦʚʦʡ ʘʧʧʣʠʢʘʪʦʨ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ 

Ὕ Ὕὶȟᾀȟὸ, ʧʦʚʝʨʭʥʦʩʪ ɹʨʘʟʜʝʣʘ ʬʘʟ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

ɮᶻὶȟᾀȟὸ ᾀ ᾀᶻὶȟὸ ὶ Ὑᶻᾀȟὸ πȟὶ πȟὸ π  

ʧʦʣʫʯʘʝʪʩʷ ʜʚʫʭʬʘʟʥʘ ̫ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ: 

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ

ρ

ὥ

‬Ὕ

‬ὸ
πȟɮᶻὶȟᾀȟὸ πȟὸ πȟ

 

 

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ

ρ

ὥ

‬Ὕ

‬ὸ

ρ

‗
ύὝȟɮᶻὶȟᾀȟὸ πȟὸ πȟ  (4.7) 

Ὕὶȟᾀȟπ Ὕȟ ὶ πȟ ᾀ πȟ    

‗Ὕ
‬Ὕ

‬ᾀ
‌ὶὝ Ὕ ὶ πȟᾀ πȟὶ πȟὸ πȢ    

ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʦʟʥʠʢʘʝʪ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʢʨʠʦʟʦʥʜ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʦʭʣʘʞʜʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʂʘʢ ʠ ʚʳʰʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭʤʝʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʦʭʣʘʞʜʘʝʤʦʡ ʠ ʟʘʤʦʨʘʞʠʚʘʝʤʦʡ ʙʠʦʪʢʘʥʠ Ὕ Ὕὶȟ•ȟὸ  ʠ ʝʡʧʦʚʝʨʭʥʦʩʪ 

,0),(),(),,( =F-=-=F trtRrtr nn

n
jjj   

,0),(*),,(* =-=F tRrtr jj

 

(4.8) 

0),(),(),,( =F-=-=F trtRrtr ɺɺ

ɺ
jjj

 

 

ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʟʘʜʘʯʝʡ (ʇʃɿ):  
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(4.9) 
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ɼʣʷ ὸO Њ  ʧʦʣʫʯʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʯʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚʳʰʝ.  

4.3. ɼʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʥʘ ʙʠʦʪʢʘʥʠ 

ɽʩʣʠ ʦʭʣʘʞʜʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʦʫʩʪʨʦʡʩʪʚʘ ʠʤʝʝʪ ʬʦʨʤʫ ʢʨʫʛʘ ʠʣʠ 

ʧʦʣʫʩʬʝʨʳ, ʪʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʝʚʦʡ 

ʩʠʤʤʝʪʨʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʜʚʫʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ű, r ʠ z, ʘ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʝʸ ʘʨʛʫʤʝʥʪʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʨʘʜʠʫʩ r ʠ ʩʬʝʨʠʯʝʩʢʠʡ ʫʛʦʣ Q.  

ʇʨʠʤʝʥʠʤ ʚʳʨʘʞʝʥʠʝ ʢ ʛʨʘʜʠʝʥʪʫ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ:   

ὫὶὥὨὝὝὍᴆ ὶ ὝὍᴆ ὝὍᴆ  

Ὕɳ ὝὍᴆ ὶ ὝὍᴆ ὶίὭὲɡ ὝὍᴆ  

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʥʦʨʤʘʣʠ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

  ɮὶȟᾀȟὸ ɮὶȟɡȟὸ, ʝʝ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ            

’
ȿɳ ȿ

  ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʧʨʦʠʟʚʦʜʥʦʡ      Ὕɳȟὲᴆȡ 

ὲᴆ
ɮɳ

ȿɳɮȿ

ᾀὍᴆ Ὅᴆ

ρ ᾀ

Ὅᴆ ὙὍᴆ

ρ Ὑ
 ȟ  

’
ᾀ

ρ ᾀ

Ὑ

ρ Ὑ
 ȟ  

‬Ὕ

‬ὲ

Ὕᾀ Ὕ

ρ ᾀ

Ὕ ὙὝ

ρ Ὑ
ȟ  

ɮὶȟᾀȟὸ ᾀ ὤὶȟὸ ὶ Ὑᾀȟὸ πȟ (4.10) 

ὲᴆ
Ὅᴆ ὙὍᴆȾὶ

ρ ὙȾὶ

ὶɡὍᴆ Ὅᴆ

ρ ὶɡ
 ȟ  

’
Ὑ

ρ ὙȾὶ

ɡ

ρ ὶɡ
 ȟ  

‬Ὕ

‬ὲ

Ὕ ὙὝȾὶ

ρ ὙȾὶ

ὶɡὝ ὝȾὶ

ρ ὶɡ
ȟ  

ɮὶȟɡȟὸ ὶ Ὑɡȟὸ ɡ ɡὶȟὸ πȢ  

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʳ (4.10) ʋʉ ʧʨʠʤʫʪ ʚʠʜ: 

‗ ὴ’,   ‗
ᶻ

ὴ’ᶻ  

ʠ ʫʩʣʦʚʠʝ   π   ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  ɮ̃ ὶȟᾀȟὸ ɮ̃ ὶȟɡȟὸ πȢ  

  ɽʩʣʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ, 

ʘʧʧʣʠʢʘʪʦʨ ʠʤʝʝʪ ʬʦʨʤʫ ʧʣʦʩʢʦʛʦ ʢʨʫʛʘ, ʪʦ ʠʩʢʦʤʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 
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ʤʦʞʥʦ ʠʩʢʘʪʴ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  Ὕ Ὕὶȟᾀȟὸ, ʠ ʚ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  Ὕ Ὕὶȟɡȟὸ. ʅʦ ʝʩʣʠ ʦʭʣʘʞʜʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʚʠʜʝ ʧʦʣʫʩʬʝʨʳ  ʩ ʨʘʜʠʫʩʦʤ ὶ, ʪʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʷʩʬʝʨʠʯʝʩʢʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʪ.ʢ. ʧʦʚʝʨʭʥʦʩʪʴ ʙʠʦʪʢʘʥʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ὶ ὶȟπ ɡ   ʠ ɡ     ʠ Ò ὶ Ὑ̃ ȟὸ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʦʛʦ 

ʢʨʫʛʦʚʦʛʦ ʢʨʠʦʟʦʥʜʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὕ Ὕὶȟᾀȟὸ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʪʝʨʤ:  

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ
πȟɮ ὶȟᾀȟὸ πȟ   

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ

ύὝ

‗
ȟɮᶻὶȟᾀȟὸ πȟ   

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ

ύὝ

‗
ȟɮ̃ ὶȟᾀȟὸ πȟ   

ЎὝ
ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ
ȟ   

‗Ὕ
‬Ὕ

‬ᾀ
‌Ὕ Ὕ ὶ πȟᾀ πȟπ ὶ Ὑ ̃πȟὸȟὸ πȟ  

‬Ὕ

‬ὶ
πȟὶ πȟπ ᾀ ᾀ̃ὶȟὸȟὝ Ὕȟᾀ ᾀ̃ὶȟὸȟὸ πȟ   

‗Ὕ
‬Ὕ

‬ᾀ
‗Ὕ

‬Ὕ

‬ὶ
ᾀ ὴᾀȟᾀ ᾀ ὶȟὸȟ (4.11) 

‗Ὕ
‬Ὕ

‬ὶ
‗Ὕ

‬Ὕ

‬ᾀ
Ὑ ὴὙȟὶ Ὑ ὶȟὸȟὝ πȟ  

‗Ὕ
‬Ὕ

‬ᾀz
‗Ὕ

‬Ὕ

‬ὶz
ᾀᶻ ὴᾀȟᾀ ᾀᶻὶȟὸȟ  

‗Ὕ
‬Ὕ

‬ὶz
‗Ὕ

‬Ὕ

‬ᾀz
Ὑᶻ ὴὙᶻȟὶ ὙᶻὶȟὸȟὝᶻ πȟ  

‬Ὕ

‬ᾀ

‬Ὕ

‬ὶ
ᾀ̃ πȟᾀ ᾀ̃ὶȟὸȟ

‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ
Ὑ̃ πȟὶ Ὑ̃ᾀȟὸȟὸ π  
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ʠ ʝʱʝ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʇʃɿ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʨʠʦʟʦʥʜ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ
πȟɮ ὶȟɡȟὸ πȟ

 
 

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ

ύὝ

‗
ȟɮᶻὶȟɡȟὸ πȟ

 
 

ЎὝ
ρ

ὥ

‬Ὕ

‬ὸ

ύὝ

‗
ȟɮ̃ ὶȟɡȟὸ πȟ  

ЎὝ
ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

ρ

ὶίὭὲɡ

‬

‬ɡ
ίὭὲɡ

‬Ὕ

‬ɡ
ȟ  

‗Ὕ
‬Ὕ

‬ὶ
‌ Ὕ Ὕ ὶ πȟὶ ὶȟπ ɡ

“

ς
ȟ (4.12) 

‬Ὕ

‬ɡ
πȟɡ πȟὶ ὶ Ὑ̃πȟὸȟ   

‗Ὕ
‬Ὕ

ὶ‬ɡ
‌ Ὕ Ὕ ὶ πȟɡ

“

ς
ȟὶ ὶ Ὑ̃

“

ς
ȟὸȟ   

Ὕ Ὕȟὶ Ὑ̃ɡȟὸȟ   

‗Ὕ
‬Ὕ

‬ὶ
‗Ὕ

‬Ὕ

‬ɡ

Ὑ

ὶ
ὴὙȟὶ Ὑ ɡȟὸȟ  

ρ

ὶ
‗Ὕ

‬Ὕ

‬ɡ
‗Ὕ

‬Ὕ

‬Ò
ɡ ὴɡȟɡ ɡ ÒȟὸȟὝ πȟ  

‗Ὕ
‬Ὕ

‬ὶz
‗Ὕ

‬Ὕ

‬ɡᶻ

Ὑᶻ

ὶ
ὴὙᶻȟὶ Ὑᶻɡȟὸȟ  

‗Ὕ
‬Ὕ
‬ɡᶻ
ὶ

‗Ὕ
‬Ὕ

‬Òᶻ
ɡᶻ ὴɡᶻȟɡ ɡᶻÒȟὸȟὝᶻ πȟ  

 

‬Ὕ

‬ὶ

‬Ὕ

‬ɡ

Ὑ̃

ὶ
πȟὶ Ὑ̃ɡȟὸȟ

‬Ὕ

‬ɡ

ρ

ὶ

‬Ὕ

‬ὶ
ɡ̃ πȟɡ ɡ̃ὶȟὸȢ  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʜʘʯʘʭ (4.9), (4.11) ʠ (4.12) ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʥʝ ʧʨʦʧʠʩʘʥʳ ʷʚʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʚʢʣʶʯʝʥʳ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʴʶ ɋ(t), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʚʳʨʦʞʜʝʥʥʦʡ ʧʨʥ 

0)0(,0 =W= mest  
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,0,0,0,0 >>==
µ
µ tzr

r
T   

ὰὭάὝȟὝ πȟ ὸ πȟ

 

(4.13) 

,0),,(,])([])([ >=-=- ttrZzpzzTTTT tzz
jjj

ggj ll

 

 

,0),,(,])([])([ >=-=- ttzRzpRRTTTT zzzz
jjj

gj ll

 

 

ʛʜʝ 

‌Ὕ ‌ ‌ ‌ –ὶ ὥȟ   

Ὕ ὶ Ὕ Ὕ Ὕ –ὶ ὥȢ  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʭʣʘʞʜʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʦʟʦʥʜʘ ʠʤʝʝʪ ʬʦʨʤʫ 

ʧʦʣʫʩʬʝʨʳ, ʟʘʜʘʯʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʚʫʭʬʘʟʥʫʶ ʟʘʜʘʯʫ ʉʪʝʬʘʥʘ ʩ ʫʯʝʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʣʦʚʠʡ ʜʣʷ ʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ɮὶȟɡȟὸ ὶ Ὑᶻɡȟὸ ɡ ɡᶻὶȟὸ πȟὶ ὶȟπ ɡ
 
:  

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

ρ

ὶίὭὲɡ

‬

‬ɡ
ίὭὲɡ

‬Ὕ

‬ɡ

ρ

ὥ

‬Ὕ

‬ὸ
πȟ   

ɮᶻὶȟɡȟὸ πȟὸ πȟ  

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

ρ

ὶίὭὲɡ

‬

‬ɡ
ίὭὲɡ

‬Ὕ

‬ɡ

ρ

ὥ

‬Ὕ

‬ὸ

ύὝ

‗
ȟ    

ɮᶻὶȟɡȟὸ πȟὸ πȟ  

Ὕὶȟɡȟπ Ὕȟὶ ὶȟπ ɡ
“

ς
ȟ (4.14) 

‗Ὕ
‬Ὕ

‬ὶ
‌ Ὕ Ὕ πȟὶ ὶȟπ ɡ

“

ς
ȟὸ πȟ  

‗Ὕ
‬Ὕ

‬ὶ
‌ Ὕ Ὕ πȟὶ ὶȟɡ

“

ς
ȟὸ πȟ  

‬Ὕ

‬ɡ
πȟɡ

“

ς
ȟὶ ὶȟὸ πȟ  

‗Ὕ
‬Ὕ

‬ὶz
‗Ὕ

‬Ὕ

‬ɡᶻ

‬Ὑᶻ

‬ɡ
ὴὙȟὶ Ὑᶻɡȟὸȟὸ πȟ  

‗Ὕ
‬Ὕ
‬ɡᶻ
ὶ

‗Ὕ
‬Ὕ

‬Òᶻ
ɡᶻ ὴɡᶻȟɡ ɡᶻπȟὸȟὝᶻ πȢ 
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ɼʘʣʴʥʝʡʰʝʝ ʧʨʠʚʝʜʝʥʠʝ ʟʘʜʘʯ (4.13) ʠ (4.14) ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ, 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ᾀ π ὶ ὶȟπ ɡ )  ʢ 

ʢʚʜʨʘʪʫ π ὶȟᾀ Ὠ ʠ ʩʝʢʪʦʨ ὶ ὶ ὥȟπ ɡ ).  

ʉ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ,  ʫʩʣʦʚʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ d ʠ a ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʫʩʣʦʚʠʷʤʠ: 

ὝὨȟᾀȟὸ ὝȟὝὶȟὨȟὸ ὝȟὝὥȟɡȟὸ Ὕ (4.15) 

ʠʣʠ ʫʩʣʦʚʠʷʤʠ: 

‬Ὕ

‬ὶ
πȟὶ Ὠȟ

‬Ὕ

‬ᾀ
πȟᾀ Ὠȟ

‬Ὕ

‬ὶ
πȟὶ ὥȢ (4.16) 

ʇʦʩʣʝʜʥʷʷ ʠʟ ʚʝʣʠʯʠʥ (4.16) ʨʘʚʥʘ ʥʫʣʶ ʚ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ï 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʟʘʜʘʯ (ʇʃɿ), ʝʩʣʠ d ʠ a ʧʨʝʚʳʰʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʦʥʳ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, ʚʥʝ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʘ:  

Ὕ Ὕ σφȟχὅ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʢʨʠʦʛʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  Ὕὴ ʠ ɮᶻὴ ʧʦʣʫʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ (4.13) ʠ 

(4.14) ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ:  

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ

ρ

‗
ύὝ–Ὕ Ὕᶻȟπ ὶȟᾀ Ὠȟ  

‗Ὕ
‬Ὕ

‬ᾀ
‌ὶὝ Ὕ ὶ πȟᾀ πȟπ ὶ Ὠȟ  

‬Ὕ

‬ὶ
πȟὶ πȟπ ᾀ Ὠȟ  

Ὕ Ὕȟᾀ Ὠȟπ ὶ ὨȟὝ Ὕȟὶ Ὠȟπ ᾀ Ὠȟ (4.17) 

‗Ὕ
‬Ὕ

‬ᾀz
‗Ὕ

‬Ὕ

‬ὶz
ᾀᶻ πȟᾀ ὤᶻὶȟὸȟπ ὶ Ὠȟ  
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‗Ὕ
‬Ὕ

‬ᾀz
‗Ὕ

‬Ὕ

‬ὶz
Ὑᶻ πȟὶ Ὑᶻᾀȟὸȟπ ᾀ ὨȟὝᶻ πȟ  

ʚ ʩʣʫʯʘʝ ʢʨʫʛʦʚʦʛʦ ʘʧʧʣʠʢʘʪʦʨʘ ʠ  

ρ

ὶ

‬

‬ὶ
ὶ
‬Ὕ

‬ὶ

ρ

ὶίὭὲɡ

‬

‬ɡ
ίὭὲɡ

‬Ὕ

‬ɡ

ύὝ

‗
–Ὕ Ὕᶻȟ   

ὶ ὶ ὥȟπ ɡ
“

ς
ȟ  

‗Ὕ
‬Ὕ

‬ὶ
‌ Ὕ Ὕ πȟὶ ὶȟπ ɡ

“

ς
ȟ   

‗Ὕ
‬Ὕ

ὶ‬ɡ
‌ Ὕ Ὕ πȟὶ ὶ ὥȟɡ

“

ς
ȟ (4.18) 

‬Ὕ

‬ɡ
πȟɡ πȟὶ ὶ ὥȟὝ Ὕȟὶ ὥȟπ ɡ

“

ς
ȟ   

‗Ὕ
‬Ὕ

‬ὶz

ρ

ὶ
‗Ὕ

‬Ὕ

‬ɡᶻ
Ὑᶻ πȟὶ Ὑᶻὶȟὸȟπ ɡ

“

ς
ȟ  

‗Ὕ
‬Ὕ

‬ɡᶻ
ὶ ‗Ὕ

‬Ὕ

‬Òᶻ
Ὑɡᶻ πȟɡ ɡᶻὶȟὶ ὶ ὥȟὝᶻ

πȟ 

 

ʚ ʩʣʫʯʘʝ ʘʧʧʣʠʢʘʪʦʨʘ ʩ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʥʘʢʦʥʝʯʥʠʢʘ  

ɽʩʣʠ Ὠ ὥ Њ, ʪʦ ʧʨʠʭʦʜʠʤ ʢ ʧʦʩʪʘʥʦʚʢʘʤ ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʜʣʷ 

ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʳʭ ʩʨʝʜ ᾀ π  ʠ  ὶ ὶȟ ɡ  . 

 

4.4.  ʂʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʟʘʜʘʯ ʦʩʝʩʠʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʘʣʴʰʝ ʫʧʨʦʩʪʠʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʟʘʜʘʯʫ, ʚʚʦʜʠʪʩʷ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ό
ᶻ

Ȣz   

ʆʩʫʱʝʩʪʚʠʚ ʧʝʨʝʭʦʜ ʢ ʥʦʚʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʠ ʟʘʚʠʩʠʤʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤ, ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʷʤ:  ᾀ Ὅȟ   ὸ Ὅȟ   ώ

ȟ   ὦ ȟ   ώ ȟ   ʛʜʝ I - ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ (ʜʠʘʤʝʪʨ 

ʘʧʧʣʠʢʘʪʦʨʘ), ʠʩʢʦʤʘʷ ʟʘʜʘʯʘ  ʩʚʦʜʠʪʩʷ ʢ ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʢʘʥʦʥʠʯʝʩʢʦʤʫ 

ʚʠʜʫ:  
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‎ό
‗Ὕό

‗
ρ ‎ ρ–όȟ

 

 

Ὁό
ὩὝό

ὧ”Ὕ Ὕz
ό ὴ Ὧ ρό–όȟὖ

ὴ

ὧ”Ὕ Ὕz
 ȟ  

Ὧ
ὧ ”

ὧ”Ὕ Ὕz
ȟὊό ὍύὝό ‗Ὕ Ὕᶻ ὡ ρ ό–όȟ  

ὡ
ύὍ

‗
ȟ (4.19) 

Ὤώ
Ὅ‌Ὅ

‗
Ὤ Ὤ Ὤ –ώ ώ ȟὬ

‌Ὅ

‗
ȟὬ

‌Ὅ

‗
ȟ  

‗ό ‗‗ ‗–όȟό ώȟ† ό † ρ ό –ώ ώ ȟ  

ό †
Ὕ Ὅ

†
ὥ

Ὕᶻ

Ὕ Ὕz
ȟ†

ὥὸ

Ὅ
ȟ‎

‗

‗
Ȣ  

ʊʦʛʜʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʚʠʜʫ:  

ρ

ώ

‬

‬ώ
ώ‎ό

‬ό

‬ώ

‬

‬ὼ
‎ό

‬ό

‬ὼ

‬Ὁό

‬†
Ὂόȟπ ὼȟώ ὦȟ† πȟ  

όὼȟώȟπ ρȟπ ὼȟώ ὦȟ   

‎ό
‬ό

‬ὼ
Ὤώ ό ό ώȟ† πȟὼ πȟπ ώ ὦȟ† πȟ  

‬ό

‬ὼ
πȟώ πȟπ ὼ ὦȟ† πȟ    

όὦȟώȟ† όὼȟὦȟ† ρȟπ ὼȟώ ὦȟ† πȟ  

ρ

ώ

‬

‬ώ
ώ‎ό

‬ό

‬ώ

ρ

ώίὭὲɡ

‬

‬ɡ
ίὭὲɡ‎ό

‬ό

‬ɡ

‬Ὁό

‬†
Ὂόȟ  

όώȟɡȟπ ρȟ ώ ώ ώȟπ ɡ
“

ς
ȟ† πȟ (4.20) 

‎ό
‬ό

‬ώ
Ὤ ό ό † πȟώ ώȟπ ɡ

“

ς
ȟ† πȟ  

‎ό
‬ό

‬ɡ
Ὤό ρ πȟɡ

“

ς
ȟώ ώ ώȟ† πȟ  
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‬ό

‬ɡ
πȟɡ πȟώ ώ ώȟ† πȟ  

ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʚʦʜʘ-ʣʝʜè 

ɮᶻὼȟώȟ† ὼ ὢᶻώȟ† ώ ώᶻὼȟ† π (4.21) 

ʠ  

ɮᶻώȟɡȟ† ώ ὣᶻɡȟ† ɡ ɡᶻώȟ† π (4.22) 

ʦʪʨʘʞʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ  

Ὁό ό ὴ Ὧ ρό–όȢ ɼʣʷ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʩʣʫʞʘʪ ʪʘʢʞʝ 

ʠ  ʋʉ  

‗Ὕ
‬Ὕ

‬ᾀ
‗Ὕ

‬Ὕ

‬‎
ᾀ ὴᾀȟᾀ ᾀ ώȟὸȟὸ πȟ  

‗Ὕ
‬Ὕ

‬ᾀ
‗Ὕ

‬Ὕ

‬ᾀ
Ὑ ὴᾀȟᾀ Ὑ ᾀȟὸȟὸ πȟ  

ʘ ʪʘʢʞʝ   ʠʟ (4.14) ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʫʩʣʦʚʠʷ. 

 ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ:  

‎ό
‬ό

‬ὼz
‎ό

‬ό

‬ώz
ὢᶻ ὴὢᶻȟὼ ὢᶻώȟ†ȟ† πȟ  

όᶻ πȟ (4.23) 

‎ό
‬ό

‬ώz
‎ό

‬ό

‬ὼz
ώᶻ ὴὣᶻȟώ ὣᶻὼȟ†ȟπ ὼ ὦȟ† πȟ  

‎ό
‬ό

‬ώz

ρ

ώ
‎ό

‬ό

‬ɡ
ᶻ

ὣᶻ ὴὣᶻȟώ ὣᶻɡȟ†ȟ  

π ɡ
“

ς
ȟ† πȟόᶻ π (4.24) 

ρ

ώ
‎ό

‬ό

‬ɡ
ᶻ

‎ό
‬ό

‬ώz
ɡᶻ ὴɡᶻȟɡ ɡᶻÙȟ†ȟ  

ώ Ù ώȟ† πȟ  

ʚʳʪʝʢʘʶʱʠʝ, ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (4.20). 
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ʀʩʢʦʤʳʝ ʢʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʟʘʜʘʯ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʂʠʨʭʛʦʬʘ: 

‪ ‎όὨό ρ ‎ ρ–ό ό  

ό ό‪ ρ ‎ ρ–‪ ‪ȟ  
 

ό † ρ ‎ ρ–‪ † ‪ †Ȣ   

     ɺ ʩʣʫʯʘʝ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʢʨʫʛʦʚʳʤ ʘʧʧʣʠʢʘʪʦʨʦʤ 

ʧʦʣʫʯʘʝʤ: 

ρ

ώ

‬

‬ώ
ώ
‬‪

‬ώ

‬‪

‬ὼ

‬Ὁ‪

‬†
Ὢ‪ȟπ ὼȟώ ὦȟ† πȟ  

‪ὼȟώȟπ ‎ȟπ ὼȟώ ὦȟ  
 

‬‪

‬ώ
Ὤώ ό‪ ό ώȟ† πȟὼ πȟπ ώ ὦȟ (4.25) 

‬‪

‬ώ
πȟώ πȟπ ὼ ὦȟ† πȟ   

‪ὦȟώȟ† ‪ὼȟὦȟ† ‎ȟ   π ὼȟώ ὦȟ† πȟ  
 

ʛʜʝ 

‬Ὁ‪ ρ Ὧ ρ–‪ ‎ ὖ‪ȟ‏ 
 

Ὢ‪ Ὂό‪ ὡ ρ ό‪ –‪ ὡ ρ ‎ ‪–‪ȟ 
 

ʋʩʣʦʚʠʷ (4.23)  ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  

‬‪

‬ὼz

‬‪

‬ώz
ὢᶻ ὖὢᶻȟὼ ὢᶻώȟ†ȟπ ώ ὦȟ† πȟ  

‬‪

‬ώz

‬‪

‬ὼz
ὣᶻ ὖὣᶻȟώ ὣᶻὼȟ†ȟπ ὼ ὦȟ‪ᶻ πȟ† πȢ (4.26) 

ʊʘʢ ʢʘʢ  ‪ώȟὢᶻώȟ†ȟ† ‪ώᶻὼȟ†ȟὼȟ† π, ʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ  ɮᶻώȟὼȟ† ὼ ὢᶻώȟ† ώ ὣᶻὼȟ† π ʧʦʣʫʯʘʝʤ, ʯʪʦ 
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Ὠ‪
‬‪

‬ὼ
ὢᶻ

‬‪

‬ώ
Ὠώ

‬‪

‬ὼ

‬‪

‬ώ
ὣᶻ Ὠὼ π  

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

‬‪

‬ὼ

‬‪

‬ώ
ώᶻ ȟ
‬‪

‬ώ

‬‪

‬ὼ
ὢᶻȢ  

ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʋʉ (4.26) 

ρ ὢᶻ
‬‪

‬ώz
ὴὢᶻȟὼ ὢᶻώȟ†ȟπ ώ ὦȟ† πȟ  

ρ ὣᶻ
‬‪

‬ὼz
ὴὢᶻȟώ ὣᶻὼȟ†ȟπ ὼ ὦȟ‪ᶻ πȟ† πȢ (4.27) 

ɿʘʜʘʯʘ ʉʪʝʬʘʥʘ (4.20), (4.23), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʣʫʯʘʶ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʢʨʠʦʟʦʥʜʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʂʠʨʭʛʦʬʘ ʫʧʨʦʱʘʝʪʩʷ ʢ ʚʠʜʫ:  
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 ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʪʘʢʞʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

(4.25), (4.27) ʠ (4.28), (4.29) ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʉʪʝʬʘʥʘ:  
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ρ

ώ

‬

‬ώ
ώ
‬‪

‬ώ

‬‪

‬ὼ
Ὢ‪ȟπ ὼȟώ ὦȟ  

‬‪

‬ὼ
Ὤώ ρ ‎ ρ–‪ ‪ ό ώ πȟὼ πȟπ ώ ὦȟ  

‬‪πȟὼ

‬ώ
πȟ π ὼ ὦȟ (4.30) 

‪ὦȟὼ ‎ȟπ ὼ ὦȟ‪ώȟὦ ‎ȟπ ώ ὦȟ  
 

‪ᶻ πȟ
‬‪

‬ὼz
πȟὼ ὢᶻώȟ    

‬‪

‬ώz
πȟὼ ὣᶻὼȟ    

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ  

ρ

ώ

‬

‬ώ
ώ
‬‪

‬ώ

ρ

ώίὭὲɡ

‬

‬ɡ
ίὭὲɡ

‬‪

‬ɡ
Ὢ‪ȟ   

ώ ώ ώȟπ ɡ
“

ς
ȟ  

‬‪

‬ώ
Ὤ ρ ‎ ρ–‪ ‪ ό πȟώ ώȟπ ɡ

“

ς
ȟ (4.31) 

‬‪

‬ɡ
Ὤ ρ ‎ ρ–‪ ‪ ρ πȟώ ώ ώȟɡ

“

ς
ȟ  

‬‪ώȟπ

‬ɡ
πȟώ ώ ώȟ   

‪ώȟɡ πȟπ ɡ
“

ς
ȟ   

‪ᶻ πȟ
‬‪

‬ὼz
πȟώ ὣᶻɡȟ

‬‪

‬ώz
πȟɡ ɡώȟ  

ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʂʦʛʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [2, 72, 147] 

ʟʘʚʠʩʠʤʦʩʪʠ 

ύ Ὕ ά ὧ Ὕ Ὕ –Ὕ Ὕᶻ –Ὕ Ὕ  (4.32) 
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ʢʦʛʜʘ 

Ὂό ὡ ρ ό –ό –‪ ‎ ȟ  

Ὢ‪ ὡ ρ ρ ‎ ρ–‪ ‪ –‪ –‪ ‎ ȟ (4.33) 

ʪʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ὦ ώ Њ ʠ 

ʟʘʤʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʫʩʣʦʚʠʷʤʠ ʨʝʛʫʣʷʨʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

Ὕ Ὕὶȟᾀ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʢʨʠʦʟʦʥʜʦʤ ʩ ʘʧʧʣʠʢʘʪʦʨʦʤ ʬʦʨʤʳ ʧʣʦʩʢʦʛʦ 

ʢʨʫʛʘ, ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

ρ

ώ

‬

‬ώ
ώ
‬‪

‬ώ

‬‪

‬ὼ
Ὢ‪ȟπ ώȟὼ Њȟ  

‬‪

‬ὼ
Ὤώ ρ ‎ ρ–‪ ‪ ό ώ πȟὼ πȟπ ώ Њȟ (4.34) 

‬‪ὼȟπ

‬ώ
πȟ π ὼ Њȟ  

‪ὢᶻώȟώ ‪ὼȟὣᶻὼ πȟ    

ʛʜʝ 

Ὢ‪ ὡ ρ ‎ ‪ –‪ –‪ ‎ ȟ

 

 

Ὤὼ Ὤ Ὤ Ὤ –ὼ ὼ ȟ  

ό ώ ό ρ ό –ὼ ὼ ȟ  

ό ρ ‎ ρ –‪ ‪ȟ  

Ὕ Ὕᶻ Ὕ Ὕᶻόȟ  

ᾀ Ὅὼȟὶ ὍώȢ  

     ʇʨʠʤʝʥʷʷ ʬʫʥʢʮʠ ʁɻʨʠʥʘ: 

Ὃώȟὼȟ–ȟ‚ Ὣώȟὼȟ–ȟ‚ Ὣώȟὼȟ–ȟ‚ȟ (4.35) 

ʛʜʝ Ὣώȟὼȟ–ȟ‚  - ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʦ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ:  
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Ὣώȟὼȟ–ȟ‚
ρ

“

ὑὯώȟὼȟ–ȟ‚

ώ – ὼ ‚
ȟ   

ὑ ώȟὼȟ–ȟ‚
τ–ώ

ώ – ὼ ‚
ȟ (4.36) 

K(k)- ʧʦʣʥʳʡ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ ʃʝʞʘʥʜʨʘ  

ὑὯ
Ὠɡ

Ѝρ ὯίὭὲɡ
ȟ (4.37) 

ʟʘʜʘʯʘ (4.30) ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʥʝʣʠʥʝʡʥʦʤʫ 

ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

‪–ȟ‚ Ὃώȟὼȟ–ȟ‚Ὢ‪ώȟὼ ώὨώ  

‪–ȟ‚ Ὃώȟπȟ–ȟ‚Ὤώ ό‪ώȟπ ό ώ ώὨώȟ  (4.38) 

π –ȟ‚ ЊȢ  

ɺ (4.38)  ό ώ ʦʟʥʘʯʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʂ (4.38) 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʝʱʝ ʫʩʣʦʚʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

‪ὢᶻώȟὣ π 

ʠʣʠ 

‪ὼȟὣᶻὼ π. 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4.38) ʫʯʝʪʦʤ ʩ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ  ʟʘʚʠʩʠʤʦʩʪʝʡ  Ὢ Ὢ‪ȟ  

ό ό‪  ʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ‪ π , ʝʩʣʠ ώ ὣᶻὼ  ʠʣʠ            ὼ ὢᶻώ , 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʠʜʝ ʚ :  

‪–ȟ‚ ὡ Ὃώȟὼȟ–ȟ‚ρ ‎ ‪ώȟὼ ώὨώὨὼ  

Ὃώȟ–ȟ‚Ὤώ ‪ώȟπ ό ώ

ᶻ

ώὨώȟ   



 230 
 

Ὃώȟ–ȟ‚Ὤώ ‎ ‪ώȟπ ό ώ
ᶻ

ώὨώȟ (4.39) 

Ὃώȟ–ȟ‚ ὋώȟπȠ–ȟ‚ȟπ –ȟ‚ Њȟ  

ʩʦʜʝʨʞʘʱʝʡ ʚ ʷʚʥʦʤ ʚʠʜʝ ʠʩʢʦʤʫʶ ʬʫʥʢʮʠʶ  ώ ὣᶻὼ . 

ɼʣʷ ʬʫʥʢʮʠʠ  …ώȟὼ ‎ ‪ώȟὼ ʧʦʣʫʯʘʝʤ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

…–ȟ‚ ‎ ‎ ὡ Ὃώȟὼȟ–ȟ‚…ώȟὼώὨώὨὼ
ᶻ

  

Ὤ ὋώȠ–ȟ‚‎ ό …ώ ώὨώ
ᶻ

 (4.40) 

Ὤ ὋώȠ–ȟ‚‎ ό …ώ ώὨώ

ᶻ

Ὤ

‎
ὋώȠ–ȟ‚…ώώὨώ

ᶻ

ȟ  

ʛʜʝ …ώȟὼ …ώȟπ . 

ɸ ʫʩʣʦʚʠʝ  …ώᶻ‚ȟ‚ ‎ ʟʘʤʳʢʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʡ  …–ȟ‚ ʠ ώᶻ‚. 

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʜʣʷ 

ʬʫʥʢʮʠʠ  ‪ὼȟώȟὸ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ:  

‬‪

‬ὼ

‬‪

‬ώ

‬Ὡ‪

‬†
Ὢ‪ȟπ ὼȟώ Њȟὶ πȟ  

‪ὼȟώȟπ ‎ὼȟώȟπ ὼȟώ Њȟ  

‬‪

‬ώ
Ὤὼ ό‪ ό ὼȟ† πȟώ π ὼ Њȟ† πȟ  

‬‪

‬ὼ
πȟὼ π ώ Њȟ† πȟ (4.41) 

ÌÉÍ‪ ‎ȟ
‬‪

‬ὼ
ȟ
‬‪

‬ώ
πȟ† πȟ  

‪ὼȟώὼȟ†ȟ† πȢ  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʝ ʠʟʦʪʝʨʤ  ώ ὣὼȟ‪ȟ†, ʦʧʨʝʜʝʣʷʶʱʝʝ ʷʚʥʫʶ ʬʦʨʤʫ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ c     ɮὼȟώȟ‪ȟ† ώ ὣὼȟ‪ȟ†. 
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ʀʩʧʦʣʴʟʫ ̫ʬʦʨʤʫʣ rʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʬʫʥʢʮʠʡ 

‪ ȟ‪ ,  

‪

‬
‬‪

ρ
ώ

‬ώ
‬‪

ȟ    

‪

ώ
‬
‬‪
ώ
ώ

‬ώ
‬‪

ȟ  

ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʜʣʷ  ώὼȟ‪ȟ† 

‬

‬‪

ρ ώ

ώ
 ώ Ὢ‪ώ ‬Ὡ‪

‬ώ

‬†
πȟπ ὼ Њȟ

 

 

‪ὼȟ† ‪ ‎ȟ† πȟ  

ώὼȟ‪ȟπ ώ ὼȟώȟπ ὼ Њȟ‪ὼȟπ ‪ ‎ȟ† πȟ   

Ὤὼ ό‪ ό ὼȟ†
‬ώ

‬‪
ρȟώ πȟ‪ ‪ὼȟ†ȟ  (4.42) 

π ὼ  Њȟ† πȟ  

‬ώ

‬ὼ
πȟὼ πȟ‪πȟὸ ‪ ‎ȟ† πȟ   

ÌÉÍ
ρ

‬ώ
‬‪

πȟπ ὼ Њȟ† πȢ  
 

ɿʜʝʩʴ  ώ ὼȟ‪  ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ   ‎ὼȟώ , ‪ὼȟ† ï ʩʚʦʙʦʜʥʘʷ 

ʛʨʘʥʠʮʘ, ʧʦʜʣʝʞʘʱʘʷ ʪʦʞʝ ʦʧʨʝʜʝʣʝʥʠʶ.  

ʂʦʛʜʘ ʚ ʧʨʷʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʪʠʧʘ ʉʪʝʬʘʥʘ (4.40) ʩʦʜʝʨʞʠʪ 

ʥʝʠʟʚʝʩʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ɮᶻὼȟώȟ† ώ ὣᶻὼȟ† ὼ ὢᶻώȟ† πȟ  

ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ʝʝ ʠʟʦʪʝʨʤʠʯʥʦʩʪʠ: 

ɮᶻὼȟώȟ† ‪ὼȟὣᶻὼȟ† ‪ὢᶻώȟώȟ† πȟ† πȟ  
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ʪʦ ʪʦʛʜʘ ʚ ʟʘʜʘʯʝ (4.42) ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠʮʳ ‪ ‪ὼȟ†. ʏʪʦʙʳ ʠʭ ʥʘʡʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʥʘ 

ʛʨʘʥʠʮʝ:  

Ὤὼ ό‪ ό ὼȟ†
‬ώ

‬‪
ρȟ ώὼȟ‪ὼȟ†ȟ† πȢ (4.43) 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʪʧʘʜʘʝʪ, ʢʦʛʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʠʜʝʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʨʠʦʟʦʥʜʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʪ.ʝ. ʧʨʠ  Ὤὼ Њ.  

ʌʫʥʢʮʠʷ ‪ὼȟ†,  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ:  

ρ ‎ ρ–‪ ‪ ό ὼȟ†ȟ (4.44) 

ʘ ʥʘ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝ, ʥʦ ʫʞʝ ʠʟʚʝʩʪʥʦʡ ʥʘʡʜʝʥʥʦʡ ʛʨʘʥʠʮʝ 

‪ ‪ὼȟ†ȟπ ὼ Њȟ† πȟ  

ʩʪʘʚʠʪʩʷ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ ώ π ʧʨʠ  

‪ ‪ὼȟὸȟπ ὼ Њȟ† π  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ώ ὣὼȟ‪ȟ† ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʝʣʠʥʝʡʥʳʤ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʨʘʪʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʦʙʣʝʤʳ ʉʪʝʬʘʥʘ (4.42) 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ, ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʧʦʩʪʘʥʦʚʢʘʤ ʟʘʜʘʯ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʪʴʶ ʚʦʧʨʦʩʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʘ ʜʠʥʘʤʠʢʘ ʝʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ.  ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʚʝʨʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

‬‪

‬ώ
πȢ 
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ʀ ʪʦʛʜʘ ʧʝʨʝʭʦʜ ʢ ʟʘʜʘʯʝ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ɸ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ (4.42). 

   ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (4.42) ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʫʥʢʮʠʡ ώ ὣὼȟ‪  ʠ   ‪ ‪ὼ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

‬

‬‪

ρ ώ

ώ
ώ Ὢ‪

‬ώ

‬‪
πȟπ ὼ Њȟ‪ὼ • ‎ȟ  

Ὤὼ ό‪ ό ὼ
‬ώ

‬‪
ρȟώ πȟ‪ ‪ὼȟπ ὼ Њȟ  (4.45) 

‬ώ

‬ὼ
πȟὼ πȟ‪π ‪ ‎ȟÌÉÍώ Њȟπ ὼ ЊȢ  

ɽʩʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ὢ Ὢ‪  ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʪʝʧʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, ʪʦ ʚ ʧʨʷʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ:  

‬‪

‬ὼ

‬‪

‬ώ
Ὢ‪ȟπ ὼ ὢ̃πȟπ ώ ὣ̃πȟ  

‬‪

‬ώ
Ὤὼ ό‪ ό ὼ ȟώ πȟπ ὼ ὢ̃πȟ  

‬‪

‬ὼ
πȟὼ πȟπ ὼ ὣ̃πȟ  

‪ὼȟὣ̃ὼ πȟ‪ὢ̃ώȟώ πȟπ ὼ ὢ̃πȟπ ὼ ὣ̃πȟ (4.46) 

‬‪

‬ὼ
πȟὼ ὢ̃ώȟ  

‬‪

‬ώ
πȟώ ὣ̃ὼȟ  

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʘʜʘʯʫ ʩ ʥʝʠʟʚʝʩʥʳʤʠ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʉʪʝʬʘʥʘ 

ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ:  

‬

‬‪

ρ ώ

ώ
ώ Ὢ‪

‬ώ

‬‪
πȟπ ὼ ὢ̃ώȟ‪ὼ • ‎ȟ  

Ὤὼ ό‪ ό ὼ
‬ώ

‬‪
ρȟώ πȟπ ὼ Њȟ‪ ‪ὼ (4.47) 
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‬ώ

‬ὼ
πȟὼ πȟ‪π ‪ ‎ȟÌÉÍώ πȟπ ὼ ὢ̃‎ȟ  

‬ώ

‬ὼ
ὢ̃‪ȟ‪ πȟ ‪ὼ ‪ ‎ȟ  

ʚ ʢʦʪʦʨʦʡ, ʢʨʦʤʝ  ώὼȟ‪ȟ‪ὼ ʧʦʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʶ ʠ ʬʫʥʢʮʠʷ ὢ̃‪ . 

 

4.5. ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʟʘʜʘʯ ʉʪʝʬʘʥʘ ʚ ʢʨʠʦʭʠʨʫʨʛʠʠ 

ʀʟʚʝʩʪʥʦʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʪʠʧʘ ʉʪʝʬʘʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʦʞʥʳʤ ʟʘʜʘʯʘʤ, ʪʨʝʙʫʝʪ 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  ʂ 

ʢʣʶʯʝʚʳʤ ʦʩʦʙʳʤ ʘʩʧʝʢʪʘʤ ʠ ʤʝʪʦʜʘʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ ʜʚʫʤʝʨʥʳʤ ʟʘʜʘʯʘʤ 

ʪʠʧʘ ʉʪʝʬʘʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠ ̫ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ, ʫʩʣʦʚʠʝ 

ʉʪʝʬʘʥʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʩʚʷʟʳʚʘʶʱʝʝ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ; ʤʝʪʦʜʳ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: ʤʝʪʦʜ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʚʚʦʜʠʪʩʷ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠʣʠ 

ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ) ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ 

(ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʛʜʝ 

ʢʘʞʜʳʡ ʯʣʝʥ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʥʝʢʦʪʦʨʦʡ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ);  ʤʝʪʦʜ 

ʩʦʧʨʷʞʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʦʧʨʷʞʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ ʪʝʧʣʘ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ), ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʥʘ ʩʝʪʢʝ); 

ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ.  ʇʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ: ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʪʦʯʥʳʤ ʨʝʰʝʥʠʷʤ, ʤʝʪʦʜʳ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ.  
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ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʠʩʢʦʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʨʷʜʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠ 

ʨʘʩʭʦʜʷʱʠʤʩʷ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠʤʝʥʠʪʴ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ 

ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʜʚʫʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ [90, 141, 159]: 

ῳό Ὧόό Ὢόȟ ώ ώ ώ ὼȟὸȟ π ὼ ρȟ ὸ πȟ 

όώȟὼȟπ πȟ π ὼ ρȟ ώ ὼȟπ ώ ȟ 

Ὄὖ ὺό ὺȿ ȟ ώ ώ ώ πȟὸȟ ὸ πȟ  (4.48) 

ό πȟ 
‬ό

‬ὲ
πȟ ὼ ρȟ ώ ώ ώ ὼȟὸȟ π ὼ ρȟ ὸ πȟ 
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ʛʜʝ  ɝό ώ ώ   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ώȟ•ȟɡ ὥὶὧὧέίὼ.    

ʂʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʚ ʫʩʣʦʚʠʠ ό πȟ ώ ώz ȟ ᶻ ὴ
ᶻ

ȿ ȿz
ȟ  

ʦʟʥʘʯʘʶʪ ʩʢʘʯʦʢ ʩʪʦʷʱʝʡ ʧʦʜ ʥʠʤ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ  ώ ώz . 

ɼʘʥʥʳʝ ʫʩʣʦʚʠʷ ʦʟʥʘʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʠ u ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʥʦʨʤʘʣʠ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ p ʚ ʫʩʣʦʚʠʠ ᶻ ὴ
ᶻ

ȿ ȿz
  ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʜʝʡʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʠ ʪʝʧʣʦʚʳʝ 

ʧʨʦʮʝʩʩʳ. ʇʨʠ ʵʪʦʤ ʚ ʫʨʘʚʥʝʥʠʷʭ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʫʯʠʪʳʚʘʶʪ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʠʣʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʢʠʥʝʪʠʢʫ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, p ʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʨʘʞʘʝʪ ʜʘʚʣʝʥʠʝ ʠʣʠ 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʧʘʨʘʤʝʪʨ, ʫʧʨʘʚʣʷʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʘʟ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ. 
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ɺ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ (4.48) ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʬʫʥʢʮʠʠ: 

ό όώȟὼȟὸȟώ ώ ώ ὼȟὸȟπ ὼ ρȟὸ πȟ   

ό όᶻὼȟὸȟώ ώ ὼȟὸȟπ ὼ ρȟὸ πȟ   

ʛʜʝ  όώȟὼȟὸȟ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʥʘʡʪʠ ʚ ʟʘʜʘʯʝ.  ɺ ʦʙʣʘʩʪʠ  

ώ ώ ὼȟὸȟπ ὼ ρȟὸ π  ʚʦʟʥʠʢʘʝʪ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ό όᶻὼȟὸ, 

ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʦʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʯʠʩʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ Ὧȟ‎ȟ‍ȟόᶻ, ʪʘʢ ʠ ʬʫʥʢʮʠʠ  Ὄὴȟ’ ώȟὼȟὸȟ     Ὧό Ὧ ρ

Ὧ–ό όᶻ ,  –ό - ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, Ὢό ό–ό όz , 

*)(])1(1[)( uuuuuuv ---++= hg  ʠʟʚʝʩʪʥʳ.  

ɺ (4.48) ‎ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʣʠʯʠʥʫ ʩʢʘʯʢʘ, ʦʧʨʝʜʝʣʷʝʪ, 

ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʩʚʦʡʩʪʚʦ v(u) ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ όᶻ. ʇʨʠ ‎ ρ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʢ ʜʨʫʛʦʤʫ ʩʦʩʪʦʷʥʠʶ 

(v(u)=1), ʧʨʠ ‎ π ʩʢʘʯʢʘ ʥʝʪ (v(u)=v), ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ‎ ʤʦʜʝʣʠʨʫʶʪ ʯʘʩʪʠʯʥʳʡ ʧʝʨʝʭʦʜ. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ 

ʦʧʠʩʳʚʘʪʴ ʨʝʟʢʠʝ ʠʣʠ ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʬʘʟʘʤʠ - ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʠ ʠʣʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʘʨʘʤʝʪʨ ‎ ʦʩʦʙʝʥʥʦ 

ʚʘʞʝʥ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʧʦʜ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʠʣʠ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ/ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ. 

‍ ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ, π ‍ ρȟόz   ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ,  P - ʠʛʨʘʝʪ 

ʨʦʣʴ ʧʘʨʘʤʝʪʨʘ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʘ ʬʫʥʢʮʠʷ H(P) ʦʧʠʩʳʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʠ ʧʨʦʮʝʩʩ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ,  ὺ ώȟὼȟὸ- ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʬʘʟ 

ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ,  Ὧό ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʚʝʥ 1 ʝʩʣʠ 

ό όᶻ, ʠʣʠ k-const ʝʩʣʠ ό όᶻ, Ὢό  ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʨʘʚʝʥ ό , ό όᶻ,  ʠʣʠ 

0, ʝʩʣʠ ό όᶻ. 
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ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ H(P)=Ů(y)Ḻ1 ʜʣʷ 

ʂʊʆʉ, ʟʘʜʘʯʘ (4.48) ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʦʞʝʥʠʡ ʚ ʨʷʜ: 

ό ό‐ȟώ ώ‐ȟὔ ρȢ (4.49) 

ɽʩʣʠ ʤʳ ʧʦʜʩʪʘʚʠʤ (4.49) ʚ (4.48) ʠ ʧʨʠʨʘʚʥʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ‐,  

ʪʦ ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ    ʦʜʥʦʤʝʨʥʘ ̫ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ   ό ό ώȟὸ   

ʠ ώᶻ ώᶻὸ:  
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(4.50) 
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ʛʜʝ Ὄ   - ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʠʣʠ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʥʘʧʨʠʤʝʨ, 

ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʠʣʠ ʟʘʤʝʨʟʘʥʠʷ) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʝʱʝʩʪʚʝ ʠʣʠ 

ʙʠʦʪʢʘʥʷʭ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʚʝʱʝʩʪʚʘ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ,  ὺ- ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʠʣʠ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʠʥʪʝʨʬʝʡʩʘ 

ʤʝʞʜʫ ʬʘʟʘʤʠ) ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʟʘʤʝʨʟʘʥʠʷ ʠʣʠ ʧʣʘʚʣʝʥʠʷ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ v(u) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʟʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ u*. ɼʘʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʫʞʠʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠʣʠ 

ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʙʣʝʛʯʘʷ ʧʦʩʪʨʦʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ 

ʨʘʟʣʦʞʝʥʠʡ ʨʝʰʝʥʠʡ ʠ ʬʦʨʤʫʣʠʨʦʚʢʫ ʫʩʣʦʚʠʡ ʥʘ ʜʚʠʞʫʱʝʡʩʷ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʬʘʟʘʤʠ. 

ɼʣʷ ό ό ώȟὼȟὸ ʧʦʣʫʯʘʝʪʩʷ ʜʚʫʤʝʨʥʘ ̫ʣʠʥʝʡʥʘ ̫ʟʘʜʘʯʘ    ʩʦʧʨʷʞʝʥʠʝ 

ʥʘ ʫʞʝ ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ  ώ ώᶻὸ: 
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(4.51) 
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ό қȟ ό πȟ ὼ ρȟ ώ ώ қȟ ὸ πȟ

 

 

ό ρȟ ό πȟ ώ қȟ π ὼ ρȟ ὸ πȟ

 

 

ʛʜʝ 

ό ώᶻ ‐ώᶻȟὸ ‐ό ώᶻ ‐ώᶻȟὼȟὸ πȢ    (4.52) 

ʀʟ (4.52) ʩʣʝʜʫʝʪ: 
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01*

1
tyu

txyu
txy

y
°

-=
°

 (4.53) 

ʇʨʦʩʪʦʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʜʘʯʝ (4.51) ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ 

ʢʦʨʨʝʢʪʥʳ. ɺʪʦʨʦʝ ʠʟ ʫʩʣʦʚʠʡ   ʥʝ ʩʦʜʝʨʞʠʪ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ  ɼʠʨʘʢʘ,  

ʥʝʩʤʦʪʨʷ  ʥʘ ʪʦ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: 

yytyyyyyy
uyypyuyyuu
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+--=+-= dd  (4.54) 

ʪʘʢ  ʢʘʢ ʚ  ʩʠʣʫ  ʯʝʪʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʳ ʫʩʣʦʚʠʷ ‏ώ ώᶻ ᶻ π  ʠ  ό ᶻ

ό ᶻ, ʛʜʝ ʚʦʣʥʠʩʪʘʷ ʯʝʨʪʘ ʦʟʥʘʯʘʝʪ ʦʙʳʯʥʫʶ ʥʝ  ʦʙʦʙʱʝʥʥʫʶ  ʬʫʥʢʮʠʶ,  

ʜʣʷ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 
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tyutyuu yyyy
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yy --+=  (4.55) 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʫʣʝʚʦʛʦ  ʧʨʠʙʣʠʞʝʥʠʷ  (4.50), ʧʦʣʫʯʘʝʪʩʷ: 

ό ᶻ πȟό ᶻ ὖώᶻȟώᶻ ώᶻὸȟὸ πȟ  
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ό ςώ ό Ὧό ȟώ ώᶻὸȟ  (4.56) 

ό ςώ ό ό ȟώ ώᶻȢ  

ʀʟ (4.56) ʩʣʝʜʫʝʪ, ʯʪʦ ό ᶻ ςὖώᶻ ώ ȟ ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʟ ʫʩʣʦʚʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.51), ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ: 

 )()( *
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yyu -=hh , 

tt
yyyuu *
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000
)()( --=dd  (4.57) 

ʠ ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ  ώᶻ π  ʜʦ ώᶻ π, 

ό ᶻ ὖώᶻȢ (4.58) 

ɺ ʩʠʣʫ ʨʘʚʝʥʩʪʚ (4.55) ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʟʘʜʘʯʠ (4.51) ʫʧʨʦʱʘʶʪʩʷ ʢ 

ʚʠʜʫ: 
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ʛʜʝ   

ό ό ώᶻ πȟὸȟό ό ώᶻ πȟὸȟ (4.60) 

ʘ ʟʥʘʢ ç+è ʠʣʠ ç-è ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʢʦʤ      όȡό ώᶻȟὼȟὸ π 

ʠʣʠ όȡό ώᶻȟὼȟὸ π. 

 

4.6. ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʜʘʯ ʪʠʧʘ ʉʪʝʬʘʥʘ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ t ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʬʫʥʢʮʠʠ  όὼȟώȟὸᴼ

όὼȟώ, ώᶻὼȟὸᴼώᶻὼ  ʧʝʨʝʭʦʜʷʪ ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ʬʦʨʤʘʤ, ʟʘʜʘʯʘ (4.48) ʠʟ 

ʧʦʜʨʘʟʜʝʣʘ 4.4 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʥʝʩʢʦʣʴʢʠʤ ʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʟʘʜʘʯʘʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʜʚʠʞʥʳʝ ʛʨʘʥʠʮʳ: 

ὒό ώ
‬

‬ώ
ώ
‬ό

‬ώ
ώ ρ ὼ

‬ό

‬ὼ
Ὢό πȟ

 

 

ώ ώ ώȟπ ὼ ρȟ  
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ώ
‬ό

‬ὼ
‐ώ ‎ό ‎ό ȟὼ πȟώ ώ ώȟ  (4.61) 

όὼȟώ πȟ ό ὼȟώ πȟ ώ ώȟπ ὼ ρȢ  

4.6.1. ʅʫʣʝʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʉʦʛʣʘʩʥʦ (4.50) 4.4, ʧʦʩʣʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ  ‐ώ ρ: 

 ό В ‐όȟ‐ ‐ώ ρȟό ό ὼȟώȟὔ ρȟ (4.62) 

ʫʨʘʚʥʝʥʠʝ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ό  ʠʤʝʝʪ  ʚʠʜ: 

ὒό ώ
‬

‬ώ
ώ
‬ό

‬ώ
ώ ρ ὼ

‬ό

‬ὼ
Ὢό πȟ  

ώ ώ ώȟπ ὼ ρȟ  

‬ό

‬ώ
Ὤό ό ȟ ώ ώ ȟ (4.63) 

ώ
‬ό

‬ὼ
πȟὼ πȟό Њȟὼ ρȟώ ώ ώȟ  

 ʊʘʢ ʢʘʢ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4.63) ʥʝ ʟʘʚʠʩʠʪ ʦʪ x 

 ό ὼȟώ ό ώȟ (4.64) 

ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ό ώ  ʧʦʣʫʯʘʝʪʩʷ  ʩʣʝʜʫʶʱʘ ̫ʦʜʥʦʤʝʨʥʘ ̫ʩʪʘʮʠʦʥʘʨʥʘ ̫

ʟʘʜʘʯʘ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʉʪʝʬʘʥʘ:   

ώ
‬

‬ώ
ώ
‬ό

‬ώ
Ὢό πȟώ ώ ώ Њȟ  

ό ώ Ὤό ό ȟόώ ρȟό ώ ό Ȣ (4.65) 

ɽʩʣʠ ʚʚʝʩʪʠ ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʪʝʨʤʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ:  

ώ ώᶻ ό ώᶻ π , ʪʦ ʪʦʛʜʘ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ (4.65) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

ό ᶻ πȟ
‬ό

‬ὼᶻ
ȟ  

ώ
‬

‬ώ
ώ
‬ό

‬ώ
πȟώ ώ ώᶻȟ  

ώ
‬

‬ώ
ώ
‬ό

‬ώ
ό πȟώᶻ ώ ώȟ  
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ό ώ Ὤό ό ȟόώ ρȟ  (4.66) 

ό ᶻ πȟ
‬ό

‬ὼᶻ
ȟ   

ʛʜʝ    z- ʩʢʘʯʦʢ ʩʪʦʷʱʝʡ ʧʦʜ ʠʤ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ y*.   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʧʨʠʤʝʥʠʤ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʟʘʜʘʯʝ (4.66). ɼʣʷ  

ʦʡʟʘʤʦʨʦʞʝʥʥ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠʤʝʥʷʝʪʩʷ ὧ ,  ʘ ʜʣʷ 

ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ   ρ Ὡ .  ɼʘʣʝʝ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʫʩʣʦʚʠʡ ʠ ʩʦʧʨʷʞʸʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʟʘʜʘʯʠ (4.66), ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ὧȟ ὧȟ ὧ  ʠ  y*.  ʈʝʰʠʚ   ʧʦʩʣʝʜʥʶʶ ʠʟ 

ʥʠʭ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4.66): 

ό ώ ρ
ώᶻ

ώ

ώ ώ

ώz ώ
ȟώ ώ ώᶻȟ   

ό ώ Ў ώᶻ ρ
ώᶻ

ώ
Ὡ

ᶻ
ȟώᶻ ώ ώȟ (4.67) 

ʛʜʝ  

Ўώᶻ ρ ώᶻὩ

ᶻ

ȟ (4.68) 

ώᶻ

ώώ ώz
ό Ὤό ό Ȣ (4.69) 

ʀʟ  (4.69)  ʩʣʝʜʫʝʪ:  

ό
ώώ ώᶻ

ώz ώώ ώz Ὤ
όȟ  (4.70) 

ώᶻ

ώώ ώz
ό Ў ώᶻ ρ

ρ

ώz
Ȣ (4.71) 

ʀʟ (4.71) ʩʣʝʜʫʝʪ:  

ό
ρ ώᶻ ώ ώᶻ

ώЎώz
ȟ

 

(4.72) 

ʘ y* ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʦʨʥʝʤ   ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 
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ώ ρ Ὤώ ώᶻρ ώρ ώὬ ώὬρ
όЎ

ώz
 πȢ

 

(4.73) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ ώ ЊȟЎώᶻ ρ, ʫʨʘʚʥʝʥʠʝ (4.73) ʚʳʨʦʞʜʘʝʪʩʷ ʚ  

ʢʚʘʜʨʘʪʥʦʝ ʩ  ʝʜʠʥʩʪʚʝʥʥʳʤ  ʧʦʣʦʞʠʪʝʣʴʥʳʤ  ʢʦʨʥʝʤ: 

ώᶻ
ρ

ςρ Ὤώ
ρ ώρ ώὬ τρ ὬώὬώ ρ ό   

ρ ώρ ώὬ Ȣ (4.74) 

ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʦʙʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚʳʪʝʢʘʝʪ: 

ὒόώὨώ ὒόώὨώ

ᶻ

ὒόώὨώ
ᶻ

  

ώ
‬ό

‬ώ

ᶻ

ώ
‬ό

‬ώᶻ

Ὢ
ᶻ

ό ώὨώ π (4.75) 

ʩ ʫʯʝʪʦʤ  ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ  ʠ  ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ (4.67), ʧʦʣʫʯʘʝʪʩʷ: 

ώὬό ό ώᶻ ώᶻᴼό ό
ώᶻρ ώᶻ

ώὬ
Ȣ

 

(4.76) 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ, ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ ώᶻ ώ, ʯʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʚʝʣʠʯʠʥʫ h: 

Ὤ
ρ ώ

ώ

ό

Ȣ

 

(4.77) 

 

ώὬό ό ώᶻ ώᶻЎ ώᶻ
ρ

σ
ώ ώᶻ ρ Ў ώᶻ Ȣ

 

(4.78) 

 ʀʟ (4.78) ʩʣʝʜʫʝʪ:  

ό ό
ώᶻ ώᶻЎ ώᶻ

ρ
σ
ώ ώᶻ ρ Ў ώᶻ

ώὬ
Ȣ

 

(4.79) 
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4.6.2. ʋʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ɺr ʧʦʣʥʠʚ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʠὪό ‐ό   ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʠ 

ʩʛʨʫʧʧʠʨʦʚʘʚ ʯʣʝʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ‐, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ό ὼȟώ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

ὒό ώ ώό ώ ρ ὼ ό    

ό–ό Ὢό ό πȟώ ώ ώȟπ ὼ ρȟ  

ό Ὤόȟώ ώȟό πȟώ ώȟπ ὼ ρȟ (4.80) 

ώ ό  ‎ό ‎όȟὼ πȟ  

ό ώᶻ πȟ‏ό ώ
ώ‏ ώᶻ

ό ώz

ώ‏ώ ώᶻ

ρ ώz
Ȣ  

ɺ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʧʦʜʦʙʣʘʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ y<y*  ʠ y>y*  

ʧʦʣʫʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ: 

ώ ώό ώ ρ ὼ ό Ὢό ‐ό πȟώᶻ ώ ώȟ

 

 

ώ ώό ώ ρ ὼ ό πȟώ ώ ώᶻȟ  (4.81) 

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ   

ώ ό ‎ό όȟὼ πȟώ ώ ώᶻ

 

(4.82) 

ʠ ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠ  y=y* 

ό ᶻ πȟό ᶻ

ώᶻό ὼȟώᶻ

ρ ώz
ȟπ ὼ ρȟ

 

(4.83) 

ʛʜʝ   ‎ό ό ‎ό ό –ό Ȣ 

ʇʨʠ  ‍ π  ʠ  Ὢό ό ρ,  ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (4.61) ʧʨʠʦʙʨʝʪʘʝʪ 

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ.  ʆʧʝʨʘʪʦʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʟʘʜʘʯʝ (4.61), ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʚʪʦʨʦʡ ʬʦʨʤʫʣʝ ɻʨʠʥʘ: 

•ὒό όὒ•ώὨώὨὼ  
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ώ •ό ό• Ὠὼ  (4.84) 

•ό ό• ȿ ὨώȢ  

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ɻʨʠʥʘ ὋὼȟώȠ‚ȟ–, ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʘʢ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʝʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ: 

ὒὋ ώ ώ
‬Ὃ

‬ώ
ώ ρ ὼ

‬Ὃ

‬ὼ
  

Ὃ–ώ ώᶻ
ώ‏ώ ώᶻ

ρ ώz
  

ώ‏ ὼ‏– ‚ȟ ώ ώ ώȟπ ὼȟ‚ ρȟ (4.85) 

‬Ὃ

‬ώ
ὬὋȟώ ώȟὋ πȟώ ώȟπ ὼ ρȟ   

ώ
‬Ὃ

‬ὼ
πȟὼ πȟώ ώ ώȢ  

ʇʨʠ  ό ό ὼȟώȟ• Ὃ   ʠʟ (4.84), (4.85) ʠ (4.80) - (4.83) ʧʦʣʫʯʘʝʤ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ:  

ό ‚ȟ– ὋώȠ‚ȟ– ‎ό ώ ό ώ

ᶻ

ώὨώ  

ὋώȠ‚ȟ– ‎ό ώ ‎όώ

ᶻ

ώὨώ (4.86) 

     ʆʥʦ ʩʦʜʝʨʞʠʪ ʜʚʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ )(** xyy =  ʠ )(xyy=  ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʣʝʢʘʶʪʩʷ ʦʩʪʘʚʰʠʝʩʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ: 

ό ‚ȟώᶻ‚ ρȟό ‚ȟώ‚ πȢ

 

(4.87) 
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4.6.3. ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ),;,( hxyxG  

ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʠʤ ʬʫʥʢʮʠʶ ɻʨʠʥʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ.  

ʇʝʨʚʘʷ ʧʨʠʯʠʥʘ - ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʩʪʦʪʦʡ ʨʝʰʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ 

ɻʨʠʥʘ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʨʝʰʝʥʠʶ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɸ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʯʝʤ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

ʊʨʝʪʴʷ ʧʨʠʯʠʥʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʜʘʝʪ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʧʨʠ ʧʦʠʩʢʝ ʧʦʚʝʜʝʥʠʷ 

ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʯʣʝʥʘ.  

ʏʝʪʚʝʨʪʘʷ ʧʨʠʯʠʥʘ ʩʚʷʟʘʥʘ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ.  

ʇʷʪʘʷ ʧʨʠʯʠʥʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʶ ɻʨʠʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʢ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.   

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʥʦʤʳ 

ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ.  ʇʦʣʠʥʦʤ ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ï ɻ ʪʦ ʦʨʪʦʛʦʥʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʣʠʥʦʤʦʚ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʚ 

ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ.  

ʌʫʥʢʮʠʶ ɻʨʠʥʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ ʧʦ ʯʝʪʥʳʤ ʧʦʣʠʥʦʤʘʤ 

ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ )(2 xP n
 

),(
0 )(

)()(
),;,(

2

2
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x

hx yg
n xP

xPP
yxG n

n

nn
ä
¤

=
=

 
(4.88) 
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ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ )(xP
nJ
, ʛʜʝ ¤

=0}{ nnJ  - 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʪʨʘʥʩʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

012,0
)0(

>+= JJ

dx

dP

 

(4.89) 

ʦʙʨʘʟʫʶʪ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʞʜʝʩʪʚʘ: 

0

1
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2
2

]
)(

)[0(
12

1
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nn
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xdP
PdxxPxP n
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(4.90) 

ʠ 

0)()}1(])1[({ 2 ¹++- xP
dx

d
x

dx

d
J

JJ

 

(4.91) 

ʀʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ  
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(4.92) 

ʩʣʝʜʫʝʪ, ʯʪʦ  
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(4.93) 
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ʛʜʝ  
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(4.95) 

)(1 xP
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(4.96) 

),,,( zcbaF - ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʛʜʝ  
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 )(xG - ʛʘʤʤʘ-ʬʫʥʢʮʠʷ.  

 ʇʦʜʩʪʘʚʣʷʷ (4.97) ʚ (4.96), ʥʘʭʦʜʠʤ 
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(4.98) 

ʉ ʫʯʸʪʦʤ ʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʘʤʤʘ-ʬʫʥʢʮʠʠ, ʤʦʞʥʦ ʜʘʣʝʝ ʧʝʨʝʡʪʠ ʢ 

ʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʚʳʚʦʜʘʤ 
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(4.100) 
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x
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ɼʣʷ  )(1 xPJ  ʠʤʝʝʪ ʤʝʩʪʦ ʬʦʨʤʫʣʘ: 

+
-+

-
+

G

+
G

+

= );
2

1
;

2

1
;

2

2
(1

)
2

1
(

)
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2
(
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)( 221 xFxxP
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J
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).;
2

3
;

2
;

2

3
(1

)
2
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)
2

3
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2

1
sin(

4 22 xFxx
JJ

J

JJ

p

+
-

G

+
G

+

+

 

(4.101) 

ɺr ʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʠʥʜʝʢʩʫ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ 

)(1 xPJ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

 ʀʟʤʝʥʷʷ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ (4.90), ʥʘʭʦʜʠʤ 

Ћ

Ћ‮

Ὠὖ

Ὠὼ

Ὠ

Ὠὼ

Ћὖ

Ћ‮

Ὠ

Ὠὼ

‮ ρ ‮ Ὧ ρ ‮ Ὧ ‮

ς ὯȦ
Ͻ

Ð

 

 

Ͻ‪‮ Ὧ ρ ‪‮ Ὧ ρ ρ ὼ

 

(4.102) 

ὯὯ‮ ‮ ρ ‮ τ ‮ ȢȢȢὯ ρ ‮

ς ὯȦ

қ

Ͻ

 

 

Ͻ‪‮ Ὧ ρ ‪‮ Ὧ ρ ρ ὼ   

ʛʜʝ )(xy  - ʧʩʠ-ʬʫʥʢʮʠʷ ï 

ä
+

+--=G=
¤

=1 )(
11)(ln)(

k kxk
x

x
cx

dx
dxy

 

(4.103) 

...05772156649,0)1( =-=yc - ʧʦʩʪʦʷʥʥʘʷ ʕʡʣʝʨʘ, π ὼ ρ.  

 ʉʦʛʣʘʩʥʦ (4.94), (4.95) ʠ (4.102) ʜʣʷ ʢʚʘʜʨʘʪʘ ʥʦʨʤʳ ʬʫʥʢʮʠʠ ʃʝʞʘʥʜʨʘ 

ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ 

Ö
+

G

+
G

+
=

)
2

2
(

)
2

1
(

)12(

2
cos

)(
2

J

J

pJ

pJ
J

J
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kkk JJJJ

 

(4.104) 

)},1()1({ ++-+-Ö kk JyJy   

ʛʜʝ 
n
JJ= - ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ: 

.0

)
2

1
(

)
2

2
(

2
sin

2
]

)(
[

0
=

+
G

+
G

=
= J

J
pJ

p

J

x
dx

xdP

 

(4.105) 
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 ʊʘʢ ʢʘʢ ʧʨʠ 0)
2

1
(,0)

2

2
(,0 >

+
G>

+
G²

JJ
J , ʪʦ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

.,..2,1,0,20
2

sin ==Ý= nnnJ
pJ

 

(4.106) 

 ɼʣʷ 
2

2
)(xP

n
ʩʦʛʣʘʩʥʦ (4.104) ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

( )
Ö

+G

+G

+

-
=

)1(

)
2

1
(

14

2)1(
)(

2

2

n

n

n

n
xP

n

n
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Ö
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Öä
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)4)1)...((44)(41)(2(

k
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nknnnkk

 

(4.107) 

)]12()12([ knkn ++--+Ö yy

 

 

 ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

)1)((
2

cos
2

sin1
2

cos
2

sin
2

1
)()(

0 ++-

--
=ñ JsJsp

pspJpJps

sJ

AA
dxxPxP

 

(4.108) 

ʠ ʧʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ Js­ , ʧʦʣʫʯʘʝʤ, ʯʪʦ 

]})
2

1()
2

1([sin11{
12

1)(
2 JyJypJ

pJJ
+-++

+
=xP

 

(4.109) 

 ʇʨʠ ʵʪʦʤ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʦʞʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

,,1)],()([
2

1|)(ln
2

11 eJseyy
ee

+=-+=G+º- BBabx
dx

d
A b

a

 

 

],
22

1[
2

sin
2

sin
pJpepJps

ctg+º

 

(4.110) 

].
22

1[
2

cos
2

cos
pJpepJps

tg+º

 

 

 ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ,...2,1,0,2 === nnnJJ  ʠ, ʩʦʛʣʘʩʥʦ (4.109), ʧʦʣʫʯʘʝʤ 

n
xP

n
41

1
)(

2

2
+

=

 

(4.111) 

 ʀʪʘʢ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʩʠʩʪʝʤʫ 

ʧʦʣʠʥʦʤʦʚ ʃʝʞʘʥʜʨʘ ʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ. 

,0
)0()0(

),()( 2
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(4.112) 

ʕʪʠ ʬʫʥʢʮʠʠ ʦʨʪʦʛʦʥʘʣʴʥʳ ʚ ʠʥʪʝʨʚʘʣʝ (0,1) ʩ ʚʝʩʦʤ :1)( =xr  

ñ ¸=
1

0
22

,,0)()( mndxxPxP
nm

 

(4.113) 

ʘ ʢʚʘʜʨʘʪ ʠʭ ʥʦʨʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4.111). ʆʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 

,...2,1,0,10,0)14(2']')1[(
22

2 =<<=++- nxPnnPx nn

 

(4.114) 

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ (4.88) ʚʳʧʦʣʥʷʶʪʩʷ, ʘ ʜʣʷ ),( hygn  ʧʦʣʫʯʘʝʤ ʢʨʘʝʚʫʶ 

ʟʘʜʘʯʫ 
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nnnn
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y
yygynngyyZg *)](
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*
*)([)12(2)'( 2'22 dh
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,,' yyhgg
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(4.115) 

,,0 yyg
n

==

 

 

ʛʜʝ ʰʪʨʠʭ ʦʟʥʘʯʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ y.  

 ʂʘʢ ʠʟʚʝʩʪʥʦ ʜʣʷ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ),( hygn ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

,),()(
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12~

hhh ¢¢= yyyvv
W

yg
nn
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,),()(
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yyyvv
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nn
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n
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(4.116) 

ʛʜʝ ʬʫʥʢʮʠʠ )(
1

yv n
 ʠ )(2 yv n

 - ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

,,0 yyyZv <<=

 

(4.117) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ: 

,,0' yyhvv ==-

 

 

,,0 yyv ==
 

(4.118) 

ʘ nn WW 2
~

h-= , nW - ɺʨʦʥʩʢʠʘʥ ʬʫʥʢʮʠʡ )(
1
hnv  ʠ )(2 hnv ,  

).()()(')( '
1221
hhhh nnnnn vvvvW -=

 

(4.119) 
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 ʇʝʨʝʭʦʜʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʬʫʥʢʮʠʡ )(1 yv n
 ʠ )(2 hnv , ʨʘʩʰʠʬʨʫʝʤ ʜʝʡʩʪʚʠʝ 

ʦʧʝʨʘʪʦʨʘ Z.  ɺʤʝʩʪʦ (4.117) ʧʦʣʫʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ y 

ώ ώὺͻͻ ςὲςὲ ρὺ πȟ ώ ώ ώɕȟ

 

(4.120) 

,*,0}]
4
1)

2
12[(1{)''( 2222 yyyvynvyy <<=-++- --

 
(4.121) 

ʠ ʋʉ ʚ ʪʦʯʢʝ y=y* 

*1

*)(*
)0*(')0*('),0*()0*(

y

yvy
yuyuyvyv

+
=--++=-  (4.122) 

 ʌʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (4.120) ʦʙʨʘʟʫʶʪ 

ʬʫʥʢʮʠʠ  

ώ ȟ ‌ ςὲ ρȟ ώ ȟ ‍ ςὲȟ ‌ ‍ ρ πȟ
 (4.123) 

ʘ ʫʨʘʚʥʝʥʠʷ (4.122) ï ʬʫʥʢʮʠʠ 

y

yJ
yJ n

n

)(
)(

2
1,

J

J
=  , .

2
1

2,
)(

2
1,

+== n
y

yK
K n

n

n
JJ

J  (4.124) 

 ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚʦʟʥʠʢʘʶʪ ʥʘʙʦʨ ʩʧʝʮʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. ɺ (4.123)  )(yJJ  ʠ )(yKJ  - 

ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʤʥʠʤʦʛʦ ʘʨʛʫʤʝʥʪʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʀʩʧʦʣʴʟʫʷ ʵʪʠ 

ʩʠʩʪʝʤʳ, ʨʝʰʝʥʠʷ )(1 yv  ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

ὺ ώ ὧ ώ ὧ ώ ȟ ώ ώ ώɕȟ
  

ὺ ώ
ρ

ώ
ὧ ὐ ώ ὧ ὑ ώ ȟ ώɕ ώ ώȟ

 

(4.125) 

ʛʜʝ ὧ ρȠ ὧ ȟ ὧ ȟ ὧ - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʊʨʝʙʫʷ 

ʚʳʧʦʣʥʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ ὺͻώ ὺ ώ π, ʧʦʣʫʯʘʝʤ 

ὧ
ώ ‌

‍ ώ
ώ ὧ

 (4.126) 

ʋʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ )0*()0*(
11
+=- yvyv ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

nc3  ʠ nc4  
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 (4.127) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʘʤʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ  
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(4.128) 

ʠ ʧʨʠʚʣʝʢʘʷ ʫʨʘʚʥʝʥʠʝ (4.127), ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (4.125) ʚ ʦʩʪʘʚʰʝʝʩʷ 

ʫʩʣʦʚʠʝ ʩʦʧʨʷʞʝʥʠʝ (4.124) ʧʦʣʫʯʘʝʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
n

c
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n
c

4
 

n
n

nnn
n

n
n fyf
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y
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yK
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y

yJ
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*)(
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*)(
=-

+
=- -++ aJJ J

 (4.129) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (4.127) ʠ (4.129) ʚ ʩʠʣʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ  

y
yKyJyKyJ 1)()()()(

11
=+

++ JJJJ  (4.130) 

ʥʘʭʦʜʠʤ, ʯʪʦ 

*)],(*)([**
213

yKfyKfyyc
nnnnn JJ +=

  

.*)](*)([**
2114

yJfyJfyyc
nnnnn JJ -=

+

 
(4.131) 

ɸʥʘʣʦʛʠʯʥʦ, ʟʘʤʝʥʷʷ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʧʨʠ yy=  ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʝʤ 0)(2 =yv  

ʧʨʠ yy= , ʥʘʭʦʜʠʤ )(
2

yv  

ὺ ώ Ὀ ώ Ὀ ώ ȟώ ώ ώɕȟ 
  

ὺ ώ
ρ

ώ
Ὀ ὐ ώ Ὀ ὑ ώ ȟ ώɕ ώ ώȟ

 

(4.132) 

ʛʜʝ 

Ὀ
ὐ ώ

ὑ ώ
Ὀ ȟ Ὀ ρ

 
(4.133) 

ʘ 
nD1
 ʠ 

nD2
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

Ὀ ώɕ Ὀ ώɕ
ρ

ώɕ
Ὀ ὐ ώɕ Ὀ ὑ ώɕ ὰȟ

 (4.134) 
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ʨʘʟʨʝʰʠʚ ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʝʤ 
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(4.135) 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ 1,1 31 == nn cc  ʚʳʙʨʘʥʳ ʠʟ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʠʷ )(1 yv  

ʠ )(2 yv  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ.  

 ʇʝʨʝʡʜʝʤ ʢ ʚʳʯʠʩʣʝʥʠʶ ɺʨʦʥʩʢʠʘʥʘ (4.119), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ 

ʣʠʥʝʡʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʦʨʘ ʨʝʰʝʥʠʡ. ʇʨʠ *y¢h ʩʦʛʣʘʩʥʦ (4.125) ʠ 

(4.132) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 01=++
nn ba , ʧʦʣʫʯʘʝʤ 

ὡ – ὧ – ὧ – ‌Ὀ – ‍Ὀ –
  

Ὀ – Ὀ – ‌ὧ – ‍ὧ –

 

(4.136) 

ς‮ ὧ Ὀ Ὀ ὧ – Ȣ

 

 

ʅʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʬʦʨʤʫʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (4.128) ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (4.130) ʧʨʠ *y²h  ʥʘʭʦʜʠʤ 

ὡ – ὧ ὐ – ὧ ὑ –
‍

–
Ὀ ὐ – Ὀ ὑ –

 
 

Ὀ ὐ – Ὀ ὑ –   

Ὀ ὐ – Ὀ ὑ –
‍

–
ὧ ὐ –  (4.137) 

ὧ ὑ – ὧ ὐ – ὧ ὑ – –
  

Ὀ ὧ ὐ –ὑ – ὐ –ὑ –
  

Ὀ ὧ ὐ –ὑ – ὐ –ὑ – – ὧ Ὀ ὧ Ὀ – Ȣ
  

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ (4.136) ʠ (4.137) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ: 
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nnnnnnnnn DcDccDDc
43342121

)(2 -=-J
 (4.138) 

ɼʦʢʘʞʝʤ, ʯʪʦ ʦʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ ʤʝʩʪʦ. ʉʦʛʣʘʩʥʦ (4.134) ʠ (4.135), ʘ 

ʟʘʪʝʤ ʠ (4.128), (4.130) ʠ (4.132) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ: 

ς‮ ὧ Ὀ Ὀ ὧ ς‮ ὧ
ώɕ

ς‮ ώɕ
Ὀ ὐ ώɕ Ὀ ὑ ώɕ

  

ώɕ

ρ ώɕ

ς‮

ώɕ

ώɕ

ρ ώɕ
Ὀ ὐ ώɕ Ὀ ὑ ώɕ Ὀ ὐ ώɕ

 

 

Ὀ ὑ ώɕ
ώɕ

ώɕ
Ὀ ὐ ώɕ

 

 

Ὀ ὑ ώɕ ὧ ώɕ ὧ ώɕ
ώɕ

ρ ώɕ

 

 

ςɕώ‮ Ὀ ὐ ώ Ὀ ὑ ώɕ ὧ ώɕ ὧ ώɕ

 

(4.139) 

ώɕώɕὈ ὐ ώɕ Ὀ ὑ ώɕὪ

 

 

Ὀ ὐ ώɕ Ὀ ὑ ώɕὪ

 

 

ώɕώɕὪ ὑ ώɕ Ὢ ὑ ώɕὈ ώɕώɕὪὐ

 

 

Ὢ ὐ ώɕὈ ὧ Ὀ ὧ Ὀ Ȣ
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 4 

ʈʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʦʤʝʨʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 

ʛʣʫʙʠʥʫ ʢʨʠʦʧʦʨʘʞʝʥʠʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʫʶ ʵʢʟʧʦʟʠʮʠʶ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. ʅʦ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʤʝʨʥʳʝ ʟʘʜʘʯʠ ʩ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ ʉʪʝʬʘʥʘ. ɺ ʤʥʦʛʦʤʝʨʥʳʭ ʟʘʜʘʯʘʭ ʫʞʝ ʥʝ ʫʜʘʝʪʩʷ 

ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʚʝʜʝʥʥʳʭ ʜʦ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ 

ʕɺʄ ʩ ʙʦʣʴʰʦʡ ʧʘʤʷʪʴʶ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ.  

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʧʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʚʘʞʥʫʶ ʨʦʣʴ ʟʘʥʠʤʘʶʪ ʠʩʪʦʯʥʠʢʠ ʠ ʧʦʪʦʢʠ 

ʪʝʧʣʘ. ʇʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʩʚʦʜʠʪʩʷ ʢ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ, ʘ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʧʦʪʦʢʘ ʪʝʧʣʘ (ʇʊ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ.  

ɼʣʷ  ʫʧʨʦʱʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫ  ʁ ʪʢʘʥ ɹ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʦʟʦʥʜʘ ʧʣʦʩʢʦʛʦ ʢʨʫʛʦʚʦʛʦ 

ʘʧʧʣʠʢʘʪʦʨʘ  ʜʣʷ  Ὕ Ὕὶȟᾀȟὸ  ʠ  ɮᶻὶȟᾀȟὸ ᾀ ᾀᶻὶȟὸ ὶ Ὑᶻᾀȟὸ

πȟὶ πȟὸ π  ʧʦʣʫʯʝʥʦ  ʜʚʫʤʝʨʥʘʷ ʜʚʫʭʬʘʟʥʘʷ ʟʘʜʘʯʘ ʪʠʧʘ ʉʪʝʬʘʥʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʠʦʪʢʘʥʠ  Ὕ Ὕὶȟ•ȟὸ  ʠ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ū ὶȟ‰ȟὸ ὶ Ὑ ‰ȟὸ ‰ ū ὶȟὸ πȟ  

ʊɕὶȟ‰ȟὸ ὶ Ὑɕ‰ȟὸ πȟ

 

 

ʊʕ ὶȟ‰ȟὸ ὶ Ὑˤ‰ȟὸ ‰ ʊˤὶȟὸ π

 

 

ʧʦʣʫʯʝʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ.  

ʇʨʠ  ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʫʧʨʦʱʝʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ 

ʉʪʝʬʘʥʘ.  

¤­t
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ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦʟʦʥʜʘ ʩ ʘʧʧʣʠʢʘʪʦʨʦʤ ʬʦʨʤʳ ʢʨʫʛʘ, ʜʣʷ Ὕ

Ὕὶȟᾀȟὸ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʪʝʨʤ ʧʦʣʫʯʝʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ. ɸ ʜʣʷ 

ʩʣʫʯʘʷ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ ʧʦʣʫʯʝʥʘ 

ʜʚʫʭʬʘʟʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ.  

ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ ʩ ʧʦʤʦʱʴʶ 

ʧʣʦʩʢʦʛʦ ʢʨʫʛʣʦʛʦ ʘʧʧʣʠʢʘʪʦʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʤʝʨʥʘʷ ʜʚʫʭʬʘʟʥʘʷ ʟʘʜʘʯʘ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʚʫʤʝʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ. ʂʦʛʜʘ                           

ὸO Њȟόὼȟώȟὸᴼόὼȟώ,  ʘ  ώᶻὼȟὸᴼώᶻὼ ʧʦʣʫʯʝʥʩrʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ 

ʉʪʝʬʘʥʘ. 

ɼʚʫʤʝʨʥʳʝ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝʥʳ ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʂʠʨʭʛʦʬʘ. ɿʘʜʘʯʘ ʉʪʝʬʘʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʣʫʯʘʶ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʢʨʠʦʟʦʥʜʦʤ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʂʠʨʭʛʦʬʘ ʧʨʠʚʝʜʝʥʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ.  

 ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʩʪʘʥʦʚʢʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ 

ʉʪʝʬʘʥʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʨʦʚʝʜʝʥʦ ʪʘʢʞʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʪʢʘʥʠ. 

ʇʦʩʣʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ  ‐ώ ρ : 

 ό В ‐όȟ‐ ‐ώ ρȟό ό ὼȟώȟὔ ρȟ  

ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ό. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ό ὼȟώ 

ʧʦʣʫʯʝʥʘ   ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ. 

ɺ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʧʦʜʦʙʣʘʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ y<y*  ʠ y>y*  

ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ: 

ώ ώό ώ ρ ὼ ό Ὢό ‐ό πȟώᶻ ώ ώȟ
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ώ ώό ώ ρ ὼ ό πȟώ ώ ώᶻȟ   

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ   

ώ ό ‎ό όȟὼ πȟώ ώ ώᶻ

 

 

ʘ ʪʘʢʞʝ ʩ ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠ y=y* 

ό ᶻ πȟό ᶻ

ώᶻό ὼȟώᶻ

ρ ώz
ȟπ ὼ ρȟ

 

 

ʛʜʝ   ‎ό ό ‎ό ό –ό Ȣ 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ   ʠʤʝʝʪ ʤʝʩʪʦ ʚʪʦʨʘʷ ʬʦʨʤʫʣʘ ɻʨʠʥʘ. ʌʫʥʢʮʠʷ ɻʨʠʥʘ 

ʥʘʡʜʝʥʘ ʚ ʚʠʜʝ ʨʷʜʘ ʌʫʨʴʝ ʧʦ ʯʝʪʥʳʤ ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 
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ɻʃɸɺɸ 5.  ʄɽʊʆɼʓ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʄʅʆɻʆʉʃʆʁʅʆʁ ɹʀʆʊʂɸʅʀ ʇʈʀ 

ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ɺʆɿɼɽʁʉʊɺʀʁ 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʪʢʘʥʝʚʦʛʦ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʶʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʫʧʘʝʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʜʚʫʤʝʨʥʫʶ ʟʘʜʘʯʫ ʩʚʦʜʷʪ ʢ ʜʚʫʤ ʦʜʥʦʤʝʨʥʳʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ 

ʦʩʨʝʜʥʝʥʠʷ.  ʇʨʠʯʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʘʧʧʘʨʘʪ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ 2-ʛʦ ʨʦʜʘ, ʘ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʢʦʪʦʨʦʛʦ ʩʪʨʦʷʪ ʨʝʰʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ 1-ʛʦ ʨʦʜʘ. ɽʱʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʩ 

ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʘʩʪʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ, ʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʶ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʫʪʦʯʥʷʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʝʥʠʡ. ʅʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʥʦʛʦʩʣʦʡʥʦʡ ʙʠʦʪʢʘʥʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ.  ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 
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ʩʚʦʡʩʪʚʘ ʞʠʚʦʡ ʪʢʘʥʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʢʠ ʦ ʞʠʟʥʠ.  ɺ 

ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʙʠʦʪʢʘʥʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

 

5.1. ʄʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʧʨʠ ʢʨʠʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʵʧʠʜʝʨʤʠʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

5.1.1 ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʣʠʷʥʠʠ 

ʇʨʦʮʝʩʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʡʤʘʪʝʨʠʘʣʴʥ ʩʨʝʜʝ ɱ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ  ‗, ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ c, ʧʣʦʪʥʦʩʪʴʶ ɟ, 

ʘ ʪʘʢʞʝ ʩʢʘʣʷʨʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ u(x,y,z,t), ʧʨʠʯʸʤ ʦʥ 

ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

ὨὭὺ‗ὫὶὥὨό
‬

‬ὸ
ὧ”ό ύȟ (5.1) 

ʛʜʝ ύ  - ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, x,y,z ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ, t ï ʚʨʝʤʷ. 

ɼʣʷ ʷʚʣʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʟʘʢʦʥ ʌʫʨʴʝ: 

ήᴆ ‗ὫὶὥὨᴆό. (5.2) 

ɿʘʢʦʥ (5.2) ʚʳʨʘʞʘʝʪ ʢʦʣʣʠʥʝʘʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ‗ ‗ὴȟὸȟόȢ  

 ɺ (5.2) ʟʥʘʢ çʤʠʥʫʩè ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ 

ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʝʝ ʫʚʝʣʠʯʝʥʠʷ, ʘ ʚʝʢʪʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ. 

ʇʦʜ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ u(x,y,z,t) ʚ ʧʨʦʙʣʝʤʘʭ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʪʢʘʥʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 
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ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʉʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ: 0=
µ

µ

t

u
, ʯʪʦ ʦʟʘʯʘʝʪ, ʯʪʦ ʠʤʝʝʤ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ u(x,y,z).  

ɼʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʜʚʫʤʝʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʢʘʨʪʳ ʠʟʦʪʝʨʤ u(x,y)= const .  

ʆʙʲʝʜʠʚ ʪʦʯʢʠ ʩʨʝʜʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʥʛʥʦʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʣʫʯʠʤ 

ʩʝʤʝʡʩʪʚʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ  u=const. 

ʊʘʢ ʢʘʢ ʪʦʯʢʘ ʩʨʝʜʳ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʝ ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t,  ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʙʫʜʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ. 

ʇʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʠʟʦʪʝʨʤʳ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ u ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʠʟʦʪʝʨʤʘʤ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʝʪʩʷ 

ʚʝʢʪʦʨʦʤ ï ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ  ),,(
z

u

y

u

x

u
gradu

µ

µ

µ

µ

µ

µ
= . 

ʇʫʩʪʴ 2, ʤdF  ʥʝʢʦʪʦʨʘʷ  ʧʣʦʱʘʜʢʘ ʦʙʣʘʩʪʠ. ɹʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʧʦ ʥʝʝ ʥʦʨʤʘʣʠ n ʟʘ ʚʨʝʤʷ dt, ʪʦ ʪʦʛʜʘ 

ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  ʧʦʣʫʯʘʝʪʩʷ dQ, ɼʞ: 

dFdt
n

u
dQ

µ

µ
-= l , (5.3) 

ɺ ʫʨʘʚʥʝʥʠʠ (5.3) l, ɺʪ/(ʤ ʂ) ʦʟʥʘʯʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʡ ʝʱʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʨʝʜʳ.   

ʃʠʥʠʠ, ʢʦʪʦʨʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳ ʠʟʦʪʝʨʤʘʤ ʠ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩ ʚʝʢʪʦʨʦʤ ʧʦʪʦʢʘ q, ʥʘʟʳʚʘʶʪʩʷ ʣʠʥʠʷʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʂʦʦʨʜʠʥʘʪʳ 

ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

z
uq

y
uq

x
uq zyx

µ
µ-=

µ
µ-=

µ
µ-= lll ,,  (5.4) 
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ɽʩʣʠ const=l  ʪʦ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʨʝʜʘ ʦʜʥʦʨʦʜʥʘ.̫  ɼʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʨʝʜʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ x,y,z, ʪ.ʝ. ),,( zyxll= . ɼʣʷ 

ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʡ ʪʝʥʟʦʨ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɤ

‗ ‗ ‗

‗ ‗ ‗

‗ ‗ ‗
Ȣ (5.5) 

ɺ (5.5) },,{),,,( zyxizyxijij Í=ll , ʛʜʝ 
ijl  

- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʨʝʜʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ i ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʧʦʨʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ j.  

ɿʘʢʦʥ ʌʫʨʴʝ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʠʤʝʝʪ ʚʠʜ: 

.3,2,1,, =
µ
µ-=L-= i
x
TqgradTq

j
iji l  (5.6) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʦʙʨʘʟʮʘʤʠ 

ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʤʝʨʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʳ (5.2) ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ: 

.
||

||

gradu

q
=l  (5.7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

ɚ=(Q/t)*(d/Sȹu), (5.8) 

ʛʜʝ ɚ - ʂʊ, Q - ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʪʝʣʦ, t - ʚʨʝʤʷ, d - 

ʪʦʣʱʠʥʘ ʧʝʨʝʛʦʨʦʜʢʠ, S - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ȹu - ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʍʘʨʘʢʪʝʨ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʠʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʜʥʦʡ, ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʚʳʙʨʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʨʘʟʣʠʯʘʶʪ ʦʜʥʦʤʝʨʥʳʝ, ʜʚʫʤʝʨʥʳʝ, ʪʨʝʭʤʝʨʥʳʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʚʛʣʫʙʴ ʙʠʦʪʢʘʥʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʯʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʥʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ ʛʨʘʜʠʝʥʪʘ  

‗ ‗όȟὫὶὥὨό. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ɺʪ/(ʤĿʂ), ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 

ʧʨʦʭʦʜʠʪ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ 
21ʤʤ ʩʣʦʷ. 

ɺʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʚʦʟʥʠʢʘʶʪ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʩʨʝʜʫ ʧʫʪʝʤ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʭʘʨʘʢʪʝʨʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ 

ʙʠʦʪʢʘʥʠ.  

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʆʥʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʵʥʝʨʛʠʝʡ ʠ ʚʝʱʝʩʪʚʦʤ. 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ï ʵʪʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʩʣʦʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʦʟʦʥʜʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʘʢʦʥʝʯʥʠʢʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʪʢʘʥʠ. 

ʊ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʪʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʪʢʘʥʴ ʭʦʣʦʜʦʤ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʴʰʝ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ.  

ʈʘʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ (ʭʦʣʦʜʘ) ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʨʝʜʘʭ (ʄʉ) ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʜʥʦʡ ʠʟ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. ʅʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʪʦʯʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ.  ʉʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, 
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ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠ, ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʈʝʰʝʥʠʷ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 3. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʦʯʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʘ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʪʢʘʥʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ, ʦʪʨʘʞʘʶʱʠʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʣʦʸʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʵʧʠʜʝʨʤʠʩʝ 

ʙʠʦʪʢʘʥʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʪʨʠʯʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʘʞʜʦʛʦ ʩʣʦʷ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʩʯʝʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʡ ʪʢʘʥʠ.  

 

5.1.2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʘʪʨʠʮʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ɼʦʧʫʩʪʠʤ, ʯʪʦ }{ jqQ= , mj ,...,2,1=  -  ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ (ʭʦʣʦʜʘ), ʚ 

ʨʦʛʦʚʦʤ ʩʣʦʝ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ,   ʢʦʪʦʨʘʷ ʨʘʟʙʠʪʘ ʝʱʸ ʥʘ 

ʩʣʦʠ, m ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʩʣʦʝʚ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʢʦʡʙʠʦʣʦʛʠʯʝʩ ʪʢʘʥʠ, 

ʥʘ ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʨʘʟʙʠʪʴ ʜʘʥʥʳʡ ʩʣʦʡ,  ʠʥʜʝʢʩ j ʦʟʥʘʯʘʝʪ  ʥʦʤʝʨ ʩʣʦʷ,  tD - 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʠʟ k-ʛʦ ʩʣʦʷ  ʚ ʩʣʝʜʫʶʱʠʡ k+1 ʩʣʦʡ,   

ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ.  ɺʨʝʤʷ t ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʩʪʨʦʝʥʠ,̫ ʟʘʤʝʥʠʤ ʝʛʦ

ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: tit
i

DÖ= , ʛʜʝ i ï ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʤʦʤʝʥʪʳ 

ʫʩʣʦʚʥʦʛʦ ʚʨʝʤʝʥʠ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʜʦ ʠ ʧʦʩʣʝ k-ʛʦ ʧʝʨʝʭʦʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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kk PQQ =+1 . (5.9) 

ɺ (5.9) ʤʘʪʨʠʮʘ P ʝʩʪʴ ʪʘʙʣʠʮʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ὴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʪʝʧʣʘ ʠʣʠ ʭʦʣʦʜʘ ʠʟ i-ʡ ʦʙʣʘʩʪʠ ʙʠʦʪʢʘʥʠ ʚ j- .ʁ 

ɼʘʣʝʝ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ ʩʣʦʸʚ ʩ ʥʦʤʝʨʘʤʠ j ʠ j+1 ʟʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʰʘʛ. ɽʩʣʠ 

ʠʤʝʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 
1

T  ʠ 2T  , ʪʦ ʪʦʛʜʘ ʤʝʞʜʫ ʵʪʠʤʠ ʩʣʦʷʤʠ 

ʚʦʟʥʠʢʘʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ 

(ʠʣʠ ʭʦʣʦʜʘ) ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ. ʊʘʢʦʡ ʪʝʧʣʦʚʦʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ:  
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(5.11) 

ɿʜʝʩʴ ʚ (5.10), (5.11) 
j
l- ʂʊ, 

j
S  - ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʷʯʝʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, 
j

V  - ʦʙʲʝʤ ʷʯʝʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
j

c
 
- ʪʴʪʝʧʣʦʝʤʢʦʩ ʩʣʦʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
j
r - ʧʣʦʪʥʦʩʪʴ ʩʣʦʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 

jh  -  

ʪʦʣʱʠʥʘ j-ʦʡ ʷʯʝʡʢʠ ʩʣʦʷ, mj ,...,2,1= . 

ʤʇʨʝʜʧʦʣʦʞʠ, ʯʪʦ ʩʣʦʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʦʜʥʦʨʦʜʥʳʝ ʠ ʠʜʝʥʪʠʯʥʳʝ ʢʣʝʪʢʠ, ʠ ʧʫʩʪʴ ʧʣʦʱʘʜʴ ʢʘʞʜʦʡ ʢʣʝʪʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʦʜʠʥʘʢʦʚʘ ʠ ʨʘʚʥʘ S=1 (ʈʠʩ.5.1).  
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ʈʠʩ.5.1. ʉʪʨʫʢʪʫʨʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʣʝʜʫʶʱʠʝ: 

ʆʜʥʦʤʝʨʥʘʷ ʮʝʧʴ ʄʘʨʢʦʚʘ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʂʘʞʜʦʝ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʩʠʩʪʝʤʫ, ʥʘʟʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ.   

ʇʝʨʝʭʦʜ ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ï ɻ ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʟʘ ʦʜʠʥ ʰʘʛ.  

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʦʚ ï ʤʘʪʨʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʚʦʟʤʦʞʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ.  

ʇʫʩʪʴ ʠʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʧʦʩʪʨʦʝʥʦ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  ʊʦʛʜʘ ʩʢʘʷʤʘʪʝʤʘʪʠʯʝ ʤʦʜʝʣʴ ʤʘʪʨʠʮʳ 

ʂʊ ʙʫʜʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʠ ʄʘʨʢʦʚʘ.  ʀʤʝʶʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʠʷ (5.12), ʷʩʦʦʪʥʦʰʝʥʠ (5.10), (5.11) ʤʦʞʥʦ ʟʘʧʠʩʘʪ ɹ

ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 
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ʀʟ (5.10) ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ, ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʪ̫ʩʷ 

ʜʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʩʣʦ̫ʤ ʨʦʛʦʚʦʛʦ 

ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ: 
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ʛʜʝ  Ὑ ὧ”ȟὓ ὛЎὸȢ 

ʀʟ ʬʦʨʤʫʣʳ (5.11) ʧʦʣʫʯʘʝʪʩʷ: 
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ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ (ʭʦʣʦʜʘ), ʧʝʨʝʜʘʥʥʦʛʦ ʚʝʨʭʥʝʤʫ ʩʣʦʶ j= 1 ʠ 

ʥʠʞʥʝʤʫ ʩʣʦʶ j=m ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ: 

tTTSQQ kk
ʚʩʣ

kk D-+=+ )( 1111
1

1 a   

tTTSQQ k
m

k
ʥʩʣ

k
m

k
m D-+=+ )( 22

1 a   

ʛʜʝ 
21

, aa - ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, k
ʚʩʣT 1

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘʜ 

ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, k
ʥʩʣT 2

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʜ ʥʠʞʥʠʤ 

ʩʣʦʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʧʨʠʯʝʤ k
ʚʩʣT 1

 ʠ k
ʥʩʣ

T
2
 ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ.  

ɸʥʘʣʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʠ ʤʘʪʨʠʮʳ ʂʊ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʘ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʘʨʘʤʝʪʨʘ ʚʦ ʚʩʝʭ 
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ʩʣʦʷʭ ʙʠʦʪʢʘʥʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʦʪʨʘʞʘʶʱʘʷ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ - ʦʪ k ʢ k+1 ʩʣʦʶ. ʄʘʪʨʠʮʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʩʪʨʦʝʥʘ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʪʝʧʣʘ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʙʠʦʪʢʘʥʠ. ʉʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʪʦʣʙʮʘʤ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʩʪʨʦʢʘʤ ʦʥʦ ʚʘʨʴʠʨʫʝʪʩʷ, 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʠʣʠ ʭʦʣʦʜʘ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠʥʠʤʘʶʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ 

ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ 

ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʨʘʟʤʝʨʘ ʷʯʝʝʢ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ. ʅʘʨʫʰʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʦ ʩʣʦʷʤ ʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʵʧʠʜʝʨʤʠʩʘ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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xD  -  ʨʘʟʤʝʨ ʷʯʝʡʢʠ. ʊʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ S=1, ʪʦ ʦʙʲʝʤ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʣʱʠʥʳ ʩʣʦʷ mjhj ,...,2,1, = . ɼʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʤʘʪʨʠʮʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʚʝʨʥʦ ʫʩʣʦʚʠʝ [98, 99] 

 1,1,1, =++ -+ jjjjjj ppp . (5.18) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʣʝʜʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ: ʯʠʩʣʦʤ ʷʯʝʝʢ, ʠʭ 

ʨʘʟʤʝʨʘʤʠ (ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʪʦʣʱʠʥʦʡ, ʧʣʦʪʥʦʩʪʴʶ ʠ ʪʝʧʣʦʸʤʢʦʩʪʴʶ), 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʙʠʦʪʢʘʥʠ, 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ 

ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠ ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ.  

5.1.3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʝʸ ʨʘʩʯʝʪʦʚ 

ʀʩʧʦʣʴʟʫʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʛʣʘʚʝ 3, ʩʪʨʦʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫ  ʁʤʦʜʝʣ ɹ

ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʫʯʘʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʥʘʪʫʨʳ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ 

ʘʧʧʣʠʢʘʪʦʨʦʤ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤ 

ʘʧʧʣʠʢʘʪʦʨʘ ʢʨʠʦʟʦʥʜʘ.  

1. çʇʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

ʊʘʙʣ. 5.1. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 5,0=b ,h=4, ua=-10, eps=0.01, v0=32) 

x T(x) x T(x) x T(x) 

0,01 31,6904 0,11 30,1761 0,21 28,8601 

0,02 31,5365 0,12 30,0276 0,22 28,7166 

0,03 31,3831 0,13 29,8798 0,23 28,5736 

0,04 31,2303 0,14 29,7325 0,24 28,431 

0,05 31,2303 0,15 29,5858 0,25 28,2893 

0,05 30,9263 0,16 29,4395 0,26 28,1479 

0,07 30,7751 0,17 29,2939 0,27 28,0071 

0,07 30,6245 0,18 29,1488 0,28 27,8668 

0,08 30,4745 0,19 29,0042 0,29 27,7269 

0,09 30,4745 0,20 28,9201 0,3 27,5877 
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ʈʠʩ. 5.2 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 5,0=b ,h=4, ua=-10, eps=0.01 ʘ) v0=32(-); ʙ) v0=36,6(--)) 

 

ʇʦʩʪʨʦʠʚ ʪʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʪ ʨʘʟʤʝʨʘ 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʴ, ʩʪʨʦʠʤ ʣʠʥʠʶ 

ʪʨʝʥʜʘ. ɼʘʣʝʝ, ʠʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʙʦ ʣʠʥʝʡʥʦʡ, ʣʠʙʦ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ: 

828,31831,152718,6)( 2 +-= xxxT  (5.19) 

728,31892,13)( +-= xxT  (5.20) 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ 99,76%, ʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ - 99,64%. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʳʙʨʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʪ.ʢ. ʧʨʠ ʨʘʩʯʝʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʣʫʯʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʦʩʠʪ ɹ
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ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʦʯʝʥʴ ʧʣʦʭʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

 

ʊʘʙʣ. 5.3. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 8,0=b ,h=4, ua=-10, eps=0.01,v0=32) 

x T(x) x T(x) x T(x) 

0,01 36,25756 0,11 34,58128 0,22 32,9638 

0,02 36,08725 0,12 34,41691 0,23 32,80524 

0,03 35,91753 0,13 34,25313 0,24 32,64724 

0,04 35,74842 0,14 34,08993 0,25 32,48982 

0,05 35,5799 0,15 33,92731 0,26 32,48982 

0,05 35,41198 0,16 33,76528 0,27 32,17668 

0,07 35,24466 0,17 33,60383 0,28 32,02097 

0,07 35,07793 0,18 33,44296 0,29 31,86582 

0,08 34,91179 0,19 33,28266 0,3 31,71123 

0,09 34,74624 0,21 33,12295   

 

ʈʠʩ. 5.3 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 5,0=b ,h=0,5, ua=-15, eps=0.01, ʘ) v0=32(-); ʙ) v0=36,6(--) 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʝʡʥʦʡ ʠʣʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ:  

382,36464,173205,7)( 2 +-= xxxT  (5.21) 

265,362,15)( +-= xxT  (5.22) 

ɿʜʝʩʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (5.21) ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 99,75%, ʘ 

(5.22) 99,62%. 

 

ʊʘʙʣ. 5.4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 5,0=b ,h=4, ua=-15, eps=0.01, v0=32) 

x T(x) x T(x) x T(x) 

0,01 35,97778 0,11 33,0145 0,22 30,28405 

0,02 35,67045 0,12 32,73128 0,23 30,02313 

0,03 35,36562 0,13 32,45036 0,24 29,76435 

0,04 35,06326 0,14 32,17174 0,25 29,50768 

0,05 34,76336 0,15 31,89539 0,26 29,25312 

0,05 34,4659 0,16 31,62129 0,27 29,00065 

0,07 34,17086 0,17 31,34943 0,28 28,75025 

0,07 33,87821 0,18 31,0798 0,29 28,5019 

0,08 33,87821 0,19 30,81237 0,3 28,25559 

0,09 33,30005 0,21 30,54713   
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ʈʠʩ. 5.4 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

(h=4, ua=-15, eps=0.01, v0=36,6 ʘ) 9,0=b (-) ʙ) 5,0=b  (--),ʟʘʚʠʩʠʤʦʩʪʴ (5.21)) 

ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ x 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ:  

214,36309,31143,17)( 2 +-= xxxT . (5.23) 

 

ɺʘʨʠʘʮʠʷ ʠʩʢʦʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ 

ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 99,82%. 

2. çʉʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

 

ʊʘʙʣ. 5.5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 
( 0=b ,H=1, fi=-1) 

x T(x) 

1,10 -2,39889 

1,2 -2,17823 

1,3 -1,91356 

1,4 -1,60089 
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ʈʠʩ. 5.5 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 100%, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʪʘʢʠʭ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʪʦʨʦʡ 

ʩʪʝʧʝʥʠ:  

7812,10913,33,2)( 2 --= xxxT  (5.24) 

 

 

 

ʊʘʙʣ. 5.6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 
( 0=b ,H=1, fi=-0,75) 

x T(x)   

1,1 -13,583 1,4 -10,391 

1,2 -12,7 1,5 8,93218 

1,3 -11,642 1,6 -7,2495 

  

T = 2,3x2 - 3,0913x - 1,7812
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ʈʠʩ. 5.6 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ:  

mjTxcQ k

jjjj

k

j
,...,2,1,0, =D=r  (5.25) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʠʥʘ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ, ʥʘ ʢʦʪʦʨʦʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʤ, ʘ ʪʦʣʱʠʥʘ ʦʪ 100 ʥʤ ʜʦ 

1 ʤʢʤ.  ʊʦʥʢʘʷ ʢʦʞʘ ʙʠʦʪʢʘʥʠ ʩʦʜʝʨʞʠʪ ʦʪ 3 ʜʦ 4. ʊʦʣʩʪʘʷ ʢʦʞʘ ʙʠʦʪʢʘʥʠ 

ʩʦʜʝʨʞʠʪ ʦʪ 15 ʜʦ 20 ʩʣʦʝʚ.  

5.1.4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʠʦʟʦʥʜʦʤ ʩ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʦʡ 

ʘʧʧʣʠʢʘʪʦʨʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʛʣʘʚʝ 3 ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ çʇʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʛʠʧʦʪʝʨʤʠ ̫ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠ ̫ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠè.  ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.5.4.1. 

ʄʘʪʨʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʨʦʠʤ ʜʣʷ ʨʦʛʦʚʦʛʦ ʩʣʦ̫ ʵʧʠʜʝʨʤʠʩʘ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʩʣʦʷ, ʘ ʩʣʦʠ ʜʝʣʠʤ ʥʘ ʷʯʝʡʢʠ. ɼʣʷ 

ʨʘʩʯʸʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʠʥʘ ʦʜʥʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʢʤ, ʘ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʘʭ (ʊʘʙʣ.5.8-

5.10).  

T = -74435x5 + 491270x4 - 1E+06x3 + 2E+06x2 - 1E+06x + 286099
wч Ґ м
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ʇʣʦʱʘʜʴ ʷʯʝʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩʦʩʪʘʚʣʷʝʪ 1. ʆʙʲʸʤ ʵʪʦʡ ʷʯʝʡʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʪʦʣʱʠʥʦʡ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʢʘʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʦʪʢʘʥʠ ʉ
0

6,36 , ʧʦʵʪʦʤʫ ʧʦʪʦʢ ʠʟ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʘʚʝʥ 0,0184464. 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (5.25) ʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʤ 

ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʷʯʝʡʢʠ (ʩʤ. ʪʘʙʣ. 5.11).  

ʊʝʧʣʦʝʤʢʦʩʪʴ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʢʦʞʠ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʝʜʥʠʭ ʫʨʦʚʥʷʭ ʠʟ-ʟʘ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʩʣʦʷ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 5.11 ʩʦʚʧʘʜʘʶʪ. 

ʈʦʛʦʚʦʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʪʥʳʭ, ʢʝʨʘʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ ʩʦʭʨʘʥʷʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʦʜʥʦʨʦʜʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʦʩʪʘʚʦʤ. 
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ʊʘʙʣ.5.8 ʊʝʧʣʦʝʤʢʦʩʪʴ  

ʊʝʧʣʦʝʤʢʦʩʪʴ 

 1 1 1 1 1 1 1 1 1 1 

0           

1 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

2 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

3 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 

 
3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 
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ʊʘʙʣ.5.9. ʇʣʦʪʥʦʩʪʴ 

ʇʣʦʪʥʦʩʪʴ 

  1 1 1 1 1 1 1 1 1 1 

0                     

1 
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

  
0,140 0,140 0,140 0,14 0,140 0,14 0,14 0,14 0,14 0,14 

2 
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,130 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

  
0,130 0,130 0,13 0,13 0,130 0,13 0,13 0,13 0,13 0,13 

3 
0,120 0,120 0,12 0,12 0,120 0,12 0,12 0,12 0,12 0,12 

  
0,120 0,120 0,120 0,12 0,12 0,12 0,12 0,12 0,12 0,12 

  
0,120 0,120 0,120 0,12 0,120 0,12 0,12 0,12 0,12 0,12 

  
0,120 0,12 0,12 0,12 0,120 0,12 0,12 0,12 0,12 0,12 

  
0,120 0,120 0,12 0,12 0,120 0,12 0,12 0,12 0,12 0,12 
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ʊʘʙʣ. 5.10. ʊʦʣʱʠʥʘ ʷʯʝʡʢʠ ʩʣʦʷ ʙʠʦʪʢʘʥʠ  

ʊʦʣʱʠʥʘ ʷʯʝʡʢʠ 

  1 1 1 1 1 1 1 1 1 1 

0                     

1 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

  0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

  0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 

  0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 

  0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 

  0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 

  0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 

  0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 

  0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 

2 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 0,11 

  0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 

  0,13 0,13 0,13 0,13 0,13 0,13 0,13 0,13 0,13 0,13 

  0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 

  0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 

  0,16 0,16 0,16 0,16 0,16 0,16 0,16 0,16 0,16 0,16 

  0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 0,17 

  0,18 0,18 0,18 0,18 0,18 0,18 0,18 0,18 0,18 0,18 

  0,19 0,19 0,19 0,19 0,19 0,19 0,19 0,19 0,19 0,19 

3 0,21 0,21 0,21 0,21 0,21 0,21 0,21 0,21 0,21 0,21 

  0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,22 

  0,23 0,23 0,23 0,23 0,23 0,23 0,23 0,23 0,23 0,23 

  0,24 0,24 0,24 0,24 0,24 0,24 0,24 0,24 0,24 0,24 

  0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 

 

 

 



 

ʊʘʙʣ.5.11. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʇʦʪʦʢ ʪʝʧʣʘ 

  1 1 1 1 1 1 1 1 1 1 

0 
1,8133E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 

1 
3,6266E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 3,63E-05 

  
5,4398E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 5,44E-05 

  
7,2531E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 7,25E-05 

  
9,0664E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 9,07E-05 

  
0,00011 0,00011 0,00011 0,00010 0,00011 0,00011 0,00011 0,00011 0,00011 0,00011 

  
0,00014 0,00013 0,00012 0,00013 0,00013 0,00013 0,00013 0,00013 0,00013 0,00013 

  
0,00014 0,00014 0,00014 0,00014 0,00014 0,00014 0,00014 0,00014 0,00014 0,00014 

  
0,00016 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016 

2 
0,00018 0,00018 0,00018 0,00018 0,00018 0,00018 0,00018 0,00018 0,00018 0,00018 

  
0,00020 0,00020 0,00020 0,00020 0,00020 0,00020 0,00020 0,00020 0,00020 0,00020 
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0,00022 0,00022 0,00022 0,00022 0,00022 0,00022 0,00022 0,00022 0,00022 0,00022 

  
0,00024 0,00024 0,00024 0,00024 0,00024 0,00024 0,00024 0,00024 0,00024 0,00024 

  
0,00025 0,00025 0,00025 0,00025 0,00025 0,00025 0,00025 0,00025 0,00025 0,00025 

  
0,00027 0,00027 0,00027 0,00027 0,00027 0,00027 0,00027 0,00027 0,00027 0,00027 

  
0,00029 0,00029 0,00029 0,00029 0,00029 0,00029 0,00029 0,00029 0,00029 0,00029 

  
0,00030 0,00030 0,00030 0,00030 0,00030 0,00030 0,00030 0,00030 0,00030 0,00030 

  
0,00032 0,00032 0,00032 0,00032 0,00032 0,00032 0,00032 0,00032 0,00032 0,00032 

  
0,00033 0,00033 0,00033 0,00033 0,00033 0,00033 0,00033 0,00033 0,00033 0,00033 

3 
0,00034 0,00034 0,00034 0,00034 0,00034 0,00034 0,00034 0,00034 0,00034 0,00034 

  
0,00036 0,00036 0,00036 0,00036 0,00036 0,00036 0,00036 0,00036 0,00036 0,00036 

  
0,00037 0,00037 0,00037 0,00037 0,00037 0,00037 0,00037 0,00037 0,00037 0,00037 

  
0,00039 0,00039 0,00039 0,00039 0,00039 0,00039 0,00039 0,00039 0,00039 0,00039 

  
1,81328E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 1,81E-05 
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ʇʦʜʩʪʘʚʠʚ ʜʘʥʥʳʝ ʪʘʙʣ. ʚ (5.14) ʠ ʧʨʦʚʝʜʷ ʨʘʩʯʝʪʳ, ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʤʘʪʨʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

(ʪʘʙʣ.5.12) 

ʊʘʙʣ.5.12 ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

  1 1 1 1 1 1 1 1 1 

0                   

1 
0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 

  
0,0020 0,0020 0,0020 0,0020 0,0020 0,0020 0,0020 0,0020 0,0020 

  
0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 

  
0,0080 0,0080 0,0080 0,0080 0,0080 0,0080 0,0080 0,0080 0,0080 

  
0,0126 0,0126 0,0126 0,0126 0,0126 0,0126 0,0126 0,0126 0,0126 

  
0,0181 0,0181 0,0181 0,0181 0,0181 0,0181 0,0181 0,0181 0,0181 

  
0,0247 0,0247 0,0247 0,0247 0,0247 0,0247 0,0247 0,0247 0,0247 

  
0,0322 0,0322 0,0322 0,0322 0,0322 0,0322 0,0322 0,0322 0,0322 

2 
0,0408 0,0408 0,0408 0,0408 0,0408 0,0408 0,0408 0,0408 0,0408 
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0,0566 0,0566 0,0566 0,0566 0,0566 0,0566 0,0566 0,0566 0,0566 

  
0,0673 0,0673 0,0673 0,0673 0,0673 0,0673 0,0673 0,0673 0,0673 

  
0,0790 0,0790 0,0790 0,0790 0,0790 0,0790 0,0790 0,0790 0,0790 

  
0,0917 0,0917 0,0917 0,0917 0,0917 0,0917 0,0917 0,0917 0,0917 

  
0,1053 0,1053 0,1053 0,1053 0,1053 0,1053 0,1053 0,1053 0,1053 

  
0,1198 0,1198 0,1198 0,1198 0,1198 0,1198 0,1198 0,1198 0,1198 

  
0,1352 0,1352 0,1352 0,1352 0,1352 0,1352 0,1352 0,1352 0,1352 

  
0,1516 0,1516 0,1516 0,1516 0,1516 0,1516 0,1516 0,1516 0,1516 

  
0,1689 0,1689 0,1689 0,1689 0,1689 0,1689 0,1689 0,1689 0,1689 

3 
0,1905 0,1905 0,1905 0,1905 0,1905 0,1905 0,1905 0,1905 0,1905 

  
0,2090 0,2090 0,2090 0,2090 0,2090 0,2090 0,2090 0,2090 0,2090 

  
0,2285 0,2285 0,2285 0,2285 0,2285 0,2285 0,2285 0,2285 0,2285 

  
0,2488 0,2488 0,2488 0,2488 0,2488 0,2488 0,2488 0,2488 0,2488 

  
0,27 0,27 0,27 0,27 0,27 0,27 0,27 0,27 0,27 



ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʜʣʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʘʭ 5.2-5.6.  

ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ.  ɼʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ 

ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʟʘʜʘʥʳ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ: ʚʩʝʛʦ ʚ 

ʵʧʠʜʝʨʤʠʩʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 7 ʩʣʦʝʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʚʢʣʶʯʘʣʠ 

ʧʦ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ ʪʨʝʪʠʡ - ʪʨʠ. ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʵʧʠʜʝʨʤʠʩʘ 

ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 3, ʘ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʙʠʦʪʢʘʥʠ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʛʣʘʚʳ 3, ʨʘʚʝʥ 3,5.  ɼʣʷ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʪʢʘʥʠ ʧʨʦʚʝʜʝʥʦ ʜʝʣʝʥʠʝ 

ʥʘ ʩʝʤʴ ʦʙʣʘʩʪʝʡ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 

(5.20) ʠ ʩʦʩʪʘʚʠʣʘ: 24,782; 17,836; 10,89; 3,944; ï3,002; ï9,948; ï16,894.  

ɿʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʚʩʝʭ ʩʣʦʸʚ ʵʧʠʜʝʨʤʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ 

ʤʘʪʨʠʮʝ:   

ὢ

ở

Ở
Ở
Ở
ờ

πȢυ   πȢυ  πȢυ
ρ      ρ      ρ  
ρȢυ  ρȢυ  ρȢυ
ς      ς      ς  
ςȢυ  ςȢυ  ςȢυ
σ      σ      σ  
σȢυ  σȢυ  σȢυỢ

ỡ
ỡ
ỡ
Ỡ

ȟ  

ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʤʘʪʨʠʮʝ: 

Ὕ

ở

Ở
Ở
Ở
ờ

ςτȢχψς      ςτȢχψς      ςτȢχψτ
ρχȢψσφ     ρχȢψσφ     ρχȢψσφ  
ρπȢψωπ    ρπȢψωπ    ρπȢψωπ
σȢωττ      σȢωττ        σȢωττ  
σȢππς  σȢππς  σȢππς
ωȢωτψ  ωȢωτψ  ωȢωτψ   
ρφȢψωτ  ρφȢψωτ  ρφȢψωτỢ

ỡ
ỡ
ỡ
Ỡ

Ȣ  

ʊʝʧʣʦʝʤʢʫʦʩʪʠ ʚ ʩʣʦʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 0,36; 0,36; 0,37. 

ʇʣʦʪʥʦʩʪʠ ʨʘʚʥʳ: 0,12; 0,14; 0,15. 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘ ʨʦʛʦʚʦʡ ʩʣʦʡ 

ʚ ʩʝʢʫʥʜʘʭ  ʧʦ ʩʣʦʷʤ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 4,28571; 8,57142; 12,85714; 

17,14285; 21,42857; 25,71428; 30. 
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ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʂʊ ʨʘʚʝʥ 0,5, ʘ ʚ ʥʠʞʥʝʤ ʩʣʦʝ 0,14. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʙʠʦʪʢʘʥʠ ʨʘʚʥʘ 28, ʘ ʧʦʜ ʥʠʞʥʠʤ ʩʣʦʝʤ ʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 36.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ (5.25) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʪʦʢʠ ʚ ʙʠʦʪʢʘʥʷʭ:  

ὗ

ở

Ở
Ở
Ở
ờ

πȟυσυυ     πȟυσυυ      πȟυσυυ
 πȟχχπυ      πȟχχπυ      πȟχχπυ  
πȟψςσς      πȟψςσς        πȟψςσς
πȟσωχυ    πȟσωχυ          πȟσωχυ  
πȟτρφυ  πȟτρφυ      πȟτρφυ
ρȟφυφσ  ρȟφυφσ      ρȟφυφσ   
σȟςψρφ  σȟςψρφ     σȟςψρφỢ

ỡ
ỡ
ỡ
Ỡ

Ȣ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ ʨʘʩʯʝʪʳ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʧʦʣʫʯʝʥʘ 

ʠʩʢʦʤʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

=

18425680.4788941118425680.4788941118425680.47889411

4213850.119163604213850.119163604213850.11916360

529255420.07340242529255420.07340242529255420.07340242

 743393740.05707387 743393740.05707387 743393740.05707387

72268950.1718710972268950.1718710972268950.17187109

98759650011062254,098759650011062254,098759650011062254,0

620620916799770,0620620916799770,0620620916799770,0

   
 

l  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʣʦʸʚ. 

ɺʦʧʨʦʩ, ʢʘʩʘʶʱʠʡʩʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʪʘʣʴʥʳʝ ʩʣʦʠ 

ʢʦʞʠ - ʜʝʨʤʫ ʠ ʛʠʧʦʜʝʨʤʫ, ʘ ʪʘʢʞʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʵʧʠʜʝʨʤʠʩʘ, ʦʩʪʘʸʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ʵʪʠʭ ʪʢʘʥʝʡ, 

ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ.  
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5.2.  ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʡ ʵʧʠʜʝʨʤʠʩ 

ʙʠʦʪʢʘʥʠ 

5.2.1. ʉʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ   ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʥʘ 

ʵʧʠʜʝʨʤʠʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʬʫʥʢʮʠʠ. 

ʉʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʦʧʝʨʘʮʠʡ ʨʠʩ.5.7): 

 

ʈʠʩ. 5.7. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʠʟ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ.   

çʇʦʜ ʩʪʘʪʫʩʥʦʡ ʬʫʥʢʮʠʝʡ (ʉʌ) ʧʦʥʠʤʘʶʪ ʦʧʝʨʘʮʠʶ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʘʨʳ ʘʨʛʫʤʝʥʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʤ ʚʝʣʠʯʠʥʘ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʧʨʘʚʠʣʫè [55, 176].  

ʉʪʘʪʫʩʥʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

‪ὸȟὯ ὃὸὩ Ȣ (5.26) 
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ɺ (5.26)  ὃὸ ï ʤʦʜʫʣʠ ʭʢʦʤʧʣʝʢʩʥʳ ʬʫʥʢʮʠʡ ʧʨʠ   ʦʙʨʘʟʦʚʘʥʠʠ ʰʫʤʘ, t ï

ʙʘʟʦʚʘʷʧʝʨʝʤʝʥʥʘʷ, ʘʥʘʣʦʛ ʢʦʦʨʜʠʥʘʪ r ʚʨʝʤʝʥʠ, k =-1,0,1 - ʬʘʟʦʚʳʝ 

ʤʥʦʞʠʪʝʣʠ ʜʣʷ ʚʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʡ.  

ʌʫʥʢʮʠʶ (5.26) ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ 

[55,176]: 

‪ὸȟὯ ὃὸÃÏÓς“ὯὸὭίὭὲς“Ὧὸȟ (5.27) 

ʠʣʠ  

‪ὸȟὯ ὃὸ ÃÏÓ“ὯὸίὭὲ“Ὧὸ   

ςὭὃὸÃÏÓ“ὯὸὭίὭὲς“Ὧὸȟ (5.28) 

 ʆʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ (5.26) ʷʚʣʷʶʪʩʷ ʪʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʘʨʳ 

ʘʨʛʫʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ, ʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ - 

ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʠ. 

ʉʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʉʇ) ‚ ‚ὸ,  ʢʘʢ ʬʦʨʤʫʣʠʨʫʶʪ ʘʚʪʦʨʳ ʚ 

ʨʘʙʦʪʘʭ [55, 173], ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʬʫʥʢʮʠʶ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ὸɴ Ὕ, ʛʜʝ ʟʥʘʯʝʥʠʷ ‚ὸ ʧʨʠ ʢʘʞʜʦʤ ὸ ̫ ʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠè [55, 

176]. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʣʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ‚ὸȟὸɴ Ὕ  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʚʤʝʩʪʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʝʛʦ ʟʥʘʯʝʥʠʡ 

‚ὸȟ‚ὸȟ‚ὸȟȣȟ‚ὸ    ʧʨʠ ʨʘʟʣʠʯʥʳʭ ὸȟὸȟȣȟὸ. ʂʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ‚ὸ 

ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʷʩʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʪʘʢʞʝ ʬʦʨʤʘʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʭʦʜʘ ″ȡ ‚ὸ ‚″ȟὸ.  

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ὸ, ʪ.ʝ ʧʨʠ ὸ ὸᶰὝ, 

ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ‚″ȟὸ  ʦʙʨʘʱʘʝʪʩʷ ʚ ʉɺ ‚″ȟὸ , ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʩʝʯʝʥʠʝʤ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʈʝʘʣʠʟʘʮʠʝʡ, ʠʣʠ ʪʨʘʝʢʪʦʨʠʝʡ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ‚″ȟὸ ʥʘʟʳʚʘʝʪʩʷ 

ʥʝʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ‚ὸ ‚″ȟὸ  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ  

″ ″, ʪ.ʝ. ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ. ʈʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʙʦʟʥʘʯʘʶʪ ὢ ὸȟὢ ὸȟȣȟὢ ὸȟ  ʛʜʝ ʠʥʜʝʢʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʦʧʳʪʘ.  
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ɽʩʣʠ ʘʨʛʫʤʝʥʪʦʤ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ, ʪʦ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

 çʄʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ (ʄʆ) ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ X(t) 

ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ά ὸ, ʢʦʪʦʨʘʷ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ 

ʘʨʛʫʤʝʥʪʘ t ʨʘʚʥʘ ʄʆ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʯʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘè [55, 

176].  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʝʯʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ, 

ʥʘʭʦʞʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x,t):   

ά ὸ ὢὸ ὢὸ ὓὢὸ ᷿ ὼὪὼȟὸὨὼ. 

ɽʩʣʠ ʩʝʯʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʯʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʚʠʜʘ:    

ά ὸ ὼὴ 

ʛʜʝ ὼȟὴ  -  ʵʣʝʤʝʥʪʳ ʨʷʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ.  ʚʦʟʤʦʞʥʳʝ ʜʠʩʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʠ.  

 ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʷ ʄʆ  ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʩʫʤʤʳ  

ὢὸ ά ὸ )(tX
A

ὢὸ )(tX
A

, 

ʛʜʝ ὢὸ   - ʥʝʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ,  ὢὸ - ʩʣʫʯʘʡʥʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ  

ὢὸ ὢὸ ά ὸ 

ʇʘʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ X ʠ Y ʩʯʠʪʘʶʪʩʷ  

ὧέὺὢȟὣ Ὁὢὣ ὉὢὉὣ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ, ʝʩʣʠ ʠʭ ʢʦʚʘʨʠʘʮʠʷ ʨʘʚʥʳ ʥʫʣʶ.  ɽʩʣʠ ʜʚʝ ʧʝʨʝʤʝʥʥʳʝ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳ, ʤʝʞʜʫ ʥʠʤʠ ʥʝʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  
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 ɺʝʣʠʯʠʥʘ ʨʘʟʙʨʦʩʘ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ. ɿʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘ ̫ʬʫʥʢʮʠ.̫   

ɼʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘ ̫  ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ: 

ὤὸ ὢὸ Ὦὣὸ (5.29) 

ʛʜʝ X(t) ʠ Y(t) -ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ  ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ.   

 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʄʆ) ὤὸ  ʠʱʝʤ ʧʦ  ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

άὤὸ άὢὸ Ὦάὣὸ (5.30) 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʘ ʙʠʦʪʢʘʥʠ, ʧʨʝʦʙʨʘʟʫʝʤʫʶ ʩʣʫʯʘʡʥʫʶ ʬʫʥʢʮʠʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʨʘʞʘʪʴ 

ʯʝʨʝʟ ʩʫʤʤʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ 

ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ɺ.ʉ. ʇʫʛʘʯʸʚʳʤ [55, 176]. 

ʂʘʥʦʥʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ X(t) ʩʦʩʪʦʠʪ ʚ ʝʸ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʬʦʨʤʝ ʩʫʤʤʳ ʠʣʠ ʠʥʪʝʛʨʘʣʘ ʧʦ ʩʠʩʪʝʤʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʛʜʝ ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʩʪʘʪʫʩ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ: 

  ὢὸ ά  В ὠ• ὸ .  (5.31) 

ɿʜʝʩʴ ʚ (5.31)  • ὸ (k=1,2,én) - ʝʥʝʩʣʫʯʘʡʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʥʘʟʳʚʘʝʤʳʝ 

çʢʦʦʨʜʠʥʘʪʥʳʝè ʬʫʥʢʮʠʠ, ὠ   (k =1,2,é,n) ï ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ, ʧʦʧʘʨʥʦ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʜʠʩʧʝʨʩʠʷʤʠ  Ὀ  (k=1,2,é,n). 

ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X(t) ʩ ʧʦʤʦʱʴʶ ʢʘʥʦʥʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ (5.28), ʘʚʪʦʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ  

ὑ ὸȟὸ ά  В Ὀ• ὸ• ὸ    (5.32) 

ʌʦʨʤʫʣʘ (5.32) ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʘʚʪʦʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʨʘʟʣʦʞʝʥʠʷ. 

ɽʩʣʠ ʧʨʠ ʟʘʧʠʩʠ ʩʣʫʯʘʡʥʦʡ  ʬʫʥʢʮʠʠ ʚ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ  
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ὢὸ Ὗ• ὸ 
(5.33) 

 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ Ὗ   ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ, ʪʦ ʪʦʛʜʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ 

ʷʚʣʷʝʪʩʷ  ʠʤʢʘʥʦʥʠʯʝʩʢ ʨʘʟʣʦʞʝʥʠʝʤ, ʠ ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (5.32)  ʜʣʷ  

ʘʚʪʦʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʥʝʩʧʨʘʚʝʜʣʠʚʦ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʝ (5.33) ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʦ ʚ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

 ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ (ʭʦʣʦʜʦʤ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ, ʪʝʨʘʧʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ) ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ.  ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʴ ʚ ʩʠʩʪʝʤʫ ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ:  

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ;  

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ;  

ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ; 

ʢʨʠʦʧʨʦʪʝʢʪʦʨʳ (ʢʦʥʮʝʥʪʨʘʮʠʷ, ʜʠʬʬʫʟʠʷ, ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ); 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ (ʠʟʤʝʥʝʥʠʷ ʚ ʪʢʘʥʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ); 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ, ʤʝʪʦʜ ʯʘʩʪʝʡ).   

ʂʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʦʪʢʘʥʠ 

ʩʪʘʪʫʩʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʳʩʪʫʧʘʶʪ:  

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʤʦʜʝʣʴ ʪʝʧʣʦʧʝʨʝʥʦʩʘ, ʤʦʜʝʣʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʤʦʜʝʣʴ ʢʣʝʪʦʯʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ); 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ (ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ); 
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ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʢʝʪʳ, ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ); 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʨʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ); 

ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ (ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘʥʘʣʠʟ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʟʥʘʥʠʷʤ).  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʴ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʚʢʣʶʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʦʯʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ. 

ʇʫʩʪʴ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ ʚ ʚʠʜʝ X(t), ʥʘʟʳʚʘʝʤʳʡ 

ʚʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʬʫʥʢʮʠʶ Y(t), 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʚʳʭʦʜʦʤ, ʚʳʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʦʪʢʣʠʢʦʤ ʩʠʩʪʝʤʳ). 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ὣὸ ὃὢὸȟ (5.34) 

ʛʜʝ ɸ ï ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ.  

ɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʝʪ ὢὸ, ʷʚʣʷʶʱʝʩ̫ʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ 

ʧʨʦʮʝʩʩʦʚ ὢ ὸȟὢ ὸȟȣȟὢ ὸ, ʪ.ʝ. 

ὢὸ ὧὢ ὸȟ 
(5.35) 

ʪʦ ʪʦʛʜʘ ʚʳʭʦʜʥʦʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ὣὸ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʞʝ 

ʪʘʢʫʶ ʞʝ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ 

ὣὸ ὧὣ ὸȟ 
(5.35) 

ʛʜʝ ʬʫʥʢʮʠʷ ὣ ὸ - ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʪʝʤ ʞʝ 

ʦʧʝʨʘʪʦʨʦʤ 

ὣ ὸ ὃὢ ὸȢ (5.36) 
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 ʄʝʪʦʜ ʢʘʥʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʞʝʥʠʡ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʠ 

ʨʘʟʣʦʞʠʪʴ ʝʛʦ ʥʘ ʩʫʤʤʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʚ ʚʠʜʝ: 

ὢὸ ὠ•ὸȟ (5.37) 

ʛʜʝ ὠ ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ,  •ὸ ï ʥʝʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʜʣʷ ʥʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ά ὸ ὠ•ὸ ά •ὸȢ (5.38) 

ʎʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʚʥʘ 
oo

VtVVttVtVtXtXtX )())(()()()()()( jjjj =><->=<->=<-= . 
(5.39) 

ɼʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠʤʝʝʤ  

.)()()()())),(
21

2

212121
((

V

o
oo

X
DttVtttXtXttK jjjj >=<>==<  

(5.40) 

ʇʫʪʸʤ ʨʘʟʣʦʞʝʥʠʷ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ )(tX
o

 ʧʦ 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʬʫʥʢʮʠʷʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʮʝʩʩ   ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ὢὸ ά ὸ ὠ• ὸȟ 
(5.41) 

ʛʜʝ ὠ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ, • ὸ ï ʢʦʦʨʜʠʥʘʪʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ.  

ʈʘʟʣʦʞʝʥʠʝ (5.41) ʥʘʟʳʚʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ, ʝʩʣʠ ὠ π, ὠ- 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʪ.ʝ. ὠὠ π ʧʨʠ Ὥ Ὦ, ὠὠ

Ὀ.  ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ  

>==< ))),(
2121

(( tXtXttK
oo

X
  

ὠ• ὠ• ὠὠ • ὸ  

(5.42) 

• ὸ• ὸ Ὀ 
 

ʀʟ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ (5.42) ʧʦʣʫʯʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ  



 292 
 

Ὀ ὸ ὑ ὸȟὸ • ὸ Ὀ 
 

ɽʩʣʠ ʚʳʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʟʘʜʘʥ ʚ ʚʠʜʝ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ  

ὣὸ ά ὸ ὠ‪ ὸȟ 
(5.43) 

ʛʜʝ ‪ ὸ ï ʥʝʩʣʫʯʘʡʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʬʫʥʢʮʠʷ, ʚʭʦʜʥʦʡ ʧʨʦʮʝʩʩ 

ὢὸ ά ὸ ὠ• ὸȟ 
(5.44) 

ʪʦ ʚʳʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚ ʚʠʜʝ 

ὣὸ ὃὢὸ ὃά ὸ ὠὃ•ὸȟ 
(5.45) 

ʉʨʘʚʥʝʥʠʝ (5.43)  ʠ (5.45) ʜʘʝʪ  

ά ὸ ὃά ὸ (5.46) 

‪ ὸ ὃ•ὸ (5.47) 

ʆʧʨʝʜʝʣʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʠ ʜʠʩʧʝʨʩʠʶ ʚʳʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

>=>=<=< ))))),(
212121

(((( tXAtXAtYtYtt
Y

K
oooo

 
 

ὠὠ ‪ ὸ ‪ ὸ ‪ ὸ‪ ὸὈȟ 
(5.48) 

Ὀ ὸ ὑ ὸȟὸ ‪ ὸ Ὀ 

(5.49) 

 

5.2.2. ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʰʫʤʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʧʠʜʝʨʤʠʩ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. 

ɺ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʨʷʜʫ ʩ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʰʠʙʢʠ, ʰʫʤʳ ʠ ʨʘʟʣʠʯʥʳʝ ʥʝʪʦʯʥʦʩʪʠ. ʉʭʦʞʠʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʡ ʵʧʠʜʝʨʤʠʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. 
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ɺʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʦʛʦʚʦʡ ʩʣʦʡ ʵʧʠʜʝʨʤʠʩʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʰʫʤʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʤʝʞʜʫ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʢʦʛʜʘ ʯʘʩʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʠ 

ʧʦʜʘʚʣʷʝʪʩʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʪʢʘʥʠ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʝʪʦʯʥʦʩʪʠ, ʠʩʢʘʞʝʥʠʷ, ʰʫʤʳ ʩʣʫʯʘʡʥʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠ ʠʭ 

ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.   

ʉʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʙʝʣʳʤ ʰʫʤʦʤ.  ɺ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʡʥʦʤ ʧʨʦʮʝʩʩʝ ʠʤʝʶʪ ʤʝʩʪʦ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʤʝʥʷʶʪʩʷ ʙʳʩʪʨʦ, ʤʝʜʣʝʥʥʦ, ʫʤʝʨʝʥʥʦ ʠ ʧʨʠʯʝʤ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʠʤʝʝʪ 

ʧʨʠʦʨʠʪʝʪʘ ʥʘʜ ʜʨʫʛʠʤʠ.  

ʅʘʟʚʘʥʠʝ çʙʝʣʳʡ ʰʫʤè, ʜʘʥʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʣʫʯʠʣ ʩʚʦʝ 

ʥʘʟʚʘʥʠʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʧʝʢʪʨʦʤ ʙʝʣʦʛʦ ʩʚʝʪʘ. ɹʝʣʳʡ ʮʚʝʪ ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʮʚʝʪʦʚ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ɽʩʣʠ ʤʳ 

ʧʨʦʜʦʣʞʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʠʠ ʚʠʜʠʤʳʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ, 

ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʮʚʝʪ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʮʚʝʪʦʚʦʛʦ ʰʫʤʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʎʚʝʪʥʳʝ ʰʫʤʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʝʣʳʡ) ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʥʝʢʦʪʦʨʳʤ ʬʠʟʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ ʠ ʧʨʝʜʩʪʘʣʷʶʪ ʩʦʙʦʡ ʰʫʤʦʚʳʝ ʤʦʜʝʣʠ.  

ʐʫʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ: ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʪʩʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ; 

ʧʨʠ ʟʘʤʝʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪ.ʜ. 

ʇʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ, ʝʩʣʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ï 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʷ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ï ʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʚʨʝʤʝʥʠ. 
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ʉʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʵʨʛʦʜʠʯʝʩʢʠʤ, ʝʩʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʤʝʩʪʦ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʠʟʘʮʠʡ ʤʳ ʤʦʞʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʤ 

ʦʙʳʯʥʦ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɽʱʝ ʜʨʫʛʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, ʪ.ʝ. ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ 

ʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨr, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ.  

ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤʳ ɺʠʥʝʨʘ-ʍʠʥʯʠʥʘ-ʂʦʣʤʦʛʦʨʦʚʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʌʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ, ʝʩʣʠ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ 

ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʦʥʘ ʚʦʟʚʨʘʱʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. 

 

ɸ) ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʰʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʧʠʜʝʨʤʠʩ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʰʫʤʘ ʪʘʢʞʝ 

ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʚʳʙʝʨʝʤ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʦʛʦʚʦʡ ʩʣʦʡ 

ʵʧʠʜʝʨʤʠʩʘ. 

ʂʚʘʥʪʦʚʘʥʠʝ ï ʪɻʦ ʧʨʦʮʝʩʩ ʟʘʤʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʦʢʨʫʛʣʝʥʥʦʛʦ ʜʦ ʮʝʣʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 5.4.1 (ʪʘʙʣʠʮʘ 5.4.1, ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʙʠʦʪʢʘʥʴ ʢʨʠʦʟʦʥʜʦʤ ʩ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʥʦʡ ʬʦʨʤʦʡ ʘʧʧʣʠʢʘʪʦʨʘ).   

ʇʫʩʪʴ ʯʝʨʝʟ ὢὸȟὢὸȟȣȟὢὸ  ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʵʧʠʜʝʨʤʠʩʘ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʰʫʤʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὼ ὼȟὼȟȣȟὼ   ʥʘʙʦʨ ʩʣʦʸʚ ʵʧʠʜʝʨʤʠʩʘ, ʘ ʯʝʨʝʟ ὴ - 
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ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʩʣʦʷ ʩ ʥʦʤʝʨʦʤ i ʚ ʧʦʩʣʝʜʫʶʱʠʡ, ʪʦ ʝʩʪʴ ʚ (i+1)-ʡ 

ʩʣʦʡ.  

ɺʝʣʠʯʠʥʘ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  ὶὸ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ὶ= Ὕὼ Ὕὼ , ʛʜʝ Ὕὼ  - ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʪʢʘʥʠ, ʘ Ὕὼ  - ʨʝʟʫʣʴʪʘʪ 

ʢʚʘʥʪʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʵʪʦʛʦ ʩʣʦʷ.  

ʅʝʧʨʝʨʳʚʥʘʷ ʚʨʝʤʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ t ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ tit
i

DÖ= , ʛʜʝ i  ʷʚʣʷʶʱʠʝʩʷ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʤʦʤʝʥʪʘʤ ʫʩʣʦʚʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʬʠʢʩʠʨʦʚʘʥʥʘʷ 

ʚʝʣʠʯʠʥʘ  tD ʩʣʫʞʠʪ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʨʚʘʣʘ ʧʝʨʝʜʘʯʠ ʭʦʣʦʜʘ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʩ ʥʦʤʝʨʘʤʠ i  ʠ  i+1.  

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʙʨʘʥʳ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʦʤ ʘʧʧʣʠʢʘʪʦʨʦʤ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫ  ʁʪʢʘʥ.ɹ ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʩʣʫʯʘʡ ʜʣʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 5,0=b ,h=4, ua=-10, eps=0.01, v0=32.  

ʊʘʙʣ. 5.13. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 5,0=b ,h=4, ua=-10, eps=0.01, v0=32) 

 

x T(x) x T(x) x T(x) 

0,01 31,691 0,11 30,176 0,21 28,860 

0,02 31,546 0,12 30,027 0,22 28,716 

0,03 31,383 0,13 29,879 0,23 28,573 

0,04 31,230 0,14 29,732 0,24 28,431 

0,05 31,230 0,15 29,585 0,25 28,289 

0,05 30,926 0,16 29,439 0,26 28,147 

0,07 30,775 0,17 29,293 0,27 28,007 

0,07 30,624 0,18 29,148 0,28 27,866 

0,08 30,474 0,19 29,004 0,29 27,726 

0,09 30,474 0,20 28,920 0,3 27,587 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ ʜʣʷ ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.14: 
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 ʊʘʙʣ. 5.14 ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

x [T(x)]  x [T(x)]  x T(x) 

0,01 32 0,11 31 0,21 29 

0,02 32 0,12 31 0,22 29 

0,03 31 0,13 30 0,23 29 

0,04 31 0,14 30 0,24 28 

0,05 31 0,15 30 0,25 28 

0,05 31 0,16 29 0,26 28 

0,07 31 0,17 29 0,27 28 

0,07 31 0,18 29 0,28 28 

0,08 31 0,19 29 0,29 28 

0,09 31 0,20 29 0,3 28 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʷʠʩʩʣʝʜʦʚʘʥ, ʥʘʭʦʜʠʤ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ.  ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.15. 

ʊʘʙʣ.5.15. ʈʘʟʥʠʮʘ ʜʘʥʥʳʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ 

  
 

i ὸ [T(x)]  T(x) -[T(x)]  ὴ 

0,01 35,977 
 

0 36 0,0222 0,7588 

0,02 35,670 1 10 36 0,3295 0,7326 

0,03 35,365 2 20 35 0,3656 0,38 

0,04 35,063 3 30 35 0,0632 0,0211 

0,05 34,763 4 40 35 0,2366 0,3380 

0,05 34,465 5 50 34 0,4658 0,2844 

0,07 34,170 6 60 34 0,1708 0,2187 

0,07 33,878 7 70 34 0,1217 0,9222 

0,08 33,878 8 80 34 0,1217 0,7632 

0,09 33,300 9 90 33 0,3000 0,5195 

0,11 33,014 10 100 33 0,0145 0,1585 

0,12 32,731 11 110 33 0,2687 0,8175 

0,13 32,450 12 120 32 0,4503 0,1677 
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0,14 32,171 13 130 32 0,1717 0,2548 

0,15 31,895 14 140 32 0,1046 0,1009 

0,16 31,621 15 150 32 0,3787 0,6696 

0,17 31,349 16 160 31 0,3494 0,0786 

0,18 31,079 17 170 31 0,0798 0,8130 

0,19 30,812 18 180 31 0,1876 0,7799 

0,20 28,920 19 190 29 0,0798 0,12 

0,21 30,547 20 200 30 0,4528 0,2657 

0,22 30,284 21 210 30 0,2840 0,4630 

0,23 30,023 22 220 30 0,0231 0,0764 

0,24 29,764 23 230 30 0,2356 0,8724 

0,25 29,507 24 240 29 0,4923 0,5307 

0,26 29,253 25 250 29 0,2531 0,8305 

 

ʈʝʘʣʠʟʘʮʠʷ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʩʴʤʠ ʟʥʘʯʝʥʠʡ  ὢ ὸ ,  ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʥʳʤ 

ʩʝʯʝʥʠʷʤ t = 10; 40; 80; 110; 153; 194; 214; 244,  ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʩʪʦʣʙʮʘʤ 

ʪʘʙʣʠʮʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʄʆ) ά ὸ  ʨʘʚʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʞʠʜʘʥʠʷʤ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ὢ ὸ : 

ά ὸ
В ὢ ὸ

ὲ
ȟ Ὥ ρȟςȟȣȟὲȟὯ ρȟςȟȣȟάȟ 

(5.34) 

 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ n=25 ʠ m=8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʰʠʙʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 5.16. 

ʇʦʩʣʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʠ ʜʝʣʝʥʠʷ ʥʘ ʯʠʩʣʦ 

ʨʝʘʣʠʟʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ (ʪʘʙʣ. 5.17). 

  



ʊʘʙʣ.5.16. ʈʝʟʫʣʴʪʘʪʳ ʦʰʠʙʦʢ 

  
29 30 31 32 33 34 35 36 

  
240 210 160 120 90 50 20 10 

1 0,022219 0,224659 0,21031 0,188403 0,172532 0,161513 0,147907 0,13846 0,135447 

2 0,329547 0,132566 0,132561 0,132555 0,13255 0,132547 0,132543 0,13254 0,132539 

3 0,365619 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

4 0,063262 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

5 0,236638 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

6 0,465899 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

7 0,170855 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

8 0,121788 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

9 0,121788 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

10 0,300054 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

11 0,014501 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

12 0,268724 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

13 0,45036 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

14 0,171736 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

15 0,104615 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

16 0,378709 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 
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17 0,349435 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

18 0,0798 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

19 0,187631 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

20 0,452874 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

21 0,284052 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

22 0,023132 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

23 0,235652 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

24 0,492316 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

25 0,253124 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 0,132539 

 
5,944331 3,405613 3,39126 3,369347 3,353471 3,342448 3,328839 3,319389 3,316376 

 

ʊʘʙʣ. 5.17 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

  
240 210 160 120 90 50 20 10 

mx(t) 0,237773 0,136225 0,13565 0,134774 0,134139 0,133698 0,133154 0,132776 0,132655 



ɺ ʩʣʦʝ ʚʨʝʤʝʥʠ ὸ  ʜʠʩʧʝʨʩʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʜʠʩʧʝʨʩʠʝʡ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ὢ ὸ  ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

Ὀ ὸ
В ὢὭὸὯ

ςὲ
Ὥρ

ὲ
άὭὸὯ

ς
 

(5.35) 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.18-5.19. 



ʊʘʙʣ. 5.18 ɼʠʩʧʝʨʩʠʠ 

1 0,000494 0,050472 0,04423 0,035496 0,029767286 0,02608629 0,02187643 0,0191712 0,018345971 

2 0,108601 0,017574 0,017573 0,017571 0,017569583 0,01756873 0,01756768 0,0175669 0,017566716 

3 0,133678 0,017566 0,017566 0,017566 0,017566492 0,01756649 0,01756649 0,0175665 0,017566491 

4 0,004002 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

5 0,055998 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

6 0,217062 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

7 0,029192 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

8 0,014832 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

9 0,014832 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

10 0,090032 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

11 0,00021 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

12 0,072212 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

13 0,202825 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

14 0,029493 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

15 0,010944 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

16 0,143421 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

17 0,122105 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

18 0,006368 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 
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19 0,035205 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

20 0,205095 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

21 0,080686 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

22 0,000535 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

23 0,055532 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

24 0,242375 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

25 0,064072 0,017566 0,017566 0,017566 0,017566491 0,01756649 0,01756649 0,0175665 0,017566491 

 
1,9398 0,472074 0,465832 0,457096 0,451366169 0,44768432 0,44347341 0,4407675 0,439941987 

 
0,077592 0,018883 0,018633 0,018284 0,018054647 0,01790737 0,01773894 0,0176307 0,017597679 

 

ɿʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.19. 

ʊʘʙʣ. 5.19. ɼʠʩʧʝʨʩʠʠ  

  
240 210 160 120 90 50 20 10 

Dx(t) 0,021056 0,000326 0,000232 0,00012 6,14181E-05 3,2235E-05 9,0692E-06 1,346E-06 3,24868E-07 



ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʚ 

ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʬʦʨʤʝ ʤʘʪʨʠʮʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʤʦʤʝʥʪʦʚ 

ὑ ὸȟὸ
В ὢὭὸὯὢὭὸὮ
ὲ
Ὥρ

ὲ
άὢὸὯάὢὸὮȟὯȟὮ ρȟςȟȣȟςυȢ 

(5.36) 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ 5.20, ʛʜʝ ʧʦ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

ʩʪʦʷʪ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ.  

 

 

 



ʊʘʙʣ. 5.20. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

 
240 210 160 120 90 50 20 10 

240 0,3416072 0,253396 0,252142 0,250834 0,249903 0,249049 0,24825 0,247817 

210 
 

0,234917 0,23386 0,232756 0,231969 0,231247 0,23057 0,230204 

160 
  

0,23386 0,232756 0,231969 0,231247 0,23057 0,230204 

120 
   

0,232756 0,231969 0,231247 0,23057 0,230204 

90 
    

0,231969 0,231247 0,23057 0,230204 

50 
     

0,231247 0,23057 0,230204 

20 
      

0,23057 0,230204 

10 
       

0,230204 



ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʚʠʜ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʪʨʝʙʫʝʪʩʷ 

ʵʣʝʤʝʥʪʳ, ʩʪʦʷʱʠʝ ʚ ʪʘʙʣʠʮʝ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ: 

ὑ ὸȟὸ
ὑὢὸὯȟὸὮ
ὈὢὸὯὈὢὸὮ

 

(5.37) 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʢʣʶʯʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʷ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ). 

ʇʨʝʜʩʪʘʚʠʤ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ X(t) ʚ ʚʠʜʝ ʢʘʥʦʥʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ  

ὢὸ άὢὸ ὠὭ•Ὥὸȟ

Њ

Ὥρ

 

(5.38) 

ʛʜʝ ά ὸ ï ʩʢʦʝʤʘʪʝʤʘʪʠʯʝ ʦʞʠʜʘʥʠʝ (ʄʆ) ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ,  ὠ ï 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʛʦʢʘʥʦʥʠʯʝʩʢ ʨʘʟʣʦʞʝʥʠʷ), 

ʥʘʟʳʚʘʝʤʳʝ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, • - ʥʝʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ ʘʨʛʫʤʝʥʪʘ 

t,  ʥʘʟʳʚʘʝʤʳʝ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ.   ʂʘʥʦʥʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʢʦʥʝʯʥʳʤ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʫʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʡ X (t). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ çʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʩʥʦʚʝ ʥʘ  ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ  

ɺʝʰʥʝʚʦʡ ʀ.ɺ., ʏʠʩʪʷʢʦʚʦʡ ʊ.ɹ. ʠ ɹʦʣʴʰʘʢʦʚʘ ɸ.ɸ. ʙʝʣʳʡ ʰʫʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ὠ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʰʫʤʘ  [55, 176]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʘʥʦʥʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʟʠʪʴ ʝʸ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʝʨʝʤʝʥʥʦʡ t ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʜʦʙʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʣʠʥʝʡʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ - ʪʘʢʠʝ, 

ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ - ʧʨʠʤʝʥʷʷ ʦʙʳʯʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ, 
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ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

[55, 176]. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὠ  ʥʘʙʦʨ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, ʨʘʚʥʳʤ ʥʫʣʶ, ʠ ʜʠʩʧʝʨʩʠʝʡ Ὀ: 

ὓὠ πȟὓὠὭὠὮ
ᶻ πȟὮ Ὥ (5.39) 

 

Ὀὠ ὓȿὠȿ ὈȢ (5.40) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ •  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

(5.38) ʪʨʝʙʫʝʪʩʷ ʨʘʟʣʦʞʠʪʴ ʩʪʘʮʠʦʥʘʨʥʫʶ ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʣʫʯʘʡʥʫʶ 

ʬʫʥʢʮʠʶ ʥʘ ʩʫʤʤʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ὢ ὸ ὠὭ•Ὥὸȟ

Њ

Ὥρ

 

(5.41) 

ʛʜʝ • ὸ ï ʢʦʦʨʜʠʥʘʪʥʳʝʬʫʥʢʮʠʠ.  

ɼʘʣʝʝ ʫʤʥʦʞʠʤ ʚʳʨʘʞʝʥʠʝ (5.41) ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʸʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ὠᶻ  ʠ ʥʘʡʜʸʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʄʆ).  

ὓὢ ὸὠὮ
ᶻ ὓὠ

Ὥ
ὠὮ
ᶻ•
Ὥ
ὸ ὈὮ

Њ

Ὥρ

•
Ὦ
ὸ 

(5.42) 

ʊʦʛʜʘ ʠʟ (5.42) ʠʤʝʝʤ,  

• ὸ
ρ

Ὀ
ὓὢπὸὠ

ᶻ 
(5.43) 

ɺʳʙʦʨ ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ • ὸ  ʧʦ ʬʦʨʤʫʣʝ (5.43) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʣʫʯʰʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʛʦʝ  ʝʧʨʠʙʣʠʞʝʥʠ ʢ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ 

ὢ ὸ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʠʩʣʦʤ ʯʣʝʥʦʚ ʨʷʜʘ (5.34) ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʳʙʦʨʝ 

ʩʣʫʯʘʡʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὠ.  

 ʉʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ  

ὢ ὸ ὠὭ•Ὥὸ Ὑὲὸȟ

ὲ

Ὥρ

 

(5.44) 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʝʧʨʠʙʣʠʞʝʥʥ ʢʘʥʦʥʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩ ʢʦʦʨʜʠʥʘʪʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ  ‪ ὸ, ʛʜʝ ʦʩʪʘʪʦʯʥʳʡ ʯʣʝʥ  Ὑ ὸ ʦʪʙʨʦʰʝʥ.    

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ), ʛʜʝ ʩʣʫʯʘʡʥʳʝ ʵʣʝʤʝʥʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ-ʟʘ ʰʫʤʘ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [176]. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ  ʧʦ 

ʫʜʘʣʝʥʠʶ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʤʝʭʠ, ʥʝʪʦʯʥʦʩʪʠ ʠ ʧʦʩʪʦʨʦʥʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʰʫʤ. 

 ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʠ ʰʫʤʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʩʦʩʪʦʷʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʷʪʴ ʪʨʝʙʫʝʤʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʧʨʷʞʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. 

ʇʨʦʩʪʝʡʰʠʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʪʦʨ ʢʦʦʨʜʠʥʘʪ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ 

ʦʧʝʨʘʪʦʨ ʠʤʧʫʣʴʩʘ:   

Ὥ

ς“

‬

‬ὸ
Ȣ 

(5.45) 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (5.45) ʤʳ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠʟʥʘʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʫʙʲʝʢʪʦʤ ʬʫʥʢʮʠʠ.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʳ ʙʝʨʝʤ ʙʘʟʦʚʳʝ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ: 

‪ ὸ • ὸὩ ȟ (5.46) 

ʛʜʝ • ὸ ï ʤʦʜʫʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʫʥʢʮʠʡ ʰʫʤʘ, t ï ʚʚʝʜʝʥʥʘʷ ʙʘʟʦʚʘʷ 

ʧʝʨʝʤʝʥʥʘʷ, ʘʥʘʣʦʛ ʢʦʦʨʜʠʥʘʪʳ ʚʨʝʤʝʥʠ, k =-1,0,1 - ʬʘʟʦʚʳʝ ʤʥʦʞʠʪʝʣʠ ʜʣʷ 

ʚʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʌʘʟʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʩʦʭʨʘʥʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʦ ʩʢʘʣʷʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ:  

• ὸ‪ᶻὸὨὸ‏Ȣ 

(5.47) 
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ʉʠʤʚʦʣ * ʚ (5.47) ʦʙʦʟʥʘʯʘʝʪ ʝʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʠʝ, ‏ ï ʩʠʤʚʦʣ 

ʂʨʦʥʝʢʝʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ k ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ 

ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ (5.45) ʥʘ ʩʣʫʯʘʡʥʫʶ ʬʫʥʢʮʠʶ: 

• ὸὩ Ὥ
Ὥ

ς“

‬

‬ὸ
• ὸὩ ὨὸὯȟ 

(5.48) 

ʂʦʥʩʪʨʫʢʮʠʷ ʚʝʢʪʦʨʘ ʠʟ 25 ʢʦʤʧʦʥʝʥʪ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʚʝʰʠʚʘʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ: 

‪̖̃ὸ ύ ‪ ὸȢ 

(5.49) 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ 

‪̖̃ὸ ύ‪̖̃ὸȢ 

(5.50) 

ɺ ʬʦʨʤʫʣʝ (5.45) ʧʦʜ ύ  ʧʦʥʠʤʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ύ  ɻʪʦ ʵʣʝʤʝʥʪʳ, ʧʦʣʦʞʝʥʠʝ ʥʝʥʫʣʝʚʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʰʫʤʦʚʳʭ ʠʩʢʘʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʭʦʣʦʜʘ ʯʝʨʝʟ ʩʣʦʠ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

(5.40), (5.41). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ. 

ʆʧʝʨʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ [100], ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ 

ʧʦʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ (5.26).  
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B) ʐʫʤʳ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʵʧʠʜʝʨʤʠʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

 ʀʟ-ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʬʘʟ ʦʪ ʝʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ ʚʦʟʥʠʢʘʶʪ ʰʫʤʳ, ʥʝʪʦʯʥʦʩʪʠ, ʠʩʢʘʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ.  

ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠʣʠ ʥʘʛʨʝʚʘʥʠʝ ʪʢʘʥʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʟʘʤʝʨʟʰʠʤʠ ʠ ʥʝʟʘʤʝʨʟʰʠʤʠ 

ʫʯʘʩʪʢʘʤʠ. ʀʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʣʝʪʢʘʭ ʠ 

ʤʝʞʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʦʯʢʫ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ.  ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʰʫʤʘ ʪʘʢʞʝ 

ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʳ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ/ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʪʢʘʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʶ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. 

 ɽʩʣʠ ʥʝ ʫʩʪʨʘʥʠʪʴ ʪʘʢʠʝ ʰʫʤʳ, ʪʦ ʚʦʟʤʦʞʥʳ ʥʝʧʦʧʨʘʚʠʤʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʐʫʤʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʤʦʛʫʪ 

ʚʳʟʚʘʪʴ ʜʝʬʦʨʤʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʨʘʟʨʫʰʝʥʠʝ ʦʨʛʘʥʝʣʣ ʠ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ, ʧʫʩʪʦʪ ʠ ʜʨʫʛʠʭ 

ʜʝʬʝʢʪʦʚ ʚ ʪʢʘʥʷʭ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʥʠʟʠʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ ʧʨʠ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʠʠ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʦʨʛʘʥʦʚ. 

 ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ ʧʨʠʤʝʥʠʤ, ʢʘʢ ʠ ʚʳʰʝ, ʰʫʤ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʢ ʥʠʤ ʫʞʝ ʤʝʪʦʜ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ.  

 ʂ ʦʩʥʦʚʥʳʤ ʩʪʘʪʫʩʥʳʤ ʬʫʥʢʮʠʷʤ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ: ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʜʘʚʣʝʥʠʝ.  ʂʘʢ ʧʦʢʘʟʘʥʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʬʘʟ ʦʙʳʯʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʞʜʦʡ ʠʟ ʬʘʟ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʬʘʟ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ.  
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 ʇʫʩʪʴ ὢὸȟὢὸȟȣȟὢὸ  ï ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʰʫʤʘ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ ʬʘʟ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʫʤʘ ʥʘ ʬʨʦʥʪʝ ʨʘʟʜʝʣʘ 

ʬʘʟ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʛʣʘʚʝ 3.  ʐʫʤʳ ʚʦʟʥʠʢʣʠ ʠʟ-ʟʘ 

ʧʨʦʛʨʘʤʤʥʳʭ ʦʰʠʙʦʢ ʠ ʠʟ-ʟʘ ʫʩʝʯʝʥʠʷ ʜʘʥʥʳʭ.   

ɿʜʝʩʴ  tD, tit
i

DÖ= , i, Ὑὼȟὸ , ὴȟ ὶὸ, Ὑὼȟὸ  ʠʤʝʶʪ ʪʘʢʠʝ ʞʝ 

ʟʥʘʯʝʥʠʷ,  ʢʘʢ ʠ ʚʳʰʝ ʚ 5.2.2(ɸ).  

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʳ 

ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʩʣʫʯʘʝʚ ‍ π ʠ  π ‍ ρȢ  ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʜʚʫʭ ʩʣʫʯʘʝʚ: ʩ ʫʯʝʪʦʤ ʰʫʤʦʚ, ʠ ʙʝʟ ʫʯʝʪʘ ʰʫʤʘ.   

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʨʘʥʳ: ʂʊʆʉ ‌ πȢυ,  ʚʨʝʤʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʴ T=10, 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʪʢʘʥʠ  ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ὸὦσφȢφὅ ( 0.6384666666666667  ʚ 

ʨʘʜʠʘʥʘʭ),  ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ  (-3<=tz<0) tz=-1 (-

0.017444444444444446 ʚ ʨʘʜʠʘʥʘʭ), ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʦʧʦʨʘʞʝʥʠʷ ʙʠʦʪʢʘʥʠ, -

30<=tzz<0, tzz=-5 (-0.08722222222222223 ʚ ʨʘʜʠʘʥʘʭ) , ta-ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʧʧʣʠʢʘʪʦʨʘ ta=-10 ( -0.17444444444444446 ʚ ʨʘʜʠʘʥʘʭ),  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ  

ʤʘʩʩʳ ʢʨʦʚʠ 0,478ɺʪ/(ʤ.ʂ),  lv-ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʙʠʦʪʢʘʥʠ, 

lv=0.478, ln-ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʤʦʨʦʞʝʥʥʦʡ ʙʠʦʪʢʘʥʠ, ln=0.2,  mk-ʤʘʩʩʘ 

ʢʨʦʚʠ ʙʠʦʪʢʘʥʠ, ʤʤ,  mk=0.5,  ck-ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʨʦʚʠ ʙʠʦʪʢʘʥʠ 

3.88ʂɼʞ/(ʢʛ.ʂ),  ck=0.00388.   

ɼʣʷ  ‍ π, ʧʦʣʫʯʝʥʳ:  

ʟʥʘʯʝʥʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʦʭʣʘʞʜʸʥʥʦʡ ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʟʦʥʘʤʠ 

ʙʠʦʪʢʘʥʠ ʩʦʩʪʘʚʣʷʝʪ 0,2, ʘ ʤʝʞʜʫ ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʦʙʣʘʩʪʴʶ ʢʨʠʦʧʦʚʨʝʞʜʝʥʠʷ 

ð 0,27, ʩʚʦʙʦʜʥʘʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 1.22; ʚʨʝʤʷ ʜʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ 

ʩʦʩʪʘʚʣʷʝʪ 2,1 ʤʠʥ.; ʯʝʨʝʟ 0,7 ʤʠʥʫʪʳ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʩ ʩʦʩʪʦʷʥʠʷ ʦʭʣʘʞʜʝʥʠʷ 

ʚ ʩʦʩʪʦʷʥʠʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʢʨʠʦʧʦʨʘʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  
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ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʦʙʣʘʩʪʷʤ ʩ 

ʫʯʝʪʦʤ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʬʘʟ ʙʝʟ ʰʫʤʘ (ʈʠʩ. 5.8 (a))  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʦʚʝʜʝʤ ʫʩʝʯʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ ʬʘʟ ʜʘʥʥʳʭ.   ʊʦʛʜʘ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʦʭʣʘʞʜʝʥʥʦʡ 

ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ ʨʘʚʥʘ ʥʫʣʶ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ 

ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʢʨʠʦʧʦʨʘʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ ʪʦʞʝ ʨʘʚʥʘ ʥʫʣʶ, 

ʩʚʦʙʦʜʥʘʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʨʘʚʥʘ ʝʜʠʥʠʮʝ (ʈʠʩ.5.8(b)). 

ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʦʙʣʘʩʪʷʤ ʩ ʫʯʝʪʦʤ ʬʨʦʥʪʘ ʨʘʟʜʝʣʘ 

ʬʘʟ ʩ ʰʫʤʦʤ (ʈʠʩ.5.8(b)). 

 

a) ʊʝʤʧʝʨʘʪʫʨʘ ʙʝʟ ʰʫʤʘ     b) ʊʝʤʧʝʨʘʪʫʨʘ c ʰʫʤʦʤ 

 

ʩ) ʌʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ) 

ʈʠʩ.5.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ 

 

ɼʣʷ ʩʣʫʯʘʷ ‍ πȟυ ʧʦʣʫʯʝʥʳ: ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʦʭʣʘʞʜʝʥʥʦʡ 

ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ 0.25, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ 
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ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʢʨʠʦʧʦʨʘʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ 0.23, ʩʚʦʙʦʜʥʘʷ ʛʨʘʥʠʮʘ 

ʦʙʣʘʩʪʠ 3.22 (ʈʠʩ.5.9 (a)) 

ʉ ʫʯʝʪʦʤ ʰʫʤʘ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ 

ʦʭʣʘʞʜʝʥʥʦʡ ʠ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ 0, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ 

ʤʝʞʜʫ ʟʘʤʦʨʦʞʝʥʥʦʡ ʠ ʢʨʠʦʧʦʨʘʞʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʙʠʦʪʢʘʥʠ 0, ʩʚʦʙʦʜʥʘʷ 

ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 3 (ʈʠʩ.5.9 (b)). 

 

a) ʊʝʤʧʝʨʘʪʫʨʘ ʙʝʟ ʰʫʤʘ   b) ʊʝʤʧʝʨʘʪʫʨʘ c ʰʫʤʦʤ 

 

ʩ) ʌʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ) 

ʈʠʩ.5.9. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ 5.8 ʧʨʠ ‍ π ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʩʥʘʯʘʣʘ 

ʨʘʩʪʝʪ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʥʘʯʠʥʘʝʪ ʫʙʳʚʘʪʴ, ʟʘʪʝʤ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʟʘʪʝʤ ʦʧʷʪʴ ʥʘʯʠʥʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʙʠʦʪʢʘʥʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ, 

ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ.  ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʫʯʝʪʦʤ ʠʩʢʘʞʝʥʠʡ ʠ ʥʝʪʦʯʥʦʩʪʝʡ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʇʨʠ ‍ πȟυ ʚʝʜʝʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʦʙʣʘʩʪʴ ʙʠʦʪʢʘʥʠ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʦʙʣʘʩʪʠ ʠ ʘʢʪʠʚʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ. 

ʂ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʢ 

ʚ ʨʘʟʜʝʣʝ ɸ).  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʰʫʤʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚʝʜʸʪ ʢ ʨʦʩʪʫ 

ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

5.3.  ʆʧʪʠʤʘʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʰʫʤʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʰʫʤʦʚʳʭ ʠʩʢʘʞʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ 

ʤʝʪʦʜʘʤ ʬʠʣʴʪʨʘʮʠʠ, ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ, ʚʳʜʝʣʝʥʥʳʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʣʫʢʪʫʘʮʠʠ: 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʢʘʥʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʤʦʣʝʢʫʣ. ʇʨʠʯʠʥʦʡ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʛʨʝʰʥʦʩʪʠ 

ʩʝʥʩʦʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʐʫʤʳ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʰʫʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʰʫʤ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʢʨʠʦʛʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʥʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ). ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ. ɼʘʥʥʳʡ ʰʫʤ ʩʚʷʟʘʥ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʜʘʥʥʳʤ 

ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʟ ʥʠʭ: 
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ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ, ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʨ. [101,102,119]  

ʉʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ (Moving Average) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʩʪʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʜʘʥʥʳʭ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚ 

ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʨʘʟʤʳʚʘʪʴ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʠ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ.  

ʄʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ, ʢʘʢ ʧʠʰʫʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [181], ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʟʘʤʝʥʷʝʪʩʷ ʤʝʜʠʘʥʦʡ 

ʟʥʘʯʝʥʠʡ ʧʦ ʩʦʩʝʜʩʪʚʫ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʚʳʙʦʨʢʠ ʚ ʦʢʥʝ ʬʠʣʴʪʨʘ ʩʥʘʯʘʣʘ 

ʩʦʨʪʠʨʫʶʪʩʷ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠʣʠ ʫʙʳʚʘʥʠʶ. ɸ ʟʥʘʯʝʥʠʝ ʚ ʩʝʨʝʜʠʥʝ 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʩʧʠʩʢʘ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʳʚʦʜ ʬʠʣʴʪʨʘ. ɽʩʣʠ ʦʙʲʝʤ ʜʘʥʥʳʭ 

ʯʝʪʥʳʡ, ʪʦ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʬʠʣʴʪʨʘ ʨʘʚʥʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʜʚʫʭ 

ʚʳʙʦʨʦʢ ʚ ʩʝʨʝʜʠʥʝ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʧʠʩʢʘ [181]. ʕʪʦʪ ʤʝʪʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʬʠʣʴʪʨʘʮʠʠ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʚʳʙʨʦʩʘʤ, ʯʝʤ ʤʝʪʦʜ 

ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ. 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʰʫʤʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʄʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʬʠʣʴʪʨʦʚʘʪʴ ʰʫʤ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ.  

ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (Wavelet Transform) ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʩʠʛʥʘʣ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʰʫʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ - ʩ ʫʯʠʪʝʣʝʤ ʠ ʙʝʟ 

ʥʝʛʦ - ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʫʤʘ 

ʠ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʅʘ ʚʳʙʦʨ ʤʝʪʦʜʘ ʬʠʣʴʪʨʘʮʠʠ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʚʠʜ ʰʫʤʘ, 

ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ, ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʮʝʣʠ, 

ʧʨʝʩʣʝʜʫʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ. 
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ɼʣʷ ʧʨʦʩʪʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʠʣʠ ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ.  

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʜʝʪʘʣʠ ʠ 

ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ-ɻʘʫʩʩʘ ʠʣʠ ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ, ʪʦ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʩʣʦʞʥʦʛʦ ʠ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʰʫʤʘ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʴ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ 

ʩʠʛʥʘʣ ʜʘʪʯʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʘʞʝʥ ʰʫʤʦʤ, ʢʦʪʦʨʳʡ ʚʳʟʚʘʥ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʪʝʭʥʠʯʝʩʢʠʡ ʰʫʤ (ʰʫʤ ʜʘʪʯʠʢʦʚ, ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʝʡ), 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʰʫʤ (ʢʦʣʝʙʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʠ), ʚʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ (ʜʚʠʞʝʥʠʝ ʧʘʮʠʝʥʪʘ, ʚʠʙʨʘʮʠʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ). 

ʌʠʣʴʪʨʘʮʠʷ ʰʫʤʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ɺ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ʩʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʫʜʘʣʷʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʰʫʤʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ 

ʫʜʘʣʠʪʴ ʰʫʤʳ, ʚʳʟʚʘʥʥʳʝ ʜʚʠʞʝʥʠʷʤʠ ʧʘʮʠʝʥʪʘ ʠʣʠ ʜʨʫʛʠʤʠ ʚʥʝʰʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʜʘʪʯʠʢʘʤʠ.  

5.3.1. ʉʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ 

ʰʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʣʶʙʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʷʜʘ 

[115,181]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [115,181], ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʷʜʘ ʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʚʦ ʚʨʝʤʝʥʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, ʪʦ ʝʩʪʴ ʜʝʣʝʥʠʷ ʩʫʤʤʳ ʚʩʝʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʠʭ ʦʙʱʝʝ ʯʠʩʣʦ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʚʳʯʠʩʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ kx  .   

ʉʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʥʘʙʦʨʘ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʭ q: 

ὼὯ
В ὼὸ

ή
ȟὯ ρȟςȟȣȟὲ ή ρȟ  

 

ʛʜʝ q ʦʟʥʘʯʘʝʪ ʜʣʠʥʫ ʧʝʨʠʦʜʘ ʩʛʣʘʞʠʚʘʥʠʷ, k - ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ. ɺʳʙʦʨ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʩʛʣʘʞʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʠ ʦʪ ʮʝʣʠ ʩʛʣʘʞʠʚʘʥʠʷ. ɺʳʙʦʨ ʜʝʣʘʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ. ʇʨʦʩʪʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʵʪʦʡ ʩʝʨʠʠ [181]. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ ʚ 2k + 1 ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʩʛʣʘʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʩʨʝʜʥʝʡ ʪʦʯʢʝ 

k +1.      ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʩ ʢʘʞʜʦʡ ʪʦʯʢʠ ʨʘʚʝʥ 1/(2k + 1). ʉʞʘʪʠʝ ʜʘʥʥʳʭ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʚʤʝʩʪʦ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʦʯʝʢ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ʏʨʝʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʦʙʲʝʤ ʧʘʤʷʪʠ. ʂʦʛʜʘ ʜʘʥʥʳʝ 

ʩʞʠʤʘʶʪʩʷ, ʪʦ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ n ʨʘʟ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʰʫʤʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ n ʨʘʟ. ɺʤʝʩʪʦ ʧʨʦʩʪʦʛʦ ʩʨʝʜʥʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ [181]. 

  



ʊʘʙʣʠʮʘ 5.21. ʈʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 
 

x(k) ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʝʞʫʪʢʘ 

ʜʣʠʥʳ 2 

ʇʦʛʨʝʰ

ʥʦʩʪʠ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʝʞʫʪʢʘ 

ʜʣʠʥʳ 3 

ʇʦʛʨʝʰʥʦʩʪʠ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʝʞʫʪʢʘ 

ʜʣʠʥʳ 4 

ʇʦʛʨʝʰʥ

ʦʩʪʠ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʝʞʫʪʢʘ 

ʜʣʠʥʳ 5 

ʇʦʛʨʝʰʥʦʩ

ʪʠ 

35,98 35,825 0,155 35,67 0,31 35,5175 0,4625 35,366 0,614 

35,67 35,515 0,155 35,36333333 0,306666667 35,2125 0,4575 35,062 0,608 

35,36 35,21 0,15 35,06 0,3 34,91 0,45 34,762 0,598 

35,06 34,91 0,15 34,76 0,3 34,6125 0,4475 34,468 0,592 

34,76 34,61 0,15 34,46333333 0,296666667 34,32 0,44 34,232 0,528 

34,46 34,315 0,145 34,17333333 0,286666667 34,1 0,36 33,94 0,52 

34,17 34,03 0,14 33,98 0,19 33,81 0,36 33,65 0,52 

33,89 33,885 0,005 33,69 0,2 33,52 0,37 33,362 0,528 

33,88 33,59 0,29 33,39666667 0,483333333 33,23 0,65 33,074 0,806 

33,3 33,155 0,145 33,01333333 0,286666667 32,8725 0,4275 32,732 0,568 

33,01 32,87 0,14 32,73 0,28 32,59 0,42 32,45 0,56 

32,73 32,59 0,14 32,45 0,28 32,31 0,42 32,172 0,558 

32,45 32,31 0,14 32,17 0,28 32,0325 0,4175 31,896 0,554 

32,17 32,03 0,14 31,89333333 0,276666667 31,7575 0,4125 31,622 0,548 
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31,89 31,755 0,135 31,62 0,27 31,485 0,405 31,35 0,54 

31,62 31,485 0,135 31,35 0,27 31,215 0,405 30,756 0,864 

31,35 31,215 0,135 31,08 0,27 30,54 0,81 30,54 0,81 

31,08 30,945 0,135 30,27 0,81 30,3375 0,7425 30,326 0,754 

30,81 29,865 0,945 30,09 0,72 30,1375 0,6725 30,114 0,696 

28,92 29,73 0,81 29,91333333 0,993333333 29,94 1,02 29,904 0,984 

30,54 30,41 0,13 30,28 0,26 30,15 0,39 30,02 0,52 

30,28 30,15 0,13 30,02 0,26 29,89 0,39 29,762 0,518 

30,02 29,89 0,13 29,76 0,26 29,6325 0,3875 
  

29,76 29,63 0,13 29,50333333 0,256666667 
    

29,5 29,375 0,125 
      

29,25   
      

 

 



ʅʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ, ʚʳʯʠʩʣʝʥʥʳʭ ʜʣʷ 

ʧʨʦʤʝʞʫʪʢʦʚ ʧʦ 2, 3, 4 ʠ 5 ʟʥʘʯʝʥʠʡ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʪʘʙʣ. 5.21). ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚʦʟʨʘʩʪʘʝʪ.  

5.3.2. ʄʝʜʠʘӢʥʥʳʡ ʬʠӢʣʴʪʨ, ʢʘʢ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʰʫʤʘ 

ʄʝʜʠʘʥʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʨʝʜʠʥʥʦʤ ʬʠʣʴʪʨʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʝʜʠʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʜʠʘʥʘ - ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʣʷ ʣʶʙʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʘ 0,5. ɼʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʷ [115,181]. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪ ʚʳʯʠʩʣʝʥʠʝ ʩʢʦʣʴʟʷʱʝʡ ʤʝʜʠʘʥʳ: ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʤʝʜʠʘʥʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʙʝʨʸʪʩʷ ʤʝʜʠʘʥʘ ʵʣʝʤʝʥʪʦʚ 

ʨʷʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ tïq ʜʦ t+q. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʙʨʦʩʘʤ [101, 102, 115, 181]. 

ʇʦ ʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʢʘʢ ʧʠʰʫʪ ʘʚʪʦʨʳ ʨʘʙʦʪ [101, 102, 115, 181], ʜʣʷ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t, ʦʪʩʪʦʷʱʠʭ ʦʪ ʥʘʯʘʣʘ ʠʣʠ ʢʦʥʮʘ ʨʷʜʘ ʤʝʥʝʝ ʯʝʤ ʥʘ q ʪʦʯʝʢ, 

ʚʳʯʠʩʣʝʥʠʝ ʤʝʜʠʘʥ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʏʪʦʙʳ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʛʣʘʞʝʥʥʦʛʦ ʨʷʜʘ ʩʦʚʧʘʜʘʣʘ ʩ ʦʙʣʘʩʪʴʶ ʠʩʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʠʢʘ ʢʦʤʧʝʥʩʘʮʠʠ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʦʯʢʠ 

x(0), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʯʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ, ʩʛʣʘʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʤʝʜʠʘʥʘ ʪʨʸʭ ʚʝʣʠʯʠʥ: ʩʘʤʦʛʦ ʟʥʘʯʝʥʠʷ x(0), ʩʣʝʜʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ x(1), ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ 3*x(1)-2*x(2).  ɼʣʷ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ x(n) ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʬʦʨʤʫʣʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʜʠʘʥʳ ʚʳʙʦʨʢʠ ʩʝʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʯʣʝʥ ʠʣʠ ʧʦʣʦʚʠʥʥʘʷ ʩʫʤʤʘ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʣʝʥʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʚʳʙʦʨʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 
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[115, 181]. ɿʥʘʯʝʥʠʝ ʧʦʣʫʩʫʤʤʳ ʮʝʥʪʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 32,31. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʥʘʜʸʞʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʞʠʚʳʝ ʪʢʘʥʠ. 

5.3.3. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʷʚʣʷʝʪʩʷ ʦʥʣʘʡʥ-ʬʠʣʴʪʨʦʤ. ʄʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʂʘʣʤʘʥʘ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʡ ʧʦ ʚʨʝʤʝʥʠ ʠʟ ʠʟʤʝʨʝʥʥʳʭ 

ʪʦʯʝʢ. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʬʠʣʴʪʨʘʮʠʠ. ʆʪʬʠʣʴʪʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ -  

ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʧʨʝʜʳʜʫʱʝʛʦ 

ʩʛʣʘʞʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʤʝʪʦʜʝ ʧʦʩʪʦʷʥʥʳ, ʪʦ ʤʝʪʦʜ 

ʥʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʩʛʣʘʞʠʚʘʥʠʝʤ. ɺ ʦʙʱʝʤ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ 

ʩʦʟʜʘʝʪ ʩʚʦʝʛʦ ʨʦʜʘ ʤʦʜʝʣʴ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʜʣʷ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʡ 

ʩʠʩʪʝʤʳ. ʉʛʣʘʞʠʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʠʭ ʦʩʥʦʚʝ.  ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʣʠʥʝʡʥʳʤ ʠʣʠ ʥʝʣʠʥʝʡʥʳʤ [101, 102, 115, 181], ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʘʝʤʦʡ 

ʧʨʦʙʣʝʤʳ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʙʠʦʪʢʘʥʠ, ʢʦʪʦʨʘʷ ʥʝ 

ʥʘʚʨʝʜʠʪ ʙʠʦʪʢʘʥʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʨʠʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ.  ʇʨʠʤʝʥʷʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ὼ, ʥʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ ὼ  

ʧʦʣʫʯʘʝʤ:  

ώ ὼ ὩȢ (5.51) 

 ɺ (5.51) Ὡ  - ʦʰʠʙʢʘ ʧʨʦʛʨʘʤʤʳ, ʪ.ʝ. ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ.  ʀʟ ʥʝʪʦʯʥʳʭ 

ʧʦʢʘʟʘʥʠʡ ʤʳ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ὼȟ  ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʙʠʦʪʢʘʥʠ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʪʨʦʣʠʨʫʶʱʝʤ ʧʘʨʘʤʝʪʨʝ ί, ʧʦʜ 

ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ, 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ, ʟʥʘʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘ ʰʘʛʝ k, ʚʦʟʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʰʘʛʝ (k+1): 

ὼ ὼ ίȢ (5.52) 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦ ʫʯʝʩʪʴ ʚʩʝ ʚʥʝʰʥʠʝ ʚʣʠʷʥʠʷ 

ʥʘ ʙʠʦʪʢʘʥʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠʟ-ʟʘ ʯʝʛʦ ʚʳʨʘʞʝʥʠʝ (5.52) 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

ὼ ὼ ί ὲȟ (5.52) 

ʛʜʝ ὲ ï ʦʰʠʙʢʘ, ʚʳʟʚʘʥʥʘʷ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʩʘʤʦʡ ʙʠʦʪʢʘʥʴʶ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ (k+1) ï ʤ ɻʪʘʧʝ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʧʦʢʘʟʘʥʠʠ ώ, ʘ 

ʪʘʢʞʝ ʥʝʪʦʯʥʦʩʪʴ ʚ ʚʳʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ὼ , ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ὼȟ, ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ 

ὼ ὼȟ ίȢ (5.53) 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʂʘʣʤʘʥʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʥʝʪʦʯʥʳʭ ʦʮʝʥʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʦʪʨʘʞʘʶʱʝʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʰʣʦʡ 

ʦʮʝʥʢʦʡ ʠ ʪʝʢʫʱʠʤ ʠʟʤʝʨʝʥʠʝʤ: 

ὼ ȟ ὑ ώ ρ ὑ ὼ Ȣ (5.54) 

ʌʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʘʣʤʘʥʘ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʉ ʨʦʩʪʦʤ k ʢʦʵʬʬʠʮʠʝʥʪ 

ʂʘʣʤʘʥʘ ʚʩʝʛʜʘ ʩʪʨʝʤʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ K: 

ὼ ȟ ὑώ ρ ὑὼ Ȣ (5.55) 

ʛʜʝ ὼ ὼ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝ ʟʥʘʝʤ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʪʢʘʥʴ 

ί,  ʪʦʛʜʘ ʬʦʨʤʫʣʘ ʫʧʨʦʱʘʝʪʩʷ ʠ ʠʤʝʝʪ ʚʠʜ: 

ὼ ȟ ὑώ ρ ὑὼȟȢ 
(5.56) 
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ɽʩʣʠ ʜʘʪʯʠʢ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʟʥʘʯʝʥʠʝ ʚʝʩʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ K ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ; ʥʘʧʨʦʪʠʚ, ʧʨʠ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ ʜʘʪʯʠʢʘ 

K ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʜʝʣʘ 5.2, ʢʦʵʬʬʠʮʠʝʥʪ ʂʘʣʤʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,500003 (ʩʤ. 

ʪʘʙʣ. 5.22). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʪʯʠʢ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʳʡ, ʠ ʥʝ ʩʦʚʩʝʤ ʧʣʦʭʦʡ.  



ʊʘʙʣ.5.22.  ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ 

x(k) e(k) s(k) n(k) x(k,0) x(k+1) x(k+1,0) y(k) y(k+1) K 1-K t(k)  y*  

35,97778 0,022219 0 2,32453E-16 35,97778 36 36 36 36,02222 0,500003 0,499997 0 36 

35,67045 0,329547 10 0,30733   36,30733   36 36,32954     10 36,30733 

35,36562 0,365619 20 0,61216   36,3434   35,73124 36,09686     20 36,3434 

35,06326 0,063262 30 0,91452   36,04104   35,12652 35,18978     30 36,04104 

34,76336 0,236638 40 1,21442   36,21442   35 35,23664     40 36,21442 

34,4659 0,465899 50 1,51188   36,44368   34,9318 35,3977     50 36,44368 

34,17086 0,170855 60 1,80692   36,14864   34,34172 34,51257     60 36,14864 

33,87821 0,121788 70 2,09957   36,09957   34 34,12179     70 36,09957 

33,87821 0,121788 80 2,09957   36,09957   34 34,12179     80 36,09957 

33,30005 0,300054 90 2,67773   36,27783   33,6001 33,90016     90 36,27783 

33,0145 0,014501 100 2,96328   35,99228   33,029 33,0435     100 35,99228 

32,73128 0,268724 110 3,2465   36,2465   33 33,26873     110 36,2465 

32,45036 0,45036 120 3,52742   36,42814   32,90072 33,35108     120 36,42814 

32,17174 0,171736 130 3,80604   36,14952   32,34348 32,51521     130 36,14952 

31,89539 0,104615 140 4,08239   36,0824   32,00001 32,10462     140 36,0824 

31,62129 0,378709 150 4,35649   36,35649   32 32,37871     150 36,35649 

31,34943 0,349435 160 4,62835   36,32722   31,69887 32,0483     160 36,32722 

31,0798 0,0798 170 4,89798   36,05758   31,1596 31,2394     170 36,05758 

30,81237 0,187631 180 5,16541   36,16541   31 31,18763     180 36,16541 



 324 
 

28,92011 0,07989 190 7,05767   36,05767   29 29,07989     190 36,05767 

30,54713 0,452874 200 5,43065   36,43065   31 31,45288     200 36,43065 

30,28405 0,284052 210 5,69373   36,26183   30,5681 30,85215     210 36,26183 

30,02313 0,023132 220 5,95465   36,00091   30,04626 30,06939     220 36,00091 

29,76435 0,235652 230 6,21343   36,21343   30 30,23565     230 36,21343 

29,50768 0,492316 240 6,4701   36,4701   30 30,49231     240 36,4701 

29,25312 0,253124 250 6,72466   36,2309   29,50624 29,75937     250 36,2309 

 



5.3.4. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ɺ ʩʪʘʪʠʩʪʠʢʝ, ʧʦʥʷʪʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ, 

ʢʦʪʦʨʫʶ ʧʨʠʤʝʥʠʤ ʪʝʧʝʨʴ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ (ʄʅʂ). ʅʘʠʤʝʥʴʰʠʝ ʢʚʘʜʨʘʪʳ - ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʧʦʜʛʦʥʢʠ ʧʨʷʤʦʡ ʣʠʥʠʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʨʷʜ ʪʦʯʝʢ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʙʦʨʘ ʜʘʥʥʳʭ ʚ ʤʘʰʠʥʥʦʤ 

ʦʙʫʯʝʥʠʠ, ʘ ʩʘʤ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʦʰʠʙʦʢ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʤʝʪʨʠʢʠ ʦʰʠʙʦʢ [181] 

ɼʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ 

(ʪʘʙʣ.5.23). 

ʊʘʙʣʠʮʘ 5.23. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ  

x y (ʛʨʘʜʫʩʳ) y (ʨʘʜʠʘʥʳ) 

0,01 35,98 0,62765 

0,02 35,67 0,62224 

0,03 35,36 0,61684 

0,04 35,06 0,6116 

0,05 34,76 0,60637 

0,06 34,46 0,60114 

0,07 34,17 0,59608 

0,08 33,89 0,59119 

0,09 33,88 0,59102 

0,1 33,3 0,5809 

0,11 33,01 0,57584 

0,12 32,73 0,57096 

0,13 32,45 0,56607 

0,14 32,17 0,56119 

0,15 31,89 0,5563 

0,16 31,62 0,55159 
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0,17 31,35 0,54688 

0,18 31,08 0,54217 

0,19 30,81 0,53746 

0,2 28,92 0,50449 

0,21 30,54 0,53275 

0,22 30,28 0,52822 

0,23 30,02 0,52368 

0,24 29,76 0,51915 

0,25 29,5 0,51461 

0,26 29,25 0,51025 

 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʧʦʜʦʙʨʘʚ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʣʠʥʝʡʥʦʡ y = ax + b, 

ʩʪʝʧʝʥʥʦʡ ώ ὥὼ  ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ώ ὥὼ ὦὼὧ ʟʘʚʠʩʠʤʦʩʪʝʡ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ a ʠ b ʜʣʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʯʝʨʝʟ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

 

ὥ ὼ ὦ ὼ ὼώȟ

ὥ ὼ ὦὲ ώȢ

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ  

Ùͅρ πȟτψςφØπȟφσ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ 

ʧʝʨʝʤʝʥʥʳʭ X=ln(x), Y=ln(y) ʠ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʚ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ (X,Y) (ʪʘʙʣ.5.24) 

ʊʘʙʣʠʮʘ 5.24. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

X=ln(x) Y=ln(y) 

-2 -0,20228 

-1,69897 -0,20604 

-1,52288 -0,20983 
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-1,39794 -0,21353 

-1,30103 -0,21726 

-1,22185 -0,22102 

-1,1549 -0,2247 

-1,09691 -0,22827 

-1,04576 -0,2284 

-1 -0,2359 

-0,95861 -0,2397 

-0,92082 -0,24339 

-0,88606 -0,24713 

-0,85387 -0,25089 

-0,82391 -0,25469 

-0,79588 -0,25838 

-0,76955 -0,26211 

-0,74473 -0,26586 

-0,72125 -0,26965 

-0,69897 -0,29715 

-0,67778 -0,27348 

-0,65758 -0,27719 

-0,63827 -0,28093 

-0,61979 -0,28471 

-0,60206 -0,28852 

-0,58503 -0,29222 

ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ b ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

 

ὥ ὢ ὦ ὢ ὢὣȟ

ὥ ὢ ὦὲ ὣȢ
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ʉʦʩʪʘʚʠʤ ʨʘʩʯʝʪʥʫʶ ʪʘʙʣʠʮʫ (ʪʘʙʣ.5.25) 

ʊʘʙʣʠʮʘ 5.25. ʈʘʩʯʝʪʥʘʷ ʪʘʙʣʠʮʘ 

X=ln(x) Y=ln(y) X^2 XY 

-2 -0,20228 4 0,404564934 

-1,69897 -0,20604 2,886499 0,350059304 

-1,52288 -0,20983 2,31916 0,319541797 

-1,39794 -0,21353 1,954236 0,298505657 

-1,30103 -0,21726 1,692679 0,282664761 

-1,22185 -0,22103 1,492914 0,270058354 

-1,1549 -0,2247 1,333799 0,259501215 

-1,09691 -0,22827 1,203212 0,250394852 

-1,04576 -0,2284 1,093609 0,238848734 

-1 -0,2359 1 0,235898624 

-0,95861 -0,2397 0,918928 0,22977642 

-0,92082 -0,2434 0,847907 0,224122051 

-0,88606 -0,24713 0,785096 0,218971056 

-0,85387 -0,25089 0,729097 0,214228002 

-0,82391 -0,25469 0,678826 0,209842092 

-0,79588 -0,25838 0,633425 0,205642357 

-0,76955 -0,26211 0,592209 0,201705463 

-0,74473 -0,26586 0,554619 0,197996616 

-0,72125 -0,26965 0,520196 0,19448687 

-0,69897 -0,29714 0,488559 0,207697146 

-0,67778 -0,27347 0,459387 0,185357123 

-0,65758 -0,27719 0,432408 0,182270674 

-0,63827 -0,28093 0,407391 0,17931236 

-0,61979 -0,28471 0,384138 0,176458286 

-0,60206 -0,28852 0,362476 0,17370742 

-0,58503 -0,29222 0,342256 0,170954725 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ  

ῴς πȟτχψωὼ ȟ .  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a,b,c ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʭʦʜʠʤ ʠʟ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ 

 

ừ
Ử
Ừ

Ử
ứὥ ὼ Â ὼ ὧ ὼ ὼώȟ

ὥ ὼ ὦ ὼ ὧ ὼ ὼώ

ὥ ὼ ὦ ὼ Ãὲ ώȢ

ȟ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʬʫʥʢʮʠʷ  

ῴσ πȟτρωςὼ πȟυωυψὼ πȟφσυσ.  

ɼʘʣʝʝ ʥʘʭʦʜʠʤ ʦʪʢʣʦʥʝʥʠʷ ʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ.  

ʊʘʙʣʠʮʘ 5.26. ʂʚʘʜʨʘʪ ʦʪʢʣʦʥʝʥʠʡ  

(y-y_1)^2 (y-y_2)^2 (y-y_3)^2 

6,13058E-06 0,001563 3,00641E-06 

3,57966E-06 0,000155 1,72029E-06 

1,73712E-06 1,59E-07 9,27562E-07 

8,17216E-07 6,08E-05 2,89875E-07 

2,5E-07 0,000149 3,51563E-08 

9,216E-09 0,000216 6,33616E-09 

1,9044E-08 0,00026 1,87402E-07 

4,0804E-08 0,000282 7,61082E-07 

1,98381E-05 0,000461 3,53799E-05 

7,056E-07 0,000245 9,801E-07 

1,15348E-06 0,000209 1,01627E-06 

1,27238E-06 0,000171 1,25978E-06 

1,42086E-06 0,00013 1,30622E-06 

1,55252E-06 8,96E-05 1,18723E-06 
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1,7161E-06 5,34E-05 8,88306E-07 

1,42564E-06 2,64E-05 7,94951E-07 

1,16208E-06 7,91E-06 5,72898E-07 

9,25444E-07 1,14E-07 2,89875E-07 

7,15716E-07 5,14E-06 5,57432E-08 

0,00084042 0,001105 0,000807128 

1,67772E-05 9,62E-06 1,67289E-05 

1,92897E-05 3,41E-05 1,38116E-05 

2,18837E-05 7,52E-05 1,05554E-05 

2,47407E-05 0,000134 7,3311E-06 

2,76676E-05 0,000212 4,29526E-06 

3,27871E-05 0,000304 2,35193E-06 

ʉʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ 0.001028038, 0.005957, 

0.000912868 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʳʷʩʥʠʤ, ʢʘʢʘʷ ʠʟ ʪʨʝʭ ʣʠʥʠʡ ʣʫʯʰʝ (ʚ ʩʤʳʩʣʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ) ʚʳʨʘʚʥʠʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ.  ɼʣʷ ʵʪʦʛʦ ʩʨʘʚʥʠʚʘʝʤ 

ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ.  ɿʥʘʯʝʥʠʝ 0,000912868 ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʨʝʜʠ ʚʩʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʨʝʪʴʷ ʣʠʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʣʫʯʰʝʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʩʤ. ʨʠʩ. 

5.9).  
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ʈʠʩ.5.9. ʉʨʘʚʥʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (y-ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, y_1-

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, y_2-ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, y_3-ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ) 

5.3.5. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ, ʚʢʣʶʯʘʶʱʠʡ 

ʩʨʘʚʥʝʥʠʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʷʤ, ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʟʘʪʨʘʪʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ.  

ɺ ʤʝʪʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʢʦʣʴʟʷʱʝʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ, 

ʚʦʟʤʦʞʥʦ ʩʛʣʘʞʠʚʘʥʠʝ ʧʦ ʯʝʪʥʦʤʫ ʯʠʩʣʫ ʪʦʯʝʢ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʘʙʩʮʠʩʩʘ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʢʥʦʤ 2k ʧʦʧʘʜʘʝʪ ʚ ʩʝʨʝʜʠʥʫ 

ʤʝʞʜʫ k-ʡ ʠ k+1 ʪʦʯʢʘʤʠ ʙʠʪʦʚʦʡ ʩʝʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ʦʙʳʯʥʦ ʥʝ ʚʢʣʶʯʘʝʪ ʩʤʝʱʝʥʠʝ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ, ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦʪ ʚʘʨʠʘʥʪ 

0,5

0,55

0,6

0,65

0,7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Y

˿͍͔͙͔ͪ͊ͤͤ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͺͯͤ͟ͼ͙͚

y (ͪ ͙͊͒͊ͤ·ύ

y_1 (͡ ͙͔͚ͤͤ͊Ύύ

y_2 (ͫ ͔͔ͭͨͤͤ͊Ύύ

y_3 (ͨ ͙ͦͤͦͣ͡ύ
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ʩʛʣʘʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʄʘʩʩʠʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʦʢʥʦ ʬʠʣʴʪʨʘ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʢʦʣʴʟʷʱʝʤ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩ ʦʢʥʦʤ 2k + 1, ʥʝ ʤʦʛʫʪ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ k ʪʦʯʢʘʭ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ [115,181]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʩʛʣʘʞʠʚʘʥʠʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʢʘʯʝʩʪʚʫ ʩʛʣʘʞʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ʏʝʤ ʣʫʯʰʝ ʧʨʠʙʣʠʞʝʥʘ ʥʝʧʠʢʦʚʘʷ ʙʘʟʦʚʘʷ ʣʠʥʠʷ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ ʚʘʰ 

ʧʨʦʛʥʦʟ ʜʣʷ ʧʠʢʘ. ʈʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢ ʩʛʣʘʞʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʢʦʣʴʟʷʱʝʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ, ʦʩʪʘʚʣʷʶʪ ʧʣʦʱʘʜʴ ʥʝʠʟʤʝʥʥʦʡ. 

ʆʜʥʘʢʦ ʥʘ ʩʛʣʘʞʠʚʘʥʠʝ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ [102, 115, 181]. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʳ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʰʴ ʫʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʬʠʣʴʪʨ 

ʂʘʣʤʘʥʘ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ.  

ɺ ʧʣʘʥʝ ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩʛʣʘʞʠʚʘʝʪ ʨʝʟʢʠʝ 

ʩʢʘʯʢʠ ʚ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʛʥʘʣʘ. 

ʄʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʣʠʯʘʝʪʩʷ ʟʘʜʝʨʞʢʦʡ ʦʪʢʣʠʢʘ ʠ 

ʩʢʣʦʥʥʦʩʪʴʶ ʩʦʭʨʘʥʷʪʴ ʩʪʫʧʝʥʯʘʪʳʝ ʰʫʤʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʝʜʠʘʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʳʙʨʦʩʘʤ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ 

ʚʳʙʦʨʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʦʰʠʙʢʘʤʠ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʥʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠʣʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷʤ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ 

ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʢʥʘ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʛʣʘʞʠʚʘʥʠʷ ʤʝʜʠʘʥʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʝʨʦʚʥʳʤ ʢʨʠʚʳʤ ʙʝʟ ʷʚʥʳʭ ʚʳʙʨʦʩʦʚ, ʯʝʤ ʩʛʣʘʞʠʚʘʥʠʝ 
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ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ [101, 102, 115, 181]. ʊʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ 

ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʥʘʰʠʤ ʜʘʥʥʳʤ. ʀ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʩʦʚ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʠʩʢʣʶʯʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʧʨʠ 

ʩʛʣʘʞʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʨʷʜʘ 

ʟʘʤʝʥʷʶʪʩʷ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʨʝʜʥʶʶ ʪʦʯʢʫ 

ʧʝʨʠʦʜʘ ʩʢʦʣʴʞʝʥʠʷ [181]. 

ɺ ʬʠʣʴʪʨʝ ɻʘʫʩʩʘ ʧʘʨʘʤʝʪʨʳ ʪʨʝʙʫʶʪ ʥʘʩʪʨʦʡʢʠ, ʘ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ 

ʪʨʝʙʫʝʪ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʧʦʜʭʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʤʝʜʠʘʥʥʳʝ ʬʠʣʴʪʨʳ 

ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. 

ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʨʷʜʘ ʜʘʥʥʳʭ ʠ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʙʨʦʩʦʚ ʠ ʩʛʣʘʞʠʚʘʥʠʷ 

ʜʘʥʥʳʭ. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʰʫʤʦʚ 

ʠ ʪʨʝʙʫʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʦʪʩʣʝʞʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʣʦʞʥʳʭ ʰʫʤʦʚ, ʝʩʣʠ ʜʦʩʪʫʧʥʦ ʤʥʦʛʦ ʜʘʥʥʳʭ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ.  
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 5 

 ʇʨʦʙʣʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ 

ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʨʝʜʫ ʵʧʠʜʝʨʤʠʩʘ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʚʦʟʥʠʢʘʝʪ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ.  

ʏʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʪʢʘʥʝʡ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʠʤ ʙʠʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ɟ, 

ʪʝʧʣʦʝʤʢʦʩʪʴ c ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ l. 

ʇʨʠʤʝʥʷʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢ ʨʦʛʦʚʦʤʫ ʩʣʦʶ ʵʧʠʜʝʨʤʠʩʘ ʩʦʟʜʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʪʨʠʮʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʄʉ ʵʧʠʜʝʨʤʠʩʘ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ: 
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 ɿʜʝʩʴʢʘʢ ʚʳʰʝ ʠ , Ὑ ὧ”ȟ ὓ Ὓȹὸ,  ὗ ή ȟ Ὦ ρȟςȟȢȢȢȟά - 

ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ (ʭʦʣʦʜʘ) ʢʘʞʜʦʤ ʚ  ʩʣʦʝ ʵʧʠʜʝʨʤʠʩʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, m ï ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʸʚ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ,  j ï ʥʦʤʝʨ ʩʣʦʷ, ȹὸ - ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʘ ʧʝʨʝʜʘʯʠ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʪʳ (ʭʦʣʦʜʘ)  ʠʟ k-ʛʦ ʩʣʦʷ  ʚ k+1 ʩʣʦʡ, ὸ Ὥẗȹὸ, ʛʜʝ i ï ʮʝʣʦʯʠʩʣʝʥʥʳʝ 

ʤʦʤʝʥʪʳ ʫʩʣʦʚʥʦʛʦ ʚʨʝʤʝʥʠ, ὗ ὖὗ , P- ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ὴ  ʧʦʢʘʟʳʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ (ʭʦʣʦʜʘ) ʠʟ i-ʡ ʷʯʝʡʢʠ ʚ j-ʫʶ ʷʯʝʡʢʫ ʩʣʦʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, ‗ - ʂʊ, Ὓï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʷʯʝʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ὠ- 

ʦʙʲʝʤ ʷʯʝʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, 
j

c ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʣʦʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ, ”- ʧʣʦʪʥʦʩʪʴ ʩʣʦʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ȟ Ὦ ρȟςȟȢȢȢȟά - ʪʦʣʱʠʥʘ  

j-ʦʡ ʷʯʝʡʢʠ ʩʣʦʷ. 



 335 
 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʝʡ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʦʣʱʠʥʘ ʩʣʦʷ, 

ʪʝʧʣʦʸʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʪʢʘʥʠ. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʷ ʙʠʦʪʢʘʥʠ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ. 

 ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʧʦʜʭʦʜʫ ɺ.ʉ. ʇʫʛʘʯʝʚʘ. 

ɿʜʝʩʴ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʜʣʝʞʘʱʘʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ:  

  ὢὸ ά  В ὠ• ὸ,    

ʛʜʝ  • ὸ (k=1,2,én)  - ʝʥʝʩʣʫʯʘʡʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʢʦʦʨʜʠʥʘʪʥʳʝè ʬʫʥʢʮʠʠ, ὠ   (k =1,2,é,n) ï ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ, ʧʦʧʘʨʥʦ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʜʠʩʧʝʨʩʠʷʤʠ  Ὀ  (k=1,2,é,n). 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʢʘʥʠ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʛʠʧʦʪʝʟʘ.  ʇʦ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʦʚʳʭ ʧʦʤʝʭ. ʇʨʦʚʝʜʸʥ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʨʘʟʙʦʨ ʤʝʪʦʜʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʩ ʫʯʸʪʦʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʡʜʝʥ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂʘʣʤʘʥʘ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 0,500003, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʘʪʯʠʢ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʳʡ, ʠ ʥʝ ʩʦʚʩʝʤ ʧʣʦʭʦʡ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʦʧʪʠʤʠʟʘʮʠʷ 

ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʣʝʯʝʥʠʷ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥʠʶ ʠʚʦʟʤʦʞʥʦʩʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʧʝʨʚʳʝ ʢ ʟʘʜʘʯʘʤ 

ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʤʝʥʝʥ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ.  

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʦʰʠʙʦʢ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ.  
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ɿɸʂʃʖʏɽʅʀɽ 

 ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

1. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, 

ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ, ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚ. ʇʨʦʚʝʜʝʥ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʪʨʝʙʫʶʱʠʭ 

ʢʨʠʦʦʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʭʦʣʦʜʦʤ. 

2. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʩ ʫʯʸʪʦʤ ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʧʨʠʢʣʘʜʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

3. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ: ʉʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʙʠʦʪʢʘʥʠ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʦʟʜʘʥʠʝ 

ʛʠʙʢʠʭ ʠ ʫʜʦʙʥʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʦʭʣʘʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ in vivo. 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʣʠʷʥʠʝ    

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʩʬʝʨʠʯʝʩʢʠʤʠ, ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʤʠ ʧʣʦʩʢʠʤʠ 

ʘʧʧʣʠʢʘʪʦʨʘʤʠ.  

5. ʉʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʢʠʭʪʝʧʦʬʠʟʠʯʝ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ  ʩʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ. 
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6. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʧʨʥʳʭ ʜʚʫʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʟʘʜʘʯ ʬʘʟʦʚʳʤʠ ʩ  ʧʝʨʝʭʦʜʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

7. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ, 

ʤʦʥʦʪʦʥʥʦʩʪʴ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʛʨʘʥʠʮʘʤʠ, 

ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʜʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ. 

8. ʇʨʝʜʩʪʘʚʣʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

9. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠ ʁʢ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʝʪʦʜʦʚ ʢʚʘʟʠʣʠʥʝʘʨʠʟʘʮʠʠ. 

10. ʂ ʤʦʜʝʣʷʤ ʘʜʘʧʪʠʨʦʚʘʥʳ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ ʤʝʪʦʜ, ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 

ʤʝʪʦʜʳ  ʃʝʡʙʝʥʟʦʥʘ, ʤʝʪʦʜ ʈʦʪʵ, ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ, ʤʝʪʦʜ -ʂʨʳʣʦʚʘ 

ɹʦʛʦʣʶʙʦʚʘ-ʄʠʪʨʦʧʦʣʴʩʢʦʛʦ), ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʩʢʠʭʘʣʛʝʙʨʘʠʯʝ ʫʨʘʚʥʝʥʠʡ  ʠ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʝʡʚʝʨʦʷʪʥʦʩʪ, ʤʝʪʦʜʳ 

ʦʛʦʢʘʥʦʥʠʯʝʩʢ ʨʘʟʣʦʞʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ.  

11. ʳʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʴʥʳʭʚʳʯʠʩʣʠʪʝʣ ʘʣʛʦʨʠʪʤʤʦʚ ʦʩʥʦʚʝ ʥʘ  ʧʦʩʪʨʦʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, ʚʳʜʘʥʥʳʤʠ ʡʌʝʜʝʨʘʣʴʥʦ ʩʣʫʞʙʦʡ ʧʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʈʦʩʧʘʪʝʥʪ).   ʇʦ ʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ 

ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʕɺʄ, ʧʦʟʚʦʣʠʚʰʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ ʬʘʟʦʚʳʤʠ ʩ  ʧʝʨʝʭʦʜʘʤʠ, 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ  ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʜʦʙʥʦʤ ʠ ʧʦʥʷʪʥʦʤ ʬʦʨʤʘʪʝ, 
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ʧʦʜʪʚʝʨʞʘʶʱʝʝ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ.  

 ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ  ʬʘʟʦʚʳʤʠ ʩ

ʧʝʨʝʭʦʜʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ.  

 ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʘʥʘʣʠʟ ʦʙʣʘʩʪʝʡ, ʟʘʪʨʘʛʠʚʘʝʤʳʭ ʢʨʠʦʛʝʥʥʳʤʠ ʠ 

ʟʘʤʦʨʘʞʠʚʘʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʬʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʟʘʜʘʯ, ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯʝ ʉʪʝʬʘʥʘ, ʛʜʝ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ. 

ʇʦʣʫʯʝʥ ʢʘʥʦʥʠʯʝʩʢʠʡ ʚʠʜ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʦʮʝʩʩ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʤʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʢ ʟʘʜʘʯʘʤ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʉʪʝʬʘʥʘ ʜʣʷ ʧʦʣʷ ʠʟʦʪʝʨʤ. ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʟʘʜʘʯ ʉʪʝʬʘʥʘ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʷʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. ʊʦʯʢʘ u(x,y,z,t) =u*  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ.  

ɼʣʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʝʨʤ ʩ ʫʯʝʪʦʤ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʉʪʝʬʘʥʘ ʝʜʠʥʩʪʚʝʥʥʦ. 

ʇʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩ ʘʧʧʣʠʢʘʪʦʨʘʤʠ ʩʬʝʨʠʯʝʩʢʦʡ, 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʠ ʧʨʦʪʷʞʝʥʥʦʡ ʧʣʦʩʢʦʡ ʬʦʨʤʘʤʠ.  ʇʨʦʚʝʜʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ.  

ɼʣʷ ʦʜʥʦʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʛʠʧʦʪʝʨʤʠʷ ʧʨʠ  ‍ π ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʥʘʡʜʝʥʦ 

ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.  ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ  π ‍ ρ 

ʨʝʰʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩʦ ʩʚʦʙʦʜʥʦʡ  ʛʨʘʥʠʮʝʡ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʕʤʜʝʥʘ-ʌʘʫʣʝʨʘ. 
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ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ, ʨʝʰʝʥʠʝ 

ʥʘʡʜʝʥʦ   ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʝʧʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜ ʈʦʪʵ, ʢʦʥʝʯʥʦʤʝʨʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ s(t), ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ ʝʸ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ.  

ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʜʦʩʪʠʛʘʝʪ 

ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʝ, ʟʘ ʢʦʥʝʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʂ ʵʪʠʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʟʘʜʘʯʠ; ʩʚʝʜʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʪʠʧʘ ɺʦʣʴʪʝʨʨʘ;  ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʠʩʢʘ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʤʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

ʧʦʣʫʯʝʥʠʝ ʢʨʘʝʚʳʭ ʟʘʜʘʯ  ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ;  

ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʢ ʨʝʰʝʥʠʶ ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ  

ɻʘʤʤʝʨʰʪʝʡʥʘ ʚ ʥʝʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʠʦʪʢʘʥʠ, ʩʠʩʪʝʤʳ ʜʚʫʭ  

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ x* , ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʳ s ʠ ʢʚʘʜʨʘʪʫʨʝ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʬʘʟʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʧʦʚʝʜʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʟʘʚʠʩʠʤʳʝ ʠʩʪʦʯʥʠʢʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʯʥʦʤ ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʮʝʧʮʠʷ (ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʧʣʦʚʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʠʦʪʢʘʥʝʡ; 

ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʬʦʨʤʳ ʢʨʠʦʟʦʥʜʦʚ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 
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ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ) ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʡ 

ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʠʙʣʠʞʸʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ 

ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʯʠʩʣʝʥʠʝʤ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ, ʢʦʥʪʨʦʣʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʦʜʥʦʤʝʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʪʢʘʥʠ, 

ʩʧʝʮʠʬʠʢʫ ʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʶ ʘʧʧʣʠʢʘʪʦʨʘ ʠ ʭʘʨʘʢʪʝʨ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʝʙʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʯʠʪʘʝʤ 

ʜʦʧʫʩʪʠʤʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝ ʪʝʦʨʝʤʳ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ.   

ɺʚʝʜʝʥʳ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʫʙʨʝʰʝʥʠʷ ʠ 

ʩʫʧʝʨʨʝʰʝʥʠʷ ʜʣʷ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʠ.  

ɺʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥ 

ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚʘʨʠʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʪʠʧʘ ʉʪʝʬʘʥʘ ʩ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝʡ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʙʦʙʱʸʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ 

ʜʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʦʙʦʙʱʸʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʘʨʠʘʮʠʦʥʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʩ ʜʚʠʞʫʱʝʡʩʷ 



 342 
 

ʛʨʘʥʠʮʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʷ ʠʟʦʪʝʨʤ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʦʨʝʤʘ ʦʙ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʦʪ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʘʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʛʣʫʙʠʥʫ 

ʢʨʠʦʧʦʨʘʞʝʥʠʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ.  ʅʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʤʝʨʥʳʝ (ʜʚʫʭʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ) 

ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ. ʕʪʠ ʟʘʜʘʯʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ.  ɼʣʷ ʥʠʭ ʥʝ 

ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ.  

 ɺ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʫʤʝʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ.  

 ɼʣʷ ʟʘʜʘʯʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ ʚ ʩʣʫʯʘʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʦʩʢʦʛʦ ʢʨʫʛʦʚʦʛʦ 

ʘʧʧʣʠʢʘʪʦʨʘ ʧʦʣʫʯʝʥʳ ʜʚʫʭʬʘʟʥʘʷ ʟʘʜʘʯʘ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ.  

ʇʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʦʭʣʘʞʜʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ ʧʦʣʫʯʝʥʘ ʜʚʫʭʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʉʪʝʬʘʥʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʦʩʢʠʭ ʢʨʫʛʦʚʳʭ ʘʧʧʣʠʢʘʪʦʨʦʚ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʜʚʫʭʬʘʟʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʩ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʘ ʫʧʨʦʱʸʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ. 

ɼʚʫʤʝʨʥʳʝ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝʥʳ ʢ ʙʦʣʝʝʝ ʧʨʦʩʪʳʤ ʢʘʥʦʥʠʯʝʩʢʠʤ ʬʦʨʤʘʤ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʂʠʨʭʛʦʬʘ. 

 ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʦʩʪʘʥʦʚʢʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʪʠʧʘ ʉʪʝʬʘʥʘ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ   ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. 

 ɼʣʷ ʜʚʫʤʝʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʘʜʘʯ ʢʨʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʦʪʢʘʥʠ ʧʨʦʚʝʜʝʥʦ ʘʩʠʤʧʪʦʪʠʯʥʝʩʢʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  
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ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ 

ʙʠʦʪʢʘʥʠ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ.  

ʇʨʦʜʝʣʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʊ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ, ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨ rʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ   ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ  

ʠ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ  ʯʪʦ  ʯʝʤ ʪʦʣʱʝ ʩʣʦʡ 

ʙʠʦʪʢʘʥʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʥʫʪʴ ʥʠʟʢʦʪʝʤʧʝʨʥʘʪʫʨʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʪʝʤ ʙʦʣʴʰʝ ʩʣʝʜʫʝʪ ʧʦʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʝʡʩʪʚʠʷ. 

 ɹʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʦʤʧʣʝʢʩʥʳʝ ʩʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʧʦʜʭʦʜʫ ɺ.ʉ. ʇʫʛʘʯʝʚʘ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʨʘʟʣʦʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʫʧʝʨʧʦʟʠʮʠʶ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʚʝʩʘʤʠ, ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʢʘʥʠ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʪʢʘʥʠ ʥʝʠʟʙʝʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʰʫʤʘ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʴ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʢʘʞʝʥ ʰʫʤʦʤ, ʢʦʪʦʨʳʡ ʚʳʟʚʘʥ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʪʝʭʥʠʯʝʩʢʠʡ ʰʫʤ 

(ʵʣʝʢʪʨʦʥʥʳʝ ʮʝʧʠ, ʰʫʤ ʜʘʪʯʠʢʦʚ), ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʰʫʤ (ʢʦʣʝʙʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʠ), ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ (ʜʚʠʞʝʥʠʝ ʧʘʮʠʝʥʪʘ, 

ʚʠʙʨʘʮʠʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ).  

ʋʜʘʣʝʥʠʝ ʰʫʤʦʚʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʵʪʘʧ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ. ʇʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʬʠʣʴʪʨʘʮʠʠ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʰʫʤʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʯʸʪʘ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʢʘʞʜʦʛʦ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʧʦʜʭʦʜʦʚ. 
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ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ. ɸʥʘʣʠʟ 

ʧʨʦʚʝʜʝʥ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ, 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ.  

ɺ ʤʝʪʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʢʦʣʴʟʷʱʝʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ, 

ʚʦʟʤʦʞʥʦ ʩʛʣʘʞʠʚʘʥʠʝ ʧʦ ʯʝʪʥʦʤʫ ʯʠʩʣʫ ʪʦʯʝʢ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʘʙʩʮʠʩʩʘ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʢʥʦʤ 2k ʧʦʧʘʜʘʝʪ ʚ ʩʝʨʝʜʠʥʫ 

ʤʝʞʜʫ k-ʡ ʠ k+1 ʪʦʯʢʘʤʠ ʙʠʪʦʚʦʡ ʩʝʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ 

ʦʙʳʯʥʦ ʥʝ ʚʢʣʶʯʘʝʪ ʩʤʝʱʝʥʠʝ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ, ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦʪ ʚʘʨʠʘʥʪ 

ʩʛʣʘʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʄʘʩʩʠʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʦʢʥʦ ʬʠʣʴʪʨʘ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʢʦʣʴʟʷʱʝʤ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩ ʦʢʥʦʤ 2k + 1, ʥʝ ʤʦʛʫʪ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ k ʪʦʯʢʘʭ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʩʛʣʘʞʠʚʘʥʠʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʢʘʯʝʩʪʚʫ ʩʛʣʘʞʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ʏʝʤ ʣʫʯʰʝ ʧʨʠʙʣʠʞʝʥʘ ʥʝʧʠʢʦʚʘʷ ʙʘʟʦʚʘʷ ʣʠʥʠʷ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ ʚʘʰ 

ʧʨʦʛʥʦʟ ʜʣʷ ʧʠʢʘ. ʈʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢ ʩʛʣʘʞʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʢʦʣʴʟʷʱʝʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʟʥʘʯʝʥʠʠ, ʦʩʪʘʚʣʷʶʪ ʧʣʦʱʘʜʴ ʥʝʠʟʤʝʥʥʦʡ. 

ʆʜʥʘʢʦ ʥʘ ʩʛʣʘʞʠʚʘʥʠʝ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʣʴʪʨʦʤ ʂʘʣʤʘʥʘ ʠ ʤʝʪʦʜʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʩʢʦʣʴʟʷʱʝʝ 

ʩʨʝʜʥʝʝ ʠ ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ ʨʘʙʦʪʘʶʪ ʥʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ. 

ʉʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʩʛʣʘʞʠʚʘʝʪ ʜʘʥʥʳʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʨʝʟʢʠʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʩʠʛʥʘʣʝ. ʄʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʟʘʜʝʨʞʢʫ ʦʪʢʣʠʢʘ ʠ ʩʦʭʨʘʥʷʪʴ ʩʪʫʧʝʥʯʘʪʳʝ ʰʫʤʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. 
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ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʝʜʠʘʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʳʙʨʦʩʘʤ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ 

ʚʳʙʦʨʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʦʰʠʙʢʘʤʠ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʥʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠʣʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷʤ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ 

ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʢʥʘ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʛʣʘʞʠʚʘʥʠʷ ʤʝʜʠʘʥʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʝʨʦʚʥʳʤ ʢʨʠʚʳʤ ʙʝʟ ʷʚʥʳʭ ʚʳʙʨʦʩʦʚ, ʯʝʤ ʩʛʣʘʞʠʚʘʥʠʝ 

ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ. ʊʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ ʵʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʥʘʰʠʤ ʜʘʥʥʳʤ. ʀ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʝʩʦʚ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʠʩʢʣʶʯʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. ʇʨʠ 

ʩʛʣʘʞʠʚʘʥʠʠ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʨʷʜʘ ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʩʨʝʜʥʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʨʝʜʥʶʶ ʪʦʯʢʫ ʧʝʨʠʦʜʘ ʩʢʦʣʴʞʝʥʠʷ. 

ɺ ʬʠʣʴʪʨʝ ɻʘʫʩʩʘ ʧʘʨʘʤʝʪʨʳ ʪʨʝʙʫʶʪ ʥʘʩʪʨʦʡʢʠ, ʘ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ 

ʪʨʝʙʫʝʪ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʪʦʛʜʘ ʢʘʢ 

ʘʣʛʦʨʠʪʤʳ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʤʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ.  

ʌʠʣʴʪʨ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʛʣʘʞʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚ 

ʜʘʥʥʳʭ. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʫʤʘ, 

ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʦ ʩʠʩʪʝʤʝ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʧʨʘʚʜʘʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ 

ʰʫʤʦʚ ʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. 
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ʉʬʦʨʤʠʨʦʚʘʥʘ ʥʦʚʘʷ ʛʠʧʦʪʝʟʘ, ʢʘʩʘʶʱʘʷʩʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʘ.  ʀʟ ʵʪʦʡ 

ʛʠʧʦʪʝʟʳ ʩʣʝʜʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʪʘʪʫʩʥʳʝ ʬʫʥʢʮʠʠ. 

ɺʧʝʨʚʳʝ ʢ ʟʘʜʘʯʘʤ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʦʰʠʙʦʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ.   

ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʟʘʜʘʯʘʤ 

Å ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ; 

Å ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʫʨʘʚʥʝʥʠʡ ʠʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ; 

Å ʆʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ; 

Å ɺʳʙʦʨ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ; 

Å ʈʘʟʙʠʝʥʝʥʠʝ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʥʘ ʩʝʪʢʫ, ʵʣʝʤʝʥʪʳ ʠʣʠ ʦʙʲʝʤʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ; 

Å ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ; 

Å ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʜʠʩʢʨʝʪʥʫʶ ʬʦʨʤʫ ʩ ʧʦʤʦʱʴʶ 

ʚʳʙʨʘʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ; 

Å ʈʝʰʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ;  

Å ɼʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝʡ ʦʪʩʣʝʞʠʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʬʘʟʘʤʠ; 

Å ʋʯʝʪ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ; 

Å ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ; 

Å ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʚʥʝʩʪʠ ʚʢʣʘʜ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʢʘʥʠ, ʚ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʣʝʯʝʥʠʷ, ʫʣʫʯʰʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʜʫʨ.  
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ʉʇʀʉʆʂ ʀʃʃʖʉʊʈɸʊʀɺʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

ʊɸɹʃʀʎʓ 

ʊʘʙʣʠʮʘ 1.1. ʉʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ  

ʊʘʙʣʠʮʘ 1.2 ʄʠʥʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʢʦʥʝʯʥʠʢʘ  

ʊʘʙʣʠʮʘ 5.1.  ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ 

ʊʘʙʣʠʮʘ 5.2.   ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 5,0=b ,h=4, ua=-10, eps=0.01,v0=32) 

ʊʘʙʣʠʮʘ 5.3.   ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

ʊʘʙʣʠʮʘ 5.4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ)  

( 8,0=b ,h=4, ua=-10, eps=0.01,v0=32) 

ʊʘʙʣʠʮʘ 5.5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 5,0=b ,h=4, ua=-15, eps=0.01,v0=32) 

ʊʘʙʣʠʮʘ 5.6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 0=b ,H=1, fi=-1) 

ʊʘʙʣʠʮʘ 5.7. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 0=b ,H=1, fi=-0,75) 

ʊʘʙʣʠʮʘ 5.8 ʊʝʧʣʦʝʤʢʦʩʪʴ  

ʊʘʙʣʠʮʘ 5.9. ʇʣʦʪʥʦʩʪʴ 

ʊʘʙʣʠʮʘ 5.10. ʊʦʣʱʠʥʘ ʷʯʝʡʢʠ 

ʊʘʙʣʠʮʘ 5.11. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʊʘʙʣʠʮʘ 5.12 ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʊʘʙʣʠʮʘ 5.13. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

( 5,0=b ,h=4, ua=-10, eps=0.01,v0=32) 

ʊʘʙʣʠʮʘ 5.14 ʂʚʘʥʪʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 

ʊʘʙʣʠʮʘ 5.15. ʈʘʟʥʠʮʘ ʜʘʥʥʳʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ 

ʊʘʙʣʠʮʘ 5.16. ʈʝʟʫʣʴʪʘʪʳ ʦʰʠʙʦʢ 

ʊʘʙʣʠʮʘ 5.17 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʊʘʙʣʠʮʘ 5.18 ɼʠʩʧʝʨʩʠʠ 

ʊʘʙʣʠʮʘ 5.19. ɼʠʩʧʝʨʩʠʠ  
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ʊʘʙʣʠʮʘ 5.20.  ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʊʘʙʣʠʮʘ 5.21.  ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ 

ʊʘʙʣʠʮʘ 1.  ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʘʧʧʣʠʢʘʪʦʨʦʤ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 2.  ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʘʧʧʣʠʢʘʪʦʨʦʤ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 3. ʊʘʙʣʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʧʣʠʢʘʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʦʨʤʳ (ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʙʝʟ ʫʩʝʯʝʥʠʷ) 

(ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʩ ʫʩʝʯʝʥʠʝʤ) 

(ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʙʝʟ ʫʩʝʯʝʥʠʷ) 

(ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʘʙʣʠʮʘ 7. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʩ ʫʩʝʯʝʥʠʝʤ) 

(ʧʨʠʣʦʞʝʥʠʝ 1) 

ʈʀʉʋʅʂʀ 

ʈʠʩ. 1.1. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʝʩʪʨʫʢʮʠʶ ʙʠʦʪʢʘʥʠ ʪʨʝʭ ʪʠʧʦʚ 

ʢʣʝʪʦʢ (A, B, C) 

ʈʠʩ. 1.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʠʦʪʢʘʥʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝ 

ʈʠʩ.1.3. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʦʟʦʥʜʘ ʥʘ ʙʠʦʪʢʘʥʠ 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʘ (ʩʣʦʠ) ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʈʠʩ.1.5. ʉʪʨʫʢʪʫʨʘ ʵʧʠʜʝʨʤʠʩʘ 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʘ (ʩʣʦʠ) ʜʝʨʤʳ 

ʈʠʩ.1.7. ʂʦʣʣʘʛʝʥ ʠ ʵʣʘʩʪʠʥ ʚ ʜʝʨʤʘʣʴʥʦʤ ʩʣʦʝ ʙʠʦʪʢʘʥʠ 

ʈʠʩ.1.8. ʉʪʨʦʝʥʠʝ ʛʠʧʦʜʝʨʤʳ     

ʈʠʩ.1.9. ʉʪʨʦʝʥʠʝ ʛʠʧʦʜʝʨʤʳ 

ʈʠʩ.1.10.  ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.5) 
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ʈʠʩ.1.11. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʦʟʦʥʜʘ 

ʈʠʩ.1.12. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʈʠʩ.2.1 ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʒʕ  

ʈʠʩ. 2.2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (a) 

ʈʠʩ. 2.2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (b) 

ʈʠʩ. 2.2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (c) 

ʈʠʩ.2.3. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (a) 

ʈʠʩ.2.3. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (b) 

ʈʠʩ.2.3. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (c) 

ʈʠʩ. 2.4. ʀʟʤʝʥʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (a) 

ʈʠʩ. 2.4. ʀʟʤʝʥʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (b) 

ʈʠʩ. 2.4. ʀʟʤʝʥʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ (c) 

ʈʠʩ.2.5. ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x, y, u 

ʈʠʩ.2.6. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x, y, u 

ʈʠʩ.3.1. ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʠʩʪʝʤʳ (3.6) 

ʈʠʩ.3.2. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (0=b ,H=1, 

fi=-10) 

ʈʠʩ.3.3. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (0=b ,H=1, 

fi=-15) 

ʈʠʩ.3.4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (0=b ,H=1, 

fi=-20) 

ʈʠʩ.3.5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 10 <¢b  

ʈʠʩ.3.6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (5,0=b ,h=4, 

ua=-10, eps=0.01, v0=32) 

ʈʠʩ.3.7. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (8,0=b ,h=4, 

ua=-10, eps=0.01, v0=32) 

ʈʠʩ.3.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (5,0=b ,h=4, 

ua=-15, eps=0.01, v0=32) 

ʈʠʩ. 3.9. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 
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ʈʠʩ.3.10. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʝʡ  ɡ ʐ  ʠ  ɡ ʐ     

ʈʠʩ.3.11.  ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ 

ʈʠʩ.3.12. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʦʟʦʥʜʘ ʧʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ɼ   

ʈʠʩ.3.13. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʪ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʈʠʩ.3.14. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʪ ʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʈʠʩ.4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʈʠʩ.4.2. ʆʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʠ 

ʈʠʩ.4.3. ʇʨʠʯʠʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ 

ʈʠʩ.5.1 ʉʪʨʫʢʪʫʨʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ ʵʧʠʜʝʨʤʠʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ 

ʈʠʩ. 5.2 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) ( 5,0=b ,h=4, 

ua=-10, eps=0.01 ʘ)v0=32(-); ʙ) v0=36,6(--)) 

ʈʠʩ. 5.3 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) ( 5,0=b , 

h=0,5, ua=-15, eps=0.01, ʘ) v0=32(-); ʙ) v0=36,6(--), ʟʘʚʠʩʠʤʦʩʪʴ (5.19)) 

ʈʠʩ. 5.4 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) (h=4, ua=-15, 

eps=0.01, v0=36,6 ʘ) 9,0=b (-) ʙ) 5,0=b  (--), ʟʘʚʠʩʠʤʦʩʪʴ (5.21)) 

ʈʠʩ. 5.5 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

ʈʠʩ. 5.6 ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡ) 

ʈʠʩ. 5.7. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʫʩʥʳʭ ʬʫʥʢʮʠʡ 

ʈʠʩ.5.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (a) 

ʈʠʩ.5.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (b) 

ʈʠʩ.5.8. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (c) 

ʈʠʩ.5.9. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (a) 

ʈʠʩ.5.9. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (b) 

ʈʠʩ.5.9. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩ ʰʫʤʦʤ ʠ ʬʨʦʥʪ ʨʘʟʜʝʣʘ ʬʘʟ (c) 

b

b
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʳ (ʧʨʠʣʦʞʝʥʠʝ 2) 

ɹʣʦʢ-ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ (ʧʨʠʣʦʞʝʥʠʝ 2) 

ɹʣʦʢ-ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ (ʧʨʠʣʦʞʝʥʠʝ 3) 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʄʅʂ - ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ   

ʄʅʇʂ - ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʈʅʊʂ - ʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʈʅʂ - ʈʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʅʇʂ ï ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʉɼ - ʩʝʢʮʠʦʥʥʳʡ ʜʦʢʣʘʜ 

ʇɼ - ʧʣʝʥʘʨʥʳʡ ʜʦʢʣʘʜ  

ʂʊ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

ʋʊ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ  

ʂʊʆʉ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ɺʅ - ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ 

ʉʊʂʌɿ - ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ  

ʀʊ ï ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ 

ʋʊʕ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ 

ʋʉ - ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ  

ʃɿ ï ʣʦʢʘʣʴʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ 

ʇʃ - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ  

ʇʃɿ - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ  

ʄʉ ï ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʨʝʜʘ 

ʄʆ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 
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ʇʨʠʣʦʞʝʥʠʷ 
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ʇʨʠʣʦʞʝʥʠʝ 1.  ʊʘʙʣʠʮʳ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʊʘʙʣʠʮʘ 1.  ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʘʧʧʣʠʢʘʪʦʨʦʤ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ  

X u(x) x u(x) x u(x) x u(x) x u(x) 

0.01 31.69 0.02 31.53 0.03 31.38 0.88  20.25  1.75  12.23 

0.04 31.23  0.05 31.07 0.06 30.92 0.91 19.92 1.78 12.01 

0.07 30.77 0.08 30.62 0.09 30.47 0.94 19.60 1.81 11.79 

0.09 30.32 0.10 30.17 0.11 30.02 0.97  19.28 1.84 11.57 

0.12 29.87 0.13 29.73 0.15 29.58 1.00  18.96 1.87 11.35 

0.16 29.43 0.17 29.29 0.18 29.14 1.03 18.65 0.89 20.14 

0.19 29.00 0.2 28.86 0.21 28.71 1.06 18.34 0.92 19.81 

0.22 28.57 0.23 28.43 0.24 28.28 1.09 18.03 0.95 19.49 

0.25 28.14 0.26 28.00 0.27 27.86 1.12 17.73 0.98 19.17 

0.28 27.72 0.29 27.58 0.3 27.44 1.15 17.43 1.01 18.86 

0.31 27.31 0.32 27.17 0.33 27.03 1.18 17.14 1.04 18.54 

0.34 26.89 0.35 26.76 0.36 26.62 1.21 16.85 1.07 18.24 

0.37 26.49 0.38 26.35 0.39 26.22 1.24 16.56 1.1 17.93 

0.4 26.09 0.41 25.95 0.42 25.82 1.27 16.28 1.13 17.63 

0.43 25.69 0.44 25.56 0.45 25.43 1.3 16.00 1.16 17.34 

0.46 25.29 0.47 25.16 0.48 25.04 1.33 15.73 1.19 17.04 

0.49 24.91 0.5 24.78 0.51 24.65 1.36 15.46 1.22 16.76 

0.52 24.52 0.53 24.40 0.54 24.27 1.39 15.19 1.25 16.47 

0.55 24.14 0.56 24.02 0.57 23.89 1.42 14.92 1.28 16.19 

0.58 23.77 0.59 23.64 0.6 23.52 1.45 14.66 1.31 15.91 

0.61 23.40  0.62 23.27 0.63 23.15 1.48  14.40  1.34 15.64 

0.64 23.03 0.65 22.91 0.66 22.79 1.51 14.15 1.37 15.37 

0.67 22.67 0.68 22.55 0.69 22.43 1.54 13.90 1.4 15.10 

0.7 22.31 0.71 22.19 0.72 22.07 1.57  13.65 1.43 14.84 
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0.73 21.96 0.74 21.84 0.75 21.72 1.6  13.41 1.46 14.57 

0.76  21.61 0.77 21.49 0.78 21.38 1.63  13.16 1.49 14.32 

0.79 21.26 0.8 21.15 0.81 21.03 1.66  12.93 1.52 14.06 

0.82  20.92 0.83 20.81 0.84 20.70 1.69 12.69 1.55 13.81 

0.85  20.58 0.86 20.47 0.87 20.36 1.72 12.46 1.58 13.57 

1.61 13.32 1.62 13.24 2.61 6.87 5.71 0.27 2.62 6.82 

1.64 13.08 1.65 13.01 2.64 6.72 5.74 0.26 2.65 6.67 

1.67 12.85 1.68 12.77 2.67 6.58 5.77 0.24 2.68 6.53 

1.7 12.61 1.71 12.54 2.7 6.44 5.8 0.23 2.71 6.39 

1.73 12.38 1.74 12.31 2.73 6.30 5.83 0.22 2.74 6.25 

1.76 12.16 1.77 12.08 5.85 0.21 2.76 6.16 2.77 6.12 

1.79 11.93 1.8 11.86 5.88 0.20 2.79 6.03 2.8 5.98 

1.82 11.71 1.83 11.64 5.91 0.19 2.82  5.90 2.83 5.85 

1.85 11.49 1.86 11.42 5.94 0.18 2.85 5.77 2.86 5.72 

1.88 11.28 1.89 11.21 4.96 0.78 2.88 5.64 2.89 5.60 

0.9 20.03 1.9 11.14 4.99 0.75 1.91 11.07 1.92 11.00 

0.93 19.71 1.93 10.93 5.02 0.72 1.94 10.86 1.95 10.79 

0.96 19.38 1.96 10.72 5.05 0.70 1.97 10.65 1.98 10.59 

0.99 19.07 1.99 10.52 5.08 0.67 2.0 10.45 2.01 10.38 

1.02 18.75 2.02 10.32  5.11 0.64 2.03 10.25 2.04 10.18 

1.05 18.44 2.05 10.12 5.14 0.62 2.06 10.05 2.07 9.99 

1.08 18.13 2.07 9.92 5.17 0.60 2.08 9.86 2.09 9.79 

1.11 17.83 2.1 9.73 5.2 0.57 2.11 9.67 2.12 9.60 

1.14 17.53 2.13 9.54 5.23 0.55 2.14 9.48 2.15 9.42 

1.17 17.24 2.16  9.35 5.26 0.53 2.17 9.29 2.18 9.23 

1.2 16.95 2.19 9.17 5.29 0.51 2.2 9.11 2.21 9.05 

1.23 16.66 2.22 8.99 5.32 0.49 2.23 8.93 2.24 8.87 

1.26 16.38 2.25 8.81 5.35 0.47 2.26 8.75 2.27 8.69 

1.29 16.10 2.28 8.63 5.38 0.45 2.29 8.58 2.3 8.52 
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1.32 15.82 2.31 8.46 5.41 0.43 2.32 8.40 2.33 8.35 

1.35 15.55 2.34 8.29 5.44 0.41 2.35 8.23 2.36 8.18 

1.38 15.28 2.37 8.12 5.47 0.39 2.38 8.07 2.39 8.01 

1.41 15.01 2.4 7.96 5.5 0.37 2.41 7.90 2.42 7.85 

1.44 14.75 2.43 7.79 5.53 0.36 2.44 7.74 2.45 7.69 

1.47 14.49 2.46 7.63 5.56 0.34 2.47 7.58 2.48 7.53 

1.5 14.23 2.49  7.48 5.59 0.33 2.5 7.42 2.51 7.37 

1.53 13.98 2.52 7.32 5.62 0.31 2.53 7.27 2.54 7.22 

1.56 13.73 2.55 7.17 5.65 0.30 2.56 7.12 2.57 7.07 

1.59 13.49 2.58 7.02 5.68 0.28 2.59 6.97 2.6 6.92 

2.63 6.77 3.63 3.07 5.72 0.27 3.64 3.05 3.65 3.02 

2.66 6.63 3.66  3.00 5.75 0.25 3.67 2.97 3.68 2.94 

2.69 6.49 3.69 2.92 5.78 0.24 3.7 2.89 3.71 2.87 

2.72 6.35 3.72  2.84 5.81 0.23 3.73 2.82 3.74 2.79 

2.75 6.21 3.75 2.77 5.84 0.22 3.76 2.74 3.77 2.72 

2.78 6.07 5.86 0.21 3.78 2.69 3.79 2.67 3.83 2.57 

2.81 5.94 5.89 0.20 3.81 2.62 3.82 2.60 3.86 2.50 

2.84 5.81 5.92 0.19 3.84 2.55 3.85 2.53 3.89 2.43 

2.87 5.68 5.95 0.18 3.87 2.48 3.88 2.46 3.92 2.37 

2.9 5.55 4.97 0.77 3.9 2.41 3.91 2.39 3.93 2.35 

2.91 5.51 5.0 0.74 2.92 5.47 2.93 5.43 3.96 2.28 

2.94 5.39 5.03 0.71 2.95 5.35 2.96 5.31 3.99 2.22 

2.97 5.27 5.06 0.69 2.98 5.23 2.99 5.19 4.02 2.15 

3.0 5.15 5.09 0.66 3.01 5.11 3.02 5.07 4.05 2.09 

3.03  5.03 5.12 0.64 3.04 4.99 3.05 4.95 4.08 2.03 

3.06 4.91 5.15 0.61 3.07 4.88 3.08 4.84 4.11 1.97 

3.09 4.80 5.18 0.59 3.1 4.76 3.11 4.73 4.14 1.92 

3.12 4.69 5.21 0.56 3.13 4.65 3.14 4.62 4.17 1.86 

3.15 4.58 5.24 0.54 3.16 4.54 3.17 4.51 4.2 1.81 
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3.18 4.47 5.27 0.52 3.19 4.44 3.2 4.40 4.23 1.75  

3.21 4.37 5.3 0.50 3.22 4.33 3.23 4.30 4.26 1.70 

3.24 4.26 5.33 0.48 3.25 4.23 3.26 4.19 4.29 1.65 

3.27 4.16 5.36 0.46 3.28 4.13 3.29 4.09 4.32 1.60 

3.3 4.06 5.39 0.44 3.31 4.03 3.32 4.00 4.35 1.55 

3.33 3.96 5.42 0.42 3.34 3.93 3.35 3.90 4.38 1.50 

3.36 3.87 5.45 0.40 3.37 3.83 3.38 3.80 4.41 1.46 

3.39 3.77 5.48 0.39 3.4 3.74 3.41 3.71 4.44 1.41 

3.42 3.68 5.51 0.37 3.43 3.65 3.44 3.62 4.47 1.37 

3.45 3.59 5.54 0.35 3.46 3.56 3.47 3.53 4.5 1.32 

3.48 3.50 5.57 0.34 3.49 3.47 3.5 3.44 4.53 1.28 

3.51 3.41 5.6 0.32 3.52 3.38 3.53 3.35 4.56 1.24 

3.54 3.32 5.63 0.31 3.55 3.30 3.56 3.27 4.59 1.20 

3.57 3.24 5.66 0.29 3.58 3.21 3.59 3.18 4.62 1.16 

3.6 3.16 5.69 0.28 3.61 3.13 3.62 3.10 4.65 1.12 

4.68 1.08  6.72 0.03 4.69 1.07 4.7 1.06 5.7 0.27 

4.71 1.05 6.75 0.03 4.72 1.04 4.73 1.02 5.73 0.26 

4.74 1.01 6.78 0.02 4.75 1.00 4.76 0.99 5.76 0.25 

4.77 0.98 6.81 0.02 4.78 0.97 4.79 0.96 5.79 0.24 

4.8 0.94 6.84 0.02 4.81 0.93 4.82 0.92 5.82 0.23 

5.87 0.21 4.83 0.91  4.84 0.90 4.85 0.89 6.87 0.02 

5.9 0.20 4.86 0.88 4.87 0.87 4.88 0.86 6.9 0.02 

5.93 0.19 4.89 0.85 4.9 0.84 4.91 0.83 6.93 0.01 

5.96 0.18 4.92 0.82 4.93 0.81 4.94 0.80 6.96 0.01 

5.97  0.17  3.8 2.64 3.95 2.30 4.95 0.79 5.98 0.17 

6.0 0.16 3.97 2.26 3.98 2.24 4.98 0.76 6.01 0.16 

6.03 0.15 4.0 2.20 4.01 2.17 5.01 0.73 6.04 0.15 

6.06 0.15 4.03 2.13 4.04 2.11 5.04 0.70 6.07 0.14 

6.09 0.14 4.06 2.07 4.07 2.05 5.07 0.68 6.1 0.14 
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6.12 0.13 4.09 2.01 4.1 1.99 5.1 0.65 6.13 0.13 

6.15 0.12 4.12 1.96 4.13 1.94 5.13 0.63 6.16 0.12 

6.18 0.12 4.15 1.90 4.16 1.88 5.16 0.60 6.19 0.11 

6.21 0.11 4.18 1.84 4.19 1.83 5.19 0.58 6.22 0.11 

6.24 0.10 4.21 1.79 4.22 1.77 5.22 0.56 6.25 0.10 

6.27 0.10 4.24 1.74 4.25 1.72 5.25 0.53 6.28 0.09 

6.3 0.09 4.27 1.68 4.28 1.67 5.28 0.51 6.31 0.09 

6.33 0.08  4.3 1.63 4.31 1.62 5.31 0.49 6.34 0.08 

6.36 0.08 4.33 1.58 4.34 1.57 5.34 0.47 6.37 0.08 

6.39 0.07 4.36 1.54 4.37 1.52 5.37 0.45 6.4 0.07 

6.42 0.07 4.39 1.49 4.4 1.47 5.4 0.43 6.43 0.07 

6.45 0.06 4.42 1.44 4.43 1.43 5.43 0.42 6.46 0.06 

6.48 0.06 4.45 1.40 4.46 1.38 5.46 0.40  6.49 0.06 

6.51 0.05 4.48 1.35 4.49 1.34 5.49 0.38 6.52 0.05 

6.54 0.05 4.51 1.31 4.52 1.30 5.52 0.36 6.55 0.05 

6.57 0.05 4.54 1.27 4.55 1.25 5.55 0.35 6.58 0.05 

6.6 0.04 4.57 1.23 4.58 1.21 5.58 0.33 6.61 0.04 

6.63 0.04 4.6 1.19 4.61 1.17 5.61 0.32 6.64 0.04 

6.66 0.04 4.63 1.15 4.64 1.13 5.64 0.30 6.67 0.03 

6.69 0.03 4.66 1.11 4.67 1.10 5.67 0.29 6.7 0.03 

6.73 0.03 6.74 0.03 7.74 0.00 7.75 0.00 7.76 0.00 

6.76 0.03 6.77 0.03 7.77 0.00 7.78 0.00 7.79 0.00 

6.79 0.02 6.8 0.02 7.8  0.00 7.81 0.00 7.82 0.00 

6.82 0.02 6.83 0.02 7.83 0.00 7.84 0.00 7.85 0.00 

6.85 0.02 6.86 0.02 7.86 0.00  7.87 0.00  7.88 0.00  

6.88 0.02 6.89 0.02 7.89 0.00 7.9 0.00 7.91 0.00 

6.91 0.02 6.92 0.01 7.92  0.00 7.93 0.00 7.94 0.00 

6.94 0.01 6.95 0.01 7.95 0.00 7.96 0.00 7.97 0.00 

6.97 0.01 6.98 0.01 7.98 0.00 7.99 0.00 8.0 0.00 
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5.99 0.17 6.99 0.01  7.0 0.01 7.01 0.01 8.01 0.00 

6.02 0.16 7.02 0.01 7.03 0.01 7.04 0.01 8.04  0.00 

6.05 0.15 7.05 0.01 7.06 0.01 7.07 0.01 8.07 0.00 

6.08 0.14 7.08 0.01 7.09 0.01 7.1 0.01 8.1 0.00 

6.11 0.13 7.11 0.01 7.12 0.01 7.13 0.00 8.13 0.00 

6.14 0.12 7.14 0.00 7.15 0.00 7.16 0.00 8.16  0.00 

6.17 0.12 7.17 0.00 7.18 0.00 7.19 0.00 8.19, 0.00 

6.2 0.11 7.2 0.00 7.21 0.00 7.22 0.00 8.22 0.00 

6.23 0.10 7.23 0.00 7.24 0.00 7.25 0.00 8.02 0.00 

6.26 0.10 7.26 0.00 7.27 0.00 7.28 0.00 8.05 0.00 

6.29 0.09 7.29 0.00 7.3 0.00 7.31 0.00 8.08 0.00 

6.32 0.09 7.32 0.00 7.33 0.00 7.34 0.00 8.11 0.00 

6.35 0.08 7.35 0.00 7.36 0.00 7.37 0.00 8.14 0.00 

6.38 0.07 7.38 0.00 7.39 0.00 7.4 0.00 8.17 0.00 

6.41 0.07 7.41 0.00 7.42 0.00 7.43 0.00 8.2 0.00 

6.44 0.06 7.44 0.00  7.45 0.00 7.46 0.00 8.23 0.00 

6.47 0.06 7.47 0.00 7.48 0.00 7.49 0.00 8.03 0.00 

6.5 0.06 7.5  0.00 7.51 0.00 7.52 0.00 8.06 0.00 

6.53 0.05 7.53 0.00  7.54 0.00 7.55 0.00 8.09 0.00 

6.56 0.05 7.56 0.00 7.57 0.00 7.58 0.00 8.12 0.00 

6.59 0.04 7.59 0.00  7.6 0.00 7.61 0.00 8.15 0.00 

6.62 0.04 7.62 0.00  7.63 0.00 7.64 0.00 8.18 0.00 

6.65 0.04 7.65 0.00  7.66 0.00 7.67 0.00 8.21 0.00 

6.68 0.03 7.68 0.00  7.69 0.00 7.7 0.00   

6.71 0.03 7.71 0.00  7.72 0.00 7.73 0.00   
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ʊʘʙʣʠʮʘ 2.  ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ ʘʧʧʣʠʢʘʪʦʨʦʤ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ  

X u(x) x u(x) x u(x) x u(x) x u(x) 

0.01 36.25 0.38 30.19   0.75 25.05   1.12 20.71   1,49 16.86 

0.02 36.08 0.39 30.04   0.76 24.92 1.13 20.60 1.5 16.77 

0.03 35.91 0.4 29.89   0.77 24.79 1.14 20.49   1,51 16.67    

0.04 35.74 041 29.75   0.78 24.67   1.15 20.38 1,52 16.58    

0.05 35.57 0.42 29.60    0.79 24.54 1.16 20.27    1,53 16.48   

0.06 35.41 0.43 29.45   0.8 24.41 1.17 20.16 1,54 16.39    

0.07 35.24 0.44 29.31 0.81 24.29 1.18 20.05   1,55 16.29   

0.08 35.07    0.45 29.16   0.82 24.16 1.19 19.94   1,56 16.20    

0.09 34.91 0.46 29.02    0.83 24.03 1.2 19.83    1,57 16.11    

0.1 34.74 0.47 28.87   0.84 23.91   1.21 19.72   1,58 16.02   

0.11 34.58 0.48 28.73 0.85 23.78 1.22 19.61   1,59 15.92 

0.12 34.41 0.49 28.59   0.86 23.66   1.23 19.51 1,6 15.83    

0.13 34.25 0.5 28.45 0.87 23.54   1.24 19.40    1,61 15.74 

0.14 34.08 0.51 28.30   0.88 23.41    1.25 19.29   1,62 15.65 

0.15 33.92 0.52 28.16    0.89 23.29   1.26 19.19 1,63 12.94    

0.16 33.76 0.53 28.02 0.9 23.17 1.27 19.08 1,64 12.86 

0.17 33.60 0.54 25.44 0.91 23.05    1.28 18.97    1,65 12.78    

0.18 33.44 0.55 27.88 0.92 22.93    1.29 18.87 1,66 12.70   

0.19 33.28 0.56 27.74 0.93 22.80   1.3 18.77    1,67 12.62 

0.2 33.12 0.57 27.60    0.94 22.68    1.31 18.66 1,68 12.55 

0.21 32.96 0.58 27.46   0.95 22.56   1.32 18.56 1,69 12.47    

0.22 32.80 0.59 27.32   0.96 22.45    1.33 18.46 1,7 12.39   

0.23 32.64 0.6 27.19   0.97 22.33    1.34 18.35   1,71 12.32    

0.24 32.48 0.61 27.05    0.98 22.21 1.35 18.25    1,72 12.24    

0.25 32.33 0.62 26.91 0.99 22.09   1,36 18.15    1,73 12.17    

0.26 32.17 0.63 26.78 1 21.97    1,37 18.05    1,74 12.09 

0.27 32.02 0.64 26.64 1.01 21.86   1,38 17.95   1,75 12.02    
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0.28 31.86 0.65 26.51 1.02 13.02 1,39 17.85    1,76 11.94   

0.29 31.71 0.66 26.37   1.03 21.74   1,4 17.75    1,77 11.87   

0.3 31.55 0.67 26.24 1.04 21.62 1,41 17.65 1,77 11.80    

0.31 31.40 0.68 26.10    1.05 21.51   1,42 17.55   1,78 11.72    

0.32 31.25    0.69 25.97   1.06 21.39  1,43 17.45    1,79 11.65   

0.33 31.09   0.7 25.84 1.07 21.28 1,44 17.35    1,8 11.58    

0.34 30.94   0.71 25.71   1.08 21.16   1,45 17.25 1,81 11.50 

0.35 30.79    0.72 25.57 1.09 21.05 1,46 17.15 1,82 11.43    

0.36 30.64    0.73 25.31    1.1 20.94 1,47 17.06 1,83 11.36   

0.37 30.34 0.74 25.18 1.11 20.82 1,48 16.96    1,84 11.29   

1,85 11.22   2.28 10.33   2.71 7.80 3.14 5.64   3.57   4.07    

1,86 11.15  2.29 10.26   2.72 7.75 3.15 5.60 3.58   4.03    

1,87 11.08    2.3 10.19    2.73 7.69 3.16 5.56   3.59 4.00 

1,88 11.01    2.31 10.13   2.74 7.64 3.17 5.52 3.60 3.97 

1,89 10.94   2.32 10.06    2.75 7.59 3.18 5.48 3.61 3.93 

1,9 10.87   2.33 10.00   2.76 7.54 3.19 5.43 3.62 3.90    

1,91 15.56    2.34 9.93    2.77 7.48 3.2 5.39 3.63 3.87    

1,92 15.47   2.35 9.87   2.78 7.43 3.21 5.35 3.64 3.84    

1,93 15.38 2.36 9.80    2.79 7.38 3.22 5.31 3.65 3.81 

1,94 15.29 2.37 9.74    2.8 7.33 3.23 5.27 3.66 3.81 

1,95 15.20   2.38 9.68   2.81 7.28 3.24 5.23 3.67 3.78 

1,96 15.11   2.39 9.61   2.82 7.23 3.25 5.19 3.68 3.74   

1,97 15.02    2.4 9.55   2.83 7.17 3.26 5.15 3.69 3.71   

1,98 14.93   2.41 9.49   2.84 7.12 3.27 5.11 3.70 3.68 

1,99 14.85    2.42 9.43    2.85 7.07 3.28 5.07 3.71 3.65   

2 14.76   2.43 9.36   2.86 7.02 3.29 5.04   3.72 3.62 

2,01 14.67 2.44 9.30   2.87 6.97 3.30 5.00   3.73   3.59   

2,02 14.59    2.45 9.24    2.88 6.92 3.31 4.96 3.74 3.56 

2,03 14.50 2.46 9.18    2.89 6.8 3.32 4.92   3.75 3.53   
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2,04 14.41    2.47 9.12    2.9 6.83 3.33  4.88 3.76 3.50 

2,05 14.33   2.48 9.06   2.91 6.78 3.34   4.84   3.77 3.47 

2,06 14.24    2.49 9.00   2.92 6.73 3.35   4.81    3.78   3.44   

2.07 14.16   2.5 8.94   2.93 6.68   3.36 4.77   3.79 3.41    

2.08 14.08   2.51 5.77 2.94 6.63   3.37 4.73    3.80 3.38 

2.09 13.99   2.52   8.88   2.95 6.59 3.38 4.69    3.81 3.36 

2.1 13.91   2.53 8.82    2.96 6.54 3.39 4.66    3.82 3.33    

2.11 13.83    2.54 8.76    2.97 6.49 3.40 4.62   3.83 3.30 

2.12 13.74    2.55 8.70    2.98 6.44   3.41 2.10 3.84 3.27   

2.13 13.66    2.56 8.64    2.99 6.40 3.42 4.58    3.85  3.24    

2.14 13.58 2.57 8.58   3 6.35   3.43 4.55   3.86 3.22 

2.15 13.50   2.58 8.53 3.01 6.31 3.44 4.51   3.87 3.19 

2.16 13.42    2.59 8.47 3.02 6.26 3.45 4.48    3.88 3.16   

2.17 13.34    2.6 8.41 3.03 6.21 3.46   4.44 3.89 3.13    

2.18 13.26 2.61 8.36 3.04 6.17   3.47   4.41 3.90 3.11   

2.19 13.18   2.62 8.30 3.05 6.12   3.48   4.37    3.91 3.08 

2.2 13.10 2.63 8.24 3.06 6.08    3.49 4.34 3.92 3.05    

2.21 10.80    2.64 8.19 3.07 6.03 3.50 4.30 3.93   3.03    

2.22 10.73    2.65 8.13 3.08 5.99   3.51 4.27    3.94 3.00    

2.23 10.66   2.66 8.08 3.09 5.95    3.52 4.23 3.95 2.97    

2.24 10.59   2.67 8.02 3.1 5.90    3.53 4.20    3.96 2.95   

2.25 10.53    2.68 7.96 3.11 5.86 3.54 4.17    3.97 2.92 

2.26 10.46   2.69 7.91 3.12 5.73 3.55  4.13   3.98   2.89    

2.27 10.39 2.7 7.86 3.13 5.69 3.56   4.10   3.99   2.87 

4.00 2.84   4.43 1.69    4.86 1.07 5.29 2.37 5.72 0.35 

4.01 2.82 4.44 1.67 4.87 1.06 5.30 2.35 5.73   0.34 

4.02   2.79 4.45 1.65 4.88 1.05 5.31 2.33 5.74   0.34 

4.03   7.23 4.46 1.64 4.89 1.04    5.32 2.30   5.75   0.33   

4.04 7.17 4.47 1.62 4.90 1.03 5.33 2.28 5.76   0.33    



 408 
 

4.05 7.12 4.48 1.60   4.91 1.01 5.34 2.26 5.77 0.32   

4.06 7.07 4.49 1.59 4.92 1.00    5.35 2.24 5.78   0.32 

4.07 7.02 4.50 1.57 4.93  0.99 5.36 2.22    5.79   0.31 

4.08 6.97 4.51 0.54 4.94 0.98    5.37 2.20   5.80 0.31 

4.09 6.92 4.52 1.55   4.95 0.97 5.38 2.18   5.81 0.30    

4.10 6.35   4.53 1.54   4.96 0.96    5.39  2.16   5.82   0.30 

4.11 6.31 4.54 1.52 4.97 0.95 5.40 2.14 5.83   0.29   

4.12 6.26 4.55 1.51 4.98 0.93 5.41 2.12   5.84   0.29 

4.13 6.21 4.56 1.49 4.99 0.92 5.42 0.53 5.85   0.28 

4.14 6.17   4.57 1.47 5.00 0.91 5.43 0.52    5.86   0.28 

4.15 6.12   4.58  1.46  5.01 0.90    5.44 0.51   5.87   0.28    

4.16 6.08    4.59 1.44 5.02 0.89   5.45 0.51   5.88   0.27   

4.17 6.03 4.60 1.43   5.03 0.88   5.46 0.50 5.89   0.27    

4.18 5.99   4.61 1.41 5.04 0.87    5.47 0.49   5.90   0.26    

4.19 5.95    4.62 1.40   5.05 0.86 5.48 0.49 5.91  0.26 

4.20 5.90    4.63 1.38 5.06 0.85 5.49 0.48    5.92   0.25   

4.21 5.86 4.64 1.37 5.07 0.84   5.50 0.47   5.93   0.25   

4.22 2.08   4.65 1.35   5.08 0.83 5.51 0.47 5.94   0.25   

4.23 2.06   4.66 1.34   5.09 0.82   5.52 0.46    5.95   0.24   

4.24 2.04 4.67 1.33   5.10 0.81 5.53 0.45    5.96   0.24 

4.25 2.02   4.68 1.31 5.11 0.80 5.54 0.45    5.97   0.23    

4.26 2.00 4.69 1.30 5.12 2.77 5.55   0.44    5.98   0.23    

4.27 1.98 4.70 1.28 5.13 2.74   5.56   0.43 5.99   0.23    

4.28 1.96 4.71 1.27   5.14 2.72    5.57   0.43 6.00   0.22 

4.29  1.94 4.72 1.26 5.15 2.69 5.58   0.42 6.01   0.22   

4.30 1.92 4.73 1.24   5.16  2.67 5.59   0.42   6.02   0.21    

4.31 1.90 4.74 1.23   5.17 2.65 5.60   0.41 6.03   0.21    

4.32 1.88 4.75 1.21   5.18   2.62   5.61 0.40 6.04 0.21    

4.33 1.86   4.76  1.20   5.19   2.60    5.62   0.40   6.05   0.20 
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4.34 1.85 4.77 1.19 5.20 2.58 5.63 0.39 6.06   0.20 

4.35 1.83   4.78 1.17 5.21 2.55 5.64   0.39 6.07   0.20   

4.36 1.81   4.79 1.16   5.22 2.53 5.65   0.38   6.08   0.19    

4.37 1.79 4.80 1.15    5.23 2.51 5.66 0.38 6.09   0.19    

4.38 1.77   4.81 1.14 5.24 2.48   5.67   0.37 6.10   0.19   

4.39 1.76  4.82 1.12  5.25  2.46 5.68   0.36   6.11   0.18   

4.40 1.74 4.83 1.11    5.26 2.44   5.69   0.36   6.12   0.18   

4.41 1.72   4.84  1.10   5.27 2.41 5.70   0.35    6.13   0.18   

4.42 1.70   4.85 1.09   5.28  2.39    5.71   0.06  6.14   0.17 

6.15   0.17    6.58   0.57    7.01 0.02    7.44 0.00   7.87   0.00   

6.16 0.17    6.59   0.56   7.02 0.02 7.45 0.00   7.88 0.00   

6.17   0.16   6.60   0.55    7.03 0.02    7.46   0.00   7.89   0.00   

6.18   0.16   6.61   0.54 7.04 0.02    7.47   0.00   7.9 0.00   

6.19   0.16   6.62 0.06   7.05 0.02    7.48 0.00   7.91   0.00   

6.20   0.15   6.63   0.06    7.06   0.02    7.49 0.00   7.92 0.00   

6.21 0.15   6.64   0.06    7.07 0.02    7.50 0.00   7.93   0.00   

6.22   0.15   6.65   0.06   7.08 0.01   7.51   0.12 7.94   0.00   

6.23   0.15   6.66  0.06    7.09   0.01   7.52 0.12 7.95   0.00   

6.24   0.14   6.67 0.05   7.10  0.01   7.53   0.12 7.96   0.00   

6.25   0.14   6.68   0.05   7.11   0.01   7.54   0.12 7.97   0.00   

6.26   0.14 6.69   0.05    7.12   0.01   7.55 0.11   7.98   0.00   

6.27   0.14 6.70   0.05   7.13 0.01    7.56 0.11   7.99   0.00   

6.28 0.13 6.71 0.05   7.14 0.01    7.57 0.11   8.00   0.00   

6.29 0.13 6.72 0.05   7.15 0.01    7.58   0.11   8.01 0.00   

6.30   0.13 6.73   0.05   7.16   0.01    7.59   0.10    8.02 0.00   

6.31   0.13 6.74 0.05   7.17   0.01    7.60   0.10    8.03 0.00   

6.32   0.79   6.75 0.04 7.18 0.01    7.61   0.10  8.04 0.00   

6.33   0.78   6.76 0.04 7.19   0.01    7.62   0.10    8.05 0.00   

6.34   0.77   6.77  0.04 7.20 0.01    7.63   0.10    8.06   0.00   
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6.35   0.76   6.78 0.04 7.21 0.01    7.64 0.09    8.07 0.00   

6.36   0.75    6.79   0.04 7.22 0.01    7.65 0.09    8.08   0.00   

6.37  0.74   6.80 0.04 7.23 0.01    7.66   0.09    8.09   0.00   

6.38 0.73   6.81 0.04    7.24 0.01    7.67   0.09    8.10 0.00   

6.39   0.72    6.82   0.04 7.25 0.00    7.68 0.09    8.11 0.00   

6.40 0.71 6.83   0.04    7.26 0.00    7.69 0.08    8.12 0.00   

6.41   0.71   6.84   0.03    7.27   0.00    7.70 0.08    8.13 0.00   

6.42   0.70 6.85   0.03    7.28   0.00    7.71 0.08    8.14 0.00   

6.43   0.69   6.86 0.03    7.29  0.00    7.72 0.08    8.15 0.00   

6.44   0.68 6.87   0.03    7.30 0.00    7.73   0.08    8.16  0.00   

6.45 0.67 6.88 0.03    7.31 0.00    7.74   0.07    8.17 0.00   

6.46   0.66 6.89   0.03    7.32 0.00    7.75 0.07    8.18 0.00   

6.47   0.65   6.90 0.03    7.33 0.00    7.76   0.07    8.19   0.00   

6.48  0.64   6.91   0.00 7.34   0.00    7.77   0.07    8.20 0.00   

6.49   0.64   6.92   0.03   7.35   0.00    7.78   0.07    8.21   0.00   

6.50   0.63   6.93 0.03  7.36   0.00   7.79 0.07    8.22   0.00   

6.51   0.62 6.94   0.02    7.37 0.00   7.80   0.06 8.23 0.00   

6.52 0.61 6.95   0.02    7.38 0.00   7.81 0.00   8.24 0.00   

6.53   0.60   6.96   0.02 7.39   0.00   7.82   0.00   8.25   0.00   

6.54   0.60 6.97 0.02    7.40   0.00    7.83   0.00   8.26   0.00   

6.55   0.59   6.98 0.02   7.41 0.00   7.84   0.00   8.27   0.00   

6.56   0.58 6.99   0.02   7.42   0.00   7.85 0.00    8.28   0.00   

6.57   0.57   7.00 0.02  7.43 0.00   7.86 0.00   8.29   0.00   

8.30 0.00   8.36   0.00   8.42 0.00   8.48 0.00     

8.31 0.00   8.37 0.00   8.43   0.00   8.49 0.00     

8.32   0.00   8.38   0.00   8.44 0.00   8.50 0.00     

8.33   0.00   8.39   0.00   8.45   0.00   8.51 0.00     

8.34   0.00   8.40   0.00   8.46 0.00   8.52 0.00     

8.35   0.00   8.41 0.00   8.47   0.00       
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ʊʘʙʣʠʮʘ 3. ʊʘʙʣʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʠʦʪʢʘʥʠ ʧʨʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʧʧʣʠʢʘʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ 

ʊʝʩʪ 1 ʊʝʩʪ 2 ʊʝʩʪ 3 

x u(x) x u(x) x u(x) 

1.1      

1.2   

1.3    

1.4     

1.5      

1.6     

1.7 

-3.95     

-3.73     

-3.46    

-3.15     

-2.79    

-2.36    

-1.88 

1.1       

1.2     

1.3    

1.4     

1.5       

1.6 

-13.58      

-12.70      

-11.64     

-10.39      

-8.93      

-7.24 

1.1        

1.2     

1.3       

1.4      

1.5        

1.6 

-20.72        

-19.34        

-17.69        

-15.73      

-13.46        

-10.83 
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ʊʘʙʣʠʮʘ 4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʙʝʟ 

ʫʩʝʯʝʥʠʷ) 

0<x<=0.19 0.2<=x<=0.27 0.28<=x<=1.21 

x u(x) x u(x) x u(x) x u(x) x u(x) X u(x) x u(x) 

-0.01 0.78 0.2 1.01 0.28 0.33 0.5 0.16 0.71 0.05 0.93 0.0 1.14 0.01 

0.0 0.7 0.21 1.02 0.29 0.32 0.51 0.15 0.72 0.05 0.94 0.0 1.15 0.02 

0.01 0.61 0.22 1.03 0.3 0.31 0.52 0.15 0.73 0.04 0.95 0.0 1.16 0.02 

0.02 0.52 0.23 1.05 0.31 0.3 0.53 0.14 0.74 0.04 0.96 0.0 1.17 0.02 

0.03 0.44 0.24 1.06 0.32 0.29 0.54 0.14 0.75 0.04 0.97 0.0 1.18 0.02 

0.04 0.35 0.25 1.08 0.33 0.28 0.55 0.13 0.76 0.03 0.98 0.0 1.19 0.03 

0.05 0.27 0.26 1.09 0.34 0.27 0.56 0.12 0.77 0.03 0.99 0.0 1.2 0.03 

0.06 0.18 0.27 1.1 0.35 0.27 0.57 0.12 0.78 0.03 1 0.0 1.21 0.04 

0.07 0.09   0.36 0.26 0.58 0.11 0.79 0.03 1.01 0.0   

0.08 0.01   0.37 0.25 0.6 0.11 0.8 0.02 1.02 0.0   

0.09 0.08   0.38 0.24 0.61 0.1 0.81 0.02 1.03 0.0   

0.1 0.16   0.39 0.23 0.62 0.1 0.82 0.02 1.04 0.0   

0.11 0.25   0.4 0.22 0.63 0.09 0.83 0.02 1.05 0.0   

0.12 0.34   0.41 0.22 0.64 0.09 0.84 0.01 1.06 0.0   

0.13 0.42   0.42 0.21 0.65 0.08 0.85 0.01 1.07 0.0   

0.14 0.51   0.43 0.2 0.66 0.08 0.86 0.01 1.08 0.0   

0.15 0.59   0.44 0.19 0.67 0.07 0.87 0.01 1.09 0.01   

0.`6 0.68   0.45 0.19 0.68 0.07 0.89 0.01 1.1 0.01   

0.17 0.77   0.46 0.18 0.69 0.06 0.9 0.01 1.11 0.01   

0.`18 0.85   0.47 0.17 0.7 0.06 0.91 0.01 1.12 0.01   

0.19 0.94   0.49 0.17 0.71 0.06 0.92 0.0 1.13 0.01   
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ʊʘʙʣʠʮʘ 5. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʩ  

ʫʩʝʯʝʥʠʝʤ) 

0<=x<=0 0.01<=x<=1 

x u(x) x u(x) x u(x) x u(x) x u(x) x u(x) 

-

0.01 

4.13 0.01 0.98 0.21 0.62 0.4 0.36 0.58 0.17 0.8 0.04 

0.0 1.0 0.02 0.96 0.22 0.61 0.41 0.35 0.6 0.16 0.81 0.04 

  0.03 0.94 0.23 0.59 0.42 0.34 0.61 0.15 0.82 0.04 

  0.04 0.92 0.24 0.58 0.43 0.32 0.62 0.14 0.83 0.03 

  0.05 0.9 0.25 0.56 0.44 0.31 0.63 0.14 0.84 0.03 

  0.06 0.88 0.26 0.55 0.7 0.3 0.64 0.13 0.85 0.03 

  0.07 0.86 0.27 0.53 0.71 0.29 0.65 0.12 0.86 0.02 

  0.08 0.85 0.28 0.52 0.45 0.28 0.66 0.12 0.87 0.02 

  0.09 0.83 0.29 0.5 0.46 0.27 0.67 0.11 0.89 0.02 

  0.1 0.81 0.3 0.49 0.47 0.26 0.94 0.1 0.9 0.01 

  0.11 0.79 0.31 0.48 0.49 0.25 0.69 0.1 0.91 0.01 

  0.12 0.77 0.32 0.46 0.5 0.24 0.72 0.09 0.92 0.01 

  0.13 0.76 0.33 0.45 0.51 0.23 0.73 0.08 0.93 0.01 

  0.14 0.74 0.34 0.44 0.52 0.22 0.74 0.07 0.95 0.01 

  0.15 0.72 0.35 0.42 0.53 0.21 0.75 0.07 0.96 0.0 

  0.`6 0.71 0.36 0.41 0.54 0.2 0.76 0.06 0.97 0.0 

  0.17 0.69 0.37 0.4 0.55 0.19 0.77 0.06 0.98 0.0 

  0.18 0.67 0.38 0.38 0.56 0.18 0.78 0.05 0.99 0.0 

  0.19 0.66 0.39 0.37 0.57 0.18 0.79 0.05 1 0.0 

  0.2 0.64         
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ʊʘʙʣʠʮʘ 6. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʙʝʟ 

ʫʩʝʯʝʥʠʷ) 

0<=x<=0.24 0.25<=x<=3.21 

x u(x) x u(x) x u(x) x u(x) x u(x) X u(x) x u(x) 

-0.01 0.73 0.25 0.21 0.75 0.08 1.25 0.02 1.74 0.0 2.32 0.0 2.8 0.0 

0.0 0.66 0.26 0.2 0.76 0.08 1.26 0.02 1.75 0.0 2.33 0.0 2.81 0.0 

0.01 0.6 0.27 0.2 0.77 0.07 1.27 0.02 1.76 0.0 2.34 0.0 2.82 0.0 

0.02 0.53 0.28 0.2 0.78 0.07 1.28 0.02 1.77 0.0 2.35 0.0 2.83 0.0 

0.03 0.46 0.29 0.19 0.79 0.07 1.29 0.02 1.78 0.0 2.36 0.0 2.84 0.0 

0.04 0.39 0.3 0.19 0.8 0.07 1.3 0.02 1.79 0.0 2.37 0.0 2.85 0.0 

0.05 0.33 0.31 0.19 0.81 0.07 1.31 0.02 1.8 0.0 2.38 0.0 2.86 0.0 

0.06 0.26 0.32 0.18 0.82 0.06 1.32 0.02 1.81 0.0 2.39 0.0 2.87 0.0 

0.07 0.19 0.33 0.18 0.83 0.06 1.33 0.02 1.82 0.0 2.4 0.0 2.88 0.0 

0.08 0.12 0.34 0.18 0.84 0.06 1.34 0.01 1.83 0.0 2.41 0.0 2.89 0.0 

0.09 0.06 0.35 0.17 0.85 0.06 1.35 0.01 1.84 0.0 2.42 0.0 2.9 0.0 

0.1 0.01 0.36 0.17 0.86 0.06 1.36 0.01 1.85 0.0 2.43 0.0 2.91 0.0 

0.11 0.08 0.37 0.17 0.87 0.06 1.37 0.01 1.86 0.0 2.44 0.0 2.92 0.0 

0.12 0.15 0.38 0.16 0.89 0.06 1.38 0.01 1.88 0.0 2.45 0.0 2.93 0.0 

0.13 0.21 0.39 0.16 0.9 0.05 1.39 0.01 1.89 0.0 2.46 0.0 2.94 0.0 

0.14 0.28 0.4 0.16 0.91 0.05 1.4 0.01 1.9 0.0 2.47 0.0 2.95 0.0 

0.15 0.35 0.41 0.15 0.92 0.05 1.41 0.01 2 0.0 2.48 0.0 2.96 0.0 

0.`6 0.42 0.42 0.15 0.93 0.05 1.42 0.01 2.01 0.0 2.49 0.0 2.97 0.0 

0.17 0.48 0.43 0.15 0.95 0.05 1.43 0.01 2.02 0.0 2.5 0.0 2.98 0.0 

0.18 0.55 0.44 0.14 0.96 0.05 1.44 0.01 2.03 0.0 2.51 0.0 2.99 0.0 

0.19 0.62 0.7 0.14 0.97 0.05 1.45 0.01 2.04 0.0 2.52 0.0 3 0.0 

0.2 0.69 0.71 0.14 0.98 0.05 1.46 0.01 2.05 0.0 2.53 0.0 3.01 0.0 

0.21 0.75 0.45 0.14 0.99 0.04 1.48 0.01 2.06 0.0 2.54 0.0 3.02 0.0 

0.22 0.82 0.46 0.13 1 0.04 1.49 0.01 2.07 0.0 2.55 0.0 3.03 0.0 

0.23 0.89 0.47 0.13 1.01 0.04 1.5 0.01 2.08 0.0 2.56 0.0 3.04 0.0 

0.24 0.96 0.49 0.13 1.02 0.04 1.51 0.01 2.09 0.0 2.57 0.0 3.05 0.0 

  0.5 0.13 1.03 0.04 1.52 0.01 2.1 0.0 2.58 0.0 3.06 0.0 

  0.51 0.12 1.04 0.04 1.53 0.01 2.11 0.0 2.59 0.0 3.07 0.0 
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  0.52 0.12 1.05 0.04 1.54 0.01 2.12 0.0 2.6 0.0 3.08 0.0 

  0.53 0.12 1.06 0.04 1.55 0.01 2.13 0.0 2.61 0.0 3.09 0.0 

  0.54 0.12 1.07 0.04 1.56 0.01 2.14 0.0 2.62 0.0 3.1 0.0 

  0.55 0.11 1.08 0.03 1.57 0.01 2.15 0.0 2.63 0.0 3.11 0.0 

  0.56 0.11 1.09 0.03 1.58 0.01 2.16 0.0 2.64 0.0 3.12 0.0 

  0.57 0.11 1.1 0.03 1.59 0.01 2.17 0.0 2.65 0.0 3.13 0.0 

  0.58 0.11 1.11 0.03 1.6 0.01 2.18 0.0 2.66 0.0 3.14 0.0 

  0.6 0.1 1.12 0.03 1.61 0.01 2.19 0.0 2.67 0.0 3.15 0.0 

  0.61 0.1 1.13 0.03 1.62 0.01 2.2 0.0 2.68 0.0 3.16 0.0 

  0.62 0.1 1.14 0.03 1.63 0.01 2.21 0.0 2.69 0.0 3.17 0.0 

  0.63 0.1 1.15 0.03 1.64 0.0 2.22 0.0 2.7 0.0 3.18 0.0 

  0.64 0.09 1.16 0.03 1.65 0.0 2.23 0.0 2.71 0.0 3.19 0.0 

  0.65 0.09 1.17 0.03 1.66 0.0 2.24 0.0 2.72 0.0 3.20 0.0 

  0.66 0.09 1.18 0.03 1.67 0.0 2.25 0.0 2.73 0.0 3.21 0.0 

  0.67 0.09 1.19 0.02 1.68 0.0 2.26 0.0 2.74 0.0   

  0.94 0.09 1.20 0.02 1.69 0.0 2.27 0.0 2.75 0.0   

  0.69 0.08 1.21 0.02 1.7 0.0 2.28 0.0 2.76 0.0   

  0.72 0.08 1.22 0.02 1.71 0.0 2.29 0.0 2.77 0.0   

  0.73 0.08 1.23 0.02 1.72 0.0 2.3 0.0 2.78 0.0   

  0.74 0.08 1.24 0.02 1.73 0.0 2.31 0.0 2.79 0.0   
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ʊʘʙʣʠʮʘ 7. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʩ  

ʫʩʝʯʝʥʠʝʤ) 

0<=x<=0 0.01<=x<=3 

x u(x) x u(x) x u(x) x u(x) x u(x) X u(x) x u(x) 

-0.01 0.86 0.01 0.99 0.47 0.5 1.03 0.21 1.52 0.07 2.11 0.01 2.6 0.0 

0.0 0 0.02 0.97 0.49 0.49 1.04 0.21 1.53 0.07 2.12 0.01 2.61 0.0 

  0.03 0.96 0.5 0.48 1.05 0.2 1.54 0.07 2.13 0.01 2.62 0.0 

  0.04 0.95 0.51 0.47 1.06 0.2 1.55 0.06 2.14 0.01 2.63 0.0 

  0.05 0.93 0.52 0.46 1.07 0.19 1.56 0.06 2.15 0.01 2.64 0.0 

  0.06 0.92 0.53 0.45 1.08 0.19 1.57 0.06 2.16 0.01 2.65 0.0 

  0.07 0.91 0.54 0.44 1.09 0.19 1.58 0.06 2.17 0.01 2.66 0.0 

  0.08 0.9 0.55 0.44 1.1 0.18 1.59 0.06 2.18 0.01 2.67 0.0 

  0.09 0.89 0.56 0.43 1.11 0.18 1.6 0.06 2.19 0.01 2.68 0.0 

  0.1 0.87 0.57 0.42 1.12 0.17 1.61 0.05 2.2 0.01 2.69 0.0 

  0.11 0.86 0.58 0.42 1.13 0.17 1.62 0.05 2.21 0.01 2.7 0.0 

  0.12 0.85 0.61 0.41 1.14 0.17 1.63 0.05 2.22 0.01 2.71 0.0 

  0.13 0.84 0.62 0.4 1.15 0.16 1.64 0.05 2.23 0.01 2.72 0.0 

  0.14 0.83 0.63 0.4 1.16 0.16 1.65 0.05 2.24 0.01 2.73 0.0 

  0.15 0.82 0.64 0.39 1.17 0.16 1.66 0.05 2.25 0.01 2.74 0.0 

  0.`6 0.81 0.65 0.38 1.18 0.15 1.67 0.05 2.26 0.01 2.75 0.0 

  0.17 0.8 0.66 0.38 1.19 0.15 1.68 0.04 2.27 0.01 2.76 0.0 

  0.18 0.79 0.67 0.37 1.20 0.14 1.69 0.04 2.28 0.01 2.77 0.0 

  0.19 0.78 0.94 0.36 1.21 0.14 1.7 0.04 2.29 0.01 2.78 0.0 

  0.2 0.77 0.69 0.36 1.22 0.14 1.71 0.04 2.3 0.01 2.79 0.0 

  0.21 0.76 0.72 0.35 1.23 0.14 1.72 0.04 2.31 0.01 2.8 0.0 

  0.22 0.75 0.73 0.35 1.24 0.13 1.73 0.04 2.33 0.01 2.81 0.0 

  0.23 0.74 0.74 0.34 1.25 0.13 1.74 0.04 2.34 0.01 2.82 0.0 

  0.24 0.73 0.76 0.33 1.26 0.13 1.75 0.04 2.35 0.01 2.83 0.0 

  0.25 0.72 0.77 0.33 1.27 0.12 1.76 0.04 2.36 0.0 2.84 0.0 

  0.26 0.71 0.78 0.32 1.28 0.12 1.77 0.03 2.37 0.0 2.85 0.0 

  0.27 0.7 0.79 0.32 1.29 0.12 1.78 0.03 2.38 0.0 2.86 0.0 

  0.28 0.69 0.8 0.31 1.3 0.12 1.79 0.03 2.39 0.0 2.87 0.0 
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  0.29 0.68 0.81 0.31 1.31 0.11 1.8 0.03 2.4 0.0 2.88 0.0 

  0.3 0.67 0.82 0.3 1.32 0.11 1.81 0.03 2.41 0.0 2.89 0.0 

  0.31 0.66 0.83 0.29 1.33 0.11 1.82 0.03 2.42 0.0 2.9 0.0 

  0.32 0.65 0.84 0.29 1.34 0.11 1.83 0.03 2.43 0.0 2.91 0.0 

  0.33 0.64 0.85 0.28 1.35 0.1 1.84 0.03 2.44 0.0 2.92 0.0 

  0.34 0.63 0.86 0.28 1.36 0.1 1.85 0.03 2.45 0.0 2.93 0.0 

  0.35 0.62 0.87 0.27 1.37 0.1 1.86 0.03 2.46 0.0 2.94 0.0 

  0.36 0.61 0.89 0.27 1.38 0.1 1.88 0.02 2.47 0.0 2.95 0.0 

  0.37 0.6 0.9 0.26 1.39 0.09 1.89 0.02 2.48 0.0 2.96 0.0 

  0.38 0.59 0.91 0.26 1.4 0.09 1.9 0.02 2.49 0.0 2.97 0.0 

  0.39 0.58 0.92 0.25 1.41 0.09 2 0.02 2.5 0.0 2.98 0.0 

  0.4 0.57 0.93 0.25 1.42 0.09 2.01 0.02 2.51 0.0 2.99 0.0 

  0.41 0.56 0.95 0.24 1.43 0.09 2.02 0.02 2.52 0.0 3 0.0 

  0.42 0.56 0.96 0.24 1.44 0.08 2.03 0.02 2.53 0.0   

  0.43 0.55 0.97 0.24 1.45 0.08 2.04 0.02 2.54 0.0   

  0.44 0.54 0.98 0.23 1.46 0.08 2.05 0.02 2.55 0.0   

  0.7 0.53 0.99 0.23 1.48 0.08 2.06 0.02 2.56 0.0   

  0.71 0.52 1 0.22 1.49 0.08 2.07 0.02 2.57 0.0   

  0.45 0.51 1.01 0.22 1.5 0.07 2.08 0.02 2.58 0.0   

  0.46 0.51 1.02 0.21 1.51 0.07 2.09 0.01 2.59 0.0   
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ʇʨʠʣʦʞʝʥʠʝ 2. ɹʣʦʢ-ʩʭʝʤ r ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʜʘʯ ʩ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʪʢʘʥʴ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ  

ɹʣʦʢ-ʩʭʝʤʘ  ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ 
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ɹʣʦʢ-ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ  
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ɹʣʦʢ-ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ 
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ɹʣʦʢ-ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ  
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ʇʨʠʣʦʞʝʥʠʝ 3. ʉʚʠʜʝʪʝʣʴʩʪʚʦ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ˉ 202368431 

çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʧʦʪʝʨʤʠʠ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè 
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ʇʨʠʣʦʞʝʥʠʝ 4. ʉʚʠʜʝʪʝʣʴʩʪʚʦ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ˉ 20236855979 

çʇʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè 
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ʇʨʠʣʦʞʝʥʠʝ 5. ʉʚʠʜʝʪʝʣʴʩʪʚʦ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ˉ2023687262  

çʉʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʘʷ ʛʠʧʦʪʝʨʤʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ ʚ ʤʝʜʠʮʠʥʝè 
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ʇʨʠʣʦʞʝʥʠʝ 6. ʉʚʠʜʝʪʝʣʴʩʪʚʦ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ˉ 2023663248 çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʢʨʠʦʭʠʨʫʨʛʠʠè 
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ʇʨʠʣʦʞʝʥʠʝ 7. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ rʜʣʷ ʕɺʄ  ˉ 2023663249çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʩʬʝʨʠʯʝʩʢʠʤ 

ʘʧʧʣʠʢʘʪʦʨʦʤè 
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ʇʨʠʣʦʞʝʥʠʝ 8. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ rʜʣʷ ʕɺʄ ˉ2023663505 çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʛʠʧʦʪʝʨʤʠʠè 
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ʇʨʠʣʦʞʝʥʠʝ 9.  ɸʢʪ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ 

 














