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ʈɽʌɽʈɸʊ 

 

            ɼʠʩʩʝʨʪʘʮʠʷ 152 ʩʪʨ., 75 ʨʠʩ., 19 ʪʘʙʣ., 116 ʙʠʙʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʝʧʣʦʚʦʡ ʘʥʘʣʠʟ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʮʝʧʥʳʭ 

ʤʦʜʝʣʝʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (CAE-

ʩʠʩʪʝʤʳ). 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ.    

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʳ ʩʫʭʦʛʦ ʠ ʤʘʩʣʷʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʢʪʠʚʥʦʡ ʯʘʩ-

ʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʘʩʣʷʥʦʛʦ ʠ ʩʫʭʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʠ ʤʦʜʝʣʠ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ ʘʢʪʠʚʥʦʡ 

ʯʘʩʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʪʨʝʙʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʯʝ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ.  

ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʉʉʉʈ ʙʳʣʠ ʨʘʟʚʠʪʳ 

ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦʩʪʘʚʣʷʣ 

40-50 ʣʝʪ, ʧʨʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʤ ʩʨʦʢʝ 25 ʣʝʪ. ʊʘʢʦʛʦ ʨʦʜʘ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʩʪʨʦʝʥʠʠ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʥʦʩʠ-

ʣʦ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. ʎʝʥʪʨʘʤʠ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʣʠʩʴ çɺʩʝʩʦʶʟʥʳʡ ʠʥʩʪʠ-

ʪʫʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʩʪʨʦʝʥʠʷè (ɺʀʊ) (ʛ. ɿʘʧʦʨʦʞʴʝ), çɺʩʝʩʦʶʟʥʳʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠè (ʛ. ʄʦʩʢʚʘ), ʘ ʪʘʢʞʝ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʙʶʨʦ (ʉʂɹ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʟʘʚʦʜʦʚ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʬʦʨʤʣʷʣʠʩʴ ʚ ʚʠʜʝ ʨʫʢʦʚʦ-

ʜʷʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʈʊʄ), ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʘʧʨʦʙʘʮʠʠ ʠ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʚʳʧʫʩʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʧʝʨʝʭʦʜʠʣʠ ʚ ʨʘʟʨʷʜ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʈɼ). ʄʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʈɼ 

ʙʳʣʠ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚʧʣʦʪʴ ʜʦ 

ʢʦʥʮʘ 1980-ʭ ʛʦʜʦʚ.  

ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʉʅɻ ʠ ʧʝʨʝʭʦʜʘ ʈʦʩʩʠʠ ʚ ʨʳʥʦʯʥʫʶ ʵʢʦʥʦʤʠʢʫ 

ʨʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʩʠʩʪʝʤʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦ-

ʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʝʢʨʘʪʠ-

ʣʘʩʴ. ʆʪʨʘʙʦʪʢʘ ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʪʘʣʦ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʟʘ-

ʪʨʘʪʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʠ ʰʪʫʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʝʦʙʭʦ-
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ʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʚʷʟʠ 

ʩʦ ʩʞʘʪʳʤʠ ʩʨʦʢʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ. ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʵʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (CAE-ʩʠʩʪʝʤ), 

ʪʘʢʠʭ ʢʘʢ ANSYS, ABAQUS, NASTRAN, COSMOS, MARC ʠ ʜʨ. ʊʘʢʠʝ ʩʠʩ-

ʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʫʯʪʝʥʥʳʭ ʚ ʈɼ. ʆʜʥʘʢʦ ʧʦʣʝʚʳʝ ʤʦʜʝʣʠ ʦʪʣʠʯʘʶʪʩʷ 

ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʨʠʥʷʪʠʠ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʠʛʨʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦ-

ʜʦʚ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʀʚʘʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʮʝʧʝʡ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʫʪʦʯʥʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ 

ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʠʭ 

ʯʘʩʪʝʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʫʪʦʯʥʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦ-

ʛʠʠ. 
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4. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 

5. ɸʜʘʧʪʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʉɸʇʈ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʉɸʇʈ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʪʦʯʥʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ. 

7. ʀʥʪʝʛʨʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ.   

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʈʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨ-

ʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ: ʚ ʯʘʩʪʠ ʬʦʨʤʫʣʳ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.13.12: çʉʠʩʪʝʤʳ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʧʨʦʙʣʝʤʘʤʠ 

ʩʦʟʜʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʥʘ ʦʩ-

ʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ... ʠʥʪʝʛʨʘʮʠʠ ʉɸʇʈ ʚ ʦʙʱʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʧʨʦʝʢʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ. ʉʧʝʮʠʘʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪ ʧʨʠʥʮʠʧʳ ʠ ʤʝ-

ʪʦʜʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯ-

ʥʳʭ ʦʩʥʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʩʠʩʪʝʤ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʦʡ ... ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʙʨʘʟʮʦʚ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡè. ɺ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.13.12 ï 

ʧʫʥʢʪʫ 1: çʄʝʪʦʜʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʪʝʭʥʠʢʝ, 

ʚʢʣʶʯʘʷ ʧʦʩʪʘʥʦʚʢʫ, ʬʦʨʤʘʣʠʟʘʮʠʶ ʠ ʪʠʧʠʟʘʮʠʶ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ ʠ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʦʧʨʦʩʳ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʤʝʥʝ-

ʥʠʷ ʚ ʉɸʇʈè; ʧʫʥʢʪʫ 2: çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ...è; ʧʫʥʢʪʫ 3: çʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ, 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡè; ʧʫʥʢʪʫ 4: 
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çʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢïʩʠʩʪʝʤʘè. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʯʠʩ-

ʣʝʥʥʳʝ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʨʘʩʧʨʝ-

ʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʥʦʛʦʢʨʘʪʥʫʶ ʧʝʨʝʛʝʥʝʨʘʮʠʶ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ ʥʘ 

ʵʪʘʧʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠ-

ʢʦʚ ʠ ʠʭ ʯʘʩʪʝʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʵʬʬʝʢ-

ʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦʛʠʠ, ʦʪʣʠ-

ʯʘʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟ-

ʚʝʪʚʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ 
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ʨʘʩʯʝʪʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʦʣʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʙʦʣʴʰʝʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ ʟʘ 

ʩʯʝʪ ʫʯʝʪʘ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʤʤʝʪʨʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʚʝʨʩʠʷ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʩʨʝʜʝ MatLab. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜ-

ʩʠʩʪʝʤ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ Excel ʠ MatLab. 

3.ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜ-

ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʉɸʇʈ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ Excel ʠ MatLab. 

3.ʈʘʟʨʘʙʦʪʘʥʘ ʧʦʜʩʠʩʪʝʤʘ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʦʯ-

ʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ.  

4.ʈʘʟʨʘʙʦʪʘʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʱʠʝ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

5.ʇʨʦʚʝʜʝʥʳ ʪʝʧʣʦʚʳʝ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

400-1600 ʢɺɸ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ 10 ʢɺ. ʇʦʣʫʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʪʝʧʣʦʚʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʫʯʝʙʥʳʭ 

ʮʝʣʷʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥ ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʆʆʆ çʊʨʘʥʩʬʦʨʤʝʨè (ʛ. ʇʦʜʦʣʴʩʢ) ʠ ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʥʘ ʢʘʬʝʜʨʝ ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʀɻʕʋ (ʛ. ʀʚʘʥʦʚʦ).  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʨʘʟʨʘ-

ʙʦʪʢʝ, ʦʪʣʘʜʢʝ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʉɸʇʈ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚ ʨʘʟʨʘʙʦʪ-

ʢʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʠ ʪʝʧʣʦʚʦ-
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ʛʦ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ; 

ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʦʜʝʣʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥ-

ʮʠʷʭ: ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʵʥʝʨʛʝʪʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʥʝʨʛʦʩʪʨʦʝ-

ʥʠʠè (ɹʝʥʘʨʜʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ, ʛ. ʀʚʘʥʦʚʦ, ʀɻʕʋ, 2011, 2013, 2015 ʛʛ.), ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ 

çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘè (ʛ. ʄʦʩʢʚʘ, ʄʕʀ, 2012, 

2014, 2015 ʛʛ.), ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ 

ʠ ʘʩʧʠʨʘʥʪʦʚ çʕʥʝʨʛʠʷè (ʛ. ʀʚʘʥʦʚʦ, ʀɻʕʋ, 2011, 2012, 2013, 2014, 2015 ʛʛ.).  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 1 ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ, 

5 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 13 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝ-

ʨʝʥʮʠʷʭ, ʧʦʣʫʯʝʥʦ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ,  

4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 116 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ  

4 ʧʨʠʣʦʞʝʥʠʷ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 152 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ ʦʩʥʦʚʥʫʶ 

ʯʘʩʪʴ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 75 ʠʣʣʶʩʪʨʘʮʠʡ ʠ 

19 ʪʘʙʣʠʮ. 
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1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ  ʇʈʆɹʃɽʄʓ 

ʊɽʇʃʆɺʓʍ ʈɸʉʏɽʊʆɺ ɺ ʉɸʇʈ 

ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

1.1. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʨʦʩʩʠʡʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʧʦʩʦʙʥʘ ʧʝʨʝʡʪʠ ʚ ʩʪʘʜʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʀʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʝʜʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠ ʩʣʦʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʟʜʝʣʠʷ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ 1930 ʛ. 

ʄʦʥʪʟʠʥʛʝʨʦʤ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [21]: 

mɗL De-=                 (1.1) 

ʛʜʝ L ï ʩʨʦʢ ʩʣʫʞʙʳ, ʛʦʜʳ; ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; D ʠ m ï ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

ʊʦʯʥʳʡ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʤʦʜʝ-

ʣʝʡ, ʠʤʝʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʡ ʚʝʩ, ʤʠʥʠʤʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʠʥʠʤʘʣʴʥʳʝ ʩʪʦʠʤʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ɺ ʈʦʩʩʠʠ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(Computer Aided Engineering ï CAE) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʨʫʙʝʞ-

ʥʳʭ CAE-ʩʠʩʪʝʤ. ʂ ʪʘʢʠʤ CAE-ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦʵʣʝ-

ʤʝʥʪʥʦʛʦ (ʂʕ) ʘʥʘʣʠʟʘ ANSYS, ABAQUS, NASTRAN, COSMOS, MARC ʠ 
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ʜʨʫʛʠʝ. ʂʦʤʧʘʥʠʷ Siemens ʧʨʝʜʣʘʛʘʝʪ ʇʆ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤ-

ʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʪʨʦʣʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ Siemens PLM Software. CAE-ʩʠʩʪʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ NX Thermal. NX Thermal ʤʦʜʝʣʠʨʫʝʪ ʷʚʣʝʥʠʷ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʥʚʝʢʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʜʝʪʘʣʷʭ ʠ ʙʦʣʴʰʠʭ ʩʙʦʨ-

ʢʘʭ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʦʩ-

ʩʠʡʩʢʦʤ ʨʳʥʢʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠ. 

ʋʩʫʛʫʙʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʚʚʝʜʝʥʠʝ ʘʥʪʠʨʦʩʩʠʡʩʢʠʭ ʩʘʥʢʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʝʚʨʦʧʝʡ-

ʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚ.  

ɺʳʩʦʢʘ ̫ʩʪʦʠʤʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʦʛʦ 

ʫʨʦʚʥʷ, ʦʙʦʩʥʦʚʘʥʘ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʇʆ ʚ ʦʙʣʘʩʪʠ ʉɸɽ-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʟʘʪʨʘʪʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʘ 

ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʪ.ʧ.  

ʇʨʠʤʝʨʦʤ ʘʚʪʦʥʦʤʥʦʡ ʉɸɽ-ʩʠʩʪʝʤʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʣʫʞʠʪ APM WinMachine (ʨʘʟʨʘʙʦʪʯʠʢ ï ʅʊʎ ɸʈʄ) [100]. ʇʦʜʩʠʩʪʝʤʦʡ ʪʝ-

ʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ APM TDA (APM Thermic Dynamic Analysis). APM 

TDA ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʪʦ-

ʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠʷ APM TDA ʢ ʪʝʧʣʦʚʦʤʫ ʨʘʩʯʝʪʫ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʉɸɽ-ʩʠʩʪʝʤʳ ʩʣʫʞʠʪ ʧʦʧʫʣʷʨʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʆʆʆ çʊʆʈè 

(ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ï ELCUT. ʄʦʜʫʣʴ ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʧʦʟʚʦʣʷʝʪ ʨʝ-

ʰʘʪʴ ʟʘʜʘʯʠ ʪʝʧʣʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʯʝʪʘ ʨʘʟʣʠʯ-

ʥʳʭ ʩʚʦʡʩʪʚ: ʥʝʣʠʥʝʡʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ; ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ, ʣʠʥʝʡʥʳʭ ʠ ʪʦ-
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ʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ; ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʠ ʜʨ. 

ɺ ʨʷʜʝ ʦʨʛʘʥʠʟʘʮʠʡ ʈʌ (ʍʂ çʕʣʝʢʪʨʦʟʘʚʦʜè, ʛ. ʄʦʩʢʚʘ; ʆʆʆ çʊʦʣʴʷ-

ʪʠʥʩʢʠʡ ʊʨʘʥʩʬʦʨʤʘʪʦʨè, ʛ. ʊʦʣʴʷʪʪʠ ʠ ʜʨ.) ʠ ʩʪʨʘʥ ʉʅɻ (ʆɸʆ çɿʘʧʦʨʦʞ-

ʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ ʟʘʚʦʜè, ʛ. ɿʘʧʦʨʦʞʴʝ, ʋʢʨʘʠʥʘ; ʆɸʆ çʄʠʥʩʢʠʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʟʘʚʦʜ ʠʤ. ʂʦʟʣʦʚʘè, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ) 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʠ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʇɸʆ çɺʀʊè ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʉɸʇʈ-ʊʆʅ 

[62]. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ 19 ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ, ʪʝʧʣʦʚʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. ʇʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʛʫʪ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʥʦʤ, ʪʘʢ ʠ ʚ ʘʚʪʦʥʦʤʥʦʤ (ʙʝʟ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ʩʠʩʪʝʤʳ) ʨʝʞʠʤʝ. 

ʅʘ ʄʠʥʩʢʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʟʘʚʦʜʝ ʠʤʝʥʠ ɺ.ʇ. ʂʦʟʣʦʚʘ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʉɸʇʈ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 25-630 ʢɺɸ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 35 ʢɺ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʤʘʩʣʷʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʋʩʣʦʚʥʦʝ ʥʘʟʚʘʥʠʝ ʉɸʇʈ-ʇʈʆʊʆʅ 

[60]. ɼʘʥʥʘʷ ʉɸʇʈ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʝʨʠʷʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠʤʝʶʪ ʧʣʦʩʢʦʰʠʭʪʦʚʘʥʥʫʶ ʠʣʠ ʚʠʪʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ, ʩʣʦʝʚʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʤʦʪʢʠ ʠʟ 

ʤʝʜʥʦʛʦ ʠʣʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ ʢʨʫʛʣʦʛʦ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

ʠʣʠ ʬʦʣʴʛʠ ʠ, ʤʘʩʣʷʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ, 

ʙʘʢ ʛʣʘʜʢʠʡ (ʩ ʨʘʜʠʘʪʦʨʘʤʠ ʠʣʠ ʙʝʟ ʥʠʭ) ʠʣʠ ʛʦʬʨʠʨʦʚʘʥʥʳʡ. ɻʦʬʨʠʨʦʚʘʥ-
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ʥʳʝ ʙʘʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʪʨʠ ʠʩʧʦʣʥʝʥʠʷ: ʛʝʨʤʝʪʠʯʥʳʝ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

ʤʘʩʣʦʤ, ʛʝʨʤʝʪʠʯʥʳʝ ʩ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʦʡ, ʩ ʨʘʩʰʠʨʠʪʝʣʝʤ [60]. 

ʈʘʟʨʘʙʦʪʢʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ ʈɼ ï ʵʪʦ ʘʢʢʫʤʫʣʷʮʠʷ 

ʦʧʳʪʘ, ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʡ ʠʩʧʳʪʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʰʠʨʦʢʦʤʘʩʰʪʘʙ-

ʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 90-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ, ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʙʳʣʠ 

ʧʨʝʢʨʘʱʝʥʳ,  ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʷ ʥʘʤʦʪʢʠ ʦʙʤʦʪʦʢ ʅʅ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʠ ʤʝʜʥʦʡ ʣʝʥʪʳ, ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠ ʰʠʭʪʦʚʢʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʠ Step-Lap, ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʣʷ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʣʘʩʩʘʤʠ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ F, H ʠ ʚʳʰʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʙʘʢʦʚ ʩ ʛʦʬʨʠʨʦʚʘʥʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ ʪ.ʧ. ʕʪʦ ʙʳʣʦ ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥʦ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʟʘʪʨʘʪ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʥʞʝʥʝʨʦʚ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʦʪʜʝʣʦʚ ʦʪʜʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ 

ʟʘʚʦʜʦʚ ʥʝʪ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʣʠ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʅʘʜʝʞʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʉɸɽ-ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʟʘʯʘʩʪʫʶ 

ʩʝʙʷ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ, ʪʘʢ ʢʘʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʨʘʩʯʝʪ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʦʛʦ ʯʘʩʘʤʠ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʨʝʙʫʶʱʠʭ ʨʘʩʯʝʪʘ ʤʥʦʞʝ-

ʩʪʚʦ ʚʘʨʠʘʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʙʝʟ 

ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ, ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʣʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʤʝʪʦʜʦʚ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʟʘʜʘʯʝʡ. 
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1.2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

1.2.1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ rʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʣʦʞʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʭʣʘʞʜʘʶʱʝʡ 

ʩʨʝʜʳ. 

ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʤʘʩʣʷʥʦʛʦ ʠ ʩʫʭʦʛʦ ʪʠʧʘ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʥʚʝʢʮʠʠ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʠʟʣʫʯʝʥʠʝʤ ʚ ʤʘʩʣʷʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʪ.ʢ. 

ʤʘʩʣʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʦʡ. ɺ ʩʫʭʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʠʟʣʫ-

ʯʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʨʫʞʥʳʭ ʦʙʤʦʪʦʢ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʫʪʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʌʫʨʴʝ [54, 84]: 

ȹ v

p

T q
a T

Ű c ɟ

µ
= +

µ
                                                                                      (1.2) 

ʛʜʝ T = T (x, y, z, Ű) ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ x,y,z ʠ ʚʨʝʤʝʥʠ Ű; a ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦ-

ʚʦʜʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; 

2 2 2

2 2 2
ȹ

x y z

µ µ µ
= + +
µ µ µ

 ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; qv ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ; ʩp ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ; ɟ ï 

ʧʣʦʪʥʦʩʪʴ. 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʪ.ʝ.  

T = T (x, y, z), ʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1.1) ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ 

2 2 2

2 2 2
0vT T T q

x y z ɚ

µ µ µ
+ + + =

µ µ µ
                                                                         (1.3) 
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ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʝʣʘʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ, ʪʘʢʠʭ ʢʘʢ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

 
2 2 2

2 2 2 2

1 1 vT T T T q

r r r r ű z ɚ

µ µ µ µ
+ + + =-

µ µ µ µ
                                                                      (1.4) 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʫʪʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢ-

ʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʭʣʘʞ-

ʜʘʶʱʝʡ ʩʨʝʜʳ ʩ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠʚʝʜʝʤ ʙʝʟ ʚʳʚʦʜʘ ʫʨʘʚ-

ʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [102]: 

1
ȹ ,

3

1
ȹ ,

3

1
ȹ ,

3

x

y

z

du du du p
ɟ u ɡ w ɟg ɓɗ ɛ u divɤ

dx dy dz x x

dɡ dɡ dɡ p
ɟ u ɡ w ɟg ɓɗ ɛ ɡ divɤ

dx dy dz y y

dw dw dw p
ɟ u ɡ w ɟg ɓɗ ɛ w divɤ

dx dy dz z z

ëå õ µ µè ø
+ + =- + + +îæ ö é ùµ µê úç ÷î

îå õ è øµ µî
+ + =- + + +ìæ ö é ù

µ µç ÷ ê úî
îå õ µ µè ø
î + + =- + + +æ ö é ùµ µî ê úç ÷í

               

(1.5) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʪʝʢʫʯʝʡ ʩʨʝʜʳ; ɤ ui ɡj wk= + +  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ; 

p = p(x,y,z) ï ʬʫʥʢʮʠʷ ʜʘʚʣʝʥʠʷ;
x y zg g i g j g k= + +  ï ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦ-

ʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʪʝʢʫʯʝʡ ʩʨʝʜʳ; 

Ū ï ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʪʦʡ ʞʠʜʢʦʩʪʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ; ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ.  

ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʪʝʯʝʥʠʷ: 

( ) ( ) ( )
0

ɟu ɟɡ ɟw

x y z

µ µ µ
+ + =

µ µ µ
                                                                 (1.6) 

ʂ ʫʨʘʚʥʝʥʠʷʤ (1.5) ʠ (1.6) ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʢʦʪʦ-

ʨʦʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩp, ɚ ʠ Õ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

2 2 2

2 2 2

ū

p

T T T T T T
ɟc u ɡ w ɚ

x y z x y z

p p p
u u w ɛ

x y z

å õå õµ µ µ µ µ µ
+ + = + + +æ öæ ö

µ µ µ µ µ µç ÷ ç ÷

µ µ µ
+ + + +
µ µ µ

                                     (1.7) 
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 ʛʜʝ ʌ ï ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʚʥʘʷ: 

2 2 22 2

22

ū 2

2

3

u ɡ w ɡ u w ɡ

x y z x y y z

u w u ɡ w

z x x y z

è øå õ å õ å õµ µ µ µ µ µ µå õ å õ
= + + + + + + +é ùæ ö æ öæ ö æ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷ç ÷ ç ÷ ç ÷é ùê ú

å õµ µ µ µ µå õ
+ + - + +æ ö æ ö
µ µ µ µ µç ÷ ç ÷

                  (1.8) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʩʫʭʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ 

ʣʠʪʦʡ ʠʟʦʣʷʮʠʝʡ ʊʉʃ-630/10/0,4 ɼ/ʋ-11. ʅʘ ʨʠʩ. 1.1. ʧʨʝʜʩʪʘʚʣʝʥ ʵʩʢʠʟ ʘʢ-

ʪʠʚʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʨʘʟʨʝʟʝ.  

 

ʈʠʩ.1.1. ʄʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʫʭʦʛʦ ʪʠʧʘ 

ʆʙʤʦʪʢʘ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʆʅʅ) ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, ʩʣʦʝʚʘʷ, ʥʘʤʦ-

ʪʘʥʥʘʷ ʠʟ ʣʝʥʪʳ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʥʮʝʥʪʨʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘ-

ʞʜʘʶʱʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.2., ʧʦʟ.2). ʆʙʤʦʪʢʘ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʆɺʅ) ï 

ʢʘʪʫʰʝʯʥʘʷ, ʩʦʩʪʦʠʪ ʠʟ 4 ʢʘʪʫʰʝʢ, ʥʘʤʦʪʘʥʥʳʭ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʚʦʜʘ 

(ʨʠʩ. 1.2., ʧʦʟ. 3). ʂʘʪʫʰʢʠ ʆɺʅ ʟʘʣʠʪʳ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʵʧʦʢʩʠʜʥʳʤ 

ʢʦʤʧʘʫʥʜʦʤ (ʨʠʩ. 1.2, ʧʦʟ.4), ʩʣʫʞʘʱʠʤ ʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʧʨʠ-

ʜʘʶʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʆɺʅ. ʆʅʅ ʠ ʆɺʅ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʥʘ ʩʪʝʨʞʥʷʭ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 1.2., ʧʦʟ. 1). 
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ʈʠʩ.1.2. ʌʨʘʛʤʝʥʪ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʫʭʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 1 ï ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, 2 ï 

ʦʙʤʦʪʢʘ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʆʅʅ), 3 ï ʢʘʪʫʰʢʘ ʦʙʤʦʪʢʠ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʆɺʅ), 4 

ï ʠʟʦʣʷʮʠʷ ʆɺʅ: ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʵʧʦʢʩʠʜʥʳʡ ʢʦʤʧʘʫʥʜ 

 

ʈʠʩ. 1.3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʫʭʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

 

ʅʘ  ʨʠʩ. 1.3. ʠʟʦʙʨʘʞʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʙʣʘʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʝʥʳ ʮʠʬʨʘʤʠ, ʠ ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʝʥʳ ʙʫʢ-

ʚʘʤʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʦʧʠʩʘʥʠʝ ʦʙʣʘʩʪʝʡ ʠ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 
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ʊʘʙʣʠʮʘ 1.1. ʆʙʦʟʥʘʯʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʫʭʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ˉ 

ʦʙʣʘʩʪʠ 

ʆʧʠʩʘʥʠʝ 

ʦʙʣʘʩʪʠ 

ʀʩʪʦʯʥʠʢʠ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 
ɻʨʘʥʠʮʳ ʋʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʊʠʧ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʷ 

0 

ʇʦʛʨʘʥʠʯʥʳʡ 

ʩʣʦʡ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ 

ʆʪʩʫʪʩʪʚʫʶʪ a-b 

a b 

ʅʘʚʴʝ-

ʉʪʦʢʩʘ 
ɻʋ 1 ʨʦʜʘ 

(T=T0) 

ɻʋ 3 ʨʦʜʘ 

(q1 = Ŭ1 ȹT) 

1 
ʀʟʦʣʷʮʠʦʥʥʳʡ 

ʢʦʤʧʘʫʥʜ 
ʦʪʩʫʪʩʪʚʫʶʪ b-c 

b c 

ʃʘʧʣʘʩʘ 
ɻʋ 3 ʨʦʜʘ 

(q1 = Ŭ1 ȹT) 

ɻʋ 2 ʨʦʜʘ 

(q1 = const) 

2 

ʆʙʣʘʩʪʴ 

ʘʢʪʠʚʥʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ 

ʢʘʪʫʰʢʠ ʆɺʅ 

ʈ1 c-d 

ʩ d 

ʇʫʘʩʩʦʥʘ 
ɻʋ 2 ʨʦʜʘ 

(q1 = const) 

ɻʋ 2 ʨʦʜʘ 

(q1 = const) 

3 
ʀʟʦʣʷʮʠʦʥʥʳʡ 

ʢʦʤʧʘʫʥʜ 
ʦʪʩʫʪʩʪʚʫʶʪ d-e 

d e 

ʃʘʧʣʘʩʘ ɻʋ 2 ʨʦʜʘ 

(q1 = const) 

ɻʋ 3 ʨʦʜʘ 

(q1 = Ŭ2 ȹT) 

4 

ɺʦʟʜʫʰʥʳʡ 

ʢʘʥʘʣ ʤʝʞʜʫ 

ʆɺʅ ʠ ʆʅʅ 

ʦʪʩʫʪʩʪʚʫʶʪ e-f 

e f 
ʅʘʚʴʝ-

ʉʪʦʢʩʘ ɻʋ 3 ʨʦʜʘ 

(q1 = Ŭ2 ȹT) 

ɻʋ 3 ʨʦʜʘ 

(q2 = Ŭ3 ȹT) 

5 
ʅʘʨʫʞʥʳʡ 

ʢʦʥʮʝʥʪʨ ʆʅʅ 
P2 f-g 

f g 

ʇʫʘʩʩʦʥʘ 
ɻʋ 3 ʨʦʜʘ 

(q2 = Ŭ3 ȹT) 

ɻʋ 3 ʨʦʜʘ 

(q2 = Ŭ4 ȹT) 

6 

ɺʦʟʜʫʰʥʳʡ 

ʢʘʥʘʣ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʤʠ 

ʆʅʅ 

ʦʪʩʫʪʩʪʚʫʶʪ g-h 

g h 
ʅʘʚʴʝ-

ʉʪʦʢʩʘ ɻʋ 3 ʨʦʜʘ 

(q2 = Ŭ4 ȹT) 

ɻʋ 3 ʨʦʜʘ 

(q3 = Ŭ5ȹT) 

7 
ɺʥʫʪʨʝʥʥʠʡ 

ʢʦʥʮʝʥʪʨ ʆʅʅ 
P3 h-i 

h i 

ʇʫʘʩʩʦʥʘ 
ɻʋ 3 ʨʦʜʘ 

(q3 = Ŭ5ȹT) 

ɻʋ 3 ʨʦʜʘ 

(q3 = Ŭ6 ȹT) 

8 

ɺʦʟʜʫʰʥʳʡ 

ʢʘʥʘʣ ʤʝʞʜʫ  

ʆʅʅ ʠ 

ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʦʡ 

ʦʪʩʫʪʩʪʚʫʶʪ i-j 

i j  

ʅʘʚʴʝ-

ʉʪʦʢʩʘ 
ɻʋ 3 ʨʦʜʘ 

(q3 = Ŭ6 ȹT) 

ɻʋ 3 ʨʦʜʘ 

(q4 = Ŭ7 ȹT) 

9 
ʄʘʛʥʠʪʥʘʷ 

ʩʠʩʪʝʤʘ 
ʈ4 j-k 

j k 

ʇʫʘʩʩʦʥʘ 
ɻʋ 3 ʨʦʜʘ 

(q4 = Ŭ7 ȹT) 

ɻʋ 2 ʨʦʜʘ 

(q4 = const) 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʪʘʙʣ. 1.1. ʜʣʷ ʢʘʞʜʦʡ ʦʙʣʘʩ-

ʪʠ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʡ ʩʝʢʮʠʠ ʜʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ T (r), ʫʢʘ-

ʟʘʥʥʦʝ ʥʘ ʨʠʩ. 1.4. 
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ʈʠʩ. 1.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʡ ʩʝʢʮʠʠ T (r)  (ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʚʠʜʝ): t0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Áʉ; t1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʛʣʘʚʥʦʛʦ ʢʘʥʘʣʘ, 

Áʉ; t2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʤʦʪʢʠ ɺʅ, Áʉ; t3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʢʘʪʫʰʢʠ ʦʙʤʦʪʢʠ ɺʅ, Áʉ; t4 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʮʝʥʪʨʘ ʦʙʤʦʪʢʠ ʅʅ, Áʉ. 

 

ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ (1.4) ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  

2

2

1 vt t q

r r r ɚ

µ µ
+ =-

µ µ
                                                                                  (1.9) 

ʋʨʘʚʥʝʥʠʝ (1.9) ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠ-

ʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ (ʤʝʪʦ-

ʜʦʤ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ). 

ɺ ʯʘʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʡ ʩʝʢʮʠʠ 

ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ ʣʘʤʠʥʘʨʥʦʝ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ɚ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠ ʧʦʣʫʯʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ T(r) (ʨʠʩ. 1.4).  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʝʪʦʤ ʢʦʥʝʯʥʦʡ ʚʳʩʦʪʳ ʦʙʤʦʪʢʠ 

ʪʨʝʙʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ rʚ ʚʠʜʝ ʬʫʥʢʮʠʠ  ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ, ʪ.ʝ.  

( ),T T r z= .                                                                                        (1.10) 
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ʈʠʩ.1.5.  ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʫʭʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

 
ʈʠʩ.1.6. ʉʝʪʦʯʥʘʷ ʤʦʜʝʣʴ ʩʫʭʦʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʚ 

ʪʨʝʭʤʝʨʥʦʡ ʧʦʣʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ (1.10) ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠʣʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʦʙʤʦʪʦʢ ʜʨʫʛʠʭ ʬʘʟ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʦʩʝʜʥʠʭ 

ʩʪʝʨʞʥʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʚ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚ ʢʦ-

ʦʨʜʠʥʘʪʘʭ x,y. ʇʨʠ ʵʪʦʤ 

( ),T T x y=                                   (1.11) 

ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʨʝʰʝ-

ʥʠʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦ-

ʜʦʤ.  

ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʠ ʧʣʦʩʢʦʧʘʨʘʣ-

ʣʝʣʴʥʘʷ ʜʚʫʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʪʁ 

ʨʝʰʘʪʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ ʟʘʜʘʯ. ɼʣʷ 

ʫʯʝʪʘ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʚ 

ʪʨʝʭʤʝʨʥʦʡ ʧʦʣʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʪʘʢʞʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ.  

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʪʨʝʭʤʝʨ-

ʥʦʡ ʧʦʣʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ Solidworks ï Flow simu-

lation  [104]. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1.2) ï (1.8) 

ʟʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʩʢʨʝʪʠʟʘʮʠʷ 

ʥʝʧʨʝʨʳʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ (ʠ ʭʨʘʥʷʪʩʷ) ʪʦʣʴʢʦ ʚ ʮʝʥʪʨʘʭ ʨʘʩʯʝʪʥʳʭ 
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ʈʠʩ.1.7. ʉʝʪʦʯʥʘʷ ʤʦʜʝʣʴ ʤʘʩʣʷʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʣʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʷʯʝʝʢ, ʘ ʥʘ ʛʨʘʥʷʭ ʵʪʠʭ ʷʯʝʝʢ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʪʦʢʠ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ, ʵʥʝʨ-

ʛʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ [104].  

 ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ 

ʦʜʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʩʫʭʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʨʠʩ. 1.5, ʨʠʩ. 1.6.) ʟʘ-

ʥʠʤʘʝʪ ʜʦ 10 ʯʘʩʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʨʝʞʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʘ ʚ ʩʣʫʯʘʝ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʤʘʩʣʷʥʦʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʚʝ ʩʠʩʪʝ-

ʤʳ ʦʭʣʘʞʜʝʥʠʷ (ʚʥʫʪʨʝʥʥʶʶ ʠ ʚʥʝʥhʶʶ), ʟʘʜʘʯʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʝʰʘʝʤʦʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʤʘʩʣʷʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

(ʨʠʩ. 1.7.) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʩʝʪʢʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴ-

ʰʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʄɻ-1000/10 

(ʨʠʩ. 1.7.): 1710ʭ1100ʭ1785 ʤʤ. ʆʙʝ̡ʤ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʩ ʫʯʝʪʦʤ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ): 2000ʭ1500ʭ2000 = 6
.
10

9
 ʤʤ

3
. ʊʦʣʱʠʥʘ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʘʥʝ-

ʣʠ, ʦʙʨʘʟʫʶʱʝʡ ʩʪʝʥʢʠ ʤʘʩʣʷʥʦʛʦ ʙʘʢʘ, ʩʦʩʪʘʚʣʷʝʪ 1,2 ʤʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʙʲʝʤ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ 1,728 ʤʤ
3
. ʏʠʩʣʦ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ: Npc = 6

.
10

9
/1,728 

= 3,5
.
10

9
.  ʏʠʩʣʦ ʨʝʰʘʝʤʳʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʦʣʠʯʝ-

ʩʪʚʘ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ (1.2) ï (1.8) ʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 10
10
. ɺ ʦʧʪʠʤʠʟʘʮʠ-

ʦʥʥʳʭ ʨʘʩʯʝʪʘʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 10
5
 ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘ ʚʨʝʤʷ ʨʘʩʯʝʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨ-

ʥʳʭ ʧʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠʚʝ-

ʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʷʜʢʘ ʨʘʩʯʝʪʘ ʜʦ 10
15

. ʇʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧ-

ʣʦʚʳʭ ʧʦʣʝʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʦ-

ʱʘʪʴ, ʚʚʦʜʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʢʘʢ ʚ ʧʣʘʥʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʘʢ ʠ ʚ ʧʣʘʥʝ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʟʘʣʦʞʝʥ-

ʥʦʛʦ ʚ ʥʝʡ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʪʝʧʣʦʚʳʭ 

ʨʘʩʯʝʪʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ï ʩʣʦʞʥʦʩʪʴʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ 

ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

1.2.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦʛʠʠ 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚʳʩʪʫʧʘʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʠ 

ʠʟʦʤʦʨʬʠʟʤ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʦʮʝʩʩʳ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. [90] 

ʇʦʜ ʠʟʦʤʦʨʬʠʟʤʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʜʠʥʘʢʦʚʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʠʨʦʜʝ ʷʚʣʝʥʠʷ. ʗʚʣʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʠʟʦ-

ʤʦʨʬʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʥʳʤʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʝʞʜʫ ʥʠ-

ʤʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʧʦʟʚʦʣʷʶ-

ʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʜʥʦʛʦ ʷʚʣʝʥʠʷ, ʥʘ 

ʜʨʫʛʦʝ. [90]   

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ. ʈʘʟʥʦ-

ʚʠʜʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʧʣʦʚʳʭ ʩʭʝʤ, 

ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʘʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘ-

ʰʠʥ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ (ʕʉɿ) ʦʪ ʤʝ-

ʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʧʣʦʚʳʭ ʩʭʝʤ (ʕʊʉ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʤʝʪʦʜʘ ʕʉɿ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 

ʠ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. [40, 41, 81, 82, 86] 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦʛʠʠ ʣʝʞʘʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝ-

ʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢ ʪʝʧʣʘ Q ʯʝʨʝʟ ʧʨʦ-
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ʠʟʚʦʣʴʥʫʶ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʛʨʘʜʠʝʥ-

ʪʫ ʪʝʤʧʝʨʘʪʫʨʳ T ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

TSSqQ Ð-=-=
ddd

l ,                   (1.12) 

ʛʜʝ   q ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; ɚ ï ʫʜʝʣʴʥʘʷ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ.  

ʇʨʠ ʦʜʥʦʤʝʨʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʦʣʱʠʥʦʡ bʩ 

ʫʨʘʚʥʝʥʠʝ (1.12) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʢ ʚʠʜʫ [87]: 

ʪcc
Rb

S
b

TT
S

dx

dT
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-
-º-= lll 12 ,                (1.13) 

ʛʜʝ ʭ ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ; T1 ʠ T2 ï ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʪʝʥʢʠ; 
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TT -=Q  ï ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʨʘʥʠʮʘʭ ʩʪʝʥʢʠ;  
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R

S
=
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                              (1.14) 

ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘïʈʠʭʤʘʥʘ: 

( )1 2
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Q
a a Q= = - = =,                 (1.15) 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦʚʝʨʭʥʦʩʪʠ; Ū ï ʧʨʝʚʳʰʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ; 

1
ʪR

Sa
=                               (1.16) 

ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʘʝʤ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ 

ʪʝʧʣʦʚʦʡ ʮʝʧʠ 

ʪ

Q
R

Q
= .                    (1.17) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘʛʨʝʚʘ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʪʝʣʘ ʠʤʝʝʪ ʚʠʜ 

 
ʈʠʩ. 1.8. ʕʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʩʭʝʤʘ  ʟʘʤʝʱʝ-

ʥʠʷ ʫʯʘʩʪʢʘ ʪʝʧʣʦʚʦʡ 

ʮʝʧʠ 
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tat SddCQd
ʪ
+Q= ,                           (1.18) 

ʛʜʝ Ű ï ʚʨʝʤʷ; ʉʪ ï ʪʝʧʣʦʝʤʢʦʩʪʴ. 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʟʦʤʦʨʬʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʠʟʦʙʨʘ-

ʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.8: 
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,                                                      (1.20) 

ʛʜʝ Uc ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ;    qc ï ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ; ʉ ï 

ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ; ic ï ʪʦʢ, ʧʨʦʪʝʢʘʶʱʝʡ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ; I ï ʪʦʢ ʚ 

ʚʝʪʚʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ; R ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʜʚʘ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʝʤʳʭ ʠʟʦʤʦʨʬʥʳʤʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʤʘʩʰʪʘʙʘʤʠ ʧʦʜʦʙʠʷ  

 , , , ,C
P R C t
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= = = = =.                                  (1.21) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʚʩʝ ʤʘʩʰʪʘʙʳ ʧʦʜʦʙʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳʤʠ ʨʘʚʥʳʤʠ 

ʝʜʠʥʠʮʝ.  

ʋʯʠʪʳʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢ 

ʪʝʦʨʝʤʘʤ ʧʦʜʦʙʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ɺ.ɸ. 

ɺʝʥʠʢʦʚʳʤ [25], ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʪʝʧʣʦʚʫʶ 

ʮʝʧʴ ʥʘ ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʤʝ-

ʥʠʚʘʶʱʠʝʩʷ ʪʝʧʣʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʧʠʩrʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1.19), ʧʦʩʪʨʦʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ (ʨʠʩ. 1.8), 

ʧʦʣʫʯʠʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʝʪʚʣʝʥʥʫ  ʁʵʣʝʢʪʨʠʯʝʩʢʫ  ʁʮʝʧʴ, ʧʦʜʦʙʥʫ  ʁʠʩ-

ʭʦʜʥʦʡ ʪʝʧʣʦʚʦʡ ʩʠʩʪʝʤʝ.  

ʋʧʨʦʱʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʮʝʧʴ ʤʘʩʣʷʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [25] ʧʨʠʚʝʜʝʥʘ 

 
 

ʈʠʩ. 1.9. ʋʧʨʦʱʝʥʥʘʷ ʪʝʧʣʦʚʘʷ 

ʮʝʧʴ  ʤʘʩʣʷʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘ 
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ʥʘ ʨʠʩ. 1.9. ɿʜʝʩʴ ʈ0 ï ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ;  ʈk ï ʧʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘ-

ʥʠʷ; Rʩʤ ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʫʪʠ ʦʪ ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʢ ʤʘʩʣʫ; 

Rʦʤ ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʫʪʠ ʦʪ ʦʙʤʦʪʦʢ ʢ ʤʘʩʣʫ. 

ʀʥʝʨʪʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴʶ 

ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʚʦʡ ʮʝʧʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʮʝʧʠ ʨʠʩ. 1.9 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʉʩ, ʪʝʧʣʦ-

ʝʤʢʦʩʪʴ ʦʙʤʦʪʦʢ ʉʦ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʉʤ. 

 

ʈʠʩ. 1.10. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

 

ʈʠʩ. 1.11. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
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ʕʉɿ ʪʝʧʣʦʚʦʡ ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.9 [64], ʩʦʟʜʘʥʥʘʷ ʚ ʩʨʝʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.10. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ʩʨʝʜʝ Simulink ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.11. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ. 

ʄʝʪʦʜ ʕʉɿ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʘʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ [17, 83, 99]. ɺ ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʕʉɿ ʚ ʪʝʧʣʦ-

ʚʳʭ ʨʘʩʯʝʪʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʭʦʜʷʪ ʤʝʩʪʦ ʧʫʙʣʠʢʘʮʠʠ ʚ ʠʥʦʩʪʨʘʥʥʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ [106, 107, 108, 115, 116]. ʆʙʱʝʡ ʯʝʨʪʦʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ ʷʚʣʷ-

ʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʠʤ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝ ʚʩʝʛʜʘ ʫʯʠ-

ʪʳʚʘʝʪ ʬʦʨʤʫ ʵʣʝʤʝʥʪʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʵʣʝʤʝʥʪʝ, ʘʥʠʟʦ-

ʪʨʦʧʥʳʝ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʤʥʦ-

ʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ (ʦʩʦʙʝʥʥʦ ʚ ʰʠʭʪʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩ-

ʪʝʤʘʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ).  

ɼʣʷ ʫʯʝʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ(ʕʉɿ). ʆʧʠʩʘʥʠʝ ʠ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟ-

ʚʝʪʚʣʝʥʥʳʭ ʕʉɿ ʥʘ ʘʥʘʣʦʛʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦ-

ʪʘʭ [37,38]. ɺ ʨʘʙʦʪʝ [38]  ʦʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʕʉɿ ʢ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʨʦʪʦʨʘʭ ʠ ʣʦʧʘʪʢʘʭ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ, ʪʝʧʣʦʚʳʭ 

ʨʝʞʠʤʦʚ ʧʦʤʝʱʝʥʠʡ, ʧʨʦʤʝʨʟʘʶʱʠʭ ʛʨʫʥʪʘʭ ʠ ʨʝʰʝʥʠʶ ʜʨʛʫʠʭ ʪʝʧʣʦʚʳʭ 

ʟʘʜʘʯ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʕʉɿ ʢ ʪʝʧʣʦʚʳʤ ʨʘʩʯʝʪʘʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʦ ʧʦʷʚʣʝ-

ʥʠʷ ʧʫʙʣʠʢʘʮʠʡ [64-79] ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʩʭʝʤ ï ʵʪʦ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʝ ʦʜʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʘ ʛʨʫʧʧʦʡ ʢʦʥʪʫʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ 

ʩʝʙʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʝʤʢʦʩʪʠ, ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʧʣʦʚʳʭ 

ʨʘʩʯʝʪʘʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʕʉɿ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪ-
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ʢʠ ʫʪʦʯʥʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʦʣʝʚʦʛʦ 

ʨʘʩʯʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʜʦʩ-

ʪʠʯʴ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ ʈɼ. 

 

1.3. ʆʙʟʦʨ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

1.3.1. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʝ ʧʦ-

ʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ [10, 85, 91].  

ʈʘʩʯʝʪ ʧʦʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [10]. 

ɼʣʷ ʪʨʝʭʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʧʣʦʩʢʦʡ ʪʨʝʭʩʪʝʨʞʥʝʚʦʡ ʰʠʭʪʦʚʘʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ɿʜʝʩʴ kp ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʟʘ ʩʯʝʪ ʪʝʨʤʠʯʝʩʢʦʡ 

ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ; pi ï ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ i-ʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʘʤ-

ʧʣʠʪʫʜʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺmi; m1 ï ʤʘʩʩʘ ʩʪʝʨʞʥʝʚʳʭ ʫʯʘʩʪʢʦʚ ʤʘʛʥʠʪ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʢʛ; m2 ï ʤʘʩʩʘ ʫʯʘʩʪʢʦʚ ʪʦʨʮʝʚʳʭ ʷʨʤ, ʢʛ; m11, m22, m21 ï ʤʘʩʩʳ 

ʫʛʣʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʢʛ; Ὧ̑11
̔

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʫʛʣʦʚʳʭ ʫʯʘ-

ʩʪʢʘʭ ʩ ʧʨʷʤʳʤʠ ʩʪʳʢʘʤʠ ʧʣʘʩʪʠʥ; Ὧ̑22
̔

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʚ 

ʫʛʣʦʚʳʭ ʫʯʘʩʪʢʘʭ ʩ ʢʦʩʳʤʠ ʩʪʳʢʘʤʠ ʧʣʘʩʪʠʥ; Ὧ̑21
̔

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝ-

ʥʠʷ ʧʦʪʝʨʴ ʚ ʫʛʣʦʚʳʭ ʫʯʘʩʪʢʘʭ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʩʪʳʢʘʤʠ ʧʣʘʩʪʠʥ; 

ὴ̐Ὥ
ὧά  ʧʦʪʝʨʠ ʥʘ ʝʜʠʥʠʮʫ ʩʝʯʝʥʠʷ ʚ ʧʨʷʤʦʤ ʩʪʳʢʝ ʧʣʘʩʪʠʥ i-ʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ 
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ʘʤʧʣʠʪʫʜʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺmi; ὴὯὭ
ὧά  ʧʦʪʝʨʠ ʥʘ ʝʜʠʥʠʮʫ ʩʝʯʝʥʠʷ ʚ ʢʦ-

ʩʦʤ ʩʪʳʢʝ ʧʣʘʩʪʠʥ i-ʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʠʥʜʫʢʮʠʷʭ 1 2 2 3, ,...,
2 2 2 2

m m m mB B B B+ +
ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʩʪʳʢʫ ʫʯʘʩʪʢʦʚ ʩʪʝʨʞʥʝʡ ʠʣʠ ʷʨʤ; Sʧi ï ʧʣʦ-

ʱʘʜʴ ʩʝʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʷʤʦʤ ʩʪʳʢʝ ʧʣʘʩʪʠʥ i-ʦʛʦ ʫʯʘʩʪʢʘ; Ski ï 

ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʩʦʤ ʩʪʳʢʝ ʧʣʘʩʪʠʥ i-ʦʛʦ ʫʯʘʩʪʢʘ; nʧ 

ï ʯʠʩʣʦ ʧʨʷʤʳʭ ʩʪʳʢʦʚ ʧʣʘʩʪʠʥ; nk ï ʯʠʩʣʦ ʢʦʩʳʭ ʩʪʳʢʦʚ ʧʣʘʩʪʠʥ; ů ï ʩʨʝʜ-

ʥʝʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʩʩʦʚʢʠ; Ὧὴ
ά,  ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʦʧ-

ʨʝʩʩʦʚʢʠ ʠ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥ; Ὧὴ
̕

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʥʝ-

ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʦʨʤʳ ʩʝʯʝʥʠʷ ʷʨʤʘ ʬʦʨʤʝ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ; Ὧὴ
̐,  ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʧʝʨʝʰʠʭʪʦʚʢʠ ʚʝʨʭʥʝʛʦ ʷʨʤʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚ-

ʢʠ ʦʩʪʦʚʘ ʠ ʪ.ʜ. 

ɽʩʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʥʝʦʪʦʞʞʝʥʥʳʭ ʧʣʘʩʪʠʥ, ʪʦ 

1

0.002b ʊ ʅ

p p p pk k k k
b

å õ
= + Ö Öæ ö
ç ÷

                  (1.23) 

ʝʩʣʠ ʧʣʘʩʪʠʥʳ ʦʪʦʞʞʝʥʥʳʝ, ʪʦ 

ʊ ʅ

p p pk k k= Ö                                        (1.24) 

ʛʜʝ ὦ1 ï ʰʠʨʠʥʘ ʧʣʘʩʪʠʥʳ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,2ϽὈ̒  ̓ʦʪ ʝʛʦ ʮʝʥʪʨʘ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ὧὴ
ὦ, Ὧὴ

̓, Ὧὴ
̎, Ὧ̑11

̔
,Ὧ̑22
̔

,Ὧ̑22
̔

,ʎ,Ὧὴ
ά,Ὧὴ

̕
  ʚʳʙʠ-

ʨʘʶʪʩʷ ʠʟ ʪʘʙʣʠʮ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [10]. ʄʘʩʩʳ ʯʘʩʪʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʋʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʘʙʣʠʮʘʤ ʠʣʠ ʛʨʘʬʠʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ 

[10]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʠʟʣʦ-

ʞʝʥʥʘʷ ʚ  [10], ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ, ʥʝ ʫʩ-

ʪʫʧʘʷ ʤʝʪʦʜʠʢʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʦʣʝʚʳʭ ʨʘʩʯʝʪʘʭ. ʇʦʵʪʦʤʫ ʚ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʙʝʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. 
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ʇʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʈʢ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝ-

ʥʳ ʥʘ ʦʩʥʦʚʥʳʝ ʠ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʘʭ, ʦʩʥʦʚʥʳʝ ʠ ʜʦʙʘʚʦʯʥʳʝ 

ʧʦʪʝʨʠ ʚ ʦʪʚʦʜʘʭ, ʧʦʪʝʨʠ ʚ ʩʪʝʥʢʘʭ ʙʘʢʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ. 

ʉʫʤʤʘ ʦʩʥʦʚʥʳʭ ʠ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [85] 

Pʦʩʥ + Pʜ = kʜ Pʦʩʥ.           (1.25) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʝʨʴ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 

 Pʦʩʥ = I
2
R,            (1.26) 

ʛʜʝ I ï ʪʦʢ ʚ ʦʙʤʦʪʢʝ; R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ. 

ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ ʜʣʷ ʦʙʤʦʪʢʠ ʠʟ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʛʦ ʧʨʦʚʦʜʘ 

, ( , )

22

4 2

ʜ p

bm f
k 1 1 73 k a n 0 2

l r

å õå õ
= + -æ öæ ö

ç ÷ç ÷
,     (1.27)  

ʠʟ ʢʨʫʛʣʦʛʦ ʧʨʦʚʦʜʘ ï 

, ( , )

22

4 2

ʜ p

dm f
k 1 1 8 k d n 0 2

l r

å õå õ
= + -æ öæ ö

ç ÷ç ÷
,     (1.28)  

ʛʜʝ n ï ʯʠʩʣʦ ʧʨʦʚʦʜʥʠʢʦʚ ʦʙʤʦʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ; m ï ʯʠʩʣʦ 

ʧʨʦʚʦʜʥʠʢʦʚ ʦʙʤʦʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʣʠʥʠʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ; b ï ʨʘʟʤʝʨ ʧʨʦʚʦʜʥʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʣʠʥʠʷʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ, ʤ; l ï ʦʙʱʠʡ 

ʨʘʟʤʝʨ ʦʙʤʦʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ, ʤ; d ï ʜʠʘʤʝʪʨ ʢʨʫʛʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʤ; kʨ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʚʝʜʝʥʠʷ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. 

 

1.3.2. ʕʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ɼʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʤʘʩʣʷʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʉɸʇʈ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ [6, 9, 11, 12, 13]. ɼʣʷ ʪʝ-

ʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʩʫʭʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʠʢʘ [14]. 
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ʆʩʥʦʚʦʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʩʢʦʤʳʤʠ ʧʨʝʚʳʰʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʤʦʪʦʢ, 

ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʛʝʦʤʝʪʨʠʝʡ ʦʙʤʦʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʚ ʙʘʢʝ.  

ʗʜʨʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ:  

( ), , ,t f q b h tmD =                                                                                    (1.29) 

ʛʜʝ q ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; b ï ʰʠʨʠʥʘ ʦʙʤʦʪ-

ʢʠ; h ï ʚʳʩʦʪʘ ʦʙʤʦʪʢʠ; tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʙʘʢʝ. ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʩʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʘʤ ʜʣʷ ʨʘʩʯʝʪʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ 

ʢʘʪʫʰʝʯʥʦʡ ʦʙʤʦʪʢʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʚ ʙʘʢʝ ʧʦ [13]: 

0.25
0.6 0.26 0.21 0.31.502

b
t q b b tn ʚ ʥ mh

- - -å õ
æ ö
ç ÷

D =                                              (1.30) 

ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʤʦʪʢʠ ʥʘʜ ʩʨʝʜ-

ʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʚ ʙʘʢʝ 

0.6 0.35 0.211.54 ( )t q b b tʥn ʚ m
- -D = +                                                           (1.31) 

ʛʜʝ bʚ ï ʰʠʨʠʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʢʘʥʘʣʘ, ʤʤ; 

bʥ ï ʰʠʨʠʥʘ ʥʘʨʫʞʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʢʘʥʘʣʘ, ʤʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʙʤʦʪʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ  

ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʙʤʦʪʦʢ ʩʫʭʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ [14]  ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

0.766
Pʢʟt j Z

å õ
D =æ ö

ç ÷
                                                                                     (1.32) 

ʛʜʝ Pʢʟ ï ʧʦʪʝʨʠ ʂɿ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʤʦʪʢʘʭ, ɺʪ. 

ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʦʢ Z ʦʧʨʝʜʝʣʷʝʪʩʷ [14] ʧʦ ʬʦʨʤʫʣʝ: 

 
0.4 0.4

0.25 0.25
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b bʚ ʥZ S S k Srɺ H Th hʥʚ

å õ
= + +æ ö

ç ÷
         (1.33) 

ʛʜʝ hʚ ï ʦʩʝʚʦʡ ʨʘʟʤʝʨ ʚʥʫʪʨʝʥʥʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʢʘʥʘ-

ʣʘ, ʤʤ; hʥ ï ʦʩʝʚʦʡ ʨʘʟʤʝʨ ʥʘʨʫʞʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʢʘʥʘʣʘ, 
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ʤʤ; Sɺ ï ʧʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʤʦʪʦʢ, ʤĮ; Sʅ ï 

ʧʣʦʱʘʜʴ ʥʘʨʫʞʥʦʡ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʤʦʪʦʢ, ʤĮ; Sʊ ï ʧʣʦʱʘʜʴ 

ʪʦʨʮʦʚʦʡ ʪʝʧʣʦʦʪʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʤʦʪʦʢ, ʤĮ; kr ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʦʪʜʘʯʠ ʪʝʧʣʘ ʣʫʯʝʠʩʧʫʩʢʘʥʠʝʤ ʠ ʢʦʥʚʝʢʮʠʝʡ ʩ ʪʦʨʮʦʚʳʭ ʯʘʩʪʝʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʦʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ (1.31, 1.32) ʙʝʟ ʫʯʝʪʘ ʨʘʟʣʠʯʠʡ ʚ ʛʝʦʤʝʪʨʠʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡ-

ʩʪʚʘʭ ʦʙʤʦʪʦʢ ʠ ʦʩʪʦʚʘ, ʯʪʦ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʠʩʧʳʪʘʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʠ ʪʝʧʣʦʚʦʤ ʨʘʩʯʝʪʝ ʬʦʣʴʛʦʚʳʭ ʦʙ-

ʤʦʪʦʢ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʢʠ ʛʨʘʜʫʩʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʫʪʦʯʥʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠ-

ʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʣʴʛʦʚʳʭ ʦʙʤʦʪʦʢ, ʘ ʪʘʢʞʝ ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶ-

ʱʫʶ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 

ʄʝʪʦʜʠʢʠ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ ʈɼ, ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʠ 

ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʥʝʢʦʪʦʨʫʶ ʫʩʨʝʜʥʝʥʥʫʶ ʦʮʝʥʢʫ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʧʨʦʚʝʨʷʪʴʩʷ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʦʙʨʘʟʮʝ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʥʘ ʢʘʞʜʦʤ ʧʨʝʜʧʨʠʷʪʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʝ ʩ ʫʯʝʪʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢʠʝ ʤʝʪʦʜʠʢʠ ʥʝ ʜʘʶʪ ʢʘʨʪʠʥʫ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʥʝ ʜʘʶʪ ʪʘʢʞʝ ʧʦʥʠʤʘʥʠʷ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝ-

ʥʠʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ. ʆʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʠʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʠ ʦʧʪʠʤʠʟʘʮʠʠ.  
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1.4. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʜʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʌʦʨʤʫʣʳ (1.27) ï (1.28) ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʝ-

ʦʜʥʦʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. ʆʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʘʝʪ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʢʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʦʙʤʦʪʢʠ. ʇʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫ-

ʯʘʝ ʦʙʤʦʪʦʢ, ʢʦʪʦʨʳʝ ʤʦʪʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʚʠʥʪʦʚʳʭ ʦʙʤʦʪʦʢ, ʛʜʝ ʥʝʦʜʠʥʘʢʦʚʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʪʨʘʥʩʧʦʟʠ-

ʮʠʠ ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʝʥʩʪʚʫ ʧʦʣʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʚʝʪʚʝʡ ʦʙʤʦʪʢʠ. ɽʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʨʘʩʯʝʪʝ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ ʚ ʬʦʣʴʛʦʚʳʭ ʦʙʤʦʪʢʘʭ.  

ʇʝʨʚʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʢ ʪʦʨʮʘʤ 

ʚ ʬʦʣʴʛʦʚʳʭ ʦʙʤʦʪʢʘʭ ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʥʘʯʠʥʘʷ ʩ 

ʢʦʥʮʘ 1960-ʭ ʛʦʜʦʚ, ʥʘʧʨʠʤʝʨ [111], ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʥʮʫ 1970-ʭ, ʥʘʯʘʣʫ 1980-ʭ ʛʛ. 

[49, 50]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʨʘʩʪʝʪ 

[29, 94, 97, 105]. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ 

ʚ ʦʙʤʦʪʢʘʭ ʠʟ ʣʝʥʪʳ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ 

ʩ ʨʘʩʯʝʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʦʙʤʦʪʢʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [29] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʨʝʘʢʪʦʨʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʣʝʥʪʳ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ: 
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1. ʂʘʞʜʳʡ ʢʦʥʮʝʥʪʨ ʦʙʤʦʪʢʠ ʨʝʘʢʪʦʨʘ ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʩʝʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʟʘʤʝʱʝʥʠʷ  ʢʘʞʜʦʡ ʢʘʪʫʰʢʠ ʦʙʤʦʪʢʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʨʠʩ. 1.12. 

 

ʈʠʩ.1.12. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʢʘʪʫʰʢʠ ʨʝʘʢʪʦʨʘ ʠʟ ʣʝʥʪʳ [ʨʠʩ. ʧʦ 94] 

2. ʕɼʉ, ʥʘʚʦʜʠʤʳʝ ʚ ʨʘʩʯʝʪʥʳʭ ʩʝʢʮʠʷʭ (ʩʤ. ʨʠʩ. 1.12), 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

,
q qsk sk

sk sk q
q

di did
e L

dt i dt dt

Y Yµ
=- =- =-

µ
,                                      (1.34) 

ʛʜʝ Ysk ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʩʝʢʮʠʠ ʚ s-ʤ ʩʣʦʝ k-ʡ ʢʦʣʦʥʢʝ ʩ ʦʙʱʠʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʢʘʪʫʰʢʠ; iq ï ʪʦʢ q-ʛʦ ʢʦʥʪʫʨʘ; Lsk,q ï ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʝʢʮʠʠ ʩ 

ʠʥʜʝʢʩʘʤʠ sk ʩ ʪʦʢʦʤ q-ʛʦ ʢʦʥʪʫʨʘ. 

3. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʢʠ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʪʦʢʘʭ ʚ ʨʘʟʥʳʭ ʢʦʥʪʫʨʘʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. 

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ ʢʘʪʫʰʢʠ 

ʨʝʘʢʪʦʨʘ, ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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    (1.35) 

ɺ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʘ (1.35) ʠʤʝʝʪ ʚʠʜ 

[] []
1

U
di

L
dt

-è ø
= Öé ù

ê ú
                                                                               (1.36) 
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ʛʜʝ [L] ï ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ; 
di

dt

è ø
é ù
ê ú

 ï ʚʝʢʪʦʨ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʧʦ ʚʨʝʤʝʥʠ; []U  ï ʚʝʢʪʦʨ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʪʫʨʘʭ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.36) ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ ʜʘʝʪ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʚʦ ʚʨʝʤʝʥʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʚ ʩʝʢʮʠʷʭ, ʧʦ ʢʦʪʦʨʳʤ ʥʘʭʦʜʷʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ ʧʦ ʚʳʩʦʪʝ ʦʙʤʦʪʢʠ 

[][] 2P R Iè ø=
ê ú

                                                                               (1.37) 

ʛʜʝ [P] ï ʚʝʢʪʦʨ ʧʦʪʝʨʴ ʚ ʩʝʢʮʠʷʭ ʦʙʤʦʪʢʠ; [I
2
] ï ʚʝʢʪʦʨ ʢʚʘʜʨʘʪʦʚ ʪʦʢʦʚ ʚ 

ʩʝʢʮʠʷʭ; [R] ï ʤʘʪʨʠʮʘ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʝʢʮʠʡ. 

ʇʦʣʥʳʝ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʚʝʢʪʦʨʘ [P]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʨʝʘʢʪʦʨ ʥʝ ʠʤʝʝʪ ʤʘʛʥʠʪʥʦʛʦ 

ʩʝʨʜʝʯʥʠʢʘ, ʪʦ ʧʦʪʝʨʠ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʩʝʢʮʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʳ ʤʘʛʥʠʪʥʳʤ ʧʦ-

ʣʝʤ ʨʘʩʩʝʷʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʦʯʥʳʭ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʦʙʤʦʪʢʠ ʚʳʩ-

ʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɺʅ) (ʦʙʳʯʥʦ ʦʙʤʦʪʢʠ ʠʟ ʣʝʥʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʩʪʦʨʦʥʳ 

ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʅʅ)). ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʤʦʪʢʘ ɺʅ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʟ ʣʝʥʪʳ (ʬʦʣʴʛʠ), ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ 

ʵʪʠʭ ʦʙʤʦʪʢʘʭ. ɽʩʣʠ ʦʙʤʦʪʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʚʠʪʢʦʚ ʢʘʞʜʦʡ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʚʝʪʚʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʩʩʝʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʵʬʬʝʢʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.13. 
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ʈʠʩ.1.13. ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

 

ʇʦʜʩʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣ ̫ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʝ-

ʤʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ [87, 92] ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʟʘʠʤʥʳʭ 

ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʢʦʪʦʨʘ ̫ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʘʭ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ.  

ʇʦʜʩʠʩʪʝʤʘ ʛʝʥʝʨʘʮʠʠ ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʠ ʧʦ-

ʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʧʦʜʢʣʶʯʘʝʤʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ [86] ʠ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʘʭ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʩ ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʤʦʜʝ-

ʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʕʉɿ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧ-

ʣʦʚʦʡ ʘʥʘʣʦʛʠʠ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ, ʬʦʨʤʠ-

ʨʫʝʤʳʭ ʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʝʤʦʡ ʙʠʙʣʠʦ-

ʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ [86]. ɼʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʧʥʦʡ ʤʦʜʝʣʠ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩ-

ʯʝʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝ-

ʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʝʯʝʥʠʷʭ. ʇʦʜʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʇʦʜʩʠʩʪʝʤʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝ-

ʚʳʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʇʦʜʩʠʩʪʝʤʘ ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩ-

ʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʇʦʜʩʠʩʪʝʤʘ ʛʝʥʝ-

ʨʘʮʠʠ ʤʦʜʝʣʠ ʠ 

ʨʘʩʯʝʪʘ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʪʦʢʘ ʠ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

ʇʦʜʩʠʩʪʝʤʘ ʛʝ-

ʥʝʨʘʮʠʠ ʠ ʨʘʩ-

ʯʝʪʘ ʪʝʧʣʦʚʦʡ 

ʤʦʜʝʣʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʕʉɿ 

ʇʦʜʩʠʩʪʝʤʘ ʪʝʧ-

ʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʝ-

ʚʳʭ ʤʦʜʝʣʝʡ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʬʦʨʤʠʨʫʝʤʳʭ ʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

CAE-ʩʠʩʪʝʤ, ʚ ʮʝʣ̫ʭ ʫʪʦʯʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʧʣʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʠʶ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦ-

ʣʠʪ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, 

ʦʙʝʩʧʝʯʠʚ ʝʛʦ  ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʦʤʦʛʘʶʱʠʤʠ ʚʩʝʩʪʦʨʦʥʥʝ ʦʮʝʥʠʪʴ ʧʨʠʥʠ-

ʤʘʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɼʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʘʞʝ ʥʘ ʩʪʘʜʠʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ, ʛʨʘʥʠʯʘ-

ʱʫ ʁʩ ʪʦʯʥʦʩʪʴʶ ʧʦʣʝʚʳʭ ʨʘʩʯʝʪʦʚ (ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʚ ʧʨʝ-

ʜʝʣʘʭ 5%), ʧʨʠ ʚʳʩʦʢʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʧʨʠʩʫʱʠʤ ʮʝʧʥʳʤ ʤʦʜʝʣʷʤ. 
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ɺʓɺʆɼʓ ʇʆ ʇɽʈɺʆʁ ɻʃɸɺɽ 

1. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʣʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʥʠʟʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣɹ-

ʟʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

2. ʕʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙʣʘ-

ʜʘʶʪ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʧʨʝʚʳʰʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ  ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ 

ʥʝ ʫʯʠʪʳʚʘʶʪ ʵʬʬʝʢʪʳ ʚ ʦʙʤʦʪʢʘʭ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ. 

3. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʫʪʦʯʥʝʥʥʳʭ 

ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʘʥʘʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʣʷʛʫʪ ʚ ʦʩ-

ʥʦʚʫ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʉɸʇʈ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

4. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʯʠʩ-

ʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʪʦʯʥʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʪʝʧ-

ʣʦʚʦʡ ʘʥʘʣʦʛʠʠ. 

5. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʉɸʇʈ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʪʦʯʥʝʥʥʳʭ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʦʧʝʨʘʮʠʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʟʘʜʘʥʥʳʤ ʪʠʧʦ-

ʚʳʤ ʧʨʦʛʨʘʤʤʘʤ ʫʪʦʯʥʝʥʥʳʭ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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2. ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʀ ʄɽʊʆɼɸ ʈɸʉʏɽʊɸ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʇʆʊɽʈʔ ʕʅɽʈɻʀʀ ɺ ʆɹʄʆʊʂɸʍ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈɸ 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 1.2.3, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 1980-ʭ ʛʦʜʘʭ ʥʘ 

ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʘ ʵʪʦ 

ʚʨʝʤʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʩʪʨʦʝʥʠʠ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝ-

ʨʠʘʣʳ. ʊʘʢ ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʪʦ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ ʩʝʛʦʜʥʷ ʜʝʣʘʝʪʩʷ ʥʘ ʧʦʣʝʚʳʭ ʤʦʜʝʣʷʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʜʝʣʠ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʨʘʩʯʝʪʝ ʪʨʝʭʤʝʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʦʜʩʠʩʪʝʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʪʘʢ ʢʘʢ ʨʘʩ-

ʯʝʪ ʧʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʘ ʜʚʫʭʤʝʨʥʳʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʦʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

2.1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʂʘʢ ʠʟʚʝʩʪʥʦ [30 ʠ ʜʨ.], ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʳʪ ʂɿ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʟʘʤʢʥʫʪʳʭ ʥʘʢʦʨʦʪʢʦ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʢʘʭ ʠ ʧʦʜʘʯʝ ʥʘ 

ʢʦʥʮʳ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʷ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, Uk, ɺ), ʧʨʠ ʢʦʪʦʨʦʤ ʧʦ ʦʙʤʦʪʢʘʤ ʧʨʦʪʝʢʘʶʪ ʥʦʤʠʥʘʣʴʥʳʝ ʪʦʢʠ. 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʧʳʪʝ ʂɿ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

2.1.  
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ʈʠʩ. 2.1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʧʳʪʝ ʂɿ: U1 ï ʜʝʡʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʢʦʥʮʳ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ (ʥʘʧʨʷʞʝʥʠʝ ʂɿ); Z1 ï 

ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ; Z'2 ï ʧʨʠʚʝʜʝʥʥʦʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ; Z1ʂ = Z1 + Z'2 ï ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʂɿ; I1 ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʪʦʢʘ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʨʘʚʥʦʝ ʧʦ ʤʦʜʫʣʶ, ʥʦ ʦʙʨʘʪʥʦʝ ʧʦ ʟʥʘʢʫ ʜʝʡʩʪʚʫʶʱʝʤʫ 

ʟʥʘʯʝʥʠʶ ʧʨʠʚʝʜʝʥʥʦʛʦ ʪʦʢʘ I'2 ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ; E1 ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʕɼʉ 

ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʨʝʞʠʤʝ ʂɿ (ʨʠʩ. ʧʦ [30]) 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʨʘ ʠʩʧʦʣʥʝʥʠʷ 

ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʦʣʴʛʦʚʫʶ (ʣʝʥʪʦʯʥʫʶ) ʦʙ-

ʤʦʪʢʫ ʅʅ, ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʦʤ ʚʳ-

ʪʝʩʥʝʥʠʷ ʪʦʢʘ ʢ ʪʦʨʮʘʤ ʦʙʤʦʪʢʠ [29, 50, 93]. 

ʊʘʢ ʢʘʢ ʥʘ ʚʳʪʝʩʥʝʥʠʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʅʅ ʚʣʠʷʶʪ ʧʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ, ʪʦ 

ʵʧʶʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʥʝʡ ʫʜʦʙʥʝʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʫʪʝʤ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʪʦʢʦʤ ʚ 

ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʘʤʦʡ ʚʝʪʚʴʶ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ 

ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʆɺʅ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ 

ʟʘʤʝʱʝʥʠʷ (ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʦʙʤʦʪʢʘ ɺʅ ʷʚʣʷʝʪʩʷ ʩʣʦʝʚʦʡ ʩ ʯʠʩʣʦʤ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ Nʧ2 = 1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʚʝʜʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

2

1
2 2

2

'
W

R R
W

å õ
= æ ö
ç ÷

                                                                                         (2.1) 

ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʕɼʉ 

1
2 2

2

'
W

E E
W

=                                                                                                     (2.2) 

ʛʜʝ R2 ʠ ɽ2 ï ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʕɼʉ ʆɺʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʚʳʪʝʩʥʝʥʠʝʤ ʪʦʢʘ ʚ ʆɺʅ ʧʨʠ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʨʝʥʝʙʨʝʛʘʝʤ); W1 ʠ 

W2 ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʆʅʅ ʠ ʆɺʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʅʘ ʨʠʩ. 2.2. ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

(ʕɿʉ) ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʧʳʪʝ ʂɿ, ʥʘ 

ʢʦʪʦʨʦʡ ʦʙʤʦʪʢʘ ʅʅ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʝʪʚʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ 

ʩʝʙʷ ʥʘʙʦʨ ʘʢʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ [29].  

 

ʈʠʩ. 2.2. ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ  ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʨʝʞʠ-

ʤʝ ʂɿ: ʚʝʪʚʠ ʕʉɿ ʦʙʤʦʪʢʠ ʅʅ ʩ ʥʦʤʝʨʘʤʠ ʚ ʢʨʫʞʢʘʭ ʩ 1 ʧʦ 33 ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʝʢʮʠʡ Rk,j, ʆʤ; ʚʝʪʚʠ ʩ ʥʦʤʝʨʘʤʠ ʚ ʢʨʫʞʢʘʭ ʩ 35 ʧʦ 67 ï ʨʝʘʢʪʠʚʥʳʝ (ʠʥʜʫʢʪʠʚʥʳʝ) ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʩʝʢʮʠʡ XLk,j , ʆʤ; ʚʝʪʚʴ ʩ ʥʦʤʝʨʦʤ 34 ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ɺʅ 

R2, ʆʤ; ʚʝʪʚʴ ʩ ʥʦʤʝʨʦʤ 68 ï ʨʝʘʢʪʠʚʥʦʝ (ʠʥʜʫʢʪʠʚʥʦʝ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ɺʅ ʍ2, 

ʆʤ; ʚʝʪʚʴ ʩ ʥʦʤʝʨʦʤ 69 ʚ ʢʨʫʞʢʝ ï ʕɼʉ, ʨʘʚʥʘʷ ʟʥʘʯʝʥʠʶ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʦʧʳʪʝ ʂɿ, ɺ; ʥʦʤʝʨʘʤʠ ʙʝʟ ʢʨʫʞʦʯʢʦʚ ʦʙʦʟʥʘʯʝʥʳ ʫʟʣʳ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ. 

ɿʜʝʩʴ ʣʝʥʪʦʯʥʳʡ (ʬʦʣʴʛʦʚʳʡ) ʧʨʦʚʦʜʥʠʢ, ʢʦʪʦʨʳʤ ʥʘʤʘʪʳʚʘʝʪʩʷ 

ʦʙʤʦʪʢʘ ʅʅ, ʫʩʣʦʚʥʦ ʨʘʟʙʠʪ ʥʘ ʨʘʩʯʝʪʥʳʝ ʫʯʘʩʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʝʯʥʦʡ 

ʜʣʠʥʳ. ʈʘʩʯʝʪʥʳʡ ʫʯʘʩʪʦʢ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʠʪʢʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʢʦʥʮʝʥʪʨ, ʠʣʠ ʠʟ ʦʜʥʦʛʦ ʚʠʪʢʘ ʠʣʠ ʜʘʞʝ ʯʘʩʪʠ ʚʠʪʢʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩ. 2.2 ʦʙʤʦʪʢʘ ʅʅ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ ʢʦʥʮʝʥʪʨʦʚ, ʨʘʟʙʠʪʘ ʥʘ 

ʪʨʠ ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʢʦʥʮʝʥʪʨʘʤ. ɺ ʧʨʝʜʝʣʘʭ 

ʨʘʩʯʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʣʝʥʪʘ ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ Ns ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ, ʦʙʨʘʟʫʶʱʠʭ ʨʘʩʯʝʪʥʳʝ ʚʝʪʚʠ ʕʉɿ ʦʙʤʦʪʢʠ. ʉ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʯʝʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʯʝʨʝʟ ʪʦʨʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʢʦʥʪʘʢʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʫ ʩʝʪʦʢ.  
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