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ʜʦʢʪ. ɺ. ɼʞʦʤʝʣʣʠ, ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʌʨʘʥʮʠʠ, ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʘʥʪʝʦʥ-

ʉʦʨʙʦʥʥʘ ʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʘʨʠʞ-ɺʦʩʪʦʢ ʂʨʝʪʝʡ, 

ʜʠʨʝʢʪʦʨ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

ʧʨʦʬ. ʂ. ʜʝ ʁʦʥʛ, ʉʪʨʘʩʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝ-

ʥʠʡ ʬʘʢʫʣʴʪʝʪʘ ʛʝʦʛʨʘʬʠʠ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ (ʛ. ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ) 

ʜʦʢʪ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɸ.ʀ. ɿʘʡʮʝʚ, ʉʧʝʮʠʘʣʴʥʦʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝ-

ʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘ-

ʙʦʨʘʪʦʨʠʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ 

ʦʢʝʘʥʦʛʨʘʬʠʠ (ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ, ʈʦʩʩʠʷ) 

ʜʦʢʪ. ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ. ʅ.ɸ. ʂʘʣʠʥʠʥ, ʇʝʨʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʝʪʝʦ-

ʨʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʳ (ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ) 

ʘʢʘʜʝʤʠʢ ʈɸʅ ɹ.ʄ. ʂʠʟʷʝʚ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʜʨʦʪʝʭ-

ʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ ʠʤ. ɸ.ʅ. ʂʦʩʪʷʢʦʚʘ, ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʜʦʢʪ. ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ɸ.ʄ. ʃʝʭʘʪʠʥʦʚ, ʄʆ çʊʫʥ-

ʢʠʥʩʢʠʡ ʨʘʡʦʥè ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, (ʛ. ʂʳʨʝʥ, 

ʈʦʩʩʠʷ) 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ ɸ.ɽ. ʄʘʣʘʰʝʥʢʦ, ʉʧʝʮʠʘʣʴʥʦʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝ-

ʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʧʝʨʚʳʡ ʟʘʤʝʩʪʠ-

ʪʝʣʴ ʜʠʨʝʢʪʦʨʘ, ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ (ʛ. ʖʞʥʦ-

ʉʘʭʘʣʠʥʩʢ, ʈʦʩʩʠʷ) 

ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮ. ʄ.ʃ. ʄʘʨʢʦʚ, ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʠ.ʦ. ʟʘʚʝʜʫ-

Pavel A. Chernous, Ph.D., Leading Researcher of 

the Laboratory of Exogenous Geodynamic Processes 

and Snow Cover of the Special Design Bureau for 

Marine Research Automation Tools of the Far East-

ern Branch of the Russian Academy of Sciences (Yu-

zhno-Sakhalinsk, Russia). 

Endon Zh. Garmaev, Corresponding Member of the 

Russian Academy of Sciences, Director of the Baikal 

Institute of Nature Management Siberian branch of 

the Russian Academy of sciences (Ulan-Ude, Russia) 

Boris I. Gartsman, Doctor of Science, Head of Flood 

Hydrology Department of Institute of Water Problems 

of the Russian Academy of Sciences (Moscow, Russia). 

Gleb E. Glaziryn, Professor, National University of 

Uzbekistan named after Mirzo Ulugbek (Tashkent, 

Uzbekistan). 

Viacheslav K. Gusiakov, Doctor of Science, The In-

stitute of Computational Mathematics and Mathemat-

ical Geophysics Siberian Branch of the Russian 

Academy of Sciences, Head of the Laboratory of 

Mathematical Modeling of Tsunami Waves (Novosi-

birsk, Russia) 

Vincent Jomelli, Ph.D., Research Director of the In-

stitute of Ecology and Environment of the French Na-

tional Center for Scientific Research, the University 

Panth®on-Sorbonne and the University Paris-Est Cr®-

teil (Paris, France) 

Carmen de Jong, Professor, Head of International 

Relations at the Faculty of Geography and Regional 

Planning, University of Strasbourg (Strasbourg, France) 

Nicolay A. Kalinin , Professor, Head of the Depart-

ment of Meteorology and Atmosphere Protection of 

the Perm State University (Perm, Russia). 

Boris M. Kizyaev, Academician of the Russian 

Academy of Sciences, Scientific Director of All -Rus-

sian Research Institute for Hydraulic Engineering and 

Land Reclamation (Moscow, Russia). 

ɸnatoliy M. Lekhatinov, Doctor of Science, Munic-

ipality Tunkinsky District (Kyren, Russia). 

Anatoliy Ye. Malashenko, Ph.D., deputy director of 

the Special Research Bureau for Automation of Ma-

rine Researches of the Far Eastern Branch of Russian 

Academy of Sciences (Yuzhno-Sakhalinsk, Russia). 

Mikhail L. Markov , Associate Professor, acting 

Head of the Department of Forecasting Hydrological 

Processes and Experimental Research of the State 

Hydrological Institute (St. Petersburg, Russia). 
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ʶʱʝʛʦ ʦʪʜʝʣʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ ɸ.ʈ. ʄʝʜʝʫ, ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʜʠʨʝʢʪʦʨ (ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ) 

ʜʦʢʪ. ʛʝʦʛʨ. ʥʘʫʢ ɸ.ɺ. ʇʘʥʠʥ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʧʘʣʝʦʛʝʦ-

ʛʨʘʬʠʠ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ ʀ.ɺ. ʉʝʚʝʨʩʢʠʡ, ʀʥʩʪʠʪʫʪ 

ʛʝʦʛʨʘʬʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʧʦʯʸʪʥʳʡ ʜʠ-

ʨʝʢʪʦʨ; ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʛʣʷʮʠʦ-

ʣʦʛʠʠ; ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʛʣʷʮʠʦ-

ʣʦʛʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ) 

ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮʝʥʪ ʉ.ɸ. ʉʦʢʨʘʪʦʚ, ʄʦʩ-

ʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʜʦʢʪ. ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ. ɽ.ɸ. ʊʘʣʘʥʦʚ, ʂʘʟʘʭʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʣʴ-ʌʘʨʘʙʠ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ 

(ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ) 

ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ.ʂ. ʊʫʣʦʭʦʥʦʚ, ɹʘʡʢʘʣʴʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝ-

ʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦ-

ʜʠʪʝʣʴ (ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ) 

ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮ. ʉ.ʉ. ʏʝʨʥʦʤʦʨʝʮ, ʄʦʩ-

ʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜ-

ʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʩʥʝʞʥʳʭ ʣʘʚʠʥ ʠ ʩʝʣʝʡ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʧʨʝʟʠʜʝʥʪ ʉʝʣʝʚʦʡ ʘʩʩʦ-

ʮʠʘʮʠʠ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ ʇ.ɸ. ʏʝʨʥʦʫʩ, ʉʧʝʮʠʘʣʴʥʦʝ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʨʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡ-

ʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘ-

ʙʦʨʘʪʦʨʠʠ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ (ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ, ʈʦʩʩʠʷ) 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ ʉ.ɺ. ʐʚʘʨʸʚ, ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘ-

ʬʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘ-

ʙʦʨʘʪʦʨʠʝʡ ʛʝʦʤʦʨʬʦʣʦʛʠʠ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʜʦʢʪ. ʉ. ʗʤʘʛʫʯʠ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʮʝʥʪʨ ʩʥʝʛʘ ʠ ʣʴʜʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʷʤ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜ-

ʥʠʢ (ʛ. ʅʘʛʘʦʢʘ, ʗʧʦʥʠʷ) 

Akhmetkal R. Medeu, Academician of the National 

Academy of Sciences of Kazakhstan, Director of the 

Institute of Geography of Kazakhstan (Almaty, Ka-

zakhstan). 

Andrey V. Panin, Doctor of Science, professor of the 

Department of Geomorphology and Paleogeography 

of Lomonosov Moscow State University (Moscow, 

Russia). 

Igor V. Severskiy, Academician of the National 

Academy of Sciences of Kazakhstan, Scientific 

leader of fundamental and applied researches of the 

Department of Glaciology of the Institute of Geogra-

phy of Kazakhstan (Almaty, Kazakhstan). 

Sergey V. Shvarev, Ph.D., Head of the Laboratory of 

Geomorphology of the Institute of Geography of the 

Russian Academy of Sciences (Moscow, Russia). 

Sergey A. Sokratov, Ph.D. in Environmental & Earth 

Sci., Associate Professor, Deputy Dean for Research 

of the Faculty of Geography of Lomonosov Moscow 

State University (Moscow, Russia). 

Yevgeniy A. Talanov, Professor, Professor of the 

Meteorology and Hydrology Department Al-Farabi 

Kazakh National University, (Almaty, Kazakhstan). 

Arnold K. Tulokhonov, Academician of the Russian 

Academy of Sciences Scientific, Scientific Director 

of the Baikal Institute of Nature Management Sibe-

rian branch of the Russian Academy of sciences 

(Ulan-Ude, Russia). 

Tatiana A. Vinogradova, Associate Professor, As-

sociate Professor of the Department of Land Hydrol-

ogy of St. Petersburg University (St. Petersburg, Rus-

sia). 

Satoru Yamaguchi, Ph.D., Chief Researcher of the 

Snow and Ice Research Division of the National Re-

search Institute for Earth Science and Disaster Resil-

ience (Nagaoka, Japan) 

Andrei I. Zaitsev, Doctor of Science, Head of Labor-

atory of Computational Hydromechanics and Ocean-

ography of Special Research Bureau for Automation 

of Marine Researches, Far Eastern Branch of Russian 

Academy of Sciences (Yuzhno-Sakhalinsk, Russia). 
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ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʂʘʜʘʮʢʦʡ ʄʘʨʠʠ 
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ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʞʝʣʝʟʥʳʝ ʜʦ-

ʨʦʛʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ ʥʘʩʝʣʝʥ-

ʥʳʝ ʧʫʥʢʪʳ ʥʘ ʙʦʣʴʰʦʤ ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʤʦʨʷ, ʚ ʥʠʞʥʝʡ ʯʘ-

ʩʪʠ ʟʦʥʳ ʪʨʘʥʟʠʪʘ ʩʝʣʝʡ. ʉʝʣʝʚʳʝ ʧʦʪʦʢʠ ʧʨʠ-

ʯʠʥʷʶʪ ʫʱʝʨʙ ʚ ʚʠʜʝ ʟʘʚʘʣʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʜʦ-

ʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʦʩʪʨʦʚʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʫʯʘʩʪʢʠ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʝʚʳʭ 

ʙʘʩʩʝʡʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 30-40 ʰʪ/ʢʤ. ɺ ʦʩʥʦʚʥʦʤ 

ʵʪʦ ʩʢʣʦʥʦʚʳʝ ʩʝʣʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʝʞʝ-

ʛʦʜʥʦ ʚʦ ʚʨʝʤʷ ʚʳʧʘʜʝʥʠʷ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ ʠ 

ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 500 ʤ3. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʷʞʝʡ ʠ ʟʘʱʠʪʝ ʦʪ ʘʙʨʘ-

ʟʠʠ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʠʫʩʪʴʝʚʫʶ 

ʯʘʩʪʴ ʚʦʜʦʪʦʢʦʚ. ɺʳʥʦʩ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʥʘ ʧʦʙʝʨʝʞʴʷʭ ʟʘʣʠʚʦʚ ʊʝʨʧʝʥʠʷ, ɸʥʠʚʘ, 

ʊʘʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʘ ʠ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ. ʇʣʷ-

ʞʝʚʳʝ ʥʘʢʦʧʣʝʥʠʷ, ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʪʷʛʠʚʘʶ-

ʱʠʝʩʷ ʚʜʦʣʴ ʤʦʨʩʢʦʛʦ ʙʝʨʝʛʘ, ʷʚʣʷʶʪʩʷ ʣʫʯʰʝʡ 

ʝʛʦ ʧʨʠʨʦʜʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʨʘʟʨʫʰʝʥʠʷ. ʇʦ-

ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʝʣʝʧʨʦ-

ʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʧʦ-

ʪʨʝʙʥʦʩʪʴʶ ʚ ʟʘʱʠʪʝ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʥʦ ʠ 

Abstract. The significant part of roads and rail-

ways of the Sakhalin Island are located in the 

coastal zone of the sea, in the lower part of the de-

bris flow transit zone. Debris flows cause blockages 

and damage to the roadways. In some areas of the 

island are sites where the number of debris flow ba-

sins is 30-40 per km. Basically, these are slope de-

bris flows, which are formed annually during pre-

cipitation of liquid precipitation, and whose volume 

can reach 500 m3. At the same time, debris flows 

can play an important role in the formation of 

beaches and protection from abrasion due to the re-

moval of material to the mouth of the rivers. 

Transport of debris flow material to the coastal zone 

on the Sakhalin Island is carried out on the coasts of 

the Gulf of Patience, the Gulf of Aniva, the Tatar 

Strait, etc. Beach savings are the best of its natural 

protection against destruction. Therefore, the need 

to build seepage facilities is due not only to the need 

to protect the roadway, but also the importance of 

transporting debris flow material to the beach area. 

Characteristics of debris flows in the coastal zone of 

the island differ in a number of parameters, such as 

the volume of debris slides, the frequency of for-

mation of debris flows, the type of debris flows, the 

size of carried fragments of rocks; therefore, when 

https://doi.org/10.34753/HS.2020.2.1.8
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ʚʘʞʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʧʣʷʞʝʚʫʶ ʟʦʥʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʣʝʚʳʭ 

ʧʦʪʦʢʦʚ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʦʩʪʨʦʚʘ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʙʲʝʤ ʩʝʣʝʡ, ʯʘ-

ʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʣʝʡ, ʪʠʧ ʩʝʣʝʡ, ʨʘʟʤʝʨ 

ʧʝʨʝʥʦʩʠʤʳʭ ʦʙʣʦʤʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʚʳʙʦʨʝ ʩʝʣʝʟʘʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʢʘʢ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʣʝ-

ʚʳʭ ʧʦʪʦʢʦʚ, ʪʘʢ ʠ ʨʦʣʴʶ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʷʞʝʡ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʦ- ʠ ʩʝʣʝʧʨʦ-

ʧʫʩʢʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜ ʜʦʨʦʛʘʤʠ ʚ ʧʨʠʫʩʪʴʝʚʳʭ 

ʯʘʩʪʷʭ ʩʝʣʝʚʳʭ ʨʝʢ, ʘ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʚʳʙʦʨʘ ʩʝʣʝʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʣʝʡ ʠ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡ-

ʥʦʚ. 

choosing a debris flow protection facility, it is nec-

essary to be guided both by the parameters of debris 

flows and by the role of debris flows in the for-

mation of beaches. The paper examines the current 

state of water chute and debris flows chute under 

the roads in the near-mouth parts of debris flow riv-

ers, as well as the expediency of selecting debris 

flow protection structures depending on the charac-

teristics of debris flows. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʨʦʚ ʉʘʭʘʣʠʥ; ʙʝʨʝʛʦʚʘʷ 

ʟʦʥʘ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʣʝʡ; ʩʝʣʝʧʨʦʧʫʩʢʥʳʝ ʩʦ-

ʦʨʫʞʝʥʠʷ; ʚʳʙʦʨ ʩʝʣʝʟʘʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ; 

ʩʢʣʦʥʦʚʳʝ ʩʝʣʠ. 

Keywords: Sakhalin Island; coastal zone; charac-

teristics of debris flows; debris flows chute; choice 

of debris flows protection facility; slope debris 

flows. 

ɺʚʝʜʝʥʠʝ 

ɺʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʣʦʱʘʜʥʦʡ 

ʧʦʨʘʞʝʥʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ʩʝʣʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʦʯʝʪʘʥʠʝ 

ʛʦʨʠʩʪʦʛʦ ʨʝʣʴʝʬʘ ʠ ʙʦʣʴʰʦʡ ʛʫʩʪʦʪʳ ʨʝʯʥʦʡ 

ʩʝʪʠ [ʇʝʨʦʚ, 2012]. ʅʘʠʙʦʣʴʰʘʷ ʛʫʩʪʦʪʘ ʨʝʯʥʦʡ 

ʩʝʪʠ ʦʪʤʝʯʘʝʪʩʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʷʭ ʦʩʪʨʦʚʘ, ʛʜʝ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 1,5-2 ʢʤ/ʢʤ2. 

98% ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʝʢ ʩʦʩʪʘʚʣʷʶʪ ʤʝʣʢʠʝ ʨʝʢʠ, 

ʠʤʝʶʱʠʝ ʜʣʠʥʫ ʤʝʥʝʝ 10 ʢʤ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ 

ʫʢʣʦʥʳ 100-300ă, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʣʠʟʦʩʪʴʶ 

ʦʩʥʦʚʥʳʭ ʚʦʜʦʨʘʟʜʝʣʦʚ ʢ ʤʦʨʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ 

[ʈʝʩʫʨʩʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʉʉʈ, 1973]. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʨʦʪʢʠʤ 

ʚʨʝʤʝʥʝʤ ʜʦʙʝʛʘʥʠʷ ʜʦ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ 

ʥʘʠʙʦʣʴʰʠʤʠ ʩʝʣʝʚʳʤʠ ʨʘʩʭʦʜʘʤʠ ʠʤʝʥʥʦ ʚ ʵʪʦʡ 

ʟʦʥʝ. 

ʅʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʘ ʪʘʢʞʝ 

ʪʝʨʨʠʪʦʨʠʠ ʤʥʦʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʫʩʪʫʧʘʤʠ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ ʠ 

ʤʦʨʝʤ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʦʥʳ ʪʨʘʥʟʠʪʘ ʩʝʣʝʡ, ʛʜʝ 

ʨʘʩʭʦʜ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʥʘʠʙʦʣʴʰʠʡ, ʘ 

ʚʦʜʦʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜ ʜʦʨʦʞʥʳʤ 

ʧʦʣʦʪʥʦʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʥʘʛʨʫʟʢʘʤ. 

ʉʝʣʝʚʳʝ ʧʦʪʦʢʠ ʥʘ ʦʩʪʨʦʚʝ ʧʨʠʯʠʥʷʶʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʟʘ ʩʯʝʪ 

ʧʨʝʢʨʘʱʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʟʘʚʘʣʘʭ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʫʱʝʨʙʘ ʦʪ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ ʩʝʣʝʚʳʤʠ ʧʦʪʦʢʘʤʠ 

ʦʙʲʝʢʪʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʷʞʝʡ 

ʠ ʟʘʱʠʪʝ ʦʪ ʘʙʨʘʟʠʠ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʠʫʩʪʴʝʚʫʶ ʯʘʩʪʴ ʚʦʜʦʪʦʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʷʞʝʡ [ʆʣʠʬʝʨʦʚ, 2007; Faccini, Piccazzo, 

Robbiano, 2009]. ʉʝʣʝʚʦʡ ʤʘʪʝʨʠʘʣ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʦʱʥʦʩʪʴ ʧʣʷʞʘ ʠ ʟʘʱʠʱʘʝʪ ʦʪ ʚʦʣʥʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʨʘʟʤʳʚʘ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ, ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʣʥʘʷ ʙʣʦʢʠʨʦʚʢʘ 

ʧʦʩʪʫʧʣʝʥʠʷ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʝʨʝʛʦʚʫʶ 

ʟʦʥʫ ʥʝʞʝʣʘʪʝʣʴʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʦʧʨʦʧʫʩʢʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ 

ʩʝʣʝʧʨʦʧʫʩʢʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʚʨʝʞʜʝʥʠʷ ʠ 
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ʟʘʚʘʣʳ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʷ 

ʚʳʥʦʩʫ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ ʝʩʪʴ ʫʯʘʩʪʢʠ 

ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʥʦʡ ʧʦʨʘʞʝʥʥʦʩʪʴʶ ʩʝʣʝʚʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (30-40 ʤʘʣʝʥʴʢʠʭ ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʚʳʭ 

ʙʘʩʩʝʡʥʦʚ ʥʘ ʧʦʛʦʥʥʳʡ ʢʠʣʦʤʝʪʨ, ʛʜʝ ʩʝʣʠ 

ʩʨʝʜʥʠʤ ʦʙʲʝʤʦʤ 50-100 ʤ3 ʬʦʨʤʠʨʫʶʪʩʷ 

ʝʞʝʛʦʜʥʦ ʚʦ ʚʨʝʤʷ ʚʳʧʘʜʝʥʠʷ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ), 

ʛʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʣʝʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʥʦ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʡ ʧʦ ʧʨʦʪʠʚʦʩʝʣʝʚʦʡ ʟʘʱʠʪʝ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʩʚʷʟʠ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʟʘʚʘʣʘʤʠ ʜʦʨʦʛ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʚʦʜʦ- ʠ 

ʩʝʣʝʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ 

ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʦʚ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʠʝ ʫʯʘʩʪʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʩʝʣʝʟʘʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʣʝʚʳʝ ʣʦʚʫʰʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʧʣʦʱʘʜʥʘʷ ʧʦʨʘʞʝʥʥʦʩʪʴ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʩʝʣʝʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʧʦʯʪʠ ʧʦʜ 

ʚʩʝʤʠ ʦʙʲʝʢʪʘʤʠ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʜʦʧʨʦʧʫʩʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʧʦʩʦʙʥʳ 

ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï 

ʦʥʠ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʟʘʚʘʣʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʪʘʢʞʝ ʙʣʦʢʠʨʫʶʪ ʚʳʥʦʩʳ 

ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʧʨʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʙʝʨʝʛʘ ʤʦʨʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ, ʘ ʪʘʢʞʝ ʚ ʛʨʘʥʠʮʘʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʦʩʪʨʦʚʘ, ʪʘʢʠʭ ʢʘʢ ʅʝʚʝʣʴʩʢ, ʍʦʣʤʩʢ, ʄʘʢʘʨʦʚ 

(ʨʠʩʫʥʦʢ 1). ʉʫʤʤʘʨʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ 

ʜʦʨʦʛ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ, ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʥʦʩ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʧʣʷʞ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʢʤ. 

 
ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʚʳʭ 

ʚʦʜʦʪʦʢʦʚ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʎʠʬʨʘʤʠ 

ʦʙʦʟʥʘʯʝʥʦ: 1 ï ʘʚʪʦʜʦʨʦʛʠ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ; 2 ï ʘʚʪʦʜʦʨʦʛʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ; 3 ï ʘʚʪʦʜʦʨʦʛʠ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ;  

4 ï ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ; 5 ï ʫʯʘʩʪʢʠ, ʛʜʝ ʜʦʨʦʛʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʯʘʩʪʷʭ ʩʝʣʝʚʳʭ 

ʚʦʜʦʪʦʢʦʚ. 

Figure 1. The map-scheme of roads which are 

situated near the mouth of a debris flow hazardous 

rivers, Sakhalin Island. The numbers indicate:  

1 ï highways of federal significance; 2 ï roads of 

regional importance; 3 ï local roads; 4 - railways;  

5 ï sections where roads are located in the estuarine 

parts of mudflows. 



ɻʀɼʈʆʉʌɽʈɸ. ʆʇɸʉʅʓɽ ʇʈʆʎɽʉʉʓ ʀ ʗɺʃɽʅʀʗ ʊʦʤ 2, ɺʳʧ.1 2020 

 

 
 11 

 

ʅʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʚʳʥʦʩʘ ʩʝʣʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʯʘʩʪʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʦʪʤʝʯʝʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ʟʘʣʠʚʘ 

ʊʝʨʧʝʥʠʷ ʚ ʄʘʢʘʨʦʚʩʢʦʤ ʨʘʡʦʥʝ (ʚ ʩʨʝʜʥʝʤ 

1,25 ʪʳʩ. ʤ3 ʥʘ ʧʦʛʦʥʥʳʡ ʢʠʣʦʤʝʪʨ ʧʣʷʞʘ ʚ ʛʦʜ) ʠ 

ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʶʞʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ ʚ ʍʦʣʤʩʢʦʤ ʠ ʅʝʚʝʣʴʩʢʦʤ ʨʘʡʦʥʘʭ, ʛʜʝ 

ʦʙʲʝʤʳ ʩʝʣʝʚʳʭ ʚʳʥʦʩʦʚ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 0,1 ʜʦ 

1 ʪʳʩ. ʤ3 ʥʘ ʧʦʛʦʥʥʳʡ ʢʠʣʦʤʝʪʨ ʧʣʷʞʘ ʚ ʛʦʜ 

[ʂʘʟʘʢʦʚʘ, ɹʦʙʨʦʚʘ, 2013]. 

ʅʘ ʧʦʙʝʨʝʞʴʝ ʦʩʪʨʦʚʘ ʩʭʦʜʷʪ ʛʨʷʟʝʚʳʝ, 

ʛʨʷʟʝʢʘʤʝʥʥʳʝ ʠ ʥʘʥʦʩʦʚʦʜʥʳʝ ʩʝʣʠ. ʇʨʠ ʚʳʭʦʜʝ 

ʚ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ ʩʝʣʝʚʦʡ ʧʦʪʦʢ ʨʘʩʧʣʘʩʪʳʚʘʝʪʩʷ. 

ʐʠʨʠʥʘ ʟʦʥʳ ʘʢʢʫʤʫʣʷʮʠʠ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 20-500 ʤ ʧʨʠ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʝ 1-2 ʤ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ï 3,5-4,0 ʤ [ʂʘʟʘʢʦʚʘ, ɹʦʙʨʦʚʘ, 

2013]. 

ɺ ʧʨʠʙʨʝʞʥʳʭ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʩʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʝʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʟʜʝʩʴ 1 ʨʘʟ ʚ 1-3 ʛʦʜʘ; ʢʘʞʜʳʝ 

3-5 ʣʝʪ ʦʪʤʝʯʘʶʪʩʷ ʧʝʨʠʦʜʳ ʤʘʩʩʦʚʦʛʦ 

ʩʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 1 ʜʦ  

3-5 ʩʫʪʦʢ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʘʩʩʝʡʥʦʚ [ʂʘʟʘʢʦʚ, 

2000]. ɻʨʷʟʝʢʘʤʝʥʥʳʝ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ, 

ʚʳʥʦʩʷʱʠʝ ʤʘʪʝʨʠʘʣ ʚ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʞʝ ï 1 ʨʘʟ ʚ 5-7 ʣʝʪ 

[ʂʘʟʘʢʦʚ, ɻʝʥʩʠʦʨʦʚʩʢʠʡ, 2008]. 

ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʡ ʥʘ ʤʦʨʩʢʠʭ 

ʪʝʨʨʘʩʘʭ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʋʯʘʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʨʘʟʚʠʪʳ ʩʢʣʦʥʦʚʳʝ ʩʝʣʠ, h ʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʥʘ ʦʩʪʨʦʚʝ [ʈʳʙʘʣʴʯʝʥʢʦ, 2013ʘ; ʈʳʙʘʣʴʯʝʥʢʦ, 

ɺʝʨʭʦʚʦʚ, 2017]. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʧʦʛʦʥʥʳʡ 

ʢʠʣʦʤʝʪʨ ʙʝʨʝʛʘ ʜʦʩʪʠʛʘʝʪ 40. ɺ ʥʠʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʥʳʝ ʩʝʣʠ, ʠʤʝʶʱʠʝ 

ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʤʳ (ʜʦ 500 ʤ3) ʠ ʚʳʩʦʢʫʶ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʪʘʢʞʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʦʣʴʰʠʤʠ ʫʢʣʦʥʘʤʠ (700-1000ă), ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʜʦʙʝʛʘʥʠʷ ʩʝʣʷ ʜʦ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʦʥʳ ʪʨʘʥʟʠʪʘ 

ʜʦʨʦʛʠ. 

ɽʱʝ ʙ·ʣʴʰʫʶ ʧʨʦʙʣʝʤʫ, ʯʝʤ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʷʭ, ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʠʤʦʨʩʢʠʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʠʩʢʣʶʯʘʷ ʩʝʣʝʚʳʝ 

ʧʦʪʦʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʝʜʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʥʘ ʨʝʢʝ ʈʦʛʘʪʢʘ ʚ ʛʦʨʦʜʝ ʖʞʥʦ-

ʉʘʭʘʣʠʥʩʢ), ʥʘ ʦʩʪʨʦʚʝ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʝʣʝʡ ʠʤʝʥʥʦ ʧʨʠʤʦʨʩʢʠʝ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʛʜʝ ʟʘʩʪʨʦʡʢʘ ʟʘʥʠʤʘʝʪ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʟʦʥʳ ʪʨʘʥʟʠʪʘ ʠ ʟʦʥʫ ʘʢʢʫʤʫʣʷʮʠʠ 

ʩʝʣʝʡ [ʈʳʙʘʣʴʯʝʥʢʦ, 2013b]. 

ʊʘʢ, ʛʦʨʦʜ ʅʝʚʝʣʴʩʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʣʦʱʘʜʥʦʡ ʧʦʨʘʞʝʥʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʪʦʣʴʢʦ ʚʜʦʣʴʙʝʨʝʛʦʚʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ 

(ʙʝʟ ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʦʣʠʥʘʭ ʨʝʢ 

ʂʘʟʘʯʢʘ ʠ ʃʦʧʘʪʠʥʢʘ) ʥʘʩʯʠʪʳʚʘʝʪʩʷ 17 ʩʝʣʝʚʳʭ 

ʨʫʯʴʝʚ, ʚʧʘʜʘʶʱʠʭ ʚ ʤʦʨʝ, ʘ ʪʘʢʞʝ 12 ʩʢʣʦʥʦʚʳʭ 

ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʫʩʪʫʧʘʭ 

ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʦʨʦʜʘ ʚʜʦʣʴ 

ʙʝʨʝʛʘ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 11 ʢʤ). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʨʫʩʣʘ ʤʥʦʛʠʭ 

ʩʝʣʝʚʳʭ ʨʫʯʴʝʚ ʟʘʨʝʛʫʣʠʨʦʚʘʥʳ ʚ ʫʟʢʠʡ ʠ 

ʥʝʛʣʫʙʦʢʠʡ ʙʝʪʦʥʥʳʡ ʣʦʪʦʢ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ 

ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʝʣʝʧʨʦʧʫʩʢʥʳʤ ʢʘʥʘʣʦʤ, ʥʦ 

ʜʘʞʝ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʙʲʝʤʦʤ ʚʦʜʳ ʚʦ ʚʨʝʤʷ 

ʧʘʚʦʜʢʦʚ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʨʫʯʴʷ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 2. ʇʦʩʣʝʜʥʠʡ ʩʝʣʝʚʦʡ ʧʦʪʦʢ ʩʦʰʝʣ ʟʜʝʩʴ 

ʚ ʠʶʣʝ 2010 ʛʦʜʘ. ʉʝʣʴ ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ 

ʙʝʪʦʥʥʦʛʦ ʣʦʪʢʘ ʠ ʟʘʚʘʣʠʣ ʧʨʠʣʝʛʘʶʱʫʶ ʢ ʨʫʯʴʶ 

ʪʝʨʨʠʪʦʨʠʶ. ʆʙʲʝʤ ʩʝʣʷ ʩʦʩʪʘʚʠʣ 600 ʤ3. ɼʣʠʥʘ 

ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2,3 ʢʤ, 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʫʢʣʦʥ ï 116ă, ʘ ʧʣʦʱʘʜʴ 

ʙʘʩʩʝʡʥʘ ï 1,3 ʢʤ2. ʈʘʩʩʯʠʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʜʣʷ 

ʵʪʦʛʦ ʨʫʯʴʷ ʨʘʩʭʦʜ ʚʦʜʳ 1% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 8,5 ʤ3/ʩ, 0,1% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ï 

11,8 ʤ3/ʩ, ʘ ʩʫʪʦʯʥʳʡ ʦʙʲʝʤ ʩʪʦʢʘ ï 204 ʤ3. 
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ʈʠʩʫʥʦʢ 2. ʉʝʣʝʚʦʡ ʨʫʯʝʡ ʚ ʛʦʨʦʜʝ ʅʝʚʝʣʴʩʢ (2010 ʛ.): ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʝ ʨʫʩʣʦ ʨʫʯʴʷ ʧʦʩʣʝ ʩʭʦʜʘ 

ʩʝʣʷ (a) ʠ ʩʝʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʙʝʪʦʥʥʦʛʦ ʣʦʪʢʘ (b) 

Figure 2. Debris flow channel in the city of Nevelsk, 2010: regulated riverbed after the debris flow (a) and 

debris flow deposits (b) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʷʚʣʝʥʠʡ 

ʩʝʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʨʦʣʴʶ 

ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʷʞʝʡ 

ʜʝʣʘʶʪ ʟʘʜʘʯʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʝʣʝʟʘʱʠʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ ʩʣʦʞʥʦʡ, 

ʪʨʝʙʫʶʱʝʡ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʣʝʡ ʥʘ ʢʘʞʜʦʤ ʩʝʣʝʦʧʘʩʥʦʤ ʫʯʘʩʪʢʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʝʣʝʟʘʱʠʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ, 

ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʶ ʨʦʣʴ. 

ʉʝʣʝʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ 

ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʦʚ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ɺ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ 

ʦʙʲʝʤʳ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʦʙʲʝʤʳ ʚʦʜʳ, ʧʨʦʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ ʧʘʚʦʜʢʦʚ, 

ʪʘʢʞʝ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʩʣʘ, ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ [ʌʣʝʡʰʤʘʥ, 1978]. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ 

ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʩʝʣʝʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɺʩʝ ʚʦʜʦ- ʠ ʩʝʣʝʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʥʦʩʥʳʭ 

ʚʦʜʦʪʦʢʦʚ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʛʨʫʧʧʳ. 

ʉʝʣʝʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʝʧʨʦʧʫʩʢʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʣʠʰʴ 

ʥʘ ʫʯʘʩʪʢʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 7,5 ʢʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʄʘʢʘʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ (189-197 ʢʤ ʘʚʪʦʜʦʨʦʛʠ 

ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ ï ʆʭʘ), ʛʜʝ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʣʠ ʠʟ 17 ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ 

[ɹʦʙʨʦʚʘ, 2012] (ʨʠʩʫʥʦʢ 3). 

ʄʦʩʪʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʤʦʩʪʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʠʥʦʛʜʘ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʦʚ. 

ʆʜʥʘʢʦ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʩʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʝ ʚʩʝʛʜʘ 

ʩʧʨʘʚʣʷʝʪʩʷ ʜʘʞʝ ʩ ʦʙʲʝʤʘʤʠ ʚʦʜʳ ʚʦ ʚʨʝʤʷ 

ʧʘʚʦʜʢʦʚ ʠʟ-ʟʘ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ʥʘ ʨʠʩʫʥʢʝ 3c ʯʘʱʝ 

ʚʩʝʛʦ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʝʣʝʡ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ, ʦʜʥʘʢʦ 

ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʢʨʫʧʥʳʭ 

ʛʨʷʟʝʢʘʤʝʥʥʳʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʙʦʢʦʚʳʝ 

ʧʨʦʣʝʪʳ ʤʦʩʪʘ ʟʘʙʴʶʪʩʷ ʩʝʣʝʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʣʝʪʥʦʡ ʯʘʩʪʠ 

ʩʫʟʠʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʚʣʝʥʠʝ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ ʥʘ ʤʦʩʪ ʫʚʝʣʠʯʠʪʩʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʦʪʥʘ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ. 
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ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ (a), ʩʝʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ 

(b), ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ (ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ) ʠ ʩʝʣʝʧʨʦʧʫʩʢʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʧʦʜ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʦʡ (ʥʘ ʟʘʜʥʝʤ ʧʣʘʥʝ) ʥʘ ʨʝʢʝ ɾʘʨʦʚʢʘ (ʄʘʢʘʨʦʚʩʢʠʡ ʨʘʡʦʥ) (ʩ) 

Figure 3. Scheme of debris flow basins of the east coast of Sakhalin Island (a), debris flow deposits (b), the 

railway bridge (in the foreground) and the pass-through structure under the highway (in the background) on 

the river Zharovka (Makarovsky district) (c) 

ɺʦʜʦʧʨʦʧʫʩʢʥʳʝ ʪʨʫʙʳ 

ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʨʫʯʴʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʪʨʫʙʳ ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʦʪ 30 

ʜʦ 100 ʩʤ ʚ ʜʠʘʤʝʪʨʝ). ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʠ 

ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʧʨʦʧʫʩʪʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʝʣʴ, 

ʥʦ ʜʘʞʝ ʚʦʜʥʳʡ ʧʦʪʦʢ ʚʦ ʚʨʝʤʷ ʧʘʚʦʜʢʘ. ʊʨʫʙʳ 

ʙʳʩʪʨʦ ʟʘʠʣʠʚʘʶʪʩʷ, ʟʘʙʠʚʘʶʪʩʷ ʠ ʧʝʨʝʩʪʘʶʪ 

ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʬʫʥʢʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʠʙʨʝʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʛʠʩʪʨʘʣʝʡ ʦʩʪʨʦʚʘ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ 

ʙʣʦʢʠʨʫʶʪʩʷ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ 

ʦʩʪʨʦʚʘ. ɺʦʜʦʧʨʦʧʫʩʢʠ ʟʘʙʠʪʳ ʩʝʣʝʚʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʥʘ ʜʦʨʦʛʘʭ ʚʠʜʥʳ ʩʣʝʜʳ ʩʝʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʯʘʩʪʴ ʦʪʣʦʞʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʧʣʷʞʝʚʦʡ ʟʦʥʝ. 
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ʈʠʩʫʥʦʢ 4. ɺʦʜʦʧʨʦʧʫʩʢʥʳʝ ʪʨʫʙʳ ʥʘ ʩʝʣʝʥʦʩʥʳʭ ʨʫʯʴʷʭ: ʚʦʩʪʦʯʥʦʝ ʧʦʙʝʨʝʞʴʝ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ, 

ʄʘʢʘʨʦʚʩʢʠʡ ʨʘʡʦʥ (a ʠ b), ʠ ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ, ʅʝʚʝʣʴʩʢʠʡ ʨʘʡʦʥ (ʩ ʠ d) 

Figure 4. Culverts on the debris flow rivers of Sakhalin Island: the Eastern coast of Southern Sakhalin, 

Makarov district (a and b), and the Western coast of Southern Sakhalin, Nevelsky district (ʩ and d) 

ɺʳʥʦʩ ʢʨʫʧʥʦʛʣʳʙʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦʝ 

ʛʘʰʝʥʠʝ ʚʦʣʥ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʱʠʪʝ ʧʣʷʞʝʡ ʦʩʪʨʦʚʘ, ʯʘʱʝ ʚʩʝʛʦ ʙʣʦʢʠʨʫʝʪʩʷ 

ʜʦʨʦʞʥʦʡ ʥʘʩʳʧʴʶ. ʅʘ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ ʚ 

ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʚʦʜʦʪʦʢʦʚ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʳʥʦʩ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʢʨʫʧʥʦʛʣʳʙʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʣʫʯʰʠʤ 

ʚʘʨʠʘʥʪʦʤ ʧʨʦʪʠʚʦʩʝʣʝʚʦʡ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ 

ʩʝʣʝʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʝʣʝʟʘʱʠʪʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʚʳʭ 

ʚʦʜʦʪʦʢʦʚ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʣʝʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʦʚ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʧʦʛʦʥʥʳʡ 

ʢʠʣʦʤʝʪʨ; 

- ʦʙʲʝʤʦʤ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ; 

- ʯʘʩʪʦʪʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ; 

- ʪʠʧʦʤ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ; 

- ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ ʫʯʘʩʪʢʦʚ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʥʦʩ 

ʩʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘ ʦʩʪʨʦʚʝ 

ʉʘʭʘʣʠʥ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʥʦʩ ʩʝʣʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʣʷʞ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʨʘʡʦʥʘʭ ʦʩʪʨʦʚʘ (ʄʘʢʘʨʦʚʩʢʠʡ ʨʘʡʦʥ, ʨʷʜ 

ʫʯʘʩʪʢʦʚ ʚ ʍʦʣʤʩʢʦʤ ʠ ʅʝʚʝʣʴʩʢʦʤ ʨʘʡʦʥʘʭ), 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʣʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩ ʚʳʥʦʩʦʤ 

ʢʨʫʧʥʦʛʣʳʙʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ 
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ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʟʚʝʜʝʥʠʝ ʤʦʩʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʦʚ. 

ʅʘ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʣʦʥʦʚʳʭ 

ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʩ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ 30-40 ʰʪ/ʢʤ 

(ʫʯʘʩʪʦʢ ʩ. ʐʝʙʫʥʠʥʦ ï ʩ. ɻʦʨʥʦʟʘʚʦʜʩʢ, 

ʅʝʚʝʣʴʩʢʠʡ ʨʘʡʦʥ), ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʣʠ 

ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (ʜʦ 500 ʤ3), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ  

(3-5 ʨʘʟʘ ʚ ʛʦʜ), ʥʘ ʚʟʛʣʷʜ ʘʚʪʦʨʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʣʝʚʳʭ ʣʦʚʫʰʝʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʠ 

ʯʝʪʳʨʝʭ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʧʦ ʨʫʩʣʘʤ 

ʢʦʪʦʨʳʭ ʚ 2015 ʛ. ʩʦʰʣʠ ʩʢʣʦʥʦʚʳʝ ʩʝʣʠ, ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʨʘʩʭʦʜʳ ʚʦʜʳ ʨʝʜʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

(0,1% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʦʙʲʝʤʳ ʩʪʦʢʘ ʠ 

ʦʙʲʝʤʳ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʪʘʙʣʠʮʘ 1). 

ɹʘʩʩʝʡʥʳ ˉ 1 ʠ ˉ 2 ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʤʳ, ʪʘʢʠʝ ʩʝʣʠ 

ʨʝʛʫʣʷʨʥʦ ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʪʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʨʦʣʦʞʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫ ʧʦʜʥʦʞʠʷ ʫʩʪʫʧʦʚ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ (ʨʠʩʫʥʦʢ 5). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʙʝʨʝʞʠʡ ʦʩʪʨʦʚʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠʢʘʢʦʡ 

ʟʘʱʠʪʳ ʦʪ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ, ʧʦʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʚ ʛʦʜ ʜʦʨʦʛʫ ʧʝʨʝʢʨʳʚʘʶʪ ʦʪʣʦʞʝʥʠʷ 

ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʡ. 

 
a b 

ʈʠʩʫʥʦʢ 5. ʉʢʣʦʥʦʚʳʝ ʩʝʣʠ ʥʘ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩʘʭ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ: ʩʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ (a) ʠ ʦʪʣʦʞʝʥʠʷ ʩʢʣʦʥʦʚʦʛʦ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ, 

ʟʘʚʘʣʠʚʰʝʛʦ ʘʚʪʦʜʦʨʦʛʫ ʩ. ʐʝʙʫʥʠʥʦ ï ʩ. ɻʦʨʥʦʟʘʚʦʜʩʢ (ʅʝʚʝʣʴʩʢʠʡ ʨʘʡʦʥ) ʚ ʠʶʣʝ 2015 ʛ. (b) 

Figure 5. Slope debris flows on the western coast of South Sakhalin: scheme of slope debris flow basins (a) 

and deposits of slope debris flow on the road Shebunino ï Gornozavodsk (Nevelskiy district) in July 2015(b) 
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ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʦʥʦʚʳʭ ʩʝʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ 

Table 1. Characteristics of slope debris flow basins on the western coast of South Sakhalin 

 ̄

ʉʨʝʜʥʝʚʟʚʝ-

ʰʝʥʥʳʡ 

ʫʢʣʦʥ ʨʫʩʣʘ, 

ă 

ɼʣʠʥʘ ʚʦʜʦ-

ʪʦʢʘ, ʤ 

ʇʣʦɦʘʜʴ 

ʙʘʩʩʝʡʥʘ, 

ʪʳʩ. ʤ2 

ʈʘʩʭʦʜ ʚʦʜʳ, 

ʤ3/ʩ, 0,1% 

ʦʙʝʩ-

ʧʝʯʝʥʥʦʩʪʠ 

ʆʙʲʝʤ 

ʩʪʦʢʘ ʟʘ 

ʩʫʪʢʠ, 

ʤ3 

ʆʙʲʝʤ ʩʝʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʤ3 (ʝʜʠʥʦ-

ʚʨʝʤʝʥʥʳʡ ʚʳʥʦʩ, 2015 ʛ.) 

1 703 170 6 0,010 0,168 40 

2 668 180 4,5 0,009 0,144 40 

3 1004 120 2,4 0,003 0,072 10 

4 986 130 1,9 0,003 0,072 50 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʫʤʤʘʨʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʫʩʪʴʝʚʳʭ 

ʯʘʩʪʷʭ ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʦʚ, ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʢʤ, ʘ ʩʧʝʮʠʘʣʴʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʩʝʣʝʧʨʦʧʫʩʢʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʶʱʠʝ ʩʚʦʶ ʬʫʥʢʮʠʶ, 

ʧʦʩʪʨʦʝʥʳ ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

7,5 ʢʤ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʦʚ 

ʚʳʧʦʣʥʷʶʪ ʤʦʩʪʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʠʤʝʶʱʠʝ 

ʜʦʩʪʘʪʦʯʥʳʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʜʤʦʩʪʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜ ʜʦʨʦʛʘʤʠ 

ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʝʣʝʧʨʦʧʫʩʢʦʚ ʥʝ ʩʧʦʩʦʙʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʙʠʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ 

ʪʨʫʙ ʠ ʤʦʩʪʦʚ ʩʝʣʝʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʩʣʝʜʥʠʝ 

ʧʝʨʝʩʪʘʶʪ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʚʦʜʦʧʨʦʧʫʩʢʥʫʶ 

ʬʫʥʢʮʠʶ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʥʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʦʭʦʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚʦʜʳ, ʥʦ ʠ ʩʝʣʝʚʳʭ 

ʧʦʪʦʢʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʙʝʞʘʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʩʝʣʝʚʳʤʠ 

ʧʦʪʦʢʘʤʠ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʦʩʪʘʚʢʝ ʩʝʣʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʣʷʞʝʚʫʶ ʟʦʥʫ, ʧʦʜ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʤʘʛʠʩʪʨʘʣʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʩʝʣʝʧʨʦʧʫʩʢʠ; 

ʚʳʥʝʩʝʥʥʳʡ ʚ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ ʩʝʣʝʚʦʡ ʤʘʪʝʨʠʘʣ, 

ʘʢʢʫʤʫʣʠʨʫʷʩʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʱʥʦʩʪʴ ʧʣʷʞʘ, 

ʟʘʱʠʱʘʷ ʧʨʦʭʦʜʷʱʠʝ ʧʦ ʙʝʨʝʛʫ ʤʦʨʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʦʪ ʚʦʣʥʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʙʦʨʘ 

ʩʝʣʝʧʨʦʧʫʩʢʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ 

ʦʪ ʩʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʣʝʡ: ʦʙʲʝʤʳ (ʙʦʣʝʝ 500 ʤ3), ʥʘʣʠʯʠʝ 

ʢʨʫʧʥʦʛʣʳʙʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʥʦʩ ʩʝʣʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʣʷʞ. 

ɼʣʷ ʚʳʙʦʨʘ ʩʦʦʨʫʞʝʥʠʡ ʩʝʣʝʚʦʡ ʟʘʱʠʪʳ ʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʦʙʲʝʤ ʠ 

ʯʘʩʪʦʪʘ ʚʳʥʦʩʘ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʣʷʞʝʚʫʶ 

ʟʦʥʫ, ʧʣʦʱʘʜʥʘʷ ʧʦʨʘʞʝʥʥʦʩʪʴ ʩʝʣʝʚʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʪʠʧ ʩʝʣʷ (ʩʢʣʦʥʦʚʳʡ ʠʣʠ ʜʦʣʠʥʥʳʡ), 

ʯʘʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʙʲʝʤ ʩʝʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʜʘʣʴʥʦʩʪʴ ʚʳʙʨʦʩʘ ʩʝʣʷ. 

ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʠʟ-ʟʘ ʤʘʣʳʭ 

ʦʙʲʝʤʦʚ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʩʦʦʨʫʞʝʥʠʷ ʰʠʨʦʢʦʡ ʫʢʨʝʧʣʝʥʥʦʡ ʢʘʥʘʚʳ, 

ʚʳʧʦʣʥʷʶʱʝʡ ʨʦʣʴ ʩʝʣʝʚʦʡ ʣʦʚʫʰʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʦʙʲʝʤ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘ-

ʩʪʠ ʠ ʛʣʫʙʠʥʥʳʝ ʩʣʦʠ. ʉʦʩʪʦʷʥʠʝ ʄʠʨʦʚʦʛʦ ʦʢʝ-

ʘʥʘ ʚʩʝʛʜʘ ʷʚʣʷʣʦʩʴ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʚʰʠʤ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʩʝʡ 

ʙʠʦʩʬʝʨʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʚ ʧʨʦʰʝʜ-

ʰʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʚʦ-

ʜʠʣʦ ʢ ʛʣʦʙʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʟʠʩʘʤ ʠ 

ʚʳʤʠʨʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʪʦ 

ʚʨʝʤʷ ʦʨʛʘʥʠʟʤʦʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʦʛʝʥʝʟ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʢʘ-

ʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ 

ʢʨʠʟʠʩʘ ʙʫʜʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ. ʅʘ ʝʛʦ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʛʨʘʥʠʮʘʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʘʢʚʘʪʦʨʠʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʅʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʚʦʢʫʧʥʳʡ ʵʬʬʝʢʪ ʵʪʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚ ʪʝʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʛʦ ʚʨʝ-

ʤʝʥʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ ʄʠʨʦʚʦʛʦ ʦʢʝ-

ʘʥʘ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʝʭʦʜʘ ʝʝ ʚ ʥʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʫʩʣʦʚʠʡ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʘʩʪʢʦʚ ʧʣʘʥʝʪʳ, ʚʳ-

ʟʦʚʝʪ ʛʣʦʙʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʩʪʘʥʦʚʠʪʴ 

ʧʨʦʮʝʩʩ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ 

ɿʝʤʣʠ ʠ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʘʭ 

Abstract. The condition of the World Ocean has 

always been the most important factor living condi-

tions of all Biosphere. For this reason change of its 

hydrological structure and properties during past 

geological eras repeatedly led to global ecological 

crises and extinction of the majority of the organ-

isms existing at that time. The modern technogene-

sis of the World Ocean can have similar cata-

strophic consequences. The development of this cri-

sis will take place in a hopping manner. At its first 

stage, the consequences of technogenic transfor-

mation are localized within the boundaries of indi-

vidual sections of the World Ocean. But their num-

ber is constantly increasing. At a certain point in 

time, the cumulative effect of this process for a rel-

atively short time can cause the destruction of the 

World Ocean as a single system, and its transition 

to a new state. This will inevitably disrupt condi-

tions in most parts of the planet, and will cause a 

global ecological and socio-economic crisis. At the 

same time, it is impossible to stop the process of 

technogenesis of the World Ocean under the condi-

tions of continuous growth of the Earthôs population 

and its need for natural resources. The only real way 

to prevent catastrophic consequences is to develop 

mechanisms for controlling the processes of tech-

nogenesis. In practice, this problem can be solved 

by creating managed natural-technical systems. In 

these systems, enabling ecological conditions and 
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ʥʝʚʦʟʤʦʞʥʦ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʨʝʘʣʴʥʳʤ ʧʫʪʝʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜ-

ʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʪʝʭʥʦʛʝʥʝʟʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʘ ʟʘ-

ʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪʩʷ ʨʘʙʦʪʦʡ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʠʭ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʦʦʨʫ-

ʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ (ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʝ ʦʩʪʨʦʚʘ, ʤʦʨʩʢʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ 

ʜʨ.). ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʷʥʠʝʤ ʚʩʝʛʦ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʥʦ ʝʛʦ ʧʨʠʙʨʝʞʥʳʝ ʘʢʚʘʪʦʨʠʠ ʠ 

ʦʩʪʨʦʚʘ ʧʨʠʥʘʜʣʝʞʘʪ ʦʪʜʝʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʘʤ. 

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʛʝʥʝʟʦʤ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʬʝʨʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʘʚʘ, ʢʦʥʩʦʣʠʜʘʮʠʠ ʫʩʠʣʠʡ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʝʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʝʦʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʧʨʦʙʣʝʤ.  

biodiversity conservation are ensured by the opera-

tion of technical facilities - ecological regulators. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʛʝʥʝʟ; ʄʠʨʦʚʦʡ 

ʦʢʝʘʥ; ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ; ʢʨʝʘʪʠʚʥʘʷ ʧʘʨʘʜʠʛʤʘ ʨʝʰʝ-

ʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ; ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʦʩʪʨʦʚʘ 

Keywords: technogenesis; World Ocean; natural-

technical system; ecological regulator; creative par-

adigm of solving ecological problems, artificial is-

lands. 

ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʛʝʥʝʟ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʪ.ʝ. 

ʪʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ, ʥʦʩʠʪ ʤʥʦʛʦʧʣʘʥʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ɽʝ ʨʘʟʣʠʯʥʳʝ 

ʘʩʧʝʢʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʵʢʦʣʦʛʠʠ, 

ʛʠʜʨʦʣʦʛʠʠ, ʛʠʜʨʦʭʠʤʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʨʘʟʣʠʯʠʷ ʧʨʝʜʤʝʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʦʣʴʰʠʥʩʪʚʫ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚʝʥʥʳ ʪʨʠ ʦʙʱʠʝ 

ʯʝʨʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʬʝʥʦʤʝʥʘʤ, 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʘʙʩʪʨʘʛʠʨʫʶʪʩʷ ʦʪ ʜʨʫʛʠʭ 

ʧʨʦʙʣʝʤ. ʅʘʧʨʠʤʝʨ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʚʦʜʫ ʚʝʱʝʩʪʚ ʠʣʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʩ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʚʳʟʳʚʘʶʱʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʚʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʨʫʰʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʘʢ ʦʜʥʘ ʠʟ ʬʦʨʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʧʦʜʦʙʥʦʝ çʜʝʩʪʨʘʪʠʬʠʢʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝè 

[ɹʝʟʥʦʩʦʚ, 2000ʘ] ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝ 

ʤʝʥʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, 

ʪʝʭʥʦʛʝʥʥʳʡ ʧʦʜʲʝʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʨʦʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʛʠʙʝʣʴ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʦʨʷ. 
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ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʷʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʝʟʘ 

ʥʘʯʠʥʘʶʪ ʚʩʝʩʪʦʨʦʥʥʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʠʟʫʯʘʪʴ 

ʣʠʰʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʠʥʠʤʘʶʪ 

ʚʳʨʘʞʝʥʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ɻʣʘʚʥʘʷ ʞʝ 

ʟʘʜʘʯʘ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ 

ʦʙʲʷʩʥʝʥʠʠ ʧʨʠʯʠʥ ʫʞʝ ʧʨʦʠʟʦʰʝʜʰʝʛʦ, ʘ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʙʫʜʫʱʠʭ ʩʦʙʳʪʠʡ ʠ ʚ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʟʙʝʞʘʪʴ ʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʊʘʢ, ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʝʨʝʛʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʨʝʡ ʠ ʠʭ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʥʘ 

ʢʘʢʦʤ ʵʪʘʧʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʠ 

ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʝʟʦ- ʠ ʤʘʢʨʦʢʣʠʤʘʪʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʘʝʪʩʷ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʤʝʨ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʦʛʝʥʝʟʘ ʩʧʝʮʠʘʣʠʩʪʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʫʩʪʦʷʚʰʝʡʩʷ 

ʟʘʧʨʝʪʠʪʝʣʴʥʦ-ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʧʘʨʘʜʠʛʤʳ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʳʭ 

ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʠʣʝʥʠʠ 

ʢʦʥʪʨʦʣʷ ʦʪʜʝʣʴʥʳʭ çʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭè 

ʚʠʜʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʚʦʝʥʠʝʤ ʨʝʩʫʨʩʦʚ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʜʘʪʴ 

ʣʠʰʴ ʚʨʝʤʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʆʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ, ʢʘʢ ʠ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ, 

ʟʘʧʨʝʪʠʪʝʣʴʥʳʤʠ ʤʝʨʘʤʠ ʥʝʚʦʟʤʦʞʥʦ 

[ʉʫʟʜʘʣʝʚʘ, ɻʦʨʶʥʦʚʘ, 2017]. ɽʜʠʥʩʪʚʝʥʥʳʡ 

ʨʝʘʣʴʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ 

ʧʨʦʮʝʩʩʦʤ. ʇʦʜʦʙʥʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʨʝʘʪʠʚʥʦʡ ʧʘʨʘʜʠʛʤʦʡ, 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʩʥʦʚʥʦʤʫ ʩʪʝʨʝʦʪʠʧʫ 

çʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷè, ʦʪʨʠʮʘʶʱʝʤʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ 

ʚ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʦʙʱʘʶʱʠʡ 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʪʝʭʥʦʛʝʥʝʟʘ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʥʦ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ 

ʚʟʛʣʷʜʘ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʩʙʦʨʝ ʠ ʘʥʘʣʠʟʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʨʦʮʝʩʩʳ ʪʝʭʥʦʛʝʥʝʟʘ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ: 

1. ɺ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʪʝʭʥʦʛʝʥʝʟʘ ʚʢʣʶʯʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʝʢʪʳ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʨʝʘʣʴʥʫʶ ʫʛʨʦʟʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʥʦ 

ʠ ʚʳʜʚʠʛʘʚʰʠʝʩʷ ʚ ʧʨʦʰʣʦʤ ʠʜʝʠ, ʚʦʧʣʦʱʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ 

ʣʶʙʘʷ ʨʘʥʝʝ ʦʪʚʝʨʛʥʫʪʘʷ ʠʜʝʷ ʚ ʠʟʤʝʥʠʚʰʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ. 

2. ʊʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʪʝʭʥʦʛʝʥʝʟʘ ï 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠ ʙʠʦʪʠʯʝʩʢʠʡ [ʉʫʟʜʘʣʝʚʘ, 

ɻʦʨʶʥʦʚʘ, 2014]. ʅʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʷʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʦʙʦʩʦʙʣʝʥʦ, 

ʘ ʚ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. 

3. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʪʝʭʥʦʛʝʥʝʟ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʚʢʣʶʯʘʷ 

ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʪʠʥʝʥʪʦʚ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʛʣʦʙʘʣʴʥʳʭ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ (ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ, 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʜʨ.) [ʉʫʟʜʘʣʝʚʘ, 2019]. ɺ 

ʦʩʥʦʚʝ ʚʩʝʭ ʵʪʠʭ ʷʚʣʝʥʠʡ ʣʝʞʠʪ ʠʟʤʝʥʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ 

ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʦʙʰʠʨʥʳʭ ʨʝʛʠʦʥʦʚ. 

4. ʈʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʦʛʝʥʝʟʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʪ.ʝ. ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [ʉʫʟʜʘʣʝʚʘ, 2016]. ʉʫʱʝʩʪʚʫʝʪ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. ʂ 

ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʩʧʦʥʪʘʥʥʦ, 
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ʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ï ʵʪʦ ʫʧʨʘʚʣʷʝʤʳʝ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʋʩʣʦʚʠʷ ʚ ʥʠʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʙʦʪʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʩʦʦʨʫʞʝʥʠʷ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɽʛʦ 

ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʠʥʢʨʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʢ ʦʩʤʳʩʣʝʥʠʶ ʮʝʣʝʡ ʠ ʧʫʪʝʡ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʯʘʩʪʠʯʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʠʭ ʠʜʝʡʥʳʭ ʧʨʦʪʠʚʥʠʢʦʚ. 

ʉʧʝʮʠʘʣʠʩʪʘʤ-ʵʢʦʣʦʛʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʦʪʥʦʰʝʥʠʝ ʢ ʪʝʭʥʦʛʝʥʝʟʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʢ ʩʫʛʫʙʦ ʥʝʛʘʪʠʚʥʦʤʫ 

ʷʚʣʝʥʠʶ. ʉʧʝʮʠʘʣʠʩʪʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʬʝʨʳ ʜʦʣʞʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʟʘʜʘʯʫ ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝ ʢʘʢ ʬʦʨʤʘʣʴʥʦʝ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʘ ʢʘʢ ʚʘʞʥʝʡʰʠʡ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

5. ʇʨʦʠʩʭʦʜʷʱʠʝ ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ (ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ) ʠ ʚʳʟʳʚʘʝʤʳʝ 

ʠʤʠ ʠʟʤʝʥʝʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʪʘʪʴʝ ʢʘʢ ʧʨʦʮʝʩʩʳ 

ʪʝʭʥʦʛʝʥʝʟʘ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ 

ʷʚʣʝʥʠʡ ʥʝʩʦʤʥʝʥʥʘ. ʅʦ ʪʨʘʢʪʦʚʘʪʴ ʠʭ ʢʘʢ 

ʧʨʦʮʝʩʩʳ ʩʫʛʫʙʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ. ʄʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʠʛʨʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʭʘʨʘʢʪʝʨ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʦʛʝʥʝʟʘ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʭʦʜʘ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʥʘʧʨʦʪʠʚ, 

ʪʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʤʦʞʝʪ ʢʘʢ ʫʩʠʣʠʚʘʪʴ, ʪʘʢ ʠ ʩʥʠʞʘʪʴ ʨʘʟʚʠʪʠʝ 

ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. 

ɺʠʜʳ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʊʝʭʥʦʛʝʥʝʟ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ï ʵʪʦ ʧʨʦʮʝʩʩ, 

ʷʚʣʷʶʱʠʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʷʤʦʛʦ ʠ ʢʦʩʚʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʬʝʨʫ ʚʝʩʴʤʘ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʚʠʜʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ, ʚʳʜʝʣʠʚ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʢʘʪʝʛʦʨʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʘʣʝʝ. 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ  

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʚʦʜʥʦʛʦ 

ʨʝʣʴʝʬʘ. ɼʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʜʦʙʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʩʣʝʜʫʝʪ ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ. ʊʘʢ, ʚ 

ʨʷʜʝ ʩʪʨʘʥ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʝʢʪʳ: ʦʪ ʨʘʟʤʝʱʝʥʠʷ 

ʥʝʬʪʷʥʳʭ ʧʣʘʪʬʦʨʤ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʪʨʦʚʦʚ, ʫʥʠʯʪʦʞʘʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ. ʀʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʦ: ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʰʝʣʴʬʝ, 

ʨʘʟʤʝʱʝʥʠʝ ʘʵʨʦʜʨʦʤʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʞʠʣʳʭ ʤʘʩʩʠʚʦʚ ʠ ʧʨ. ʇʦ ʧʨʦʛʥʦʟʘʤ ʢ 

2030 ʛʦʜʫ ʜʦ 12,5 ʤʣʥ. ʢʤ2 ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ 

ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ 

[Chee et al., 2017]. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʚʦʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʪʨʦʚʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʘ 

ʪʘʢʞʝ ʣʠʢʚʠʜʘʮʠʝʡ ʠ ʢʦʨʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʤʦʨʩʢʠʭ ʙʠʦʪʦʧʦʚ [Givi et al., 2015]. ɽʩʣʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʠ ʦʩʪʨʦʚʦʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʤʠ ʞʝ 

ʪʝʤʧʘʤʠ, ʯʪʦ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʠ ʩʫʰʠ ʠ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʟʦ- ʠ ʤʘʢʨʦʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʘ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ 

ʧʣʘʥʝʪʳ, ʚ ʪ.ʯ. ʫʜʘʣʝʥʥʳʭ ʦʪ ʤʦʨʷ.  

ɺ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʨʦʩʪ ʤʘʩʰʪʘʙʦʚ ʪʝʭʥʦʛʝʥʥʦʡ 
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ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʣʴʝʬʘ ʜʥʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʨʘʟʣʠʯʥʳʭ ʧʣʘʥʦʚ ʦʩʚʦʝʥʠʷ ʤʦʨʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʇʦʜʚʦʜʥʳʡ ʨʝʣʴʝʬ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦ 

ʦʢʘʟʘʪʴ ʟʥʘʯʠʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪ ʤʥʦʛʠʭ 

ʫʯʘʩʪʢʦʚ ʧʣʘʥʝʪʳ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʚʳʧʦʣʥʠʤʫʶ ʟʘʜʘʯʫ. 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʢʦʩʚʝʥʥʦ ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʳʤʠ 

ʯʝʣʦʚʝʢʦʤ. ʀʭ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʪʚʝʨʜʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʩʦʧʫʪʩʪʚʫʶʱʝʝ 

ʫʨʙʘʥʠʟʘʮʠʠ ʚʩʝ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʨʘʩʰʠʨʝʥʠʶ ʟʦʥ ʠʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʦʩʚʦʝʥʠʷ. ʇʦʩʪʫʧʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʠ ʚ ʤʦʨʷ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʪʣʦʞʝʥʠʷ ʥʘʥʦʩʦʚ ʚ 

ʧʨʠʫʩʪʴʝʚʳʭ ʘʢʚʘʪʦʨʠʷʭ. ʋʞʝ ʚʳʩʢʘʟʳʚʘʶʪʩʷ 

ʦʧʘʩʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʩʘʜʦʯʥʦʡ 

ʪʦʣɦʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, 

ʚ ʤʘʩʰʪʘʙʘʭ ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ [ɻʫʣʠʥ, 2015]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʦʩʪʨʦʚʦʚ ʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʦʨʫʞʝʥʠʝ ʢʘʨʴʝʨʦʚ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴ 

ʚʦʟʚʦʜʠʤʳʝ ʦʙʲʝʢʪʳ. ʊʘʢ, ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʧʦʜʚʦʜʥʦʛʦ 

ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʫʣʫʯʰʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʧʨʠʙʨʝʞʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ ʚʢʣʶʯʘʝʪ ʚʩʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ 

ʩʣʘʛʘʶʱʠʭ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʚʦʜʥʳʭ ʤʘʩʩ, ʘ ʪʘʢʞʝ 

ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʚ ʬʦʨʤʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʫʩʠʣʠʡ, ʪʘʢ ʠ ʷʚʣʷʪʴʩʷ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʧʨʘʚʣʷʝʤʳʝ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʚʦʜʠʤʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ 

(ʧʣʦʪʠʥʳ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʜ ʠ ʜʨ.). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʥʝʠʟʙʝʞʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʳʝ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʜʣʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʫʧʨʘʚʣʷʝʤʳʝ ʪʨʝʙʫʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʩʪʘʪʴ ʪʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʨʩʢʠʭ 

ʪʝʯʝʥʠʡ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʦʨʩʢʠʝ ʪʝʯʝʥʠʷ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʦʩʪʨʦʚʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʨʝʛʨʘʜʫ ʥʘ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʜ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʚʦʜʥʳʭ ʤʘʩʩ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʦʨʩʢʠʭ 

ʪʝʯʝʥʠʡ ʦʛʨʦʤʝʥ [Alc®rreca-Huerta et al., 2019]. 

ɻʠʧʦʪʝʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ 

ʜʘʪʴ ʙʦʣʝʝ 100 ʤʣʥ. ʢɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʫʞʝ 

ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʨʦʝʢʪʦʚ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʧʦʜʦʙʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʨʘʡʦʥʝ ɹʝʨʤʫʜʩʢʠʭ 

ʦʩʪʨʦʚʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʝʢʪʳ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ 

ʌʣʦʨʠʜʩʢʦʛʦ ʠ ɻʠʙʨʘʣʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʦʚ, 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʗʧʦʥʠʠ (ʪʝʯʝʥʠʝ 

ʂʫʨʦʩʠʦ). 

ɺʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʳʭ 

ʤʘʩʩ (ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʘʪʠʬʠʢʘʮʠʠ), ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʬʦʨʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʠ ʜʘʫʥʚʝʣʣʠʥʛʦʚ 

ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʚ 

ʤʦʨʩʢʦʡ ʩʨʝʜʝ [ɹʝʟʥʦʩʦʚ, 2000ʘ]. ʆʩʥʦʚʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʩʬʝʨʝ ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʤʦʨʷ ʠʤʝʝʪ ʧʦʜʲʝʤ ʛʣʫʙʠʥʥʳʭ 

ʚʦʜ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥ ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ, ʪʘʢ ʠ 

ʚʦʟʥʠʢʘʪʴ ʚ ʬʦʨʤʝ ʧʦʙʦʯʥʦʛʦ ʵʬʬʝʢʪʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂ ʧʝʨʚʦʤʫ ʩʣʫʯʘʶ ʦʪʥʦʩʷʪʩʷ 
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ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, 

çʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘè, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʙʦʛʘʪʳʝ ʙʠʦʛʝʥʘʤʠ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʭʦʟʷʡʩʪʚ ʤʦʨʩʢʦʡ 

ʘʢʚʘʢʫʣʴʪʫʨʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʘʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʤʘʩʰʪʘʙʳ [Lin et al., 2019]. ɺ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ 

ʧʦʜʲʝʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʦʢʝʘʥʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ [Liu, 2018]. ʇʦʤʠʤʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʢʦʪʦʨʳʝ ʧʨʦʝʢʪʳ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʧʨʝʩʥʠʪʝʣʝʡ, ʘ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʙʦʛʘʪʳʝ ʙʠʦʛʝʥʘʤʠ ʛʣʫʙʠʥʥʳʝ 

ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʘʨʠʢʫʣʴʪʫʨʳ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʧʦʜʲʝʤ ʚʦʜ 

ʠʟ ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ɹʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʣʫʙʠʥʥʳʭ 

ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʧʦʜʥʠʤʘʝʤʳʭ ʚʦʜ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ. ʅʘʧʨʠʤʝʨ, ʨʘʩʭʦʜ ʚʦʜ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ɸʕʉ ʩʨʘʚʥʠʤ ʩʦ ʩʪʦʢʦʤ ʥʝʢʦʪʦʨʳʭ 

ʨʝʢ. 

ɺʦ ʚʪʦʨʫʶ ʢʘʪʝʛʦʨʠʶ ʚʭʦʜʠʪ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʜʲʝʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ 

ʧʦʙʦʯʥʳʤ ʵʬʬʝʢʪʦʤ. ʅʘʧʨʠʤʝʨ, ʦʥ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʚ ʤʦʨʝ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʧʨʦʢʣʘʜʢʝ ʢʘʙʝʣʝʡ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʜʚʦʜʥʳʭ ʪʦʥʥʝʣʝʡ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʜʚʦʜʥʳʭ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 

[ɹʝʟʥʦʩʦʚ, 2000ʘ]. 

ʇʨʦʝʢʪʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ ʚ ʧʨʦʰʣʦʤ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʫʩʣʦʚʠʡ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢ, ʝʱʝ ʚ 30-ʝ ʛʦʜʳ 

ʍʍ ʚʝʢʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ï ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ çʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠè ï ʧʨʝʜʣʘʛʘʣʦʩʴ ʧʝʨʝʥʘʧʨʘʚʠʪʴ 

ʨ. ʆʙʴ ʚ ɹʘʡʜʘʨʘʮʢʫʶ ʛʫʙʫ. ɼʨʫʛʦʡ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʪʝ ʞʝ ʛʦʜʳ ʧʣʘʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʩʪʦʢʘ ʨ. ɸʤʫʨ ʚ ʆʭʦʪʩʢʦʝ ʤʦʨʝ. 

ʇʦ ʨʘʩʯʝʪʘʤ ʝʛʦ ʘʚʪʦʨʦʚ ʵʪʦ ʧʨʠʚʝʣʦ ʙʳ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ 

ʦʛʨʦʤʥʦʡ ʘʢʚʘʪʦʨʠʠ ʚʧʣʦʪʴ ʜʦ ʏʫʢʦʪʢʠ. 

ʇʦʜʦʙʥʳʝ ʠʜʝʠ ʚʳʩʢʘʟʳʚʘʶʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʊʘʢ, ʚ 2013 ʛ. ʚʦʧʨʦʩ ʦ ʧʝʨʝʥʦʩʝ ʫʩʪʴʷ 

ʨ. ɸʤʫʨ ʚʥʦʚʴ ʦʙʩʫʞʜʘʣʩʷ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʜʫʤʳ 

ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ ʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʧʦ ʜʘʥʥʦʤʫ ʧʦʚʦʜʫ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʣʘʚʥʦʡ ʮʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʫʣʫʯʰʝʥʠʝ 

ʢʣʠʤʘʪʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʢʘʢ ʢʫʨʦʨʪʥʦʡ 

ʟʦʥʳ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʚʳʜʚʠʛʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʠʜʝʠ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʡʢʘ ʧʣʦʪʠʥʳ ʚ 

ɹʝʨʠʥʛʦʚʦʤ ʧʨʦʣʠʚʝ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʙʦʣʝʝ ʪʝʧʣʳʝ 

ʚʦʜʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʙʫʜʫʪ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ 

ʧʝʨʝʢʘʯʠʚʘʪʴʩʷ ʚ ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ. 

ɺʦʟʥʠʢʰʝʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʪʝʧʣʦʝ ʤʦʨʩʢʦʝ 

ʪʝʯʝʥʠʝ ʜʦʣʞʥʦ ʚʳʟʚʘʪʴ ʪʘʷʥʠʝ ʧʦʣʷʨʥʳʭ ʣʴʜʦʚ, 

ʯʪʦ ʚʳʟʦʚʝʪ ʙʣʘʛʦʪʚʦʨʥʦʝ (ʧʦ ʤʥʝʥʠʶ 

ʩʪʦʨʦʥʥʠʢʦʚ ʜʘʥʥʦʡ ʠʜʝʠ) ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʚʦ 

ʚʩʝʤ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ.  

ʀʪʘʢ, ʚʩʝ ʵʪʠ ʧʨʦʝʢʪʳ ʠʤʝʶʪ ʦʜʥʫ ʦʙʱʫʶ 

ʯʝʨʪʫ. ʆʥʠ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʙʨʝʞʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʜʨ.). ɼʨʫʛʠʝ ʞʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʪʝʭʥʦʛʝʥʝʟʘ ʠʛʥʦʨʠʨʫʶʪʩʷ, ʭʦʪʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʦʥʠ, ʚʝʨʦʷʪʥʦ, ʙʳʣʠ ʙʳ 

ʢʘʪʘʩʪʨʦʬʠʯʥʳʤʠ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʪʦʢʘ 

ʨʝʯʥʳʭ ʚʦʜ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ ʚ ʦʙʲʝʤʝ, ʩʧʦʩʦʙʥʦʤ 

ʚʳʟʚʘʪʴ ʟʥʘʯʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʣʝʜʦʚʦʛʦ 

ʨʝʞʠʤʘ, ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʙʳ 

ʩʥʠʞʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʜʦ ʫʨʦʚʥʷ, 

ʚʳʟʳʚʘʶʱʝʛʦ ʛʠʙʝʣʴ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʠʪʘʶʱʠʭ ʚ ʥʝʤ ʦʨʛʘʥʠʟʤʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʙʣʝʤʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʝʭʥʦʛʝʥʝʟʘ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʜʘʥʥʦʤ ʧʣʘʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ. ʅʦ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʪʝʭʥʦʛʝʥʝʟʫ ʥʘʯʥʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʢʚʘʪʦʨʠʠ, ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʝ ʦʪ ʙʝʨʝʛʦʚ. 
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ʍʠʤʠʯʝʩʢʠʡ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ 

ʍʠʤʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, 

ʥʝʢʦʪʦʨʳʝ ʨʘʥʝʝ ʚʳʜʚʠʛʘʚʰʠʝʩʷ ʧʨʦʝʢʪʳ ʚ 

ʩʣʫʯʘʝ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʚʝʣʠ ʙʳ ʢ ʦʧʨʝʩʥʝʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʢʚʘʪʦʨʠʡ. ʆʙʨʘʪʥʳʝ ʧʦ ʩʚʦʝʤʫ 

ʭʘʨʘʢʪʝʨʫ ʷʚʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʦʚʳʰʝʥʠʠ 

ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʠʭ ʚʦʜ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

ʩʦʢʨʘʱʝʥʠʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʤʦʨʷ 

[ɺʠʥʦʛʨʘʜʦʚ, 1987; Xu et al., 2019]. ʃʦʢʘʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʙʦʪʦʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʧʨʝʩʥʠʪʝʣʝʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝʫʢʣʦʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʢʘʢ ʠ ʦʙʲʝʤʳ ʩʙʨʘʩʳʚʘʝʤʳʭ ʠʤʠ ʚ 

ʤʦʨʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʘʩʩʦʣʦʚ.  

ɺʳʜʚʠʛʘʣʠʩʴ ʠ ʠʜʝʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ. ʊʘʢ, ʚ ʉʉʉʈ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʝʢʪʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʚ 

ʭʘʣʠʩʪʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʘʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [ʂʘʙʘʥʦʚʘ, 

ɼʦʤʘʥʦʚ, 1985].  

ɺʩʝ ʵʪʠ ʧʨʦʝʢʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʧʨʘʚʣʷʝʤʳʭ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤ ʘʩʧʝʢʪʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ 

ʷʚʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ ʦʙʰʠʨʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ʥʝʫʧʨʘʚʣʷʝʤʳʭ, ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʠ ʠʭ ʜʝʪʘʣʴʥʦʤʫ 

ʘʥʘʣʠʟʫ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʫʝʤʳʭ ʨʘʙʦʪ. ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʵʪʠʭ 

ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʤʳʭ 

ʧʨʦʙʣʝʤʘʭ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʠʪʫʘʮʠʠ ʚ ʙʫʜʫʱʝʤ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʟʦʥʳ ʩʠʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ 

ʥʦʩʷʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʳʥʦʩʠʤʳʝ ʠʟ ʥʠʭ 

ʫʩʪʦʡʯʠʚʳʝ ʘʛʝʥʪʳ ʟʘʛʨʷʟʥʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ 

ʘʢʚʘʪʦʨʠʷʭ, ʫʜʘʣʝʥʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ. ʅʦ ʧʦʢʘ ʧʦʪʦʢ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʤʦʨʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʇʦʵʪʦʤʫ 

ʧʨʦʮʝʩʩʳ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʛʣʦʙʘʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʟʤʘ ʤʦʨʩʢʠʭ ʚʦʜ. ʕʪʦʤʫ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʫʬʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʝʨʝʭʦʜ ʚ ʜʦʥʥʳʝ 

ʦʩʘʜʢʠ ʚ ʬʦʨʤʝ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʦʩʪʝ ʧʦʪʦʢʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʦʡʜʝʪ ʥʝʢʠʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʤʳʝ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʚʦʜ ʚʦ ʚʩʝʤ 

ʦʙʲʝʤʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʙʫʜʫʪ 

ʥʦʩʠʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʦʨʩʢʦʡ ʚʦʜʳ.  

ɽʱʝ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ, ʧʦʜ ʢʦʪʦʨʳʤ ʤʳ 

ʧʦʥʠʤʘʝʤ ʪʝʭʥʦʛʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʢʨʫʛʦʚʦʨʦʪʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʠʩʪʝʤʥʦʝ ʝʜʠʥʩʪʚʦ ʙʠʦʩʬʝʨʳ. ʀʟʤʝʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʦʝ ʥʝʤʠʥʫʝʤʦ 

ʧʦʩʣʝʜʫʝʪ ʟʘ ʣʶʙʳʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ (ʪ.ʝ. ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ 

ʪʝʭʥʦʛʝʥʝʟʦʤ), ʥʝʠʟʙʝʞʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʚʩʝʭ 

ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ, ʚʢʣʶʯʘʷ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʥʘʟʝʤʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. 

ʀʣʣʶʩʪʨʘʮʠʝʡ ʚʦʟʤʦʞʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʥʝʢʦʪʦʨʳʭ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ, 

ʚʳʟʚʘʥʥʳʭ ʥʘʨʫʰʝʥʠʷʤʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʣʠʩʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʊʘʢ, ʦʜʠʥ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʛʣʦʙʘʣʴʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʚ ʢʦʥʮʝ 

ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʩʣʝʜʫʶʱʫʶ ʮʝʧʴ ʩʦʙʳʪʠʡ [ɹʝʟʥʦʩʦʚ, 2000b]: 

ʧʘʜʝʥʠʝ ʢʨʫʧʥʦʛʦ ʤʝʪʝʦʨʠʪʘ ʚʳʟʚʘʣʦ 

ʜʝʩʪʨʘʪʠʬʠʢʘʮʠʶ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ; ʚ ʬʦʪʠʯʝʩʢʫʶ ʟʦʥʫ ʠʟ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ 

ʧʦʩʪʫʧʠʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʚʳʟʚʘʣʦ ʙʫʨʥʦʝ ʮʚʝʪʝʥʠʝ ʚʦʜ, 
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ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʝʝʩʷ ʥʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʘʢʚʘʪʦʨʠʠ [ʅʘʡʜʠʥ ʠ ʜʨ., 1986]; 

ʦʙʫʩʣʦʚʠʚʰʠʝ ʮʚʝʪʝʥʠʝ ʤʘʩʩʦʚʳʝ ʚʠʜʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʳ) ʠʤʝʣʠ 

ʠʟʚʝʩʪʢʦʚʳʡ ʩʢʝʣʝʪ; ʦʩʝʜʘʷ ʧʦ ʦʢʦʥʯʘʥʠʶ 

ʮʚʝʪʝʥʠʷ, ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠ ʟʘʣʝʞʠ ʢʘʨʙʦʥʘʪʦʚ, 

ʚ ʪ.ʯ. ʧʠʩʯʝʛʦ ʤʝʣʘ, ʧʦ ʢʦʪʦʨʳʤ ʠ ʙʳʣ ʥʘʟʚʘʥ 

ʜʘʥʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ. ɺ ʭʦʜʝ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ ʙʳʣʦ ʠʟʲʷʪʦ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ. ʅʘʩʪʫʧʠʚʰʝʝ ʚʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʛʣʦʙʘʣʴʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʚʳʤʠʨʘʥʠʝʤ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʘʢ ʤʦʨʩʢʦʡ, ʪʘʢ ʠ 

ʥʘʟʝʤʥʦʡ ʙʠʦʪʳ. 

ɹʠʦʪʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ 

ɹʠʦʪʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ ï ʵʪʦ ʠʟʤʝʥʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʠʦʪʳ, 

ʚʳʟʚʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʙʠʦʪʠʯʝʩʢʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʷʚʣʷʶʪʩʷ [ʉʫʟʜʘʣʝʚʘ, ɻʦʨʶʥʦʚʘ, 2017]: 

- ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, 

ʜʝʣʘʶʱʝʝ ʝʝ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʦʙʠʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ; 

- ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤ, 

ʩʪʘʥʦʚʷʱʠʭʩʷ ʥʦʚʳʤʠ ʜʦʤʠʥʘʥʪʘʤʠ ʤʦʨʩʢʠʭ 

ʵʢʦʩʠʩʪʝʤ; 

- ʪʝʭʥʦʛʝʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʚʘʟʠʠ, ʪ.ʝ. 

ʧʝʨʝʩʝʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʚ ʥʦʚʳʝ, ʨʘʥʝʝ 

ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʥʠʭ ʘʢʚʘʪʦʨʠʠ, ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʥʘʧʨʠʤʝʨ, ʠʭ ʧʝʨʝʚʦʟʢʘ ʚ 

ʪʨʶʤʥʳʭ ʠ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜʘʭ ʩʫʜʦʚ) [ʉʫʟʜʘʣʝʚʘ, 

ɹʝʟʥʦʩʦʚ, ɻʦʨʶʥʦʚʘ, 2015; Sol, Weis, 2019]; 

- ʩʦʟʜʘʥʠʝ ʯʝʣʦʚʝʢʦʤ ʥʦʚʳʭ ʙʠʦʪʦʧʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʤʦʨʩʢʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. 

ɽʱʝ ʚ 80-ʝ ʛʦʜʳ ʍʍ ʚʝʢʘ ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ 

ʩʫʤʤʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ ʪʠʧʦʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʚʚʦʜʠʤʳʭ ʚ ʤʦʨʩʢʫʶ 

ʩʨʝʜʫ, ï ʧʦʜʚʦʜʥʳʭ ʯʘʩʪʝʡ ʢʦʨʧʫʩʦʚ ʧʣʘʚʩʨʝʜʩʪʚ 

ï ʧʨʝʚʳʰʘʣʘ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʚʝʨʭʥʠʭ 

ʩʫʙʣʠʪʦʨʘʣʝʡ ʏʝʨʥʦʛʦ, ɸʟʦʚʩʢʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʝʡ [ʈʝʟʥʠʯʝʥʢʦ, 1978].  

ʂʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʛʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ 

ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʢʘʢ ʠ ʠʭ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʦʪʳ. ʅʝʢʦʪʦʨʳʝ ʠʭ ʚʠʜʳ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʦʧʫʩʢʘʶʱʠʡʩʷ ʥʘ ʤʦʨʩʢʦʝ ʜʥʦ 

ʤʫʩʦʨ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʠʛʘʶʪ 

ʩʘʤʳʭ ʛʣʫʙʦʢʠʭ ʫʯʘʩʪʢʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚ 

ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʝ ʚ ʛʣʫʙʠʥʘʭ ʦʢʝʘʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʥʠʭ ʧʝʣʘʛʠʯʝʩʢʠʭ ʠ ʙʝʥʪʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʦʛʨʦʤʥʳʭ ʫʯʘʩʪʢʘʭ ʦʢʝʘʥʠʯʝʩʢʦʛʦ 

ʜʥʘ ʚʦʟʥʠʢʘʶʪ ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʪʘʤ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʊʘʢ ʙʠʦʤʘʩʩʘ 

ʧʝʨʠʬʠʪʦʥʘ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʝʚʰʝʛʦ 

ʤʫʩʦʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʛʨʘʤʤ 

ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ [ʈʝʟʥʠʯʝʥʢʦ, ʉʦʣʜʘʪʦʚʘ, 

ʎʠʭʦʥ-ʃʫʢʘʥʠʥʘ, 1976], ʪʦʛʜʘ ʢʘʢ ʙʠʦʤʘʩʩʘ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʷʛʢʠʭ ʛʨʫʥʪʘʭ ʵʪʦʛʦ 

ʞʝ ʫʯʘʩʪʢʘ ʜʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʪʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʝʟ 

ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʭ 

ʩʦʚʦʢʫʧʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʙʠʦʪʳ 

[ʉʫʟʜʘʣʝʚʘ, ɹʝʟʥʦʩʦʚ, ɻʦʨʶʥʦʚʘ, 2015]. 

ʈʝʘʣʴʥʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʅʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ ʚ ʦʙʦʟʨʠʤʦʤ 

ʙʫʜʫʱʝʤ ʥʝʠʟʙʝʞʥʦ ʨʘʩʰʠʨʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʦʨʤ ʪʝʭʥʦʛʝʥʝʟʘ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʩʪʘʥʦʚʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʢʘʢʠʤʠ-ʪʦ ʟʘʧʨʝʪʠʪʝʣʴʥʳʤʠ ʤʝʨʘʤʠ ʠ ʪʝʤ ʙʦʣʝʝ 

ʧʦʚʝʨʥʫʪʴ ʚʩʧʷʪʴ ʥʝʨʝʘʣʴʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʞʥʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʫʪʝʤ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʧʦʥʪʘʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ 

ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʫʧʨʘʚʣʷʝʤʳʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʫʜʝʪ ʥʝ ʤʝʥʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ, ʯʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ. ʆʧʠʩʘʪʴ ʜʘʞʝ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʨʘʤʢʘʭ ʞʫʨʥʘʣʴʥʦʡ ʩʪʘʪʴʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ 

ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʠʟʣʦʞʝʥʠʝʤ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʨʘʙʦʪʘʪʴ 
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ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʵʪʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʠʪʴ 

ʦʪʜʝʣʴʥʳʝ ʨʘʟʨʦʟʥʝʥʥʳʝ ʧʦʧʳʪʢʠ ʨʝʰʝʥʠʷ 

ʯʘʩʪʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʘʤʢʘʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʉʦʟʜʘʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʢʣʶʯʘʝʪ ʨʷʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʵʪʘʧʦʚ 

[ʉʫʟʜʘʣʝʚʘ, 2016]: 

1. ɺʳʙʦʨ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪɹ: 

- ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ (ʥʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʜʘʫʥʚʝʣʣʠʥʛʘ, ʟʘʢʘʯʠʚʘʶʱʝʝ 

ʙʦʛʘʪʳʝ ʢʠʩʣʦʨʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ 

ʧʨʠʜʦʥʥʫʶ ʟʘʩʪʦʡʥʫʶ ʟʦʥʫ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʤʦʨʩʢʦʛʦ ʜʥʘ); 

- ʛʨʫʧʧʦʚʳʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʣʠ ʦʙʲʝʜʠʥʷʪʴʩʷ, 

ʩʦʩʪʘʚʣʷʷ ʝʜʠʥʳʡ ʨʝʛʫʣʷʪʦʨ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʠʬʦʚ, ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʨʠʙʨʝʞʥʦʡ 

ʘʢʚʘʪʦʨʠʠ); 

- ʢʦʤʧʣʝʢʩʥʳʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝ ʩʚʷʟʘʥʳ 

(ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʪʨʦʚʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ, ʩʥʘʙʞʝʥʥʳʭ ʩʠʩʪʝʤʘʤʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʤʦʨʩʢʠʭ ʚʦʜ ʠ ʠʟʲʷʪʠʷ ʠʟ ʥʠʭ ʤʫʩʦʨʘ). 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʷʝʤʦʡ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʛʨʘʥʠʮ ʩʠʩʪʝʤʳ 

ʠ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʝʝ ʨʝʛʫʣʷʪʦʨʦʤ. 

ɻʨʘʥʠʮʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʯʝʨʪʘ, ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʢʦʪʦʨʦʡ ʨʝʛʫʣʷʪʦʨ ʥʝ ʩʧʦʩʦʙʝʥ ʦʢʘʟʳʚʘʪʴ 

ʟʥʘʯʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʩʣʦʚʠʷ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ. ʊʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʚʦʟʤʦʞʥʦ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʚ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩʣʝʜʫʝʪ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʪʝ ʫʯʘʩʪʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʨʝʛʫʣʷʪʦʨ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʧʦʩʦʙʝʥ: 

- ʦʧʝʨʘʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ 

ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʩʦʟʜʘʶʱʠʭ 

ʫʛʨʦʟʫ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪ.ʝ. 

ʚʳʧʦʣʥʷʪʴ ʧʨʠʨʦʜʦʦʭʨʘʥʥʫʶ ʬʫʥʢʮʠʶ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʕʪʫ ʟʘʜʘʯʫ ʨʝʛʫʣʷʪʦʨʘ 

ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʪʝʨʤʠʥʦʤ çʩʨʝʜʦʟʘʱʠʪʥʘʷ 

ʬʫʥʢʮʠʷè. 

3. ʉʫʙʲʝʢʪʠʚʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʷʝʤʦʡ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʨʫʛʘ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ 

ʩʦʭʨʘʥʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʨʘʙʦʪʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ɼʣʷ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ 

çʩʪʝʡʢʭʦʣʜʝʨʳè. ʀʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥ.  

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʝʤʦʡ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʪ.ʝ. ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʬʠʮʠʘʣʴʥʳʭ 

(ʜʦʛʦʚʦʨʥʳʭ) ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʘʮʠʝʡ (ʩʪʨʘʥʦʡ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʙʦʪʫ 

ʝʝ ʨʝʛʫʣʷʪʦʨʘ, ʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ.  

5. ʂʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪʳ ʩʦʟʜʘʚʘʝʤʦʡ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ çʚʦʩʭʦʜʷʱʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè (bottom-up approach). 

ʂʦʦʨʜʠʥʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ 

ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʘʪʴ ʙʦʣʝʝ 

ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʙʣʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ 

ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʘʢʚʘʪʦʨʠʠ, ʧʨʠ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʦʛʫʪ 

ʩʦʟʜʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʩʠʩʪʝʤʫ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦ-ʙʣʘʛʦʧʨʠʷʪʥʳʝ 
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ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʦʙʰʠʨʥʦʤ ʨʝʛʠʦʥʝ. 

ɻʠʧʦʪʝʪʠʯʝʩʢʠʤ ʬʠʥʘʣʦʤ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʜʦʣʞʥʦ ʩʪʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʪ.ʝ., ʧʦ 

ʩʫʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʩʬʝʨʦʡ. 

ɺʳʚʦʜ r

1. ɺ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʦʩʪʘ 

ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʠ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʰʠʨʝʥʠʝ ʠ ʫʛʣʫʙʣʝʥʠʝ 

ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʝʠʟʙʝʞʥʦ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʨʝʘʣʴʥʳʤ ʧʫʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʠʝʨʘʨʭʠʠ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

2. ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʪʝʭʥʦʛʝʥʝʟʘ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʜʦʣʞʥʳ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʟʥʘʯʠʤʦʤʫ ʧʨʦʷʚʣʝʥʠʶ ʠʭ ʥʝʛʘʪʠʚʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʤ ʪʝʭʥʦʛʝʥʝʟʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʢʨʝʘʪʠʚʥʦʡ 

ʧʘʨʘʜʠʛʤʳ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʚʠʪʠʝ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʩʠʥʢʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʦʩʤʳʩʣʝʥʠʶ ʠ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ. 

4. ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʛʝʥʝʟʦʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʘʚʦʚʳʭ 

ʦʩʥʦʚ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʩʦʣʠʜʘʮʠʶ ʫʩʠʣʠʡ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʝʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʩʭʦʟʷʡʥʳʭ ʧʨʦʪʠʚʦʧʘ-

ʚʦʜʢʦʚʳʭ ʟʘʱʠʪʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʙʝʟ ʥʘʜʣʝʞʘʱʝʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ʏʘʩʪʴ ʜʘʤʙ ʥʝ 

ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʥʝ ʫʯʪʝʥʳ ʚ ʨʝʛʠʩʪʨʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʭ ʩʦʩʪʦʷʥʠʝ ʠ 

ʨʝʞʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʱʠʪʥʳʝ ʜʘʤʙʳ ʧʦʜ-

ʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʥʝʩʝʪ ʚ ʩʝʙʝ ʫʛʨʦʟʫ ʧʦʚʳʰʝʥ-

ʥʦʛʦ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʱʝʨʙʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʦʮʝʥʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʘ-

ʱʠʱʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ. ʅʝʦʙʭʦʜʠʤ ʫʯʝʪ ʪʘ-

ʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʥʝʩʝʥʠʷ ʨʝʢʦʤʝʥʜʘ-

ʮʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʣʠ 

ʧʨʦʚʝʜʝʥʠʶ ʨʝʤʦʥʪʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʜʘ-

ʣʝʝ ï ɹʇʃɸ) ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʝʩʭʦʟʷʡʥʳʭ 

Abstract. There are a large number of ownerless 

flood control protective hydraulic structures built 

without proper design and correct observance of the 

production technology in the Trans-Baikal Terri-

tory. Some dams do not have owners and are not 

registered in the çRegister of hydraulic structuresè, 

their condition and mode of use are not controlled. 

During operation, protective dams are subjected to 

mechanical and hydrodynamic influences, which 

carries an increased risk of additional damage due 

to the overestimated level of protection of the terri-

tories. It is necessary to take into account such struc-

tures in order to make recommendations for their 

further use or repair. 

This article describes the experience of using un-

manned aerial vehicles (UAVs) for examining own-

erless flood control protective hydraulic structures 

of the Trans-Baikal Territory. The scheme of con-

ducting such surveys, which includes several 

stages, is considered. At the initial stage, the instal-

lation of ground reference points markers and their 

coordination is required. Then, the UAV is circled 
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ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʟʘʱʠʪʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ʈʘʩʩʤʦʪ-

ʨʝʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘʟʝʤʥʳʭ 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ-ʤʘʨʢʝʨʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ, 

ʟʘʪʝʤ ʦʙʣʝʪ ʪʝʨʨʠʪʦʨʠʠ ɹʇʃɸ ʠ ʧʦʣʫʯʝʥʠʝ ʩʝ-

ʨʠʠ ʬʦʪʦʩʥʠʤʢʦʚ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 

ʩʲʝʤʢʠ ʠ ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʨʠʚʷʟʘʥ-

ʥʳʭ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʠ ʦʨʪʦʬʦʪʦ-

ʧʣʘʥʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʥʘʣʠʟʫ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʦʦʨʫʞʝʥʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʟʘʱʠʪ-

ʥʳʭ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʩʦʩʪʦʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶ-

ʜʝʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʲʝʤʢʫ ʩ ʚʳʩʦʪʳ ʥʝ ʙʦʣʝʝ 200 ʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʚʠʜʥʦ ʩ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʠʚʷʟʢʠ ʤʦʜʝʣʠ ʢ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʪʤʝʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʘ. ʄʝʩʪʦ-

ʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦ-

ʜʝʣʠ ʨʝʣʴʝʬʘ.  

over the territory and a series of photographs is 

taken. The next step involves photogrammetric pro-

cessing of the survey data and obtaining spatially-

linked terrain and orthomosaic models, which are 

then analyzed to identify structural defects. 

The use of UAVs during the inspection of flood 

control structures demonstrated the possibility of a 

better assessment of their condition compared to 

traditional instrumental observation methods. To 

obtain the best result in the simulation, it is recom-

mended to shoot from a height of not more than 

200 m and use coordinated reference points that are 

visible from the air to bind the model to the coordi-

nate system. In this case, the error in determining 

the elevation of the earthôs surface will not exceed 

the spatial resolution of the image. The location of 

the control points does not significantly affect the 

accuracy of determining the terrain model. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ (ɹʇʃɸ); ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ; ʙʝʩʭʦʟʷʡʥʳʝ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʝ ʟʘ-

ʱʠʪʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ; ʘʵʨʦʬʦ-

ʪʦʩʲʝʤʢʘ; ʦʨʪʦʬʦʪʦʧʣʘʥ; ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ. 

Keywords: unmanned aerial vehicles (UAVs); 

structure from motion; terrain model; orthomosaic; 

ownerless flood control protective hydraulic struc-

tures; aerial photography; photogrammetric image 

processing. 

ɺʚʝʜʝʥʠʝ 

ʀʥʞʝʥʝʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ 

ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʟʘʪʦʧʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʚʦʜʥʝʥʠʡ ʥʘ ʨʝʢʘʭ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʱʠʪʥʳʭ ʜʘʤʙ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʫʨʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʠ ʦʪʩʝʯʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʚʦʜʳ ʚʦ ʚʨʝʤʷ ʧʘʚʦʜʢʘ. ʆʜʥʘʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʢʘʞʫʱʝʡʩʷ ʧʨʦʩʪʦʪʳ ʚʦʟʚʝʜʝʥʠʷ 

ʪʘʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʯʘʩʪʫʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʙʝʟ 

ʥʘʜʣʝʞʘʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ʏʘʩʪʴ ʜʘʤʙ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ 

ʘʚʨʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʘʚʦʜʢʦʚ, ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʥʝ 

ʫʯʪʝʥʳ ʚ ʨʝʛʠʩʪʨʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʠʭ ʩʦʩʪʦʷʥʠʝ ʠ ʨʝʞʠʤ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʱʠʪʥʳʝ ʜʘʤʙʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʠʭ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʨʦʩʘʜʦʢ ʛʨʝʙʥʷ, ʧʨʦʤʦʠʥ ʚ ʪʝʣʝ, ʥʘʨʫʰʝʥʠʶ 

ʢʨʝʧʣʝʥʠʷ ʦʪʢʦʩʦʚ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʝʩʝʪ ʚ ʩʝʙʝ ʫʛʨʦʟʫ 

ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʱʝʨʙʘ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʦʮʝʥʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʡ [ʐʘʣʠʢʦʚʩʢʠʡ, ʂʫʨʛʘʥʦʚʠʯ, 2011; 

Shalikovskiy, Kurganovich 2017]. ʅʝʦʙʭʦʜʠʤʳ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʥʝʫʯʪʝʥʥʳʤʠ ʙʝʩʭʦʟʷʡʥʳʤʠ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʩ ʮʝʣʴʶ 

ʚʳʜʘʯʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʣʠ ʧʨʦʚʝʜʝʥʠʶ ʨʝʤʦʥʪʘ. 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʧʨʘʢʪʠʢʘʤʠ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʷʚʣʷʶʪʩʷ ʢʘʢ ʥʘʟʝʤʥʳʝ, ʪʘʢ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ 

ʚʠʜʳ ʩʲʝʤʦʢ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʩʘʤʳʤʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

GNSS-ʠʟʳʩʢʘʥʠʷ, ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʠ 

ʥʘʟʝʤʥʳʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ. ʕʪʠ ʩʧʦʩʦʙʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ ʠ ʠʤʝʶʪ 

ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʷʚʣʷʶʪʩʷ ʪʨʫʜʦʝʤʢʠʤʠ ʚ 

ʩʣʫʯʘʷʭ ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʠ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʪʴ ʚʩʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʡ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʪʦ ʧʨʠ ʵʪʦʤ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʣʴʰʠʭ ʧʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ 

ʟʘ ʢʦʨʦʪʢʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʘʢʞʝ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʠ ʜʘʥʥʳʝ 

ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ [ʂʫʨʛʘʥʦʚʠʯ ʠ ʜʨ., 

2017]. ʀʭ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘ ʩʪʨʦʛʦ ʚʳʙʨʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ 

ʩʦʦʨʫʞʝʥʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ 

ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ʜʘʣʝʝ ï ɹʇʃɸ) [Ridolfi et al., 2017; 

Khaloo et al., 2018;]. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʟʘʱʠʪʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ ʷʚʣʷʝʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʦʙʲʝʢʪʘ, ʘ 

ʚʳʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʦʮʝʥʢʘ ʝʝ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ɹʇʃɸ ʩʦʩʪʦʠʪ ʠʟ 

ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ 

ʧʨʦʧʝʣʣʝʨʥʦʤ ʠʣʠ ʢʨʳʣʘʪʦʤ ʣʝʪʘʪʝʣʴʥʦʤ 

ʘʧʧʘʨʘʪʝ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ 

ʟʝʤʣʠ. ɸʧʧʘʨʘʪ ʧʨʦʠʟʚʦʜʠʪ ʩʲʝʤʢʫ ʤʝʩʪʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʘʷ ʩʝʨʠʷ ʩʥʠʤʢʦʚ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʠʟ ʬʦʪʦʛʨʘʬʠʡ, ʪʘʢʠʭ ʢʘʢ 

structure from motion (ʜʘʣʝʝ ï SfM). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ 

ʨʝʣʴʝʬʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʦʨʪʦʬʦʪʦʧʣʘʥ 

ʤʝʩʪʥʦʩʪʠ. ʄʝʪʦʜ SfM ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʚʝʜʝʥʠʷ 

ʩʲʝʤʦʢ ʩ ɹʇʃɸ [James, Robson, 2012; Westoby et 

al., 2012]. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʠ 

ʩʜʚʠʛʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʤʝʪʨʠʠ 

ʩʮʝʥʳ ʩʲʝʤʢʠ, ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʤʝʨʳ ʠ ʝʝ 

ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʩʝ ʜʘʥʥʳʝ 

ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʠʟ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʝʨʠʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʨʠʠ ʩʥʠʤʢʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʟʘʭʚʘʪʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʮʝʥʳ, ʚʠʜʠʤʫʶ 

ʩ ʨʘʟʥʳʭ ʧʦʟʠʮʠʡ [Westoby et al., 2012] 

(ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʲʝʤʢʠ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ 

[Westoby et al., 2012] 

Figure 1. Scheme of shooting a three-dimensional object for further photogrammetric processing from 

[Westoby et al., 2012] 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʧʦʠʩʢʘ ʧʦʧʘʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʩʝʣʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ  

ʩ. ʋʩʪʴ-ʀʣʷ ʧʦ ʤʝʪʦʜʫ SfM ʚ Agisoft Photoscan (ʩʠʥʠʤ ʦʙʦʟʥʘʯʝʥʳ ʢʦʨʨʝʢʪʥʳʝ ʩʚʷʟʠ,  

ʢʨʘʩʥʳʤ ï ʥʝʢʦʨʨʝʢʪʥʳʝ, ʩʣʝʚʘ ï 44 ʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʧʨʘʚʘ ï 2988 ʩʦʦʪʚʝʪʩʪʚʠʡ) 

Figure 2. An example of a search for pairwise matching pixels in images of Ust-Ilya village according to the 

Structure from Motion method in Agisoft Photoscan  

(the blue color indicates correct connections, the red color indicates incorrect connections,  

there are 44 matches on the left side and 2988 matches on the right side) 
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ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʠ ʛʝʦʤʝʪʨʠʷ 

ʩʮʝʥʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʫʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʚʧʘʜʘʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩʫʥʦʢ 

2). ʕʪʠ ʵʣʝʤʝʥʪʳ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʦʪ ʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ 

ʦʮʝʥʢʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨʳ ʠ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʝʣʠʥʝʡʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʪʘʢ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʧʦʩʣʝ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩʥʠʤʢʦʚ. ʇʦʟʠʮʠʠ ʢʘʤʝʨ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ ʤʝʪʦʜʫ SfM, ʥʝ ʠʤʝʶʪ ʥʠ ʤʘʩʰʪʘʙʘ, ʥʠ 

ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ 

ʧʦʣʫʯʝʥʳ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘʟʝʤʥʳʭ ʪʦʯʝʢ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʭʤʝʨʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ çʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡè, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʷʟʘʥʘ ʢ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʷʚʥʦʛʦ ʫʢʘʟʘʥʠʷ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʟʝʤʥʳʭ ʪʦʯʝʢ. ʕʪʠ ʥʘʟʝʤʥʳʝ 

ʪʦʯʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʩ ʫʩʪʨʦʡʩʪʚ ʛʣʦʙʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ GNSS ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʦʯʝʪʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ɹʇʃɸ ʠ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ SfM, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, 

ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʦʙʳʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʝʝ ʩʨʘʚʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [Westoby et al., 2012] 

(ʨʠʩʫʥʦʢ 3): 

1. ʂʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʩʝʪʠ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ ʠ ʤʘʨʢʠʨʦʚʢʘ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʣʶʙʳʤ 

ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩ 

ʬʦʪʦʩʥʠʤʢʦʚ, ʩʜʝʣʘʥʥʳʭ ɹʇʃɸ. 

 
ʈʠʩʫʥʦʢ 3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ɹʇʃɸ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ SfM 

Figure 3. Technological scheme of 

photogrammetric processing of UAV images using 

the Structure from Motion method 

2. ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ. ʌʦʪʦʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ, ʠʤʝʶʪ ʟʘʧʠʩʘʥʥʳʝ ʚ 

exif-ʪʝʛʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ 

ʢʘʤʝʨʳ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʧʦ ʤʝʪʦʜʫ SfM ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʣʦʪʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ. 



ɻʀɼʈʆʉʌɽʈɸ. ʆʇɸʉʅʓɽ ʇʈʆʎɽʉʉʓ ʀ ʗɺʃɽʅʀʗ ʊʦʤ 2, ɺʳʧ.1 2020 

 

 
 37 

 

4. ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ ʠ 

ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʟʘʱʠʪʥʳʭ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʜʘʤʙ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ 

ɹʇʃɸ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʱʠʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʚ ʩ. ʋʨʝʡʩʢ, ʩ. ʋʩʪʴ-ʀʣʷ ʠ ʛ. ʐʠʣʢʘ. 

ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʫʥʢʪʘʤ ʧʣʘʥʦʚʦʡ ʠ ʚʳʩʦʪʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. ʊʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʩʲʝʤʢʘ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GNSS ʢʦʤʧʣʝʢʪʘ Trimble 

R8s+R10 ʩ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ ʥʘ Trimble Business 

Center. ʇʨʠʚʷʟʢʘ ʢ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʄʉʂ-75 ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʧʫʥʢʪʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 2 ʠ 3 

ʢʣʘʩʩʦʚ. ʂʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ, ʠʭ 

ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

WGS 1984 ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʩʨʝʜʝ ArcGIS 10.ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ 

ʨʘʟʨʝʰʝʥʠʝʤ 4000Ĭ3000 ʧʠʢʩʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ɹʇʃɸ DJI Phantom 3, ʦʩʥʘʱʝʥʥʳʡ ʢʘʤʝʨʦʡ 

Sony EXMOR FC300S. ʂʘʤʝʨʘ ʠʤʝʝʪ ʩʝʥʩʦʨ CCD 

ʩ ʨʘʟʨʝʰʝʥʠʝʤ 12 ʤʧ ʠ 20 ʤʤ ʰʠʨʦʢʦʫʛʦʣʴʥʫʶ 

ʣʠʥʟʫ (35 ʤʤ ʵʢʚʠʚʘʣʝʥʪ). ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ 

ɹʇʃɸ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʢʛ. ʇʦʣʝʪʳ ʘʧʧʘʨʘʪʘ ʙʳʣʠ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Pix4D Capture ʠ 

Ctrl+DJI ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʠʟʫʯʘʝʤʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 200 ʤ, ʩʢʦʨʦʩʪʴʶ 

ʧʦʣʝʪʘ 6 ʤ/ʩ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʧʦʣʥʝʥʠʝʤ 

ʬʦʪʦʛʨʘʬʠʡ ʢʘʞʜʳʝ 2 ʩ. ɿʘʧʠʩʴ ʢʦʦʨʜʠʥʘʪʳ 

ʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨʳ ʚ exif-ʪʝʛ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ GPS, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʥʘ ʙʦʨʪʫ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʨʠʩʫʥʦʢ 4). 

 
ʈʠʩʫʥʦʢ 4. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʩʲʝʤʢʠ ʬʦʪʦʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ɹʇʃɸ (ʩ. ʋʩʪʴ-ʀʣʷ) 

Figure 4. The location of the shooting points of the camera mounted on the UAV (Ust-Ilya village) 

ɼʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʠ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠʟ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʥʘʜʠʨ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Agisoft Photoscan1. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʦʪʦʩʥʠʤʢʠ ʚʳʨʘʚʥʠʚʘʣʠʩʴ ʧʦ 

ʘʣʛʦʨʠʪʤʫ SfM [Ullman, 1979], ʢʦʪʦʨʳʡ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʠʭ ʜʚʠʞʝʥʠʝ. 

ʆʮʝʥʠʚʘʥʠʝ ʧʦʟʠʮʠʠ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʣʛʦʨʠʪʤʘ 

                                                 
1 http://www.agisoft.ru 

SfM [Szeliski, 2010]. ʈʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ: 

1) ʪʨʝʭʤʝʨʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʛʝʦʤʝʪʨʠʶ ʠʟʫʯʘʝʤʦʡ ʦʙʣʘʩʪʠ; 

2) ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ; 

3) ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʝʥʥʝʡ ʢʘʣʠʙʨʦʚʢʠ (ʬʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʪʦʨʩʠʠ ʣʠʥʟʳ). 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʟʦʥʝ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ 

ʚʦʜʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʘʩʪʠʯʥʦ 
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ʧʦʢʨʳʚʘʶʪ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ ʠʟ ʪʦʧʦʛʨʘʬʠʠ ʤʦʜʝʣʠ. ʕʪʦ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʥʘʥʝʩʝʥʠʷ ʤʘʩʢʠ 

ʩʨʝʜʩʪʚʘʤʠ Photoscan. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ multi-view stereo (MVS) 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʝʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʧʦ ʩʝʨʠʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ [Westoby et al., 2012]. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʶ ʠ ʧʨʠʚʷʟʢʝ ʢ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 

(ʨʠʩʫʥʦʢ 5).  

 
ʈʠʩʫʥʦʢ 5. ʌʨʘʛʤʝʥʪ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ  

ʘ) ʩ. ʋʩʪʴ-ʀʣʷ, ʙ) ʛ. ʐʠʣʢʘ, ʚ) ʩ. ʋʨʝʡʩʢ 

Figure 5. Fragment of orthomosaic and digital terrain model 

ʘ) Ust-Ilya village, ʙ) Shilka town, ʚ) Ureysk village 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʩʝʛʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 4 ʟʘʧʫʩʢʘ ɹʇʃɸ 

ʚ ʩ. ʋʩʪʴ-ʀʣʷ, 5 ï ʚ ʩ. ʋʨʝʡʩʢ ʠ 7 ʚ ʛ. ʐʠʣʢʘ. 

ʂʘʞʜʳʡ ʠʟ ʧʦʣʝʪʦʚ ɹʇʃɸ ʧʦʢʨʳʚʘʣ ʧʣʦʱʘʜʴ 

0,6 ʢʤ2 ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʢʦʣʦ 130 ʬʦʪʦʩʥʠʤʢʦʚ ʧʨʠ 

ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʳ ʚ 90 ʛʨʘʜ. ʈʘʟʤʳʪʳʝ, ʘ 

ʪʘʢʞʝ ʥʝ ʧʦʢʨʳʚʘʶʱʠʝ ʠʟʫʯʘʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ 

ʬʦʪʦʩʥʠʤʢʠ ʫʜʘʣʷʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

95ï100 ʩʥʠʤʢʦʚ. ɺʨʝʤʷ ʩʙʦʨʘ ʩʝʨʠʠ ʩʥʠʤʢʦʚ 

ʩʦʩʪʘʚʣʷʣʦ 12 ʤʠʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʡ 

ʙʘʪʘʨʝʠ ʟʘ ʦʜʠʥ ʧʦʣʝʪ. ʅʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʨʝʞʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʚʝʨʢʘ 

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʝʨʝʢʨʳʪʠʷ ʩʥʠʤʢʦʚ, 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʋʯʘʩʪʢʠ, ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʥʘʣʦʞʝʥʠʝ ʤʝʥʝʝ 4 ʩʥʠʤʢʦʚ, ʩʯʠʪʘʣʠʩʴ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ʉʚʝʜʝʥʠʷ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

Table 1. Geometric parameters of the model 

ʅʘʩʝʣʝʥʥʳʡ 

ʧʫʥʢʪ 

ʂʦʣʠʯʝ-

ʩʪʚʦ 

ʩʥʠʤʢʦʚ 

ʈʘʟʨʝʞʝʥʥʦʝ 

ʦʙʣʘʢʦ ʪʦ-

ʯʝʢ, ʤʣʥ. 

ʇʣʦʪʥʦʝ 

ʦʙʣʘʢʦ ʪʦ-

ʯʝʢ, ʤʣʥ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʨʘʩʪʨʘ 

ʦʨʪʦʬʦʪʦʧʣʘʥʘ, ʤ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʨʘʩʪʨʘ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝ-

ʣʴʝʬʘ, ʤ 

ʩ. ʋʨʝʡʩʢ 646 0,28 152,2 0,079 0,161 

ʛ. ʐʠʣʢʘ 921 0,23 168,4 0,078 0,156 

ʩ. ʋʩʪʴ-ʀʣʷ 498 0,15 104,1 0,079 0,159 

 
ʈʠʩʫʥʦʢ 6. ʅʘʟʝʤʥʳʝ ʤʝʪʢʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʩʣʝʚʘ ï ʚʠʜ ʩ ʟʝʤʣʠ, ʩʧʨʘʚʘ ï ʚʠʜ ʩ ʚʳʩʦʪʳ 200 ʤ) 

Figure 6. Ground marks of control points (left - view from the ground, right - view from a height of 200 m) 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, 

ʢʦʪʦʨʳʝ ʦʪʤʝʯʘʣʠʩʴ ʥʘ ʪʚʝʨʜʳʭ ʦʩʥʦʚʘʥʠʷʭ, ʥʝ 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʠʟʤʝʥʝʥʠʷʤ ʟʘ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʧʦʨʥʳʝ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʙʝʣʳʝ ʢʚʘʜʨʘʪʳ ʨʘʟʤʝʨʦʤ 1ʭ1 ʤʝʪʨ, 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʣʴʷʤʠ. ʈʘʟʤʝʨʳ ʢʚʘʜʨʘʪʘ ʥʘ 

ʩʥʠʤʢʝ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 20ʭ20 ʧʠʢʩʝʣʝʡ 

(ʨʠʩʫʥʦʢ 6). 

ɺ ʢʘʞʜʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʙʳʣʦ 

ʨʘʟʤʝʱʝʥʦ ʧʦ 10 ʢʚʘʜʨʘʪʦʚ, ʠʭ ʪʦʯʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ 

ʧʫʪʝʤ ʷʚʥʦʛʦ ʫʢʘʟʘʥʠʷ ʥʘ ʚʩʝʭ ʬʦʪʦʩʥʠʤʢʘʭ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʪʦʯʢʠ ʧʨʠʚʷʟʢʠ. ʊʘʢ ʢʘʢ 

ʧʦʣʫʯʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʟʘʱʠʪʥʳʭ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʜʘʤʙ ʚ ʢʘʞʜʦʤ ʠʟ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʙʘʟʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘ 

10 ʪʦʯʢʘʭ ʧʨʠʚʷʟʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ. ʊʘʢʘʷ 

ʦʮʝʥʢʘ ʚʳʧʦʣʥʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ 

ʚʘʨʠʘʥʪʦʚ ï ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GNSS ʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʪʝʭ ʞʝ ʪʦʯʢʘʭ, ʥʦ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʣʴʝʬʘ ʩ ɹʇʃɸ (ʨʠʩʫʥʦʢ 7). ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʵʪʘʣʦʥʥʳʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʪʦʨʦʛʦ 

ʚʘʨʠʘʥʪʘ. ʂʨʠʪʝʨʠʝʤ ʷʚʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (m), 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (1): 

ά
В ȟ̍ Ȣ̞

 (1) 

ʛʜʝ Zi,ʤ ï ʦʪʤʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʝ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ; 

Zi, ɻ ï ʦʪʤʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʝ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʟʝʤʥʳʭ 

ʧʨʠʙʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʵʪʘʣʦʥʥʘʷ); 

n ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. 
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ʈʠʩʫʥʦʢ 7. ʆʨʪʦʬʦʪʦʧʣʘʥ ʩ. ʋʩʪʴ-ʀʣʷ ʩ ʥʘʟʝʤʥʳʤʠ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ (ʚʳʜʝʣʝʥʳ ʟʝʣʝʥʳʤ) ʠ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ɹʇʃɸ (ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ),  

ʦʪʨʝʟʢʘʤʠ ʧʦʢʘʟʘʥʳ ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

Figure 7. Orthophoto map of Ust-Ilya village with ground control points (highlighted in green)  

and control points of aerial photography with UAVs (highlighted in red),  

the shortest distances from control to reference points are shown by segments 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʠʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ 

Table 2. Model accuracy assessment parameters 

ʅʘʩʝʣʝʥ-

ʥʳʡ ʧʫʥʢʪ 

ɼʣʠʥʘ 

ʜʘʤʙʳ, ʤ 

ʆʧʦʨʥʳʭ 

ʪʦʯʝʢ ʜʣʷ 

ʧʨʠʚʷʟʢʠ 

ʊʦʯʝʢ ʚ 

ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʚʳ-

ʙʦʨʢʝ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 

ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳ-

ʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʧʦ ʤʦ-

ʜʝʣʠ (m), ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪ-

ʤʝʪʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ 

ʩ. ʋʨʝʡʩʢ 3403 10 108 0,104 0,05 

ʛ. ʐʠʣʢʘ 3834 10 103 0,091 0,02 

ʩ. ʋʩʪʴ-ʀʣʷ 2200 10 83 0,139 0,004 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʧʦ ʥʘʙʣʶʜʝʥʥʳʤ 

ʧʫʥʢʪʘʤ, ʩʦʩʪʘʚʣʷʶʱʘʷ 0,09é0,14 ʤ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0,16 ʤ (ʪʘʙʣʠʮʘ 2) ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ 

ʩʲʝʤʢʠ, ʨʘʟʨʝʰʝʥʠʷ ʩʲʝʤʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ 

ʩʣʝʜʫʶʱʝʡ ʟʘ ʵʪʠʤ ʜʝʪʘʣʴʥʦʩʪʠ ʤʦʜʝʣʠ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʯʠʥ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʰʠʙʢʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ. ɹʳʣʘ ʧʨʦʚʝʨʝʥʘ 

ʛʠʧʦʪʝʟʘ ʦ ʚʣʠʷʥʠʠ ʫʜʘʣʝʥʥʦʩʪʠ ʦʧʦʨʥʦʡ ʪʦʯʢʠ 

ʧʨʠʚʷʟʢʠ ʤʦʜʝʣʠ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʧʦ 

ʢʦʪʦʨʳʤ ʚʳʯʠʩʣʷʣʘʩʴ ʦʰʠʙʢʘ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

ʪʘʢʦʡ ʩʚʷʟʠ ʙʳʣʘ ʙʳ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʚʝʣʠʯʠʥʳ ʨʘʟʥʦʩʪʠ ʦʪʤʝʪʦʢ ʠ 

ʨʘʩʩʪʦʷʥʠʷ. ʇʦʣʫʯʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ 

ʛʠʧʦʪʝʟʝ ʥʝ ʫʜʘʣʦʩʴ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʠʟʤʝʥʷʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʫʣʷ 

(ʪʘʙʣʠʮʘ 2). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʟʘʱʠʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʦʙʲʝʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʫʰʝʥʠʡ 

ʜʘʤʙ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʝʤʦʥʪʫ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ 3D-ʤʦʜʝʣʝʡ 

ʦʙʲʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʣʴʝʬ ʧʦʡʤʳ ʠ ʟʘʱʠʱʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʜʝʬʦʨʤʘʮʠʠ ʨʫʩʣʘ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʟʘ 

ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʝʡʥʳʭ ʟʘʱʠʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ.
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ʈʠʩʫʥʦʢ 8. ʆʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʤʦʜʝʣʠ,  

ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʩʲʝʤʢʠ ʩ ɹʇʃɸ 

Figure 8. Detection of defects in protective structures on a model obtained from UAV survey data 

ʇʨʠʤʝʨ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʠ ʠʭ 

ʦʮʝʥʢʘ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʟʘʱʠʪʥʳʭ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʦʝʢʪʥʳʝ ʩʲʝʟʜʳ ʠ ʧʝʨʝʝʟʜʳ ʯʝʨʝʟ ʛʨʝʙʝʥʴ 
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ʜʘʤʙʳ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʛʨʝʙʥʷ, ʫʩʪʨʦʡʩʪʚʦ ʚ ʜʘʤʙʝ 

ʚʳʝʤʢʠ ʜʣʷ ʧʨʦʝʟʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʛʦʥʘ 

ʞʠʚʦʪʥʳʭ, ʦʙʨʫʰʝʥʠʝ ʦʪʢʦʩʦʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʭ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʟʘʱʠʪʥʳʭ 

ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʲʝʤʢʫ ʩ ʚʳʩʦʪʳ ʥʝ ʙʦʣʝʝ 200 ʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʚʠʜʥʦ ʩ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʠʚʷʟʢʠ ʤʦʜʝʣʠ ʢ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʪʤʝʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʘ. 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠʟ-

ʤʝʥʝʥʠʷ ʩʪʦʢʘ ʨʝʢ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʦʪʜʝʣʴʥʳʭ ʨʝʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ. ʇʨʦʠʩʭʦ-

ʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷ-

ʪʠʣʝʪʠʷ ʧʨʠʚʝʣʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʠʤ-

ʥʝʛʦ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʠʟʤʝ-

ʥʝʥʠʡ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʚ ʫʩʣʦʚʠʷʭ ʧʦʪʝʧʣʝʥʠʷ 

ʢʣʠʤʘʪʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʧʦʟʥʘ-

ʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯ-

ʥʦʛʦ ʩʪʦʢʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʚʝʣʠ-

ʯʠʥʳ ʩʪʦʢʘ ʨʝʢ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʪʦʣʱʠʥʘ ʣʴʜʘ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ ʠ ʚ ʨʝʢʝ, ʨʝ-

ʛʫʣʠʨʫʷ ʯʝʨʝʟ ʢʨʠʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʠʪʘʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʠʭ ʨʘʟʛʨʫʟʢʫ ʚ ʨʝʢʠ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʝʜʠʢʪʦ-

ʨʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ, ʪʦʣʱʠʥʘ ʣʴʜʘ ʠ ʟʠʤʥʠʡ ʩʪʦʢ ʨʝʢ. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʩʪʦʢʘ ʨʝʢ ʢ ʢʦʥʮʫ ʟʠʤʳ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʭ ʠ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʷʜʳ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʃʦʚʘʪʴ, 

ʉʷʩʴ, ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʆʥʝʛʘ ʩ ʦʙʱʠʤ ʧʝʨʠʦ-

ʜʦʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʢʦʤ ʠ ʪʦʣʱʠʥʦʡ ʨʝʯʥʦʛʦ 

ʣʴʜʘ ï 1955-2016 ʛʛ., ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ï 

1936-2016 ʛʛ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʢʦʤ 

ʨʝʢ, ʪʦʣʱʠʥʦʡ ʣʴʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ 

Abstract. Studies performed in different river ba-

sins in the North-West of Russia have shown that a 

combination of temperature and ice conditions 

plays a significant role in changing the winter water 

content of rivers. 

Air temperature and ice thickness are integral indi-

cators of changes in thermal conditions in the river 

basin and in the river, regulating through cryogenic 

processes the supply of groundwater and its dis-

charge into rivers in winter. Therefore, the main 

predictors used in the work are air temperature, ice 

thickness, and winter river flow. To obtain quanti-

tative estimates, a comparative analysis of changes 

in river flow by the end of winter under different 

temperature and ice conditions was performed. The 

series of winter runoff of rivers in the basins of the 

Lovat, Syas, Northern Dvina and Onega rivers with 

the total period of observations of the runoff and the 

thickness of the river ice are analyzed ï1955-2016 

years, temperature ï 1936-2016 years. 

Based on the analysis of a series of observations of 

river flow, ice thickness, and air temperature lasting 

more than 50 years, it is concluded that the lowest 

values of the minimum winter flow of rivers were 

observed in cold winters, and the highest values 

were observed in milder winter seasons. With com-

parable pre-winter water content of rivers in a series 

of mild non-thawing winters, river flow in the stud-

ied basins decreased less intensively and the mini-

mum winter flow was higher on average by  

10-20%, and in some cases more. 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 50 ʣʝʪ ʩʜʝʣʘʥʳ ʚʳ-

ʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʭʦ-

ʣʦʜʥʳʝ ʟʠʤʳ, ʘ ʥʘʠʙʦʣʴʰʠʝ ï ʚ ʙʦʣʝʝ ʤʷʛʢʠʝ 

ʟʠʤʥʠʝ ʩʝʟʦʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 

ʨʘʟʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʟʠʤʥʝʡ ʚʦʜʥʦʩʪʠ ʨʝʢ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʦʯʝʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʣʝʜʦʚʳʭ 

ʫʩʣʦʚʠʡ. ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʨʝʜʟʠʤʥʝʡ ʚʦʜʥʦ-

ʩʪʠ ʨʝʢ ʚ ʩʝʨʠʶ ʤʷʛʢʠʭ ʙʝʟʦʪʪʝʧʝʣʴʥʳʭ ʟʠʤ 

ʩʪʦʢ ʨʝʢ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʩʩʝʡʥʘʭ ʩʥʠʞʘʣʩʷ ʤʝ-

ʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʟʠʤʥʠʡ ʩʪʦʢ 

ʙʳʣ ʚʳʰʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 10-20%, ʘ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʠ ʙʦʣʝʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʣʦʜʥʳʝ ʠ ʪʝʧʣʳʝ ʟʠʤʳ; 

ʟʠʤʥʠʡ ʨʝʯʥʦʡ ʩʪʦʢ; ʛʠʜʨʦʛʨʘʬʳ ʩʪʦʢʘ ʨʝʢ; 

ʧʨʝʜʟʠʤʥʷʷ ʚʦʜʥʦʩʪʴ ʨʝʢ; ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ; 

ʪʦʣʱʠʥʘ ʣʴʜʘ. 

Keywords: cold and warm winters; winter river 

flow; river flow hydrographs; pre- winter water 

content of rivers; air temperature; ice thickness. 

ɺʚʝʜʝʥʠʝ 

ʈʝʯʥʦʡ ʣʝʜ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʨʝʩʥʦʚʦʜʥʳʝ 

ʨʝʞʠʤʳ ʚ ʭʦʣʦʜʥʳʭ ʨʝʛʠʦʥʘʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʢ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʛʨʦʤʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʝʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ɺʳʩʦʢʘʷ ʠ ʥʠʟʢʘʷ ʤʝʞʝʥʠ ʢʘʢ ʩʝʟʦʥʥʳʝ 

ʵʢʩʪʨʝʤʫʤʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʙ ʘʤʧʣʠʪʫʜʝ 

ʢʦʣʝʙʘʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʨʝʢ, ʥʦ ʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʯʝʨʝʜʦʚʘʥʠʠ ʭʦʣʦʜʥʳʭ ʠ ʪʝʧʣʳʭ ʧʝʨʠʦʜʦʚ ʥʘ 

ʬʦʥʝ ʤʘʣʦʚʦʜʥʳʭ ʠ ʤʥʦʛʦʚʦʜʥʳʭ ʬʘʟ, ʪʦ ʝʩʪʴ ʚ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʚʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʕʢʩʪʨʝʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʠʤʥʝʛʦ ʩʪʦʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʟʠʤʥʝʡ ʚʦʜʥʦʩʪʴʶ 

ʨʝʢ, ʥʦ ʠ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʣʝʜʦʚʳʭ 

ʫʩʣʦʚʠʡ. ɺ ʘʩʧʝʢʪʝ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʧʦʭʦʣʦʜʘʥʠʝ 

ʠʣʠ ʧʦʪʝʧʣʝʥʠʝ ʟʠʤ ʯʝʨʝʟ ʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ 

ʨʝʢʝ ʠ ʥʘ ʚʦʜʦʩʙʦʨʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʢʘʢ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ, 

ʧʨʦʮʝʩʩʦʚ ʪʘʷʥʠʷ ʣʴʜʘ ʠ ʩʥʝʛʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʠʤʳ, ʪʘʢ ʠ ʯʝʨʝʟ ʪʦʣʱʠʥʫ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʢ [ʄʘʨʢʦʚ, ɻʫʨʝʚʠʯ, 2008; 

ɻʫʨʝʚʠʯ, 2012]. ʃʝʜʷʥʦʡ ʧʦʢʨʦʚ ʦʢʘʟʳʚʘʝʪ 

ʟʘʜʝʨʞʠʚʘʶʱʠʡ ʠ ʘʢʢʫʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪʳ ʥʘ 

ʨʘʟʛʨʫʟʢʫ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦ ʜʣʠʥʝ ʨʝʢʠ ʚ ʪʝʯʝʥʠʝ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ [ʉʦʢʦʣʦʚ, ʃʶʙʠʤʦʚ, 

1986; ʄʘʨʢʦʚ, ɻʫʨʝʚʠʯ, 2018]. ʇʦʵʪʦʤʫ ʚ ʙʦʣʝʝ 

ʤʷʛʢʠʝ ʟʠʤʳ ʧʨʦʠʩʭʦʜʠʪ ʙ֩ʣʴʰʘʷ ʩʨʘʙʦʪʢʘ 

ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʯʝʤ ʚ 

ʩʫʨʦʚʳʝ ʟʠʤʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʦʙʲʝʤʦʚ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ ʨʝʢ [Smith et al., 2007]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʩʥʠʞʝʥʠʷ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʤʘʣʳʭ ʨʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʫʨʦʚʦʩʪʠ ʟʠʤ ʙʳʣʠ ʚʳʙʨʘʥʳ 10 ʨʝʢ ʙʘʩʩʝʡʥʘ 

ʨ. ʃʦʚʘʪʴ, 7 ʨʝʢ ʙʘʩʩʝʡʥʘ ʨ. ʉʷʩʴ, 5 ʨʝʢ ʙʘʩʩʝʡʥʘ 

ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ 3 ʨʝʢʠ ʙʘʩʩʝʡʥʘ ʨ. ʆʥʝʛʘ ʩ 

ʦʙʱʠʤ ʧʝʨʠʦʜʦʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʢʦʤ ʠ 

ʪʦʣʱʠʥʦʡ ʨʝʯʥʦʛʦ ʣʴʜʘ ʩ 1955 ʧʦ 2016 ʛʦʜ. 

ʉʫʨʦʚʦʩʪʴ ʟʠʤ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ 

ʨʷʜʘʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʷʭ ɺʝʣʠʢʠʝ ʃʫʢʠ, ʊʠʭʚʠʥ, ɺʦʣʦʛʜʘ, 

ʆʥʝʛʘ ʩ ʦʙʱʠʤ ʧʝʨʠʦʜʦʤ ʥʘʙʣʶʜʝʥʠʡ  

1936-2016 ʛʛ. 

ɿʠʤʘ ʤʦʞʝʪ ʙʳʪʴ ʪʝʧʣʘʷ ʠ ʤʘʣʦʚʦʜʥʘʷ, 

ʭʦʣʦʜʥʘʷ ʠ ʩʨʝʜʥʷʷ ʧʦ ʚʦʜʥʦʩʪʠ ʠʣʠ ʪʝʧʣʘʷ ʠ 
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ʤʥʦʛʦʚʦʜʥʘʷ ʠ ʪ.ʜ., ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʢʣʘʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ 

ʧʨʠ ʥʝʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʜʥʦʩʪʠ ʨʝʢ ʙʫʜʝʪ ʪʘʢʞʝ 

ʥʝʦʜʠʥʘʢʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʦʪʣʠʯʠʷ ʚʦʜʥʳʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʥʳʝ ʟʠʤʳ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʝʣʠʯʠʥ ʩʪʦʢʘ 

ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ, ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʦʚ 

ʧʦʪʝʧʣʝʥʠʷ ʠʣʠ ʧʦʭʦʣʦʜʘʥʠʷ ʟʠʤ ʥʘ ʚʝʣʠʯʠʥʫ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʨʷʜʦʤ 

ʦʙʲʝʢʪʠʚʥʳʭ ʜʦʧʫʱʝʥʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʛʠʜʨʦʛʨʘʬʦʚ ʩʪʦʢʘ ʨʝʢ ʠ 

ʚʝʣʠʯʠʥ ʩʪʦʢʘ ʚ ʪʝʧʣʫʶ ʠ ʭʦʣʦʜʥʫʶ ʟʠʤʳ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʡ ʚʦʜʥʦʩʪʠ ʨʝʢ ʚ ʥʘʯʘʣʝ ʟʠʤ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʩʨʘʚʥʝʥʠʷ ʩʪʦʢʘ ʨʝʢ: 

ð ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʨʝʜʟʠʤʥʝʡ ʚʦʜʥʦʩʪʠ ʨʝʢ ʚ 

ʚʝʨʭʦʚʴʝ, ʪ.ʝ. ʦʜʠʥʘʢʦʚʳʝ ʠʣʠ ʙʣʠʟʢʠʝ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʥʘ ʤʘʣʳʭ ʨʝʢʘʭ; 

ð ʦʪʣʠʯʠʝ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ 

ʩʨʘʚʥʠʚʘʝʤʳʝ ʩʝʟʦʥʳ; 

ð ʦʪʩʫʪʩʪʚʠʝ ʦʪʪʝʧʝʣʝʡ ʠ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ ʟʠʤʦʡ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʟʘ ʠʤʝʶʱʠʡʩʷ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ 

ʦʪʦʙʨʘʪʴ ʪʦʣʴʢʦ 1-2 (ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 3) ʧʘʨʳ 

ʟʠʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʙʣʶʜʘʶʪʩʷ ʵʪʠ ʫʩʣʦʚʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʛʠʜʨʦʛʨʘʬʦʚ ʩʪʦʢʘ 

ʨ. ʆʢʠ (Fʚʜʩʙ=310 ʢʤ2, ʙʘʩʩʝʡʥ ʨ. ʃʦʚʘʪʴ) ʚ ʨʘʟʥʳʝ 

ʧʦ ʩʫʨʦʚʦʩʪʠ ʟʠʤʳ 1957-58 ʛʛ. ʠ 1963-64 ʛʛ. ʧʨʠ 

ʩʦʧʦʩʪʘʚʠʤʦʤ ʧʨʝʜʟʠʤʥʝʤ ʫʚʣʘʞʥʝʥʠʠ ʨʝʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʚ ʥʦʷʙʨʝ (ʨʠʩʫʥʦʢ 1ʘ). ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 1957-58 ʛʛ. 

ʊʩʨ.XII-II = ς6Áʉ ʠ ʟʠʤʳ 1963-64 ʛʛ. ʊʩʨ.XII-II = ς8Áʉ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʚ ς2Áʉ) ʚ ʵʪʠ ʟʠʤʳ, 

ʚʥʫʪʨʠʩʝʟʦʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʳʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳ (ʪʘʙʣʠʮʘ 1, ʜʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ 

ɺʝʣʠʢʠʝ ʃʫʢʠ), ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʩʨʘʚʥʠʚʘʝʤʳʝ ʩʝʟʦʥʳ. 

ʊʦʣʱʠʥʘ ʬʝʚʨʘʣʴʩʢʦʛʦ ʣʴʜʘ ʚ ʙʦʣʝʝ ʪʝʧʣʫʶ ʟʠʤʫ 

1957-58 ʛʛ. ʥʘ ʧʦʩʪʫ ʨ. ʆʢʘ ï ʜ. ɹʦʨʦʢ ʩʦʩʪʘʚʣʷʣʘ 

32 ʩʤ, ʯʪʦ ʥʘ 10 ʩʤ ʤʝʥʴʰʝ ʯʝʤ ʚ ʬʝʚʨʘʣʝ ʙʦʣʝʝ 

ʭʦʣʦʜʥʦʡ ʟʠʤʳ 1963-64 ʛʛ. 

ʊʘʢʦʝ ʞʝ ʩʨʘʚʥʝʥʠʝ ʛʠʜʨʦʛʨʘʬʦʚ ʩʪʦʢʘ 

ʧʨʦʠʟʚʝʜʝʥʦ ʜʣʷ ʨ. ɼʳʤʢʘ (Fʚʜʩʙ=112 ʢʤ2, ʙʘʩʩʝʡʥ 

ʨ. ʉʷʩʴ) ʚ ʤʷʛʢʫʶ ʟʠʤʫ 1980-81 ʛʛ. ʧʨʠ  

ʊʩʨ.XII-II= ς6,1ÁC ʠ ʭʦʣʦʜʥʫʶ ʟʠʤʫ 1967-68 ʛʛ. 

(ʊʩʨ.ʍII-II= ς12,6ÁC) ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ (ʪʘʙʣʠʮʘ 1, 

ʨʠʩʫʥʦʢ 1ʙ). ʊʦʣʱʠʥʘ ʬʝʚʨʘʣʴʩʢʦʛʦ ʣʴʜʘ ʢ ʢʦʥʮʫ 

ʟʠʤʳ 1980-81 ʛʛ. ʥʘ ʨ. ɼʳʤʢʘ ʫ ʜ. ɼʦʤʘʯʝʚʦ 

ʩʦʩʪʘʚʣʷʣʘ 28 ʩʤ ʠ ʙʳʣʘ ʥʘ 13 ʩʤ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʢʦʥʮʝ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 1967-68 ʛʛ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 1ʘ ʠ 1ʙ, ʧʨʠ ʩʭʦʜʥʳʭ 

ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʚ ʥʦʷʙʨʝ, ʥʦ ʧʨʠ ʨʘʟʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʟʠʤ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʪʝʤʧʦʚ ʩʥʠʞʝʥʠʷ ʩʪʦʢʘ 

ʨʝʢ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʧʨʝʚʳʰʝʥʠʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʨʝʢ ʚ ʪʝʧʣʫʶ ʟʠʤʫ ʥʘʜ ʚʝʣʠʯʠʥʦʡ ʩʪʦʢʘ ʨʝʢ ʚ 

ʙʦʣʝʝ ʩʫʨʦʚʳʡ ʟʠʤʥʠʡ ʩʝʟʦʥ. ʊʘʢ, 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʨ. ʆʢʠ ʫ ʜ. ɹʦʨʦʢ ʢ 

ʢʦʥʮʫ ʭʦʣʦʜʥʦʡ ʟʠʤʳ 1963-64 ʛʛ. ʙʳʣʠ ʚ 3,8 ʨʘʟʘ 

ʥʠʞʝ, ʯʝʤ ʚ ʙʦʣʝʝ ʤʷʛʢʫʶ ʟʠʤʫ 1957-58 ʛʛ. 

(ʨʠʩʫʥʦʢ 1ʘ). ʉʪʦʢ ʨ. ɼʳʤʢʠ ʫ ʜ. ɼʦʤʘʯʝʚʦ ʢ 

ʢʦʥʮʫ ʭʦʣʦʜʥʦʡ ʟʠʤʳ 1967-68 ʛʛ. ʙʳʣ ʥʠʞʝ ʚ 

3,1 ʨʘʟʘ, ʯʝʤ ʚ ʙʦʣʝʝ ʪʝʧʣʫʶ ʟʠʤʫ 1980-81 ʛʛ. 

(ʨʠʩʫʥʦʢ 1ʙ). 

ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʩʪʠ ʨʝʢ ʢ 

ʬʝʚʨʘʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʷʙʨʷ ʧʦ ʜʣʠʥʝ ʙʘʩʩʝʡʥʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʠʩʫʥʢʠ 1ʚ ʠ 1ʛ. ɺ ʮʝʣʦʤ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʃʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢ ʢʦʥʮʫ 

ʭʦʣʦʜʥʦʡ ʟʠʤʳ ʙʳʣʦ ʙʦʣʴʰʝ ʯʝʤ ʚ ʪʝʧʣʳʝ ʟʠʤʳ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 26% (ʨʠʩʫʥʦʢ 1ʚ), ʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʷʩʴ 

ï ʥʘ 33%. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʭʦʣʦʜʥʳʝ ʟʠʤʳ, 

ʘ ʥʘʠʙʦʣʴʰʠʝ ï ʚ ʙʦʣʝʝ ʤʷʛʢʠʝ ʟʠʤʥʠʝ ʩʝʟʦʥʳ. 
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ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (Áʉ) 

Table 1. Average monthly winter air temperatures (Áʉ) 

ɿʠʤʥʠʡ ʧʝʨʠʦʜ ɼʝʢʘʙʨʴ ʗʥʚʘʨʴ ʌʝʚʨʘʣʴ ʉʨʝʜʥʷʷ ʟʘ ʟʠʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʤʝʪʝʦʩʪʘʥʮʠʷ ɺʝʣʠʢʠʝ ʃʫʢʠ  

1957-58 ʛʛ. ï4,3 ï7,2 ï6,9 ï6,1 

1963-64 ʛʛ. ï8,2 ï5,8 ï10,1 ï8,0 

ʤʝʪʝʦʩʪʘʥʮʠʷ ʊʠʭʚʠʥ 

1980-81 ʛʛ. ï5,2 ï6,2 ï7,0 ï6,1 

1967-68 ʛʛ. ï11,1 ï19,0 ï7,8 ï12,6 

  

  
ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʚ ʨʘʟʥʳʝ ʧʦ ʩʫʨʦʚʦʩʪʠ ʟʠʤʳ ʚ ʙʘʩʩʝʡʥʘʭ:  

ʘ) ʛʠʜʨʦʛʨʘʬ ʩʪʦʢʘ ʨ. ʆʢʘ ï ʜ. ɹʦʨʦʢ F=310 ʢʤ2; ʙ)ʛʠʜʨʦʛʨʘʬ ʩʪʦʢʘ ʨ. ɼʳʤʢʘ ï ʜ. ɼʦʤʘʯʝʚʦ F=112 ʢʤ2; 

ʚ) ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢ ʬʝʚʨʘʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʷʙʨʷ (%) ʚ ʙʘʩʩʝʡʥʝ ʨ. ʃʦʚʘʪʴ; 

ʛ) ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢ ʬʝʚʨʘʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʷʙʨʷ (%) ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʷʩʴ: 

1 ï ʟʠʤʘ 1963-64 ʛʛ. (ʊʩʨ.XII -II= ï8ÁC);  2 ï ʟʠʤʘ 1957-58 ʛʛ. (ʊʩʨ.XII -II= ï6,1ÁC); 

3 ï ʟʠʤʘ 1967-68 ʛʛ. (ʊʩʨ.XII -II= ï12,6ÁC);  4 ï ʟʠʤʘ 1980-81 ʛʛ. (ʊʩʨ.XII -II= ï6,1ÁC) 

Figure 1. Changes in river flow in different severe winters in the basins: 

a) flow hydrograph of the river Oka ï village Borok F=310 km2; 

b) flow hydrograph of the river Dymka ï village Domachevo F=112 km2; 

c) decrease in river flow in February relative to November (%) in the basin of the river Lovat; 

d) decrease in river flow in February relative to November (%) in the basin of the river Syas: 

1 ï winter 1963-64 (ʊav.XII -II= ï8ÁC);  2 ï winter 1957-58 (ʊav.XII -II= ï6.1ÁC); 

3 ï winter 1967-68 (ʊav.XII -II= ï12.6ÁC);  4 ï winter 1980-81 (ʊav.XII -II= ï6.1ÁC) 
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ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ: 

ʘ) ʙʘʩʩʝʡʥ ʨ. ʉʷʩʴ F<250 ʢʤ2;  ʙ) ʙʘʩʩʝʡʥ ʨ. ʃʦʚʘʪʴ F<400ʢʤ2;  

ʚ) ʙʘʩʩʝʡʥ ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ F<255 ʢʤ2;  ʛ) ʙʘʩʩʝʡʥ ʨ. ʆʥʝʛʘ F<900 ʢʤ2: 

1 ï ʭʦʣʦʜʥʘʷ ʟʠʤʘ; 2 ï ʩʨʝʜʥʷʷ ʧʦ ʩʫʨʦʚʦʩʪʠ ʟʠʤʘ; 3 ï ʤʷʛʢʘʷ ʟʠʤʘ 

Figure 2. Changes in winter river flow under different temperature and ice conditions: 

a) the basin of the river Syas F<250 km2;  b) the basin of the river Lovat F<400 km2; 

c) the basin of the river Northern Dvina F<255 km2;  d) the basin of the river Onega F<900 km2: 

1 ï cold winter; 2 ï average severity of winter; 3 ï mild winter 

ɼʣʷ ʨʝʢ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʉʷʩʴ, ʃʦʚʘʪʴ, 

ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʆʥʝʛʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʢʨʠʚʳʭ ʠʩʪʦʱʝʥʠʷ ʩʪʦʢʘ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʚʷʟʴ ʩʪʦʢʘ ʥʝʙʦʣʴʰʠʭ ʨʝʢ ʩ 

ʟʠʤʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʪʦʣʱʠʥʦʡ 

ʨʝʯʥʦʛʦ ʣʴʜʘ (ʨʠʩʫʥʦʢ 2). ɼʣʷ ʵʪʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʝʞʝʛʦʜʥʳʝ ʢʨʠʚʳʝ ʠʩʪʦʱʝʥʠʷ 

ʩʪʦʢʘ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʛʨʫʧʧʘʤ ʨʝʢ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʨʠʚʳʭ ʠʩʪʦʱʝʥʠʷ ʩʪʦʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʦʢʘ 

ʨʝʢ (ʂʤʝʩ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʠʪʴ ʵʪʫ ʚʝʣʠʯʠʥʫ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʢ, ʥʝ ʧʨʝʥʝʙʨʝʛʘʷ ʧʣʦʱʘʜʴʶ 

ʚʦʜʦʩʙʦʨʘ. ɺʝʣʠʯʠʥʘ ʂʤʝʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʙʦʡ 

ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢʘʞʜʳʡ ʤʝʩʷʮ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʜʝʢʘʙʨʝ ʠʣʠ ʥʦʷʙʨʝ  

(ʂʤʝʩ=QXII ,I,II/QXII  ʠʣʠ ʂʤʝʩ=QXI,XII ,I,II/QXI 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ Q ï ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʨʘʩʭʦʜʳ 

ʚʦʜʳ). ɺʢʣʶʯʝʥʠʝ ʥʦʷʙʨʷ ʚ ʘʥʘʣʠʟ ʢʨʠʚʳʭ 

ʠʩʪʦʱʝʥʠʷ ʩʪʦʢʘ ʩʝʚʝʨʥʳʭ ʨʝʢ ʙʘʩʩʝʡʥʦʚ ʨʝʢ 

ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʆʥʝʛʘ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ 

ʨʘʥʥʠʤ ʧʝʨʝʭʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʥʦʣʴ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʂʤʝʩ ʦʩʨʝʜʥʷʣʠʩʴ 

ʧʦ ʛʨʫʧʧʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʝʨʠʡʥʳʭ ʚʳʙʦʨʦʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʙʠʚʘʣʘʩʴ ʧʦ 

ʧʨʠʟʥʘʢʫ ʩʨʝʜʥʝʡ ʟʘ ʟʠʤʫ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʦʙʦʙʱʝʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʝʨʠʡ ʟʠʤ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʂʤʝʩ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʢʨʠʚʳʝ ʠʩʪʦʱʝʥʠʷ ʩʪʦʢʘ 

ʟʘ ʧʝʨʠʦʜʳ ʜʝʢʘʙʨʴ ï ʬʝʚʨʘʣʴ (ʜʣʷ ʙʘʩʩʝʡʥʦʚ ʨʝʢ 

ʉʷʩʴ ʠ ʃʦʚʘʪʴ) ʠ ʥʦʷʙʨʴ ï ʬʝʚʨʘʣʴ (ʜʣʷ ʙʘʩʩʝʡʥʦʚ 

ʨʝʢ ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʆʥʝʛʘ), ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʩ ʥʦʷʙʨʷ (ʜʝʢʘʙʨʷ) ʢ 

ʬʝʚʨʘʣʶ (ȹQʬʝʚ, %). 

ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ȹQʬʝʚ ʟʘ ʩʝʨʠʠ ʨʘʟʥʳʭ 

ʧʦ ʩʫʨʦʚʦʩʪʠ ʟʠʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʩʥʠʞʝʥʠʷ ʩʪʦʢʘ ʨʝʢ ʟʘ ʟʠʤʫ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʟʠʤʥʠʭ ʫʩʣʦʚʠʡ ʢ ʬʝʚʨʘʣʶ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʭʦʣʦʜʥʳʝ ʟʠʤʳ. ʊʘʢ, ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʝ ʟʠʤʳ ʚ ʚʝʨʭʦʚʴʝ ʨ. ʉʷʩʴ ʧʨʠ 

ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʝ ʨʝʯʥʦʛʦ ʣʴʜʘ ʚ ʬʝʚʨʘʣʝ 30 cʤ 

ʩʪʦʢ ʤʘʣʳʭ ʨʝʢ ʩ ʜʝʢʘʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʩʥʠʟʠʣʩʷ ʥʘ 

41%, ʘ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʳʝ ʟʠʤʳ ʧʨʠ ʪʦʣʱʠʥʝ ʣʴʜʘ 

40 ʩʤ ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʙʳʣʦ ʠʥʪʝʥʩʠʚʥʝʝ ʠ 

ʩʦʩʪʘʚʠʣʦ 57%, ʪ.ʝ. ʚ ʭʦʣʦʜʥʳʝ ʟʠʤʳ ʬʝʚʨʘʣʴʩʢʠʝ 

ʨʘʩʭʦʜʳ ʚʦʜʳ ʙʳʣʠ ʥʠʞʝ ʥʘ 16% (ʨʠʩʫʥʦʢ 2ʘ). 

ʇʨʠ ʟʠʤʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚ 

ʜʠʘʧʘʟʦʥʝ (ï10éï15ÁC) ʩ ʥʘʯʘʣʘ ʟʠʤʳ ʩʪʦʢ ʨʝʢ 

ʫʤʝʥʴʰʠʣʩʷ ʥʘ 52% ʚ ʙʘʩʩʝʡʥʘʭ ʨ. ʃʦʚʘʪʴ, ʥʘ  

68-73% ʚ ʙʘʩʩʝʡʥʘʭ ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʨ. ʆʥʝʛʘ 

(ʨʠʩʫʥʢʠ 2ʙ, 2ʚ, 2ʛ). ɺ ʩʝʨʠʶ ʟʠʤ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʚʦʟʜʫʭʘ ʚ ʜʠʘʧʘʟʦʥʝ (ï5éï8ÁC) ʩʪʦʢ ʨʝʢ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʩʩʝʡʥʘʭ ʩʥʠʞʘʣʩʷ ʤʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʠ ʙʳʣ ʚʳʰʝ ʥʘ 10-21%, ʯʝʤ ʚ ʙʦʣʝʝ 

ʩʫʨʦʚʳʝ ʟʠʤʥʠʝ ʧʝʨʠʦʜʳ. ɹʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢ ʢʦʥʮʫ ʟʠʤ ʚ ʙʘʩʩʝʡʥʘʭ 

ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʨ. ʆʥʝʛʘ ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʝʝ 

ʩʫʨʦʚʳʤʠ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ 

ʚʦʜʦʩʙʦʨʘʭ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʧʘʜʘ 

ʟʠʤʥʠʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʨʝʢʘʭ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʟʠʤʥʠʭ ʟʘʧʘʩʦʚ ʚʦʜʳ 

ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ 

ʣʝʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʟʠʤʥʝʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

[ʉʦʢʦʣʦʚ, ʏʝʨʥʘʷ, 1984; ʏʠʞʦʚ, 1990]. ʍʘʨʘʢʪʝʨ 

ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʬʝʚʨʘʣʴʩʢʦʛʦ ʣʴʜʘ (ʅʣ ʬʝʚ) ʥʘ 

ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʨʝʢ ʢ ʢʦʥʮʫ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ ʚ 

ʨʘʟʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʧʦʢʘʟʳʚʘʝʪ ʨʠʩʫʥʦʢ 3, 

ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʦʙʦʙʱʝʥʠʷ ʩʝʨʠʡ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ (ʪʘʙʣʠʮʘ 1, 

ʨʠʩʫʥʦʢ 2). ʈʠʩʫʥʦʢ 3 ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ 

ʪʝʥʜʝʥʮʠʶ, ʧʦʜʪʚʝʨʞʜʘʶʱʫʶ ʩʚʷʟʴ ʬʝʚʨʘʣʴʩʢʦʡ 

ʪʦʣʱʠʥʳ ʣʴʜʘ ʥʝʙʦʣʴʰʠʭ ʨʝʢ ʩ ʚʝʣʠʯʠʥʦʡ 

ʩʥʠʞʝʥʠʷ ʩʪʦʢʘ ʟʘ ʟʠʤʫ. ʄ¯ʥʴʰʘʷ ʪʦʣʱʠʥʘ ʣʴʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʡ ʟʠʤʝ, ʙ¸ʣʴʰʘʷ ï ʭʦʣʦʜʥʦʡ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʨʝʯʥʦʛʦ ʣʴʜʘ ʥʘ 10 ʩʤ 

ʤʠʥʠʤʘʣʴʥʳʡ ʩʪʦʢ ʨʝʢ ʚ ʙʘʩʩʝʡʥʘʭ ʨ. ʉʷʩʴ 

ʩʥʠʞʘʣʩʷ ʥʘ 16%, ʨ. ʃʦʚʘʪʴ ʥʘ 21%, ʨ. ʉʝʚʝʨʥʘʷ 

ɼʚʠʥʘ ʥʘ 11%. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʆʥʝʛʘ ʤʠʥʠʤʘʣʴʥʳʡ 

ʩʪʦʢ ʚ ʪʝʧʣʫʶ ʟʠʤʫ ʙʳʣ ʥʘ 10% ʚʳʰʝ, ʯʝʤ ʚ 

ʭʦʣʦʜʥʫʶ. 

 
ʈʠʩʫʥʦʢ 3. ʆʙʦʙʱʝʥʥʳʡ ʛʨʘʬʠʢ ʩʚʷʟʠ ʩʪʦʢʘ ʨʝʢ 

ʢ ʢʦʥʮʫ ʟʠʤʳ ʩ ʪʦʣʱʠʥʦʡ ʣʴʜʘ (ʬʝʚʨʘʣʴ): 

1 ï ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ; 2 ï ʨ. ʃʦʚʘʪʴ; 3 ï ʨ. ʉʷʩʴ; 

4 ï ʨ. ʆʥʝʛʘ; ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʪʝʥʜʝʥʮʠʠ 

Figure 3. Generalized graph of the relationship of 

river flow by the end of winter with ice thickness 

(February): 1 ï river Northern Dvina; 2 ï river 

Lovat; 3 ï river Syas; 4 ï river Onega;  

dotted line ï the trend 
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ʊʦʣʱʠʥʘ ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ [Magnuson et al., 2000] 

ʠ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʫʨʦʚʦʩʪʠ ʟʠʤ. ʏʝʤ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʠʤʦʡ ʠ ʙʦʣʴʰʝ 

ʪʦʣʱʠʥʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʝʤ ʙʳʩʪʨʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʚ ʨʝʢʝ. ɺ ʤʝʥʝʝ 

ʩʫʨʦʚʳʝ ʟʠʤʳ ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʨʝʯʥʦʛʦ ʣʴʜʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʚ ʨʝʢʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʢ ʢʦʥʮʫ ʟʠʤʳ. ɺ ʤʷʛʢʠʝ 

ʟʠʤʳ ʚʣʠʷʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʩʪʦʢ 

ʦʩʣʘʙʝʚʘʝʪ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʫʩʝʣ 

ʫʣʫʯʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʣʴʜʘ, 

ʩʥʠʞʘʶʪʩʷ ʧʦʪʝʨʠ ʩʪʦʢʘ ʥʘ ʘʢʢʫʤʫʣʷʮʠʶ ʚʦʜʳ ʚ 

ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʠʪʘʥʠʝ ʨʝʢ 

ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʬʘʟʫ 

ʧʦʪʝʧʣʝʥʠʷ ʟʠʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʤʝʥʥʳʭ 

ʛʦʜʦʚrʭ ʦʩʘʜʢʘʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪɹ ʙʦӢʣɹ ʘh̫ 

ʩʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʘʭ, ʯʝʤ ʵʪʦ ʙʳʣʦ ʨʘʥʝʝ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʚʦʜʳ ʥʘ ʟʠʤʥʠʡ ʨʝʯʥʦʡ ʩʪʦʢ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʩʦʟʜʘʚʘʷ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʱʝʤ 

ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ. ʆʪʨʠʮʘʪʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ, ʭʦʪʷ ʦʥʘ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʧʨʠʯʠʥʦʡ 

ʧʦʷʚʣʝʥʠʷ ʣʴʜʘ ʥʘ ʨʝʢʘʭ, ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʜʦʤʠʥʘʥʪʦʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʠʤʥʝʛʦ 

ʩʪʦʢʘ ʨʝʢ. ʕʪʦ çʢʦʨʨʝʢʪʠʨʫʶʱʠʡè ʬʘʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʘʢʪʦʨʦʤ 

ʧʨʝʜʟʠʤʥʠʭ ʙʘʩʩʝʡʥʦʚʳʭ ʟʘʧʘʩʦʚ ʚʦʜʳ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʝʢʘʭ 

ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʣʝʜʦʚʳʝ ʷʚʣʝʥʠʷ ʠ 

ʟʠʤʥʠʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʠ ʪ.ʧ., ʘ ʥʘ ʨʝʯʥʦʤ 

ʚʦʜʦʩʙʦʨʝ ï ʧʨʦʤʝʨʟʘʥʠʝ ʧʦʯʚʦʛʨʫʥʪʦʚ, 

ʤʠʛʨʘʮʠʷ ʚʣʘʛʠ ʢ ʬʨʦʥʪʫ ʧʨʦʤʝʨʟʘʥʠʷ ʠ 

ʜʨ. ʉʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʭʦʣʦʜʘʥʠʷ, ʚʦʜʥʦʩʪʴʶ ʩʝʟʦʥʘ 

ʠ ʧʨʦʮʝʩʩʦʤ ʚʦʜʦʦʙʤʝʥʘ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ, 

ʦʪʨʘʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɿʠʤʦʡ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ, ʨʝʢʠ 

ʧʠʪʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʢ ʨʝʢʝ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠ ʚ ʧʦʜʟʝʤʥʦʤ ʚʦʜʦʩʙʦʨʘʭ, ʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʛʨʫʟʢʠ ʚ ʨʝʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨʝʢʝ ʠ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ. ʇʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʠʚʥʦʤ ʘʩʧʝʢʪʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʨʝʢʝ (ʥʘʨʘʩʪʘʥʠʝ ʣʴʜʘ, ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʠ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʠ ʪ.ʧ.) ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦ 

ʚʩʝʤ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʪʦʣʱʠʥʘ ʣʴʜʘ ʨʝʢ 

ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʨʝʢʝ ʠ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʟʤʝʥʝʥʠʠ ʟʠʤʥʝʡ 

ʚʦʜʥʦʩʪʠ ʨʝʢ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʣʝʜʦʚʳʡ 

ʬʘʢʪʦʨ. ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʨʝʜʟʠʤʥʝʡ ʚʦʜʥʦʩʪʠ 

ʨʝʢ ʚ ʩʝʨʠʶ ʤʷʛʢʠʭ ʙʝʟʦʪʪʝʧʝʣʴʥʳʭ ʟʠʤ ʩʪʦʢ ʨʝʢ 

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʩʩʝʡʥʘʭ ʩʥʠʞʘʣʩʷ ʤʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʟʠʤʥʠʡ ʩʪʦʢ ʙʳʣ 

ʚʳʰʝ ʥʘ 10-20%, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠ ʙʦʣʝʝ, 

ʯʝʤ ʚ ʙʦʣʝʝ ʩʫʨʦʚʳʝ ʟʠʤʥʠʝ ʧʝʨʠʦʜʳ ʧʨʠ 

ʙ·ʣʴʰʝʡ ʪʦʣʱʠʥʝ ʣʴʜʘ ʥʘ ʨʝʢʘʭ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʩ ʣʝʜʦʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʨʘʩʰʠʨʷʶʪ ʥʘʫʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʨʝʢ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ɸʥʥʦʪʘʮʠʷ. ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʮʝʥʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ 

ʚʦʜʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʦʜʥʦʡ ʦʪʨʘʩʣʠ ʦʩʦʙʝʥʥʦ ʘʢ-

ʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʝʜʠʥʦʡ ʦʮʝʥʢʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʨʝʢ. ʉ ʧʦ-

ʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ çʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʛʨʷʟʥʸʥʥʦʛʦ 

ʠ ʯʠʩʪʦʛʦ ʩʪʦʢʘè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʩʪʘʣʘ 

ʚʦʟʤʦʞʥʦʡ ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲ-

ʸʤʦʚ ʩʪʘʥʜʘʨʪʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʦʩʪʘʭ. ʇʝʨʚʘʷ 

ʯʘʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʦʙʲʸʤ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʧʦ ʝʜʠʥʠʯʥʦʤʫ ʟʘʛʨʷʟʥʷʶʱʝʤʫ ʢʦʤʧʦ-

ʥʝʥʪʫ ʥʘ ʯʠʩʪʳʡ, ʢʦʛʜʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 

ʩʪʦʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘ-

ʯʝʥʠʡ, ʠ ʥʘ ʟʘʛʨʷʟʥʸʥʥʳʡ, ʢʦʛʜʘ ʦʥʘ ʚʳʰʝ ʇɼʂ. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

ʚʦʜʳ ʚ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴ ʟʘʛʨʷʟʥʸʥ-

ʥʦʛʦ ʦʙʲʸʤʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʸʤʘ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʟʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʦʙʲʸʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʠʯʥʳʭ ʦʙʲʸʤʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʠ ʧʦ 

ʢʣʘʩʩʘʤ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʈɼ 52.24.643-20021. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ çʧʘʩʧʦʨʪʘ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘè ʟʘ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ. ʉ ʧʦʤʦʱʴʶ 

Abstract. Water quality is currently being evalu-

ated regardless of the amount of water flow. There-

fore, for the water industry, it is especially im-

portant to obtain a unified assessment of the quan-

tity and quality of river water flow. Using the auto-

mated software package ñAssessment of Polluted 

and Clean Runoff Indicatorsò developed at the State 

Hydrological Institute, it became possible to jointly 

process large volumes of standard hydrochemical 

and hydrological observation data at the posts. The 

first part of automated software package allows you 

to divide the volume of river flow by a single ingre-

dient into pure when its concentration in the effluent 

does not exceed the maximum permissible concen-

trations (MPC), and into polluted when it is higher 

than the MPC. The main indicator of the quality of 

river water runoff in this method is the relative vol-

ume of runoff contaminated with a single ingredi-

ent. In the second part of automated software pack-

age, the annual volume of river flow is divided into 

partial volumes of various durations that differ in 

the composition of the complex of pollutants, and 

their degree of pollution is estimated by classes in 

accordance with ANON (2002) 52.24.643-20021. 

The estimates obtained are presented as a ñflow 

quality certificateò. Based on the data on water 

quality monitoring of the Department of Hydrome-

teorological Service of the Central Black Soil Re-

gions, using the automated software package, the 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʋʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʤʝ-

ʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʎʝʥʪʨʘʣʴʥʳʭ ʏʝʨʥʦ-

ʟʝʤʥʳʭ ʆʙʣʘʩʪʝʡ ʧʨʦʠʟʚʝʜʝʥʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʩʪʦʢʘ ʧʦ ʝʜʠʥʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ ʠ 

ʧʦ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʛʠʜʨʦʭʠʤʠ-

ʯʝʩʢʦʤ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ 

ʩ 1993 ʧʦ 2013 ʛʛ. ʇʦʢʘʟʘʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘ-

ʤʠʢʘ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʨ. ʉʝʡʤ ʠ ʚʳʷʚʣʝʥʳ ʚʣʠʷʶ-

ʱʠʝ ʥʘ ʥʝʝ ʬʘʢʪʦʨʳ. ʈʝʢʘ ʉʝʡʤ ʚʧʘʜʘʝʪ ʚ ʨʝʢʫ 

ɼʝʩʥʘ. ɹʣʠʞʘʡʰʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʪ ʨʘʩ-

ʧʦʣʦʞʝʥ ʥʘ ʨ. ʉʝʡʤ ʚ ʛ. ʈʳʣʴʩʢ. ʇʣʦʱʘʜʴ ʚʦʜʦ-

ʩʙʦʨʘ ʨʝʢʠ ʫ ʛ. ʈʳʣʴʩʢ ʩʦʩʪʘʚʣʷʝʪ 18 100 ʢʤ2, ʘ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦʩʪʘ ʦʪ ʫʩʪʴʷ ʨʘʚʥʦ 359 ʢʤ.  

quality of runoff for single chemicals and their com-

plexes was estimated in the border hydrochemical 

observation point of the Seim River ï Tetkino vil-

lage. Observation period is from 1993 to 2013. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʘ ʉʝʡʤ; ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ; ʨʝʞʠʤʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ; ʟʘʛʨʷʟʥʸʥʥʳʡ ʩʪʦʢ; ʧʘʩʧʦʨʪ ʢʘʯʝ-

ʩʪʚʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ; ʜʠʥʘʤʠʢʘ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ. 

Keywords: the Seim River; automated software 

package; operational observations; polluted runoff; 

river flow quality certificate; flow quality dynam-

ics. 
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ʧʦʢʘʟʘʪʝʣʷʤ. ʉʇʙ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 2002. 48 ʩ. 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʮʝʥʢʠ ʩʪʦʢʘ ʨʝʢ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʦʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʝʛʦ ʦʙʲʸʤʦʚ. ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʦʢʘ ʨʝʢ, ʦʩʦʙʝʥʥʦ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʳʣ ʙʳ ʧʦʣʫʯʝʥ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ çʧʘʩʧʦʨʪ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘè ʜʣʷ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨʝʢʠ ʠ ʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʩʚʷʟʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ɽʜʠʥʳʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʢʘ 

ʤʦʛʫʪ ʩʪʘʪʴ ʜʦʢʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʚ ʚʦʜʥʦʡ 

ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʦʧʘʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʠʜʨʦʩʬʝʨʝ. 

ɺ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè (ʜʘʣʝʝ ï 

ʌɻɹʋ çɻɻʀè) ʩʦʟʜʘʥ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

çʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʠ ʯʠʩʪʦʛʦ 

ʩʪʦʢʘè (ʜʘʣʝʝ ï ɸʇʂ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʚʦʟʤʦʞʥʘ ʦʧʝʨʘʪʠʚʥʘʷ ʩʦʚʤʝʩʪʥʘʷ ʠ ʜʝʪʘʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʥʜʘʨʪʥʦʡ (ʨʝʞʠʤʥʦʡ) 

ʠʥʬʦʨʤʘʮʠʠ. ɸʇʂ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Microsoft Windows. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʛʣʘʚʥʦʛʦ ʤʝʥʶ, 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʧʦ ʧʦʩʪʘʤ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʙʘʟʫ ɸʇʂ ʢʘʢ ʜʘʥʥʳʭ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ Microsoft 

Excel. ɺ ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ 

ʪʘʙʣʠʮʳ ʩ ʨʘʩʭʦʜʘʤʠ ʚʦʜʳ ʚʳʙʨʘʥʥʦʛʦ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʚʦʨʘ ʟʘ ʚʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʘʨʭʠʚʝ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ï ʪʘʙʣʠʮʳ ʩ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚʳʙʨʘʥʥʦʛʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʚʦʨʘ ʪʘʢʞʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 
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ʚ ɸʇʂ, ʢʘʢ ʚ ʥʘʛʣʷʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʪʘʢ ʠ 

ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ.  

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʝʜʠʥʘʷ 

ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʛʦ ʩʪʦʢʘ, ʢʘʢ 

ʧʦ ʝʜʠʥʠʯʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤ, 

ʪʘʢ ʠ ʧʦ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʷʤ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩ 

ʋʢʨʘʠʥʦʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï 

ʨ. ʧ. ʊʸʪʢʠʥʦ ʚ ʧʝʨʠʦʜ 1993-2013 ʛʛ. ʩ ʧʦʤʦʱʴʶ 

ʥʦʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʮʝʣʴʶ 

ʧʦʢʘʟʘʪʴ ʝʸ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʚʦʜʥʦʡ ʦʪʨʘʩʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʩʪʦʢʘ ʨʝʢ. 

ʄʝʪʦʜʳ 

ɸʇʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ. 

ʇʝʨʚʘʷ ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ ʚ ʌɻɹʋ çɻɻʀè2 , ʦ 

ʧʦʢʘʟʘʪʝʣʷʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ ʚʦʜʳ 

ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

[ʂʘʨʘʫʰʝʚ, ʉʢʘʢʘʣʴʩʢʠʡ, 1973; ʂʘʨʘʫʰʝʚ, 

ʉʢʘʢʘʣʴʩʢʠʡ, 1979; ʉʢʘʢʘʣʴʩʢʠʡ, 1980; 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, 1987]. 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʦʙʲʸʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʦ 

ʝʜʠʥʠʯʥʦʤʫ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘ 

ʯʠʩʪʳʡ, ʢʦʛʜʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʪʦʢʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

(ʜʘʣʝʝ ï ʇɼʂ), ʠ ʥʘ ʟʘʛʨʷʟʥʸʥʥʳʡ, ʢʦʛʜʘ ʦʥʘ ʚʳʰʝ 

ʇɼʂ [ʈʫʤʷʥʮʝʚʘ, ɹʦʙʨʦʚʠʮʢʘʷ, 2012].  

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʚʦʜʳ ʚ ʧʝʨʚʦʡ ʯʘʩʪʠ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʩʪʦʢʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ 

ʝʜʠʥʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ (Vʟʘʛ, %). ʆʥ 

ʚʳʨʘʞʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʦʙʲʸʤʘ ʩʪʦʢʘ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ Vʟʘʛ, ʧʝʨʝʥʝʩʸʥʥʦʡ ʯʝʨʝʟ 

ʟʘʜʘʥʥʳʡ ʩʪʚʦʨ ʟʘ ʛʦʜ ʢʦ ʚʩʝʤʫ ʛʦʜʦʚʦʤʫ ʩʪʦʢʫ 

ʨʝʢʠ Vʛʦʜ. 

ʇʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʩʪʦʢʘ (Tʟʘʛ, %) 

ʚʳʨʘʞʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʚʨʝʤʝʥʠ Tʟʘʛ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʦʪʦʢʝ ʚʳʰʝ 
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ʇɼʂ, ʢ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, 

ʥʘʧʨʠʤʝʨ, ʢ ʦʜʥʦʤʫ ʛʦʜʫ ʊʛʦʜ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ɸʇʂ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʚʦʡ. ʕʪʦ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʜʝʣʠʪʴ ʦʙʲʸʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʥʘ ʯʘʩʪʠʯʥʳʝ 

ʦʙʲʸʤʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʠ ʦʮʝʥʠʪʴ ʟʘʛʨʷʟʥʸʥʥʦʩʪʴ 

ʚʦʜʳ ʚ ʵʪʠʭ ʦʙʲʸʤʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʈɼ 52.24.643-20023. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʜʦʚʦʛʦ ʦʙʲʸʤʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʥʘ ʯʘʩʪʠʯʥʳʝ ʦʙʲʸʤʳ ʥʘ ʦʜʥʦʤ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʛʨʘʬʠʢʝ ʩʦʚʤʝʱʘʶʪʩʷ ʧʝʨʠʦʜʳ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʩʪʦʢʘ ʜʣʷ 

ʚʩʝʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʯʘʩʪʠʯʥʳʝ ʦʙʲʸʤʳ ʩʪʦʢʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ 

ʩʦʩʪʘʚʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [ʈʫʤʷʥʮʝʚʘ, 

ɹʦʙʨʦʚʠʮʢʘʷ, ʀʣʴʠʥ, 2014]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʈɼ 52.24.643-20024 ʚ ʢʘʞʜʦʤ ʯʘʩʪʠʯʥʦʤ ʦʙʲʸʤʝ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʳ ʧʦ 

ʢʣʘʩʩʘʤ ʠ ʨʘʟʨʷʜʘʤ. 

ɺ ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ 

ʯʘʩʪʠʯʥʳʭ ʦʙʲʸʤʦʚ ʚʦʜʳ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ 

ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ (ʢʣʘʩʩʳ ʠ ʨʘʟʨʷʜʳ), 

ʧʦʣʫʯʘʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ çʧʘʩʧʦʨʪ ʢʘʯʝʩʪʚʘ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘè ʜʣʷ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨʝʢʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʛʦʜʘ ʠ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ. ʆʥ 

ʚʢʣʶʯʘʝʪ ʦʙʲʝʜʠʥʸʥʥʳʝ ʧʦ ʢʣʘʩʩʘʤ ʠ ʨʘʟʨʷʜʘʤ 

ʚʝʣʠʯʠʥʳ ʯʘʩʪʠʯʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ ʠʭ ʩʪʦʢʘ, ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʘ ʪʘʢʞʝ ʢʘʣʝʥʜʘʨʥʳʝ 

ʜʘʪʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʠ ʨʘʟʨʷʜʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʚʦʜʳ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʤʝʪʦʜʠʢʠ ʷʚʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ (Vʟʘʛ, %) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (Tʟʘʛ, %) ʯʘʩʪʠʯʥʳʭ ʝʛʦ 

ʦʙʲʸʤʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʪʦʯʥʦʛʦ ʰʘʛʘ ʛʠʜʨʦʛʨʘʬʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʛʣʘʜʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʨʷʜʦʚ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʝʸ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʥʝʵʢʚʠʜʠʩʪʝʥʪʥʦʩʪʴ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʦʜʥʦʩʪʠ ʨʝʢʠ) 

[ʉʤʳʞʦʚʘ, 2010, ʐʝʣʫʜʢʦ, ʂʦʣʝʩʥʠʢʦʚʘ, 

ʉʤʳʞʦʚʘ, 2010]. 

ʈʘʩʯʝʪʳ ʜʣʷ ʢʘʞʜʦʡ ʜʦʣʠ ʦʙʲʸʤʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʧʦ ʠʟʤʝʨʝʥʥʳʤ, ʥʦ ʠ 

ʧʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʚʦʜʳ ʟʘ ʛʦʜ ʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʚʢʣʘʜʘ ʯʘʩʪʠʯʥʳʭ 

ʦʙʲʸʤʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʨ. ʉʝʡʤ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ. ʌʘʢʪʦʨʳ 

ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʜʥʫ ʛʨʫʧʧʫ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʥʝʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʣʠ 

ʧʨʦʮʝʩʩʦʤ ʠ ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ [ʀʙʝʨʣʘ, 1980]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʦʞʝʥʳ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

1993-2013 ʛʛ., ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʋʧʨʘʚʣʝʥʠʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʎʝʥʪʨʘʣʴʥʳʭ 

ʏʝʨʥʦʟʝʤʥʳʭ ʆʙʣʘʩʪʝʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩ 

ʋʢʨʘʠʥʦʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï 

ʨ. ʧ. ʊʸʪʢʠʥʦ ʠ ʥʘ ʙʣʠʞʘʡʰʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ 

ʧʦʩʪʫ ʨ. ʉʝʡʤ  ʛ. ʈʳʣʴʩʢ. ʈʘʟʥʠʮʘ ʚ ʧʣʦʱʘʜʷʭ 

ʚʦʜʦʩʙʦʨʦʚ ʫʢʘʟʘʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 11%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

                                                 
5ʅʘʩʪʘʚʣʝʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʮʠʷʤ ʠ ʧʦʩʪʘʤ: ɺʳʧʫʩʢ 6. ʏʘʩʪʴ III. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʝʯʘʪʠ ɻʠʜʨʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʝʞʝʛʦʜʥʠʢʘ. ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1958. 294 ʩ. 
6ʇʝʨʝʯʝʥʴ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʙʝʟʦʧʘʩʥʳʭ ʫʨʦʚ-

ʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ (ʆɹʋɺ) ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʚʦʜʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʄ.: ʀʟʜʘʪʝʣʴ-

ʩʪʚʦ ɺʅʀʈʆ, 1999. 304 ʩ. 

ʫʜʘʣʸʥʥʳʭ ʧʫʥʢʪʘʭ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʚ 2-5%, ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ5. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʯʸʪʦʚ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ 

ʧʫʥʢʪʝ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʸʥʥʦʤ ʦʪ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ, ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʛʨʘʬʘ ʩʪʦʢʘ ʚʦʜʳ ʧʦ 

ʙʣʠʞʘʡʰʝʤʫ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʩʪʫ ʠ ʧʦ 

ʧʦʩʪʘʤ-ʘʥʘʣʦʛʘʤ. ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʉʫʭʦʥʦʛʦʚʦʡ ɽ.ʉ. ʨʘʥʝʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ 

ʚ [ɺʦʩʢʨʝʩʝʥʩʢʠʡ, 2000]. ʉʨʘʚʥʝʥʠʝ ʦʮʝʥʦʢ 

ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩ ʧʝʨʝʩʯʸʪʦʤ ʠ ʙʝʟ 

ʧʝʨʝʩʯʸʪʘ ʛʠʜʨʦʛʨʘʬʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ 

ï ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2013 ʛʛ. 

ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʙʝʟ ʧʝʨʝʩʯʸʪʘ 

ʛʠʜʨʦʛʨʘʬʘ. 

ɺ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ɸʇʂ çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʭʦʜʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭè 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʜʚʫʭ 

ʪʘʙʣʠʮ ï çʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʧʦ ʛʦʜʘʤè ʠ çʇʨʝʜʝʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷè. ʂʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʛʦʜ 

ʙʳʣʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ ʠʟʤʝʥʷʣʦʩʴ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 

6 ʜʦ 16, ʨʝʜʢʦ ʙʳʣʦ ʨʘʚʥʦ 4. ʇʨʝʜʝʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ  

ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2013 ʛʛ. 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʅʘʙʣʶʜʝʥʠʷ ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʚ 

ʪʘʙʣʠʮʝ 1 ʧʝʨʝʯʥʶ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚ ʪʘʙʣʠʮʝ 1 

ʦʪʤʝʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʪʦ ʠʣʠ 

ʠʥʦʝ ʚʨʝʤʷ ʠʟʫʯʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʧʨʝʚʳʰʘʶʪ ʇɼʂ 

ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ6. ɼʘʥʥʳʝ 

ʇɼʂ ʚʳʙʨʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ. 
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ʊʘʙʣʠʮʘ 1. ʇʨʝʜʝʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʫʥʢʪʝ 

ʨ. ʉʝʡʤ  ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2013 ʛʛ. 

Table 1. The limits of variation of the measured values of hydrochemical components at the point of the Seim 

River ï Tetkino village for the period from 1993 to 2013 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʈʘʟʤʝʨʥʦʩʪʴ 
ʂʣʘʩʩ 

ʦʧʘʩʥʦʩʪʠ 

ʇʨʝʜʝʣʳ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ 

Min Max 

ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (pʅ)  ʋʩʣ. 4 6,8 8,9 

ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʆ2 
ʤʛ/ʜʤ3 ʋʩʣ. 4 5,36 15,6 

% ʥʘʩʳʱʝʥʠʷ  37,9 149,2 

ɹʠʦʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ɹʇʂ5) ʤʛ ʆ2/ʜʤ3  0,92 5,19 

ɹʠʭʨʦʤʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ (ʍʇʂ) ʤʛ ʆ/ʜʤ3 ʋʩʣ. 4 7,56 60,1 

ɸʤʤʦʥʠʡ ʩʦʣʝʚʦʡ (NH4
+) ʤʛ N/ʜʤ3 4 0 1,93 

ʅʠʪʨʘʪʳ (NO3
-) ʤʛ N/ʜʤ3 3 0,02 2,51 

ʅʠʪʨʠʪʳ (NO2
-) ʤʛ N/ʜʤ3 ʋʩʣ. 4 0 0,12 

ʌʦʩʬʘʪʳ ʤʛ ʈ/ʜʤ3 4-  ɻ 0 0,49 

Feʦʙ ɦ ʤʛ/ʜʤ3 4 0,02 0,45 

Cu2+ ʤʛ/ʜʤ3 3 0 0,01 

Zn2+ ʤʛ/ʜʤ3 3 0 0,012 

ʉr6+ ʤʛ/ʜʤ3 3 0 0 

Cr3+ ʤʛ/ʜʤ3 3 0 0,01 

Ni2+ ʤʛ/ʜʤ3 3 0 0,01 

ʌʝʥʦʣʳ  ʤʛ/ʜʤ3 3 0 0,002 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʉʇɸɺ) ʤʛ/ʜʤ3 4 0 0,21 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʤʛ/ʜʤ3 3 0 0,39 

Ca2+ ʤʛ/ʜʤ3 4-  ɻ 39,3 110,2 

Mg2+ ʤʛ/ʜʤ3 4-  ɻ 5 39 

SO4
2- ʤʛ/ʜʤ3 4-  ɻ 13,1 96,1 

Cl- ʤʛ/ʜʤ3 4-  ɻ 4,8 79,9 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʧʦ 

ʝʜʠʥʠʯʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ (Vʟʘʛ) ʠ (Tʟʘʛ) ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ⱷ 

ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2013 ʛʛ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʢʘʞʜʦʛʦ ʛʦʜʘ ʠ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʝʨʠʦʜʘ ʩ ʧʦʤʦʱʴʶ ɸʇʂ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ: 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʩʪʦʢʘ ʚʦʜʳ 

(Tʟʘʛ,), ʚ ʘʙʩʦʣʶʪʥʳʭ (ʩʫʪʢʠ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ (%) 

ʟʥʘʯʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʙʩʦʣʶʪʥʳʝ (ʤ3) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ (%) ʦʙʲʸʤʳ 

ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʩʪʦʢʘ ʚʦʜʳ (Vʟʘʛ). ʋʩʨʝʜʥʸʥʥʳʝ 

ʦʮʝʥʢʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 1993 ʧʦ 

2013 ʛʛ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʍʇʂ, ɹʇʂ5, NO2
-, Feʦʙʱ., Cu2+ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʥʘʣʠʯʠʝ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʩʪʦʢʘ 

ʦʪʤʝʯʘʝʪʩʷ ʝʞʝʛʦʜʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʥʘʙʣʶʜʝʥʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʦʢ, ʟʘʛʨʷʟʥʸʥʥʳʡ 

ʬʦʩʬʘʪʘʤʠ, ʠʤʝʣ ʤʝʩʪʦ 19 ʣʝʪ, ʩʪʦʢ ʩ 

ʥʘʩʳʱʝʥʠʝʤ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ï 18 ʣʝʪ, ʟʘʛʨʷʟʥʸʥʥʳʡ NH4
+ ï 

16 ʣʝʪ, ʉʇɸɺ ʠ ʨʅ ï 5 ʣʝʪ, ʘ ʩʪʦʢ ʩ ʧʨʝʚʳʰʝʥʠʝʤ 

ʇɼʂ ʧʦ Zn2+ ʠ ʬʝʥʦʣʘʤ ʪʦʣʴʢʦ 1 ʛʦʜ. 
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ʊʘʙʣʠʮʘ 2. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʦʙʲʸʤʳ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʩʪʦʢʘ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ 

ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï ʨ. ʧ. ʊʸʪʢʠʥʦ, ʫʩʨʝʜʥʸʥʥʳʝ ʟʘ ʧʝʨʠʦʜ c 1993 ʧʦ 2013 ʛʛ. 

Table 2. Relative durations and volumes of polluted runoff at the hydrochemical point of the Seim River  

Tetkino village, averaged over the period from 1993 to 2013. 

ʂʦʤʧʦʥʝʥʪʳ 
Tʟʘʛ, % Vʟʘʛ, % ʂʦʣʠʯʝʩʪʚʦ ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ 

ʉʨ. ʄʠʥ. ʄʘʢ. ʉʨ. ʄʠʥ. ʄʘʢ. ʉ ʟʘʛʨʷʟʥʝʥʥʳʤ ʩʪʦʢʦʤ ɺʩʝʛʦ 

pH 1,6 0 14 2,5 0 16,8 5 21 

ʆ2 0 0 0 0 0 0 0 21 

O2% ʥʘʩʳʱʝʥʠʷ 25,6 0 61,9 28,3 0 82,8 18 21 

ɹʇʂ5 36,7 4,4 100 49,5 3 100 21 21 

ʍʇʂ 63,3 23,5 100 68,6 16,7 100 21 21 

NO2
- 62,2 17,2 100 60,9 12,4 100 21 21 

NO3
- 0 0 0 0 0 0 0 21 

NH4
+ 20,9 0 79,7 26,5 0 86,1 16 21 

ʌʦʩʬʘʪʳ 34,8 0 70,4 26,5 0 78,4 19 21 

Feʦʙ ɦ 43,2 4,9 91 48,7 4,4 91,6 21 21 

Cu2+ 72,8 43,7 100 76,5 33,7 100 21 21 

Zn2+ 0,1 0 3 0,6 0 12,4 1 21 

ʉr6+ 0 0 0 0 0 0 0 11 

ʉr3+ 0 0 0 0 0 0 0 11 

Ni2+ 0 0 0 0 0 0 0 21 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 44,4 14,3 90,1 55,1 16,4 89,1 21 21 

ʌʝʥʦʣʳ 0,4 0 7,1 0,3 0 6,5 1 20 

ʉʇɸɺ 4,7 0 29 4,2 0 27,9 5 21 

Ca2+ 0 0 0 0 0 0 0 21 

Mg2+ 0 0 0 0 0 0 0 21 

SO4
2- 0 0 0 0 0 0 0 21 

Cl- 0 0 0 0 0 0 0 21 

 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʟʘ ʧʝʨʠʦʜ ʟʥʘʯʝʥʠʷ Vʟʘʛ % 

ʚ ʨʷʜʫ ʢʦʤʧʦʥʝʥʪʦʚ: Cu2+, ʍʇʂ, NO2
-, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ɹʇʂ5, Feʦʙʱ , NH4
+, ʬʦʩʬʘʪʳ, 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ, ʉʇɸɺ, Zn2+, ʠ 

ʬʝʥʦʣʳ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 76,5 ʜʦ 0,3. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ Vʟʘʛ % ʜʣʷ ɹʇʂ5, ʍʇʂ, NO2
- ʠ Cu2+ 

ʩʦʩʪʘʚʠʣʠ 100%, ʜʣʷ ʬʦʩʬʘʪʦʚ, ʥʘʩʳʱʝʥʠʷ ʚʦʜʳ 

ʢʠʩʣʦʨʦʜʦʤ, NH4
+, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ Feʦʙ ɦʪʘʢʞʝ 

ʙʳʣʠ ʚʳʩʦʢʠʤʠ ʙʦʣʝʝ 78%. 

ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʝʞʝʛʦʜʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ (Vʟʘʛ, %) ʚ 

ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ⱷ ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 

ʧʦ 2013 ʛʛ. 

ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ɸʇʂ çʊʝʥʜʝʥʮʠʠè 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʛʨʘʬʠʢʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʩʪʦʢʘ. 

ɻʨʘʬʠʢʠ ʜʣʷ Tʟʘʛ, % ʠ Vʟʘʛ, % ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʩʭʦʜʩʪʚʦ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʘʭ 1-3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʥʘʤʠʢʘ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Vʟʘʛ, %. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʩʦʚʤʝʱʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ 

ʢʨʠʚʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, 

ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʠʦʥʘʤʠ ʘʤʤʦʥʠʷ, ʥʠʪʨʠʪʘʤʠ ʠ 

ʬʦʩʬʘʪʘʤʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ 

ʩʥʠʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʜʦʣʝʡ ʦʙʲʸʤʘ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʠʦʥʦʤ ʘʤʤʦʥʠʷ ʠ 

ʬʦʩʬʘʪʘʤʠ. ɼʦʣʠ ʩʪʦʢʘ, ʟʘʛʨʷʟʥʸʥʥʳʝ ʥʠʪʨʠʪʘʤʠ, 

ʩʥʠʞʘʶʪʩʷ ʢ ʢʦʥʮʫ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ ʠ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʩʣʝ 2000 ʛ. 

ɻʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʩʪʦʢʘ, ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʧʦ ʍʇʂ, ʣʘʙʠʣʴʥʳʤʠ 
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ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦ ɹʇʂ5 ʠ ʠʤʝʶʱʝʛʦ 

ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ ʥʠʞʝ ʥʦʨʤʳ, 

ʩʥʠʞʘʶʪʩʷ ʢ 2000 ʛ. ʇʦʩʣʝ 2000 ʛ. ʠʤʝʝʪ ʤʝʩʪʦ 

ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʵʪʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʣʝʡ ʛʦʜʦʚʦʛʦ ʦʙʲʸʤʘ ʩʪʦʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ Vʟʘʛ, % 

ʜʣʷ ʍʇʂ ʢ ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ (2013 ʛʦʜ) 

ʜʦʩʪʠʛʘʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ, ʘ 

ʜʣʷ O2 % ʠ ɹʇʂ5 ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 1. ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ Vʟʘʛ, % ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï ʨ. ʧ. ʊʸʪʢʠʥʦ  

ʜʣʷ NH4
+

, NO2
- ʠ ʬʦʩʬʘʪʦʚ 

Figure 1. Long-term dynamics of annual values of V pollut,% at the point of the Seim River  Tetkino village 

for NH 4 +, NO2
- and phosphates 

 
ʈʠʩʫʥʦʢ 2. ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ Vʟʘʛ, % ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï ʨ. ʧ. ʊʸʪʢʠʥʦ  

ʜʣʷ O2 %, ɹʇʂ5 ʠ ʍʇʂ 

Figure 2.  Long-term dynamics of annual values of V pollut,% at the point of the Seim River  the rivers of the 

Tetkino village for O 2%, BOD 5 and COD 
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ʈʠʩʫʥʦʢ 3. ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ Vʟʘʛ, % ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ï ʨ. ʧ. ʊʸʪʢʠʥʦ  

ʜʣʷ Feʦʙ,ɦ Cu2+ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

Figure 3. Long-term dynamics of the V pollut,% at the point of the Seym River  Tetkino village 

for Fe total, Cu 2+ and oil products 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ 

ʢʨʠʚʳʝ ʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ Vʟʘʛ, % ʜʣʷ Feʦʙ,ɦ Cu2+ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ Vʟʘʛ, % 

ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ (Vʟʘʛ) ʠ (Tʟʘʛ) ʚ ʧʫʥʢʪʝ ʨ. ʉʝʡʤ ⱷ 

ʨ. ʧ. ʊʸʪʢʠʥʦ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2013 ʛʛ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ɸʇʂ 

ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʜʘ ʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʨʘʩʩʯʠʪʘʥʳ ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʦʙʲʸʤʳ ʟʘʛʨʷʟʥʸʥʥʦʛʦ 

ʩʪʦʢʘ ʚʦʜʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʣʘʩʩʘ 

ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʧʫʥʢʪʝ 

ʥʘʙʣʶʜʝʥʠʡ. ɺʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ çʧʘʩʧʦʨʪʦʚ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘè. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ çʧʘʩʧʦʨʪʘ ʢʘʯʝʩʪʚʘ 

ʩʪʦʢʘè ʜʣʷ 1995 ʛ. ʠ ʜʣʷ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʥʘʙʣʶʜʝʥʠʡ ʩ 1993 ʧʦ 2013 ʛʛ. 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ 

1995 ʛ. ʛʦʜʦʚʦʡ ʦʙʲʸʤ ʩʪʦʢʘ ʨ. ʉʝʡʤ ʧʨʝʜʩʪʘʚʣʝʥ 

ʯʘʩʪʠʯʥʳʤʠ ʦʙʲʸʤʘʤʠ ʨʘʟʥʦʡ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ: 

çʫʩʣʦʚʥʦ ʯʠʩʪʦʡè ʚʦʜʦʡ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ, çʩʣʘʙʦ 

ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ, çʟʘʛʨʷʟʥʸʥʥʦʡè 

ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʘè ʠ çʦʯʝʥʴ 

ʟʘʛʨʷʟʥʸʥʥʦʡè ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʙè. 

ʉʨʝʜʥʠʡ ʟʘ 1995 ʛ. ʩʪʦʢ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

çʟʘʛʨʷʟʥʸʥʥʳʡè ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʘè. 

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʩ 1993 ʧʦ 2013 ʛ. 

ʦʙʲʸʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʩʦʩʪʦʷʣ ʠʟ ʰʝʩʪʠ ʯʘʩʪʠʯʥʳʭ 

ʦʙʲʸʤʦʚ ʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʦʚ: ʯʠʩʪʦʛʦ ʩʪʦʢʘ, 

çʫʩʣʦʚʥʦ ʯʠʩʪʦʛʦè ʩʪʦʢʘ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ, çʩʣʘʙʦ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦè ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ, çʟʘʛʨʷʟʥʝʥʥʦʛʦè 

ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʘè, çʦʯʝʥʴ 

ʟʘʛʨʷʟʥʸʥʥʦʛʦè ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʙè ʠ 

ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ çʛʨʷʟʥʦʛʦè ʩʪʦʢʘ ʯʝʪʚʝʨʪʦʛʦ 

ʢʣʘʩʩʘ ʨʘʟʨʷʜʘ çʘè. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʛʦʚʦʨʷʪ ʦ 

ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʘʯʝʩʪʚʘ ʩʪʦʢʘ, ʢʘʢ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ, ʪʘʢ ʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʝʨʠʦʜʘ. 

ʋʩʨʝʜʥʸʥʥʳʡ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʩʪʦʢ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ çʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʳʡè 

ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ. 


































































