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ɺɺɽɼɽʅʀɽ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʥʘʤʠʢʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʨʠʯʠʥʳ ʠʭ ʚʳʟʳʚʘʶʱʠʝ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʦʙʩʫʞʜʘʝʤʳʭ ʪʝʤ ʚ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʵʢʦʣʦʛʠʠ (ɻʠʤʤʝʣʴʬʘʨ ʠ ʜʨ., 1974; ɼʘʞʦ, 1975; 

ʆʜʫʤ, 1975; ʋʠʣʴʷʤʩʦʥ, 1975; ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Gurney, Nisbet, 1998; Inchausti, 

Ginzburg, 1998; ɹʘʟʳʢʠʥ, 2003; Ginzburg, Colyvan, 2004; ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; ʅʦʚʠʢʦʚ ʠ ʜʨ., 

2012; Barraquand et al., 2017). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʦ ʟʘʢʦʥʦʤʝʨʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ, ʥʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʷʚʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢ ʜʨʫʛʠʤ.  

ʉʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʷʚʣʷʶʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʮʠʢʣʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ ʣʝʤʤʠʥʛʘ Lemmus lemmus ʥʘ ʖʛʝ ʅʦʨʚʝʛʠʠ (Kausrud et al., 2008) ʠ ʢʨʘʩʥʦ-

ʩʝʨʦʡ ʧʦʣʸʚʢʠ Clethrionomys rufocanus, ʦʙʠʪʘʶʱʝʡ ʚ ʌʠʥʣʷʥʜʠʠ (Henttonen, Wallgren, 2001). 

ɺʦʟʤʦʞʥʘ ʠ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʝʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ ʚʦʢʨʫʛ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʩʤʝʥʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʧʫʣʷʮʠʠ ʙʝʣʦʛʦ ʛʫʩʷ Chen caerulescens ʰʪʘʪʘ ʅʴʶ-

ʁʦʨʢ (ʉʐɸ) ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʬʘʢʪʠʯʝʩʢʠ ʤʦʥʦʪʦʥʥʦʛʦ ʨʦʩʪʘ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʤʝʥʠʣʘʩʴ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʝʨʝʥʘʩʳʱʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

(http://www.dec.ny.gov/outdoor/50514.html). ɽʱʝ ʦʜʠʥ ʪʠʧ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩʚʷʟʘʥ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥ ʮʠʢʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʧʫʣʷʮʠʠ ʚʝʯʝʨʥʝʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʜʫʙʦʥʦʩʘ 

Coccothraustes vespertinus ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʥʘʜʳ ʠ ʉʝʚʝʨʝ ʉʐɸ ʦʪʤʝʯʘʣʩʷ ʧʝʨʝʭʦʜ ʦʪ 

ʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʢ ʪʨʝʭʣʝʪʥʠʤ (http://www.birdsource.org/Features/Evegro). ʇʦʜʦʙʥʳʝ 

ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʚ ʧʦʧʫʣʷʮʠʷʭ ʣʝʤʤʠʥʛʘ ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʧʦʣʸʚʦʢ: ʦʥʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʮʠʢʣʳ ʩ ʧʝʨʠʦʜʦʤ 2, 3 ʠ 4 ʛʦʜʘ (ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004; ɾʠʛʘʣʴʩʢʠʡ, 

2011). ɹʦʣʝʝ ʪʦʛʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʜʠʥʘʤʠʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ (Henson et. al., 1998) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʦʧʫʣʷʮʠʷʭ ʤʫʯʥʦʛʦ ʭʨʫʱʘʢʘ Tribolium castaneum ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʨʘʟʥʳʭ 

ʧʨʦʪʠʚʦʬʘʟʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʞʠʤʘ. 

ɺʝʜʫʱʝʡ ʢʦʥʮʝʧʮʠʝʡ ʦ ʧʨʠʯʠʥʘʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʩʘʤʦʨʝʛʫʣʷʮʠʠ (Lack, 1954; 

ɻʠʤʤʝʣʴʬʘʨ ʠ ʜʨ., 1974; ɼʘʞʦ, 1975; ʆʜʫʤ, 1975; ʋʠʣʴʷʤʩʦʥ, 1975; ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; 

Boer, Reddingius, 1996; Gurney, Nisbet, 1998; Inchausti, Ginzburg, 1998; Ginzburg, Colyvan, 2004; 

ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; ʅʦʚʠʢʦʚ ʠ ʜʨ., 2012; Barraquand et al., 2017), ʚ ʢʦʪʦʨʦʡ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚ 

ʩʠʣʫ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʣʠʙʦ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʣʠʙʦ ʨʦʞʜʘʝʤʦʩʪʠ ʦʩʦʙʝʡ. 

ʄʝʭʘʥʠʟʤʳ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʪʝʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ. ʊʘʢ ʧʨʠ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʭʚʘʪʘʝʪ ʨʝʩʫʨʩʦʚ, 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʧʨʠʯʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩ ʟʘʤʝʜʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʩʫʨʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ 
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ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚ ʩʠʣʫ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʨʦʩʰʝʡ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ 

ʨʝʩʫʨʩʳ, ʟʘʧʫʩʢʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʣʠʙʦ 

ʨʦʞʜʘʝʤʦʩʪʠ (ɼʘʞʦ, 1975; ʆʜʫʤ, 1975; ʋʠʣʴʷʤʩʦʥ, 1975; ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004; ʌʨʠʩʤʘʥ 

ʠ ʜʨ., 2010; ʅʦʚʠʢʦʚ ʠ ʜʨ., 2012; Krebs, 2013) ʣʠʙʦ ʚʳʞʠʚʘʝʤʦʩʪʠ (ɼʘʞʦ, 1975; ʆʜʫʤ, 1975; 

ʋʠʣʴʷʤʩʦʥ, 1975). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ (ʐʘʧʠʨʦ, 1972; May, 1975) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ ʚʝʜʫʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʥʝʨʝʛʫʣʷʨʥʳʭ 

ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʧʣʦʪʥʦʩʪʥʘʷ ʨʝʛʫʣʷʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ, ʣʠʙʦ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʦʜʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ (ʐʘʧʠʨʦ, 1972; 1983; ʌʨʠʩʤʘʥ ʠ ʜʨ., 1988; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994). ʇʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʦʙʳʯʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʨʘʟʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʩʫʨʩ. ʆʜʥʘʢʦ, ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ (ʆʜʫʤ, 1975; ʇʠʘʥʢʘ, 1981) ʠ ʙʝʟʫʩʣʦʚʥʦ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʩʦʙʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʧʦʣʘ, ʛʝʥʦʪʠʧʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʬʝʥʦʪʠʧ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʠ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʫʯʘʩʪʠʷ ʚ ʨʘʟʤʥʦʞʝʥʠʠ (ɻʠʤʤʝʣʴʬʘʨ ʠ ʜʨ., 1974; ʆʜʫʤ, 1975; ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 

1978; Caswell, 2001; ʃʦʛʦʬʝʪ, 2002). ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʫʯʝʪ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʰʠʨʷʝʪ 

ʜʠʘʧʘʟʦʥ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʝʟʦʥʥʦʩʪʴ ʨʘʟʤʥʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʩʮʝʥʘʨʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ï ʩʮʝʥʘʨʠʡ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ (ʐʘʧʠʨʦ, 

1983; ʐʘʧʠʨʦ, ʃʫʧʧʦʚ, 1983; ʌʨʠʩʤʘʥ, 1994; ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2011, ʌʨʠʩʤʘʥ ʠ ʜʨ., 2019). 

ɹʠʬʫʨʢʘʮʠʷ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ ʚ ʜʠʩʢʨʝʪʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʷʭ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʙʠʬʫʨʢʘʮʠʠ ɸʥʜʨʦʥʦʚʘ-ʍʦʧʬʘ ʚ ʥʝʧʨʝʨʳʚʥʳʭ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʞʜʝʥʠʶ ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ. 

ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʜʠʩʢʨʝʪʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʥʳ 

ʦʧʠʩʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʦʜʝʣʷʭ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ, ʥʦ ʠ çʟʘʰʫʤʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷè. ɼʘʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʨʘʟʥʳʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʚʠʜ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʨʷʜʢʦʤ ʦʙʭʦʜʘ ʧʨʝʜʝʣʴʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ (ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012ʘ). ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ 

ʪʦʯʢʠ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʦʣʥʷʶʪ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʠʥʚʘʨʠʘʥʪʥʫʶ ʢʨʠʚʫʶ, ʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʧʦʜʦʙʥʳʝ 

ʧʦʚʝʜʝʥʠʶ ʪʨʘʝʢʪʦʨʠʡ ʚ ʥʝʧʨʝʨʳʚʥʳʭ ʤʦʜʝʣʷʭ. ɺ ʩʣʫʯʘʝ ʞʝ çʟʘʰʫʤʣʝʥʥʦʛʦ ʮʠʢʣʘè, 

ʠʥʚʘʨʠʘʥʪʥʘʷ ʢʨʠʚʘʷ ʟʘʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʠʞʝʥʠʝʤ ʧʦ ʵʣʝʤʝʥʪʘʤ ʮʠʢʣʘ, ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʯʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʵʣʝʤʝʥʪʳ ʮʠʢʣʘ, ʘ ʥʝʢʦʪʦʨʦʝ ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ çʨʘʟʤʳʚʘʥʠʶè ʮʠʢʣʘ. 

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ, ʷʚʣʷʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʧʠʩʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʬʘʢʪʦʨʦʚ ʵʢʟʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʧʫʣʷʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʠʟʤʝʥʷʝʪʩʷ ʣʠʙʦ ʩʣʫʯʘʡʥʦ (ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ) (Hanski et 

al., 1993; Senina, Tyutyunov, Arditi, 1999; Tyutyunov et al., 2002; Nater et al., 2018; ʊʶʪʶʥʦʚ ʠ ʜʨ., 

2020), ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʤʦʜʝʣʠ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʤʦʜʝʣʠ). ʇʨʠʤʝʨʦʤ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʣʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʜʝʣʷʭ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ (ɸʰʠʭʤʠʥʘ ʠ ʜʨ., 1982; Ashichmina et al., 1985; Aanes et al., 2000; 

Kausrud et al., 2008; ʈʝʚʫʮʢʘʷ, 2010; ʉʫʭʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2015, 2020), ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ. ɽʱʝ ʦʜʥʠʤ ʧʨʠʝʤʦʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʬʘʢʪʦʨʘ 

ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʯʪʦʙʳ 

ʦʧʠʩʘʪʴ ʝʛʦ ʜʠʥʘʤʠʢʫ (ʥʘʧʨʠʤʝʨ, Edwards, Powell, Batchelder, 2000; Franks, 2002; ɸʙʘʢʫʤʦʚ, 

ʀʟʨʘʠʣʴʩʢʠʡ, 2013; ɼʝʛʝʨʤʝʥʜʞʠ, ɸʙʘʢʫʤʦʚ, 2018). ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ 

ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʩʯʠʪʘʝʪʩʷ ʢʣʠʤʘʪ (Kausrud et 

al., 2008; Myers et al., 2009; Magnusson et al., 2010; Terry et al., 2011; Korpela et al., 2013; Schmidt 

et al., 2018). ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʢʦʥʦʤʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʷʚʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢ ʜʨʫʛʠʤ, ʚ ʢʦʥʪʝʢʩʪʝ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʅʝʨʝʜʢʦ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʤʝʞʚʠʜʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ɹʘʟʳʢʠʥ, 1985; Hanski et al., 1993; ʈʠʟʥʠʯʝʥʢʦ, ʈʫʙʠʥ, 2004; Sabo, 2005; 

ɸʧʦʥʠʥ, ɸʧʦʥʠʥʘ, 2009; Elmhagen et al., 2011; ʇʘʭʪ, ɸʙʘʢʫʤʦʚ, 2011; Xu, Wu, Lu, 2014; 

ɹʘʰʢʠʨʮʝʚʘ ʠ ʜʨ., 2016; ɸʙʨʘʤʦʚʘ, ʈʷʟʘʥʦʚʘ, 2019). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʦʜʠʥ ʠʟ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʩʦʦʙʱʝʩʪʚʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʧʠʩʘʥʠʝ ʠ ʫʯʝʪ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (Kostitzin, 1937; ʂʦʣʤʦʛʦʨʦʚ, 1972; ɹʘʟʳʢʠʥ, 1985; 

ʀʩʭʘʢʦʚ, ʉʫʭʦʚʦʣʴʩʢʠʡ, 2004; Fussmann et al., 2007; Tyutyunov et al., 2008, 2013; ʄʝʜʚʠʥʩʢʠʡ ʠ 

ʜʨ., 2009; ɸʙʘʢʫʤʦʚ, ʀʟʨʘʠʣʴʩʢʠʡ, 2013; ʊʠʪʦʚʘ ʠ ʜʨ., 2017; ɼʝʛʝʨʤʝʥʜʞʠ, ɸʙʘʢʫʤʦʚ, 2018; 

ʈʝʚʫʮʢʘʷ, ʂʫʣʘʢʦʚ, ʌʨʠʩʤʘʥ, 2019; Yamamichi, 2020), ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ 

ʪʨʦʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (Holling, 1965; ɹʘʟʳʢʠʥ, 1985; Caswell, 2001; ʊʶʪʶʥʦʚ, ʊʠʪʦʚʘ, 2018). 

ɺ ʮʝʣʦʤ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʚʝʜʫʱʠʭ ʢ ʩʤʝʥʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ, ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʚʳʟʳʚʘʪʴ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʦʜʥʘ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʠ ʛʠʧʦʪʝʟ, ʦʙʲʷʩʥʷʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʪʩʷ ʬʝʥʦʤʝʥ 

ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ 

ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʵʥʜʦ- ʠ 

ʵʢʟʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʠʝ ʵʢʦʣʦʛʦ- ʠ ʵʢʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ ʚ ʟʘʜʘʯʘʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʤʝʥʳ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʚ 

ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ.  



7 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʜʠʥʘʤʠʢʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʝʥʠʝ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ. 

2. ʀʟʫʯʝʥʠʝ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʚ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʵʚʦʣʶʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʩʦʙʝʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ.  

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʩʢʦʨʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʩʣʘ. 

5. ʀʟʫʯʝʥʠʝ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ çʭʠʱʥʠʢ-

ʞʝʨʪʚʘè ʚ ʭʦʜʝ ʤʝʞʚʠʜʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ. 

6. ʀʣʣʶʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʥʘ 

ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

1. ɺʳʧʦʣʥʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ, 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʞʠʟʥʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʠ 

ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʠʩʳʚʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʩʤʝʥʫ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʨʝʜʣʦʞʝʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʘʥʝʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʕʥʦ ʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ (Saucedo-Solorio et 

al., 2002; Shrimali et al., 2008; Pisarchik, Feudel, 2014; ʠ ʜʨ.). ɺ ʨʘʤʢʘʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʤʦʜʝʣʝʡ 

ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʘʪʪʨʘʢʪʦʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦ ʵʪʦʛʦ ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʟʘʤʝʯʝʥʥʳʤʠ. ɼʣʷ ʦʪʨʘʞʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘʤʠ ʙʳʣʦ ʚʚʝʜʝʥʦ ʥʦʚʦʝ ʧʦʥʷʪʠʝ çʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴè. ɺ ʨʘʤʢʘʭ 

ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʪʘʢ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʤʝʥʫ ʧʝʨʠʦʜʘ ʠʣʠ ʞʝ ʬʘʟʳ ʥʘʙʣʶʜʘʝʤʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

2. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʵʚʦʣʶʮʠʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʞʠʟʥʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʤʦʜʝʣʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʜʚʫʤʷ ʚʦʟʨʘʩʪʥʳʤʠ ʢʣʘʩʩʘʤʠ, ʢʦʛʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʢʨʦʵʚʦʣʶʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʩʦʙʝʡ ʧʨʠ 
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ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ; ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ 

ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʩʮʝʥʘʨʠʠ ʤʠʢʨʦʵʚʦʣʶʮʠʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʷʪʴ 

ʠ ʦʧʠʩʳʚʘʪʴ ʚʳʨʘʞʝʥʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʦʩʦʙʝʡ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ (ɾʠʚʦʪʦʚʩʢʠʡ ʠ ʜʨ., 1989; Zhivotovsky et al., 

1994; ɽʬʨʝʤʦʚ, 2002; ʇʫʩʪʦʚʦʡʪ, 2011, 2017; Beacham et al., 2012; Sato, Urawa, 2017). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʦʜʝʣʠ ʜʦʧʫʩʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʘʤʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʧʫʣʷʮʠʠ ʠ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʝʝ ʯʠʩʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ. 

3. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʙʠʣʠʷ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʜʠʥʘʤʠʢʝ ʧʦʧʫʣʷʮʠʡ ʩ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʧʦʢʦʣʝʥʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʣʷʝʤʳʭ ʧʦʧʫʣʷʮʠʝʡ; ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʨʝʞʠʤʦʚ 

ʜʠʥʘʤʠʢʠ ʝʝ ʯʠʩʣʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ ʠʣʣʶʩʪʨʘʮʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʥʘʩʝʢʦʤʳʭ. ʂʘʢ 

ʦʢʘʟʘʣʦʩʴ, ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʣʴʥʦʡ ʜʠʥʘʤʠʢʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. ʀʩʩʣʝʜʦʚʘʥ ʯʘʩʪʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʥʝʢʦʪʦʨʳʡ ʬʘʢʪʦʨ ʵʢʟʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʦʢʘʟʳʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ. ɺʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʚ ʧʦʧʫʣʷʮʠʷʭ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʦʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

4. ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʚʣʠʷʥʠʷ ʧʨʦʤʳʩʣʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʥʘ ʜʠʥʘʤʠʢʫ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʷʭ ʠʟʲʷʪʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ 

ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʩʣʘ. ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʨʦʤʳʩʣʘ ʚ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʧʦʧʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ. 

5. ʈʘʩʩʤʦʪʨʝʥʳ ʨʦʣʴ ʤʝʞʚʠʜʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʭʠʱʥʠʢ-ʞʝʨʪʚʘè ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʚ ʜʠʥʘʤʠʢʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ çʭʠʱʥʠʢ-ʞʝʨʪʚʘè ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠʟʲʷʪʠʷ 

ʦʩʦʙʝʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʦʙʲʷʩʥʝʥʠʷ  ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ.  
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʵʚʦʣʶʮʠʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʩʫʱʠʭ ʩʚʦʙʦʜʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʦʧʫʣʷʮʠʠ; ʠ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʪʝʦʨʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʤʳʩʣʦʚʳʤ ʠʟʲʷʪʠʝʤ, ʩʣʫʞʠʪ ʦʙʦʩʥʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ ʚ 

ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʠʜʝʦʣʦʛʠʠ ʤʦʜʝʣʝʡ ʃʝʩʣʠ ʠ ʃʝʬʢʦʚʠʯʘ 

(ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Caswell, 2001; ʃʦʛʦʬʝʪ, 2002) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʐʘʧʠʨʦ, ʃʫʧʧʦʚ, 1983). ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʘʣʣʝʣʝʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʝʡ ʦʜʥʦʣʦʢʫʩʥʦʛʦ ʦʪʙʦʨʘ ʥʘ 

ʩʣʫʯʘʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʥʘ ʜʠʥʘʤʠʢʫ 

ʧʦʧʫʣʷʮʠʡ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʄʦʨʘʥʘ-ʈʠʢʝʨʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʢʘʮʠʶ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʈʠʢʝʨʘ (Moran, 1950; Ricker, 1954). ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʩʦʦʙʱʝʩʪʚ çʭʠʱʥʠʢïʞʝʨʪʚʘè ʧʨʝʜʣʦʞʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʨʘʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʧʫʣʷʮʠʡ ʞʝʨʪʚʳ ʠ ʭʠʱʥʠʢʘ: ʤʝʞʚʠʜʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʍʦʣʣʠʥʛʘ II 

ʪʠʧʘ (Holling, 1965; Caswell, 2001).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʘʧʧʘʨʘʪʘ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʵʣʝʤʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʚʪʦʨʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʢʘʢ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (C++, Python), ʪʘʢ ʠ 

ʚ ʩʨʝʜʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ (Maple, Mathcad). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʘʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʳʭ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʬʫʨʢʘʮʠʡ, 

ʧʦʩʪʨʦʝʥʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ, ʢʘʨʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʙʘʩʩʝʡʥʦʚ ʘʪʪʨʘʢʪʦʨʦʚ 

(ʧʨʠʪʷʞʝʥʠʷ), ʣʷʧʫʥʦʚʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʜʨ. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʝʪʦʜʘ ʰʪʨʘʬʥʳʭ 

ʬʫʥʢʮʠʡ. ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʤʦʜʝʣʴʥʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ 

ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ (Bard, 1974; ʂʨʝʤʝʨ, 

2004).  
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ʉʤʝʥʘ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʚ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʚʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩʣʫʯʘʡʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʞʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʩʤʝʥʝ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ. 

ɿʘʢʦʥʦʤʝʨʥʦʡ ʨʦʩʪ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʦʩʦʙʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʤʝʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʩʝʟʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʮʠʷ ʪʝʢʫʱʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʫʯʘʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʚ ʧʦʧʫʣʷʮʠʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ 

ʵʚʦʣʶʮʠʠ ʧʦʧʫʣʷʮʠʠ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʵʚʦʣʶʮʠʦʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʦʪ 

ʤʦʥʦʤʦʨʬʠʟʤʘ ʢ ʧʦʣʠʤʦʨʬʠʟʤʫ ʠ ʦʙʨʘʪʥʦ, ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʣʠʙʦ 

ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ. 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʠ ʤʝʞʚʠʜʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʩʣʘʙʣʷʷ ʠʣʠ ʫʩʠʣʠʚʘʷ 

ʧʨʦʮʝʩʩʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʩ 

ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠʷ. ʉʣʫʯʘʡʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʧʦʩʪʦʷʥʥʦ ʙʣʫʞʜʘʶʪ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʙʘʩʩʝʡʥʳ 

ʧʨʠʪʷʞʝʥʠʷ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʞʠʤʦʚ ʠʟʤʝʥʷʶʪʩʷ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʩʢʘʢʠʚʘʝʪ 

ʠʟ ʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʜʨʫʛʦʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʝʨʝʜʦʡ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʠʟʲʷʪʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʜʝʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ; ʦʜʥʘʢʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʩʚʦʙʦʜʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʦʧʫʣʷʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʲʷʪʠʝ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴ ʪʝʢʫʱʫʶ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠʟ ʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ ʚ ʜʨʫʛʦʡ ʠ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʭʘʨʘʢʪʝʨʘ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ. ʅʝʨʝʛʫʣʷʨʥʳʡ ʩʙʦʨ ʫʨʦʞʘʷ ʠʣʠ ʠʟʤʝʥʷʶʱʘʷʩʷ ʜʦʣʷ ʠʟʲʷʪʠʷ 

ʤʦʛʫʪ ʨʘʩʢʘʯʘʪʴ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʚʘʨʠʘʮʠʠ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʪʦ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʧʦʧʘʜʘʣʘ ʚ ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʡ 

ʜʠʥʘʤʠʢʠ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʦʙʝʩʧʝʯʝʥʘ ʢʦʨʨʝʢʪʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʯʠʩʣʝʥʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɼʚʘʜʮʘʪʴ ʉʝʜʴʤʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʢʘ. ʂʦʤʧʴʶʪʝʨ. ʆʙʨʘʟʦʚʘʥʠʝè, XI ʆʙʱʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʩ 



11 

 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɹʠʦʬʠʟʠʢʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤè (ɼʫʙʥʘ, 2020); International Conference 

dynamical systems applied to biology and natural sciences, DSABNS (Trento, Italy, 2020; Napoli, 

Italy, 2019); Cʲʝʟʜ ʙʠʦʬʠʟʠʢʦʚ ʈʦʩʩʠʠ (ʉʦʯʠ, 2019; ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2015); ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʵʢʦʣʦʛʠʠè (ʇʫʱʠʥʦ, 2019, 2017, 2015, 2013); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘè (ʇʫʱʠʥʦ, 2018, 2016, 2014); Mathematical Methods and Models in 

Biosciences (Biomath) (Bňdlewo, Poland, 2019); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ, ʧʦʩʚʷʱʝʥʥʳʡ 100-

ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʉ.ʉ. ʐʚʘʨʮʘ çʕʢʦʣʦʛʠʷ ʠ ʵʚʦʣʶʮʠʷ: ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2019); 

6th International Wildlife and Game Management Symposium (Sofia, Bulgaria, 2018); Conference: 

new trends in mathematical biology (Barcelona, 2018); ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭè (ʂʨʘʩʥʦʷʨʩʢ, 2018, 

2016, 2014); The International Society for Ecological Modelling Global (Jeju, Korea, 2017); 

Conference-School Dynamics, Bifurcations and Chaos (Nizhny Novgorod, Russia, 2016); 13-th 

International Conference of Numerical Analysis and Applied Mathematics (Rhodes, Greece, 2015); 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʟʝʤʣʝʜʝʣʠʠè, 

ʧʦʩʚʷʱʝʥʥʦʛʦ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʈʘʪʤʠʨʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ʇʦʣʫʵʢʪʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2014);  International Conference Models in Population Dynamics and Ecology (MPDE) (Torino, Italy, 

2014; Germany, 2013); Ecological Modelling for Ecosystem Sustainability in the context of Global 

Change (France, 2013); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ ʃ.ʇ. ʐʠʣʴʥʠʢʦʚʘ 

(ʅʦʚʛʦʨʦʜ, 2013); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʘʛʨʦʵʢʦʣʦʛʠʠè, ɹʘʨʥʘʫʣ, 2012; International Congress 

on Environmental Modelling and Software. Managing Resources of a Limited Planet, Sixth Biennial 

Meeting (Leipzig, Germany, 2012); ʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷè (ɹʠʨʦʙʠʜʞʘʥ, 2018, 2016, 2012); ʈʝʛʠʦʥʘʣʴʥʘʷ ʰʢʦʣʘ-

ʩʝʤʠʥʘʨ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ çʊʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘè (ɹʠʨʦʙʠʜʞʘʥ, 2017, 2015, 2013). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 38 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ (29 ʠʟ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ ʈʌ); ʚ ʠʟʜʘʥʠʷʭ 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ï 10 ʨʘʙʦʪ, Scopus ï 

22. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ; ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʘʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ (ʌʨʠʩʤʘʥ, ʈʝʚʫʮʢʘʷ, ʅʝʚʝʨʦʚʘ, 2007, 2010 ʘ, ʙ, 2015; ʈʝʚʫʮʢʘʷ, ʅʝʚʝʨʦʚʘ, 

ʌʨʠʩʤʘʥ, 2008; ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010, 2020; Revutskaya, Neverova, Frisman, 2012; ʅʝʚʝʨʦʚʘ, 

ʍʣʝʙʦʧʨʦʩ, ʌʨʠʩʤʘʥ, 2017) ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʚʝʜʝʥ ʨʷʜ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; ʌʨʠʩʤʘʥ, ʈʝʚʫʮʢʘʷ, ʅʝʚʝʨʦʚʘ, 2010 ʘ; Frisman, Neverova, Revutskaya, 

2011) ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʚʠʜʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʯʠʩʣʝʥʥʦʩʪʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʂʫʣʘʢʦʚ, ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2014; ʈʝʚʫʮʢʘʷ ʠ ʜʨ., 2016, 

2017 ʘ, ʙ; ʈʝʚʫʮʢʘʷ, ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2018) ʘʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʨʷʜ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠ ʧʨʠʥʷʪʦ ʫʯʘʩʪʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʙʦʪʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʝʥʦʤʝʥʘ ʩʤʝʥʳ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ (ʅʝʚʝʨʦʚʘ, ɾʠʛʘʣʴʩʢʠʡ, ʌʨʠʩʤʘʥ, 2013; 

ʌʨʠʩʤʘʥ ʠ ʜʨ., 2014, 2015; ʂʫʣʘʢʦʚ, ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2016; Frisman, Neverova, Kulakov, 

2016; Neverova, Kulakov, Frisman, 2019) ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ, ʝʝ 

ʯʠʩʣʝʥʥʦʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 

ʨʘʙʦʪʘʭ (Neverova, Yarovenko, Frisman, 2016; ɾʜʘʥʦʚʘ, ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2018; ʅʝʚʝʨʦʚʘ, 

ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2019, 2020 ʘ, ʙ; Neverova et al., 2019; ʌʨʠʩʤʘʥ, ɾʜʘʥʦʚʘ, ʅʝʚʝʨʦʚʘ, 2020; 

Neverova, Zhdanova, Frisman, 2020) ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ, 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ, ʪʘʢʞʝ ʫʯʘʩʪʠʝ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʣʠʷʥʠʝ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʠʟʲʷʪʠʷ ʥʘ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ (ʅʝʚʝʨʦʚʘ, ɸʙʘʢʫʤʦʚ, 

ʌʨʠʩʤʘʥ, 2016, 2017; Neverova et al., 2018) ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ, 

ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʮʠʢʣʝ ʨʘʙʦʪ, ʠʩʩʣʝʜʫʶʱʝʤ ʚʣʠʷʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ ʥʘ 

ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ (ʐʣʶʬʤʘʥ, ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2016, 2017, 2018; ʌʨʠʩʤʘʥ, ʅʝʚʝʨʦʚʘ, 

ʐʣʶʬʤʘʥ, 2019) ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ, ʪʘʢʞʝ ʘʚʪʦʨʦʤ 

ʚʳʧʦʣʥʝʥ ʨʷʜ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʠʥʷʪʦ ʫʯʘʩʪʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʠ 

ʟʘʢʣʶʯʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 293 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 126 

ʠʣʣʶʩʪʨʘʮʠʡ ʠ 2 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 369 ʥʘʠʤʝʥʦʚʘʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʶ 

ʜʦʧʦʣʥʷʝʪ ʧʨʠʣʦʞʝʥʠʝ. 
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ɻʃɸɺɸ 1 ʉʄɽʅɸ ɼʀʅɸʄʀʏɽʉʂʀʍ ʈɽɾʀʄʆɺ ɺ ʃʀʄʀʊʀʈʆɺɸʅʅʓʍ 

ʇʆʇʋʃʗʎʀʗʍ ʉ ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʆʁ:  

ʄʋʃʔʊʀʉʊɸɹʀʃʔʅʆʉʊʔ ʀ ʄʋʃʔʊʀʈɽɾʀʄʅʆʉʊʔ 

ʆʪʢʨʳʪʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ (Ricker, 1954; ʐʘʧʠʨʦ, 1972; May, 1974, 1986; ʐʘʧʠʨʦ, ʃʫʧʧʦʚ, 

1983) ʜʘʣʦ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʠʨʦʜʳ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʙʦʩʥʦʚʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʤʘʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ ʧʦʧʫʣʷʮʠʡ (Leslie, 1945, 1948; Lefkovitch, 1965, ʉʚʠʨʝʞʝʚ, 

ʃʦʛʦʬʝʪ, 1978; ʃʦʛʦʬʝʪ, 1991; ʃʦʛʦʬʝʪ, ɹʝʣʦʚʘ, 2007) ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʘʜʠʡʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ (Hastings, 1992; Lebreton, 1996; Kooi, Kooijman, 1999). 

ʅʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʤʠ ʟʜʝʩʴ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʫʞʝ ʚ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʷʭ ʧʦʧʫʣʷʮʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʩʝʛʦ ʜʚʫʤʷ ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʩʦʙʝʡ (ʐʘʧʠʨʦ, 1983; ʌʨʠʩʤʘʥ ʠ ʜʨ., 

1988; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994; ʅʝʜʦʨʝʟʦʚ, ʅʝʢʣʶʜʦʚʘ, 1999; ʅʝʜʦʨʝʟʦʚ, ʋʪʶʧʠʥ, 2003). 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦ ʚʦʟʨʘʩʪʫ ʧʦʧʫʣʷʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ, 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ (ʐʘʧʠʨʦ, 1972; ʌʨʠʩʤʘʥ ʠ ʜʨ., 1988; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʥʘ ʨʦʞʜʘʝʤʦʩʪʴ ʠʣʠ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʴ (ʠʣʠ 

ʯʠʩʣʝʥʥʦʩʪʴ ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ), ʟʜʝʩʴ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʦʞʜʘʝʤʦʩʪʠ 

ʠʣʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʙʝʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʊʘʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʧʦʣʥʦʤ ʚʠʜʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ, ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʣʝʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʝʡ 

(ʩʮʝʥʘʨʠʠ ʧʝʨʝʭʦʜʦʚ ʦʪ ʫʩʪʦʡʯʠʚʦʡ ʜʠʥʘʤʠʢʠ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʣʠ 

ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʧʫʣʷʮʠʷʭ, 

ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʦʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ. 
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1.1 ʉʄɽʅɸ ɼʀʅɸʄʀʏɽʉʂʀʍ ʈɽɾʀʄʆɺ ɺ ʇʆʇʋʃʗʎʀʗʍ ɺʀɼʆɺ  

ʉ ʂʆʈʆʊʂʀʄ ɾʀɿʅɽʅʅʓʄ ʎʀʂʃʆʄ 

ʌʣʫʢʪʫʘʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʫ ʧʦʧʫʣʷʮʠʡ ʚʠʜʦʚ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʦʩʦʙʝʥʥʦ 

ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʠ ʟʘʛʘʜʦʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʝʥʦʤʝʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ, ʚʝʜʫʱʠʭ ʢ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʨʝʞʠʤʘʤ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʫʶ 

ʠʩʪʦʨʠʶ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ ʠ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʠʥʘʜʣʝʞʠʪ ʏʘʨʣʴʟʫ ʕʣʪʦʥʫ (Elton, 

1924). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʢʦʧʣʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʪʝʦʨʠʡ, 

ʦʙʲʷʩʥʷʶʱʠʭ ʤʝʭʘʥʠʟʤʳ ʬʣʫʢʪʫʠʨʫʶʱʝʛʦ ʧʦʚʝʜʝʥʠʷ (ɻʠʤʤʝʣʴʬʘʨʙ ʠ ʜʨ., 1974; ʆʜʫʤ, 1975; 

ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Gurney, Nisbet, 1998; Inchausti, Ginzburg, 1998; Ginzburg, Colyvan, 

2004; Krebs, 2013). ʆʜʥʘʢʦ ʥʠ ʦʜʥʘ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʣʫʢʪʫʘʮʠʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ, ʧʨʦʜʦʣʞʘʶʪ ʚʳʟʳʚʘʪʴ ʠʥʪʝʨʝʩ ʠ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʩʘʤʦʨʝʛʫʣʷʮʠʠ (ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ) (ʆʜʫʤ, 1975; 

ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Krebs, 2013; Lack, 1954; Boer, Reddingius, 1996). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʟʥʘʶʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ï ʵʪʦ ʪʦʪ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʬʣʫʢʪʫʘʮʠʡ (ʐʘʧʠʨʦ, 1983; 

Hastings, 1992; Dennis, Taper, 1994; Boer, Reddingius, 1996; Inchausti, Ginzburg, 1998; Hansen, 

Stenseth, Henttonen, 1999; ʌʨʠʩʤʘʥ, ʃʘʩʪ, ʃʘʟʫʪʢʠʥ, 2010; ʅʦʚʠʢʦʚ, ʇʘʥʦʚ, ʄʦʰʢʠʥ, 2012). ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ (ʵʥʜʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ) ʩʦʟʜʘʶʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ (ʩʝʟʦʥʦʚ), ʘ ʟʘʪʝʤ ʝʝ 

ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʚ ʩʠʣʫ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʚʠʜʦʚ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʤʳʰʝʚʠʜʥʳʝ ʛʨʳʟʫʥʳ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʩʦʙʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʳʰʝʚʠʜʥʳʝ ʛʨʳʟʫʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʘʚʪʦʨʝʛʫʣʷʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʩʪʨʝʩʩʦʤ. ɺ ʮʝʣʦʤ ʤʝʭʘʥʠʟʤʳ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʯʝʨʝʟ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ (ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004; ɾʠʛʘʣʴʩʢʠʡ, 2011; Krebs, 

2013). 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʩʧʦʩʦʙʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʧʨʠʯʝʤ ʥʘʩʪʦʣʴʢʦ ʩʝʨʴʝʟʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʥʠʢʘʝʪ ʚʧʝʯʘʪʣʝʥʠʝ, 

ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʥʝ ʨʘʙʦʪʘʶʪ. ɺ ʯʘʩʪʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʦʙʠʣʠʝ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʣʠʙʦ ʢ 

ʦʩʣʘʙʣʝʥʠʶ, ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʟʚʠʪʠʝ 

ʧʦʧʫʣʷʮʠʠ. ʊʘʢ ʚ ʛʦʜʳ ʦʙʠʣʠʷ ʧʠʱʠ ʚʥʫʪʨʠʚʠʜʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʨʝʩʫʨʩʳ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ. ʀ, ʥʘʦʙʦʨʦʪ, ʚ ʥʝʫʨʦʞʘʡʥʳʝ ʛʦʜʳ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʢʦʨʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʧʨʠʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ (Hanski et al., 1993; Kausrud et al., 2008; Elmhagen et al., 

2011; Korpela et al., 2013). ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʷʚʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢ ʜʨʫʛʠʤ. 

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʩʤʝʥ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʷʚʣʷʶʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʷ ʮʠʢʣʦʚ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʣʝʤʤʠʥʛʘ (Coulson, Malo, 2008; Kausrud et al., 2008; White, 2011) ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʧʦʣʝʚʦʢ (Henttonen, Wallgren, 2001; Cornulier et al., 2013). ʇʨʠʯʝʤ, ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʜʦ ʩʠʭ ʧʦʨ ʪʦʯʥʦ ʥʝ ʠʟʚʝʩʪʥʳ. 

ʉʤʝʥʫ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʫ ʩʠʩʪʝʤʳ 

ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʦʡʯʠʚʳʭ ʘʪʪʨʘʢʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʪʦʡʯʠʚʦʡ ʪʦʯʢʦʡ, 

ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʤ ʧʨʝʜʝʣʴʥʳʤ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ (ʥʘʧʨʠʤʝʨ, ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʨʤʠʥ çʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴè ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʩʢʦʣʴʢʦ ʚʚʦʜʠʪ ʚ 

ʟʘʙʣʫʞʜʝʥʠʝ, ʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʩʫʪʠ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝʘʣʴʥʳʭ 

ʦʙʲʝʢʪʘʭ (ʨʘʟʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ), ʙʦʣʝʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʦʝ ʧʦʥʷʪʠʝ çʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴè. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʧʨʠʨʦʜʝ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚʧʦʣʥʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʶ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʧʝʨʝʭʦʜʫ ʥʘ 

ʥʦʚʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ (ʄʝʜʚʠʥʩʢʠʡ ʠ ʜʨ., 2019) ʫʧʦʤʠʥʘʝʪʩʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʠʥʘʤʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʘʪʪʨʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʘ ʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʘʪʪʨʘʢʪʦʨʦʚ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʚʩʣʝʜʩʪʚʠʝ ʬʘʟʦʚʦʡ 

ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʷ ʧʝʨʝʤʝʥʦʡ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʴʥʘʷ 



16 

 

ʪʨʘʝʢʪʦʨʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʳʞʢʠ ʧʦ ʙʘʩʩʝʡʥʘʤ ʧʨʠʪʷʞʝʥʠʷ ʨʘʟʥʳʭ ʬʘʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʜʣʠʥʥʝʝ ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʝʤ ʙʦʣʴʰʝ 

ʬʘʟ ʵʪʦʛʦ ʮʠʢʣʘ ʩʦ ʩʚʦʠʤʠ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʨʝʜʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʪʴ ʜʠʥʘʤʠʢʫ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ ʥʘ 

ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʤʝʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ 

ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʅʝʚʝʨʦʚʘ, ɾʠʛʘʣʴʩʢʠʡ, ʌʨʠʩʤʘʥ, 

2013; ʌʨʠʩʤʘʥ ʠ ʜʨ., 2014, 2015; Frisman, Neverova, Kulakov, 2016). 

ʆʧʠʩʘʥʠʝ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ: ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 1.1. ɼʘʥʥʳʡ ʛʨʘʬ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʛʦʜʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʩʭʝʤʫ 1.1, ʦʧʠʰʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʡ ʩ 

ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʥʘ ʧʨʠʤʝʨʝ ʧʦʧʫʣʷʮʠʡ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ.  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, 

ʥʘ ʧʨʠʤʝʨʝ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ 

 

ɺʳʞʠʚʰʠʝ ʟʘ ʟʠʤʫ ʦʩʦʙʠ ʚʳʭʦʜʷʪ ʚʝʩʥʦʡ ʠʟ-ʧʦʜ ʩʥʝʛʘ ʠ ʥʘʯʠʪʘʶʪ ʨʘʟʤʥʦʞʘʪʴʩʷ. ʅʘ 

ʤʦʤʝʥʪ ʩʭʦʜʘ ʩʥʝʛʘ ʧʦʧʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ 

(ʠʤʝʶʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ xn) ʩʦʩʪʦʠʪ ʠʟ ʦʩʦʙʝʡ, ʚʧʝʨʚʳʝ ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʨʘʟʤʥʦʞʝʥʠʠ (ʚ 
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ʯʘʩʪʥʦʩʪʠ, ʠʟ ʦʩʦʙʝʡ, ʨʦʜʠʚʰʠʭʩʷ ʧʦʜ ʩʥʝʛʦʤ). ɺʪʦʨʘʷ ʛʨʫʧʧʘ (ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ yn) ʩʦʩʪʦʠʪ ʠʟ 

ʦʩʦʙʝʡ, ʨʘʟʤʥʦʞʘʚʰʠʭʩʷ ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʠ ʚʳʞʠʚʰʠʭ ʟʘ ʟʠʤʫ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʩʝʥʥʝ-ʣʝʪʥʝ-

ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʧʫʣʷʮʠʷ ʧʦʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʩʦʙʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʣʦʚʦʟʨʝʣʳʝ ʟʚʝʨʴʢʠ ʟʘ ʚʝʩʥʫ ʠ ʣʝʪʦ ʧʨʠʥʦʩʷʪ ʥʝʩʢʦʣʴʢʦ ʧʦʤʝʪʦʚ. ʇʦʜʨʦʩʰʠʝ 

ʩʝʛʦʣʝʪʢʠ ʪʘʢʞʝ ʚʩʪʫʧʘʶʪ ʚ ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʧʨʠʥʦʩʷʪ ʧʦʪʦʤʩʪʚʦ, ʥʘ ʩʭʝʤʝ ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ 

ʦʙʦʟʥʘʯʝʥʘ p1. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʩ ʙʳʩʪʨʳʤ ʩʦʟʨʝʚʘʥʠʝʤ ʤʦʣʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʘʚʪʦʨʝʛʫʣʷʮʠʠ, ʚʳʟʚʘʥʥʳʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʪʨʝʩʩʦʤ. ʉʪʨʝʩʩ-ʩʠʥʜʨʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʝʥʘʩʝʣʝʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʜʦʚʠʪʦʩʪʠ ʦʩʦʙʝʡ, ʚʧʣʦʪʴ ʜʦ ʨʘʩʩʘʩʳʚʘʥʠʷ ʯʘʩʪʠ 

ʟʘʣʦʞʝʥʥʳʭ ʵʤʙʨʠʦʥʦʚ (Lack, 1954; ʆʜʫʤ, 1975; ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Hastings, 1992; Boer, 

Reddingius, 1996; Inchausti, Ginzburg, 1998; ʌʨʠʩʤʘʥ, ʃʘʩʪ, ʃʘʟʫʪʢʠʥ, 2010; ɾʠʛʘʣʴʩʢʠʡ, 2011; 

ʅʦʚʠʢʦʚ, ʇʘʥʦʚ, ʄʦʰʢʠʥ, 2012; Krebs, 2013). ʊʘʢʞʝ ʚ ʪʘʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʟʤʥʦʞʝʥʠʝ ʤʦʣʦʜʳʭ ʟʚʝʨʴʢʦʚ. 

ɺ ʮʝʣʦʤ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʨʝʘʣʠʟʫʶʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ, ʢʦʛʜʘ 

ʧʦʧʫʣʷʮʠʷ ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʩʚʦʝʡ ʯʠʩʣʝʥʥʦʩʪʠ. ʇʦʟʜʥʝʡ ʦʩʝʥʴʶ ʧʦʧʫʣʷʮʠʷ çʫʭʦʜʠʪ ʧʦʜ ʩʥʝʛè ʥʘ 

ʚʩʶ ʟʠʤʫ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʧʫʣʷʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʛʦʣʝʪʢʠ ʧʦʟʜʥʠʭ ʧʦʤʝʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʫʩʧʝʣʠ 

ʚʩʪʫʧʠʪʴ ʚ ʧʨʦʮʝʩʩ ʨʘʟʤʥʦʞʝʥʠʷ (ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ p2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʠʤʦʡ ʚ ʩʠʣʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʧʦʣʦʚʦʟʨʝʣʳʝ ʦʩʦʙʠ ʤʦʛʫʪ ʧʨʦʜʦʣʞʘʪʴ 

ʨʘʟʤʥʦʞʘʪʴʩʷ ʧʦʜ ʩʥʝʛʦʤ. ʊʘʢʦʝ ʧʦʜʩʥʝʞʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʤʥʦʛʠʭ ʚʠʜʦʚ 

ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʝʚʦʢ, ʣʝʤʤʠʥʛʦʚ ʠ ʜʨ. (Krebs, 2013; ɾʠʛʘʣʴʩʢʠʡ, 2011; 

ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004). ɿʘ ʟʠʤʫ ʥʝʧʦʣʦʚʦʟʨʝʣʳʝ ʩʝʛʦʣʝʪʢʠ ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʚʦʡ ʟʨʝʣʦʩʪʠ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʥʘʯʘʣʫ ʥʦʚʦʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ, ʢʦʛʜʘ ʩʭʦʜʠʪ ʩʥʝʛ, ʧʦʧʫʣʷʮʠʷ 

ʦʧʷʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʣʦʜʳʤʠ 

ʟʚʝʨʴʢʘʤʠ, ʪʦʣʴʢʦ ʜʦʩʪʠʛʰʠʤʠ ʧʦʣʦʚʦʡ ʟʨʝʣʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʶʜʘ ʚʭʦʜʷʪ ʠ ʦʩʦʙʠ, ʨʦʞʜʝʥʥʳʝ 

ʧʦʜ ʩʥʝʛʦʤ. ʏʠʩʣʝʥʥʦʩʪʴ ʵʪʦʡ ʛʨʫʧʧʳ ʦʙʦʟʥʘʯʝʥʘ xn+1. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

çʚʟʨʦʩʣʳʤʠè ʧʝʨʝʟʠʤʦʚʘʚʰʠʤʠ ʦʩʦʙʷʤʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʤʠ ʚ ʨʘʟʤʥʦʞʝʥʠʠ ʧʨʦʰʣʦʛʦ ʛʦʜʘ (yn+1). 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ (ʈʠʩʫʥʦʢ 1.1) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ: 

1 1 2n np r x r y= Ö + Ö, 2 3 1p r p= Ö, 

1 2 2nx v p+= Ö, 1 1 1 3 4n n ny v p v x v y+= Ö + Ö +. 

ʆʪʢʫʜʘ 

( )nnn yrxrrvx Ö+ÖÖÖ=+ 21321 , 

( ) ( )1 1 1 3 1 2 4n n ny v r v x v r v y+= Ö + Ö + Ö + Ö. 
(1.1) 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʩʤʝʞʥʳʭ ʧʦʢʦʣʝʥʠʷʭ. ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʣʦʪʥʦʩʪʥʫʶ ʨʝʛʫʣʷʮʠʶ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ 

ʨʦʞʜʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ, ʢʦʛʜʘ ʧʦʧʫʣʷʮʠʷ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʩʚʦʝʡ ʯʠʩʣʝʥʥʦʩʪʠ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ 

ʨʘʟʤʥʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʫʯʝʪʦʚ ʨʳʞʠʭ ʧʦʣʝʚʦʢ, ʧʨʦʚʝʜʝʥʥʳʭ ɸ.ɼ. 

ɹʝʨʥʰʪʝʡʥ ʠ ɸ.ɺ. ʍʚʦʨʝʥʢʦʚʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʜʤʫʨʪʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ, ʪʘʢʞʝ ʚʳʷʚʠʣ 

ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʦʞʜʘʝʤʦʩʪʴ ʦʩʦʙʝʡ, ʩ 

ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ (ʈʠʩʫʥʦʢ 1.2). ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʠʩʣʝʥʥʦʩʪʴ, ʦʪʣʦʚʣʝʥʥʳʭ ʦʩʦʙʝʡ ʛʨʳʟʫʥʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ, 

ʚʳʨʘʞʝʥʥʫʶ ʥʘ 100 ʣʦʚʫʰʢʦ-ʩʫʪʦʢ. ʆʪʙʦʨ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʘʧʨʝʣʝ, ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ ʩ 1973 ʧʦ 

2001 ʛʦʜʳ (ɾʠʛʘʣʴʩʢʠʡ, 2011). 
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ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ ʦʩʦʙʝʡ ʨʳʞʝʡ ʧʦʣʝʚʢʠ ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʧʦ ʜʘʥʥʳʤ (ɾʠʛʘʣʴʩʢʠʡ, 2011) 

 

ʂʦʵʬʬʠʮʠʝʥʪ,r ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʦʞʜʘʝʤʦʩʪʴ ʦʩʦʙʝʡ ʨʳʞʝʡ ʧʦʣʝʚʢʠ, ʥʘʭʦʜʠʣʠʩʴ ʧʦ 

ʩʣʝʜʫʶʱʝʤ ʬʦʨʤʫʣʘʤ 

ʘʧʨʝʣʴ

ʠʶʥʴ

21

N

N -=ʠʶʥʴK , 
ʠʶʥʴ

ʘʚʛʫʩʪ

21

N

N -=ʘʚʛʫʩʪK ,  

ʛʜʝ K ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʦʞʜʘʝʤʦʩʪʴ ʦʩʦʙʝʡ, N1ï2 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʦʩʦʙʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 2 ʤʝʩʷʮʝʚ, N ï ʦʙʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ. 

ɻʨʘʬʠʢʠ ʥʘ ʈʠʩʫʥʢʝ 1.2 ʦʪʨʘʞʘʶʪ, ʯʪʦ ʙʣʠʞʝ ʢ ʢʦʥʮʫ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʧʫʣʷʮʠʷ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʩʚʦʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʠ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʧʫʩʢʘʝʪ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, 

ʯʪʦ ʠ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʦʞʜʘʝʤʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʛʨʘʥʠʯʠʤʩʷ 

ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ï ʨʦʞʜʘʝʤʦʩʪʠ ʩʝʛʦʣʝʪʦʢ (r3) ʦʪ ʫʨʦʚʥʷ 

ʯʠʩʣʝʥʥʦʩʪʝʡ ʨʘʟʤʥʦʞʘʶʱʠʭʩʷ ʦʩʦʙʝʡ, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 
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ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ (ʈʠʩʫʥʦʢ 1.2) ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʤʦʜʝʣʴʶ ʈʠʢʝʨʘ (Ricker, 

1954), ʢʦʪʦʨʘʷ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ,  

1

3 1 0( )
p

r p r e
-bÖ

=  

ʠʣʠ 

( )1 2

3 0( , ) n nr x r y

n nr x y r e
-b +

= , (1.2) 

ʛʜʝ r0 ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ. ʌʫʥʢʮʠʷ r3(xn, yn) 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʘʨʛʫʤʝʥʪʦʚ. 

ʊʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ. ʇʦʜʩʪʘʚʣʷʷ (1.2) ʚ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ (1.1) ʠ ʧʝʨʝʦʙʦʟʥʘʯʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʤʦʜʝʣʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʛʨʳʟʫʥʦʚ 
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211 )(21 bb

, (1.3) 

ʛʜʝ b1 = v2Ār0Ār1 ʠ b2 = v2Ār0Ār2 ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, s=v1Ār1+v3 ʠ v=v1Ār2+v4 ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʞʠʚʘʝʤʦʩʪʠ, ɓ1=ɓĀr1 ʠ ɓ2=ɓĀr2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʤʠʪʠʨʦʚʘʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʦʣʦʚʦʟʨʝʣʳʤʠ ʦʩʦʙʷʤʠ ʨʘʟʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʥʘ ʫʨʦʚʝʥʴ ʨʦʞʜʘʝʤʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘ ʣʦʢʘʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʅʝʩʣʦʞʥʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ sɓ2ĀxŸx, ɓ2ĀyŸy, b1=a1, sb2=a2, ɟ=ɓ1/(sɓ2) ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʤʦʜʝʣʴ (1.3) ʢ ʯʝʪʳʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ, ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʦʡ ʝʩʪʝʩʪʚʝʥʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ a1>0, a2>0, ɟÓ0, 0Òv<1: 
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ʉʠʩʪʝʤʘ (1.4) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ 

1 2 11
ln

1 (1 ) 1
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x
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, 1 2 11
ln
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 (1.5) 

ʩ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɟÓ0, 0Òv<1, a2/(1ïv)+a1>1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (1.5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ 

( )( ) ( )( ) .0)1( 2121121

2 =-+-Ö+Ö+-Ö+ÖÖ+ -Ö--Ö- avavyaxaeayaxae yxyx rrrll rr  

ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʩʣʝʜʫʶɦ ʝʤ 

ʫʪʚʝʨʞʜʝʥʠʠ: ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ɚ
2
+pɚ+q=0 ʧʨʠʥʘʜʣʝʞʘʪ ʢʨʫʛʫ |ɚ|<1 ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ  

|p|ï1<q<1 
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(ʐʘʧʠʨʦ, ʃʫʧʧʦʚ, 1983; ʂʫʟʥʝʮʦʚ, 2001; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012ʙ). ʊʘʤ ʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʥʝʨʘʚʝʥʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʧʣʦʩʢʦʩʪʠ (p,q) çʪʨʝʫʛʦʣʴʥʠʢ ʫʩʪʦʡʯʠʚʦʩʪʠè, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʛʦ 

ʟʘʜʘʶʪʩʷ ʧʨʷʤʳʤʠ: 

q=ï1ïp, ʚʜʦʣʴ ʵʪʦʡ ʧʨʷʤʦʡ ʦʜʥʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ɚ ʨʘʚʥʦ 1; 

q=pï1, ʚʜʦʣʴ ʵʪʦʡ ʧʨʷʤʦʡ ʦʜʥʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ɚ ʨʘʚʥʦ ï1; 

q=1, ʚʜʦʣʴ ʵʪʦʡ ʧʨʷʤʦʡ ɚ1ɚ2=1, ʧʨʠʯʝʤ ʥʘ ʦʪʨʝʟʢʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʤ ʦʙʣʘʩʪʴ 

(ʪʨʝʫʛʦʣʴʥʠʢ) ʫʩʪʦʡʯʠʚʦʩʪʠ (ï2<p<2), ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠ 

ʩʦʧʨʷʞʝʥʥʳʤʠ: ɚ1 = exp(iű), ɚ2 = exp(ïiű). 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ (1.5) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
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ɻʨʘʥʠʮʘ (1.6) ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʝʝ 

ʧʝʨʝʩʝʯʝʥʠʠ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (1.5) ʩʠʩʪʝʤʳ (1.4).  

ʏʠʩʣʘ ʥʘ ʛʨʘʬʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʘ ɟ 
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ʀʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ a1 ʠ a2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ɟ ʠ v ʠ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʧʝʨʝʭʦʜʘ ʢ ʢʦʣʝʙʘʥʠʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.3. 

ɸʥʘʣʠʟ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ɟ ʠ v ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʮʝʥʘʨʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɽʩʣʠ ɟ<1, ʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ) ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ 

ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ: ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʨʝʞʠʤ. ʇʨʠ ɟ>ɟ*=(3+v)/(v
2
+2v+1) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ: ʚʦʟʥʠʢʘʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʢʘʩʢʘʜʦʤ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. ʇʨʠ 1ÒɟÒɟ* ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʤʦʞʥʘ ʧʦ ʜʚʫʤ 

ʩʮʝʥʘʨʠʷʤ.  

ɺʦʟʤʦʞʥʳʝ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ: ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʠʢʣʘ ʜʣʠʥʳ 3 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ (1.4) ʧʨʠ ɟ<1 

ɼʣʷ ɟ<1 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʘ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ a1 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʈʠʩʫʥʦʢ 1.4). ʂʘʢ ʚʠʜʥʦ, ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʘʪʪʨʘʢʪʦʨʦʚ ʩʦ ʩʚʦʠʤʠ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʷ, ʪ.ʝ. ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ 

ʨʘʚʥʦʚʝʩʠʝ ʧʦʧʫʣʷʮʠʠ ʫʩʪʦʡʯʠʚʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʵʪʠʤ 

ʨʘʚʥʦʚʝʩʠʝʤ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʫʩʪʦʡʯʠʚʳʡ ʘʪʪʨʘʢʪʦʨ ï ʮʠʢʣ ʜʣʠʥʳ ʪʨʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʦʡʯʠʚʳʭ ʘʪʪʨʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʮʠʢʣʘ ʜʣʠʥʳ 3, 

ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʕʥʦ (Saucedo-Solorio, Pisarchik, Aboites, 

2002; Pisarchik, Feudel, 2014). 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x  

ʦʪ ʧʘʨʘʤʝʪʨʘ a1 ʜʣʷ ɟ<1 ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʎʠʢʣ ʜʣʠʥʳ ʪʨʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ 

ʤʝʭʘʥʠʟʤ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ (1.4), ʢʘʢ ʜʚʫʤʝʨʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 
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ʅʘ ʈʠʩʫʥʢʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʦ çʨʦʞʜʝʥʠʝè 3-ʮʠʢʣʘ ʧʨʠ ɟ<1, ʛʜʝ ʢʨʠʚʳʝ ï ʛʨʘʬʠʢʠ 

ʪʨʠʞʜʳ ʠʪʝʨʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (1.9), ʧʦʩʪʨʦʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʂʘʣʠʪʢʠʥ, 1978). 

 

 
ʈʠʩʫʥʦʢ 1.5 ï ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʪʨʠʞʜʳ ʠʪʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (1.4) 

 

ʂʘʢ ʚʠʜʥʦ, ʠʟʥʘʯʘʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʚʧʘʜʘʝʪ ʩ 

(1.5): ʢʨʠʚʳʝ ʪʨʠʞʜʳ ʠʪʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (1.4) ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ. ʈʦʩʪ 

ʟʥʘʯʝʥʠʡ a2 ʫʩʣʦʞʥʷʝʪ ʬʦʨʤʳ ʢʨʠʚʳʭ, ʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʟʥʠʢʘʝʪ 

ʢʘʩʘʪʝʣʴʥʘʷ ʙʠʬʫʨʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ ʧʦʣʫʫʩʪʦʡʯʠʚʦʡ 

ʦʩʦʙʦʡ ʪʦʯʢʠ ʩ ʝʸ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʘʜʦʤ ʥʘ ʫʩʪʦʡʯʠʚʫʶ ʠ ʥʝʫʩʪʦʡʯʠʚʫʶ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʦʞʜʘʝʪʩʷ 3-ʮʠʢʣ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʘʚʥʦʚʝʩʠʝʤ. ɹʘʩʩʝʡʥʳ 

ʧʨʠʪʷʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 3-ʮʠʢʣʘ, ʜʦʧʦʣʥʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʝʤ ʪʨʠʞʜʳ ʠʪʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (1.4), ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.6 ʘ, ʙ. ʂʘʢ ʚʠʜʥʦ, 

ʵʣʝʤʝʥʪʳ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 3-ʮʠʢʣʘ (ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʩʪʦʡʯʠʚʳʡ ʥʘʭʦʜʠʪʩʷ çʚʥʫʪʨʠè ʩʚʦʝʛʦ ʙʘʩʩʝʡʥʘ 

ʧʨʠʪʷʞʝʥʠʷ ʚ ʦʪʜʘʣʝʥʠʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (1.4) ʧʨʠ ɟ<1 ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (ʈʠʩʫʥʦʢ 1.6 ʚ). 

ʂʘʨʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʜʥʦʤʫ ʧʠʢʩʝʣʶ) 

ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʣʦʩʴ 5000 ʠʪʝʨʘʮʠʡ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʥʠʭ 500 

ʰʘʛʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʪʨʘʝʢʪʦʨʠʠ, ʠ ʵʪʘ ʪʦʯʢʘ ʦʢʨʘʰʠʚʘʣʘʩʴ ʚ ʟʘʜʘʥʥʳʡ ʮʚʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʧʝʨʠʦʜʦʤ. ʂʘʢ ʚʠʜʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʟʦʥʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ a1 ʠ a2, 

ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʢʘʢ ʫʩʪʦʡʯʠʚʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ, ʪʘʢ ʠ ʫʩʪʦʡʯʠʚʳʡ ʮʠʢʣ 

ʜʣʠʥʳ 3. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ 
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ʧʦʧʫʣʷʮʠʠ ʣʠʙʦ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ, ʣʠʙʦ ʢ ʮʠʢʣʫ ʜʣʠʥʳ ʪʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ a1 ʠ a2, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ 

ʣʠʙʦ ʜʦʩʪʠʛʘʝʪʩʷ 3-ʮʠʢʣ, ʣʠʙʦ ʧʦʧʫʣʷʮʠʷ ʧʝʨʝʭʦʜʠʪ ʢ ʥʝʨʝʛʫʣʷʨʥʦʡ (ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ) 

ʜʠʥʘʤʠʢʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a1 ʠ a2 ʠʟ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢ ʟʦʥʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʘ ʠ ʮʠʢʣʘ 

ʜʣʠʥʳ 3, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠ (1.4): ʚ ʧʨʝʜʜʚʝʨʠʠ 

ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʵʪʘʧʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ʩ 

ʧʝʨʠʦʜʦʤ 3. 

 

 
ʈʠʩʫʥʦʢ 1.6 ï ʘ), ʙ) ʅʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʪʨʠʞʜʳ ʠʪʝʨʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (1.9) 

ʠ ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʤʦʜʝʣʠ (1.4); ʚ) ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (1.4) ʧʨʠ v = 0.1 

ʠ ɟ = 0.5. ʏʠʩʣʘ ï ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ (1.4) ʧʨʠ ɟ>ɟ*=(3+v)/(v
2
+2v+1) 

ʇʨʠ ɟ>ɟ*=(3+v)/(v
2
+2v+1) ʩʥʠʞʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʩʝʛʦʣʝʪʦʢ, ʠ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.5) ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ 

ʌʝʡʛʝʥʙʘʫʤʘ, ʪ.ʝ. ʚʦʟʥʠʢʘʶʪ ʜʚʫʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɿʜʝʩʴ, ʢʘʢ ʠ ʨʘʥʝʝ, ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ ʨʦʞʜʘʝʪʩʷ 

ʮʠʢʣ ʜʣʠʥʳ 3 (ʈʠʩʫʥʦʢ 1.7 ʘ).  

 

 
ʈʠʩʫʥʦʢ 1.7 ï ʇʨʠ v = 0.1 ʠ ɟ = 4.2: ʘ) ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʦʪʦʙʨʘʞʝʥʠʷ (1.9): ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʚʥʦʚʝʩʠʝ, ʫʩʪʦʡʯʠʚʳʡ ʠ ʥʝʫʩʪʦʡʯʠʚʳʡ 3-ʮʠʢʣ;r ʙ) ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ 

ʤʦʜʝʣʠ (1.4); ʚ) ʢʘʨʪʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (1.4).  

ʏʠʩʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ, ʉ ï ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 
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ɺʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ, ʢʦʛʜʘ ɟ<1: ʬʘʟʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ (1.4) ʜʝʣʠʪʩʷ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʡ ʨʘʟʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʠ 

ʥʘʧʦʤʠʥʘʝʪ çʟʝʙʨʫè (ʈʠʩʫʥʦʢ 1.7 ʙ). ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ 

ʩʪʨʝʤʠʪʩʷ ʣʠʙʦ ʢ ʨʘʚʥʦʚʝʩʠʶ, ʣʠʙʦ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 3-ʮʠʢʣʫ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʚʳʙʦʨ 

ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʝʛʫʣʠʨʫʷ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʠʪʝʨʠʨʦʚʘʥʠʷ ʣʠʙʦ ʠʟ ʦʜʥʦʛʦ, ʣʠʙʦ ʠʟ ʜʨʫʛʦʛʦ 

ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 1.7 ʚ). 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ɟ>ɟ* ʮʠʢʣ ʜʣʠʥʳ 3 ʚʩʝʛʜʘ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤ ʧʨʝʜʝʣʴʥʳʤ ʨʝʞʠʤʦʤ 

(ʈʠʩʫʥʦʢ 1.7 ʚ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ɟ<1 ʚʦʟʤʦʞʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʮʠʢʣ 

ʜʣʠʥʳ 3 ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʩʪʦʡʯʠʚʳʤ ʘʪʪʨʘʢʪʦʨʦʤ (ʈʠʩʫʥʦʢ 1.6 ʚ). ʇʨʠ ɟ>ɟ* ʧʝʨʝʭʦʜ ʢ 

ʪʨʝʭʣʝʪʥʠʤ ʢʦʣʝʙʘʥʠʷʤ ʚʦʟʤʦʞʝʥ ʢʘʢ ʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʪʘʢ ʠ ʠʟ ʨʝʞʠʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʚʫʭʣʝʪʥʠʤ ʢʦʣʝʙʘʥʠʷʤ. ɼʘʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʭʦʜʠʪ ʩʚʦʝ 

ʦʪʨʘʞʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, ʘ ʠʤʝʥʥʦ ʫ ʤʥʦʛʠʭ ʚʠʜʦʚ ʧʦʣʝʚʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʜʚʫʭʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʢ ʪʨʝʭʣʝʪʥʠʤ, ʠ ʥʘʦʙʦʨʦʪ (Inchausti, Ginzburg, 1998; Krebs, 2013; 

ʌʨʠʩʤʘʥ, ʃʘʩʪ, ʃʘʟʫʪʢʠʥ, 2010; ɾʠʛʘʣʴʩʢʠʡ, 2002, 2011; ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004). 

ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 3-ʮʠʢʣʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ 

ʙʠʬʫʨʢʘʮʠʡ ʩʜʚʠʛʘʶʪʩʷ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.5) (ʈʠʩʫʥʦʢ 1.8). ʂʘʢ 

ʚʠʜʥʦ, ʧʨʠ ʙʦʣʴʰʠʭ ɟ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʠʢʣʦʚ ʩ ʧʝʨʠʦʜʘʤʠ 3 ʠ 2 (ʮʠʢʣ ʜʣʠʥʳ 2 ï 

ʨʝʟʫʣʴʪʘʪ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ), ʮʠʢʣʦʚ 

ʩ ʧʝʨʠʦʜʘʤʠ 3 ʠ 4 (4-ʮʠʢʣ ï ʨʝʟʫʣʴʪʘʪ ʙʠʬʫʨʢʘʮʠʠ 2-ʮʠʢʣʘ), ʠ ʪ.ʜ. ɽʩʣʠ ʞʝ ʨʦʞʜʘʝʤʦʩʪʴ ʦʩʦʙʝʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴʶ ʩʝʛʦʣʝʪʦʢ ʵʪʦʛʦ ʛʦʜʘ (ɓ1>>ɓ2), ʪʦ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ 3-ʮʠʢʣʘ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʘʚʥʦʚʝʩʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ (ʈʠʩʫʥʦʢ 1.8). 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ɼʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʳ ʩʠʩʪʝʤʳ (1.4) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ɟ. 

ʏʠʩʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ, ʉ ï ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 
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ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ (1.4) ʧʨʠ 1<ɟ<ɟ*=(3+v)/(v
2
+2v+1) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʦʥʥʫʶ ʛʨʘʥʠʮʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘïʉʘʢʝʨʘ, 

ʚ ʦʙʣʘʩʪʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠʪʷʛʠʚʘʶʱʠʡ ʮʠʢʣ ʜʣʠʥʳ 4, ʢʦʪʦʨʳʡ ʢʘʢ 

ʠ 3-ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ 4-ʮʠʢʣ ʤʦʞʝʪ ʟʘʭʚʘʪʳʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʣʦʠ. ʇʝʨʚʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʝʛʦ 

ʙʠʬʫʨʢʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

(ʟʘʧʦʣʥʷʝʪ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ). ɺʪʦʨʦʡ ʩʣʦʡ ï ʵʪʦ ʮʠʢʣ ʜʣʠʥʳ 3 ʠ ʝʛʦ ʙʠʬʫʨʢʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʘʯʘʣʴʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 3-ʮʠʢʣʘ 

(ʟʘʧʦʣʥʷʝʪ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). ʊʨʝʪʠʡ ʩʣʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʢʣʫ ʜʣʠʥʳ 4 ʩ 

ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤʠ ʙʠʬʫʨʢʘʮʠʷʤʠ (ʪʘʢʞʝ ʟʘʧʦʣʥʷʝʪ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʨʪʫ ʚʩʝʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʥʘʣʦʞʠʚ ʚʩʝ ʩʣʦʠ. ʆʜʥʘʢʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʧʝʨʝʩʢʦʢʦʚ ʠʟ ʦʜʥʦʛʦ 

ʩʣʦʷ (ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ) ʚ ʜʨʫʛʦʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʘʶʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʩʝ ʪʝ ʨʝʞʠʤʳ, ʚ ʙʘʩʩʝʡʥʳ ʢʦʪʦʨʳʭ ʥʘʯʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʥʝ ʧʦʧʘʣʦ. ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ 1<ɟ<ɟ* ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʢʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʫʩʣʦʚʠʠ (ʈʠʩʫʥʦʢ 1.9 ʘ, ʙ). 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (1.4). ʏʠʩʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʣʠʥʳ 

ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ, C ï ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

 

ʈʠʩʫʥʦʢ 1.9 a ʦʪʨʘʞʘʝʪ ʩʣʝʜʫʶʱʫʶ ʩʠʪʫʘʮʠʶ: ʦʙʣʘʩʪʴ ʮʠʢʣʘ ʜʣʠʥʳ 3, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʣʝʞʠʪ ʧʦʚʝʨʭ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʝʛʦ ʙʠʬʫʨʢʘʮʠʡ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʣʠʙʦ ʮʠʢʣ ʜʣʠʥʳ 3, ʚ ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʙʠʬʫʨʢʘʮʠʠ, ʣʠʙʦ ʣʶʙʦʡ ʠʟ 
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ʨʝʞʠʤʦʚ ʧʦʜ ʥʠʤ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪ ʧʝʨʝʭʦʜ ʦʪ ʦʢʦʣʦʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʧʫʣʷʮʠʠ ʢ ʬʣʫʢʪʫʘʮʠʷʤ, ʠʣʠ ʞʝ ʢʦʣʝʙʘʥʠʷ ʩ 2ï3 ʣʝʪʥʠʤ ʠ 3ï4 ʣʝʪʥʠʤ ʧʝʨʠʦʜʦʤ (ʈʠʩʫʥʦʢ 

1.9 ʘ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (a1, a2) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʮʠʢʣ ʜʣʠʥʳ 4. ʆʙʣʘʩʪʴ ʵʪʦʛʦ ʮʠʢʣʘ ʣʝʞʠʪ 

ʧʦʚʝʨʭ ʦʙʣʘʩʪʠ ʮʠʢʣʘ ʜʣʠʥʳ 3, ʚʢʣʶʯʘʷ ʝʛʦ ʙʠʬʫʨʢʘʮʠʠ, ʠ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ, ʪ.ʝ. ʟʜʝʩʴ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʭ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ï 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʮʠʢʣʦʚ ʩ ʧʝʨʠʦʜʘʤʠ 3 ʠ 4 (ʈʠʩʫʥʦʢ 1.9 ʘ, ʙ). ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʨʘʟʥʳʭ ʮʠʢʣʘ ʜʣʠʥʳ 4: ʦʜʠʥ ʨʦʞʜʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ, ʘ ʜʨʫʛʦʡ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʥʘʧʨʠʤʝʨ 2-ʮʠʢʣ (ʨʝʟʫʣʴʪʘʪ ʙʠʬʫʨʢʘʮʠʠ 

ʥʝʥʫʣʝʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ), 3-ʮʠʢʣ ʠ ʨʝʟʦʥʘʥʩʥʳʡ ʮʠʢʣ ʜʣʠʥʳ 5 

(ʈʠʩʫʥʦʢ 1.9 ʚ). ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1.10. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʤʦʜʝʣʠ (1.4) ʧʨʠ v = 0.1 ʠ ɟ =  1.8.  

ʏʠʩʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ 

 

ɿʜʝʩʴ ʦʩʦʙʦ ʧʨʠʤʝʯʘʪʝʣʴʥʦ ʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʷ 

ʮʠʢʣʦʚ 3 ʠ 4, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʧʫʣʷʮʠʡ ʤʝʣʢʠʭ ʛʨʳʟʫʥʦʚ ʦʪʤʝʯʘʶʪ ʮʠʢʣʳ ʢʘʢ ʜʣʠʥʳ 3, ʪʘʢ ʠ 

ʜʣʠʥʳ 4. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʧʨʠʨʦʜʝ ʜʣʷ ʣʝʤʤʠʥʛʦʚ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʨʳʞʠʭ ʣʝʩʥʳʭ 

ʧʦʣʝʚʦʢ ʨʦʜʘ Clethrionomys (ʦʙʠʪʘʶʱʠʭ ʚ ʣʝʩʦʪʫʥʜʨʝ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʣʝʩʥʦʡ ʟʦʥʳ 

ɻʦʣʘʨʢʪʠʢʠ) ʭʘʨʘʢʪʝʨʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 3ï4 ʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ (ʏʝʨʥʷʚʩʢʠʡ, ʃʘʟʫʪʢʠʥ, 2004). ʀʥʪʝʨʝʩʝʥ ʠ ʜʨʫʛʦʡ ʬʘʢʪ: ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʚʦʜʷʥʦʡ ʢʨʳʩʳ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 11-ʣʝʪʥʷʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ (ʄʘʢʩʠʤʦʚ, 1977); 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʛʜʘ 1<ɟ<ɟ*, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʠʢʣʦʚ ʜʣʠʥʳ 4 ʠ 11. 



27 

 

1.2 ʈɽɾʀʄʓ ɼʀʅɸʄʀʂʀ ʇʆʇʋʃʗʎʀʀ ʉ ʇʈʆʉʊʆʁ ɺʆɿʈɸʉʊʅʆʁ  

ʉʊʈʋʂʊʋʈʆʁ ʇʈʀ ʈɸɿʃʀʏʅʓʍ ʊʀʇɸʍ ʇʃʆʊʅʆʉʊʅʆ-ɿɸɺʀʉʀʄʆʁ 

ʈɽɻʋʃʗʎʀʀ ʈʆʉʊɸ ʏʀʉʃɽʅʅʆʉʊʀ 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ 

ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ çʧʦʜʤʝʥʘè ʬʘʢʪʦʨʦʚ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʦʩʪ, ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʙʦʪʘʭ 

ʍʦʣʜʝʡʥʘ (Haldone, 1953) ʠ ʄʦʨʘʥʘ (Moran, 1950, 1962), ʛʜʝ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʦ ʩʪʨʦʛʦ ʜʦʢʘʟʘʥʦ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʣʦʪʥʦʩʪʥʘʷ 

ʨʝʛʫʣʷʮʠʷ). ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ 

ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ ʠʣʠ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʝʝ ʧʣʦʪʥʦʩʪʠ (Birch, 1962). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʯ ʭʠʱʥʠʢʘ ʠ ʞʝʨʪʚʳ, ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʟʘʧʘʩʦʚ ʧʠʱʠ ʠʣʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʠʟʤʫ, ʢ ʥʘʨʫʰʝʥʠʷʤ ʚ 

ʩʠʩʪʝʤʝ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʚʳʟʚʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ (ʋʠʣʴʷʤʩʦʥ, 1975) 

ʠʣʠ ʩʪʨʝʩʩ-ʩʠʥʜʨʦʤʦʤ (ɼʘʞʦ, 1975). ʊʘʢ, ʚ ʨʘʙʦʪʝ (Beaver, 1967) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʧʫʣʷʮʠʠ ʞʫʢʦʚ ï ʢʦʨʦʝʜʦʚ Scolytus ʚʘʞʥʫʶ ʨʝʛʫʣʠʨʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʭʠʱʥʠʢʠ, ʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʟʠʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ 

ʧʦʧʫʣʷʮʠʠ ʥʝʨʢʠ Oncorhyncus nerka ʨʦʩʪ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʤʝʨʪʥʦʩʪʠ 

ʤʦʣʦʜʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʘʧʘʜʝʥʠʷ ʭʠʱʥʠʢʦʚ (Johnson, 1965). ʋ ʤʥʦʛʠʭ ʧʪʠʮ ʬʘʢʪʦʨʦʤ, ʟʘʚʠʩʷʱʠʤ 

ʦʪ ʧʣʦʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʝʭʚʘʪʢʘ ʧʠʱʠ (Lack, 1966). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʳ ʩ ʣʠʤʠʪʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ï ʵʬʬʝʢʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʠʭ ʨʘʟʚʠʪʠʝ ʥʘʣʠʯʠʝʤ ʢʦʨʤʘ, ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ ʠ ʧʨ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ, ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʧʫʣʷʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢ ʥʘʯʘʣʫ ʦʯʝʨʝʜʥʦʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʚʫʭ 

ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ: ʤʣʘʜʰʝʛʦ, ʚʢʣʶʯʘʶʱʝʛʦ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʠ ʩʪʘʨʰʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ 

ʠʟ ʦʩʦʙʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʤʥʦʞʝʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʨʝʤʝʥʠ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʨʘʟʤʥʦʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʩʦʙʝʡ ʤʣʘʜʰʝʛʦ 

ʚʦʟʨʘʩʪʘ ʜʦ ʧʦʣʦʚʦʟʨʝʣʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʩʦʙʝʡ ï ʜʦ ʩʦʩʪʦʷʥʠʷ ʤʣʘʜʰʝʛʦ 

ʚʦʟʨʘʩʪʘ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʚʦʟʨʘʩʪʘ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʫ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ (ʌʨʠʩʤʘʥ ʠ ʜʨ., 1988). 

ʆʧʠʩʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ, ʚʢʣʶʯʘʶʱʠʤ 

ʜʚʘ-ʪʨʠ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʳʩʪʨʦʩʦʟʨʝʚʘʶʱʠʝ ʨʳʙʳ (ʪʘʢʠʝ ʢʘʢ 

ʥʘʚʘʛʘ, ʢʦʨʶʰʢʘ ʠ ʜʨ.), ʤʥʦʛʠʝ ʥʘʩʝʢʦʤʳʝ, ʜʚʫʭ- ʠ ʪʨʝʭʣʝʪʥʠʝ ʨʘʩʪʝʥʠʷ (ɼʘʞʦ, 1975; ʌʨʠʩʤʘʥ 
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ʠ ʜʨ., 1988; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994), ʘ ʪʘʢʞʝ ʨʷʜ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, 

ʥʘʧʨʠʤʝʨ ʟʘʷʮ, ʢʦʣʦʥʦʢ, ʥʦʨʢʘ, ʝʥʦʪʦʚʠʜʥʘʷ ʩʦʙʘʢʘ ʠ ʜʨ.  

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʧʫʣʷʮʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ 

ʬʘʢʪʦʨʳ, ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠʤʝʶʪ 

ʚʠʜ (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; ʅʝʚʝʨʦʚʘ, 2011; Frisman, Neverova, Revutskaya, 2011) 
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ʛʜʝ x ï ʯʠʩʣʝʥʥʦʩʪʴ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, y ï ʯʠʩʣʝʥʥʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ, n ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ, 

a(x,y) ï ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ 

ʢʣʘʩʩʦʚ, s(x,y), v(x,y) ï ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʠ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʝʥʥʦʩʪʝʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʠ a(x,y), s(x,y) ʠ v(x,y) ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ ʠ ʩʪʨʝʤʷʪʩʷ ʢ 

ʥʫʣʶ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʘʨʛʫʤʝʥʪʦʚ. ʊʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʦʧʫʣʷʮʠʷ, ʥʘʩʝʣʷʶʱʘʷ ʥʝʢʦʪʦʨʳʡ ʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʘʨʝʘʣ, ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ (ʯʠʩʣʝʥʥʦʩʪʴ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ) ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

(ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ çʩʠʥʦʥʠʤʠʯʥʘè) ʯʠʩʣʝʥʥʦʩʪʠ. ʈʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʚʳʟʳʚʘʝʪ ʮʝʧʦʯʢʫ ʩʦʙʳʪʠʡ (ʪʘʢʠʭ, ʢʘʢ 

ʩʪʨʝʩʩ-ʩʠʥʜʨʦʤ (ɼʘʞʦ, 1975)), ʧʨʠʚʦʜʷʱʠʭ ʚ ʠʪʦʛʝ ʢ ʧʘʜʝʥʠʶ ʨʦʞʜʘʝʤʦʩʪʠ ʠʣʠ ʚʳʞʠʚʘʝʤʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʠ ʩʨʘʚʥʠʤ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʤʦʜʝʣʠ 

(1.10), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʩʘʤʦʨʝʛʫʣʷʮʠʠ: 

ʣʠʤʠʪʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʦʞʜʘʝʤʦʩʪʴ 

ʦʩʦʙʝʡ ʚ ʧʦʧʫʣʷʮʠʠ: s(xn, yn)=s= const, v(xn, yn)=v= const; 

ʜʝʡʩʪʚʠʝ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʩʪʘʜʠʠ ʥʝʧʦʣʦʚʦʟʨʝʣʦʛʦ 

ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ: a(xn, yn)=a= const, v(xn, yn)=v= const; 

ʣʠʤʠʪʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʦʧʫʣʷʮʠʠ: a(xn, yn)=a= const, s(xn, yn)=s= const. 

ʌʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ a, s ʠ v ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʧʦʧʫʣʷʮʠʠ, ʚʳʙʨʘʥʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʴʶ ʈʠʢʝʨʘ: 

a(x,y)=aĀe
ïŬĀxïɓĀy

,  s(x,y)=sĀe
ïŬĀxïɓĀy

,   v(x,y)=vĀe
ïŬĀxïɓĀy

, 

ʛʜʝ ʘ (a>0) ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ, s (0Òs<1) ʠ v (0Òv<1) ï ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʶʚʝʥʠʣʴʥʳʭ ʠ ʟʨʝʣʳʭ ʦʩʦʙʝʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʤʠʪʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ŭ ʠ ɓ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʦʙʝʡ ʥʝʧʦʣʦʚʦʟʨʝʣʦʛʦ ʠ 

ʧʦʣʦʚʦʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ.  
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ʇʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ 

ʈʦʞʜʘʝʤʦʩʪʴ ʤʥʦʛʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ, ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ʕʪʦ ʦʙʳʯʥʦ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʪʨʝʩʩ-ʩʠʥʜʨʦʤʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʥʠʞʝʥʠʶ ʧʦʣʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʜʦʚʠʪʦʩʪʠ ʦʩʦʙʝʡ, ʚʧʣʦʪʴ ʜʦ ʨʘʩʩʘʩʳʚʘʥʠʷ ʯʘʩʪʠ ʟʘʣʦʞʝʥʥʳʭ 

ʵʤʙʨʠʦʥʦʚ (ɼʘʞʦ, 1975). ɼʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ: 
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ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ sɓĀxŸx ʠ ɓĀyŸy ʤʦʜʝʣʴ (1.11) ʩʚʦʜʠʪʩʷ ʢ 
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ʛʜʝ r=as ʠ ɟ=Ŭ/(sɓ). ʇʘʨʘʤʝʪʨ r ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ, ʧʘʨʘʤʝʪʨ 

ɟ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʠʩʪʝʤʘ (1.12) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ 
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ʩ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ rÍ0, rÓ1ïv, 0Òv<1, v<(1+ɟ)/ɟ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ (1.13) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.13), ʢʘʢ ʠ ʚ ʧʘʨʘʛʨʘʬʝ 1.1, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ: ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ɚ
2
+pɚ+q=0 ʧʨʠʥʘʜʣʝʞʘʪ ʢʨʫʛʫ |ɚ|<1, ʝʩʣʠ ʠ ʪʦʣʴʢʦ 

ʝʩʣʠ |p|ï1<q<1 (ʐʘʧʠʨʦ, ʃʫʧʧʦʚ, 1983).  
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ʧʦʵʪʦʤʫ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ (1.13) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

1=l : vr -=1 , (1.14) 
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1=q  ( jl ie°= ): öö
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ɻʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ r=1ïv ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʝʝ ʧʝʨʝʩʝʯʝʥʠʠ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ 

ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (1.13).  

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʬʦʨʤʠʨʫʝʤʦʡ ʢʨʠʚʳʤʠ (1.14)ï(1.16) ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ɟ, r). ʉʝʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (v, ɟ, r) ʧʣʦʩʢʦʩʪʷʤʠ v ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.13) ʠ 

ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʳ ɟ ʠ r ʦʙʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʢʦʵʬʬʠʮʠʝʥʪ s, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.13) ʥʘʧʦʤʠʥʘʝʪ çʢʣʘʩʩʠʯʝʩʢʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ ʫʩʪʦʡʯʠʚʦʩʪʠè ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1.11. ʈʦʩʪ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ 

ʥʝ ʤʝʥʷʝʪ ʝʝ ʬʦʨʤʫ. ɻʨʘʥʠʮʳ (1.15) ʠ (1.16) ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, r) ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʪʦʯʢʝ 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ((2+v)/(2+v+v
2
), e

4/(1ïv)
Ā(1ïv)), ʘʙʩʮʠʩʩʘ ʢʦʪʦʨʦʡ ʨʘʟʜʝʣʷʝʪ ʜʚʘ ʩʮʝʥʘʨʠʷ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ɟ<(2+v)/(2+v+v
2
) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-

ʉʘʢʝʨʘ, ʧʨʠ ɟ>(2+v)/(2+v+v
2
) ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ, ʧʨʠ ɟ=(2+v)/(2+v+v

2
) ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʩʪʝʡʰʘʷ ʙʠʬʫʨʢʘʮʠʷ ʢʦʨʘʟʤʝʨʥʦʩʪʠ ʜʚʘ: ʨʝʟʦʥʘʥʩ 1:2 (ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012ʙ). ʀʩʭʦʜʷ ʠʟ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ v, ʥʝ ʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʛʨʘʥʠʮ (1.15) ʠ (1.16) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 3/4 ʜʦ 1. 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.12) 

 

ɿʜʝʩʴ ʣʦʛʠʯʥʦ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ: 1) 0ÒɟÒ3/4,  

2) 3/4<ɟ<1, 3) ɟÓ1 (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; Frisman, Neverova, Revutskaya, 2011; ʅʝʚʝʨʦʚʘ, 

ɸʙʘʢʫʤʦʚ, ʌʨʠʩʤʘʥ, 2016; Neverova et al., 2018). 

1) 0ÒɟÒ3/4. ʇʝʨʚʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ ʜʦʩʪʘʪʦʯʥʦ ʫʟʦʢ, ʠ ʟʜʝʩʴ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʢʨʠʚʦʡ (1.16). ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɟ ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ r, ʛʜʝ ʧʦʧʫʣʷʮʠʷ ʫʩʪʦʡʯʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ 
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ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ |ɚ| ʯʝʨʝʟ 1, ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʨʝʜʝʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʜʘʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ v ʠ r ʦʪ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʨʫʰʘʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.  

 

 

ʈʠʩʫʥʦʢ 1.12 ï ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.12) ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ (v, r) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ɟ 

 

ɺ ʮʝʣʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ. ʃʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ 

ʤʦʣʦʜʴʶ, ʘ ʠʤʝʥʥʦ ʩʥʠʞʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ (ʈʠʩʫʥʦʢ 1.12). ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ r (ʪʝʤ 

ʩʢʦʨʝʝ, ʯʝʤ ʤʝʥʴʰʝ ʧʘʨʘʤʝʪʨ ʚʳʞʠʚʘʝʤʦʩʪʠ v). 

ʅʘ ʈʠʩʫʥʢʝ 1.13 ʧʨʠ 0ÒbÒ3/4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ (1.12), 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ x ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ r. ɼʠʘʛʨʘʤʤʘ ʜʦʧʦʣʥʝʥʘ çʧʦʨʪʨʝʪʘʤʠè ʘʪʪʨʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʘ r.  

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʠ ʨʝʛʫʣʷʨʥʦʛʦ, ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʥʘ ʈʠʩʫʥʢʝ 1.13 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʥʘʯʝʥʠʡ ʩʪʘʨʰʝʛʦ ʣʷʧʫʥʦʚʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ɚ) ʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʘʪʪʨʘʢʪʦʨʘ (D). ʃʷʧʫʥʦʚʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʧʦ ʘʣʛʦʨʠʪʤʫ ɹʝʥʝʪʪʠʥʘ, 

ʨʘʟʤʝʨʥʦʩʪʴ ʘʪʪʨʘʢʪʦʨʘ ʥʘʭʦʜʠʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ ʂʘʧʣʘʥʘ-ʁʦʨʢʘ (ʅʝʡʤʘʨʢ, ʃʘʥʜʘ, 1987; 

ʂʫʟʥʝʮʦʚ, 2001). ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʛʨʘʬʠʢ ʨʘʟʤʝʨʥʦʩʪʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʮʠʢʣʫ (ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ), ʨʘʟʤʝʨʥʦʩʪʠ 1, ʘ 
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ʜʘʣʝʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʝʨʠʠ ʧʝʨʝʭʦʜʦʚ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ, ʮʠʢʣʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, 

ʘʪʪʨʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʪʪʨʘʢʪʦʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʚʘ. 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʘʪʪʨʘʢʪʦʨʘ (D) ʠ ʩʪʘʨʰʝʛʦ ʣʷʧʫʥʦʚʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ r; ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

x ʦʪ ʧʘʨʘʤʝʪʨʘ r ʧʨʠ b=0.2 ʠ v = 0.1; ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʤʦʜʝʣʠ (1.12) ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ r 

 

2) 3/4<ɟ<1 ï ʚʘʨʴʠʨʫʝʤʳʡ ʜʠʘʧʘʟʦʥ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʦʪʨʝʟʦʢ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ, ʣʠʙʦ ʨʘʩʰʠʨʷʝʪʩʷ, 

ʣʠʙʦ ʩʫʞʘʝʪʩʷ. ʏʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ v, ʪʝʤ ʫʞʝ ʦʙʣʘʩʪʴ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ. ʅʘ 

ʈʠʩʫʥʢʝ 1.12 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʘʨʘʤʝʪʨʘ ɟ ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ɟ=3/4, 

ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (1.15), ʢʦʪʦʨʘʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɟ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʞʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʯʝʨʝʟ ʵʪʫ 

ʛʨʘʥʠʮʫ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1 ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʦʞʜʝʥʠʝʤ ʧʨʝʜʝʣʴʥʦʛʦ 2-ʮʠʢʣʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ 3/4<ɟ<1 ʩʦʭʨʘʥʷʝʪʩʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (1.16), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ɚ=e
Ñiű
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʦʛʨʘʥʠʯʝʥʠʷ 

ʨʦʞʜʘʝʤʦʩʪʠ ʤʦʣʦʜʴʶ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ v ʠ r, ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɟ, ʧʝʨʝʭʦʜ ʚ ʢʦʪʦʨʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʪʝʨʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.13) ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 2-ʮʠʢʣʘ. 
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3) ɟÓ1. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʦʡ ʢʨʠʚʦʡ (1.15) ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɟ (ʈʠʩʫʥʦʢ 1.12). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1 ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʦʞʜʝʥʠʝʤ ʧʨʝʜʝʣʴʥʦʛʦ 2-ʮʠʢʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʚʢʣʘʜ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʣʘʜʰʠʤ ʚʦʟʨʘʩʪʥʳʤ ʢʣʘʩʩʦʤ, ʪʦ ʧʦʧʫʣʷʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʜʚʫʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ ɟ, ʪʝʤ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ɓ=0 ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ɚ= ï1 (ʈʠʩʫʥʦʢ 1.12). ɿʘ 

ʵʪʦʡ ʛʨʘʥʠʮʝʡ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʥʦʩʷʪ ʭʘʨʘʢʪʝʨ ʨʘʩʭʦʜʷʱʠʭʩʷ 

ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ ʚ 2 ʛʦʜʘ. ʏʠʩʣʝʥʥʦʩʪʴ ʧʦʪʦʤʩʪʚʘ ʧʨʠ ʵʪʦʤ ʚ ʛʦʜʳ ʤʠʥʠʤʫʤʦʚ ʜʦʩʪʠʛʘʝʪ 

ʥʫʣʷ, ʘ ʚ ʛʦʜʳ ʤʘʢʩʠʤʫʤʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʝʪ. ʂʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ 

ʧʨʦʠʩʭʦʜʷʪ ʘʩʠʥʭʨʦʥʥʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʧʨʠʧʣʦʜʘ, ʧʨʠʯʝʤ ʠ ʤʠʥʠʤʫʤʳ ʠ ʤʘʢʩʠʤʫʤʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʪ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤ r (1.12) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ v (ʈʠʩʫʥʦʢ 1.14). ʂʘʢ ʚʠʜʥʦ, ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ v ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʘʢʦ ʚʠʜ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠ (ʈʠʩʫʥʦʢ 1.11), ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʝ ʚʠʜʘ ʥʘ ʢʘʨʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ɽʝ 

ʮʝʣʦʩʪʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ çʥʘʣʦʞʝʥʠʝʤè ʮʠʢʣʘ ʜʣʠʥʳ 3 ʠ ʨʝʞʠʤʘʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʝʛʦ ʙʠʬʫʨʢʘʮʠʠ. ʎʠʢʣ ʜʣʠʥʳ ʪʨʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ ʠ 

ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʘʚʥʦʚʝʩʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʚʦʟʥʠʢʘʝʪ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪ,ɹ ʢʦʛʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʟʥʘʯʝʥʠʷʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʘʟʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ 3-ʮʠʢʣʘ, ʪʘʢ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʂʫʣʘʢʦʚ, ʅʝʚʝʨʦʚʘ, 

ʌʨʠʩʤʘʥ, 2014; ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2015 ʙ). 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (1.12) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ v. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʘʤ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ,  

C ï ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 
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ʅʘ ʨʠʩʫʥʢʝ 1.14 ʚʠʜʥʦ, ʯʪʦ ʨʦʩʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠʚʦʜʠʪ ʥʝ 

ʪʦʣʴʢʦ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.13), ʥʦ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʠ ʬʦʨʤʳ 

ʦʙʣʘʩʪʝʡ 3-ʮʠʢʣʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʠ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ 

ʠ ʬʦʨʤʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 3-ʮʠʢʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ v ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʈʠʩʫʥʢʝ 1.15. 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 3-ʮʠʢʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ v 

 

ʂʘʢ ʚʠʜʥʦ, ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ v ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ 3-ʮʠʢʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʩʫʱʝʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʪʨʝʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʚʝʟʜʦʯʢʝ ʥʘ ʈʠʩʫʥʢʝ 1.15, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.16. 

 

 

ʈʠʩʫʥʦʢ 1.16 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ.  

ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʘʤ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ 

 

ɹʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʩʫʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʮʠʢʣʘ ʜʣʠʥʳ 3. ɼʨʦʙʥʦʩʪʴ 

ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ ʟʜʝʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʙʨʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʏʝʤ ʙʣʠʞʝ ʢ ʣʠʥʠʠ ʢʘʩʘʪʝʣʴʥʦʡ 
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ʙʠʬʫʨʢʘʮʠʠ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʠʩʭʦʜʠʪ ʨʦʞʜʝʥʠʝ 3-ʮʠʢʣʘ, ʪʝʤ ʙʦʣʴʰʝ ʦʙʣʘʩʪʴ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠʚʝʜʫʪ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ 

ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ r ʠ ɟ, ʪʝʤ ʙʦʣʴʰʝ ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʩʪʨʝʤʠʪʩʷ ʟʘʭʚʘʪʠʪʴ ʚʩʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʇʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ 

ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʣʫʯʘʡ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʤ ʣʠʤʠʪʠʨʦʚʘʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʦʚ ʠʟʫʯʝʥ ʜʦʚʦʣʴʥʦ ʦʩʥʦʚʘʪʝʣʴʥʦ. ɺ ʨʘʙʦʪʘʭ (ʐʘʧʠʨʦ, 1983; ʌʨʠʩʤʘʥ ʠ ʜʨ., 

1988; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994) ʙʳʣʠ ʧʨʠʚʝʜʝʥ rʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ 

ʤʦʜʝʣʠ (1.10), ʢʦʛʜʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʣʦʜʠ ʣʠʥʝʡʥʦ ʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʝʣʘ ʦʪ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ. ʆʜʥʘʢʦ ʜʣʷ ʤʥʦʛʠʭ ʞʠʚʦʪʥʳʭ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʤʦʣʦʜʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ (ʠ ʥʝ ʩʪʦʣʴʢʦ) ʯʠʩʣʝʥʥʦʩʪʴʶ ʤʦʣʦʜʠ, ʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ. ʂʨʘʡʥʠʤ ʩʣʫʯʘʝʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʢʘʥʥʠʙʘʣʠʟʤ (ʥʘʧʨʠʤʝʨ, ʫ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʳʙ), ʢʦʛʜʘ ʚʟʨʦʩʣʳʝ ʦʩʦʙʠ ʯʘʩʪʠʯʥʦ ʧʠʪʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʧʨʠʧʣʦʜʦʤ, 

ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʯʠʩʣʝʥʥʦʩʪʴ ʩʚʦʠʭ ʧʦʧʫʣʷʮʠʡ (ʅʠʢʦʣʴʩʢʠʡ, 1974). ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʳʡ 

ʧʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʠʧʣʦʜʘ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʦʧʠʩʘʥ ʜʣʷ 

ʧʦʧʫʣʷʮʠʡ ʧʦʣʝʚʦʢ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʩʝʚʝʨʝ ʉʢʘʥʜʠʥʘʚʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ çʢʘʯʝʩʪʚʦ ʧʦʪʦʤʩʪʚʘè, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʝʛʦ ʚʳʞʠʚʘʝʤʦʩʪʴ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚʟʨʦʩʣʳʭ 

ʦʩʦʙʝʡ ʠ ʧʘʜʘʝʪ ʩ ʝʝ ʫʚʝʣʠʯʝʥʠʝʤ ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʨʝʩʫʨʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʫ ʩʘʤʦʢ ʚ ʧʝʨʠʦʜ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʣʘʢʪʘʮʠʡ (ʤʘʪʝʨʠʥʩʢʠʡ ʵʬʬʝʢʪ) (Inchausti, Ginzburg, 1998). 

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ, ʨʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʥʠʞʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ, ʠʤʝʶʪ ʚʠʜ (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2009; ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010; 

Frisman, Neverova, Revutskaya, 2011) 
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ʄʦʜʝʣʴ (1.17) ʧʨʠ ʟʘʤʝʥʝ ʧʝʨʝʤʝʥʥʳʭ ŬĀxŸx ʠ Ŭ/sĀyŸy ʩʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 
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ʛʜʝ r=as ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ, ɔ=ɓs/Ŭ ï ʧʘʨʘʤʝʪʨ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʟʘ 

ʩʯʝʪ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʠ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ.  
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ɽʜʠʥʩʪʚʝʥʥʦʝ ʥʝʥʫʣʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.18) 
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 (1.19) 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ r>1ïv ʠ 0Òv<1. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʘʪʨʠʮʳ ʗʢʦʙʠ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ 

(1.18). ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʣʠʥʠʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʦʙʣʘʩʪ ɹʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.19), ʟʘʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1=l : vr -=1 , (1.20) 
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ɻʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ r=1ïv ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʝʝ ʧʝʨʝʩʝʯʝʥʠʠ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ 

ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ, ʪ.ʝ. 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʘʷ ʙʠʬʫʨʢʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʨʘʚʥʦʚʝʩʠʷ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ {r=(1-v)e
4/(1-v)
, ɔ=(2+v)(1-v)e

4/(1-v)
/(2-v)} ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʣʠʥʠʠ (1.21) ʠ (1.22), ʠ ʚʦʟʥʠʢʘʝʪ ʙʠʬʫʨʢʘʮʠʷ ʢʦʨʘʟʤʝʨʥʦʩʪʠ ʜʚʘ: ʨʝʟʦʥʘʥʩ 1:2. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ, ʬʦʨʤʠʨʫʝʤʳʡ ʣʠʥʠʷʤʠ (1.20)ï(1.22), ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1.17.  

 

 

ʈʠʩʫʥʦʢ 1.17 ï ʘ) ʀʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ (1.18) ʩ ʨʦʩʪʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʟʨʝʣʳʭ ʦʩʦʙʝʡ; ʙ) ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ; ʚ) ɹʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ; ʛ) ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 3-

ʮʠʢʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ v 

 

ʂʘʢ ʚʠʜʥʦ, ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʪʘʨʰʝʛʦ 

ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (1.19). ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʤʦʞʥʘ ʢʘʢ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-
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ʉʘʢʝʨʘ, ʪʘʢ ʠ ʯʝʨʝʟ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʩʣʫʯʘʷ 

ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩ 

ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʞʜʘʝʤʦʩʪʠ. ʊʘʢ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʦʞʜʘʝʤʦʩʪʠ ʤʝʥʴʰʝ 1ïv ʧʦʧʫʣʷʮʠʷ 

ʛʠʙʥʝʪ (ʫʩʪʦʡʯʠʚʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ), ʧʨʠ r>1ïv ʩʠʩʪʝʤʘ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʨʝʰʝʥʠʝ ʠ ʝʝ ʜʠʥʘʤʠʢʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʨʦʞʜʘʝʤʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭʛʦʜʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ, ʠ ʫʞʝ ʧʦʩʣʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʦʩʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʟʨʝʣʳʭ ʦʩʦʙʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (1.19) ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʣʠʥʠʠ ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ ʚʜʦʣʴ ʦʩʠ ʧʘʨʘʤʝʪʨʘ ɔ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʣʠʷʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ 

ʧʨʦʮʝʩʩʳ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ. ɺ ʠʪʦʛʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʚʫʭʛʦʜʠʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʨʦʩʪʦʤ ʨʦʞʜʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ɔ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʛʫʣʷʮʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʘʨʰʠʤ ʚʦʟʨʘʩʪʥʳʤ 

ʢʣʘʩʩʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ɔ<(1+v+2v
1/2

)exp(2v
1/2

/(1ïv)) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʩʮʝʥʘʨʠʶ 

ʌʝʡʛʝʥʙʘʫʤʘ ʥʝʚʦʟʤʦʞʥʘ. ɽʩʣʠ ʞʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ v ʦʩʫʱʝʩʪʚʣʷʝʪʩ ̫ ʦʙʦʠʤʠ ʢʣʘʩʩʘʤʠ, ʪʦʛʜʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʨʦʩʪʦʤ 

ʨʦʞʜʘʝʤʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ, ʪ.ʝ. ʚʦʟʥʠʢʘʶʪ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ.   

ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɔ, r) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ (ʈʠʩʫʥʦʢ 1.17 ʙ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʘʚʥʦʚʝʩʠʝʤ ʠ ʨʝʞʠʤʘʤʠ, 

ʚʦʟʥʠʢʰʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ 3-ʮʠʢʣ: ʢʘʢʦʡ ʠʟ ʘʪʪʨʘʢʪʦʨʦʚ 

ʦʢʘʞʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʘʩʩʝʡʥ 

ʧʨʠʪʷʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 1.17 ʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʦʜʥʠʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ, ʘ ʧʨʠ ʜʨʫʛʠʭ ʪʨʝʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟʤʝʥʝʥʠʝ ʪʝʢʫʱʠʭ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ ʨʝʞʠʤʘ 

ʜʠʥʘʤʠʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 3-ʮʠʢʣʘ ʩʫʞʘʝʪʩʷ, ʠ ʩʜʚʠʛʘʝʪʩʷ ʚʚʝʨʭ 

ʚʜʦʣʴ ʦʩʠ ʦʨʜʠʥʘʪ (ʈʠʩʫʥʦʢ 1.17 ʛ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ v 3-ʮʠʢʣ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʞʜʘʝʤʦʩʪʠ. ʆʜʥʘʢʦ ʫ ʚʠʜʦʚ ʩ ʚʳʩʦʢʦʡ 

ʚʳʞʠʚʘʝʤʦʩʪʴʶ, ʪ.ʝ. ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ, ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʨʦʞʜʘʝʤʦʩʪʴ. ʀ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʤʝʥʘ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʤʘʣʦʚʝʨʦʷʪʥʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʠʜʦʚ 

ʞʠʚʦʪʥʳʭ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʧʨʠ ʤʘʣʳʭ v ʠ ʚʳʩʦʢʠʭ r.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.18) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ ɔ. ʇʨʠ ɔ<(1+v+2v
1/2

)exp(2v
1/2

/(1ïv))=ɔ* ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʦʡ 
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ʢʨʠʚʦʡ (1.22) ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɔ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠ ʧʝʨʝʭʦʜʝ l 

ʯʝʨʝʟ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ 

ʛʨʫʧʧʳ ʝʱʝ ʠ ʣʠʤʠʪʠʨʦʚʘʥʠ ̫ ʚʟʨʦʩʣʳʤʠ ʦʩʦʙʷʤʠ (ʫʤʝʥʴʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ 

ʛʨʫʧʧʳ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ) ʧʨʠʚʦʜʠʪ, ʥʘʨʷʜʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʚʥʦʚʝʩʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʦʩʪʝ ʧʘʨʘʤʝʪʨʘ ʨʦʞʜʘʝʤʦʩʪʠ r (ʪʝʤ ʩʢʦʨʝʝ, ʯʝʤ ʤʝʥʴʰʝ 

ʧʘʨʘʤʝʪʨ ʚʳʞʠʚʘʝʤʦʩʪʠ v). 

ʇʨʠ ɔ*<ɔ<(2+v)(1-v)e
4/(1-v)

/(2-v)=ɔ** ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

(1.19) ʬʦʨʤʠʨʫʝʪʩʷ ʢʨʠʚʳʤʠ (1.21) ʠ (1.22). ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʠ 

ʯʝʨʝʟ ʛʨʘʥʠʮʫ (1.21) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1 ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʞʜʝʥʠʝʤ 2-ʮʠʢʣʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʛʨʘʥʠʮʘ (1.22), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ |ɚ|=1, 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʢʨʠʚʦʡ (1.21) ʧʨʠ ɔ=ɔ**. ɺ ʮʝʣʦʤ ʞʝ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɔ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʛʨʫʧʧʳ ʚʟʨʦʩʣʳʤʠ ʦʩʦʙʷʤʠ, ʧʨʠʚʦʜʠʪ, ʥʘʨʷʜʫ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʚʥʦʚʝʩʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʠ ʦʙʣʘʩʪʠ 

ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʟʦʥʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ɔ ʠ r, 

ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɔ, ʧʝʨʝʭʦʜ ʚ ʢʦʪʦʨʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ. 

ʇʨʠ ɔ>ɔ** ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʦʡ ʢʨʠʚʦʡ (1.21) ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɔ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1 ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʚʫʭʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ. ʉʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʛʨʘʝʪ ʨʦʣʠ, ʠ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʠʯʥʦ ʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ ʤʦʜʝʣʠ (1.17) ʧʨʠ Ŭ=0. 

ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɔ ʧʨʠ r=20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1.18. ʂʘʢ ʚʠʜʥʦ, 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʩʤʝʥʷʝʪʩʷ 3-ʮʠʢʣʦʤ, ʢʦʪʦʨʳʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 2-ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʙʠʬʫʨʮʠʨʫʝʪ ʯʝʨʝʟ ʢʘʩʢʘʜ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʚʧʣʦʪʴ ʜʦ 

ʭʘʦʩʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʥʘʡʜʝʥ ʩʪʘʨʰʠʡ ʣʷʧʫʥʦʚʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ. ʅʘ ʦʩʥʦʚʝ ʝʛʦ ʜʠʥʘʤʠʢʠ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ɔ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʫʶ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɚ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ). ɺ 

ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʳʭ ʮʠʢʣʦʚ ʩʪʘʨʰʠʡ ʣʷʧʫʥʦʚʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʠʮʘʪʝʣʝʥ. ɺ ʪʦʯʢʘʭ ʙʠʬʫʨʢʘʮʠʡ 

ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʦʥ ʧʦʜʭʦʜʠʪ ʢ ʥʫʣʶ. ɿʘ ʪʦʯʢʦʡ ʥʘʢʦʧʣʝʥʠʷ ʢʘʩʢʘʜʘ ʫʜʚʦʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʣʷʧʫʥʦʚʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʧʘʨʘʤʝʪʨʘ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʯʝʨʝʜʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʭʘʦʩʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʝʛʦ ʟʥʘʯʝʥʠʷʤʠ ʠ ʢʦʥʝʯʥʳʭ ʮʠʢʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥ ʦʪʨʠʮʘʪʝʣʝʥ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʘʪʪʨʘʢʪʦʨʘ D ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʠ ʭʘʦʩʘ, ʯʫʪʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ɸʪʪʨʘʢʪʦʨ, 
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ʠʤʝʶʱʠʡ ʥʘʠʙʦʣʴʰʫʶ ʨʘʟʤʝʨʥʦʩʪʴ, ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 1.18 ʧʝʨʚʳʤ, ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

çʜʝʬʦʨʤʘʮʠʠè ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ. ɺʪʦʨʦʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʪʠʧ ʘʪʪʨʘʢʪʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ɔ. ʕʪʦʪ ʘʪʪʨʘʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ 

ʨʘʟʤʘʭʘʤʠ ʟʥʘʯʝʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʠ ʥʘʧʦʤʠʥʘʝʪ ʘʪʪʨʘʢʪʦʨ ʕʥʦ 

(ʍʝʥʦʥʘ) (Henon, 1976). 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʛʨʘʬʠʢʠ ʩʪʘʨʰʝʛʦ ʣʷʧʫʥʦʚʩʢʦʛʦ  

ʧʦʢʘʟʘʪʝʣʷ (ɚ) ʠ ʨʘʟʤʝʨʥʦʩʪʠ ʘʪʪʨʘʢʪʦʨʘ (D) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɔ, 

ʜʦʧʦʣʥʝʥʥʳʝ ʬʘʟʦʚʳʤʠ ʧʦʨʪʨʝʪʘʤʠ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʦʪ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʚʦʟʥʠʢʘʝʪ ʠ ʚ ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʠ 

ʧʦʣʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʌʨʠʩʤʘʥ, ʈʝʚʫʮʢʘʷ, ʅʝʚʝʨʦʚʘ, 2010 ʘ, ʙ; Revutskaya, Neverova, Frisman, 

2012; ʈʝʚʫʮʢʘʷ ʠ ʜʨ., 2017 ʘ, ʙ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʫ ʢʦʪʦʨʳʭ ʨʘʟʤʥʦʞʝʥʠʝ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʠ ʠ ʧʨʦʠʟʚʦʜʷʱʠʭ ʧʦʪʦʤʩʪʚʦ ʦʜʠʥ ʨʘʟ ʟʘ ʩʝʟʦʥ, 

ʩʧʦʩʦʙ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʦʚ ʚ ʧʦʧʫʣʷʮʠʠ, ʯʪʦ ʪʘʢʞʝ 

ʫʩʣʦʞʥʷʝʪ ʜʠʥʘʤʠʢʫ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʥʝ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ (ʈʝʚʫʮʢʘʷ ʠ ʜʨ., 2017 ʘ, ʙ). 

ʇʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʚʦʟʨʘʩʪʦʚ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʌʨʠʩʤʘʥ, 1994) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʧʦʧʫʣʷʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ, ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 2-

ʮʠʢʣʘ. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ, 
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ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʡ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʫʩʣʦʞʥʷʪʩʷ ʣʠ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʨʘʟʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʩʫʨʩ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ ʧʨʝʜʩʪʘʚʠʤ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʢʘʢ ʬʫʥʢʮʠ ʁ ʯʠʩʣʝʥʥʦʩʪʝʡ ʢʣʘʩʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʧʫʣʷʮʠʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠʥʠʤʘʶʪ ʚʠʜ  
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ɿʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ sɓĀxŸx ʠ ɓĀyŸy ʩʚʦʜʠʪ ʩʠʩʪʝʤʫ (1.23) ʢ ʪʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ  
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ʛʜʝ r=as, ŭ=Ŭ/ɓ/s ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʤʠʪʠʨʦʚʘʥʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʟʘ ʩʯʝʪ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘ ʠ 

ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ (1.24) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʥʫʣʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ  
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ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ (1.25) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʨʘʚʝʥʩʪʚʘʤ r<1, 0Òv<1,  

v>1ïr ʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʫʨʘʚʥʝʥʠʷ 
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ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (1.25) ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʜʘʥʥʳʡ ʪʠʧ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ 

(1.23), ʚʦʟʤʦʞʝʥ ʚ ʧʦʧʫʣʷʮʠʷʭ ʩ ʥʝʚʳʩʦʢʦʡ ʨʦʞʜʘʝʤʦʩʪʴʶ, ʣʠʙʦ ʩ ʚʳʩʦʢʦʡ ʩʤʝʨʪʥʦʩʪʴʶ ʦʩʦʙʝʡ 

ʥʘ ʶʚʝʥʠʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ.  

ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.25) ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʨʠʚʳʤʠ: 

1=l : vr -=1 , (1.26) 

1-=l : )1/()1(2)1( -+--= dd rrerv , (1.27) 

1=q  ( jl ie°= ):
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ŭ ʥʘ ʈʠʩʫʥʢʝ 1.19 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.25). ɻʨʘʬʠʢ (1.28) ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʨʠʚʳʤʠ (1.26) ʠ (1.28). ʀʥʪʝʨʝʩʝʥ ʩʣʫʯʘʡ ʧʨʠ ŭ=0 

(ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʤʦʜʝʣʠ (1.23), ʢʦʛʜʘ Ŭ=0), ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.25) ʤʠʥʠʤʘʣʴʥʘ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʛʨʘʥʠʮʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (1.27) (ɚ=ï1) ʧʨʠ ŭ<1, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʧʨʷʤʳʤʠ r=1ïv (ɚ=1) ʠ r=1 (ʈʠʩʫʥʦʢ 

1.19), ʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʥʫʣʝʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʝ ʠ 
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ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʚʦʝʥʠʝʤ ʧʝʨʠʦʜʘ. ʏʝʤ ʙʣʠʞʝ ŭ ʢ 1, ʪʝʤ ʩʠʣʴʥʝʝ ʢʨʠʚʘʷ (1.27) ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʧʨʷʤʦʡ r=1, ʠ ʧʨʠ ŭÓ1 ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʨʝʰʝʥʠʷ (1.25). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʶ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ ʥʝʙʦʣʴʰʦʛʦ 

ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʤʣʘʜʰʠʤ ʢʣʘʩʩʦʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʜʥʘʢʦ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʯʠʩʣʝʥʥʦʩʪʝʡ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ.  

 

 
ʈʠʩʫʥʦʢ 1.19 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ (1.24) ʧʨʠ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ŭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ (1.24) 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ ʩʣʝʜʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ: ʚʳʨʦʞʜʝʥʠʝ 

ʧʦʧʫʣʷʮʠʠ, ʚʳʭʦʜ ʧʦʧʫʣʷʮʠʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʨʦʚʝʥʴ ʠ ʜʚʫʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 1.20 ʘïʚ). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ r ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʭʦʜʦʤ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 

1.20 ʜ, ʝ). ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ. ɺ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ r<1ïv ʨʦʩʪ ʫʨʦʚʥʷ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ 

ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʜʠʥʘʤʠʢʫ (ʈʠʩʫʥʦʢ 1.20 ʚ, ʛ). 

 

 

ʈʠʩʫʥʦʢ 1.20 ï ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (1.24) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ  
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1.3 ʈɽɾʀʄʓ ɼʀʅɸʄʀʂʀ ʇʆʇʋʃʗʎʀʁ  

ʉʆ ʉʃʆɾʅʆʁ ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʆʁ 

ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʩ 

ʧʨʦʩʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ (Ricker, 1954; May, 1974; 

ʐʘʧʠʨʦ, 1983; Hastings, 1992; ʌʨʠʩʤʘʥ, 1994; ʅʝʜʦʨʝʟʦʚ, ʅʝʢʣʶʜʦʚʘ, 1999; Frisman, Neverova, 

Revutskaya, 2011; Codling, Dumbrell, 2013; Gibsona, Wilson, 2013) ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʥʘ ʜʠʥʘʤʠʢʫ ʝʝ ʯʠʩʣʝʥʥʦʩʪʠ (Jensen, 1995; ʃʘʩʪ, 

ʃʫʧʧʦʚ, ʌʨʠʩʤʘʥ, 2001; Caswell, 2001; ʃʦʛʦʬʝʪ, ʂʣʦʯʢʦʚʘ, 2002; ʌʨʠʩʤʘʥ, ʃʘʩʪ, 2005; Ackleh, 

Leenheer, 2008; Logofet, 2008; ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2011). ʆʜʥʘʢʦ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʦʚʦʢʫʧʥʦʤ ʚʣʠʷʥʠʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʯʥʳʝ ʤʦʜʝʣʠ 

ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʪʘʣʠʟʘʮʠʷ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʥʝʙʨʝʛʘʶʪ ʚʣʠʷʥʠʝʤ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʣʠʙʦ ʢ ʣʠʤʠʪʠʨʦʚʘʥʠʶ ʦʜʥʠʤ ʚʦʟʨʘʩʪʥʳʤ 

ʢʣʘʩʩʦʤ, ʣʠʙʦ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ, ʣʠʙʦ ʠʛʥʦʨʠʨʫʝʪʩʷ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

(ʩʠʩʪʝʤʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ), ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʠʤʝʥʥʦ 

ʩʢʦʨʦʩʪʴ ʩʦʟʨʝʚʘʥʠʷ ʦʩʦʙʝʡ) ʥʘ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʨʘʙʦʪ (Morris, Ryan, Dodd, 1983; Gao, Chen, 2005) ʟʜʝʩʴ ʠʟʫʯʘʶʪʩʷ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʩʣʦʞʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʚʩʣʝʜʩʪʚʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ 

ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʩʫʨʩ; ʪ.ʝ. ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʧʦʧʫʣʷʮʠʡ ʩʦ ʩʣʦʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ.  

ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʣʝʛʣʠ ʩʣʝʜʫʶʱʠʝ ʛʠʧʦʪʝʟʳ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ɺ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʣʶʙʦʛʦ ʦʨʛʘʥʠʟʤʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʥʳʭ ʩʪʫʧʝʥʝʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʚ ʥʝʢʦʪʦʨʳʭ ʝʜʠʥʠʮʘʭ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ ʚ ʛʦʜʘʭ (Leslie, 1945; Caswell, 2001). 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʦʟʨʘʩʪ ʦʩʦʙʝʡ ʥʝʠʟʚʝʩʪʝʥ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʦʙʝʡ ʚ ʩʣʦʞʥʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦ ʠʭ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤʫ ʚʦʟʨʘʩʪʫ, ʘ ʧʦ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ (Lefkovitch, 1965; Caswell, 2001; Logofet, 2008; ʃʦʛʦʬʝʪ, ʂʣʦʯʢʦʚʘ, 2002). ʊʦʛʜʘ 
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ʧʦʧʫʣʷʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʛʨʫʧʧ, ʩʧʦʩʦʙ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ 

ʢʦʤʧʦʥʝʥʪ, ʚʭʦʜʷʱʠʭ ʚ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʫ ʨʘʟʙʠʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʥʘ ʢʣʘʩʩʳ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʷ (ɻʠʤʤʝʣʴʬʘʨʙ ʠ ʜʨ., 1974; ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢ ʥʘʯʘʣʫ ʦʯʝʨʝʜʥʦʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʧʫʣʷʮʠʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ: ʤʣʘʜʰʝʛʦ, ʚʢʣʶʯʘʶʱʝʛʦ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʠ 

ʩʪʘʨʰʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʩʦʙʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʤʥʦʞʝʥʠʠ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘ ʦʜʠʥ ʰʘʛ ʚʦ ʚʨʝʤʝʥʠ ʥʝ ʚʩʝ ʦʩʦʙʠ ʠʟ ʤʣʘʜʰʝʛʦ 

ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʧʦʚʟʨʦʩʣʝʚ, ʧʝʨʝʭʦʜʷʪ ʚ ʩʪʘʨʰʫʶ ʛʨʫʧʧʫ, ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʚ ʥʝʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 
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ʛʜʝ x ï ʯʠʩʣʝʥʥʦʩʪʴ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ (ʥʝʧʦʣʦʚʦʟʨʝʣʳʝ ʦʩʦʙʠ), y ï ʯʠʩʣʝʥʥʦʩʪʴ 

ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ, n ï ʥʦʤʝʨ 

ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ, a(x, y) ï ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ, d(x, y) ʠ s(x, y) ï ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʦʣʶ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ, ʦʩʪʘʚʰʫʶʩʷ ʚ 

ʥʝʧʦʣʦʚʦʟʨʝʣʦʤ ʢʣʘʩʩʝ ʠ ʧʝʨʝʰʝʜʰʫʶ ʚ ʧʦʣʦʚʦʟʨʝʣʫʶ ʛʨʫʧʧʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, v(x, y) ï ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ʌʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʧʦʧʫʣʷʮʠʠ, ʚʳʙʨʘʥʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʤʦʜʝʣʴʶ ʈʠʢʝʨʘ (Ricker, 1954), ʪ.ʝ. ʦʥʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ ʠ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʘʨʛʫʤʝʥʪʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʘʨʘʛʨʘʬʦʤ 1.2 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʤʦʜʝʣʠ (1.29), ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʘ ʦʩʪʘʣʴʥʳʝ ʬʠʢʩʠʨʫʶʪʩʷ; ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʩʣʫʯʘʝʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ: 

1. ʃʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ: 

a(x, y)=a0Āe
ïŬĀxïɓĀy

, d(x, y)=d, s(x, y)=s, v(x, y)=v; 

2. ʃʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ: 

a(x, y)=a, d(x, y)=d0Āe
ïŬĀxïɓĀy

, s(x, y)=(1ïd0)e
ïŬĀxïɓĀy

, v(x, y)=v; 

3. ʃʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ: 

a(x, y)=a, d(x, y)=d, s(x, y)=s, v(x, y)= v0Āe
ïŬĀxïɓĀy 

; s+dÒ1. 

ɿʜʝʩʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʩʤʳʩʣ: a0 ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʦʧʫʣʷʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ d0 ʦʧʠʩʳʚʘʝʪ ʪʫ ʯʘʩʪʴ ʢʣʘʩʩʘ, ʢʦʪʦʨʘʷ, ʧʦʚʟʨʦʩʣʝʚ, ʦʩʪʘʝʪʩʷ ʚ ʥʝʤ ʞʝ, 

s0 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʫ ʯʘʩʪʴ ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʰʣʘ ʚ ʩʪʘʨʰʫʶ ʛʨʫʧʧʫ, v0 ï ʧʘʨʘʤʝʪʨ 
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ʚʳʞʠʚʘʝʤʦʩʪʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʩʦʙʝʡ, ʠʥʜʝʢʩ 0  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʥʝʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʨʝʩʫʨʩʦʚ. ʇʘʨʘʤʝʪʨʳ a, d, s, v ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ, ʯʪʦ ʠ a0, d0, s0, v0 ʪʦʣʴʢʦ ʩ ʫʯʝʪʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ; Ŭ ʠ ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʦʙʝʡ ʥʝʧʦʣʦʚʦʟʨʝʣʦʛʦ ʠ ʧʦʣʦʚʦʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ. ʅʘ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ: a>0, 0Òv<1, 0Òs<1, 0ÒdÒ1, s+dÒ1 (ʃʦʛʦʬʝʪ, ʂʣʦʯʢʦʚʘ, 2002; Logofet, 2008). 

ʈʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʤ ʣʠʤʠʪʠʨʦʚʘʥʠʠ ʨʦʞʜʘʝʤʦʩʪʠ 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʫʧʣʦʪʥʝʥʠʝʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ 

ʤʥʦʛʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʩʢʫʯʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʚʝʜʫʱʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʤʝʥʷʝʪʩʷ ʨʝʘʢʮʠʷ ʥʘ ʦʩʦʙʝʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʧʦʣʘ, ʤʦʣʦʜʥʷʢ ʠ ʪ. ʜ. ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʥʠʞʘʝʪ ʨʦʞʜʘʝʤʦʩʪʴ ʦʩʦʙʝʡ (ʥʘʧʨʠʤʝʨ, ʩʪʨʝʩʩ-

ʨʝʘʢʮʠʷ). ɺ ʯʘʩʪʥʦʩʪʠ, ʫ ʩʘʤʦʢ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʫʯʘʱʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʦʚʫʣʷʮʠʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʦʨʙʮʠʷ ʵʤʙʨʠʦʥʦʚ, ʨʘʥʦ ʧʨʝʢʨʘʱʘʝʪʩʷ ʣʘʢʪʘʮʠʷ, ʫʛʘʩʘʶʪ ʠʥʩʪʠʥʢʪʳ ʟʘʙʦʪʳ ʦ 

ʧʦʪʦʤʩʪʚʝ ʠ ʪ. ʧ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ. ʉʪʨʝʩʩ-

ʨʝʘʢʮʠʷ ʢʘʢ ʤʝʭʘʥʠʟʤ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʨʦʞʜʘʝʤʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫ 

ʞʠʚʦʪʥʳʭ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʦʜʯʠʥʝʥʠʷ ʚ ʛʨʫʧʧʘʭ (ʥʘʧʨʠʤʝʨ, 

ʚʦʣʢʠ). ʈʝʘʢʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʧʦʜʯʠʥʝʥʥʳʤ ʞʠʚʦʪʥʳʤ; ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫ ʥʠʭ 

ʪʦʨʤʦʟʠʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ. ɼʦʤʠʥʠʨʫʶʱʠʝ ʦʩʦʙʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʩʪʨʝʩʩ-

ʨʝʘʢʮʠ ʁ (ɼʘʞʦ, 1975; ʆʜʫʤ, 1975). ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʣʠʤʠʪʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʥʘ ʨʦʞʜʘʝʤʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʝʣʠ (1.30) ʫʜʦʙʝʥ ʧʝʨʝʭʦʜ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ɓĀxŸx ʠ 

ɓĀyŸy. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʩʪʝʤʘ (1.30) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʠ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʥʫʣʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ 
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ʩ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ rÍ0, rÓ(1ïv)(1ïd), sÍ0, 0Òv<1, ʛʜʝ ɔ=Ŭ/ɓ, b=ɔ/s ʠ r=a0s. ʇʘʨʘʤʝʪʨ r 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ (1.32) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʤʦʜʝʣʠ (1.31) 
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ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʣʠʥʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʡʜʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʥʝʝ, ʠ ʠʤʝʶʪ ʚʠʜ  

1=l : )1)(1( dvr --= , (1.33) 
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1=q  ( jl ie°= ):
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ɻʨʘʥʠʮʘ (1.33) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʘʷ ʙʠʬʫʨʢʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʪʨʠʚʠʘʣʴʥʘʷ ʠ ʥʝʪʨʠʚʠʘʣʴʥʘʷ 

ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʤʦʜʝʣʠ (1.31) ʦʙʤʝʥʠʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ.  

ʀʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʥʫʣʝʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (1.31) ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ (v, r) ʧʨʠ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ b ʠ d ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 1.21.  

 

 

ʈʠʩʫʥʦʢ 1.21 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1.31)  

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ b ʠ d 

 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ rÓ0, 0Òv<1 ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ d, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʢʦʨʦʩʪʴ 

ʩʦʟʨʝʚʘʥʠʷ ʤʣʘʜʰʠʭ ʦʩʦʙʝʡ, ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. ʅʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ d, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 
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ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʷʤ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʨʝʣʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.32) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b: 0ÒbÒ(3+d)/4, (3+d)/4<b<1/(1ïd) ʠ bÓ1/(1ïd). 

1. 0ÒbÒ(3+d)/4. ɿʜʝʩʴ ʢʨʠʚʳʝ (1.34) ʠ (1.35) ʥʝ ʠʤʝʶʪ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ, ʠ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʛʨʘʬʠʢʦʤ ʬʫʥʢʮʠʠ (1.35) ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

b. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʷʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠ ʧʝʨʝʭʦʜʝ |ɚ| ʯʝʨʝʟ 1, ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʠ ʧʨʝʜʝʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ v ʠ r ʦʪ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ d ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʅʘ ʈʠʩʫʥʢʝ 1.22 ʧʨʠ b=0.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʚʠʜʥʳ çʨʘʟʨʳʚʳè, ʪ.ʝ. ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ. ʕʪʠ 

çʨʘʟʨʳʚʳè ʦʪʨʘʞʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʪʦ ʝʩʪʴ ʚʦʟʥʠʢʘʝʪ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ.  

 

 

ʈʠʩʫʥʦʢ 1.22 ï ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x 

ʧʦ ʧʘʨʘʤʝʪʨʫ r ʜʣʷ b=0.6<(3+d)/4|d=0.1=0.775 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ (ʈʠʩʫʥʦʢ 1.23). ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʩʦʙʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʦʙʣʘʩʪʝʡ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 1.23, ʚʝʨʭʥʠʡ ʨʷʜ). ʇʦʩʣʝʜʥʠʡ ʨʠʩʫʥʦʢ ʚ 

ʧʝʨʚʦʤ ʨʷʜʫ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʙʠʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ 3-ʮʠʢʣʘ (ʨʝʟʫʣʴʪʘʪ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ) ʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, 

ʚʦʟʥʠʢʰʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʩʮʝʥʘʨʠʶ 

ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ d (ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʩʪʘʣʴʥʳʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʪʨʝʤʠʪʩʷ ʟʘʭʚʘʪʠʪʴ ʚʩʝ 

ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʈʠʩʫʥʦʢ 1.23, ʥʠʞʥʠʡ ʨʷʜ). 
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ʈʠʩʫʥʦʢ 1.23 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʯʠʩʣʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʳ ʮʠʢʣʦʚ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

 

2. (3+d)/4<b<1/(1ïd). ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ b ʩʦʭʨʘʥʷʝʪʩʷ ʢʨʠʚʘʷ 

(1.35), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ q=1, ʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʛʨʘʥʠʮʘ (1.34), ʢʦʪʦʨʘʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ b 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ v ʠ r, 

ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b, ʧʝʨʝʭʦʜ ʚ ʢʦʪʦʨʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʠ ʧʦʷʚʣʝʥʠʝʤ 2-ʮʠʢʣʘ (ʈʠʩʫʥʦʢ 1.24).  

 

 

ʈʠʩʫʥʦʢ 1.24 ï ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ ʧʨʠ (3+d)/4<b<1/(1ïd), ʜʦʧʦʣʥʝʥʥʳʡ 

ʢʘʨʪʘʤʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ. 

ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ r, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʙʦ ʢ 
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ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʣʠʙʦ ʜʚʫʭʣʝʪʥʠʤ ʢʦʣʝʙʘʥʠʷʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʧʨʠ 0ÒbÒ(3+d)/4, 

ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ ʜʝʣʠʪʩʷ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ 

ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ 3. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʠʧ 

ʜʦʩʪʠʛʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʈʠʩʫʥʦʢ 1.24), ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ 

ʟʥʘʯʝʥʠʷʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ 3- , 6-, 

12- ʣʝʪʥʠʝ ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʮʠʢʣ ʜʣʠʥʳ 4, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ 

ʙʠʬʫʨʢʘʮʠʠ. ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ b ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 4 ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʮʠʢʣʘ ʜʣʠʥʳ 2 (ʈʠʩʫʥʦʢ 1.25 ʘ). ʆʜʥʘʢʦ, ʫʤʝʥʴʰʘʷ ʟʥʘʯʝʥʠʷ b, ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʢʘʨʪʠʥʫ, ʢʦʛʜʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʠ 4-ʮʠʢʣ (ʈʠʩʫʥʦʢ 1.25 ʙ, ʚ). 

ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʥʫʣʝʚʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ 

ʦʧʝʨʘʪʦʨʘ (1.31) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʥʠʢʘʶʪ ʜʚʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʙʠʬʫʨʢʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʨʦʞʜʘʶʪʩʷ ʮʠʢʣʳ ʜʣʠʥʳ 3 ʠ 4.  

 

 
ʈʠʩʫʥʦʢ 1.25 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

 

3. bÓ1/(1ïd). ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʦʡ ʢʨʠʚʦʡ (1.34) ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ b. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ ï1 ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʞʜʝʥʠʝʤ 2-ʮʠʢʣʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʠʢʣʦʚ ʜʣʠʥʳ 1 ʠ 3 ʚʦʟʤʦʞʥʦ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ b. ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʮʠʢʣʘ ʜʣʠʥʳ 

3 ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʝ ʙʠʬʫʨʢʘʮʠʠ ʩʜʚʠʛʘʶʪʩʷ ʚʛʣʫʙʴ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.32). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ b ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʤʝʥʳ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ bÓ1/(1ïd) ʧʦʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʧʨʠ 

(3+d)/4<b<1/(1ïd). 
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ʈʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʤ  

ʣʠʤʠʪʠʨʦʚʘʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ 

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʨʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ, ʠʤʝʶʪ ʚʠʜ 
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ʛʜʝ x ï ʯʠʩʣʝʥʥʦʩʪʴ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, y ï ʯʠʩʣʝʥʥʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ, n ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ, a ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʞʜʘʝʤʦʩʪʠ, d0 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʠʩʳʚʘʶʱʠʡ ʜʦʣʶ ʦʩʦʙʝʡ, ʦʩʪʘʚʰʠʭʩʷ ʚ 

ʤʣʘʜʰʝʤ ʚʦʟʨʘʩʪʥʦʤ ʢʣʘʩʩʝ, v ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ. ʌʫʥʢʮʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʠʤʝʝʪ ʚʠʜ e
ïŬĀxïɓĀy

, ʛʜʝ Ŭ ʠ ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʦʙʝʡ ʤʣʘʜʰʝʛʦ ʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ 

ʢʣʘʩʩʘ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʣʦʜʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʚʝʥʩʪʚʦ ʧʘʨʘʤʝʪʨʘ d0 ʥʫʣʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʧʫʣʷʮʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʦʩʦʙʠ, ʨʦʞʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʩʝʟʦʥʝ, ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʚʦʡ ʟʨʝʣʦʩʪʠ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʤʥʦʞʝʥʠʠ.  

ɿʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ŬxŸx, ŬyŸy ʠ ʧʘʨʘʤʝʪʨʦʚ d0Ÿd ʩʚʦʜʠʪ ʤʦʜʝʣʴ (1.36) ʢ ʚʠʜʫ 

í
ì
ë

+Ö--Ö-=

ÖÖ--Ö+=

+

+

nnnnn

nnnnn

vyxyxdy

xyxdayx

)exp()1(

)exp(

1

1

r

r
, (1.37) 

ʛʜʝ ɟ=ɓ/Ŭ ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʤʠʪʠʨʦʚʘʥʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʟʘ ʩʯʝʪ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʠ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ (1.37) 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ 
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ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ (1.37) ʥʘʭʦʜʠʣʠʩʴ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʣʫʯʘʷʤʠ, ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (a, ɟ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ v ʠ d ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 1.26. ʊʘʢʦʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʘʥ 

ʩ ʪʝʤ, ʯʪʦ a ʠ ɟ ʧʨʠʥʠʤʘʶʪ ʣʶʙʳʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ v ʠ d ʦʛʨʘʥʠʯʝʥʳ 

ʧʦʣʫʠʥʪʝʨʚʘʣʦʤ [0, 1). ɺ ʚʳʙʨʘʥʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ 

ʢ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʝ ʚʦʟʤʦʞʝʥ ʢʘʢ ʯʝʨʝʟ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ (ʩʮʝʥʘʨʠʡ 

ʌʝʡʛʝʥʙʘʫʤʘ), ʪʘʢ ʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʡ ʢʨʠʚʦʡ (ʩʮʝʥʘʨʠʡ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ). ʇʨʠ 

ʵʪʦʤ ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ v ʠ d ʧʨʠʚʦʜʠʪ ʢ ʤʦʥʦʪʦʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʪ.ʝ. ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩʫʥʦʢ 1.26). 
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ʈʠʩʫʥʦʢ 1.26 ï ɺʝʨʭʥʠʡ ʨʷʜ ï ʚʠʜ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʛʨʘʥʠʮ; ʥʠʞʥʠʡ ʨʷʜ ï 

ʠʟʤʝʥʝʥʠʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (1.37) ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ v ʠ d. 

 

ʌʦʨʤʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʦʤʠʥʘʝʪ ʣʝʧʝʩʪʦʢ, 

ʚʳʪʷʥʫʪʳʡ ʚʜʦʣʴ ʙʠʩʩʝʢʪʨʠʩʳ ʧʝʨʚʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʛʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʤ ʣʠʤʠʪʠʨʦʚʘʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ, ʚʦʟʤʦʞʥʘ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʦʞʜʘʝʤʦʩʪʠ ʠ ʚʢʣʘʜʘ ʚʦ ʚʥʫʪʨʠʚʠʜʦʚʫʶ ʢʦʥʢʫʨʝʥʮʠʶ 

ʩʦʠʟʤʝʨʠʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʦʩʦʙʝʡ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʛʦʜʫ ʚ ʤʣʘʜʰʝʡ ʛʨʫʧʧʝ, 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʦʧʫʣʷʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦ (ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ). ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʧʫʣʷʮʠʷʭ, ʦʩʦʙʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ ʟʨʝʣʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʪ.ʝ. ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʜʢʦ. ʆʜʥʘʢʦ ʚ ʪʘʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʚʫʭʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʨʦʩʪʘ ʢʦʥʢʫʨʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʚʦʟʨʘʩʪʥʳʤʠ ʢʣʘʩʩʘʤʠ (ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʪʝʩʥʝʥʠʝ 

ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘ ʩʪʘʨʰʠʤ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʞʜʘʝʤʦʩʪʠ ʩʧʦʩʦʙʝʥ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ).  

ʅʘ ʈʠʩʫʥʢʝ 1.27 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʚʦʟʤʦʞʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ (1.37), ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (a, ɟ) ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ v ʠ d.  
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ʈʠʩʫʥʦʢ 1.27 ï ʂʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (1.37) ʜʦʧʦʣʥʝʥʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ 

ʧʦʨʪʨʝʪʦʤ ʠ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x ʧʦ ʧʘʨʘʤʝʪʨʫ a 

 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ɟ=4 ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ, ʪ.ʝ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ. ʅʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʦʨʪʨʝʪʝ ʵʪʦʡ ʙʠʬʫʨʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʯʝʨʝʟ 

ʢʨʠʚʫʶ q=1. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʤʘʣʳʭ v (v<0.1) ʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ a ʠ ɟ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ 

ʥʘ ʢʘʨʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʝʞʜʫ ʦʩʴʶ Oa ʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʮʠʢʣʘʤʠ.  

ʅʘ ʈʠʩʫʥʢʝ 1.27 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x 

ʧʦ ʧʘʨʘʤʝʪʨʫ a ʧʨʠ ɟ=8. ʂʘʢ ʚʠʜʥʦ, ʧʝʨʚʘʷ ʯʘʩʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʧʦʨʪʨʝʪʫ. ʊʘʢ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ a ʚʦʟʥʠʢʘʝʪ 

çʧʫʟʳʨʴè, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʨʦʞʜʝʥʠʝ ʮʠʢʣʘ ʜʣʠʥʳ 2 ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʯʝʟʥʦʚʝʥʠʝʤ. ʅʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʦʨʪʨʝʪʝ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʦʥʥʫʶ ʛʨʘʥʠʮʫ ɚ=ï1, 

ʪ.ʝ. ʨʘʚʥʦʚʝʩʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʟʥʠʢʘʶʪ ʜʚʫʭʛʦʜʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʉ ʜʘʣʴʥʝʡʰʠʤ  

ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ a, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʪʦʨʥʳʡ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʵʪʫ ʞʝ ʛʨʘʥʠʮʫ, ʠ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪ.ʝ. çʧʫʟʳʨʴ 

ʩʭʣʦʧʳʚʘʝʪʩʷè. ʉʨʘʚʥʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʧʝʨʝʭʦʜʦʚ ʦʪ ʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ 

ʥʘ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʩ ʦʙʣʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ɟ, a) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʩʦʚʧʘʜʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʣʞʥʦ ʙʳʣʦ ʧʦʪʝʨʷʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʠʢʣʘ ʜʣʠʥʳ 

3. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ a ʧʨʠʚʦʜʠʪ ʢ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ, ʪ.ʝ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʢʨʠʚʘʷ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʠʝ çʜʝʬʦʨʤʘʮʠʠè (ʈʠʩʫʥʦʢ 1.27). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ, ʢʘʢ ʠ ʧʨʠ ʣʠʤʠʪʠʨʦʚʘʥʠʠ 
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ʨʦʞʜʘʝʤʦʩʪʠ, ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ 

ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ.  

ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ, ʪ.ʝ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʚʫʭʛʦʜʠʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ɿʜʝʩʴ ʚ ʦʙʣʘʩʪʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʚʝʩʴʤʘ ʦʜʥʦʦʙʨʘʟʥʳʝ 

ʩʪʨʘʥʥʳʝ ʘʪʪʨʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʬʦʨʤʝ ʥʘʧʦʤʠʥʘʶʪ ʙʫʤʝʨʘʥʛ (ʈʠʩʫʥʦʢ 1.27); 

ʥʘʙʣʶʜʘʝʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʘʪʪʨʘʢʪʦʨʘ ʯʫʪʴ ʙʦʣʴʰʝ 1. 

ɺ ʮʝʣʦʤ, ʥʘ ʢʘʨʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 1.27, ʚʠʜʥʦ, ʯʪʦ  

ʮʠʢʣ ʜʣʠʥʳ 3, ʚʦʟʥʠʢʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʣʝʞʠʪ ʧʦʚʝʨʭ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʝʛʦ ʙʠʬʫʨʢʘʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʣʠʙʦ ʮʠʢʣ ʜʣʠʥʳ 3, ʣʠʙʦ ʣʶʙʦʡ ʠʟ ʨʝʞʠʤʦʚ ʧʦʜ ʥʠʤ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʠ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʠʣʠ ʞʝ ʢʦʣʝʙʘʥʠʷʤ 

ʩ 2-3 ʣʝʪʥʠʤ ʠ 3-4 ʣʝʪʥʠʤ ʧʝʨʠʦʜʦʤ. 

ʆ ʚʣʠʷʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʤʦʣʦʜʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤ ,r 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 1.28. ʂʘʢ ʚʠʜʠʤ, ʩ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʟʥʘʯʝʥʠʷʭ ʦʩʪʘʣʴʥʳʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʠʢʣʘ ʜʣʠʥʳ 3 ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤʠ ʙʠʬʫʨʢʘʮʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʘ, ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʦʙʣʘʩʪʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʮʠʢʣ ʜʣʠʥʳ 3 ʤʦʞʝʪ ʥʝ ʚʦʟʥʠʢʥʫʪʴ. 

 

 

ʈʠʩʫʥʦʢ 1.28 ï ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x ʧʦ ʧʘʨʘʤʝʪʨʫ a  

ʧʨʠ ɟ=8 ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ d 

 

ʉʭʦʞʘʷ ʵʚʦʣʶʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (1.37) ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʩʦʙʝʡ ʠʟ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ. ʅʘ ʈʠʩʫʥʢʝ 1.29 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪ r

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ v. 
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ʈʠʩʫʥʦʢ 1.29 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ (1.37) ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ v 

 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʙʦʣʴʰʠʭ v ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʟʘʥʠʤʘʝʪ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʵʪʦʤ ʮʠʢʣ ʜʣʠʥʳ 3, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ 

ʙʠʬʫʨʢʘʮʠʠ, ʚ ʨʘʤʢʘʭ ʢʘʨʪʳ ʦʪʩʫʪʩʪʚʫʝʪ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʩʠʩʪʝʤʳ (1.37) 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1.30. 

 

 

ʈʠʩʫʥʦʢ 1.30 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ  

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ, ʮʠʬʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ 

ʦʪ ʩʪʘʙʠʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʢ ʪʨʝʭʣʝʪʥʠʤ ʠʣʠ ʣʶʙʳʤ ʜʨʫʛʠʤ ʢʦʣʝʙʘʥʠʷʤ, ʚʦʟʥʠʢʰʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʬʫʨʢʘʮʠʠ 3-ʮʠʢʣʘ. ʎʠʢʣ ʜʣʠʥʳ ʪʨʠ, ʢʘʢ ʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʠ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʜʝʣʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʝʡ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɺ ʩʠʩʪʝʤʝ ʪʘʢʞʝ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʝʨʝʩʢʦʢʠ ʦʪ ʪʨʝʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʢ ʯʝʪʳʨʝʭʣʝʪʥʠʤ, ʦʜʥʘʢʦ ʟʜʝʩʴ ʮʠʢʣ 

ʜʣʠʥʳ 4 ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʝʥʫʣʝʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʦʪʝʨʷʣʦ ʫʩʪʦʡʯʠʚʦʩʪ ɹ ʧʦ 

ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ. 
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ʈʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʤ ʣʠʤʠʪʠʨʦʚʘʥʠʠ  

ʚʳʞʠʚʘʝʤʦʩʪʠ ʟʨʝʣʳʭ ʦʩʦʙʝʡ 

ʇʫʩʪʴ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ v(x, y)=v0Āe
ïŬĀxïɓĀy

 (Ricker, 1954), ʪʦʛʜʘ ʤʦʜʝʣʴ (1.29) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʅʝʩʣʦʞʥʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ sɓĀxŸx ʠ ɓĀyŸy, asŸa, dsŸd ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʩʠʩʪʝʤʫ (1.38) ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ 
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ʛʜʝ ű=Ŭ/(sɓ). ʉʠʩʪʝʤʘ (1.39) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʝʥʫʣʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ 
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ʋʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.40) ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʠʩʝʣ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʩʠʩʪʝʤʳ (1.39). ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.40) 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ:  
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ʈʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ v0 ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (1.40) ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʫʪʝʤ ʩʜʚʠʛʘ ʛʨʘʥʠʮʳ ɚ=1: 

a=(1ïd)(1ïv0), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʨʷʤʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ Oű. ɺʘʨʠʘʮʠʷ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ d ʪʘʢʞʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʤʝʨʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ (1.40), 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʨʷʤʦʡ a+d=1, ʦʧʨʝʜʝʣʷʶʱʝʡ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɻʨʘʬʠʢ (1.41), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɚ=ï1, ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʚʝʩʴʤʘ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ d, ű, ʠ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʝ. ʅʘ ʈʠʩʫʥʢʝ 1.31 ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (a, ű) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ v0 ʠ d. 
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ʈʠʩʫʥʦʢ 1.31 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ (1.40) (ʩʚʝʪʣʦ-ʩʝʨʘʷ 

ʦʙʣʘʩʪʴ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ v0 ʠ d 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 1.31, ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʩʦʙʝʡ ʩʪʘʨʰʝʛʦ 

ʢʣʘʩʩʘ v0 ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʝʪʚʠʪʩʷ ʮʠʢʣ ʜʣʠʥʳ 2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʨʦʩʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ d, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʤʦʣʦʜʠ, 

ʥʘʦʙʦʨʦʪ, ʢ ʩʫʞʝʥʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʫʭʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʦʤʘʷ ʨʦʣʴ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʚ 

ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ 

ʫʚʝʣʠʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʥʦʡ ʨʦʣʠ ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʯʠʩʣʝʥʥʦʩʪʴ. ɼʣʷ ʧʦʧʫʣʷʮʠʠ, 

ʦʩʦʙʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʶʪ ʟʨʝʣʦʩʪʠ ʟʘ ʛʦʜ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ ʩʢʦʨʝʝ, ʯʝʤ ʥʠʞʝ 

ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ 

ʪʠʧʘ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʨʘʟʥʳʭ 

ʢʣʘʩʩʦʚ ʥʘ ʧʦʧʫʣʷʮʠʠ ʩʦ ʩʣʦʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʦʩʪ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʧʦʩʦʙʝʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. 
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1.4 ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʈɸɿʃʀʏʅʓʍ ʊʀʇʆɺ ʇʃʆʊʅʆʉʊʅʆʁ ʈɽɻʋʃʗʎʀʀ  

ʅɸ ɼʀʅɸʄʀʂʋ ʏʀʉʃɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʍ ʇʆʇʋʃʗʎʀʁ  

ʀ ɺʆɿʄʆɾʅʆʉʊʔ ʉʄɽʅʓ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʧʦʧʫʣʷʮʠʡ ʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʫʶ ʨʝʛʫʣʷʮʠʶ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʤʦʜʝʣʠ ʦʙʥʘʨʫʞʝʥʦ ʷʚʣʝʥʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʨʘʟʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ 

ʜʠʥʘʤʠʢʠ, ʧʝʨʝʭʦʜ ʢ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨ 

ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʠʣʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʯʠʩʣʝʥʥʦʩʪʠ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ ʚ ʤʦʜʝʣʠ, ʠʤʝʶʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʘʪʪʨʘʢʪʦʨʦʚ: ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʝʜʝʣʴʥʳʝ ʮʠʢʣʳ, 

ʭʘʦʪʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ. ɺʳʷʚʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʦʜʥʦʛʦ ʚʠʜʘ, ʦʙʠʪʘʶʱʠʭ 

ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʷʚʣʝʥʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ 3 ʠ 4 ʛʦʜʘ, ʪʘʢ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ 

(ʅʝʚʝʨʦʚʘ, ɾʠʛʘʣʴʩʢʠʡ, ʌʨʠʩʤʘʥ, 2013; ʌʨʠʩʤʘʥ, ʅʝʚʝʨʦʚʘ, ʂʫʣʘʢʦʚ, ɾʠʛʘʣʴʩʢʠʡ, 2014, 2015; 

Frisman, Neverova, Kulakov, 2016; Neverova, Kulakov, Frisman, 2019).  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʩ ʧʨʦʩʪʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʬɻʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʫʤʝʥʴʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʠ ʧʘʜʝʥʠʝ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʠʧʣʦʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʠ (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2009; ʌʨʠʩʤʘʥ, 

ʅʝʚʝʨʦʚʘ, ʈʝʚʫʮʢʘʷ, ʂʫʣʘʢʦʚ, 2010; Frisman, Neverova, Revutskaya, 2011; ʈʝʚʫʮʢʘʷ ʠ ʜʨ., 2016; 

ʅʝʚʝʨʦʚʘ, ɸʙʘʢʫʤʦʚ, ʌʨʠʩʤʘʥ, 2016; Neverova et al., 2018). ʀʤʝʥʥʦ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ. ʋʤʝʥʴʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʩ 

ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʫ ʤʥʦʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʩʦʙʝʥʥʦ ʤʝʣʢʠʭ, ʫ 

ʥʝʢʦʪʦʨʳʭ ʧʪʠʮ, ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʠ ʘʤʬʠʙʠʡ. ʇʘʜʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʠʧʣʦʜʘ, ʧʨʷʤʦ ʠʣʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʩʚʷʟʘʥʥʦʝ ʩ ʨʦʩʪʦʤ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʠ, ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʥʥʦ ʪʘʢʘʷ ʨʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʩʦʙʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ ʚʨʝʤʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. 
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ʆʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴʩʷ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʞʜʘʝʤʦʩʪʠ ʙʫʜʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʥʦ ʝʱʝ ʠ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠʧʣʦʜʘ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʨʝʛʫʣʷʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʩʣʘʙʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʨʝʛʫʣʷʪʦʨʥʫʶ ʨʦʣʴ ʚʟʨʦʩʣʳʭ 

ʦʩʦʙʝʡ. ɸʥʘʣʦʛʠʯʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʝ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʝʱʝ ʠ ʥʝ ʙʦʣʴʰʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʟʨʦʩʣʳʤʠ 

ʦʩʦʙʷʤʠ (ʫʤʝʥʴʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʛʨʫʧʧʳ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʨʦʩʣʳʭ). ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʨʝʛʫʣʷʮʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʟʨʦʩʣʳʤʠ ʦʩʦʙʷʤʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʘ: ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʣʴʥʦ ʩʫʞʘʝʪʩʷ, ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʝʝ ʧʦʧʫʣʷʮʠʷ 

ʠʩʧʳʪʳʚʘʝʪ ʢʦʣʝʙʘʥʠʷ, ʧʦʜʦʙʥʳʝ ʙʠʝʥʠʷʤ. ʅʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʩʜʝʨʞʠʚʘʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʦʩʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. ʍʦʪʷ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʫ ʤʥʦʛʠʭ ʞʠʚʦʪʥʳʭ, ʦʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʫʞʠʪ ʠʥʳʤ ʮʝʣʷʤ (ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʩʝʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʠ ʪ.ʧ.), ʥʝʞʝʣʠ ʦʛʨʘʥʠʯʝʥʠʶ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʠ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ ʧʨʦʩʪʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʫʩʣʦʚʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʷʚʣʝʥʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʘʟʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʫʩʪʦʡʯʠʚʳʤ ʪʨʝʭʣʝʪʥʠʤ ʢʦʣʝʙʘʥʠʷʤ 

ʠ ʦʙʨʘʪʥʦ. ʇʦʢʘʟʘʥʦ ʯʪʦ, ʯʝʤ ʙʦʣʴʰʝ ʚʢʣʘʜ ʤʦʣʦʜʠ ʚ ʩʥʠʞʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ, ʪʝʤ ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ (ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ 3-ʮʠʢʣʘ ʨʘʩʰʠʨʷʝʪʩʷ). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʦʩʦʙʝʡ, ʪʝʤ ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʠʤʠʪʠʨʦʚʘʥʠʠ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʠʘʮʠʠ ʪʝʢʫʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʫ ʚʠʜʦʚ ʩ ʚʳʩʦʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʷʭ, ʯʪʦ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʆʜʥʘʢʦ ʞʝ ʚʠʜʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ, ʚʧʦʣʥʝ ʤʦʛʫʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʤʝʥʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʚʳʟʚʘʥʥʫʶ ʚʘʨʠʘʮʠʝʡ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʄʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʩʦ ʩʣʦʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2014, 2015). ɺ ʪʘʢʠʭ ʧʦʧʫʣʷʮʠʷʭ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʠ ʧʘʜʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʤʦʣʦʜʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʯʠʩʣʝʥʥʦʩʪʠ. ʉʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ 
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ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʤ ʜʦʩʪʠʛʘʝʪ ʧʦʣʦʚʦʡ ʟʨʝʣʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʏʝʤ ʤʝʥʴʰʝ 

ʧʝʨʠʦʜ ʧʨʝʜʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʪʝʤ ʫʞʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʟʦʥʘ, ʛʜʝ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ. 

ɺ ʩʣʫʯʘʷʭ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʨʝʣʦʩʪʠ ʶʚʝʥʠʣʴʥʳʤʠ ʦʩʦʙʷʤʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʦʞʜʘʝʤʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦ. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴʩʷ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʦʞʜʘʝʤʦʩʪʠ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʥʦ ʝʱʝ 

ʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠʧʣʦʜʘ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʨʝʛʫʣʷʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʩʣʘʙʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʨʝʛʫʣʷʪʦʨʥʫʶ ʨʦʣʴ 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ. ɸʥʘʣʦʛʠʯʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʝʱʝ ʠ ʥʝ 

ʙʦʣʴʰʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʟʨʦʩʣʳʤʠ ʦʩʦʙʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʚʫʭʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʚʦʟʨʘʩʪʥʳʤʠ ʢʣʘʩʩʘʤʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ; ʚʤʝʩʪʝ ʩ ʪʝʤ, ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʞʜʘʝʤʦʩʪʠ ʩʧʦʩʦʙʝʥ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ). 

ɺ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ ʚʝʩʦʤʘʷ ʨʦʣʴ ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʥʦʡ ʨʦʣʠ ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʜʠʥʘʤʠʢʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʧʫʣʷʮʠʡ, ʦʩʦʙʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 

ʟʨʝʣʦʩʪʠ ʟʘ ʛʦʜ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ ʩʢʦʨʝʝ, ʯʝʤ ʥʠʞʝ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩ 

ʫʯʝʪʦʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʦʩʪ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʧʦʩʦʙʝʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ ʦʪ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʤʦʣʦʜʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʜʝʩʴ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʟʥʠʢʘʶʪ 

ʜʚʝ ʢʘʩʘʪʝʣʴʥʳʝ ʙʠʬʫʨʢʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʮʠʢʣʳ ʜʣʠʥʳ 3 ʠ 4. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ, 

ʚʝʜʫʱʘʷ ʢ ʨʦʞʜʝʥʠʶ 3-ʮʠʢʣʘ. ɹʦʣʝʝ ʪʦʛʦ ʫʢʘʟʘʥʥʳʝ ʪʠʧʳ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʠ ʚʠʜʦʤ 

ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʊʘʢ ʧʨʠ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ ʦʩʦʙʝʡ ʩ 

ʨʦʩʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʟʘʭʚʘʪ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʮʠʢʣʦʤ ʜʣʠʥʳ 3, ʧʫʪʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ, ʧʦʣʦʩ ʠ ʦʩʪʨʦʚʦʚ ʚ  
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʩ 

ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʦʞʜʘʝʪʩʷ 3-ʮʠʢʣ, ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʟʘʭʚʘʪʳʚʘʝʪ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʦʩʪʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʩʳ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ.  

ɺ ʮʝʣʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ (ʚʧʦʣʥʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ) ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʩʦ ʩʣʦʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʢʘʢ ʨʦʞʜʘʝʤʦʩʪʠ ʦʩʦʙʝʡ, ʪʘʢ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʫʣʴʪʠʨʠʨʝʞʠʤʥʦʩʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʡ 

ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʯʝʤ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ 

ʧʦʧʫʣʷʮʠʠ, ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʳʩʪʨʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʨʝʚʘʥʠʝ ʤʦʣʦʜʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʧʦʣʦʚʦʟʨʝʣʳʝ ʦʩʦʙʠ ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʚʦʟʨʝʣʦʩʪʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʠʤʝʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʣʘʚʝ 1, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʤʝʥʘ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʚ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʤʥʦʞʝʥʠ,̫ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʞʠʚʳʭ 

ʩʠʩʪʝʤʘʭ, ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʚʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩʣʫʯʘʡʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʞʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ 

ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ. 



60 

 

ɻʃɸɺɸ 2 ʉʄɽʅɸ ʈɽɾʀʄʆɺ ɼʀʅɸʄʀʂʀ ɺ ʃʀʄʀʊʀʈʆɺɸʅʅʓʍ  

ʇʆʇʋʃʗʎʀʗʍ ʉʆ ʉʊɸɼʀʁʅʆʁ ʀ ɻɽʅɽʊʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈɸʄʀ 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʚʫʭʚʦʟʨʘʩʪʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʧʝʨʚʦʡ ʛʣʘʚʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʦʙʝʡ, ʧʨʦʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʪ 

ʩʪʘʙʠʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʦ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʦʩʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʜʦʚʠʪʦʩʪʠ 

ʦʩʦʙʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ɻʚʦʣʶʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʘ ʪʦʯʥʝʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʣʦʪʥʦʩʪʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, 

ʧʦʚʳʰʘʶʱʝʛʦ ʩʨʝʜʥʶʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʪʝʦʨʝʤʦʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʈ. ʌʠʰʝʨʘ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ 

ʧʨʠʨʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʢ ʢʦʣʝʙʘʥʠʷʤ ʠ ʭʘʦʩʫ 

(ʧʩʝʚʜʦʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ). ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʘʢʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ 

ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠ ʠ 

ʧʦʜʚʝʨʞʝʥ ʜʝʡʩʪʚʠʶ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ 

ʣʠʤʠʪʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʙʦ ʨʦʞʜʘʝʤʦʩʪʠ (2.1), ʣʠʙʦ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ (2.2), ʣʠʙʦ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʚʟʨʦʩʣʳʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʤʥʦʞʝʥʠʠ (2.3). ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʟʥʠʢʘʶʱʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʠ ʥʝʣʠʥʝʡʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʘʤ. ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʵʢʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʚʦʟʨʘʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʝʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʥʝʝ. ɿʜʝʩʴ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʥʘʨʫʰʝʥʠʝ ʧʨʠʥʮʠʧʘ ʧʨʦʩʪʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (ʩʫʧʝʨʧʦʟʠʮʠʠ) ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ 

ʤʦʜʝʣʝʡ: ʧʣʦʪʥʦʩʪʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʣʫʯʰʠʭ ʛʝʥʦʪʠʧʦʚ ʠ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ; ʧʦʷʚʣʷʶʪʩʷ ʣʠ ʨʝʞʠʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ 

ʦʪʜʝʣʴʥʦ ʚ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ ï ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪ ʛʝʥʦʚ, ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʤʘʣʴʪʫʟʠʘʥʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ.  

 

 



61 

 

ɹʘʟʦʚʳʝ ʢʦʥʮʝʧʮʠʠ ʦʙʱʝʡ ʙʠʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʚʦʣʶʮʠʝʡ ʧʦʧʫʣʷʮʠʡ ʠ ʜʠʥʘʤʠʢʦʡ 

ʵʢʦʩʠʩʪʝʤ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʚʣʠʷʝʪ ʥʘ ʵʢʦʣʦʛʠʶ, ʘ ʵʢʦʣʦʛʠʷ 

ʥʘ ʵʚʦʣʶʮʠʶ (ʜʘʞʝ ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ), ʪ.ʝ. ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨ ʵʚʦʣʶʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʏʘʨʣʴʟ ɼʘʨʚʠʥ (Darwin, 1859), 

ʩʦʟʜʘʪʝʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ çʛʝʥʝʪʠʯʝʩʢʦʡè ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ ʈ. ʌʠʰʝʨ (Fisher, 1930), ʉ. ʈʘʡʪ 

(Wright, 1930), ɼʞ. ʍʦʣʜʝʡʥ (Haldane, 1932) ʠ ʉ.ʉ. ʏʝʪʚʝʨʠʢʦʚ (ʏʝʪʚʝʨʠʢʦʚ, 1926), ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ (ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʢʦʩʠʩʪʝʤ) ʇʴʝʨ ʌʝʨʭʶʣʴʩʪ 

(Verhulst, 1847) ʠ ɺʠʪʦ ɺʦʣʴʪʝʨʨʘ (Volterra, 1928), ʘ ʪʘʢʞʝ ɻ.ʌ. ɻʘʫʟʝ (1935) ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʛʦ ʮʝʣʦʛʦ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʷʚʠʣʠʩʴ ʚ 1950-ʭ ʠ 1960ʭ ʛʦʜʘʭ. ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʙʳʣʘ ʛʠʧʦʪʝʟʘ 

ʏʠʪʪʠ (Chitty, 1952; Chitty, 1960) ʦ ʪʦʤ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʝʚʦʢ ʤʦʛʫʪ 

ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʝʛʦ ʨʘʟʣʠʯʥʳʤ ʛʝʥʦʪʠʧʘʤ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʬʘʟʳ ʮʠʢʣʘ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʷʚʠʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʠʤʝʥʥʦ ʵʚʦʣʶʮʠʷ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʯʠʩʣʝʥʥʦʩʪʠ ʪʨʘʚʦʷʜʥʳʭ, ʧʘʨʘʟʠʪʦʚ ʠ 

ʭʠʱʥʠʢʦʚ ʚ ʧʨʠʨʦʜʝ (Pimentel, 1968). ʈʘʟʚʠʚʘʣʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʣʦʪʥʦʩʪʥʦ- ʠ ʯʘʩʪʦʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʝʡʩʪʚʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ (Birch, 1955, Charlesworth, 1971); ʘ 

ʪʘʢʞʝ ʦ ʧʣʦʪʥʦʩʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʬʦʨʤʘʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ (Gottlieb, 1974; Gaines et al., 1978; ʌʨʠʩʤʘʥ, 1986; ʌʨʠʩʤʘʥ, 1995).  

ʇʦʟʞʝ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʪʝʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʧʘʣ, ʚ ʩʚʷʟʠ ʩ ʥʝʫʜʘʯʥʳʤʠ ʧʦʧʳʪʢʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʵʢʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʧʨ., ʛʠʧʦʪʝʟʫ 

ʏʠʪʪʠ (Boonstra, Boag, 1987)), ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʢʦʨʝʥʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʫ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʰʢʘʣʳ (Carroll et al., 2007). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʧʝʩʩʠʤʠʟʤ, ʧʦʩʪʝʧʝʥʥʦ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʘʜʘʧʪʠʚʥʳʝ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʠ 

ʧʨʠʟʥʘʢʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʛʫʧʠʡ ʧʨʠ ʩʤʝʥʝ ʭʠʱʥʠʢʘ (Endler, 1980; Reznick, Bryga, 1987; 

Reznick, Bryga, Endler, 1990); ʠʟʤʝʥʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʤʘʨʦʚ, ʟʘʚʝʟʝʥʥʳʭ ʥʘ 

ɻʘʚʘʡʠ (Stearns, 1983); ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʢʨʦʣʠʢʦʚ, ʟʘʚʝʟʝʥʥʳʭ ʚ ʅʦʚʫʶ ɿʝʣʘʥʜʠʶ 

(Williams, Moore, 1989)). ʇʦʟʞʝ ʫʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʦʪʙʦʨ ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ (Sinervo et al., 

2000; Yoshida et al., 2003). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʘʥʘʣʠʟʫ ʵʢʦ-ʵʚʦʣʶʮʠʥʥʦʡ ʜʠʥʘʤʠʢʠ (ʈʠʩʫʥʦʢ 2.1). ʇʨʠ ʵʪʦʤ 

ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʩʦʜʝʨʞʘʱʠʭ çmathematical modelè ʚʩʝ ʝʱʝ ʢʨʘʡʥʝ ʤʘʣʦ. 
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ʈʠʩʫʥʦʢ 2.1 ï ʘ) ɼʠʥʘʤʠʢʘ ʯʠʩʣʘ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ WoS ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ  

(eco-evolutionary AND dynamics) ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʨʘʙʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ çmathematical 

modelè; ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʢʘʪʝʛʦʨʠʷʤ WoS 

 

ʇʦʣʥʦʛʦ ʩʠʥʪʝʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʢʦʥʮʝʧʮʠʡ ʥʝʪ ʜʦ ʩʠʭ 

ʧʦʨ (Carroll et al., 2007; Pelletier et al., 2009), ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʧʫʣʷʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ (Mallet, 2012; Bertram, Masel, 2019). ʍʦʪʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʥʦ- ʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʤʫ ʦʪʙʦʨʫ ʩ ʣʦʛʠʩʪʠʯʝʩʢʠʤ 

ʪʠʧʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ (Waxman, Gavrilets, 2005; Fussmann et al., 2007; 

Govaert et al., 2019), ʚ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʝʡ ʛʝʥʦʪʠʧʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʯʠʩʣʝʥʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ ʧʦʩʪʦʷʥʥʦʡ (ʤʦʜʝʣʴ ʌʠʰʝʨʘ-ʈʘʡʪʘ) (Stearns, 1992; Ellner, 1996; Barton et al., 2007; 

Yamamichi, Ellner, 2016; Yamamichi, Hoso, 2017). 

ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʝʡʰʠʝ ʤʦʜʝʣʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʫʨʘʚʥʝʥʠʷʭ ʈʠʢʝʨʘ, ʉʤʠʪʘ-ʌʝʡʛʝʥʙʘʫʤʘ, ʄʵʷ-ʍʘʩʩʝʣʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʜʠʚʠʪʝʣʴʥʦ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʢʫ (ʐʘʧʠʨʦ, 1972; May, 1975). ɹʦʣʴʰʠʥʩʪʚʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʚʦʟʨʘʩʪʥʦʡ ʠʣʠ ʩʪʘʜʠʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʵʢʦʣʦʛʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʯʥʳʝ ʤʦʜʝʣʠ ʃʝʩʣʠ ʠ ʃʝʬʢʦʚʠʯʘ 

(Leslie, 1945, 1948; Lefkovitch, 1965; Caswell, 2001). ɺʩʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʝʡ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʠ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʷʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʦʪʤʝʯʘʶʪʩʷ ʠ ʚ ʩʠʩʪʝʤʘʭ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʦʧʫʣʷʮʠʡ. ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʥʘʧʨ., ʦʙʟʦʨ 

ʌʨʠʩʤʘʥ ʠ ʜʨ., 2019).  
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2.1 ʈɽɾʀʄʓ ɼʀʅɸʄʀʂʀ ɼɺʋʍɺʆɿʈɸʉʊʅʆʁ ʇʆʇʋʃʗʎʀʀ ʀ ʀʍ ʉʄɽʅɸ  

ɺ ʈɽɿʋʃʔʊɸʊɽ ʕɺʆʃʖʎʀʀ ʈɽʇʈʆɼʋʂʊʀɺʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʆʉʆɹɽʁ  

ʇʈʀ ʇʃʆʊʅʆʉʊʅʆ-ɿɸɺʀʉʀʄʆʁ ʈɽɻʋʃʗʎʀʀ ʈʆɾɼɸɽʄʆʉʊʀ 

ɺʝʨʥʝʤʩʷ ʢ ʦʧʠʩʘʥʠʶ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʧʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢ ʥʘʯʘʣʫ 

ʦʯʝʨʝʜʥʦʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ: ʤʣʘʜʰʝʛʦ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʠ ʩʪʘʨʰʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʩʦʙʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʤʥʦʞʝʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʨʝʤʝʥʠ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʧʝʨʠʦʜʘʤʠ ʨʘʟʤʥʦʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʩʦʙʝʡ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ ʜʦ ʧʦʣʦʚʦʟʨʝʣʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʩʦʙʝʡ ï ʜʦ ʩʦʩʪʦʷʥʠʷ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʨʘʩʪʘ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʶʪ 

ʚʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʫ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ (ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; ʌʨʠʩʤʘʥ, ʉʢʘʣʝʮʢʘʷ, 1994). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʛʫʣʷʮʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ. ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʦʧʠʩʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʤʝʶʪ ʚʠʜ 
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1

( , ) ,

,

n n n n

n n n

X B X Y Y

Y s X v Y

+
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= Öë
ì

= Ö + Öí
 (2.1) 

ʛʜʝ X ï ʯʠʩʣʝʥʥʦʩʪʴ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ; Y ï ʯʠʩʣʝʥʥʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ; n ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʨʘʟʤʥʦʞʝʥʠʷ; 

B(X, Y) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ (ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʚʳʞʠʚʰʠʭ ʧʦʪʦʤʢʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 

ʦʜʥʫ ʧʦʣʦʚʦʟʨʝʣʫʶ ʦʩʦʙʴ); s (0Òs<1), v (0Òv<1) ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʞʜʘʝʤʦʩʪʠ B(X, Y) ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ, ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʘʨʛʫʤʝʥʪʦʚ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ 

ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʘʨʛʫʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ: ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʚʳʟʳʚʘʝʪ ʮʝʧʦʯʢʫ 

ʩʦʙʳʪʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʳʡ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ ʩʪʨʝʩʩ-ʩʠʥʜʨʦʤ (ʅʦʚʠʢʦʚ, ʇʘʥʦʚ, 

ʄʦʰʢʠʥ, 2012; Krebs, 2013)), ʧʨʠʚʦʜʷʱʠʭ ʚ ʠʪʦʛʝ ʢ ʧʘʜʝʥʠʶ ʨʦʞʜʘʝʤʦʩʪʠ. 

ʌʫʥʢʮʠʷ ʚʳʙʨʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʴʶ ʈʠʢʝʨʘ  

( , ) X YB X Y B ea b- Ö - Ö= Ö , (2.2) 

ʛʜʝ B ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ; Ŭ ʠ ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʦʙʝʡ ʥʝʧʦʣʦʚʦʟʨʝʣʦʛʦ ʠ ʧʦʣʦʚʦʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʨʦʞʜʘʝʤʦʩʪʠ.  
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ɺʦ ʚʪʦʨʦʤ ʧʘʨʘʛʨʘʬʝ ʧʝʨʚʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʤʦʜʝʣʴʶ (2.1) ʩ ʬʫʥʢʮʠʝʡ 

ʨʦʞʜʘʝʤʦʩʪʠ (2.2), ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (B) ʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʦʙʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʦʩʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʜʦʚʠʪʦʩʪʠ ʦʩʦʙʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʵʚʦʣʶʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʵʚʦʣʶʮʠʠ ʧʨʠʨʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦʣʞʝʥ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʢʦʥʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʠ ʭʘʦʩʫ (ʧʩʝʚʜʦʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ), ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʨʝʞʠʤʦʚ 

ʜʠʥʘʤʠʢʠ ʢ ʥʝʨʘʚʥʦʚʝʩʥʳʤ.  

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʤʝʭʘʥʠʟʤ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʨʘʩʩʤʦʪʨʝʚ ʜʝʡʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʥʘ 

ʧʨʠʤʝʨʝ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʤʦʜʝʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʣʦʜʦʚʠʪʦʩʪʴ ʦʩʦʙʝʡ ï (B) ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ ʧʨʠʟʥʘʢʦʤ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʘʫʪʦʩʦʤʥʳʤ ʜʠʘʣʣʝʣʴʥʳʤ ʣʦʢʫʩʦʤ ʩ ʘʣʣʝʣʦʤʦʨʬʘʤʠ ɸ ʠ ʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ 

ʛʨʫʧʧʳ ɸɸ, ɸʘ ʠ ʘʘ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʆʙʦʟʥʘʯʠʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʵʪʠʭ ʛʝʥʦʪʠʧʦʚ bɸɸ, bɸʘ ʠ bʘʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʦʜʝʣʴ (2.1) ʩ ʬʫʥʢʮʠʝʡ ʨʦʞʜʘʝʤʦʩʪʠ (2.2) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʅʝʚʝʨʦʚʘ, 

ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2020; ʌʨʠʩʤʘʥ, ɾʜʘʥʦʚʘ, ʅʝʚʝʨʦʚʘ, 2020; Neverova, Zhdanova, Frisman, 

2020)  
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, (2.3) 

ʛʜʝ pn ï ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ɸ ʚ ʩʪʘʨʰʝʤ ʚʦʟʨʘʩʪʥʦʤ ʢʣʘʩʩʝ; qn ï ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ɸ ʚ ʤʣʘʜʰʝʤ 

ʚʦʟʨʘʩʪʥʦʤ ʢʣʘʩʩʝ; Bn=bAApn
2
+2bAapn(1ïpn)+baa(1ïpn)

2
 ï ʩʨʝʜʥʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ (ʩʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʣʦʜʦʚʠʪʦʩʪʴ ʦʩʦʙʝʡ ʩ ʫʯʝʪʦʤ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʪʦʤʢʦʚ ʜʦ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ) ʚ ʛʦʜʫ n. 

ʇʝʨʚʳʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2.3) ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ 

ʢʣʘʩʩʦʚ ʧʦʧʫʣʷʮʠʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ (2.1) ʩ ʬʫʥʢʮʠʝʡ ʨʦʞʜʘʝʤʦʩʪʠ (2.2) 

ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʫʨʘʚʥʝʥʠʠ ʚʤʝʩʪʦ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ B ʩʪʦʠʪ 
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ʟʥʘʯʝʥʠʝ Bn=bAApn
2
+2bAapn(1ïpn)+baa(1ïpn)

2
, ʤʝʥʷʶʱʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʵʚʦʣʶʮʠʠ. ɼʚʘ 

ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2.3) ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʯʘʩʪʦʪ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪ.ʝ. ʦʧʠʩʳʚʘʶʪ ʩʘʤ ʧʨʦʮʝʩʩ ʤʠʢʨʦʵʚʦʣʶʮʠʠ. ʇʦʜʨʦʙʥʳʡ ʚʳʚʦʜ 

ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠ (2.3) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ A. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʤʦʜʝʣʠ (2.3) ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ï ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʯʠʩʣʝʥʥʦʩʪʷʤ sɓXŸx ʠ 

ɓYŸy ʤʦʜʝʣʴ (2.3) ʩʚʦʜʠʪʩʷ ʢ ʚʠʜʫ  
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, (2.4) 

ʛʜʝ ɟ=Ŭ/(sɓ), Rn=sbAApn
2
+s2bAapn(1ïpn)+sbaa(1ïpn)

2
=rAApn

2
+2rAapn(1ïpn)+raa(1ïpn)

2
. ʇʘʨʘʤʝʪʨʳ rɸɸ, 

rɸʘ ʠ rʘʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʛʝʥʦʪʠʧʦʚ ɸɸ, ɸʘ ʠ ʘʘ 

ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʩ ʫʯʝʪʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʪʦʤʢʦʚ ʜʦ ʚʟʨʦʩʣʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 

ʢʣʘʩʩʘ, Rn ï ʩʨʝʜʥʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʝʟʦʥʝ ʨʘʟʤʥʦʞʝʥʠʷ n, ʧʘʨʘʤʝʪʨ ɟ ï 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʠʩʪʝʤʘ (2.4) ʙʝʟ ʫʯʝʪʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʫʩʪʦʡʯʠʚʦ, ʢʦʛʜʘ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ ʤʝʥʴʰʝ 1ïv. 

ʉʠʩʪʝʤʘ (2.4) ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠ r ij<1ïv ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʨʦʞʜʝʥʠʝ, ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʦʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʝʥʦʪʠʧʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

0,0 == yx , ʪʦʛʜʘ q
yvx

ypvxq
p

yx
=

+

+
=

­0,
lim . ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 
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qrqqrqr

qrqrq
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-+-+

-+
= , 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʪʨʠ ʨʝʰʝʥʠʷ 0, 1 ʠ (rAaïraa)/(2rɸʘïraaïrAA). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ rAA>max(rɸʘ, raa) ʧʨʠ r ij<1ïv, ʪʦ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʫʣʝʚʦʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ çʤʦʥʦʤʦʨʬʥʦʝè ʨʝʰʝʥʠʝ (0, 0, 1, 1). ʇʨʠ raa>max(rɸʘ, rAA), r ij<1ïv 

ʫʩʪʦʡʯʠʚʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʝ çʤʦʥʦʤʦʨʬʥʦʝè ʨʝʰʝʥʠʝ (0, 0, 0, 0). ʅʫʣʝʚʦʝ ʧʦ 

ʯʠʩʣʝʥʥʦʩʪʠ çʧʦʣʠʤʦʨʬʥʦʝè ʨʝʰʝʥʠʝ (0, 0, (rAaïraa)/(2rɸʘïraaïrAA), (rAaïraa)/(2rɸʘïraaïrAA)) 

ʧʨʠʪʷʛʠʚʘʝʪ, ʝʩʣʠ rAa>max(rɸA, raa), r ij<1ïv. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ rAa>max(rɸA, raa) ʠ rAa 
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ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ 1ïvÒrAa<2(1ïv), ʪʦ ʥʫʣʝʚʦʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ çʧʦʣʠʤʦʨʬʥʦʝè 

ʨʝʰʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʧʨʠʪʷʛʠʚʘʪʴ ʚ ʦʙʣʘʩʪʠ (rAa
2
ï rAAraa)/(2rɸʘïraaïrAA)<1ïv.  

ʄʦʜʝʣʴ (2.4) ʠʤʝʝʪ ʜʚʝ ʤʦʥʦʤʦʨʬʥʳʝ ʥʝʥʫʣʝʚʳʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ 

0=q , 0=p ,
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(ʠʤʝʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ï 
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(ʠʤʝʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʧʨʠ rAA>1ïv) ʠ ʦʜʥʫ ʧʦʣʠʤʦʨʬʥʫʶ 
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ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  
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ɺ ʮʝʣʦʤ ʤʦʜʝʣʴ (2.4) ʠʤʝʝʪ ʪʨʠ ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʩ ʥʝʥʫʣʝʚʳʤʠ ʯʠʩʣʝʥʥʦʩʪʷʤʠ: ʜʚʝ 

ʤʦʥʦʤʦʨʬʥʳʝ ʠ ʦʜʥʫ ʧʦʣʠʤʦʨʬʥʫʶ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ ʦʙʣʘʩʪʴʶ 

ʧʨʠʪʷʞʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ ʫʩʪʦʡʯʠʚʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʨʠ ʦʜʥʠʭ ʥʘʯʘʣʴʥʳʭ ʯʠʩʣʝʥʥʦʩʪʷʭ ʠ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʞʝʪ ʧʨʠʪʷʛʠʚʘʪʴ ʦʜʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʧʨʠ ʜʨʫʛʠʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʨʝʰʝʥʠʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʜʨʫʛʦʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʥʠʢʘʶʪ 

ʣʠ ʧʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʦʨʪʨʝʪʳ ʤʦʜʝʣʠ (2.4) ʩ ʫʯʝʪʦʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ. 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ, ʝʩʣʠ ʚʩʝ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʧʦ ʤʦʜʫʣʶ 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ: |li|<1, i=1,é,4. ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ (li) ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ 

ʤʦʜʝʣʠ (2.4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ rAa ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (|li|<1) ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʤʦʜʝʣʠ (2.4) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʦʨʪʨʝʪʳ (ʈʠʩʫʥʦʢ 2.2), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʷʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ.  

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʦʨʪʨʝʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʤʦʜʝʣʠ (2.4) ʩ ʫʯʝʪʦʤ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ v=0.1, ɟ=0.2. ʎʠʬʨʳ 1 ʠ 2 ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʤʦʥʦʤʦʨʬʥʳʭ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ 0,0 == pq  ʠ 1,1 == pq , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʮʠʬʨʘ 3 ï ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ. ʎʠʬʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʩʪʦʡʯʠʚʳʤ ʥʝʧʦʜʚʠʞʥʳʤ ʪʦʯʢʘʤ ʚʳʜʝʣʷʶʪʩʷ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. ɺ ʦʙʣʘʩʪʠ ʟʘʣʠʪʦʡ ʩʝʨʳʤ 

ʮʚʝʪʦʤ ʧʨʠʪʷʛʠʚʘʝʪ ʨʝʰʝʥʠʝ ʧʨʠ ʥʫʣʝʚʦʡ ʯʠʩʣʝʥʥʦʩʪʠ (ʧʦʧʫʣʷʮʠʷ ʚʳʨʦʞʜʘʝʪʩʷ). ʇʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ (rAa
2
ï rAAraa)/(2rɸʘïraaïrAA)=1ïv 

 

ʈʠʩʫʥʦʢ 2.2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʥʘ ʚʩʝʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʘʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʦʙʣʘʩʪʝʡ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʠ, ʛʜʝ ʫʩʪʦʡʯʠʚʦ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ 

ʤʦʜʝʣʠ (2.4). ɺ ʪʝʭ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ 

çʞʠʨʥʘʷè ʮʠʬʨʘ 1, ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ raa>1ïv>rɸɸ ʠ raa>rɸʘ>rɸɸ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʝʥʦʪʠʧ 

ʘʘ ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʠʝ ʛʝʥʦʪʠʧʳ. ʇʨʠ ʥʠʟʢʠʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʷʭ ʛʝʥʦʪʠʧʘ ʘa (raa<1ïv) 
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ʠʣʠ ʞʝ ʦʪʩʫʪʩʪʚʠʷ ʘʣʣʝʣʷ ʘ ʧʦʧʫʣʷʮʠʷ ʚʳʨʦʞʜʘʝʪʩʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ raa=1ïv ʩ 

ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ raa ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʬʫʨʢʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʤʦʥʦʤʦʨʬʥʘʷ ʫʩʪʦʡʯʠʚʘʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʝʩʣʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʛʝʪʝʨʦʟʠʛʦʪʳ ʙʦʣʴʰʝ 1ïv, ʪʦ ʩʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ: ʟʜʝʩʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ 

raa=rɸʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʝʡ, ʥʦ ʥʝʫʩʪʦʡʯʠʚʦʡ 

ʤʦʥʦʤʦʨʬʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʪʦʯʢʦʡ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ raa=1ïv, ʠ ʫʩʪʦʡʯʠʚʳʤ 

ʧʦʣʠʤʦʨʬʥʳʤ ʨʝʰʝʥʠʝʤ. 

ɺ ʪʝʭ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ çʞʠʨʥʦʡè ʮʠʬʨʦʡ 1, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʝ ʥʝ ʞʠʨʥʘʷ ʮʠʬʨʘ 2, ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ raa>rɸɸ>1ïv ʠ raa>rɸʘ>rɸɸ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʛʝʥʦʪʠʧ ʘʘ ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʠʝ ʛʝʥʦʪʠʧʳ, ʥʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʣʣʝʣʷ a ʧʦʧʫʣʷʮʠʷ ʥʝ 

ʚʳʨʦʞʜʘʝʪʩʷ, ʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ ʥʝʥʫʣʝʚʦʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʝ, ʤʦʥʦʤʦʨʬʥʦʝ 

ʧʦ ɸɸ. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʦʙʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʥ ʘ, ʧʨʠʚʝʜʝʪ ʢ ʚʳʪʝʩʥʝʥʠʶ ʛʝʥʘ ɸ ʠ ʜʦʩʪʠʞʝʥʠʶ ʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ  

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ çʞʠʨʥʘʷè ʮʠʬʨʘ 2, 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ raa<1ïv<rɸɸ ʠ raa<rɸʘ<rɸɸ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʝʥʦʪʠʧ AA ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʠʝ 

ʛʝʥʦʪʠʧʳ, ʘ ʧʨʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ rAA<1ïv ʠʣʠ ʞʝ ʦʪʩʫʪʩʪʚʠʠ ʘʣʣʝʣʷ A ʧʦʧʫʣʷʮʠʷ 

ʚʳʨʦʞʜʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʥʘʨʷʜʫ ʩ çʞʠʨʥʦʡè ʮʠʬʨʦʡ 2, ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʝ ʥʝ ʞʠʨʥʘʷ ʮʠʬʨʘ 1, 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ raa<rɸɸ<1ïv ʠ raa<rɸʘ<rɸɸ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʝʥʦʪʠʧ AA ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʠʝ 

ʛʝʥʦʪʠʧʳ, ʥʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʣʣʝʣʷ A ʧʦʧʫʣʷʮʠʷ ʥʝ ʚʳʨʦʞʜʘʝʪʩʷ, ʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ 

ʥʝʥʫʣʝʚʦʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʝ ʤʦʥʦʤʦʨʬʥʦʝ ʧʦ aa.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ çʞʠʨʥʘʷè 

ʮʠʬʨʘ 3 ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ rAa>max(rɸA, raa), ʪ.ʝ. ʥʘʠʙʦʣʴʰʠʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʣʘʜʘʶʪ ʛʝʪʝʨʦʟʠʛʦʪʳ. ʇʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʫʣʷʮʠʷ ʠʟ ʣʶʙʦʛʦ 

ʥʝʥʫʣʝʚʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʯʠʩʣʝʥʥʦʩʪʝʡ ʠ ʯʘʩʪʦʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʥʝʥʫʣʝʚʦʤʫ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʤʦʨʬʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. ɽʩʣʠ ʮʠʬʨʘ 3 ʝʜʠʥʩʪʚʝʥʥʘ, ʪʦ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʦʣʠʤʦʨʬʥʘʷ 

ʧʦʧʫʣʷʮʠʷ, ʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʶʙʦʛʦ ʠʟ ʘʣʣʝʣʝʡ ʧʦʧʫʣʷʮʠʷ ʚʳʨʦʞʜʘʝʪʩʷ. ɺ ʪʝʭ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ çʞʠʨʥʦʡè ʮʠʬʨʦʡ 3, ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʝ ʥʝ ʞʠʨʥʳʝ ʮʠʬʨʳ 1, ʠʣʠ 

2, ʠʣʠ ʦʙʝ ʵʪʠ ʮʠʬʨʳ ʚʤʝʩʪʝ, ʦʢʘʟʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳ ʥʝʫʩʪʦʡʯʠʚʳʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʤʦʥʦʤʦʨʬʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʣʠʙʦ ʪʦʣʴʢʦ ʛʝʥʦʪʠʧʦʚ ʘʘ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʦʙʝʡ 

ʩʦʜʝʨʞʘʱʠʭ ʘʣʣʝʣʴ ɸ), ʣʠʙʦ ʪʦʣʴʢʦ ʛʝʥʦʪʠʧʦʚ ɸɸ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʦʙʝʡ ʩʦʜʝʨʞʘʱʠʭ ʘʣʣʝʣʴ 

ʘ). ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʢ ʤʦʥʦʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʦʙʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʪʦʨʦʡ ʘʣʣʝʣʴ, ʧʨʠʚʝʜʝʪ 

ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʠʤʝʶʱʝʡ ʙʦʣʴʰʠʡ ʩʨʝʜʥʠʡ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʙʦʣʴʰʫʶ ʨʘʚʥʦʚʝʩʥʫʶ ʯʠʩʣʝʥʥʦʩʪʴ.  
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ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʦʙʣʘʩʪʷʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ çʞʠʨʥʳʝè ʮʠʬʨʳ 1 ʠ 2, ʪʦ ʝʩʪʴ ʦʢʘʟʳʚʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʦʙʝ ʤʦʥʦʤʦʨʬʥʳʝ ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʠ ʚʦʟʥʠʢʘʝʪ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʥʦʤʦʨʬʥʳʭ 

ʨʝʰʝʥʠʡ. ʊʘʢʘʷ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ rAA>1ïv, raa>1ïv ʧʨʠ rɸʘ<1ïv  ʠ rAA>rAa, 

raa>rAa ʧʨʠ rAa>1ïv, ʧʨʠʯʝʤ ʚʩʝʛʜʘ rAa<min(rɸA, raa), ʪ.ʝ. ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝʝ, ʯʝʤ ʫ ʢʘʞʜʦʡ ʠʟ ʛʦʤʦʟʠʛʦʪ. ʂʘʢʘʷ ʠʤʝʥʥʦ ʠʟ ʛʦʤʦʟʠʛʦʪ ʦʢʘʞʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʦʚ ʠ ʯʠʩʣʝʥʥʦʩʪʝʡ. ʅʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 2.2, ʦʙʣʘʩʪʠ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʚʩʝʛʜʘ ʠʤʝʶʪ ʛʨʘʥʠʮʳ ʩ ʦʙʣʘʩʪʷʤʠ, 

ʛʜʝ ʛʣʦʙʘʣʴʥʦ ʫʩʪʦʡʯʠʚʦ ʦʜʥʦ ʠʟ ʤʦʥʦʤʦʨʬʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʪʘʢʫʶ ʛʨʘʥʠʮʫ 

ʚʥʫʪʨʴ ʦʙʣʘʩʪʠ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʚʪʦʨʦʝ ʥʝʥʫʣʝʚʦʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʥʦʤʦʨʬʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦʝ ʨʘʥʝʝ ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʠʞʠʤʳʤ ʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʝʨʝʟ 1. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʦʤʦʟʠʛʦʪʳ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ 1ïv, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪʳ ʤʝʥʴʰʝ 1ïv (ʚʝʨʭʥʠʡ ʨʷʜ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʥʘ ʈʠʩʫʥʢʝ 2.2). ʇʨʠ rAa>1ïv ʧʝʨʝʭʦʜ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʛʦʤʦʟʠʛʦʪ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ 1ïv ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʳʝ ʤʦʥʦʤʦʨʬʥʳʝ ʨʝʰʝʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʠʞʠʤʳ, ʥʦ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ rAA, rʘa ʠ 

ʧʨʝʚʳʰʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʪʝʨʦʟʠʛʦʪʳ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʪʦʨʦʝ ʤʦʥʦʤʦʨʬʥʦʝ 

ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʦʟʥʠʢʘʝʪ ʦʙʣʘʩʪʴ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʛʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʠʤʦʨʬʥʦʝ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʢʘʞʜʦʡ ʠʟ ʛʦʤʦʟʠʛʦʪ ʪʝʧʝʨʴ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʛʝʪʝʨʦʟʠʛʦʪʳ (ʥʠʞʥʠʡ ʨʷʜ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʥʘ ʈʠʩʫʥʢʝ 2.2). ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ çʥʦʚʘʷè ʫʩʪʦʡʯʠʚʘʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʟʘʭʚʘʪʳʚʘʝʪ (çʦʪʙʠʨʘʝʪ ʫ ʩʪʘʨʦʡè) ʯʘʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʦʝʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ, ʥʘʯʠʥʘʷ ʠʟ ʢʦʪʦʨʦʛʦ ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʫʪ ʩʭʦʜʠʪʴʩʷ ʠʤʝʥʥʦ ʢ 

ʵʪʦʡ ʪʦʯʢʝ.  

ʅʘ ʥʠʞʥʝʤ ʨʷʜʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ çʧʦ ʜʠʘʛʦʥʘʣʠè ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ (ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ çʞʠʨʥʫʶè ʮʠʬʨʫ 3) ʢ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ (ʦʙʣʘʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʚʝ çʞʠʨʥʳʝè ʮʠʬʨʳ 1 ʠ 2), ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʬʫʨʢʘʮʠʠ ʢʦʨʘʟʤʝʨʥʦʩʪʠ ʜʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʘ ʧʦ ʚʝʣʠʯʠʥʝ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (F-ʦʪʙʦʨʘ) ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʥʝ 

ʦʪʣʠʯʘʪʁʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʙʦʨʘ ʧʦ çʬʠʰʝʨʦʚʩʢʠʤè ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʷʤ ʚ ʩʚʦʙʦʜʥʦ 

ʨʘʟʤʥʦʞʘʶʱʠʭʩʷ ʧʦʧʫʣʷʮʠʷʭ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ:  
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1. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʪʝʨʦʟʠʛʦʪ rAA> rɸa> raa ʠʣʠ 

raa> rɸa> rAA (ʜʚʠʞʫʱʠʡ ʦʪʙʦʨ) ʧʨʠʚʦʜʷʪ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʤʦʥʦʤʦʨʬʠʟʤʘ ʧʦ ʘʣʣʝʣʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʦʣʴʰʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ; 

2. ʇʦʚʳʰʝʥʥʳʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪʳ rɸa> max(raa, rAA) ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʠʤʦʨʬʠʟʤʫ; 

3. ʇʦʥʠʞʝʥʥʳʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪ rɸa< min(raa, rAA) ʧʨʠʚʦʜʠʪ ʢ 

ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʦʤʦʨʬʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʤʦʜʝʣʠ (2.4) ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

çʪʨʝʫʛʦʣʴʥʠʢè ʫʩʪʦʡʯʠʚʦʩʪʠ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʤʥʦʛʦʯʣʝʥʘ ʩʠʩʪʝʤʳ V=ɚ
4
ïSɚ

3
+Hɚ

2
ïLɚ+J=0 (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ (2.5) ʠʤʝʶʪ ʚʠʜ 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʜʣʷ ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ (2.6) ʣʝʛʢʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʜʣʷ ʨʝʰʝʥʠʷ (2.5), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʠʤʤʝʪʨʠʯʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ rAA ʠ raa . 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʜʣʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ (2.7) 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ʃʠʥʠʠ ʙʠʬʫʨʢʘʮʠʡ ʢʦʨʘʟʤʝʨʥʦʩʪʠ 1, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʧʦʣʠʥʦʤʘ, ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012). 
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ʊʨʘʥʩʢʨʠʪʠʯʝʩʢʘʷ ʙʠʬʫʨʢʘʮʠʷ (T), ɚ=1:  H=S+LïJï1. 

ɹʠʬʫʨʢʘʮʠʷ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ (PD), ɚ=ï1: H=ïSïLïJï1. 

ɹʠʬʫʨʢʘʮʠʷ ʅʝʡʤʘʨʢʘïʉʘʢʝʨʘ (NS), ɚ=e 
Ñ iɗ

: (SïL)(LïSJ)=(1ïJ)
2
(HïJï1). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʥʠʠ ʙʠʬʫʨʢʘʮʠʡ ʢʦʨʘʟʤʝʨʥʦʩʪʠ 2 (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012). 

ɹʠʬʫʨʢʘʮʠʷ ʨʝʟʦʥʘʥʩ 1:1 R
1
, ɚ=1 ʠ ɚ= 1: H= 2S+Jï3, L=S+2Jï2. 

ɹʠʬʫʨʢʘʮʠʷ ʨʝʟʦʥʘʥʩ 1:2 R
2
, ɚ=ï1 ʠ ɚ= ï1: H= ï2S+Jï3, L=Sï2J+2.  

ɹʠʬʫʨʢʘʮʠʷ fold-flip, ɚ=1 ʠ ɚ= ï1: S= ïL, H= ïJ+1. 

ɹʠʬʫʨʢʘʮʠʷ fold-NS, |ɚ|= |e 
Ñ iɗ

|=1 ʠ ɚ= 1: H=(1+J)(SïJ), L=1+J(SïJ). 

ɹʠʬʫʨʢʘʮʠʷ flip -NS, |ɚ|= |e 
Ñ iɗ

|=1 ʠ ɚ= ï1: H= ï(1+J)(S+J), L= ï1+J(S+J). 

ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʦʨʬʥʳʭ ʠ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʝ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʫʩʣʦʚʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2.3.  

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʦʨʬʥʳʭ ʨʝʰʝʥʠʡ (2.5) ʠ (2.6) (ʚʝʨʭʥʠʡ ʠ ʩʨʝʜʥʠʡ 

ʨʷʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ (2.7) (ʥʠʞʥʠʡ ʨʷʜ)  

ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa) 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.3 (ʚʝʨʭʥʠʡ ʨʷʜ), ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (2.5) ʨʝʘʣʠʟʫʝʪʩʷ 

ʢʘʢ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ, ʪʘʢ ʠ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ, ʪʘʢ ʝʩʣʠ ɟ<ɟ*, ʛʜʝ ɟ*=(2+v)/(v
2
+v+2) ï ʘʙʩʮʠʩʩʘ 

ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ɚ= ï1 ʠ ɚ= e 
Ñ iɗ
, ʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʝʩʣʠ ɟ>ɟ*, ʪʦ ʢʘʩʢʘʜʦʤ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ, ʚ ʪʦʯʢʝ ɟ=ɟ* ʧʨʦʠʩʭʦʜʠʪ ʙʠʬʫʨʢʘʮʠʷ ʢʦʨʘʟʤʝʨʥʦʩʪʠ 2 ï ʙʠʬʫʨʢʘʮʠʷ flip-NS 

(ʂʫʟʥʝʮʦʚ, 2001; ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012 ʙ), ʧʦ ʩʫʪʠ, ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʬʫʨʢʘʮʠʷʤ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʠ ʅʝʡʤʘʨʢʘ-

ʉʘʢʝʨʘ (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012 ʙ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ raa >rAa ʠ 

ɟ< ɟ*, ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ raa=(1ïv)e
(2ïv)(ɟv-ɟ-1)/(1ïv)/(1ïɟv)

 ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʯʝʤ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʦʥʦʤʦʨʬʠʟʤ ʘʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʨʝʜʝʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʜʘʣʝʥʠʠ ʧʘʨʘʤʝʪʨʘ raa ʦʪ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ 

ʧʨʝʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚʧʣʦʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʥʦʤʦʨʬʥʦʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘ. ɽʩʣʠ raa >rAa ʠ ɟ>ɟ*, ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ raa=(1ïv)exp(2v(ɟvïɟï1)/(1ï

v)/(1ïɟ(v+1))) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ ʠ ʯʠʩʣʝʥʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ ʥʘʯʠʥʘʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 2-ʮʠʢʣ (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012 ʙ), 

ʘ ʟʘʪʝʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʧʘʨʘʤʝʪʨʘ raa ʦʪ ʛʨʘʥʠʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʚʧʣʦʪʴ ʜʦ ʭʘʦʪʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʥʦʤʦʨʬʠʟʤʘ ʘʘ. ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ rAa ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (2.5) 

ʩʫʞʘʝʪʩʷ (ʈʠʩʫʥʦʢ 2.3, ʨʷʜ 3) ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʣʠʥʠʠ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʡ ʙʠʬʫʨʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʛʨʘʥʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʬʫʨʢʘʮʠʷʤ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʠ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ ʦʩʪʘʶʪʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ.  

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʝʩʣʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ r ij  ʤʝʥʴʰʝ, ʣʠʙʦ ʨʘʚʥʳ 

1ïv, ʪʦ ʧʦʧʫʣʷʮʠʷ ʚʳʨʦʞʜʘʝʪʩʷ. ʂʦʛʜʘ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪʳ rAa ʙʦʣʴʰʝ 1ïv 

ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ rAA>rAa ʠ rAA<rAa. 

ʇʨʠ rAA>rAa, ʢʘʢ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.3 (ʚʝʨʭʥʠʡ ʨʷʜ), ʚ ʦʙʣʘʩʪʠ raa>rAa ʩʫʱʝʩʪʚʫʝʪ 

ʤʦʥʦʤʦʨʬʥʦʝ ʨʝʰʝʥʠʝ 0,0 == pq , ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʪʦʡʯʠʚʳʤ, ʪʘʢ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ 0<raa<rAa  ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʜʨʫʛʦʝ ʤʦʥʦʤʦʨʬʥʦʝ ʨʝʰʝʥʠʝ 1,1 == pq  

(ʈʠʩʫʥʦʢ 2.3, ʩʨʝʜʥʠʡ ʨʷʜ). ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ raa>rAa ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (2.6), ʢʦʪʦʨʘʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʩʫ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ ʦʨʜʠʥʘʪ (ʈʠʩʫʥʦʢ 2.3, ʩʨʝʜʥʠʡ ʨʷʜ), 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (2.5). ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ (2.6) ʩ 

ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ, ʤʦʞʝʪ ʪʝʨʷʪʴ 
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ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʢ ʧʦ ʩʮʝʥʘʨʠʶ ʌʝʡʛʝʥʙʘʫʤʘ, ʪʘʢ ʠ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ. ʀʟʤʝʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʦʤʦʟʠʛʦʪʳ ʘʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ (2.6). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʦʤʦʟʠʛʦʪʳ ɸɸ 

ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ (2.6). 

ʇʨʠ rAA<rAa  ʚ ʧʦʣʦʩʝ raa<rAa ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʠʤʦʨʬʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ (ʈʠʩʫʥʦʢ 2.3, ʥʠʞʥʠʡ ʨʷʜ). ʇʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ rAa, 

ʪʝʤ ʙʦʣʴʰʝ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʈʠʩʫʥʦʢ 2.3, ʨʷʜ 3). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ (1ïv)<rAaÒ2(1ïv) ʚʦʟʤʦʞʥʘ ʛʠʙʝʣʴ ʧʦʧʫʣʷʮʠʠ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʛʦʤʦʟʠʛʦʪ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʨʘʚʝʥʩʪʚʫ (rAa
2
ï rAAraa)/(2rɸʘïraaïrAA) Ò1ïv. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ 

ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʤʦʨʬʥʦʡ ʪʦʯʢʠ (2.7) ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa) 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʝʩʣʠ rAa>(1ïv)e
(2ïv)/(1ïv)

, ʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʠ ʝʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ ʧʨʠ  
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ʊʘʢʞʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʦʨʬʥʦʛʦ (2.5) ʠ ʧʦʣʠʤʦʨʬʥʦʛʦ (2.7) ʨʝʰʝʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʙʠʬʫʨʢʘʮʠʠ fold-flip, ʧʦʩʢʦʣʴʢʫ ʣʠʥʠʷ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʡ ʙʠʬʫʨʢʘʮʠʠ 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʣʠʥʠʝʡ ʙʠʬʫʨʢʘʮʠʠ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʙʠʬʫʨʢʘʮʠʷ fold-

NS, ʧʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʥʦ ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʡ ʠ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ ʙʠʬʫʨʢʘʮʠʡ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʨʪʠʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, rAA) 

ʘʥʘʣʦʛʠʯʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ rAA ʠ raa. ʇʨʠ ʵʪʦʤ ʩ 
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ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʥʦʤʦʨʬʥʳʭ ʠ ʧʦʣʠʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʡ ʨʘʩʰʠʨʷʶʪʩʷ (ʈʠʩʫʥʦʢ 2.3). 

ɺ ʮʝʣʦʤ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʠʪʦʛʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʧʫʣʷʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʝʪʝʨʦʟʠʛʦʪ ʠ 

ʛʦʤʦʟʠʛʦʪ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʫʪʘʮʠʡ) ʥʦʚʳʭ ʘʣʣʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʴʰʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʩʦʙʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʦʪʙʦʨʫ ʵʪʠʭ ʘʣʣʝʣʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʨʦʩʪʫ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʧʦʧʫʣʷʮʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʉʮʝʥʘʨʠʡ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ 

ʜʠʥʘʤʠʢʠ ʩ ʨʦʩʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʠʛʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ɟ<3/4 (ɟ*(v=1)=(2+v)/(v
2
+v+2)=3/4) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʦʨʬʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ɟ>1 

(ɟ*(v=0)=(2+v)/(v
2
+v+2)=1) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʛʜʘ ʚʝʜʝʪ ʢ ʢʘʩʢʘʜʫ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ. ʆʜʥʘʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 3/4<ɟ<1 ʩʮʝʥʘʨʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʠʧ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʥʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʙʦʣʴʰʠʭ ʩʨʝʜʥʠʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʚʥʦʚʝʩʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʝʡ: ʧʨʠ ʜʚʠʞʫʱʝʤ ʦʪʙʦʨʝ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ) ï 

ʤʦʥʦʤʦʨʬʠʟʤ, ʧʨʠ ʩʚʝʨʭʜʦʤʠʥʠʨʦʚʘʥʠʠ ï ʧʦʣʠʤʦʨʬʠʟʤ, ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ ʛʝʪʝʨʦʟʠʛʦʪ ï ʙʠʩʪʘʙʠʣʴʥʦʩʪ,ɹ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʜʚʫʭ 

ʤʦʥʦʤʦʨʬʥʳʭ ʨʘʚʥʦʚʝʩʠʡ. ʕʪʠ ʵʬʬʝʢʪʳ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʧʫʣʷʮʠʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʯʝʪ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʠ ʝʤʢʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ 

ʨʘʩʰʠʨʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ 

ʩʮʝʥʘʨʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ï ʩʮʝʥʘʨʠʡ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʙʠʬʫʨʢʘʮʠʠ 

ʨʦʞʜʘʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʘʷ ʢʨʠʚʘʷ (ʘʥʘʣʦʛ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ), ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʩʭʦʞʠʝ ʩ ʜʠʥʘʤʠʢʦʡ ʨʝʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʟʘʪʝʤ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ 

(ʈʠʩʫʥʦʢ 2.4 ʘ). ʊʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʠʟ ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʩʮʝʥʘʨʠʡ 

ʌʝʡʛʝʥʙʘʫʤʘ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʙʠʬʫʨʢʘʮʠʷ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ çʧʠʣʦʦʙʨʘʟʥʳʤè 

ʪʨʘʝʢʪʦʨʠʷʤ, ʚʝʩʴʤʘ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚ ʧʨʠʨʦʜʝ (ʈʠʩʫʥʦʢ 2.4 ʙ). 
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ʈʠʩʫʥʦʢ 2.4 ï ʊʨʘʝʢʪʦʨʠʠ ʤʦʜʝʣʠ (2.4) ʧʨʠ rAA=16, rAa=9, v=0.1, x0=y0=0.1 ʠ q0=p0=0.05, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ a) ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ (raa=14, ɟ=0.2)  

 ʠ ʙ) çʧʠʣʦʦʙʨʘʟʥʳʝè ʢʦʣʝʙʘʥʠʷ (rʘa=20, ɟ=1.7) 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ: ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʠ ʧʦʥʠʞʝʥʥʳʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʛʝʪʝʨʦʟʠʛʦʪʳ ʧʨʠ rAa<rAA. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʤʦʜʝʣʠ (2.4) 

ʚʦʟʥʠʢʘʝʪ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʪ.ʝ. ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ ʤʦʥʦʤʦʨʬʥʳʭ 

ʨʘʚʥʦʚʝʩʠʷ. ʅʘ ʈʠʩʫʥʢʝ 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ rAa<rAA ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ. ʇʨʠ raa<rAa ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʙʝʞʜʘʝʪ ʛʝʥʦʪʠʧ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʪ.ʝ. ɸɸ, ʯʪʦ ʠ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.5 a. ʋʩʣʦʚʠʝ raa>rAa 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʠʞʝʥʥʦʤʫ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʛʝʪʝʨʦʟʠʛʦʪʳ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʥʠʢʘʝʪ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʫʱʝʩʪʚʫʶʪ ʦʙʘ ʤʦʥʦʤʦʨʬʥʳʭ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ 

ʵʪʦʤ ʢʘʢʦʡ ʠʟ ʘʪʪʨʘʢʪʦʨʦʚ ʦʢʘʞʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʠʤ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ.  

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4) ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa) ʧʨʠ 

rAA=10, rAa=8, v=0.1, x0=0.1 ʠ y0=0.1 ʜʣʷ ʨʘʟʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ.  

ʏʠʩʣʘ ï ʜʣʠʥ rʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʦʚ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ,  

ʠʥʜʝʢʩ 1 ʦʪʨʘʞʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ʘ ( 0=q , 0=p ),  

2 ï ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ɸ ( 1=q , 1=p )  
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ʂʘʨʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 2.5, ʩʫʤʤʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ (ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ) ʠ ʦ ʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʢʦʛʦ ʘʣʣʝʣʷ ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʦʜʠʥ ʛʝʥʦʪʠʧ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʦʡ (ʟʘ ʚʨʝʤʷ t) ʠ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʪ.ʝ. qn+t=pn+t=0 ʠʣʠ qn+t=pn+t=1. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ, ʝʩʣʠ ʦʥʠ ʚʦʟʥʠʢʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ çʧʠʣʦʦʙʨʘʟʥʳʝè ʪʘʢ ʠ çʛʣʘʜʢʠʝè (ʈʠʩʫʥʦʢ 2.4), ʧʦʩʢʦʣʴʢʫ 

ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʯʝʨʝʟ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ 

ʧʝʨʠʦʜʘ, ʪʘʢ ʠ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ. 

ʅʘ ʈʠʩʫʥʢʝ 2.5 a ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʣʷ ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ 

(2.5): ʯʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʵʪʦʛʦ ʘʪʪʨʘʢʪʦʨʘ, ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʘʯʘʣʴʥʦʝ 

ʫʩʣʦʚʠʝ ʟʘʚʝʜʦʤʦ ʙʣʠʟʢʦʝ ʢ ʨʝʰʝʥʠʶ 0=q , 0=p , ʪ.ʝ. q0=0.001 ʠ p0=0.001. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʵʚʦʣʶʮʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʝʰʝʥʠʷ 

(2.6) ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ q0=1 ʠ p0=1 (ʈʠʩʫʥʦʢ 2.5 ʙ). ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʥʘ ʢʘʨʪʘʭ 2.5 ʘ ʠ 2.5 ʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ 

ʤʦʥʦʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʜʥʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʘʝʢʪʦʨʠʷ ʤʦʜʝʣʠ ʤʦʞʝʪ 

ʧʨʠʥʘʜʣʝʞʘʪʴ ʢʘʨʪʝ 2.5 ʘ, ʘ ʧʨʠ ʜʨʫʛʠʭ ʢʘʨʪʝ 2.5 ʙ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʈʠʩʫʥʢʝ 2.5 ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʦʪʣʠʯʥʦʛʦ 

ʦʪ 0 ʠ 1. ʂʘʢ ʚʠʜʥʦ, ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʙʦ ʛʝʥʦʪʠʧʦʤ ʘʘ (ʠʥʜʝʢʩ 1), ʣʠʙʦ ʛʝʥʦʪʠʧʦʤ ɸɸ (ʠʥʜʝʢʩ 2), ʬʦʨʤʘ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ (ʈʠʩʫʥʦʢ 2.5 ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ rAA>rAa, ʪʦ 

ʧʨʠ raa<rAa ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʩʠʩʪʝʤʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʟʜʝʩʴ ʚʩʝʛʜʘ 

ʨʘʟʚʠʚʘʝʪʩʷ ʤʦʥʦʤʦʨʬʥʘʷ ʧʦʧʫʣʷʮʠʷ, ʦʩʦʙʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʛʝʥʦʪʠʧ ɸɸ. ɺ ʦʙʣʘʩʪʠ 

ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ raa>rAa ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. 

ʆʪʤʝʪʠʤ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʥʘ ʢʘʨʪʝ 2.5 ʘ, 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʦʙʣʘʩʪʴ 3-ʮʠʢʣʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʠʩʯʝʟʘʝʪ. ɺ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʠ (2.4) ʙʝʟ ʫʯʝʪʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʚʦʟʥʠʢʘʝʪ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2015 ʙ; Neverova et al., 2018). ʂʘʢ ʚʠʜʥʦ, ʚ 

ʤʦʜʝʣʠ (4), ʫʯʠʪʳʚʘʶʱʝʡ ʥʝ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʥʫʶ, ʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ, 

ʷʚʣʝʥʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʤʦʜʝʣʝʡ: ʧʣʦʪʥʦʩʪʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʪʙʦʨʘ ʣʫʯʰʠʭ ʛʝʥʦʪʠʧʦʚ ʠ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩ 

ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʢʘʞʜʦʡ ʠʟ 
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ʥʠʭ. ɺ ʠʪʦʛʝ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ (2.4) ʚʦʟʥʠʢʘʝʪ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ ʜʚʫʭ ʤʦʥʦʤʦʨʬʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʧʦ ʜʚʫʤ 

ʩʮʝʥʘʨʠʷʤ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʤʝʥʳ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ. 

 

ʇʦʚʳʰʝʥʥʳʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʪʝʨʦʟʠʛʦʪʳ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʨʠ rAa>rAA . ʇʦʣʠʤʦʨʬʠʟʤ ʚ ʧʦʧʫʣʷʮʠʠ ʚʦʟʤʦʞʝʥ, ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʛʝʪʝʨʦʟʠʛʦʪʳ, ʢʦʛʜʘ raa<rAa (ʅʝʚʝʨʦʚʘ, ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2020). 

ʇʨʠ raa>rAa  ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʝʥʦʪʠʧ aa 

ʚʳʪʝʩʥʷʝʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʝʥʦʪʠʧʳ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʥʘʠʙʦʣʴʰʝʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ raa>rAa  ʧʨʠʪʷʛʠʚʘʶʱʠʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʦʥʦʤʦʨʬʥʳʝ ʨʝʞʠʤʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ 0=q , 0=p : ʤʦʥʦʤʦʨʬʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (2.5) ʠʣʠ ʞʝ ʨʝʞʠʤʳ, 

ʚʦʟʥʠʢʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʨʦʩʪʦʤ raa.  

ʈʠʩʫʥʦʢ 2.6 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʤʦʜʝʣʠ (2.4). ʂʘʢ ʚʠʜʥʦ, ʧʨʠ raa<rAa 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʠʤʦʨʬʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʧʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ rAa, ʪʝʤ ʨʘʟʥʦʦʙʨʘʟʥʝʝ 

ʤʥʦʞʝʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4) ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ (ɟ, raa).  

ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʮʠʢʣʘ, ʠʥʜʝʢʩ 1 ʦʪʨʘʞʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ 

ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ʘ ( 0=q , 0=p ), 3 ï ʧʦʧʫʣʷʮʠʷ ʧʦʣʠʤʦʨʬʥʘ,  

Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, C ï ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

 

ʇʨʠ raa >rAa ʚʦʟʥʠʢʘʝʪ ʤʦʥʦʤʦʨʬʥʦʝ ʨʝʰʝʥʠʝ 0=q , 0=p , ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʩʫʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ rAa. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚʪʦʨʦʡ ʛʦʤʦʟʠʛʦʪʳ ɸɸ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʥʘ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ 

ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ (2.7) ʩʫʞʘʝʪʩʷ, ʠ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʣʠʥʠʡ (ʈʠʩʫʥʦʢ 2.6 ʚ). ʋʤʝʥʴʰʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ 

ʚʝʜʝʪ ʢ ʩʫʞʝʥʠʶ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ (2.5) ʠ (2.7) (ʈʠʩʫʥʦʢ 2.6 ʛ). ɺ 

ʮʝʣʦʤ ʚʠʜʥʦ, ʯʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ.  
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ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʥʠʞʝʥʥʦʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʪʝʨʦʟʠʛʦʪʳ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ: ʧʦʚʝʨʭ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʙʣʘʩʪʴ 3-

ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʨʦʞʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ. ʅʘ ʈʠʩʫʥʢʝ 2.7 ʧʨʝʜʩʪʘʚʣʝʥ r

ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʝʨʝʤʝʥʥʳʭ x ʠ q ʧʦ ʧʘʨʘʤʝʪʨʫ ɟ ʧʨʠ ʧʦʣʠʤʦʨʬʠʟʤʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʶ raa=18 ʥʘ ʢʘʨʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʈʠʩʫʥʢʘ 2.6 ʚ. 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʘ, ʙ) ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʝʨʝʤʝʥʥʳʭ x ʠ q ʧʦ ʧʘʨʘʤʝʪʨʫ ɟ ʧʨʠ raa = 18, 

rAa=20, rAA =10, v=0.1; c) ʪʨʘʝʢʪʦʨʠʷ ʤʦʜʝʣʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʤʝʥʫ ʨʝʞʠʤʘ ʜʠʥʘʤʠʢʠ  

 

ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ɟ ʥʘʙʣʶʜʘʶʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ɟ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʚʦʟʨʘʩʪʥʳʤʠ ʢʣʘʩʩʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʢʘʩʢʘʜʫ ʙʠʬʫʨʢʘʮʠʡ 

ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʠ ʚ ʠʪʦʛʝ ʭʘʦʪʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʭʦʜʝ ʫʩʣʦʞʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʢʦʣʝʙʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ (ʈʠʩʫʥʦʢ 2.7 ʘ). 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʬʣʫʢʪʫʘʮʠʠ 

ʯʠʩʣʝʥʥʦʩʪʠ (ʈʠʩʫʥʦʢ 2.7 ʙ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚʳʟʚʘʥʳ 

ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʩʦʙʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʦʪʥʦʩʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʞʝ ʥʘ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʧʦ ʧʝʨʝʤʝʥʥʦʡ x ʚʠʜʥʦ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʠʥʘʤʠʢʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʙʣʘʩʪʴ 

ʪʨʝʭʛʦʜʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʝʟʢʦ ʚʦʟʥʠʢʘʶʪ ʠ ʪʘʢʞʝ ʚʥʝʟʘʧʥʦ ʠʩʯʝʟʘʶʪ (ʈʠʩʫʥʦʢ 2.7 ʘ). 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴʶ (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2015 ʙ; Neverova et al., 2018), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʘʪʪʨʘʢʪʦʨʦʚ ʩʦ ʩʚʦʠʤʠ ʙʘʩʩʝʡʥʘʤʠ ʧʨʠʪʷʞʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ 

ʧʦʣʠʤʦʨʬʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʦʧʫʣʷʮʠʠ ʫʩʪʦʡʯʠʚʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ 

ʝʱʝ ʫʩʪʦʡʯʠʚʳʡ ʘʪʪʨʘʢʪʦʨ ï ʮʠʢʣ ʜʣʠʥʳ ʪʨʠ, ʯʪʦ ʠ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.7 a. ʇʨʠ ʵʪʦʤ 3-ʮʠʢʣ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʪ.ʝ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʛʝʥʦʪʠʧʦʚ. 

ʅʘ ʈʠʩʫʥʢʝ 2.7 ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʤʝʥʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʘʨʠʘʮʠʠ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ, ʠʟʥʘʯʘʣʴʥʦ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʝʭʣʝʪʥʠʝ 

ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʡ 

ʤʦʤʝʥʪ ʚ ʩʠʣʫ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 
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ʦʜʥʦʛʦ ʠʟ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ (ʥʘ ʰʘʛʝ n=35 ʯʠʩʣʝʥʥʦʩʪʴ ʩʪʘʨʰʝʛʦ ʢʣʘʩʩʘ ʫʤʝʥʴʰʠʣʘʩʴ). ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʪ.ʝ. ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʣʠʤʦʨʬʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʦʡʯʠʚʳʝ ʘʪʪʨʘʢʪʦʨʳ ʤʦʛʫʪ ʚʝʩʴʤʘ 

ʧʨʠʯʫʜʣʠʚʦ ʠ ʩʣʦʞʥʦ ʜʝʣʠʪʴ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʉʪʨʫʢʪʫʨʘ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʣʘʩʪʷʭ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʈʠʩʫʥʢʘ 2.6 ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.8. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4) ʚ ʦʙʣʘʩʪʠ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʧʨʠ ʧʦʣʠʤʦʨʬʠʟʤʝ. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʮʠʢʣʘ 

 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 2.8 ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʘʨʠʘʮʠʠ 

ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʧʦʧʫʣʷʮʠʠ, ʥʦ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʝʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʜʝʣʘʝʪ ʠʭ ʟʘʚʠʩʠʤʳʤʠ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʬʘʟ ʮʠʢʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʬʫʨʢʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʵʚʦʣʶʮʠʦʥʥʳʤ ʨʦʩʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ɺ ʮʝʣʦʤ ʞʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʬʬʝʢʪʦʚ ʜʚʫʭ 

ʤʦʜʝʣʝʡ: ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʧʨʠʚʦʜʠʪ ʢ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʨʦʩʪʫ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ (ʟʜʝʩʴ ʢ 

ʨʦʩʪʫ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ), ʘ ʧʣʦʪʥʦʩʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʙʠʬʫʨʢʘʮʠʷʤ ʠ ʨʘʟʣʠʯʥʳʤ ʬʣʫʢʪʫʘʮʠʷʤ ʯʠʩʣʝʥʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ (ʠ ʧʨʦʷʚʣʷʶʪʩʷ) ʚ ʭʦʜʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ.  
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ʄʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʤʦʜʝʣʠ (2.4) ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʫʪʁ 

ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ ʤʦʥʦʤʦʨʬʥʳʭ ʩʦʩʪʦʷʥʠʷ (ʘʪʪʨʘʢʪʦʨʘ), ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʦʤʦʟʠʛʦʪ ʦʜʠʥʘʢʦʚʳ, 

ʥʘʧʨʠʤʝʨ, rAa=2, rAɸ=rʘa=6. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʦʙʣʘʩʪʴ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʠʟ ʢʦʪʦʨʳʭ ʪʨʘʝʢʪʦʨʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʤʦʥʦʤʦʨʬʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʩ 0=q , 0=p . ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʩʪʨʝʤʠʪʩʷ ʢ ʜʨʫʛʦʤʫ 

ʤʦʥʦʤʦʨʬʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʩ 1=q , 1=p . ɺ ʭʦʜʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʟʜʝʩʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʝʥ ʪʨʝʪʠʡ 

ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ. ʕʪʦʪ ʨʝʞʠʤ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟ ʥʝʢʦʪʦʨʦʡ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʯʝʪʥʳʝ 

ʩʝʟʦʥʳ ʨʘʟʤʥʦʞʝʥʠʡ ʚ ʧʦʧʫʣʷʮʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʠʥ ʠʟ ʘʣʣʝʣʝʡ, ʘ ʚ ʥʝʯʝʪʥʳʝ ï ʜʨʫʛʦʡ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩʪʨʝʤʷʪʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ (ʈʠʩʫʥʦʢ 2.9). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʛʦʤʦʟʠʛʦʪ. ɽʩʣʠ ʞʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʛʦʤʦʟʠʛʦʪ ʦʪʣʠʯʘʶʪʩʷ, ʜʘʞʝ ʥʝ 

ʟʥʘʯʠʪʝʣʴʥʦ, ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ (ʧʨʘʚʳʡ ʚʝʨʭʥʠʡ ʬʨʘʛʤʝʥʪ ʈʠʩʫʥʢʘ 2.9). 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʊʨʠ ʫʩʪʦʡʯʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘ (ʠ ʙʘʩʩʝʡʥʳ ʠʭ ʧʨʠʪʷʞʝʥʠʡ) ʚ ʤʦʜʝʣʠ 

(2.4) ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʛʝʪʝʨʦʟʠʛʦʪʳ. ʀʥʜʝʢʩ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʤʦʨʬʠʟʤʫ 

0=q , 0=p , ʠʥʜʝʢʩ 2 ï ʤʦʥʦʤʦʨʬʠʟʤ 1=q , 1=p , ʚ ʦʙʣʘʩʪʠ 2 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪ ʛʝʥʦʚ ʩ ʧʝʨʠʦʜʦʤ 2, ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʛʦʤʦʟʠʛʦʪ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʚʥʦʚʝʩʥʦʤʫ ʫʨʦʚʥʶ 



81 

 

ʇʦʷʚʣʝʥʠʝ 2-ʮʠʢʣʘ ʚ ʜʠʥʘʤʠʢʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ ʠ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʧʦʩʣʝ 

ʧʨʦʮʝʩʩʘ ʨʘʟʤʥʦʞʝʥʠʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʘ ʥʫʣʶ (v=0). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʦʧʫʣʷʮʠʠ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʘʮʠʠ: 

ʚʟʨʦʩʣʳʝ ʧʦʣʦʚʦʟʨʝʣʳʝ ʦʩʦʙʠ ʷʚʣʷʶʪʩʷ çʚʳʞʠʚʰʝʡ ʤʦʣʦʜʴʶè ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʜʘʜʫʪ 

ʤʦʣʦʜʴ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʦ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ ʛʝʥʝʪʠʯʝʩʢʠ ʩ ʤʦʣʦʜʴʶ ʪʝʢʫʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʕʪʘ ʤʦʣʦʜʴ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʣʦʚʦʟʨʝʣʳʤʠ ʦʩʦʙʷʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ 

ʧʝʨʝʡʜʝʪ ʧʦʩʣʝ ʩʦʟʨʝʚʘʥʠʷ ʠ ʚʳʞʠʚʘʥʠʷ ʚ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʣʦʜʴ ʠ ʚʟʨʦʩʣʳʝ ʦʩʦʙʠ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʩʫʙʧʦʧʫʣʷʮʠʷʤ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ 

ʛʝʥʝʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦ. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʝʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʫ ʤʦʣʦʜʠ, ʠ ʫ 

ʚʟʨʦʩʣʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʘʣʣʝʣʴ ɸ ( qqpp >> 00 , , ʛʜʝ qp,  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.6), ʧʨʠ 

rAɸ=rʘa ʠ 5.0==qp ), ʪʦ ʵʪʦʪ ʘʣʣʝʣʴ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʥ ʠ ʚ ʧʦʧʫʣʷʮʠʠ ʫʩʪʘʥʦʚʠʪʩʷ 

ʤʦʥʦʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 1=p , 1=q . ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʫ ʤʦʣʦʜʠ, ʠ ʫ 

ʚʟʨʦʩʣʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʘʣʣʝʣʴ ʘ ( qqpp << 00 , ) ʪʦ ʘʣʣʝʣʴ ɸ ʙʫʜʝʪ ʧʦʪʝʨʷʥ ʠ ʚ ʧʦʧʫʣʷʮʠʠ 

ʫʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 0=q , 0=p  ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫ 

ʤʦʣʦʜʠ ʧʨʝʦʙʣʘʜʘʝʪ ʘʣʣʝʣʴ ɸ, ʘ ʫ ʚʟʨʦʩʣʳʭ ï ʘ ( qqpp <> 00 , ), ʠʣʠ ʥʘʦʙʦʨʦʪ, ʫ ʤʦʣʦʜʠ 

ʧʨʝʦʙʣʘʜʘʝʪ ʘʣʣʝʣʴ ʘ, ʘ ʫ ʚʟʨʦʩʣʳʭ ï ɸ ( qqpp >< 00 , ), ʪʦ ʚ ʩʫʙʧʦʧʫʣʷʮʠʠ çʤʦʣʦʜʠè ʙʫʜʝʪ 

ʬʠʢʩʠʨʦʚʘʥ ʦʜʠʥ ʘʣʣʝʣʴ, ʚ ʘ ʩʫʙʧʦʧʫʣʷʮʠʠ ʚʟʨʦʩʣʳʭ ï ʜʨʫʛʦʡ ʠ ʚʦ ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ ʬʦʨʤʘʣʴʥʦ 

ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ 2-ʮʠʢʣ ʧʦ ʯʘʩʪʦʪʘʤ ʛʝʥʦʚ (ʩ ʬʘʟʦʡ ʮʠʢʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ). 

ʅʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʤʝʥʫ 

ʛʝʥʘʤʠ ʤʝʞʜʫ ʦʧʠʩʘʥʥʳʤʠ ʩʫʙʧʦʧʫʣʷʮʠ̫ ʤʠ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ. ʇʦʢʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʳʞʠʚʘʝʤʦʩʪʠ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʦʢ ʛʝʥʦʚ) ʤʘʣ, ʫʩʪʦʡʯʠʚʳʡ 2-ʮʠʢʣ ʚ ʜʠʥʘʤʠʢʝ ʯʘʩʪʦʪ 

ʛʝʥʦʚ ʩʦʭʨʘʥʷʝʪʩʷ: ʚ ʘʩʠʤʧʪʦʪʠʢʝ ʚ ʦʜʥʦʡ ʠʟ ʩʫʙʧʦʧʫʣʷʮʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʠʥ ʠʟ ʘʣʣʝʣʝʡ, ʚ 

ʜʨʫʛʦʡ ï ʚʪʦʨʦʡ. ʉ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ 2-ʮʠʢʣʘ ʩʫʞʘʝʪʩʷ, 

ʧʦʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʙʠʬʫʨʢʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʘʜʘʝʪ: 2-ʮʠʢʣ ʠʩʯʝʟʘʝʪ, ʠ 

ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʝ ʨʝʞʠʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʦʥʦʤʦʨʬʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʠʟʤʝʥʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ (2.4), 

ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʦʤʦʟʠʛʦʪ. ʅʘ ʈʠʩʫʥʢʝ 2.10 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʯʘʩʪʦʪ ʛʝʥʦʚ.  
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ʈʠʩʫʥʦʢ 2.10 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʜʦʧʦʣʥʝʥʥʳʝ ʬʘʟʦʚʳʤʠ ʧʦʨʪʨʝʪʘʤʠ ʠ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪ ʠʟ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʥʘ ʢʘʨʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ *. ʀʥʜʝʢʩ 1 ʦʪʨʘʞʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ʘ, 

2 ï ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ɸ, 3 ï ʧʦʧʫʣʷʮʠʷ ʧʦʣʠʤʦʨʬʥʘ. 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʪ v=0.001, ɟ=0,2, rAa=2 

 

ʂʘʢ ʚʠʜʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʦʤʦʟʠʛʦʪ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʶ ʚʳʷʚʣʝʥʥʦʡ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʶʪʩʷ ʢʘʢ ʦʙʘ ʤʦʥʦʤʦʨʬʥʳʝ, ʪʘʢ ʠ ʧʦʣʠʤʦʨʬʥʳʡ 

ʨʝʞʠʤʳ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʚ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ ʤʦʥʦʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʦʜʠʥ ʠʟ ʘʣʣʝʣʝʡ ʬʠʢʩʠʨʫʝʪʩʷ (ʈʠʩʫʥʦʢ 2.10 ʛ), ʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʦʤʦʟʠʛʦʪʳ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʘʣʣʝʣʶ (ʚ ʩʣʫʯʘʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʈʠʩʫʥʦʢ 2.10 ʚ, ʪʘʢʠʤ ʨʝʞʠʤʦʤ ʷʚʣʷʶʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ). ɺ 

ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʚ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʠʟ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ 2-ʮʠʢʣʘ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʛʦʤʦʟʠʛʦʪ) ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 2, 4, 8-ʮʠʢʣʳ, ʠ ʜʘʞʝ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 2.10 ʝ). ɺ ʩʣʫʯʘʝ, ʧʨʠʚʝʜʝʥʥʦʤ 

ʥʘ ʈʠʩʫʥʢʝ 2.10 ʠ, ʪʘʢʠʤʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʩʣʝʛʢʘ ʟʘʰʫʤʣʝʥʥʳʡ 2-

ʮʠʢʣ ʠ ʜʠʥʘʤʠʢʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ ʧʦʜʦʙʥʘ çʙʠʝʥʠʷʤè, ʢʦʛʜʘ ʚʥʫʪʨʠ 

ʧʦʧʫʣʷʮʠʠ ʛʦʜ ʦʪ ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʩʤʝʥʘ ʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ ʜʨʫʛʠʤ. ʈʝʞʠʤ 

ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʣʦʞʝʥʠʝ ʜʚʫʭ ʘʪʪʨʘʢʪʦʨʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʝʜʫʱʠʭ ʛʝʥʦʪʠʧʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʩʫʙʧʦʧʫʣʷʮʠʡ ʩʤʝʞʥʳʭ ʧʦʢʦʣʝʥʠʡ. 

ʇʦʜʦʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʦʡ (ʝʩʣʠ 

ʥʝ ʥʫʣʝʚʦʡ) ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʨʘʟʤʥʦʞʝʥʠʷ. ʏʪʦʙʳ ʠʟʫʯʠʪʴ 
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ʚʣʠʷʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʥʘ ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʧʫʣʷʮʠʠ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪ ʧʨʠ ʚʘʨʠʘʮʠʠ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ rAA=12.85 ʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ q0=0 ʠ p0=1, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ʫʩʪʦʡʯʠʚʦʛʦ 2-ʮʠʢʣʘ (ʈʠʩʫʥʦʢ 2.11).  

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʂʘʨʪʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʯʘʩʪʦʪ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʮʠʢʣʘ, 

Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʢʘʨʪʘʭ ʈʠʩʫʥʢʘ 2.11, ʩ ʨʦʩʪʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʩ ʧʣʦʪʥʦʩʪʥʦʡ ʨʝʛʫʣʷʮʠʝʡ ʨʦʞʜʘʝʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 2-ʮʠʢʣʘ ʩʫʞʘʝʪʩʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 2-ʮʠʢʣ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ɟ<1, ʪ.ʝ. ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʢʣʘʜ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ 

ʨʦʞʜʘʝʤʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʤʦʣʦʜʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜʘ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ. ɹʠʬʫʨʢʘʮʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʨʦʞʜʘʝʪʩʷ 2-ʮʠʢʣ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ rAA=raa ʠ ʙʠʬʫʨʢʘʮʠʦʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɟ, ʢʦʪʦʨʦʝ ʪʝʤ ʥʠʞʝ, ʯʝʤ ʚʳʰʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʟʨʝʣʳʭ ʦʩʦʙʝʡ. ɺ ʮʝʣʦʤ ʚʠʜʥʦ, 

ʯʪʦ 2-ʮʠʢʣ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʯʢʝ rAA=raa, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʩʙʦʨʢʠ ʠ ʜʚʝ ʚʝʪʚʠ ʣʠʥʠʠ 

ʢʘʩʘʪʝʣʴʥʦʡ ʙʠʬʫʨʢʘʮʠʠ ʩʭʦʜʷʪʩʷ ʚ ʥʝʡ, ʦʙʨʘʟʫʷ çʩʢʣʘʜʢʫè (ʂʫʟʥʝʮʦʚ, ʉʝʜʦʚʘ, 2012; ʂʫʟʥʝʮʦʚ 

ʠ ʜʨ., 2012ʙ).  

ɼʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʜʝʣʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 2.12. ʂʘʢ ʚʠʜʥʦ, ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʦʪ ʧʨʠ rAA=raa ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʤʦʥʦʤʦʨʬʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʨʘʚʥʳ ʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ, ʠ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʠʭ ʦʩʦʙʝʡ ʵʪʘ ʦʙʣʘʩʪʴ ʩʫʞʘʝʪʩʷ 

ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʝʣʠʪʩʷ ʪʦʣʴʢʦ ʤʦʥʦʤʦʨʬʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ (ʈʠʩʫʥʦʢ 2.12 ʘ).  
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ʈʠʩʫʥʦʢ 2.12 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʧʫʣʷʮʠʠ, ʚ ʦʙʣʘʩʪʠ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʮʠʢʣʘ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ. ʀʥʜʝʢʩ 1 ʦʪʨʘʞʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ 

ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ʘ, 2 ï ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ɸ. 

ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʠʣʠʩʴ 
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ʇʨʠ ʨʘʟʥʳʭ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʛʦʤʦʟʠʛʦʪ, ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ 

ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʛʦʤʦʟʠʛʦʪʳ ʩ ʙʦʣʴʰʠʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʜʣʷ ʛʦʤʦʟʠʛʦʪʳ ʩ ʤʝʥʴʰʠʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʈʠʩʫʥʦʢ 2.12 ʙ). ɺ ʩʣʫʯʘʝ 

ʥʘʣʠʯʠʷ ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʦʩʪ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʪʝʨʦʟʠʛʦʪʳ 

ʫʚʝʣʠʯʠʚʘʝʪ ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʤʦʥʦʤʦʨʬʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʟʘ ʩʯʝʪ ʩʫʞʝʥʠʷ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ, ʚʧʣʦʪʴ ʜʦ ʝʝ ʠʩʯʝʟʥʦʚʝʥʠʷ (ʈʠʩʫʥʦʢ 2.12 ʚ).  

ʋʚʝʣʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ ʚʝʜʝʪ 

ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʦʙʝʠʭ ʛʦʤʦʟʠʛʦʪ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʦʙʣʘʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ, ʜʘʣʝʝ ʨʦʩʪ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʙʘʩʩʝʡʥʘ ʧʨʠʪʷʞʝʥʠʷ ʛʦʤʦʟʠʛʦʪʳ ʩ ʤʝʥʴʰʝʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ 

(ʈʠʩʫʥʦʢ 2.12 ʛ). ʋʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʚ 

ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʜʦʙʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ ʛʦʤʦʟʠʛʦʪ (ʈʠʩʫʥʦʢ 2.12 ʛ).  

ʅʘʯʘʣʴʥʳʝ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʧʦʧʫʣʷʮʠʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʪʠʧ 

ʜʦʩʪʠʛʘʝʤʦʛʦ ʤʦʥʦʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʈʠʩʫʥʦʢ 2.12 ʜ). ɺ ʯʘʩʪʥʦʩʪʠ, ʚʘʨʠʘʮʠʷ ʪʝʢʫʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ 

ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʙʣʘʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʧʦʧʫʣʷʮʠʠ. ɺ ʮʝʣʦʤ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʪʦʤʫ, ʯʪʦ ʥʘʯʥʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʜʨʫʛʦʡ ʛʝʥʦʪʠʧ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʚʦʟʨʘʩʪʥʘʷ ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ.  

ɹʠʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ: ʚʣʠʷʥʠʝ ʥʘ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʢʘʢ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4). ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʝʢʫʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʥʦʪʠʧʦʚ ʚ ʧʦʧʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ, ʪʦ ʝʩʪʴ 

ʢʘʢʦʡ ʛʝʥʦʪʠʧ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʙʫʜʝʪ ʧʨʝʦʙʣʘʜʘʪʴ, ʥʦ ʠ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ (ʈʠʩʫʥʦʢ 

2.13 ʘ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʝ ʚʦʟʤʦʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʪʝʢʫʱʝʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʠʣʠ ʞʝ ʚʘʨʠʘʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʚʝʜʫʱʝʡ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ʛʝʥʦʪʠʧʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʥʘ ʈʠʩʫʥʢʝ 2.13 ʙ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʚʝʜʫʱʠʝ ʢ ʚʳʪʝʩʥʝʥʠʶ ʘʣʣʝʣʷ ɸ, ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʳʪʝʩʥʝʥʠʝ ʘʣʣʝʣʷ ɸ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʯʠʥʦʡ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʥʦ-
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ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ. ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʩʮʝʥʘʨʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʨʘʟʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ çʧʦʙʝʜʠʚʰʝʛʦè ʛʝʥʦʪʠʧʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2.4) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʝʨʝʤʝʥʥʳʭ (q, p) ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʫʩʣʦʚʠʠ x0=y0=0.1. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʮʠʢʣʘ, Q ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ. ʀʥʜʝʢʩ 1 ʦʪʨʘʞʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ʘ, 2 ï ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʣʝʣʷ ɸ 

 

ʅʘ ʈʠʩʫʥʢʝ 2.13 ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʪʘʢʦʡ ʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ʆʩʦʙʦ ʷʨʢʦ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʈʠʩʫʥʢʝ 2.13 ʚ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʠʟ ʦʙʣʘʩʪʠ 

ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʢʠ ʛʝʥʦʪʠʧʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʛʝʥʦʪʠʧʦʚ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ 4- ʠ 8-ʮʠʢʣʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʩʣʝʜʫʝʪ ʟʘ ʢʦʣʝʙʘʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʛʝʥʦʪʠʧʦʚ 

(ʈʠʩʫʥʦʢ 2.13 ʚ). ʊʦ ʞʝ ʩʘʤʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʧʨʠʪʷʞʝʥʠʷ (ʈʠʩʫʥʦʢ 2.13), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʜʠʥʘʤʠʢʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ 
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ʧʦʧʫʣʷʮʠʷ ʤʦʥʦʤʦʨʬʥʘ, ʪʦ ʝʝ ʩʨʝʜʥʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʩʪʦʷʥʝʥ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʣʫʯʘʝ ʞʝ, ʢʦʛʜʘ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʣʝʙʣʝʪʩʷ ʛʦʜ ʦʪ ʛʦʜʘ, ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʧʫʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ ʩʤʝʥʷʝʪʩʷ 

ʜʨʫʛʠʤ, ʠ ʚʦʪ ʟʜʝʩʴ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʩʣʝʜʫʶʪ ʟʘ ʢʦʣʝʙʘʥʠʷʤʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʧʦʧʫʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʧʣʦʪʥʦʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ, ʣʠʙʦ ʢʦʣʝʙʘʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʣʫʢʪʫʘʮʠʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʥʝʚʳʩʦʢʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʪʘʨʰʝʛʦ ʢʣʘʩʩʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʠʜʦʚ ʣʠʙʦ ʩ ʢʦʨʦʪʢʠʤ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʣʠʙʦ ʩ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʧʦʢʦʣʝʥʠʷʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʷʚʣʝʥʠʝ ʘʣʣʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʝʡ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʫʪʘʮʠʡ), ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ 

çʝʩʪʝʩʪʚʝʥʥʫʶè ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʘʣʣʝʣʴ ɸ ʩ 

ʙʦʣʴʰʠʤ rAA, ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʪʦʨʦʛʦ ʚ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʘʭ ʧʦʧʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ, 

ʥʘʧʨʠʤʝʨ, q0=p0=0.05. ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ çʭʦʨʦʰʠʡè ʘʣʣʝʣʴ ʧʦʯʪʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥ (ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʦʟʥʘʯʠʤ ʝʛʦ ʯʝʨʝʟ ʘ), ʥʦ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ ɸ), 

ʝʱʝ ʣʫʯʰʝ, ʠ ʪʦʛʜʘ ʤʳ ʦʧʷʪʴ ʦʢʘʟʳʚʘʝʤʩʷ ʚ ʩʠʪʫʘʮʠʠ ʩ ʥʦʚʳʤʠ ʛʝʥʦʪʠʧʘʤʠ ʠ ʪʝʢʫʱʠʤʠ 

ʯʠʩʣʝʥʥʦʩʪʷʤʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʝʛʜʘ ʙʫʜʝʪ ʜʚʫʭʘʣʣʝʣʴʥʳʡ (ʪʨʝʭʛʝʥʦʪʠʧʥʳʡ) 

ʧʝʨʝʭʦʜʷʱʠʡ ʧʦʣʠʤʦʨʬʠʟʤ, çʩʪʨʝʤʷʱʠʡʩʷè ʢ ʤʦʥʦʤʦʨʬʠʟʤʫ.  

ʅʘ ʈʠʩʫʥʢʝ 2.14 ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʘʣʣʝʣʴ ɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʦʣʴʰʠʡ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʘʥʪʥʳʤ rAʘ=rAA, ʥʘ ʈʠʩʫʥʢʝ 2.14 ʙ ï ʨʝʮʝʩʩʠʚʥʳʤ 

rAʘ=rʘʘ ʠ ʥʘ ʈʠʩʫʥʢʝ 2.14 ʚ ï ʥʝʧʦʣʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ rʘa<rAa<rAA. ʂʘʢ ʚʠʜʥʦ, ʧʦʩʪʝʧʝʥʥʦ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʛʝʥʦʪʠʧʳ ʩ ʚʩʝ ʙʦʣʴʰʠʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʘ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʩʥʘʯʘʣʘ ʩʪʨʝʤʠʪʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʧʦ ʟʥʘʯʝʥʠʶ ʨʘʚʥʦʚʝʩʠʶ, ʘ ʧʦʪʦʤ ʠʩʧʳʪʳʚʘʝʪ ʢʦʣʝʙʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʩ ʨʦʩʪʦʤ rAA ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ. ʉʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʩ 

ʜʦʤʠʥʘʥʪʥʳʤʠ ʠ ʨʝʮʝʩʩʠʚʥʳʤʠ ʘʣʣʝʣʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (ʈʠʩʫʥʦʢ 2.14 ʘ, ʙ). ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʣʣʝʣʴ ɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʦʣʴʰʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʷʚʣʷʝʪʩʷ 

ʨʝʮʝʩʩʠʚʥʳʤ rAʘ=rʘʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʘʷ ʩʤʝʥʘ ʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʨʫʛʠʤ ʩ ʥʝʢʦʪʦʨʳʤ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ (ʈʠʩʫʥʦʢ 2.14 ʙ). ɽʩʣʠ ʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ rʘa<rAa< rAA, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʦʙʦʠʭ ʚʦʟʨʘʩʪʥʳʭ 
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ʢʣʘʩʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʩʤʝʥʳ ʦʜʥʦʛʦ ʛʝʥʦʪʠʧʘ ʜʨʫʛʠʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʷʭ ʜʦʤʠʥʘʥʪʥʦʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʘʣʣʝʣʷ ɸ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʢʝ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ 

ʩʨʝʜʥʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʩ ʫʯʝʪʦʤ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʦʪʦʤʢʦʚ. 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ɼʠʥʘʤʠʢʘ ʯʘʩʪʦʪ ʛʝʥʘ ɸ ʠ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ  

ʧʨʠ rAɸ Ó rAa Ó rʘa, v=0.1, ɟ=0.2 ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ q0=p0=0.05, x0=y0=1 

 

ɺ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʘʣʣʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʛʝʪʝʨʦʟʠʛʦʪʳ (rAa>rAA.ʠ rAa>rʘa), ʧʦʧʫʣʷʮʠʷ ʚʩʝʛʜʘ ʩʦʭʨʘʥʷʝʪ ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʚʩʝ 

ʙʦʣʴʰʝʤʫ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ r (ʈʠʩʫʥʦʢ 2.15). ʀʟʥʘʯʘʣʴʥʦ ʧʦʧʫʣʷʮʠʷ ʫʩʪʦʡʯʠʚʘ, ʧʨʠ ʵʪʦʤ 

ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʛʜʝ ʚʦʟʤʦʞʥʘ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ï ʩʨʝʟʳ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ (ʈʠʩʫʥʦʢ 2.15 ʙ). ʉ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʟʘʪʝʤ ʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚʦʟʥʠʢʰʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ 
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ʪʦʯʢʠ ʧʦ ʩʮʝʥʘʨʠʶ ʅʝʡʤʘʨʢʘ-ʉʘʢʝʨʘ. ɼʘʣʝʝ ʙʘʩʩʝʡʥ ʧʨʠʪʷʞʝʥʠʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠ 3-ʮʠʢʣ çʟʘʭʚʘʪʳʚʘʝʪè ʚʩʝ ʬʘʟʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ.  

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʘ) ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ (2.4) ʚ ʩʣʫʯʘʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʧʨʠ ʨʦʩʪʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʩʦʙʝʡ ʧʨʠ x0=y0=2; ʙ) ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ 

ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʏʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʮʠʢʣʘ 

 

ɺ ʮʝʣʦʤ ʈʠʩʫʥʦʢ 2.15 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʧʦʪʦʤ 

ʥʘʯʠʥʘʝʪ ʢʦʣʝʙʘʪʴʩʷ. ʉʥʘʯʘʣʘ ʚʦʟʥʠʢʘʝʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, ʢʦʪʦʨʘʷ ʩ ʨʦʩʪʦʤ 

ʩʨʝʜʥʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʥʷʝʪʩʷ ʪʨʝʭʣʝʪʥʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 2.15 ʘ). ɺ ʩʣʫʯʘʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ (rAA<rAa<raa, raa<rAa<rAA) ʧʦʚʝʜʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʡ ʘʥʘʣʦʛʠʯʥʦ: ʚ ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʚʝʜʫʱʘʷ ʢ ʪʨʝʭʣʝʪʥʠʤ ʢʦʣʝʙʘʥʠʷʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ ʩ ʧʦʥʠʞʝʥʥʳʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʝʪʝʨʦʟʠʛʦʪʳ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʧʦʯʪʠ ʤʦʥʦʤʦʨʬʥʦʡ ʠ ʧʦʯʪʠ ʨʘʚʥʦʚʝʩʥʦʡ ʧʦʧʫʣʷʮʠʠ (raa=3) 

ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʘʣʣʝʣʴ ɸ ʩ ʙʦʣʴʰʠʤ rAA=6, ʥʦ ʩ ʧʦʥʠʞʝʥʥʳʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʛʝʪʝʨʦʟʠʛʦʪ rAʘ=2 (ʈʠʩʫʥʦʢ 2.16 ʘ). ʊʦʛʜʘ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʛʝʥʦʪʠʧʘ AA ʥʘʠʙʦʣʴʰʠʡ, ʘʣʣʝʣʴ ɸ ʙʫʜʝʪ ʚʳʪʝʩʥʝʥ, ʧʦʧʫʣʷʮʠʷ ʦʢʘʞʝʪʩʷ ʤʦʥʦʤʦʨʬʥʦʡ (ʘʘ); ʠ 

ʫʩʪʘʥʦʚʷʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʝʡ ʦʙʦʠʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ (ʈʠʩʫʥʦʢ 2.16 ʘ). 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʪʝʨʦʟʠʛʦʪʳ ʧʦʧʫʣʷʮʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ 


