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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʙʨʘʥʥʦʡ ʪʝʤʳ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʈʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʪʝʣʷʪ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʨʦʙʣʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [Ackermann M.R. et al., 2010; Love W.J. 

et al., 2014; Windeyer M.C. et al., 2014; Kovaļiĺ M. et al., 2017; Handan H.A., Umit 

O., 2018; Murray G.M. et al., 2018]. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 75 % ʦʙʱʝʡ ʟʘʙʦʣʝ-

ʚʘʝʤʦʩʪʠ ʠ ʙʦʣʝʝ 50 % ʩʣʫʯʘʝʚ ʧʘʜʝʞʘ ʤʦʣʦʜʥʷʢʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ [Ro-

driguez-Castillo J.L. et al., 2017]. ɺʘʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘ-

ʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʟʨʝʣʦʩʪʴ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ, ʥʘʨʫʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʨʬʘʢʪʘʥʪʘ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ, ʜʝʬʠʮʠʪ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʠʪʘʤʠʥʦʚ, ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ [ʇʝʪʫʭʦʚʘ ɻ.ʀ., ʀʜʨʠʩʦʚʘ ʈ.ʈ., 2010; ʐʘʙʫʥʠʥ 

ʉ.ɺ. ʠ ʩʦʘʚʪ., 2015]. 

ɼʠʘʛʥʦʩʪʠʢʘ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʪʝʣʷʪ ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩʥʦ, 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʤʥʝʟʘ, ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʥʠʯʝʩʢʠʭ [ʃʝʚ-

ʯʝʥʢʦ ɺ.ʀ., 2001], ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ɼʘʥʠ-

ʣʝʚʩʢʠʡ ɺ.ʄ., 1983; ʐʘʙʫʥʠʥ ʉ.ɺ. ʠ ʩʦʘʚʪ., 2015]. ʉʠʤʧʪʦʤʳ ʧʦʨʘʞʝʥʠʷ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ ʫ ʤʦʣʦʜʥʷʢʘ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʦʚʨʝ-

ʞʜʝʥʠ ̫ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ [Buczinski S. et al., 2015a; Ġolt®sov§ H. et al., 2015], ʧʦʵʪʦ-

ʤʫ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʪʘʝʪʩʷ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ [Abutarbush M. et al., 2012]. ʆʜʥʘʢʦ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʦʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʪʝʣʷʪ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝ-

ʥʷʪʴ ʚ ʨʫʪʠʥʥʦʡ ʧʨʘʢʪʠʢʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [Buczinski S. et al., 2015a; Kovaļiĺ M. et 

al., 2017; Marcato F. et al., 2018]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʘʩʴ ʦʙʱʝʤʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʢ ʧʨʝ-

ʜʠʢʪʠʚʥʦʡ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʝ. ʇʨʝʜʠʢʪʦʨʳ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʨʘʟʚʠ-
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ʪʠ̫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʛʜʘ ʝʛʦ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʝʱʝ ʦʪʩʫʪʩʪʚʫʶʪ 

[Wilson B.K. et al., 2017]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʨʝʩʧʠʨʘʪʦʨʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʪʝʣʷʪ ʚʦʟʤʦʞʥʦ ʝʱʝ ʜʦ ʠʭ ʨʦʞʜʝʥʠʷ, ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʨʦʚ-

ʤʘʪʝʨʝʡ [ʐʘʙʫʥʠʥ ʉ.ɺ. ʠ ʩʦʘʚʪ., 2015].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʥʦ-

ʚʦʨʦʞʜʝʥʥʳʡè ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʨʘʟ-

ʚʠʪʠʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʥʝʦʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ. ʈʘʥʥʝʝ ʧʨʦʬʠʣʠʨʦ-

ʚʘʥʠʝ ʪʝʣʷʪ ʧʦ ʛʨʫʧʧʘʤ ʨʠʩʢʘ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʤʦʣʦʜʥʷʢʘ.   

 

ʎʝʣɹ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ 

ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè ʠ ʠʭ ʨʦʣ ɹʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥ-

ʥʦʩʪʠ ʢ ʦʩʣʦʞʥʝʥʥʦʤʫ ʪʝʯʝʥʠʶ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʪʝʣʷʪ ʢʨʘʩʥʦ-

ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ. 

ʅʘ ʨʘʟʨʝʰʝʥʠʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ, 

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʦʚ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʪʝʣʷʪ ʢʨʘʩʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ, ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʨʘʟʚʠʪʠʶ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ, ʠ ʠʭ ʤʘʪʝʨʝʡ.  

2. ɺʳʷʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ, ʤʘʨʢʝʨʘʤʠ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ, ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʪʘʪʫʩʦʚ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʢʨʘʩʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ 

ʪʝʣʷʪ ʠ ʦʮʝʥʠʪʴ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ 

ʦʩʣʦʞʥʝʥʥʦʤʫ ʪʝʯʝʥʠʶ ʙʨʦʥʭʠʪʘ (ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ). 

3. ʆʮʝʥʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʤʘʨʢʝʨʦʚ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘ-

ʮʠʠ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʦʚ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴ-

ʥʳʭ ʢʦʨʦʚ ʢʨʘʩʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʠ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʪʝʣʷʪ ʚ ʥʝʦʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʘʨʢʝʨʦʚ ʵʥʜʦʛʝʥʥʦʡ ʠʥ-

ʪʦʢʩʠʢʘʮʠʠ, ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʪʘʪʫʩʦʚ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ʢʨʘʩʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. 

ɺ ʫʩʣʦʚʠʷʭ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʈʌ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʦʚ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴïʥʦʚʦʨʦʞʜʝʥʥʳʡè ʧʨʠ 

ʩʫʙʢʣʠʥʠʯʝʩʢʦʤ ʜʠʩʵʣʝʤʝʥʪʦʟʝ ï ʜʝʬʠʮʠʪʝ ʤʝʜʠ, ʮʠʥʢʘ, ʢʦʙʘʣʴʪʘ, ʭʨʦʤʘ ʠ ʤʳʰʴ-

ʷʢʘ ʠ ʠʟʙʳʪʢʝ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ. ʆʙʥʘʨʫʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʪʝʣʷʪ ʢʨʘʩʥʦ-ʧʝʩʪʥʦʡ ʧʦʨʦʜʳ ʯʝʨʝʟ 24 

ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʝʥʠʷ ʫ ʥʠʭ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ 

ʥʝʦʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ. ɺʧʝʨʚʳʝ ʜʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ 1-ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʠʪʦʤ ʠ ʙʨʦʥʭʦʧʥʝʚ-

ʤʦʥʠʝʡ. ɺʳʷʚʣʝʥʳ ʧʨʝʜʠʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʪʝʣʷʪ ʦʩʣʦʞʥʝʥʠʝ ʙʨʦʥʭʠʪʘ ʧʥʝʚʤʦʥʠʝʡ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 85,7ï100,0 % ʠ ʩʧʝ-

ʮʠʬʠʯʥʦʩʪʴʶ 63,6ï77,3 %. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦ-

ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤʠ, ʤʠʥʝʨʘʣʴʥʳʤʠ, ʛʦʨʤʦʥʘʣʥɹʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʦʚʠ 

ʚ ʩʠʩʪʝʤʝ çʤʘʪʴïʥʦʚʦʨʦʞʜʝʥʥʳʡè ʠ ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫ ʪʝʣʷʪ ʧʨʝʜʨʘʩʧʦ-

ʣʦʞʝʥʥʦʩʪʠ ʢ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ.    

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʩʰʠʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝ-

ʥʠʡ ʫ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ ʥʘ ʚʥʫʪʨʠʫʪʨʦʙʥʦʝ ʨʘʟʚʠʪʠʝ, ʟʜʦʨʦʚʴʝ ʠ ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʨʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʨʦʚʠ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʚ ʧʝʨʠʦʜ 

ʥʦʚʦʨʦʞʜʝʥʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴïʥʦʚʦʨʦʞʜʝʥʥʳʡè ʧʨʠ ʜʠʩʵʣʝʤʝʥʪʦʟʘʭ.  ʆʧʨʝʜʝ-

ʣʝʥʳ ʢʨʠʪʝʨʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʛʨʫʧʧʳ ʨʠʩʢʘ ʧʦ ʙʨʦʥ-

ʭʦʧʥʝʚʤʦʥʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ 



 7 

ʜʠʩʵʣʝʤʝʥʪʦʟʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʢ 

ʨʘʟʚʠʪʠʶ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʝʝ ʧʨʦʬʠ-

ʣʘʢʪʠʢʝ ʠ ʪʝʨʘʧʠʠ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴïʥʦʚʦʨʦʞʜʝʥʥʳʡè ʫ ʢʨʫʧ-

ʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʥʘʪʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʪʝʣʷʪ ʠ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ 

ʨʘʟʚʠʪʠʶ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʥʠʯʝʩʢʠʭ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʬʠʟʠ-

ʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ, ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʕʥʜʦʛʝʥʥʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʬʝʪʦʧʣʘ-

ʮʝʥʪʘʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʫʙʢʣʠʥʠʯʝʩʢʠʝ ʜʠʩʵʣʝʤʝʥʪʦʟʳ (ʜʠʩʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʝ çʞʝ-

ʣʝʟʦïʤʝʜʴïʮʠʥʢè, ʠʟʙʳʪʦʢ ʥʠʢʝʣʷ ʠ ʜʝʬʠʮʠʪ ʤʳʰʴʷʢʘ) ʫ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ ʧʨʠ-

ʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʛʝʤʦʧʦʵʟʘ ʠ ʩʥʠʞʘʶʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ 

ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

2. ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʪʝʣʷʪ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʥʝʦʩʣʦʞ-

ʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ ʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ, ʚ 1-ʩʫʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʨʘʟʣʠʯʠʷ. 

3. ʅʦʚʦʨʦʞʜʝʥʥʳʝ ʪʝʣʷʪʘ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʴʜʦʩʪʝʨʦʥʘ, ʤʝʜʠ, 

ʠʟʙʳʪʢʦʤ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʧʨʠʟʥʘʢʘʤʠ ʤʠʢʨʦʮʠʪʘʨʥʦʡ ʛʠʧʦ-

ʭʨʦʤʥʦʡ ʘʥʝʤʠʠ ʠ ʣʝʡʢʦʮʠʪʦʟʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʣʠʤʬʦʮʠʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʨʠʩʢʘ ʧʦ ʙʨʦʥʭʦʧʥʝʚʤʦ-

ʥʠʠ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ 

ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʚʦʪʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʣʠʜʠʨʦʚʘʥʥʳʭ ʪʝʩʪ-ʩʠʩʪʝʤ, ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦ-

ʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ï Stadia 7.0 Professional (InCo, ʈʦʩʩʠʷ) ʠ MedCalc for Windows, version 

17.5.3 (MedCalc Software, Ostend, Belgium). 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʰʣʠ ʚ ʦʪʯʝʪʳ ʧʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪè ʟʘ 2017ï2020 ʛʛ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ XXIII  ʉʲʝʟʜʝ ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ (ɺʦʨʦ-

ʥʝʞ, 18ï22 ʩʝʥʪʷʙʨʷ 2017 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʙʠʦʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çXII  ʯʪʝʥʠʷ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʖʨʠʷ ɸʥʘʪʦʣʴʝʚʠʯʘ ʆʚʯʠʥʥʠʢʦ-

ʚʘè, VIII ʈʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ çɹʝʣʢʠ ʠ ʧʝʧʪʠʜʳè (ʄʦʩʢʚʘ, 18ï22 ʩʝʥʪʷʙʨʷ 

2017 ʛ.), VIII ʩʲʝʟʜʝ ʅʄʆɸɻʕ (ɺʦʨʦʥʝʞ, 23ï26 ʤʘʷ 2019 ʛ.), XXIII  ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʘʛʨʘʨ-

ʥʦʡ ʥʘʫʢʝ ï ʚʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝè (ʧ. ʄʘʡʩʢʠʡ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣ., 28ï29 ʤʘʷ 2019 ʛ.), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɼʦʩʪʠʞʝʥʠʷ ʚ ʛʝʥʝʪʠʢʝ, ʩʝ-

ʣʝʢʮʠʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

29ï30 ʤʘʷ 2019 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çInnovations in Life Sciencesè 

(ɹʝʣʛʦʨʦʜ, 10ï11 ʦʢʪʷʙʨʷ 2019 ʛ.), ʛʜʝ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʌɻɸʆʋ ɺʆ çʂʨʳʤ-

ʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè, ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè, ʌɻɹʆʋ ɺʆ çʂʦ-

ʩʪʨʦʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷè, ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʝʪʝʨʠʥʘʨʥʳʡ ʠʥʩʪʠʪʫʪ 

ʧʘʪʦʣʦʛʠʠ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʪʝʨʘʧʠʠè, ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʢʫ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʆʆʆ 

çɺʦʨʦʥʝʞʧʠʱʝʧʨʦʜʫʢʪè ʅʦʚʦʫʩʤʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. 



 9 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨr, ʢʣʠʥʠʯʝʩʢʠʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʨʫʢʦʧʠʩʠ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ 

ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʥʘʫʯʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, 

ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɺ.ʅ. ʂʘʣʘʝʚʘ ʠ ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ ɸ.ɽ. ʏʝʨʥʠʮʢʦʛʦ. ɼʦʣʷ ʫʯʘʩʪʠʷ ʩʦʠʩʢʘʪʝʣʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʩʦʩʪʘʚ-

ʣʷʝʪ 85%.   

 

ʇʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 1 ʩʪʘʪʴ ̫ʚ ʠʟʜʘʥʠʠ 

(çVeterinary Worldè), ʠʥʜʝʢʩʠʨʫʝʤʦʤ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus, ʠ 5 

ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ (çɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ 

ʠ ʪʝʭʥʠʢʠ ɸʇʂè, çʈʦʩʩʠʡʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʥʘʫʢʘè, çʇʨʦʙʣʝʤʳ ʙʠʦʣʦ-

ʛʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʞʠʚʦʪʥʳʭè, çɻʝʥʝʪʠʢʘ ʠ ʨʘʟʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭè). 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ 131 ʩʪʨʘʥʠʮʫ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ; ʩʦ-

ʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʶʯʝʥʠʷ, 

ʚʳʚʦʜʦʚ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫ-

ʨʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 281 ʠʩʪʦʯʥʠʢ, ʠʟ ʥʠʭ 159 ʟʘʨʫʙʝʞʥʳʭ. ʀʣʣʶ-

ʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʚʢʣʶʯʘʝʪ 15 ʨʠʩʫʥʢʦʚ ʠ 15 ʪʘʙʣʠʮ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ çʤʘʪʴïʧʣʘʮʝʥʪʘï

ʥʦʚʦʨʦʞʜʝʥʥʳʡè 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʦʥʪʦʛʝʥʝʟʘ ʷʚʣʷʝʪʩʷ ʧʨʝʥʘʪʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. ɺ ʵʪʦ 

ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʷʪ ʦʩʥʦʚʥʳʝ ʬʘʟʳ ʤʦʨʬʦ- ʠ ʦʨʛʘʥʦʛʝʥʝʟʘ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʧʦʣʥʦʮʝʥʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ.  

ɹʝʨʝʤʝʥʥʦʩʪʴ ï ʵʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʦʨ-

ʛʘʥʠʟʤʘ ʩʘʤʢʠ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʞʠʟʥʝʜʝʪ̫ʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʳʥʘʰʠʚʘʥʠʝʤ 

ʠ ʨʦʞʜʝʥʠʝʤ ʧʣʦʜʘ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʦʨʛʘʥʠʟʤʝ ʤʘʪʝʨʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʥʝ-

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʜʝʡʩʪʚʠʷ ʵʢʟʦ- ʠ ʵʥʜʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠ-

ʨʦʜʳ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝ-

ʜʳ. ʉ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʪʘʧʘ ʦʥʪʦʛʝʥʝʟʘ ʧʣʦʜ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʩʚʦʝʛʦ 

ʨʘʟʚʠʪʠʷ [ʃʠʥʝʚʘ ʆ.ʀ. ʠ ʩʦʘʚʪ., 2004; Huppertz B.M. et al., 2006]. ɺ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʥʫʪʨʠ 

ʦʨʛʘʥʠʟʤʘ ʤʘʪʝʨʠ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʦʣʦʚʠʥʫ ʛʝʥʝʪʠʯʝʩʢʠ ʯʫʞʝʨʦʜʥʳʡ 

ʧʣʦʜ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʣʦʜʦʚ) [ʇʝʪʨʷʥʢʠʥ ʌ.ʇ., 2003, Anthony R.V. et al., 2001]. 

ɹʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʣʥʦʮʝʥʥʦʡ ʙʝʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʦʞ-

ʜʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʛʦ ʧʦʪʦʤʩʪʚʘ. ʄʘʪʝʨʠʥʩʢʠʡ ʦʨʛʘʥʠʟʤ ʚ ʧʝʨʠʦʜ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ [ɹʝʣʦʫʩʦʚ ʃ.ɺ., 

2005; ɻʫʜʢʦʚ ɻ.ɺ., 2001], ʧʦʵʪʦʤʫ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʨʝʣʦʩʪʴ ʧʦʪʦʤʩʪʚʘ ʟʘ-

ʚʠʩʠʪ ʦʪ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʤʘ ʤʘʪʝʨʠ [ɼʘʥʠʣʦʚ ʈ.ʂ., ɹʦʨʦʚʘʷ ʊ.ɻ., 

2003; Rossant J.A., Cross J.C., 2001; Huppertz B.M. et al., 2006]. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʦʪ ʧʦʣʥʦʮʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ 

[ɼʤʠʪʨʠʝʚ ɸ.ʌ., 2012; ɼʤʠʪʨʠʝʚ ɸ.ʌ., ɸʛʘʨʢʦʚ ɸ.ɺ., 2014, 2015]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʠ ʠʩʭʦʜʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʟʘʠʤʦʩʚʷʟʴ ʚ ʩʠʩʪʝʤʝ 

çʤʘʪʴ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè (ʠʣʠ çʧʣʘʮʝʥʪʘ ï ʧʣʦʜè, ʠʣʠ çʧʣʦʜ ï ʧʣʘʮʝʥʪʘ ï ʤʘʪʢʘè, 
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ʠʣʠ çʤʘʪʴ ï ʧʣʘʮʝʥʪʘ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè) [ʄʝʜʚʝʜʝʚ ʄ.ɺ., ʖʜʠʥʘ ɽ.ɺ., 1998; 

ʄʘʥʫʭʠʥ ʀ.ɹ. ʠ ʩʦʘʚʪ., 2002; ʉʘʚʝʣʴʝʚʘ ɻ.ʄ. ʠ ʩʦʘʚʪ., 2006]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʤʘʪʝʨʠ ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʥʘʪʦʣʦʛʠʠ [ʉʘʚʯʝʥʢʦʚ ʖ.ʀ., 1991; ɿʘʭʘʨʦʚ ʖ.ʄ. ʠ ʩʦʘʚʪ., 2012]. 

ʉʠʩʪʝʤʘ çʤʘʪʴ ï ʧʣʘʮʝʥʪʘ ï ʧʣʦʜè ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʥʘʯʘʣʘ 

ʠ ʜʦ ʢʦʥʮʘ ʙʝʨʝʤʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ: ʛʦʤʝʦʩʪʘʟ, ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ [ʉʘ-

ʚʯʝʥʢʦʚ ʖ.ʀ., ʐʠʣʦʚ ʉ.ʅ., 2002; Huppertz B.M. et al., 2006]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʛʦʤʦʣʦʛʠʯʥʳʭ ʦʨʛʘʥʦʚ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʳ ʠ ʚʟʘ-

ʠʤʦʦʙʫʩʣʦʚʣʝʥʳ [Rossant J.A., Cross J.C., 2001; Zygmunt M.S., 2001; Mainardes 

G.A., DeVries T.J., 2016]. 

ɺ ʧʝʨʠʦʜ ʛʝʩʪʘʮʠʠ ʤʘʪʝʨʠʥʩʢʠʡ ʦʨʛʘʥʠʟʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʣʠ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʪʦʤʩʪʚʘ: ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʧʣʦʜʘ, 

ʚʝʜʝʪ ʢ ʫʪʨʘʪʝ ʠʣʠ ʩʥʠʞʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. ʉʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ 

ʫʷʟʚʠʤʳʤʠ ʜʘʞʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [ʉʝʨʦʚ ɺ.ʅ., 2002; ʏʝʢʘʩʠʥʘ 

ʃ.ʀ., 2009; Anthony R.V. et al., 2001]. ʅʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʤʘ-

ʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʨʠʚʦʜʷʪ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ 

ï ʧʣʘʮʝʥʪʘ ï ʧʣʦʜè, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʝʩʧʝʯʝ-

ʥʠ ʁʘʜʝʢʚʘʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʦʩʪʘ ʧʣʦʜʘ [ɼʘʰʫʢʘʝʚʘ ʂ.ɻ. ʠ ʩʦʘʚʪ., 1994]. ɺʣʠʷʥʠʷ 

ʤʘʪʝʨʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʤʫʥʥʳʝ, ʤʦʛʫʪ ʢʘʢ ʩʪʠʤʫʣʠʨʦʚʘʪʴ, ʪʘʢ ʠ ʪʦʨʤʦʟʠʪʴ ʨʘʟʚʠ-

ʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʫ ʧʣʦʜʘ [ʇʘʥʠʥʘ ʆ.ɹ. ʠ ʩʦʘʚʪ., 2003; ʉʘʚʯʝʥʢʦʚ 

ʖ.ʀ., 1991; Charnock-Jones D.S., Burton G.J., 2000]. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʣʦʜʥʳʡ ʧʝʨʠʦʜ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʡ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ, ʨʦʩʪʘ, ʩʪʘʪʫʩʘ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ ʚ ʧʝʨʠʦʜ ʥʦʚʦʨʦʞʜʝʥʥʦ-

ʩʪʠ [ɻʫʜʢʦʚ ɻ.ɺ., 2001; ɸʬʘʥʘʩʴʝʚ ʖ.ʀ. ʠ ʩʦʚʪ., 2004; Anderson A.D., Lichorad 
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N.A., 2000]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʧʘʪʦʣʦʛʠʡ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ ʚ ʙʫʜʫʱʝʤ [ʄʝʜʚʝʜʝʚ 

ʄ.ɺ., ʖʜʠʥʘ ɽ.ɺ., 1998; ʐʠʨʷʝʚ ʊ.ʖ., ʃʦʛʘʯʝʚ ʄ.ʌ., 2002]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴ-

ʰʠʡ ʘʥʪʝʥʘʪʘʣʴʥʦ-ʧʦʚʨʝʞʜʘʶʱʠʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ ʚ ʪʝʭ ʦʨʛʘʥʘʭ ʠ ʩʠʩʪʝʤʘʭ, ʢʦ-

ʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʪʘʜʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʦʤ ʤʘʪʝʨʠ ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ [ʐʠʨʰʝʚ ʉ.ɺ., 2000], ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʤʦʚ ʤʘʪʝʨʠ ʠ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʧʣʦʜʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʘʷ ʩʠʩʪʝʤʘ [ʃʘʧʠʥʘ ʊ.ʀ., 2000; 

ʉʘʚʝʣʴʝʚʘ ɻ.ʄ. ʠ ʩʦʘʚʪ., 2006]. ɺ ʩʦʩʪʘʚ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʨʦʤʝ ʧʣʘ-

ʮʝʥʪʳ, ʚʭʦʜʷʪ ʥʘʜʧʦʯʝʯʥʠʢʠ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪ-

ʩʷ ʩʠʥʪʝʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʧʣʘʮʝʥʪʳ; ʧʝʯʝʥʴ ʧʣʦʜʘ ʠ ʧʝ-

ʯʝʥʴ ʤʘʪʝʨʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʛʦʨʤʦʥʦʚ ʧʣʘʮʝʥʪʳ; ʧʦʯʢʠ ʤʘʪʝʨʠ, ʚʳ-

ʚʦʜʷʱʠʝ ʧʨʦʜʫʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʧʣʘʮʝʥʪʳ [ɿʳʢʦʚ ɺ.ɸ., 1991; ʉʪʝʧʘʥʦʚ ɼ.ɺ., 

2006]. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʩʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʞʜʫ 

ʤʘʪʝʨʴʶ ʠ ʧʣʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʳʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚ [ʇʦʛʦʨʝʣʦʚʘ 

ʊ.ʅ ʠ ʩʦʘʚʪ., 1997; Bowen J.M. et al., 2002; Charnock-Jones D.S., Burton G.J., 2000]. 

ɻʣʘʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʣʘʮʝʥʪʘ. ʇʣʘʮʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʠʟʦʨʥʳʤ ʦʨʛʘʥʦʤ, ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ 

ʩʪʨʦʛʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʳʭʘʥʠʝ, ʤʝ-

ʪʘʙʦʣʠʟʤ ʠ ʠʤʤʫʥʥʫʶ ʟʘʱʠʪʫ ʚ ʘʥʪʝʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ [ʉʘʚʯʝʥʢʦʚ ʖ.ʀ., ʐʠʣʦʚ 

ʉ.ʅ., 2002; ʎʠʥʟʝʨʣʠʥʛ ɺ.ɸ., ʄʝʣʴʥʠʢʦʚʘ ɺ.ʌ., 2002]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʨʝʣʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ çʤʘʪʴ ï ʧʣʦʜè ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʧʦʣʥʦ-

ʮʝʥʥʦʡ ʧʣʘʮʝʥʪʳ [ɸʬʘʥʘʩʴʝʚ ʖ.ʀ. ʠ ʩʦʚʪ., 2004; ɻʣʫʭʦʚʝʮ ɹ.ʀ., ɻʣʫʭʦʚʝʮ ʅ.ɻ., 

2002] ʢʘʢ ʦʙʦʶʜʥʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ [ʃʘʧʠʥʘ ʊ.ʀ., 2001], ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʧʣʦʜʥʫʶ ʯʘʩʪʴ (ʩʦʩʫʜʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʧʣʦʜʘ) ʠ ʤʘʪʝʨʠʥʩʢʫʶ (ʩʣʠʟʠʩʪʘʷ 

ʦʙʦʣʦʯʢʘ ʤʘʪʢʠ).  

ʀʟʤʝʥʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʧʣʘʮʝʥʪʝ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʦʪʦʤʩʪʚʘ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʵʪʠʦʧʘʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ 
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ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ [ɸʙʦʥʝʝʚ ɼ.ɺ., 2004; Anderson A.D., 

Lichorad N.A., 2000; Dmitriev A.F., Agarkov A.V., 2014]. 

ʅʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʮʝʥʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʨʘʟʚʠʪʠʝ ʧʨʝ-, ʧʝʨʠ- ʠ ʧʦʩʪʥʘʪʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʕʪʠ ʥʘʨʫʰʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʩʠʩʪʝʤ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ [ʂʦʛʘʥ ʀ.ʖ. ʠ ʩʦʘʚʪ., 2003; ʉʘ-

ʚʝʣʴʝʚʘ ɻ.ʄ. ʠ ʩʦʘʚʪ., 2006; ɸʨʞʘʥʦʚʘ ʆ.ʅ. ʠ ʩʦʘʚʪ., 2006]. 

ɺʳʷʚʣʝʥʦ [ʂʨʠʚʦʨʫʯʢʦ ɸ.ʖ., 2007], ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʨʫʰʝʥʠʡ ʚʟʘʠʤʦ-

ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʧʣʦʜè ʧʨʠʚʦʜʷʪ ʢ ʜʝʬʝʢʪʘʤ ʨʘʟʚʠʪʠʷ ʧʣʘʮʝʥʪʳ, ʯʪʦ ʩʪʘ-

ʥʦʚʠʪʩʷ ʪʨʠʛʛʝʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʝʸ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɼʝʡʩʪʚʠʝ ʧʦ-

ʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʧʣʘʮʝʥʪʫ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʷ ʩ ʭʘ-

ʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʨʝʘʢʮʠʡ [ʃʘʧʠʥʘ ʊ.ʀ., 2001; ʊʠʤʯʝʥʢʦ 

ʃ.ɼ., 2001; ʉʝʨʦʚ ɺ.ʅ., 2002; Charnock-Jones D.S., Burton G.J., 2000; Zygmunt M.S., 

2001].  

ʇʦʢʘʟʘʥʦ [ʅʝʞʜʘʥʦʚ ɸ.ɻ., 2004; ɺʣʘʩʦʚ ʉ.ɸ., 2000], ʯʪʦ ʛʠʧʦʢʩʠʷ ʠ ʛʠʧʦ-

ʪʨʦʬʠʷ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʧʣʦʜʘ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʙʝʨʝʤʝʥʥʦʩʪʠ. ɻʠʧʦʢʩʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʦʩʪʘ ʧʣʦʜʘ ʠ ʨʘʟʚʠʪʠʷ ʝʛʦ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ, ʘ ʛʠʧʦʪʨʦ-

ʬʠʷ ï ʢ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʟʨʝʣʦʩʪʠ ʧʣʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʦʪʩʪʘʚʘʥʠ-

ʝʤ ʤʘʩʩʳ ʪʝʣʘ ʠ ʜʣʠʥʳ ʧʣʦʜʘ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝ-

ʩʪʘʮʠʦʥʥʦʤʫ ʩʨʦʢʫ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʪʘʥʦʚʷʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʧʝʨʠʥʘ-

ʪʘʣɹʥʦʡ ʩʤʝʨʪʥʦʩʪʠ [ɸʛʘʨʢʦʚ ɸ.ɺ., 2015]. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʧʨʦʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʙʝʨʝʤʝʥʥʦʡ ʠ ʧʣʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʨʦʢʘ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʩʠʣʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʣʦ-

ʜʘ ʠ ʧʣʘʮʝʥʪʳ, ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ çʤʘʪʴ ï ʧʣʦʜè [ɻʣʫʭʦʚʝʮ ɹ.ʀ., ɻʣʫʭʦʚʝʮ ʅ.ɻ., 2002; ʂʦʛʘʥ 

ʀ.ʖ. ʠ ʩʦʘʚʪ., 2003]. 
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ɺʝʜʫʱʠʤ ʧʨʠʟʥʘʢʦʤ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʮʝʥʪʳ. ʊʷʞʝʩʪʴ ʧʣʘʮʝʥʪʘʨʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘ-

ʚʠʩʠʪ ʦʪ ʪʷʞʝʩʪʠ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʣʦ ʵʪʫ ʧʘʪʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ 

ʦʪ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʣʘʮʝʥʪʝ [ʐʠʨʰʝʚ ʉ.ɺ., 2000]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʥʘʪʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ, ʙʠʦʭʠʤʠʯʝʩʢʠʡ, ʛʦʨʤʦʥʘʣʴʥʳʡ, ʠʤ-

ʤʫʥʥʳʡ ʩʪʘʪʫʩ rʤʘʪʝʨʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʠ ʬʦʨʤ ʥʘʨʫʰʝʥʠʷ ʚʥʫʪʨʠ-

ʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʵʪʠʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ-

ʧʨʷʞʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʨʝʤʝʥʥʦʡ ʠ ʧʣʦʜʘ, ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʵʪʦʤ ʥʘʨʫʰʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʷʚʣʷʶʪʩʷ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʘʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʛʠʧʦʢʩʠʷ ʠ ʛʠʧʦʪʨʦʬʠ ̫ʧʣʦʜʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʫʜʠʪʴ ʦ 

ʧʨʠʯʠʥʘʭ ʥʘʨʫʰʝʥʠʡ ʩʪʘʪʫʩʘ ʟʜʦʨʦʚʴʷ ʧʦʪʦʤʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦ-

ʩʪʠ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 
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1.2. ʄʘʨʢʝʨʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

 

ɻʝʩʪʦʟ ï ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʙʝʨʝʤʝʥʥʳʭ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ 

ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʝʡ, ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʵʥʜʦʪʝʣʠʦʟʦʤ, ʩʦʩʫʜʠʩʪʳʤ ʩʧʘʟ-

ʤʦʤ, ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʡ ʠ ʧʦʣʠʦʨʛʘʥʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ [Gutyj B. et al., 2017]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʛʝʩʪʦʟʘ ʨʦʞʜʘʝʪʩʷ ʤʘʣʦʞʠʟʥʝʩʧʦʩʦʙʥʦʝ ʠʣʠ ʦʩʣʘʙʣʝʥʥʦʝ 

ʧʦʪʦʤʩʪʚʦ, ʧʦʜʚʝʨʞʝʥʥʦʝ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʘʪʦʣʦʛʠʡ. 

ɺ ʧʝʨʠʦʜ ʛʝʩʪʘʮʠʠ, ʢʦʛʜʘ ʥʘ ʦʨʛʘʥʠʟʤ ʤʘʪʝʨʠ ʣʦʞʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʜʘʞʝ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʥʳ ʥʘʨʫʰʠʪʴ ʥʝʫʩʪʦʡʯʠʚʳʡ 

ʛʦʤʝʦʩʪʘʟ ʠ ʚʳʟʚʘʪʴ ʩʙʦʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʜʝʪʦʢʩʠʢʘʮʠʠ [ʉʠʜʝʣʴʥʠʢʦʚʘ ɺ.ʀ. ʠ ʩʦ-

ʘʚʪ., 2015]. ʕʥʜʦʛʝʥʥʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩʢʨʳʪʦ, 

ʧʨʠ ʵʪʦʤ ʠʩʪʦʱʘʷ ʘʜʘʧʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʨʛʘʥʠʟʤʘ. ʕʥʜʦʛʝʥʥʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʫ 

ʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ ʠ ʨʘʟʚʠʪʠʝ 

ʪʢʘʥʝʚʦʡ ʛʠʧʦʢʩʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ NADP, ʷʚʣʷʶʱʝʛʦʩʷ 

ʢʦʬʘʢʪʦʨʦʤ ʙʦʣʝʝ ʯʝʤ 250 ʜʝʛʠʜʨʦʛʝʥʘʟ [Andersen P.H., 2003]. 

ʈʘʟʚʠʪʠʝ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʦʜʝʨʞʘʥʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʦʙʱʝʛʦ 

ʙʝʣʢʘ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡ-

ʢʦʮʠʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʝʯʝʥʦʯʥʳʭ ʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟ. ʇʨʦʛʨʝʩʩʠʨʦʚʘ-

ʥʠʝ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʡ ʧʝʯʝʥʠ (ʩʠʥʪʝʟʘ 

ʙʝʣʢʘ ʠ ʜʝʪʦʢʩʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ), ʧʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʛʣʫʪʘʪʠʦʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʢʦʨʦʚ ʩ ʩʠʤʧʪʦʤʘʤʠ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʘʣʦʥʦ-

ʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ɼʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʛʝʥʝʨʘʮʠʝʡ ʠ ʫʪʠʣʠʟʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩ-

ʣʦʨʦʜʘ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘ-

ʱʠʪʳ ʧʨʠʚʦʜʷʪ ʢ ʦʢʩʠʜʘʪʠʚʥʦʤʫ ʩʪʨʝʩʩʫ [Gutyj B. et al., 2017]. 

ʅʘʢʦʧʣʝʥʠʝ ʪʦʢʩʠʥʦʚ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʠʩʪʝʤʳ ʠ 

ʦʨʛʘʥʳ ʙʝʨʝʤʝʥʥʦʡ ʢʦʨʦʚʳ, ʥʦ ʠ ʥʘ ʪʝʣʝʥʢʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʬʠʟʠʦʣʦʛʦ-
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ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʧʣʦʜ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè ʪʝʩʥʦ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʳ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʳ [Mainardes G.A., DeVries T.J., 2016]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʝ-

ʨʳ [Onasanya G.O. et al., 2015]. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʚ ʧʨʘʢʪʠʢʝ ʩʪʘʣ ʧʨʠ-

ʤʝʥʷʪʴʩʷ ʣʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʃʀʀ) ʗ.ʗ. ʂʘʣʴʬ-ʂʘʣʠʬʘ 

[ʂʘʣʴʬ-ʂʘʣʠʬ ʗ.ʗ., 1941], ʦʪʨʘʞʘʶʱʠʡ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʦʣʠʤʦʨʬʥʦʷʜʝʨʥʳʭ ʛʨʘʥʫʣʦʮʠʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʪʦʛʝʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ [ɺʣʘʩʦʚ ɺ.ɺ., 1994]. ʆʜʥʘʢʦ ʃʀʀ ʠ ʜʨʫʛʠʝ ʣʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ 

(ʣʠʤʬʦʮʠʪʘʨʥʳʡ, ʷʜʝʨʥʳʡ ʠʥʜʝʢʩ ʩʜʚʠʛʘ ʠ ʜʨ.) ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʥʝ ʦʪʨʘʞʘʪʴ 

ʥʘʣʠʯʠʷ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ [Roland L. et al., 2014]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʝʨʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ɺʅʉʄʄ) [ɺʝʣʠ-

ʢʘʥʦʚ ɺ.ɺ., ɺʘʩʠʣʝʚʩʢʘʷ ɽ.ʄ., 2013; Semenenko M.P. et al., 2017]. ʀʤʝʥʥʦ ʚʝʱʝ-

ʩʪʚʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 300 ï 5000 ɼʘ ʚ ʦʩʥʦʚʥʦʤ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʥʝʛʘʪʠʚ-

ʥʳʝ ʵʬʬʝʢʪʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ [ʄʘʣʘʭʦʚʘ ʄ.ʗ., ɿʫʙʘʪʢʠʥʘ ʆ.ɺ., 2006]. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʫʣ ɺʅʉʄʄ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ, ʦʜʥʘʢʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʦʥʝʥʪʳ ʧʝʧʪʠʜʥʦʡ ʧʨʠʨʦʜʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʣʠʛʦʩʧʠʨʪʦʚ 

ʠ ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ (ʉʄʇ) ï ʵʥʜʦʛʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 500 ï 2000 ɼʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʪʝʦʣʠʟʘ ʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʷʭ, ʘ ʪʘʢʞʝ ʚ ʧʣʘʟʤʝ ʧʨʠ ʚʳʭʦʜʝ ʚ ʢʨʦʚʴ ʧʨʦʪʝʦ-

ʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. ʄʥʦʛʠʝ ʠʟ ʉʄʇ ʦʙʣʘʜʘʶʪ ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʴʶ, ʫʛʥʝʪʘʶʪ ʧʨʦʮʝʩʩʳ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ, ʧʦʜʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, 

ʨʘʟʦʙʱʘʶʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʥʘʨʫʰʘʶʪ ʤʝʭʘʥʠʟʤʳ 

ʨʝʛʫʣʷʮʠʠ ʩʠʥʪʝʟʘ ʘʜʝʥʠʣʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʠʟʤʝʥʷʶʪ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʳ, ʵʨʠʪʨʦʧʦʵʟ, ʬʘʛʦʮʠʪʦʟ, ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ, ʣʠʤʬʦʜʠʥʘʤʠʢʫ, ʚʳʟʳʚʘʶʪ 

ʚʪʦʨʠʯʥʫʶ ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʶ, ʙʣʦʢʠʨʫʶʪ ʨʝʮʝʧʪʦʨʳ ʥʘ ʤʝʤʙʨʘʥʘʭ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʉʄʇ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʣʘʮʝʥʪʘʨʥʳʡ ʙʘʨʴʝʨ, ʦʢʘʟʳʚʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʝ ʪʦʢʩʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʜ, ʚʳʟʳʚʘʷ ʧʦʣʠʦʨʛʘʥʥʳʝ ʥʘʨʫʰʝʥʠʷ [ɸʢʩʝʥʦʚʘ 

ɺ.ʄ., 2015]. 
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ɽʱʝ ʦʜʥʠʤ ʤʘʨʢʝʨʦʤ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʩʣʫʞʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴ-

ʙʫʤʠʥʘ. ʂʨʦʤʝ ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʙʝʣʢʦʚʦʛʦ ʨʝʟʝʨʚʘ ʦʨʛʘ-

ʥʠʟʤʘ [ɻʨʳʟʫʥʦʚ ʖ.ɸ., 1998], ʘʣʴʙʫʤʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʜʝʧʦ-

ʥʠʨʦʚʘʥʠʝ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʵʢʟʦʛʝʥʥʦʛʦ ʠ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

[ɹʦʨʯʝʥʢʦ ʈ.ɺ., 2007], ʫʯʘʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʪʦʢʩʠʢʘʮʠʠ. ɹʣʦʢʠʨʦʚʘ-

ʥʠʝ ʧʝʧʪʠʜʘʤʠ, ʙʠʣʠʨʫʙʠʥʦʤ ʠ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʤʦʣʝ-

ʢʫʣʝ ʘʣʴʙʫʤʠʥʘ ʚʳʷʚʣʷʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʷʭ [ɸʢʩʝʥʦʚʘ ɺ.ʄ., 2015]. 

ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝ-

ʥʷʝʪʩʷ, ʥʦ ʨʝʟʝʨʚ ʝʛʦ ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ. 

ɹʦʣʝʝ ʤʘʥʠʬʝʩʪʥʦ ʩʪʝʧʝʥʴ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʪʨʘʞʘʶʪ ʠʥʪʝʛʨʘʣʴ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʠʣʠ ʠʥʜʝʢʩʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʚʦʙʦʜʥʦʛʦ ʘʣʴʙʫʤʠʥʘ, ʦʙʱʝʛʦ ʘʣʴʙʫʤʠʥʘ, ʉʄʇ. ʀʥʜʝʢ-

ʩʳ ʦʧʨʝʜʝʣʷʶʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʜʝʪʦʢʩʠʢʘʮʠʝʡ ʤʝʪʘʙʦʣʠʪʦʚ [ʄʘʪʚʝ-

ʝʚ ʉ.ɹ. ʠ ʩʦʘʚʪ., 2013]; ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʂʀ) ï ʵʪʦ ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʄʇ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʣʴʙʫʤʠʥʘ 

(ʕʂɸ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʜʝʪʦʢʩʠʢʘʮʠʠ ʫ 

ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ. ʆʜʥʘʢʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʵʪʠʭ ʤʘʨʢʝʨʦʚ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʣʦʜʘ ʠ ʥʦʚʦ-

ʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 



 18 

 

1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʥʦʚʦ-

ʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ 

 

ʂʨʦʚʴ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʦʤʝʦʩʪʘʟ ʠ ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʪʨʘʞʘʶʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʜʨʫʛʠʤ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ. ʂʨʦʚʴ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʠʟʤʝʥʝʥʠʷ ʝʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʙʦʨʴʙʳ ʩ ʯʫʞʝʨʦʜʥʳʤ [ʐʘʙʫʥʠʥ ʉ.ɺ. ʠ ʩʦʘʚʪ., 2015]. ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʠ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʣʷ ʜʘʥʥʦʡ 

ʧʦʨʦʜʳ, ʚʦʟʨʘʩʪʘ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʦʤ ʩʪʘʪʫʩʝ ʟʜʦʨʦʚʴʷ ʠ ʟʘʤʝʪʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʢʦʨʦʚ [Coroian C.O. et al., 2017]. 

ʅʦʨʤʘʣʴʥʳʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʉʪʝʣʴʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʪʘʪʫʩʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ [ɽʟʜʘʢʦʚʘ ʀ.ʖ., 2007; ɹʘʡʤʠʰʝʚ ʍ.ɹ., 2013; 

ʂʦʪʦʚʠʯ ʀ.ɺ., ʇʦʟʳʚʘʡʣʦ ʆ.ʇ., 2016]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʦʚʠ ʙʝʨʝʤʝʥ-

ʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ [ʂʦʯʘʨʷʥ ɺ.ɼ., ʏʠʞʦ-

ʚʘ ɻ.ʉ., 2008]. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʣʝʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʦʚʠ ʢʦʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʜʦʚʦʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ [ɹʘʛʤʘʥʦʚ ʄ.ɸ., ʄʫʭʘʤʝʪʛʘʣʠʝʚ ʈ.ʅ., 2001; ʉʶʥʜʶʢʦʚʘ ɽ.ɻ. 

ʠ ʩʦʘʚʪ., 2013], ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʙʝʨʝʤʝʥʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʢ ʤʦʤʝʥʪʫ ʦʪʝʣʘ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʪ-

ʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʦʟʠʥʦʬʠʣʴʥʳʭ ʠ ʧʦʣʠʤʦʨʬʥʦʷʜʝʨʥʳʭ ʛʨʘʥʫʣʦʮʠ-

ʪʦʚ ʠ ʤʦʥʦʮʠʪʦʚ ʚ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ. ʀ.ɺ. ʅʝʥʘʰʝʚ ʠ ʐ.ʄ. ɹʠʢʪʝʝʚ (2008), 

ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʘʣʠ, ʯʪʦ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʚ ʧʦʩʣʝʜʥʝʤ 

ʪʨʠʤʝʩʪʨʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʚ ʧʝʨʚʳʡ ʤʝʩʷʮ ʧʦʩʣʝ ʦʪʝʣʘ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʢʣʝʪʦʢ ʢʨʘʩʥʦʡ ʠ ʙʝʣʦʡ ʢʨʦʚʠ [ʅʝʥʘʰʝʚ ʀ.ɺ., ɹʠʢʪʝʝʚ ʐ.ʄ., 2008]. ɼ.ʉ.ʍ. ʍʘ-

ʙʠʙʦʤ (2017) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʫʨʦʚʝʥʴ ʣʝʡʢʦʮʠʪʦʚ ʠ 
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ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʢʦʨʦʚ ʧʦʚʳʰʝʥ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʥʫʣʦʮʠʪʦʚ, ʘ ʟʘ ʤʝʩʷʮ ʜʦ ʦʪʝʣʘ ï ʤʠʢʨʦʮʠ-

ʪʦʟ [ʍʘʙʠʙ ɼ.ʉ.ʍ., 2017]. ɼʨʫʛʠʝ ʘʚʪʦʨʳ [ʄʦʩʢʚʠʥʘ ɸ.ʉ., ʄʘʢʩʠʤʦʚ ɺ.ʀ., 2011; 

ɿʘʚʘʣʠʰʠʥʘ ʉ.ʖ., 2015] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʫ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ 

ʜʦ ʠ ʧʦʩʣʝ ʨʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ, ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦ-

ʮʠʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ɸ ʠ ʄ. 

  

ʊʘʙʣʠʮʘ 1 ï ʅʦʨʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 

ʅʦʨʤʘ 

[ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ɿʘʤʘʥʘ ʉ.ʇ., 

2006; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ.,  2013; Lamand 

M., 2013] 

ʕʨʠʪʨʦʮʠʪʳ, ʭ10
12 
ʢʣ/ʣ 4,8 ï 7,0 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 90 ï 140 

ɻʝʤʘʪʦʢʨʠʪ, % 25,0 ï 34,0 

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ (MCV), ʤʢʤ
3
 49,5 ï 54,0 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ (MCH), ʧʛ 
16,8 ï 20,0 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʨɻʠʪʨʦʮʠʪʝ (MCHC), ʛ/ʣ 
30,0 ï 35,0 

ʉʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ (RDW), % 15,5 ï 18,2 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9 
ʢʣ/ʣ  6,0 ï 11,0 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘʥʫ-

ʣʦʮʠʪʳ (ʇʗʅ), % 
1,5 ï 2,5 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʉʗʅ), % 
17 ï 25 

ʃʠʤʬʦʮʠʪʳ (ʃʌ), % 60 ï 70 

ʄʦʥʦʮʠʪʳ (ʄʦʥ), % 1,5 ï 3 

ʕʦʟʠʥʦʬʠʣʴʥʳʝ ʛʨʘʥʫʣʦʮʠʪʳ (ʕʌ), % 5 ï 6 

 

ʉ.ɸ. ʏʫʣʠʯʢʦʚʦʡ ʠ ʄ.ɸ. ɼʝʨʭʦ (2014, 2016) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 1-ʶ ʠ 2-ʶ 

ʥʝʜʝʣʶ ʩʪʝʣʴʥʦʩʪʠ ʥʘ ʬʦʥʝ ʘʥʪʠʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʦʜʘ ʥʘ ʦʨʛʘʥʠʟʤ ʤʘʪʝʨʠ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʨʦʚʥʦ-ʢʣʝʪʦʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʠʥʜʝʢʩʘ ʩʦʦʪ-

ʥʦʝhʥʠʷ ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʣʠʤʬʦʮʠʪʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʣʠʤʬʦʮʠʪʘʨʥʦ-

ʛʨʘʥʫʣʦʮʠʪʘʨʥʦʛʦ ʠʥʜʝʢʩʘ, ʠʥʜʝʢʩʘ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʤʬʦʮʠʪʦʚ ʠ ʵʦʟʠʥʦʬʠʣʦʚ, 

ʠʥʜʝʢʩʘ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʵʦʟʠʥʦʬʠʣʦʚ ʟʘ ʩʯʝʪ ʧʨʠʨʦʩʪʘ ʚ ʣʝʡʢʦʛʨʘʤ-

ʤʝ ʢʦʨʦʚ ʯʠʩʣʘ ʵʦʟʠʥʦʬʠʣʦʚ ʠ ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ [ʏʫʣʠʯʢʦʚʘ ʉ.ɸ., 
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ɼʝʨʭʦ ʄ.ɸ., 2014, 2016]. ʇʦ ʜʘʥʥʳʤ ʨʷʜʘ ʘʚʪʦʨʦʚ [ɻʨʦʤʳʢʦ ɽ.ɺ., 2005; ʐʘʧʦh-

ʥʠʢʦʚʘ ʃ.ɺ., 2009; Bykov O.A., 2014; 2015; Gorelik O.V. et al., 2016], ʩ 14-ʛʦ ʜʥʷ 

ʩʪʝʣʴʥʦʩʪʠ ʚ ʢʨʦʚʠ ʢʦʨʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʊ-

ʣʠʤʬʦʮʠʪʦʚ, ʊ-ʩʫʧʨʝʩʩʦʨʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʠʟ-

ʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʢʦʨʦʚ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ ʫʪʦʯʥʝʥʠʡ. 

ʅʦʚʦʨʦʞʜʸʥʥʳʝ ʪʝʣʷʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʟʨʝʣʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ [ʄʘʣʘʰʢʦ ɺ.ɺ. ʠ ʩʦʘʚʪ., 2010]. ɿʘʱʠʪʥʳʝ ʨʝʘʢʮʠʠ ʫ 

ʥʠʭ ʩʣʘʙʦ ʨʘʟʚʠʪʳ ʠ ʥʝʩʦʚʝʨʰʝʥʥʳ: ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ ʠ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʨʦʥʠʮʘʝʤʳ, ʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʚ ʧʝʨʚʳʝ ʜʥʠ ʞʠʟʥʠ ʥʝ ʚr -

ʨʘʞʝʥʘ [Husband A.J., 1988; Minor P.D., 1992; Valtenen I.S. et al., 2000]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʝʨʠʦʜʘ ʙʝʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʣʘʮʝʥʪʘ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʤʘʪʝʨʠʥʩʢʠʭ ʘʥʪʠʪʝʣ ʚ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ 

ʧʣʦʜʘ ʠ ʪʝʣʸʥʦʢ ʨʦʞʜʘʝʪʩʷ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ, 

ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ IgG ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 0,8 ʤʛ/ʤʣ [ʄʦʟʞʝʨʠʥ ɺ.ʅ. ʠ ʩʦʘʚʪ., 

2000]. 

ʂʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥ-

ʥʳʭ ʞʠʚʦʪʥʳʭ ʩʚʷʟʘʥʦ ʩ ʭʘʨʘʢʪʝʨʦʤ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 

ʤʘʪʝʨʝʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 

2004]. 

ʇʨʦʮʝʩʩʳ ʛʝʤʦʧʦʵʟʘ ʫ ʪʝʣʷʪ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʚ ʩʫʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ [ʂʦʥʜʨʘ-

ʭʠʥ ʀ.ʇ., 2004]. ʋ ʪʝʣʷʪ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʡʢʦ-

ʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘ 10 ʩʫʪʢʠ ʧʦʩʣʝ ʨʦʞ-

ʜʝʥʠʷ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004]. ʄʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʢʨʦʚʠ ʪʝʣʷʪ (ʢʦʣʠʯʝʩʪʚʦ ʪʨʦʤʙʦʮʠʪʦʚ, ʵʨʠʪʨʦʮʠʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦ-

ʙʠʥʘ) ʚ ʪʝʯʝʥʠʝ ʤʦʣʦʯʥʦʡ ʠ ʧʝʨʝʭʦʜʥʦʡ ʬʘʟ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʠʟʤʝʥʷʁʪʩʷ ʩ 14-ʭ ʧʦ 44-ʝ ʩʫʪʢʠ ʞʠʟʥʠ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʞʠʟʥʠ 

ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ, ʚʝʣʠʯʠʥʘ ʛʝʤʘʪʦʢʨʠʪʘ ʠ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʦʚ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ [ʂʦʥʜʨʘʭʠʥ 

ʀ.ʇ., 2004]. ʂ ʚʦʟʨʘʩʪʫ 235 ʩʫʪʦʢ ʩʦʜʝʨʞʘʥʠʝ ʣʝʡʢʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ ʧʨʠʙʣʠ-
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ʞʘʣʦʩʴ ʢ ʫʨʦʚʥʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʥʦʨʤʝ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ. ʂʦʣʠʯʝʩʪʚʦ 

ʵʨʠʪʨʦʮʠʪʦʚ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 117 ʩʫʪʢʠ ʞʠʟʥʠ. [ʂʦʨʷʢʠʥ ʃ.ʇ., ɹʦʨʠʩʦʚ 

ʅ.ʀ., 2015]. 

ʅʦʨʤʘʣʴʥʳʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʪʝʣʷʪ ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʅʦʨʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʪʝʣʷʪ ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʇʦʢʘʟʘʪʝʣʴ 

ʅʦʨʤʘ 

[ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ɿʘʤʘʥʘ ʉ.ʇ., 

2006; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013; 

Lamand M., 2013; ʖʪʢʠʥʘ ʉ.ʉ., 2017] 

ʕʨʠʪʨʦʮʠʪʳ, ʭ10
12 
ʢʣ/ʣ 5,7 ï 9,3 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 98 ï 126 

ɻʝʤʘʪʦʢʨʠʪ, % 37,5 ï 47,5 

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ (MCV), 

ʤʢʤ
3
 

52,8 ï 62,2 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ (MCH), ʧʛ 
13,6 ï 18,4 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ (MCHC), ʛ/ʣ 
25,7 ï 28,7 

ʉʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ (RDW), % 15,5 ï 18,2 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9 
ʢʣ/ʣ  5,0 ï 9,3 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʇʗʅ), % 
12 ï 15 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʉʗʅ), % 
32 ï 38 

ʃʠʤʬʦʮʠʪʳ (ʃʌ), % 40 ï 50 

ʄʦʥʦʮʠʪʳ (ʄʦʥ), % 0 ï 5 

ʕʦʟʠʥʦʬʠʣʴʥʳʝ ʛʨʘʥʫʣʦʮʠʪʳ (ʕʌ), % 0 ï 3 

 

ʇʦʧʫʣʷʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʵʨʠʪʨʦʮʠʪʦʚ ʫ ʪʝʣʷʪ 1 ï 30-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝʧʦ-

ʩʪʦʷʥʝʥ: ʜʦ 3 ʩʫʪʦʢ ʞʠʟʥʠ ʥʘʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ çʟʨʝʣʳʭè ʠ çʩʪʘʨʳʭè ʵʨʠʪʨʦʮʠ-

ʪʦʚ, ʘ ʩ 6-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ çʤʦʣʦʜʳʭè ʢʣʝʪʦʢ. 

ɺ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴʩʷ ʤʠʢʨʦʮʠʪʳ. ʄʠʢʨʦʮʠʪʦʟ ʫ ʪʝʣʷʪ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘ-

ʪʦʤ ʦʙʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʣʘʙʦʩʪʠ ʧʝʯʝʥʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʝ ʥʠʟʢʦʡ ʛʝʤʘʪʦʧʦʵ-

ʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ [ɹʫʪʢʝʚʠʯ ʉ.ʂ. ʠ ʩʦʘʚʪ., 2002]. 
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ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʧʦʩʪʝʧʝʥʥʦ, ʜʦ 45-

ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʘʥʪʠʪʝʣʘ ʥʘ ʚʚʝʜʝʥʥʳʡ ʘʥʪʠʛʝʥ, ʜʘʞʝ ʚ ʚʦʟ-

ʨʘʩʪʝ 45-110 ʜʥʝʡ ʦʥʘ ʩʣʘʙʦʨʝʘʢʪʠʚʥʘ [ʃʝʙʝʜʝʚ ʂ.ɸ., ʇʦʥʷʢʠʥʘ ʀ.ɼ., 1990]. 

ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʫ ʪʝʣʷʪ ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʦʩʣʝʜʫ-

ʶʱʠʝ ʜʥʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʣʝʡʢʦʮʠʪʦʟ. 

ɸʥʘʣʠʟ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝ-

ʣʷʪ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ: ʫ ʪʝʣʷʪ ʜʦ 3 ï 5-ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʡʪʨʦ-

ʬʠʣʴʥʳʡ ʧʨʦʬʠʣʴ ʢʨʦʚʠ, ʘ ʩ 5 ʩʫʪʦʢ ʞʠʟʥʠ ʧʨʝʚʘʣʠʨʫʝʪ ʣʠʤʬʦʮʠʪʘʨʥʳʡ; ʩʨʝʜʠ 

ʥʝʡʪʨʦʬʠʣʦʚ ʜʦ 20-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʘʣʦʯʢʦʷʜʝʨʥʳʝ ʢʣʝʪʢʠ; ʚ 

ʢʨʦʚʠ ʦʯʝʥʴ ʤʘʣʦ ʤʦʥʦʮʠʪʦʚ, ʵʦʟʠʥʦʬʠʣʦʚ ʠ ʙʘʟʦʬʠʣʦʚ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004]. 

ʅʦʚʦʨʦʞʜʸʥʥʳʝ ʞʠʚʦʪʥʳʝ ʚ ʧʝʨʚʳʝ ʜʥʠ ʞʠʟʥʠ ʦʪʣʠʯʘʶʪʩʷ ʠʤʤʫʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʥʝʟʨʝʣʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʣʠʤʬʦʠʜʥʦʡ ʪʢʘ-

ʥʠ. ʊʝʣʷʪʘ ʨʦʞʜʘʶʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʚʠʪʦʡ ʊ-ʩʠʩʪʝʤʦʡ ʣʠʤʬʦʮʠʪʦʚ ʠ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʦʡ ɺ-ʩʠʩʪʝʤʦʡ. ʊ-ʣʠʤʬʦʮʠʪ rʫʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʤʙʨʠʦʛʝʥʝʟʘ 

ʚʳʧʦʣʥʷʪʁ ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʟʚʠ-

ʪʠʠ ʧʣʦʜʘ ʠ ʥʝ ʥʫʞʜʘʪʁʩʷ ʚ ʧʦʜʜʝʨʞʢʝ ɺ-ʩʠʩʪʝʤʳ. ʀ ʪʦʣʴʢʦ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʧʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʫʞʝʨʦʜʥʳʭ ʘʥʪʠʛʝʥʦʚ, ʊ-

ʣʠʤʬʦʮʠʪʳ ʯʝʨʝʟ ʊ-ʭʝʣʧʝʨʦʚ ʘʢʪʠʚʠʨʫʶʪ ɺ-ʣʠʤʬʦʮʠʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘ-

ʟʫʶʪʩʷ ʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʘʥʪʠʪʝʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʤʙʨʠʦʥʘʣʴʥʳʡ ʧʝʨʠʦʜ ʟʘʚʝʨʰʘʝʪʩʷ ʩʦʟʨʝʚʘʥʠʝʤ ɺ-ʣʠʤʬʦʮʠʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʘʥʪʠʛʝʥʘʤ, ʜʦ ʩʪʘʜʠʠ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ. ʇʦʩʣʝ 

ʨʦʞʜʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʦʨʛʘʥʠʟʤ ʘʥʪʠʛʝʥʳ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʝʪʦʢ ʧʘʤʷʪʠ ʠ ʧʣʘʟʤʦʮʠʪʦʚ 

[ʗʨʠʣʠʥ ɸ.ɸ., 1999; ʇʝʪʨʦʚ ɸ.ʄ., 2006; ʄʘʣʘʰʢʦ ɺ.ɺ. ʠ ʩʦʘʚʪ., 2010]. 

ʉʣʘʙʝʝ, ʯʝʤ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ, ʫ ʪʝʣʷʪ ʚʳʨʘʞʝʥʘ ʠ ʬʘʛʦʮʠʪʘʨʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ, ʭʦʪʷ ʩʠʩʪʝʤʘ ʬʘʛʦʮʠʪʦʚ, ʚ ʮʝʣʦʤ, ʨʘʟʚʠʪʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. ʇʦʩʣʝ ʧʨʠʸ-

ʤʘ ʤʦʣʦʟʠʚʘ ʬʘʛʦʮʠʪʦʟ ʫ ʥʦʚʦʨʦʞʜʸʥʥʳʭ ʞʠʚʦʪʥʳʭ ʟʘʤʝʪʥʦ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʛʫʤʦʨʘʣʴʥʳʭ ʤʘʪʝʨʠʥʩʢʠʭ ʠʤʤʫʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʬʘʛʦʮʠ-

ʪʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫ ʪʝʣʷʪ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʣʠʰʴ ʩ ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʛʜʘ ʦʨ-

ʛʘʥʠʟʤ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʛʫʤʦʨʘʣʴʥʳʭ ʬʘʢ-
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ʪʦʨʦʚ ʟʘʱʠʪʳ [ʈʘʜʯʝʥʢʦʚ ɺ.ʇ., ʍʣʦʧʦʥʠʥ ɺ.ʉ., 2002; Davis W.C., Hamilton M.J., 

1998]. 

ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. ʆʜʥʘʢʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʫʩʨʝʜʥʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʝʣʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʝ-

ʩʢʨʠʧʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʤʘʣʦ ʦʙʲʷʩʥʷʶʱʠʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤ  r

ʠʟʤʝʥʝʥʠʡ ʩʪʘʪʫʩʘ ʟʜʦʨʦʚʴʷ ʠʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ [Van Saun R.J., 2000]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʠʭ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ, ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ [Roland L. et al., 2014; Coroian C.O. et al., 2017]. ɺ 

ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʣʠʥʠʯʝʩʢʠʤʠ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʠ ʠʭ 

ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʪʦʣʦʛʠʡ 

ʫ ʤʦʣʦʜʥʷʢʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 
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1.4. ʈʦʣʴ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʪʘʪʫʩ 

ʚʟʨʦʩʣʳʭ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟ-

ʤʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʇʦ ʜʘʥʥʳʤ ʠʟ ʨʘʟ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [Bednarek D., Bik D., 1994; Nutrient requirementsé, 2016], ʦʪ 17 ʜʦ 

22 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʯʠʪʘʶʪʩʷ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʤrʠ ʜʣʷ ʞʠʚʦʪʥʳʭ. 8 ʠʟ 

ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ï ʢʘʣʴʮʠʡ, ʬʦʩʬʦʨ, ʢʘʣʠʡ, ʥʘʪʨʠʡ, ʭʣʦʨ, 

ʤʘʛʥʠʡ ʠ ʩʝʨʘ, ʞʝʣʝʟʦ ʠ 14 ï ʢ ʛʨʫʧʧʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ï ʡʦʜ, ʮʠʥʢ, ʤʝʜʴ, ʤʘʨʛʘ-

ʥʝʮ, ʢʦʙʘʣʴʪ, ʤʦʣʠʙʜʝʥ, ʩʝʣʝʥ, ʭʨʦʤ, ʦʣʦʚʦ, ʚʘʥʘʜʠʡ, ʬʪʦʨ, ʢʨʝʤʥʠʡ, ʥʠʢʝʣʴ ʠ 

ʤr ʰʴʷʢ. 

ɺ ʩʠʣʫ ʚʘʞʥʦʩʪʠ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʜʝʬʠʮʠʪ ʣʶʙʦʛʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʦʢʘʟʳ-

ʚʘʪ ɹʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ [Abdelrahman M.M., Kincaid R.L., 

1993; Underwood E.J., Suttle N.F., 1999; Hostetler C.E. et al., 2003; Pavlata L. et al., 

2003]. ʀʟʙʳʪʦʢ, ʜʝʬʠʮʠʪ ʠʣʠ ʜʠʩʙʘʣʘʥʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠ-

ʚʦʪʥʳʭ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ çʜʠʩʵʣʝʤʝʥʪʦʟè [ʉʢʘʣʴ-

ʥʳʡ ɸ.ɺ. ʠ ʩʦʘʚʪ., 2005], ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʢʨʳʪʳʭ 

ʠʣʠ ʢʣʠʥʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ʋ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʜʠʩʵʣʝʤʝʥʪʦʟʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠ-

ʷʤʠ ʩʨʝʜʳ ʠʣʠ ʥʘʨʫʰʝʥʠʝʤ ʘʙʩʦʨʙʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʚʦʜʳ ʠ ʢʦʨʤʘ. 

ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ ï ʦʜʥʘ ʠʟ ʶʞʥʳʭ ʦʙʣʘʩʪʝʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦ-

ʛʦ ʦʢʨʫʛʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ ʝʚʨʦʧʝʡ-

ʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʠ ʚʭʦʜʠʪ ʚ ʉʨʝʜʥʝʨʫʩʩʢʫʶ ʧʨʦʚʠʥʮʠʶ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ 

ʪʝʨʨʠʪʦʨʠʷ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʨʦʥʝʞʩʢʦ-

ʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (ɺʂʄ) ï ʢʨʫʧʥʦʡ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʪ-

ʬʦʨʤʝʥʥʦʛʦ ʪʠʧʘ. ʉ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʶʛʦ-ʚʦʩʪʦʢʘ ɺʂʄ ʘʩʩʦʮʠʠ-

ʨʦʚʘʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʩʫʣʴʬʠʜʦʥʦʩʥʦʛʦ ʫʣʴʪʨʘʤʘʬʠʪʤʘʬʠʪʦʚʦʛʦ ʤʘʛ-

ʤʘʪʠʟʤʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʩʫʣʴ-

ʬʠʜʥʦ-ʤʝʜʥʦʥʠʢʝʣʝʚʳʭ ʨʫʜ. ʉ ʧʦʨʦʜʘʤʠ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʳ ʤʝʩʪʦ-
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ʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʨʝʛʠʦʥʝ ʦʙʫʩʣʦʚʣʝʥʳ ʬʘʢʪʦʨʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʧʦʚʳ-

ʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʚʦʜʝ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʤʘʨʛʘʥ-

ʮʘ, ʙʦʨʘ, ʩʦʣʝʡ ʞʝʩʪʢʦʩʪʠ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ 

(ʜʦ 20 ʤʛ-ʵʢʚ/ʜʤ
3
), ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʚʦʜʦʚʤʝʱʘʶʱʝʡ ʪʦʣʱʝ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ, ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʥʠʭ ʞʝʣʝʟʘ (ʦʪ 0,3 ʜʦ 6,8 ʤʛ/ʜʤ
3
; 

1-26 ʇɼʂ) ʠ ʤʘʨʛʘʥʮʘ (0,55 ï 1,10 ʤʛ/ʜʤ
3
; 5-10 ʇɼʂ, ʠʥʦʛʜʘ ʜʦ 25 ʇɼʂ). ɼʨʫʛʠʝ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ, ʚ ʚʦʜʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘ-

ʶʪʩʷ [ɼʦʢʣʘʜ ʦ ʩʦʩʪʦʷʥʠʠ..., 2018]. ʇʦʯʚʳ ʠ ʨʘʩʪʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ 

ʦʙʣʘʩʪʠ ʙʝʜʥʳ ʡʦʜʦʤ, ʮʠʥʢʦʤ ʠ ʤʦʣʠʙʜʝʥʦʤ [ʇʨʦʪʘʩʦʚʘ ʅ.ɸ. ʠ ʩʦʘʚʪ., 2015]. 

ʅʦʨʤʳ ʩʦʜʝʨʞʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʦʚʠ ʚʟʨʦʩʣʳʭ ʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʅʦʨʤʳ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ 

ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ 

ʇʦʢʘʟʘʪʝʣʴ ɺʟʨʦʩʣʳʝ ʞʠʚʦʪʥʳʝ ʅʦʚʦʨʦʞʜʝʥʥʳʝ ʞʠʚʦʪ-

ʥʳʝ 

ʂʘʣʴʮʠʡ (Ca), ʤʤʦʣʴ/ʣ 2,50ï3,13 1,81ï3,41 

ʄʘʛʥʠʡ (Mg), ʤʤʦʣʴ/ʣ 0,82ï1,23 0,79ï0,95 

ʂʘʣʠʡ (ʂ), ʤʤʦʣʴ/ʣ 4,00 ï 6,00 4,1ï5,7 

ʅʘʪʨʠʡ (Na), ʤʤʦʣʴ/ʣ 127,0 ï 153,0 126,0ï151,0 

ɾʝʣʝʟʦ (Fe), ʤʛ/ʣ 0,96ï2,01 1,00ï1,30 

ʄʝʜʴ (Cu), ʤʛ/ʣ 0,80ï1,20 0,48ï0,79 

ʎʠʥʢ (Zn), ʤʛ/ʣ 3,00ï5,00 1,00ï1,50 

ʉʪʨʦʥʮʠʡ (Sr), ʤʛ/ʣ ʥʝ ʥʦʨʤʠʨʫʝʪʩʷ ʥʝ ʥʦʨʤʠʨʫʝʪʩʷ 

ʄʳʰʴʷʢ (As), ʤʢʛ/ʣ 50,0ï200,0 50,0ï200,0 

ʅʠʢʝʣʴ (Ni), ʤʛ/ʣ 0,10ï0,50 0,10ï0,50 

ʂʦʙʘʣʴʪ (Co), ʤʢʛ/ʣ 30,0ï50,0 28,0ï38,5 

ʍʨʦʤ (Cr), ʤʢʛ/ʣ 4,00 4,00 

ʄʦʣʠʙʜʝʥ (Mo), ʤʢʛ/ʣ < 10,0 < 10,0 

ʉʝʣʝʥ (Se), ʤʢʛ/ʣ 40,0ï70,0 65,0ï87,0 

 

ʂʨʘʪʢʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʦʣʴ ʥʝʢʦʪʦʨʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘ-

ʥʠʟʤʝ ʞʠʚʦʪʥʳʭ. 
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ʀʦʥʳ ʥʘʪʨʠʷ (Na
+
) ʠ ʢʘʣʠʷ (K

+
) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʤʠ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʨʅ ʢʨʦʚʠ ʫ ʞʠʚʦʪʥʳʭ. ʀʭ 

ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦ-

ʩʪʷʭ (ʧʣʘʟʤʝ ʠ ʚʥʝʢʣʝʪʦʯʥʦʡ, ʚʥʝʩʦʩʫʜʠʩʪʦʡ ʞʠʜʢʦʩʪʠ). ɺʥʫʪʨʠ ʢʣʝʪʦʢ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʢʘʣʠʷ ʚʳʰʝ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʣʘʟʤʝ ʥʘ ʜʦʣʶ ʥʘʪʨʠʷ 

ʧʨʠʭʦʜʠʪʩʷ 90 % ʜʦʣʠ ʚʩʝʭ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʪʨʠʡ ʠ ʢʘʣʠʡ ʨʝʛʫʣʠʨʫʶʪ 

ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ. ʈʘʟʣʠʯʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Na
+
 ʠ 

K
+
 ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʜʝʨʞʘʥʠʶ ʩʪʘʙʠʣʴ-

ʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʨʚʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

[Guilloteau P. et al., 2009]. ʀʦʥʳ Na
+
 ʠ K

+
 ʚʣʠʷʶʪ ʥʘ ʤʳʰʝʯʥʫʶ ʩʦʢʨʘʪʠʤʦʩʪʴ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʛʣʦʱʝʥʠʝ ʤʦʥʦʩʘʭʘʨʠ-

ʜʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ. ʀʩʪʦʯʥʠʢʦʤ ʦʙʩʫʞʜʘʝʤʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʢʦʨʤʘ, ʚʢʣʶʯʘʷ ʤʦʣʦʢʦ ʠ ʟʘʤʝʥʠʪʝʣʠ ʤʦʣʦʢʘ ʫ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʠ ʪʚʝʨʜʳʝ 

ʢʦʨʤʘ ʫ ʚʟʨʦʩʣʳʭ, ʪʘʢʞʝ ʚʘʞʥʳ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʅʘʪʨʠʡ ʠ 

ʢʘʣʠʡ ʚʳʚʦʜʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʯʢʘʤʠ ʩ ʤʦʯʦʡ, ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʥʠ ʚʳʚʦ-

ʜʷʪʩʷ ʯʝʨʝʟ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʫʶ ʩʠʩʪʝʤʫ ʠ ʢʦʞʫ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ Na
+
 

ʠ K
+
, ʨʝʛʫʣʠʨʫʶʪʩʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘʷ ʛʠʧʦʪʘʣʘʤʫʩ ʠ ʨʝʥʠʥ-

ʘʥʛʠʦʪʝʥʟʠʥ-ʘʣʴʜʦʩʪʝʨʦʥʦʚʫʶ ʩʠʩʪʝʤʫ, ʛʦʨʤʦʥʘʤʠ, ʚʢʣʶʯʘʷ ʛʦʨʤʦʥʳ ʱʠʪʦʚʠʜ-

ʥʦʡ ʞʝʣʝʟʳ, ʠ ʧʨʝʜʩʝʨʜʥʳʤʠ ʥʘʪʨʠʡʫʨʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ [Dratwa A. et al., 

2004]. ʋ ʪʝʣʷʪ ʩʪʨʝʩʩʦʚʳʝ ʬʘʢʪʦʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʥʦʡ ʩʝʢʨʝʮʠʝʡ ʘʜʨʝʥʦʢʦʨʪʠʢʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʘ ʫ ʥʠʭ 

ʠ ʫʩʠʣʝʥʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʘʣʴʜʦʩʪʝʨʦʥʘ ʠ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʠʟ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. 

ɸʣʴʜʦʩʪʝʨʦʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʛʦʨʤʦʥʦʤ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʘʙʩʦʨʙʮʠʶ 

ʥʘʪʨʠʷ ʚ ʧʦʯʢʘʭ ʠ ʩʝʢʨʝʮʠʶ ʝʛʦ ʩ ʤʦʯʦʡ [Fitzsimons J.T., 1998]. ʕʪʠ ʛʦʨʤʦʥʳ ʪʘʢ-

ʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʠ ʥʘʪʨʠʷ. ʋ ʪʝʣʷʪ ʜʝʬʠʮʠʪ ʥʘʪʨʠʷ ʫʩʠʣʠʚʘʝʪ 

ʥʝʘʜʝʢʚʘʪʥʳʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩ. ʇʦʢʘʟʘʥʦ [Phillips C.J.C. et al., 

1999], ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʫʣʫʯʰʘʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʨʤʦʚ ʠ 

ʚʦʜʳ, ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʠʨʦʩʪ ʪʝʣʘ ʠ ʥʦʨʤʘʣʠʟʫʶʪ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʨʝʩʩʘ ʧʝʨʝʜ ʨʘʟ-

ʣʠʯʥʳʤʠ ʤʘʥʠʧʫʣʷʮʠʷʤʠ ʩ ʞʠʚʦʪʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʜ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ 
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[Schaefer A.L. et al., 1997]. ɼʝʬʠʮʠʪ ʥʘʪʨʠʷ, ʢʘʣʠʷ ʠ ʭʣʦʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʠʟʢʠ-

ʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʠʱʝʚʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʤʦʣʦʜʳʭ 

ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʋ ʪʝʣʷʪ ʠ ʷʛʥʷʪ ʜʝʬʠʮʠʪ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʩʥʠʞʝ-

ʥʠʝʤ ʘʧʧʝʪʠʪʘ, ʨʝʜʢʠʤ, ʧʣʦʭʦ ʨʘʟʚʠʪʳʤ ʰʝʨʩʪʥʳʤ ʧʦʢʨʦʚʦʤ, ʥʠʟʢʠʤ ʧʨʠʨʦʩʪʦʤ 

ʤʘʩʩʳ ʪʝʣʘ. ɼʨʫʛʠʝ ʩʠʤʧʪʦʤʳ ʚʢʣʶʯʘʶʪ ʦʙʣʠʟʳʚʘʥʠʝ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʝʜʤʝʪʦʚ ʫʭʦ-

ʜʘ, ʧʠʪʴʝ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʯʠ ʠʣʠ ʤʦʯʠ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ. ʋ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ 

ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʝʪ ʫʩʫʛʫʙʣʷʪʴ ʪʝʯʝʥʠʝ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ ʩ ʜʠʘʨʝʡʥʳʤ ʩʠʥʜʨʦʤʦʤ [Bazeley K., 2003]. ɺ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠʟʥʘʢʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʩʣʘʙʳʡ ʪʫʨʛʦʨ ʢʦʞʠ, ʵʢʟʦʬʪʘʣʴʤ, ʪʘʭʠʢʘʨʜʠʶ, 

ʩʥʠʞʝʥʠʝ ʩʫʪʦʯʥʦʛʦ ʜʠʫʨʝʟʘ [Guzelbektes H. et al., 2007]. ɺʦʩʧʦʣʥʝʥʠʝ ʜʝʬʠʮʠʪʘ 

ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʳʯʥʦ ʫʣʫʯʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ ʫʩʪʨʘʥʷʝʪ 

ʢʣʠʥʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ [Naylor J.M., 1990]. 

ʂʘʣʴʮʠʡ (ʉʘ) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʩʦʢʨʘʱʝʥʠʷ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ, ʩʝʨʜʮʘ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʝʨʚʥʳʭ ʠʤʧʫʣʩɹʦʚ, 

ʥʦʨʤʘʣʴʥʦʡ ʩʚʝʨʪʳʚʘʝʤʦʩʪʠ ʢʨʦʚʠ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʢʘʩʘ ʢʦʩʪʝʡ ʠ ʟʫʙʦʚ. ʆʢʦʣʦ 

99 % ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʢʦʩʪʷʭ ʠ ʤʝʥʝʝ 1 % ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʢʨʦʚʠ. 

ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʢʘʣʴʮʠʷ ʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ (ʠʦʥʠʟʠʨʦ-

ʚʘʥʥʦʡ), ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʩʚʷʟʘʥʘ ʩ ʙʝʣʢʘʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʩ ʘʣʴʙʫʤʠʥʘʤʠ) ʠ ʩ ʘʥʠ-

ʦʥʘʤʠ (ʣʘʢʪʘʪʦʤ, ʬʦʩʬʘʪʦʤ, ʙʠʢʘʨʙʦʥʘʪʦʤ, ʮʠʪʨʘʪʦʤ) ʠ ʷʚʣʷʝʪʩʷ ʥʝʘʢʪʠʚʥʦʡ. 

ʊʦʣʴʢʦ ʩʚʦʙʦʜʥʳʡ ʢʘʣʴʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʨʛʘʥʠʟʤʦʤ. ʏʘʩʪʴ ʢʘʣʴʮʠʷ 

ʝʞʝʜʥʝʚʥʦ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʬʠʣʴʪʨʫʷʩʴ ʠʟ ʢʨʦʚʠ ʧʦʯʢʘʤʠ ʠ ʚʜrʝʣʷʷʩʴ ʩ 

ʤʦʯʦʡ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʚ ʢʨʦʚʠ ʫʨʦʚʝʥʴ ʬʦʩʬʘʪʘ ʩʥʠʞʘʝʪ-

ʩʷ, ʢʦʛʜʘ ʞʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʘ ʧʦʚʳʰʘʝʪʩʷ ï ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʢʘʣʴʮʠʷ [ʂʘʤʳh-

ʥʠʢʦʚ ɺ.ʉ., 2009; ɼʦʣʛʦʚ ɺ.ɺ., ʄʝʥʴʰʠʢʦʚ ɺ.ɺ., 2012]. 

ʇʘʨʘʱʠʪʦʚʠʜʥʳʝ ʞʝʣʝʟʳ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʦʩʬʘʪʘ (ʠ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʢʘʣʴʮʠʷ) ʚʳʜʝʣʷʶʪ ʧʘʨʘʪʛʦʨʤʦʥ, ʚʳʩʚʦʙʦʞʜʘʶʱʠʡ ʢʘʣʴʮʠʡ ʠʟ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ; ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʢʘʣʴʮʠʷ ʚ 

ʢʨʦʚʠ ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʚʳʨʘʙʘʪʳʚʘʝʪ ʢʘʣʴʮʠʪʦʥʠʥ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʢʘʣʴʮʠʷ ʠʟ ʢʨʦʚʠ ʚ ʢʦʩʪʠ, ʛʦʨʤʦʥ ʧʘʨʘʱʠʪʦʚʠʜʥʳʭ ʞʝʣʝʟ ʘʢʪʠʚʠʨʫʝʪ 

ʚʠʪʘʤʠʥ D, ʫʚʝʣʠʯʠʚʘʷ ʚʩʘʩʳʚʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ɾʂʊ ʠ ʦʙʨʘʪʥʦʝ ʝʛʦ ʚʩʘʩʳʚʘʥʠʝ ʚ 



 28 

ʧʦʯʢʘʭ [ʂʘʤʳʰʥʠʢʦʚ ɺ.ʉ., 2009; ɼʦʣʛʦʚ ɺ.ɺ., ʄʝʥʴʰʠʢʦʚ ɺ.ɺ., 2012]. ʇʦʚʳʝh-

ʥʠʝ ʫʨʦʚʥʷ ʦʙʱʝʛʦ ʢʘʣʴʮʠʷ ï ʛʠʧʝʨʢʘʣʴʮʠʝʤʠʷ. ɼʚʝ ʝʝ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʧʨʠʯʠʥʳ ï ʛʠʧʝʨʧʘʨʘʪʠʨʝʦʟ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʜʨʫ-

ʛʠʝ ʧʨʠʯʠʥʳ ʛʠʧʝʨʢʘʣʴʮʠʝʤʠʠ: ʛʠʧʝʨʪʠʨʝʦʟ, ʩʘʨʢʦʠʜʦʟ, ʪʫʙʝʨʢʫʣʝʟ, ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʘʷ ʥʝʧʦʜʚʠʞʥʦʩʪʴ, ʠʟʙʳʪʦʢ ʚʠʪʘʤʠʥʘ D, ʟʘʙʦʣʝʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʨʦʚʠ (ʣʠʤ-

ʬʦʤʘ, ʣʝʡʢʦʟ, ʤʠʝʣʦʤʥʘʷ ʙʦʣʝʟʥʴ, ʠʩʪʠʥʥʘʷ ʧʦʣʠʮʠʪʝʤʠʷ), ʜʝʛʠʜʨʘʪʘʮʠʷ. ɼʦʩʪʘ-

ʪʦʯʥʦ ʯʘʩʪʘʷ ʧʨʠʯʠʥʘ ʛʠʧʦʢʘʣʴʮʠʝʤʠʠ ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʘ (ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʘʣʴʙʫʤʠʥʦʚ) ʚ ʢʨʦʚʠ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʩʚʷʟʘʥʥʦʛʦ ʢʘʣʴʮʠʷ, 

ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ ʦʩʪʘʝʪʩʷ ʚ ʥʦʨʤʝ, ʠ ʦʙʤʝʥ ʢʘʣʴʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ 

ʧʘʨʘʪʠʨʝʦʠʜʥʳʤ ʛʦʨʤʦʥʦʤ ʠ ʢʘʣʴʮʠʪʦʥʠʥʦʤ. ʅʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ ʛʠʧʦ-

ʢʘʣʴʮʠʝʤʠʠ: ʛʠʧʦʧʘʨʘʪʠʨʝʦʟ, ʚʨʦʞʜʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʘʨʘʪʠ-

ʨʝʦʠʜʥʦʛʦ ʛʦʨʤʦʥʘ, ʥʝʜʦʩʪʘʪʦʢ ʢʘʣʴʮʠʷ ʚ ʨʘʮʠʦʥʝ, ʥʝʜʦʩʪʘʪʦʢ ʤʘʛʥʠʷ (ʛʠʧʦʤʘʛ-

ʥʠʝʤʠʷ), ʥʝʜʦʩʪʘʪʦʢ ʚʠʪʘʤʠʥʘ D, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ, ʭʨʦʥʠʯʝʩʢʘʷ 

ʧʦʯʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ [ʂʘʤʳʰʥʠʢʦʚ ɺ.ʉ., 2009; ɼʦʣʛʦʚ ɺ.ɺ., ʄʝʥʴʰʠʢʦʚ 

ɺ.ɺ., 2012; Taguchi K. et al., 2014]. 

ʄʘʛʥʠʡ (Mg) ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʥʫʪʨʠʢʣʝʪʦʯ-

ʥʳʤ ʢʘʪʠʦʥʦʤ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʦʩʣʝ ʢʘʣʠʷ. ʂʦʩʪʠ ʠ ʤʳʰʮʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚ-

ʥʳʤʠ ʧʫʣʘʤʠ Mg ʚ ʦʨʛʘʥʠʟʤʝ. ʄʘʛʥʠʡ ʠʛʨʘʝʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦ ʚʩʝʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫ-

ʪʷʭ. ʆʥ ʘʢʪʠʚʠʨʫʝʪ ʦʢʦʣʦ 30 ʬʝʨʤʝʥʪʦʚ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʤʝʥʝ ʫʛʣʝʚʦʜʦʚ, ʥʫʢʣʝʠ-

ʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʙʝʣʢʦʚ. ʄʘʛʥʠʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ɼʅʂ ʠ ʚʣʠʷʝʪ ʥʘ ʪʨʘʥ-

ʩʢʨʠʧʮʠʶ ʈʅʂ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʙʲʝʜʠʥʠʮ ʨʠʙʦʩʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ 

Mg
2+

 ʪʨʝʙʫʝʪʩʷ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ ʩ ʫʯʘʩʪʠʝʤ ɸʊʌ. ʉʧʦʩʦʙʥʦʩʪʴ ʤʘʛʥʠʷ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʪʴ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʝʛʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ 

[Soetan K.O. et al., 2010]. ʄʘʛʥʠʡ ʠ ʢʘʣʴʮʠʡ ʦʩʪʘʶʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ, 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʤʘʛʥʠʷ, ʯʝʤ ʢʘʣʴʮʠʷ, ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʨʦʩʪ ʢʦʩʪʝʡ 

[Zimmermann P. et al., 2000]. ʄʘʛʥʠʡ ʫʣʫʯʰʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʢʘʣʠʷ ʠ ʟʘʱʠʱʘʝʪ 

ʢʣʝʪʢʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʠ ʥʝʡʨʦʥʳ ʦʪ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝ-

ʱʝʩʪʚ. ʆʥ ʘʢʪʠʚʠʨʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʠ ʢʦʤʧʣʝʤʝʥʪʘ [McCoy 

J.H., Kenney M.A., 1992]. 
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ɾʝʣʝʟʦ (Fe) ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ [Mohri M. 

et al., 2004], ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ (ʢʘʪʘʣʘʟʘ, ʧʝʨʦʢʩʠʜʘʟʘ, ʮʠʪʦʭʨʦʤ ʉ ʠ ʜʨ.) 

ʠ ʢʠʩʣʦʨʦʜʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ (ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʤʠʦʛʣʦʙʠʥʘ). ʅʘʨʷʜʫ ʩ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʝʤ ʬʘʛʦʮʠʪʦʟʘ ʠ ʧʨʦʜʫʢʮʠʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʬʝʨʤʝʥ-

ʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʙʝʣʢʘʤʠ 

ʦʩʪʨʦʡ ʬʘʟʳ ï ʪʨʘʥʩʬʝʨʨʠʥʦʤ, ʛʘʧʪʦʛʣʦʙʠʥʦʤ ʠ ʣʘʢʪʦʬʝʨʨʠʥʦʤ [Walter T. et al, 

1997; Benito P., Miller D., 1998]. ʄʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʦʙʤʝʥ ʞʝʣʝʟʘ, 

ʩʪʠʤʫʣʠʨʫʶʪ ʝʛʦ ʫʩʚʦʝʥʠʝ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʠʟ ʦʨʛʘʥʠʟʤʘ [RadwiŒska J., ŧarczyŒska K., 2014]. 

ʋ ʤʦʣʦʜʳʭ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʨʠʩʢ ʜʝʬʠʮʠʪʘ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠ-

ʥʦʡ ʝʛʦ ʟʘʧʘʩʦʚ ʚ ʧʝʯʝʥʠ ʠ ʩʝʣʝʟʝʥʢʝ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘ ʚʨʝʤʷ ʧʣʦʜʥʦʛʦ ʧʝʨʠ-

ʦʜʘ ʦʥʪʦʛʝʥʝʟʘ. ɿʘʧʘʩʳ ʞʝʣʝʟʘ ʠʩʪʦʱʘʶʪʩʷ ʚ ʧʝʨʚʳʝ 3 ï 4 ʥʝʜʝʣʠ ʞʠʟʥʠ [Heidar-

pour M.B. et al, 2008]. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʝʯʝʥʠ ʧʘʜʘʝʪ ʩʨʘʟʫ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʤ ʜʣʷ ʟʘʤʝʥʳ ʬʝʪʘʣʴʥʦʛʦ ʛʝʤʦʛʣʦʙʠʥʘ ʛʝʤʦʛʣʦʙʠ-

ʥʦʤ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ [Grimes R.M. et al., 1958]. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʞʝʣʝʟʘ ʚ ʧʝʯʝʥʠ ʫ 7-ʩʫʪʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʀʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ 

ʧʝʯʝʥʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠ, ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʠʟʤʝʥʝ-

ʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ, ʮʠʥʢʘ ʠʣʠ ʩʝʣʝʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫ ʤʦʣʦʜʥʷʢʘ ʞʚʘʯʥʳʭ ʞʠ-

ʚʦʪʥʳʭ ʨʠʩʢ ʘʥʝʤʠʠ, ʚʳʟʚʘʥʥʦʡ ʜʝʬʠʮʠʪʦʤ ʞʝʣʝʟʘ, ʥʝ ʪʘʢ ʚʳʩʦʢ, ʢʘʢ ʫ ʧʦʨʦʩʷʪ, ʫ 

ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ ʵʨʠʪʨʦʧʦʵʟʘ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʣʦʜʘ ʚ ʛʝʤʦʛʣʦʙʠʥ ʚʟʨʦʩʣʦʛʦ ʪʠʧʘ 

ʦʯʝʥʴ ʚʳʩʦʢʘ. ʉʫʙʢʣʠʥʠʯʝʩʢʘʷ ʘʥʝʤʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢ ʟʘ-

ʤʝʜʣʝʥʠ  ʁʨʦʩʪʘ, ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʦʜʩʦʩʥʳʭ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʂʣʠʥʠʯʝ-

ʩʢʠʝ ʩʠʤʧʪʦʤʳ ʘʥʝʤʠʠ ʦʙʳʯʥʦ ʠʩʯʝʟʘʶʪ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʨʤʘ 

[Heidarpour M.B. et al, 2008]. 

ʄʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʠʢʝʣʷ (Ni) ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ 

ʚ ʩʚʝʪʝ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʦʨʛʘʥʠʟʤʝ ʚ 

ʭʝʣʘʪʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʊʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʠʢʝʣʷ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʚʷʟʳʚʘʪʴ ʢʠʩʣʦʨʦʜ, ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘ-

ʥʠʷ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ. 

ɺʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʵʪʦʤ ʜʝʬʠʮʠʪ ɸʊʌ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʠ 
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ʤʥʦʛʠʭ ʦʨʛʘʥʦʚ (ʣʝʛʢʠʭ, ʧʦʯʝʢ, ʢʨʦʚʝʪʚʦʨʥʦʡ ʪʢʘʥʠ), ʦʜʥʘʢʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʪʨʘʜʘʶʪ ʪʢʘʥʠ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʤʘ [Cameron K.S. et al., 

2011]. ʊʦʢʩʠʯʥʦʩʪʴ ʥʠʢʝʣʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʦʙʤʝʥ 

ʤʘʨʛʘʥʮʘ, ʮʠʥʢʘ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ [Spears J.W. et al, 1986; Coogan T.P. et al., 1989; 

Kampa M., Castanas E., 2008]. ʅʠʢʝʣʴ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʘʥʪʘʛʦʥʠʩʪʘ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʤʝʜʠ ʠ ʩʠʥʝʨʛʠʩʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʞʝʣʝʟʫ ʠ ʮʠʥʢʫ [ʌʠʣʠʧʧʦʚʠʯ ʖ.ɹ., 

1999]. 

ʄʝʜʴ (Cu) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ̫-

ʣʷ̫ʩʴ ʢʦʤʧʦʥʝʥʪʦʤ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʘʵʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ï ʮʠʪʦʭʨʦʤ ʉ 

ʦʢʩʠʜʘʟʳ ʠ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ, ʨʝʛʫʣʠʨʫʝʪ ʧʨʦʦʢʩʠʜʘʥʪʥʦ-ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ. ʄʘʪʘʣʣ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʝʣʠʥʦʚʳʭ ʦʙʦʣʦʯʝʢ ʥʝʨʚʥʳʭ ʚʦ-

ʣʦʢʦʥ, ʢʨʦʚʝʪʚʦʨʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʩʢʝʣʝʪʘ; ʨʝʛʫʣʠʨʫʝʪ ʩʠʥʪʝʟ ʢʦʣʣʘʛʝʥʘ, ʵʣʘʩʪʠʥʘ, 

ʤʝʣʘʥʠʥʘ ʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚ. ʄʝʜʴ ʨʝʛʫʣʠʨʫʝʪ ʫʩʚʦʝʥʠʝ ʠ ʤʝʪʘʙʦʣʠʟʤ ʞʝʣʝʟʘ 

[Hostetler C.E. et al., 2003]. ʇʨʦʙʣʝʤʘ ʛʠʧʦʢʫʧʨʝʤʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʝʥʠʝʤ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ: ʜʝʬʠʮʠʪ ʤʝʜʠ ʚr -

ʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʧʨʠʤʝʨʥʦ ʫ 40 % ʢʦʨʦʚ [Hansen S.L. et al., 2010; 

Hill  G.M., Shannon M.C., 2019]. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʤʝʜʠ ʚ ʢʨʦʚʠ ʫ ʪʝʣʷʪ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʮʝʨʫʣʦʧʣʘʟʤʠʥ ï ʦʩʥʦʚʥʦʡ ʧʝʨʝʥʦʩʯʠʢ ʤʝʪʘʣʣʘ ʚ ʢʨʦʚʠ, ʥʝ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ [Underwood E.J., Sut-

tle N.F., 1999]. 

ʎʠʥʢ (Zn) ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʣʠʙʦ ʘʢʪʠʚʘʪʦʨʦʤ ʧʦʯʪʠ 300 ʬʝʨʤʝʥʪʦʚ 

[Al-Saad K.M. et al., 2010, Miao X. et al., 2013]: ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ, ʱʝʣʦʯʥʦʡ 

ʬʦʩʬʘʪʘʟʳ, ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ, ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʈʅʂ ʠ ɼʅʂ-ʧʦʣʠʤʝʨʘʟ ʠ ʜʨ. 

[Kavas G.O. et al., 2013]. ʎʠʥʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʛʦʨʤʦʥʘ ʨʦʩʪʘ, ʛʣʶʢʘʛʦʥʘ, 

ʠʥʩʫʣʠʥʘ, ʪʠʨʝʦʪʨʦʧʥʦʛʦ, ʬʦʣʣʠʢʫʣʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ, ʣʶʪʝʠʥʠʟʠʨʫʶʱʝʛʦ ʠ ʘʜ-

ʨʝʥʦʢʦʨʪʠʢʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʦʚ [Alves C.X. et al., 2012]. ʆʥ ʨʝʛʫʣʠʨʫʝʪ ʠʤʤʫʥʥʳʡ 

ʦʪʚʝʪ, ʨʘʟʚʠʪʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʪʨʦʬʠʣʦʚ, NK-ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʣʠʤʬʦ-

ʮʠʪʦʚ [Kincaid R.L., 1999; El-Far A.H., 2013]. 

ɼʝʬʠʮʠʪ ʤʝʜʠ ʠ ʮʠʥʢʘ ʤʦʞʝʪ ʩʥʠʞʘʪ ɹʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦ-

ʪʘ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʠ ʥʝʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ [Moeini M.M. et al., 2011], 
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ʧʦʩʢʦʣʴʢʫ ʥʘʨʫʰʘʝʪ ʬʫʥʢʮʠʠ ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʨʝʘʢʮʠʠ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʘʪʦ-

ʛʝʥʳ. ʋ ʞʠʚʦʪʥʳʭ ʩ ʜʝʬʠʮʠʪʦʤ ʤʝʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʮʠʪʦ-

ʭʨʦʤʦʢʩʠʜʘʟʳ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. ʉʦʦʙʱʘʣʦʩʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ɼʅʂ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩ ʜʝʬʠʮʠʪʦʤ ʤʝʜʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘ-

ʥʦ ʩ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʞʠʚʦʪʥʦʛʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʫʨʦʚʝʥʴ ʘʥʪʠʦʢʩʠʜʘʥʪ-

ʥʦʡ ʟʘʱʠʪ r[Hill  G.M., Shannon M.C., 2019]. ʄʦʣʦʜʥʷʢ ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʴʰʫʶ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʞʝʣʝʟʝ ʠ ʮʠʥʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʟʨʦʩʣʳʤʠ ʞʠʚʦʪʥʳʤʠ [Eisler R., 

1993; Suttle N.F., 2010]. ʋʨʦʚʝʥʴ ʮʠʥʢʘ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʥʝʫʢʣʦʥʥʦ ʧʘʜʘʝʪ ʩ 

ʨʦʞʜʝʥʠʷ ʜʦ 2 ʣʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʮʠʥʢ ʘʢʪʠʚʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʨʘʩʪʫʱʠʤ ʦʨʛʘʥʠʟʤʦʤ 

[Mi ller W.J. et al., 1965]. ʊʦʢʩʠʯʥʳʡ ʜʣʷ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ ʫʨʦʚʝʥʴ ʮʠʥʢʘ (ʙʦʣʝʝ 

500 ʤʛ/ʢʛ ʩ.ʤ.) ʩʯʠʪʘʝʪʩʷ ʥʠʟʢʠʤ ʠʣʠ ʥʦʨʤʘʣʴʥʳʤ ʜʣʷ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ [Gra-

ham T.W. et al., 1988]. ʋ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ ʚʩʪʨʝʯʘʝʪ-

ʩʷ ʘʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʘʷ ʣʝʪʘʣʴʥʘʷ ʤʫʪʘʮʠʷ A46, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʚʘʠʚʘʪʴ ʮʠʥʢ. ʋ ʪʝʣʷʪ ʩ ʵʪʠʤ ʥʘʩʣʝʜʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠ ʨʦʞ-

ʜʝʥʠʠ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʭ ʣʠʤʬʦʮʠʪʦʚ, ʥʦ 

ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʪʝʣʷʪʘ ʩʪʘʥʦʚʷʪʩʷ Zn-ʜʝʬʠʮʠʪʥʳʤʠ, ʘʢʪʠʚʥʦʩʪʴ ʣʠʤʬʦʮʠʪʦʚ 

ʩʥʠʞʘʝʪʩʷ [Perryman L.E. et al., 1989]. 

ʅʘʨʫʰʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Cu ï Zn ï Fe [Gowanlock D.W. et al., 2015] 

ʚ ʦʨʛʘʥʠʟʤʝ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʙʦʡ ʠʤʤʫʥʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. 

ʄʳʰʴʷʢ (As) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʠʦʣʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʙʝʣʢʦʚ, ʮʠʩʪʝʠʥʦʤ, 

ʛʣʫʪʘʪʠʦʥʦʤ, ʣʠʧʦʝʚʦʡ ʢʠʩʣʦʪʦʡ. ɺʦʟʤʦʞʥʦ, ʤʳʰʴʷʢ ʫʯʘʩʪʚʫʝʪ ʚ ʥʝʢʦʪʦʨʳʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ. ʂʘʢ ʘʢʪʠʚʘʪʦʨ ʬʝʨʤʝʥʪʦʚ, ʤʳʰʴʷʢ, ʚʝʨʦʷʪʥʦ, ʚʳʩʪʫ-

ʧʘʝʪ ʟʘʤʝʩʪʠʪʝʣʝʤ ʬʦʩʬʘʪʘ. ʂʘʢ ʠʥʛʠʙʠʪʦʨ, ʤʳʰʴʷʢ ʨʝʘʛʠʨʫʝʪ ʩ ʩʫʣʴʬʛʠʜʨʠʣʴ-

ʥʳʤʠ ʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʦʚ. ʄʝʪʘʣʣ ʚʣʠʷʝʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʠʪʦ-

ʭʦʥʜʨʠʷʭ, ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʤʝʥʝ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ, ʦʢʘʟʳʚʘʷ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ ʙʝʣʢʘ, ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ï ʛʝʤʦʛʣʦʙʠʥʘ. ɼʝʬʠʮʠʪ ʤr -

ʰʴʷʢʘ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʢʨʦʚʝʪʚʦʨʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʘʥʝʤʠʠ. ʀʟʚʝʩʪʥʦ ʦʙ ʠʤʤʫ-

ʥʦʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʤʳʰʴʷʢʘ. ɸʥʪʘʛʦʥʠʩʪʘʤʠ ʤʳʰʴʷʢʘ ʷʚʣʷʶʪʩʷ ʩʝʨʘ, ʬʦʩ-

ʬʦʨ, ʩʝʣʝʥ, ʚʠʪʘʤʠʥʳ ʉ ʠ ɽ, ʘʤʠʥʦʢʠʩʣʦʪʳ [He Y. et al., 2016; Garlandh T., 2015]. 
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ʄʦʣʠʙʜʝʥ (Mo) ʷʚʣʷʝʪʩʷ ʵʩʩʝʥʮʠʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʘʤʠ. ʆʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʛʨʫʙʳʭ ʢʦʨʤʘʭ. ʄʦ-

ʣʠʙʜʝʥ, ʚʩʘʩʳʚʘʝʤʳʡ ʠʟ ʢʦʨʤʦʚ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʝʯʝʥʠ; ʚʤʝʩʪʝ ʩ ʩʝʨʦʡ ʦʥ ʚʣʠʷ-

ʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʚʦʝʥʠʷ ʤʝʜʠ. ɺr ʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ/ʠʣʠ ʩʝʨʳ ʚ 

ʧʠʱʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʤʝʜʠ ʚ ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʪʨʫʜʥʦ ʘʙʩʦʨʙʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [Suttle N.F., McLauchlin M., 1976]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʨʝʟʤʝʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʩ ʧʠʱʝʡ ʚʳʟʳʚʘʝʪ ʚʪʦʨʠʯʥʳʡ ʜʝ-

ʬʠʮʠʪ ʤʝʜʠ. ʉʠʥʜʨʦʤ, ʦ ʢʦʪʦʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʦʙʱʘʝʪʩʷ ʫ ʞʚʘʯʥʳʭ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʦʣʦʜʥʷʢʘ), ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʂʨʫʧʥʳʡ 

ʨʦʛʘʪʳʡ ʩʢʦʪ ʠ ʦʚʮʳ ʚ 10 ʨʘʟ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʠʟʙʳʪʢʫ ʤʦʣʠʙʜʝʥʘ, ʯʝʤ 

ʜʨʫʛʠʝ (ʥʝʞʚʘʯʥʳʝ) ʞʠʚʦʪʥʳʝ [Blakley B.R., 2019]. 

ʂʦʙʘʣʴʪ (ʉʦ) ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʬʣʦʨʳ ʨʫʙʮʘ. ɾʚʘʯʥʳʝ ʞʠʚʦʪʥʳʝ, ʢʘʢ ʪʝʣʷʪʘ, ʪʘʢ ʠ ʚʟʨʦʩʣʳʡ ʢʨʫʧʥʳʡ ʨʦ-

ʛʘʪʳʡ ʩʢʦʪ, ʧʦʜʚʝʨʞʝʥʳ ʜʝʬʠʮʠʪʫ ʢʦʙʘʣʴʪʘ [Sharman E.D. et al., 2008]. ʇʦʩʣʝʜʥʠʡ 

ʧʨʠʚʦʜʠʪ ʫ ʥʠʭ ʢ ʛʠʧʝʨʭʨʦʤʥʦʡ ʤʘʢʨʦʮʠʪʘʨʥʦʡ ʘʥʝʤʠʠ [Digest E.M., 2007], ʩʥʠ-

ʞʘʝʪ ʠʤʤʫʥʥʫʶ ʬʫʥʢʮʠʶ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʘʨʘʟʠʪʘʨʥʳʤ ʠʥʬʝʢʮʠ-

ʷʤ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ [Schwarz F.J. et al., 2000]. 

ʋ ʚʳʩʰʠʭ ʞʠʚʦʪʥʳʭ ʬʫʥʢʮʠʠ ʩʝʣʝʥʘ (Se) ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʠʪʘʤʠʥʦʤ ɽ ʠ 

ʩʝʨʫʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Se ʦʙʲʷʩʥʷʝʪʩʷ 

ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʙʦʣʝʝ ʯʝʤ 30 ʩʝʣʝʥʦʧʨʦʪʝʠʥʘʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʝʪʩʷ ʬʝʨʤʝʥʪʘʤʠ. ʉʦʝʜʠʥʝʥʠʷ Se ʫʯʘʩʪʚʫʶʪ ʨʝʛʫʣʷʮʠʠ ʛʫʤʦʨʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʩʠʥ-

ʪʝʟʝ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ʄ [Maggini S. et al., 2007; Rowntree J.E. et al., 2004; Guyot 

H. et al., 2007; Salles M.S.V. et al., 2014]. ʄʦʣʦʜʥʷʢ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩ ʜʝ-

ʬʠʮʠʪʦʤ ʩʝʣʝʥʘ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʠ ʞʝʣʫʜʦʯʥʳʤ ʠʥʬʝʢʮʠʷʤ 

[Aleman M., 2008]. M. S. Salles ʠ ʩʦʘʚʪ. (2014) ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠ-

ʷʥʠʝ ʜʦʙʘʚʦʢ ʩʝʣʝʥʘ ʥʘ ʠʤʤʫʥʥʫʶ ʟʘʱʠʪʫ ʪʝʣʷʪ. ɺr ʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚ 

ʩʳʚʦʨʦʪʢʝ ʫ 30-ʜʥʝʚʥʳʭ ʪʝʣʷʪ ʚʳʟʳʚʘʣʠ ʧʦʚʳʰʝʥʠʝ ʬʘʛʦʮʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʘʢʨʦʬʘʛʦʚ [Salles M.S. et al., 2014]. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝʤ ʤʠ-

ʥʝʨʘʣʴʥʦʛʦ ʩʝʣʝʥʘ ʢʦʨʦʚʘʤ ʧʝʨʝʜ ʦʪʝʣʦʤ ʧʦʚʳʰʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʤʫʥʦʛʣʦʙʫ-

ʣʠʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝʣʷʪ [Rowntree J.E. et al., 2004; 
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Guyot H., 2007]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʦʙʤʝʥ ʩʝʣʝʥʘ, ʠʟʚʝʩʪ-

ʥʦ, ʯʪʦ Fe
3+

 ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʝʣʝʥʘ ʠ ʧʝʨʝʚʦʜʠʪ ʚ ʩʣʦʞʥʫʶ 

ʬʦʨʤʫ, ʥʝ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʫʩʚʦʝʥʠʷ ʵʥʪʝʨʦʮʠʪʘʤʠ [Spears J.W., Weiss W.P., 2008]. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʢʦʨʤʝ ʥʘ ʫʨʦʚʥʝ 0,8 % ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʦ ʫʩʚʘʠʚʘʪʴ ʩʝ-

ʣʝʥ ʤʦʣʦʯʥʳʤ ʢʦʨʦʚʘʤ ʥʘ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ ʙʝʨʝʤʝʥʥʦʩʪʠ [Harrison J.H., Conrad 

H.R., 1984]. ʀʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʨʘʮʠʦʥʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʩʥʠʞʘʝʪ ʫʩʚʦʝʥʠʝ ʩʝʣʝʥʘ [Garc²a-Vaquero M. et al., 2011]. 

ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʭʨʦʤʘ (Cr III) ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʩʚʷʟʘʥʘ ʩ ʨʝʛʫʣʷʮʠʝʡ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʢ ʠʥʩʫʣʠʥʫ [Morris B.W. et al., 1992]. ʆʥ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲ-

ʝʤʣʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʭʨʦʤʦʜʫʣʠʥʘ, ʢʦʬʘʢʪʦʨʦʤ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʥʝʦʙ-

ʭʦʜʠʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚ [Hayirli A., 2005]. ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

Cr ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚʦ ʚʨʝʤʷ ʩʪʨʝʩʩʘ ʠ ʦʙʣʝʛʯʘʶʱʘʷ 

ʝʛʦ ʪʝʯʝʥʠʝ [Toghyani M. et al., 2007; Ghazi H.S. et al., 2011]. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ [Vincent J.B., 2017] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʨʦʤ (III) ʤʦʞʝʪ ʥʝ ʷʚʣʷʪʴʩʷ ʵʩʩʝʥʮʠʘʣʴʥʳʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʜʦʟʘʭ ʦʥ 

ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʠ ʫʨʦʚʝʥʴ 

ʭʦʣʝʩʪʝʨʠʥʘ ʫ ʛʨʳʟʫʥʦʚ, ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 2 ʪʠʧʘ. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ Cr (III) ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ 

ʜʠʩʢʫʩʩʠʡ; ʦʜʥʘʢʦ ʦʙʤʝʥ Cr (III) ʚ ʦʨʛʘʥʠʟʤʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠʥʩʫʣʠʥʘ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʤʠʢʨʦʵʣʝʤʝʥʪ ʤʦʞʝʪ ʚʳ-

ʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʤʝʩʩʝʥʜʞʝʨʘ, ʫʩʠʣʠʚʘʶʱʝʛʦ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʦʪ 

ʠʥʩʫʣʠʥʘ [Vincent J.B., 2017]. 

ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʥʮʠʡ (Sr) ʥʝ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʥʝʨʘʣʦʤ, 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʷ ʝʛʦ ʜʝʬʠʮʠʪʘ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʤʝʪʘʣʣ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʌʫʥʢʮʠʠ ʝʛʦ ʚ ʦʨʛʘʥʠʟʤʝ ʩʦʧʨʷʞʝʥʳ ʩ ʦʙ-

ʤʝʥʦʤ ʢʘʣʴʮʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʥʮʠʡ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʟʘʜʝʨʞʢʫ ʢʘʣʴʮʠʷ ʚ ʦʨʛʘ-

ʥʠʟʤʝ, ʝʛʦ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʠ ʢʦʩʪʥʦʡ ʤʘʩʩʳ ʧʨʠ 

ʦʩʪʝʦʧʦʨʦʟʝ [Anupama et al., 2016]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʩʵʣʝʤʝʥʪʦʟ ʫ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʥʘ ʠ ʧʣʦʜʘ ʠ ʩʥʠʞʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 
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[RadwiŒska J., ŧarczyŒska K., 2014; McKeating D.R. et al., 2019]. ɼʘʞʝ ʩʫʙʢʣʠʥʠʯʝ-

ʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳ-

ʚʘʶʪʩʷ ʥʘ ʵʣʝʤʝʥʪʥʦʤ ʩʪʘʪʫʩʝ ʠ ʟʜʦʨʦʚʴʝ ʧʦʪʦʤʩʪʚʘ [Kegley E.B., 2016]. 

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʳ ʩʚʦʙʦʜʥʦ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ ʧʣʦʜʫ [Hostetler C.E. et al., 2003]. ʆʜ-

ʥʘʢʦ ʜʘʥʥʳʝ ʨʷʜʘ ʘʚʪʦʨʦʚ [Pavlata L. et al., 2004] ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʘʢʫʶ ʪʦʯʢʫ 

ʟʨʝʥʠʷ. ɺ ʮʝʣʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʪʘʪʫʩ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʪʝʣʝʥʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʫʩʦʤ ʢʦʨʦʚʳ-ʤʘʪʝʨʠ ʚʦ ʚʨʝʤʷ ʛʝʩʪʘʮʠʠ [Hostetler C.E. et al., 

2003]. ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʳ [Pavlata L. et al., 2004] ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫ ʢʦʨʦʚ-ʤʘʪʝʨʝʡ ʠ ʠʭ ʧʦʪʦʤʩʪʚʘ: ʦʜʥʠ ʵʣʝ-

ʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʤʘʪʝʨʠ, ʜʨʫʛʠʝ 

ï ʧʣʦʜʘ; ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʤʠʥʝʨʘʣʦʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï 

ʥʦʚʦʨʦʞʜʝʥʥʳʡè ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʅʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʤ ʪʝʣʝʥʢʘ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ 

ʮʠʥʢ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ [Pavlata L. et al., 2004]. ʆʪʥʦʩʠ-

ʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʣʝʥʘ ʠ ʤʝʜʠ ʪʘʢʦʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʠ ʘʚʪʦʨʳ 

[Abdelrahman M.M., Kincaid R.L., 1993; Graham T.W. et al., 1994; Ceballos-Marquez 

A. et al., 2010] ʩʯʠʪʘʶʪ, ʯʪʦ ʧʝʨʝʥʦʩ ʩʝʣʝʥʘ ʠ ʤʝʜʠ ʦʪ ʤʘʪʝʨʠ ʢ ʧʣʦʜʫ ʧʨʦʠʩʭʦʜʠʪ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʣʦʜʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ 

ʝʛʦ ʧʝʯʝʥʠ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʤʠʢʨʦʵʣʝʤʝʥʪʘ. 

ɼʨʫʛʠʝ [Pavlata L. et al., 2005], ʥʘʧʨʦʪʠʚ, ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʳʡ ʧʝ-

ʨʝʥʦʩ ʤʝʜʠ ʯʘʩʪʠʯʥʦ ʦʛʨʘʥʠʯʝʥ, ʪʘʢ ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 60 % ʩʦʜʝʨʞʘʥʠʷ ʫ ʠʭ ʤʘʪʝʨʝʡ.  

ʋ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʧʝʨʝʜʘʯʘ ʩʝʣʝʥʘ ʦʪ ʢʦʨʦʚʳ ʥʦʚʦʨʦʞʜʝʥʥʦʤʫ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ ʠ ʩ ʤʦʣʦʢʦʤ, ʧʨʠ ʵʪʦʤ ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʳʡ ʧʝʨʝʥʦʩ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ [Enjalbert F. et al., 1999]. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʚʳ-

ʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʣʝʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʯʝʤ ʚ ʤʦʣʦʢʝ. ʇʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʢʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʚ ʧʣʘʥʝ ʜʦʩʪʫʧʥʦ-

ʩʪʠ ʩʝʣʝʥʘ. ʉʯʠʪʘʝʪʩʷ [Hefnawy, 2010], ʯʪʦ ʧʝʨʝʜʘʯʘ ʩʝʣʝʥʘ ʧʣʦʜʫ, ʘ ʟʘʪʝʤ ʠ ʥʦʚʦ-

ʨʦʞʜʝʥʥʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʫ ʢʦʨʦʚ-

ʤʘʪʝʨʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʵʣʝʤʝʥʪʘ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
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ʧʦʜʪʚʝʨʞʜʝʥʘ: ʫʨʦʚʝʥʴ ʩʝʣʝʥʘ ʚ ʧʦʯʢʝ ʫ ʨʘʩʪʫʱʝʛʦ ʧʣʦʜʘ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ, 

ʪʦʛʜʘ ʢʘʢ ʫ ʢʦʨʦʚ ʚ ʢʦʥʮʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʩʥʠʞʘʣʩʷ [House W.A., Bell A.W., 1999]. 

ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [Abdelrahman M.M., Kincaid R.L., 1993; 

Graham T.W. et al., 1994; Pavlata L. et al., 2004; Ceballos-Marquez A. et al., 2010] 

ʩʪʘʪʫʩ ʩʝʣʝʥʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʙʳʣ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ ʫ ʠʭ ʤʘʪʝʨʝʡ. ʉ 

ʚʦʟʨʘʩʪʦʤ ʫʨʦʚʝʥʴ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʪʝʣʷʪ ʩʥʠʞʘʣʩʷ [Pavlata L. et al., 2004; 

Mehdi Y., Dufrasne I., 2016]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʠʨʦʢʠʡ ʨʘʟʤʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩr ʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ 

ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜ-

ʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʘʪʦʣʦʛʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʙʢʣʠʥʠʯʝʩʢʠʡ 

ʜʠʩʵʣʝʤʝʥʪʦʟ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠʣʠ ʚʥʫʪʨʠʫʪʨʦʙʥʳʭ ʧʣʦʜʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦ-

ʙʦʡ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʘʪʫʩʘ ʟʜʦʨʦʚʴʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʨʝʬʝʨʝʥʩʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʦʚ ʠ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʜʠʘʛʥʦʟʘ [Counotte G. et al., 2019]. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʳ-

ʷʚʣʝʥʠʷ ʩʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʙʠʦʤʘʨʢʝʨʦʚ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʨʫʪʠʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

[Buczinski S. et al., 2015; Buczinski et al., 2015a; Marcato F. et al., 2018]. 
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1.5. ʉʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ, ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʦʨʤʦʥʘʣʴ-

ʥʦʛʦ ʩʪʘʪʫʩʘ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ 

 

ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʟʫʯʝʥʦ ʠ ʦʧʠʩʘʥʦ 10 ʞʝʣʝʟ ʚʥʫʪʨʝʥʥʝʡ ʩʝʢʨʝʮʠʠ, ʢʦʪʦ-

ʨʳʝ ʬʦʨʤʠʨʫʶʪ ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʛʦʨʤʦʥʳ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004]. ɻʦʨʤʦʥʳ ʦʢʘʟʳ-

ʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ: ʦʧʨʝʜʝʣʷʶʪ ʫʨʦ-

ʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ɼʅʂ- ʠ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤ, ʨʦʩʪ ʢʣʝʪʦʢ ʠ ʠʭ ʧʨʦʣʠʬʝ-

ʨʘʮʠʶ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʢʘʥʝʡ, ʘʜʘʧʪʘʮʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʛʦʤʝʦ-

ʩʪʘʟʘ. 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʛʦʨʤʦʥʦʚ ʫ ʤʘʪʝʨʠ ʠ ʵʤʙʨʠʦʥʘ ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʵʥʜʦʢʨʠʥʥʦʡ ʬʫʥʢʮʠʠ ʦʙʦʠʭ ʦʨʛʘʥʠʟʤʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦ 

ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʤʦʱʥʳʡ ʵʥʜʦʢʨʠʥʥʳʡ ʦʨʛʘʥ ï ʧʣʘʮʝʥʪʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʧʣʘʮʝʥʪʝ ʛʦʨʤʦʥʳ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʩʪʫʧʘʶʪ ʚ ʦʨʛʘʥʠʟʤʳ ʤʘ-

ʪʝʨʠ ʠ ʧʣʦʜʘ, ʧʦʪʝʥʮʠʨʫʷ ʠʣʠ ʦʩʣʘʙʣʷʷ ʵʬʬʝʢʪʳ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʛʦʨʤʦʥʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʣʦʜʘ [ʍʫʜʘʚʝʨʷʥ ɸ.ɼ., 2016]. 

ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʛʦʨʤʦʥʦʚ ʫ ʙʝʨʝʤʝʥʥʦʡ ʠ ʵʤʙʨʠʦʥʘ ʷʚʣʷʶʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʮʝʥʪʘʨʥʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟ-

ʙʠʨʘʪʝʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʤʘʪʝʨʠ ʠ ʧʣʦʜʘ [ʍʫʜʘʚʝʨʷʥ 

ɸ.ɼ., 2016]. ʊʘʢ, ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʛʦʨʤʦʥʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʝʛʦ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʩʪʝʨʦʠʜʥʳʝ ï ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʣʘʮʝʥʪʘʨʥʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ ʘʥʜʨʦʛʝʥʦʚ, ʵʩʪʨʦʛʝʥʦʚ, ʧʨʦʛʝʩʪʝʨʦʥʘ ʠ ʛʣʶʢʦʢʦʨʪʠ-

ʢʦʠʜʦʚ, ʭʦʪʷ ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʨʘʩʱʝʧʣʷʪʴʩʷ ʬʝʨʤʝʥʪʘʤʠ ʧʣʘʮʝʥʪʳ. ɺ ʫʩʣʦʚʠʷʭ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʛʦ ʙʘʨʴʝʨʘ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 32-35 ʥʝʜʝʣʠ, ʘ ʟʘʪʝʤ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʝʝ ʩʪʨʦʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʨʦʢʠ ʛʝʩʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʣʦʜʘ 

ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʝʱʝʩʪʚʘʭ [ʉʘʚʝʣʴʝʚʘ ɻ.ʄ. ʠ ʩʦʘʚʪ., 2010]. 

ʕʥʜʦʢʨʠʥʥʳʡ ʩʪʘʪʫʩ ʧʣʦʜʘ ʚʘʞʝʥ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʝʛʦ ʚʥʫʪ-

ʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʢ ʤʦʤʝʥʪʫ ʨʦʞʜʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚ-
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ʣʝʥʳ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʧʨʷʤʦʛʦ ʩʥʘʙʞʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘ-

ʤʠ ʦʪ ʤʘʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʤʦʤʝʥʪ ʨʦʞʜʝʥʠʷ ʤʥʦʛʠʝ ʦʨʛʘʥʳ 

ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʟʨʝʣʳʤʠ. ɻʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʧʣʦʜʘ ʫ ʢʨʫʧʥʦʛʦ ʨʦ-

ʛʘʪʦʛʦ ʩʢʦʪʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥ ʢ ʢʦʥʮʫ ʙʝʨʝʤʝʥʥʦʩʪʠ. ʆʥ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʜʝʣʠ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʠ ʚ ʧʝʨʚʳʝ ʥʝʜʝʣʠ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʦʚ ʨʘʟʚʠʪʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʘʮʠʶ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʪʝʣʷʪ ʢ ʚʥʝʫʪʨʦʙʥʳʤ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [Kirovski D., 2015]. 

ʀʤʤʫʥʥʘʷ ʠ ʵʥʜʦʢʨʠʥʥʘʷ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ɻʦʨʤʦ-

ʥʘʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʧʨʦʚʦʮʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʳʭ ʠʤ-

ʤʫʥʦʜʝʬʠʮʠʪʦʚ [ʐʘʙʫʥʠʥ ʉ.ɺ. ʠ ʩʦʘʚʪ., 2015], ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʨʦʚ, ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʠʥʬʝʢ-

ʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [ʈʝʮʢʠʡ ʄ.ʀ. ʠ ʩʦʘʚʪ., 2010]. 

ʈʘʩʩʤʦʪʨʠʤ ʨʦʣʴ ʥʝʢʦʪʦʨʳʭ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʠʭ ʚʣʠʷ-

ʥʠʝ ʥʘ ʩʪʘʪʫʩ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ. 

ʇʨʦʛʝʩʪʝʨʦʥ ï ʞʝʥʩʢʠʡ ʧʦʣʦʚʦʡ ʛʦʨʤʦʥ, ʛʦʨʤʦʥ ʙʝʨʝʤʝʥʥʦʩʪʠ; ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʩʠʥʪʝʟʝ ʤʥʦʛʠʭ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ; ʛʣʘʚʥʳʡ ʩʪʝ-

ʨʦʠʜʥʳʡ ʧʨʦʜʫʢʪ ʷʠʯʥʠʢʦʚ (ʞʝʣʪʦʛʦ ʪʝʣʘ) ʠ ʧʣʘʮʝʥʪʳ, ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʥʘʜʧʦʯʝʯ-

ʥʠʢʘʤʠ [ʄʘʨʨʠ ʈ. ʠ ʩʦʘʚʪ., 1993]. ʇʨʦʛʝʩʪʝʨʦʥʫ ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ 

ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʘʚʣʷʪʴ 

ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʤʘʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʝʩʪʝʨʦʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ [ʈʝʧʠʥʘ ʄ.ɸ., 2011], ʜʘʥʥʳʡ ʛʦʨʤʦʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʣʘʛʦʧʦʣʫʯʥʦʝ ʚʳʥʘʰʠʚʘʥʠʝ ʧʣʦʜʘ. ʇʨʦʛʝʩʪʝʨʦʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʧʣʘʮʝʥʪʝ, ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʧʘʝʪ ʚ ʢʨʦʚʦʪʦʢ ʤʘʪʝʨʠ ʠ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ ï ʚ ʦʨʛʘʥʠʟʤ ʧʣʦʜʘ [ʍʫʜʘʚʝʨʷʥ ɸ.ɼ., 2016]. ʇʨʦʛʝʩʪʝʨʦʥ ʤʘʪʝʨʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʠʥʪʝʟ ʜʝʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥ-ʩʫʣʴʬʘʪʘ ʠ ʢʦʨʪʠʟʦʣʘ ʫ ʧʣʦʜʘ [ʄʘʨʨʠ ʈ. 

ʠ ʩʦʘʚʪ., 1993]. 

ɼʝʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥ-ʩʫʣʴʬʘʪ (ɼɻʕɸ-ʉ) ï çʤʘʪʴ ʚʩʝʭ ʩʪʝʨʦʠʜʦʚè, ʧʨʝʜ-

ʰʝʩʪʚʝʥʥʠʢ ʵʩʪʨʘʜʠʦʣʘ ʠ ʘʥʜʨʦʛʝʥʦʚ (ʪʝʩʪʦʩʪʝʨʦʥʘ). ɺʳʨʘʙʦʪʢʘ ɼɻʕɸ-ʉ ʢʦʥʪʨʦ-

ʣʠʨʫʝʪʩʷ ʘʜʨʝʥʦʢʦʨʪʠʢʦʪʨʦʧʥʳʤ ʛʦʨʤʦʥʦʤ. ɼɻʕɸ-ʉ ʥʝ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʧʝʨʝʥʦʩʯʠʢʘ, ʥʦ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʣʴʙʫʤʠʥʦʤ. ʉʪʨʝʩʩʳ ʩʪʠʤʫʣʠʨʫʶʪ ʩʥʠʞʝ-
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ʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼɻʕɸ-ʉ. ʋʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ɼɻʕɸ-ʉ ʚ ʦʨʛʘʥʠʟʤʝ ʤʘʪʝʨʠ ʚʦ 

ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [ʄʘʨ-

ʨʠ ʈ. ʠ ʩʦʘʚʪ., 1993]. 

ʕʩʪʨʦʛʝʥʳ (ʵʩʪʨʦʥ, ʵʩʪʨʠʦʣ, ʵʩʪʨʘʜʠʦʣ) ï ʞʝʥʩʢʠʝ ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ, ʩʠʥʪʝ-

ʟʠʨʫʝʤʳʝ ʷʠʯʥʠʢʘʤʠ ʠʟ ɼɻʕɸ-ʉ. ʇʦʚʳʰʘʶʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ 

ʚʨʝʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʫʣʫʯʰʘʶʪ ʨʝʛʝʥʝʨʘʮʠʶ ʪʢʘʥʝʡ. ʏʝʨʝʟ ʨʝʛʫʣʷʮʠʶ ʤʝʪʘʙʦ-

ʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʥʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʧʨʦʛʝʩʪʝʨʦʥ ʟʘʱʠʱʘʝʪ ʨʘʟʚʠʚʘʶ-

ʱʠʡʩʷ ʧʣʦʜ ʦʪ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ [ʍʘʨʠʪʦʥʦʚ ʃ.ɺ. ʠ ʩʦʘʚʪ., 

2018]. 90 % ʵʩʪʨʠʦʣʘ ʚ ʢʨʦʚʠ ʙʝʨʝʤʝʥʥʳʭ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʥʘʜʧʦʯʝʯʥʠʢʘʤʠ ʧʣʦʜʘ 

ʠʟ ʘʥʜʨʦʛʝʥʦʚ, ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʤʘʪʝʨʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ ʠ ʧʣʘʮʝʥʪʳ [ʍʫʜʘʚʝʨʷʥ ɸ.ɼ., 2016]. 

ʋʩʪʘʥʦʚʣʝʥʳ ʚʳʨʘʞʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʚ ʩʚrʦʨʦʪʢʝ ʢʨʦʚʠ 

ʢʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʦʚ ʙʝʨʝʤʝʥʥʦʩʪʠ [ʍʘʙʠʙ ɼ.ʉ.ʍ., 2017]. ʊʘʢ, ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʨʦʛʝʩʪʝʨʦʥʘ ʚ ʢʨʦʚʠ ʢʦʨʦʚ ʟʘ 30 ʜʥʝʡ ʜʦ ʦʪʝʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʩʨʦʢʠ ʛʝʩʪʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ (ʚ 7 ï 10 ʨʘʟ), ʘ ʟʘʪʝʤ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ (ʚ 5,3 ʨʘʟʘ) ʚ ʜʝʥʴ ʦʪʝʣʘ. ɿʘ ʤʝʩʷʮ ʜʦ ʦʪʝʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʩʪʨʦʛʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʠʢʝ, ʚ 2ï3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʜʝʥʴ ʨʦʜʦʚ ʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʦʩʣʝ 

ʥʠʭ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʨʦʚʠ ʢʦʨʦʚ ʟʘ 30 ʜʥʝʡ ʜʦ 

ʦʪʝʣʘ, ʘ ʚ ʜʝʥʴ ʨʦʜʦʚ ʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʦʩʣʝ ʥʠʭ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʅʘʠʙʦʣʴʰʘ ̫ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʨʦʢʩʠʥʘ ʠ ʪʠʨʝʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʘ ʚ ʢʨʦʚʠ ʢʦʨʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ 30 ʜʥʝʡ ʜʦ ʦʪʝʣʘ [ʍʘʙʠʙ ɼ.ʉ.ʍ., 2017]. 

ɸʣʴʜʦʩʪʝʨʦʥ ï ʛʦʨʤʦʥ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʤʠʥʝʨʘʣʦʢʦʨʪʠ-

ʢʦʠʜʦʚ, ʥʝ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʙʝʣʢʘ-ʧʝʨʝʥʦʩʯʠʢʘ. ʈʝʮʝʧʪʦʨʳ ʢ ʘʣʴʜʦʩʪʝʨʦʥʫ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ. ɸʣʴʜʦʩʪʝʨʦʥ ʨʝʛʫʣʠʨʫʝʪ 

ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʟʘʜʝʨʞʠʚʘʝʪ ʝʛʦ ʚ ʦʨʛʘʥʠʟʤʝ, ʧʦʚʳʰʘʝʪ ʯʠʩʣʦ ʥʘʪʨʠʝʚʳʭ 

ʢʘʥʘʣʦʚ ʥʘ ʤʝʤʙʨʘʥʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ Na
+
, ʫʩʠʣʠʚʘ-

ʝʪ ʚʳʨʘʙʦʪʢʫ ɸʊʌ. ʉʧʦʩʦʙʩʪʚʫʝʪ ʚʳʚʝʜʝʥʠʶ ʠʦʥʦʚ ʢʘʣʠʷ, ʘʤʤʦʥʠʷ ʠ ʧʨʦʪʦʥʦʚ ʠʟ 

ʦʨʛʘʥʠʟʤʘ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʜʦʩʪʝʨʦʥʘ ʚ ʢʨʦʚʠ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʪʝʥ-

ʟʠʠ ʠ ʘʣʢʘʣʦʟʫ [ʄʘʨʨʠ ʈ. ʠ ʩʦʘʚʪ., 1993]. 
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ʂʣʶʯʝʚʳʤʠ ʛʦʨʤʦʥʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʘʜʘʧʪʘʮʠ ʁʪʝʣʷʪ ʢ ʚʥʝʫʪʨʦʙʥʳʤ 

ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʢʦʨʪʠʟʦʣ, ʢʘʪʝʭʦʣʘʤʠʥʳ, ʠʥʩʫʣʠʥ, ʛʣʢʁʘʛʦʥ, 

ʪʠʨʝʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ʠ ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʳʝ ʬʘʢʪʦʨʳ ʨʦʩʪʘ I ʠ II  (IGF-I ʠ IGF-II ). 

ʉʝʢʨʝʮʠʷ ʢʦʨʪʠʟʦʣʘ ʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʝʩʩʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʨʦʜʘʤʠ 

[Aurich J.E. et al., 1993; Chung H.R., 2014; Vannucchi C.I. et al., 2015]. ʀʥʩʫʣʠʥ ʠ 

ʛʣʶʢʘʛʦʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʫʣʷʮʠ ʁʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ ʠ, ʚ ʮʝʣʦʤ, ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʦʙʤʝʥʘ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ [Donkin S.S., Armentano L.E., 1994]. ɻʦʨʤʦʥʳ ʱʠ-

ʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʚ ʦʩʥʦʚʥʦʤ, ʫʯʘʩʪʚʫʶʪ ʚ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ [Mullur R. et al., 

2014], ʘ IGF-I ʠ IGF-II  ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʦʨʛʘʥʦʛʝʥʝʟʘ [Blum J.W., 

Baumrucker C.R., 2008]. 

ʂʦʨʪʠʟʦʣ ï ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʡ ʛʦʨʤʦʥ, ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʠʟ ʭʦʣʝʩʪʝʨʠʥʘ, ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʚ̫ʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʛʦʨʤʦʥʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʪʨʝʩʩ. ʉʧʝʮʠʬʠʯʝʩʢʠ-

ʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʢʦʨʪʠʟʦʣʘ ʷʚʣʷʶʪʩʷ ʪʨʘʥʩʢʦʨʪʠʥ ʠ ʘʣʴʙʫʤʠʥ. ɺ ʘʢʪʠʚʥʦʡ (ʥʝ-

ʩʚʷʟʘʥʥʦʡ) ʬʦʨʤʝ ʚ ʢʨʦʚʠ ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 8 % ʦʪ ʦʙɦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʪʠʟʦʣʘ 

[ʄʘʨʨʠ ʈ. ʠ ʩʦʘʚʪ., 1993]. ʆʩʥʦʚʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʨʪʠʟʦʣʘ ʩʦʩʪʦʠʪ ʚ ʘʢʪʠʚʘʮʠʠ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠ ʨʝʘʛʠʨʦʚʘʥʠʠ ʥʘ ʩʪʨʝʩʩ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʧʦ-

ʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʦʨʦʚ [Mormede P. et al., 2007]. 

ʂʦʨʪʠʟʦʣ çʧʦʜʛʦʪʘʚʣʠʚʘʝʪè ʧʣʦʜ ʢ ʨʦʞʜʝʥʠʶ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʟʨʝʚʘʥʠʝ 

ʤʥʦʛʠʭ ʦʨʛʘʥʦʚ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢ 

ʚʥʝʫʪʨʦʙʥʳʤ ʫʩʣʦʚʠʷʤ ʞʠʟʥʠ [Vannucchi C.I. et al., 2015]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʨʪʠ-

ʟʦʣʘ ʧʣʦʜʘ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʝʛʦ ʥʘʜʧʦʯʝʯʥʠʢʘʭ, ʧʦʩʢʦʣʴʢʫ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʝʨʝʜʘʯʘ 

ʢʦʨʪʠʟʦʣʘ ʦʪ ʤʘʪʝʨʠʥʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢ ʧʣʦʜʫ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʘ [Chung 

H.R., 2014]. ʇʣʦʜ ʟʘʱʠʱʝʥ ʦʪ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʪʠʟʦʣʘ 11ɓ-

ʛʠʜʨʦʢʩʠʩʪʝʨʦʠʜʜʝʛʠʜʨʦʛʝʥʘʟʦʡ ʪʠʧʘ 1 (11ɓ-ʅSD1) ï ʧʣʘʮʝʥʪʘʨʥʳʤ ʬʝʨʤʝʥʪʦʤ, 

ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪ ʢʦʨʪʠʟʦʣ ʜʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʛʦ ʢʦʨʪʠʟʦʥʘ [Yang R. et 

al., 1996]. ʈʝʮʝʧʪʦʨʳ ʧʣʘʮʝʥʪʳ ʢ 11ɓ-HSD1 ʨʝʛʫʣʠʨʫʶʪʩʷ ʵʩʪʨʦʛʝʥʦʤ, ʠ ʧʦʟʜʥʠʡ 

ʛʝʩʪʘʮʠʦʥʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʩʪʨʦʛʝʥʘ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

11ɓ-HSD1 [Pepe G.J. et al., 2001]. 
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ʋʚʝʣʠʯʝʥʠʝ ʚʝʩʘ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʧʣʦʜʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʦʟʨʝʚʘʥʠʷ ʛʠʧʦʪʘʣʘ-

ʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʪʝʯʝʥʠʝ ʧʦ-

ʩʣʝʜʥʝʛʦ ʤʝʩʷʮʘ ʙʝʨʝʤʝʥʥʦʩʪʠ [Chung H.R., 2001], ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʪʠʟʦʣʘ ʫ ʧʣʦʜʘ ʚ ʧʦʩʣʝʜʥʠʝ 3 ï 5 

ʜʥʝʡ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʢʘʩʢʘʜʫ ʵʥʜʦʢʨʠʥʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʚʦʮʠʨʫʶɦ ʠʭ 

ʨʦʜʳ, ʘ ʪʘʢʞʝ ʢ ʩʦʟʨʝʚʘʥʠʶ ʣʝʛʢʠʭ ʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʧʣʦʜʘ [Stein-

hoff-Wagner J. et al., 2011]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʥʘʪʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʨʪʠʟʦʣʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʟʨʝʚʘʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ 

ʛʣʶʢʦʟʳ ʚ ʧʝʯʝʥʠ ʧʣʦʜʘ [Chung H.R., 2001]. ʂʦʨʪʠʟʦʣ ʫʚʝʣʠʯʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ 

ʛʣʶʢʦʟʳ ʚ ʛʣʠʢʦʛʝʥ ʚ ʬʝʪʘʣʴʥʳʭ ʛʝʧʘʪʦʮʠʪʘʭ ʧʫʪʝʤ ʠʥʜʫʢʮʠʠ ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʳ. 

ʇʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʜʦ ʧʨʠʝʤʘ ʤʦʣʦʟʠʚʘ, ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ 

ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʝʪʩ̫ ʠ ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʚʩʢʦʨʝ ʧʦʩʣʝ ʨʦʜʦʚ (çʚʳʙʨʦʩ ʢʦʨʪʠʟʦ-

ʣʘè) ʚʩʣʝʜʩʪʚʠʝ ʩʪʨʝʩʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʦʜʘʤʠ [Stojiĺ V. et al., 2002]. ʉ ʤʦʣʦʟʠʚʦʤ 

ʥʦʚʦʨʦʞʜʝʥʥʳʤ ʧʦʩʪʫʧʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʨʪʠʟʦʣ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʥ-

ʩʢʠʡ ʢʦʨʪʠʟʦʣ, ʧʦʛʣʦʱʝʥʥʳʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʦʡ ʚʦ ʚʨʝʤʷ ʢʦʣʦʩʪʨʦʛʝʥʝʟʘ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʜʘʥ ʥʦʚʦʨʦʞʜʝʥʥʦʤʫ. ʆʜʥʘʢʦ 60 % ʢʦʨʪʠʟʦʣʘ ʚ ʤʦʣʦʟʠʚʝ ʩʚʷʟʘʥʦ ʩ ʙʝʣ-

ʢʦʤ [Grosvenor C.E. et al., 1993] ʠ ʧʦʵʪʦʤʫ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʦʩʪʨʘʣʴʥʦʛʦ ʢʦʨʪʠʟʦʣʘ ʫʨʦʚʝʥʴ ʢʦʨʪʠ-

ʟʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 12 ʯʘʩʦʚ ʞʠʟʥʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ 

[Stojiĺ V. et al., 2002].  

ʈʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʨʪʠʟʦʣʘ ʚ ʢʨʦʚʠ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʪʝʣʷʪ ʥʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʋ ʚʟʨʦʩʣʦʛʦ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʩʧʦʢʦʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʬʠʟʠʦʣʦʛʠʯʥʳʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ 3é4 ʥʛ/ʤʣ 

[Warriss P.D. et al., 1995]. ʇʨʠ ʨʦʞʜʝʥʠʠ ʫʨʦʚʝʥʴ ʛʦʨʤʦʥʘ ʚ ʢʨʦʚʠ ʪʝʣʷʪ ʦʯʝʥʴ ʚʳ-

ʩʦʢ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʢ 27-ʤ ʩʫʪʢʘʤ ʫʨʦʚʥʷ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪ-

ʥʳʭ [Knowles T.G. et al., 2000]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʨʪʠʟʦʣʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʘʜʘʧʪʘʮʠʠ ʢ ʚʥʝʫʪʨʦʙʥʳʤ ʫʩʣʦʚʠʷʤ ʞʠʟʥʠ. ʂʦʨʪʠʟʦʣ ʫʩʢʦ-

ʨʷʝʪ ʩʦʟʨʝʚʘʥʠʝ ʨʷʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʦʚʳʰʝʥ-

ʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʪʢʘʥʷʤʠ ʥʘʜʧʦʯʝʯʥʠ-
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ʢʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʪʠʨʦʢʩʠʥʘ ʚ ʪʨʠʡʦʜʪʠʨʦʥʠʥ. çɺʩʧʣʝʩʢ 

ʢʦʨʪʠʟʦʣʘè ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ɓ-ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʚʦ ʤʥʦ-

ʛʠʭ ʪʢʘʥʷʭ, ʚʢʣʶʯʘʷ ʩʝʨʜʮʝ ʠ ʣʝʛʢʠʝ, ʠ ʧʨʦʚʦʮʠʨʫʝʪ ʩʦʟʨʝʚʘʥʠʝ ʩʫʨʬʘʢʪʘʥʪʥʦʡ 

ʩʠʩʪʝʤʳ [Padbury J.F. et al., 1996]. ɻʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʫʩʢʦʨʷʶʪ ʩʦʟʨʝʚʘʥʠʝ ʩʦʤʘ-

ʪʦʪʨʦʧʥʦʡ ʦʩʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ. ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʨʪʠʟʦʣʘ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʠʥʘʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʠʮʠʘʮʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʦʤʘʪʦ-

ʪʨʦʧʥʦʡ ʩʠʩʪʝʤʳ ʪʝʣʷʪ ʦʪ ʬʝʪʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ (ʢʦʛʜʘ ʨʦʩʪ ʦʨʛʘʥʠʟʤʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʛʦʨʤʦʥʦʚ ʨʦʩʪʘ) ʢ ʧʦʩʪʘʥʘʪʘʣʴʥʦʤʫ [Sauter S.N. et al., 2004]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʢʦʨʪʠʟʦʣʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ, ʢʘʢ ʠ ʫ ʧʣʦʜʘ, ʦʢʘʟʳʚʘʶʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʛʣʶʢʦʟʳ [Franko K.L. et al., 2007]. ɸʜʨʝʥʘʣ-

ʵʢʪʦʤʠʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʨʳʩ ʠʥʛʠʙʠʨʫʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʛʣʠʢʦʛʝʥʘ ʥʘ 15ï20 %, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʪʠʟʦʣ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʣʠʢʦʛʝʥʦʣʠ-

ʟʝ [Girard J.R et al., 1973]. ɻʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʪʘʢʞʝ ʚʘʞʥʳ ʜʣʷ ʪʝʨʤʦʛʝʥʝʟʘ: ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʚ ʢʨʦʚʠ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʪʝʣʷʪ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʭʦʣʦʜʘ [Gluckman P.D. et al., 1999]. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʠʛʨʘʶʪ ʢʦʩʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʪʝʨʤʦʛʝʥʝʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʛʣʠʢʦʛʝʥʘ [Godfrey R.W. et al., 

1991]. 

ɺʝʨʦʷʪʥʦ, ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʪʠʟʦʣʘ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠ-

ʦʜʘ ʚʨʝʤʝʥʠ (ʦʩʪʨʳʡ ʩʪʨʝʩʩ) ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʧʦʩʪʥʘʪʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 

ʪʝʣʷʪ [ʈʝʮʢʠʡ ʄ.ʀ. ʠ ʩʦʘʚʪ., 2010]. ʆʜʥʘʢʦ, ʜʣʠʪʝʣʴʥʦʝ ʠʣʠ ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʨʪʠʟʦʣʘ (ʭʨʦʥʠʯʝʩʢʠʡ ʩʪʨʝʩʩ) ʤʦʞʝʪ ʥʝʛʘ-

ʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʟʜʦʨʦʚʴʝ ʥʦʚʦʨʦʞʜʝʥʥʳʭ [Padbury J.F. et al., 1996]. P. Aich ʠ ʩʦ-

ʘʚʪ. (2009) ʥʘ ʤʦʜʝʣʠ ʚʠʨʫʩʥʦ-ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʠʥʬʝʢʮʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʫ ʧʦʛʠʙʰʠʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʞʠʚʦʪʥʳʭ ʟʘ ʩʫʪʢʠ ʜʦ ʟʘʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ (ʜʦ 150 ʤʤʦʣʴ/ʣ) ʢʦʨʪʠʟʦʣʘ ʚ ʢʨʦʚʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʚʳʞʠʚʰʠʤʠ ʦʩʦʙʷʤʠ [Aich P. et al., 2009]. ɺ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Fuji-

wara T. et al., 1996; Rosmond R., 2005] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʪʠʟʦʣʘ ʚ ʢʨʦʚʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʛʣʶʢʦʟʳ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ɹʢ ʠʥʩʫʣʠʥʫ, ʠʥʛʠʙʠʨʫʝʪ ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʫ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʠ 
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ʧʨʠʚʦʜʠʪ ʢ ʚʠʩʮʝʨʘʣʴʥʦʤʫ ʦʞʠʨʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʮʠʨʢʫʣʠ-

ʨʫʶʱʠʭ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʮʠʪʦʢʠʥʦʚ ʣʝʡ-

ʢʦʮʠʪʘʤʠ [DeRijk R.H. et al., 1996; DeRijk R.H., 1997; Deuster P.A. et al., 1999]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʚʦʪʥʳʝ, ʠʩʧʳʪʳʚʘʶʱʠʝ ʜʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʝʨʞʝʥʳ ʨʠʩʢʫ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [Vegas O. et al., 2011]. ʇʨʠʚʝʜʝʥ-

ʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚ ʢʨʦʚʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʠʟʤʝʥʝʥʠʷ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɺ ʛʫʤʘʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʤʘʪʝ-

ʨʠ ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʚ ʬʠʟʠʦʣʦʛʠʠ ʠ ʚʝʪʝʨʠʥʘ-

ʨʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ) ʪʘ-

ʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʘʡʥʝ ʤʘʣʦ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʡ ʦʩʪʘʝʪʩʷ ʠ ʨʦʣɹ ʛʦʨʤʦ-

ʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ 

ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʡ. 
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1.6. ʄʠʢʨʦʷʜʨʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʢʘʢ ʤʘʨʢʝʨʳ ʛʝʥʝʪʠ-

ʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ 

 

ʄʠʢʨʦʷʜʨʘ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʪʝʣʴʮʘ ʍʘʫʣɻʣʘ-ɾʦʣʣʠ, ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙ-

ʥʘʨʫʞʝʥʳ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ ʚ ʨʝʪʠʢʫʣʦʮʠʪʘʭ ɺʠʣʴʷʤʦʤ ʍʘʫʵʣʣʦʤ (William 

Howell) ʠ ɼʞʘʩʪʠʥʦʤ ɾʦʣʣʠ (Justin Jolly) [Sears D.A., Udden M.M., 2011]. ʊʝʣʴʮʘ 

ɾʦʣʣʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʘʢ ʦʩʪʘʪʢʠ ʷʜʝʨ ʵʨʠʪʨʦʮʠʪʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʦʨʛʘʥʘʭ ʩ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ [Sears D.A., Udden M.M., 2011]. 

ʄʠʢʨʦʷʜʨʘ ï ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʭʨʦʤʘʪʠʥʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʤʝʶʱʠʝ ʩʦʙ-

ʩʪʚʝʥʥʫʶ ʦʙʦʣʦʯʢʫ, ʦʙʦʩʦʙʣʝʥʥʳʝ ʦʪ ʷʜʨʘ (ʈʠʩʫʥʦʢ 1). ʄʠʢʨʦʷʜʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʮʝʥʪʨʠʯʝʩʢʠʝ ʭʨʦʤʦʩʦʤʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʦʪʜʝʣʴʥʳʝ ʮʝʣʳʝ ʭʨʦʤʦʩʦʤʳ, 

çʧʦʪʝʨʷʥʥʳʝè ʚʦ ʚʨʝʤʷ ʤʠʪʦʟʘ. ʕʪʠ çʧʦʪʝʨʠè ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʘʧʦʧʪʦʟʘ ʠ 

ʜʝʩʪʨʫʢʮʠʠ ʷʜʨʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ çʦʩʚʦʙʦʞʜʝʥʠʠè ʢʣʝʪʢʠ ʦʪ ʣʠʰʥʝ-

ʛʦ ʭʨʦʤʘʪʠʥʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʤʫʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [ʂʘʣʘʝʚ ɺ.ʅ. ʠ 

ʩʦʘʚʪ., 2016]. 

 

 

ʈʠʩʫʥʦʢ 1. ʂʣʝʪʢʘ ʩ ʤʠʢʨʦʷʜʨʦʤ (ʩʭʝʤʘ). 

 

ʎʝʥʥʦʩʪʴ ʤʠʢʨʦʷʜʝʨ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʚ ʩʝʨʝʜʠʥʝ XX ʚ. ɼʦʫʩʦʥʦʤ ʠ ɹʴʶʨʠ (Dawson and Bury), ʢʦʪʦʨʳʝ ʦʙʥʘʨʫʞʠʣʠ 

ʤʠʢʨʦʷʜʨʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷ-

ʥʠʷʭ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʩʯʠʪʘʣʠ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʣʝʮ ɾʦʣʣʠ ʩʚʷʟʘʥʦ ʩ ʜʝʬʠʮʠ-



 44 

ʪʦʤ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ [Dawson D.W., Bury H.P., 1961]. 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʤʠʢʨʦʷʜʨʘ ʙʳʩʪʨʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʚ ʦʪʚʝʪ ʥʘ ʥʝʛʘʪʠʚ-

ʥʳʝ ʚʦʟʜʝʡʩʪʚʠ ̫ʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʦʥʠ ʩʪʘʣʠ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʠʪʘʝʤʳʤ ʤʘʨʢʝʨʦʤ ʧʦʚʨʝʞʜʝʥʠʡ ʭʨʦʤʦʩʦʤ, ʚʳʟʚʘʥʥʳʭ ʛʝʥʦʪʦʢʩʠʯʝʩʢʠ-

ʤʠ ʘʛʝʥʪʘʤʠ. ʄʠʢʨʦʷʜʝʨʥʳʡ ʪʝʩʪ ʙʳʣ ʧʨʠʟʥʘʥ ʤʝʪʦʜʦʤ ʚʳʙʦʨʘ ʜʣʷ ʦʮʝʥʢʠ in vivo 

ʧʦʚʨʝʞʜʝʥʠʡ ʭʨʦʤʦʩʦʤ, ʚʳʟʚʘʥʥʳʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ [Fenech M., Mor-

ley A.A., 1985]. ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʷʜʨʘ ʧʦʷʚʣʷʣʠʩʴ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʨʦʚʠ ʫ ʩʧʣʝʥʵʢʪʦʤʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦʩʣʝ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʧʦʜʩʯʝʪ ʤʠʢʨʦ-

ʷʜʝʨ ʚ ʪʘʢʠʭ ʢʣʝʪʢʘʭ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʦʥʠʪʨʠʥʛʘ ʢʣʘʩʪʦʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʫ 

ʠʥʜʠʚʠʜʦʚ [Schlegel R. et al., 1986]. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʦʛʝʥʥʳʭ ʠ ʘʥʝʫʛʝʥ-

ʥʳʭ ʪʦʢʩʠʥʦʚ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢ-

ʨʦʷʜʝʨʥʦʛʦ ʪʝʩʪʘ.  

ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʩ ʤʠʢʨʦʷʜʨʘʤʠ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʫʪʘʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ: ʛʝʥʦʤʥʳʭ ʤʫʪʘʮʠʡ, ʠʟʤʝʥʝʥʠʡ ʯʠʩʣʘ ʭʨʦ-

ʤʦʩʦʤ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʤʦʣʝʢʫʣ ɼʅʂ, ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ɼʅʂ [ɻʣʘʟʢʦ ʊ.ʊ. ʠ ʩʦʘʚʪ., 2013]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ ʬʨʘʛʤʝʥʪʳ ʭʨʦʤʦʩʦʤ ʠ ʮʝʣʳʝ ʭʨʦʤʦʩʦʤʳ ʚ ʢʦʥʮʝ ʘʥʘʬʘ-

ʟʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʤʫʪʘʛʝʥʦʚ [Luzhna L.et al., 

2013]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʣʝʢʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʚʩʝ ʙʦʣʝʝ ʧʨʠʙʣʠʞʘʝʪ ʦʨʛʘʥʠʟʤ ʢ ʧʨʝʜʝʣʫ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʙʣʴʰʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴ [ʂʣʝʥʦʚʠʮʢʠʡ ʇ. ʄ., 2015]. ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʤʠʢʨʦʷʜʨʘʤʠ [ʉʝʤʝʥʦʚ ɸ.ʉ., 

2010]. 

ʎʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʠʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʫʪʘʛʝʥʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʫʪʘʙʠʣʴʥʦʩʪʠ 

ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ [ʉʝʤʝʥʦʚ ɸ.ʉ., 2010]. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪ-

ʥʳʭ ʟʨʝʣʳʝ ʢʣʝʪʢʠ ʢʨʘʩʥʦʡ ʢʨʦʚʠ ʜʦʩʪʫʧʥʳ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʢʨʦʚʝʪʚʦʨʥʳʝ 

ʦʨʛʘʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩ-
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ʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨ-

ʛʘʥʠʟʤʘ ʞʠʚʦʪʥʦʛʦ [ʉʝʤʝʥʦʚ ɸ.ʉ., 2010]. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦ-

ʩʪʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʥʳʭ ʠ ʧʦʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʵʢʟʦ- 

ʠ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʜʨʘ ʦʪʨʘʞʘʶʪ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʛʝʥʦʤʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ. ʆʩʦʙʠ, ʧʨʝʜʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʢ ʨʘʟʚʠʪʠʶ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʙʳʩʪʨʳʤ ʠ ʨʝʟʢʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʢʣʝʪʦʢ ʩ ʤʠʢʨʦʷʜʨʘʤʠ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʠʥʜʠʚʠʜʳ 

[Luzhna L. et al., 2013]. ɺ ʩʣʫʯʘʷʭ ʩʧʦʥʪʘʥʥʦʛʦ ʩʦʯʝʪʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʣʝʡʢʦʟʘ ʠ ʪʫ-

ʙʝʨʢʫʣʝʟʘ ʫ ʢʦʨʦʚ ʩʥʠʞʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʠʤʤʫʥʦʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʦʨʛʘ-

ʥʠʟʤʘ, ʚʦʟʨʘʩʪʘʝʪ ʭʨʦʤʦʩʦʤʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʤʠʢʨʦʷʜʨʘʤʠ ʚ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ [ʄʘʛʝʨ ʉ.ʅ., 2006]. 

ʅʘʢʦʧʣʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʚʳʷʚʣʷ-

ʝʤʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʢʣʝʪʢʘʭ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʜʝʬʝʢʪʥʳʭ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ [Rubes J. et al., 1991], c ʨʝʧʨʦʜʫʢʪʠʚ-

ʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʛʥʦʟʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʥʠ-

ʞʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ [ɾʠʛʘʯʝʚ ɸ.ʀ. ʠ ʩʦʘʚʪ., 2008; ɹʘʢʘʡ ʌ.ʈ., 

ʉʝʤʝʥʦʚ ɸ.ʉ., 2009; ʉʝʤʝʥʦʚ ɸ.ʉ., 2010; Migliore L. et al., 2006; Fenech M., 2011]. 

ɺʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʛʝʥʦʤʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʫ ʜʦʤʝʩʪʠʮʠ-

ʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤʠ ʚʠʜʘʤʠ. ʆʮʝʥʢʘ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦ-

ʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʤʠʢʨʦʷʜʨʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʫ ʞʠʚʦʪʥʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʷ-

ʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʟʦʥʳ ʨʠʩʢʦʚʘʥʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ, ʯʝʤ ʫ 

ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʪʦʛʦ ʞʝ ʚʠʜʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɾʠʚʦʪʥʳʝ, ʨʘʟʚʦʜʠʤʳʝ ʚ ʫʩʣʦʚʠʷʭ ʭʨʦʥʠʯʝʩʢʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʦʛʦ ʞʝ ʚʠʜʘ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ 

ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʨʦʤʦʩʦʤʥʦʛʦ ʘʧ-

ʧʘʨʘʪʘ [ɻʣʘʟʢʦ ʊ.ʊ. ʠ ʩʦʘʚʪ., 2013]. 
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ʍʦʪʷ ʠʟʫʯʝʥʠʶ ʤʠʢʨʦʷʜʝʨ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʢʦʪʦʨʳʝ 

ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ. ʅʝ ʷʩʥʦ, ʩʦʭʨʘʥʷʝʪʩʷ ʣʠ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʢʨʦʷʜʝʨ ʮʝʣʦʩʪʥʦʩʪʴ ʛʝʥʦʤʘ ʢʣʝʪʢʠ, ʠ ʚʥʦʩʷʪ ʣʠ ʤʠʢʨʦʷʜʨʘ 

ʚʢʣʘʜ ʚ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʛʨʘʜʘʮʠʠ ʤʠʢʨʦʷʜʝʨ ʪʘʢʞʝ ʥʝʠʟʚʝ-

ʩʪʝʥ. ʊʨʝʙʫʝʪʩʷ ʩʝʨʴʝʟʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʤʠʢʨʦʷʜʝʨ [Luzhna L. et al., 2013]. ʄʝʪʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʣʘʩʪʦʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ɹʠʦʤʦʥʠ-

ʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʮʝʣʝʥʳ ʥʘ ʧʦʥʠʤʘʥʠʝ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʦʧʫʣʷʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʠ ʯʫʚʩʪʚʠ-

ʪʝʣɹʥʦʩʪʴʶ ʢ ʛʝʥʦʪʦʢʩʠʢʘʥʪʘʤ. ɺʳʷʚʣʝʥʠʝ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʤʠʢʨʦʷʜʝʨ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠ ʁʟʥʘʯʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʛʝʥʦʪʦʢʩʠʢʘʥʪʘʤʠ. ʉʢʨʠʥʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʷʜʝʨʥʦʛʦ ʪʝʩʪʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʮʝʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʨʝʜʩʢʘ-

ʟʘʥʠʷ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ. 
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2. ʉʆɹʉʊɺɽʅʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʨʦʚʘʭ ʠ ʪʝʣʷʪʘʭ ʢʨʘʩʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ɺʦ-

ʨʦʥʝʞʩʢʦʛʦ ʪʠʧʘ ʚ ʆʆʆ çɺʦʨʦʥʝʞʧʠʱʝʧʨʦʜʫʢʪè ʅʦʚʦʫʩʤʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʨʦ-

ʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʈʌ. ɹʳʣʠ ʦʙʩʣʝʜʦʚʘʥ r33 ʦʪʦʙʨʘʥʥʳʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʛʣʫ-

ʙʦʢʦʩʪʝʣʴʥʳʝ ʢʦʨʦʚʳ c ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʧʨʦʪʝʢʘʶʱʝʡ ʦʜʥʦʧʣʦʜʥʦʡ ʙʝʨʝʤʝʥʥʦ-

ʩʪʴʶ ʠ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʥʠʭ ʪʝʣʷʪʘ, ʨʦʞʜʝʥʥʳʝ ʚ ʤʘʨʪʝ ï ʘʧʨʝʣʝ 2016 ʛʦʜʘ. ɹʠʦʭʠ-

ʤʠʯʝʩʢʠʝ ʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ ʚ 2016 ï 

2017 ʛʛ. ʥʘ ʙʘʟʘʭ ʣʘʙʦʨʘʪʦʨʠʠ ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʣʦʯʥʦʡ ʞʝʣʝ-

ʟʳ ʠ ʤʦʣʦʜʥʷʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯ-

ʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʝʪʝʨʠʥʘʨʥʳʡ ʠʥʩʪʠʪʫʪ ʧʘʪʦʣʦʛʠʠ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʪʝʨʘ-

ʧʠʠè ʠ ʢʘʬʝʜʨʳ ʛʝʥʝʪʠʢʠ, ʮʠʪʦʣʦʛʠʠ ʠ ʙʠʦʠʥʞʝʥʝʨʠʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè.  

ɺʩʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦ ʫʭʦʜʫ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʩʦʙʣʶʜʝʥʳ.  

ʊʝʣʷʪʘ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʧʨʦʬʠʣʘʢʪʦʨʠʠ ʧʦ 5 ï 6 ʛʦʣʦʚ ʚ ʢʣʝʪʢʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨ-

ʚʳʭ 10 ï 20 ʩʫʪʦʢ ʞʠʟʥʠ. ʅʦʚʦʨʦʞʜʝʥʥʳʝ ʧʦʣʫʯʘʣʠ ʤʦʣʦʟʠʚʦ ʦʪ ʩʚʦʠʭ ʤʘʪʝʨʝʡ ʠʟ 

ʩʦʩʢʦʚʳʭ ʧʦʠʣʦʢ 3 ʨʘʟʘ ʚ ʩʫʪʢʠ. ɺ ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʤʦʣʦʟʠʚʦ (ʟʘ-

ʪʝʤ ʤʦʣʦʢʦ) ʚʳʧʘʠʚʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 1/10 ʦʪ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ. 

ʇʨʠ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʣʷʪ ʠʟʤʝʨʷʣʠ ʨʝʢʪʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʦʧʨʝʜʝʣʷʣʠ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʤʠʥʫʪʫ; 

ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʜʠʘʨʝʠ, ʢʘʰʣʷ, ʦʜʳʰʢʠ, ʥʦʩʦʚʳʭ ʠʩ-

ʪʝʯʝʥʠʡ, ʚʳʜʝʣʝʥʠʡ ʠʟ ʛʣʘʟ; ʫʯʠʪʳʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ, ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʘ-

ʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ, ʘʧʧʝʪʠʪ; ʧʨʦʚʦʜʠʣʠ ʙʘʣʣʴʥʫʶ ʦʮʝʥʢʫ ʧʦ hʢʘʣʝ WI, ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ ʚʝʪʝʨʠʥʘʨʘʤʠ ɺʠʩʢʦʥʩʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [McGuirk S.M., 2008], ʧʦʨʘ-

ʞʝʥʠʷ ʣʝʛʢʠʭ ʚʳʷʚʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʫʩʢʫʣʴʪʘʮʠʶ ʠ ʫʣʴʪʨʘʩʦʥʦʛʨʘʬʠʠ ʛʨʫʜ-

ʥʦʡ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʝʨʘ çEasi-Scan-3è (BCF Technology Ltd., ɺʝʣʠʢʦʙʨʠʪʘ-

ʥʠʷ) ʩ ʣʠʥʝʡʥʳʤ ʜʘʪʯʠʢʦʤ 4,5-8,5 ʄɻʮ [Buczinski S. et al., 2015].  
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ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʞʠʟʥʠ ʫ ʚʩʝʭ ʪʝʣʷʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʨʘʟʥʦʡ ʪʷʞʝ-

ʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʥʘʜʣʝʞʘʱʝʤ ʫʭʦʜʝ ʠ ʢʦʨʤʣʝʥʠʠ ʦʪʤʝʯʘʣʠ ʩʘʤʦʚʳʟʜʦʨʦʚ-

ʣʝʥʠʝ ʞʠʚʦʪʥʳʭ. ʋ 7 ʪʝʣʷʪ ʙʨʦʥʭʠʪ ʦʩʣʦʞʥʠʣʩ ̫ʧʥʝʚʤʦʥʠʝʡ. 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʦ ʚʳʙʦʨʢʠ ʚʟʨʦʩʣʳʭ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʨʘʟ-

ʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ ʢʘʞʜʘʷ: ʂ1 ï ʢʦʨʦʚʳ, ʨʦʜʠʚʰʠʝ ʪʝʣʷʪ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʪʝʯʝ-

ʥʠʝ ʙʨʦʥʭʠʪʘ (n=26); ʂ2 ï ʢʦʨʦʚʳ, ʪʝʣʷʪʘ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʣʠ ʙʨʦʥ-

ʭʦʧʥʝʚʤʦʥʠʝʡ (n=7); ʊ1 ï ʪʝʣʷʪʘ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʙʨʦʥʭʠʪʘ (n=26); ʊ2 

ï ʪʝʣʷʪʘ, ʟʘʙʦʣʝʚʰʠʝ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (n=7). 

ɿʘʙʦʨ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʫ ʢʦʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 239 ï 262 ʜʝʥʴ ʛʝʩʪʘʮʠʠ, ʫ 

ʪʝʣʷʪ ï ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʜʦ ʢʦʨʤʣʝʥʠʷ ʧʫʪʝʤ ʧʫʥʢ-

ʮʠʠ ʷʨʝʤʥʦʡ ʚʝʥʳ. ʆʙʨʘʟʮʳ ʢʨʦʚʠ ʦʪʙʠʨʘʣʠ ʚ ʩʪʝʨʠʣʴʥʳʝ ʚʘʢʫʫʤʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʕɼʊɸ ʠʣʠ ʙʝʟ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘ. ʇʦʩʣʝ ʩʚʝʨʪʳʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʳ ʢʨʦʚʠ ʙʝʟ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (UC-1612, 

ULAB, ʂʠʪʘʡ) ʧʨʠ 4000 g ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʩʳʚʦʨʦʪ-

ʢʫ ʪʱʘʪʝʣʴʥʦ ʦʪʙʠʨʘʣʠ ʠ ʭʨʘʥʠʣʠ ʧʨʠ ï20 ÁC ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘ-

ʣʠʟʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ (ʉʄʇ) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʢʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çShimadzu UV-1700è (ʗʧʦʥʠʷ) ʧʦ ʤʝʪʦʜʫ 

ʏʝʨʥʠʮʢʦʛʦ ʠ ʩʦʘʚʪ. [ʏʝʨʥʠʮʢʠʡ ɸ.ɽ. ʠ ʩʦʘʚʪ., 2014]. ʂ 0,1 ʤʣ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʜʦʙʘʚʣʷʣʠ 0,2 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂ 0,3 ʤʣ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʧʦʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 3,0 ʤʣ ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ +4Üʉ 96% ʵʪʘʥʦʣʘ. ʂʦ-

ʘʛʫʣʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 3000 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʨʘʟʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ (1 ʦʙʲ-

ʝʤʥʘʷ ʯʘʩʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 10 ʦʙʲʝʤʥʳʭ ʯʘʩʪʝʡ 96% ʵʪʘʥʦʣʘ) ʚ ʩʦʦʪ-

ʥʦʰʝʥʠʠ 1: 2 ʠ ʬʦʪʦʤʝʪʨʠʨʦʚʘʣʠ ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 210 ʥʤ. ʂʦʥ-

ʮʝʥʪʨʘʮʠʶ ʉʄʇ ʚʳʨʘʞʘʣʠ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʵʢʩʪʠʥʢʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʉʄʇ ʚ ʩʳʚʦʨʦʪʢʝ ʜʦ 0,400 ʫ.ʝ. ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʥʦʨʤʝ, ʙʦʣʝʝ 0,400 ʫ.ʝ. ï ʩʦʩʪʦʷ-

ʥʠʶ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ [ʏʝʨʥʠʮʢʠʡ ɸ.ɽ. ʠ ʩʦʘʚʪ., 2014]. 

ʀʟʤʝʨʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ çʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘè (ʕʂɸ) ʠ 

çʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘè (ʆʂɸ) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 



 49 

ʧʦʤʦʱʴʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʅʀʀ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ (ʈʦʩʩʠʷ) ʥʘ 

ʩʧʝʢʪʨʦʬʣʫʦʨʦʬʦʪʦʤʝʪʨʝ çShimadzu RF-5301 PCè (ʗʧʦʥʠʷ). ɺ ʥʦʨʤʝ ʵʪʠ ʚʝʣʠʯʠ-

ʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʕʂɸ/ʆʂɸ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʠʥʜʝʢʩʳ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫ-

ʣʘʤ: 

ʀʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ [ʃʠʩʠʮʳʥ ɺ.ɺ., 2013]: 

1
ʆʂɸ

ʀʊ
ʕʂɸ
= -      (1). 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ [ʃʠʩʠʮʳʥ ɺ.ɺ., 2013]: 

1000
ʉʄʇ

ʂʀ
ʕʂɸ

= ³       (2). 

 

ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠ [ʂʘʣʴʬ-ʂʘʣʠʬ ʗ.ʗ., 1941]: 

( )( )

( )( )

4 3 2 1 1

1
ʃʀʀ

ʄʎ ʄʝʪʘʄʎ ʇʗʅ ʉʗʅ ʇʂ

ʄʆʅ ʃʌ ʕʌ
=

+ + + ³ +

+ ³ +
    (3), 

 

ʛʜʝ ʄʎ ï ʤʠʝʣʦʮʠʪʳ, ʄʝʪʘʄʎ ï ʤʝʪʘʤʠʝʣʦʮʠʪʳ, ʇʗʅ ï ʧʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʮʪʨʦʬʠʣʳ, ʉʗʅ ï ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʳ, ʇʂ ï ʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ, 

ʄʆʅ ï ʤʦʥʦʮʠʪʳ, ʃʌ ï ʣʠʤʬʦʮʠʪʳ, ʕʌ ï ʵʦʟʠʥʦʬʠʣʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ, ʛʝʤʦʛʣʦʙʠʥʘ, ʛʝʤʘʪʦʢʨʠʪʘ, ʛʠʩʪʦ-

ʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ çMicros-60è 

(çHoriba ABXè, ʌʨʘʥʮʠʷ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʛʦʪʦʚʠʣʠ ʤʘʟʢʠ ʦʙʨʘʟʮʦʚ ʚʝʥʦʟ-

ʥʦʡ ʢʨʦʚʠ, ʚʳʩʫʰʠʚʘʣʠ ʠʭ ʥʘ ʚʦʟʜʫʭʝ, ʬʠʢʩʠʨʦʚʘʣʠ 96 % ʵʪʘʥʦʣʦʤ ʠ ʦʢʨʘʰʠʚʘʣʠ 

ʧʦ ʈʦʤʘʥʦʚʩʢʦʤʫ ʤʝʪʦʜʦʤ ʄʘʡ-ɻʨʶʥʚʘʣʴʜʘ-ɻʠʤʟʘ. ɿʘʪʝʤ ʧʦʜʩʯʠʪʳʚʘʣʠ ʥʝ ʤʝʥʝʝ 

200 ʢʣʝʪʦʢ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʠʭ ʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʜʝʣʴ-

ʥʳʭ ʪʠʧʦʚ ʣʝʡʢʦʮʠʪʦʚ [Theml H. et al., 2004].  

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çShimadzu AA6300è (ʗʧʦʥʠʷ), ʢʘʣʴʮʠʷ 
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ʠ ʤʘʛʥʠʷ ï ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ çOlympus-

400è (çBeckman Coulterè, ʉʐɸ).  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʵʩʪʨʘʜʠʦʣʘ, ʧʨʦʛʝʩʪʝʨʦʥʘ, ʜʠʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥ-ʩʫʣʴʬʘʪʘ 

(ɼɻʕɸ-ʉ), ʢʦʨʪʠʟʦʣʘ ʠ ʘʣʴʜʦʩʪʝʨʦʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʌɸ) ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʋʥʠʧʣʘʥ 

ɸʀʌʈ-01 (ʈʦʩʩʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ 

çʅɺʆ ʀʤʤʫʥʦʪʝʭè (ʈʦʩʩʠʷ) ʠ çDiagnostic Biochem Canada Inc.è (ʂʘʥʘʜʘ). 

ʄʘʟʢʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʦʢʨʘʰʠʚʘʣʠ ʧʦ ʈʦʤʘʥʦʚʩʢʦʤʫ-ɻʠʤʟʘ ʠ ʘʥʘʣʠ-

ʟʠʨʦʚʘʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Laboval-4 (Carl Zeiss Jena GmbH, ɻʝʨʤʘʥʠʷ) ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ 100Ĭ1,5Ĭ10. ʇʨʦʩʤʘʪʨʠʚʘʣʠ ʥʝ ʤʝʥʝʝ 3000 ʢʣʝʪʦʢ ʥʘ ʧʨʝʧʘʨʘʪʝ ʠ ʚʳʯʠʩʣʷʣʠ 

ʯʘʩʪʦʪʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ă) ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʤʠʢʨʦʷʜʨʘʤʠ [ɾʫʣʝʚʘ ʃ.ʖ., ɼʫʙʠʥʠʥ 

ʅ.ʇ., 1994]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ Sta-

dia 7.0 Professional (InCo, ʈʦʩʩʠʷ) ʠ MedCalc for Windows, version 17.5.3 (MedCalc 

Software, Ostend, Belgium) ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʂʘʣʘʝʚʦʡ ʠ ʩʦʘʚʪ. [ʂʘʣʘʝʚʘ 

ɽ.ɸ. ʠ ʩʦʘʚʪ., 2016]. 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʬʦʨʤʘʪʝ çʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝè (MÑsx), ʧʨʠʚʦʜʠʣʠ ʤʝʜʠʘʥʳ ʧʦʢʘʟʘʪʝʣʝʡ (Me). 

ɺʳʙʦʨʦʯʥʳʝ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʠʟʥʘʢʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʜʯʠ-

ʥʣ̫ʦʩʴ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʩʨʘʚʥʠʚʘʣʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʌʠʰʝʨʘ ʠ ʉʪʴʶʜʝʥʪʘ; ʤʝ-

ʜʠʘʥʳ ʧʨʠʟʥʘʢʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʪʣʠʯʥʦ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ï ʧʦ ʢʨʠ-

ʪʝʨʠʶ ɺʠʣʢʦʢʩʦʥʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚʳʷʚʣʷʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (rs). 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʠʢʪʦʨʦʚ ʧʥʝʚʤʦʥʠʠ ʫ ʪʝʣʷʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ROC-

ʘʥʘʣʠʟ (Receiver Operator Characteristic) ʧʦ ʤʝʪʦʜʫ DeLong ʠ ʩʦʘʚʪ. [DeLong E.R. 

et al., 1988]. ROC-ʢʨʠʚʘʷ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ [ʃʝʦʥʦʚ ɺ.ʇ., 2009; ʉʝʨʝʙʨʷʢʦʚʘ ɽ.ʅ. ʠ ʩʦʘʚʪ., 2014; ɹʦ-

ʷʨʢʠʥʘ ɸ.ɺ., ʇʦʪʘʧʦʚ ɸ.ʃ., 2015]. ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʯʫʚ-
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ʩʪʚʠʪʝʣʴʥʦʩʪʴ (Se) ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ (Sp) ʪʝʩʪʘ, ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ (cut-off 

point) ʧʦʢʘʟʘʪʝʣʷ, ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ (AUC ï Area Under Curve) ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ç100 % ï ʩʧʝʮʠʬʠʯʥʦʩʪʴè (ʦʩʴ ʘʙʩʮʠʩʩ) ʠ çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè (ʦʩʴ ʦʨʜʠʥʘʪ). ʏʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʩʪʘ (Se) ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʜʦʣʠ (%) ʠʩʪʠʥʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʫ ʚʩʝʭ ʦʙʩʣʝʜʫʝʤʳʭ, ʠʤʝʶʱʠʭ ʜʘʥʥʫʶ ʧʘʪʦʣʦʛʠʶ; ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʪʝ-

ʩʪʘ (Sp) ï ʧʦʢʘʟʘʪʝʣʴ ʜʦʣʠ ʠʩʪʠʥʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫ ʦʙʩʣʝʜʫʝʤʳʭ, ʥʝ 

ʠʤʝʶʱʠʭ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ (ʟʜʦʨʦʚʳʭ). ɿʥʘʯʝʥʠʷ Se ʠ Sp ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫ-

ʣʘʤ: Se = (TP/(TP+FN)) ʭ 100 %; Sp = (TN/(TN+FP)) ʭ 100 %, ʛʜʝ TP ï ʠʩʪʠʥʥʦ-

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʩʪ, FN ï ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʩʪ; FP ï ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʪʝʩʪ, TN ï ʠʩʪʠʥʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʩʪ. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (cut-off point) ï 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʦʪʩʝʢʘʶʱʝʝ ʚʳʙʦʨʢʫ çʟʜʦʨʦʚʳʭè ʦʪ çʙʦʣʴʥʳʭè ʧʨʠ ʦʧʪʠ-

ʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʪʝʩʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʝʩʪʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ AUC (Area Under Curve ï ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ). ʉʫʜʠʪʴ ʦ ʢʘʯʝ-

ʩʪʚʝ ʪʝʩʪʘ ʤʦʞʥʦ ʧʦ ʵʢʩʧʝʨʪʥʦʡ ʰʢʘʣʝ ʜʣʷ ʟʥʘʯʝʥʠʡ AUC.: 0,9-1,0 ï ʦʪʣʠʯʥʦ; 0,8-

0,9 ï ʦʯʝʥʴ ʭʦʨʦʰʦ; 0,7-0,8 ï ʭʦʨʦʰʦ, 0,6-0,7 ï ʩʨʝʜʥʝ, 0,6 ʠ ʤʝʥʴʰʝ ï ʥʝʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦ. ɼʣʷ AUC ʚʳʯʠʩʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (P < 0,05). 

ʅʫʣʝʚʫʶ ʛʠʧʦʪʝʟʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʪʚʝʨʛʘʣʠ ʧʨʠ ʈ < 0,05. 
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2.2. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʀʍ ɸʅɸʃʀɿ 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʚ ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʚʝʨʠʥʳʤ ʅ.ʅ. (2017), ʂʘʣʘʝʚr ʤ ɺ.ʅ. (2017, 

2019, 2020, 2021), ʂʘʣʘʝʚʦʡ ɽ.ɸ. (2017, 2019, 2020, 2021), ʉʘʬʦʥʦʚʳʤ ɺ.ɸ. (2019, 

2020, 2021), ʏʝʨʥʠʮʢʠʤ ɸ.ɽ. (2017, 2019, 2020, 2021), ʩʦʜʝʨʞʘʱʠʝ ʫʪʦʯʥʝʥʥʳʝ, 

ʨʘʩhʠʨʝʥʥr ʝ ʠ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ. ʉʦʘʚʪʦʨʳ ʥʝ ʚʦʟʨʘʞʘʶʪ ʧʨʦʪʠʚ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ 

ʩʦʚʤʝʩʪʥʦ ʠʟʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

2.2.1. ʄʘʨʢʝʨʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʠʭ ʚʣʠʥ̫ʠʝ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ 

 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘ-

ʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ ʠ 

ʫ ʢʦʨʦʚ, ʨʦʜʠʚʰʠʭ ʪʝʣʷʪ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʙʨʦʥʭʠʪʘ (ʛʨʫʧʧʘ ʂ1), ʠ ʫ 

ʤʘʪʝʨʝʡ, ʯʴʠ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʟʘʙʦʣʝʣʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʛʨʫʧʧʘ ʂ2), ʢʦʣʝʙʘ-

ʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ (ʊʘʙʣʠʮʘ 4). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ (38,11Ñ4,67 ʠ 37,61Ñ6,08 ʛ/ʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2). 

ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʣʴʙʫʤʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʠ 

ʩʣʫʯʘʷʤʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ ʙʳʣʘ ʥʠʞʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʝ ʥʦʨʤʳ) ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ (24,52 Ñ 4,44 ʠ 23,27 Ñ 5,04 ʛ/ʣ ʫ 

ʢʦʨʦʚ ʠʟ ʛʨʫʧʧ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʳʙʦʨʢʘ-

ʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʈʠʩʫʥʦʢ 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ ʷʚʣ̫-

ʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ [ʉʠʜʝʣʴʥʠʢʦʚʘ ɺ.ʀ. ʠ ʩʦʘʚʪ., 2015] ʫ 

ʢʦʨʦʚ-ʤʘʪʝʨʝʡ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʥʝ ʠʥʬʦʨʤʘʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷ-

ʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʦʚʦʨʦʞ-

ʜʝʥʥʦʛʦ ʢ ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʟʘʙʦʣʝʚʘʥʠ̫ ʤ. 
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ʋʨʦʚʝʥʴ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʧʝʨʠʦʜ ʛʝʩʪʘʮʠʠ ʫ ʢʦʨʦʚ ʠʟ ʛʨʫʧ-

ʧʳ ʂ1 ʩʦʩʪʘʚʣʷʣ 0,408 Ñ 0,152 ʫ.ʝ. (ʄʝ = 0,354 ʫ.ʝ.), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʝ. ʋ 

ʢʦʨʦʚ ʠʟ ʛʨʫʧʧʳ ʂ2 ʩʦʜʝʨʞʘʥʠʝ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʜʦʩʪʦʚʝʨʥʦ ʧʦ-

ʚʳʰʘʣʦʩʴ (0,615 Ñ 0,197 ʫ.ʝ., ʄʝ = 0,674 ʫ.ʝ.; ʈ = 0,013). ɺʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʠ 

ʩʣʫʯʘʷʤʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ (rs=0,536; ʈ = 0,002), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʏʝʨʥʠʮʢʠʡ ɸ.ɽ., 2020]. 

 

ʊʘʙʣʠʮʘ 4 ï ʄʘʨʢʝʨʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 

ʛʨʫʧʧʘ ʂ1 ʛʨʫʧʧʘ ʂ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min 

ï max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ 

(min ï max) 

MÑsx, Me 

ʆʙʱʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʘʣʴʙʫ-

ʤʠʥʘ (ʆʂɸ), ʛ/ʣ 

27,46 ï 48,87 
38,11 Ñ 4,67, 

ʄʝ=37,63 
28,36 ï 48,27 

37,61 Ñ 6,08, 

ʄʝ=37,04 

ʕʬʬʝʢʪʠʚʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʣʴʙʫʤʠʥʘ 

(ʕʂɸ), ʛ/ʣ 

14,76 ï 36,00 
24,52 Ñ 4,44, 

ʄʝ=24,21 
16,20 ï 30,45 

23,27 Ñ 5,04, 

ʄʝ=21,75 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʩʨʝʜʥʝʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʧʝʧʪʠ-

ʜʦʚ, ʫ.ʝ. 

0,229 ï 0,757 
0,408 Ñ 0,152, 

ʄʝ=0,354 
0,200 ï 0,779 

0,615 Ñ 0,197, 

ʄʝ=0,674* 

ʃʝʡʢʦʮʠʪʘʨʥʳʡ 

ʠʥʜʝʢʩ ʠʥʪʦʢʩʠ-

ʢʘʮʠʠ ʂʘʣʴʬ-

ʂʘʣʠʬʘ (ʃʀʀ) 

0,02 ï 0,40 
0,15 Ñ 0,09, 

ʄʝ=0,15 
0,02 ï 0,73 

0,16 Ñ 0,25, 

ʄʝ=0,07 

ʀʥʜʝʢʩ ʪʦʢʩʠʯ-

ʥʦʩʪʠ (ʀʊ) 
0,07 ï 0,86 

0,58 Ñ 0,18, 

ʄʝ=0,60 
0,37 ï 0,80 

0,64 Ñ 0,15, 

ʄʝ=0,70 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʥʪʦʢʩʠʢʘʮʠʠ 

(ʂʀ) 

7,2 ï 32,2 
17,2 Ñ 6,8, 

ʄʝ=16,0 
12,3 ï 33,9 

26,5 Ñ 8,4, 

ʄʝ=26,8**  

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ (ʈ = 

0,013), ** ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ (ʈ = 

0,007). 
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ʈʠʩʫʥʦʢ 2. ʄʘʨʢʝʨʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʆʂɸ, ʕʂɸ, ʂʀ) ʫ ʛʣʫʙʦʢʦʩʪʝʣʴ-

ʥʳʭ ʢʦʨʦʚ ʠʟ ʛʨʫʧʧ ʂ1 ʠ ʂ2. ʆʙʦʟʥʘʯʝʥʠʷ: ʆʂɸ ï ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ 

ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ (ʛ/ʣ), ʕʂɸ ï ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʴʙʫʤʠʥʘ ʚ ʩʳʚʦʨʦʪ-

ʢʝ ʢʨʦʚʠ (ʛ/ʣ), ʂʀ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʫʩʣ. ʝʜ.). 

 

ʈʠʩʫʥʦʢ 3. ʄʘʨʢʝʨʳ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʉʄʇ, ʃʀʀ, ʀʊ) ʫ ʛʣʫʙʦʢʦʩʪʝʣʴ-

ʥʳʭ ʢʦʨʦʚ ʠʟ ʛʨʫʧʧ ʂ1 ʠ ʂ2. ʆʙʦʟʥʘʯʝʥʠʷ: ʉʄʇ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʨʝʜʥʝʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʃʀʀ ï ʣʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘ-

ʮʠʠ, ʀʊ ï ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ. 
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ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠ ʠ ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʙʝʠʭ ʛʨʫʧ-

ʧʘʭ ʢʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʣʠ (ʊʘʙʣʠʮʘ 4, ʈʠʩʫʥʦʢ 3), ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠ ʥʝ ʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʩʪʝʧʝʥʴʶ ʪʷʞʝʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ ʫ ʪʝʣʷʪ, ʜʣʷ ʠʥʜʝʢʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʚʳʷʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʩʣʫʯʘʷʤʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ (rs = 0,337; ʈ 

=0,03). ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʢʦʨʦʚ, ʪʝʣʷʪʘ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦ-

ʣʝʣʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʂʀ = 26,5 Ñ 8,4), ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ (ʈ = 0,007) 

ʧʨʝʚʳʰʘʣ ʪʘʢʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʛʨʫʧʧʝ ʤʘʪʝʨʝʡ, ʫ ʧʦʪʦʤʩʪʚʘ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʩʪʠ-

ʨʦʚʘʣʠ ʙʨʦʥʭʠʪ (ʂʀ = 17,2 Ñ 6,8). ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʢʦʨʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

(rs=0,568; ʈ< 0,0008). 

ROC-ʘʥʘʣʠʟ (ʈʠʩʫʥʦʢ 4) ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʨʝʜʥʝʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʝʜʠʢʪʦʨʦʤ ʨʘʟʚʠ-

ʪʠʷ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2017ʙ; ʂʘʣʘʝʚʘ ɽ.ɸ. 

ʠ ʩʦʘʚʪ, 2019ʘ; Kalaeva E.A. et al., 2019ʘ; ʏʝʨʥʠʮʢʠʡ ɸ.ɽ., 2020]. 

  

 

ʈʠʩʫʥʦʢ 4. ROC-ʢʨʠʚʘʷ ʧʨʝʜʠʢʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʪʝʣʷʪ ï ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜ-

ʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʢʨʦʚʠ ʢʦʨʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ: AUC ï ʧʣʦʱʘʜʴ ʧʦʜ 

ROC-ʢʨʠʚʦʡ; Se ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ; Sp ï ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ. 
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ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʭʦʨʦʰʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ 

(AUC = 0,782, ʈ = 0,04), ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (85,71 %) ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

(81,82 %). ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ, 

ʦʪʩʝʢʘʶʱʝʝ ʛʨʫʧʧʫ ʨʠʩʢʘ ʧʦ ʨʘʟʚʠʪʠʶ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ï > 0,547 ʫ.ʝ. 

ʆʜʥʘʢʦ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʂʀ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ (AUC = 0,812 ï ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʦʯʝʥʴ 

ʭʦʨʦʰʘʷ, ʈ = 0,002), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 71,43 %, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï 86,36 %, ʢʨʠ-

ʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ï > 22,5 (ʈʠʩʫʥʦʢ 5). 

 

 

ʈʠʩʫʥʦʢ 5. ROC-ʢʨʠʚʘʷ ʧʨʝʜʠʢʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʪʝʣʷʪ ï ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʢʦʨʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ: AUC ï ʧʣʦʱʘʜʴ ʧʦʜ ROC-ʢʨʠʚʦʡ; Se ï ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ; Sp ï ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʚʘʪʴ ʪʷʞʝʩʪ ɹ ʥɻ-

ʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʫ ʛʣʫʙʦʢʦʩʪʝʩʴʥʳʭ ʢʦʨʦʚ, ʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 

2019ʘ; Kalaeva E.A. et al., 2019ʘ; ʏʝʨʥʠʮʢʠʡ ɸ.ɽ., 2020]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [ʉʘʬʦʥʦʚ ɺ.ɸ. ʠ ʩʦʘʚʪ., 2021] ʧʦʟʚʦʣʷʶʪ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 
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ʪʝʣʷʪ ʢ ʨʘʟʚʠʪʠʶ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʧʪʠʜʘʤ. 

ɻʠʜʨʦʬʦʙʥʳʝ ʤʝʪʘʙʦʣʠʪʳ (ʙʠʣʠʨʫʙʠʥ, ʫʨʦʙʠʣʠʥ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʩʦʣʠ ʞʝʣʯʥʳʭ 

ʢʠʩʣʦʪ ʠ ʜʨ.), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʝʤʳʝ ʘʣʴʙʫʤʠʥʦʤ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʢʦʨʦʚ-ʤʘʪʝʨʝʡ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʥʠʞʘʪʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ.  

ɺʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʪʝʣʷʪ ʧʦʢʘʟʘʣʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʦʢʩʠʢʘʮʠʠ), ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʦʚʦʢʫʧʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʩʠʢʘʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʥʘ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʣʦʜ, ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʬɻʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʤʘʪʝʨʠ. 
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2.2.2. ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʪʫʩʳ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʥʠʭ ʪʝʣʷʪ ʠ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʢ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ 

 

ʋ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʙʦʣʴʰʘʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨ-

ʤ  r[ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013] (ʊʘʙʣʠʮʘ 5). 

 

ʊʘʙʣʠʮʘ 5 ï ʇʦʢʘʟʘʪʝʣʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ 

ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 

ɻʨʫʧʧʘ ʂ1 ɻʨʫʧʧʘ ʂ2 

ʨʘʟʤʘʭ ʚʘ-

ʨʴʠʨʦʚʘ-

ʥʠʷ (min ï 

max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ 

(min ï max) 

MÑsx, Me 

ʕʨʠʪʨʦʮʠʪʳ, ʭ10
12 
ʢʣ/ʣ 4,66 ï 6,82 

6,0°0,5, 

ʄʝ=5,9 
5,36 ï 6,94 

5,9°0,6, 

ʄʝ=5,8 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 102 ï 140 
121°9, 

ʄʝ=120 
103 ï 136 

118°11, 

ʄʝ=119 

ɻʝʤʘʪʦʢʨʠʪ, % 24,9 ï 34,3 
30,8°2,5, 

ʄʝ=31,3 
26,1 ï 36,2 

31,0°3,0, 

ʄʝ=31,2 

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪ-

ʨʦʮʠʪʘ (MCV), ʤʢʤ
3
 

45 ï 57 
51,0°3,0, 

ʄʝ=52,0 
49 ï 55 

52,0°2,0, 

ʄʝ=52,0 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪʨʦ-

ʮʠʪʝ (MCH), ʧʛ 

18,4 ï 22,0 
20,2°1,4, 

ʄʝ=20,1 
18,7 ï 21 

19,8°0,9, 

ʄʝ=19,7 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪʨʦ-

ʮʠʪʝ (MCHC), ʛ/ʣ 

37,8 ï 41,7 
39,3°1,4, 

ʄʝ=39,1 
35 ï 40,4 

37,9°1,6, 

ʄʝ=38,0* 

ʉʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ 

(RDW), % 
15,2 ï 19,3 

16,6°1,0, 

ʄʝ=16,7 
14,5 ï 16,4 

15,7°0,7**, 

ʄʝ=15,9 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (ʈ=0,02), ** ï ʝʩʪʴ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʚʳʙʦʨʦʯʥʳʤʠ ʩʨʝʜʥʠʤʠ (ʈ=0,006). 
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ʉʦʜʝʨʞʘʥʠʝ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʣʦ (6,0°0,5)ʭ10
12

 ʠ (5,9°0,6)ʭ10
12

 

ʢʣ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ï 121°9 ʠ 118°11 ʛ/ʣ, ʛʝʤʘʪʦʢʨʠʪ ï 30,8°2,5 ʠ 

31,0°3,0 %, ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ ï 51,0°3,0 ʠ 52,0°2,0 ʤʢʤ
3
, ʩʨʝʜʥʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪʨʦʮʠʪʝ ï 20,2°1,4 ʠ 19,8°0,9 ʧʛ, ʩʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ ï 

16,6°1,0 ʠ 15,7°0,7 % ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪʨʦʮʠʪʝ ʧʨʝʚʳʰʘʣʘ ʨʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʙʝʠʭ 

ʛʨʫʧʧʘʭ ʢʦʨʦʚ: ʫ ʤʘʪʝʨʝʡ ʪʝʣʷʪ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʙʨʦʥʭʠʪʘ (ʂ1) ʦʥʘ ʩʦ-

ʩʪʘʚʠʣʘ 39,3°1,4 ʛ/ʣ, ʫ ʦʩʦʙʝʡ,  ʯʴʠ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʟʘʙʦʣʝʣʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ 

(ʂ2), ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ï 37,9°1,6 ʛ/ʣ. ʋ ʞʠʚʦʪʥʳʭ ʠʟ ʛʨʫʧʧʳ ʂ2 ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʛʨʫʧʧʦʡ ʂ1 ʥʠʞʝ ʙʳʣ ʧʦʢʘʟʘʪʝʣʴ ʘʥʠʟʦʮʠʪʦʟʘ (15,7°0,7 ʠ 16,6°1,0 %, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ).  

ʇʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʩʠʩʪʝʤʳ ʥʦʚʦ-

ʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ, ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʊʘʙʣʠʮʝ 6. 

ʀʟ ʪʘʙʣʠʮʳ 6 ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʵʨʠʪʨʦʮʠʪʦʚ ((6,8°1,2)ʭ10
12

 ʠ 

(7,3°0,6)ʭ10
12

 ʢʣ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠ-

ʥʘ (103°20 ʠ 107°9 ʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʢʨʦʚʠ ʪʝʣʷʪ ʦʙʝʠʭ 

ʛʨʫʧʧ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʥʝ ʚʳʭʦʜʠʣʠ ʟʘ ʛʨʘʥʠʮʳ ʥʦʨʤʳ [ʂʦʥʜʨʘʭʠʥ 

ʀ.ʇ., 2004; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013]. ɻʝʤʘʪʦʢʨʠʪ (28,2°5,8 29,4°2,7 % ʚ ʛʨʫʧʧʘʭ 

ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ (41,0°2,0 ʠ 40,0°1,0 ʤʢʤ
3 
ʚ 

ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʩʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ (15,2°1,3 ʠ 14,5°1,0 % ʚ 

ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣʠ ʥʠʞʝ, ʘ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʤʦʛʣʦʙʠ-

ʥʘ ʚ ʵʨʠʪʨʦʮʠʪʝ (36,4°1,4 ʠ 36,6°1,0 ʧʛ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʥʘʧʨʦʪʠʚ, ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʬʠʟʠʦʣʦʛʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ [ʂʦʥ-

ʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013]. ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ ʫ ʪʝʣʷʪ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʘʥʘʣʦ-

ʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫ ʦʩʦʙʝʡ, ʟʘʙʦʣʝʚʰʠʭ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ (ʊ1) [ʂʘʣʘ-

ʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2019ʚ].  
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ʊʘʙʣʠʮʘ 6 ï ʇʦʢʘʟʘʪʝʣʠ ʢʨʘʩʥʦʡ ʢʨʦʚʠ ʫ ʪʝʣʷʪ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ɻʨʫʧʧʘ ʊ1 ɻʨʫʧʧʘ ʊ2 

ʨʘʟʤʘʭ ʚʘʨʴʠʨʦ-

ʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴʠʨʦ-

ʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʕʨʠʪʨʦʮʠʪʳ, ʭ10
12 

ʢʣ/ʣ 
4,9 ï 8,8 

6,8°1,2 

ʄʝ=6,9 
6,4 ï 8,1 

7,3°0,6 

ʄʝ=7,4 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 68 ï 134 
103°20 

ʄʝ=103 
93 ï 120 

107°9 

ʄʝ=107 

ɻʝʤʘʪʦʢʨʠʪ, % 18,6 ï 36,8 
28,2°5,8 

ʄʝ=27,5 
25,1 ï 33,3 

29,4°2,7 

ʄʝ=29,7 

ʉʨʝʜʥʠʡ ʦʙʲʝʤ 

ʵʨʠʪʨʦʮʠʪʘ (MCV), 

ʤʢʤ
3
 

38 ï 44 
41,0°2,0 

ʄʝ=41,0 
39 ï 41 

40,0°1,0 

ʄʝ=40,0* 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪ-

ʨʦʮʠʪʝ (MCH), ʧʛ 

13,6 ï 16,5 
15,0°1,0 

ʄʝ=15,0 
13,9 ï 15,3 

15,0°0,5 

ʄʝ=15,0 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ (MCHC), 

ʛ/ʣ 

34,2 ï 38,0 
36,4°1,4 

ʄʝ=36,4 
35,4 ï 37,8 

36,6°1,0 

ʄʝ=36,3 

ʉʪʝʧʝʥʴ ʘʥʠʟʦʮʠʪʦʟʘ 

(RDW), % 
12,4 ï 17,7 

15,2°1,3 

ʄʝ=15,4 
13,0 ï 16,2 

14,5°1,0 

ʄʝ=14,7 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (ʈ=0,04). 

 

ROC-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝ-

ʣʷʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʛʦ ʧʨʝʜʠʢʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ (ʈʠ-

ʩʫʥʦʢ 6). ʆʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (100 %) ʧʨʠ ʩʨʝʜʥʝʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ (45,8 %); ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʭʦʨʦʰʘʷ 

(AUC = 0,762 ʧʨʠ ʈ = 0,002), ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʦʪʩʝʢʘʶʱʝʝ ʛʨʫʧʧʫ ʨʠʩʢʘ, ʩʦ-

ʩʪʘʚʠʣʦ Ò 41 ʤʢʤ
3
. 
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ʈʠʩʫʥʦʢ 6. ROC-ʢʨʠʚʘʷ ʩʨʝʜʥʝʛʦ ʦʙʲʝʤʘ ʵʨʠʪʨʦʮʠʪʦʚ ʫ ʪʝʣʷʪ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʨʦʞʜʝʥʠʷ ʢʘʢ ʧʨʝʜʠʢʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ. ʆʙʦʟʥʘʯʝʥʠʷ: AUC ï ʧʣʦʱʘʜʴ ʧʦʜ 

ROC-ʢʨʠʚʦʡ; Se ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ; Sp ï ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ. 
 

ɸʥʘʣʠʟ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʠʥʬʦʨʤʘʪʠʚʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʠ ʠʩʭʦʜʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 7, ʈʠʩʫʥʦʢ 7) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʡʢʦʮʠʪʘʨ-

ʥʳʝ ʬʦʨʤʫʣʳ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʥʝʡʪʨʦʬʠʣʠʝʡ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ 5,2°2,9 

ʠ 4,1°1,9 %, ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʭ ï 27,5°8,7 ʠ 25,4°10,2 % ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ) ʠ ʤʦʥʦʮʠʪʦʧʝʥʠʝʡ (0,7° 0,8 ʠ 1,0°0,2 % ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ); ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ  ʂ1 ʠ ʂ2 ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʋ ʤʘ-

ʪʝʨʝʡ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ, (ʂ2) ʚʳʚ̫-

ʣʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʣʝʡʢʦʮʠʪʦʟ ((13,5°5,6)ʭ10
9
 ʢʣ/ʣ ʧʨʠ ʥʦʨʤʝ ʜʦ 11,0 ʭ 10

9 
ʢʣ/ʣ). 

ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʧʨʝʜʠʢʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ, ʥʝ 

ʥʘʡʜʝʥʦ. 
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ʊʘʙʣʠʮʘ 7 ï ɸʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʡʢʦʮʠʪʦʚ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ 

ʪʠʧʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 

ɻʨʫʧʧʘ ʂ1 ɻʨʫʧʧʘ ʂ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9 
ʢʣ/ʣ  5,8 ï 21,3 

10,9°3,6, 

ʄʝ=10,1 
7,5 ï 24,0 

13,5°5,6, 

ʄʝ=12,2 
trend

 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʇʗʅ), % 

1,0 ï 12,0 
5,2°2,9, 

ʄʝ=5,0 
1,0 ï 7,0 

4,1°1,9, 

ʄʝ=4,0 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʉʗʅ), % 

10,0 ï 39,0 
27,5°8,7, 

ʄʝ=30,0 
7,0 ï 35,0 

25,4°10,2, 

ʄʝ=31,0 

ʃʠʤʬʦʮʠʪʳ (ʃʌ), % 40,0 ï 84,0 
61,9°11,0, 

ʄʝ=61,0 
52,0 ï 81,0 

63,6°10,6, 

ʄʝ=62,0 

ʄʦʥʦʮʠʪʳ (ʄʦʥ), % 0,0 ï 2,0 
0,7° 0,8, 

ʄʝ=1,0 
0,0 ï 3,0 

1,0°0,2, 

ʄʝ=1,0 

ʕʦʟʠʥʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʕʌ), % 
1,0 ï 14,0 

4,6°3,3, 

ʄʝ=4,0 
0,0 ï 9,0 

6,0°3,1, 

ʄʝ=7,0 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, 
trend

 ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1). 

 

 ʋ ʪʝʣʷʪ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʣʝʡʢʦʮʠʪʦʟ ((12,6°4,3) ʠ (10,8°2,9)ʭ10
9 
ʢʣ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʨʠ ʥʦʨʤʝ ʜʦ 9,3ʭ10
9 
ʢʣ/ʣ) (ʊʘʙʣʠʮʘ 8). ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʛʨʫʧʧʝ ʊ1 ʦʥ 

ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʣʠʤʬʦʮʠʪʦʚ (55,2 ° 8,4 %, ʧʨʠ ʥʦʨʤʝ ʜʦ 

50,0 %), ʘ ʚ ʛʨʫʧʧʝ ʊ2 ï ʥʝʡʪʨʦʬʠʣʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʣʦʯʢʦʷʜʝʨ-

ʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ ʚ ʢʨʦʚʠ 15,1 ° 6,8, ʄʝ = 17,0 %, ʧʨʠ ʥʦʨʤʝ 12,0 ï 15,0 %, ʩʝʛ-

ʤʝʥʪʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ ï 39,7 ° 10,7, ʄʝ = 38,0 %, ʧʨʠ ʥʦʨʤʝ 32,0 ï 38,0 %). 

ʄʝʞʜʫ ʛʨʫʧʧʘʤʠ ʊ1 ʠ ʊ2 ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʢʨʦʚʠ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (11,3°3,8 ʠ 15,1 ° 

6,8 % ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʣʠʤʬʦʮʠʪʦʚ (55,2 ° 8,4 ʠ 44,4°13,0 % 

ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ 

ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝ-
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ʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1), ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ 

(39,7 ° 10,7, ʄʝ = 38,0 %) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʦʙʷʤʠ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ 

(ʊ1) ï 32,9°8,3, ʄʝ=32,0 (ʈʠʩʫʥʦʢ 7). 

 

ʊʘʙʣʠʮʘ 8 ï ɸʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʡʢʦʮʠʪʦʚ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ 

ʪʠʧʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʪʝʣʷʪ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʠ 

ɻʨʫʧʧʘ ʊ1 ɻʨʫʧʧʘ ʊ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʠɹ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʃʝʡʢʦʮʠʪʳ, ʭ10
9 
ʢʣ/ʣ  5,8 ï 20,0 

12,6°4,3, 

ʄʝ=13,1 
6,5 ï 14,5 

10,8°2,9, 

ʄʝ=10,8 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʇʗʅ), % 

4,0 ï 19,0 
11,3°3,8, 

ʄʝ=12,0 
4,0 ï 24,0 

15,1°6,8, 

ʄʝ=17,0* 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʉʗʅ), % 

18,0 ï 57,0 
32,9°8,3, 

ʄʝ=32,0 
26,0 ï 54,0 

39,7°10,7, 

ʄʝ=38,0 
trend

 

ʃʠʤʬʦʮʠʪʳ (ʃʌ), % 36,0 ï 75,0 
55,2 °8,4, 

ʄʝ=53,5 
24,0 ï 61,0 

44,4°13,0, 

ʄʝ=43,0* 

ʄʦʥʦʮʠʪʳ (ʄʦʥ), % 0,0 ï 1,0 
0,2°0,4, 

ʄʝ=0,0 
0,0 ï 1,0 

0,1°0,4, 

ʄʝ=0,0 

ʕʦʟʠʥʦʬʠʣʴʥʳʝ ʛʨʘ-

ʥʫʣʦʮʠʪʳ (ʕʌ), % 
0,0 ï 3,0 

0,5°0,8, 

ʄʝ=0,0 
0,0 ï 2,0 

0,6°1,0, 

ʄʝ=0,0 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (P<0,05), 
 trend

 ï ʝʩʪʴ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1). 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʦʢʘʟʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʤʬʦʮʠʪʦʚ (ʤʝʥʝʝ 45,0 %) ʚ ʧʝ-

ʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʈʠʩʫʥʦʢ 8). ɼʘʥʥʳʡ ʧʨʝʜʠʢʪʦʨ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʣʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (95,45 %) ʧʨʠ ʩʨʝʜʥʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ (71,43 

%); ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʝʛʦ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʭʦʨʦʰʘʷ (AUC = 0,760). 

ʉʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʤʬʦʮʠʪʦʚ (ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʩʫʙʧʦʧʫʣʷ-

ʮʠʠ ʊ-ʢʣʝʪʦʢ) ʚ ʢʨʦʚʠ ʪʝʣʷʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʳʩʦʢʦʤ ʨʠʩʢʝ ʦʩʣʦʞʥʝʥʠʷ 

ʙʨʦʥʭʠʪʘ ʧʥʝʚʤʦʥʠʝʡ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2017, 2017ʘ].  
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ʈʠʩʫʥʦʢ 7. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʙʧʦʧʫʣʷʮʠʡ ʣʝʡʢʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝ-

ʩʢʦʡ ʢʨʦʚʠ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣ̫ʪ. 

 

 

ʈʠʩʫʥʦʢ 8. ROC-ʢʨʠʚʘʷ ʧʨʝʜʠʢʪʦʨʘ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ï ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘ-

ʥʠʷ ʣʠʤʬʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʪʝʣʷʪ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʆʙʦʟʥʘʯʝʥʠʷ: AUC 

ï ʧʣʦʱʘʜʴ ʧʦʜ ROC-ʢʨʠʚʦʡ; Se ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ; Sp ï ʩʧʝʮʠʬʠʯ-

ʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʘ. 
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2.2.3. ʄʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʪʘʪʫʩʳ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝʣʷʪ ʠ ʠʭ ʩʚʷʟʴ ʩ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʙʨʦʥ-

ʭʦʧʥʝʚʤʦʥʠʠ  

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ ʩʝʣʝʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʘʭʦʜʠ-

ʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013; Lamand 

M., 2013; Blakley B.R., 2019], ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ (ʊʘʙ-

ʣʠʮʘ 9). 

ʋ ʞʠʚʦʪʥʳʭ ʦʙʝʠʭ ʛʨʫʧʧ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʞʝʣʝʟʘ (2,85Ñ0,99, 

ʄʝ=2,85 ʧʨʦʪʠʚ 2,65Ñ0,92, ʄʝ=2,50 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 

ʥʠʢʝʣʷ (1,02Ñ0,54, ʄʝ=0,93 ʧʨʦʪʠʚ 1,31Ñ0,62, ʄʝ=1,26 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʝʚʳʰʘʣʦ ʨʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘ-

ʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 2019], ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝ-

ʜʠ (0,50Ñ0,10, ʄʝ=0,48 ʧʨʦʪʠʚ 0,59Ñ0,16, ʄʝ=0,55 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ), ʮʠʥʢʘ (0,58Ñ1,51, ʄʝ=0,15 ʧʨʦʪʠʚ 2,75Ñ6,84, ʄʝ=0,17 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ 

ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤʳʰʴʷʢʘ (37,1Ñ15,1, ʄʝ=40,1 ʧʨʦʪʠʚ 51,0Ñ37,3, 

ʄʝ=36,8 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʙʘʣʴʪʘ (22,1Ñ6,8, ʄʝ=21,3 

ʧʨʦʪʠʚ 20,8Ñ5,6, ʄʝ=18,9 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʭʨʦʤʘ 

(0,35Ñ0,80, ʄʝ=0,10 ʧʨʦʪʠʚ 0,13Ñ0,05, ʄʝ=0,10 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ), ʥʘʧʨʦʪʠʚ ʙʳʣʠ ʥʠʞʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; 

ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 2019] (ʊʘʙʣʠʮʘ 9). 

ʇʦʢʘʟʘʪʝʣʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʫ ʢʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʰʠʨʦʢʠʤ ʨʘʟ-

ʤʘʭʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 9), ʧʦʵʪʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʂ1 ʠ ʂ2 ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʅʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1) ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ ʩr -

ʚʦʨʦʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʫ ʢʦʨʦʚ ʚ ʛʨʫʧʧʝ ʂ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘ-

ʢʦʚʳʤ ʚ ʛʨʫʧʧʝ ʂ1. 
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ʊʘʙʣʠʮʘ 9 ï ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 

ʛʨʫʧʧʘ ʂ1 ʛʨʫʧʧʘ ʂ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min 

ï max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʂʘʣʴʮʠʡ (Ca), 

ʤʤʦʣʴ/ʣ 
2,48ï3,10 

2,76°0,16, 

ʄʝ=2,75 
2,61ï2,75 

2,67°0,05, 

ʄʝ=2,67 

ʄʘʛʥʠʡ (Mg), 

ʤʤʦʣʴ/ʣ 
0,87ï0,92 

0,89°0,02, 

ʄʝ=0,90 
0,84ï0,93 

0,90°0,03, 

ʄʝ=0,91 

ʂʘʣʠʡ (ʂ), 

ʤʤʦʣʴ/ʣ 
3,80ï5,89 

4,65Ñ0,57, 

ʄʝ=4,47 
3,84ï7,62 

4,71Ñ0,95, 

ʄʝ=4,44 

ʅʘʪʨʠʡ (Na), 

ʤʤʦʣʴ/ʣ 
95,6ï164,3 

127,6Ñ15,6, 

ʄʝ=127,8 
122,3ï142,8 

132,2Ñ7,1, 

ʄʝ=132,7 

ɾʝʣʝʟʦ (Fe), 

ʤʛ/ʣ 
1,50ï4,70 

2,85°0,99, 

ʄʝ=2,85 
1,40ï4,00 

2,65°0,92, 

ʄʝ=2,50 

ʄʝʜʴ (Cu), 

ʤʛ/ʣ 
0,29ï0,68 

0,50°0,10, 

ʄʝ=0,48 
0,39ï0,85 

0,59°0,16, 

ʄʝ=0,55 
trend

 

ʎʠʥʢ (Zn), 

ʤʛ/ʣ 
0,11ï7,74 

0,58°1,51, 

ʄʝ=0,15 
0,13ï18,25 

2,75°6,84, 

ʄʝ=0,17 

ʉʪʨʦʥʮʠʡ 

(Sr), ʤʛ/ʣ 
0,35ï3,27 

0,95Ñ0,67, 

ʄʝ=0,74 
0,27ï1,22 

0,81Ñ0,36, 

ʄʝ=0,85 

ʄʳʰʴʷʢ (As), 

ʤʢʛ/ʣ 
14,3ï64,2 

37,1Ñ15,1, 

ʄʝ=40,1 
4,5ï113,6 

51,0Ñ37,3, 

ʄʝ=36,8 

ʅʠʢʝʣʴ (Ni), 

ʤʛ/ʣ 
0,22ï2,90 

1,02Ñ0,54, 

ʄʝ=0,93 
0,53ï2,23 

1,31Ñ0,62, 

ʄʝ=1,26
 trend

 

ʂʦʙʘʣʴʪ (Co), 

ʤʢʛ/ʣ 
10,3ï38,1 

22,1°6,8, 

ʄʝ=21,3 
14,5ï29,7 

20,8°5,6, 

ʄʝ=18,9 

ʍʨʦʤ (Cr), 

ʤʢʛ/ʣ 
0,1ï3,9 

0,35Ñ0,80, 

ʄʝ=0,10 
0,1ï0,2 

0,13Ñ0,05, 

ʄʝ=0,10 

ʄʦʣʠʙʜʝʥ 

(Mo), ʤʢʛ/ʣ 
0,4ï3,2 

1,38°0,71, 

ʄʝ=1,35 
0,9ï2,6 

1,67°0,72, 

ʄʝ=1,40 

ʉʝʣʝʥ (Se), 

ʤʢʛ/ʣ 
35,2ï153,1 

68,0Ñ31,2, 

ʄʝ=57,9 
39,3ï188,2 

90,6Ñ62,6, 

ʄʝ=59,1 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, 
trend

 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʂ1 ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ 

(0,05<P<0,1). 

 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʤ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; 

ʐʘʭʦʚ ɸ.ɻ. ʠ ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 2019] ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ (2,95°0,93, ʄʝ=2,95 ʧʨʦʪʠʚ 2,96°0,15, ʄʝ=2,94 
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ʤʤʦʣʴ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʤʦʣʠʙʜʝʥʘ (9,04°10,88, ʄʝ=5,40 

ʧʨʦʪʠʚ 8,83°16,12, ʄʝ=3,30 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ (ʊʘʙʣʠʮʘ 10). 

 

ʊʘʙʣʠʮʘ 10 ï ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ 

ʇʦʢʘʟʘʪʝʣʴ 

ɻʨʫʧʧʘ ʊ1 ɻʨʫʧʧʘ ʊ2 

ʨʘʟʤʘʭ ʚʘʨʴʠʨʦ-

ʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 
ʨʘʟʤʘʭ ʚʘʨʴʠʨʦʚʘ-

ʥʠʷ (min ï max) 
MÑsx, Me 

ʂʘʣʴʮʠʡ 

(Ca), 

ʤʤʦʣʴ/ʣ 

2,79ï3,12 
2,95°0,93, 

ʄʝ=2,95 
2,70ï3,13 

2,96°0,15, 

ʄʝ=2,94 

ʄʘʛʥʠʡ 

(Mg), 

ʤʤʦʣʴ/ʣ 

0,98ï1,07 
1,02°0,02, 

ʄʝ=1,02 
0,98ï1,05 

1,03°0,02, 

ʄʝ=1,03 

ɾʝʣʝʟʦ (Fe), 

ʤʛ/ʣ 
0,50ï31,00 

6,04°6,91, 

ʄʝ=3,40 
1,00ï6,00 

2,61°1,71, 

ʄʝ=2,10
 trend

 

ʄʝʜʴ (Cu), 

ʤʛ/ʣ 
0,14ï1,09 

0,33°0,20, 

ʄʝ=0,29 
0,11ï0,57 

0,36°0,18, 

ʄʝ=0,38 

ʎʠʥʢ (Zn), 

ʤʛ/ʣ 
0,7ï4,22 

0,66°1,11, 

ʄʝ=0,25 
0,12ï1,48 

0,59°0,55, 

ʄʝ=0,35 

ʉʪʨʦʥʮʠʡ 

(Sr), ʤʛ/ʣ 
0,06ï2,14 

0,38Ñ0,45, 

ʄʝ=0,26 
0,13ï0,87 

0,35Ñ0,26, 

ʄʝ=0,31 

ʄʳʰʴʷʢ 

(As), ʤʢʛ/ʣ 
3,3ï172,2 

41,7Ñ42,9, 

ʄʝ=28,4 
8,7ï126,4 

41,8Ñ40,1, 

ʄʝ=30,4 

ʅʠʢʝʣʴ (Ni), 

ʤʛ/ʣ 
0,10ï3,85 

1,07Ñ0,96, 

ʄʝ=0,96 
0,05-3,17 

1,74Ñ0,39, 

ʄʝ=1,93* 

ʂʦʙʘʣʴʪ 

(Co), ʤʢʛ/ʣ 
27,4ï241,9 

69,1°46,3, 

ʄʝ=61,1 
24,00ï102,1 

63,2°30,0, 

ʄʝ=72,9 

ʍʨʦʤ (Cr), 

ʤʢʛ/ʣ 
0,20ï13,1 

1,38Ñ2,71, 

ʄʝ=0,60 
0,2ï2,6 

0,74Ñ0,84, 

ʄʝ=0,50 

ʄʦʣʠʙʜʝʥ 

(Mo), ʤʢʛ/ʣ 
1,1ï47,1 

9,04°10,88, 

ʄʝ=5,40 
1,0ï45,2 

8,83°16,12, 

ʄʝ=3,30
 trend

 

ʉʝʣʝʥ (Se), 

ʤʢʛ/ʣ 
20,8ï157,1 

54,9Ñ31,1, 

ʄʝ=48,1 
27,6ï106,7 

45,6Ñ28,3, 

ʄʝ=37,6
 trend

 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (P<0,05),
 trend

 ï ʝʩʪʴ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1). 
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ʉʳʚʦʨʦʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (1,02Ñ0,02, ʄʝ=1,02 

ʧʨʦʪʠʚ 1,03Ñ0,02, ʄʝ=1,03 ʤʤʦʣʴ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʞʝʣʝʟʘ 

(6,04Ñ6,91, ʄʝ=3,40 ʧʨʦʪʠʚ 2,61Ñ1,71, ʄʝ=2,10 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ), ʢʦʙʘʣʴʪʘ (69,1Ñ46,3, ʄʝ=61,1 ʧʨʦʪʠʚ 63,2Ñ30,0, ʄʝ=72,9 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ 

ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʠʢʝʣʷ (1,07Ñ0,96, ʄʝ=0,96 ʧʨʦʪʠʚ 1,74Ñ0,39, ʄʝ=1,93 

ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩʫʝɦ-

ʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʣʠ ʨʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ɸ.ɻ. ʠ 

ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 2019]. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʪʝʣʷʪ ʤʝʜʠ (0,33Ñ0,20, ʄʝ=0,29 ʧʨʦʪʠʚ 

0,36Ñ0,18, ʄʝ=0,38 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʮʠʥʢʘ (0,66Ñ1,11, 

ʄʝ=0,25 ʧʨʦʪʠʚ 0,59Ñ0,55, ʄʝ=0,35 ʤʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤr -

ʰʴʷʢʘ (41,7Ñ42,9, ʄʝ=28,4 ʧʨʦʪʠʚ 41,8Ñ40,1, ʄʝ=30,4 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʭʨʦʤʘ (1,38Ñ2,71, ʄʝ=0,60 ʧʨʦʪʠʚ 0,74Ñ0,84, ʄʝ=0,50 ʤʢʛ/ʣ ʚ 

ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʩʝʣʝʥʘ (54,9Ñ31,1, ʄʝ=48,1 ʧʨʦʪʠʚ 45,6Ñ28,3, 

ʄʝ=37,6 ʤʢʛ/ʣ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʦʨʤʳ 

[ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ʠ ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 

2019]. 

ʀʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 10 ʚʠʜʥʦ, ʯʪʦ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʦʪʤʝʯʘʣʦʩʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʠʢʝʣʷ (P<0,05), ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʞʝʣʝʟʘ, ʤʦʣʠʙʜʝʥʘ, ʩʝʣʝʥʘ (0,05<P<0,01) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʦʙʷʤʠ ʩ ʥʝʦʩʣʦʞʥʝʥ-

ʥʳʤ ʙʨʦʥʭʠʪʦʤ (ʊ1), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ROC-ʘʥʘʣʠʟʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʢʘʢ ʫ ʤʘʪʝʨʝʡ, ʪʘʢ ʠ ʫ ʩʘʤʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʘʜʝʞʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ʙʨʦʥʭʦʧʥʝʚ-

ʤʦʥʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ [Kalaeva E.A. et al., 2020]. 

ʋ ʢʦʨʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝʣʷʪ ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʨʠʟʥʘʢʠ ʜʠʩʵʣʝʤʝʥʪʦʟʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʧʨʠʯʠʥ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜ-

ʩʪʚʠʝʤ ʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ, 

ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʦʙʤʝʥ ʞʝʣʝʟʘ, ʩʪʠʤʫʣʠʨʫʶʪ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʶ, ʥʦ ʥʝ ʦʙʝʩʧʝ-
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ʯʠʚʘʶʪ ʚʳʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟ ʦʨʛʘʥʠʟʤʘ [RadwiŒska J., ŧar-

czyŒska K., 2014]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʚʩ yʞʝʣʝʟʦ, ʧʦʩʪʫʧʠʚʰʝʝ ʚ ʦʨʛʘʥʠʟʤ ʢʦʨʦʚ, 

ʘʜʝʢʚʘʪʥʦ ʫʪʠʣʠʟʠʨʦʚʘʣʦʩʴ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʨʦʙʘʭ ʩʳʚʦʨʦʪ-

ʢʠ ʢʨʦʚʠ ʧʨʝʚʳʰʘʣʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʅʠʢʝʣʴ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʢʦʨʤʘʤʠ 

(ʚʦʜʘ ʚʥʦʩʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʶ), ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʪʢʘʥʷʭ [ʅʠʙʝʨ ʕ. ʠ ʩʦʘʚʪ., 1993]. ʅʘʙʣʶʜʘʝʤʳʡ ʧʦʚʳʰʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʥʠʢʝʣʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ (ʊʘʙʣʠʮʘ 9), ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʨʤʘʭ 

ʨʝʛʠʦʥʘ [ʇʨʦʪʘʩʦʚʘ ʅ.ɸ. ʠ ʩʦʘʚʪ., 2015]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʙʳʪʦʢ ʥʠʢʝʣʷ ʚ ʦʨʛʘʥʠʟ-

ʤʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʙʘʣʘʥʩ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ 

[ʌʠʣʠʧʧʦʚʠʯ ʖ.ɹ., 1999; Kampa M., Castanas E., 2008], ʫʛʥʝʪʘʝʪ ʵʥʝʨʛʦʟʘʚʠʩʠʤʳʝ 

ʧʨʦʮʝʩʩʳ [Cameron K.S. et al., 2011]. ʅʘʤʠ ʚʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʩʳʚʦʨʦʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʥʠʢʝʣʷ ʠ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ MCHC ʫ ʢʦʨʦʚ (rs= ï 0,56, P=0,002). ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 1-ʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA) ʧʦ ʂʨʫʩʢʘʣʫ-ʋʦʣʣʝʩʫ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ 

ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʘ ʄʉʅʉ (k=4,01; ʈ=0,04). 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʢʝʣʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʵʨʠʪʨʦʧʦʵʟʘ ʫ ʙʝʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ.  

ʋ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʧʨʦʙʣʝʤʘ ʜʝʬʠʮʠʪʘ ʤʝʜʠ 

(ʊʘʙʣʠʮʘ 9) ʫʩʫʛʫʙʣʷʣʘʩʴ ʠʟʙʳʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʚ ʦʨʛʘʥʠʟʤʝ. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʥʠʢʝʣʴ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʘʥʪʘʛʦʥʠʩʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʜʠ [ʌʠʣʠʧʧʦʚʠʯ 

ʖ.ɹ., 1999], ʧʨʝʧʷʪʩʪʚʫʝʪ ʝ yʥʦʨʤʘʣʴʥʦʤʫ ʫʩʚʦʝʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ. ɻʠʧʦʢʫʧʨʝʤʠʷ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ (ʊʘʙʣʠʮʘ 9) 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ [Hostetler C.E. et al., 2003; Hill  G.M., Shannon M.C., 2019]. ʉ ʥʝ-

ʜʦʩʪʘʪʢʦʤ ʤʝʜʠ ʪʘʢʞʝ ʙʳʣʦ ʩʚʷʟʘʥʦ (rs = 0,38, P=0,02) ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʤʦʥʦʮʠʪʦʚ 

ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʢʦʨʦʚ (1,0 % ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʧʨʠ ʥʦʨʤʝ 1,5ï3,0 %). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʥʦʮʠʪʦʧʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 
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ʩʠʩʪʝʤʳ ʪʢʘʥʝʚʳʭ ʤʘʢʨʦʬʘʛʦʚ ʠ ʩʥʠʞʘʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʙʝʨʝʤʝʥʥʳʭ ʢ 

ʠʥʬʝʢʮʠʷʤ [Moeini M.M. et al., 2011].  

ɼʝʬʠʮʠʪ ʢʦʙʘʣʴʪʘ ʫ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʠʥʪʝʟʘ 

ʚʠʪʘʤʠʥʘ ɺ12 ʠ ʩʦʟʨʝʚʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ [Digest E.M., 2007; Sharman E.D. et al., 

2008]. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ ʤʝʜʠ ʠ ʜʝʬʠʮʠʪ ʢʦʙʘʣʴʪʘ ʫ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ 

ʫʩʫʛʫʙʣʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʠʚʦʜʪ̫ ʢ ʨʘʟʚʠʪʠʶ ʩʫʙʢʣʠʥʠʯʝʩʢʦʡ ʛʠʧʝʨʭʨʦʤʥʦʡ ʤʘʢ-

ʨʦʮʠʪʘʨʥʦʡ ʘʥʝʤʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʨʫʰʘʝʪ ʥʦʨʤʘʣʴʥʦʝ ʩʥʘʙʞʝʥʠʝ ʢʠʩʣʦ-

ʨʦʜʦʤ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʣʦʜʘ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2019, 2019ʛ]. 

ʅʝʜʦʩʪʘʪʦʢ ʤʳʰʴʷʢʘ ʪʘʢʞʝ ʫʛʥʝʪʘʝʪ ʢʨʦʚʝʪʚʦʨʝʥʠʝ [Garland T., 2019]. ʅʘʤʠ 

ʦʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʤʳʰʴʷʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʩʨʝʜʥʠʤ ʦʙʲʝʤʦʤ ʵʨʠʪʨʦʮʠʪʘ (rs = 0,36; P=0,03), ʯʪʦ ʜʦ-

ʢʘʟʳʚʘʝʪ ʨʦʣʴ ʜʝʬʠʮʠʪʘ ʤʳʰʴʷʢʘ (ʊʘʙʣʠʮʘ 9) ʧʘʪʦʛʝʥʝʟʝ ʘʥʝʤʠʠ ʙʝʨʝʤʝʥʥʳʭ. 

ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʮʠʥʢʘ ʠ ʭʨʦʤʘ (III ) ʚ ʦʨʛʘʥʠʟʤʝ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʷʤ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʟʘʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ [Shabunin 

S. et al., 2017], ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʪʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠ-

ʷʤ ʠ ʩʪʨʝʩʩʫ [Moeini M.M. et al., 2011]. ʆʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʨʦʣʴʶ ʵʪʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʮʠʥʢ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʠʣʠ ʘʢʪʠ-

ʚʘʪʦʨʦʤ ʬʝʨʤʝʥʪʦʚ [Miao X. et al., 2013; Kavas G.O. et al., 2013], ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʠʥʪʝʟʘ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ [Alves C.X. et al., 2012], ʨʝʛʫʣʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ [Moeini M.M. et al., 2011; El-Far A.H., 2013]; 

ʭʨʦʤ, ʢʘʢ ʢʦʬʘʢʪʦʨ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʨʝʛʫʣʠʨʫʝʪ ʤʝʪʘʙʦʣʠʟʤ ʛʣʶʢʦʟʳ [Vincent 

J.B., 2015, 2017] ʠ ʧʨʦ̫ ʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʠʤʤʫʥʦʩʫʧʨʝʩʩʦʨʘ ʧʨʠ ʩʪʨʝʩʩʝ [Hayirli A., 

2005; Ghazi H.S. et al., 2011]. 

ɼʠʩʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʝ çʤʝʜʴïʮʠʥʢïʞʝʣʝʟʦè ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ, ʚ ʥʦʨ-

ʤʝ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ [Gowanlock D.W., 2015], 

ʥʘ ʬʦʥʝ ʠʟʙʳʪʢʘ ʥʠʢʝʣʷ ʠ ʜʝʬʠʮʠʪʘ ʤʳʰʴʷʢʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʛʣʘʚ-

ʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʡ ʵʨʠʪʨʦʧʦʵʟʘ, ʩʙʦʷ ʚ ʨʘʙʦʪʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ ʠʤʤʫʥ-

ʥʦʡ ʩʠʩʪʝʤ, ʘ ʥʝʜʦʩʪʘʪʦʢ ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ ʚ ʦʨʛʘʥʠʟʤʝ ʙʝʨʝʤʝʥʥʳʭ ʫʩʠʣʠʚʘʝʪ ʵʪʠ 

ʵʬʬʝʢʪʳ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2021]. 
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ʋ ʪʝʣʷʪ ʦʙʝʠʭ ʛʨʫʧʧ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʦʪʤʝʯʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ ʥʦʨʤʦʡ [ʂʦʥ-

ʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ʠ ʩʦʘʚʪ., 2013; Lamand M., 2013; Blakley B.R., 2019] ʧʦ-

ʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʘʛʥʠʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ (ʈʠʩʫʥʦʢ 9). ɸʥʘʣʦʛʠʯʥʦʝ ʤʳ ʥʘʙʣʶ-

ʜʘʣʠ ʫ ʠʭ ʤʘʪʝʨʝʡ (ʊʘʙʣʠʮʘ 9). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʚʦʙʦʜʥʦʤ 

ʪʨʘʥʩʧʣʘʮʝʥʪʘʨʥʦʤ ʧʝʨʝʥʦʩʝ ʤʘʛʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè. 

 

 

ʈʠʩʫʥʦʢ 9. ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (Na, K, Ca, Mg) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʛʣʫʙʦ-

ʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ; ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʪʝʣʷʪ ʩ ʥʝʦʩʣʦʞ-

ʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ (ʊ1) ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʭ ʤʘʪʝʨʝʡ, ʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦ-
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ʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʥʘʧʨʦʪʠʚ, ʥʠʞʝ (ʈʠʩʫʥʦʢ 10), ʭʦʪʷ 

ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʠʩʩʣʝʜʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʚʳʰʘʣ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ 

ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ ʥʦʨʤʳ (ʊʘʙʣʠʮʳ 3, 9, 10). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳ-

ʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʛʝʩʪʘʮʠʠ ʫ ʞʠʚʦʪʥʳʭ ʠʟ ʛʨʫʧʧ ʂ2 ʠ ʊ2 

ʦʙʤʝʥ ʞʝʣʝʟʘ ʠʣʠ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʙʳʣʠ ʥʘʨʫʰʝʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦ-

ʥ,r ʩʢʦʨʦʩʪʴ ʟʘʤʝʥʳ ʬʝʪʘʣʴʥʦʛʦ ʛʝʤʦʛʣʦʙʠʥʘ ʥʘ ʚʟʨʦʩʣʳʡ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʛʨʫʧʧ rʊ2 ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʫ ʦʩʦʙʝʡ ʛʨʫʧʧʳ ʊ1 [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦʘʚʪ., 2019ʛ], ʧʦ-

ʵʪʦʤʫ ʫ ʥʠʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʩʩʦʚʦʛʦ ʚʳʭʦʜʘ ʞʝʣʝʟʘ ʠʟ ʨʘʟʨʫʰʝʥʥʳʭ ʵʨʠʪʨʦʮʠ-

ʪʦʚ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʞʠʟʥʠ. ʏʘʩʪʠʯʥʦ ʠʟʙʳʪʦʢ ʞʝʣʝʟʘ ʤʦʛ ʚʢʣʶʯʘʪʴʩʷ ʚ ʩʦʩʪʘʚ ʛʝ-

ʤʦʛʣʦʙʠʥʘ, ʥʘ ʯʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ʞʝʣʝʟʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʪʝʣʷʪ ʠ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʝʤʦʛʣʦʙʠʥʘ ʚ 

ʵʨʠʪʨʦʮʠʪʝ (rs=0,32; P=0,04). ʇʨʠ ʚʳʨʘʞʝʥʥʦʤ ʤʠʢʨʦʮʠʪʦʟʝ (ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʨʠʪ-

ʨʦʮʠʪʘ 41,0 ʠ 40,0 ʤʢʤ
3
 ʫ ʪʝʣʷʪ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦʨʤʘ ï 52,8ï

62,2 ʤʢʤ
3
) ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʵʨʠʪʨʦʮʠʪʝ ʤʦʛʣʦ 

ʷʚʣʷʪʴʩʷ ʩʧʦʩʦʙʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ. 

ʎʠʥʢ ʘʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʪʝʣʷʪ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʜʝʬʠʮʠʪʘ ʫ 

ʢʦʨʦʚ-ʤʘʪʝʨʝʡ (ʊʘʙʣʠʮʘ 9). ʋʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣ ʪʘʢʦʚʦʡ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩʫʥʦʢ 10). ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʫʢʘʟʳʚʘʣʦ ʥʘ ʵʬʬʝʢʪʠʚʥʳʡ ʪʨʘʥʩʬʝʨ ʜʘʥʥʦʛʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʬʝʪʦʧʣʘʮʝʥ-

ʪʘʨʥʳʡ ʙʘʨʴʝʨ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʦʨʛʘʥʠʟʤʝ ʙʝʨʝʤʝʥʥʳʭ 

ʝʛʦ ʜʝʬʠʮʠʪ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ʠ ʩʦʘʚʪ, 2013; Lamand M., 2013; 

Blakley B.R., 2019] ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʣʩʷ. 

ʋʨʦʚʝʥʴ ʤʝʜʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʙʳʣ ʥʠʞʝ, ʯʝʤ ʫ ʠʭ 

ʤʘʪʝʨʝʡ (ʈʠʩʫʥʦʢ 10). ʕʪʦ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʜʝʬʠʮʠʪʦʤ ʩʘʤʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ ï ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ ʤʝ-

ʜʠ ʚ ʦʨʛʘʥʠʟʤʝ [Underwood E.J., Suttle N.F., 1999]. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʤʝʣʦ ʤʝ-

ʩʪʦ ʯʘʩʪʠʯʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʪʨʘʥʩʬʝʨʘ ʤʝʜʠ ʦʪ ʤʘʪʝʨʠ ʢ ʧʣʦʜʫ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʝʨʝʤʝʥʥʳʭ, ʭʦʪʷ ʠ ʙʳʣʘ ʧʦʥʠʞʝʥʥʦʡ, ʥʦ ʧʨʝ-

ʚʳʰʘʣʘ ʪʘʢʦʚʫʶ ʫ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ɺʳʷʚʣʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 
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ʤʝʜʠ ʠ ʯʠʩʣʦʤ ʤʦʥʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʪʝʣʷʪ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʨʦʞʜʝʥʠʷ (rs = 0,46, P=0,007) ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʢʣʘʜ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʘʛʦʮʠʪʦʟʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ ʤʝʜʠ 

ʯʝʨʝʟ ʫʛʥʝʪʝʥʠʝ ʤʦʥʦʮʠʪʘʨʥʦ-ʤʘʢʨʦʬʘʛʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʝʥ ʦʧʦʩʨʝʜʦʚʘʥʥʦ 

ʩʥʠʞʘʪʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ɹʦʨʛʘʥʠʟʤʘ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʢ ʠʥʬʝʢʮʠʷʤ. 

 

 

ʈʠʩʫʥʦʢ 10. ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Fe, Ni, Sr, Cu, Zn, As, Co, Cr, Mo, Se) ʚ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ, ʤʝʜʠʘʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. 

 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʚʳʷʚʣʝʥ ʜʝʬʠʮʠʪ ʩʝʣʝʥʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʠ ʫ ʤʘʪʝʨʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʥʩʬʝʨʘ ʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ 

çʤʘʪʴ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè. ʇʦʥʠʞʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʣʝʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʪʝʣʷʪ ʚ 1-ʩʫʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ ʪʘʢʞʝ ʤʦʛʣʘ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʘʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʦʚʘ-
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ʥʠ̫ ʵʣʝʤʝʥʪʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʦʞʜʝʥʠʝʤ 

[ʈʝʮʢʠʡ ʄ.ʀ. ʠ ʩʦʘʚʪ., 2010]. ʉʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ, ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʦʩʦʙʝʡ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʙʨʦʥ-

ʭʠʪʦʤ (ʈʠʩʫʥʦʢ 10). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʣʷʪʘ ʩ ʛʠʧʦʩʝʣʝʥʦʟʦʤ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ 

ʠʥʬʝʢʮʠʷʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ ʧʦʨʘʞʝʥʠʷʤʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʠ ʨʝʩʧʠʨʘ-

ʪʦʨʥʦʛʦ ʪʨʘʢʪʦʚ, ʚ ʥʝʦʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ [Aleman M., 2008]. ʉʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʩʝʣʝʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʠ ʯʠʩʣʦʤ ʤʦʥʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʪʝʣʷʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (rs = 0,45, P=0,007) ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ ʦ ʨʦʣʠ ʜʝʬʠʮʠ-

ʪʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʥʠʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʬʝʢʮʠʷʤ. 

ʀʟʙʳʪʦʢ ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ ʪʝʣʷʪ ʪʘʢʞʝ ʤʦʛ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʫʩʚʦ-

ʝʥʠʝ ʩʝʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ Fe
3+

 ʦʙʨʘʟʫʝʪ ʩ Se ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʥʠʞʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ [Spears J.W., Weiss W.P., 2008]. 

ʈʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʩʝʣʝʥʘ ʠ ʠʭ ʦʙʤʝʥ ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï 

ʥʦʚʦʨʦʞʜʝʥʥʳʡè ʠʟʫʯʝʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʪʦʛʜʘ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʤʘʪʝʨʠ ʠ ʥʦʚʦʨʦʞ-

ʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʤʝʥʴh ʝʡ ʩʪʝʧʝʥʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩʪʨʦʥʮʠʷ ʦʪ ʤʘʪʝ-

ʨʠ ʢ ʥʦʚʦʨʦʞʜʝʥʥʦʤʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʙʳʣʦ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʠʭ ʤʘʪʝʨʝʡ (ʈʠʩʫʥʦʢ 10). ɺʝʨʦ-

ʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʦʥʮʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [Anupama M. et al., 2018]. ʄʝʞʜʫ ʢʦʩʪʥʦʡ ʠ ʩʳʚʦʨʦʪʦʯ-

ʥʦʡ ʬʨʘʢʮʠʷʤʠ ʩʪʨʦʥʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝ-

ʩʠʝ, ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʢʦʩʪʥʦʡ ʤʘʩʩʳ, ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʩʢʝʣʝʪʘ [Anupama M. et al., 

2018]. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫ ʞʠʚʦʪʥʳʭ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʧʨʝʚʳ-

ʰʘʣʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʳ [ʂʦʥʜʨʘʭʠʥ ʀ.ʇ., 2004; ʐʘʭʦʚ ʠ ʩʦʘʚʪ., 2013; Lamand 

M., 2013; Blakley B.R., 2019]. ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥ-

ʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʠ ʠʭ ʤʘʪʝʨʝʡ (ʂ2) ʦʥʦ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʦʙʝʡ ʚ ʛʨʫʧʧʘʭ ʊ1 

ʠ ʂ1 (ʈʠʩʫʥʦʢ 10). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʥʠʢʝʣʷ ʥʘ ʠʤʤʫʥʥʥʳʡ 
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ʩʪʘʪʫʩ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦ-

ʥʳ, ʚʳʷʚʣʝʥʥʘʷ ʥʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʚrʦʨʦʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʥʠʢʝʣʷ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʤʬʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʫ ʥʦʚʦʨʦʞʜʝʥ-

ʥʳʭ ʪʝʣʷʪ (rs = ï 0,35, P=0,03) ʫʢʘʟʳʚʘʣʘ ʥʘ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʧʦʚʳ-

ʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʳʚʦʨʦʪʦʯʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʫʨʦʚʥʝʤ ʤʦʥʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝ-

ʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʪʝʣʷʪ (rs = 0,31, P=0,04), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʝʛʦ ʩʪʠʤʫʣʠʨʫ-

ʶʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ ʬʘʛʦʮʠʪʘʨʥʫʶ ʩʠʩʪʝʤʫ ʢʨʦʚʠ. ɺʝʨʦʷʪʥʦ, ʠʟʙʳʪʦʢ ʥʠʢʝʣʷ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʣ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʚ ʣʠʤʬʦʮʠʪʘʨʥʦ-ʤʦʥʦʮʠʪʘʨʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʣʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ɹʦʨʛʘʥʠʟʤʘ ʢ ʠʥʬʝʢʮʠʷʤ [ʂʘʣʘʝʚʘ ɽ.ɸ. ʠ ʩʦ-

ʘʚʪ., 2019, 2019ʛ]. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ, ʭʨʦʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʦʚʦʨʦʞ-

ʜʝʥʥʳʭ ʪʝʣʷʪ ʧʨʝʚʳʰʘʣʠ ʪʘʢʦʚʳʝ ʫ ʠʭ ʤʘʪʝʨʝʡ (ʊʘʙʣʠʮʳ 9 ʠ 10, ʈʠʩʫʥʦʢ 10). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ 

ʘʢʪʠʚʥʦ ʧʝʨʝʥʦʩʷʪʩʷ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʥʦʚʦʨʦʞʜʝʥ-

ʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʫ ʤʘʪʝʨʠ. 

ɼʝʬʠʮʠʪ ʤʳʰʴʷʢʘ ʫ ʧʣʦʜʘ (ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ) ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʣ ʥʘ ʣʝʡʢʦ-

ʧʦʵʟ. ʆʙʥʘʨʫʞʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʳʰʴʷʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs=0,35; ʈ=0,03) ʠ 

ʤʦʥʦʮʠʪʦʚ (rs=0,37; ʈ=0,02) ʚ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʫ ʪʝʣʷʪ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʥʦʨʤʳ (ʩʝʛʤʝʥ-

ʪʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʳ 32,0 ʠ 38,0; ʤʦʥʦʮʠʪʳ 0,0 ʠ 0,0 ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʤʦʛʣʦ ʩʥʠʞʘʪʴ ʫʩʪʦʡʯʠʚʘʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʠʥʬʝʢʮʠʷʤ. 

ʊʘʢʞʝ ʢʘʢ ʠ ʫ ʙʝʨʝʤʝʥʥʳʭ, ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʥʳʝ ʵʬʬʝʢʪʳ 

ʜʠʩʵʣʝʤʝʥʪʦʟʘ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʠʟʙʳʪʢʦʤ ʥʠʢʝʣʷ, ʜʝʬʠʮʠʪʦʤ ʤʳʰʴʷʢʘ ʠ ʜʠʩʙʘ-

ʣʘʥʩʦʤ ʚ ʩʠʩʪʝʤʝ çʤʝʜʴïʮʠʥʢïʞʝʣʝʟʦè, ʯʪʦ ʠʥʜʫʮʠʨʦʚʘʣʦ ʥʘʨʫʰʝʥʠʷ ʛʝʤʦʧʦɻ ʟʘ, 

ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʮʠʪʘʨʥʦʡ ʛʠʧʦʭʨʦʤʥʦʡ ʘʥʝʤʠʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʤʤʫʥʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤ ʠ, ʚ ʮʝʣʦʤ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʣʦ 

ʫʩʪʦʡʯʠʚʦʩʪ ɹʦʨʛʘʥʠʟʤʘ ʢ ʚʠʨʫʩʥʳʤ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠʥʬʝʢʮʠʷʤ. 
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ɼʠʩʵʣʝʤʝʥʪʦʟ ʫ ʢʦʨʦʚ ʚ ʧʝʨʠʦʜ ʛʝʩʪʘʮʠʠ (ʠʟʙʳʪʦʢ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʞʝʣʝʟʘ ʠ 

ʥʠʢʝʣʷ ʠ ʜʝʬʠʮʠʪ ʤʝʜʠ, ʮʠʥʢʘ, ʤʳʰʴʷʢʘ, ʢʦʙʘʣʴʪʘ, ʭʨʦʤʘ) ʧʨʠʚʦʜʠʣ ʢ ʘʥʘʣʦʛʠʯ-

ʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʊʨʘʥʩʧʣʘʮʝʥʪʘʨʥʳʡ 

ʧʝʨʝʥʦʩ ʤʝʜʠ, ʤʳʰʴʷʢʘ ʠ ʩʝʣʝʥʘ ʦʪ ʤʘʪʝʨʠ ʢ ʧʣʦʜʫ ʠʣʠ ʘʢʢʫʤʫʣʷʮʠʷ ʵʪʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʤʦʣʦʟʠʚʝ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʦʛʨʘʥʠʯʝʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʥʠʢʝʣʴ, ʢʦ-

ʙʘʣʴʪ, ʭʨʦʤ, ʤʦʣʠʙʜʝʥ), ʥʘʧʨʦʪʠʚ, ʘʢʪʠʚʥʦ ʧʝʨʝʥʦʩʠʣʠʩʴ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʫ ʪʝʣʷʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʵʪʠʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠʭ ʤʘʪʝʨʝʡ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 1-ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ ʧʨʝʚʳ-

ʰʘʣʦ ʪʘʢʦʚʦʝ ʫ ʙʝʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ï ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. 

ʐʠʨʦʢʠʡ ʨʘʟʤʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʫʨʦʚʥʝ ʦʨʛʘ-

ʥʠʟʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʶʪ ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦ-

ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ, ʜʝʬʠʮʠʪ ʤʳʰʴʷʢʘ ʠ ʜʠʩʙʘʣʘʥʩ ʚ ʪʨʠʘʜʘʭ 

çʞʝʣʝʟʦïʤʝʜʴïʮʠʥʢè ʠ çʞʝʣʝʟʦïʤʝʜʴïʢʦʙʘʣʴʪè ʫ ʢʦʨʦʚ-ʤʘʪʝʨʝʡ ʠ ʥʦʚʦʨʦʞʜʝʥ-

ʥʳʭ ʪʝʣʷʪ ʧʨʝʜʩʪʘʚʣʷʪʁ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʠʭ ʟʜʦʨʦʚʴʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʵʨʠʪʨʦʧʦʵʟ, ʥʘʨʫʰʘʶʪ ʙʘʣʘʥʩ ʚ ʣʠʤ-

ʬʦʮʠʪʘʨʥʦ-ʬʘʛʦʮʠʪʘʨʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ 

ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʦʩʣʦʞʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʥʦʚʦʨʦʞ-

ʜʝʥʥʳʭ [Kalaeva E.A. et al., 2020]. 

ʅʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʜʠʩʵʣʝʤʝʥʪʦʟ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʨʫʛʠʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʜʳʭʘʪʝʣʴʥʫʶ ʠ 

ʢʨʦʚʝʪʚʦʨʥʫʶ ʩʠʩʪʝʤʳ ʪʝʣʷʪ ʚ ʧʝʨʠʦʜ ʠʭ ʧʦʩʪʥʘʪʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʠ ʩʣʫʞʠʪ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ. 
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2.2.4. ɻʦʨʤʦʥʘʣʴʥʳʝ ʩʪʘʪʫʩʳ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝ-

ʣʷʪ ʠ ʠʭ ʩʚʷʟʴ ʩ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 11, ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʧʨʦʛʝʩʪʝʨʦʥʘ (49,7Ñ31,7, ʄʝ=41,6 ʠ 51,4Ñ32,6, ʄʝ=40,6 ʥʤʦʣʴ/ʣ ʚ 

ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʜʝʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥ-ʩʫʣʴʬʘʪʘ (0,41Ñ0,36, 

ʄʝ=0,34 ʠ 0,53Ñ0,44, ʄʝ=0,34 ʤʢʤʦʣʴ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʨ-

ʪʠʟʦʣʘ (90,5Ñ53,4, ʄʝ=78,3 ʠ 113,0Ñ96,9 ʄʝ=72,1 ʥʤʦʣʴ/ʣ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʘʣʴʜʦʩʪʝʨʦʥʘ (25,9Ñ4,2, ʄʝ=26,1 ʠ 26,8Ñ4,3, ʄʝ=24,6 ʧʛ/ʤʣ ʚ 

ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʫ ʤʘʪʝʨʝʡ (ʂ2) ʪʝʣʷʪ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʭ 

ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ, ʠ ʫ ʦʩʦʙʝʡ (ʂ1), ʯʴʠ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʟʘʙʦʣʝʣʠ ʥʝʦʩʣʦʞʥʝʥ-

ʥʳʤ ʙʨʦʥʭʠʪʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʦʩʴ. ʇʨʠ ʵʪʦʤ ʤʝʜʠʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʵʩʪʨʘʜʠʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫ ʢʦʨʦʚ ʛʨʫʧʧ rʂ2 (140,0Ñ171,5, 

ʄʝ=61,2 ʧʤʦʣʴ/ʣ) ʙʳʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣ ̫ʫ ʞʠ-

ʚʦʪʥʳʭ ʛʨʫʧʧ rʂ1 (189,0Ñ167,3, ʄʝ=116,8 ʧʤʦʣʴ/ʣ).  

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʦʨʤʦʥʦʚ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʥʘʜʝʞʥʳʭ ʧʨʝ-

ʜʠʢʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫ ʠʭ ʧʦʪʦʤʩʪʚʘ ʨʘʟʚʠʪʠʝ ʙʨʦʥʭʦʧʥʝʚʤʦ-

ʥʠʠ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚ-

ʥʝʤ ʧʨʦʛʝʩʪʝʨʦʥʘ ʠ ʯʠʩʣʦʤ ʣʝʡʢʦʮʠʪʦʚ (rs= ï 0,38; P=0,02), ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʣʠʤʬʦʮʠʪʦʚ (rs= ï 0,38; P=0,02) ʚ ʢʨʦʚʠ, ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʫʨʦʚʥʝʤ ʢʦʨʪʠʟʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʥʦʮʠʪʦʚ (rs=0,35; P=0,03) ʚ 

ʢʨʦʚʠ ʢʦʨʦʚ (ʊʘʙʣʠʮʘ 12, ʦʙʲʝʜʠʥʝʥʥʘʷ ʚʳʙʦʨʢʘ). ʋ ʤʘʪʝʨʝʡ (ʂ1), ʯʴʠ ʪʝʣʷʪʘ ʟʘ-

ʙʦʣʝʣʠ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ, ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚ-

ʥʝʤ ʧʨʦʛʝʩʪʝʨʦʥʘ ʠ ʘʙʩʦʣʶʪʥʳʤ ʯʠʩʣʦʤ ʣʝʡʢʦʮʠʪʦʚ (rs= ï 0,42; P=0,03), ʘ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʦʟʠʥʦʬʠʣʦʚ (rs=0,39; P=0,04) ʚ ʢʨʦʚʠ, ʫʨʦʚʥʝʤ ʵʩʪ-

ʨʘʜʠʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs= ï 0,43; 

P=0,02) ʚ ʢʨʦʚʠ, ɼɻʕɸ-ʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ  ʤʦʥʦʮʠʪʦʚ (rs=0,37; 

P=0,04) ʚ ʢʨʦʚʠ, ʫʨʦʚʥʝʤ ʢʦʨʪʠʟʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʣʦʯʢʦʷʜʝʨ-

ʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs= ï 0,46; P=0,01) ʚ ʢʨʦʚʠ. 
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ʊʘʙʣʠʮʘ 11 ï ʉʦʜʝʨʞʘʥʠʝ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʚ ʛʨʫʧʧʘʭ ʂ1 ʠ ʂ2 

ɻʦʨʤʦʥʳ ɻʨʫʧʧʘ ʂ1 ɻʨʫʧʧʘ ʂ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʇʨʦʛʝʩʪʝʨʦʥ, 

ʥʤʦʣʴ/ʣ 

7,4 ï 117,3 49,7Ñ31,7, 

ʄʝ=41,6 

21,6 ï 117,0 51,4Ñ32,6, 

ʄʝ=40,6 

ʕʩʪʨʘʜʠʦʣ, 

ʧʤʦʣʴ/ʣ 

14,7 ï 547,0 189,0Ñ167,3, 

ʄʝ=116,8 

9,6 ï 443,1 140,9Ñ171,5*, 

ʄʝ=61,2 

ɼɻʕɸ-ʉ, 

ʤʢʤʦʣʴ/ʣ 

0,11 ï 1,84 0,41Ñ0,36, 

ʄʝ=0,34 

0,12 ï 1,19 0,53Ñ0,44, 

ʄʝ=0,34 

ʂʦʨʪʠʟʦʣ, 

ʥʤʦʣʴ/ʣ 

24,7 ï 25,2 90,5Ñ53,4, 

ʄʝ=78,3 

37,6 ï 312,7 113,0Ñ96,9, 

ʄʝ=72,1 

ɸʣʴʜʦʩʪʝʨʦʥ, 

ʧʛ/ʤʣ 

18,3 ï 37,4 25,9Ñ4,2,  

ʄʝ=26,1 

23,2 ï 33,7 26,8Ñ4,3,  

ʄʝ=24,6 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (P<0,05). 

 

ʋ ʢʦʨʦʚ (ʂ2), ʯʴʠ ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʟʘʙʦʣʝʣʠ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ, ʚʳʷʚʣʝʥʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʵʩʪʨʘʜʠʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʤʬʦʮʠ-

ʪʦʚ (rs= ï 0,79; P=0,02) ʚ ʢʨʦʚʠ, ɼɻʕɸ-ʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʣʦʯʢʦ-

ʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs=0,75; P=0,03), ʫʨʦʚʥʝʤ ʢʦʨʪʠʟʦʣʘ ʠ ʯʠʩʣʦʤ ʣʝʡʢʦʮʠʪʦʚ 

(rs= ï 0,79; P=0,02), ʘ ʪʘʢʞʝ ʫʨʦʚʥʝʤ ʘʣʴʜʦʩʪʝʨʦʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs=0,85; P=0,01) ʠ ʣʠʤʬʦʮʠʪʦʚ (rs= ï 0,73; P=0,03) 

ʚ ʢʨʦʚʠ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʝʨʦʠʜʥʳʭ 

ʛʦʨʤʦʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ-ʤʘʪʝʨʝʡ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʣʝʡʢʦʛʨʘʤʤʳ ʫ ʠʭ 

ʧʦʪʦʤʩʪʚʘ (ʊʘʙʣʠʮʘ 13). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʝ çʤʘʪʴ ï ʥʦʚʦʨʦʞʜʝʥʥʳʡè ʜʣʷ ʦʙʲ-

ʝʜʠʥʝʥʥʳʭ ʚʳʙʦʨʦʢ ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʛʝʩʪʝʨʦʥʘ (rs= 

ï 0,36; P=0,02) ʠ ʢʦʨʪʠʟʦʣʘ (rs=0,43; P=0,007) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫ ʢʦʨʦʚ ʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝʣʷʪ. ɺ ʧʘʨʘʭ ʂ1ïʊ1 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶ-

ʜʘʣʘʩʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʧʨʦʛʝʩʪʝʨʦʥʘ (rs= ï 0,50; P=0,009), ʘ ʚ ʂ2ïʊ2 ï ʵʩʪʨʘʜʠʦʣʘ 

(rs=0,86; P=0,01) ʫ ʤʘʪʝʨʠ ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ [ɸʣʭʘʤʝʜ ʄ. ʠ ʩʦʘʚʪ., 2019, 2019ʙ; 

Kalaeva E.A. et al., 2019]. 
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ʊʘʙʣʠʮʘ 12 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʦʨʤʦʥʦʚ 

ʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʦʡ ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ 

ɻʦʨʤʦʥʳ ɻʨʫʧʧʘ ʂ1 ɻʨʫʧʧʘ ʂ2 
ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʳ-

ʙʦʨʢʘ 

ʇʨʦʛʝʩʪʝʨʦʥ 

ʃʝʡʢʦʮʠʪʳ 

rs= ï 0,42; P=0,03 

ʕʦʟʠʥʦʬʠʣʳ 

rs=0,39; P=0,04 

ï 

ʃʝʡʢʦʮʠʪʳ 

rs= ï 0,38; P=0,02 

ʃʠʤʬʦʮʠʪʳ 

rs= ï 0,38; P=0,02 

ʕʩʪʨʘʜʠʦʣ 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs= ï 0,43; P=0,02 

ʃʠʤʬʦʮʠʪʳ  

rs= ï 0,79; P=0,02 
ï 

ɼɻʕɸ-ʉ 
ʄʦʥʦʮʠʪʳ 

rs=0,37; P=0,04 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,75; P=0,03 

ï 

ʂʦʨʪʠʟʦʣ 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs= ï 0,46; P=0,01 

ʃʝʡʢʦʮʠʪʳ 

rs= ï 0,79; P=0,02 

ʄʦʥʦʮʠʪʳ 

rs=0,35; P=0,03 

ɸʣʴʜʦʩʪʝʨʦʥ ï 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,85; P=0,01 

ʃʠʤʬʦʮʠʪʳ 

rs= ï 0,73; P=0,03 

ï 

 

ʀʟ ʊʘʙʣʠʮʳ 14 ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʟʘʙʦʣʝʚʰʠʭ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ (ʊ2), ʠ ʦʩʦʙʝʡ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤ ʙʨʦʥʭʠʪʦʤ (ʊ1), 

ʥʝ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʨʦʛʝʩʪʝʨʦʥʘ 

(1,9Ñ0,7, ʄʝ=1,6 ʧʨʦʪʠʚ 1,9Ñ0,8, ʄʝ=1,7 ʥʤʦʣʴ/ʣ), ʵʩʪʨʘʜʠʦʣʘ (495,6Ñ429,2, 

ʄʝ=305,0 ʧʨʦʪʠʚ 405,9Ñ351,8, ʄʝ=266,6 ʧʤʦʣʴ/ʣ) ʠ ɼɻʕɸ-ʉ (0,22Ñ0,32, ʄʝ=0,10 

ʧʨʦʪʠʚ  0,18Ñ0,14, ʄʝ=0,14 ʤʢʤʦʣʴ/ʣ). ʇʨʠ ʵʪʦʤ ʫ ʪʝʣʷʪ ʛʨʫʧʧ rʊ2 ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʟʦʣʘ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ 

(416,1Ñ308,5, ʄʝ=327,5 ʧʨʦʪʠʚ 273,1Ñ132,4, ʄʝ=251,4 ʥʤʦʣʴ/ʣ; 0,05<P<0,1) ʠ ʜʦ-

ʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʜʦʩʪʝʨʦʥʘ (23,5Ñ4,5, ʄʝ=23,5 ʧʨʦʪʠʚ 

27,2Ñ4,8, ʄʝ=26,4 ʧʛ/ʤʣ; P<0,05) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ 

ʞʠʚʦʪʥʳʭ ʛʨʫʧʧʳ ʊ1 (ʊʘʙʣʠʮʘ 14). 
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ʊʘʙʣʠʮʘ 13 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʦʨʤʦʥʦʚ 

ʫ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ ʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʦʡ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ ʪʝʣʷʪ 

ɻʦʨʤʦʥʳ ɻʨʫʧʧʳ ʂ1 ï ʊ1 ɻʨʫʧʧʳ ʂ2 ï ʊ2 
ʆʙʲʝʜʠʥʝʥʥʳʝ  

ʚrʙʦʨʢʠ 

ʇʨʦʛʝʩʪʝʨʦʥ ï ï ï 

ʕʩʪʨʘʜʠʦʣ ï 
ʃʠʤʬʦʮʠʪʳ 

rs= ï 0,79; P=0,02 

ʄʦʥʦʮʠʪʳ 

rs=0,35; P=0,03 

ɼɻʕɸ-ʉ 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,43; P=0,02 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,93; P=0,005 

ʃʠʤʬʦʮʠʪʳ 

rs= ï 0,75; P=0,03 

ï 

ʂʦʨʪʠʟʦʣ 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs= ï 0,44; P=0,02 

ʄʦʥʦʮʠʪʳ 

rs=0,39; P=0,04 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,82; P=0,02 

 

ʉʝʛʤʝʥʪʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs=0,33; P=0,03 

ʇʘʣʦʯʢʦʷʜʝʨʥʳʝ 

ʥʝʡʪʨʦʬʠʣʳ 

rs= ï 0,30; P=0,04 

ʄʦʥʦʮʠʪʳ 

rs=0,33; P=0,03 

ɸʣʴʜʦʩʪʝʨʦʥ 
ʕʦʟʠʥʦʬʠʣʳ 

rs= ï 0,28; P=0,04 
ï 

ʕʦʟʠʥʦʬʠʣʳ 

rs= ï 0,21; P=0,047 

 

ɺ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʳʙʦʨʢʝ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ (ʊʘʙ-

ʣʠʮʘ 15) ʤʝʞʜʫ ʩʳʚʦʨʦʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʦʨʪʠʟʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʤʦʥʦʮʠʪʦʚ (rs=0,35; P=0,03) ʚ ʢʨʦʚʠ. ʇʨʠ ʨʘʟʜʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʛʨʫʧʧ ʩ 

ʥʝʦʩʣʦʞʥʝʥʥʳʤ (ʊ1) ʠ ʦʩʣʦʞʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʊ2) 

ʜʣʷ ʊ1 ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʢʦʨʪʠʟʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʤʦʥʦʮʠʪʦʚ (rs=0,39; P=0,04) ʚ ʢʨʦʚʠ, ʜʣʷ ʊ2 ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʳʚʦʨʦʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʩʪʨʘʜʠʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʤʬʦ-

ʮʠʪʦʚ (rs= ï 0,71; P=0,04), ʢʦʥʮʝʥʨʪʘʮʠʝʡ ʢʦʨʪʠʟʦʣʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ 

ʵʦʟʠʥʦʬʠʣʦʚ (rs=0,59; P=0,04), ʫʨʦʚʥʝʤ ʘʣʴʜʦʩʪʝʨʦʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʩʝʛʤʝʥʪʦ̫ ʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (rs= ï 0,76; P=0,03) ʠ ʣʠʤʬʦʮʠʪʦʚ (rs=0,78; 

P=0,02) ʚ ʢʨʦʚʠ. ʉʠʣʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʪʝʣʷʪ ʚ ʛʨʫʧʧʝ ʊ2 ʙʳʣʘ ʚʳʰʝ 

ʪʘʢʦʚʦʡ ʚ ʛʨʫʧʧʝ ʊ1. 
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ʊʘʙʣʠʮʘ 14 ï ʉʦʜʝʨʞʘʥʠʝ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʚ ʛʨʫʧʧʘʭ ʊ1 ʠ ʊ2 

ɻʦʨʤʦʥʳ ɻʨʫʧʧʘ ʊ1 ɻʨʫʧʧʘ ʊ2 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min 

ï max) 

MÑsx, Me 

ʨʘʟʤʘʭ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ (min ï 

max) 

MÑsx, Me 

ʇʨʦʛʝʩʪʝʨʦʥ, 

ʥʤʦʣʴ/ʣ 

0,82 ï 3,87 1,9Ñ0,8,       

ʄʝ=1,7 

1,28 ï 3,11 1,9Ñ0,7,        

ʄʝ=1,6 

ʕʩʪʨʘʜʠʦʣ, 

ʧʤʦʣʴ/ʣ 

82,5 ï 1275,0 405,9Ñ351,8, 

ʄʝ=266,6 

143,9 ï 1316,0 495,6Ñ429,2, 

ʄʝ=305,0 

ɼɻʕɸ-ʉ, 

ʤʢʤʦʣʴ/ʣ 

0,07 ï 0,64 0,18Ñ0,14, 

ʄʝ=0,14 

0,06 ï 0,94 0,22Ñ0,32,  

ʄʝ=0,10 

ʂʦʨʪʠʟʦʣ, 

ʥʤʦʣʴ/ʣ 

91,5 ï 610,4 273,1Ñ132,4, 

ʄʝ=251,4 

67,2 ï 1004,0 416,1Ñ308,5, 

ʄʝ=327,5
trend

 

ɸʣʴʜʦʩʪʝʨʦʥ, 

ʧʛ/ʤʣ 

20,0 ï 36,3 27,2Ñ4,8,   

ʄʝ=26,4 

18,0 ï 31,7 23,5Ñ4,5,  

ʄʝ=23,5* 

ʇʨʠʤʝʯʘʥʠʝ: M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, sx ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Me ï

ʤʝʜʠʘʥʘ, * ï ʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ (P<0,05), 
trend

 ï ʝʩʪʴ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʤʝʜʠʘʥʘʤʠ ʚʳʙʦʨʦʢ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (0,05<P<0,1). 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ROC-ʘʥʘʣʠʟʘ, ʧʨʝʜʠʢʪʦʨʦʤ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʠ ʫ ʥʦ-

ʚʦʨʦʞʜʝʥʥʳʭ ʪʝʣʷʪ ʤʦʞʝʪ ʙʳʪʴ ʫʨʦʚʝʥʴ ʘʣʴʜʦʩʪʝʨʦʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ: ʝʛʦ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʭʦʨʦʰʘʷ (ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ï 

0,744, ʈ=0,03), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 85,7 %, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï 63,6 %, ʢʨʠ-

ʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʦʪʩʝʢʘʶʱʝʝ ʚʳʙʦʨʢʫ ʦʩʦʙʝʡ, ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢ ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ ï Ò 25 ʧʛ/ʤʣ (ʈʠʩʫʥʦʢ 11). 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫ ʤʘʪʝʨʝʡ (ʂ2), 

ʦʪ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʣʷʪʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʙʦʣʝʚʰʠʝ ʙʨʦʥʭʦʧʥʝʚʤʦʥʠʝʡ 

(ʊ2), ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ 47,6 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʠʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʛʨʫʧ-

ʧʝ ʂ1) ʩʥʠʞʝʥ ʫʨʦʚʝʥʴ ʵʩʪʨʘʜʠʦʣʘ ʧʨʠ ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʧʦʩʣʝʜʥʝʛʦ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʩʪʨʘʜʠʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʠʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʚ ʧʘʨʘʭ ʂ1ï

ʊ1 ʪʘʢʘʷ ʩʚʷʟʴ ʥʝ ʦʙʥʘʨʫʞʝʥʘ). 

  

 

 








































