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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜ ʧʨʠʨʦʜʥʳʤʠ 

ʛʝʡʟʝʨʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʠʟʚʝʨʛʘʶʱʠʝʩʷ ʢʠʧʷʱʠʝ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ. ɻʝʡʟʝʨʳ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʦ 

ʚ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʪʩʶʜʘ - ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʠʭ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. ʅʘʙʣʶʜʝʥʠ ̫ʟʘ 

ʛʝʡʟʝʨʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʝʧʣʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ [ɸʚʝʨʴʝʚ, 1965]. 

ʇʨʠʨʦʜʥʳʝ ʛʝʡʟʝʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʠʭ ʚʦ ʚʩʝʤ ʤʠʨʝ ʤʝʥʝʝ 1000 [Hurwitz, 

Manga, 2017] ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʢʦʤʧʘʢʪʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʣʠʰʴ ʚ ʰʝʩʪʠ 

ʢʨʫʧʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʥʝʪʳ. ʆʜʥʦ ʠʟ ʢʨʫʧʥʳʭ ʛʝʡʟʝʨʥʳʭ ʧʦʣʝʡ 

ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ ʠ ̫ʚʣʷʝʪʩʷ 

ʦʙʲʝʢʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʫʨʠʩʪʩʢʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʦʧʦʣʟʥʝʚʦʡ 

ʦʧʘʩʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʪʫʨʠʩʪʩʢʠʭ ʤʘʨʰʨʫʪʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʦʜʠʥʥʘʜʮʘʪʴ ʣʝʪ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ 

ʧʨʦʠʟʦʰʣʦ ʜʚʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ: ʦʙʚʘʣ ï ʦʧʦʣʟʝʥʴ 03.06.2007 ʛ. ʠ ʩʝʣʴ, 

ʩʦhʝʜʰʠʡ 14.01.2014 ʛ. ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʛʝʡʟʝʨʦʚ ʠ/ʠʣʠ 

ʧʨʝʢʨʘʱʝʥʠʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ 2007 ʠ 

2014 ʛʛ. ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʣʠʷʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ 

ʇʦʜʧʨʫʜʥʳʭ ʦʟʝʨ ʥʘ ɻʝʡʟʝʨʥʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʘʥʘʣʦʛ ʨʝʠʥʞʝʢʮʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʢʘʪʘʩʪʨʦʬ, ʧʨʠʨʦʜʘ ʧʨʝʜʦʩʪʘʚʠʣʘ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʠ ʠʟʫʯʘʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [ʉʫʛʨʦʙʦʚ, 2009]. ʗʚʣʷʷʩʴ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʩʪʦʤ ʚ ʈʦʩʩʠʠ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʜʝʤʦʥʩʪʨʘʮʠʷ ʛʝʡʟʝʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʘʛʣʷʜʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʦʪʝʥʮʠʘʣʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ɼʦʣʠʥʘ ɻʝʡʟʝʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011].  
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ: ʉ.ʇ. ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹ.ʀ. ʇʠʡʧʘ, ʊ.ʀ. ʋʩʪʠʥʦʚʦʡ, ʉ.ʀ. 

ʅʘʙʦʢʦ, ɺ.ɺ. ɸʚʝʨʴʝʚʘ, ɺ.ʀ. ɹʝʣʦʫʩʦʚʘ, ɺ.ʀ. ʂʦʥʦʥʦʚʘ, ɺ.ʅ. ɺʠʥʦʛʨʘʜʦʚʘ, ɻ.ʉ. 

ʐʪʝʡʥʙʝʨʛʘ, ɺ.ɸ. ɼʨʦʟʥʠʥʘ, ɺ.ʄ. ʉʫʛʨʦʙʦʚʘ, ʅ.ɻ. ʉʫʛʨʦʙʦʚʦʡ, ɻ.ɸ. ʂʘʨʧʦʚʘ, 

ɺ.ʃ. ʃʝʦʥʦʚʘ, ɸ.ɺ. ʃʝʦʥʦʚʘ, ɸ.ɹ. ɹʝʣʦʫʩʦʚʘ, ɸ.ɺ. ʂʠʨʶʭʠʥʘ, ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʠʨʦʜʥʳʭ ʛʝʡʟʝʨʦʚ ʤʠʨʘ ʧʦʩʚʷʱʝʥʳ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʠʤʝʥʘ S. 

Hurwitz, M. Manga, S. Ingebritsen, S. Rojstaczer, J. Rinehard, R. Hutchinson, S. 

Kieffer.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʠʢʣʠʯʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʛʝʡʟʝʨʦʚ ʠ ʧʨʝʜʣʦʞʝʥ r ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʡ ʧʨʠʨʦʜʥʳʭ ʛʝʡʟʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: (1) ʢʘʤʝʨʥʘʷ ʤʦʜʝʣʴ 

(ʠʣʠ ʤʦʜʝʣʴ ʣʦʚʫʰʢʠ ʧʫʟʳʨʴʢʦʚ) [J. Rinehard, 1980, Karlstrom et al., 2013; 

Vandemeulebrouck et al., 2014]; (2) ʩʢʚʘʞʠʥʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɺ. ɺ. 

ɸʚʝʨʴʝʚʳʤ, ɸ. ʉ. ʅʝʭʦʨʦʰʝʚʳʤ ʠ ʧʦʣʫʯʠʚʰʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ 

ʨʘʙʦʪʘʭ [ɼʨʦʟʥʠʥ, 1980, 1982] ʠ [Ingebritsen S.E., Rojstaczer S.A, 1996]; (3) ʤʦʜʝʣʴ 

ʩʤʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʘ ̫ ʐʪʝʡʥʙʝʨʛʦʤ ɻ. ʉ., ʄʝʨʞʘʥʦʚʳʤ ɸ.ʉ., 

ʐʪʝʡʥʙʝʨʛʦʤ ɸ.ʉ. (1981) ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʥʘ̫ N. M. Saptadji ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 1995 ʛ. ʅʦ ʥʠ ʦʜʥʘ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝ 

ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʘʚʣʝʥʠʠ. 

ʇʨʦʨʳʚ ʚ ʧʦʥʠʤʘʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʥʘʤʝʪʠʣʩʷ ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʥʘʣʠʯʠʝ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ. ʄʝʭʘʥʠʟʤ ʉʆ2-ʛʘʟʣʠʬʪʘ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠʟʚʝʨʞʝʥʠʷ 

ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʧʨʝʜʣʦʞʝʥ ʚ ʩʪʘʪʴʝ [Kiryukhin, 2016]. ʇʘʨʘʣʣʝʣʴʥʦ ʚʦʧʨʦʩ ʦ ʨʦʣʠ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ ʤʝʭʘʥʠʟʤʝ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʪʘʢʞʝ ʦʙʩʫʞʜʘʣʩʷ ʚ ʨʘʙʦʪʝ 

[Hurwitz et al., 2016].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʊʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʧʨʦʪʦʯʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʩʪʘʚʫ 

ʚʦʜʳ ʛʝʡʟʝʨʦʚ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʛʝʡʟʝʨʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ. 

3. ɺʳʷʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨ-ʠʦʥʘ ʚ ʚʦʜʝ 

ʨʝʞʠʤʥʳʭ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥʘ, ɹʦʣʴʰʦʛʦ, ʨʝʞʠʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɼʦʣʠʥʳ 

ɻʝʡʟʝʨʦʚ ʠ ʛʝʡʟʝʨʘ ʐʘʤʘʥ (ʄʫʪʥʳʡ) ʚ ʢʘʣʴʜʝʨʝ ʋʟʦʥ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, 

ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʠʩʯʝʟʥʦʚʝʥʠʠ ʩʪʘʨʳʭ ʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ 

ʠʩʪʦʯʥʠʢʦʚ.  

4. TOUGH2-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʚʫʭ ʇʦʜʧʨʫʜʥʳʭ ʦʟʝʨ (ʇʝʨʚʦʛʦ 

ʦʟʝʨʘ, ʧʦʷʚʠʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʥʷ 3.06.2007 ʛ. ʠ ɺʪʦʨʦʛʦ ʦʟʝʨʘ, 

ʚʦʟʥʠʢʰʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʷ 03.01.2014 ʛ.) ʥʘ ʨʝʞʠʤ ʛʝʡʟʝʨʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ TOUGHREACT-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʢʘʥʘʣʘ ʚ 

ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʘʣʴʥʘʷ ʚʦʜʘ-

ʧʦʨʦʜʘ ʚ ʨʝʞʠʤʝ ʧʨʦʪʦʯʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ. 

2. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ TOUGH2-EOS2 ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʢʘʥʘʣʝ 

ʛʝʡʟʝʨʘ.  

3. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʡʟʝʨʦʚ ʠ ʩʫʤʤʘʨʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʚ ʩʝʟʦʥʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. 

4. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TOUGH2-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 
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ʚʣʠʷʥʠʷ ʇʦʜʧʨʫʜʥʳʭ ʆʟʝʨ 2007 ʠ 2014 ʛʛ. ʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ɼʦʣʠʥʳ 

ɻʝʡʟʝʨʦʚ ʚ ʮʝʣʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʠʭ ʥʝʜʨʘʭ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʧʦʨʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʟʝʤʥʦʡ ʢʦʨʳ 

ʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ. ʀʟʫʯʝʥʠʝ ʨʝʞʠʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʝʡʟʝʨʦʚ, ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʪʦʯʥʝʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ: ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʫʩʣʦʚʠʡ ʝʛʦ 

ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ, ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʟʛʨʫʟʢʠ, ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʨʦʣʠ ʚʝʨʭʥʝʛʦ 

ʚʦʜʦʫʧʦʨʘ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʛʝʡʟʝʨʦʚ ʯʘʩʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʯʘʱʝ ï ʩ ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʟʚʣʝʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʜʳ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʨʘʙʦʪʳ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʘʝʪ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʛʝʡʟʝʨʦʚ, ʥʦ ʠ ʢ 

ʦʭʣʘʞʜʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʢʘʪʘʩʪʨʦʬ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʛʥʦʟʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʝʞʠʤʝ 

ʨʝʠʥʞʝʢʮʠʠ. ɼʘʥʥʳʝ ʧʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ (3-4 ʤʝʩ.) ʧʨʦʛʥʦʟʘ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɻʝʡʟʝʨʥʦʡ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ ʛʦʜ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: 1) ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʚʤʝʱʘʶʱʠʭ ʘʢʪʠʚʥʳʝ ʛʝʡʟʝʨʳ ʠ 

ʧʘʣʝʦʛʝʡʟʝʨʳ ʂʘʤʯʘʪʢʠ ʠ ʤʠʨʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʠʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ 

ʨʘʟʨʝʟʦʚ; 2) ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ-ʭʠʤʠʯʝʩʢʦʝ TOUGHREACT ʠ TOUGH2-

EOS2 ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 3) ʧʨʦʚʝʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʛʝʡʟʝʨʦʚ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ, 
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ʜʠʥʘʤʠʢʦʡ ʩʫʤʤʘʨʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, 

ʭʠʤʠʯʝʩʢʠʤ, ʛʘʟʦʚʳʤ ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʥʦʚʥʳʭ ʛʝʡʟʝʨʦʚ; 4) 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʪʨʘʩʩʝʨʥʦʝ (ʭʣʦʨ-ʠʦʥ) TOUGH2-ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʇʦʜʧʨʫʜʥʳʭ ʦʟʝʨ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ 2007 ʠ 2014 ʛʛ., ʥʘ 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. 

ɼʣʷ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʚʪʦʥʦʤʥʳʝ ʣʦʛʛʝʨʳ HOBO 

(ʉʐɸ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʨʷʜʦʚ ʜʘʥʥʳʭ ʩ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 

ʚʨʝʤʝʥʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʣʦʛʛʝʨʳ U12-015 ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ ʠ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʛʝʡʟʝʨʦʚ; 

ʣʦʛʛʝʨʳ ʜʘʚʣʝʥʠʷ U20-001-04 - ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʨʘʩʭʦʜʦʚ ʚʦʜʦʪʦʢʦʚ ʠ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1; ʣʦʛʛʝʨʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

U24-001 - ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉl-ʠʦʥʘ ʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʨʘʟʛʨʫʟʢʠ ɻʊʉ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʦʩʴ ʣʠʮʝʥʟʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

TOUGH2 v.2, TOUGHREACT v.1, ʠʭ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ PetraSim v. 5.2, ʘ 

ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ Surfer v. 13, Didger v. 5, Grapher v. 9, MapViewer v. 7. TOUGH2 

[Pruess et al, 1999] ï ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʤʥʦʛʦʬʘʟʥʳʭ ʬʣʶʠʜʦʚ ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʚ ʪʨʝʱʠʥʦ-

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 1991 ʚ ʃʦʫʨʝʥʩʦʚʩʢʦʡ 

ɹʝʨʢʝʣʝʚʩʢʦʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ (ʃɹʅʃ, ʉʐɸ). ʉʝʤʝʡʩʪʚʦ ʧʨʦʛʨʘʤʤ 

TOUGH2 ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʠ 

ʧʨʦʛʥʦʟʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. TOUGH2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʭʦʨʦʥʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ. ʇʨʦʛʨʘʤʤʘ TOUGHREACT ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝʤ TOUGH2, ʩʣʫʞʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʩ 

ʫʯʝʪʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ - ʛʦʨʥʘʷ ʧʦʨʦʜʘ. 
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ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʋʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʚ ʯʘʩʪʠ ʦʙʦʩʥʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʩʘʤʦʠʟʦʣʠʨʫʶʱʝʛʦʩʷ ʢʘʥʘʣʘ ʚ ʘʨʪʝʟʠʘʥʩʢʦ-

ʚʫʣʢʘʥʦʛʝʥʥʦʤ ʙʘʩʩʝʡʥʝ, ʩʣʦʞʝʥʥʦʤ ʨʠʦʣʠʪʦʚʳʤʠ ʪʫʬʘʤʠ, ʠ ʚʳʷʚʣʝʥʠʷ 

ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʆ2, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʧʝʥʠʷ ʧʦ ʚʩʝʤʫ 

ʢʘʥʘʣʫ. 

2. ʈʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʣʦʢʘʣʴʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ: ʧʨʷʤʘʷ 

ʠʥʬʠʣʴʪʨʘʮʠʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʥʘ ʜʥʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʦʜʦʝʤʦʚ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʢ 

ʧʦʚʳʰʝʥʠʶ ʯʘʩʪʦʪʳ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʩ ʢʘʥʘʣʘʤʠ ʨʘʟʛʨʫʟʢʠ ʚ ʥʘʜʚʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʇʘʚʦʜʢʦʚʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʘʭ ʠ 

ʨʝʟʝʨʚʫʘʨʘʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠʚʦʜʠʪ ʢ "ʧʦʜʧʦʨʫ" ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʚʨʝʤʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʝʝ ʩʫʤʤʘʨʥʦʡ ʨʘʟʛʨʫʟʢʠ.  

3. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʇʦʜʧʨʫʜʥʳʭ ʦʟʝʨ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʚʘʣʘ-ʦʧʦʣʟʥʷ 2007 ʛ. ʠ ʩʭʦʜʘ ʩʝʣʷ ʚ 2014 ʛ. ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ, 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ɻʝʡʟʝʨʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʠ 

ʭʠʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 1. ɺ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʝʥʳ ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʘ ʇʘʫʞʝʪʩʢʦʡ 

ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʇʘʫʞʝʪʩʢʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʤʘʩʰʪʘʙ 1:100000); 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʇʘʫʞʝʪʩʢʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʤʘʩʰʪʘʙ 

1:10000); ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ-ʩʭʝʤʘ ʙʘʩʩʝʡʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ (ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ɺ.ʃ. ʃʝʦʥʦʚʘ, ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʨʰʨʫʪʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʝʨʪʦʣʝʪʥʦʡ ʀʂ ʩʲʝʤʢʠ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʘʚʛʫʩʪʝ 

2010 ʛ.) ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʦʩʪʨʦʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʠ 

ʩʦʟʜʘʥʳ ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ.  

2. ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ (2007-2008, 2019 ʛʛ.) ʘʚʪʦʨʦʤ 

ʚʳʧʦʣʥʝʥʳ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ ʤʘʨʰʨʫʪʳ, ʫʩʪʘʥʦʚʣʝʥʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʩʪʚʦʨ r ʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥ ʨʘʩʭʦʜ ʨʝʢʠ; ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʚʦʜʳ ʠʟ 
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ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; ʦʙʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

3. ɸʚʪʦʨʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ 

(ʧʘʨʘʤʝʪʨ IBE, interval between eruptions) ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʤʝʪʝʦʫʩʣʦʚʠʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴ IBE ʛʝʡʟʝʨʦʚ 

ɹʦʣʴʰʦʡ ʠ ɺʝʣʠʢʘʥ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1. 

4. ʇʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʩʦʙʨʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 3D ʤʦʜʝʣʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

5. ɸʚʪʦʨʦʤ ʩʦʙʨʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʧʨʦʬʠʣʴʥʳʝ TOUGH2-ʤʦʜʝʣʠ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʠʟ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-2 ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

6. ɸʚʪʦʨʦʤ ʩʦʙʨʘʥʳ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ-ʭʠʤʠʯʝʩʢʘʷ TOUGHREACT-

EOS2 ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʥʦʛʦ ʢʘʥʘʣʘ ʠ TOUGH2 ï EOS2 ʤʦʜʝʣʴ 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʢʘʥʘʣʝ 

ʛʝʡʟʝʨʘ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ ʨʘʡʦʥʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ - 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ (ʤʘʩʰʪʘʙʘ 1:2000) ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ (ʤʘʩʰʪʘʙʘ 1:10000); 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʚ ʧʝʨʠʦʜ ʩ 

2007 ʧʦ 2015 ʛʛ.; ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

GPS-ʥʘʚʠʛʘʪʦʨʫ; ʣʠʮʝʥʟʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ TOUGH2 v.2, 

TOUGHREACT v.1, PetraSim v. 5.2, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ Surfer v. 13, Didger v. 5, 

Grapher v. 9, MapViewer v. 7. ɼʣʷ ʨʝʞʠʤʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʚʪʦʥʦʤʥʳʝ ʣʦʛʛʝʨʳ HOBO, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʣʦʛʛʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ U12-015 ʧʨʠʤʝʥʷʣʠʩʴ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʛʝʡʟʝʨʦʚ, ʣʦʛʛʝʨʳ ʜʘʚʣʝʥʠʷ U20-

001-04 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠ ʨ. ɻʝʡʟʝʨʥʦʡ, ʣʦʛʛʝʨʳ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ U24-001 ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʉl-ʠʦʥʘ ʠ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ). ʍʠʤʠʯʝʩʢʠʝ, ʛʘʟʦʚʳʝ 
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ʠ ʠʟʦʪʦʧʥʳʝ ʘʥʘʣʠʟʳ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʬʣʶʠʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ 

ʈɸʅ, ɻʀʅ ʈɸʅ, ɺʉɽɻʀʅɻɽʆ, ʀɻɽʄ ʈɸʅ, ʀɺʠʉ ɼɺʆ ʈɸʅ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʘʚʪʦʨʘ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʴʷʤʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚ ʦʪʯʝʪʘʭ ʀɺʠʉ ɼɺʆ ʈɸʅ ʠ ʈʌʌʀ, ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ: TOUGH Symposium (Berkeley, CA, LBNL, 2006); 

International Mineral Extraction from Brines Conference 2006 (Tucson, Arizona, 

2006); Geothermal Resources Council (San-Diego, CA, 2006); ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʉʠʤʧʦʟʠʫʤ ʧʦ ʧʨʦʙʣʝʤʘʤ ʵʢʩʧʣʦʟʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ (ʇ.-ʂʘʤʯʘʪʩʢʠʡ, ʀɺʠʉ ɼɺʆ 

ʈɸʅ, 2006 ʛ.); XVIII  ʉʦʚʝʱʘʥʠʝ ʧʦ ʧʦʜʟʝʤʥʳʤ ʚʦʜʘʤ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 

(ʀʨʢʫʪʩʢ, 2006 ʛ.); Thirty-Second Workshop on Geothermal Reservoir Engineering 

Stanford University (Stanford, California, 2007); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ 

çɹʫʜʫʱʝʝ ʛʠʜʨʦʛʝʦʣʦʛʠʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʉ.-ʇʝʪʝʨʙʫʨʛ, 

2007 ʛ.); AGU Conference (San-Francisco, 2008); ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ɼʥʶ 

ɺʫʣʢʘʥʦʣʦʛʘ (ʇ-ʂʘʤʯʘʪʩʢʠʡ, 2009, 2013, 2017, 2019 ʛʛ.); IV ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʩʠʤʧʦʟʠʫʤ ʧʦ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʧʘʣʝʦʚʫʣʢʘʥʦʣʦʛʠʠ çɺʫʣʢʘʥʠʟʤ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

(ʇ.-ʂʘʤʯʘʪʩʢʠʡ, 2009 ʛ.); XIX ʉʦʚʝʱʘʥʠʝ ʧʦ ʧʦʜʟʝʤʥʳʤ ʚʦʜʘʤ ʉʠʙʠʨʠ ʠ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ (ʊʶʤʝʥʴ, 2009 ʛ.); World Geothermal Congress (Bali, Indonesia, 

2010); 13-th Int. Conf. Water-Rock Interaction, Guanajuato (Mexico, 2010); ʊʨʝʪʴʷ, 

ʯʝʪʚʝʨʪʘʷ, ʰʝʩʪʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠè (ʇ.-ʂʘʤʯʘʪʩʢʠʡ, ɻʉ ʈɸʅ 

2011, 2013, ʌʀʎ ɽɻʉ ʈɸʅ, 2017); World Geothermal Congress (Melbourne, 

Australia, 2015); II ʄʅʄʂ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017); 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʥʘʫʯʥʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʚʫʣʢʘʥʦʣʦʛʠʠ 

(Geothermal Volcanology Workshop) (ʇ.-ʂʘʤʯʘʪʩʢʠʡ, ʀɺʠʉ ɼɺʆ ʈɸʅ, 2018, 2019 

ʛʛ.).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 24 ʧʫʙʣʠʢʘʮʠʷʭ, ʠʟ 

ʥʠʭ 5 - ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ (ɺʫʣʢʘʥʦʣʦʛʠʷ ʠ ʩʝʡʩʤʦʣʦʛʠ;̫ 

ɻʝʦʵʢʦʣʦʛʠʷ. ʀʥʞʝʥʝʨʥʘʷ ɻʝʦʣʦʛʠʷ. ɻʠʜʨʦʛʝʦʣʦʛʠʷ. ɻʝʦʢʨʠʦʣʦʛʠʷ; Applied 

Geochemistry Journal). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 
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165 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʶʱʠʤ 66 ʨʠʩʫʥʢʦʚ ʠ 26 ʪʘʙʣʠʮ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʡ ʛʣʘʚʳ 

ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʆʙʱʠʡ ʩʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 124 ʥʘʠʤʝʥʦʚʘʥʠʡ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ɺ. ʂʠʨʶʭʠʥʘ ʚ ʀɺʠʉ ɼɺʆ ʈɸʅ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ɸ. ɺ. ʂʠʨʶʭʠʥʫ ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʠ 

ʧʦʤʦʱʴ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʢ.ʪ.ʥ. ɺ.ɸ. ɼʨʦʟʥʠʥʫ, 

ʜ.ʛ.-ʤ.ʥ. ɺ.ʄ. ʆʢʨʫʛʠʥʫ, ʜ.ʛ.-ʤ.ʥ. ʉ.ʅ. ʈʳʯʘʛʦʚʫ, ʢ.ʛ.-ʤ.ʥ. ʆ.ɸ. ɻʠʨʠʥʦʡ, ʢ.ʛ.-ʤ.ʥ. 

ʀ.ʌ. ɼʝʣʝʤʝʥʶ, ʢ.ʭ.ʥ. ɸ.ɺ. ʉʝʨʛʝʝʚʦʡ ʟʘ ʮʝʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ ʠ 

ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʩʫʞʜʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɸʚʪʦʨ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʋʩʘʯʝʚʦʡ ʆ.ʆ., ɺʦʨʦʥʠʥʫ ʇ. ʆ., ɾʫʨʘʚʣʝʚʫ ʅ.ɹ. ʇʦʣʷʢʦʚʫ 

ɸ.ʖ, ʏʝʨʥʳʭ ɽ. ɺ. ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʧʦʤʦʱʴ. 
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ɻʣʘʚʘ 1. ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ɻɽʁɿɽʈʆɺ ɺ ʄʀʈɽ, ʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ 

1.1. ɻʝʡʟʝʨʳ ʢʘʢ ʪʠʧ ʨʘʟʛʨʫʟʢʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʦʜ ʧʨʠʨʦʜʥʳʤʠ ʛʝʡʟʝʨʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʠʟʚʝʨʛʘʶʱʠʝʩʷ 

ʢʠʧʷʱʠʝ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʇʦ [ɼʨʦʟʥʠʥ, 2009] ʛʝʡʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʮʠʢʣʠʯʥʦʩʪʴʶ (ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ) ʠ ʥʘʣʠʯʠʝʤ ʩʪʘʜʠʠ ʧʦʢʦʷ. ʈʝʞʠʤ ʜʝʡʩʪʚʠʷ 

ʛʝʡʟʝʨʦʚ ï ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ ʩʪʘʜʠʡ: ʠʟʣʠʚʘ, ʬʦʥʪʘʥʠʨʦʚʘʥʷ, ʧʘʨʝʥʠʷ ʠ 

ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʚ ʢʘʥʘʣʝ [ɼʨʦʟʥʠʥ, 2009]. ʆʪʩʫʪʩʪʚʠʝ 

ʢʘʢʦʡ-ʣʠʙʦ ʩʪʘʜʠʠ ʜʝʡʩʪʚʠʷ ʛʝʡʟʝʨʘ (ʢʨʦʤʝ ʠʟʣʠʚʘ), ʟʘʩʪʘʚʣʷʝʪ ʫʩʦʤʥʠʪʴʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʵʪʦ ʛʝʡʟʝʨ. ʆʪʩʫʪʩʪʚʠʝ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦ ʤʝʭʘʥʠʟʤʝ ʨʘʙʦʪʳ ʛʝʡʟʝʨʦʚ [ɼʨʦʟʥʠʥ, 

ʈʘʟʠʥʘ, 1977; ɼʨʦʟʥʠʥ, 1982; ʅʝʯʘʝʚ, 2012; Belousov, Belousova, Nechayev, 2013; 

ɹʝʣʦʫʩʦʚ, ɹʝʣʦʫʩʦʚʘ, 2014, 2017; ʂʠʨʶʭʠʥ, ɼʨʦʟʥʠʥ, 2017] ʦʙʲʷʩʥʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʧʦʜʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʘʥʘʣʦʚ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʧʦʪʦʢʦʚ ʚʦʜ, ʧʠʪʘʶʱʠʭ ʛʝʡʟʝʨ 

[ɼʨʦʟʥʠʥ, 1982; Hurwitz, Manga, 2017]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦ 

ʤʝʭʘʥʠʟʤʝ ʨʘʙʦʪʳ ʛʝʡʟʝʨʦʚ, ʤʥʝʥʠʝ ʤʥʦʛʠʭ ʫʯʝʥʳʭ ʩʭʦʜʠʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʯʠʥʳ 

ʛʝʡʟʝʨʥʦʛʦ ʨʝʞʠʤʘ ʢʨʦʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 1) ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʜʚʫʭʬʘʟʥʦʡ ʩʤʝʩʠ [ɼʨʦʟʥʠʥ, ʈʘʟʠʥʘ, 1977, 1980; Kiryukhin, Sugrobov, , 2018]; 2) ʚ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʞʜʫ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʠʪʘʥʠʷ ʛʝʡʟʝʨʘ ʠ 

ʥʝʩʦʠʟʤʝʨʠʤʦ ʙʦʣʴʰʠʤ ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦʩʦʤ ʧʘʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ, ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʦʙʰʠʨʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʘ ʛʝʡʟʝʨʘ [ʉʫʛʨʦʙʦʚ, ɸʚʝʨʴʝʚ, 1965; ʃʝʦʥʦʚ, 2009]; 3) 

ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʨʝʤʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʚ ʧʦʜʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʠ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ. 

ɻʝʡʟʝʨʳ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤ ʷʚʣʝʥʠʝʤ, ʨʝʘʣʠʟʫʶʱʠʤʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʛʨʫʟʢʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʦʥ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʣʠ ʤʦʣʦʜʦʛʦ ʚʫʣʢʘʥʠʟʤʘ [ʂʦʥʦʥʦʚ, ʇʦʣʷʢ, 1977; ʂʠʨʶʭʠʥ ʠ ʜʨ, 

2010; ʂʠʨʶʭʠʥ, ɼʨʦʟʥʠʥ, 2017]. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʦʙʣʘʩʪʝʡ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ, ʛʝʥʝʨʘʮʠʠ 

ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʷʱʠʭ 

ʢʘʥʘʣʦʚ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚʝʨʭʥʝʛʦ ʚʦʜʦʫʧʦʨʘ (ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 

ʦʢʥʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ï ʦʯʘʛʘʤʠ ʨʘʟʛʨʫʟʢʠ) [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010 ʛ.]. 

http://repo.kscnet.ru/view/creators/Belousov=3AA=2E=3A=3A.html
http://repo.kscnet.ru/view/creators/Belousova=3AM=2E=3A=3A.html
http://repo.kscnet.ru/view/creators/Nechayev=3AA=2E=3A=3A.html
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ʈʘʙʦʪʘʤʠ [ɸʚʝʨʴʝʚ, 1964, 1966; ʕʨʣʠʭ, ʄʝʣʝʢʝʩʮʝʚ, 1973; ʃʝʦʥʦʚ, ɻʨʠʙ, 

2004] ʜʦʢʘʟʘʥʘ ʩʚʷʟʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʢʠʩʣʳʤ 

ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ. ʉ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʥʝʙʦʣʴʰʠʝ ʥʘʣʦʞʝʥʥʳʝ ʘʨʪʝʟʠʘʥʩʢʠʝ 

ʙʘʩʩʝʡʥʳ ʩ ʪʨʝʱʠʥʥʦ-ʧʣʘʩʪʦʚʳʤʠ ʠʣʠ ʪʨʝʱʠʥʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʚ 

ʧʦʛʨʫʟʠʚʰʠʭʩʷ ʙʣʦʢʘʭ ʜʦʢʘʣʴʜʝʨʥʳʭ ʚʫʣʢʘʥʦʚ ʠ ʧʦʨʦʜʘʭ ʚʟʨʳʚʥʦʛʦ ʛʝʥʝʟʠʩʘ, 

ʟʘʧʦʣʥʷʶʱʠʭ ʜʝʧʨʝʩʩʠʠ. ʀʭ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʦʙʠʣʴʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʦʩʘʜʢʘʤ ʠ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʣʴʮʝʚʳʭ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʚʫʣʢʘʥʠʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʙʦʨʪʘ ʠ ʩʢʣʦʥʳ ʢʘʣʴʜʝʨ. ɺʦʜʦʫʧʦʨʘʤʠ, 

ʠʟʦʣʠʨʫʶʱʠʤʠ ʘʨʪʝʟʠʘʥʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʩʣʫʞʘʪ ʢʨʘʪʝʨʥʦ-ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ. ʇʦ 

[ʐʚʘʨʮʝʚ, 1996; ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001] ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠʛʨʘʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʠ ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ. 

ʆʥʠ ̫ʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ, ʯʘʩʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤʠ, ʢʘʥʘʣʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʛʣʫʙʠʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʫʯʘʩʪʢʘʤʠ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʘ ʧʝʨʝʩʝʢʘʷ 

ʚʦʜʦʫʧʦʨʥʳʝ ʪʦʣʱʠ, ʦʥʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʦʯʘʛʦʚ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʩʚʷʟʘʥʥʳʝ ʩ 

ʯʝʪʚʝʨʪʠʯʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʠʥʪʨʫʟʠʷʤʠ ʤʘʛʤʳ) ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʟʝʤʥʦʛʦ ʰʘʨʘ 

[ɺʘʢʠʥ, ʇʦʣʷʢ, ʉʫʛʨʦʙʦʚ, 1971; ʂʦʥʦʥʦʚ, ʇʦʣʷʢ, 1977; ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010; 

Kiryukhin, 2010]: ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʠ ʩʧʨʝʜʠʥʛʘ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʦʷʩʘ; ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, 

ɻʠʤʘʣʘʡʩʢʦʡ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʠ ʀʥʜʦʥʝʟʠʡʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʦʷʩʘ; ʚ ʟʦʥʘʭ ʩʧʨʝʜʠʥʛʘ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʠ "ʛʦʨʷʯʠʭ 

ʪʦʯʝʢ" ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ (ʨʠʩ. 1.1). 

ʇʦʨʦʜʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʝʦʛʝʥ-ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʯʘʩʪʦ ï ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʣʠʦʮʝʥ-

ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʥʝʜʨʠʚʰʠʝʩʷ ʚ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥʘʭ 
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[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. ɺ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʨʮʠʡ ʤʘʛʤʳ ʚ 

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʝ ʢʦʨʦʚʳʝ ʦʯʘʛʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ 

ʧʦʣʫʯʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʢʦʥʪʘʢʪʘ ʠʥʪʨʫʟʠʡ 

ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʧʨʦʥʠʮʘʝʤʳʤʠ 

ʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. 
 

 

 
ʈʠʩ. 1.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ (ʧʦ ʄʘʬʣʝʨʫ, 

UN Symp., 1975, ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ) [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʟʦʥʳ 

ʩʧʨʝʜʠʥʛʘ, 2 ï ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ, 3 ï ʪʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ, 4 ï ʛʨʘʥʠʮʳ ʧʣʠʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʠʨʦʜʳ; I, II , III , IV  ï ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʠ ʩʧʨʝʜʠʥʛʘ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, V ï 

ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʠ ɻʠʤʘʣʘʡʩʢʦʡ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ, VI ï ʦʙʣʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ (ʟʦʥʳ ʩʧʨʝʜʠʥʛʘ), VII  ï 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ ʠ "ʛʦʨʷʯʠʝ ʪʦʯʢʠ" ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ (ʟʦʥʳ 

ʩʧʨʝʜʠʥʛʘ), VIII  ï ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʀʥʜʦʥʝʟʠʡʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 
 

1.2. ʂʠʩʣʳʡ ʯʝʪʚʝʨʪʠʯʥʳʡ ʚʫʣʢʘʥʠʟʤ. ʈʘʙʦʪʘ [ʕʨʣʠʭ, ʄʝʣʝʢʝʩʮʝʚ, 

1973] ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʰʪʘʙ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ 

ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʩʦʚʝʨʰʝʥʥʦ ʥʝʩʦʧʦʩʪʘʚʠʤʦʛʦ ʩ ʪʝʤ, ʢʦʪʦʨʳʡ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ʦʙʣʘʩʪʷʭ ʘʥʜʝʟʠʪʦʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ʊʦʯʥʳʭ ʮʠʬʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʪʠ 

ʨʘʟʣʠʯʠʷ ʥʝʪ. ʅʦ ʢʨʫʧʥʝʡʰʠʝ ʧʦʣʷ ʛʠʜʨʦʪʝʨʤ (ɼʦʣʠʥʘ ɻʝʡʟʝʨʦʚ, ʉʝʤʷʯʠʥʩʢʘʷ 

ʛʨʫʧʧʘ ʠʩʪʦʯʥʠʢʦʚ, ʇʘʫʞʝʪʢʘ, ɹʦʣʴʰʠʝ ɹʘʥʥʳʝ ʢʣʶʯʠ, ʇʘʨʘʪʫʥʢʘ ʥʘ ʂʘʤʯʘʪʢʝ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʨʘʡʦʥʘ ɺʘʡʨʘʢʝʡ ʠ ɺʘʡʦʪʘʧʫ ʠ ʛʝʡʟʝʨʳ ʈʦʪʦʨʫʘ ʥʘ 
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ʉʝʚ. ʦʩʪʨʦʚʝ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ʨʘʡʦʥʦʚ ʂʫʜʞʫ ʠ ʋʥʟʝʥ ʥʘ 

ʦʩʪʨʦʚʝ ʂʶʩʶ, ʋʩʫ ʥʘ ʶʞʥʦʤ ʍʦʢʢʘʡʜʦ, ʛʝʡʟʝʨʳ ʁʝʣʣʦʫʩʪʦʥʩʢʦʛʦ ʧʘʨʢʘ, 

ʌʠʣʣʠʧʠʥʳ, ʉʫʤʘʪʨʘ) ʧʨʠʫʨʦʯʝʥʳ ʠʤʝʥʥʦ ʢ ʨʘʡʦʥʘʤ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʛʜʝ 

ʦʪʤʝʯʝʥʦ [ʕʨʣʠʭ, ʄʝʣʝʢʝʩʮʝʚ, 1973] ʨʝʟʢʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʤʠʨʘ, ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʤʘʩʰʪʘʙʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʨʦʜ (ʜʦ 71 % SiO2). 

ʇʦ ʤʥʝʥʠʶ ɻ. ʌ. ʇʠʣʠʧʝʥʢʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʂʘʤʯʘʪʢʠ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʮʝʥʪʨʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʷʜʫ 

ʢʦʣʴʮʝʚʳʭ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ɺʦʩʪʦʯʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, 

ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʢʨʫʧʥʝʡʰʠʭ ʥʘ ʂʘʤʯʘʪʢʝ ʚʩʧʳʰʝʢ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ [ʇʠʣʠʧʝʥʢʦ, 1989]. 

ʇʦ [ʄʝʣʝʢʝʩʮʝʚ, ʂʨʘʝʚʘʷ, ɹʨʘʡʮʝʚʘ, 1970; ʕʨʣʠʭ, ʄʝʣʝʢʝʩʮʝʚ, 1973; 

ʂʦʨʦʥʦʚʩʢʠʡ, 2002] ʢʠʩʣʳʡ ʚʫʣʢʘʥʠʟʤ ï ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʠʧ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʨʦʠʩʭʦʜʠʚʰʠʡ 80-40 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʷʜʦʤ ʧʦʨʦʜ (ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ SiO2) ʦʪ ʢʠʩʣʳʭ ʘʥʜʝʟʠʪʦʚ ʜʦ ʨʠʦʣʠʪʦʚ. ɼʣʷ 

ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʛʨʘʥʜʠʦʟʥʳʝ ʠ ʜʣʠʪʝʣʴʥʳʝ ʵʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʰʠʨʥʳʭ ʧʦʢʨʦʚʦʚ ʠ ʧʦʪʦʢʦʚ ʠʟ ʢʠʩʣʦʛʦ 

ʶʚʝʥʠʣʴʥʦʛʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʝʤʟʳ, ʠʛʥʠʤʙʨʠʪʳ); ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʣʴʜʝʨ ʦʙʨʫʰʝʥʠʷ, ʨʦʩʪ ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʕʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ, ʚ ʩʠʣʫ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ, ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ (ʚʫʣʢʘʥʳ ɺʝʟʫʚʠʡ ʚ ʀʪʘʣʠʠ, ʉʘʥʪʦʨʠʥ ʚ ʕʛʝʡʩʢʦʤ ʤʦʨʝ, 

ʂʨʘʢʘʪʘʫ ʚ ʀʥʜʦʥʝʟʠʠ ʠ ʁʝʣʣʦʫʩʪʦʥ ʚ ʉʐɸ) [ʂʦʨʦʥʦʚʩʢʠʡ, 2002].  

ʇʦ [ʕʨʣʠʭ, ʄʝʣʝʢʝʩʮʝʚ, 1973] ʮʝʥʪʨʳ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʦʙʳʯʥʦ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʝʧʨʝʩʩʠʷʤʠ ʠ ʢʘʣʴʜʝʨʘʤʠ, ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʛʠʛʘʥʪʩʢʠʤ ʚʟʨʳʚʘʤ, ʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʪʠʧʘ ʂʘʤʯʘʪʢʠ, ʘ ʚ ʧʨʝʜʝʣʘʭ ʪʘʢʠʭ 

ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ - ʢ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 

1.3. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʣʫʦʩʪʨʦʚʘ 

ʂʘʤʯʘʪʢʘ. ʉʚʷʟʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʂʘʤʯʘʪʢʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ (ʚ ʦʩʥʦʚʥʦʤ) ʢ ʪʠʧʫ ʤʦʣʦʜʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [ʃʝʦʥʦʚ, ɻʨʠʙ, 2004]. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʘʡʦʥʳ ʂʘʤʯʘʪʢʠ (ʇʘʫʞʝʪʩʢʦ-ʂʦʰʝʣʝʚʩʢʠʡ, ʄʫʪʥʦʚʩʢʠʡ, 

ʇʘʨʘʪʫʥʩʢʠʡ, ʉʝʤʷʯʠʢʩʢʠʡ, ʋʟʦʥ-ɻʝʡʟʝʨʥʳʡ), ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʦʚʨʝʤʝʥʥʦʡ 
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ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ ʧʦʜʚʠʞʢʘʤʠ ʧʦ ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʷʤ, ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʮʝʥʪʨʘʤ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ (ʢʘʣʴʜʝʨʘʤ, ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʝʧʨʝʩʩʠʷʤ, 

ʟʦʥʘʤ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʥʪʨʫʟʠʡ ʨʠʦʣʠʪʦ-ʜʘʮʠʪʦʚ) [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010] ʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʝ ɺʦʩʪʦʯʥʦʡ ʂʘʤʯʘʪʢʠ. ʀʩʪʦʯʥʠʢʦʤ ʠʭ ʪʝʧʣʦʚʦʛʦ 

ʧʠʪʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʠʥʪʨʫʟʠʠ ʤʘʛʤʳ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʟʛʨʫʞʘʝʪʩʷ ʚ ʚʠʜʝ 23 

ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ ʠ 9 ʢʨʫʧʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ: ʂʦʰʝʣʝʚʩʢʦʡ, 

ʇʘʫʞʝʪʩʢʦʡ, ʍʦʜʫʪʢʠʥʩʢʦʡ, ʄʫʪʥʦʚʩʢʦʡ, ɹʦʣʴʰʝ-ɹʘʥʥʦʡ, ʇʘʨʘʪʫʥʩʢʦʡ, 

ʂʘʨʳʤʩʢʦʡ, ʉʝʤʷʯʠʢʩʢʦʡ ʠ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ (ʨʠʩ. 1.2.) [ʂʠʨʶʭʠʥ, 1984; 

ʇʠʣʠʧʝʥʢʦ, 1989; ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. ɽʱʝ ʪʨʠ ʢʨʫʧʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʩʠʩʪʝʤʳ (ɸʧʘʧʝʣʴʩʢʘʷ, ʂʠʨʝʫʥʩʢʘʷ ʠ ɼʚʫʭʲʶʨʪʦʯʥʘʷ) ʨʘʟʛʨʫʞʘʶʪʩʷ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʤʯʘʪʩʢʦʤ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʧʦʷʩʝ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʥʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ.  

ʇʦ ʨʘʩʩʯʝʪʘʤ [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1998], ʩʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʂʘʤʯʘʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 2860 

ʄʚʪ. ʇʨʠ ʵʪʦʤ 86 % ʪʝʧʣʘ ʚʳʥʦʩʷʪ ʛʠʜʨʦʪʝʨʤʳ ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʠ ʪʦʣʴʢʦ 10 % - ʛʠʜʨʦʪʝʨʤʳ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʧʦʷʩʘ. 

ʂʦʰʝʣʝʚʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʘ ʩ ʂʦʰʝʣʝʚʩʢʠʤ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʤʘʩʩʠʚʦʤ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ [ɺʘʢʠʥ ʠ ʜʨ., 1976]. ʇʦ 

[ʈʳʯʘʛʦʚ, 2015; ʂʘʣʘʯʝʚʘ ʠ ʜʨ., 2016] ʤʘʩʩʠʚ ʦʪʥʦʩʠʪʩʷ ʢ ʜʝʡʩʪʚʫʶʱʠʤ 

ʘʥʜʝʟʠʪʦʚʳʤ ʚʫʣʢʘʥʘʤ, ʝʛʦ ʩʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʛʝʦʪʝʨʤʘʣʴʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʚʝʨʭʥʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʷʨʫʩʫ ʧʣʝʡʩʪʦʮʝʥ-

ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (ʣʘʚʳ, ʪʫʬʳ ʠ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ 

ʩʦʩʪʘʚʘ).  

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʦʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ɺʝʨʭʥʝ-ʂʦʰʝʣʝʚʩʢʦʡ ʠ ʅʠʞʥʝ-

ʂʦʰʝʣʝʚʩʢʦʡ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʘʥʦʤʘʣʠʷʭ. ʆʙʘ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʨʘʟʛʨʫʟʢʫ ʧʦʜʟʝʤʥʦʛʦ ʧʘʨʘ (ʢʦʪʦʨʳʡ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ [ʇʠʩʘʨʝʚʘ, 

1987], ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʧʘʨʦ-ʜʦʤʠʥʠʨʫʶʱʫʶ ʟʦʥʫ ʚ ʧʦʩʪʨʦʡʢʝ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ), ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ, ʈ-ʊ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʩʦʩʪʘʚʦʤ ʛʘʟʦʚ ʠ ʛʠʜʨʦʪʝʨʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ [ɺʘʢʠʥ ʠ ʜʨ., 1986; ʇʦʟʜʝʝʚ, ʅʘʞʘʣʦʚʘ, 2008], ʯʪʦ ʵʪʠ ʜʚʝ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʦʡ ʢʨʫʧʥʦʡ ʛʘʟʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ.  
 

 

 

 

ʈʠʩ. 1.2. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʂʘʤʯʘʪʢʠ:  

 

1 ï ʂʦʰʝʣʝʚʩʢʘʷ;  

2 ï ʇʘʫʞʝʪʩʢʘʷ;  

3 ï ʍʦʜʫʪʢʠʥʩʢʘʷ;  

4 ï ʄʫʪʥʦʚʩʢʘʷ;   

5 ï ɹʦʣʴʰʝ-ɹʘʥʥʘʷ;  

6 ï ʇʘʨʘʪʫʥʩʢʘʷ;  

7 ï ʂʘʨʳʤʩʢʘʷ;  

8 ï ʉʝʤʷʯʠʢʩʢʘʷ;  

9 - ʋʟʦʥ-ɻʝʡʟʝʨʥʘʷ,  

10 ï ɸʧʘʧʝʣʴʩʢʘʷ,  

11 ï ʂʠʨʝʫʥʩʢʘʷ,  

12 ï ɼʚʫʭʲʶʨʪʦʯʥʘʷ. 

 

 

ʇʦ ʜʘʥʥʳʤ [ʈʳʯʘʛʦʚ, 2014] ɺʝʨʭʥʝ-ʂʦʰʝʣʝʚʩʢʦʝ ʪʝʨʤʘʣʴʥʦʝ ʧʦʣʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʨʦʛʘʟʦʚʳʭ ʩʪʨʫʡ (ʜʦ 150Á ʉ ʠ 

ʜʦ 7-10 ʘʪʤ ʥʘ ʫʩʪʴʷʭ ʬʫʤʘʨʦʣ), ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʨʦʛʨʝʚʘ ʛʨʫʥʪʦʚ, 

ʨʘʟʛʨʫʟʢʦʡ ʢʠʩʣʳʭ ʠ ʩʣʘʙʦʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ. ʅʘ ʧʣʦʱʘʜʠ ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ 

ʤʥʦʛʦ ʙʝʩʩʪʦʯʥʳʭ ʛʨʷʟʝ-ʚʦʜʥʳʭ ʢʠʧʷʱʠʭ ʢʦʪʣʦʚ, ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʛʨʫʟʢʠ ʢʠʩʣʳʭ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ (ʨʅ=3.0-3.5, ʊ=70Á ʉ) ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 2 ʛ/ʣ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʢʨʝʤʥʝʢʠʩʣʦʪʳ ʜʦ 200 ʤʛ/ʣ [ʈʳʯʘʛʦʚ, 2014]. ɺ 

ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʉʆ2, H2S, SO2; ʩʫʤʤʘ ʢʠʩʣʳʭ ʛʘʟʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 97 

% ʦʪ ʦʙʲʝʤʘ ʩʫʭʦʛʦ ʛʘʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ ʠ ʜʨ. ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʩʫʤʤʝ ʥʝ ʧʨʝʚʳʰʚʝʪ 1.5 % [ɺʘʢʠʥ ʠ ʜʨ., 1986]. ʇʦ [ʂʘʣʘʯʝʚʘ ʠ ʜʨ., 2016] ʚʳʥʦʩ 
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ʪʝʧʣʘ ʥʘ ɺʝʨʭʥʝ-ʂʦʰʝʣʝʚʩʢʦʤ ʪʝʨʤʘʣʴʥʦʤ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʥʘ ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʦʤ ʪʝʨʤʘʣʴʥʦʤ ʧʦʣʝ. 

ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʦʝ ʪʝʨʤʘʣʴʥʦʝ ʧʦʣʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʢʨʫʧʥʳʭ 

ʧʘʨʦʜʦʤʠʥʠʨʫʶʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [ʇʠʩʘʨʝʚʘ, 1987; ʈʳʯʘʛʦʚ, 2014]. ɿʦʥʘ 

ʧʝʨʝʛʨʝʪʦʛʦ (ʩʫʭʦʛʦ) ʧʘʨʘ ʧʦʜ ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ 1.5 ʢʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ 

ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ʤʥʦʛʦʬʘʟʥʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ ʜʠʦʨʠʪʦʚ - ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ.  

ʊʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ʥʘ ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʦʤ ʪʝʨʤʘʣʴʥʦʤ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʘʨʦʛʘʟʦʚʳʤʠ ʩʪʨʫʷʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 90-98Á ʉ, ʪʝʨʤʘʣʴʥʳʤʠ ʦʟʝʨʮʘʤʠ (ʊ 30-35Á 

ʉ), ʚʦʜʥʦ-ʛʨʷʟʝʚʳʤʠ ʢʦʪʣʘʤʠ, ʧʘʨʷʱʠʤʠ ʛʨʫʥʪʘʤʠ. ɻʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʜʝʥʩʘʪ ʧʘʨʘ ʦʪ ʩʣʘʙʦʢʠʩʣʳʭ ʜʦ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʩʫʣʴʬʘʪʥʳʭ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʚʦʜ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 20 ʜʦ 98Á ʉ [ʈʳʯʘʛʦʚ ʠ ʜʨ., 2014]. 

ɺ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʦʙʨʘʟʫʶʪʩʷ ʩʣʘʙʦʢʠʩʣʳʝ ʜʦ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʩʫʣʴʬʘʪʥʳʝ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʚʦʜʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 20 ʜʦ 98Á ʉ. ʂʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩʤʝʰʘʥʥʳʡ, ʧʨʝʦʙʣʘʜʘʶʪ 

ʘʤʤʦʥʠʡ, ʉʘ, Na, K, Fe, ʧʨʠʩʫʪʩʪʚʫʶʪ Al, H, ʨʝʜʢʠʝ ʱʝʣʦʯʠ ʠ ʜʨ. ɺ ʩʦʩʪʘʚʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʉʆ2, ʅ2S, Sʆ2, ʉʅ4, ʘʟʦʪ ʠ 

ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ [ɺʘʢʠʥ ʠ ʜʨ., 1986, ʈʳʯʘʛʦʚ, 2014]. ʊʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʬʫʤʘʨʦʣʘʭ ʜʦʩʪʠʛʘʝʪ 120Á ʉ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʦʚ ʠ 

ʧʘʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ ʚ ʢʦʪʣʘʭ ʠ ʧʫʣʴʩʠʨʫʶʱʠʭ ʠʩʪʦʯʥʠʢʘʭ ʨʘʚʥʘ 90-105Á ʉ 

[ʈʳʯʘʛʦʚ, 2014]. 

ɼʣʷ ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʦ ʛʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ 

ʟʝʨʢʘʣʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʩʢʣʦʥʘʭ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ), ʙʣʠʟʦʩʪʴʶ ʙʘʟʠʩʘ 

ʜʨʝʥʠʨʦʚʘʥʠʷ ï ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ, ʩʣʘʙʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʦʨʦʜ ʨʝʟʝʨʚʫʘʨʘ ʠ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʜʨʝʥʠʨʦʚʘʥʠʷ [ʇʠʩʘʨʝʚʘ, 1987].  

ɺʝʨʭʥʠʤ ʚʦʜʦʫʧʦʨʦʤ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʣʫʞʠʪ ʣʘʚʦ-

ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʘʥʜʝʟʠʜʘʮʠʪʦʚ [ʇʠʩʘʨʝʚʘ, 1987]. ʇʦ ʨʘʩʯʝʪʘʤ ʉ.ʅ. 

ʈʳʯʘʛʦʚʘ [ʈʳʯʘʛʦʚ, 2014] ʩʫʤʤʘʨʥʳʡ ʚʳʥʦʩ ʪʝʧʣʘ ʧʘʨʦʛʘʟʦʚʳʤʠ ʩʪʨʫʷʤʠ 

ʂʦʰʝʣʝʚʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʦʩʪʘʚʠʤ ʩ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 

ʢʘʤʯʘʪʩʢʦʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. 
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ʇʘʫʞʝʪʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʇʘʫʞʝʪʩʢʦʡ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʦʩʘʜʦʯʥʳʭ, 

ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʪ ʙʘʟʘʣʴʪʦʚ ʠ 

ʘʥʜʝʟʠʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʚʫʣʢʘʥʦʚ ʠ ʧʘʣʝʦʚʫʣʢʘʥʦʚ ʜʦ ʨʠʦʜʘʮʠʪʦʚ, ʩʣʘʛʘʶʱʠʭ 

ʵʢʩʪʨʫʟʠʚʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʇʘʫʞʝʪʩʢʦʛʦ ʨʘʡʦʥʘ ʩʣʦʞʝʥʘ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʦʜ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʣʘʛʘʷ ʛʣʫʙʠʥʥʫʶ ʯʘʩʪʴ ʜʝʧʨʝʩʩʠʠ 

[ɸʚʝʨʴʝʚ, ɹʝʣʦʫʩʦʚ, 1965; ʂʦʞʝʤʷʢʘ, ʆʛʦʨʦʜʦʚ, 1977]. ʇʘʫʞʝʪʩʢʘʷ ʜʝʧʨʝʩʩʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʱʥʦʤʫ ʮʝʥʪʨʫ ʨʘʟʚʠʪʠʷ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʡʦʥʝ ʚ ʚʝʨʭʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ 

ʛʦʣʦʮʝʥʝ. ʇʦ [ɹʝʣʦʫʩʦʚ ʠ ʜʨ. 1976] ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʇʘʫʞʝʪʩʢʦʛʦ ʨʘʡʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʘʚʘʤʠ ʠ ʧʠʨʦʢʣʘʩʪʠʢʦʡ ʘʥʜʝʟʠʪʦʚʦʛʦ, ʜʘʮʠʪʦʚʦʛʦ ʠ ʨʠʦʣʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʵʢʩʪʨʫʟʠʷʤʠ ʨʠʦʜʘʮʠʪʦʚ, ʩʧʝʢʰʠʤʠʩʷ ʪʫʬʘʤʠ, ʧʝʤʟʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʆʙʣʘʩʪʴʶ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʇʘʫʞʝʪʩʢʦʛʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʂʘʤʙʘʣʴʥʦʛʦ ʭʨʝʙʪʘ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʷʚʣʷʶʪʩʷ ʦʩʪʳʚʘʶʱʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʪʝʣʘ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  

ʈʘʟʛʨʫʟʢʘ ʇʘʫʞʝʪʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʇʘʫʞʝʪʩʢʠʤʠ ʢʠʧʷʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʧʘʨʦʚʳʤʠ ʩʪʨʫʷʤʠ ʂʘʤʙʘʣʴʥʦʛʦ ʭʨʝʙʪʘ 

[ʉʫʛʨʦʙʦʚ, ʂʨʘʝʚʦʡ, 1966]. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʥʘʧʦʨʥʳʭ ʪʝʨʤʦʚʤʝʱʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦʫʧʦʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ (ʨʠʩ. 1.3) [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. 

ʇʝʨʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʪʝʨʤʦʚʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ (ʧʘʫʞʝʪʩʢʘʷ ʩʚʠʪʘ) 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 500 ʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʨʭʥʝʤʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ 

ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ: ʧʩʝʬʠʪʦʚʳʤʠ ʠ 

ʧʩʘʤʤʠʪʦʚʳʤʠ ʪʫʬʘʤʠ, ʪʫʬʦʙʨʝʢʯʠʷʤʠ ʜʘʮʠʪʦʚʦʛʦ ʠ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʣʘʚʘʤʠ ʘʥʜʝʟʠʪʦʚ, ʩʧʝʢʰʠʤʠʩʷ ʪʫʬʘʤʠ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʘʛʣʦʤʝʨʘʪʦʚʳʤʠ 

ʪʫʬʘʤʠ ʠ ʪʫʬʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʣʘʚʘʤʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʵʪʦ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ ʘʟʦʪʥʦ-ʫʛʣʝʢʠʩʣʳʝ ʚʦʜʳ. ʂ ʵʪʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʧʨʠʫʨʦʯʝʥ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010] ʩʨʝʜʥʷʷ ʚʩʢʨʳʪʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʢʦʣʦ 500 ʤ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʩʦʦʙʱʘʝʪʩʷ ʩʥʠʟʫ 
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ʩ ʩʠʩʪʝʤʦʡ ʢʘʥʘʣʦʚ, ʧʦʜʚʦʜʷʱʠʭ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠʟ ʚʪʦʨʦʛʦ ʪʝʨʤʦʚʤʝʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ.  
 

 

ʈʠʩ. 1.3. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʇʘʫʞʝʪʩʢʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʂʦʞʝʤʷʢʘ ʅ.ʅ. [ʂʦʞʝʤʷʢʘ ʠ ʜʨ., 1980], 

ʗʤʧʦʣʴʩʢʦʛʦ ɺ.ɸ. ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʧʦ ʂʠʨʶʭʠʥʫ ɸ.ɺ., ʈʳʯʢʦʚʦʡ ʊ.ɺ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ: K2 ï ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, Pg3-N1
1-2 

an ï ʤʠʦʮʝʥʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, N al ï 

ʥʝʦʛʝʥʦʚʳʝ ʘʥʜʝʟʠʪʦʚʳʝ ʪʫʬʳ ʠ ʣʘʚʳ, N2gol ï ɻʦʣʳʛʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ, N2
3
-Q1pau ï ʪʫʬʳ 

ʇʘʫʞʝʪʩʢʦʡ ʩʚʠʪʳ, ɓQ1-2 - ʘʥʜʝʟʠʪʳ, ɝQ2-3, ɝQ4  ï ʵʢʩʪʨʫʟʠʚʥʳʡ ʨʠʦʣʠʪʦ-ʜʘʮʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. 

ʏʝʨʥʳʝ ʩʪʨʝʣʢʠ: ʥʠʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ ʭʦʣʦʜʥʳʭ ʤʝʪʝʦʨʥʳʭ ʚʦʜ; ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ: ʚʦʩʭʦʜʷʱʠʝ 

ʧʦʪʦʢʠ ʥʘʛʨʝʪʳʭ ʬʣʶʠʜʦʚ; ʯʝʨʥʳʝ ʣʠʥʠʠ: ʨʘʟʣʦʤʳ; ʢʦʨʦʪʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʯʝʨʥʳʝ ʣʠʥʠʠ: 

ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ.  
 

ɺʪʦʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦʥʦʩʥʳʡ ʪʝʨʤʦʚʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʦʣʠʛʦʮʝʥ-

ʤʠʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʘʥʘʚʛʘʡʩʢʦʡ ʩʝʨʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʇʘʫʞʝʪʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘ ʛʣʫʙʠʥʝ 650 ʤ. ɽʛʦ 

ʚʩʢʨʳʪʘʷ ʤʦʱʥʦʩʪʴ 550 ʤ. ʂʦʤʧʣʝʢʩ ʩʣʫʞʠʪ ʬʫʥʜʘʤʝʥʪʦʤ ʇʘʫʞʝʪʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʦʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʨʝʜʢʦ ʘʨʛʠʣʣʠʪʘʤʠ, ʧʨʦʩʣʦʷʤʠ ʣʘʚ, 

ʪʫʬʦʚ ʠ ʪʫʬʦʙʨʝʢʯʠʷʤʠ. ɺʩʷ ʪʦʣʱʘ ʧʨʦʨʚʘʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʝʢ 

ʘʥʜʝʟʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. 

ɺʝʨʭʥʠʤ ʚʦʜʦʫʧʦʨʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʜʦʫʧʦʨʥʳʡ ʛʦʨʠʟʦʥʪ ʚʝʨʭʥʝʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʧʘʫʞʝʪʩʢʦʡ ʧʦʜʩʚʠʪʳ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʧʝʧʣʦʚʳʤʠ 

ʧʩʘʤʤʠʪʦʚʳʤʠ ʪʫʬʘʤʠ, ʪʫʬʬʠʪʘʤʠ, ʤʝʩʪʘʤʠ ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 
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ʧʩʝʬʠʪʦʚʳʭ ʧʝʤʟʦʚʳʭ ʪʫʬʦʚ. ʈʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʚʦʜʦʫʧʦʨʘ ʯʝʨʝʟ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʦʢʥʘ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʡ ʬʣʶʠʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʡ 

ʱʝʣʦʯʥʦʡ ʩ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 2,7-3,4 ʛ/ʢʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʚʩʢʨʳʪʦʡ 

ʩʢʚʘʞʠʥʘʤʠ, ʙʦʣʝʝ 180ï200Á ʉ. ʇʦ ʛʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ï ʵʪʦ ʫʛʣʝʢʠʩʣʦ-ʘʟʦʪʥʳʝ 

ʚʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦʩʷ ʛʘʟʘ 0,04-0,08 % (ʧʦ ʚʝʩʫ). ɺ 

ʥʝʥʘʨʫʰʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʘʷ ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ ʇʘʫʞʝʪʩʢʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʚʠʜʝ ʛʦʨʷʯʠʭ, ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 99-100Á ʉ, ʛʝʡʟʝʨʦʚ, ʧʘʨʦʚʳʭ ʩʪʨʫʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 95-97Á ʉ ʠ 

ʫʯʘʩʪʢʦʚ ʧʨʦʛʨʝʪʦʡ ʧʦʯʚʳ ʥʘ ʪʝʨʤʘʣʴʥʦʤ ʧʦʣʝ ʇʘʫʞʝʪʢʠ (ʘ.ʦ. 100-240 ʤ). ʅʘ 

ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷʭ ʂʘʤʙʘʣʴʥʦʛʦ ʭʨʝʙʪʘ (ʦʪ 260 ʤ.ʘ. ʠ ʚʳʰʝ ʜʦ 1000 ʤ) ʦʪʤʝʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʚʳʭʦʜʳ ʧʘʨʘ. ʂʠʧʷʱʠʝ ʠ ʪʝʧʣʳʝ ʛʨʷʟʝʚʳʝ ʢʦʪʣʳ ʠ ʦʟʝʨʢʠ ʥʘ ʧʦʣʷʭ 

ʂʘʤʙʘʣʴʥʦʛʦ ʭʨʝʙʪʘ ʦʙʨʘʟʦʚʘʥʳ ʢʦʥʜʝʥʩʘʪʦʤ ʧʘʨʘ.  

ɺ ʍʦʜʫʪʢʠʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʦʚʩʝʤʝʩʪʥʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʠʟ ʧʦʨʦʜ - 

(ʢʦʥʝʮ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ ï ʥʘʯʘʣʦ ʧʣʝʡʩʪʦʮʝʥʘ), ʵʪʦ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ: 

ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ. ʇʦ [ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984] 

ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʠ 

ʛʦʣʦʮʝʥʦʚʳʡ (ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ) ʚʦʟʨʘʩʪ. ʕʪʦ ʙʘʟʘʣʴʪʦʚʳʝ ʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʳʝ 

ʰʣʘʢʦʚʳʝ ʢʦʥʫʩʘ, ʱʠʪʦʚʳʝ ʚʫʣʢʘʥʳ ʠ ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʘʨʝʘʣʴʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʘ 

ʪʘʢʞʝ ʜʚʘ ʤʥʦʛʦʘʢʪʥʳʭ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʚʫʣʢʘʥʘ ʇʨʠʝʤʳʰ ʠ ʍʦʜʫʪʢʘ. ɺʫʣʢʘʥ 

ʇʨʠʝʤʳʰ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʠ ʩʣʦʞʝʥ ʧʦʨʦʜʘʤʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʠ 

ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺʫʣʢʘʥ ʍʦʜʫʪʢʘ ï ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʠ ʩʦʩʪʘʚ ʝʛʦ ʧʦʨʦʜ ʙʦʣʝʝ 

ʢʠʩʣʳʡ ï ʦʪ ʘʥʜʝʟʠʪʦʚ ʜʦ ʜʘʮʠʪʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʩʘʤʦʛʦ ʍʦʜʫʪʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʦʪʩʫʪʩʪʚʫʶʪ ʙʘʟʘʣʴʪʦʚʳʝ ʵʨʫʧʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʭʦʪʷ ʙʘʟʘʣʴʪʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ʟʦʥʳ 

ʘʨʝʘʣʴʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ (ʚʦʨʦʥʢʠ ʚʟʨʳʚʦʚ, ʥʝʙʦʣʴʰʠʝ ʣʘʚʦʚʳʝ ʢʦʥʫʩʘ, 

ʵʢʩʪʨʫʟʠʚʥʳʝ ʢʫʧʦʣʳ) ʦʢʨʫʞʘʶʪ ʵʪʦʪ ʤʘʩʩʠʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ 

[ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984].  

ʈʘʡʦʥ ʍʦʜʫʪʢʠʥʩʢʠʭ ʪʝʨʤ ʠ ʠʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʨʘʟʙʠʪ ʛʫʩʪʦʡ ʩʝʪʴʶ 

ʨʘʟʨʳʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ɺʳʭʦʜʳ 

ʍʦʜʫʪʢʠʥʩʢʠʭ ʪʝʨʤ ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʠʞʥʝʡ ʠʟ ʪʨʝʭ ʢʨʫʧʥʳʭ ʚʦʨʦʥʦʢ ʚʟʨʳʚʘ, 

ʦʙʨʘʟʫʶʱʠʭ ʮʝʧʦʯʢʫ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʜʣʠʥʦʡ ʦʢʦʣʦ 2 ʢʤ ʠ 
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ʚʳʧʦʣʥʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 100-300 ʤ [ʂʠʨʩʘʥʦʚʘ, 

ʄʝʣʝʢʝʩʮʝʚ, 1984]. ʊʝʬʨʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʨʦʥʦʢ ʠ ʟʘʣʝʛʘʶʱʘʷ ʥʘ 

ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʇʨʘʚʦʡ ʍʦʜʫʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʮʠʪʦʚʫ  ʁ (ʨʠʦʣʠʪ-

ʜʘʮʠʪʦʚʫ ?ʁ) ʧʝʤʟʫ. ɺ 2-3 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʍʦʜʫʪʢʠʥʩʢʦʡ ʮʝʧʦʯʢʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʘʷ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ 

ʚʦʨʦʥʦʢ ʚʟʨʳʚʘ (ʙʦʣʝʝ ʢʨʫʧʥʘʷ ʠʟ ʵʪʠʭ ʚʦʨʦʥʦʢ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʘ 

ʵʢʩʪʨʫʟʠʚʥʳʤ ʪʝʣʦʤ ʠ ʣʘʚʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʣʠʧʘʨʠʪʦ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ). ɺ ʙʦʣʝʝ 

ʜʨʝʚʥʝʡ, ʥʦ ʪʦʞʝ ʛʦʣʦʮʝʥʦʚʦʡ ʚʦʨʦʥʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʍʦʜʫʪʢʠʥʩʢʦʡ ʮʝʧʦʯʢʠ, ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʵʢʩʪʨʫʟʠʚʥʦʝ ʪʝʣʦ. 

ʇʦ [ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984] ʬʨʝʘʪʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ ʚʦʨʦʥʦʢ 

ʚʟʨʳʚʘ, ʠʭ ʩʪʨʦʝʥʠʝ, ʥʘʣʠʯʠʝ ʵʢʩʪʨʫʟʠʡ, ʚʳʙʨʦʩ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʶʚʝʥʠʣʴʥʳʭ 

ʧʝʤʟ ʠ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʵʪʠ ʚʦʨʦʥʢʠ. 

ʈʘʟʛʨʫʟʢʘ ʍʦʜʫʪʢʠʥʩʢʠʭ ʪʝʨʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʚʦʙʝʨʝʞʥʦʡ 

ʪʝʨʨʘʩʳ ʨ. ʇʨʘʚʦʡ ʍʦʜʫʪʢʠ ʠʟ ʧʝʤʟʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʨʝʤʥʠʩʪʳʤ ʦʩʘʜʢʦʤ. ʆʩʥʦʚʥʳʝ ʚʳʩʦʢʦʜʝʙʠʪʥʳʝ ʛʨʠʬʦʥʳ (ʠʭ ʜʚʘ) ʩ 

ʧʫʣʴʩʠʨʫʶʱʠʤ ʠ ʥʘʧʦʨʥʳʤ ʨʝʞʠʤʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʜʥʝ 

ʨʝʢʠ ʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 55 Áʉ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ (88 Áʉ) ʦʪʤʝʯʝʥʘ ʚ ʤʘʣʦʜʝʙʠʪʥʳʭ ʚʳʭʦʜʘʭ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ʉʨʝʜʠ 

ʙʝʟʚʦʜʥʳʭ ʚʦʨʦʥʦʢ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 95 Áʉ, ʢ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʠʩʪʦʢʦʚ ʨ. 

ɻʦʨʷʯʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʧʣʠʪʳ ʛʝʡʟʝʨʠʪʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʩʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʟʘʤʝʨʦʚ ʚ 1961 ʛ. [ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984] ʜʝʙʠʪ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʩ ʫʯʝʪʦʤ 

ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʣ 115 ʣ/ʩ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ 

ʭʦʜʫʪʢʠʥʩʢʠʭ ʪʝʨʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʝ, ʥʘʪʨʠʝʚʳʝ ʩ ʥʝʚʳʩʦʢʦʡ ʦʙʱʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (0,6 ʛ/ʣ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʢʠʩʣʦʪʳ ʜʦ 90 

ʤʛ/ʣ, ʭʦʪʷ ʚ ʤʝʩʪʘʭ ʚʳʭʦʜʘ ʪʝʨʤ ʦʪʣʦʞʝʥʠʷ ʩʮʝʤʝʥʪʠʨʦʚʘʥʳ ʢʨʝʤʥʠʩʪʳʤ 

ʦʩʘʜʢʦʤ. ʉʧʦʥʪʘʥʥʳʡ ʛʘʟ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʟʦʪʦʤ, ʉʆ2, 

ʤʝʪʘʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʥʝʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʘ. ʇʦ [ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984], ʚ ʩʚʷʟʠ ʩ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ2  

(Ó5 ʦʙ. %) ʍʦʜʫʪʢʠʥʩʢʠʝ ʪʝʨʤʳ ʙʣʠʟʢʠ ʢ ʘʟʦʪʥʦ-ʫʛʣʝʢʠʩʣʳʤ. ɺʦ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʪʝʨʤʦʤʝʪʨʳ ʧʦʢʘʟʳʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʛʣʫʙʠʥʝ 130-140Á ʉ. ʅʦ 

ʥʘʣʠʯʠʝ ʢʨʝʤʥʠʩʪʦʛʦ ʦʩʪʘʪʢʘ ʚ ʤʝʩʪʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʣʠʪ 

ʛʝʡʟʝʨʠʪʘ ʥʘ ʧʨʦʛʨʝʪʦʡ, ʨʘʥʝʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 
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ʯʪʦ ʦʥʠ ʙʳʣʠ ʧʝʨʝʩʳʱʝʥʳ ʢʨʝʤʥʠʝʤ ʠ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʥʝʜʨʘʭ 

ʍʦʜʫʪʢʠʥʩʢʦʡ ʪʝʨʤʦʘʥʦʤʘʣʠʠ (ʚ ʧʝʨʠʦʜ ʦʪʣʦʞʝʥʠʷ ʛʝʡʟʝʨʠʪʘ) ʥʝ ʥʠʞʝ 210Á ʉ 

[ʂʠʨʩʘʥʦʚʘ, ʄʝʣʝʢʝʩʮʝʚ, 1984].  

ʄʫʪʥʦʚʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʝʚʝʨʥʦʤʫ ʧʦʜʥʦʞʠʶ 

ʚʫʣʢʘʥʘ ʄʫʪʥʦʚʩʢʦʛʦ ʠ ʜʦʣʠʥʘʤ ʨʝʢ ɺʠʣʶʯʠ, ɾʠʨʦʚʦʡ ʠ ʄʫʪʥʦʚʩʢʦʡ. ʆʯʘʛʠ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʭʦʜʘʤʠ ʧʘʨʘ ʠ ʛʦʨʷʯʝʡ 

ʚʦʜr, ʩʚʷʟʘʥʳ ʩ ʉʝʚʝʨʦ-ʄʫʪʥʦʚʩʢʦʡ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ [ɺʘʢʠʥ, 

ʂʠʨʩʘʥʦʚ, ʂʠʨʩʘʥʦʚʘ, 1976]. ʇʦ [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1998] ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ 

ʨʘʡʦʥʘ ʠʛʨʘʶʪ ʢʨʫʧʥʳʝ ʨʘʟʨʳʚʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ 

ʩ ʨʘʟʣʦʤʘʤʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʙʠʚʘʶʪ ʨʘʡʦʥ ʥʘ ʙʣʦʢʠ ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ, 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʘʨʦʛʠʜʨʦʪʝʨʤ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʦʪʝʨʤʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʧʨʠʫʨʦʯʝʥ ʢ 

ʯʝʪʚʝʨʪʠʯʥʳʤ ʚʫʣʢʘʥʦʛʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ III  ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʄʫʪʥʦʚʩʢʦʛʦ 

ʚʫʣʢʘʥʘ, ʟʘʚʝʨʰʠʚʰʝʛʦ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʛʦʣʦʮʝʥʝ ʠʟʚʝʨʞʝʥʠʝʤ ʜʘʮʠʪʦʚʳʭ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʘʮʠʪʦʚʦʛʦ ʢʫʧʦʣʘ ʚ ʢʨʘʪʝʨʝ, ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʢʦʪʦʨʦʛʦ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ɼʦʥʥʦʝ ʠ ɺʝʨʭʥʝʝ ʬʫʤʘʨʦʣʴʥʳʝ ʧʦʣʷ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. ɻʦʨʥʳʝ ʧʦʨʦʜʳ, ʚʤʝʱʘʶʱʠʝ ʧʨʦʜʫʢʪʠʚʥʫʶ ʟʦʥʫ, ʠʤʝʶʪ 

ʨʘʟʥʳʡ ʩʦʩʪʘʚ: ʜʠʦʨʠʪʳ, ʤʠʦʮʝʥ-ʧʣʠʦʮʝʥʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʨʠʦʣʠʪʦʚʳʝ ʠ 

ʘʥʜʝʟʠʪʦʚʳʝ ʪʫʬʳ ʠ ʣʘʚʳ; ʚʤʝʩʪʝ ʩ ʪʝʤ, ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʷʚʥʦʛʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʘʟʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʦʣʝʝ 280Á ʉ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʡʦʥʫ ʨʘʟʚʠʪʠʷ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʠʩʣʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ. ɹʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʳʩʦʢʦʡ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʛʫʩʪʦʡ ʩʝʪʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010].  

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʄʫʪʥʦʚʩʢʦʛʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ʣʝʜʥʠʢʘ 

ʢʨʘʪʝʨʘ ʄʫʪʥʦʚʩʢʦʛʦ ʚʫʣʢʘʥʘ, ʘ ʚ ʫʩʣʦʚʠʷʭ, ʥʘʨʫʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʤʝʪʝʦʨʥʳʭ ʚʦʜ [ʇʦʣʷʢʦʚ, 

2019]. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʫʣʢʘʥʦʤ ʄʫʪʥʦʚʩʢʠʤ ʠ ʄʫʪʥʦʚʩʢʠʤ 

ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʨʝʱʠʥʘʤ ʨʘʟʣʦʤʘ ʩʝʚʝʨʦ-

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (ʉʉɺ) ʧʨʦʩʪʠʨʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʥʝ 

çʆʩʥʦʚʥʘʷè [Kiryukhin et al., 2018]. ʊʝʧʣʦʚʦʝ ʧʠʪʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, 
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ʦʯʝʚʠʜʥʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʩʪʳʚʘʥʠʷ ʧʦʨʮʠʡ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʉʝʚʝʨʦ-ʄʫʪʥʦʚʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʦʡ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ 

ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

ʄʫʪʥʦʚʩʢʦʛʦ ʚʫʣʢʘʥʘ [Kiryukhin et al., 2018]. ʌʝʜʦʪʦʚ ʉ. ɸ. [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1998] 

ʨʘʟʜʝʣʠʣ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʄʫʪʥʦʚʩʢʦ-ɾʠʨʦʚʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ (ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʳʭʦʜʘ ʚʦʜ ʠ ʧʘʨʘ, ʪʝʧʣʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ) ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 1) ʬʫʤʘʨʦʣʴʥʳʝ ʧʦʣʷ ʢʨʘʪʝʨʦʚ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ, 2) 

ʧʘʨʦʛʠʜʨʦʪʝʨʤʳ ʉʝʚʝʨʦ-ʄʫʪʥʦʚʩʢʦʡ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ, 3) ʚʦʩʭʦʜʷʱʠʝ 

ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ ʨʝʯʥʳʭ ʜʦʣʠʥ. 

ʌʫʤʘʨʦʣʴʥʳʝ ʛʘʟʳ ʚʫʣʢʘʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ (95-98% ʦʙʲʝʤʘ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ). ʂʦʥʜʝʥʩʘʪʳ ʠʭ ʦʯʝʥʴ ʢʠʩʣʳʝ 

(ʨʅ 0,3-2,5), ʚʳʩʦʢʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ, ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʩʝʨʥʠʩʪʘʷ, ʩʝʨʥʘʷ ʠ 

ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʳ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʦʤʠʥʠʨʫʝʪ ʉʆ2.[ɺʘʢʠʥ, ʂʠʨʩʘʥʦʚ, ʂʠʨʩʘʥʦʚʘ, 

1976]. ʂʦʥʜʝʥʩʘʪʳ ʧʘʨʦʛʘʟʦʚʳʭ ʩʪʨʫʡ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ʉʝʚʝʨʦ-ʄʫʪʥʦʚʩʢʦʡ 

ʟʦʥʳ - ʵʪʦ ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʩʪʦʛʦ ʩʦʩʪʘʚʘ (ʅʉʆʟ
-
 - Nʅ4

+
) ʨʘʩʪʚʦʨʳ ʩ ʨʅ, 

ʙʣʠʟʢʠʤ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ. ʉʨʝʜʠ ʛʘʟʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʉʆ2, ʧʨʠʩʫʪʩʪʚʫʶʪ H2S, N2, ʅ2, 

ʉʅ4. ɺ ʢʠʧʷʱʠʭ ʚʦʜʷʥʳʭ ʠ ʛʨʷʟʝʚʳʭ ʢʦʪʣʘʭ ʦʙʨʘʟʫʶʪʩʷ ʢʠʩʣʳʝ (ʨʅ 2-5) 

ʩʫʣʴʬʘʪʥʳʝ ʚʦʜʳ ʩʣʦʞʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʧʝʨʠʬʝʨʠʠ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʭʦʜʳ ʛʦʨʷʯʠʭ ʢʦʥʜʝʥʩʘʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [ɺʘʢʠʥ, ʂʠʨʩʘʥʦʚ, 

ʂʠʨʩʘʥʦʚʘ, 1976]. 

ɺ ʜʦʣʠʥʝ ʨʝʢʠ ɾʠʨʦʚʦʡ ʚʳʭʦʜʷʪ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʧʦʨʥʳʭ ʚʦʜ 

ʩʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 90-100Áʉ. ɼʦ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢʠʝ ʞʝ 

ʚʳʭʦʜʳ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʜʦʣʠʥʝ ʨ. ʄʫʪʥʦʚʩʢʦʡ. ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʙʣʠʟʢʠ ʢ ʘʟʦʪʥʦ-ʫʛʣʝʢʠʩʣʳʤ ʧʝʨʝʛʨʝʪʳʤ 

ʚʦʜʘʤ ʇʘʫʞʝʪʩʢʦ-ɺʘʡʨʘʢʝʡʩʢʦʛʦ ʪʠʧʘ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʳ 

ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ. ɺ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʛʣʫʙʠʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Li, ʂ, As 

(ʘʨʩʝʥʠʢʫʤ), Sb (ʩʫʨʴʤʘ), ɺ (ʙʦʨ). ɺ ʚʦʜʘʭ ɺʠʣʶʯʠʥʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʠʦʥʘ ʅʉʆʟ) ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [ɺʘʢʠʥ, ʂʠʨʩʘʥʦʚ, ʂʠʨʩʘʥʦʚʘ, 1976]. 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʨʘʟʛʨʫʟʢʘ ʄʫʪʥʦʚʩʢʦ - ɾʠʨʦʚʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʯʝʥʴ ʚʝʣʠʢʘ. ʇʦ ʨʘʩʯʝʪʘʤ [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1998] ʚʳʥʦʩ ʪʝʧʣʘ ʚ ʢʨʘʪʝʨʘʭ 

ʄʫʪʥʦʚʩʢʦʛʦ ʚʫʣʢʘʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1600 ʄʚʪ, ʧʘʨʦʛʠʜʨʦʪʝʨʤʘʤʠ ʉʝʚʝʨʦ-
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ʄʫʪʥʦʚʩʢʦʡ ʟʦʥʳ ï 30,8 ʪʳʩʷʯ ʢʢʘʣ/ʩ, ʪʝʨʤʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʝʯʥʳʭ ʜʦʣʠʥ ï 

5,8 ʢʢʘʣ/ʩ. 

ɹʦʣʴʰʝ-ɹʘʥʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʦʣʠʥʝ ʨ. ɹʘʥʥʦʡ 

(ʫ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʧ. ɻʦʨʷʯʝʡ). ʇʦ ʤʥʝʥʠʶ ɺ.ʃ. 

ʃʝʦʥʦʚʘ [ʃʝʦʥʦʚ, ʈʦʛʦʟʠʥ, 2007; 2010] ʢʠʩʣʳʡ ʚʫʣʢʘʥʠʟʤ ɹʘʥʥʦ-ʂʘʨʳʤʰʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʥʝ ʠʤʝʝʪ ʩʝʙʝ ʨʘʚʥʳʭ ʥʘ ʂʘʤʯʘʪʢʝ (ʦʙʲʝʤ ʵʢʩʪʨʫʟʠʡ ʠ ʠʭ ʧʦʪʦʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 2.68 ʢʤ
3
, ʘ ʧʣʦʱʘʜʴ ï 26.44 ʢʤ

2
), ʘ ɹʦʣʴʰʝ-ɹʘʥʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʨʫʧʥʦʛʦ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʧʨʦʩʘʜʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʢʠʩʣʦʡ ʤʘʛʤʳ. ʊ. ʦ. ʧʦʟʠʮʠʷ ɹʦʣʴʰʝ-ɹʘʥʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʦʢʠʤ ʚʨʝʟʦʤ ʜʦʣʠʥʳ ʨ. ɹʘʥʥʘʷ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʡ ʢʨʘʡ ʢʘʣʴʜʝʨʳ ʂʘʨʳʤʰʠʥʘ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʠʩʣʳʤʠ ʪʫʬʘʤʠ ʠ ʠʛʥʠʤʙʨʠʪʘʤʠ ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚʝʨʦʷʪʥʦ ʨʘʥʥʝ-

ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ [ʃʝʦʥʦʚ, ʈʦʛʦʟʠʥ, 2007; ʈʦʛʦʟʠʥ, 2007]. 

ʋʜʝʣʴʥʳʡ ʚʳʥʦʩ ʪʝʧʣʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 950 

ʢʢʘʣ/ʩʝʢ*ʢʤ
2
. ʕʪʘ ʚʝʣʠʯʠʥʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʛʦ ʚʳʥʦʩʘ ʪʝʧʣʘ 

ʪʘʢʠʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʘʢ ʋʟʦʥʩʢʘʷ, ɻʝʡʟʝʨʥʘʷ, ʇʘʫʞʝʪʩʢʘʷ 

[ʂʨʘʝʚʦʡ ʠ ʜʨ., 1977]. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ 

ɹʦʣʴʰʝ - ɹʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ - ʵʪʦ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ ʩ  

ʦʙ ʝɦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 1,3-1,7 ʛ/ʣ. ʊʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ, ʠʟʚʣʝʯʝʥʥʳʝ ʥʘ 

ʫʩʪʴʝ ʩʢʚʘʞʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ (ʨʅ = 7,0ï

8,4). ɺʦʜʳ ʥʘʧʦʨʥʳʝ, ʩʪʘʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʥʘ 10.0ï34.5 ʤ ʚʳʰʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʧʨʠʯʝʤ ʧʦʚʳʰʝʥʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʧʴʝʟʦʤʝʪʨʦʚ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʝ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010]. 

ʇʘʨʘʪʫʥʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʕʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 70 ï 100 Áʉ. ɺʦʜʳ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʦʛʦ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʠʤʳʢʘʝʪ ʢ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ 

ʦʙʥʘʨʫʞʝʥʦ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010], ʯʪʦ ʧʦʨʦʜʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʛʠʜʨʦʪʝʨʤʳ, 

ʷʚʣʷʶʪʩʷ: ʥʠʞʥʝ-ʯʝʪʚʝʨʪʠʯʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʪʫʬʦʚ; 

ʪʫʬʳ, ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʪʫʬʳ ʘʣʥʝʡʩʢʦʡ ʩʝʨʠʠ; ʪʫʬʦʛʝʥʥʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʧʘʨʘʪʫʥʩʢʦʡ ʩʚʠʪʳ; ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ. ʄʦʱʥʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 
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ʪʝʨʤʦʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 1200 ʤ. ɺʝʨʭʥʠʡ ʚʦʜʦʫʧʦʨ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʥʝ - ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʧʝʩʯʘʥʠʢʘ. 

ʆʙʣʘʩʪʴ  ʁ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʇʘʨʘʪʫʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʪʁʩʷ ʚʣʢ. ɺʠʣʶʯʠʥʩʢʠʡ (2175 ʤ ʘʙʩ.) ʠ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ ʢʘʣʴʜʝʨʳ 

ʂʘʨʳʤʰʠʥʘ [Kiryukhin et all, 2017]. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʦʛʦ ʧʠʪʘʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʇʘʨʘʪʫʥʩʢʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʛʝʦʪʝʨʤʘʣʴʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ. ʊʘʢʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʪʳʚʘʶʱʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʠ 

ʞʝʨʣʦʚʳʝ ʬʘʮʠʠ ʧʦʛʨʝʙʝʥʥʳʭ ʚʫʣʢʘʥʦʚ [Kiryukhin et all, 2017]. 

ɺʝʨʭʥʝ-ʇʘʨʘʪʫʥʩʢʠʝ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʧʦ ʤʥʝʥʠʶ ɺ.ʃ. ʃʝʦʥʦʚʘ 

[ʃʝʦʥʦʚ, 2007], ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʤʘʤʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʢʘʣʴʜʝʨʫ ʂʘʨʳʤʰʠʥʘ ʥʘ 

ʚʦʩʪʦʢʝ. ʇʦʚʩʝʤʝʩʪʥʦ ʢ ʛʨʘʥʠʮʘʤ ʢʘʣʴʜʝʨʳ ʧʨʠʫʨʦʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʚʥʝʜʨʝʥʠʷ ʢʠʩʣʳʭ ʣʘʚ - ʢʫʧʦʣʘ, ʜʘʡʢʠ, ʢʦʨʦʪʢʠʝ ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ. ʀ ʩʦʚʨʝʤʝʥʥʘʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʜʝʩʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʠʟ-ʟʘ ʧʨʦʭʦʜʷʱʠʭ ʪʘʤ ʨʘʟʣʦʤʦʚ), ʪʘʢ ʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʥʝʜʨʘʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʯʘʛʦʤ (ʥʘʜ ʢʦʪʦʨʳʤ ʚ ʵʦʧʣʝʡʩʪʦʮʝʥʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʘʣʴʜʝʨʘ 

ʂʘʨʳʤʰʠʥʘ), ʧʨʦʜʦʣʞʘʶʱʝʤ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ ʠ ʥʘʛʨʝʚʘʪʴ ʬʣʶʠʜʳ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚʦʢʨʫʛ ʥʝʛʦ. 

ʂʘʨʳʤʩʢʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʚ ʩʘʤʦʡ ʤʦʣʦʜʦʡ ʯʘʩʪʠ ʂʘʨʳʤʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (ʜʘʣʝʝ ʂɺʎ) 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʨʷʜʦʤ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʢʘʣʴʜʝʨʘʭ ʂʘʨʳʤʩʢʦʡ ʠ ɸʢʘʜʝʤʠʠ ʅʘʫʢ [ɺʘʢʠʥ, 

ʇʠʣʠʧʝʥʢʦ, 2001]. ʂɺʎ ʚʦʟʥʠʢ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʛʣʫʙʠʥʥʦʛʦ 

ʨʘʟʣʦʤʘ ʩ ʩʠʩʪʝʤʦʡ ʢʨʫʧʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʪʨʘʥʩʬʦʨʤʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʠʟʚʝʨʞʝʥʠʝ ʚ ʂɺʎ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ ʵʢʩʧʣʦʟʠʚʥʳʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʠʟʚʝʨʞʝʥʠʝʤ ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʡ ʦʙʣʘʩʪʠ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 

1998]. ʂɺʎ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʨ ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ, ʩʝʡʩʤʠʯʝʩʢʠʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦ ʞʠʚʫʱʠʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ [ʂʘʨʧʦʚ, ɼʚʠʛʘʣʦ, 2010].  

ʇʦ [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001] ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʂɺʎ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ 

ʠʟ ʚʫʣʢʘʥʦʛʝʥʥʳʭ (ʵʬʬʫʟʠʚʥʳʭ ʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ) ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ 
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(ʢʘʣʴʜʝʨʥʦ-ʦʟʝʨʥʳʭ) ʚʝʨʭʥʝʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪ ʢʠʩʣʦʛʦ 

ʣʠʧʘʨʠʪʦʚʦʛʦ ʜʦ ʦʩʥʦʚʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʫʬʳ, 

ʠʛʥʠʤʙʨʠʪʳ, ʘʛʣʦʤʝʨʘʪʳ, ʧʝʤʟʳ, ʘʥʜʝʟʠʪʦʚʳʝ ʠ ʙʘʟʘʣʴʪʦʚʳʝ ʣʘʚʳ, ʣʠʧʘʨʠʪʦʚʳʝ ʠ 

ʜʘʮʠʪʦʚʳʝ ʵʢʩʪʨʫʟʠʚʥʳʝ ʪʝʣʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʝʟʘ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʴʜʝʨʥʦ-ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ: ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, 

ʛʨʘʚʝʣʠʪʳ, ʧʝʩʢʠ. ʄʦʱʥʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʩʙʣʠʞʝʥʠʷ ʜʚʫʭ ʢʘʣʴʜʝʨ - ʵʪʦ 

ʠʩʪʦʯʥʠʢʠ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʠ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ʚ ʢʘʣʴʜʝʨʝ ʂʘʨʳʤʩʢʦʡ. 

ɺ ʢʘʣʴʜʝʨʝ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʜʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ 1996 ʛ. ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʚʘ ʦʯʘʛʘ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ: ʷʚʥʳʡ, ʚ ʤʘʘʨʝ 

ʚʫʣʢʘʥʘ ɸʢʘʜʝʤʠʠ ʅʘʫʢ (ʢʠʧʷʱʠʝ ʛʨʠʬʦʥʳ, ʧʫʣʴʩʠʨʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ, ʛʦʨʷʯʠʝ 

ʚʘʥʥʳ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʦʟ. ʂʘʨʳʤʩʢʦʛʦ), ʠ ʩʢʨʳʪʳʡ - ʫ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʷʱʠʭ ʛʨʠʬʦʥʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʠʛʘʣʘ 80-98Á ʉ. ɼʚʘ ʠʟ ʥʠʭ 

ʨʘʙʦʪʘʣʠ ʚ ʧʫʣʴʩʠʨʫʶʱʝʤ ʨʝʞʠʤʝ ʠ ʜʘʞʝ ʧʦʣʫʯʠʣʠ ʠʤʝʥʘ: "ʛʝʡʟʝʨʳ" ʉʝʨʜʠʪʳʡ ʠ 

ʂʘʨʣʠʢ [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001]. ʋʛʣʝʢʠʩʣʦ-ʘʟʦʪʥʳʝ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʢʠʧʷʱʠʤ ʠʩʪʦʯʥʠʢʘʤ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʠ ʢʘʣʴʜʝʨʳ ʋʟʦʥ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (~1,5 

ʛ/ʣ) ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001]. ɺ 

ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʜʦ 24% 

ʦʙʲʝʤʘ) ʠ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Rn (ʨʘʜʦʥʘ). ɺʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʚʳʭʦʜʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʘʟ ʛʠʜʨʦʪʝʨʤ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ~ ʥʘ 50% ʩʦʩʪʦʠʪ ʠʟ ʚʦʟʜʫʭʘ, ʘ ʝʛʦ 

"ʛʣʫʙʠʥʥʘʷ" ʯʘʩʪʴ ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤ 

ʫʛʣʝʢʠʩʣʦ-ʘʟʦʪʥʳʡ ʩʦʩʪʘʚ: N2, CO2, CH4, Ar. ʀʩʪʦʯʥʠʢʠ ʚʳʜʝʣʷʶʪʩʷ ʦʯʝʥʴ 

ʚʩrʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (>0.3 ʛ/ʣ). ɼʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ 

ʫʯʘʩʪʢʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʛʝʡʟʝʨʠʪʳ [ɺʘʢʠʥ, 

ʇʠʣʠʧʝʥʢʦ, 2001]. ʈʘʩʭʦʜ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ɻ.ʌ. ʇʠʣʠʧʝʥʢʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ 1984 ʛ., ʩʦʩʪʘʚʣʷʣ ~ 

50 ʣ/ʩ. 

ʊʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ʚ ʢʘʣʴʜʝʨʝ ʂʘʨʳʤʩʢʦʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʪʠʧʘʤʠ ʠʩʪʦʯʥʠʢʦʚ: ʚʦʩʭʦʜʷʱʠʤʠ 

ʛʘʟʠʨʫʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 25 ʜʦ 42
o
 ʉ ʠ ʥʠʩʭʦʜʷʱʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 10-20
o
 ʉ. ʊʘʢʠʝ ʚʳʭʦʜʳ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʠʩʪʝʯʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʤʦʬʝʪʘʤʠ). ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ 
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ʚʦʩʭʦʜʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʢʠʩʣʳʝ SO4-HCO3-Cl / Mg-Na-Ca, ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʜʦ 2,6-2,8 ʛ/ʣ ʠ ʨʅ 6-7 [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001]. ɺ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ 

ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʡ CO2, SiO2, B, F, Li, ʧʦʯʪʠ ʥʝʪ ʆ2 ʠ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ ʅ2S. ɺ ʩʦʩʪʘʚʝ ʩʧʦʥʪʘʥʥʳʭ ʛʘʟʦʚ ʜʦʤʠʥʠʨʫʝʪ CO2 ,~90 %. ʕʪʦ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʫʛʣʝʢʠʩʣʳʝ ʪʝʨʤʳ. ɺʦʜʳ ʥʠʩʭʦʜʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʤʫ 

ʞʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ, ʥʦ ʦʥʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʳ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʠ ʯʘʩʪʠʯʥʦ ʜʝʛʘʟʠʨʦʚʘʥʳ. ɺ ʠʭ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ N2 ʠ ʆ2, ʪ. ʝ. ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʆʙʱʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʂʘʨʳʤʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʟʛʨʫʟʢʠ ʜʦ ʩʦʙʳʪʠʡ 1996 ʛ. ʦʮʝʥʝʥʘ ɻ.ʌ ʇʠʣʠʧʝʥʢʦ 

[ʇʠʣʠʧʝʥʢʦ, 1989] ʚ ʙʦʣʝʝ ʯʝʤ 250 ʄɺʪ, ʯʪʦ ʩʪʘʚʠʣʦ ʝʝ ʚ ʦʜʠʥ ʨʷʜ ʩ 

ʢʨʫʧʥʝʡʰʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʂʘʤʯʘʪʢʠ: ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ (310 

ʄɺʪ), ʋʟʦʥʩʢʘʷ (270 ʄɺʪ), ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ (300 ʄɺʪ), ʂʦʰʝʣʝʚʩʢʘʷ (314 ʄɺʪ). 

ɻʣʫʙʠʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ) ʩʦʩʪʘʚʣʷʣʘ +250+280
ʦ 
ʉ. [ʇʠʣʠʧʝʥʢʦ, 1989]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʙʳʪʠʡ 1996 ʛ. ʩʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʯʪʠ ʫʜʚʦʠʣʘʩʴ, ʧʨʠ ʵʪʦʤ ʚʳʥʦʩ ʪʝʧʣʘ ʚ ʢʘʣʴʜʝʨʝ ʂʘʨʳʤʩʢʦʡ ʦʩʪʘʣʩʷ ʥʘ 

ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ, ʘ ʚ ʢʘʣʴʜʝʨʝ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʚʦʟʨʦʩ ʚ 7 ʨʘʟ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ 

ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʩʝʚʝʨʥʦʤ ʙʝʨʝʛʫ ʦʟʝʨʘ ʠ ʚ ʠʩʪʦʢʘʭ ʨʝʢʠ ʂʘʨʳʤʩʢʘʷ [ɺʘʢʠʥ, 

ʇʠʣʠʧʝʥʢʦ, 2001]. ʇʦ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʚʳʥʦʩʫ ʪʝʧʣʘ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʂʘʨʳʤʩʢʘʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʪʦʠʪ ʚ ʦʜʥʦʤ ʨʷʜʫ ʩ ʩʘʤʳʤʠ ʤʦʱʥʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʘʨʦʛʠʜʨʦʪʝʨʤ ʂʘʤʯʘʪʢʠ. 

ʉʝʤʷʯʠʢʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ - ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘ ʂʘʤʯʘʪʢʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ɹʦʣʴʰʦʛʦ ʉʝʤʷʯʠʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʩ 

ʤʦʱʥʦʡ ʚʩʧʳʰʢʦʡ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ ʧʣʝʡʩʪʦʮʝʥʝ [ɸʚʝʨʴʝʚ ʠ ʜʨ. 1971; 

ɺʘʢʠʥ, 1976]. 

ʂʦʤʧʣʝʢʩ ʧʦʨʦʜ ʜʦʢʘʣʴʜʝʨʥʦʛʦ ʵʪʘʧʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʦʜʘʤʠ 

ʦʩʥʦʚʥʦʛʦ (ʣʘʚʳ ʠ ʧʠʨʦʢʣʘʩʪʠʢʘ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ) ʠ ʢʠʩʣʦʛʦ 

(ʧʝʤʟʦʚʳʝ ʪʫʬʳ, ʧʨʦʩʣʦʠ ʜʘʮʠʪʦʚʳʭ ʣʘʚ ʠ ʠʛʥʠʤʙʨʠʪʦʚ, ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ 

ʙʨʝʢʯʠʠ, ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʛʦʨʠʟʦʥʪʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʧʨʦʣʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ) ʩʦʩʪʘʚʘ. ʂʦʤʧʣʝʢʩ ʧʦʨʦʜ ʩʠʥʭʨʦʥʥʳʡ ʢʘʣʴʜʝʨʦʦʙʨʘʟʦʚʘʥʠʶ (ʩʨʝʜʥʠʡ 

ʧʣʝʡʩʪʦʮʝʥ ð ʥʘʯʘʣʦ ʚʝʨʭʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʤʦʱʥʳʭ ʵʢʩʧʣʦʟʠʚʥʳʭ ʠʛʥʠʤʙʨʠʪʦʦʙʨʘʟʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʣʴʜʝʨ, ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʦʜʘʤʠ, ʘʙʩʦʣʶʪʥʦ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʨʦʜʘʤ 

ʜʨʝʚʥʝʛʦ ʢʦʤʧʣʝʢʩʘ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɺ ɻʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʞʠʤʘʥʠʝ 

ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ ʧʦ ʟʘʣʦʞʠʚʰʠʤʩʷ ʢʦʣʴʮʝʚʳʤ ʨʘʟʣʦʤʘʤ. ʂʦʤʧʣʝʢʩ ʧʦʨʦʜ 

ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ ʵʪʘʧʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʮʠʷʤʠ ʧʦʨʦʜ ʦʪ ʙʘʟʘʣʴʪʦʚ ʜʦ ʣʠʧʘʨʠʪ-

ʜʘʮʠʪʦʚ: ʚʢʣʶʯʘʝʪ ʣʘʚʫ ʠ ʪʫʬʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʢʦʪʣʦʚʠʥʳ.  

ʅʝʙʦʣʴʰʘʷ ʧʦ ʧʣʦʱʘʜʠ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʜʝʧʨʝʩʩʠʷ, ʦʢʦʥʪʫʨʝʥʥʘʷ 

ʩʝʨʠʝʡ ʢʦʣʴʮʝʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʨʘʟʣʦʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʣʦʞʝʥʥʦʛʦ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ 

ʦʙʨʘʟʫʶʪ ʤʝʩʪʥʳʝ ʚʦʜʦʫʧʦʨʳ ʠ ʩʘʤʦʠʟʦʣʠʨʫʶʱʠʝʩʷ ʪʨʝʱʠʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʇʠʪʘʥʠʝ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ xopoh ʦ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʳʝ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʡʢʠ 

ɹʦʣʴʰʦʛʦ ʉʝʤʷʯʠʢʘ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠʢʦʨʦʚʳʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ, ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʴʮʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʠʟʚʝʨʞʝʥʠʝ ʦʛʨʦʤʥʳʭ ʤʘʩʩ ʠʛʥʠʤʙʨʠʪʦʚ, ʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʦʨʦʜ - ʦʪ ʣʠʧʘʨʠʪʦʚ ʜʦ ʙʘʟʘʣʴʪʦʚ. ʕʪʠ ʛʝʦʣʦʛʦʩʪʨʫʢʪʫʨʥʳʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʛʝʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʂʘʥʘʣʘʤʠ ʜʣʷ ʧʦʜʲʝʤʘ ʚʦʩʭʦʜʷʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʚʳʚʦʜʘ ʪʝʨʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʥʳʝ ʟʦʥʳ ʢʨʫʧʥʦʛʦ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʰʚʘ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʉʝʤʷʯʠʢʩʢʦʡ ʢʦʣʴʮʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʅʘ ɹʦʣʴʰʦʤ ʉʝʤʷʯʠʢʝ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʤʘʩʩʠʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʦʙʰʠʨʥʳʝ ʩʦʣʴʬʘʪʘʨʥʳʝ ʧʦʣʷ ʩ ʤʦʱʥʳʤʠ ʩʪʨʫʷʤʠ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ, ʢʠʧʷʱʠʝ 

ʛʨʷʟʝʚʳʝ ʢʦʪʣʳ, ʧʘʨʷʱʠʝ ʧʣʦʱʘʜʢʠ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʠʧʷʱʠʝ ʠ ʛʦʨʷʯʠʝ 

ʢʦʥʜʝʥʩʘʪʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʠʧʷʱʠʝ ʦʟʝʨʘ, ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʳʝ ʟʦʥʳ ʪʝʨʤʘʣʴʥʦ 

ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ. ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʥʘ ɹʦʣʴʰʦʤ ʉʝʤʷʯʠʢʝ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʨʫʧʧʝ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʤʘʩʩʠʚ ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ: ʉʨʝʜʥʝ-

ʉʝʤʷʯʠʢʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ʚʫʣʢʘʥʘ ʎʝʥʪʨʘʣʴʥʳʡ ʉʝʤʷʯʠʢ, 

ʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ʚʫʣʢʘʥʘ ɹʫʨʣʷʱʝʛʦ ʠ ʅʠʞʥʝ-ʉʝʤʷʯʠʢʩʢʠʝ ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ.  

ʉʨʝʜʥʝ-ʉʝʤʷʯʠʢʩʢʠʝ ʠʩʪʦʯʥʠʢʠ (ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 98 ÁC), 

ʠʤʝʶʪ ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜ ʠ ʦʙʱʫ  ʁ

ʤʠʥʝʨʘʣʠʟʘʮʠ ʁ1,1 ʛ/ʣ. 
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ʊʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ʚʫʣʢʘʥʘ ʎʝʥʪʨʘʣʴʥʳʡ ʉʝʤʷʯʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʷʟʝʚʳʤʠ ʠ 

ʚʦʜʥʳʤʠ ʢʦʥʜʝʥʩʘʪʥʳʤʠ ʢʠʧʷʱʠʤʠ ʢʦʪʣʘʤʠ (95-96 Áʉ), ʥʝʙʦʣʴʰʠʤʠ ʩʪʨʫʡʢʘʤʠ 

ʧʘʨʘ, ʫʯʘʩʪʢʘʤʠ ʧʘʨʷʱʝʛʦ ʛʨʫʥʪʘ (70-90Á). 

ɼʚʘ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷ ʚʫʣʢʘʥʘ ɹʫʨʣʷʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʷʟʝʚʳʤʠ ʠ 

ʚʦʜʥʳʤʠ ʢʠʧʷʱʠʤʠ ʢʦʪʣʘʤʠ, ʤʦʱʥʳʤʠ ʠ ʩʣʘʙʳʤʠ ʧʘʨʦʚʳʤʠ ʩʪʨʫʷʤʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 96 ʜʦ 137Á ʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ.  

ʊ. ʦ. ʦʩʥʦʚʥʘʷ ʪʝʧʣʦʚʘʷ ʨʘʟʛʨʫʟʢʘ ʩʠʩʪʝʤʳ ʠʜʝʪ ʟʘ ʩʯʝʪ ʧʘʨʘ. ɺʳʭʦʜ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ (ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʠʭ ʢʦʤʧʦʥʝʥʪʦʤ Cl
-
) ʚ ʨʘʡʦʥʝ ɹʦʣʴʰʦʛʦ 

ʉʝʤʷʯʠʢʘ ʦʪʩʫʪʩʪʚʫʝʪ; ʠ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʝʪʩʷ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʅʠʞʥʝ-

ʉʝʤʷʯʠʢʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ (ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʘʥʠʮ ɹʦʣʴʰʝʩʝʤʷʯʠʢʩʢʦʡ 

ʢʘʣʴʜʝʨʳ). ʇʦʪʦʢ ʧʨʠʫʨʦʯʝʥ ʢ ʜʨʝʚʥʠʤ ʨʠʦʣʠʪʦʚʳʤ ʧʝʤʟʘʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʠʭ 

ʘʥʜʝʟʠʪʦʚʳʤ ʠ ʜʘʮʠʪʦʚʳʤ ʪʫʬʦʚʳʤ ʣʘʚʘʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʢʩʧʣʦʟʠʥʳʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ʉʫʤʤʘʨʥʳʡ ʚʳʥʦʩ ʉ1
-
 ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ 33 ʛ/ʩ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʛʨʫʟʢʝ 15-20 ʣ/ʩ ʚʦʜ, ʘʥʘʣʦʛʠʯʥʳʭ ʇʘʫʞʝʪʩʢʠʤ ʧʣʠ ɻʝʡʟʝʨʥʳʤ, 

ʘ ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʧʣʘ ʩ ʵʪʠʤʠ ʚʦʜʘʤʠ ʚʨʷʜ ʣʠ ʧʨʝʚʳʰʘʝʪ 3-4 ʪʳʩ. ʢʢʘʣ/ʩ. ʇʦʪʦʢ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʩʢʣʦʥʘ ʩ ʦʙʣʘʩʪʴʶ ʧʠʪʘʥʠʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ 

ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ. ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʯʘʛʫ ʨʘʟʛʨʫʟʢʠ ʘʨʪʝʟʠʘʥʩʢʠʡ ʩʢʣʦʥ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠʩʧʳʪʳʚʘʶʱʠʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ [ɺʘʢʠʥ, 1976]. 

ɺʦʜʘ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ï ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʘʷ, 

ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ ʩ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 1,6 ʛ/ʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ 

ʚʳʭʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 49 ÁC. ɻʣʘʚʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʧʦʥʪʘʥʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʆʙʣʘʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʠʪʘʥʠʷ ʵʪʦʛʦ ʧʦʪʦʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ. ʂʨʦʤʝ ʅʠʞʥʝ-ʉʝʤʷʯʠʢʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʖʞʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ɹʦʣʴʰʦʡ ʉʝʤʷʯʠʢ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʝʱʝ ʥʠʞʝ - ʦʪ 17 ʜʦ 43Áʉ. ʅʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʩʥʳʝ ʭʦʣʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʪ.ʝ. ʚʝʩʴ ʛʨʫʥʪʦʚʳʡ ʧʦʪʦʢ ʚ ʧʦʣʦʩʝ 

ʰʠʨʠʥʦʡ ʜʦ 1,5 ʢʤ ʪʘʢʞʝ ʧʨʦʛʨʝʚʘʝʪʩʷ ʧʘʨʦʤ.  

ʇʦ ʦʮʝʥʢʘʤ ɺʘʢʠʥʘ ɽ.ɸ. ʦʙʱʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʝʨʤʦʘʥʦʤʘʣʠʠ 

ɹʦʣʴʰʦʛʦ ʉʝʤʷʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 70 - 75000 ʢʢʘʣ/ʩ.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ɻʝʡʟʝʨʥʘʷ ʠ ʢʘʣʴʜʝʨʳ ʋʟʦʥ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʝʜʠʥʦʡ, ʩʣʦʞʥʦ ʫʩʪʨʦʝʥʥʦʡ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʚʫʣʢʘʥʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, 
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ʢʦʪʦʨʘʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʷʜʫ ʢʦʣʴʮʝʚʳʭ ʚʫʣʢʘʥʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ɺʦʩʪʦʯʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ.  

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʇʦ ʦʮʝʥʢʝ ɺ.ʃ. ʃʝʦʥʦʚʘ [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 

2009] ʚʦʟʨʘʩʪ ʋʟʦʥ - ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ (ʨʠʩ. 1.4; 1.5) ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 

40 ʪʳʩ. ʣʝʪ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ, 

ʟʘʣʝʛʘʶʱʠʭ ʥʠʞʝ ʠʛʥʠʤʙʨʠʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʘʣʴʜʝʨʫ. ɼʦʢʘʣʴʜʝʨʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ ʜʘʮʠʪ - ʘʥʜʝʟʠʪʦʚʳʝ ʪʫʬʳ ʠ ʣʘʚʳ ʚʦʟʨʘʩʪʦʤ 40000 - 140000 

ʣʝʪ (ŬQ3
1ï2
,  ŬQ3

3
,  ʠ Q3 

3
ust). ʂʘʣʴʜʝʨʥʦ-ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʤʦʱʥʦʩʪʴʶ 400 ʤ), 

ʟʘʧʦʣʥʠʚʰʠʝ ʢʘʣʴʜʝʨʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥr ʝ ʩʣʦʠʩʪʳʤʠ ʧʝʤʟʦʚʳʤʠ ʪʫʬʘʤʠ, ʤʝʣʢʦʡ 

ʙʨʝʢʯʠʝʡ ʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʟʘʣʝʛʘʶʪ ʥʘ ʨʠʦʣʠʪ - ʜʘʮʠʪʦʚʳʭ ʣʘʚʘʭ (ʠʭ ʚʦʟʨʘʩʪ 

15000 - 20000 ʣʝʪ), ʦʙʨʘʟʦʚʘʚʰʠʭ ʙʦʣʴʰʠʝ ʢʫʧʦʣʘ ʠ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʥʠʤ ʣʘʚʦʚʳʝ 

ʧʦʪʦʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 100-150 ʤ (ɝQ3
4
 ʠ ŬɝQ3

4
). ʀʥʪʝʥʩʠʚʥʳʡ ʜʨʝʥʘʞ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʯʘʣʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 9000 - 12000 ʣʝʪ ʥʘʟʘʜ. ʀ 

ʧʦʥʠʞʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʟʛʨʫʟʢʠ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ ʩʦʩʪʘʚʠʣʦ 400-500 

ʤʝʪʨʦʚ. ʇʦ ʤʥʝʥʠʶ ɺ.ʃ. ʃʝʦʥʦʚʘ, ʦʪʩʫʪʩʪʚʠʝ ʤʦʣʦʜʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 

ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɻʝʡʟʝʨʥʦʡ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʝʨʦʷʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʤ 

ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʙʫʬʝʨʥʳʭ ʯʘʩʪʠʯʥʦ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ 

[ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]. 

ʈʘʡʦʥ ʩʣʦʞʝʥ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʢʦʤʧʣʝʢʩʘ 

ʧʦʨʦʜ: ʜʦʢʘʣʴʜʝʨʥʳʡ (ʢʦʥʝʮ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ ï ʨʘʥʥʠʡ ʧʣʝʡʩʪʦʮʝʥ) [ɹʝʣʦʫʩʦʚ ʠ 

ʜʨ., 1983; ʃʝʦʥʦʚ ʠ ʜʨ., 1991]; ʩʠʥʭʨʦʥʥʳʡ ʢʘʣʴʜʝʨʦʦʙʨʘʟʦʚʘʥʠʶ (ʩʨʝʜʥʠʡ ï 

ʥʘʯʘʣʦ ʚʝʨʭʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ) [ɹʝʣʦʫʩʦʚ ʠ ʜʨ., 1983; ɸʚʝʨʴʝʚ ʠ ʜʨ., 1971]; 

ʧʦʩʪʢʘʣʴʜʝʨʥʳʡ (ʛʦʣʦʮʝʥʦʚʳʡ ʵʪʘʧ) [ɹʝʣʦʫʩʦʚ ʠ ʜʨ., 1983]. 

ʌʨʘʛʤʝʥʪʳ ʧʦʩʪʨʦʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʦʢʘʣʴʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʪʘʥʮʘʤʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʘ (ʩʦʧʢʠ ʋʟʦʥ ʠ ʂʨʘʩʥʘʷ); ʦʩʪʘʥʮʘʤʠ 

ʘʥʜʝʟʠʪʦʚʦʛʦ ʚʫʣʢʘʥʘ, (ʚʩʢʨʳʚʘʶʱʠʝʩʷ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢ ʐʫʤʥʦʡ ʠ ʇʷʪʦʡ 

ʨʝʯʢʠ); ʦʩʪʘʥʮʘʤʠ ʜʘʮʠʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʳʡ; ʧʦʣʷʤʠ ʣʘʚ 

ʨʠʦʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (68-69 % SiO2), ʚʩʢʨʳʚʘʶʱʠʭʩʷ ʚ ʨʘʡʦʥʝ ʩʦʧ. ʆʪʢʨʳʪʦʡ ʠ 

ʥʘ ɻʦʨʥʦʤ ʧʣʘʪʦ; ʦʩʪʘʥʮʘʤʠ ʥʝʙʦʣʴʰʦʛʦ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʛ. 

ɺʝʨʰʠʥʥʦʡ [ɻʨʠʙ, ʃʝʦʥʦʚ, 1985]. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʤʝʩʪʝ 

ʜʝʧʨʝʩʩʠʠ ʜʦ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʦʚʘʣ ʨʷʜ ʢʨʫʧʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʩ 

ʩʦʩʪʘʚʦʤ ʣʘʚ ʠ ʧʠʨʦʢʣʘʩʪʠʢʠ ʦʪ ʙʘʟʘʣʴʪʦʚ ʜʦ ʨʠʦʣʠʪʦ - ʜʘʮʠʪʦʚ.  
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ʆʪʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʩʠʥʭʨʦʥʥʦʛʦ ʢʘʣʴʜʝʨʦʦʙʨʘʟʦʚʘʥʠʶ, ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ 

ʵʪʘʧʘ ʢʘʣʴʜʝʨʦʦʙʨʘʟʦʚʘʥʠʷ [ɻʨʠʙ, ʃʝʦʥʦʚ, 1985]. ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠʛʥʠʤʙʨʠʪʳ, ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʣʘʚʳ 

ʘʥʜʝʟʠʪʦʚʦʛʦ, ʜʘʮʠʪʦʚʦʛʦ ʠ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʣʘʚ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʝʦʙʣʘʜʘʶʪ ʘʥʜʝʟʠʪʳ; ʥʘ ʚʪʦʨʦʤ ï ʜʘʮʠʪʳ; ʘ ʥʘ ʪʨʝʪʴʝʤ ï ʨʠʦʣʠʪʳ.  

 

ʈʠʩ. 1.4. ɹʣʦʢ ʜʠʘʛʨʘʤʤʘ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʦ 

ɹʝʣʦʫʩʦʚʫ ɺ.ʀ. [ɹʝʣʦʫʩʦʚ, ɻʨʠʙ, ʃʝʦʥʦʚ, 1983]). I - ʩʦʧʢʘ ʋʟʦʥ; 2 - ʩʦʧʢʘ ʂʨʘʩʥʘʷ; 3 - ʤʘʘʨ 

ʦʟ.ɼʘʣʴʥʝʛʦ; 4 - ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʫʧʦʣ ʩʦʧʢʠ ɹʝʣʦʡ; 5 - ʩʦʧʢʘ ʆʪʢʨʳʪʘʷ; 6-10 ʵʢʩʪʨʫʟʠʚʥʳʝ 

ʢʫʧʦʣʳ: 6 - ʊʦʨʪʠʢ, 7 - ʆʩʪʘʥʝʮ, 8 - ʉʝʩʪʨʝʥʢʘ, 9 - ʧʣʘʪʦ ʂʨʫʛʣʦʛʦ, 10 - ʩʦʧʢʠ ɻʝʡʟʝʨʥʦʡ; 11 

- ʩʦʧʢʘ ɼʫʛʘ; 12 - ʇʣʘʪʦ ʐʠʨʦʢʦʝ; 13 ï ʢʘʥʴʦʥ ʨʝʢʠ ʐʫʤʥʦʡ; 14 - ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʫʧʦʣ 

ɻʨʝʙʝʥʴ; 15 - ɻʦʨʥʦʝ ʧʣʘʪʦ; 16 -18 - ʵʢʩʪʨʫʟʠʚʥʳʝ ʢʫʧʦʣʳ: 16 - ʈʫʜʠʯʘ, 17 - ɹʦʨʪʦʚʳʡ, 18 - 

ʇʝʨʚʳʡ; 19 - ʩʦʧʢʘ ɹʝʟʳʤʷʥʥʘʷ; 20 - ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʫʧʦʣ ʩʦʧʢʠ ɾʝʣʪʦʡ; 21 - ʚʫʣʢʘʥ 

ʂʠʭʧʠʥʳʯ. ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʦʟʝʨʥʳʝ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘʧʦʣʥʷʶʱʠʝ 

ʋʟʦʥ - ɻʝʡʟʝʨʥʫʶ ʜʝʧʨʝʩʩʠʶ. I - ʢʘʣʴʜʝʨʘ ʋʟʦʥ, II - ɼʦʣʠʥʘ ɻʝʡʟʝʨʦʚ 

 

ʆʪʣʦʞʝʥʠʷ ʪʨʝʪʴʝʛʦ, ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ, ʟʘʣʝʛʘʶʪ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚʥʫʪʨʠ ʜʝʧʨʝʩʩʠʠ. ʕʪʦ ʢʠʩʣʳʝ ʵʢʩʪʨʫʟʠʠ ʠ ʧʝʤʟʦʚʳʝ ʢʫʧʦʣʳ; ʚʟʨʳʚʥʳʝ 

ʦʪʣʦʞʝʥʠʷ; ʙʘʟʘʣʴʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʘʨʦʤ ʦʟ. ɼʘʣʴʥʝʛʦ, ʠ ʤʥʦʛʦʬʘʟʥʳʝ ʦʟʸʨʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʟʝʨʘʭ, ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʧʨʝʩʩʠʠ. ʊʫʬʦʛʝʥʥʳʝ ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʛʣʘʚʥʫʶ ʤʘʩʩʫ 

ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʘʯʝʢ: ɻʝʡʟʝʨʥʘʷ, ʇʝʤʟʦʚʘʷ, 

ɾʝʣʪʳʭ ʩʢʘʣ, ʂʦʣʦʨʘʜʦ.  

ɺʥʝʜʨʝʥʠʝ ʣʘʚ ʜʘʮʠʪʦʚʦʛʦ ʠ ʨʠʦʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ [ɻʨʠʙ, ʃʝʦʥʦʚ, 1985] 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʦʙʦʩʦʙʣʝʥʥʳʭ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʟʝʨʥʳʭ ʪʦʣʱ. ʂʨʦʤʝ ʪʦʛʦ, ʣʘʚʘʤʠ ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʵʢʩʪʨʫʟʠʚʥʳʝ ʢʫʧʦʣʳ ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ ʵʪʘʧʘ: ʂʨʫʛʣʘʷ 

(ʨʠʦʜʘʮʠʪʳ), ɻʝʡʟʝʨʥʘʷ (ʩʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ: ʨʠʦʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʪʦ-
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ʜʘʮʠʪʳ, ʜʘʮʠʪʳ, ʨʠʦʜʘʮʠʪʳ), ʆʩʪʘʥʝʮ (ʜʘʮʠʪʳ), ʊʦʨʪʠʢ (ʨʠʦʜʘʮʠʪʳ), ʉʝʩʪʨʝʥʢʘ 

(ʨʠʦʜʘʮʠʪʳ), ɹʝʣʘʷ (ʜʘʮʠʪʳ) ʠ ɾʝʣʪʘʷ (ʨʠʦʣʠʪʳ, ʨʠʦʜʘʮʠʪʳ ʠ ʜʘʮʠʪʳ). ʃʘʚʳ, 

ʩʣʘʛʘʶʱʠʝ ʠʭ, ʠʤʝʶʪ ʩʦʩʪʘʚ ʦʪ ʜʘʮʠʪʦʚ ʜʦ ʨʠʦʜʘʮʠʪʦʚ (SiO2 69-72%), ʧʨʠʯʝʤ 

ʨʠʦʜʘʮʠʪʳ ʩʦʩʪʘʚʣʷʶʪ 95% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʣʘʚ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʣʱʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʢʘʣʴʜʝʨʥʦʛʦ 

ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʥʘ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʜʝʧʨʝʩʩʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʰʠʨʥʳʭ ʣʘʚʦʚʳʭ ʧʦʢʨʦʚʦʚ ʦʪ ʙʘʟʘʣʴʪʦʚʦʛʦ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʘʥʜʝʟʠʪʦʚʦʛʦ ʜʦ ʜʘʮʠʪʦʚʦʛʦ ʩʦʪʘʚʘ. ʕʪʠ ʣʘʚʳ ʧʝʨʝʢʨʳʚʘʶʪ ʚʟʨʳʚʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʝʪʴʠʤ ʵʪʘʧʦʤ ʢʘʣʴʜʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʢʨʳʪʳ 

ʣʘʚʘʤʠ ʨʠʦʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʘʛʘʶʱʠʤʠ ʢʦʤʧʣʝʢʩ ʧʦʩʪʢʘʣʴʜʝʨʥʳʭ 

ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ - ʚʫʣʢʘʥ ʄʦʣʦʜʦʡ ʂʠʭʧʠʥʳʯ, ʚʫʣʢʘʥʳ ɼʫʛʘ ʠ 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ʤʘʘʨ ʦʟ. ɼʘʣʴʥʝʛʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʦʡ 

ʛʦʣʦʮʝʥʦʚʳʡ ʵʪʘʧ ʚʫʣʢʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪ ʠʩʪʦʨʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ.  

ʊ. ʦ. ʋʟʦʥ-ɻʝʡʟʝʨʥʘʷ ʜʝʧʨʝʩʩʠʷ, ʟʘʧʦʣʥʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʳʤʠ ʢʘʣʴʜʝʨʥʦ-ʦʟʝʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʢʘʟʘʣʘʩʴ "ʟʘʞʘʪʦʡ" ʚ 

ʙʣʦʢʝ ʠʟ ʤʝʥʝʝ ʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ 

[ʇʠʣʠʧʝʥʢʦ, 1974]. ʆʥʘ ʩʪʘʣʘ ʠʜʝʘʣʴʥʳʤ çʚʤʝʩʪʠʣʠʱʝʤè ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [ɹʝʣʦʫʩʦʚ, 1983] ʠ ʚʤʝʩʪʠʣʠʱʝʤ ʩʣʦʞʥʦʡ 

ʚʦʜʦʥʘʧʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʰʝʡ ʚ ʝʸ ʥʝʜʨʘʭ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘʨʪʝʟʠʘʥʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʪʨʝʱʠʥʥʳʭ ʚʦʜ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ [ʇʠʣʠʧʝʥʢʦ, 1974]. 

ʉ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ɼʦʣʠʥʳ 

ɻʝʡʟʝʨʦʚ ʠ ʢʘʣʴʜʝʨʳ ʋʟʦʥ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʦ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠ ʨʘʟʦʙʱʝʥʳ. 

ʋʟʦʥʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʘ ʩ ʢʘʣʴʜʝʨʦʡ ʋʟʦʥ ʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ 

ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ - ʩ 

ʂʠʭʧʠʥʳʯʩʢʠʤ ʜʦʣʛʦʞʠʚʫʱʠʤ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʠ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ 

ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʩʢʣʦʥʘ [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1998; ʃʝʦʥʦʚ, 2010]. ʇʦ ʤʥʝʥʠʶ ʫʯʝʥʳʭ 

[ɹʝʣʦʫʩʦʚ ʠ ʜʨ., 1983; ɻʨʠʙ, ʃʝʦʥʦʚ, 1985; ʃʝʦʥʦʚ, ɻʨʠʙ, 2004] ʦʙʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʝʜʠʥʳʤ ʢʦʨʦʚʳʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʯʘʛʦʤ, ʪ .ʝ. 

ʠʤʝʶʪ ʝʜʠʥʫʶ ʦʙʣʘʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʠʪʘʥʠʷ. 
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ʇʦ ʤʥʝʥʠʶ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2010] ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʙʘʩʩʝʡʥʘ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ (ʫʩʣʦʚʠʷ 

ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʦʙʣʘʩʪʴ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʢʘʣʴʜʝʨʫ, ʥʦ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʚʥʝʰʥʠʝ ʩʢʣʦʥʳ), ʢʘʢ ʠ ʜʨʫʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʘʣʴʜʝʨ, ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʧʦʜʧʠʪʳʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ 

ʠʛʨʘʪʴ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʫʣʢʘʥʘ ʊʘʫʥʰʠʮ (2353 ʤ). ʆʪʣʦʞʝʥʠʷ ʢʘʣʴʜʝʨʥʦ-

ʦʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʱʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʪʨʦʚ ʩʣʫʞʘʪ 

ʚʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʘ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʥʠʭ ʧʨʦʩʣʦʠ ʘʣʝʚʨʦʧʝʣʠʪʦʚʳʭ 

ʪʫʬʦʚ - ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʦʜʦʫʧʦʨʘʤʠ.  

ʋʟʦʥ - ɻʝʡʟʝʨʥʘʷ ʢʘʣʴʜʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ: 1- ʛʦʨʠʟʦʥʪʳ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ; 2 ï ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʣʴʜʝʨʥʦ - ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ (Q3
4
 col, js, pmz, grn), 

ʚʢʣʶʯʘʶʱʠʝ ʧʝʤʟʦʚʳʝ ʪʫʬʳ, ʧʝʩʯʘʥʠʢʠ ʠ ʙʨʝʢʯʠʠ; 3 - ʧʨʦʥʠʮʘʝʤʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʠʦʣʠʪʦʚʳʭ, ʜʘʮʠʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʵʢʩʪʨʫʟʠʡ (ɝQ3
4
); 4- ʜʦʢʘʣʴʜʝʨʥʳʡ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʧʨʦʥʠʮʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʦʟʝʨʥʳʭ ʪʫʬʦʚ ʠ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʦʩʣʦʞʝʥʥʳʭ ʜʘʡʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ (Q3
3
ust)), ʘʥʜʝʟʠʪʦʚʳʭ ʣʘʚ ( Q3

3
), 

ʧʝʤʟʦʚʳʭ ʙʨʝʢʯʠʡ (ɝQ3
3
) ʠ ʢʘʣʴʜʝʨʥʳʭ ʜʘʮʠʪʦʚʳʭ ʠ ʨʠʦʣʠʪʦʚʳʭ ʵʢʩʪʨʫʟʠʡ (ɝQ3

3
); 

5 - ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʙʘʟʘʣʴʪʦʚʳʭ, ʘʥʜʝʟʠʪʦʚʳʭ, ʜʘʮʠʪʦʚʳʭ ʣʘʚ ʠ 

ʧʠʨʦʢʣʘʩʪʠʢʠ ( Q3
1-2

); 6 - ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʙʘʟʘʣʴʪʦʚʳʭ ʣʘʚ (Q1-2); 7- 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʧʣʠʦʮʝʥʦʚʳʭ ʪʫʬʦʚ, ʙʘʟʘʣʴʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ; 8- ʌʫʥʜʘʤʝʥʪ: 

ʪʨʝʪʠʯʥʳʡ ʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ [Kiryukhin, 2016; Kiryukhin, Sugrobov, Sonnenthal, 

2018]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʦʨʦʜ ʙʘʩʩʝʡʥʘ, ʥʘʣʠʯʠʝ ʚʦʜʦʫʧʦʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʚʳʩʦʢʠʝ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʦʙʣʘʩʪʝʡ ʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ 

ʧʨʝʜʝʣʘʭ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ ʚʳʩʦʢʠʡ ʥʘʧʦʨ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [ʂʠʨʶʭʠʥ, 

2010]. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʢʘʣʴʜʝʨʳ ʋʟʦʥ.  ɺ ʢʘʣʴʜʝʨʝ ʋʟʦʥ ʩʦʚʨʝʤʝʥʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʨʦʷʚʠʣʘʩʴ ʚʳʭʦʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʝʛʨʝʪʳʭ ʚʦʜ ʠ ʠʭ ʜʝʨʠʚʘʪʦʚ, ʩʦʟʜʘʚʰʠʭ 

ʣʦʢʘʣʴʥʫʶ ʟʦʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʛʨʝʚʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʌʦʨʤʳ 

ʧʨʦʷʚʣʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ: ʛʦʨʷʯʠʝ 

ʠʩʪʦʯʥʠʢʠ, ʛʨʷʟʝʚʳʝ ʢʦʪʣʳ ʠ ʚʫʣʢʘʥʯʠʢʠ, ʛʘʟʦʧʘʨʦʚʳʝ ʩʪʨʫʠ, ʧʣʦʱʘʜʢʠ 
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ʧʨʦʛʨʝʪʳʭ ʧʦʨʦʜ ʠ ʦʙʰʠʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʨʤʘʣʴʥʳʭ ʦʟʝʨ, ʚ ʜʥʝ ʠ ʧʦ ʙʝʨʝʛʘʤ 

ʢʦʪʦʨʳʭ ʚʳʭʦʜʷʪ ʧʝʨʝʛʨʝʪʳʝ ʚʦʜʳ ʠ ʠʭ ʜʝʨʠʚʘʪʳ [ʂʘʨʧʦʚ, 2012]. ɺʩʝ ʫʯʘʩʪʢʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ ʦʟ. 

ʎʝʥʪʨʘʣʴʥʦʛʦ, ʚʝʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠ ʛʨʫʥʪʦʚʳʡ ʩʪʦʢ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʵʪʦ ʦʟʝʨʦ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʋʟʦʥʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ 

ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʝʩʪʥʦʡ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ɺ ʋʟʦʥʩʢʦʡ ʪʝʨʤʦʘʥʦʤʘʣʠʠ ʚʩʪʨʝʯʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʚʦʜ, ʧʨʠʩʫʱʠʝ ʟʦʥʘʤ ʨʘʟʛʨʫʟʢʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ, 

ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ, ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ, ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʳʝ ʪʠʧʳ 

ʚʦʜ. 

ʇʦ ʨʘʩʯʝʪʘʤ ɻ. ʌ. ʇʠʣʠʧʝʥʢʦ, ʩʫʤʤʘʨʥʳʡ ʜʝʙʠʪ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʨʘʟʛʨʫʟʢʝ ʚ ʨ. ʐʫʤʥʫʶ, 

ʩʦʩʪʘʚʣʷʝʪ 170 ʣ/ʩ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʚʥʘ 270 ʄɺʪ.  
 

 

 
ʈʠʩ. 1.5. ʉʭʝʤʘʪʠʯʝʩʢʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʋʟʦʥ - ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ ʧʦ [Kiryukhin, 

2016]. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʥʳ ʮʚʝʪʘʤʠ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

(ʩʚʝʪʣʦ-ʩʝʨʳʡ), ʦʟʝʨʥʦ - ʢʘʣʴʜʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʞʝʣʪʳʡ), ʨʠʦʣʠʪ - ʜʘʮʠʪʦʚʳʝ ʵʢʩʪʨʫʟʠʠ 

(ʨʦʟʦʚʳʡ), ʜʦʢʘʣʴʜʝʨʥʳʝ ʪʫʬʳ ʠ ʦʩʘʜʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʩʝʨʳʡ), ʠ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʳʝ ʣʘʚʳ 

(ʟʝʣʝʥʳʡ). ʎʠʬʨʳ 1, 2, 3 - ʛʝʡʟʝʨʳ - ɺʝʣʠʢʘʥ, ɹʦʣʴʰʦʡ, ʐʘʤʘʥ (ʄʫʪʥʳʡ). ʄʘʩʰʪʘʙ: 34 ʢʤ Ĭ 16 

ʢʤ. 
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ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ɼʦʣʠʥʳ 

ɻʝʡʟʝʨʦʚ. ɿʜʝʩʴ ʨʘʟʛʨʫʞʘʶʪʩʷ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, 

ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʳʝ ʠ ʂʠʭʧʠʥʳʯʝʚʩʢʠʝ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʚʳʭʦʜʦʚ ʠʟʚʝʩʪʥʳʭ 

ʛʝʡʟʝʨʦʚ, ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʘʨʦʚʳʭ ʩʪʨʫʡ 350-550 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ 

ʚʳʭʦʜʝ ʜʦʩʪʠʛʘʝʪ 98Á ʉ. ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʳʝ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ (ʘ. ʦ. ʚʳʭʦʜʦʚ 700 - 

770 ʤ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʦʱʥʳʤʠ ʩʪʨʫʷʤʠ ʥʘʩʳʱʝʥʥʦʛʦ ʠ 

ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ (ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 112Á ʉ) ʠ ʛʨʷʟʝʚʳʤʠ ʢʠʧʷʱʠʤʠ 

ʢʦʪʣʘʤʠ. ɺ ʩʦʩʪʘʚʝ ʛʘʟʘ ʧʨʝʦʙʣʘʜʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011]. 

ʂʠʭʧʠʥʳʯʝʚʩʢʠʝ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʦʛʘʟʦʚʳʤʠ ʩʪʨʫʷʤʠ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʤʠ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʋʟʦʥ-ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 

ʢʠʩʣʳʤ ʢʦʨʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 40 ʪʳʩ. ʣʝʪ [ʂʠʨʶʭʠʥ, 

ʈʳʯʢʦʚʘ, 2011]. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʟʘʣʦʞʝʥʳ ʚ ʦʩʥʦʚʘʥʠʠ 

ʜʦʢʘʣʴʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʪʫʬʦʙʨʝʢʯʠʠ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ ʠ ʪʫʬʳ, ʦʩʣʦʞʥʝʥʥʳʝ 

ʜʘʡʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ) ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʠʩʪʝʤʝ ʨʘʜʠʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʦʧʝʨʷʶʱʠʭ ʘʢʪʠʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ. ʀʥʪʝʥʩʠʚʥʳʡ ʜʨʝʥʘʞ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ (ʧʦʥʠʞʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʟʛʨʫʟʢʠ ʩʦʩʪʘʚʠʣʦ 400-500 ʤ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 5-6 ʪʳʩ. ʣʝʪ), ʥʘʯʘʚʰʠʡʩʷ 10-12 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʧʨʠʚʝʣ ʢ ʩʥʠʞʝʥʠʶ 

ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʝʝ ʨʘʟʛʨʫʟʢʠ [ʃʝʦʥʦʚ, 2009]. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥ rɻʝʡʟʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʩʠʩʪʝʤʳ ʜʚʫʭ 

ʧʨʦʥʠʮʘʝʤʳʭ ʨʘʟʣʦʤʦʚ (ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʧʘʨʦʛʠʜʨʦʪʝʨʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʜʘʥʥʳʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʲʝʤʢʠ 

4.08.2010), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʯʘʩʪʠʯʥʦ ʨʘʩʧʣʘʚʣʝʥʥʳʤ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʪʝʣʦʤ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʦʪʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.6 ʠ 1.8 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2011].  

ʋʩʣʦʚʠʷ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ. ɺ ʨʘʙʦʪʘʭ [Kiryukhin et al., 2012 Kiryukhin et al., 

2015] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʠʜʨʦʠʟʦʪʦʧʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʜʳ (ŭD, ŭO
18
) ʚ 1985 ʠ 

2010-2019 ʛʛ., ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ɻʝʡʟʝʨʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʘ.ʦ. ʦʪ +700 ʜʦ +1200 ʤ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʝʦʨʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʟʦʥʳ ʧʠʪʘʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ 

ʛʨʘʥʠʮʘʤʠ ʨʠʦʣʠʪʦʚʳʭ ʵʢʩʪʨʫʟʠʡ ʩ ʛʣʫʙʦʢʠʤʠ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤʠ ʢʦʨʥʷʤʠ 
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(ɝQ3
4
), ʘ ʪʘʢʞʝ ʩ ʛʨʘʥʠʮʘʤʠ ʢʘʣʴʜʝʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʛʨʝʪʳʭ ʫʯʘʩʪʢʦʚ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʚʩʝʩʝʟʦʥʥʫʶ ʠʥʬʠʣʴʪʨʘʮʠʶ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʵʢʩʪʨʫʟʠʡ ʷʚʣʷʝʪʩʷ 

ʨʠʦʣʠʪʦʚʘʷ ʵʢʩʪʨʫʟʠʷ ɻʝʡʟʝʨʥʘʷ (ɝQ3
4
), ʠʤʝʶʱʘʷ ʘ.ʦ. ʦʪ +600 ʜʦ +1085 ʤ ʠ 

ʧʣʦʱʘʜʴ ʙʦʣʝʝ 6 ʢʤ 
2
. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʫʩʣʦʚʠʷ ʮʠʨʢʫʣʷʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1.6 ʠ 1.8. 

ʋʩʣʦʚʠʷ ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011]. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʦʯʘʛʘʤʠ ʨʘʟʛʨʫʟʢʠ 

ʛʠʜʨʦʪʝʨʤ: ʅʠʞʥʝ-ɻʝʡʟʝʨʥʦʝ ʧʦʣʝ (ʚ ʦʩʥʦʚʥʦʤ ʛʝʡʟʝʨʳ ʠ ʢʠʧʷʱʠʝ ʠʩʪʦʯʥʠʢʠ); 

ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʝ ʧʦʣʝ (ʥʠʞʥʠʡ ʫʯʘʩʪʦʢ ʨʘʟʛʨʫʟʢʠ - ʛʦʨʷʯʝʚʦʜʥʳʝ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʳʝ ʠʩʪʦʯʥʠʢʠ; ʚʝʨʭʥʠʡ ʫʯʘʩʪʦʢ ʨʘʟʨʫʟʢʠ ï ʧʘʨʦʚʳʝ ʩʪʨʫʠ ʠ 

ʧʘʨʦʢʦʥʜʝʥʩʘʪʥʳʝ ʠʩʪʦʯʥʠʢʠ) ʠ ɼʦʣʠʥʘ ʉʤʝʨʪʠ (ʧʘʨʦʛʘʟʦʚʳʝ ʩʪʨʫʠ ʠ 

ʧʘʨʦʢʦʥʜʝʥʩʘʪʥʳʝ ʠʩʪʦʯʥʠʢʠ). ʆʩʥʦʚʥʘʷ ʟʦʥʘ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʚʳʪʷʥʫʪʘ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʠ ʟʘʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʜʦʢʘʣʴʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʟʝʨʥʳʤʠ ʪʫʬʘʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʩʣʦʞʥʝʥʥʳʤʠ 

ʢʦʤʧʣʝʢʩʦʤ ʜʘʝʢ (Q3
3
ust). ʋʢʘʟʘʥʥʘʷ ʟʦʥʘ ʪʨʘʩʩʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʧʷʱʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʛʝʡʟʝʨʘʤʠ ʩ ʩʫʤʤʘʨʥʦʡ ʨʘʟʛʨʫʟʢʦʡ 260-300 ʢʛ/ʩ.  

ɼʨʫʛʘʷ ʟʥʘʯʠʤʘʷ ʪʝʨʤʦʚʳʚʦʜʷʱʘʷ ʟʦʥʘ ʚʳʪʷʥʫʪʘ ʚ ʩʝʚʝʨʥʦʤ-ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʬʫʤʘʨʦʣʘʤʠ ʠ ʪʝʨʤʘʣʴʥʳʤʠ ʧʦʣʷʤʠ ʥʘ 

ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʤ ʧʦʣʝ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʜʚʝ ʧʨʦʥʠʮʘʝʤʳʝ ʪʝʨʤʦʚʳʚʦʜʷʱʠʝ 

ʟʦʥʳ - ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ ʧʨʠʫʨʦʯʝʥʘ ʢ ʢʦʥʪʫʨʫ 

ʥʘʜʠʥʪʨʫʟʠʚʥʦʡ ʟʦʥʳ, ʦʪʜʝʣʴʥʳʤ ʜʘʡʢʘʤ ʚʥʫʪʨʠ ʥʘʜʠʥʪʨʫʟʠʚʥʦʡ ʟʦʥʳ, ʠ 

ʧʦʜʦʰʚʝ ʚʦʜʦʫʧʦʨʥʦʛʦ ʩʣʦʷ, ʩʣʦʞʝʥʥʦʛʦ ʠʟʤʝʥʝʥʥʳʤʠ ʦʟʝʨʥʳʤʠ ʪʫʬʘʤʠ 

(Q3
4
pmz, grn), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ ʩʲʝʤʢʠ 2010 ʠ ʛ. 

ʀʩʪʦʯʥʠʢʠ ʪʝʧʣʘ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʠʯʥʦ ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʪʝʣʦ ʧʦʜ ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʳʤ ʧʦʣʝʤ, 

ʢʦʥʪʫʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʷʚʣʝʥʘ ʦʙʰʠʨʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 

ʜʦ 15 ʩʤ ʟʘ ʧʝʨʠʦʜ ʩ 1999 ʧʦ 2003 ʛʛ. (ʧʨʠʤʝʨʥʦ 4 ʩʤ ʚ ʛʦʜ) [Lundgren, 2006; 

Shteinberg, Manga, Korolev, 2013]. 
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ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ 

(ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 1.6) ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ (ʧʘʨʷʱʠʡ ʛʨʫʥʪ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʲʝʤʢʦʡ (ʀʂ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʘʚʛʫʩʪʝ 2010 ʛʦʜʘ ʠ 

ʘʧʨʝʣʝ 2014 ʛʦʜʘ. ʅʝʢʦʪʦʨʳʝ ʘʥʦʤʘʣʠʠ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʜʘʡʢʠ [Kiryukhin, Rychkova, 2011]. 

ʊʝʧʣʦ ʦʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʜʦʩʪʘʚʣʷʝʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʣʶʠʜ ʤʝʪʝʦʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [Kiryukhin et al., 2012; 

Kiryukhin et al., 2015]. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʪʦʢʘ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ Na-K ʠ SiO2 ʛʝʦʪʝʨʤʦʤʝʪʨʘʤ ʦʢʦʣʦ 210
o 
ʉ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʵʥʪʘʣʴʧʠʷ 900 ʢɼʞ/ʢʛ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʧʠʪʘʶʱʝʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ [Kiryukhin, 2016]. 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ ʚʝʣʠʯʠʥʝ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʮʝʥʝʥʘ ʭʣʦʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʚ 315 ʢʛ/ʩ ʚ 1989 

ʛ. [Fournier, R., 1989, ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009], ʠ ʧʦʚʪʦʨʥʦ ʨʘʩʩʯʠʪʘʥʥʘʷ ʪʝʤ ʞʝ 

ʤʝʪʦʜʦʤ ʢʘʢ 215 ʢʛ/ʩ ʚ 2008-2014 ʛʛ. [Kiryukhin et al., 2012; Kiryukhin et al., 2015].  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɻʝʡʟʝʨʳ ʠ ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ ʅʠʞʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʧʦʣʷ 

ʠ ʥʠʞʥʠʡ ʫʯʘʩʪʦʢ ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʧʦʣʝʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʩʫʙʱʝʣʦʯʥʳʤʠ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤʠ 

ʚʦʜʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ ʉʆ2 ʠ N2. ɺʚʝʨʭ ʧʦ 

ʪʝʯʝʥʠʶ ʚ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʘʭ ʚʝʨʭʥʝʛʦ ʫʯʘʩʪʢʘ ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʧʦʣʷ ʠ 

ɼʦʣʠʥʳ ʉʤʝʨʪʠ ʟʥʘʯʝʥʠʷ pH ʥʠʟʢʠʝ ʠ ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨ-ʠʦʥʘ, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʪ ʫʩʣʦʚʠʡ ʚʦʜʦʜʦʤʠʥʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʢ ʫʩʣʦʚʠʷʤ 

ʜʚʫʭʬʘʟʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ [ʂʠʨʶʭʠʥ ʠ ʜʨ, 

2011]. 

ɺʦʜʦʫʧʦʨ. ʈʦʣʴ ʚʦʜʦʫʧʦʨʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʚʳʧʦʣʥʷʶʪ 

ʦʟʝʨʥʦ-ʢʘʣʴʜʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ɻʝʡʟʝʨʥʦʡ ʧʘʯʢʠ (Q3
4 

grn), ʟʘʣʝʛʘʶʱʠʝ ʩ ʫʛʣʦʤ 

ʧʘʜʝʥʠʷ 8-25Á ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʙʘʩʩʝʡʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ. 

ʆʟʝʨʥʦ-ʢʘʣʴʜʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʣʦʞʝʥʳ ʧʝʤʟʦʚʳʤʠ ʪʫʬʘʤʠ, ʪʫʬʦʛʨʘʚʝʣʠʪʘʤʠ, 

ʪʫʬʦʧʝʩʯʘʥʠʢʘʤʠ, ʣʠʥʟʘʤʠ ʙʨʝʢʯʠʡ. ʂʦʥʪʘʢʪ ʧʦʜʦʰʚʳ ɻʝʡʟʝʨʥʦʡ ʧʘʯʢʠ ʠ ʢʨʦʚʣʠ 

ʋʩʪʴʝʚʦʡ ʧʘʯʢʠ ʷʚʣʷʝʪʩʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʳʤ. ʂʦʛʜʘ ʚʦʩʭʦʜʷʱʠʡ ʪʝʨʤʘʣʴʥʳʡ 

ʬʣʶʠʜ ʜʦʩʪʠʛʘʝʪ ʧʦʜʦʰʚʳ ʵʪʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʚʦʜʦʫʧʦʨʥʦʛʦ ʩʣʦʷ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ 
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ʝʛʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʧʘʨʦʚʫʶ ʠ ʞʠʜʢʫʶ ʬʘʟʫ. ɺʦʜʘ ʜʚʠʞʝʪʩʷ ʚʥʠʟ (ʧʦ ʧʘʜʝʥʠʶ 

ʧʦʜʦʰʚʳ ʚʦʜʦʫʧʦʨʘ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʣʠʥʳ ʨ. ɻʝʡʟʝʨʥʦʡ (ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ), ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʪʦʢ 

ʧʘʨʘ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ (ʦʪ ʟʦʥʳ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʧʦ ʚʦʩʩʪʘʥʠʶ ʧʦʜʦʰʚʳ 

ʚʦʜʦʫʧʦʨʘ), ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʪ.ʝ. ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʙʦʨʪʫ ʦʧʦʣʟʥʷ 

3-06-07 ʠ ʬʫʤʘʨʦʣ ˉ 12, 44 ʠ ʠʩʪʦʯʥʠʢʘ 64). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʷ ʧʣʦʱʘʜʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʚʦʜʦʫʧʦʨʘ (ɻʝʡʟʝʨʥʦʡ ʧʘʯʢʠ) ʢ ʩʝʚʝʨʫ ʦʪ ʛʨʘʥʠʮʳ 

ʦʧʦʣʟʥʷ ʧʨʦʧʘʨʠʚʘʝʪʩʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʩʳʱʘʝʪʩʷ ʢʦʥʜʝʥʩʘʪʦʤ ʧʘʨʘ (ʨʠʩ. 1.6). 

ʉʪʝʥʢʘ ʜʦʢʘʣʴʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʣʦʢʠʨʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʘʨʘ ʚ ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʜʝʥʩʘʪʘ ʠ ʥʘʧʨʘʚʣʷʝʪ ʝʛʦ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʡ ʩʝʢʪʦʨ ʮʠʨʢʘ ʦʪʨʳʚʘ ʦʧʦʣʟʥʷ 3-06-07, ʛʜʝ ʧʦʩʣʝ ʦʧʦʣʟʥʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʨʘʟʛʨʫʟʢʘ ʚ ʚʠʜʝ ʬʫʤʘʨʦʣʴʥʦʛʦ ʧʦʣʷ ʠ ʢʦʥʜʝʥʩʘʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʛʨʫʟʢʘ ʧʘʨʘ ʯʘʩʪʠʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥʘʭ ʯʝʨʝʟ 

ʢʨʦʚʣʶ ʚʝʨʭʥʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʦʜʦʫʧʦʨʘ (ʧʘʨʦʚʳʝ ʩʪʨʫʠ ˉ 12 ʠ 44, ʠʩʪʦʯʥʠʢ 

t45qO5).  

ʊʝʤʧʝʨʘʪʫʨʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʡʟʝʨʘʤ ʠ 

ʛʦʨʷʯʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʦʮʝʥʠʚʘʝʤʳʝ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʛʝʦʪʝʨʤʦʤʝʪʨʘʤ ʩʠʣʠʢʘʪʥʦʤʫ 

(T SiO2) ʠ ʥʘʪʨʠʡ-ʢʘʣʠʝʚʦʤʫ (T Na-K) ʥʘ ʅʠʞʥʝ-ɻʝʡʟʝʨʥʦʤ ʠ ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʤ 

ʧʦʣʷʭ ʜʦʩʪʠʛʘʶʪ ʦʢʦʣʦ 210 
o
C, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʠʩʭʦʜʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʣʫʙʠʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʧʠʪʘʶʱʝʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʩʪʘʚʣʷʝʪ 

17.6 ʙʘʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʧʦʜ ʥʘʢʣʦʥʥʦ ʟʘʣʝʛʘʶʱʠʤ ʚʦʜʦʫʧʦʨʦʤ 

(ʛʁʦ-ʚʦʩʪʦʯʥʝʝ ʅʠʞʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʧʦʣʷ) [ʂʠʨʶʭʠʥ ʠ ʜʨ, 2011], ʠʤʝʶʱʝʛʦ 

ʧʦʪʝʥʮʠʘʣ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʚʟʨʳʚʘ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨʘʩʭʦʜʘʤʠ) 

ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʦʪʦʧʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʜʳ ʠʩʪʦʯʥʠʢʦʚ (ŭD, 

ŭO
18
) ʠ ʜʘʥʥʳʤʠ SiO2 ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2011]. 
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ʈʠʩ. 1.6. ʋʩʣʦʚʠʷ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʦ ɺ.ʃ. ʃʝʦʥʦʚʫ 

(2008, ʣʠʯʥ. ʩʦʦʙʱ.) ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʧʦ ʛʠʜʨʦʛʝʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ɸ.ɺ. ʂʠʨʶʭʠʥʘ, ʊ.ɺ. ʈʳʯʢʦʚʦʡ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 20011; 

Kiryukhin et all, 2012]. ʉʝʨʳʡ ʟʘʧʦʣʥʝʥʥʳʡ ʢʦʥʪʫʨ ʥʘ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʢʘʨʪʳ ï ʢʦʥʪʫʨ ʦʧʦʣʟʥʷ 3 ʠʶʥʷ 2007 ʛ. ʀʥʜʝʢʩʘʤʠ ʧʦʢʘʟʘʥʳ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ; ʧʫʥʢʪʠʨʥʘʷ ʪʦʯʝʯʥʘʷ ʣʠʥʠʷ - ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʯʘʩʪʠʯʥʦ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʯʘʛʘ ʚ ʧʣʘʥʝ; ʢʨʘʩʥʳʝ ʞʠʨʥʳʝ ʣʠʥʠʠ ï ʨʘʜʠʘʣʴʥʳʝ ʪʝʨʤʦʧʨʦʚʦʜʷʱʠʝ ʟʦʥʳ ʨʘʟʣʦʤʦʚ, ʟʫʙʯʘʪʘʷ ʣʠʥʠʷ ï ʯʘʩʪʴ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʋʟʦʥ-

ɻʝʡʟʝʨʥʦʡ ʢʘʣʴʜʝʨʳ, ʩʠʤʚʦʣʳ ʩ ʮʠʬʨʘʤʠ ï ʧʦʟʠʮʠʠ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʛʝʡʟʝʨʦʚ ʠ ʬʫʤʘʨʦʣ (ʩʤ. ʪʘʙʣ. 1.1) ʜʘʥʳ ʧʦ ʆ.ʇ. ɹʘʪʘʝʚʦʡ (2003, 

ʣʠʯʥ. ʩʦʦʙʱ.); ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʦʩʣʝ ʦʧʦʣʟʥʷ, ʧʦʢʘʟʘʥʳ ʩ ʞʝʣʪʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʩʠʤʚʦʣʦʚ. ʂʦʥʪʫʨʳ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʠ 

ʦʧʦʣʟʥʷ 3-06-07 ʜʘʥʳ ʧʦ ɺ.ʅ. ɼʚʠʛʘʣʦ (2007, ʣʠʯʥ. ʩʦʦʙʱ.). ʇʣʦʩʢʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʦʰʚʝ ʧʝʤʟʦʚʳʭ ʪʫʬʦʚ ɻʝʡʟʝʨʥʦʡ ʧʘʯʢʠ 

Q3
4
grn. ʉʝʪʢʘ ʢʘʨʪʳ ï 500 ʤ.  
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ʈʠʩ. 1.7.  ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩ. 1.6. 
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ʈʠʩ. 1.8. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʛʝʦʣʦʛʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʧʦ ʣʠʥʠʠ ɽ-ʋ 

(ʩʝʯʝʥʠʝ ʖɿ-ʉɺ) [Kiryukhin, Rychkova, Dubrovskaya, 2012]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩ.1.7. ʈʘʟʤʝʪʢʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ - 500 ʤ, ʧʦ 

ʚʝʨʪʠʢʘʣʠ - 250 ʤ. 
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ʊʘʙʣʠʮʘ 1.1. ʇʨʠʥʷʪʘʷ ʥʫʤʝʨʘʮʠʷ ʠ ʥʘʟʚʘʥʠʷ ʛʝʡʟʝʨʦʚ, ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʬʫʤʘʨʦʣ 

(ʩʤ. ʨʠʩ. 1.6, 1.7 ʠ 1.8). 

 
ˉ ʥʘ 

ʢʘʨʪʝ 

ʅʘʟʚʘʥʠʝ ˉ ʥʘ 

ʢʘʨʪʝ 

ʅʘʟʚʘʥʠʝ ˉ ʥʘ 

ʢʘʨʪʝ 

ʅʘʟʚʘʥʠʝ 

1 ɼʈ-2 21 ɸʚʝʨʴʝʚʩʢʠʡ 40 ʈʦʟʦʚʳʡ ʂʦʥʫʩ 

2 ɼʈ-3 22 ɼʚʦʡʥʦʡ 45 ʊʨʫʙʳ 

3 ʇʝʨʚʝʥʝʮ 23 ɺʝʣʠʢʘʥ 46 ɹʫʨʣʷʱʠʡ 

5 ʊʨʦʡʥʦʡ 24 ʇʘʨʷʱʠʡ 47 ʇʝʱʝʨʘ 

6 ʉʘʭʘʨʥʳʡ, ʉʦʩʝʜ 25 ɾʝʤʯʫʞʥʳʡ 48 ɺʦʩʴʤʝʨʢʘ 

7 ʋ ʚʦʜʦʧʘʜʘ 26 ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ 49 ʇʣʘʯʫʱʠʡ 

8 ɼʨʝʚʥʠʡ 27 ʄʘʣʘʷ ʇʝʯʴ 52 ɺʝʨʭʥʠʡ 

9 ʄʘʣʶʪʢʘ 28 ɹʦʣʴʰʦʡ 54 ʍʣʦʨʠʜʥʳʡ 

10 ʊʝʨʝʤʢʦʚʳʡ 29 ʄʘʣʳʡ 55 ʂʠʩʣʳʡ ʂʦʪʝʣ 

11 ɺʦʨʦʪʘ ʚ ɻʝʡʟʝʨʥʫʶ 30 ʇʝʱʝʨʥʳʡ 56 ʂʠʧʷʱʠʡ ʂʦʪʝʣ 

12 ɼʨʦʟʥʠʥʩʢʠʝ 31 ʂʨʘʩʥʳʡ 57 ɹʦʣ. ʌʫʤʘʨʦʣʘ 

14 ɺʘʥʥʘ 32 ʋʩʪʴʝʚʦʡ 59 ʅʝʦʞʠʜʘʥʥʳʡ 

15 ʂʦʚʘʨʥʳʡ 33 ʈʦʤʝʦ ʠ ɼʞʫʣʴʝʪʪʘ 60 ʏʝʨʥʳʡ 

16 ʇʨ. ʂʦʪʝʣ 34 ʂʘʤʝʥʢʘ 61 ɻʦʣʫʙʦʡ 

17 ʌʣʛʁʝʨ 35 ɹʫʨʘʪʠʥʦ 62 ʄʘʣʘʭʠʪʦʚʳʡ 

18 ʃʝʰʠʡ 36 ʂʦʥʫʩ 63 ɺʦʩʴʤʝʨʢʘ 

19 ʌʦʥʪʘʥ 37 ɸʨʪʝʬʘʢʪ 65 ʑʝʣʴ 

20 ɻʨʦʪ 38 ʉʢʘʣʠʩʪʳʡ   

ɻʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ ʠ ʬʫʤʘʨʦʣʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝ 3.06.2007 

N1 ʋʩʪʴʝʚʳʝ N7 ʌʫʤʘʨʦʣʘ ʇʦʜʨʳʚʘ N13 t52q3R 

N2 t15q01 N8 t24q05 N14 t60q4L 

N3 ʇʘʨ N9 t98q2 N15 t98q005 

N4 t26q10 N10 t98q02 N16 t98q3R 

N5 t18q6 N11 t98q01 N19 t41q02L 

N6 t25q12 N12 t98q01 N23 t25q2R 

 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʱʝʡʩʷ ʥʦʚʝʡʰʠʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʟʜʥʝʯʝʪʚʝʨʪʠʯʥʳʤʠ, 

ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ [ʃʝʦʥʦʚ, 2001]. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʜʣʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚʫʣʢʘʥʘʤʠ ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ 

ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʳ ʀʯʘ, ʋʢʩʠʯʘʥ, ɸʥʘʫʥ, ʏʘʰʘʢʦʥʜʞʘ, ɸʣʥʝʡ, ʘ ʚʙʣʠʟʠ ʥʠʭ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʂʠʨʝʫʥʩʢʘʷ ʠ ɼʚʫʭʲʶʨʪʦʯʥʘʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʜʥʦʤʫ ʠʟ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʠʭʩʷ ʚ ʩʨʝʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ [ʃʝʦʥʦʚ, 

1991] ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʤʘʩʩʠʚʫ ɸʣʥʝʡ-ʏʘʰʘʢʦʥʜʞʘ, ʩʣʦʞʝʥʥʦʤʫ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʨʦʷʚʠʚʰʝʤʫ 

ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʝʧʣʦʚʦʝ ʧʠʪʘʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 
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ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʦʥʘʭ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʠʭ 

ʨʘʟʣʦʤʦʚ [ʃʝʦʥʦʚ, ɻʨʠʙ, 2004].  

ʂʠʨʝʫʥʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʙʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ ʚ 1934 ʛ. ʛʠʜʨʦʛʝʦʣʦʛʦʤ ɻ. ʅ. 

ʇʨʦʬʝʨʘʥʩʦʚʳʤ, ʟʘʪʝʤ ɹ. ʀ. ʇʠʡʧʦʤ ʚ 1937 ʛ., ʚ 1951 ʛ. ʊ.ʀ. ʋʩʪʠʥʦʚʦʡ, ʚ ʢʦʥʮʝ 

60-ʭ ï ʊ.ʇ. ʂʠʨʩʘʥʦʚʦʡ. ʂʠʨʝʫʥʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʚʦʩʪʦʯʥʳʭ ʦʪʨʦʛʘʭ ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʦʜʥʦʞʠʶ ʚʦʩʪʦʯʥʦʛʦ 

ʩʢʣʦʥʘ ʧʦʪʫʭʰʝʛʦ ʩʣʦʞʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ɸʣʥʝʡ ï ʏʘʰʘʢʦʥʜʞʘ. ʇʦ 

ʤʥʝʥʠʶ ɺ. ʃ. ʃʝʦʥʦʚʘ [ʃʝʦʥʦʚ, 2001], ʵʪʦʪ ʤʘʩʩʠʚ ʥʘʧʦʤʠʥʘʝʪ ʜʦʣʛʦʞʠʚʫʱʠʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʖʞʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʂʘʤʯʘʪʢʠ: ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ʅʘ ʥʝʤ ʨʘʟʚʠʪ 

ʤʥʦʛʦʚʳʭʦʜʥʦʡ ʚʫʣʢʘʥʠʟʤ, ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʧʨʦʠʟʦʰʣʦ ʚʥʝʜʨʝʥʠʝ 

ʢʨʫʧʥʳʭ ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ ʜʘʮʠʪʦʚʦʛʦ ʠ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʣʦʞʥʦʝ 

ʩʪʨʦʝʥʠʝ ʨʘʡʦʥʘ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʦʩʥʦʚʥʦʛʦ ʨʘʟʣʦʤʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʎʝʥʪʨʘʣʴʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ), ʰʠʨʦʪʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʪʨʝʱʠʥʘʤʠ ʠ ʚʥʝʜʨʝʥʠʝʤ ʢʠʩʣʳʭ ʵʢʩʪʨʫʟʠʡ ʚ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʝ ʚʨʝʤʷ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [ʂʠʨʩʘʥʦʚʘ, 

1971; ʃʝʦʥʦʚ 2001; ʖ.ʌ. ʄʘʥʫʭʠʥ, ʫʩʪʥ. ʩʦʦʙʱ.]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʨʘʡʦʥʘ ʩʣʦʞʝʥʘ ʘʥʜʝʟʠʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʘʤʠ ʘʣʥʝʡʩʢʦʡ 

ʩʝʨʠʠ (N2 - Q1ʘl), ʠ ʙʘʟʘʣʴʪʘʤʠ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʘʤʠ ʠ ʘʥʜʝʟʠʪʘʤʠ ʧʦʪʦʢʦʚ 

ʚʫʣʢʘʥʘ ɸʣʥʝʡ (Q
1
III) [ʂʠʨʩʘʥʦʚʘ, 1971] (ʫʯʘʩʪʢʠ, ʟʘʢʣʶʯʝʥʥʳʝ ʤʝʞʜʫ 

ʰʠʨʦʪʥʳʤʠ ʨʘʟʣʦʤʘʤʠ), ʧʦ ʤʥʝʥʠʶ [ʐʝʡʤʦʚʠʯ, ʌʝʜʦʪʦʚ, ʇʘʪʦʢʘ, 1970] ʠ 

ʇʦʥʦʤʘʨʝʚʦʡ ɺ.ɺ. (ʫʩʪʥ. ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

"ʂʨʫʧʥʝʡʰʠʝ ʵʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ ʚ ʧʣʝʡʩʪʦʮʝʥʝ"), 

ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ɸʣʥʝʡ-ʏʘʰʘʢʦʥʜʞʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʮʝʥʪʨʦʚ 

ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. 

ʂʠʨʝʫʥʩʢʠʝ ʪʝʨʤʳ - ʵʪʦ ʢʨʫʧʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚ ʚʝʨʭʦʚʴʷʭ 

ʛʣʫʙʦʢʦʚʨʝʟʘʥʥʦʡ ʚ ʧʣʘʪʦʦʙʨʘʟʥʫʶ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʨ. ʂʠʨʝʚʥʳ, ʧʝʨʚʘʷ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʷʪʴ 

ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʡ ʨʘʟʥʦʡ ʦʙʠʣʴʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ 20 ʜʦ 99 

Áʉ), ʥʦ ʠʜʝʥʪʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ɺʝʨʭʥʝ-ʂʠʨʝʫʥʩʢʠʝ, ʉʨʝʜʥʝ-

ʂʠʨʝʫʥʩʢʠʝ, ʅʠʞʥʝ-ʂʠʨʝʫʥʩʢʠʝ (ʄʘʣʳʡ ʂʣʶʯ), ʂʨʦʢʦʜʠʣʦʚʳ ʩʣʝʟʳ ʠ ʕʧʝʧʢʘ. 

ʇʦ ʦʮʝʥʢʝ ʊ.ʇ. ʂʠʨʩʘʥʦʚʦʡ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ɺʝʨʭʥʝʡ 
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ʛʨʫʧʧʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 5000 ʢʢʘʣ/ʩ. ʆʞʠʜʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʦʚ 

ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ (ɺʝʨʭʥʝ-ʂʠʨʝʫʥʩʢʠʭ) ʥʘ ʛʣʫʙʠʥʝ 2ʢʤ + 210 Áʉ [ʂʠʨʩʘʥʦʚʘ, 

1971].  

ʊʝʨʤʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ɺʝʨʭʥʝʡ ʛʨʫʧʧʳ ʜʝʣʠʪʩʷ ʥʘ 5 ʫʯʘʩʪʢʦʚ: ʘ) ʚʝʨʭʥʠʡ 

ʫʯʘʩʪʦʢ ʩ ʢʠʧʷʱʠʤʠ ʛʨʠʬʦʥʘʤʠ, ʚʳʙʨʘʩʳʚʘʶʱʠʤʠ ʧʘʨʦʚʦʜʷʥʫʶ ʩʤʝʩʴ ʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʪʨʫʠ [ʀʣʶʰʢʠʥʘ, 2008]; ʙ) ʩʪʨʫʡʯʘʪʳʝ ʠ ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʝ 

ʚʳʭʦʜʳ, ʠʤʝʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ, ʚ) ʫʯʘʩʪʦʢ ʟʘʪʦʧʣʝʥʥʳʭ ʛʝʡʟʝʨʦʚ-ʢʦʪʣʦʚ; 

ʛ) ʫʯʘʩʪʦʢ ʤʘʣʦʩʪʦʯʥʳʭ ʠ ʙʝʩʩʪʦʯʥʳʭ ʛʨʠʬʦʥʦʚ; ʜ) ʫʯʘʩʪʦʢ ʥʠʞʥʠʭ ʢʠʧʷʱʠʭ 

ʛʨʠʬʦʥʦʚ. ʅʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ, ʢʨʦʤʝ ʯʝʪʚʝʨʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʫʣʴʩʠʨʫʶʱʠʡ 

ʨʝʞʠʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʚ ʛʨʠʬʦʥ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʫʯʘʩʪʦʢ ʛʝʡʟʝʨʦʚ-ʢʦʪʣʦʚ, 

ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 5-8 ʤ, ʘ ʛʣʫʙʠʥʘ - ʜʦ 6 ʤ. ɿʜʝʩʴ ʠʟ ʛʣʫʙʠʥʳ ʦʛʨʦʤʥʳʭ 

ʛʨʠʬʦʥʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʥʠʤʘʶʪʩʷ ʧʫʟʳʨʠ ʧʘʨʘ ʠ ʛʘʟʘ, ʚʳʟʳʚʘʷ ʛʣʫʭʠʝ 

ʚʩʧʣʝʩʢʠ [ʀʣʶʰʢʠʥʘ, 2008]. ʅʘ ʫʯʘʩʪʢʝ ʤʘʣʦʩʪʦʯʥʳʭ ʠ ʙʝʩʩʪʦʯʥʳʭ ʛʨʠʬʦʥʦʚ 

ʦʙʨʘʟʦʚʘʥʳ ʛʝʡʟʝʨʠʪʦʚʳʝ ʥʘʪʝʯʥʳʝ ʪʝʨʨʘʩʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʤʦʱʥʦʡ ʠ 

ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʛʨʠʬʦʥʦʚ ʚ ʧʨʦʰʣʦʤ. ɼʣʷ ʚʩʝʭ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʡ 

ʂʠʨʝʫʥʩʢʦʡ ʜʦʣʠʥʳ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢʘʢ ʢ ʰʠʨʦʪʥʳʤ ʨʘʟʣʦʤʘʤ, ʪʘʢ ʠ ʢ 

ʦʧʝʨʷʶʱʠʤ ʪʨʝʱʠʥʘʤ, ʭʘʨʘʢʪʝʨʝʥ ʭʣʦʨʠʜʥʦ ï ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜ, ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʙʦʨʥʦʡ ʠ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪ 1.7 ʜʦ 2,5 ʛ/ʣ. 

ɼʝʙʠʪ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 30 ʣ/ʩ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʘʟʦʚʳʭ 

ʧʨʦʙ, ʵʪʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʘʟʦʪʥʳʝ ʪʝʨʤʳ (N2 ʩʦʩʪʘʚʣʷʝʪ 83 - 99 %) ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɺʝʨʭʥʝ-ʂʠʨʝʫʥʩʢʦʡ ʛʨʫʧʧʳ, ʛʜʝ ʚ ʦʪʜʝʣʴʥʳʭ ʛʨʠʬʦʥʘʭ 

ʩʦʜʝʨʞʘʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2 ʦʪ 

30 ʜʦ 54%) [ɹʨʘʫʥ, 2004]. ʇʦ ʦʮʝʥʢʝ ʊ.ʇ. ʂʠʨʩʘʥʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʧʠʪʘʥʠʷ ʂʠʨʝʫʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 2,5 ʪʳʩ. ʢʢʘʣ/ʩʝʢ*ʢʤ
2
. 

ɼʚʫʭʲʶʨʪʦʯʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 85 ʢʤ ʢ ʚʦʩʪʦʢʫ 

ʦʪ ʧ. ʂʣʶʯʠ ʚ ʪʨʦʛʦʚʦʡ ʜʦʣʠʥʝ, ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɼʚʫʭʲʶʨʪʦʯʥʦʡ. ʀʩʪʦʯʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʴʤʷ ʛʨʫʧʧʘʤʠ: ʎʝʥʪʨʘʣʴʥʦʡ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 65 ʜʦ 73 Áʉ), 

ʖʞʥʦʡ (ʪʝʤʧʝʨʘʪʫʨʘ 74 Áʉ), ɿʘʧʘʜʥʦʡ (ʪʝʤʧʝʨʘʪʫʨʘ 20-56 Áʉ) ʠ ɺʦʩʪʦʯʥʦʡ. ʇʦ 

ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʛʠʜʨʦʪʝʨʤʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʘʟʦʪʥʳʤ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʥʘʪʨʦʚʳʤ, ʢʨʝʤʥʠʩʪʳʤ, ʙʦʨʥʳʤ, 

ʤʳʰʴʷʢʦʚʠʩʪʳʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 78 Áʉ) 

ʩʣʘʙʦʱʝʣʦʯʥʳʤ (ʨʅ 8.0). ɻʘʟʦʚʳʡ ʩʦʩʪʘʚ ï ʘʟʦʪ (99.42 %) ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 
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ʢʦʣʠʯʝʩʪʚʘʭ ʫʛʣʝʢʠʩʣʦʪʳ (0.58 %) [ʆʢʨʫʛʠʥ, 2013]. ʉʫʤʤʘʨʥʳʡ ʜʝʙʠʪ ʠʩʪʦʯʥʠʢʦʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 2.4 ʣ/ʩ, ʖʞʥʦʡ ï 3 ʣ/ʩ, ɿʘʧʘʜʥʦʡ (3 ʣ/ʩ). 

ɸʧʘʧʝʣʴʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʢ ʚʦʩʪʦʢʫ ʦʪ ʚʫʣʢʘʥʘ 

ɸʥʘʫʥ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʥʘʨʫʰʝʥʠʷʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʦʧʠʩʘʥʥʫʶ 

ʚʳʰʝ ʟʦʥʫ ʨʘʟʨʳʚʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʧʘʧʝʣʴʩʢʠʤʠ ʠ ʅʠʞʥʝ-ɸʧʘʧʝʣʴʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɸʧʘʧʝʣʴʩʢʠʝ 

ʠʩʪʦʯʥʠʢʠ, ʥʘʠʙʦʣʝʝ ʛʦʨʷʯʠʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʵʨʦʟʠʦʥʥʦʤ ʚʨʝʟʝ ʨ. ʇʨʘʚʳʡ ɸʥʘʚʛʘʡ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʳʭʦʜʦʚ - ʵʪʦ ʢʠʧʷʱʠʝ 

ʛʨʠʬʦʥʳ, ʩʪʨʫʡʥʳʝ ʠʩʪʝʯʝʥʠʷ, ʫʯʘʩʪʢʠ ʧʘʨʷʱʝʛʦ ʛʨʫʥʪʘ, ʛʨʷʟʝʚʳʝ ʢʦʪʣʳ, 

ʪʝʨʤʘʣʴʥʳʝ ʙʦʣʦʪʘ, ʪʝʨʤʘʣʴʥʳʝ ʤʦʯʘʞʠʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 80-97 Áʉ. ʉʫʤʤʘʨʥʳʡ 

ʜʝʙʠʪ ʩ ʫʯʝʪʦʤ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 15 ʣ/ʩ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 1.5 ʛ/ʣ. 

ɺʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʢʠʩʣʦʪʳ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʤʳʰʴʷʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʪʫʪʴ, ʩʫʨʴʤʘ, ʙʨʦʤ.  

1.4.  ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʛʝʡʟʝʨʦʚ ʚ ʤʠʨʝ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʇʨʠʨʦʜʥʳʝ ʛʝʡʟʝʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʠʭ ʚʦ ʚʩʝʤ 

ʤʠʨʝ ʤʝʥʝʝ 1000. ʇʦ [Hurwitz and Manga, 2017] ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʡʟʝʨʦʚ ʢʦʤʧʘʢʪʥʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʣʠʰʴ ʚ ʰʝʩʪʠ ʢʨʫʧʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʧʣʘʥʝʪʳ: 

ʁʝʣʣʦʫʩʪʦʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ʚ ʉʐɸ, ʂʨʦʥʦʮʢʠʡ ʟʘʧʦʚʝʜʥʠʢ ʚ ʈʦʩʩʠʠ, ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʏʠʣʠ (ʚ ʛʦʨʘʭ ɸʥʜʳ), ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʝ Taupo ʚ ʅʦʚʦʡ 

ɿʝʣʘʥʜʠʠ, ʚ ʀʩʣʘʥʜʠʠ ʠ ʚ ʂʝʥʠʠ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʝʡʟʝʨʳ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʚ 

ʇʝʨʫ, ɻʦʥʜʫʨʘʩʝ, ɻʚʘʪʝʤʘʣʝ, ʂʦʩʪʘ-ʈʠʢʝ, ʄʝʢʩʠʢʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʨʥʳʭ ʠ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʟʘʧʘʜʘ ʉʐɸ, ʥʘ ʥʝʙʦʣʴʰʠʭ ʦʩʪʨʦʚʘʭ ʨʷʜʦʤ ʩ ɸʣʷʩʢʦʡ, ʚ 

ɸʪʣʘʥʪʠʢʝ - ʥʘ ɸʟʦʨʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʚ ɸʟʠʠ - ʚ ʊʠʙʝʪʝ, ʚ ʂʠʪʘʝ ʠ ʗʧʦʥʠʠ, 

ʦʪʤʝʯʝʥʳ ʪʘʢʞʝ ʚ ʅʦʚʦʡ ɻʚʠʥʝʝ ʠ ʥʘ ʨʷʜʝ ʤʝʣʢʠʭ ʦʩʪʨʦʚʦʚ ʚ ʀʥʜʦʥʝʟʠʠ. 

ʆʙʱʠʝ ʧʨʠʟʥʘʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʡʟʝʨʥʳʭ ʧʦʣʝʡ 

ʤʠʨʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [Hurwitz, Manga, 2017], ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʝʡʟʝʨʥʳʝ 

ʧʦʣʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʥʝʜʘʚʥʝʛʦ ʠʣʠ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʩ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʢʦʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʧʦʣʟʥʝʚʳʤʠ, ʛʣʷʮʠʘʣʴʥʳʤʠ, 

ʛʠʘʣʦʢʣʘʩʪʠʯʝʩʢʠʤʠ, ʦʟʝʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʨʠʦʣʠʪʦʚʳʤʠ 

ʪʫʬʘʤʠ ʠ ʨʠʦʣʠʪʘʤʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʛʘʪʳʤʠ SiO2. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʛʝʡʟʝʨʥʳʭ ʢʘʥʘʣʦʚ ʢ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤ 

ʦʪʣʦʞʝʥʠʷʤ (ʢʘʢ ɻʝʡʟʠʨ ʚ ʀʩʣʘʥʜʠʠ), ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʛʝʡʟʝʨʥʳʝ ʧʦʣʷ (ʚ ʮʝʣʦʤ) 
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ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʦʣʱʘʤ ʧʨʦʜʫʢʪʦʚ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ: ʨʠʦʣʠʪʘʤ ʠ ʨʠʦʣʠʪʦʚʳʤ 

ʪʫʬʘʤ. 

ɺʦʜʘ ʛʝʡʟʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤ ʩʦʩʪʘʚʦʤ. ʊʘʢʦʚʳ 

ʛʝʡʟʝʨʳ Old Faithful, Grand ʚ ʁʝʣʣʦʫʩʪʦʥʝ, ɺʝʣʠʢʘʥ, ʍʣʦʨʠʜʥʳʡ, ʊʨʫʙʳ, ɹʦʣʴʰʦʡ 

ʚ ʢʘʤʯʘʪʩʢʦʡ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ, ʛʝʡʟʝʨ Flat ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ. ʈʝʞʝ ʦʩʥʦʚʥʳʤ 

ʘʥʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʅʉʆ3, ʘ ʦʩʥʦʚʥʳʤ ʢʘʪʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʢʘʣʠʡ. ʕʪʦ ʛʝʡʟʝʨʳ El 

Tatio ʚ ʏʠʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʳʤ ʘʥʠʦʥʦʤ ʙʳʚʘʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥ, ʘ 

ʦʩʥʦʚʥʳʤ ʢʘʪʠʦʥʦʤ ï ʥʘʪʨʠʡ. ʂ ʪʘʢʠʤ ʛʝʡʟʝʨʘʤ ʦʪʥʦʩʷʪʩʷ ʛʝʡʟʝʨʳ ʦʟʝʨʘ ɹʦʛʦʨʠʷ 

(ʂʦʣʫʤʙʠʷ) ʠ ʛʝʡʟʝʨʳ ʀʩʣʘʥʜʠʠ [Hurwitz, Manga, 2017]. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʛʝʡʟʝʨʦʚ ʤʠʨʘ ʭʘʨʘʢʪʝʨʥʦ ʚʳʧʘʜʝʥʠʝ ʚʦʢʨʫʛ ʦʪʚʝʨʩʪʠʡ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʠʪʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʭʣʘʞʜʝʥʠʷ, ʩʝʧʘʨʘʮʠʠ ʧʘʨʘ ʠ ʠʩʧʘʨʝʥʠʷ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʧʝʨʝʥʘʩʳʱʝʥʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʝʟʝʤʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʝʡʟʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʪʦʣʝʪʠʡ, ʫʯʝʥʳʝ 

ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ [Hurwitz, Manga, 2017]: 1) ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʯʘʩʪʦʪʫ ʠʟʚʝʨʞʝʥʠʷ ʠ ʨʘʩʭʦʜ ʨʘʟʛʨʫʟʢʠ, ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʡʟʝʨʥʦʛʦ ʢʘʥʘʣʘ ʠ ʢ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʤʘʪʝʨʠʥʩʢʦʡ 

ʧʦʨʦʜʳ, ʢ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʧʘʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ ʠ ʢ 

ʛʨʘʜʠʝʥʪʘʤ ʜʘʚʣʝʥʠʷ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ; 2) ʦ ʚʘʞʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ, ʧʦʜʯʝʨʢʥʫʪʦʡ ɹʫʥʟʝʥʦʤ ʚ 1847 ʛ; 3) ʚʦʜʳ ʚ 

ʨʝʟʝʨʚʫʘʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʧʦʨʦʜʘʤʠ (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ~ 200 Áʉ) ʥʘ ʛʣʫʙʠʥʘʭ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʠ ʙʦʣʝʝ; 4) ʠʩʧʘʨʝʥʠʝ 

ʠ ʧʦʪʝʨʷ ʪʝʧʣʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʦʚ, 

ʦʩʦʙʝʥʥʦ ʚ ʛʝʡʟʝʨʘʭ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ; 5) ʠʟʙʳʪʦʢ ʪʝʧʣʘ 

ʚʦ ʤʥʦʛʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ ʪʝʨʷʝʪʩʷ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʦʜʪʚʝʨʞʜʘʷ ʪʝʤ ʩʘʤʳʤ ʨʝʜʢʦʩʪʴ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴ 

ʛʝʡʟʝʨʦʚ, ʘ ʙʦʣʴʰʠʝ ʚʘʥʥʳ ʠ ʙʦʣʴʰʠʝ ʦʪʚʝʨʩʪʠʷ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʦʚ ʤʦʛʫʪ ʪʝʨʷʪʴ 

ʩʪʦʣʴʢʦ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ ʠ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ ʠʟʚʝʨʞʝʥʠʝ ʣʠʙʦ ʩʠʣʴʥʦ 

ʪʦʨʤʦʟʠʪʩʷ, ʣʠʙʦ ʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴʩʷ; 6) ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʨʞʝʥʠʷ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʉʆ2 ʠ ʘʪʤʦʩʬʝʨʥʳʡ 

N2), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʝʨʝʤʝʱʘʶʪ ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʧʦʚʳʰʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʯʠʩʪʦʡ ʚʦʜʝ; 7) ʩʠʣʘ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʘʣʝʥʴʢʠʭ ʢʠʧʷʱʠʭ 
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ʙʘʩʩʝʡʥʦʚ, ʜʦ ʬʦʥʪʘʥʦʚ ʠ ʨʝʚʫʱʠʭ ʩʪʨʫʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʪ 115 ʤ 

(ʢʘʢ ʚ ʛʝʡʟʝʨʝ Steamboat ʚ ʁʝʣʣʦʫʩʪʦʥʝ) ʠ 450 ʤ (ʢʘʢ ʚ ʛʝʡʟʝʨʝ ɺʘʡʤʘʥʛʫ ʚ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʝ ʊʘʫʧʦ ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʚ 1900-1904 ʛ.); ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʢʘʥʘʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʞʠʜʢʦʩʪʴ ʧʦʜ 

ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʠʤʝʶʱʝʡʩʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ; 

8) ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʤʝʞʜʫ ʛʝʡʟʝʨʘʤʠ; 9) ʤʥʦʛʠʤ ʙʦʣʴʰʠʤ 

ʠʟʚʝʨʞʝʥʠʷʤ ʧʨʝʜʰʝʩʪʚʫʶʪ ʥʝʙʦʣʴʰʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʩʢʠʧʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʪʝʩʥʷʶʪ ʚʦʜʫ, ʫʜʘʣʷʷ ʤʘʩʩʫ ʠ ʜʘʚʣʝʥʠʝ ʠʟ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʚ 

ʢʘʥʘʣʝ; 10) ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʠʟʚʝʨʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʛʝʡʟʝʨʦʚ ʩ ʛʣʫʙʦʢʠʤʠ ʠ ʙʦʣʴʰʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ; 11) ʩʫʞʝʥʠʷ ʚ ʢʘʥʘʣʝ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʬʣʶʠʜʘ ʜʦ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʠʟʚʝʨʞʝʥʠʷ. 

1.5. ɻʝʡʟʝʨʳ ʠ ʧʘʣʝʦʛʝʡʟʝʨʳ ʥʘ ʂʘʤʯʘʪʢʝ. ɺ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ 

ʛʝʡʟʝʨʳ ʥʘ ʂʘʤʯʘʪʢʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ (ʨʠʩ. 1.9). ʇʝʨʚʳʝ ʠʟ 

ʥʠʭ (ʛʝʡʟʝʨʳ ʚ ʜʦʣʠʥʝ ʨ. ʇʘʫʞʝʪʢʠ) ʦʧʠʩʘʥʳ ʙʦʣʝʝ 250 ʣʝʪ ʥʘʟʘʜ ʉ.ʇ. 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʳʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʘʫʞʝʪʩʢʠʝ ʛʝʡʟʝʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ɼ. ʂ. 

ɸʣʝʢʩʘʥʜʨʦʚʳʤ (1935 ʛ.), ɺ. ɺ. ʀʚʘʥʦʚʳʤ (1950 ʛ.), ɻ. ɸ. ɻʦʥʩʦʚʩʢʦʡ (1951 ʛ.), 

ʉ.ʀ. ʅʘʙʦʢʦ [ʅʘʙʦʢʦ, 1954], ʊ.ʀ. ʋʩʪʠʥʦʚʦʡ [ʋʩʪʠʥʦʚʘ, 1955]. ɻʝʡʟʝʨ 1 ʠ ɻʝʡʟʝʨ 

2 ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʢʣʶʯʝʚʦʡ ʧʣʦʱʘʜʢʝ ʇʘʫʞʝʪʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ [ɸʚʝʨʴʝʚ, 

ʉʫʛʨʦʙʦʚʘ, 1965]. ɸ. ʦ. ʠʭ ʚʳʭʦʜʘ - 150,9 ʤ ʠ 150 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʆʯʝʚʠʜʮʝʚ ʛʝʡʟʝʨʥʦʛʦ ʪʠʧʘ ʨʘʟʛʨʫʟʢʠ ʚ ʍʦʜʫʪʢʠʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʥʝʪ. ʅʦ ɹ.ʀ. ʇʠʡʧʦʤ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʤʦʱʥʦʛʦ ʛʨʠʬʦʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚʦʜʳ 100 Áʉ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʡ 101Á ʉ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʝʛʦ ʦʧʠʩʘʥʠʶ [ʇʠʡʧ, 1937], ʨʘʩʭʦʜ ʚʦʜʳ, ʠʟʣʠʚʘʶʱʝʡʩʷ ʠʟ 

ʛʨʠʬʦʥʘ, ʜʦʩʪʠʛʘʣ 250 ʣ/ʩ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʪʫ ʤʝʩʪʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʳʡ ʩʪʦʣʙ ʧʘʨʘ 

ʥʘʜ ʛʨʠʬʦʥʦʤ, ʚʳʙʨʦʩʳ ʧʝʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ ʚʚʝʨʭ ʥʘ ʚʳʩʦʪʫ ʜʦ 0.5 ʤ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʝʨʝʛʨʝʪʳʭ ʍʦʜʫʪʢʠʥʩʢʠʭ ʪʝʨʤ, ɹ.ʀ. ʇʠʡʧ ʧʨʝʜʧʦʣʘʛʘʣ ʚʦʟʤʦʞʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʡʟʝʨʦʚ ʚ ʍʦʜʫʪʢʠʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚ ʜʘʣʝʢʦʤ 

ʧʨʦʰʣʦʤ [ʇʠʡʧ, 1937].  

ɺ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷʤʠ ʄʫʪʥʦʚʩʢʦʛʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʚ ʥʘʯʘʣʝ 2000 ʛ. ʦʜʠʥ ʠʟ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 

ʅʠʞʥʝ-ɾʠʨʦʚʩʢʦʤ ʫʯʘʩʪʢʝ ʨʘʙʦʪʘʣ ʚ ʛʝʡʟʝʨʥʦʤ ʨʝʞʠʤʝ (ʂʠʨʶʭʠʥ ɸ. ɺ., ʫʩʪʥ. 

ʩʦʦʙʱʝʥʠʝ).  
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ʈʠʩ. 1.9. ɻʝʡʟʝʨʳ ʠ ʧʘʣʝʦʛʝʡʟʝʨʳ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʂʘʤʯʘʪʢʠ:  

 

1 - ʇʘʫʞʝʪʩʢʘʷ; 2 - ʍʦʜʫʪʢʠʥʩʢʘʷ;  

3 - ʄʫʪʥʦʚʩʢʘʷ; 4 ï ɹʦʣʴʰʝ-ɹʘʥʥʘʷ;  

5 - ʂʘʨʳʤʩʢʘʷ; 6 - ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ;  

7 - ʢʘʣʴʜʝʨʳ ʋʟʦʥ; 8 ï ʂʠʨʝʫʥʩʢʘʷ. 

 

 

 

ʈʘʙʦʪʘ ʉ.ʇ. ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ "ʆʧʠʩʘʥʠʝ ʟʝʤʣʠ ʂʘʤʯʘʪʢʠ" [ʂʨʘʰʝʥʠʥʥʠʢʦʚ, 

2018] ʩʦʜʝʨʞʠʪ ʥʝʩʦʤʥʝʥʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʡʟʝʨʦʚ ʠ ʥʘ ɹʦʣʴʰʝ-

ɹʘʥʥʳʭ ʢʣʶʯʘʭ ʙʦʣʝʝ 250 ʣʝʪ ʥʘʟʘʜ. ʉʧʫʩʪʷ 200 ʣʝʪ, ɹ.ʀ. ʇʠʡʧ [ʇʠʡʧ, 1937], 

ʧʦʩʝʪʠʚʰʠʡ ɹʦʣʴʰʝ-ɹʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʥʝ ʦʪʤʝʪʠʣ ʥʘʣʠʯʠʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʛʝʡʟʝʨʦʚ. ʅʦ ʠʤ ʦʧʠʩʘʥ  r ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʣʫʙʦʢʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʙʘʩʩʝʡʥʳ ʛʦʨʷʯʝʡ ʚʦʜʳ (ʨʘʟʤʝʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ), ʥʝʧʨʘʚʠʣʴʥʳʝ ʩʪʝʥʢʠ 

ʢʘʥʘʣʦʚ, ʠʭ ʛʣʫʙʠʥʘ (ʠʥʦʛʜʘ ʙʦʣʝʝ 5 ʤ) ʠ ʠʟʚʠʣʠʩʪʦʩʪʴ, ʥʠʯʪʦʞʥʳʡ ʩʪʦʢ ʠʟ 

ʙʘʩʩʝʡʥʘ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ, ʥʘʣʠʯʠʝ ʧʣʠʪʦʢ ʛʝʡʟʝʨʠʪʘ ʚʦʟʣʝ ʙʘʩʩʝʡʥʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʦʪ 71 ʜʦ 93 Áʉ, ʯʪʦ ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ 

ʙʘʩʩʝʡʥʳ ʤʦʛʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʡʟʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʨʘʟʤʝʨʳ ʦʧʠʩʘʥʥʦʛʦ ʠʤ ʙʘʩʩʝʡʥʘ "ɻʦʣʫʙʦʡ ʛʨʠʬʦʥ", ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʰʣʦʤ ʵʪʦ ʙʳʣ ʢʨʫʧʥʳʡ ʛʝʡʟʝʨ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʤʝʨʦʚ ʛʝʡʟʝʨʦʚ ʠ ʟʘʤʝʪʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʛʝʡʟʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʧʠʩʘʥʠʝʤ ʉ. ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ) ʥʘ ɹʦʣʴʰʝ-ɹʘʥʥʳʭ ʢʣʶʯʘʭ ʦʪʤʝʯʘʝʪ ʊ.ʀ. 

ʋʩʪʠʥʦʚʘ ʚ 1955 ʛ. [ʋʩʪʠʥʦʚʘ, 1955]. ʅʘ ʤʦʤʝʥʪ ʝʝ ʧʦʩʝʱʝʥʠʷ ɹʦʣʴʰʝ-ɹʘʥʥʳʭ 

ʢʣʶʯʝʡ, ʘʢʪʠʚʥʳʤ ʙʳʣ ʪʦʣʴʢʦ ʦʜʠʥ ʢʨʦʰʝʯʥʳʡ ʛʝʡʟʝʨ, ʦʧʠʩʘʥʥʳʡ ʚ 1950 ʛ. ɺ. ɺ. 

ʀʚʘʥʦʚʳʤ ʧʦʜ ʠʤʝʥʝʤ ñʂʘʨʣʠʢʦʚʦʛʦ ʛʝʡʟʝʨʘò. ʋʛʘʩʘʥʠʝ ʝʛʦ ʛʝʡʟʝʨʥʦʡ 
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ʘʢʪʠʚʥʦʩʪʠ ʦʪʤʝʯʝʥʦ ɺ.ʀ. ʂʦʥʦʥʦʚʳʤ ʠ ɹ.ɻ. ʇʦʣʷʢʦʤ ʚ 1964 ʛ. ɸ ʚ 2004 ʛ. 

"ʂʘʨʣʠʢʦʚʳʡ ʛʝʡʟʝʨ" ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʩʝʛʦ ʣʠʰʴ ʩʦʯʝʥʠʝ ʠʟ ʣʝʚʦʛʦ ʙʦʨʪʘ ʨʝʢʠ 

[ʉʦʙʦʣʝʚʩʢʘʷ, 2004]. 

ʅʘ ʖʛʦ-ʚʦʩʪʦʯʥʦʤ ʫʯʘʩʪʢʝ ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʚ ɸʢʘʜʝʤʠʠ ʅʘʫʢ (ʂʘʨʳʤʩʢʘʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ) ʜʦ ʠʟʚʝʩʪʥʦʛʦ ʬʨʝʘʪʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ 1996 

ʛ. ʚ ʂʘʨʳʤʩʢʦʤ ʦʟʝʨʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʜʚʘ ʛʝʡʟʝʨʘ: ʉʝʨʜʠʪʳʡ (ʚ ʙʦʨʪʘʭ 

ʚʦʩʪʦʯʥʦʡ ʚʘʥʥʳ) ʠ ʂʘʨʣʠʢ (ʚ ʙʦʨʪʘʭ ʟʘʧʘʜʥʦʡ ʚʘʥʥʳ) [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 1998]. 

ʇʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ 1996 ʛ. ʛʨʠʬʦʥʳ ʵʪʠʭ ʛʝʡʟʝʨʦʚ ʦʢʘʟʘʣʠʩʴ ʧʦʜ ʚʦʜʦʡ ʚʘʥʥʳ, 

ʛʝʡʟʝʨ ʉʝʨʜʠʪʳʡ ʧʨʝʚʨʘʪʠʣʩ ̫ʚ ʧʫʣʴʩʠʨʫʶʱʠʡ ʠʩʪʦʯʥʠʢ ʠ ʪʝʧʝʨʴ ʥʘʟʳʚʘʝʪʩʷ 

ʇʫʣʴʩʠʨ ɺʦʩʪʦʯʥʳʡ; ʛʝʡʟʝʨ ʂʘʨʣʠʢ ʪʝʧʝʨʴ ʥʘʟʳʚʘʝʪʩʷ ʉʪʘʨʳʡ ʠ ʜʝʡʩʪʚʫʝʪ ʚ 

ʩʣʦʞʥʦʤ ʛʝʡʟʝʨʥʦʤ ʨʝʞʠʤʝ ʙʝʟ ʚʠʜʠʤʦʛʦ ʦʧʫʩʪʦʰʝʥʠʷ ʢʘʥʘʣʘ. ɺ ʶʞʥʦʤ 

ʦʙʨʘʤʣʝʥʠʠ ʝʛʦ ʛʨʠʬʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʛʝʡʟʝʨʠʪʘ. ɺʦʜʘ ʠʭ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʙʘʚʣʝʥʥʳʤ ʛʝʡʟʝʨʥʳʤ ʪʝʨʤʘʤ ʭʣʦʨʠʜʥʦï

ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ [ʂʘʨʧʦʚ, ɼʚʠʛʘʣʦ, 2010]. ʂʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʛʝʡʟʝʨʥʦʛʦ 

ʪʠʧʘ ʨʘʟʛʨʫʟʢʠ ʚ ʂʘʨʳʤʩʢʦ-ɸʢʘʜʝʤʠʯʝʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚ 

ʧʨʦʰʣʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʭʦʜ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʢʨʫʧʥʦʡ ʜʨʝʚʥʝʡ ʧʦʩʪʨʦʡʢʠ 

ʛʝʡʟʝʨʠʪʘ. ɺʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ 1996 ʛ., ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʠʚʥʳʭ ʚʦʣʥ ʧʦ 

ʚʩʝʤʫ ʙʝʨʝʛʫ ʦʟʝʨʘ ʂʘʨʳʤʩʢʦʛʦ, ʥʘ ʩʢʣʦʥʝ ʪʝʨʨʘʩʳ ʨʫʯʴʷ ʈʦʟʦʚʦʛʦ ʦʙʥʘʞʠʣʩʷ 

ʫʥʠʢʘʣʴʥʳʡ ʯʝʪʳʨʝʭʤʝʪʨʦʚʳʡ ʨʘʟʨʝʟ ʛʝʡʟʝʨʠʪʦʚʦʛʦ ʢʫʧʦʣʘ ʩ ʛʝʡʟʝʨʥʳʤʠ 

ʢʘʤʝʨʘʤʠ ʠ ʢʘʥʘʣʘʤʠ. ʆʙʥʘʞʝʥʠʝ ʛʝʡʟʝʨʠʪʘ ʠʤʝʝʪ ʚʠʜʠʤʫʶ ʤʦʱʥʦʩʪʴ 5.6 ʤ. ɺ 

ʧʦʩʪʨʦʡʢʝ ʩʦʭʨʘʥʠʣʦʩʴ ʧʝʱʝʨʦʦʙʨʘʟʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦ 

ʧʦʩʪʫʧʘʝʪ ʧʘʨ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 97Á ʉ [ɺʘʢʠʥ, ʇʠʣʠʧʝʥʢʦ, 2001; ʂʘʨʧʦʚ, ɼʚʠʛʘʣʦ, 

2010]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ 1996 ʛ., ʥʘ ʖʛʦ-ʟʘʧʘʜʥʦʤ ʫʯʘʩʪʢʝ 

ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʛʝʡʟʝʨ ʅʦʚʡr [ʌʝʜʦʪʦʚ, ʄʫʨʘʚʴʝʚ, ʀʚʘʥʦʚ, 1998]. ʇʦ ʜʘʥʥʳʤ 

2010 ʛ. [ʂʘʨʧʦʚ, ɼʚʠʛʘʣʦ, 2010], ʛʝʡʟʝʨ ʠʤʝʣ ʩʣʦʞʥʳʡ, ʝʱʝ ʥʝ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ 

ʨʝʞʠʤ, ʩ ʮʠʢʣʘʤʠ ʦʪ 8.5 ʜʦ 13.5 ʤʠʥ. ʇʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʠʧʠʯʥʳʤ ʛʝʡʟʝʨʥʳʤ ʪʝʨʤʘʤ [ʂʘʨʧʦʚ, ɼʚʠʛʘʣʦ, 2010]. 

ʂʘʤʯʘʪʩʢʘʷ ɼʦʣʠʥʘ ɻʝʡʟʝʨʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ ʧʝʨʚʳʡ ʛʝʡʟʝʨ ʇʝʨʚʝʥʝʮ) ʙʳʣʘ 

ʦʪʢʨʳʪʘ ʊ.ʀ. ʋʩʪʠʥʦʚʦʡ 14 ʘʧʨʝʣʷ 1941 ʛ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʝʡʟʝʨʦʚ ɼʦʣʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ 8 ʢʤ ʦʪ ʫʩʪʴʷ) ʨ. ɻʝʡʟʝʨʥʦʡ (ʚ 

ʢʘʥʴʦʥʝ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 4 ʢʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 400 ʤ). ɼʦ ʛʠʛʘʥʪʩʢʦʛʦ ʦʧʦʣʟʥʷ ʚ 

ʧʨʝʜʝʣʘʭ ʜʦʣʠʥʳ ʨ. ɻʝʡʟʝʨʥʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʥʝ ʤʝʥʝʝ 57-ʤʠ ʛʝʡʟʝʨʦʚ 
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[ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011], ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʪʦʧʣʝʥʳ 3 ʠʶʥʷ 2007 ʛ. 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʇʦʜʧʨʫʜʥʳʤ ʦʟʝʨʦʤ. 

ʆʩʝʥʴʶ 2008 ʛ. ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʘʣʴʜʝʨʳ ʋʟʦʥ ʚ ʨʘʡʦʥʝ 

ʠʩʪʦʯʥʠʢʘ "ʇʫʣʴʩʠʨʫʶʱʠʡ" ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʛʝʡʟʝʨ ʐʘʤʘʥ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012]. 

ɽʛʦ ʧʦʷʚʣʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʁ ʚ 

ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʭʧʠʥʳʯ, ʦʙʫʩʣʦʚʠʚʰʝʡ ʠ ʠʟʚʝʩʪʥʳʝ ʩʦʙʳʪʠʷ 2007 ʛ. ʚ ʩʦʩʝʜʥʝʡ 

ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011; ʂʘʨʧʦʚ ʠ ʜʨ., 2012]. ɺʦʜʘ ʛʝʡʟʝʨʘ 

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʘʷ, ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʩʫʣʴʬʘʪʦʚ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʝʝ ʚ 1.5 ʨʘʟʘ 

ʚʳʰʝ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʛʝʡʟʝʨʦʚ ʩʦʩʝʜʥʝʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʠ ʦʪʚʝʯʘʝʪ 

ʩʦʩʪʘʚʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤ ʢʘʣʴʜʝʨʳ ʋʟʦʥ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012].  

ʀʩʪʦʨʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛʝʡʟʝʨʘʭ ʚ ʂʠʨʝʫʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦʙ ʦʯʝʚʠʜʥʳʭ ʧʨʠʟʥʘʢʘʭ ʙʳʣʦʛʦ ʥʘʣʠʯʠʷ 

ʛʝʡʟʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʂʠʨʝʫʥʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʊ.ʀ. 

ʋʩʪʠʥʦʚʦʡ [ʋʩʪʠʥʦʚʘ, 1955], ʠʩʩʣʝʜʦʚʘʚʰʝʡ ʂʠʨʝʫʥʩʢʠʝ ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ. ʇʦ 

ʤʥʝʥʠʶ ʊ.ʀ. ʋʩʪʠʥʦʚʦʡ, ʬʦʨʤʘ ʚʦʨʦʥʦʢ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʨʦʢ ʢʨʝʤʥʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʷʚʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʠʭ ʚʠʜʦʤ ʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʜʦʧʫʩʢʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʦ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ɹʦʣʴʰʠʭ 

ɹʘʥʥʳʭ ʢʣʶʯʘʭ, ʥʳʥʝ ʥʝ ʜʝʡʩʪʚʫʶʱʠʝ ʛʝʡʟʝʨʳ [ʋʩʪʠʥʦʚʘ, 1955]. ʊ.ʇ. ʂʠʨʩʘʥʦʚʘ 

[ʂʠʨʩʘʥʦʚʘ, 1971] ʦʪʤʝʯʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʝʡʟʝʨʠʪʦʚʳʝ ʥʘʪʝʯʥʳʝ ʪʝʨʨʘʩ rʥʘ 

ʪʝʨʤʘʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʉʨʝʜʥʝʡ ʛʨʫʧʧʳ ʂʠʨʝʫʥʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʦʧʠʩʳʚʘʷ 

ʪʝʨʤʘʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ɺʝʨʭʥʝʡ ʛʨʫʧʧʳ, ʚʳʜʝʣʷʝʪ ʦʪʜʝʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʟʘʪʦʧʣʝʥʥʳʭ ʢʦʪʣʦʚ-ʛʝʡʟʝʨʦʚ. 

ʊ.ʦ. ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʡʟʝʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 

ʩʦʩʨʝʜʦʪʦʯʠʣʘʩʴ ʚ ʜʦʣʠʥʝ ʨ. ɻʝʡʟʝʨʥʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʛʝʡʟʝʨʦʤ ʚ 

ʢʘʣʴʜʝʨʝ ʋʟʦʥ ʠ ʦʜʥʠʤ ʛʝʡʟʝʨʦʤ ʥʘ ʙʝʨʝʛʫ ʦʟ. ʂʘʨʳʤʩʢʦʛʦ (ʚ ʨʘʡʦʥʝ ʛʦʨʷʯʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ɸʢʘʜʝʤʠʠ ʅʘʫʢ). ʅʘ ʦʩʪʘʣʴʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷʭ ʂʘʤʯʘʪʢʠ 

ʛʝʡʟʝʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʚʝʨʰʝʥʥʦ, ʠʣʠ ʧʦʯʪʠ ʩʦʚʝʨʰʝʥʥʦ ʧʨʝʢʨʘʪʠʣʘʩʴ, 

ʦʩʪʘʚʠʚ ʚ ʢʘʯʝʩʪʚʝ ʩʚʠʜʝʪʝʣʝʡ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʨʦʰʣʦʤ ʛʣʫʙʦʢʠʝ 

ʙʝʩʩʪʦʯʥʳʝ ʚʦʨʦʥʢʠ, ʥʘʧʦʣʥʝʥʥʳʝ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, ʦʪʣʦʞʝʥʠʷ ʛʝʡʟʝʨʠʪʘ, ʘ ʪʘʢʞʝ 

ʤʦʱʥʳʝ, ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʱʠʝ ʢʠʧʷʱʠʝ ʠʩʪʦʯʥʠʢʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʚʳʜʝʣʝʥʠʝʤ ʧʘʨʘ. 
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1.6. ʊʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ-ʭʠʤʠʯʝʩʢʦʝ TOUGHREACT -EOS2 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʢʘʥʘʣʘ ʚ 

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʨʠʦʣʠʪʦʚʦʛʦ ʠ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʳʭ ʢʘʥʘʣʦʚ ʚ 

ʘʨʪʝʟʠʘʥʩʢʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʩʣʦʞʝʥʥʳʭ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ 

ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ-ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

TOUGHREACT, ʫʯʠʪʳʚʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʳ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ 

(ʛʝʥʝʨʘʮʠʶ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʨʘʩʪʚʦʨʝʥʠʝ) [Xu at el., 2006]. ʇʨʦʛʨʘʤʤʘ 

TOUGHREACT ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ: ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʫʩʣʦʚʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʦʥʘʭ ʘʥʜʝʟʠʪʦʚʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʂʘʤʯʘʪʢʠ ʠ ʗʧʦʥʠʠ 

[Kiryukhin, Xu, Pruess, Apps, Slovtsov, 2004]; ʦʙʲʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʫʬʦʚ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʝʜ 

ʢʘʪʘʩʪʦʨʦʬʠʯʝʩʢʠʤ ʦʙʚʘʣʦʤ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ 2007 ʛ. [Kiryukhin, Rychkova, 

Dubrovskaya, 2012] ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʝʬʪʷʥʳʭ ʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ [ʂʠʨʶʭʠʥ, ʐʘʜʨʠʥʘ, 

ʇʫʟʘʥʢʦʚ, 2013]. 

ɺ ʨʘʙʦʪʘʭ [ʅʘʙʦʢʦ, 1962; ɽʨʦʱʝʚ-ʐʘʢ ʠ ʜʨ., 1977; ʌʨʦʣʦʚʘ, ʃʘʜʳʛʠʥ, 2008; 

ʌʨʦʣʦʚʘ ʠ ʜʨ., 2009; ʌʨʦʣʦʚʘ, ʃʘʜʳʛʠʥ, ʈʳʯʘʛʦʚ, 2011; ʌʨʦʣʦʚʘ, 2014; ʌʨʦʣʦʚʘ ʠ 

ʜʨ. 2015; ʌʨʦʣʦʚʘ, ʏʝʨʥʦʚ, ʈʳʯʘʛʦʚ, 2016; ʌʨʦʣʦʚʘ ʠ ʜʨ., 2017, ʈʳʯʘʛʦʚ, 2014; 

ʈr ʯʘʛʦʚ ʠ ʜʨ., 2003, 2005] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜ, ʚʤʝʱʘʶʱʠʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʂʘʤʯʘʪʢʠ ʠ ʂʫʨʠʣʴʩʢʠʭ 

ʦʩʪʨʦʚʦʚ. ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʝʥʦ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʰʠʨʦʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʠ ʘʨʛʠʣʣʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʬʣʶʠʜʘ ʠ ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʣʫʞʘʪ ʪʝʧʣʦʚʳʤ ʵʢʨʘʥʦʤ ʠ ʚʝʨʭʥʠʤ ʚʦʜʦʫʧʦʨʦʤ ʜʣʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʛʝʡʟʝʨʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʥʝʠʟʤʝʥʝʥʥʳʭ ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʢʘʥʘʣʦʚ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 
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ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʜʦʫʧʦʨʦʚ, ʥʦ ʚ ʟʦʥʝ, ʦʪʣʠʯʥʦʡ ʦʪ ʟʦʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: ʚ ʟʦʥʝ ʨʘʟʣʦʤʦʚ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʢʚʦʟʥʦʡ ʥʘʧʦʨʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (> 140Á ʉ) ʬʣʶʠʜʘ. ʇʦ [ʂʦʨʞʠʥʩʢʠʡ, 1992, 1993; ʖʨʠʯʝʚ, 

2015] ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʦʨʦʜʝ ʧʫʩʪʦʪ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʚʳʧʦʣʥʝʥʠʝʤ, ʢ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʥʝ ʦʪʥʦʩʷʪʩʷ. ɿʜʝʩʴ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʪʝʢʘʶʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [ʌʨʦʣʦʚʘ ʠ ʜʨ., 2015] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʘʯʢʝ ɻʝʡʟʝʨʥʦʡ (Q3
4 

grn), 

ʚʩʢʨʳʪʦʡ ʦʙʚʘʣʦʤ 2007 ʛ., ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ, ʪʘʢ ʠ 

ʥʝʠʟʤʝʥʝʥʥʳʝ ʘʣʝʚʨʦʧʝʣʠʪʦʚʳʝ ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʠ ʧʩʘʤʤʠʪʦ-ʧʩʝʬʠʪʦʚʳʝ 

ʧʝʤʟʦʚʳʝ ʩ ʚʢʣʶʯʝʥʠʝʤ ʣʠʪʦ- ʠ ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʦʚ ʪʫʬʳ, ʧʨʠ ʵʪʦʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦʜʚʝʨʞʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʫʣʢʘʥʠʯʝʩʢʦʝ 

ʩʪʝʢʣʦ ʠ ʧʝʤʟʦʢʣʘʩʪʳ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ ʠʩʭʦʜʥʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʝʡʟʝʨʥʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.3 ʠ 1.5 ʚ ʨʘʙʦʪʝ [ʂʠʨʶʭʠʥ, 

ʈʳʯʢʦʚʘ, 2011].  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʜʣʷ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʣʦ (ʚ ʟʦʥʝ ʨʘʟʣʦʤʦʚ, ʪʨʝʱʠʥ, 

ʪʨʫʙʦʢ ʚʟʨʳʚʘ) ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʜʦʫʧʦʨʦʚ.  

ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʘ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 1.10), ʦʩʝʚʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ (Tuff1) ʩʣʫʞʠʪ ʢʘʥʘʣʦʤ ʜʣʷ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ 

(ʪʨʫʙʢʘ ʚʟʨʳʚʘ ʠʣʠ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʘʷ ʯʘʩʪʴ ʨʘʟʣʦʤʘ); ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʦʙʦʣʦʯʢʘ ʮʠʣʠʥʜʨʘ (Tuff2) ï ʧʦʨʦʜʳ, ʚʤʝʱʘʶʱʠʝ ʢʘʥʘʣ, ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʮʠʣʠʥʜʨʘ 

(Fixed) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʨʦʜʳ, ʚʤʝʱʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ ʭʦʣʦʜʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ɻʣʫʙʠʥʘ ʤʦʜʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʨʘʚʥʘ 50 ʤ. ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʜʠʘʣʴʥʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʢʘ, ʚʢʣʶʯʘʶʱʘʷ 300 ʵʣʝʤʝʥʪʦʚ (ʷʯʝʝʢ) ʩ ʨʘʟʤʝʨʘʤʠ ȹX = 1 ʤ, 

ȹY = 1 ʤ, ʠ ȹZ = 0,5 ʤ.  

ɺ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʥʘʯʘʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ʟʘʜʘʥʘ ʨʘʚʥʦʡ 1 ɼ, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʢʝ 0,1 ɼ ʠ ʚʦ 

ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ 1 ʤɼ, ʥʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʟʘʜʘʥʘ ʧʦʚʩʶʜʫ ʨʘʚʥʦʡ 0,1.  
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ʈʠʩ. 1.10. ʈʘʜʠʘʣʴʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ-ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ TOUGHREACT-EOS2 ʠ ʩʨʝʟ ʮʠʣʠʥʜʨʘ. 
 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ TOUGH2-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʚʝʨʭʥʝʡ ʠ ʙʦʢʦʚʦʡ ʦʙʦʣʦʯʢʝ ʮʠʣʠʥʜʨʘ ʟʘʜʘʥʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʟʘʜʘʥʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʟʘʜʘʥʦ ʧʦ ʪʝʨʤʦʛʨʘʤʤʝ ʧʦ ʩʢʚ. 5 ʇʘʫʞʝʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ɺ 

ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠ ʟʘʜʘʥ ʤʘʩʩʦʚʳʡ ʠʩʪʦʯʥʠʢ ï ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʩ 

ʨʘʩʭʦʜʦʤ 1 ʢʛ/ʩ ʠ ʵʥʪʘʣʴʧʠʝʡ 589 ʢɼʞ/ʢʛ (140Áʉ) ʠ ʧʦʩʪʫʧʣʝʥʠʝ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦʩʷ ʛʘʟʘ ʉʆ2 ʩ ʨʘʩʭʦʜʦʤ 0,0001 ʢʛ/ʩ ʠ ʵʥʪʘʣʴʧʠʝʡ 589 ʢɼʞ/ʢʛ.  

ʈʘʟʛʨʫʟʢʘ ʛʝʡʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʟʘʜʘʥʘ ʢʘʢ ʩʘʤʦʠʟʣʠʚʘʶʱʘʷʩʷ 

ʩʢʚʘʞʠʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʢʝʨʥʝ, ʠʣʠ ʰʣʘʤʝ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ: ʢʚʘʨʮ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, ʣʦʤʦʥʪʠʪ, ʤʦʨʜʝʥʠʪ, SiO2 (am), ʚʘʡʨʘʢʠʪ, ʢʘʦʣʠʥʠʪ-al, 

ʩʤʝʢʪʠʪ-ca, ʩʤʝʢʪʠʪ-k, ʩʤʝʢʪʠʪ-mg, ʩʤʝʢʪʠʪ-na, ʠʣʣʠʪ-a1, ʦʣʠʛʦʢʣʘʟ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥ ʧʦ ʩʦʩʪʘʚʫ ʚʦʜʳ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ (ʪʘʙʣ. 1.2 ʠ ʨʘʙʦʪʳ 
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[ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, 2011; Kiryukhin, Rychkova, Dubrovskaya, 2012; ʂʠʨʶʭʠʥ, 

ʈʳʯʢʦʚʘ, ɼʫʙʠʥʠʥʘ, 2015; Kiryukhin, 2016]). 
 

ʊʘʙʣʠʮʘ 1.2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚʦʩʭʦʜʷʱʝʛʦ ʥʘʧʦʨʥʦʛʦ ʧʦʪʦʢʘ 
 

 

mg/l mol/kgH2O 

pH 8.4 

 NH4
+
 1 7.0Ā10-05 

Na
+
 605.0 2.64E-02 

K
+
 47.0 1.20E-03 

Ca
++

 22.0 5.50E-04 

Mg
++

 0.0 0.00E+00 

SiO2 289 4.8E-03 

Fe
++

 0.0 0.00E+00 

AlO2
-
 0.0 0.00E+00 

Cl
-
 872.0 2.46E-02 

SO4
--
 161.0 1.68E-03 

HCO3
-
 68.0 1.12E-03 

 

ɻʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʠʩʭʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʘʟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚʦʜʳ. 

ʈʘʩʭʦʜʥʳʡ ʟʘʢʦʥ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ/ʦʩʘʞʜʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1): 
 

 

ʛʜʝ k ï ʢʦʥʩʪʘʥʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ/ʦʩʘʞʜʝʥʠʷ ʧʨʠ 25
ʦ
ʉ, ʤʦʣʴ/ʩ ʤ

2
, 

S ï ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤ
2
/ʜʤ

3
, Q ï 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʝʡ; ʂ ï ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ-ʧʦʨʦʜʘ; ɽʘ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʢɼʞ/ʢʤʦʣʴ ʂ; R ï ʛʘʟʦʚʘʷ 

ʢʦʥʩʪʘʥʪʘ ʢɼʞ/ʢʤʦʣʴ ʂ; ʠ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ-ʧʦʨʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʦʥʩʪʘʥʪʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ 

ʟʘʜʘʥʳ ʧʦ [Xu, T., et al., 2006] (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʢʘʣʴʜʝʨʝ ʃʦʥʛ ɺʵʣʣʝʡ) ʠ ʧʦ ʨʘʙʦʪʝ [Kiryukhin, Rychkova, Dubrovskaya, 2012] 

(ʪʘʙʣ. 1.3). ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ 

ʜʘʥʥʳʭ Tianfu Xu, 03/18/2003. 
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ʊʘʙʣʠʮʘ 1.3. ʄʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʠ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʢʦʥʩʪʘʥʪʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(k25) ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ (Ea) ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʠ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʬʘʟʳ 
ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʅʘʯʘʣʴʥ. 

ʦʙ. ʜʦʣʷ% 

k25 

(moles m
-2

s
-1

) 

ʦʩʘʞʜ. 

k25 

(moles m
-2

s
-1

) 

ʨʘʩʪʚ. 

Ea (KJ/mol) 

ʚʫʣʢʘʥʠʯʝʩʢʦʝ 

ʩʪʝʢʣʦ glass3 
Ca0.012K0.0040 Mg0.0011Na0.76 Si0.761Al0.15O0.786 50-100 0.0 9.6E-13 45.08 

ʢʚʘʨʮ SiO2 0 0.0 4.3E-14 75.0 

ʢʨʠʩʪʦʙʘʣʠʪ SiO2 0 0.0 3.1623E-13 69.08 

SiO2 (am) SiO2 0 1.0E-10 7.32ɽ-13 62.9 

ʢʘʣʠʝʚʳʡ 

ʧʦʣʝʚʦʡ ʰʧʘʪ 
KSi3O8 0 1.0E-17 1.0E-17 67.83 

ʦʣʠʛʦʢʣʘʟ NaAlSi3O8-ʉʘAl 2Si12O8 0-50 1.445E-13 1.445E-13 69.8 

ʂʣʠʥʦʭʣʦʨ-14ʘ (Mg, Al)6[Si 3,1-2, Al)0.9-1,2O10](OH)8 0 1.0E-16 1.0E-21 58.62 

ʣʦʤʦʥʪʠʪ Ca[Al2Si4O12]4ʅ2ʆ 0 2.5E-18 2.5E-18 58.0 

ʤʦʨʜʝʥʠʪ (Na2,K2,Ca)[Al2Si10O24]7ʅ2ʆ 0 2.5E-18 2.5E-17 58.0 

ʚʘʡʨʘʢʠʪ Ca[Al2Si4O12]2ʅ2ʆ 0 2.5E-14 2.5E-14 58.0 

ʢʘʦʣʠʥʠʪ-al Al 4 [Si4 O10](ʆʅ)8 0 1.0E-17 1.0E-17 62.76 

ʩʤʝʢʪʠʪ-ca Ca0.3Al 3.5Mg0.5(Si8O20](OH)4 0 1.0E-14 1.0E-14 58.62 

ʩʤʝʢʪʠʪ-k, K0.6Al3.5Mg0.5(Si8O20](OH)4 0 1.0E-14 1.0E-14 58.62 

ʩʤʝʢʪʠʪ-mg MgAl3.5(Si8O20](OH)4 0 1.0E-14 1.0E-14 58.62 

ʩʤʝʢʪʠʪ-na Na0.6Al3.5Mg0.5(Si8O20](OH)4 0 1.0E-14 1.0E-14 58.62 

ʠʣʣʠʪ-a1 KAl 4[Si7AlO20](ʆʅ)4 0 1.0E-14 1.0E-14 58.62 
 

ʇʨʠʤʝʯʘʥʠʝ: ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʟʘʜʘʥʘ 0.01 m
2
/dm

3
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ.  

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʚʝʩʴ ʢʘʥʘʣ ʟʘʣʦʞʝʥ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ 

ʤʘʩʩʠʚʝ, ʩʣʦʞʝʥʥʦʤ ʥʝʠʟʤʝʥʝʥʥʳʤʠ ʨʠʦʣʠʪʦʚʳʤʠ ʪʫʬʘʤʠ (ʥʘʯʘʣʴʥʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ - ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ (glass3), 100 %). ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ 100, 1000 ʠ 3500 ʣʝʪ. 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʟʘʜʘʥ ʥʝʠʟʤʝʥʝʥʥʳʤ ʜʘʮʠʪʦʚʳʤ ʪʫʬʦʤ (ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ (glass3), 50 % ʠ 

ʧʣʘʛʠʦʢʣʘʟ, 50 %). ʂʘʥʘʣ ʪʘʢʞʝ ʟʘʣʦʞʝʥ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ. ɺʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 100 ʣʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ 

ʧʨʦʪʦʯʥʦʡ ʥʘʧʦʨʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚ 

ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2) ʥʘ 100 ʣʝʪ). ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ (ʨʠʩ. 

1.11ʘ) ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʨʘʩʪʚʦʨʠʣʦʩʴ ʥʘ 1,6 % ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 0,2 %. ʀʟ ʛʝʥʝʨʠʨʦʚʘʚʰʠʭʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʢʘʥʘʣʘ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʣʠʛʦʣʘʟ ʟʘʥʠʤʘʝʪ ʦʪ 0,1 ʜʦ 0,7 %, ʢʘʣʠʝʚʳʡ 

ʧʦʣʝʚʦʡ ʰʧʘʪ - ʜʦ 0,04 %; ʩʤʝʢʪʠʪʳ ʪʦʞʝ ʛʝʥʝʨʠʨʫʶʪʩʷ, ʥʦ ʠʭ ʚʣʠʷʥʠʷ ʥʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʩʫʤʤʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,04 % ʠ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʟʦʥʝ 

ʘʢʪʠʚʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ; ʤʦʨʜʝʥʠʪ, ʢʘʦʣʠʥʠʪ ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʷ, ʠʭ ʜʦʣʷ ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ, ʯʝʤ 0,006 %. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, 

ʚʘʡʨʘʢʠʪ, ʠʣʣʠʪ ʠ ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʝʟʝʤ (SiO2 (am)) ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʚʦʟʨʦʩʣʘ ʚ 1.1 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 0,11), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʦʩʣʘ 

1,3 ʨʘʟʘ (ʦʪ 1ɽ-12 ʜʦ 1.28 ɽ-12). ɺ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ 

ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʝʥʥʦʡ (ʦʪ 0,1 ʜʦ 0,101), ʥʦ ʝʩʪʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ; 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ (ʨʘʚʥʘ 1,03ɽ-12 ʤ
2
), ʥʦ ʝʩʪʴ 

ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ. 

ɺ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʨʠʩ. 1.11ʙ), ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʨʘʩʪʚʦʨʝʥʠʝ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʧʨʦʠʟʦʰʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 1,6 %, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ - ʥʘ 0,8 

% ʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝʪ. ɺʥʠʟʫ ʦʙʦʣʦʯʢʠ ʧʨʦʠʟʦʰʣʘ 

ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʦʣʠʛʦʢʣʘʟʘ (ʜʦ 0,7 %), ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ (ʤʝʥʝʝ 0,04 %), ʩʤʝʢʪʠʪʦʚ ʚ ʩʫʤʤʝ ʤʝʥʝʝ 0,04 %; ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʘʦʣʠʥʠʪ, 

ʣʦʤʦʥʪʠʪ ʠ ʤʦʨʜʝʥʠʪ, ʥʦ ʠʭ ʜʦʣʷ ʪʦʞʝ ʥʠʯʪʦʞʥʦ ʤʘʣʘ. ɺ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʪ 9 ʤ 

ʠ ʚʳʰʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʘʜʘʝʪ ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʝʟʝʤ (ʜʦ 1 %), ʩʦʟʜʘʚʘʷ 
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ʥʝʧʨʥʠʮʘʝʤʫʶ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, 

ʢʨʠʩʪʦʙʘʣʠʪ, ʚʘʡʨʘʢʠʪ, ʠʣʣʠʪ ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʦʙʦʣʦʯʢʠ ʚʦʟʨʦʩʣʘ ʚ 1,1 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 0,11), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʘʤ ʞʝ ʚʦʟʨʦʩʣʘ ʚ 1,3 

ʨʘʟʘ (ʦʪ 1ɽ-13 ʜʦ 1,26ɽ-13). ʅʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʦʣʦʯʢʠ ʢʘʥʘʣʘ ʧʦʨʦʜʳ ʩʪʘʣʠ 

ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ SiO2 (am) ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʫʧʘʣʘ ʥʘ 30 % (ʦʪ 

1E-13 ʜʦ 7,0ɽ-14). 
 

 

 
ʈʠʩ. 1.11. ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2)) ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ ʚ ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ ʥʘ 100 ʣʝʪ: ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ (ʘ) ʠ ʚ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʙ).  
 

ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚ 

ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2) ʥʘ 1000 ʣʝʪ). ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ (ʨʠʩ. 

1.12ʘ) ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʨʘʩʪʚʦʨʠʣʦʩʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʥʘ 15 % ʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 2 %. ʀʟ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ 

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʜʦʣʷ ʦʣʠʛʦʣʘʟʘ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 6,5 %, ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ ʤʝʥʝʝ 0,5 %, ʩʤʝʢʪʠʪʦʚ ʚ ʩʫʤʤʝ ʤʝʥʝʝ 0,4 %; ʜʦʣʷ ʤʦʨʜʝʥʠʪʘ, ʣʦʤʦʥʪʠʪʘ ʠ 

ʢʘʦʣʠʥʠʪʘ ʥʠʯʪʦʞʥʦ ʤʘʣʘ ʠ ʦʥʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, ʚʘʡʨʘʢʠʪ, ʠʣʣʠʪ ʠ ʘʤʦʨʬʥʳʡ 

ʢʨʝʤʥʝʟʝʤ (SiO2 (am)) ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ 

ʚʦʟʨʦʩʣʘ ʚ 1.8 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 0,18), ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 6 ʨʘʟ (ʦʪ 1ɽ-12 ʜʦ 
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5.97ɽ-12). ɺ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 1.1 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 

0,11), ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 1,35 ʨʘʟʘ (ʦʪ 1ɽ-12 ʜʦ 1.35ɽ-12). 
 

 

 
ʈʠʩ. 1.12. ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2)) ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ ʚ ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ ʥʘ 1000 ʣʝʪ: ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ (ʘ) ʠ ʚ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʙ).  
 

ɺ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʨʠʩ. 1.12ʙ), ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ 

ʨʘʩʪʚʦʨʠʣʦʩʴ ʤʝʥʝʝ, ʯʝʤ ʥʘ 15 % ʠ ʥʝ ʨʘʩʪʚʦʨʠʣʦʩʴ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʟ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʥʠʟʫ ʦʙʦʣʦʯʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʣʠʛʦʢʣʘʟ (ʜʦ 

6,5 %), ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʜʦ 0,5 %, ʩʤʝʢʪʠʪʳ ʚ ʩʫʤʤʝ (ʤʝʥʝʝ 0,4 %), 

ʣʦʤʦʥʪʠʪ, ʤʦʨʜʝʥʠʪ ʠ ʢʘʦʣʠʥʠʪ ʜʦ 0,2 %. ɺ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʪ 9 ʤ ʠ ʚʳʰʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʘʜʘʝʪ ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʝʟʝʤ (ʜʦ 10 %), ʩʦʟʜʘʚʘʷ ʥʝʧʨʥʠʮʘʝʤʫʶ 

ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, ʚʘʡʨʘʢʠʪ, 

ʠʣʣʠʪ ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʦʣʦʯʢʠ ʚʦʟʨʦʩʣʘ ʚ 1.7 ʨʘʟʘ 

(ʦʪ 0,1 ʜʦ 0,17), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 6 ʨʘʟ (ʦʪ 1ɽ-13 ʜʦ 5,9E-13). ɺ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ ʫʧʘʣʘ ʜʦ ʥʫʣʷ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ SiO2 

(am) ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 70 ʨʘʟ (ʦʪ 1ɽ-13 ʜʦ 

1,38E-15), ʪ.ʝ. ʧʦʨʦʜʘ ʩʪʘʣʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚ 

ʨʠʦʣʠʪʦʚʚʳʭ ʪʫʬʘʭ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2) ʥʘ 3500 ʣʝʪ). ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ 

(ʨʠʩ. 1.13ʘ) ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʨʘʩʪʚʦʨʠʣʦʩʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʥʘ 42 % ʠ 
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ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 8 %. ʉʘʤʫʶ ʙʦʣʴʰʫʶ ʜʦʣʶ ʠʟ 

ʩʛʝʥʝʨʠʨʦʚʘʚʰʠʭʩʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʟʘʥʠʤʘʝʪ ʦʣʠʛʦʣʘʟ (ʜʦ 12 %); ʜʦʣʷ 

ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ - ʜʦ 2%; ʩʤʝʢʪʠʪ r ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ 1,7 % 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʚʩʝʤʫ ʢʘʥʘʣʫ, ʥʦ ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ; ʦʙʨʘʟʫʶʪʩʷ ʤʦʨʜʝʥʠʪ (ʜʦ 0,3 %), ʢʘʦʣʠʥʠʪ, ʣʦʤʦʥʪʠʪ ʠ 

SiO2 (am) (ʪʳʩʷʯʥʳʝ ʠ ʜʝʩʷʪʠʪʳʩʷʯʥʳʝ ʜʦʣʠ). ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, 

ʚʘʡʨʘʢʠʪ ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʚʦʟʨʦʩʣʘ ʚ 3.6 ʨʘʟʘ 

(ʦʪ 0,1 ʜʦ 0,36), ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ 90 ʨʘʟ (ʦʪ 1ɽ-12 ʤ
2
 ʜʦ 9,14ɽ-11). ɺ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 1.3 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 0,13), ʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ 2,4 ʨʘʟʘ (ʦʪ 1ɽ-12 ʜʦ 2,4E-12). 
 

 

ʈʠʩ. 1.13. ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ ˉ1 (1ʂ2)) ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ ʚ ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʘʭ ʥʘ 3500 ʣʝʪ: ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ (ʘ) ʠ ʚ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʙ).  
 

ɺ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʨʠʩ. 1.13ʙ) ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʨʘʩʪʚʦʨʠʣʦʩʴ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʥʘ 42 %, ʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝʪ. ʊʘʢʞʝ 

ʧʨʦʠʟʦʰʣʘ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʦʣʠʛʦʢʣʘʟʘ ʜʦ 14-16 % (ʚʥʠʟʫ 

ʦʙʦʣʦʯʢʠ), ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʜʦ 1,6 %, ʩʤʝʢʪʠʪʦʚ ʚ ʩʫʤʤʝ ʜʦ 2% ʚʥʠʟʫ 

ʦʙʦʣʦʯʢʠ; ʤʦʨʜʝʥʠʪʘ, ʣʦʤʦʥʪʠʪʘ ʠ ʢʘʦʣʠʥʠʪʘ ʤʝʥʝʝ 0,2 %. ʉ ʛʣʫʙʠʥʳ  9 ʤ ʠ 

ʚʳʰʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʘʣ SiO2 (am), 10 %. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, 

ʚʘʡʨʘʢʠʪ ʥʝ ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʦʣʦʯʢʠ ʚʦʟʨʦʩʣʘ ʚ 3.4 ʨʘʟʘ 
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(ʦʪ 0,1 ʜʦ 0,34), ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 30% (ʦʪ 0,1ɽ-13 ʜʦ 7, 06ɽ-12). ɺ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ ʫʧʘʣʘ ʜʦ ʥʫʣʷ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʚ 

ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ SiO2 (am), ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʥʠʟʠʣʘʩʴ ʥʘ 17 ʧʦʨʷʜʢʦʚ (ʦʪ 

1ɽ-13 ʜʦ 1 ɽ-30), ʪ.ʝ. ʧʦʨʦʜʘ ʩʪʘʣʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʚ 

ʜʘʮʠʪʦʚʳʭ ʪʫʬʘʭ (ʚʘʨʠʘʥʪ ˉ2 (1Q) ʥʘ 100 ʣʝʪ). ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ (ʨʠʩ. 

1.14ʘ), ʚ ʥʠʞʥʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ, ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʨʘʩʪʚʦʨʠʣʦʩʴ ʥʘ 0,8 

%, ʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 0,08 %. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʧʨʦʠʟʦʰʣʦ 

ʨʘʩʪʚʦʨʝʥʠʝ ʦʣʠʛʦʢʣʘʟʘ ʥʘ 1,4 %. ʀʟ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʜʦʣʷ 

ʦʣʠʛʦʢʣʘʟʘ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 0,3 % (ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ), ʩʤʝʢʪʠʪʦʚ ʚ ʩʫʤʤʝ ʜʦ 0,1 %, 

ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʜʦ 0,05 %; ʤʦʨʜʝʥʠʪ, ʢʘʦʣʠʥʠʪ, ʠʣʣʠʪ ʩʦʩʪʘʚʣʷʶʪ 

ʤʝʥʴʰʝ 0,1%. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ, ʚʘʡʨʘʢʠʪ ʠ SiO2 (am) ʥʝ 

ʦʩʘʞʜʘʶʪʩʷ. ʇʦʨʠʩʪʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʚʦʟʨʦʩʣʘ ʚ 1.2 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 

0,12), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʘʤ ʞʝ ʚʦʟʨʦʩʣʘ ʚ 1,8 ʨʘʟʘ (ʦʪ 1ɽ-12 ʜʦ 1,82ɽ-12). ɺ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʩʪʘʣʠʩʴ ʙʝʟ ʚʠʜʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ (0,1002 ʠ 1,01E-12 ʤ
2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʦ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʧʦʚʳʰʝʥʠʶ.  

 

 

 
ʈʠʩ. 1.14. ʈʝʟʫʣʴʪʘʪʳ TOUGHREACT ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ ˉ2 (1Q)) ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ ʚ ʜʘʮʠʪʦʚʳʭ ʪʫʬʘʭ ʥʘ 100 ʣʝʪ: ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ (ʘ) ʠ ʚ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʙ).  
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ɺ ʦʙʦʣʦʯʢʝ ʢʘʥʘʣʘ (ʨʠʩ. 1.14ʙ), ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ 

ʨʘʩʪʚʦʨʠʣʦʩʴ ʥʘ 0,8 %, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʥʘ 0,4 %; ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʚʦʨʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʦʣʦʯʢʠ ʧʨʦʠʟʦʰʣʦ ʨʘʩʪʚʦʨʝʥʠʝ 

ʦʣʠʛʦʣʘʟʘ (ʜʦ 0,3 %) ʠ ʝʛʦ ʚʳʧʘʜʝʥʠʝ ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ (ʜʦ 0,2 %). 

ʆʪʤʝʯʝʥʘ ʛʝʥʝʨʘʮʠʷ ʜʨʫʛʠʭ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʜʦ 

0,04 %, ʩʤʝʢʪʠʪʦʚ ʚ ʩʫʤʤʝ ʜʦ 0,1 %, ʤʦʨʜʝʥʠʪ, ʢʘʦʣʠʥʠʪ, ʣʦʤʦʥʪʠʪ ʩʦʩʪʘʚʣʷʶʪ 

ʜʝʩʷʪʠʪʳʩʷʯʥʳʝ ʜʦʣʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉ ʛʣʫʙʠʥʳ  8 ʤ ʠ ʚʳʰʝ ʧʨʦʠʟʦʰʣʘ 

ʛʝʥʝʨʘʮʠʷ SiO2 (am), 1,8 %. ʂʚʘʨʮ, ʢʣʠʥʦʭʣʦʨ, ʢʨʠʩʪʦʙʘʣʠʪ,ʚʘʡʨʘʢʠʪ ʠ ʠʣʣʠʪ ʥʝ 

ʦʩʘʞʜʘʶʪʩʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʣʦʯʢʠ ʧʦʨʠʩʪʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚ 1,1 ʨʘʟʘ (ʦʪ 0,1 ʜʦ 

0,11), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,3 ʨʘʟʘ (ʦʪ 1ɽ-13 ʜʦ 1,34E-13). ɺ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ SiO2 (am) ʚ ʧʦʨʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʨʦʜʘ ʩʪʘʣʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 40 %). 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ ʜʣʷ ʨʠʦʣʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʪʫʬʦʚ (ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 100 ʣʝʪ) 

(ʨʠʩ. 1.15).  
 

 

 
ʈʠʩ. 1.15. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ TOUGHREACT ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʥʘʣʘ (ʜʣʷ ʚʘʨʠʘʥʪʦʚ ˉ1 (1ʂ2) ʠ ˉ2 (1Q)) ʥʘ 100 ʣʝʪ: ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ (ʘ), 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ. ʃʠʥʠʠʠ ʩʝʨʦʛʦ ʮʚʝʪʘ 

ʦʙʦʟʥʘʯʘʶʪ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʪʫʬʦʚ ʨʠʦʣʠʪʦʚʳʭ, ʣʠʥʠʠ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ ï ʜʣʷ ʪʫʬʦʚ ʜʘʮʠʪʦʚʳʭ. 
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ) ʚ 

ʤʘʩʩʠʚʘʭ ʥʝʠʟʤʝʥʝʥʥʳʭ ʜʘʮʠʪʦʚʳʭ ʠ ʨʠʦʣʠʪʦʚʳʭ ʪʫʬʦʚ (ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

100 ʣʝʪ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʚʘʨʠʘʥʪʘ 1Q (ʜʘʮʠʪʦʚʳʡ ʪʫʬ) ʧʦʨʠʩʪʦʩʪʴ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʢ ʠ ʜʣʷ ʚʘʨʠʘʥʪʘ 1ʂ2 (ʨʠʦʣʠʪʦʚʳʡ ʪʫʬ), ʥʦ ʪʦʣʴʢʦ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ (ʚ 4 ʨʘʟʘ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ, ʠ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ (ʨʠʩ. 1.15) ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ. ʕʪʘ ʨʘʟʥʠʮʘ ʩʚʷʟʘʥʘ ʩ ʦʙʱʝʡ ʜʦʣʝʡ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, 

ʢʦʪʦʨʦʛʦ ʚ ʚʘʨʠʘʥʪʝ 1ʂ2 ʟʘʜʘʥʦ 100 %, ʘ ʚ ʚʘʨʠʘʥʪʝ 1Q ʪʦʣʴʢʦ 50 %. ʀʟʤʝʥʝʥʠʝ 

ʤʦʜʝʣʴʥʳʭ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ 100 ʣʝʪ) ʧʦ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʜʣʷ ʨʠʦʣʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ 

ʪʫʬʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʠ ʚ 

ʨʠʦʣʠʪʦʚʳʭ, ʠ ʚ ʜʘʮʠʪʦʚʳʭ ʪʫʬʘʭ. 

1.7. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ. ɼʘʞʝ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʛʝʡʟʝʨʦʚ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʢʘʞʜʳʡ ʛʝʡʟʝʨ ʠʥʜʠʚʠʜʫʘʣʝʥ. ʅʦ ʝʩʪʴ ʦʙʱʠʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʥʦʛʦ ʪʠʧʘ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʛʘʟʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʟʘʢʠʧʘʥʠʝ ʚ ʢʘʥʘʣʝ ʠ ʠʟʚʝʨʞʝʥʠʝ. ɺ ʨʘʙʦʪʝ [ɼʨʦʟʥʠʥ, 2009] ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʡʟʝʨʥʦʤʫ ʨʝʞʠʤʫ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʪʦʢʘ ʜʚʫʭ ʬʘʟ: ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʤʘʣʳʭ ʨʘʩʭʦʜʘʭ ʠ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʛʘʟʘ, ʪ. ʝ. ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʢ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʠʟ ʧʘʨʦʛʘʟʦʚʦʜʷʥʦʡ ʩʤʝʩʠ ʦʪʜʝʣʷʝʪʩʷ ʛʘʟ. ʇʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʦʙʲʝʤ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʙʳʯʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ. ɸʚʪʦʨʦʤ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʝʡʟʝʨʥʳʡ ʨʝʞʠʤ ʠʩʪʝʯʝʥʠʷ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʚʩʝʭ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʪʝʯʝʥʠʷʭ (ʫʛʣʝʢʠʩʣʳʝ ʠʩʪʦʯʥʠʢʠ, ʥʝʬʪʷʥʳʝ 

(ʛʘʟʠʨʦʚʘʥʥʳʝ) ʩʢʚʘʞʠʥʳ, ʚʫʣʢʘʥʳ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ, ʧʘʨʦʚʦʜʷʥʳʝ ʠʩʪʦʯʥʠʢʠ). ɼʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʠʩʪʠʥʥʦʛʦ ʛʝʡʟʝʨʘ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠ.ʁ ʊ. ʝ. ʪʝʦʨʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʙʳʣʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʧʘʨʣʠʬʪʘ [ʅʘʙʦʢʦ, 1954; ʂʦʥʦʥʦʚ, ʇʦʣʷʢ, 1977; ʐʚʘʨʮʝʚ, 

1996; ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʉʆ2 ʚ ʤʘʣʦʛʣʫʙʠʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʷʚʣʷʝʪʩʷ 
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ʧʨʠʯʠʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʟʨʳʚʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘʜ ʚʝʩʦʤ ʠ 

ʧʨʦʯʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʚʝʨʭʥʝʛʦ ʚʦʜʦʫʧʦʨʘ). ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʦʣʠ ʛʘʟʣʠʬʪʘ ʚ ʤʝʭʘʥʠʟʤʝ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ 

[Hurwitz et al., 2016; Kiryukhin, 2016]. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʙʦʪʝ [Kiryukhin, 2016] ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʉʆ2 ï ʛʘʟʣʠʬʪʘ. 

ɺ ʨʘʙʦʪʝ [Hutchinson et al., 1997] ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʘʣʠʯʠʝ ʧʫʟʳʨʴʢʦʚ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦʩʷ ʛʘʟʘ CO2 ʚʦ ʤʥʦʛʠʭ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʘʭ ʁʝʣʣʦʫʩʪʦʥʩʢʦʛʦ 

ʧʘʨʢʘ. ʊʘʢʞʝ ʠʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʫʟʳʨʝʡ ʧʘʨʘ ʠ ʛʘʟʘ ʉʆ2, 

ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʩʥʠʟʫ ʦʪ ʦʩʥʦʚʘʥʠʷ ʢʘʥʘʣʘ (ʥʠʞʝ ʟʦʥʳ ʢʠʧʝʥʠʷ ʚʦʜʳ), ʧʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʢʘʥʘʣʘ ʛʝʡʟʝʨʘ Old Faithful. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʜʘʚʣʝʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 0.003 ʜʦ 0.2 ʙʘʨ. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʝʥʠʷ ʚʦʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʭʦʣʦʜʥʝʝ, ʯʝʤ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ.  

Lu X. ʠ ʝʛʦ ʩʦʘʚʪʦʨʳ [Lu et al., 2006], ʠʩʩʣʝʜʫʷ "ʩʢʚʘʞʠʥʥʫʶ ʤʦʜʝʣʴ" 

ʤʝʭʘʥʠʟʤʘ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʦʚ, ʦʙʥʘʨʫʞʠʣʠ ʮʠʢʣʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ ʚ ʩʢʚʘʞʠʥʝ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʪʦʢʦʤ ʚʦʜʳ, ʥʘʩʳʱʝʥʥʦʡ ʛʘʟʦʤ ʉʆ2, ʠ ʦʪʤʝʪʠʣʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ IBE ʥʝ ʪʦʣʴʢʦ ʢ ʨʘʩʭʦʜʫ ʧʨʠʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʥʦ ʠ ʢ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʉʆ2. ɺ 2012 ʛ., ʠʩʩʣʝʜʫʷ ʢʘʥʘʣ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʢʘʤʝʨʳ, ɸ. ɹ. ɹʝʣʦʫʩʦʚ ʦʙʥʘʨʫʞʠʣ ʥʘʣʠʯʠʝ ʧʫʟʳʨʴʢʦʚ ʫ ʦʩʥʦʚʘʥʠʷ ʛʝʡʟʝʨʥʦʛʦ 

ʢʘʥʘʣʘ ɺʝʣʠʢʘʥʘ ʧʨʠʤʝʨʥʦ ʥʘ ʛʣʫʙʠʥʝ 5 ʤ.  

ɺ ʨʘʙʦʪʝ [Kiryukhin, 2016] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʣʦʛʛʝʨʦʚ ʚʦ ʚʨʝʤʷ ʚʨʝʤʷ 

9-ʪʠ ʮʠʢʣʦʚ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ (ʠʶʣʴ 2007 ʛ.) ʟʘʬʠʢʩʠʨʦʚʘʣʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʘʢ ʚ ʩʝʨʝʜʠʥʝ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʝ ʢʘʥʘʣʘ ʥʘ 4Ü ʉ ʥʠʞʝ, ʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʚʦʜʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʫʙʠʥʘʭ. 

ɺ ʨʘʙʦʪʝ [ɼʨʦʟʥʠʥ, 2009] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚʦ ʚʩʝʭ ʬʘʟʘʭ 

ʮʠʢʣʘ ʛʝʡʟʝʨʘ ʐʘʤʘʥ (ʋʟʦʥ) ʥʝ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʛʣʫʙʠʥʝ 2 ʤ (ʘ. ʦ. 648 ʤ) ʚʩʝʛʜʘ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʚʦʜʦʡ, ʨʘʚʥʘ 93.4 Áʉ ʚʤʝʩʪʦ  97,7 Áʉ, ʥʝʦʙʭʦʜʠʤʳʭ ʥʘ ʜʘʥʥʦʡ 

ʘ. ʦ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʜʠʥʘʤʠʢʠ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ʚ ʁʝʣʣʦʫʩʪʦʥʝ [Hurwitz et all., 

2017], ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥʘ [Kiryukhin, 2016, 

Kiryukhin et al, 2018] ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ (ʛʣʘʚʥʳʤ 
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ʦʙʨʘʟʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʉʆ2 ʠ ʘʪʤʦʩʬʝʨʥʳʡ N2) ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʜʠʥʘʤʠʢʦʡ 

ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ, ʧʝʨʝʤʝʱʘʷ ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʢʠʧʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʠʩʪʦʡ ʚʦʜʝ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʦʢ ʉʆ2 ʠʥʠʮʠʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʚ ʢʘʥʘʣʘʭ 

ʛʝʡʟʝʨʦʚ ʠ ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʠʭ ʛʝʡʟʝʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ: 

ʠʥʠʮʠʠʨʫʝʪ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʦʚ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʛʘʟ-ʣʠʬʪʘ, ʘ ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ CO2 ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ ʚ ʢʘʥʘʣʳ ʛʝʡʟʝʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʣʠʬʪʘ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʦʪ ʛʣʫʙʠʥʳ (ʊsat(depth)) ʜʣʷ 

ʫʩʣʦʚʠʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ (Patm=0.956 ʙʘʨ) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.16. ʃʠʥʠʷ 

ʊsat(depth) ʷʚʣʷʝʪʩʷ ʣʠʥʠʝʡ ʢʠʧʝʥʠʷ "ʯʠʩʪʦʡ ʚʦʜʳ" ʠ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʟʦʥʫ ʞʠʜʢʦʩʪʠ ʠ ʟʦʥʫ ʧʘʨʘ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʘʭ 

ʛʝʡʟʝʨʦʚ ʦʞʠʜʘʝʤʳʤ ʙʳʣʦ ʧʦʧʘʜʘʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʦʚ ʥʘ ʣʠʥʠʶ ʢʠʧʝʥʠʷ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ, ʪʦʯʢʠ ʬʘʢʪʠʯʝʩʢʠ ʠʟʤʝʨʝʥʥʦʡ ʟʘʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʚ ʢʦʥʮʝ ʩʪʘʜʠʠ ʠʟʣʠʚʘ ʠʟ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ (2016, 2017 ʛʛ.) ʠ 

ɺʝʣʠʢʘʥʘ (1994, 2016, 2017 ʛʛ.) [Kiryukhin, 2016; Kiryukhin, Sugrobov, , 2016] 

ʦʢʘʟʘʣʠʩʴ ʚ ʟʦʥʝ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʩʦ ʩʜʚʠʛʦʤ ʥʘ 3-6Á ʉ ʦʪ ʣʠʥʠʠ ʢʠʧʝʥʠʷ 

ʯʠʩʪʦʡ ʚʦʜʳ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʙʳ ʚ ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ ʙʳʣʘ ʯʠʩʪʘʷ ʚʦʜʘ, ʪʦ 

ʩʦʩʪʦʷʥʠʝ ʢʠʧʝʥʠʷ ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʘ ʙʳ ʥʝ ʜʦʩʪʠʛʘʣʘ.  

ʂʠʧʝʥʠʝ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʝʛʦ 

ʠʟʚʝʨʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʠʧʝʥʠʷ ʚ ʢʘʥʘʣʝ ʧʨʠ ʟʘʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ TOUGH2 ï EOS2 ʩ ʫʯʘʩʪʠʝʤ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦʩʷ ʛʘʟʘ (ʉʆ2) ʩ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʦʡ ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ 

(ʍʉʆ2). 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʉʆ2, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʟʘʢʠʧʘʥʠʷ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʢʘʥʘʣʘ ʛʝʡʟʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʦ 

TOUGH2 ï EOS2 ʤʦʜʝʣʠʨʦʚʘʥʠʝ [Xu, T. et al, 2006] (ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʫʣʴ ʩʦʩʪʦʷʥʠʷ EOS2 (ʅ2ʆ+CO2).  

ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʙʱʝʥʥʦʡ ʛʝʡʟʝʨʘ (ʨʠʩ. 1.17) ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨ ʚʳʩʦʪʦʡ 5,5 ʤ ʩ ʨʘʜʠʫʩʦʤ R=1.27 ʤ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʮʠʣʠʥʜʨ ʨʘʟʙʠʪ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘ 11 ʵʣʝʤʝʥʪʦʚ ʚʳʩʦʪʦʡ 0,5 
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ʤ ʢʘʞʜʳʡ. ʅʠʞʥʠʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʜʘʥʠʷ ʫʩʣʦʚʠʡ ʧʠʪʘʥʠʷ 

(ʧʨʠʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʠ ʧʨʠʪʦʢʘ ʉʆ2). ɺʝʨʭʥʠʡ 

ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʟʛʫʟʢʠ ʛʝʡʟʝʨʘ ʥʘ 

ʩʪʘʜʠʠ ʠʟʣʠʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ TOUGH2 ʤʦʜʝʣʠ ʢʘʥʘʣʘ - ʝʛʦ ʧʦʨʠʩʪʦʩʪʴ 

ʟʘʜʘʥʘ 0,99, ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 10
4
 ɼ. (10

-8
 ʤ

2
). 

 

 
 
ʈʠʩ. 1.16. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʦʪ ʛʣʫʙʠʥʳ ʢʘʥʘʣʘ (ʊsat(depth) ʜʣʷ 

ʫʩʣʦʚʠʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. 1 ï ʣʠʥʠʷ ʢʠʧʝʥʠʷ ʯʠʩʪʦʡ ʚʦʜʳ ʜʣʷ ʫʩʣʦʚʠʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ; 2 ï 

ʬʘʢʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʛʝʡʟʝʨʝ ɹʦʣʴʰʦʤ ʚ ʢʦʥʮʝ ʩʪʘʜʠʠ ʠʟʣʠʚʘ; 3 - 

ʬʘʢʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʛʝʡʟʝʨʝ ɺʝʣʠʢʘʥ ʚ ʢʦʥʮʝ ʩʪʘʜʠʠ ʠʟʣʠʚʘ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʊsat(depth) ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠʟ ʧʨʦʛʨʘʤʤʳ TOUGH2 ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʯʠʩʪʦʡ ʚʦʜʳ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠʟ 

ʧʨʦʛʨʘʤʤʳ TOUGH2 ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʯʠʩʪʦʡ ʚʦʜʳ. 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.17. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ TOUGH2 ï EOS2 ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ 

ʬʣʶʠʜʘ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ. 
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ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ ʨʘʟʛʨʫʟʢʘ ʛʝʡʟʝʨʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʨʘʟʛʨʫʟʢʘ 

ʩʢʚʘʞʠʥʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʩʘʤʦʠʟʣʠʚʘ (ʛʣʫʙʠʥʘ ʩʚʘʞʠʥʳ ʨʘʚʥʘ 0,25 ʤ). 

ɿʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʢʚʘʞʠʥʝ (Pwb) ʟʘʜʘʥʦ ʨʘʚʥʳʤ 0.98 ʙʘʨ (ʩ ʫʯʝʪʦʤ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʢʘʟʘʥʥʦʡ ʛʣʫʙʠʥʝ), ʠʥʜʝʢʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ PI 

ʩʢʚʘʞʠʥʳ ʟʘʜʘʥ ʨʘʚʥʳʤ 10
-7
 ʤ

3
. ʈʘʟʛʨʫʟʢʘ (qɓ) ʠʟ ʩʢʚʘʞʠʥʳ ʚ ʨʝʞʠʤʝ ʩʘʤʦʠʟʣʠʚʘ 

(well on deliverability) ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (2) [Pruess et al., 1999]: 
 

                     (2), 

ʛʜʝ Krɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʤ
2
; ɟɓ ï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ

3
; Õɓ 

ï ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʇʘ*ʩ (ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ), PI ï ʠʥʜʝʢʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, 

ʤ
3
; Ʌɓ ï ʜʘʚʣʝʥʠʝ ʚ ʵʣʝʤʝʥʪʝ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʩʢʚʘʞʠʥʫ, ʇʘ; Pwb ï ʟʘʙʦʡʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʇʘ. 

ʅʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʥʳ ʧʨʠʪʦʢʦʤ 

ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (1 ʢʛ/ʩ ʠ ʵʥʪʘʣʴʧʠʝʡ 466 ʢɼʞ/ʢʛ) ʠ ʧʨʠʪʦʢʦʤ ʉʆ2 (ʩ 

ʵʥʪʘʣʴʧʠʝʡ 466 ʢɼʞ/ʢʛ) ʠ ʨʘʩʭʦʜʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ 10 ʛ/ʩ. ʊʝʧʣʦʦʙʤʝʥ 

ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʩ ʧʦʨʦʜʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʘʜʘʥ ʩ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (-

764,4 ɺʪ/ʤ
2
) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 11 ʵʣʝʤʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ (ʨʠʩ. 1.18), ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʍʉʆ2=0, ʣʠʥʠʷ ʢʠʧʝʥʠʷ ʚʦʜʳ ʚ ʢʘʥʘʣʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʣʠʥʠʝʡ ʢʠʧʝʥʠʷ ʯʠʩʪʦʡ ʚʦʜʳ ʜʣʷ ʫʩʣʦʚʠʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. ʇʨʠ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʷʭ ʍʉʆ2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʝ 

ʩʤʝʱʘʝʪʩʷ ʦʪ ʣʠʥʠʠ ʢʠʧʝʥʠʷ "ʯʠʩʪʦʡ ʚʦʜʳ" ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʡ ʠ ɺʝʣʠʢʘʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʦʪ 1 ʛ/ʣ (10
-3
) ʜʦ 10 ʛ/ʣ 

(10
-2
). ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ 10

-

4
 (0,1 ʛ/ʩ) ʠ ʙʦʣʴʰʝ, ʢʠʧʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʢʘʥʘʣʘ (5,5 ʤ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʟʥʘʯʝʥʠʠ ʍʉʆ2=0, ʚʦʜʘ ʚ ʢʘʥʘʣʝ ʢʠʧʠʪ ʜʦ ʛʣʫʙʠʥʳ 2,25 ʤ, ʘ ʛʣʫʙʞʝ 

ʢʠʧʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩ. 1.18. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʠ ʤʦʜʝʣʴʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʢʘʥʘʣʝ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʉʆ2.  

 

ɺʳʚʦʜʳ ʧʦ ʛʣ. 1 

1. TOUGHREACT-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʪʨʝʱʠʥʥʦʡ ʟʦʥʝ ʚ 

ʥʝʠʟʤʝʥʝʥʥʳʭ ʨʠʦʣʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʪʫʬʘʭ, ʩʣʘʛʘʶʱʠʭ ʘʨʪʝʟʠʘʥʩʢʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʙʘʩʩʝʡʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ. ɺ ʫʩʣʦʚʠʷʭ ʩʢʚʦʟʥʦʡ ʥʘʧʦʨʥʦʡ ʚʦʩʭʦʜʷʱʝʡ ʬʠʣʴʪʨʘʮʠʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (> 140Á ʉ) ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚʙʣʠʟʠ ʢʘʥʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʟʦʥʳ ʠʟ ʛʝʡʟʝʨʠʪʘ ʚʦʢʨʫʛ 

ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ.  

2. ʈʝʟʫʣʴʪʘʪʳ TOUGH2-EOS2-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʠʧʝʥʠʷ 

ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʢʘʥʘʣʘ ʠ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ ʩ ʚʝʣʠʯʠʥʦʡ ʤʘʩʩʦʚʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʦʪ 0.0001 (0,1 

ʛ/ʣ) ʠ ʙʦʣʴʰʝ. ɼʣʷ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ ʠ ɺʝʣʠʢʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʤʘʩʩʦʚʦʝ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʉʆ2 ʦʪ 1 ʜʦ 10 ʛ/ʣ.  
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ɻʣʘʚʘ 2. ʈɽɿʋʃʔʊɸʊʓ ʄʅʆɻʆʃɽʊʅʀʍ (2007-2015 ɻɻ.) 

ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂʀʍ ʅɸɹʃʖɼɽʅʀʁ ɺ ɼʆʃʀʅɽ ɻɽʁɿɽʈʆɺ 

2.1. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʮʠʢʣʠʯʥʦʩʪʠ ʛʝʡʟʝʨʦʚ ʠ ʦʮʝʥʢʠ ʩʢʨʳʪʦʡ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʠʥʳ ʛʝʡʟʝʨʦʚ 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʨʘʙʦʪʳ ʛʝʡʟʝʨʦʚ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ 

ʥʘʯʘʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʝʝ ʊ. ʀ. ʋʩʪʠʥʦʚʦʡ ʚ 1941 ʛ. ï ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ. ʇʦʩʝʱʝʥʠʝ ɼʦʣʠʥʳ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʅʘʙʦʢʦ ʉ.ʀ., ʅʝʭʦʨʦʰʝʚʳʤ 

ɸ.ʉ., ɺʠʥʦʛʨʘʜʦʚʳʤ ɺ.ʅ., ʂʦʥʦʥʦʚʳʤ ɺ.ʀ., ʍʘʪʢʝʚʠʯʝʤ ʖ.ʄ.) ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʠ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʳʤʠ ʠʟ ʥʠʭ ʙʳʣʠ 

ʥʘʙʣʶʜʝʥʠʷ ʉ. ʀ. ʅʘʙʦʢʦ. ɺ 1962 ʛ. ʛʨʫʧʧʘ ʛʠʜʨʦʛʝʦʣʦʛʦʚ ʀʥʩʪʠʪʫʪʘ 

ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ ʚʦ ʛʣʘʚʝ ʩ ɺ. ɺ. ɸʚʝʨʴʝʚʳʤ 

ʥʘʨʷʜʫ ʩ ʚʳʧʦʣʥʝʥʥʳʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʝʦʪʝʨʤʠʯʝʩʢʠʤʠ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʜʘʣʘ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʞʠʤʘ ʛʝʡʟʝʨʦʚ. 

ɺ 1969 ʛ. ʵʧʠʟʦʜʠʯʝʩʢʠ ʨʝʞʠʤʦʤ ʛʝʡʟʝʨʦʚ ʟʘʥʠʤʘʣʠʩʴ ʩʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʛʝʦʪʝʨʤʠʠ ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ. ɺ 1972 ʛ. ʙʳʣʠ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʥʝʧʨʝʨʳʚʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʛʝʡʟʝʨʦʚ, ʚ 1974 - 1975 ʛʛ. ʦʥʠ ʚʳʧʦʣʥʷʣʠʩʴ ʫʞʝ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʛʦʜʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ: ʟʘ 

ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʦʩʘʜʢʘʤʠ, ʫʨʦʚʥʝʤ ʨʝʢʠ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʚ 

ʨʝʢʝ, ʚʣʘʞʥʦʩʪʴ ʁʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʁʚʝʪʨʘ [ʉʫʛʨʦʙʦʚʘ, 1982].  

ɺʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʅ. ɻ. ʉʫʛʨʦʙʦʚʦʡ ʟʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʨʘʙʦʪʳ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʛʝʡʟʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʧʨʠʙʦʨʳ-

ʫʨʦʚʥʝʤʝʨʳ ʪʠʧʘ ɺʘʣʜʘʡ ʠ ɻʈ-38. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʛʝʡʟʝʨʦʚ 

ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʘ ʜʠʘʛʨʘʤʤʝ. ʋʨʦʚʥʝʤʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʨʫʯʴʝ ʠʣʠ ʣʦʪʢʝ, 

ʦʪʚʦʜʠʚʰʝʤ ʚʦʜʫ ʛʝʡʟʝʨʘ ʧʨʠ ʠʟʣʠʚʝ ʚʦʜʳ, ʠʣʠ ʬʦʥʪʘʥʠʨʦʚʘʥʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʦʜʘ ʧʨʠ ʥʘʯʘʣʝ ʠʟʣʠʚʘ ʢʘʩʘʣʘʩʴ ʧʦʧʣʘʚʢʘ ʧʨʠʙʦʨʘ. ɼʚʠʞʝʥʠʝ ʧʦʧʣʘʚʢʘ 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʙʘʨʘʙʘʥʫ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʘ ʟʘʧʠʩʴ ʫʨʦʚʥʷ ʧʨʠ ʠʟʣʠʚʝ ʠ 

ʬʦʥʪʘʥʠʨʦʚʘʥʠʠ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʘʧʠʩʴ ʩʘʤʦʧʠʩʮʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʠʦʜʫ, ʢʦʛʜʘ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʪ, ʪ. ʝ. ʩʪʘʜʠʠ ʥʘʧʦʣʥʝʥʠʷ ʚʦʨʦʥʢʠ ʛʝʡʟʝʨʘ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʦʜʲʝʤ ʣʠʥʠʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʟʥʘʯʘʝʪ ʥʘʯʘʣʦ ʩʪʘʜʠʠ 

ʬʦʥʪʘʥʠʨʦʚʘʥʠʷ. ʄʦʤʝʥʪʳ ʬʦʥʪʘʥʠʨʦʚʘʥʠʷ ʯʝʪʢʦ ʦʪʨʘʞʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʚʩʝʭ 

ʛʝʡʟʝʨʦʚ, ʧʦʵʪʦʤʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʧʠʢʘʤʠ ʬʦʥʪʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 2.1). 
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ʈʠʩ. 2.1. ʊʠʧʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʧʠʩʠ ʨʝʞʠʤʘ 

ʛʝʡʟʝʨʦʚ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʫʨʦʚʥʝʤʝʨʘ ɺʘʣʜʘʡ:  

1 - ʇʝʨʚʝʥʝʮ, 2 - ʑʝʣʴ, 3 - ɹʦʣʴʰʦʡ, 4 ï 

ɺʝʣʠʢʘʥ (ʉʫʛʨʦʙʦʚʘ, 1982). 

 

 

ʅʘʯʠʥʘʷ ʩ 1996 ʛ. ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʨʩʢʠʡ ʩʧʦʩʦʙ ɺ. ɸ. ɼʨʦʟʥʠʥʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʩʦʝʜʠʥʷʣʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ 

ʩ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʄʝʩʪʦ ʨʘʟʨʳʚʘ ʵʪʦʡ ʮʝʧʠ ʨʘʟʤʝʱʘʣʠ ʚ ʚʦʜʦʪʦʢʝ 

ʠʩʪʦʯʥʠʢʘ ʥʘ ʪʘʢʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʮʝʧʴ ʟʘʤʳʢʘʣʘʩʴ ʚ ʘʢʪʠʚʥʫʶ ʩʪʘʜʠʶ ʨʘʙʦʪʳ 

ʠʩʪʦʯʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʜʘʚʘʣʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦʡ 

ʩʪʘʜʠʠ. ɿʘʤʳʢʘʥʠʝ ʮʝʧʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʪʝʨʤʘʣʴʥʫʶ ʚʦʜʫ, ʦʙʣʘʜʘʶʱʫʶ 

ʩʚʦʡʩʪʚʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʘʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʚʦʜʦʪʦʢʝ ʧʦʥʠʞʘʣʩʩʷ, ʤʝʩʪʦ ʨʘʟʨʳʚʘ ʦʙʩʳʭʘʣʦ, ʠ 

ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʬʠʢʩʠʨʦʚʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʚ ʨʝʞʠʤʝ 

ʠʩʪʦʯʥʠʢʘ. ɺ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ɺ. ɸ. ɼʨʦʟʥʠʥʳʤ ʙʳʣʦ ʦʙʦʨʫʜʦʚʘʥʦ ʜʚʘ ʧʫʥʢʪʘ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ: ʢ ʧʝʨʚʦʤʫ ʧʫʥʢʪʫ ʧʨʦʣʦʞʝʥʳ ʧʨʦʚʦʜʘ ʦʪ ʛʝʡʟʝʨʦʚ ʊʨʦʡʥʦʡ, 

ʄʘʣʳʡ, ɹʦʣʴʰʦʡ, ʑʝʣʴ ʠ ɺʝʣʠʢʘʥ; ʥʘ ʚʪʦʨʦʤ ʧʫʥʢʪʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʝʞʠʤ 

ʛʝʡʟʝʨʦʚ ɸʚʝʨʴʝʚ, ʇʘʨʷʱʠʡ, ɺʝʣʠʢʘʥ, ɾʝʤʯʫʞʥʳʡ, ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ. ʉʠʛʥʘʣ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ ʧʨʠ ʠʟʣʠʚʝ ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʦʣʫʯʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʥʘʜʝʞʥʦʩʪʴ [ɼʨʦʟʥʠʥ, 2007] (ʨʠʩ. 2.2).  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʮʝʣʝʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʙʦʪ ʚ ʨʘʡʦʥʝ ɼʦʣʠʥʝ 

ɻʝʡʟʝʨʦʚ ʩ 2005 ʛ., ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʨʝʞʠʤʘ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʡ, 

ʄʘʣʳʡ ʠ ʦʮʝʥʢʘ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʨʘʟʛʨʫʟʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ ʠ ʨʫʯʴʷ 

ɺʦʜʦʧʘʜʥʦʛʦ ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʣʘʩʴ. ɺ ʘʧʨʝʣʝ 2007 ʛ. ʙʳʣ ʟʘʧʫʱʝʥ 

ʨʝʛʠʩʪʨʘʪʦʨ ʨʝʞʠʤʘ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʡ ʠ ʄʘʣʳʡ, ʨʘʙʦʪʘʚʰʠʡ ʠ ʥʘ ʤʦʤʝʥʪ 
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ʢʘʪʘʩʪʨʦʬʳ 03.06.2007 ʛ. (ɺ. ɸ. ɼʨʦʟʥʠʥ. ʆʪʯʸʪ ʦ ʢʦʤʘʥʜʠʨʦʚʢʝ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʂʨʦʥʦʮʢʠʡ ɹʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ 6-15 ʠʶʥʷ 2007 ʛʦʜʘ).  

 

           

 
ʈʠʩ. 2.2. ʂʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ, ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ 

ʤʝʪʦʜʦʤ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ [ɼʨʦʟʥʠʥ, 2007]. 

 

ɼʦ 3 ʠʶʥʷ 2007 ʛ. ʚ ʧʨʝʜʝʣʘʭ ʜʦʣʠʥʳ ʨ. ɻʝʡʟʝʨʥʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʥʝ 

ʤʝʥʝʝ 57-ʤʠ ʛʝʡʟʝʨʦʚ. ʅʘ 13-ʪʠ ʛʝʡʟʝʨʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʮʠʢʣʦʤ ʘʢʪʠʚʥʦʩʪʠ (ʇʝʨʚʝʥʝʮ, ʊʨʦʡʥʦʡ, ʂʦʥʫʩ, ʄʘʣʳʡ, ɹʦʣʴʰʦʡ, 

ʑʝʣʴ, ʌʦʥʪʘʥ, ɺʝʣʠʢʘʥ, ɾʝʤʯʫʞʥʳʡ, ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ, ʈʦʟʦʚʳʡ ʂʦʥʫʩ, 

ɹʫʨʣʷʱʠʡ, ɺʦʩʴʤʝʨʢʘ) ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʧʝʨʠʦʜʠʯʥʦʩʪʴ [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]. 

ʇʦʩʣʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ 3.06.2007 ʛ. ʙʳʣ ʚʦʟʦʙʥʦʚʣʝʥ ʤʦʥʠʪʦʨʠʥʛ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʥʳʭ ʛʝʡʟʝʨʘʭ ʠ ʠʩʪʦʯʥʠʢʘʭ, ʠ 

ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2009; ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, ɼʫʙʠʥʠʥʘ, 2015]. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʬʠʨʤʳ HOBO ï ʣʦʛʛʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʣʦʛʛʝʨʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʦʙʝʩʧʝʯʠʣʘ ʧʦʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʨʷʜʘ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠ ʦʮʝʥʢʠ 

ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʛʘʟʦʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʛʨʫʟʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (ŭD, ŭ
18

O) ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʮʠʢʣʠʯʥʦʩʪʠ ʛʝʡʟʝʨʦʚ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥ ʠ ɹʦʣʴʰʦʡ, ʥʘʯʠʥʘʷ ʩ ʠʶʣʷ 2007 ʛ., 
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ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʣʦʛʛʝʨʳ HOBO U12-015. ɿʘʧʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʣʦʛʛʝʨʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʣʘʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ 5 ʤʠʥ., ʣʦʛʛʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ 

ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ ʥʘ ʫʨʦʚʥʝ ʠʟʣʠʚʘʶʱʝʡʩʷ ʚʦʜʳ (ʨʠʩ. 2.3), ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʦʚ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʤʘʢʩʠʤʫʤʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ ʝʝ ʘʙʩʦʣʶʪʥʳʤ ʤʠʥʠʤʫʤʦʤ ʥʘ ʠʥʪʝʨʚʘʣʝ ʮʠʢʣʘ ʠʟʚʝʨʞʝʥʠʷ-

ʧʦʢʦʷ (ʨʠʩ. 2.4). ʊʘʢʠʝ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʣʦʛʛʝʨʳ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʨʫʙʘʤ, ʠʣʠ ʥʘ ʪʨʦʩʝ ʩ ʫʪʷʞʝʣʠʪʝʣʝʤ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ. 
 

             

 
ʈʠʩ. 2.3. ʋʩʪʘʥʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʦʛʛʝʨʘ HOBO U12-015 ʚ ʚʘʥʥʫ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʡ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʞʠʤʘ ʝʛʦ ʠʟʚʝʨʞʝʥʠʡ. 
 
 

 

 
ʈʠʩ. 2.4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠ ̫ʧʝʨʠʦʜʘ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʛʝʨʘ U12-

015, ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʝʛʦ ʠʟʣʠʚʝ (ʯʘʩʪʦʪʘ ʟʘʧʠʩʠ 5 ʤʠʥ.). 

 

ʄʝʪʦʜʠʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 . ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʘʨʘ ʣʦʛʛʝʨʦʚ ʜʘʚʣʝʥʠʷ 

HOBO WATER LEVEL LOGGER U20-001-04 ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 
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ʠʟʤʝʨʝʥʠʡ 20-30 ʤʠʥ. ʆʜʠʥ ʠʟ ʣʦʛʛʝʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣ 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. ɸ ʜʨʫʛʦʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʦʟʝʨʝ, ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣ 

ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʣʙʘ ʚʦʜʳ ʥʘʜ ʥʠʤ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 2.5). 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʨʘʟʥʠʮʝ ʟʘʧʠʩʝʡ ʜʘʚʣʝʥʠʷ ʥʘ ʜʚʫʭ 

ʣʦʛʛʝʨʘʭ. 
 

           

 
ʈʠʩ. 2.5. ʋʩʪʘʥʦʚʢʘ ʜʚʫʭ ʣʦʛʛʝʨʦʚ ʜʘʚʣʝʥʠʷ U20-001-04 ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1: ʦʜʠʥ - ʚ ʦʟʝʨʝ, ʜʨʫʛʦʡ - ʥʘ ʙʝʨʝʛʫ.  
 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ (W, ʄɺʪ) ʠ ʚʝʣʠʯʠʥʘ 

ʨʘʩʭʦʜʘ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (Qd, ʢʛ/ʩ) ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɼʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʦʧʦʣʟʥʷ ʩʫʤʤʘʨʥʘʷ ʪʝʨʤʘʣʴʥʘʷ ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (Qd, ʢʛ/ʩ) 

ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ɺ. ʄ. ʉʫʛʨʦʙʦʚʳʤ ʚ 1989 ʛ. [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009] ʠ ʦʮʝʥʝʥʘ ʚ 

315 ʣ/ʩ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʚʳʥʦʩʘ ʨʝʢʦʡ 

ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʜʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʭʣʦʨʘ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ʚ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʝ ʚ ʫʩʪʴʝ ʨʝʢʠ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʝʢʝ ʜʦ ʟʦʥʳ ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ. ʈʘʩʭʦʜ ʭʣʦʨʘ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʣʦʨʘ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʨ. ɻʝʡʟʝʨʥʦʡ ʠ ʝʝ ʨʘʩʭʦʜʫ. 

ʈʘʩʭʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʚʝʨʪʫʰʢʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʢʠ. ʊʘʢ ʢʘʢ ʚ ʚʝʨʭʦʚʴʝ ʨʝʢʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ ʚʦʜʝ 

ʦʯʝʥʴ ʥʠʟʢʦʝ (ʦʢʦʣʦ 0,7 ʤʛ/ʣ), ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʭʣʦʨ ʚ ʫʩʪʴʝ 

ʧʦʩʪʫʧʘʝʪ ʩ ʨʘʟʛʨʫʞʘʶʱʝʡʩʷ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʦʡ. ʊʦʛʜʘ ʨʘʩʭʦʜ ʨʘʟʛʨʫʟʢʠ 

ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (Qd, ʢʛ/ʩ) ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʨʘʩʭʦʜʘ ʭʣʦʨʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʘ ʚ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʝ. ʊʘʢ, ʚ 
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ʩʝʥʪʷʙʨʝ 1989 ʛ. ʨʘʩʭʦʜ ʨ. ɻʝʡʟʝʨʥʦʡ ʩʦʩʪʘʚʠʣ 3 340 ʣ/ʩ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ 

ʨʝʯʥʦʡ ʚʦʜʝ ʨʘʚʥʦ 85 ʤʛ/ʣ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʨʘʩʭʦʜ (ʚʳʥʦʩ) ʭʣʦʨʘ ʚ 283 900 ʤʛ/ʩ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ ʨʘʟʛʨʫʞʘʶʱʝʡʩʷ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʝ ʚ ʚʠʜʝ 

ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʜʦʩʪʠʛʘʝʪ 900 ʤʛ/ʣ. ʇʦʵʪʦʤʫ ʦʙʱʠʡ ʨʘʩʭʦʜ 

(ʨʘʟʛʨʫʟʢʘ) ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʠʣ: 283 900 ʤʛ/ʩ: 900 ʤʛ/ʣ = 315 ʣ/ʩ. ɺ ʵʪʫ 

ʚʝʣʠʯʠʥʫ ʚʦʰʣʘ ʠ ʚʠʜʠʤʘʷ ʨʘʟʛʨʫʟʢʘ, ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʜʝʙʠʪʦʚ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʛʝʡʟʝʨʦʚ (ʦʢʦʣʦ 100 ʣ/ʩ). 

ʇʦʩʣʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ, ʥʘʯʠʥʘʷ ʩ ʩʝʥʪʷʙʨʷ 2007 ʛ., ʨʘʟʛʨʫʟʢʘ 

ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (Qd) ʜʣʷ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚʳʯʠʩʣʷʣʘʩʴ ʪʝʤ 

ʞʝ ʤʝʪʦʜʦʤ ʧʦʜʩʯʝʪʘ [Fournier, R., 1989; ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009] ʧʦ ʬʦʨʤʫʣʝ (3), 

ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʤʘʩʩʦʚʦʛʦ ʙʘʣʘʥʩʘ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]: 
 

                        (3), 

ʛʜʝ Qd - ʪʝʨʤʘʣʴʥʘʷ ʛʣʫʙʠʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ (ʩʢʨʳʪʘʷ ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ), 

ʢʛ/ʩ; Qr ï ʨʘʩʭʦʜ ʨʝʢʠ, (ʢʛ/ʩ); Clr - ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ʚ ʨʝʯʥʦʡ ʚʦʜʝ (ʤʛ/ʣ); Clb ï 

ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ʚ ʤʝʪʝʦʨʥʦʡ ʚʦʜʝ (ʦʪ 1 ʜʦ 2 ʤʛ/ʣ); Cld - ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʘ ʚ ʛʣʫʙʠʥʥʦʡ ʚʦʜʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʤʘʪʝʨʠʥʩʢʠʡ ʬʣʶʠʜ, ʤʛ/ʣ), 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʘ ʚ ʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ (ʜʣʷ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ 900 ʤʛ/ʢʛ). ʈʘʩʭʦʜ ʭʣʦʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

Qr*(Cl r ï Clb) ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʘ ʚ ʛʣʫʙʠʥʥʦʡ ʚʦʜʝ Cld. ʍʣʦʨʠʜʥʳʡ ʤʝʪʦʜ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʢʠʧʝʥʠʝ ʠ ʨʘʟʙʘʚʣʝʥʠʝ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. 

ʈʘʟʛʨʫʟʢʘ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʤʝʨʷʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʚʭʦʜʝ ʚ ʦʟʝʨʦ ʇʦʜʧʨʫʜʥʦʝ (ʩʪʚʦʨ "ʑʝʣʴ") ʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ (ʩʪʚʦʨ "ʇʣʦʪʠʥʘ") 

(ʨʠʩ. 2.6). ɺʝʣʠʯʠʥʘ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ 

ʥʘʙʣʶʜʘʪʝʣʴʥʦʤ ʩʪʚʦʨʝ "ʇʣʦʪʠʥʘ". 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (3), ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʨʝʢʠ, ʢʦʪʦʨʦʝ ʚ 2008-2009 ʛʛ. ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʝʨʪʫʰʢʠ ɻʈ-55 ʥʘ ʩʪʚʦʨʘʭ "ʇʣʦʪʠʥʘ" ʠ 

"ʑʝʣʴ" (ʨʠʩ. 2.6, 2.7) ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʦʪʙʦʨʦʤ ʧʨʦʙ ʚʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉl-ʠʦʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʫʩʪʘʥʦʚʠʚ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠ ʨʘʩʭʦʜʦʤ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ, ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʨʘʩʯʝʪʥʘ ̫
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ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʨʝʢʠ ʧʦ ʫʨʦʚʥʶ ʦʟʝʨʘ. ɼʣʷ ʵʪʦʛʦ, ʚʦ ʚʨʝʤʷ 

ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʦʟʝʨʘ ʙʳʣ ʩʜʝʣʘʥ ʨʷʜ ʜʠʩʢʨʝʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʨʝʢʠ, ʘ ʟʘʪʝʤ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʨʝʢʠ ʦʪ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ (ʨʠʩ. 2.8) ʠ ʥʘʡʜʝʥʘ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ (4) [ʂʠʨʶʭʠʥ ʠ ʜʨ., 

2009]: 

Qr = 0.08954916561*ʅ +0.9240110356                (4), 

ʛʜʝ: Qr ï ʨʘʩʭʦʜ ʨ. ɻʝʡʟʝʨʥʦʡ, ʤ
3
/ʩ; ʅ ï ʫʨʦʚʝʥʴ ʦʟʝʨʘ, ʩʤ. 

 

 

 
ʈʠʩ. 2.6. ɸʵʨʦʩʥʠʤʦʢ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1. ʂʨʘʩʥʳʝ ʪʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʧʦʟʠʮʠʶ 

ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʡ (N28) ʠ ɺʝʣʠʢʘʥ (N 23), ʪʦʯʢʠ ʇʣʦʪʠʥʘ ʠ ʑʝʣʴ - ʤʝʩʪʘ ʟʘʤʝʨʘ ʨʘʩʭʦʜʘ ʥʘ 

ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ ʠʟ ʦʟʝʨʘ ʇʦʜʧʨʫʜʥʦʝ, ʯʝʨʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ï ʤʝʩʪʦ ʟʘʤʝʨʘ 

ʫʨʦʚʥʷ ʦʟʝʨʘ ʇʦʜʧʨʫʜʥʦʝ. 

 

          
 
ʈʠʩ. 2.7. ɻʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ ʥʘ ʩʪʚʦʨʘʭ "ʇʣʦʪʠʥʘ" ʠ 

"ʑʝʣʴ+100". 
 

ʅʘʯʠʥʘʷ ʩ ʤʘʷ 2012 ʛ., ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʉl-ʠʦʥʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ 
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ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʦʛʛʝʨʳ HOBO-U24-001. ʃʦʛʛʝʨ 

ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʠʥʪʝʨʚʘʣ ʟʘʧʠʩʠ 20 ʤʠʥ., 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ 0 ï 10000 ÕS/ʩʤ) ʙʳʣ ʦʪʢʘʣʠʙʨʦʚʘʥ ʧʦ ʟʥʘʯʝʥʠʷʤ ʭʣʦʨ-ʠʦʥʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʪʨʝʭ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʤ ʠʟ ʨ. ɻʝʡʟʝʨʥʦʡ ʥʘ ʅʠʞʥʝʤ ʩʪʚʦʨʝ 

(20.04.2012, 8.05.2012, 24.08.2012) ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʩʪʚʦʨʝ "ʇʣʦʪʠʥʘ". ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʥʝʧʨʝʨʳʚʥʦ ʦʧʨʝʜʝʣʷʪʴ Clr. ʈʘʩʭʦʜ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ (Qr) ʥʘ ʵʪʦʤ ʞʝ 

ʩʪʚʦʨʝ ʥʝʧʨʝʨʳʚʥʦ ʦʧʨʝʜʝʣʷʣʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ) ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʆʟʝʨʘ (ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ) ʠ ʨʝʢʦʡ ɻʝʡʟʝʨʥʦʡ. ʉ 2017 

ʛ. ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʝʥʦʩʥʦʡ ʨʘʩʭʦʜʦʤʝʨ Mainstream 400 P. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʨʝʢʠ 

ɻʝʡʟʝʨʥʦʡ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ 

ʇʦʜʧʨʫʜʥʦʤ.  

 

 

ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ W, ʄɺʪ, ʷʚʣʷʶʱʘʷʩʷ ʩʘʤʦʡ 

ʛʣʘʚʥʦʡ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʩʭʦʜʦʤ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʦʡ 

ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʯʝʨʝʟ ʵʥʪʘʣʴʧʠʶ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʅ, ʢɼʞ/ʢʛ) ʠ 

ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (5) [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]: 

W = Qd*ʅ                                         (5),  

ʛʜʝ: Qd - ʪʝʨʤʘʣʴʥʘʷ ʛʣʫʙʠʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʢʛ/ʩ; ʅ - ʵʥʪʘʣʴʧʠʷ ʛʣʫʙʠʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʢɼʞ/ʢʛ. ʇʦ ʜʘʥʥʳʤ ʛʝʦʪʝʨʤʦʤʝʪʨʠʠ [Kiryukhin et al., 2012] 

ʵʥʪʘʣʴʧʠʷ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 900 ʢɼʞ/ʢʛ ʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (W) 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 194 ʄɺʪ. 
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2.2. ʎʠʢʣʠʯʥʦʩʪʴ ɻʝʡʟʝʨʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʧʦʜʩʯʝʪʘʤ 

ʉʫʛʨʦʙʦʚʘ ɺ. ʄ., ʦʙʱʠʡ ʨʘʩʭʦʜ ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚ 1989 ʛ. ʚ ʫʩʪʴʝ ʨ. ɻʝʡʟʝʨʥʦʡ ʩʦʩʪʘʚʣʷʣ 315 ʣ/ʩ. ʕʪʦ ʩʘʤʳʡ 

ʢʨʫʧʥʳʡ, ʠʟʚʝʩʪʥʳʡ ʥʘ ʂʘʤʯʘʪʢʝ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʳʥʦʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʜʳ [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]. 

ʅʦʚʳʡ ʵʪʘʧ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘʯʘʣʩʷ ʧʦʩʣʝ ʦʧʦʣʟʥʷ 03.06.2007 ʛ. ʉʧʫʩʪʷ ʛʦʜ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ (ʧʦ ʭʣʦʨ-ʠʦʥʫ) ʦʪ 

ʫʨʦʚʥʷ ʦʟʝʨʘ (ʨʠʩ. 2.9). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʚ ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1 ʩʢʨʳʪʘʷ 

ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʘʣʘʩʴ. 
 

 
 
ʈʠʩ. 2.9. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʟʝʨʘ (ʥʠʞʥʷʷ ʣʠʥʠʷ) ʠ ʨʘʩʯʝʪʥʦʡ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʥʘ ʩʪʚʦʨʘʭ çʇʣʦʪʠʥʘè (ʚʝʨʭʥʷʷ ʞʠʨʥʘʷ ʣʠʥʠʷ) ʠ çʑʝʣʴè 

(ʪʦʥʢʘʷ ʣʠʥʠʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ). ʈʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʭʣʦʨ-ʠʦʥʫ ʧʦʩʣʝ 

ʦʧʦʣʟʥʷ 3 ʠʶʥʷ 2007 ʛ. ʂʨʫʞʢʠ ʩ ʢʨʝʩʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʨʝʤʝʥʠ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Cl. 
 

ʆʮʝʥʢʘ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʧʦʩʣʝ 2007 ʛ. ʚʳʧʦʣʥʷʣʘʩʴ ʭʣʦʨʠʜʥʳʤ ʤʝʪʦʜʦʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ɻʣʘʚʝ 2. ʈʘʟʛʨʫʟʢʘ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʤʝʨʷʣʘʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʚ ʦʟʝʨʦ ʇʦʜʧʨʫʜʥʦʝ (ʩʪʚʦʨ "ʑʝʣʴ") ʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ 

(ʩʪʚʦʨ "ʇʣʦʪʠʥʘ"). ʉ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʦʛʛʝʨ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ - ʪʦʣʴʢʦ ʥʘ ʩʪʚʦʨʝ "ʇʣʦʪʠʥʘ". ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩ 
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2007 ʛ. ʧʦ ʩʝʥʪʷʙʨʴ 2013 ʛ. ʥʘ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ʚʳʧʦʣʥʝʥʦ 19 ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 

(ʪʘʙʣ. 2.1).  
 
ʊʘʙʣʠʮʘ 2.1. ʆʮʝʥʢʘ ʨʘʩʭʦʜʘ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʭʣʦʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʪʚʦʨʝ 

çʇʣʦʪʠʥʘè.  
 

ɼʘʪʘ Qr , ʢʛ/ʩ T, 
ʦ
ʉ Clr , ʤʛ/ʢʛ QCl , ʛ/ʩ Qd, ʢʛ/ʩ W, Mɺʪ 

01.10.2007 1770 21.5 156 276.1 306.8 276.1 

08.04.2008 1268 24.5 229.8 291.4 323.8 291.4 

21.07.2008 3640 16.5 46.5 169.3 188.1 169.3 

22.07.2008 3520 16.5 46.1 162.3 180.3 162.3 

23.07.2008 3410 17 46.8 159.6 177.3 159.6 

24.07.2008 3510 19.1 53.9 189.2 210.2 189.2 

25.07.2008 3290 17.7 53.9 177.3 197.0 177.3 

26.07.2008 2920 18 54.6 159.4 177.1 159.4 

27.07.2008 2820 18.2 53.2 150.0 166.7 150.0 

07.10.2008 3040 18 71 215.8 239.8 215.8 

08.10.2008 2830 18.9 76.7 217.1 241.2 217.1 

09.10.2008 2460 17.2 71 174.7 194.1 174.7 

10.10.2008 2590 17.6 80.2 207.7 230.8 207.7 

07.05.2009 1230 26 208 255.8 284.3 255.8 

16.10.2011 1675 17.8 138 231.2 256.8 231.2 

08.05.2012 1250 19.3 113 141.3 156.9 141.3 

24.08.2012 1331 27 128 170.4 189.3 170.4 

18.04.2013 800 23.5 163.1 130.5 145.0 130.5 

05.09.2013 2930 19 68 199.2 221.4 199.2 
 
ʇʨʠʤʝʯʘʥʠʝ: ʨʘʩʯʝʪʳ ʪʝʧʣʦʤʘʩʩʦʧʦʪʦʢʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʂʠʨʶʭʠʥʳʤ ɸ.ɺ., 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ï ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ, ʈʳʯʢʦʚʦʡ ʊ.ɺ., ʏʝʨʥʳʭ ɽ.ɺ., ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ï ʄʘʨʳʥʦʚʦʡ ɺ.ʂ., ʂʘʨʪʘʰʦʚʦʡ ɽ.ɺ, ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʦʡ ɺ.ɺ., ʆ.ɺ. ʐʫʣʴʛʦʡ ʚ ʎʍʃ 

ʀɺʤʉ ɼɺʆ ʈɸʅ. Qr ï ʨʘʩʭʦʜ ʨ. ɻʝʡʟʝʨʥʦʡ, ʢʛ/ʩ,  T ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʨ. ɻʝʡʟʝʨʥʦʡ, 
ʦ
ʉ,  Clr - 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨ-ʠʦʥʘ ʚ ʨ. ɻʝʡʟʝʨʥʦʡ, ʤʛ/ʢʛ,  QCl - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʭʣʦʨ-ʠʦʥʘ, ʛ/ʩ,  Qd  ï 

ʨʘʩʭʦʜ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ, ʢʛ/ʩ, W ï ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ, ʄɺʪ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨ-ʠʦʥʘ ʚ ʨʦʜʠʪʝʣʴʩʢʦʤ ʬʣʶʠʜʝ ʧʨʠʥʠʤʘʣʘʩʴ 

ʨʘʚʥʦʡ 900 ʤʛ/ʢʛ, ʵʥʪʘʣʴʧʠʷ ï 900 ʢɼʞ/ʢʛ.  
 

ɿʘ ʵʪʦ ʚʨʝʤʷ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʭʣʦʨʠʜʥʳʤ ʤʝʪʦʜʦʤ 

ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘ ʩʪʚʦʨʝ çʇʣʦʪʠʥʘè ʩʦʩʪʘʚʠʣʘ 215 ʢʛ/ʩ (ʨʠʩ. 2.10.ʘ). 

ʈʠʩʫʥʦʢ 2. 10.ʙ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʭʦʜ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʦʢʘʣʴʥʳʤ 

ʤʠʥʠʤʫʤʦʤ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ ʧʘʚʦʜʢʘ (ʤʘʡ-ʠʶʥʴ).  

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (5), ʛʜʝ W = Qd*ʅ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʚʠʜʠʤʦʡ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (W) ʦʮʝʥʠʚʘʝʪʩʷ ʚ 194 

ʄɺʪ. 
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ʈʠʩ. 2.10. ʀʟʤʝʥʝʥʠʝ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʦʡ ʛʣʫʙʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (Qd, ʢʛ/ʩ) ʧʦ ʜʘʥʥʳʤ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʪʚʦʨʝ çʇʣʦʪʠʥʘè: ʘ) ï ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʙ) ï ʚ ʛʦʜʦʚʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ 

ʮʠʢʣʝ. ɹʦʣʴʰʠʤʠ ʢʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ, ʤʘʣʝʥʴʢʠʤʠ ʢʨʫʞʢʘʤʠ ï ʨʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʥʝʧʨʝʨʳʚʥʳʭ ʟʘʧʠʩʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʩʪʚʦʨʝ çʇʣʦʪʠʥʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʛʝʨʘ HOBO U24-001. 
 

2.3. ʄʦʥʠʪʦʨʠʥʛ ʛʘʟʦʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʛʨʫʟʢʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʛʘʟʦʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚʳʙʨʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʠʧʷʱʠʡ ʠʩʪʦʯʥʠʢ 

ɸʚʝʨʠʡ, ʠʤʝʶʱʠʡ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʨʘʟʛʨʫʟʢʠ ʥʘ ʅʠʞʥʝ-

ɻʝʡʟʝʨʥʦʤ ʫʯʘʩʪʢʝ (ʦʢʦʣʦ 12 ʢʛ/ʩ) ʠ ʛʝʡʟʝʨ ɺʝʣʠʢʘʥ - ʩʘʤʳʡ ʤʦʱʥʳʡ ʛʝʡʟʝʨ ʚ 

ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ [Kiryukhin et all, 2012]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʠʩʦʢ ʧʫʥʢʪʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʢʣʶʯʝʥʳ ʢʨʫʧʥʳʝ ʛʦʨʷʯʠʝ ʠ ʢʠʧʷʱʠʝ ʠʩʪʦʯʥʠʢʠ ʠ ʛʝʡʟʝʨʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ: ʇʝʨʚʝʥʝʮ, ɹʦʣʴʰʦʡ, ʊʨʫʙʳ, 

ɺʝʨʭʥʠʡ, ʍʣʦʨʠʜʥʳʡ, N16 ʠ N17 (ʢʠʧʷʱʠʝ ʠʩʪʦʯʥʠʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʦʩʣʝ 

 ͋
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ʦʧʦʣʟʥʷ 3.06.2007), 56 ï ʂʠʩʣʳʡ ʂʦʪʝʣ, M ï ʄʣʘʜʝʥʝʮ (ʂʨʝʧʦʩʪʴ), N 37 ï 

ʢʠʧʷʱʠʡ ʠʩʪʦʯʥʠʢ ʥʘ ʫʨʝʟʝ ʦʟʝʨʘ, ʚʦʟʥʠʢʰʠʡ ʧʦʩʣʝ ʦʧʦʣʟʥʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 

ʤʝʩʪʝ ɸʨʪʝʬʘʢʪʘ (2011 ʛ.) (ʨʠʩ. 2.11). 

ʇʦ ʚʩʝʤ ʫʢʘʟʘʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʛʘʟʦʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʧʨʦʙ ʥʘ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʩ ʮʝʣʴʶ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ɺ 2012 ʛ. 

ʦʧʨʦʙʦʚʘʥʳ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʝʡʟʝʨ ɹʫʨʣʷʱʠʡ, ʠʩʪʦʯʥʠʢʠ ʚ ʚʝʨʭʦʚʴʷʭ 

ʨʫʯʴʝʚ ɻʦʨʷʯʠʡ ʠ ʊʝʧʣʳʡ, ʠ ʠʩʪʦʯʥʠʢ ʚ ʟʦʥʝ ʦʪʨʳʚʘ ʦʧʦʣʟʥʷ 2007 ʛ. 
 

 

ʈʠʩ. 2.11. ʇʫʥʢʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚ 2012 ʛ. [ʂʠʨʶʭʠʥ, ʈʳʯʢʦʚʘ, ɼʫʙʠʥʠʥʘ, 2015]. 

ʉʝʨʳʤʠ ʢʨʫʞʢʘʤʠ ʩ ʥʦʤʝʨʘʤʠ ʚʥʫʪʨʠ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʧʫʥʢʪʳ ʤʦʥʠʪʦʨʠʥʛʘ: 3 ï 

ʇʝʨʚʝʥʝʮ, 28 ï ɹʦʣʴʰʦʡ, 21 ï ɸʚʝʨʠʡ, 23 ï ɺʝʣʠʢʘʥ, 45 ï ʊʨʫʙʳ, 52 ï ɺʝʨʭʥʠʡ, 54 ï 

ʍʣʦʨʠʜʥʳʡ, N16 ʠ N17 ï ʢʠʧʷʱʠʝ ʠʩʪʦʯʥʠʢʠ (ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʦʩʣʝ ʦʧʦʣʟʥʷ 3.06.2007), 56 ï 

ʂʠʩʣʳʡ ʂʦʪʝʣ, M ï ʄʣʘʜʝʥʝʮ (ʂʨʝʧʦʩʪʴ), N37 ï ʢʠʧʷʱʠʡ ʠʩʪʦʯʥʠʢ ʥʘ ʫʨʝʟʝ ʦʟʝʨʘ, ʚʦʟʥʠʢʰʠʡ 

ʧʦʩʣʝ ʦʧʦʣʟʥʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʤʝʩʪʝ ɸʨʪʝʬʘʢʪʘ (2011). ʉʚʝʪʣʳʤʠ ʩʝʨʳʤʠ ʢʨʫʞʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ ʦʧʨʦʙʦʚʘʥʠʷ: ʊ23 ï ʠʩʪʦʯʥʠʢ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʊʝʧʣʳʡ, N7 ï 

ʠʩʪʦʯʥʠʢ ʚ ʟʦʥʝ ʦʪʨʳʚʘ ʦʧʦʣʟʥʷ, N37 - ʢʠʧʷʱʠʡ ʠʩʪʦʯʥʠʢ ʥʘ ʫʨʝʟʝ ʦʟʝʨʘ, (ʚʦʟʥʠʢʰʠʡ ʧʦʩʣʝ 

ʦʧʦʣʟʥʷ ʠ ʧʝʨʝʤʝʩʪʠʚʰʠʡʩʷ ʚ 2012 ʛ. ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʤʝʩʪʦ ʛʝʡʟʝʨʘ ʉʢʘʣʠʩʪʦʛʦ); ʙʝʟ ʥʦʤʝʨʘ 

ï ʧʫʣʴʩʠʨʫʶʱʠʡ ʚʳʩʦʢʦʜʝʙʠʪʥʳʡ ʠʩʪʦʯʥʠʢ ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʨ. ʀʛʨʫʰʢʘ ʚ ʨ. ɻʝʡʟʝʨʥʫʶ. 

ʗʨʢʠʝ ʣʠʣʦʚʳʝ ʧʷʪʥʘ ï ʪʝʨʤʦʘʥʦʤʘʣʠʠ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʲʝʤʢʠ 2010 ʛ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʘ ʢʘʨʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 1.7, ʥʘʟʚʘʥʠʷ ʛʝʡʟʝʨʦʚ ʠ 

ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʙʣʠʮʝ 1.1. 
 

ʇʨʦʙʳ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʦʚ, ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀɺʠʉ ɼɺʆ ʈɸʅ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

Na, K, Ca ʠ Mg ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʤʝʪʨ SOLARM, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ SiO2 ʠ 
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NH4 - ʩʧʝʢʪʨʦʤʝʪʨ UVmini-2140, HCO3 ʠ CO3 ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʠʪʨʦʚʘʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʡ pH-ʤʝʪʨ çɸʥʠʦʥè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ).  

ʈʘʟʛʨʫʟʢʘ ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʫʙʱʝʣʦʯʥʳʤʠ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤʠ ʚʦʜʘʤʠ. ɼʘʥʥʳʝ 

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʧʨʦʙʦʚʘʥʠʷ ʚ 2010 - 2016 ʛʛ. [Kiryukhin et al. 2012; ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015; 

Kiryukhin, 2016; Kiryukhin, Sugrobov, , 2018] ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʘʭ 2.2; 2.3; 2.4; 

2.5; 2.6, 2.7, 2.8 ʠ 2.8ʘ. 

ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩ 2007 (ʧʦʩʣʝ ʦʙʚʘʣʘ-ʦʧʦʣʟʥʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1) ʧʦ 2013 ʛʛ. ʦʙʥʘʨʫʞʝʥʦ ʨʘʟʙʘʚʣʝʥʠʝ ʧʦ Cl-ʠʦʥʫ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʜʦ 2007 ʛ.) ʜʣʷ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ ʠ ɺʝʣʠʢʘʥʘ ʥʘ 23% ʠ 

12% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2.12). ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʜʣʷ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ, ɺʝʣʠʢʘʥʘ ʠ ʇʝʨʚʝʥʮʘ (ʨʠʩ. 2.12ʘ), ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʛʝʦʪʝʨʤʦʤʝʪʨʘʤ K-Na [Fournier, 1977] 

ʜʣʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥʘ (2.12ʙ).  

ʇʦʩʣʝ ʩʭʦʜʘ ʩʝʣʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-2 (03.01.2014 ʛ.), 

ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʨʘʞʘʣʠʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʅ ʜʣʷ 

ʛʝʡʟʝʨʦʚ ɺʣʠʢʘʥʘ ʠ ɹʦʣʴʰʦʛʦ; ʜʘʣʴʥʝʡʰʝʡ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʉʆ3 (ʨʠʩ. 

2.12ʙ), ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ K-Na ʛʝʦʪʝʨʤʦʤʝʪʨʫ (2.12.ʚ) ʜʣ̫ 

ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ, ɺʝʣʠʢʘʥʘ ʠ ʇʝʨʚʝʥʮʘ; ʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Cl-ʠʦʥʘ ʜʣʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥʘ (ʨʠʩ. 2.12ʘ). 

ɺʩʝ ʦʙʩʫʞʜʘʝʤʳʝ ʧʨʦʙʳ ʚʟʷʪʳ ʚ ʧʝʨʠʦʜ ʩ ʘʚʛʫʩʪʘ ʧʦ ʦʢʪʷʙʨʴ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʥʝ ʦʪʨʘʞʘʶʪ ʚʦʟʤʦʞʥʳʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʨʦʙ ʚʦʜʳ, 

ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʚ ʘʧʨʝʣʝ ʠ ʩʝʥʪʷʙʨʝ 2013 ʛ. (ʢʘʞʜʳʡ ʨʘʟ 

ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʪʨʠ ʧʨʦʙʳ) ʧʦʢʘʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʭʣʦʨ-ʠʦʥʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʘʧʨʝʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʙʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʚ ʩʝʥʪʷʙʨʝ (ʪʘʙʣ. 2.6, ʥʦʤʝʨ ʛʝʡʟʝʨʘ ï 23). ʕʪʦ ʤʦʞʝʪ 

ʦʪʨʘʞʘʪʴ ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʛʣʫʙʠʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʟʛʨʫʟʢʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 2.10 ʙ).  
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ʊʘʙʣʠʮʘ 2.2 [Kiryukhin et al., 2012]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ 3.06.2007 

[ɺ.ʄ. ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]. T_SiO2 ʠ T_Na-K ï ʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ (T_SiO2= 1309/(5.19-LOG10(SiO2))-273  ʠ  T_Na-
K=855.6/(LOG10(Na/K)+0.8573)-273 [Fournier, 1981]). 

 

ˉ ʠʩʪʦʯʥʠʢʘ/ʛʝʡʟʝʨʘ Cl
-
 HCO3

-
+CO3

--
 SO4

--
 Na

+
 K

+
 Ca

++
 B SiO2 T-Na-K T-SiO2 

23 (ɺʝʣʠʢʘʥ) 831.0 76.5 154.0 572.0 55.0 23.0 18.2 263.2 183 200 

3 (ʇʝʨʚʝʥʝʮ) 440.0 70.6 115.0 330.0 26.0 18.0 11.4 192.5 163 178 

5 (ʊʨʦʡʥʦʡ) 659.0 77.6 138.0 460.0 46.0 13.0 18.0 248.7 188 195 

36 (ʂʦʥʫʩ) 596.0  125.0 436.0 32.0 16.0 15.4 169.4 157 169 

29 (ʄʘʣʳʡ) 567.0 73.7 106.0 412.0 25.0 14.0 13.8 187.5 139 176 

28 (ɹʦʣʴʰʦʡ) 794.0 59.1 163.0 555.0 37.0 23.0 22.0 231.2 148 190 

65 (ʑʝʣʴ) 823.0 60.8 144.0 546.0 44.0 18.0 16.8 230.0 166 190 

19 (ʌʦʥʪʘʥ) 780.0 68.6 92.0 488.0 57.0 18.0 20.0 173.8 205 171 

25 (ɾʝʤʯʫʞʥʳʡ) 868.0 79.0 154.0 660.0 51.0 22.0 26.1 291.2 161 207 

26 (ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ) 809.0 64.0 131.0 541.0 57.0 19.0 19.8 228.8 193 189 

40 (ʈʦʟʦʚʳʡ ʂʦʥʫʩ) 702.0 69.6 106.0 482.0 36.0 18.0 17.7 223.1 158 188 

46 (ɹʫʨʣʷʱʠʡ) 486.0 54.6 115.0 345.0 20.0 23.0 13.1 179.8 136 171 

63 (ɺʦʩʴʤʝʨʢʘ) 702.0 63.3 144.0 482.0 29.0 30.0 21.0 238.1 139 192 

 
ʊʘʙʣʠʮʘ 2.3 [Kiryukhin et al., 2012]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʧʦʩʣʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ 3 ʠʶʥʷ 

2007 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ (ʩʝʥʪʷʙʨʴ 2010 ʛ.), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʃ.ʅ. ɻʘʨʮʝʚʦʡ ʚ ʎʍʃ ʀʚʠʉ ɼɺʆ ʈɸʅ. ʊ_SiO2 ʠ ʊ_ Na-K ï 
ʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ [Fournier, 1981]. 

 

ˉ 

ʠʩʪʦʯʥʠʢʘ/ʛʝʡʟʝʨʘ 
ʨʅ Cl

-
 F

-
 HCO3

-
 CO3

--
 SO4

--
 Na

+
 K

+
 Ca

++
 Mg

2+
 NH4

+
 SiO2 T-Na-K T-SiO2 

N 17 8.79 562.7 1.48 25.6 0.9 110.4 400.2 30.0 19.2 1.0 0.9 317.7 159 214 

56 (ʂʠʩʣʳʡ ʂʦʪʝʣ) 6.33 1.4 <0.18 108.0 0.0 67.2 26.6 12.4 41.7 3.9 0.3 217.6   

N 16 8.29 511.2 <0.18 65.9  164.2 393.4 29.1 13.6 3.9 0.9 308.3 157 212 

54 (ʍʣʦʨʠʜʥʳʡ) 8.71 642.6 <0.18 26.8 0.9 102.7 440.8 36.8 21.6 0.7 0.9 322.7 169 215 

52 (ɺʝʨʭʥʠʡ) 8.94 494.1 0.69 51.9 2.8 175.1 377.4 23.1 14.8 5.4 0.6 282.3 140 205 

45 (ʊʨʫʙʳ) 9.34 158.4 0.69 154.9 13.8 145.9 218.2 9.7 3.2 2.9 0.6 247.4 114 195 

59 (ʅʝʦʞʠʜʘʥʥʳʡ) 5.83 1.1 <0.18 323.3  134.9 26.0 3.8 106.8 26.8 0.2 116.9   

21 (ɸʚʝʨʠʡ) 8.76 846.4 1.73 58.6 1.8 134.9 568.2 48.0 16.8 7.8 0.1 290.5 170 207 

23 (ɺʝʣʠʢʘʥ) 8.34 794.4 1.3 45.1 0.6 171.4 554.4 49.8 18.0 6.8 0.3 303.4 176 210 

ʄ (ʄʣʘʜʝʥʝʮ) 8.28 692.2 1.3 45.1 0.6 218.9 508.2 29.3 16.0 6.1 1.2 243.3 135 194 

3 (ʇʝʨʚʝʥʝʮ) 8.72 465.7 1.05 61.0 0.9 142.2 342.1 23.5 20.8 5.4 1.6 220.0 150 187 
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ʊʘʙʣʠʮʘ 2.4 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2011 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ 

(ʦʢʪʷʙʨʴ 2011 ʛ.), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʃ.ʅ. ɻʘʨʮʝʚʦʡ, ʉʦʣʦʚʴʝʚʦʡ ʅ.ɸ., ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʦʡ ɺ.ɺ. ʚ ʎʍʃ ʀʚʠʉ ɼɺʆ ʈɸʅ. ʊ-SiO2 ʠ ʊ-Na-K ï 
ʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ [Fournier, R.O., 1981]. 

 

ˉ ʠʩʪʦʯʥʠʢʘ/ʛʝʡʟʝʨʘ pH Cl
-
 SO4

--
 Na

+
 K

+
 Ca

++
 NH4

+
 H3BO3 SiO2 T-Na-K T-SiO2 

N 16 9.6 447.3 153.6 340.4 24.2 13.6 <0.1 24.7 183.6 153.6 174.3 

N 17 9.4 497.0 134.0 381.3 24.8 18.0 <0.1 66.7 158.8 145.6 164.9 

54 (ʍʣʦʨʠʜʥʳʡ) 9.4 600.0 115.2 397.2 35.2 18.8 <0.1 29.7 260.0 175.0 198.7 

52 (ɺʝʨʭʥʠʡ) 9.6 454.4 163.2 363.2 22.4 16.8 <0.1 50. 7 208.4 140.9 182.9 

45 (ʊʨʫʙʳ) 10.4 127.8 144.0 208.4 9.1 3.6 <0.1 0.3 214.2 112.9 184.8 

23 (ɺʝʣʠʢʘʥ) 8.9 781.0 163.2 545.2 47.2 21.6 <0.1 101.3 175.7 172.6 171.4 

21 (ɸʚʝʨʠʡ) 9.5 795.2 153.6 554.3 46.2 22.4 <0.1 32.1 180.2 168.9 173.1 

M (ʄʣʘʜʝʥʝʮ) 6.7 681.6 230.4 528.1 29.9 24.1 <0.1 37.1 214.7 133.6 185.0 

28 (ɹʦʣʴʰʦʡ) 9.1 667.4 144.0 460.0 28.7 24.5 <0.1 12.4 139.2 141.9 156.7 

N 37 9.0 497.0 134.4 344.8 17.0 27.7 <0.1 56.9 102.9 122.3 138.9 

3 (ʇʝʨʚʝʥʝʮ) 9.1 461.5 144.0 335.8 24.5 24.5 <0.1 26.0 171.6 156.0 169.9 
 

ʊʘʙʣʠʮʘ 2.5 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2012 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ 
(ʘʚʛʫʩʪ 2012 ʛ.), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʦʡ ɺ.ɺ., ʆ.ɺ. ʐʫʣʴʛʦʡ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ. ʊ-SiO2 ʠ ʊ-Na-K ï ʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ 
[Fournier, R.O., 1981]. 

 

ˉ ʠʩʪʦʯʥʠʢʘ / ʛʝʡʟʝʨʘ pH Cl
-
 SO4

--
 Na

+
 K

+
 Ca

++
 NH4

+
 H3BO3 SiO2 T-Na-K T-SiO2 

N16 8.9 469 154 362 26 15 <0.1 68 377 154.6 227.8 

N17 8.9 533 154 390 29 17 <0.1 82 401 157.8 233.0 

54 7.9 695 106 470 49 14 <0.1 113 55 192.2 106.5 

52 9.1 479 173 360 28 20 0.4 32 182 162.1 173.8 

45 9.7 533 154 390 29 17 <0.1 82 401 157.8 233.0 

23 8.5 780 288 482 49 22 2 117 229 189.4 189.5 

21 8.7 880 146 598 52 20 <0.1 88 242 173.1 193.5 

M 8.5 660 192 489 33 24 2.3 91 85 148.9 128.5 

28 8.8 660 192 489 33 24 2.3 91 85 148.9 128.5 

N37 6.5 543 96 354 18 23 <0.1 68 317 124.8 213.8 

3 8.8 461 230 377 44 22 1.25 70 172 204.9 170.1 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚ 2012 ʛ. 

56 6.8 3 65 21 11 30 <0.1 <0.6 319  214.3 

ʀʩʪʦʢ ʨ. ɻʦʨʷʯʠʡ 7.5 14 20 15 3 12 <0.1 <0.6 132  153.5 

ʀʩʪʦʢ ʨʫʯ. ʊʝʧʣʳʡ 6.7 0 44 15 3 8 <0.1 <0.6 135  154.8 

46 8.4 449 269 393 15 25 <0.1 69 220  186.7 

ɿʦʥʘ ʦʪʨʳʚʘ ʦʧʦʣʟʥʷ 7.4 3 1 7 2 2 <0.1 <0.6 58  109.0 
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ʊʘʙʣʠʮʘ 2.6 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2013 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ 

(ʩʝʥʪʷʙʨʴ 2013 ʛ.), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʎʍʃ ʀʚʠʉ ɼɺʆ ʈɸʅ. ʊ-SiO2 ʠ ʊ-Na-K ï ʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ [Fournier, R.O., 1981].  
 

ˉ ʠʩʪʦʯʥʠʢʘ/ ʛʝʡʟʝʨʘ  pH Cl
-
 SO4

--
 Na

+
 K

+
 Ca

++
 NH4

+
 H3BO3 SiO2 T-Na-K T-SiO2 

N16 9.2 411 183 289 33 3 0.9 96 158 201.4 164.5 

N17 8.9 496 93 342 35 5 0.9 73 141 191.4 157.3 

54 8.9 638 83 408 42 7 1.0 116 152 191.8 162.1 

52 ʀʩʪʦʯʥʠʢ ʥʝʜʦʩʪʫʧʝʥ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʦʜʳ ʚ ʨ. ɻʝʡʟʝʨʥʦʡ 

45 ʀʩʪʦʯʥʠʢ ʥʝʜʦʩʪʫʧʝʥ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʦʜʳ ʚ ʨ. ɻʝʡʟʝʨʥʦʡ 

23 8.6 792 141 537 60 12 1.6 84 139 199.3 156.7 

21 8.9 869 145 571 60 12 0.6 91 151 193.8 161.6 

M 8.5 674 296 552 45 10 1.3 93 143 166.7 158.4 

28 8.8 691 135 486 42 11 1.4 89 148 172.5 160.3 

N37 ʀʩʪʦʯʥʠʢ ʠʩʯʝʟ 

3 8.3 468 137 378 37 8 1.2 64 143 185.1 158.1 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚ 2013 ʛ 

56 7.0 1 84 34 12 18 1.4 6 224 375.0 187.9 

46 8.6 411 238 319 17 5 1.1 74 141 129.5 157.3 

23
*
 8.4 775 200 519 81 23 1.8 93 162 240.5 166.2 

ɻʨʦʪ 9.0 716 121 507 53 7 1.1 74 69 191.5 117.5 
 

ʇʨʠʤʝʯʘʥʠʝ: * - ʧʨʦʙʘ ʚʦʜʳ,
 
ʦʪʦʙʨʘʥʥʘʷ ʚ ʘʧʨʝʣʝ 2013 ʛ. 

 
ʊʘʙʣʠʮʘ 2.7 [Kiryukhin., 2016]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ ʤʛ/ʣ) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2014 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ A.A. ʂʫʟʴʤʠʥʦʡ, ɺ.ɺ. ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʦʡ, O.ɺ. ʐʫʣʴʛʦʡ, ʉ.ɺ. ʉʝʨʛʝʝʚʦʡ ʚ ʎʍʃ ʀʚʠʉ ɼɺʆ ʈɸʅ. ˉˉ ʛʝʡʟʝʨʦʚ/ʠʩʪʦʯʥʠʢʦʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʙʣʠʮʝ 1.1.  

 

ɼʘʪʘ 
ˉ ʠʩʪʦʯʥʠʢʘ / 

ʛʝʡʟʝʨʘ 
pH HCO3

-
 CO3

-
 Cl

-
 SO4

--
 Na

+
 K

+
 Ca

++
 Mg

++
 NH4

+
 H3BO3 SiO2 p. 

04.09.2014 23 8.6 67 2 766 231 566 59 14 < 0,05 1.6 115 297 

04.09.2014 20 8.7 70 7 709 135 492 61 19 0 0.4 72 400 

04.09.2014 28 8.8 54 9 695 154 468 45 24 0 1.3 78 332 

04.09.2014 21 8.9 52 20 869 173 582 68 25 < 0,05 0.1 101 538 

06.09.2014 45 9.7 121 59 142 77 216 8 2 0 0.2 19 283 

06.09.2014 25 8.5 59 8 787 192 570 57 16 < 0,05 0.7 89 284 

06.09.2014 46 8.9 41 12 408 231 356 20 20 < 0,05 0.6 56 160 

06.09.2014 51 4.4 2  301 192 207 51 23 4 1.9 55 189 

06.09.2014 47 8.9 48 13 567 231 460 22 35 3 0.6 79 238 
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ʊʘʙʣʠʮʘ 2.7 (ʧʨʦʜʦʣʞʝʥʠʝ) 
 

07.09.2014 65 8.0 40  72 67 57 5 20 5 0.1 11 54 

27.04.2014 20 8.5 55 5 716 110 487 47 6 <0,1 <0.002 <0,28 242 

28.04.2014 23 8.5 55 4 808 192 590 56 7 0 <0.002 106 183 

28.04.2014 23 8.9 41 18 787 196 590 73 3 0 <0.002 101 149 

 
ʊʘʙʣʠʮʘ 2.8 [Kiryukhin, Sugrobov, , 2018]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ppm) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2015 ʛʦʜʫ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. 

ʂʠʨʶʭʠʥʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʛʝʡʟʝʨʥʳʭ ʢʘʥʘʣʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ. 
 

ɼʘʪʘ 
ˉ ʠʩʪʦʯʥʠʢʘ / 

ʛʝʡʟʝʨʘ 
pH HCO3

-
 CO3

-
 Cl

-
 SO4

--
 Na

+
 K

+
 Ca

++
 Mg

++
 NH4

+
 H3BO3 T-SiO2 

27.07.2015 23ɸ 9.3 23 17 837 173 587 81 3  0.9 124 566 

27.07.2015 28 6.7 77  802 163 555 39 31 0.3 0.7 103 417 

27.07.2015 20 8.8 29 8 709 173 502 58 5  2.0 97 404 

27.07.2015 23 6.7 53  808 178 530 73 28  2.5 133 335 

27.07.2015 SH 6.3 38  837 158 491 47 37 4.0 35.0 228 286 

01.09.2015 23 8.9 49 8 748 192 517 69 20 0.6 0.6 108  

02.09.2015 28 8.6 46 6 610 192 447 37 22  0.7 80  

02.09.2015 28 8.9 33 13 709 192 495 41 24 2.4 0.8 102  

02.09.2015 28 8.9 33 10 709 192 522 41 22  0.9 96  

02.09.2015 21 9.2 34 20 709 172 500 66 22 2.4 0.7 117  

02.09.2015 20 8.9 46 10 709 204 517 52 22  1.0 96  

02.09.2015 3 9.1 48 10 472 204 364 32 22 0.2 0.4 59  

02.09.2015 G-Rv 7.4 23  76 67 55 6 15 3.3  9  

03.09.2015 45 9.6 104 10 134 134 178 10 4 0.0 0.5 193  

03.09.2015 G-Lake2 6.8 22  1 38 5 1 15 3.6    

03.09.2015 50 5.9 6  404 231 321 15 18 16.0    

03.09.2015 47 9.2 18 15 560 222 436 30 22   100  

03.09.2015 46 7.0 44  128 288 181 16 16  1.2   

 
ʇʨʠʤʝʯʘʥʠʝ: 1) G-Rv-ʫʩʪʴʝ ʨ. ɻʝʡʟʝʨʥʦʡ, G-Lake2 - ʚʳʭʦʜ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ ʠʟ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-2, SH- ʛʝʡʟʝʨ ʐʘʤʘʥ (ʢʘʣʴʜʝʨʘ ʋʟʦʥ); 2) 

SIO2 t - ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ SiO2 (ʚ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ ʠ ʨʘʩʪʚʦʨʝ). 
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ʊʘʙʣʠʮʘ 2.8ʘ [Kiryukhin, Sugrobov, 2018]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ppm) ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʚ 2016 ʛʦʜʫ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. 

ʂʠʨʶʭʠʥʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʛʝʡʟʝʨʥʳʭ ʢʘʥʘʣʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ. ˉˉ ʛʝʡʟʝʨʦʚ/ʠʩʪʦʯʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʪʘʙʣʠʮʝ 1.1.  

 

ɼʘʪʘ 
ˉ ʠʩʪʦʯʥʠʢʘ / 

ʛʝʡʟʝʨʘ 
pH HCO3

-
 CO3

-
 Cl

-
 SO4

--
 Na

+
 K

+
 Ca

++
 Mg

++
 NH4

+
 H3BO3 T-SiO2 

23.04.2016 3 7.5 55  479 125 364 26 13 0.3 1.3 56 366 

23.04.2016 23 7.8 61  740 154 546 75 12 0.3 1.3 95 440 

23.04.2016 28 8.2 55  650 154 463 47 13 0.1 1.3 84 387 

31.08.2016 3 8.5 56 5 444 125 336 34 8 0.1 1.0 62 398 

01.09.2016 23 9.1 67 3 724 144 517 59 3 0.1 1.3 93 588 

01.09.2016 23ɸ 9.2 37 24 749 154 536 69 5  0.7 88 420 

01.09.2016 21 9.1 40 19 750 144 520 56 0  0.6 99 416 

01.09.2016 28 8.9 38 13 664 144 472 40 1 0.1 1.0 70 399 

01.09.2016 20 8.8 49 9 666 144 469 48 4  0.7 82 451 

01.09.2016 N 37 8.1 62  479 115 340 30 0 0.3 1.3 71 357 

01.09.2016 23 8.8 54 9 721 163 516 60 3 0.1 0.9 82 535 

01.09.2016 28 8.9 53 11 646 144 487 41 1 0.1 1.0 71 398 
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ʈʠʩ. 2.12. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨ - ʠʦʥʘ ʚ ʛʝʡʟʝʨʘʭ ɺʝʣʠʢʘʥ ʠ ɹʦʣʴʰʦʡ. ɼʘʥʥʳʝ 

ʜʦ 2007 ʛ. ʧʨʠʚʦʜʷʪʩʷ ʧʦ ʉʫʛʨʦʙʦʚʫ ɺ.ʄ. [ʉʫʛʨʦʙʦʚ, 2009], ʜʘʥʥʳʝ ʧʦʩʣʝ ʦʧʦʣʟʥʷ ʧʨʠʚʦʜʷʪʩʷ 
ʧʦ [Kiryukhin, 2016]. 

 

 
 
ʈʠʩ. 2.12ʘ. ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HCO3 ʜʣʷ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥ, ɹʦʣʴʰʦʡ, 

ʇʝʨʚʝʥʝʮ. ɼʘʥʥʳʝ ʟʘ 1969-1993 ʛʛ. ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺ.ʄ. ʉʫʛʨʦʙʦʚʳʤ, ʜʘʥʥʳʝ ʟʘ 1995-2003 ʛʛ. 
ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆ.ʇ. ɹʘʪʘʝʚʦʡ (ʣʠʯʥ. ʩʦʦʙʱ., 2017 ʛ.), ʜʘʥʥʳʝ ʟʘ 2007-2016 ʛʛ. ʧʨʝʜʦʩʪʘʚʣʝʥʳ 
ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ. 

 

 
 
ʈʠʩ. 2.12ʙ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʜʘʥʥʳʤ Na-K 

ʛʝʦʪʝʨʤʦʤʝʪʨʘ ʜʣʷ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥ, ɹʦʣʴʰʦʡ ʠ ʇʝʨʚʝʥʝʮ. ɼʘʥʥʳʝ ʟʘ 1969-1993 ʛʛ. 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺ.ʄ. ʉʫʛʨʦʙʦʚʳʤ, ʜʘʥʥʳʝ ʟʘ 1995-2003 ʛʛ. - ʆ.ʇ. ɹʘʪʘʝʚʦʡ (ʣʠʯʥ. ʩʦʦʙʱ., 2017), 

ʜʘʥʥʳʝ ʟʘ 2007-2016 ʛʛ. ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ [Kiryukhin, Sugrobov, Sonnenthal, 

2018]. 



89 

 
 
ʈʠʩ. 2.12ʚ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨ-ʠʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʛʦʜʳ) ʜʣʷ 

ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥ, ɹʦʣʴʰʦʡ, ʇʝʨʚʝʥʝʮ. 1969-1993 ʛʛ. ï ʜʘʥʥʳʝ ɺ. ʄ. ʉʫʛʨʦʙʦʚʘ, 1995-2003 ʛʛ. ï 
ʜʘʥʥʳʝ ɹʘʪʘʝʚʦʡ ʆ.ɹ. (ʣʠʯʥ. ʩʦʦʙʱ. 2017 ʛ.), 2007-2016 ʛʛ. ï ʜʘʥʥʳʝ ɸ. ɺ. ʂʠʨʶʭʠʥʘ [Kiryukhin, 
Sugrobov, Sonnenthal, 2018]. 

 

ɼʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ ʪʝʨʤʘʣʴʥʳʡ ʬʣʶʠʜ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʩʣʝʜʫʶʱʠʤ ʩʦʩʪʘʚʦʤ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ (ʙʝʟ ʚʳʯʝʪʘ ʘʪʤʦʩʬʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ): 

CO2 - 54.8 ʦʙ, N2 - 44.2 ʦʙ, CH4 - 1.0 ʦʙ [ʂʦʥʦʥʦʚ, 1983]. ʇʦʩʣʝ ʦʧʦʣʟʥʷ 2007 

ʛ. ʧʨʦʙʳ ʥʘ ʨʘʩʪʚʦʨʝʥʥʳʡ ʛʘʟ ʦʪʙʠʨʘʣʠʩʴ ʚ 2011 ʠ 2012 ʛʛ. ʧʦʛʨʫʞʝʥʠʝʤ 

ʧʨʦʙʦʦʪʙʦʨʥʳʭ ʪʨʫʙʦʢ ʚ ʛʨʠʬʦʥʳ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʚʘʥʥʳ ʛʝʡʟʝʨʦʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʵʪʠʭ ʧʨʦʙ, ʚ ʛʝʡʟʝʨʘʭ ʠ ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʘʭ ʜʦʤʠʥʠʨʫʶʪ 

ʘʪʤʦʩʬʝʨʥʳʝ ʛʘʟʳ (ʪʘʙʣ. 2.9, 2.10) (ʙʝʟ ʚʳʯʝʪʘ ʘʪʤʦʩʬʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. 

 
ʊʘʙʣʠʮʘ 2.9 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ (ʦʙ. %) 

ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚ ʦʢʪʷʙʨʝ 2011 ʛ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. 

ʂʠʨʶʭʠʥʳʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ɺ.ʀ. ɻʫʩʝʚʦʡ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ. ʇʨʠʤʝʯʘʥʠʝ: ˉˉ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2.11. 
 

ˉ ʥʘ ʢʘʨʪʝ ʅ2 Ar ʆ2 N2 Cʆ2 Cʅ4 ʉʫʤʤʘ, ʤʣ/ʣ ʉʫʤʤʘ % 

N56  0.638 9.5 29.27 58.04 0.06 42.79 97.51 

N17  0.93 20.47 77.72 ʥʝʪ 0.006 5.06 99.13 

N16 7E-04 1.83 25.13 70.33 0.27  6.86 97.56 

52 0.002 1.66 30.33 65.45 ` 0.004 5.34 98.02 

54  1.01 20.71 75.53 0.43 0.004 23.07 97.68 

23  1.21 18.94 75.46 3.31 0.139 13.46 99.07 

21 0.002 1.25 27.21 68.52 0.67  5.87 97.66 

28  0.9 20.41 75.41 0.6 0.005 72.88 97.33 

3  1.66 27.13 68.56 1.08 0.003 5.18 98.43 

23  1.59 25.39 70.36 1.5 9E-04 4.42 98.84 
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ɺ ʩʝʥʪʷʙʨʝ 2013 ʛ. ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʚʝ ʧʨʦʙʳ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ ʠʟ ʛʦʨʷʯʝʛʦ 

(40
ʦ 
ʉ) ʛʘʟʠʨʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʚ 8 ʤ ʦʪ ʚʘʥʥʳ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ. ʕʪʠ ʧʨʦʙʳ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʨʝʟʝʨʚʫʘʨʘ, ʧʠʪʘʶʱʝʛʦ ʛʝʡʟʝʨ, ʠ 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʳ ʘʪʤʦʩʬʝʨʥʳʤʠ ʛʘʟʘʤʠ ʠʟ ʢʘʥʘʣʘ ʩʘʤʦʛʦ ʛʝʡʟʝʨʘ 

(ʪʘʙʣ. 2.11). ʇʨʦʙʘ ˉ 2, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʛʨʷʟʥʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʧʠʪʘʶʱʝʛʦ ʛʝʡʟʝʨ 

ɺʝʣʠʢʘʥ, ʧʨʝʦʙʣʘʜʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2, 61.5%) ʠ ʘʟʦʪ (N2, 32.1%), ʘ ʪʘʢʞʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʪʘʥ (CH4, 5.8%) ʠ ʚʦʜʦʨʦʜ (ʅ2, 0.45%). 

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʛʘʟʦʚ ʧʦʢʘʟʘʣ ʤʘʛʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʉʆ2 ʠ ʪʝʨʤʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʉʅ4. 
 
 
ʊʘʙʣʠʮʘ 2.10 [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ ʛʝʡʟʝʨʦʚ ʠ 

ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚ ʘʚʛʫʩʪʝ 2012 ʛ., (ʦʙ. %).  
 

ˉ ʥʘ ʢʘʨʪʝ ʅ2 Ar ʆ2 N2 Cʆ2 Cʅ4 ʉʫʤʤʘ, ʤʣ/ʣ ʉʫʤʤʘ % 

N17 0.0050 0.007 19.45 73.05 3.74 0.006 6.4 96.26 

54  1.264 14.25 79.36 0.50 0.003 21.7 95.38 

23 0.0200 0.921 20.33 76.07 0.07 0.385 6.6 97.80 

21  1.206 21.36 75.61 0.23 0.001 8.7 98.41 

28 0.0070 0.996 21.1 73.36 1.91 0.015 6 97.39 
 
ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ɺ.ʀ. ɻʫʩʝʚʦʡ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ 

ʈɸʅ. ʇʨʠʤʝʯʘʥʠʝ: ˉˉ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2.11. 
 
 
 
ʊʘʙʣʠʮʘ 2.11. [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʠʪʘʶʱʠʡ ʨʝʟʝʨʚʫʘʨ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ, (ʦʙ. %). ʇʨʦʙʘ ʦʪʦʙʨʘʥʘ ʠʟ ʛʨʠʬʦʥʘ 

ʛʦʨʷʯʝʛʦ ʜʝʛʘʟʠʨʫʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ ʚ 8 ʤ ʦʪ ʚʘʥʥʳ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʚ 2013 ʛ.  
 

ˉ ʧʨʦʙʳ ʅ2 Ar ʆ2 N2 Cʆ2 CO Cʅ4 H2S ʉʫʤʤʘ, % 

1  0,9 6,6 48,9 32,7 0,3 9,2 0,03 98,6 

2 0,45  0,02 32,1 61,5 0,003 5,8  99,6 
 
ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ (4 ʠ 5 ʩʝʥʪ. 2013 ʛ.); ʧʨʦʙʘ ˉ 1 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ɺ.ʀ. ɻʫʩʝʚʦʡ ʚ ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ; ʧʨʦʙʘ ˉ 2 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ɺ.ʖ. 

ʃʘʚʨʫʰʠʥʳʤ ʚ ɻʀʅ ʈɸʅ, ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ
13
ʉ ʚʳʧʦʣʥʝʥ ɹ.ɻ. ʇʦʢʨʦʚʩʢʠʤ (ɻʀʅ 

ʈɸʅ) 

 

ʇʦʩʣʝ ʩʭʦʜʘ ʩʝʣʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-2 (03.01.2014 ʛ.) 

ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʉʆ2 ʚ ʢʘʥʘʣʘʭ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ ʠ 

ɺʝʣʠʢʘʥʘ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʧʨʦʙ ʥʘ ʩʚʦʙʦʜʥʳʡ ʛʘʟ, ʦʪʦʙʨʘʥʥʳʭ ʧʦʩʣʝ 2014 ʛ. (ʚ 

ʩʝʥʪʷʙʨʝ 2017 ʠ ʚ ʤʘʝ 2018 ʛʛ.) ʠʟ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʛʦ ʠ ɺʝʣʠʢʘʥʘ, ʚ 
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ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦʤʠʥʠʨʫʶʪ ʘʪʤʦʩʬʝʨʥʳʝ ʛʘʟʳ N2 ʠ ʆ2 (ʂʠʨʶʭʠʥ ɸ.ɺ., 

ʣʠʯʥ. ʩʦʦʙʱ.) (ʪʘʙʣ. 2.11ʘ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ 

ʧʨʠʪʦʢʘ ʉʆ2 ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʬʣʶʠʜʝ ʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʪʦʢʘ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʚ 

ʨʝʟʝʨʚʫʘʨ [Kiryukhin, 2018]. 

 
 
ʊʘʙʣʠʮʘ 2.11ʘ [ʂʠʨʶʭʠʥ ɸ.ɺ., ʣʠʯʥ. ʩʦʦʙʱ.). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʠʪʘʶʱʠʡ ʨʝʟʝʨʚʫʘʨ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥ ʠ ɹʦʣʴʰʦʡ, (ʦʙ. %). ʇʨʦʙ rʦʪʦʙʨʘʥ r

ʠʟ ʢʘʥʘʣʦʚ ʛʝʡʟʝʨʦʚ ʚ ʩʝʥʪʷʙʨʝ 2017 ʠ ʤʘʝ 2018 ʛʛ. 

 

ɻʝʡʟʝʨ ɼʘʪʘ He ʅ2 Ar ʆ2 N2 Cʆ2 CO Cʅ4 ɻʘʟ, ʤʣ / ʚʦʜʘ, ʤʣ 

ɺʝʣʠʢʘʥ 09.2017    20.7 78.8 0.30 0.002 0.007 30 

ɺʝʣʠʢʘʥ 05.2018 0.0005 0.008 0.8963 20.2 78.8 0.09  0.008  

ɹʦʣʴʰʦʡ 09.2017  0.002  20.4 78.2 0.28 0.003 0.0004 0.68 

ɹʦʣʴʰʦʡ 05.2018 0.0004 0.044 0.91 20.1 78.9 0.007  0.0009  

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʙʳ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ ʠ ʅ.ɹ. ɾʫʨʘʚʣʝʚʳʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ 

ʎʍʃ ʀɺʠʉ ɼɺʆ ʈɸʅ.  

 

2.4. ʄʦʥʠʪʦʨʠʥʛ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (ŭD, ŭ
18

O) ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʬʣʶʠʜʘ.  

ʆʧʨʦʙʦʚʘʥʠʝ ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʨʝʛʫʣʷʨʥʦ ʩ 1968 ʛ. 

ɺ.ʄ. ʉʫʛʨʦʙʦʚʳʤ ʠ ʅ.ɻ. ʉʫʛʨʦʙʦʚʦʡ. ɺ 1985 ʛ. ʠʟ ʥʝʙʦʣʴʰʠʭ ʢʠʧʷʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɻʝʡʟʝʨʥʦʡ (ʤʝʞʜʫ ʛʝʡʟʝʨʘʤʠ 7 ʠ 24) ʧʨʦʙʳ (G1 - G6) 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ (ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ɺ.ɸ. ʇʦʣʷʢʦʚʳʤ 

(ɺʉɽɻʀʅɻɽʆ, ʄʦʩʢʚʘ, 1985)). ʇʦʩʣʝ ʦʙʚʘʣʘ-ʦʧʦʣʟʥʷ 2007 ʛ. ʝʞʝʛʦʜʥʦ, ʥʘʯʠʥʘʷ ʩ 

2010 ʛ. ʚʳʧʦʣʥʷʣʦʩʴ ʦʧʨʦʙʦʚʘʥʠʝ ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʦʙʣʘʩʪʠ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʥʝʝ 

ʧʫʥʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʙʳ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʛʝʡʟʝʨʦʚ 

ʇʝʱʝʨʘ, ʅʝʦʞʠʜʘʥʥʳʡ, ʛʦʨʷʯʝʛʦ ʠʩʪʦʯʥʠʢʘ ɻʨʦʪ ʠ ʠʟ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʧʦʷʚʠʚʰʠʭʩʷ ʧʦʩʣʝ ʦʧʦʣʟʥʷ ʫ ʫʨʝʟʘ ʚʦʜʳ ʚ ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1. ʅʘʟʚʘʥʠʷ ʠ 

ʥʦʤʝʨʘ ʠʩʪʦʯʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩʫʥʢʫ 2.11 ʠ ʪʘʙʣ. 1.1). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʠʟ ʨ. ɻʝʡʟʝʨʥʦʡ (ʥʘ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ʧʣʦʪʠʥʳ, 

ʥʘʧʨʦʪʠʚ ʛʝʡʟʝʨʘ ʑʝʣʴ, ʥʘʧʨʦʪʠʚ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʠ ʚʳʰʝ ʩʣʠʷʥʠʷ ʩ ʨ. 

ʐʫʤʥʦʡ). ɸʥʘʣʠʟ ʧʨʦʙ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʳʧʦʣʥʷʣʩʷ ɽ.ʆ. ɼʫʙʠʥʠʥʦʡ (ʀɻɽʄ, 
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ʄʦʩʢʚʘ), ʘ ʩ 2014 ʛ. - ʇ.ʆ. ɺʦʨʦʥʠʥʳʤ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʠʟʦʪʦʧʦʚ ʚʦʜʳ LGR IWA 

35EP (ʀɺʉ ɼɺʆ ʈɸʅ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚʦʜ, ʦʧʨʦʙʦʚʘʥʥʳʭ ʚ 

1985 ʠ 2010 ʛʛ. ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.13. ɹʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ŭD-ŭ
18
O ʢ ʣʠʥʠʠ 

ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʂʨʝʡʛʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʦʜʳ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʝʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. ɼʠʘʧʘʟʦʥ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ŭD ʦʪ -92 ʜʦ -102 ă (ʜʘʥʥʳʝ 1985 ʛ.) ʠ ʦʪ -98 ʜʦ 

-106 ă (ʜʘʥʥʳʝ 2010 ʛ.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʘ. ʦ. ʦʪ +500 ʜʦ +900 ʤ (ʧʦ 

ʜʘʥʥʳʤ 1985 ʛ.), ʠ ʦʪ +700 ʜʦ +1200 ʤ (ʧʦ ʜʘʥʥʳʤ 2010 ʛ.). ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 

ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʟʦʥʘʤʠ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʠʦʣʠʪʦʚʳʭ ʵʢʩʪʨʫʟʠʡ ʩ ʧʨʦʥʠʮʘʝʤʳʤʠ ʧʠʪʘʶʱʠʤʠ ʢʘʥʘʣʘʤʠ 

(ɝQ3
4
) ʠ ʛʨʘʥʠʮʘ ʢʘʣʴʜʝʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʛʨʝʪʳʭ ʫʯʘʩʪʢʦʚ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʚʩʝʩʝʟʦʥʥʫʶ ʠʥʬʠʣʴʪʨʘʮʠʶ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʵʢʩʪʨʫʟʠʡ ï ʨʠʦʣʠʪʦʚʘʷ 

ʵʢʩʪʨʫʟʠʷ ɻʝʡʟʝʨʥʘʷ (ʨʠʩ. 2.11), ʧʣʦʱʘʜʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ 6 ʢʤ 
2
, ʚʳʩʦʪʥʳʝ 

ʦʪʤʝʪʢʠ ʦʪ +600 ʜʦ +1085 ʤ. 

 

ʈʠʩ. 2.13. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʢʠʧʷʱʠʭ ʠ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʅʠʞʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʠ 

ɺʝʨʭʥʝ-ɻʝʡʟʝʨʥʦʛʦ ʧʦʣʝʡ ʧʦ ʜʘʥʥʳʤ 1985 ʠ 2010 ʛʛ., ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ 

ʂʘʤʯʘʪʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ (ʨʝʢʠ, ʨʫʯʴʠ). ɼʘʥʥʳʝ 1985 ʛ. ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʜʘʥʥʳʝ 2010 ʛ. ï ʢʨʘʩʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʩ ʥʦʤʝʨʘʤʠ (ʥʦʤʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʟʚʘʥʠʷʤ ʨʠʩ. 2.11; ʪʘʙʣ. 1.1), ʤʝʪʝʦʨʥʳʝ ʚʦʜʳ ʩ ʨʘʟʣʠʯʥʳʭ ʘ. ʦ. ʥʘ ʂʘʤʯʘʪʢʝ 

ʧʦʢʘʟʘʥʳ ʩʠʥʠʤʠ ʢʨʫʞʢʘʤʠ (3 ï ʨʫʯ. ɼʘʯʥʳʡ, +800 ʤ ʘʙʩ.; 4 ï ʨ. ɾʠʨʦʚʘʷ, +500 ʤ ʘʙʩ.; 5 ï 

ʨ.ʌʘʣʴʰʠʚʘʷ, +500 ʤ ʘʙʩ.; 6,7 ï ʄʫʪʥʦʚʩʢʠʡ ʢʨʘʪʝʨ, ʨʫʯʝʡ +1550 ʤ ʘʙʩ.; 8 - ʭʦʣʦʜʥʳʡ ʨʫʯʝʡ ʚ 

ɼɻ, +520 ʤ ʘʙʩ.), ʩʠʥʷʷ ʣʠʥʠʷ ï ʣʠʥʠʷ ʤʝʪʝʦʨʥʳʭ ʚʦʜ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ.  
 

ɼʣʷ ʛʨʫʧʧʳ ʢʠʧʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ (ʄ, 21, 23, 52, 54, N16, N17) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʚʝʣʠʯʠʥ ŭ
18
O ʚʧʨʘʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ. 
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ʇʦʜʦʙʥʳʡ ʩʜʚʠʛ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʦʜ, ʧʨʦʭʦʜʷʱʠʭ ʩʪʘʜʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ [ʂʠʨʶʭʠʥ ʠ ʜʨ. 

2015]. ɺʦʟʤʦʞʥʦ, ʚ ʚʦʜʘʭ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʝʡʟʝʨʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʤʧʦʥʝʥʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʠʥʬʠʣʴʪʨʫʶʱʠʤʠʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʛʣʫʙʠʥʳ ʠ ʧʨʦʭʦʜʷʱʠʤʠ ʧʨʦʮʝʩʩ ʠʟʦʪʦʧʥʦ-ʢʠʩʣʦʨʦʜʥʦʛʦ ʧʝʨʝʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʩ 

ʧʦʨʦʜʘʤʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʳʭʦʜ ʧʨʦʛʨʝʪʳʭ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʚʦʜ ʚ ʚʠʜʝ ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʠ ʨʘʟʙʘʚʣʝʥʠʝ ʠʭ ʚʦʜʘʤʠ ʩ ʠʟʦʪʦʧʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʩʪʘʚʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʣʶʜʘʝʤʳʤ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 

2.13). ɺʦʜʳ ʠʩʪʦʯʥʠʢʦʚ ʢʦʥʜʝʥʩʘʪʥʦʛʦ ʪʠʧʘ 59 ʠ 56 (ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ), ʙʣʠʟʢʠ ʢ ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ. ʊʘʢʞʝ ʚʜʦʣʴ ʣʠʥʠʠ 

ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦʜʳ ʛʝʡʟʝʨʦʚ ʇʝʨʚʝʥʝʮ (3) ʠ ʊʨʫʙʳ (45), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʵʪʠʭ ʚʦʜ ʤʝʪʝʦʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʥʝ 

ʧʨʦʭʦʜʠʚʰʠʤ ʩʪʘʜʠʶ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʨʦʜʘʤʠ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015].  

ʉʦʜʝʨʞʘʥʠʝ ʠʟʦʪʦʧʦʚ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2011-2016 ʛʛ. ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ 

ʢʘʢ ʙʣʠʟʢʦʝ ʢ ʣʦʢʘʣʴʥʦʡ ʤʝʪʝʦʨʥʦʡ ʚʦʜʝ, ʠ ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʦʪ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚʜʦʣʴ ʨ. ɻʝʡʟʝʨʥʦʡ ʚʚʝʨʭ ʜʦ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-2 (ʨʠʩ. 

2.13ʘ). ɼʠʘʛʨʘʤʤʘ (ɻʝʦ-ʠʥʜʠʢʘʪʦʨ) ɻʠʛʝʥʙʘʭʘ ʷʩʥʦ ʧʦʢʘʟʳʚʘʝʪ ʬʘʢʪ ʥʝʟʨʝʣʦʩʪʠ 

ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʚ ʛʝʡʟʝʨʝ ɹʦʣʴʰʦʤ ʧʦʩʣʝ 2007 ʛ. ʠ ʛʝʡʟʝʨʝ ɺʝʣʠʢʘʥʝ ʧʦʩʣʝ 2010 

ʛ. (ʨʠʩ.2.13ʙ). 
 

 
 
ʈʠʩ. 2.13ʘ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʛʝʡʟʝʨʦʚ ɺʝʣʠʢʘʥʘ (ʢʨʘʩʥʳʝ 

ʢʨʫʞʢʠ - ʛʦʜ ʦʪʙʦʨʘ ʧʨʦʙ) ʠ ɹʦʣʴʰʦʛʦ (ʩʝʨʳʝ ʢʨʫʞʢʠ - ʛʦʜ ʦʪʙʦʨʘ ʧʨʦʙ) ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 

2016 ʛʛ. ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʜʘʤʠ ʨ. ɻʝʡʟʝʨʥʦʡ (GR- *, ʛʜʝ * ʘ. ʦ, ʤ) ʠ ʂʨʦʥʦʮʢʦʛʦ ʦʟʝʨʘ (ʩʠʥʠʝ 
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ʢʨʫʛʠ). ɺʦʜʥʳʝ ʧʨʦʙʳ ʠʟ ʛʝʡʟʝʨʦʚ ʠ ʨʝʢʠ ʦʪʦʙʨʘʥʳ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ, ʧʨʦʙʳ ʠʟ ʂʨʦʥʦʮʢʦʛʦ 

ʦʟʝʨʘ ʦʪʦʙʨʘʥʳ ɻ. ʄʘʨʢʝʚʠʯʝʤ (2014). ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʇ.ʆ. ɺʦʨʦʥʠʥʳʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LGR IWA 35EP ʚ ʀɺʉ ɼɺʆ ʈɸʅ. 
 

 
 
ʈʠʩ. 2.13ʙ. ɼʠʘʛʨʘʤʤʘ ɻʠʛʝʥʙʘʭʘ ʜʣʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ. ʉʝʨʳʝ ʢʨʫʞʢʠ ï ʜʘʥʥʳʝ ʜʦ 2007 

ʛ.; ʢʨʘʩʥʳʝ ʢʨʫʞʢʠ ʩ ʯʠʩʣʘʤʠ (ʛʦʜʳ) ï ʜʘʥʥʳʝ ʧʦʩʣʝ 2007 ʛ. 

 

2.5. ʈʝʞʠʤ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʦʚ ɹʦʣʴʰʦʡ, ɺʝʣʠʢʘʥ ʠ ʐʘʤʘʥ, 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚ ʇʦʜʧʨʫʜʥʦʤ ʆʟʝʨʝ (2007-2013 ʛʛ.) 

2.5.1. ɻʝʡʟʝʨ ɹʦʣʴʰʦʡ.  

ʈʝʞʠʤ ʠʟʚʝʨʞʝʥʠʡ. ʇʦ ʜʘʥʥʳʤ [ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009], ʟʘ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʩ 1941 ʧʦ 1993 ʛʛ., ʩʨʝʜʥʠʡ IBE(interval between eruption) ʛʝʡʟʝʨʘ 

ɹʦʣʴʰʦʛʦ ʩʦʩʪʘʚʣʷʣ 100 ʤʠʥ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 60 ʤʠʥ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ 

170 ʤʠʥ. ʇʦ ʜʘʥʥʳʤ [ɼʨʦʟʥʠʥ, 2007] ʧʝʨʝʜ ʦʧʦʣʟʥʝʤ 3.06.2007 ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 (ʘʚʛʫʩʪ-ʦʢʪʷʙʨʴ 2003 ʛ.), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʩʦʩʪʘʚʣʷʣʦ 107.7 ʤʠʥ.  

ʋʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʘ ʧʦ [ʂʠʨʶʭʠʥ ʠ ʜʨ., 2015]. 

ʅʘʙʣʶʜʝʥʠʷ 2007-2013 ʛʛ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʫʨʦʚʥʝʤ 

ʦʟʝʨʘ. ʇʨʠ ʫʨʦʚʥʝ ʦʟʝʨʘ ʚʳʰʝ ʢʨʘʷ ʚʘʥʥʳ, ʛʝʡʟʝʨ ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʚʝʨʛʘʣʩʷ (ʠʶʣʴ 2007 ʛ., ʠʶʥʴ 2010 ʛ), ʪʘʢ ʢʘʢ ʭʦʣʦʜʥʘʷ ʚʦʜʘ ʠʟ ʦʟʝʨʘ ʟʘʣʠʚʘʣʘʩʴ 

ʚ ʢʘʥʘʣ ʛʝʡʟʝʨʘ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʟʝʨʘ ʥʠʞʝ ʢʨʘʷ ʚʘʥʥʳ 

(25-30 ʩʤ), ʛʝʡʟʝʨ ɹʦʣʴʰʦʡ ʚʥʦʚʴ ʥʘʯʠʥʘʣ ʠʟʚʝʨʛʘʪʴʩʷ, ʠ ʝʛʦ ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ 
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ʩʦʩʪʘʚʣʷʣ ʦʪ 45 ʜʦ 85 ʤʠʥ. (ʩʝʥʪʷʙʨʴ 2007 ʛ.). ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ 2011-

2013 ʛʛ. ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʥʦʚʢʠ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚ ʧʝʨʠʦʜ 

ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ ʧʘʚʦʜʢʦʚ (18 ʠʶʥʷ ï 9 ʠʶʣʷ 2011 ʛ., 22-24 ʠʶʥʷ ʠ 2-3 ʠʶʣʷ 2012 

ʛ., 5 ʠʶʥʷ ï 10 ʠʶʣʷ 2013 ʛ.) ʠ ʚʦ ʚʨʝʤʷ ʦʩʝʥʥʝʛʦ ʪʘʡʬʫʥʘ-ʧʘʚʦʜʢʘ (18-20 ʦʢʪʷʙʨʷ 

2013 ʛ.). ɺ ʵʪʠ ʧʝʨʠʦʜʳ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʥʘʭʦʜʠʣʩʷ ʥʠʞʝ ʢʨʦʤʢʠ ʚʘʥʥʳ, ʘ ʦʩʪʘʥʦʚʢʠ 

ʠʟʚʝʨʞʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʪʝʥʦʢ ʚʘʥʥʳ 

ʛʝʡʟʝʨʘ, ʫʭʫʜʰʘʶʱʝʡʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʧʦʧʘʜʘʥʠʝʤ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʢʘʥʘʣ. 

ʉʨʝʜʥʠʡ IBE ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 2007-2013 ʛʛ. ʩʦʩʪʘʚʠʣ 63 

ʤʠʥ. (ʨʠʩ. 2.14). ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʜʦʩʪʠʛʘʣʠ ʚʳʩʦʪʳ 5-8 

ʤ ʠ ʜʣʠʣʠʩʴ 2-3 ʤʠʥʫʪʳ. ɼʦ ʢʘʪʘʩʪʨʦʬʳ 2007 ʛ., ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʚ 

ʘʚʛʫʩʪʝ-ʦʢʪʷʙʨʝ 2003 ʛ., ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʙʳʣ 

ʨʘʚʝʥ 108 ʤʠʥ. [ɼʨʦʟʥʠʥ, 2007]. ʊ. ʦ. ʧʝʨʠʦʜ ʠʟʚʝʨʞʝʥʠʡ ʩʥʠʟʠʣʩʷ ʥʘ 41.5 %. ʅʘ 

ʨʠʩ. 2.14ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʟʘʧʠʩʠ ʦʩʪʘʥʦʚʢʠ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚʦ 

ʚʨʝʤʷ ʪʘʡʬʫʥʘ 18-20 ʦʢʪʷʙʨʷ 2012 ʛ.  
 

 
 
ʈʠʩ. 2.14. IBE (ʤʠʥ.) ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ (ʩʤ) 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 (ʥʠʞʥʠʡ ʛʨʘʬʠʢ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʝʣʢʠ) ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 2007-2014 

ʛʛ. ʏʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ʚʜʦʣʴ ʦʩʠ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ, ʢʦʛʜʘ 

ʠʟʚʝʨʞʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ - 5 ʤʠʥ.  
 

ʈʘʟʨʫʰʠʪʝʣʴʥʳʡ ʦʧʦʣʟʝʥʴ - ʩʝʣʴ 3 ʷʥʚʘʨʷ 2014 ʛ. ʧʨʠʥʝʩ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʦʙʲʝʤ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʥʘʣ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ, ʧʨʠʚʝʣ ʢ ʦʯʝʨʝʜʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʝʛʦ IBE ʩ 63 ʤʠʥ. (2007-2013 ʛʛ.) ʜʦ 30 ʤʠʥ., ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʜʦʩʪʠʛ 44 ʤʠʥ ʠ ʩʪʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ. ʅʦ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ 
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ʫʜʚʦʝʥʠʶ (ʫʪʨʦʝʥʠʶ) IBE ʩ ʥʝʢʦʪʦʨʳʤʠ "ʧʨʦʧʫʱʝʥʥʳʤʠ" (ʠʣʠ ʤʝʥʝʝ ʤʦʱʥʳʤʠ) 

ʠʟʚʝʨʞʝʥʠʷʤʠ (ʨʠʩ. 2.15). ʊʦʯʥʦʝ ʚʨʝʤʷ ʥʦʚʦʛʦ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʦʧʦʣʟʥʷ - ʩʝʣʷ 3 

ʷʥʚʘʨʷ 2014 ʛʦʜʘ (~ 23:00 ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ) ʛʝʡʟʝʨ ɹʦʣʴʰʦʡ ʫʢʘʟʘʣ ʙʣʘʛʦʜʘʨʷ 

ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʣʦʛʛʝʨʫ (ʨʠʩ. 2.16). 
 

 

 

 

ʈʠʩ. 2.14ʘ. ɿʘʧʠʩʴ ʦʩʪʘʥʦʚʢʠ 

ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚʦ ʚʨʝʤʷ 

ʪʘʡʬʫʥʘ 18-20 ʦʢʪʷʙʨʷ 2012 ʛ: ʥʠʞʥʠʡ 

ʛʨʘʬʠʢ ï ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ 

ʣʦʛʛʝʨʦʤ ʥʘ ʢʨʘʶ ʚʘʥʥʳ ʛʝʡʟʝʨʘ, 

ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ. 

 
 

 

ʈʠʩ. 2.15. ʀʟʤʝʥʝʥʠʝ IBE 

ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ: (1941-1993 ʛʛ.) - 

ʜʘʥʥʳʝ ɺ.ʄ. ʉʫʛʨʦʙʦʚʘ; (1995-

2003 ʛʛ.) - ʜʘʥʥʳʝ ɺ.ɸ. 

ɼʨʦʟʥʠʥʘ, (2007-2016 ʛʛ.) - 

ʜʘʥʥʳʝ A.ɺ. ʂʠʨʶʭʠʥʘ 

[Kiryukhin, Sugrobov, 

Sonnenthal, 2018]. ʉʪʨʝʣʢʠ ʩ 

ʥʦʤʝʨʘʤʠ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʧʦʣʟʥʷʤ-ʩʝʣʷʤ 03 ʠʶʥʷ 2007 

ʛʦʜʘ ʠ 03 ʷʥʚʘʨʷ 2014 ʛʦʜʘ. 

 

 
 

 

 

 

ʈʠʩ. 2.16. ʆʪʢʣʠʢ ʛʝʡʟʝʨʘ ɹʦʣʴʰʦʛʦ ʥʘ 

ʩʝʣʴ ʥʘ 3.01.2014.  

ʅʠʞʥʠʡ ʛʨʘʬʠʢ ï ʟʘʧʠʩʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʦʣʦ ʠʩʪʦʯʥʠʢʘ ʨʘʟʛʨʫʟʢʠ; ʚʝʨʭʥʠʡ 

ʛʨʘʬʠʢ ï ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ - 5 ʤʠʥ. ʌʦʨʤʘʪ 

ʦʩʠ ʚʨʝʤʝʥʠ: ʄ/ɼ/ɻɻ ʯʯ:ʤʤ. 
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2.5.2. ɻʝʡʟʝʨ ɺʝʣʠʢʘʥ ʷʚʣʷʶʱʠʡʩʷ ʩʠʤʚʦʣʦʤ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, ʙʳʣ ʩʘʤʳʤ 

ʤʦʱʥʳʤ ʛʝʡʟʝʨʦʤ ʜʦ 2014 ʛ. ʇʦ [ʉʫʛʨʦʙʦʚʘ, 1982; ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009] ʦʙʲʝʤ 

ʚʘʥʥʳ ʜʦ ʦʧʦʣʟʥʷ 2007 ʛ. ʩʦʩʪʘʚʣʷʣ 13.5 ʤ
3
. ʆʙʲʝʤ ʠʟʚʝʨʛʘʶʱʝʡʩʷ ʚʦʜʳ 

ʦʮʝʥʠʚʘʣʩʷ [ʪʘʤ ʞʝ] ʚ 20 ʤ
3
,
 
ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʝʛʦ ʩʦʩʪʘʚʣʷʣ ʥʝ ʤʝʥʝʝ 0.93 ʢʛ/ʩ ʧʨʠ 

ʩʨʝʜʥʝʤ IBE 6 ʯʘʩʦʚ. ʆʙʲʝʤ ʢʘʥʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ɸ.ɺ. ʂʠʨʶʭʠʥʳʤ ʚ 2013 ʛ., 

ʩʦʩʪʘʚʣʷʝʪ 18.2 ʤ
3
, ʩʨʝʜʥʠʡ ʝʛʦ ʨʘʩʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 1.44 ʢʛ/ʩ ʧʨʠ ʩʨʝʜʥʝʤ IBE 5 

ʯʘʩʦʚ 40 ʤʠʥ. [Kiryukhin, 2016]. ʈʝʞʠʤ ʠʟʚʝʨʞʝʥʠʡ ʧʦ [Kiryukhin at al, 

2015]. ɹʦʣʝʝ ʨʘʥʥʠʝ ʜʠʩʢʨʝʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʠʟʚʝʨʞʝʥʠʷʤʠ ʤʝʜʣʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʦʪ 180 ʜʦ 400 ʤʠʥ. ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 50 

ʣʝʪ (ʨʠʩ. 2.17). ʅʘʢʘʥʫʥʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʧʦʣʟʥʷ 2007 ʛ. ʩʨʝʜʥʠʡ IBE 

ɺʝʣʠʢʘʥʘ ʩʦʩʪʘʚʣʷʣ 375-379 ʤʠʥ. ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 2004 ʛʛ. [ɼʨʦʟʥʠʥ, 2007].  

 

 

 
ʈʠʩ. 2.17. ʀʟʤʝʥʝʥʠʝ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʟʘ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ: 1941-1993 ʛʛ. ï ʧʦ ʜʘʥʥʳʤ 

[ʉʫʛʨʦʙʦʚ ʠ ʜʨ., 2009]; 1995-2003 ʛʛ. ï ʧʦ ʜʘʥʥʳʤ [ɼʨʦʟʥʠʥ, 2007], 2007-2015 - ʧʦ ʜʘʥʥʳʤ ɸ.ɺ. 

ʂʠʨʶʭʠʥʘ [Kiryukhin, Sugrobov, Sonnenthal, 2018]. 
 

ɺ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ 3.06.2007 ʛ. ʧʦ ʩʝʥʪʷʙʨʴ 2013 ʛ. IBE ʫʤʝʥʴʰʘʣʩʷ 

ʧʝʨʚʳʝ 3 ʛʦʜʘ: 379 ʤʠʥ. (2007 ʛ.), 359 ʤʠʥ. (2008 ʛ.), 323 ʤʠʥ. (2009 ʛ.), 334 ʤʠʥ. 

(2010 ʛ.). ɿʘʪʝʤ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ: 

337 ʤʠʥ. (2011 ʛ.), 337 ʤʠʥ. (2012 ʛ.), 334 ʤʠʥ. (2013 ʛ.) ʠ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʨʝʜʥʠʡ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʩʦʩʪʘʚʠʣ 335 - 340 ʤʠʥ. (ʨʠʩ. 

2.18). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʦʧʦʣʟʥʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʠʥʪʝʨʚʘʣ 

ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʚ ʩʨʝʜʥʝʤ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 10.6 - 10.3% (ʥʘ 

40 - 41 ʤʠʥ.). 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʞʠʤ ʠʟʚʝʨʞʝʥʠʡ 

ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʧʘʜʘʶʱʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʘʥʥʫ ʛʝʡʟʝʨʘ; ʦʪ ʦʙʠʣʴʥʳʭ ʩʥʝʛʦʧʘʜʦʚ ʠ ʪʘʡʬʫʥʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʟʘʜʝʨʞʠʚʘʪʴ ʠʟʚʝʨʞʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʮʠʢʣʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʥʘʙʣʶʜʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠʟʚʝʨʞʝʥʠʡ ʙʳʣ 32 ʯʘʩʘ ʚʦ 

ʚʨʝʤʷ ʩʠʣʴʥʦʛʦ ʩʥʝʛʦʧʘʜʘ 29 ʬʝʚʨʘʣʷ 2008 ʛʦʜʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʜʣʠʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʥʝʪ ʩʦʤʥʝʥʠʡ, ʪ.ʢ. ʣʦʛʛʝʨ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʥʘʣʝ ʥʘ ʠʩʪʦʢʝ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠʟ ʚʘʥʥʳ ʛʝʡʟʝʨʘ). 
 

 

 
ʈʠʩ. 2.18. IBE (ʤʠʥ.) ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ (ʩʤ) 

ʦʟʝʨʘ ʇʦʜʧʨʫʜʥʦʛʦ (ʥʠʞʥʠʡ ʛʨʘʬʠʢ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʝʣʢʠ). ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ 5 ʤʠʥ. 
 

ʉʝʣʝʚʦʡ ʧʦʪʦʢ 03.01.2014 ʛ. ʟʘʩʳʧʘʣ ʢʘʥʘʣ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʜʦʚʝʨʭʫ (ʥʘ 

ʛʣʫʙʠʥʫ 5.3 ʤ), ʧʦʵʪʦʤʫ ʜʘʥʥʳʭ ʦ ʮʠʢʣʠʯʥʦʩʪʠ ʛʝʡʟʝʨʘ ʩ ʩʝʥʪʷʙʨʷ 2013 ʧʦ ʘʧʨʝʣʴ 

2014 ʛʛ. ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʘʧʨʝʣʝ 2014 ʛ., 27 ʠ 28 ʯʠʩʣʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʣʦʛʛʝʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʙʳʣ ʨʘʚʝʥ 90 ʤʠʥ. ʇʦʩʣʝ ʚʪʦʨʦʡ 

ʢʘʪʘʩʪʨʦʬʳ ʮʠʢʣ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʥʝ ʫʩʪʘʥʦʚʠʣʩʷ: ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʷʩʴ, ʢ 

ʩʝʥʪʷʙʨʶ 2014 ʛ. ʜʦʩʪʠʛ 130 ʤʠʥ, ʢ ʩʝʥʪʷʙʨʶ 2016 ʛ. ʙʳʣ ʨʘʚʝʥ 40 ʤʠʥ., ʚ 2018 ʛ. ï 

60-80 ʤʠʥ.  

ɿʘʚʠʩʠʤʦʩʪʴ I BE  ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ [Kiryukhin at al, 

2015]. ɺ ʨʘʙʦʪʝ [ʉʫʛʨʦʙʦʚʘ, 1982] ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʟʘʚʠʩʠʤʦʩʪʠ IBE ʛʝʡʟʝʨʦʚ 

ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʦʩʦʙʝʥʥʦ ʦʪ ʝʛʦ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ), ʢʘʢ ʦʪ ʥʘʠʙʦʣʝʝ 
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ʜʝʡʩʪʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʝʡʟʝʨʳ ʩ ʙʦʣʴʰʠʤ ʨʝʟʝʨʚʫʘʨʦʤ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʠ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ 

(ʪʘʢʠʝ ʢʘʢ ɺʝʣʠʢʘʥ ʠ ɹʦʣʴʰʦʡ) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʜʘʚʣʝʥʠʷ, ʯʝʤ ʛʝʡʟʝʨʳ ʩ ʢʘʥʘʣʦʤ ʠ ʚʦʨʦʥʢʦʡ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʪʘʢʠʝ ʢʘʢ 

ʛʝʡʟʝʨʳ ʑʝʣʴ ʠ ʂʦʥʫʩ). 

ʇʦ ʤʥʝʥʠʶ ʉʫʛʨʦʙʦʚʦʡ ʅ.ɻ., ʩʚʷʟʴ ʵʪʘ ʫ ɺʝʣʠʢʘʥʘ ʠ ɹʦʣʴʰʦʛʦ 

(ʧʨʦʷʚʣʷʚʰʘʷʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ) ʩʣʘʙʘʷ, ʯʪʦ 

ʚʳʨʘʞʘʣʦʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʘʭ ʨʘʩʩʝʠʚʘʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʣʷʮʠʠ ʤʝʞʜʫ ʠʥʪʝʨʚʘʣʦʤ ʠ ʜʘʚʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 0,4 ʠ ʙʦʣʝʝ.  

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ (ʟʘ 

ʧʝʨʠʦʜ 2007-2013 ʛʛ.) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʘʷ ʩʚʷʟʴ ʦʪʩʫʪʩʪʚʫʝʪ (ʨʠʩ. 2.19). ʊʦʯʢʠ 

ʥʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʧʦ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʘ ʦʙʨʘʟʫʶʪ ʦʙʣʘʢʦ. ʆʙʣʘʢʦ ʦʭʚʘʪʳʚʘʝʪ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 91.5 ʜʦ 98.5 ʢʇʘ ʠ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ IBE ʦʪ 150 ʜʦ 500 ʤʠʥ. ʆʪʜʝʣʴʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ 

ʠʟʚʝʨʞʝʥʠʡ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ [Kiryukhin at al, 2015]. ʆʙʣʘʢʦ ʪʦʯʝʢ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʵʣʣʠʧʩʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠ ʧʦ ʤʝʨʝ ʦʢʨʫʛʣʝʥʠʷ ʵʪʦʛʦ 

ʦʙʣʘʢʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 

ʥʫʣʶ, ʦʙʝ ʧʝʨʝʤʝʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.19. ɺʟʘʠʤʦʩʚʷʟʴ IBE ʛʝʡʟʝʨʘ 

ɺʝʣʠʢʘʥ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʦ 

ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚ 2007-2013 ʛʛ. 
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ɿʘʚʠʩʠʤʦʩʪʴ IBE  ʦʪ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛo ʦʟʝʨʘ-1.  ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʫʰʝʥʠʷ ʧʣʦʪʠʥʳ ʨʝʢʦʡ ɻʝʡʟʝʨʥʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1 (130 ʩʤ ʚ ʪʝʯʝʥʠʝ 4 ʣʝʪ, ʠʣʠ ʦʢʦʣʦ 33 ʩʤ ʚ 

ʛʦʜ). ʅʘ ʵʪʦ ʧʦʥʠʞʝʥʠʝ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ (ʨʠʩ. 

2.18 ʠ 2.20). ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʩʚʷʟʠ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ 

ʚʦʜʳ ʚ ʇʦʜʧʨʫʜʥʦʤ ʦʟʝʨʝ-1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʦʤʘʣʴʥʳʝ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ 

ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʨʦʚʥʷ 

ʇʦʜʧʨʫʜʥʦʛʦ ʆʟʝʨʘ 10-20 ʩʤ, -45 ʩʤ, -70 ʩʤ, -120 ʩʤ. (ʨʠʩ. 2.20). ʕʪʠ ʫʨʦʚʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʠʤʥʠʤ ʩʝʟʦʥʘʤ ʩ 2007 ʧʦ 2013 ʛʛ.  
 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.20. ɺʟʘʠʤʦʩʚʷʟʴ IBE ʛʝʡʟʝʨʘ 

ɺʝʣʠʢʘʥ ʩ ʫʨʦʚʥʝʤ ʇʦʜʧʨʫʜʥʦʛʦ ʆʟʝʨʘ 

ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚ 2007-2013 ʛʛ. 

 

ʉʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʘ. ɻʨʘʬʠʢ 

ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʡ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʩ ʷʥʚʘʨʷ ʧʦ ʜʝʢʘʙʨʴ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 2007-2013 ʛʛ. ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʘʥʦʤʘʣʴʥʳʝ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʡ ʩʚʳʰʝ 600 ʤʠʥ. ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʧʝʨʠʦʜʘ ʥʠʞʝ 200 ʤʠʥ. ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʪ.ʝ. ʠʤʝʶʪ 

ʚʳʨʘʞʝʥʥʳʡ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 2.21). ɺ ʩʨʝʜʥʝʤ, ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ ʟʠʤʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 40-50 ʤʠʥ. 

ɺʝʨʦʷʪʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʘʢʦʡ ʩʝʟʦʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: (1) ʧʦʚʳʰʝʥʥʳʝ 

ʪʝʧʣʦʧʦʪʝʨʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ɺʝʣʠʢʘʥʘ, ʠʤʝʶʱʝʡ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 4.5 ʤ
2
, ʚ 

ʧʝʨʠʦʜ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʥʝʛʦʧʘʜʦʚ ʠ ʫʩʠʣʝʥʠʷ ʚʝʪʨʦʚ (ʧʦ ʜʘʥʥʳʤ 

[ʉʪʝʧʘʥʝʥʢʦ, 2012] ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʠʤʦʡ ʚ 

4.4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ (ʤʝʪʝʦʩʪʘʥʮʠʷ 
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çʉʝʤʷʯʠʢè)); (2) ʩʥʠʞʝʥʠʝ ʚ ʮʝʣʦʤ ʨʘʩʭʦʜʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʝʨʠʦʜ 

ʟʠʤʥʝʡ ʤʝʞʝʥʠ ʚ ʩʚʷʟʠ ʩ ʧʨʦʤʝʨʟʘʥʠʝʤ ʦʙʣʘʩʪʝʡ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ. 
 

 

 

 

 

 

 

ʈʠʩ. 2.21. IBE (ʤʠʥ.) ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʚ 

ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʟʘ ʧʝʨʠʦʜ 

ʩ 2007 ʧʦ 2014 ʛʛ. ʂʨʘʩʥʘʷ ʪʦʣʩʪʘʷ ʣʠʥʠʷ - 

2-ʡ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦʯʝʢ ʜʘʥʥʳʭ. 

ʐʢʘʣʘ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʟʚʝʨʞʝʥʠʷʤʠ 

ʦʙʨʝʟʘʥʘ ʧʦ ʟʥʘʯʝʥʠʶ 800 ʤʠʥʫʪ. 

 

 

ʉʝʣʴ 3.01.2014 ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʨʝʜʠʣ ʢʘʥʘʣ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ. ɿʝʤʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʡʟʝʨʘ ʙʳʣʘ ʩʨʝʟʘʥʘ ʩʝʣʝʤ ʧʨʠʤʝʨʥʦ 

ʥʘ 0,5 ʤ, ʘ ʙʦʣʴʰʘʷ ʥʝʛʣʫʙʦʢʘʷ ʚʘʥʥʘ ʧʣʦʱʘʜʴʶ 12,2 ʤ
2 
ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 5,5 ʤ

2
. 

ʉʝʣʝʚʦʡ ʧʦʪʦʢ ʟʘʩʳʧʘʣ ʢʘʥʘʣ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʧʨʠʥʝʩʝʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ (5,3 ʤ) (ɽ. ɺʣʘʩʦʚ, ʣʠʯʥ. ʩʦʦʙʱ., 2014). ʅʦ ʫʞʝ ʢ ʘʧʨʝʣʶ 

2014 ʛ. ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʥʘʣʘ ʙʳʣʘ ʦʩʚʦʙʦʞʜʝʥʘ ʦʪ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢ 

ʩʝʥʪʷʙʨʶ 2015 ʛ. ʜʦʩʪʫʧʥʘʷ ʛʣʫʙʠʥʘ ʢʘʥʘʣʘ ʙʳʣʘ 1.95 ʤ, ʠ ʢ ʩʝʥʪʷʙʨʶ 2016 ʛ. ʦʥʘ 

ʜʦʩʪʠʛʣʘ  5.3 ʤ. ɺ ʷʥʚʘʨʝ 2014 ʛ. ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ IBE ʙʳʣ ʟʘʥʝʩʝʥ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʭ ʦ ʮʠʢʣʠʯʥʦʩʪʠ ʛʝʡʟʝʨʘ ʩ ʩʝʥʪʷʙʨʷ 

2013 ʛ. ʧʦ ʘʧʨʝʣʴ 2014 ʛ. ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʘʧʨʝʣʝ 2014 ʛ. (27 ʠ 28 ʯʠʩʣʘ) 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʣʦʛʛʝʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ IBE ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ ʙʳʣ ʨʘʚʝʥ 90 

ʤʠʥ. ɼʘʣʝʝ, ʠʥʪʝʨʚʘʣ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʠ ʢ ʩʝʥʪʷʙʨʶ 2014 ʛ. ʩʪʘʣ ʨʘʚʝʥ 130 

ʤʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʩʝʣʷ 2014 ʛ. ʩʦʢʨʘʪʠʣʘʩʴ ʚʳʩʦʪʘ ʩʪʨʫʠ ʛʝʡʟʝʨʘ (ʜʦ 1 - 1,5 ʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 15 - 20 ʤ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ), ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ 

ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟʚʝʨʞʝʥʠʷ ʛʝʡʟʝʨʘ ɺʝʣʠʢʘʥ. 

2.5.3. ɻʝʡʟʝʨ ʐʘʤʘʥ 

ʇʦʩʣʝ ʯʘʩʪʠʯʥʦʡ ʛʠʙʝʣʠ ʛʝʡʟʝʨʦʚ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʦʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʦʧʦʣʟʥʷ 2007 ʛ., ʦʩʝʥʴʶ 2008 ʛ. ʚ ʂʘʣʴʜʝʨʝ ʋʟʦʥ (ʨʠʩ. 1.4) ʥʘ ʤʝʩʪʝ ʙʳʚʰʝʛʦ 

ʛʦʨʷʯʝʛʦ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 80Á C ʥʘ ʘ.ʦ. 652 ʤ 

ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʛʝʡʟʝʨ ʐʘʤʘʥ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012] / ʄʫʪʥʳʡ [ɼʨʦʟʥʠʥ, 2009]. ʇʦ 
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[ʂʘʨʧʦʚ ʠ ʜʨ., 2012] ʚʦʜʘ ʛʝʡʟʝʨʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʘ,̫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤ ʢʘʣʴʜʝʨʳ ʋʟʦʥ, ʥʝʩʫʱʠʭ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ As, Sb, Hg, Cu, Zn, Mn, Li, Rb, Cs ʩ 

ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʩʫʣʴʬʘʪʦʚ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʝʝ ʚ 1.5 ʨʘʟʘ ʚʳʰʝ ʦʙʱʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʛʝʡʟʝʨʦʚ ʩʦʩʝʜʥʝʡ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ [ʪʘʤ ʞʝ]. ʇʦʩʣʝ 

ʧʝʨʝʭʦʜʘ ʛʦʨʷʯʝʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʛʝʡʟʝʨʥʳʡ ʨʝʞʠʤ, ʚ ʚʦʜʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʘ, ʫʚʝʣʠʯʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-

ʠʦʥʘ ʠ ʧʦʚʳʩʠʣʩʷ pH ʨʘʩʪʚʦʨʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʣʦʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ (Cl - 1223-1454 ʤʛ/ʣ, Na - 812-941 ʤʛ/ʣ). ʆʩʪʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʪʚʦʨʘ ʦʩʪʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʠʩʧʳʪʳʚʘʷ ʟʘʢʦʥʦʤʝʨʥʳʝ 

ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʝʨʝʡ ʧʘʨʦʚʦʡ ʬʘʟʳ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012]. ɿʘ ʧʝʨʚʳʭ ʪʨʠ 

ʛʦʜʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʡʟʝʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʦʪ 93.4 - 94.9 Áʉ 

[ɼʨʦʟʥʠʥ, 2009] ʜʦ 99 Áʉ [Kiryukhin, 2016] ʠ ʜʦ 100.13 Áʉ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012].  

ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʛʝʡʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣʠ 

ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ: ʠʟʤʝʥʷʣʩʷ ʜʠʘʤʝʪʨ ʝʛʦ ʛʨʠʬʦʥʘ, 

ʠʟʤʝʥʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʤʦʤʝʥʪ ʠʟʚʝʨʞʝʥʠʷ, ʠʟʤʝʥʷʣʩʷ ʝʛʦ ʨʝʞʠʤ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʨʘʙʦʪʢʦʡ ʢʘʥʘʣʘ, ʠ ʯʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʙ ʫʯʘʩʪʠʠ ʛʣʫʙʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʠʪʘʥʠʠ ʛʝʡʟʝʨʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ (ʧʦ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012]) ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʨʘ (414,8 ʤʛ/ʣ) ʠ 

ʢʨʝʤʥʝʢʠʩʣʦʪʳ (712,5 ʤʛ/ʣ) ʚ ʩʦʩʪʘʚʝ ʠʟʚʝʨʞʝʥʥʦʡ ʚʦʜʳ. ʀʩʭʦʜʷ ʠʟ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʘʣʦʛʦ ʜʝʙʠʪʘ ʛʝʡʟʝʨʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ [ʪʘʤ ʞʝ], ʯʪʦ ʧʦʜʟʝʤʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʦʪʢʫʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʠʪʘʥʠʝ ʛʝʡʟʝʨʘ, ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ. ʆʙ ʵʪʦʤ, ʧʦ ʤʥʝʥʠʶ ɻ. ɸ. ʂʘʨʧʦʚʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʟʚʝʨʞʝʥʥʦʡ ʚʦʜʳ, ʠʜʝʥʪʠʯʥʦʩʪʴ ʩ ʩʦʩʪʘʚʦʤ 

ʤʝʩʪʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚʳʩʦʢʠʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʨʤʘʣʴʥʳʭ 

ʧʦʣʷʭ ʢʘʣʴʜʝʨʳ ʋʟʦʥ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʡʟʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ ʛʝʡʟʝʨʘ ʐʘʤʘʥ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.22. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʘʢʪʠʚʥʦʩʪʠ ʛʝʡʟʝʨʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ IBE c ʘʚʛʫʩʪʘ 2012 ʛ. ʧʦ ʤʘʡ 2014 ʛ. ʩʦʩʪʘʚʠʣ 137 ʤʠʥ. 

(ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 17 ʤʠʥ.), ʭʦʪʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʝʛʦ IBE ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʣ 

1000 ʤʠʥ. ʠ ʙʦʣʴʰʝ. ʉʨʝʜʥʠʡ IBE ʟʘ ʠʶʣʴ 2014 ʛ. - ʤʘʡ 2015 ʛ. ʩʥʠʟʠʣʩʷ ʜʦ 129 
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ʤʠʥ. [Kiryukhin, 2016]. ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʠʟʚʝʨʞʝʥʠʷʤʠ ʛʝʡʟʝʨʘ ʐʘʤʘʥ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʚʷʟʴ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ, ʧʨʦʜʦʣʞʘʝʪʩʷ. 

 

 

 

 

 

ʈʠʩ. 2.22. IBE (ʤʠʥ.) ʛʝʡʟʝʨʘ ʐʘʤʘʥ 

(ʄʫʪʥʳʡ). ɺʳʨʝʟʘʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʩʠ 500 

ʤʠʥ. ʅʝʧʨʝʨʳʚʥʳʝ ʢʨʘʩʥʘʷ ʠ ʯʝʨʥʘʷ 

ʣʠʥʠʠ ïʫʩʨʝʜʥʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ. 

 

 

 

ʇʦ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012] ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʛʝʡʟʝʨʘ ʐʘʤʘʥ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʠʪʘʶʱʝʡʩʷ 

ʪʝʧʣʦʤ ʠ ʚʝʱʝʩʪʚʦʤ ʦʪ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʦʤʘʩʩʦʧʦʪʦʢʘ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʚʘʨʠʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʤʘʣʴʥʦʤ ʧʦʣʝ. ʅʘʯʘʣʦ 

ʤʠʛʨʘʮʠʠ ʛʝʡʟʝʨʦʚ ʠʟ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ ʚ ʢʘʣʴʜʝʨʫ ʋʟʦʥ, ʚʦʟʤʦʞʥʦ, ʙʳʣʦ ʩʚʷʟʘʥʦ 

ʩ ʦʙʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʟ-ʟʘ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [ʂʘʨʧʦʚ ʠ ʜʨ., 2012; ʂʠʨʶʭʠʥ, 2016].  

2.5.4. ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚ ʇʦʜʧʨʫʜʥʦʤ ʆʟʝʨʝ (2007-2013 ʛʛ.) 

3.06. 2007 ʛ. ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ ʚ ʚʝʨʭʦʚʴʷʭ ʨʫʯ. ɺʦʜʦʧʘʜʥʦʛʦ ʧʨʦʠʟʦʰʝʣ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʦʧʦʣʟʝʥʴ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚ ʧʘʨʘ. ʆʙʘ ʵʪʠ 

ʷʚʣʝʥʠʷ ʧʦʟʞʝ ʩʬʦʨʤʠʨʦʚʘʣʠ ʩʝʣʝʚʦʡ ʧʦʪʦʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʚʰʠʡ ʦʙʣʠʢ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ. ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ 20 ʤʣʥ ʤ
3
 ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʣʠ 

ʧʝʨʝʤʝʱʝʥʳ ʥʘ 2 ʢʤ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ, ʩʦʟʜʘʚ ʥʘ ʥʝʡ ʜʘʤʙʫ ʠ 

ʦʟʝʨʦ ʇʦʜʧʨʫʜʥʦʝ (ʬʦʪʦ 1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʃʝʦʥʦʚ, 2009; ʂʠʨʶʭʠʥ, 

ʈʳʯʢʦʚʘ, 2011] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʦʪʣʦʞʝʥʠʷʤʠ ʛʨʷʟʝʢʘʤʝʥʥʦʡ ʣʘʚʠʥʳ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʴʶ 26 ʤ ʦʢʘʟʘʣʠʩʴ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʝʙʝʥʥʳʤʠ ʪʨʠ ʪʝʨʤʘʣʴʥʳʭ ʫʯʘʩʪʢʘ 

ɻʝʡʟʝʨʥʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ (I, II ʠ III) ʠ ʯʘʩʪʠʯʥʦ IV. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ 

ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ ʟʘʪʦʧʠʣʦ ʥʝ ʧʝʨʝʢʨʳʪʳʝ ʣʘʚʠʥʦʡ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ IV ʫʯʘʩʪʢʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʠ ʛʝʡʟʝʨʳ V ʠ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʷ VI ʫʯʘʩʪʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʠʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨ. ɻʝʡʟʝʨʥʦʡ (ʨʠʩ. 2.23).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʘʟʘʣʠʩʴ ʟʘʚʘʣʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʛʨʷʟʝʢʘʤʝʥʥʦʡ 

ʣʘʚʠʥʳ ʢʨʫʧʥʳʝ ʛʝʡʟʝʨʳ ʇʝʨʚʝʥʝʮ, ʊʨʦʡʥʦʡ, ʉʘʭʘʨʥʳʡ, ʉʦʩʝʜ, ʛʝʡʟʝʨ ʋ 

ɺʦʜʦʧʘʜʘ. ʆʪʣʦʞʝʥʠʷʤʠ ʛʠʛʘʥʪʩʢʦʛʦ ʦʧʦʣʟʥʷ ʠ ʛʨʷʟʝʢʘʤʝʥʥʦʡ ʣʘʚʠʥʳ ʙʳʣʠ 

ʪʘʢʞʝ ʧʦʛʨʝʙʝʥʳ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʥʘ ʨʫʯ. ɺʦʜʦʧʘʜʥʦʤ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʜ 

ʫʨʦʚʥʝʤ ʨʫʯʴʷ ʙʳʣʦ ʥʝ ʙʦʣʝʝ 5 ʤ ʠ ʥʝʙʦʣʴʰʠʝ ʛʝʡʟʝʨʳ ʄʘʣʶʪʢʘ, ʊʝʨʝʤʦʢ, 

ʇʣʦʩʢʠʡ, ɺʦʨʦʪʘ ʚ ɻʝʡʟʝʨʥʫʶ. 
 

 

 

 

 

 

 

ʌʦʪʦ 1. ʇʣʦʪʠʥʘ ʥʘ ʨ. ɻʝʡʟʝʨʥʦʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʦʙʣʦʤʦʯʥʦʡ 

ʣʘʚʠʥʦʡ (ʬʦʪʦ ʀ.ʌ. ɼʝʣʝʤʝʥ)̫. 

 

 

ʇʦʜ ʚʦʜʦʡ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ 23 ʛʝʡʟʝʨʦʚ, ʩʨʝʜʠ ʥʠʭ ʩʘʤʳʝ ʢʨʫʧʥʳʝ - 

ʉʢʘʣʠʩʪʳʡ, ʂʦʥʫʩ, ɹʦʣʴʰʘʷ ʇʝʯʢʘ, ɹʦʣʴʰʦʡ, ʄʘʣʳʡ; ʠʩʪʦʯʥʠʢʠ ʂʘʤʝʥʢʘ, ʄʘʣʘʷ 

ʇʝʯʢʘ, ʄʘʣʘʭʠʪʦʚʳʡ ɻʨʦʪ; ʥʝʙʦʣʴʰʠʝ ʛʝʡʟʝʨʳ ʅʝʜʦʩʪʫʧʥʳʡ, ɹʫʨʘʪʠʥʦ, 

ʇʝʱʝʨʥʳʡ, ɻʥʦʤ; ʢʘʨʣʠʢʦʚʳʝ ʛʝʡʟʝʨʳ (ʩʪʝʥʢʘ ɹ. ʀ. ʇʠʡʧʘ). ɻʝʡʟʝʨ ʄʘʣʳʡ ʠ 

ʠʩʪʦʯʥʠʢ ʄʘʣʘʷ ʇʝʯʢʘ ʚʥʘʯʘʣʝ ʦʢʘʟʘʣʠʩʴ ʧʦʜ 25 ʤʝʪʨʦʚʦʡ ʪʦʣʱʝʡ ʚʦʜʳ, ʘ 

ʛʝʡʟʝʨʳ ɹʦʣʴʰʦʡ ʠ ʠʩʪʦʯʥʠʢ ʄʘʣʘʭʠʪʦʚʳʡ ɻʨʦʪ ï ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10 ʤ. 
 

 

 

 

 

 

 

ʈʠʩ. 2.23. ʉʭʝʤʘ ʫʯʘʩʪʢʦʚ 

ɻʝʡʟʝʨʥʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ 

ʧʦʣʷ.  
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ʉ 3.06. 2007 ʛ. ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʝ ʇʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ-1 ʩʪʘʣʦ ʦʙʣʘʩʪʴʶ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ (ʬʦʪʦ 1, ʨʠʩ. 2.24). 

ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʧʨʝʚʳʩʠʣ ʚʳʩʦʪʫ ʧʣʦʪʠʥʳ, ʥʘʯʘʣʩʷ ʝʝ 

ʯʘʩʪʠʯʥʳʡ ʨʘʟʤʳʚ. ɺʳʥʝʩʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʣʦʞʠʣʩʷ ʧʦ ʚʩʝʤʫ ʪʝʯʝʥʠʶ ʨ. 

ʐʫʤʥʦʡ. ʋʨʦʚʝʥʴ ʦʟʝʨʘ ʤʝʜʣʝʥʥʦ ʧʦʥʠʞʘʣʩʷ ʝʱʝ ʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʪʦʢʘ 

ʪʘʣʳʭ ʚʦʜ (ʣʝʪʥʠʡ ʤʝʞʝʥʴ), ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʦʟʝʨʝ, ʥʘʧʨʦʪʠʚ, ʧʦʩʪʝʧʝʥʥʦ 

ʨʦʩʣʘ (ʦʪ 12,8 Áʉ ʚ ʠʶʥʝ ʜʦ 23 Áʉ ʚ ʘʚʛʫʩʪʝ 2007 ʛ.). ʇʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʦʟʝʨʘ ʧʦʩʪʝʧʝʥʥʦ ʦʩʚʦʙʦʜʠʣʠʩʴ ʠʟ ʚʦʜʷʥʦʛʦ ʧʣʝʥʘ ʠ ʟʘʨʘʙʦʪʘʣʠ ʢʠʧʷʱʠʡ 

ʠʩʪʦʯʥʠʢ ʄʘʣʘʭʠʪʦʚʳʡ ɻʨʦʪ (23 ʠʶʣʷ 2007 ʛ.) ʠ ʛʝʡʟʝʨ ɹʦʣʴʰʦʡ (1 ʩʝʥʪʷʙʨʷ 2007 

ʛ.). ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʤʝʯʘʣʠʩʴ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ʥʘ ʬʦʥʝ 

ʤʝʜʣʝʥʥʦʛʦ ʨʘʟʤʳʚʘ ʧʣʦʪʠʥʳ. 

ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʩʷ 

ʧʨʦʮʝʩʩ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ɼʦʣʠʥʝ ɻʝʡʟʝʨʦʚ. ɽʩʣʠ ʨʘʥʴʰʝ ʙʫʨʥʘʷ ʛʦʨʥʘʷ ʨʝʢʘ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʭʦʜʠʣʘ ʵʪʦʪ ʫʯʘʩʪʦʢ, ʪʨʘʥʟʠʪʦʤ ʫʥʦʩʷ ʚʝʩʴ ʦʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚ ʨ. ʐʫʤʥʫʶ, ʪʦ ʪʝʧʝʨʴ ʦʥ ʩʪʘʣ ʦʩʘʞʜʘʪʴʩʷ ʚ ʦʟʝʨʝ. ɺ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ 

ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ ʚ ʦʟʝʨʦ ʩʪʘʣʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʢʦʩʳ 

(ʬʦʪʦ 2) ʠ ʨʝʢʘ ʚʳʥʫʞʜʝʥʘ ʙʳʣʘ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʦʝ ʨʫʩʣʦ.  
 

 

ʈʠʩʫʥʦʢ 2.24. ʇʨʦʜʦʣʴʥʳʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 

ʣʦʢʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʤʘʣʴʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ 

ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1. 

ʎʠʬʨʳ 36, 29, 28, 65, 20, 21, 

23 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ 

ʛʝʡʟʝʨʦʚ ʠ ʛʦʨʷʯʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʛʝʦʣʦʛʦ-

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ-

ʩʭʝʤʝ (ʨʠʩ. 2.11). 

ʅʝʦʜʥʦʢʨʘʪʥʳʝ ʮʠʢʣʦʥʳ (ʦʢʪʷʙʨ ɹ 2008 ʛ.; ʩʝʥʪʷʙʨʴ 2009 ʛ.; ʩʝʥʪʷʙʨʴ ʠ 

ʦʢʪʷʙʨʴ 2013 ʛ.), ʫʩʢʦʨʠʚʰʠʝ ʧʨʦʮʝʩʩ ʨʘʟʤʳʚʘ ʧʣʦʪʠʥʳ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʦʟʝʨʥʦʤ ʚʦʜʦʝʤʝ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʝʛʦ ʤʝʩʪʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʨʘʚʥʠʥʘ. ʅʘ ʨʠʩʫʥʢʝ 2.25 ʧʦʢʘʟʘʥʘ 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ -1 ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ï ʩ 2007 
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ʧʦ 2014 ʛʛ. ʇʦʩʣʝʜʥʝʝ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ, ʥʦ ʠ ʥʘ ʚʝʩʴ ʣʘʥʜʰʘʬʪ ɼʦʣʠʥʳ ɻʝʡʟʝʨʦʚ, ʵʪʦ ʙʳʣ ʩʝʣʴ 

03.01.2014.  
 

 

 

 

 

 

 

ʌʦʪʦ 2. ɸʢʢʫʤʫʣʷʪʠʚʥʳʝ ʢʦʩʳ ʥʘ ʨ. 

ɻʝʡʟʝʨʥʦʡ. ʌʦʪʦ ɿʣʦʪʥʠʢʦʚʘ ɺ. ɸ. 

 

 

 
 
ʈʠʩʫʥʦʢ 2.25. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʇʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ-1 ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ï 

ʩ 2007 ʧʦ 2014 ʛʦʜʳ. ʃʠʥʠʷ ɸ-ɺ ï ʧʨʦʬʠʣʴ, ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 2D ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʟ ʦʟʝʨʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼʦʣʠʥʳ 

ɻʝʡʟʝʨʦʚ. ʎʠʬʨʳ ʥʘ ʙʝʣʦʤ ʬʦʥʝ: 36, 29, 28, 65, 20, 21 ʠ 23 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʡʟʝʨʘʤ ʂʦʥʫʩ, 

ʄʘʣʳʡ, ɹʦʣʴʰʦʡ, ʑʝʣʴ, ʠʩʪʦʯʥʠʢʘʤ ɻʨʦʪ, ɸʚʝʨʴʝʚʩʢʠʡ ʠ ʛʝʡʟʝʨʫ ɺʝʣʠʢʘʥ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʣʷ ʣʠʥʠʠ ʧʨʦʬʠʣʷ. ʎʠʬʨʳ ʥʘ ʩʝʨʦʤ ʬʦʥʝ ï ʦʩʪʘʣʴʥʳʝ ʛʝʡʟʝʨʳ ʠ ʠʩʪʦʯʥʠʢʠ 
(ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʦʛʨʝʙʝʥʥʳʝ), ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʟʚʘʥʠʷʤ ʥʘ ʛʝʦʣʦʛʦ-

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ-ʩʭʝʤʝ (ʨʠʩ. 2.11) ʠ ʪʘʙʣ. 1.1. 

 

2.5.5. ʆʧʦʣʟʝʥʴ 03.01.2014 ʠ ʇʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ-2 

03 ʷʥʚʘʨʷ 2014 ʛ., ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʢʘʣʴʜʝʨʥʦʡ ʩʪʝʥʢʠ (ʜʚʠʞʠʤʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʦʡ), ʩ ʚʝʨʭʦʚʴʝʚ ʨʫʯʴʷ ɻʦʨʷʯʝʛʦ (ʣʝʚʳʡ ʙʦʨʪ ʨ. 

ɻʝʡʟʝʨʥʦʡ) ʩʦʰʝʣ ʝʱʝ ʦʜʠʥ ʤʦʱʥʳʡ ʩʝʣʴ (ʰʠʨʠʥʦʡ 50-200 ʤ). ʇʨʦʡʜʷ 3 ʢʤ ʚʥʠʟ 

ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ɻʝʡʟʝʨʥʦʡ, ʦʥ ʥʝ ʪʦʣʴʢʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʟʨʫʰʠʣ ʧʣʦʪʠʥʫ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʚ 2007 ʛ., ʥʦ ʠ ʠʟʤʝʥʠʣ ʚʝʩʴ ʦʙʣʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 


