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ɺɺɽɼɽʅʀɽ 

ʇʨʦʙʣʝʤʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʤ ʫʨʦʚʥʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ. ʉʫʪʴ ʧʦʩʣʝʜʥʠʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʣʦʞʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʩ ʮʝʣʴʶ 

ʠʟʤʝʥʝʥʠ ̫ʩʪʨʫʢʪʫʨʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʳ. ʈʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʘʨʳ ʩʠʣ 

ʠʥʝʨʮʠʠ ʠ ʪʨʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʣʠʧʘʥʠʷ, ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ʃʦʢʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠʣʠ ʫʪʦʥʝʥʠʝ ʚʷʟʢʦʛʦ ʧʦʜʩʣʦʷ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʪʦʡ ʩʪʝʥʢʠ, ʘ 

ʩ ʜʨʫʛʦʡ - ʢ ʨʦʩʪʫ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʧʦʨʘ ʩʨʝʜʳ ʥʘ ʟʘʜʘʥʥʦʤ 

ʫʨʦʚʥʝ. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʮʠʦʥʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ 

ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʨʸʭʤʝʨʥʳʭ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʷʚʣʷʪʴ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʪʝʧʣʦʚʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʠʤʝʶʪ ʢʘʥʘʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ. 

ʅʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʝ ʠʟ ʥʠʭ ʚʳʧʦʣʥʝʥʦ ʧʨʦʪʠʚʦʪʦʯʥʳʤʠ, ʪ.ʝ. ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʫ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʛʨʝʶʱʝʡ ʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʷʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʦʪʦʢʦʚ ʩʨʝʜ [ɹʫʜʦʚ, ɼʤʠʪʨʠʝʚ, 1989]. ʉ ʮʝʣʴʶ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦ ʩʪʦʨʦʥʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʩʪʘʚʢʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ [ʍʫʨʤʘʤʘʪʦʚ ʠ ʜʨ.,2021; Bucak et 

al 2020]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥ rʠ ʢʘʯʝʩʪʚʘ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʟʘʪʨʘʪ. 

 ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʥʘʣʳ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʩ 

ʧʝʨʤʘʥʝʥʪʥʦʡ ʧʦ ʜʣʠʥʝ ʟʘʢʨʫʪʢʦʡ. ɺ ʨʘʙʦʪʘʭ [ʑʫʢʠʥ, 1980; Koch, 1958; Manglik et al, 1993] 

ʧʦʣʫʯʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʦʛʠʯʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʫʞʝ ʜʣʷ ʢʘʥʘʣʘ ʢʚʘʜʨʘʪʥʦʛʦ ʠ ʰʝʩʪʠʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

[Yadav et al, 2015]. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦʡ ʟʘʢʨʫʪʢʠ 

ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [Lim 

et al, 2017], ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʢʪʦʨʫ ʈɹʄʂ, ʚ ʢʥʠʛʝ 

[ʂʘʤʝʥʴʱʠʢʦʚ, 1984]. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ 

ʚʩʪʘʚʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ʕ. 

ʊʘʨʘʩʝʚʠʯʘ [ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 2020; ɻʠʥʠʷʪʫʣʣʠʥ, 2015]. ʇʦʩʣʝʜʥʠʝ ʠʟ ʥʠʭ [ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 

2021] ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʢʨʫʯʝʥʥʳʤ ʧʦʪʦʢʘʤ ʩ ʣʝʥʪʦʯʥʳʤʠ ʦʨʝʙʨʝʥʥʳʤʠ 

ʚʩʪʘʚʢʘʤʠ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʣʝʥʪʦʯʥʳʤ ʚʩʪʘʚʢʘʤ ʩ ʚʳʨʝʟʘʤʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

[Sivakumar, 2020; Nakhchi et al, 2020], ʟʘʛʠʙʘʤʠ [Rahimi et al, 2009], ʧʝʨʬʦʨʘʮʠʝʡ [Shahrokh 

et al, 2017] ʠ ʜʨʫʛʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʨʤʳ [Dehankar, 2022]. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʘʤʦʡ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʠ [Nalavade 

et al, 2022]. ʀʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʠ ʚ 

ʢʘʥʘʣʝ ʠʟ ʩʢʨʫʯʝʥʥʦʡ ʪʨʫʙʳ [Samruaisin, 2019]. ɺ ʨʘʙʦʪʝ [Bhuiya et al, 2020] ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʤʘʩʩʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʩʣʝʜʩʪʚʠʝ ʫʩʪʘʥʦʚʢʠ ʪʨʸʭ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʣʝʥʪ ʚ ʦʜʠʥ ʪʨʫʙʥʳʡ ʢʘʥʘʣ. 

ɺʩʸ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʣʝʥʪʘʤ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʤʝʩʪʥʳʤʠ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʷʤʠ [Khafaji et al, 2022]. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ ʧʨʠʩʪʝʥʦʯʥʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʝʱʝ ʙʦʣʴʰʠʡ 

ʧʨʠʨʦʩʪ ʚ ʪʝʧʣʦʦʪʜʘʯʝ [Saha et al, 2001]. ɺ ʩʪʘʪʴʝ [Paneliya et al, 2020] ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʘʥʘʣʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʧʦ ʜʣʠʥʝ ʰʘʛʝ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʟʘʠʤʥʦʛʦ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʸʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʝʥʪ ʩ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʚʠʚʢʦʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʨʘʙʦʪʝ [Abolarin et al, 2019]. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʤʝʩʪʥʦʡ ʢʦʥʪʨʟʘʢʨʫʪʢʦʡ ʧʦʪʦʢʘ [Man et al, 2017].  

ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʤ̫ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʘʙʦʪʳ ʜ.ʪ.ʥ. ʄʠʪʨʦʬʘʥʦʚʦʡ [2019, 2010, 2002]. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʉʤʠʪʙʝʨʛ ʠ 

ʃʵʥʜʠʩ, 1964] ʘʚʪʦʨʘʤʠ ʚ ʩʪʘʪʴʝ [ʃʦʙʘʥʦʚ, ɼʝʜʦʚ, 2010] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʧʦʪʦʢʘ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʚ ʢʨʫʛʣʳʭ ʪʨʫʙʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʧʦʣʷ 

ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ 
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ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [Nair et al, 2023; Bucak et al, 2022] ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ Shear 

stress transport (SST), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʈʝʡʥʦʣʴʜʩʘ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʚʣʠʷʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʧʨʘʚʢʠ ʥʘ ʢʨʠʚʠʟʥʫ ʣʠʥʠʡ ʪʦʢʘ ʢ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʙʦʪʝ [Alahmadi et 

al, 2021]. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʦʞʥʳʭ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʢʘʥʘʣʘʭ 

ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʨʝʡʥʦʣʴʜʩʝʚʦʡ ʤʦʜʝʣʠ ï RNG k-Ů [Oni et al, 2016; 

Kosker et al, 2020; Yadav et al, 2021; Dagdevir et al, 2019]. ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʦʩʪʫʧʥʳ ʠ ʵʢʦʥʦʤʠʯʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʘʢʦ, ʨʝʰʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ ʤʦʜʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʜʘʥʥʦʤʫ ʪʠʧʫ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʚʳʜʝʣʷʶʪ SSG model [ɻʘʚʨʠʣʦʚ ʠ ʜʨ., 2015; Tamrin et al, 2015; Dēaz et al, 2015; Del Rio et al, 

2021; Knopp et al, 2021]. ɺ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʳ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʦʜʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʚʳʩʦʢʦʨʝʡʥʦʜʩʝʚʳʭ, ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʄʝʥʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʥʠʟʢʦʨʝʡʥʦʣʴʜʩʝʚʳʤ ʤʦʜʝʣʷʤ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ RSM-ɤ [Chaware et al, 2017; 

El-Behery et al, 2022; Del Rio et al, 2022]. ɸʚʪʦʨʘʤʠ ʠʟ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2014] ʧʦʢʘʟʘʥʳ 

ʦʪʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʷʚʥʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ 

(k-ɤ EARSM) ʢ ʧʦʣʫʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʰʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʦʪʩʦʝʜʠʥʝʥʥʳʭ ʚʠʭʨʝʡ (DDES) ʧʨʦʚʝʜʝʥʦ ʚ [Lalmi et al, 2015]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʥʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʤʳʡ ʧʨʠʨʦʩʪ ʚ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ SST 

ʤʦʜʝʣʴʶ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʜʣʷ ʢʘʥʘʣʦʚ ʚ 

ʣʝʥʪʦʯʥʳʤ ʟʘʚʠʭʨʠʪʝʣʝʤ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [Chaware et al, 2019]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʦʪʩʦʝʜʠʥʝʥʥʳʭ ʚʠʭʨʝʡ (LES) ʩ ʧʦʜʩʝʪʦʯʥʦʡ ʤʦʜʝʣʴʶ (WALE) ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʣʘʤʠʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʭʨʝʨʘʟʨʝʰʘʶʱʝʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʥʝ ʨʘʧʨʦʩʪʨʘʥʝʥʦ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ.  

ʉʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ, 

ʧʦʤʠʤʦ ʫʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ, ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ [Suri et al, 

2017; Dehankar et al, 2022; ʐʘʢʠʨʦʚ, 2022] ʠ ʜʠʩʩʝʨʪʘʮʠʡ [ʌʨʘʥʮʫʟʦʚ, 2023]. ɺʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʩʣʦʞʥʷʝʪʩʷ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝʤ [Karwa et al, 2013]. ɺ ʨʘʙʦʪʘʭ [Dagdevir et 
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al, 2021; ʉʢʨʳʧʥʠʢ, 2020] ʠʩʧʦʣʴʟʫʪʁʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠ ̫ ʪʝʧʣʦʚʳʭ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʢʘʥʘʣʦʚ ʩ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʤ ʠ ʙʝʟ ʥʝʛʦ. ɹʦʣʝʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ [ɻʫʭʤʘʥ, 1977; ɹʫʜʦʚ, ɼʤʠʪʨʠʝʚ 1989], ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʠʟʤʝʥʝʥʠʝ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ, 

ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [Zhang et al, 2016; 

LiWang et al, 2021].  

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. 

 

ʎʝʣɹ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ 

ʦʜʥʦʬʘʟʥʳʭ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʀʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩ 

ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʨʘʩʯʸʪʥʫʶ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʫʯʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʦʙʦʛʨʝʚʘʝʤʦʤ ʢʘʥʘʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

- ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ. 

- ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ 

ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ:  

- ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʢʨʫʪʢʠ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʦʚ ʩ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʦʛʦ ʰʘʛʘ 

ʟʘʢʨʫʪʢʠ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʗʕʋ. ʆʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʢʨʫʪʢʠ ʜʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʰʘʛʦʚ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʩ ʤʘʢʨʦʚʠʭʨʷʤʠ 

ʜʚʠʞʝʥʠʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ.  
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- ʆʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ 

ʤʝʪʦʜʦʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʅʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʣʝʥʪʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ.  

- ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʦ ʚʥʝʰʥʝʡ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʥʝʰʥʝʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʯʘʱʝ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʀʟʤʝʥʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʥʦʤʫ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʚʠʭʨʝʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʧʨʠʦʩʝʚʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ.  

- ʇʨʦʠʟʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ɺʳʷʚʣʝʥʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ ʠ ʩʨʝʜʥʠʤ ʧʦ ʜʣʠʥʝ ʟʥʘʯʝʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʈʘʟʤʘʭ ʬʣʫʢʪʫʘʮʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ 

ʩʚʷʟʠ ʩ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ ʟʘʢʨʫʯʝʥʥʦʛʦ ʪʝʯʝʥʠʷ.  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

- ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʨʫʪʢʠ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʦʚ ʩ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ. 

- ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ ʩ ʣʝʥʪʦʯʥʳʤʠ 

ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʗʕʋ. 

- ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ. 

ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʣʝʥʪʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ.  

- ʏʠʩʣʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʦʚ 

ʟʘʚʠʭʨʠʪʝʣʝʡ ʦʧʨʝʜʝʣʸʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ.  

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ 

ʪʦʯʥʦʩʪʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʠ ʤʝʪʦʜʠʢ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʦʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ, ʩʪʨʦʛʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʘʣʠʜʘʮʠʠ 

ʪʨʸʭʤʝʨʥʳʭ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʤ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʗʕʋ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.9 çʄʝʭʘʥʠʢʘ 

ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳè. ʈʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ: ʇ.3. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʚ 

ʚʦʜʦʝʤʘʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʇ.4. ʃʘʤʠʥʘʨʥʳʝ ʠ 

ʪʫʨʙʫʣʝʥʪʥʳʝ ʪʝʯʝʥʠʷ, ʇ.16. ʊʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʛʘʟʘʭ ʠ ʞʠʜʢʦʩʪʷʭ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ:  

- çʊʝʧʣʦʬʠʟʠʢʘ ʨʝʘʢʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʊʝʧʣʦʬʠʟʠʢʘ ï 2024)è, 2024;  

- III -ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʅʎʌʄ ʠ ʀʊʄʌ ʈʌʗʎ-ɺʅʀʀʕʌ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʘ ʩʫʧʝʨ-ʕɺʄ ʵʢʩʘ- ʠ ʟʝʪʪʘʬʣʦʧʩʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 2024; 

- VIII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʚ 

ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʘʭè, 2021; 

- ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ çʇʨʦʙʣʝʤʳ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ CFD ʢʦʜʦʚ ʚ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝè, 2012; 

- The 9th International Topical Meeting on Nuclear Thermal-Hydraulics, Operation and 

Safety (NUTHOS-9) Kaohsiung, Taiwan, September 9-13, 2012; 

- IX, X, XI, XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɹʫʜʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʫʢʠè, 2010-2013; 

- XVI ʠ XVII ʥʠʞʝʛʦʨʦʜʩʢʘʷ ʩʝʩʩʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 2011-2012. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉ FSWE-2023-0005 çʆʩʦʙʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʘ 
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ʧʨʠʤʝʥʝʥʠʷ ʪʷʞʝʣʳʭ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭè). 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 7 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ,  

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ/ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ WoS ʠ/ʠʣʠ 

Scopus, 6 ʪʝʟʠʩʦʚ ʠ ʩʪʘʪʝʡ ʚ ʪʨʫʜʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

 

ʉʪʘʪʴʠ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ/ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ WoS ʠ Scopus: 

ʂ 1. Dmitriev S.M., Sobornov A.E., Kurkin A.A. Features of Motion and Heat Transfer of 

Swirling Flows in Channels of Complex Geometry // Fluids. Special Issue: Modelling 

Flows in Pipes and Channels. ï 2024. ï ʊ. 9, ˉ 12. ï DOI 10.3390/fluids9120293. 

ʂ 2. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʈʷʟʘʧʦʚ ʈ.ʈ. ʈʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ 

c ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ // ʄʦʨʩʢʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ï 2024. ï ʊ. 3, ˉ 1. ï ʉ. 364-372. ï DOI 10.37220/MIT.2024.65.3.062. 

ʂ 3. Dmitriev S.M., Sobornov A.E., Ryazapov R.R., Kotin A.V., Matsin N.V. The single-phase 

swirling flow simulation in a heat exchange channel with coolants counterflow at the 

operation parameters of PWR // Thermophysics and Aeromechanics. ï 2023. ï ʊ. 305. ï 

ʉ. 809-817. ï DOI 10.1134/S0869864323050025. 

ʂ 4. Sobornov A.E., Dmitriev S.M., Ryazapov R.R., Mamaev A.V., Kotin A.V. Experimental 

efficiency evaluation of the of various geometry twisted bands for heat transfer 

intensification in the heat-exchange channels of a nuclear power unit equipment // Journal 

of Physics: Conference Series. ï 2021. ï ʊ. 2088, ˉ 012046. ï DOI 10.1088/1742-

6596/2088/1/012046. 

ʂ 5. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʂʦʪʠʥ ɸ.ɺ., ʈʷʟʘʧʦʚ ʈ.ʈ., ʄʘʤʘʝʚ ɸ.ɺ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʧʦʤʦʱʴʶ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ 

ʇʦʚʦʣʞʴʷ ˉ5. ï 2016. - ˉ5. - ʉ. 124-127. 

ʂ 6. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʂʦʪʠʥ ɸ.ɺ., ʈʷʟʘʧʦʚ ʈ.ʈ., ʄʘʤʘʝʚ ɸ.ɺ., ʃʝʛʯʘʥʦʚ 

ʄ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ 

ʟʘʚʠʭʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʗʕʋ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʇʦʚʦʣʞʴʷ ˉ5. 

ï 2016. - ˉ5. - ʉ. 128-131. 
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ʂ.7 ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʉʦʙʦʨʥʦʚ ɸ.ɽ., ʈʷʟʘʧʦʚ ʈ.ʈ., ʂʦʪʠʥ ɸ.ɺ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʧʦʪʦʢʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʩ 

ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ // ʊʨʫʜʳ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ. ï 2013. ï ʊ. 2 ˉ 

99. ï ʉ. 134-141. 

  

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʂ 8. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ. ʈʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʚʠʞʝʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ 

// ʊʝʧʣʦʬʠʟʠʢʘ ʨʝʘʢʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʊɽʇʃʆʌʀɿʀʂɸ ï 2024). ï 2024. ï ʉ. 

110-111. 

ʂ 9. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ. ʈʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ // III  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʅʎʌʄ ʠ ʀʊʄʌ ʈʌʗʎ-

ɺʅʀʀʕʌ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʘ ʩʫʧʝʨ-ʕɺʄ ʵʢʩʘ- ʠ 

ʟʝʪʪʘʬʣʦʧʩʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ï  ʉʘʨʦʚ: ʌɻʋʇ çʈʌʗʎ-ɺʅʀʀʕʌè. ï 2024. ï 

ʉ. 68-69. 

ʂ 10. ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʄʘʤʘʝʚ ɸ.ɺ., ʉʦʙʦʨʥʦʚ ɸ.ɽ., ʈ̫ ʟʘʧʦʚ ʈ.ʈ., ʂʦʪʠʥ ɸ.ɺ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʦʜʥʦʬʘʟʥʦʡ ʩʨʝʜʳ ʚ 

ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʝʤ ʢʘʥʘʣʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ "ʃʆɻʆʉ" // ʊʝʟʠʩʳ XVIII 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: çʉʫʧʝʨʚʳʯʠʩʣʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝè. ï ɺʅʀʀʕʌ ʈʌʗʎ ʉʘʨʦʚ. ï  2022. ï ʉ. 56-57. 

ʂ 11. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ɼʤʠʪʨʠʝʚ ʉ.ʄ., ʂʦʪʠʥ ɸ.ɺ., ʈʷʟʘʧʦʚ ʈ.ʈ., ɸ.ɺ. ʄʘʤʘʝʚ, ʄ.ɸ. 

ʃʝʛʯʘʥʦʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ 

ʟʘʚʠʭʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʗʕʋ // ʊʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʚ 

ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʘʭ: ʤʘʪʝʨʠʘʣʳ VIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʄʕʀ. ï  2021. ï ʉ. 253-254. 

ʂ 12. ʉʦʙʦʨʥʦʚ ɸ.ɽ., ʂʦʪʠʥ ɸ.ɺ., ʈʷʟʘʧʦʚ ʈ.ʈ., ʈʳʞʢʦʚ ɼ.ʅ. ʊʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɹʫʜʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʫʢʠè ʅ.ʅʦʚʛʦʨʦʜ. ï  

2013. 
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ʂ 13. Dmitriev S.M., Ryazapov R.R., Sobornov A.E., Dmitriy V.S. Numerical and experimental 

research of swirling flow heat transfer in a pipe with equally twisted metallic band // 

Taiwan: NUTHOS-9. ï 2012. ï ˉ N9P0343. ï 14 ʩ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʦʧʨʝʜʝʣʷʶʱʝʤ ʫʯʘʩʪʠʠ: 

- ʦʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʩʦʟʜʘʥʳ ʨʘʩʯʸʪʥʳʝ ʤʦʜʝʣʠ ʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ; 

- ʦʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʷʣ ʯʠʩʣʝʥʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜ.ʪ.ʥ., ʧʨʦʬ., ɼʤʠʪʨʠʝʚʫ ʉ.ʄ. ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʚʳʙʦʨ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʢʪʠʚʦʤ ʣʘʙʦʨʘʪʦʨʠʠ çʇʘʨʦʛʝʥʝʨʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳè 

ʈʷʟʘʧʦʚʳʤ ʈ.ʈ., ʂʦʪʠʥʳʤ ɸ.ɺ. ʠ ʄʘʤʘʝʚʳʤ ɸ.ɺ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʄʘʮʠʥʳʤ ʅ.ɺ. ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʡʣʳ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ï ʜʦʢʪʦʨʫ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ɼʤʠʪʨʠʝʚʫ ʉʝʨʛʝʡ ʄʠʭʘʡʣʦʚʠʯʫ ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʢ 

ʨʘʙʦʪʝ. ʊʘʢʞʝ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʫ, ʧʨʦʬʝʩʩʦʨʫ ʈɸʅ ʂʫʨʢʠʥʫ ɸʥʜʨʝʶ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʚʩʝʭ ʩʦʘʚʪʦʨʦʚ ʟʘ ʧʣʦʜʦʪʚʦʨʥʫʶ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʉʆɺʈɽʄɽʅʅʓʍ ʈɸʉʏɪʊʅʆ-

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʆɼʅʆʌɸɿʅʓʍ ɿɸʂʈʋʏɽʅʅʓʍ 

ʇʆʊʆʂʆɺ 

 

1.1. ɺʚʝʜʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʢʘʥʘʣʘʭ ʩ 

ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ʉ ʩʝʨʝʜʠʥʳ XX 

ʚʝʢʘ ʧʨʦʜʝʣʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʦʙʦʙʱʝʥʠʠ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʧʘʨʘʛʨʘʬʝ 1.2 ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ. 

ʇʨʠʚʝʜʝʥʳ ʦʙʦʙʱʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘ ʧʨʦʰʝʜʰʠʡ 

ʧʝʨʠʦʜ. ɺ ʧʘʨʘʛʨʘʬʝ 1.3 ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ʂʘʞʜʳʡ ʧʦʜʭʦʜ ʩʥʘʙʞʝʥ 

ʦʩʥʦʚʥʳʤʠ ʨʝʰʘʝʤʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ.  

 

1.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ɺ ʨʘʤʢʘʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʨʫʯʝʥʥʳʭ 

ʪʝʯʝʥʠʡ ʦʜʥʦʬʘʟʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʧʨʦʚʝʜʝʥʳ ʂʦʭʦʤ 

[1958], ʑʫʢʠʥʳʤ [1980] ʠ Manglik & Bergles [1993]. ʉʦʛʣʘʩʥʦ ʫʩʪʦʷʚʰʝʤʫʩʷ ʧʦʜʭʦʜʫ 

ʦʩʥʦʚʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʥʘʣʘ ʩ ʚʩʪʘʚʣʝʥʥʦʡ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʡ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʜʠʘʤʝʪʨ (Ὠ), ʪʦʣʱʠʥʫ ʣʝʥʪʳ (‏) ʠ ʰʘʛ ʟʘʢʨʫʪʢʠ (ί), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʦʚʦʨʦʪʫ ʧʦʪʦʢʘ ʥʘ 180 ʚʦʢʨʫʛ ʦʩʠ ʪʨʫʙʳ (ʨʠʩʫʥʦʢ 1.1). 

 

ʈʠʩʫʥʦʢ 1.1. ʆʙʱʠʡ ʚʠʜ ʢʘʥʘʣʘ ʩʦ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʡ 

 

ʉʪʝʧʝʥʴ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ - ίȾὨ. 
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ɺ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʢʣʦʥʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʣʠʥʠʠ ʪʦʢʘ ʦʪ ʦʩʝʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʘʚʪʦʨʳ ʠʟ [ɸʣʠʤʦʚ ʠ ʜʨ., 1981] ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʫʛʣʘ ʟʘʢʨʫʪʢʠ 

ʧʦʪʦʢʘ — : 

z

arctg
fw

w

w

t
q

t

å õ
= æ ö

ç ÷
, (1.1) 

ʛʜʝ † , †  - ʧʨʦʝʢʮʠʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʥʘ ʫʛʣʦʚʦʝ ʠ ʧʨʦʜʦʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [ʑʫʢʠʥ, 1982] ʧʨʠ ʫʩʣʦʚʠʠ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʟʘʢʨʫʪʢʠ ʦʪ ʨʘʜʠʫʩʘ ʢʘʥʘʣʘ 

ʧʨʠʥʠʤʘʝʪʩʷ: 

z

u
arctg

u

f

wq
å õ

@ æ ö
ç ÷

, (1.2) 

ʛʜʝ ό , ό ï ʦʢʨʫʞʥʘʷ ʠ ʦʩʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ ʚʝʣʠʯʠʥʘ ὸὫ—  ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʢʨʠʚʠʟʥʫ ʣʠʥʠʡ ʪʦʢʘ – : 

( )2

1
1R

tg
w

w

h
q

å õ
= +æ öæ ö
ç ÷

, (1.3) 

ʛʜʝ Ὑ ï ʨʘʜʠʫʩ ʢʘʥʘʣʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʢʦʨʨʝʢʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʢʨʫʪʢʠ ï Ὓὲ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 
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, (1.4) 

ʛʜʝ ὑ, ὓ ï ʦʩʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʪʦʢʘ ʠʤʧʫʣʴʩʘ ʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. ʇʦ ʩʫʪʠ, ʜʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʦʚ ʠʤʧʫʣʴʩʘ, ʧʝʨʝʥʦʩʠʤʳʭ ʚ 

ʫʛʣʦʚʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ [ʄʠʪʨ, 2020]. ʊʦʯʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʟʘʪʨʫʜʥʝʥʦ. ɺ ʨʘʙʦʪʝ [Vignat et al, 2022], ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʢʨʫʪʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʯʝʥʠʷʭ, ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʠʢʠ ʠ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

 ʉʦʛʣʘʩʥʦ [ʑʫʢʠʥ, 1982; ʍʘʣʘʪʦʚ, 1989] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʚʠʭʨʠʪʝʣʝʡ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦ ʜʣʠʥʝ ʫʯʘʩʪʢʝ ᾀᶻḙ πȟυ υὨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ 

ʠ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʚʠʭʨʠʪʝʣʷ. ʅʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ 

ʪʝʯʝʥʠʷ ᾀ ᾀᶻ  ʧʨʦʬʠʣʠ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʠʭ 

ʣʦʢʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʥʘʯʘʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʝʝ 



14 

 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʧʘʨʘʤʝʪʨʦʤ Ὓὲ. ʅʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠ ̫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʢʨʫʪʢʠ Ὓὲ Ὓὲᶻ, ʣʝʞʘʱʝʛʦ ʚ ʜʠʘʧʘʟʦʥʝ πȢςσ

Ὓὲᶻ πȢσ [ɻʫʧʪʘ ʠ ʜʨ., 1987], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ, ʢʘʢ ʥʘ 

ʨʠʩʫʥʢʝ 1.2. 

 

ʈʠʩʫʥʦʢ 1.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ ʧʨʠ 

Ὓὲ Ὓὲᶻ: 

(ʘ) ï ʨʝʘʣʴʥʳʡ ʧʨʦʬʠʣʴ, (ʙ) ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ,  

1 ï ʟʦʥʘ ʢʚʘʟʠʪʚʝʨʜʦʛʦ ʚʨʘʱʝʥʠʷ, 2 ï ʟʦʥʘ ʢʚʘʟʠʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ 

 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ό ὶ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ 1.5: 

()

0r ʧʨʠ r r

u r u r
ʧʨʠ r r R

r

w

f fw w

w

wÖ < <ë
î
=ì

< <î
í

, (1.5) 

ʛʜʝ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʢʚʘʟʠʪʚʝʨʜʦʛʦ ʚʨʘʱʝʥʠʷ, ὶ ï ʨʘʜʠʫʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ‫ 

ʤʘʢʩʠʤʫ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ό . ʇʨʠ    ᶻ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʙʣʠʟʠ ʩʪʝʥʢʠ, ʥʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʷʟʢʦʛʦ ʧʦʜʩʣʦʷ. ʊʨʸʭʤʝʨʥʦʝ ʧʦʣʝ ʦʢʨʫʞʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠ ʚʳʨʦʞʜʝʥʠʠ ʚʨʘʱʝʥʠʷ ʧʦʪʦʢʘ ʥʝʧʣʦʭʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1.6):  

( ) ( )
()
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, , 1
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B z
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u r z u R z e
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f f
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, (1.6) 

() 0.5 2.4
0.85 0.75

-
= + Ö

Sn
B z Sn e . (1.7) 

ɺr ʨʘʞʝʥʠʝ (1.7) ʜʣʷ ʬʫʥʢʮʠʠ ὄᾀ ʠʟ [Algifri  et al, 1988] ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ ʪʝʧʣʦʦʪʜʘʯʝ ʚ ʢʘʥʘʣʘʭ ʩ ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʟʘʢʨʫʯʝʥʥʦʩʪʴʶ ʧʦʪʦʢʘ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʦʪʢʦʡ ʚʩʪʘʚʢʠ ʠʟ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʳ. ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʢʫʨʩʠʚʥʘʷ 

ʩʚʷʟʴ ʧʨʦʬʠʣʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ό ὶȟᾀ ʠ ʧʘʨʘʤʝʪʨʘ Ὓὲ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʷʜ ʨʘʙʦʪ [ʑʫʢʠʥ, 1982; ʍʘʣʘʪʦʚ, 1989; Senoo et al, 

1972] ʧʦʩʚʷʱʸʥ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠ ʣʦʢʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʢʨʫʪʢʠ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʘʢʩʠʘʣʴʥʦ-ʣʦʧʘʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ: 

( ) 0.82
1.13wq = Ötg Sn . (1.8) 

 ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʟʘʢʨʫʯʝʥʥʳʤ ʪʝʯʝʥʠʷʤ ʩ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ [ʑʫʢʠʥ, 1982]. ʇʨʠ Ὓὲ Ὓὲᶻ ʚʦʟʥʠʢʘʶʪ ʦʙʣʘʩʪʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʫʩʣʦʚʠʷ ʝʛʦ ʨʘʚʝʥʩʪʚʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʝ ʧʨʠ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ 

ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ: 

2
uP

r r

frµ
º

µ
. (1.9) 

ɿʘʪʫʭʘʥʠʝ ʟʘʢʨʫʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʦʞʜʝʥʠʷ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʨʦʬʠʣʷ 

ʜʘʚʣʝʥʠʷ, ʪ.ʝ. ʢ ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʦʩʝʚʦʡ ʛʨʘʜʠʝʥʪ 

ʜʘʚʣʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʡ ʧʦ ʨʘʜʠʫʩʫ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.3, ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʣʝ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʣʦʧʘʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ 

(ʪʨʠ ʣʦʧʘʪʢʠ ʩ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ • τυЈ) ʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ὙὩ ρȢρϽρπ. ʈʘʟʣʠʯʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʥʘ ʨʘʟʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ᾀ ᾀȾὨ ʦʪ ʚʩʪʘʚʢʠ.  

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.3. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ (ʘ) ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʙ)  

ʚ ʟʘʢʨʫʯʝʥʥʦʤ ʧʦʪʦʢʝ ʧʨʠ Ὓὲ Ὓὲᶻ, : 

1.05, 7.05, 20, 60, 100z z z z z- = D - = Ð - = - = ß - = 
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ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʧʦ ʟʘʢʨʫʯʝʥʥʦʤʫ ʢʘʥʘʣʫ ʠʟʙʳʪʦʯʥʦʝ ʜʝʡʩʪʚʠʝ ʩʠʣʳ 

ʠʥʝʨʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʫʩʢʦʨʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ. ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʤʘʩʩʦʚʦʡ ʩʠʣʳ ἐ ʠ ʛʨʘʜʠʝʥʪʘ ʝʸ ʚʝʣʠʯʠʥʳ ȿɳἐȿ: 

F
F

n

µ
Ð =

µ
, (1.10) 

ʛʜʝ ἶ ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ȿἐȿ ὧέὲίὸ. ɺʳʜʝʣʷʶʪ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɺʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠ ̫

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ ʟʘ ʩʯʸʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʨʠʩʫʥʦʢ 1.4ʘ), ʚʪʦʨʦʛʦ ʨʦʜʘ ï ʧʨʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ἐ ʠ ɳȿἐȿ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠ ̫ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʥʢʠ 

(ʨʠʩʫʥʦʢ 1.4ʙ) [ʑʫʢʠʥ, 1982]. ʉʦʛʣʘʩʥʦ [ʄʠʪʨ, 2019] ʙʦʣʝʝ ʦʙʱʠʤ ʫʩʣʦʚʠʝʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʯʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ ʷʚʣʷʝʪʩʷ ÒÏÔ ἐ  ɳ ἐ π, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʝʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ʧʝʨʠʤʝʪʨʘ ʩʝʯʝʥʠʷ.  

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.4. ɺʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʧʝʨʚʦʛʦ (ʘ) ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʙ) 

 

ʈʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ ʦʢʘʟʳʚʘʶʪ ʠʤʝʥʥʦ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʠʭ 

ʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʥʦʛʦ ʚʠʭʨʷ ʚ ʢʘʥʘʣʝ. ʅʘ ʨʠʩʫʥʢʝ 1.5ʘ ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʝʯʝʥʠʠ ʢʘʥʘʣʘ ʩ ʣʝʥʪʦʯʥʳʤ ʟʘʚʠʭʨʠʪʝʣʝʤ ʧʨʠ 

ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ (Re) ʠʣʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʢʨʫʪʢʠ ʢʘʥʘʣʘ, ʥʘ ʨʠʩʫʥʢʝ 1.5ʙ ï ʧʨʠ 

ʚʳʩʦʢʠʭ ʯʠʩʣʘʭ Re ʠʣʠ ʥʠʟʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʰʘʛʝ ʟʘʢʨʫʪʢʠ ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ 

[Manglik & Bergles, 2002]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʘʥʝʤʦʤʝʪʨʠʠ (LDA) ʚ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʷ ʩʢʦʨʦʩʪʠ [Cazan et al, 

2018] ʧʦʟʚʦʣʠʣʦ ʪʦʯʥʝʝ ʣʦʢʘʣʠʟʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ. ɼʚʘ ʩʧʠʨʘʣʴʥʳʭ 

ʩʦʚʨʘʱʘʶʱʠʭʩʷ ʚʠʭʨʷ ʚʦʟʥʠʢʘʶʪ ʚ ʚʦʜʥʦʤ ʧʦʪʦʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʦʪʢʦʡ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʠ. ʇʦʣʷ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ 
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ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (DNS), ʪʘʢʞʝ ʦʧʨʦʚʝʨʛʣʠ ʛʠʧʦʪʝʟʫ ʦ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʠ 

ʚʠʭʨʝʡ. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.5. ʉʭʝʤʘ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚ ʢʘʥʘʣʝ ʩ ʣʝʥʪʦʯʥʳʤ ʟʘʚʠʭʨʠʪʝʣʝʤ ʧʨʠ ʥʠʟʢʠʭ (ʘ) 

ʠ ʚʳʩʦʢʠʭ (ʙ) ʯʠʩʣʘʭ Re 

 

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʢʘʥʘʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʧʨʠ s/d = 2.36 ʠ Re = 77000.  

   

(ʘ) (ʙ) (ʚ) 

   

(ʛ) (ʜ) (ʝ) 

ʈʠʩʫʥʦʢ 1.6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʢʘʥʘʣʘ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ ʥʘ ʚʭʦʜʝ 

(ʘ), ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʥʘ 5  (ʙ), 30  (ʚ), 75  (ʛ), 120  (ʜ) ʠ 180  (ʝ) 
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ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʠʥʦʯʥʳʝ ʩʦʚʨʘʱʘʶʱʠʝʩʷ ʚʠʭʨʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʝ ʦʪ ʚʩʪʘʚʢʠ, ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʙʘʣʘʥʩʘ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʙʣʠʟʠ 

ʚʭʦʜʘ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʳ. 

ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʨʘʟʚʠʪʠʷ ʧʦʪʦʢʘ ï ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʚʣʠʷʥʠʷ. 

ɼʝʬʦʨʤʘʮʠʷ ʧʨʦʬʠʣʷ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʨʠʚʠʟʥʳ ʢʘʥʘʣʘ (D/d) ʧʦʢʘʟʘʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʪʝʯʝʥʠʷ ʚ ʠʟʦʛʥʫʪʦʡ ʪʨʫʙʝ (ʨʠʩʫʥʦʢ 1.7) [ʑʫʢʠʥ, 1980]. 

 

ʈʠʩʫʥʦʢ 1.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʠʟʦʛʥʫʪʦʡ ʪʨʫʙʳ 

 

ɺʣʠʷʥʠʝ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʧʨʦʬʠʣʴ ʦʩʪʘʸʪʩʷ ʠʩʢʘʞʝʥʥʳʤ, ʭʦʪʷ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ.  

ʄʘʢʨʦʚʠʭʨʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʚʨʘʱʝʥʠʷ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪ ɹ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ, ʧʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ [Manglik & Bergles, 2002] ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ 

ʯʝʪʳʨʝ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ: 

ʃʘʤʠʥʘʨʥʦʝ ʠʣʠ ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʥʝʨʮʠʦʥʥʳʭ ʠ 

ʚʷʟʢʠʭ ʩʠʣ. ʇʨʠʨʦʩʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥ ʯʘʩʪʠʯʥʦʡ 

ʙʣʦʢʠʨʦʚʢʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʧʦʪʦʢʘ; 

ʃʘʤʠʥʘʨʥʦʝ ʩ ʤʘʢʨʦʚʠʭʨʷʤʠ ʪʝʯʝʥʠʝ ʠʤʝʝʪ ʦʩʝʚʫ  ʁʠ ʚʠʭʨʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ɹʘʣʘʥʩ ʤʝʞʜʫ ʠʥʝʨʮʠʦʥʥʳʤʠ, ʚʷʟʢʠʤʠ ʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʚʝʜʝʥʠʝ 

ʧʦʪʦʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʠʨʦʚʢʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʧʦʪʦʢʘ ʠ ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ; 

ʊʫʨʙʫʣʝʥʪʥʦʝ ʠʣʠ ʚʠʭʨʝ-ʪʫʨʙʫʣʝʥʪʥʦʝ ʜʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʦʤ 

ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʵʬʬʝʢʪʦʚ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ ʠ 

ʧʦʜʘʚʣʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟ-ʟʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ 

ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʛʣʘʜʢʠʭ ʪʨʫʙ ʙʝʟ ʚʩʪʘʚʢʠ; 

ʊʫʨʙʫʣʝʥʪʥʦʝ ʩ ʤʘʢʨʦʚʠʭʨʷʤʠ ʪʝʯʝʥʠʝ. ʊʫʨʙʫʣʝʥʪʥʳʡ ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʚʦʟʥʠʢʘʝʪ 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʠ. ʏʘʩʪʠʯʥʘʷ 
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ʙʣʦʢʠʨʦʚʢʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʪʦʢʘ ʚʪʦʨʠʯʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʦʪʚʝʯʘʝʪ 

ʟʘ ʧʨʠʨʘʱʝʥʠʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʘʜʢʠʤʠ ʪʨʫʙʘʤʠ ʙʝʟ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʳ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʥʘʣʘʤ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʪʝʯʝʥʠʶ ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʤʘʢʨʦʚʠʭʨʝʡ, ʪ.ʝ. ʤʦʞʥʦ ʥʝ ʚʳʜʝʣʷʪʴ ʜʚʘ ʚʠʜʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ [ʑʫʢʠʥ, 1980].   

ɻʨʘʥʠʮʳ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʘʥʘʣʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʝʣʠʯʠʥ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ ʢ ʩʠʣʝ 

ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʯʠʩʣʘ ɼʠʥʘ [ʄʠʪʨʦʬʘʥʦʚʘ, 2019]: 

1

2

2

ʀʅ ʎɹ
ɻ

ɺʗɿʂ

F F
Vd d d

De Re
F R D

r

m

Ö Ö

= = =  
(1.11) 

ʛʜʝ ” ʠ ‘ ï ʧʣʦʪʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ὠ ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ, Ὠ ï ʜʠʘʤʝʪʨ ʪʨʫʙʥʦʛʦ ʢʘʥʘʣʘ, Ὑ ʠ Ὀ ï ʨʘʜʠʫʩ ʠ ʜʠʘʤʝʪʨ ʢʨʠʚʠʟʥʳ ʦʩʠ ʢʘʥʘʣʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ Ὠ̆  ʢʘʥʘʣʘ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 1.12, ʘ ʙʝʟʨʘʟʤʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʨʠʚʠʟʥʳ ʢʘʥʘʣʘ ʢ ʝʛʦ ʚʥʫʪʨʝʥʥʝʤʫ 

ʜʠʘʤʝʪʨʫ ʧʦ ʬʦʨʤʫʣʝ 1.13 [ʑʫʢʠʥ, 1982]: 
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(1.12) 
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(1.13) 

ʛʜʝ Ὓ ï ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ,   ï ʩʤʘʯʠʚʘʝʤʳʡ ʧʝʨʠʤʝʪʨ, • ï ʫʛʦʣ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚʳʯʠʩʣʝʥʥʦʝ ʜʣʷ ʪʨʫʙʳ ʙʝʟ ʚʩʪʘʚʢʠ. 

ɺ ʬʦʨʤʫʣʘʭ 1.15 ï 1.27 ʠ 1.30 ï 1.36 ʩʜʝʣʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ 1.14:  
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ʛʜʝ ʚʝʣʠʯʠʥʳ ʩ ʠʥʜʝʢʩʦʤ çʣè ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʥʘʣʫ ʩʦ ʚʩʪʘʚʢʦʡ, ʘ çʪʨè - ʙʝʟ ʥʝʸ. 

ɺ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ Nu ʪʘʢʞʝ ʚʥʝʩʝʥʳ ʧʦʧʨʘʚʢʠ ʥʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ. ʌʦʨʤʫʣʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʨʝʞʠʤʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 
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1.1. ɺ ʨʘʙʦʪʝ [Watanabe et al, 1983] ʧʨʠʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʛʨʘʥʠʮʘ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ.  

ʊʘʙʣʠʮʘ 1.1. ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ Reʂʈ 

ʀʩʪʦʯʥʠʢ 
ʂʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 
ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 

1982] 
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 (1.15) 

ὙὩ̠̋ᶻz  

1.16
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å õ
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d

s
 (1.16) 

[Donevski 

et al, 1978] 
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ὙὩ̠̋ᶻz  
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[Watanabe 

et al, 1983] 
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(1.19) 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʟʘʢʨʫʯʝʥʥʳʭ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʘʤ ʠʟ ʪʘʙʣʠʮ 1.2 ʠ 1.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1.2. ʂʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ ‗ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʀʩʪʦʯʥʠʢ ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 

1982] 
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[Donevski 

et al, 

1978] 
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[Watanabe 

et al, 

1983] 
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0.1

20.6

1 6.5
1.45 ;

1 2Re
l

p

å õå õ
= +æ öæ öæ ö+ ç ÷ç ÷

f

w

T

Ts d
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[Manglik 

& Bergles, 

2002] 
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ʛʜʝ ὝȟὝ   ï ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ʚ ʮʝʥʪʨʝ ʧʦʪʦʢʘ ʠ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1.3. ʂʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ ‗ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʀʩʪʦʯʥʠʢ ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 

1982] 
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[Donevski et 

al, 1978] ( )
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[Watanabe et 

al, 1983] ( )
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[Manglik & 

Bergles, 

2002] 
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 (1.27) 

 

ʉʦʛʣʘʩʥʦ [ʑʫʢʠʥ, 1982] ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʥʘʧʦʨʘ ʚ ʢʘʥʘʣʝ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʘʛʘʝʤʳʭ: 
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ʛʜʝ ῳὖˏs ʠ ῳὖˏ˨  sɀ ʧʦʪʝʨʠ ʥʘ ʩʫʞʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩ ʫʯʘʩʪʢʘ 

ʪʨʫʙʳ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ, ῳὖ̝̱  ̠ï ʤʝʩʪʥʳʝ ʧʦʪʝʨʠ ʥʘʧʦʨʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ. ʇʨʠ ʫʩʣʦʚʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʢʚʘʟʠʪʚʝʨʜʦʛʦ ʚʨʘʱʝʥʠʷ 

[Smithberg et al, 1964]: 
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 ʆʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ 

ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1.4 ʠ 1.5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

 

ʊʘʙʣʠʮʘ 1.4. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ὔό ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʀʩʪʦʯʥʠʢ ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 

1982] 
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1983] 
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& Bergles, 

2002] 
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ʛʜʝ ‘ȟ‘   ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʮʝʥʪʨʝ ʧʦʪʦʢʘ ʠ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1.5. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ὔό ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʀʩʪʦʯʥʠʢ ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 

1982] 
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0.18ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʪʦʢʘ, 0.3 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ.

Re Pr
å õå õ

= + æ öæ ö
ç ÷ ç ÷

= =

ʪ

f

w

ɛ
Nu

s d ɛ

m m

 (1.35) 

ɺ ʬʦʨʤʫʣʘʭ 1.20, 1.24, 1.30 ʑʫʢʠʥ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ [Koch, 1960]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʠ 
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ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ [ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 2020; ɻʠʥʠʷʪʫʣʣʠʥ, 2015] ʠ 

ʟʘʨʫʙʝʞʥʳʤʠ [Bucak et al, 2021; Khafaji et al, 2022; Nalavade et al, 2022; Dehankar et al, 2022; 

Sontakke et al, 2023] ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʬʦʨʤʫʣ 

ʥʘʢʣʘʜʳʚʘʶʪ ʫʩʣʦʚʠʷ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʬʨʘʛʤʝʥʪʦʚ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ: ʜʦ 50d. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʦʠʩʭʦʜʠʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʀʟʤʝʥʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʧʦ ʩʝʯʝʥʠʶ ʫʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʧʨʘʚʦʯʥʳʭ ʤʥʦʞʠʪʝʣʝʡ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʗʕʋ ʟʥʘʯʠʪʝʣʴʥʦ ʪʷʞʝʣʝʝ: ʜʣʠʥʘ ʪʨʫʙʦʢ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʙʦʣʴʰʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʚʳʰʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ. ʇʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʧʦʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʣʦʢʘʣʴʥʳʤ ʵʬʬʝʢʪʘʤ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʗʕʋ ʙʳʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [ʃʦʙʘʥʦʚ ʠ ʜʨ., 2010]: ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ 

ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 2 ʄʇʘ. ɸʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (ʬʦʨʤʫʣʘ 1.36) ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʩʦʟʜʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ (ʬʦʨʤʫʣʘ 1.39): 
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ʛʜʝ L ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʣʠʥʠʡ ʪʦʢʘ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʠʝ ʚ [ʃʦʙʘʥʦʚ ʠ ʜʨ., 2010]. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʯʠʩʣʘ Nu ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ (ʬʦʨʤʫʣʘ 1.40): 
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ʛʜʝ Tw ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ, Tmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ, Tʩʨ ï ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ, ȹTʧʩ = f (Pr, ɖ) ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ɖ ï 

ʢʦʥʩʪʘʥʪʘ.   

ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

- ʥʝʫʜʦʙʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʷʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ɝɆ;  

- ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʳʨʘʞʝʥʠʷ (1.40) ʦʪ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʤʳʭ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʝ [ʈʘʬʘʣʴʩʢʘʷ ʠ ʜʨ., 2019] ʧʦʢʘʟʘʥʦ, 

ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʟʤʝʥʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚʳʨʘʞʝʥʠʡ ï ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. 

ʊʝʧʣʦʧʝʨʝʜʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʦʢ ʤʘʣʝʥʴʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʚ 

ʢʦʪʦʨʳʭ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʠʣʠ ʤʝʥʴʰʠʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʢʠ ʣʝʥʪʳ, ʤʘʩʩʦʚʦʤ ʨʘʩʭʦʜʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʣʘʤʠʥʘʨʥʦʛʦ ʠʣʠ ʣʘʤʠʥʘʨʥʦʛʦ ʩ ʤʘʢʨʦʚʠʭʨʷʤʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ. 

ɹʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʫʩʣʦʞʥʝʥʠʝ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʢʘʥʘʣʘ ʚʤʝʩʪʝ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʟʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʮʠʨʢʫʣʷʮʠʠ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʌʨʘʥʮʫʟʦʚʘ 

[2023], ʧʦʩʚʷʱʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ: ʧʦʤʠʤʦ ʛʣʦʙʘʣʴʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʝʥ ʧʨʠʨʦʩʪ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 

ʛʘʙʘʨʠʪʦʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʚ ʮʝʣʦʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ. ʇʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʜʦ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʜʘʣʝʝ ʚʝʣʠʯʠʥʳ ʩ ʠʥʜʝʢʩʦʤ 0). ɺ 

ʨʘʙʦʪʝ ʐʘʢʠʨʦʚʘ [2022], ʧʦʩʚʷʱʝʥʥʦʡ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʨʠʨʦʩʪʘʤʠ ʚʝʣʠʯʠʥ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ 

(ʬʦʨʤʫʣʘ 1.41): 
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ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɻʫʭʤʘʥʘ [1977] ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ 

ʨʘʮʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʬʦʨʤʫʣʘ 1.42): 
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ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʝʧʣʦʦʪʜʘʯʠ (Q) ʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʦʢʘʯʢʫ ʩʨʝʜʳ (N), ʥʦ ʠ ʧʣʦʱʘʜʠ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (F). ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦʙʳ ʜʚʘ ʠʟ ʪʨʝʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʚʥʷʣʠʩʴ ʝʜʠʥʠʮʝ, ʪʦʛʜʘ ʪʨʝʪʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʢʘʞʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʘʟʚʠʚʘʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʨʫʜʝ 

ɹʫʜʦʚʘ ʠ ɼʤʠʪʨʠʝʚʘ [1989], ʤʦʞʥʦ ʧʦʢʘʟʘʪ,ɹ ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʧʦʜʚʦʜʘ 

ʪʝʧʣʘ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʘ (kN å 1) ʠ ʩʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʢʘʥʘʣʦʚ ʩʦ ʚʩʪʘʚʢʦʡ ʠ ʙʝʟ ʥʝʝ (ȹT å ȹT0, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʛʨʝʚʘʝʤʦʛʦ 

ʧʦʪʦʢʘ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ) ʤʦʞʥʦ ʫʧʨʦʩʪʠʪ ɹʦʮʝʥʢʫ: 
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 (1.43) 

ʛʜʝ n ï ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʢʘʥʘʣʘ ʙʝʟ ʚʩʪʘʚʢʠ ʦʪ ʯʠʩʣʘ Re.  

ʌʦʨʤʫʣʦʡ 1.43 ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʩʨʘʚʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ Re ʜʣʷ 

ʢʘʥʘʣʘ ʩʦ ʚʩʪʘʚʢʦʡ ʠ ʙʝʟ ʥʝʛʦ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [Nalavade et al, 2022; 

Dehankar et al, 2022; Sontakke et al, 2023], ʧʦʩʚʷʱʸʥʥʳʭ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʥʪʦʯʥʳʭ 

ʚʩʪʘʚʦʢ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʘʨʘʤʝʪʨ n ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʱʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ 1.43, ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʚ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ. ʇʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ ʫʯʸʪʘ ʫʥʠʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ.  
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [Abolarin et al., 2019; Sivakumar et al., 2020; 

Khafaji et al., 2022] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʫʚʝʣʠʯʝʥʠʶ, ʪʘʢ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚʩʪʘʚʢʠ. ʆʧʳʪʫ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ 

ʟʘʢʨʫʪʢʠ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʘʭ ʧʦʩʚʷʱʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʨʳʪʳʭ ʧʫʙʣʠʢʘʮʠʡ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʠʟ ʥʠʭ ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ [Paneliya et al., 2020], 

ʧʦʩʚʷʱʸʥʥʫʶ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʥʪʦʯʥʳʭ ʚʩʪʘʚʦʢ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʆʙʱʠʡ ʚʠʜ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.8. 

 

ʈʠʩʫʥʦʢ 1.8. ʆʙʱʠʡ ʚʠʜ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʣʝʥʪʦʯʥʳʝ ʚʩʪʘʚʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʘʣʶʤʠʥʠʷ ʠ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʧʦʨʝ 

(ʤʝʥʝʝ 30Áʉ). ɼʠʘʧʘʟʦʥ Re = 220 õ 990. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʠʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʫʩʪʦʡ ʪʨʫʙʦʡ (ʨʠʩʫʥʦʢ 1.9). ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ 

ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʘʪʝʨʠʘʣʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʰʘʛʘʤʠ ʟʘʢʨʫʪʢʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʆʙʦʙʱʘʷ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʗʕʋ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʟʘʢʨʫʯʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʦʙʦʛʨʝʚʘʝʤʦʤ ʢʘʥʘʣʝ. ʆʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʳʩʦʢʦʤ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʜʠʢʪʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ.  

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.9. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʙ) ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʢʘʥʘʣʫ ʙʝʟ ʥʠʭ (ʠʥʜʝʢʩ 0)  

 

1.3. ʏʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠ ̫ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʨʘʩʯʸʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʪʨʸʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʇʦʣʷ ʩʢʦʨʦʩʪʠ, 

ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩ ʧʦʪʦʢʘ ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (1.44) ʠ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʧʦʪʦʢʘ, ʚ 

ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ (1.45), ʩʦʩʪʘʚʣʷʝʤʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ: 

( ) 0,
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r
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+ÐÖ =
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 (1.44) 
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ɛ U U U (1.46) 

ʛʜʝ U ï ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ, ɟ ʠ ɛï ʧʣʦʪʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, P ï ʜʘʚʣʝʥʠʝ 

ʩʨʝʜʳ, Ű ï ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʣʦʞʥʘ, ʢ ʪʦʤʫ ʞʝ ʮʝʣʴʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʩʨʝʜʥʸʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆ. ʈʝʡʥʦʣʴʜʩʦʤ ʚ 1895 
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ʛʦʜʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʩ ʫʯʸʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʚʝʢʪʦʨʥʳʭ (ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʡ iʦʡ ʢʦʤʧʦʥʝʥʪʳ) ʠ ʩʢʘʣʷʨʥʳʭ ʚʝʣʠʯʠʥ ʥʘ ʩʨʝʜʥʶʶ (U) ʠ ʧʫʣʴʩʘʮʠʦʥʥʫʶ (u) 

ʩʦʩʪʘʚʣʷʶʱʠʝ: 

( ) ,= +
i i

i
U U u  (1.47) 
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 (1.48) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʠ ʩʢʘʣʷʨʘ ʚʦʟʥʠʢʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʦʚʳʝ ʯʣʝʥʳ. ʅʦʚʳʡ ʢʦʤʧʣʝʢʩ (ʬʦʨʤʫʣʘ 1.49) 

ʥʘʟʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʷʤʠ ʈʝʡʥʦʣʴʜʩʘ. ʆʥʠ ʦʪʨʘʞʘʶʪ ʫʩʠʣʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʟ-

ʟʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʚʳʩʦʢʠʭ Re ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʤʘʩʰʪʘʙʝ ʜʣʠʥʳ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʡ, ʯʝʤ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 
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k  (1.50) 

ɺʳʨʘʞʝʥʠʝ 1.49 ï ʵʪʦ ʛʠʧʦʪʝʟʘ ɹʫʩʩʠʥʝʩʢʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʱʘʷ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʘʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʠ 

ʦʩʨʝʜʥʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ. ʇʘʨʘʤʝʪʨ k ï ʵʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʛʠʧʦʪʝʟʝ ɛt ï ʵʪʦ 

ʪʫʨʙʫʣʝʥʪʥʘʷ ʠʣʠ ʚʠʭʨʝʚʘʷ ʚʷʟʢʦʩʪʴ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʚʚʦʜʠʪʩʷ 

ʮʝʣʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ï ʘʥʘʣʦʛʦʚ ʤʦʣʝʢʫʣʷʨʥʳʤ, ʪʘʢʠʝ ʢʘʢ ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ 

ʇʨʘʥʜʪʣʷ (Prt), ʪʫʨʙʫʣʝʥʪʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ɚt) ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ (ɡt). ʇʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʧʦʪʦʢʝ 

ʞʠʜʢʦʩʪʠ (1.51).  
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ʛʜʝ T, h, Cp, E ï ʪʝʤʧʝʨʘʪʫʨʘ, ʵʥʪʘʣʴʧʠʷ, ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

ʩʨʝʜʳ, P, Pʀɿɹ ï ʨʘʙʦʯʝʝ ʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 
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ɺ ʫʨʘʚʥʝʥʠʷʭ ʚʳʰʝ ʠʩʢʣʶʯʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʚʷʟʘʥʥʳʝ ʩ ʩʞʠʤʘʝʤʦʩʪʴʶ ʞʠʜʢʦʩʪʠ ʠ ʝʸ 

ʥʘʛʨʝʚʦʤ ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʩʠʣ ʚʷʟʢʦʩʪʠ. ʆʪʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚʳʝ ʯʣʝʥʳ 

ʫʨʘʚʥʝʥʠʷ. 

ʊʦʯʥʦʩʪʴ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʝʘʣʠʟʘʮʠʷ ʕʡʣʝʨʦʚʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʬʨʘʛʤʝʥʪʳ ï 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʲʸʤʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʉʨʝʜʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ, 

ʛʝʢʩʘʵʜʨʠʯʝʩʢʠʝ ʠʣʠ ʤʥʦʛʦʛʨʘʥʥʠʢʠ. ʇʨʦʩʪʨʘʥʩʪʚʦ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʪʚʝʨʜʦʤʫ ʪʝʣʫ, ʚ 

ʢʦʪʦʨʦʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʴʶ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʦʩʦʙ ʠ ʢʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʝʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʥʢʝ ʠʣʠ ʥʝ ʨʝʰʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʡ 

ʧʫʣʴʩʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʞʠʜʢʦʡ ʩʨʝʜʳ ʨʘʟʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʸʤ 

ʤʦʞʝʪ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫ  ʁʬʦʨʤʫ ʵʣʝʤʝʥʪʘ, ʣʠʙʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʡ ʩʝʪʢʠ ʨʘʩʯʸʪʥʳʭ ʫʟʣʦʚ [ANSYS Theory Guide, 2016]. 

ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʥʦʨʤʘʣʝʡ ʢ ʛʨʘʥʷʤ ʵʣʝʤʝʥʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ, ʥʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ ʚ ʠʪʦʛʝ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʢ 

ʠʩʢʘʞʝʥʠʶ ʠʣʠ çʨʘʟʤʳʪʠʶè ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʨʠʚʠʟʥʘ ʣʠʥʠʡ ʪʦʢʘ ʠ ʥʘʣʠʯʠʝ ʚʪʦʨʠʯʥʳʭ 

ʪʝʯʝʥʠʡ ʧʨʠ ʚʠʭʨʝʚʦʤ ʜʚʠʞʝʥʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʜʦʙʥʳʤ 

ʵʬʬʝʢʪʘʤ. ʅʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʨʘʩʧʦʣʦʞʠʪʴ ʵʣʝʤʝʥʪʳ (ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʦʨʤʘʣʠ ʢ ʥʠʤ).  

 ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʩʝʪʦʢ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ [Sontakke et al, 

2023]. ʀʭ ʧʦʩʪʨʦʝʥʠʝ ʩʠʣʴʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʠ ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ 

ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʩʣʦʡ ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ (ʛʝʢʩʘʵʜʨʠʯʝʩʢʠʭ) ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1.10).  

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʯʸʪʥʳʭ ʫʟʣʦʚ ʚ ʪʘʢʦʡ ʩʝʪʢʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʯʸʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦ ʩʠʣʴʥʦ 

ʠʟʤʝʣʴʯʠʪʴ ʩʝʪʢʫ ʠ ʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʪʝʪʨʘʵʜʨʦʚ ʚʛʣʫʙʴ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʩʤʝʥʳ ʪʠʧʘ ʵʣʝʤʝʥʪʘ, ʚʘʞʥʦ 

ʧʦʜʙʠʨʘʪʴ ʪʦʣʱʠʥʫ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʩʣʦʸʚ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

[ANSYS Theory Guide, 2016].  
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ʈʠʩʫʥʦʢ 1.10. ʆʙʱʠʡ ʚʠʜ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ 

 

 ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʩ ʪʦʡ ʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʷʚʣʷʶʪʩʷ ʩʝʪʢʠ ʠʟ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

(ʨʠʩʫʥʦʢ 1.11) [Liu et al., 2020; Bucak et al., 2022].  

 

ʈʠʩʫʥʦʢ 1.11. ʆʙʱʠʡ ʚʠʜ ʩʝʪʢʠ ʠʟ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

 

ɸʚʪʦʨʳ, ʩʩʳʣʘʷʩʴ ʥʘ [Martinez et al., 2017; Peric et al., 2019], ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʘʢʠʝ 

ʵʣʝʤʝʥʪʳ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʩʪʷʞʝʥʠʶ, ʯʝʤ ʪʝʪʨʘʵʜʨʳ. ʄʥʦʛʦʛʨʘʥʥʳʝ ʷʯʝʡʢʠ 

ʦʪʣʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʝ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʨʦʚʥʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʛʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 



31 

 

ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʥʘ ʪʨʠ ʯʝʪʚʝʨʪʠ, ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʚ ʜʚʘ ʨʘʟʘ ʠ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ ʧʦʯʪʠ ʥʘ 80% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʪʨʘʵʜʨʘʣʴʥʳʤʠ ʩʝʪʢʘʤʠ.  

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʠʧʦʚ ʩʝʪʦʢ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʵʜʨʠʯʝʩʢʘʷ 

ʩʝʪʢʘ (ʨʠʩʫʥʦʢ 1.12) [Ghalambaz et al., 2020]. 

 

ʈʠʩʫʥʦʢ 1.12. ɻʝʢʩʘʵʜʨʠʯʝʩʢʘʷ ʩʝʪʢʘ ʜʣʷ ʢʘʥʘʣʘ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ ʩ ʟʘʟʦʨʦʤ 

 

ʇʨʘʚʠʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʣʠ ʪʨʝʙʫʝʤʳʡ 

ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʷʜʨʝ ʧʦʪʦʢʘ, ʥʦ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʏʠʩʣʦ 

ʨʘʩʯʸʪʥʳʭ ʫʟʣʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʦʜʦʙʥʦʛʦ 
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ʪʠʧʘ ʩʝʪʦʢ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʠʧ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʬʦʨʤʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʩʚʷʟʠ ʩ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ - ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 1.13 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʟʘʢʨʫʯʝʥʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʨʘʟʣʠʯʥʳʤʠ 

ʘʚʪʦʨʘʤʠ. 

 

ʈʠʩʫʥʦʢ 1.13. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

 

ʉʨʝʜʠ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʦʜʝʣʠ ʉʧʘʣʘʨʪʘ

ɸʣʣʤʘʨʘʩʘ [Spalart & Allmaras, 1994]. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʨʝʘhʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʷʟʢʦʩʪʠ (‡). ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʦʥʘ ʠʜʝʥʪʠʯʥʘ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ɿʘ ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ 

ʦʥʘ ʧʦʜʚʝʨʛʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʜʦʧʦʣʥʷʣʘʩʴ ʨʘʟʣʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʫ Aletto [2023], ʧʦʩʚʷʱʝʥʥʫʶ ʧʨʠʤʝʥʝʥʠʶ 

ʤʦʜʠʬʠʢʘʮʠʠ SA-ʤʦʜʝʣʠ ʩ ʫʯʸʪʦʤ ʧʦʧʨʘʚʢʠ (fr1) ʥʘ ʢʨʠʚʠʟʥʫ ʣʠʥʠʡ ʪʦʢʘ ʠ ʚʨʘʱʝʥʠʝ ʧʦʪʦʢʘ 

(SARC) ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʩʞʠʤʘʝʤʦʤ ʠ ʥʝʩʞʠʤʘʝʤʦʤ ʧʦʪʦʢʝ. ʇʨʠ ʵʪʦʤ 

ʧʦʜʭʦʜʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʦʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (1.53-1.59), ʛʜʝ 1.56-

1.59 ʨʝʘʣʠʟʫʶʪ ʩʘʤʫ ʧʦʧʨʘʚʢʫ.  



33 

 

( ) ( )
2

22

1 1 1 2
,n w w n

n

n
rn r n r n r n r

s
=ÐÖ + Ð + - +

t

b

r b

CD
D f C S C f S

Dt d
 (1.53) 

( )
1 6

6

63

26 6 2 2

3

1
, , ,10 ,w

w w

w

n

k

è ø+ è ø
= = + - =é ù é ù+ ê úê ú

c
f g g r c r r r min

g c S d
 (1.54) 

2 1

1 2

1 2 32

2
, 0, 41, 0,622, 0,1355,

3

1
, 0,622, 2,

n

w w w

n

s k

k s

= = = =

+
= + = =

t

t

b b

b b

C C

C C
C c c

 (1.55) 

( ) ( )
*

*

1 1 3 2 3*

2
Ĕ1 1 , ,

1 w
= + - Ö Ö - =è øê ú

+
r r r r r

r S
f c c arctg c r c r

r
 (1.56) 

1 1
, ,

2 2
w e W

å õ å õµ µµ µ
= + = - +æ ö æ ö
æ ö æ öµ µ µ µç ÷ ç ÷

j ji i

ij ij mji m

j i j i

U UU U
S

x x x x
 (1.57) 

( )2 2 2 2 2

1 2 3

1
2 , 2 , , 1, 12, 1,

2
w w w w= = = + = = =

ij ij ij ij r r r
S S S D S c c c  (1.58) 

( )4

2
Ĕ , .
w

e e W
µ µè ø

= + + = +é ù
µ µê ú

ik jk ij ij ij ij

imn jn jmn in m k

k

S DS DS S S
r S S u

D Dt Dt t x
 (1.59) 

ʛʜʝ ə, Cb1, Cb2 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʝʸ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ [Aletto, 2023]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʢʘʥʘʣʝ ʠ ʚ 

ʢʘʥʘʣʝ ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ ʥʘ 180Á (ʨʠʩʫʥʦʢ 1.14).  

 
 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.14. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʢʘʥʘʣʝ:  

(ʘ) ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ, (ʙ) ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ  
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ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ SARC, ʚ ʦʪʣʠʯʠʠ ʦʪ SA, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʝ 

ʩʢʦʨʦʩʪʠ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ʢʦʤʧʣʝʢʩʘ fr1 ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ (ʨʠʩʫʥʦʢ 1.15ʚ). 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.15. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: (ʘ) ɜ/ɜt, (ʙ) ʚʝʣʠʯʠʥʘ ʧʦʧʨʘʚʢʠ fr1  

 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʪʝʥʢʝ 

ʢʘʥʘʣʘ ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 1.16) ʧʦʢʘʟʘʣ ʥʝʧʣʦʭʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʤʦʜʝʣʠ SA ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʨʠʩʫʥʦʢ 1.17).  

 

ʈʠʩʫʥʦʢ 1.16. ʂʘʥʘʣ ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.17. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ (ʘ) ʪʨʝʥʠʷ ʠ (ʙ) ʜʘʚʣʝʥʠʷ 
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ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʝʰʝʥʠʠ ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

ʅʘʟʘʨʦʚʘ [2021]. ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠ ̫ ʣʘʤʠʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʪʨʫʙʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʦʜʝʣʠ SARC 

(ʨʠʩʫʥʦʢ 1.18). ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢ ʚ ʢʘʥʘʣʝ ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʠ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (ʨʠʩʫʥʦʢ 1.19ʙ) ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (N) 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ SARC, ʪʦʛʜʘ ʢʘʢ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʫʨʙʫʣʠʟʘʮʠʶ ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 1.19ʚ). 

 

ʈʠʩʫʥʦʢ 1.18. ʉʭʝʤʘ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ: 1 ï ʣʘʤʠʥʘʨʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ, 

2 ï ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʪʫʨʙʫʣʝʥʪʥʳʡ 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.19. ʈʘʩʧʨʝʜʝʣʝʥʠʷ (ʘ) ʦʩʝʚʦʡ ʠ (ʙ) ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ: 

ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ N, ʯʸʨʥʘʷ ï SARC,  

ʢʨʘʩʥʘʷ ʠ ʩʠʥʷʷ ï ʤʦʜʝʣʴ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 
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ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ANSYS Theory Guide, 2016]. ʆʥʠ ʚʢʣʶʯʘʶʪ 

ʚ ʩʝʙʷ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʶʪ ʤʦʜʝʣʠ k-Ů ʠ k-ɤ ʠ ʠʭ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʘʨʘʤʝʪʨʳ Ů ʠ ɤ 

ï ʵʪʦ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ k ʠ ʝʸ ʫʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʬʦʨʤʫʣʳ 1.60 ʠ 1.61) 

[ɹʳʢʦʚ ʠ ʜʨ., 2018]. 
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 ʄʦʜʝʣʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʦʪʣʠʯʥʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʜʘʚʣʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʩʪʝʥʦʯʥʳʭ ʠʣʠ ʦʪʨʳʚʥʳʭ ʪʝʯʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ɤ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ, ʘ ʟʥʘʯʠʪ ʠ ʚʨʝʤʷ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉʦʥʛʘ [2015] ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʩ ʜʚʫʭʤʝʨʥʳʤ ʧʦʣʝʤ ʩʢʦʨʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʥʝʤʦʤʝʪʨʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ (PIV), ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʫʯʘʩʪʦʢ 

ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ 3D-ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ. ʀʩʢʘʞʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ 

ʨʘʟʥʠʮʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʪʝʩʪʦʚʦʛʦ ʫʯʘʩʪʢʘ, ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʧʫʪʝʤ 

ʫʪʦʯʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʈʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʷʚʣʷʣʘʩʴ ʩʤʝʩʴ ʪʨʘʚʷʥʦʛʦ ʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 22 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʰʘʛʦʚ ʟʘʢʨʫʪʢʠ (s/d = 1,5) 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʦʢ ʧʦʩʪʫʧʘʣ ʚ ʧʨʦʟʨʘʯʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1.20). ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ (ʨʠʩʫʥʦʢ 1.21). ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ Re = 1370 

õ 9591. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ k-Ů ʠ k-ɤ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʘ ʚ ʬʦʨʤʫʣʘʭ (1.62) ʠ 

(1.64) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʛʜʝ Pk ï ʢʦʤʧʣʝʢʩ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʛʝʥʝʨʘʮʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʉŮ1, ʉŮ2, ůk,, ůɤ, ɓ, ɓ` - 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʢʦʥʢʨʝʪʥʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʝʡ ʠ 

ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʠʚʝʜʝʥʳ ʚ [ANSYS Theory Guide, 2016]. 

 

ʈʠʩʫʥʦʢ 1.20. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

  

 

ʈʠʩʫʥʦʢ 1.21. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʡ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ 

(ʨʠʩʫʥʦʢ 1.22), ʘʚʪʦʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫
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ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ ʚʩʝʛʦ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ k-Ů ʧʦʢʘʟʘʣʦ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

   

(ʘ) (ʙ) (ʚ) 

   

(ʛ) (ʜ) (ʝ) 

   

(ʞ) (ʟ) (ʠ) 

   

(ʢ) (ʣ) (ʤ) 

ʈʠʩʫʥʦʢ 1.22. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʝʯʝʥʠʷʭ  

(ʘ, ʛ, ʞ, ʢ) P1, (ʙ, ʜ, ʟ, ʣ) P2, (ʚ, ʝ, ʠ, ʤ) P3 ʧʨʠ  

(ʘ, ʙ, ʚ) Re = 1370, (ʛ, ʜ, ʝ) Re = 4110, (ʞ, ʟ, ʠ) Re = 6851, (ʢ, ʣ, ʤ) Re = 6851 



39 

 

ʄʦʜʝʣʴ k-Ů ʧʨʝʜʩʢʘʟʘʣʦ ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʚ ʪʨʫʙʝ ʙʦʣʝʝ ʪʦʯʥʦ, ʯʝʤ k-ɤ, ʪʘʢʞʝ ʦʥʘ ʧʦʢʘʟʘʣʘ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʚʫʭʧʠʢʦʚʳʡ ʧʨʦʬʠʣʴ, ʧʦʜʦʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʆʙʦʙʱʘʷ 

ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʠ ʩʢʨʫʯʝʥʥʦʡ 

ʣʝʥʪʳ ʥʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʘʣʛʦʨʠʪʤʘ PIV ʠ ʩʠʣʴʥʦʡ ʟʘʢʨʫʯʝʥʥʦʩʪʠ ʧʦʪʦʢʘ. 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʢʘʥʘʣʘ, ʪʦʛʜʘ ʢʘʢ ʩʠʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ɤ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʨʠʩʪʝʥʦʯʥʘʷ ʦʙʣʘʩʪʴ 

ʪʝʯʝʥʠʷ. 

ʉʣʝʜʫʶʱʠʤ ʚʠʪʢʦʤ ʨʘʟʚʠʪʠʷ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʩʣʫʞʠʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʤʦʜʝʣʠ k-Ů: ʈʝʥʦʨʤʘʣʠʟʘʮʠʦʥʥʘʷ k-Ů ʤʦʜʝʣʴ (RNG k-Ů) 

(ʬʦʨʤʫʣʳ 1.65, 1.66) ʠ ʈʝʘʣʠʟʦʚʘʥʥʘʷ k-Ů ʤʦʜʝʣʴ (k-Ů Realizable) (ʬʦʨʤʫʣʳ 1.67-1.70). 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʚʳʨʘʞʝʥʠʷʤʠ ʜʣʷ ʢʦʥʩʪʘʥʪ, ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʫʨʘʚʥʝʥʠʠ ʧʝʨʝʥʦʩʘ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ.  
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ʛʜʝ ůŮRNG, ʉŮ2RNG, ɓRNG, ʉÕRNG ï ʧʦʜʩʪʨʦʯʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʧʨʠʚʝʜʝʥʳ ʚ [ANSYS Theory Guide, 2016]. 

ɺ ʤʦʜʝʣʠ k-Ů Realizable ʢʦʤʧʣʝʢʩ Cɛ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʨʝʜʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʷ 

ʩʢʦʨʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʧʦʣʝʡ ʧʘʨʘʤʝʪʨʦʚ k 

ʠ Ů. 
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ʛʜʝ ůŮ, ʉ2, ʉÕ ï ʧʦʜʩʪʨʦʯʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ. ɼʝʪʘʣʴʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʝʯʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [ANSYS Theory Guide, 2016]. 

ʄʦʜʝʣʴ k-ɤ ʥʘʰʣʘ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʤʦʜʝʣʠ ʧʝʨʝʥʦʩʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʄʝʥʪʝʨʘ (SST) [Menter, 1994] ʩʦʚʤʝʱʘʶʱʝʡ ʜʦʩʪʦʠʥʩʪʚʘ Ů ʠ ɤ ʧʦʜʭʦʜʦʚ ʟʘ ʩʯʸʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʝʨʝʥʦʩʘ ɤ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ (F1, 

F2). ɺʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʩʪʝʥʢʝ ʠ ʙʳʪʴ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ ʥʘ ʛʨʘʥʠʮʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

(ʬʦʨʤʫʣʳ 1.72-1.73).  
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ʛʜʝ ůk3, ɓ̀, ůɤ3, ůɤ2, Ŭ3, ɓ3, Ŭ1, ɓ̀, ůɤ2 - ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ, ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʥʢʨʝʪʥʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. 

ʇʦʜʨʦʙʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ ʠ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʧʨʠʚʝʜʝʥʳ ʚ [Menter, 1994 ʠ ANSYS Theory Guide, 2016]. 

ʇʨʠʤʝʥʝʥʠʶ k-Ů Realizable ʤʦʜʝʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʩʦ 

ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʡ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

[Kunlabud et al., 2017; Paneliya et al., 2020; Liu et al., 2020; Bucak et al., 2022]. ɺ ʥʘʠʙʦʣʝʝ 

ʧʦʟʜʥʝʤ ʠʟ ʥʠʭ ʧʨʦʚʦʜʷʪ ʦʙʰʠʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ 

ʚʩʪʘʚʢʘʤʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʚʳʩʪʫʧʘʤʠ ʠ ʷʤʢʘʤʠ ʥʘ ʝʝ ʩʪʝʥʢʘʭ. ʅʘ ʵʪʘʧʝ 

ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʘʣʠʜʘʮʠʦʥʥʳʡ ʪʝʩʪ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʩ ʛʣʘʜʢʦʡ ʣʝʥʪʦʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ SST ʠ k-Ů Realizable ʩʨʘʚʥʠʤʘ (ʨʠʩʫʥʦʢ 1.23). ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʣʠʟʢʠ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ʬʦʨʤʫʣʘʤ (1.23, 1.27, 1.35).  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ɸ.ɸ. ɻʠʥʠʷʪʫʣʣʠʥʘ [2015] ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʜʥʦʬʘʟʥʦʛʦ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ ʩ ʛʣʘʜʢʦʡ ʩʢʨʫʯʝʥʥʦʡ ʣʝʥʪʦʡ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʧʠʩʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʤʦʜʝʣʴ RNG k-Ů ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʪʝʥʦʯʥʳʭ  
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.23. ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ Nu=f(Re) (ʘ) ʠ ɚ =f(Re) (ʙ) ʜʣʷ ʢʘʥʘʣʘ ʩ ʛʣʘʜʢʦʡ 

ʣʝʥʪʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

 

ʬʫʥʢʮʠʡ ʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʪʝʧʣʦʦʪʜʘʯʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ SST ʤʦʜʝʣʴʶ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʳ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʚ ʚʷʟʢʦʤ ʧʦʜʩʣʦʝ 

(ʨʠʩʫʥʦʢ 1.24). 

  

(ʘ) (ʙ) 

  

(ʚ) (ʚ) 

ʈʠʩʫʥʦʢ 1.24. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ (ʘ, ʙ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚ, ʛ) ʢʘʥʘʣʦʚ 

ʩʦ ʩʢʨʫʯʝʥʥʦʡ ʛʣʘʜʢʦʡ ʣʝʥʪʦʡ 
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ɸʚʪʦʨʳ ʠʟ [Alahmadi et al., 2021] ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ʚʳʨʦʞʜʝʥʠʷ ʚʠʭʨʷ ʩ ʚʥʝʟʘʧʥʤr ʨʘʩʰʠʨʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1.25). ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʟʘʜʘʚʘʣʩʷ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ (Sn = 0,6). 

 
 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.25. ɻʝʦʤʝʪʨʠʷ ʢʘʥʘʣʘ (ʘ) ʠ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʚʦ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ (ʙ) 

 

ʇʦʣ̫ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ (ʨʠʩʫʥʦʢ 1.26ʘ) ʠ ʜʘʚʣʝʥʠʷ (ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʧʣʦʪʥʦʩʪʠ) 

(ʨʠʩʫʥʦʢ 1.26ʙ), ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʠʤʝʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ.  

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.26. ʇʦʣʝ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ (ʘ) ʠ ʜʘʚʣʝʥʠʷ (ʙ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ: (ʩʣʝʚʘ 

ʥʘ ʧʨʘʚʦ) k-Ů, RNG k-Ů, SST, SST-CC  

 

ʄʦʜʝʣʴ SST-CC ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʪʘʥʜʘʨʪʥʦʡ SST ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʧʦʧʨʘʚʢʫ 

ʥʘ ʢʨʠʚʠʟʥʫ ʣʠʥʠʡ ʪʦʢʘ ʠ ʚʨʘʱʝʥʠʝ ʧʦʪʦʢʘ. ɼʘʥʥʘʷ ʧʦʧʨʘʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦʧʨʘʚʢʝ ʚ ʤʦʜʝʣʠ 

SARC (ʬʦʨʤʫʣ r 1.57-1.60), ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʞʠʪʝʣʷ ʚ 

ʢʦʤʧʣʝʢʩʝ Pk ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʛʝʥʝʨʘʮʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʬʦʨʤʫʣʘ 1.63). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ 
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ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʥʝʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ (Sn = 0) ʚ ʵʪʦʤ ʢʘʥʘʣʝ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ SST ʤʦʜʝʣʝʡ (ʨʠʩʫʥʦʢ 1.27). 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.27. ʇʨʦʬʠʣʴ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ (Sn = 0) ʚʦ ʚʪʦʨʦʤ (ʘ) ʠ ʯʝʪʚʝʨʪʦʤ (ʙ) ʩʝʯʝʥʠʷʭ  

 

ʅʝʩʤʦʪʨʷ ʥʘ, ʦʪʤʝʯʝʥʥʦʝ ʘʚʪʦʨʘʤʠ, ʙʦʣʴʰʝʝ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʚʳʯʠʩʣʝʥʠʷ (ʙʦʣʝʝ, ʯʝʤ 

ʚ 1.5 ʨʘʟʘ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ SST ʤʦʜʝʣʝʡ, ʥʘʣʠʯʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ɤ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʝʚʦʡ ʠ ʦʢʨʫʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʜʣʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ SST-CC 

ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1.28) 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.28. ʇʨʦʬʠʣʴ ʦʩʝʚʦʡ (ʘ) ʠ ʦʢʨʫʞʥʦʡ (ʙ) ʩʢʦʨʦʩʪʠ (Sn = 0,6) ʚ ʯʝʪʚʝʨʪʦʤ ʩʝʯʝʥʠʠ  

 

ʄʦʜʝʣʠ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ (RSM) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʪʠʧʦʚ RANS ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʄʦʜʝʣʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʲʝʜʠʥʷʝʪ ʦʪʢʘʟ ʦʪ ʛʠʧʦʪʝʟʳ 

ʠʟʦʪʨʦʧʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʚʤʝʩʪʝ ʩ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʜʠʩʩʠʧʘʮʠʠ Ů (ʬʦʨʤʫʣ r1.74) ʠʣʠ ʝʸ ʫʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ɤ (ʬʦʨʤʫʣ r1.75).  
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ʛʜʝ Pij ï ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʩ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ūij ï ʪʝʥʟʦʨʘ ʜʘʚʣʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ, 

ʉS, ʉŮ, ʉŮ1, ʉŮ2, ɓ̀, ůk, ůɤ, Ŭ, ɓ - ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ.  

ɺ ʩʣʫʯʘʝ ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ ʚʦʟʥʠʢʘʝʪ ʩʝʤɹ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ. 

ʅʘʙʦʨ ʢʦʥʩʪʘʥʪ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ūij ʤʦʞʝʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʥʦ ʚ ʦʙʱʝʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʜʘʥʥʳʝ 

ʤʦʜʝʣʠ ʥʘʩʣʝʜʫʶʪ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʠʭ ʙʘʟʦʚʳʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ. ʄʦʜʝʣʠ ʩʝʤʝʡʩʪʚʘ RSM ʫʯʠʪʳʚʘʪʁ ʵʬʬʝʢʪʳ ʢʨʠʚʠʟʥʳ ʣʠʥʠʡ ʪʦʢʘ, 

ʟʘʚʠʭʨʝʥʠʷ, ʚʨʘʱʝʥʠʷ ʠ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʙʦʣʝʝ ʩʪʨʦʛʦ, ʯʝʤ 

ʤʦʜʝʣʠ ʩ ʦʜʥʠʤ ʠ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ [ANSYS Theory Guide, 2016]. 

 ɺ ʦʜʥʦʤ [2017] ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ P. Chaware ʧʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ RSM-Ů ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʘʥʘʣʝ ʩ 

ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ s/d = 4, 5, 6, 8 ʠ 10. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ 

ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ Re = 4000 õ 30000. ʄʦʜʝʣʠʨʦʚʘʣʩʷ 

ʬʨʘʛʤʝʥʪ ʜʣʠʥʦʡ 4Ās (ʨʠʩʫʥʦʢ 1.29).  ɺ ʪʝʧʣʦʚʳʭ ʨʘʩʯʸʪʘʭ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩʦ ʩʪʦʨʦʥʳ 

ʩʪʝʥʢʠ q = 2000 ɺʪ/ʤ2.  

 

ʈʠʩʫʥʦʢ 1.29. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʝʧʣʦʭʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʜʘʥʥʳʭ c ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʄʘʥʛʣʠʢʘ ʠ ɹʝʨʛʣʝʩʘ (ʬʦʨʤʫʣʘ 

1.27). ʅʘ ʨʠʩʫʥʢʝ 1.30 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʯʠʩʣʘ Nu ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ Re. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.30. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʘ) ʠ ʯʠʩʣʘ Nu (ʙ) ʦʪ ʯʠʩʣʘ Re 

 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʝʚʦʡ (ʨʠʩʫʥʦʢ 1.31 ʘ, ʙ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

(ʨʠʩʫʥʦʢ 1.31 ʙ, ʛ) ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʠʤʝʶʪ ʣʠʰʴ ʦʪʜʘʣʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ (ʨʠʩʫʥʦʢ 1.7 ʠ 1.2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ): ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʬʠʣʝʡ ʦʪ ʯʠʩʣʘ Re. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʥʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʠʤʝʥʥʦ ʦʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʝʰʘʶʱʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ 

ʫʨʘʚʥʝʥʠʠ ʧʝʨʝʥʦʩʘ Ů. 

ʄʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʚʷʱʝʥʳ ʦʜʥʠ ʠʟ 

ʧʦʩʣʝʜʥʠʭ ʧʫʙʣʠʢʘʮʠʡ A Del Rio [2021, 2022].  ɺ ʨʘʙʦʪʝ [A Del Rio et al., 2022] ʚʳʧʦʣʥʝʥʦ 

ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪʝ ɸʉ-6-14 (ʨʠʩʫʥʦʢ 1.32), 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʧʦʜʚʠʞʥʳʭ ʣʦʧʘʪʦʢ (SV) ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ (GV), ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʦʪʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ (DT) ʩ ʚʳʭʦʜʥʦʡ ʪʨʫʙʦʡ, ʟʘʢʘʥʯʠʚʘʶʱʝʡʩʷ ʚ 

ʨʝʟʝʨʚʫʘʨʝ ʩ ʚʦʜʦʡ. ʆʙʱʝʝ ʜʘʚʣʝʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ, ʩʦʟʜʘʚʘʷ 

ʠʟʙʳʪʦʢ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʢʦʞʫʭʘ ʠ ʜʝʬʠʮʠʪ ʚʙʣʠʟʠ ʩʪʫʧʠʮʳ.  
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(ʘ) (ʙ) 

  

(ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 1.31. ʈʘʜʠʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʦʩʝʚʦʡ (ʘ, ʙ) ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ (ʚ, ʛ) ʩʢʦʨʦʩʪʠ ʧʨʠ Re = 

4000 (ʘ, ʚ) ʠ Re = 30000 (ʙ, ʛ) 

 

ʈʠʩʫʥʦʢ 1.32. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

 

ɼʣʠʥʘ ʚʳʭʦʜʥʦʡ ʪʨʫʙʳ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʜʣʠʥʳ ʦʙʣʘʩʪʠ ʪʷʛʦʚʦʡ ʪʨʫʙʳ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 

1.33. ɾʠʜʢʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɺʨʝʤʝʥʥʦʡ ʰʘʛ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 1/100 ʦʙʦʨʦʪʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 920 

ʦʙ/ʤʠʥ. ʅʘ ʚʭʦʜʝ ʟʘʜʘʚʘʣʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʡ 1.2 ʤ/ʩ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 
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ʢʨʦʤʝ ʩʪʘʥʜʘʨʪʥʦʡ SST ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ SST-CC ʤʦʜʝʣʠ (ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʦʧʨʘʚʢʠ ʦʪʣʠʯʥʘʷ ʦʪ ʨʝʘʣʠʟʫʝʤʦʡ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ 1.57-1.60) ʧʨʠʤʝʥʝʥʘ 

RSM-ɤ ʤʦʜʝʣʴ. 

 

ʈʠʩʫʥʦʢ 1.33. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʡ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʨʠʩʫʥʢʘʭ 1.34, 1.35 ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʤʦʜʝʣʠ ʧʝʨʝʦʮʝʥʠʚʘʶʪ ʚʝʣʠʯʠʥʫ ʦʙʣʘʩʪʠ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʠ 1 

(ʨʠʩʫʥʦʢ 1.34a). ʆʢʨʫʞʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʣʫʯʰʝ ʚʩʝʛʦ ʬʠʢʩʠʨʫʝʪʩʷ ʤʦʜʝʣʴʶ RSM-ɤ. ɺʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ ʥʘ ʦʩʠ 2 ʤʦʜʝʣʴ RSM-ɤ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʢʨʫʞʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ (ʨʠʩʫʥʦʢ 1.35ʙ). ʂʨʠʚʘʷ RSM-ɤ ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʯʪʠ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʣʠʥʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʠʢʩʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʥʘʢʣʦʥʳ ʢʨʠʚʦʡ. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.34. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ (ʘ) ʠ ʦʢʨʫʞʥʦʡ (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ 

ʚʜʦʣʴ ʦʩʠ 1 

 

ʃʫʯʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʜʣʷ ʧʦʚʝʜʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʠ 2 ʧʦʢʘʟʳʚʘʝʪ 

SST-CC, ʥʦ RSM-ɤ ʪʘʢʞʝ ʙʣʠʟʢʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩʫʥʦʢ 1.35a). ʉʪʘʥʜʘʨʪʥʘ ̫ SST 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʦʮʝʥʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ. 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.35. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ (ʘ) ʠ ʦʢʨʫʞʥʦʡ (ʙ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ 

ʚʜʦʣʴ ʦʩʠ 2 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1.36) ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʣʴʢʦ RSM-ɤ ʤʦʜʝʣʴ ʯʝʪʢʦ 

ʧʦʢʘʟʳʚʘʝʪ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʜʦʤʠʥʠʨʫʶʱʠʝ ʯʘʩʪʦʪʳ. ɺʩʝ ʤʦʜʝʣʠ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʘʣʠ 

ʯʘʩʪʦʪʳ ʚʠʭʨʝʚʦʛʦ h ʥʫʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ɻ ʢʩʧʝʨʠʤʝʥʪʝ. ʄʦʜʝʣʠ SST-CC ʠ RSM-ɤ ʧʦʢʘʟʘʣʠ 

ʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʢʦʣʦ f/f0, ʪʦʛʜʘ ʢʘʢ SST ʠʤʝʝʪ ʩʚʦʡ ʛʣʘʚʥʳʡ ʧʠʢ 

ʦʢʦʣʦ 0,2Āf/f0. 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1.36. ʉʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ  

(ʘ) SST, (ʙ) SST CC, (ʚ) RSM-ɤ 

 

ʄʦʜʝʣʴ SST-CC ʠ ʦʩʦʙʝʥʥʦ ʩʪʘʥʜʘʨʪʥʘ ̫ SST ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʶʪ ʨʝʜʢʠʡ ʩʧʝʢʪʨ ʯʘʩʪʦʪ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝ ʬʠʟʠʯʝʩʢʠʤ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʘ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ SST-CC ʠ RSM-ɤ ʤʦʜʝʣʠ 

(ʨʠʩʫʥʦʢ 1.37). 
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(ʘ) (ʙ) (ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 1.37. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ: 

(ʘ) ʕʢʩʧʝʨʠʤʝʥʪ, (ʙ) SST, (ʚ) SST CC, (ʛ) RSM-ɤ 

 

ʏʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ 

ʚʩʪʘʚʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʚʠʭʨʝʨʘʟʨʝʰʘʶʱʠʭ ʧʦʜʭʦʜʦʚ (LES) ʧʦʩʚʷʱʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʨʘʙʦʪ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʚʨʝʤʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʦʟʤʦʞʥʦ ʨʘʟʨʝʰʠʪʴ ʚʠʭʨʝʚʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʥʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʧʨʠ RANS ʧʦʜʭʦʜʝ. ʇʨʠ LES ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʜʦʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʧʦʜʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ (SGS). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʜʝ 

ʬʠʣʴʪʨʘ: ʪʫʨʙʫʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨ ʤʝʥʴʰʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʜʩʝʪʦʯʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ.  

ʉʨʝʜʠ ʧʫʙʣʠʢʘʮʠʡ P. Chaware ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ [2019]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ s/d = 8. ɼʠʘʧʘʟʦʥ Re = 700 õ 1400. ʉʝʪʦʯʥʘʷ ʤʦʜʝʣʴ 

(ʨʠʩʫʥʦʢ 1.38) ʩʦʩʪʦʠʪ ʠʟ ʛʝʢʩʘʵʜʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʤʝʝʪ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʣʠʥʠʷʤ ʪʦʢʘ.  

 

ʈʠʩʫʥʦʢ 1.38. ʉʝʪʦʯʥʘʷ ʤʦʜʝʣʴ 
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ʊʦʣʱʠʥʘ ʧʝʨʚʦʛʦ ʧʨʠʩʪʝʥʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʝʩʧʝʯʠʣʘ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ y+ = 0,6  < 1. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʜʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʘʜʘʧʪʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ 

ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ (WALE). ʆʩʥʦʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʬʦʨʤʫʣʘʤʠ 1.76-1.78.  
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ʛʜʝ Õt ï ʧʦʜʩʝʪʦʯʥʘʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ, Ls ï ʜʣʠʥʘ ʩʤʝʰʝʥʠʷ ʜʣʷ ʧʦʜʩʝʪʦʯʥʳʭ 

ʤʘʩʰʪʘʙʦʚ, Sij
d - ʙʝʩʩʣʝʜʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʪʝʥʟʦʨ ʢʚʘʜʨʘʪʘ ʪʝʥʟʦʨʘ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ, ə 

= 0.41 ï ʧʦʩʪʦʷʥʥʘʷ ʂʘʨʤʘʥʘ, ʉɤ - ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʤʦʜʝʣʠ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʚʝʜʝʥʦ ʘʚʪʦʨʘʤʠ ʚ [Nicoud F. et al., 1999].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ (ʨʠʩʫʥʦʢ 1.39) ʠʤʝʶʪ ʥʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʣʴʩʘʮʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 1.40). 

ɸʚʪʦʨʘʤʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ Re, ʟʘʩʪʘʚʣʷʶʪ ʧʦʪʦʢ ʧʨʠʥʠʤʘʪʴ ʭʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. 

 

ʈʠʩʫʥʦʢ 1.39. ʈʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.40. ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʧʨʠ Re = 1300 (ʘ) ʠ Re = 1400 (ʙ) 

 

ʊʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʣʘʤʠʥʘʨʥʳʤ ʜʣʷ Re < 700 ʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ 700<Re <1126. ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʜʥʫ 

ʭʘʨʘʢʪʝʨʥʫʶ ʯʘʩʪʦʪʫ. ɼʣʷ 1126<Re <1263 ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʠ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʢʘʟʳʚʘʝʪ ʜʚʝ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʯʘʩʪʦʪʳ. ɼʘʣʝʝ 

ʜʣʷ 1263<Re <1400 ʧʦʪʦʢ ʧʝʨʝʭʦʜʠʪ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ. ʕʪʠ ʧʝʨʝʭʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨyʤ ʪʦʯʢʘʤ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʫʶ ʨʘʙʦʪʫ, ʧʨʦʜʝʣʘʥʥʫʶ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʪʘʣʦʩʴ 

ʥʝʷʩʥʳʤ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʟʤʝʨʳ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ. ʅʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʂʦʣʤʦʛʦʨʦʚʩʢʠʡ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʣʠ ʊʝʡʣʦʨʦʚʩʢʠʡ ʤʘʩʰʪʘʙʳ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʦʪʦʢʝ. ʆʜʥʘʢʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʠʭʨʝʨʘʟʨʝʰʘʶʱʠʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ: ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʝʣ Re ʜʦ ʨʝʘʣʴʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʨʝʙʫʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʰʘʛʘ 

ʧʦ ʚʨʝʤʝʥʠ.  

 ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʚʪʦʨʳ, ʫʞʝ ʫʧʦʤʷʥʫʪʦʡ ʚ ʛʣʘʚʝ 1.1, ʧʫʙʣʠʢʘʮʠʠ [Cazan et al., 2018] 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʷʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (DNS) ʚʳʥʫʞʜʝʥʳ ʙʳʣʠ ʥʘʨʫʰʠʪʴ 

ʩʝʪʦʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʇʨʷʤʦʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʤʝʥʝʝ 

ʂʦʣʤʦʛʦʨʦʚʩʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʱʝ ʤʝʥʴʰʝʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ LES. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.41.  
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ʈʠʩʫʥʦʢ 1.41. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ RSM-Ů ʤʦʜʝʣʠ. ɼʣʷ 

ʦʙʝʠʭ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʣʫʯʝʥʦ ʦʪʣʠʯʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ (ʨʠʩʫʥʦʢ 1.42). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʧʨʦʬʠʣʝʡ 

ʦʢʨʫʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʝʯʝʥʠʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩʫʥʢʠ 1.43) 

ʘʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʧʨʦʱʝʥʠʷ ʚ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ, DNS 

ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ.  

 

(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 1.42. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʥʘʣʝ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʥʪʦʯʥʦʡ 

ʚʩʪʘʚʢʠ: ʵʢʩʧʝʨʠʤʝʥʪ (ʘ), DNS (ʙ) 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʚʨʘʱʘʶʱʠʭʩʷ ʚʠʭʨʝʡ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ. ʄʝʭʘʥʠʟʤ ʨʘʟʚʠʪʠʷ 

ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʟʫʯʝʥʥʳʡ ʘʚʪʦʨʦʤ, ʫʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.6. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.43. ʆʩʨʝʜʥʸʥʥʳʡ ʧʨʦʬʠʣʴ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʤʝʞʜʫ 

ʩʦʚʨʘʱʘʶʱʠʤʠʩʷ ʚʠʭʨʷʤʠ (ʘ) ʠ ʩʢʚʦʟʴ ʥʠʭ (ʙ) 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ LES ʠ DNS ʧʦʜʭʦʜʦʚ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʟʘʪʨʫʜʥʝʥʦ. ʉʝʪʦʯʥʳʝ 

ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʫʜʫʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʠ ʚʨʝʤʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʚʳʩʠʪ ʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʫʨʦʚʥʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ RANS ʤʦʜʝʣʝʡ ʟʘ ʩʯʸʪ ʧʦʜʩʪʨʦʡʢʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

1.4. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʡ ʦʧʳʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ, 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʗʕʋ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʨʘʟʚʠʪʠʶ ʟʘʢʨʫʯʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʦʛʨʝʚʘʝʤʳʭ ʢʘʥʘʣʘʭ, ʚ 

ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʥʝ ʤʥʦʛʦ. ʇʦʯʪʠ ʚʩʝ ʠʟ ʥʠʭ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʬʨʘʛʤʝʥʪʦʚ ʣʝʥʪʦʯʥʳʭ ʚʩʪʘʚʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʢʨʳʪʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʝʥʪʦʯʥʳʭ ʚʩʪʘʚʦʢ 

ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʦʯʥʦʩʪʴ, ʧʦ ʩʫʪʠ 

çʦʜʥʦʤʝʨʥʳʭè, ʦʙʦʙʱʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʣʦʢʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ. ɼʝʪʘʣʴʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʚʘʣʠʜʘʮʠʷ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʝʝ ʪʦʯʥʳʭ ʚʠʭʨʝʨʘʟʨʝʰʘʶʱʠʭ 

ʤʦʜʝʣʝʡ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʧʨʦʚʦʜʠʪʴ ʚ ʥʠʟʢʦʨʝʡʥʦʣʴʜʩʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʝʰʝʥʠʠ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ.   
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆɼʅʆʌɸɿʅʆɻʆ 

ɿɸʂʈʋʏɽʅʅʆɻʆ ʇʆʊʆʂɸ ɺ ʂɸʅɸʃɸʍ ʇʈʀ ʐʊɸʊʅʓʍ ʇɸʈɸʄɽʊʈɸʍ ʗʕʋ 

 

2.1. ɺʚʝʜʝʥʠʝ 

ɺ ʛʣʘʚʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʤʦʜʝʣʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ɺ 

ʟʘʢʣʶʯʝʥʠʠ ʛʣʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩ ʦʙʦʙʱʘʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʟ ʛʣʘʚʳ 1.  

 

2.2. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʤ ʩʪʝʥʜʝ ʌʊ-80, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, 

ʨʝʩʫʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʮʠʨʢʫʣʷʮʠʠ. ʉʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʦʥʪʫʨʘ. ɼʚʘ 

ʢʦʥʪʫʨʘ (ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ) ʷʚʣʷʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʟʘʤʢʥʫʪʳʤʠ ʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1.0 ʜʦ 18.0 ʄʇʘ.  

ʇʦ ʧʝʨʚʦʤʫ ʢʦʥʪʫʨʫ ʩʪʝʥʜʘ ʮʠʨʢʫʣʠʨʫʝʪ ʛʨʝʶʱʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʧʦ ʚʪʦʨʦʤʫ - 

ʨʘʙʦʯʝʝ ʪʝʣʦ, ʧʦ ʪʨʝʪʴʝʤʫ ï ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ 

ʧʝʨʚʦʤ, ʚʪʦʨʦʤ ʢʦʥʪʫʨʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦʜʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ (ɺɺʏ) ï ʜʠʩʪʠʣʣʷʪ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

ɺ ʩʦʩʪʘʚ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʚʭʦʜʷʪ: 

- ʥʘʩʦʩ ʎʅ-602 ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʛʦ 

ʥʦʨʤʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ; 

- ʩʠʩʪʝʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʂɼ 1 ʩ ʫʨʦʚʥʝʤʝʨʦʤ ɼʄ 3; 

- ʩʠʩʪʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʦʜʧʠʪʢʠ ʢʦʥʪʫʨʘ ʩ ʥʘʩʦʩʦʤ ʅʇ, ʘʨʤʘʪʫʨʦʡ, ʠ ʙʘʢʦʤ ʟʘʧʘʩʘ 

ʜʠʩʪʠʣʣʷʪʘ; 

- ʩʠʩʪʝʤʘ ʛʘʟʦʫʜʘʣʝʥʠʷ; 

- ʜʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʢʦʣʦʥʢʠ ʌʊ-15-1 ʠ ʌʊ-15-2; 

- ʠʩʩʣʝʜʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2; 

- ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ, ʦʪʩʝʢʘʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʢʦʥʪʫʨʘ; 

- ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ G202, ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ɸʊ-1; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʳʤʠ ʪʚʵʣʘʤʠ ʃ-519; 

- ʠʦʥʥʦ-ʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ ʌʀʆ-1;  
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- ʧʨʦʯʘʷ ʘʨʤʘʪʫʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʝʥʪʠʣʠ ɺ1.7, ɺ1.10, ɺ1.11, 

ʢʦʤʤʫʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʮʠʨʢʫʣʷʮʠʶ ʧʦ ʦʜʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʤʦʜʝʣʠ (ʕʄ-1 ʠʣʠ ʕʄ-2); 

- ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʂʀʇ). 

- ʦʪʙʦʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

 

ʈʠʩʫʥʦʢ 2.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ ʌʊ-80 

 

ɺ ʩʦʩʪʘʚ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʚʭʦʜʷʪ: 

- ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʎʕʅ-149 (ɺʎʕʅ-138) ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʸ ʥʦʨʤʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ; 

- ʩʠʩʪʝʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʂɼ2 ʩ ʫʨʦʚʥʝʤʝʨʦʤ ʅ2; 

- ʩʠʩʪʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʦʜʧʠʪʢʠ ʢʦʥʪʫʨʘ ʩ ʥʘʩʦʩʦʤ ʅʇ, ʘʨʤʘʪʫʨʦʡ, ʠ ʙʘʢʦʤ ʟʘʧʘʩʘ 

ʜʠʩʪʠʣʣʷʪʘ; 

- ʩʠʩʪʝʤʘ ʛʘʟʦʫʜʘʣʝʥʠʷ; 

- ʠʩʩʣʝʜʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2; 

- ʛʝʥʝʨʘʪʦʨ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʩʭʦʜʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ï ʛʠʜʨʦʧʫʣʴʩʘʪʦʨ 

(ʇ), ʧʦʜʢʣʶʯʘʝʤʳʡ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʕʄ-1 ʠ ʕʄ-2, ʩ ʟʘʧʦʨʥʦʡ 

ʘʨʤʘʪʫʨʦʡ ɺʥ236, ʠ ɺʥ237 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʢʦʤʧʣʝʢʪʳ ʜʨʦʩʩʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ: 
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- ʚʳʥʦʩʥʳʝ ʜʨʦʩʩʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ɼ1.1 ʠ ɼ2.1, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʧʫʣʴʩʘʮʠʡ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʠʜʫʱʠʭ ʦʙʨʘʪʥʦ ʚ ʢʦʥʪʫʨ; 

- ʚʳʥʦʩʥʳʝ ʜʨʦʩʩʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ɼ1.2, ɼ1.3 ʠ ɼ2.2, ɼ2.3, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʢʘʢ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʠʪʠʨʫʶʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʪʘʪʥʦʛʦ ʜʨʦʩʩʝʣʷ ʥʘ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

- ʢʦʥʜʝʥʩʘʪʦʨ ʂ2; 

- ʧʦʜʦʛʨʝʚʘʪʝʣʴ-ʦʭʣʘʜʠʪʝʣʴ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʇʆ; 

- ʠʦʥʥʦ-ʦʙʤʝʥʥʳʡ ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʬʠʣʴʪʨ (ʌʀʆ-2), ʩ ʩʠʩʪʝʤʦʡ 

ʦʪʩʝʯʝʥʠʷ ʝʛʦ ʦʪ ʢʦʥʪʫʨʘ ʚʝʥʪʠʣʷʤʠ ɺ2.6.1 ʠ ɺ2.6.2, ʙʘʡʧʘʩʦʤ ʯʝʨʝʟ ʚʝʥʪʠʣʴ ɺ2.3, ʠ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ ʢʦʥʜʝʥʩʘʪʘ ɺ2.8; 

- ʛʨʝʙʝʥʢʠ ʊʇʈ-ɼʄʈʄ (Q4.1-Q4.2, Q5.1-Q5.2) ʩ ʟʘʧʦʨʥʦʡ (ɺ2.18-ɺ2.25, ɺ2.31-

ɺ2.35) ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ (ɺ2.2.1) ʘʨʤʘʪʫʨʦʡ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʕʄ-1; 

- ʛʨʝʙʝʥʢʠ ʊʇʈ-ɼʄʈʄ (Q4.3-Q4.4, Q5.3-Q5.4) ʩ ʟʘʧʦʨʥʦʡ (ɺ2.10-ɺ2.17, ɺ2.26-

ɺ2.30) ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ (ɺ2.2.2) ʘʨʤʘʪʫʨʦʡ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʕʄ-2; 

- ʧʨʦʯʘʷ ʘʨʤʘʪʫʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʝʥʪʠʣʠ ɺ2.4.1 ʠ ɺ2.4.2 ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʤʦʜʝʣʝʡ, ʙʘʡʧʘʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ɺ2.9); 

- ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. 

- ʦʪʙʦʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

ɺ ʩʦʩʪʘʚ ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʘ ʩʪʝʥʜʘ ʚʭʦʜʷʪ: 

- ʥʘʩʦʩ ʎʅɻ-70 ʩ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʛʦ ʥʦʨʤʘʣʴʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ; 

- ʥʘʩʦʩ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʎʅ-1; 

- ʥʘʩʦʩ ʎʅ-2; 

- ʩʠʩʪʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʪʫʨʘ; 

- ʩʠʩʪʝʤʘ ʛʘʟʦʫʜʘʣʝʥʠʷ; 

- ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʦʭʣʘʞʜʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ602 - 

ɸʊ-1; 

- ʧʨʦʪʦʯʥʳʡ ʜʦʦʭʣʘʜʠʪʝʣʴ (ʇɼʆ); 

- ʜʚʘ ʚʦʟʜʫʰʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘ ɺʍɿ-1 ʠ ɺʍɿ-2; 

- ʜʚʘ ʙʘʢʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ɹʊɺ-1 ʠ ɹʊɺ-2; 

- ʧʨʦʯʘʷ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʘʷ ʠ ʜʨʝʥʘʞʥʘʷ ʘʨʤʘʪʫʨʘ; 

- ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. 

ʎʠʨʢʫʣʷʮʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʧʝʨʚʦʤʫ ʢʦʥʪʫʨʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʦʩʦʤ ʎʅ-602. ʉ 

ʙʘʡʧʘʩʘ ʥʘʩʦʩʘ, ʯʝʨʝʟ ʜʨʦʩʩʝʣʴʥʫʶ ʰʘʡʙʫ Q3 ʠ ʦʪʩʝʢʘʶʱʫʶ ʘʨʤʘʪʫʨʫ ɺ1.1.1 
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ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ  ʚ ʧʝʨʚʫʶ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʢʦʣʦʥʢʫ ʌʊ-15-1. ɼʘʣʝʝ ʯʘʩʪʴ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʜʸʪ ʥʘ ʜʨʦʩʩʝʣʴʥʫʶ ʰʘʡʙʫ Q4 ʠ ʚʪʦʨʫʶ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʢʦʣʦʥʢʫ ʌʊ-15-1, 

ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʙʘʡʧʘʩ ʩ ʚʝʥʪʠʣʝʤ ɺ1.3. ʀʟʤʝʨʝʥʥʳʡ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʦʩʩʝʣʴʥʳʭ ʰʘʡʙʘʭ Q3, Q4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʢʦʣʦʥʢʠ. 

ʏʘʩʪʠʯʥʳʡ ʙʘʡʧʘʩ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʦʣʦʥʢʠ ʯʝʨʝʟ ʚʝʥʪʠʣʴ ɺ1.3 ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ. 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚʝʥʪʠʣʷʤʠ ɺ1.1.2 ʠ ɺʥ208 (ʥʘ ʙʘʡʧʘʩʝ ʎʅ-602), ʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʦʚ ʧʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʧʠʨʘʣʴʥʦ ʥʘʚʠʪʦʡ ʪʨʫʙʝ ʠ ʢʦʣʴʮʝʚʦʤʫ ʢʘʥʘʣʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʥʪʠʣʷʤʠ ɺ1.4.1, ɺ1.5.1 (ʜʣʷ ʤʦʜʝʣʠ ʕʄ-1) ʠ ɺ1.4.2, ɺ1.5.2 (ʜʣʷ ʤʦʜʝʣʠ 

ʕʄ-2). ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʧʠʨʘʣʴʥʦ ʥʘʚʠʪʦʡ ʪʨʫʙʝ ʠ 

ʢʦʣʴʮʝʚʦʤʫ ʢʘʥʘʣʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʝʨʝʧʘʜʫ ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʦʩʩʝʣʴʥʳʭ ʰʘʡʙʘʭ (Q1 ʠ Q2 - 

ʜʣʷ ʕʄ-1, Q1.1 ʠ Q 2.1 - ʜʣʷ ʕʄ-2). ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ (ɺ1.7, ɺ1.10, ɺ1.11) ʠ ʦʪʩʝʢʘʶʱʠʭ (ɺ1.6.1) 

ʚʝʥʪʠʣʝʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ ʎʅ-602. 

ʏʘʩʪʴ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʥʘʧʦʨʘ ʥʘʩʦʩʘ ʎʅ-602, ʯʝʨʝʟ ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

G202, ʪʝʧʣʦʦʙʤʝʥʥʠʢ ɸʊ-1 ʠ ʬʠʣʴʪʨ ʌʀʆ-1 ʠʜʸʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʚʝʨʭʥʝʛʦ ʧʦʜʰʠʧʥʠʢʘ 

ʥʘʩʦʩʘ ʎʅ-602. 

ʎʠʨʢʫʣʷʮʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦ ʚʪʦʨʦʤʫ ʢʦʥʪʫʨʫ ʩʪʝʥʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʦʩʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʎʅ-149 (ɺʎʕʅ-138). ʉ ʥʘʧʦʨʘ ʥʘʩʦʩʘ ʨʘʙʦʯʝʝ ʪʝʣʦ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʟʜʘʶʱʠʡ 

ʢʦʣʣʝʢʪʦʨ, ʟʘʪʝʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʨʸʤ ʚʝʪʢʘʤ: 

- ʯʝʨʝʟ ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ ɺ2.2.1, ʧʦʜʦʛʨʝʚʘʪʝʣʴ-ʦʭʣʘʜʠʪʝʣʴ, ʛʨʝʙʝʥʢʫ 

ʪʫʨʙʠʥʥʳʭ ʜʘʪʯʠʢʦʚ Q5.1, Q5.2, ʚʳʥʦʩʥʦʝ ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ɼ1.1, ʛʨʝʙʝʥʢʫ 

ʪʫʨʙʠʥʥʳʭ ʜʘʪʯʠʢʦʚ Q4.1, Q4.2 ʯʘʩʪʴ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʕʄ-1 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʠʧʝʥʠʷ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʤʦʜʝʣʠ ʧʘʨ, ʯʝʨʝʟ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ 

ɺ2.4.1 ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʂ2, ʦʪʢʫʜʘ ʯʘʩʪʴ ʨʘʩʭʦʜʘ (5%), ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʝʡ 

ɺ2.6.1 ʠ ɺ2.6.2, ʧʦʩʪʫʧʘʝʪ ʥʘ ʠʦʥʥʦ-ʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ ʠ ʜʘʣʝʝ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ ʎʅ-149. 

ɼʨʫʛʘʷ ʯʘʩʪʴ ʨʘʩʭʦʜʘ, ʤʠʥʫʷ ʬʠʣʴʪʨ ʯʝʨʝʟ ʙʘʡʧʘʩ ʌʀʆ-2 (ʚʝʥʪʠʣʴ ɺ2.3), ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ ʎʅ-149; 

- ʯʝʨʝʟ ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ ɺ2.2.2, ʧʦʜʦʛʨʝʚʘʪʝʣʴ-ʦʭʣʘʜʠʪʝʣʴ, ʛʨʝʙʝʥʢʫ 

ʪʫʨʙʠʥʥʳʭ ʜʘʪʯʠʢʦʚ Q5.3, Q5.4, ʚʳʥʦʩʥʦʝ ʜʨʦʩʩʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ɼ2.1, ʛʨʝʙʝʥʢʫ 

ʪʫʨʙʠʥʥʳʭ ʜʘʪʯʠʢʦʚ Q4.3, Q4.4 ʯʘʩʪʴ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦʩʪʫʧʘʝʪ ʚ 
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ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʕʄ-2 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʠʧʝʥʠʷ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʤʦʜʝʣʠ ʧʝʨʝʛʨʝʪʳʡ ʧʘʨ, ʯʝʨʝʟ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʡ 

ʚʝʥʪʠʣʴ ɺ2.4.2 ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʂ2, ʦʪʢʫʜʘ ʯʘʩʪʴ ʨʘʩʭʦʜʘ (5%), ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʚʝʥʪʠʣʝʡ ɺ2.6.1 ʠ ɺ2.6.2, ʧʦʩʪʫʧʘʝʪ ʥʘ ʠʦʥʥʦ-ʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ ʠ ʜʘʣʝʝ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ ʎʅ-

149. ɼʨʫʛʘʷ ʯʘʩʪʴ ʨʘʩʭʦʜʘ, ʤʠʥʫʷ ʬʠʣʴʪʨ ʯʝʨʝʟ ʙʘʡʧʘʩ ʌʀʆ-2 (ʚʝʥʪʠʣʴ ɺ2.3), ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ ʎʅ-149; 

- ʯʝʨʝʟ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ ɺ2.9 ʙʘʡʧʘʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʙʘʡʧʘʩ ʥʘʩʦʩʘ ʎʅ-149; 

ʄʝʞʜʫ ʚʳʥʦʩʥʳʤʠ ʜʨʦʩʩʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ɼ1.1, ɼ2.1 ʠ ʛʨʝʙʝʥʢʘʤʠ ʊʇʈ-

ɼʄʈʄ (Q4.1, Q4.2 ʠ Q4.3, Q4.4), ʯʝʨʝʟ ʟʘʧʦʨʥʫʶ ʘʨʤʘʪʫʨʫ ɺʥ236 ʠ ɺʥ237 ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʦʜʝʣʷʤ ʕʄ-1 ʠ ʕʄ-2 ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʫʣʴʩʘʪʦʨ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ (ʇ). 

ʏʘʩʪʴ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ ʘʚʪʦʥʦʤʥʦʤʫ ʢʦʥʪʫʨʫ ʥʘʩʦʩʘ ʎʅ-149 

(ɺʎʕʅ-138) ʯʝʨʝʟ ʩʤʝʩʠʪʝʣʴ (ʉ) ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʜʦʦʭʣʘʜʠʪʝʣʴ (ʇɼʆ). 

ʎʠʨʢʫʣʷʮʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʧʦ ʪʨʝʪʴʝʤʫ ʢʦʥʪʫʨʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʦʩʘʤʠ ʎʅɻ-

70, ʎʅ-1 ʠ ʎʅ-2. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʪʨʝʪʠʡ ʢʦʥʪʫʨ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ:  

- ʢʦʥʪʫʨ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʦʩʘ ʎʅ-602, ʩ ʥʘʩʦʩʦʤ ʎʅɻ-70; 

- ʢʦʥʪʫʨ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʦʩʘ ʎʅ-149 ʩ ʥʘʩʦʩʦʤ ʎʅ-2; 

- ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩ ʥʘʩʦʩʦʤ ʎʅ-1. 

ʂʦʥʪʫʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʦʩʦʚ ʎʅ-602 ʠ ʎʅ-149 ʷʚʣʷʶʪʩʷ ʟʘʤʢʥʫʪʳʤʠ. ʆʥʠ ʠʤʝʶʪ 

ʦʙʱʠʡ ʙʘʢ ʟʘʧʘʩʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ (ɹʊɺ-1), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʢʦʥʪʫʨʘ ʠ 

ʜʣʷ ʥʘʩʦʩʦʚ ʎʅɻ-70, ʎʅ-2, ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʧʦʜʧʦʨʥʦʛʦ ʙʘʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʩʘʩʝ. ʂʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ï ʨʘʟʦʤʢʥʫʪ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʩ ʥʘʧʦʨʘ ʥʘʩʦʩʘ ʎʅɻ-70 ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʟʜʘʶʱʠʡ ʢʦʣʣʝʢʪʦʨ (ʈʂ), 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʝʸ ʯʝʨʝʟ ʧʦʪʨʝʙʠʪʝʣʠ: 

- ʭʦʣʦʜʠʣʴʥʠʢ ʜʠʩʪʠʣʣʷʪʘ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-602; 

- ʭʦʣʦʜʠʣʴʥʠʢʠ ʩʪʘʪʦʨʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-602. 

ʇʨʦʡʜʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʚʝʪʢʘʤ, ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ 

ʩʦʙʠʨʘʝʪʩʷ ʚ ʩʙʦʨʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʉʂ), ʦʪʢʫʜʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʚʫʶ ʩʝʢʮʠʶ ʚʦʟʜʫʰʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʠʢʘ (ɺʍ3-1), ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʩʘʩ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅɻ-70. 

ʅʘʩʦʩʦʤ ʎʅ-2 ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʩʣʝʜʫʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʠ: 

- ʭʦʣʦʜʠʣʴʥʠʢ ʜʠʩʪʠʣʣʷʪʘ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-149; 

- ʭʦʣʦʜʠʣʴʥʠʢʠ ʩʪʘʪʦʨʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-149; 

- ʧʨʦʪʦʯʥʳʡ ʜʦʦʭʣʘʜʠʪʝʣʴ (ʇɼʆ). 

ʆʪʨʘʙʦʪʘʚʰʘʷ ʚʦʜʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʪʦʨʫʶ ʩʝʢʮʠʶ ʚʦʟʜʫʰʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ 

(ɺʍ3-2), ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʩʘʩ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-2. 
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ʊʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʥʘʩʦʩʦʤ ʎʅ-1 ʧʦ ʜʚʫʤ ʥʝʟʘʚʠʩʠʤʳʤ ʚʝʪʢʘʤ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʯʝʨʝʟ 

ʩʣʝʜʫʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʠ: 

- ʢʦʥʜʝʥʩʘʪʦʨ ʂ2; 

- ʧʦʜʦʛʨʝʚʘʪʝʣʴ-ʦʭʣʘʜʠʪʝʣʴ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ (ʇʆ); 

ʄʠʥʫʷ ʧʦʪʨʝʙʠʪʝʣʠ, ʯʘʩʪʴ ʚʦʜʳ ʩʥʷʚʰʝʡ ʪʝʧʣʦ ʩ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʘʢ, 

ʦʪʢʫʜʘ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʥʘ ʚʩʘʩ ʥʘʩʦʩʘ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʩʣʠʚʘʝʪʩʷ ʚ ʢʘʥʘʣʠʟʘʮʠʶ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʙʘʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʚʝʥʪʠʣʝʡ ɺʥ 342, ɺʥ323, 

ɺʥ324. ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʫʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʘʨʤʘʪʫʨʦʡ ʠ ʩʠʩʪʝʤʦʡ ʂʀʇ. 

ʉʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʌʊ-80. 

ɿʘʜʘʯʫ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʪʨʝʪʴʝʛʦ 

ʢʦʥʪʫʨʘ ʚʳʧʦʣʥʷʝʪ ʩʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ. 

ʇʦ ʧʝʨʚʦʤʫ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʠʟʤʝʨʷʝʪ ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪ: 

- ʫʨʦʚʝʥʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʝʥʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʂɼ 1 ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ ɼʄ ɿ; 

- ʜʘʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʩ 

ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʦʚ ʄʥ12, ʕʂʄ 1; 

- ʜʘʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʥʘʧʦʨʝ ʥʘʩʦʩʘ ʎʅ-602 ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʘ ʄʥ11; 

- ʜʘʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2 ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ ʈ2 ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʈ2.1; 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʧʝʨʚʫʶ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʢʦʣʦʥʢʫ (ʌʊ-15-1) 

ʊ1; 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʪʦʨʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʦʣʦʥʢʠ (ʌʊ-15-

2) ʊ2; 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ (ʊ3.1, ʊ3.2 ï ʜʣʷ 

ʕʄ-1 ʠ ʊ3.3, ʊ3.4 ï ʜʣʷ ʕʄ-2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʴʮʝʚʳʭ ʟʘʟʦʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ (ʊ5.1, ʊ5.2 ï ʜʣʷ ʕʄ-1 ʠ ʊ5.3, ʊ5.4 ï ʜʣʷ ʕʄ-2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʪʨʫʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ (ʊ4.1, ʊ4.2 ï ʜʣʷ ʕʄ-1 ʠ ʊ4.3, ʊ4.4 ï ʜʣʷ ʕʄ-2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʩʪʠʣʣʷʪʘ ʦʭʣʘʞʜʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘʩʦʩʘ ʎʅ-602 (ʊʧ1 ʠ 

ʊʧ1.1); 

- ʠʥʪʝʛʨʘʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʢʦʥʪʫʨʫ (Q3); 
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- ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʢʦʣʦʥʢʫ ʌʊ-15-2 (Q4); 

- ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʭ ʩʧʠʨʘʣʴʥʦ ʥʘʚʠʪʳʭ ʪʨʫʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ (Q1 ï ʜʣʷ ʕʄ-1 ʠ Q1.1 ï ʜʣʷ ʕʄ-2); 

- ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʴʮʝʚʳʭ ʟʘʟʦʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ (Q2 ï ʜʣʷ ʕʄ-1 ʠ Q2.1 ï ʜʣʷ ʕʄ-2); 

- ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʚʝʨʭʥʝʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘʩʦʩʘ ʎʅ-602 (G202). 

ʇʦ ʚʪʦʨʦʤʫ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʠʟʤʝʨʷʝʪ ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪ: 

- ʫʨʦʚʝʥʴ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ (ʂɼ 2) ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ ʅ2; 

- ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ 

ʈ3; 

- ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʚʩʘʩʝ ʚ ʥʘʩʦʩʥʫʶ ʫʩʪʘʥʦʚʢʫ ʎʅ-149 ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʥʦʤʝʪʨʘ ʈ1; 

- ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʥʘʧʦʨʝ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-149 ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʥʦʤʝʪʨʘ ʈ12; 

- ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʚʭʦʜʝ ʚ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2 ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʈ4.1 ï ʜʣʷ ʕʄ-1 ʠ ʈ4.3 ï ʜʣʷ ʕʄ-2); 

- ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʦʜʝʣʝʡ ʕʄ-1 ʠ ʕʄ-2 ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʦʚ ʈ5.1, 

ʈ5.3 ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʈ4.2 ï ʜʣʷ ʕʄ-1 ʠ ʈ4.4 ï ʜʣʷ ʕʄ-2); 

- ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʜʘʚʣʝʥʠʷ (dp1, dP2 - ʜʣʷ ʕʄ-1 ʠ ʕʄ-2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʚʩʘʩʝ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎʅ-149 (ʊ6); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʚʭʦʜʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ (ʊ10.1, ʊ10.2 ï 

ʜʣʷ ʕʄ-1 ʠ ʊ10.3, ʊ10.4 ï ʜʣʷ ʕʄ-2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʧʘʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʊ11.1, ʊ11.2 ï ʜʣʷ 

ʕʄ-1 ʠ ʊ11.3, ʊ11.4 ï ʜʣʷ ʕʄ-2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʚʭʦʜʝ ʚ ʠʦʥʦʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ T12; 

- ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2 ʧʨʠ ʧʦʤʦʱʠ 

ʪʫʨʙʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʩʭʦʜʘ (ʊʇʈ) ʠʣʠ ʜʘʪʯʠʢʦʚ ʤʘʣʳʭ ʨʘʩʭʦʜʦʚ (ɼʄʈʄ) 

(Q4.1,Q4.2, Q5.1,Q5.2 ï ʜʣʷ ʕʄ-1 ʠ Q4.3,Q4.4,Q5.3,Q5.4 ï ʜʣʷ ʕʄ-2); 

- ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʕʄ-1 ʠ ʕʄ-2, ʠʟʤʝʨʝʥʠʝʤ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʥʦʩʥʦʤ ʜʨʦʩʩʝʣʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ (ɼ1.2 ï 

ʜʣʷ ʕʄ-1 ʠ ɼ2.2 ï ʜʣʷ ʕʄ-2). 
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ʇʦ ʪʨʝʪʴʝʤʫ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʠʟʤʝʨʷʝʪ ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪ: 

- ʜʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʚʩʘʩʝ ʠ ʥʘʧʦʨʝ ʥʘʩʦʩʘ ʎʅɻ-70, ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʥʦʤʝʪʨʦʚ ʄʥ18 ʠ ʄʥ19 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʜʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʚʩʘʩʝ ʠ ʥʘʧʦʨʝ ʥʘʩʦʩʘ ʎʅ-2, ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʥʦʤʝʪʨʦʚ ʄʥ20 ʠ ʄʥ21 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʜʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʥʘʧʦʨʝ ʥʘʩʦʩʘ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʎʅ-1, ʧʨʠ 

ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ ʈ9; 

- ʜʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʭʦʣʦʜʠʣʴʥʠʢ ʩʪʘʪʦʨʘ ʥʘʩʦʩʘ  

ʎʅ-149, ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ ʈ8; 

- ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʥʠʞʥʝʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʘʩʦʩʘ ʎʅ-602 (ʊʧ1.2); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘʩʦʩʘ ʎʅ-602 (ʊʧ1.3); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘʩʦʩʘ ʎʅ-149 (ʊ8); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʊ13); 

- ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʜʦʦʭʣʘʜʠʪʝʣʷ (ʊ18). 

ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʠʟʤʝʨʷʝʪ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʭʦʣʦʜʥʳʭ ʩʧʘʝʚ ʪʝʨʤʦʧʘʨ ʊʭʩ, ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

2.3. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʦʜʥʦʬʘʟʥʦʤ 

ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ I ʠ II ʢʦʥʪʫʨʦʚ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʤ ʩʪʝʥʜʝ ʌʊ-80. 

ʆʙʱʠʡ ʚʠʜ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʜʝʣʴ ʚʳʧʦʣʥʝʥʘ ʧʦ ʩʭʝʤʝ ʧʨʷʤʦʪʦʯʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʢʘʥʘʣʘ ʩ 

ʚʥʫʪʨʠʪʨʫʙʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʨʝʜʳ II ʢʦʥʪʫʨʘ ʠ ʥʘʨʫʞʥʳʤ ʦʙʦʛʨʝʚʦʤ ʩʨʝʜʦʡ I ʢʦʥʪʫʨʘ, 

ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʢʦʞʫʭʦʤ ʢʘʥʘʣʘ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 

ʪʨʫʙʦʡ. ʆʙʱʘʷ ʜʣʠʥʘ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 2940 ʤʤ. ɼʣʠʥʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 2480 ʤʤ.  

ʄʦʜʝʣʠ ʩʦʩʪʦʷʪ ʠʟ:  

Å ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʢʦʣʣʝʢʪʦʨʦʚ; 

Å ʧʨʦʯʥʦʛʦ ʢʦʞʫʭʘ; 

Å ʪʝʧʣʦʦʙʤʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʧʨʷʤʦʡ ʪʨʫʙʥʳʡ ʢʘʥʘʣ). 

ʂʦʣʣʝʢʪʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʚʦʜʘ ʠ ʦʪʚʦʜʘ ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʫʯʘʩʪʢʫ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʨʘʩʰʠʨʝʥʠʡ 
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ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. ʂʦʤʧʝʥʩʘʮʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʨʘʩʰʠʨʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʚʦʙʦʜʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ (ʧʦʟ.1) 

ʚ ʥʠʞʥʝʤ ʢʦʣʣʝʢʪʦʨʝ (ʨʠʩʫʥʦʢ 2.3) ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʛʜʝ ʦʥʠ ʠʤʝʶʪ 

ʞʝʩʪʢʦʝ ʢʨʝʧʣʝʥʠʝ. 

ɺ ʫʟʣʘʭ ʫʧʣʦʪʥʝʥʠʷ, ʨʘʟʜʝʣʷʶʱʠʭ ʧʦʣʦʩʪʠ ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʧʦʣʦʩʪʠ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʘʩʙʦʛʨʘʬʠʪʦʚʘʷ ʥʘʙʠʚʢʘ (ʧʦʟ.3). ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʯʝʢ ʤʝʞʜʫ 

ʨʘʟʜʝʣʷʝʤʳʤʠ ʧʦʣʦʩʪʷʤʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʠʭ ʦʪʙʦʨʳ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʪʙʦʨʳ ʧʨʦʪʝʯʝʢ ʤʝʞʜʫ ʧʦʣʦʩʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʪʫʣʢʘʤʠ (ʧʦʟ.4) ʩ ʢʦʣʴʮʝʚʳʤʠ ʢʘʥʘʚʢʘʤʠ ʥʘ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʚʝʨʩʪʠʷʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʥʝʩʝʥʥʳʤʠ ʧʦ ʠʭ 

ʧʝʨʠʤʝʪʨʫ. ɺʪʫʣʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʞʜʫ ʨʘʟʜʝʣʷʝʤʳʤʠ ʧʦʣʦʩʪʷʤʠ ʚ ʘʩʙʦʛʨʘʬʠʪʦʚʦʡ 

ʥʘʙʠʚʢʝ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʯʝʢ ʚʪʫʣʢʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʘʟʘʤʠ ʥʘʧʨʦʪʠʚ ʰʪʫʮʝʨʦʚ (ʧʦʟ.5) ʚ ʢʦʨʧʫʩʝ ʢʦʣʣʝʢʪʦʨʘ. ʄʝʞʜʫ ʜʚʫʤʷ ʧʦʣʦʩʪʷʤʠ 

ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʦʜʥʦʡ ʧʦʣʦʩʪʴʶ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʰʪʫʮʝʨʘ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʯʝʢ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʥʫʪʨʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ (ʨʠʩʫʥʦʢ 2.4, ʧʦʟ.2). ɼʣʷ ʵʪʦʛʦ 

ʚ ʚʝʨʭʥʝʤ ʢʦʣʣʝʢʪʦʨʝ ʠʤʝʝʪʩʷ ʨʘʟʲʝʤʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʫʧʣʦʪʥʷʝʤʦʡ ʚʪʫʣʢʦʡ ʥʘ ʩʤʝʥʥʦʤ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʜʚʫʤʷ ʤʝʜʥʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ (ʨʠʩʫʥʦʢ 1.4, ʧʦʟ.8), 

ʨʘʟʜʝʣʷʶʱʠʤʠ ʧʦʣʦʩʪʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʪʝʧʣʦʦʙʤʝʥʥʘʷ ʪʨʫʙʘ 

ʩʚʘʨʥʳʤ ʰʚʦʤ ʞʝʩʪʢʦ ʢʨʝʧʠʪʩʷ ʢ ʚʝʨʭʥʝʤʫ ʢʦʣʣʝʢʪʦʨʫ ʠ ʨʘʟʜʝʣʷʝʪ ʧʦʣʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. 

ʇʨʦʯʥʳʡ ʢʦʞʫʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʨʦʜʦʣʴʥʳʭ ʰʚʦʚ 

ʦʙʨʘʟʫʝʪ ʢʘʥʘʣ ʩ ʢʨʫʛʣʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʝʯʝʥʠʝʤ ʜʠʘʤʝʪʨʦʤ 17 ʤʤ. ʊʝʧʣʦʦʙʤʝʥʥʘʷ ʪʨʫʙʘ 

ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 13 ʤʤ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 1,5 ʤʤ ʜʠʩʪʘʥʮʠʦʥʠʨʫʝʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʢʘʥʘʣʝ ʧʨʦʯʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʦʙʨʘʟʫʝʪ ʚ ʥʝʤ ʢʘʥʘʣ ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ. ɺ ʧʨʦʯʥʦʤ ʢʦʞʫʭʝ 

ʚʳʧʦʣʥʝʥʳ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʳʚʦʜʘ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʝʨʝʟ ʚʪʫʣʢʠ. 

ʊʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʠ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʝʝ ʧʦʣʦʩʪʠ 

ʚʳʚʦʜʷʪʩʷ ʯʝʨʝʟ ʚʪʫʣʢʠ, ʧʨʠʚʘʨʝʥʥʳʝ ʢ ʧʨʦʯʥʦʤʫ ʢʦʞʫʭʫ (ʨʠʩʫʥʦʢ 2.4). 

ɼʣʷ ʚʳʚʦʜʘ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʚʘʨʝʥʥʳʝ ʢ ʥʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʥʠʧʧʝʣʠ (ʨʠʩʫʥʦʢ 2.5, ʧʦʟ.4). ɺʪʫʣʢʠ ʥʘ 

ʧʨʦʯʥʦʤ ʢʦʞʫʭʝ ʚʤʝʩʪʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʥʠʧʧʝʣʷʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʘʨʢʠ, 

ʦʙʨʘʟʫʶʪ ʫʟʣʳ ʢʨʝʧʣʝʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ. 
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ʈʠʩʫʥʦʢ 2.2. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

 

ʈʠʩʫʥʦʢ 2.3. ʂʦʥʩʪʨʫʢʮʠʷ ʥʠʞʥʝʛʦ ʢʦʣʣʝʢʪʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 
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ʊʝʨʤʦʟʦʥʜ (ʨʠʩʫʥʦʢ 2.5), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʩʪʦʠʪ ʠʟ ʥʠʧʧʝʣʷ (ʧʦʟ.1), ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʪʫʣʦʢ (ʧʦʟ.5, ʧʦʟ.6) 

ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʧʦʟ.2). ɺʩʝ ʜʝʪʘʣʠ ʪʝʨʤʦʟʦʥʜʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʡʢʦʡ ʧʨʠʧʦʝʤ ʇʉʨ40. ʂʦʨʧʫʩ ʪʝʨʤʦʟʦʥʜʘ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʳʪʝʩʥʠʪʝʣʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʟ ʧʦʣʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʠʧʧʝʣʷ, 

ʦʙʦʛʨʝʚʘʝʤʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʋʧʣʦʪʥʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘʢʠʜʥʦʡ ʛʘʡʢʦʡ (ʧʦʟ.3) ʯʝʨʝʟ ʤʝʜʥʫʶ (ʧʦʟ.4) ʠʣʠ ʥʠʢʝʣʝʚʫʶ ʧʨʦʢʣʘʜʢʠ. ɼʣʠʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʠʧʧʝʣʷ ʠ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʚ ʧʨʦʯʥʦʤ ʢʦʞʫʭʝ ʚʳʙʠʨʘʣʠʩʴ ʠʟ ʫʩʣʦʚʠʡ 

ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʥʠʧʧʝʣʝʤ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʨʘʩʰʠʨʝʥʠʷʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. ɺʳʚʦʜ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʚʳʧʦʣʥʝʥ ʯʝʨʝʟ ʚʪʫʣʢʠ (ʧʦʟ.6) ʥʘ ʢʦʞʫʭʝ ʩ 

ʧʨʠʚʘʨʝʥʥʳʤʠ ʢ ʥʠʤ ʢʦʣʧʘʯʢʘʤʠ (ʧʦʟ.5). 

 

ʈʠʩʫʥʦʢ 2.4. ʂʦʥʩʪʨʫʢʮʠʷ ʚʳʚʦʜʘ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʠʭ ʨʘʩʰʠʨʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʥʝʩʢʦʣʴʢʦ ʠʟʛʠʙʦʚ ʢʘʞʜʦʛʦ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʦ 

ʚʪʫʣʢʘʭ. ʇʝʨʝʜ ʛʝʨʤʝʪʠʟʘʮʠʝʡ ʫʟʣʦʚ ʚʳʚʦʜʘ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʦʩʣʝʜʥʠʝ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠʟʛʠʙʦʤ ʟʘʛʣʫʙʣʷʣʠʩʴ ʥʘ 10-15 ʤʤ ʚ ʢʦʣʧʘʯʢʠ (ʧʦʟ.5), ʘ ʟʘʪʝʤ 

ʟʘʧʘʠʚʘʣʠʩʴ ʩʝʨʝʙʨʷʥʳʤ ʧʨʠʧʦʝʤ ʇʉʨ40. 

ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ 

ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʌʊ-80 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʧʨʦʪʠʚʦʪʦʢʘ ʧʨʠ ʧʦʜʲʝʤʥʦʤ ʜʚʠʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɺʝʨʭʥʠʡ 

ʢʦʣʣʝʢʪʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʭʦʜʦʤ ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʳʭʦʜʦʤ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʘ ʥʠʞʥʠʡ ʢʦʣʣʝʢʪʦʨ - ʚʳʭʦʜʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʭʦʜʦʤ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. 
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ʈʠʩʫʥʦʢ 2.5. ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʨʤʦʟʦʥʜʘ 

 

ʆʪʙʦʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʜʝʣʘʥʳ ʚ ʚʠʜʝ ʰʪʫʮʝʨʦʚ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʦʣʦʩʪʷʭ ʢʦʥʪʫʨʦʚ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʭʩʧʘʡʥʳʤʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ 

ʚʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʪʨʫʙʢʘʭ ʢʦʣʣʝʢʪʦʨʦʚ. 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ: 

- ʥʘ "ʥʘʨʫʞʥʦʡ" ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ; 

- ʥʘ "ʚʥʫʪʨʝʥʥʝʡ" ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ; 

- ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʧʨʦʯʥʳʤ ʢʦʞʫʭʦʤ ʠ 

ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʦʡ; 

- ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ. 

ɼʘʪʯʠʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʧʦ ʩʝʯʝʥʠʶ ʠ ʚʳʩʦʪʝ ʢʘʥʘʣʘ. 

ʉʭʝʤʳ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʝ 

ʤʠʢʨʦʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʘʙʝʣʷ ʂʊʄʉ ʚ ʥʝʨʞʘʚʝʶʱʝʤ ʢʘʧʠʣʣʷʨʝ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ "ʥʘʨʫʞʥʦʡ" ʠ "ʚʥʫʪʨʝʥʥʝʡ" ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʯʝʥʠʷʭ ʬʨʝʟʝʨʦʚʘʣʠʩʴ ʧʘʟʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʫʢʣʘʜʢʠ 

ʠ ʟʘʯʝʢʘʥʠʚʘʥʠʷ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʝʪʘʣʣʠʟʠʨʦʚʘʣʠʩʴ. 
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ɻʣʫʙʠʥʘ ʧʘʟʦʚ ʥʘ "ʥʘʨʫʞʥʦʡ" ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʨʘʚʥʷʝʪʩʷ 0.6 ʤʤ 

ʧʨʠ ʪʦʣʱʠʥʝ ʝʝ ʩʪʝʥʢʠ 1.5 ʤʤ, ʘ ʛʣʫʙʠʥʘ ʧʘʟʦʚ ʜʣʷ ʜʘʪʯʠʢʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʝʝ 

"ʚʥʫʪʨʝʥʥʝʡ" ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʚʥʷʝʪʩʷ 1.1 ʤʤ. 

ʄʝʪʘʣʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

(ʘʨʛʦʥʘ). ʅʘʥʝʩʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʟʘʧʦʜʣʠʮʦ ʩ ʦʩʥʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʆʙʨʘʙʦʪʢʦʡ ʜʦʩʪʠʛʘʣʘʩʴ ʠʜʝʥʪʠʯʥʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʧʦʢʨʳʪʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʘ ʦʩʥʘʱʝʥʘ 

ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʚ 11 ʩʝʯʝʥʠʷʭ. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʝʯʝʥʠʷʤ ʠ 

ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.6. ʅʘ "ʚʥʫʪʨʝʥʥʝʡ" 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʫʩʪʘʥʦʚʣʝʥʦ 22 ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʅʘ "ʥʘʨʫʞʥʦʡ" 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ ʫʩʪʘʥʦʚʣʝʥʦ 4 ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʣʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 5 ʪʝʨʤʦʟʦʥʜʦʚ. 

ʅʠʧʧʝʣʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʟʦʥʜʦʚ ʚ ʟʘʟʦʨʝ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʫʟʣʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʨʫʛʠʭ ʜʘʪʯʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ) ʠ ʢʘʢ 

ʦʪʙʦʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʵʪʠʭ ʪʝʯʝʥʠʷʭ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ ʤʝʞʜʫ ʧʨʦʯʥʳʤ 

ʢʦʞʫʭʦʤ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʦʡ ʫʩʪʘʥʦʚʣʝʥʦ 10 ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦ ʚʳʩʦʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʆʧʠʩʘʥʠʝ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʃʝʥʪʦʯʥʳʝ ʟʘʚʠʭʨʠʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʩʫ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʪʦʣʱʠʥʦʡ 1 ʤʤ ʠ ʰʠʨʠʥʦʡ 9.8 ʤʤ, ʟʘʢʨʫʯʝʥʥʫʶ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ɼʣʠʥʘ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʂʦʤʙʠʥʘʮʠʷ ʠ ʜʣʠʥʳ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʰʘʛʦʤ ʥʘʚʠʚʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.7ʘ ʊʨʠ ʟʘʚʠʭʨʠʪʝʣʷ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʰʘʛ ʟʘʢʨʫʪʢʠ (ʧʦʚʦʨʦʪ 

ʥʘ 180Á) ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʨʘʚʥʳʡ 20 ʤʤ (ʨʠʩʫʥʦʢ 2.7ʙ), 30 ʤʤ (ʨʠʩʫʥʦʢ 2.7ʚ) 

ʠ 40 ʤʤ (ʨʠʩʫʥʦʢ 2.7ʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʨʫʛʠʝ ʟʘʚʠʭʨʠʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʫʯʘʩʪʢʦʚ ʩ ʵʪʠʤʠ ʰʘʛʘʤʠ: ʫʤʝʥʴʰʘʶʱʠʡʩʷ ʰʘʛ (40-30-20), ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ-

ʫʤʝʥʴʰʘʶʱʠʡʩʷ (20-30-40-30-20) ʠ ʫʤʝʥʴʰʘʶʱʠʡʩʷ-ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ (40-30-20-30-40).  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚʩʝ ʣʝʥʪʦʯʥʳʝ ʟʘʚʠʭʨʠʪʝʣʠ ʩʦʩʪʦʷʣʠ ʠʟ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʩʦʝʜʠʥʸʥʥʳʭ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʰʣʠʬʦʚʢʦʡ (ʨʠʩʫʥʦʢ 2.7ʜ): ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʰʘʛʦʤ ʠʤʝʣʠ 2 ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʣʠʥʝ, ʩ ʧʝʨʝʤʝʥʥʳʤ ï ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʭʦʜʦʚ ʩ ʦʜʥʦʛʦ 

ʰʘʛʘ ʥʘ ʜʨʫʛʦʡ. ʊʦʨʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʜʝʤʦʥʪʘʞʝ ʚ ʢʘʥʘʣ ʤʦʜʝʣʠ ʙʳʣʠ ʦʪʰʣʠʬʦʚʘʥʳ. 
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ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʝʭ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʪʫʣʢʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʧʦʣʦʩʪʝʡ ʢʦʥʪʫʨʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʚʩʝ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʩʦʝʜʠʥʝʥʳ ʩʚʘʨʢʦʡ ʩʦ ʩʪʝʨʞʥʝʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʧʦʣʦʩʪʝʡ ʢʦʥʪʫʨʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

 

2.4. ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩʠʩʪʝʤʦʡ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʀɺʂ) ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʦʡ ʕɺʄ. ʉ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʢ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʟʘʧʠʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ, ʪʘʢ ʟʘʧʠʩʴ, ʠ ʦʙʨʘʙʦʪʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʘʥʘʣʘʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʟʘʧʠʩʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ, ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʤʘʪʴ ʧʦʢʘʟʘʥʠʷ, ʥʦ ʪʘʢʞʝ 

ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʀɺʂ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʠʭʦʜʷʱʫʶ ʩ 

ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺ ʥʝʛʦ ʚʢʣʶʯʝʥʳ ʧʝʨʚʠʯʥʳʝ ʠ 

ʚʪʦʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ, 

ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʫʨʙʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʩʭʦʜʘ ʊʇʈ 2-

1-1, ʊʇʈ 4-1-1, ʜʘʪʯʠʢʠ ʤʘʣʳʭ ʨʘʩʭʦʜʦʚ ɼʄʈʄ-6,-10,-15, ʩʪʘʥʜʘʨʪʥʳʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʪʘʨʠʨʦʚʘʥʥʳʝ ʜʨʦʩʩʝʣʴʥʳʝ ʰʘʡʙʳ ʠ ʫʩʪʨʦʡʩʪʚʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʇʈ 2-1-1 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.1. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʫʨʙʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʜʠʘʧʘʟʦʥʦʤ 

ʠʟʤʝʨʝʥʠʷ 

 

ʊʘʙʣʠʮʘ 2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʩʭʦʜʘ ʊʇʈ 2-1-1 

1 ʀʟʤʝʨʷʝʤʘʷ ʩʨʝʜʘ ʚʦʜʘ  

2 ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ 5»200̄ ʉ 

3 ɺʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 25»40 ʤɺ 

4 ʏʘʩʪʦʪʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 250°25 ɻʮ 

5 ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʙʦʣʝʝ 0,05 ʄʇʘ 

6 ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʨʝʥʠʡ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 0.004 · 0.016 ʣ/ʩ 
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ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʪʫʨʙʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ ʚ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʇʏ-

6ʄ, ʠʤʝʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.2.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʉɸʇʌʀʈ-22ʄ-ɼʀ, ʉɸʇʌʀʈ-22ʄ-ɼɼ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʧʨʠʙʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʜʘʚʣʝʥʠʷ, ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ) ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʦʢʦʚʳʡ ʩʠʛʥʘʣ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʪʦʨʠʯʥʦʡ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʦʪ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 0...5 ʤɸ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

 

ʊʘʙʣʠʮʘ 2.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʇʏ-6ʄ 

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 12.5·2000 ɻʮ 

ɸʤʧʣʠʪʫʜʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 20·2000 ʤɺ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʚʳʭʦʜʝ 0.25·5 ʤɸ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 5·6000 ʤɺ 

ʆʩʥʦʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʥʝ ʙʦʣʝʝ °0.2 % 

ʆʩʥʦʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 
ʥʝ ʙʦʣʝʝ °0.3 % 

 

ʊʘʙʣʠʮʘ 2.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʠʧʘ ʉɸʇʌʀʈ 

ʇʘʨʘʤʝʪʨ ʉɸʇʌʀʈ-22ʄ-ɼɼ ʉɸʇʌʀʈ-22ʄ-ɼʀ 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʢʘʝʤʦʝ ʠʟʙʳʪʦʯʥʦʝ 

ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 
40 ʄʇʘ 16 ʄʇʘ 

ʇʨʝʜʝʣʳ ʠʟʤʝʨʝʥʠʡ -20·230 ʂʇʘ 0...16 ʄʇʘ 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 0·5 ʤɸ 0·5 ʤɸ 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 36 ɺ 36 ɺ 

ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʦʩʥʦʚʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ 
° 0,5% ° 0,5% 

 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʜʘ ʩʠʩʪʝʤʦʡ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʩʧʘʡʥʳʭ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʠʧʘ ʊʍʂ-0179. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʝ ʤʠʢʨʦʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʘʙʝʣʷ ʂʊʄʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʥʝʨʞʘʚʝʶʱʝʤ ʢʘʧʠʣʣʷʨʝ. ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʜʫʠʨʦʚʢʠ Ñ0.5Áʉ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʤʠʢʨʦʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʡ ʩʧʘʡ ʚʳʧʦʣʥʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʞʘʚʝʶʱʝʛʦ ʢʘʧʠʣʣʷʨʘ, ʘ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʘʪʯʠʢʘ ʧʨʦʢʘʪʘʥʘ ʜʦ ʜʠʘʤʝʪʨʘ 0.5 ʤʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ï 

ʠʟʛʦʪʦʚʠʪʝʣʷ.  

ʊʘʙʣʠʮʘ 2.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʇʨʝʜʝʣʳ ʠʟʤʝʨʝʥʠʡ 0·600̄ ʉ 

ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʛʨʘʜʫʠʨʦʚʢʘ 20·350̄ ʉ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ °0.1 ʉ̄ 

ʇʦʛʨʝʰʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ °0.5 ʉ̄ 

ʇʨʝʜʝʣʳ ʛʝʥʝʨʠʨʫʝʤʦʡ ʪʝʨʤʦ-ʕɼʉ 0·33 ʤɺ 

 

ɺʩʝ ʩʠʛʥʘʣʳ ʩ ʧʝʨʚʠʯʥʳʭ ʧʨʠʙʦʨʦʚ ʧʨʠʭʦʜʷʪ ʥʘ ʢʘʩʢʘʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʧʣʘʪ, 

ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʜʚʘʜʮʘʪʠʞʠʣʴʥʳʭ ʰʣʝʡʬʦʚ ʩʦʝʜʠʥʝʥ ʩ ʪʝʨʤʠʥʘʣʴʥʦʡ ʧʣʘʪʦʡ 

ɸʎʇ PCI-1710HGL, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʨʷʜʦʤ ʩ ʕɺʄ. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʙʨʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʢʘʩʢʘʜʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.8. ʇʦʩʢʦʣʴʢʫ 

ʧʣʘʪʳ ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʚʘʪʴ ʣʶʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

(ʂʋ) ʚʧʣʦʪʴ ʜʦ ʂʋ=1000, ʩʠʛʥʘʣʳ ʩ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʥʘ ʧʣʘʪʫ ɸʎʇ ʠʜʫʪ ʧʦ ʚʳʩʦʢʦʤʫ 

ʫʨʦʚʥʶ (0-10 ɺ). 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʀɺʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

ʈʠʩʫʥʦʢ 2.8. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
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ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ DATA_PROCESSOR ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʂʦʤʧʣʝʢʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʦʝ ʝʛʦ 

ʥʘʟʥʘʯʝʥʠʝ ï ʵʪʦ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʩ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ ʢʘʥʘʣʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʳ 

DATA_PROCESSOR ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʠʪʳʚʘʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ BOIR, FT-80, DINAMICA ʠ DINAMICA72. ʇʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ DATA_PROCESSOR ʧʦʟʚʦʣʷʝʪ: 

- ʚʳʙʠʨʘʪʴ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʩʪʝʥʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʘʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, ʢʘʢ ʩ ʮʝʣʴʶ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʢʘʥʘʣʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ), ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʧʝʨʝʩʯʸʪʘ ʩʪʘʨʳʭ; 

- ʚʳʚʦʜʠʪʴ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʪʝʢʫʱʠʝ (ʤʛʥʦʚʝʥʥʳʝ) ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ çʙʝʛʫʱʝʡ ʜʠʘʛʨʘʤʤʥʦʡ ʣʝʥʪʳè, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʦʜʝʣʠ ʠ ʥʘ ʩʪʝʥʜʝ; 

- ʚʳʩʪʘʚʣʷʪʴ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʡ (ʫʩʪʘʚʢʠ) ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʮʝʣʴʶ ʢʘʢ 

ʟʚʫʢʦʚʦʛʦ, ʪʘʢ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘ 

ʟʘʜʘʥʥʳʝ ʧʨʝʜʝʣʳ (ʧʨʠʤʝʨ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʦʚʝʱʝʥʠʷ: çɺʥʠʤʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʛʦ 

ʧʦʜʰʠʧʥʠʢʘ ʥʘʩʦʩʘ ʎʅ-602 ʙʦʣʴʰʝ 50 0ʉè); 

- ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʟʘʧʠʩʴ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʫʢʘʟʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʦʚ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʧʦ ʚʳʙʦʨʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʬʘʡʣ ʩ ʟʘʜʘʥʥʳʤ 

ʠʤʝʥʝʤ; 

- ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʡ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ, ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʝʝ) ʟʘʧʠʩʘʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩ ʚʳʚʦʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ 

ʵʢʨʘʥ ʠ (ʠʣʠ) ʟʘʧʠʩʠ ʚ ʬʘʡʣ; 

ɺ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʦ-ʠʩʧʦʣʥʷʝʤʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʳʟʦʚʘ: 

DATA_PROCESSOR.VI- ʦʩʥʦʚʥʘʷ (ʛʦʣʦʚʥʘʷ) ʧʨʦʛʨʘʤʤʘ; 

BUILD_MEASURE.vi ï ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʠʷ, ʧʨʦʩʤʦʪʨʘ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʚʳʙʦʨʘ 

ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ; 
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ʉONFIG_CHANNELL.vi ï ʧʨʦʛʨʘʤʤʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʫ 

ʙʣʦʢʘ ʢʦʤʤʫʪʘʮʠʠ/ʠʟʤʝʨʝʥʠʷ; 

CALCULATION.VI ï ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʫʞʝ ʟʘʧʠʩʘʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ; 

JETT.ic ï ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʪʝʥʜʘ ʌʊ-80, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʯʝʪʘ ʩʠʛʥʘʣʦʚ 

ʜʘʪʯʠʢʦʚ ʚ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ.; 

MEASURE.ic ï ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʧʘʨʘʤʝʪʨʳ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʟʘʧʠʩʠ ʠʟ ʬʘʡʣʘ JETT.ic . 

ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ DATA_PROCESSOR ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʧʘʥʝʣʠ ʟʘʢʣʘʜʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʦʢʥʘʤʠ 

ʧʨʦʛʨʘʤʤʳ ʠ ʥʠʞʥʝʡ ʧʘʥʝʣʠ.  

ʅʘ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʟʘʢʣʘʜʢʘʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʤʦʪʨ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ. ʉʦʟʜʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ (ˉ, ʅʦʤʝʨ ʢʘʥʘʣʘ, ʠʤʷ, ʪʠʧ ʠ ʪ.ʜ.) ʠʟ 

ʚʳʧʘʜʘʶʱʠʭ ʩʧʠʩʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ʥʘ ʟʘʢʣʘʜʢʝ ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʘʭ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʯʝʪʳʨʝʭ ʟʘʢʣʘʜʢʘʭ ʠʟʦʙʨʘʞʝʥʳ ʚʠʨʪʫʘʣʴʥʳʝ 

ʦʩʮʠʣʣʦʛʨʘʬʳ ʚʩʝʭ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʧʣʘʪʝ ʢʘʥʘʣʦʚ (ʨʠʩʫʥʦʢ 2.9).  

ɿʘʢʣʘʜʢʘ ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, 

ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʡ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ, ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ) ʟʘʧʠʩʘʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩ ʚʳʚʦʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʵʢʨʘʥ ʠ 

(ʠʣʠ) ʟʘʧʠʩʠ ʚ ʬʘʡʣ. ʉ ʧʦʤʦʱʴʶ ʟʘʢʣʘʜʢʠ ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʘ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ. ʅʘ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ.  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʜʝʣʘ ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʡʪʠ ʢ ʨʘʟʜʝʣʫ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʟʘʧʠʩʠ 

ʨʝʘʣʠʟʘʮʠʡ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ 

ʜʣʷ ʟʘʧʠʩʠ ʚ ʬʘʡʣ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʦʤʝʨʘ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʟʘʧʠʩʠ ʠ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ 

ʟʘʧʠʩʠ. 
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ʈʠʩʫʥʦʢ 2.9. ɺʠʨʪʫʘʣʴʥʳʝ ʦʩʮʠʣʣʦʛʨʘʬʳ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʧʣʘʪʝ ʢʘʥʘʣʦʚ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʟʥʘʯʘʪʴ ʟʘʜʝʨʞʢʫ ʠ, ʪʝʤ ʩʘʤʳʤ, ʫʧʨʘʚʣʷʪʴ 

ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ ʜʘʥʥʳʭ. ʉʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜ ʠʟ ʧʨʦʛʨʘʤʤʳ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʚʦʜ ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ʠ ʦʙʨʘʪʥʦ ʚ ʦʪʣʘʜʦʯʥʳʭ ʮʝʣʷʭ. 

 ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ Run, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠʣʠ ʚʳʙʨʘʪʴ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʨʦʩʘ ʠ ʟʘʧʠʩʠ. ʕʪʘ 

ʧʨʦʮʝʜʫʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʳʟʦʚʘ ʧʨʠʣʦʞʝʥʠʷ 

BUILD_MEASURE.vi. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʦʛʠʯʝʥ 

ʧʝʨʚʳʤ ʯʝʪʳʨʝʤ ʟʘʢʣʘʜʢʘʤ ʛʦʣʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʠ ʟʘʧʫʩʢʘ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦ, ʥʘʙʣʶʜʘʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʚʳʙʨʘʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ.  

ʇʦʩʣʝ ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʘʡʣ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʠʭ 

ʠʟʚʣʝʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʩʣʫʞʠʪ ʧʦʜʧʨʦʛʨʘʤʤʘ CALCULATION.VI, 
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ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ DATA_PROCESSOR ʠ ʚʳʟʳʚʘʝʤʘʷ, ʢʘʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʚʳʟʦʚʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʧʨʦʛʨʘʤʤʝ BUILD_MEASURE.vi, ʪʘʢ ʠ 

ʢʘʢ ʦʪʜʝʣʴʥʦ ʠʩʧʦʣʥʷʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ CALCULATION.VI, 

ʚʳʙʨʘʚ ʠʟ ʩʧʠʩʢʘ ʬʘʡʣ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʠ, ʫʢʘʟʘʚ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ, 

ʤʳ ʤʦʞʝʤ ʛʨʘʬʠʯʝʩʢʠ ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, çʥʘʢʣʘʜʳʚʘʪʴè ʥʘ ʫʞʝ ʟʘʧʠʩʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʟʣʠʯʥʳʝ ʬʠʣʴʪʨʳ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʚʦʜ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ, ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʥʶ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ 

ʬʠʣʴʪʨʘʮʠʠ Filtering and Conditioning. ɿʘʚʝʨʰʠʚ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ Record to file ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʠʩʴ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʪʝʢʩʪʦʚʳʡ 

ʬʘʡʣ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʫʥʠʚʝʨʩʘʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʨʘʙʦʪʢʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ, ʣʶʙʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

2.5. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

1) ʟʘʧʦʣʥʝʥʠʝ ʚʩʝʭ ʢʦʥʪʫʨʦʚ ʠ ʟʘʧʫʩʢ ʚʩʝʭ ɻʎʅ ʩʪʝʥʜʘ ʌʊ-80 ʠ ʥʘʩʦʩʦʚ ʦʭʣʘʞʜʝʥʠʷ; 

2) ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ; 

3) ʚʳʚʦʜ ʩʪʝʥʜʘ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ; 

4) ʟʘʧʠʩʴ ʨʝʘʣʠʟʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ, ʨʘʩʭʦʜʦʚ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʝʯʝʥʠʷʭ; 

5) ʧʦʩʣʝ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ; 

6) ʧʦʩʣʝ ʟʘʧʠʩʠ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʭʦʣʘʞʠʚʘʥʠʝ 

ʩʪʝʥʜʘ; 

7) ʦʩʪʘʥʦʚʢʘ ʚʩʝʭ ɻʎʅ ʠ ʥʘʩʦʩʦʚ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʜʥʦʛʦ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ, ʧʨʦʠʩʭʦʜʠʣʘ ʝʛʦ ʟʘʤʝʥʘ. ʉʧʠʩʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ rʚ 

ʪʘʙʣʠʮʘʭ 2.5 ʠ 2.6. ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʩ ʫʯʝʪʦʤ ʜʠʘʧʘʟʦʥʘ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʊʘʙʣʠʮʘ 2.5. ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʥʪ ʩ s/d = const 

 ̄I ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ G1, ʢʛ/ʯ t1ɺʍ, Áʉ  ̄II  ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ G2, ʢʛ/ʯ t2ɺʍ, Áʉ 

1 11.0Ñ1.0 255Ñ3 1 4.0Ñ0.5 36.8Ñ1.0 

2 46.0Ñ2.0 253Ñ3 2 19.0Ñ1.5 37.0Ñ1.5 

3 71.0Ñ3.0 252Ñ3 3 38.0Ñ2.5 38.0Ñ1.5 

4 184.0Ñ9.0 252Ñ3 4 76.0Ñ3.0 44.0Ñ1.5 

5 277.0Ñ11.0 253Ñ3 5 114.0Ñ3.0 52.0Ñ2.0 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʚʩʝʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʨʘʩʭʦʜʦʚ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ. ʀʪʦʛʦ 25 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʣʝʥʪʳ. 

 

ʊʘʙʣʠʮʘ 2.6. ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʥʪ ʩ s/d Í const 

ˉ I ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ G1, ʢʛ/ʯ t1ɺʍ, Áʉ  ̄II  ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ G2, ʢʛ/ʯ t2ɺʍ, Áʉ 

1 11.0Ñ1.5 250Ñ3 1 4.0Ñ0.4 31.0Ñ2.0 

2 46.0Ñ2.0 258Ñ3 2 19.0Ñ2.5 31.0Ñ2.5 

3 71.0Ñ3.5 260Ñ3 3 38.0Ñ2.5 35.0Ñ2.5 

4 184.0Ñ9.5 253Ñ3 4 76.0Ñ2.5 45.0Ñ2.0 

5 277.0Ñ11.5 252Ñ3 5 114.0Ñ2.5 51.0Ñ2.0 

 

ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʥʘʫʯʥʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʥʘʚʠʚʢʠ ʥʝʢʦʪʦʨʳʝ ʨʝʞʠʤʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʟʥʠʮʝʡ ʚ ʤʘʩʩʦʚʳʭ ʨʘʩʭʦʜʘʭ ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʚ ʪʘʙʣʠʮʝ 2.6 15 ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ I/II  ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: 1/1, 1/2, 1/3, 

2/1, 2/2, 2/3, 3/2, 3/3, 3/4, 4/3, 4/4, 4/5, 5/3, 5/4, 5/5. 

ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ: 

ʘ) ʂʠʧʝʥʠʝ ʧʦ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʢʦʥʪʫʨʫ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʢʣʶʯʝʥʦ: ʠʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ 10.0Ñ0.5 ʄʇʘ, ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ 4.8Ñ0.5 ʄʇʘ ʜʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ. 

ʙ) ʈʝʞʠʤʳ ʪʝʯʝʥʠʷ ʚʦʜʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ï ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ; 

ʚ) ʈʝʞʠʤʳ ʪʝʯʝʥʠʷ ʚʦʜʳ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ï ʣʘʤʠʥʘʨʥʳʡ ʩ ʤʘʢʨʦʚʠʭʨʷʤʠ; 

ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ Re, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʘʤ ʨʝʞʠʤʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʥʘʚʠʚʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ 1. 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.7. 
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ʊʘʙʣʠʮʘ 2.7. ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ Re (ʬʦʨʤʫʣʳ 1.15, 1.16) 

ʐʘʛ ʟʘʢʨʫʪʢʠ ὙὩ̠̋ᶻ   ὙὩ̠̋ᶻz  

20 ʤʤ 22.4 19710 

30 ʤʤ 32.4 13170 

40 ʤʤ 42.6 10090 

 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʮʠʢʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ. ʉʦʟʜʘʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʜʦʩʪʠʛʘʣʦʩʴ ʧʫʪʸʤ ʦʩʫʰʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ 

ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʛʦ ʮʠʢʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ ʟʥʘʯʝʥʠʷ 1%. ʉʪʦʣʴ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ 

ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʩ ʣʝʥʪʦʯʥʳʤ 

ʟʘʚʠʭʨʠʪʝʣʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʟʘʢʨʫʪʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʟʥʘʯʝʥʠʷʤ ʨʘʩʭʦʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʠʟʤʝʨʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʙʦʨ ʩʪʝʢʣʷʥʥʳʭ ʪʨʫʙʦʢ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʟʣʠʯʥʳʤ ʪʦʯʢʘʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʥʘʣʘ (ʢʘʥʘʣʳ ʪʝʨʤʦʟʦʥʜʦʚ). ɼʘʥʥʳʡ 

ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦʩʪʴʶ (0.5 ʤʤ ʚʦʜ. ʩʪ. ʠʣʠ 5 

ʇʘ). ʈʘʩʭʦʜ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʠʟʤʝʨʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʪʫʨʙʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ 

(ʊʇʈ). ɼʠʘʧʘʟʦʥ ʨʘʩʭʦʜʦʚ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʝʪ ʜʠʘʧʘʟʦʥ G2 ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʝʧʣʦʦʪʜʘʯʠ. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10.  

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

 1) ʟʘʧʦʣʥʝʥʠʝ ʤʦʜʝʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ 

 2) ʜʦʩʪʠʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

 3) ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ 

 4) ʧʝʨʝʭʦʜ ʥʘ ʩʣʝʜʫʶʱʠʡ ʨʝʞʠʤ 

ʉʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʨʠʩʫʥʦʢ 2.6) ʥʘʙʦʨ 

ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʨʘʟʣʠʯʝʥ. ʉʭʝʤʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.11, ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 
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1 ï ʥʘʩʦʩ; 2 ï ʊʇʈ; 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ; 4 ï ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʩʪʝʥʜ 

ʈʠʩʫʥʦʢ 2.10. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

 

ʈʠʩʫʥʦʢ 2.11. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʩʠʛʥʘʣʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʚʩʝʭ 11 ʩʝʯʝʥʠʡ ʧʦ 

ʚʳʩʦʪʝ ʤʦʜʝʣʠ:  

- ʚʦʩʝʤʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (tf1);  

- ʯʝʪʳʨʝ ʥʘ ʛʣʫʙʠʥʝ 0.6 ʤʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʩʦ ʩʪʦʨʦʥʳ 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (tw1);  

- ʜʚʘ ʥʘʙʦʨʘ (2 Ĭ 11 ʰʪ.) ʪʝʨʤʦʧʘʨ (tw2a, tw2b), ʚʩʪʨʦʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʫ 1.1 ʤʤ ʚʥʫʪʨʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʩʦ 

ʩʪʦʨʦʥʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ;  

- ʧʷʪʴ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (tf2). 



79 

 

ʍʘʨʘʢʪʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.12. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʝʯʝʥʠʷʭ ʧʦ ʚʳʩʦʪʝ ʤʦʜʝʣʠ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʦʧʨʝʜʝʣʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʢʨʠʚʦʡ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʟʘʜʘʸʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ [ɹʫʜʦʚ, 1989]: 

2
, ,( ,)= + -

f

Bz
Ae C A B C constt z  (2.1) 

ʕʪʦʪ ʪʠʧ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʦ-ʧʝʨʚʳʭ, ʦʥ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʦ ʜʣʠʥʝ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ;  

 

ʈʠʩʫʥʦʢ 2.12. ʍʘʨʘʢʪʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʚʦ-ʚʪʦʨʳʭ, ʦʥ ʥʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʠʙʢʦʩʪʴʶ ʠ ʜʘʝʪ ʛʨʫʙʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʠʩʪʠʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ. ʇʦʣʠʥʦʤʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʙʦʣʝʝ ʧʨʦʩʪʳ ʠ ʧʦʜʭʦʜʷʪ ʪʘʢʞʝ ʜʣʷ ʨʝʞʠʤʦʚ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʨʘʩʭʦʜʘʭ. ʆʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʨʷʜʢʘ ʧʦʣʠʥʦʤʘ 

ʦʧʨʝʜʝʣʷʣʘʩɹ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʫʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ). ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʥʦʤʦʚ 5ʦʛʦ 

ʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ ʜʘʚʘʣʦ ʥʝ ʬʠʟʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʪʘʙʣʠʮʝ 2.8 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩʫʤʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʧʦʣʠʥʦʤʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 

2.12. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʙʳʣ ʚʳʙʨʘʥ ʧʦʣʠʥʦʤ 4-ʡ ʩʪʝʧʝʥʠ. 
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ʊʘʙʣʠʮʘ 2.8. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʷʜʢʘ ʧʦʣʠʥʦʤʘ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʉʪʘʨʰʘʷ ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ 

1ʘʷ ʩʪʝʧʝʥʴ 992.41 

2ʘʷ ʩʪʝʧʝʥʴ 50.63 

3ʘʷ ʩʪʝʧʝʥʴ 47.02 

4ʘʷ ʩʪʝʧʝʥʴ 33.12 

 

ʅʘ ʦʩʥʦʚʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 11 ʩʝʯʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʠʥʳ 10 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʦʡ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʣʠʩʴ 

ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [ÁC], ʤʘʩʩʦʚʳʭ ʨʘʩʭʦʜʦʚ [ʢʛ/ʩ] ʠ 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ [ʇʘ]. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʡ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ. ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ 

ʚʳʯʠʩʣʝʥʠʡ: 

- ʦʧʨʝʜʝʣʷʣʦʩʴ 10 ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʘ (tfʚʭ) ʠ ʚʳʭʦʜʘ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ 

(tfʚʳʭ), ʘ ʪʘʢʞʝ ʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (tfʩʨ): 

;
2

+
=

fʚʭ fʚʳʭ

fʩʨ

t t
t  (2.2) 

- ʵʥʪʘʣʴʧʠʷ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ (P2):  

hfʚʭ = f(P2, tfʚʭ), hfʚʳʭ = f(P2, tfʚrʭ); 

- ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ ʧʨʠ 

ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ: ɟf = f(P2, tfʩʨ), ɚf = f(P2, tfʩʨ), ɛf = f(P2, tfʩʨ), Prf = 

f(P2, tfʩʨ); 

- 10 ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ (tw) ʠ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Prw = f(P2, tw), ɛw = f(P2, tw); 

- ʧʣʦʱʘʜʴ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ (Fʪ) ʜʣʷ 

ʬʨʘʛʤʝʥʪʘ ʜʣʠʥʦʡ l, ʩ ʫʯʝʪʦʤ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʙʦʢʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʥʪʳ: 

2

2 1 ;
2

p
p d
å õ

å õæ ö= - +æ ö
æ öç ÷
ç ÷

ʪ
F

d
d l

s
 (2.3) 

- ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ: 

2

;
4

p
d= -

f

d
dS  (2.4) 

- ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʘʥʘʣʘ dʃ (ʬʦʨʤʫʣʘ 1.12); 

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭʕ: 
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( )
( )

2
;a

-
=

-

fʚʳʭ fʚʭ

ʕ

ʪ w fcp

G h h

F t t
 (2.5) 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʅʫʩʩʝʣʴʪʘ ʠ ʈʝʡʥʦʣʴʜʩʘ: 

,
a

l
= ʕ ʃ

f

d
Nu  (2.6) 

2 .
m

= ʃ

f f

G d
Re

S
 (2.7) 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Nu=f(Re, Pr) ʧʦ ʦʙʦʙʱʸʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

(ʬʦʨʤʫʣʳ 1.30, 1.35) ʠʟ ʛʣʘʚʳ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʥʘʙʦʨ 

ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ (h2, [ʤ]) ʜʣʷ ʢʘʞʜʦʡ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʨʘʩʭʦʜʘ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ (Q2, [ʤ
3/ʩ]). ʇʨʝʥʝʙʨʝʛʘʷ, ʚʚʠʜʫ ʤʘʣʦʩʪʠ, ʧʦʪʝʨʷʤʠ ʥʘ ʚʭʦʜ, 

ʚʳʭʦʜ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʚʠʯʥʦʡ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 2.8: 

2

1 1

2

2 , , ,l
+ +

å õD
= D = - D = -æ ö

D ç ÷

fi

ʃ i i i i i i

Sh
gd h h h z z z

z Q
 (2.8) 

ʛʜʝ ȹh ï ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʧʴʝʟʦʤʝʪʨʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʪʦʯʢʘʤ ʠʟʤʝʨʝʥʠʷ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪʦʡ z. ʏʠʩʣʦ Re ʧʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ 

2.9: 

2 .
n

= ʃ

f

Q d
Re

S
 (2.9) 

ʛʜʝ ɜ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ [ʤ/ʩ2] ʚʦʜʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɚ=f(Re) ʧʦ ʦʙʦʙʱʸʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

(ʬʦʨʤʫʣ r1.20, 1.23) ʠʟ ʛʣʘʚʳ 1. 

 

2.6. ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʣʘʩʴ 

ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʠ ʚʳʯʠʩʣʷʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʝʣʠʯʠʥ. ʉʦʛʣʘʩʥʦ 

ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʧʦʜʭʦʜʫ [ʃʘʨʠʦʥʦʚ ʠ ʜʨ., 2009] ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʠ 

ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʠ.  

ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʧʦʩʦʙʘ ʠʣʠ 

ʧʦʨʷʜʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠ ̫ ʠʣʠ ʩ ʜʦʧʫʱʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʠʟʙʝʞʥʳʤʠ, 

ʧʨʠʥʠʤʘʝʤʳʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʨʝʜ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
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ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʪʦʢʦʚ ʚ ʦʜʥʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠ ʁʪʦʣʱʠʥ ʪʨʫʙ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʢ ʫʩʣʦʞʥʝʥʠʶ 

ʧʨʦʮʝʩʩʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʆʙʝʩʧʝʯʠʪʴ 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʲʸʤʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ï ʪʝʨʤʦʟʦʥʜʦʚ (ʨʠʩʫʥʦʢ 2.5). 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʰʘʛʠ ʟʘʢʨʫʪʢʠ ʫ ʣʝʥʪ ʨʘʟʣʠʯʥʳ, ʧʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʨʘʟʤʝʨʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʳ.  ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʨʝʜʥʠʝ ʧʦ ʩʝʯʝʥʠʶ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʸʪʘʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʩʝʯʝʥʠʷ (ʚʦʟʤʦʞʥʦʝ ʤʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ) ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 2Áʉ, ʧʦʵʪʦʤʫ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʪʦʯʢʠ 

ʠʟʤʝʨʝʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʝʪʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʥʦʩʠʪ ʠ ʪʦʣʱʠʥʘ ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʟʘʜʝʣʘʥʥʳʭ ʚ ʪʝʧʣʦʦʙʤʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʫʩʨʝʜʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʝʛʦ ʪʦʣʱʠʥʝ. ʆʜʥʘʢʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʝ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʦ ʢ ʣʠʥʝʡʥʦʤʫ, ʘ ʟʥʘʯʠʪ 

ʫʩʨʝʜʥʝʥʠʝ ʧʨʠʝʤʣʝʤʦ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʠʛʥʘʣʳ, ʟʘʜʝʣʘʥʥʳʭ ʚʛʣʫʙʴ (ʥʘ 1.1 ʤʤ) 

ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʬʦʨʤʫʣʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʩʪʝʥʢʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʩʝʨʚʘʪʠʟʤ ʧʦʣʫʯʘʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʀʩʪʦʯʥʠʢʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ 

ʤʝʪʦʜʠʢʝ ʨʘʩʯʸʪʘ ʩʣʫʞʠʪ ʦʧʝʨʘʮʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ 

ʧʦʪʦʢʘ. ɺʳʙʦʨʫ ʧʦʜʭʦʜʷʱʝʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʫʜʝʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʙʦʪʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʠʥʦʤ 4ʦʡ ʩʪʝʧʝʥʠ 

ʩʪʘʣ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ. ʉʣʝʜʩʪʚʠʝʤ ʜʘʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʩʣʫʯʘʡʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʪʨʝʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Nu, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.13-2.18. ɺʘʣʠʜʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʩ ʦʙʦʙʱʘʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʟ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ.   

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ȹx) ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʙʦʨʘ. ɼʘʥʥʳʝ ʠʟ ʧʘʩʧʦʨʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ ʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ (ʬʦʨʤʫʣʘ 2.10) ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ (Ůx) (ʬʦʨʤʫʣʘ 2.11). 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (ŭx) ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʘ ʩ 

ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ (ůx) ʬʦʨʤʫʣʦʡ 2.13. 
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ʛʜʝ tp - ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʥʦʛʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0.95 ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʚʥʦ 1.96. 

ʇʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʘʤ 2.15 ʠ 2.16. 

ɺʳʙʦʨ ʬʦʨʤʫʣʳ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʚʝʣʠʯʠʥʳ y.  
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ʌʦʨʤʫʣʘ 2.15 ʫʜʦʙʥʘ, ʝʩʣʠ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ 

ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʘ ʬʦʨʤʫʣʘ 2.16 ï ʝʩʣʠ ʬʫʥʢʮʠʷ ʣʝʛʢʦ ʣʦʛʘʨʠʬʤʠʨʫʝʤʘ (ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʝʣʠʯʠʥ). ɺ ʠʪʦʛʝ ʦʙʘ ʪʠʧʘ ʧʦʛʨʝʰʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 2.17.  

ʀʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʜʘʚʣʝʥʠʷ ʉɸʇʌʀʈ ï 22ɼʀ. ʋʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʜʘʚʣʝʥʠʷ ʩʨʝʜ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʦʢʦʚʳʡ ʩʠʛʥʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0 ʜʦ 5 ʤA. ʉ ʧʦʤʦʱʴʶ ʵʪʘʣʦʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 2 ʢʆʤ ʪʦʢʦʚʳʡ ʩʠʛʥʘʣ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʜʠʘʧʘʟʦʥʦʤ ʦʪ 0 ʜʦ 10 ɺ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ.  

ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʯʝʨʝʟ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʉɸʇʌʀʈ ï 22ɼɼ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʝʤʫ, ʥʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʪ.ʢ. ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʩʦʟʜʘʸʪʩʷ ʟʘ ʩʯʸʪ ʩʫʞʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 
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ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʜʣʷ ʧʝʨʝʩʯʸʪʘ 

ʨʘʩʭʦʜʘ ʧʦʣʫʯʘʝʤ: 
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G u d kt  (2.18) 

ʛʜʝ Ůu, ŮŬ, Ůd, Ůkt ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʯʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ, ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ ʩʫʞʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʤʝʪʘʣʣʘ ʩʦʧʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʦʣʙʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʩ ʫʯʸʪʦʤ ʩʫʙʲʝʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 1 ʤʤ. ʚʦʜʥʦʛʦ ʩʪʦʣʙʘ. 

 ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʫʨʙʠʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʩʭʦʜʘ ʊʇʈ 2-1-1, ʊʇʈ 4-1-1 ʠ ɼʄʈʄ-6,-10,-15. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʪʫʨʙʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʭʦʜʘ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʇʏ-6ʄ. ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʥʦʩʠʪ ʩʘʤ ʜʘʪʯʠʢ: ʩʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ 1%. 

 ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʩʧʨʘʚʦʯʥʠʢʘʤ [ɸʣʝʢʩʘʥʜʨʦʚ ʠ ʜʨ., 1999] ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ. ɺ ʨʘʩʯʸʪʝ ʧʦʛʨʝʰʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʚʚʠʜʫ ʠʭ 

ʤʘʣʦʩʪʠ. ʀʪʦʛʦʚʳʝ ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʥʳʭ ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.9. 

 

ʊʘʙʣʠʮʘ 2.9. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ 

ʀʟʤʝʨʷʝʤʳʡ ʠʣʠ ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ɸʙʩʦʣʶʪʥʘʷ ʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ %  

ʆʪʥʦʩʠʪʝʣʴʥʘ ̫

ʧʦʛʨʝʰʥʦʩʪ ɹ

ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

% 

ɼʠʘʤʝʪʨ ʢʘʥʘʣʘ, ʐʠʨʠʥʘ ʣʝʥʪʳ Ñ 0.05 ʤʤ - 

ɼʣʠʥʘ ʢʘʥʘʣʘ Ñ 0.5 ʤʤ - 

ʊʦʣʱʠʥʘ ʣʝʥʪʳ Ñ 0.01 ʤʤ - 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʠ ʞʠʜʢʦʩʪʠ Ñ 0.5 Áʉ - 

ʋʨʦʚʝʥʴ ʩʪʦʣʙʘ ʚ ʧʴʝʟʦʤʝʪʨʝ Ñ 10 ʇʘ - 

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ  

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ 
- Ñ 0.5 % 

ʈʘʩʭʦʜ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ - Ñ 2.5 % 

ʈʘʩʭʦʜ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ - Ñ 1.9 % 
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ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ - Ñ 6.9 % 

ɺʝʣʠʯʠʥʘ Nu - Ñ 8.6 % 

ɺʝʣʠʯʠʥʘ Re - Ñ 2.3 % 

ɺʝʣʠʯʠʥʘ ɚ - Ñ 4.0 % 

 

2.7. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʘ ʦʧʝʨʘʮʠʡ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 

2.3, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Nu=f(Re). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʥʘʣʦʚ ʩ ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʧʨʝʜʝʣʝʥʳ ɚ=f(Re). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʣʦʩʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʦʙʦʙʱʝʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʠ ʦʮʝʥʢʝ ʚʝʣʠʯʠʥ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʨʨʝʢʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʬʦʨʤʫʣʘʤʠ 1.30, 1.35, ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʪʦʨʦʥʳ ʛʨʝʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦ ʜʣʠʥʝ ʰʘʛʘ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ 

ʵʪʦʤʫ ʫʩʣʦʚʠʶ: ʨʘʚʝʥʩʪʚʦ ʚʦʜʷʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ (W) ʜʣʷ ʦʙʝʠʭ ʩʨʝʜ (ʬʦʨʤʫʣʘ 2.19).  

1 1 1 1

2 22 2

1= º
W G Cp G

W GG Cp
 (2.19) 

ʛʜʝ ὅὴȟὅὴ ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʢʦʥʪʫʨʘ. 

ɺ ʠʪʦʛʝ ʚʳʙʨʘʥʳ ʨʝʞʠʤʳ G1/G2 = 184/114, 71/76 ʠ 46/38. ʅʘ ʨʠʩʫʥʢʘʭ 2.13-2.15 ʧʦʢʘʟʘʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Nu=f(Re) ʜʣʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d = 2, 3, 4. ʂʘʞʜʦʝ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Nu ʧʦ 

ʜʣʠʥʝ ʤʦʜʝʣʠ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʛʨʝʚʘ ʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ 

ʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʦʪʦʢʘ.  

ʇʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ: ʧʨʠ ʯʠʩʣʝʥʥʦ ʦʜʠʥʘʢʦʚʳʭ 

ʟʥʘʯʝʥʠʷʭ Re ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ Nu. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʯʠʩʣʘ 

Pr ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ɛ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʙʱʠʡ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʥʘʯʝʥʠʷ 
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Nu ʦʪʥʝʩʝʥʳ ʢ ʢʦʤʧʣʝʢʩʫ f, ʚʳʯʠʩʣʷʝʤʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ 1.30, 1.35 ʧʦ 

ʬʦʨʤʫʣʘʤ 2.20, 2.21 ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2.10.  

 

ʊʘʙʣʠʮʘ 2.10. ʌʦʨʤʫʣʳ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ f 

ʀʩʪʦʯʥʠʢ ɿʘʚʠʩʠʤʦʩʪʴ 

[ʑʫʢʠʥ, 1982] 0.43
;Pr=f  (2.20) 

ʕʢʩʧʝʨʠʤʝʥʪ 0.18

0.4
.Pr

å õ
= æ ö

ç ÷

f

w

ɛ
f

ɛ
 (2.21) 

[Manglik & Bergles, 2002] 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Nuʕ ʦʪʥʝʩʝʥʳ ʢ ʢʦʤʧʣʝʢʩʫ ʠʟ ʬʦʨʤʫʣʳ ʄʘʥʛʣʠʢʘ ʠ ɹʝʨʛʣʝʩʘ, 

ʪ.ʢ. ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʝʜʥʠʭ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.13. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d = const ʧʨʠ G1/G2 = 46/38 

 

ʈʠʩʫʥʦʢ 2.14. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d = const ʧʨʠ G1/G2 = 71/76 
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ʈʠʩʫʥʦʢ 2.15. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d = const ʧʨʠ G1/G2 = 184/114 

 

ʉʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 2.22, 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.11. 

( )
2

1

s
=

-
= ä

i

N
i ʕ

Nu

i

Nu Nu

N
 

(2.22) 

 

ʊʘʙʣʠʮʘ 2.11. ʉʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ Nuʕ 

ʊʠʧ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ 

G1/G2 = 184/114 G1/G2 = 71/76 G1/G2 = 46/38 

ʑʫʢʠʥ ʄ&ɹ ʑʫʢʠʥ ʄ&ɹ ʑʫʢʠʥ ʄ&ɹ 

s/d = 2 5.86 7.41 6.85 7.04 5.94 5.92 

s/d = 3 6.92 6.23 6.85 5.37 5.44 5.08 

s/d = 4 6.54 3.28 7.30 3.5 5.34 4.37 

 

 ʅʘ ʨʠʩʫʥʢʘʭ 2.16-2.18 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Nu=f(Re) ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʘʩʭʦʜʦʚ ʩʨʝʜ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ. ɼʣʷ ʦʮʝʥʢʠ 

ʟʥʘʯʝʥʠʡ ʥʘ ʨʠʩʫʥʢʠ ʜʦʙʘʚʣʝʥʳ Nu=f(Re), ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʦʙʦʙʱʸʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

ʑʫʢʠʥʘ ʠ ʄʘʥʛʣʠʢʘ (ʬʦʨʤʫʣʳ 1.30, 1.35) ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʟʘʤʝʪʥʦʛʦ ʥʘʢʣʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ ʧʦ 

ʜʣʠʥʝ ʢʘʥʘʣʘ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʫʯʘʩʪʢʘ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʢʨʫʧʥʳʤ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ. ʋʨʦʚʝʥʴ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʩ s/d Í const ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʣʝʥʪ 

ʩ s/d = 2. 
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ʈʠʩʫʥʦʢ 2.16. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d Í const ʧʨʠ G1/G2 = 46/38 

 

ʈʠʩʫʥʦʢ 2.17. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d Í const ʧʨʠ G1/G2 = 71/76 

 

ʈʠʩʫʥʦʢ 2.18. Nu=f(Re) ʜʣʷ ʟʘʚʠʭʨʠʪʝʣʝʡ s/d Í const ʧʨʠ G1/G2 = 184/114 
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ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʩ 

ʣʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.19. ʉʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʡ 

ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ ʘʥʘʣʦʛʠʯʥʦʡ 2.22, 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.12.  

 

ʊʘʙʣʠʮʘ 2.12. ʆʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ɚ 

ʊʠʧ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʑʫʢʠʥ ʄ&ɹ 

s/d = 2 0.0416 0.0789 

s/d = 3 0.0153 0.0613 

s/d = 4 0.0105 0.0560 

 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ɚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʲʷʩʥʷʶʪʩʷ 

ʯʫʪʴ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʭʨʠʪʝʣʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ, ʧʦ ʩʫʪʠ, ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʄʘʥʛʣʠʢʘ ʠ ʑʫʢʠʥʘ. ʅʝʪʦʯʥʦʩʪʠ 

ʬʦʨʤʳ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝʠʟʙʝʞʥʳʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʟʘʟʦʨʦʚ 

ʤʝʞʜʫ ʣʝʥʪʦʡ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʪʨʫʙʦʡ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʦʨʮʝʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʝʥʪ ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʤʦʥʪʘʞʘ ʧʨʠʚʝʣʠ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʩʣʦʞʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ ʚ ʮʝʣʦʤ. 

 

ʈʠʩʫʥʦʢ 2.19. ɚ=f(Re) ʜʣʷ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ 

 

ʂʘʥʘʣʳ ʩ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʤʳʤ ʩ ʣʝʥʪʦʡ s/d = 3 ʫʨʦʚʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.   

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʣʝʥʪʦʯʥʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʨʘʮʠʦʥʘʣʴʥʦʡ 
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ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʛʣʘʚʝ 1. ɺ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: 

 - ʧʦʩʪʨʦʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ȹP [ʇʘ]=f (Q [ʤ3/ʩ]) ʜʣʷ ʢʘʥʘʣʘ ʩ 

ʣʝʥʪʦʯʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʜʣʷ ʢʘʥʘʣʘ ʙʝʟ ʚʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 7ʠ ʚʘʨʠʘʥʪʦʚ ʢʘʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʦʢʘʯʢʫ ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 2.20); 

 

ʈʠʩʫʥʦʢ 2.20. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ (Ŭ0) ʚ ʢʘʥʘʣʝ ʙʝʟ ʚʩʪʘʚʢʠ ʧʦ ʬʦʨʤʫʣʝ 

ʄʠʭʝʝʚʘ [1977] (ʬʦʨʤʫʣʘ 2.23). ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʝʠʭ 

ʩʨʝʜ (t1(z), t1(z)) ʚʳʯʠʩʣʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (ʬʦʨʤʫʣʳ 2.24, 2.25) [ɹʫʜʦʚ, 1989], 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʧʨʠ 

ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʦ ʝʛʦ ʜʣʠʥʝ (k = const); 
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ʛʜʝ t1ʚʭ, t2ʚʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʦʜʘ ʛʨʝʶʱʝʡ ʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ, z ï ʢʦʦʨʜʠʥʘʪʘ, 

ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʪʦʯʢʠ ʚʭʦʜʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ. ʀʥʜʝʢʩʳ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ 2.23 f 

ʠ w ʦʙʦʟʥʘʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʠ ʩʪʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʠʭ 

ʚʳʯʠʩʣʝʥʠʠ. 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ kʵʬʬ ʧʦ ʬʦʨʤʫʣʝ 2.26. ɼʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʚ ʬʦʨʤʫʣʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʫʯʠʪʳʚʘʣʘʩʴ 

ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʦʪ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʢʦʥʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʰʘʛʘ ʟʘʢʨʫʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʥʪʦʯʥʦʡ ʚʩʪʘʚʢʠ (Ŭ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʫʩʨʝʜʥʸʥʥʦʝ ʧʦ ʚʩʝʤʫ ʢʘʥʘʣʫ ʟʥʘʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.13. 
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ʊʘʙʣʠʮʘ 2.13. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʥʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ 

ʊʠʧ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ kF kʵʬʬ 

s/d = 2 0.920 1.14 

s/d = 3 0.930 1.11 

s/d = 4 0.934 1.07 

s/d = 4-3-2 0.931 1.21 

s/d = 4-3-2-3-4 0.932 1.31 

s/d = 2-3-4-3-2 0.931 1.11 

 

ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʣʝʥʪʦʯʥʳʡ ʟʘʚʠʭʨʠʪʝʣʴ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʰʘʛʦʤ s/d = 4-3-2-3-4. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʚʩʪʘʚʦʢ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʰʘʛʦʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʝʝ ʥʠʟʢʠʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ ʚ ʢʫʧʝ ʩ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʦʩʣʝʜʥʝʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʣʠʥʦʡ ʬʨʘʛʤʝʥʪʘ ʩ s/d = 2 ʚ ʝʛʦ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Nu ʥʘ 

ʫʯʘʩʪʢʘʭ ʩʦ ʩʣʘʙʦʡ ʟʘʢʨʫʪʢʦʡ ʧʦʪʦʢʘ.  

 

2.8. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʘʥʘʣʘʭ ʩ ʣʝʥʪʦʯʥʳʤʠ 

ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʟʘʢʨʫʪʢʠ ʧʨʠ ʰʪʘʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʗʕʋ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ 

ɚ=f(Re) ʠ Nu=f(Re) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʇʨʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʦ Re ʙʦʣʝʝ, ʯʝʤ ʚ 2.5 ʨʘʟʘ ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʟʘʤʝʪʥʦʛʦ ʥʘʢʣʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ ʧʦ 

ʜʣʠʥʝ ʢʘʥʘʣʘ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʫʯʘʩʪʢʦʚ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʢʨʫʧʥʳʤ ʰʘʛʦʤ ʟʘʢʨʫʪʢʠ. ʋʨʦʚʝʥʴ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʣʝʥʪʦʯʥʳʭ 

ʚʩʪʘʚʦʢ ʩ s/d = 2. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʦʯʥʳʭ ʚʩʪʘʚʦʢ 

ʤʝʪʦʜʦʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ. ɻʨʫʧʧʦʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʢʘʟʘʣʠʩʴ ʣʝʥʪʦʯʥʳʝ ʟʘʚʠʭʨʠʪʝʣʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʤʝʥʴʰʝʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʃʝʥʪʘ s/d = 4-3-2-3-4 ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʬʨʘʛʤʝʥʪ ʩ s/d = 2 ʠ ʠʤʝʝʪ 

ʚʳʩʦʢʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʣʝʥʪʘʤʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ, ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ Nu ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ s/d = 4. 
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ɻʃɸɺɸ 3. ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɺʀɾɽʅʀʗ ʀ ʊɽʇʃʆʇɽʈɽʅʆʉɸ 

ʆɼʅʆʌɸɿʅʆɻʆ ɿɸʂʈʋʏɽʅʅʆɻʆ ʇʆʊʆʂɸ ɺ ʂɸʅɸʃɸʍ ʉ ʃɽʅʊʆʏʅʓʄʀ 

ɿɸɺʀʍʈʀʊɽʃʗʄʀ   

3.1. ɺʚʝʜʝʥʠʝ 

ɺ ʛʣʘʚʝ 3 ʧʨʠʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʠʞʝʥʠʷ ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ 

ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʸ ʚʘʣʠʜʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʩʯʸʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʟʘʢʨʫʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʰʘʛʘ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʛʣʘʚʝ 1. 

 

3.2. ʆʧʠʩʘʥʠʝ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys CFX. 

ʈʝʰʘʪʝʣʴ CFX ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. 

ʋʟʣʳ ʩʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʤʘʩʩʘ, 

ʠʤʧʫʣʴʩ ʠ ʵʥʝʨʛʠʷ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʧʘʩʩʠʚʥʦʛʦ ʩʢʘʣʷʨʘ ʠʥʪʝʛʨʠʨʫʶʪʩʷ 

ʧʦ ʢʘʞʜʦʤʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʝʤʫ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʳʪʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʨʫʯʝʥʥʳʭ ʪʝʯʝʥʠʡ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʜʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʄʝʥʪʝʨʘ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʢʨʠʚʠʟʥʫ ʣʠʥʠʡ ʪʦʢʘ ʠ ʚʨʘʱʝʥʠʝ (SST-

CC), ʠ ʤʦʜʝʣʴ ʈʝʡʥʦʣʴʜʩʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ORS-ɤ). ʇʦʣʥʘʷ ʩʠʩʪʝʤʘ 

ʨʝʰʘʝʤʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʜʝʥʘ ʚ ʬʦʨʤʫʣʘʭ 3.1 ʠ 3.3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʝʛʦ 

ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ rʯʘʩʪʠʯʥʦ ʚ ʛʣʘʚʝ 1 ʠ ʚ [ANSYS 

Theory Guide, 2016]. ʈʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʫʣʝ 3.2 ʷʚʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʠ 

ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʩʤʝʰʠʚʘʥʠʷ. ʕʤʧʠʨʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ fr ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʯʝʪʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʠʟ [Spalart et al., 1997].  

ʆʙʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʧʦ ʩʫʪʠ ʥʠʟʢʦʨʝʡʥʦʣʴʜʩʝʚʳʤʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʨʝʰʝʥʠʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʆʜʥʘʢʦ, ʧʨʠ ʣʶʙʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʚʘʞʥʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʩʪʝʥʢʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʙʳʣʘ ʠʜʝʥʪʠʯʥʘ 

ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʬʦʨʤʫʣʘʭ 3.4-3.6.  
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ʛʜʝ P ï ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ, ɟref ï ʙʘʟʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, htot ï ʧʦʣʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʦʪʦʢʘ, h ï 

ʵʥʪʘʣʴʧʠʷ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʩ ʠʥʜʝʢʩʦʤ ç3è 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʸʪʘ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ F1. 
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(3.3) 

ʛʜʝ P`ij ï ʢʦʤʧʣʝʢʩ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʛʝʥʝʨʘʮʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ORS ʤʦʜʝʣʠ. 
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ʛʜʝ ə ï ʧʦʩʪʦʷʥʥʘʷ ʂʘʨʤʘʥʘ, ʧʘʨʘʤʝʪʨʳ y+ ʠ y*  ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ uŰ ʠ u*  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʦʨʤʫʣʘ 3.6 ʟʘʜʘʸʪ 

ʧʨʦʬʠʣʴ ʙʝʟʨʘʟʤʝʨʥʳʡ ʪʝʤʧʝʨʘʪʫʨʳ (T* ) ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʨʝʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

SST. ʊʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ Prt ʜʣʷ ʚʦʜʳ ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 1.1 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ c 

[Lushchik et al., 2018]. ɺʣʠʷʥʠʝ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʦʚ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʟ [ANSYS Theory Guide, 2016], 

ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʰʝʥʠʝ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ (Gr) ʠ Re ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʨʘʩʭʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 

Gr/Re2 <1. 

ɺ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʘʪ ʙʘʟʦʚʳʝ 

ʧʨʠʥʮʠʧʳ ʧʦʜʦʙʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʝʨʚʳʤ ʠ ʚʘʞʥʝʡʰʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʤʦʜʝʣʝʡ. ʉʦʟʜʘʚʘʝʤʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ, ʥʦ ʥʝ ʙʳʪʴ ʧʨʠ ʵʪʦʤ ʠʟʙʳʪʦʯʥʦ ʜʝʪʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʟʘʜʘʯʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʦʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʧʠʠ 

3ʭ ʬʨʘʛʤʝʥʪʦʚ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʰʘʛʦʚ 

ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 3.1).  

  
 

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 3.1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʨʘʛʤʝʥʪʘ ʩ ʰʘʛʦʤ (ʘ) 20 ʤʤ, (ʙ) 30 ʤʤ, (ʚ) 40 ʤʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʜʦʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʤʦʜʝʣʠ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʧʦʪʦʢʫ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 1%. ɻʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʥʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʙʳʣʦ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʣʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʩʪʝʥʢʘ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦʪʦʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʝ 

ʢʦʞʫʭʘ ʢʘʥʘʣʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩʘ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʦʙʲʸʤ ʪʘʢʞʝ ʙʳʣ ʠʩʢʣʶʯʝʥ. 

ʇʦʜʚʦʜʷʱʠʡ ʠ ʦʪʚʦʜʷʱʠʡ ʢʦʣʣʝʢʪʦʨʳ (ʨʠʩʫʥʦʢ 2.3) ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʫʶ ʧʦʣʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʪʦʢʘ. ʇʝʨʚʦʝ ʢʦʥʪʨʦʣʴʥʦʝ ʩʝʯʝʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʦ ʙʣʠʟʢʦ ʢ ʪʦʯʢʝ ʚʭʦʜʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʦʜʝʣʠ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʘ ʧʦʟʚʦʣʠʣʠ ʦʪʙʨʦʩʠʪʴ ʚ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʚʥʫʪʨʝʥʥʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʣʣʝʢʪʦʨʦʚ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʚʭʦʜʝ ʚ ʟʘʢʨʫʯʝʥʥʳʡ ʢʘʥʘʣ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 








































































