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ɺʚʝʜʝʥʠʝ 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ, ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ 

ʃʆɻʆʉ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝ yʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʜʪy ʧʦ ʧʫʪʠ ʧʝʨʝʭʦʜʘ ʦʪ 

ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʚʩ y ʙʦʣʝʝ ʠ ʙʦʣʝʝ 

ʚʩʝʦʙʲʝʤʣʶʱʝʤʫ ʪʨʭyʤʝʨʥʦʤʫ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ 

ʪʝʭʥʠʢʠ ʚ ʮʝʣʦʤ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʤʝʪʦʜʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʫʡʪʠ ʦʪ ʨʘʩʯʪyʘ ʦʙʦʩʦʙʣʝʥʥʳʭ ʯʘʩʪʝʡ ʠ ʚʢʣʶʯʠʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʤʝʞʥʳʝ 

ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʝʭʥʠʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʯʪyʘ 

ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʛʥʦʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ ʫʞʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʮʝʩʩʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʥʝ ʤʦʛʣʠ ʥʝ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ. ɺʩ yʙʦʣʴʰʠʡ ʠ ʙʦʣʴʰʠʡ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ 

ʧʦʩʪʨʦʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʪyʘ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʢʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

[Cʘʤʘʨʩʢʠʡ&ɺʘʙʠʱʝʚʠʯ, 2000; ʉʢʚʦʨʮʦʚ, 2002; Mavriplis, 1997]. ʂʨʦʤʝ ʪʦʛʦ, ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʩʪʫʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ 

ʪʝʣ, ʢʘʢ ʚ ʛʘʟʝ, ʪʘʢ ʠ ʚ ʞʠʜʢʦʩʪʠ. ɼʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ [ɺʦʣʢʦʚ&ɽʤʝʣʴʷʥʦʚ, 2010; ʇʦʛʦʩʷʥ ʠ ʜʨ., 2013; 

Carson, 1988; Sandford et al., 1994; Wang&Parthasarathy, 2000; Souli&Zolesio, 2001; 

Selim&Koomullil, 2016; Galanov et al., 2021]. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ 

ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʷ 

[Meakin&Suhs, 1989; Poh et al., 2021], ʦʪʜʝʣʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʠʟʜʝʣʠʷ (ʢʘʪʘʧʫʣʴʪʠʨʦʚʘʥʠʝ) [Rock&Habchi, 1998; Tian&Chen, 2012; Rahman et. al., 

2024], ʪʝʯʝʥʠʷ ʩ ʫʯʪyʦʤ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2019; Sandford et al., 

1994], ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʚʠʥʪʦʚ [ɹʦʙʢʦʚ ʠ ʜʨ., 2020; ʎʚʝʪʢʦʚʘ ʠ ʜʨ., 2021; 

Wissink, 2012], ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʨʪʘ ʨʘʢʝʪ ʠʟ ʰʘʭʪ [ʇʝʛʦʚ, 2019; 

Hall&Parthasarathy, 1998] ʠ ʪ.ʜ. 

ɼʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʳʭ ʪʝʣ ʩʦ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ [ɻʘʣʠʝʚ, 1979]. ɺ 
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ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʯʥʳʝ ʠ ʧʨʠʙʣʠʞʸʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ [ɸʥʫʯʠʥʘ, 1970; ɻʦʜʫʥʦʚ ʠ 

ʜʨ., 1973; ɻʘʣʠʝʚ, 1979; Belytschko, 1977]. ʆʜʥʘʢʦ, ʨʝʰʝʥʠʝ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʢʪʠʢʠ. ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʘʟʝ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʳʝ ʚʦʣʥʦʚʳʝ ʵʬʬʝʢʪʳ, ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʧʨʦʷʚʣʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ 

ʩʨʝʜʳ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʘʜʘʧʪʠʚʥʦ-ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʝʪʦʢ [ɻʠʣʴʤʘʥʦʚ ɸ.ʅ., 2000; ɽʧʠʰʢʦʚ ʠ ʜʨ., 2015; 

ʀʦʠʣʝʚ ʠ ʜʨ., 2021; ʅʠʢʠʪʠʥ, 2021; Berger et al., 1996; Aksenov et al., 1998], 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʠʟʤʝʥʷʝʤʳʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʛʨʘʥʠʮʘʤ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʩʦʩʪʦʠʪ ʚ ʣʦʢʘʣʴʥʦʤ ʧʝʨʝʩʪʨʦʝʥʠʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚ ʩʚʷʟʠ ʩ ʥʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʘʭ ʩ ʙʦʣʴʰʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦ-ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʝʪʦʢ ʩʦʧʨʷʞʸʥ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʯʝʥʠʡ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʬʦʨʤʳ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʨʘʩʯʸʪʥʘʷ ʩʝʪʢʘ ʜʦʣʞʥʘ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ, ʯʪʦ ʩ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʘʷ ʦʧʝʨʘʮʠʷ. 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʧʦʛʨʫʞʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʜʝʢʘʨʪʦʚʳʝ ʩʝʪʢʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ 

[ɸʙʘʣʘʢʠʥ ʠ ʜʨ., 2018; ʎʚʝʪʢʦʚʘ ʠ ʜʨ., 2021; ɻʘʨʘʥʞʘ&ʂʫʜʨʷʚʮʝʚʘ, 2022; Peskin, 

2002; Atzberger, 2007; Bandringa, 2010]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʪʝʢʘʝʤʦʛʦ 

ʪʝʣʘ ʧʝʨʝʩʝʢʘʝʪ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ ʷʯʝʡʢʠ ʠʩʭʦʜʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʝʪʢʠ, ʨʘʟʙʠʚʘʷ ʠʭ ʥʘ 

ʜʚʘ ʪʠʧʘ ʷʯʝʝʢ: ʷʯʝʡʢʠ, ʮʝʣʠʢʦʤ ʣʝʞʘʱʠʝ ʚ ʦʙʣʘʩʪʠ, ʟʘʥʷʪʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ, ʠ 

ʷʯʝʡʢʠ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ ʪʚʸʨʜʳʤ ʪʝʣʦʤ. ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʣʳ ʨʝʘʢʮʠʠ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʥʘ ʜʚʠʞʝʥʠʝ ʛʘʟʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʷʚʣʷʪʁʩʷ, 

ʩʣʦʞʥʦʩʪʠ ʫʯʸʪʘ ʜʝʪʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʷʯʝʝʢ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʤʝʥʷʪʴ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʠʙʦ 

ʦʩʪʘʚʘʪʴʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʥʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʝʣ [ʉʦʬʨʦʥʦʚ ʠ ʜʨ., 1976; ʉʦʢʦʣʦʚ 

ʠ ʜʨ., 2005; Setukha, 2020]. 

ɼʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʜʭʦʜ ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ1 ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ [Farhat, et al., 2003; Luke et al., 2012]. 

                                                           
1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤ, ʧʣʦʱʘʜʝʡ ʛʨʘʥʝʡ ʠ 

ʦʙʲʸʤʦʚ ʷʯʝʝʢ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩʦʩʝʜʩʪʚʘ ʫʟʣʦʚ ʯʝʨʝʟ ʨʝʙʨʦ, ʷʯʝʝʢ ʯʝʨʝʟ ʛʨʘʥʴ. 



6 

ʏʘʩʪʴ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ, ʧʨʠʤʝʥʷʷ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʘʣʛʦʨʠʪʤ ʠʟʤʝʥʝʥʠʷ ʩʝʪʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʯ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ [Yan&Ma, 2007] ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʨʫʞʠʥʥʦʡ ʘʥʘʣʦʛʠʠ [Batina, 1990]. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʨʘʩʯʸʪʥʘʷ ʩʝʪʢʘ ʠʤʝʝʪ ʦʙʣʘʩʪʠ ʩ ʢʨʫʧʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦʩʪʠ [Johnson&Tezduyar, 

1996; Nielsen&Anderson, 2001]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʠʪʴ ʠʩʢʘʞʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʚ ʦʙʣʘʩʪʴ ʢʨʫʧʥʳʭ ʷʯʝʝʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʩʪʷʞʝʥʠʡ ʷʯʝʝʢ ʩʝʪʢʠ ʧʨʠ ʩʝʨʴʸʟʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʬʦʨʤ ʠ ʧʦʣʦʞʝʥʠʡ ʛʨʘʥʠʮ. 

ɺr ʰʝʫʢʘʟʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʘʥʘʮʝʝʡ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʤʝʪʦʜʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʫʞʠʥʥʦʡ ʘʥʘʣʦʛʠʠ [Yan&Ma, 2007], ʦʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ 

ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʸʩʪʢʦʩʪʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ 

ʧʨʫʞʠʥʳ. ʇʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʫʞʝ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ 

ʟʘʜʘʯ. 

ʇʦʜʦʙʥʦ [Yan&Ma, 2007] ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʣʠʥʝʡʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʫʧʨʫʛʦʩʪʠ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʝʨʘʮʠʠ ʚʨʘʱʝʥʠʷ ʨʘʩʯʸʪʥʦʡ 

ʩʝʪʢʠ ʚʚʠʜʫ ʣʠʥʝʡʥʳʭ ʩʚʷʟʝʡ. ʀ ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʘʜʘʧʪʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʥʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʫʧʨʫʛʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʝʣʠʥʝʡʥʦʝ [Souli&Zolesio, 2001], ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʳʯʠʩʣʝʥʠʡ. 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ 

ʬʠʟʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʠ, ʥʦ ʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ [Boer, 

2007; Selim&Koomullil, 2016]. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʦʧʨʦʩʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʨʝʜʠ ʘʣʛʦʨʠʪʤʦʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʩʦʭʨʘʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ: ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, ʫʟʣʦʚ, ʛʨʘʥʝʡ, ʘ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʝ 

ʩʦʩʝʜʩʪʚʘ ʷʯʝʝʢ ʯʝʨʝʟ ʛʨʘʥʴ. ʄʝʪʦʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʶʪ ʘʣʛʦʨʠʪʤʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ. 

ʇʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʪʩʷ ʜʦʣʞʥʦʡ 

ʩʪʝʧʝʥʴʶ ʧʦʜʨʦʙʥʦʩʪʠ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʘʨʘʣʣʝʣʠʟʤʘ. 

ɹʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʠʟʤʝʥʝʥʠʷ ʩʝʪʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ ʥʝ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʕɺʄ, ʠ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁʘʢʪʫʘʣʴʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩ ̫ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʚ ʪʨʸʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ 

ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ 

ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʝʡ ʨʘʩʯʸʪʥʳʭ ʷʯʝʝʢ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 
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ʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʌʦʨʤʫʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʫʩʣʦʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʠ ʩ ʫʯʸʪʦʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʤʝʪʦʜʝ ʨʘʩʯʸʪʘ 

ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. ɺ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞʜʘʪʁʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ 

ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (IDW) ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʦ 80% ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʜʘʯʘʭ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʄʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ, ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʨʘʩʯʪyʥʦʡ ʩʝʪʢʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʚʠʞʝʥʠʷ (ʦʪʜʝʣʝʥʠʷ) ʦʙʲʝʢʪʦʚ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʜʦʙʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʠʮ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʦʡ 

ʩʝʪʢʠ [ɹʦʨʠʩʝʥʢʦ ʠ ʜʨ., 2022], ʯʪʦ ʥʘʧʨʷʤʫʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʟʢʫʶ ʩʬʝʨʫ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ 

ʥʝʧʨʠʛʦʜʥ.r 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ çʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷè ʩʝʪʢʘʭ ʩ ʚʦʟʤʦʞʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ [ʀʩʘʝʚ ʠ ʜʨ., 2005, 2016; ɾʝʣʝʟʥʷʢʦʚʘ, 2018; 

ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2019; Benek et al., 1985; Marsha&Berger, 1987; Meakin&Suhs, 1989; 

Rock&Habchi, 1998; Hall&Parthasarathy,1998; Jung&Kwon, 2009; Kalinin et al., 2009; 

Lee et al., 2011, Houzeaux et. al., 2016; Kenway et al., 2017; Corti, 2017; Abbruzzese, 

2018; Dimas, 2020]. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʩʝʪʢʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ 

ʤʥʦʛʦʙʣʦʯʥʳʤʠ ʩʝʪʢʘʤʠ, ʩʝʪʢʘʤʠ ʪʠʧʘ çʍʠʤʝʨʘè, çOversetè ʠ ʪ.ʜ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʪʝʨʤʠʥ çʪʝʭʥʦʣʦʛʠʷè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘʯʠʥʘʷ ʦʪ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʠ, ʟʘʢʘʥʯʠʚʘʷ ʧʦʜʭʦʜʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʪʝʯʝʥʠʝ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʩʯʸʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

(ʩ ʜʚʠʞʝʥʠʝʤ ʠʣʠ ʙʝʟ) ʫʧʦʪʨʝʙʣʷʝʪʩ ̫ʪʝʨʤʠʥ ï ʪʝʭʥʦʣʦʛʠʷ ʍʠʤʝʨʘ ʠʣʠ, ʧʨʦʩʪʦ, 

ʤʝʪʦʜ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. 

ʀʜʝʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʝʪʢʠ 

[ɹʦʨʠʩʝʥʢʦ ʠ ʜʨ., 2022] ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʨʫʛʠʭ. ɿʘʪʝʤ ʧʦʩʪʨʦʝʥʥʳʝ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʝʪʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʦʜʥʫ ʦʙʱʫʶ. ʇʨʠ ʪʘʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʳʪʠʡ 

ʠʩʭʦʜʥʳʭ ʩʝʪʦʢ ï ʦʪʢʫʜʘ ʠ ʥʘʟʚʘʥʠʝ ʧʦʜʭʦʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫
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ʥʝʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʪʦʢʘ ʠʟ ʦʜʥʦʡ ʩʝʪʢʠ ʚ ʜʨʫʛʫʶ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʯʠʩʣʝʥʥʦʡ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʍʠʤʝʨʘ 

ʧʦʩʚʷʱʝʥ r ʧʦʩʪʨʦʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ [ʀʩʘʝʚ ʠ ʜʨ., 2005, 2016; Benek et al., 1985; Marsha&Berger, 1987; 

Meakin&Suhs, 1989; Rock&Habchi, 1998; Hall&Parthasarathy, 1998; Jung&Kwon, 

2009; Kalinin et al., 2009; Lee et al., 2011, Kenway et al., 2017]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ 

ʩʝʪʦʢ ʩʦʩʪʦʠʪ ʚ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ [ʀʛʥʘʪʴʝʚ ɸ.ɸ., 2000; ɻʘʨʙʘʨʫʢ, 2016; 

ɹʘʭʚʘʣʦʚ& ʂʦʟʫʙʩʢʘʷ, 2017; Marsha&Berger, 1987; Wang&Yang, 1994]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʙʣʦʯʥʦʡ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [ʇʦʛʦʩʷʥ ʠ ʜʨ., 2013; ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2016, 2017; 

Barth, 1992; Aksenov et al., 1998; Betelin et al., 2014; Deryugin et al., 2015; Galanov et 

al., 2021; Kozelkov et al., 2022]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʸ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʸʭʤʝʨʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ, ʷʯʝʡʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ [Betelin et al., 2014; ʐʘʛʘʣʠʝʚ ʠ ʜʨ., 2016; Kozelkov 

et al., 2022; Sarazov et al., 2023]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʪʁ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʥʝʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʣʷ ʪʝʣ ʣʶʙʦʡ ʬʦʨʤʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʥʘ 

ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʩʣʦʞʥʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʩʝʪʦʢ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʥ r ʥʝʨʝʛʫʣʷʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ ʧʣʘʥʘʨʥʦʩʪʠ ʛʨʘʥʝʡ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ 

ʩʦʧʨʷʞʝʥʠʷ ʠʭ ʚ ʨʘʤʢʘʭ ʦʙʲʝʜʠʥʸʥʥʦʡ ʤʦʜʝʣʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʍʠʤʝʨʘ ʚ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʥʝʩʚʷʟʘʥʥʳʭ 

ʩʝʪʦʢ. ʉʭʝʤʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʙʣʦʯʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʣʠʙʦ ʥʝʧʨʠʤʝʥʠʤʳ, ʣʠʙʦ ʠʭ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʣʷ ʨʘʩʯʸʪʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. 

ʉʦʧʨʷʞʝʥʠʝ ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ ʜʣʷ ʦʙʲʝʜʠʥʸʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ; ʜʘʥʥʳʡ 

ʵʪʘʧ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [ʀʩʘʝʚ ʠ ʜʨ., 2005; Benek et al.; 

1985, 1987, 1989; Kalinin et al., 2009; Jung&Kwon, 2009; Kenway et al., 2017]. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩʝʪʦʢ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

[Wang&Parthasarathy, 2000], ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʳʧʦʣʥʠʪʴ 

ʩʦʧʨʷʞʝʥʠʝ ʩʝʪʦʢ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʪʠʧʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ [Wang&Yang, 1994; Tang et al., 2003]. ʇʦ 
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ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʭʦʜʠʤʦʩʪʠ ʯʠʩʣʝʥʥʳʭ 

ʩʭʝʤ ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ. 

ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʥʘ ʠʪʦʛʦʚʦʡ ʦʙʲʝʜʠʥʸʥʥʦʡ ʩʝʪʢʝ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [Marsha&Berger, 1987; Wang&Yang, 1994; Kenway et al., 2017] 

ʧʨʦʚʝʜʝʥ rʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʚʦʡʩʪʚʝʥʥʳ ʨʝʛʫʣʷʨʥʘʷ ʬʦʨʤʘ ʷʯʝʝʢ ʠ ʥʘʣʠʯʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʣʠʥʠʡ 

ʩʝʪʢʠ, ʯʪʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʩʝʪʦʢ, ʷʯʝʡʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʤʥʦʛʦʛʨʘʥʥʠʢʠ. ʅʘ ʪʘʢʠʭ ʩʝʪʢʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʥʘ ʛʨʘʥʠʮʘʭ ʩʦʧʨʷʞʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʪʦʢ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʙʲʝʢʪʦʚ. ɿʜʝʩʴ ʧʦʜ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʥʘʣʠʯʠʝ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʣ, ʥʘʧʨʠʤʝʨ, 

ʢʦʥʪʘʢʪ ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʩʪʚʦʣʘ ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʧʦ ʥʝʤʫ ʩʥʘʨʷʜʘ ʠʣʠ ʢʦʥʪʘʢʪ ʩʪʝʥʦʢ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʠ ʩʪʚʦʨʢʠ ʧʦʜʧʠʪʢʠ ʚ ʟʘʜʘʯʝ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʟʘʢʨʳʪʠʷ ʧʦʩʣʝʜʥʝʡ. ɹʘʟʦʚʘʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʝʤ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʩʝʯʝʥʠʷ ʠʣʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʛʨʘʥʠʮ [ʀʩʘʝʚ ʠ ʜʨ., 2016; Benek et al., 1989; Marsha&Berger, 1987; Meakin&Suhs, 

1989; Rock&Habchi, 1998; Hall&Parthasarathy,1998; Jung&Kwon, 2009; Kalinin et al., 

2009; Lee et al., 2011, Kenway et al., 2017]. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʯʘʩʪʴ ʧʨʠʩʪʝʥʦʯʥʳʭ ʷʯʝʝʢ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʨʘʩʯʸʪʥʳʤʠ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʢʣʶʯʝʚʳʝ 

ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʘʜʘʧʪʘʮʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʩ ʢʦʥʪʘʢʪʦʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʤ 

ʘʥʘʣʠʟʝ ʜʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʯʪyʥʦʡ ʤʦʜʝʣʠ, 

ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 
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ʤʝʪʦʜʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʝʪʦʢ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ 

ʩʚʷʟʠ ʧʨʠ ʢʦʥʝʯʥʦ-ʦʙʲʸʤʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ; 

2. ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʨʝʛʠʦʥʘʤ; 

3. ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ; 

4. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ; 

5. ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʝʛʦ ʚʝʨʠʬʠʢʘʮʠʷ, ʚʘʣʠʜʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʘʚʠʘʩʪʨʦʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʠ ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ. ɺʝʨʠʬʠʢʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʚʝʜʝʥʘ ʥʘ ʟʘʜʘʯʘʭ, ʠʤʝʶʱʠʭ ʨʝʬʝʨʝʥʩʥʳʝ ʜʘʥʥʳʝ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʘʟʘʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʕɺʄ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ 

ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ: 

1. ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʜʣʷ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ 

ʫʩʨʝʜʥʥyʥʦʛʦ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠ ̫ʛʨʘʥʠ ʩ ʫʯʸʪʦʤ ʟʘʤʝʪʘʝʤʦʛʦ ʦʙʲʸʤʘ; 

2. ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʧʘʤʷʪʠ ʜʣʷ ʢʘʞʜʦʡ ʛʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ; 

3. ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʨʢʠʨʦʚʢʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʝʨʝʢʨʳʪʠʡ 

ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ; 
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4. ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ 

ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʩ ʫʯʸʪʦʤ ʢʦʥʪʘʢʪʘ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʨʝʛʠʦʥʘʤ; 

5. ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʯʝʪʳʨʸʭʪʦʯʝʯʥʦʤ ʰʘʙʣʦʥʝ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʛʨʘʜʠʝʥʪʦʚ ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʝʪʦʢ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ ʧʨʠ ʢʦʥʝʯʥʦ-ʦʙʲʸʤʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʘ 

ʠʤʝʥʥʦ: ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʭʝʤʳ ʨʘʩʯʸʪʘ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʤʝʪʦʜʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ; 

2. ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʛʨʘʥʠʮ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʨʝʛʠʦʥʘʤ, ʘ ʠʤʝʥʥʦ: ʘʣʛʦʨʠʪʤʳ ʤʘʨʢʠʨʦʚʢʠ ʩ 

ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʝʨʝʭʣʸʩʪʘ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʠ 

ʥʝʨʘʩʯʸʪʥʳʭ ʫʯʘʩʪʢʦʚ ʛʨʘʥʠʮ ʚ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ; 

3. ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ 

ʯʝʪʳʨʸʭʪʦʯʝʯʥʦʤ ʰʘʙʣʦʥʝ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʨʘʩʯʸʪʥʳʭ 

ʧʦʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ 

ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ; 

4. ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ; 

5. ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʚʝʨʠʬʠʢʘʮʠʠ, ʚʘʣʠʜʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʘʚʠʘʩʪʨʦʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 

ʚʳʧʦʣʥʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ ʬʠʛʫʨʳ çʂʦʙʨʘè, ʚʳʭʦʜʘ ʠʟ çʇʝʪʣʠè, 

ʩʙʨʦʩʘ ʛʨʫʟʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʟʘʜʘʯ 
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ʧʦ ʦʩʥʦʚʥʦʡ ʪʝʤʘʪʠʢʝ ʌɻʋʇ çʈʌʗʎ-ɺʅʀʀʕʌè. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʧʨʠ ʨʘʩʯʸʪʝ ʟʘʜʘʯ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʷʯʝʝʢ. 

ɺʩʝ ʨʘʟʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ 

ʙʘʟʝ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ ï ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ 

ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ [ʉɺ1-ʉɺ11, ʊʂ1-ʊʂ13, ʉʈ1-ʉʈ13]. ʋʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʙʶʨʦ ʠ ʥʘ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ. C 2012 ʛʦʜʘ ʚ ʩʦʩʪʘʚ ʧʘʢʝʪʘ ʃʆɻʆʉ 

ʚʭʦʜʷʪ ʚ ʘʣʛʦʨʠʪʤʳ, ʩʭʝʤʳ ʠ ʨʝʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʜʘʯ ʘʚʠʘʩʪʨʦʝʥʠʷ [ʉɺ1-ʉɺ11]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʘʭ: 

- ʧʨʦʝʢʪ çʈʘʟʚʠʪʠʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʛʨʠʜ-ʪʝʭʥʦʣʦʛʠʡè (2010 ï 2012 ʛʛ.), 

ʦʜʦʙʨʝʥʥʳʡ ʥʘ ʟʘʩʝʜʘʥʠʠ ʂʦʤʠʩʩʠʠ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʢʠ; 

- ʧʨʦʝʢʪ çʈʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷè, 

ʫʪʚʝʨʞʜʸʥʥʳʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ993 ʦʪ 

30.09.2016; 

- ʧʨʦʝʢʪ çʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ 

ʤʘʥʸʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘè, ʫʪʚʝʨʞʜʸʥʥʳʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ707, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʥʸʚʨʝʥʥʦʛʦ ʩʘʤʦʣʪyʘ ʚ ʨʝʞʠʤʘʭ: ʩʪʨʘʛʠʚʘʥʠʝ, ʥʘʙʦʨ 

ʚʳʩʦʪʳ ʩ ʫʙʦʨʢʦʡ ʩʪʦʝʢ ʰʘʩʩʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʣʸʪ ʩ ʛʨʫʟʦʤ, ʚʢʣʶʯʘʷ ʩʙʨʦʩ 

ʦʥʦʛʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʣʸʪ ʩ ʫʯʸʪʦʤ ʧʦʨʳʚʘ ʚʝʪʨʘ, ʚʳʭʦʜ ʠʟ çʇʝʪʣʠè, 

çɹʦʯʢʘè, çʂʦʙʨʘè, ʨʘʟʛʦʥ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ, ʩʥʠʞʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦ ʧʨʠʯʠʥʝ ʧʦʞʘʨʘ ʚ ʤʦʪʦʦʪʩʝʢʝ, ʩʥʠʞʝʥʠʝ ʠ ʚʳʧʫʩʢ ʩʪʦʝʢ ʰʘʩʩʠ, ʢʘʩʘʥʠʝ 

ʚʟʣʸʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʤʦʜʫʣʴ ˉ 2021662027; 

- ʧʨʦʝʢʪ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʩʥʘʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡè. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʤʦʜʫʣʴ ˉ 

2023683912; 

- ʧʨʦʝʢʪ çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʨʘʩʯʪyʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʸʪʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʙʣʝʜʝʥʝʥʠʷè. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʤʦʜʫʣʴ ˉ 2021661198; 

- ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʅʘʫʢʘ ʠ ʫʥʠʚʝʨʩʠʪʝʪʳè ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʧʦ ʩʦʟʜʘʥʠʶ ʤʦʣʦʜʸʞʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ˉ FSWE-2021-0009 

(ʥʘʫʯʥʘʷ ʪʝʤʘ: çʈʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʚ ʰʪʘʪʥʳʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʧʝʪʘʬʣʦʧʩʥʦʛʦ 

ʢʣʘʩʩʘè); 
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- ʉʏ ʆʂʈ çʈʘʟʨʘʙʦʪʢʘ ʩʚʷʟʘʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ 

ʉ-70è ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩ ʇɸʆ ʆɸʂ çʆʂɹ ʉʫʭʦʛʦè. 

ɼʘʥʥʳʝ ʧʨʦʝʢʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʪʘʢʠʭ ʢʘʢ çʉʫʧʝʨʚʳʯʠʩʣʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝè (ʛ. ʉʘʨʦʚ, 2014, 2018, 2020), çXXVII ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝè (ʛ. ɺʦʣʦʜʘʨʩʢʦʝ, 2016), çXXXII ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʵʨʦʜʠʥʘʤʠʢʝè (ʛ. ɾʫʢʦʚʩʢʠʡ, 2021), ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʘʨʠʪʦʥʦʚʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷè (ʛ. ʉʘʨʦʚ, 

2021), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè (ʛ. ʅʠʞʥʠʡ-ʅʦʚʛʦʨʦʜ, 2021), ç7 ʠ 9 ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ɸʆ çʂʦʥʮʝʨʥ ɺʂʆ 

çɸʣʤʘʟ-ɸʥʪʝʡè, ʧʨʦʬʠʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʅʀʀ ʠ ɺʋɿʦʚè (ʛ. ʄʦʩʢʚʘ, 2022, 2024), 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʯʫʢʦʚʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ 2022è (ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2022), çɸʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ, ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠ 

2022è (ʛ. ʇʝʨʤʴ, 2022), çXIII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʘʙʦʯʠʭ ʩʦʚʝʱʘʥʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʇɸʆ ʆɸʂ 

çʆʂɹ ʉʫʭʦʛʦè ʠ ʌɻɹʆʋ ɺʆ çʄɸʀè, ʘ ʪʘʢʞʝ ʥʘ ʩʝʤʠʥʘʨʘʭ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ çʉʚʝʨʭʟʚʫʢè. 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 11 ʧʫʙʣʠʢʘʮʠʷʭ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʧʠʩʦʢ ɺɸʂ ʠ/ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʤʠʨʦʚʳʝ ʠʥʜʝʢʩʳ ʮʠʪʠʨʦʚʘʥʠʷ 

(SCOPUS, Web of Science), 12 ʨʘʙʦʪ ʚ ʪʨʫʜʘʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʇʦʣʫʯʝʥʦ 13 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʅʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʠ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʘʣʠʟʦʚʘʥʳ ʩʭʝʤʳ ʨʘʩʯʸʪʘ ʟʘʜʘʯ 

ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʃʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ. 

ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʃʠʯʥʦ ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ. ʇʨʠ 

ʦʧʨʝʜʝʣʷʶʱʝʤ ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʃʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ 
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ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʉ ʩʦʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʠ 

ʘʜʘʧʪʘʮʠʷ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. 
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ɻʣʘʚʘ 1. ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʩʝʪʢʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ 

1.1 ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ2 ʩʦ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2016, 2017; Hirsch, 1990; Jasak, 1996; 

Ferziger&Peric, 2002]. ɼʚʠʞʝʥʠʝ ʛʨʘʥʠʮ ʚʣʝʯʸʪ ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʨʘʩʯʸʪʥʦʡ 

ʩʝʪʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʇʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʪʨʸʭʤʝʨʥʦʝ ʪʝʯʝʥʠʝ ʚʷʟʢʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʛʘʟʘ. ʇʨʠʚʦʜʠʪʩʷ ʙʘʟʦʚʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʨ. ɺ ʛʣʘʚʝ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʠ ʧʨʠʚʦʜʠʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʅʘʚʴʝ ï 

ʉʪʦʢʩʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ɼʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʨʠʚʦʜʠʪʩʷ 

ʦʧʠʩʘʥʠʝ ʜʚʫʭ ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ: ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʩʝʪʢʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ ʠ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. 

ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ 

ʜʚʠʞʝʥʠʝʤ ʛʨʘʥʠʮ ʧʨʠʚʦʜʷʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜʳ, 

ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 

ɺ ʧʘʨʘʛʨʘʬʝ 1.2 ʧʨʠʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʠʭ ʜʠʩʢʨʝʪʠʟʘʮʠʷ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʧʦʜʚʠʞʥʦʡ ʩʪʝʥʢʠ. ɺ ʧʘʨʘʛʨʘʬʝ 1.3 

ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ. ɺ ʧʘʨʘʛʨʘʬʝ 1.4 ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʤʝʪʦʜʘ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ. ɺ ʧʘʨʘʛʨʘʬʝ 1.5 ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʨʝʬʝʨʝʥʩʥʳʝ ʜʘʥʥʳʝ. ʇʘʨʘʛʨʘʬ 1.6 ʩʦʜʝʨʞʠʪ ʚʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ 

ʛʣʘʚʝ. 

                                                           
2 ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʩʯʸʪ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʝʥʠʷ ʛʨʫʟʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʦʩʠʪʝʣʷ ʠ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʘʢ ʠ ʚʩʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʮʝʣʦʤ, 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ (ʦʪʨʘʞʝʥʠʝ) ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʃʆɻʆʉ 

[ʉʈ1-ʉʈ13]. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [Cɺ1, ʉɺ2, ʉɺ4, ʉɺ5, 

ʉɺ7, ʉɺ9, ʊʂ2, ʊʂ3, ʊʂ4, ʊʂ7, ʊʂ9-ʊʂ13]. 
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1.2 ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʧʦʩʦʙ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʫʯʸʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ 

ʛʘʟʘ ʦʧʠʩʳʚʘʪʁʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʦʩʨʝʜʥʸʥʥʭr ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ [ʃʦʡʮʷʥʩʢʠʡ, 1973; ʌʣʝʪʯʝʨ, 1991]. ɺ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʬʦʨʤʝ ʚ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ (ʟʥʘʢʠ ʦʩʨʝʜʥʝʥʠʷ 

ʦʧʫʱʝʥʳ): 

( )

( )
( ) ( )

( )
( ) ( )( )
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ɛ ɛ

ɟ
ɟ 0

ɟ
ɟ Ű Ű

ɟ
ɟ Ű Ű

t

t t

u
t

u
uu p

t

E
uH u q q

t

µë
+Ð =îµ

î
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+Ð =-Ð +Ð +ì
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îµ
è ø+Ð =Ð + - +î ê úµí

, (1.2.1) 

ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1.2.1) ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɟ ï 

ʧʣʦʪʥʦʩʪʴ; u  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ u, v, w; p ï ʜʘʚʣʝʥʠʝ; 

( )2 2 20.5vE C T u v w= + + + ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʛʘʟʘ; ( )2 2 20.5pH C T u v w= + + + ï ʧʦʣʥʘʷ 

ʵʥʪʘʣʴʧʠʷ ʛʘʟʘ; ɛŰ ʠ Űt  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʪʫʨʙʫʣʝʥʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʥʟʦʨʘ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɛq  ʠ tq  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʪʫʨʙʫʣʝʥʪʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; T ï ʪʝʤʧʝʨʘʪʫʨʘ; 

( )/v pC C T R m= -  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʤyʝ; pC  ï ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; m 

ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ. 

ɺʝʣʠʯʠʥʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʥʟʦʨʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʩʨʝʜʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʝʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʤʫ ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʥʟʦʨʦʤ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʥʟʦʨʦʤ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʷʟʘʥʳ 

ʩ ʣʦʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʦʥʦʤ ʌʫʨʴʝ [ʃʦʡʮʷʥʩʢʠʡ, 1973; 

ʃʘʥʜʘʫ&ʃʠʬʰʠʮ, 1986; ʌʣʝʪʯʝʨ, 1991]: 

[ ]( )ɛ ɛ

1 1
Ű 2ɛ( ) , , ɚ( )

3 2

t
T S I u S u u q T T
å õ

= - Ð = Ð + Ð = Ðæ ö
ç ÷

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ɛ( )T  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ( )T  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʉʘʟʝʨʣʝʥʜʘ 

[ʃʦʡʮʷʥʩʢʠʡ, 1973; ʐʣʠʭʪʠʥʛ, 1974]: 
0.5 0.5

0 0
0 0

0 0

ɛ=ɛ ,ɢ=ɢs s

s s

T T T TT T

T T T T T T

å õ å õ+ +
æ ö æ ö

+ +ç ÷ ç ÷
, 

ʛʜʝ 0ɛ ʠ 0ɢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0T , sT  ï ʢʦʥʩʪʘʥʪʘ ʉʘʟʝʨʣʝʥʜʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.2.1) ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʢʥʫʪʦʡ ʠʟ-ʟʘ ʥʝʠʟʚʝʩʪʥʦʡ ʩʚʷʟʠ 

ʦʜʥʠʭ ʠʟ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʵʪʦʡ ʩʠʩʪʝʤʳ Űt  ʠ tq  ʩ ʦʩʨʝʜʥʸʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʪʝʯʝʥʠʷ. ʕʪʘ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʶʪʩʷ ʤʦʜʝʣʷʤʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʃʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɛt. ɺ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ 

ʃʆɻʆʉ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://logos.vniief.ru/products/logos] 

ʨʝʘʣʠʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ RANS ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʠʭʨʝʨʘʟʨʝʰʘʶʱʠʝ ʤʦʜʝʣʠ ʢʨʫʧʥʳʭ (LES) ʠ ʦʪʩʦʝʜʠʥʝʥʥʳʭ ʚʠʭʨʝʡ (DES) [ʋʪʢʠʥʘ 

ʠ ʜʨ., 2022; Spalart et al., 1997; Travin et al., 2002; Kozelkov 2016]. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʜʦʧʦʣʥʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [Ferziger&Peric, 

2002]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘʡʜʝʥʳ ʣʠʰʴ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʷʚʣʷʝʪʩʷ ʥʝʨʝʰʸʥʥʦʡ ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤ rʫʨʘʚʥʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦ, ʦʧʠʨʘʷʩʴ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʪʨʠ ʤʝʪʦʜʘ, ʘ ʠʤʝʥʥʦ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ [ɺʦʣʢʦʚ&ɽʤʝʣʴʷʥʦʚ, 2010; Zienkiewicz et al., 2000; 

Ferziger&Peric, 2002; LeVeque, 2006, Strikwerda, 2007]. ɼʣʷ ʷʩʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʢʘʩʘʶʪʩʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʦʩʨʝʜʥʸʥʥʳʭ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ. ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚ ʪʝʢʩʪʝ ʨʘʙʦʪʳ ʙʫʜʫʪ 

ʜʘʥʳ ʧʦʷʩʥʝʥʠʷ. 

ɺ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩʣʘʛʘʝʤʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʠ ʥʘʛʣʷʜʥʦ ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʜʠʩʢʨʝʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʢʘʣʴʥʦʤʫ 

ʨʝʰʝʥʠʶ ʚ ʫʟʣʦʚʦʡ ʪʦʯʢʝ. ʄʥʦʛʦʯʣʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. ʄʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʠʩʧʦʣʴʟʫʝʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ, ʘ ʜʠʩʢʨʝʪʥʳʝ ʘʥʘʣʦʛʠ ʩʣʘʛʘʝʤʳʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʲʸʤʘ. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʦʧʫʩʢʘʝʪ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʝ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʳʭ), ʧʦʵʪʦʤʫ ʵʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʧʫʣʷʨʝʥ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʝ. 

ʀʤʝʥʥʦ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʩʭʝʤ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2020; Deryugin et al., 

2015; Galanov&Sarazov, 2021], ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʥʘ ʨʝʰʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ. 

ɼʘʣʴʥʝʡʰʠʝ ʦʧʠʩʘʥʠ ̫ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ, ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʙʫʜʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ (ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʜʭʦʜʘʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ). 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʸʤʫ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʲʸʤʳ 

(ʷʯʝʡʢʠ ʩʝʪʢʠ) ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘʤʠ, ʟʘʧʦʣʥʷʶʱʠʤʠ 

http://logos.vniief.ru/products/logos
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ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ ʙʝʟ ʟʘʟʦʨʦʚ ʠ ʥʘʣʦʞʝʥʠʡ. ʂʘʞʜʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʩʦʜʝʨʞʠʪ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʛʨʘʥʝʡ. ɺʝʨʰʠʥʘʤʠ ʛʨʘʥʝʡ ʷʚʣʷʶʪʩʷ ʫʟʣʳ ʩʝʪʢʠ. ʆʙʱʠʡ ʚʠʜ 

ʷʯʝʡʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.2.1. 

 
ʈʠʩʫʥʦʢ 1.2.1 ï ʆʙʱʠʡ ʚʠʜ ʷʯʝʡʢʠ ʩʝʪʢʠ 

ʉʜʝʣʘʝʤ ʧʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ 1.2.1. ɿʜʝʩʴ P ï ʮʝʥʪʨ ʷʯʝʡʢʠ, F ï ʦʜʥʘ ʠʟ 

ʛʨʘʥʝʡ ʷʯʝʡʢʠ, ʚʳʜʝʣʝʥʥʘʷ ʮʚʝʪʦʤ, fn  ï ʥʦʨʤʘʣʴ ʢ ʛʨʘʥʠ F. 

ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʜʣʷ ʪʨʸʭʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ ʚʷʟʢʦʛʦ ʛʘʟʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ: 

( )
V S V

dW
dV F G dS RdV

dt
D D D

+ - =ñ ñ ñ, (1.2.2) 

ʛʜʝ ʚʝʢʪʦʨ W ï ʚʝʢʪʦʨ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, F ʠ G ï ʚʝʢʪʦʨʘ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, R ï ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ: 

0

, ,

n

n x nx

n y ny

n z nz

n n

u

uu pnu

W F vu pn Gv

wu pnw

Hu puE u q

rr

rr t

rr t

rr t

rr t

å õå õ å õ
æ öæ ö æ ö

+æ öæ ö æ ö
æ öæ ö æ ö= = + =
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æ ö æ öæ ö+ +ç ÷ ç ÷ç ÷

, 

ʟʜʝʩʴ u, v, w ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ɟ ï ʧʣʦʪʥʦʩʪʴ, p ï ʜʘʚʣʝʥʠʝ, E ï 

ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ, un ï ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, q ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, Űij ï 

ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʝʤʫ ʦ ʩʨʝʜʥʝʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ ʧʨʠʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʛʨʘʥʠ ï ʟʥʘʯʝʥʠʝ ʚ ʮʝʥʪʨʝ ʛʨʘʥʠ. ʊʦʛʜʘ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ 

ʫʨʘʚʥʝʥʠ ̫(1.2.2) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ) ( ) ( )( )
1

, , 0
n

f PPf
f

W
V F W G W W S R W W V

Pt P =

µå õ
D + - Ð D - Ð D =è øæ ö ê úµç ÷
ä  (1.2.3) 

ʀʣʠ ʚ ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ: 



20 

( ) 0P

P

W
V L W

t

µå õ
D + =æ ö

µç ÷
,  (1.2.4) 

ʛʜʝ 

( ) ( ) ( ) ( )( )
1

, ,
n

f PPf
f

L W F W G W W S R W W V
=

= - Ð D - Ð Dè øê úä  (1.2.5) 

ʈʘʟʥʦʩʪʥʳʡ ʦʧʝʨʘʪʦʨ ( )L W  ʚʢʣʶʯʘʝʪ ʥʝʷʚʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʧʦʪʦʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʨʘʟʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʦʨʷʜʦʢ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʘʟʥʦʩʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʳʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʦʩʢʦʣʴʢʫ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʥʝʣʠʥʝʡʥʳʤʠ, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʰʝʥʠʷ ʥʘ ʥʦʚʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʪʝʨʘʮʠʠ ʧʦ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʆʙʦʟʥʘʯʠʤ ʠʥʜʝʢʩʦʤ ɔ ʧʘʨʘʤʝʪʨʳ, 

ʥʘʡʜʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ. ʊʦʛʜʘ, ʟʥʘʯʝʥʠʝ ʦʧʝʨʘʪʦʨʘ (1.2.5) ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( ) ( ) ( ) ( )ɔ+1 ɔ+1 ɔ ɔ ɔ+1 ɔ ɔ

1 2,L W L W L W L W L W W L W= - + =D + , (1.2.6) 
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( ) ( ) ( )
ɔ ɔ

ɔ+1 ɔ ɔ+1 ɔ ɔ+1 ɔ
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1

,
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f Pf P
Pf f

F G R
L W W W W S W W V

W W W=

µ µ µè ø
D = - - D - - Dé ùµ µ µê ú
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʜʝʣʴʪʘ-ʬʦʨʤʫ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

( )

ɔ

1Ű

n
P

P P f P P

f Pf

V F G R
W W S W V Res W

W W W=

D µ µ µè ø
D + - D D - D D =é ùµ µ µê ú
ä . (1.2.9) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʚʷʟʢʦʡ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ 

( ) [ ]
ɔ

ɔ ɔ

1Ű

n
n

P P
P f P Pf

f

W W
Res W V F G S R V

=

-
=- D - - D + Dä . (1.2.10) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ 

ʩʭʝʤʳ: ʩʭʝʤʘ ʈʦʫ [Roe, 1986; Weiss&Smith, 1995] ʠ ʩʭʝʤʳ AUSMPW [Kim et. al., 

2001]. ɼʘʥʥʳʝ ʩʭʝʤʳ ʦʪʥʦʩʷʪ ʢ ʩʭʝʤʘʤ ʪʠʧʘ ɻʦʜʫʥʦʚʘ, ʠʤʝʶʱʠʤ ʷʩʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɺ ʵʪʠʭ ʩʭʝʤʘʭ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʨʝʰʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠʤʠʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʛʨʘʥʠ ʷʯʝʡʢʠ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʦʠʟʚʦʜʥʳʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʷʭ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʧʦ ʠʭ ʟʥʘʯʝʥʠʷʤ ʚ ʷʯʝʡʢʘʭ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2013]. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʚʳʧʦʣʥʝʥʘ ʨʝʘʣʠʟʘʮʠʷ, ʦʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʭʝʤ r ʨʘʩʯʸʪʘ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʤʝʪʦʜʦʤ ʈʦʫ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ [Betelin et al., 

2014]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʃʆɻʆʉ [ʂʦʟʝʣʢʦʚ ʠ ʜʨ., 2020; Deryugin et al., 2015; 
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Galanov&Sarazov, 2021] ʚ ʤʦʜʫʣʝ ʃʆɻʆʉ.ɸʵʨʦʛʠʜʨʦʤʝʭʘʥʠʢʘ ʧʨʠ ʘʢʪʠʚʥʦʤ 

ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ [Betelin et al., 2014; Struchkov et al., 2020]. ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʩʝʭ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ (1.2.1) ʠʩʧʦʣʴʟʫʪʁʩ ̫ʦʙʱʝʧʨʠʥʷʪʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʩʤ., 

ʦʧʠʩʘʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ [ʃʦʡʮʷʥʩʢʠʡ, 1979; ʃʘʥʜʘʫ&ʃʠʬʰʠʮ, 1986; Fletcher, 1991]). 

ʆʜʥʘʢʦ ʯʘʩʪʴ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʫʯʸʪʘ ʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʂʣʶʯʝʚʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʨʝʪʝʨʧʠʪ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʥʝʧʨʦʥʠʮʘʝʤʘʷè ʩʪʝʥʢʘ ʩ ʧʨʠʣʠʧʘʥʠʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ çʥʝʧʨʦʥʠʮʘʝʤʘʷ ʩʪʝʥʢʘè ʚ 

ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʯʥʳʭ ʛʨʘʥʝʡ ʩʚʦʜʠʪʩʷ ʢ ʚʚʝʜʝʥʠʶ ʥʝʢʦʡ çʚʠʨʪʫʘʣʴʥʦʡè 

ʩʢʦʨʦʩʪʠ (ʚ ʬʠʢʪʠʚʥʦʡ ʷʯʝʡʢʝ), ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʚ ʨʝʘʣʴʥʦʡ 

ʷʯʝʡʢʝ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

( )2 ,V V n n V¡= - . (1.2.11) 

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʚʳʨʘʞʝʥʠʝ (1.2.11) ʩʦʟʜʘʸʪ ʟʝʨʢʘʣʴʥʫʶ ʢʦʧʠʶ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ V  ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ. ʉʠʪʫʘʮʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ çʥʝʧʨʦʥʠʮʘʝʤʘʷè ʩʪʝʥʢʘ, ʧʦʜʚʠʞʥʘ (ʨʠʩ. 

1.2.2). 

 
ʈʠʩʫʥʦʢ 1.2.2 ï ʆʙʨʘʙʦʪʢʘ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʩʪʝʥʢʘ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʥʦ ʠ ʚʢʣʘʜ 

ʚ ʠʤʧʫʣʴʩ ʷʯʝʡʢʠ ʦʪ ʝʸ ʜʚʠʞʝʥʠʷ. ɼʘʥʥʳʡ ʚʢʣʘʜ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʪʨʝʪʴʝʤ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚ ʬʠʢʪʠʚʥʦʡ 

ʷʯʝʡʢʝ V¡ ʧʨʠʤʝʪ ʚʠʜ: 

( )2 , 2 wallV V n n V V¡= - + , (1.2.12) 

ʛʜʝ wallV - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

çʥʝʧʨʦʥʠʮʘʝʤʘʷ ʩʪʝʥʢʘè. 

ɺʳʨʘʞʝʥʠʷ (1.2.11), (1.2.12) ʩʦʭʨʘʥʷʶʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʢʘʢ ʜʣʷ çʧʦʨʠʩʪʳʭ 

ʩʪʝʥʦʢè, ʪʘʢ ʠ ʜʣʷ çʩʪʝʥʦʢ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʷʩʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʩʪʝʥʢʘè, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 

ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ. 
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ɿʘʜʘʯʠ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʨʘʩʯʸʪʘ, ʷʚʣʷʝʪʩʷ ʯʸʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʢʣʘʩʩʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʠʞʝʥʠʷ. ɺʳʙʦʨ ʧʦʜʚʠʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʯʝʚʠʜʝʥ ʠ ʜʠʢʪʫʝʪʩʷ 

ʬʠʟʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʛʨʘʥʠʮʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʚʩʸʤ 

ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʯʸʪʘ. ʅʝʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʪʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʠʣʠ 

ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʇʦʤʠʤʦ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ ʚ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʨʘʥʠʮʳ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠʣʠ ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ 

ʟʘʨʘʥʝʝ ʥʝ ʦʧʨʝʜʝʣʸʥ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʦʙʥʳʭ ʛʨʘʥʠʮ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ 

ʠʭ ʜʚʠʞʝʥʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɻʨʘʥʠʮʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʚʦʙʦʜʥʳʤʠ, 

ʦʥʠ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʉʚʦʙʦʜʥʳʝ ʛʨʘʥʠʮʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʕʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ, ʢʦʛʜʘ 

ʚ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʝ ʦʜʥʘ ʠʣʠ ʥʘʙʦʨ ʛʨʘʥʠʮ ʜʚʠʛʘʶʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʣʶʙʳʤʠ ʪʦʯʢʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʚʩʶ ʨʘʩʯʸʪʥʫʶ 

ʩʝʪʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʚʠʞʥʳʤ ʥʘʙʦʨʦʤ ʛʨʘʥʠʮ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʵʢʦʥʦʤʠʪʴ 

ʚʨʝʤʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʕɺʄ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʦʪʢʨʳʪʳʝ ʛʨʘʥʠʮʳ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʙʦʜʥʳʝ 

ʚ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʟʘʜʘʯʠ. ʅʦ ʜʘʥʥʳʡ ʪʝʟʠʩ ʥʦʩʠʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʬʠʢʩʘʮʠʠ ʦʪʢʨʳʪʳʭ ʛʨʘʥʠʮ ʣʦʞʠʪʩʷ ʥʘ ʧʣʝʯʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ʏʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʘ ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʛʨʘʥʠʮʳ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴʥʘ ̫ʟʘʜʘʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘ ̫ʥʘ ʨʠʩʫʥʢʝ 1.2.3. 
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ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1.2.3 ï ʇʦʚʦʨʦʪ ʛʨʘʥʠʮʳ ʥʘ 90ę 

ʘ) ʠʩʭʦʜʥʘʷ ʩʝʪʢʘ, ʙ) ʚʘʨʠʘʥʪ ʠʟʤʝʥʝʥʠʷ ʩʝʪʢʠ ʩ ʠʩʢʘʞʝʥʠʝʤ, ʚ) ʚʘʨʠʘʥʪ ʠʟʤʝʥʝʥʠʷ 

ʩʝʪʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʷ 

ʇʫʩʪʴ, ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ (ʨʠʩʫʥʦʢ 1.2.3) ʨʝʘʣʠʟʫʝʪ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ çʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝè, ʘ ʚʥʫʪʨʝʥʥʷʷ ï ʚʨʘʱʘʶʱʘʷʩʷ ʩʪʝʥʢʘ. ɻʨʘʥʠʮʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʢʦʥʪʨʦʣʴʥʳʡ ʫʟʝʣ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ çʧʣʦʩʢʦʩʪʴ 

ʩʠʤʤʝʪʨʠʠè. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʦʨʦʪʘ ʩʪʝʥʢʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ: 

- ʧʫʪʸʤ ʬʠʢʩʘʮʠʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ (ʨʠʩʫʥʦʢ 1.2.3ʙ); 

- ʧʫʪʸʤ ʧʦʚʦʨʦʪʘ ʚʩʝʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ (ʨʠʩʫʥʦʢ 1.2.3ʚ). 

ɺʳʙʦʨ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1.2.4. 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.2.4 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘ) ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʦʪʢʨʳʪʘʷ ʛʨʘʥʠʮʘ, ʙ) ʩʚʦʙʦʜʥʘʷ ʦʪʢʨʳʪʘʷ ʛʨʘʥʠʮʘ 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʩʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ ʚʠʜʘ çʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠè, ʘ ʪʘʢʞʝ 

ʠʤʝʶʱʠʝ ʦʙʱʠʝ ʫʟʣʳ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

ʩʚʦʙʦʜʥʳʝ ʛʨʘʥʠʮʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʬʠʢʩʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʘʥʠʮʳ ʧʨʠ 
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ʠʟʤʝʥʝʥʠʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʢʦʥʪʘʢʪʘ ʦʥʳʭ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʸʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚʚʠʜʫ ʤʘʩʩʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʷʯʝʝʢ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚʠʜʘ çʧʣʦʩʢʦʩʪʴ 

ʩʠʤʤʝʪʨʠʠè ʥʘʢʣʘʜʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʛʨʘʥʠʮʘ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ 

ʧʣʘʥʘʨʥʦʡ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʟʘʧʨʝʪʝ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʨʠʨʘʱʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʟʣʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʛʨʘʥʠʮʝ, ʨʝʘʣʠʟʫʶʱʝʡ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʧʣʦʩʢʦʩʪ ɹʩʠʤʤʝʪʨʠʠè, 

ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʣʠʰʴ ʚ ʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʅʘʨʷʜʫ ʩ ʢʦʨʨʝʢʪʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮ ʩʣʝʜʫʝʪ ʩ ʙʦʣʴʰʠʤ ʚʥʠʤʘʥʠʝʤ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʦʧʨʦʩʘʤ ʢʘʯʝʩʪʚʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʚʝʩʴ 

ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʝʪ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʦʭʨʘʥʷʪʴ ʬʦʨʤʫ ʠ 

ʢʘʯʝʩʪʚʦ ʷʯʝʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʩ 

ʜʚʠʞʝʥʠʝʤ ʛʨʘʥʠʮ. ʇʨʠʤʝʨ ʧʦʜʦʙʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʘʛʣʷʜʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 1.2.5, 1.2.6. ʅʘ ʨʠʩʫʥʢʝ 1.2.5 ʧʨʝʜʩʪʘʚʣʝʥ 

ʬʨʘʛʤʝʥʪ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʚʙʣʠʟʠ ʧʨʦʬʠʣʷ ʢʨʳʣʘ NACA0012 ʥʘ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 1.2.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʚʙʣʠʟʠ 

ʧʨʦʬʠʣʷ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʙʦʨʦʪʘ ʧʨʦʬʠʣʷ. 

 
ʈʠʩʫʥʦʢ 1.2.5 ï ʌʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʨʦʬʠʣʷ ʢʨʳʣʘ NACA0012 
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ʈʠʩʫʥʦʢ 1.2.6 ï ʌʨʘʛʤʝʥʪ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʨʦʬʠʣʷ ʢʨʳʣʘ NACA0012 ʧʦʩʣʝ 

ʧʦʣʥʦʛʦ ʦʙʦʨʦʪʘ 

ʈʠʩʫʥʦʢ 1.2.6 ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʣʠʥʠʠ ʩʝʪʢʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʧʨʦʬʠʣʷ ʩʦʭʨʘʥʠʣʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʠ ʥʝʠʟʤʝʥʥʦʩʪʴ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʳʝ ʠʩʢʘʞʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʨʠʰʣʠʩʴ ʥʘ ʷʜʨʦ, ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.2.7. 

 
ʈʠʩʫʥʦʢ 1.2.7 ï ʆʙʱʠʡ ʚʠʜ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ NACA0012 

ʈʠʩʫʥʢʠ 1.2.5 ï 1.2.7 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʘʢʞʝ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʩʝʪʦʯʥʦʡ 

(ʜʠʩʢʨʝʪʥʦʡ) ʤʦʜʝʣʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʤʝʥʷʶʪʩʷ ʣʠʰʴ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ ʩʝʪʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʪʴ ʦʪʥʦʰʝʥʠʝ ʩʦʩʝʜʩʪʚʘ ʯʝʨʝʟ ʛʨʘʥʴ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʟʥʘʯʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʢʠ: 
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ʯʠʩʣʦ ʷʯʝʝʢ, ʛʨʘʥʝʡ, ʫʟʣʦʚ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʸʪ, ʥʝ ʠʟʤʝʥʷʷ 

ʤʦʜʝʣʴ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚʳʰʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʢʠ ʠʣʠ ʤʦʨʬʠʥʛ 

[Selim&Koomullil, 2016] ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʥʝʠʟʙʝʞʥʘ ʜʝʛʨʘʜʘʮʠʷ3 ʢʘʯʝʩʪʚʘ ʷʯʝʝʢ. ʇʦʵʪʦʤʫ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʨʠʚʝʜʸʪ ʢ ʚʳʨʦʞʜʝʥʠʶ ʷʯʝʝʢ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʸʪʘ, ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʨʘʟʫʤʥʳʤ 

ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ. ʉʦʚʤʝʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʝʪʦʢ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʈʘʩʯʸʪ ʥʘ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʝʪʢʘʭ ʣʠʰʸʥ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʛʨʘʥʠʮ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʄʝʪʦʜ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʪʠʧʘ ʍʠʤʝʨʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ, ʪʘʢʦʛʦ ʢʘʢ çʠʥʪʝʨʬʝʡʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè. çʀʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè (ʠʣʠ ʧʨʦʩʪʦ ʠʥʪʝʨʬʝʡʩ)r 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʝʪʦʢ ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ. 

ʇʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʩʦ 

ʚʩʝʤʠ ʦʙʪʝʢʘʝʤʳʤʠ ʪʝʣʘʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʝʪʢʝ. ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʠ 

ʛʨʘʥʠʮʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ çʩʪʝʥʢʘè. ɼʣʷ ʷʩʥʦʩʪʠ 

ʠʟʣʦʞʝʥʠʷ ʧʦʜʦʙʥʳʝ ʛʨʘʥʠʮʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʫʢʘʟʘʥʥʳʝ ʛʨʘʥʠʮʳ ʜʦʣʞʥʳ ʨʘʟʜʝʣʷʪʴ ʤʥʦʞʝʩʪʚʦ ʷʯʝʝʢ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʥʘ 

ʘʢʪʠʚʥʳʝ ʠ ʠʩʢʣʶʯʸʥʥʳʝ ʠʟ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʷʯʝʝʢ. ʉʫʪʴ 

ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʷʯʝʡʢʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʩʝʪʦʢ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʯʸʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʤʝʪʦʜʝ 

ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. 

                                                           
3 ʅʘʣʠʯʠʝ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ, ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʷʯʝʝʢ ʠ ʪ.ʜ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.2.8 ï ʇʨʠʤʝʨ ʩʝʪʢʠ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʘ) ʠʩʭʦʜʥʘʷ ʩʝʪʢʘ, ʙ) ʨʘʩʯʸʪʥʘʷ ʩʝʪʢʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʨʘʩʯʸʪʝ 

ʅʘ ʨʠʩʫʥʢʝ 1.2.8.ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʭʦʜʥʘʷ ʩʝʪʢʘ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʘʷ 2 ʦʪʜʝʣʴʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʝʣʠ: ʩʝʪʢʠ ʜʣʷ ʧʨʝʜʢʨʳʣʢʘ ʠ ʢʨʳʣʘ. ʅʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʯʸʪʝ ʯʘʩʪʴ ʷʯʝʝʢ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʚʠʜʘ çʩʪʝʥʢʘè, ʢʘʞʜʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

1.2.8.ʙ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʤʝʪʦʜʝ ʨʘʩʯʸʪʘ ʥʘ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʝʪʢʘʭ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʜʨʦʙʥʦʩʪʴʶ ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʝʣʠ, ʪʦ ʨʘʟʫʤʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʦʨʠʪʝʪ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ. ʇʨʠʦʨʠʪʝʪ ʦʧʨʝʜʝʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʨʘʩʯʸʪʝ ʷʯʝʝʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚ ʩʣʫʯʘʝ ʠʭ ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ 

ʥʘʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʦʨʠʪʝʪ ʩʝʪʦʢ ʥʘʟʥʘʯʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.2.9. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʦʚʨʝʤʝʥʥʳʡ ʤʘʥʸʚʨʝʥʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʛʜʝ ʯʘʩʪʴ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʜʘʥʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤʠ ʩʝʪʢʘʤʠ. ʀʟ ʨʠʩʫʥʢʘ 1.2.9 ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʥʠʮʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʮʝʣʴʥʦʧʦʚʦʨʦʪʥʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʦʧʝʨʝʥʠʶ (ʎʇɻʆ), 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʥʝʨʘ. 
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ʈʠʩʫʥʦʢ 1.2.9 ï ʇʨʠʤʝʨ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ 

ɿʘʯʘʩʪʫʶ ʥʘʣʠʯʠʝ ʢʦʥʪʘʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʦʰʠʙʢʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ 

ʟʘʜʘʯ, ʛʜʝ ʢʦʥʪʘʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʫʤʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʠʝ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʘ 

ʧʦʜʚʠʞʥʳʭ ʩʝʪʢʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʚ ʩʭʝʤʘʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʘ ʪʘʢʞʝ ʚ ʤʦʜʠʬʠʢʘʮʠʷʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʘʨʘʛʨʘʬʘʭ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʨʦʙʥʦ. 
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1.3 ʄʝʪʦʜ ʨʘʩʯʸʪʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ 

ʆʧʠʩʘʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ 

ï ʉʪʦʢʩʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ, ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʦʜʠʬʠʢʘʮʠʠ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʘʯʝʩʪʚʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ɼʚʠʞʝʥʠʝ ʛʨʘʥʠʮ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʣʝʯʸʪ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʸʤʦʚ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʬʦʨʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʠʩʭʦʜʥʦʡ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʘʩʯʸʪʘ [ɺʦʣʢʦʚ&ɽʤʝʣʴʷʥʦʚ, 2010; Thomas&Lombard, 

1979]. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʭʨʘʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʝʪʢʠ, 

ʠʟʣʦʞʝʥʥʳʭ ʚ ʛʣʘʚʘʭ 1 ʠ 2. 

ʇʦʜ ʜʚʠʞʝʥʠʝʤ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʪ ʧʦʥʠʤʘʪʴʩʷ 

ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʯʸʪʘ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1.2.3, 1.2.4. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʚʨʘʱʝʥʠʝ, ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʠʮ, ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʸʤ ʩʞʘʪʠʷ, ʨʘʩʪʷʞʝʥʠʷ, ʠʟʛʠʙʦʚ. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʪʦʣʢʦʚʘʥʠʝ, ʙʫʜʫʪ 

ʜʘʥʳ ʧʦʷʩʥʝʥʠʷ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (1.2.2) ʥʝʣʴʟʷ ʧʨʠʤʝʥʷʪʴ ʧʨʠ 

ʨʘʩʯʸʪʝ ʪʝʯʝʥʠʡ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʀʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ [ɺʦʣʢʦʚ&ɽʤʝʣʴʷʥʦʚ, 

2010]: 
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ʛʜʝ x  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (1.3.1) ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʸʤ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʚʠʜʝ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʛʨʘʥʠʮ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʸʤ ʠʟʤʝʥʷʝʪʩʷ ʚʚʠʜʫ ʜʚʠʞʝʥʠʷ ʫʟʣʦʚ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (1.3.1) ʚ (1.2.2) ʦʙʥʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ 

ʠʤʝʝʪ ʚʠʜ: 
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ɿʜʝʩʴ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʯʸʪʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ 
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ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʛʨʘʥʠʮʳ ʥʝʧʦʜʚʠʞʥʳ, ʪʦ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (1.3.2) ʩʣʝʜʫʝʪ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ 

ʨʘʩʯʸʪʘ ʜʣʷ ʚʳʨʘʞʝʥʠʷ (1.3.2). ɺ [Thomas&Lombard, 1979] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʚʨʝʤʝʥʠ, ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʩʣʦʚʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ (Geometric Conservation 

Law, GCL). ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠ ʜʝʪʘʣʴʥʦ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[Thomas&Lombard, 1979; Farhat et al., 2001]. ɺ ʨʘʙʦʪʝ [Mavriplis&Yang, 2006] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʣʴ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ 

ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʭʝʤʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʝʢʪʦʨ W = const 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (1.3.2). ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟʤʝʥʝʥʠʝ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʯʸʪʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʥʝʚʦʟʤʫʱʸʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (1.3.2) ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ. ʕʪʫ ʩʢʦʨʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ GCL 

[Lesoinne&Farhat, 1996], ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʠʤ ʥʠʞʝ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.3.2) 

ʙʝʟ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʚʳʨʘʞʝʥʠʝ, ʝʩʣʠ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʩʯʸʪʥʳʝ ʧʦʣʷ ʥʝʠʟʤʝʥʥʳ. ʀʥʘʯʝ 

ʛʦʚʦʨʷ, W=const. ʇʦʜʩʪʘʚʣʷʷ W=const, ʚʳʨʘʞʝʥʠʝ (1.3.2) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

( )( )
( )

0
D

+ - =ñ
S t

dV
W F W xW dS

dt
. (1.3.3) 

ɺ ʚʳʨʘʞʝʥʠʠ (1.3.3) ʦʪʩʫʪʩʪʚʫʝʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʣʘʛʘʝʤʦʝ, ʪʘʢ ʢʘʢ ʚ 

ʥʝʚʦʟʤʫʱʸʥʥʦʡ ʩʨʝʜʝ ʚʷʟʢʠʝ (ʩʜʚʠʛʦʚʳʝ) ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ () 0G W ¹ . 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʩʣʦʚʠʝ W=const ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʤʤʘʨʥʳʝ ʧʦʪʦʢʠ ʤʘʩʩʳ, 

ʠʤʧʫʣʴʩʘ, ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʛʨʘʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ ʪʘʢʞʝ ʨʘʚʥʳ ʥʫʣʶ, ʧʦʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʝ (1.3.3) ʫʧʨʦʱʘʝʪʩʷ, ʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

() ()( )* , 0
dV

R x t x t
dt
- =, (1.3.4) 

ʟʜʝʩʴ 
*R ʩʫʤʤʘ ʧʦ ʛʨʘʥʷʤ. 

ʀʣʠ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ, ʧʨʠʤʝʥʷʷ ʩʭʝʤʫ ʕʡʣʝʨʘ: 

( )
1

,
+-

= D
D

ä
n n

i i
f f

f

V V
x n S

t
. (1.3.5) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʝʥʠʝ ʦʙʲʸʤʘ ʝʩʪʴ ʩʫʤʤʘ çʟʘʤʝʪʘʝʤʳʭè ʦʙʲʸʤʦʚ ʢʘʞʜʦʡ 

ʛʨʘʥʴʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʢʘʢ: 
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1n n

i i f

f

V V V+- = Dä . (1.3.6) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, çʟʘʤʝʪʘʝʤʳʡè ʦʙʲʸʤ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ: 

( )
1

,
+

D =ññ
n

n

t

f

t f

V x n dSdt. (1.3.7) 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (1.3.5), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ ʠ ʝʸ ʥʦʨʤʘʣʴ: 

( ),
D

=
D D

f

f

V
x n

t S
. (1.3.8) 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʢʘʢ ʚʝʢʪʦʨʘ, ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʠ, 

D
=
D D

f

f

V
x n

t S
 (1.3.9) 

ʥʝ ʜʣʷ ʚʩʝʭ ʠʩʢʘʞʝʥʠʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚʝʨʥʦ4, ʭʦʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʙʣʶʩʪʠ ʫʩʣʦʚʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ [ʉʘʨʘʟʦʚ, 2023]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʠʞʝ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ. 

ɺr ʨʘʞʝʥʠʝ (1.3.8) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢʮʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʛʨʘʥʠ ʥʘ ʝʸ ʥʦʨʤʘʣʴ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʪʨʝʙʫʝʤʳʡ ʚʝʢʪʦʨ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ (1.3.8) ʩʦʜʝʨʞʠʪ çʟʘʤʝʪʘʝʤʡrè ʜʚʠʞʫʱʝʡʩʷ ʛʨʘʥʴʶ 

ʦʙʲʸʤ fVD , ʚʳʯʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʛʨʘʥʠ ʟʘ 

ʚʨʝʤʷ 1n nt t t+D = -. ɿʜʝʩʴ ʧʦʜ ʪʝʨʤʠʥʦʤ ʠʩʢʘʞʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʣʦʱʘʜʠ, ʬʦʨʤʳ ʛʨʘʥʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʸʙʝʨʥʦ-ʫʟʣʦʚʦʡ 

ʪʦʧʦʣʦʛʠʠ. ʊʘʢ ʢʘʢ ʛʨʘʥʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʧʣʦʩʢʘʷ, ʠ ʝʸ ʫʟʣʳ ʚ ʧʨʦʮʝʩʩʝ ʠʩʢʘʞʝʥʠʷ ʤʦʛʫʪ ʜʚʠʛʘʪʩɹʷ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ, ʪʦ ʚʳʯʠʩʣʝʥʠʝ ʦʙʲʸʤʘ, ʟʘʤʝʪʘʝʤʦʛʦ ʛʨʘʥʴʶ, ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʟʘʤʝʪʘʝʤʳʡ ʦʙʲʸʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʚ [Lesoinne&Farhat, 1996], ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʥʠʞʝ. 

ʇʫʩʪʴ ʧʨʦʠʟʚʦʣʴʥʘʷ ʷʯʝʡʢʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ (ʨʠʩʫʥʦʢ 1.3.1) ʠʟʤʝʥʷʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. 

                                                           
4 ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʘʨʘʛʨʘʬʝ 1.5. 
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ʈʠʩʫʥʦʢ 1.3.1 ï ʇʨʦʠʟʚʦʣʴʥʘʷ ʤʥʦʛʦʛʨʘʥʥʘʷ ʷʯʝʡʢʘ 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʥʴ ʷʯʝʡʢʠ, ʦʪʤʝʯʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1.3.2 ʮʚʝʪʦʤ, ʠ ʚʳʯʠʩʣʠʤ 

çʟʘʤʝʪʘʝʤʳʡè ʝʁ  ʦʙʲʸʤ. 

 
ʈʠʩʫʥʦʢ 1.3.2 ï ʀʩʭʦʜʥʦʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠ 

ɸʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ çʟʘʤʝʪʘʝʤʦʛʦè ʦʙʲʸʤʘ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʨʝʜʥʝʡ ʥʦʨʤʘʣʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ [Lesoinne&Farhat, 

1996]: 

- ʚʳʯʠʩʣʝʥʠʝ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʠ ʨʘʩʯʸʪ ʥʦʚʦʛʦ ʮʝʥʪʨʘ ʛʨʘʥʠ; 

- ʨʘʟʙʠʝʥʠʝ ʛʨʘʥʠ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩ ʦʙʱʝʡ ʚʝʨʰʠʥʦʡ ʚ ʮʝʥʪʨʝ ʛʨʘʥʠ; 

- ʚʳʯʠʩʣʝʥʠʝ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʦʙʲʸʤʘ ʢʘʞʜʦʡ ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ ʧʨʠʟʤ (ʨʠʩʫʥʦʢ 

1.3.3). 
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ʈʠʩʫʥʦʢ 1.3.3 ï ʅʦʚʳʝ ʠ ʩʪʘʨʳʝ ʧʦʣʦʞʝʥʠʷ ʚʝʨʰʠʥ 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʫʶ ʧʨʠʟʤʫ (ʨʠʩʫʥʦʢ 1.3.4). 

 
ʈʠʩʫʥʦʢ 1.3.4 ï ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʧʨʠʟʤʘ 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ: 

1 1 1

;

; ; .+ + +

= - = -

D = - D = - D = -

ac a c bc b c

n n n n n n

a a a b b b c c c

x x x x x x

x x x x x x x x x
 (1.3.10) 

ʊʦʛʜʘ çʟʘʤʝʪʘʝʤʳʡè ʦʙʲʸʤ ʚʳʨʘʞʘʝʪʩʷ: 

( )
1

3
f a b cV x x x h= D +D +D Ö, (1.3.11) 

ʛʜʝ 

( )1 1 1 11 1
, , , ,

6 2

n n n n n n n n

ac bc ac bc ac bc ac bcx x x x x x x xh + + + +å õ
è ø è ø è ø è ø= + + +æ öê ú ê ú ê ú ê ú
ç ÷

. (1.3.12) 

ʅʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ (1.3.8), (1.3.10) ï (1.3.12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʤʝʪʘʝʤʦʛʦ ʛʨʘʥʴʶ ʦʙʲʸʤʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʘ 

ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ. 

ɼʚʠʞʝʥʠʝ ʛʨʘʥʠʮ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʭʝʤ 

ʨʘʩʯʸʪʘ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (1.3.2). ʆʜʠʥ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 
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ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʠʩʭʦʜʠʪ 

ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʪʝʯʝʥʠʝ ʧʦʪʦʢʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ [Blazek, 2001]. 

ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (1.3.2) ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

( )
( ) ( ) ( ) ( )V t V t S t V t

WdV WdV F xW G dS RdV
t t
D D D D

µ µ
+ + - - =

µ µñ ñ ñ ñ, (1.3.13) 

ʛʜʝ Ű ï ʧʩʝʚʜʦʚʨʝʤʷ. 

ʉʭʝʤʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

(1.3.13) ʠʤʝʝʪ ʚʠʜ: 
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1 1

1 1 1 1
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P P f P P
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W x W S W V Res W
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+ +
+ + + +

=

å õ- µ µ µè ø
+ D + - - D - D =æ ö é ùD D µ µ µê úç ÷

ä , (1.3.14) 

 

ʛʜʝ ʧʨʘʚʘʷ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʚʷʟʢʦʡ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ: 

( )( ) [ ]
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n n nP P
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W W
Res W V V F G S R V

t

g
+ +
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D
ä , 

ʟʜʝʩʴ 
1,n nV V+

 ï ʦʙʲʸʤ ʷʯʝʡʢʠ ʥʘ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 1,n nt t+  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʭʝʤʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʠʜʘ (1.3.14) ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ x . ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ [ɺʦʣʢʦʚ&ɽʤʝʣʴʷʥʦʚ, 2010] ʥʝʢʦʨʨʝʢʪʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʬʠʟʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʝʨʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʢʣʘʜʘ ʚ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ. ɺʚʠʜʫ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʯʸʪʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ 

ʚʝʢʪʦʨʘ x  ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʶʪ ʨʝʰʝʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ. 

ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ x  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪɹ ʧʫʪyʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʥʠ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʦʞʝʥʠʷ ʝʸ ʫʟʣʦʚ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʕʪʦ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʧʠʩʘʥʠʶ ʛʨʘʥʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʝʸ 

ʠʩʢʘʞʝʥʠʷ. ɽʩʣʠ ʜʚʠʞʝʥʠʝ ʛʨʘʥʠ ʙʣʠʟʢʦ ʢ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʤʫ ʩʜʚʠʛʫ, ʪʦ ʚʦʧʨʦʩ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʨʝʰʘʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦ. ɽʩʣʠ ʞʝ ʜʚʠʞʝʥʠʝ 

ʛʨʘʥʠ ʩʦʧʨʷʞʝʥʦ ʩ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ ʚʨʘʱʝʥʠʝ, ʩʞʘʪʠʝ/ʨʘʩʪʷʞʝʥʠʝ, ʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. ʊʘʢ ʢʘʢ ʛʨʘʥʷʤʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ, ʧʣʘʥʘʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ, 

ʜʣʷ ʨʘʩʯʸʪʘ çʟʘʤʝʪʘʝʤʦʛʦè ʦʙʲʸʤʘ ʧʨʦʚʦʜʠʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ʛʨʘʥʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (1.3.11). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʩʝʪʦʯʥʦʡ 

ʤʦʜʝʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʨʫʜʥʦʩʪʷʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ: 

- ʚʳʯʠʩʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ, ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʛʨʘʥʠ ʠ ʟʘʤʝʪʘʝʤʦʛʦ 

ʝʡ ʦʙʲʸʤʘ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ (1.3.8), (1.3.10), (1.3.11); 
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- ʫʩʨʝʜʥʝʥʠʝ ʚʳʯʠʩʣʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʠ ʮʝʥʪʨʘ ʛʨʘʥʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʥʦʨʤʠʨʦʚʢʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ; 

- ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, 

ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (1.3.8). 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʚʚʝʜʝʥʠʝ ʰʘʛʘ ʫʩʨʝʜʥʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʛʨʘʥʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʚʳʨʘʞʝʥʠʷ (1.3.8), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ. 

ɺ ʠʪʦʛʝ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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, (1.3.15) 

ʛʜʝ ,c kdS dS ï ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʛʨʘʥʠ ʠ ʫʟʣʦʚ. 

ɺʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʘ x  ʧʦʟʚʦʣʷʝʪ ʩʦʙʣʶʩʪʠ ʫʩʣʦʚʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʘʩʯʸʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ɺʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʢʘʢ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʝʡ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʜʣʷ ʛʨʘʥʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʜʚʠʞʥʳʝ ʛʨʘʥʠʮr. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʚʢʫʧʝ ʩ 

ʚʳʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʸʪʘ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʢʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ) ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʙʣʦʢ-

ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 1.3.5. 
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ʈʠʩʫʥʦʢ 1.3.5 ï ɹʣʦʢ-ʩʭʝʤʘ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ 

ʂʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.3.5, ʨʘʩʯʸʪ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʙʣʦʢʘ 

çʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʥʠè. ɼʘʥʥʳʡ ʙʣʦʢ ʚʳʧʦʣʥʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʜʚʠʛ, ʚʨʘʱʝʥʠʝ ʚʩʝʡ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʛʨʘʥʠ ʨʝʰʘʝʪʩʷ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ɺ ʩʣʫʯʘʝ ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚʳʯʠʩʣʷʝʪʩʷ çʟʘʤʝʪʘʝʤʳʡè ʦʙʲʸʤ ʛʨʘʥʠ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʫʩʨʝʜʥʸʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʤʝʪʦʜʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʦʟʚʦʣʷʪʁ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, 

ʯʪʦ ʦʪ ʢʘʯʝʩʪʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʪ̫ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʦʵʪʦʤʫ ʜʨʫʛʦʡ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʚʦ 

ʚʨʝʤʝʥʠ ʛʨʘʥʠʮʘʤʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʆʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʭʝʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ, ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ. 
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1.4 ʄʦʨʬʠʥʛ ï ʘʣʛʦʨʠʪʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʉʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʠʪʴ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʪʢʠ, ʪʘʢʠʭ ʢʘʢ: ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, ʛʨʘʥʝʡ, ʷʯʝʝʢ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦʜʦʙʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʦʩʝʜʩʪʚʘ ʷʯʝʝʢ ʯʝʨʝʟ 

ʛʨʘʥʴ, ʫʟʣʦʚ ʯʝʨʝʟ ʨʝʙʨʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʩʝʜʩʪʚʘ, ʠʣʠ, ʠʥʘʯʝ 

ʛʦʚʦʨʷ, ʪʦʧʦʣʦʛʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʤʠʪʠʚʘʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʘʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʥʘʟʳʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ 

ʩʚʷʟʠ. 

ʇʦʜʦʙʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ 

ʠʟʤʝʥʷʪʴ ʠʩʭʦʜʥʫʶ ʨʘʩʯʸʪʥʫʶ ʩʝʪʢʫ ʧʦʜ ʪʨʝʙʫʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʧʫʪʸʤ 

ʦʙʥʦʚʣʝʥʠʷ ʣʠʰʴ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ ʤʦʜʝʣʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠ ̫ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ 

ʚʳʨʦʞʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʤʦʛʦ ʩʤʝʱʝʥʠʷ ʫʟʣʦʚ ʩʝʪʢʠ. ʇʦʜ 

ʚʳʨʦʞʜʝʥʠʝʤ ʷʯʝʡʢʠ ʧʦʥʠʤʘʪʁ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʝʸ ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝ, ʩʭʣʦʧʳʚʘʥʠʝ ʷʯʝʡʢʠ (ʦʙʲʸʤ ʷʯʝʡʢʠ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ ʥʫʣʶ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʳʨʦʞʜʝʥʥʳʭ ʷʯʝʝʢ ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʟʘʜʘʯʘʭ ʩ çʥʝʟʥʘʯʠʪʝʣʴʥʳʤè ʜʚʠʞʝʥʠʝʤ 

ʛʨʘʥʠʮ ʧʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʳ. 

ʄʝʪʦʜ rʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʝʪʦʯʥʦʡ ʪʦʧʦʣʦʛʠʠ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

- ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠʠ; 

- ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʥʪʨʦʣʴʥʳʭ ʫʟʣʦʚ. 

ʄʝʪʦʜʳ, ʦʪʥʝʩʸʥʥʳʝ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʦʡ ʘʥʘʣʦʛʠʠ. ʆʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ 

ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʫʞʠʥʥʘʷ ʘʥʘʣʦʛʠʷ [Batina, 1990], ʛʜʝ ʢʘʞʜʦʝ ʨʝʙʨʦ ʛʨʘʥʠ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʫʞʠʥʘ ʩ ʥʝʢʦʪʦʨʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʞʸʩʪʢʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʭʣʦʧʳʚʘʥʠʝ ʷʯʝʝʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʧʨʫʞʠʥ 

ʩʞʘʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʫʞʠʥʳ ʚʨʘʱʝʥʠʷ [Murayama et al., 2002]. 

ɼʨʫʛʘʷ ʬʠʟʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ, ʥʘʰʝʜʰʘʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʙʲʸʤ, ʟʘʢʣʶʯʸʥʥʳʡ ʚʥʫʪʨʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʥʝʢʦʝ ʫʧʨʫʛʦʝ 

ʪʝʣʦ. ɺ ʧʦʜʦʙʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʚʥʦʚʝʩʠʷ 

ʫʧʨʫʛʦʛʦ ʪʝʣʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮ [Johnson&Tezduyar, 1996; 

Nielsen&Anderson, 2001]. ɼʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʦʩʪʦʠʪ ʚ ʩʦʣʠʜʥʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘʧʨʷʞʸʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʯʘʩʪʠ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʘʮʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʚʠʜʫ 

ʦʪʣʠʯʠʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʩʭʦʜʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʤʦʞʝʪ 
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ʦʢʘʟʘʪʴʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʜʣʷ ʨʘʩʯʸʪʘ ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʩʝʪʢʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʝʰʝʥʠʝ ʧʣʦʪʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʉʃɸʋ 

[ʂʫʢʩʝʥʢʦ&ɻʘʟʠʟʦʚ, 2007], ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʜʫʨʫ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʦʜʭʦʜʳ ʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʱʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ ʢʘʢ ʚʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʉʨʝʜʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ ʪʨʘʥʩʬʠʥʠʪʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ [Haber et al., 

1981], ʠʥʪʝʨʧʦʣʷʮʠʷ ʩʧʣʘʡʥʘʤʠ, ʠʥʪʝʨʧʦʣʷʮʠʷ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ [Helenbrook, 2003] ʠ ʧʨʦʯʠʝ ʘʣʛʦʨʠʪʤʳ 

[Farhat et al., 1998]. ʆʜʥʠʤ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʨʘʜʠʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʠʣʠ ʤʝʪʦʜ RBF (Radial Basic Function). ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ [Buhmann, 2003], ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʝʙʫʝʪ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʤʝʥʝʥʠʶ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʳʭ 

ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ IDW (Inverse Distance Weighting), ʥʝ ʪʨʝʙʫʶʱʠʡ ʨʝʰʝʥʠʷ 

ʉʃɸʋ. ʊʘʢʞʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ. ʄʝʪʦʜ ʦʙʨʘʪʥʳʭ 

ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʩʝʨʴʸʟʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʛʨʘʥʠʮ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʷʯʝʝʢ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʭʦʜʥʦʛʦ 

ʤʝʪʦʜʘ IDW ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʛʨʘʥʠʮʳ, ʢʘʢ ʢʨʫʯʝʥʠʝ ʠ ʠʟʛʠʙ. ʊʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʫʟʣʦʚ 

ʩʝʪʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʘʜʘʝʪ ʩʦʨʘʟʤʝʨʥʦ ʦʮʝʥʢʝ ( )i bO n n , ʛʜʝ in  ï 

ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʢʠ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʟʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʜʚʠʞʥʳʤ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʛʨʘʥʠʮʘʤ ʚ ʢʦʣʠʯʝʩʪʚʝ bn . ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ 

ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ [Luke et al., 2012]. 

ɺʚʠʜʫ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ IDW, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʨʝʰʝʥʠʷ ʉʃɸʋ, 

ʚʳʙʦʨ ʩʜʝʣʘʥ ʚ ʝʛʦ ʧʦʣʴʟʫ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ 

ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʝʪʢʘʤ ʠ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʠʙʘ 

ʠ ʚʨʘʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʠʮ. ʊʘʢʞʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ IDW ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʦʨʬʠʥʛʘ. ɺʩʝ ʵʪʠ 

ʚʦʧʨʦʩʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ. 
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ʉʫʪʴ ʤʝʪʦʜʘ IDW ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʩʤʝʱʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʚʝʨʰʠʥ [Luke&Collins, 2012]: 
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ɿʜʝʩʴ ( , , )r x y z=  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʚʥʫʪʨʝʥʥʝʛʦ ʫʟʣʘ ʩʝʪʢʠ, 
jbr  ï ʨʘʜʠʫʩ-

ʚʝʢʪʦʨ ʫʟʣʘ jb  ʥʘ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʝ, ( )w r  ï ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, 
js  ï ʧʝʨʝʤʝʱʝʥʠʝ 

ʫʟʣʘ ʩ ʠʥʜʝʢʩʦʤ j ʥʘ ʛʨʘʥʠʮʝ, p  ï ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ 

ʣʶʙʦʛʦ ʫʟʣʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( , , )x y z  ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʤʝʱʝʥʠʡ ʚʩʝʭ 

ʫʟʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʠ ʧʦʜʚʠʞʥʳʤ ʛʨʘʥʠʮʘʤ. 

ɸʣʛʦʨʠʪʤ ʤʦʨʬʠʥʛʘ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʳʨʘʞʝʥʠʷʤʠ (1.4.1), (1.4.2), ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʛʦ ʚʨʘʱʝʥʠʷ ʠʣʠ ʠʟʛʠʙʘ ʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ, ʧʦʩʢʦʣʴʢʫ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʣʶʙʦʛʦ ʫʟʣʘ ʝʩʪʴ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʦʪ 

ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʢʨʘʡʥʝ 

ʚʳʩʦʢʘ ʚʚʠʜʫ ʚʳʨʦʞʜʝʥʠʷ ʷʯʝʝʢ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʠʟʛʠʙʘʭ ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʝʥʢʠ). ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʷʯʝʝʢ [ɹʦʨʠʩʝʥʢʦ ʠ ʜʨ., 2022] 

ʪʨʝʙʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʝʪʢʘʤ ʩ ʠʟʛʠʙʘʶʱʠʤʠʩʷ ʠʣʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʛʨʘʥʠʮʘʤʠ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ [Luke et al., 2012] ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʧʘʤʷʪʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʕɺʄ. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠ ̫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʦʙʲʸʤʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʝʪʢʘʤ ʥʝ ʪʨʝʙʫʝʪ 

ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʠ ʚ ʫʟʣʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʯʝʨʝʟ ʛʨʘʥʴ ʷʯʝʡʢʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʟʣʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ (ʥʦʨʤʘʣʠ) 

ʚʳʯʠʩʣʝʥʠʷ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴ, ʦʪʥʝʩʸʥʥʘʷ ʢ ʫʟʣʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʢʘʢ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʦʨʤʘʣʝʡ ʛʨʘʥʝʡ, ʚ 

ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʟʝʣ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʝʪʦʢ) ʚʢʣʘʜ ʢʘʞʜʦʡ ʛʨʘʥʠ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ 

ʙʫʜʝʪ ʨʘʚʥʦʮʝʥʝʥ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʥʦʨʤʘʣʠ ʚ ʫʟʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʷʭ, ʘ ʠʤʝʥʥʦ 
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ʧʣʦʱʘʜʴ ʛʨʘʥʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʦʱʘʜʴ ʛʨʘʥʠ ʷʚʣʷʝʪʩʷ ʚʝʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʥʦʨʤʘʣʠ ʚ ʫʟʣʝ: 
face face

i i

node face

i

S n
n

S
=
ä
ä

, (1.4.3) 

ʛʜʝ 
face

in  ʠ 
face

iS  ï ʥʦʨʤʘʣʴ ʠ ʧʣʦʱʘʜʴ ʛʨʘʥʠ ʩ ʠʥʜʝʢʩʦʤ i ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʦʨʤʘʣʴ ʛʨʘʥʠ 
facen  ʤʦʞʝʪ ʚʳʯʠʩʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [ɺʦʣʢʦʚ ʠ ʜʨ., 2013]. ɺʝʩʴʤʘ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ 

ʷʚʣʷʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ʛʨʘʥʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʥʦʨʤʘʣʠ 

ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʫʟʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʥʘ 

ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (1.4.3), ʦʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʫʢʘʟʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʫʟʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤ ʩʤʝʞʥʳʤ ʛʨʘʥʷʤ ʨʘʟʥʳʭ ʛʨʘʥʠʮ, ʥʘ 

ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʥʦʨʤʘʣʠ ʫʟʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʛʥʦʨʠʨʦʚʘʪʴ ʚʢʣʘʜ ʥʦʨʤʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʦʪ ʛʨʘʥʠʮʳ, ʥʝ ʷʚʣʷʶʱʝʡʩʷ ʧʦʜʚʠʞʥʦʡ. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

( ),node node node other othern n n n n= - . (1.4.4) 

ɿʜʝʩʴ noden  ï ʠʩʭʦʜʥʘʷ ʥʦʨʤʘʣʴ ʩʤʝʞʥʦʛʦ ʫʟʣʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʚʳʨʘʞʝʥʠʷ (1.4.3), 
othern  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʠʥʦʡ ʛʨʘʥʠʮʳ. 

ɻʨʘʬʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʥʦʨʤʘʣʠ ʫʟʣʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʜʚʫʤ ʩʤʝʞʥʳʤ ʛʨʘʥʷʤ, ʨʝʘʣʠʟʫʶʱʠʤ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷʤ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.4.1. 

 
ʈʠʩʫʥʦʢ 1.4.1 ï ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʥʦʨʤʘʣʠ ʫʟʣʘ 

ɺʳʨʘʞʝʥʠʝ (1.4.4) ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʚʳʯʠʩʣʠʪʴ ʥʦʨʤʘʣʴ ʚ ʫʟʣʝ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʝʸ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʝʷʚʥʦ ʫʯʠʪʳʚʘʪʴ 
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ʥʘʣʠʯʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʨʘʟʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ, çʩʪʝʥʢʘè ʠ çʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠè. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʜʣʷ ʫʟʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʨʘʥʠ 

ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ ʚʨʘʱʝʥʠʠ ʠʣʠ ʠʟʛʠʙʝ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʛʨʘʥʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʝʸ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʝʡ ʫʟʣʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʛʨʘʥʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʧʝʨʚʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʙʘʟʦʚʦʛʦ 

ʤʝʪʦʜʘ IDW ʧʫʪʸʤ ʟʘʤʝʥʳ ʚʝʢʪʦʨʘ 
js ʚ ʚʳʨʘʞʝʥʠʠ (1.4.1) ʬʫʥʢʮʠʝʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʟʣʘ. 

ʌʫʥʢʮʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʤʝʱʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʟʣʘ ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʝʛʦ ʥʦʨʤʘʣʠ: 

() ( ),j j j rots s r s r M= = , (1.4.5) 

ʛʜʝ rotM  ï ʦʙʦʙʱʸʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʥʝʡ, ʢʦʪʦʨʘʷ ʧʦʜʣʝʞʠʪ ʚʳʯʠʩʣʝʥʠʶ (ʩʤ. ʬʦʨʤʫʣʫ (1.4.8)). 

ʉʧʨʘʚʝʜʣʠʚʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʫʟʣʫ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʫʟʣʘ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ, ʧʝʨʝʚʦʜʷʱʝʡ ʦʜʠʥ ʚʝʢʪʦʨ ʚ ʜʨʫʛʦʡ, 

ʚʝʩʴʤʘ ʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ js  

ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ r , ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʜʚʠʛʘʶʱʝʤʫʩʷ 

ʪʚʸʨʜʦʤʫ ʪʝʣʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.4.2. 

 
ʈʠʩʫʥʦʢ 1.4.2 ï ʇʦʚʦʨʦʪ ʪʚʨyʜʦʛʦ ʪʝʣʘ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 

( ) ( )b b b rot br r r r r M r r¡ ¡ ¡ ¡ ¡= + - = + -, 

ʛʜʝ rotM  ï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ ʥʦʨʤʘʣʷʤʠ 
'Ĕ Ĕ
node rot noden M n= . ɺʝʢʪʦʨ ʥʦʨʤʘʣʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ: 
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( )

( )

ʚʥʫʪʨʝʥʥʠʡʫʟʝʣʧʦʚʝʨʭʥʦʩʪʠ; ʚʳʨ-ʝ 1.4.3
Ĕ

ʩʤʝʞʥʳʡʫʟʝʣʧʦʚʝʨʭʥʦʩʪʠ; ʚʳʨ-ʝ 1.4.4

node

node

node

n
n

n

ë -î
=ì

-îí

. 

ʊʦʛʜʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ r  ʩʧʨʘʚʝʜʣʠʚʦ: 

() ( )b rot b rot b rot b rots r r r r M r r r M r r r M r M r r b¡ ¡ ¡= - = + - - = - + - = - +, 

ʛʜʝ ()b rot b b b rot bb r M r r s r M r¡= - = + - . 

ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠ ̫ ( )js r , ʭʘʨʘʢʪʝʨʠʟʫʶʱʘ ̫ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʫʟʣʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʠ ʧʦʚʦʨʦʪʘ ʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ j -ʦʛʦ ʫʟʣʘ: 

()j rot js r M r r b= - +. (1.4.6) 

ʇʨʠ ʵʪʦʤ ʚʝʢʪʦʨ 
jb  ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

, j jj rot j b b js M r r b= - +. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʚʚʝʜʥyʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʫʟʣʘʭ ʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠʮ rʨʘʚʥʦ ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʨʝʢʪʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʦ ʝʩʪʴ ( )
jj b js r s= . ʌʦʨʤʫʣʘ (1.4.1), ʪʝʧʝʨʴ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

( ) ( )
( )

( )

j j

j

w r s r
s r

w r
=
ä
ä

. (1.4.7) 

ʇʨʦʠʟʚʦʜʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦ ʚʩʝʤ ʫʟʣʘʤ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʩʝ ʧʦʚʦʨʦʪʳ ʛʨʘʥʠʮ ʙʫʜʫʪ ʫʯʪʝʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʩʝʪʢʠ ʚʦʟʣʝ ʛʨʘʥʠʮʳ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ 

ʧʦʚʦʨʦʪʘ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ 

ʛʨʘʥʠʮʳ ʚ ʪʦʯʢʝ 
jbr . 

ʅʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʥʦʨʤʘʣʝʡ ʜʦ ʠ ʧʦʩʣʝ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ 
,rot jM . ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ 

ʧʦʚʦʨʦʪʘ ʥʦʨʤʘʣʠ ʫʟʣʘ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ: 

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

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

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

2

2

2

cos 1 cos 1 cos sin 1 cos sin

1 cos sin cos 1 cos 1 cos sin

1 cos sin 1 cos sin cos 1 cos

x x y z x z y

rot y x z y y z x

z x z z y x z

m m m m m m m

M m m m m m m m

m m m m m m m

a a a a a a

a a a a a a

a a a a a a

è ø+ - - - - +
é ù
= - + + - - -é ù
é ù
- - - + + -ê ú

, (1.4.8) 

ʛʜʝ a ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʥʦʨʤʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, 

ʚʝʢʪʦʨ ( ), ,x y zm m m m=  ʦʧʨʝʜʝʣʷʝʪ ʦʩʴ ʚʨʘʱʝʥʠʷ. ʅʦʨʤʘʣʠ ʫʟʣʦʚ ʚʭʦʜʷʪ ʚ 

ʚʳʨʘʞʝʥʠʝ (1.4.8) ʥʝʷʚʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʯʝʩʪʚʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ 

ʩʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʝʡ ʫʟʣʦʚ (1.4.3) ï (1.4.4). 

ɺʚʝʜʝʥʠʝ ʚ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʟʛʠʙʳ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʳ. 

ɺʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ IDW, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʭʨʘʥʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ 

ʷʯʝʝʢ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʙʦʨʫ ʚʠʜʘ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ. ɺ 

ʚʳʨʘʞʝʥʠʝ (1.4.2) ʚʭʦʜʠʪ ʧʘʨʘʤʝʪʨ p, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 
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ʥʫʣʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʢʦʥʢʨʝʪʥʦ ʚʟʷʪʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʫʟʝʣ ʛʘʨʘʥʪʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʝʨʝʤʝʱʝʥʠʷ ʙʣʠʞʘʡʰʠʭ ʢ ʥʝʤʫ 

ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʩʝʪʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʠʜ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ, ʢʨʦʤʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ 

ʢʘʯʝʩʪʚʘ ʧʨʠʩʪʝʥʦʯʥʳʭ ʷʯʝʝʢ. 

ɺ ʨʘʙʦʪʝ [Luke et al., 2012] ʚ ʢʘʯʝʩʪʚʝ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʝʜʣʦʞʝʥʘ ʩʫʤʤʘ 

ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ. ʉʦʛʣʘʩʥʦ [Luke et al., 2012] ʪʘʢʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( )

j j

a b

j j

b b

L L
w A

a
è øå õ å õ
é ùæ ö æ ö= +
é ùæ ö æ ö- -
é ùç ÷ ç ÷ê ú

x
x x x x

, (1.4.9) 

ʛʜʝ 
jA  ï ʚʝʩ ʫʟʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʣʦʱʘʜʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʛʨʘʥʝʡ, L  ï 

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ, La  ï ʤʘʩʰʪʘʙ ʧʨʠʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ, a  ʠ b  ï 

ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ. 

ʇʦʜʦʙʥʳʡ ʚʠʜ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʦʨʬʠʥʛʘ 

ʚʙʣʠʟʠ ʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʩʛʣʘʜʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʚʜʘʣʠ ʦʪ 

ʛʨʘʥʠʮʳ ʨʘʩʯʪyʥʦʡ ʦʙʣʘʩʪʠ. ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

3a= , 5b=  ʜʘʶʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʩʝʪʦʢ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ L  ʪʘʢʞʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʟʘʜʘʯ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʦ, ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʢʠ. ʇʘʨʘʤʝʪʨ a ʦʪʚʝʯʘʝʪ ʟʘ ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ 

ʩʤʝʱʝʥʠʷ ʫʟʣʦʚ ʚ ʧʨʠʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʢ ʠʩʢʘʞʝʥʠʷʤ ʚʜʘʣʠ ʦʪ ʥʝʸ, ʠ ʜʣʷ ʣʫʯʰʝʡ 

ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʚ ʟʘʜʘʯʘʭ ʩ ʙʦʣʴʰʠʤʠ ʩʤʝʱʝʥʠʷʤʠ ʛʨʘʥʠʮ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ a  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ [Luke et al., 2012]. ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ 

ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ: 

1

( )
b

j

N

mean j j b

j

s a s r
=

=ä , (1.4.10) 

ʛʜʝ 
1

/
bN

j j i

i

a A A
=

= ä  ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʚʝʩ ʫʟʣʘ. ɿʘʪʝʤ ʧʘʨʘʤʝʪʨ a ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

( )max ( )
jj b mean

j
s s s

L

h
a= - . (1.4.11) 

ʇʘʨʘʤʝʪʨ h ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʢʘʞʝʥʠʷ 

ʦʪ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʳ ʚʥʫʪʨʴ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ. ʀʟ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 5h=  ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʤʥʦʛʠʭ ʩʣʫʯʘʝʚ. 

ɼʣʷ ʨʝʘʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʚʘʞʥʦ, ʯʪʦʙʳ ʧʘʨʘʤʝʪʨ a ʥʝ ʧʨʠʥʠʤʘʣ ʩʣʠʰʢʦʤ 

ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ. ʋʩʣʦʚʠʝ 0.1a²  ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʝʪʢʘ ʚ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ ʥʝ ʠʤʝʣʘ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ ʠ ʷʯʝʝʢ ʩ ʥʫʣʝʚʳʤ ʠʣʠ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʙʲʸʤʦʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʷʟʢʠʭ ʧʦʪʦʢʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ a . 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʨʘʞʝʥʠʷʭ (1.4.3) ï 

(1.4.11), ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʢʘʯʝʩʪʚʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ. ʇʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨʳ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʷʯʝʡʢʠ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ, ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʷʤ (1.4.6) ï (1.4.11) ʙʫʜʫʪ ʙʣʠʟʢʠ ʢ ʚʝʢʪʦʨʘʤ ʧʝʨʝʤʝʱʝʥʠʷ ʙʣʠʞʘʡʰʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʟʣʦʚ, ʪʦ ʢʘʯʝʩʪʚʦ ʧʦʜʦʙʥʳʭ ʷʯʝʝʢ ʙʫʜʝʪ ʩʦʭʨʘʥʝʥʦ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʦʨʤʘ ʚʳʨʘʞʝʥʠʡ (1.4.7), (1.4.9) ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʠʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ IDW ʜʣʷ ʟʘʜʘʯ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ 

ʩʝʪʦʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʊʘʢ, ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʯʠʩʣʦ ʚʝʨʰʠʥ ʥʘ ʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠʮʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, ʠ ʤʝʪʦʜ IDW ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʯʠʩʣʦ ʪʦʯʝʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʸʪ ʢʘʢ ( )
2

3O n , ʛʜʝ n ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʝʨʰʠʥ, ʧʦʵʪʦʤʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʚʦʜʠʪʩʷ ʢ ( )
2

3O n nÖ  ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʸʪ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ IDW, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʥʠʞʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. 

ʀʩʧʦʣʴʟʫʷ ʠʜʝʠ ʘʣʛʦʨʠʪʤʦʚ ɹʘʨʥʩʘ-ʍʘʪʘ [Barnes&Hut, 1986] ʠʣʠ ʤʝʪʦʜʘ 

ʙʳʩʪʨʳʭ ʤʫʣʴʪʠʧʦʣʝʡ [Greengard&Rokhlin, 1987; Sivak et al., 2021], 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ IDW ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ( )logO n nÖ . ʉʫʪʴ ʤʝʪʦʜʘ 

ʙʳʩʪʨʳʭ ʤʫʣʴʪʠʧʦʣʝʡ (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʪʦʜʫ IDW) ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʟʣʦʚ ʚʚʠʜʫ ʭʘʨʘʢʪʝʨʘ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʚʠʜʘ (1.4.9). ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʩʝʪʢʠ, ʣʝʞʘʱʠʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʠʥ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ, ʧʨʠʤʝʥʷʪʴ ʥʝʢʠʡ 

ʥʘʙʦʨ ʪʦʯʝʢ ʩ ʚʝʩʘʤʠ, ʙʣʠʟʢʠʤʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʣʥʦʤʫ ʥʘʙʦʨʫ. ʕʪʦ 

ʧʨʝʜʣʦʞʝʥʠʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʯʝʡʢʠ ʚ ʷʜʨʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʜʦʙʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʥʝ ʦʢʘʞʫʪ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʨʘʩʯʸʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʩʴʤʘ ʚʘʞʝʥ. ʀ ʥʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʦʢʘʟʳʚʘʶʪ ʙʣʠʞʘʡʰʠʝ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʥʘ ʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠʮʝ, ʢʦʛʜʘ ʚʣʠʷʥʠʝ ʧʨʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥ ʤʦʞʥʦ ʫʯʝʩʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.4.3. 
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ʈʠʩʫʥʦʢ 1.4.3 ï ʌʨʘʛʤʝʥʪ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʉʜʝʣʘʝʤ ʧʦʷʩʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ, 

ʥʘ ʢʦʪʦʨʦʡ ʪʦʯʢʠ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 2 11 0L L> º, ʠ ʣʝʚʘʷ ʚʝʨʰʠʥʘ ʣʝʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɹʣʠʞʘʡʰʘʷ ʛʨʘʥʴ ʢ ʚʳʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʩʣʝʚʘ ʦʪʤʝʯʝʥʘ ʮʚʝʪʦʤ ʚʤʝʩʪʝ 

ʩ ʦʙʨʘʟʫʶʱʠʤʠ ʝʸ ʚʝʨʰʠʥʘʤʠ. ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (1.4.9) ʩʤʝʱʝʥʠʝ ʣʝʚʦʡ ʪʦʯʢʠ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʝʰʘʶʱʠʤ ʚʢʣʘʜʦʤ ʚʝʨʰʠʥ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʛʨʘʥʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʮʚʝʪʦʤ ʚʝʨʰʠʥ ʩʧʨʘʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. 

ʉʧʨʘʚʝʜʣʠʚʦ ʪʘʢʞʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʤʝʱʝʥʠʷ ʚʝʨʰʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʣʠʞʘʡʰʫʶ 

ʛʨʘʥʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʚʳʜʝʣʝʥʥʦʡ ʪʦʯʢʠ ʩʧʨʘʚʘ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ, 

ʩʦʨʘʟʤʝʨʥʦʝ ʚʢʣʘʜʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʳʜʝʣʝʥʥʳʭ ʚʝʨʰʠʥ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʠʞʝ 

ʧʨʠʚʝʜʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜʳ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʫʧʧʳ 

ʫʟʣʦʚ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʨʰʠʥ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʩʝʪʢʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ ʧʦʠʩʢ ʥʘʙʦʨʘ ʪʦʯʝʢ ʧʦʜʚʠʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 

ʚ ʚʳʨʘʞʝʥʠʝ (1.4.9), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʧʝʨʝʙʦʨʘ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʜʠʩʩʝʨʪʘʥʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ [ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 

2024], ʩʦʩʪʦʷʱʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʟʙʠʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʯʝʢ 

ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ [Hendrickson&Leland, 1995]. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʣʦʞʝʥʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʚʝʨʰʠʥ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʬʘʢʪʦʨʤʥʦʞʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʟʣʦʚ ʫʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ. ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʨʘʟʙʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʚʝʨʰʠʥ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʦʨʜʠʥʘʪ. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ 
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ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʟʣʫ-

ʨʦʜʠʪʝʣʶ, ʥʘ ʜʚʘ ʨʘʚʥʦʤʦʱʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ, ʩʦʙʣʶʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʣʝʯʸʪ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʝʨʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʝ ʚʣʦʞʝʥʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʝʩʪʴ ʨʸʙʝʨʥʦ-

ʫʟʣʦʚʫʶ ʪʦʧʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʙʠʝʥʠʷ 

ʛʨʘʬʘ ʩʝʪʢʠ [Hendrickson&Leland, 1995]. 

ʇʦʩʪʨʦʝʥʠʝ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʩ ʫʯʸʪʦʤ ʩʚʷʟʘʥʥʦʩʪʠ ʚʝʨʰʠʥ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʩʝʪʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʟʣʘʤʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʜʠʫʩ ʦʧʠʩʳʚʘʶʱʝʡ ʩʬʝʨʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.4.4. 

 
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1.4.4 ï ʉʨʘʚʥʝʥʠʝ ʨʘʟʙʠʝʥʠʷ ʛʨʘʬʘ ʩʝʪʢʠ 

ʘ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ, ʙ) ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ 

ʉʚʷʟʘʥʥʦʩʪʴ ʚʝʨʰʠʥ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʫʟʣʫ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʫʩʘ ʦʧʠʩʳʚʘʶʱʠʭ ʩʬʝʨ (i iR R< ), ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʩʪʨʦʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʥʝ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʢʘʢ ʧʨʘʚʠʣʦ, 30 ï 60). ʋʟʣʳ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʤ 

ʚʝʨʰʠʥʘʤ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʣʠʩʪʘʤʠ. 

ʂʣʶʯʝʚʦʡ ʵʪʘʧ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩʦʩʪʦʠʪ 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʩʦʙʦʛʦ ʥʘʙʦʨʘ ʪʦʯʝʢ, ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʫʟʣʦʤ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʝʨʰʠʥʳ. ʇʦʵʪʦʤʫ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

- ʩʦʟʜʘʸʪʩʷ ʩʬʝʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʚʩʸ ʤʥʦʞʝʩʪʚʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʚʝʨʰʠʥ, 

ʚʳʯʠʩʣʷʝʪʩʷ ʝʸ ʨʘʜʠʫʩ ʠ ʮʝʥʪʨ; 

- ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʩʪʦʚʘʷ ʩʬʝʨʘ ʩ ʮʝʥʪʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʮʝʥʪʨʦʤ ʧʝʨʚʦʡ, 

ʥʦ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʜʠʫʩʦʤ; 
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- ʥʘ ʪʝʩʪʦʚʦʡ ʩʬʝʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʪʦʯʝʢ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʳʨʘʞʝʥʠʝʤ: 

3
1

( )
N

i

i i

a
f r

r r=

=
-

ä , (1.4.12) 

ʛʜʝ ia  ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʚʝʩ ʚʝʨʰʠʥʳ, ir  ï ʢʦʦʨʜʠʥʘʪʳ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʚʝʨʰʠʥʳ 

ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, r  ï ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥʳ ʪʝʩʪʦʚʦʡ ʩʬʝʨʳ. 

ʆʙʳʯʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʳʙʦʨʢʠ ʪʦʯʝʢ ʥʘ ʪʝʩʪʦʚʦʡ ʩʬʝʨʝ 

ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʚʝʨʰʠʥʳ 

ʜʦʜʝʢʘʵʜʨʘ ʠʣʠ ʠʢʦʩʘʵʜʨʘ, ʚʧʠʩʘʥʥʦʛʦ ʚ ʪʝʩʪʦʚʫʶ ʩʬʝʨʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚʠʜʘ (1.4.12) ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ ʥʘ ʦʩʥʦʚʝ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʦʷʪʩʷ 4 q-ʪʦʯʢʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʶ ( )f r  

[Luke et al., 2012]: 

3 3 3 3

1 2 3 4

1 1 1 1 1
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4
f r
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æ ö- - - -ç ÷

. (1.4.13) 

ʇʦʩʪʨʦʝʥʥʳʡ ʥʘʙʦʨ q-ʪʦʯʝʢ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʚʝʨʰʠʥ, ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʚ q-ʥʘʙʦʨʝ ʚʳʯʠʩʣʷʶʪʩʷ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ, ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ ʚʝʢʪʦʨ 

ʩʤʝʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʝʨʰʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʨʘʩʯʸʪ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʚʝʨʰʠʥʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʨʥʷ 

ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʟʚʝʰʝʥʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ nodes  ʜʣʷ ʚʳʙʨʘʥʥʦʡ 

ʚʝʨʰʠʥʳ ʥʘ ʦʩʥʦʚʝ q-ʪʦʯʝʢ ʪʝʢʫʱʝʛʦ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʚʟʚʝʰʝʥʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ subnodess  

ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʚʝʨʰʠʥʳ ʥʘ ʦʩʥʦʚʝ q-ʪʦʯʝʢ ʧʦʪʦʤʢʦʚ ʪʝʢʫʱʝʛʦ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ 

ʜʝʨʝʚʘ; 

- ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

subnodes node subnodess s s e- < (1.4.14) 

ʩʧʫʩʢ ʧʦ ʙʠʥʘʨʥʦʤʫ ʜʝʨʝʚʫ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʥʘ ʦʩʥʦʚʝ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʢʪʦʨʘ 

subnodess  ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ: 

( ) subnodes subnodess r s w= , (1.4.15) 

ʛʜʝ subnodesw  ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʧʦʪʦʤʢʦʚ ʪʝʢʫʱʝʛʦ ʫʟʣʘ; ʠʥʘʯʝ ʘʣʛʦʨʠʪʤ ʧʦʚʪʦʨʷʝʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʤʢʘ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʰʘʛʘ (ʧʨʠ ʵʪʦʤ 

,node subnodes node subnodess s w w= = ). 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ e ʚ ʚʳʨʘʞʝʥʠʠ (1.4.14) ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

0,01. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ 0,01e=  ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ 
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ʦʪ ʚʳʙʨʘʥʥʦʡ ʚʝʨʰʠʥʳ ʜʦ ʮʝʥʪʨʘ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʧʨʝʚʳʰʘʝʪ ʚ 3 ʨʘʟʘ 

ʨʘʜʠʫʩ ʪʝʩʪʦʚʦʡ ʩʬʝʨʳ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʟʝʣ ʜʝʨʝʚʘ ʷʚʣʷʝʪʩʷ ʣʠʩʪʦʤ, ʪʦ ʚʢʣʘʜ ʚ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʩʝʤ ʥʘʙʦʨʦʤ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʚʝʨʰʠʥ. ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʩʧʫʩʢʘ ʧʦ ʙʠʥʘʨʥʦʤʫ ʜʝʨʝʚʫ ʚʳʯʠʩʣʷʝʪʩʷ ʠʪʦʛʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʢʣʘʜʦʚ ʢʘʞʜʦʛʦ ʠʟ ʫʟʣʦʚ. ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʨʦʠʟʚʝʩʪʠ ʚʳʯʠʩʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʣʶʙʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʚʝʨʰʠʥʳ ʙʣʘʛʦʜʘʨʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘʙʦʨʘʤ q-ʪʦʯʝʢ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʘ 

ʥʝʤʘʣʦʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʚʝʨʰʠʥʘʤ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʚʝʨʰʠʥ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ 

[ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 2024], ʧʨʠ ʢʦʪʦʨʦʡ ʠʥʜʝʢʩʘʮʠʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʚʝʨʰʠʥ ʜʚʫʭ 

ʣʶʙʳʭ ʫʟʣʦʚ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʠʤʝʶʱʠʭ ʦʙʱʝʛʦ ʨʦʜʠʪʝʣʷ, ʷʚʣʷʝʪʩʷ ʩʢʚʦʟʥʦʡ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

 
ʈʠʩʫʥʦʢ 1.4.5 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥ ʫʟʣʘʤ ʜʝʨʝʚʘ 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʣʶʙʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʸ ʜʝʛʨʘʜʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʘʣʛʦʨʠʪʤʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʷʯʝʝʢ ʠʩʢʘʞʸʥʥʦʡ ʩʝʪʢʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʩʣʦʝ, ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʤʦʜʠʬʠʢʘʮʠʷʤ ʤʝʪʦʜʘ 

IDW. ʅʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʤʝʥʴʰʘʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ IDW, ʧʦʜʦʙʥʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ, ʩʦʭʨʘʥʷʶʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʷʯʝʝʢ ʠʟʤʝʥʸʥʥʦʡ ʩʝʪʢʠ. ʊʘʢ, ʜʣʷ ʪʝʭ ʚʝʨʰʠʥ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʢ ʛʨʘʥʠʮʝ, ʩʧʫʩʢ ʧʦ ʜʝʨʝʚʫ ʙʫʜʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ, ʯʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʩʣʦʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʰʠʥ ʚʜʘʣʠ ʦʪ ʛʨʘʥʠʮ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʸʥ ʥʝʛʣʫʙʦʢʠʡ 
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ʩʧʫʩʢ, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʥʝʢʨʠʪʠʯʥʘ ʜʣʷ ʷʯʝʝʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʷʜʨʫ ʧʦʪʦʢʘ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ 

ʢʘʞʜʦʡ ʧʦʜʚʠʞʥʦʡ ʠʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʨʘʥʠʮʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ [ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 2024]. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʨʝʜʥʸʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʪʨʫʢʪʫʨʳ 

ʚʚʠʜʫ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʜʠʫʩ ʢʘʢ ʪʝʩʪʦʚʦʡ, ʪʘʢ ʠ ʦʧʠʩʳʚʘʶʱʝʡ ʩʬʝʨʳ ʜʣʷ 

ʫʟʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ɸ ʚʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʩʧʫʩʢ ʧʦ 

ʜʝʨʝʚʫ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʤʝʪʦʜ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʧʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

ʜʣʷ ʢʘʞʜʦʡ ʠʥʪʝʨʝʩʫʶʱʝʡ ʛʨʘʥʠʮʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ 

ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝ ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʫ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʠʭ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ. ʉ ʮʝʣʴʶ 

ʷʩʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʘʣʝʝ ʦʙʩʫʞʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʜʚʠʞʥʳʝ ʛʨʘʥʠʮʳ. ɺ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʢʘʟʘʥʠʷ ʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ ʵʪʦ ʙʫʜʝʪ ʦʩʦʙʦ 

ʦʪʤʝʯʝʥʦ. 

ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ IDW ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʕɺʄ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʯʝʥʴ 

ʧʦʜʨʦʙʥʳʭ ʩʝʪʦʢ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. ʄʝʪʦʜ IDW ʚ ʩʠʣʫ ʩʚʦʠʭ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘʞʜʦʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʨʰʠʥʘʭ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʩʯʸʪʘ, ʘ ʠʤʝʥʥʦ: ʢʦʦʨʜʠʥʘʪʳ, ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʩʝʪʢʠ ʢʘʞʜʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ 

ʷʜʨʦ ʬʦʨʤʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʚʩʝʭ ʩʚʦʠʭ ʚʝʨʰʠʥ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʜʚʠʞʝʥʠʷ ʩʝʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʦʯʢʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʤ ʩʘʤʳʤ ʧʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʘ IDW (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʜʝʡ ʙʳʩʪʨʳʭ ʤʫʣʴʪʠʧʦʣʝʡ) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʧʨʦʮʝʜʫʨʫ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʛʨʘʥʠʮʳ 

ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʦʙʥʦʚʣʝʥʠʝ ʥʘʙʦʨʘ q-ʪʦʯʝʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʜ ʢʘʞʜʦʡ ʧʨʦʮʝʜʫʨʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʆʜʥʘʢʦ, ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʇʦʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 300 ʪʳʩʷʯ ʚʝʨʰʠʥ, 

ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʙʫʜʝʪ ʠʤʝʪʴ 13 ʩʣʦʸʚ (ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʚ 

ʣʠʩʪʘʭ 32), ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʫʟʣʦʚ ʢʘʞʜʦʛʦ ʩʣʦʷ ʪʨʝʙʫʝʪ 

ʧʦʣʥʳʡ ʥʘʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʯʝʢ. ʊʦʛʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ 
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( )b t lO n n nÖ Ö, ʛʜʝ tn  ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʪʝʩʪʦʚʦʡ ʩʬʝʨʝ, ln  ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʥʦʚʣʝʥʠʝ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ q-ʪʦʯʝʢ 

ʩʪʘʥʦʚʠʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʤ ʜʣʷ ʧʦʜʨʦʙʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ. 

ʋʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʘ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʵʪʘʧʘ ʣʝʞʠʪ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʷʜʨʘʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʜʠʩʩʝʨʪʘʥʪʦʤ ʧʦʜʭʦʜ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʩʥʦʚʘʥ ʥʘ ʩʚʦʡʩʪʚʘʭ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ [ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 2024]. ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʚʳʰʝ ʙʠʥʘʨʥʦʝ 

ʜʝʨʝʚʦ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʩʠʤʤʝʪʨʠʯʥʦʝ ʠ ʦʙʣʘʜʘʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʫʨʦʚʥʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʷʤʠ. 

ʉʫʪʴ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʩʦʩʪʦʠʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʯʠʩʣʦʚʦʛʦ ʢʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʭʦʜʥʘʷ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʚʦʠʯʥʦʝ ʜʝʨʝʚʦ ʧʦʠʩʢʘ 

(ʯʠʩʣʦʚʳʝ ʢʦʜʳ ʫʟʣʦʚ ʥʘ ʨʠʩʫʥʢʝ 1.4.5). ɸʣʛʦʨʠʪʤ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʢʣʶʯʝʡ ʫʟʣʦʚ ʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ 

ʥʠʤʠ ʚʝʨʰʠʥ (ʨʠʩʫʥʦʢ 1.4.6). 

 
ʈʠʩʫʥʦʢ 1.4.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ  

ʅʘ ʨʠʩʫʥʢʝ 1.4.6 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʨʘʟʙʠʝʥʠʷ ʫʟʣʦʚ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʥʘ 3 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʨʘ. ʈʘʟʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʸʪʦʤ ʦʙʲʸʤʘ ʚʳʯʠʩʣʝʥʠʡ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ. ʊʘʢ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʩ ʠʥʜʝʢʩʦʤ 0 ʦʙʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʢʦʨʥʝʚʦʡ ʫʟʝʣ, ʷʜʨʦ ʩ 

ʠʥʜʝʢʩʦʤ 1 ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʨʷʤʳʭ ʧʦʪʦʤʢʦʚ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ, ʘ ʷʜʨʦ ʩ ʠʥʜʝʢʩʦʤ 2 

ʧʨʦʠʟʚʦʜʠʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʣʠʩʪʦʚ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʦʜʦʙʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 
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1.5 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʨʬʠʥʛʘ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʚʳʨʘʞʝʥʠʡ (1.3.15) ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʠ (1.4.1) ï (1.4.9) ï 

ʚʳʯʠʩʣʝʥʠʝ ʦʙʥʦʚʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʪ 

ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʵʨʦʜʠʥʘʤʠʢʫ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʜʘʣʝʝ ɸɼʍ 

ʃɸ) ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʜʚʠʞʝʥʠʠ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ. 

ɺ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ɸɼʍ ʧʨʦʬʠʣʷ ʢʨʳʣʘ 

NACA0012 [Shrewsbury&Sancar, 1990], ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ HIRENASD 

[Reimer et al., 2009] ʠ ʨʘʩʯʸʪʘ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 [Carson, 

1988]. 

ʈʘʩʯʸʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ɸɼʍ ʧʨʦʬʠʣʷ ʢʨʳʣʘ NACA0012 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ 

ʠ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW ʜʝʤʦʥʩʪʨʠʨʫʪʁʩʷ ʥʘ ʟʘʜʘʯʝ ʦʙʪʝʢʘʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʬʠʣʷ NACA0012 ʪʫʨʙʫʣʝʥʪʥʳʤ ʧʦʪʦʢʦʤ ʩʞʠʤʘʝʤʦʛʦ ʚʷʟʢʦʛʦ ʛʘʟʘ, 

ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʧʦ ʫʛʣʫ ʘʪʘʢʠ [Shrewsbury&Sancar, 1990]. 

ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ, 

ʩʦʜʝʨʞʘʱʘʷ ~140 ʪʳʩʷʯ ʷʯʝʝʢ (ʨʠʩʫʥʦʢ 1.5.1). 

 
ʈʠʩʫʥʦʢ 1.5.1 ï ʉʭʝʤʘ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʦʪʦʢ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

- M¤= 0,283 ï ʯʠʩʣʦ ʄʘʭʘ; 

- T¤= 298,15 K ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; 

- Re = 3,45e+6 ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

ʂʦʣʝʙʘʥʠʷ ʧʨʦʬʠʣʷ ʟʘʜʘʚʘʣʠʩʴ ʚʳʨʘʞʝʥʠʝʤ: 

() ( )0 1cos ,a a a w= -t t  (1.5.1) 

ʛʜʝ 
0 115 , 10a a= =  ʠ ʧʨʠʚʝʜʸʥʥʘʷ ʯʘʩʪʦʪʘ 0,151

2

w

¤

= =
c

k
V

; c ï ʭʦʨʜʘ 

ʧʨʦʬʠʣʷ ʨʘʚʥʘʷ 0,542 ʤ. 

ɺʦʟʜʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʛʘʟ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST. ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ 

ʩʦʩʪʘʚʠʣ 1,0eï4 ʩ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʟʤʝʥʝʥʠʷ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ IDW5 ʚ ʯʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

ʜʣʷ ʢʘʞʜʦʡ ʛʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʤʝʪʦʜʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.5.2 ï 1.5.5 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ ʠ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 ʩ 

ʘ) ʬʨʘʛʤʝʥʪ ʩʝʪʢʠ ʚʙʣʠʟʠ ʧʨʦʬʠʣʷ, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.3 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0,05 ʩ 

ʘ) ʬʨʘʛʤʝʥʪ ʩʝʪʢʠ ʚʙʣʠʟʠ ʧʨʦʬʠʣʷ, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ 

                                                           
5 ʄʦʨʬʠʥʛ ʚ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ 

ʤʝʪʦʜʘ IDW, ʠʟʣʦʞʝʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 1.4. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.4 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0,06 ʩ 

ʘ) ʬʨʘʛʤʝʥʪ ʩʝʪʢʠ ʚʙʣʠʟʠ ʧʨʦʬʠʣʷ, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0,09 ʩ 

ʘ) ʬʨʘʛʤʝʥʪ ʩʝʪʢʠ ʚʙʣʠʟʠ ʧʨʦʬʠʣʷ, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʢʠ 1.5.2 ï 1.5.5) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ ʷʯʝʝʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ ʭʦʨʜʝ ʧʨʦʬʠʣʷ, 

ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʩʝʪʢʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʜʘʣʴʥʝʝ ʧʦʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.5.6. 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.6 ï ʈʘʩʯʸʪʥʳʝ ʩʝʪʢʠ ʥʘ ʨʘʟʥʳʝ ʤʦʤʝʥʪ rʚʨʝʤʝʥʠ 

ʘ) ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 ʩ, ʙ) ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0,06 ʩ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW ʜʣʷ ʨʘʩʯʸʪʘ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʝʪʢʘʭ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ. 

ɺ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (1.3.15) ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʧʨʦʬʠʣʷ. ʅʘ ʨʠʩʫʥʢʝ 1.5.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʝʬʝʨʝʥʩʥʳʤʠ ʜʘʥʥʳʤʠ [ɹʫʟʳʢʠʥ&ʂʘʟʘʢʦʚ, 2008] ʠ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ [Shrewsbury&Sancar, 1990]. 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.7 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ 

ʘ) ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʙ) ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʘ ʩ ʨʝʬʝʨʝʥʩʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ (1.3.14), (1.3.15) (ʢʨʠʚʘʷ 

çLOGOSè). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ, ʚ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (1.3.9) (ʢʨʠʚʘʷ çFormula 1.3.9è ʥʘ ʨʠʩʫʥʢʝ 

1.5.7). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 1%. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

ʧʨʦʬʠʣʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʥʝʡ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʝʡ ʩʦʚʧʘʜʘʶʪ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʟʥʘʯʝʥʠ ̫ʚʝʢʪʦʨʘ x , ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʡ (1.3.9) ʠ 

(1.3.15), ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʥʘ ʦʩʥʦʚʘʥʠʠ (1.3.9) ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦ [ʉʘʨʘʟʦʚ, 2023]. ʇʨʠʤʝʥʝʥʠʝ ʚʳʨʘʞʝʥʠʷ (1.3.9) ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ x  ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʜʘʯʠ ʚ 

ʧʨʷʤʦʡ ʧʦʩʪʘʥʦʚʢʝ6 ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʥʦʤʫ ʨʝʰʝʥʠʶ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʯʥʦʡ ʬʦʨʤʫʣʳ (1.3.15), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.5.8. 

                                                           
6 ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʬʠʣʴ ʢʨʳʣʘ ʜʚʠʛʘʝʪʩʷ ʚ ʥʝʚʦʟʤʫʱʸʥʥʦʡ ʩʨʝʜʝ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.5.8 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʷʤʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʘ) ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʙ) ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʦʬʠʣʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ 

ʚʝʢʪʦʨʘ x  ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (1.3.9) ʚʚʠʜʫ ʨʘʟʣʠʯʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʥʦʨʤʘʣʝʡ ʠ 

ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʥʝʡ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. 

ɿʘʜʘʯʘ ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ HIRENASD 

ʉ ʮʝʣʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW ʜʣʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʘʵʨʦʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʝʣʠ ʢʨʳʣʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʘʤʦʣʸʪʘ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ 

ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ 23,5e+6 ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʧʦʣʸʪʘ ʙʦʣʴʰʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʤʦʣʸʪʘ [Florance et al., 2010]. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ [ʅʘʜʫʝʚ ʠ ʜʨ., 2022] ʠ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʨʘʩʯʸʪʥʳʭ ʤʝʪʦʜʠʢ, ʘ ʠʤʝʥʥʦ: ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʟʘʜʘʯ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʭʝʤʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5.9. 
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ʈʠʩʫʥʦʢ 1.5.9 ï ʉʭʝʤʘ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

ɼʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʠʪ 10,4 ʤʣʥ. ʷʯʝʝʢ, ~300 

ʪʳʩ. ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʩʦʩʪʘʚʣʷʝʪ ~12,5 ʤʣʥ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ ʠ ʬʶʟʝʣʷʞʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʩʣʦʸʚ ʨʘʚʥʦ 18. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ y+ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ ʩʦʩʪʘʚʣʷʝʪ 1. 

ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʘ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʨʝʰʘʪʝʣʝʤ ʥʘʧʨʷʞʸʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʦʜʫʣʝʤ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʦʜʫʣʝʤ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʳʣʘ. ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ 

ʢʨʳʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤʠ ʤʦʜʫʣʷʤʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʳʣʘ ʚ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʣʦʪʥʦʩʪʴ 
37920ʢʛ ʤr= , ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

1,813 11E e ʇʘ= + , ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0,33n= . 

ʋʩʣʦʚʠʷ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩʟʚʫʢʦʚʦʛʦ ʦʙʪʝʢʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [Florance et al., 2009]: 

- M¤= 0,8 ï ʯʠʩʣʦ ʄʘʭʘ; 

- a=2Ü ï ʫʛʦʣ ʘʪʘʢʠ; 

- T¤=204 K ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; 

- P¤=201000 ʇʘ ï ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; 

- 229,06 /V ʤ c¤=  ï ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; 

- Re=23,5e+6 ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 
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ɺʦʟʜʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʉʧʘʣʘʨʪʘ ï ɸʣʣʤʘʨʘʩʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.5.10 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʨʳʣʘ ʠ ʬʶʟʝʣʷʞʘ. 

 
ʈʠʩʫʥʦʢ 1.5.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ) 

ʅʘ ʨʠʩʫʥʢʝ 1.5.11 ʧʨʠʚʝʜʝʥʦ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ ʜʣʷ ʢʨʳʣʘ ʚ 

ʩʦʩʪʦʷʥʠʠ ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

 
ʈʠʩʫʥʦʢ 1.5.11 ï ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ (ʤʦʜʫʣʴ ʨʘʩʯʸʪʘ ʥʜʩ) 

ʇʨʠʚʝʜʸʥʥʳʝ ʨʠʩʫʥʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʨʨʝʢʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ 

ʧʦʣʝʡ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ ʧʨʠ ʫʩʣʦʚʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ [Florance et al., 2009]. 

ɺ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʮʝʥʠʚʘʣʠʩʴ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ (Cl), ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Cd) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʘʚʣʝʥʠʷ (Cp) ʚ ʩʝʯʝʥʠʠ ʢʨʳʣʘ, ʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʷ ʚʜʦʣʴ ʨʘʟʤʘʭʘ ʢʨʳʣʘ (dS) ʚ 

ʩʦʩʪʦʷʥʠʠ ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢʨʳʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ [Florance et al., 2009]. 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʳʣʘ HIRENASD 

 ʕʢʩʧʝʨʠʤʝʥʪ ʃʆɻʆʉ err, % 

ʉl  h 0,358 0,361 0,84 

ʉd  h 0,0115 0,0113 1,74 

dS (ʤ) 0,0306 0,0319 4,25 

ʅʘ ʨʠʩʫʥʢʝ 1.5.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʞʸʩʪʢʦʛʦ ʢʨʳʣʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʘʥʥʦʛʦ ʨʘʩʯʸʪʘ, ʚ ʩʝʯʝʥʠʠ ˉ77 ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ [Reimer 

et al., 2009]. 

 
ʈʠʩʫʥʦʢ 1.5.12 ï ɻʨʘʬʠʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʧʦ ʩʝʯʝʥʠʶ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.5.12 ʛʨʘʬʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʚʷʟʘʥʥʦʛʦ ʨʘʩʯʸʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʞʸʩʪʢʦʛʦ ʢʨʳʣʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʫʯʸʪʘ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʢʨʳʣʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ 

ɸɼʍ ʢʨʳʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.5.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʦʥʮʦʚʢʠ ʢʨʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʡ ʦʙʤʝʥʘ ʨʘʩʯʸʪʥʳʭ ʤʦʜʫʣʝʡ. 

                                                           
7 ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʨʳʣʘ, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,2255 ʤ ʦʪ ʬʶʟʝʣʷʞʘ. 
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ʈʠʩʫʥʦʢ 1.5.13 ï ʇʝʨʝʤʝʱʝʥʠʝ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ (ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ) 

ɸʵʨʦʫʧʨʫʛʦʝ ʨʘʚʥʦʚʝʩʠʝ ʢʨʳʣʘ ʜʦʩʪʠʛʥʫʪʦ ʟʘ 10 ʰʘʛʦʚ ʦʙʤʝʥʘ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʦʜʠʥ ʰʘʛ ʦʙʤʝʥʘ ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʟʘʜʘʯʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʨʳʣʘ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʇʨʠ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩʭʦʜʠʤʦʩʪʴ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʤʝʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 500 

ʠʪʝʨʘʮʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 96 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʠʪʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1,1 ʩʝʢʫʥʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʨʝʰʝʥʠʝ 

ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʢʨʳʣʘ ʙʝʟ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʨʘʩʭʦʜʦʚ ʥʘ ʨʘʩʯʸʪ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 5000 ʠʪʝʨʘʮʠʡ ʠʣʠ ~1,5 ʯʘʩʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʷʜʝʨ. ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʣʠʩʴ: 

- ʤʦʜʠʬʠʢʘʮʠʷ ˉ 1 ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʜʣʷ 

ʚʩʝʭ ʧʦʜʚʠʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʝʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ8; 

- ʤʦʜʠʬʠʢʘʮʠʷ ˉ 2 ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʜʣʷ 

ʚʩʝʭ ʧʦʜʚʠʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ; 

- ʤʦʜʠʬʠʢʘʮʠʷ ˉ 3 ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʜʣʷ 

ʢʘʞʜʦʡ ʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʦʜʠʬʠʢʘʮʠʷ ˉ 1 ʤʝʪʦʜʘ IDW ʨʘʩʩʤʦʪʨʝʥʘ ʚ [Luke et al., 2012], 

ʤʦʜʠʬʠʢʘʮʠʠ ˉ 2, 3 ʧʨʝʜʣʦʞʝʥʳ ʜʠʩʩʝʨʪʘʥʪʦʤ [ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 2024]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2, 3. 

                                                           
8 ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [Luke et al., 2012]. 
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ʊʘʙʣʠʮʘ 2 ï ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʜʣʷ ʟʘʜʘʯʠ ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ HIRENASD 

ʏʠʩʣʦ ʷʜʝʨ ʄʦʜʠʬʠʢʘʮʠʷ ˉ1, ʩ ʄʦʜʠʬʠʢʘʮʠʷ ˉ2, ʩ ʄʦʜʠʬʠʢʘʮʠʷ ˉ3, ʩ 

24 53,4 50,1 43,6 

48 28,5 24,8 22,9 

96 17,2 14,3 11,6 

192 10,1 7,5 6,4 

384 7,6 4,8 4,3 

ʊʘʙʣʠʮʘ 3 ï ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʘ q-ʪʦʯʝʢ ʜʣʷ ʟʘʜʘʯʠ 

ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ HIRENASD 

ʏʠʩʣʦ ʷʜʝʨ ʇʘʨʘʣʣʝʣʴʥʳʡ ʨʝʞʠʤ, ʩ ʉʢʘʣʷʨʥʳʡ ʨʝʞʠʤ, ʩ 

24 0,083 1,97 

48 0,041 1,97 

96 0,021 1,97 

192 0,0012 1,97 

384 0,0057 1,97 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ IDW 

[Witteveen&Bijl , 2009] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 96 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʧʦʪʨʝʙʦʚʘʣʦ 

ʙʦʣʝʝ 25 ʤʠʥʫʪ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ˉ3 

ʘʣʛʦʨʠʪʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʨʨʝʢʪʥʦʝ 

ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ, ʘ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʝʩʫʱʝʩʪʚʝʥʥʳ. 

ʈʘʩʯʸʪ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 

ʚ ʧʦʪʦʢʝ ʚʷʟʢʦʛʦ ʛʘʟʘ [Carson, 1988]. ʃʦʢʘʣʠʟʘʮʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʯʠʩʝʣ ʄʘʭʘ 0,499 ï 1,141 ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ. ɿʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʬʣʘʪʪʝʨʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʚʷʟʘʥʥʦʛʦ ʨʘʩʯʸʪʘ [ʅʘʜʫʝʚ ʠ ʜʨ., 2022]. ʉʭʝʤʘ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5.14. 
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ʈʠʩʫʥʦʢ 1.5.14 ï ʉʭʝʤʘ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ 

ɺ ʩʝʯʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ, ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʧʨʦʬʠʣʴ NACA65A004. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʤʦʜʝʣʠ ʢʨʳʣʘ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.5.15. 

 
ʈʠʩʫʥʦʢ 1.5.15 ï ʇʨʦʬʠʣʴ ʠ ʧʨʦʝʢʮʠʷ ʢʨʳʣʘ AGARD 445.6 

ɼʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʠʪ 5,7 ʤʣʥ. 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʷʯʝʝʢ, ~230 ʪʳʩ. ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʩʦʩʪʘʚʣʷʝʪ ~6 ʤʣʥ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʩʣʦʸʚ ʨʘʚʥʦ 18. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ y+ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ ʨʘʚʥʦ 1. 

ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʯʠʩʝʣ ʄʘʭʘ ʠ 

ʈʝʡʥʦʣʴʜʩʘ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʦʟʜʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʉʧʘʣʘʨʪʘ ï ɸʣʣʤʘʨʘʩʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʨʳʣʘ ʚ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʍʘʨʘʢʪʝʨʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʥʳ 

ʚʜʦʣʴ ʨʘʟʤʘʭʘ ʢʨʳʣʘ ʠ ʚʜʦʣʴ ʭʦʨʜʳ. ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 3381,98ʢʛ ʤr= , ʤʦʜʫʣʴ 
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ʫʧʨʫʛʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 1 3,15 9E e ʇʘ= + , ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 2 4,2 8E e ʇʘ= + , ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʢʨʳʣʘ 0,041n= , ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʢʨʳʣʘ 0,31n= , ʤʦʜʫʣʴ 

ʩʜʚʠʛʘ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ 4,12 8G e ʇʘ= + . 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʠ ʤʘʪʝʨʠʘʣʘ ʢʨʳʣʘ ʢʦʣʝʙʘʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʣʠʙʦ ʟʘʪʫʭʘʪʴ, ʣʠʙʦ ʫʩʠʣʠʚʘʪʴʩʷ. 

ʇʦʩʣʝʜʥʷʷ ʩʠʪʫʘʮʠʷ ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʥʘʣʠʯʠʝ ʬʣʘʪʪʝʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ 

ʬʣʘʪʪʝʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʃʦʢʘʣʠʟʘʮʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʨʠʠ ʨʘʩʯʸʪʦʚ. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʷʜ 

ʩʚʷʟʘʥʥʳʭ ʨʘʩʯʸʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ, ʪʘʢ ʠ 

ʢʦʣʝʙʘʥʠʡ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ. ɺ ʢʘʞʜʦʤ ʨʘʩʯʸʪʝ ʥʘʯʘʣʴʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʥʘ ʢʨʳʣʦ ʜʦʩʪʠʛʘʣʦʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʘʪʪʝʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ 

ʢʘʢ ʩʢʦʨʦʩʪʥʦʡ ʠʥʜʝʢʩ ʬʣʘʪʪʝʨʘ (Flutter Speed Index, FSI) ʠ ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ 

(Frequency Ration, FR). ʅʘ ʨʠʩʫʥʢʘʭ 1.5.16, 1.5.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʄʘʭʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ 

[Carson, 1988; Stanford et al., 2012; Gupta, 1996; Pahlavanloo, 2007]. 

 
ʈʠʩʫʥʦʢ 1.5.16 ï ʉʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ FSI ʦʪ ʯʠʩʣʘ ʄʘʭʘ 
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ʈʠʩʫʥʦʢ 1.5.17 ï ʉʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ FR ʦʪ ʯʠʩʣʘ ʄʘʭʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʚ ʜʨʫʛʠʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ [Carson, 1988; Stanford et al., 2012; Gupta, 1996; 

Pahlavanloo, 2007]. 

ɼʣʷ ʨʝʞʠʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʥʠʮʝ ʬʣʘʪʪʝʨʘ ʧʨʠ ʄ=0,678, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʳʨʘʞʝʥʠʝʤ (1.3.9). ʅʘ ʨʠʩʫʥʢʝ 1.5.18 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʜʦʣʴ ʦʩʠ OZ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʟʣʘ ʦʪ ʚʨʝʤʝʥʠ. 

 
ʈʠʩʫʥʦʢ 1.5.18 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ OZ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʫʟʣʘ ʦʪ ʚʨʝʤʝʥʠ 

ɿʜʝʩʴ Z_mod ʠ Z_no_mod ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (1.3.15) ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

(1.3.9) ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 

1.5.18, ʦʙʘ ʨʘʩʯʸʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʞʠʤʫ ʬʣʘʪʪʝʨʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʝʪʦʜʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʡ ʥʠʞʝ ʥʘ 4% ʚʚʠʜʫ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʫʯʘʩʪʢʘʭ ʚʙʣʠʟʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʠʭ ʢʨʦʤʦʢ ʢʨʳʣʘ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʷʟʢʠʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ, ʪʦ 

ʚʳʰʝʫʢʘʟʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʚʳʯʠʩʣʝʥʠʶ ʪʘʢʠʭ 
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ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʩʢʦʨʦʩʪʥʦʡ ʠʥʜʝʢʩ ʬʣʘʪʪʝʨʘ ʠ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪ [ʃʝʦʥʦʚ&ʂʫʟʥʝʮʦʚ, 2018]. 

ʇʨʠʯʠʥʘ ʟʘʥʠʞʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ɻʪʠʭ 

ʫʯʘʩʪʢʘʭ ʢʨʳʣʘ (ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ ʢʨʦʤʢʘ) ʥʘʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʝʡ ʛʨʘʥʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ, 

ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ ʚʥʦʩʠʪ ʦʰʠʙʢʠ 

ʚ ʯʠʩʣʝʥʥʫʶ ʩʭʝʤʫ. ɼʘʥʥʳʡ ʬʘʢʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʝʨʥʳʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʢʨʳʣʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʝ 

ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ, ʪʘʢ ʢʘʢ ʩʦʙʣʶʜʝʥʠʝ ʪʦʣʴʢʦ ʣʠʰʴ ʫʩʣʦʚʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʢʨʳʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʩʯʸʪʥʦʛʦ ʩʣʫʯʘʷ ʧʦʜʙʠʨʘʣʩʷ ʨʘʚʥʳʤ 0,005T, ʛʜʝ T  ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ʂʘʞʜʳʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 20 ʠʪʝʨʘʮʠʡ ʧʦ 

ʥʝʣʠʥʝʡʥʦʩʪʠ, ʛʜʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ ʩʦʩʪʘʚʠʣʦ 1,3 ʩʝʢʫʥʜʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 96 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ. ʊʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ ʚ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʞʝʣʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ 5, 6 ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʞʠʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʯʠʩʣʫ ʄʘʭʘ ʨʘʚʥʦʛʦ 0,678, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʢʨʳʣʘ ʥʘ ʛʨʘʥʠʮʝ 

ʬʣʘʪʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 17,9 ɻʮ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʮʳ 

ʬʣʘʪʪʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦ 0,28 ï 0,34 ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʞʠʜʘʝʤʦʝ 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ ʙʝʟ ʫʯʸʪʘ 

ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʳʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ~8 ʯʘʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 96 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʠ 20 ʠʪʝʨʘʮʠʡ ʧʦ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʇʦʤʠʤʦ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ ʚ ʯʠʩʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ IDW ʜʣʷ 

ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ. ʄʦʜʠʬʠʢʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4, 5. 

ʊʘʙʣʠʮʘ 4 ï ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ 

ʜʣʷ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 

ʏʠʩʣʦ ʷʜʝʨ ʄʦʜʠʬʠʢʘʮʠʷ ˉ1, ʩ ʄʦʜʠʬʠʢʘʮʠʷ ˉ2, ʩ ʄʦʜʠʬʠʢʘʮʠʷ ˉ3, ʩ 

24 20,1 18,9 16,2 

48 10,8 9,5 9,3 

96 7,2 5,9 5,1 

192 4,6 3,3 2,9 

384 3,5 2,4 2,2 
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ʊʘʙʣʠʮʘ 5 ï ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʘ q-ʪʦʯʝʢ ʜʣʷ ʟʘʜʘʯʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 

ʏʠʩʣʦ ʷʜʝʨ ʇʘʨʘʣʣʝʣʴʥʳʡ ʨʝʞʠʤ, ʩ ʉʢʘʣʷʨʥʳʡ ʨʝʞʠʤ, ʩ 

24 0,035 1,05 

48 0,017 1,05 

96 0,0092 1,05 

192 0,0046 1,05 

384 0,0026 1,05 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ AGARD 445.6 ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ IDW ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʚʠʜʫ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [Witteveen&Bijl , 2009] ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ˉ3 ʘʣʛʦʨʠʪʤʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʨʨʝʢʪʥʦʝ ʨʝʰʝʥʠʝ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʨʘʩʯʸʪʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʝʪʢʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʪʦʧʦʣʦʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʟʘʜʘʯ ʦʙʪʝʢʘʥʠʷ ʧʨʦʬʠʣʷ ʢʨʳʣʘ, 

ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʜʨʫʛʠʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ. ʊʘʢ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ 

ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʧʨʦʬʠʣʷ NACA0012 ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʸʪʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʜʠʩʩʝʨʪʘʥʪʦʤ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ ʚ ʚʠʜʝ 

ʩʦʦʪʥʦʰʝʥʠʷ (1.3.15) ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ 

ʚʠʜʘ (1.3.14). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʘʵʨʦʫʧʨʫʛʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ ʠ ʟʘʜʘʯʠ ʨʘʩʯʸʪʘ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʛʨʘʥʠʮʳ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʤʦʨʬʠʥʛ, ʜʦ 40%. ʊʘʢʞʝ 

ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʚʥʦʩʠʪ ʤʝʪʦʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʩʯʸʪʥʦʤʫ ʧʦʣʶ ʜʣʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ q-ʪʦʯʢʘʤ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʩʢʦʨʝʥʠʷ ʪʦʣʴʢʦ 

ʨʘʩʯʸʪʘ q-ʪʦʯʝʢ (ʪʘʙʣʠʮʳ 3, 5). ʅʦ ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʦʮʝʥʢʠ 

ʩʤʝʱʝʥʠʡ, ʤʘʪʨʠʮ ʧʦʚʦʨʦʪʘ, ʚʝʩʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʥʘʙʦʨʘ, ʯʪʦ ʚʢʫʧʝ ʩ 

ʧʦʜʭʦʜʦʤ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ (ʜʣʷ ʢʘʞʜʦʡ 
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ʛʨʘʥʠʮʳ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ) ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʪ 20% ʜʦ 80%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʦ ̫ʜʨʘʤ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʷʯʝʝʢ, ʘ ʥʝ ʧʦ ʚʝʨʰʠʥʘʤ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʦʙʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʨʘʩʯʸʪʥʳʝ ʩʝʪʢʠ ʩʦ ʩʛʫʱʝʥʠʝʤ ʚʙʣʠʟʠ ʧʦʜʚʠʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʨʘʟʜʝʣʝʥʠʝ ʚʝʨʰʠʥ ʧʦ ʧʨʦʮʝʩʩʦʨʥʦʤʫ ʧʦʣʶ ʥʝ ʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʤʦʨʬʠʥʛʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʨʦʚ (ʪʘʙʣʠʮʳ 2, 4). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʜʣʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ 

IDW, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ. 

ɺʘʞʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʠʩʩʝʨʪʘʥʪʦʤ ʤʦʜʠʬʠʢʘʮʠʡ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ 

ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʘʜʘʯʘʭ. ɺʳʙʨʘʥʥʳʝ ʟʘʜʘʯʠ ʠʜʝʦʣʦʛʠʯʝʩʢʠ ʨʘʟʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʚʪʦʨʘʷ ʟʘʜʘʯʘ 

ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʘʷ ʠ ʪʨʝʪʴʷ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ 

ʧʦʣʥʦʮʝʥʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩ.r ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʜʭʦʜʳ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ʁʜʣʷ ʢʘʞʜʦʡ ʠʟ ʟʘʜʘʯ ʙʳʣʠ ʨʘʟʥʳʝ. ʊʘʢ ʜʣʷ ʟʘʜʘʯʠ ʘʵʨʦʫʧʨʫʛʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʢʨʳʣʘ ʚʳʧʦʣʥʝʥ ʦʜʠʥ ʨʘʩʯʸʪ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʘʣʛʦʨʠʪʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 10 ʨʘʟ. ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʦʙʥʦʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʘʚʠʣʠ ʧʨʠʤʝʨʥʦ 2 ʤʠʥʫʪʳ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 2% ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʩʚʷʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʘʥʠʮʳ ʬʣʘʪʪʝʨʘ ʧʨʠʤʝʥʷʣʩʷ ʧʦʜʭʦʜ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʨʷʜʘ 

ʨʘʩʯʸʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʥʝʟʘʪʫʭʘʶʱʠʭ, ʪʘʢ ʠ 

ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʠʥ 

ʨʘʩʯʸʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʣʘʪʪʝʨʘ ʢʨʳʣʘ ʪʨʝʙʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1100 ʠʟʤʝʥʝʥʠʡ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ~1,5 ʯʘʩʘ ʠʣʠ 15% ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʫʜʘʯʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʚʠʞʝʥʠʷ ʚʝʨʰʠʥ ʨʘʩʯʸʪʥʦʡ 

ʩʝʪʢʠ ʢʨʘʡʥʝ ʚʘʞʥʘ. ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʜʣʷ ʢʘʞʜʦʡ 

ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʪʘʧʝ 

ʨʝʛʨʝʩʩʠʦʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʩʯʸʪʘ ʦʪ 3 ʜʦ 13%, ʯʪʦ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʜʘʯ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʛʨʘʥʠ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ IDW ʚʥʝʜʨʝʥr  ʚ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʃʆɻʆʉ 

[ɼʝʨʶʛʠʥ ʠ ʜʨ., 2014; ʉʪʨʫʯʢʦʚ ʠ ʜʨ., 2019; ʉʘʨʘʟʦʚ, 2023; ʉʘʨʘʟʦʚ&ʂʦʟʝʣʢʦʚ, 

2024; Betelin et al., 2014; Sarazov et al., 2023] ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʰʪʘʪʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. 
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1.6 ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦ-, 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʠ. ʇʦʜʨʦʙʥʦ 

ʦʙʩʫʞʜʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï 

ʉʪʦʢʩʘ ʜʣʷ ʩʣʫʯʘʷ ʧʦʜʚʠʞʥʳʭ ʩʝʪʦʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʩʦʭʨʘʥʝʥʠʷ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʦʙʣʶʜʝʥʠʷ 

ʫʩʣʦʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʜʠʩʩʝʨʪʘʥʪʦʤ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ 

ʯʠʩʣʝʥʥʦʡ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ ʙʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʥʦʨʤʘʣʝʡ ʚ ʫʟʣʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʦʪʜʝʣʴʥʳʤ ʛʨʘʥʠʮʘʤ, ʨʝʘʣʠʟʫʶʱʠʤ ʨʘʟʥʳʝ ʚʠʜr ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ 

çʩʪʝʥʢʘè ʠ çʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠè. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʛʨʘʥʠ. ɺ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʨʨʝʢʪʥʦ 

ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʴ ʛʨʘʥʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ 

ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʘʩʯʸʪʘ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʪʨʸʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩ ̫

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʚ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʷ 

ʜʣʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʊʘʢ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ 

ʛʨʘʥʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʠ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʠʩʣʝʥʥʦʡ 

ʩʭʝʤʳ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʝʸ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ 

ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʥʝʨʝʛʫʣʷʨʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ IDW 

ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʵʪʘʧ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʚʧʣʦʪʴ ʜʦ 80%. ʊʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʘ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʤʦʨʬʠʥʛʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʕɺʄ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʥyʥʳʭ ʟʘʜʘʯ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʚʥʝʜʨʝʥʳ ʚ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

ʃʆɻʆʉ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʨʷʜʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʝʩʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [ʉʘʨʘʟʦʚ, 2023; ʉʘʨʘʟʦʚ &ʂʦʟʝʣʢʦʚ, 2024; Betelin et al., 2014; 

Sarazov et al., 2023]. 
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ɻʣʘʚʘ 2. ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʥʘ ʩʝʪʢʘʭ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ 

2.1 ɺʚʝʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ, ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʛʠʜʨʦ-, 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʝʪʢʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʜʦʚʦʣʴʥʦ ʫʟʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. ʇʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʪʝʢʘʝʤʳʡ ʦʙʲʝʢʪ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʠʣʠ 

ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʝʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ ʟʘʜʘʯ, ʛʜʝ ʜʚʠʞʝʥʠʝ ʪʝʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʦʪʜʝʣʝʥʠʝ ʧʦʜʚʝʩʥʳʭ ʛʨʫʟʦʚ ʦʪ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ 

ʩʪʫʧʝʥʝʡ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʨʬʠʥʛʝ, 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ ʙʳʩʪʨʦʡ ʠ ʥʝʠʟʙʝʞʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʢʘʯʝʩʪʚʘ 

ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ [ʀʩʘʝʚ ʠ ʜʨ., 2005, 2016; Benek et al., 1985; Marsha&Berger, 1987; 

Meakin&Suhs, 1989; Rock&Habchi, 1998; Hall&Parthasarathy,1998; Jung&Kwon, 

2009; Kalinin et al., 2009; Lee et al., 2011, Kenway et al., 2017]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ 

ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʲʝʜʠʥʷʷ ʠʭ ʚ ʦʜʥʫ 

ʦʙʱʫʶ ʩʝʪʢʫ, ʧʦʣʫʯʠʚʰʫʶ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʚʪʦʨʦʝ ʥʘʟʚʘʥʠʝ ï ʩʝʪʢʠ ʪʠʧʘ ʍʠʤʝʨʘ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʝʜʸʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝʭ ʩʝʪʢʘʭ ʩ ʫʯʸʪʦʤ ʠʭ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʥʘʯʘʣʦʩʴ ʩ 80-ʭ 

ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [ʀʩʘʝʚ ʠ ʜʨ., 2005, 2016; Benek et al., 1985, 1987, 1989; 

Marsha&Berger, 1987; Meakin&Suhs, 1989; Rock&Habchi, 1998; 

Hall&Parthasarathy,1998; Jung&Kwon, 2009; Kalinin et al., 2009; Lee et al., 2011, 

Kenway et al., 2017; Ram²rez et. al., 2017; Poh et. al., 2021; Rahman, et.al., 2024]. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʧʦʩʪʨʦʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʨʝʛʫʣʷʨʥʳʭ ʩʝʪʦʢ ʩʦʩʪʦʠʪ ʚ 

ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʜʦʣʠ ʨʘʩʯʸʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭʤʝʨʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ, ʷʯʝʡʢʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ [Cʘʤʘʨʩʢʠʡ&ɺʘʙʠʱʝʚʠʯ, 2000; ʉʢʚʦʨʮʦʚ, 

2002; Mavriplis, 1997]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ 

ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʣʷ ʪʝʣ ʣʶʙʦʡ ʬʦʨʤʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʧʦʜʛʦʪʦʚʢʠ ʟʘʜʘʯʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʩʝʪʦʢ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ [Betelin et al., 2014; ʐʘʛʘʣʠʝʚ ʠ ʜʨ., 2016; 

Kozelkov et al., 2022; Sarazov et al., 2023]. 
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ʅʦ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʦʜʭʦʜʷʪ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʝʤ9, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʢʘʢ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʪʠʧʘ ʍʠʤʝʨʘ (ʠʣʠ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ). ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʛʣʘʚʝ 2 ʤʦʜʠʬʠʢʘʮʠʠ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ 

ʧʦʜʭʦʜʘʤ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʝʨʝʭʣʸʩʪʦʚ, ʘ ʪʘʢʞʝ 

ʢ ʤʝʪʦʜʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʘ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ. ɺ ʧʘʨʘʛʨʘʬʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥ rʦʩʥʦʚʳ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʙʘʟʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʘʚʠʣʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʧʘʨʘʛʨʘʬʝ 2.3 ʦʙʩʫʞʜʘʶʪʩʷ ʧʫʪʠ ʘʜʘʧʪʘʮʠʠ 

ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʪʠʧʘ ʍʠʤʝʨʘ ʜʣʷ ʟʘʜʘʯ, ʦʩʣʦʞʥʸʥʥʳʭ ʢʦʥʪʘʢʪʦʤ ʠʣʠ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ 

ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʩ ʢʦʥʪʘʢʪʦʤ. ʆʨʠʛʠʥʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʠ ʥʝʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʜʠʩʩʝʨʪʘʥʪʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʘʨʘʛʨʘʬʝ 2.4. ɺ ʧʘʨʘʛʨʘʬʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʫ ʤʘʨʢʠʨʦʚʢʠ ʩ ʫʯʸʪʦʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʘʣʦʞʝʥʠʷ ʘʢʪʠʚʥʳʭ ʷʯʝʝʢ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʦʩʪʨʦʝʥʠʝ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʧʘʨʘʛʨʘʬʝ 2.5. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʳ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʚʝʣʠʯʠʥ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦʡ ʟʘʜʘʯʠ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠʚʦʜʠʪʩʷ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʯʸʪʘ ɸɼʍ ʜʚʫʭʟʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ GA(W)-

1 ʩ ʦʜʥʦʱʝʣʝʚʳʤ ʚʳʜʚʠʞʥʳʤ ʟʘʢʨʳʣʢʦʤ. ʆʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʠʩʩʝʨʪʘʥʪʦʤ, ʠʟʣʦʞʝʥʳ ʚ ʧʘʨʘʛʨʘʬʝ 2.6. ʅʘ 

ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʪʜʝʣʝʥʠʷ ʛʨʫʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʦʩʠʪʝʣʷ ʚ ʪʨʘʥʩʟʚʫʢʦʚʦʤ 

ʧʦʪʦʢʝ ʛʘʟʘ ʧʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʠʥʪʝʨʬʝʡʩ. ɺ ʧʘʨʘʛʨʘʬʝ 2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʭʦʜʳ ʜʣʷ 

ʘʢʪʠʚʠʟʘʮʠʠ ʷʯʝʝʢ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʪʨʦʝʥʠ ̫ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ, ʘ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʘʨʘʛʨʘʬ 2.8 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʛʜʝ ʢʨʘʪʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʭʝʤʳ 

ʨʘʩʯʸʪʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʘʢ ʠ ʚʩʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʮʝʣʦʤ, 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ (ʦʪʨʘʞʝʥʠʝ) ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʃʆɻʆʉ 

[ʉʈ1-ʉʈ9, ʉʈ12, ʉʈ13]. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [Cɺ1-ʉɺ4, ʉɺ6, ʉɺ8, 

ʉɺ10, ʉɺ11, ʊʂ1, ʊʂ5, ʊʂ6, ʊʂ8, ʊʂ11]. 

  
                                                           
9 ʇʨʠʯʠʥʳ ʧʨʠʚʝʜʝʥʳ ʚ ʧʘʨʘʛʨʘʬʝ 2.2. 
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2.2 ɹʘʟʦʚʳʝ ʧʨʠʥʮʠʧ rʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʩʝʪʢʘʭ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ 

ɼʣʷ ʟʘʜʘʯ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʧʦʩʪʨʦʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʨʘʩʯʸʪʥʫʶ ʩʝʪʢʫ, ʫʯʠʪʳʚʘʶʱʫʶ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʯʸʪʘ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʛʝʥʝʨʘʮʠʶ ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʩʝʪʢʫ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ [ʀʩʘʝʚ ʠ ʜʨ., 2005, 2016; 

Benek et al., 1985, 1987, 1989; Marsha&Berger, 1987; Meakin&Suhs, 1989; 

Rock&Habchi, 1998; Hall&Parthasarathy,1998; Jung&Kwon, 2009; Kalinin et al., 2009; 

Lee et al., 2011, Kenway et al., 2017; Ram²rez et. al., 2017; Poh et. al., 2021; Rahman, 

et.al., 2024]. ɺ ʚrʯʠʩʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʩʝʪʢʘʭ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʫʯʠʪʳʚʘʝʪʩ ̫

ʥʘʣʠʯʠʝ ʧʝʨʝʢʨʳʪʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩ ̫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʜʝʣʸʥʥʳʭ ʩʝʪʦʢ 

(ʜʦʤʝʥʦʚ, ʨʝʛʠʦʥʦʚ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʩʝʪʦʯʥʦʡ 

ʪʦʧʦʣʦʛʠʠ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʠ ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʤʝʪʦʜʠʢʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʝʪʢʘʭ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʷʚʣʷʝʪʩʷ 

ʩʦʧʨʷʞʝʥʠʝ ʜʦʤʝʥʦʚ. ʂʣʶʯʝʚʳʝ ʵʪʘʧʳ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʚʷʟʘʥʥʳʭ 

ʩʝʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ [Benek et al., 1985, 1987; Marsha&Berger, 1987; Meakin&Suhs, 

1989; Rock&Habchi, 1998; Kalinin et al., 2009; Lee et al., 2011, Kenway et al., 2017] 

(ʨʠʩʫʥʦʢ 2.2.1). 

 
ʈʠʩʫʥʦʢ 2.2.1 ï ʇʨʠʤʝʨ ʩʝʪʢʠ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦ ʤʝʪʦʜʘʤ 

ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ [Benek et al., 1985, 1987, 1989; Marsha&Berger, 
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1987; Meakin&Suhs, 1989; Rock&Habchi, 1998; Hall&Parthasarathy,1998; Lee et al., 

2011, Kenway et al., 2017]: 

- çʠʥʪʝʨʬʝʡʩè ï ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʨʘʥʠʮ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ, ʟʥʘʯʝʥʠʝ ʧʦʣʝʡ ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʦʢʨʝʩʪʥʳʭ ʷʯʝʝʢ; 

- ʘʢʮʝʧʪʦʨ ï ʛʨʘʥʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʠʥʪʝʨʬʝʡʩè; 

- ʜʦʥʦʨʳ ï ʷʯʝʡʢʠ, ʨʘʩʯʸʪʥʳʝ ʧʦʣʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ çʠʥʪʝʨʬʝʡʩʘʭè; 

- ʦʧʝʨʘʮʠʷ çʩʝʯʝʥʠʝè ï ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʜʥʦʡ ʠʟ ʩʝʪʦʢ ʩ ʷʯʝʡʢʘʤʠ ʜʨʫʛʦʡ ʩʝʪʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʣʶʯʝʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ 

ʍʠʤʝʨʘ ʷʚʣʷʶʪʩʷ ʵʪʘʧʳ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ; 

- ʧʦʩʪʨʦʝʥʠʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʛʨʘʬʘ ʦʪʥʦʰʝʥʠʡ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ ʜʣʷ ʚʩʝʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʠ 

ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʣʝʡ ʥʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʘ çʠʥʪʝʨʬʝʡʩè ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʥʷʪʠʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʰʘʙʣʦʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʟʘʜʘʯ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʦ 

ʦʪʨʘʞʘʶʱʝʡ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʘ 

ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʘʢ çʥʝʧʨʦʥʠʮʘʝʤʘʷ ʩʪʝʥʢʘè ʠ çʠʥʪʝʨʬʝʡʩè. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʴ ʦʪʢʨʳʪʳʭ ʛʨʘʥʠʮ ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ ʨʝʘʣʠʟʫʝʪ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ çʠʥʪʝʨʬʝʡʩè, ʟʥʘʯʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʥʘ ʢʦʪʦʨʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʁʩʷ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʚ ʷʯʝʡʢʘʭ ʠʟ ʜʨʫʛʦʛʦ ʜʦʤʝʥʘ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩ ʵʪʠʤʠ ʛʨʘʥʠʮʘʤʠ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ çʩʪʝʥʢʘè, ʷʚʣʷʶʪʩʷ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʜʣʷ ʚʩʝʭ ʩʝʪʦʢ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʦʧʨʝʜʝʣʸʥʥʘʷ ʯʘʩʪʴ ʷʯʝʝʢ ʦʜʥʦʡ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʦʙʣʘʩʪʠ ʜʨʫʛʦʛʦ ʜʦʤʝʥʘ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʷʯʝʡʢʠ. ɺʩʝ ʧʦʜʦʙʥʳʝ ʷʯʝʡʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʢʠ 1.2.8, 2.2.1). ʆʧʝʨʘʮʠʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ 

ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʘʨʢʠʨʦʚʢʦʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʚʷʟʘʥʥʳʭ ʜʦʤʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ 

ʰʘʙʣʦʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʛʨʘʬ ʦʪʥʦʰʝʥʠʡ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚʚʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʘʟʦʚʳʭ ʧʨʘʚʠʣ ʨʘʩʯʸʪʘ 

ʟʘʜʘʯ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ: 
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- ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ, ʨʝʘʣʠʟʫʶʱʠʝ (ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ10) ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘè, ʥʝ ʜʦʧʫʩʢʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʢʚʦʟʴ ʥʝʸ 

ʧʦʪʦʢʘ ʜʣʷ ʣʶʙʦʡ ʠʟ ʩʝʪʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʫʶ ʩʝʪʢʫ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ; 

- ʚʩʝ ʷʯʝʡʢʠ, ʧʦʧʘʚʰʠʝ ʚʥʫʪʨʴ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʸʤʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝʡ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʯʸʪʘ; 

- ʧʦʠʩʢ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʸʪʥʳʭ ʷʯʝʝʢ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʧʨʷʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʪʦʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʜʝʣ ʤʝʞʜʫ ʨʘʩʯʸʪʥʦʡ ʠ ʥʝʨʘʩʯʸʪʥʦʡ 

ʦʙʣʘʩʪʴʶ ʜʦʤʝʥʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʧʦʜʦʙʥʳʭ ʛʨʘʥʠʮ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʤʢʥʫʪʳʡ çʠʥʪʝʨʬʝʡʩè, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ 

çʩʪʝʥʢʠè. ʌʠʢʪʠʚʥʳʡ çʠʥʪʝʨʬʝʡʩè (çʠʥʪʝʨʬʝʡʩè ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʥʘ ʨʠʩʫʥʢʝ 

2.2.1), ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʚʦʣʴʥʦ ʛʨʫʙʦ ʧʦʚʪʦʨʷʝʪ 

ʬʦʨʤʫ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦ ʧʨʠʯʠʥʝ ʚʦʟʤʦʞʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʥʝʩʚʷʟʘʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʡ çʠʥʪʝʨʬʝʡʩè ʜʦʤʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʳʰʘʶʱʝʤ (ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ) ʪʦʣʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʦʩʪʨʦʝʥʥʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ çʠʥʪʝʨʬʝʡʩʫè, ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʝʨʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʨʘʥʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʝʩʚʷʟʘʥʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ï ʤʘʨʢʠʨʦʚʢʘ 

ʇʝʨʚʳʡ ʵʪʘʧ ʩʦʧʨʷʞʝʥʠʷ ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʠ 

ʤʘʨʢʠʨʦʚʢʘ [Benek et al., 1987; 1989; Rock&Habchi, 1998; Hall&Parthasarathy,1998; 

Lee et al., 2011; Chandar et al., 2012; Kenway et al., 2017; Ram²rez et. al., 2017; Poh et. 

al., 2021; Rahman, et.al., 2024], ʢʣʶʯʝʚʦʡ ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʷʯʝʝʢ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ. ʇʨʦʮʝʜʫʨʘ ʤʘʨʢʠʨʦʚʢʠ ʨʘʟʜʝʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʷʯʝʝʢ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ï 

ʘʢʪʠʚʥʳʝ ʠ ʥʝʘʢʪʠʚʥʳʝ (ʨʘʩʯʸʪʥʳʝ ʠ ʥʝʨʘʩʯʸʪʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸʢʪʠʚʥʳʤʠ 

ʷʯʝʡʢʘʤʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʷʯʝʡʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʧʦʣʝʡ. 

ʅʝʘʢʪʠʚʥʳʝ ʷʯʝʡʢʠ, ʥʘʧʨʦʪʠʚ, ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʸʤʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ (ʨʠʩʫʥʦʢ 2.2.1). ɼʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʘʜʘʯ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʤʘʨʢʠʨʦʚʢʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʩɹʷ ʢʘʞʜʳʡ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ï ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʨʘʩʯʸʪʘ. ɼʘʥʥʳʡ ʵʪʘʧ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʠ ʩʦʩʪʦʠʪ ʠʟ ʰʘʛʦʚ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʩ ʷʯʝʡʢʘʤʠ 

ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ; 

                                                           
10 ʇʦʜʨʦʙʥʝʝ ʚ ʧʘʨʘʛʨʘʬʝ 2.7. 
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- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ; 

- ʧʦʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʜʫʨʫ ʤʘʨʢʠʨʦʚʢʠ ʥʘ ʜʚʫʭʤʝʨʥʦʡ ʟʘʜʘʯʝ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʦʡ (ʨʠʩʫʥʦʢ 2.2.2). 

 
ʈʠʩʫʥʦʢ 2.2.2 ï ʄʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʩʝʪʢʫ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʷʯʝʡʢʘʤʠ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʩʝʪʢʘ ˉ 1, ʘ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ï ʩʝʪʢʘ ˉ 2. ʅʘ ʨʠʩʫʥʢʝ 2.2.2 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʯʘʩʪʴ ʷʯʝʝʢ ʩʝʪʢʠ ˉ 1 ʣʝʞʠʪ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝʡ (ʜʘʣʝʝ NPS ï Non-Penetrable Surface; ʩʤ. 

ʨʠʩʫʥʦʢ 2.2.3) ʩʝʪʢʠ ˉ 2. 

 
ʈʠʩʫʥʦʢ 2.2.3 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʤʘʨʢʠʨʦʚʢʠ 

ʗʯʝʡʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ NPS, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʯʸʪʘ, ʧʦʩʢʦʣʴʢʫ 

ʧʦ ʧʨʠʥʷʪʳʤ ʧʨʘʚʠʣʘʤ ʧʦʪʦʢʠ ʚʩʝʭ ʩʝʪʦʢ ʥʝ ʜʦʣʞʥʳ ʧʨʦʥʠʢʘʪʴ ʩʢʚʦʟʴ ʛʨʘʥʠʮʳ 

ʪʠʧʘ çʩʪʝʥʢʘè. ɺʩʝ ʧʦʜʦʙʥʳʝ ʷʯʝʡʢʠ ʩʝʪʢʠ ˉ 1 ʠ ʠʭ ʛʨʘʥʠ ʦʙʲʷʚʣʷʶʪʩʷ 

ʥʝʘʢʪʠʚʥʳʤʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʨʘʩʯʸʪʥʦʛʦ ʠ ʥʝʨʘʩʯʸʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʦʧʨʝʜʝʣʷʝʪ ʥʦʚʳʡ ʬʠʢʪʠʚʥʳʡ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʥʫʪʨʝʥʥʠʡ çʠʥʪʝʨʬʝʡʩè 
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(ʜʘʣʝʝ FBS ï Fringe Boundary Surface). ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ FBS, ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʩɹ ̫ʦʪ ʩʪʝʥʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, 

ʧʨʝʚʳʰʘʶʱʠʤ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ. ʕʪʘʧ ʤʘʨʢʠʨʦʚʢʠ ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʠʮ, ʨʝʘʣʠʟʫʶʱʠʭ çʠʥʪʝʨʬʝʡʩʳè FBS. ɼʘʥʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʸʤ ʧʨʷʤʦʛʦ ʚʳʙʦʨʘ ʛʨʘʥʝʡ, ʨʘʟʜʝʣʷʶʱʠʭ ʘʢʪʠʚʥʳʝ ʠ 

ʥʝʘʢʪʠʚʥʳʝ ʟʦʥʳ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʪʝʢʠ ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʠʥʪʝʨʬʝʡʩʥʦʡ ʛʨʘʥʠʮʳ11, ʨʘʟʜʝʣʷʶʱʝʡ ʨʘʩʯʸʪʥʳʝ ʠ ʥʝʨʘʩʯʸʪʥʳʝ ʟʦʥʳ, 

ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʨʘʥʠʮʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠʥʪʝʨʬʝʡʩʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ [Ram²rez et al., 2017; 

Kenway et al., 2017]) ʚʚʠʜʫ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʤʠʪʠʚʦʚ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʣʠʥʠʡ ʩʝʪʢʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʩʣʦʞʥʷʝʪ ʢʘʢ ʟʘʜʘʯʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ, ʪʘʢ ʠ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ 

ʤʘʨʢʠʨʦʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʠʩʩʝʨʪʘʥʪʦʤ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 

ʤʘʨʢʠʨʦʚʢʠ, ʢʦʪʦʨʳʡ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʝʨʝʢʨʳʪʠʷ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ʜʘʞʝ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. 

ʇʦʩʪʨʦʝʥʠʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ 

ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʥʳʭ ʛʨʘʥʠʮʘʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ. ɺ 

ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʠʩʢʘ ʜʦʥʦʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʩʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʠʥʪʝʨʬʝʡʩ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʦʧʝʨʘʮʠʠ ʩʝʯʝʥʠʷ ʪʝʩʪʦʚʦʡ 

ʟʘʜʘʯʠ (ʨʠʩʫʥʢʠ 2.2.1, 2.2.2) ʷʚʣʷʶʪʩʷ ʛʨʘʥʠ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʷʯʝʡʢʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʦʧʝʨʘʮʠʶ ʩʝʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʜʦʥʦʨʳ ʜʣʷ 

ʢʘʞʜʦʡ ʛʨʘʥʠ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʘʢʮʝʧʪʦʨʘ ʥʘʭʦʜʷʪʩʷ 

ʜʦʥʦʨʳ ʠʟ ʜʨʫʛʠʭ ʜʦʤʝʥʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.4. 

                                                           
11 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʠʥʪʝʨʬʝʡʩʥʘʷ ʛʨʘʥʠʮʘ ʠʣʠ ʠʥʪʝʨʬʝʡʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʙʦʨ ʛʨʘʥʝʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʠʥʪʝʨʬʝʡʩè. 
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ʈʠʩʫʥʦʢ 2.2.4 ï ʀʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʰʘʙʣʦʥ 

ʀʥʪʝʨʧʦʣʷʮʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʥʘ ʠʥʪʝʨʬʝʡʩʥʳʭ ʛʨʘʥʠʮʘʭ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ [Lee et al., 2011; Tang et al., 

2003]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʟʘʯʘʩʪʫʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʪʦʢ (ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨ ʨʝʙʨʘ, ʦʙʲʸʤ ʷʯʝʝʢ), ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʜʣʷ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʟʘʜʘʯʠ, ʜʦʚʦʣʴʥʦ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʝʩʴʤʘ ʫʜʦʙʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʘʢʪʠʢʝ ʟʘʯʘʩʪʫʶ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʥʝʚʦʟʤʦʞʥʦ ʩʦʙʣʶʩʪʠ ʧʦ ʧʨʠʯʠʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʛʨʘʥʥʳʭ ʷʯʝʝʢ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʝʪʦʢ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʍʠʤʝʨʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ. 

ɺʚʠʜʫ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʜʣʷ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʜʦʨʘʙʦʪʘʪʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʨʘʩʯʸʪʘ 

ʧʦʣʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ ʧʫʪʸʤ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʷʯʝʝʢ-ʜʦʥʦʨʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʛʨʘʥʠ-ʘʢʮʝʧʪʦʨʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʛʨʘʥʝʡ ʠ ʷʯʝʝʢ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [ɾʝʣʝʟʥʷʢʦʚʘ, 2018]. ʉʪʘʥʜʘʨʪʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʨʘʩʯʸʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʠ ʧʦʜʭʦʜ,r ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʜʠʩʩʝʨʪʘʥʪʦʤ, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʵʪʘʧʳ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʙʘʟʦʚʳʤʠ. ʇʦʜʭʦʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ çʦʧʨʝʜʝʣʝʥʠ ̫ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡè, çʦʧʨʝʜʝʣʝʥʠ ̫ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʤʘʨʢʠʨʦʚʢʘ)è ʠ çʧʦʩʪʨʦʝʥʠ ̫

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘè ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ [Benek et al., 1987; 1989; Lee et al., 2011; Tang et al., 2003; Chandar et al., 

2012; Kenway et al., 2017]. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʷ ʠʭ 

ʧʦʩʪʨʦʝʥʠ ̫ ʠʩʭʦʜʠʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠ ̫ ʨʝʛʫʣʷʨʥʦʩʪʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠ ʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. 
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ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʜʘʶʪ ʣʠʰʴ ʦʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʢʘʩʘʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (FBS). ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ 

ʬʠʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩʝʨʴʸʟʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝʩʢʦʣʴʢʠʭ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʩʪʝʥʦʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʣʠʯʥʳʤ ʨʝʛʠʦʥʘʤ. ʅʝʫʜʘʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʠʢʪʠʚʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ, ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʝʨʝʢʨʳʪʠʷ ʨʘʩʯʸʪʥʳʭ ʷʯʝʝʢ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʠ 

ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʪyʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʤʘʨʢʠʨʦʚʢʘ), ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠ ̫ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨʘʛʨʘʬʘʭ ʛʣʘʚʳ 2. 
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2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʫʯʸʪʦʤ ʢʦʥʪʘʢʪʘ 

ʇʦʜʭʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʦʧʠʩʘʥʥʳʡ ʜʣʷ ʩʣʫʯʘʷ 

ʨʝʛʫʣʷʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ [ʃʘʥʜʘʫ&ʃʠʬʰʠʮ, 1986; Loitsyansky, 1973; 

Fletcher, 1991], ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʣʫʯʘʝ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʩʦʦʙʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ 

ʜʦʨʘʙʦʪʘʪʴ ʜʣʷ ʛʨʘʥʠʮ, ʨʝʘʣʠʟʫʶʱʠʭ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʚ ʮʝʣʷʭ 

ʨʝʰʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʢʘʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʝʯʝʥʠʝ ʠʣʠ 

ʢʘʩʘʥʠʝ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʩʝʪʢʘʤ. ʇʦʜʦʙʥʘʷ 

ʩʠʪʫʘʮʠʷ ʣʝʞʠʪ ʚʥʝ ʙʘʟʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʠ 

ʜʦʣʞʥʘ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʦʰʠʙʢʘ ʠʣʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʠʣʠ ʚ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʝʪʦʢ ʪʨʝʙʫʝʪʩʷ 

ʥʘʣʠʯʠʝ ʭʦʪʷ ʙʳ ʥʝʩʢʦʣʴʢʠʭ ʷʯʝʝʢ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ʜʚʠʞʝʥʠʝ ʢʣʘʧʘʥʦʚ, 

ʧʦʨʰʥʷ), ʜʚʠʞʝʥʠʝ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʧʦ ʢʘʥʘʣʫ ʩʪʚʦʣʘ ʦʨʫʜʠʷ, ʨʘʙʦʪʘ 

ʤʝʭʘʥʠʟʘʮʠʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʋʧʨʦʱʝʥʥʦ ʧʨʦʙʣʝʤʘ 

ʢʦʥʪʘʢʪʘ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

 
ʈʠʩʫʥʦʢ 2.3.1 ï ʇʨʠʤʝʨ ʩʝʪʢʠ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɼɺʉ 
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ʅʘ ʨʠʩʫʥʢʝ 2.3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʪʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 4 ʨʝʛʠʦʥʦʚ, ʧʨʠʯʸʤ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ 1 ʠ 2 ʨʝʛʠʦʥʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ ʩʦ ʩʪʝʥʢʦʡ ʪʨʝʪʴʝʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʧʨʦʥʠʮʘʝʤʘʷ ʛʨʘʥʠʮʘ 4-ʛʦ ʨʝʛʠʦʥʘ ʪʦʣʴʢʦ ʣʠʰʴ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʠ 

ʩʢʦʣʴʟʠʪ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʦ ʩʪʝʥʢʦʡ 3-ʛʦ ʨʝʛʠʦʥʘ. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ, ʦʙʨʘʙʦʪʢʘ 

ʧʦʜʚʠʞʥʳʭ ʛʨʘʥʠʮ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʛʜʝ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ ʨʘʟʥʳʭ ʩʝʪʦʢ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʠʣʠ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʢʦʥʪʘʢʪʘ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ; 

- ʧʦʠʩʢ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʛʨʘʥʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʯʘʩʪʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʵʪʘʧʦʚ ʧʦʠʩʢʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʩʝʯʝʥʠʡ ʩʪʝʥʦʢ ʥʘ 

ʨʠʩʫʥʢʝ 2.3.2 ʧʨʝʜʩʪʘʚʣʝʥ ʫʧʨʦʱʝʥʥʳʡ ʧʨʠʤʝʨ ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ. 

 
ʈʠʩʫʥʦʢ 2.3.2 ï ʇʝʨʝʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʫʭ ʦʙʲʝʢʪʦʚ 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ 

ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ (ʧʨʦʯʠʝ ʛʨʘʥʠʮʳ ʩʝʪʢʠ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ ʩʢʨʳʪʳ). ɼʣʷ ʷʩʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ 

ʣʠʰʴ ʩʪʝʥʢʠ, ʪʦ ʝʩʪʴ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮ.r ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʨʠʩʫʥʢʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʛʨʘʥʷʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʘʢʪ ʥʘʣʠʯʠʷ ʧʝʨʝʩʝʯʝʥʠʡ (ʧʝʨʝʩʝʢʘʝʤʳʝ ʛʨʘʥʠ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʟʘʪʝʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʩʪʝʥʦʢ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʧʨʦʮʝʩʩʝ ʤʘʨʢʠʨʦʚʢʠ ʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ 
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ʰʘʙʣʦʥʘ ʫʯʠʪʳʚʘʶʪʩʷ ʣʠʰʴ ʚʥʝʰʥʠʝ ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʨʘʩʯʸʪʥʳʝ ʫʯʘʩʪʢʠ ʩʪʝʥʦʢ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

 
ʈʠʩʫʥʦʢ 2.3.3 ï ʈʘʟʙʠʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʇʦʠʩʢ ʧʝʨʝʩʝʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦʡ ʦʧʝʨʘʮʠʝʡ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʩʦʙʝʥʥʦ 

ʢʨʠʪʠʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ) ʤʝʪʦʜʘ ʧʦʠʩʢʘ 

ʧʝʨʝʩʝʯʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʙʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ 

[Bonet&Peraire, 1991]. ɼʣʷ ʢʘʞʜʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʳ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʥʝʡ ʩʪʨʦʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ. 

ɼʘʣʝʝ ʧʨʠʤʝʥʷʶʪʩʷ ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʝʡ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʨʘʟʥʳʭ ʩʝʪʦʢ. ɺ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʚʦʟʤʦʞʥʦʛʦ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʷʤʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʛʨʘʥʝʡ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʠʝ ʧʦʜʭʦʜʳ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʨʘʥʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʦʪ ʮʝʥʪʨʘ ʛʨʘʥʠ ʠ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʬʘʢʪ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʸʙʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʛʨʘʥʠ ʜʨʫʛʦʛʦ ʨʝʛʠʦʥʘ (ʨʠʩʫʥʦʢ 2.3.4). 
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ʈʠʩʫʥʦʢ 2.3.4 ï ʈʘʟʙʠʝʥʠʝ ʛʨʘʥʠ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢ, ʦʪʤʝʯʝʥʥʳʡ ʮʚʝʪʦʤ 

ʥʘ ʨʠʩʫʥʢʝ 2.3.4, ʠ ʨʝʙʨʦ, ʝʛʦ ʧʝʨʝʩʝʢʘʶʱʝʝ. ɼʘʣʝʝ ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 2.3.5. 

 
ʈʠʩʫʥʦʢ 2.3.5 ï ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʨʝʙʨʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʦʪʨʝʟʢʘ 

(ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʨʝʙʨʦ ʩʝʪʢʠ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩ ̫

ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
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ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ [ʇʨʝʧʘʨʘʪʘ&ʐʝʡʤʦʩ, 

1989]. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʮʦʚ ʨʝʙʨʘ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʨʝʫʛʦʣʴʥʠʢ: 

( )( ), , 0n AD n AEÖ <. (2.3.1) 

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʷʶʪʩʷ ʪʨʠ ʩʤʝʰʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

( )

( )

( )

, ,

, , 0ʠʣʠ 0

, ,

DA DE DB

DB DE DC

DC DE DA

ë è ø
ê úî

î
è ø> <ì ê ú

î
î è ø

ê úí

. (2.3.2) 

ɽʩʣʠ ʨʝʙʨʦ ʧʝʨʝʩʝʢʘʝʪ ʪʨʝʫʛʦʣʴʥʠʢ, ʪʦ ʚʩʝ ʪʨʠ ʩʤʝʰʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʛʦ ʟʥʘʢʘ. ɿʜʝʩ ɹʦʧʝʨʘʮʠʠ ( ),a b ʠ ,a bè ø
ê ú

 ʩʢʘʣʷʨʥʦʝ ʠ ʚʝʢʪʦʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ,a b  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʜʥʦ ʠʣʠ ʜʚʘ ʚʳʨʘʞʝʥʠʷ ʬʦʨʤʫʣʳ (2.3.2) ʨʘʚʥʦ 0, ʪʨʝʙʫʶʪ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʦ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʨʝʙʨʘ. ʊʘʢʞʝ 

ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʥʝʪ ʚ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʪʦʯʢʦʡ 

ʧʝʨʝʩʝʯʝʥʠʷ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ 

ʜʘʥʥʘʷ ʩʪʦʨʦʥʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʝʙʨʦʤ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠ; ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ 

ʚʳʧʦʣʥʠʪʴ ʩ ʚʝʨʰʠʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɽʩʣʠ ʫʩʣʦʚʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ, 

ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʙʨʦ ʧʝʨʝʩʝʢʘʝʪ ʠʩʭʦʜʥʫʶ ʛʨʘʥʴ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʣʝʞʠʪ ʥʘ ʨʝʙʨʝ ʠʣʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʨʰʠʥʦʡ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠ, ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʩʤʝʞʥʳʭ ʛʨʘʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʜʣʷ ʚʩʝʭ ʩʤʝʞʥʳʭ ʛʨʘʥʝʡ 

ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ (2.3.2) ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʠʤʝʶʪ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʟʥʘʢ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʝʙʨʦ ʧʝʨʝʩʝʢʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʨʘʥʠ. 

ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ (2.3.1) ʠ (2.3.2) ʧʦ ʥʦʨʤʘʣʠ ʛʨʘʥʠ ʩʪʝʥʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʫʟʣʦʚ ʨʝʙʨʘ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ 

ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʚʩʝʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʛʨʘʥʝʡ, ʧʨʦʚʦʜʠʪʩʷ ʦʙʭʦʜ ʧʦ 

ʛʨʘʬʫ ʨʸʙʝʨʥʦ-ʫʟʣʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʫʟʣʦʚ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʦʜ ʪʦʧʦʣʦʛʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʛʨʘʬ ʦʪʥʦʰʝʥʠʷ ʩʦʩʝʜʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʫʟʣʦʚ ʧʦ ʨʝʙʨʫ. ɿʜʝʩʴ ʚʝʨʰʠʥʘʤ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʰʠʥʳ ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʩʚʷʟʷʤ ʛʨʘʬʘ ï ʨʸʙʨʘ ʛʨʘʥʝʡ (ʦʪʩʶʜʘ ʠ ʥʘʟʚʘʥʠʝ ï ʨʸʙʝʨʥʦ-ʫʟʣʦʚʘʷ 

ʪʦʧʦʣʦʛʠʷ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʛʨʘʥʠ, ʠʤʝʶʱʠʝ ʥʝʘʢʪʠʚʥʳʝ ʫʟʣʳ, ʧʦʤʝʯʘʶʪʩʷ ʢʘʢ 

ʥʝʘʢʪʠʚʥʳʝ (ʥʝʨʘʩʯʸʪʥʳʝ) ʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ ʨʝʙʨʦ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴ 

ʥʝʧʨʦʥʠʮʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʫʛʦʡ ʩʝʪʢʠ ʥʝʦʜʥʦʢʨʘʪʥʦ. ɺ ʩʣʫʯʘʝ ʥʝʯʸʪʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʩʝʯʝʥʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʫʩʘ ʫʟʣʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʝʡ, 
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ʪʘʢ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʥʘʭʦʞʜʝʥʠʷ ʫʟʣʘ ʩʥʘʨʫʞʠ12 ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʫʯʘʝʚ ʥʘʭʦʞʜʝʥʠʷ ʫʟʣʘ ʚʥʫʪʨʠ13, ʪʦ ʜʘʥʥʳʡ ʫʟʝʣ ʧʦʤʝʯʘʝʪʩʷ 

ʨʘʩʯʸʪʥʳʤ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʥʝʨʘʩʯʸʪʥʳʤ (ʨʠʩʫʥʦʢ 2.3.6). 

 
ʈʠʩʫʥʦʢ 2.3.6 ï ʅʝʯʸʪʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʨʝʙʨʘ (ʫʟʝʣ D ʚʥʫʪʨʠ, E ʩʥʘʨʫʞʠ) 

ɽʩʣʠ ʨʝʙʨʦ ʧʝʨʝʩʝʢʘʝʪ ʯʸʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʥʝʧʨʦʥʠʮʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʫʩʘ ʫʟʣʦʚ ʫʩʣʦʞʥʷʝʪʩʷ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.3.7. 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.3.7 ï ʏʸʪʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʨʝʙʨʘ 

ʘ) ï ʫʟʣʳ D, E ʩʥʘʨʫʞʠ, ʙ) ï ʫʟʣʳ D,E ʚʥʫʪʨʠ 

ɽʩʣʠ ʥʝ ʫʜʘʸʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʪʫʩ ʫʟʣʦʚ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʧʨʦʯʠʭ ʨʸʙʝʨ, 

ʠʩʭʦʜʷʱʠʭ ʠʟ ʥʠʭ, ʪʦ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʫʟʣʳ ʧʦʤʝʯʘʶʪʩʷ ʢʘʢ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ (ʥʦ 

ʥʝ ʨʘʩʯʸʪʥʳʝ), ʠ ʦʥʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʭʦʜʘ ʧʦ ʛʨʘʬʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʫʩʘ ʚʝʨʰʠʥ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ 

ʦʙʦʩʥʦʚʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ. 

ʅʘʟʥʘʯʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʵʪʘʧʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʘʨʷʜʫ ʩ ʚʳʙʨʘʥʥʤrʠ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘʜʘʯ 

ʯʠʩʣʝʥʥʦʡ ʛʠʜʨʦ-, ʘʵʨʦʜʠʥʘʤʠʢʠ. ɺ ʩʣʫʯʘʝ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʚʦʧʨʦʩ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʦʜʠʪʩʷ ʢ 

                                                           
12 ( ), 0>ED n , ʩʤ. ʨʠʩʫʥʦʢ 2.3.5. 

13 ( ), 0<ED n , ʩʤ. ʨʠʩʫʥʦʢ 2.3.5. 
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ʥʘʜʣʝʞʘʱʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʩʪʝʥʦʢ ʠ 

ʠʥʪʝʨʬʝʡʩʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʪʦʢ ʩ ʦʜʥʠʤ ʨʝʛʠʦʥʦʤ, ʛʜʝ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʩʝʯʝʥʠ ̫

ʛʨʘʥʠʮ, ʨʝʘʣʠʟʫʶʱʠʭ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘ ʩ ʧʨʠʣʠʧʘʥʠʝʤè, ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʩʪʝʥʢʠ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʤʦʛʫʪ 

ʧʝʨʝʩʝʢʘʪʴʩʷ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʙʘʟʦʚʳʝ ʧʦʣʦʞʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʍʠʤʝʨʘ ʥʘʨʫʰʘʶʪʩʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʚʘʨʠʡʥʦʤʫ ʟʘʚʝʨʰʝʥʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʠʩʩʝʨʪʘʥʪʦʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ, ʨʝʘʣʠʟʫʶʱʠʭ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘ ʩ 

ʧʨʠʣʠʧʘʥʠʝʤè, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʩʝʪʢʘʭ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʪʠʧʘ ʍʠʤʝʨʘ ʩ ʫʯʸʪʦʤ 

ʚʦʟʤʦʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ 

ʦʧʝʨʘʮʠʠ ʚʳʜʝʣʝʥʠʷ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʯʸʪʘ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- ʧʦʠʩʢ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʛʨʘʥʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʨʝʛʠʦʥʘʤ; 

- ʧʨʦʮʝʜʫʨʘ ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʨʘʥʠ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʩʝʯʝʥʠʷ ʨʸʙʝʨ ʠ ʛʨʘʥʝʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʯʘʩʪʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ; 

- ʫʜʘʣʝʥʠʝ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʝʭ ʛʨʘʥʝʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʛʨʘʥʠʯʝʥʳ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʰʘʛʦʚ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʥʝʡ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ ʚ ʩʣʫʯʘʝ ʨʝʛʫʣʷʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ 

ʜʘʥʥʳʡ ʵʪʘʧ ʥʝʦʙʭʦʜʠʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʨʘʥʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝʧʣʦʩʢʠʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʯʪʦ ʚʝʩʴʤʘ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʜʫʨʫ ʚʳʷʚʣʝʥʠʷ 

ʨʘʩʯʸʪʥʳʭ ʫʯʘʩʪʢʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʠʧʘ ʩʪʝʥʢʘ. 

ʅʘʠʙʦʣʝʝ ʫʟʢʠʤ ʤʝʩʪʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ 

ʯʘʩʪʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʧʝʨʝʩʝʢʘʝʤʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ [Bonet&Peraire, 1991] ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠ ̫

ʨʘʩʯʸʪʥʳʭ ʯʘʩʪʝʡ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮ ʩʚʝʜʝʥʘ ʢ ( )2logO n , ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʧʦʜʨʦʙʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʥʝʨʘʩʯʸʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʨʸʙʝʨʥʦ-ʫʟʣʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʠ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ 

[ʇʨʝʧʘʨʘʪʘ&ʐʝʡʤʦʩ, 1989]. ɻʨʘʥʠ ʩʪʝʥʦʢ, ʧʦʤʝʯʝʥʥʳʝ ʢʘʢ ʥʝʨʘʩʯʸʪʥʳʝ, 

ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʨʘʩʯʸʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʪʴ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. 
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2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ ï ʤʘʨʢʠʨʦʚʢʘ 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʚ ʩʠʣʫ ʢʨʘʡʥʝ ʚʝʨʦʷʪʥʦʛʦ 

ʥʘʣʠʯʠʷ ʥʝʧʣʦʩʢʠʭ ʛʨʘʥʝʡ ʷʯʝʝʢ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ ʩʝʪʦʢ 

[ʇʨʝʧʘʨʘʪʘ&ʐʝʡʤʦʩ, 1989] ʥʝʞʝʣʘʪʝʣʴʥʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʘʨʢʠʨʦʚʢʘ ʜʣʷ 

ʤʝʪʦʜʘ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʷʤʳʝ 

ʤʝʪʦʜʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ ʧʨʠʚʦʜʪ̫ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʧʝʨʘʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʪʦʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ. 

ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʤʘʨʢʠʨʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ (ʧʧ. 2.2), 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʧʘʨʳ ʨʝʛʠʦʥʦʚ, 

ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʠʥʪʝʨʬʝʡʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʕʬʬʝʢʪ ʪʨʝʙʦʚʘʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʯʸʪʥʳʭ ʷʯʝʝʢ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʧʨʠʤʝʨʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.4.1 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʨʢʠʨʦʚʢʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ 

ʘ) ʨʝʟʫʣʴʪʘʪ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʙ) ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʅʘ ʨʠʩʫʥʢʝ 2.4.1 ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʤʝʪʦʜʘ ʤʘʨʢʠʨʦʚʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦʙʪʝʢʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ 

ʩ ʟʘʢʨʳʣʢʦʤ ʩʝʪʢʠ ˉ 1 ʠ ˉ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ (ʢʨʳʣʦ, 

ʟʘʢʨʳʣʦʢ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʦʝʡ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʦʡ. ʆʪʢʨʳʪʘʷ ʛʨʘʥʠʮʘ ʟʘʢʨʳʣʢʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʨʬʝʡʩʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʝʪʢʠ ʩ ʧʨʦʬʠʣʝʤ ʢʨʳʣʘ ʠʥʪʝʨʬʝʡʩ 

ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʦʨʤ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4.1. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ [Wang&Parthasarathy, 2000] ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʩʙʣʠʟʠʪʴ ʠʥʪʝʨʬʝʡʩʳ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ. ʈʠʩʫʥʦʢ 2.4.1ʙ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʭʣʸʩʪʘ ʷʯʝʝʢ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʠʥʪʝʨʬʝʡʩʳ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʦʡ 

ʩʭʝʤʳ [Chandar et al., 2012]. 

ʉʝʯʝʥʠʝ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ 

ʆʧʝʨʘʮʠʷ ʩʝʯʝʥʠʷ ʚʘʞʥʘ ʢʘʢ ʜʣ̫  ʤʘʨʢʠʨʦʚʢʠ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʘ 

ʦʪʥʦʰʝʥʠʷ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ, ʠ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʪʨʸʭʤʝʨʥʳʭ ʩʝʪʦʢ ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴ ʦʩʦʙʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʱʠʝ ʩ 

ʥʝʚʳʧʫʢʣʳʤʠ ʠ ʥʝʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ. ʇʦʠʩʢ ʧʝʨʝʩʝʯʝʥʠʡ ï ʠʟʚʝʩʪʥʘʷ ʟʘʜʘʯʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʦʚ, 
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ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ ʩʪʨʦʛʦʤ ʘʥʘʣʠʟʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ, ʪʘʢ ʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ (ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʚ ʫʱʝʨʙ ʪʦʯʥʦʩʪʠ). 

ʉʘʤʳʤ ʦʯʝʚʠʜʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ ʬʠʛʫʨ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ 

ʧʝʨʝʙʦʨ ʧʦʧʘʨʥʦ ʛʨʘʥʝʡ ʠ ʷʯʝʝʢ ʨʘʟʥʳʭ ʩʝʪʦʢ, ʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʚ 

ʩʣʫʯʘʝ ʜʚʫʭ ʥʝʩʚʷʟʘʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʠʤʦ ʩ ʦʮʝʥʢʦʡ ( )1 2 2 1O f n f nÖ + Ö, ʛʜʝ ,i if n  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʥʝʡ ʠ ʷʯʝʝʢ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʩʝʪʢʠ. 

ɺ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʠʟʜʝʨʞʢʠ ʧʨʷʤʦʛʦ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʸʥʥʳʭ ʷʯʝʝʢ ʥʝ ʙʫʜʫʪ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʜ 

ʟʘʪʨʘʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʥʘ ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ. ʆʜʥʘʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʧʦʜʭʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʦʡ ʩʝʪʢʠ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʨʘʪʘʤ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʨʝʜʠ ʠʭ ʤʥʦʞʝʩʪʚʘ 

ʚʳʜʝʣʷʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ 

[Bonet&Peraire, 1991], ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʛʨʘʥʠ ʠ ʤʥʦʞʝʩʪʚʘ ʷʯʝʝʢ ʵʢʚʠʚʘʣʝʥʪʥʘ ( )2logO n , ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʷʯʝʝʢ ʩʝʪʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʷʯʝʝʢ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʲʸʤʳ, ʣʝʞʘʱʠʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʘʥʠ, ʥʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ 

ʥʝʡ (ʨʠʩʫʥʦʢ 2.4.2). 
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ʈʠʩʫʥʦʢ 2.4.2 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ 

ʅʘ ʨʠʩʫʥʢʝ ʚʳʰʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ ʧʦʣʫʯʝʥ ʨʷʜ ʷʯʝʝʢ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʩ 

ʛʨʘʥʴʶ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ, ʪʦ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʙʳʩʪʨʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ 

[Bonet&Peraire, 1991], ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʷʯʝʝʢ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʩʝʢʘʶʪʩʷ. ɺʳʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʝʨʝʩʝʯʸʥʥʳʭ ʷʯʝʝʢ 

ʠʟ ʧʦʜʤʥʦʞʝʩʪʚʘ ʢʘʥʜʠʜʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʸʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʛʨʘʥʝʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʦʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʨʸʙʨʘʤʠ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4.3. 
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ʈʠʩʫʥʦʢ 2.4.3 ï ʇʦʠʩʢ ʧʝʨʝʩʝʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʘʥʴ 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʣʠʰʴ ʩ ʷʯʝʡʢʦʡ ˉ 1 (ʨʠʩʫʥʦʢ 2.4.3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ 

ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʜʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʤʝʪʦʜʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʚʪʦʨʦʤ, 

ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʢʦʨʨʝʢʪʥʦ 

ʚʳʧʦʣʥʠʪʴ ʤʘʨʢʠʨʦʚʢʫ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʦʪʥʦʰʝʥʠʷ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ ʜʣʷ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʰʘʙʣʦʥʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʝʪʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʨʠʤʝʥʷʝʤʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

[Bonet&Peraire, 1991]. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʷʚʣʷʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʩʘʤʦʡ ʩʝʪʢʠ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʷʯʝʡʢʠ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠʣʠ N-

ʤʝʨʥʳʡ ʢʫʙ. ʇʦʜ N-ʤʝʨʥʳʤ ʢʫʙʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ N-ʤʝʨʥʳʡ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʧʨʦʠʟʚʦʣʴʥʫʶ ʷʯʝʡʢʫ ʩʝʪʢʠ ʚ N-ʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩʫʥʦʢ 2.4.4). 
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ʈʠʩʫʥʦʢ 2.4.4 ï ʆʛʨʘʥʠʯʠʚʘʶʱʠʡ ʢʫʙ ʠ ʷʯʝʡʢʘ 

ʀʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ N ʨʘʚʥʦ 3, ʥʦ ʜʣʷ ʧʦʣʥʦʪʳ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʠʢʠ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ NÍ . ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʥʮʠʧʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʜʚʝ ʯʘʩʪʠ 2N-ʤʝʨʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʙʩʪʨʘʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ. ʇʦʜ ʘʙʩʪʨʘʢʪʥʳʤ 

ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ 2N-ʤʝʨʥʳʡ ʚʝʢʪʦʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʘʣʴʥʳʤʠ ʷʯʝʡʢʘʤʠ ʚ N-ʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʪ ʠʟ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ 

N-ʤʝʨʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ { }1 2 1 2

min min min max max max, , ... , , , ... ,N Nx x x x x x , ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʷʯʝʝʢ ʩʝʪʢʠ ʠ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ. 

ʈʝʢʫʨʩʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ [Bonet&Peraire, 1991] 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ 2N-ʤʝʨʥʳʡ ʢʫʙ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʟʣʦʤ k , 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʚʩʝʭ ʧʦʪʦʤʢʦʚ ʫʟʣʘ k  ʚ ʙʠʥʘʨʥʦʤ ʜʝʨʝʚʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʘʙʩʪʨʘʢʪʥʳʝ 2N-ʤʝʨʥʳʝ ʚʝʢʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʟʣʫ k  ʠ 

ʚʩʝʤ ʝʛʦ ʧʦʪʦʤʢʘʤ, ʣʝʞʘʪ ʚ ʪʦʤ ʞʝ 2N-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʫʟʣʘ. 

ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʙʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʇʫʩʪʴ ʜʘʥ ʘʙʩʪʨʘʢʪʥʳʡ ʚʝʢʪʦʨ X  ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ { }{ }{ }min max,x x , ʛʜʝ 

{ } { } { } { }min min min max max max

min 1 2 max 1 2, , ..., , , , ...,N Nx x x x x x x x= = . ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ 

ʚʝʢʪʦʨʦʚ {}Y , ʩ ʢʦʪʦʨʳʤʠ ʠʩʭʦʜʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʩʝʢʘʝʪʩʷ. ɸʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʘʥʘʣʠʟʘ ʢʦʨʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʫʩʢʦʤ ʧʦ 

ʧʦʪʦʤʢʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ: 

- ʚʳʯʠʩʣʷʝʪʩʷ ʪʝʢʫʱʘʷ ʢʦʦʨʜʠʥʘʪʘ: 

nodex : ( )mod , 2node L N= , ʛʜʝ L ï ʫʨʦʚʝʥʴ ʜʝʨʝʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʟʝʣ; (2.4.1) 
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- ʧʨʦʚʝʨʢʘ ʘʙʩʪʨʘʢʪʥʦʛʦ ʚʝʢʪʦʨʘ X  ʥʘ ʧʨʝʜʤʝʪ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʚʝʢʪʦʨʦʤ Y  

ʪʝʢʫʱʝʛʦ ʫʟʣʘ: 

max, min

min, max

ë >
ì

¢í

node

i i

node

i i

y x

y x , ʛʜʝ 1i N= · ; (2.4.2) 

- ʝʩʣʠ ʫ ʪʝʢʫʱʝʛʦ ʫʟʣʘ ʩʫʱʝʩʪʚʫʝʪ ʣʝʚʳʡ ʧʦʪʦʤʦʢ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʥʝʨʘʚʝʥʩʪʚ: 

min

max

­

­

ë >
ì

¢í

k

k

left B

node node

left A

node node

x x

x x
, (2.4.3) 

ʪʦ ʧʦʚʪʦʨʠʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʣʝʚʦʛʦ ʧʦʪʦʤʢʘ; 

- ʝʩʣʠ ʫ ʪʝʢʫʱʝʛʦ ʫʟʣʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʳʡ ʧʦʪʦʤʦʢ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʥʝʨʘʚʝʥʩʪʚ 

min

max

­

­

ë >
ì

¢í

k

k

right B

node node

right A

node node

x x

x x
, (2.4.4) 

ʪʦ ʧʦʚʪʦʨʠʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʘʚʦʛʦ ʧʦʪʦʤʢʘ. 

ʈʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʙʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 

( )2logO k  ʦʧʝʨʘʮʠʡ, ʛʜʝ k  ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʙʠʥʘʨʥʦʤ ʜʝʨʝʚʝ. ɺʟʘʠʤʥʦ 

ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ {}Y  ʠ ʨʝʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʩʭʦʜʥʦʡ ʠ ʥʘʡʜʝʥʥʳʭ ʬʠʛʫʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʵʪʘʧʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʦʧʝʨʘʮʠʠ ʩʝʯʝʥʠʷ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʚʳʨʘʞʝʥʠʷʭ (2.3.1), (2.3.2) ʠ (2.4.1) ï (2.4.4), ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʝʪʢʘʤ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʝʪʦʜʳ ʤʘʨʢʠʨʦʚʢʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʸʪʘ ʥʘ ʩʝʪʢʘʭ ʪʠʧʘ ʍʠʤʝʨʘ. ʆʩʥʦʚʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʤʘʨʢʠʨʦʚʢʠ ʚʳʟʳʚʘʝʪ ʚʳʩʦʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʢʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ14. ʇʨʝʜʩʪʘʚʣʝʥʥʘ ̫ʨʘʥʝʝ ʤʘʨʢʠʨʦʚʢʘ (ʧʧ 2.2) 

ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ ʚʢʫʧʝ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʩʝʯʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʙʣʠʟʠʪʴ ʠʥʪʝʨʬʝʡʩʳ ʩʝʪʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʤʠʥʠʤʠʟʘʮʠʷ ʥʘʣʦʞʝʥʠʷ ʘʢʪʠʚʥʳʭ ʷʯʝʝʢ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.4.1ʘ), ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʣʠʷʝʪ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʤʘʨʢʠʨʦʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʟʦʥ ʩ ʘʢʪʠʚʥʳʤʠ ʷʯʝʡʢʘʤʠ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ ʠʟʣʦʞʝʥ ʥʠʞʝ. 

                                                           
14 ʅʘʧʨʠʤʝʨ, FBS ʥʘ ʨʠʩʫʥʢʘʭ 2.2.3, 2.4.1. 
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ɼʦʨʘʙʦʪʢʘ ʤʘʨʢʠʨʦʚʢʠ 

ʈʘʥʝʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʧʨʷʞʝʥʠʠ ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʪʦʢ ʦʧʨʝʜʝʣʸʥʥʘʷ ʯʘʩʪʴ 

ʷʯʝʝʢ ʦʜʥʦʡ ʠʟ ʥʠʭ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ 

ʛʨʘʥʠʮʝʡ ʜʨʫʛʦʡ ʩʝʪʢʠ. ɺʩʝ ʧʦʜʦʙʥʳʝ ʷʯʝʡʢʠ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʧʨʦʮʝʩʩ ʤʘʨʢʠʨʦʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʝʜʠʥʦʞʜʳ ʚ ʥʘʯʘʣʝ ʨʘʩʯʸʪʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʠʩʢʣʶʯʝʥʠʷ ʥʝʘʢʪʠʚʥʳʭ ʷʯʝʝʢ ʥʘ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʜʫʨʳ ʤʘʨʢʠʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦʠʩʢ ʛʨʘʥʝʡ, 

ʨʘʟʜʝʣʷʶʱʠʭ ʨʘʩʯʸʪʥʳʝ ʠ ʥʝʨʘʩʯʸʪʥʳʝ ʷʯʝʡʢʠ. ʇʦʣʫʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʛʨʘʥʝʡ 

ʦʙʨʘʟʫʝʪ ʥʦʚʳʡ ʠʥʪʝʨʬʝʡʩ (FBS), ʢʦʪʦʨʳʡ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʝʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʜʦʤʝʥʘʤʠ. ɹʘʟʦʚʳʡ ʧʨʦʮʝʩʩ 

ʤʘʨʢʠʨʦʚʢʠ ʷʯʝʝʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʰʘʛʦʚ: 

- ʧʦʠʩʢ ʚʩʝʭ ʷʯʝʝʢ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ; 

- ʫʜʘʣʝʥʠʝ ʠʟ ʨʘʩʯʸʪʘ ʚʩʝʭ ʷʯʝʝʢ, ʣʝʞʘʱʠʭ ʚ ʥʝʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʩʝʯʸʥʥʳʭ ʷʯʝʝʢ ʧʫʪʸʤ ʦʙʭʦʜʘ ʛʨʘʬʘ 

ʩʦʩʝʜʩʪʚʘ ʷʯʝʝʢ ʯʝʨʝʟ ʛʨʘʥʴ ʚʳʜʝʣʷʝʪʩʷ ʨʘʩʯʸʪʥʘʷ ʦʙʣʘʩʪʴ, ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʬʠʢʪʠʚʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʤʘʨʢʠʨʦʚʢʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ ʚʳʜʝʣʠʪʴ ʨʘʩʯʸʪʥʳʝ ʷʯʝʡʢʠ, ʥʦ ʠʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʝʪʢʘʭ, ʩʠʣʴʥʦ ʨʘʟʥʝʩʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʨʠʩʫʥʦʢ 2.4.1ʘ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ 

ʧʨʦʮʝʩʩ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ 

[Chandar et al., 2012; Kenway et al., 2017]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʘʟʦʚʘʷ ʧʨʦʮʝʜʫʨʘ 

ʤʘʨʢʠʨʦʚʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʘ ʩ ʮʝʣʴʶ ʩʙʣʠʞʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʭʣʸʩʪʦʚ ʨʘʩʯʸʪʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ ʩ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʘʣʛʦʨʠʪʤ ʤʘʨʢʠʨʦʚʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʣʠʥʠʡ ʩʝʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪʨʳʝ ʤʝʪʦʜʳ ʦʙʭʦʜʘ 

ʷʯʝʝʢ [Kenway et al., 2017; Corti, 2017; Dimas, 2020]. ʇʦ ʧʨʠʯʠʥʝ ʥʝʨʝʛʫʣʷʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ 

ʫʧʦʤʷʥʫʪʳʝ ʨʘʥʝʝ ʧʦʜʭʦʜʳ ʢ ʤʘʨʢʠʨʦʚʢʝ ʥʝʧʨʠʤʝʥʠʤʳ. ʉʙʣʠʞʝʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʩʘʤʠʭ ʜʠʩʢʨʝʪʥʳʭ 

ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ. ɺ ʨʘʙʦʪʝ 

[ɾʝʣʝʟʥʷʢʦʚʘ, 2018] ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʢ ʩ 

ʧʝʨʝʢʨʳʪʠʷʤʠ ʚʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʨʝʟʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʥʫʪʨʝʥʥʠʝ ʠʥʪʝʨʬʝʡʩʳ ʟʘʜʘʯʠ ʚʙʣʠʟʠ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʝʞʝʣʘʪʝʣʴʥʦ (ʧʧ. 2.2). ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʜʣʷ ʧʨʦʮʝʜʫʨ r ʤʘʨʢʠʨʦʚʢʠ ʦʩʥʦʚʘʥ ʥʘ 

ʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʫʧʨʦʱʘʶʱʠʭ ʩʦʧʨʷʞʝʥʠʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʪʦʢ [Tian&Chen, 2012; Kalinin et al., 2016; Abbruzzese, 2018]. ʅʘ 

ʧʨʘʢʪʠʢʝ ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʤʘʨʢʠʨʦʚʢʠ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʦ ʧʨʠʯʠʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ, ʘ ʪʘʢʞʝ ʚʚʠʜʫ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʅʠʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʤʘʨʢʠʨʦʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʦʥʳ 

ʧʝʨʝʢʨʳʪʠʷ ʷʯʝʝʢ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 2.4.5. 

 
ʈʠʩʫʥʦʢ 2.4.5 ï ʇʝʨʝʩʝʯʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʠʛʫʨ  

ʅʘ ʨʠʩʫʥʢʝ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʩʝʢʘʶʱʠʝʩ̫ 

ʥʝʚʳʧʫʢʣʳʝ ʬʠʛʫʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʨʘʥʠʮʳ ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʬʠʛʫʨʳ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʬʝʡʩʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ. 

ʊʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʩʝʯʝʥʠʷ ʬʠʛʫʨ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʙʣʘʩʪʠ 

ʧʝʨʝʢʨʳʪʠʷ. ʇʨʠʦʨʠʪʝʪʦʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʦʨʷʜʦʢ ʦʯʝʨʸʜʥʦʩʪʠ ʢʘʞʜʦʡ ʬʠʛʫʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʭ ʟʥʘʯʠʤʦʩʪʴ. ɿʘʜʘʜʠʤ ʧʨʠʦʨʠʪʝʪ ʬʠʛʫʨ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʧʝʨʚʘʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʥʠʟʰʠʡ ʧʨʠʦʨʠʪʝʪ; 

- ʚʪʦʨʘʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʩʨʝʜʥʠʡ ʧʨʠʦʨʠʪʝʪ; 

- ʪʨʝʪʴʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʳʭ ʛʨʘʥʠʮ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʬʠʛʫʨ. 

ʇʫʩʪʴ ʛʨʘʥʠʮʳ ʬʠʛʫʨ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ ʤʥʦʞʝʩʪʚʦʤ 

ʦʪʨʝʟʢʦʚ. ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʣʦʛʠʢʠ ʜʝʡʩʪʚʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʝʯʝʥʠʡ ʥʘ ʦʙʱʠʡ 

ʩʣʫʯʘʡ (ʪʨʸʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ). 

ʂʘʞʜʦʡ ʬʠʛʫʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʧʨʠʦʨʠʪʝʪʘ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʯʠʩʣʦʚʦʡ ʢʦʜ Fi = 2i-1. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʣʦʞʝʥʠʠ ʚʩʝ ʯʠʩʣʦʚʳʝ ʢʦʜʳ ʧʨʠʚʦʜʷʪʩʷ ʚ 

ʜʚʦʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ: 

- ʧʝʨʚʘʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʢʦʜ F1 = 001; 

- ʚʪʦʨʘʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʢʦʜ F2 = 010; 
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- ʪʨʝʪʴʷ ʬʠʛʫʨʘ ʠʤʝʝʪ ʢʦʜ F3 = 100. 

ʇʫʩʪʴ Hi = Hi+1 || Hi+2 || é || Hn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʳʡ ʢʦʜ ʬʠʛʫʨ ʩ 

ʧʨʠʦʨʠʪʝʪʦʤ ʚʳʰʝ ʪʝʢʫʱʝʡ ʬʠʛʫʨʳ. ʊʦʛʜʘ ʜʣʷ ʧʝʨʚʦʡ ʬʠʛʫʨʳ H1 = F2 || F3 = 110, 

ʜʣʷ ʚʪʦʨʦʡ ï H2 = F3 = 100, ʘ ʜʣʷ ʪʨʝʪʴʝʡ H3 = 000 (ʛʜʝ || ï ʙʠʪʦʚʘʷ ʦʧʝʨʘʮʠʷ ʀʃʀ). 

ʉʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʨʠʦʨʠʪʝʪʘ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ 

ʬʠʛʫʨʳ. ʆʧʝʨʘʮʠʷ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʦʥʪʫʨʘʤ ʬʠʛʫʨ ʩ ʧʨʠʦʨʠʪʝʪʦʤ, ʥʘʯʠʥʘʷ 

ʦʪ ʥʘʠʚʳʩʰʝʛʦ, ʟʘʢʘʥʯʠʚʘʷ ʢʦʥʪʫʨʦʤ ʬʠʛʫʨʳ, ʧʨʠʦʨʠʪʝʪ ʢʦʪʦʨʦʡ ʥʘ ʩʪʫʧʝʥʴ ʚʳʰʝ 

ʪʝʢʫʱʝʛʦ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʜʫʨʫ ʩʝʯʝʥʠʷ ʦʧʠʰʝʤ ʜʣʷ ʧʝʨʚʦʡ ʬʠʛʫʨʳ, ʦʙʣʘʜʘʶʱʝʡ 

ʥʠʟʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʧʨʦʚʦʜʠʪʩʷ ʩʝʯʝʥʠʝ ʚʜʦʣʴ ʢʦʥʪʫʨʘ ʪʨʝʪʴʝʡ 

ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ. ʇʫʩʪʴ, K13 ï ʢʣʶʯʝʚʦʡ ʢʦʜ ʩʝʯʝʥʠʷ ʧʝʨʚʦʡ ʬʠʛʫʨʳ ʧʦ ʢʦʥʪʫʨʫ 

ʪʨʝʪʴʝʡ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ: K13 = H1^F3 = 110^100 = 010 (ʛʜʝ ^ ï 

ʙʠʪʦʚʘʷ ʦʧʝʨʘʮʠʷ ʠʩʢʣʶʯʘʶʱʝʛʦ ʀʃʀ). ɺʚʝʜʸʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʠʥʘʨʥʳʡ ʢʦʜ D3, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʬʠʛʫʨ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʫʯʘʩʪʦʢ ʪʨʝʪʴʝʛʦ ʢʦʥʪʫʨʘ. ɿʜʝʩʴ D3 ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {F1 = 

001, F2 = 010, F1 || F2 = 011}. ɺʚʝʜʸʤ ʙʠʥʘʨʥʳʡ ʢʦʜ R13 = K13&D3 (ʛʜʝ & ï ʙʠʪʦʚʘʷ 

ʦʧʝʨʘʮʠʷ ʀ) ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʝʯʝʥʠʷ. ʃʠʰʴ ʜʣʷ ʪʝʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʥʪʫʨʘ, ʛʜʝ R13 = 0, ʧʨʦʚʦʜʠʪʩʷ 

ʩʝʯʝʥʠʝ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʝʩʣʠ ʢʦʥʪʫʨ ʪʨʝʪʴʝʡ ʬʠʛʫʨʳ ʧʝʨʝʩʝʢʘʝʪ ʠ ʧʝʨʚʫʶ, ʠ ʚʪʦʨʫʶ 

ʦʙʣʘʩʪʴ, ʦʧʝʨʘʮʠʷ ʩʝʯʝʥʠʷ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɺʪʦʨʳʤ ʰʘʛʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʝʯʝʥʠʝ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ ʚʜʦʣʴ ʢʦʥʪʫʨʘ ʚʪʦʨʦʡ 

ʬʠʛʫʨʳ, ʪʦʛʜʘ K12 = 110^010 = 100, D2 ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ {001, 100, 101}. 

ɿʜʝʩʴ R12 = 0 ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʯʘʩʪʦʢ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʣʠʰʴ ʩ ʧʝʨʚʦʡ ʬʠʛʫʨʦʡ. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʧʨʦʮʝʜʫʨʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʥʝ ʧʨʠʭʦʜʠʪʩʷ 

ʚʳʧʦʣʥʷʪʴ ʨʝʘʣʴʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦ ʚʩʝʤ ʢʦʥʪʫʨʘʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭ ʰʘʛʦʚ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʦʚʳʝ ʛʨʘʥʠʮʳ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ, ʥʝ ʠʤʝʶʱʝʡ 

ʧʝʨʝʢʨʳʪʠʡ ʩ ʦʩʪʘʣʴʥʳʤʠ ʬʠʛʫʨʘʤʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4.6. 
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ʈʠʩʫʥʦʢ 2.4.6 ï ʇʝʨʚʘʷ ʬʠʛʫʨʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʩʝʯʝʥʠʷ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʚʪʦʨʦʡ ʬʠʛʫʨʳ H2 = 100, ʠ, ʩʦʛʣʘʩʥʦ ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ ʧʨʝʜʣʦʞʝʥʠʶ, ʩʝʯʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʢʦʥʪʫʨʫ ʪʨʝʪʴʝʡ ʩʝʪʢʠ, ʪʦʛʜʘ K23 = 100^100 = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ R23 ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʥʫʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʝʨʘʮʠʠ ʩʝʯʝʥʠʷ ʧʦ ʚʩʝʤʫ ʢʦʥʪʫʨʫ (ʨʠʩʫʥʦʢ 2.4.7). 

 
ʈʠʩʫʥʦʢ 2.4.7 ï ɺʪʦʨʘʷ ʬʠʛʫʨʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʩʝʯʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʪʨʝʪʴʷ ʬʠʛʫʨʘ ʦʙʣʘʜʘʝʪ ʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ, ʪʦ ʦʥʘ ʦʩʪʘʸʪʩʷ ʚ 

ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʘʶʪʩʷ ʬʠʛʫʨʳ, ʥʝ ʠʤʝʶʱʠʝ ʧʝʨʝʭʣʸʩʪʦʚ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4.8. 
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ʈʠʩʫʥʦʢ 2.4.8 ï ʈʝʟʫʣʴʪʘʪ ʩʝʯʝʥʠʷ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʷ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʪʫʨʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʦʙʣʘʜʘʝʪ 

ʣʠʰʴ ʦʜʥʠʤ ʫʩʣʦʚʥʳʤ ʧʝʨʝʭʦʜʦʤ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʘʨʢʠʨʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʠʩʢʘ ʧʝʨʝʩʝʯʝʥʠʡ. ʇʦʜʭʦʜʳ, 

ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [Bonet&Peraire, 1991], ʚʢʫʧʝ ʩ ʧʨʠʚʝʜʸʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʤʘʨʢʠʨʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʢ 

( )logÖface cellO n n , ʛʜʝ facen , celln  ï ʯʠʩʣʦ ʛʨʘʥʝʡ ʥʘ ʛʨʘʥʠʮʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ ʠʥʪʝʨʬʝʡʩ, ʠ ʯʠʩʣʦ ʷʯʝʝʢ ʩʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʬʠʛʫʨ. ʀʟ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʧʨʠʦʨʠʪʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʨʦʙʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʨʘʩʯʸʪʥʳʭ ʩʝʪʦʢ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʫʢʨʫʧʥʸʥʥʦʡ ʙʣʦʢ-ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 2.4.9). 




































































































































