
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʀʅʉʊʀʊʋʊ ɻɽʆɻʈɸʌʀʀ ʈɸʅ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʏʠʞʦʚʘ ʖʣʠʷ ʅʠʢʦʣʘʝʚʥʘ 

 

 

ʀɿʆʊʆʇʅɸʗ ʀʅɼʀʂɸʎʀʗ ʋʉʃʆɺʀʁ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʇʃɸʉʊʆɺʓʍ ʃʔɼʆɺ ʀ ɹʋɻʈʆɺ ʇʋʏɽʅʀʗ ɺ ʂʈʀʆʃʀʊʆɿʆʅɽ 

ʉɽɺɽʈɸ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

1.6.8. ɻʣʷʮʠʦʣʦʛʠʷ ʠ ʢʨʠʦʣʦʛʠʷ ɿʝʤʣʠ 

 

ɼʠʩʩʝʨʪʘʮʠ ̫ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʜʦʢʪʦʨʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʘʩʠʣʴʯʫʢ ʖʨʠʡ ʂʠʨʠʣʣʦʚʠʯ 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ, ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʢʣʶʯʝʚʳʭ ʪʝʨʤʠʥʦʚ 

IRMS ï Isotope Ratio Mass Spectrometry - ʠʟʦʪʦʧʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

LMWL ï Local Meteoric Water Line ï ʃʃʄɺ - ʣʦʢʘʣʴʥʘʷ ʣʠʥʠʷ ʤʝʪʝʦʨʥʳʭ ʚʦʜ 

GMWL ï Global Meteoric Water Line ï ɻʃʄɺ - ʛʣʦʙʘʣʴʥʘʷ ʣʠʥʠʷ ʤʝʪʝʦʨʥʳʭ ʚʦʜ 

MIS ï Marine Isotope Stage - ʤʦʨʩʢʘʷ ʠʟʦʪʦʧʥʘʷ ʩʪʘʜʠʷ 

OSL ï Optically Stimulated Luminescence - ʦʧʪʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

VSMOW ï Vienna Standard Mean Ocean Water - ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʜʳ 

SLAP ï Standard Light Antarctic Precipitation - ʩʪʘʥʜʘʨʪ ʣʸʛʢʦʡ ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ ʚʦʜʳ 

‏ ὕ, ‏Ὀ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (ὕȾ ὕ ʠʣʠ ὈȾὌ) ʦʪ 
ʩʪʘʥʜʘʨʪʘ VSMOW, ă 

Ὠ  ï ʜʝʡʪʝʨʠʝʚʳʡ ʵʢʩʮʝʩʩ (Ὠ Ὀ‏ ψ‏ ὕ), ă 

‌  ï ʨʘʚʥʦʚʝʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

‌  ï ɻʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

‐ ï ʠʟʦʪʦʧʥʳʡ ʩʜʚʠʛ (‐ ρπππÌÎ‌), ă 

Ὢ ï ʜʦʣʷ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʣʴʜʘ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ (ʜʦʣʠ ʝʜʠʥʠʮʳ) 

ʂʣʶʯʝʚʳʝ ʪʝʨʤʠʥʳ 

ʂʦʥʞʝʣʷʮʠʦʥʥʳʡ ʣʸʜ ï ʣʸʜ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʞʠʜʢʦʡ ʚʦʜʳ (ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʠʣʠ ʩʫʙʣʠʤʘʮʠʦʥʥʦʛʦ). 

ɿʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ï ʧʨʦʮʝʩʩ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʚʦʜʳ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʈʵʣʝʷ. 

ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ï ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʸʤ ʚʦʜʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, 

ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʪʩʷ 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ï ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʠʣʠ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʣʦʷ) ʠ ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

(‌ ᴼρ). 

ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ (ʇɾʃ) ï ʧʦʜʟʝʤʥʳʝ ʣʴʜʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʧʦʣʠʛʦʥʘʣʴʥʳʭ 

ʪʨʝʱʠʥʘʭ ʧʨʠ ʤʦʨʦʟʦʙʦʡʥʦʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ. 

ʇʠʥʛʦ ï ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʩ ʣʝʜʷʥʳʤ ʷʜʨʦʤ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ. 

ʉʚʷʟʘʥʥʘʷ ʚʦʜʘ ï ʚʦʜʘ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ (ʛʣʠʥ) ʟʘ ʩʯʸʪ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ, ʠʤʝʶʱʘʷ ʠʟʤʝʥʸʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʚʦʜʦʡ. 

  



р 
 

ɺʚʝʜʝʥʠʝ  

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʤʘʪʝʨʠʢʦʚʦʤ ʧʦʙʝʨʝʞʴʝ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʛʝʦʢʨʠʦʣʦʛʠʠ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠʭ ʠʟʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ 

ʩʪʦʨʦʥʥʠʢʦʚ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ ʠʣʠ ʧʦʛʨʝʙʸʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʪʠʭ 

ʤʦʱʥʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ. ʄʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʨʝʰʝʥʠʶ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʦʜʥʘʢʦ ʠ ʩʝʛʦʜʥʷ, ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʥʝ ʜʦʩʪʠʛʥʫʪʦ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ 

ʩʦʛʣʘʩʠʷ ʜʘʞʝ ʧʦ ʪʘʢʠʤ ʠʟʚʝʩʪʥʳʤ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʤ ʫʯʘʩʪʢʘʤ, ʢʘʢ ʨʘʡʦʥ 

ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ (ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1982; ɻʘʪʘʫʣʣʠʥ, 1992, 1998; 

Astakhov et al., 1996; Forman et al., 1999, 2002; ɺʘʩʠʣʴʝʚ, ʈʦʛʦʚ, 2001; 

ʂʘʥʝʚʩʢʠʡ ʠ ʜʨ., 2005; ʂʨʠʮʫʢ, ɼʫʙʨʦʚʠʥ, 2006; ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2006, 2009; 

ʂʨʠʮʫʢ, 2010; ʉʣʘʛʦʜʘ ʠ ʜʨ., 2010ʙ ʠ ʜʨ.), ʪʝʨʨʠʪʦʨʠʷ ɹʦʚʘʥʝʥʢʦʚʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʜʦʣʠʥʝ ʨ. ʉʝʷʭʠ-ʄʫʪʥʦʡ (ɼʫʙʠʢʦʚ, 

ʂʦʨʝʡʰʘ, 1964; ʇʘʨʤʫʟʠʥ, ʉʫʭʦʜʦʣʴʩʢʠʡ, 1982; ɸʥʠʩʠʤʦʚʘ, ʂʨʠʮʫʢ, 1983; 

ʊʘʨʘʩʦʚ, 1990; ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993; ɹʘʫʣʠʥ ʠ ʜʨ., 1996; ʉʦʣʦʤʘʪʠʥ, ʂʦʥʷʭʠʥ, 

1997; ʂʦʥʜʘʢʦʚ ʠ ʜʨ., 2001; ʈʦʤʘʥʝʥʢʦ ʠ ʜʨ., 2001; ɼʫʙʠʢʦʚ, 2002; ɺʘʩʠʣʴʯʫʢ ʠ 

ʜʨ., 2009; ʌʦʪʠʝʚ, 2011, 2012; ɺʘʩʠʣʴʯʫʢ, 2010 ʠ ʜʨ.). 

ʃʝʜʥʠʢʦʚʘʷ ʛʠʧʦʪʝʟʘ (ʂʘʧʣʷʥʩʢʘʷ, ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1976; ɸʩʪʘʭʦʚ, 1976; 

ʉʦʣʦʤʘʪʠʥ, 1986; Astakhov et al., 1996; ʅʘʟʘʨʦʚ, 2011) ʪʨʘʢʪʦʚʘʣʘ ʧʣʘʩʪʦʚʳʝ 

ʣʴʜʳ ʢʘʢ ʨʝʣʠʢʪʳ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʣʠʙʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʦʨʩʢʘʷ ʛʠʧʦʪʝʟʘ (ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1980; ɺʘʩʠʣʴʯʫʢ, 1992; ʇʦʜʙʦʨʥʳʡ, ɹʘʜʫ, 

2011; ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2006 ʠ ʜʨ.) ʩʚʷʟʳʚʘʣʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩ 

ʧʨʦʤʝʨʟʘʥʠʝʤ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʤʦʨʩʢʠʭ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ, 

ʦʜʥʘʢʦ ʚʥʫʪʨʠ ʥʝʝ ʩʦʭʨʘʥʷʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʩʪʦʯʥʠʢʦʚ ʚʣʘʛʠ ʠ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʬʘʟʘʤ 

ʤʦʨʩʢʠʭ ʪʨʘʥʩʛʨʝʩʩʠʡ ʠ ʨʝʛʨʝʩʩʠʡ. ɺ ʨʘʤʢʘʭ ʤʦʨʩʢʦʡ ʛʠʧʦʪʝʟʳ ʫʭʫʜʰʝʥʠʝ 

ʜʨʝʥʘʞʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʩʚʷʟʳʚʘʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʨʝʛʨʝʩʩʠʝʡ ʤʦʨʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʨʝʣʴʝʬʘ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2006). ɺ 



с 
 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʟʤ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʦʩʪʘʚʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʨʘʢʪʦʚʢʠ ʠ ʢʨʠʪʝʨʠʠ 

ʦʪʥʝʩʝʥʠʷ ʟʘʣʝʞʝʡ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʘʷ 

ʪʠʧʠʟʘʮʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʅ.ɸ. ʐʧʦʣʷʥʩʢʦʡ ʠ ʀ.ɼ. 

ʉʪʨʝʣʝʮʢʦʡ (2004), ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʦʛʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʳʭ 

ʪʦʣʱ, ʚʦʟʨʘʩʪʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʜʝʣʠʣʠ 

ʯʝʪʳʨʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ: ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʩʫʙʤʘʨʠʥʥʳʝ, ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʥʲʝʢʮʠʦʥʥʳʝ ʠ ʧʦʛʨʝʙʝʥʥʳʝ ʥʘʟʝʤʥʳʝ 

ʣʴʜʳ. ʆʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʨʘʟʨʝʰʠʣʘ ʚʩʝʭ ʜʠʩʢʫʩʩʠʦʥʥʳʭ 

ʚʦʧʨʦʩʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʣʴʜʘ 

(ʩʦʦʪʥʦʰʝʥʠʶ ŭĮH ʠ ŭĭO), ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʤ ʤʘʨʢʝʨʘʤ, ʩʧʦʩʦʙʥʳʤ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʠ ʫʩʣʦʚʠʡ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʩʪʦʨʠʠ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʧʨʦʪʘʠʚʘʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ. ʅʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʘʨʭʠʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʝʜʥʠʢʦʚʳʝ 

ʢʝʨʥʳ ʠ ʦʟʸʨʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʩʸ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʟʘʧʠʩʠ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ. ʕʪʠ ʢʨʠʦʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʘʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʣʝʦʠʩʪʦʯʥʠʢʘʭ ʚʣʘʛʠ, 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʡ ʪʠʧ ʧʨʠʨʦʜʥʦʛʦ ʘʨʭʠʚʘ. 

ʅʘʢʦʧʣʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʟʦʪʦʧʥʳʝ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ, ʚʩʸ ʫʚʝʨʝʥʥʝʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʟʘʣʝʞʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʘʨʭʠʚ ʢʨʠʦʛʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ, ʦʪʨʘʞʘʶʱʠʡ ʫʩʣʦʚʠʷ 



т 
 

ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʠʩʢʫʩʩʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʨʷʜʘ ʟʘʣʝʞʝʡ ʦʩʪʘʸʪʩʷ ʚʩʝ ʝʱʝ ʦʪʢʨʳʪʦʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʠʫʨʦʯʝʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʵʪʘʧʫ ʨʘʟʚʠʪʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, ʚ ʛʦʣʦʮʝʥʝ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʢʨʠʦʛʝʥʥʦʤ ʤʦʨʬʦʛʝʥʝʟʝ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ 

ʙʫʛʨʳ ʧʫʯʝʥʠʷ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʦʪʨʘʞʘʝʪ ʢʦʨʝʥʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʨʨʠʪʦʨʠʠ. ɽʩʣʠ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʘʣʠʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ ʟʘʪʨʫʜʥʸʥʥʦʛʦ ʜʨʝʥʘʞʘ, ʪʦ ʙʫʛʨʳ ʧʫʯʝʥʠʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʫʞʝ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʛʜʝ ʧʨʦʤʝʨʟʘʥʠʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʦʢʘʣʴʥʳʭ ʪʘʣʠʢʦʚʳʭ ʟʦʥʘʭ ï ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʦʩʫʰʘʶʱʠʭʩʷ ʦʟʸʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʠʣʠ ʚ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʷʥʳʭ ʷʜʝʨ ʙʫʛʨʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʪʘʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʤʠ ʠ ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ. ʄʝʞʜʫ ʪʝʤ, ʠʤʝʥʥʦ ʙʫʛʨʳ 

ʧʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʫʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ ʠ ʠʭ 

ʨʝʘʢʮʠʠ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʠʟʦʪʦʧʥʦʡ ʠʥʜʠʢʘʮʠʠ (ʧʦ ʟʥʘʯʝʥʠʷʤ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ) ʧʨʠʤʝʥʸʥ ʢ ʪʨʸʤ ʪʠʧʘʤ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ: ʧʣʘʩʪʦʚʳʤ ʣʴʜʘʤ, 

ʣʝʜʷʥʳʤ ʷʜʨʘʤ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʠ ʚʪʦʨʠʯʥʦʤʫ ʣʴʜʫ ʚ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʟʚʘʥʠʠ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʪʦʣʴʢʦ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʠ ʙʫʛʨʳ ʧʫʯʝʥʠʷ, ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʦʪʦʧʥʦʛʦ ʤʝʪʦʜʘ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʧʨʷʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʣʝʜʷʥʳʭ ʞʠʣ ʠ 

ʚʪʦʨʠʯʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʥʝʨʝʜʢʦ ʤʘʩʢʠʨʫʝʪ ʠʣʠ 

ʟʘʤʝʱʘʝʪ ʠʩʭʦʜʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʞʠʣʴʥʦʛʦ ʣʴʜʘ.  

ɺʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ, ʧʦʜʢʨʝʧʣʝʥʥʳʡ 

ʜʘʥʥʳʤʠ ʧʦ ʛʠʜʨʦʭʠʤʠʠ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʤʫ ʜʘʪʠʨʦʚʘʥʠʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ 



у 
 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʣʝʦʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ 

ʛʦʣʦʮʝʥʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʠ ʣʝʜʷʥʳʝ ʷʜʨʘ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʫʧʥʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʚ ʤʦʨʩʢʠʭ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʣʝʜʥʠʢʦʚʘʷ ʠ ʤʦʨʩʢʘʷ ï ʯʘʩʪʦ ʚʩʪʫʧʘʶʪ ʚ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʠʟʦʪʦʧʥʳʤʠ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʣʴʜʘ (ŭĮH, ŭĭO, d-excess) ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʫʩʣʦʚʠʡ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʬʠʢʩʠʨʫʝʪ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ ʚʦʜʳ-ʠʩʪʦʯʥʠʢʘ ʠ 

ʭʘʨʘʢʪʝʨ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ, ʛʜʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʧʦʥʠʤʘʥʠʝ ʠʭ ʛʝʥʝʟʠʩʘ ʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʷʤʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɼʣʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʷʜʝʨ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʠʤʝʥʸʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʠʟʦʪʦʧʥʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ŭĮH, ŭĭO, ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʜ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʢʘʢ ʣʴʜʘ, ʪʘʢ ʠ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ.  

2. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʦʣʴ 

ʛʣʠʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ 

ʧʨʦʤʝʨʟʘʥʠʠ.  

3. ɺʧʝʨʚʳʝ ʜʘʪʠʨʦʚʘʥʳ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʗʤʘʣʘ ʧʦ ʨʘʩʪʚʦʨʝʥʥʦʤʫ 

ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʫʛʣʝʨʦʜʫ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʦ ʣʴʜʘ (14ʉ 



ф 
 

AMS TOC) ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʤʢʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʦʪ 43 ʜʦ 28 ʪʳʩ. ʢʘʣ. ʣʝʪ ʥʘʟʘʜ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʧʦʨʘ ʩʦ ʩʪʦʨʦʥʳ ʤʦʨʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʠʟʦʪʦʧʥʳʝ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʭʨʦʥʦʣʦʛʠʝʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʵʪʘʧʘʤʠ ʤʦʨʩʢʠʭ 

ʪʨʘʥʩʛʨʝʩʩʠʡ.  

5. ɺʧʝʨʚʳʝ ʦʧʠʩʘʥ ʥʦʚʳʡ ʪʠʧ ʠʟʦʪʦʧʥʦʡ ʟʘʧʠʩʠ ʧʦ ʣʝʜʷʥʦʤʫ ʷʜʨʫ ʧʠʥʛʦ ʫ ʛ. 

ʉʘʣʝʭʘʨʜ, ʧʦʢʘʟʘʚʰʝʡ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ 

ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʙʫʛʨʘʤ ʧʫʯʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʝʜʣʦʞʝʥʘ ʠʭ 

ʪʠʧʠʟʘʮʠʷ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʧʠʪʘʥʠʷ (ʟʘʢʨʳʪʳʝ ʦʟʝʨʥʳʝ ʪʘʣʠʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ) ʠ ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʧʠʪʘʥʠʷ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʣʘʛʠ, ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʠ ʷʜʝʨ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʧʦʟʜʥʝʤ 

ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʣʴʜʘ. 

ɿʘʜʘʯʠ  

1. ʆʙʦʙʱʠʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʠʟʦʪʦʧʥʳʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩʘ 

ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ. 

2. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ 

ʨʘʟʨʝʟʦʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ; ʫʩʪʘʥʦʚʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦ 14ʉ ʜʘʪʠʨʦʚʘʥʠʶ ʢʘʢ ʩʘʤʦʛʦ ʣʴʜʘ, ʪʘʢ ʠ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ; 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʦʪʢʨʳʪʘʷ ʠʣʠ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ) 

ʠ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ. 



мл 
 

3. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʦʪʢʨʳʪʘʷ ʠʣʠ ʟʘʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ) ʠ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ. 

4. ʈʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ ʚ ʛʦʣʦʮʝʥʦʚʳʭ 

ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʠʟʦʪʦʧʥʳʝ 

ʧʘʪʪʝʨʥʳ 

5. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ 

ʷʜʝʨ ʙʫʛʨʦʚ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʪʠʧʦʚ ʣʴʜʦʚ; 

ʚʳʷʚʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠ ʭʨʦʥʦʣʦʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ 

ʗʤʘʣʘ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʨʘʙʦʪʳ   

ɺ ʦʩʥʦʚʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʞʘʪ ʜʘʥʥʳʝ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 

ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 

2025 ʛʛ. 

ʆʩʥʦʚʥʦʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ï ɻ ʪʦ ʦʙʨʘʟʮʳ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, 

ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ (ʨʠʩ. 1). ɼʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʸʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (ŭĮH ʠ 

ŭĭO), ʘ ʪʘʢʞʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʤʘʪʝʨʠʘʣʘ, ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ AMS 

(ʧʦ ʚʢʣʶʯʝʥʠʷʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʦʨʛʘʥʠʢʠ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʚʦʟʨʘʩʪʥʳʝ ʨʘʤʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ. 

ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠʚʣʝʯʝʥʳ ʪʘʢʞʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʪʨʦʝʥʠʶ ʨʘʟʨʝʟʦʚ, ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʘʙʩʦʣʶʪʥʦʤʫ ʚʦʟʨʘʩʪʫ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠʟ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʚʢʣʶʯʘʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʘʟʨʝʟʘʤ ʉʝʷʭʘ (ɺʘʩʠʣʴʯʫʢ, 2026), ʄʘʨʨʝ-ʉʘʣʝ 



мм 
 

(ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013; ʆʙʣʦʛʦʚ, 2016), ʍʘʨʘʩʘʚʵʡ (ɹʝʣʦʚʘ, 2014). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʟʦʪʦʧʥʳʝ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʩʝʚʝʨʘ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʝʜʠʥʦʡ ʧʘʨʘʜʠʛʤʝ. 

 

ʈʠʩ. 1. ʇʦʣʦʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʠʟʦʪʦʧʥʦʡ ʠʥʜʠʢʘʮʠʠ (ʧʦ ʟʥʘʯʝʥʠʷʤ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʶ) ʧʨʠʤʝʥʸʥ ʢ ʪʨʸʤ ʪʠʧʘʤ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ: 

ʧʣʘʩʪʦʚʳʤ ʣʴʜʘʤ, ʣʝʜʷʥʳʤ ʷʜʨʘʤ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʠ ʚʪʦʨʠʯʥʦʤʫ ʣʴʜʫ ʚ 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʟʚʘʥʠʠ ʨʘʙʦʪʳ 

ʦʪʨʘʞʝʥʳ ʪʦʣʴʢʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʠ ʙʫʛʨʳ ʧʫʯʝʥʠʷ, ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ 

ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʕʪʦ 



мн 
 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʦʪʦʧʥʦʛʦ ʤʝʪʦʜʘ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʧʨʷʤʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ 

ʣʝʜʷʥʳʭ ʞʠʣ ʠ ʚʪʦʨʠʯʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʥʝʨʝʜʢʦ 

ʤʘʩʢʠʨʫʝʪ ʠʣʠ ʟʘʤʝʱʘʝʪ ʠʩʭʦʜʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʞʠʣʴʥʦʛʦ ʣʴʜʘ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʡ ʤʘʩʩʠʚ, 

ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʠʭ ʚʦʟʨʘʩʪʥʦʡ ʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʨʝʛʠʦʥʘ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ 

ʛʦʣʦʮʝʥʝ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ (ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ŭĮHïŭĭO ʠ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ŭĭO ʠ ŭĮH) ̫ʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʫʩʣʦʚʠʡ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʨʘʟʣʠʯʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚʢʣʘʜ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. ʂʨʠʪʝʨʠʝʤ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʢʣʦʥ ʚʳʰʝ 7,3, 

ʜʣʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʥʘʢʣʦʥʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 7 ʜʦ 3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʢʣʘʜʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

2. ɺʥʫʪʨʠʛʨʫʥʪʦʚʳʝ ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʧʣʘʩʪʦʚʳʝ ʣʝʜʷʥʳʝ ʟʘʣʝʞʠ ʗʤʘʣʘ ʚ 

ʧʝʨʠʦʜ MIS-3/MIS-2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 3 ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʘʢ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʦʙʚʦʜʥʝʥʥʳʭ ʧʝʩʯʘʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ï ʚ ɹʦʚʘʥʝʥʢʦʚʦ, ʫ ʩʪ. ʄʘʨʨʝ-ʉʘʣʝ ʠ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ 

ʛʫʙʳ (ʫʩʪʴʝ ʨ.ʆʶʷʭʘ), ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʩʪʘʮʠʦʥʘʨ ɺʘʩʴʢʠʥʳ ʜʘʯʠ, 

ʜʦʣʠʥʘ ʨ. ʄʦʨʜʳʷʭʘ). 

3. ʀʟʦʪʦʧʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʷ ʣʝʜʷʥʳʭ ʷʜʝʨ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʩʤʝʥʝ ʥʘʢʣʦʥʦʚ 

ʣʠʥʠʡ ŭĮʅïŭĭʆ, ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʨʝʞʠʤʦʚ ʧʠʪʘʥʠʷ 



мо 
 

ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ: ʧʝʨʝʭʦʜ ʦʪ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʤʝʨʟʘʥʠʷ (ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʥʘʢʣʦʥ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ŭĮʅïŭĭʆ = 6,3) ʢ 

ʧʦʩʪʫʧʣʝʥʠʶ ʚʦʜ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʘʣʠʢʦʚ (ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʥʘʢʣʦʥ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ŭĮʅïŭĭʆ = 7,6), ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʫʥʠʢʘʣʴʥʫʶ ʠʟʦʪʦʧʥʫʶ ʣʝʪʦʧʠʩʴ 

ʧʨʦʮʝʩʩʘ. 

4. ɺ ʛʦʣʦʮʝʥʦʚʳʭ ʪʦʨʬʷʥʠʢʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʩʦʦʪʥʦʰʝʥʠʝ ŭĮHïŭĭO 

ʣʴʜʘ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʯʝʪʘʥʠʷʭ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʣʴʜʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʫʞʠʪ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʠʛʥʘʣʘ ʇɾʃ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʪʝʨʤʦʢʘʨʩʪʝ 

ʠ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʪʦʨʠʯʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʣʴʜʘ. 

5. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʩʝʚʝʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʧʝʨʠʦʜ MIS-3/MIS-2, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʙʚʦʜʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ɿʘʪʨʫʜʥʝʥʥʳʡ ʜʨʝʥʘʞ ʷʚʣʷʣʩʷ ʩʣʝʜʩʪʚʠʝʤ ʛʠʜʨʦʧʦʜʧʦʨʘ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʟʘʢʦʥʯʠʣʦʩʴ ʢ ʢʦʥʮʫ MIS-2 ʚʩʣʝʜʩʪʚʠʝ 

ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʛʦʣʦʮʝʥʦʚʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʜʦʩʪʠʛʣʘ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ ʠ ʣʘʡʜ. ʅʘ ʛʦʣʦʮʝʥʦʚʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪ ʜʠʥʘʤʠʢʫ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ (ʠʣʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ) ʚʳʧʦʣʥʝʥʳ 

ʠʟʦʪʦʧʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʧʦʩʣʫʞʠʚʰʠʭ 

ʦʩʥʦʚʦʡ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʧʨʦʤʦʨʘʞʠʚʘʥʠʶ ʛʣʠʥʠʩʪʳʭ ʩʫʩʧʝʥʟʠʡ (ʩʦʚʤʝʩʪʥʦ ʩ ɺ.ɺ. ʈʦʛʦʚʳʤ). ʇʦʣʝʚʳʝ 

ʨʘʙʦʪʳ ʧʦ ʦʪʙʦʨʫ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ 

ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʚ ʩʦʩʪʘʚʝ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ (ʩʦʚʤʝʩʪʥʦ ʩ ʖ.ʂ. 

ɺʘʩʠʣʴʯʫʢʦʤ, ɸ.ɺ. ʍʦʤʫʪʦʚʳʤ). ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʙʦʙʱʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʟʘʱʠʱʘʝʤʳʭ 



мп 
 

ʧʦʣʦʞʝʥʠʡ ʠ ʥʘʧʠʩʘʥʠʝ ʚʩʝʭ ʨʘʟʜʝʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʠ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʢʦʥʩʫʣʴʪʘʥʪʫ ʧʨʦʬʝʩʩʦʨʫ, ʜ.ʛ.-ʤ.ʥ. ʖ.ʂ. ɺʘʩʠʣʴʯʫʢʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ 

ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʨʘʙʦʪʝ; ʛʣʫʙʦʢʦ ʧʨʠʟʥʘʪʝʣʝʥ ʩʚʦʠʤ ʢʦʣʣʝʛʘʤ ʠ ʜʨʫʟʴʷʤ ʢ.ʛ.ʥ. 

ʅ.ɸ.ɹʫʜʘʥʮʝʚʦʡ ʠ ʜ.ʛ.ʥ. ɸ.ʂ.ɺʘʩʠʣʴʯʫʢ ʟʘ ʧʦʤʦʱʴ ʠ ʩʦʚʤʝʩʪʥʳʝ ʧʦʣʝʚʳʝ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʜ.ʛ.-

ʤ.ʥ. ɺ.ɺ. ʈʦʛʦʚʘ ʟʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ ʧʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʶ ʛʣʠʥʠʩʪʳʭ ʩʫʩʧʝʥʟʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʦʙʩʫʞʜʝʥʠʷ 

ʢʨʠʦʛʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʳʭ ʪʦʣʱ; ʜ.ʛ.ʥ. ɺ.ʅ. ʄʠʭʘʣʝʥʢʦ ʟʘ ʧʦʤʦʱʴ ʠ 

ʧʦʜʜʝʨʞʢʫ; ʉ.ɺ. ɻʝʨʘʩʠʤʦʚʘ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʙʫʨʝʥʠʷ ʫ ʛ. ʉʘʣʝʭʘʨʜ ʠ 

ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; ʃ.ʇ. ʂʫʟʷʢʠʥʘ ʠ ɽ.ʉ. 

ʅʠʢʦʣʘʝʚʫ ʟʘ ʧʦʣʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʨʘʟʮʳ ʜʣʷ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʠʣʠ ʚʘʞʥʫʶ ʯʘʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢ.ʛ.ʥ. ʄ.ɸ. ɺʦʨʦʙʴʝʚʫ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʦʙ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ. 

ʀʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʶ ɸ.ɺ. ʍʦʤʫʪʦʚʘ ʟʘ ʧʦʤʦʱʴ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʣʝʚʳʭ 

ʨʘʙʦʪ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ɺʘʩʴʢʠʥʳ ʜʘʯʠ ʠ ʫʯʘʩʪʥʠʢʘ ʧʦʣʝʚʦʡ ɻʢʩʧʝʜʠʮʠʠ ʥʘ ʗʤʘʣ 

ɽ. ɹʘʙʢʠʥʘ ʟʘ ʙʝʩʮʝʥʥʫʶ ʧʦʤʦʱʴ ʚ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ. ɹʣʘʛʦʜʘʨʶ ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɽ.ʆ. ɼʫʙʠʥʠʥʫ, ʢ.ʛ.-ʤ.ʥ. ɸ.ʉ. ɸʚʜʝʝʥʢʦ ʠ ʢ.ʛ.-ʤ.ʥ. ʉ.ɸ. ʂʦʩʩʦʚʫ ʟʘ ʦʙʩʫʞʜʝʥʠʝ 

ʠʟʦʪʦʧʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ ʠ ʮʝʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʦʧʳʪ ʚʦ ʚʨʝʤʷ ʤʦʝʡ ʨʘʙʦʪʳ ʚ ʀɻɽʄ. ɹʣʘʛʦʜʘʨʶ ʢ.ʛ.ʥ. ʕ.ʇ. ɿʘʟʦʚʩʢʫʶ, ʖ.ɸ. 

ʂʦʥʦʧʣʷʥʥʠʢʦʚʫ ʠ ʚʝʩʴ ʢʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ 

ʀɻ ʈɸʅ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʘʙʦʪʝ. ʊʘʢʞʝ ʭʦʯʫ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʆ.ʅ. 

ʉʦʣʦʤʠʥʫ ʠ ʘʢʘʜʝʤʠʢʘ ʅ.ʉ. ʂʘʩʠʤʦʚʘ ʠ ʘʢʘʜʝʤʠʢʘ ʀ.ɺ. ʏʝʨʥʳʰʝʚʘ ʟʘ 

ʧʦʜʜʝʨʞʢʫ, ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ ʠ ʤʦʪʠʚʘʮʠʶ.  
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ɻʣʘʚʘ 1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ  
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɻʣʦʙʘʣʴʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʥʘ ʧʣʘʥʝʪʝ ʠ 

ʯʘʩʪʠʯʥʦʝ ʝʝ ʠʟʲʷʪʠʝ ʠʟ ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʚʠʜʝ ʟʘʣʝʞʝʡ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʠ 

ʥʘʟʝʤʥʳʭ ʣʝʜʥʠʢʦʚʳʭ ʧʦʢʨʦʚʦʚ, ʢʘʢ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʦʩʪʘʚʣʷʝʪ 

ʩʚʦʶ ʠʟʦʪʦʧʥʫʶ ʤʝʪʢʫ. ɺʩʝ ʧʦʜʟʝʤʥʳʝ ʣʴʜʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʟʘʤʝʨʟʰʝʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʞʠʜʢʠʭ ʧʣʝʥʦʢ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʷʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʯʘʩʪʠʮ ʛʨʫʥʪʘ.  

1.1. ɺʚʝʜʝʥʠʝ ʚ ʛʝʦʭʠʤʠʶ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ  

ʀʟʦʪʦʧʳ ʢʠʩʣʦʨʦʜʘ (ĭO ʠ ĭO) ʙʳʣʠ ʦʪʢʨʳʪʳ ɺ. ɼʞʠʦʢʦʤ ʠ ʍ. 

ɼʞʦʥʩʪʦʥʦʤ ʚ 1929 ʛʦʜʫ. ʀʟʦʪʦʧ ʚʦʜʦʨʦʜʘ ʩ ʤʘʩʩʦʡ 2 (ʜʝʡʪʝʨʠʡ, 2ʅ) ʙʳʣ 

ʦʪʢʨʳʪ ɻ. ʖʨʠ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ ʚ 1932 ʛʦʜʫ. ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʥʘʯʘʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ (ʧʦ ʦʙʱʝʡ ʧʣʦʪʥʦʩʪʠ), 

ʦʜʥʘʢʦ ʠ ʪʝʭʥʠʢʘ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʪʝʦʨʠʷ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʝʱʝ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ. 

ɺ 1930ï40-ʭ ʛʛ. ɻ. ʖʨʠ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʠʟ ʂʦʣʫʤʙʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʦʙʤʝʥʫ, ʘ ɸ. ʅʠʨ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʠʟ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʠʥʥʝʩʦʪʳ ʚʳʧʦʣʥʷʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ. 

ɺ ʪʦ ʚʨʝʤʷ ʫʞʝ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ʢʠʩʣʦʨʦʜʘ (ĭO/ĭ O) ʤʦʨʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʥʘ 3ă ʚʳʰʝ, ʯʝʤ ʫ 

ʦʢʝʘʥʘ, ʠ ʯʪʦ ʦʢʝʘʥʩʢʘʷ ʚʦʜʘ ʙʳʣʘ ʠʟʦʪʦʧʠʯʝʩʢʠ ʪʷʞʝʣʝʝ, ʯʝʤ ʧʨʝʩʥʘʷ ʚʦʜʘ. 

ɻ.ʂ.ʖʨʠ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ 

ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʠ ʚʦʜʦʡ. ʆʥ ʧʨʠʰʸʣ ʢ ʚʳʚʦʜʫ, 
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ʯʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʨʝʚʥʠʭ ʦʢʝʘʥʦʚ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʛʨʘʶʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʧʘʣʝʦʢʣʠʤʘʪʦʣʦʛʠʠ. ʅʦ 

ʚ 1940-ʭ ʛʦʜʘʭ ʪʦʯʥʦʩʪʴ ʠʟʦʪʦʧʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʮʝʥʦʢ, ʥʝ ʙʳʣʘ ʜʦʩʪʠʞʠʤʦʡ. ɺ ʪʦ ʚʨʝʤʷ ʪʦʯʥʦʩʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ĭO/ĭ O ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʚ 10 

ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʥʝ ʙʳʣʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʪʝʭʥʠʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ 

ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʠ ʚʦʜʦʡ. 

ʆʜʥʠʤ ʠʟ ʚʳʜʘʶʱʠʭʩʷ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ XX ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʰʢʘʣʳ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʢʠʩʣʦʨʦʜʘ (Urey et al., 1951). ɺʧʝʨʚʳʝ ʤʝʪʦʜ ʧʨʝʮʠʟʠʦʥʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʨʫʧʧʦʡ ɻ. ʖʨʠ ʚ 1951 ʛ. ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ ʜʨʝʚʥʠʭ ʤʦʨʝʡ ʠ ʷʚʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʢʨʫʧʥʳʤ ʚʢʣʘʜʦʤ ʚ 

ʨʘʟʚʠʪʠʝ ʛʝʦʭʠʤʠʠ ʠʟʦʪʦʧʦʚ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʉ. ʕʧʰʪʝʡʥʦʤ, ʊ. ʄʘʡʝʜʦʡ, ʀ. ʌʨʠʜʤʘʥʦʤ, ɺ. ɼʘʥʩʛʦʨʦʤ ʠ 

ʜʨʫʛʠʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʘʣʝʦʢʣʠʤʘʪʦʣʦʛʠʠ ʠʤʝʣʠ ʨʘʙʦʪʳ ʏ. ʕʤʠʣʠʘʥʠ 

(Emiliani, 1955), ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʠʟʦʪʦʧʥʦ-ʢʠʩʣʦʨʦʜʥʳʡ ʘʥʘʣʠʟ ʢ 

ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʦʩʘʜʢʘʤ ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ĭ O/ĭ O ʚ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨʘʭ ʦʪʨʘʞʘʶʪ ʩʤʝʥʳ ʣʝʜʥʠʢʦʚʳʭ ʠ 

ʤʝʞʣʝʜʥʠʢʦʚʳʭ ʵʧʦʭ ʚ ʪʝʯʝʥʠʝ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʰʢʘʣʘ ʤʦʨʩʢʠʭ ʠʟʦʪʦʧʥʳʭ ʩʪʘʜʠʡ (Marine 

Isotope Stages, MIS), ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ 

ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ (Lisiecki, Raymo, 2005; Emiliani, 1955). ʏʝʪʥʳʝ ʩʪʘʜʠʠ MIS 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʦʣʦʜʥʳʤ (ʣʝʜʥʠʢʦʚʳʤ) ʵʧʦʭʘʤ, ʘ ʥʝʯʝʪʥʳʝ ï ʪʝʧʣʳʤ 

(ʤʝʞʣʝʜʥʠʢʦʚʳʤ). ʕʪʘ ʰʢʘʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ɸʨʢʪʠʢʠ. 
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1.1.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ. ʀʩʧʘʨʝʥʠʝ ï 

ʢʦʥʜʝʥʩʘʮʠʷ 

ɻʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ï ʦʢʝʘʥ. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʝʘʥʘ ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ ʍ.ʂʨʝʡʛʘ ʠ ʃ.ɻʦʨʜʦʥʘ (Craig, Gordon, 

1965).  

ɺʧʝʨʚʳʝ ʥʘ ʪʝʩʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʘʜʢʦʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ɺ.ɼʘʥʩʛʦʨ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʙʳ 

ʦʩʘʜʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʥʝʛʘ, ʩʦʙʨʘʥʥʳʝ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʥʝʪʳ ʦʪ 

ʪʨʦʧʠʢʦʚ ʜʦ ʮʝʥʪʨʘʣʴʥʦʡ ɻʨʝʥʣʘʥʜʠʠ ʠ ɸʥʪʘʨʢʪʠʜʳ, ʧʦʜʪʚʝʨʜʠʣʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʩʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʦʩʘʜʢʦʚ ʩʚʷʟʘʥ ʩʦ 

ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʧʨʠʟʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʧʨʦʩʪʦʡ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʛʨʝʩʩʠʠ, ʨʘʚʥʳʤ 0,69 ă/Áʉ (Dansgaard, 

1964). 

ʉʚʷʟʴ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʨʠʟʝʤʥʦʛʦ ʚʦʟʜʫʭʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʷʚʣʝʥʠʷ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʪʦʤʫ ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ: ʩʝʟʦʥʥʦʤʫ, ʰʠʨʦʪʥʦʤʫ, 

ʚʳʩʦʪʥʦʤʫ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʵʬʬʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʪʝʧʝʥʴʶ ʚʳʤʳʚʘʥʠʷ ʚʣʘʛʠ ʠʟ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʧʦ ʤʝʨʝ ʝʝ 

ʦʭʣʘʞʜʝʥʠʷ. ɻʣʦʙʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʘʜʢʦʚ ʷʚʣʷʶʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʧʦʜʟʝʤʥʳʤ ʣʴʜʘʤ. 

1.1.3. ʄʝʪʦʜʠʢʘ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʢʠ IRMS (Isotope 

Ratio Mass-Spectrometry) ʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ.  

ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʘʚʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

Picarro L-2130-i ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʛʨʘʬʠʠ ʈɸʅ. ʏʘʩʪʴ ʧʨʦʙ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Delta-V ʚ 



му 
 

ʠʟʦʪʦʧʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬ-ʪʘ ʄɻʋ, ʪʘʢʞʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ (ʠʣʠ 

ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ). ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʙ ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʠʟʦʪʦʧʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ LosGatos ʚ ʈʍʊʋ ʠʤ. 

ʄʝʥʜʝʣʝʝʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʥʝʠʟʙʝʞʥʦ ʩʪʘʚʠʪ 

ʚʦʧʨʦʩ ʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ.  

ʊʨʘʜʠʮʠʦʥʥʘʷ ʠʟʦʪʦʧʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (IRMS, Isotope Ratio Mass 

Spectrometry), ʩʯʠʪʘʶʱʘʷʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè, ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ 

ʨʘʟʜʝʣʝʥʠʠ ʠʦʥʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʤʘʩʩʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ŭĭO ʧʨʝʧʘʨʘʪʠʚʥʘʷ ʩʪʘʜʠʷ ʚʢʣʶʯʘʝʪ ʠʟʦʪʦʧʥʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ 

ʧʨʦʙʳ ʚʦʜʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩ 44 (Cĭ O ) ʠ 46 (Cĭ Oĭ O). 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ï ʣʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, 

ʧʨʠʯʸʤ ʢʘʞʜʳʡ ʠʟʦʪʦʧʦʣʦʛ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ. 

ɸʥʘʣʠʟʘʪʦʨ Picarro L2130 i ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ: ʝʛʦ ʛʣʘʚʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ŭĭO ʠ ŭ2ʅ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴʶ 

ʜʣʷ ʞʠʜʢʠʭ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʪʣʠʯʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʠʙʦʨʘ: ʩʫʪʦʯʥʳʡ ʜʨʝʡʬ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,2ă ʜʣʷ ŭĭO ʠ 0,8ă ʜʣʷ ŭ2ʅ. 

ʈʘʩʰʠʨʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ 

ʨʝʞʠʤʦʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 50 

ʦʙʨʘʟʮʦʚ ʚ ʜʝʥʴ ʚ çʕʢʩʧʨʝʩʩ-ʨʝʞʠʤʝè ʠ ʜʦ 150 ʚ çʆʙʟʦʨʥʦʤ ʨʝʞʠʤʝè ʙʝʟ 

ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɸɸʅʀʀ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʧʪʠʤʠʟʠʨʫʶʱʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ɺʝʨʝʩ ʠ ʜʨ., 

2024; ɽʢʘʡʢʠʥ, 2016). ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʠʟʤʝʨʷʝʪʩʷ 

ʜʚʘʞʜʳ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʦʝ 

ʠʟʤʝʨʝʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʚʦʜʠʪʩʷ ʧʦʧʨʘʚʢʘ ʥʘ çʧʘʤʷʪʴè ʧʨʠʙʦʨʘ. ʀʟʤʝʨʝʥʥʳʝ 
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ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʸʪʘ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ çʧʘʤʷʪʠè. ʂʘʣʠʙʨʦʚʢʘ ʵʪʦʛʦ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʘʤʷʪʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʩʪʘʥʜʘʨʪʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤ 

ʦʪʣʠʯʠʝʤ ʚ ʟʥʘʯʝʥʠʷʭ ŭ18ʆ (ʠ ŭ2ʅ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʙ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ă ʜʣʷ ŭ2ʅ ʠ 0,1ă ʜʣʷ ŭĭO, ʧʨʦʮʝʜʫʨʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʘʤʷʪʠ ʥʝ ʟʘʥʠʞʘʝʪ ʦʙʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ. 

1.1.4. ʅʦʨʤʘʣʠʟʘʮʠʷ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ʠʟʦʪʦʧʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠʙʦʨʳ ʜʘʶʪ ʚʳʩʦʢʦʪʦʯʥʳʝ, ʥʦ ʥʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ: ʦʥʠ ʠʟʤʝʨʷʶʪ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʥʘ ʨʘʟʥʳʭ ʧʨʠʙʦʨʘʭ, 

ʩʪʘʣʠ ʩʦʧʦʩʪʘʚʠʤʳʤʠ, çʩʳʨʳʝè (raw) ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʝʜʠʥʠʮʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʰʢʘʣ ï VSMOW ʠʣʠ VPDB. ʕʪʘ ʧʨʦʮʝʜʫʨʘ 

ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ. 

ʅʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʜʚʫʭʪʦʯʝʯʥʘʷ ʠʣʠ 

ʤʥʦʛʦʪʦʯʝʯʥʘʷ ʣʠʥʝʡʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʦʩʪʨʦʝʥʠʝ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʠʩʪʠʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʪʘʥʜʘʨʪʦʚ (Paul et al., 2007). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʪʦʯʝʯʥʦʡ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʵʪʦʤ ʦʰʠʙʢʘ ʧʨʝʚʳʰʘʝʪ ʦʙʱʝʧʨʠʥʷʪʫʶ ʧʦʣʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, 

ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʘʚʠʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʄɸɻɸʊʕ, 

ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ ʠ ʜʨ.); 

2) ʆʭʚʘʪ ʠʟʦʪʦʧʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʷʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʥʜʘʨʪʘʤʠ 

(çbracketingè): ʩʘʤʳʡ çʣʸʛʢʠʡè ʩʪʘʥʜʘʨʪ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʯʝ ʦʙʨʘʟʮʘ, ʘ 

ʩʘʤʳʡ çʪʷʞʸʣʳʡè ï ʪʷʞʝʣʝʝ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʫ ʵʢʩʪʨʘʧʦʣʷʮʠʠ. 



нл 
 

ʄʝʪʦʜ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʪʦʯʢʘʤʠ ʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʦʰʠʙʢʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʪʦʯʝʯʥʳʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ ʦʭʚʘʪʘ ʩʪʘʥʜʘʨʪʘʤʠ. 

ɺr ʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʝ ʤʝʥʝʝ ʚʘʞʝʥ, ʯʝʤ ʩʘʤ ʤʝʪʦʜ; ʦʰʠʙʢʫ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʥʘ 50%, ʘʥʘʣʠʟʠʨʫʷ ʣʠʙʦ ʜʚʘ ʩʪʘʥʜʘʨʪʘ ʧʦ 

ʯʝʪʳʨʝ ʨʘʟʘ, ʣʠʙʦ ʯʝʪʳʨʝ ʩʪʘʥʜʘʨʪʘ ʧʦ ʜʚʘ ʨʘʟʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʤʝʞʣʘʙʦʨʘʪʦʨʥʦʡ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʝ 

ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ʩʪʘʥʜʘʨʪʦʚ (Paul et al., 2007, Skrzypek, 2013). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʰʘʛ ʢ ʢʦʨʨʝʢʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʧʨʠʙʦʨʘʭ, ï ɻ ʪʦ ʧʨʘʚʠʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ, ʘ ʚʪʦʨʦʡ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʪʘʥʜʘʨʪʦʚ. ʆʩʥʦʚʦʡ ʜʣʷ ʚʩʝʭ ʠʟʦʪʦʧʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚʦʜʳ ʩʣʫʞʘʪ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʵʪʘʣʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʄɸɻɸʊʕ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʨʝʧʝʨʥʳʭ ʪʦʯʢʘʭ: VSMOW2 (ŭĮH = 0 

ă), ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʫʣʴ ʰʢʘʣʳ, ʠ SLAP2 (ŭĮH = ī427,5 ă, ŭĭO = ī55,5 ă), 

ʟʘʜʘʶʱʠʡ ʝʸ ʥʘʢʣʦʥ. ʕʪʘ ʜʚʫʭʪʦʯʝʯʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʦʙʷʟʘʪʝʣʴʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʨʨʝʢʪʥʳʭ ʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʫʪʠʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ (USGS). ʉʨʝʜʠ ʥʠʭ ï USGS47 

(ʦʟʸʨʥʘʷ ʚʦʜʘ: ŭĮH = ī150,2 Ñ 0,5 ă, ŭĭO = ī19,80 Ñ 0,02 ă), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʝʞʝʜʥʝʚʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʠ USGS46 (ʣʸʜ ɻʨʝʥʣʘʥʜʠʠ: ŭĮH = ī235,6 Ñ 0,7 

ă, ŭĭO = ī30,09 Ñ 0,05 ă). ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ 

ʜʦʩʪʫʧʥʳʡ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʝʨʝʢʨʳʚʘʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʦʪʦʧʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʪʦʯʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʚʢʣʶʯʘʷ ʣʘʟʝʨʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʩʝ ʠʟʦʪʦʧʥʳʝ ʘʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʜʫʨ ʢʘʣʠʙʨʦʚʢʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʥʘʜʸʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʫʩʣʦʚʠʡ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ 



нм 
 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ) ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʚʳʩʪʫʧʘʝʪ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʜʳ, ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷ 

ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʝ ʩʣʠʯʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ WICO (Water Stable Isotope 

Intercomparison).  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ WICO ï ʥʝʟʘʚʠʩʠʤʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʠ ʧʨʝʮʠʟʠʦʥʥʦʩʪʠ 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ WICO ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʋʯʘʩʪʠʝ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ 

ʠʟʦʪʦʧʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʚʦʟʨʘʩʪʘ ʠ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʚʦʜʥʳʭ ʤʘʩʩ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʠ ʦʰʠʙʢʠ ʚ ʧʨʦʮʝʜʫʨʘʭ, ʘ ʥʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʠʙʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʯʘʩʪʠʝ ʚ WICO ʜʘʸʪ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʠ ʚʳʷʚʠʪʴ çʩʣʘʙʳʝ ʤʝʩʪʘè ʤʝʪʦʜʠʢʠ. 

1.2. ʀʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ: 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʥʞʝʣʷʮʠʦʥʥʳʭ ʣʴʜʦʚ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʞʝʣʷʮʠʦʥʥʳʭ ʣʴʜʦʚ 

ï ʙʳʣʠ ʣʠ ʵʪʦ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ 

ʧʦʧʦʣʥʷʣʩʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʠʣʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ), ʠʣʠ ʫʩʣʦʚʠʷ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʠ ʥʝ ʠʤʝʣ ʩʚʷʟʠ 

ʩ ʚʦʜʥʳʤʠ ʨʝʟʝʨʚʫʘʨʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʫʶʪʩʷ ʇɾʃ, ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʣʴʜʳ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʩ ʧʦʜʟʝʤʥʳʤ 

ʧʠʪʘʥʠʝʤ ʠ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ. ɺ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʣʝʜʠ, ʣʝʜʷʥʳʝ ʷʜʨʘ ʙʫʣʛʫʥʥʷʭʦʚ (ʧʠʥʛʦ) ʠ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʪʝʢʩʪʫʨʥʳʭ ʠ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ʉ ʠʟʦʪʦʧʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ï ɻ ʪʦ 

ʧʨʦʤʝʨʟʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʘ ʦʪʢʨʳʪʘʷ ï ʧʨʦʤʝʨʟʘʥʠʝ ʣʠʙʦ 

ʚʦʩʧʦʣʥʷʝʤʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʣʠʙʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʴʜʘ (ʥʘʧʨʠʤʝʨ, ʤʦʨʩʢʦʡ ʣʝʜ). ʕʪʠ ʫʩʣʦʚʠʷ 

ʚʣʠʷʶʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ d2H-ŭ18ʆ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʴʜʘ.  

1.2.1. ʋʩʣʦʚʠʷ ʟʘʢʨʳʪʦʡ ʠ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ɺʧʝʨʚʳʝ ʵʬʬʝʢʪ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʙʳʣ ʦʧʠʩʘʥ ʜʣʷ ʢʨʘʝʚʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʝʡ ʣʝʜʥʠʢʦʚ ɸʥʪʘʨʢʪʠʜʳ, ʘ ʪʘʢʞʝ 

ʥʘʣʝʜʥʦʛʦ ʣʴʜʘ ʉʫʭʠʭ ʜʦʣʠʥ ʚ ɸʥʪʘʨʢʪʠʜʝ (Jouzel, Souchez, 1982; Souchez, 

Jouzel, 1984). ʊʘʣʳʝ ʣʝʜʥʠʢʦʚʳʝ ʚʦʜʳ ʧʦʚʪʦʨʥʦ ʟʘʤʝʨʟʘʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ (ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ), ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʥʘ d2H-ŭ18ʆ 

ʩʦʦʪʥʦʰʝʥʠʠ. ɼʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʩʚʷʟʘʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 8 (ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʦʡ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ 

ʚʦʜ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʘʨ-ʚʦʜʘ. ɼʣʷ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʚʦʜʘ-ʣʝʜ. ʂʦʛʜʘ ʦʙʲʝʤ ʚʦʜʳ ʦʯʝʥʴ ʚʝʣʠʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʣʴʜʘ (ʠʣʠ ʵʪʦʪ ʦʙʲʝʤ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʪʩʷ), ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʚʦʜʳ ʥʘ ʚʝʣʠʯʠʥʫ Ů (Ů = 1000 ln Ŭ) =2,9ă ʜʣʷ 

ʢʠʩʣʦʨʦʜʘ-18 ʠ 21ă ʜʣʷ ʜʝʡʪʝʨʠʷ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʥʳʭ ʚʝʣʠʯʠʥ Ŭ 

ʧʦ (Lehmann, Siegenthaler, 1991), ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʥʘ ŭ2ʅ-ŭ18ʆ ʜʠʘʛʨʘʤʤʝ 

ʣʠʥʝʡʥʳʤ ʪʨʝʥʜʦʤ ʩ ʥʘʢʣʦʥʦʤ 7,29. ʅʘʢʣʦʥ 7,29 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʚʝʩʥʦʤʫ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘïʣʸʜ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʢʣʦʥʘ ʛʣʦʙʘʣʴʥʦʡ 

ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (~8), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʚ 

ʩʠʩʪʝʤʝ ʧʘʨïʚʦʜʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʦʙʲʝʤ ʚʦʜʳ ʦʛʨʘʥʠʯʝʥ ʠ ʚʩʷ ʦʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʣʝʜ, ʟʥʘʯʝʥʠʷ ŭ2ʅ-ŭ18ʆ ʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʵʣʝʝʚcʢʦʤʫ ʠʩʯʝʨʧʘʥʠʶ ʠ ʬʦʨʤʠʨʫʶʪ ʣʠʥʠʶ ʨʝʛʨʝʩʩʠʠ ʩ ʥʘʢʣʦʥʦʤ ʤʝʥʴʰʝ 

7,29. ʅʘʢʣʦʥ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʣʴʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ ʞʠʜʢʦʡ ʚʦʜʳ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʠʟʦʪʦʧʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ (Souchez, Jouzel, 1984) ï ʯʝʤ ʥʠʞʝ ʥʘʯʘʣʴʥʳʝ 

ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ, ʪʝʤ ʥʠʞʝ ʙʫʜʝʪ ʥʘʢʣʦʥ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʦʙʨʘʟʮʦʚ 



но 
 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʣʴʜʘ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. ɺ ʮʝʣʦʤ ʜʣʷ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ ʥʘʢʣʦʥ ʤʦʞʝʪ ʙʳʪʴ 7,29 ʠʣʠ ʚʳʰʝ, ʘ ʜʣʷ ʟʘʢʨʳʪʦʡ ï ʥʠʞʝ 7,29 ʚʧʣʦʪʴ 

ʜʦ 4, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʦʟʝʨʥʦʛʦ ʣʴʜʘ ɸʥʪʘʨʢʪʠʜʳ. 

ʈʘʩʯʝʪ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʴʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (Souchez, Jouzel, 1984): 

ŭice = (ŭ0 + 1000) f (Ŭ ī 1) ï 1000    (1)        

ʛʜʝ ŭi  ï ʟʥʘʯʝʥʠʷ ŭ18ʆ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʣʴʜʘ, ŭ0 ï ʟʥʘʯʝʥʠʷ ŭ18ʆ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ, 

f ï ʜʦʣʷ ʦʩʪʘʶʱʝʡʩʷ ʚʦʜʳ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ, ʩ ʰʘʛʦʤ ʦʪ 0,1 ʜʦ 0,9, Ŭ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʣʝʜ. 

ʈʵʣʝʝʚʩʢʦʝ ʠʩʯʝʨʧʘʥʠʝ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʝʨʚʳʝ 

ʧʦʨʮʠʠ ʣʴʜʘ ʠʟʦʪʦʧʥʦ ʪʷʞʝʣʝʝ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ, ʥʦ ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʠ ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʣʝʜ ʠ ʦʩʪʘʶʱʘʷʩʷ ʚʦʜʘ ʚ ʩʠʩʪʝʤʝ 

ʩʪʘʥʦʚʷʪʩʷ ʠʟʦʪʦʧʥʦ ʣʝʛʯʝ. ʉʭʝʤʘʪʠʯʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.1. 

 

ʈʠʩ. 1.1. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ (ʘ) ʠ ʚʝʣʠʯʠʥʳ ʥʘʢʣʦʥʘ ŭ2ʅ-ŭ18ʆ (ʙ) 

ʜʣ ̫ʣʴʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (Lehmann, Siegenthaler, 1991) ʠʟ ʚʦʜʳ ʩ 

ʨʘʟʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 1 ï ŭ18ʆ = ī25 ʠ ŭ2ʅ = ī190ă; 2 ï 

ŭ18ʆ = ī20 ʠ ŭ2ʅ = ī150ă; 3 ï ŭ18ʆ = ī15 ʠ ŭ2ʅ = ī110ă. ʌʨʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʣʴʜʘ ʦʙʦʟʥʘʯʝʥʳ ʯʝʨʝʟ f = 0,1 (ʧʝʨʚʘʷ ʧʦʨʮʠʷ ʣʴʜʘ) ʜʦ f = 0,9 

(ʧʦʩʣʝʜʥʷʷ ʧʦʨʮʠʷ ʣʴʜʘ)  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ, ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ 

ʧʦ ʛʣʫʙʠʥʝ ʠʣʠ ʧʨʦʩʪʠʨʘʥʠʶ ʣʝʜʷʥʦʛʦ ʪʝʣʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ.  



нп 
 

ʅʘʧʨʠʤʝʨ, ʚʦ ʣʴʜʫ ʧʨʦʤʝʨʟʰʝʛʦ ʜʦ ʜʥʘ ʦʟʝʨʘ ʚ ʜʦʣʠʥʝ ʊʝʡʣʦʨʘ ʚ 

ɸʥʪʘʨʢʪʠʜʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʚʘ ʮʠʢʣʘ ʫʤʝʥʴʰʝʥʠʷ/ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ 

ʠ ŭ2ʅ ʧʦ ʛʣʫʙʠʥʝ (Sleewaegen et al., 2002). ʕʪʦ ʦʟʝʨʦ 350 ʤ ʚ ʜʣʠʥʫ ʠ 150 ʤ ʚ 

ʰʠʨʠʥʫ ʤʝʨʟʣʦʝ ʜʦ ʦʩʥʦʚʘʥʠʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʣʴʜʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 

4 ʤ. ʇʦ ʛʣʫʙʠʥʝ ʦʪʤʝʯʝʥʦ ʜʚʘ ʪʨʝʥʜʘ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʧʨʦʷʚʣʝʥ ʦʙʨʘʪʥʳʡ ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ. ɺʩʝ ʟʥʘʯʝʥʠʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʥʘʢʣʦʥʦʤ ʚ 5,47 (ʫ = 5,47ʭ ï 76,3), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʤʝʨʟʘʥʠʶ ʞʠʜʢʦʡ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɸʚʪʦʨʳ ʧʠʰʫʪ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʴʜʘ ʙʳʣʦ ʩʪʘʜʠʡʥʳʤ ʠ ʩʥʘʯʘʣʘ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʣʝʜ ʥʠʞʥʝʡ 

ʩʝʢʮʠʠ (ʥʠʞʥʠʝ 1,5 ʤ), ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʤʝʯʝʥ ʛʦʨʠʟʦʥʪ ʧʳʣʠ, ʢʦʪʦʨʘʷ 

ʦʪʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʥʦʛʦ ʣʴʜʘ, ʟʘʪʝʤ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʣʝʜ 

ʚʝʨʭʥʠʭ 2,5 ʤ. ʆʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ ʩʚʝʨʭʫ-ʚʥʠʟ, ʢʘʢ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʝʨʥʦʛʦ ʣʴʜʘ. 

ʇʨʦ ʟʦʥʫ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʘʜʠʷʤʠ ʣʴʜʘ, ʚ ʢʦʪʦʨʦʡ ʪʨʝʥʜ 

ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ ʘʚʪʦʨʳ ʧʠʰʫʪ ʦ ʧʦʩʪʫʧʣʝʥʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʜʳ ï ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʣʴʜʘ, ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʤʫ ʞʝ ʫʨʘʚʥʝʥʠʶ, ʯʪʦ ʠ ʣʝʜ (ʫ = 5,47ʭ ï 76,3). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʟʝʨʥʳʡ ʣʝʜ (ʥʠʞʥʠʡ) ʧʦʩʪʫʧʠʣʠ ʪʘʣʳʝ 

ʣʝʜʥʠʢʦʚʳʝ ʚʦʜʳ, ʦʙʨʘʟʦʚʘʚ ʞʠʜʢʦʝ ʦʟʝʨʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ. ɿʘʤʝʨʟʘʥʠʝ 

ʵʪʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʩʥʦʚʥʦʤ ʩʚʝʨʭʫ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʪʨʝʥʜʝ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʚʝʨʭʫ ʚʥʠʟ. ʅʦ ʯʘʩʪʴ ʚʦʜʳ ʥʘ ʢʦʥʪʘʢʪʝ ʩʦ ʣʴʜʦʤ 

(ʥʘ ʛʨʘʥʠʮʝ ʦʟʝʨʥʦʛʦ ʣʴʜʘ ʠ ʚʦʜʳ ʦʟʝʨʘ) ʧʨʦʤʝʨʟʘʣʘ ʩʥʠʟʫ ʚʚʝʨʭ, ʧʦʵʪʦʤʫ 

ʪʨʝʥʜ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʨʘʞʝʥ ʩʥʠʟʫ ʚʚʝʨʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚʩʝ ʦʙʨʘʟʮʳ 

ʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʟʘʤʝʨʟʘʥʠʷ ʞʠʜʢʦʡ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ. ʕʪʦ ʨʝʘʣʠʩʪʠʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʟʝʨʥʳʡ ʣʝʜ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ 

(ʥʠʞʥʠʡ ʣʝʜ) ʚ ʫʩʣʦʚʠʷʭ ɸʥʪʘʨʢʪʠʜʳ, ʧʝʨʝʞʠʚʰʠʡ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʩʝʟʦʥʦʚ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʙʣʘʜʘʣ ʟʘʧʘʩʦʤ ʭʦʣʦʜʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʞʠʜʢʘʷ 

ʚʦʜʘ ʤʦʛʣʘ ʟʘʤʝʨʟʘʪʴ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ, ʢʦʛʜʘ ʜʝʡʩʪʚʫʶʪ ʩʨʘʟʫ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʤʝʨʟʘʥʠʷ 

ï ʩʚʝʨʭʫ ʧʨʦʤʝʨʟʘʝʪ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʚʣʘʛʠ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʛʨʫʥʪʘʭ, ʘ ʩʥʠʟʫ 
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ï ʯʘʩʪʴ ʵʪʦʡ ʞʝ ʩʘʤʦʡ ʚʣʘʛʠ, ʷʚʣʷʶʪʩʷ ʷʜʨʘ ʧʠʥʛʦ ʠ ʩʝʟʦʥʥʳʭ ʥʘʣʝʜʝʡ. ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʵʪʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʤʝʨʟʣʦʤʫ ʦʩʥʦʚʘʥʠʶ ʠ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ.  

ʅʘ ʧʨʠʤʝʨʝ ʣʝʜʷʥʦʛʦ ʙʫʛʨʘ (icing blister) ʚ ʣʝʜʥʠʢʦʚʦʡ ʜʦʣʠʥʝ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʦʩʪʨʦʚʘ ɹʘʡʣʦʪ, ʥʘʧʨʦʪʠʚ ʧʨʦʣʠʚʘ ʇʦʥʜ-ʀʥʣʝʪ (Michel, Paquette, 2003), 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʘ ʩʦʩʝʜʥʠʭ ʙʫʛʨʘ ʠʤʝʣʠ ʨʘʟʥʫʶ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ɹʫʛʦʨ FI 92-6 ̫ʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʣʝʜʷʥʳʤ ʙʫʛʨʦʤ, ʷʜʨʦ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʩʚʝʯʝʚʠʜʥʦʛʦ ʣʴʜʘ, ʦʪʜʝʣʸʥʥʦʛʦ ʦʪ ʥʠʞʝʣʝʞʘʱʝʛʦ ʥʘʣʝʜʥʦʛʦ ʣʴʜʘ ʪʦʥʢʠʤ 

ʛʦʨʠʟʦʥʪʦʤ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ɺ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ʦʪʤʝʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʙʦʥʘʪʘ, ʚʳʧʘʚʰʝʛʦ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʚʝʨʭʥʠʡ ʩʚʝʯʝʚʠʜʥʳʡ ʣʸʜ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʢ ʠʥʲʝʢʮʠʦʥʥʳʡ ʣʸʜ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ ʚʥʠʟ, ʘ ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʥʘ ʛʣʫʙʠʥʝ 

ʦʪ 90 ʜʦ 100 ʩʤ ʦʙʨʘʟʦʚʘʣʩʷ ʧʨʠ ʥʘʤʝʨʟʘʥʠʠ ʩʥʠʟʫ ʚʚʝʨʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʸʨʟʣʦʛʦ ʥʘʣʝʜʥʦʛʦ ʣʴʜʘ. ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʘʣʠʩʪʠʯʥʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ (t 

ʩʨ.ʛʦʜ = ï14Áʉ). ʉʘʤ ʥʘʣʝʜʥʳʡ ʣʸʜ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʳʡ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʧʦ ʛʣʫʙʠʥʝ ʠ ʦʪʨʘʞʘʝʪ ʠʩʪʦʯʥʠʢ ʚʦʜʳ, ʙʣʠʟʢʠʡ ʢ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʥʘʣʝʜʝʡ (Michel, Paquette, 2003). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʩʦʩʝʜʥʠʡ 

ʙʫʛʦʨ IB 93-5 ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʟʘ ʩʯʸʪ ʧʦʩʣʦʡʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʩʣʦʸʚ ʩʥʝʛʘ, 

ʧʨʦʧʠʪʘʥʥʳʭ ʪʘʣʦʡ ʚʦʜʦʡ. ʊʦʥʢʠʡ ʩʣʦʡ ʤʘʩʩʠʚʥʦʛʦ ʣʴʜʘ, ʧʦʢʨʳʚʘʶʱʠʡ 

ʩʥʝʞʥʦʝ ʷʜʨʦ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʩʷ ʧʨʠ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ ʩʥʝʛʘ ʠ ʝʛʦ ʙʳʩʪʨʦʤ ʟʘʤʝʨʟʘʥʠʠ, ʘ ʩʚʝʯʝʚʠʜʥʳʡ ʣʸʜ ʥʘʢʘʧʣʠʚʘʣʩʷ ʟʘ ʩʯʸʪ 

ʯʝʨʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʩʣʦʸʚ ʩʣʷʢʦʪʠ ʠ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ŭĭO ʧʦ 

ʛʣʫʙʠʥʝ ʠ ʪʨʝʥʜʳ ʠʭ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʟʜʝʩʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʡ ʜʦʣʝʡ 

ʩʥʝʛʘ ʠ ʚʦʜʳ (ʥʘʣʝʜʴ, ʢʦʥʞʝʣʷʮʠʦʥʥʳʡ ʣʸʜ) ʠ ʠʭ ʯʝʨʝʜʦʚʘʥʠʝʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʸʤʘ ʚʦʜʳ (Michel, Paquette, 2003).  

ɺ ʙʫʛʨʝ FI 92-6 ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʣʴʜʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʨʠ 

ʧʨʦʤʝʨʟʘʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʩʥʠʟʫ-ʚʚʝʨʭ ʠʟ-ʟʘ ʤʝʨʟʣʦʛʦ 
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ʦʩʥʦʚʘʥʠʷ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʚʦʟʤʦʞʥʘ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ (ʠʥʲʝʢʮʠʠ) ʚ ʷʜʨʘʭ ʧʠʥʛʦ, ʢʦʛʜʘ ʧʠʥʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʟʘʤʢʥʫʪʦʤ ʪʘʣʠʢʝ, ʦʢʨʫʞʝʥʥʦʤ ʤʝʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʈʘʙʦʪʘʷ ʩ ʠʟʦʪʦʧʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʢʦʥʞʝʣʷʮʠʦʥʥʦʤʫ 

ʣʴʜʫ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪʢʨʳʪʦʡ ʠʣʠ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ʠ ʨʘʩʯʝʪʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ 

ŭ18ʆ ʠ d2H ʦʧʨʦʙʦʚʘʥʥʦʛʦ ʣʴʜʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʝʩʣʠ ʛʠʧʦʪʝʟʘ ʦ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʦʨʦʰʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʨʘʩʯʝʪʫ, 

ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. 

1.2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ  

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʪʨʝʥʜʘ ŭ2ʅ-ŭ18ʆ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʟʘʚʠʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ, ʪʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʜʦ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʥʘʢʣʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʩʯʝʪʝ ʧʦ 

ʫʨʘʚʥʝʥʠʶ 1 ʠ ʧʦ ʥʘʪʫʨʥʳʤ ʜʘʥʥʳʤ.  

ɺ ʩʣʫʯʘʝ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʣʝʜ, ʦʙʨʘʟʫʷʩʴ ʠʟ ʚʦʜʳ, ʠʟʦʪʦʧʥʦ 

ʫʪʷʞʝʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʣʝʜ, ʥʦ 

ʠʟʦʪʦʧʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʜ ʚʩʝʛʜʘ ʪʷʞʝʣʝʝ 

ʚʦʜʳ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʦʪʦʧʥʦʛʦ ʩʜʚʠʛʘ (Ů), ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ Ŭ. 

ʈʘʩʯʝʪ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʴʜʘ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ: 

ŭ18Oice = ŭ
18Owater + 1000(Ŭ-1)     (2) 

ɺ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʣʴʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʜʚʘ ʦʩʣʦʞʥʷʶʱʠʭ 

ʬʘʢʪʦʨʘ.  

ʇʝʨʚʳʡ ï ɻʪʦ ʩʘʤʘ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʈʘʚʥʦʚʝʩʥʳʝ Ŭ ʩʦʩʪʘʚʣʷʶʪ 

1,0029 ʠ 1,021ă ʜʣʷ 18ʆ ʠ 2ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Lehmann, Siegenthaler, 1991), 

ʦʜʥʘʢʦ ʚ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʝʣʠʯʠʥʳ Ŭ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʧʝʨʝʭʦʜʘ ʚʦʜʳ ʚ ʣʝʜ. ʊʘʢ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 



нт 
 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ Ŭ ʧʨʠ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʤʝʨʟʘʥʠʷ 

ʣʴʜʘ (Arnason, 1969), ʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʝʣʠʯʠʥʳ Ŭ ʨʘʚʥʳʝ 1,0018 ʠ 1,013ă ʜʣʷ 18ʆ ʠ 2ʅ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Persoiu et al., 2011).  

ɺʪʦʨʦʡ ʬʘʢʪʦʨ ï ɻ ʪʦ ʚʦʟʤʦʞʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʚʦʜʳ, 

ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʣʴʜʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʘ 

ʫʯʘʩʪʚʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʧʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʚʦʜʳ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ŭ2ʅ-ŭ18ʆ ʩ ʥʘʢʣʦʥʦʤ ʦʪ 6 ʜʦ 5. 

1.2.3. ʂʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠ ʢʦʥʞʝʣʷʮʠʦʥʥʦʤ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʘʭ ʧʨʠ ʢʦʥʞʝʣʷʮʠʦʥʥʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ ʚʥʝʩʣʘ ʨʘʙʦʪʘ 

(Souchez et al., 2000). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʣʴʜʘ ʠʟ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ 

ʦʙʣʘʢʝ ʚʦʟʥʠʢʘʝʪ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ; ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ HDO ʠ H2
18ʆ ʚ ʚʦʟʜʫʭʝ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, ʠ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ 

HDO ʠ H2
18ʆ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʞʠʜʢʦʡ ʚʦʜʝ. ʆʜʥʘʢʦ ʠʭ ʟʥʘʯʝʥʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʦʟʜʫʭʝ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ ʨʝʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ ʚʦ ʣʴʜʫ ʚʦ ʚʨʝʤʷ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʩʚʷʟʘʥʦ ʩ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʞʠʜʢʦʩʪʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʬʨʦʥʪʫ 

ʟʘʤʝʨʟʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʠʟʦʪʦʧʥʘʷ ʜʠʬʬʫʟʠʷ ʚʦ ʣʴʜʫ ʤʝʜʣʝʥʥʘʷ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ï 10-ĭ  ʩʤĮ/ʩ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʡʪʝʨʠʷ ʠ ʢʠʩʣʦʨʦʜʘ-18 ʚʦ ʣʴʜʫ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʟʥʘʷ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚʦ ʚʨʝʤʷ 

ʟʘʤʝʨʟʘʥʠʷ. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʴʜʘ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ v ʠ ʦʪ 

ʪʦʣʱʠʥʳ h ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʛʜʝ ʧʝʨʝʥʦʩ ʠʟʦʪʦʧʦʚ 

ʚ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ (Souchez et al., 1987). 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʣʴʜʘ, ʩʢʦʨʦʩʪʴʶ ʟʘʤʝʨʟʘʥʠʷ ʠ 



ну 
 

ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʫʨʘʚʥʝʥʠʶ ɹʘʨʪʦʥʘ (Burton et al., 1953): 

    (3) 

 ʛʜʝ P=hẗv/D, Ŭeq ïʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ D ï

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, h ï ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʥʦʛʦ ʩʣʦʷ, v ï ʩʢʦʨʦʩʪʴ 

ʟʘʤʝʨʟʘʥʠʷ ʣʴʜʘ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʣʠʙʦ ʜʣʷ ʜʝʡʪʝʨʠʷ, ʣʠʙʦ 

ʜʣʷ ʢʠʩʣʦʨʦʜʘ-18. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʜʣʷ 

ʜʝʡʪʝʨʠʷ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʧʨʠ 0 ÁC ʩʦʩʪʘʚʣʷʶʪ 1,1 Ĭ 10  ʩʤĮ ʩ ĭ ʠ 1,33 Ĭ 10  

ʩʤĮ ʩ ĭ (Wang et al., 1953). 

ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ ʥʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, Ŭeff 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ Ŭeff ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ (Lacelle, 2011) ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʵʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ 

ʣʴʜʘ ʥʘ ʣʠʥʠʠ ʟʘʤʝʨʟʘʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʥʪʘ ʣʴʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩ 

ʦʩʪʘʚʰʝʡʩʷ ʚ ʩʠʩʪʝʤʝ ʚʦʜʳ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1) (Jouzel, Souchez, 1982).  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʧʦ ʫʨʘʚʥʝʥʠʶ Burton 

ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ρπïρπ ʩʤ/ʩ ʠ ʪʦʣʱʠʥ rʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

0,005ï0,01 ʩʤ (ʨʠʩ. 1.2). ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʢʣʦʥ 

ʣʠʥʠʠ ʟʘʤʝʨʟʘʥʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 5,5 ʜʦ 3,0 (ʨʠʩ. 1.3).  

 

ʈʠʩ. 1.2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʠ ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ  



нф 
 

 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʚʝʜʸʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʚʨʷʜ ʣʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʛʜʝ ʣʴʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʡ ʠ ʪʳʩʷʯʝʣʝʪʠʡ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʬʨʦʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ. ʋʨʘʚʥʝʥʠʝ ɹʘʨʪʦʥʘ 

ʦʧʠʩʳʚʘʝʪ ʥʝ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʚʩʝʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ, ʘ ʣʦʢʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʬʨʦʥʪʝ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʦʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨ ʈ ʚ ʫʨʘʚʥʝʥʠʠ (3) ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʩʣʦʷ, ʪʘʢ ʯʪʦ ʥʘ ʢʠʥʝʪʠʢʫ ʚʣʠʷʝʪ 

ʩʦʚʤʝʩʪʥʦʝ ʠʭ ʜʝʡʩʪʚʠʝ. 

 

ʈʠʩ. 1.3. ɺʘʨʠʘʮʠʠ ʥʘʢʣʦʥʦʚ ʣʠʥʠʡ ʟʘʤʝʨʟʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦ ʫʨʘʚʥʝʥʠʶ (3): 1 ï ʨʘʚʥʦʚʝʩʥʳʝ; 2 - Ŭ18O =1,00137, Ŭ2H 

=1,00819; 3 - Ŭ18O =1,00044, Ŭ2H =1,002085; 4 - Ŭ18O =1,000067, Ŭ2H =1,000214 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʣʠʥʠʠ ʬʨʦʥʪʘ. 

ʉʭʝʤʘʪʠʯʥʦ ʵʪʦ ʚʳʨʘʟʠʣ ɼ.ʃʘʩʝʣʣɹ  (ʨʠʩ. 1.4), ʛʜʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʣʝʜ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʤʦʣʝʢʫʣʳ ʠʟ ʚʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʘ ʥʝ ʪʦʛʦ ʩʣʦʷ, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʌʘʢʪʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ 

ʟʘʤʝʨʟʘʥʠʷ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʴʜʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 



ол 
 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʠ 

ʢʦʪʦʨʳʝ ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ Ŭeff ï ɻ ʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɿʥʘʯʝʥʠʷ 

Ŭeff ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʚʥʦʚʝʩʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ ʤʝʜʣʝʥʥʝʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ, ʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ (ʠ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ) ʟʥʘʯʝʥʠʷ Ŭeff ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʝʜʠʥʠʮʝ (ʨʠʩʫʥʦʢ 1.4 ʧʝʨʚʳʡ ʩʣʫʯʘʡ). 

 

ʈʠʩ. 1.4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʩʢʦʨʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ (ʧʦ Lacelle, 2011). ʉʪʨʝʣʢʘʤʠ 

ʧʦʢʘʟʘʥʘ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, v ï ʩʢʦʨʦʩʪʴ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, D ï 

ʜʠʬʬʫʟʠʷ  

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ ʤʝʜʣʝʥʥʝʝ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ, ʫ ʬʨʦʥʪʘ 

ʟʘʤʝʨʟʘʥʠʷ ʜʠʬʬʫʟʠʷ ʵʬʬʝʢʪʠʚʥʘ ʠ ʚ ʣʝʜ ʧʝʨʝʭʦʜʠ ʚʦʜʘ ʠʟ ʵʪʦʛʦ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ (ʪʨʝʪʠʡ ʬʨʘʛʤʝʥʪ ʥʘ ʨʠʩ. 1.4) ʚʦ ʚʨʝʤʷ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʟʘʤʝʨʟʘʥʠʷ, ʩʪʝʧʝʥʴ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʨʘʚʥʝʥʠʝ 

ɹʘʨʪʦʥʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʢʨʫʧʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘ ̫

ʤʦʜʝʣʴ FREZCHEM (Faucher et al., 2020) ʠ ʤʦʜʝʣʴ WATEREGO (Fisher et al., 

2020). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ɻ ʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʘʚʪʦʨʘʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʠʟʦʪʦʧʥʫʶ ʵʚʦʣʶʮʠʶ ʚʦʜʳ ʚ ʟʘʤʢʥʫʪʳʭ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʦʟʸʨʘʭ 

ɸʥʪʘʨʢʪʠʜʳ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʥʦʡ ʪʦʣʱʠ ʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʣʴʜʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʦʜʪʦʢʘ ʚʦʜʳ ʠ ʝʸ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ ʥʘ ʥʠʞʥʝʡ 



ом 
 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (Faucher et al., 2020). ɺʦ ʚʪʦʨʦʡ ʨʘʙʦʪʝ ʪʦʡ ʞʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ WATEREGO ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʸʪ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʚʦʛʦ ʣʴʜʘ ʠ ʦʩʪʘʪʦʯʥʦʡ ʞʠʜʢʦʡ ʚʦʜʳ ʚ 

ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʤʝʞʜʫ 

ʧʦʨʦʚʳʤ ʣʴʜʦʤ ʠ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʠʟʦʪʦʧʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʘ ʢʠʥʝʪʠʢʘ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʫʯʪʝʥʘ ʯʝʨʝʟ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʝʟʦʥʥʳʭ ʩʠʣ (ʚʷʟʢʦ-ʫʧʨʫʛʠʭ ʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ), ʘ ʥʝ 

ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʬʨʦʥʪʝ. ʕʪʦ ʩʦʟʜʘʸʪ ʟʦʥʳ ʩ ʨʘʟʥʳʤ 

ʚʦʟʨʘʩʪʦʤ ʚʦʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʠʛʥʘʣʦʤ: ʚʝʨʭʥʠʝ 2,5 

ʤ - çʩʦʚʨʝʤʝʥʥʘʷè ʚʦʜʘ, ʛʣʫʙʞʝ - çʜʨʝʚʥʷʷè (Fisher et al., 2020). 

ʅʘ ʨʠʩ. 1.2 ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʧʨʠ 

ʙʳʩʪʨʦʤ, ʥʦ ʥʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʙʳʩʪʨʦʤ ʧʨʦʤʝʨʟʘʥʠʠ (0,001 ʩʤ/ʩ). ʀʤʝʥʥʦ 

ʵʪʠ ʣʦʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ, ʬʠʢʩʠʨʫʝʤʳʡ ʚʦ 

ʣʴʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʩʯʸʪʘʭ ʩʢʦʨʦʩʪʝʡ ρπï

ρπ ʩʤ/ʩ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʘʞʝ ʝʩʣʠ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʚʩʝʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʢʣʦʥʳ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʪ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ (ʦʪ 3,5 ʜʦ 6,5), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʜʣʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʣʴʜʦʚ ʚ ʧʨʠʨʦʜʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʠʭ 

ʥʘʢʣʦʥʦʚ. 

ʅʠʟʢʠʝ ʥʘʢʣʦʥʳ ʣʠʥʠʡ ʟʘʤʝʨʟʘʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʢʝʨʥʦʚ ʧʠʥʛʦ. ʇʦ ʜʘʥʥʳʤ ʌ.ʄʘʡʢʣʘ ʠ ʇ.ʌʨʠʮʘ (Michel, Fritz, 1982), ʘ ʪʘʢʞʝ 

ʚʘʥ ʕʚʝʨʜʠʥʛʝʥʘ (van Everdingen, 1978; 1982), ʥʘʢʣʦʥ ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ 

ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʚ ʨʘʡʦʥʝ ʄʝʜʚʝʞʴʠʭ ʉʢʘʣ (ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʂʘʥʘʜʘ) ʚʘʨʴʠʨʦʚʘʣ ʦʪ 3,5 ʜʦ 6,5. ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʜʣʷ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ ʠʟ ʨʘʡʦʥʘ ʅʦʨʟ ʌʦʨʢ ʇʘʩʩ (ʂʘʥʘʜʘ) ʠʤʝʣʦ ʚʠʜ ŭĮH = 5,1 

ŭĭO ï 56,4 (r = 0,99; n = 17), ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʌ.ʄʘʡʢʣʘ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʢʨʳʪʫʶ 

ʩʠʩʪʝʤʫ (Michel, 1986). ɼʣʷ ʙʫʛʨʘ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʨʘʩʯʸʪ ʧʦ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʡ 



он 
 

ʩʠʩʪʝʤʳ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʣ ʨʝʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʚ ʢʝʨʥʝ, ʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ Ŭ ʜʣʷ ĮH ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 1,013 

(ʚʤʝʩʪʦ ʨʘʚʥʦʚʝʩʥʦʛʦ Ŭ = 1,021), ʪʦʛʜʘ ʢʘʢ Ŭ ʜʣʷ ĭO (1,0028) ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʘʚʥʦʚʝʩʥʦʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʌ. ʄʘʡʢʣ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ŭĭO ʠ ŭĮH ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʵʣʝʝʚʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʚʝʩʥʳʤ ʫʩʣʦʚʠʷʤ.  

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʠʭ ŭ2ʅ-ŭ18ʆ ʥʘʢʣʦʥʦʚ. ɺ ʨʘʙʦʪʝ (Souchez et al., 

2000) ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʥʘʣʝʜʥʦʛʦ ʣʴʜʘ ɸʥʪʘʨʢʪʠʜʳ, 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʡ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ. ɺ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ʟʘʯʘʩʪʫʶ 

ʬʦʨʤʠʨʫʶʪʩʷ ʣʴʜʳ, ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʣʝʜʦʛʨʫʥʪʳ ʠ ʷʜʨʘ ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ. ɺʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʩʪʘʥʦʚʠʪʴ ʵʪʫ ʨʦʣʴ ʤʳ ʚʳʧʦʣʥʠʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʶ 

ʛʣʠʥʠʩʪʦʡ ʩʤʝʩʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

1.3. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʶ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ ï ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʦʚ 

ʙʳʣʘ ʩʦʙʨʘʥʘ ʤʦʨʦʟʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʦʪʜʝʣʴʥʳʤ ʙʦʢʩʦʤ ʜʣʷ ʦʙʨʘʟʮʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʦʪʩʝʢʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʙʦʢʩʘ ʚʤʝʩʪʝ ʩ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʜʣʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ. ʉʘʤ ʙʦʢʩ ʙʳʣ ʚʩʪʨʦʝʥ ʚ ʜʚʝʨʮʫ 

ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʦʪ ʢʦʪʦʨʦʡ ʝʝ ʦʪʜʝʣʷʣ 3-ʩʤ ʩʣʦʡ ʧʝʥʦʧʣʘʩʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ. ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʚ ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʥʪʝʡʥʝʨ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʮʠʣʠʥʜʨ ʚʳʩʦʪʦʡ 25 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ 6 ʩʤ, ʢʦʪʦʨʳʡ 



оо 
 

ʟʘʪʝʤ ʨʘʟʤʝʱʘʣʩʷ ʚ ʙʦʢʩʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʳʪʘ. ʂʘʞʜʳʡ 

ʦʧʳʪ ʜʣʠʣʩʷ 2 ʥʝʜʝʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʨʟʣʳʡ ʢʝʨʥ ʨʘʟʨʝʟʘʣʩʷ ʚ 

ʭʦʣʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʧʨʠ t = ī18Áʉ) ʥʘ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠʩʴ ʚ ʟʠʧ-

ʧʘʢʝʪʳ, ʧʣʘʚʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʣʠʚʘʣʠʩʴ ʚ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʧʨʦʙʠʨʢʠ. ʉʨʘʟʫ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʩʷ 

ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ. ɺʥʘʯʘʣʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʦʜʦʡ 

(ʙʝʟ ʛʨʫʥʪʘ), ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠ ʦʧʳʪʥʳʝ ʫʩʣʦʚʠʷ ʨʝʟʫʣʴʪʘʪʫ, 

ʢʦʪʦʨʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʵʣʝʝʚʩʢʦʤʫ ʠʩʯʝʨʧʘʥʠʶ ʚ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (1). ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʘʜʘʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 3 ʩʤ ʚ ʩʫʪʢʠ, ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʝ ʚ 

ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ.  

ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʘʦʣʠʥʦʤ 100% ʚʣʘʞʥʦʩʪʠ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥ ʬʘʨʤʘʢʦʧʝʡʥʳʡ ʢʘʦʣʠʥ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ Skinterria): ʢʘʦʣʠʥʠʪ 

(Al O Ŀ2SiO Ŀ2H O) - 100%. ʆʙʨʘʟʝʮ ʛʦʪʦʚʠʣʠ ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʩʫʭʦʛʦ 

ʢʘʦʣʠʥʘ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʩʩʦʚʦʡ ʚʣʘʞʥʦʩʪʠ W=100%. ʇʨʠ ʜʘʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩʪʝʧʝʥʴ ʚʦʜʦʥʘʩʳʱʝʥʠʷ 

ʢʘʦʣʠʥʘ ʦʩʪʘʚʘʣʘʩʴ ʥʠʞʝ ʧʦʣʥʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʩʤʝʩʠ. 

ɺ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʧʠʣʣʷʨʥʘʷ ʠ 

ʨʳʭʣʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ, ʩʧʦʩʦʙʥʘʷ ʢ ʤʠʛʨʘʮʠʠ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʯʥʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ, ʬʦʨʤʠʨʫʶʱʘʷ ʨʝʟʝʨʚʫʘʨ ʥʝʟʘʤʝʨʟʰʝʡ ʚʣʘʛʠ. 

ʇʘʨʘʤʝʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.1. ʉʢʦʨʦʩʪʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ (ʦʪ 0,54 ʜʦ 1,79 ʩʤ/ʩʫʪ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʜʠʘʧʘʟʦʥʫ ʧʨʠʨʦʜʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʜʝʷʪʝʣʴʥʦʤ ʩʣʦʝ ʥʘ ʩʝʚʝʨʝ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʗʤʘʣʝ, ʩʢʦʨʦʩʪʴ 

ʧʨʦʤʝʨʟʘʥʠʷ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʚ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0,5ï2,0 ʩʤ/ʩʫʪ ʚ ʧʝʨʠʦʜ ʦʩʝʥʥʝʛʦ ʧʨʦʤʝʨʟʘʥʠʷ 

(ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 



оп 
 

ʤʦʜʝʣʠʨʫʶʪ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʚʳʚʦʜʳ ʦ ʢʠʥʝʪʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʝ ʣʴʜʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ 

ʧʨʦʤʝʨʟʘʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜ. 

ʊʘʙʣʠʮʘ 1.1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ 

ʥʦʤʝʨ ʋʩʣʦʚʠʷ  ʊ, Áʉ 

ʚʝʨʭ/ʥʠʟ 

ʀʩʭʦʜʥʘʷ 

ʚʦʜʘ 

ʅʘʢʣʦʥ  ʅʝʟʘʤʝʨʟʰʘʷ 

ʚʦʜʘ 

Ŭeff18ʆ / 

 Ŭeff2ʅ  

2 ʇʠʪʴʝʚʘʷ 

ʚʦʜʘ, ʧʨʦʤʝʨʟ 

ʧʦʣʥʳʡ ʢʝʨʥ 

ī10 / 

ī1,8 

ŭ18ʆ= 

ī15,5ă / 

ŭ2ʅ = 

ī119,8ă 

y = 6,2651x 

- 23,213 

ʥʝʪ ʨʘʚʥʦʚʝʩʥʳʝ 

3 ɹʦʣʦʪʥʘʷ 

ʚʦʜʘ, 

ʧʨʦʤʝʨʟʣʦ 

50%, 

ʦʪʦʙʨʘʥʦ 5 

ʦʙʨʘʟʮʦʚ  

ī10 / 

ī1,8 

ŭ18ʆ= 

ī13,5ă / 

ŭ2ʅ = 

ī98,3ă 

y = 6,661x - 

8,4417 

 

 

ŭ18ʆ= 

ī14,9.ă / 

ŭ2ʅ = 

ī107,4ă 

ʨʘʚʥʦʚʝʩʥʳʝ 

5 ʂʘʦʣʠʥ + 

ʚʦʜʘ, ʤʝʨʟʣʳʡ 

ʢʝʨʥ ʩ 

ʣʠʥʟʦʚʠʜʥʦʡ 

ʰʣʠʨʦʚʦʡ 

ʪʝʢʩʪʫʨʦʡ 

ī10 / 

ī0,5 

ŭ18ʆ= 

ī12,8ă / 

ŭ2ʅ = 

ī91,6ă 

y = 4,0702x 

- 39,615 

 

ʥʝʪ Ŭeff18ʆ = 

1,00025 

 Ŭeff2ʅ = 1,0012 

6 ʂʘʦʣʠʥ (1ʄ 

MgCl)+ʚʦʜʘ, 

ʧʨʦʤʝʨʟʣʦ 

30% 

ī10 / 

ī0,6 

ŭ18ʆ= 

ī12,4ă / 

ŭ2ʅ = 

ī89,5ă 

y = 5,9608x 

- 15,73 

 

 

ŭ18ʆ= 

ī11,9ă / ŭ2ʅ 

= ī87,7ă 

Ŭeff18ʆ = 

1,00217 

 Ŭeff2ʅ = 1,014 

20 ʂʘʦʣʠʥ + 

ʚʦʜʘ, 

ʧʨʦʤʝʨʟʣʦ 

30% 

ī3 /   

+0,5 

ŭ18ʆ= 

ī15,5ă / 

ŭ2ʅ = 

ī122,4ă 

y = 5,406x - 

37,745 

 

1) ŭ18ʆ= 

ī15,1ă / ŭ2ʅ 

= ī120,5ă 

2) ŭ18ʆ= 

ī14,9ă / ŭ2ʅ 

= ī118,3ă 

Ŭeff18ʆ = 

1,00203 

 Ŭeff2ʅ = 1,015 

 

21 ʂʘʦʣʠʥ (1ʄ 

ʂCl)+ʚʦʜʘ, 

ʧʨʦʤʝʨʟʣʦ 

ʧʦʣʦʚʠʥʘ 

ī3, ī5, 

ī8, ī10  

/ ī0,6 

ŭ18ʆ= 

ī15,5ă / 

ŭ2ʅ = 

ī122,4ă 

y = 5,6236x 

- 35,275 

ŭ18ʆ= 

ī14,96ă / 

ŭ2ʅ = 

ī118,8ă 

Ŭeff18ʆ = 1,002 

 Ŭeff2ʅ = 1,015 

22 ʉʫʛʣʠʥʦʢ 

ʀʛʘʨʩʢʠʡ, 

ʧʦʣʥʳʡ ʢʝʨʥ  

ī3, ī5, 

ī8, ī10  

/ ī0,6 

 y = 5,3239x 

- 41,613 

ʥʝʪ Ŭeff18ʆ = 1,002 

 Ŭeff2ʅ = 1,0146 

23 ʂʘʦʣʠʥ + 

ʥʘʚʦʟ + ʪʦʨʬ 

+ ʚʦʜʘ, 

ʧʦʣʥʳʡ ʢʝʨʥ 

ī9,5 / 

ī0,9 

ŭ18ʆ= 

ī14,2ă / 

ŭ2ʅ = 

ī112,2ă 

y = 4,8542x 

- 43,864 

ʥʝʪ Ŭeff18ʆ = 1,002 

 Ŭeff2ʅ = 

1,01102 

 



ор 
 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʠʪʴʝʚʦʡ ʠ ʙʦʣʦʪʥʦʡ ʚʦʜʦʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʦʭʦʞʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʢʝʨʥʘ: ʚ ʩʘʤʦʡ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ, ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʧʝʨʚʳʝ 1-2 ʦʙʨʘʟʮʘ ʣʴʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʜ, ʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ 

ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʛʦʨʘʟʜʦ ʥʠʞʝ ʨʘʚʥʦʚʝʩʥʳʭ, ʟʘʪʝʤ (ʯʫʪʴ ʥʠʞʝ ʚ ʢʝʨʥʝ 

ï ʦʙʦʟʥʘʯʝʥʦ ʧʨʝʨʳʚʠʩʪʦʡ ʣʠʥʠʡ ʥʘ ʨʠʩ. 1.5) ʩʢʦʨʦʩʪʴ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʨʘʚʥʠʚʘʣʘʩʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʟʨʘʩʪʘʣʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʚʫʭ ʚʝʨʭʥʠʭ 

ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʩʚʷʟʘʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ Ŭeff, ʘ ʧʦʩʣʝʜʫʶʱʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ï ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʢʣʦʥʳ ʣʠʥʠʠ ŭ2ʅ-ŭ18ʆ ʚ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʚʦʜʳ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʚʥʦʚʝʩʥʦʤʫ ʨʵʣʝʝʚʩʢʦʤʫ 

ʧʨʦʮʝʩʩʫ (ʨʠʩ. 1.5). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 ʧʨʦʤʝʨʟʘʥʠʝ ʙʳʣʦ ʠ ʩʚʝʨʭʫ, ʠ ʩʥʠʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ 

ʛʣʫʙʠʥʝ ʚʳʨʘʞʝʥʳ ʜʚʘ ʪʨʝʥʜʘ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʦʪ ʧʝʨʚʳʭ 

ʧʦʨʮʠʡ ʣʴʜʘ ʢ ʧʦʩʣʝʜʥʠʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 3 ʧʨʠ ʪʝʭ ʞʝ ʟʘʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʷ ʚʦʜʘ ʧʨʦʤʝʨʟʣʘ (ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 2, ʩʤ. 

ʪʘʙʣ. 1.1). 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʚʦʜʝ ʤʝʥʷʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʠ ʬʨʦʥʪ ʧʨʦʤʝʨʟʘʥʠʷ ʦʩʪʘʥʦʚʠʣʩʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʟʘʤʝʨʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʝʩʥʝʥʠʝ ʨʘʩʪʚʦʨʸʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʨʘʩʪʫʱʠʭ 

ʣʝʜʷʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʚ ʦʩʪʘʪʦʯʥʦʡ ʞʠʜʢʦʡ ʬʘʟʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʦʩʪʘʚʰʝʡʩʷ ʚʦʜʝ ʚʦʟʨʘʩʪʘʝʪ 

(Islam, Harold, 1991), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʝʸ ʟʘʤʝʨʟʘʥʠʷ. 

 



ос 
 

 

ʈʠʩ. 1.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 (ʘ) ʠ 

3 (ʚ). ɻʦʣʫʙʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ. ʈʘʩʯʝʪ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʣʴʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 2 (ʙ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 3 

(ʛ).  

 

ɿʘʜʘʯʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʘʢʣʦʥʳ ŭ2ʅ-ŭ18ʆ ʣʴʜʘ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʘʭ, ʩʝʛʨʝʛʘʮʠʦʥʥʦʤ ʣʴʜʫ 

ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠʣʠ ʷʜʨʘʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ. ʄʳ ʭʦʪʝʣʠ ʜʦʙʠʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʣʩʪʳʭ ʰʣʠʨʦʚ ʠ ʣʠʥʟ ʣʴʜʘ ʚ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜʘʭ (ʨʠʩ. 1.6), ʯʪʦʙʳ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ʅʝ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʣʝʜʷʥʳʝ ʣʠʥʟʳ ʚ ʦʙʨʘʟʮʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʙʦʣʴʰʦʤ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʨʘʟʮʝ ʬʦʨʤʠʨʦʚʘʣʩʷ ʣʝʜ-ʮʝʤʝʥʪ, ʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʘʭ 

ï ʬʨʦʥʪ ʧʨʦʤʝʨʟʘʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʣʩʷ ʠ ʚʳʨʘʞʝʥʥʳʭ ʰʣʠʨʦʚ ʥʝ 

ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ.  



от 
 

 

ʈʠʩ. 1.6. ʇʨʠʤʝʨʳ ʢʨʠʦʪʝʢʩʪʫʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ: ʘ) ï ʪʦʣʩʪʘʷ 

ʣʠʥʟʘ ʯʠʩʪʦʛʦ ʣʴʜʘ ʚ ʢʘʦʣʠʥʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʩʪʘʥʦʚʢʝ ʬʨʦʥʪʘ ʩʨʘʟʫ ʟʘ ʥʝʡ; ʙ) ʰʣʠʨʦʚʘʷ ʧʘʨʘʣʣʝʣʴʥʦ-ʚʳʧʫʢʣʘʷ ʩʣʦʠʩʪʘʷ 

ʢʨʠʦʪʝʢʩʪʫʨʘ ʚ ʢʘʦʣʠʥʝ ʧʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʧʨʦʜʚʠʞʝʥʠʠ ʬʨʦʥʪʘ ʟʘ ʩʯʝʪ 

ʧʦʰʘʛʦʚʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; ʚʳʨʘʞʝʥʥʘʷ ʩʣʦʠʩʪʘʷ ʢʨʠʦʪʝʢʩʪʫʨʘ ʚ 

ʠʛʘʨʩʢʦʤ ʩʫʛʣʠʥʢʝ  

 

ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʚʦʜʘ ʚ ʤʝʣʢʠʭ ʧʦʨʘʭ 

ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ ʟʘʤʝʨʟʘʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʩʚʦʙʦʜʥʘʷ 

ʚʦʜʘ (Zhou et al., 2018). ɼʣʷ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨ 

0,1ï1 ʤʢʤ ʵʪʦ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ, ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʦʪ ï0,5 ʜʦ ï2,0ÁC. ɺ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ 

ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʚʣʘʛʠ, ʦʩʪʘʥʦʚʢʘ ʬʨʦʥʪʘ 

ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʚʷʟʘʥʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʤʝʨʟʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʕʪʦ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ (ï0,5éï2,0ÁC) ʭʦʨʦʰʦ 

ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʟʣʠʯʠʷ ʚ ʜʦʣʝ ʧʨʦʤʝʨʟʰʝʡ ʚʦʜʳ 

(ʪʘʙʣ. 1.2). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʣʘ ï2ÁC ʠ ʥʠʞʝ (ʵʢʩʧʝʨʠʤʝʥʪʳ 2, 22, 23), ʧʨʦʤʝʨʟʘʥʠʝ ʜʦʩʪʠʛʘʣʦ 

100% ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚʦ ʚʩʝʭ 

ʧʦʨʘʭ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ï1,8ÁC ʯʘʩʪʴ ʚʦʜʳ ʚ ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʭ 

ʧʦʨʘʭ ʦʩʪʘʚʘʣʘʩʴ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʘ) ʙ) ʚ) 



оу 
 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʚʳʰʝ ï1ÁC (ɻʢʩʧʝʨʠʤʝʥʪʳ 6, 20) ʧʨʦʤʝʨʟʘʥʠʝ 

ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʘʷ ʦʩʪʘʥʦʚʢʘ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʛʣʠʥʠʩʪʳʤʠ ʩʫʩʧʝʥʟʠʷʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʨʘʚʥʦʚʝʩʠʝʤ ï ʜʦʩʪʠʛʥʫʪʘʷ ʚ ʦʙʨʘʟʮʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʣʘʩʴ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʦʩʪʘʚʰʝʡʩʷ ʧʦʨʦʚʦʡ ʚʦʜʳ, ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʢʨʘʱʘʣʦʩʴ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 5 ʚʦʜʦʥʘʩʳʱʝʥʥʳʡ ʢʘʦʣʠʥ ʧʨʦʤʝʨʟ ʧʦʣʥʦʩʪʴʶ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʥʦʡ ʰʣʠʨʦʚʦʡ ʪʝʢʩʪʫʨʳ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʢʝʨʥʘ 

(ʨʠʩ. 1.7).  

 

ʈʠʩ. 1.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʝʨʥʘ 5 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

(ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ).  

ʇʨʠ ʵʪʦʤ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʴʜʘ ʦʯʝʥʴ ʤʘʣʦ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʛʣʫʙʠʥʝ, 

ʦʙʱʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ ŭ18ʆ ʩʦʩʪʘʚʠʣ 0,5ă, ʘ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ŭ2ʅ-ŭ18ʆ 

= 4,07, ʯʪʦ ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʩʯʝʪʦʤ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ 

ʢʦʵʬʬ. Ŭeff= 1,00025 ʜʣʷ 18ʆ ʠ Ŭeff=1,0012 ʜʣʷ 2ʅ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʧʦʜʙʦʨʘ ʚ ʨʘʩʯʝʪʝ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʧʦ ʫʨʘʚʥʝʥʠʶ 1) 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʯʝʪʥʳʡ ʪʨʝʥʜ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʦʧʠʩʳʚʘʣ 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ. 
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ʊʘʢʞʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚʦ ʣʴʜʫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 6 

(ʨʠʩ. 1.8), 20 (ʨʠʩ. 1.9), 21 (ʨʠʩ. 1.10), 22 (ʨʠʩ. 1.11) ʠ 23 (ʨʠʩ. 1.12). 

 

ʈʠʩ. 1.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʝʨʥʘ 6 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

(ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ)  

 

ʈʠʩ. 1.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʝʨʥʘ 20 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

(ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ)  

ʄʦʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʝʪ ʢʠʥʝʪʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʨʟʘʥʠʷ 

ʧʦ ʙʘʣʘʥʩʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ: 

K=(ŬeqīŬeff)/(Ŭeqī1)                             (4) 
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ʛʜʝ Ŭeqī ʨʘʚʥʦʚʝʩʥʳʡ ʢʦʵʬʬ. ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ (Lehman, 

Siegenthaler, 1991), Ŭeff  - ɻ ʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬ. ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʈʘʩʯʸʪ ʜʦʣʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (4) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ 5 ʢʠʥʝʪʠʢʘ ʧʦʜʘʚʣʷʝʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ 91ï94%, ʪʦ ʝʩʪʴ 

ʨʘʚʥʦʚʝʩʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

MgCl  (ʵʢʩʧ. 6), ʩ KCl (ʵʢʩʧ. 21) ʠ ʩʫʛʣʠʥʢʦʤ (ʵʢʩʧ. 22) ʢʠʥʝʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 

~25ï32% ʜʣʷ ʦʙʦʠʭ ʠʟʦʪʦʧʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʜʥʦʤ ʤʝʭʘʥʠʟʤʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ (ʵʢʩʧ. 23) ʠʟʙʠʨʘʪʝʣʴʥʦ ʫʩʠʣʠʚʘʶʪ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʧʦʜʘʚʣʝʥʠʝ ʜʣʷ ʜʝʡʪʝʨʠʷ (46,5%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ-

18 (31,3%), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʜʥʘʢʦ ʵʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

 

 

ʈʠʩ. 1.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʥʘ 21 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) 

ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ)  
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ʈʠʩ. 1.11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʥʘ 22 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) 

ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ)  

 

ʈʠʩ. 1.12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʥʘ 23 ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ŭ2ʅ ʠ ŭ18ʆ ʣʴʜʘ (ʙ) 

ʨʘʩʯʝʪʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ)  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

(ʵʬʬʝʢʪʠʚʥʳʝ) ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʳʚʘʶʪ ʧʦʨʷʜʢʘ 30% ʫʯʘʩʪʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ (ʪʘʙʣ. 1.2). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚʠʜʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ 20, ʪʦʣʩʪʳʡ ʰʣʠʨ ʯʠʩʪʦʛʦ ʣʴʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʢʝʨʥʘ, ʠ ʪʘʣʘʷ ʥʠʞʥʷʷ ʯʘʩʪʴ ʛʦʚʦʨʷʪ ʥʘʤ ʦ ʪʦʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʥʝ ʚʳʩʦʢʠʝ 

ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. 
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ʊʘʙʣʠʮʘ. 1.2. ʉʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʚʢʣʘʜ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

 ̄
ʊ, Áʉ 

ʚʝʨʭ/ʥʠʟ 

ɼʦʣʷ 

ʧʨʦʤʝʨʟʘʥʠʷ 

ʉʢʦʨʦʩʪʴ, 

ʩʤ/ʩʫʪ 
Ŭeff O Ŭeff H 

ɼʦʣʷ 

ʢʠʥʝʪʠʢʠ 

ʜʣʷ 18O, % 

ɼʦʣʷ 

ʢʠʥʝʪʠʢʠ 

ʜʣʷ 2ʅ, 

% 

2 ī10 / ī1,8 100% 1,79 ~ ~ ~0 ~0 

3 ī10 / ī1,8 50% 0,89 ~ ~ ~0 ~0 

5 ī10 / ī0,5 100% 1,79 1,00025 1,0012 91,4 94,3 

6 ī10 / ī0,6 30% 0,54 1,00217 1,014 25,2 31,4 

20 ī3 / +0,5 30% 0,54 1,00203 1,015 30 27,6 

21 
ī3,ī5,ī8,ī10 

/ ī0,6 
50% 0,89 1,002 1,015 31 27,6 

22 
ī3,ī5,ī8,ī10 

/ ī0,6 
100% 1,79 1,002 1,0146 31 29,8 

23 ī9,5 / ī0,9 100% 1,79 1,002 1,01102 31 46,5 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʬʦʨʤʫʣʝ ɹʘʨʪʦʥʘ ʚ ʧʦʢʘʟʘʪʝʣʝ ʈ ʫʯʘʩʪʚʫʶʪ ʠ ʩʢʦʨʦʩʪʴ, ʠ 

ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʪʦʣʱʠʥʘ ʩʣʦʷ. ʉʦʛʣʘʩʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ, ʚ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ ʚʦʜ r(ɺʪʶʨʠʥʘ, ɺʪʶʨʠʥ, 1970). ʕʪʦ ʦʯʝʥʴ 

ʨʳʭʣʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ (ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʢʘʧʠʣʣʷʨʘʭ), ʩʚʷʟʘʥʥʘʷ ʚʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʧʨʦʯʥʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʙʦʜʥʦʡ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʚʟʛʣʷʜʘʭ ɽ.ɸ. ɺʪʶʨʠʥʦʡ ʠ ɹ.ʀ. ɺʪʶʨʠʥʘ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʚʦʜʳ ʢ 

ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʘʧʠʣʣʷʨʘʭ ʠ ʵʪʦ ʦʯʝʥʴ ʨʳʭʣʦʩʚʷʟʘʥʥʘʷ 

ʚʦʜʘ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʘ, ʥʦ ʚʝʨʦʷʪʥʦ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʪʦʢ ʚʣʘʛʠ ʩʥʠʟʫ (ʨʠʩ. 1.13). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʫ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ ʚʩʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʪʷʛʠʚʘʥʠʝ 

ʚʦʜʳ ʠ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʥʘʨʫʰʘʝʪʩʷ, ʪ.ʝ. ʥʘ ʛʨʘʥʠʮʝ ʩʦ ʣʴʜʦʤ ʚʩʝ ʚʨʝʤʷ 

ʜʦʙʘʚʣʷʝʪʩʷ ʨʳʭʣʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʝʪ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʪʦʣʩʪʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ.  



по 
 

 

ʈʠʩ. 1.13. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠ 

ʧʣʝʥʦʯʥʦ-ʤʠʛʨʘʮʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʦʜʪʷʛʠʚʘʥʠʷ ʚʣʘʛʠ ʢ ʬʨʦʥʪʫ 

ʧʨʦʤʝʨʟʘʥʠʷ. h ï ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, D ï ʜʠʬʬʫʟʠʷ. 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ (Horita et al., 2025), ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ ʢʘʦʣʠʥʠʪʝ 

ʚʦʜʘ ʦʙʝʜʥʝʥʘ ʪʷʞʸʣʳʤʠ ʠʟʦʪʦʧʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ ʚʦʜʦʡ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʥʘʷ ʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʠʟʦʪʦʧʥʳʡ 

ʨʝʟʝʨʚʫʘʨ, ʢʦʪʦʨʳʡ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʵʣʝʝʚʩʢʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʥʦ ʚʣʠʷʝʪ 

ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʨʠʬʨʦʥʪʦʚʦʡ ʟʦʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʥʘ ʠʟʦʪʦʧʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʧʨʷʤʦʤ ʫʯʘʩʪʠʠ 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʣʴʜʘ, ʘ ʚ ʝʸ ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʠ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ ʫ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ. ʉʚʷʟʘʥʥʘʷ 

ʚʦʜʘ ʫʜʝʨʞʠʚʘʝʪ ʚʣʘʛʫ ʚ ʤʠʢʨʦʧʦʨʘʭ, ʩʦʟʜʘʚʘʷ ʛʨʘʜʠʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʣʷʝʪ 

ʧʦʜʪʷʛʠʚʘʪʴʩʷ ʥʦʚʫʶ ʩʚʦʙʦʜʥʫʶ ʚʦʜʫ, ʥʝ ʫʩʧʝʚʰʫʶ ʠʟʦʪʦʧʥʦ ʦʙʤʝʥʷʪʴʩʷ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʪʦʣʱʝʥʠʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʥʠʟʢʠʭ ʥʘʢʣʦʥʘʭ ŭ2ʅ-ŭ18ʆ (4,07ï5,62) ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ ʣʴʜʫ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 21 ʠ 22 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʢʘʦʣʠʥʝ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘ ʩʯʝʪ ʫʪʦʣʱʝʥʠ ̫ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. ʅʠʟʢʘʷ ʣʦʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʚ 

ʢʘʦʣʠʥʝ (ʠʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ) ʜʝʣʘʝʪ ʚʢʣʘʜ ʩʢʦʨʦʩʪʠ ʚ 



пп 
 

ʧʘʨʘʤʝʪʨ ʈ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʪʦʛʜʘ ʢʘʢ ʫʪʦʣʱʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. ɺ ʩʫʛʣʠʥʢʝ, ʥʘʧʨʦʪʠʚ, ʦʙʘ ʬʘʢʪʦʨʘ ï ʠ 

ʚʳʩʦʢʘʷ ʣʦʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ (ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʤʸʨʟʣʦʡ ʟʦʥʳ), ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ (ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ) ï ʚʥʦʩʷʪ ʩʦʧʦʩʪʘʚʠʤʳʡ ʚʢʣʘʜ ʚ ʧʘʨʘʤʝʪʨ ʈ ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʢʘʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɺ ʛʨʫʥʪʘʭ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʚ ʩʫʛʣʠʥʢʘʭ ʠ ʛʣʠʥʘʭ) 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʫʪʦʣʱʝʥʠʝʤ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ (ʟʘ ʩʯʸʪ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮ), ʪʘʢ ʠ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ (ʟʘ ʩʯʸʪ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʸʨʟʣʦʡ ʟʦʥʳ). ʕʪʠ ʬʘʢʪʦʨʳ ʥʝ ʠʩʢʣʶʯʘʶʪ, ʘ 

ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚ ʧʨʠʨʦʜʥʳʭ ʛʣʠʥʠʩʪʳʭ ʠ 

ʩʫʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ, ʧʨʦʤʝʨʟʘʶʱʠʭ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʥʘʣʠʯʠʝ ʩʚʷʟʘʥʥʦʡ 

ʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʪʦʣʱʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʘ ʦʧʨʝʜʝʣʷʶʪ 

ʣʦʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʠʣʠ ʦʩʣʘʙʣʷʪʴ ʵʪʦʪ 

ʵʬʬʝʢʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʨʠʨʦʜʝ ʥʠʟʢʠʝ ʥʘʢʣʦʥʳ ʣʠʥʠʠ ŭĮHï

ŭĭO ʚʦ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʣʴʜʘʭ (ʧʣʘʩʪʦʚʳʭ, ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ, ʷʜʨʘʭ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ) ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʢʦʤʙʠʥʘʮʠʝʡ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʮʝʣʦʤ, ʫʯʠʪʳʚʘʷ ʦʧʠʩʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʢʘʢ ʩʚʝʨʭʫ, ʪʘʢ ʠ 

ʩʥʠʟʫ, ʤʦʞʥʦ ʩʫʤʤʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ ʚ 

ʤʝʨʟʣʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʣʠ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ (ʨʠʩ. 1.14, 1.15).  ɼʣʷ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ, ʢʦʛʜʘ ʚʦʣʥʘ ʭʦʣʦʜʘ ʥʘʧʨʘʚʣʝʥʘ ʩʚʝʨʭʫ ʚʥʠʟ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ, 



пр 
 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʛʣʫʙʠʥʦʡ ʧʨʠ 

ʧʘʜʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ.  

 

 

ʈʠʩ. 1.14. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʠʟ ʚʦʜʳ ʩ ʩʦʩʪʘʚʦʤ ŭʦ
 ʧʨʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

ʧʨʦʤʝʨʟʘʥʠʷ ʦʪ ʙʳʩʪʨʳʭ ʚʚʝʨʭʫ (ŭ1) ʢ ʤʝʜʣʝʥʥʳʤ ʚʥʠʟʫ (ŭ2). 

 

ʈʠʩ. 1.15. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʠʟ ʚʦʜʳ ʩ ʩʦʩʪʘʚʦʤ ŭʦ ʚ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʨʦʤʝʨʟʘʥʠʷ: ŭ1 ï ŭ4 ʠ ŭ1-ŭ7 ʧʨʠ 

ʥʠʟʢʠʭ; ŭ2-ŭ5 ʠ ŭ2-ŭ8 ʧʨʠ ʚʳʩʦʢʠʭ; ŭ3 ï ŭ6 ï ŭ9 ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʢʦʛʜʘ ʠʟʦʪʦʧʥʳʝ ʩʜʚʠʛʠ ʦʪʩʫʪʩʪʚʫʶʪ 

 



пс 
 

ʉʭʝʤʘʪʠʯʥʦ ʵʪʦ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚ ʚʠʜʫ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʥʝʚʳʩʦʢʠʭ Ŭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʝʙʦʣʴʰʦʛʦ ʩʜʚʠʛʘ  ʙʫʜʫʪ ʥʠʞʝ (ŭ1), ʯʝʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ŭ2), ʛʜʝ ʣʝʜ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʤʝʜʣʝʥʥʝʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʣʠ ʚʳʰʝ ʠ ʩʜʚʠʛ ʙʦʣʴʰʝ (ʩʤ. ʨʠʩ. 

1.14). ʇʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʢʘʢ ʩʚʝʨʭʫ, ʪʘʢ ʠ ʩʥʠʟʫ ʙʫʜʫʪ ʚʳʨʘʞʝʥʳ ʪʨʝʥʜʳ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ 

ʧʨʦʤʝʨʟʘʶʱʝʡ ʦʙʣʘʩʪʠ ʚ ʮʝʥʪʨ. ʆʙʱʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ ʩʚʷʟʘʥ ʩ ʢʦʵʬʬ. ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ï ʧʨʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʤʘʢʩʠʤʘʣʴʥʳʡ, ʧʨʠ ʯʠʩʪʦ ʢʠʥʝʪʠʯʝʩʢʦʤ ï ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠ 

ʜʠʘʧʘʟʦʥ ʥʝ ʚʳʨʘʞʝʥ. ɺʩʝ ʵʪʠ ʦʧʠʩʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ŭ18ʆ (ʠ ŭ2ʅ) ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘʤʠ ʠ ʜʣʷ ʧʣʘʩʪʦʚʳʭ 

ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ, ʠ ʜʣʷ ʷʜʝʨ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ.  

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1  

1. ʀʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ï ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ŭ2ʅ-ŭ18ʆ ʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ï ̫ ʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʣʦʚʠʡ ʧʨʦʤʝʨʟʘʥʠʷ. ɺ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ 

ʥʘʩʣʝʜʫʶʪ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ, ʩ 

ʫʯʝʪʦʤ ʠʟʦʪʦʧʥʦʛʦ ʩʜʚʠʛʘ Ů = 1000 ln Ŭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʣʝʜ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʢʣʦʥʦʤ ŭ2ʅ-ŭ18ʆ = 7,3 ʠʣʠ ʚʳʰʝ. ɺ 

ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʥʘʢʣʦʥ ʟʘʚʠʩʠʪ ʦʪ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ʠ ʚʣʠʷʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: ʥʘʢʣʦʥ ŭ2ʅ-ŭ18ʆ ʜʣʷ 

ʣʴʜʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 7 ʜʦ 3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʳ-ʠʩʪʦʯʥʠʢʘ ʠ 

ʚʢʣʘʜʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʜʣʷ ʯʠʩʪʦʛʦ ʣʴʜʘ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩʢʦʨʦʩʪʴʶ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʦ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʪʦʣʱʝʥʠʝʤ 
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ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʋʪʦʣʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʥʝ 

ʧʝʨʝʭʦʜʠʪ ʚ ʣʸʜ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʨʳʭʣʦʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʢ 

ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, ʥʘʨʫʰʘʷ ʠʟʦʪʦʧʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʧʨʠʬʨʦʥʪʦʚʦʡ 

ʟʦʥʝ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʠʝ ʥʘʢʣʦʥʳ ŭ2ʅ-ŭ18ʆ ʷʚʣʷʶʪʩʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ. 

ʇʝʨʝʥʦʩ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʪʨʝʙʫʝʪ ʨʘʩʯʸʪʘ Ö ʠ È, 

ʯʪʦ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʣʴʜʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʨʘʙʦʪʳ. 
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ɻʣʘʚʘ 2. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ  

 

2.1. ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠè ʙʳʣ ʚʚʝʜʸʥ ʇ.ɸ. ʐʫʤʩʢʠʤ (1955) ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʟʘʣʝʛʘʥʠʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʣʴʜʦʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʙʳʣʦ ʨʘʩʰʠʨʝʥʦ, ʠ ʦʥ ʧʝʨʝʩʪʘʣ ʥʝʩʪʠ ʠʩʭʦʜʥʫʶ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥ ʩʪʘʣ ʦʙʲʝʜʠʥʷʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ (ʇʃ) ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɹ.ʀ. ɺʪʶʨʠʥʘ ʵʪʦ ʧʦʜʟʝʤʥʳʡ ʣʝʜ 

ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 0,5 ʤ, ʟʘʣʝʛʘʶʱʠʡ ʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜʘʭ (ʄʄʇ)... 

(ɻʣʷʮʠʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ, 1984). ʉʦʛʣʘʩʥʦ ʀ.ɼ. ɼʘʥʠʣʦʚʫ (1990) "ʇʣʘʩʪʦʚʳʝ 

ʣʴʜʳ ï ɻ ʪʦ ʚʳʜʝʣʝʥʥʳʝ ʧʦ ʬʦʨʤʝ ʟʘʣʝʛʘʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠʣʠ 

ʥʘʢʣʦʥʥʦ) ʣʝʜʷʥʳʝ ʩʢʦʧʣʝʥʠʷ ʣʠʥʟʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʨʦʚ ʜʦ 30ï50 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 1 ʢʤ". 

ʉʪʘʥʦʚʣʝʥʠʝ ʚʟʛʣʷʜʦʚ ʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʧʨʦʰʣʦ 

ʜʣʠʪʝʣʴʥʫʶ ʵʚʦʣʶʮʠʶ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʛʦʩʧʦʜʩʪʚʦʚʘʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʠʭ ʢʘʢ ʦ ʨʝʣʠʢʪʘʭ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʦʜʥʘʢʦ ʩ 

ʩʝʨʝʜʠʥʳ 1950-ʭ ʛʦʜʦʚ ʩʪʘʣʦ ʧʦʷʚʣʷʪʴʩʷ ʚʩʸ ʙʦʣʴʰʝ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠʭ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚʥʸʩ ʀ.ɸ. ʃʦʧʘʪʠʥ (1871, 1876, 1897), ʢʦʪʦʨʳʡ ʚ 

ʥʠʟʦʚʴʷʭ ʨ. ɽʥʠʩʝʡ ʟʘʬʠʢʩʠʨʦʚʘʣ ʚʳʭʦʜʳ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 4 ʤ, 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʚ ʠʭ ʢʘʢ ʧʦʛʨʝʙʸʥʥʳʝ ʩʥʝʞʥʠʢʠ ʠʣʠ ʣʴʜʠʥʳ. ʀʤ ʞʝ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʤʥʦʛʦʷʨʫʩʥʳʝ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ (ʃʦʧʘʪʠʥ, 1876). 

ɺ ʥʘʯʘʣʝ XX ʚʝʢʘ ɻ. ʍʦʣʴʤʩʝʥ (Holmsen, 1913) ʚʳʜʚʠʥʫʣ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʩʝʛʨʝʛʘʮʠʦʥʥʫʶ ʛʠʧʦʪʝʟʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ 

ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʣʴʜʘ ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ, ʩʚʷʟʳʚʘʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʧʨʦʩʘʯʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʢʚʦʟʴ ʩʝʟʦʥʥʦ-ʪʘʣʳʡ ʛʨʫʥʪ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʤʝʨʟʘʥʠʝʤ ʩʚʝʨʭʫ. ʕ. ʃʝʬʬʠʥʛʚʝʣʣ (Leffingwell, 1915, 1919), 
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ʧʦʩʯʠʪʘʣ ʥʝʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʦʣʴ ʤʦʱʥʳʭ ʪʦʣʱ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ-

ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ɹ. ʍʸʛʙʦʤ (Hogbom, 1914), ʥʘʧʨʦʪʠʚ, ʧʨʠʟʥʘʚʘʣ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ, ʘʢʮʝʥʪʠʨʫʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ ʦʢʘʟʳʚʘʪʴ ʜʘʚʣʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʦʝʛʦ ʨʦʩʪʘ. 

ʕʪʠ ʠʜʝʠ ʧʦʟʞʝ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʠ ʨʘʟʚʠʪʳ ʉ. ʊʵʙʝʨʦʤ (Taber, 1916) ʩ ʦʧʦʨʦʡ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ.  

ɺ 1916 ʛ. ɸ.ɺ. ʃʴʚʦʚ ʦʙʦʙʱʠʣ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ɸʤʫʨʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʠ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʦʚ ʤʦʱʥʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ 

(ʃʴʚʦʚ, 1916). ʇʦʟʜʥʝʝ, ʚ 1930-ʭ ʛʦʜʘʭ, ʇ.ʌ. ʐʚʝʮʦʚ ʠ ʇ.ɸ. ʉʦʣʦʚʴʸʚ ʚ ʨʘʡʦʥʝ 

ʧʦʩ. ɸʥʘʜʳʨʴ ʠ ʙʫʭʪʳ ʋʛʦʣʴʥʦʡ ʦʧʠʩʘʣʠ ʣʠʥʟʳ ʠ ʩʣʦʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ 

ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 5 ʤ, ʥʘʧʨʠʤʝʨ, ʜʚʫʭʲʷʨʫʩʥʫ  ʁʧʣʘʩʪʦʚʫ  ʁʟʘʣʝʞ ɹʙʣʠʟ 

ʤʝʨʟʣʦʪʥʦʡ ʩʪʘʥʮʠʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨʫʯʴʷ, ʚʧʘʜʘʶʱʝʛʦ ʚ ʙʫʭʪʫ ʄʝʣʢʫʶ, ʛʜʝ 

ʥʠʞʥʠʡ ʧʣʘʩʪ ʜʦʩʪʠʛʘʣ 5 ʤ, ʘ ʚʝʨʭʥʠʡ ï 4 ʤ (ʐʚʝʮʦʚ, 1938, 1947; ʉʦʣʦʚʴʸʚ, 

1947). ɺ.ʅ. ʉʘʢʩ (1940) ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʫ ʧʦʩ. ʋʩʪʴ-ʇʦʨʪ ʦʙʥʘʨʫʞʠʣ ʚ ʩʢʚʘʞʠʥʝ 

ʤʦʱʥʳʡ ʩʧʣʦʰʥʦʡ ʣʸʜ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʦʚ, ʢʦʪʦʨʳʡ ʦʥ ʦʪʥʸʩ ʢ 

ʧʦʛʨʝʙʸʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʭʦʪʷ ʠ ʥʝ ʠʩʢʣʶʯʘʣ, ʯʪʦ ʣʝʜʷʥʦʝ ʪʝʣʦ ʤʦʛʣʦ 

ʦʩʪʘʪʴʩʷ ʥʘ ʤʝʩʪʝ ʜʨʝʚʥʠʭ ʤʝʨʟʣʦʪʥʳʭ ʙʫʛʨʦʚ ʩʢʣʦʥʦʚ. ɻʠʧʦʪʝʟʫ ʦʙ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʩʦʣʠʬʣʶʢʮʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ 

ʟʘʣʝʞʝʡ ʚʳʜʚʠʥʫʣ ʉ.ʇ. ʂʘʯʫʨʠʥ (1946), ʦʧʠʩʘʚʰʠʡ ʥʘ ʢʦʥʪʘʢʪʝ ʩʣʦʷ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʪʘʠʚʘʥʠʷ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʡ ʧʦʨʦʜʳ ʣʝʜʷʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 1ï2 ʜʦ 

3 ʤ ʠ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʇʦʟʞʝ ʇ.ɸ. ʐʫʤʩʢʠʡ 

(1955, Shumskii, 1964) ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ ʧʦʜʦʙʥʳʝ ʣʴʜʳ ʢʘʢ ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʗʤʘʣʝ, ɻʳʜʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠ ʏʫʢʦʪʢʝ, ʘ ʪʘʢʞʝ ʥʘ ʊʘʡʤʳʨʝ, ʩʝʚʝʨʝ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʥʘ ʦʩʪʨʦʚʘʭ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ. ɺ 1962 ʛ. ɺ.ɺ. 

ɹʘʫʣʠʥ, ɻ.ʀ. ɼʫʙʠʢʦʚ ʠ ʄ.ʄ. ʂʦʨʝʡʰʘ ʚʳʧʦʣʥʠʣʠ ʠʭ ʦʧʠʩʘʥʠʝ ʚ ʜʦʣʠʥʝ ʨ. 

ʖʨʠʙʝʡ ʥʘ ʗʤʘʣʝ (ɼʫʙʠʢʦʚ, ʂʦʨʝʡʰʘ, 1964; ɹʘʫʣʠʥ, ɼʫʙʠʢʦʚ, 1970). 

ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ɹ.ʀ. ɺʪʶʨʠʥ (1964) ʠ ʐ.ʐ. ɻʘʩʘʥʦʚ (1964, 1969) 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʜʦʣʠʥʝ ʨ. ɸʥʘʜʳʨʴ ʠ ʚ ʟʘʣʠʚʝ ʂʨʝʩʪʘ 
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ʥʘ ʚʦʩʪʦʢʝ ʏʫʢʦʪʢʠ. ʄʝʞʜʫ ʩʪʦʨʦʥʥʠʢʘʤʠ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ (ɺʪʶʨʠʥ, 1966, 

1975; ʇʦʧʦʚ, 1967; ɼʘʥʠʣʦʚ, 1969, 1975; ɹʘʫʣʠʥ, ɼʫʙʠʢʦʚ, 1970; ʊʨʦʬʠʤʦʚ ʠ 

ʜʨ., 1975) ʠ ʧʦʛʨʝʙʸʥʥʦʛʦ ʛʣʝʪʯʝʨʥʦʛʦ (ʊʦʣʴ, 1894, 1897; ɺʦʣʣʦʩʦʚʠʯ, 1905; 

ʂʘʧʣʷʥʩʢʘʷ, ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1976; ɸʩʪʘʭʦʚ, 1976 ʠ ʜʨ.) ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʨʘʟʛʦʨʝʣʘʩʴ ʦʩʪʨʘʷ ʜʠʩʢʫʩʩʠʷ. ɽʸ ʠʪʦʛʦʤ ʩʪʘʣ ʚʳʭʦʜ ʚ 1982 ʛ. ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʤʦʥʦʛʨʘʬʠʠ çʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʢʨʠʦʣʠʪʦʟʦʥʳè ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɸ.ʀ. ʇʦʧʦʚʘ, ʚ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʘʨʛʫʤʝʥʪʳ ʦʙʝʠʭ ʛʠʧʦʪʝʟ (ɹʘʜʫ ʠ ʜʨ., 1982; ɼʫʙʠʢʦʚ, 

1982; ʂʦʨʝʡʰʘ ʠ ʜʨ., 1982; ʂʘʧʣʷʥʩʢʘʷ, 1982; ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1982 ʠ ʜʨ.). ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʫʚʝʨʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʠ 

ʧʦʛʨʝʙʸʥʥʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥʦ ʥʝ ʙʳʣʦ. 

ɺ ʧʦʧʳʪʢʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʳ ʟʘʣʝʞʝʡ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʩʪʫʧʘʝʪ ʠʭ ʤʦʨʬʦʣʦʛʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʦʙʥʘʨʫʞʝʥʠʝ ʩʢʣʘʜʦʢ ʠ ʜʝʬʦʨʤʘʮʠʡ ʢʘʢ ʚ ʩʘʤʦʤ ʣʝʜʷʥʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚʦ 

ʚʤʝʱʘʶʱʠʭ ʝʛʦ ʩʣʦʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʥʷʪʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʠʥʜʠʢʘʪʦʨ ʛʣʝʪʯʝʨʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʨʠʟʥʘʢ ʥʝ ʷʚʣʷʝʪʩʷ 

ʙʝʟʫʩʣʦʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʢʨʠʦʛʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʠʩʪʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʧʦʨʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ 

ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ, ʪʘʢ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʝʬʦʨʤʘʮʠʠ 

ʦʧʦʣʟʘʥʠʷ ʥʘ ʩʫʙʘʵʨʘʣʴʥʳʭ ʠ ʧʦʜʚʦʜʥʳʭ ʩʢʣʦʥʘʭ. ʉʢʣʘʜʯʘʪʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʟʘʭʚʘʪʳʚʘʶʱʠʤʠ ʢʘʢ ʪʘʣʳʝ, ʪʘʢ 

ʠ ʤʸʨʟʣʳʝ ʦʪʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʘʣʠʯʠʝ ʜʝʬʦʨʤʘʮʠʡ 

ʣʶʙʦʛʦ ʪʠʧʘ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʜʸʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʠʨʦʜʳ ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ. ʉʧʨʘʚʝʜʣʠʚʦ ʟʘʤʝʯʘʥʠʝ ʀ.ɼ. ɼʘʥʠʣʦʚʘ (1983) ʦ ʪʦʤ, 

ʯʪʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ, ʯʘʩʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʛʣʫʙʦʢʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ, 

ʥʝ ʜʘʸʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʧʝʨʚʠʯʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ: ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʜʚʠʞʝʥʠʝʤ ʣʝʜʥʠʢʘ, ʪʘʢ ʠ ʩ ʧʦʚʪʦʨʥʳʤʠ ʠʥʲʝʢʮʠʷʤʠ 

ʚʦʜʥʦʡ ʠʣʠ ʚʦʜʥʦ-ʛʨʫʥʪʦʚʦʡ ʤʘʩʩʳ ʚ ʪʦʣʱʘʭ ʧʦʨʦʜ. 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʩʥʳʤ ʠʣʠ ʫʣʴʪʨʘʧʨʝʩʥʳʤ, ʩʚʦʡʩʪʚʝʥʝʥ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʠ ʣʝʜʥʠʢʘʤ, ʠ 

ʧʦʜʟʝʤʥʳʤ ʣʴʜʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʣʠʰʴ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʢʨʠʪʝʨʠʡ. ɺʘʞʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʣʫʞʠʪ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʢ ʥʠʟʤʝʥʥʦʩʪʷʤ, ʠʩʧʳʪʳʚʘʚʰʠʤ ʚʣʠʷʥʠʝ ʤʦʨʩʢʠʭ 

ʪʨʘʥʩʛʨʝʩʩʠʡ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ (ʧ-ʦʚʘ ʖʛʦʨʩʢʠʡ, ʗʤʘʣ, ɻʳʜʘʥʩʢʠʡ, 

ʊʘʡʤʳʨ, ʏʫʢʦʪʢʘ, ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦ-ʚʘ, ʩʝʚʝʨ ʖʢʦʥʘ, ʜʝʣʴʪʘ ʨ. ʄʘʢʢʝʥʟʠ, 

ʂʘʥʘʜʩʢʠʡ ʘʨʢʪʠʯʝʩʢʠʡ ʘʨʭʠʧʝʣʘʛ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʶʞʥʳʭ 

ʯʘʩʪʷʭ ʗʢʫʪʠʠ, ʚ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ɸʣʷʩʢʠ, ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʷ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʢʨʘʡʥʝ ʨʝʜʢʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ, ʭʦʪʷ ʠ ʩʣʦʞʥʳʭ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʧʨʦʙ, ʤʝʪʦʜ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʠ ʦʧʨʦʙʦʚʘʥʠʷ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʘ 

ʪʘʢʞʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʝʜʷʥʳʭ ʰʣʠʨʦʚ ʠʟ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ 30ï40 ʣʝʪ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʩʝʚʝʨʘ ʂʘʥʘʜʳ ʠ ɸʣʷʩʢʠ ʙʳʣ 

ʦʧʫʙʣʠʢʦʚʘʥ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (Angelopoulos et al., 2012; Cardyn 

et al., 2007; French, 2007; Fritz et al., 2011; Lacelle et al., 2004, 2007a, b; 2009a, b, 

2010, 2011; Mackay, 1983; Michel, 1986, 1998; Moorman et al., 1996, 1998; 

Murton et al., 2004, 2005; Pollard, 1990, Lacelle et al., 2018, Roy et al., 2023, 

Coulombe et al., 2024 ʠ ʜʨ.). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʇʃ ʂʘʥʘʜʳ ʠ ɸʣʷʩʢʠ 

ʩʚʷʟʘʥʳ ʣʠʙʦ ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʪʘʣʳʭ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʣʴʜʦʚ, ʣʠʙʦ ʩ ʧʨʷʤʳʤ ʟʘʭʦʨʦʥʝʥʠʝʤ 

ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʘʤʝʨʠʢʘʥʩʢʠʭ 

ʣʴʜʦʚ ʦʪ ʣʴʜʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

ʠʩʩʣʝʜʫʝʪʩʷ ʪʘʢʞʝ ʩʦʩʪʘʚ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʣʝʜʷʥʳʭ ʧʣʘʩʪʘʭ (Lacelle et 

al., 2004; Cardyn et al., 2007), ʭʦʪʷ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʦʩʦʙʦʡ ʪʱʘʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʦʪʙʦʨʝ, ʵʢʩʪʨʘʢʮʠʠ ʠ ʢʦʥʩʝʨʚʘʮʠʠ ʠʟ-ʟʘ ʨʠʩʢʘ ʢʦʥʪʘʤʠʥʘʮʠʠ ʦʙʨʘʟʮʘ, 

ʩʧʦʩʦʙʥʦʡ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʩʦʩʪʘʚʘ. 
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ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʈʦʩʩʠʠ ʚʥʝʩʣʠ ʨʘʙʦʪʳ ʖ.ʂ. 

ɺʘʩʠʣʴʯʫʢʘ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʦʙʲʝʢʪʳ ʚ ʜʦʣʠʥʝ ʨ. ɽʨʢʫʪʘʷʭʘ ʥʘ ʶʛʝ ʗʤʘʣʘ (ʖ. 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2011), ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʄʦʨʜʳʷʭʘ (ʖ. ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2012), 

ʥʘ ʍʘʨʘʩʘʚʵʡʩʢʦʤ ʧʦʙʝʨʝʞʴʝ (ɺʘʩʠʣʴʯʫʢ, 1982, 2006ʘ), ʚ ʜʦʣʠʥʝ ʨ. ʊʘʥʘʤʳ (ʖ. 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 1986), ʥʘ ʧʦʙʝʨʝʞʴʝ ʟʘʣʠʚʘ ʆʥʝʤʝʥ ʠ ʫ ʦʟ. ʂʦʦʣʝʥʴ ʥʘ ʏʫʢʦʪʢʝ 

(ɺʘʩʠʣʴʯʫʢ, 1992). ʆʙʦʙʱʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ ʠ 

ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʷʭ (ɺʘʩʠʣʴʯʫʢ, 1992, 2006ʘ, 2012, 2014; ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1986; 

ɹʘʫʣʠʥ ʠ ʜʨ., 1989; ɺʘʩʠʣʴʯʫʢ, ʂʦʪʣʷʢʦʚ, 2000; Vasilôchuk, Trofimov, 1988;  

ɺʘʩʠʣʴʯʫʢ, 2011ʘ; Vasilôchuk, 2012). ʖ.ʂ. ɺʘʩʠʣʴʯʫʢʦʤ (2011ʘ) ʪʘʢʞʝ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʚʝ ʥʦʚʳʝ ʢʘʪʝʛʦʨʠʠ: ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ (Vasilôchuk, 2012). 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʘʚʪʦʭʪʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʦʤʦʛʝʥʥʘʷ 

ʟʘʣʝʞʴ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʠʟʫʯʝʥʥʘʷ ʖ.ʂ. ɺʘʩʠʣʴʯʫʢʦʤ ʚ 1981 ʛ. ʙʣʠʟ ʧʦʩ. 

ʍʘʨʘʩʘʚʵʡ ʥʘ ʟʘʧʘʜʝ ʗʤʘʣʘ ʚ ʪʦʣʱʝ ʚʪʦʨʦʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʣʴʜʘ ʠ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʥʲʝʢʮʠʦʥʥʦʤ ʛʝʥʝʟʠʩʝ ʵʪʦʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ (ɺʘʩʠʣʴʯʫʢ, 2012). ɼʘʥʥʳʡ ʚʳʚʦʜ 

ʩʪʘʣ ʧʨʝʜʤʝʪʦʤ ʦʩʪʨʦʡ ʧʦʣʝʤʠʢʠ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʦʪʥʦʩʠʚʰʠʤʠ ʵʪʦʪ ʣʸʜ ʢ 

ʘʣʣʦʭʪʦʥʥʦʤʫ ʧʦʛʨʝʙʸʥʥʦʤʫ ʣʝʜʥʠʢʦʚʦʤʫ (ʂʘʧʣʷʥʩʢʘʷ, 1982; ɻʘʪʘʫʣʣʠʥ, 

1990). ɺʧʦʩʣʝʜʩʪʚʠʠ ʢ ʟʘʢʣʶʯʝʥʠʶ ʦ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʡ ʧʨʠʨʦʜʝ ʜʘʥʥʦʡ ʟʘʣʝʞʠ 

ʧʨʠʰʣʠ ʠ ɺ.ʀ. ʉʦʣʦʤʘʪʠʥ, ʌ.ɸ. ʈʦʤʘʥʝʥʢʦ ʠ ʅ.ɻ. ɹʝʣʦʚʘ, ʨʘʥʝʝ ʩʢʣʦʥʷʚʰʠʝʩʷ 

ʢ ʛʣʝʪʯʝʨʥʦʡ ʛʠʧʦʪʝʟʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʩʝʚʝʨʘ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʉʦʣʦʤʘʪʠʥ, 1986; Belova et al., 2008). ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 2008 

ʛ. ʧʦʜʪʚʝʨʜʠʣʠ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʴʜʘ ʥʘ ʍʘʨʘʩʘʚʵʡʩʢʦʤ 

ʦʙʲʝʢʪʝ (Belova et al., 2010). 

ɺʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ 1960ï2000-ʝ ʛʛ. ʙʳʣ 

ʦʙʝʩʧʝʯʝʥ ʮʝʣʦʡ ʧʣʝʷʜʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʖ.ɹ. ɹʘʜʫ, ɺ.ɺ. 

ɹʘʫʣʠʥ, ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ, ʄ.ɸ. ɺʝʣʠʢʦʮʢʠʡ, ɸ.ʌ. ɻʣʘʟʦʚʩʢʠʡ, ʅ.ʌ. ɻʨʠʛʦʨʴʝʚ, 

ʊ.ʅ. ɾʝʩʪʢʦʚʘ, ʌ.ɸ. ʂʘʧʣʷʥʩʢʘʷ, ɽ.ɻ. ʂʘʨʧʦʚ, ʄ.ʆ. ʃʝʡʙʤʘʥ, ɼʞ.ʈ. ʄʘʢʢʘʡ, 
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ɺ.ɺ. ʈʦʛʦʚ, ɽ.ɸ. ʉʣʘʛʦʜʘ, ɺ.ʀ. ʉʦʣʦʤʘʪʠʥ, ʀ.ɼ. ʉʪʨʝʣʝʮʢʘʷ, ɺ.ʊ. ʊʨʦʬʠʤʦʚ, 

ʅ.ɸ. ʐʧʦʣʷʥʩʢʘʷ, ʖ.ʃ. ʐʫʨ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʠʤʝʶʪ ʦʙʰʠʨʥʫʶ ʛʝʦʛʨʘʬʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ɸʨʢʪʠʢʝ. ɺ ɿʘʧʘʜʥʦʤ ʧʦʣʫʰʘʨʠʠ ʦʩʥʦʚʥʳʤ ʨʘʡʦʥʦʤ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ (ʨʠʩ. 2.1). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ, ʥʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ, ʊʘʡʤʳʨʝ, ʏʫʢʦʪʢʝ ʠ ʥʘ 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʦ. ʂʦʣʛʫʝʚ ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦʩʪʨʦʚʘ. ɺ 

ɺʦʩʪʦʯʥʦʤ ʧʦʣʫʰʘʨʠʠ ʦʥʠ ʠʟʫʯʝʥʳ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʂʘʥʘʜʳ, ʚ ʂʘʥʘʜʩʢʦʤ 

ɸʨʢʪʠʯʝʩʢʦʤ ʘʨʭʠʧʝʣʘʛʝ ʠ ʥʘ ɸʣʷʩʢʝ. 

 

ʈʠʩ. 2.1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʧʦ 

ʜʘʥʥʳʤ ʠʟ Massive ground ice databaseΣ ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2001) 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʠ ʛʝʥʝʟʠʩ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʧʦ ʢʣʶʯʝʚʳʤ 

ʫʯʘʩʪʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʢʘʢ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʨʘʡʦʥʘʭ ʗʤʘʣʘ, ʪʘʢ ʠ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʣʘʩʪʦʚʳʤ ʣʴʜʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʧʦʥʷʪʠʷ: ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠ ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ. ʕʪʠ 

https://mice.nextgis.com/resource/1/display?panel=identify
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ʧʦʥʷʪʠʷ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ, ʥʦ ʤʦʛʫʪ ʠ ʥʝ ʩʦʚʧʘʜʘʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ. 

ʇʦʜ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ (ʠʣʠ ʦʪʪʦʢ) ʚʦʜʳ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʟʝʨʦ, ʢʦʪʦʨʦʝ ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ ʧʦʧʦʣʥʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ. ʆʜʥʘʢʦ ʟʠʤʦʡ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʪʘʢʦʛʦ 

ʦʟʝʨʘ ʜʦ ʜʥʘ, ʝʛʦ ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʸʤʝ, ʠ ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʢʨʳʪʦʡ, ʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ 

ʈʵʣʝʝʚʩʢʦʛʦ ʠʩʪʦʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʦʪʢʨʳʪʦʩʪʴ (ʣʝʪʥʠʡ ʧʨʠʪʦʢ) ʩʤʝʥʷʝʪʩʷ ʠʟʦʪʦʧʥʦʡ ʟʘʢʨʳʪʦʩʪʴʶ (ʟʠʤʥʝʝ 

ʧʨʦʤʝʨʟʘʥʠʝ). 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ 

ʦʙʚʦʜʥʸʥʥʦʤ ʧʝʩʯʘʥʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʙʦʣʴʰʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ (ʧʦʜʦʟʝʨʥʦʛʦ ʪʘʣʠʢʘ ʠʣʠ ʛʨʫʥʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ) ʠ ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʦʪʢʨʳʪʦʡ. ʇʦʩʢʦʣʴʢʫ ʦʙʲʸʤ ʚʦʜʳ ʚ ʛʦʨʠʟʦʥʪʝ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʦʙʲʸʤ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʣʴʜʘ, ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ 

ʪʘʢʞʝ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʦʡ: ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ ʥʝ ʠʩʪʦʱʘʝʪʩʷ, ʠ 

ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ ʣʴʜʘ ʥʘʩʣʝʜʫʝʪ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. 

ʂʨʠʪʝʨʠʝʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʪʦʧʥʦʡ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ŭĮHïŭĭO ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʪʨʝʥʜʫ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʨʵʣʝʝʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (Souchez, Jouzel, 1984 ʩ ʫʯʝʪʦʤ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟ (Lehmann, Siegenthaler, 

1991). ɽʩʣʠ ʠʟʤʝʨʝʥʥʳʡ ʥʘʢʣʦʥ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʸʪʥʳʤ (ʚ ʜʠʘʧʘʟʦʥʝ 6,0ï6,5 

ʜʣʷ ʫʩʣʦʚʠʡ ʗʤʘʣʘ), ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʥʦʚʝʩʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɽʩʣʠ ʠʟʤʝʨʝʥʥʳʡ ʥʘʢʣʦʥ ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʸʪʥʳʡ, ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʢʨʳʪʫʶ ʠʟʦʪʦʧʥʫʶ ʩʠʩʪʝʤʫ (ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʴʜʘ), ʚ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪ ʈʵʣʝʝʚʩʢʦʛʦ 

ʠʩʪʦʱʝʥʠʷ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ʅʘʢʦʥʝʮ, ʝʩʣʠ ʠʟʤʝʨʝʥʥʳʡ ʥʘʢʣʦʥ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʨʘʩʯʸʪʥʦʛʦ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʠʥʝʪʠʯʝʩʢʦʤ 

(ʥʝʨʘʚʥʦʚʝʩʥʦʤ) ʠʟʦʪʦʧʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤ 



рр 
 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ, ʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ 

ʦʧʨʦʙʦʚʘʥʥʦʛʦ ʣʴʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʸʪʥʦʛʦ ʪʨʝʥʜʘ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʨʵʣʝʝʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

2.2. ʀʥʜʠʢʘʮʠʷ ʛʝʥʝʟʠʩʘ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚʥʫʪʨʝʥʥʠʭ ʨʘʡʦʥʦʚ 

ʗʤʘʣʘ 

ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʷʭ ʗʤʘʣʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʩʪʦʚʳʝ 

ʣʴʜʳ (ʇʃ) ʠʤʝʶʪ ʚ ʨʘʡʦʥʝ ɹʦʚʘʥʝʥʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʩʪʨʝʯʝʥʥʳʝ 

ʟʜʝʩʴ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʜʦʩʪʠʛʘʶʪ 1-2 ʢʤ ʚ ʰʠʨʠʥʫ ʠ 25-28 ʤ ʚ ʚʳʩʦʪʫ 

(ʇʘʨʤʫʟʠʥ, ʉʫʭʦʜʦʣʴʩʢʠʡ, 1982; ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993; ɺʘʩʠʣʴʯʫʢ, 2010; 

ʂʨʠʮʫʢ, 2010; Michel, 1998). ɺʦʧʨʦʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʝʥʝʟʠʩʘ ʇʃ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʇʃ, ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʜʘʞʝ 

ʩʦʩʪʘʚ ʩʘʤʦʡ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʛʝʥʝʟʠʩʘ ʇʃ, ʪ.ʢ. ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ 

ʢʘʢ ʟʘʭʦʨʦʥʝʥʥʦʛʦ, ʪʘʢ ʠ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʉʦʩʝʜʥʠʡ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʨʘʡʦʥ ï ʥʘʫʯʥʳʡ ʩʪʘʮʠʦʥʘʨ ɺʘʩʴʢʠʥʳ 

ʜʘʯʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʫʶ ʙʣʠʟʦʩʪʴ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ, 

ʩʪʨʦʝʥʠʝ, ʣʴʜʠʩʪʦʩʪʴ ʠ ʛʝʥʝʟʠʩ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʨʘʟʥʳʡ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʵʪʠʭ 

ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 1995 ʧʦ 2025 ʛʛ.  

2.2.1. ʇʣʘʩʪʦʚʳʝ ʣʴʜʫ ʚʙʣʠʟʠ ʩʪʘʮʠʦʥʘʨʘ ɺʘʩʴʢʠʥʳ ʜʘʯʠ 

ʀʟʫʯʝʥʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʩʪʘʮʠʦʥʘʨʘ. ʉʪʘʮʠʦʥʘʨ çɺʘʩʴʢʠʥʳ ɼʘʯʠè ʥʘ 

ʎʝʥʪʨʘʣʴʥʦʤ ʗʤʘʣʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ (ʃʝʡʙʤʘʥ, ʍʦʤʫʪʦʚ, 

2019). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 30 ʣʝʪ ʟʜʝʩʴ ʧʨʦʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʤʝʨʟʣʦʪʦʡ, ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ, ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʠʥʘʤʠʢʦʡ 

ʪʝʨʤʦʮʠʨʢʦʚ (ɼʚʦʨʥʠʢʦʚ ʠ ʜʨ., 2017; ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 2022). ɺ ʩʪʨʦʝʥʠʠ III 

ʨʘʚʥʠʥʳ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ï ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ, 

ʧʣʘʩʪʦʚʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ, ʘ ʪʘʢʞʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ, ʯʪʦ 



рс 
 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ (ɹʫʪʘʢʦʚ ʠ 

ʜʨ., 2025).  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʦʩʪʘʸʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ: ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʤʝʪʦʜ ʯʘʩʪʦ ʜʘʸʪ ʧʨʝʜʝʣʴʥʳʝ ʠʣʠ ʥʝʦʜʥʦʟʥʘʯʥʳʝ 

ʚʦʟʨʘʩʪʳ, ʘ ʠʭ ʛʝʥʝʟʠʩ (ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ, ʠʥʲʝʢʮʠʦʥʥʳʡ, ʟʘʭʦʨʦʥʝʥʥʳʡ 

ʣʝʜʥʠʢʦʚʳʡ) ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʚʥʦʩʠʪ 

ʚʳʩʦʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʠ ʩʦʩʪʘʚʘ 

ʣʴʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ 

ʘʢʪʠʚʥʦʝ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʪʝʨʤʦʜʝʥʫʜʘʮʠʠ (ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 

2022).   

 

ʈʠʩ. 2.2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʮʠʨʢʦʚ ʚʙʣʠʟʠ ʩʪʘʮʠʦʥʘʨʘ ɺʘʩʴʢʠʥʳ ʜʘʯʠ (ʠʟ 

ʃʝʡʙʤʘʥ, ʍʦʤʫʪʦʚ, 2019) 

 

ɺʩʢʨʳʪʠʝ ʦʙʥʘʞʝʥʠʡ ʩʪʝʥʦʢ ʪʝʨʤʦʮʠʨʢʦʚ ʤʝʥʷʝʪʩʷ ʛʦʜ ʦʪ ʛʦʜʘ (ʨʠʩ. 2.3), 

ʢʨʦʤʝ ʪʦʛʦ, ʚ ʚʠʜʫ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʯʘʩʪʥʘʷ ʢʘʨʪʠʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʦʡ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʦʙʥʘʞʝʥʠʷ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʳʩʦʪʘ ʙʨʦʚʢʠ 

ʪʝʨʤʦʮʠʨʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ (ʪʘʙʣʠʮʘ 

2.1). 



рт 
 

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʷʤ ɹʫʪʘʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2025) ʪʝʨʤʦʮʠʨʢʠ ʊʎ5 ʠ 

ʊʎ-4 ʚʩʢʨʳʚʘʶʪ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʦʩʪʘʥʝʮ III ʨʘʚʥʠʥʳ ʩ ʘʙʩ. ʦʪʤʝʪʢʘʤʠ  25 ʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʜʚʫʤʷ ʦʟʝʨʘʤʠ. ʊʎ-5ʥ ʨʘʩʧʦʣʦʞʝʥ ʚ 35 ʤ ʩʝʚʝʨʥʝʝ ʊʎ5 

ʥʘ ʧʦʣʦʛʦʤ ʪʝʨʤʦʜʝʥʫʜʘʮʠʦʥʥʦʤ ʩʢʣʦʥʝ, ʙʨʦʚʢʘ ʪʝʨʤʦʮʠʨʢʘ ʩʥʠʞʝʥʘ ʜʦ ʘʙʩ. 

ʦʪʤʝʪʢʠ 14 ʤ. ɺ ʩʚʦʜʥʦʤ ʨʘʟʨʝʟʝ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʝʥʦ 5 ʩʣʦʝʚ (ʨʠʩ. 2.4). ɺʦ 

ʚʣʦʞʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʣʦʷ 2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 

0,13 ʜʦ 0,96 ʛ/ʢʛ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦʤ 

ʩʦʩʪʘʚʝ. 

 

ʈʠʩ. 2.3. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʩʢʦʨʦʩʪʠ ʦʪʩʪʫʧʘʥʠʷ ʙʨʦʚʦʢ ʊʎ-5ʥ (ʠʟ ʊʘʨʘʩʝʚʠʯ, 

ʂʠʟʷʢʦʚ ʠ ʜʨ., 2022) 

ʅʘ ʧʦʜʦʰʚʝ ʩʣʦʷ 2 ʟʘʩʦʣʝʥʥʳʡ ʧʝʩʦʢ ʠʤʝʝʪ ʩʫʣʴʬʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ 

ʩʦʩʪʘʚ ʠ ʩʫʤʤʫ ʠʦʥʦʚ 2,36 ʛ/ʢʛ. ɺ ʥʝʟʘʩʦʣʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʣʦʷ 3 

ʧʨʝʦʙʣʘʜʘʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ, ʩʫʣʴʬʘʪʳ, ʥʘʪʨʠʡ ʠ ʢʘʣʴʮʠʡ ʩʫʤʤʦʡ 0,13ï0,39 

ʛ/ʢʛ. ʊʘʙʝʨʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʣʦʷ 4 ʠʤʝʶʪ ʥʝʩʦʛʣʘʩʥʳʡ ʩʨʝʟʘʶʱʠʡ 

ʢʦʥʪʘʢʪ ʩ ʣʴʜʠʩʪʳʤʠ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʣʠʥʟʦʚʠʜʥʦ-
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ʣʦʤʘʥʥʳʤʠ ʢʨʠʦʛʝʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʩʦʛʣʘʩʥʳʤʠ ʩʦ ʩʣʦʠʩʪʦʩʪʴʶ. ʉʣʦʡ 5 

ʩʣʦʠʩʪʦʛʦ ʩʫʛʣʠʥʠʩʪʦʛʦ ʣʝʜʦʛʨʫʥʪʘ ʦʪʥʝʩʝʥ ʢ ʇʃ ʠ ʠʤʝʝʪ ʭʣʦʨʠʜʥʦ-

ʩʫʣʴʬʘʪʥʳʡ, ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʠ ʩʫʤʤʫ ʠʦʥʦʚ 0,62 ʛ/ʢʛ. 

 

ʊʘʙʣʠʮʘ 2.1. ʊʝʨʤʦʮʠʨʢʠ ʩʪʘʮʠʦʥʘʨʘ ɺʘʩʴʢʠʥʳ ʜʘʯʠ (ʠʟ ʊʘʨʘʩʝʚʠʯ ʠ ʜʨ., 2022) 

ʅʦʤʝʨ 

ʪʝʨʤʦʮʠʨʢʘ 
2009 2018 

ʇʣʦʱʘʜʴ 

ʥʘ 2018, 

ʤ2  

ʕʢʩ-

ʧʦʟʠʮʠʷ 

ʩʢʣʦʥʘ 

ɸʙʩ. 

ʚʳʩʦʪʘ, 

ʤ 

ʇʨʦʪʷʞʝʥ. 

ʙʨʦʚʢʠ, ʤ 

ɻʝʦʤʦʨʬ.

ʫʨʦʚʝʥʴ 

        

ï ï + 8331,62 ʖ 26ï31 150,7 III 

ï ï + 4761,48 ʖɺ 14ï17 96,5 III 

ï ï + 3647,06 ɿ 19ï22 144 III 

ʊʎ-4, 4ʘ + + 8102,25 ɺ 19ï28 184,4 III 

ï ï + 14037,6 ʖɺ 12ï23 170,2 III 

ʊʎ-7 ï + 2470,92 ʖɺ 12ï17 87,7 III 

ï ï + 4437,46 ʖɿ 17ï20 84,6 III 

ʊʎ-5ʥ ï + 3555,8 ɿ 10ï15 132,2 III 

ï ï + 24416,4 ʉɿ 35ï36 212,8 III 

ʊʎ-5 ï + 9549,56 ɿ 19ï28 127,3 III 

ï ï + 3713,86 ʉ 31ï33 157,3 IV 

ï ï + 2034,82 ɺ 9ï13 74,8 III 

ʊʎ-6 ï + 14059,1 ʉɺ 18ï23 256,7 III 

ʊʎ-14 ï + 11045,9 ʖɿ 34ï36 167,5 III 

ï ï + 6437,42 ɿ 23ï27 272,4 III 

ï ï + 268,07 ʖɿ 21ï23 18,9 III 

ï ï + 1462,56 ʉɺ 23ï24 57,7 III 

 

ɺ ʪʦʪ ʞʝ ʧʦʣʝʚʦʡ ʩʝʟʦʥ 2019 ʛ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʩʚʦʜʥʳʝ ʨʘʟʨʝʟʳ ʧʦ 

ʪʝʨʤʦʮʠʨʢʘʤ ʩʪʘʮʠʦʥʘʨʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ʗ.ʊʠʭʦʥʨʘʚʦʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Tikhonravova et al., 2026, in press in Earth System and Environment). 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʦʚ ʪʝʨʤʦʮʠʨʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʠ ʇɾʃ ʦʧʠʩʘʥʦ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2019 ʛ. ï ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʦʚ 

ʩʪʝʥʦʢ ʪʝʨʤʦʮʠʨʢʦʚ (ʊʎ) ˉˉ 1, 2, 4, 5 ʠ 5ʥ (ɹʫʪʘʢʦʚ ʠ ʜʨ., 2025). 
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ʈʠʩ. 2.4. ʉʪʨʦʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʊʎ4, 

ʊʎ5ʥ ʠ ʊʎ5 (70.231805,69.014393): 1 ï ʤʦʭʦʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ, ʪʦʨʬ; 2 ï 

ʧʝʩʢʠ ʤʝʣʢʠʝ ʠ ʧʳʣʝʚʘʪʳʝ; 3 ï ʩʫʧʝʩʠ ʠ ʩʫʛʣʠʥʢʠ ʩʣʦʠʩʪʳʝ ʩ ʦʪʦʨʬʦʚʘʥʥʳʤʠ 

ʧʨʦʩʣʦʷʤʠ, ʪʘʙʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ; 4 ï ʩʝʨʳʝ ʩʫʛʣʠʥʢʠ ʠ ʩʫʧʝʩʠ 

ʩʠʣʴʥʦʣʴʜʠʩʪʳʝ; 5 ï ʚʣʦʞʝʥʥʳʝ ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ; 6 ï ʣʠʥʟʘ ʣʴʜʘ; 7 ï 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʝʜ; 8 ï ʣʝʜʦʛʨʫʥʪʦʚʘʷ-ʞʠʣʘ; 9 ï ʦʞʝʣʝʟʥʝʥʠʝ; 10 ï 

ʩʦʚʨʝʤʝʥʥʘʷ ʛʣʫʙʠʥʘ ʉʊʉ; 11 ï ʨʝʣʠʢʪʦʚʘʷ ʛʣʫʙʠʥʘ ʉʊʉ; 12 ï ʩʫʤʤʘʨʥʘʷ 

ʚʣʘʞʥʦʩʪʴ 13 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; 14 

ï ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ; 15ï17 ï ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ: 15 ï 

ʧʝʩʢʦʚ (0,25ï0,05 ʤʤ), 16 ï ʧʳʣʠ (0,05ï0,005 ʤʤ), 17 ï ʛʣʠʥʳ (> 0,005 ʤʤ) ʠʟ 

(ɹʫʪʘʢʦʚ ʠ ʜʨ., 2025) 

 

ʈʘʥʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʝʪʘʥʘ ʠʟ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʦʜʥʦʛʦ ʠʟ ʪʝʨʤʦʮʠʨʢʦʚ (Semenov et al., 

2020). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʥʘ (ʜʦ 23 000 ppmv) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʪʦʨʥʦ-

ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ (ʥʝ ʙʦʣʝʝ 900 ppmv), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʥʝʣʝʜʥʠʢʦʚʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʚʷʟʴ ʩ ʤʠʛʨʘʮʠʝʡ ʛʘʟʘ ʠʟ ʧʨʦʤʝʨʟʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʣʝʜʷʥʦʝ ʪʝʣʦ (Semenov et al., 2020). 
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ʈʠʩ. 2.5. ɺʝʨʪʠʢʘʣʴʥʦ-ʧʦʣʦʩʯʘʪʦʝ ʩʪʨʦʝʥʠʝ ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʧʩʝʚʜʦʤʦʨʬʦʟʳ 

ʊʎ5 (ʠʟ ɹʫʪʘʢʦʚ ʠ ʜʨ., 2025) 

 

ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʘʥʦʤʘʣʴʥʦ çʣʸʛʢʠʡè ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʝʪʘʥʘ 

(ŭĭįʉ<ī80ă, ŭ2ʅ<ī390ă), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʢʣʘʜʝ ʢʨʠʦʛʝʥʥʦʛʦ 

ʤʝʪʘʥʦʛʝʥʝʟʘ ʚ ʤʠʢʨʦʥʠʰʘʭ ʥʝʟʘʤʝʨʟʰʝʡ ʚʦʜʳ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʘ ʧʨʠʟʚʘʥʦ ʫʪʦʯʥʠʪʴ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʠ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʛʝʥʝʟʠʩ. 

 

2.2.1.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʊʎ 5 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚʩʢʨʳʚʘʣʠʩʴ ʚ ʦʙʥʘʞʝʥʠʷʭ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ. 

ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʚʦʜʦʨʘʟʜʝʣʘ ʚ ʨʘʡʦʥʝ ʩʪʘʮʠʦʥʘʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʚʳʩʦʪʥʦʡ 

ʧʦʣʦʛʦ-ʚʦʣʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʨʨʘʩʳ ʩ ʣʦʢʘʣʴʥʳʤʠ ʦʚʨʘʞʥʳʤʠ 

ʧʦʥʠʞʝʥʠʷʤʠ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʦʟʝʨʘʤʠ (ʨʠʩ. 2.6).  
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ʈʠʩ. 2.6. ʊʠʧʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ ʚ ʨʘʡʦʥʝ ʩʪʘʮʠʦʥʘʨʘ (ʬʦʪʦ 

ʃ.ʇ.ʂʫʟʷʢʠʥʘ) 

 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʇʣʘʩʪʦʚʳʡ ʣʝʜ, ʚʩʢʨʳʚʘʚʰʠʡʩʷ ʚ ʩʪʝʥʢʝ ʪʝʨʤʦʮʠʨʢʘ ʊʎ5, 

ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʚ 2019 ʛ. (ʨʠʩ. 2.7). ʃʝʜʦʛʨʫʥʪʦʚʘʷ ʟʘʣʝʞʴ ʚʩʢʨʳʚʘʣʘʩʴ ʥʘ 

ʛʣʫʙʠʥʝ 1-1,3 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʩʦʢʦʣʴʜʠʩʪʳʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʤ ʩʝʨʳʤ ʩʫʛʣʠʥʢʦʤ, ʤʦʱʥʦʩʪʴ ʚʩʢʨʳʪʦʡ ʣʠʥʟʳ 

ʣʝʜʦʛʨʫʥʪʘ ʩʦʩʪʘʚʠʣʘ 2,5 ʤ ʧʦ ʚʳʩʦʪʝ, 300 ʤ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʩʚʝʨʭʫ ʣʝʜ 

ʧʝʨʝʢʨʳʪ ʩʫʛʣʠʥʢʦʤ ʤʦʱʥʦʩʪʴʶ 1,3 ʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʚʩʢʨʳʪʦʡ ʯʘʩʪʠ 

ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʟʘʣʝʛʘʝʪ ʣʝʜʷʥʦʝ ʪʝʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʯʠʩʪʳʤ ʣʴʜʦʤ (ʨʠʩ. 2.7ʘ).  

ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʙʳʣ ʦʪʦʙʨʘʥ ʚ ʣʝʚʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʷʭ ʪʝʨʤʦʮʠʨʢʘ, 

ʦʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ.  
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ʈʠʩ. 2.7. ʆʙʥʘʞʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʊʎ-5 ʚ 2019 ʛ. ʘ) ʮʝʥʪʨʘʣʴʥʘʷ ʩʝʢʮʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ʬʦʪʦ ʖ. ʏʠʞʦʚʦʡ), ʙ) ʣʝʚʘʷ ʩʝʢʮʠʷ (ʬʦʪʦ ʅ. ʌʘʢʘʨʯʫʢ). 

ɾʝʣʪʳʤʠ ʢʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʠʥʠʤʠ ʟʚʝʟʜʦʯʢʘʤʠ ï ʜʣʷ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ. 

 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ ī19,9 ʜʦ ī23,1ă ʠ ʦʪ ī151,8 ʜʦ ī164,7ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ɹ 
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(Chizhova et al., 2022). ɼʣʷ ʣʠʥʟʳ ʯʠʩʪʦʛʦ ʣʴʜʘ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H 

ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ ī17,5 ʜʦ ī22,6ă ʠ ʦʪ ī132,6 ʜʦ ī165,3ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 

2.8, ʪʘʙʣ. 2.2).  ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʣʴʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʪʤʦʩʬʝʨʥʫʶ 

ʧʨʠʨʦʜʫ ʚʦʜʳ, ʧʦʩʣʫʞʠʚʰʝʡ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ.  

ʊʘʙʣʠʮʘ 2.2. ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʊʎ-5 

ʄʝʩʪʦ ʦʪʙʦʨʘ ŭĭO, ă ŭĮH, ă d-exc, ă 

ʃʝʚʘʷ ʩʝʢʮʠʷ, ʦʪʙʦʨ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

ʄʘʢʩ ī19,9 ī153,1 18,9 

ʄʠʥ ī22,1 ī158,3 6,5 

ʉʨʝʜʥʝʝ ī21,2 ī156,2 14,6 

n 17 

ʃʝʚʘʷ ʩʝʢʮʠʷ, ʦʪʙʦʨ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʄʘʢʩ ī20,3 ī153,8 17,8 

ʄʠʥ ī22,1 ī158,9 9 

ʉʨʝʜʥʝʝ ī21 ī155,8 13,6 

n 10 

ʎʝʥʪʨʘʣʴʥʘʷ ʩʝʢʮʠʷ, ʦʪʙʦʨ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

ʄʘʢʩ ī20,7 ī158,3 18,4 

ʄʠʥ ī22,6 ī162,8 7,7 

ʉʨʝʜʥʝʝ ī21,8 ī160,2 14,4 

n 6 

ʎʝʥʪʨʘʣʴʥʘʷ ʩʝʢʮʠʷ, ʦʪʙʦʨ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʄʘʢʩ ī13,3 ī94,7 20,4 

ʄʠʥ ī23,1 ī164,7 9 

ʉʨʝʜʥʝʝ (ʙʝʟ 

ʚʳʙʨʦʩʦʚ)* 
ī21,7 ī160,1 14,8 

n 10 

ʃʠʥʟʘ ʙʝʣʦʛʦ ʣʴʜʘ 

ʄʘʢʩ ī17,5 ī132,6 18,1 

ʄʠʥ ī22,5 ī165,3 6,8 

ʉʨʝʜʥʝʝ ī20,1 ī148 13,7 

n 11 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ï 

ʠʩʪʦʯʥʠʢʘ, ʪʨʝʙʫʝʪʩʷ ʧʦʥʷʪʴ, ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʪʦʪ ʣʝʜ ʙʳʣ ʦʙʨʘʟʦʚʘʥ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ d2H ʚ ʣʠʥʟʝ ʯʠʩʪʦʛʦ ʙʝʣʦʛʦ ʣʴʜʘ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʣʝʜ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʠʟ ʚʦʜʳ ʩ 

ʠʟʦʪʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ŭ18ʆ=ī19,2ă ʠ d2H =ī141ă, ʧʦʣʫʯʝʥʥʳʤʠ 



сп 
 

ʧʦʜʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ d2H ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ʧʦ ʫʨʘʚʥʝʥʠʶ (1). ɼʣʷ ʣʴʜʘ 

ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʟʘʣʝʞʠ ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ ʚ ŭ18ʆ-d2H ʢʦʦʨʜʠʥʘʪʘʭ (3.5) 

ʩʣʠʰʢʦʤ ʥʠʟʢʠʡ ʜʣʷ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʠ ʪʝʤ ʙʦʣʝʝ, ʜʣʷ ʤʦʜʝʣʠ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 2.9). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ 

ʠ d2H ʣʴʜʘ ʩʚʷʟʘʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ.  

 

ʈʠʩ. 2.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ ʚ ʧʣʘʩʪʦʚʦʤ 

ʣʴʜʫ, ʦʪʦʙʨʘʥʥʦʤ ʚ ʊʎ-5 ʚ 2019 ʛ. 
 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʟʘʣʝʞʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʛʝʥʝʟʠʩ ʇʃ. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʣʝʜʦʛʨʫʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʛʣʠʥʢʦʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʧʦʨʷʜʢʘ 4%. ɺʩʝ ʵʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʛʦʚʦʨʠʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʤʝʣʢʦʚʦʜʥʦʛʦ ʦʟʝʨʘ ʠʣʠ ʟʘʪʦʧʣʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ.   

ɺʦʟʨʘʩʪ ʣʴʜʘ. ɹʝʟʠʥʚʝʨʩʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʪ ʧʦ ʛʣʫʙʠʥʝ (ʪʘʙʣ. 

2.3) ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʨʘʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʡ ʟʘʣʝʞʠ ʦʪ 43 197 ʜʦ 37 973 

ʢʘʣ. ʣʝʪ ʥʘʟʘʜ. ʇʨʦʙʘ 102V ʦʪʦʙʨʘʥʘ ʥʘ ʚʝʨʭʥʝʡ ʙʨʦʚʢʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, 

ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ ʚʳʰʝʣʝʞʘʱʠʤʠ ʩʫʛʣʠʥʢʘʤʠ. 



ср 
 

 

ʈʠʩ. 2.9. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʪʝʨʤʦʮʠʨʢʝ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ɺʘʩʴʢʠʥʳ ʜʘʯʠ ʚʦ ʚʩʝʭ ʩʝʢʮʠʷʭ ʦʪʙʦʨʘ (ʘ) ʠ ʜʣʷ ʣʠʥʟʳ ʙʝʣʦʛʦ ʣʴʜʘ ʚ ʦʩʥʦʚʘʥʠʠ 

ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʙ) 
 

ʕʪʘ ʜʘʪʘ ʬʠʢʩʠʨʫʝʪ ʩʤʝʥʫ ʫʩʣʦʚʠʡ ʦʪ ʟʘʪʦʧʣʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ, ʢʦʛʜʘ 

ʥʘʢʘʧʣʠʚʘʣʩʷ ʧʣʘʩʪʦʚʳʡ ʣʝʜ, ʢ ʦʩʫʰʝʥʥʦʡ (ʤʝʣʢʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʠʥʦʛʜʘ ʩʝʣʠʣʘʩʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʨʬʷʥʳʝ ʢʦʯʢʠ. 

ʊʘʙʣʠʮʘ 2.3. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ ʠ ʢʘʣʠʙʨʦʚʘʥʥʳʡ ʚʦʟʨʘʩʪ (95,4% 

probability) ʣʴʜʘ ʧʦ ʦʙʱʝʤʫ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʫʛʣʝʨʦʜʫ (ʊʆʉ) ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ ʧʦ ʪʦʨʬʫ (Chizhova et al., 2022) 

 

ˉ 

ʧ/ʧ 

ʃʘʙ. ʥʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʇʦʣʝʚʦʡ 

ʥʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ɻʣʫʙʠʥʘ, 

ʤ 

ʄʘʪʝʨʠʘʣ  14C, BP (1ů) ʂʘʣʠʙʨʦʚʘʥʥʳʡ 

ʚʦʟʨʘʩʪ cal. years BP 

1 IGAN-7680AMS 4 0,9 ʊʦʨʬ 10140Ñ90 11315 - 12060 (11738)       

2 IGAN-7699AMS 102V 1,4 TOC (ʣʝʜ) 33515Ñ130 37308 - 38441 (37973)                                                           

3 IGAN-7700AMS 104 3 TOC (ʣʝʜ) 39520Ñ220 42792 - 43655 (43197) 

 

ʇʦ ʜʘʥʥʳʤ ʜʘʪʠʨʦʚʘʥʠʷ, ʧʣʘʩʪʦʚʳʡ ʧʦʜʟʝʤʥʳʡ ʣʝʜ ʥʝʧʨʝʨʳʚʥʦ 

ʥʘʢʘʧʣʠʚʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.3 ʤ ʟʘ ʪʳʩʷʯʫ ʣʝʪ. ʄʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʣʘʩʪʦʚʦʡ 

ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʟʘʣʝʞʠ, ʧʦ ʜʘʥʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʛʣʠʥʢʘʤʠ ʪʷʞʝʣʳʤʠ ʠ ʩʨʝʜʥʠʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚʦ ʣʴʜʫ ʩʦʩʪʘʚʣʷʝʪ 4%. ɹʝʟ ʫʯʝʪʘ ʣʴʜʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʪ 80 ʜʦ 70% 

ʦʙʲʝʤʘ, ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʟʝʨʥʳʭ ʩʫʛʣʠʥʢʦʚ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 0,1 ʤ ʟʘ 



сс 
 

ʪʳʩʷʯʫ ʣʝʪ. ʕʪʦ ʦʯʝʥʴ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʥʘʥʦʩʦʚ ʜʘʞʝ ʜʣʷ ʩʝʚʝʨʥʳʭ 

ʦʟʝʨ. 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ʅʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʟʫ ʚʚʝʨʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʙʝʟʠʥʚʝʨʩʠʦʥʥʳʤʠ ʜʘʪʘʤʠ. ɺ ʧʨʝʜʝʣʘʭ ʩʧʣʦʰʥʦʡ ʟʦʥʳ ʄʄʇ ʧʦʣʫʦʩʪʨʦʚʘ 

ʗʤʘʣ ʪʘʣʠʢʦʚ ʧʦʜ ʤʝʣʢʦʚʦʜʥʳʤʠ ʦʟʝʨʘʤʠ ʤʦʛʣʦ ʠ ʥʝ ʙʳʪʴ. ʅʝʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ 

ʦʟʝʨʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʨʟʘʚʰʝʛʦ ʟʠʤʦʡ, ʚʝʨʦʷʪʥʦ ʧʨʠʚʦʜʠʣʘ ʢ ʦʪʪʘʠʚʘʥʠʶ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʄʄʇ ʣʝʪʦʤ. ʅʘʢʦʧʣʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ï 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʛʝʥʥʳʭ ï ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʥʠʤʘʣʦ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʄʄʇ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜʚʦʜʥʦʝ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʄʄʇ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʠʩʪʦʛʦ ʣʝʜʷʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʂʘʪʘʩʦʥʦʚ, 1962; 

ʈʦʤʘʥʦʚʩʢʠʡ, 1978; ɾʝʩʪʢʦʚʘ, ʐʫʨ, 1982). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʪʳ AMS 

ʦʪʨʘʞʘʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ʕʪʠ 

ʜʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʨʘʡʦʥʝ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʠ 

ɺʘʩʢʠʥʳ ɼʘʯʠ ʦʙʨʘʟʦʚʘʣʩʷ ʥʝ ʧʦʟʜʥʝʝ ʠʟʦʪʦʧʥʦʡ ʩʪʘʜʠʠ MIS-3 (Semenov et al., 

2020), ʙʦʣʝʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 2 ʤʝʪʨʦʚ ʪʦʨʬʘ ʟʘ 7 ʪʳʩ. ʣʝʪ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʚ 0,3 ʤ ʚ ʪʳʩ. ʣʝʪ. ʆʙ ʦʙʩʪʘʥʦʚʢʝ ʦʟʝʨʥʦʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʫʙʬʦʩʩʠʣʴʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʤʘʢʨʦʦʩʪʘʪʢʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʤʠʥʝʨʘʣʴʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ (ʏʠʞʦʚʘ ʠ ʜʨ., 2026). 

ʆʙʱʝʡ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʗʤʘʣʘ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʨʝʣʠʢʪʦʚʳʭ ʤʦʨʩʢʠʭ ʨʘʚʥʠʥ ʚʦ ʚʪʦʨʠʯʥʳʝ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ. 

ʇʨʦʮʝʩʩ ʵʪʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʚʩʝʤʝʩʪʝʥ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʯʣʝʥʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʘʜʣʝʞʠʪ 

ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʢ ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʪʝʨʤʦʜʝʥʫʜʘʮʠʦʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʢʣʦʥʦʚ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ. ʕʪʠ ʫʩʣʦʚʠʷ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤʫ ʧʨʦʤʝʨʟʘʥʠʶ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʠ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʚ ʪʝʯʝʥʠʠ 

ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ.  



ст 
 

ɺ ʩʣʫʯʘʝ ʠʟʫʯʝʥʥʦʛʦ ʥʘʤʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʊʎ5 ʫ ʩʪʘʮʠʦʥʘʨʘ ɺʘʩʴʢʠʥʳ 

ʜʘʯʠ ʦʩʥʦʚʥʦʝ ʪʝʣʦ ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʚʳʜʝʣʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʝʨʟʘʶʱʠʭ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʥʠʟʢʠʡ ʥʘʢʣʦʥ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ŭ18ʆ-ŭ2ʅ ʜʣʷ ʣʴʜʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʨʘʟʥʳʭ 

ʩʝʢʮʠʷʭ, ʩʦʩʪʘʚʠʚʰʠʡ 3,6. ʊʘʢʠʝ ʥʠʟʢʠʝ ʥʘʢʣʦʥʳ ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 1 

ʩʚʷʟʘʥ rʩ ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʟʦʪʦʧʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʝ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ.  

ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʠʥʟʳ ʙʝʣʦʛʦ ʣʴʜʘ ʚ ʦʩʥʦʚʘʥʠʠ ʧʣʘʩʪʦʚʦʡ 

ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʫʢʘʟʳʚʘʷ ʥʘ 

ʠʥʲʝʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʣʦʞʝʥʠʝ ʣʠʥʟʳ ʚ ʦʩʥʦʚʘʥʠʠ 

ʟʘʣʝʞʠ, ʚʝʨʦʷʪʥʦ, ʛʦʚʦʨʠʪ ʦ ʩʤʝʥʝ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʛʜʘ ʦʟʝʨʦ ʦʙʤʝʣʝʣʦ 

ʠ ʚʦʜʘ, ʥʘʭʦʜʠʚʰʘʷʩʷ ʚ ʦʟʝʨʥʦʤ ʪʘʣʠʢʝ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʨʝʘʣʠʟʦʚʘʣʘʩʴ ʚ ʚʠʜʝ 

ʠʥʲʝʢʮʠʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʙʤʝʣʝʚʰʝʝ ʦʟʝʨʦ ʧʨʦʤʝʨʟʘʣʦ ʜʦ ʜʥʘ ʠ ʣʝʜ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʦʣʴʢʦ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

2.2.1.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʊʎ 5ʘ-ʤ-ʥ 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʂ 2025 ʛ. ʥʝʩʢʦʣʴʢʦ ʪʝʨʤʦʮʠʨʢʦʚ ʦʙʲʝʜʠʥʠʣʠʩʴ ʚ ʝʜʠʥʫʶ 

ʵʨʦʟʠʦʥʥʫʶ ʬʦʨʤʫ, ʦʙʨʘʟʦʚʘʚ ʊʎ 5ʘ-ʤ-ʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʪʫ ʞʝ 

ʧʣʘʩʪʦʚʫʶ ʟʘʣʝʞʴ ʩ ʠʥʦʡ ʵʢʩʧʦʟʠʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʚʩʢʨʳʪ ʚ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʪʝʨʤʦʮʠʨʢʘ 5ʘ-ʤ-

ʥ. ʊʝʨʤʦʮʠʨʢ ʚʣʦʞʝʥ ʚ ʦʪʣʦʞʝʥʠʷ III ʪʝʨʨʘʩʳ (m, ml QIII2-3) ʚʳʩʦʪʦʡ ʜʦ 35 ʤ 

(ʃʝʡʙʤʘʥ, ʂʠʟʷʢʦʚ, 2007) ʠ ʠʤʝʝʪ ʟʘʧʘʜʥʫʶ ʵʢʩʧʦʟʠʮʠʶ. ɼʣʠʥʘ ʩʪʝʥʢʠ 

ʪʝʨʤʦʮʠʨʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 400 ʤ, ʚʳʩʦʪʘ ʫʩʪʫʧʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʤ ʚ ʢʨʘʝʚʳʭ 

ʯʘʩʪʷʭ, ʜʦ 15-20 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʟʝʨʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʢʨʳʚʘʝʪʩʷ ʪʝʨʤʦʮʠʨʢ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 700 ʤ. 

ɺ ʩʪʨʦʝʥʠʠ ʩʪʝʥʢʠ ʪʝʨʤʦʮʠʨʢʘ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ. 2.10, 

2.11). ɺʝʨʭʥʠʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ 0,9 ï 2,0 ʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʩ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʩʫʛʣʠʥʢʘ. 

ɼʦ ʛʣʫʙʠʥʳ 0,9 ʤ ʦʪʣʦʞʝʥʠʷ ʪʘʣʳʝ, ʥʠʞʝ ï ʤʸʨʟʣʳʝ ʩ ʤʘʩʩʠʚʥʦʡ ʠ ʰʣʠʨʦʚʦʡ 



су 
 

(ʩʣʦʠʩʪʦʡ) ʢʨʠʦʪʝʢʪʫʨʘʤʠ. ʅʘ ʧʦʜʦʰʚʝ ʉʊʉ ʛʨʫʥʪ ʧʝʨʝʫʚʣʘʞʸʥ. ʎʚʝʪ 

ʩʫʛʣʠʥʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʩʝʨʦ-ʞʸʣʪʦʛʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

(ʤʸʨʟʣʳʝ ʦʪʣʦʞʝʥʠʷ) ʜʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʞʸʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ɺʝʨʭʥʠʝ 0,2 ï 0,4 ʤ ʦʪʦʨʬʦʚʘʥʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʦʡ ʪʦʣʱʝʡ ʟʘʣʝʛʘʝʪ ʛʦʨʠʟʦʥʪ 

ʩʠʣʴʥʦʣʴʜʠʩʪʳʭ ʩʣʦʠʩʪʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʩʫʧʝʩʝʡ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʄʦʱʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʛʜʝ ʦʥ ʚʳʢʣʠʥʠʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʧʦʚʳʰʝʥʠʷ ʢʨʦʚʣʠ ʥʠʞʝʣʝʞʘʱʝʛʦ ʛʦʨʠʟʦʥʪʘ (ʧʣʘʩʪʦʚʳʡ ʣʸʜ) ʜʦ 6-8 ʤ ʚ 

ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ. ɻʦʨʠʟʦʥʪ ʩʦʜʝʨʞʠʪ ʧʦʚʪʦʨʥʦ-

ʞʠʣʴʥʳʝ ʣʴʜʳ, ʚʝʨʦʷʪʥʦ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ, ʢʦʪʦʨʳʝ ʧʨʦʥʠʟʳʚʘʶʪ ʝʛʦ ʥʘ ʚʩʶ 

ʪʦʣʱʠʥʫ. ʍʚʦʩʪʳ ʇɾʃ ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʜʩʪʠʣʘʶʱʠʝ ʚʳʩʢʦʣʴʜʠʩʪʳʝ ʩʣʦʠʩʪʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ (ʧʣʘʩʪʦʚʳʡ ʣʸʜ). ʐʠʨʠʥʘ ʇɾʃ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʜʦʩʪʠʛʘʝʪ 2-3 ʤ.  

ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʸʜ ʩʝʨʳʡ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʩʫʙʚʝʨʪʠʢʘʣʴʥʫʶ 

ʩʣʦʠʩʪʦʩʪʴ ʟʘ ʩʯʸʪ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʠ 

ʛʨʫʥʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʄʝʞʜʫ ʇɾʃ ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʘʷ ʪʦʣʱʘ ʠʤʝʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʣʦʠʩʪʦʩʪʴ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʨʘʟʣʠʯʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʧʦʜʯʸʨʢʥʫʪʫʶ ʢʨʠʦʪʝʢʩʪʫʨʦʡ (ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʰʣʠʨʳ ʠ ʧʨʦʩʣʦʠ ʣʴʜʘ). 

ʅʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʦʚʳʡ ʣʸʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʢʘʢ ʚʳʩʦʢʦʣʴʜʠʩʪʳʡ ʩʫʛʣʠʥʦʢ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʧʦʜʯʸʨʢʥʫʪʦʡ 

ʣʝʜʷʥʳʤʠ ʰʣʠʨʘʤʠ (ʧʨʦʩʣʦʷʤʠ) ʪʦʣʱʠʥʦʡ ʜʦ 1-2 ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʰʣʠʨʘʤʠ (ʧʨʦʩʣʦʷʤʠ) 5-10 ʩʤ.  

ʂʨʠʦʪʝʢʩʪʫʨʘ ʘʪʘʢʩʠʪʦʚʘʷ (ʤʝʞʜʫ ʰʣʠʨʘʤʠ ʯʠʩʪʦʛʦ ʣʴʜʘ). ɻʨʘʥʠʮʘ ʩ 

ʚʳʰʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʯʸʪʢʘʷ, ʧʦ ʮʚʝʪʫ, ʣʴʜʠʩʪʦʩʪʠ ʠ ʩʦʩʪʘʚʫ ʛʨʫʥʪʦʚ, 

ʚʝʨʦʷʪʥʦ, ʵʨʦʟʠʦʥʥʘʷ. ɺ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ, ʢʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʰʣʠʨʦʚ ʣʴʜʘ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʯʠʩʪʦʛʦ ʣʴʜʘ, ʪʦʣʱʠʥʦʡ ʜʦ 5-10 ʩʤ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʣʦʠʩʪʦʩʪʴ, ʣʠʙʦ ʧʦʜʯʠʥʝʥʳ ʝʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʜʦʙʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʭʚʦʩʪʦʚ 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ɻ ʪʦ ʧʨʦʩʪʦ ʯʫʪʴ ʙʦʣʝʝ 



сф 
 

ʚʳʨʘʞʝʥʥʳʝ ʧʨʦʩʣʦʠ ʣʴʜʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʤʠʛʨʘʮʠʠ 

ʚʦʜʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʪʦʣʱʠ. 

 

ʈʠʩ. 2.10. ʆʙʱʠʡ ʚʠʜ ʊʎ 5ʘ-ʤ-ʥ (ʘ) ʠ ʪʨʝʭʯʣʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʩʝʢʮʠʠ 2 

ʪʦʯʢʘ 25VD-2 (ʙ). ʆʙʟʦʨʥʦʝ ɹʇʃɸ ʬʦʪʦ ʄ.ʄ. ɼʘʥʴʢʦ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʟʘʣʝʞʠ ʥʘʨʫʰʘʝʪʩʷ ʣʠʙʦ ʚʙʣʠʟʠ 

ʇɾʃ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʠʙ ʩʣʦʸʚ ʢʚʝʨʭʫ, ʣʠʙʦ ʚ ʤʝʩʪʘʭ ʨʝʟʢʦʛʦ ʧʦʜʲʸʤʘ 

ʢʨʦʚʣʠ ʟʘʣʝʞʠ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴ ʪʝʨʤʦʮʠʨʢʘ, ʛʜʝ ʢʨʦʚʣʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʤʳʢʘʝʪʩʷ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʩʫʧʝʩʷʤʠ, ʘ ʛʦʨʠʟʦʥʪ ʩ ʇɾʃ 

ʚʳʢʣʠʥʠʚʘʝʪʩʷ. ʂʘʢʠʭ-ʣʠʙʦ ʷʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠʣʠ ʨʘʟʨʳʚʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ɸ 

ɹ 



тл 
 

ɺ ʪʝʣʝ ʟʘʣʝʞʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ ʛʨʘʚʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʦʢʘʪʘʥʥʦʩʪʠ. 

ɺʦʟʨʘʩʪ ʣʴʜʘ. ʊʨʠ ʦʙʨʘʟʮʘ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, 

ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ, ʜʘʣʠ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ 

ʜʘʪʠʨʦʚʢʠ ʧʦ ʊʆʉ (ʪʘʙʣ. 2.4).  

 

ʈʠʩ. 2.11. ʉʝʢʮʠʠ ʦʪʙʦʨʘ ʧʨʦʙ ʚ ʊʎ 5ʘ-ʤ-ʥ ʚ 2025 ʛ. (ʦʪʙʦʨ ʧʨʦʙ 

ɽ.ʉ.ʅʠʢʦʣʘʝʚʦʡ) 

ʊʘʙʣʠʮʘ 2.4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʣʴʜʘ ʤʝʪʦʜʦʤ AMS 

(ʊʆʉ) 

 

 

IGAN-

AMS 

ʆʙʨʘʟʝʮ C, % ʉ/N ŭ13C, ă 14C age,  yr 

BP (1ů) 

Cal BP (/![L. w9±уΦнύ 

11494 1. VD251i12, 

ʛʣʫʙʠʥʘ 5,3 ʤ 

3,65 3,19 -19,56 30570Ñ115 68.3 (1 sigma)   cal BP 34747 - 35141      1.000                

95.4 (2 sigma)   cal BP 34620 - 35276      1.000                

   Median Probability: 34946                 

11495 2. VD251i21, 

ʛʣʫʙʠʥʘ 4,5 ʤ 

3,18 18,26 -27,17 27030Ñ90 68.3 (1 sigma)   cal BP 31086 - 31177      1.000                

95.4 (2 sigma)   cal BP 31041 - 31225      1.000                

   Median Probability: 31133                           

11496 3. VD252i28, 

ʛʣʫʙʠʥʘ 2 ʤ 

2,27 15,28 -27,22 17830Ñ50 68.3 (1 sigma)     cal BP 21478 - 21624    0.502                

95.4 (2 sigma)     cal BP 21416 - 21885    1.000                

   Median Probability: 21649  



тм 
 

ʄʳ ʜʘʪʠʨʦʚʘʣʠ ʦʨʛʘʥʠʯʝʩʢʫʶ ʫʛʣʝʨʦʜʥʫʶ ʬʨʘʢʮʠʶ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚʦ ʣʴʜʫ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʮʝʣʦʤ ʩʠʥʭʨʦʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʴʜʘ ï ʜʦʧʫʩʪʠʤʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʟʨʘʩʪʥʳʝ ʜʘʥʥʳʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,27 ʜʦ 3,65%. ʕʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʠʧʠʯʥʦʝ ʜʣʷ ʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ 

ʚʘʨʴʠʨʫʶʪ ʚʦ ʣʴʜʫ ʧʦ ʛʣʫʙʠʥʝ ʩ ʦʯʝʥʴ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪ ī19,9 ʜʦ ī21ă ʠ 

ʦʪ ī151,3 ʜʦ ī160,9ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2.12, ʪʘʙʣ. 2.5). ʆʙʨʘʟʝʮ 25VD-1-

25 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʣʴʥʳʡ ʣʝʜ, ʢʦʪʦʨʳʡ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʦʥʠʢʘʝʪ ʚ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʠ ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʢʦʥʪʨʘʩʪʥʦ ʙʦʣʝʝ ʪʷʞʝʣʳʡ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ. ʅʝ 

ʩʦʚʩʝʤ ʧʦʥʷʪʥʦ, ʢʘʢʘʷ ʵʪʦ ʞʠʣʘ, ʩʫʜʷ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʵʪʦ ʟʘʪʝʢʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʧʝʨʠʦʜʘ. ʆʜʥʘʢʦ, ʵʪʦ ʟʘʪʝʢʘʥʠʝ ʚʦʜʳ ʚ 

ʪʨʝʱʠʥʫ ʟʘʪʨʦʥʫʣʦ ʠ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ï ʦʙʨʘʟʝʮ, ʦʪʦʙʨʘʥʥʳʡ ʙʣʠʟ ʢʦʥʪʘʢʪʘ ʩ 

ʢʨʘʝʤ ʞʠʣʳ (25VD-1-23) ʠʤʝʝʪ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʰʝʥʠʷ ʤʝʞʜʫ 

ʩʚʦʠʤʠ ʩʦʩʝʜʥʠʤʠ ʦʙʨʘʟʮʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʙʦ ʚ ʦʙʨʘʟʝʮ ʧʦʧʘʣʘ ʩʘʤʘ 

ʛʨʘʥʠʮʘ ʤʝʜʫ ʞʠʣʦʡ ʠ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ, ʢʦʪʦʨʘʷ ʥʝ ʚʠʜʥʘ ʙʳʣʘ ʧʨʠ ʧʦʣʝʚʦʤ 

ʦʧʠʩʘʥʠʠ, ʣʠʙʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʱʠʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ ʨʘʟʤʳʪʠʝ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʨʟʘʥʠʝ ʵʪʦʡ ʩʤʝʩʠ.   

ʊʘʙʣʠʮʘ 2.5. ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʊʎ-5ʘ-ʥ-ʤ 

ʇʦʢʘʟʘʪʝʣʴ ŭĭO, ă ŭĮH, ă d-exc, ă 

ʇʣʘʩʪʦʚʳʡ ʣʝʜ 

ʩʨʝʜʥʝʝ ī20,68 ī158,16 7,25 

ʤʘʢʩʠʤʫʤ ī19,91 ī151,53 8,30 

ʤʠʥʠʤʫʤ ī21,04 ī160,86 6,45 

n 12 

ʇɾʃ 

ʩʨʝʜʥʝʝ ī21,98 ī167,17 8,66 

ʤʘʢʩʠʤʫʤ ī20,33 ī153,97 10,09 

ʤʠʥʠʤʫʤ ī24,25 ī184,37 6,73 

n 26 

 



тн 
 

ʉʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ y = 6,3 x - 28,28, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʧʨʦʤʝʨʟʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ.  

ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʚʘʨʴʠʨʫʶʪ ʦʪ ī20,3 ʜʦ ī24,25ă ʠ ʦʪ ī154 

ʜʦ ī184,4ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

ʦʪʙʦʨʘ ʧʨʦʙ (ʨʠʩ. 2.13).  

 

ʈʠʩ. 2.12. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ (ʙ): 1 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ; 2 ï ʞʠʣʴʥʳʡ ʣʝʜ; 3 ï 

ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʩʫʧʝʩʠ; 4 ï ʪʦʯʢʠ ʦʪʙʦʨʘ 

 

ʈʠʩ. 2.13. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-

ŭ18ʆ (ʙ)  

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ 

ʟʥʘʯʝʥʠʷʤʠ ʇʃ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʣʠʙʦ ʥʘ ʩʢʨʳʪʫʶ ʛʨʘʥʠʮʫ ʵʪʠʭ 



то 
 

ʜʚʫʭ ʪʠʧʦʚ ʣʴʜʘ, ʣʠʙʦ ʥʘ ʧʦʧʘʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʚ ʟʦʥʫ ʥʘʜ ʞʠʣʦʡ ʠ 

ʟʘʤʝʨʟʘʥʠʝ ʝʝ ʪʘʤ ʢʘʢ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ. 

ʕʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʞʠʣʴʥʳʡ ʣʝʜ ʥʘ ʩʪʘʜʠʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʞʠʣ. ʆ ʪʦʤ, ʯʪʦ ʵʪʦ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʞʠʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʬʦʨʤʘ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ï ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʚʘʥʥʳʝ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʠʩʪʳʤ ʣʝʜʦʛʨʫʥʪʦʤ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ (Na), ʘʤʤʦʥʠʷ (NH ), ʢʘʣʠʷ (K), ʤʘʛʥʠʷ (MgĮ ), 

ʢʘʣʴʮʠʷ (CaĮ ), ʬʪʦʨʠʜʘ (F), ʭʣʦʨʠʜʘ (Cl), ʥʠʪʨʘʪʘ (NO ), ʩʫʣʴʬʘʪʘ (SOĮ ), 

ʦʢʩʘʣʘʪʘ ʠ ʘʮʝʪʘʪʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʛʨʘʬʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(Dionex Integrion HPIC) ʩ ʧʝʪʣʝʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʦʙʲʝʤʦʤ 100 ʤʢʣ. ʂʘʪʠʦʥʳ 

ʨʘʟʜʝʣʷʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ CS12A, ʠʩʧʦʣʴʟʫʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ɸʥʠʦʥʳ ʨʘʟʜʝʣʷʣʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ AS11-HC ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʵʣʶʝʥʪʦʤ KOH (1 ʤʄ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʤʠʥʫʪʳ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʜʦ 16 ʤʄ ʢ 20-ʡ ʤʠʥʫʪʝ, ʟʘʪʝʤ 

ʜʦ 48 ʤʄ ʢ 31-ʡ ʤʠʥʫʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʚʨʘʱʘʣʠʩʴ ʢ 1 ʤʄ). ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʠʦʥʦʚ, ʠʟʤʝʨʷʝʤʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ 1 ppb. 

ʇʨʦʙʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʦʪʙʦʨʘ. ɺ 

ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʦʥʠ ʭʨʘʥʠʣʠʩʴ ʧʨʠ +4ÁC ʙʝʟ ʢʦʥʩʝʨʚʘʮʠʠ. ʆʩʥʦʚʥʳʝ 

ʠʦʥʳ (Na , K , MgĮ , CaĮ , Cl , SO Į , Br , NO ) ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʪʦʛʜʘ ʢʘʢ ʣʘʙʠʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ (ʬʦʨʤʠʘʪ, ʘʮʝʪʘʪ) ʤʦʛʣʠ ʯʘʩʪʠʯʥʦ 

ʜʝʛʨʘʜʠʨʦʚʘʪʴ, ʧʦʵʪʦʤʫ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʳʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʪʠʧʘʤʠ ʣʴʜʘ (ʨʠʩ. 2.14). ʇʣʘʩʪʦʚʳʡ ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 111,5 ʜʦ 291,6 ʤʛ/ʣ, ʤʘʛʥʠʷ ï ʦʪ 9,4 ʜʦ 24,4 

ʤʛ/ʣ, ʢʘʣʴʮʠʷ ï ʦʪ 3,9 ʜʦ 7,8 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 28,8 

ʜʦ 88,4 ʤʛ/ʣ, ʩʫʣʴʬʘʪʦʚ ï ʦʪ 4,4 ʜʦ 21,9 ʤʛ/ʣ. ʆʪʥʦʰʝʥʠʝ ʥʘʪʨʠʡ/ʭʣʦʨ 



тп 
 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,4 ʜʦ 3,9, ʭʣʦʨ/ʩʫʣʴʬʘʪ ï ʦʪ 2,7 ʜʦ 10,8, ʤʘʛʥʠʡ/ʢʘʣʴʮʠʡ ï ʦʪ 2,2 

ʜʦ 3,6. 

ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʝʜ ʠʤʝʝʪ ʥʠʟʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ 

ʠʦʥʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3,4 ʜʦ 11,9 ʤʛ/ʣ, ʤʘʛʥʠʷ ï ʦʪ 2,1 ʜʦ 

5,3 ʤʛ/ʣ, ʢʘʣʴʮʠʷ ï ʦʪ 1,8 ʜʦ 5,2 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 1,2ï

5,2 ʤʛ/ʣ, ʩʫʣʴʬʘʪʦʚ ï 0,7ï4,3 ʤʛ/ʣ. ʆʪʥʦʰʝʥʠʝ ʥʘʪʨʠʡ/ʭʣʦʨ ʚʘʨʴʠʨʫʝʪ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 0,66 ʜʦ 5,17, ʭʣʦʨ/ʩʫʣʴʬʘʪ ï ʦʪ 0,63 ʜʦ 5,88, 

ʤʘʛʥʠʡ/ʢʘʣʴʮʠʡ ï ʦʪ 0,71 ʜʦ 1,38. 

ʅʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʩʨʝʜʠ ʚʩʝʭ ʪʠʧʦʚ ʣʴʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʦʪʥʦʰʝʥʠʷ ʥʘʪʨʠʡ/ʭʣʦʨ ʚ ʇɾʃ (ʦʪ 0,66 ʜʦ 5,17), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ. ʇʣʘʩʪʦʚʳʡ ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ ʚʩʝʭ ʦʪʥʦʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʥʘʪʨʠʡ/ʭʣʦʨ (2,4ï3,9).  

 

ʈʠʩ. 2.14. ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʠ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩ ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʠ 

ʞʠʣʴʥʦʛʦ ʣʴʜʘ 

 



тр 
 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ɼʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ 

ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠ 2019 ʛ ʦʪʙʦʨʘ ʠ ʜʣʷ 2025 ʛ ʦʪʙʦʨʘ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʘʚʥʳʭ ʦʢʩʠʜʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ 

ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (XRF) 

ʥʘ ʚʘʢʫʫʤʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʠʩʧʝʨʩʠʝʡ ʧʦ 

ʜʣʠʥʝ ʚʦʣʥʳ, ʤʦʜʝʣʴ Axios mAX ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ PANalytical 

(ʅʠʜʝʨʣʘʥʜʳ). ʉʧʝʢʪʨʦʤʝʪʨ ʩʥʘʙʞʝʥ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʤʦʱʥʦʩʪʴʶ 4 

ʢɺʪ ʩ Rh ï ʘʥʦʜʦʤ. ʄʘʢʩ. ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʪʨʫʙʢʝ 60 ʢɺ, ʤʘʢʩ ʘʥʦʜʥʳʡ ʪʦʢ 160 

ʤɸ. ʀʟ ʧʦʨʦʰʢʘ ʧʨʦʙ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʨʝʧʘʨʘʪʳ ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʩʦ ʩʤʝʩʴʶ 

ʙʦʨʘʪʦʚ ʣʠʪʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150 ʛʨʘʜ. ʉ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʙʦʨʘʪʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʪʝʢʣʦʦʙʨʘʟʥʳʝ ʜʠʩʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʘʥʘʣʠʟʫ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ.  ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (ʇʇʇ) 

ʚʳʧʦʣʥʝʥʦ ʠʟ ʧʨʦʙ, ʚʳʩʫʰʝʥʥʳʭ ʧʨʠ t.110 ʛʨʘʜ.ʉ ʧʦ ʤʝʪʦʜʠʢʝ ʅʉɸʄ ɺʀʄʉ 

118-ʍ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ʛʨʘʜ. ʉ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ʪʘʙʣ. 2.6) 

ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʦʟʸʨʥʦʡ ʩʠʩʪʝʤʝ ʛʫʤʠʜʥʦʛʦ 

ʢʣʠʤʘʪʘ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʜʦʤʠʥʠʨʫʶʪ SiO  (65,9ï77,8%) ʠ Al O  (9,8ï14,2%), 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʪʝʨʨʠʛʝʥʥʦʛʦ ʩʥʦʩʘ. ʆʪʥʦʰʝʥʠʝ Al O /TiO ʩʦʩʪʘʚʣʷʝʪ 11ï15, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʨʘʥʠʪʦʠʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

MgO ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ Al O  (R ~0,7ï0,8), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ 

ʤʘʛʥʠʷ ʩ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʝʡ ʠ ʝʛʦ ʩʣʘʙʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ. 

Fe O  ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (ʇʇʇ), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʘʫʪʠʛʝʥʥʳʭ ʩʫʣʴʬʠʜʦʚ ʠʣʠ ʦʨʛʘʥʦ-

ʞʝʣʝʟʠʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʩʘʜʢʝ. ɿʥʘʯʝʥʠʷ CIA (Chemical Index of Alteration) 

ʚʘʨʴʠʨʫʶʪ ʦʪ 0,64 ʜʦ 0,73, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʭʦʣʦʜʥʳʭ ʛʫʤʠʜʥʳʭ ʫʩʣʦʚʠʡ. PIA ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʨʘʟʮʝ ʄ-72-73, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʦʩʘʜʢʘ ʚ ʭʦʜʝ ʜʠʘʛʝʥʝʟʘ. 



тс 
 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ 2019 ʠ 2025 ʛʛ. 

ʦʪʙʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʦʟʝʨʝ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʙʣʠʮʘ 2.6. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ  

 ʉʦʜʝʨʞʘʥʠʝ 

(%) 

ʊʝʨʤʦʮʠʨʢ ʊʎ-5ʘ-ʤ-ʥ 2026 ʛ. 

ʦʧʨʦʙʦʚʘʥʠʷ 

ʊʝʨʤʦʮʠʨʢ ʊʎ-5 (2019 ʛ. 

ʦʧʨʦʙʦʚʘʥʠʷ) 

25VD-1-

12 

25VD-1-

22 

25VD-2-

27 

M-S-

107 
ʄ-103 ʄ-70 

ʄ-72-

73 

ʇʇʇ 2,66 3,55 2,11 4,12 2,76 3,14 5,75 

Na2O 1,76 1,75 2,02 1,61 1,83 1,73 1,86 

MgO 0,92 1,26 0,98 1,17 0,97 0,95 1,82 

Al2O3 9,8 11,44 10,18 10,99 9,91 9,77 14,2 

SiO2 77,78 73,8 76,83 74,08 77,02 77,27 65,92 

K2O 2,21 2,28 2,16 2,22 2,31 2,23 2,37 

CaO 1,05 1,03 1,66 1,08 1,17 1,01 1,08 

TiO2 0,71 0,81 0,91 0,77 0,73 0,67 0,93 

MnO 0,06 0,082 0,072 0,087 0,068 0,062 0,092 

Fe2O3 2,744 3,708 2,766 3,609 2,964 2,885 5,641 

P2O5 0,081 0,091 0,094 0,093 0,082 0,088 0,147 

SO3 0,09 0,08 0,05 0,05 0,05 0,07 0,05 

SrO 0,021 0,019 0,024 0,019 0,02 0,02 0,02 

ZrO2 0,046 0,036 0,073 0,045 0,045 0,041 0,031 

BaO 0,06 0,07 0,06 0,06 0,07 0,06 0,06 

CIA 0,66 0,69 0,64 0,69 0,65 0,66 0,73 

ZrO /TiO 0,065 0,044 0,08 0,058 0,062 0,061 0,033 

 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʙʨʘʟʝʮ ʄ-72-73 (ʊʎ 2019 ʛ.), ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Al O  (14,2%), Fe O  (5,64%) ʠ 

MgO (1,82%), ʯʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʛʣʠʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ ʠʣʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʜʠʘʛʝʥʝʪʠʯʝʩʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʦʩʘʜʢʘ.  

ɺ ʮʝʣʦʤ, ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʘʤʢʠ 

ʝʜʠʥʦʛʦ ʪʠʧʘ ʦʩʘʜʢʘ ï ʩʫʛʣʠʥʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʥʦʛʦ 

ʦʟʝʨʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʤ ʧʠʪʘʥʠʝʤ. 

ʇʦ ʩʚʦʠʤ ʠʟʦʪʦʧʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʣʘʩʪʦʚʳʡ ʣʝʜ, ʦʧʨʦʙʦʚʘʥʥʳʡ ʢʘʢ ʚ 

2019, ʪʘʢ ʠ ʚ 2025 ʛ. ʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ ʩ ʜʦʚʦʣʴʥʦ ʣʝʛʢʠʤ 
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ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ (ʦʢʦʣʦ ī21ă ʧʦ ŭ18ʆ), ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʦʟʝʨʥʦʡ ʚʦʜʝ. 

ʆʟʝʨʦ ʚʝʨʦʷʪʥʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʧʦʧʦʣʥʷʣʦʩʴ ʟʘ ʩʯʝʪ ʩʥʝʛʦʪʘʷʥʠʷ.  

ʅʘ ʬʦʥʝ ʘʪʤʦʩʬʝʨʥʦʡ ʧʨʠʨʦʜʳ ʚʦʜʳ (ʧʦ ʟʥʘʯʝʥʠʷʤ ŭ18ʆ) ʇʃ ʦʙʣʘʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʤʳʚʦʤ ʟʘʩʦʣʝʥʥʳʭ ʩʫʛʣʠʥʢʦʚ 

ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʠʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʘ ʥʠʟʢʠʝ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʩʪ ʄʄʇ ʪʘʢʞʝ ʤʝʜʣʝʥʥʳʡ, 

ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 1) ʨʘʩʪʚʦʨʝʥʠʶ ʟʘʩʦʣʝʥʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ 2) ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʜʠʘʛʝʥʝʟʫ. ɺʳʩʦʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Na  ʠ Cl  ʦʙʝʩʧʝʯʝʥʳ ʥʝ 

ʢʨʠʦʛʝʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʦʟʝʨʥʦʡ ʚʦʜʳ, ʘ ʚʳʞʠʤʘʥʠʝʤ ʨʝʣʠʢʪʦʚʳʭ 

ʧʦʨʦʚʳʭ ʨʘʩʩʦʣʦʚ ʠʟ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʫʛʣʠʥʢʦʚ ʧʨʠ ʝʞʝʛʦʜʥʦʤ ʧʨʦʤʝʨʟʘʥʠʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡè. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ Na/Ca (ʜʦ 

57) ʦʪʨʘʞʘʶʪ ʢʘʢ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʪʨʠʷ (110ï290 ʤʛ/ʣ), ʪʘʢ ʠ 

ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ (4ï8 ʤʛ/ʣ). ʅʘʪʨʠʡ ʧʦʩʪʫʧʘʝʪ ʠʟ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ: (1) ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʤʦʨʩʢʠʭ ʩʦʣʝʡ ʠʟ ʠʟʥʘʯʘʣʴʥʦ ʟʘʩʦʣʝʥʥʳʭ 

ʩʫʛʣʠʥʢʦʚ (Cl/Br å 225ï290) ʠ (2) ʢʘʪʠʦʥʥʳʡ ʦʙʤʝʥ ʥʘ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʘʭ, 

ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʰʝʥʠʝ Na/Cl ʜʦ 2ï4. ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʫʜʘʣʷʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ (ʢʘʣʴʮʠʪʘ) ʠ, ʚʦʟʤʦʞʥʦ, ʧʫʪʝʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ 

ʥʘʪʨʠʝʤ. ʦʪʥʦʰʝʥʠʝ Na/Ca ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Na 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ ʙʫʬʝʨʠʟʫʝʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤ 

ʨʘʚʥʦʚʝʩʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʥʘʪʨʠʡ ʧʨʦʜʦʣʞʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ʦʙʥʘʨʫʞʝʥ ʬʦʨʤʠʘʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 0,15 

ʜʦ 3,12 ʤʛ/ʣ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʤ ʣʴʜʫ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0,03 ʤʛ/ʣ (ʇʨʠʣʦʞʝʥʠʝ 1 ʠ ʇʨʠʣʦʞʝʥʠʝ 2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʳ 

ʭʨʘʥʠʣʠʩʴ ~6 ʤʝʩʷʮʝʚ ʧʨʠ +4ÁC ʙʝʟ ʢʦʥʩʝʨʚʘʮʠʠ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ 

ʯʘʩʪʠʯʥʦʡ ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʦʨʤʠʘʪʘ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʪʦʢʨʘʪʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʣʘʩʪʦʚʳʤ ʠ ʞʠʣʴʥʳʤ ʣʴʜʦʤ ʢʘʯʝʩʪʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 
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ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʦʟʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʵʪʦ ʚʤʝʩʪʝ ʛʦʚʦʨʠʪ ʦʙ ʫʩʣʦʚʠʷʭ 

ʥʘʢʦʧʣʝʥʠʷ ʣʴʜʘ ʠʤʝʥʥʦ ʢʘʢ ʦʟʝʨʥʦʛʦ ʜʦʥʥʦʛʦ ʦʩʘʜʢʘ.  

ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʫʪʠʛʝʥʥʦʛʦ ʙʘʨʠʪʘ ʚ ʧʣʘʩʪʦʚʦʡ 

ʟʘʣʝʞʠ ʊʎ5 (ʅʦʚʦʩʝʣʦʚ ʠ ʜʨ., 2025). ɹʘʨʠʪ ʬʦʨʤʠʨʦʚʘʣʩ ̫in situ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʢʨʠʦʛʝʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ, ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʚʳʜʝʣʝʥʠʝʤ 

ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʝʡ.  

ɼʘʥʥʳʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʘ çɺʘʩʴʢʠʥʳ ɼʘʯʠè ʜʝʤʦʥʩʪʨʠʨʫʶʪ (ɹʫʪʘʢʦʚ ʠ 

ʜʨ., 2025), ʯʪʦ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʗʤʘʣʘ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ. ɺ ʨʘʟʨʝʟʘʭ ʨʘʟʥʳʭ ʪʝʨʤʦʮʠʨʢʦʚ (ʊʎ1, 

ʊʎ4, ʊʎ5, ʊʎ5ʥ) ʘʚʪʦʨʳ ʬʠʢʩʠʨʫʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ 

(ʦʪ 0,06 ʜʦ 2,36 ʛ/ʢʛ), ʩʤʝʥʫ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ ʪʠʧʘ ʟʘʩʦʣʝʥʠʷ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʣʴʜʦʚ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʇʃ, ʇɾʃ, 

ʣʠʥʟʦʚʠʜʥʳʭ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ) ʚ ʦʜʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʠʥʪʝʨʚʘʣʝ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʥʘʩʣʝʜʦʚʘʥ ʦʪ ʚʤʝʱʘʶʱʠʭ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʦʣʝʡ, ʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʷʤʦʛʦ ʫʯʘʩʪʠʷ ʤʦʨʩʢʦʡ 

ʚʦʜʳ ʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. ɺʳʷʚʣʝʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʳʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʢʘʢ ʣʴʜʘ, ʪʘʢ ʠ ʚʤʝʱʘʶʱʠʭ ʦʩʘʜʢʦʚ, 

ʘ ʪʘʢʞʝ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʚʢʣʶʯʘʷ ʚʦʜʳ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ) ʧʨʠ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʠ ʤʝʨʟʣʦʪʳ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ŭ2ʅ-ŭ18ʆ. ɼʣʷ ʦʙʨʘʟʮʦʚ 

2025 ʛ. ʦʪʙʦʨʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ, ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ ʩ ʥʘʢʣʦʥʦʤ 6,3 (ʨʠʩ. 2.15). ɼʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 

ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʥʦʤʫ ʪʨʝʥʜʫ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʟʘ ʥʘʯʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʷ ŭ18ʆ=ī21ă, ŭ2ʅ=ī160ă, ʘ ʢʦʵʬʬ. 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ (Lechmann, Siegenthaler, 1991). ʇʨʠ 

ʵʪʦʤ ʣʝʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʯʝʨʧʘʥʠʶ ʩʠʩʪʝʤʳ ʥʘ ʫʨʦʚʥʝ ʦʪ 55 ʜʦ 65% ʚʦʜʳ 
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ʧʝʨʝʰʣʦ ʚ ʣʝʜ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʟʠʮʠʷ ʪʦʯʢʠ ʦʪʙʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʩʝʛʦ ʦʟʝʨʘ ʪʘʢʦʚʘ, ʯʪʦ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʚ ʵʪʦʤ ʤʝʩʪʝ ʧʨʦʤʝʨʟʘʣʠ ʥʘ ʵʪʘʧʝ, ʢʦʛʜʘ 

ʧʦʣʦʚʠʥʘ ʚʩʝʡ ʚʦʜʳ ʚ ʦʟʝʨʝ ʧʝʨʝʰʣʘ ʚ ʣʝʜ. ʕʪʦ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʦʡ 

ʛʝʦʤʦʨʬʦʣʦʛʠʝʡ ʜʥʘ ʠ ʬʦʨʤʦʡ ʦʟʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ 

ʧʝʨʠʦʜ ʩ 35 ʜʦ 31 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʫʩʣʦʚʠʷ ʙʳʣʠ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʣʝʜ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʜʠʥʘʢʦʚʦ ʠʟ ʛʦʜʘ ʚ ʛʦʜ. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʛʥʘʣʘ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʠʪʘʥʠʠ 

ʦʟʝʨʘ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 2019 ʛ., ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ŭ-ŭ ʜʠʘʛʨʘʤʤʝ 

ʦʪʣʠʯʘʝʪʩʷ ʥʝʨʝʘʣʠʩʪʠʯʥʦ ʥʠʟʢʠʤ ʥʘʢʣʦʥʦʤ (ʩʤ. ʨʠʩ. 2.15), ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ (ʢʠʥʝʪʠʯʝʩʢʦʛʦ) ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʦʙʨʘʟʮʘʭ ʇʃ ʠʟ ʊʎ-5 (2019 ʛ. ʦʪʙʦʨʘ), ʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ 43ï38 ʪʳʩ. 

ʢʘʣ. ʣ.ʥ., ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʛʨʫʥʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʢʠ (ʉʦʨʛ = 4%) ʥʘ ʜʥʝ 

ʦʟʝʨʘ ʤʦʛʣʠ ʚʦʟʥʠʢʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʥʦʡ 

ʤʠʢʨʦʙʥʦʡ ʞʠʟʥʴʶ ʠ ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʢʠ ʠ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʫʪʷʞʝʣʝʥʠʝʤ ʆ ʠ ʅ ʧʦʨʦʚʦʡ ʚʦʜʳ ʧʝʨʝʜ ʝʝ ʧʝʨʝʭʦʜʦʤ ʚ ʣʝʜ. ʉʣʫʯʘʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʥʦʡ ʬʘʟʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ.  

 

 

ʈʠʩ. 2.15. ŭĮHïŭĭO ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ. ʈʘʩʯʝʪ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʝʥ ʧʦ ʫʨʘʚʥʝʥʠʶ ʠʟ (Souchez, Jouzel, 1984). 
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ʊʘʢ, ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʩʠʩʪʝʤʘʭ Fayetteville Green Lake ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʠʢʨʦʙʥʳʡ ʤʝʪʘʙʦʣʠʟʤ ʩʧʦʩʦʙʝʥ ʠʟʤʝʥʷʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʚʦʡ ʚʦʜʳ 

(ŭĭO) ʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Leapaldt et al., 2024). ɺ 

ʧʝʱʝʨʝ Pindal, ʀʩʧʘʥʠʷ ʧʨʦʚʝʜʝʥʦ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʠ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʚʦʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʠʢʨʦʙʥʳʤʠ ʤʘʪʘʤʠ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ. ɺʦʜʘ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʘʷ ʤʠʢʨʦʙʘʤʠ, 

ʠʤʝʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭĭO ʠ ŭ2H, ʯʝʤ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʚʦʜʘ ʠ ʢʦʥʜʝʥʩʘʪ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʠʟʦʪʦʧʥʳʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʤʠʢʨʦʙʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ (Fernandez-Cortes 

et al., 2023). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʭʦʜʥʳʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʨʘʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. ɺ ʨʘʙʦʪʝ 

ʆ.ʃʝʧʦʢʫʨʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (2024) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʟʦʥʳ 

ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʥʘ ŭ-ʜʠʘʛʨʘʤʤʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʣʝʚʝʝ 

ʛʣʦʙʘʣʴʥʦʡ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʘ ʠʭ ʪʨʝʥʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ 

ʥʘʢʣʦʥʦʤ, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʨʠʦʛʝʥʥʦʡ ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ 

(ʨʠʩ. 2.16). ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʘʥʦʤʘʣʴʥʦ ʪʷʞʸʣʳʡ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ŭĭįCDIC) ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʢʨʠʦʛʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʦ ʠ ʩ ʤʠʢʨʦʙʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (ʃʝʧʦʢʫʨʦʚʘ ʠ ʜʨ., 2024). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʟʢʠʡ ʥʘʢʣʦʥ ʣʠʥʠʠ ŭĮHïŭĭO, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʜʣʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʙʨʘʟʮʦʚ 2019 ʛʦʜʘ), ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʠʟʦʪʦʧʥʫʶ ʩʠʛʥʘʪʫʨʫ ʚʦʜ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʚʳʨʘʞʝʥʥʦʤ ʠʟʦʪʦʧʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ, ʘ 

ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʥʘʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʩʣʫʯʘʡ, ʤʳ ʥʝ ʩʤʦʞʝʤ ʧʦʥʷʪʴ, 

ʢʘʢ ʦʙʨʘʟʦʚʘʣʠʩʴ ʵʪʠ ʦʙʰʠʨʥʳʝ ʧʣʘʩʪʦʚʳʝ ʣʝʜʷʥʳʝ ʪʝʣʘ. 
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ʈʠʩ. 2.16. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʧʦ 

ʃʝʧʦʢʫʨʦʚʘ ʠ ʜʨ., 2024): 1 ï ʧʦʯʚʝʥʥʳʝ ʚʦʜʳ; 2 ï ʨʝʯʥʳʝ ʚʦʜʳ; 3 ï ʚʦʜʳ 

ʧʨʦʩʘʜʦʢ; 4 ï ʦʟʝʨʥʳʝ ʚʦʜʳ; 5 ï ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʝʨʭʥʝʛʦ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʵʪʘʞʘ; 6 ï ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʘʧʪ-ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ʄ  rʧʨʝʜʣʘʛʘʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʨʘʚʥʠʥ ʮʝʥʪʨʘʣʴʥʦʛʦ ʗʤʘʣʘ ʚ ʧʦʟʜʥʝʤ 

ʧʣʝʡʩʪʦʮʝʥʝ (Chizhova et al., 2026). ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʤ ʜʘʪʠʨʦʚʘʥʠʠ ʢʘʢ ʣʴʜʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʠʭ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʙʣʠʟʦʩʪʴ ʊʎ-4, ʊʎ-5 ʠ ʊʎ-5ʘ-ʥ-ʤ, 

ʤʳ ʦʙʲʝʜʠʥʷʝʤ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʭʨʦʥʦʣʦʛʠʠ ʵʚʦʣʶʮʠʠ ʣʘʥʜʰʘʬʪʘ, ʦʭʚʘʪʳʚʘʶʱʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʪʘʢ ʠ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ. 

ɺ 2019 ʛʦʜʫ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ 

GPS-ʧʨʠʝʤʥʠʢʘ. ʆʩʥʦʚʘʥʠʝ ʦʙʥʘʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʩʩʠʚʥʦʛʦ ʣʴʜʘ ʥʘʭʦʜʠʣʦʩʴ 

ʥʘ ʚʳʩʦʪʝ 17 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (Chizhova et al., 2022), ʪʦʛʜʘ ʢʘʢ ʚ ʊʎ-4 

ʣʝʜʷʥʘʷ ʞʠʣʘ ʨʘʩʧʦʣʘʛʘʣʘʩɹ ʚʳʰʝ, ʙʨʦʚʢʘ ʊʎ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʚʳʩʦʪʝ 28 ʤ ʥʘʜ 

ʫʨ. (ʏʠʞʦʚʘ ʠ ʜʨ., 2021). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʪʳ ĭ ʉ ʩ 

ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ (ʨʠʩ. 2.17).  



ун 
 

 

ʈʠʩ. 2.17. ʍʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ ʊʎ-5ʘ-

ʥ-ʤ: 1 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ; 2 ï ʣʝʜʷʥʳʝ ʞʠʣʳ ʚ ʧʨʝʜʝʣʘʭ ʚʤʝʱʘʶʱʠʭ ʣʴʜʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʚʘʥʥ; 3 ï ʚʳʰʝʣʝʞʘʱʠʝ ʧʝʩʯʘʥʳʝ ʩʫʛʣʠʥʢʠ; 4 ï ĭC-

ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2019 ʛʦʜʘ (ʚ ʊʎ-5 ʠ ʊʎ-4); 5 ï ĭC-

ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2025 ʛʦʜʘ (ʚ ʊʎ-5ʘ-ʤ-ʥ). ʀʟ (Chizhova 

et al., 2026) 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ 2025 ʛʦʜʫ ʚ ʊʎ-5ʘ-ʤ-ʥ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʥʝ 

ʠʟʤʝʨʷʣʠʩʴ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʚʳʩʦʪʦʡ ʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.16 ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʜʘʪ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ 

ʚʳʷʚʣʷʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ. ʄʝʞʜʫ 43 

ʠ 31 ʢʘʣ. ʣ.ʥ. ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʣʘʩʪʦʚʳʡ ʣʝʜ. ɿʘ ʵʪʠʤ ʧʦʩʣʝʜʦʚʘʣ ʧʝʨʝʭʦʜ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʣʝʜʷʥʳʭ ʞʠʣ ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʦʣʠʛʦʥʘʣʴʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ, ʘ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʣʴʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʚʦʜʦʝʤʘʭ ï ʘʥʘʣʦʛʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʣʝʜʷʥʳʭ 

ʞʠʣ ʧʨʝʢʨʘʪʠʣʦʩʴ ʤʝʞʜʫ 13 ʠ 11 ʪʳʩ. ʣ.ʥ., ʢʦʛʜʘ ʥʘʯʘʣʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʩʫʧʝʩʠ 

ʩ ʣʠʥʟʘʤʠ ʛʣʠʥ ʠ ʪʦʨʬʘ. ʕʪʦ ʦʟʥʘʤʝʥʦʚʘʣʦ ʧʝʨʝʭʦʜ ʦʪ ʟʘʙʦʣʦʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ 

ʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʦʪʣʦʞʝʥʠʡ ʚ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

2.2.2. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ɹʦʚʘʥʝʥʢʦʚʦ 

ʀʟʫʯʝʥʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ɹʦʚʘʥʝʥʢʦʚʦ. ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʷʭ 

ʗʤʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ɹʦʚʘʥʝʥʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʚʩʢʨʳʪʳ 



уо 
 

ʣʠʥʟʳ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ (ɼʫʙʠʢʦʚ, 2002; 

ɺʘʩʠʣʴʯʫʢ, 2010). ʉʦʛʣʘʩʥʦ ɻ.ʀ.ɼʫʙʠʢʦʚʫ (2002) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʚʘʥʝʥʢʦʚʦ ʚ 

ʧʨʝʜʝʣʘʭ 3 ʪʝʨʨʘʩʳ ʩ ʘʙʩ.ʦʪʤʝʪʢʘʤʠ 30-40 ʤ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʟʘʣʝʛʘʶʪ ʥʘ 

ʛʣʫʙʠʥʘʭ ʦʪ 1 ʜʦ 15 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʦʙʲʝʤ ʟʘʣʝʞʝʡ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 21900-

785600 ʪʳʩ.ʤ3. ɺ ʭʦʜʝ ʧʣʦʱʘʜʥʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʆʆʆ 

ʊʶʤʝʥʅʀʀʛʠʧʨʦʛʘʟ, ɺʘʩʠʣʴʯʫʢ, 2010) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʣʝʞʠ 

ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʩʦʪʥʠ ʤʝʪʨʦʚ 

(ʠʥʦʛʜʘ ʙʦʣʝʝ ʢʠʣʦʤʝʪʨʘ). ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚ ʙʫʨʦʚʳʭ ʧʨʦʬʠʣʷʭ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦʜ ʦʩʪʘʥʮʘʤʠ ʪʨʝʪʴʝʡ ʠ ʚʪʦʨʦʡ ʪʝʨʨʘʩ (ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʦʪʤʝʪʢʘʤʠ ʦʪ 15-20 ʜʦ 40 ʤ), ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʘʣʣʶʚʠʘʣʴʥʦʡ ʠ ʦʟʝʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʡʤʳ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2009, ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷé1996, ɼʫʙʠʢʦʚ, 2002, ʂʨʠʮʫʢ ʠ ʜʨ., 1986, ʇʘʨʤʫʟʠʥ, ʉʫʭʦʜʦʣʴʩʢʠʡ, 

1982, ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993, ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘé, 2007). ʇʦʜ ʨʫʩʣʦʤ ʨʝʢʠ 

ʉʝʷʭʘ ʪʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʪʦʣʱʠʥʦʡ ʦʪ 7 ʜʦ 9 ʤ (ʉʦʣʦʤʘʪʠʥ 

ʠ ʜʨ., 1993). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʨʘʟʤʝʱʘʝʪʩʷ ʚ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʧʦʨʦʜʘʭ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ, ʨʝʞʝ ï ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ, ʩʢʣʦʥʦʚʳʭ ʠʣʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʦʩʘʜʢʘʭ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʣʠʙʦ ʛʣʠʥʠʩʪʳʤʠ ʤʦʨʩʢʠʤʠ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʦʩʘʜʢʘʤʠ, 

ʣʠʙʦ ʩʫʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʩʦʣʠʬʣʶʢʮʠʦʥʥʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʇʝʨʚʳʝ ʩʣʘʛʘʶʪ ʮʦʢʦʣʠ ʪʝʨʨʘʩ ʠ ʧʦʢʨʳʪʳ ʩʚʝʨʭʫ ʩʣʦʝʤ ʙʦʣʝʝ ʤʦʣʦʜʳʭ 

ʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʳʨʷʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ 

ʩʢʣʦʥʳ ʪʝʨʨʘʩ ʧʣʘʱʦʤ ʤʦʱʥʦʩʪʴʶ 1ï6 ʤ. ʀʥʦʛʜʘ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʛʦʣʦʮʝʥʦʚʳʤʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ (ɺʘʩʠʣʴʯʫʢ, 2010). ɺ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʠ ʛʝʥʝʟʠʩʘ ʣʴʜʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ, ʧʝʩʯʘʥʳʭ ʠ 

ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʪʘʢʪʫ ʵʪʠʭ ʨʘʟʥʦʩʪʝʡ ʠʣʠ ʤʝʩʪʫ ʠʭ 

ʬʘʮʠʘʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʣʘʩʪʳ ʣʴʜʘ ʧʦʢʨʳʚʘʶʪʩʷ 

ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ (83% ʨʘʟʨʝʟʦʚ), ʘ ʧʦʜʩʪʠʣʘʶʪʩʷ ʧʝʩʯʘʥʳʤʠ (63% 

ʨʘʟʨʝʟʦʚ); ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʜʨʫʛʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (ɼʫʙʠʢʦʚ, 2002). ʇʣʘʩʪʦʚʳʝ 



уп 
 

ʣʴʜʳ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ ʬʦʨʤʫ ʣʠʥʟ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ, ʚʳʢʣʠʥʠʚʘʶʱʠʭʩʷ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ (ʨʠʩ. 2.17). ɹʫʨʝʥʠʝ ʩʦʪʝʥ ʩʢʚʘʞʠʥ, ʚʩʢʨʳʚʰʠʭ ʣʝʜ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʨʦʚʣʷ ʟʘʣʝʞʝʡ ʣʴʜʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʜʦʰʚʳ 

ʩʝʟʦʥʥʦʪʘʣʦʛʦ ʩʣʦʷ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 25ï30 ʤ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 

50 ʤ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜʦʰʚʘ ʵʪʠʭ ʟʘʣʝʞʝʡ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ ʥʘ 

ʛʣʫʙʠʥʘʭ ʦʪ 1 ʜʦ 57 ʤ. ʂʨʦʚʣʷ ʣʴʜʘ ʦʙʳʯʥʦ ʙʦʣʝʝ ʥʝʨʦʚʥʘʷ, ʯʝʤ ʧʦʜʦʰʚʘ. 

ʇʘʨʘʣʣʝʣʴʥʦʩʪʴ ʢʨʦʚʣʠ ʠ ʧʦʜʦʰʚʳ ʣʴʜʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʝ ʚʩʝʛʜʘ.  

 

ʈʠʩ. 2.18. ɿʘʣʝʛʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʪʦʣʱʝ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʚʘʥʝʥʢʦʚʩʦʛʦ ɻʂʄ, ʚʩʢʨʳʪʦʝ ʩʢʚʘʞʠʥʘʤʠ (ʠʟ ɺʘʩʠʣʴʯʫʢ, 2010 ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʆʆʆ çʊʶʤʝʥʴʅʀʀʛʠʧʨʦʛʘʟè) 

 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʣʴʜʘ, ʚʩʢʨʳʪʘʷ ʩʢʚʘʞʠʥʘʤʠ, 

ʩʦʩʪʘʚʣʷʝʪ 28,5 ʤ, ʘ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ï ʦʢʦʣʦ 8 ʤ (ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 260 

ʧʣʘʩʪʦʚ). ɹ·ʣʴʰʘʷ ʯʘʩʪʴ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʩʣʦʞʝʥʘ ʩʣʦʠʩʪʳʤ ʣʴʜʦʤ. 

ʉʣʦʠʩʪʦʩʪʴ ʣʠʙʦ ʠʤʝʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʣʘʩʪʦʚʘʥʠʝ, ʣʠʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥʘ 



ур 
 

(ʪʦʛʜʘ ʥʘ ʧʨʘʚʣʝʥʠʝ ʩʣʦʠʩʪʦʩʪʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʢʦʩʦ ʥʘʢʣʦʥʥʦʛʦ ʜʦ ʧʦʯʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ). ʀʥʦʛʜʘ ʚ ʨʘʟʨʝʟʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʠʣʠ ʜʘʞʝ ʪʨʠ ʧʨʦʩʣʦʷ ʣʴʜʘ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʪʝʣ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 2000 ʤ, ʘ 

ʧʣʦʱʘʜʴ ʥʝ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 10 ʢʤ2. ʉʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ 

ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʝʩʪʨʳʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʝʨʝʢʨʳʚʘʶʱʠʤʠ ʣʴʜʳ ʦʪʣʦʞʝʥʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʫʛʣʠʥʢʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 2 ʜʦ 12 ʤ, ʨʝʞʝ ʛʣʠʥʳ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 3 ʜʦ 9 ʤ. 

ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʣʠʥʟʳ ʧʝʩʢʘ ʠʣʠ ʩʫʛʣʠʥʢʘ ʠ ʛʣʠʥʳ 

ʤʦʱʥʦʩʪʴʶ 0,5ï2 ʤ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʧʝʩʢʘʤʠ, ʩʫʧʝʩʷʤʠ, ʨʝʞʝ 

ʩʫʛʣʠʥʢʘʤʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʣʘʩʪʘʤʠ ʚʩʢʨʳʪʳ ʥʝ ʙʦʣʴʰʠʝ ʫʟʢʠʝ ʣʠʥʟʳ 

ʛʣʠʥ. ʃʝʜ ʟʘʣʝʞʝʡ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʝʥ ʧʦ ʪʝʢʩʪʫʨʝ ʠ ʯʘʩʪʦ ʠʤʝʝʪ ʨʘʟʥʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 2.19). ɺʙʣʠʟʠ ʢʦʥʪʘʢʪʦʚ ʩ ʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʣʝʜ 

ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʥʪʦʚʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʠʥʦʛʜʘ ʪʘʢʠʝ ʞʝ 

ʧʨʠʤʝʩʠ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʦʥʪʘʢʪʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʚʘʥʝʥʢʦʚʦ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʣʝʜʷʥʳʝ ʪʝʣʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷ, ʠʤ 

ʧʨʠʩʚʦʝʥʳ ʥʦʤʝʨʘ ʧʣʘʩʪ 1, 2, 3 ʠ 4 (ʨʠʩ. 2.20). 

 

ʈʠʩ. 2.19.  ʈʘʟʣʠʯʥʘʷ ʪʝʢʩʪʫʨʘ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ɹʦʚʘʥʝʥʢʦʚʩʢʦʛʦ ɻʂʄ  

 

ɿʜʝʩʴ ʞʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʚʘʥʝʥʢʦʚʩʦʛʦ ʅɻʂʄ, ʙʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚ ʪʝʨʤʦʮʠʨʢʝ ʥʘ ʙʝʨʝʛʫ ʦʟʝʨʘ ʍʘʥʠʢʦʩʠʪʦ (ʨʠʩ. 2.21, 2.22). 

 



ус 
 

 

ʈʠʩ. 2.20. ʆʙʥʘʞʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʪʝʣʦ ˉ3. ʌʦʪʦ ɽ.ɽ.ʇʦʜʙʦʨʥʦʛʦ 

ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʧʨʝʜʩʪʘʚʣʝʥ ʣʝʜʦʛʨʫʥʪʦʤ ʩ ʧʨʦʩʣʦʷʤʠ ʯʠʩʪʦʛʦ ʣʴʜʘ, ʚʩʷ 

ʣʝʜʷʥʘʷ ʟʘʣʝʞʴ ʚʩʢʨʳʚʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 85 ʜʦ 170 ʩʤ. ɺʚʝʨʭʫ (85-110 ʩʤ) 

ʵʪʦ ʣʝʜʦʛʨʫʥʪ ʩ ʤʠʢʨʦʰʣʠʨʦʚʦʡ ʠ ʩʝʪʯʘʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʦʡ, ʥʘ ʛʣʫʙʠʥʝ 110-125 

ʩʤ ʦʪʤʝʯʝʥ ʧʨʦʟʨʘʯʥʳʡ ʣʝʜ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ 

ʦʩʢʦʣʢʘʤʠ ʩʫʛʣʠʥʢʘ, ʥʠʞʝ ʦʧʷʪʴ ʚʩʢʨʳʚʘʝʪʩʷ ʣʝʜʦʛʨʫʥʪ (130-150 ʩʤ) ʠ ʝʱʝ 

ʦʜʠʥ ʧʨʦʩʣʦʡ ʧʨʦʟʨʘʯʥʦʛʦ ʣʴʜʘ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ (150-170 ʩʤ). ʃʝʜʷʥʦʝ 

ʪʝʣʦ ʧʦʜʩʪʠʣʘʝʪʩʷ ʧʝʩʢʦʤ ʩʣʦʠʩʪʳʤ ʩ ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʪʝʢʩʪʫʨʦʡ ʠ ʧʝʩʢʦʤ 

ʦʛʣʠʥʝʥʥʳʤ ʩʦ ʩʨʝʜʥʝʰʣʠʨʦʚʦʡ ʢʨʠʦʪʝʢʩʪʫʨʦʡ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2018).  

ɺʦʟʨʘʩʪ ʣʴʜʘ. ɺʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʨʝʤʝʥʠ ʠʭ ʟʘʤʝʨʟʘʥʠʷ. ʊʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ 

ʜʘʪʠʨʦʚʘʥʠʝ 6 ʦʙʨʘʟʮʦʚ ʠʟ ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ 300 ʤ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʨʘʩʪ ʦʪ 22 

Ñ 7 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ. (ʧʝʩʯʘʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʤʘʩʩʠʚʥʳʤ 

ʣʝʜʷʥʳʤ ʪʝʣʦʤ) ʜʦ 197 Ñ 25 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ. ʥʘ ʛʣʫʙʠʥʝ 300 ʤ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʤʦʨʩʢʦʛʦ ʧʝʩʢʘ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 5ï8 ʤ/ʪʳʩ. ʣʝʪ, ʘ ʥʠʞʥʷʷ ï 2ï3 

ʤ/ʪʳʩ. ʣʝʪ (ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993). 



ут 
 

 

ʈʠʩ. 2.21. ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʚʘʥʝʥʢʦʚʩʢʦʛʦ 

ʅɻʂʄ (ʠʟ ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2018) 

 

ʈʠʩ. 2.22. ʆʙʥʘʞʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʟ.ʍʘʥʠʢʦʩʠʪʦ, 

ɹʦʚʘʥʝʥʢʦʚʩʢʦʝ ʅɻʂʄ (ʪʦʯʢʘ ʃ-1 ï ʃ-64 ʠ ʩʭʝʤʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʌʦʪʦ 

ɽ.ɻʘʨʘʥʢʠʥʦʡ (ʠʟ ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2018) 

 

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʚʦʟʨʘʩʪ ʧʦʩʪʦʷʥʥʦ ʤʝʨʟʣʦʛʦ ʤʦʨʩʢʦʛʦ ʧʝʩʢʘ ʠ 

ʧʝʩʯʘʥʦʛʦ ʩʫʛʣʠʥʢʘ, ʟʘʣʝʛʘʶʱʝʛʦ ʧʦʜ ʤʘʩʩʠʚʥʳʤʠ ʣʴʜʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʪʴʝʡ 

ʪʝʨʨʘʩʳ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 22 ʜʦ 30 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 



уу 
 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʝʥʠʡ ʠʟ ʦʪʣʦʞʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʘʩʩʠʚʥʳʡ ʣʝʜ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ (ʪʘʙʣʠʮʘ 2.7). ʆʜʥʘʢʦ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ (ʊʃ) ʜʘʪʠʨʦʚʘʥʠʝ ʠ ʜʘʪʠʨʦʚʘʥʠʝ ʧʦ 14C 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30-ʣʝʪʥʝʛʦ ʠʥʪʝʨʚʘʣʘ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʠ ʊʃ-ʜʘʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 2.7. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʦʪʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʣʘʩʪʦʚʦʝ ʪʝʣʦ (ʪʝʣʦ ˉ1) ʚ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʝ ʨ.ʉʝʷʭʘ, 

ɹʦʚʘʥʝʥʢʦʚʦ (ʠʟ Vasilôchuk et al., 2016) 

ɻʣʫʙʠʥʘ, ʤ 
ɼʘʪʠʨʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ 
ʃʘʙ. ʥʦʤʝʨ 14ʉ, ʪʳʩ. ʣʝʪ 

ʨ. ʉʝʷʭʘ, ʫʯʘʩʪʦʢ GS-1, 2,5 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʨʝʢʠ 
ʊʦʨʬ GIN-13311 34200 Ñ 1000 

ʨ. ʉʝʷʭʘ, ʫʯʘʩʪʦʢ GS-1, 2,0 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʨʝʢʠ 
ʊʦʨʬ GIN-13312 26100 Ñ 150 

ʨ. ʉʝʷʭʘ, ʫʯʘʩʪʦʢ GS-1, 2,0 ʤ ʥʘʜ 

ʢʨʦʚʣʝʡ ʤʘʩʩʠʚʥʦʛʦ ʣʴʜʘ 
ʊʦʨʬ GIN-13313 31900 Ñ 500 

ʊʝʨʤʦʮʠʨʢ, 1,1 ʤ ʥʘʜ ʢʨʦʚʣʝʡ 

ʤʘʩʩʠʚʥʦʛʦ ʣʴʜʘ 

ʆʪʦʨʬʦʚʘʥʥʳʡ 

ʩʫʛʣʠʥʦʢ 
GIN-13314 28900 Ñ 1000 

ʊʝʨʤʦʮʠʨʢ, ʛʣʫʙʠʥʘ 10,3 ʤ 
ʆʪʦʨʬʦʚʘʥʥʳʡ 

ʩʫʛʣʠʥʦʢ 
GIN-13326 25600 Ñ 700 

ʊʝʨʤʦʮʠʨʢ, ʛʣʫʙʠʥʘ 1,3ï1,4 ʤ 
ʆʪʦʨʬʦʚʘʥʥʳʡ 

ʩʫʛʣʠʥʦʢ 
GIN-13327 25100 Ñ 500 

 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʜʘʪʳ 31 ʠ 34 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ., ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʯʥʳʭ 

ʫʩʣʦʚʠʷʭ (ɺʘʩʠʣʴʯʫʢ,  ɺʘʩʠʣʴʯʫʢ, 2010). ɼʘʪʳ 25 ʠ 26 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ. ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠ ʢ ʚʦʟʨʘʩʪʫ ʩʫʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʝʩʯʘʥʳʡ ʩʫʛʣʠʥʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʤʘʩʩʠʚʥʳʡ ʣʝʜ, ʦʪʣʦʞʠʣʩʷ ʚ ʧʝʨʠʦʜ ʦʪ 25 ʜʦ 

20 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ. ʠʣʠ ʥʝʤʥʦʛʦ ʧʦʟʞʝ. ʆʙʠʣʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʦʪʣʦʞʝʥʠʷʭ, ʧʦʢʨʳʚʘʶʱʠʭ ʠ ʟʘʣʝʛʘʶʱʠʭ ʧʦʜ ʤʘʩʩʠʚʥʳʤ ʣʴʜʦʤ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʨʬʷʥʳʝ ʩʫʛʣʠʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʩʩʠʚʥʳʡ ʣʝʜ, ʙʳʣʠ 

ʦʪʣʦʞʝʥʳ ʣʠʙʦ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʣʠʙʦ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʩʫʰʘʝʤʳʭ ʧʣʷʞʝʡ ʠʣʠ ʥʠʟʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʧʦʡʤ. ʊʘʤ ʦʨʛʘʥʠʯʝʩʢʠʡ 



уф 
 

ʤʘʪʝʨʠʘʣ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʧʝʨʠʦʜ ʦʩʫʰʝʥʠʷ ʠ ʟʘʨʘʩʪʘʥʠʷ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ.  

ɺ ʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʝ ʈ-34, ʇʃ ʙʳʣ ʚʩʢʨʳʪ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 28 ʜʦ 32 ʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʜʝʩʴ ʞʝ ʥʘ ʛʣʫʙʠʥʝ 120 ʤ ʙʳʣ ʚʩʢʨʳʪ ʢʨʠʦʧʵʛ, ʟʥʘʯʝʥʠʷ ŭ18ʆ 

ʚʦʜʳ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʦ ī22,36ă (ɺʘʩʠʣʴʯʫʢ, 2010). ɿʥʘʯʝʥʠʷ ŭ18ʆ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠʟʤʝʥʷʣʠʩʴ ʦʪ ī16,95 ʜʦ ī18,89ă. ʅʘʢʣʦʥ ʥʘ ŭ18ʆ-ŭ2ʅ ʜʣʷ 

ʣʴʜʘ ʩʢʚʘʞʠʥʳ ʈ-34 ʩʦʩʪʘʚʠʣ 7,5, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ŭ18O ʚ ʤʘʩʩʠʚʥʦʤ ʣʴʜʫ ʚʘʨʴʠʨʫʶʪ ʦʪ 

ī11,23ă ʜʦ ī25,2ă (ʊʘʨʘʩʦʚ, 1990; ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993; Michel, 1998). 

ʉʦʛʣʘʩʥʦ 142 ʠʟʤʝʨʝʥʠʷʤ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ (ʉʦʣʦʤʘʪʠʥ ʠ ʜʨ., 1993), ʙʦʣʝʝ 

60% ʟʥʘʯʝʥʠʡ ŭ18O ʚʘʨʴʠʨʫʶʪ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ī16 ʜʦ ī20ă. 

ʇʣʘʩʪʦʚʳʡ ʣʝʜ, ʠʟʫʯʝʥʥʳʡ ʌ.ʄʘʡʢʣʦʤ ʚ ʨʘʡʦʥʝ ɹʦʚʘʥʝʥʢʦʚʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ŭ18O ʥʝ ʙʦʣʝʝ 1ă, ʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ī18ă (Michel, 1998). 

ɸʥʘʣʦʛʠʯʥʦ ʦʜʥʦʨʦʜʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ ʤʳ ʧʦʣʫʯʠʣʠ ʠʟ ʤʘʩʩʠʚʥʦʛʦ 

ʣʴʜʘ ʪʝʣ 2 ʠ 3, ʛʜʝ ʚʘʨʠʘʮʠʠ ŭ18O ʥʝ ʧʨʝʚʳʰʘʶʪ 1ă, ʘ ʚʘʨʠʘʮʠʠ ŭ2H 

ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 4ă. ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʇʣʘʩʪ 4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʪʥʳʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 0,6 ʤ ʣʴʜʘ ŭ18O ʚʘʨʴʠʨʫʝʪ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 10ă, ʦʪ ī12,49 ʜʦ ī22,75ă, ʘ ŭD ʦʪ ī91,7 ʜʦ ī171,9ă. ɺʝʨʭʥʠʡ 

ʦʙʨʘʟʝʮ (ŭ18O=ī12,49ă) ʚʝʨʦʷʪʥʦ ʟʘʛʨʷʟʥʝʥ ʧʨʠ ʦʪʙʦʨʝ ʠʣʠ ʧʨʠ ʧʨʦʩʘʯʠʚʘʥʠʠ 

ʚʦʜʳ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʝʩʣʠ ʝʛʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʯʪʦ ʦʙʱʠʡ ʜʠʘʧʘʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 5,9ă ʧʦ ŭ18ʆ ʠ 42,3ă ʧʦ ŭ2ʅ (ʨʠʩ. 2.23).  

ʋʯʠʪʳʚʘʷ ʠʟʦʪʦʧʥʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʦʙʨʘʟʦʚʘʥʥʳʤ ʠʟ ʥʝʝ ʣʴʜʦʤ 

(ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (2) ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥ Ŭ ʠʟ Lehmann, Siegenthaler, 1991), 

ʚʦʜʘ, ʠʟ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʣʩʷ ʣʝʜ ʈ-34 ʜʦʣʞʥʘ ʙʳʣʘ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʦʪ ī20 

ʜʦ ī21,7ă. ʕʪʦ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʦʜʥʘʢʦ, ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ ʩʦʚʨʝʤʝʥʥʘʷ 

ʦʟʝʨʥʘʷ ʚʦʜʘ ʚ ʨʘʡʦʥʝ ɹʦʚʘʥʝʥʢʦʚʦ ʦʢʘʟʘʣʘʩʴ ʧʦ ʩʚʦʠʤ ʠʟʦʪʦʧʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚʦʜʘ ï ʠʩʪʦʯʥʠʢ ʜʣʷ ʣʴʜʘ ʩʢʚʘʞʠʥʳ ʈ-34 (ʨʠʩ. 2.24). 



фл 
 

 

ʈʠʩ. 2.23. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18O ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʦʪʙʦʨʘ ʚ 

ʩʢʚʘʞʠʥʝ ʈ-34 (ʘ) ʠ ʚ ʧʣʘʩʪʦʚʦʤ ʧʣʘʩʪ 4 (ʙ) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʝʩʥʳʭ 

ʚʦʜ (ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʟʝʨʥʳʭ), ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʧʦʜʪʦʢʝ ʚʦʜʳ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʚ 

ʧʠʪʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʗʤʘʣʘ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʚʦʜʳ. ʇʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʇɾʃ ʚ ʨʘʡʦʥʝ 

ɹʦʚʘʥʝʥʢʦʚʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ ʧʦʨʷʜʢʘ ī23éī27ă (ʏʠʞʦʚʘ 

ʠ ʜʨ., 2021), ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʠ ʚ ʇɾʃ ʜʦʣʠʥʳ ʨ. ʉʝʷʭʘ ʠ 

ʄʦʨʜʳʷʭʘ (Vasil'chuk et al., 2012). ɹʣʠʟʦʩʪʴ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʢ ʚʝʣʠʯʠʥʝ ŭ18ʆ 

ʚʦʜʳ, ʠʟʦʪʦʧʥʦ-ʨʘʚʥʦʚʝʩʥʦʡ ʣʴʜʫ ʈ-34, ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʤʦʛʣʦ ʙʳʪʴ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʦʟʝʨʦ, ʢʦʪʦʨʦʝ 

ʧʦʧʦʣʥʷʣʦʩʴ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʇʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ d2H-ŭ18ʆ ʨʘʚʝʥ 7,33, 

ʥʦ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʢʣʶʯʘʝʪ ʟʥʘʯʝʥʠʝ 7,5. ʌʠʢʩʘʮʠʷ ʥʘʢʣʦʥʘ ʥʘ 

ʫʨʦʚʥʝ 7,5 ʥʝ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (RĮ ʦʩʪʘʸʪʩʷ 0,9921) ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʤʝʰʝʥʠʷ ʚ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʠ ʦʙʲʝʜʠʥʠʪʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʣʴʜʘ ʈ-34 ʠ ʧʣʘʩʪʘ 4. ʌʠʢʩʘʮʠʷ 

ʥʘʢʣʦʥʘ ʥʘ ʫʨʦʚʥʝ 7,5 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʫʭʫʜʰʝʥʠʶ 

ʤʦʜʝʣʠ, ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ŭĮH = 7,5ĿŭĭO ï 4,84 ʜʣʷ ʣʴʜʘ ʠʟ 

ʩʢʚʘʞʠʥʳ ʈ-34 ʠ ʧʣʘʩʪʘ 4. 
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ʈʠʩ. 2.24. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ d2H ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ɹʦʚʘʥʝʥʢʦʚʦ, 

ʩʢʚ. ʈ-34 (ʘ) ʠ ʧʣʘʩʪʘ 4 (ʙ): 1 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʠʟ ʩʢʚʘʞʠʥʳ ʈ-34; 2 ï ʚʦʜʘ-

ʠʩʪʦʯʥʠʢ ʣʴʜʘ ʩʦʛʣʘʩʥʦ ʫʨ.2; 3 ï ʚʦʜʘ ʢʨʠʦʧʵʛʘ; 4 ï ʇɾʃ ɺʘʩʴʢʠʥʳ ʜʘʯʠ (ʠʟ 

ʏʠʞʦʚʘ ʠ ʜʨ., 2021); 5 ï ʦʟʝʨʥʘʷ ʚʦʜʘ; 6 ï ʣʝʜ ʇʣʘʩʪʘ 4. ʇʨʝʨʳʚʠʩʪʦʡ ʣʠʥʠʝʡ 

ʧʦʢʘʟʘʥ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ.   

 

ɿʥʘʯʝʥʠʝ ŭ18ʆ ʚʦʜʳ ʢʨʠʦʧʵʛʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʪʤʦʩʬʝʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʚʣʘʛʠ, ʚʝʨʦʷʪʥʦ ʦʥ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʥʝ ʟʘ ʩʯʝʪ ʤʦʨʩʢʦʡ ʚʦʜʳ ʢʘʢ ʪʘʢʦʚʦʡ, ʘ ʟʘ 

ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʚ ʚʦʜʫ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʢʨʠʦʛʝʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʦʣʝʡ, ʠ 

ʦʪʞʘʪʳʝ ʩʦʣʠ ʚ ʢʨʠʦʧʵʛʝ ʨʘʩʪʚʦʨʝʥʳ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝ 

ʧʝʨʝʰʝʜʰʝʡ ʚ ʣʝʜ ʚʦʜʳ.   

ɿʥʘʯʝʥʠʷ ŭ18O ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʫ ʦʟ. ʍʘʥʠʢʦʩʠʪʦ ʚʘʨʴʠʨʫʶʪ ʦʪ ī17,9 ʜʦ 

ī20,5ă ʠ ŭ2ʅ, ʚʘʨʴʠʨʫʶʱʠʝ ʦʪ ī137,5 ʜʦ ī150,2ă. ɽʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ ʧʝʨʝʢʨʳʚʘʶʱʝʤʫ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʣʝʜʦʛʨʫʥʪʫ: ŭ18O ʦʪ 

ī12,6 ʜʦ ī14ă ʠ ŭ2ʅ ʦʪ ī97,5 ʜʦ ī105,1ă.  

ʅʘʢʣʦʥ ŭ2ʅ-ŭ18O ~3,9, R2 = 0,53 (ʨʠʩ. 2.25) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʛʦʚʦʨʠʪ ʦ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʧʦʪʦʤʫ ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʠʰʢʦʤ ʢʫʯʥʦ ʠ 

ʣʠʥʝʡʥʦʩʪʴ ʪʨʝʥʜʘ ʧʣʦʭʦ ʚʳʨʘʞʝʥʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ɺʥʫʪʨʠ ʧʣʘʩʪʘ ʤʦʛʣʠ ʙʳʪʴ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘʤʝʨʟʘʥʠʷ, 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʜʪʦʢʘ ʚʦʜʳ. ʂ ʪʦʤʫ ʞʝ ʩʘʤʘ ʟʘʣʝʞʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ 
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ʛʦʨʠʟʦʥʪʘʤʠ ʣʝʜʦʛʨʫʥʪʘ ʠ ʜʚʫʤʷ ʧʨʦʩʣʦʷʤʠ ʧʨʦʟʨʘʯʥʦʛʦ ʣʴʜʘ, ʚ ʧʨʦʬʠʣʠ 

ʦʪʙʦʨʘ ʧʦʧʘʣʠ ʦʙʨʘʟʮʳ ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʠ ʤʫʪʥʦʛʦ ʣʴʜʘ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʥʘ ʦʟ. 

ʍʘʥʠʢʦʩʠʪʦ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʛʜʝ ʚʦʜʘ ʧʦʩʪʫʧʘʣʘ (ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ), ʥʦ ʟʘʤʝʨʟʘʣʘ ʥʘʩʪʦʣʴʢʦ 

ʙʳʩʪʨʦ, ʯʪʦ ʠʟʦʪʦʧʥʦʝ ʨʘʚʥʦʚʝʩʠʝ (ʤʝʞʜʫ ʞʠʜʢʦʡ ʚʦʜʦʡ ʠ ʨʘʩʪʫʱʠʤ ʣʴʜʦʤ) ʥʝ 

ʫʩʧʝʚʘʣʦ ʫʩʪʘʥʦʚʠʪʴʩʷ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʦʤ (ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʩʝʟʦʥʘʤ ʧʨʦʤʝʨʟʘʥʠʷ) ʵʪʦ ʚʳʛʣʷʜʠʪ ʢʘʢ 

ʢʠʥʝʪʠʯʝʩʢʦʝ (ʥʝʨʘʚʥʦʚʝʩʥʦʝ) ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ 

ŭ18ʆ ʠ ŭ2H ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʜʠʘʧʘʟʦʥ dexc. ʕʪʦ ʪʠʧʠʯʥʦ 

ʜʣʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ, ʨʘʩʪʫʱʝʛʦ ʚ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ. 

 

ʈʠʩ. 2.25. ɼʠʘʛʨʘʤʤʘ ŭ2ʅ-ŭ18O ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʫ ʦʟ.ʍʘʥʠʢʦʩʠʪʦ 

 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ, 

ʢʘʣʴʮʠʝʚʳʡ (ʭʣʦʨ > ʩʫʣʴʬʘʪ), ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʛʨʫʥʪʦʚʦʛʦ ʣʴʜʘ ʘʪʤʦʩʬʝʨʥʦʡ 

ʧʨʠʨʦʜʳ (ʨʠʩ. 2.26).  



фо 
 

 

ʈʠʩ. 2.26. ʍʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʙʝʨʝʛʫ ʦʟ. ʍʘʥʠʢʦʩʠʪʦ 

 

ʅʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʪʘʢʞʝ ʭʦʨʦʰʦ ʚʠʜʥʘ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ: 

ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ŭ2H-dexc ʥʝʪ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ŭ2ʅ ʤʘʣʦ ʤʝʥʷʶʪʩʷ 

ʥʘ ʬʦʥʝ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ, ʘ ʩʚʷʟʴ ŭ18O-dexc ʝʩʪʴ (ʨʠʩ. 

2.27), ʧʦʪʦʤʫ ʯʪʦ ʥʠʟʢʠʡ ʥʘʢʣʦʥ ʥʘ ʨʠʩ. 2.21 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʬʦʥʝ ʟʘʤʝʪʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18O ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ dexc. ʊʘʢʘʷ ʢʘʨʪʠʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

ʅʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʟʥʘʯʝʥʠʡ ŭ18O ʣʴʜʘ ʜʦʣʞʥʘ ʦʪʤʝʯʘʪʴʩʷ ʦʙʨʘʪʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʭʣʦʨʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʪʞʘʪʠʝʤ ʩʦʣʝʡ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʘ (ʪ.ʝ. ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ). 

ʀ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʭʣʦʨʘ ʠ ʜʝʡʪʝʨʠʝʚʳʤ ʵʢʩʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʵʪʦʛʦ ʥʝʪ (ʩʤ. ʨʠʩ. 2.27ʛ). ʕʪʘ ʩʚʷʟʴ ʚʳʨʘʞʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʪʨʝʭ 

ʦʙʨʘʟʮʦʚ ʩʝʢʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʪ.ʝ. ʟʜʝʩʴ ʦʪʨʘʞʘʝʪʩʷ ʣʦʢʘʣʴʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʚʦʟʤʦʞʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʟʦʥʘ ʧʨʦʤʝʨʟʘʥʠʷ, ʚʦʟʥʠʢʰʘʷ ʧʨʠ 
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ʟʘʤʝʨʟʘʥʠʠ ʢʘʢʦʡ-ʪʦ ʥʝʙʦʣʴʰʦʡ ʧʦʨʮʠʠ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɸ ʚ ʮʝʣʦʤ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʭʣʦʨʘ ʠ 

ʟʥʘʯʝʥʠʷʤʠ ŭ18O ʣʴʜʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʫʧʣʝʥʠʝ ʭʣʦʨʘ ʙʳʣʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʣʫʯʘʡʥʳʤ, ʟʘʚʠʩʝʣʦ ʦʪ ʩʤʝʰʝʥʠʷ ʨʘʟʥʳʭ ʚʦʜ (ʨʘʟʤʳʚʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʷ ʠ ʩʚʝʞʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ŭ2H-dexc ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʪʦʛʜʘ ʢʘʢ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ŭ18O-dexc ʦʪʨʘʞʘʝʪ ʩʤʝʰʝʥʠʝ ʚʦʜ. 

 

ʈʠʩ. 2.27. ʉʦʦʪʥʦʰʝʥʠʷ ŭ2H-dexc (ʘ), ŭ
18O-dexc (ʙ), Cl-ŭ18O (ʚ) ʠ Cl-dexc (ʛ) ʜʣʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʫ ʦʟ.ʍʘʥʠʢʦʩʠʪʦ 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʴʜʘ 

ʇʣʘʩʪʘ 4 ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʠʠ ʪʨʝʥʜʘ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʣʴʜʘ ʈ-34, 

ʫʢʘʟʳʚʘʷ ʥʘ ʙʣʠʟʢʠʡ ʠʩʪʦʯʥʠʢ ʚʦʜʳ ʠ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ï 

ʟʘʤʝʨʟʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʫʩʣʦʚʠʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʝʢʠ, ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʧʝʩʯʘʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʪʘʣʠʢʦʚʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠ ʩʚʦʙʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʚʦʜʳ. ʧʨʦʤʝʨʟʘʥʠʝ ʪʘʢʠʭ 
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ʦʙʰʠʨʥʳʭ ʦʙʚʦʜʥʝʥʥʳʭ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʦʙʚʦʜʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ʊʘʢʞʝ ʵʪʠ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʠʩʪʦʛʦ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʇʃ ɺʘʩʴʢʠʥʳʭ ʜʘʯ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝ ʣʝʜʦʛʨʫʥʪ, ʘ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʝʜ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.   

ʋ ʦʟ.ʍʘʥʠʢʦʩʠʪʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʝ ʚ ʠʜʝʘʣʴʥʦ ʦʪʢʨʳʪʘʷ 

(ʧʨʦʪʦʯʥʘʷ) ʩʠʩʪʝʤʘ, ʘ ʚ ʙʳʩʪʨʦʧʨʦʤʝʨʟʘʶʱʝʡ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ (ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʤʝʨʟʘʥʠʷ). 

2.2.3. ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʜʦʣʠʥʝ ʨ. ʄʦʨʜʳʷʭʘ 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ɺ ʮʝʥʪʨʝ ʗʤʘʣʘ, ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʄʦʨʜʳʷʭʘ (68Á11ᾳ8ᾴ ʩ.ʰ., 

68Á51ᾳ39ᾴ ʚ.ʜ.), ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 66-70 ʤ ʙʳʣʘ ʦʧʠʩʘʥʘ ʧʣʘʩʪʦʚʘʷ 

ʣʝʜʷʥʘʷ ʟʘʣʝʞʴ ʚ ʧʘʨʘʛʝʥʝʟʝ ʩ ʇɾʃ. ɿʘʣʝʞʴ ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʄʦʨʜʳʷʭʘ 

ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 4 ʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʧʦ ʣʘʪʝʨʘʣʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦ ʩʣʦʠʩʪʳʡ ʣʸʜ (ʨʠʩ. 2.28) ʠ ʨʘʩʩʝʢʘʝʪʩʷ 4-5-

ʤʝʪʨʦʚʳʤʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ (ʨʠʩ. 2.29).  

 

ʈʠʩ. 2.28. ʂʦʩʦ-ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʄʦʨʜʳʷʭʘ. 

ʂʨʘʩʥʳʝ ʢʚʘʜʨʘʪʳ ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʣʴʜʘ. ʌʦʪʦ ʖ.ɺʘʩʠʣʴʯʫʢʘ  
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ʉʣʦʠ ʣʴʜʘ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʧʦʜ ʫʛʣʦʤ 65-75Á. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʣʝʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʡ, ʩʣʦʠʩʪʦʩʪʴ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʩʣʦʝʚ ʣʴʜʘ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. ʐʠʨʠʥʘ ʵʪʠʭ ʧʨʦʩʣʦʝʚ 

ʦʪ 1-3 ʜʦ 10-15 ʩʤ. ɺʣʝʚʦ ʵʪʦʪ ʣʝʜ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʣʝʜʦʛʨʫʥʪ ʪʘʢʞʝ 

ʢʦʩʦ-ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ. 

 

ʈʠʩ. 2.29. ʇʣʘʩʪʦʚʳʡ ʣʝʜ, ʨʘʩʩʝʢʘʝʤʳʡ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤ 

ʣʴʜʦʤ ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʄʦʨʜʳʷʭʘ. ʌʦʪʦ ʅ.ɹʫʜʘʥʮʝʚʦʡ (ʠʟ ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2018 

ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ) 

 

ɻʨʫʥʪʦʚʳʝ ʧʨʦʩʣʦʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʦʡ ʩʫʧʝʩʴʶ. ɹʣʠʞʝ ʢ ʧʝʨʠʬʝʨʠʠ 

ʟʘʣʝʞʠ, ʚʣʝʚʦ, ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʠʤʝʨʥʦ ʚ 10 ʤ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ 

ʣʝʜʷʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʠ ʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʝʨʳʡ ʧʝʩʦʢ. ɺʧʨʘʚʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩ ʢʦʩʦ-ʚʝʨʪʠʢʘʣʴʥʦ-

ʩʣʦʠʩʪʳʤ ʣʴʜʦʤ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʧʦʟʜʥʷʷ 

ʚʢʣʘʜʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʤ ʣʴʜʦʤ. ʐʠʨʠʥʘ ʵʪʦʡ 

ʚʢʣʘʜʢʠ ʦʢʦʣʦ 10-12 ʤ, ʚʳʩʦʪʘ ï 2,5-3 ʤ. ʉʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʣʝʜʷʥʦʡ ʚʢʣʘʜʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʣʝʜʷʥʳʝ ʞʠʣʳ, ʩʣʦʞʝʥʥʳʝ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʤ 

ʣʴʜʦʤ. ʍʚʦʩʪʳ ʵʪʠʭ ʞʠʣ ʚʭʦʜʷʪ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʠʞʝ ʢʦʩʦ-ʚʝʨʪʠʢʘʣʴʥʦ-

ʩʣʦʠʩʪʳʡ ʣʝʜ.  
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ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ʇʦ ʧʣʘʩʪʦʚʦʤʫ ʣʴʜʫ ʚ ʚʝʨʭʦʚʴʷʭ 

ʨ.ʄʦʨʜʳʷʭʘ ʧʦʣʫʯʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭ18O (ʦʪ ī21 ʜʦ 

ī23,2ă) ʠ ŭ2ʅ (ʦʪ ī162,7 ʜʦ ī172,9ă). ʃʴʜʠʩʪʳʡ ʧʝʩʦʢ ʧʦʜʦ ʣʴʜʦʤ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ: ʟʥʘʯʝʥʠʝ 

ŭ18O ʚ ʥʝʤ ʩʦʩʪʘʚʠʣʦ ī20ă, ŭ2ʅ = ī156,8ă. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ 

ʣʴʜʫ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʣʝʜʷʥʦʡ ʞʠʣʳ, ʨʘʩʩʝʢʘʶʱʝʡ ʧʣʘʩʪ ʣʴʜʘ ʚ ʢʨʘʝʚʦʡ 

ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ: ʟʥʘʯʝʥʠʷ ŭ18O ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʞʠʣʳ ʩʦʩʪʘʚʠʣʠ ī22,6 ʠ 

ī23,4ă, ʟʥʘʯʝʥʠʷ ŭ2ʅ ī172,2 ʠ ī179,5ă. 

ʅʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʪʦʯʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʡ 

ʪʨʝʥʜʦʤ y = 4,39x - 70,377 (RĮ = 0,84), ʦʜʥʘʢʦ, ʪʦʯʝʢ ʚʩʝʛʦ 11, ʧʨʠ ʵʪʦʤ ʥʠʞʥʷʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʙʦʡ ʣʴʜʠʩʪʳʡ ʧʳʣʝʚʘʪʳʡ ʧʝʩʦʢ (ʨʠʩ. 2.30). ʅʘʢʣʦʥ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʣʦʚʠʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ ʧʨʦʤʝʨʟʘʥʠʷ.  

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ʅʘʢʣʦʥ ʣʠʥʠʠ ŭ2ʅ-ŭ18O, 

ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʨʦʝʥʠʝʤ ʨʘʟʨʝʟʘ, ʛʜʝ ʚʩʢʨʳʚʘʶʪʩʷ ʧʣʘʩʪʦʚʳʡ ʣʝʜ, 

ʧʝʨʝʢʨʳʚʘʝʤʳʡ ʣʴʜʠʩʪʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʚʤʝʱʘʶʱʠʤʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʇɾʃ (ʩʤ. ʨʠʩ. 2.29) ʥʘʧʦʤʠʥʘʝʪ ʨʘʟʨʝʟ, 

ʚʩʢʨʳʪʳʡ ʚ ʪʝʨʤʦʮʠʨʢʝ ʊʎ-5ʘ-ʤ-ʥ ʙʣʠʟ ɺʘʩʴʢʠʥʳ ʜʘʯʠ ʚ 2025 ʛ. (ʩʤ. ʨʠʩ. 2.7 ʠ 

2.8). ʇʦʵʪʦʤʫ ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʟʜʝʩʴ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʢ 

ʜʦʥʥʳʝ ʦʟʝʨʥʳʝ ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʷʱʠʝ ʚ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʜʥʠʤ ʠʟ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʪʘʢʦʛʦ ʛʝʥʝʟʠʩʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʝʨʳʡ ʮʚʝʪ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ ʥʘ ɺʘʩʴʢʠʥʳʭ ʜʘʯʘʭ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʨʝʜʫ ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʢʩʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʟʘʤʝʨʟʘʶʱʠʭ ʦʟʝʨʘʭ. 

ʇʘʣʠʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʡ ʣʘʥʜʰʘʬʪ 

(ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2016): ʧʘʣʠʥʦʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʪʠʧʠʯʥʦ ʪʫʥʜʨʦʚʳʝ 

ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʧʦʨʳ ʟʝʣʝʥʳʭ ʤʭʦʚ, ʭʚʦʱʝʡ, ʧʳʣʴʮʫ ʚʝʨʝʩʢʦʮʚʝʪʥʳʭ, 

ʤʦʨʦʰʢʠ, ʠʚʳ. ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʨʘʢʦʚʠʥ ʜʠʘʪʦʤʝʡ, ʠ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʘ Pediastrum. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʣʠʥʦʩʧʝʢʪʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ ʚ ʜʦʣʠʥʝ ʨ. ʄʦʨʜʳʷʭʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʤ 
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ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʣʴʜʘ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʧʨʠʟʥʘʢʠ ʪʠʧʠʯʥʦ ʪʫʥʜʨʦʚʳʭ 

ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ: ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʢʠ (8-28%), ʦʣʴʭʦʚʥʠʢʘ 

6-11%, ʟʣʘʢʦʚ (11-50%), ʦʩʦʢ (ʜʦ 42%), ʚʝʨʝʩʢʦʮʚʝʪʥʳʭ (29-39%), ʠ ʩʧʦʨ 

ʟʝʣʝʥʳʭ ʤʭʦʚ (1-38%), ʥʘʣʠʯʠʝ ʩʧʦʨ ʭʚʦʱʝʡ (ʜʦ 26%), ʧʳʣʴʮʳ ʚʦʜʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ Thalictrum (7%), ʘ ʪʘʢʞʝ ʟʘʤʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʧʘʣʠʥʦʤʦʨʬ (3-24%). 

 

ʈʠʩ. 2.30. ɼʠʘʛʨʘʤʤʘ ŭ2ʅ-ŭ18O ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʄʦʨʜʳʷʭʘ 

ʇʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʱʥʳʭ ʤʘʩʩʠʚʦʚ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ï ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 

ʇʨʦʩʪʦʡ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʦʙʳʯʥʦʤ ʜʣʷ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ 500 ʤʤ/ʛʦʜ ʟʘ 10-40 

ʪʳʩ. ʣʝʪ ʚʳʧʘʜʘʝʪ ʩʪʦʣʙ ʚʦʜʳ ʦʪ 5 ʜʦ 20 ʢʤ. ʉʦʭʨʘʥʝʥʠʝ ʜʘʞʝ 1% ʵʪʦʡ ʚʦʜʳ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ ʣʴʜʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 50 ʜʦ 200 ʤ. ɺʪʦʨʳʤ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʘʢʪʠʚʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʧʨʝʜʝʣʘʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ ʥʘ 6-8Áʉ (ɺʘʩʠʣʴʯʫʢ, 1992). ɺ ʨʘʡʦʥʘʭ ʩʣʘʙʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʪʦʢʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʩʠʣʴʥʦ ʟʘʦʟʝʨʝʥʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʫʦʩʪʨʦʚʘ 

ʗʤʘʣ, ʜʝʣʴʪʳ ʄʘʢʢʝʥʟʠ ʠ ʖʢʦʥʘ, ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ, 

y = 4,39x - 70,377

RĮ = 0,8385
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ʩʥʠʞʝʥʠʝ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʥʠʞʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʝʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʦʟʝʨʝʥʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʟʘʤʝʪʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʣʘʛʦʡ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. ʕʪʦ 

ʚʳʨʘʞʘʣʦʩʴ ʚ ʧʦʚʩʝʤʝʩʪʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʣʘʩʪʦʚʳʭ 

ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʪʠʧʦʚ. ʊʘʢʠʤ ʥʘʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʦʨʜʳʷʭʠʥʩʢʦʛʦ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦ ʩʣʦʠʩʪʦʛʦ ʫʣʴʪʨʘʧʨʝʩʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠ ʨʘʩʩʝʢʘʶʱʠʭ ʣʝʜ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ. ʇʨʠ ʵʪʦʤ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʟʘʣʝʛʘʝʪ 

ʥʘ ʩʠʣʴʥʦ ʟʘʩʦʣʸʥʥʳʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʟʸʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ.  

2.2.4. ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʜʦʣʠʥʝ ʨ. ɽʨʢʫʪʘʷʭʘ 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ɺ ʦʙʥʘʞʝʥʠʠ ʚʳʩʦʪʦʡ 15ï18 ʤ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ 

ʨ.ɽʨʢʫʪʘʷʭʘ (ʨʠʩ. 2.31) ʚʩʢʨʳʚʘʝʪʩʷ ʜʠʩʣʦʮʠʨʦʚʘʥʥʘʷ ʧʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 100 ʤ, ʢʦʪʦʨʫʶ ʚʤʝʱʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʠʩʪʳʝ 

ʧʝʩʢʠ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2011). ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʣʝʜʷʥʘʷ ʟʘʣʝʞʴ ʚʩʢʨʳʪʘ ʚ 

ʮʠʨʢʝ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʦʥʘ ʟʘʣʝʛʘʝʪ ʧʨʷʤʦ ʧʦʜ ʩʣʦʝʤ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʪʘʠʚʘʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʮʠʨʢʘ ʟʘʣʝʞʴ ʧʝʨʝʢʨʳʪʘ ʛʦʣʦʮʝʥʦʚʳʤʠ 

ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʦʩʘʜʢʘʤʠ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʤ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʚʩʢʨʳʪʦʛʦ ʦʙʥʘʞʝʥʠʷ ʇʃ ï h ʪʦʢ ʩ ʚʝʨʪʠʢʘʣʴʥʦ ʠ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʤʠ ʩʣʦʷʤʠ ʣʴʜʘ ʠ ʜʚʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʯʘʩʪʠ, 

ʩʣʦʞʝʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʤ ʣʴʜʦʤ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʵʪʠʭ 

ʜʚʫʭ ʯʘʩʪʝʡ ʟʘʣʝʞʠ ʤʝʥʷʝʪʩʷ ʥʘ ʥʘʢʣʦʥʥʫʶ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʰʪʦʢʦʤ. ʊʘʢʦʡ ʢʦʥʪʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʣʴʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʰʪʦʢʘ ʥʘ ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʦʛʦ ʣʴʜʘ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 

2011). ʊʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 150ï250 ʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʦʪ ï2 ʚ ʧʦʡʤʘʭ ʨʝʢ ʜʦ ï8 Áʉ ʥʘ ʚʳʩʦʢʠʭ ʚʦʜʦʨʘʟʜʝʣʘʭ. ɻʣʫʙʠʥʘ ʩʝʟʦʥʥʦʛʦ 

ʦʪʪʘʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,8ï1,0 ʤ. 



млл 
 

 

ʈʠʩ. 2.31. ʆʙʱʠʡ ʚʠʜ ʥʘ ʦʙʥʘʞʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʨ.ɽʨʢʫʪʘʷʭʘ 68Á11ᾳ18ᾴ ʩ.ʰ., 68Á51ᾳ39ᾴ ʚ.ʜ. (ʠʟ ɺʘʩʠʣʴʯʫʢ, 2018) 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʣʴʜʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʛʜʝ ʠ ʟʥʘʯʝʥʠʷ 

ŭ18ʆ ʠ d2H ʣʴʜʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ (ʩʤ. ʨʠʩ. 2.32). ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʣʴʜʘ ʧʦ ʚʩʝʤ ʩʝʢʮʠʷʤ (ʧʝʨʠʬʝʨʠʡʥʳʤ ʯʘʩʪʷʤ 

ʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʰʪʦʢʫ), ʪʦ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩ ʥʘʢʣʦʥʦʤ 4,74 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʘ ʥʘʢʣʦʥ, ʥʠʞʝ ʨʘʩʯʝʪʥʦʛʦ, ʚʝʨʦʷʪʥʦ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʫʩʣʦʚʠʷ 

ʧʨʦʤʝʨʟʘʥʠʷ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʣʴʜʘ ʧʝʨʠʬʝʨʠʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ 

ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʘʣʴʥʳʡ ʰʪʦʢ ʥʝ ʤʦʛ 

ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ ʠʥʲʝʢʮʠʝʡ ʚʦʜʳ ʠʟ ʟʘʤʢʥʫʪʦʛʦ ʪʘʣʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʝʛʦ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ.   

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ʉʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʣʩʷ ʣʝʜ 

ʧʝʨʠʬʝʨʠʠ 1 ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ, ʧʦʪʦʤ ʧʝʨʠʬʝʨʠʠ 2. ɺʝʨʦʷʪʥʦ, ʪʘʢʦʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʤʝʨʟʘʥʠʷ ʙʳʣ ʩʚʷʟʘʥ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʦʡ ʪʘʣʠʢʘ. 

ɼʝʬʦʨʤʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ ʙʳʣʘ ʩʚʷʟʘʥʘ ʥʝ ʩ ʠʥʲʝʢʮʠʝʡ ʦʩʪʘʚʰʝʡʩʷ 

ʥʝʟʘʤʝʨʟʰʝʡ ʚʦʜʳ, ʘ, ʚʝʨʦʷʪʥʦ, ʩ ʙʦʢʦʚʳʤʠ ʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. 



млм 
 

 

ʈʠʩ. 2.32. ʉʪʨʦʝʥʠʝ ʣʝʜʷʥʦʡ ʧʣʘʩʪʦʚʦʡ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʡ ʟʘʣʝʞʠ ʥʘ 

ʨ.ɽʨʢʫʪʘʷʭʘ (ʘ, ʙ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ d2H ʣʴʜʘ (ʚ): 1 - 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʩʣʦʠʩʪʳʡ ʣʝʜ; 2 - ʚʝʨʪʠʢʘʣʴʥʦʩʣʦʠʩʪʳʡ ʣʝʜ 

(ʰʪʦʢ); 3 - ʛʦʣʦʮʝʥʦʚʳʝ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ ʩʫʛʣʠʥʢʠ ʠ ʩʫʧʝʩʠ ʩ ʪʦʨʬʦʤ; 4 ï 

ʧʝʩʢʠ, ʚʤʝʱʘʶʱʠʝ ʣʝʜʷʥʫʶ ʟʘʣʝʞʴ; 5 - ʦʧʣʳʚʠʥʘ, 6 ï ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H ʣʴʜʘ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʣʴʜʘ ʩʧʨʘʚʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ, 7 ï ʟʥʘʯʝʥʠʷ 

ŭ18ʆ ʠ d2H ʣʴʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ, 8 ï ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ d2H 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʣʴʜʘ ʩʣʝʚʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ. 

ɺ.ɺ. ʈʦʛʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʝʜʦʤʥʦʡ ʩʚʠʪʳ 

ʂʦʣʳʤʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ 

ʜʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʯʥʦʤʝʨʟʣʳʭ ʪʦʣʱ. ʈʝʟʫʣʴʪʘʪʳ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʮʝʧʣʝʥʠʝ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʣʴʜʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʣʴʜʘ ʙʦʣʴʰʝ 

ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʨʠ ʠʭ ʣʝʪʥʝʤ ʪʝʤʧʝʨʘʪʫʨ 

ʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ, ʘ ʥʝ ʞʠʣʴʥʳʡ ʣʝʜ. ʕʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʠ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʦʣʱ ʣʝʜʦʛʨʫʥʪʘ ʠ ʯʠʩʪʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʡ ʤʠʥʝʨʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʣʝʜ ʙʳʩʪʨʝʝ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʠʟʛʠʙʘʝʪʩʷ ʠ ʬʦʨʤʠʨʫʝʪ ʩʣʦʞʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 

ʯʠʩʪʳʤ ʣʴʜʦʤ ʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʴʜʘ. 

ʉʭʦʜʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʩʪʨʫʢʪʫʨʳ ï ʣʝʜʷʥʳʝ ʰʪʦʢʠ ʠ ʣʘʢʢʦʣʠʪʳ ï ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʆ.ʃ. ʆʧʦʢʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ ʥʘ ɿʘʧʘʜʥʦʤ ʗʤʘʣʝ ʚ ʨʘʡʦʥʝ ʧʦʣʷʨʥʦʡ 



млн 
 

ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ (ʆʧʦʢʠʥʘ, 2010; ʉʣʘʛʦʜʘ ʠ ʜʨ., 2010). ɺ ʙʝʨʝʛʦʚʳʭ 

ʦʙʥʘʞʝʥʠʷʭ III ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚʩʢʨʳʚʘʶʪʩʷ ʣʝʜʷʥʳʝ ʪʝʣʘ, ʜʠʘʤʝʪʨ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 15 ʤ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 7ï10 ʤ. ʕʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʨʳʚʘʶʪ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʣʘʡʜʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʦʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝʤ 

ʧʨʦʩʣʦʝʚ ʣʴʜʘ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ ʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʣʠʥ. ɺʦʢʨʫʛ 

ʪʘʢʠʭ ʰʪʦʢʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʜʝʬʦʨʤʘʮʠʠ ï ʢʨʫʪʳʝ 

ʩʠʥʢʣʠʥʘʣʴʥʳʝ ʠ ʣʝʞʘʯʠʝ ʩʢʣʘʜʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʳʚʳ ʩʣʦʠʩʪʦʩʪʠ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 3,5ï4 ʤ. ʇʦ ʠʟʦʪʦʧʥʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʣʸʜ ʵʪʠʭ 

ʠʥʲʝʢʮʠʦʥʥʳʭ ʪʝʣ ʙʣʠʟʦʢ ʢ ʚʦʜʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʸʨ ʠ ʧʦʜʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ. 

ʉʦʛʣʘʩʥʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʆ.ʃ. ʆʧʦʢʠʥʦʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʜʷʥʳʭ 

ʰʪʦʢʦʚ ʠ ʣʘʢʢʦʣʠʪʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʚʪʦʨʥʳʤʠ ʠʥʲʝʢʮʠʷʤʠ ʚʦʜʳ ʠʟ ʪʘʣʠʢʦʚʳʭ 

ʟʦʥ, ʧʨʦʠʩʭʦʜʠʚʰʠʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʛʜʝ ʩʦʯʝʪʘʣʠʩʴ ʫʯʘʩʪʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʙʚʦʜʥʝʥʠʷ ʠ ʤʝʨʟʣʦʪʥʳʝ 

ʧʝʨʝʤʳʯʢʠ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ ʛʣʫʙʠʥʝ ʧʨʦʤʝʨʟʘʥʠʝ ʧʨʠʚʦʜʠʣʦ 

ʢ ʪʦʤʫ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʪʘʣʠʢʦʚ ʦʢʘʟʳʚʘʣʠʩʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʠ 

ʧʨʦʤʝʨʟʘʣʠ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʜʘ ʠʟ ʝʱʸ ʥʝ ʟʘʤʸʨʟʰʠʭ 

ʫʯʘʩʪʢʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʥʝʜʨʷʣʘʩʴ ʚ ʚʳʰʝʣʝʞʘʱʠʝ ʪʦʣʱʠ, ʬʦʨʤʠʨʫʷ ʰʪʦʢʠ 

ʠ ʣʘʢʢʦʣʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ rʦʙʨʘʟʦʚʘʥʠʷ ʣʝʜʷʥʳʭ ʪʝʣ ʥʘ ʨ. ɽʨʢʫʪʘʷʭʘ  ʠ 

ʥʘ ɿʘʧʘʜʥʦʤ ʗʤʘʣʝ (ʄʘʨʨʝ-ʉʘʣʝ) ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʷ ʪʘʣʠʢʦʚʳʭ ʟʦʥ ʠ ʧʨʦʤʝʨʟʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʤʢʥʫʪʳʭ ʣʠʥʟ ʚʦʜʳ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʚ ʥʠʭ ʟʘ ʩʯʝʪ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʤʸʨʟʣʳʝ ʧʦʨʦʜʳ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʨʘʡʦʥʘ, 

ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʷʚʣʝʥʠʝ ʨʝʞʠʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʯʝʪʘʥʠʝ ʦʟʝʨʥʳʭ, 

ʨʝʯʥʳʭ ʪʘʣʠʢʦʚ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʫ 

ʣʜɹʦʦʙʨʘʟʦʚʘʥʠʷ. 



мло 
 

2.3. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚ ʧʨʠʙʨʝʞʥʳʭ ʫʩʣʦʚʠʷʭ 

2.3.1. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʫ ʧʦʩ. ʉʘʙʝʪʪʘ 

ʇʣʘʩʪʦʚʳʝ ʣʴʜr ʚʩʢʨʳʚʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʝʨʚʦʡ 

ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʠ ʣʘʡʜʳ (ʨʠʩ. 2.33).  

 

ʈʠʩ. 2.33. ʇʝʨʚʘʷ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʘʷ ʪʝʨʨʘʩʘ (ʘ) ʠ ʚʳʩʦʢʘʷ ʣʘʡʜʘ (ʙ) ʚʙʣʠʟʠ ʧʦʩ. 

ʉʘʙʝʪʪʘ (ʬʦʪʦ ɸ.ɸʤʘʥʦʚʘ) 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʝ, ʚʢʣʶʯʘʶʱʝʡ ʘʨʢʪʠʯʝʩʢʫʶ ʪʫʥʜʨʫ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʟʝʨʘʤʠ ʠ 

ʙʦʣʦʪʘʤʠ. ʇʝʨʚʘʷ ʛʦʣʦʮʝʥʦʚʘʷ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʘʷ ʪʝʨʨʘʩʘ ʥʘ ʚʳʩʦʪʝ 5ï12 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ ʚʢʣʶʯʘʝʪ ʩʣʦʞʥʳʝ ʛʦʣʦʮʝʥʦʚʳʝ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʘʷ ʧʦʡʤʘ ʆʙʩʢʦʡ ʙʫʭʪʳ ʩʦʩʪʦʠʪ ʠʟ ʛʦʣʦʮʝʥʦʚʳʭ 

ʘʣʣʶʚʠʘʣʴʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ʧʨʝʦʙʣʘʜʘʝʪ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʩʝʪʴ ʣʝʜʥʠʢʦʚʳʭ ʢʣʠʥʴʝʚ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ ʧʦʡʤʳ ʠ ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʝ 

ʪʝʨʨʘʩʳ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʝʩʢʦʚ (ʙʦʣʝʝ 50% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʦʪʣʦʞʝʥʠʡ); ʪʦʛʜʘ ʢʘʢ ʥʠʞʥʠʝ ʯʘʩʪʠ ʯʘʩʪʦ ʩʦʩʪʦʷʪ ʠʟ ʩʫʛʣʠʥʢʦʚ. ʉʫʛʣʠʥʦʢ 

ʩʦʩʪʘʚʣʷʝʪ ʯʫʪʴ ʙʦʣʝʝ 20% ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʄʄʇ, ʘ ʧʝʩʯʘʥʳʡ 

ʩʫʛʣʠʥʦʢ ï ʦʢʦʣʦ 12%. ʀʣ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ, ʛʜʝ 

ʦʩʘʜʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʯʥʦʡ ʙʫʭʪʳ (ʠʣʠ ʦʟʝʨ ʥʘ ʧʦʡʤʝ) ʥʘʩʳʱʝʥʳ ʚʦʜʦʡ, ʘ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠ ʛʫʤʫʩ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʣʠʩʴ. ɺ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʄʇ ʩʧʣʦʰʥʦʝ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʫʥʪʘ ʥʘ ʛʣʫʙʠʥʝ 10ï15 ʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ï1,7 ʜʦ ï6,5 ÁC.  



млп 
 

ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʦʧʠʩʘʥ ʚ 51 ʩʢʚʘʞʠʥʝ, ʧʨʦʙʫʨʝʥʥʦʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

çʗʤʘʣ ʉʇɻè (ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ), ɸʨʢʪʠʯʝʩʢʦʛʦ ʠ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʎʝʥʪʨʘ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʟʘʣʝʛʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʣʘʛʫʥʥʦ-

ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʥʠʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʧʝʨʚʦʛʦ 

ʪʝʨʨʘʩʦʚʦʛʦ ʧʦʷʩʘ ʠ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ ʧʦʡʤʳ ʆʙʩʢʦʡ ʙʫʭʪʳ. ɺʩʪʨʝʯʘʝʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ, ʦʙʨʘʟʫʷ ʠʥʦʛʜʘ ʜʚʫʭ-ʯʝʪʳʨʝʭʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʧʣʝʢʩ (ʨʠʩ. 

2.34). 

ɿʘʣʝʞʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʦʜʥʦʨʦʜʥʳʝ ʩʣʦʠ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ, ʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʀʭ 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 0,6 ʜʦ 21,1 ʤ, ʘ ʥʠʞʥʷʷ ï ʥʘ ʛʣʫʙʠʥʝ ʦʪ 

1,6 ʜʦ 21,4 ʤ. ʊʦʣʱʠʥʘ ʣʴʜʘ ʚ ʩʢʚʘʞʠʥʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,2 ʜʦ 5,7 ʤ (ʚ ʩʨʝʜʥʝʤ 

= 1,5 ʤ). ʃʝʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʩʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ, 

ʧʝʩʯʘʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʠ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʳ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ ʚ 60% ʩʣʫʯʘʝʚ ʧʣʘʩʪʦʚʳʡ 

ʣʝʜ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ: ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʝʩʢʦʤ (59% 

ʩʣʫʯʘʝʚ), ʧʝʩʯʘʥʳʤ ʩʫʛʣʠʥʢʦʤ (25%) ʠ ʩʫʛʣʠʥʢʦʤ (11%); ʠ ʧʦʜʩʪʠʣʘʶʪʩʷ 

ʧʝʩʢʦʤ (58%), ʧʝʩʯʘʥʳʤ ʩʫʛʣʠʥʢʦʤ (26%) ʠ ʩʫʛʣʠʥʢʦʤ (15%). ʊʦʨʬ ʧʦʢʨʳʚʘʝʪ 

4% ʤʘʩʩʠʚʥʳʭ ʣʝʜʷʥʳʭ ʪʝʣ ʠ ʧʦʜʩʪʠʣʘʝʪ 0,3% ʠʟ ʥʠʭ.  

ʇʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʚ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ 

ʟʘʣʝʞʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʚʳʰʘʝʪ 50 ʤ, ʘ ʠʭ 

ʪʦʣʱʠʥʘ ʧʨʝʚʳʰʘʝʪ 2 ʤ. ʊʘʢʠʝ ʣʝʜʷʥʳʝ ʪʝʣʘ ʚʳʩʪʫʧʘʶʪ ʚ ʧʦʡʤʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʞʠʣʴʥʳʡ ʣʝʜ ʧʨʦʥʠʢʘʝʪ ʚ ʩʘʤʳʝ ʚʝʨʭʥʠʝ 

ʧʣʘʩʪʦʚʳʝ ʣʝʜʷʥʳʝ ʪʝʣʘ. ʀʟ ʪʨʝʭ ʩʢʚʘʞʠʥ ʙʳʣ ʚʳʧʦʣʥʝʥ ʦʪʙʦʨ ʣʴʜʘ ʚ ʚʠʜʝ ʪʨʝʭ 

ʣʝʜʷʥʳʭ ʢʝʨʥʦʚ ʜʣʠʥʦʡ ʦʢʦʣʦ 30 ʩʤ (ʨʠʩ. 2.35), ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʳ ʚ 

ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʄʦʩʢʚʫ ʠ ʭʨʘʥʠʣʠʩʴ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ. ɿʘʪʝʤ 

ʠʟ ʥʠʭ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʩ ʠʥʪʝʨʚʘʣʦʤ 1ï2 ʩʤ. 



млр 
 

 

 

ʈʠʩ. 2.34. ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʣʘʩʪʦʚʳʝ ʣʝʜʷʥʳʝ ʪʝʣʘ, ʚʩʢʨʳʪʳʝ ʙʫʨʝʥʠʝʤ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ʆʙʩʢʦʡ ʙʫʭʪʳ ʚʙʣʠʟʠ ʧʦʩ. ʉʘʙʝʪʪʘ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʧʦʣʫʦʩʪʨʦʚʘ 

ʗʤʘʣ (ʠʟ Vasilôchuk et al., 2026): 1 ï ʤʦʭʦʚʦʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ; 2 ï ʪʦʨʬ; 

3 ï ʧʝʩʦʢ; 4 ï ʩʫʛʣʠʥʦʢ; 5 ï ʧʝʩʯʘʥʳʡ ʩʫʛʣʠʥʦʢ; 6 ï ʤʘʩʩʠʚʥʳʝ ʣʝʜʷʥʳʝ ʪʝʣʘ; 7 

ï ʣʝʜʷʥʳʝ ʞʠʣ;r 8 ï ʦʟʝʨʥʳʡ ʣʝʜ; 9 ï ʛʨʘʥʠʮʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ; 10 ï 

ʩʢʚʘʞʠʥʳ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 

 



млс 
 

 

ʈʠʩ. 2.35. ɺʥʝʰʥʠʡ ʚʠʜ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʉʘʙʝʪʪʳ: ʘ ï ʢʦʨʠʯʥʝʚʳʡ ʚʝʨʪʠʢʘʣʴʥʦ-

ʩʣʦʠʩʪʳʡ ʣʝʜ ʩʢʚʘʞʠʥʳ 42; ʙ ï ʙʝʣʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ ʣʝʜ ʩʢʚʘʞʠʥʳ 

17, ʚ ï ʢʦʨʠʯʥʝʚʳʡ ʥʝʩʣʦʠʩʪʳʡ ʣʝʜ ʩʢʚʘʞʠʥʳ 12 (ʠʟ Vasilôchuk et al., 2016) 

ɺʦʟʨʘʩʪ ʣʴʜʘ. ɻʦʣʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʧʝʨʚʦʡ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʥʘ 

ʩʝʚʝʨʝ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ, ʢʦʪʦʨʘʷ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʜʦʣʴ 

ʧʦʙʝʨʝʞʴʷ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʷʜʫ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ 

ʜʘʪʠʨʦʚʦʢ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ ʚʙʣʠʟʠ ʫʩʪʴʷ ʨʝʢʠ ʇʫʭʫʯʝʷʭʘ ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʧʦʣʫʦʩʪʨʦʚʘ (ɺʘʩʠʣʴʯʫʢ, 1992; ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 

2015). ɺ ʪʦʤ ʞʝ ʤʝʩʪʝ ʧʦʛʨʝʙʝʥʥʘʷ ʜʨʝʚʝʩʠʥʘ ʩ ʛʣʫʙʠʥʳ 7 ʤ ʜʘʣʘ ʚʦʟʨʘʩʪ 8250 

Ñ 80 ʣʝʪ ʜʦ ʥ.ʵ. (LU-1139), ʘ ʜʨʝʚʝʩʠʥʘ ʩ ʛʣʫʙʠʥʳ 4,5 ʤ ʜʘʣʘ ʚʦʟʨʘʩʪ 6580 Ñ 60 

ʣʝʪ ʜʦ ʥ.ʵ. (LU-1138). ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʘʥʘʣʠʟ (14C) ʧʦʢʘʟʘʣ ʚʦʟʨʘʩʪ 8500 Ñ 

120 ʣʝʪ ʜʦ ʥ.ʵ. (LU-1151) ʠ 8960 Ñ 140 ʣʝʪ ʜʦ ʥ.ʵ. (MSU-816), ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʙʘʟʘʣʴʥʦʛʦ ʪʦʨʬʘ ʧʝʨʚʦʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʦʩʪʨʦʚʘ ɹʝʣʳʡ ʠ ʠʟ ʪʦʨʬʘ ʥʘ 

ʛʣʫʙʠʥʝ 5 ʤ ʥʘ ʧʝʨʚʦʡ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʝ ʆʙʩʢʦʡ ʙʫʭʪʳ ʚʙʣʠʟʠ 

ʧʦʩʝʣʝʥʠʷ ʗʧʪʠʢ-ʉʘʣʝ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʠʟ ʙʫʨʦʛʦ ʥʝʩʣʦʠʩʪʦʛʦ ʣʴʜʘ 

(ʩʢʚʘʞʠʥʘ ˉ 12, ʛʣʫʙʠʥʘ 6,8 ʤ) ʙʳʣ ʜʘʪʠʨʦʚʘʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ AMS 

ʆʢʩʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 14C ʚʦʟʨʘʩʪ ʩʦʩʪʘʚʠʣ 5932 Ñ39 ʣʝʪ ʜʦ ʥ.ʵ. (OxA-

X-2650-57). ʂʘʣʠʙʨʦʚʘʥʥʳʡ 14C ʚʦʟʨʘʩʪ (ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ IntCal 13) 

ʙʫʨʦʛʦ ʥʝʩʣʦʠʩʪʦʛʦ ʣʴʜʘ ʉʘʙʝʪʪʳ ʩʦʩʪʘʚʣʷʝʪ 4931ï4717 ʢʘʣ ʜʦ ʥ.ʵ. ɿʥʘʯʝʥʠʝ 

ŭ13C ʩʦʩʪʘʚʣʷʝʪ ï29,44ă (Vasilôchuk et al., 2016). 



млт 
 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɼʣʷ ʧʣʘʩʪʦʚ ʣʴʜʘ, 

ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ, ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ2ʅ 

ʩʥʠʟʫ ʚʚʝʨʭ. ʅʘ ʛʣʫʙʠʥʝ 8 ʤ ʚ ʩʢʚ.17 ʟʥʘʯʝʥʠʷ ŭ18O ʠ ŭ2ʅ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ, 

ʫʤʝʥʴʰʘʶʪʩʷ ʚʦ ʣʴʜʫ ʥʘ ʛʣ.6 ʚ ʩʢʚ.12 ʠ ʩʘʤʳʝ ʥʠʟʢʠʝ ʦʪʤʝʯʝʥʳ ʥʘ ʛʣ.1.5 ʚ 

ʩʢʚ.42 (ʪʘʙʣ. 2.8), ʧʨʠ ʵʪʦʤ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʣʠʥʠʠ 

ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʫʢʘʟʳʚʘʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʜʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʴʜʘ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʢʚ. 17 ʥʘ ŭ18O-ŭ2ʅ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 

2.36) ʥʝʩʢʦʣʴʢʦ ʥʝʦʙʳʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʚʜʦʣʴ ɻʃʄɺ, ʘ 

ʩʢʦʨʝʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ.  

ʊʘʙʣʠʮʘ 2.8. ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʮʝʥʦʚʳʭ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʚʙʣʠʟʠ ʧʦʩ. ʉʘʙʝʪʪʘ 

ʅʦʤʝʨ ŭ2ʅ, ă ŭĭO, ă d-exc, ă 

ʉʢʚ. 12, ʛʣ. 6,5ï6,8 ʤ., ʣʸʜ ʢʦʨʠʯʥʝʚʳʡ ʥʝʩʣʦʠʩʪʳʡ 

ʩʨʝʜʥʝʝ ī151,77 ī20,06 8,73 

ʤʘʢʩʠʤʫʤ ī147,60 ī19,11 12,60 

ʤʠʥʠʤʫʤ ī155,60 ī20,55 5,28 

n 7 

ʉʢʚ. 17, ʛʣ 8,3ï8,5 ʤ., ʣʸʜ ʙʝʣʳʡ ʧʨʦʟʨʘʯʥʳʡ 

ʩʨʝʜʥʝʝ ī113,88 ī15,81 12,56 

ʤʘʢʩʠʤʫʤ ī107,10 ī15,57 19,09 

ʤʠʥʠʤʫʤ ī119,80 ī16,06 6,04 

n 11 

ʉʢʚ. 42, ʛʣ. 1,3ï1,6 ʤ., ʣʸʜ ʢʦʨʠʯʥʝʚʳʡ ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ 

ʩʨʝʜʥʝʝ ī196,07 ī25,98 12,00 

ʤʘʢʩʠʤʫʤ ī192,70 ī25,33 16,12 

ʤʠʥʠʤʫʤ ī199,70 ī26,46 8,14 

n 13 

 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʥ 

ʬʦʨʤʠʨʦʚʘʣʩʷ. ʉʦʣʝʥʦʩʪʴ ʣʴʜʘ ʟʘʤʝʪʥʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10,92 ʜʦ 229,28 ʤʛ/ʣ. 

(ʪʘʙʣ. 2.9). ʍʣʦʨʠʜ ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʣʴʜʘ. ʂʦʨʠʯʥʝʚʳʡ ʚʝʨʪʠʢʘʣʴʥʦ-

ʩʣʦʠʩʪʳʡ ʣʝʜ ʫʣʴʪʨʘʧʨʝʩʥʳʡ, ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 40,64 ʤʛ/ʣ, ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʠʜʦʚ 34,53%-ɻ ʢʚ., ʩʫʣʴʬʘʪʦʚ 35,92%-ɻ ʢʚ., ʤʘʛʥʠʡ 51,37%-ɻ ʢʚ. ʠ ʨʅ 7,9. 



млу 
 

ʉʦʜʝʨʞʘʥʠʝ ʙʠʢʘʨʙʦʥʘʪʘ 29,14%-ɻ ʢʚ., ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʠʟ ʚʤʝʱʘʶʱʝʛʦ ʧʝʩʢʘ. 

 

ʈʠʩ. 2.36. ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ (ʘ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ2ʅ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʙʣʠʟ ʧʦʩ. ʉʘʙʝʪʪʘ (ʙ): 1 ï ʤʦʭʦʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ; 2 ï ʪʦʨʬ; 

3 ï ʧʝʩʦʢ; 4 ï ʩʫʛʣʠʥʦʢ, 5 ï ʩʫʧʝʩʴ; 6 ï ʣʝʜ ʧʣʘʩʪʦʚʳʡ ʙʝʣʳʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʳʡ; 7 ï ʣʝʜ ʧʣʘʩʪʦʚʳʡ ʢʦʨʠʯʥʝʚʳʡ, ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ; 8 ï 

ʥʘʩʳʧʥʦʡ ʛʨʫʥʪ; 9 ï ʠʣ ʯʝʨʥʳʡ; 10 ï ʟʥʘʯʝʥʠʷ ŭ2ʅ ʠ ŭ18O ʚʝʨʭʥʝʛʦ ʧʣʘʩʪʦʚʦʛʦ 

ʣʴʜʘ ʚ ʩʢʚ.42; 11 ï ʟʥʘʯʝʥʠʷ ŭ2ʅ ʠ ŭ18O ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʩʢʚ. 12; 12 ï ʟʥʘʯʝʥʠʷ 

ŭ2ʅ ʠ ŭ18O ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʩʢʚ. 17 

 

ɹʝʣʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʠʩʪʳʡ ʣʝʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (10,92ï13,52 ʤʛ/ʣ). ʂʦʨʠʯʥʝʚʳʡ ʥʝʩʣʦʠʩʪʳʡ ʣʝʜ ʠʤʝʝʪ 

ʩʦʣʝʥʦʩʪʴ 81,9 ʤʛ/ʣ ʠ ʩʦʜʝʨʞʠʪ ʭʣʦʨʠʜ ʥʘʪʨʠʷ, ʨʅ 7,5. ɽʱʝ ʦʜʠʥ ʦʙʨʘʟʝʮ 

ʙʫʨʳʡ ʥʝʩʣʦʠʩʪʳʡ ʣʝʜ ʠʤʝʝʪ ʩʦʣʝʥʦʩʪʴ 229,28 ʤʛ/ʣ, ʚʢʣʶʯʘʝʪ ʭʣʦʨʠʜ ʥʘʪʨʠʷ, 

ʩ ʨʅ 6,7. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠʦʥʦʚ ʚ ʢʦʨʠʯʥʝʚʦʤ ʥʝʩʣʦʠʩʪʦʤ ʣʴʜʫ 

ʚʳʩʦʢʘ (233,0ï661,01 ʤʢʉʤ/ʩʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʢʦʨʠʯʥʝʚʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʦʤ ʣʴʜʫ (102,5 ʤʢʉʤ/ʩʤ) ʠ ʙʝʣʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʤ 

ʣʴʜʫ (13,5ï18,98 ʤʢʉʤ/ʩʤ). 



млф 
 

ʊʘʙʣʠʮʘ 2.9. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (%-ɻ ʢʚ.) ʠ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ  

ʛʦʣʦʮʝʥʦʚʳʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʉʘʙʝʪʪʘ (ʠʟ ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2016) 

ʇʦʢʘʟʘʪʝʣʴ 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʦʙʨʘʟʮʘ 

ʉʢʚ. 42, ʛʣ. 

0.6ï3.4 ʤ. 

ʉʢʚ. 17, 

ʛʣ. 6.9ï9.2 

ʤ., ʦʙʨ. 38 

ʉʢʚ. 17, 

ʛʣ. 6.9ï9.2 

ʤ., ʦʙʨ. 39 

ʉʢʚ. 12, 

ʛʣ. 5.5ï7.0 

ʤ., ʦʙʨ. 8 

ʉʢʚ. 12, ʛʣ. 

5.5ï7.0 ʤ., 

ʦʙʨ. 9 

(ʟʘʛʨʷʟʥʝʥ 

ʛʨʫʥʪʦʤ) 

pH 7,9 8,01 8 7,5 6,7 

M, ʤʛ/ʣ 40,64 10,92 13,52 81,9 229,28 

HCO 29,14 33,08 25,87 21,85 23,09 

Cl 34,53 55,67 55,61 70,62 75,8 

SO Į 35,92 11,25 16,92 7,25 1,11 

NO 0,41 0 1,6 0,28 0 

CaĮ 10,96 42,95 7,54 10,16 21,24 

MgĮ 51,37 9,34 66,05 38,14 20,64 

Na 29,93 35,37 20,61 47,8 55,96 

K 7,74 12,34 5,8 3,9 2,16 

 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩ ʣʴʜʘ. ʋʟʢʠʡ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ŭ18O (ʦʪ 

0,4 ʚ ʩʢʚ.17 ʜʦ 1,4ă ʚ ʩʢʚ.12), ʦʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʇʃ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʪʨʠ ʩʣʦʷ ʣʴʜʘ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ ʠʟ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʘ ʩʚʦʠʭ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʝʨʦʷʪʥʦ, ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʟʘʣʝʛʘʶʪ ʣʠʥʟʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʇʃ ʠ 

ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʥʠʭ ʙʳʣʠ ʚʦʜʳ ʨʘʟʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʚʝʨʭʥʝʡ ʟʘʣʝʞʠ 

(ʩʢʚʘʞʠʥʘ 42) ʚʝʣʠʯʠʥʳ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʠ ʙʣʠʟʢʠ ʢ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤ ʇɾʃ. ɿʘʣʝʛʘʥʠʝ ʚ 

ʧʨʝʜʝʣʘʭ ʛʦʣʦʮʝʥʦʚʳʭ ʥʠʟʢʠʭ ʪʝʨʨʘʩ ʠ ʣʘʡʜ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʩ ʠʟʦʪʦʧʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʣʴʜʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ. ʊʘʣʳʝ ʚʦʜʳ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʣʝʜʷʥʳʭ ʪʝʣ (ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʣʝʜʷʥʳʭ ʞʠʣ ʠʣʠ ʧʦʛʨʝʙʸʥʥʳʭ ʩʥʝʞʥʠʢʦʚ), ʩʦʭʨʘʥʠʚʰʠʝ 

ʣʝʛʢʫʶ ʠʟʦʪʦʧʥʫʶ ʤʝʪʢʫ, ʟʘʤʝʨʟʘʣʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʠ ʣʘʛʫʥʘʭ. 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ (ʧʦʚʳʰʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʭʣʦʨʠʜʥʦ-



ммл 
 

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ, pH 6,7ï7,5), ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʥʪʘʢʪ ʩ ʤʦʨʩʢʠʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʥʦ ʥʝ ʥʘ ʧʨʷʤʦʝ ʫʯʘʩʪʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

2.3.2. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʫ ʩʪ. ʄʘʨʨʝ-ʉʘʣʝ 

ʕʪʦʪ ʨʘʟʜʝʣ ʥʘʧʠʩʘʥ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ, ʵʪʦʪ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ ʨʘʟʨʝʟ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʢʦʚ ʗʤʘʣʘ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʛʠʧʦʪʝʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ ʩ ʧʦʟʠʮʠʡ ʠʟʦʪʦʧʥʦʡ ʠʥʜʠʢʘʮʠʠ 

(ʏʠʞʦʚʘ, ɺʘʩʠʣʴʯʫʢ, 2018). 

ʀʟʫʯʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʄʘʨʨʝ-ʉʘʣʝ. ʅʘ ʧʦʙʝʨʝʞʴʝ ʚ ʨʘʡʦʥʝ 

ʄʘʨʨʝ-ʉʘʣʝ ʨʘʟʨʝʟʳ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʇɾʃ ʠ ʧʣʘʩʪʦʚʳʤʠ ʣʴʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ɽ.ɸ.ʉʣʘʛʦʜʦʡ, ʀ.ɼ.ʉʪʨʝʣʝʮʢʦʡ, ɻ.ɽ.ʆʙʣʦʛʦʚʳʤ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ (ɺʘʩʠʣʴʝʚ, ʈʦʛʦʚ, 2001, Forman et al., 2002, ʂʘʥʝʚʩʢʠʡ ʠ ʜʨ., 2005). 

ʈʘʟʨʝʟ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ, ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ (ʂʫʟʠʥ, ɸʩʪʘʬʴʝʚ, 1975; ʂʘʧʣʷʥʩʢʘʷ, 

ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1976; ɼʘʥʠʣʦʚ, 1986; ʂʨʠʮʫʢ, 2010; ʆʧʦʢʠʥʘ ʠ ʜʨ., 2015 ʠ ʜʨ.). 

ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ (ʨʠʩ. 2.37), ʩʘʤ ʨʘʟʨʝʟ ʜʘʪʠʨʦʚʘʥ ʧʦ ʨʘʜʠʦʫʛʣʝʨʦʜʫ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʪʦʨʬʘ.  

ɺ ʦʙʥʘʞʝʥʠʷʭ ʄʘʨʨʝ-ʉʘʣʝ ʚʩʢʨʳʚʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ (ʨʠʩ. 

2.38), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʪʦʨʠʝʡ ʥʘʢʦʧʣʝʥʠʷ ʪʦʣʱ ʟʜʝʩʴ. ɼʝʪʘʣʴʥʦ ʝʝ ʩʪʨʦʝʥʠʝ 

ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013, ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012; ʆʧʦʢʠʥʘ ʠ ʜʨ., 

2015). 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʌ.ɸ. ʂʘʧʣʷʥʩʢʦʡ ʠ ɺ.ɼ. ʊʘʨʥʦʛʨʘʜʩʢʦʛʦ (1976) 

ʥʠʞʥʷʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤ 

ʣʝʜʥʠʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʚʠʜʝ ʩʠʣʴʥʦʜʠʩʣʦʮʠʨʦʚʘʥʥʦʡ ʦʩʥʦʚʥʦʡ ʤʦʨʝʥʳ. 

ʕʪʠ ʤʦʨʝʥʦʧʦʜʦʙʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʣʝʜʥʠʢʦʚʦʛʦ 

ʛʝʥʝʟʠʩʘ, ʵʨʨʘʪʠʯʝʩʢʠʡ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ ʠ ʛʘʣʴʢʠ, ʘ 

ʪʘʢʞʝ ʤʝʣʢʦ ʨʘʟʜʨʦʙʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ.  



ммм 
 

 

ʈʠʩ. 2.37. ɼʠʩʣʦʢʘʮʠʠ, ʩʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʙʝʨʝʛʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʣʠʟ 

ʄʘʨʨʝ-ʉʘʣʝ. ʌʦʪʦ ʆ. ʀʥʛʦʣʬʩʩʦʥʘ 

 

ʈʠʩ. 2.38. ɼʚʘ ʪʠʧʘ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʦʙʥʘʞʝʥʠʠ ʄʘʨʨʝ-ʉʘʣʝ: ʘ ï ʚʝʨʭʥʠʡ ʠʟ 

(ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012), ʙ ï ʥʠʞʥʠʡ ʠʟ (ʆʙʣʦʛʦʚ, 2016) 



ммн 
 

ʕʪʠ ʬʘʢʪʳ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʂʘʧʣʷʥʩʢʘʷ, 

ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 1976, Forman et al., 2002, ʉʦʣʦʤʘʪʠʥ, ɹʝʣʦʚʘ, 2012) ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʣʝʜʥʠʢʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʯʘʩʪʢʠ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʗʤʘʣʘ. 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʊʦʣʱʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʩʢʨʳʚʘʝʤʘʷ ʚ 

ʦʙʥʘʞʝʥʠʷʭ ʙʣʠʟ ʄʘʨʨʝ ʉʘʣʝ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ 2ï3 ʤ ʩʣʦʞʝʥʘ ʧʨʝʩʥʳʤʠ ʧʝʩʢʘʤʠ, ʣʸʛʢʠʤʠ 

ʩʫʧʝʩʷʤʠ, ʘ ʪʘʤ, ʛʜʝ ʩʦʭʨʘʥʠʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʪʦʨʬʷʥʠʢʦʚ, ï ʪʦʨʬʦʤ 

ʤʦʱʥʦʩʪʴʶ 0,5ï1,5 ʤ (ʨʠʩ. 2.39, ʛʦʨʠʟʦʥʪ ɸ). ɼʦ ʛʣʫʙʠʥʳ 1,4 ʤ ʦʪʤʝʯʘʶʪʩʷ 

ʪʘʣʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʥʘ ʫʯʘʩʪʢʘʭ, ʣʠʰʸʥʥʳʭ ʨʘʩʪʠ ʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʜʫʚʘʶʪʩʷ. ʅʠʞʝ ʩʣʦʷ ʦʪʪʘʠʚʘʥʠʷ ʟʘʣʝʛʘʶʪ ʤʘʣʦʣʴʜʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ 

ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ. ʇʝʩʢʠ ʠ ʩʫʧʝʩʠ ï ʩʣʦʠʩʪʳʝ, ʦʪʦʨʬʦʚʘʥʥʳʝ, 

ʧʳʣʝʚʘʪʳʝ (ʧʨʠʤʝʩʴ ʢʨʫʧʥʦʡ ʧʳʣʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 60%). ʅʠʞʝ 

ʟʘʣʝʛʘʶʪ ʧʳʣʝʚʘʪʳʝ ʩʣʦʠʩʪʳʝ ʩʫʧʝʩʠ ʠ ʩʫʛʣʠʥʢʠ ʩʠʟʦʛʦ ʮʚʝʪʘ, ʤʦʱʥʦʩʪʴʶ 

2,5ï4 ʤ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʸʤʥʳʭ ʧʷʪʝʥ ʦʨʛʘʥʠʢʠ, ʯʘʩʪʠʯʢʘʤʠ ʥʘʤʳʚʥʦʛʦ ʪʦʨʬʘ 

ʠ ʘʚʪʦʭʪʦʥʥʳʤʠ ʢʦʨʝʰʢʘʤʠ ʨʘʩʪʝʥʠʡ. 

 

ʈʠʩ. 2.39. ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʚ ʙʝʨʝʛʦʚʦʤ ʦʙʨʳʚʝ ʙʣʠʟ 

ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ, ʠʟ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013): A, B, C, D ï 

ʛʦʨʠʟʦʥʪʳ, 2 ï ʇɾʃ, 3 ï ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʪʘʣʳʝ ʦʪʣʦʞʝʥʠʷ, 4 ï ʚʦʟʨʘʩʪ ʧʦ 

(Forman et al., 2002), 5 ï ʥʦʤʝʨʘ ʨʘʟʨʝʟʦʚ 



ммо 
 

ʅʠʞʥʠʝ 20ï30 ʩʤ ʛʦʨʠʟʦʥʪʘ ɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ 

ʦʞʝʣʝʟʥʸʥʥʳʤʠ ʧʝʩʢʘʤʠ ʩ ʦʙʣʦʤʢʘʤʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʪʸʤʥʦ- ʠ 

ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʛʘʣʴʢʘʤʠ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʩʥʳʝ (ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,05%), ʚ ʩʦʩʪʘʚʝ ʚʦʜʥʦ-ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʪʨʠʡ ʠ 

ʠʦʥʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʜʘʭ Cʦʨʛ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,4 ʜʦ 0,6%. ʉʣʦʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ 10-ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʧʨʦʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ (ʧʦʷʩʢʦʚʘʷ ʢʨʠʦʪʝʢʩʪʫʨʘ). ɼʣʷ ʤʝʥʝʝ ʣʴʜʠʩʪʳʭ ʧʨʦʩʣʦʝʚ 

ʭʘʨʘʢʪʝʨʥʘ ʤʘʩʩʠʚʥʘʷ ʢʨʠʦʪʝʢʩʪʫʨʘ (ʩʫʤʤʘʨʥʘʷ ʚʣʘʞʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 16ï

20%), ʜʣʷ ʩʠʣʴʥʦ ʣʴʜʠʩʪʳʭ ï ʤʠʢʨʦʰʣʠʨʦʚʘʷ ʩ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʰʣʠʨʘʤʠ (ʩʫʤʤʘʨʥʘʷ ʚʣʘʞʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 35ï55%). ʉ 

ʛʣʫʙʠʥʦʡ ʣʴʜʠʩʪʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʥʝʚʳʜʝʨʞʘʥʥʳʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʤʦʱʥʦʩʪʠ ʣʝʜʷʥʦʡ ʰʣʠʨ, ʪʦʣʱʠʥʦʡ 2ï5 

ʩʤ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ. ʉ ʛʣʫʙʠʥʳ 5ï

8 ʤ ʟʘʣʝʛʘʝʪ ʣʝʜʦʛʨʫʥʪʦʚʳʡ ʛʦʨʠʟʦʥʪ, ʤʦʱʥʦʩʪʴʶ 3ï10 ʤ (ʩʤ. ʨʠʩ. 33, ʛʦʨʠʟʦʥʪ 

ʉ). ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʵʪʘ ʪʦʣʱʘ ʉ ʥʘʟʳʚʘʣʘʩʴ ʧʣʘʩʪʦʚʳʡ ʣʸʜ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 

2013, ʆʙʣʦʛʦʚ, 2015, ʂʘʥʝʚʩʢʠʡ ʠ ʜʨ., 2005). ʆʪʣʦʞʝʥʠʷ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʦʣʥʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ ʣʴʜʘ ʠ ʣʠʥʟ, 

ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ, ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʦʛʘʱʸʥʥʳʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚʦ ʣʴʜʫ ʤʝʥʷʝʪʩʷ: ʧʝʩʯʘʥʳʭ ʧʨʠʤʝʩʝʡ 

ï ʦʪ 10 ʜʦ 91%, ʧʳʣʝʚʘʪʳʭ ï ʦʪ 6 ʜʦ 62%, ʛʣʠʥʠʩʪʳʭ ï ʦʪ 10 ʜʦ 36%. ʉ ʛʣʫʙʠʥʦʡ 

ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ ʚ ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʪʦʣʱʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʠʤʝʩʴ ʛʣʠʥʠʩʪʳʭ ʠ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ. 

ɺ ʦʙʥʘʞʝʥʠʷʭ ʄʘʨʨʝ-ʉʘʣʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʚʘ ʨʘʟʥʳʭ ʪʠʧʘ ʧʣʘʩʪʦʚʦʛʦ 

ʣʴʜʘ, ʢʦʪʦʨʳʡ ʥʘʟʚʘʥ çʧʣʘʩʪʦʚʳʡ ʣʝʜ 1 (ʇʃ1)è ʠ çʧʣʘʩʪʦʚʳʡ ʣʝʜ 2 (ʇʃ2)è 

(ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013, ʆʙʣʦʛʦʚ, 2015) ʠʣʠ çʚʝʨʭʥʷʷ ʟʘʣʝʞʴ ʣʴʜʘè ʠ çʥʠʞʥʷʷ 

ʟʘʣʝʞʴ ʣʴʜʘè (ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012). ɻʦʨʠʟʦʥʪ ʇʃ1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʝʨʝʜʦʚʘʥʠʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʚʦʣʥʠʩʪʳʭ, ʚʧʣʦʪʴ ʜʦ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ-

ʠʟʦʛʥʫʪʳʭ (ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ) ʧʨʦʩʣʦʝʚ ʣʴʜʘ ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 



ммп 
 

ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1,5 ʤ ʠ ʧʨʦʩʣʦʝʚ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʢʘʤʠ ʠ 

ʩʫʧʝʩʷʤʠ ʩ ʩʫʤʤʘʨʥʦʡ ʣʴʜʠʩʪʦʩʪʴʶ 40ï60%. ɺ 4,5 ʢʤ ʢ ʶʛʫ ʦʪ ʧ/ʩ ʄʘʨʨʝ-ʉʘʣʝ 

ʚ ʙʝʨʝʛʦʚʦʤ ʦʙʨʳʚʝ ʚʳʩʦʪʦʡ 13ï15 ʤ ʧʦʜ ʩʣʦʝʤ ʢʘʨʛʠʥʩʢʦ-ʩʘʨʪʘʥʩʢʦʛʦ ʧʝʩʢʘ 

ʠ ʢʘʟʘʥʮʝʚʩʢʠʭ ʛʣʠʥ ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 5 ʤ ʚʩʢʨʳʚʘʝʪʩʷ ʪʦʣʱʘ ʇʃ2 ʤʦʱʥʦʩʪʴʶ 

ʙʦʣʝʝ 8 ʤ (ʣʝʜ ʫʭʦʜʠʪ ʧʦʜ ʫʨʦʚʝʥʴ ʤʦʨʷ). ʃʝʜ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʯʠʩʪʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʣʴʜʘ ʠ ʣʴʜʘ ʩ 

ʧʨʠʤʝʩʴʶ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʛʣʠʥ, ʪʦʨʬʷʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʝʩʯʘʥʳʭ 

ʯʘʩʪʠʮ) ʚ ʚʠʜʝ ʚʟʚʝʩʠ. ʉ ʛʣʫʙʠʥʦʡ ʣʝʜ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʟʨʘʯʥʝʝ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʝʣʢʠʝ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʣʘʩʪʦʚʳʡ ʣʝʜ 2 

ʟʘʣʝʛʘʝʪ ʚ ʟʘʩʦʣʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʜʘʪʠʨʦʚʘʥʥʳʭ ʧʦʟʜʥʠʤ ʧʣʝʡʩʪʦʮʝʥʦʤ.  

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʝʛʦ ʯʝʨʪʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʛʣʫʙʠʥʦʡ ʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʝʝ ʤʦʣʦʜʦʤʫ ʧʣʘʩʪʦʚʦʤʫ ʣʴʜʫ ʇʃ1. ʇʣʘʩʪʦʚʳʡ ʣʝʜ 1 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪʘʭ, ʜʘʪʠʨʫʝʪʩʷ ʢʦʥʮʦʤ ʧʦʟʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013) ʠ ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʣʝʛʢʠʝ ʟʥʘʯʝʥʠʷ 

ŭ18ʆ ʠ ŭ2ʅ (ʨʠʩ. 2.40). 

 

ʈʠʩ. 2.40. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2ʅïŭ18ʆ ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʨʝʛʠʦʥʘ: 1 ʦʟʝʨʥʘʷ ʚʦʜʘ ʧʦ (ʂʨʠʮʫʢ, 2010) , 2 ï ʤʦʨʩʢʘʷ ʚʦʜʘ ʧʦ (ʂʨʠʮʫʢ, 2010), 

3 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ2 ʧʦ (ʆʙʣʦʛʦʚ, 2016), 4 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ1 ʧʦ (ʆʙʣʦʛʦʚ, 

2016), 5 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʥʠʞʥʝʡ ʟʘʣʝʞʠ ʧʦ (ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012), 6 ï ʧʣʘʩʪʦʚʳʡ 

ʣʝʜ ʚʝʨʭʥʝʡ ʟʘʣʝʞʠ ʧʦ (ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012). 
 



ммр 
 

ʊʦʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʇʃ2 ʠ ʜʚʘ 

ʦʙʨʘʟʮʘ ʥʠʞʥʝʡ ʟʘʣʝʞʠ ʠʟ ʨʘʙʦʪʳ (ʉʣʘʛʦʜʘ ʠ ʜʨ., 20120 ʬʦʨʤʠʨʫʶʪ ʥʘ 

ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ, ʦʧʠʩʳʚʘʶʱʠʡʩʷ ʫʨʘʚʥʝʥʠʝʤ ŭ2ʅ = 

7,55 Ĭ ŭ18ʆ ï 2,4 (ʩʤ. ʨʠʩ. 2.40). ʅʠʞʥʠʡ ʷʨʫʩ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ2ʅ ʠ ŭ18ʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʣʝʞʘʱʠʤ 

ʷʨʫʩʦʤ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ.  

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩʘ ʣʴʜʘ. 

ʆʧʨʦʚʝʨʞʝʥʠʝ ʟʘʭʦʨʦʥʝʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ. ʆʙʳʯʥʦ ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ 

ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ (ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʷʟʴʶ 

ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʢʦʣʦ ʦʪ 7 ʜʦ 8. ʇʦʩʢʦʣʴʢʫ ʧʦ 

ʧʣʘʩʪʦʚʦʤʫ ʣʴʜʫ ʇʃ2 ʧʦʣʫʯʝʥʘ ʙʣʠʟʢʘʷ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ (7,55) ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ŭ2ʅ-ŭ18ʆ, ʬʦʨʤʘʣʴʥʦ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʛʠʧʦʪʝʟʫ ʧʦʛʨʝʙʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʣʝʜʥʠʢʦʚ. ʅʘ ʙʣʠʞʘʡʰʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʘʭ ʠ 

ʘʨʭʠʧʝʣʘʛʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʢʝʨʥʦʚʦʛʦ ʙʫʨʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʪʦʣʴʢʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ (Kotlyakov et al., 2004; 

Arkhipov et al., 2008). ʇʘʨʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʫʧʥʳ ʧʦ 

ʣʝʜʥʠʢʦʚʦʤʫ ʢʝʨʥʫ ʩ ʢʫʧʦʣʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʥʘ ʉʝʚʝʨʥʦʡ ɿʝʤʣʝ (Opel et al., 

2009). ʃʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʵʪʦʛʦ ʣʴʜʘ ʠʤʝʝʪ ʚʠʜ ŭ2ʅ = 7,57 Ĭ ŭ18ʆ + 2,13, R2 = 

0,98. ʊʦʯʢʠ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʝʞʘʪ ʥʘ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʥʦ 

ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʣʝʛʢʠʭ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ, ʯʝʤ ʫ ʇʃ2 (ʨʠʩ. 2.41). ʅʝʩʤʦʪʨʷ 

ʥʘ ʦʯʝʚʠʜʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʢʣʦʥʦʚ ʜʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʠ ʣʴʜʘ ʇʃ2 ʩʘʤʳʤ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʷʚʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ŭ2ʅ ʠ 

ŭ18ʆ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ɺ ʇʃ2 ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ī8,8 ʜʦ ī17,7ă, ʚ 

ʣʝʜʥʠʢʦʚʦʤ ʣʴʜʫ ʢʫʧʦʣʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʦʪ ī16,8 ʜʦ ī24,6ă. ʃʝʜʥʠʢʦʚʳʡ ʣʝʜ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʚʳʰʝ, ʯʝʤ ʇʃ2 (dexc ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ 

ʦʪ 6,8 ʜʦ 14,1 ʠ dexc ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʦʪ 0,3 ʜʦ 7,2ă). ʅʘ ʜʨʫʛʦʤ ʙʣʠʞʘʡʰʝʤ 

ʘʨʢʪʠʯʝʩʢʦʤ ʘʨʭʠʧʝʣʘʛʝ ʅʦʚʘʷ ɿʝʤʣʷ ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ: ʦʪ ī15,4 ʜʦ ī17,6 ă ʠ ʦʪ ī110,1 ʜʦ ī127,1 ă 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ ʜʣʷ ʚʩʝʭ ʧʨʦʙ ʣʴʜʘ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ 



ммс 
 

ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ 10ă (ʏʠʞʦʚʘ ʠ ʜʨ., 2019, 

ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2019). ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝ ʣʝʜʥʠʢʦʚʫ  ʁʧʨʠʨʦʜʫ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. 

 

 

ʈʠʩ. 2.41. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2ʅïŭ18ʆ ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʠ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ: 1 ï 

ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ2, 2 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ1 (ʜʘʥʥʳʝ ʠʟ ʆʙʣʦʛʦʚ, 2016), 3 ï 

ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ ʢʝʨʥʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʝʚʝʨʥʘʷ ʟʝʤʣʷ, ʜʘʥʥʳʝ ʠʟ (Opel et al., 

2009), 4 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʥʠʞʥʝʡ ʟʘʣʝʞʠ, 5 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚʝʨʭʥʝʡ ʟʘʣʝʞʠ, 

ʜʘʥʥʳʝ ʠʟ (ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012) 

 

ʇʣʘʩʪʦʚʳʝ ʣʴʜʘ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʩʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʩ ʣʝʜʥʠʢʦʚʳʤ ʣʴʜʦʤ ʢʫʧʦʣʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʩʢʦʨʝʝ ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʝʤ ʟʘʭʦʨʦʥʝʥʠʷ ʛʣʝʪʯʝʨʥʦʛʦ ʣʴʜʘ. ʅʘ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʩʘʤʦ ʩʪʨʦʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʦʝ ʚ ʨʘʙʦʪʝ ʥʘʟʳʚʘʶʪ 

ʣʝʜʦʛʨʫʥʪʦʤ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013), ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʩʣʦʝʚ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʣʴʜʘ ʠ ʣʴʜʘ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ. 

ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʤʦʱʥʳʤ 

ʚʳʜʝʨʞʘʥʥʳʤ ʣʝʜʷʥʳʤ ʰʣʠʨʦʤ ʪʦʣʱʠʥʦʡ 5 ʩʤ. ʉʘʤʳʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ 

ʣʝʜʥʠʢʦʚʦʡ ʛʠʧʦʪʝʟʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʄʘʨʨʝ-

ʉʘʣʝ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʧʨʠ 



ммт 
 

ʥʠʟʢʠʭ ʚʝʣʠʯʠʥʘʭ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ, ʯʝʤ ʜʣʷ 

ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ. 

ʋʪʦʯʥʝʥʠʝ ʦʟʝʨʥʦʡ ʛʠʧʦʪʝʟʳ ʠ ʩʤʝʰʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʣʝʜ 

ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʥʠʞʥʝʛʦ ʷʨʫʩʘ (ʇʃ2) ʟʘʣʝʛʘʝʪ ʧʦʜ ʟʘʩʦʣʝʥʥʳʤʠ ʛʣʠʥʘʤʠ ʠ 

ʠʟʦʪʦʧʥʦ ʙʦʣʝʝ ʪʷʞʝʣʳʡ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʣʴʜʘ 

ʩ ʫʯʘʩʪʠʝʤ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʦʩʪʘʣʘʩʴ ʚ ʣʘʛʫʥʘʭ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʟʝʨʘʭ 

ʧʦʩʣʝ ʪʨʘʥʩʛʨʝʩʩʠʠ ʤʦʨʷ (ɼʘʥʠʣʦʚ, 1986, ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013).  

ɺ ʜʠʩʢʫʩʩʠʠ ʧʦ ʚʦʧʨʦʩʫ ʦʙ ʫʯʘʩʪʠʠ ʩʦʣʝʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʦʱʥʳʭ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʉ.ʄ. ʌʦʪʠʝʚ (2011; 2015), 

ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʣ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠʟ ʦʟʝʨʥʦʡ ʧʨʝʩʥʦʡ 

ʚʦʜʳ. ʆʩʥʦʚʥʳʤ ʝʛʦ ʜʦʚʦʜʦʤ ʧʨʦʪʠʚ ʤʦʨʩʢʦʡ ʛʠʧʦʪʝʟʳ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʥʠʟʢʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʧʨʝʩʥʳʝ ʣʴʜʳ) ʠʤʝʶʪ ʜʨʫʛʦʡ ʩʦʩʪʘʚ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʠʦʥʦʚ ï 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʠ ʢʘʣʴʮʠʷ 

(ʌʦʪʠʝʚ, 2011; 2015). ɿʜʝʩʴ ʤʳ ʜʦʣʞʥʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʠʦʥʦʚ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʇʃ2 ʥʝʠʟʤʝʥʥʦ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʡ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013), ʯʪʦ ʚ 

ʮʝʣʦʤ ʦʪʚʝʯʘʝʪ ʤʦʨʩʢʦʤʫ ʠʩʪʦʯʥʠʢʫ, ʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʇʃ1 ʦʥ ʤʝʥʷʝʪʩʷ ʩʥʠʟʫ 

ʚʚʝʨʭ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʣʴʜʘ. 

ʅʘ ʦʟʝʨʥʳʝ ʚʦʜʳ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʗʤʘʣʘ 

ʫʢʘʟʳʚʘʣʠ ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ (2012) ʠ ʉ.ʄ. ʌʦʪʠʝʚ (2011; 2015), ʭʦʪʷ ʠʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʢ ʤʝʩʪʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʚʦʜʳ 

ʥʝʩʢʚʦʟʥʦʛʦ ʪʘʣʠʢʘ ʧʦʜ ʦʟʝʨʦʤ, ʚʦʜʷʥʘʷ ʣʠʥʟʘ ʢʦʪʦʨʦʛʦ ʧʦʧʦʣʥʷʣʘʩʴ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ (ʢʘʢ ʠ ʚʦʜʘ ʩʘʤʦʛʦ ʦʟʝʨʘ). ʇʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʪʘʢʦʛʦ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʪʘʣʠʢʘ, ʢʘʢ ʧʠʰʝʪ ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ (2012): çʜʘʣʴʥʝʡʰʝʝ 

ʧʨʦʤʝʨʟʘʥʠʝ ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ 

ʟʘʣʝʞʝʡ, ʧʝʨʝʢʨʳʪʳʭ ʦʟʸʨʥʳʤʠ ʦʩʘʜʢʘʤʠè (ʨʠʩ. 2.42, ʘ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʯʪʦ ʜʦʣʞʥʦ ʦʪʨʘʞʘʪʴʩʷ ʚ 



мму 
 

ʚʝʣʠʯʠʥʝ ʥʘʢʣʦʥʘ ŭ2ʅ-ŭ18ʆ ʣʴʜʘ. ɺ ʩʣʫʯʘʝ ʩ ʧʣʘʩʪʦʚʳʤʠ ʣʴʜʘʤʠ ʄʘʨʨʝ ʉʘʣʝ 

ʢʘʢ ʥʠʞʥʝʛʦ, ʪʘʢ ʠ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʵʪʘ ʤʦʜʝʣʴ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ, ʩʦʛʣʘʩʥʦ ʜʦʚʦʜʘʤ ʉ.ʄ. ʌʦʪʠʝʚʘ (2011, 2015), ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʲʝʢʮʠʠ ʧʨʝʩʥʦʡ ʦʟʝʨʥʦʡ ʚʦʜʳ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ 

ʢʦʪʣʦʚʠʥ. ʉʦʛʣʘʩʥʦ ʝʛʦ ʛʠʧʦʪʝʟʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʦʟʝʨʝ ʩʧʣʦʰʥʦʛʦ ʣʝʜʦʚʦʛʦ 

ʧʦʢʨʦʚʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʦʤʝʨʟʘʶʱʘʷ ʚ ʟʘʤʢʥʫʪʦʡ ʢʦʪʣʦʚʠʥʝ ʦʟʝʨʥʘʷ ʚʦʜʘ ʧʨʠʦʙʨʝʪʘʣʘ ʦʛʨʦʤʥʦʝ 

ʢʨʠʦʛʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʧʦ 

ʢʨʠʦʛʝʥʥʦʤʫ ʚʦʜʦʫʧʦʨʫ ʦʥʘ ʧʨʦʥʠʢʘʣʘ ʚ ʪʦʣʱʫ ʤʝʨʟʣʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɺʦʜʦʫʧʦʨʦʤ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʩʣʫʞʠʣʘ ʢʨʦʚʣʷ ʧʘʯʢʠ ʤʝʨʟʣʳʭ ʧʝʩʢʦʚ (ʨʠʩ. 2.38, 

ɹ). ʇʦʪʦʢ ʚʦʜʳ ʧʦ ʢʨʦʚʣʝ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʜʦʫʧʦʨʘ ʧʦʜ ʥʘʧʦʨʦʤ ʧʨʦʥʠʢʘʣ ʚʜʦʣʴ 

ʧʦʜʦʰʚʳ ʧʣʘʩʪʘ ʥʘ ʨʘʟʣʠʯʥʳʝ (ʠʥʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʳʝ) ʨʘʩʩʪʦʷʥʠʷ. ʊʦʣʴʢʦ ʧʨʠ 

ʪʘʢʦʤ ʜʦʧʫʱʝʥʠʠ ʧʝʩʦʢ, ʛʨʘʚʠʡ, ʛʘʣʴʢʘ ʠ ʚʦʜʦʨʦʩʣʠ ʤʦʛʣʠ ʦʢʘʟʘʪʴʩʷ ʚʥʫʪʨʠ 

ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʣʴʜʘè (ʌʦʪʠʝʚ, 2015). 

 

 

ʈʠʩ. 2.42. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ʜʥʝ ʥʝʩʢʚʦʟʥʦʛʦ ʧʦʜʦʟʝʨʥʦʛʦ 

ʪʘʣʠʢʘ (ɸ) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʧʠʪʘʥʠʠ ʦʟʝʨʘ ʧʦ ʖ.ʂ. ɺʘʩʠʣʴʯʫʢʫ (1992, ʩ. 62), 

ʠ (ɹ) ʧʨʠ ʠʥʲʝʢʮʠʠ ʦʟʝʨʥʦʡ ʚʦʜʳ ʚ ʩʪʝʥʢʫ ʢʦʪʣʦʚʠʥʳ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ 

ʛʨʘʥʠʮʫ ʛʣʠʥʳ/ʧʝʩʢʠ ʧʦ ʉ.ʄ. ʌʦʪʠʝʚʫ (2011)  

 

ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʢʨʠʦʛʝʥʥʳʤ ʚʦʜʦʫʧʦʨʦʤ 

ʷʚʣʷʣʠʩʴ ʤʝʨʟʣʳʝ ʧʝʩʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʨʟʣʳʝ ʧʝʩʢʠ ʠʤʝʶʪ ʤʘʣʫʶ 



ммф 
 

ʣʴʜʠʩʪʦʩʪʴ, ʠ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʠʭ 

ʛʣʠʥʘʤʠ. ɻʣʠʥʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʥʘ ʠʭ ʛʨʘʥʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ 

ʧʦʨʦʚʦʡ, ʢʘʧʠʣʣʷʨʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ (ɺʪʶʨʠʥʘ, ɺʪʶʨʠʥ, 1970). 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ ʉ.ʄ.ʌʦʪʠʝʚʳʤ ʤʦʜʝʣʴ, ʪʦ ʧʨʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ. ʅʦ ʦʥʘ ʚ ʩʣʫʯʘʝ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʄʘʨʨʝ-ʉʘʣʝ (ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ) ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.41, ʚʩʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ 

ʇʃ2 ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʠʡ ʩ ʥʘʢʣʦʥʦʤ 7,5 (R2 = 0,99), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʷʤ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʨʘʙʦʪʝ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013) ʜʣʷ ʇʃ 2 ʧʨʠʚʦʜʠʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ ʚʠʜʘ ŭ2ʅ = 4,9 Ĭ ŭ18ʆ ī 64,2 ʠ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʣʴʜʘ ʠʟ ʦʟʝʨʘ ʩ ʦʧʨʝʩʥʝʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ʕʪʘ 

ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʨʦʤʝʨʟʘʝʪ ʦʙʚʦʜʥʝʥʥʳʡ ʧʦʜʦʟʝʨʥʳʡ ʪʘʣʠʢ, ʘ 

ʩʣʦʡ ʟʘʩʦʣʝʥʥʳʭ ʛʣʠʥ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ï ɻ ʪʦ ʦʟʝʨʥʳʝ ʜʦʥʥʳʝ 

ʦʩʘʜʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʚʦʜʥʦʡ ʣʠʥʟʳ ʚ ʦʩʥʦʚʘʥʠʠ ʪʘʣʠʢʘ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ. ʆʯʝʚʠʜʥʦ, ʚ ʵʪʦʤ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ 

ʫʨʘʚʥʝʥʠʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ (ʆʙʣʦʛʦʚ, 2016) ʩʦʜʝʨʞʠʪʩʷ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʧʦ 

ʵʪʠʤ ʜʘʥʥʳʤ ʠʤʝʝʪ ʚʠʜ ŭ2ʅ = 7,55 Ĭ ŭ18ʆ ī 2,4 (ʩʤ. ʨʠʩ. 41, ʘ). ʋʩʪʘʥʦʚʣʝʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʨʟʘʥʠʶ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʴʜʘ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ.  

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʚ ʨʵʣʝʝʚʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ŭ18ʆ ʠ ŭ2ʅ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ï11.6 ʠ ï89ă. ʅʘ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʘ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʫʢʘʟʳʚʘʝʪ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-dexc (ʨʠʩ. 2.43). ʅʝ ʪʦʣʴʢʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʦʛʦ ʥʘʢʣʦʥʘ 

ʨʝʘʣʴʥʳʤ ʦʙʨʘʟʮʘʤ, ʥʦ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ. ɺʦ ʣʴʜʫ ʇʃ2 ʦʙʱʠʡ 

ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʩʦʩʪʘʚʠʣ 9,1ă. ʕʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 



мнл 
 

ʥʠʞʥʝʡ ʟʘʣʝʞʠ, ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ɽ.ɸ. ʉʣʘʛʦʜʦʡ ʠ ʜʨ. (2012), ʛʜʝ ʨʘʟʙʨʦʩ 

ʟʥʘʯʝʥʠʡ ŭ18ʆ ʚ ʦʙʨʘʟʮʘʭ ʣʴʜʘ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 2,1 ʤ ʧʦ ʚʳʩʦʪʝ, 

ʩʦʩʪʘʚʠʣ 11,7ă. ʇʨʠ ʵʪʦʤ ʪʦʯʢʠ ʵʪʦʛʦ ʣʴʜʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ʩ ʥʘʢʣʦʥʦʤ 7,55. 

 

ʈʠʩ. 2.43. ʈʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ŭ18ʆ, ŭ2ʅ ʠ dexc ʣʴʜʘ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ (ʩ 

ʢʦʵʬʬ. Lehmann, Siegenthaler, 1991 ʧʦ ʫʨ.(1)) ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʤ ʨʝʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ŭ18ʆ, ŭ2ʅ ʠ dexc ʣʴʜʘ ʇʃ2: 1 ï ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʃ2 (ʠʟ 

ʆʙʣʦʛʦʚ, 2016); 2 ï ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ; 3 ï ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʞʥʝʡ ʟʘʣʝʞʠ ʣʴʜʦʚ (ʠʟ ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012) 

 

ʃʝʜ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʘ ʦʧʨʦʙʦʚʘʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʳʝ ʛʝʥʝʨʘʮʠʠ ʣʴʜʘ ʠ ʨʘʟʥʳʝ ʬʨʘʢʮʠʠ ʣʴʜʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ, ʤʝʥʷʶʱʝʡ ʩʚʦʠ ʠʟʦʪʦʧʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʥʠʞʥʝʛʦ ʷʨʫʩʘ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥ ŭ18ʆ ʠ 

ŭ2ʅ ʣʴʜʘ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ ï ʠʩʪʦʯʥʠʢʘ. 

ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʦʯʝʥʴ ʚʳʩʦʢʠʝ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, 

ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ. ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʝʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʧʨʝʩʥʝʥʥʘʷ ʤʦʨʩʢʘʷ ʚʦʜʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ = ī10,5 ʠ ī7,8ă ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ 

dexc = 3,4 ʠ 1,8ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2017). ʊʦʯʢʠ ʵʪʦʡ 

ʦʧʨʝʩʥʝʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʣʝʞʘʪ ʥʘ ʣʠʥʠʠ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʥʝʦʧʨʝʩʥʝʥʥʳʝ ʚʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (ŭ18ʆ=+0,26ă ʠ 
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ŭ2ʅ=+1,55ă) ʠ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʤʠ 

ʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ (ʨʠʩ. 2.40). ʕʪʘ 

ʣʠʥʠʷ ʩʤʝʰʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ŭ18ʆ ʠ ŭ2ʅ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʇʃ2, 

ʪʦʯʥʝʝ ʪʦʯʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ ʩʤʝʰʝʥʠʷ 

ʤʦʨʩʢʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʳ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʥʘ ʗʤʘʣʝ ʠ ɻʳʜʘʥʩʢʦʤ ʧ-ʦʚʝ ʚ 

ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʧʦ ʜʘʥʥʳʤ (ɺʘʩʠʣʴʯʫʢ, 2016) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʦʪ ï21 ʜʦ ï23ă, ʯʪʦ ʪʘʢʞʝ ʚʧʦʣʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʠ ʩʤʝʰʝʥʠʷ ʥʘ ʨʠʩ. 2.44. ʕʪʦ ʜʘʝʪ ʥʘʤ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʦʧʨʝʩʥʝʥʥʳʝ ʤʦʨʩʢʠʝ ʚʦʜʳ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 

ʇʃ2, ʧʨʠ ʵʪʦʤ ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 

ʵʪʠ ʚʦʜʳ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʧʨʝʩʥʷʣʠʩʴ ʧʨʝʩʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ï ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

 

ʈʠʩ. 2.44. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ ʜʣʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ: 1 ï 

ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ2 (ʠʟ ʆʙʣʦʛʦʚ, 2015), 2 ï ʦʧʨʝʩʥʝʥʥʳʝ ʚʦʜʳ ʂʘʨʩʢʦʛʦ ʤʦʨʷ 

(ʧʦ ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2017), 3 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʇʃ1 (ʠʟ ʆʙʣʦʛʦʚ, 2016), 4 ï 

ʥʝʦʧʨʝʩʥʝʥʥʳʝ ʚʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (ʧʦ ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2017) 

 

ʆʧʨʝʩʥʝʥʥʳʝ ʤʦʨʩʢʠʝ ʚʦʜʳ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʣʴʜʘ, ʩʫʜʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʪʦʯʝʢ ʦʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʥʘ ʠʟʦʪʦʧʥʦʡ 

ʜʠʘʛʨʘʤʤʝ (ʩʤ. ʨʠʩ. 2.39) ʜʦʣʞʥʳ ʙʳʣʠ ʠʤʝʪʴ ʩʦʣʝʥʦʩʪʴ 11,7 ʠ 17 ʧʨʦʤʠʣʣʝ, 

ʪ.ʝ. 11-17 ʛʨʘʤʤ ʥʘ ʢʠʣʦʛʨʘʤʤ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʵʪʠʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʤ ʚʝʣʠʯʠʥʘ ʩʦʣʝʥʦʩʪʠ ʚʟʷʪʘ ʠʟ 

ʨʘʙʦʪʳ ɼʫʙʠʥʠʥʦʡ ʠ ʜʨ., 2017). ɸ ʧʣʘʩʪʦʚʳʝ ʣʴʜʘ ʇʃ2 ʠʤʝʶʪ ʦʙʱʫʶ 
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ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʜʦ 0,2 ʛ/ʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʨʩʢʠʝ ʩʦʣʠ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʞʘʪʳ ʧʨʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʣʴʜʘ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ 

ʩʦʣʝʡ ʚ ʦʩʪʘʶʱʝʡʩʷ ʚʦʜʝ. ʀʤʝʥʥʦ ʠʟ ʪʘʢʦʡ ʚʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʦʧʵʛʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʠʞʥʝʛʦ ʷʨʫʩʘ. ʊʘʢʦʝ ʢʨʠʦʛʝʥʥʦʝ 

ʦʪʞʘʪʠʝ ʩʦʣʝʡ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʜʥʦʤ ʫʩʣʦʚʠʠ: ʝʩʣʠ ʚʦʜʘ 

ʧʦʩʪʫʧʘʣʘ ʢ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʛʣʠʥʳ/ʧʝʩʢʠ ʧʦ ʧʝʩʯʘʥʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ 

ʛʦʨʠʟʦʥʪʫ. ʉʫʱʝʩʪʚʫʶʱʝʝ ʦʟʝʨʦ ʩ ʦʧʨʝʩʥʝʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʠʤʝʣʦ ʛʣʫʙʦʢʠʡ 

ʪʘʣʠʢ, ʧʦʜʩʪʠʣʘʚʰʠʡʩʷ ʧʝʩʯʘʥʳʤ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ (ʨʠʩ. 2.45). 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʟʝʨʥʦʛʦ ʣʴʜʘ ʟʠʤʦʡ ʩʦʟʜʘʚʘʣʦ ʜʘʚʣʝʥʠʝ ʚ ʪʘʣʠʢʝ ʠ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʜʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʉʚʦʙʦʜʥʘʷ 

ʚʦʜʘ (ʛʦʨʠʟʦʥʪ ʙʳʣ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʳʡ) ʧʦʩʪʫʧʘʣʘ ʢ ʤʝʩʪʫ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ 

ʛʨʘʥʠʮʳ (ʪʦʯʢʘ ʇʃ2) ʠ ʟʜʝʩʴ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʬʦʨʤʠʨʦʚʘʣʩʷ 

ʢʦʥʞʝʣʷʮʠʦʥʥʳʡ ʣʝʜ. ʉʦʣʝʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ʚ ʛʦʨʠʟʦʥʪʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʘʣʦʩʴ ʠʟ-ʟʘ ʦʪʞʘʪʠʷ ʩʦʣʝʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʣʴʜʘ. ʇʦʩʢʦʣʴʢʫ ʚʦʜʳ ʚ 

ʛʦʨʠʟʦʥʪʝ ʙʳʣʦ ʦʯʝʥʴ ʤʥʦʛʦ, ʠ ʦʥʘ ʙʳʣʘ ʟʘʩʦʣʝʥʥʦʡ (ʥʝ ʧʨʝʩʥʦʡ) ʣʝʜ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʥʝ ʩʪʘʥʦʚʠʣʘʩʴ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʝʣʘ ʟʘʤʝʨʟʘʥʠʷ. ʃʴʜʘ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʦʩʪʘʚʘʣʦʩʴ ʚʦʜʳ ʚ ʛʦʨʠʟʦʥʪʝ. ʇʦʵʪʦʤʫ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʩʝʟʦʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚʩʝ ʙʦʣʴʰʝʝ 

ʦʧʨʝʩʥʝʥʠʝ ʦʟʝʨʥʦʡ ʚʦʜʳ, ʦʥʘ ʞʝ ʧʦʩʪʫʧʘʣʘ ʚ ʚʦʜʦʥʦʩʥʳʡ ʧʝʩʯʘʥʳʡ ʛʦʨʠʟʦʥʪ. 

ʇʦʚʪʦʨʷʣʘʩʴ ʪʘ ʞʝ ʢʘʨʪʠʥʘ. ʇʦʩʢʦʣʴʢʫ ʣʝʜ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ, 

ʪʦ ʚʩʝ ʦʪʣʦʞʝʥʠʷ ʚʳʧʫʯʠʚʘʣʠʩʴ ʥʘ ʚʳʩʦʪʫ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʣʴʜʘ.  

ɺʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʠʟ ʦʟʝʨʘ ʚ ʛʦʨʠʟʦʥʪ, ʩʪʘʥʦʚʠʣʘʩʴ ʚʩʝ ʙʦʣʝʝ ʧʨʝʩʥʦʡ. 

ʅʦ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʜʦʣʞʝʥ ʙʳʣ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʣʦʡ ʩʦʣʝʥʦʡ ʚʦʜʳ, 

ʦʪʞʘʪʦʡ ʧʨʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. ɺʦʟʤʦʞʥʦ ʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʥʫʪʨʠ ʦʯʝʥʴ 

ʚʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʫʱʝʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷ ʤʝʨʦʤʠʢʩʠʠ, ʢʦʛʜʘ ʧʦʩʪʫʧʘʶʱʘʷ ʚʩʝ 

ʙʦʣʝʝ ʧʨʝʩʥʘʷ ʚʦʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʘ ʙʦʣʝʝ ʩʦʣʝʥʘʷ ʠ ʧʣʦʪʥʘʷ 

(ʪʷʞʝʣʘʷ) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ? ʊʦʛʜʘ ʵʪʦ ʦʙʲʷʩʥʷʝʪ, ʯʪʦ ʣʝʜ (ʢʦʪʦʨʳʡ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʛʦʨʠʟʦʥʪʘ) ʩʪʘʥʦʚʠʣʩʷ ʚʩʝ ʙʦʣʝʝ ʧʨʝʩʥʳʤ 
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(ʠʟʦʪʦʧʥʦ ʣʝʛʢʠʤ), ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʣ ʟʘʩʦʣʝʥʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ, 

ʩʦʙʩʪʚʝʥʥʦ, ʠ ʷʚʣʷʣʩʷ ʦʜʥʠʤ ʙʦʣʴʰʠʤ ʢʨʠʦʧʵʛʦʤ. 

 

ʈʠʩ. 2.45. ʉʭʝʤʘ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʠʞʥʝʛʦ ʷʨʫʩʘ 

ʄʘʨʨʝ-ʉʘʣʝ: 1 ʧʝʩʯʘʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ; 2 ï ʛʣʠʥʳ; 3 ï ʛʨʘʥʠʮʘ ʤʝʨʟʣʳʭ 

ʧʦʨʦʜ; 4 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ; 5 ï ʧʦʪʦʢʠ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ; 6 ï ʢʨʠʦʛʝʥʥʦʝ ʦʪʞʘʪʠʝ 

ʩʦʣʝʡ; 7 ï ʢʨʠʦʧʵʛʠ 

ʉʦʯʝʪʘʥʠʝ ʥʘ ʗʤʘʣʝ ʚ ʦʜʥʦʤ ʨʘʟʨʝʟʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʢʨʠʦʧʵʛʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʦʛʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʣʝʡ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ (ʉʪʨʝʣʝʮʢʘʷ, ʃʝʡʙʤʘʥ, 2002) ʠ ʧʦʢʘʟʘʥʘ ʠʭ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʩʚʷʟʴ. ʕʪʘ ʞʝ ʩʚʷʟʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʧʨʠ ʥʘʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʣʴʜʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʠʤʝʝʪ ʦʙʱʠʝ ʯʝʨʪʳ ʩ ʦʟʝʨʥʦʡ ʛʠʧʦʪʝʟʦʡ, 

ʫʪʦʯʥʷʷ ʝʝ ʩ ʧʦʟʠʮʠʠ ʠʟʦʪʦʧʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʕʪʘ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʄʘʨʨʝ-ʉʘʣʝ, ʦʜʥʘʢʦ, ʰʠʨʦʢʦʝ 



мнп 
 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʗʤʘʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʥʦʛʠʝ 

ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʥʝʩʢʚʦʟʥʳʭ ʪʘʣʠʢʦʚ 

ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɽʩʣʠ ʚ ʪʘʣʠʢʝ ʙʳʣ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʦʜʳ ʚ 

ʣʠʥʟʝ, ʪʦ ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʥʝʝ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʦʯʝʪʘʥʠʷ 

ʨʘʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ ʪʘʢʦʡ 

ʣʠʥʟʳ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʣʴʜʘ, ʦʩʪʘʚʰʘʷʩʷ ʚʦʜʘ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ 

ʚʥʝʜʨʷʝʪʩʷ ʚ ʥʝʛʦ, ʬʦʨʤʠʨʫʷ ʠʥʲʝʢʮʠʦʥʥʳʝ ʰʪʦʢʠ (ʆʧʦʢʠʥʘ, 2010; ʉʣʘʛʦʜʘ ʠ 

ʜʨ., 2010, ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012, ɺʘʩʠʣʴʯʫʢ, 2011).  

2.3.3. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ 

ʕʪʦʪ ʨʘʟʜʝʣ ʪʘʢʞʝ ʥʘʧʠʩʘʥ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ ʩ 

ʧʦʟʠʮʠʡ ʠʟʦʪʦʧʥʦʡ ʠʥʜʠʢʘʮʠʠ (ʏʠʞʦʚʘ, ɺʘʩʠʣʴʯʫʢ, 2020). 

ʀʟʫʯʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ, 

ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʤʸʨʟʣʳʭ ʪʦʣʱʘʭ ʍʘʨʘʩʘʚʵʡʩʢʦʛʦ ɻʂʄ, 

ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʳʝ (ʦʙʲʝʤ ʜʦ 107 ʤ3) ʩʢʦʧʣʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʚ ʚʠʜʝ 

ʧʣʘʩʪʦʚ, ʣʠʥʟ, ʣʘʢʢʦʣʠʪʦʚ ʠ ʰʪʦʢʦʚ. ʇʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ, ʚʩʢʨʳʚʘʶʱʘʷʩʷ ʚʙʣʠʟʠ 

ʧʦʩ. ʍʘʨʘʩʘʚʵʡ, ʙʳʣʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʝʩʴʤʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʠ ʦʧʨʦʙʦʚʘʥʘ 

(ɺʘʩʠʣʴʯʫʢ, 1982; ʂʘʧʣʷʥʩʢʘʷ, 1982; ʆʨʣʷʥʩʢʠʡ, 1984; ʍʠʤʝʥʢʦʚ, 1985; 

ɺʝʣʠʢʦʮʢʠʡ, ʄʫʜʨʦʚ, 1985; ɼʘʥʠʣʦʚ, 1986; ɼʫʙʠʢʦʚ, 2002; ɹʝʣʦʚʘ, 2012). 

ʇʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ ʚ ʪʦʣʱʝ ʚʪʦʨʦʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʙʳʣʘ ʦʙʩʣʝʜʦʚʘʥʘ 

ʖ.ʂ.ɺʘʩʠʣʴʯʫʢʦʤ ʚ 1981 ʛ. ɺ ʙʝʨʝʛʦʚʦʤ ʫʩʪʫʧʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 300 ʤ 

ʚʩʢʨʳʚʘʝʪʩʷ ʤʦʱʥʘʷ ʧʘʯʢʘ ʪʝʤʥʦ-ʩʝʨʳʭ ʦʩʢʦʣʴʯʘʪʳʭ ʩʫʛʣʠʥʢʦʚ, ʠʟʨʝʜʢʘ 

ʧʝʨʝʢʨʳʪʘʷ 3-5-ʤʝʪʨʦʚʦʡ ʧʝʩʯʘʥʦʡ ʪʦʣʱʝʡ. ɺʳʩʦʪʘ ʦʙʥʘʞʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

10-12 ʜʦ 20-23 ʤ. ʆʪʣʦʞʝʥʠʷ ʨʘʟʨʝʟʘ ʩʫʛʣʠʥʠʩʪʳʝ, ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʣʴʜʠʩʪʦʩʪʴʶ; ʠʟʨʝʜʢʘ ʟʜʝʩʴ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʠ ʧʨʦʩʣʦʠ ʧʝʩʢʘ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5-1,0 ʤ. ɺ ʣʝʚʦʡ ʩʥʠʞʝʥʥʦʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʥʠʞʥʠʝ 2-3 ʤ 

ʨʘʟʨʝʟʘ ʦʪ ʫʨʝʟʘ ʩʣʦʞʝʥʳ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʣʘʩʪʦʚʳʝ ʣʝʜʷʥʳʝ ʠ ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʪʝʣʘ.  



мнр 
 

ɹʣʠʞʝ ʢ ʙʝʨʝʛʫ ʚ ʦʙʥʘʞʝʥʠʠ ʚʩʢʨʳʚʘʝʪʩʷ ʩʠʣʴʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʡ 

ʙʦʢʦʚʦʡ ʢʦʥʪʘʢʪ ʩʫʛʣʠʥʢʘ ʠ ʧʝʩʢʘ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʙʝʨʝʛʦʚʳʭ ʫʯʘʩʪʢʦʚ ʍʘʨʘʩʘʚʵʡʩʢʦʛʦ ɻʂʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʧʝʩʪʨʦʪʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʣʝʡ ʚ ʛʨʫʥʪʘʭ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʝ, ʧʝʨʝʭʦʜʥʦʡ ʦʪ ʤʦʨʷ ʢ ʩʫʰʝ. ʇʘʨʘʛʝʥʝʪʠʯʝʩʢʦʝ 

ʩʦʯʝʪʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʚ ʪʦʣʱʝ ʵʪʦʡ ʪʝʨʨʘʩʳ ʩ ʢʨʠʦʧʵʛʘʤʠ, 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 70 ʛ/ʣ ʠ ʙʦʣʝʝ, ʘ ʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʭʣʦʨʠʜʳ ʥʘʪʨʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʡ 

ʧʨʠʨʦʜʳ ʣʴʜʘ (ɺʘʩʠʣʴʯʫʢ, 2006).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ ʧʨʦʚʝʜʝʥʳ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ɺʉɽɻʀʅɻɽʆ ʣʝʪʦʤ 1978 ʛ. ɺ ʙʝʨʝʛʦʚʦʤ ʦʙʥʘʞʝʥʠʠ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ ʚʩʢʨʳʚʘʣʩʷ ʤʦʱʥʳʡ ʧʣʘʩʪ ʣʴʜʘ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 20 ʤ (ʂʨʠʮʫʢ, 2010). ʅʘ 

ʦʜʥʦʡ ʠʟ ʧʣʦʱʘʜʦʢ ʪʨʝʤʷ ʩʢʚʘʞʠʥʘʤʠ ʠʟ 13 ʙʳʣ ʚʩʢʨʳʪ ʯʠʩʪʳʡ ʧʨʝʩʥʳʡ ʣʝʜ 

ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 4 ʜʦ 8 ʤ. ʃʝʜʷʥʦʝ ʪʝʣʦ ʟʘʣʝʛʘʣʦ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 11 ʤ, ʠʤʝʣʦ 

ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʚʟʜʫʪʠʝʤ ʠ ʥʝʨʦʚʥʳʤʠ ʢʨʘʷʤʠ. 

ʄʦʱʥʦʩʪʴ ʝʛʦ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1,5-3 ʜʦ 5-6 ʤ; ʜʣʠʥʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʩʦʩʪʘʚʣʷʣʘ 

ʦʢʦʣʦ 80 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʜʦʩʪʠʛʘʣʘ 60 ʤ (ʨʠʩ. 2.46). 

 

ʈʠʩ. 2.46. ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʨʘʡʦʥʝ ʧʦʩ. 

ʍʘʨʘʩʘʚʵʡ (ʧʦ ʂʨʠʮʫʢ, 2010): 1 ï ʧʝʩʦʢ; 2 ï ʩʫʛʣʠʥʦʢ; 3 ï ʛʣʠʥʘ; 4 ï ʣʸʜ; 5 ï 

ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʘ; 6 ï ʩʢʚʘʞʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ, Áʉ; 7 ï ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʘʥʠʮʳ: ʘ ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʙ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 8 ï ʛʨʘʥʠʮʘ ʩʣʦʷ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʪʘʠʚʘʥʠʷ 



мнс 
 

ɺ ʮʝʥʪʨʝ ʣʠʥʟʳ ʙʳʣ ʦʧʠʩʘʥ ʧʨʦʟʨʘʯʥʳʡ ʤʦʥʦʣʠʪʥʳʡ ʣʝʜ, ʢʦʪʦʨʳʡ ʚʚʝʨʭ 

ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʣʩʷ ʤʫʪʥʦʚʘʪʦ-ʙʝʣʳʤ, ʧʫʟʳʨʯʘʪʳʤ, ʩʦʜʝʨʞʘʚʰʠʤ ʛʘʟʦʚʳʝ 

ʚʢʣʶʯʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʣʦ ʚ ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ. ʅʘ 

ʢʦʥʪʘʢʪʘʭ ʩ ʚʤʝʱʘʶʱʠʤ ʛʨʫʥʪʦʤ ʣʝʜʷʥʳʝ ʩʣʦʠ ʤʦʱʥʦʩʪʴʶ 1-1,5 ʤ ʙʳʣʠ 

ʦʙʦʛʘʱʝʥʳ ʛʨʫʥʪʦʚʳʤʠ ʯʘʩʪʠʮʘʤʠ.  

ɺʤʝʱʘʶʱʠʝ ʛʨʫʥʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʛʣʠʥʢʘʤʠ, ʛʣʠʥʘʤʠ ʠ 

ʧʝʩʢʘʤʠ, ʢʨʠʦʛʝʥʥʘʷ ʪʝʢʩʪʫʨʘ ʚ ʩʫʛʣʠʥʢʘʭ ʠ ʛʣʠʥʘʭ ʥʝʧʦʣʥʦʩʝʪʯʘʪʘʷ ʠ 

ʣʠʥʟʦʚʠʜʥʘʷ; ʚ ʧʝʩʢʘʭ ï ʤʘʩʩʠʚʥʘʷ. 

ʅʘ ʙʦʢʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʣʝʜʷʥʳʤ ʪʝʣʦʤ ʢʨʠʦʛʝʥʥʘʷ ʪʝʢʩʪʫʨʘ 

ʪʦʣʩʪʦʰʣʠʨʦʚʘʷ, ʢʦʩʦʩʣʦʠʩʪʘʷ (ʂʨʠʮʫʢ, 2010). ɺ ʍʘʨʘʩʘʚʵʝ ʧʦʤʠʤʦ ʵʪʦʛʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʝʜʷʥʳʝ ʟʘʣʝʞʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʡ ʬʦʨʤʳ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʦʥʢʠʤʠ ʣʠʥʟʘʤʠ 

ʠ ʧʨʦʩʣʦʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʄ.ɸ.ɺʝʣʠʢʦʮʢʦʛʦ ʠ ʖ.ɺ.ʄʫʜʨʦʚʘ (1985) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʟʘʣʝʛʘʶʪ ʩʦʛʣʘʩʥʦ ʩʣʦʠʩʪʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʣʠ 

ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʧʘʯʝʢ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʚʪʦʨʷʶʪ ʬʦʨʤʫ 

ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ ʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʝʨʭʥʠʤ ʯʘʩʪʷʤ ʠʭ 

ʢʨʳʣʴʝʚ ʠʣʠ ʢ ʟʘʤʢʘʤ ʩʢʣʘʜʦʢ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʯʘʩʪʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ 

(ʩʫʧʝʩʝʡ) ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʣʠʪʯʘʪʳʭ ʩʫʛʣʠʥʢʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʞʝ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʚ ʨʘʟʨʝʟʝ ʧʝʩʢʦʚ ʠ ʩʫʛʣʠʥʢʦʚ (ʛʣʠʥ) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʄʘʨʨʝ ʉʘʣʝ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʗʤʘʣʘ 

ʩʦʯʝʪʘʥʠʝ ʚ ʨʘʟʨʝʟʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʛʨʫʥʪʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ 

ʯʝʨʪʦʡ, ʢʦʪʦʨʘʷ, ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʦʡ ʦʙʱʥʦʩʪʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʣʦʞʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʢʦʤ ʦʙʱʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʣʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚʝʩʴʤʘ 

ʨʘʟʣʠʯʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʚʩʢʨʳʪʠʷ ʠ ʢʨʫʪʠʟʥʳ ʩʘʤʦʛʦ ʦʙʥʘʞʝʥʠʷ. 

ʄʥʦʛʠʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʩʦʩʪʦʷʪ ʠʟ ʯʝʨʝʜʦʚʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʩʣʦʝʚ 

ʣʴʜʘ ʠ ʛʨʫʥʪʘ. ɽʩʣʠ ʪʘʢʦʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚʩʢʨʳʚʘʝʪʩʷ ʚʜʦʣʴ ʧʨʦʩʪʠʨʘʥʠʷ, 



мнт 
 

ʦʩʦʙʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ ʢʨʫʪʦʛʦ ʧʘʜʝʥʠʷ ʢʨʳʣʘ ʩʢʣʘʜʢʠ, ʪʦ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʚʩʝʛʦ ʦʜʠʥ - ʜʚʘ ʩʣʦʷ ʣʴʜʘ, ʩʦʟʜʘʚʘʷ ʚʧʝʯʘʪʣʝʥʠʝ 

ʤʦʱʥʳʭ ʧʣʘʩʪʦʚʳʭ ʪʝʣ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʠʭ ʪʦʣʱʠʥʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʦʪ 5 ʜʦ 20 ʩʤ, ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʙʣʶʜʝʥʠʷʤʠ ʄ.ɸ. ɺʝʣʠʢʦʮʢʦʛʦ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʟʘ ʧʨʦʪʷʞʝʥʥʳʤ (ʙʦʣʝʝ 1 ʢʤ) ʦʙʨʳʚʦʤ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ. 

ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʘ ï ʦʪ 0,2-0,6 ʜʦ 3-5 ʤ. ʇʦ 

ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 4-10 ʜʦ 50-

150 ʤ. ʊʦʥʢʘʷ ʩʣʦʠʩʪʦʩʪʴ ʚʥʫʪʨʠ ʧʣʘʩʪʦʚ ʣʴʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ, ʢʘʢ ʠ ʩʘʤʠ 

ʧʣʘʩʪʳ, ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʦʠʩʪʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʣʝʜʷʥʳʝ ʧʣʘʩʪʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʣʝʛʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʟʘʪʝʤ 

ʚʤʝʩʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʙʳʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ. ʉʣʦʠʩʪʦʩʪʴ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ï ʠʭ ʭʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʦʩʣʦʡʢʘʤʠ ʦʪ 0,22-0,5 ʤʤ ʜʦ 3-5 ʩʤ ʩʫʧʝʩʝʡ ʠ ʧʝʩʢʦʚ. ʇʨʦʩʣʦʡʢʠ ʥʝ 

ʚʳʜʝʨʞʘʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʡʤʣʷʶʪ ʧʣʦʩʢʠʝ ʣʠʥʟʳ ʣʴʜʘ 

ʪʦʣʱʠʥʦʡ ʦʪ 3-5 ʜʦ 50 ʩʤ ʠ ʜʣʠʥʦʡ ʦʪ 0,5 ʜʦ 1,5 ʤ. ɹʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʠʧʘ ʣʴʜʘ. ʇʝʨʚʳʡ ʪʠʧ. ʏʠʩʪʳʡ, ʧʨʦʟʨʘʯʥʳʡ (ʩʪʝʢʣʦʚʠʜʥʳʡ) ʣʝʜ 

ʩ ʨʝʜʢʠʤʠ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʜʠʘʤʝʪʨʦʤ ʦʪ 2-5 ʜʦ 10 ʤʤ. ʀʥʦʛʜʘ ʚʦ ʣʴʜʫ 

ʦʪʤʝʯʘʶʪʩʷ ʟʘʤʫʪʥʝʥʥʳʝ ʛʨʫʥʪʦʤ ʧʨʦʩʣʦʡʢʠ ʠ ʦʪʜʝʣʴʥʳʝ ʢʦʤʦʯʢʠ ʛʨʫʥʪʘ. 

ɺʪʦʨʦʡ ʪʠʧ. ʄʫʪʥʳʡ, ʥʝʧʨʦʟʨʘʯʥʳʡ ʣʝʜ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ ʩʦ ʤʥʦʞʝʩʪʚʦʤ 

ʚʢʣʶʯʝʥʠʡ ʠʟ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ. ʅʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʩʧʣʶʱʝʥʥʳʝ 

ʧʫʟʳʨʴʢʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 0,3 ʤʤ ʜʦ 1-2 ʩʤ ʠ ʪʦʣʱʠʥʦʡ ʦʪ 0,5 ʜʦ 1,0 ʤʤ, ʪʘʢ ʠ 

ʦʚʘʣʴʥʳʝ ʨʘʟʤʝʨʦʤ 1-5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɺ ʵʪʦʤ ʣʴʜʫ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʦʩʣʦʡʢʠ ʠ ʦʪʜʝʣʴʥʳʝ ʢʦʤʦʯʢʠ ʩʫʛʣʠʥʢʦʚ. ʊʨʝʪʠʡ ʪʠʧ. ʉʣʦʠʩʪʳʡ ʣʝʜ 

(ʣʝʜʦʛʨʫʥʪ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʨʦʩʣʦʝʚ ʣʴʜʘ, ʩʫʧʝʩʠ, ʧʝʩʢʘ, 

ʠʥʦʛʜʘ ʦʨʛʘʥʠʢʠ. ʃʝʜʷʥʳʝ ʧʨʦʩʣʦʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʪʳʤ, ʧʨʦʟʨʘʯʥʳʤ 

ʣʴʜʦʤ ʪʦʣʱʠʥʦʡ ʦʪ 1-2 ʤʤ ʜʦ 10 ʩʤ, ʩ ʥʝʨʦʚʥʳʤʠ ʨʘʩʧʣʳʚʯʘʪʳʤʠ ʢʨʘʷʤʠ ʠ 

ʥʘʩʳʱʝʥʳ ʫʜʣʠʥʝʥʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʧʫʟʳʨʴʢʘʤʠ (ʰʠʨʠʥʦʡ 1-2 ʤʤ ʠ ʜʣʠʥʦʡ 

ʜʦ 10 ʩʤ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʦʧʝʨʝʢ ʩʣʦʠʩʪʦʩʪʠ. ʇʨʦʩʣʦʠ ʦʨʛʘʥʠʢʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʠʤʝʶʪ ʥʝʯʝʪʢʠʝ, ʨʘʩʧʣʳʚʯʘʪʳʝ, ʭʣʦʧʴʝʚʠʜʥʳʝ 

ʦʯʝʨʪʘʥʠʷ. ʏʘʩʪʦ ʩʫʧʝʩʠ ʠ ʧʝʩʢʠ ʦʙʨʘʟʫʶʪ ʤʝʣʢʠʝ ʧʣʦʩʢʠʝ ʣʠʥʟʦʯʢʠ. ʀ.ɼ. 



мну 
 

ɼʘʥʠʣʦʚ (1986) ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚʳʩʦʢʘʷ ʪʝʨʨʘʩʘ ʩ ʧʣʘʩʪʦʚʳʤʠ ʣʴʜʘʤʠ ʚ ʚʝʨʭʥʝʡ 

ʩʚʦʝʡ ʧʦʣʦʚʠʥʝ ʩʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚʦʣʥʠʩʪʦ- ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʤʠ 

ʣʝʥʪʦʯʥʦ-ʧʦʜʦʙʥʳʤʠ ʛʣʠʥʘʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ, ʧʝʨʝʢʨʳʪʳʤʠ ʤʝʣʢʠʤʠ ʧʝʩʢʘʤʠ 

ʩ ʬʘʫʥʦʡ ʤʦʨʩʢʠʭ ʤʦʣʣʶʩʢʦʚ. ʇʝʩʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪʩʷ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʩʫʧʝʩʷʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʣʠʟ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʦʛʜʘ ʨʘʟʚʠʪʳ ʤʘʣʦʤʦʱʥʳʝ ʪʦʨʬʷʥʠʢʠ. ʅʠʞʥʷʷ ʧʦʣʦʚʠʥʘ 

ʨʘʟʨʝʟʘ ï ɻʪʦ ʣʝʜʦʛʨʫʥʪʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟʦ ʣʴʜʘ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ 

ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ. ɺʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʙʝʟʚʘʣʫʥʥʳʤʠ. 

ɽʜʠʥʠʯʥʘʷ ʤʝʣʢʘʷ ʛʘʣʴʢʘ ʠ ʛʨʘʚʠʡ ʩʦʜʝʨʞʘʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʦʠʩʪʳʭ 

ʣʝʥʪʦʯʥʦʧʦʜʦʙʥʳʭ ʛʣʠʥʘʭ ʠ ʩʫʛʣʠʥʢʘʭ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʛʦ ʪʝʨʨʘʩʦʚʦʛʦ 

ʫʨʦʚʥʷ ʚ ʧʝʩʯʘʥʳʭ ʨʘʟʜʫʚʘʭ ʦʪʤʝʯʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ñʙʘʥʢʦʚʳʝò 

ʩʢʦʧʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʬʘʫʥʳ ʤʦʨʩʢʠʭ ʤʦʣʣʶʩʢʦʚ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʨʘʢʦʚʠʥ Serripes groenladicus (Bruguiere). ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ 

ʨʘʢʦʚʠʥʳ Neptunea ventricosa (Gmelin), ʄʫʘ pseudoarenaria Schlesch, Plicifusus 

kroyeri (Mollier), Buccinum maltzani Pfeffer, Cryptonatica sp. (ʦʧʨʝʜʝʣʝʥʠʷ 

ʆ.ʄ.ʇʝʪʨʦʚʘ). 

ʇʝʩʢʠ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʨʘʢʦʚʠʥʳ ʬʦʨʘʤʠʥʠʬʝʨ, ʧʨʦʩʣʦʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʜʝʪʨʠʪʘ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʪʦʨʬʘ. ɹʣʠʟ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ, ʧʝʩʢʠ 

ʩʣʘʛʘʶʪ ʧʦʯʪʠ ʚʝʩʴ ʚʠʜʠʤʳʡ ʨʘʟʨʝʟ ʪʝʨʨʘʩʳ, ʪ.ʝ. ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪ 

ʣʝʥʪʦʯʥʦ-ʩʣʦʠʩʪʳʝ ʩʫʛʣʠʥʢʠ ʠ ʛʣʠʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ 

ʛʦʚʦʨʠʪʴ ʦ ʥʘʢʦʧʣʝʥʠʠ ʪʝʭ ʠ ʜʨʫʛʠʭ ʚ ʫʩʣʦʚʠʷʭ ʝʜʠʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʜʦʝʤʘ, ʥʦ 

ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʀʤʝʶʱʠʝʩʷ ʚʦʣʥʠʩʪʳʝ ʥʝʨʦʚʥʦʩʪʠ 

ʢʨʦʚʣʠ ʣʴʜʠʩʪʳʭ ʧʝʩʢʦʚ ʩʦʛʣʘʩʥʦ ʦʙʣʝʢʘʶʪʩʷ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚʳʰʝʣʝʞʘʱʠʤʠ 

ʩʣʦʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʕʪʦ, ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʀ.ɼ. ɼʘʥʠʣʦʚʘ (1986), ʷʚʥʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʟʘʭʦʨʦʥʝʥʠʠ ʚ ʩʣʘʛʘʶʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʷʭ 

ʦʩʪʘʪʢʦʚ ʜʨʝʚʥʠʭ ʣʝʜʥʠʢʦʚʳʭ ʧʦʢʨʦʚʦʚ. ʃʴʜʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʢʠ) ʚ ʦʩʥʦʚʘʥʠʠ ʦʙʨʳʚʦʚ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʠʩʪʳʡ ʣʝʜʦʛʨʫʥʪ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʧʝʨʚʠʯʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʪʝʢʩʪʫʨʳ, ʪ.ʝ. ʵʪʦ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 



мнф 
 

ʥʘʩʳʱʝʥʥʳʝ ʣʴʜʦʤ ʚ ʦʩʥʦʚʥʦʤ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ (ɼʘʥʠʣʦʚ, 1986). 

ʅʘʙʣʶʜʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʙʫʨʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʇʅʀʀʀʉʘ ʥʘ ʍʘʨʘʩʘʚʵʡʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʣʝʞʠ ʣʴʜʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ 

ʦʪʣʦʞʝʥʠʷʭ III, II ʠ I ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ. ʈʝʞʝ ʦʥʠ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʤʦʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʦʜ ʘʣʣʶʚʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʡʤʳ ʠ ʚ ʨʘʟʨʝʟʘʭ ʧʣʷʞʘ ʠ ʤʦʨʩʢʦʡ 

ʣʘʡʜʳ. ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ɻ.ʀ. ɼʫʙʠʢʦʚʘ ʢʨʦʚʣʷ ʣʴʜʦʚ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 

3-4 ʤ ʜʦ 10-15 ʤ, ʧʦʜʦʰʚʘ ï ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʠʣʠ ʥʠʞʝ. ʄʦʱʥʦʩʪʴ ʣʴʜʦʚ 

ʜʦʩʪʠʛʘʝʪ 5-10 ʤ, ʨʝʜʢʦ ʙʦʣʝʝ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ-ʩʦʪʥʷʤʠ 

ʤʝʪʨʦʚ. 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʃ.ʅ. ʂʨʠʮʫʢ, ɻ.ʀ. ɼʫʙʠʢʦʚʳʤ ʠ ɺ.ʅ. ʇʦʣʷʢʦʚʳʤ (ʂʨʠʮʫʢ ʠ ʜʨ., 

1986), ʧʦʢʘʟʘʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ŭ2H ʠ ŭ18ʆ ʚ 

ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʚ ʪʦʣʱʝ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ 

(ī10,6ă) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʘʨʠʘʮʠʡ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ ʠʟ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ (ŭ18ʆ 

ʚʘʨʴʠʨʫʝʪ ʦʪ ī13,4 ʜʦ ī18,4ă), ʭʦʪʷ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʥʠʭ ʚʝʩʴʤʘ 

ʩʭʦʞʠ ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 10-90 ʤʛ/ʣ. ʋʯʠʪʳʚʘʷ ʜʘʪʠʨʦʚʢʠ ʚ ʨʘʟʨʝʟʝ 

ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ ʦʢʦʣʦ 9 ʪʳʩ. ʣʝʪ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʸʜ ʛʦʣʦʮʝʥʦʚʳʤ. ɼʣʷ ʵʪʠʭ 

ʣʴʜʦʚ (ʪʘʙʣ. 2.10) ʨʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʘʭ ŭ18ʆ ʣʴʜʘ ʥʘ I ʠ III ʪʝʨʨʘʩʝ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʦʣʦʮʝʥʦʚʳʤ ʠ ʙʦʣʝʝ ʩʪʘʨʰʠʤ ʣʴʜʦʤ (ʚʦʟʤʦʞʥʦ, 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤ), ʚ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʥʝ ʦʪʨʘʞʘʝʪ 

ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʦʣʦʮʝʥʦʤ ʠ ʧʦʟʜʥʠʤ 

ʧʣʝʡʩʪʦʮʝʥʦʤ. ɸ ʩʚʷʟʘʥʘ ʩ ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʜʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ.  

ʃʴʜʳ ʥʘ I ʪʝʨʨʘʩʝ ʢʘʢ ʙʦʣʝʝ ʤʦʣʦʜʳʝ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʩʣʝ ʚʳʭʦʜʘ 

ʪʝʨʨʠʪʦʨʠʠ ʠʟ-ʧʦʜ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʜʥʝʝ ʣʴʜʦʚ III ʪʝʨʨʘʩʳ, 

ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʣʘʡʜʳ ʠʟ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʣʘʩʴ ʩʤʝʩʴʶ 

ʤʦʨʩʢʦʡ ʠ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ. 



мол 
 

ʊʘʙʣʠʮʘ 2.10. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ ʫ ʧʦʩ. 

ʍʘʨʘʩʘʚʵʡ (ʠʟ ɼʫʙʠʢʦʚ, 2002) 

ʄʝʩʪʦ ʦʪʙʦʨʘ ŭĮH, ă ŭĭ O, ă 

ʇʣʘʩʪʦʚʳʡ ʣʸʜ, I ʤʦʨʩʢʘʷ ʪʝʨʨʘʩʘ 

ʇʣʘʩʪʦʚʳʡ ʣʸʜ II ʪʠʧʘ (ʛʣʫʙʠʥʘ 5 ʤ) ï112 ï10,6 

ʇʣʘʩʪʦʚʳʡ ʣʸʜ, III ʪʝʨʨʘʩʘ, ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ 

ʇʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ ʩʣʦʞʥʦʛʦ ʪʠʧʘ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʩʝʛʨʝʛʘʮʠʠ ʠ ʠʥʲʝʢʮʠʠ 
ï134 ï16,8 

ʃʸʜ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ï123 ï13,4 

ʃʸʜ ʩʣʦʞʥʦʛʦ ʪʠʧʘ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʩʝʛʨʝʛʘʮʠʠ ʠ ʠʥʲʝʢʮʠʠ 
ï141 ï18,4 

ʃʸʜ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʪʠʧʘ ï140 ï18,1 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʦʨʩʢʦʡ ʣʸʜ ï43 ï3,4 

 

ʃʴʜʳ III ʪʝʨʨʘʩʳ, ʥʘʭʦʜʷʩʴ ʥʘ ʚʳʩʦʢʦʤ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʜʘʞʝ 

ʝʩʣʠ ʦʥʠ ʚʩʢʨʳʚʘʶʪʩʷ ʜʦ ʛʣʫʙʠʥʳ 20-30 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ ʠʟʦʣʷʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʤʦʨʷ ʠ ʠʟ ʧʨʝʩʥʦʡ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ (ʦʟʝʨʥʘʷ, ʨʝʯʥʘʷ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ ʵʪʠ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʣʴʜʘʤʠ, ʩʚʦʠʤʠ ʠʟʦʪʦʧʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʣʠʟʢʠʤʠ ʢʦ ʣʴʜʫ I ʪʝʨʨʘʩʳ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʣʘʡʜʳ ʠʣʠ ʧʝʨʚʦʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʤʦʨʩʢʠʤʠ ʦʟʝʨʘʤʠ, 

ʧʦʪʝʨʷʚʰʠʤʠ ʩʚʷʟʴ ʩ ʤʦʨʝʤ ʠ ʦʧʨʝʩʥʷʝʤʳʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʊʦʛʜʘ 

ʥʘ ʝʱʝ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ (ʥʠʞʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ) ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʠʦʧʵʛʦʚ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ 

ʫʢʘʟʳʚʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ 

ʠʩʢʣʶʯʘʶʪ ʣʝʜʥʠʢʦʚʫʶ ʧʨʠʨʦʜʫ ʣʴʜʘ, ʘ ʥʠʟʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʣʘʩʪʦʚ ï ʜʦ 90 

ʤʛ/ʣ (ɼʫʙʠʢʦʚ, 2002) ʠʩʢʣʶʯʘʝʪ ʟʘʭʦʨʦʥʝʥʠʝ ʤʦʨʩʢʦʛʦ ʣʴʜʘ. ʅʦ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ 

ʚʝʣʠʯʠʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʩʢʣʶʯʘʝʪ ʟʘʭʦʨʦʥʝʥʠʝ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʥʦ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ. ʇʝʨʚʦʝ, ʯʪʦ ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ï ɻ ʪʦ ʷʚʥʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʭʣʦʨʘ ʚʦ ʚʩʝʭ ʦʧʨʦʙʦʚʘʥʥʳʭ ʪʠʧʘʭ ʣʴʜʘ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʳ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ (ʚ %-ɻ ʢʚ.) ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʤʦʨʩʢʦʤʫ ʣʴʜʫ. ɺʪʦʨʦʡ ʤʦʤʝʥʪ ï 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʘʪʨʠʷ ʥʘʜ ʤʘʛʥʠʝʤ, ʘ ʤʘʛʥʠʷ ʥʘʜ ʢʘʣʴʮʠʝʤ. ʕʪʦ ʪʠʧʠʯʥʦ 



мом 
 

ʤʦʨʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʦʚ. ɻ.ʀ. ɼʫʙʠʢʦʚ ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ʧʨʠʚʦʜʠʪ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʚ 

ʩʦʣʝʚʦʤ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʜʣʷ ʤʦʨʩʢʠʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ: Cl->>SO4
2->HCO3

- ʠ Na+>>Mg2+>Ca2+ (ɼʫʙʠʢʦʚ, 2002). ʂʘʢ ʚʠʜʠʤ, 

ʜʣʷ ʚʩʝʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ, ʧʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʨʩʢʫʶ ʧʨʠʨʦʜʫ ʚʦʜʳ.  

ɿʥʘʯʝʥʠʷ ŭ18O, ʧʦʣʫʯʝʥʥʳʝ ʅ.ɻ. ɹʝʣʦʚʦʡ ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ, ʠʟʤʝʥʷʶʪʩʷ 

ʦʪ ī18,6 ʜʦ ī26,3ă (ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ ī21,9ă). ɺ ʣʠʥʟʘʭ ʣʴʜʘ ʥʘʜ ʣʝʜʷʥʳʤ 

ʧʣʘʩʪʦʤ ʟʥʘʯʝʥʠʷ ŭ18O ʚʘʨʴʠʨʫʶʪ ʦʪ ī15,3 ʜʦ ī20,9ă (ʨʠʩ. 2.47).  

 

ʈʠʩ. 2.47. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ŭ18O ʚ ʪʦʣʱʝ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ 

ʠ ʚ ʰʣʠʨʘʭ ʠʟ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʚʫʭ ʨʘʟʨʝʟʘʭ ʫ ʧʦʩ. ʍʘʨʘʩʘʚʵʡ. ʇʦ 

ʅ.ɻ. ɹʝʣʦʚʦʡ (2014): 1 ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ; 2 ï ʟʥʘʯʝʥʠʷ ŭ18O. 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʣʝʛʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ 

ʙʣʠʞʝ ʢ ʧʦʜʦʰʚʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʣʸʜ ʠʟʦʪʦʧʠʯʝʩʢʠ ʪʷʞʝʣʝʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʧʣʘʩʪʘ ʠ ʚ ʣʝʜʷʥʳʭ ʣʠʥʟʘʭ ʥʘʜ ʥʠʤ. ɿʥʘʯʝʥʠʷ ŭ18O ʚ ʰʣʠʨʦʚʳʭ ʣʴʜʘʭ, ʚ 

ʩʝʪʯʘʪʳʭ ʪʝʢʩʪʫʨʥʳʭ ʣʴʜʘʭ ʚ ʛʣʠʥʘʭ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʦʙʥʘʞʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ 

ī13,8 ʜʦ ī21,5ă, ʦʥʠ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ ŭ18O ʚ ʣʠʥʟʘʭ ʥʘʜ ʧʣʘʩʪʦʤ. ɿʥʘʯʝʥʠʷ 

ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ dexc ʚʳʰʝ ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ʠ ʚ ʣʠʥʟʘʭ ʥʘʜ ʥʠʤ (ʛʜʝ ʦʥ 



мон 
 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 8,4 ʠ 6,0ă), ʠ ʥʠʞʝ ʚ ʰʣʠʨʦʚʳʭ ʣʴʜʘʭ (4,4ă). ʇʦ 

ʟʘʢʣʶʯʝʥʠʶ ʅ.ɻ.ɹʝʣʦʚʦʡ ʠ ɺ.ʀ.ʉʦʣʦʤʘʪʠʥʘ ï ɻ ʪʦʪ ʣʸʜ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

(ɹʝʣʦʚʘ, 2012).  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʪʷʞʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18O ʚ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʣʘʩʪʦʚʫʶ ʟʘʣʝʞʴ ʰʣʠʨʘʭ ʠ ʣʠʥʟʘʭ ʣʴʜʘ (ʦʪ ī13 ʜʦ ī20ă ʚ 

ʣʠʥʟʘʭ ʠ ʰʣʠʨʘʭ, ʠ ʦʪ ī20,5 ʜʦ ī26,3ă ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ). 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʟʨʝʟʝ ʥʘ ʩʝʚʝʨʥʦʤ ʙʦʨʪʫ ʦʙʥʘʞʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʱʠʝ 

ʧʣʘʩʪʦʚʦʝ ʪʝʣʦ ʣʠʥʟʳ (ŭ18O ʦʪ ī17 ʜʦ ī20,6ă) ʩʤʷʪʳ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʥʘʜ 

ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ (ŭ18O ʦʪ ī22,7 ʜʦ ī26,3ă), ʘ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʵʪʠ ʜʠʩʣʦʢʘʮʠʠ ʚʦʟʥʠʢʣʠ ʣʠʙʦ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʪʝʣʘ (ʪʦʛʜʘ 

ʧʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʩʣʝ ʣʠʥʟ) ʣʠʙʦ ʫʞʝ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʝʜʷʥʦʛʦ ʪʝʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʘʥʠʷ ʧʦ ʢʨʦʚʣʝ ʟʘʣʝʞʠ. ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʳ ʜʚʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʣʴʜʦʚ: 1 ï ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ŭ18O (ʠ ŭ2H); 2 ï 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʣʴʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʴʜʘ ʚ 

ʨʘʟʨʝʟʝ, ʦʜʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ. 

ʇʨʠʚʣʝʢʘʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʝʚʟʠʨʘʷ 

ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʣʴʜʘ, ʠ ʨʘʟʥʳʝ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʧʦ ʩʝʢʮʠʷʤ ʦʪʙʦʨʘ ʧʨʦʙ (ʶʞʥʳʡ ʙʦʨʪ, ʩʝʚʝʨʥʳʡ 

ʙʦʨʪ), ʪʦ ʟʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ ʣʴʜʘ ʨʘʟʥʳʭ ʩʝʢʮʠʡ ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʙʣʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (ʨʠʩ. 

2.48ʘ).  

ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʪʠʧʘʤ ʣʴʜʘ (ʧʣʘʩʪʦʚʳʡ 

ʣʝʜ, ʰʣʠʨʳ, ʣʠʥʟʳ), ʪʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʦʯʝʥʴ 

ʙʣʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʘ ʣʠʥʠʠ ʪʨʝʥʜʘ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʴʜʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ (ʨʠʩ. 2.48ʙ). 



моо 
 

 

ʈʠʩ. 2.48. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2H - ŭ18O ʜʣʷ ʦʙʨʘʟʮʦʚ ʣʴʜʘ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʘʟʥʳʭ 

ʩʝʢʮʠʷʭ ʪʝʨʤʦʮʠʨʢʘ (ʘ) ʠ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ, ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʧʦ ʪʠʧʫ ʣʴʜʘ - 

ʣʠʥʟʳ, ʰʣʠʨʳ, ʧʣʘʩʪʦʚʳʡ ʣʝʜ (ʙ) (ʧʦ ʜʘʥʥʳʤ ʠʟ ɹʝʣʦʚʘ, 2014) 
 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʘʭ ʚ ʫʨʘʚʥʝʥʠʷʭ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʛʨʘʬʠʯʝʩʢʠ ʚʩʝ ʠʟʦʪʦʧʥʳʭ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʦʙʨʘʟʮʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ 

ʣʠʥʠʠ. ʕʪʘ ʣʠʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ŭ2H = 7,4 ŭ18O ī 4,77 (RĮ = 0,99). ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʠʤʝʥʥʦ ʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚʩʝʛʦ ʣʴʜʘ, ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʚ 

ʍʘʨʘʩʘʚʵʝ ʅ.ɻ. ɹʝʣʦʚʦʡ (2014). ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ 

(ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʠʤ ʦʙʱʠʤ ʪʨʝʥʜʦʤ) ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʣʠʥʝʡʥʦʩʪʴ ʩ ʤʘʣʳʤ ʨʘʟʙʨʦʩʦʤ (ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʣʠʥʠʠ) 

ʟʥʘʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩʘ ʣʴʜʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦ ʣʴʜʘʤ ʍʘʨʘʩʘʚʵʷ ʩ RĮ = 

0,99 ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʉʘʤ ʥʘʢʣʦʥ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʨʘʚʥʳʡ 

7,4 (ŭ2H = 7,4 ŭ18O ï 4,77) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʨʟʘʥʠʶ ʚʦʜʳ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʨʘʟʨʝʟʝ ʩʝʚʝʨʥʦʛʦ ʙʦʨʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʣʠʥʟ ʠ ʩʘʤʦʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ, ʦʙʱʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥ ŭ2H ʠ ŭ18ʆ ʩʦʩʪʘʚʠʣ 9,25ă, ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚʳʨʘʞʝʥ 

ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ (ʨʠʩ. 2.49) ŭ2H = 7,23 ŭ18O ï 8,17 (RĮ = 0,99). ʇʦ ʵʪʦʤʫ ʨʘʟʨʝʟʫ 



моп 
 

ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ 8 ʟʥʘʯʝʥʠʡ (ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ), ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 3 ʦʪʥʦʩʷʪʩʷ 

ʢ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʦʪʦʧʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʩʪʘʚʠʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʦʚ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ 

ʣʠʥʝʡʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʠ ʩʝʚʝʨʥʳʡ, ʠ ʶʞʥʳʡ ʠ 

ʮʝʥʪʨʘʣʴʥʳʡ ʙʦʨʪ, ʠ ʚʩʝ ʪʠʧʳ ʣʴʜʘ) ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʯʠʪʘʪʴ 

ʚʳʚʦʜ ʦʙ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʚ ʍʘʨʘʩʘʚʵʝ 

ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ 

ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ. ɽʩʣʠ ʚʳʧʦʣʥʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ dexc-ŭ
2H (ʨʠʩ. 2.49ʙ), ʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʪʦʧʥʳʤ ʚʘʨʠʘʮʠʷʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦ ʦʙʨʘʟʮʘʤ ʣʴʜʘ: ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʦ ʧʦʜʟʝʤʥʦʤʫ ʣʴʜʫ 

ʬʦʨʤʠʨʫʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʪʨʝʥʜ ʚ ʢʦʦʨʜʠʥʘʪʘʭ dexc-ŭ
2H. 

 

ʈʠʩ. 2.49. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2H-ŭ18ʆ (ʘ) ʠ dexc-ŭ
2H (ʙ) ʚʦ ʣʴʜʫ ʨʘʟʨʝʟʘ ʩʝʚʝʨʥʦʛʦ 

ʙʦʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʴʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. 

ʩʚʦʙʦʜʥʦʛʦ ʧʦʜʪʦʢʘ ʚʦʜʳ ʠʟ ʙʦʣʴʰʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ɸ ʪʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ŭ18ʆ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ ī13,8 ʜʦ ī26,3ă ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ ʤʝʥʷʣʩʷ. ɺʳʰʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʘʟʨʝʟʘʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ 

ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʫ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʦʧʨʝʩʥʝʥʥʳʝ ʤʦʨʩʢʠʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʩʪʝʧʝʥʥʦ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʧʨʝʩʥʷʣʠʩʴ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ɿʜʝʩʴ ʤʳ 



мор 
 

ʥʘʙʣʶʜʘʝʤ ʪʘʢʫʶ ʞʝ ʢʘʨʪʠʥʫ. ʇʨʦʣʦʥʛʠʨʦʚʘʥʥʳʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 2.50) ʧʦ ʦʙʨʘʟʮʘʤ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ ʚ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ŭ2H ʠ ŭ18ʆ ʧʝʨʝʩʝʢʘʝʪ ʪʦʯʢʫ ʥʝʦʧʨʝʩʥʝʥʥʳʭ ʚʦʜ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩ. 50ʘ) ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ 

ʣʠʥʠʝʡ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʧʨʝʩʥʳʭ ʚʦʜ. ʍʦʪʷ ʦʙʨʘʟʮʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʙʣʠʟ 

ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ18O ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʍʘʨʘʩʘʚʵʡʩʢʠʤ ʣʴʜʦʤ, ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʦʥʠ ʧʦʣʥʦʩʪʴʶ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ (ʨʠʩ. 50ʙ). 

 

ʈʠʩ. 2.50. ʉʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ2H ʠ ŭ18ʆ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ ʍʘʨʘʩʘʚʵʷ (ʧʦ 

ʜʘʥʥʳʤ ʠʟ ɹʝʣʦʚʘ, 2014): ʘ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʜʘʥʥʳʭ 

ɼʫʙʠʢʦʚ, 2001; ʙ ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ ʙʣʠʟ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-ʉʘʣʝ 

(ʧʦ ʜʘʥʥʳʤ ʠʟ ʆʙʣʦʛʦʚ, 2016). 
 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ 

ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʩʘʤʳʝ ʧʝʨʚʳʝ ʣʠʥʟʳ ʣʴʜʘ (ŭ18O ʣʴʜʘ = ī13,85ă), ʪʦ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʜʦʣʶ ʤʦʨʩʢʦʛʦ ʠ ʧʨʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʘʯʘʣʴʥʘʷ ʚʦʜʘ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʜʘ-ʣʝʜ (Lehmann, Siegenthaler, 1991), ʜʦʣʞʥʘ ʙʳʣʘ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ ŭ18O = 

ī16,75ă. ʕʪʦ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʤʳ ʧʦʣʘʛʘʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʩʤʝʰʝʥʠʝʤ ʩʦʣʝʥʦʛʦ ʤʦʨʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ŭ18O= ī7,8ă 

(ʂʘʨʩʢʦʝ ʤʦʨʝ, ʠʟ ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2017) ʠ ʧʨʝʩʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʦ 

ʟʥʘʯʝʥʠʝʤ ŭ18O= ī26ă. ɿʘ ʧʨʝʩʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʩʘʤʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ŭ18O ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʦʜʟʝʤʥʦʤ ʣʴʜʫ 



мос 
 

ʍʘʨʘʩʘʚʵʷ ʢʘʢ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ. ʈʝʰʘʷ 

ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ, ʥʘʭʦʜʠʤ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʚʦʜʘ ʷʚʣʷʣʘʩʴ ʥʘ 50% ʤʦʨʩʢʦʡ 

ʚʦʜʦʡ ʠ ʥʘ 50% ʘʪʤʦʩʬʝʨʥʦʡ. ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʧʨʦʧʦʨʮʠʠ ʵʪʘ ʩʤʝʩʴ ʜʦʣʞʥʘ 

ʙʳʣʘ ʩʦʜʝʨʞʘʪʴ ʧʦʨʷʜʢʘ 6 ʛ/ʣ ʤʦʨʩʢʠʭ ʩʦʣʝʡ (ʫʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ 

ʚʦʜʳ ʂʘʨʩʢʦʛʦ ʤʦʨʷ =17 ʛ/ʣ ʠʟ ɼʫʙʠʥʠʥʘ ʠ ʜʨ., 2017). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ 

ʍʘʨʘʩʘʚʵʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʥʘʯʘʣʦʩʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ 

ʦʧʨʝʩʥʝʥʠʠ ʣʘʡʜʦʚʦʛʦ ʦʟʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʘʨʨʝ-ʉʘʣʝ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʦʜʟʝʤʥʳʝ ʣʴʜʳ ʍʘʨʘʩʘʚʵʷ ʠʤʝʶʪ ʥʝ ʛʣʷʮʠʘʣʴʥʳʡ 

ʛʝʥʝʟʠʩ, ʘ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ, ʭʦʪʷ ʯʠʩʣʝʥʥʦ ʟʥʘʯʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ 

ʍʘʨʘʩʘʚʵʷ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʙʣʠʞʘʡʰʠʭ ʘʨʭʠʧʝʣʘʛʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʷ ŭ18ʆ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʢʝʨʥʘ ʩ ʢʫʧʦʣʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʥʘ ʉʝʚʝʨʥʦʡ ɿʝʤʣʝ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʙʦʪʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʛʣʷʮʠʦʣʦʛʦʚ ʚ 

ʢʦʥʮʝ 1980ïʭ ʛʦʜʦʚ, ʚʘʨʴʠʨʫʶʪ ʦʪ ī18,2 ʜʦ ī22,3ă (Kotlyakov et al., 2004). ɺ 

ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʣʴʜʘ ʢʝʨʥʘ ʩ ʢʫʧʦʣʘ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʝʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʘʨʠʘʮʠʷʭ ʟʥʘʯʝʥʠʡ ŭ2H 

ʦʪ ī122,1 ʜʦ ī183,1ă ʠ ŭ18ʆ ʦʪ ī16,6 ʜʦ ī24,6ă (Opel et al., 2009). ʃʠʥʠʷ 

ʨʝʛʨʝʩʩʠʠ ʧʦ ʵʪʠʤ ʦʙʨʘʟʮʘʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʣʦʥʦʤ 7,57 (ʨʠʩ. 2.51). 

ʅʝʩʤʦʪʨʷ ʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʙʣʠʟʢʫʶ ʚʝʣʠʯʠʥʫ ʥʘʢʣʦʥʘ ʤʝʞʜʫ ʣʝʜʥʠʢʦʚʳʤ 

ʣʴʜʦʤ ʢʫʧʦʣʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʣʴʜʦʤ ʍʘʨʘʩʘʚʵʷ, ʜʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʚʩʝ ʞʝ 

ʦʪʤʝʯʝʥ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʜʦʩʪʠʛʘʶʱʠʡ 

ʦʢʦʣʦ 5ă ʧʦ ŭ2H ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ŭ18ʆ ʪʦʛʜʘ ʢʘʢ ʚ ʧʣʘʩʪʦʚʦʡ 

ʟʘʣʝʞʠ ʍʘʨʘʩʘʚʵʷ ʠʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʨʷʤʦʣʠʥʝʡʥʦ ʚʜʦʣʴ 

ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ (ʩʤ. ʨʠʩ. 2.51). ɼʣʷ ʩʦʩʝʜʥʝʛʦ ʢʫʧʦʣʘ ɺʘʚʠʣʦʚʘ ʪʘʢʞʝ ʥʘ 

ʉʝʚʝʨʥʦʡ ɿʝʤʣʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʦʪ ī16,8 ʜʦ 

ī22,8ă ʚ ʣʝʜʥʠʢʦʚʦʤ ʢʝʨʥʝ VAVï88 (Kotlyakov et al., 2004). ʍʦʪʷ ʜʠʘʧʘʟʦʥʳ 

ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʉʝʚʝʨʥʦʡ ɿʝʤʣʠ ʠ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʍʘʨʘʩʘʚʵʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ ʥʝ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ. ʅʘ ʨʠʩ. 2.51 ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ 

ŭ18ʆ ʦʪ ī20 ʜʦ ī17ă ʜʣʷ ʦʙʨʘʟʮʦʚ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʦʪʤʝʯʘʶʪʩʷ ʚʝʣʠʯʠʥʳ dexc 



мот 
 

>10ă, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʪʤʦʩʬʝʨʥʦʡ ʧʨʠʨʦʜʦʡ ʣʴʜʘ, ʘ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ 

ʍʘʨʘʩʘʚʵʷ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʣʴʜʘ ʩ ʚʝʣʠʯʠʥʦʡ dexc >10ă.  

 

ʈʠʩ. 2.51. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ (ʧʦ ʜʘʥʥʳʤ 

ʠʟ ɹʝʣʦʚʘ, 2014) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ2H ʠ ŭ18ʆ ʚ 

ʣʝʜʥʠʢʦʚʦʤ ʣʴʜʫ ʘʨʭʠʧʝʣʘʛʘ ʉʝʚʝʨʥʘʷ ɿʝʤʣʷ (ʧʦ ʜʘʥʥʳʤ ʠʟ Kotlyakov et al., 

2004). 

ʍʦʪʷ ʩʘʤʠ ʟʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʘʪʤʦʩʬʝʨʥʫʶ ʧʨʠʨʦʜʫ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʥʠ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ. ɺ ʨʘʙʦʪʝ 

(Leibman et al., 2005) ʥʘ ʧʨʠʤʝʨʝ ʦʙʱʠʭ ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʝʜʥʠʢʘ 

ʐʦʢʘʣʴʩʢʦʛʦ ʥʘ ʅʦʚʦʡ ɿʝʤʣʝ ʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʖʛʦʨʩʢʦʛʦ ʧ-ʦʚʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʧʨʠʨʦʜʘ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʣʝʜ. ʇʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘ ʤʳʩʝ ʐʧʠʥʜʣʝʨʘ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʙʳʣ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʟʘʤʝʨʟʘʥʠʝʤ ʣʝʜʥʠʢʦʚʳʭ ʪʘʣʳʭ ʚʦʜ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʛʨʫʥʪ. 

ʃʝʜʥʠʢʦʚʳʡ ʣʝʜ ʥʘ ʅʦʚʦʡ ɿʝʤʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʨʚʘʣʘʤʠ ʚʝʣʠʯʠʥ ŭ18O ʠ 

ŭ2H ʦʪ ī15,5 ʜʦ ī17,8 ă ʠ ʦʪ ī113,1 ʜʦ ī129,6 ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʣʝʜʥʠʢʘ 

ʉʝʨʧ ʠ ʄʦʣʦʪ ʠ ʦʪ ī13,9 ʜʦ ī15,8ă ʠ ʦʪ ī104 ʜʦ ī116,8ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ 

ʉʝʚʝʨʥʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʢʫʧʦʣʘ (ʄʠʭʘʣʝʥʢʦ ʠ ʜʨ., 2017), ʥʦ ʠʤʝʝʪ ʩʚʦʠ 

ʚʳʨʘʞʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʣʝʪʥʠʤ ʪʘʷʥʠʝʤ ʠ 

ʛʦʤʦʛʝʥʠʟʘʮʠʡ (ʏʠʞʦʚʘ ʠ ʜʨ., 2019). ʇʦʵʪʦʤʫ ʜʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ʅʦʚʦʡ 



моу 
 

ɿʝʤʣʠ ʭʘʨʘʢʪʝʨʥʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʝʣʠʯʠʥ ŭ18O ʠ ŭ2H 

ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ŭ18O. ɺʩʝ ʦʩʪʘʣʴʥʳʝ 

ʙʣʠʞʘʡʰʠʝ ʘʨʢʪʠʯʝʩʢʠʝ ʘʨʭʠʧʝʣʘʛʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ŭ18O ʣʴʜʘ (Kotlyakov et al., 2004). ʂʨʦʤʝ ʪʦʛʦ, ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʣʝʜʥʠʢʦʚʳʝ ʣʴʜʳ ʘʨʭʠʧʝʣʘʛʦʚ ʠʤʝʶʪ 

ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʷʤʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʚʝʣʠʯʠʥ ŭ2H ʠ ŭ18ʆ. ʆ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʛʣʷʮʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ ʍʘʨʘʩʘʚʵʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʫʩʣʦʚʠʷ ʠ ʬʦʨʤʳ ʟʘʣʝʛʘʥʠʷ ʣʝʜʷʥʳʭ ʪʝʣ ʚ 

ʨʘʟʨʝʟʝ: ʥʘʩʣʝʜʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʟʥʘʯʝʥʠʡ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʦʪ ʣʠʥʟ ʠ 

ʰʣʠʨʦʚ ʣʴʜʘ ʜʦ ʩʘʤʦʛʦ ʣʝʜʷʥʦʛʦ ʪʝʣʘ ʛʦʚʦʨʠʪ ʦ ʝʜʠʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʇʝʨʝʢʨʳʚʘʶʱʠʝ ʣʠʥʟʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʫ ʞʝ ʧʨʠʨʦʜʫ, ʯʪʦ ʠ 

ʣʝʜʷʥʘʷ ʟʘʣʝʞʴ. ɽʩʣʠ ʵʪʦ ʧʦʛʨʝʙʝʥʥʳʡ ʛʣʝʪʯʝʨʥʳʡ ʣʝʜ, ʪʦ ʵʪʠ ʣʠʥʟʳ ʟʜʝʩʴ 

ʥʝʚʦʟʤʦʞʥʳ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʣʠʥʟʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʪʘʣʦʡ ʚʦʜʳ 

ʧʦʜ ʣʝʜʥʠʢʦʤ ʠʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ, ʪʦ ʪʦʛʜʘ ʥʝʚʦʟʤʦʞʝʥ ʪʦʪ ʞʝ 

ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʘ ʣʝʜʥʠʢʦʚʦʛʦ 

ʣʴʜʘ ʠ ʣʴʜʘ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʠʤʝʝʪ ʩʚʦʠ ʠʟʦʪʦʧʥʳʝ ʦʪʣʠʯʠʷ. ʃʠʥʟʳ ʷʚʥʦ 

ʦʙʨʘʟʦʚʘʥʳ ʠʟ ʞʠʜʢʦʡ ʚʦʜʳ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ (ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ŭ18O = ī16,75ă) ʦʧʨʝʜʝʣʷʣʩʷ ʫʯʘʩʪʠʝʤ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ. 

ʊʘʢʦʡ ʚʦʜʦʝʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʙʦʣʴʰʠʝ ʨʘʟʣʠʚʳ ʥʘ ʣʘʡʜʝ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʨʷʣʠ ʩʚʷʟʴ ʩ ʤʦʨʝʤ ʠ ʦʧʨʝʩʥʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʀ 

ʚʦʜʘ ʜʦʣʞʥʘ ʩʚʦʙʦʜʥʦ ʧʦʩʪʫʧʘʪʴ ʧʦ ʧʝʩʯʘʥʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ ʢ ʤʝʩʪʫ 

ʧʨʦʤʝʨʟʘʥʠʷ. ɺʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʩ ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴʩʷ ʧʨʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ 

ʪʦʣʱʘʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʧʨʝʜʝʣʘʭ ʍʘʨʘʩʘʚʵʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʥʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʚ ʪʦʣʱʝ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʚʪʦʨʦʡ ʪʝʨʨʘʩʳ ʠ ʚ ʪʦʣʱʝ 

ʛʦʣʦʮʝʥʦʚʦʡ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ. ʇʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʢʨʦʚʥʳʡ ʣʝʜʥʠʢ ʟʜʝʩʴ 

ʩʫʱʝʩʪʚʦʚʘʣ ʚ ʛʦʣʦʮʝʥʝ, ʥʝʪ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʟʨʝʟʝ 

ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʥʝ ʣʝʜʥʠʢʦʚʦʛʦ ʛʝʥʝʟʠʩʘ, ʘ ʤʦʨʬʦʣʦʛʠʷ ʠʭ 

ʥʝ ʩʪʦʣʴ ʫʞ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʧʣʘʩʪʦʚ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ 



моф 
 

ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʚ ʪʦʣʱʝ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ (ŭ18ʆ = ī10,6ă) ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʚʘʨʠʘʮʠʡ ŭ18ʆ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ ʠʟ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ (ŭ18ʆ ʚʘʨʴʠʨʫʝʪ ʦʪ ī13,4 

ʜʦ ī18,4ă). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʠ ʦ ʨʘʟʥʦʤ ʚʦʟʨʘʩʪʝ ʧʣʘʩʪʦʚ, ʠ ʦ 

ʨʘʟʥʦʡ ʧʨʠʨʦʜʝ ʚʦʜʳ (ʪ.ʝ. ʙʦʣʝʝ ʦʧʨʝʩʥʝʥʥʳʝ ʦʟʝʨʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʦʰʣʠ 

ʩʪʘʜʠʶ ʦʪʜʝʣʝʥʠʷ ʦʪ ʤʦʨʷ ʦʯʝʥʴ ʜʘʚʥʦ ʠ ʩʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʘʪʤʦʩʬʝʨʥʳʤʠ), 

ʧʠʪʘʚʰʝʡ ʧʣʘʩʪʳ, ʯʪʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʝʨʩʠʶ ʦ ʛʣʝʪʯʝʨʥʦʡ ʧʨʠʨʦʜʝ ʥʠ 

ʧʣʘʩʪʦʚ ʚ ʨʘʟʨʝʟʝ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ, ʥʠ ʧʣʘʩʪʦʚ ʚ ʪʦʣʱʝ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʧʦ ʣʴʜʘʤ ʍʘʨʘʩʘʚʵʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʚ ʨʘʙʦʪʝ (ɹʝʣʦʚʘ, 2014), ʧʦʟʚʦʣʷʶʪ ʩʢʘʟʘʪʴ: ʘ) ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ 

ʙʝʨʝʛʦʚʦʡ ʯʘʩʪʠ ʗʤʘʣʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʥʘ 

ʣʘʡʜʝ ʦʙʦʩʦʙʣʷʣʠʩʴ ʦʟʝʨʘ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʘʩʴ ʯʘʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ 

ʥʘʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʦʧʨʝʩʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ (ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʩʪʦʢʦʤ, ʩʥʦʩʦʤ ʤʘʪʝʨʠʣʘ, ʥʘʢʦʧʣʝʥʠʝʤ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ). 

ʇʨʠ ʵʪʦʤ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʣʘʡʜʳ ʠ ʧʣʷʞʘ ʷʚʣʷʣʠʩʴ ʚʦʜʦʥʦʩʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʚʦʜʘ ʩʚʦʙʦʜʥʦ ʮʠʨʢʫʣʠʨʦʚʘʣʘ. ʅʘ ʧʦʚʳʰʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʰʣʦ ʧʨʦʤʝʨʟʘʥʠʝ ʩʚʝʨʭʫ, ʘ ʩʘʤʠ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʥʝ 

ʧʝʨʝʤʝʨʟʘʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʞʠʜʢʦʡ ʚʦʜʳ; ʙ) ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʭ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʪʴʝʡ ʪʝʨʨʘʩʳ ʠʣʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ (ʥʝ ʙʝʨʝʛʦʚʳʭ) ʯʘʩʪʷʭ ʗʤʘʣʘ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʜʦʣʞʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʟʝʨʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʧʫʩʢʘ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʟʝʨ ʷʚʣʷʣʘʩʴ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʝʜʷʥʳʭ ʟʘʣʝʞʝʡ. ʇʨʠ ʵʪʦʤ ʟʘʣʝʞʠ ʤʦʛʣʠ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʩʚʦʙʦʜʥʳʡ ʧʦʜʪʦʢ ʧʦ 

ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ), ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʥʝʩʢʚʦʟʥʦʛʦ ʦʟʝʨʥʦʛʦ ʪʘʣʠʢʘ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18O, ʦʪʤʝʯʝʥʥʳʝ ʚ 

ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʫ ʍʘʨʘʩʘʚʵʷ (ʠʟ ɹʝʣʦʚʘ, 2014), ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʳ ʩ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʤ ʩʦʯʝʪʘʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʦ ʣʴʜʦʤ ʠʥʦʛʦ ʪʠʧʘ (ʚʦʟʤʦʞʥʦ 

ʜʘʞʝ ʇɾʃ). ʇʦʩʢʦʣʴʢʫ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʩʝ ʣʴʜʳ ʨʘʟʨʝʟʘ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʝ, 

ʪʦ ʜʣʷ ʣʴʜʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ŭ18O = ī26,6ă ʚʦʜʘ, ʠʟ ʢʦʪʦʨʦʡ ʦʥ ʦʙʨʘʟʦʚʘʣʩʷ 

ʜʦʣʞʥʘ ʙʳʣʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝʤ ŭ18O = ī29,5ă. ʇʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ 
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ʦʟʝʨʥʘʷ ʚʦʜʘ ʠʤʝʣʘ ʪʘʢʠʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18O ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʛʦʨʘʟʜʦ 

ʧʨʦʱʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ī25,13 ʠ ī26,6ă) 

ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ, ʧʦʧʘʚʰʠʤʠ ʚ 

ʤʦʨʦʟʦʙʦʡʥʫʶ ʪʨʝʱʠʥʫ. ʕʪʦʤʫ ʚʳʚʦʜʫ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʘ 11ă ʠ 12,6ă, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘʤ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʚ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʇɾʃ ʫ ʧʦʩ. ʉʝʷʭʘ (Vasilôchuk et al., 2019). 

 

2.3.4. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʚʙʣʠʟʠ 

ʫʩʪʴʷ ʨ.ʆʶʷʭʘ  

ʀʟʫʯʝʥʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʨʘʡʦʥʘ. ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ɹʝʣʦʚʘ, 2014) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʥʘ ʟʘʧʘʜʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʠʟʦʪʦʧʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂ çʚʝʨʭʥʝʡè ʛʨʫʧʧʝ ʦʪʥʝʩʝʥʳ ʟʘʣʝʞʠ ʥʘ ʘʙʩʦʣʶʪʥʳʭ 

ʦʪʤʝʪʢʘʭ 9ï15 ʤ ʤʦʱʥʦʩʪʴʶ 3ï6 ʤ ʠ ʩʪʨʦʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʙʘʟʘʣʴʥʦʤʫ 

ʣʝʜʥʠʢʦʚʦʤʫ ʣʴʜʫ (ɹʝʣʦʚʘ, 2014). çʅʠʞʥʷʷè ʛʨʫʧʧʘ ʟʘʣʝʛʘʝʪ ʥʘ ʚʳʩʦʪʘʭ 0ï9 ʤ 

(ʨʝʜʢʦ ʜʦ 13,5 ʤ), ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʤʦʱʥʦʩʪʴ (ʜʦ 3 ʤ) ʠ ʩʦʛʣʘʩʥʳʡ ʢʦʥʪʘʢʪ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʦʙʝʠʭ ʛʨʫʧʧ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʤ ʚʦʜʘʤ. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, 

ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ɹʝʣʦʚʘ, 2014) ʥʝ ʙʳʣʠ ʦʜʥʦʟʥʘʯʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʢʘʟʘʣʠʩʴ ʧʦʛʨʘʥʠʯʥʳʤʠ ʤʝʞʜʫ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʤʠ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʣʴʜʘʤʠ, ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʳʚʦʜʘ ʦʙ ʠʭ 

ʛʝʥʝʟʠʩʝ ʥʝ ʙʳʣʦ ʩʜʝʣʘʥʦ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʢʦʧʣʝʥʥʳʡ 

ʤʘʩʩʠʚ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʙʱʘʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ 

ʠ ʢʦʥʢʨʝʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʨʘʡʦʥʝ ʟʘʧʘʜʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʦʩʪʘʣʠʩʴ ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ. 

ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ. ʃʝʪʦʤ 2024 ʛ. ʥʘ ʋʨʘʣʴʩʢʦʤ (ʟʘʧʘʜʥʦʤ) ʙʝʨʝʛʫ 

ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʙʝʨʝʛʘ ʤʝʞʜʫ 

ʦʩʪʨʦʚʘʤʠ ʊʦʨʘʩʦʚʵʡ ʠ ʃʝʚʜʠʝʚ ʙʳʣʘ ʦʙʩʣʝʜʦʚʘʥʘ ʟʘʣʝʞʴ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 



мпм 
 

(ʨʠʩ. 2.52, 2.53). ʊʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʪʳʢʝ ʩʢʣʘʜʯʘʪʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ɹʘʡʜʘʨʘʮʢʦʛʦ ʧʨʦʛʠʙʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʧʣʠʪʝ (ɻʝʦʣʦʛʠʷ ʉʉʉʈ, 1964). ʄʦʱʥʦʩʪʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 150-200 ʤ (ʇʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷé, 1997).  

 

ʈʠʩ. 2.52. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ 

ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ʅʛʦʶʷʭʘ (ʆʶʷʭʘ). ʌʦʪʦ ʃ.ʇ. ʂʫʟʷʢʠʥʘ 

 

ʈʝʣʴʝʬ ʧʦʙʝʨʝʞʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ 

ʪʝʨʨʘʩ, ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʦʪ 2-5 ʤ ʥʘ ʧʦʡʤʘʭ ʨʝʢ/ʣʘʡʜʘʭ 

ʜʦ 40 ʤ ʥʘ III ʪʝʨʨʘʩʝ (ʈʦʤʘʥʝʥʢʦ ʠ ʜʨ., 2001). ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʩʷ 

ʢ ʩʫʙʘʨʢʪʠʯʝʩʢʦʤʫ ʤʦʨʩʢʦʤʫ ʢʣʠʤʘʪʫ. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 
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ʢʦʣʝʙʣʶʪʩʷ ʦʪ ï7 ʜʦ ï10 ÁC, ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 300-500 

ʤʤ (ɹʫʣʳʛʠʥʘ, 2014). ʊʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 50 ʜʦ 100 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ ʥʫʣʝʚʳʭ ʛʦʜʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ï2,0é ï8,0Áʉ. ɻʣʫʙʠʥʘ ʧʨʦʪʘʠʚʘʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩʳ ʚ ʩʨʝʜʥʝʤ 0,5-0,6 ʤ (ʇʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷé, 1997). 

 

ʈʠʩ. 2.53. ʆʙʱʠʡ ʚʠʜ ʟʘʣʝʞʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʚʩʢʨʳʪʦʛʦ ʚ ʪʝʨʤʦʮʠʨʢʝ, 

ʚʣʦʞʝʥʥʦʤ ʚ ʦʪʣʦʞʝʥʠʷ III ʪʝʨʨʘʩʳ: ʞʝʣʪʳʝ ʢʨʫʞʦʯʢʠ ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ, 

ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʣʝʜʷʥʦʛʦ ʪʝʣʘ. ʉʝʢʮʠʷ 1 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ 

ʥʠʞʥʝʛʦ ʷʨʫʩʘ, ʩʝʢʮʠʷ 2 ï ʥʠʞʥʷʷ ʯʘʩʪʴ ʇʃ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʩʝʢʮʠʷ 3 ï ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʇʃ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ. ʌʦʪʦ ʃ.ʇ. ʂʫʟʷʢʠʥʘ. 

ʈʘʟʨʝʟ, ʩʦʜʝʨʞʘʱʠʡ ʟʘʣʝʞʴ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʟʘʣʦʞʝʥ ʚ ʟʘʜʥʝʡ ʩʪʝʥʢʝ 

ʪʝʨʤʦʮʠʨʢʘ, ʚʣʦʞʝʥʥʦʛʦ ʚ ʦʪʣʦʞʝʥʠʷ III ʪʝʨʨʘʩʳ ʚ 1,5 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ 

ʫʩʪʴʷ ʨʝʢʠ ʆʶʷʭʘ (ʅʛʦʶʷʭʘ). ʂʦʦʨʜʠʥʘʪʳ ʪʝʨʤʦʮʠʨʢʘ: 68Ü52ô20ôô ʩ.ʰ., 

66Ü42ô24.35ôô ʚ.ʜ. ɺʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ ʦʧʠʩʘʥʠʷ ï 27 ʤ ʥ.ʫ.ʤ. ɺʚʠʜʫ 

ʙʦʣʴʰʦʡ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʣʝʞʠ ʨʘʟʨʝʟ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 



мпо 
 

ʬʨʘʛʤʝʥʪʦʚ, ʦʜʠʥ ʦʭʚʘʪʳʚʘʝʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ (ʦʪ 27 ʤ ʜʦ 18 ʤ ʥ.ʫ.ʤ.), ʜʨʫʛʦʡ ï 

ʥʠʞʥʶʶ (ʦʪ 14 ʤ ʜʦ 8 ʤ ʥ.ʫ.ʤ.). 

ɺʝʨʭʥʠʝ 0,9 ʤ ʩʣʦʞʝʥʳ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʤ ʪʘʣʳʤ ʩʫʛʣʠʥʢʦʤ ʩʦ ʩʣʝʜʘʤʠ 

ʢʨʠʦʪʫʨʙʘʮʠʡ ʠ ʚʢʣʶʯʝʥʠʷʤʠ ʥʝʙʦʣʴʰʦʛʦ ʩʣʘʙʦʦʢʘʪʘʥʥʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ʅʠʞʝ, ʜʦ 2,5 ʤ, ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʝʨʦ-ʞʸʣʪʦʛʦ ʮʚʝʪʘ. ʇʝʩʢʠ ʵʪʦʡ ʧʘʯʢʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʩʣʦʠʩʪʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʩʣʦʠ (ʜʦ 20 ʩʤ) ʦʪʦʨʬʦʚʘʥʥʦʛʦ 

ʩʫʛʣʠʥʢʘ. 

ʉ 2,5 ʤ ʠ ʜʦ ʦʩʥʦʚʘʥʠʷ ʨʘʟʨʝʟʘ ʚʩʢʨʳʚʘʝʪʩʷ ʧʘʯʢʘ ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʚʤʝʱʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʦ ʟʘʣʝʞʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ʆʪʣʦʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʛʦʨʠʟʦʥʪʘʤʠ ʩʝʨʳʭ ʢʦʩʦʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ, 

ʩʫʧʝʩʝʡ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʘʚʝʣʠʩʪʳʝ ʛʦʨʠʟʦʥʪʳ. ʂʨʠʦʪʝʢʩʪʫʨʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʩʩʠʚʥʘʷ, ʩ ʛʣʫʙʠʥʳ 14 ʤ (ʧʦʜ ʟʘʣʝʞʴʶ ʚʝʨʭʥʝʛʦ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ) ï ʢʨʠʦʪʝʢʩʪʫʨʘ ʘʪʘʢʩʠʪʦʚʘʷ, ʧʝʩʦʢ ʩʪʘʥʦʚʠʪʩʷ 

ʚʳʩʦʢʦʣʴʜʠʩʪʳʤ. 

ɺ ʨʘʟʨʝʟʝ ʷʚʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʟʘʣʝʞʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ: ʚʝʨʭʥʶʶ ʠ 

ʥʠʞʥʶʶ (ʨʠʩ. 2.54). çɺʝʨʭʥʠʡ ʧʣʘʩʪʦʚʳʡ ʣʸʜè ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 5 ʜʦ 14 

ʤ (13ï22 ʤ ʥ.ʫ.ʤ), ʪ.ʝ. ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 9 ʤ. ɿʘʣʝʞʴ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ 

ʪʝʢʩʪʫʨʫ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʉʣʦʠʩʪʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʦʣʝʝ ʣʴʜʠʩʪʳʭ (ʪʦʣʱʠʥʦʡ 2-5 ʩʤ) ʧʨʦʩʣʦʝʚ 

(ʩʪʝʢʣʦʚʠʜʥʳʡ ʣʸʜ) ʠ ʧʨʦʩʣʦʝʚ ʩ ʚʳʩʦʢʦʡ ʧʨʠʤʝʩʴʶ ʛʣʠʥʠʩʪʳʭ, ʧʝʩʯʘʥʳʭ ʠ 

ʛʨʘʚʝʣʠʩʪʳʭ ʯʘʩʪʠʮ (ʣʝʜʦʛʨʫʥʪ). ʉʣʦʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʠʤʝʶʪ ʧʘʜʝʥʠʝ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ, ʷʚʥʳʭ ʩʢʣʘʜʦʢ ʠ ʜʠʩʣʦʢʘʮʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʴʜʦʛʨʫʥʪʦʚʳʝ ʧʨʦʩʣʦʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʴʰʝ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʟʘʣʝʞʴ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʣʴʜʠʩʪʳʝ ʩʝʨʳʝ ʧʝʩʢʠ. ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ 

ʟʘʣʝʞʠ ʥʝʯʸʪʢʠʝ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʯʝʨʝʟ 

ʚʳʩʦʢʦʣʴʜʠʩʪʳʝ ʧʝʩʢʠ (ʣʝʜʦʛʨʫʥʪ) ʢ ʚʤʝʱʘʶʱʠʤ ʦʪʣʦʞʝʥʠʷʤ.  



мпп 
 

 

ʈʠʩ. 2.54. ʉʭʝʤʘ ʟʘʣʝʞʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 1 ï ʩʝʨʦ-

ʢʦʨʠʯʥʝʚʳʡ ʦʪʦʨʬʦʚʘʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʫʛʣʠʥʦʢ. 2 ï ʧʘʯʢʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʨʦ-ʞʸʣʪʦʛʦ ʮʚʝʪʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ. 3 ï ʩʝʨʳʝ ʢʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʧʝʩʠ/ʩʫʛʣʠʥʢʘ ʠ 

ʛʨʘʚʠʷ. 4 ï ʦʧʣʳʚʥʳʝ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ. 5 ï çʚʝʨʭʥʠʡè ʧʣʘʩʪʦʚʳʡ ʣʸʜ. 6 ï 

çʥʠʞʥʠʡè ʧʣʘʩʪʦʚʳʡ ʣʸʜ. 7 ï ʚʢʣʶʯʝʥʠʷ ʩʣʘʙʦʦʢʘʪʘʥʥʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 8 ï ʚʢʣʶʯʝʥʠʷ ʪʦʨʬʘ ʠ ʦʨʛʘʥʠʢʠ. ʈʘʟʨʝʟ ʩʦʩʪʘʚʣʝʥ ʃ.ʇ. ʂʫʟʷʢʠʥʳʤ, 

ʠʟ (Chizhova et al., 2026) 

 çʅʠʞʥʠʡè ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 1 ʤ ʠ ʚʩʢʨʳʪ ʥʘ 

ʛʣʫʙʠʥʘʭ 18,5 ï 19 ʤ (8ï9,5 ʤ ʥ.ʫ.ʤ.). ʃʸʜ ʵʪʦʡ ʟʘʣʝʞʠ ʩʪʝʢʣʦʚʠʜʥʳʡ, 

ʧʨʦʟʨʘʯʥʳʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʚʢʣʶʯʝʥʠʡ. ʂʨʠʩʪʘʣʣʳ ʢʨʫʧʥʳʝ, ʜʦ 3-5 ʩʤ. 

ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʯʸʪʢʘʷ. ɺ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʝʩʢʘʭ ʩʣʦʠʩʪʦʩʪʴ ʥʝ ʦʙʥʘʨʫʞʝʥʘ. 

ɺʦʟʨʘʩʪ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʷʤʦʛʦ AMS ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ 

ʜʘʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ʪʘʙʣ. 

2.11). ʇʨʠʤʝʥʝʥʠʝ AMS-ʤʝʪʦʜʘ ʜʘʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ 

ʧʨʦʮʝʜʫʨʫ ʚʝʨʠʬʠʢʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʇʃ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʦʙʳʪʠʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʨʠʪʤʘʤʠ. 



мпр 
 

 ʊʘʙʣ. 2.11. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ AMS-ʜʘʪʳ ʠʟ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ʀʟ (Chizhova et 

al., 2026)  

 

 

ʈʘʥʝʝ ʅ. ɹʝʣʦʚʦʡ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦ-ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 14ʉ ʜʘʪʳ ʧʦ ʜʨʝʚʝʩʠʥʝ ʠ ʜʝʪʨʠʪʫ ʠʟ ʦʪʣʦʞʝʥʠʡ, 

ʧʦʜʩʪʠʣʘʶʱʠʭ çʚʝʨʭʥʠʡè ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʦʧʠʩʘʥʥʦʤʫ ʥʘʤʠ ʦʙʥʘʞʝʥʠʶ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʧʦʢʘʟʘʚʰʠʝ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ, ʚʤʝʱʘʶʱʠʭ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ: ʦʪ 

22,5 ʜʦ 49,6 ʪʳʩ. 14ʉ ʣ.ʥ. (ʪʘʙʣ. 2.12).  

ʊʘʙʣʠʮʘ 2.12. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʠʨʦʚʢʠ ʠʟ ʦʪʣʦʞʝʥʠʡ ʙʝʨʝʛʦʚʳʭ ʫʩʪʫʧʦʚ 

 ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʆʶʷʭʠ (ɹʝʣʦʚʘ, 2014).  

ɸʙʩ. ʚʳʩʦʪʘ 

ʦʪʙʦʨʘ, ʤ 

ɺʦʟʨʘʩʪ,  

14ʉ ʣ.ʥ. 

ʄʘʪʝʨʠʘʣ  ʃʘʙʦʨʘʪʦʨʥʳʡ 

ʥʦʤʝʨ 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ɼʘʪʠʨʦʚʢʠ ʠʟ ʧʝʩʯʘʥʦʡ ʪʦʣʱʠ, ʚʤʝʱʘʶʱʝʡ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ 

9-10 44 900Ñ1100 ʜʨʝʚʝʩʠʥʘ ɻʀʅ-13796 
Belova et al., 2008 

5 22 500Ñ400 ʜʝʪʨʠʪ ɻʀʅ-13795 

4* >45 000 ʜʝʪʨʠʪ ʀɻɸʅ-3684 
ɹʝʣʦʚʘ, 2015 

3* 49 600Ñ300 ʜʝʪʨʠʪ ʀɻɸʅ-3668 

* ʦʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʠʟ ʦʪʣʦʞʝʥʠʡ, ʧʦʜʩʪʠʣʘʶʱʠʭ çʚʝʨʭʥʠʡè ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ 8 ʠ 

9.  

ʆʙʨʘʟʝʮ ɻʀʅ-13795 (22 500Ñ400) ʦʪʙʠʨʘʣʩʷ ʥʘ ʚʳʩʦʪʝ ʦʢ. 4 ʤ ʥʘʜ ʫʨʝʟʦʤ ʢ ʟʘʧʘʜʫ ʦʪ ʩʪʚʦʨʘ ʧʨʦʬʠʣʷ 

18 ʠʟ ʣʠʥʟʳ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʤʝʣʢʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ, ʦʙʦʛʘʱʸʥʥʳʭ ʫʛʣʷʤʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤ 

ʜʝʪʨʠʪʦʤ ʚ ʪʦʣʱʝ ʪʸʤʥʦ-ʩʝʨʳʭ ʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ; ʜʘʪʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ï ʜʝʪʨʠʪ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ 14ʉ ʜʘʪʠʨʦʚʢʘʤ ʧʦ ʜʝʪʨʠʪʫ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʦʪʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʪʦʣʴʢʦ ʜʨʝʚʝʩʠʥʳ, ʥʦ ʠ ʜʝʪʨʠʪʘ, ʦʯʝʥʴ ʚʝʣʠʢʦ. 

IGAN

AMS 

ʆʙʨʘʟʝʮ C, % ŭ13C, ă 14C age,  yr 

BP (1ů) 

Cal BP 

11278 24YR-5i5 1,70 ï26.20 24340Ñ85 68.3 (1 sigma)  cal BP 28497 - 28733    1.000 

95.4 (2 sigma)  cal BP 28299 - 28795    1.000 

Median Probability: 28600       

11279 24YR-5i17 2,16 ï25.75 25580Ñ90 68.3 (1 sigma)  cal BP 29880 - 30028     1.000 

95.4 (2 sigma)  cal BP 29669 - 30095     1.000 

 Median Probability: 29944      



мпс 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʜʘʪ ʜʘʝʪ ʦʯʝʥʴ ʟʘʥʠʞʝʥʥʳʝ ʪʝʤʧʳ ʥʘʢʦʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ɽʩʣʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʘʪʳ ʧʦ ʜʝʪʨʠʪʫ, 49 600Ñ300 ʥʘ ʘʙʩ. ʚʳʩʦʪʝ 3 ʤ ʠ 22 

500Ñ400 ʥʘ ʘʙʩ. ʚʳʩʦʪʝ 3 ʤ (ʩʤ. ʪʘʙʣ. 2.11), ʪʦ ʧʦʣʫʯʘʝʪʩʷ, 2 ʤ ʦʪʣʦʞʝʥʠʡ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ 27 ʪʳʩ. ʣʝʪ. ʕʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʨʝʘʣʠʩʪʠʯʥʦ. ʇʝʨʝʦʪʣʦʞʝʥʠʝ 

ʤʝʣʢʦʛʦ ʨʘʩʩʝʷʥʥʦʛʦ ʤʘʪʝʨʠʣʘ ʢʘʢ ʧʨʘʚʠʣʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʤʳʚʘ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʨʝʢʘʤʠ, ʟʜʝʩʴ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʵʪʦʤʫ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ï ʨ. ʆʶʷʭʘ, ʭʦʪʴ ʠ ʥʝ ʙʦʣʴʰʘʷ, ʧʨʠʥʦʩʠʪ ʚʟʚʝʰʝʥʥʳʝ 

ʥʘʥʦʩʳ. ɺʝʨʦʷʪʥʦ, ʥʘʢʦʧʣʝʥʠʝ ʟʜʝʩʴ ʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʩʘʜʢʘ 

ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʝʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʦʙʚʦʜʥʝʥʠʷ. ʉʫʜʷ ʧʦ ʥʘʰʠʤ 

14ʉ ʜʘʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳʤ 

ï 5 ʤ ʤʝʨʟʣʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘ 1,3 ʪʳʩ. ʢʘʣ. ʣʝʪ. (ʜʘʞʝ ʫʯʠʪʳʚʘʷ ʣʴʜʠʩʪʦʩʪʴ ʠ ʩʘʤ 

ʧʣʘʩʪʦʚʳʡ ʣʝʜ ï ɻ ʪʦ ʧʦʨʷʜʢʘ 4 ʤ ʥʘʥʦʩʦʚ ʟʘ 1.3 ʪʳʩ. ʢʘʣ. ʣʝʪ.). ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʚʝʣʠʯʝʥʥʳʡ ʨʝʯʥʦʡ ʩʪʦʢ ʤʝʞʜʫ 28,6 ʠ 29,9 ʪʳʩ. ʢʘʣ. ʣʝʪ ʥʘʟʘʜ, 

ʢʦʛʜʘ ʚʳʥʦʩ ʥʘʥʦʩʦʚ ʙʳʣ ʙʦʣʴʰʦʡ, ʘ ʜʨʝʥʘʞ ʭʦʨʦʰʠʡ. ʇʨʠ ʙʦʣʴʰʝʤ 

ʦʙʚʦʜʥʝʥʠʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʇʃ, ʪ.ʝ. ʟʘʦʟʝʨʝʥʥʦʩʪʴ ʤʝʰʘʣʘ ʚʳʥʦʩʫ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ. ɺ ʩʘʤʦʡ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʛʣʫʙʠʥʝ 18-19 ʤ (ʪʦʯʢʘ 24-YR-5) ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚʘʨʴʠʨʫʶʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ī20,73 ʜʦ ī19,1ă ʠ ʦʪ 

ī156,11 ʜʦ ī143,9ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2.55, ʪʘʙʣ. 2.13). ɺʝʣʠʯʠʥʳ 

ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 7,8 ʜʦ 9,7ă. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʝʨʭʥʝʛʦ 

ʧʣʘʩʪʘ (ʪʦʯʢʘ 24-YR-5) ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 12,8 ʜʦ 14 ʤ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʯʫʪʴ 

ʚʳʰʝ ʠ ʚʘʨʴʠʨʫʶʪ ʦʪ ī15,9 ʜʦ ī18,2ă ʠ ʦʪ ī119,9 ʜʦ ī136,2ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʦʪ 7,5 ʜʦ 10,4ă. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʢ ʚʝʨʭʥʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʪʦʡ ʟʘʣʝʞʠ, ʦʧʨʦʙʦʚʘʥʥʦʡ 

ʣʝʚʝʝ (ʪʦʯʢʘ 24-YR-4) ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 5 ʜʦ 9 ʤ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚʘʨʴʠʨʫʶʪ 

ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ ī16,3 ʜʦ ī22ă ʠ ʦʪ ī115,9 ʜʦ ī166,6ă 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʦʪ 8,6 ʜʦ 21ă. ʅʘ 

ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2.56) ʚʩʝ ʦʙʨʘʟʮʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʣʠʥʠʠ ʩ ʥʘʢʣʦʥʦʤ 7,8. 



мпт 
 

ʊʘʙʣʠʮʘ. 2.13. ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ.  

ʅʦʤʝʨ ŭĭO, ă ŭ2ʅ, ă d-exc, ă 

ʇʃ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʩʝʢʮʠʷ 3 

ʩʨʝʜʥʝʝ ī19,02 ī141,48 10,66 

ʤʘʢʩʠʤʫʤ ī16,56 ī118,00 15,56 

ʤʠʥʠʤʫʤ ī22,00 ī166,57 8,64 

n 22 

ʇʃ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ ʥʠʞʥʷʷ ʯʘʩʪʴ, ʩʝʢʮʠʷ 2 

ʩʨʝʜʥʝʝ ī17,06 ī127,78 8,73 

ʤʘʢʩʠʤʫʤ ī15,92 ī119,87 10,45 

ʤʠʥʠʤʫʤ ī18,23 ī136,19 7,52 

n 13 

ʇʃ ʥʠʞʥʝʛʦ ʷʨʫʩʘ, ʩʝʢʮʠʷ 1 

ʩʨʝʜʥʝʝ ī19,92 ī150,30 9,08 

ʤʘʢʩʠʤʫʤ ī19,13 ī143,95 9,73 

ʤʠʥʠʤʫʤ ī20,73 ī156,11 7,96 

n 9 

 

 

ʈʠʩ. 2.55. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʦ ʛʣʫʙʠʥʝ ʚ ʧʣʘʩʪʦʚʦʡ ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ 

ʥʘ ʋʨʘʣʴʩʢʦʤ ʙʝʨʝʛʫ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ: 1 ï ʟʥʘʯʝʥʠʷ ŭ18ʆ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, 2 ï 

ʟʥʘʯʝʥʠʷ ŭ18ʆ ʧʝʨʝʣʝʪʦʚʳʚʘʶʱʠʭ ʩʥʝʞʥʠʢʦʚ. ʀʟ (Chizhova et al., 2026) 



мпу 
 

 

ʈʠʩ. 2.56. ʀʟʦʪʦʧʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʧʦʙʝʨʝʞʴʝ 

ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʣʘʩʪʦʚʦʤʫ ʣʴʜʫ 

ʙʣʠʞʘʡʰʝʛʦ ʨʘʟʨʝʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʅ.ɻ. ɹʝʣʦʚʦʡ (ɹʝʣʦʚʘ, 2014).  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩ 

ʛʣʫʙʠʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʝʦʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩ. 2.57). ʆʩʥʦʚʥʳʝ ʠʦʥʳ (Na , CaĮ , Cl , SO Į ), ʩʦʦʪʥʦʰʝʥʠʷ 

ʛʘʣʦʛʝʥʦʚ (Cl/Br) ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ (ʘʮʝʪʘʪ, ʬʦʨʤʠʘʪ, NH ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʦʞʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʤʝʥʝʝ 3 ʤʛ/ʣ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʛʣʫʙʠʥʘ 4,7ï9,0 ʤ) ʜʦ ʙʦʣʝʝ 200 ʤʛ/ʣ ʫ ʦʩʥʦʚʘʥʠʷ (ʛʣʫʙʠʥʘ 18,7ï

18,9 ʤ). ʅʘʪʨʠʡ ʠ ʢʘʣʴʮʠʡ ʩʣʝʜʫʶʪ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʥʜʝʥʮʠʠ: Na  ʜʦʩʪʠʛʘʝʪ 144 

ʤʛ/ʣ, ʘ CaĮ  ï ʜʦ 42 ʤʛ/ʣ ʚ ʩʘʤʳʭ ʥʠʞʥʠʭ ʦʙʨʘʟʮʘʭ. ʉʦʚʤʝʩʪʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

Na  ʠ Cl  (RĮ = 0,95 ʚ ʧʝʨʝʭʦʜʥʳʭ ʠʥʪʝʨʚʘʣʘʭ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʠʡ ʠʩʪʦʯʥʠʢ 

ʠʣʠ ʥʘ ʨʘʟʙʘʚʣʝʥʠʝ ʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʥʝ ʥʘ ʧʨʦʩʪʦʝ ʙʠʥʘʨʥʦʝ 

ʩʤʝʰʠʚʘʥʠʝ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʦʚ ʪʘʢʞʝ ʧʦʚʳʰʝʥʳ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʣʴʜʘ 

(43ï87 ʤʛ/ʣ), ʥʦ ʦʩʪʘʶʪʩʷ ʚ ʮʝʣʦʤ ʥʠʟʢʠʤʠ (<11 ʤʛ/ʣ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, 



мпф 
 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ SO Į  

(ʜʦ 10 ʤʛ/ʣ). 

 

 

 

 

ʈʠʩ. 2.57. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʠ ʚʝʣʠʯʠʥʳ ʥʝʢʦʪʦʨʳʭ ʤʘʩʩʦʚʳʭ 

ʦʪʥʦʰʝʥʠʡ ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ. ʀʟ (Chizhova et al., 2026) 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ Cl/Br ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʭʣʦʨʠʜʦʚ. ɺ ʩʘʤʳʭ ʥʠʞʥʠʭ ʦʙʨʘʟʮʘʭ (ʛʣʫʙʠʥʘ 18,7ï18,9 ʤ) 

ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br ʢʦʣʝʙʣʝʪʩʷ ʦʪ 160 ʜʦ 170, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ (~290), ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʛʘʣʠʪʘ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʡ 



мрл 
 

ʠʩʪʦʯʥʠʢ ʭʣʦʨʠʜʘ, ʘ ʙʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʬʘʟ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʙʨʦʤʦʤ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ. ɺ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʛʣʫʙʠʥʘ 

4,7ï9,0 ʤ) ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br ʚʘʨʴʠʨʫʝʪ ʦʪ 280 ʜʦ 500, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʨʝʯʥʳʭ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʅʘ ʛʣʫʙʠʥʝ ~14 ʤ ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br ʩʦʩʪʘʚʣʷʝʪ 210ï

260, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟ 

ʛʘʣʠʪʘ, ʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ Cl/Br ʦʪ 

ʦʩʥʦʚʘʥʠʷ ʢ ʚʝʨʰʠʥʝ ʨʘʟʨʝʟʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Cl  

ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʙʘʚʣʝʥʠʠ ʩʦʣʝʥʳʭ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʛʘʣʠʪʦʤ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʝʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʦʡ. 

ʄʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ SO /Cl ʧʨʝʚʳʰʘʝʪ ʤʦʨʩʢʦʝ ʟʥʘʯʝʥʠʝ 0,14 ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʟ ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʜʦʩʪʠʛʘʷ 0,48. ʕʪʦʪ 

ʠʟʙʳʪʦʢ ʩʫʣʴʬʘʪʦʚ ʠʤʝʝʪ ʥʝʤʦʨʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʤʦʨʩʢʠʭ ʩʫʣʴʬʘʪʦʚ (nssSO), ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩ ʥʘʪʨʠʝʤ. ɺ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʛʣʫʙʠʥʘ 4,7ï9,0 ʤ) 

ʟʥʘʯʝʥʠʝ nssSO  ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 90% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʣʴʬʘʪʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʡʤʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ï ʧʨʦʮʝʩʩʦʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʭʦʨʦʰʦ ʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ, 

ʧʨʦʪʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʦʙʨʘʟʮʳ ʩ ʛʣʫʙʠʥʳ 14 ʤ ʧʦʢʘʟʳʚʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ nssSO  (ï9 ʤʛ/ʣ), ʯʪʦ, ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NH  ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʩʫʣʴʬʘʪʦʚ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ, ʟʘʩʪʦʡʥʦʡ ʩʨʝʜʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʩʪʘʨʠʮʝ. 

ɸʮʝʪʘʪ (0,1ï0,25 ʤʛ/ʣ) ʠ ʬʦʨʤʠʘʪ (1,0ï1,6 ʤʛ/ʣ) ʟʘʤʝʪʥʦ ʚʳʩʦʢʠ ʥʘ 

ʛʣʫʙʠʥʝ 14 ʤ, ʛʜʝ ʦʥʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʤʤʦʥʠʷ 

(0,37 ʤʛ/ʣ) ʚʦ ʚʩʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ (ʇʨʠʣʦʞʝʥʠʝ 3). ʉʦʦʪʥʦʰʝʥʠʝ 

ʬʦʨʤʠʘʪ/ʘʮʝʪʘʪ (4ï16) ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʝ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʮʝʪʘʪʘ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʨʤʠʘʪ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʢʘʢ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʩʫʙʩʪʨʘʪ. 

ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʘʤʤʦʥʠʷ (ʩʤ. ʪʘʙʣ. ʇʨʠʣʦʞʝʥʠʝ) 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʘʥʘʵʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 



мрм 
 

ʚʝʱʝʩʪʚʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʟʘʚʠʩʠʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʫʣʴʬʘʪʦʚ ʚ ʟʘʩʪʦʡʥʦʤ, ʙʦʛʘʪʦʤ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʦʝʤʝ. ɺ ʩʘʤʦʡ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʥʠʟʢʠʝ (<0,05 ʤʛ/ʣ), 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʨʦʰʦ ʥʘʩʳʱʝʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʪʝʢʫʯʠʤ ʫʩʣʦʚʠʷʤ, ʛʜʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʦ ʦʢʠʩʣʷʶʪʩʷ ʠʣʠ ʚʳʤʳʚʘʶʪʩʷ. 

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩʘ ʣʴʜʘ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʩʮʝʥʘʨʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʨʝʢʠ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʤʝʨʟʣʦʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʦʥʝ ʩʫʨʦʚʳʭ ʟʠʤʥʠʭ 

ʫʩʣʦʚʠʡ ʢʦʥʮʘ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ. 

ʇʨʠʤʝʨʥʦ 28,5ï28 ʪʳʩ. ʢʘʣ. ʣ.ʥ. ʧʨʦʠʩʭʦʜʠʣʘ ʣʦʢʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʨʫʩʣʦʚʦʡ ʩʝʪʠ. ʇʨʦʨʳʚ ʠʟʣʫʯʠʥʳ, ʩʧʨʷʤʣʝʥʠʝ ʨʫʩʣʘ ʠʣʠ ʩʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʠʦʛʝʥʥʳʭ ʠʣʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʝʞʠʤʘ ʩ ʧʨʦʪʦʯʥʦʛʦ ʥʘ ʟʘʩʪʦʡʥʳʡ ʠ ʦʙʨʘʪʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ 

ʩʝʡʯʘʩ ʥʘʭʦʜʠʪʩʷ ʧʣʘʩʪʦʚʳʡ ʣʝʜ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʧʦʩʪʫʧʣʝʥʠʶ 

ʨʫʩʣʦʚʳʭ ʥʘʥʦʩʦʚ (ʧʝʩʢʘ) ʠʣʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʘʨʠʮʫ, ʣʦʞʙʠʥʫ ʠʣʠ 

ʧʦʥʠʞʝʥʠʝ ʤʝʞʜʫ ʚʘʣʘʤʠ, ʢʦʪʦʨʦʝ ʚʩʝ ʝʱʝ ʟʘʧʦʣʥʝʥʦ ʚʦʜʦʡ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ 

ʚʳʩʦʢʦʛʦ ʩʪʦʷʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʙʦʣʦʪʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺʩʝ ʦʙʨʘʟʮʳ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʢʘʢ ʚ ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʛʣ. 

18-19 ʤ, ʪʘʢ ʠ ʚ ʦʩʥʦʚʥʦʡ ʣʝʜʷʥʦʡ ʟʘʣʝʞʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʘ ʛʣ.7,55-

8,3 ʤ), ʬʦʨʤʠʨʫʶʪ ʦʜʥʫ ʣʠʥʠʶ ʪʨʝʥʜʘ ŭ2ʅ-ŭ18O ʩ ʥʘʢʣʦʥʦʤ 7,8 (ʩʤ. ʨʠʩ. 2.56). 

ɺʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʧʦʜʪʦʢʦʤ ʚʦʜʳ, ʘ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ2ʅ ʛʦʚʦʨʠʪ ʦʪ ʪʦʤ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʤʝʥʷʣʩʷ ʚʦ ʚʨʝʤʝʥʠ.  

ʈʘʥʝʝ ʜʣʷ ʦʙʥʘʞʝʥʠʡ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʋʨʘʣʴʩʢʦʛʦ ʙʝʨʝʛʘ ɹʘʡʜʘʨʘʮʢʦʡ 

ʛʫʙʳ ʧʦʣʫʯʝʥ ʤʘʩʩʠʚ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʪʨʫʜʥʝʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʣʦʭʦʡ ʩʭʦʜʠʤʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ2ʅ, 

ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʄʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ AWI ʧʦ ʨʘʟʨʝʟʫ 19, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʤʠ (ɹʝʣʦʚʘ, 2014). ʕʪʠ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʚʧʘʜʝʥʠʝ ʠ 



мрн 
 

ʦʙʱʝʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ2ʅ ʠ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʚ ŭ-ŭ 

ʢʦʦʨʜʠʥʘʪʘʭ.  

ɺʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʬʠʢʩʠʨʫʶʪ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʠʪʘʥʠʠ: ʣʝʪʥʠʝ ʜʦʞʜʠ (ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ) ʫʯʘʩʪʚʫʶʪ ʥʘʨʷʜʫ 

ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʚʢʣʘʜʘ ʪʘʣʳʭ ʩʥʝʛʦʚʳʭ ʚʦʜ. ʊ.ʝ. ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ 

ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ 

ʚʦʜ ʛʨʫʥʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʘʤʝʪʥʘ ʚʳʨʘʞʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʜ, 

ʧʦʩʣʫʞʠʚʰʠʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʉʘʤʘʷ ʥʠʞʥʷʷ ʩʝʢʮʠʷ ʣʴʜʘ, ʠʟʫʯʝʥʥʦʛʦ 

ʥʘʤʠ ʦʙʥʘʞʝʥʠʷ (ʚʙʣʠʟʠ ʫʩʪʴʷ ʆʶʷʭʘ), ʩʘʤʘʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʟ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʦʨʩʢʠʤʠ ʩʦʣʷʤʠ, 

ʚʦʟʤʦʞʥʦ ʛʘʣʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ 

ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ Cl/Br (160ï170) ʥʘ ʬʦʥʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪʘ. ɺ ʩʘʤʦʤ ʥʠʞʥʝʤ ʩʣʦʝ ʣʴʜʘ 

(ʛʣʫʙʠʥʘ 18,7ï18,9 ʤ ʦʙʨʘʟʮʳ 24YR5i14 ʠ 24YR5i16) ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʨʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ SO Į /Cl (0,20ï0,48), ʥʦ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Cl  (180ï215 ʤʛ/ʣ) 

ʠ ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br (160ï170), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʛʘʣʠʪʘ ʚ ʪʝʭ ʞʝ ʦʪʣʦʞʝʥʠʷʭ, ʛʜʝ ʢʘʢ Cl , ʪʘʢ ʠ SO Į  ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨ 

ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʠ ʦʩʘʜʢʘ ʚ ʙʦʣʝʝ ʟʘʩʪʦʡʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

ʅʘ ʛʣ. 18,5 ï 18,1 ʤ ʣʝʜ ʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʧʨʝʩʥʦʡ ʚʦʜʳ ʙʝʟ ʧʨʠʟʥʘʢʦʚ 

ʫʯʘʩʪʠʷ ʠʣʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʦʨʩʢʠʭ ʩʦʣʝʡ (Cl/Br = 310ï485, Cl = 3ï9 ʤʛ/ʣ). ʕʪʦʪ 

ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʡ ʧʘʯʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʤʝʥʠʣʩʷ ʥʘʢʦʧʣʝʥʠʝʤ 

ʧʘʯʢʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʣʘʩʪʦʚʳʡ ʣʝʜ (ʩ ʛʣ. 18 ʜʦ 

14 ʤ). ʇʦʜʦʰʚʘ ʚʪʦʨʦʡ ʧʘʯʢʠ ʣʴʜʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 14 ʤ. ɺ ʦʙʨʘʟʮʘʭ ʩ 

ʛʣʫʙʠʥ ʦʪ 14 ʜʦ 13,6 ʤ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ Cl/Br (210ï

260) ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʘ (ʦʪ 50 ʜʦ 100 ʤʛ/ʣ), ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜ, ʚʦʟʤʦʞʥʦ, ʠʭ ʠʥʪʨʫʟʠʠ ʚ 

ʧʨʠʙʨʝʞʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. ɺʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʣʴʜʘ ʥʘ ʛʣ. ʦʪ 13 ʜʦ 14 ʤ 

ʦʪʥʦʰʝʥʠʝ Cl/Br ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ ʤʦʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ 



мро 
 

ʧʨʝʩʥʳʤʠ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ 

ʦʪʥʦʰʝʥʠʷ Cl/Br ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʭʣʦʨʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ Cl/Br ʚ ʨʝʯʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪ, ʩʦʩʪʘʚʣʷʷ ʦʪ 100 ʜʦ 500, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʦʜʦʩʙʦʨʦʚ (Hem, 1985; Neal, Kirchner, 2000). ʈʘʩʪʚʦʨʝʥʠʝ ʯʠʩʪʦʛʦ 

ʛʘʣʠʪʘ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 440 ʠ 

ʚʳʰʝ (Alcal§, Custodio, 2008). ʅʠʟʢʠʝ ʤʘʩʩʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Cl/Br (ʤʝʥʝʝ 

200), ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʥʘʰʠʭ ʩʘʤʳʭ ʥʠʞʥʠʭ ʦʙʨʘʟʮʘʭ (5i16 ʠ 5i14), ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʠ ʥʠʞʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʭʣʦʨʠʜʘ ʷʚʣʷʝʪʩʷ ʥʝ ʤʦʨʩʢʘʷ ʚʦʜʘ ʠ ʥʝ ʨʘʩʪʚʦʨʝʥʠʝ ʯʠʩʪʦʛʦ 

ʛʘʣʠʪʘ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʙʨʦʤʘ ʚ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ. ɸ. ʃʝʨʠ ʠ ʉ. ʄʘʡʥʝʥʠ (Leri, Myneni, 2012) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ ʙʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ ʚʦ 

ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʦʩʥʦʚʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʙʨʦʤʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚʘʭ. ʈ. ɻʝʨʨʠʪʩ ʠ ʈ. ɼʞʦʨʜʞ 

(Gerritse, George, 1988) ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦʯʚ ʚʳʩʚʦʙʦʞʜʘʝʪ ʙʨʦʤʠʜ ʚ ʨʘʩʪʚʦʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚʝʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br ʧʘʜʘʝʪ ʩ ~300 ʚ ʜʦʞʜʝʚʦʡ ʚʦʜʝ ʜʦ 10 ʚ ʚʦʜʝ, 

ʧʨʦʩʘʯʠʚʘʶʱʝʡʩʷ ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʣʦʠ. ɺ ʥʘʰʝʡ ʧʦʡʤʝʥʥʦʡ ʟʦʥʝ ʙʦʛʘʪʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʫʧʝʩʠ ʩ ʦʙʠʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʧʦʜʚʝʨʛʣʠʩʴ ʘʥʘʵʨʦʙʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ NH , ʘʮʝʪʘʪʘ ʠ ʬʦʨʤʠʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʚʦʜʫ ʚʳʩʚʦʙʦʜʠʣʩʷ ʙʨʦʤʠʜ, ʦʙʦʛʘʪʠʚʰʠʡ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʣʦʨʘ. 

ʋʯʘʩʪʠʝ ʤʦʨʩʢʠʭ ʩʦʣʝʡ (ʯʝʨʝʟ ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʣʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʠʣʠ ʧʨʷʤʦʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ) 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʜʘ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Cl/Br, ʫʥʘʩʣʝʜʦʚʘʥʥʦʝ ʦʪ ʙʨʦʤʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ 

(ʤʦʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ) ʩ ʥʠʟʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Cl/Br (ʠʟ-ʟʘ ʨʘʟʣʦʞʝʥʠʷ 



мрп 
 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʫʥʠʢʘʣʴʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 

ʩʣʦʷ ʣʴʜʘ ʥʘ ʛʣ.14ʤ. (ʨʠʩ. 2.58).  

ʇʨʠʩʫʪʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʣʴʜʘ ʥʘ 

ʛʣʫʙʠʥʝ 13,6 ʤ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʦʨʛ = 1,7%, ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʙʲʷʩʥʷʶʱʠʤ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʊʘʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʢʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ, 

ʚʝʨʦʷʪʥʦ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʢʨʦʙʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ.  

 

ʈʠʩ. 2.58. ʆʪʥʦʰʝʥʠʝ Cl/Br ʥʘ ʬʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʮʝʩʩʳ 

ʩʤʝʰʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠ ʬʘʢʪʦʨʦʚ. ɺʘʨʠʘʮʠʠ Cl/Br ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʨʝʯʥʳʭ ʚʦʜ 

ʜʘʥʳ ʩʦʛʣʘʩʥʦ (Hem, 1985). 

ɺʘʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʩʫʣʴʬʘʪ-ʠʦʥ. ɺ 

ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʦʛʦ ʤʦʨʷ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʳ 

ʨʘʩʩʯʠʪʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʥʝʤʦʨʩʢʦʛʦ ʩʫʣʴʬʘʪʘ - nssSO  - ɻ ʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʨʘʟʜʝʣʷʝʪ ʩʫʣʴʬʘʪ, ʧʦʩʪʫʧʘʶʱʠʡ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʦʚ (nssSO  > 0) ʠ ʧʦʪʝʨʶ ʩʫʣʴʬʘʪʘ ʧʨʠ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʮʠʠ. 

ɿʜʝʩʴ ʤʳ ʧʦʰʣʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ. ɼʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ ɸʥʪʘʨʢʪʠʜʳ 



мрр 
 

ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʤʦʨʩʢʦʛʦ ʩʫʣʴʬʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʪʨʠʷ, ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʩʴ ʥʘʪʨʠʡ ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʝʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘʪʨʠʡ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʧʦʩʪʫʧʘʪʴ ʠ ʧʨʠ 

ʚʳʚʝʪʨʠʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ɺ ʦʙʨʘʟʮʘʭ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘʪʨʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ 

ʪʨʘʩʩʝʨʦʤ. ʄʘʩʩʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Na/Cl ʚʘʨʴʠʨʫʶʪ ʦʪ 0,61 ʜʦ 1,37, ʧʨʠʯʝʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʨʝʚʳʰʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ 0,55 ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʛʘʣʠʪʘ 0,65. ʕʪʦʪ ʠʟʙʳʪʦʢ ʥʘʪʨʠʷ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʧʨʦʩʪʳʤ 

ʩʤʝʰʠʚʘʥʠʝʤ ʤʦʨʩʢʠʭ ʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʥ ʦʪʨʘʞʘʝʪ 

ʢʘʪʠʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʧʦʡʤʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʛʜʝ Na  ʠʟ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʘʝʪ CaĮ  ʚ ʦʙʤʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʥʘʪʨʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ ʚ 

ʠʥʪʝʨʚʘʣʝ 18,1ï18,5 ʤ (Na/Cl ʜʦ 1,37, Na/Ca ʜʦ 4,3), ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜʦʚ ʥʠʟʢʠʝ (3ï9 ʤʛ/ʣ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʟʙʳʪʦʢ ʥʘʪʨʠʷ ʩʚʷʟʘʥ ʥʝ 

ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ ʛʘʣʠʪʘ, ʘ ʩ ʠʦʥʥʳʤ ʦʙʤʝʥʦʤ ʚ ʙʦʛʘʪʦʡ ʛʣʠʥʦʡ ʩʨʝʜʝ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ Na/Ca ʠ NH  ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʙʨʘʟʮʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʢʘʪʠʦʥʥʳʡ ʦʙʤʝʥ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʪʨʠʡ 

ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ, ʠ ʨʘʩʯʝʪʳ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʦʨʩʢʦʡ 

ʩʦʣʠ, ʜʦʣʞʥʳ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʭʣʦʨʠʜʘʭ. 

ɼʠʘʛʨʘʤʤʘ Na/Ca ʧʨʦʪʠʚ Mg/Ca ʚ ʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʨʠʩ. 2.59) 

ʧʦʢʘʟʳʚʘʝʪ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ 

ʦʪʨʘʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʙʳʣʠ 

ʧʝʨʝʚʝʜʝʥʳ ʠʟ ʤʛ/ʣ ʚ ʤʤʦʣʴ/ʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʳʭ ʤʘʩʩ Na = 23,0, Mg = 

24,3 ʠ Ca = 40,1. ɺʩʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʣʷʨʥʳʭ 

ʝʜʠʥʠʮʘʭ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʊʨʝʥʜ 1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦ ʠʟʤʝʥʯʠʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Na/Ca (1ï

12) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Mg/Ca (0,2ï0,8). ʕʪʘ 



мрс 
 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʪʠʧʠʯʥʘ ʜʣʷ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʟʘʩʪʦʡʥʳʭ, ʙʦʛʘʪʳʭ ʛʣʠʥʦʡ 

ʩʨʝʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʨʠʮʳ ʠ ʟʦʥʳ ʟʘʚʦʜʝʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʳʡ 

ʢʦʥʪʘʢʪ ʚʦʜʳ ʠ ʦʩʘʜʢʘ ʧʦʟʚʦʣʷʝʪ Na  ʚʳʪʝʩʥʷʪʴ CaĮ  ʠʟ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʚʳʟʳʚʘʷ ʫʚʝʣʠʯʝʥʠʝ Na/Ca ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ Mg/Ca, ʧʦʩʢʦʣʴʢʫ 

ʤʘʛʥʠʡ ʚ ʦʙʤʝʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʆʙʨʘʟʮʳ ʠʟ ʠʥʪʝʨʚʘʣʘ 18,1ï

18,5 ʤ ʧʦʧʘʜʘʶʪ ʚ ʵʪʦʪ ʪʨʝʥʜ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʭ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʭʣʦʨʠʜʦʚ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʤʤʦʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ 

ʘʥʦʢʩʠʯʝʩʢʠʝ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

 

 

 

ʈʠʩ. 2.59. ʉʦʦʪʥʦʰʝʥʠʝ Na/Ca vs Mg/Ca (ʤʦʣʷʨʥʦʝ) ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ.  

ʊʨʝʥʜ 2 ʧʦʢʘʟʳʚʘʝʪ ʫʤʝʨʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ Na/Ca (1ï4), ʥʦ ʰʠʨʦʢʠʝ 

ʢʦʣʝʙʘʥʠʷ Mg/Ca (0,2ï1,1). ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʠʣʠʢʘʪʥʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʛʜʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʘʛʠʦʢʣʘʟʘ (ʩ ʚʳʜʝʣʝʥʠʝʤ Na ʠ Ca) ʠ 

ʧʠʨʦʢʩʝʥʘ/ʘʤʬʠʙʦʣʘ (ʩ ʚʳʜʝʣʝʥʠʝʤ Mg) ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʷʤ Mg/Ca, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Na/Ca ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʤ. ʆʙʨʘʟʮʳ ʠʟ ʠʥʪʝʨʚʘʣʘ 4,7ï9,0 ʤ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʠʟ 



мрт 
 

ʠʥʪʝʨʚʘʣʘ 12,8ï14,0 ʤ ʣʝʞʘʪ ʥʘ ʵʪʦʤ ʪʨʝʥʜʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʙʳʣʠ 

ʚʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʠʪʘʣʠʩʴ ʨʝʯʥʳʤ ʩʪʦʢʦʤ. ʆʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ 

ʩʠʛʥʘʣʘ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʦʪʨʘʞʘʝʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʣʠʥʳ ʚ ʧʝʩʯʘʥʳʭ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʜʠʥʘʤʠʯʥʳʝ, ʭʦʨʦʰʦ 

ʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʫʩʣʦʚʠʷ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʦʠʭ ʪʨʝʥʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʣʘʩʪʦʚʦʛʦ 

ʣʴʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʡʤʳ. ɺ ʧʝʨʠʦʜʳ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʧʦʨʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʙʰʠʨʥʳʝ 

ʟʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ ʟʘʩʪʦʶ ʠ ʢʘʪʠʦʥʥʦʤʫ ʦʙʤʝʥʫ. ɺ 

ʧʝʨʠʦʜʳ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʨʝʦʙʣʘʜʘʣʠ 

ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ 

ʩʦʭʨʘʥʷʣʦ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʠʣʠʢʘʪʦʚ. ʏʝʨʝʜʦʚʘʥʠʝ ʵʪʠʭ 

ʨʝʞʠʤʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ, 

ʟʘʣʝʛʘʶʱʠʭ ʥʘʜ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ ʥʘ ʫʯʘʩʪʢʝ 24-YR-4, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʭ ʩʝʨʳʭ ʧʝʩʢʦʚ 

ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʛʨʘʚʠʡʥʳʤʠ ʣʠʥʟʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʨʝʯʥʦʝ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ, ʩ ʧʝʩʯʘʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʦʩʪʘʪʢʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʦʟʝʨʥʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ (ʂʫʟʷʢʠʥ ʠ ʜʨ., 2024). 

ʇʦʩʢʦʣʴʢʫ ʥʘʪʨʠʡ ʥʝ ʢʦʥʩʝʨʚʘʪʠʚʝʥ, ʤʳ ʨʘʩʩʯʠʪʘʣʠ nssSO  ʠʩʧʦʣʴʟʫʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʘ.  

[SO4]nss=[SO4]total ï 0,14 Ĭ [Cl] total  

ʛʜʝ 0,14 ï ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ SO /Cl ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʝ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʭʣʦʨʠʜ ʠʤʝʝʪ ʤʦʨʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʇʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʭʦʪʴ ʠ ʥʝ ʩʪʨʦʛʦ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʜʚʘ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʘ ʥʝʤʦʨʩʢʦʛʦ ʩʫʣʴʬʘʪʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʣʠ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ, ʧʦʩʣʫʞʠʚʰʝʡ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚʝʨʭʥʝʡ ʧʘʯʢʠ.  



мру 
 

ɺ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 18,1ï18,5 ʤ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʫʣʴʬʘʪʘ ʦʯʝʥʴ ʥʠʟʢʠ (0,5ï2 ʤʛ/ʣ). ɺ ʵʪʦʡ ʯʘʩʪʠ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ ʚʦʜʳ ʙʳʣʠ 

ʫʣʴʪʨʘʧʨʝʩʥʳʝ, ʦʯʝʚʠʜʥʦ ʘʪʤʦʩʬʝʨʥʦʡ ʧʨʠʨʦʜʳ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ nssSO  ʚ ʵʪʠʭ 

ʦʙʨʘʟʮʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʠʣʠ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ. ʅʘʜʝʞʥʳʝ ʟʥʘʯʝʥʠʷ nssSO  ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʠʥʪʝʨʚʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʘʪʘ. 

ɺʦʜʘ, ʬʦʨʤʠʨʦʚʘʚʰʘʷ ʧʣʘʩʪʦʚʳʡ ʣʝʜ, ʟʘʣʝʛʘʶʱʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 12,8 

ʜʦ 14 ʤ, ʥʝʩʝʪ ʩʣʝʜʳ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ nssSO, ʚʳʩʦʢʠʝ NH  

ʠ ʘʮʝʪʘʪ), ʧʨʦʪʝʢʘʶʱʝʡ ʦʙʳʯʥʦ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʨʠʯʥʦʛʦ ʚʦʜʦʝʤʘ, ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʢʠʨʫʝʪ ʧʨʷʤʦʡ ʩʫʣʴʬʘʪʥʳʡ ʩʠʛʥʘʣ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ɼʣʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 4.7 ʜʦ 9 ʤ ʚʝʩʴ ʩʫʣʴʬʘʪ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʝʤʦʨʩʢʠʤ ʩʫʣʴʬʘʪʦʤ (ʨʠʩ. 2.60). ɺʤʝʱʘʶʱʠʝ ʣʝʜ ʦʪʣʦʞʝʥʠʷ ʧʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʚʷʟʘʥʳ ʩ ʇʦʣʷʨʥʳʤ ʋʨʘʣʦʤ ʠ ʚʢʣʶʯʘʶʪ 

ʬʨʘʛʤʝʥʪʳ ʛʘʙʙʨʦ, ʘ ʪʘʢʞʝ ʧʝʩʯʘʥʳʝ ʩʫʛʣʠʥʢʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠ ʙʦʛʘʪʳʝ 

ʩʫʛʣʠʥʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe, Mn ʠ Zn (ʂʫʟʷʢʠʥ ʠ ʜʨ., 2025). ʕʪʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʂʦʛʜʘ ʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʧʨʦʩʘʯʠʚʘʶʪʩʷ ʯʝʨʝʟ ʵʪʠ ʦʩʘʜʢʠ, ʩʫʣʴʬʠʜʳ ʦʢʠʩʣʷʶʪʩʷ, 

ʚʳʩʚʦʙʦʞʜʘʷ ʩʫʣʴʬʘʪʳ ʚ ʨʘʩʪʚʦʨ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ SO /Cl (0,5ï3,2), 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cl  

ʥʠʟʢʠʝ (3ï30 ʤʛ/ʣ) ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʮʝʪʘʪʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʦ 

ʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʫʩʣʦʚʠʷ ʧʨʦʪʦʯʥʦʡ ʚʦʜʳ. ʉ ʵʪʠʤ ʞʝ ʧʨʦʮʝʩʩʦʤ 

ʩʚʷʟʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʘ, ʢʦʪʦʨʳʡ ʧʦʯʪʠ ʚʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʤʦʨʩʢʠʤ 

ʩʫʣʴʬʘʪʦʤ (ʩʤ. ʨʠʩ. 2.60). 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ nssSO ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ (ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 4,7 ʜʦ 9 ʤ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 12,8 ʜʦ 14 ʤ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʨʢʝʨʘʤʠ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʢʠ - ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʄʘʨʢʝʨʦʤ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʢʠ ʚʳʩʪʫʧʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʘ ʠ ʬʦʨʤʘʪʘ ʠ ʘʮʝʪʘʪʘ 



мрф 
 

ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ. ʃʝʜ ʥʘ ʵʪʠʭ ʛʣʫʙʠʥʘʭ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʚʦʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʚʝʣʠʢʘ ʜʦʣʷ ʩʪʘʨʠʯʥʳʭ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʚʦʜ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʨʠʮ ʧʨʦʠʩʭʦʜʠʣʦ 

ʘʢʪʠʚʥʦʝ ʤʠʢʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ nssSO  ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʮʠʶ.  

 

ʈʠʩ. 2.60. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ nssSO  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ 

ʩʫʣʴʬʘʪʘ (ʘ) ʠ ʦʪʥʦʰʝʥʠʷ ʩʫʣʴʬʘʪ/ʭʣʦʨʠʜ (ʙ) ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʚʦʜ.  

 

ɺ ʩʪʘʨʠʯʥʳʭ ʦʟʝʨʘʭ ʠ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ ʧʦʡʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʡ 

ʧʨʠʪʦʢ ʚʦʜ, ʩʦʟʜʘʚʘʣʠʩʴ ʣʦʢʘʣʴʥʳʝ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʣʠ 

ʙʣʘʛʦʜʘʨʷ ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʪʰʥʫʨʦʚʘʥʥʳʭ 

ʤʝʘʥʜʨʦʚ ʠ ʟʘʩʪʦʡʥʳʭ ʚʦʜʦʝʤʦʚ. ʉʶʜʘ ʞʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, 

ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʛʣʫʙʠʥʝ 14 ʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʨʫʟʠʠ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. ʉʫʜʷ ʧʦ 

ʠʟʦʪʦʧʥʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʦʢʦʣʦ 0,5% 

ʥʝʨʘʟʙʘʚʣʝʥʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʠʣʠ 5% ʨʘʟʙʘʚʣʝʥʥʦʡ, ʪʘʢʦʡ, ʢʘʢʘʷ ʭʘʨʘʢʪʝʨʥʘ 



мсл 
 

ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʯʘʩʪʝʡ ʂʘʨʩʢʦʛʦ ʤʦʨʷ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ ʠ ʥʘʪʨʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʨʠʯʥʳʭ ʦʟʝʨ 

ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩʦʟʜʘʶʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʮʠʠ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ ʦʧʠʩʘʥʳ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʭ ʦʟʝʨ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʝʣʦʛʦ ʤʦʨʷ 

(Vasilôchuk et al., 2018).  

ʇʣʘʩʪʦʚʳʡ ʣʝʜ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʦ ʯʝʤ 

ʛʦʚʦʨʷʪ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ, ʘ ʟʥʘʯʠʪ ʧʦʩʪʫʧʣʝʥʠʝ ʩʪʘʨʠʯʥʦʡ ʚʦʜʳ 

ʨʘʟʙʘʚʣʷʣʦʩʴ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ, ʠ ʚʩʷ ʵʪʘ ʚʦʜʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʝʨʝʭʦʜʠʣʘ ʚ ʣʝʜ. ɺʩʝ ʦʪʤʝʯʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ ʧʦʩʪʫʧʘʣʘ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʵʬʬʝʢʪʠʚʥʦ ʩʤʝʰʠʚʘʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʠ ʥʝʩʣʘ ʚ ʩʝʙʝ ʩʣʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʟʘʩʦʣʝʥʥʳʤʠ ʩʫʧʝʩʷʤʠ, ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʠʣʠʢʘʪʦʚ ʠ ʢʘʪʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ, ʧʨʦʮʝʩʩʦʚ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʮʠʠ ʠ ʩʤʝʰʝʥʠʷ ʩ ʨʝʯʥʳʤʠ ʧʨʝʩʥʳʤʠ 

ʚʦʜʘʤʠ. ʊʦ, ʯʪʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʚʦʜʳ ʤʝʥʷʣʠʩʴ ʚʦ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʪʦʡ ʟʦʥʳ 

ʩʤʝʰʝʥʠʷ ʚʦʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʤ, ʯʪʦ ʨʝʯʥʳʝ ʚʦʜʳ ʨʘʟʤʳʚʘʣʠ ʩʪʘʨʠʮʳ ʠ ʦʟʝʨʘ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʜʘ ʠ ʚʦʜʘ ʚ ʟʦʥʝ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʤʝʩʴ, ʧʨʦʧʦʨʮʠʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʤʳʚʘ.  

ʆʙʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʫʧʝʩʯʘʥʳʭ ʪʦʣʱ, ʚʤʝʱʘʶʱʠʭ ʇʃ, ʠ 

ʩʘʤʦʛʦ ʣʴʜʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʩʤʝʥʘ ʫʩʣʦʚʠʡ ʦʙʚʦʜʥʝʥʠʷ. 

ʇʝʨʠʛʣʷʮʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ ʩ ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʨʳʭʣʳʭ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʦ ʢʦʪʦʨʦʡ ʤʝʘʥʜʨʠʨʫʶʪ ʨʝʢʠ, ʬʦʨʤʠʨʫʷ ʧʝʩʯʘʥʳʝ ʪʝʣʘ, ʥʘʭʦʜʠʪʩʷ 

ʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʣʠʢʠ ʧʦʜ 

ʨʫʩʣʘʤʠ ʨʝʢ. ʉʪʘʨʳʝ ʨʫʢʘʚʘ ʦʪʤʠʨʘʶʪ, ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʟʘʤʢʥʫʪʳʝ ʠʣʠ 

ʧʦʣʫʟʘʤʢʥʫʪʳʝ ʧʦʥʠʞʝʥʠʷ, ʥʦ ʧʨʦʜʦʣʞʘʶʪ ʧʦʣʫʯʘʪʴ ʛʨʫʥʪʦʚʦʝ ʧʠʪʘʥʠʝ ʠʟ 

ʝʱʝ ʘʢʪʠʚʥʳʭ ʪʘʣʠʢʦʚʳʭ ʟʦʥ. 

ɺ ʩʪʘʨʠʯʥʦ-ʦʟʝʨʥʳʭ ʧʦʥʠʞʝʥʠʷʭ, ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʧʦʜʪʦʢ 

ʚʦʜʳ ʩʥʠʟʫ), ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʩʚʝʨʭʫ. ɺʦʜʘ ʤʠʛʨʠʨʫʝʪ ʢ 
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ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, ʬʦʨʤʠʨʫʷ ʤʦʱʥʳʝ ʧʣʘʩʪʳ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ. 

ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʧʦʜʪʷʛʠʚʘʶʪʩʷ ʢ ʬʨʦʥʪʫ 

ʧʨʦʤʝʨʟʘʥʠʷ, ʧʨʦʮʝʩʩ ʠʜʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʚʦʜʳ (ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʩʪʠʪʴ ʤʦʱʥʫʶ ʪʦʣʱʫ ʣʴʜʘ.  

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2  

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟʦʪʦʧʥʳʭ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʣʘʩʪʦʚʳʝ 

ʣʝʜʷʥʳʝ ʟʘʣʝʞʠ ʗʤʘʣʘ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʇʨʠʟʥʘʢʦʚ ʧʦʛʨʝʙʸʥʥʳʭ (ʨʝʣʠʢʪʦʚʳʭ) ʣʝʜʥʠʢʦʚʳʭ ʠʣʠ ʤʦʨʩʢʠʭ ʣʴʜʦʚ ʚ 

ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺʳʷʚʣʝʥʦ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ: ʟʘʢʨʳʪʘʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ - ʟʘʢʨʳʪʘʷ ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʪʠʧʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ (ʣʠʥʟʘ ʙʝʣʦʛʦ ʣʴʜʘ ʚ ʦʩʥʦʚʘʥʠʠ 

ʨʘʟʨʝʟʘ ɺʘʩʴʢʠʥʳ ʜʘʯʠ, ɽʨʢʫʪʘʷʭʘ); ʦʪʢʨʳʪʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʩ ʟʘʢʨʳʪʦʡ ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦ ʪʠʧʫ ʦʟʝʨʘ, ʧʨʦʤʝʨʟʘʶʱʝʛʦ 

ʜʦ ʜʥʘ ʚʤʝʩʪʝ ʩ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ɺʘʩʴʢʠʥʳ ʜʘʯʠ, 

ʄʦʨʜʳʷʭʘ); ʦʪʢʨʳʪʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ 

(ʧʨʦʤʝʨʟʘʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ɹʦʚʘʥʝʥʢʦʚʦ, 

ʉʘʙʝʪʪʘ, ʆʶʷʭʘ) ʠ ʩ ʫʯʘʩʪʠʝʤ ʩʤʝʰʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ (ʥʠʞʥʠʡ ʷʨʫʩ 

ʇʃ ʄʘʨʨʝ-ʉʘʣʝ). 

2. ʅʘ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʧʦ 

ʠʟʦʪʦʧʥʦʤʫ ʩʜʚʠʛʫ ʧʨʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ (Lehmann, Siegenthaler, 1991) 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ (ɺʘʩʴʢʠʥʳ ʜʘʯʠ, ʄʦʨʜʳʷʭʘ, ɹʦʚʘʥʝʥʢʦʚʦ, 

ʚʝʨʭʥʷʷ ʟʘʣʝʞʴ ʄʘʨʨʝ-ʉʘʣʝ), ʜʠʘʧʘʟʦʥ ŭĭO ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣ ʦʪ 

ï20 ʜʦ ï23ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʪʤʦʩʬʝʨʥʳʤ 

(ʟʠʤʥʠʤ) ʦʩʘʜʢʘʤ. ɼʣʷ ʥʠʞʥʝʡ ʟʘʣʝʞʠ ʄʘʨʨʝ-ʉʘʣʝ (ʇʃ2), ʫʩʪʘʥʦʚʣʝʥʦ 

ʫʯʘʩʪʠʝ ʦʧʨʝʩʥʝʥʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 
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ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʨʘʟʜʝʣʷʪʴ ʧʨʝʩʥʦʚʦʜʥʳʝ (ʘʪʤʦʩʬʝʨʥʦ-ʦʟʝʨʥʳʝ) ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ 

ʫʩʣʦʚʠʷ ʧʠʪʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. 

3. ɼʣʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, 

ʭʘʨʘʢʪʝʨʥʳ ʥʘʢʣʦʥʳ ʣʠʥʠʠ ŭĮHïŭĭO ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6,5 ʜʦ 3,6. ɺʝʣʠʯʠʥʘ 

ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ; ʜʣʷ ʗʤʘʣʘ, ʛʜʝ 

ʠʩʭʦʜʥʘʷ ʚʦʜʘ ʠʤʝʣʘ ʟʥʘʯʝʥʠʷ ŭĭO ʦʪ ï20 ʜʦ ï23ă, ʨʘʩʯʝʪʥʳʡ ʪʨʝʥʜ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʵʣʝʝʚʩʢʦʛʦ ʠʩʪʦʱʝʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʪʦʤʫ ʜʠʘʧʘʟʦʥʫ. ɺ ʩʣʫʯʘʝ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʩʚʦʙʦʜʥʳʡ ʧʦʜʪʦʢ ʚʦʜʳ, 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʈʵʣʝʝʚʩʢʦʛʦ ʠʩʪʦʱʝʥʠʷ) ʥʘʢʣʦʥʳ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 7,4ï

7,8. ɺ ʩʣʫʯʘʷʭ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ (ʢʠʥʝʪʠʯʝʩʢʦʛʦ) ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʢʘʢ ʚ ʟʘʢʨʳʪʦʡ, ʪʘʢ ʠ ʚ ʦʪʢʨʳʪʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʥʘʢʣʦʥʳ ʤʦʛʫʪ ʩʥʠʞʘʪʴʩʷ ʜʦ 3,5ï4,0. 

4. ʏʝʨʝʜʦʚʘʥʠʝ ʧʨʦʪʦʯʥʳʭ (ʨʝʯʥʳʭ) ʠ ʟʘʩʪʦʡʥʳʭ (ʩʪʘʨʠʯʥʦ-ʦʟʝʨʥʳʭ) 

ʫʩʣʦʚʠʡ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚ ʛʝʦʭʠʤʠʠ ʣʴʜʦʚ ʧʦʙʝʨʝʞʴʷ ɹʘʡʜʘʨʘʮʢʦʡ 

ʛʫʙʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʥʦʩʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ, ʦʧʨʝʜʝʣʷʚʰʫʶ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʧʣʘʩʪʦʚʳʭ 

ʣʴʜʦʚ. 

5. ʇʨʦʷʚʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤ ʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʘʭ 

ʗʤʘʣʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʣʦʞʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʨʝʯʥʳʭ ʠ ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ. 

ɺ ʨʘʡʦʥʘʭ, ʛʜʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʟʘʣʝʛʘʶʪ ʚ ʩʫʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(ɺʘʩʴʢʠʥʳ ʜʘʯʠ, ʄʦʨʜʳʷʭʘ), ʧʨʝʦʙʣʘʜʘʝʪ ʟʘʢʨʳʪʘʷ ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʤʝʨʟʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ. ɺ ʨʘʡʦʥʘʭ ʩ 

ʚʳʨʘʞʝʥʥʳʤʠ ʧʝʩʯʘʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʘʢʪʠʚʥʳʡ 

ʚʦʜʦʦʙʤʝʥ (ɹʦʚʘʥʝʥʢʦʚʦ, ʉʘʙʝʪʪʘ), ʨʝʘʣʠʟʫʝʪʩʷ ʦʪʢʨʳʪʘʷ ʠʟʦʪʦʧʥʘʷ 

ʩʠʩʪʝʤʘ. ɺ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʨʝʯʥʳʭ ʠ ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ ʩ ʤʝʨʟʣʳʤʠ 

ʧʝʨʝʤʳʯʢʘʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʩʦʯʝʪʘʥʠʷ: 

ʠʥʲʝʢʮʠʦʥʥʳʝ ʣʴʜʳ (ʰʪʦʢʠ, ʣʘʢʢʦʣʠʪʳ, ʣʠʥʟʳ ʯʠʩʪʦʛʦ ʣʴʜʘ) ʧʨʦʨʳʚʘʶʪ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ, ʬʦʨʤʠʨʫʷ ʩʣʦʞʥʳʝ ʣʝʜʷʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (ɺʘʩʴʢʠʥʳ ʜʘʯʠ, ʄʘʨʨʝ-ʉʘʣʝ, ɽʨʢʫʪʘʷʭʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 



мсо 
 

ʭʘʨʘʢʪʝʨ ʠʟʦʪʦʧʥʦʡ ʟʘʧʠʩʠ ʣʴʜʘ ʚ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʘʭ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʤʝʨʟʘʥʠʷ, ʘ ʧʨʷʤʳʤ ʦʪʨʘʞʝʥʠʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʣʠʢʦʚʳʭ ʟʦʥ ʩ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ. 

 

  



мсп 
 

ɻʣʘʚʘ 3. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʠ ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ  

 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʣʝʜʷʥʳʝ ʷʜʨʘ, ʷʚʣʷʶʪʩʷ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ï ʧʘʣʴʟʘ ʠ ʧʠʥʛʦ. ʇʘʣʴʟʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʪʦʨʬʷʥʳʝ ʙʫʛʨʳ ʩ ʤʥʦʛʦʣʝʪʥʠʤ ʣʝʜʷʥʳʤ ʷʜʨʦʤ, 

ʩʣʫʞʘʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʦʥʳ ʧʨʝʨʳʚʠʩʪʦʡ ʤʝʨʟʣʦʪʳ. ʊʝʨʤʠʥ ñʧʘʣʴʟʘò 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʬʠʥʩʢʦʤ ʷʟʳʢʝ, ʥʦ, ʚʝʨʦʷʪʥʦ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥ ʠʤʝʝʪ 

ʣʘʧʣʘʥʜʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (Seppªlª, 2011). ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦʪ ʪʝʨʤʠʥ ʩʪʘʣ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʨʦʩʩʠʡʩʢʠʭ 

ʨʘʙʦʪʘʭ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ʪʦʨʬʷʥʦʡ ʙʫʛʦʨ ʠʣʠ ʤʠʛʨʘʮʠʦʥʥʳʡ ʙʫʛʦʨ 

ʧʫʯʝʥʠʷ (ʦʙʘ ʵʪʠ ʪʝʨʤʠʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʙʦʪʝ ʢʘʢ ʩʠʥʦʥʠʤ)r. ʀʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʤʠʛʨʘʮʠʝʡ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʠ ʠʥʬʠʣʴʪʨʘʮʠʝʡ 

ʦʩʘʜʢʦʚ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʷʜʨʘ ʠʟ ʰʣʠʨʦʚʦʛʦ ʠ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ. ɼʣʷ ʧʘʣʴʟʘ ʪʠʧʠʯʝʥ ʪʦʨʬʷʥʦʡ ʧʦʢʨʦʚ, ʢʦʪʦʨʳʡ 

ʠʟʦʣʠʨʫʝʪ ʠ ʟʘʱʠʱʘʝʪ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʝ ʷʜʨʦ ʦʪ ʪʘʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ. 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʘʣʴʟʘ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʝʘʢʮʠʠ 

ʢʨʠʦʣʠʪʦʟʦʥʳ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʬʦʨʤʳ ʢʨʘʡʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ ʠ ʤʦʱʥʦʩʪʠ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ.  

ɺʪʦʨʳʤ ʚʘʞʥʝʡʰʠʤ ʪʠʧʦʤ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʠʥʛʦ ï 

ʤʥʦʛʦʣʝʪʥʠʝ ʣʝʜʷʥʳʝ ʙʫʛʨʳ, ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʛʨʫʥʪʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʥʳʡ ʵʣʝʤʝʥʪ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ. ʀʭ ʢʣʶʯʝʚʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʩʣʫʞʠʪ ʥʘʣʠʯʠʝ 

ʠʥʪʨʫʟʠʚʥʦʛʦ ʣʝʜʷʥʦʛʦ ʷʜʨʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʦʨʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʇʠʥʛʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ, ʥʘ 

ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʩʦʟʜʘʥʠʷ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ. 



мср 
 

 

ʈʠʩ. 3.1. ʆʙʱʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (ʧʘʣʴʟʘ) 

ʧʦ (Seppala, 2011) 

ʇʠʥʛʦ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ) ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʦʜʘ ʠʟ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʩʪʫʧʘʝʪ ʧʦ 

ʪʘʣʠʢʘʤ (ʥʝʟʘʤʝʨʟʘʶʱʠʤ ʟʦʥʘʤ ʚ ʤʝʨʟʣʦʪʝ) ʠ ʩʦʟʜʘʸʪ ʥʘʧʦʨ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʧʦʜʥʷʪʠʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3.2). ʕʪʦʪ ʪʠʧ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʨʘʡʦʥʦʚ 

ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ ʟʦʥʘʤ 

ʨʘʟʣʦʤʦʚ, ʧʦʜʥʦʞʠʷʤ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ, ʦʢʨʘʠʥʘʤ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʠ ʙʝʨʝʛʦʚʳʤ 

ʪʝʨʨʘʩʘʤ, ʠʩʧʳʪʳʚʘʶʱʠʤ ʛʣʷʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʜʲʸʤ (Yoshikawa, 2013). 

ʇʠʥʛʦ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ) ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʨʦʚʦʡ ʚʦʜʳ, ʚʳʪʝʩʥʷʝʤʦʡ ʚ ʭʦʜʝ ʧʨʦʤʝʨʟʘʥʠʷ 

ʥʘʩʳʱʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʩʫʰʝʥʥʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨʘʭ ʠʣʠ 

ʧʘʣʝʦʨʫʩʣʘʭ (ʨʠʩ. 3.3). ʕʪʦʪ ʪʠʧ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʦʙʣʘʩʪʷʭ ʩʧʣʦʰʥʦʡ ʤʝʨʟʣʦʪʳ, 



мсс 
 

ʥʘʧʨʠʤʝʨ, ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ʉʠʙʠʨʠ. ʇʠʥʛʦ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʶʪʩʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦ (Mackay, 1990), ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʠʥʛʦ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪ ʛʨʫʧʧʳ ʩ ʩʘʪʝʣʣʠʪʥʳʤʠ ʬʦʨʤʘʤʠ (Yoshikawa, 2013). 

 

ʈʠʩ. 3.2. ʆʙʱʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (pingo) 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (Yoshikawa, 2013) 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʧʠʥʛʦ ʥʘʭʦʜʷʪ ʦʪʯʸʪʣʠʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʠʭ ʠʟʦʪʦʧʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɸʥʘʣʠʟ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ (ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ) ʚʦ ʣʴʜʫ 

ʧʠʥʛʦ ʩʣʫʞʠʪ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʘʩʰʠʬʨʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʧʘʣʝʦʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɼʣʷ ʧʠʥʛʦ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʝʥ ʠʟʦʪʦʧʥʳʡ ʧʨʦʬʠʣʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʜʝʣʠ 

ʨʵʣʝʝʚʩʢʦʡ ʜʠʩʪʠʣʣʷʮʠʠ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʸʤʘ: ʣʸʜ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ, ʧʨʦʛʨʝʩʩʠʚʥʦ ʦʙʣʝʛʯʘʝʪʩʷ. ʕʪʦʪ ʪʨʝʥʜ 



мст 
 

ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʝʨʥʘʭ ʧʠʥʛʦ ʥʘ ɸʣʷʩʢʝ (Mackay, 1990) ʠ ʚ 

ʂʘʥʘʜʝ (Yoshikawa, 2008). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʜʣʷ ʧʠʥʛʦ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʧʨʠʪʦʢ ʚʦʜʳ ʠʟ ʛʦʨʠʟʦʥʪʘ ʧʦʩʪʦʷʥʝʥ, ʪʠʧʠʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ ʧʦ ʛʣʫʙʠʥʝ ʢʝʨʥʘ (ʥʘʧʨʠʤʝʨ, ʚ Mungot Pingo, 

ʄʦʥʛʦʣʠʷ). ʀ ʩʤʝʥʘ ʩʠʛʥʘʣʘ ʥʘ ʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʢʦʛʜʘ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʧʨʦʤʝʨʟʘʝʪ (Yoshikawa, 2013). 

 

ʈʠʩ. 3.3. ʆʙʱʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (pingo) 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (Yoshikawa, 2013). 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʛʨʳ ʠʩʧʳʪʳʚʘʶʪ ʨʷʜ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʘʢʪʠʚʥʦʝ ʧʫʯʝʥʠʝ (ʧʨʠʨʦʩʪ 2-5 ʩʤ/ʛʦʜ ʚ ʬʘʟʫ ʨʦʩʪʘ), ʜʝʛʨʘʜʘʮʠʶ (ʧʨʦʪʘʠʚʘʥʠʝ 

ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʨʟʣʳʭ ʧʦʨʦʜ), ʵʨʦʟʠʶ ʩʢʣʦʥʦʚ 

(ʨʘʟʨʫʰʝʥʠʝ ʪʦʨʬʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʯʝʭʣʘ), ʘ ʪʘʢʞʝ ʪʝʨʤʦʢʘʨʩʪ ï 



мсу 
 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʣʘʩʦʚ ʩ ʦʟʝʨʘʤʠ ʠʣʠ ʙʦʣʦʪʘʤʠ ʥʘ ʩʪʘʜʠʠ ʜʝʛʨʘʜʘʮʠʠ 

(ɹʦʛʦʷʚʣʝʥʩʢʠʡ ʠ ʜʨ., 2019; ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2008). ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʝʛʨʘʜʘʮʠʶ ʙʫʛʨʦʚ, ʚʳʩʪʫʧʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʨʝʞʠʤ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʪʘʷʥʠʷ, ʫʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʨʘʟʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ (ʥʘʨʫʰʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʝʭʥʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ) 

(ʄʦʩʢʘʣʝʥʢʦ ʠ ʇʦʥʦʤʘʨʝʚʘ, 2004). ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʜʝʛʨʘʜʘʮʠʷ ʙʫʛʨʦʚ, ʩʫʜʷ ʧʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2018), ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ 

ʫʩʣʦʚʠʷʤʠ ʦʙʚʦʜʥʝʥʠʷ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʦʟʸʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʙʫʛʨʳ ʧʫʯʝʥʠʷ. 

 

3.1. ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ ʚ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʘʭ 

ʩʝʚʝʨʥʳʭ ʩʪʨʘʥ ʧʨʦʚʸʣ ʚ 1792 ʛ. ʉ. ʇʘʣʩʩʦʥ (Thorarinsson, 1951); ʚʦʟʤʦʞʥʦ, 

ʠʤʝʥʥʦ ʚ ʝʛʦ ʯʝʩʪʴ ʪʦʨʬʷʥʳʝ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʙʳʣʠ ʥʘʟʚʘʥʳ ʧʘʣʴʟʘ. ʆ. ʂʠʣʴʤʘʥ 

(Kihlman, 1890) ʦʧʠʩʘʣ ʩʭʦʜʥʳʝ ʬʦʨʤʳ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʚʳʩʦʪʦʡ 3ï4 

ʤ ʩ ʪʦʨʬʷʥʳʤ ʧʦʢʨʦʚʦʤ ʜʦ 1 ʤ, ʩʚʷʟʘʚ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩ ʵʨʦʟʠʝʡ ʧʦ ʙʝʨʝʛʘʤ 

ʦʟʸʨ ʠ ʨʝʢ. 

ɺ ʥʘʯʘʣʝ XX ʚ. ʉ. ɸ.ʇʦʜʴʷʢʦʥʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʚ ʥʘʣʝʜʷʭ 

ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʟʘ ʩʯʸʪ ʥʘʧʦʨʘ ʧʦʪʦʢʘ, ʘ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʤʝʨʟʘʥʠʷ ʚʦʜʳ, 

ʟʘʤʢʥʫʪʦʡ ʙʣʘʛʦʜʘʨʷ ʩʤʝʨʟʘʥʠʶ ʚʝʨʭʥʝʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩ ʣʝʜʷʥʳʤ ʜʥʦʤ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʥ ʦʙʲʷʩʥʠʣ ʦʙʨʘʟʦʚʘʥʠʝ ʙʫʛʨʦʚ ʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʛʨʫʥʪʘʭ. 

ɺ. ʅ. ʉʫʢʘʯʝʚ, ʠʩʩʣʝʜʦʚʘʚʰʠʡ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʥʘ ʉʝʚʝʨʥʦʤ ʋʨʘʣʝ (ʦʪ ʨ. 

ʂʘʨʳ ʜʦ ʥʠʟʦʚʴʝʚ ʆʙʠ), ʚʩʢʨʳʣ ʧʦʜ ʤʘʣʦʤʦʱʥʳʤ ʪʦʨʬʦʤ ʤʝʨʟʣʦʝ 

ʤʠʥʝʨʘʣʴʥʦʝ ʷʜʨʦ ʠ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʙʫʛʨʳ ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʸʪ ʚʳʧʫʯʠʚʘʥʠʷ 

ʧʣʳʚʫʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʟʘʢʣʶʯʸʥʥʦʛʦ ʤʝʞʜʫ ʧʨʦʤʝʨʟʘʶʱʠʤ ʩʣʦʝʤ ʩʚʝʨʭʫ ʠ 

ʢʨʦʚʣʝʡ ʤʝʨʟʣʦʪʳ ʩʥʠʟʫ. 



мсф 
 

ɼ.ɸ. ɼʨʘʥʠʮʳʥ (1914) ʠʟʫʯʠʣ ʙʫʛʨʠʩʪʳʝ ʪʦʨʬʷʥʠʢʠ ʚ ʥʠʟʦʚʴʷʭ ɽʥʠʩʝʷ ʠ 

ʫʩʪʘʥʦʚʠʣ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʩʠ ʜʦʣʠʥʳ, ʛʜʝ ʦʥʠ ʚʳʪʷʛʠʚʘʶʪʩʷ 

ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʨʷʜʘʤʠ ʚʦʢʨʫʛ ʮʝʧʦʯʢʠ ʦʟʸʨ. 

ɻ. ʀ. ɸʥʫʬʨʠʝʚ, ʠʩʩʣʝʜʫʷ ʪʦʨʬʷʥʳʝ ʙʫʛʨʳ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, 

ʦʙʲʷʩʥʠʣ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʳʧʫʯʠʚʘʥʠʝʤ ʛʨʫʥʪʘ ʧʦʜ ʥʘʧʦʨʦʤ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʜʩʪʠʣʘʶʱʠʡ ʪʘʣʳʡ ʛʦʨʠʟʦʥʪ ʠ ʥʝ ʥʘʭʦʜʷʱʠʭ ʚʳʭʦʜʘ 

ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʙʦʣʦʪʘ. ʇʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʙʫʛʨʘ ʦʥ ʩʚʷʟʳʚʘʣ ʩ ʨʘʟʚʠʪʠʝʤ 

ʩʬʘʛʥʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʣʠʰʴ çʧʦʢʘ ʚʳʩʦʪʘ ʙʫʛʨʘ ʜʦʧʫʩʢʘʝʪ 

ʩʥʘʙʞʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʜʦʶè. ʆʜʥʘʢʦ ʧʦʟʞʝ ʅ. ʀ. ʇʴʷʚʯʝʥʢʦ (1955) ʠ 

ʜʨʫʛʠʝ ʙʦʪʘʥʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʚʦʟʚʳʰʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʬʘʛʥʦʚʳʡ ʧʦʢʨʦʚ 

ʦʪʤʠʨʘʝʪ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʥʘʨʘʩʪʘʥʠʝ ʪʦʨʬʘ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɺ 20-ʝ ʛʛ. ʄ.ʀ.ʉʫʤʛʠʥ ʧʨʝʜʣʦʞʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ 

ʚʣʘʛʠ ʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʤʝʨʟʘʶʱʠʭ ʛʨʫʥʪʘʭ. ɺ 1929 ʛ. ʄ.ʀ.ʉʫʤʛʠʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʣ ʷʚʣʝʥʠʝ ʦʪʞʠʤʘʥʠʷ ʚʦʜʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʫʚʣʘʞʥʝʥʥʦʛʦ ʙʣʠʟʢʦ ʢ ʧʦʣʥʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʝʩʢʘ ʠ ʧʨʦʠʟʚʝʣ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʧʝʩʢʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʄ.ʀ.ʉʫʤʛʠʥ ʨʘʟʨʘʙʦʪʘʣ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʪʝʦʨʠʶ ʥʘʧʦʨʥʦʛʦ ʧʫʯʝʥʠʷ ʚ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤʘʭ 

ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʨʘʩʰʠʨʠʣ, ʧʨʠʤʝʥʠʚ ʪʘʢʞʝ ʢ ʤʥʦʛʦʣʝʪʥʠʤ 

ʙʫʛʨʘʤ ʧʫʯʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʦʨʬʷʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʥʘ 

ʂʦʣʴʩʢʦʤ ʧ-ʦʚʝ (ʉʫʤʛʠʥ, 1934), ʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʫʯʝʥʠʷ. ɹ.ʅ.  ɻʦʨʦʜʢʦʚ ʚ 1928 ʛ., ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʊ.ʌʨʠʟʘ, ɼ.ɸ.ɼʨʘʥʠʮʳʥʘ ʠ ɻ.ʀ.ɸʥʫʬʨʠʝʚʘ, ʜʝʣʘʝʪ ʚʳʚʦʜ, ʯʪʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʫʛʨʦʚ ʥʘ ʪʦʨʬʷʥʠʢʘʭ ʩʣʫʞʠʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʦʢʘ ʚʦʜ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʥʝʛʘ. ʇʝʨʚʦʝ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, 

ʚʳʟʳʚʘʝʪ ʤʝʩʪʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʣʴʜʘ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 

ʧʨʦʤʝʨʟʘʥʠʶ ʛʨʫʥʪʦʚ ʟʠʤʦʡ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʤʘʣʦʤʦʱʥʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. 

ɹ.ʅ. ɻʦʨʦʜʢʦʚ (1932) ʧʦʜʚʝʨʛ ʢʨʠʪʠʢʝ ʛʠʧʦʪʝʟʫ ʌʨʠʟʘ ʦ çʥʘʩʘʩʳʚʘʥʠʠ 

ʞʠʜʢʦʛʦ ʪʦʨʬʘè ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ. ʆʥ ʦʙʦʩʥʦʚʘʣ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʯʠʩʪʦʛʦ ʣʴʜʘ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʤʝʣʢʦʙʫʛʨʠʩʪʳʝ ʙʦʣʦʪʘ ʢʘʢ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ 



мтл 
 

ʢʨʫʧʥʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʦʚ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʪʦʨʬʷʥʦʛʦ ʩʣʦʷ ʠ 

ʥʘʣʠʯʠʠ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʚʦʜʳ) ʚ 

ʪʘʢʠʭ ʙʦʣʦʪʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚʥʫʪʨʠʙʫʛʨʦʚʳʝ ʣʠʥʟʳ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʥʝ ʫʩʧʝʚʘʶʪ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʘʠʚʘʪʴ ʟʘ ʣʝʪʦ. ʀʤʝʥʥʦ ʥʘʤʝʨʟʘʥʠʝ ʵʪʠʭ ʣʠʥʟ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʙʫʛʨʦʚ ʜʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ (ɻʦʨʦʜʢʦʚ, 1932). 

ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʜʥʝʝ ɻ.ɹʝʩʢʦʚ (Beskow, 1935), ʪʘʢʞʝ ʧʦʜʜʝʨʞʘʣ 

ʛʠʧʦʪʝʟʫ ʦ ʚʘʞʥʝʡʰʝʡ ʨʦʣʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʩʪʨʦʝʥʠʠ ʧʘʣʴʟʘ. ɺ 1932 ʛ. 

ʅ.ʀ.ʊʦʣʩʪʠʭʠʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʠʝ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʡʦʥʘʭ 

ʚʳʭʦʜʘ ʚʦʩʭʦʜʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʜʣʷ ʪʘʢʠʭ ʬʦʨʤ ʚʚʝʣ ʪʝʨʤʠʥ 

ñʛʠʜʨʦʣʘʢʢʦʣʠʪʳò, ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʧʨʦʩʪʨʘʥʠʚ ʵʪʦ ʧʦʥʷʪʠʝ ʥʘ ʚʩʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʦʜʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʤʠʛʨʘʮʠʠ. ɺ 1930-ʭ ʛʦʜʘʭ ʅ. ɻ. ɼʘʪʩʢʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ɻ. ʌ. 

ʇʠʩʘʨʝʚʳʤ ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʙʫʛʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʪʘʥʮʳ 

ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʧʦʜ 

ʤʦʱʥʳʤ ʪʦʨʬʷʥʳʤ ʧʦʢʨʦʚʦʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʫʛʨʦʚ, ʧʦ ʤʥʝʥʠʶ ɼʘʪʩʢʦʛʦ, 

ʩʚʷʟʘʥʦ ʩ ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʘʶʱʫʶ ʨʦʣʴ 

ʠʛʨʘʣʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʪʘʷʥʠʠ 

ʩʥʝʛʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʭ ʣʦʞʙʠʥʘʭ. ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʙʫʛʨʦʚ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʠ ʠʭ ʧʝʨʝʭʦʜ ʚ ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʝ 

ʬʦʨʤʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʙʲʷʩʥʷʣ ʟʘʢʦʥʦʤʝʨʥʳʤ ʦʩʣʘʙʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʝʛʨʘʜʘʮʠʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʰʠʨʦʪʳ. 

ɻ.ʃʫʥʜʢʚʠʩʪ (Lundqvist, 1951) ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʣʴʟʘ ʷʚʣʷʝʪʩʷ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʸʜ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ ʚ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʉ.Mʶʣʣʝʨ (M¿ller, 1947) ʩʯʠʪʘʣ, ʯʪʦ ʪʦʨʬʷʥʳʝ ʙʫʛʨʳ 

(ʪʝʨʤʠʥ, ʢʦʪʦʨʳʡ ʦʥ ʧʨʠʨʘʚʥʠʚʘʣ ʢ ʧʘʣʴʟʘ) ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʣʝʜʷʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʪʫʥʜʨʝ ʠʣʠ ʥʘ ʤʝʨʟʣʦʤ ʙʦʣʦʪʝ. ʆʙʰʠʨʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʙʫʛʨʠʩʪʳʤ ʪʦʨʬʷʥʠʢʘʤ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʩʦʙʨʘʣ 

ʅ.ʀ.ʇʴʷʚʯʝʥʢʦ (1955). 



мтм 
 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚʥʸʩ ɸ.ʀ. ʇʦʧʦʚ, 

ʚʳʧʦʣʥʠʚʰʠʡ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʦʨʬʦʣʦʛʠʠ, ʣʠʪʦʣʦʛʠʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʣʴʜʠʩʪʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʦʚ. ɸ.ʀ. ʇʦʧʦʚ 

ʦʙʦʩʥʦʚʘʣ ʛʠʧʦʪʝʟʫ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʧʫʢʣʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʦʚ ʟʘ ʩʯʸʪ 

ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ. ʇʦʤʠʤʦ 

ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ, ʦʥ ʚʳʜʝʣʠʣ ʙʫʣʛʫʥʥʷʭʠ (ʛʠʜʨʦʣʘʢʢʦʣʠʪʳ), 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ, ʠ ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʝ 

ʪʦʨʬʷʥʠʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʦʨʦʟʦʙʦʡʥʳʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʠ ʪʝʨʤʦʢʘʨʩʪʦʤ. 

ʉʯʠʪʘʷ ʵʪʠ ʧʨʦʮʝʩʩʳ ʟʦʥʘʣʴʥʳʤʠ, ʇʦʧʦʚ ʩʦʩʪʘʚʠʣ ʢʘʨʪʫ ʤʝʨʟʣʦʪʥʦʛʦ 

ʨʝʣʴʝʬʘ: ʙʫʣʛʫʥʥʷʭʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʫʥʜʨʝ, ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʝ ʪʦʨʬʷʥʠʢʠ ï  

ʚ ʶʞʥʦʡ ʪʫʥʜʨʝ ʠ ʣʝʩʦʪʫʥʜʨʝ, ʚʳʧʫʢʣʦʙʫʛʨʠʩʪʳʝ ʪʦʨʬʷʥʠʢʠ ï ʚ ʣʝʩʦʪʫʥʜʨʝ ʠ 

ʩʝʚʝʨʥʦʡ ʪʘʡʛʝ, ʛʜʝ ʠʭ ʶʞʥʳʡ ʧʨʝʜʝʣ ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʥʠʮʝʡ 

ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ (ʇʦʧʦʚ, 1953). 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʩʪʘʣʠ ʨʘʙʦʪʳ 

ʇ.ɸ. ʐʫʤʩʢʦʛʦ. ɺ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ 1955 ʛ. ʦʥ ʧʨʝʜʣʦʞʠʣ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʣʝʜʷʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʝʨʟʣʦʪʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʥ ʫʜʝʣʠʣ ʙʫʛʨʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʠʥʲʝʢʮʠʦʥʥʳʤ 

ʣʴʜʦʤ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʥʝʜʨʠʚʰʝʡʩʷ ʧʦʜ ʥʘʧʦʨʦʤ ʚʦʜʳ 

ʠʣʠ ʨʘʟʞʠʞʝʥʥʦʛʦ ʛʨʫʥʪʘ-ʧʣʳʚʫʥʘ. ʇ.ɸ.ʐʫʤʩʢʠʡ ʚʳʜʝʣʠʣ ʜʚʘ ʪʠʧʘ ʙʫʛʨʦʚ: 

ʙʫʣʛʫʥʥʷʭʠ (ʧʠʥʛʦ) ʩʦ ʩʧʣʦʰʥʳʤ ʣʝʜʷʥʳʤ ʷʜʨʦʤ ʠ ʙʫʛʨʳ ʠʟ ʣʴʜʠʩʪʳʭ 

ʤʸʨʟʣʳʭ ʧʦʨʦʜ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʦʥ ʦʙʲʷʩʥʷʣ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʧʨʠʪʦʢʘ ʚʦʜʳ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ. ɽʩʣʠ ʧʨʦʤʝʨʟʘʝʪ ʣʠʰʴ ʯʘʩʪʴ 

ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʳ, ʧʦʜ ʤʸʨʟʣʳʤ ʩʣʦʝʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʜʷʥʘʷ ʣʠʥʟʘ, 

ʟʘʤʝʨʟʘʥʠʝ ʢʦʪʦʨʦʡ ʜʘʸʪ ʯʠʩʪʦ ʣʝʜʷʥʦʝ ʷʜʨʦ. ɽʩʣʠ ʞʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʜʦʚʘʥʠʝ ʠʥʲʝʢʮʠʦʥʥʳʭ ʰʣʠʨʦʚ ʩ 

ʣʴʜʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʧʨʠʪʦʢʘ ʚʦʜʳ, ʧʦ ʤʥʝʥʠʶ 

ʇ.ɸ.ʐʫʤʩʢʦʛʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʣʴʜʠʩʪʘʷ ʧʦʨʦʜʘ ʩ ʤʝʣʢʠʤʠ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʤʠ ʰʣʠʨʘʤʠ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʧʦʨʥʘʷ ʤʠʛʨʘʮʠʷ ʚʦʜʳ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʫʪʦʯʥʠʣ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʧʦʜʪʷʛʠʚʘʥʠʷ ʚʣʘʛʠ ʠ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʞʝ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 



мтн 
 

ʤʥʦʛʦʣʝʪʥʠʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʦʙʦʠʭ ʪʠʧʦʚ, ʦʜʥʘʢʦ ʚʝʜʫʱʠʤ ʧʨʦʮʝʩʩʦʤ ʩʯʠʪʘʣ 

ʠʥʲʝʢʮʠʶ (ʐʫʤʩʢʠʡ, 1955). 

ʉ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 60-ʭ ʛʦʜʦʚ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʣʴʟʘ ʚ ʬʠʥʩʢʦʡ 

ʃʘʧʣʘʥʜʠʠ, ʘ ʟʘʪʝʤ ʚ ɹʨʠʪʘʥʩʢʦʡ ʂʦʣʫʤʙʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʄ.ʉʝʧʧʘʣʦʡ 

(Seppªlª, 1972a, b, 1976, 1980, 1982, 1986, 1988a,b, 1990, 1994, 1998, 2003a,b, 

2004). ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʝʛʦ ʧʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʟʘ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʛʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʩʥʝʛʘ (Seppªlª, 

1994, 2003b). 

ʅʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʧʣʦʩʢʦ- ʠ ʢʨʫʧʥʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʫʯʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʛʦʩʷ ʤʦʨʦʟʦʙʦʡʥʳʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʧʦʚʪʦʨʥʦ ʞʠʣʴʥʳʭ ʣʴʜʦʚ, ʫʢʘʟʳʚʘʣʠ ɽ.ɹ. 

ɹʝʣʦʧʫʭʦʚʘ, ɺ.ɺ. ɹʘʫʣʠʥ, ɻ.ʀ. ɼʫʙʠʢʦʚ ʠ ʖ.ʊ. ʋʚʘʨʢʠʥ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʘʡʦʥʘʭ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʨʦʜ ʦʪ ï1 ʜʦ ï3Áʉ. ʅ.ɸ. 

ʐʧʦʣʷʥʩʢʘʷ ʠ ɺ.ʇ. ɽʚʩʝʝʚ (1972) ʨʘʩʩʤʦʪʨʝʣʠ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʚʳʧʫʢʣʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʦʚ ʩʝʚʝʨʦ-ʪʘʸʞʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, ʚ ʜʦʣʠʥʘʭ ʨʨ. ʇʨ.ʍʝʪʪʘ, ʅʳʜʘ ʠ ʠʭ ʧʨʠʪʦʢʦʚ, ʠ ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ 

ʦ ʜʝʛʨʘʜʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʠʩʘʥʥʳʭ ʠʤʠ ʙʫʛʨʦʚ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ 

ɺ.ʇ. ɽʚʩʝʝʚʘ (1974) ʦʙʦʙʱʠʣʘ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʢʦʧʣʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘ 60ï70-ʝ ʛʦʜʳ XX ʚʝʢʘ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʛʨʦʚ ʚʥʝʩ ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ (ɺʘʩʠʣʴʯʫʢ, 

1978, 1983; ɺʘʩʠʣʴʯʫʢ, ʃʘʭʪʠʥʘ, 1986; Vasilôchuk, Vasilôchuk, 1998; ɺʘʩʠʣʴʯʫʢ 

ʠ ʜʨ., 2002). ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʚ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʝʨʟʣʦʪʥʦ-ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʫʛʨʳ ʤʦʛʫʪ, ʨʘʩʪʠ, 

ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʳʤʠ (ɺʘʩʠʣʴʯʫʢ, 1978, 1983). 

ʇʨʦʚʦʜʷ ʨʘʙʦʪʳ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ ʚʳʷʚʠʣ 

ʨʘʟʣʠʯʠʷ ʚ ʛʦʣʦʮʝʥʦʚʦʡ ʧʘʣʝʦʜʠʥʘʤʠʢʝ ʙʫʛʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʘʜʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʪʦʨʬʘ ʖ. ʂ. 

ɺʘʩʠʣʴʯʫʢ ʠ ɸ. ʂ. ɺʘʩʠʣʴʯʫʢ (Vasilôchuk, Vasilôchuk, 1998) ʧʦʢʘʟʘʣʠ, ʯʪʦ 



мто 
 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʫʛʨʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ 

ʜʨʝʚʥʠʤʠ (7ï10 ʪʳʩ. ʣʝʪ), ʪʘʢ ʠ ʤʦʣʦʜʳʤʠ (1ï2 ʪʳʩ. ʣʝʪ), ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ. 

ɺʧʝʨʚʳʝ ʩʪʘʙʠʣʴʥʳʝ ʠʟʦʪʦʧʳ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ. ɼʞ. ɹʨʘʫʥ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(Brown et al., 1983) ʠʩʩʣʝʜʦʚʘʣ ʙʫʛʨʳ ʩ ʣʴʜʦʥʘʩʳʱʝʥʥʳʤʠ ʷʜʨʘʤʠ ʥʘ ʛʦʨʝ 

ʉʫʢʘʢʧʘʢ (ʶʛ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ɹʨʫʢʩ, ɸʣʷʩʢʘ). ʃ. ɼʝʚʝʨ, ʂ. ʍʠʣʣʘʨʠ-

ʄʘʨʩʝʣʴ ʠ ɾ. ʌʦʥʪʝ ʚ ʧʫʙʣʠʢʘʮʠʠ 1984 ʛ. (Dever, Hillaire-Marcel, Fontes, 1984) 

ʚʧʝʨʚʳʝ ʧʨʠʚʝʣʠ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʜʝʡʪʝʨʠʷ ʚ ʨʘʟʨʝʟʘʭ ʧʘʣʴʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʅʦʚʦʤ ʂʚʝʙʝʢʝ, ʥʘ ʚʦʩʪʦʯʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ɻʫʜʟʦʥʦʚʘ ʟʘʣʠʚʘ, ʥʘ ʥʠʟʤʝʥʥʦʩʪʠ ʤʝʞʜʫ ʨʝʢʘʤʠ ɻʨʘʥʜ ʠ ɻʨʘʥʜ ʜʝ 

ʣʘ ɹʘʣʝʡʥ (5430ǋ ʩ.ʰ., 7012ǋ ʟ.ʜ.). 

ʉʨʝʜʠ ʢʘʥʘʜʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʝʩʷʪʴ ʫʯʸʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʶʪ ʙʫʛʨʳ ʧʫʯʝʥʠʷ. ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʈ. ɹʨʘʫʥ, ʉ. ɿʦʣʪʘʡ, ʉ. ʍʘʨʨʠʩ, ʄ. ɸʣʣʘʨʜ, ʉ. ʇʘʡʝʪʪ, ɾ.-ʂ. ɼʠʦʥʥ, ʇ. ʂʝʨʰʘʫ, 

ʕ. ʃʝʚʢʦʚʠʯ, ɺ. ʇʦʣʣʘʨʜ ʠ ʍ. ʌʨʝʥʯ, ʘ ʪʘʢʞʝ ʠʭ ʫʯʝʥʠʢʠ ʠ ʢʦʣʣʝʛʠ (Allard, 

Tremblay, 1983; Allard, Seguin, 1987a, b; Allard et al., 1987, 1995, 1996; Allard, 

Rousseau, 1999; Asselin, Payette, 2005; 2006; Brown, 1968, 1973; Brown, P®w®, 

1973; Coultish, 2002; Harris, 1982, 1993, 1998; Harris, Krouse, 1989; Harris, 

Nyrose, 1992; Harris et al., 1992, 1993; Harris, Schmidt, 1994; Kershaw, 2003, 

2004; Kershaw, Gill, 1979; Kershaw, Skaret, 1993; Lewkowicz, Coultish, 2004; 

Payette, 1984, 2001, 2007; Payette, Delwaide, 2000, 2004) 

ʉ. ʍʘʨʨʠʩ ʠʩʩʣʝʜʦʚʘʣ ʧʘʣʴʟʘ-ʧʦʜʦʙʥʳʝ ʙʫʛʨʳ ʫ ʦʟʝʨʘ ʌʦʢʩ ʥʘ ʖʢʦʥʝ. 

ʀʤ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʙʫʛʨʦʚ ï ʦʪ ʥʠʟʢʠʭ ʪʨʘʚʷʥʠʩʪʳʭ ʜʦ 

ʧʘʣʴʟʘ ʚʳʩʦʪʦʡ ʧʦʯʪʠ 3 ʤ. ɺ ʪʘʢʠʭ ʙʫʛʨʘʭ ʣʸʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʣʴʜʘ-

ʮʝʤʝʥʪʘ ʠʣʠ ʫʟʢʠʭ ʣʠʥʟ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 65ï70% ʦʙʲʸʤʘ ʷʜʨʘ 

ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ (Harris, 1993). ʉ. ʍʘʨʨʠʩ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʟʫʯʠʣʠ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʨʘʟʨʝʟʝ ʪʦʨʬʷʥʦʛʦ ʧʣʘʪʦ (ʙʫʛʨʘ 

ʧʫʯʝʥʠʷ) ʚʜʦʣʴ ʰʦʩʩʝ ʈʦʙʝʨʪʘ ʂʵʤʧʙʝʣʣʘ ʤʝʞʜʫ ʊʫʯʠʪʫʘ ʠ ʩʝʚʝʨʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʴʶ ʦʟʝʨʘ ʌʨʵʥʩʠʩʘ (ʖʢʦʥ). ʆʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ ʜʣʷ 28 ʦʙʨʘʟʮʦʚ 



мтп 
 

ʣʴʜʘ ʠ ʚʦʜʳ ʠʟ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠ ʜʣʷ 59 ʦʙʨʘʟʮʦʚ ʣʴʜʘ ʠʟ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ 

ʧʦʨʦʜ ʧʣʘʪʦ ʦʢʘʟʘʣʦʩʴ ʩʭʦʜʥʳʤ, ʦʜʥʘʢʦ ʚʦʜʘ ʠʟ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʧʨʠʟʥʘʢʠ ʠʩʧʘʨʝʥʠʷ. ɹʣʠʟʦʩʪʴ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʜʚʫʭ ʨʷʜʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ ʚ ʜʝʷʪʝʣʴʥʦʤ ʩʣʦʝ ʠ ʚ ʤʸʨʟʣʦʤ 

ʷʜʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ (Harris et al., 1992). ʇʦ ʤʥʝʥʠʶ ʉ. ʍʘʨʨʠʩʘ, 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʴʜʘ ʚ ʪʦʨʬʷʥʦʤ ʧʣʘʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʦʩʘʜʢʦʚ, 

ʧʨʦʩʘʯʠʚʘʶʱʠʭʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʛʨʦʚ, ʘ ʥʝ ʟʘ ʩʯʸʪ ʟʘʤʝʨʟʘʥʠʷ ʙʦʣʦʪʥʳʭ ʚʦʜ, 

ʤʠʛʨʠʨʫʶʱʠʭ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ. 

ɸʥʘʣʠʟ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʩʝʟʦʥʥʳʭ ʙʫʛʨʘʭ ʧʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʩʝʚʝʨʝ ʂʘʥʘʜʳ (van Everdingen, 1982; Mackay, 1983; Michel, 1986), ʚ ʄʦʥʛʦʣʠʠ 

(Froehlich et al., 1978) ʠ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ ɸʨʢʪʠʢʠ ï ʥʘ ʚʦʩʪʦʯʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ʏʫʢʦʪʢʠ (ɺʘʩʠʣʴʯʫʢ, 1992). ʅʘ ɸʣʷʩʢʝ ʧʦʜʦʙʥʳʝ ʬʦʨʤʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʠʙʫ, ʛʜʝ ʦʥʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ 

ʠʥʲʝʢʮʠʦʥʥʳʤʠ ʙʫʛʨʘʤʠ (ʙʫʣʛʫʥʥʷʭʘʤʠ). ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʟʘʣʝʛʘʥʠʷ ʩʝʟʦʥʥʳʭ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʪʘʢʞʝ ʚ ʂʘʥʘʜʝ (ʨʘʡʦʥ ʨ. ɹʝʘʨ) ʠ ʥʘ ʘʨʭʠʧʝʣʘʛʝ ʐʧʠʮʙʝʨʛʝʥ (Yoshikawa, 1998; 

Yoshikawa et al., 2003). 

ʅʘ ʧʦʣʫʦʩʪʨʦʚʝ ʊʘʢʪʦʷʢʪʘʢ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 1350 ʧʠʥʛʦ 

(ʙʫʣʛʫʥʥʷʭʦʚ) (Mackay, 1998), ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʪʠʭ 

ʬʦʨʤ ʚ ʤʠʨʝ. ɼʞ. ʈ. ʄʘʢʢʘʡ (Mackay, 1977, 1983, 1988, 1998), ʧʨʦʚʦʜʠʚʰʠʡ 

ʤʥʦʛʦʣʝʪʥʠʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʧʠʥʛʦ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 

ʊʘʢʪʦʷʢʪʘʢ (ʩʝʚʝʨ ʂʘʥʘʜʳ), ʚʳʧʦʣʥʠʣ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (ŭ18O ʠ 

ŭ2ʅ) ʚʦ ʣʴʜʫ ʦʜʥʦʛʦ ʪʠʧʠʯʥʦʛʦ ʧʠʥʛʦ ʠ ʚ ʚʦʜʝ ʧʠʪʘʶʱʝʛʦ ʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʂ.ʁʦʰʠʢʘʚʘ, ʠʩʧʦʣʴʟʫʷ ʪʨʠʪʠʝʚʳʡ ʘʥʘʣʠʟ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʥʛʦ ʥʘ 

ʐʧʠʮʙʝʨʛʝʥʝ ʚ ʨʘʡʦʥʘʭ Aʜʚʝʥʪʜʘʣʝʥ ʠ ʈʝʡʥʜʘʣʝʥ (Yoshikawa, 1998), ʧʦʢʘʟʘʣ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʧʠʥʛʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ. 

ɺ ʂʘʥʘʜʝ ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʟʦʥʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ. ʈʘʙʦʪʳ ʈ. ʚʘʥ ʕʚʝʨʜʠʥʛʝʥʘ 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʡʦʥʝ ʄʝʜʚʝʞʴʠʭ ʉʢʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʭʨʝʙʪʘ ʅʦʨʤʘʥʘ (6455ǋ22ǋǋ ʩ.ʰ., 12539ǋ22ǋǋ ʟ.ʜ.). ʆʙʲʝʢʪʦʤ 



мтр 
 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʌ. ɸ. ʄʘʡʢʣʘ ʩʪʘʣ ʨʘʡʦʥ ʅʦʨʟ ʌʦʨʢ ʇʘʩʩ (ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, 6435ǋ39ǋǋ ʩ.ʰ., 13818ǋ34ǋǋ ʟ.ʜ.). ɼʣʷ ʦʙʦʠʭ ʨʘʡʦʥʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʧʨʝʨʳʚʠʩʪʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ ʠ ʥʘʣʠʯʠʝ ʨʘʟʛʨʫʟʢʠ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʪʘʢʠʭ ʤʝʨʟʣʦʪʥʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʝʞʝʛʦʜʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʟʦʥʥʳʭ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ ʠ ʩʦʧʨʷʞʸʥʥʳʭ ʩ ʥʠʤʠ ʥʘʣʝʜʝʡ. ɺ ʨʘʡʦʥʝ ʅʦʨʟ ʌʦʨʢ ʇʘʩʩ ʚ 1980ï

1982 ʛʛ. ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʙʦʣʝʝ 65 ʧʦʜʦʙʥʳʭ ʙʫʛʨʦʚ. 

ʈʘʙʦʪʳ ʧʦ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʜʠʥʘʤʠʢʦʡ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʥʘ 

ʪʦʨʬʷʥʠʢʘʭ ʚʜʦʣʴ ʪʨʘʩʩʳ ʛʘʟʦʧʨʦʚʦʜʘ ʅʘʜʳʤïʇʫʥʛʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʅ. ɻ. 

ʄʦʩʢʘʣʝʥʢʦ ʠ ʆ. ɽ. ʇʦʥʦʤʘʨʸʚʦʡ (2004, 2007). ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʩʥʷʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʦʩʪ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʢʨʫʞʸʥʥʳʭ 

ʦʙʚʦʜʥʸʥʥʳʤʠ ʣʦʞʙʠʥʘʤʠ ʩʪʦʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʙʫʛʨʦʚ ʥʘ ʥʝʥʘʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʟʜʝʩʴ 

ʞʝ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʚʦʜʥʸʥʥʳʭ ʣʦʞʙʠʥ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʪʝʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʙʳʣ ʫʥʠʯʪʦʞʝʥ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʤʘʩʰʪʘʙʘ 1:200 000 

(Grosse, Jones, 2011; ɹʘʜʫ, ʅʠʢʠʪʠʥ, 2020), ʚʳʷʚʠʣ ʦʪʯʝʪʣʠʚʫʶ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʤʘʢʩʠʤʫʤʦʚ ʠʭ ʧʣʦʪʥʦʩʪʠ ʢ ʧʨʠʙʨʝʞʥʳʤ ʟʦʥʘʤ ʤʦʨʩʢʠʭ ʠ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʭ 

ʪʝʨʨʘʩ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ʧ-ʦʚʘ ʗʤʘʣ, ʩʝʚʝʨʝ ʠ ʶʛʝ ʧ-ʦʚʘ 

ɻʳʜʘʥʩʢʠʡ, ʘ ʪʘʢʞʝ ʚ ʩʝʚʝʨʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʧ-ʦʚʘ ʊʘʟʦʚʩʢʠʡ (ʩʤ. ʨʠʩ. 

3.4). 



мтс 
 

 

ʈʠʩ. 3.4. ʌʨʘʛʤʝʥʪ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʧʦ 

(Grosse, Jones, 2011)  

ʅʘʰʠ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2008), 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʢʨʠʦʛʝʥʥʳʝ ʬʦʨʤʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʚʦ ʚʨʝʤʝʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʚʳʩʦʪʘ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ (ʧʘʣʴʟʘ) 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚ ʟʦʥʝ ʧʨʠʝʥʠʩʝʡʩʢʦʡ ʪʘʡʛʠ ʚʳʩʦʪʘ 

ʙʫʛʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʳ ʨʘʟʤʝʨʦʚ ʚ ʨʘʡʦʥʝ 

ʛ.ʀʛʘʨʢʠ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʙʣʠʟʠ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʚʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ, ʛʜʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʦʚ ʦʢʦʣʦ 0 Áʉ ʠ ʙʣʠʟ 

ʛ.ɺʦʨʢʫʪʘ, ʛʜʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜ ʥʠʞʝ ī2éī3 Áʉ, ʛʦʚʦʨʷʪ, ʯʪʦ 

ʣʦʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʣʴʜʦʚʳʜʝʣʝʥʠʝ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʯʝʤ ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ. ʊʦ ʝʩʪʴ ʙʫʛʨʳ ʧʫʯʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʤ, ʛʜʝ ʢ ʥʘʯʘʣʫ ʧʨʦʤʝʨʟʘʥʠʷ 

ʩʫʱʝʩʪʚʦʚʘʣʘ ʪʦʨʬʷʥʘʷ ʟʘʣʝʞʴ (ʥʝ ʤʝʥʝʝ 0,3-0,4 ʤ) ʠ ʦʙʰʠʨʥʘʷ 

ʩʠʣʴʥʦʫʚʣʘʞʥʝʥʥʘʷ ʜʝʧʨʝʩʩʠʷ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2006). ʇʦʣʫʯʝʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 14ʉ ʜʘʪʠʨʦʚʦʢ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʙʫʛʨʳ ʪʦʨʬʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʦʟʨʘʩʪ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. ʂʘʢ ʚ ʨʘʡʦʥʘʭ ʧʨʝʨʳʚʠʩʪʦʛʦ, ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ, ʪʘʢ 

ʠ ʚ ʨʘʡʦʥʘʭ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 



мтт 
 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʜʨʝʚʥʠʝ ʠ ʤʦʣʦʜʳʝ ʙʫʛʨʳ ʧʫʯʝʥʠʷ. ɼʘʞʝ ʙʫʛʨʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʨʝʛʠʦʥʫ, ʤʦʛʫʪ ʠʤʝʪʴ 

ʚʦʟʨʘʩʪ, ʨʘʟʣʠʯʘʶʱʠʡʩʷ ʥʘ 8 ʪʳʩ. ʣʝʪ ʠ ʙʦʣʝʝ.  

ʅʘʰʠ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʚ ʨʘʡʦʥʝ ʩʪʘʥʮʠʡ 

ɽʣʝʮʢʘʷ, ɹʫʛʨʳ ʠ ɸʙʝʟʴ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ 

ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʪʦʨʬʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭĭįC (ʦʪ ī28 ʜʦ 

ī30ă), ʯʪʦ ʦʪʨʘʞʘʝʪ ʘʥʘʵʨʦʙʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ ʠ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ɹʫʜʘʥʮʝʚʘ ʠ ʜʨ., 2016). ʅʘʠʙʦʣʝʝ 

ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʧʦ ʙʫʛʨʫ ʫ ʧʦʩ. ɸʙʝʟʴ. ʇʦʚʪʦʨʥʦʝ 

ʚʠʟʫʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (2001ï2016 ʛʛ.) ʟʘʬʠʢʩʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʦʩʝʜʘʥʠʝ ʙʫʛʨʘ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ŭĭįC ʧʦ ʛʣʫʙʠʥʝ ʚ ʪʦʨʬʝ 

ʧʨʦʩʝʚʰʝʛʦ ʙʫʛʨʘ ʚʳʜʝʣʷʶʪʩʷ çʧʦʚʦʨʦʪʥʳʝ ʪʦʯʢʠè, ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ 

ʢʨʠʪʝʨʠʷʤ (Kr¿ger et al., 2014, 2016), ʜʦʣʞʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʝʥʘʨʫʰʝʥʥʦʡ ʜʠʥʘʤʠʢʝ. ʆʜʥʘʢʦ ʤʦʨʬʦʣʦʛʠʷ ʙʫʛʨʘ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʝʛʦ ʜʝʛʨʘʜʘʮʠʶ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ŭĭįC ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʩʝʜʘʥʠʝ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʨʠʦʪʫʨʙʘʮʠʝʡ 

(ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2017). ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ ʥʝ ʩʚʝʨʭʫ, ʘ ʩʥʠʟʫ ï ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʀʟʤʝʥʝʥʠʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʩʚʷʟʘʥʦ ʩ 

ʪʝʭʥʦʛʝʥʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʛʘʟʦʧʨʦʚʦʜʘ ɹʦʚʘʥʝʥʢʦʚʦïʋʭʪʘ 

(2008ï2012 ʛʛ.), ʚʢʣʶʯʘʚʰʠʤ ʧʦʜʪʦʧʣʝʥʠʝ ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʜʨʝʥʘʞʥʳʝ ʨʘʙʦʪʳ.  

ʅʘʰʠ ʥʘʙʣʶʜʝʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʤ ʪʠʧʝ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʷʜʨʘʭ ʧʘʣʴʟʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʣʘʩʪʳ ʠ ʣʠʥʟʳ ʣʴʜʘ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 1-3 ʤ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-ʠʥʦʤʫ ʦʮʝʥʠʚʘʪʴ ʛʝʥʝʟʠʩ 

ʪʦʨʬʷʥʳʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʩ ʣʝʜʷʥʳʤ ʷʜʨʦʤ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2008). 

ʀʟʫʯʝʥʥʳʡ ʥʘʤʠ ʣʝʜʦʤʠʥʝʨʘʣʴʥʳʡ ʙʫʛʦʨ ʧʫʯʝʥʠʷ ï ʣʠʪʘʣʴʟʘ ʚ ʜʦʣʠʥʝ ʨʝʢʠ 

ʉʝʥʮʘ (ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ) ʠʤʝʣ ʫʥʠʢʘʣʴʥʫʶ ʠʟʦʪʦʧʥʫʶ ʟʘʧʠʩʴ: ʜʚʘ 

ʚʳʨʘʞʝʥʥʳʭ ʪʨʝʥʜʘ ʧʦʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʩ ʛʣʫʙʠʥʦʡ, ʪ.ʝ. ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʚʳʨʘʞʝʥʥʦʝ ʮʠʢʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ŭĭO ʠ 



мту 
 

ŭ2ʅ ʧʦ ʛʣʫʙʠʥʝ ʬʠʢʩʠʨʫʶʪʩʷ ʪʨʠ ʠʟʦʪʦʧʥʳʭ ʤʠʥʠʤʫʤʘ (ʥʘ ʛʣʫʙʠʥʘʭ ʦʢʦʣʦ 3ï

5, 9ï12 ʠ 18ï21 ʤ), ʨʘʟʜʝʣʸʥʥʳʭ ʜʚʫʤʷ ʦʪʯʸʪʣʠʚʳʤʠ ʠʟʦʪʦʧʥʳʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ (ɺʘʩʠʣʴʯʫʢ ʠ  ʜʨ., 2016; Vasilôchuk et al., 2023). 

ʊʘʢʘʷ ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʥʘʰʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʧʦʚʪʦʨʝʥʠʷ ʦʜʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʮʝʥʘʨʠʷ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʫʛʨʘ ï ʧʦʜʪʦʧʣʝʥʠʝʤ ʨʝʯʥʦʡ ʧʦʡʤʳ ʧʦʣʦʚʦʜʥʳʤʠ ʚʦʜʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʢʪʠʚʥʳʤ ʠʩʧʘʨʝʥʠʝʤ (Vasilôchuk et al., 2023). ʂʘʞʜʳʡ ʮʠʢʣ ʥʘʯʠʥʘʣʩʷ ʩ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʦʡ ʧʦʨʮʠʠ ʚʦʜʳ, ʢʦʪʦʨʘʷ, ʟʘʤʝʨʟʘʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʦʜʦʦʙʤʝʥʝ, ʜʘʚʘʣʘ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʠʟʦʪʦʧʥʦʤʫ 

ʪʨʝʥʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʝʨʟʘʥʠʷ (ʦʪʢʨʳʪʘʷ ʠʣʠ 

ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ) ʟʘʢʦʥʦʤʝʨʥʦ ʦʪʨʘʞʘʶʪʩʷ ʚ ʠʟʦʪʦʧʥʦʡ ʣʝʪʦʧʠʩʠ ʣʴʜʘ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʠʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 

ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʧʠʥʛʦ (ʠʥʲʝʢʮʠʦʥʥʥʳʝ) ʠ ʧʘʣʴʟʘ (ʤʠʛʨʘʮʠʦʥʥʳʝ). 

ʀʥʲʝʢʮʠʦʥʥʳʝ ʙʫʛʨʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʧʠʥʛʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (Mackay, 1998), ʪ.ʝ. ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʙʫʛʨʳ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʠʛʨʘʮʠʦʥʥʳʝ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʦʜʪʷʛʠʚʘʥʠʠ ʚʣʘʛʠ ʢ 

ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ, ʯʪʦ ʧʦ ʤʝʭʘʥʠʟʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

3.2. ɹʫʛʨʳ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ï ʧʠʥʛʦ  

3.2.1. ʇʠʥʛʦ ʇʝʩʮʦʚʦʝ  

ʅʘ ʶʛʝ ʊʘʟʦʚʩʢʦʛʦ ʧ-ʦʚʘ, ʚ ʧʨʝʜʝʣʘʭ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʝʩʮʦʚʦʝ (66Á10ǋ ʩ. ʰ., 76ï77Á ʚ. ʜ.), ʧʨʠʤʝʨʥʦ ʚ 100 ʢʤ ʦʪ ʛ. ʅʦʚʦʛʦ ʋʨʝʥʛʦʷ 

ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʨʘʟʤʝʨʦʚ 15ï20 ʚ ʚʳʩʦʪʫ, ʠ 150ï200 ʤ ʚ ʜʠʘʤʝʪʨʝ. 

ʅʘ ʦʜʥʦʤ ʠʟ ʙʫʣʛʫʥʥʷʭʦʚ ʚʳʩʦʪʦʡ 17 ʤ ʚ 10 ʢʤ ʩʝʚʝʨʥʝʝ ʩʪ. ʊʫʥʜʨʘ (ʨʠʩ. 3.5) 

ʧʨʦʚʝʜʝʥʦ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 30 ʤ., ʚʳʧʦʣʥʝʥ ʦʪʙʦʨ ʣʴʜʘ ʷʜʨʘ 

ʠ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʪʦʨʬʘ ʜʣʷ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ.  



мтф 
 

ɺ ʨʘʟʨʝʟʝ ʙʫʛʨʘ ʚʩʢʨʳʪʳ (ʨʠʩ. 3.6): ʪʦʨʬ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʤʦʱʥʦʩʪʴʶ 

0.5 ʤ, ʧʦʜʩʪʠʣʘʝʤʳʡ ʩʫʛʣʠʥʢʦʤ ʦʪʦʨʬʦʚʘʥʥʳʤ ʤʦʱʥʦʩʪʴʶ 0.4 ʤ; ʩʫʛʣʠʥʦʢ 

ʪʝʤʥʦ-ʩʝʨʳʡ ʧʣʦʪʥʳʡ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʡ ʩ ʤʘʩʩʠʚʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʦʡ (ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʣʦʷ) ʢʨʠʦʪʝʢʩʪʫʨʦʡ, ʤʦʱʥʦʩʪʴʶ 11.1 ʤ; 

ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʩʫʛʣʠʥʢʘ ʠ ʣʴʜʘ, ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʣʴʜʘ 5ï7, ʩʫʛʣʠʥʢʘ 10ï12 ʩʤ; 

ʣʝʜ ʩʣʦʠʩʪʳʡ, ʤʦʱʥʦ ʩʪʴʶ 14.3 ʤ, ʦʪʤʝʯʝʥʦ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʤʫʪʥʦʛʦ, 

ʧʨʦʟʨʘʯʥʦʛʦ, ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʣʴʜʘ. ɺ ʥʠʞʥʠʭ 7 ʤ ʚʩʪʨʝʯʝʥʳ ʧʨʦʩʣʦʠ ʩʫʛʣʠʥʢʘ 

ʪʦʣʱʠʥʦʡ 2ï3 ʩʤ; ʩʫʛʣʠʥʦʢ ʩʝʨʳʡ ʧʣʦʪʥʳʡ, ʤʦʱʥʦʩʪʴ ʩʣʦʷ 5 ʤ, ʩ ʧʨʦʩʣʦʷʤʠ 

ʣʴʜʘ ʪʦʣʱʠʥʦʡ 5ï8 ʩʤ.  

 

ʈʠʩ. 3.5. ɺʥʝʰʥʠʡ ʚʠʜ ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ 

 

ʈʠʩ. 3.6. ʉʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ  

 



мул 
 

ɺʦʟʨʘʩʪ ʙʫʣʛʫʥʥʷʭʘ ʦʧʨʝʜʝʣʝʥ ʧʦ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʤʫ ʜʘʪʠʨʦʚʘʥʠʶ 

ʪʦʨʬʘ.  ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʪʦʨʬ ʜʘʪʠʨʦʚʘʥ ʚ 2560 Ñ 70, ʪʦʨʬ 

ʩ ʛʣʫʙʠʥʳ 0,3ï0,4 ʤ ï 5220 Ñ 50 ʠ ʪʦʨʬ ʩ ʛʣʫʙʠʥʳ 0,85ï0,9 ʤ ʚʦʟʨʘʩʪʘ 5080 Ñ 

50 ʣʝʪ (ʪʘʙʣ. 1). ʅʘ ʧʝʨʠʬʝʨʠʠ ʙʫʛʨʘ ʪʦʨʬ ʩ ʛʣʫʙʠʥʳ 0,05ï0,15 ʤ ʜʘʪʠʨʦʚʘʥ ʚ 

5400 Ñ 40 ʣʝʪ. ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʪʦʨʬʘ, ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ 

ʙʫʣʛʫʥʥʷʭ ʇʝʩʮʦʚʦʝ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʜʚʘ 

ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʥʦ ʥʘʯʘʣʦʩʴ ʧʦ ʧʝʨʠʬʝʨʠʠ ʙʫʛʨʘ ʦʢʦʣʦ 5000 ʣʝʪ ʥʘʟʘʜ, 

ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʫʯʝʥʠʝ ʘʢʪʠʚʠʟʠʨʦʚʘʣʦʩʴ ʦʢʦʣʦ 2500 ʣʝʪ ʥʘʟʘʜ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʫʣʛʫʥʥʷʭʘ. ʉʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʣʛʫʥʥʷʭʘ 

ʙʳʣʘ ʦʯʝʥʴ ʚʳʩʦʢʘ, 2ï3 ʩʤ/ʛʦʜ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʨʠʚʝʣʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʫʧʥʦʛʦ ʙʫʛʨʘ (ɺʘʩʠʣʴʯʫʢ, ɹʫʜʘʥʮʝʚʘ, 2010). ɺ ʩʤʝʞʥʳʭ 

ʨʘʡʦʥʘʭ ʊʘʟʦʚʩʢʦʛʦ ʧ-ʦʚʘ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʰʝʣ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (ʧʘʣʴʟʘ) ʥʘ ʪʦʨʬʷʥʠʢʘʭ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2012). 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ʀʟʦʪʦʧʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ 

ʙʫʣʛʫʥʥʷʭʘ ʇʝʩʮʦʚʦʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ 

ŭ18O ~6ă ʠ ʢʦʥʪʨʘʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʪʦʣʱʝ 15-ʤʝʪʨʦʚʦʡ ʣʝʜʷʥʦʡ 

ʟʘʣʝʞʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʝʨʥʘ ʧʠʥʛʦ, ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 11,3ï15 ʤ (ʩʝʢʮʠʷ 1), 

ʚʝʣʠʯʠʥʳ ŭĭO ʩʣʘʙʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ ʛʣʫʙʠʥʦʡ ʦʪ ī13,0 ʜʦ ī11,6ă, ʘ ŭĮH ï ʦʪ 

ī106,5 ʜʦ ī97,9ă. ɺʝʣʠʯʠʥʳ dexc ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 3,5ï5,1ă, 

ʧʦʥʠʞʘʷʩʴ ʩ ʛʣʫʙʠʥʦʡ (ʨʠʩ. 3.7, ʪʘʙʣ. 3.1). ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ 

(ʩʝʢʮʠʷ 2, ʛʣʫʙʠʥʘ 15ï26 ʤ) ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ŭĭO ʠ ŭĮH ʩ ʛʣʫʙʠʥʦʡ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ dexc: ŭĭO ʩʥʠʞʘʣʠʩʴ ʦʪ ī12,05 ʜʦ ī15,8ă, 

ŭĮH ï ʦʪ ī95,3 ʜʦ ī120ă, ʪʦʛʜʘ ʢʘʢ dexc ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʦ +6,9ă. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʭʘʨʘʢʪʝʨʥ rʤʘʢʩʠʤʘʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ŭĭO ʠ ŭĮH. ɺ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʩʝʢʮʠʠ 3 (26ï30,3 ʤ) ʟʥʘʯʝʥʠʷ ŭĭO 

ʠʟʤʝʥʷʣʠʩʴ ʦʪ ī14,1 ʜʦ ī15,4ă, ʘ ŭĮH ï ʦʪ ī111,2 ʜʦ ī123ă ʧʨʠ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥʥʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʪʨʝʥʜʝ ʩ ʛʣʫʙʠʥʦʡ. ɿʥʘʯʝʥʠʷ dexc ʟʜʝʩʴ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʚ ʥʠʞʥʠʭ 4-ʭ ʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʟʜʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʜʦ 6,72ă. ɺʩʝ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʝʨʥʫ ʧʠʥʛʦ ʇʝʩʪʦʚʦʝ 



мум 
 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʳʤ ʪʨʝʥʜʦʤ, ʦʧʠʩʳʚʘʝʤʳʤ ʫʨʘʚʥʝʥʠʝʤ ŭĮH = 5,75 

ŭĭO ï 30,3 (RĮ = 0,87) (ʨʠʩ. 3.8).  

ʊʘʙʣʠʮʘ 3.1. ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʴʜʘ  

ʄʝʩʪʦ ʦʪʙʦʨʘ ŭĭ O, ă ŭĮH, ă d-exc, ă 

ʉʝʢʮʠʷ 1 

ʩʨʝʜʥʝʝ ī12,5 ī101,9 ī1,2 

ʤʘʢʩʠʤʫʤ ī11,6 ī94,6 3,5 

ʤʠʥʠʤʫʤ  ī13,1 ī106,5 ī5,1 

n 10 

ʉʝʢʮʠʷ 2 

ʩʨʝʜʥʝʝ ī13,1 ī105,4 ī0,6 

ʤʘʢʩʠʤʫʤ ī11,4 ī93,2 7,3 

ʤʠʥʠʤʫʤ  ī15,9 ī119,9 ī8,3 

n 36 

ʉʝʢʮʠʷ 3 

ʩʨʝʜʥʝʝ ī15,0 ī118,2 2,0 

ʤʘʢʩʠʤʫʤ ī14,1 ī111,2 4,2 

ʤʠʥʠʤʫʤ  ī15,4 ī123,0 ī0,5 

n 8 

 

 

ʈʠʩ. 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ, ŭ2ʅ ʠ dexc ʧʦ ʛʣʫʙʠʥʝ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ 

ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ 

ʈʘʩʯʸʪ ʚʝʣʠʯʠʥ ŭĭO ʠ ŭĮH ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʜʣʷ ʧʠʥʛʦ ʇʝʩʪʦʚʦʝ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʤʦʜʝʣʴ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ 



мун 
 

ʦʧʠʩʳʚʘʪʴ ʜʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʣʝʜʷʥʦʤ ʢʝʨʥʝ 

(ʨʠʩ. 3.8) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ŭĭO ʩʦʩʪʘʚʣʷʝʪ ʦʪ ī13,5 ʜʦ 

ī14,3ă, ʘ ŭĮH ï ʦʪ ī106,5 ʜʦ ī113ă.  

 

ʈʠʩ. 3.8. ʈʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʚ ʨʵʣʝʝʚʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʵʬʬ. ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʪʦʛʦ 

ʨʘʩʯʝʪʘ: ʨʘʩʯʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʳ 

ŭĭO=ī14,3 ʠ ŭĮH =ī113ă 

ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʴʜʘ ʧʠʥʛʦ ʇʝʩʪʦʚʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠ 

ʟʘʤʝʨʟʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʭʦʪʷ ʥʘʢʣʦʥ ʣʠʥʠʠ ʟʘʤʝʨʟʘʥʠʷ (S = 6,5), 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʵʬʬ. ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʢʣʦʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʦʙʨʘʟʮʘʤ 

ʢʝʨʥʘ (S = 5,75; RĮ = 0,87), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʥʘʢʣʦʥʘʭ, ʤʦʜʝʣʴ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʚ ʢʝʨʥʝ ʧʠʥʛʦ ʇʝʩʪʦʚʦʝ. ʄʦʜʝʣʴʥʳʝ 

ʨʘʩʯʸʪʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ŭĭOïŭĮH ʚʳʨʘʞʘʶʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ, ʪʦʛʜʘ ʢʘʢ 

ʨʝʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʪʦʡ ʧʨʷʤʦʡ, ʯʪʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʣʴʜʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʩʪʦʣʴ ʩʪʘʙʠʣʴʥʳ, ʢʘʢ ʤʦʜʝʣʴʥʳʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʦʣʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʣʴʜʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

(ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ) ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ 



муо 
 

ʚʝʣʠʯʠʥʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʩʝʷʥʠʶ ʟʥʘʯʝʥʠʡ ŭĭO ʠ ŭĮH 

ʧʨʠʨʦʜʥʦʛʦ ʣʴʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʨʝʛʠʦʥʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʜʘʥʥʳʤ 

ʙʘʟʳ GNIP (ʤʝʪʝʦʩʪʘʥʮʠʷ ʉʘʣʝʭʘʨʜ, ʷʥʚʘʨʴ 1996 ï ʜʝʢʘʙʨʴ 2000). ɼʣʷ ʦʩʘʜʢʦʚ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ dexc, ʘ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ 

ʤʥʦʛʦʣʝʪʥʠʝ ʚʝʣʠʯʠʥʳ ŭĭO ʠ ŭĮH ʩʦʩʪʘʚʠʣʠ ï17,5/ï16,5ă ʠ ï136,2/ï127,7ă 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ŭĮH = 7,62 ŭĭO + 6,86. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʨʦʩʪ ʧʠʥʛʦ 

ʇʝʩʪʦʚʦʝ ʥʘʯʘʣʩʷ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ: ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʪʦʨʬ ʜʘʪʠʨʦʚʘʥ 

ʠʥʪʝʨʚʘʣʦʤ 5400 Ñ 50 ï 2560 Ñ 70 ʣʝʪ ʥʘʟʘʜ (ɺʘʩʠʣʴʯʫʢ, ɹʫʜʘʥʮʝʚʘ, 2010), ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʫʯʝʥʠʷ ʧʨʦʠʟʦʰʸʣ ʥʝ ʨʘʥʝʝ 

5400 ʣʝʪ ʥʘʟʘʜ. ʉʫʜʷ ʧʦ ʜʨʫʛʠʤ ʛʦʣʦʮʝʥʦʚʳʤ ʧʘʣʝʦʘʨʭʠʚʘʤ ʨʝʛʠʦʥʘ, ʥʘʧʨʠʤʝʨ, 

ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ ʥʘ ʧʦʣʫʦʩʪʨʦʚʘʭ ʗʤʘʣ ʠ ɻʳʜʘʥʩʢʠʡ (ɺʘʩʠʣʴʯʫʢ, 1992), 

ʠʟʦʪʦʧʥʳʡ ʦʙʣʠʢ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ ʟʘ ʵʪʦ ʚʨʝʤʷ ʠʟʤʝʥʠʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɿʥʘʯʝʥʠʷ ŭĭO ʠ ŭĮH ʠʩʭʦʜʥʦʡ ʚʦʜʳ (ŭĭO ʦʪ ī14,3 ʜʦ ī13,5ă ʠ ŭĮH ʦʪ ī110 ʜʦ 

ī113ă), ʩʣʫʞʠʚʰʝʡ ʠʩʪʦʯʥʠʢʦʤ ʣʴʜʘ ʷʜʨʘ, ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ ʛʦʜʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ŭĭOʛʦʜ = ī16,5ă, ŭĮHʛʦʜ = 

ī127,7ă) ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ ʟʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (ŭĭOʣʝʪʦ = ī12,3ă, ŭĮHʣʝʪʦ = 

ī94,5ă). ʅʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʯʝʢ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʦʪ ʃʃʄɺ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ. ʉʣʘʙʦʝ ʠʩʧʘʨʝʥʠʝ ʠ ʧʦʚʳʰʝʥʥʘʷ 

ʜʦʣʷ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ, ʚʝʨʦʷʪʥʦ, ʠ ʦʧʨʝʜʝʣʠʣʠ ʠʟʦʪʦʧʥʫʶ ʧʦʜʧʠʩʴ ʠʩʭʦʜʥʦʡ 

ʚʦʜʳ. ʀʩʪʦʯʥʠʢʦʤ ʚʦʜʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʫʞʠʣʦ ʦʟʝʨʦ ʠ ʝʛʦ ʪʘʣʠʢ; ʧʦʩʣʝ 

ʩʧʫʩʢʘ ʚʦʜʳ ʥʘʯʘʣʦʩʴ ʧʨʦʤʝʨʟʘʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʟʘʢʨʳʪʳʡ ʪʘʣʠʢ, 

ʧʨʦʤʝʨʟʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʧʠʥʛʦ.  

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ. 

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʡ ʚʦʜʝ ʧʨʝʦʙʣʘʜʘʣʠ ʣʝʪʥʠʝ ʦʩʘʜʢʠ, ʪʦ ʧʫʩʢʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʦʣʞʥʦ ʙʳʣʦ ʩʪʘʪʴ ʙʳʩʪʨʦʝ ʩʧʫʩʢʘʥʠʝ ʦʟʝʨʘ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʟʨʫʰʝʥʠʷ ʤʝʨʟʣʦʪʥʦʡ çʜʘʤʙʳè, ʦʪʜʝʣʷʚʰʝʡ ʦʟʝʨʦ ʦʪ ʨʝʢʠ. ʂʦʛʜʘ ʦʟʝʨʦ 

ʦʙʤʝʣʝʣʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʩʫʰʠʣʦʩʴ, ʧʨʦʤʝʨʟʘʥʠʝ ʩʚʝʨʭʫ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷ ʪʘʣʠʢʘ ʩʦʟʜʘʣʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʪʘʣʠʢʦʚʦʡ ʟʦʥʳ. 



муп 
 

ʇʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʧʨʦʤʝʨʟʘʥʠʠ ʵʪʘ ʚʦʜʘ ʦʢʘʟʘʣʘʩʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʝʸ ʠʥʲʝʢʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʝʜʷʥʦʛʦ ʷʜʨʘ (ʥʘ ʛʣʫʙʠʥʘʭ 15ï26 ʤ) 

ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʵʣʝʝʚʩʢʦʤʫ ʪʠʧʫ ʠʟʦʪʦʧʥʦʛʦ 

ʦʙʝʜʥʝʥʠʷ (ʨʠʩ. 3.9). ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʦʢʦʣʦ 70% ʚʦʜʳ ʠʟ ʣʠʥʟʳ ʥʝ ʧʝʨʝʰʣʦ ʚ ʣʸʜ (ʩʤ. ʨʠʩ. 3.8ʙ). ʉʦʛʣʘʩʥʦ ʠʟʦʪʦʧʥʳʤ 

ʜʘʥʥʳʤ, ʣʸʜ ʚ ʩʝʢʮʠʠ 3 ʦʙʨʘʟʦʚʘʣʩʷ ʠʟ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʳ ʚ ʣʠʥʟʝ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʣʴʜʘ ʚʙʣʠʟʠ ʨʘʩʯʸʪʥʳʭ 70ï80% ʣʴʜʘ ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʸʤʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. ʆʜʥʘʢʦ ʚ ʩʝʢʮʠʠ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʛʣʫʙʠʥʦʡ: ʨʦʩʪ ʚʝʣʠʯʠʥ ŭĭO ʠ ŭĮH ʚʥʠʟ ʧʦ 

ʨʘʟʨʝʟʫ (ʩʤ. ʨʠʩ. 3.7) ʧʨʠ ʥʘʢʣʦʥʝ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ (ŭĭOïŭĮH), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʦʜʝʣʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 3.8ʙ). ʕʪʦ ʤʦʞʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʤʝʨʟʘʥʠʷ ʩʥʠʟʫ ʚʚʝʨʭ: ʣʠʥʟʘ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʩʝʢʮʠʷʤʠ 2 ʠ 3 ʟʘʤʝʨʟʘʣʘ ʚ ʠʟʤʝʥʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ. ɽʩʣʠ ʚʦʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʧʦʩʪʫʧʘʣʘ ʠʟ ʚʦʜʷʥʦʡ ʣʠʥʟʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 70% ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʥʝ ʧʝʨʝʰʣʦ 

ʚ ʣʸʜ, ʪʦ ʚ ʦʩʪʘʪʦʯʥʦʡ ʣʠʥʟʝ ʩʦʭʨʘʥʷʣʦʩʴ ʝʱʸ ʦʢʦʣʦ 30% ʦʙʲʸʤʘ ʚʦʜʳ. ʇʨʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦʩʣʝʜʥʠʝ ʧʦʨʮʠʠ ʚʦʜʳ ʧʦʩʪʫʧʘʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʣʴʜʘ, ʪ.ʝ. ʵʪʘ ʚʦʜʘ ʢʦʥʪʘʢʪʠʨʦʚʘʣʘ ʩʦ ʣʴʜʦʤ 

ʩʝʢʮʠʠ 2 (ʣʝʜʷʥʦʛʦ ʷʜʨʘ). ʂ ʵʪʦʤʫ ʤʦʤʝʥʪʫ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʭʣʘʞʜʝʥʠʝ ʩʚʝʨʭʫ 

ʫʞʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʣʴʜʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ, ʪʝʤ ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʠʞʝʣʝʞʘʱʠʭ 

ʩʣʦʷʭ (Mackay, 1990). ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʥʠʝ ʧʦʨʮʠʠ ʚʦʜʳ ʟʘʤʸʨʟʘʣʠ ʩʥʠʟʫ ʧʨʠ 

ʧʦʜʥʷʪʠʠ ʢʨʦʚʣʠ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʩʬʦʨʤʠʨʦʚʘʚ ʣʸʜ ʩʝʢʮʠʠ 3 (ʨʠʩ. 

3.9). ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʣʝʜʥʦʛʦ ʙʫʛʨʘ 

ʚ ʨʘʡʦʥʝ ʨʝʢʠ ʂʫʧʘʨʫʢ ʥʘ ɸʣʷʩʢʝ (Yoshikawa, 2008), ʢʦʛʜʘ ʣʝʜʷʥʦʝ ʷʜʨʦ 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʟʘ ʩʯʸʪ ʧʨʦʤʝʨʟʘʥʠʷ ʩʚʝʨʭʫ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʩʥʠʟʫ ʚ ʥʠʞʥʝʡ. 

ʃʸʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ (ʩʝʢʮʠʷ 1) ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ, ʚʝʨʦʷʪʥʦ, ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʪʦʡ 

ʞʝ ʚʦʜʳ, ʯʪʦ ʠ ʣʸʜ ʥʠʞʝʣʝʞʘʱʠʭ ʩʝʢʮʠʡ 2 ʠ 3. 

ɺ ʩʝʢʮʠʠ 1 ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ŭĭO ʠ ŭĮH ʩ ʛʣʫʙʠʥʦʡ (ʩʤ. ʨʠʩ. 3.7) 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʘʤʳʝ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʣʴʜʘ ʚ ʩʝʢʮʠʠ 1 ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʙʦʣʝʝ 



мур 
 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʨʦʤʝʨʟʘʥʠʷ 

ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʣʘʙʝʚʘʝʪ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ Ŭ ï ʩʥʠʞʘʶʪʩʷ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʚ ɻʣʘʚʝ 1. ɿʘʪʝʤ ʩ ʛʣʫʙʠʥʦʡ ʩʢʦʨʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʝʜʸʪ ʢ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

Ŭ ʜʦ ʨʘʚʥʦʚʝʩʥʳʭ ʚʝʣʠʯʠʥ. ɺ ʦʙʨʘʟʮʘʭ ʣʴʜʘ ʩʝʢʮʠʠ 1 ʠʟʦʪʦʧʥʳʡ ʩʜʚʠʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʚʦʜʳ (ŭĭO = ī13,9ă) ʚʘʨʴʠʨʦʚʘʣ ʦʪ 

1,3ă ʥʘ ʛʣʫʙʠʥʝ 11,5 ʤ ʜʦ 1,7ă ʥʘ ʛʣʫʙʠʥʝ 14 ʤ ʠ 2,4ă ʥʘ ʛʣʫʙʠʥʝ 14,3 ʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ ʠ ʟʘʤʝʜʣʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʯʘʩʪʷʭ ʣʝʜʷʥʦʛʦ 

ʷʜʨʘ ʧʨʠ ʦʙʱʝʤ ʧʨʦʤʝʨʟʘʥʠʠ ʩʠʩʪʝʤʳ ʩʚʝʨʭʫ ʚʥʠʟ. 

 

ʈʠʩ. 3.9. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʟʘʤʢʥʫʪʦʛʦ ʦʟʝʨʥʦʛʦ ʪʘʣʠʢʘ.  

3.2.2. ʇʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 

ɹʫʣʛʫʥʥʷʭ ʄʝʩʩʦʷʭʘ-1 ʚʳʩʦʪʦʡ 10,5 ʤ, ʜʣʠʥʦʡ 250 ʤ ʠ ʰʠʨʠʥʦʡ 95 ʤ ʩ 

ʣʝʜʷʥʳʤ ʷʜʨʦʤ ʤʦʱʥʦʩʪʴʶ 6,5 ʤ  ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʝ ɻʳʜʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

(68Á30¡32¡¡ ʩ.ʰ., 79Á59¡53¡¡ ʚ.ʜ.) ʚ ʧʨʝʜʝʣʘʭ ʉʨʝʜʥʝʤʝʩʩʦʷʭʩʢʦʛʦ ʚʘʣʘ, ʚ ʟʦʥʝ 

ʩʧʣʦʰʥʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʜʘʥʥʳʤ ʙʣʠʞʘʡʰʝʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʊʘʟʦʚʩʢʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ï9,7 Áʉ. ɹʫʣʛʫʥʥʷʭ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʨʘʶ ʭʘʩʳʨʝʷ ʨʷʜʦʤ ʩ ʦʟʝʨʦʤ 

(ʨʠʩ. 3.10). ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʚʝʨʰʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 42,9 ʤ.  



мус 
 

 

ʈʠʩ. 3.10. ʇʨʦʬʠʣʴ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʄʝʩʩʦʷʭʘ-1 (ʘ), ʧʦʣʦʞʝʥʠʝ ʚ ʧʣʘʥʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʟʝʨʘ (ʙ) ʠ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ (ʚ)  

 

ʅʘ ʚʝʨʰʠʥʝ ʙʫʛʨʘ ʟʘʣʦʞʝʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʢʚʘʞʠʥʘ (ʩ ʦʪʙʦʨʦʤ 

ʢʝʨʥʘ) ʚʩʢʨʳʚʰʘʷ: 1) 0,0ï0,1 ʤ. ʇʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ; 2) 0,1ï1,4 ʤ. 

ʉʫʛʣʠʥʦʢ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ, ʪʚʸʨʜʦʤʸʨʟʣʳʡ, ʩʣʘʙʦʣʴʜʠʩʪʳʡ, ʣʠʥʟʦʚʠʜʥʦ-

ʩʣʦʠʩʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ, ʰʣʠʨʳ ʜʦ 3 ʤʤ, ʟʘʪʦʨʬʦʚʘʥʥʳʡ, ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ; 3) 1,4ï3,9 ʤ. ʊʦʨʬ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ, ʤʸʨʟʣʳʡ, ʩʠʣʴʥʦʣʴʜʠʩʪʳʡ, 

ʘʪʘʢʩʠʪʦʚʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ, ʰʣʠʨʳ ʣʴʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 6ï8 

ʩʤ, ʩʠʣʴʥʦ ʨʘʟʣʦʞʠʚʰʠʡʩʷ, ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɺ ʦʩʥʦʚʘʥʠʠ ʩʣʦʷ 

ʚʩʢʨʳʪ ʣʝʜʦʛʨʫʥʪ ʩ ʯʘʩʪʳʤʠ ʧʨʦ ʩʣʦʡʢʘʤʠ ʪʦʨʬʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 5ï6 ʩʤ, ʪʸʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʤʸʨʟʣʦʛʦ, ʩʠʣʴʥʦ ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ, ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ; 

4) 3,9ï6,7 ʤ. ʉʫʧʝʩʴ ʢʦʨʠʯʥʝʚʘʷ ʪʚʸʨʜʦʤʸʨʟʣʘʷ, ʩʣʦʠʩʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ, 

ʰʣʠʨʳ ʣʴʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʢʦʩʳʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 3ï5 ʩʤ, ʩ ʛʥʸʟʜʘʤʠ 

ʦʞʝʣʝʟʥʝʥʠʷ, ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ; 5) 4,5ï11,0 ʤ. ʃʸʜ ʯʠʩʪʳʡ 

ʧʨʦʟʨʘʯʥʳʡ; 6) 11,0ï15,3 ʤ. ʉʫʧʝʩʴ ʩʝʨʘʷ ʪʚʸʨʜʦʤʸʨʟʣʘʷ, ʩʣʘʙʦʣʴʜʠʩʪʘʷ, 



мут 
 

ʩʣʦʠʩʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ, ʰʣʠʨʳ ʢʦʩʳʝ, ʣʦʤʘʥʥʳʝ, ʤʦʱʥʦʩʪʴ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʨʦʩʣʦʸʚ 0,5ï1,0 ʩʤ, ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ï ʜʦ 2ï3 ʩʤ, ʩ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ; 7) 15,5ï23,0 ʤ. ʉʫʛʣʠʥʦʢ ʪʸʤʥʦ-ʩʝʨʳʡ, ʪʚʸʨʜʦ 

ʤʸʨʟʣʳʡ, ʣʴʜʠʩʪʳʡ, ʩʣʦʠʩʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ ʩ ʧʨʦʩʣʦʷʤʠ ʣʴʜʘ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʣʦʷ ʰʣʠʨʳ ʧʦʜ ʫʛʣʦʤ 45 ̄ʤʦʱʥʦʩʪʴʶ ʜʦ 3 ʩʤ, ʚ ʦʩʥʦʚʘʥʠʠ ʩʣʦʷ ʰʣʠʨʳ 

ʩʣʘʙʦʥʘʢʣʦʥʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʩʤ, ʩ ʧʨʦʩʣʦʡʢʘʤʠ 

ʤʝʣʢʦʛʦ ʧʝʩʢʘ 5ï10 ʤʤ ʤʦʱʥʦʩʪʴʶ, ʚʢʣʶʯʝʥʠʷʤʠ ʧʷʪʝʥ ʪʦʨʬʘ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ; 8) 23,0ï38,5 ʤ. ʇʝʩʦʢ ʩʝʨʳʡ, ʤʝʣʢʠʡ, ʪʚʝʨʜʦʤʸʨʟʣʳʡ, ʣʴʜʠʩʪʳʡ, 

ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʪʝʢʩʪʫʨʳ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʝ 23,5ï24,0 ʤ ʩ 

ʢʦʩʳʤʠ ʰʣʠʨʘʤʠ ʣʴʜʘ ʧʦʜ ʫʛʣʦʤ 15ï̄30̄, ʚʪʦʨʦʡ ʧʨʦʩʣʦʡ ʩ ʢʦʩʳʤʠ 

ʥʘʢʣʦʥʥʳʤʠ ʰʣʠʨʘʤʠ ʣʴʜʘ ʥʘ ʛʣʫʙʠʥʝ 32,2 32,5 ʤ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5ï1 ʩʤ; 

ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʣʦʩʘʤʠ ʠ ʚ ʦʩʥʦʚʘʥʠʠ ʩʣʦʷ ʢʨʠʦʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʧʝʩʦʢ 

ʩʣʘʙʦʣʴʜʠʩʪʳʡ, ʩ ʧʨʦʩʣʦʡʢʘʤʠ (ʜʦ 1 ʩʤ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ (ʧʨʦʩʣʦʠ 

ʪʦʨʬʘ ʠ ʚʝʪʦʯʝʢ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ), ʚʢʣʶʯʝʥʠʷʤʠ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ. 

ʀʟʦʪʦʧʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɺ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ 

ʣʴʜʘ ʷʜʨʘ ʙʫʛʨʘ ʦʪʤʝʯʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ (ʨʠʩ. 3.11): ʟʥʘʯʝʥʠʷ d18ʆ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ ī14,98 ʜʦ ī16,60ă, ʘ ʚʝʣʠʯʠʥʳ d2ʅ ʦʪ ī117,9 ʜʦ ī122,8ă. ʕʪʦʪ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʧʫʯʝʥʠʷ ʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʛʨʘ. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʣʝʜʷʥʦʛʦ ʷʜʨʘ (d18ʆ ʠ d2ʅ) ʙʣʠʟʢʠ ʢ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (ʨʠʩ. 3). 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ d18ʆ ʠ d2ʅ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʨʘʡʦʥʘ (ʧʦ GNIP ʥʘ 

ʩʪʘʥʮʠʠ ʚ ʛ. ʉʘʣʝʭʘʨʜʝ) ʩʦʩʪʘʚʣʷʶʪ ī17,48 ʠ ī136,2ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʆʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ d18ʆ ʠ d2ʅ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʶʪ ī12,48 ʠ 

ī96,2ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʦʩʘʜʢʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 3,6ă ʢʘʢ ʜʣʷ ʦʩʘʜʢʦʚ ʚʩʝʛʦ ʛʦʜʘ, ʪʘʢ ʠ ʜʣʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʷʜʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʞʠʣʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʟʸʨʥʘʷ ʚʦʜʘ, ʚ 

ʢʦʪʦʨʦʡ ʣʝʪʥʠʝ ʦʩʘʜʢʠ ʧʨʝʦʙʣʘʜʘʣʠ ʥʘʜ ʟʠʤʥʠʤʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 



муу 
 

ʧʦʣʦʞʝʥʠʠ ʪʦʯʝʢ ʣʴʜʘ ʥʘ d2ʅ-d18ʆ ʜʠʘʛʨʘʤʤʝ ʤʝʞʜʫ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʠ 

ʣʝʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ d18ʆ ʠ d2ʅ ʦʩʘʜʢʦʚ (ʨʠʩ. 3.12).  

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ (ʪʘʙʣ. 3.2.) ʠ ʦʜʥʦʨʦʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

Cl-/SO4 
2-, ʚʘʨʴʠʨʫʶʱʝʤʫ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 2 ʜʦ 3, ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʜʘ, ʠʟ ʢʦʪʦʨʦʡ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʣʸʜ ʷʜʨʘ, ʥʝ ʤʝʥʷʣʘʩʴ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʙʫʛʨʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʟʸʨʥʳʤ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʚʦʜʘʤ. 

 

ʈʠʩ. 3.11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ d18O, d2ʅ ʠ dexc ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʙʫʛʨʘ 

ʧʫʯʝʥʠʷ ï ʙʫʣʛʫʥʥʷʭʘ (ʧʠʥʛʦ) ʄʝʩʩʦʷʭʘ-1. 

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʛʨʘ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʟʥʘʯʝʥʠʷ d18ʆ ʠ d2ʅ ʦʯʝʥʴ ʦʜʥʦʨʦʜʥʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʣʠ/ʠ ʦ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʧʨʦʤʝʨʟʘʥʠʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ d18ʆ ʠ d2ʅ ʩ ʛʣʫʙʠʥʦʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʟʥʘʯʝʥʠʡ dexc, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʤʝʨʟʘʥʠʠ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

(ʟʘʤʢʥʫʪʳʡ ʪʘʣʠʢ).  

ʄʳ ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪʳ ʠʟʦʪʦʧʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʜʣʷ 

ʜʚʫʭ ʫʩʣʦʚʠʡ (ʨʠʩ. 3.13). ʄʦʜʝʣʴ 1 ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ŭĭO = ī16,7ă ʠ ŭĮH = ī130ă ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 



муф 
 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʄʦʜʝʣʴ 2 ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ: ŭĭO = ī15ă ʠ ŭĮH = ī118ă ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ŬĭO = 1,0031 ʠ ŬĮH = 

1,0195, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʣʴʜʘ 

(PerἨoiu et al., 2011). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ ʧʣʦʭʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʫ (ʨʠʩ. 3.14) ʠ ʠʭ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʥʘʢʣʦʥʦʤ.  

ʊʘʙʣʠʮʘ 3.2. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʷʜʨʘ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʄʝʩʩʦʷʭʘ-1 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 

Na , 

ʤʛ/ʣ 

K , 

ʤʛ/ʣ 

MgĮ , 

ʤʛ/ʣ 

CaĮ , 

ʤʛ/ʣ 

Cl , 

ʤʛ/ʣ 

NO , 

ʤʛ/ʣ 

SO Į , 

ʤʛ/ʣ 

7 1,12 0,72 0,17 3,41 1,11 < 0,1 0,36 

7,05 1,73 0,81 0,2 4,21 2,65 < 0,1 0,9 

7,1 1,98 1,52 0,36 4,88 2,67 < 0,1 0,85 

7,15 1,42 1,98 0,3 4,14 1,74 < 0,1 0,54 

7,2 1,05 0,65 0,12 4,03 1,49 < 0,1 0,45 

8,3ï8,4 1,82 1,55 0,49 5,29 2,74 0,1 1,1 

8,4ï8,5 1,29 1,24 0,13 5,68 1,51 < 0,1 0,53 

8,5ï8,6 0,72 0,54 0,18 5,41 1,14 0,1 0,41 

9,2ï9,3 0,87 0,61 0,19 5,4 1,26 0,1 0,4 

9,4ï9,5 0,78 0,48 0,1 4,71 0,94 0,1 0,41 

9,5ï9,6 1,05 0,62 0,14 5,4 1,39 0,17 0,52 

10 0,75 0,47 0,15 5,2 0,93 0,13 0,34 

10,3ï10,4 0,47 0,26 0,1 3,4 0,57 0,18 0,27 

10,5 0,8 0,38 0,18 4,15 1,12 0,17 0,53 

10,6ï10,7 0,42 0,47 0,12 4,88 0,98 < 0,1 0,44 

 

ʆʜʥʘʢʦ, ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝ ʣʠʥʝʡʥʦ (R2=0,38, ʩʤ. ʨʠʩ. 3.12) ʠ ʤʳ 

ʥʝ ʤʦʞʝʤ ʫʚʝʨʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʏʠʩʪʳʡ ʣʝʜ ʷʜʨʘ (ʢʝʨʥʘ) ʜʦʣʞʝʥ ʙʳʣ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦʙʳ ʥʘʢʣʦʥ 

ŭ2ʅ-ŭ18ʆ ʜʦʩʪʠʛ ʟʥʘʯʝʥʠʡ 2,4. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ɹʘʨʪʦʥʘ (4), ʜʣʷ ʪʘʢʠʭ 

ʥʘʢʣʦʥʦʚ ʪʨʝʙʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʨʷʜʢʘ 0,001 ʩʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 86 ʩʤ ʚ 

ʩʫʪʢʠ. ʊʘʢʠʝ ʩʢʦʨʦʩʪʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʨʝʘʣʠʩʪʠʯʥʳ ʜʣʷ ɻʳʜʘʥʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ. ʊʘʢ ʯʪʦ ʤʳ ʥʝ ʤʦʞʝʤ ʟʜʝʩʴ ʛʦʚʦʨʠʪʴ ʦ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ.  



мфл 
 

ɿʘʪʦ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʧʨʦʷʚʠʣʦʩʴ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʣʝʜʷʥʳʭ ʰʣʠʨʦʚ ʥʘ ʛʣʫʙʠʥʝ 

22 ʤ.  

 

ʈʠʩ. 3.12. ʉʦʦʪʥʦʰʝʥʠʝ d2ʅ-d18ʆ ʜʣʷ ʨʘʟʥʦʛʦ ʪʠʧʘ ʣʴʜʘ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʧʠʥʛʦ 

ʄʝʩʩʦʷʭʘ-1 

 

ʈʠʩ. 3.13. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ ʚ ʷʜʨʝ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʦʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʇʨʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʤʝʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʠʟʦʪʦʧʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ (ʚʝʣʠʯʠʥʘ d18ʆ ʦʪ ʚʝʨʭʥʝʛʦ ʢ ʥʠʞʥʝʤʫ ʰʣʠʨʫ ʫʤʝʥʴʰʠʣʘʩʴ 



мфм 
 

ʧʦʯʪʠ ʥʘ 7ă ʩ ī7,63 ʜʦ ī14,04ă, ʘ d2ʅ ʪʦʣʴʢʦ ʥʘ 20ă). ʕʪʠ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʦʪʨʘʞʘʶʪʩʷ ʚ ʚʝʣʠʯʠʥʝ ʥʘʢʣʦʥʘ ʦʢʦʣʦ 3 ʥʘ ʜʠʘʛʨʘʤʤʝ d2ʅ-d18ʆ (ʨʠʩ. 

3.12, 3.13). ʊʘʢʦʡ ʥʘʢʣʦʥ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʭʦʜʝ ʧʨʦʤʝʨʟʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʜ, ʫʩʠʣʝʥʥʦʤʫ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʮʠʢʣʘʤʠ ʧʨʦʤʝʨʟʘʥʠʷïʧʨʦʪʘʠʚʘʥʠʷ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʚ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʈʠʩ. 3.14. ʉʦʦʪʚʝʪʩʪʚʠʝ ʦʙʨʘʟʮʦʚ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ ʄʝʩʩʦʷʭʘ-1 ʨʘʩʯʝʪʥʳʤ 

ʪʨʝʥʜʘʤ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ dexc-ŭ
2H 

ʊʝʢʩʪʫʨʥʳʝ ʣʴʜʳ ʚ ʦʪʣʦʞʝʥʠʷʭ, ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ 

ʣʝʜʷʥʦʝ ʷʜʨʦ, ʧʦ ʩʚʦʝʤʫ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪʨʘʞʘʶʪ ʪʦʪ ʞʝ ʠʩʪʦʯʥʠʢ ʚʣʘʛʠ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʣʝʜʷʥʦʝ ʷʜʨʦ. ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʫʛʨʘ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʙʳʣʦ ʦʟʝʨʦ ʨʘʟʤʝʨʦʤ 

0,5 ³ 0,3 ʢʤ. ɿʘʪʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʫʩʢʘ ʚʦʜʳ ʚ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʙʣʠʟʦʩʪʠ 

ʨʝʢʫ, ʦʟʝʨʦ ʥʘʯʘʣʦ ʦʩʫʰʘʪʴʩʷ ʠ ʦʙʨʘʟʦʚʘʣʩʷ ʭʘʩʳʨʝʡ, ʟʘʥʠʤʘʶʱʠʡ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʦʟʝʨʘ. ʉʘʤ ʞʝ ʙʫʣʛʫʥʥʷʭ (ʧʠʥʛʦ) ʚʦʟʥʠʢ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʭʘʩʳʨʝʷ ʧʨʠ ʝʛʦ ʧʦʩʪʝʧʝʥʥʦʤ ʦʩʫʰʝʥʠʠ. ʉʝʡʯʘʩ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʦʟʝʨʘ ʦʩʪʘʣʦʩʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʦʟʝʨʦ ʨʘʟʤʝʨʦʤ 0,2 ³ 0,12 ʤ. ɺʦʟʤʦʞʥʦ, ʟʘ ʩʚʦʶ 

ʠʩʪʦʨʠʶ ʦʟʝʨʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʩʫʰʘʣʦʩʴ ʠ ʚʥʦʚʴ ʥʘʧʦʣʥʷʣʦʩʴ ʧʨʠ 



мфн 
 

ʤʝʘʥʜʨʠʨʦʚʘʥʠʠ ʨʫʩʣʘ ʨʝʢʠ, ʧʨʦʪʘʠʚʘʥʠʠ ʣʴʜʠʩʪʳʭ ʛʨʫʥʪʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ.  

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʷʜʨʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚ 

ʧʦʜʤʝʨʟʣʦʪʥʳʡ ʪʘʣʠʢ ʤʦʛ ʧʨʦ ʠʩʭʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜʪʦʢ ʚʦʜʳ ʠʟ ʦʟʝʨʘ, 

ʨʘʩ ʧʦʣʘʛʘʚʰʝʛʦʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʙʫʛʨʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʷʜʨʦ 

ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʟʘʤʢʥʫʪʦʛʦ 

ʪʘʣʠʢʘ. 

ʅʝ ʠʩʢʣʶʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʣʝʜʷʥʦʝ ʷʜʨʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʧʨʠ ʠʥʲʝʢʮʠʠ ʚʦʜʳ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ (ʩʪʘʜʠʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ), ʥʦ ʦʙʲʸʤ ʚʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

(ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʦʛʦ ʦʟʝʨʘ ʠʣʠ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʪʘʣʠʢʘ/ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ) ʙʳʣ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʯʪʦʙʳ ʠʟʦʪʦʧʥʦʝ ʦʙʝʜʥʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 

ʚʦʜʳ ʥʝ ʧʨʦʷʚʠʣʦʩʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʥʘ ʧʠʥʛʦ 

ʄʝʩʩʦʷʭʘ-1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʀʤʝʥʥʦ ʪʘʢʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʝ ʥʘʢʣʦʥʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʣʠʥʟʦʚʦʛʦ ʣʴʜʘ ʠ ʧʦʨʦʚʦʛʦ ʣʴʜʘ. ɽʩʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʚʩʝ ʚʝʣʠʯʠʥʳ ŭĮH ʠ 

ŭĭO, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʣʴʜʘ ʠʟ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1, ʦʙʱʠʡ 

ʥʘʢʣʦʥ ʩʦʩʪʘʚʠʪ 3,8; ʝʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʣʠʥʟʦʚʳʡ ʣʸʜ, ʥʘʢʣʦʥ ʨʘʚʝʥ 

4,3. ʇʨʠ ʵʪʦʤ ʜʠʘʧʘʟʦʥʳ ŭĭO ʠ ŭĮH ʚ ʣʝʜʷʥʦʤ ʢʝʨʥʝ ʠ ʣʴʜʝ-ʮʝʤʝʥʪʝ 

ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ŭĭO ʠ ŭĮH ʣʠʥʟʦʚʦʛʦ ʣʴʜʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ ʚʝʣʠʯʠʥʳ ŭĭO ʠ ŭĮH ʪʝʢʩʪʫʨʥʦʛʦ ʣʴʜʘ ʦʢʘʟʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳʤʠ ʢʘʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʠʥʛʦ (ʚʳʰʝ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ), ʪʘʢ ʠ ʚ ʥʠʞʥʝʡ 

(ʧʦʜ ʢʝʨʥʦʤ). ɼʣʷ ʣʠʥʟʦʚʦʛʦ ʣʴʜʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ) ʟʥʘʯʝʥʠʷ 

ŭĭO ʠ ŭĮH ʚ ʚʝʨʭʥʝʡ ʩʝʢʮʠʠ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʚ ʥʠʞʥʝʡ. ɼʣʷ ʣʠʥʟʦʚʦʛʦ 

ʣʴʜʘ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʠʟʦʪʦʧʥʳʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʦ ʪʦʤʫ ʞʝ ʪʠʧʫ, ʯʪʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘʤʠ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʛʣʘʚʝ 1.  

ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ ʪʨʝʥʜʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʘ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-

1 ʩ ʣʦʢʘʣʴʥʦʡ ʣʠʥʠʝʡ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (LMWL) ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ ŭĭO = 

ī15,6ă ʠ ŭĮH = ī121ă. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ ʩ LMWL, ʚʦʟʤʦʞʥʦ, ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ, 



мфо 
 

ʧʦʩʢʦʣʴʢʫ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʡ 

ʥʘʢʣʦʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʦʣʦʞʝʥʠʝ ʚʝʣʠʯʠʥ 

ŭĭO ʠ ŭĮH ʜʣʷ ʢʝʨʥʘ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʥʠʷʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ (ʨʠʩ. 3.13ʘ), 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ŭĭO ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ï17,9 

ʜʦ ï15ă. ʆʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʪʴ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʣʴʜʘ ʥʝʣʴʟʷ. ʅʘʰ ʨʘʩʯʸʪ ʧʦ ʤʦʜʝʣʠ 1 ʜʘʸʪ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʡ ʚʦʜʳ: ŭĭO = ī16,7ă, ŭĮH = ī130ă; ʧʦ 

ʤʦʜʝʣʠ 2: ŭĭO = ī15ă, ŭĮH = ī118ă. ʕʪʠ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʨʝʜʝʣʳ ʜʣʷ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ 

ʢʝʨʥʦʚʳʡ ʣʸʜ. ɼʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʛʦʜʦʚʳʤʠ ʠ 

ʩʨʝʜʥʠʤʠ ʣʝʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ŭĭO ʠ ŭĮH ʦʩʘʜʢʦʚ. ɿʥʘʯʝʥʠʷ ŭĭO ʠ ŭĮH, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʸʪʘʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʦʩʘʜʢʘʤ ʨʝʛʠʦʥʘ. ʂʦʩʚʝʥʥʦ 

ʵʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ ʧʠʥʛʦ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ŭĭO ʠ ŭĮH ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʜʣʷ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʢʝʨʥʘ ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ. ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʠʥʛʦ ʇʝʩʪʦʚʦʝ ʥʝ ʧʨʝʚʳʰʘʣʠ ʩʦʚʨʝʤʝʥʥʳʭ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʜʦʣʷ ʣʝʪʥʠʭ 

ʦʩʘʜʢʦʚ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʩʝʡʯʘʩ. ʈʘʟʣʠʯʠʷ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʠʩʭʦʜʥʦʡ ʚʦʜʳ 

(ʜʣʷ ʦʙʦʠʭ ʧʠʥʛʦ ʵʪʦ ʙʳʣʘ ʦʟʸʨʥʘʷ ʚʦʜʘ), ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʨʘʟʥʦʡ ʜʦʣʝʡ 

ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ ʚ ʚʦʜʥʦʤ ʙʘʣʘʥʩʝ ʦʟʸʨ ʠʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʠʩʧʘʨʝʥʠʷ ʠ ʧʨʠʪʦʢʘ, ʢʦʪʦʨʦʝ ʩʠʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʟʸʨ. 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʸʨ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʠʩʧʘʨʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʠʭ 

ʚʦʜʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ GMWL (ʈʦʤʘʥʝʥʢʦ ʠ ʜʨ., 2001). ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʗʤʘʣʘ ʦʟʸʨʥʳʝ ʚʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ŭĭO ʠ 

ŭĮH: ʦʪ ī13ă ʜʦ ī21,9ă ʠ ʦʪ ī97,3ă ʜʦ ī166ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ŭĭO ʠ ŭĮH ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʟʝʨʘ.  



мфп 
 

ʗʜʨʦ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʦʡ ʣʠʥʟʦʡ ʯʠʩʪʦʛʦ 

ʣʴʜʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʫʶ ʠʥʲʝʢʮʠʶ ʚʦʜʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ, 

ʠʥʲʝʢʮʠʡ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʝʨʥʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʦʩʣʦʠ ʛʨʫʥʪʘ ʠ ʣʴʜʘ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. ʅʘ ʛʨʘʬʠʢʝ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʣʝʜʷʥʳʤ ʣʠʥʟʘʤ, ʚ ʢʦʦʨʜʠʥʘʪʘʭ ŭĮHïŭĭO ʙʣʠʟʢʠ ʢ ʪʦʯʢʘʤ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ 

ʧʠʥʛʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʰʣʠʨʦʚʳʡ ʣʸʜ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʤ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʘʭ, ʢʦʛʜʘ ʨʳʭʣʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ 

ʤʠʛʨʠʨʫʝʪ ʚʚʝʨʭ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ. ɺʝʣʠʯʠʥʳ ŭĭO ʠ ŭĮH hʣʠʨʦʚʦʛʦ ʣʴʜʘ 

ʠ ʣʴʜʘ-ʮʝʤʝʥʪʘ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤ ʪʨʝʥʜʦʤ ʩ ʥʘʢʣʦʥʦʤ, ʙʣʠʟʢʠʤ ʢ 

ʥʘʢʣʦʥʫ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ ʧʠʥʛʦ, ʥʦ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʰʣʠʨʦʚʦʛʦ ʠ ʧʦʨʦʚʦʛʦ ʣʴʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ŭĭO = ī14,5ă ʠ ŭĮH 

= ī120ă, ʯʪʦ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, 

ʩʣʫʞʠʚʰʝʡ ʠʩʪʦʯʥʠʢʦʤ ʯʠʩʪʦʛʦ ʣʴʜʘ ʚ ʢʝʨʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʸʜ-ʮʝʤʝʥʪ ʠ 

ʰʣʠʨʦʚʳʡ ʣʸʜ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʥʫʪʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʛʦ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʣʫʯʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʜʳ ʠ ʩʦʭʨʘʥʷʣ 

ʫʩʣʦʚʠʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʰʣʠʨʦʚʦʛʦ ʣʴʜʘ 

ʠ ʣʴʜʘ-ʮʝʤʝʥʪʘ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 15 ʜʦ 32 ʤ (ʪ.ʝ. ʧʦʜ ʤʦʱʥʳʤ ʯʠʩʪʳʤ ʣʴʜʦʤ ʷʜʨʘ) 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠʥʲʝʢʮʠʦʥʥʦʛʦ 

ʤʘʩʩʠʚʥʦʛʦ ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ.  

ʂʨʠʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʴʜʘ ʚ ʥʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʤʝʰʘʥʥʦʤ ʛʝʥʝʟʠʩʝ: ʩʝʛʨʝʛʘʮʠʦʥʥʦʝ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʣʦ ʢʨʠʦʩʪʨʫʢʪʫʨʳ ʚ ʩʣʦʝ ʦʪ 11 ʜʦ 25 ʤ, ʪʦʛʜʘ ʢʘʢ ʠʥʲʝʢʮʠʦʥʥʳʡ 

ʣʸʜ ʦʧʨʝʜʝʣʠʣ ʢʨʠʦʩʪʨʫʢʪʫʨʳ ʠ ʤʦʱʥʫʶ ʣʠʥʟʫ ʯʠʩʪʦʛʦ ʣʴʜʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʧʠʥʛʦ (4,5ï10 ʤ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ, ʧʦʜʩʪʠʣʘʶʱʠʝ ʣʠʥʟʫ 

ʯʠʩʪʦʛʦ ʣʴʜʘ ʥʠʞʝ 11 ʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʸʨʟʣʦʝ ʷʜʨʦ ʧʠʥʛʦ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʝʩʷ ʚ ʘʣʘʩʥʦʡ ʢʦʪʣʦʚʠʥʝ ʜʦ ʠʥʲʝʢʮʠʠ ʣʴʜʘ ʚ ʷʜʨʦ. ɺ ʫʩʣʦʚʠʷʭ 

ʦʙʚʦʜʥʸʥʥʦʡ ʦʟʸʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʤʦʛ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʨʫʧʥʳʡ ʙʫʛʦʨ ʧʫʯʝʥʠʷ 

ʧʘʣʴʟʘ-ʪʠʧʘ ʩ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʤ. ʊʘʢʠʝ ʙʫʛʨʳ ʦʧʠʩʘʥʳ ʚ 



мфр 
 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ ʠ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʗʤʘʣ (ɺʘʩʠʣʴʯʫʢ, 1983; ɺʘʩʠʣʴʯʫʢ 

ʠ ʜʨ., 2008; 2012). ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʤʦʱʥʳʡ ʩʣʦʡ ʪʦʨʬʘ ʥʘ ʛʣʫʙʠʥʘʭ 1,4ï3,9 

ʤ; ʦʥ, ʚʝʨʦʷʪʥʦ, ʚʟʜʳʤʘʣʩʷ ʥʘ 1ï3 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʣʘʩʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʚʦʜʥʳʡ ʨʝʞʠʤ ʘʣʘʩʘ ʠʟʤʝʥʠʣʩʷ: ʦʟʝʨʦ ʤʦʛʣʦ ʦʙʤʝʣʝʪʴ, ʘ ʟʘʪʝʤ ʚʥʦʚʴ 

ʨʘʩʰʠʨʠʪʴʩʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʪʘʠʚʘʥʠʠ ʤʝʨʟʣʦʪʳ. ɺʝʨʦʷʪʥʦ, ʦʟʝʨʦ ʟʘʪʦʧʠʣʦ 

ʪʦʨʬʷʥʦʡ ʙʫʛʦʨ ʧʘʣʴʟʘ-ʪʠʧʘ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʣʦʡ ʩʫʛʣʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ (0,1ï1,4 ʤ), ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʪʦʨʬʷʥʦʡ ʛʦʨʠʟʦʥʪ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʪʘʠʚʘʥʠʶ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʣʠʢʦʚʦʡ ʟʦʥʳ ʤʦʱʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. ʇʦʟʜʥʝʝ ʦʟʝʨʦ 

ʯʘʩʪʠʯʥʦ ʦʩʫʰʠʣʦʩʴ (ʠʣʠ ʠʟʤʝʥʠʣʦ ʩʚʦʠ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ), ʠ ʧʨʦʤʝʨʟʘʥʠʝ 

ʩʚʝʨʭʫ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʥʛʦ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʩ ʠʥʲʝʢʮʠʝʡ ʚʦʜʳ ʠ 

ʟʘʤʝʨʟʘʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʣʝʜʷʥʦʝ ʷʜʨʦ ʧʠʥʛʦ. ʇʦʩʢʦʣʴʢʫ 

ʣʝʜʷʥʦʝ ʷʜʨʦ ʧʦʜʩʪʠʣʘʝʪʩʷ ʣʠʥʟʦʚʳʤ ʣʴʜʦʤ ʠ ʣʴʜʦʤ-ʮʝʤʝʥʪʦʤ, ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʷʜʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʜʩʪʠʣʘʶʱʠʭ ʤʸʨʟʣʳʭ 

ʧʦʨʦʜ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʠʥʲʝʢʮʠʷ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʙʦʢʫ (ʨʠʩ. 3.15). 

ɺʝʨʦʷʪʥʦ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʨʭʥʝʛʦ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʩʳʛʨʘʣ 

ʚʘʢʫʫʤʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʩʦʩʘ ʚʦʜʳ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʦʟʝʨʘ ʠʣʠ ʠʟ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʪʘʣʠʢʦʚʦʡ ʟʦʥʳ ʧʦʜ ʥʠʤ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚʘʢʫʫʤʥʦʡ ʧʦʣʦʩʪʠ ʦʙʲʷʩʥʷʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʜʘ ï ʠʩʪʦʯʥʠʢ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʝʜʷʥʦʛʦ ʢʝʨʥʘ ï ʤʦʛʣʘ ʧʦʩʪʫʧʘʪʴ ʚ ʵʪʫ ʯʘʩʪʴ ʤʸʨʟʣʳʭ ʦʪʣʦʞʝʥʠʡ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʧʦʜʩʪʠʣʘʶʱʠʭ ʤʸʨʟʣʳʭ ʧʦʨʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʭʘʥʠʟʤ 

ʦʙʲʷʩʥʷʝʪ ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʲʝʢʮʠʠ ʚʦʜʳ ʩʙʦʢʫ, ʘ ʥʝ ʩʥʠʟʫ, ʯʪʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʤʠ ʧʦ ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʝʜʷʥʦʡ ʣʠʥʟʳ (4,5ï11 ʤ) ʠ 

ʰʣʠʨʦʚʦʛʦ ʣʴʜʘ ʠ ʣʴʜʘ-ʮʝʤʝʥʪʘ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ (11ï38,5 ʤ). 

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʠʥʲʝʢʮʠʠ 

(ʠʥʜʫʢʮʠʦʥʥʦʡ, ʠʣʠ ʚʘʢʫʫʤʥʦʡ), ʘ ʥʝ ʩ ʠʥʲʝʢʮʠʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʠʥʛʦ. 

ʆ ʥʘʣʠʯʠʠ ʚʘʢʫʫʤʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚʧʝʨʚʳʝ 

ʩʦʦʙʱʠʣ ʇʝʪʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʣʝʚʳʝ (ʇʝʪʨʦʚ, 1934) ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

(ʏʝʢʦʪʠʣʦ, 1940) ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʢʫʫʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʩ 



мфс 
 

ʣʝʜʷʥʳʤ ʷʜʨʦʤ ʧʦʟʚʦʣʠʣʠ ʇʝʪʨʦʚʫ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʚʥʫʪʨʠ ʙʫʛʨʘ ʯʘʩʪʴ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʣʴʜʘ ʪʘʝʪ ʠ ʚʦʟʥʠʢʘʝʪ ʚʘʢʫʫʤ, 

ʢʦʪʦʨʳʡ ʟʘʩʘʩʳʚʘʝʪ ʥʦʚʳʝ ʧʦʨʮʠʠ ʚʦʜʳ ʚ ʙʫʛʦʨ.  

 

ʈʠʩ. 3.15. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʧʨʠ 

ʧʨʦʤʝʨʟʘʥʠʠ ʦʟʝʨʥʦʛʦ ʪʘʣʠʢʘ  

ʊʘʷʥʠʝ ʣʴʜʘ ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʫʩʣʦʚʠʠ ʩʠʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʛʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʷʜʨʘ ʧʠʥʛʦ 

(ʚ ʦʜʥʦʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʇʝʪʨʦʚʘ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʣʴʜʘ 

ʜʦʩʪʠʛʘʣʦ 1Ŀ10  ʘʪʤʦʩʬʝʨ (ʏʝʢʦʪʠʣʦ, 1940)). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʣʴʜʘ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʪʘʷʥʠʶ ʣʴʜʘ ʚ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʢʨʠʚʫʶ ʟʘʤʝʨʟʘʥʠʷ ʣʝʜʷʥʦʛʦ ʷʜʨʘ, ʇʝʪʨʦʚ ʧʨʠʰʸʣ ʢ 

ʧʘʨʘʜʦʢʩʘʣʴʥʦʤʫ ʚʳʚʦʜʫ: ʯʝʤ ʩʠʣʴʥʝʝ ʤʦʨʦʟ, ʪʝʤ ʙʦʣʴʰʝ ʣʴʜʘ ʚʥʫʪʨʠ 

ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʪʘʝʪ. ɺʧʦʩʣʝʜʩʪʚʠʠ ɹʦʨʦʟʠʥʝʮ ʠ ʌʝʣʴʜʤʘʥ ʠʩʩʣʝʜʦʚʘʣʠ 

ʚʘʢʫʫʤʥʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ ʣʝʜʷʥʳʭ ʣʠʥʟ 

(ɹʦʨʦʟʠʥʝʮ, ʌʝʣʴʜʤʘʥ, 1991). ɺ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʸʨʟʣʦʛʦ ʛʨʫʥʪʘ ʚʳʟʳʚʘʣʠ ʧʦʧʝʨʝʤʝʥʥʦʝ ʧʨʦʪʘʠʚʘʥʠʝïʧʨʦʤʝʨʟʘʥʠʝ ʣʝʜʷʥʳʭ 

ʣʠʥʟ ʠʣʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʨʫʥʪʘ. ɺʘʢʫʫʤʥʳʝ ʫʩʣʦʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ 

ʪʘʷʥʠʷ ʣʴʜʘ, ʧʨʠʚʦʜʠʣʠ ʢ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʟʦʥʫ 

ʧʨʦʪʘʠʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʸʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʘʢʫʫʤʘ ʠ ʚʦʜʘ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʬʠʣʴʪʨʘʮʠʠ, ʘ ʥʝ ʚ ʜʚʠʞʝʥʠʠ ʧʣʸʥʦʯʥʦʡ ʚʦʜʳ, 

ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʳʭ ʣʠʥʟ ʙʳʣ ʥʘʟʚʘʥ ʚʘʢʫʫʤʥʦ-

ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ (ɹʦʨʦʟʠʥʝʮ, ʌʝʣʴʜʤʘʥ, 1991). ɺ ʨʘʟʨʝʟʘʭ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʴʜʘ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʦʪ ʠ ʧʦʣʦʩʪʝʡ; 



мфт 
 

ʠʭ ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʜʦʩʪʠʛʘʣ 20% ʦʙʲʸʤʘ ʤʸʨʟʣʦʡ ʧʦʨʦʜʳ (Mackay, 1973). 

ʈʘʥʝʝ ʪʘʢʠʝ ʞʝ ʧʫʩʪʦʪʳ ʠ ʧʦʣʦʩʪʠ ʥʘʙʣʶʜʘʣ ɹʦʙʦʚ (ɹʦʙʦʚ, 1960) ʚ 

ʤʠʛʨʘʮʠʦʥʥʳʭ (ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ) ʙʫʛʨʘʭ ʧʫʯʝʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ. 

ɻʦʨʙʫʥʦʚ (ɻʦʨʙʫʥʦʚ, 1967) ʦʪʤʝʯʘʣ, ʯʪʦ ʧʨʠ ʙʫʨʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ 

ʥʘ ʊʷʥʴ-ʐʘʥʝ ʚ ʧʨʦʙʫʨʝʥʥʫʶ ʩʢʚʘʞʠʥʫ ʩ ʰʠʧʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦ ʧʦʩʪʫʧʘʣʠ 

ʚʦʟʜʫʭ ʠ ʜʘʞʝ ʢʫʩʦʯʢʠ ʙʫʤʘʛʠ, ʯʪʦ ʷʚʥʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʘʣʠʯʠʝ ʧʦʣʦʩʪʝʡ ʩ 

ʚʘʢʫʫʤʦʤ ʚ ʤʸʨʟʣʳʭ ʙʫʛʨʘʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʜʷʥʳʭ ʣʠʥʟ 

ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʨʫʧʥʳʭ ʧʦʣʦʩʪʝʡ ʧʦʜ ʣʠʥʟʘʤʠ, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʣʠ ʟʘʧʦʣʥʷʪʴʩʷ ʦʟʸʨʥʦʡ ʚʦʜʦʡ ʠ ʟʘʤʝʨʟʘʪʴ ʚ ʚʠʜʝ ʤʦʱʥʳʭ 

ʣʝʜʷʥʳʭ ʧʨʦʩʣʦʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʨ ʧʠʥʛʦ ʩʦ 

ʩʣʦʞʥʳʤ ʩʤʝʰʘʥʥʳʤ ʛʝʥʝʟʠʩʦʤ. ʀʟʥʘʯʘʣʴʥʦ ʦʥ ʨʘʟʚʠʚʘʣʩʷ ʢʘʢ ʪʠʧʠʯʥʳʡ 

ʧʘʣʴʟʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʘʣʴʟʘ ʙʳʣ ʟʘʪʦʧʣʝʥ ʠ ʧʨʦʪʘʷʣ ʩʚʝʨʭʫ; ʟʘʪʝʤ, ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʵʪʦʡ ʧʨʦʪʘʷʚʰʝʡ ʟʦʥʳ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʝʙʦʣʴʰʘʷ 

ʣʠʥʟʘ ʣʴʜʘ. ʇʨʠ ʫʩʠʣʝʥʠʠ ʤʦʨʦʟʦʚ ʧʦʜ ʵʪʦʡ ʣʠʥʟʦʡ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚʘʢʫʫʤʥʳʝ 

ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʣʠʩʴ ʚʦʜʦʡ ʠʟ ʩʦʩʝʜʥʝʛʦ ʦʟʝʨʘ ʠʣʠ ʠʟ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʪʘʣʠʢʘ ʧʦʜ ʥʠʤ. ɿʘʤʝʨʟʘʥʠʝ ʵʪʦʡ ʚʦʜʳ ʩʬʦʨʤʠʨʦʚʘʣʦ 

ʤʦʱʥʦʝ ʣʝʜʷʥʦʝ ʷʜʨʦ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʥʛʦ.  

ʄʦʨʬʦʣʦʛʠʷ ʧʠʥʛʦ ʄʝʩʩʦʷʭʘ-1 ʦʪʨʘʞʘʝʪ ʫʯʘʩʪʠʝ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʫʛʨʦʚ: ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʸʪ ʜʘʚʣʝʥʠʷ ʩʥʠʟʫ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʠ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʟʝʨʦ 

ʨʷʜʦʤ ʩ ʧʠʥʛʦ ʤʦʞʝʪ ʙʳʪʴ ʚʪʦʨʠʯʥʳʤ ʧʦ ʚʨʝʤʝʥʠ (ʪ.ʝ. ʦʥʦ ʧʦʷʚʠʣʦʩʴ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʠʥʛʦ). ʊʘʢʦʡ ʧʨʠʤʝʨ ʦʧʠʩʘʥ ʚ ʜʝʣʴʪʝ ʂʦʣʳʤʳ, ʛʜʝ ʧʠʥʛʦ 

ʛʨʘʥʠʯʠʪ ʩ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤ ʦʟʝʨʦʤ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʛʦ ʤʦʣʦʞʝ ʚʦʟʨʘʩʪʘ ʧʠʥʛʦ 

(Wetterich et al., 2018).  

3.2.3. ɹʫʛʦʨ ʫ ʉʘʣʝʭʘʨʜʘ  

ɺ ʟʠʤʥʠʡ ʩʝʟʦʥ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʙʫʨʝʥʠʝ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʠʥʲʝʢʮʠʦʥʥʦʛʦ 

ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʙʣʠʟ ʛ. ʉʘʣʝʭʘʨʜ (ʤʘʨʪ 2025, 66Á34ǋ56ò ʩ.ʰ., 66Á45ǋ56ò ʚ.ʜ.). 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʙʫʛʦʨ ʥʘʭʦʜʠʪʩʷ ʚ 5,5 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛ. ʉʘʣʝʭʘʨʜ ʥʘ 



мфу 
 

ʦʪʤʝʪʢʘʭ ʦʢʦʣʦ 85 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʆʙʴ ʚ ʜʦʣʠʥʝ ʝʝ 

ʥʝʙʦʣʴʰʦʛʦ ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ɺʘʩʴ-ʖʛʘʥ (ʨʠʩ. 3.16).  

 

ʈʠʩ. 3.16. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʙʫʛʨʘ 

ʚʙʣʠʟʠ ʛ. ʉʘʣʝʭʘʨʜ 

(ʘ) ʚ ʟʦʥʝ 

ʧʨʝʨʳʚʠʩʪʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʄʄʇ (ʧʦ Obu et al., 

2019) ʚ ʜʦʣʠʥʝ ʨ. 

ɺʘʩʴ-ʖʛʘʥ (ʙ) 

ɹʫʛʨʳ ʧʫʯʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʉʘʣʝʭʘʨʜ ʨʘʟʚʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ʆʙʴ, ʩʣʦʞʝʥʥʦʡ ʦʟʝʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʟʚʝʥʘ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘé, 2013). ɹʫʛʨʳ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʦʙʰʠʨʥʳʤ ʟʘʪʦʨʬʦʚʘʥʥʳʤ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤ ʧʦʥʠʞʝʥʠʷʤ, ʛʜʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʩʫʛʣʠʥʢʦʚ, ʩʫʧʝʩʝʡ ʠ ʪʦʨʬʘ ʩʦʟʜʘʝʪ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʫʛʨʦʚ. ʕʪʠ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʣʴʜʠʩʪʦʩʪʴʶ ʠ 

ʥʘʣʠʯʠʝʤ ʢʘʢ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʨʟʣʦʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʊʝʨʨʘʩʘ ʨ. ʆʙʴ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʙʫʛʨʳ, ʧʦʢʨʳʪʘ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʳʤ ʨʝʜʢʦʣʝʩʴʝʤ. ɹʫʛʨʳ ʠ ʛʨʷʜʳ ʤʥʦʛʦʣʝʪʥʝʛʦ ʧʫʯʝʥʠʷ ʚʳʩʦʪʦʡ ʜʦ 

5 ʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʜʚʫʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʝʨ, ʜʣʠʥʘ ʦʟʝʨ ï 

ʦʢʦʣʦ 100 ʠ 300 ʤ, ʛʣʫʙʠʥʳ ï ʜʦ 2 ʤ (ʨʠʩ. 3.17). 

ʈʘʥʝʝ ʥʘ ʵʪʦʤ ʙʫʛʨʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʙʫʨʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ (ɼʝʤʠʜʦʚ ʠ ʜʨ., 2022), ʦʜʥʘʢʦ, ʠʟʦʪʦʧʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɹʫʨʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩʪʘʥʢʦʤ ʋʂɹ-12/25 

ʢʦʣʦʥʢʦʚʳʤ ʩʥʘʨʷʜʦʤ ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʤʳʚʦʯʥʳʝ 

ʞʠʜʢʦʩʪʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ɼʠʘʤʝʪʨ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ʦʪ 112 ʜʦ 76 ʤʤ, 
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ʩʥʠʞʘʷʩʴ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ. ʇʨʦʭʦʜʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʫʢʦʨʦʯʝʥʥʳʤʠ 

ʨʝʡʩʘʤʠ ʧʦ 30ï50 ʩʤ, ʠʟʚʣʝʯʝʥʠʝ ʢʝʨʥʘ ʠʟ ʢʝʨʥʦʧʨʠʝʤʥʠʢʘ (ócore catcherô) 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 1,7 

ʤ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʦ ʚʩʢʨʳʪʦ ʣʝʜʷʥʦʝ ʷʜʨʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʣʦ 

ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʤʦʱʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʜʦ 20 ʩʤ) ʯʠʩʪʦʛʦ ʣʴʜʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʨʦʩʣʦʝʚ. 

 

ʈʠʩ. 3.17. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʦʞʝʥʠʝ ʙʫʛʨʦʚ. ʇʣʦʱʘʜʴ ʧʫʯʝʥʠʷ ʚʙʣʠʟʠ 

ʜʚʫʭ ʦʟʝʨ (ʘ), ʬʦʪʦ ʙʫʛʨʘ (ʙ), ʙʫʨʝʥʠʷ (ʚ) ʠ ʣʴʜʘ, ʚʩʢʨʳʪʦʛʦ ʩʢʚʘʞʠʥʦʡ (ʛ, ʜ) 

ɺ ʨʘʡʦʥʝ ʛ. ʉʘʣʝʭʘʨʜ ʄʄʇ ʠʤʝʶʪ ʩʧʣʦʰʥʦʝ ʠ ʧʨʝʨʳʚʠʩʪʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʨʝʨʳʚʠʩʪʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝ ʪʘʣʠʢʦʚʳʭ ʟʦʥ 

ʩʢʚʦʟʥʦʛʦ ʥʝ ʥʝʩʢʚʦʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʫʩʣʘʤ ʨʝʢ (ʨʠʩ. 

3.18). ɼʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʝʢ ï ʆʙʠ, ʇʦʣʫʷ, ɺʘʩʴ-ʖʛʘʥʘ ʭʘʨʘʢʪʝʨʥʳ ʩʢʚʦʟʥʳʝ 

ʪʘʣʠʢʠ. ʅʝʩʢʚʦʟʥʳʝ ʧʦʜʨʫʩʣʦʚʳʝ ʪʘʣʠʢʠ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʨʝʢ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʢʨʫʧʥʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨ. ʊʘʢʠʝ ʪʘʣʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ, ʦʛʨʘʥʠʯʝʥʥʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʫʩʣʦʤ ʨʝʢ ʠ ʢʦʥʪʫʨʦʤ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï2 ʜʦ 0 Áʉ (ɻʨʷʟʥʦʚ ʠ ʜʨ., 2014). 
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ʈʠʩ. 3.18. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʉʘʣʝʭʘʨʜʩʢʦʡ ʧʣʦʱʘʜʠ (ʠʟ ɻʨʷʟʥʦʚ ʠ ʜʨ., 

2014) 

ʄʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʳʤ ʦʟʝʨʥʳʤ ʩʫʛʣʠʥʢʦʤ. ɺʩʝ 

ʣʝʜʷʥʦʝ ʷʜʨʦ ʙʳʣʦ ʧʨʦʡʜʝʥʦ ʩʢʚʘʞʠʥʦʡ ʜʦ ʛʣʫʙʠʥʳ 11 ʤ. ʅʠʞʝ ʦʪʤʝʯʘʣʩʷ 

ʤʝʨʟʣʳʡ ʦʟʝʨʥʳʡ ʩʫʛʣʠʥʦʢ ʩ ʤʘʩʩʠʚʥʦʡ ʠ ʰʣʠʨʦʚʦʡ ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʝʥʠʷ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 81 ʦʙʨʘʟʮʘ ʣʴʜʘ. 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚʦ ʣʴʜʫ ʷʜʨʘ 

ʚʘʨʴʠʨʫʶʪ ʦʪ ī15,3 ʜʦ ī17,6ă ʠ ʦʪ ī111 ʜʦ ī127,4ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 

3.19). ɼʣʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ŭ-ŭ ʜʠʘʛʨʘʤʤʝ ʦʪʤʝʯʘʝʪʩʷ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʥʳʭ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʘ ï ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ (ʛʣ.1,75-6,2 ʤ) ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ 

(ʛʣ. 6,2 ï 11ʤ). ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʣʴʜʠʩʪʳʤʠ 

ʣʠʥʟʘʤʠ. ɼʣʷ ʧʝʨʚʦʡ ʣʠʥʟʳ (ʩʝʢʮʠʷ 1) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʘʢʣʦʥʫ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ (S=7,0 ʩʤ ʨʠʩ. 3.20) ʩʣʘʙʦ ʚʳʨʘʞʝʥʦ ʧʦʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʩ 

ʛʣʫʙʠʥʦʡ (ʩʤ. ʨʠʩ. 2), ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ. ɼʣʷ ʚʪʦʨʦʡ ʣʠʥʟʳ (ʩʝʢʮʠʷ 2) ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʩ ʛʣʫʙʠʥʦʡ (ʩʤ. ʨʠʩ. 3.19) ʠ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʥʜʫ ʩ ʥʘʢʣʦʥʦʤ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 3.20). ʈʘʩʯʝʪ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʝʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʤʝʨʟʘʥʠʶ ʦʪ 25 ʜʦ 60% 

ʨʝʟʝʨʚʫʘʨʘ ʚʦʜ.  
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ʈʠʩ. 3.19. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ, ŭ2ʅ ʠ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʧʦ 

ʛʣʫʙʠʥʝ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʙʣʠʟ ʛ.ʉʘʣʝʭʘʨʜ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʦ 

ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ: 1 ï ʪʦʨʬʷʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ, 2 ï ʤʝʨʟʣʳʡ ʩʫʛʣʠʥʦʢ ʩʦ 

ʰʣʠʨʦʚʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ, 3 ï ʯʠʩʪʳʡ ʣʝʜ.  

 

ʈʠʩ. 3.20. ʉʦʦʪʥʦʰʝʥʠʝ ŭĮHïŭĭO ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʣʝʜʷʥʦʛʦ ʷʜʨʘ (ʘ) ʠ 

ʦʪʜʝʣʴʥʦ ʦʙʨʘʟʮʦʚ ʟʦʥʳ 3 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ (ʙ): 1- ʣʝʜ ʠʟ ʟʦʥʳ 1 

ʣʝʜʷʥʦʛʦ ʷʜʨʘ; 2 ï ʣʝʜ ʠʟ ʟʦʥʳ 2; 3 ï ʣʝʜ ʠʟ ʟʦʥʳ 3; 4 ï ʨʘʩʯʝʪ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʧʦ ʫʨʘʚʥʝʥʠʶ (1); 5 ï ʚʦʜʘ ʨ.ʆʙʴ ʚ ʟʠʤʥʶʶ ʤʝʞʝʥʴ; 6 ï ʚʦʜʘ ʨ. ʆʙʴ ʚ ʧʦʣʦʚʦʜʴʝ 

(ʧʦ ʜʘʥʥʳʤ Arctic-GRO). ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʛ. ʉʘʣʝʭʘʨʜʘ ʧʦ ʜʘʥʥʳʤ GNIP. 
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ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʛʣ. 6,2-11,1 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʩʣʦʷʤʠ ʯʠʩʪʦʛʦ ʣʴʜʘ 

ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʣʠʥʠʷ ʪʨʝʥʜʘ ʠʤʝʝʪ ʥʘʢʣʦʥ 7,59, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʙʱʠʝ ʪʨʝʥʜʳ ʙʳʣʠ ʣʫʯʰʝ ʟʘʤʝʪʥʳ ʤʳ ʦʩʨʝʜʥʠʣʠ ʟʥʘʯʝʥʠʷ ʩ ʰʘʛʦʤ ʚ 4 

ʦʙʨʘʟʮʘ (ʪʘʙʣ. 3.3). ʐʘʛ 4 ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ ~20ï25 ʩʤ ʧʦ 

ʛʣʫʙʠʥʝ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʦʮʝʥʢʘʤʠ ʛʦʜʦʚʦʛʦ ʧʨʠʨʦʩʪʘ ʣʴʜʘ ʚ ʧʠʥʛʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (Mackay, 1990). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʨʝʜʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚʥʫʪʨʠʩʝʟʦʥʥʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʩʦʭʨʘʥʷʷ ʤʝʞʛʦʜʦʚʦʡ ʩʠʛʥʘʣ. 

ʊʘʙʣ. 3.3. ʆʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ, ŭ2ʅ ʠ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʧʦ ʛʣʫʙʠʥʝ 

ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʙʣʠʟ ʛ.ʉʘʣʝʭʘʨʜ  

ɻʣʫʙʠʥʘ, ʤ ɿʦʥʘ 
ʂʦʣ-ʚʦ 

ʦʙʨʘʟʮʦʚ 
ŭ18ʆ, ă ŭ2ʅ, ă d-exc, ă 

2,55-3 ɿʦʥʘ 1 4 ī16,99 ī123,6 12,32 

3,1-3,35 4 ī17,02 ī124,0 12,11 

3,45-3,5 4 ī16,99 ī124,0 11,92 

3,5-3,8 4 ī17,13 ī124,8 12,22 

3,9-4,1 4 ī17,11 ī124,8 12,09 

4,18-4,3 4 ī17,16 ī125,1 12,24 

4,33-4,5 3 ī17,27 ī125,6 12,53 

4,55-4,88 ɿʦʥʘ 2 4 ī16,58 ī121,2 11,43 

5-5,3 4 ī16,43 ī120,0 11,40 

5,4-5,6 4 ī16,80 ī122,8 11,64 

5,68-5,85 4 ī17,07 ī124,2 12,44 

5,96-6,17 4 ī17,21 ī125,1 12,59 

6,22-6,38 3 ī17,49 ī126,7 13,24 

6,46-6,8 ɿʦʥʘ 3 4 ī16,63 ī120,4 12,61 

6,85-7,1 4 ī16,07 ī116,1 12,38 

7,12-7,6 4 ī16,60 ī119,6 13,19 

7,7-8,25 4 ī16,37 ī118,1 12,83 

8,3-8,8 4 ī16,55 ī118,7 13,70 

9,2-9,7 4 ī16,24 ī116,4 13,55 

9,8-11,1 5 ī16,05 ī114,1 14,29 

 

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. 

ʀʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʢʣʦʥʘ ʣʠʥʠʠ ŭĮHïŭĭO) ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ 

ʙʫʛʨʘ ʫ ʛ. ʉʘʣʝʭʘʨʜ ʛʦʚʦʨʠʪ ʦ ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʧʨʦʤʝʨʟʘʥʠʷ ʨʦʩʪʘ ʙʫʛʨʘ. 

ɺ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 1,75ï6,2 ʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʠʥʛʦ ʚ ʟʘʢʨʳʪʦʡ 



нло 
 

ʩʠʩʪʝʤʝ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʧʨʦʤʝʨʟʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʦʟʸʨʥʳʭ ʪʘʣʠʢʦʚ. ɺ ʚʝʨʭʥʝʡ 

ʣʠʥʟʝ (ʩʪʘʜʠʷ I) ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʩ ʛʣʫʙʠʥʦʡ ʤʘʣʦ ʚʳʨʘʞʝʥʦ. 

ʇʝʨʚʳʡ ʵʧʠʟʦʜ (ʨʠʩ. 3.21 ʩʪʘʜʠʷ I) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʤʝʨʟʘʥʠʷ, 

ʢʦʛʜʘ ʪʘʣʠʢ ʝʱʸ ʩʦʜʝʨʞʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʦʙʲʸʤ ʚʦʜʳ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʙʦʣʴʰʦʡ ʨʝʩʫʨʩ ʚʦʜʳ ʚ ʪʘʣʠʢʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʟʦʪʦʧʥʳʡ ʩʜʚʠʛ ʠ çʧʠʣʦʦʙʨʘʟʥʳʡè ʧʨʦʬʠʣʴ, 

ʦʪʨʘʞʘʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʧʫʪʝʡ 

ʤʠʛʨʘʮʠʠ ʚʦʜʳ ʢ ʦʩʥʦʚʘʥʠʶ ʙʫʛʨʘ. ʇʨʦʤʝʨʟʘʣʘ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʘʷ ʦʟʝʨʥʘʷ 

ʢʦʪʣʦʚʠʥʘ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʝʣʦʡ ʩʝʨʠʠ ʙʫʛʨʦʚ, ʧʦʵʪʦʤʫ ʦʪʤʝʯʝʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʦ ʠʤʝʥʥʦ ʩ ʵʪʠʤ ï 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʧʨʦʤʝʨʟʘʥʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʷʥʳʭ ʷʜʝʨ. 

ʆʙʥʘʨʫʞʝʥʥʦʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʘʣʠʢʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʧʨʦʤʝʨʟʘʥʠʷ (Kunz, Kneisel, 2021), ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʣʦʢʘʣʴʥʳʡ ʠ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʯʘʣʘ ʧʫʯʝʥʠʷ. 

 

ʈʠʩ. 3.21. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫʛʨʘ 1 ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ: 1 ï ʤʝʨʟʣʳʝ 

ʧʦʨʦʜʳ, 2 ï ʪʘʣʳʝ, 3 ï ʣʝʜ, 4 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ, 5 ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʚʦʜʳ, 6 ï ʛʨʘʥʠʮʘ ʄʄʇ.  

ɺʦ ʚʪʦʨʦʡ ʣʠʥʟʝ (ʣʝʜ ʩʝʢʮʠʠ 2) ʫʞʝ ʚʳʨʘʞʝʥʦ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩ 

ʛʣʫʙʠʥʦʡ ʠ ʚʳʨʘʞʝʥʥʳʡ ʥʘʢʣʦʥ ʥʘ ŭ-ŭ ʜʠʘʛʨʘʤʤʝ. ɺʪʦʨʦʡ ʵʧʠʟʦʜ (ʩʪʘʜʠʷ 

II) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʧʨʦʤʝʨʟʘʥʠʷ. 

ʆʙʲʸʤ ʜʦʩʪʫʧʥʦʡ ʚʦʜʳ ʚ ʪʘʣʠʢʝ ʫʞʝ ʩʦʢʨʘʪʠʣʩʷ (ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ, ʠʥʲʝʢʮʠʷ 

ʤʦʙʠʣʠʟʦʚʘʣʘ 25ï60% ʥʘʯʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʚʦʜʳ). ʇʨʦʤʝʨʟʘʥʠʝ ʟʘʤʝʜʣʠʣʦʩʴ, 

ʧʝʨʝʡʜʷ ʚ ʨʘʚʥʦʚʝʩʥʳʡ ʨʝʞʠʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʨʘʞʝʥʥʦʤʫ ʨʵʣʝʝʚʩʢʦʤʫ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʀʟʦʪʦʧʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʣʴʜʦʤ ʩʝʢʮʠʠ 1 ʠ ʩʝʢʮʠʠ 2 
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ʩʚʷʟʘʥʳ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʣʴʜʦʚʳʜʝʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʦʪʦʧʥʘʷ 

ʩʪʨʘʪʠʛʨʘʬʠʷ ʧʠʥʛʦ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤ ʥʝ ʦʙʷʟʘʥʘ ʙʳʪʴ ʤʦʥʦʪʦʥʥʦʡ, ʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʦʞʥʦʡ ʠʟ-ʟʘ ʚʘʨʠʘʮʠʡ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʚʦʜʳ 

(Yoshikawa et al., 2012, Vasilôchuk et al., 2016).  

ʅʠʞʝ 6,38 ʤ ʣʸʜ ʩʝʢʮʠʠ 3 ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

(ʩʪʘʜʠʷ III); ʟʜʝʩʴ ʦʪʤʝʯʘʝʪʩʷ ʥʝ ʯʠʩʪʳʡ ʣʸʜ, ʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʣʴʜʘ ʠ ʦʟʸʨʥʦʛʦ 

ʩʫʛʣʠʥʢʘ. ɺʝʨʦʷʪʥʦ, ʙʫʛʦʨ ʧʨʦʜʦʣʞʠʣ ʨʘʟʚʠʪʠʝ ʧʦ ʤʠʛʨʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʤʝʥʘ ʨʝʞʠʤʘ ʥʘ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʪʘʣʠʢ ʩʦʝʜʠʥʠʣʩʷ ʩ ʩʦʩʝʜʥʠʤ ʪʘʣʠʢʦʤ ʠʣʠ 

ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʘʟʘʣʠ ʩʣʦʞʥʦʝ ʢʨʠʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʛʜʝ ʪʘʣʠʢʠ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ (ʥʘʜʤʝʨʟʣʦʪʥʳʝ, ʩʢʚʦʟʥʳʝ, ʧʦʜʨʫʩʣʦʚʳʝ) ʩʦʩʝʜʩʪʚʫʶʪ ʠ, ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ (ɻʨʷʟʥʦʚ ʠ ʜʨ., 2014). 

ɺʘʨʠʘʮʠʠ ŭĭO ʠ ŭĮH, ʦʪʤʝʯʝʥʥʳʝ ʜʣʷ ʣʴʜʘ ʵʪʦʡ ʩʝʢʮʠʠ, ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʧʘʟʦʥʫ ʚʘʨʠʘʮʠʡ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚ ʚʦʜʝ ʨ. ʆʙʴ (ʧʦ ʜʘʥʥʳʤ 

Arctic-GRO). ʈʘʥʝʝ ʜʣʷ ʵʪʦʛʦ ʨʘʡʦʥʘ ʧʦ ʠʟʦʪʦʧʥʳʤ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʚʦʜʦʟʘʙʦʨʘʤʠ, ʩ ʪʘʣʠʢʘʤʠ ʚ ʜʦʣʠʥʝ ʨ. ʆʙʴ (ʊʦʢʘʨʝʚ ʠ ʜʨ., 2024; ʇʘʣʘʤʘʨʯʫʢ ʠ 

ʜʨ., 2026). ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʚ ʨʘʡʦʥʝ ʉʘʣʝʭʘʨʜʘ (ʨʠʩ. 3.22) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʧʦʜʟʝʤʥʳʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʠʤʝʪ ɹʪʝʩʥʫʶ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʚʷʟʴ (ʇʘʣʘʤʘʨʯʫʢ 

ʠ ʜʨ., 2025; 2026).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ 

ʦʟʸʨʥʳʡ ʪʘʣʠʢ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʙʫʛʨʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʩʦʝʜʠʥʠʣʩʷ ʩ ʦʙʰʠʨʥʦʡ ʪʘʣʠʢʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʦʡ ʩ ʨ. ʆʙʴ ʠʣʠ 

ʝʸ ʧʨʠʪʦʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʜʨʫʩʣʦʚʳʤ ʪʘʣʠʢʦʤ). ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʩʪʘʣʘ ʧʦʩʪʫʧʘʪʴ ʚʦʜʘ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 
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ʈʠʩ. 3.22. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʘ) ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʙ) 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʛ. ʉʘʣʝʭʘʨʜ: 1 ï ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 2024; 2 ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ʣʝʪʦ 2023-204; 3 ï ʜʦʞʜʴ ʘʚʛʫʩʪ 2024; 4 ï ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 2021 (ʊʘʢʘʨʝʚ ʠ ʜʨ., 

2024); 5 ï ʦʟʝʨʘ, 6 ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 2022 ʛ.; 7 ï ɻʃʄɺ; 8 ï ʃʃʄɺ. ʀʟ 

(ʇʘʣʘʤʘʨʯʫʢ ʠ ʜʨ., 2025). 

 

 

ɼʠʥʘʤʠʢʘ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʫʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʠʙʦ ʧʨʠ ʧʦʜʪʦʧʣʝʥʠʠ ʠ ʩʥʠʟʫ. ɺ ʦʙʦʠʭ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʪʝʧʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠʣʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʪʘʠʚʘʥʠʶ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʠ ʜʝʛʨʘʜʘʮʠʠ ʙʫʛʨʘ. ʉʘʣʝʭʘʨʜʩʢʠʡ 

ʙʫʛʦʨ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ ʧʨʦʨʳʚʘ ʟʘʤʢʥʫʪʦʛʦ ʪʘʣʠʢʘ ʠ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʰʠʨʥʦʡ ʩʠʩʪʝʤʦʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʠʚʝʣ ʢ 

ʜʝʛʨʘʜʘʮʠʠ. ʅʘʦʙʦʨʦʪ, ʙʫʛʦʨ ʧʨʦʜʦʣʞʠʣ ʩʚʦʡ ʨʦʩʪ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʦʜ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʰʠʨʥʳʤ 

ʨʫʩʣʦʚʳʤ ʪʘʣʠʢʦʤ ʆʙʠ: ʟʠʤʦʡ ʚ ʥʝʤ ʧʦʜʥʠʤʘʝʪʩʷ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʦ 

ʥʘ ʬʦʥʝ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʧʨʦʤʝʨʟʘʥʠʷ ʩʚʝʨʭʫ, ʵʪʠ ʚʦʜʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʜʷʥʳʭ ʷʜʝʨ ʩʝʟʦʥʥʳʭ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ. 

 

3.2.4. ɹʫʛʦʨ ʫ ʃʘʙʳʪʥʘʥʛʠ 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʃʘʙʳʪʥʘʥʛʠ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʦ ʠ 

ʟʘʥʠʤʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʯʘʩʪʢʠ ʧʦʡʤʳ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦ ʩʦʭʨʘʥʠʚʰʠʝʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʪʝʨʨʘʩ, ʛʜʝ ʧʨʦʮʝʩʩʳ ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ 
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ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʩʦʚʨʝʤʝʥʥʳʤ ʘʣʣʶʚʠʘʣʴʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʵʪʠ ʫʯʘʩʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-

ʦʟʝʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʠ ʩʫʛʣʠʥʢʦʚ 

ʩ ʚʢʣʶʯʝʥʠʝʤ ʪʦʨʬʷʥʠʩʪʳʭ ʧʨʦʩʣʦʝʚ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʦʨʦʟʥʦʤʫ 

ʧʫʯʝʥʠʶ. 

ʀʥʲʝʢʮʠʦʥʥʳʡ ʙʫʛʦʨ ʧʫʯʝʥʠʷ, ʣʝʜʷʥʦʝ ʷʜʨʦ ʢʦʪʦʨʦʛʦ ʚʩʢʨʳʪʦ ʙʫʨʝʥʠʝʤ 

14.07.25 ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʦ-ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʪʦʨʬʷʥʠʢʘ, ʚ 8 ʢʠʣʦʤʝʪʨʘʭ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʩʪ. ʆʙʩʢʘʷ, ʥʘ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ 

ʦʟʝʨʘ ʃʝʚ-ʪʦ, ʚ 30 ʤʝʪʨʘʭ ʦʪ ʫʨʝʟʘ ʚʦʜʳ (ʨʠʩ. 3.23, 3.24). ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ 

ʤʝʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʛʫʣʴʥʠʢʦʤ, ʤʦʨʦʰʢʦʡ, ʙʨʫʩʥʠʢʦʡ, ʬʨʘʛʤʝʥʪʘʨʥʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʸʟʘ. ɹʫʛʦʨ ʚ ʧʣʘʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʡ 

ʵʣʣʠʧʩ 3ʭ4 ʤʝʪʨʘ, ʝʛʦ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 70 ʩʤ. ɹʫʛʦʨ ʩʣʦʞʝʥ ʪʦʨʬʷʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʝ ʷʜʨʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʙʝʣʦʛʦ 

ʣʴʜʘ, ʷʚʣʷʶʱʝʝʩʷ ʧʨʠʟʥʘʢʦʤ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʨʠʩ. 3.25). 

 

ʈʠʩ. 3.23.  ʇʦʣʦʞʝʥʠʝ ʙʫʛʨʘ ʧʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ 14.07.25  

 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦ ʛʣʫʙʠʥʝ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʙʫʛʨʘ ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʴʶ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʣʠʯʠʥʳ ŭ18ʆ ʠ ŭ2ʅ ʚʳʰʝ: ʦʪ ī12,5 
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ʜʦ ī15,6 ʠ ʦʪ ī91,7 ʜʦ ī115,8ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3.26) ʠ ʣʝʜ ʩʬʦʨʤʠʨʦʚʘʥ 

ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 3.24. ʃʘʥʜʰʘʬʪ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʪʦʨʬʷʥʠʢʘ ʚ ʪʦʯʢʝ ʙʫʨʝʥʠʷ (ʬʦʪʦ 

ʂʫʟʷʢʠʥʘ ʃ.ʇ., 14.07.25) 

                

ʈʠʩ.3.25. ʉʣʦʡ ʪʦʨʬʘ (ʘ) ʠ ʣʝʜʷʥʦʝ ʷʜʨʦ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʫ ʃʘʙʳʪʥʘʥʛʠ (ʬʦʪʦ 

ʃ.ʇ.ʂʫʟʷʢʠʥʘ) 
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ʅʠʞʥʷʷ ʯʘʩʪʴ, ʩʦʙʩʪʚʝʥʥʦ ʠʥʲʝʢʮʠʦʥʥʳʡ ʣʝʜ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ ʦʪ 

ī17,7 ʜʦ ī18,8ă, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʙʦʣʝʝ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʡ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ.  

 

ʈʠʩ. 3.26. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʣʴʜʘ ʧʦ ʛʣʫʙʠʥʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-

ŭ18ʆ ʜʣʷ ʨʘʟʥʦʛʦ ʪʠʧʘ ʣʴʜʘ. 

 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʘʢʣʦʥ ʥʘ ŭ-ŭ ʜʠʘʛʨʘʤʤʝ ʜʣʷ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʦ ʛʣʫʙʠʥʝ.  

ʆʜʥʘʢʦ, ʣʠʰʴ ʯʘʩʪʴ ʜʘʥʥʳʭ ʧʦʧʘʜʘʝʪ ʚ ʫʩʣʦʚʠʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦ 

ʚʝʣʠʯʠʥʝ ʥʘʢʣʦʥʘ, ʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ ŭ18ʆ (ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʚʝʣʠʯʠʥʘʤʠ dexc). ɼʣʷ ʚʝʨʭʥʠʭ ʦʙʨʘʟʮʦʚ çʦʙʨʘʪʥʳʡè ʪʨʝʥʜ ʩ 

ʛʣʫʙʠʥʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʨʦʤʝʨʟʘʥʠʷ, ʢʦʛʜʘ ʜʣʷ ʧʝʨʚʳʭ 

ʧʦʨʮʠʡ ʣʴʜʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʙʳʩʪʨʦʝ (ʨʠʩ. 3.27). ʇʨʠ ʧʘʜʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʜʦʩʪʠʞʝʥʠʠ ʠʟʦʪʦʧʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʟʥʘʯʝʥʠʷ ŭ18ʆ ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʚ ɻʣʘʚʝ 1). 

ʊʨʠ ʥʠʞʥʠʭ ʦʙʨʘʟʮʘ (ʨʠʩ. 3.28) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʦʙʘʚʣʝʥʠʷ 

ʥʦʚʦʡ ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫ-ʟʘʢʨʳʪʦʡ. ʆʙ 

ʵʪʦʤ ʛʦʚʦʨʠʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʪʨʝʭ ʥʠʞʥʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʢʦ-ʠʟʦʪʦʧʥʦʡ 

ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 3.28). ʃʝʜ ʥʘ ʛʣ. 2.05 ʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ ʪʨʝʥʜʫ 

ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʝʨʝʭʦʜʝ 60% ʚʦʜʳ ʨʝʟʝʨʚʫʘʨʘ ʚ ʣʝʜ. 

ʆʙʨʘʟʝʮ ʩ ʛʣ. 2,25 ʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʠʥʠʠ ʨʘʩʯʝʪʥʦʛʦ ʪʨʝʥʜʘ ʧʨʠ ʧʝʨʝʭʦʜʝ 55% 
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ʥʘʯʘʣʴʥʦʡ ʚʦʜʳ ʚ ʣʝʜ. ʕʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʩʚʝʨʭʫ-ʚʥʠʟ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʘʣʠʢʦʚʫʶ ʟʦʥʫ 

ʧʦʩʪʫʧʠʣʘ ʥʦʚʘʷ ʧʦʨʮʠʷ ʚʦʜʳ. 

 

ʈʠʩ. 3.27. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ dexc ʧʦ ʛʣʫʙʠʥʝ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʙʫʛʨʘ ʫ ʛ.ʃʘʙʳʪʥʘʥʛʠ (ʦʢʦʣʦ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʥʘ 

ʛʣʫʙʠʥʘ ʦʙʨʘʟʮʘ)  

 

ʈʠʩ. 3.28. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʦ-ʠʟʦʪʦʧʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʣʴʜʘ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʙʫʛʨʘ ʫ ʛ.ʃʘʙʳʪʥʘʥʛʠ. ʅʘ ʜʠʘʛʨʘʤʤʫ ʥʘʥʝʩʝʥ ʨʘʩʯʝʪʥʳʡ ʪʨʝʥʜ 

ʨʵʣʝʝʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩ ʰʘʛʦʤ 0,1, ʪ.ʝ. ʩ ʰʘʛʦʤ ʧʝʨʝʭʦʜʘ ʚ 

ʣʝʜ 10% ʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ (ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ) 

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʊʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʫʯʠʪʳʚʘʷ ʤʦʱʥʳʡ ʪʦʨʬʷʥʦʡ 

ʧʦʢʨʦʚ, ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʙʫʛʨʘ ʦʥ ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʦ ʪʠʧʫ 
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ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʘʣʴʟʘ, ʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʪʘʣʠʢʦʚʦʡ ʟʦʥʳ ʠ ʦʙʱʝʛʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʚʝʣʦ ʢ ʦʙʦʩʦʙʣʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʰʠʨʥʦʡ ʣʠʥʟʳ ʚʝʨʭʦʚʦʜʢʠ, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʠʥʲʝʢʮʠʦʥʥʦʝ 

ʪʝʣʦ ʣʴʜʘ (ʨʠʩ. 3.29).  

 

ʈʠʩ. 3.29. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʠʥʛʦ ʫ ʛ. ʃʘʙʳʪʥʘʥʛʠ: 1 ï ʤʝʨʟʣʳʝ ʧʦʨʦʜʳ; 2 

ï ʪʘʣʳʝ; 3 ï ʣʝʜ; 4 ï ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; 5 ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʦʤʝʨʟʘʥʠʷ; 6 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ; 7 ï ʛʨʘʥʠʮʘ ʄʄʇ 

 

3.3. ɹʫʛʨʳ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ - ʧʘʣʴʟʘ  

3.3.1. ʇʘʣʴʟʘ ʫ ʨ.ʑʫʯʴʷ 

ɹʫʛʨʳ ʧʫʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚʩʪʨʝʯʝʥʳ ʚ ʜʦʣʠʥʝ ʨ. ʑʫʯʴʷ 

(67Á15ǋ ʩ. ʰ., 68Á40ǋ ʚ. ʜ.) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʦʟʝʨʥʦ-

ʤʦʨʩʢʦʡ ʨʘʚʥʠʥ rʧʷʪʦʛʦ ʫʨʦʚʥʷ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘé, 

2013). ɿʜʝʩʴ ʙʫʛʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʨʝʚʥʠʭ ʩʧʫʱʝʥʥʳʭ ʦʟʝʨʥʳʭ 

ʢʦʪʣʦʚʠʥ, ʟʘʧʦʣʥʝʥʥʳʭ ʦʙʰʠʨʥʳʤʠ ʧʦʣʠʛʦʥʘʣʴʥʳʤʠ ʪʦʨʬʷʥʠʢʘʤ (ʨʠʩ. 3.30). 

ʉʣʘʛʘʶʱʠʝ ʨʘʚʥʠʥʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʦʨʩʢʠʝ ʠ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʝ 

ʦʩʘʜʢʠ (ʥʘʜʳʤʩʢʘʷ ʪʦʣʱʘ) ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʢʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʝʨʞʘʥʠʶ ʚʣʘʛʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʦʱʥʦʡ ʤʝʨʟʣʦʡ ʪʦʣʱʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʨʤ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʧʫʯʝʥʠʷ. ɺ ʨʘʡʦʥʝ ʜʦʣʠʥʳ ʨ.ʑʫʯʴʷ ʄʄʇ ʠʤʝʶʪ ʩʧʣʦʰʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʄʦʱʥʦʩʪʴ ʤʝʨʟʣʦʪʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 100 ʜʦ 300 ʤ, ʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʩʪʠʛʘʝʪ 400 ʤ (ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989). ʉʨʝʜʥʷʷ 
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ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ ʥʫʣʝʚʳʭ ʛʦʜʦʚʳʭ ʘʤʧʣʠʪʫʜ 

(10-15 ʤ) ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ī2 ÁC ʜʦ ī4 ÁC. ʄʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦʪʘʣʦʛʦ 

ʩʣʦʷ ʚʘʨʴʠʨʫʝʪ: ʚ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʪʦʨʬʷʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,4-

0,8 ʤ, ʚ ʧʝʩʯʘʥʳʭ ï ʜʦʭʦʜʠʪ ʜʦ 1,2 ʤ (ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989). 

ʄʠʛʨʘʮʠʦʥʥʳʡ ʙʫʛʦʨ ʧʫʯʝʥʠʷ, ʣʝʜʷʥʦʝ ʷʜʨʦ ʢʦʪʦʨʦʛʦ ʚʩʢʨʳʪʦ 

ʙʫʨʝʥʠʝʤ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʪʫʥʜʨʝ, ʚ 2,5 ʢʠʣʦʤʝʪʨʘʭ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʤʦʩʪʘ ʯʝʨʝʟ ʨ. ʑʫʯʴʷ.  

 

ʈʠʩ. 3.30. ʈʘʩʧʦʣʦʞʝʥʠʝ ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʜʦʣʠʥʝ ʨ. ʑʫʯʴʷ 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʛʫʣʴʥʠʢʦʤ, ʦʩʦʢʦʡ, 

ʩʬʘʛʥʫʤʦʤ, ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʸʟʦʡ. ɺʦʢʨʫʛ ʙʫʛʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʷʪʥʘ-ʤʝʜʘʣʴʦʥʳ. 

ɹʫʛʦʨ ʚ ʧʣʘʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʡ ʵʣʣʠʧʩ 15Ĭ20 ʤʝʪʨʦʚ, ʝʛʦ ʚʳʩʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʤʝʪʨʘ. ɹʫʛʦʨ ʩʣʦʞʝʥ ʪʦʨʬʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʩʝʨʳʤʠ 

ʩʫʛʣʠʥʢʘʤʠ, ʧʝʩʢʘʤʠ ʠ ʩʫʧʝʩʴʶ ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʠʭ ʯʘʩʪʷʭ. ɹʫʨʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʙʝʥʟʦʙʫʨʘ ADA Ground Drill 9. ɺʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʣʦʞʢʠ ʙʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʩʤ, ʚʥʝʰʥʠʡ ï 4,5 ʩʤ. ʧʨʦʠʟʚʦʜʠʣʠ 

ʢʦʣʦʥʢʦʚʦʝ ʙʫʨʝʥʠʝ, ʯʪʦʙʳ ʩʪʨʫʢʪʫʨʘ ʛʨʫʥʪʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʥʘʨʫʰʝʥʥʦʡ ʠ 

ʧʦʜʭʦʜʠʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʟ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʥʘ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ. 
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ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚʦ ʣʴʜʫ ʚʘʨʴʠʨʫʶʪ ʦʪ 

ī14,5 ʜʦ ī18,5 ʠ ʦʪ ī107,6 ʜʦ ī138,3ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ 

ʛʣʫʙʠʥʝ ʟʘʤʝʪʥʦ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ (ʨʠʩ.3.31ʘ), ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʦʩʪʝʧʝʥʥʦʡ ʩʤʝʥʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘ ŭ-ŭ ʜʠʘʛʨʘʤʤʝ (ʩʤ. ʨʠʩ. 3.31ʙ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʩʚʦʙʦʜʥʦʛʦ ʧʦʜʪʦʢʘ ʚʦʜʳ ʜʣʷ ʩʝʛʨʝʛʘʮʠʠ 

ʣʴʜʘ.   

 

ʈʠʩ. 3.31. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʧʦ ʛʣʫʙʠʥʝ (ʘ) ʚ ʷʜʨʝ ʤʠʛʨʘʮʠʦʥʥʦʛʦ 

ʙʫʛʨʘ ʧʫʯʝʥʠʷ ʚ ʜʦʣʠʥʝ ʨ.ʑʫʯʴʷ ʠ ʢʦ-ʠʟʦʪʦʧʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʣʴʜʘ (ʙ)  

ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ.  

ʉʫʜʷ ʧʦ ʦʪʤʝʯʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ŭ18ʆ (ʠ ŭ2ʅ), ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ-

ʠʩʪʦʯʥʠʢʘ ʤʝʥʷʣʩʷ ʚʦ ʚʨʝʤʝʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ (ʠ ŭ2ʅ) ʣʴʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʷʜʨʘ 

ʠ ʥʠʞʥʷʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʚʦʜʳ ʩ ʨʘʟʥʳʤ ʠʟʦʪʦʧʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɹʦʣʝʝ ʪʷʞʝʣʳʝ ʟʥʘʯʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʝʨʥʘ (ŭ18ʆ ī13éī15ă) ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ  ī15éī17ă. ʉʢʦʨʝʝ ʚʩʝʛʦ ʵʪʦ ʙʳʣʘ 



нмо 
 

ʚʦʜʘ ʙʣʠʞʘʡʰʠʭ ʤʝʞʙʫʛʨʦʚʳʭ ʧʦʥʠʞʝʥʠʡ (ʨʠʩ. 3.32), ʚ ʢʦʪʦʨʳʭ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʣʝʪʥʝʛʦ ʠ ʦʩʝʥʥʝʛʦ ʩʝʟʦʥʘ. ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʟ ʚʦʜʳ ʩ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ  ī19éī21ă, ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʠʪʘʶʱʠʡʩʷ ʥʝ 

ʪʦʣʴʢʦ ʩʝʟʦʥʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ ʟʠʤʥʝʛʦ ʩʥʝʛʘ.  

 

ʈʠʩ. 3.32. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʙʫʛʨʘ ʚ ʜʦʣʠʥʝ ʨ.ʑʫʯʴʷ: 1 ï 

ʤʝʨʟʣʳʝ ʧʦʨʦʜʳ; 2 ï ʪʘʣʳʝ; 3 ï ʣʝʜ; 4 ï ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; 5 ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ; 6 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ; 7 ï ʛʨʘʥʠʮʘ ʄʄʇ 

 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ 

(ʩʝʛʨʝʛʘʮʠʷ ʧʨʦʪʠʚ ʠʥʲʝʢʮʠʠ), ʥʠʞʥʷʷ ʯʘʩʪʴ ʣʝʜʷʥʳʭ ʢʝʨʥʦʚ ʧʠʥʛʦ ʫ 

ʃʘʙʳʪʥʘʥʛʠ ʠ ʧʘʣʴʟʘ ʚ ʜʦʣʠʥʝ ʨ.ʑʫʯʴʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʠʡ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ. ʇʘʣʴʟʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʨʝʛʘʮʠʠ ʣʴʜʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʰʣʠʨʦʚʠʜʥʦʡ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʢʨʠʦʪʝʢʩʪʫʨ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ 

ʨʘʟʣʠʯʠʝ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʧʘʣʴʟr  (ŭĭO: ʦʪ ī14,5 ʜʦ ī18,5ă) ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʠʥʛʦ ʃʘʙʪrʥʘʥʛʠ: 

ʟʥʘʯʝʥʠʷ ŭĭO ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʜʣʷ ʧʘʣʴʟʘ (ʦʪ ī18,1 ʜʦ ī21,4ă) ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ 

ʞʝ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʠʪʘʚʰʠʝ ʧʠʥʛʦ (ʩʤ. 

ʨʠʩ. 3.29). ʕʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠ ʤʝʩʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʣʘʛʦʡ (ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʪʘʣʠʢ ʠʣʠ 

ʩʚʦʙʦʜʥʳʡ ʧʨʠʪʦʢ), ʧʘʣʴʟʘ ʑʫʯʴʷ ʠ ʧʠʥʛʦ ʃʘʙʳʪʥʘʥʛʠ ʧʠʪʘʶʪʩʷ ʠʟ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 



нмп 
 

3.3.2. ʇʘʣʴʟʘ ʫ ʧʦʩ. ɽʣʝʮʢʠʡ 

ʉ 2000 ʧʦ 2020 ʛʦʜ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ 

ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʥʘ ʩʝʚʝʨʝ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. ʕʪʦʪ ʨʘʡʦʥ 

ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʩʥʦʚʥʦʛʦ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʝʛʦ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʠʟʦʪʦʧʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʣʴʟʘ ʚ ʨʘʟʥʳʭ ʤʝʨʟʣʦʪʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʨʘʡʦʥʝ ʧʦʩ. ɽʣʝʮʢʠʡ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ ʚʳʩʦʪʦʡ ʦʪ 1,5 

ʜʦ 5 ʤ, ʩʣʦʞʝʥʥʳʭ ʪʦʨʬʷʥʳʤ ʧʦʢʨʦʚʦʤ ʤʦʱʥʦʩʪʴʶ ʜʦ 2,5 ʤ ʠ ʧʦʜʩʪʠʣʘʝʤʳʭ 

ʤʸʨʟʣʳʤ ʩʫʛʣʠʥʢʦʤ. ʃʝʜʷʥʳʝ ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʤ ï 

ʣʠʥʟʘʤʠ ʠ ʰʣʠʨʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 4ï5 ʩʤ. ʆʙʲʸʤʥʘʷ ʣʴʜʠʩʪʦʩʪʴ ʩʫʛʣʠʥʢʘ 

ʜʦʩʪʠʛʘʝʪ 70%. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʠʟʫʯʝʥ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʜʝʨ (ʩʢʚʘʞʠʥʳ 

ʜʦ 1,9 ʤ) ʠ ʚ ʛʣʫʙʦʢʠʭ ʯʘʩʪʷʭ (ʦʙʥʘʞʝʥʠʷ ʜʦ 3,7 ʤ); ʦʪʦʙʨʘʥʳ ʪʘʢʞʝ ʧʨʦʙʳ 

ʚʦʜʳ ʠʟ ʦʟʸʨ ʠ ʦʙʚʦʜʥʸʥʥʳʭ ʧʦʥʠʞʝʥʠʡ. 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʥʘʯʝʥʠʷ ŭĭO ʚʦ ʣʴʜʫ ʚʘʨʴʠʨʫʶʪ ʦʪ ï16,5 

ʜʦ ï13,7ă, ŭĮH ï ʦʪ ï114,8 ʜʦ ï87,4ă. ʃʸʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʜʝʨ (ʛʣʫʙʠʥʳ 0,5ï

1,9 ʤ) ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʦʪʦʧʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ dexc (ʦʪ 7 ʜʦ 24ă). ʃʸʜ ʛʣʫʙʦʢʠʭ ʯʘʩʪʝʡ ʷʜʝʨ (2,9ï3,7 ʤ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ŭĭO (ï15,1éï14,0ă) ʠ dexc 

(2,4é17,8ă). ɺʦʜʳ ʦʟʸʨ ʠ ʦʙʚʦʜʥʸʥʥʳʭ ʧʦʥʠʞʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʪʷʞʝʣʝʝ 

ʣʴʜʘ: ŭĭO ʦʪ ï12,6 ʜʦ ï9,3ă, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʚʦʜʘ ʥʘ ʩʪʘʜʠʠ 

ʨʦʩʪʘ ʙʫʛʨʦʚ ʙʳʣʘ ʠʟʦʪʦʧʥʦ ʣʝʛʯʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʣʝʜʷʥʳʭ ʷʜʝʨ (ʧʘʣʴʟʘ 1 ʠ 2) 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩ ʫʯʘʩʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʦʩʪʫʧʘʚʰʠʭ ʚ ʩʣʦʡ ʩʝʟʦʥʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ. ɿʘʤʝʨʟʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʘʢʨʳʪʦʡ ʠʣʠ ʧʦʣʫʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ; ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠʟʦʪʦʧʥʳʝ ʪʨʝʥʜʳ, 

ʙʣʠʟʢʠʝ ʢ ʨʘʩʯʸʪʥʳʤ ʢʨʠʚʳʤ ʈʵʣʝʷ, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʠʢʠ, 

ʤʘʨʢʠʨʫʶʱʠʝ ʵʧʠʟʦʜʳ ʧʨʠʪʦʢʘ ʥʦʚʦʡ ʚʦʜʳ. 
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ɻʣʫʙʦʢʠʝ ʯʘʩʪʠ ʷʜʝʨ (ʧʘʣʴʟʘ 3) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʦʪʦʧʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʨʘʩʯʸʪʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʟʘʤʝʨʟʘʥʠʷ ʩ 

ʧʦʥʠʞʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (Ŭ  = 1,0018, Ŭ  = 1,0013), 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʣʴʜʘ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

ɿʥʘʯʝʥʠʷ ʣʴʜʘ ʥʘ ʩʢʣʦʥʘʭ ʙʫʛʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʟʥʘʢʠ ʠʩʧʘʨʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʚʦʜʳ (ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ dexc) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ʠʟ ʦʩʘʜʢʦʚ ʭʦʣʦʜʥʦʛʦ ʩʝʟʦʥʘ. 

ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʚ ʣʝʜʷʥʦʤ ʷʜʨʝ ʙʫʛʨʘ 3 (ʦʙʥʘʞʸʥʥʦʤ ʥʘ ʛʣʫʙʠʥʝ 2,9ï

3,7 ʤ) ʚʘʨʴʠʨʫʶʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʜʥʘʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʘʙʦʝ ʧʦʥʠʞʝʥʠʝ 

ʠʟʦʪʦʧʥʳʭ ʟʥʘʯʝʥʠʡ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʣʸʜ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʜʨʘ 

ʦʙʨʘʟʦʚʘʣʩʷ ʠʟ ʚʦʜʳ, ʯʘʩʪʠʯʥʦ ʧʦʜʚʝʨʞʝʥʥʦʡ ʠʩʧʘʨʝʥʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ dexc (5ï10ă). ɿʘʪʝʤ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʙʫʛʨʘ, ʣʝʜʷʥʦʝ 

ʷʜʨʦ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠʟ ʚʦʜʳ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭĭO ī16éī17ă ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ dexc (10ï20ă), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟrʚʘʪɹ ʥʘ ʙʦӢʣɹ ʫhʁ  ʜʦʣʁ 

ʦʩʘʜʢʦʚ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʩʦʩʪʘʚʝ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʴʜʘ ʚ 

ʙʫʛʨʝ 3 ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʪʢʨʳʪʦʡ ʠʣʠ ʧʦʣʫʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ 

çʧʦʣʫʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡè ʧʦʥʠʤʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʠʛʨʘʮʠʷ ʚʦʜʳ 

ʠʟ ʦʢʨʫʞʘʶʱʠʭ ʧʦʥʠʞʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ, ʘ ʟʘʪʝʤ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʟʘʤʝʨʟʘʥʠʷ, ʟʘʤʝʨʟʘʝʪ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʚʦʜʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʫʯʝʥʠʶ ʠ ʨʦʩʪʫ ʙʫʛʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.33 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʣʴʜʘ ʙʫʛʨʘ 3 

ʛʨʫʧʧʠʨʫʝʪʩʷ ʚʙʣʠʟʠ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʣʴʜʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ 

ʙʳʩʪʨʦʤ ʟʘʤʝʨʟʘʥʠʠ ʠʟ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ŭĭO ī17ă, ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ŬĭO = 1,0018 ʠ ŬĮH = 1,0013  

(Persoiu et al., 2011). ʉʢʦʨʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʳʣʘ ʚ ʮʝʣʦʤ ʚʳʰʝ, 

ʯʝʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʦʩʪʘ ʙʫʛʨʘ, ʘ ʦʙʲʸʤ ʚʦʜʳ ï ʙʦʣʴʰʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʱʥʳʭ ʣʝʜʷʥʳʭ ʣʠʥʟ ʠ ʚʳʩʦʢʦʡ ʣʴʜʠʩʪʦʩʪʠ ʚ ʵʪʦʡ ʯʘʩʪʠ ʷʜʨʘ. 



нмс 
 

 

ʈʠʩ. 3.33. ɿʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ ʣʴʜʘ ʧʘʣʴʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʨʝʛʠʦʥʘ (ʧʦ ʜʘʥʥʳʤ GNIP ɸʤʜʝʨʤʘ) ʠ ʚʦʟʤʦʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʘ) ï ʣʝʜ ʧʘʣʴʟʘ 3, ʙ) ʣʝʜ ʧʘʣʴʟʘ 2 ʥʘ ʩʢʣʦʥʝ ʠ ʥʘ ʚʝʨʭʫ ʙʫʛʨʘ, 

ʚ) ʨʘʩʯʝʪ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩʝʥʪʷʙʨʷ ʠ ʦʢʪʷʙʨʷ ʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʣʝʜ ʥʘ ʩʢʣʦʥʝ ʧʘʣʴʟʘ 2, ʛ) ʣʝʜ ʧʘʣʴʟʘ 1. ʉʝʨʳʤʠ ʢʚʘʜʨʘʪʘʤʠ 

ʩ ʚʳʥʦʩʢʘʤʠ ʥʘ ʛʨʘʬʠʢʘʭ ʘ, ʙ ʠ ʛ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ŭ2H ʠ ŭ18ʆ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ 

ʟʥʘʯʝʥʠʷʤ ʠʟ (Lehman, Siegenthaler, 1992; PerἨoiu et al., 2011). 

ɼʘʥʥʳʝ ʧʦ ʧʘʣʴʟʘ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʠ ʣʝʜʷʥʳʭ ʷʜʝʨ ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ, 

ʘ ʥʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ. 



нмт 
 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʣʝʜʷʥʳʤ ʷʜʨʘʤ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ (ʧʠʥʛʦ, ʙʫʣʛʫʥʥʷʭʠ, ʧʘʣʴʟʘ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʢʣʦʥ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ŭĮHïŭĭO ʚ ʣʝʜʷʥʳʭ ʷʜʨʘʭ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʚʝʣʠʯʠʥ 

ʥʠʞʝ 4 ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʥʘʢʣʦʥʫ ʣʦʢʘʣʴʥʦʡ ʤʝʪʝʦʨʥʦʡ 

ʣʠʥʠʠ ʚʦʜʳ (~7,6ï8,0), ʠ ʩʣʫʞʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʤʘʨʢʝʨʦʤ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʨʦʤʝʨʟʘʥʠʷ: ʟʥʘʯʝʥʠʷ ʥʠʞʝ 6 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʘʢʨʳʪʫʶ ʠʣʠ ʧʦʣʫʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ ʩ ʨʣɻʝʝʚʩʢʦʡ 

ʠʟʦʪʦʧʥʦʡ ʜʠʩʪʠʣʣʷʮʠʝʡ, ʟʥʘʯʝʥʠʷ ʚʳʰʝ 7 ï ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ ʩ 

ʭʦʨʦʰʠʤ ʚʦʜʦʦʙʤʝʥʥʦʤ. 

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʘ ʠʟʦʪʦʧʥʦʛʦ ʧʨʦʬʠʣʷ (ʤʦʥʦʪʦʥʥʳʡ ʪʨʝʥʜ ʣʠʙʦ 

ʚʳʨʘʞʝʥʥʘʷ ʠʟʦʪʦʧʥʘʷ çʧʠʣʘè) ʥʝ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʨʝʞʠʤʦʤ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʘ ʦʪʨʘʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʣʠ 

ʠʤʧʫʣʴʩʥʦʩʪʴ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʙʫʛʨʦʚ ʠʟ ʟʦʥʳ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ (ʧʠʥʛʦ ʇʝʩʮʦʚʦʝ) ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʄʄʇ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(ʉʘʣʝʭʘʨʜʩʢʠʡ ʙʫʛʦʨ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʭʦʜʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʧʨʦʜʫʮʠʨʫʶʪ ʩʭʦʜʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʪʪʝʨʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚʝʩʴ ʩʧʝʢʪʨ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ï ʦʪ ʟʘʢʨʳʪʦʛʦ ʜʦ 

ʦʪʢʨʳʪʦʛʦ, ï ʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʭ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʵʚʦʣʶʮʠʷ. ɼʣʷ ʠʥʲʝʢʮʠʦʥʥʳʭ ʙʫʛʨʦʚ (ʧʠʥʛʦ) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʟʘʢʨʳʪʳʝ ʩʠʩʪʝʤʳ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʣɻʝʝʚʩʢʠʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ (ʇʝʩʮʦʚʦʝ, ʩʝʢʮʠʷ 2 ʣʴʜʘ ʙʫʛʨʘ ʫ ʛ. ʉʘʣʝʭʘʨʜʘ), ʪʘʢ 

ʠ ʩʤʝʰʘʥʥʳʝ ʨʝʞʠʤʳ (ʄʝʩʩʦʷʭʘ-1). ɸʥʘʣʦʛʠʯʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʚʳʷʚʣʝʥʘ ʜʣʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʫʛʨʦʚ (ʧʘʣʴʟʘ): ʦʙʲʝʢʪʳ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʧʦʣʫʟʘʢʨʳʪʳʭ ʫʩʣʦʚʠʷʭ (ʧʘʣʴʟʘ ʫ ʧʦʩ. ɽʣʝʮʢʠʡ), 

ʪʘʢ ʠ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ (ʧʘʣʴʟʘ ʫ ʨ. ʑʫʯʴʷ). 



нму 
 

4. ɼʣʷ ʙʫʣʛʫʥʥʷʭʘ ʙʣʠʟ ʛ. ʉʘʣʝʭʘʨʜʘ ʚʧʝʨʚʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʮʝʥʘʨʠʡ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʤʝʨʟʘʥʠʷ ʢ ʦʪʢʨʳʪʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʣʝʜʷʥʦʛʦ ʷʜʨʘ 

(2,5ï6,38 ʤ) ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʜʚʫʤʷ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʥʘʢʣʦʥʫ ʵʪʘʧʘʤʠ (7,0 

ʠ 6,3), ʥʠʞʥʷʷ (6,38ï11,1 ʤ) ï ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ (ʥʘʢʣʦʥ 7,59) ʩ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʚʦʜʘʤʠ ʨ. ʆʙʠ. ʕʪʦʪ ʩʮʝʥʘʨʠʡ ʨʘʩʰʠʨʷʝʪ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʠʧʦʣʦʛʠʶ ʧʠʥʛʦ. 

5. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʪʘʣʠʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʣʝʜʷʥʳʭ ʷʜʝʨ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ, ʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʦ-ʠʟʦʪʦʧʥʘʷ ʜʠʘʛʨʘʤʤʘ ŭĮHïŭĭO 

ʬʦʨʤʠʨʫʝʪ ʫʥʠʢʘʣʴʥʫʶ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʣʝʪʦʧʠʩʴ ʝʛʦ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʥʝ ʩʚʦʜʠʤʫʶ ʢ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʣʠ ʤʝʨʟʣʦʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

  



нмф 
 

ɻʣʘʚʘ 4. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ ʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

 

ʇʦʚʪʦʨʥʦ-ʞʠʣɹʥʳʝ ʣʴʜʳ (ʇɾʃ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʚ 

ʢʨʠʦʣʠʪʦʟʦʥʝ. ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʮʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʘʨʭʠʚʘ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʰʣʦʛʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʟʠʤʥʠʭ 

ʧʝʨʠʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ. ʇʦʩʢʦʣʴʢʫ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʇɾʃ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ 

ʩʤʝʩʴʶ ʩʥʝʛʘ ʠ ʪʘʣʳʭ ʩʥʝʛʦʚʳʭ ʚʦʜ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʣʴʜʦʚ ʥʘʩʣʝʜʫʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʝʩʥʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʟʠʤʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ (ɺʘʩʠʣʴʯʫʢ, 1991, ɺʘʩʠʣʴʯʫʢ, 

2006, 2026; Opel et al., 2018).  ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʧʝʨʚʠʯʥʫʶ ʠʟʦʪʦʧʥʫʶ ʟʘʧʠʩʴ ʣʴʜʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʩʚʷʟʘʥʳ ʩ ʣʦʢʘʣʴʥʳʤ ʧʨʦʪʘʠʚʘʥʠʝʤ ʠ ʟʘʤʝʱʝʥʠʝʤ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ 

ʣʴʜʘ ʚʪʦʨʠʯʥʳʤ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʤ ʣʴʜʦʤ.  

4.1. ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ: ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ, 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʠ ʧʝʱʝʨʥʦʛʦ ʣʴʜʦʚ ʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʧʦʩʚʷʪʠʣʠ ʩʚʦʠ ʨʘʙʦʪʳ ʤʥʦʛʠʝ 

ʠʟʚʝʩʪʥʳʝ ʤʝʨʟʣʦʪʦʚʝʜʳ: ɸʨʭʘʥʛʝʣʦʚ ɸ.ɸ., ɺʘʩʠʣʴʯʫʢ ʖ.ʂ., ɺʪʶʨʠʥ ɹ.ʀ., 

ɼʘʥʠʣʦʚ ʀ.ɼ., ɼʦʩʪʦʚʘʣʦʚ ɹ.ʅ., ɿʘʡʮʝʚ ɺ.ʅ., ʂʘʧʣʠʥʘ ʊ.ʅ., ʂʦʥʠʱʝʚ ɺ.ʅ., 

ʄʘʩʣʦʚ ɸ.ɼ., ʇʦʧʦʚ ɸ.ʀ., ʈʦʛʦʚ ɺ.ɺ., ʈʦʟʝʥʙʘʫʤ ɻ.ʕ., ʈʦʤʘʥʦʚʩʢʠʡ ʅ.ʅ., 

ʉʦʣʦʤʘʪʠʥ ɺ.ʀ., ʐʫʤʩʢʠʡ ʇ.ɸ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʤʝʨʟʘʥʠʷ ʥʘʯʠʥʘʶʪ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʘ ʥʘ 
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ʨʘʟʨʳʚ. ɺʝʩʥʦʡ ʪʘʣʘʷ ʚʦʜʘ ʧʨʦʥʠʢʘʝʪ ʚ ʪʨʝʱʠʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ, ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʥʠʞʝ 0,8ÁC, ʪʘʣʘʷ 

ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ ʚ ʪʨʝʱʠʥʝ ʚ ʚʠʜʝ ʣʝʜʷʥʦʡ ʞʠʣʳ (Washburn, 1980; Lauriol et al., 

1995). ɺ ʦʪʢʨʳʪʫʶ ʤʦʨʦʟʦʙʦʡʥʫ  ʁʪʨʝʱʠʥʫ ʧʦʧʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʪʘʣʘʷ ʩʥʝʛʦʚʘʷ 

ʚʦʜʘ, ʦʪʤʝʯʝʥʳ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʩʫʙʣʠʤʘʮʠʷ ʠʟʤʦʨʦʟʠ ʠʣʠ ʠʥʝʷ ʥʘ ʩʪʝʥʢʘʭ 

ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʝ ʧʦʧʘʜʘʥʠʝ ʩʥʝʛʘ (Shumski, 1964; Tormirdiaro, 1996; 

French, Guglielmin, 2000). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʟʠʤʥʠʝ ʩʝʟʦʥ rʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʦʭʦʣʦʜʘʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʪʨʝʱʠʥʳ, ʧʨʠʯʝʤ ʨʘʟʨʳʚʳ ʚʥʦʚʴ ʧʨʦʭʦʜʷʪ ʧʦ 

ʣʴʜʫ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʫʩʪʫʧʘʝʪ ʧʨʦʯʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ. ʅʘʙʣʶʜʝʥʠʷ ɼʞ.ʈ. ʄʘʢʢʝʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʠʟʘʮʠʷ 

ʤʦʨʦʟʦʙʦʡʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʠʤʥʠʭ ʟʥʘʯʝʥʠʡ (Mackay, 1974, 1992). ʇʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ 

ʣʝʜʷʥʳʭ ʪʨʝʱʠʥ ʤʦʞʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʴʜʘ, 

ʚʢʣʶʯʘʷ ʝʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʶ, ʩʦʩʪʘʚ ʠ ʬʦʨʤʫ ʧʫʟʳʨʴʢʦʚ ʟʘʭʚʘʯʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ. ʅʘʧʨʠʤʝʨ, ʣʝʜʷʥʳʝ ʞʠʣ,r ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘʤʝʨʟʘʥʠʝʤ ʞʠʜʢʦʡ ʚʦʜʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʚʳʪʷʥʫʪʳʝ ʧʫʟʳʨʴʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʣʝʜʷʥʳʭ ʢʣʠʥʴʷʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʩʥʝʛʦʤ (ʠʣʠ ʠʥʝʝʤ), ʧʫʟʳʨʴʢʠ 

ʠʤʝʶʪ ʙʦʣʝʝ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ (French, 2007). 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɸ.ʀ. ʇʦʧʦʚʘ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʨʝʯʥʳʭ ʪʝʨʨʘʩ, ʣʠʪʦʣʦʛʠʝʡ ʧʦʡʤʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʇɾʃ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʝʤ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ʪʝʨʨʘʩ, ʢʦʛʜʘ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʡʤʝʥʥʦʡ ʩʪʘʜʠʠ ʠ ʠʩʧʳʪʳʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚ. ʂʘʢ ʪʦʣʴʢʦ 

ʧʦʡʤʝʥʥʳʡ ʨʝʞʠʤ ʠ ʩʝʜʠʤʝʥʪʘʮʠʷ ʧʨʝʢʨʘʱʘʶʪʩʷ, ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʦʩʪ ʣʝʜʷʥʳʭ ʞʠʣ, ʠ ʦʥʠ ʥʘʯʠʥʘʶʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʰʠʨʠʥʫ (ʇʦʧʦʚ, 1965). ʖ.ʂ. ɺʘʩʠʣʴʯʫʢ ʚ ʩʚʦʝʡ ʤʦʜʝʣʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʦʩʪʘ 

ʩʠʥʢʨʠʦʛʝʥʥʳʭ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʦʪʤʝʯʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʮʠʢʣʠʯʝʩʢʦʡ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʩʪʨʦʝʥʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ, 

ʦʟʝʨʥʦ-ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʪʦʣʱ ʩ ʤʥʦʛʦʷʨʫʩʥʳʤʠ ʞʠʣʘʤʠ 
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ʣʴʜʘ ʦʥ ʚʳʜʝʣʷʣ ʦʜʥʠ ʠ ʪʝ ʞʝ ʛʨʫʥʪʦʚʳʝ ʮʠʢʣʳ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʚ ʪʦʣʱʘʭ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʪʝʨʨʘʩ. ʖ.ʂ. 

ɺʘʩʠʣʴʯʫʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ 

ʣʝʜʷʥʳʭ ʞʠʣ ʥʝ ʢʘʢ ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ, ʘ ʢʘʢ 

ʧʫʣʴʩʠʨʫʶʱʠʡ ï ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʠʪʤʦʚ ʧʦʪʝʧʣʝʥʠʡ ʠʣʠ ʧʦʭʦʣʦʜʘʥʠʡ (ɺʘʩʠʣʴʯʫʢ, 2006). 

ɸ.ʀ. ʇʦʧʦʚ ʦʪʤʝʯʘʣ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʝʩʴ ʦʙʲʝʤ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʟʘʯʘʩʪʫʶ 

ʜʘʞʝ ʥʝ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ, ʩʣʦʞʝʥ ʣʴʜʦʤ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʞʠʣʦʢ. ʆʙʳʯʥʦ ʦʥʠ 

ʟʘʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ, ʘ ʠʭ ʤʝʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʣʴʜʦʤ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ɻʣʝʤʝʥʪʘʨʥʳʤʠ ʞʠʣʢʘʤʠ. ʀʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʛʠʧʦʪʝʟʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʞʠʣ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʦʩʪʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʜ ʢʨʦʚʣʝʡ ʞʠʣʳ ʚ ʧʨʝʜʝʣʘʭ 

ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ. ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʡ ʚʳʜʚʠʥʫʣ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʥʘʨʘʩʪʘʥʠʝ ʞʠʣ 

ʧʦ ʬʨʦʥʪʫ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʥʘ ʛʨʘʥʠʮʝ 

ʤʝʞʜʫ ʣʝʜʷʥʳʤ ʪʝʣʦʤ ʠ ʜʝʷʪʝʣʴʥʳʤ ʩʣʦʝʤ (ʈʦʤʘʥʦʚʩʢʠʡ, 1977). ɺ.ʅ. ʂʦʥʠʱʝʚ 

ʠ ɸ.ɼ. ʄʘʩʣʦʚ (1968) ʧʨʝʜʣʦʞʠʣʠ ʩʭʝʤʫ ʩʠʥʢʨʠʦʛʝʥʥʦʛʦ ʨʦʩʪʘ ʞʠʣ ʚʚʝʨʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʣʴʜʘ ʚ ʧʝʨʠʦʜʳ ʦʙʲʝʤʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ.  

ɹ.ʀ. ɺʪʶʨʠʥ ʠ ɽ.ɸ. ɺʪʶʨʠʥʘ (1970) ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʠ ʩʫʙʣʠʤʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʞʠʣ ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʨʦʩʪ ʞʠʣ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʤʦʨʦʟʦʙʦʡʥʳʝ ʪʨʝʱʠʥʳ. ɸʥʘʣʠʟʠʨʫʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʣʝʜʦʛʨʫʥʪʦʚʳʭ ʞʠʣ ʠ ʠʭ ʣʝʜʦʛʨʫʥʪʦʚʳʭ ʦʢʘʡʤʣʝʥʠʡ, ɺ.ʀ. ʉʦʣʦʤʘʪʠʥ (1973) 

ʩʜʝʣʘʣ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʦʢʦʚʦʛʦ ʨʦʩʪʘ 

ʞʠʣ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʙʣʘʛʦʜʘʨʷ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ ʠʟ ʦʢʨʫʞʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʣʝʜʷʥʦʛʦ ʪʝʣʘ.  

ɺ ʧʨʝʜʝʣʘʭ ʗʤʘʣʘ ʠ ʩʝʚʝʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʧʠʩʘʥʳ ʤʦʱʥʳʝ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʞʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʫʩʪʴʝ ʨ.ʉʝʷʭʘ, ʛʜʝ ʚʩʢʨʳʚʘʶʪʩʷ ʠ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ, ʠ ʛʦʣʦʮʝʥʦʚʳʝ ʞʠʣʳ, ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ 
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ʚʙʣʠʟʠ ʩʪ.ʄʘʨʨʝ-ʉʘʣʝ, ʫ ʍʘʨʘʩʘʚʵʷ, ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʗʤʘʣʝ ʫ ʩʪʘʮʠʦʥʘʨʘ 

ɺʘʩʴʢʠʥʳ ʜʘʯʠ. ɺ ʛʦʣʦʮʝʥʝ ʞʠʣʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʪʦʨʬʷʥʠʢʦʚ (ɺʘʩʠʣʴʯʫʢ, 2012, ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2017). ɼʣʷ 

ʧʦʩʣʝʜʥʠʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʠ ʪʝʨʤʦʢʘʨʩʪʘ 

(ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʞʠʣ 

ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʳʪʘʠʚʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʛʨʫʥʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ï 

ʧʩʝʚʦʜʦʤʦʨʬʦʟʳ ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ (ɼʫʙʠʢʦʚ, 1962, ʐʝʡʥʢʤʘʥ ʠ ʜʨ., 2022).  

ɼʠʥʘʤʠʢʘ ʣʝʜʷʥʳʭ ʞʠʣ ʦʙʫʩʣʦʚʣʝʥʘ ʢʚʘʟʠʮʠʢʣʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ (Kanevskiy et al., 2017), ʚʢʣʶʯʘʝʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ: 

ʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʞʠʣ rï ʥʘʯʘʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ï ʧʨʦʜʚʠʥʫʪʘʷ ʜʝʛʨʘʜʘʮʠʷ ï 

ʥʘʯʘʣʴʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ï ʧʨʦʜʚʠʥʫʪʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ (ʨʠʩ. 4.1). 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʵʪʠ ʩʪʘʜʠʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ (Jorgenson et al., 2006), ʘ ʧʦʟʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ (Kanevskiy et al., 

2017). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʛʨʘʜʘʮʠʷ ʣʝʜʷʥʳʭ ʞʠʣ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʧʦʣʥʦʤʫ ʚʳʪʘʠʚʘʥʠʶ ʣʴʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʝʨ 

(Raynolds et al., 2014; Kanevskiy et al., 2017).  

ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʘʟʜʦ ʚʳʰʝ ʚ ʨʘʡʦʥʘʭ ʩ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ (ʄʄʇ) (Shur et al., 

2012). ɺ ʮʝʣʦʤ, ʜʝʛʨʘʜʘʮʠʷ ʣʝʜʷʥʳʭ ʞʠʣ ʩʚʷʟʘʥʘ ʩ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷ ʢʣʠʤʘʪʘ, ʨʝʣʴʝʬʘ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ (Jorgenson et al., 2006; Shur, Jorgenson 2007; 

Kanevskiy et al., 2017). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʦʛʦ ʪʝʨʤʦʢʘʨʩʪʘ ʧʦ ʇɾʃ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʧʫʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʨʝʥʘʞʥʳʭ 

ʩʝʪʝʡ ʞʝʣʦʙʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ (Liljedahl et al., 2016). 
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ʈʠʩ. 4.1. ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʇɾʃ ʠʟ (Kanevskiy et al., 2017)  

ɼʝʛʨʘʜʘʮʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʣʝʜʷʥʳʭ ʞʠʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ ʠ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʦʡ ʚʝʨʭʥʝʡ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʳ. ʋʷʟʚʠʤʦʩʪʴ ʣʝʜʷʥʳʭ ʞʠʣ ʢ ʪʝʨʤʦʢʘʨʩʪʫ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʦʣʱʠʥʦʡ 

ʚʳʰʝʣʝʞʘʱʝʛʦ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʠʭ ʦʪ ʦʪʪʘʠʚʘʥʠʷ. 

ɼʝʛʨʘʜʘʮʠʷ ʣʝʜʷʥʳʭ ʞʠʣ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʟʳʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʝʧʣʳʝ ʠ ʚʣʘʞʥʳʝ ʣʝʪʥʠʝ ʤʝʩʷʮʳ 

ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʚʦʜʥʝʥʠʡ ʠʣʠ ʥʘʨʫʰʝʥʠʡ. ʀʩʪʦʥʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʥʘʜ 

ʣʝʜʷʥʦʡ ʞʠʣʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʧʦʜʲʝʤʘ ʨʘʩʪʫʱʝʛʦ ʣʝʜʷʥʦʛʦ 

ʢʣʠʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʦʩʝʜʥʠʭ ʧʦʯʚ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʪʘʠʚʘʥʠʶ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʘʞʝ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʠʣʠ ʥʘʨʫʰʝʥʠʡ. 

ɺ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ ʜʝʛʨʘʜʘʮʠʷ ʣʝʜʷʥʳʭ ʞʠʣ ʦʯʝʥʴ 

ʨʝʜʢʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʠʭ ʧʦʣʥʦʛʦ ʪʘʷʥʠʷ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʞʠʣ r
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ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ (Kanevskiy et al., 2017). ɿʘʩʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʥʘʚʢʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʜ 

ʜʝʛʨʘʜʠʨʫʶʱʠʤʠ ʣʝʜʷʥʳʤʠ ʞʠʣʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʛʘʪʦʛʦ ʣʴʜʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʥʘʜ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʞʠʣʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʇɾʃ ʯʘʩʪʦ 

ʦʙʨʘʱʘʝʪʩʷ ʚʩʧʷʪʴ ʩ ʦʤʦʣʦʞʝʥʠʝʤ ʣʝʜʷʥʳʭ ʞʠʣ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʥʘʜ ʥʠʤʠ. 

ʇʨʦʮʝʩʩʳ ʪʝʨʤʦʢʘʨʩʪʘ ʠ ʪʝʨʤʦʵʨʦʟʠʠ ʧʦ ʇɾʃ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ. ʊʝʨʤʠʥ ʪʝʨʤʦʢʘʨʩʪʦʚʳʡ 

ʧʝʱʝʨʥʳʡ ʣʝʜ (ʊʇʃ) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʇ.ɸ. ʐʫʤʩʢʠʤ (1959) ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʤʘʩʩʠʚʥʦʛʦ ʣʴʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ, ʟʘʧʝʨʪʦʡ ʚ 

ʧʦʜʟʝʤʥʳʭ ʧʦʣʦʩʪʷʭ, ʧʨʦʨʝʟʘʥʥʳʭ ʚ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ ʪʝʢʫʱʝʡ ʚʦʜʦʡ. ɺ ʂʘʥʘʜʝ 

ʵʪʦʪ ʪʠʧ ʣʴʜʘ ʙʳʣ ʦʧʠʩʘʥ ɼʞ. ʈʦʩʩ ʄʘʢʢʘʝʤ (1997, 2000) ʢʘʢ ñpool iceò - 

ʙʘʩʩʝʡʥʦʚʳʡ ʣʝʜ, ʠʣʠ ʣʝʜ ʚʦʜʦʝʤʘ/ʣʫʞʠ/ʟʘʚʦʜʠ. ʇʦʣʦʩʪʴ ʥʘʜ ʞʠʣʦʡ ʥʝ ʩʦʚʩʝʤ 

ʧʦʭʦʞʘ ʥʘ ʧʝʱʝʨʫ, ʢ ʪʦʤʫ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʝʱʝʨʥʳʝ ʣʴʜʳ ʚʥʝ 

ʢʨʠʦʣʠʪʦʟʦʥʳ (ʥʘʟʚʘʥʥʳʝ ʇ.ɸ.ʐʫʤʩʢʠʤ ʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʝ), ʯʘʩʪʦ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʝʜ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ. ʊʝʣʘ 

ʊʇʃ ʦʙʳʯʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚʥʫʪʨʠ ʠ ʨʷʜʦʤ ʩ ʣʝʜʷʥʳʤʠ ʞʠʣʘʤʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ ʯʠʩʪʳʡ, ʙʝʩʮʚʝʪʥʳʡ 

ʠʣʠ ʞʝʣʪʦʚʘʪʳʡ ʠʟ-ʟʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʜʝʨʞʠʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʫʟʳʨʴʢʠ; ʠ ʯʘʩʪʦ ʧʦʜʩʪʠʣʘʶʪʩʷ 

ʙʦʛʘʪʳʤ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʙʘʟʘʣʴʥʳʤ ʩʣʦʝʤ ʣʴʜʘ ʠ/ʠʣʠ ʙʦʛʘʪʦʡ ʣʴʜʦʤ 

ʧʦʯʚʦʡ ʩ ʩʝʪʯʘʪʦ-ʭʘʦʪʠʯʝʩʢʦʡ ʢʨʠʦʩʪʨʫʢʪʫʨʦʡ (Shur et al., 2004; Bray et al., 

2006; Fortier et al., 2008; Kanevskiy et al., 2008). ʊʇʃ ʣʝʛʢʦ ʨʘʩʧʦʟʥʘʪʴ ʚ 

ʩʢʚʘʞʠʥʘʭ ʠʣʠ ʦʙʥʘʞʝʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʣʘʥʮʝʚʘʪʦʩʪʠ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʪʝʣ ʊʇʃ, 

ʦʙʥʘʞʝʥʥʳʭ ʥʘ ʧʦʙʝʨʝʞʴʝ ʤʦʨʷ ɹʦʬʦʨʪʘ, ʜʦʩʪʠʛʘʣʘ ʜʦ 120 ʩʤ, ʘ ʠʭ ʚʠʜʠʤʦʝ 

ʙʦʢʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 5 ʤ. ʉʦʛʣʘʩʥʦ ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʧʨʠʙʨʝʞʥʦʤ 

ʦʙʥʘʞʝʥʠʠ ʜʣʠʥʦʡ 600 ʤ ʠ ʚʳʩʦʪʦʡ ʦʪ 7 ʜʦ 10 ʤ ʚʙʣʠʟʠ ʂʘʢʪʦʚʠʢʘ, ʪʝʣʘ ʊʇʃ 

ʟʘʥʠʤʘʣʠ ~2% ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʳʚʘ (Kanevskiy et al., 2013). ɺ ʟʘʣʠʚʝ ʇʨʫʜʦ ʙʵʡ 
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ʥʘ ɸʨʢʪʠʯʝʩʢʦʡ ʧʨʠʙʨʝʞʥʦʡ ʨʘʚʥʠʥʝ ʚʙʣʠʟʠ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ ɹʦʬʦʨʪʘ ʥʘ 

ɸʣʷʩʢʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʞʠʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 5 ʨʘʟʣʠʯʥʳʤ ʩʪʘʜʠʷʤ 

ʜʝʛʨʘʜʘʮʠʠ/ʩʪʘʙʠʣʠʟʘʮʠʠ (ʨʠʩ. 4.2). ʋʯʘʩʪʦʢ ʨʘʟʚʠʪʠʷ ʞʠʣ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʩ ̫

ʢʘʢ ʜʥʠʱʝ ʜʨʝʚʥʝʛʦ ʩʧʫʱʝʥʥʦʛʦ ʦʟʸʨʥʦʛʦ ʙʘʩʩʝʡʥʘ (Jorgenson et al., 2015), ʠʣʠ 

ʢʘʢ ʦʩʪʘʪʦʯʥʘ ̫ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʥʝʡ ʧʦʡʤʳ ʨʝʢʠ, ʥʝ ʟʘʪʨʦʥʫʪʘ ̫ʦʟʸʨʥʦ-

ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (Walker et al., 2015). ɺ ʠʟʫʯʝʥʥʳʭ ʞʠʣʘʭ ʩʪʘʜʠʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʊʇʃ ʟʘʣʝʛʘʣ ʩʚʝʨʭʫ ʠ ʟʘʥʠʤʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ (ʨʠʩ. 4.2). 

 

ʈʠʩ. 4.2. ʈʘʟʨʝʟʳ ʇɾʃ ʚ ʇʨʫʜʦ-ɹʝʡ, ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʪʘʜʠʡ 

ʜʝʛʨʘʜʘʮʠʠ/ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʨʠʩ. 4.1.ʀʟ (Kanevskiy et al., 2017). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʤʝʪʦʜʘ 

ʨʘʟʜʝʣʝʥʠʷ ʇɾʃ ʠ ʊʇʃ. ʇʝʨʚʳʡ ï ɻʪʦ ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʧʦʣʝ ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʇɾʃ ʠ 

ʊʇʃ ʧʦ ʮʚʝʪʫ ʣʴʜʘ, ʬʦʨʤʝ ʢʦʥʪʘʢʪʘ, ʦʨʠʝʥʪʠʨʦʚʢʝ ʠ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʦʚ 

(ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020; Tikhonravova et al., 2021; 2022). ɺʪʦʨʦʡ ï 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ (ɹʫʪʘʢʦʚ, 2020). ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʥʠʞʝ. 

4.2. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ ʚ 

ʨʘʟʨʝʟʝ ʛʦʣʦʮʝʥʦʚʳʭ ʇɾʃ ʥʘ ʶʞʥʦʡ ʛʨʘʥʠʮʝ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫ ʛ. ʃʘʙʳʪʥʘʥʛʠ 

ʅʘʠʙʦʣʝʝ ʶʞʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʝʚʝʨʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʴʶ ï ɻ ʪʦ ʦʧʠʩʘʥʥʦʝ ʅ.ʉ. 

ɼʘʥʠʣʦʚʦʡ ʦʙʥʘʞʝʥʠʝ ʪʦʨʬʷʥʠʢʘ ʩ ʣʝʜʷʥʳʤʠ ʞʠʣʘʤʠ ʚ 10 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ 

ʉʘʣʝʭʘʨʜʘ (ɼʘʥʠʣʦʚʘ, 1962). ʉʦʛʣʘʩʥʦ ɻ.ʀ. ɼʫʙʠʢʦʚʫ ʠʤʝʥʥʦ ʟʜʝʩʴ ʧʨʦʭʦʜʠʪ 

ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʨʘʩʪʫʱʠʤʠ ʠ ʨʝʣʠʢʪʦʚʳʤʠ ʩʠʥ- ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʥʦ-

ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ (ɼʫʙʠʢʦʚ, 1966). ʇʦ ʤʥʝʥʠʶ ʖ.ʂ.ɺʘʩʠʣʴʯʫʢʘ ʶʞʥʫʶ 

ʛʨʘʥʠʮʫ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʣ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʤʦʞʥʦ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ 63Ü ʩ.ʰ., ʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʣʠʢʪʦʚʳʭ ʞʠʣ ï 

ʧʦ 64Ü ʩ.ʰ. (ɺʘʩʠʣʴʯʫʢ, 2004). ʆʜʥʘʢʦ, ʢ ʟʘʧʘʜʫ ʦʪ ʉʠʙʠʨʩʢʠʭ ʫʚʘʣʦʚ ʚ ʅʠʞʥʝʤ 

ʇʨʠʦʙʴʝ ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɾʃ ʨʝʟʢʦ ʫʭʦʜʠʪ ʢ ʩʝʚʝʨʫ ʠ ʢ ʟʘʧʘʜʫ ʦʪ 

ʋʨʘʣʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʰʠʨʦʪʝ 66Ü-67Ü ʩ.ʰ. (ɺʘʩʠʣʴʯʫʢ, 2004).  

ʀʟʫʯʝʥʥʦʝ ʥʘʤʠ ʚ 2024 ʛ. ʥʦʚʦʝ ʦʙʥʘʞʝʥʠʝ ʇɾʃ ʚʙʣʠʟʠ ʛ. ʃʘʙʳʪʥʘʥʛʠ 

(ʏʠʞʦʚʘ ʠ ʜʨ., 2025) ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʫ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɾʃ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʮʝʥʠʪʴ 

(ʦʧʨʝʜʝʣʠʪʴ/ʫʪʦʯʥʠʪʴ) ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʣʴʜʘ.  

ʀʟʫʯʝʥʥʳʡ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʪʦʨʬʷʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʅʠʞʥʝʤ ʇʨʠʦʙʴʝ ʚ 

8 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʩʪ. ʆʙʩʢʘʷ (ʛ. ʃʘʙʳʪʥʘʥʛʠ) ʫ ʜʦʨʦʛʠ ʆʙʩʢʘʷ ï ɹʦʚʘʥʝʥʢʦʚʦ 

(66,7566Á ʩ.ʰ., 66,4091Á ʚ.ʜ.). ʊʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʫʤʝʨʝʥʥʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʦʚ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ ï 

+15ÁC, ʷʥʚʘʨʷ ï ī23,1ÁC, ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ï ʦʢʦʣʦ 460 ʤʤ 

(ʉʦʨʦʤʦʪʠʥʘ, 2004). ʇʨʠʨʦʜʥʘʷ ʟʦʥʘ ï ʣʝʩʦʪʫʥʜʨʘ, ʦʜʥʘʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʪʦʨʬʷʥʠʢ ʦʪʥʦʩʠʪʩʷ ʢ ʪʫʥʜʨʦʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʪʠʧʠʯʥʦʡ ʠ ʶʞʥʦʡ ʪʫʥʜʨʳ (ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ). ʈʝʣʴʝʬ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʣʝʩʪʥʠʮʫ ʪʝʨʨʘʩ ʤʦʨʩʢʦʛʦ, ʣʝʜʦʚʦ-ʤʦʨʩʢʦʛʦ ʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʅʦʚʝʡʰʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ: ʦʪ ʛʣʠʥ ʠ ʩʫʛʣʠʥʢʦʚ, 

ʩʣʘʛʘʶʱʠʭ ʤʦʨʩʢʠʝ ʪʝʨʨʘʩʳ, ʜʦ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʨʦʣʶʚʠʷ ʚʙʣʠʟʠ 

ʫʨʘʣʴʩʢʠʭ ʧʨʝʜʛʦʨʠʡ. ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʧʦʨʦʜʳ ʧʨʝʨʳʚʠʩʪʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989), ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʛʣʫʙʠʥʝ ʥʫʣʝʚʳʭ ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ 0Áʉ (ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʪʘʣʠʢʦʚʳʤʠ ʟʦʥʘʤʠ) 

ʜʦ ī3,0Áʉ é ī3,5Áʉ ʚ ʧʨʝʜʝʣʘʭ ʪʠʧʠʯʥʦʡ ʪʫʥʜʨʳ. 

ɿʘʣʝʞʴ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʙʳʣʘ ʚʩʢʨʳʪʘ ʚ ʩʪʝʥʢʝ 

ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʛʦ ʦʚʨʘʛʘ, ʚʨʝʟʘʥʥʦʛʦ ʚ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʪʦʨʬʷʥʠʢ (ʨʠʩ. 4.1), 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʡ (ʢʘʨʛʠʥʩʢʦʡ) ʤʦʨʩʢʦʡ ʠ ʣʝʜʥʠʢʦʚʦ-

ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ. ɺ 3 ʤ ʦʪ ʦʙʥʘʞʝʥʠʷ ʦʚʨʘʛ ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ 

ʦʟʝʨʦ ʨʘʟʤʝʨʦʤ 400 ʤ ʚ ʰʠʨʠʥʫ ʠ 500 ʤ ʚ ʜʣʠʥʫ. ʇʦʣʠʛʦʥʘʣʴʥʳʡ ʪʦʨʬʷʥʠʢ, 

ʧʨʠʤʳʢʘʶʱʠʡ ʢ ʙʝʨʝʛʫ ʦʟʝʨʘ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʶ ʟʘ ʩʯʸʪ ʩʦʚʦʢʫʧʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʦʵʨʦʟʠʠ, ʪʝʨʤʦʘʙʨʘʟʠʠ ʠ ʪʝʨʤʦʢʘʨʩʪʘ. ɺʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʩʪʫʧʘʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʘ ʥʘ ʧʦʜʚʦʜʥʦʤ ʙʝʨʝʛʦʚʦʤ ʩʢʣʦʥʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʳʩʦʢʦʣʴʜʠʩʪʳʝ ʧʦʨʦʜʳ ʩ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʪʘʤ 

ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʨʤʦʢʘʨʩʪʦʚʳʡ ʧʨʦʮʝʩʩ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʠʛʣʫʙʦʛʦ ʙʝʨʝʛʘ. ʇʨʠʛʣʫʙʳʡ ʙʝʨʝʛ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʪʝʨʤʦʘʙʨʘʟʠʠ ʠ ʘʢʪʠʚʥʦʤʫ ʨʘʟʤʳʚʫ ʙʝʨʝʛʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʚʦʣʥʝʥʠʠ ʥʘ 

ʦʟʝʨʝ.  ɺ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʵʣʝʤʝʥʪʳ 

ʙʣʦʢʦʚʦʛʦ ʦʙʨʫʰʝʥʠʷ ʙʝʨʝʛʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ. ɺʜʘʣʠ ʦʪ ʦʟʝʨʘ ʪʦʨʬʷʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ: ʥʝʪ ʢʨʫʧʥʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʨʦʩʘʜʦʢ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʞʠʣʢʠ ʠ ʩʣʝʜʳ ʤʦʨʦʟʦʙʦʡʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʥʦ 

ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʟʝʨʫ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʩʣʝʜʳ ʜʝʛʨʘʜʘʮʠʠ.  



нну 
 

 

ʈʠʩ. 4.3 ʇʦʣʦʞʝʥʠʝ ʠ ʦʙʱʠʡ ʚʠʜ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʘ ï ʧʦʣʦʞʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ; ʙ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʨʬʷʥʠʢʘ ʩ ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ ʚ 8 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʩʪ. ʆʙʩʢʘʷ; ʚ ï ʧʦʣʦʞʝʥʠʝ ʦʙʥʘʞʝʥʠʷ ʩ 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤʠ ʣʴʜʘʤʠ ʥʘ ʙʝʨʝʛʫ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʦʟʝʨʘ; ʛ ï 

ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʡ ʦʚʨʘʛ, ʦʪʢʨʳʚʘʶʱʠʡʩʷ ʢ ʪʝʨʤʦʢʘʨʩʪʦʚʦʤʫ ʦʟʝʨʫ; ʜ ï 

ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʦʟʝʨʘ ʩʦ ʩʣʝʜʘʤʠ ʨʘʟʤʳʚʘ ʙʝʨʝʛʘ ʠ ʙʣʦʢʦʚʳʤ ʦʙʨʫʰʝʥʠʝʤ 

ʪʦʨʬʘ. 

 

ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʸʜ ʦʙʥʘʨʫʞʝʥ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ 

ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʛʦ ʦʚʨʘʛʘ. ɼʣʠʥʘ ʦʚʨʘʛʘ ï ʦʢʦʣʦ 12 ʤ, ʢ ʚʝʨʰʠʥʝ ʧʨʠʣʝʛʘʝʪ 

ʟʘʙʦʣʦʯʝʥʥʘʷ ʣʦʞʙʠʥʘ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʪʨʝʱʠʥʘʤ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ɻʣʫʙʠʥʘ ʦʚʨʘʛʘ ï ʦʢʦʣʦ 1,8 ï 2,0 ʤ. ʊʘʣʴʚʝʛ ʦʚʨʘʛʘ ʟʘʪʦʧʣʝʥ ʚʦʜʦʡ ʠʟ ʦʟʝʨʘ. 

ʇʨʦʬʠʣʴ ʥʝʚʳʨʘʙʦʪʘʥʥʳʡ, ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʥʠʞʥʷʷ ï ʛʜʝ ʧʨʦʠʟʦʰʣʦ 

ʧʦʣʥʦʝ ʧʨʦʪʘʠʚʘʥʠʝ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʜʦ ʙʘʟʠʩʘ ʵʨʦʟʠʠ, ʠ ʚʝʨʭʥʷʷ ï ʛʜʝ 



ннф 
 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʘ. ʋʩʪʴʝʚʘʷ ʯʘʩʪʴ ʦʚʨʘʛʘ 

ʟʘʪʦʧʣʝʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʟʘʣʠʚ ʦʟʝʨʘ. 

ʈʘʟʤʝʨ ʟʘʯʠʱʝʥʥʦʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤ ʚ ʚʳʩʦʪʫ (ʦʪ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʨʬʷʥʠʢʘ ʜʦ ʙʘʟʠʩʘ ʵʨʦʟʠʠ) ʠ 2,3 ʤ ʚ ʰʠʨʠʥʫ. ɺ 

ʩʪʨʦʝʥʠʠ ʦʙʥʘʞʝʥʠʷ ʟʘʤʝʪʥʦ ʯʸʪʢʦʝ ʦʙʦʩʦʙʣʝʥʠʝ ʜʚʫʭ ʞʠʣ ʣʴʜʘ (ʧʨʘʚʘʷ ʇɾʃ 

ʠ ʣʝʚʘʷ ʇɾʃ), ʘ ʪʘʢʞʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʝʨʝʢʨʳʚʘʶʱʠʡ 

ʧʨʘʚʫʶ ʞʠʣʫ ʣʝʜ, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʥʘʟʚʘʥ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʳʤ (ʨʠʩ. 4.2).  

ʂʨʦʚʣʷ ʣʝʚʦʡ ʇɾʃ ʚʩʢʨʳʪʘ ʥʘ ʛʣʫʙʠʥʝ 0.6 ʤ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʛʦʣʦʚʦʢ ʞʠʣʳ ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ (ʨʠʩ. 4.3). ɾʠʣʘ ʠʤʝʝʪ 

ʯʸʪʢʫʶ ʛʨʘʥʠʮʫ ʩ ʚʤʝʱʘʶʱʠʤ ʪʦʨʬʦʤ ʠ ʩʫʛʣʠʥʢʦʤ. ʃʸʜ ʙʝʣʳʡ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʟʘ ʩʯʸʪ ʧʨʦʩʣʦʝʚ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʦʨʛʘʥʠʢʠ. ɾʠʣʘ ʠʤʝʝʪ ʩʣʝʜʳ ʜʚʫʭ 

ʧʝʨʠʦʜʦʚ ʜʝʛʨʘʜʘʮʠʠ (ʧʨʦʪʘʠʚʘʥʠʷ).  

 

ʈʠʩ. 4.4. ɺʩʢʨʳʪʦʝ ʦʙʥʘʞʝʥʠʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʞʠʣ. ɻʨʘʥʠʮʳ ʵʣʝʤʝʥʪʦʚ 

(ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʸʜ, ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʸʜ, ʪʦʨʬ, ʩʫʛʣʠʥʦʢ) 

ʚʥʫʪʨʠ ʦʙʥʘʞʝʥʠʷ ʦʯʝʨʯʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ: 1 ï ʛʣʫʙʠʥʘ ʧʨʦʪʘʠʚʘʥʠʷ; 2 ï 

ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ 



нол 
 

ʅʘ ʛʣʫʙʠʥʝ ʦʪ 0,6 ʜʦ 0,9 ʤ ʚʳʜʝʣʷʶʪʩʷ çʧʣʝʯʠè ʇɾʃ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʪʦʨʬʦʚʘʥʥʦʛʦ ʣʝʜʦʛʨʫʥʪʘ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʞʠʣʳ (0,6 ʤ) ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʩʣʦʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʪʦʣʱʠʥʦʡ 

ʦʢʦʣʦ 4 ʩʤ, ʨʘʟʜʝʣʸʥʥʳʡ çʦʛʦʣʦʚʢʦʤè ʞʠʣʳ, ʢʦʪʦʨʳʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʥʘʜ 

ʞʠʣʦʡ, ʠ ʥʘʜ ʣʴʜʦʛʨʫʥʪʦʚʳʤʠ çʧʣʝʯʘʤʠè ʞʠʣʳ. ʂʨʦʚʣʷ ʧʨʘʚʦʡ ʞʠʣʳ ʟʘʣʝʛʘʝʪ 

ʥʘ ʛʣʫʙʠʥʝ 0,9 ʤ, ʰʠʨʠʥʘ ʞʠʣʳ ʜʦ 1,0 ʤ. ʃʸʜ ʙʝʣʳʡ ʩ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ ʟʘ ʩʯʸʪ ʧʨʦʩʣʦʝʚ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʠ 

ʚʢʣʶʯʝʥʠʡ ʦʨʛʘʥʠʢʠ. ʅʘʜ ʞʠʣʦʡ ʟʘʣʝʛʘʝʪ ʛʦʨʠʟʦʥʪ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ 

(ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʠʣʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʛʦ) ʣʴʜʘ ʩʦ ʩʣʦʞʥʦʡ 

ʪʝʢʩʪʫʨʦʡ, ʚʢʣʶʯʝʥʠʷʤʠ ʪʦʨʬʘ, ʣʝʜʦʛʨʫʥʪʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ. 

ɻʨʫʥʪʦʚʳʡ ʨʘʟʨʝʟ ʦʙʥʘʞʝʥʠʷ, ʥʝ ʦʩʣʦʞʥʸʥʥʳʡ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤʠ ʠ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʤʠ ʣʴʜʘʤʠ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʦʨʠʟʦʥʪʦʚ: 

0 ï 1,4 ʤ (0 ï 0,9 ʤ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʘʯʠʩʪʢʠ) ï ʢʦʨʠʯʥʝʚʳʡ ʪʦʨʬ 

ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ; ʥʘ ʛʣʫʙʠʥʘʭ 0ï0,25 ʤ ï ʪʘʣʳʡ (ʩʝʟʦʥʥʦ-ʪʘʣʳʡ 

ʩʣʦʡ), ʥʠʞʝ 0,25 ʤ ï ʤʸʨʟʣʳʡ; ʢʨʠʦʪʝʢʩʪʫʨʘ ʷʯʝʠʩʪʘʷ, ʩʣʦʠʩʪʘʷ, ʘʪʘʢʩʠʪʦʚʘʷ 

(ʚʳʩʦʢʦʣʴʜʠʩʪʳʡ ʪʦʨʬ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʊʉ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 0,5 ʤ); ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ï ʪʦʨʬ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ, ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʠʤ 

ʦʪʣʦʞʝʥʠʷʤ ʯʸʪʢʠʡ ʧʦ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʨʦʚʥʘʷ. 

ʅʠʞʝ ʛʣʫʙʠʥʳ 1,4 ʤ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩ 0,9 ʤ) ï ʧʦʜʩʪʠʣʘʶʱʠʡ 

ʩʝʨʳʡ ʩʫʛʣʠʥʦʢ (ʜʦ ʩʠʟʦʛʦ ʮʚʝʪʘ), ʚʳʩʦʢʦʣʴʜʠʩʪʳʡ, ʩ ʩʝʪʯʘʪʦʡ ʠ 

ʥʝʧʦʣʥʦʩʝʪʯʘʪʦʡ ʢʨʠʦʪʝʢʩʪʫʨʦʡ, ʪʦʣʱʠʥʘ ʰʣʠʨʦʚ ʦʪ 1 ʤʤ ʜʦ 2 ʩʤ. 

ʊʘʢʞʝ ʚ ʦʙʥʘʞʝʥʠʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʊʉ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʥʠʤ, ʚ 

ʪʦʨʬʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʫʧʥʳʝ ʰʣʠʨʳ ʣʴʜʘ ʪʦʣʱʠʥʦʡ ʜʦ 2-3 ʩʤ, ʢʦʪʦʨʳʝ, 

ʚʦʟʤʦʞʥʦ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʘʤʠ ʛʣʫʙʦʢʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ, ʢʘʢ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʳʡ ʣʸʜ.  

ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʫʭ ʞʠʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ: ʜʣʷ ʣʴʜʘ 

ʣʝʚʦʡ ʞʠʣʳ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʚʘʨʴʠʨʫʶʪ ʦʪ ī14,4 ʜʦ ī18,4ă, ʜʣʷ ʣʴʜʘ ʧʨʘʚʦʡ 

ʞʠʣʳ ï ʦʪ ī18 ʜʦ ī19,3ă. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ŭ18ʆ ʩʦʩʪʘʚʠʣʠ 

ī17,95ă ʜʣʷ ʣʴʜʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʝʢʮʠʠ ʦʪʙʦʨʘ ʣʝʚʦʡ ʞʠʣʳ, ī16,9ă ʜʣʷ ʣʴʜʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʢʮʠʡ ʦʪʙʦʨʘ ʣʝʚʦʡ ʞʠʣʳ ʠ ī18,5ă ʜʣʷ ʣʴʜʘ ʧʨʘʚʦʡ ʞʠʣʳ. 



ном 
 

ɿʥʘʯʝʥʠʷ ŭ18ʆ ʣʴʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʙʦʨʘ ʣʝʚʦʡ 

ʞʠʣʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʝʣʠʯʠʥ ŭ18ʆ ʣʴʜʘ ʧʨʘʚʦʡ ʞʠʣʳ (ʨʠʩ. 4.5). 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʞʠʣ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʪʦʨʬʷʥʠʢʘ, ʢʦʛʜʘ ʤʦʨʦʟʦʙʦʡʥʳʝ ʪʨʝʱʠʥʳ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ 

ʦʪʢʨʳʚʘʶʪʩʷ ʥʝ ʢʘʞʜʳʡ ʩʝʟʦʥ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʘ ʪʦʣʴʢʦ ʚ ʙʦʣʝʝ ʩʫʨʦʚʳʝ ʟʠʤʳ 

(Vasilôchuk et al., 2024). 

ɺʝʣʠʯʠʥʳ ŭ18ʆ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʦʪʙʦʨʝ 

ʚ ʣʝʚʦʡ ʞʠʣʝ, ʧʦʚʳʰʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʢ ʙʦʢʦʚʳʤ ʢʦʥʪʘʢʪʘʤ (ʩʤ. ʨʠʩ. 

4.5), ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʧʦʚʪʦʨʥʦ ʟʘʤʝʨʟʰʠʭ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʚʦʜ ʥʘ ʛʨʘʥʠʮʘʭ ʞʠʣ.  

 

ʈʠʩ. 4.5. ɺʝʣʠʯʠʥʳ ŭ18ʆ ʣʴʜʘ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʦʪʙʦʨʝ ʣʝʚʦʡ ʞʠʣʳ (ʘ), 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʦʪʙʦʨʝ ʣʝʚʦʡ ʞʠʣʳ (ʙ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʦʪʙʦʨʝ ʧʨʘʚʦʡ ʞʠʣʳ 

(ʚ): 1 ï ʞʠʣʴʥʳʡ ʣʝʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʢʮʠʡ, 2 ï ʞʠʣʴʥʳʡ ʣʝʜ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʝʢʮʠʠ, 3 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭ18ʆ ʣʝʚʦʡ ʞʠʣʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ. 

 

ʊʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʝʜ, ʦʙʨʘʤʣʷʶʱʠʡ ʞʠʣʳ, ʠʤʝʝʪ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ŭ18ʆ = ī13,25ă. ʊʝʨʤʦʢʘʨʩʪʦʚʳʝ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʦʩʥʦʚʘʥʠʠ 

ʦʙʥʘʞʝʥʠʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤ ʢʦ ʣʴʜʫ ʟʥʘʯʝʥʠʝʤ ŭ18ʆ = 

ī13,2ă. ʇʨʦʮʝʩʩʳ ʪʝʨʤʦʢʘʨʩʪʘ, ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʡ ʚʦʜʳ 



нон 
 

ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʤʝʨʟʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠ ʵʪʠ ʧʨʦʩʣʦʠ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ 

ʣʴʜʘ, ʠ ʪʘʢʞʝ ʟʘʜʝʣʠ ʙʦʢʦʚʳʝ ʢʦʥʪʘʢʪʳ ʞʠʣʴʥʦʛʦ ʣʴʜʘ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʠ çʧʣʝʯʦè ʇɾʃ ʠ ʪʝʢʩʪʫʨʥʳʝ ʣʴʜʳ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʪʝʨʤʦʢʘʨʩʪʚʦ-ʧʝʱʝʨʥʳʡ ʣʝʜ ʠʤʝʶʪ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʚʝʣʠʯʠʥʳ ŭ18ʆ 

(ʨʠʩ. 4.6). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʵʪʠ ʪʠʧʳ ʣʴʜʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ. ʅʘ ʤʦʤʝʥʪ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʨʦʮʝʩʩʳ ʪʝʨʤʦʢʘʨʩʪʘ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ, ʪ.ʝ. ʩʪʘʜʠʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʫʞʝ ʩʤʝʥʠʣʘʩʴ ʧʦʚʪʦʨʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ. 

ʉʘʤʳʡ ʥʝʦʙʳʯʥʳʡ ʵʬʬʝʢʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ ʇɾʃ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʣʴʜʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʣʝʚʫʶ 

ʞʠʣʫ. ɽʩʣʠ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ ʚ ʩʣʦʝ ʉʊʉ ʚ 50 ʤ ʦʪ ʠʟʫʯʝʥʥʦʛʦ 

ʦʙʥʘʞʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ŭ18ʆ = ī17,6ă, ʙʣʠʟʢʦʝ ʢ ʠʟʦʪʦʧʥʦʤʫ 

ʩʦʩʪʘʚʫ ʇɾʃ, ʪʦ ʜʣʷ ʠʟʤʝʥʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ ʚ ʦʙʥʘʞʝʥʠʠ ʚʝʣʠʯʠʥʘ 

ŭ18ʆ ʣʴʜʘ ʩʦʩʪʘʚʠʣʘ ī12,7ă, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʪʝʢʩʪʫʨʥʦʛʦ ʣʴʜʘ ʧʣʝʯʘ ʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʪʨʝʱʠʥʥʦ-ʧʦʣʦʩʪʥʦʛʦ ʣʴʜʘ (ʨʠʩ. 4.6, 4.7). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʤʠʤʦ 

ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ ʠ ʧʦʣʦʩʪʝʡ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ ʣʴʜʦʤ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ 

ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ ʧʦʩʣʝ ʝʝ ʚʳʪʘʠʚʘʥʠʷ. 

ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʝʢʮʠʠ ʣʝʚʦʡ 

ʞʠʣʳ ʠ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʝʢʮʠʠ ʧʨʘʚʦʡ ʞʠʣʳ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭ18ʆ ʣʴʜʘ 

ʵʪʠʭ ʜʚʫʭ ʩʝʢʮʠʡ ʩʦʩʪʘʚʠʣʦ ī18,2ă), ʢʦʪʦʨʳʝ ʥʝ ʟʘʪʨʦʥʫʪʳ ʠʟʤʝʥʝʥʠʷʤʠ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʚʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʫʩʣʦʚʠʷʤ ʨʝʛʠʦʥʘ. ʉʨʝʜʥʝʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʚ ʛ.ʉʘʣʝʭʘʨʜ ʩ 1960 ʧʦ 2022, ʩʦʩʪʘʚʣʷʶʪ ī19,5ă ʝʩʣʠ 

ʦʩʨʝʜʥʷʝʪʩʷ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʤʘʨʪ ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ ī16,9ă ʝʩʣʠ 

ʦʩʨʝʜʥʷʝʪʩʷ ʧʝʨʠʦʜ ʩ ʦʢʪʷʙʨʷ ʧʦ ʤʘʨʪ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʝʥʥʳʭ ʞʠʣ ʙʣʠʟʢʠʤʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ. ʊʘʢʞʝ ʵʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʠʟʢʠ ʢ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʠʩʣʦʨʦʜʘ ʛʦʣʦʮʝʥʦʚʳʭ ʞʠʣ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʡ ʯʘʩʪʠ ʢʨʠʦʣʠʪʦʟʦʥʳ. 



ноо 
 

 

ʈʠʩ. 4.6. ʋʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18O ʣʴʜʘ ʵʣʝʤʝʥʪʦʚ ʦʙʥʘʞʝʥʠʷ. 1 ï ʩʝʨʳʝ 

ʚʳʩʦʢʦʣʴʜʠʩʪʳʝ ʩʫʛʣʠʥʢʠ; 2 ï ʦʧʣʳʚʥʳʝ ʠ ʦʩʳʧʥʳʝ ʦʪʣʦʞʝʥʠʷ; 3 ï ʪʦʨʬ ʦʪ 

ʩʣʘʙʦʡ ʜʦ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ; 4 ï ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʸʜ; 5 ï 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʸʜ; 6 ï ʚʢʣʶʯʝʥʠʷ ʪʦʨʬʘ ʚʦ ʣʴʜʫ; 7 ï ʛʣʫʙʠʥʘ 

ʧʨʦʪʘʠʚʘʥʠʷ (ʠʶʣʴ 2024). ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʧʨʦʬʠʣʠ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ŭ18O ʞʠʣʴʥʦʛʦ ʣʴʜʘ. 

 

ʈʠʩ. 4.7. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʣʝʚʦʡ ʇɾʃ: ʘ) ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ 

ʦʛʦʣʦʚʦʢ ʇɾʃ, ʢ ʢʦʪʦʨʦʤʫ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʨʠʤʳʢʘʝʪ ʧʨʦʩʣʦʡ ʧʨʦʟʨʘʯʥʦʛʦ 

ʧʫʟʳʨʯʘʪʦʛʦ ʣʴʜʘ (ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʛʦ ʣʸʜ); ʙ) çʧʣʝʯʠè ʣʝʚʦʡ ʇɾʃ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʳʤ ʣʴʜʦʤ ʠ ʬʨʘʛʤʝʥʪʘʤʠ ʪʦʨʬʘ. 

 



ноп 
 

ʊʘʙʣʠʮʘ 4.1. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ  

ʊʠʧ ʣʴʜʘ ʂʦʣ-ʚʦ 

ʧʨʦʙ 

ŭ18ʆ, ă ŭ2ʅ, ă dexc, ă 

ʄʘʢʩ/ 

ʤʠʥ 
ʩʨʝʜʥʝʝ 

ʄʘʢʩ/ 

ʤʠʥ 
ʩʨʝʜʥʝʝ 

ʄʘʢʩ/ 

ʤʠʥ 
ʩʨʝʜʥʝʝ 

ʇʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʝʜ 

ʇɾʃ ʣʝʚʘʷ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʦʪʙʦʨ 
10 

ī17,38/ 

ī18,37 

ī17,95 ī126,9/ ī131,3 13,35/ 12,3 

Ñ0,29 ī134 Ñ2,2 11,36 Ñ0,6 

ʇɾʃ ʣʝʚʘʷ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʦʪʙʦʨ 
18 

ī14,42/ ī16,92 

Ñ1,25 

ī103,7/ 

ī133,2 

ī123,8 

Ñ9,4 

12,96/ 

9,2 

11,6 

Ñ1,1 ī18,15 

ʇɾʃ ʧʨʘʚʘʷ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʦʪʙʦʨ 
8 

ī17,99/ 

ī19,35 

ī18,54 

Ñ0,47 

ī131,9/ 

ī143 

ī135,8 

Ñ3,9 

13,09/ 12,5 

Ñ0,5 11,75 

ɼʨʫʛʠʝ ʪʠʧʳ ʣʴʜʘ 

ʊʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʦʣʦʩʪʥʦʡ ʣʝʜ 
8 

ī11,53/ 

ī15,48 

ī13,25 ī83,1/ ī95,2 11,98/ 10,8 

Ñ1,93 ī112,1 Ñ14,7 9,1 Ñ1,2 

ʊʝʢʩʪʫʨʥʳʡ ʣʝʜ 2 
ī12,45/ 

ī13,92 

ī13,18 ī86,4/ ī92,6 13,16/ 12,9 

 Ñ1,04 ī98,7 Ñ8,7 12,61 Ñ0,4 

"ʇʣʝʯʦ" ʇɾʃ ʠʟ ʪ/ʢ 

ʣʴʜʘ 
1  ī12,90  ī92,47  10,69 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ 

ʣʝʚʦʡ ʇɾʃ 
1  ī12,72  ī93,3  8,5 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʚ 

ʉʊʉ  
1  ī17,63  ī126,7  14,3 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ɺʦʜʘ ʚ ʦʩʥʦʚʘʥʠʠ 

ʦʙʥʘʞʝʥʠʷ 
1  ī14,5  ī103,6  12,7 

ɺʦʜʘ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ 

ʦʟʝʨʘ 
2  

ī13,17 

Ñ0,2 
 

ī101 

Ñ0,3 
 

4,35 

Ñ1,1 

 

ɹʣʠʞʘʡʰʠʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ, ʛʜʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʷʚʣʷʝʪʩʷ ʦʙʥʘʞʝʥʠʝ ʚ ʖʥʴʷʛʠʥʩʢʦʤ 

ʪʦʨʬʷʥʠʢʝ ʚʙʣʠʟʠ ʛ. ɺʦʨʢʫʪʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʣ ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʧʝʨʠʦʜ ʦʪ 9 ʜʦ 7 (5.5?) ʪʳʩ. ʣʝʪ ʥʘʟʘʜ. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʪʘʤ 

ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ ī15,4 ʜʦ ī16,3ă, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭ18ʆ ʩʦʩʪʘʚʠʣʦ ī15,9ă 

(ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2005). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ŭ18ʆ ʣʴʜʘ ʵʪʠʭ ʜʚʫʭ ʦʙʥʘʞʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 2,3ă, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʟʣʠʯʠʷʤ ʤʝʞʜʫ ɺʦʨʢʫʪʦʡ ʠ ʃʘʙʳʪʥʘʥʛʘʤʠ. 

ʈʘʟʥʠʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʥʚʘʨʷ ʨʘʚʥʘ 3,5Üʉ, ʯʪʦ, ʫʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ 

ʖ.ʂ.ɺʘʩʠʣʴʯʫʢʘ ʊʷʥʚ = 1,5ẗŭ18Oʇɾʃ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʥʠʮʫ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ 

ʢʠʩʣʦʨʦʜʘ ʚ 2,3ă. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʞʠʣ ʦʪ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʛʦʣʦʮʝʥʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ, ʘ ʚʦ-
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ʚʪʦʨʳʭ, ʜʘʝʪ ʥʘʤ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʛʦʣʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʠʟʫʯʝʥʥʦʛʦ 

ʦʙʥʘʞʝʥʠʷ ʇɾʃ ʚʙʣʠʟʠ ʛ. ʃʘʙʳʪʥʘʥʛʠ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʣʠʟʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ŭ18ʆ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ ʚ ʩʣʦʝ ʉʊʉ, ʨʘʩʪʫʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʦʨʬʷʥʠʢʘ, ʢ ʚʝʣʠʯʠʥʘʤ ŭ18ʆ ʞʠʣʴʥʦʛʦ ʣʴʜʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʥʝʝ ʚʙʣʠʟʠ ʛ. ʃʘʙʳʪʥʘʥʛʠ (66Á30Ë ʩ.ʰ., 67Á ʚ.ʜ.) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʠʨʦʚʢʠ ʧʦ ʪʦʨʬʫ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʪʦʨʬʷʥʠʢʦʚ, 

ʚʤʝʱʘʶʱʠʭ ʇɾʃ - ʦʪ 2310Ñ80 ʜʦ 4920Ñ90 ʣʝʪ ʥʘʟʘʜ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʪʦʨʬʷʥʠʢʦʚ ʚ ʨʘʡʦʥʝ ʥʘʯʘʣʩʷ ʦʢʦʣʦ 5 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʠ 

ʧʨʝʢʨʘʪʠʣʩʷ ʦʢʦʣʦ 3-2,3 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (Vasilôchuk et al., 2001). ʈʦʩʪ ʞʠʣ ʚ ʵʪʦʤ 

ʪʦʨʬʷʥʠʢʝ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʘʯʘʣʩʷ ʦʢʦʣʦ 3 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ. 

ʉʦʭʨʘʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʠʟʤʝʥʸʥʥʦʩʪʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʚ ʧʦʣʠʛʦʥʘʣʴʥʳʭ 

ʛʦʣʦʮʝʥʦʚʳʭ ʪʦʨʬʷʥʠʢʘʭ ʚʙʣʠʟʠ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɾʃ 

ʛʦʚʦʨʠʪ ʦ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ, ʣʘʥʜʰʘʬʪʘ ʠ ʫʩʣʦʚʠʷʭ 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʅ.ʉ. ɼʘʥʠʣʦʚʦʡ (1962), ʚ ʨʘʡʦʥʝ ʉʘʣʝʭʘʨʜʘ ʚ 60-ʝ 

ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʘʭ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ 

ʝʱʸ ʩʦʭʨʘʥʷʣʠʩʴ, ʦʜʥʘʢʦ ʥʝ ʧʨʦʷʚʣʷʣʠ ʧʨʠʟʥʘʢʦʚ ʨʦʩʪʘ: ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚʘʣʠʢʠ 

ʥʘ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʪʦʨʬʷʥʠʢʘʭ, ʦʪʤʝʯʘʣʘʩʴ ʧʣʦʭʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʣʠʛʦʥʦʚ ʥʘ 

ʙʦʣʦʪʘʭ, ʟʘʣʝʛʘʥʠʝ ʣʴʜʘ ʥʠʞʝ ʫʨʦʚʥʷ ʩʦʚʨʝʤʝʥʥʦʛʦ (1960-ʝ ʛʦʜʳ) ʧʨʦʪʘʠʚʘʥʠʷ. 

ʅʘʤʠ ʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʨʘʡʦʥʝ ʃʘʙʳʪʥʘʥʛʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʦʩʪ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ ʚ ʪʦʨʬʷʥʠʢʝ ʠ ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʞʠʣʦʢ ʠ ʚ ʤʸʨʟʣʦʡ ʯʘʩʪʠ ʩʣʦʷ ʩʝʟʦʥʥʦʛʦ ʦʪʪʘʠʚʘʥʠʷ. ʆʜʥʘʢʦ, ʵʪʦʪ ʨʦʩʪ 

ʩʦʩʝʜʩʪʚʫʝʪ ʩ ʧʨʦʮʝʩʩʘʤʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʪʦʨʬʷʥʠʢʘ.  

ʅ.ʉ. ɼʘʥʠʣʦʚʘ (1962) ʦʪʤʝʯʘʝʪ, ʯʪʦ ʪʦʨʬʷʥʠʢʠ ʚ ʨʘʡʦʥʝ ʉʘʣʝʭʘʨʜʘ 

ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʛʦʣʦʮʝʥʦʚʦʛʦ ʦʧʪʠʤʫʤʘ (ʦʢʦʣʦ 7 500 ʣ.ʥ.), ʘ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ 

ʣʴʜʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʟʞʝ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʭʦʣʦʜʘʥʠʠ, ʪ.ʝ. ʷʚʣʷʶʪʩʷ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʩʝʪʴ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʦʨʬʷʥʠʢʘʭ, ʥʦ ʠ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʥʜʨʳ, ʚʢʣʶʯʘʷ ʪʝʨʨʘʩʳ 

ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʚʳʰʝʥʠʝ ʪʦʨʬʷʥʠʢʦʚ ʥʘʜ ʦʢʨʫʞʘʶʱʝʡ 
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ʪʫʥʜʨʦʡ ʚʝʨʦʷʪʥʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʧʫʯʠʚʘʥʠʝʤ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʚʳʪʘʠʚʘʥʠʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʚ ʪʦʨʬʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʛʣʘʜʢʘʷ ʩʪʝʥʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʚʩʝʡ ʪʦʣʱʠ ʪʦʨʬʘ. ʊʘʢʞʝ ʅ.ʉ. ɼʘʥʠʣʦʚʘ 

(1962) ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʞʠʣ ʟʘʛʠʙʳ ʛʨʫʥʪʘ ʚ 

ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʞʠʣʳ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʚ ʨʘʡʦʥʝ 

ʃʘʙʳʪʥʘʥʛʠ ʚ ʝʛʦ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʛʠʙʦʚ ʛʨʫʥʪʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʜʘʚʣʝʥʠʠ ʞʠʣʳ ʥʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ,  

ʅʘʠʙʦʣʝʝ ʟʘʪʨʦʥʫʪʘ ʧʨʦʮʝʩʩʘʤʠ ʧʦʚʪʦʨʥʦʛʦ ʥʘʤʝʨʟʘʥʠʷ 

ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ ʣʝʚʘʷ ʞʠʣʘ ʥʘ ʙʦʢʦʚʳʭ ʢʦʥʪʘʢʪʘʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʩʝʢʮʠʷ ʦʪʙʦʨʘ ʥʘ ʛʣʫʙʠʥʝ 1 ʤ). ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 4.8) ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ, ʯʪʦ 

ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʝʢʮʠʠ ʦʪʙʦʨʘ ʣʝʚʦʡ ʞʠʣʳ, 

ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʝʢʮʠʶ ʞʠʣʳ, ʠ 

ʪʦʯʢʘʤʠ ʥʘʠʙʦʣʝʝ ʠʟʦʪʦʧʥʦ-ʪʷʞʝʣʳʭ ʪʝʨʤʦʢʘʨʩʪʚʦ-ʧʝʱʝʨʥʳʭ ʣʴʜʦʚ. 

ʇʝʨʝʢʨʳʪʠʝ ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʡ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʣʝʜ ʟʜʝʩʴ ʩʬʦʨʤʠʨʦʚʘʣʩʷ 

ʧʦʚʪʦʨʥʦ ʧʨʠ ʫʯʘʩʪʠʠ ʚʦʜʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʧʝʱʝʨʥʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ ʠ ʚ 

ʮʝʣʦʤ ʙʣʠʟʢʦʡ ʧʦ ʩʦʩʪʘʚʫ ʢ ʚʦʜʝ, ʦʪʦʙʨʘʥʥʦʡ ʚ ʦʩʥʦʚʘʥʠʠ ʦʙʥʘʞʝʥʠʷ. ʆʙ ʵʪʦʤ 

ʞʝ ʛʦʚʦʨʠʪ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʣʴʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʝʢʮʠʠ (ʩʤ. ʨʠʩ. 4.8), 

ʢʦʪʦʨʦʝ ʥʘʩʣʝʜʫʝʪ ʥʘʢʣʦʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʠ 

ʢʦʪʦʨʦʝ ʤʘʨʢʠʨʫʝʪ ʣʠʥʠʶ ʩʤʝʰʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ï ʪʘʣʳʭ ʚʦʜ ʇɾʃ ʠ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʚʦʜ. ʊʦʯʢʠ ʇɾʃ ʧʨʘʚʦʡ ʞʠʣʳ ʠ ʣʝʚʦʡ ʞʠʣʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʦʪʙʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʛʣʦʙʘʣʴʥʦʡ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʠ ʬʦʨʤʠʨʫʶʪ 

ʪʨʝʥʜ, ʦʧʠʩʳʚʘʶʱʠʡʩʷ ʫʨʘʚʥʝʥʠʝʤ ŭ2ʅ = 7,7 x ŭ18ʆ + 7,5, ʯʪʦ ʢʘʢ ʤʳ ʧʦʣʘʛʘʝʤ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʠʟʤʝʥʝʥʥʳʭ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʨʘʡʦʥʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʩʢʣʦʥʦʚʳʭ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ, ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʭ ʠ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʩʘʜʢʠ, ʧʦʣʦʩʪʠ, ʧʨʦʤʦʠʥʳ ʠ ʪʨʝʱʠʥʳ, ʚ ʢʦʪʦʨʳʭ, ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚʦʜʳ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʝʸ ʟʘʤʝʨʟʘʥʠʠ, ʦʙʨʘʟʫʶʪʩʷ ʣʴʜʳ, 

ʦʩʣʦʞʥʷʶʱʠʝ ʩʪʨʦʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʨʘʥʥʝʛʦ ʛʦʣʦʮʝʥʘ ʠ ʧʣʝʡʩʪʦʮʝʥʘ.  
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ʈʠʩ. 4.8. ʀʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʪʠʧʦʚ ʣʴʜʦʚ ʚ ʧʦʣʠʛʦʥʘʣʴʥʦʤ ʪʦʨʬʷʥʠʢʝ: 

1 ï ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ; 2 ï ʣʝʜ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʝʢʮʠʠ ʣʝʚʦʡ ʞʠʣʳ; 3 

ï ʣʝʜ ʧʨʘʚʦʡ ʞʠʣʳ; 4 ï ʦʟʝʨʥʘʷ ʚʦʜʘ; 5 ï ɻʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʚ ʩʣʦʝ ʉʊʉ; 6 ï 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʚʦʡ ʇɾʃ; 7 ï ʣʝʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʝʢʮʠʠ ʦʪʙʦʨʘ ʚ ʣʝʚʦʡ ʞʠʣʝ ʥʘ ʛʣ.1 ʤ.; 8 ï ʪʝʢʩʪʫʨʥʳʡ ʣʝʜ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʫʛʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʣʴʜʘ, ʟʘʯʘʩʪʫʶ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʞʠʣʳ, ʪʘʢʠʭ ʢʘʢ, 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʝ. ʊʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʝʜ ʢʘʢ ʧʨʘʚʠʣʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʡ ʧʦʣʦʩʪʠ ʥʘʜ ʞʠʣʦʡ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ 

ʚʦʜʦʡ, ʟʘʤʝʨʟʘʥʠʝ ʢʦʪʦʨʦʡ ʠ ʬʦʨʤʠʨʫʝʪ ʵʪʦʪ ʪʠʧ ʣʴʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʜ 

ʞʠʣʦʡ ʩʦʟʜʘʝʪʩʷ ʧʨʦʩʣʦʡ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʩʦ ʚʨʝʤʝʥʝʤ ʚʭʦʜʠʪ 

ʚ ʩʦʩʪʘʚ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʨʭʫ ʝʛʦ ʧʨʦʙʠʚʘʶʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʞʠʣʢʠ 

ʠ ʪʘʢʞʝ ʚʚʝʨʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʞʠʣʳ (ʈʦʟʝʥʙʘʫʤ ʠ ʜʨ., 1978; 

ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020). ʇʨʠʩʫʪʩʪʚʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʚ 

ʨʘʟʨʝʟʘʭ ʇɾʃ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʠ ʥʝ ʪʦʣʴʢʦ ʥʘʜ ʛʦʣʦʚʦʡ ʞʠʣʳ. 
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ʊʘʢ, ʚ ʨʘʟʨʝʟʝ ʙʝʨʝʛʦʚʦʛʦ ʦʙʨʳʚʘ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦ. ʉʠʙʠʨʷʢʦʚʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ ʇɾʃ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʣʠʥʟʦʚʠʜʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʟʘʣʝʛʘʝʪ ʚ ʧʦʣʦʩʪʷʭ 

ʇɾʃ, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʷ ʢʨʦʚʣʶ ʞʠʣʳ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʪʦʨʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʚʳʧʦʣʥʷʶʪ ʚʪʦʨʠʯʥʳʝ ʧʦʣʦʩʪʠ ʚ ʪʝʣʝ ʣʝʜʷʥʳʭ ʞʠʣ, ʥʦ ʩʘʤʠ ʥʝ ʦʩʚʦʝʥʳ 

ʤʦʨʦʟʦʙʦʡʥʳʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ (ʆʙʣʦʛʦʚ, 2016). 

ɺ ʠʟʫʯʝʥʥʦʤ ʥʘʤʠ ʦʙʥʘʞʝʥʠʠ ʇɾʃ ʚʙʣʠʟʠ ʛ. ʃʘʙʳʪʥʘʥʛʠ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ (ŭ18ʆ, ŭ2ʅ) ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ, ʨʘʟʙʠʚʘʶʱʝʡ ʣʝʚʫʶ ʞʠʣʫ, ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʦʩʪʢʦʚ ʟʘ ʩʯʝʪ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ. ɽʩʣʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʞʠʣʢʠ ʚ ʩʣʦʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ 

ʣʴʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʘʩʪʦʡ ʢʘʨʪʠʥʦʡ, ʪʦ ʚʳʧʦʣʥʝʥʠʝ ʩʘʤʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʞʠʣʢʠ ʚʪʦʨʠʯʥʳʤ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ ʣʴʜʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɾʠʣʢʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʣʝʜʷʥʦʡ ʣʠʥʟʦʡ (ʩʤ. ʨʠʩ. 4.7) ʪʦʛʦ ʞʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʨʷʤʦ ʛʦʚʦʨʠʪ ʦ ʟʘʧʦʣʥʝʥʠʠ ʵʪʠʭ ʧʦʣʦʩʪʝʡ ʠ ʪʨʝʱʠʥ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʚʦʙʦʜʥʦʡ ʚʦʜʦʡ, ʟʘʤʝʨʟʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʚʳʧʦʣʥʝʥʘ ʚʪʦʨʠʯʥʳʤ ʣʴʜʦʤ. 

ɿʘʧʦʣʥʝʥʠʝ ʚʪʦʨʠʯʥʳʤ ʣʴʜʦʚ ʙʦʣʴʰʠʭ ʧʦʣʦʩʪʝʡ ʥʘʜ ʞʠʣʘʤʠ ʠ ʥʘ 

ʙʦʢʦʚʳʭ ʢʦʥʪʘʢʪʘʭ ʞʠʣ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʝʨʠʦʜʘʤʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʟʘʧʫʩʢʘʶʱʠʝ ʧʨʦʮʝʩʩ ʪʝʨʤʦʢʘʨʩʪʘ 

ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʣʝʪʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʫʩʣʦʚʠʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʜʲʝʤ ʫʨʦʚʥʷ 

ʦʟʝʨʘ. ɼʦʩʪʘʪʦʯʥʦ ʥʝʩʢʦʣʴʢʠʭ ʘʥʦʤʘʣʴʥʦ ʪʝʧʣʳʭ ʣʝʪʥʠʭ ʩʝʟʦʥʦʚ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. ɿʘʤʝʨʟʘʥʠʝ ʵʪʠʭ ʦʙʚʦʜʥʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʢʘʨʩʪʘ 

ʧʦʣʦʩʪʝʡ ʚʦʟʣʝ ʠ ʥʘʜ ʠʟʫʯʝʥʥʳʤʠ ʞʠʣʘʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʚ ʦʜʠʥ ʟʠʤʥʠʡ 

ʩʝʟʦʥ, ʘ ʧʦʩʪʝʧʝʥʥʦ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʥʘʢʣʦʥ 

ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ŭ2ʅ-ŭ18ʆ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ 

ʨʘʚʥʳʡ 7,4, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 4.8). ɽʩʣʠ ʙʳ 
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ʚʝʩʴ ʦʙʲʝʤ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʡ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʞʠʣʳ 

ʦʪʣʦʞʝʥʠʷʭ, ʟʘʤʝʨʟ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʛʦ ʩʝʟʦʥʘ, ʪʦ ʠʤʝʣʠ ʙʳ ʤʝʩʪʦ ʫʩʣʦʚʠʷ 

ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʠ ʵʪʦ ʦʪʨʘʟʠʣʦʩʴ ʙʳ ʥʘʢʣʦʥʝ ŭ2ʅ-ŭ18ʆ ʣʠʥʠʠ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʧʦʣʦʩʪʥʦʡ ʣʝʜ. ʋʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ ʠʟ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʤʝʨʟʘʥʠʝ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʠʟ ʧʨʦʥʠʢʘʶʱʠʭ ʢ ʇɾʃ ʦʟʝʨʥʳʭ ʚʦʜ, 

ʠʤʝʶʱʠʭ ʩʚʷʟʴ ʩ ʦʟʝʨʦʤ. 

ɺʝʨʦʷʪʥʦ, ʧʦʜʪʦʧʣʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʪʦʨʬʷʥʠʢʘ ʦʟʝʨʥʦʡ ʚʦʜʦʡ 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʪʘʠʚʘʥʠʶ ʞʠʣ, ʦʙʚʦʜʥʝʥʠʶ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ. ʇʦʩʣʝʜʫʶʱʝʝ ʧʨʦʤʝʨʟʘʥʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʟʝʨʘ 

ʚʳʨʘʟʠʣʦʩʴ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʧʦʜʲʝʤʝ ʛʨʘʥʠʮʳ ʪʘʣʦʛʦ ʩʣʦʷ, ʧʦʩʪʝʧʝʥʥʦʤ 

ʧʨʦʤʝʨʟʘʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ. ʇʦʵʪʦʤʫ ʥʘ ʢʦʥʪʘʢʪʘʭ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʠʟʦʪʦʧʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʛʦʚʦʨʷʪ ʦ ʩʤʝʰʝʥʠʠ ʦʟʝʨʥʦʡ ʚʦʜʳ 

ʠ ʪʘʣʳʭ ʞʠʣʴʥʳʭ ʣʴʜʦʚ, ʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʚʦʟʨʦʩʣʦ ʫʯʘʩʪʠʝ ʦʟʝʨʥʦʡ ʚʦʜʳ. ʉʦʚʨʝʤʝʥʥʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ 

ʦʟʝʨʦ ʫ ʩʪʝʥʢʠ ʦʙʥʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ ʠ ŭ2ʅ 

ʚʦʜʳ, ʧʦʜʚʝʨʛʰʝʡʩʷ ʧʨʦʮʝʩʩʘʤ ʠʩʧʘʨʝʥʠʷ. ɺ ʤʦʤʝʥʪ ʧʦʜʪʦʧʣʝʥʠʷ ʠ 

ʪʝʨʤʦʢʘʨʩʪʘ ʧʦ ʣʝʜʷʥʳʤ ʞʠʣʘʤ ʦʟʝʨʥʘʷ ʚʦʜʘ ʥʝ ʙʳʣʘ ʠʩʧʘʨʝʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʪʦʯʢʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ 

(ʩʤ. ʨʠʩ. 4.8), ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʦʜʘ-ʠʩʪʦʯʥʠʢ ʪʘʢʞʝ ʠʤʝʣʘ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʜ. ɺʝʨʦʷʪʥʦ, ʚ ʪʦʪ ʤʦʤʝʥʪ ʦʟʝʨʦ ʠʤʝʣʦ 

ʜʦʩʪʘʪʦʯʥʦʝ ʧʠʪʘʥʠʝ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʠ ʧʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʥʝ 

ʩʠʣʴʥʦ ʚʣʠʷʣʠ ʥʘ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʭ ʣʴʜʦʚ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʥʳʭ 

ʨʦʩʪʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ. ʅʘʤʠ ʨʘʥʝʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʗʤʘʣʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʜʷʥʳʭ ʞʠʣʦʢ ʥʝ ʚʩʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝʢʦʨʨʝʢʪʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ 



нпл 
 

ʩ ʜʨʫʛʦʤ ʠ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʫʯʘʩʪʢʦʚ ʦʧʨʦʙʦʚʘʥʠʷ (ʏʠʞʦʚʘ ʠ ʜʨ., 

2021). ɺʝʣʠʯʠʥʘ ŭ18ʆ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʣʢʠ ʚ ʄʘʨʨʝ-ʉʘʣʝ, ʩʦʩʪʘʚʠʚʰʘʷ ī14 

ă (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013, 2015), ʚʦʟʤʦʞʥʦ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʘ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʝʢʩʪʫʨʥʳʤ ʣʴʜʦʤ (ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ, ʯʝʤ ʇɾʃ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʜʝʪʘʣʴʥʳʡ ʦʪʙʦʨ ʚʩʝʭ ʚʠʜʦʚ ʣʴʜʦʚ, ʚʩʢʨʳʪʳʭ ʚ 

ʦʙʥʘʞʝʥʠʠ ʠʣʠ ʨʘʩʯʠʩʪʢʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦ ʚʘʨʠʘʮʠʷʤ ŭ18ʆ ʠ ŭ2ʅ ʫʙʝʜʠʪʴʩʷ 

ʚ ʥʝʥʘʨʫʰʝʥʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ.  

 

4.3. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ ʚ 

ʨʘʟʨʝʟʝ ʛʦʣʦʮʝʥʦʚʳʭ ʇɾʃ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ 

ʛʫʙʳ 

 

ʈʘʥʝʝ ʛʦʣʦʮʝʥʦʚʳʝ ʇɾʃ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʅʛʘʨʢʘ-ʊʘʤʙʴʷʭʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʌ. ɸ. ʈʦʤʘʥʝʥʢʦ ʠ ʜʨ. (2001), 

ʅ. ɹʝʣʦʚʦʡ (ɹʫʜʘʥʮʝʚʘ ʠ ʜʨ., 2018) ʠ ɸ. ɻʠʥʩʙʫʨʛʦʤ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʦʣʦʮʝʥʦʚʳʡ 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʡ ʣʝʜ ʚʝʣʠʯʠʥʘʤʠ ŭ18ʆ ʦʪ ī16,1 ʜʦ ī20,3ă. ʂʨʠʪʝʨʠʷʤʠ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ ʢʘʢ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʨʭʠʚʦʚ ʩʣʫʞʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʞʠʣ, ʠʭ ʤʦʨʬʦʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪʠʨʦʚʦʢ. ʆʜʥʘʢʦ ʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʧʨʷʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦ-ʫʩʣʦʚʠʡ, ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʇɾʃ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʦʦʪʥʦʰʝʥʠʷ ŭĮHï

ŭĭO, ̫ʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʤ. ʆʩʥʦʚʦʡ ʜʣʷ ʝʛʦ ʢʦʨʨʝʢʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʳʡ ʦʪʙʦʨ ʚʩʝʭ ʚʠʜʦʚ ʣʴʜʘ ʚ ʨʘʟʨʝʟʝ. 

ɺ 2024 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʜʠʮʠʠ ʅʀʃ ʛʝʦʵʢʦʣʦʛʠʠ ʉʝʚʝʨʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʣʝʚʦʝ ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʇɾʃ ʠ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʋʨʘʣʴʩʢʦʤ ʙʝʨʝʛʫ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ʢʦʦʨʜʠʥʘʪʳ 68,855024 

ʩ.ʰ., 66,877447 ʚ.ʜ.) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʡʜʳ ʠ 1-ʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ (ʨʠʩ. 4.9). 



нпм 
 

ʊʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ (ʥʘ ʛʣʫʙʠʥʝ 6,5 ʤ) ï4,0é ï4,5Áʉ. ʄʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦ-

ʪʘʣʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩʳ ʚ ʩʨʝʜʥʝʤ 0,5-0,6 ʤ, ʘ ʥʘ ʩʢʣʦʥʝ ï ʦʪ 0,4 

ʜʦ 0,75 ʤ. ɻʣʫʙʠʥʘ ʩʝʟʦʥʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ ʠ ʥʘ ʧʣʷʞʝ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 2 ʤ.  

ʆʪʙʦʨ ʣʴʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʩʷ 

ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ (ɺʘʩʠʣʴʯʫʢ, 2022). ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʨʦʬʠʣʷʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ï 15 ʩʤ (ʨʠʩ. 4.10). ʆʙʨʘʟʮʳ, ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʯʠʩʪʢʠ ʩʪʝʥʢʠ ʦʙʥʘʞʝʥʠʷ, ʠʟʚʣʝʢʘʣʠʩʴ ʧʫʪʸʤ ʩʢʘʣʳʚʘʥʠʷ 

ʣʴʜʘ ʪʦʧʦʨʦʤ ʠ ʛʝʨʤʝʪʠʯʥʦ ʫʧʘʢʦʚʳʚʘʣʠʩʴ ʚ ʮʝʣʣʦʬʘʥʦʚʳʝ ʧʘʢʝʪʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ. 

 

ʈʠʩ. 4.9. ʇʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ: 1 

ï ʧʦʣʝʚʘʷ ʪʦʯʢʘ 24YR-1 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʡʜʳ, 2 - ʧʦʣʝʚʘʷ ʪʦʯʢʘ 24YR-2 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ I ʪʝʨʨʘʩʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠ 

ʚʤʝʱʘʶʱʠʭ ʇɾʃ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣʠ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ (ʪʘʙʣ. 4.2). 

ɺʦʟʨʘʩʪ ʦʨʛʘʥʠʢʠ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ (ʪʦʨʬʷʥʠʢʘ) ʤʦʞʝʪ ʜʘʚʘʪʴ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʳʡ, ʪʘʢ ʠ ʩʠʥʭʨʦʥʥʳʡ ʚʦʟʨʘʩʪ ʜʣʷ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ 14ʉ-ʜʘʪʠʨʦʚʦʢ ʧʦ ʪʦʨʬʫ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ AMS-
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ʜʘʪʠʨʦʚʦʢ ʧʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ (ʊʆʉ) ʚ ʇɾʃ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʪʦʣʱ, 

ʪʘʢ ʠ ʩ ʤʝʪʦʜʘʤʠ ʜʘʪʠʨʦʚʘʥʠʷ.  

  

ʊʘʙʣʠʮʘ 4.2. ɺʦʟʨʘʩʪ 14ʉ ʦʙʨʘʟʮʦʚ ʛʦʣʦʮʝʥʦʚʦʛʦ ʪʦʨʬʘ ʠʟ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʪʦʨʬʷʥʠʢʘ ʗʨʘ, ʙʝʨʝʛ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ʦʪʙʦʨ ʃ. ʂʫʟʷʢʠʥʘ, 2024 ʛ.; 

ʢʘʣʠʙʨʦʚʢʘ ɸ. ɺʘʩʠʣʴʯʫʢ, ʦʢʪʷʙʨʴ 2025 ʛ.) 

 

ˉ ʧʦʣʝʚʦʡ 

ɻʣʫʙ. 

ʦʪ 

ʧʦʚʝʨʭ., 

ʤ. 

ˉ  

ʣʘʙʦʨʘʪ. 

14ʉ, 

ʚʦʟʨʘʩʪ 

ʂʘʣʠʙʨʦʚʘʥʥʳʡ ʚʦʟʨʘʩʪ (ʢʘʣ. 

ʣʝʪ ʥʘʟʘʜ) 

ɺʦʟʨʘʩʪʥʦʡ 

ʠʥʪʝʨʚʘʣ (2ů), ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 

95.4% 

ʄʝʜʠʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ  

(1ů) 

ʇʣʦʩʢʦʙʫʛʨʠʩʪʳʡ ʧʦʣʠʛʦʥʘʣʴʥʳʡ  ʪʦʨʬʷʥʠʢ ʥʘ ʣʘʡʜʝ 

24YR-1c1 0,2 ʃʝ-12348  880Ñ80 926-675 795Ñ74 

24YR-1c2 0,6 ʃʝ-12349  890Ñ70 922-685 803Ñ69 

24YR-1c3 0,8 ʃʝ-12350  2930Ñ95 3349-2855 3085Ñ130 

24YR-1c4 0,9 ʃʝ-12351  800Ñ75 910-569 726Ñ71 

ʇʣʦʩʢʦʙʫʛʨʠʩʪʳʡ ʧʦʣʠʛʦʥʘʣʴʥʳʡ  ʪʦʨʬʷʥʠʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ I ʪʝʨʨʘʩʳ 

24YR-2c1 0,7 ʃʝ-12352  2660Ñ100 3055-2434 2778Ñ140 

 

 

ʈʘʥʝʝ ʚ ʨʘʡʦʥʝ ʧ. ʗʨʳ ʚ ʫʩʪʴʝ ʨʝʢʠ ʅʛʘʨʢʘ-ʊʘʤʙʴʷʭʘ ʜʣʷ ʪʨʝʭ ʨʘʟʥʳʭ 

ʞʠʣ ʙʳʣʠ ʧʦʣʫʯʝʥʳ AMS-ʜʘʪʠʨʦʚʢʠ (ʧʦ ʊʆʉ) ʞʠʣʴʥʦʛʦ ʣʴʜʘ: 1945Ñ20, 

4400Ñ20 ʠ 5640Ñ20 ʣʝʪ ʥʘʟʘʜ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʦʟʨʘʩʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʚ ʮʝʣʦʤ 

ʧʦʟʜʥʝ- ʠ ʩʨʝʜʥʝ-ʛʦʣʦʮʝʥʦʚʳʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʪʦʨʬʷʥʠʢʘ ʧʨʠʩʫʱʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʠ ʪʝʤʧʳ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɿʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ, ʦʧʨʦʙʦʚʘʥʥʦʛʦ ʥʘ ʣʘʡʜʝ ʚ ʪʦʯʢʝ 24YR-1, 

ʚʘʨʴʠʨʫʶʪ ʚ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦʤ ʜʣʷ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʜʠʘʧʘʟʦʥʝ: ʦʪ 

ī10,6 ʜʦ ī21ă ʠ ʦʪ ī82,7 ʜʦ ī155ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ŭ18ʆ ʠ ŭ2ʅ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʙʨʘʟʮʘ 24YR1-5, ʦʥʠ ʙʣʠʟʢʠ ʟʥʘʯʝʥʠʷʤ ŭ18ʆ ʠ ŭ2ʅ 

ʰʣʠʨʦʚʦʛʦ ʣʴʜʘ ʚʤʝʱʘʶʱʝʛʦ ʞʠʣʫ ʚʳʩʦʢʦʣʴʜʠʩʪʦʛʦ ʩʫʛʣʠʥʢʘ (ʨʠʩ. 4.11, ʪʘʙʣ. 

4.3). 
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ʈʠʩ. 4.10. ɿʘʣʝʛʘʥʠʝ ʇɾʃ ʥʘ ʣʘʡʜʝ - ʧʦʣʝʚʘʷ ʪʦʯʢʘ 24YR-1 (ʘ) ʠ ʥʘ 

ʧʝʨʚʦʡ ʪʝʨʨʘʩʝ ï ʧʦʣʝʚʘʷ ʪʦʯʢʘ 24YR-2 (ʙ): 1 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʥʘ 

ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ, 2 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʥʘ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ 

ʘʥʘʣʠʟ. ʌʦʪʦ ʃ.ʇ.ʂʫʟʷʢʠʥʘ. 
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ʊʘʙʣʠʮʘ 4.3 ʆʩʨʝʜʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇɾʃ 

ʇʦʢʘʟʘʪʝʣʴ ŭĭO, ă ŭĮH, ă d-exc, ă 

ʊʦʯʢʘ 24YR-1, ʇɾʃ ʥʘ ʣʘʡʜʝ 

ʩʨʝʜʥʝʝ -16,8 -125,7 8,6 

ʤʘʢʩʠʤʫʤ -10,7 -82,7 12,7 

ʤʠʥʠʤʫʤ -21,0 -155,1 2,5 

n 17 

ɺʳʩʦʢʦʣʴʜʠʩʪʳʡ ʩʫʛʣʠʥʦʢ, 

ʰʣʠʨʦʚʘʷ ʢʨʠʦʛʝʥʥʘʷ 

ʪʝʢʩʪʫʨʘ 

-11,34 -86,9 3,9 

ʐʣʠʨ ʣʴʜʘ -9,17 -73,2 0,2 

ʊʦʯʢʘ 24YR-2, ʇɾʃ ʥʘ ʪʝʨʨʘʩʝ 

ʩʨʝʜʥʝʝ -17,3 -126,9 11,7 

ʤʘʢʩʠʤʫʤ -16,5 -121,1 12,9 

ʤʠʥʠʤʫʤ -18,0 -132,9 10,3 

n 18 

 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʣʴʜʫ ʞʠʣʳ 1 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ ʣʠʥʠʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 4.11 ʛʦʣʫʙʳʤ 

ʧʫʥʢʪʠʨʦʤ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʠʥʠʶ ʩʤʝʰʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʜʳ, ʧʦʩʣʫʞʠʚʰʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʥʘ 

ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʞʠʣʘ ʩʣʦʞʝʥʘ ʚʪʦʨʠʯʥʳʤ ʣʴʜʦʤ, 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ, ʚʦʟʤʦʞʥʦ, ʧʦʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ ʠʣʠ 

ʧʦʜʪʦʧʣʝʥʠʷ.  

ʆʧʨʦʙʦʚʘʥʥʘʷ ʚ 500 ʤ ʢ ʟʘʧʘʜʫ ʦʪ ʪʦʯʢʠ 24YR-1 ʞʠʣʘ, ʚʩʢʨʳʪʘʷ ʚ 

ʦʪʣʦʞʝʥʠʷʭ I ʪʝʨʨʘʩʳ (ʪʦʯʢʘ 24YR-2, ʞʠʣʘ 2) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʟʥʘʯʝʥʠʷʤʠ 

ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʦʪ ī16,5 ʜʦ ī17,9ă ʠ ʦʪ ī121 ʜʦ ī133ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ 

ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʩʤ. ʨʠʩ. 4.11) ʟʥʘʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʯʫʪʴ ʚʳʰʝ ʣʠʥʠʠ 

ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʯʪʦ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʦʣʦʮʝʥʦʚʦʛʦ ʞʠʣʴʥʦʛʦ ʣʴʜʘ 

ʨʝʛʠʦʥʘ. ʋʟʢʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʠ ŭ2ʅ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʛʦʚʦʨʠʪ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʠʤʥʠʭ ʫʩʣʦʚʠʡ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʳ, ʘ ʪʘʢʞʝ ʦ 

ʥʝʥʘʨʫʰʝʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʠʟʦʪʦʧʥʦʤ ʩʠʛʥʘʣʝ ʣʴʜʘ. 

ʈʘʟʚʠʪʠʝ ʩʢʣʦʥʦʚʳʭ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ, ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʭ ʠ 

ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 
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ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʧʨʦʩʘʜʦʢ, ʧʦʣʦʩʪʝʡ, ʧʨʦʤʦʠʥ ʠ ʪʨʝʱʠʥ. 

ʇʨʦʥʠʢʘʶʱʘʷ ʚ ʥʠʭ ʚʦʜʘ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʝʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʩʪʨʦʝʥʠʷ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʠ ʛʦʣʦʮʝʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʣʴʜʘ, ʪʘʢʠʝ ʢʘʢ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ, ʯʘʩʪʦ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʣʝʜʷʥʳʭ ʞʠʣ.  

 

ʈʠʩ. 4.11 ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʮʝʥʦʚʦʛʦ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ: 1 ï ʇɾʃ 1 ʥʘ ʣʘʡʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʝʢʮʠʷ 

ʦʪʙʦʨʘ; 2 ï ʇɾʃ 1 ʥʘ ʣʘʡʜʝ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʝʢʮʠʷ ʦʪʙʦʨʘ; 3 ï ʇɾʃ 2 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 1 ʪʝʨʨʘʩʳ ʚʝʨʭʥʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʝʢʮʠʷ ʦʪʙʦʨʘ (24YR-2, 

ʦʙʨʘʟʮʳ 1-13); 4 ï ʇɾʃ 2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 1 ʪʝʨʨʘʩʳ ʥʠʞʥʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʩʝʢʮʠʷ ʦʪʙʦʨʘ (24YR-2, ʦʙʨʘʟʮʳ 14-19); 5 ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ; 6 ï ʩʫʛʣʠʥʦʢ 

ʚʳʩʦʢʦʣʴʜʠʩʪʳʡ ʥʘʜ ʇɾʃ 1; 7 ï hʣʠʨʦʚʳʡ ʣʝʜ ʪʘʤ ʞʝ; 8 ï ʛʦʣʦʮʝʥʦʚʳʝ ʇɾʃ 

ʄʘʨʨʝ-ʉʘʣʝ (ʧʦ ʆʙʣʦʛʦʚ, 2016); 9 ï ʛʦʣʦʮʝʥʦʚʳʝ ʇɾʃ ʙʣʠʟ ɺʦʨʢʫʪʳ (ʧʦ 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2005); 10 ï ʛʦʣʦʮʝʥʦʚʳʝ ʇɾʃ ʚ ʜʦʣʠʥʝ ɽʨʢʫʪʘʷʭʘ, ʖʞʥʳʡ 

ʗʤʘʣ (ʧʦ Vasilôchuk et al., 2020); 11 ï ʣʠʥʠʷ ʩʤʝʰʝʥʠʷ ʜʣʷ ʣʴʜʘ ʞʠʣʳ 1; 12 ï 

ʣʠʥʠʷ ʪʨʝʥʜʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʣʴʜʘ ʞʠʣʳ 2  
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ɽʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʚʳʰʝ 

ʞʠʣʳ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʩʢʘʧʣʠʚʘʶʱʝʡʩʷ ʪʘʤ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. ʊʘʢ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʦʩʣʦʡʢʘ ʣʴʜʘ, ʢʦʪʦʨʘʷ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʩʘʤʦʡ ʞʠʣʳ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʨʘʩʪʘʥʠʶ ʚ ʥʝʝ ʥʦʚʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʞʠʣʦʢ ʠ ʧʨʦʜʦʣʞʘʶʱʝʤʫʩʷ 

ʨʦʩʪʫ ʞʠʣʳ ʚʚʝʨʭ (ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020). ɺ ʨʘʟʨʝʟʘʭ ʇɾʃ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʳʡ ʣʝʜ ʥʝ ʚʩʝʛʜʘ ʧʨʠʫʨʦʯʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʞʠʣʳ ʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ. ʉ ʵʪʠʤ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥ ʚʦʧʨʦʩ ʩʦʭʨʘʥʥʦʩʪʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ 

ʞʠʣʴʥʦʤ ʣʴʜʫ.  

ɺʳʧʦʣʥʝʥʥʦʝ ʥʝʜʘʚʥʦ ʦʙʦʙʱʝʥʠʝ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʛʦʣʦʮʝʥʦʚʳʤ ʇɾʃ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʢʘʨʪ 

ʠʟʦʩʢʝʡʧ ŭ18O ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʘʭ ʠ ʢʘʨʪ ʧʘʣʝʦʠʟʦʪʝʨʤ 

ʩʨʝʜʥʝʷʥʚʘʨʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʜʣʷ ʛʦʣʦʮʝʥʘ (ɹʫʜʘʥʮʝʚʘ ʠ ʜʨ., 2024), 

ʧʦʢʘʟʘʣʦ ʪʝʥʜʝʥʮʠʶ ʢ ʫʣʫʯʰʝʥʠʷ ʟʠʤʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʪ ʨʘʥʥʝʛʦ 

ʠ ʩʨʝʜʥʝʛʦ ʢ ʧʦʟʜʥʝʤʫ ʛʦʣʦʮʝʥʫ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʟʠʤʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʧʳʪʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʢʣʠʤʘʪʘ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʛʦʣʦʮʝʥʘ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʠʩʣʦʨʦʜʘ ʇɾʃ 

ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʠʨʦʜʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ŭ18O ʣʴʜʘ, 

ʧʝʨʝʢʨʳʪʠʝʤ ʜʠʘʧʘʟʦʥʦʚ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʀ ʵʪʘ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ, ʥʦ ʪʘʢʞʝ 

ʠ ʩ ʯʘʩʪʠʯʥʳʤ ʠʣʠ ʧʦʣʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇɾʃ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʣʦʢʘʣʴʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʘ. 

ɺ ʞʠʣʝ 1 (ʪʦʯʢʘ 24YR-1) ʣʝʜ ʟʘʤʝʪʥʦ ʠʟʤʝʥʝʥ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʪʘʠʚʘʥʠʷ 

ʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ ʞʠʜʢʦʡ ʚʦʜʳ. ʊʦ, ʯʪʦ ʰʣʠʨʦʚʳʡ ʣʝʜ ʙʣʠʟʦʢ ʧʦ ʩʚʦʠʤ 

ʠʟʦʪʦʧʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʞʠʣʴʥʦʤʫ ʣʴʜʫ ʚ ʚʝʨʭʥʝʡ ʠ ʙʦʢʦʚʦʡ ʯʘʩʪʷʭ ʞʠʣʳ, 

ʛʦʚʦʨʠʪ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʟʝʨʥʳʝ ʚʦʜʳ ʚ 

ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʩʤ. ʨʠʩ. 

4.11). ʇʦʩʪʫʧʣʝʥʠʝ ʞʠʜʢʦʡ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʪʘʠʚʘʥʠʝ ʞʠʣʴʥʦʛʦ ʣʴʜʘ 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʙʚʦʜʥʝʥʠʶ ʠ ʩʤʝʰʝʥʠʶ ʨʘʟʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʚʦʜʳ. 

ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʯʘʩʪʠ ʞʠʣʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ 
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ʣʴʜʦʤ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʏʘʩʪʴ ʣʴʜʘ ʞʠʣʳ 1 ʙʳʣʘ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʘʠʚʘʥʠʷ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ, ʥʦ ʫʞʝ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʰʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʨʟʘʥʠʷ ʯʘʩʪʠ ʪʘʣʦʡ 

ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʯʘʩʪʴ ʞʠʜʢʦʡ ʚʦʜʳ ʙʳʣʘ 

ʙʣʦʢʠʨʦʚʘʥʘ ʤʝʨʟʣʳʤ ʚʦʜʦʫʧʦʨʦʤ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʦʙʨʘʟʮʳ 24YR1-12 - 24YR1-15 ʥʘ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ ï 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʥʘʩʣʝʜʫʶʪ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩʤʝʰʝʥʠʷ ʚʦʜʳ-

ʠʩʪʦʯʥʠʢʦʚ, ʟʥʘʯʝʥʠʷ ʩʣʠʰʢʦʤ ʥʠʟʢʠʝ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʠʷ ʜʝʡʪʝʨʠʝʚʦʛʦ 

ʵʢʩʮʝʩʩʘ (ʥʘʢʣʦʥ ŭ2ʅ-ŭ18ʆ = 6,97). ʕʪʦ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ, ʝʩʣʠ ʪʝʨʤʦʢʘʨʩʪ ʠ 

ʦʙʚʦʜʥʝʥʠʝ ʠʤʝʣʦ ʤʝʩʪʦ ʪʦʣʴʢʦ ʩʧʨʘʚʘ ʦʪ ʞʠʣʳ, ʘ ʩʣʝʚʘ ʦʪʣʦʞʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ 

ʤʝʨʟʣʳʤʠ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 14ʉ-ʜʘʪʠʨʦʚʢʠ ʧʦ ʚʤʝʱʘʶʱʝʤʫ ʪʦʨʬʫ. 

ʉʧʨʘʚʘ ʦʪ ʞʠʣʳ ʥʘ ʛʣʫʙʠʥʝ 0.65 ʤ ʚʦʟʨʘʩʪ ʪʦʨʬʘ ʪʘʢʦʡ ʞʝ ʢʘʢ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ (800Ñ75 ʠ 880Ñ80 ʣʝʪ ʥʘʟʘʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ 

ʩʣʝʚʘ ʦʪ ʞʠʣʳ ʥʘ ʵʪʠʭ ʞʝ ʧʨʠʤʝʨʥʦ ʛʣʫʙʠʥʘʭ - 3085Ñ130 ʢʘʣ. ʣʝʪ (ʩʤ ʪʘʙʣ. 4.2 

ʠ ʨʠʩ. 4.10ʘ). ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʧʨʘʚʘ ʦʪ ʞʠʣʳ ʧʨʦʠʟʦʰʣʦ ʧʦʜʪʦʧʣʝʥʠʝ, 

ʦʙʚʦʜʥʝʥʠʝ ʠ ʦʙʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʦʨʬʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʦʣʝʝ 

ʤʦʣʦʜʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʪʦʨʬ ʚʦʟʨʘʩʪʦʤ ʤʝʥʝʝ 900 ʣʝʪ ʩʤʝʩʪʠʣʩʷ ʚʥʠʟ ʧʦ 

ʛʣʫʙʠʥʝ. ʇʦʜʪʦʧʣʝʥʠʝ ʙʳʣʦ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʧʦ ʚʨʝʤʝʥʠ, ʠ ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʧʦʣʥʦʤʫ ʧʨʦʪʘʠʚʘʥʠʶ ʞʠʣʳ, ʘ ʩʤʝʥʠʣʦʩʴ ʚʪʦʨʠʯʥʳʤ ʧʨʦʤʝʨʟʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʝʩʴ ʣʝʜ, ʦʧʨʦʙʦʚʘʥʥʳʡ ʚ ʞʠʣʝ 1 (ʪʦʯʢʘ 24YR-1) ɻʪʦ 

ʚʪʦʨʠʯʥʳʡ ʠʟʤʝʥʝʥʥʳʡ ʣʝʜ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʧʨʠʛʦʜʥʦ ʜʣʷ ʧʘʣʝʦ-

ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʞʠʣʳ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʝʸ ʩʣʦʞʥʦʤ, ʛʝʪʝʨʦʛʝʥʥʦʤ ʩʪʨʦʝʥʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʘʤʠ ʚʪʦʨʠʯʥʦʛʦ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʟʥʘʢʠ ʩʤʝʰʝʥʠʷ 

ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ/ʪʘʣʳʤʠ ʚʦʜʘʤʠ (ʦʙʨʘʟʮʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭĭʆ > 

ī16ă ʠ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ dexc < 10ă). ʆʜʥʘʢʦ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ (24YR1-11 ï 

24YR1-15, 24YR1-17), ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭĭʆ ʠ dexc, ʬʦʨʤʘʣʴʥʦ ʧʦʧʘʜʘʶʱʠʤʠ ʚ 

ʜʠʘʧʘʟʦʥ ʥʝʠʟʤʝʥʸʥʥʳʭ ʇɾʃ, ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʜʸʞʥʳʡ 

ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʘʨʭʠʚ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʥʘ ʯʸʪʢʦʡ ʣʠʥʠʠ ʩʤʝʰʝʥʠʷ ʥʘ 

ʜʠʘʛʨʘʤʤʝ ŭĮHïŭĭʆ (ʩʤ. ʨʠʩ. 4.11) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ 
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ʨʝʟʫʣʴʪʘʪʦʤ ʥʝ ʩʦʭʨʘʥʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʩʤʝʰʝʥʠʷ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ: 

çʣʝʛʢʠʭè ʪʘʣʳʭ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʠ çʪʷʞʝʣʳʭè ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ ʵʪʠ "ʣʸʛʢʠʝ" ʦʙʨʘʟʮʳ ʥʝʩʫʪ ʠʟʤʝʥʸʥʥʳʡ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʞʠʣʳ 1 (ʪʦʯʢʘ 24YR-1) 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚʪʦʨʠʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʩʣʫʞʘʪ: 1) ʘʥʦʤʘʣʴʥʦ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭĭO (ʦʪ ī10,6 ʜʦ ī21ă), ʦʭʚʘʪʳʚʘʶʱʠʡ ʢʘʢ 

ʣʸʛʢʠʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʢ ʠ 

ʪʷʞʸʣʳʝ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʰʣʠʨʦʚʦʤʫ ʣʴʜʫ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʜʘʤ; 2) ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ (dexc) ʫ ʯʘʩʪʠ ʧʨʦʙ (ʦʪ 2,5 ʜʦ 9,4ă), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ; 3) ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ŭĮHïŭĭO ʩ ʥʘʢʣʦʥʦʤ 6,97 (RĮ=0,99), ʢʦʪʦʨʳʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʣʠʥʠʷ 

ʩʤʝʰʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ï ʪʘʣʦʛʦ ʇɾʃ ʠ ʦʙʣʝʛʯʸʥʥʳʭ 

ʪʘʣʳʭ/ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ dexc. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʯʘʩʪʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʧʨʠʚʝʣʦ ʢ 

ʪʦʤʫ, ʯʪʦ ʠʟʤʝʥʝʥʥʳʡ ʣʝʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʠʟʤʝʥʝʥʥʦʛʦ ʠ ʧʦ ʚʝʣʠʯʠʥʝ dexc. ɼʣʷ 

ʛʦʣʦʮʝʥʦʚʦʛʦ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʨʝʛʠʦʥʘ (ɹʫʜʘʥʮʝʚʘ ʠ ʜʨ., 2018, 

ʆʙʣʦʛʦʚ, 2016, ɹʝʣʦʚʘ, 2014) ʭʘʨʘʢʪʝʨʥʳ ʚʝʣʠʯʠʥʳ dexc ʦʪ 8 ʜʦ 13ă. ɹʣʠʟʢʠʝ 

ʚʝʣʠʯʠʥʳ dexc ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʞʠʣʳ 2, ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ ʣʴʜʘ ʢʦʪʦʨʦʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʥʘʨʫʰʝʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʘʚʝ. ʅʘ ʨʠʩ. 3 ʩʝʨʳʤ 

ʫʩʣʦʚʥʳʤ ʟʥʘʢʦʤ (8-10) ʧʦʢʘʟʘʥ ʪʠʧʠʯʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭĭO ʠ ŭĮH ʜʣʷ 

ʛʦʣʦʮʝʥʦʚʳʭ ʇɾʃ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʆʙʣʦʛʦʚ, 2016, ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2005, 

Vasilôchuk et al., 2020), ʢʦʪʦʨʳʝ ʤʳ ʩʯʠʪʘʝʤ ʵʪʘʣʦʥʥʳʤʠ ʚ ʚʠʜʫ ʠʭ ʥʘʜʝʞʥʦʛʦ 

ʜʘʪʠʨʦʚʘʥʠʷ ʠ ʟʘʣʝʛʘʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. ɿʥʘʯʝʥʠʷ 

ŭĭO ʠ ŭĮH ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ī15,4 

ʜʦ ī20,6ă, ʠ ʦʪ ī111,6 ʜʦ ī151,9ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʟʥʘʯʝʥʠʷ dexc ʩʦʩʪʘʚʣʷʝʪ 11ă. ʉʘʤʠ ʧʦ ʩʝʙʝ ʟʥʘʯʝʥʠʷ ŭĭO, ŭĮH ʠ dexc 

ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ ʥʝʠʟʤʝʥʥʦʩʪʠ ʇɾʃ, ʜʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ï ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʟʠʮʠʠ ʥʘ ŭ-ŭ 

ʜʠʘʛʨʘʤʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʠʧʦʚ ʣʴʜʘ ʚ ʨʘʟʨʝʟʝ ʠ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʤʝʰʝʥʠʷ.  ɼʣʷ ʞʠʣʳ 2 ʩʦʦʪʥʦʰʝʥʠʝ ŭĮHïŭĭO ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ y = 
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7,62x + 5,16 (RĮ=0.95), ʯʪʦ ʙʣʠʟʢʦ ʢ ʣʦʢʘʣʴʥʦʡ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʟʦʪʦʧʥʳʭ ʩʜʚʠʛʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ɸ 14ʉ ʜʘʪʘ 2778Ñ140 ʢʘʣ. ʣʝʪ ʥʘʟʘʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʥʘ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʛʦʣʦʮʝʥʘ, ʯʪʦ ʠ ʞʠʣʘ 1. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʡʜʳ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

1 ʪʝʨʨʘʩʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʠʩʘʥʥʳʭ ʩʣʫʯʘʝʚ ʧʦʚʪʦʨʥʦ-

ʞʠʣʴʥʳʡ ʣʝʜ ʥʝʠʟʤʝʥʥʳʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

ʅʦ ʚ ʢʘʢʠʭ-ʪʦ ʩʣʫʯʘʷʭ ʇɾʃ ʠʤʝʝʪ ʯʝʨʪʳ ʧʨʦʪʘʠʚʘʥʠʷ ʠ ʚʪʦʨʠʯʥʦʛʦ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʵʪʠʭ ʣʴʜʦʚ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ. ʈʘʥʝʝ ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʦʙʥʘʞʝʥʠʷ ʇɾʃ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023) ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʫʩʪʴʷ ʨ.ʅʛʘʨʢʘ-ʊʘʤʙʲʷʭʘ ʚʝʨʦʷʪʥʦ, ʠʤʝʶʪ ʯʝʨʪʳ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ: ʩʫʜʷ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘʢʣʦʥʫ ŭ2ʅ-ŭ18ʆ = 7,5 ʠ ʚʝʣʠʯʠʥʘʤ dexc ̓ 10ă ʇɾʃ (ʨʠʩ. 

4.12ʘ).  

 

ʈʠʩ. 4.12. ʉʦʦʪʥʦʰʝʥʠʝ ŭ2ʅ-ŭ18ʆ ʜʣʷ ʦʙʨʘʟʮʦʚ ʇɾʃ ʥʘ ʧʦʙʝʨʝʞʴʝ 

ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ. ʘ) ʧʦ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023) ʩ ʚʠʜʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʩʤʝʰʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ: 1 ï ʇɾʃ-1; 2 ï ʇɾʃ-2; 3 ï ʇɾʃ-3; 4 

ʇɾʃ-4; 5 ï ʇɾʃ-6; 6 ï ʇɾʃ-6; 7 ï ʇɾʃ-7; ʠ ʙʝʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ (ʙ) 

 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʠʟʫʯʝʥʥʳʭ ʖ.ʂ.ɺʘʩʠʣʴʯʫʢʦʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2023) ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʘʭ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ (ʩʤ. ʨʠʩ. 
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12ʘ). ʇɾʃ ʠʟʫʯʝʥʳ ʚ ʦʙʥʘʞʝʥʠʠ ʧʝʨʚʦʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ (ʘʙʩ. ʚʳʩʦʪʘ 4ï9 ʤ) 

ʚʜʦʣʴ ʫʟʢʦʛʦ ʫʯʘʩʪʢʘ ʋʨʘʣʴʩʢʦʛʦ ʙʝʨʝʛʘ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʚ 500 ʤ ʢ ʖɺ ʦʪ 

ʫʩʪʴʷ ʨʝʢʠ ʅʛʘʨʢʠ ʊʘʤʙʴʷʭʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ 

ʧʦʣʫʯʝʥʳ ʚ ʇɾʃ-5 ī12,51ă, ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʚ ʇɾʃ-8 ī18,4ă, ʨʘʟʥʠʮʘ 

ʩʦʩʪʘʚʠʣʘ 5,89ă. ɿʥʘʯʝʥʠʷ ŭ18ʆ ʚ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʘʭ ʩ ʚʠʟʫʘʣʴʥʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʩʝʨʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ ʥʝʩʢʦʣʴʢʦ ʪʷʞʝʣʝʝ ï ʦʪ 

ī11,30ă ʚ ʇɾʃ-1 ʜʦ ī13,73ă ʚ ʇɾʃ-6 ʠ ʜʦ ī12,17ă ʚ ʇɾʃ-5. ʅʘʠʙʦʣʝʝ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʣʝʜʷʥʳʝ ʞʠʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚ ʚʦʜʝ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 29,4 ʠ 36,9 ʤʛ/ʣ, ʷʚʣʷʶʪʩʷ ʠ ʥʘʠʙʦʣʝʝ ʠʟʦʪʦʧʥʦ-

ʪʷʞʝʣʳʤʠ ï ʚ ʥʠʭ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʩʦʩʪʘʚʣʷʶʪ ī11,30 ʠ ī12,49ă, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʠʣʠ ʥʘ ʧʨʠʤʝʩʴ ʚʦʜ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʚ ʞʠʣʘʭ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023). 

ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʢʣʦʥʘ =7,5 ʚ ʜʘʥʥʳʭ ʧʦ ʞʘʣʘʤ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2023) 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʰʝʥʠʝ (ʩʤ. ʨʠʩ. 4.12ʘ). ɺʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪ, ʥʦ ʩʘʤ ʬʘʢʪ 

ʥʘʣʠʯʠʷ ʪʘʢʦʡ ʯʸʪʢʦʡ ʣʠʥʠʠ ʠ ʝʸ ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʠʘʛʨʘʤʤʝ ʷʚʣʷʶʪʩʷ ʥʘʜʸʞʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʝʜʥʠʭ ʛʦʣʦʮʝʥʦʚʳʭ ʪʦʨʬʷʥʠʢʘʭ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʠʟʤʝʥʥʳʤ (ʩʤ. ʨʠʩ. 4.12ʙ). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʥʘ ʢʦʥʪʘʢʪʘʭ ʞʠʣ 

ʥʦʩʷʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʚ ʢʘʢʠʭ-ʪʦ ʯʘʩʪʷʭ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʪʦʨʬʷʥʠʢʘ 

ʤʦʞʝʪ ʧʨʦʪʘʠʚʘʪʴ ʞʠʣʴʥʳʡ ʣʝʜ ʥʘ ʬʦʥʝ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʪʘʣʴʥʳʭ 

ʞʠʣ. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʨʘʟʛʨʘʥʠʯʠʪʴ ʵʪʠ ʜʚʘ ʪʠʧʘ ʣʴʜʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚʦ ʣʴʜʫ. 

 

4.4. ʂʨʠʪʝʨʠʠ ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʣʴʜʦʚ ʚ ʛʦʣʦʮʝʥʦʚʳʭ 

ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

 

ɺʭʦʞʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʣʝʜʷʥʦʡ ʞʠʣʳ ʪʝʨʤʦʢʘʨʩʪʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʯʠʪʘʣʦʩʴ ʙʝʟʫʩʣʦʚʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʫʚʣʘʞʥʝʥʠʷ ʥʘ ʙʳʣʦʡ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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(ʂʦʥʠʱʝʚ, 2013), ʩ ʜʨʫʛʦʡ ï ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʨʫʰʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʩʠʛʥʘʣʘ ʞʠʣʴʥʦʛʦ ʣʴʜʘ (ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2017). ʅʝʛʦʤʦʛʝʥʥʦʩʪʴ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʘ ʩ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ 

ï ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʣʴʜʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʦʜʠʥ ʨʘʟʨʝʟ ʇɾʃ ʠ ʨʘʟʥʳʤ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʣʴʜʘ, ʩʣʘʛʘʶʱʠʤ ʨʘʟʨʝʟ ʇɾʃ.  

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ  rʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʩʦʩʪʘʚʝ ʞʠʣ (1977), ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʩʪʫʧʘʣ ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʘ. ɽʩʣʠ ʣʝʜ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤ ʛʨʫʥʪʦʤ 

ʠʤʝʝʪ ʚʦʣʥʠʩʪʫʶ ʠʣʠ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʞʠʣʦʡ ʠ 

ʛʨʫʥʪʦʤ ʥʝʨʝʟʢʘʷ ï ɻʪʦ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʸʜ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ 

ʚʣʘʛʠ ʠʟ ʛʨʫʥʪʘ ʚ ʞʠʣʫ. ɽʩʣʠ ʞʝ ʛʨʘʥʠʮʘ ʨʦʚʥʘʷ, ʘ ʣʝʜ ʠʤʝʝʪ ʧʫʟʳʨʯʘʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ï ɻ ʪʦ ʢʦʥʞʝʣʷʮʠʦʥʥʳʡ ʣʸʜ (ʚʦʜʘ ʟʘʤʝʨʟʣʘ ʚ ʪʨʝʱʠʥʝ ʙʝʟ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʠʛʨʘʮʠʠ). 

ɺ.ʀ. ʉʦʣʦʤʘʪʠʥ (1986, 2013) ʧʨʝʜʣʦʞʠʣ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʣʴʜʦʚ ʚ ʩʦʩʪʘʚʝ ʞʠʣ ʧʦ ʨʘʟʤʝʨʫ ʠ ʦʨʠʝʥʪʠʨʦʚʢʝ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʟʥʘʢʦʤ ʧʝʨʚʠʯʥʦʛʦ (ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ) ʣʴʜʘ ʷʚʣʷʶʪʩʷ 

ʤʝʣʢʠʝ (ʜʦ 1 ʩʤ), ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ (ʧʘʨʘʣʣʝʣʴʥʦ ʩʪʝʥʢʘʤ 

ʪʨʝʱʠʥʳ) ʢʨʠʩʪʘʣʣʳ. ɺʦ ʚʪʦʨʠʯʥʦʤ ʣʴʜʫ (ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʤ) 

ʢʨʠʩʪʘʣʣʳ ʢʨʫʧʥʳʝ (ʜʦ 5ï10 ʩʤ), ʩ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ (ʥʝ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʪʝʥʢʘʤ). ʕʪʦ ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʚʦʜʘ ʟʘʤʝʨʟʘʣʘ ʚ 

ʧʦʣʦʩʪʠ ʤʝʜʣʝʥʥʦ, ʙʝʟ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʧʣʦʦʪʚʦʜʘ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ). ʇʨʠʟʥʘʢʦʤ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ (ʪ.ʝ. ʚʥʠʟ 

ʠʣʠ ʚ ʩʪʦʨʦʥʳ). 

ʆʜʥʠʤ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʛʨʘʥʠʯʝʥʠʶ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʴʜʘ, 

ʩʣʘʛʘʶʱʠʭ ʨʘʟʨʝʟ ʇɾʃ, ʷʚʣʷʶʪʩʷ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʉʣʘʛʦʜʘ ʠ 

ʜʨ., 2012, ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020). ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɸ.ʀ. ʇʦʧʦʚʘ, 

ʇ.ɸ. ʐʫʤʩʢʦʛʦ, ɹ.ʀ. ɺʪʶʨʠʥʘ ʠ ɺ.ʀ. ʉʦʣʦʤʘʪʠʥʘ (ʐʫʤʩʢʠʡ, 1955; ʇʦʧʦʚ, 

1955; ɺʪʶʨʠʥ, 1975; ʉʦʣʦʤʘʪʠʥ, 2013), ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʭ ʣʴʜʦʚ ʩ ʚʤʝʱʘʶʱʠʤʠ ʣʝʜʷʥʳʤʠ ʪʝʣʘʤʠ ʠ ʤʸʨʟʣʳʤʠ 



нрн 
 

ʧʦʨʦʜʘʤʠ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʣʴʜʦʚ ʠ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ (ʬʦʨʤʦʡ ʠ 

ʦʨʠʝʥʪʠʨʦʚʢʦʡ) ʧʦʣʦʩʪʝʡ, ʠʭ ʨʘʟʤʝʨʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʤʝʨʟʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʱʸ ʜʦ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʜʸʞʥʳʝ ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʢʨʠʪʝʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚʭʦʞʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʞʠʣʴʥʦʛʦ ʣʴʜʘ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ, ʢʦʥʞʝʣʷʮʠʦʥʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʣʴʜʦʚ. 

ʇʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʘʨʘʛʝʥʝʟʘ ʚ ʦʜʥʦʤ ʦʙʥʘʞʝʥʠʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʚʩʢʨʳʪʦʛʦ ʚ ʪʦʨʬʷʥʠʢʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ 

ʤʝʞʜʫʨʝʯʴʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʦʞʥʦʝ ʩʦʯʝʪʘʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʴʜʦʚ 

(ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020). ɺ ʩʦʩʪʘʚʝ ʧʣʝʯʝʚʦʡ ʯʘʩʪʠ ʞʠʣʳ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʢʨʫʧʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʝʱʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ (ʨʠʩ. 4.13). ʇʦʜʦʙʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʪʘʠʚʘʥʠʝ ʞʠʣʳ 

ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʦʚʘʣʦ ʤʝʜʣʝʥʥʦʝ ʟʘʤʝʨʟʘʥʠʝ 

ʦʩʚʦʙʦʜʠʚʰʝʡʩʷ ʚʦʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʨʦʩʪʫ ʫʜʣʠʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʣʴʜʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟ 

ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʩʤʝʩʴ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʤʝʨʟʣʦʛʦ ʪʦʨʬʘ, ʠ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ 

ʠʟ ʦʩʝʚʦʡ ʯʘʩʪʠ ʞʠʣʳ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠ ʩʪʨʦʝʥʠʝ ʨʦʩʪʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʦʛʦ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ. ʊʘʢ, 

ʦʜʠʥ ʠʟ ʨʦʩʪʢʦʚ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʢʨʠʩʪʘʣʣʘʤʠ, ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʞʠʣʦʢ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʦʡ ʩʣʘʛʘʣʩʷ ʢʨʠʩʪʘʣʣʘʤʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ, 

ʢ ʢʦʪʦʨʳʤ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʤʳʢʘʣ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʝʜ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʠʟ 

ʣʠʥʟ ʚ ʪʦʨʬʷʥʦʡ ʪʦʣʱʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʩʪʦʣʴ ʨʘʟʥʦʨʦʜʥʳʭ ʪʠʧʦʚ ʣʴʜʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʡ ʞʠʣʳ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʚʰʠʭ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʠʢʘ ʥʘ ʬʦʥʝ 



нро 
 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʛʦʣʦʮʝʥʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʢʘʟʳʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʢʫ 

ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʡ ʨʦʩʪ ʞʠʣ ʚ 

ʨʘʡʦʥʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʙʳʣ ʩʚʷʟʘʥ ʩ ʤʦʨʦʟʦʙʦʡʥʳʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ, 

ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʠ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʦʚ, ʧʨʠʯʝʤ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʝ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ. 

 

ʈʠʩ. 4.13. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʇɾʃ ʠ ʚʝʣʠʯʠʥʳ ŭ18O ʣʴʜʘ ʚ ʧʨʝʜʝʣʘʭ 

ʪʦʨʬʷʥʠʢʘ ʚ ʦʩʫʰʝʥʥʦʤ ʦʟʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ: ʧʦ ʜʚʫʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʷʤ B8ï17 (a) ʠ B8ï18 (ʙ) (ʠʟ Tikhonravova et al., 2022)  

 

ʗʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʘ ʧʨʠʚʦʜʠʣʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʳʪʘʠʚʘʥʠʶ 

ʣʴʜʘ ʚ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʠ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʞʠʣʳ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 
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ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʦʩʪʢʘ, ʩʣʦʞʝʥʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʳʤ ʣʴʜʦʤ. ʉʣʝʜʩʪʚʠʝʤ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ 

ʢʨʫʧʥʳʭ ʚʳʩʪʫʧʦʚ ʠ ʣʦʢʘʣʴʥʳʭ ʩʫʞʝʥʠʡ ʚ ʪʝʣʝ ʞʠʣʳ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʛʦ ʣʴʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʦʥʝ ʧʣʝʯʠʢʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚʥʝʜʨʝʥʠʝ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʡ ʚʦʜʳ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʚ ʚʠʜʝ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ. ʇʦ ʤʥʝʥʠʶ ʗ. ʊʠʭʦʥʨʘʚʦʚʦʡ, ʜʘʥʥʳʡ ʵʪʘʧ ʘʢʪʠʚʥʦʛʦ 

ʧʨʦʪʘʠʚʘʥʠʷ ʠ ʧʝʨʝʩʪʨʦʡʢʠ ʞʠʣʳ ʧʨʠʰʝʣʩʷ ʥʘ ʤʘʢʩʠʤʫʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ - ʚ ʠʥʪʝʨʚʘʣʝ ʧʨʠʤʝʨʥʦ 

6000ï5500 ʣʝʪ ʥʘʟʘʜ. ɺ ʩʫʙʙʦʨʝʘʣʴʥʦʝ ʚʨʝʤʷ, ʧʨʠ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʧʨʦʤʝʨʟʘʥʠʷ 

ʪʦʣʱʠ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʨʦʩʪʘ ʞʠʣʳ, ʚ ʫʯʘʩʪʢʘʭ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ 

ʧʣʝʯʝʚʦʡ ʯʘʩʪʠ ʩʥʘʯʘʣʘ ʠʤʝʣʦ ʤʝʩʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʊʇʃ ʠʟ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. 

ɺʩʣʝʜ ʟʘ ʵʪʠʤ, ʟʘ ʩʯʝʪ ʩʣʘʙʦʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʪʦʨʬʝ, ʥʘʯʘʣ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʝʜ. ʆ ʩʤʝʰʘʥʥʦʡ ʧʨʠʨʦʜʝ ʣʴʜʘ ʚ ʟʦʥʝ 

ʧʣʝʯʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʝʛʦ ʛʝʪʝʨʦʛʝʥʥʳʡ ʩʦʩʪʘʚ (ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2020). 

ɺ ʯʫʪʴ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʪʴʝ ʧʦ ʵʪʦʤʫ ʪʦʨʬʷʥʠʢʫ ʘʚʪʦʨʳ ʧʨʠʚʝʣʠ ʠʟʦʪʦʧʥʳʝ 

ʜʘʥʥʳʝ (Tikhonravova et al., 2022), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ 

ʚʦʜʳ, ʬʦʨʤʠʨʫʶʱʫʶ ʣʝʜ (ʨʠʩ. 4.14). ɿʘʤʝʪʥʦ, ʯʪʦ ʊʇʃ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ ʠ ŭ2ʅ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʚʥʝʜʨʝʥʠʠ ʠ 

ʟʘʤʝʨʟʘʥʠʠ ʞʠʜʢʦʡ ʚʦʜʳ ʟʜʝʩʴ.   

 

ʈʠʩ. 4.14. ɼʠʘʛʨʘʤʤʘ ŭ2ʅïŭ18O ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʇɾʃ, ʣʝʜʷʥʦʡ ʣʠʥʟʳ ʠ ʪʦʨʬʘ 

(ʠʟ Tikhonravova et al., 2022)  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨʚʠʯʥʦʛʦ ʠ 

ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ.  

ʂʨʠʪʝʨʠʡ 1. ʅʘʢʣʦʥ ʣʠʥʠʠ ŭĮHïŭĭO. ʇʝʨʚʠʯʥʳʡ ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʳʡ ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʣʦʥʦʤ ʣʠʥʠʠ ŭĮHïŭĭO >7, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʳ ʟʘ ʩʯʸʪ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ ʩʥʝʛʦʚʦʡ ʚʦʜʦʡ 

(ʧʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʩʥʝʛʦʪʘʷʥʠʷ). ɺʪʦʨʠʯʥʳʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʸʜ 

ʠʤʝʝʪ ʥʘʢʣʦʥ <7, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʞʠʜʢʦʡ ʚʦʜʳ, ʧʨʦʰʝʜʰʝʡ ʩʪʘʜʠʶ 

ʪʘʷʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ (ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ). ɽʩʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʣʴʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ 

ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʣʠʥʠʶ ʩʤʝʰʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟʦʪʦʧʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʤ 

ʩʤʝʰʝʥʠʠ.  

ʂʨʠʪʝʨʠʡ 2. ɺʝʣʠʯʠʥʘ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʦʢʘʣʴʥʦʛʦ ʵʪʘʣʦʥʘ. ɺʝʣʠʯʠʥʘ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ 

ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ 

ʩʥʝʛʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠʦʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʜʸʞʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ dexc, ʘ ʝʛʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʣʦʢʘʣʴʥʦʛʦ ʵʪʘʣʦʥʘ ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ dexc, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʥʝʥʘʨʫʰʝʥʥʳʭ 

(ʧʝʨʚʠʯʥʳʭ) ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʪʦʛʦ ʞʝ ʨʘʡʦʥʘ. ɺ ʨʘʡʦʥʘʭ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʗʤʘʣ) ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ dexc ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʛʦʣʦʮʝʥʦʚʳʭ 

ʇɾʃ ʩʦʩʪʘʚʣʷʝʪ ~10ï12ă (ʧʦ ʜʘʥʥʳʤ ʞʠʣʳ 2 ʥʘ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʝ). 

ɺʪʦʨʠʯʥʳʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ dexc ʥʘ 

5ï10ă ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʵʪʘʣʦʥʘ (ʚ ʞʠʣʝ 1 ʥʘ ʣʘʡʜʝ d-exc ʩʥʠʞʝʥ ʜʦ 2,5ï

9,4ă).  

ʂʨʠʪʝʨʠʡ 3. ɼʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ŭĭO. ʇʝʨʚʠʯʥʳʡ ʇɾʃ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʘʧʘʟʦʥʦʤ ʚʘʨʠʘʮʠʡ ŭĭO ʢʘʢ ʧʨʘʚʠʣʦ 3-5ă, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʪʘʣʦʡ ʩʥʝʛʦʚʦʡ ʚʦʜʳ. 

ɺʪʦʨʠʯʥʳʡ ʣʸʜ, ʥʘʧʨʦʪʠʚ, ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ŭĭO (ʜʦ 10ă ʠ ʙʦʣʝʝ), ʯʪʦ 
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ʩʚʷʟʘʥʦ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʩʥʝʛʦʚʳʝ, ʦʟʝʨʥʳʝ, 

ʛʨʫʥʪʦʚʳʝ) ʠ ʠʭ ʩʤʝʰʝʥʠʝʤ. 

ʂʨʠʪʝʨʠʡ 4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʧʦ ɺ.ʀ. ʉʦʣʦʤʘʪʠʥʫ). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʠ ʜʦʣʞʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʟʦʪʦʧʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʠʪʝʨʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺ.ʀ. ʉʦʣʦʤʘʪʠʥʳʤ (1986, 2013), ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʤʝʨʝ 

ʠ ʦʨʠʝʥʪʠʨʦʚʢʝ ʢʨʠʩʪʘʣʣʦʚ. ʇʝʨʚʠʯʥʳʡ ʢʦʥʞʝʣʷʮʠʦʥʥʳʡ ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ (ʜʦ 1 ʩʤ) ʩ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʙʳʩʪʨʳʤ ʟʘʤʝʨʟʘʥʠʝʤ ʚʦʜʳ ʚ ʫʟʢʠʭ ʪʨʝʱʠʥʘʭ. ɺʪʦʨʠʯʥʳʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʝʱʝʨʥʳʡ ʣʸʜ ʦʪʣʠʯʘʝʪʩʷ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ (ʜʦ 5ï10 ʩʤ) ʩ 

ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʝʜʣʝʥʥʦʛʦ 

ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʦʙʰʠʨʥʳʭ ʧʦʣʦʩʪʷʭ. 

ʂʨʠʪʝʨʠʡ 5. ʍʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʘ (ʧʦ ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʦʤʫ). ʉʦʛʣʘʩʥʦ 

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʦʤʫ (1977, 1979), ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʘ ʞʠʣʳ ʩ ʚʤʝʱʘʶʱʠʤ 

ʛʨʫʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ. ʍʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʘ 

ʩ ʚʤʝʱʘʶʱʠʤ ʛʨʫʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʣʝʚʳʤ ʧʨʠʟʥʘʢʦʤ, ʥʦ ʝʛʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʩʪ-ʢʨʠʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʵʨʦʟʠʷ, ʩʢʣʦʥʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʢʨʠʪʝʨʠʷ 

ʥʘʣʠʯʠʝ ʧʦʣʦʩʪʝʡ ʠ ʚʳʧʦʣʥʝʥʠʝ ʠʭ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ ʣʴʜʦʤ, ʘ ʪʘʢʞʝ 

ʚʦʣʥʠʩʪʳʡ ʢʦʥʪʘʢʪ, ʥʘʜʸʞʥʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʟʦʪʦʧʥʳʤʠ 

ʜʘʥʥʳʤʠ (ʥʘʢʣʦʥ <7, ʧʦʥʠʞʝʥʥʳʡ dexc). ɺ ʩʣʫʯʘʝ ʨʦʚʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʦ 

ʠʟʦʪʦʧʥʦ-ʠʟʤʝʥʸʥʥʦʛʦ ʣʴʜʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʫʯʘʩʪʠʝ ʤʠʛʨʘʮʠʠ ʚʦʜʳ 

(Meyer et al., 2002). 

 

4.5. ʅʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇɾʃ 

 

ʀʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʇɾʃ, ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ʊ. 

ʆʧʝʣʷ ʩ ʩʦʘʚʪʦʨʘʤʠ (Opel et al., 2011) ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʦʣʦʮʝʥʦʚʳʭ ʣʝʜʷʥʳʭ ʞʠʣ 

ʥʘ ʧʦʙʝʨʝʞʴʝ ʧʨʦʣʠʚʘ ɼʤʠʪʨʠʷ ʃʘʧʪʝʚʘ. ɸʚʪʦʨ rʦʪʤʝʯʘʪʁ, ʯʪʦ ʚ ʢʨʘʡʥʠʭ 2ï3 
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ʩʤ ʞʠʣʳ, ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʨʘʟʮʳ ʩ 

ʠʟʤʝʥʸʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ: ʟʥʘʯʝʥʠʷ ŭĭO ʧʦʚʳʰʝʥʳ ʥʘ 2ï7ă, ʘ 

ʜʝʡʪʝʨʠʝʚʳʡ ʵʢʩʮʝʩʩ ʩʥʠʞʝʥ ʜʦ ï7é5ă. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʤʠʛʨʘʮʠʝʡ ʚʦʜʳ ʤʝʞʜʫ ʞʠʣʦʡ ʠ ʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (Meyer et al., 

2002a). 

ʕʬʬʝʢʪʳ, ʠʟʤʝʥʷʶʱʠʝ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʥʘ 

ʢʦʥʪʘʢʪʝ ʩ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʤ ʙʳʣʠ ʦʧʠʩʘʥʳ ʍ. ʄʘʡʝʨʦʤ (Meyer et al., 

2002a) ʜʣʷ ʇɾʃ ɹʳʢʦʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɸʚʪʦʨ rʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʢʦʥʪʘʢʪʝ 

ʣʝʜʷʥʦʡ ʞʠʣʳ ʩ ʚʤʝʱʘʶʱʠʤ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭĭO (ʦʪ ï30ă ʚ ʮʝʥʪʨʝ ʜʦ ï22,5ă ʥʘ ʢʨʘʷʭ) ʠ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ (ʦʪ 6ă ʜʦ ï6ă). ʕʪʠ ʠʟʤʝʥʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʘ, ʚʳʟʚʘʥʳ ʤʠʛʨʘʮʠʝʡ ʚʦʜʳ ʦʪ ʚʤʝʱʘʶʱʝʛʦ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʢ 

ʣʝʜʷʥʦʡ ʞʠʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʛʨʘʜʠʝʥʪʘʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʉʦʣʦʤʘʪʠʥ, 1986; ɽʨʰʦʚ, 1998). 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ɼ. ʃʘʩʝʣʣʷ (2002), ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʧʦ 

ʟʘʧʘʜʥʦʡ ʂʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʝ (ʈʠʯʘʨʜʩʦʥʩʢʠʝ ʛʦʨʳ ʠ ʚʧʘʜʠʥʘ ʆʣʜ-ʂʨʦʫï

ɹʣʶʬʠʰ, ʉʝʚʝʨʥʳʡ ʖʢʦʥ), ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ. ɼʣʷ ʛʦʣʦʮʝʥʦʚʳʭ 

ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ (ʇɾʃ) ʠʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʡ 

ʞʠʣʴʥʳʡ ʣʸʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʪʘʣʦʡ ʩʥʝʛʦʚʦʡ ʚʦʜʳ (ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʩʥʝʛʦʪʘʷʥʠʷ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʣʦʥʦʤ ʣʠʥʠʠ ŭĮHïŭĭO > 7 

(ʚ ʠʟʫʯʝʥʥʳʭ ʞʠʣʘʭ ʦʪ 7,9 ʜʦ 8,58) ʠ ʚʝʣʠʯʠʥʘʤʠ ʜʝʡʪʝʨʠʝʚʦʛʦ ʵʢʩʮʝʩʩʘ, 

ʙʣʠʟʢʠʤʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʦʩʘʜʢʘʤ. ʊʘʢʦʡ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ, ʧʦ 

ʤʥʝʥʠʶ ɼ.ʃʘʩʝʣʣʷ, ʦʪʨʘʞʘʝʪ ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʝʨʠʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʳ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ɼ.ʃʘʩʝʣʣʴ ʪʘʢʞʝ ʫʜʝʣʠʣ ʚʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʘʤ 

ʪʝʨʤʦʢʘʨʩʪʘ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨ. ʆʥ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʦʜʘ ʚ ʪʘʢʠʭ ʦʟʸʨʘʭ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʧʨʦʪʘʠʚʘʥʠʠ ʇɾʃ, ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʘ ʪʷʞʸʣʳʤʠ ʠʟʦʪʦʧʘʤʠ (ŭĭO ʜʦ ï11ă) ʟʘ ʩʯʸʪ ʠʩʧʘʨʝʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ.  
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ɺʢʣʶʯʝʥʠʝ ʚ ʪʝʣʦ ʞʠʣʳ ʢʦʥʞʝʣʷʮʠʦʥʥʦʛʦ ʣʴʜʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ  ʜʣʷ ʇɾʃ 

ʚ ɺʦʣʪ-ʂʨʠʢ, ɸʣʷʩʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʦʣʦʮʝʥʦʚʳʭ ʣʝʜʷʥʳʭ ʞʠʣ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʞʠʣʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʚʢʣʶʯʘʣʠ ʞʠʜʢʫʶ ʚʦʜʫ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ, ʪʦʛʜʘ ʢʘʢ 

ʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʞʠʣʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʩʥʝʛʘ ʚ ʙʦʣʝʝ ʩʫʭʠʭ 

ʫʩʣʦʚʠʷʭ (St. Jean et al., 2011). ʕʪʦ ʨʘʟʣʠʯʠʝ ʦʪʨʘʞʘʣʦʩʴ ʚ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʥʘʢʣʦʥʝ ŭĮHïŭĭO, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʪʨʝʱʠʥ ʚʦʜʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʤʝʨʟʘʥʠʝʤ (ʨʠʩ. 4.15).  

 

ʈʠʩ. 4.15. ʉʦʦʪʥʦʰʝʥʠʷ ŭĮHïŭĭO ʜʣʷ ʛʦʣʦʮʝʥʦʚʳʭ ʠ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʞʠʣ ʚ ɺʦʣʪ-ʂʨʠʢ, ɸʣʷʩʢʘ (ʠʟ St. Jean et al., 2011) 

ɺ ʨʘʙʦʪʝ (St. Jean et al., 2011) ʥʠʟʢʠʡ ʥʘʢʣʦʥ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ 

ʩʠʥʛʝʥʝʟʘ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʣʳ ʚ ʫʩʣʦʚʠʷʭ ʦʙʚʦʜʥʝʥʠʷ), ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʚʘʞʥʦʩʪʴ ʫʩʣʦʚʠʡ ʧʦʜʪʦʧʣʝʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʠʛʥʘʣʘ ʞʠʣ, 
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ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʩʫʛʫʙʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ. ʄʳ ʤʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʞʠʣʴʥʳʡ ʣʝʜ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʘʣʳʭ 

ʩʥʝʛʦʚʳʭ ʚʦʜ ʚ ʪʨʝʱʠʥʫ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʭʨʘʥʷʝʪ ʠʟʦʪʦʧʥʳʡ ʩʠʛʥʘʣ ʟʠʤʥʠʭ 

ʦʩʘʜʢʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʪʨʝʱʠʥʫ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʩʥʝʛ, ʠʥʝʡ, 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʚʦʜʘ ʫ ʧʦʜʥʦʞʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʞʠʜʢʘʷ ʚʦʜʘ ʠʟ 

ʦʢʨʫʞʘʶʱʠʭ ʦʙʚʦʜʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʠʙʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʞʠʣʴʥʳʤ ʣʴʜʦʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʡʤʝʥʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʇɾʃ, ʣʠʙʦ ʬʦʨʤʠʨʫʝʪ ʊʇʃ ʚ ʧʦʣʦʩʪʠ. 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

 

ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʦʩʦʙʝʥʥʦ ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʯʝʪʘʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʴʜʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɾʃ ʜʣʷ 

ʧʘʣʝʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʠʟʦʪʦʧʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ 

(ʥʝʥʘʨʫʰʝʥʥʦʛʦ) ʠ ʚʪʦʨʠʯʥʦʛʦ (ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ) ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʦʛʦ ʣʴʜʘ. ʇʝʨʚʠʯʥʳʡ ʣʝʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʣʦʥʦʤ ʣʠʥʠʠ ŭĮHïŭĭO, 

ʙʣʠʟʢʠʤ ʢ 7,7ï8,0, ʚʪʦʨʠʯʥʳʡ ʣʝʜ ʠʤʝʝʪ ʥʘʢʣʦʥ 6,9ï7,4 ʠ ʟʥʘʯʝʥʠʷ dexc < 10ă, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʠ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪʢʠ ʞʠʣ, ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʶʱʠʝʩʷ 

ʤʘʨʢʝʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʳ 

ʚʪʦʨʠʯʥʳʤ ʢʦʥʞʝʣʷʮʠʦʥʥʳʤ ʣʴʜʦʤ (ʥʘ ʧʨʠʤʝʨʝ ʞʠʣʢʠ ʩ ŭĭO = ï12,7ă ʚ 

ʦʙʥʘʞʝʥʠʠ ʃʘʙʳʪʥʘʥʛʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʞʠʣʦʢ ʜʣʷ ʧʘʣʝʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʨʢʠ ʥʘ ʫʯʘʩʪʠʝ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʧʨʠʤʝʨʝ ʧʦʙʝʨʝʞʴʷ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʞʠʣʳ, 

ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʣʘʡʜʝ (ʚ ʟʦʥʝ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ), ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ 
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ʚʪʦʨʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ (ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ŭĭO, ʥʠʟʢʠʡ dexc), ʪʦʛʜʘ ʢʘʢ ʞʠʣʳ 

ʥʘ ʚʳʩʦʢʠʭ ʪʝʨʨʘʩʘʭ ʩʦʭʨʘʥʷʶʪ ʧʝʨʚʠʯʥʳʡ ʩʠʛʥʘʣ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʪʦʨʬʷʥʠʢʦʚ ʚʙʣʠʟʠ ʶʞʥʦʡ 

ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɾʃ (ʃʘʙʳʪʥʘʥʛʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʞʠʣ (ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʞʠʣʢʠ ʚ ʩʣʦʝ ʩʝʟʦʥʥʦʛʦ ʦʪʪʘʠʚʘʥʠʷ) ʠ ʠʭ ʜʝʛʨʘʜʘʮʠʠ (ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʦʛʦ ʣʴʜʘ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʢʫ 

ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɾʃ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  
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ɻʣʘʚʘ 5. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
 

5.1. ʀʟʦʪʦʧʥʘʷ ʠʥʜʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ: ʩʨʘʚʥʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ 

ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

 

ɺ ʢʦʥʮʝ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʥʘ ʎʝʥʪʨʘʣʴʥʦʤ ʗʤʘʣʝ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʛʦʚʦʨʷʪ ʦ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʝʭʘʥʠʟʤʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ: ʜʣʷ ɹʦʚʘʥʝʥʢʦʚʦ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ï 

ʩʚʦʙʦʜʥʦʛʦ ʧʦʜʪʦʢʘ ʚʦʜʳ ʧʦ ʦʙʰʠʨʥʳʤ ʧʝʩʯʘʥʳʤ ʛʦʨʠʟʦʥʪʘʤ; ʜʣʷ ʪʘʢʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʨʘʡʦʥʦʚ, ʢʘʢ ʩʪʘʮʠʦʥʘʨ ɺʘʩʴʢʠʥʳ ʜʘʯʠ (Chizhova et al., 2022, 

Chizhova et al., 2026), ʜʦʣʠʥʘ ʨ.ʄʦʨʜr̫ʭʠ (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2012) ʠ 

ʨ.ɽʨʢʫʪʘʷʭʠ  (ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 2011) ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘʷ ʢʘʨʪʠʥʘ ï ʧʨʦʤʝʨʟʘʥʠʝ 

ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ (ʪʘʙʣ. 5.1).  

ʆʪʣʠʯʠʷ ʤʝʞʜʫ ɹʦʚʘʥʝʥʢʦʚʦ ʠ ɺʘʩʴʢʠʥʳʤʠ ʜʘʯʘʤʠ ʩʚʷʟʘʥʦ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï ʵʪʦ 

ʪʘʣʠʢʦʚʳʝ ʧʦʜʦʟʝʨʥʳʝ ʟʦʥʳ, ʦʢʨʫʞʝʥʥʳʝ ʄʄʇ, ʚʦ ʚʪʦʨʦʤ ï ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʨʝʯʥʦʛʦ ʪʘʣʠʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʟʝʨʥʳʤʠ ʪʘʣʠʢʦʚʳʤʠ ʟʦʥʘʤʠ (ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʚʘʥʝʥʢʦʚʦ ʧʨʦʪʝʢʘʝʪ ʨ. ʉʝʷʭʘ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʘʥʜʨʘʤʠ). ʅʘ ʩʪʳʢʝ 

ʛʨʘʥʠʮ ʨʝʯʥʦʛʦ ʪʘʣʠʢʘ, ʤʝʨʟʣʦʡ ʧʝʨʝʤʳʯʢʠ ʠ ʦʟʝʨʥʦʛʦ ʪʘʣʠʢʘ ʤʦʛʣʠ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʠ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ, ʪ.ʝ. ʣʴʜʘ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʞʝ ʫʩʣʦʚʠʷ 

ʘʢʢʫʤʫʣʷʮʠʠ ʦʪʣʦʞʝʥʠʡ ʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʫʯʘʩʪʢʦʚ ʄʘʨʨʝ-

ʉʘʣʝ, ʆʶʷʭʘ, ʍʘʨʘʩʘʚʵʡ (ʪʘʙʣ. 5.1), ʛʜʝ ʤʝʘʥʜʨʠʨʦʚʘʥʠʝ ʨʝʢ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʩʦʯʝʪʘʥʠʷ ʨʝʯʥʳʭ ʠ ʩʪʘʨʠʯʥʦ-ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚʳʭ ʟʦʥ, ʦʙʝʩʧʝʯʠʚʘʚʰʠʭ ʠ 

ʦʙʚʦʜʥʝʥʠʝ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʚʣʘʛʠ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ. 
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ʊʘʙʣʠʮʘ 5.1. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʗʤʘʣʘ ʠ ʧʦʙʝʨʝʞʴʷ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ 

ɺʦʟʨʘʩʪ 

ʠʟʦʪʦʧʥ

ʘʷ 

ʩʪʘʜʠʷ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 

/ ʈʘʟʨʝʟ 
ʊʠʧ ʩʠʩʪʝʤʳ / 

ɻʝʥʝʟʠʩ 

ɻʝʦʤʦʨʬ. ʧʦʟʠʮʠʷ, 

ʘʙʩ. ʚʳʩʦʪʘ (ʤ) 

ʀʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ (ŭĭO, 

ă) 

ɸʚʪʦʨ / 

ʇʝʨʚʦʠʩʪʦʯʥʠʢ 

ʄʀʉ-3 

1 

ɺʘʩʴʢʠʥʳ ʜʘʯʠ  

/ ʊʎ5 (2019) ʠ 

ʊʎ 5ʘ-ʤ-ʥ (2025) 

ʆʟʝʨʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ, 

ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ / 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ + 

ʠʥʲʝʢʮʠʦʥʥʳʡ 

ʊʨʝʪʴʷ ʪʝʨʨʘʩʘ (ʘʙʩ. 

ʚʳʩʦʪʘ 22ï28 ʤ). 

ʃʝʜʦʛʨʫʥʪ ʟʘʣʝʛʘʝʪ 

ʥʘ ʛʣʫʙʠʥʝ 1ï1,3 ʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʃʠʥʟʘ 

ʯʠʩʪʦʛʦ ʣʴʜʘ ʚ 

ʦʩʥʦʚʘʥʠʠ. 

ʉʫʛʣʠʥʢʠ. ʇʘʨʘʛʝʥʝʟ 

ʩ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʇɾʃ. 

ʦʪ ī23,1 ʜʦ 

ī19,9 (ʣʝʜʦʛʨʫ

ʥʪ); ʦʪ ī22,6 ʜʦ 

ī17,5ă (ʣʠʥʟʘ 

ʙʝʣʦʛʦ ʣʴʜʘ) 

Chizhova et al., 

2022; Chizhova et 

al., 2026 

ʄʀʉ-2 

2 

ɹʦʚʘʥʝʥʢʦʚʦ / 

ʩʢʚ. ʈ-34 

ʆʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ, 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʡ 

ʧʝʩʯʘʥʳʡ 

ʛʦʨʠʟʦʥʪ / 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʊʨʝʪʴʷ ʪʝʨʨʘʩʘ. ʃʝʜ 

ʚʩʢʨʳʪ ʥʘ 

ʛʣʫʙʠʥʘʭ 28ï32 ʤ. 

ʂʨʠʦʧʵʛ ʚʩʢʨʳʪ ʥʘ 

ʛʣʫʙʠʥʝ 120 ʤ. 

ʦʪ ī18,9 ʜʦ 

ī16,95ă 

ɺʘʩʠʣʴʯʫʢ, 

2010; ʉʦʣʦʤʘʪʠʥ 

ʠ ʜʨ., 1993 

ʄʀʉ-2 

3 

ɹʦʚʘʥʝʥʢʦʚʦ / 

ʇʣʘʩʪ 

4 (ʦʙʥʘʞʝʥʠʝ) 

ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ 

/ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʊʨʝʪʴʷ ʪʝʨʨʘʩʘ. 

ɺʩʢʨʳʪ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʦʙʥʘʞʝʥʠʠ. 

ʄʦʱʥʦʩʪʴ ~ 2,5 ʤ. 

ʦʪ ī22,7 ʜʦ 

ī12,5ă 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 

2016 

ʄʀʉ-2 

4 

ɹʦʚʘʥʝʥʢʦʚʦ / ʦʟ. 

ʍʘʥʠʢʦʩʠʪʦ 

ɹʳʩʪʨʦʧʨʦʤʝʨʟʘʶ

ʱʘʷ ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ ʩ 

ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠ

ʝʤ / 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʊʨʝʪʴʷ ʪʝʨʨʘʩʘ, ʙʝʨʝʛ 

ʦʟʝʨʘ. ʃʝʜʦʛʨʫʥʪ 

ʟʘʣʝʛʘʝʪ ʥʘ 

ʛʣʫʙʠʥʘʭ 0,85ï1,70 ʤ. 

ʧʦʜʩʪʠʣʘʶʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ï ʧʝʩʢʠ ʠ 

ʩʫʧʝʩʠ 

ʦʪ ī20,5 ʜʦ 

ī17,9 (ʧʣʘʩʪʦʚ

ʳʡ ʣʝʜ); ʦʪ 

ī14,0 ʜʦ 

ī12,6 (ʧʝʨʝʢʨʳ

ʚʘʶʱʠʡ 

ʣʝʜʦʛʨʫʥʪ) 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 

2018 

ʄʀʉ-3 

5 

ʄʦʨʜʳʷʭʘ  

(ʚʝʨʭʦʚʴʷ) 

ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ / 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ɺʳʩʦʢʘʷ ʪʝʨʨʘʩʘ 

(ʘʙʩ. ʚʳʩʦʪʘ 66ï70 

ʤ). ʄʦʱʥʦʩʪʴ > 4 ʤ. 

ʚʤʝʱʘʶʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ï 

ʩʫʛʣʠʥʢʠ. ʇʘʨʘʛʝʥʝʟ 

ʩ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʇɾʃ. 

ʦʪ ī23,2 ʜʦ 

ī21,0ă 

Vasil'chuk et al., 

2012 
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ɽʨʢʫʪʘʷʭʘ (ʣʝʚʳ

ʡ ʙʝʨʝʛ) 

ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ 

ʩ ʠʥʲʝʢʮʠʦʥʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ / 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ + 

ʠʥʲʝʢʮʠʦʥʥʳʡ 

ʦʙʥʘʞʝʥʠʝ ʚʳʩʦʪʦʡ 

15ï18 ʤ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʰʪʦʢ + 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʳʝ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʯʘʩʪʠ. 

ʦʪ ī23,4 ʜʦ 

ī19,2ă 

ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ., 

2011 

ʄʀʉ-

3/ʄʀʉ-

2 

7 

ʆʶʷʭʘ (24-YR-4, 

24-YR-5), 

ʟʘʧʘʜʥʳʡ 

(ʋʨʘʣʴʩʢʠʡ) 

ʙʝʨʝʛ 

ɹʘʡʜʘʨʘʮʢʦʡ 

ʛʫʙʳ 

ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ 

/ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ, 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʊʨʝʪʴʷ ʪʝʨʨʘʩʘ, ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ. 

ɺʝʨʭʥʝʝ ʪʝʣʦ: 13ï22 

ʤ; ʅʠʞʥʝʝ ʪʝʣʦ: 8 ï

9,5 ʤ 

ʦʪ ī22,0 ʜʦ 

ī15,9 (ʚʝʨʭʥʝʝ 

); ʦʪ ī20,7 ʜʦ 

ī19,1ă  (ʥʠʞʥ

ʝʝ) 

Chizhova et al., 

2026); Belova, 

2014 

ʄʀʉ-3 
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ʇʦʩ. ʍʘʨʘʩʘʚʵʡ, 

ʟʘʧʘʜʥʳʡ ʗʤʘʣ 

ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ 

/ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

II ʤʦʨʩʢʘʷ ʪʝʨʨʘʩʘ 

(ʘʙʩ. ʚʳʩʦʪʘ ʢʨʦʚʣʠ 

11ï12 ʤ; ʚʩʢʨʳʚʘʝʪʩʷ 

ʚ ʦʙʥʘʞʝʥʠʷʭ ʥʘ 

ʚʳʩʦʪʝ 8ï15 ʤ), 

ʧʦʜʩʪʠʣʘʶʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ï ʧʝʩʢʠ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝ - 

ʩʫʛʣʠʥʢʠ 

ʦʪ ī26,3 ʜʦ 

ī18,6 (ʩʨʝʜʥʝʝ 

ī21,9). ʃʠʥʟʳ 

ʥʘʜ 

ʧʣʘʩʪʦʤ: ī20,9 

ʜʦ ī17,0; 

ʰʣʠʨʳ: ʜʦ 

ī15,3ă 

ɹʝʣʦʚʘ, 2008; 

ɼʫʙʠʢʦʚ, 1982; 

ʂʘʧʣʷʥʩʢʘʷ ʠ 

ʊʘʨʥʦʛʨʘʜʩʢʠʡ, 

1982; ʂʨʠʮʫʢ ʠ 

ʜʨ., 1986 

MIS 3 ï 

ʥʘʯʘʣʦ 

MIS 2 

9 

ʄʘʨʨʝ-ʉʘʣʝ 

(MS), ʟʘʧʘʜʥʳʡ 

ʗʤʘʣ ʇʃ1 

(ʚʝʨʭʥʠʡ ʷʨʫʩ) 

ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ 

/ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ, 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʡ, 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ, ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ. 

ɸʙʩ. ʚʳʩʦʪʘ ~10ï15 ʤ 

ʦʪ ī24,1 ʜʦ 

ī14,3 (ʩʨʝʜʥʝʝ 

~ ī20ă) 

Oblogov, 

2016; ʉʣʘʛʦʜʘ ʠ 

ʜʨ., 2012; ʮʠʪ. ʧʦ 

Streletskaya et al., 

2021 

MIS 5-4 

10 

ʄʘʨʨʝ-ʉʘʣʝ 

(MS), ʟʘʧʘʜʥʳʡ 

ʗʤʘʣ ʇʃ2 

(ʥʠʞʥʠʡ ʷʨʫʩ) 

ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ ʩʦ 

ʩʤʝʰʝʥʠʝʤ 

ʦʧʨʝʩʥʸʥʥʦʡ 

ʤʦʨʩʢʦʡ ʠ 

ʧʨʝʩʥʦʡ ʚʦʜ / 

ʢʦʥʞʝʣʷʮʠʦʥʥʳʡ, 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ 

ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ, ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʤʦʨʩʢʠʭ ʛʣʠʥʘʭ ʠ 

ʩʫʛʣʠʥʢʘʭ, ʥʘ 

ʢʦʥʪʘʢʪʝ ʩ ʧʝʩʯʘʥʳʤ 

ʚʦʜʦʥʦʩʥʳʤ 

ʛʦʨʠʟʦʥʪʦʤ. ɸʙʩ. 

ʚʳʩʦʪʘ 0ï10 ʤ 

ʦʪ ī17,7 ʜʦ 

ī8,8 (ʩʨʝʜʥʝʝ ~ 

ī13ă) 

Oblogov, 

2016 (ʜʘʥʥʳʝ 

ʜʠʩʩʝʨʪʘʮʠʠ); 

ʏʠʞʦʚʘ, 

ɺʘʩʠʣʴʯʫʢ, 2019 

 

ʅʘ ɺʘʩʴʢʠʥʳʭ ʜʘʯʘʭ ʠ ʥʘ ʄʘʨʨʝ-ʉʘʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘʤʠ ʧʦʜʟʝʤʥʳʝ 

ʣʴʜʳ ʟʘʣʝʛʘʶʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ, ʟʘʩʦʣʝʥʥʳʭ ʚ ʭʦʜʝ ʧʦʩʣʝʜʥʝʡ ʤʦʨʩʢʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ (ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013). ʊʦʯʥʦʝ ʚʨʝʤʷ ʩʘʤʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ 

ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ɻʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ɹʦʚʘʥʝʥʢʦʚʦ 



нсп 
 

ʠ ʚ ʍʘʨʘʩʘʚʵʝ (ʥʘ ʦʪʤʝʪʢʘʭ ʜʦ ī150 ʤ, ɼʫʙʠʢʦʚ, 2002) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʟʜʝʩʴ ʚʝʨʦʷʪʥʦ ʙʳʣ 

ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʠ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʟʘʣʝʛʘʝʪ ʣʝʜ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʜʦ 

ʤʦʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʧʦʜ ʝʝ ʦʩʘʜʢʘʤʠ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ 

ʢʦʛʜʘ ʵʪʠ ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʳʰʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʠ 

ʤʦʨʷ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ 

ʧʨʦʤʝʨʟʘʥʠʝ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʚʥʦʚʴ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʶʚʠʘʣʴʥʳʭ, ʵʦʣʦʚʳʭ ʠ ʩʢʣʦʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɺ ʨʘʟʨʝʟʝ ʄʘʨʨʝ-ʉʘʣʝ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʢʣʦʥ 

ŭ2ʅïŭĭO = 7,8. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʵʪʦʤ ʞʝ ʨʘʡʦʥʝ ʦʧʠʩʘʥʳ ʠʥʲʝʢʮʠʦʥʥʳʝ ʰʪʦʢʠ 

ʠ ʣʘʢʢʦʣʠʪʳ, ʢʦʪʦʨʳʝ, ʧʦ ʜʘʥʥʳʤ ʆ.ʃ. ʆʧʦʢʠʥʦʡ ʠ ɽ.ɸ. ʉʣʘʛʦʜʳ, 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʟʝʨʥʳʭ ʪʘʣʠʢʘʭ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ (ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012). ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ʄʘʨʨʝ-ʉʘʣʝ 

ʩʤʝʥʠʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝʤ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʇɾʃ, ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʩʠʣʴʥʦʣʴʜʠʩʪʳʭ ʩʫʛʣʠʥʢʘʭ. ʕʪʦ ʪʘʢʦʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʟʚʠʪʠʝ ʦʟʝʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʢʦʪʦʨʦʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʨʤʦʮʠʨʢʝ 5ʘ-ʤ-ʥ 

ʩʪʘʮʠʦʥʘʨʘ ɺʘʩʴʢʠʥʳʭ ʜʘʯ: ʧʝʨʝʭʦʜ ʦʪ ʥʘʢʦʧʣʝʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʦʟʝʨʥʳʭ 

ʢʦʪʣʦʚʠʥ ʢ ʧʦʣʠʛʦʥʘʣʴʥʦʤʫ ʣʘʥʜʰʘʬʪʫ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ 

ʞʠʣʴʥʳʭ ʣʴʜʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʧʦ ʩʪ. ʄʘʨʨʝ-ʉʘʣʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʢʘʢ 

ʦʪʢʨʳʪʘʷ, ʪʘʢ ʠ ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʠʧ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʣʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʦʡ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ï ʜʦʩʪʫʧʥʦʩʪʴʶ ʚʦʜʳ ʠ ʩʪʝʧʝʥʴʶ ʠʟʦʣʷʮʠʠ 

ʪʘʣʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ (ʥʘʢʣʦʥ 

ŭ2ʅïŭĭO) ̫ ʚʣʷʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʣʦʢʘʣʴʥʳʭ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ.  
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ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʇʃ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʳ ʩʣʫʞʠʪ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ŭ2ʅ-ŭ18ʆ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʣʴʜʦʚ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ ʫ ʩʪ.ʄʘʨʨʝ-ʉʘʣʝ ʠ ʥʘ ʋʨʘʣʴʩʢʦʤ 

ʙʝʨʝʛʫ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ʆʶʷʭʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʨʘʟʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʥʘʢʣʦʥʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʇʃ ʙʳʣʠ ʥʝ ʧʨʦʩʪʦ 

ʩʭʦʞʠʤʠ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʥʘ ʜʚʫʭ ʙʝʨʝʛʘʭ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ʨʠʩ. 

5.1).  

 

ʈʠʩ.  5.1. ʉʦʚʧʘʜʝʥʠʝ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ŭ2ʅ-ŭ18ʆ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ 

ʜʚʫʭ ʙʝʨʝʛʘʭ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʠʯʠʥʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʱʝʡ, ʘ 

ʠʤʝʥʥʦ ï ʟʘʪʨʫʜʥʝʥʥʳʡ ʜʨʝʥʘʞ ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʠʜʫ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ. ʆʙʱʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʟʦʪʦʧʥʦʡ ʟʘʧʠʩʠ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʵʪʘʧʘ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʝʚʝʨʝ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.2. ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʠ ʜʘʞʝ ʦʜʥʦʛʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʣʠ ʜʚʘ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʘ: ʨʝʯʥʳʝ ʪʘʣʠʢʠ ʠ 

ʦʙʰʠʨʥʳʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʛʜʝ ʚʦʜʘ ʩʚʦʙʦʜʥʦ 



нсс 
 

ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʠ ʧʦʩʪʫʧʘʣʘ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ ï ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ; ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʟʝʨʥʳʝ ʢʦʪʣʦʚʠʥʳ, ʛʜʝ 

ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʩʦʟʜʘʚʘʣʦʩʴ ʚʳʩʦʢʦʝ ʢʨʠʦʛʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʠʚʦʜʠʚʰʝʝ ʢ 

ʠʥʲʝʢʮʠʠ ʚʦʜʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʰʪʦʢʦʚ ʠ ʣʘʢʢʦʣʠʪʦʚ ï ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 5.2). 

 

ʈʠʩ. 5.2. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ŭ2ʅ-ŭ18ʆ ʜʣʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ɼʞ.ʈ. ʄʘʢʢʘʝʤ (Mackay, 1971), ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʤʝʨʟʘʥʠʝ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʪʦʣʱ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ ʠ ʦʪʞʘʪʠʷ 

ʧʦʨʦʚʦʡ ʚʦʜʳ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦ ʨʘʟʨʝʟʘʤ ɺʘʩʴʢʠʥʳʭ ʜʘʯ 

(ʊʎ5, ʊʎ5ʘ-ʤ-ʥ) ʠ ʧʦʙʝʨʝʞʴʷ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ (ʆʶʷʭʘ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʨʫʛʦʡ 

ʤʝʭʘʥʠʟʤ ï ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʘʣʠʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʜʨʝʥʘʞʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʘ ʩʣʫʞʠʪ ʥʝ ʧʦʨʦʚʘʷ ʚʦʜʘ, ʦʪʞʠʤʘʝʤʘʷ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ, ʘ 

ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʨʝʯʥʳʭ, ʦʟʝʨʥʳʭ, ʘʪʤʦʩʬʝʨʥʳʭ), 

ʢʦʪʦʨʳʡ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʝʨʝʭʦʜ ʚʦʜʳ ʚ ʣʝʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʄʘʢʢʘʷ ʠ 

ʥʘʰʠ ʜʘʥʥʳʝ ʦʧʠʩʳʚʘʶʪ ʜʚʘ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ: 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ (ʧʨʠ ʨʝʛʨʝʩʩʠʠ) ʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʡ (ʧʨʠ 
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ʪʨʘʥʩʛʨʝʩʩʠʠ/ʚʳʩʦʢʦʤ ʦʙʚʦʜʥʝʥʠʠ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʠʛʝʥʥʦʩʪʠ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʗʤʘʣʘ. 

 

ʈʠʩ. 5.3. ɹʣʦʢ-ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ ʧ-ʦʚʝ ʊʘʢʪʦʷʢʪʘʢ ʧʨʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ (ʧʦ Mackay, 1971) ʠ ʥʘ ʧ-ʦʚʝ 

ʗʤʘʣ ʧʨʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʦʪʣʦʞʝʥʠʡ.  
 

ʅʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ 

ʣʝʜʥʠʢʦʚʳʭ ʧʦʢʨʦʚʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤʫ ʩʮʝʥʘʨʠʶ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 

ɿʜʝʩʴ, ʥʘ ʬʦʥʝ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʜʨʝʥʘʞʘ ʠ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʦʚ ʰʣʦ ʠʭ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʤʝʨʟʘʥʠʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʱʥʳʭ 

ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʥʘ 

ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 
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ʚʳʷʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ɼʞ.ʈ. ʄʘʢʢʘʷ (1971) ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʠʟʦʪʦʧʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɹ. ʃʘʫʨʠʦʣʷ ʠ ʜʨ. (2010), ʜʦʤʠʥʠʨʫʝʪ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ ʠ ʦʪʞʘʪʠʷ ʧʦʨʦʚʦʡ ʚʦʜʳ ʚ ʟʘʢʨʳʪʳʭ 

ʩʠʩʪʝʤʘʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʜʠʥʘʤʠʢʦʡ ʣʝʜʥʠʢʦʚʳʭ 

ʱʠʪʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʪʨʫʟʠʚʥʳʭ ʣʴʜʦʚ. 

ʅʘ ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʢʨʫʧʥʳʝ ʧʣʘʩʪʦʚʳʝ 

ʟʘʣʝʞʠ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ (tabular massive ground ice) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʨʘʡʦʥʘʭ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʧʦʢʨʳʪʳ ʣʝʜʥʠʢʦʚʳʤʠ ʱʠʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ 

ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʨʘʥʠʮ. ʊʘʢʠʝ ʣʴʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ (ʄʄʇ), ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʨʦʪʘʠʚʘʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʨʤʦʢʘʨʩʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʤʦʮʠʨʢʦʚ 

(thaw slumps).  

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʛʝʥʝʟʠʩʘ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʙʳʣʘ ʩʪʘʪʴʷ ɼʞ. ʈʦʩʩʘ ʄʘʢʢʘʷ ʦ 

ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʘʭ ʥʘ ʟʘʧʘʜʥʦʤ ʘʨʢʪʠʯʝʩʢʦʝ ʧʦʙʝʨʝʞʴʝ ʂʘʥʘʜʳ (Mackay, 

1971). ʕʪʦ ʨʘʡʦʥ rʜʝʣʴʪʳ ʄʘʢʢʝʥʟʠ, ʧʦʣʫʦʩʪʨʦʚ ʊʫʢʪʦʷʢʪʫʢ (ʨʠʩ. 5.4), ʦʩʪʨʦʚʘ 

ʈʠʯʘʨʜʩ, ɻʘʨʨʠ, ʂʝʥʜʘʣʣ, ʍʫʧʝʨ ʠ ʍʝʨʰʝʣ, ʘ ʪʘʢʞʝ ʨʘʡʦʥ ʟʘʣʠʚʘ ʕʩʢʠʤʦʩʦʚ 

(ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʂʘʥʘʜʘ). ʕʪʦ ʨʝʛʠʦʥ ʩʧʣʦʰʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩ ʤʦʱʥʦʩʪʴʶ ʤʝʨʟʣʦʪʳ ʜʦ ʩʦʪʝʥ 

ʤʝʪʨʦʚ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʱʥʦʡ ʪʦʣʱʝʡ (ʩʦʪʥʠ 

ʤʝʪʨʦʚ) ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʤʦʨʩʢʠʭ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʠ ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ, 

ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʧʝʨʝʢʨʳʪʳ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʠ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʛʣʠʩʴ ʛʣʷʮʠʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʘʮʠʷʤ.  

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ (massive icy beds) ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʚʫʤ ʢʦʥʪʨʘʩʪʥʳʤ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʨʝʜʘʤ. ʇʝʨʝʢʨʳʚʘʶʱʠʝ ʧʦʨʦʜʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʝ (ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ, ʣʝʜʥʠʢʦʚʳʝ ʪʠʣʣʳ) ʩʣʫʞʘʪ 

ʚʦʜʦʫʧʦʨʦʤ. ʇʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʝ (ʧʝʩʢʠ, 
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ʛʨʘʚʠʡ, ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʩʤʝʩʠ) ʩʣʫʞʘʪ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ. 

 

ʈʠʩ. 5.4. ʊʝʨʤʦʮʠʨʢ ʥʘ ʧʦʙʝʨʝʞʴʝ ʧʨʠʤʝʨʥʦ ʚ 6 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 

ʊʫʢʪʦʡʘʢʪʫʢʘ, ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ (ʠʟ Mackay, 1971). 

 

ʇʦ ʩʪʘʪʠʩʪʠʢʝ ɼʞ.ʈ.ʄʘʢʢʘʷ (ʧʦ 176 ʩʢʚʘʞʠʥʘʤ) ʥʘʜ ʣʴʜʦʤ ʚ 74% ʩʣʫʯʘʝʚ 

ʟʘʣʝʛʘʶʪ ʛʣʠʥʳ ʠʣʠ ʛʣʠʥʳ ʩ ʦʙʣʦʤʢʘʤʠ; ʧʦʜ ʣʴʜʦʤ ʚ 86% ʩʣʫʯʘʝʚ ï ʧʝʩʢʠ ʠ 

ʛʨʘʚʠʡ. ʉʢʚʘʞʠʥʳ ʚʩʢʨʳʚʘʶʪ ʣʝʜ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 35 ʤ (ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

ʚʩʢʨʳʪʳʭ ʟʘʣʝʞʝʡ ~13 ʤ), ʦʜʥʘʢʦ ʛʣʫʙʦʢʠʝ ʩʢʚʘʞʠʥʳ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʣʴʜʘ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 100ï200 ʤ. ʃʝʜ ʠʤʝʝʪ ʩʣʦʠʩʪʦʝ 

ʩʪʨʦʝʥʠʝ (ʯʝʨʝʜʦʚʘʥʠʝ ʯʠʩʪʦʛʦ ʣʴʜʘ ʠ ʣʝʜʦʛʨʫʥʪʘ), ʯʘʩʪʦ ʜʠʩʣʦʮʠʨʦʚʘʥ 

(ʩʢʣʘʜʢʠ, ʩʙʨʦʩʳ, ʥʘʜʚʠʛʠ) ʚʤʝʩʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʣʷʮʠʦʪʝʢʪʦʥʠʢʠ. 

ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ɻ.ʀ.ɼʫʙʠʢʦʚʘ ʦ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʗʤʘʣʘ ʢ ʛʨʫʥʪʦʚʳʤ ʨʘʟʥʦʩʪʷʤ 

ʧʝʩʢʠ/ʩʫʛʣʠʥʢʠ ï ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʚ 63% ʩʣʫʯʘʝʚ ʧʝʩʢʘʤʠ ʠ 37% 

ʩʫʛʣʠʥʢʘʤʠ, ʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚ 83% ʩʣʫʯʘʝʚ ʩʫʛʣʠʥʢʘʤʠ ʠ ʪʦʣʴʢʦ ʚ 17% 

ʩʣʫʯʘʝʚ ʧʝʩʢʘʤʠ (ɼʫʙʠʢʦʚ, 2002). 

ɼʞ.ʈ.ʄʘʢʢʘʡ ʟʘʜʘʝʪʩʷ ʚʦʧʨʦʩʦʤ: ʢʘʢ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʘʢʠʝ 

ʤʦʱʥʳʝ (ʜʦ 30 ʤ) ʪʦʣʱʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʚ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ, ʛʜʝ, 
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ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʤʠʛʨʘʮʠʷ ʚʣʘʛʠ ʥʝʚʦʟʤʦʞʥʘ? ʆʥ 

ʧʨʝʜʣʘʛʘʝʪ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʠʤ ʧʦʨʦʚʳʤ ʜʘʚʣʝʥʠʝʤ. ɼʞ.ʈ.ʄʘʢʢʘʡ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ çʦʪʞʘʪʠʝ ʧʦʨʦʚʦʡ 

ʚʦʜʳ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠè. ʂʦʛʜʘ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʧʝʩʢʘʭ (ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ) ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʤʝʨʟʘʥʠʝ ʩʚʝʨʭʫ, ʚʦʜʘ, ʥʝ ʫʩʧʝʚʘʷ 

ʟʘʤʝʨʟʥʫʪʴ, ʦʪʞʠʤʘʝʪʩʷ ʚʥʠʟ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɽʩʣʠ ʜʨʝʥʘʞ ʟʘʙʣʦʢʠʨʦʚʘʥ 

(ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʛʣʠʥʳ ʷʚʣʷʶʪʩʷ ʚʦʜʦʫʧʦʨʦʤ), ʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʤʢʥʫʪʘʷ 

(ʟʘʢʨʳʪʘʷ) ʩʠʩʪʝʤʘ, ʛʜʝ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90% ʦʪ 

ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʟʦʥʝ ʧʝʩʢʦʚ (a) ʠʜʝʪ ʙʳʩʪʨʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʠ 

ʦʪʞʘʪʠʝ ʚʦʜʳ ʚʥʠʟ. ɺ ʟʦʥʝ ʛʣʠʥ (ʙ) (ʚʦʜʦʫʧʦʨ) ʧʨʦʤʝʨʟʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʥʦ 

ʠʤʝʥʥʦ ʪʘʤ ʟʘ ʩʯʝʪ ʧʦʜʪʦʢʘ ʦʪʞʘʪʦʡ ʚʦʜʳ ʠʟ ʟʦʥʳ (a) ʩʦʟʜʘʝʪʩʷ ʦʛʨʦʤʥʦʝ 

ʜʘʚʣʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʟʦʥʝ (ʙ) ʩʦʟʜʘʶʪʩʷ ʘʨʪʝʟʠʘʥʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʦʜʘ ʧʦʜ 

ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʜʥʠʤʘʝʪʩʷ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʤʦʱʥʳʝ 

ʣʠʥʟʳ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ. ʃʸʜ ʢʘʢ ʙʳ çʚʩʧʣʳʚʘʝʪè ʥʘ ʚʦʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɼʞ.ʈ.ʄʘʢʢʘʡ ʟʘʢʣʶʯʘʝʪ, ʯʪʦ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ï ɻ ʪʦ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʣʴʜʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʩ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʠʤ ʧʦʨʦʚʳʤ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʘʛʨʘʜʘʮʠʠ ʤʝʨʟʣʦʪʳ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ 

ʧʝʩʢʘʭ. ʃʴʜʳ ʷʚʣʷʶʪʩʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ (ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ, ʯʝʤ ʚʤʝʱʘʶʱʠʝ 

ʦʩʘʜʢʠ) ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ. ʍʦʪʷ ʚ ʨʘʙʦʪʝ ʥʝʪ ʠʟʦʪʦʧʥʳʭ 

ʜʘʥʥʳʭ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, 

ʧʦʢʘʟʳʚʘʶʱʠʤ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʱʥʳʭ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʣʴʜʦʚ ʚ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʪʞʘʪʠʝʤ 

ʚʦʜʳ.  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʝʛʦ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʦʧʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʧʣʘʩʪʦʚʦʤʫ ʣʴʜʫ, ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʦʩʫʰʝʥʥʦʡ 

ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʦʢʘʟʘʚʰʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʠʥʪʨʫʟʠʚʥʳʡ ʤʝʭʘʥʠʟʤ.  

ɺʦ ʚʨʝʤʷ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʥʝ ʧʦʢʨʳʪʳʝ ʣʴʜʦʤ ʪʝʨʨʠʪʦʨʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ɸʣʷʩʢʠ ʠ ʖʢʦʥʘ (ɺʦʩʪʦʯʥʘʷ ɹʝʨʠʥʛʠʷ) ʠʩʧʳʪʳʚʘʣʠ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʣʝʜʥʠʢʦʚʳʭ ʱʠʪʦʚ ï ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʠ ʂʦʨʜʠʣʴʝʨʩʢʦʛʦ. 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʷʟʳʢ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʧʝʨʝʢʨʳʚʘʣ ʨʝʢʠ ʇʠʣ ʠ 
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ʇʦʨʢʴʶʧʘʡʥ, ʩʦʟʜʘʚʘʷ ʧʦʜʧʨʫʜʥʳʝ ʦʟʝʨʘ: ʦʟʝʨʦ ʍʴʶʟ (ʚ ʙʘʩʩʝʡʥʝ ɹʦʥʥʝ-

ʇʣʶʤ) ʠ ʦʟʝʨʦ ʆʣʜ-ʂʨʦʫ (ʚ ʙʘʩʩʝʡʥʘʭ ʆʣʜ-ʂʨʦʫ, ɹʣʶʬʠʰ ʠ ɹʝʣʣ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʨʦʥʦʣʦʛʠʷ ʟʘʪʦʧʣʝʥʠʷ ʠ 

ʦʩʫʰʝʥʠʷ ʵʪʠʭ ʙʘʩʩʝʡʥʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ 

ʦʩʪʘʶʪʩʷ ʩʧʦʨʥʳʤʠ. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʆʣʜ-

ʂʨʦʫ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʦʢʦʣʦ 30 000ï25 000 ĭC ʣʝʪ ʥʘʟʘʜ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʧʦʟʜʥʠʝ 

ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʷʟʳʢ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ 

ʜʦʩʪʠʛ ʛʦʨ ʈʠʯʘʨʜʩʦʥ ʣʠʰʴ ʦʢʦʣʦ 21 000 ĭC ʣʝʪ ʥʘʟʘʜ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ 

ʜʘʪʠʨʦʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʧʝʨʝʦʪʣʦʞʝʥʥʦʡ ʜʨʝʚʝʩʠʥʝ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʨʝʚʥʝʝ ʩʘʤʠʭ ʦʩʘʜʢʦʚ. 

ɺ ʜʦʣʠʥʝ ʨʝʢʠ ʀʛʣ, ʩʝʚʝʨʥʳʡ ʖʢʦʥ, ʂʘʥʘʜʘ (66Á34ǋ ʩ.ʰ., 136Á58ǋ ʟ.ʜ., 

ʚʳʩʦʪʘ 350 ʤ ʥ.ʫ.ʤ.) ʥʘ ʬʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʝ ʠʟʫʯʝʥ ʪʝʨʤʦʮʠʨʢ (ʨʠʩ. 5.3, 5.4), 

ʦʙʥʘʞʠʚʰʠʡ ʨʘʟʨʝʟ ʚʳʩʦʪʦʡ 6ï7 ʤ ʠ ʰʠʨʠʥʦʡ 250 ʤ (Lauriol et al., 2010). ɺ 

ʩʪʝʥʢʝ ʪʝʨʤʦʮʠʨʢʘ ʦʙʥʘʞʠʣʠʩʴ ʪʨʠ ʢʨʫʧʥʳʭ ʪʝʣʘ ʠʥʪʨʫʟʠʚʥʦʛʦ ʣʴʜʘ (ER1, 

ER2, ER3) ʤʦʱʥʦʩʪʴʶ ʜʦ 3 ʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 10 ʤ. ʊʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ 

ʩʧʣʦʰʥʦʡ ʄʄʇ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï6,1 ÁC, ʦʩʘʜʢʠ ~384 ʤʤ/ʛʦʜ. 

ʅʘ ʛʨʘʚʠʡʥʦʡ ʪʝʨʨʘʩʝ ʟʘʣʝʛʘʶʪ ʧʝʩʢʠ, ʟʥʘʤʝʥʫʷ ʢʦʥʝʮ ʬʣʶʚʠʘʣʴʥʦʡ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺʳʰʝ - ʩʝʨʳʝ ʩʫʛʣʠʥʠʩʪʳʝ ʦʩʘʜʢʠ, ʚʤʝʱʘʶɦʠʝ ʧʣʘʩʪʦʚʳʝ 

ʣʴʜʳ. ʇʝʨʝʢʨʳʚʘʶʪʩʷ ʣʴʜʳ ʛʣʠʥʠʩʪʦʡ ʩʫʧʝʩʴʶ ʩ ʦʙʦʛʘʱʝʥʥʳʤ ʦʨʛʘʥʠʢʦʡ 

ʩʣʦʝʤ (ʢʫʩʪʘʨʥʠʢʦʚʘʷ ʦʩʦʢʦʚʘʷ ʪʫʥʜʨʘ). 

ɼʣʷ ʣʴʜʘ ʧʦʣʫʯʝʥʳ ʦʯʝʥʴ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭĭO (ʩʨʝʜʥʝʝ ï29,1ă) ʠ ŭ2ʅ 

(ʩʨʝʜʥʝʝ ï232,2ă). ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʝʡʩʪʦʮʝʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʝʜ ʚ ʪʦʯʢʘʭ 

ʦʧʨʦʙʦʚʘʥʠʷ ʢʘʢ ʝʜʠʥʦʝ ʪʝʣʦ, ʥʘʢʣʦʥ ŭ2ʅ-ŭĭO ʩʦʩʪʘʚʣʷʝʪ 6,3 (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ). ɽʩʣʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʦ ʥʘʢʣʦʥʳ ʨʘʚʥʳ 4,8 ʠ 3,5, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʟʘʤʝʨʟʘʥʠʷ (ʨʠʩ. 5.5). ɸʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʪʘʢʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ: ʜʦ 19 150 ĭC ʣʝʪ BP 

ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʚʠʡʥʦʡ ʪʝʨʨʘʩʳ ʚ ʢʘʥʘʣʝ ʀʛʣ-ʇʠʣ (ʧʝʨʝʣʠʚ ʠʟ 

ʦʟʝʨʘ ʍʴʶʟ ʚ ʦʟʝʨʦ ʆʣʜ-ʂʨʦʫ). ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʆʣʜ-ʂʨʦʫ ʚ 

ʙʘʩʩʝʡʥʝ ɹʝʣʣ ~15 120 ĭC ʣʝʪ BP ï ʦʩʘʞʜʝʥʠʝ ʩʝʨʳʭ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ. 
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ʆʩʫʰʝʥʠʝ ʦʟʝʨʘ ʆʣʜ-ʂʨʦʫ ~13 500 ĭC ʣʝʪ BP. ʅʘʯʘʣʦ ʘʛʨʘʜʘʮʠʠ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʨʫʟʠʚʥʳʭ ʣʴʜʦʚ (ʟʘ ʩʯʸʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʤʝʨʟʘʥʠʷ). ʈʘʟʚʠʪʠʝ ʢʫʩʪʘʨʥʠʢʦʚʦ-ʦʩʦʢʦʚʦʡ ʪʫʥʜʨʳ ~12 210 ĭC 

ʣʝʪ ʥʘʟʘʜ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʦʟʝʨʘ~11 290 ï 6 730 ĭC ʣʝʪ ʥʘʟʘʜ 

ʚ ʫʩʣʦʚʠʷʭ ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʇʦʩʣʝ 6 730 ĭC ʣʝʪ ʥʘʟʘʜ 

ʧʨʦʠʟʦʰʣʦ ʧʦʛʨʝʙʝʥʠʝ ʨʘʟʨʝʟʘ ʢʦʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (Lauriol et al., 

2010). 

 

ʈʠʩ. 5.5. ʆʙʥʘʞʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʫʯʘʩʪʢʝ ʀʛʣ-ʈʠʚʝʨ, ʩʝʚʝʨʥʳʡ ʖʢʦʥ, 

ʂʘʥʘʜʘ. ʅʘ ʚʨʝʟʢʝ ʧʦʢʘʟʘʥʳ ʫʯʘʩʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʪʙʦʨʘ ʣʴʜʘ ER1, ER2, 

ER3 (ʠʟ Lauriol et al., 2010).  

 

ɸʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʣʴʜʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʫʪʸʤ 

ʟʘʤʝʨʟʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʠʥʪʨʫʟʠʚʥʳʡ ʣʸʜ), ʘ ʥʝ ʟʘ ʩʯʸʪ ʫʧʣʦʪʥʝʥʠʷ ʩʥʝʛʘ 

(Lauriol et al., 2010). ʈʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʪʳ (30 000ï25 000 ĭC ʣʝʪ ʥʘʟʘʜ) ʜʣʷ 

ʦʟʝʨʘ ʆʣʜ-ʂʨʦʫ ʦʰʠʙʦʯʥʳ ï ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʧʝʨʝʦʪʣʦʞʝʥʥʦʡ 

ʜʨʝʚʝʩʠʥʝ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ ʠ ʙʳʣʘ ʩʤʳʪʘ ʚ ʦʟʸʨʥʳʝ 
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ʦʩʘʜʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʪʳ ʧʦ ʪʨʘʚʷʥʠʩʪʳʤ ʨʘʩʪʝʥʠʷʤ ʠ ʥʘʩʝʢʦʤʳʤ ʜʘʶʪ 

ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʚʦʟʨʘʩʪ (~15 000 ĭC ʣʝʪ).  

 

ʈʠʩ. 5.6. ŭ2ʅ-ŭĭO ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʫʯʘʩʪʢʝ ʀʛʣ-

ʈʠʚʝʨ, ʩʝʚʝʨʥʳʡ ʖʢʦʥ, ʂʘʥʘʜʘ (ʠʟ Lauriol et al., 2010)  

ɺ ʨʘʙʦʪʝ (Lauriol et al, 2010) ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʢʣʦʥʦʚ (6,3 ï ʢʘʢ ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ, 3,5 ʠ 4,8 ï ʢʘʢ ʟʘʢʨʳʪʘʷ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦʡ. 

ʅʘʢʣʦʥ 6,3 ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʨʵʣʝʝʚʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʜʣʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʚʥʦʚʝʩʥʳʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʘʢʣʦʥʳ 3,5 ʠ 4,8 ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ (ʢʠʥʝʪʠʯʝʩʢʦʛʦ) 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʚ ʟʘʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʪʨʠ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣʘ ʚ ʜʦʣʠʥʝ ʨ. ʀʛʣ, ʚʝʨʦʷʪʥʦ, 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʟʘʢʨʳʪʳʭ ʪʘʣʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʜʥʘʢʦ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʦʤʝʨʟʘʥʠʷ. 

ʕʪʦʪ ʩʣʫʯʘʡ, ʦʧʠʩʘʥʥʳʡ ʚ ʂʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʝ, ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʫʩʣʦʚʠʷʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘʤʠ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ɽʨʢʫʪʘʷʭʘ). ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʙʦʪʘ (Lauriol et al., 2010) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʫʶ ʧʨʦʙʣʝʤʫ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʚ ɸʨʢʪʠʢʝ: ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʜʨʝʚʥʝʡ ʦʨʛʘʥʠʢʠ ʚ 
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ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʦʟʸʨʥʳʭ ʦʩʘʜʢʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʚʳʰʝʥʠʶ ʚʦʟʨʘʩʪʘ ʥʘ 

ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʣʝʪ. 

ɺ ʟʘʧʘʜʥʦʡ ʂʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʃʘʚʨʝʥʪʠʡʩʢʠʤ ʣʝʜʥʠʢʦʚʳʤ ɦʠʪʦʤ (Laurentide Ice Sheet, 

LIS), ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʣ ʦʛʨʦʤʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʚ ʪʝʯʝʥʠʝ 

ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʚʳʩʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʚ 

ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʨʘʟʥʠʮʘ ʚ ʦʮʝʥʢʘʭ 

ʚʳʩʦʪʳ ʜʦʩʪʠʛʘʝʪ Ñ1000ï2000 ʤ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʤʦʜʝʣʷʭ ʢʣʠʤʘʪʘ ʠ ʪʘʷʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʤʠʤʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʣʝʜʥʠʢʦʚʳʭ ʢʫʧʦʣʦʚ ʇʝʥʥʠ 

ʠ ɹʘʨʥʩ ʥʘ ʦʩʪʨʦʚʝ ɹʘʬʬʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʢʘʨʩʪʘ ʚʜʦʣʴ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ 

ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʦʙʥʘʞʘʶʪʩʷ ʧʦʛʨʝʙʸʥʥʳʝ ʨʝʣʠʢʪʳ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘ. 

ʕʪʠ ʣʴʜʳ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʄʄʇ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʚʳʩʦʪʳ ʣʝʜʥʠʢʦʚʦʛʦ ʱʠʪʘ ʚ ʨʘʡʦʥʘʭ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʠ (Lacelle et al., 2018). 

ʅʘ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʯʝʪʳʨʝ 

ʧʦʛʨʝʙʸʥʥʳʭ ʣʝʜʷʥʳʭ ʪʝʣʘ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʣʝʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʣʝʛʢʠʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʦʪ ī32 

ʜʦ ī41,7ă. ʆʜʠʥ ʦʙʱʠʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʥʘ ʧʘʨʥʦʡ ʠʟʦʪʦʧʥʦʡ ʜʠʘʛʨʘʤʤʝ 

ʠ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʧʨʦʙʦʚʘʥ ʠʤʝʥʥʦ ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ (ʨʠʩ. 5.7).  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤ 

ʣʴʜʦʤ ʩʦʩʪʘʚʠʣʘ 7ï14ă, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʦʞʠʜʘʝʤʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʬʬʝʢʪ (3ï10ă). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʣʴʜʘ 

ʥʘʭʦʜʠʣʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʚʳʩʦʪʝ, ʯʝʤ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚ 

ʵʪʠʭ ʨʘʡʦʥʘʭ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭĭO ʚ ʨʝʣʠʢʪʘʭ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʪʦʣʴʢʦ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʣʠ ʨʘʟʣʠʯʠʷʤʠ ʚ 
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ʠʩʪʦʯʥʠʢʘʭ ʚʣʘʛʠ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤ ʠ LGM-ʣʴʜʦʤ (ȹĭO) 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʦʞʠʜʘʝʤʫʶ ʜʣʷ ʜʘʥʥʳʭ ʰʠʨʦʪ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ï ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʴʜʘ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʳʩʦʪ. 

 

ʈʠʩ. 5.7. ɼʠʘʛʨʘʤʤʘ ŭ2ʅ-ŭ18O ʜʣʷ ʣʴʜʘ ʩ ʣʝʜʷʥʦʡ ʰʘʧʢʠ ɹʘʨʥʩ, ʯʝʪʳʨʝʭ ʪʠʧʦʚ 

ʧʦʛʨʝʙʝʥʥʦʛʦ ʣʴʜʘ ʥʘ ʧʣʘʪʦ ʇʠʣ (1: ʣʝʜ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʛʘʟʦʚʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʨʘʟʤʝʨʦʤ ʚ ʤʠʣʣʠʤʝʪʨʳ; 2: ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʦʩʯʘʪʳʡ 

ʧʨʦʟʨʘʯʥʳʡ ʣʝʜ ʠ ʤʝʣʢʠʝ ʦʩʘʜʢʠ; 3: ʙʝʜʥʳʡ ʧʫʟʳʨʴʢʘʤʠ ʛʦʣʫʙʦʡ ʣʝʜ; ʠ 4: 

ʙʝʣʳʡ ʣʝʜ, ʙʦʛʘʪʳʡ ʩʬʝʨʠʯʝʩʢʠʤʠ ʛʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʦʯʝʥʴ ʧʦʭʦʞʠʡ ʧʦ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʥʘ ʧʦʣʦʩʫ ʙʝʣʦʛʦ ʣʴʜʘ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʥʘ ʣʝʜʷʥʦʡ ʰʘʧʢʝ 

ɹʘʨʥʩ), ʠ ʧʦʛʨʝʙʝʥʥʦʛʦ ʣʴʜʘ ʥʘ ʦʩʪʨʦʚʘʭ ɺʠʢʪʦʨʠʷ ʠ ɹʘʡʣʦʪ. ɹ. ɼʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʪʠʦʥʦʚ (ʤʛ/ʣ) ʜʣʷ ʧʦʛʨʝʙʝʥʥʦʛʦ ʣʴʜʘ ʥʘ ʧʣʘʪʦ ʇʠʣ ʠ ʦʩʪʨʦʚʝ 

ɹʘʡʣʦʪ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʣʝʜʥʠʢʝ C93 ʥʘ ʦʩʪʨʦʚʝ ɹʘʡʣʦʪ. 

ʇʦʛʨʝʙʝʥʥʳʝ ʣʝʜʥʠʢʠ ʥʘ ʧʣʘʪʦ ʇʠʣ ʠ ʦʩʪʨʦʚʝ ɹʘʡʣʦʪ ʠʤʝʶʪ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʪʠʦʥʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 1ï3 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ ʣʴʜʘ (ʠʟ Lacelle et al., 2018).  

 

ʅʘ ʣʝʜʥʠʢʦʚʳʭ ʱʠʪʘʭ ʠ ʢʫʧʦʣʘʭ ʦʩʘʜʢʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʚʳʩʦʪʝ ʚʳʰʝ 

ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ ʠ ʧʝʨʝʥʦʩʷʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ, ʩʦʭʨʘʥʷʷ ʩʚʦʶ ʠʟʦʪʦʧʥʫʶ 

ʩʪʨʘʪʠʛʨʘʬʠʶ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʦ ɻʨʝʥʣʘʥʜʠʠ, ʛʜʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʨʘʥʩʝʢʪʳ ʣʴʜʘ ʥʘ ʢʨʘʶ ʣʝʜʥʠʢʘ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʪ ʞʝ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʠ ʛʣʫʙʦʢʠʝ ʢʝʨʥʳ ʚ ʮʝʥʪʨʝ. 
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ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ŭĭO ï ʚʳʩʦʪʘ, ʘʚʪʦʨʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʚʳʩʦʪʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʚ ʦʙʣʘʩʪʷʭ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʘʷ ʚʘʨʴʠʨʦʚʘʣʘ 

ʦʪ 1500 ʜʦ 3500 ʤ ʥ.ʫʨ.ʤ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʱʠʪʘ (ʨʠʩ. 5.8). 

 

ʈʠʩ. 5.8. ɿʥʘʯʝʥʠʷ ŭ18O ʨʝʣʠʢʪʦʚ ʃʘʚʨʝʥʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 

ʚʳʩʦʪʘ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʉʧʣʦʰʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ŭ18O ʦʪ ʚʳʩʦʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ 

ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʠ ʥʝʛʣʫʙʦʢʠʭ ʣʝʜʷʥʳʭ ʢʝʨʥʦʚ ʚ ɻʨʝʥʣʘʥʜʠʠ (ī0,62 Ñ 0,03ă ʥʘ 

100 ʤ; ʉʝʨʘʷ ʣʠʥʠʷ ʠ ʧʦʣʦʩʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ŭ18O ʦʪ ʚʳʩʦʪʳ ʚ ʧʦʟʜʥʝʤ 

ʧʣʝʡʩʪʦʮʝʥʝ (ī0,67 Ñ 0,03ă ʥʘ 100 ʤ) ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʷ 

5ï7ă ʪʦʣʴʢʦ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. Ba: ʣʝʜʷʥʘʷ ʰʘʧʢʘ ɹʘʨʥʩ; Pe: 

ʣʝʜʷʥʘʷ ʰʘʧʢʘ ʇʝʥʥʠ; BI: ʦʩʪʨʦʚ ɹʘʡʣʦʪ; VI: ʦʩʪʨʦʚ ɺʠʢʪʦʨʠʷ; RI: ʦʩʪʨʦʚ 

ʈʠʯʘʨʜʩ; PP: ʧʣʘʪʦ ʇʠʣ (ʠʟ Lacelle et al., 2018).  

 

ʅʘ ʧʦʣʫʦʩʪʨʦʚʝ ʌʦʰʝʡʤ (Fosheim Peninsula, ʦ. ʕʣʩʤʠʨ, ʚʳʩʦʢʦʰʠʨʦʪʥʘʷ 

ɸʨʢʪʠʢʘ) ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʛʦʣʦʮʝʥʦʚʳʤ ʤʦʨʩʢʠʤ ʠ ʜʝʣʴʪʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ 

ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙʣʠʟʢʠʝ ʢ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ) ʦʩʪʘʚʣʷʣʠ ʚʦʧʨʦʩ 

ʦʙ ʠʭ ʛʝʥʝʟʠʩʝ ʦʪʢʨʳʪʳʤ (Roy et al., 2023). 

ʇʦʣʫʦʩʪʨʦʚ ʌʦʰʝʡʤ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦ. ʕʣʩʤʠʨ ʠ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦ. ɸʢʩʝʣʴ-ʍʝʡʙʝʨʛ. ʈʝʛʠʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʤʝʥʥʦʩʪʴ 

ʖʨʠʢʘ-ʉʘʫʥʜ (Eureka Sound Lowlands, ESL) ʩ ʚʳʩʦʪʘʤʠ ʜʦ 200 ʤ. ɺ ʧʦʟʜʥʝʤ 
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ʧʣʝʡʩʪʦʮʝʥʝ ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʧʝʨʝʢʨʳʪʘ ʀʥʥʫʠʪʩʢʠʤ ʣʝʜʥʠʢʦʚʳʤ ʱʠʪʦʤ 

(IIS), ʢʦʪʦʨʳʡ ʜʦʩʪʠʛ ʤʘʢʩʠʤʫʤʘ ʦʢʦʣʦ 19,1 ʪʳʩ. ʢʘʣ. ʣ.ʥ. ɼʝʛʣʷʮʠʘʮʠʷ 

ʥʘʯʘʣʘʩʴ ~12,1ï9,8 ʪʳʩ. ʢʘʣ. ʣ.ʥ. ʉʣʝʜʦʤ ʟʘ ʦʪʩʪʫʧʣʝʥʠʝʤ ʣʝʜʥʠʢʘ ʧʨʦʠʟʦʰʣʘ 

ʤʦʨʩʢʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ. ʕʪʦ ʪʝʨʨʠʪʦʨʠʷ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï18,5 ÁC, ʦʩʘʜʢʠ ~78 ʤʤ/ʛʦʜ), ʤʦʱʥʦʩʪʴ ʄʄʇ 

ʦʢʦʣʦ 500 ʤ. ʇʣʘʩʪʦʚʳʡ ʣʸʜ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʧʨʠʫʨʦʯʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʤʦʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʛʦʣʦʮʝʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʪʨʸʭ ʫʯʘʩʪʢʘʭ: ɻʝʤʠʥʠ (ʚʳʩʦʪʘ 120ï125 ʤ, ʙʣʠʟʢʦ ʢ ʛʨʘʥʠʮʝ ʤʦʨʷ, ʦʩʫʰʸʥ 

~10 ʪʳʩ. ʢʘʣ. ʣ.ʥ.). ʉʪʝʡʰʥ ʂʨʠʢ (ʚʳʩʦʪʘ 43ï45 ʤ, ʦʩʫʰʸʥ ~5,7 ʪʳʩ. ʢʘʣ. ʣ.ʥ.). 

ɼʘʤʧ (ʚʳʩʦʪʘ 40ï43 ʤ, ʦʩʫʰʸʥ ~5,7 ʪʳʩ. ʢʘʣ. ʣ.ʥ.). ʅʘ ʚʩʝʭ ʪʨʸʭ ʫʯʘʩʪʢʘʭ 

ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʟʘʣʝʛʘʝʪ ʩʦʛʣʘʩʥʦ ʧʦʜ ʩʣʦʠʩʪʳʤʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʤʦʨʩʢʠʤʠ 

ʩʫʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ (ʨʠʩ. 5.9).  

ʂʦʥʪʘʢʪ ʤʝʞʜʫ ʣʴʜʦʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʦʛʣʘʩʥʳʡ ʠ 

ʧʦʩʪʝʧʝʥʥʳʡ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʜʷʥʦʛʦ ʪʝʣʘ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʥʢʠʝ ʧʨʦʩʣʦʠ 

ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ. ʂʨʠʦʛʝʥʥʘʷ ʪʝʢʩʪʫʨʘ ʣʴʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ. 

ʆʙʲʸʤʥʘʷ ʣʴʜʠʩʪʦʩʪʴ ʜʦʩʪʠʛʘʣʘ ʧʦʯʪʠ 95%, ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʟʚʝʰʝʥʥʳʭ ʦʩʘʜʢʦʚ ʠ ʪʦʥʢʠʤʠ (0,5ï2 ʩʤ) ʧʨʦʩʣʦʷʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʛʝʥʝʟʠʩ, ʘ ʥʝ ʥʘ 

ʟʘʭʦʨʦʥʝʥʠʝ ʛʣʝʪʯʝʨʥʦʛʦ ʣʴʜʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʤʝʥʷʝʪʩʷ ʩ ʚʳʩʦʪʦʡ ʫʯʘʩʪʢʘ: ʥʘ ʥʠʞʥʠʭ 

ʫʯʘʩʪʢʘʭ (ɼʘʤʧ, ʉʪʝʡʥʰ ʂʨʠʢ, 40ï45 ʤ) ʣʸʜ ʠʤʝʝʪ Na-Cl ʪʠʧ ʟʘʩʦʣʝʥʠʷ. 

ʆʪʥʦʰʝʥʠʝ Na/Cl ʙʣʠʟʢʦ ʢ ʤʦʨʩʢʦʡ ʚʦʜʝ, ʥʦ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (TDS) ʥʘ 1ï

2 ʧʦʨʷʜʢʘ ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ 868 ʠ 310 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʢʝʨʥʝ ɼʘʤʧ 

ʦʪʤʝʯʝʥ ʨʝʟʢʠʡ ʧʠʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʦ 8830 ʤʛ/ʣ ʥʘ ʛʣʫʙʠʥʝ 0,4ï0,5 ʤ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʅʘ ʚʳʩʦʢʦʤ 

ʫʯʘʩʪʢʝ (ɻʝʤʠʥʠ, 115ï120 ʤ) ʣʸʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ CaïSO-ʪʠʧʦʤ ʟʘʩʦʣʝʥʠʷ ʠ 

ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʚ ʩʨʝʜʥʝʤ 28ï37 ʤʛ/ʣ). ʆʪʥʦʰʝʥʠʝ Na/Cl ʟʜʝʩʴ ʚʳʰʝ, 

ʯʝʤ ʫ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʠ ʙʣʠʞʝ ʢ ʩʥʝʞʥʦʤʫ ʧʦʢʨʦʚʫ. 
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ʈʠʩ. 5.9. ʆʙʥʘʞʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʥʠʟʤʝʥʥʦʩʪʠ ʟʘʣʠʚʘ ʕʚʨʠʢʘ-ʉʘʫʥʜ, 

ʰʪʘʪ ʅʴʶ-ʁʦʨʢ. (A) ʫʯʘʩʪʦʢ ɼʘʤʧ (DS), ʩʪʦʣʙʯʘʪʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʦʙʥʘʞʝʥ 

ʧʦʜ ʩʣʦʝʤ ʩʣʦʠʩʪʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ ʦʪ 0,5 ʜʦ 

1 ʤ. (ɹ, ɺ) ʋʯʘʩʪʦʢ ɻʝʤʠʥʠ, ʛʜʝ ʩʪʦʣʙʯʘʪʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʦʙʥʘʨʫʞʝʥ ʧʦʜ 

ʩʣʦʝʤ ʩʣʦʠʩʪʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ ʦʪ 1 ʜʦ 1,5 ʤ 

(ʠʟ Roy et al., 2023) 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ (ŭĭO) ʣʴʜʘ ʥʘ ʫʯʘʩʪʢʝ ɻʝʤʠʥʠ ʚʘʨʴʠʨʫʝʪ ʦʪ ī33,9 ʜʦ 

ī32,1ă (G1), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭĭO = ī30,9ă (G3). ʅʘʢʣʦʥ ŭ2ʅïŭĭO 

ʩʦʩʪʘʚʠʣ 8,4 (G3) ʠ 7,5 (G1). ʅʘ ʫʯʘʩʪʢʝ ʉʪʝʡʰʥ ʂʨʠʢ ʟʥʘʯʝʥʠʷ ŭĭO 

ʚʘʨʴʠʨʫʪʁ ʦʪ ī34,9 ʜʦ ī25,5ă. ʅʘʢʣʦʥ ŭ2ʅ-ŭĭO = 7,5 (ŭ2ʅ = 7,5 Ĭ ŭĭO ï 5,4). 

ʅʘ ʫʯʘʩʪʢʝ ɼʘʤʧ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭĭO = ī32,3ă. ʅʘʢʣʦʥ ŭ2ʅ-ŭĭO = 7,8 ʠ 7,3 

ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʝʨʥʘʭ (ʨʠʩ. 5.10).  

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ŭĭO, ʚʩʝ ʦʙʨʘʟʮʳ ʣʦʞʘʪʩʷ ʥʘ 

ʣʠʥʠʶ, ʙʣʠʟʢʫʶ ʢ ʣʠʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (ʥʘʢʣʦʥ ~7ï8), ʯʪʦ 

ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʕʪʦ ʩʦʟʜʘʚʘʣʦ ʛʣʘʚʥʦʝ 




























































































































































































