


 

 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 455 

 

�=�B�>�J�H�K�N�?�J�:. 
�H�I�:�K�G�U�?���I�J�H�P�?�K�K�U �B���Y�<�E�?�G�B�Y 

 
�L�h�f���������<�u�i�m�k�d 4 

�<�u�o�h�^�b�l�������j�Z�a�Z���\���]�h�^ 

ISSN 2686-7877 (print) 
2686-8385 (online) 

�M�q�j�_�^�b�l�_�e�b���`�m�j�g�Z�e�Z 

�G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���p�_�g�l�j��
�©�=�_�h�^�b�g�Z�f�b�d�Z�ª 
�G�Z�m�q�g�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_���h�[�t�_�^�b�g�_�g�b�_ 
�©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª 
�B�g�k�l�b�l�m�l���\�h�^�g�u�o���i�j�h�[�e�_�f���J�h�k�k�b�c�k�d�h�c��
�Z�d�Z�^�_�f�b�b���g�Z�m�d 

�=�e�Z�\�g�u�c���j�_�^�Z�d�l�h�j 

�Z�d�Z�^�_�f�b�d�� �J�:�G�� �=���B�� �>�h�e�]�b�o����
�>�Z�e�v�g�_�\�h�k�l�h�q�g�h�_�� �h�l�^�_�e�_�g�b�_�� �J�h�k�k�b�c�k�d�h�c��
�Z�d�Z�^�_�f�b�b�� �g�Z�m�d���� �a�Z�f�_�k�l�b�l�_�e�v�� �i�j�_�^�k�_�^�Z�l�_�e�y��
���]�� �<�e�Z�^�b�\�h�k�l�h�d�����J�h�k�k�b�y�� 

�A�Z�f�_�k�l�b�l�_�e�b �]�e�Z�\�g�h�]�h���j�_�^�Z�d�l�h�j�Z 

�^�h�d�l���� �l�_�o�g���� �g�Z�m�d���:���X�� �<�b�g�h�]�j�Z�^�h�\, �G�Z�m�q�g�h-
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_�� �h�[�t�_�^�b�g�_�g�b�_��
�©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª, �]�_�g�_�j�Z�e�v�g�u�c�� �^�b�j�_�d�l�h�j 
(�]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y�� 
�q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l�� �J�:�G �:���G�� �=�_�e�v�n�Z�g, 
�B�g�k�l�b�l�m�l�� �\�h�^�g�u�o�� �i�j�h�[�e�_�f�� �J�h�k�k�b�c�k�d�h�c��
�Z�d�Z�^�_�f�b�b���g�Z�m�d�����^�b�j�_�d�l�h�j�����]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�d�Z�g�^���� �]�_�h�e��-�f�b�g���� �g�Z�m�d���� �^�h�p�� �G���:�� �D�Z�a�Z�d�h�\����
�G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �p�_�g�l�j��
�©�=�_�h�^�b�g�Z�f�b�d�Z�ª���� �^�b�j�_�d�l�h�j�� ���]�� �X�`�g�h-
�K�Z�o�Z�e�b�g�k�d�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �k���g���k. �>���:�� �K�m�[�_�l�l�h, 
�J�h�k�k�b�c�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c��
�i�_�^�Z�]�h�]�b�q�_�k�d�b�c�� �m�g�b�\�_�j�k�b�l�_�l��
�b�f�� �:���B�� �=�_�j�p�_�g�Z���� �^�_�d�Z�g�� �n�Z�d�m�e�v�l�_�l�Z��
�]�_�h�]�j�Z�n�b�b��(�]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y�� 

�H�l�\�_�l�k�l�\�_�g�g�u�c���k�_�d�j�_�l�Z�j�v 

�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �^�h�p�����<���:�� �H�[�y�a�h�\�����G�Z�m�q�g�h-
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_�� �h�[�t�_�^�b�g�_�g�b�_��
�©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª���� �l�_�o�g�b�q�_�k�d�b�c�� �^�b�j�_�d�l�h�j��
(�]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]���� �J�h�k�k�b�y��, �l�_�e�_�n�h�g��
+7(812)313-83-48, e-mail: td@npogtp.ru. 

HYDROSPHERE. 
HAZARD PROCESSES AND PHENOMENA  

(GIDROSFERA. 
OPASNYE PROTSESSY I YAVLENIYA) 

Volume 1, Issue 4 

Issued 4 times per year 

ISSN 2686-7877 (print) 
2686-8385 (online) 

Founders 

�5�H�V�H�D�U�F�K���&�H�Q�W�H�U���©�*�H�R�G�\�Q�D�P�L�F�V�ª 
Scientific Production Association 
�©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª 
Institute of Water Problems of the Russian 
Academy of Sciences 

Editor- In-Chief 

Grigoriy I. Dolgikh, Academician of the 
Russian Academy of Sciences, Vice-chairman of 
the Far Eastern Branch of the Russian Academy 
of Sciences (Vladivostok, Russia). 

Deputy Editor-In -Chief 

�: lexander N. Gelfan, Corresponding Member 
of the Russian Academy of Sciences, Director of 
the Institute of Water Problems of the Russian 
Academy of Sciences (Moscow, Russia). 
Nikolay A. Kazakov, Associate Professor, 
�'�L�U�H�F�W�R�U���R�I���W�K�H���5�H�V�H�D�U�F�K���&�H�Q�W�H�U���©�*�H�R�G�\�Q�D�P�L�F�V�ª��
(Yuzhno-Sakhalinsk, Russia). 
Dmitriy A. Subetto, Doctor of Science, Dean of 
the Faculty of Geography of the Herzen State 
Pedagogical University of Russia 
(St. Petersburg, Russia). 
Alexey Yu. Vinogradov, Doctor of Science, 
Director of the Scientific Production Association 
�©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª�����6�W�����3�H�W�H�U�V�E�X�U�J�����5�X�V�V�L�D���� 
 

Executive Editor 

Viktor A. Obyazov, Doctor of Science, 
Technical director of the Scientific Production 
�$�V�V�R�F�L�D�W�L�R�Q�� �©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª�� ���6�W���� �3�H�W�H�U�V�E�X�U�J����
Russia), tel. +7(812)313-83-48,  
e-mail: td@npogtp.ru.



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

456  
 

�J�_�^�Z�d�p�b�h�g�g�u�c���k�h�\�_�l 

�Z�d�Z�^�_�f�b�d�� �J�:�G���=���B�� �>�h�e�]�b�o�����>�Z�e�v�g�_�\�h�k�l�h�q�g�h�_��
�h�l�^�_�e�_�g�b�_���J�h�k�k�b�c�k�d�h�c���Z�d�Z�^�_�f�b�b���g�Z�m�d�����a�Z�f�_�k�l�b��
�l�_�e�v���i�j�_�^�k�_�^�Z�l�_�e�y�����]�� �<�e�Z�^�b�\�h�k�l�h�d�����J�h�k�k�b�y�� 
�^�h�d�l���� �l�_�o�g���� �g�Z�m�d���:���X�� �<�b�g�h�]�j�Z�^�h�\�����G�Z�m�q�g�h-
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_�� �h�[�t�_�^�b�g�_�g�b�_�� �©�=�b�^�j�h�l�_�o�i�j�h��
�_�d�l�ª, �]�_�g�_�j�Z�e�v�g�u�c�� �^�b�j�_�d�l�h�j (�]�� �K�Z�g�d�l-�I�_�l�_�j��
�[�m�j�]�����J�h�k�k�b�y�� 
�q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l�� �J�:�G �:���G�� �=�_�e�v�n�Z�g, �B�g��
�k�l�b�l�m�l�� �\�h�^�g�u�o�� �i�j�h�[�e�_�f�� �J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b��
�g�Z�m�d�����^�b�j�_�d�l�h�j�����]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�d�Z�g�^���� �]�_�h�e��-�f�b�g���� �g�Z�m�d���� �^�h�p�����G���:�� �D�Z�a�Z�d�h�\�� 
�G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �p�_�g�l�j�� �©�=�_�h�^�b�g�Z��
�f�b�d�Z�ª�����^�b�j�_�d�l�h�j (�]�� �X�`�g�h-�K�Z�o�Z�e�b�g�k�d�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �k.�g���k�� �>���:�� �K�m�[�_�l�l�h, �J�h�k�k�b�c��
�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���i�_�^�Z�]�h�]�b�q�_�k�d�b�c���m�g�b�\�_�j��
�k�b�l�_�l�� �b�f���� �:���B�� �=�_�j�p�_�g�Z���� �^�_�d�Z�g�� �n�Z�d�m�e�v�l�_�l�Z�� �]�_�h��
�]�j�Z�n�b�b�����]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �^�h�p�� �<���: . �H�[�y�a�h�\, �G�Z�m�q�g�h-
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_�� �h�[�t�_�^�b�g�_�g�b�_�� �©�=�b�^�j�h�l�_�o�i�j�h��
�_�d�l�ª���� �l�_�o�g�b�q�_�k�d�b�c�� �^�b�j�_�d�l�h�j�� ���]�� �K�Z�g�d�l-�I�_�l�_�j��
�[�m�j�]�����J�h�k�k�b�y�� 
�i�j�h�n�����N�� �<�w�c�� �B�g�k�l�b�l�m�l���a�_�e�_�g�u�o���b���b�g�l�_�e�e�_�d�l�m��
�Z�e�v�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �D�b�l�Z�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d����
�a�Z�f�_�k�l�b�l�_�e�v���^�b�j�_�d�l�h�j�Z (�]�� �Q�m�g�p�b�g�����D�G�J�� 
�i�j�h�n�����D�� �G�b�r�b�f�m�j�Z, �Y�i�h�g�k�d�Z�y �Z�k�k�h�p�b�Z�p�b�b��
�k�g�_�]�Z���b���e�v�^�Z�����i�j�_�a�b�^�_�g�l (�]�� �K�Z�i�i�h�j�h�����Y�i�h�g�b�y�� 
�^�h�d�l�����K�� �N�m�d�k�����B�g�k�l�b�l�m�l�� �]�h�j�g�u�o�� �j�b�k�d�h�\�� �M�g�b��
�\�_�j�k�b�l�_�l�Z���i�j�b�j�h�^�g�u�o���j�_�k�m�j�k�h�\���b���g�Z�m�d���h���`�b�a�g�b, 
�a�Z�f�_�k�l�b�l�_�e�v �^�b�j�_�d�l�h�j�Z (�]�� �<�_�g�Z�����:�\�k�l�j�b�y�� 

�J�_�^�Z�d�p�b�h�g�g�Z�y���d�h�e�e�_�]�b�y 

�^�h�d�l�����[�b�h�e�����g�Z�m�d �<���G�����;�_�a�g�h�k�h�\�����G�Z�m�q�g�h-�i�j�h�b�a��
�\�h�^�k�l�\�_�g�g�h�_�� �h�[�t�_�^�b�g�_�g�b�_�� �©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª����
�]�e�Z�\�g�u�c�� �g�Z�m�q�g�u�c�� �k�h�l�j�m�^�g�b�d�� ���]���� �K�Z�g�d�l-�I�_�l�_�j��
�[�m�j�]�����J�h�k�k�b�y�� 
�^�h�d�l�� �]�_�h�]�j���� �g�Z�m�d �<���I�� �;�e�Z�]�h�\�_�s�_�g�k�d�b�c, �B�g��
�k�l�b�l�m�l �]�_�h�]�j�Z�n�b�b�� �J�_�k�i�m�[�e�b�d�b�� �D�Z�a�Z�o�k�l�Z�g���� �a�Z�\�_��
�^�m�x�s�b�c �e�Z�[�h�j�Z�l�h�j�b�_�c�� �i�j�b�j�h�^�g�u�o�� �h�i�Z�k�g�h�k�l�_�c��
(�]�� �:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g�� 
�^�h�d�l���� �n�b�a��-�f�Z�l���� �g�Z�m�d���N���N�� �;�j�x�o�Z�g�v, �F�h�k�d�h�\��
�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���k�l�j�h�b�l�_�e�v�g�u�c���m�g�b�\�_�j�k�b��
�l�_�l�� �i�j�h�n�_�k�k�h�j�� �d�Z�n�_�^�j�u�� �b�g�`�_�g�_�j�g�u�o�� �b�a�u�k�d�Z��
�g�b�c���b���]�_�h�w�d�h�e�h�]�b�b (�]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�d�Z�g�^���� �]�_�h�]�j���� �g�Z�m�d���� �k���g���k�����L���:�� �<�b�g�h�]�j�Z�^�h�\�Z����
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b��
�\�_�j�k�b�l�_�l���� �^�h�p�_�g�l�� �d�Z�n�_�^�j�u�� �]�b�^�j�h�e�h�]�b�b�� �k�m�r�b��
(�]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y�� 
 

Editorial Council 

Grigoriy I. Dolgikh, Academician of the Russian 
Academy of Sciences, Vice-chairman of the Far 
Eastern Branch of the Russian Academy of Sci-
ences (Vladivostok, Russia). 
�: lexander N. Gelfan, Corresponding Member of 
the Russian Academy of Sciences, Director of the 
Institute of Water Problems of the Russian Acad-
emy of Sciences (Moscow, Russia). 
Nikolay A. Kazakov, Ph.D., Associate Professor, 
�'�L�U�H�F�W�R�U�� �R�I�� �W�K�H�� �5�H�V�H�D�U�F�K�� �&�H�Q�W�H�U�� �©�*�H�R�G�\�Q�D�P�L�F�V�ª��
(Yuzhno-Sakhalinsk, Russia). 
Dmitriy A. Subetto, Doctor of Science, Dean of 
the Faculty of Geography of the Herzen State Ped-
agogical University (St. Petersburg, Russia). 
Alexey Yu. Vinogradov, Doctor of Science, Di-
rector of the Scientific Production Association 
�©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª�����6�W�����3�H�W�H�U�V�E�X�U�J�����5�X�V�V�L�D���� 
Viktor A. Objazov , Doctor of Science, Technical 
Director of the Scientific Production Association 
�©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª�����6�W�����3�H�W�H�U�V�E�X�U�J�����5�X�V�V�L�D���� 
Fangqiang Wei, Professor, Vice-Director of the 
Institute of Green and Intelligent Technologies, 
Chinese Academy of Sciences (Chongqing, China) 
Kouichi Nishimura , Professor, President of Japa-
nese Society of Snow and Ice (Tokyo, Japan) 
Sven Fuchs, Doctor of Sciences, Deputy of Head 
of the Institute of Mountain Risk Engineering of the 
BOKU University (Vienna, Austria). 

Editorial Board 

Victor N. Beznosov, Doctor of Science, Principal 
Researcher of the Scientific Production Associa-
�W�L�R�Q���©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª�����6�W�����3�H�W�H�U�V�E�X�U�J�����5�X�V�V�L�D�� 
Viktor P. Blagovechshenskiy, Doctor of Science, 
Head of the Laboratory of Natural Hazards, Insti-
tute of Geography of the Republic of Kazakhstan 
(Almaty, Kazakhstan) 
Fedor F. Brukhan, Doctor of Science, professor 
of the Department of Engineering Survey and Ge-
oecology of Moscow State University of Civil En-
gineering (Moscow, Russia). 
Sergey S. Chernomorets, Associate Professor, 
Senior Researcher of the Laboratory of Snow Ava-
lanches and Debris Flows of the Lomonosov Mos-
cow State University, and President of the Debris 
Flow Association (Moscow, Russia). 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 457 

 

�q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l�� �J�:�G���?���@�� �=�Z�j�f�Z�_�\���� �;�Z�c��
�d�Z�e�v�k�d�b�c���b�g�k�l�b�l�m�l���i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y���K�b�[�b�j��
�k�d�h�]�h���h�l�^�_�e�_�g�b�y���J�h�k�k�b�c�k�d�h�c���Z�d�Z�^�_�f�b�b���g�Z�m�d�����^�b��
�j�_�d�l�h�j�����]�����M�e�Z�g-�M�^�w�����J�h�k�k�b�y�� 
�^�h�d�l�����]�_�h�]�j�����g�Z�m�d �;���B�� �=�Z�j�p�f�Z�g�����B�g�k�l�b�l�m�l���\�h�^��
�g�u�o�� �i�j�h�[�e�_�f�� �J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d���� �a�Z�\�_��
�^�m�x�s�b�c���e�Z�[�h�j�Z�l�h�j�b�_�c���]�b�^�j�h�e�h�]�b�b���g�Z�\�h�^�g�_�g�b�c��
(�]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�^�h�d�l�����]�_�h�]�j�����g�Z�m�d�����i�j�h�n�����=���?�� �=�e�Z�a�u�j�b�g�����G�Z�p�b��
�h�g�Z�e�v�g�u�c���m�g�b�\�_�j�k�b�l�_�l���J�_�k�i�m�[�e�b�d�b���M�a�[�_�d�b�k�l�Z�g��
�b�f�� �F�� �M�e�m�]�[�_�d�Z�����i�j�h�n�_�k�k�h�j�����]�� �L�Z�r�d�_�g�l�����M�a�[�_��
�d�b�k�l�Z�g�� 
�^�h�d�l���� �n�b�a��-�f�Z�l���� �g�Z�m�d���<���D�� �=�m�k�y�d�h�\���� �B�g�k�l�b�l�m�l��
�\�u�q�b�k�e�b�l�_�e�v�g�h�c���f�Z�l�_�f�Z�l�b�d�b���b���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c��
�]�_�h�n�b�a�b�d�b�� �K�b�[�b�j�k�d�h�]�h�� �h�l�^�_�e�_�g�b�y�� �J�h�k�k�b�c�k�d�h�c��
�Z�d�Z�^�_�f�b�b�� �g�Z�m�d���� �a�Z�\�_�^�m�x�s�b�c�� �e�Z�[�h�j�Z�l�h�j�b�_�c�� �f�Z��
�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �\�h�e�g�� �p�m�g�Z�f�b��
���]�� �G�h�\�h�k�b�[�b�j�k�d�����J�h�k�k�b�y�� 
�^�h�d�l�����<�� �>�`�h�f�_�e�e�b�����e�Z�[�h�j�Z�l�h�j�b�y�� �n�b�a�b�q�_�k�d�h�c��
�]�_�h�]�j�Z�n�b�b�� �N�j�Z�g�p�m�a�k�d�h�]�h�� �G�Z�p�b�h�g�Z�e�v�g�h�]�h�� �p�_�g��
�l�j�Z���g�Z�m�q�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c�����M�g�b�\�_�j�k�b�l�_�l�Z���I�Z�g��
�l�_�h�g-�K�h�j�[�h�g�g�Z�� �b�� �M�g�b�\�_�j�k�b�l�_�l�Z�� �I�Z�j�b�`-�<�h�k�l�h�d 
�D�j�_�l�_�c�����^�b�j�_�d�l�h�j���i�h���b�k�k�e�_�^�h�\�Z�g�b�y�f�����]�� �I�Z�j�b�`����
�N�j�Z�g�p�b�y�� 
�i�j�h�n�����D�� �^�_ �C�h�g�]�����K�l�j�Z�k�[�m�j�]�k�d�b�c�� �m�g�b�\�_�j�k�b�l�_�l����
�a�Z�\�_�^�m�x�s�Z�y���d�Z�n�_�^�j�h�c���f�_�`�^�m�g�Z�j�h�^�g�u�o���h�l�g�h�r�_��
�g�b�c�� �n�Z�d�m�e�v�l�_�l�Z�� �]�_�h�]�j�Z�n�b�b�� �b�� �j�_�]�b�h�g�Z�e�v�g�h�]�h��
�i�e�Z�g�b�j�h�\�Z�g�b�y�����]�� �K�l�j�Z�k�[�m�j�]�����N�j�Z�g�p�b�y�� 
�^�h�d�l�����n�b�a��-�f�Z�l�����g�Z�m�d���:���B�� �A�Z�c�p�_�\�����K�i�_�p�b�Z�e�v�g�h�_��
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�_�� �[�x�j�h�� �k�j�_�^�k�l�\�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�b��
�f�h�j�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���>�Z�e�v�g�_�\�h�k�l�h�q�g�h�]�h���h�l�^�_��
�e�_�g�b�y���J�h�k�k�b�c�k�d�h�c���Z�d�Z�^�_�f�b�b���g�Z�m�d, �a�Z�\�_�^�m�x�s�b�c��
�e�Z�[�h�j�Z�l�h�j�b�_�c�� �\�u�q�b�k�e�b�l�_�e�v�g�h�c�� �]�b�^�j�h�f�_�o�Z�g�b�d�b��
�b���h�d�_�Z�g�h�]�j�Z�n�b�b (�]�� �X�`�g�h-�K�Z�o�Z�e�b�g�k�d�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �i�j�h�n�����G���:�� �D�Z�e�b�g�b�g���� �I�_�j�f��
�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �g�Z�p�b�h�g�Z�e�v�g�u�c�� �b�k�k�e�_�^�h��
�\�Z�l�_�e�v�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����a�Z�\�_�^�m�x�s�b�c���d�Z�n�_�^�j�h�c��
�f�_�l�_�h�j�h�e�h�]�b�b�� �b�� �h�o�j�Z�g�u�� �Z�l�f�h�k�n�_�j�u�� ���]�� �I�_�j�f�v����
�J�h�k�k�b�y�� 
�Z�d�Z�^�_�f�b�d�� �J�:�G �;���F�� �D�b�a�y�_�\�����<�k�_�j�h�k�k�b�c�k�d�b�c��
�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�k�l�b�l�m�l�� �]�b�^�j�h�l�_�o��
�g�b�d�b�� �b�� �f�_�e�b�h�j�Z�p�b�b�� �b�f���� �:���G�� �D�h�k�l�y�d�h�\�Z���� �g�Z�m�q��
�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v�����]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�e��-�f�b�g���� �g�Z�m�d �:���F�� �E�_�o�Z�l�b�g�h�\�����F�H��
�©�L�m�g�d�b�g�k�d�b�c�� �j�Z�c�h�g�ª�� �J�_�k�i�m�[�e�b�d�b�� �;�m�j�y�l�b�y����
(�]�� �D�u�j�_�g�����J�h�k�k�b�y�� 
�d�Z�g�^�����l�_�o�����g�Z�m�d���:���?�����F�Z�e�Z�r�_�g�d�h�����N�=�;�M�G���K�D�;��
�K�:�F�B�� �>�<�H�� �J�:�G���� �i�_�j�\�u�c�� �a�Z�f�_�k�l�b�l�_�e�v�� �^�b�j�_�d��
�l�h�j�Z���� �]�e�Z�\�g�u�c�� �d�h�g�k�l�j�m�d�l�h�j�� ���]���� �X�`�g�h-�K�Z�o�Z��
�e�b�g�k�d�����J�h�k�k�b�y�� 

Pavel A. Chernous, Ph.D., Leading Researcher of 
the Laboratory of Exogenous Geodynamic Pro-
cesses and Snow Cover of the Special Design Bu-
reau for Marine Research Automation Tools of the 
Far Eastern Branch of the Russian Academy of Sci-
ences (Yuzhno-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 (Tash-
kent, Uzbekistan). 
Viacheslav K. Gusiakov, Doctor of Science, The 
Institute of Computational Mathematics and Math-
ematical Geophysics Siberian Branch of the Rus-
sian Academy of Sciences, Head of the Laboratory 
of Mathematical Modeling of Tsunami Waves (No-
vosibirsk, Russia) 
Vincent Jomelli, Ph.D., Research Director of the 
Laboratory of Physical Geography of the French 
National Center for Scientific Research, the Uni-
�Y�H�U�V�L�W�\�� �3�D�Q�W�K�p�R�Q-Sorbonne and the University 
Paris-�(�V�W���&�U�p�W�H�L�O�����3�D�U�L�V�����)�U�D�Q�F�H�� 
Carmen de Jong, Professor, Head of International 
Relations at the Faculty of Geography and Re-
gional Planning (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 Kos-
tyakov All-Russia Research Institute of Hydraulic 
Engineering and Amelioration, (Moscow, Russia). 
�: natoliy M. Lekhatinov, Doctor of Science, Mu-
nicipality Tunkinsky District (Kyren, Russia). 
Anatoliy Ye. Malashenko, Ph.D., deputy director 
of the Special Research Bureau for Automation of 
Marine Researches of the Far Eastern Branch of 
Russian Academy of Sciences (Yuzhno-Sakha-
linsk, Russia). 
Mikhail L. Markov , Associate Professor, acting 
Head of the Department of Forecasting Hydrologi-
cal Processes and Experimental Research of the 
State Hydrological Institute (St. Petersburg, Rus-
sia). 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

458  
 

�d�Z�g�^�����]�_�h�]�j�����g�Z�m�d�����^�h�p�����F���E�� �F�Z�j�d�h�\�����=�h�k�m�^�Z�j��
�k�l�\�_�g�g�u�c���]�b�^�j�h�e�h�]�b�q�_�k�d�b�c���b�g�k�l�b�l�m�l�����b���h�� �a�Z�\�_��
�^�m�x�s�_�]�h���h�l�^�_�e�h�f���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���]�b�^�j�h�e�h�]�b��
�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���b�k�k�e�_��
�^�h�\�Z�g�b�c (�]�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y�� 
�Z�d�Z�^�_�f�b�d�� �G�:�G�� �J�D���:���J�� �F�_�^�_�m���� �B�g�k�l�b�l�m�l�� �]�_�h��
�]�j�Z�n�b�b���J�_�k�i�m�[�e�b�d�b �D�Z�a�Z�o�k�l�Z�g�����^�b�j�_�d�l�h�j�����]�� �:�e��
�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g�� 
�^�h�d�l�����]�_�h�]�j�����g�Z�m�d���:���<�� �I�Z�g�b�g�����F�h�k�d�h�\�k�d�b�c���]�h�k��
�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l, �i�j�h�n�_�k�k�h�j�� �d�Z��
�n�_�^�j�u�� �]�_�h�f�h�j�n�h�e�h�]�b�b�� �b�� �i�Z�e�_�h�]�_�h�]�j�Z�n�b�b��
(�]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�Z�d�Z�^�_�f�b�d�� �G�:�G�� �J�D���B���<�� �K�_�\�_�j�k�d�b�c���� �B�g�k�l�b�l�m�l��
�]�_�h�]�j�Z�n�b�b�� �J�_�k�i�m�[�e�b�d�b�� �D�Z�a�Z�o�k�l�Z�g���� �i�h�q�z�l�g�u�c�� �^�b��
�j�_�d�l�h�j�����g�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o��
�b���i�j�b�d�e�Z�^�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���e�Z�[�h�j�Z�l�h�j�b�b���]�e�y�p�b�h��
�e�h�]�b�b���� �\�b�p�_-�i�j�_�a�b�^�_�g�l�� �F�_�`�^�m�g�Z�j�h�^�g�h�c�� �]�e�y�p�b�h��
�e�h�]�b�q�_�k�d�h�c���Z�k�k�h�p�b�Z�p�b�b (�]�� �:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g�� 
�d�Z�g�^�����]�_�h�]�j�����g�Z�m�d�����^�h�p�_�g�l���K���:�� �K�h�d�j�Z�l�h�\�����F�h�k��
�d�h�\�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l��
�b�f�� �F���<���� �E�h�f�h�g�h�k�h�\�Z���� �a�Z�f�_�k�l�b�l�_�e�v�� �^�_�d�Z�g�Z�� �]�_�h��
�]�j�Z�n�b�q�_�k�d�h�]�h�� �n�Z�d�m�e�v�l�_�l�Z�� �i�h�� �g�Z�m�q�g�h�c�� �j�Z�[�h�l�_��
(�]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�^�h�d�l���� �]�_�h�]�j���� �g�Z�m�d���� �i�j�h�n�����?���:�� �L�Z�e�Z�g�h�\�����D�Z�a�Z�o��
�k�d�b�c�� �g�Z�p�b�h�g�Z�e�v�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l�� �b�f�� �:�e�v-�N�Z��
�j�Z�[�b�����i�j�h�n�_�k�k�h�j���d�Z�n�_�^�j�u���f�_�l�_�h�j�h�e�h�]�b�b���b���]�b�^��
�j�h�e�h�]�b�b�����]�� �:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g�� 
�Z�d�Z�^�_�f�b�d�� �J�:�G �:���D�� �L�m�e�h�o�h�g�h�\�����;�Z�c�d�Z�e�v�k�d�b�c��
�b�g�k�l�b�l�m�l�� �i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y�� �K�b�[�b�j�k�d�h�]�h�� �h�l��
�^�_�e�_�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d���� �g�Z�m�q�g�u�c��
�j�m�d�h�\�h�^�b�l�_�e�v�����]�� �M�e�Z�g-�M�^�w�����J�h�k�k�b�y�� 
�d�Z�g�^�����]�_�h�]�j�� �g�Z�m�d�����^�h�p�����K���K. �Q�_�j�g�h�f�h�j�_�p�����F�h�k��
�d�h�\�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l��
�b�f�� �F���<�� �E�h�f�h�g�h�k�h�\�Z���� �k�l�Z�j�r�b�c�� �g�Z�m�q�g�u�c�� �k�h��
�l�j�m�^�g�b�d �e�Z�[�h�j�Z�l�h�j�b�b�� �k�g�_�`�g�u�o�� �e�Z�\�b�g�� �b�� �k�_�e�_�c��
�]�_�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �n�Z�d�m�e�v�l�_�l�Z���� �i�j�_�a�b�^�_�g�l�� �K�_�e�_��
�\�h�c���Z�k�k�h�p�b�Z�p�b�b�����]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�d�Z�g�^���� �]�_�h�]�j���� �g�Z�m�d���I���:�� �Q�_�j�g�h�m�k�����K�i�_�p�b�Z�e�v�g�h�_��
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�_�� �[�x�j�h�� �k�j�_�^�k�l�\�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�b��
�f�h�j�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���>�Z�e�v�g�_�\�h�k�l�h�q�g�h�]�h���h�l�^�_��
�e�_�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d���� �\�_�^�m�s�b�c��
�g�Z�m�q�g�u�c�� �k�h�l�j�m�^�g�b�d�� �e�Z�[�h�j�Z�l�h�j�b�b�� �w�d�a�h�]�_�g�g�u�o��
�]�_�h�^�b�g�Z�f�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b�� �k�g�_�`�g�h�]�h�� �i�h��
�d�j�h�\�Z�����]�� �X�`�g�h-�K�Z�o�Z�e�b�g�k�d�����J�h�k�k�b�y�� 
�d�Z�g�^���� �l�_�o���� �g�Z�m�d���K���<�� �R�\�Z�j�z�\���� �B�g�k�l�b�l�m�l�� �]�_�h�]�j�Z��
�n�b�b���J�h�k�k�b�c�k�d�h�c���Z�d�Z�^�_�f�b�b���g�Z�m�d�����a�Z�\�_�^�m�x�s�b�c���e�Z��
�[�h�j�Z�l�h�j�b�_�c���]�_�h�f�h�j�n�h�e�h�]�b�b�����]�� �F�h�k�d�\�Z�����J�h�k�k�b�y�� 
�^�h�d�l�����K�� �Y�f�Z�]�m�q�b���� �G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c��
�p�_�g�l�j�� �k�g�_�]�Z�� �b�� �e�v�^�Z�� �G�Z�p�b�h�g�Z�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z��
�l�_�e�v�k�d�h�]�h���b�g�k�l�b�l�m�l�Z���g�Z�m�d���h���A�_�f�e�_���b���m�k�l�h�c�q�b�\�h��
�k�l�b���d���k�l�b�o�b�c�g�u�f���[�_�^�k�l�\�b�y�f�����k�l�Z�j�r�b�c���g�Z�m�q�g�u�c��
�k�h�l�j�m�^�g�b�d�����]�� �G�Z�]�Z�h�d�Z�����Y�i�h�g�b�y�� 
 

Akhmetkal R. Medeu, Academician of the Na-
tional Academy of Sciences of Kazakhstan, Direc-
tor of the Institute of Geography of Kazakhstan 
(Almaty, Kazakhstan). 
Andrey V. Panin, Doctor of Science, professor of 
the Department of Geomorphology and Paleogeog-
raphy of Moscow State University (Moscow, Rus-
sia). 
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 Geog-
raphy 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, Rus-
sia). 
Sergey A. Sokratov, Ph.D. in Environmental & 
Earth Sci., Associate Professor, Deputy Dean for 
Research of the Faculty of Geography of Lomono-
sov Moscow State University (Moscow, Russia). 
Yevgeniy A. Talanov, Professor, Professor of the 
Meteorology and Hydrology Department Al -Farabi 
Kazakh National University, (Almaty, Kazakh-
stan). 
Arnold K. Tulokhonov, Academician of the Rus-
sian Academy of Sciences Scientific, Scientific Di-
rector of the Baikal Institute of Nature Manage-
ment Siberian branch of the Russian Academy of 
sciences (Ulan-Ude, Russia). 
Tatiana A. Vinogradova, Associate Professor, 
Associate Professor of the Department of Land Hy-
drology of St. Petersburg University (St. Peters-
burg, Russia). 
Satoru Yamaguchi, Ph.D., Chief Researcher of 
the Snow and Ice Research Division of the National 
Research Institute for Earth Science and Disaster 
Resilience (Nagaoka, Japan) 
Andrei I. Zaitsev, Doctor of Science, Head of La-
boratory of Computational Hydromechanics and 
Oceanography of Special Research Bureau for Au-
tomation of Marine Researches, Far Eastern 
Branch of Russian Academy of Sciences (Yuzhno-
Sakhalinsk, Russia).



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 459 

 

 
 

�L�_�o�g�b�q�_�k�d�b�c���j�_�^�Z�d�l�h�j 

�B�g�n�h�j�f�Z�p�b�x�� �h�� �i�j�b�g�y�l�u�o�� �\�� �i�_�q�Z�l�v��
�f�Z�l�_�j�b�Z�e�Z�o�� �f�h�`�g�h�� �i�h�e�m�q�b�l�v�� �g�Z�� �k�Z�c�l�_��
�`�m�j�g�Z�e�Z�� �b�e�b�� �m�� �l�_�o�g�b�q�_�k�d�h�]�h�� �j�_�^�Z�d�l�h�j�Z��
�D�Z�^�Z�p�d�h�c�� �F�Z�j�b�b�� �F�b�o�Z�c�e�h�\�g�u, e-mail 
info@hydro-sphere.ru. 
�K�\�_�^�_�g�b�y�� �h�� �\�u�r�_�^�r�b�o�� �g�h�f�_�j�Z�o�� �b�� �m�k�e�h�\�b�y�o��
�i�h�^�i�b�k�d�b�� �g�Z�� �k�Z�c�l�_�� �`�m�j�g�Z�e�Z����www.hydro-
sphere.ru. 
�K�\�b�^�_�l�_�e�v�k�l�\�h�� �h�� �j�_�]�b�k�l�j�Z�p�b�b�� �K�F�B  
�I�B���‹���N�K������-76914 �h�l���������������������� 
 

�B�A�>�:�L�?�E�V�K�L�<�H�� 
�H�H�H���G�I�H���©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª 

 

�:�>�J�?�K���J�?�>�:�D�P�B�B�� 

�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]��������-�y �e�b�g�b�y �<���H�� 
�^����97 �i�h�f�������g�� 

 
�>�e�y���i�h�q�l�h�\�u�o���h�l�i�j�Z�\�e�_�g�b�c�������������������K�Z�g�d�l-

�I�_�l�_�j�[�m�j�]�����Z���y�������������J�_�^�Z�d�p�b�y���`�m�j�g�Z�e�Z��
�©�=�b�^�j�h�k�n�_�j�Z�����H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���b���y�\�e�_�g�b�y�ª 

 
�L�_�e������������������������-83-48,  

e-mail: info@hydro-sphere.ru 

 

Technical editor 

Information on materials accepted for 
�S�X�E�O�L�F�D�W�L�R�Q�� �F�D�Q�� �E�H�� �R�E�W�D�L�Q�H�G�� �R�Q�� �W�K�H�� �M�R�X�U�Q�D�O�¶�V��
website or by e-mail info@hydro-sphere.ru of 
technical editor Mariya Kadatskaya. 
 
Information about the issues and subscription 
conditions on the journal website: www.hydro-
sphere.ru. 
Certificate of registration as the media  
�I�B No �N�K 77-76914 from 11.10.2019 
 

PUBLISHING: 
Scientific Production Association 

�©�*�L�G�U�R�W�H�F�K�S�U�R�H�N�W�ª 

EDITORIAL ADDRESS: 

St. Petersburg, 14th line of Vasilyevsky Island, 
97 of. 3n. 

 
For mail: 199155 St. Petersburg, PO Box 136 

Editorial Board of the �©Hydrosphere. Hazardous 
processes �D�Q�G���S�K�H�Q�R�P�H�Q�D�ª 

 
�L�_l. +7(812)313-83-48,  

e-mail: info@hydro-sphere.ru 
 

 

  



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

460  
 

�K�H�>�?�J�@�:�G�B�? 

�F�?�L�H�>�U, �F�H�>�?�E�B �B �L�?�O�G�H�E�H�=�B�B ................................................................................ 462 

�H�P�?�G�D�:���A�G�:�Q�?�G�B�Y���D�H�W�N�N�B�P�B�?�G�L�:���R�?�J�H�O�H�<�:�L�H�K�L�B  
�:���X�� �<�b�g�h�]�j�Z�^�h�\�����L���:�� �<�b�g�h�]�j�Z�^�h�\�Z�����<���:�� �H�[�y�a�h�\�����F���F�� �D�Z�^�Z�p�d�Z�y .................................... 462 

�H���<�E�B�Y�G�B�B���E�?�>�Y�G�H�=�H���I�H�D�J�H�<�:���G�:���I�H�>�A�?�F�G�M�X���K�H�K�L�:�<�E�Y�X�S�M�X 
�J�?�Q�G�H�=�H���K�L�H�D�: �F���E�����F�Z�j�d�h�\�����?���<�� �=�m�j�_�\�b�q ................................................................... 477 

�F�H�G�B�L�H�J�B�G�=�H�<�U�?�����W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�?���B���W�D�K�I�?�>�B�P�B�H�G�G�U�?��
�B�K�K�E�?�>�H�<�:�G�B�Y ....................................................................................................................... 490 

�B�K�K�E�?�>�H�<�:�G�B�?���>�B�G�:�F�B�D�B���K�?�E�?�C���G�:���W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�H�F���K�L�?�G�>�? 
�G���:�� �D�Z�a�Z�d�h�\�����>���:�����;�h�[�j�h�\�Z�����?���G�� �D�Z�a�Z�d�h�\�Z�����K���<�����J�u�[�Z�e�v�q�_�g�d�h ............................................ 490 

�<�H�A�F�H�@�G�H�K�L�B���H�P�?�G�B�<�:�G�B�Y���;�:�K�K�?�C�G�H�<�H�C���L�J�:�G�K�I�B�J�:�P�B�B���G�:��
�H�K�G�H�<�?���B�A�F�?�J�?�G�B�Y���K�L�<�H�E�H�<�H�=�H���K�H�D�H�>�<�B�@�?�G�B�Y�����I�H�K�L�:�G�H�<�D�:��
�A�:�>�:�Q�B  �L���K�����=�m�[�Z�j�_�\�Z�����K���X�����E�m�i�Z�d�h�\�����;���B�����=�Z�j�p�f�Z�g���<���<�����R�Z�f�h�\�����:���<�����J�m�[�p�h�\����
�G���D�� �D�h�`�_�\�g�b�d�h�\�Z ...................................................................................................................... 504 

�W�D�H�E�H�=�B�Q�?�K�D�B�?���I�J�H�;�E�?�F�U���B���H�I�:�K�G�H�K�L�B���<���=�B�>�J�H�K�N�?�J�? .......................... 533 

�W�D�H�E�H�=�B�Q�?�K�D�B�?���I�H�K�E�?�>�K�L�<�B�Y���B�K�I�H�E�V�A�H�<�:�G�B�Y���F�:�E�U�O���J�?�D���>�E�Y��
�F�H�E�?�<�H�=�H���K�I�E�:�<�:  
�:���X�� �<�b�g�h�]�j�Z�^�h�\�����L���:�����<�b�g�h�]�j�Z�^�h�\�Z�����F���F�� �D�Z�^�Z�p�d�Z�y�����K���B�����K�Z�a�h�g�h�\�Z�����K���<�����O�\�Z�e�z�\ .......... 533 

�G�:�K�E�?�>�B�? ................................................................................................................................... 555 

�>�M�F�U���H���=�B�>�J�H�E�H�=�B�B 
�<�b�g�h�]�j�Z�^�h�\ �X���;�� ....................................................................................................................... 555 

�I�J�:�<�B�E�:���>�E�Y���:�<�L�H�J�H�< ....................................................................................................... 590 

 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 461 

 

CONTENTS 

METHODS, MODELS AND TECHNOLOGIES ...................................................................... 462 

ASSESSMENT OF ROUGHNESS COEFFICIENT VALUE Alexey Yu. Vinogradov, 
Tatiana �:�� Vinogradova, Viktor A. Obyazov, Mariya M. Kadatskaya ........................................ 462 

ON THE INFLUENCE OF ICE COVER ON THE UNDERGROUND COMPONENT O F 
RIVER FLOW   Mikhail L. Markov, Elena V. Gurevich ........................................................... 477 

MONITORING, EXPERIMENTAL AND  EXPEDITIONARY RESEARCH....................... 490 

THE STUDY OF THE DEBRIS-FLOWS DYNAMICS ON AN EXPERIMENTAL STAND   
Nikolay A. Kazakov, Darya A. Bobrova, Ekaterina N. Kazakova, Svetlana V. Rybal'chenko ... 490 

POSSIBILITIES OF CAT �&�+�0�(�1�7�¶�6���7�5�$�1�6�3�,�5�$�7�,ON ASSESSMENT BASED ON 
SAP FLOW MEASUREMENTS: THE PROBLEM STATEMENT  
Tatiana S. Gubareva, Sergei Yu. Lupakov, Boris I. Gartsman, Vladimir V. Shamov, 
Alexey V. Rubtsov, Nadezhda K. Kozhevnikova ........................................................................ 504 

ECOLOGICAL PROBLEMS AND HAZARDS  IN THE HYDROSPHERE ......................... 533 

ENVIRONMENTAL IMPACT OF USING SMALL RIVER FOR LOG DRIVING  
Alexey Yu. Vinogradov, Tatiana �:�� Vinogradova, Mariya M. Kadatskaya, Svetlana I. Sazonova, 
Sergey V. Hvalev ......................................................................................................................... 533 

HERITAGE .................................................................................................................................... 555 

THOUGHTS ABOUT HYDROLOGY  
Yurii B. Vinogradov  .................................................................................................................... 555 

AUTHOR GUIDELINES .............................................................................................................. 592 

 

 

 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

462 
Vinogradov A.Yu., Vinogradova T.�: ., Obyazov V.A., Kadatskaya M.M. Assessment of roughness coefficient 
value. Hydrosphere. Hazard processes and phenomena, 2019, vol. 1, iss. 4, pp. 462-476 (In Russian; abstract 
in English). DOI: 10.34753/HS.2019.1.4.462 

 

�F�?�L�H�>�U, �F�H�>�?�E�B �B �L�?�O�G�H�E�H�=�B�B 

METHODS, MODELS AND TECHNOLOGIES 

�M�>�D��556.56 DOI: 10.34753/HS.2019.1.4.462

�H�P�?�G�D�:���A�G�:�Q�?�G�B�Y��

�D�H�W�N�N�B�P�B�?�G�L�:��

�R�?�J�H�O�H�<�:�L�H�K�L�B 

�:���X�� �<�b�g�h�]�j�Z�^�h�\1,2�����L���:�� �<�b�g�h�]�j�Z�^�h�\�Z1,3, 

�<���:�� �H�[�y�a�h�\1�����F���F�� �D�Z�^�Z�p�d�Z�y1 

ASSESSMENT OF ROUGHNESS 

COEFFICIENT VALUE  

Alexey Yu. Vinogradov1,2, 

Tatiana �:�� Vinogradova1,3, 

Viktor A. Obyazov1, Mariya M. Kadatskaya1 

1�H�H�H���G�Z�m�q�g�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_���h�[�t�_�^�b�g�_�g�b�_��

���=�b�^�j�h�l�_�o�i�j�h�_�d�l�������]�� �<�Z�e�^�Z�c�����J�h�k�k�b�y����
2�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���e�_��

�k�h�l�_�o�g�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����]�� �K�Z�g�d�l-�I�_��

�l�_�j�[�m�j�]�����J�h�k�k�b�y����3�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���]�h�k��

�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���� 

�]�����K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����J�h�k�k�b�y 

gd@npogtp.ru 

�:�g�g�h�l�Z�p�b�y�����<�� �k�l�Z�l�v�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �h�^�b�g��

�b�a���h�k�g�h�\�g�u�o���i�Z�j�Z�f�_�l�j�h�\���i�j�b���i�j�h�\�_�^�_�g�b�b���\�h�^�h��

�o�h�a�y�c�k�l�\�_�g�g�u�o���j�Z�k�q�_�l�h�\���± �d�h�w�n�n�b�p�b�_�g�l���r�_�j�h��

�o�h�\�Z�l�h�k�l�b���� �H�p�_�g�d�Z�� �_�]�h�� �\�_�e�b�q�b�g�u�� �^�h�� �g�Z�k�l�h�y��

�s�_�]�h���\�j�_�f�_�g�b���i�j�h�\�h�^�b�l�k�y���i�h���k�i�_�p�b�Z�e�v�g�u�f���l�Z�[��

�e�b�p�Z�f�� �b�e�b�� �j�Z�k�q�_�l�g�u�f�� �k�i�h�k�h�[�h�f���� �I�j�b�\�_�^�_�g�u��

�j�Z�a�e�b�q�g�u�_�� �f�_�l�h�^�u�� �j�Z�k�q�_�l�Z�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_��

�j�h�o�h�\�Z�l�h�k�l�b�� �± �h�l�� �h�p�_�g�d�b�� �h�[�j�Z�l�g�u�f�� �i�m�l�_�f�� �i�h��

�n�h�j�f�m�e�_�� �R�_�a�b�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�a�f�_�j�_�g�b�c�� �^�h��

�w�f�i�b�j�b�q�_�k�d�b�o���a�Z�\�b�k�b�f�h�k�l�_�c�����i�h�e�m�q�_�g�g�u�o���j�Z�a��

�e�b�q�g�u�f�b�� �k�i�_�p�b�Z�e�b�k�l�Z�f�b�� �g�Z�� �h�k�g�h�\�_�� �g�Z�l�m�j�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c���� �D�j�h�f�_���l�h�]�h���� �Z�\�l�h�j�Z�f�b���j�Z�k�k�f�h�l��

�j�_�g�u���n�h�j�f�m�e�u���j�Z�k�q�_�l�Z���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h��

1Scientific and Industrial Research Associ-

ation Gidrotehproekt, Valday, Rus-

sia;2Saint Petersburg State Forest Tech-

nical University, St. Petersburg, Russia; 
3Saint Petersburg State University,  

St. Petersburg, Russia 

 

gd@npogtp.ru 

Abstract. The article considers one of the 

main parameters while conducting water 

management calculations �± the roughness 

coefficient. Up-to-date assessment of its 

value is carried out according to special ta-

bles or by calculation. Article presents vari-

ous methods for calculating the roughness 

coefficient �± from the reverse evaluation us-

ing the Chezy formula by the measurements 

to the empirical relations obtained by vari-

ous specialists on the basis of field studies. 

In addition, the authors considered formulas 

for calculating the roughness coefficient 

based on physics. The results of calculations 
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�l�_�o���`�_���j�Z�k�o�h�^�Z�o���\�h�^�u���b�a�f�_�g�_�g�b�_���\�_�e�b�q�b�g�u���d�h��

�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v��

�^�_�k�y�l�d�h�\���i�j�h�p�_�g�l�h�\�����I�j�b���j�Z�a�e�b�q�g�h�f���`�_���g�Z�i�h�e��

�g�_�g�b�b�� �j�m�k�e�Z�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h��

�`�_�l���b�a�f�_�g�b�l�v�k�y���\���g�_�k�d�h�e�v�d�h���j�Z�a�����q�l�h���i�j�_�^�h�i�j�_��

�^�_�e�y�_�l�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �h�r�b�[�d�b�� �i�j�b�� �l�Z�[�e�b�q��

�g�h�c�� �h�p�_�g�d�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b��

�^�Z�`�_���^�e�y���m�i�j�h�s�_�g�g�h�]�h���k�e�m�q�Z�y���± �l�h�e�v�d�h���^�e�y���h�l��

�d�j�u�l�h�]�h���j�m�k�e�Z�����I�h�w�l�h�f�m���\�k�_���a�Z�\�b�k�b�f�h�k�l�b�����m�q�b��

�l�u�\�Z�x�s�b�_�� �l�h�e�v�d�h�� �d�j�m�i�g�h�k�l�v�� �j�m�k�e�h�\�u�o�� �h�l�e�h��

�`�_�g�b�c�����i�j�b�g�p�b�i�b�Z�e�v�g�h���g�_���f�h�]�m�l���b�f�_�l�v���i�j�Z�d�l�b��

�q�_�k�d�h�]�h���i�j�b�f�_�g�_�g�b�y�� 

�H�[�s�b�c���\�u�\�h�^�����^�Z�`�_���i�j�b���h�^�g�h�f���b���l�h�f���`�_���m�j�h�\�g�_ 

�\�h�^�u�� �^�e�y�� �m�i�j�h�s�_�g�g�u�o�� �m�k�e�h�\�b�c�� �h�l�d�j�u�l�h�]�h��

�j�m�k�e�Z���[�_�a���j�Z�k�l�b�l�_�e�v�g�h�k�l�b�����d�h�w�n�n�b�p�b�_�g�l���r�_�j�h��

�o�h�\�Z�l�h�k�l�b���f�h�`�_�l���h�l�e�b�q�Z�l�v�k�y���\���j�Z�a�u�����q�l�h���k�\�h�^�b�l��

obtained for such formulas best fit their val-

ues obtained in the inverse way from the 

Chezy formula. The calculation methods 

presented in the article were tested on the 

data of gauging station on the river Polist' �± 

near the settlement Podtopol'e for the period 

of 1954 year and on the river Gozovka �± near 

the settlement Goza for the period 2014-

2017. 

Behind comparing the results of measure-

ments, calculations for various formulas and 

estimated tabular data, the authors made the 

following conclusions. Pressure losses in ex-

plicit depends on the depth of the stream and 

the slope of the free surface, the last one im-

plicitly characterizes the frictional of the 

channel. At the same water flow rates, a 

change in the roughness coefficient can 

reach tens of percent. With different filling 

of the channel, the roughness coefficient can 

change by several times, which predeter-

mines the corresponding errors in the tabular 

estimation of the roughness coefficient, even 

for a simplified case �± only for an open chan-

nel. Therefore, all the dependencies, taking 

into account only the granulometric of riv-

erbed deposits, basically can not have prac-

tical application. 

General conclusion: even with the same wa-

ter level for simplified conditions of an open 

channel without vegetation, the roughness 

coefficient can differ by several times, 
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�d�� �g�m�e�x�� �\�k�_�� �i�h�i�u�l�d�b�� �\�� �_�]�h�� �l�_�h�j�_�l�b�q�_�k�d�h�c��

�h�p�_�g�d�_�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �i�j�y�f�u�o�� �b�a�f�_�j�_�g�b�c��

�m�d�e�h�g�Z�����k�d�h�j�h�k�l�b���b���k�j�_�^�g�_�c���]�e�m�[�b�g�u�� 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z��

�l�h�k�l�b���� �i�h�l�_�j�b�� �g�Z�i�h�j�Z�� �g�Z�� �l�j�_�g�b�_���� �n�h�j�f�m�e�Z��

�R�_�a�b�����d�j�m�i�g�h�k�l�v���j�m�k�e�h�\�u�o���h�l�e�h�`�_�g�b�c���� �d�h�w�n��

�n�b�p�b�_�g�l�� �]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h�� �l�j�_�g�b�y���� �^�b�g�Z�f�b�q�_��

�k�d�Z�y���k�d�h�j�h�k�l�v�� 

which nullifies all attempts to theoretically 

evaluate it in the absence of direct measure-

ments of slope, speed, and average depth. 

Keywords: roughness coefficient; fric-

tional pressure losses; Chezy formula; gran-

ulometric of riverbed deposits; factor of hy-

draulic friction; dynamic velocity. 
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�M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y 

n �± �d�h�w�n�n�b�p�b�_�g�l���r�_�j�h�o�h�\�Z�l�h�k�l�b�� 

C �± �d�h�w�n�n�b�p�b�_�g�l���R�_�a�b�����f1/2���k�� 

R �± �]�b�^�j�Z�\�e�b�q�_�k�d�b�c���j�Z�^�b�m�k�����f�����\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f���k�e�m�q�Z�_���i�e�h�k�d�h�]�h���j�Z�\�g�h�f�_�j�g�h�]�h���h�l�d�j�u�l�h�]�h��

�i�h�l�h�d�Z���]�b�^�j�Z�\�e�b�q�_�k�d�b�c���j�Z�^�b�m�k�GR �| ;  

�G �± �k�j�_�^�g�y�y���]�e�m�[�b�g�Z���i�h�l�h�d�Z�����f�� 

V �± �k�j�_�^�g�y�y���k�d�h�j�h�k�l�v���i�h�l�h�d�Z�������f���k�� 

i �± �m�d�e�h�g���\�h�^�g�h�c���i�h�\�_�j�o�g�h�k�l�b�����^�h�e�b���_�^�b�g�b�p�u�� 

d �± �w�n�n�_�d�l�b�\�g�u�c�� �^�b�Z�f�_�l�j�� �j�m�k�e�h�\�u�o�� �h�l�e�h�`�_�g�b�c���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� ������-�f�m�� �a�g�Z�q�_�g�b�x��

�d�j�m�i�g�h�k�l�b���q�Z�k�l�b�p���i�h���]�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�h�c���d�j�b�\�h�c�����f1; 

B �± �r�b�j�b�g�Z���j�m�k�e�Z�����f�� 

�W �± �d�Z�k�Z�l�_�e�v�g�h�_���g�Z�i�j�y�`�_�g�b�_����
2�k�f

�d�]
�˜

; 

�U �± �i�e�h�l�g�h�k�l�v���`�b�^�d�h�k�l�b���������������d�]���f3;  

*V  �± �^�b�g�Z�f�b�q�_�k�d�Z�y�� �k�d�h�j�h�k�l�v�� ���k�d�h�j�h�k�l�v�� �l�j�_�g�b�y���� �y�\�e�y�x�s�Z�y�k�y�� �f�_�j�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b 

�l�m�j�[�m�e�_�g�l�g�h�]�h���i�m�e�v�k�Z�p�b�h�g�g�h�]�h �^�\�b�`�_�g�b�y �b���q�b�k�e�_�g�g�h �j�Z�\�g�Z�y2 �U�W/* � V ; 

g �± �m�k�d�h�j�_�g�b�_���k�\�h�[�h�^�g�h�]�h���i�Z�^�_�g�b�y���������������f���k2; 

�O �± �d�h�w�n�n�b�p�b�_�g�l���]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h���l�j�_�g�b�y�����[���j�� 

�i�gh  �± �i�h�l�_�j�b���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_�����f�� 

�P �±�^�b�g�Z�f�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����d�]���f.�k�� 

�'  �± �\�u�k�h�l�Z���\�u�k�l�m�i�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b�����f�� 

�Q�± �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����f2���k�� 

l �± �^�e�b�g�Z���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h���m�q�Z�k�l�d�Z�����f�� 

�:  �±�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �d�h�w�n�n�b�p�b�_�g�l���i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b�� 

                                                 
1 �J��������������������-2007 �J�_�d�h�f�_�g�^�Z�p�b�b�����M�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�_ �f�_�l�h�^�u �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �j�Z�k�q�_�l�h�\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�h 
�j�_�q�g�h�c �k�_�l�b �a�h�g �\�u�k�h�d�h�a�Z�]�j�y�a�g�_�g�g�u�o �\�h� ̂�k �m�q�_�l�h�f �n�h�j�f �f�b�]�j�Z�p�b�b �g�Z�b�[�h�e�_�_ �h�i�Z�k�g�u�o �a�Z�]�j�y�a�g�y�x�s�b�o �\�_�s�_�k�l�\. �± 
�J�h�k�l�h�\���g���>., 2008. �± ���������k�� 
2 �=�H�K�L������������-�������:�w�j�h�^�b�g�Z�f�b�d�Z���e�_�l�Z�l�_�e�v�g�u�o���Z�i�i�Z�j�Z�l�h�\�����L�_�j�f�b�g�u�����h�i�j�_�^�_�e�_�g�b�y���b���[�m�d�\�_�g�g�u�_���h�[�h�a�g�Z�q�_�g�b�y. �± �F������
1979. �± �������k�� 
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�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u 

�H�p�_�g�d�Z���\�_�e�b�q�b�g�u���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b���^�h���g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b���i�j�h�\�h�^�b�l�k�y��

�^�\�m�f�y�� �k�i�h�k�h�[�Z�f�b���� �h�i�b�k�Z�l�_�e�v�g�u�f���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�Z�[�e�b�p�� �F���N�� �K�j�b�[�g�h�]�h���� �<���L�� �Q�h�m����

�B���N�� �D�Z�j�Z�k�_�\�Z�����>�`�� �;�j�_�^�e�b�����B���B�� �:�]�j�h�k�d�b�g�Z�����E���:�� �<�Z�k�b�e�v�_�\�h�c���b���^�j�������b���j�Z�k�q�_�l�g�u�f�����I�h�k�e�_�^�g�b�c��

�h�k�g�h�\�Z�g�����d�Z�d���i�j�Z�\�b�e�h�����g�Z���n�h�j�f�m�e�_���I�Z�\�e�h�\�k�d�h�]�h-�F�Z�g�g�b�g�]�Z�� 

6/11
R

�K
n �  (1) 

�D�h�w�n�n�b�p�b�_�g�l�� �R�_�a�b�� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�[�j�Z�l�g�u�f�� �i�m�l�_�f�� �k�� �i�h�f�h�s�v�x�� �n�h�j�f�m�e�u�� �R�_�a�b�� �i�h��

�b�a�f�_�j�_�g�g�u�f���\�_�e�b�q�b�g�Z�f���k�d�h�j�h�k�l�b���l�_�q�_�g�b�y��V�����m�d�e�h�g�m���\�h�^�g�h�c���i�h�\�_�j�o�g�h�k�l�b��i �b���]�b�^�j�Z�\�e�b�q�_�k�d�h�f�m��

�j�Z�^�b�m�k�m��R�����i�h�e�m�q�_�g�g�h�f�m���k���i�h�f�h�s�v�x���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���b�a�f�_�j�_�g�b�c�� 

Ri

V
C �  (2) 

�<�u�[�h�j�� �l�Z�[�e�b�q�g�u�o�� �a�g�Z�q�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �a�Z�\�b�k�b�l�� �h�l�� �l�h�q�g�h�k�l�b�� �b��

�^�_�l�Z�e�b�a�Z�p�b�b�� �h�i�b�k�Z�g�b�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �m�q�Z�k�l�d�Z�� �j�_�d�b���� �D�� �l�h�f�m�� �`�_�� �l�Z�[�e�b�q�g�h�_�� �h�i�b�k�Z�g�b�_��

�y�\�e�y�_�l�k�y�� �d�Z�q�_�k�l�\�_�g�g�u�f���� �q�l�h�� �\�k�_�]�^�Z�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �b�a�\�_�k�l�g�m�x�� �^�h�e�x�� �k�m�[�t�_�d�l�b�\�b�a�f�Z�� �i�j�b��

�i�h�^�[�h�j�_�� �l�h�]�h�� �b�e�b�� �b�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b���� �L�h�q�g�h�k�l�v�� �i�h�^�h�[�j�Z�g�g�u�o��

�a�g�Z�q�_�g�b�c�� �^�Z�`�_�� �i�h�� �i�j�_�^�e�h�`�_�g�g�h�c�� �\�� �>�;�Z�j�u�r�g�b�d�h�\���� �I�e�h�l�d�b�g�Z���� �J�m�[�e�_�\�k�d�Z�y���� ���������@�� �m�l�h�q�g�_�g�g�h�c��

�l�Z�[�e�b�p�_�� �a�g�Z�q�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �^�e�y�� �[�_�k�i�h�c�f�_�g�g�u�o�� �j�m�k�_�e�� �_�k�l�_�k�l�\�_�g�g�u�o��

�\�h�^�h�l�h�d�h�\���d�h�e�_�[�e�_�l�k�y���\���i�j�_�^�_�e�Z�o���� ��%3010�y�r . 

�<���i�h�i�u�l�d�Z�o���g�Z�c�l�b���[�h�e�_�_���h�[�t�_�d�l�b�\�g�u�c���i�h�^�o�h�^���d���h�p�_�g�d�_���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b��

�f�g�h�]�b�_���b�k�k�e�_�^�h�\�Z�l�_�e�b���>�F�Z�f�_�^�h�\�������������@���i�j�_�^�e�Z�]�Z�x�l���w�f�i�b�j�b�q�_�k�d�m�x���a�Z�\�b�k�b�f�h�k�l�v���k�e�_�^�m�x�s�_�]�h��

�\�b�^�Z�� 

b
i

n
a

�  (3) 

�]�^�_ �Z, b �± �w�f�i�b�j�b�q�_�k�d�b�_���d�h�w�n�n�b�p�b�_�g�l�u�� 

�K�q�b�l�Z�_�l�k�y�����q�l�h���a�Z�\�b�k�b�f�h�k�l�v�����������i�j�b�f�_�g�b�f�Z���^�e�y���j�m�k�_�e�����\���d�h�l�h�j�u�o���n�h�j�f�b�j�h�\�Z�g�b�_���e�h�`�Z��

�k�\�y�a�Z�g�h�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�h�� �k�d�h�j�h�k�l�v�x�� �>�F�Z�f�_�^�h�\���� ���������@���� �A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\��

�a�Z�\�b�k�b�f�h�k�l�b�����������j�Z�a�g�y�l�k�y���\���j�Z�a�e�b�q�g�u�o���b�k�l�h�q�g�b�d�Z�o�� 
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�m���F���N�� �K�j�b�[�g�h�]�h���^�e�y���]�h�j�g�u�o���j�_�d���b���i�_�j�b�h�^�b�q�_�k�d�b�o���\�h�^�h�l�h�d�h�\���\���a�_�f�e�b�k�l�h-�d�Z�f�_�g�b�k�l�u�o���j�m�k�e�Z�o��

���[�_�a���j�Z�k�l�b�l�_�e�v�g�h�k�l�b�������i�j�b��i >0,0005  �Z =0,25; b = 6,5; �����Z�� 

�m���D�o�Z�g�g�u���^�e�y���k�l�Z�[�b�e�v�g�u�o���j�m�k�_�e�� �Z =0,25; b = 8,05; �����[�� 

�m���<���N�� �L�h�e�f�Z�a�Z���i�j�b��i >0,0075  �Z =0,3; b = 5,0; �����\�� 

�m���I���:�����R�Z�l�[�_�j�Z�r�\�b�e�b�� �Z =0,2; b = 8,33. �����]�� 

�<�� �g�_�d�h�l�h�j�u�o�� �b�k�l�h�q�g�b�d�Z�o�� �h�k�g�h�\�g�u�f�� �i�Z�j�Z�f�_�l�j�h�f���� �h�i�j�_�^�_�e�y�x�s�b�f�� �r�_�j�h�o�h�\�Z�l�h�k�l�v��

�j�m�k�e�Z�����i�j�b�g�b�f�Z�x�l���d�j�m�i�g�h�k�l�v���j�m�k�e�h�\�u�o���h�l�e�h�`�_�g�b�c���� 

b
d

n
a

�  (4) 

�i�h���R�l�j�b�d�e�_�j�m���>�;�Z�j�u�r�g�b�d�h�\�������������@ 88,2015,0/;
6
1

�|� � gba ; �����Z�� 

�i�h���Q�Z�g�]�m�� 231,19;
6
1

� � ba ; �����[�� 

�i�h���<���F�� �F�Z�d�d�Z�\�_�_�\�m���b���:���<�� �D�Z�j�Z�m�r�_�\�m 753,10;
6
1

� � ba ; �����\�� 

�i�h���F���:�����F�h�k�l�d�h�\�m�� 408,20;
6
1

� � ba ; �����]�� 

�i�h���J��������������������-20013  333,33;
6
1

� � ba ; �����^�� 

�i�h���=���<�����@�_�e�_�a�g�y�d�h�\�m���>�@�_�e�_�a�g�y�d�h�\�������������@�� 

�^�e�y�� 3/1 �d�d dH   5,1225,6;
3
1

�y� � ba ; �����_�� 

�^�e�y�� 10/3 �d�d dH   857,175,12;
4
1

�y� � ba ; �����`�� 

�^�e�y�� 20/10 �d�d dH   0,20857,17;
5
1

�y� � ba ; �����b�� 

�^�e�y�� 1000/20 ���d dH  222,22;
6
1

� � ba  �����d�� 

                                                 
3 �L�Z�f���`�_ 
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�F�����I�b�j�d�h�\�k�d�b�f���i�j�_�^�e�h�`�_�g�Z���k�e�_�^�m�x�s�Z�y���a�Z�\�b�k�b�f�h�k�l�v�� 

dn 1,0025,0 ��� . (5) 

�D�j�h�f�_���l�h�]�h�����^�e�y���j�Z�k�q�_�l�Z���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b���\���j�Z�a�g�h�_���\�j�_�f�y���i�j�_�^�e�Z�]�Z�e�b�k�v��

�k�e�_�^�m�x�s�b�_���a�Z�\�b�k�b�f�h�k�l�b�� 

�<���F�����F�Z�d�d�Z�\�_�_�\�u�f���>�F�Z�f�_�^�h�\�������������@ 6 Hian � ; (6) 

�:���R�����F�Z�f�_�^�h�\�u�f���>�F�Z�f�_�^�h�\�������������@ )(07,0 2,016,0 iin ��� ; (7) 

�<���K�� �:�e�l�m�g�b�g�u�f���b���E���<�� �E�Z�j�b�h�g�h�\�h�c���>�D�h�k�b�q�_�g�d�h�������������@ 

018,0)/50(000005,0 5,2 ����� H�<n . (8) 

�<���>�@�_�e�_�a�g�y�d�h�\�������������@���i�j�_�^�e�Z�]�Z�_�l�k�y���b�k�i�h�e�v�a�h�\�Z�g�b�_���k�e�_�^�m�x�s�_�c���a�Z�\�b�k�b�f�h�k�l�b�����d�h�l�h�j�m�x��

�Z�\�l�h�j���\�u�\�h�^�b�l���b�a���n�h�j�f�m�e�u���R�_�a�b�� 

V
iH

V
iH

n
y 5,03/25,05,0

� � 
��

  (9) 

�J�Z�k�k�f�h�l�j�b�f�� �j�Z�\�g�h�f�_�j�g�h�_�� �m�k�l�Z�g�h�\�b�\�r�_�_�k�y�� �^�\�b�`�_�g�b�_�� �\�h�^�g�h�]�h�� �i�h�l�h�d�Z�� �i�h��

�i�j�y�f�h�e�b�g�_�c�g�h�f�m���m�q�Z�k�l�d�m���j�m�k�e�Z�� �>�e�y���m�i�j�h�s�_�g�b�y���a�Z�^�Z�q�b���i�j�b�f�_�f���h�l�k�m�l�k�l�\�b�_���e�_�^�h�\�u�o���y�\�e�_�g�b�c��

�b�� �\�h�^�g�h�c�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�b�� �g�Z�� �m�q�Z�k�l�d�_�� �j�m�k�e�Z���� �<�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �j�_�Z�e�v�g�u�c�� �l�m�j�[�m�e�_�g�l�g�u�c�� �i�h�l�h�d��

�h�d�Z�a�u�\�Z�x�l�� �^�h�g�g�u�_�� �h�l�e�h�`�_�g�b�y�� �j�Z�a�e�b�q�g�h�c�� �d�j�m�i�g�h�k�l�b���� �]�j�y�^�u�� �b�� �^�j�m�]�b�_�� �n�h�j�f�u�� �f�b�d�j�h�j�_�e�v�_�n�Z��

�^�g�Z���� �>�e�y�� �l�m�j�[�m�e�_�g�l�g�h�]�h�� �j�_�`�b�f�Z�� �a�Z�� �i�j�b�^�h�g�g�m�x�� �k�d�h�j�h�k�l�v�� �i�j�b�g�b�f�Z�_�l�k�y�� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z���g�Z��

�\�u�k�h�l�_���\�u�k�l�m�i�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b���>�<�b�g�h�]�j�Z�^�h�\���b���^�j���������������Z�@. 

�D�Z�k�Z�l�_�e�v�g�h�_���g�Z�i�j�y�`�_�g�b�_���g�Z���]�j�Z�g�b�p�_���^�g�h-�i�h�l�h�d���>�=�j�b�r�Z�g�b�g�������������@�� 

gHiV �˜� � �U�U�W 2
*  (10) 

�<���l�m�j�[�m�e�_�g�l�g�h�f �i�h�l�h�d�_�� �d�Z�k�Z�l�_�e�v�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�� �[�m�^�_�l�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�� �\�l�h�j�h�c��

�k�l�_�i�_�g�b���k�d�h�j�h�k�l�b�� 

2

2V
�U�O�W�  (11) 
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�I�h�l�_�j�b���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_����
g

V
h�i�g 2

2

�O� �����l�h���_�k�l�v�� gh
V

�i�g� 
2

2

�O �����h�l�d�m�^�Z�� �i�ggh�˜� �U�W .  

�M�q�b�l�u�\�Z�y���j�Z�g�_�_���i�j�b�\�_�^�_�g�g�m�x���n�h�j�f�m�e�m�������������i�h�e�m�q�Z�_�f���i�j�h�k�l�h�_���\�u�j�Z�`�_�g�b�_���^�e�y���h�p�_�g�d�b��

�i�h�l�_�j�v���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_�� 

Hih�i�g �  �b�e�b��
g

h�i�g �U
�W

�  (12) 

�q�l�h���i�h�a�\�h�e�y�_�l���k�^�_�e�Z�l�v���k�e�_�^�m�x�s�b�c���\�Z�`�g�u�c���\�u�\�h�^�����\�_�e�b�q�b�g�Z���i�h�l�_�j�v���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_���\���y�\�g�h�f��

�\�b�^�_�� �a�Z�\�b�k�b�l�� �h�l�� �]�e�m�[�b�g�u�� �i�h�l�h�d�Z�� �b�� �m�d�e�h�g�Z�� �k�\�h�[�h�^�g�h�c�� �\�h�^�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �i�j�y�f�h��

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z���d�Z�k�Z�l�_�e�v�g�h�f�m���g�Z�i�j�y�`�_�g�b�x���g�Z���]�j�Z�g�b�p�_���^�g�h-�i�h�l�h�d���� 

�>�Z�e�_�_�����i�h�k�d�h�e�v�d�m �b�a�\�_�k�l�g�h�Ü���q�l�h�� 

g
V

h�i�g 2

2

�O�  

2

2
C

g
� �O  

6/11
H

n
C � ,  

�i�h�e�m�q�Z�_�f 

3/1

22

2

2

2

2

2
2

H
nV

C
V

gC
gV

h�i�g � � �  (13) 

�M�q�b�l�u�\�Z�y�������������i�h�e�m�q�Z�_�f���h�d�h�g�q�Z�l�_�e�v�g�h:  

V
i�G

i�G�G�L�G
VV

�Gh
n �i�g

2/13/2
3/43/1

2

3/1 1
� � � �  (14) 

�I�h�e�m�q�_�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���k�h�h�l�\�_�l�k�l�\�m�_�l���n�h�j�f�m�e�Z�f���=���<�� �@�_�e�_�a�g�y�d�h�\�Z�����������b���R�_�a�b�� 

�<�l�h�j�h�c�� �\�Z�j�b�Z�g�l �j�Z�k�q�_�l�Z�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h�`�g�h�� �h�p�_�g�b�l�v�� �k�� �m�q�_�l�h�f��

�d�j�m�i�g�h�k�l�b���^�h�g�g�u�o���h�l�e�h�`�_�g�b�c��d�����f���b���^�b�g�Z�f�b�q�_�k�d�h�c���\�y�a�d�h�k�l�b���P�����d�]���f.�k���� 

�<�u�k�h�l�Z���\�u�k�l�m�i�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�_�c���>�<�b�g�h�]�j�Z�^�h�\���b���^�j���������������[�@���� 

l
VV 2

2

�˜
�|

�'
�U

�P ,  (15) 
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�g�Z�� �m�q�Z�k�l�d�_�� �_�^�b�g�b�q�g�h�c�� �^�e�b�g�u��l =1: 
V
�Q

� �' ���� �G�Z�i�j�b�f�_�j���� �k�j�_�^�g�b�c�� �^�b�Z�f�_�l�j�� �q�Z�k�l�b�p�� �^�h�g�g�u�o��

�h�l�e�h�`�_�g�b�c���\���k�l�\�h�j�_���]�b�^�j�h�f�_�l�j�b�q�_�k�d�h�]�h���i�h�k�l�Z���j�����<�b�e�b�y-�F�Z�e�u�_���K�\�b�j�y�g�d�b���g�Z���^�Z�l�m���h�l�[�h�j�Z���i�j�h�[��

�h�d�l�y�[�j�v�������������]�����± ���������������f�����j�Z�k�q�_�l�g�h�_���a�g�Z�q�_�g�b�_���± ���������������f�� 

�<�� �e�b�l�_�j�Z�l�m�j�_�� �>�=�j�b�r�Z�g�b�g���� ������������ �K�g�b�s�_�g�d�h, 2010; �L�j�b�Z�g�^�Z�n�b�e�h�\, �?�n�b�f�h�\�Z, 2012] 

�\�u�k�h�l�m���\�g�_�r�g�_�c���]�j�Z�g�b�p�u���[�m�n�_�j�g�h�]�h���k�e�h�y�����\���g�Z�r�_�f���i�j�b�f�_�j�_ �k�h�h�l�\�_�l�k�l�\�m�_�l���\�u�k�h�l�_���\�u�k�l�m�i�h�\��

�r�_�j�h�o�h�\�Z�l�h�k�l�b�����k�q�b�l�Z�x�l���i�h���k�e�_�^�m�x�s�_�c���a�Z�\�b�k�b�f�h�k�l�b���� 

�O
�Q

V

�:
� �' , (16) 

�K���m�q�_�l�h�f�� 

HiH
n

V 6/11
�  (17) 

�O�Q �'
� 

/

6/1

�:

�G�L�G
n  (18) 

�G�_�d�h�l�h�j�m�x���g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v���\���a�Z�\�b�k�b�f�h�k�l�v�������������i�j�b�\�g�h�k�b�l���d�h�w�n�n�b�p�b�_�g�l���: �����\�_�e�b�q�b�g�Z��

�d�h�l�h�j�h�]�h�� �i�h�� �j�Z�a�e�b�q�g�u�f�� �^�Z�g�g�u�f�� �f�h�`�_�l�� �b�a�f�_�g�y�l�v�k�y�� �h�l�� ������ �^�h�� �������� �A�g�Z�q�_�g�b�y�� �:�� �^�e�y�� �j�� �I�h�e�i�_��

( 0026,0� �'  �f�����± ���������j�����<�b�e�b�b����0015,0� �'  �f�����± ���������j�����K�l�j�Z�q�b����0031,0� �'  �f�����± ���������j�� �=�h�a�h�\�d�b 

( 0025,0� �'  �f�����± 41. 

�J�_�a�m�e�v�l�Z�l�u���b���h�[�k�m�`�^�_�g�b�_ 

�L�h�q�g�h�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �j�Z�\�g�b�g�g�u�o�� �j�m�q�v�_�\�� �b�� �j�_�d����

�j�Z�k�k�q�b�l�Z�g�g�u�o�� �h�[�j�Z�l�g�u�f�� �i�m�l�_�f���� �f�h�`�g�h�� �h�p�_�g�b�l�v�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �l�Z�[�e�b�p�u ������ �<�� �g�_�c��

�i�j�b�\�_�^�_�g�u���^�Z�g�g�u�_���j�Z�a�e�b�q�g�u�o���i�h���j�Z�a�f�_�j�Z�f���j�_�d�����f�_�`�_�g�g�u�_���j�Z�k�o�h�^�u���\�h�^�u���d�h�l�h�j�u�o���f�_�g�y�x�l�k�y��

�h�l������������-���������������j�m�q�����I�h�e�i�_�����^�h��������-�����������f3���k�����j�����H�d�Z�������K�h�k�l�h�y�g�b�_���j�_�d���g�Z���m�q�Z�k�l�d�_���]�b�^�j�h�k�l�\�h�j�Z���\��

�f�h�f�_�g�l�� �b�a�f�_�j�_�g�b�c�� �± �k�\�h�[�h�^�g�h�_�� �j�m�k�e�h���� �e�_�^�h�\�u�_�� �y�\�e�_�g�b�y�� �b�� �j�m�k�e�h�\�Z�y�� �\�h�^�g�Z�y�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�v��

�h�l�k�m�l�k�l�\�m�x�l���� 

�:�g�Z�e�b�a�� �l�Z�[�e�b�p�u�� ���� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �j�Z�k�q�_�l�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �g�_��

�h�k�l�Z�_�l�k�y���i�h�k�l�h�y�g�g�u�f���^�Z�`�_���i�j�b���[�e�b�a�d�b�o���i�h���a�g�Z�q�_�g�b�x���j�Z�k�o�h�^�Z�o���\�h�^�u�����<���g�_�d�h�l�h�j�u�o���k�e�m�q�Z�y�o���i�j�b��
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�g�_�a�g�Z�q�b�l�_�e�v�g�u�o�� �d�h�e�_�[�Z�g�b�y�o�� �i�h�k�e�_�^�g�_�]�h�� �g�Z�� �_�^�b�g�b�p�u�� �i�j�h�p�_�g�l�h�\�� �a�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z��

�r�_�j�h�o�h�\�Z�l�h�k�l�b���f�h�]�m�l���b�a�f�_�g�b�l�v�k�y���g�Z������-���������b���[�h�e�_�_�� 

�L�Z�[�e�b�p�Z������ �J�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y �j�m�k�e�h�\�h�]�h���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b��n �^�e�y���j�m�q�v�_�\���b���j�_�d��

�j�Z�a�e�b�q�g�u�o���j�Z�a�f�_�j�h�\ 

Table 1. Calculated values of the riverbed roughness coefficient n for streams and rivers of various 

sizes 

�J�_�d�Z �>�Z�l�Z �&�����f1/2���k �5�����f �4�����f3���k n �j�Z�k�q�_�l�g�h�_ i 
n �l�Z�[�e�b�q�g�h�_4 �i�h  

�J 52.24.627-2007 

�I�h�e�i�_ 
07.12.2013 17,4 0,12 0,072 0,040 0,0013 

0,030 
17.03.2014 14,6 0,09 0,062 0,046 0,0043 

�=�h�a�h�\�d�Z 

22.03.2015 13,3 0,20 0,246 0,058 0,00091 

0,030 
25.03.2015 15,2 0,20 0,280 0,050 0,00099 

28.03.2015 18,8 0,19 0,253 0,040 0,00061 

24.05.2015 16,3 0,19 0,274 0,047 0,00097 

�K�l�j�Z�q�Z 

25.02.2016 18,7 1,74 7,47 0,059 0,000056 

0,040 27.02.2016 23,7 1,73 7,01 0,046 0,000031 

27.11.2017 15,7 1,63 7,45 0,069 0,000093 

�<�b�e�b�y 

21.03.2015 21,2 1,67 63,2 0,051 0,0005 

0,035 
26.03.2015 27,9 1,61 60,7 0,039 0,0003 

12.12.2015 40,5 1,47 46,2 0,026 0,00011 

14.12.2015 33,2 1,47 46,4 0,032 0,00017 

�H�d�Z 
30.10.2013 41,4 4,1 942 0,031 0,000055 

0,040 
01.05.2014 34,5 4,5 1048 0,037 0,000074 

�F�a�u�f�l�Z 

27.05.1974 23,3 1,14 124 0,044 0,0079 

0,067 

06.07.1972 24,5 1,11 123 0,042 0,0074 

25.10.1972 23,0 1,18 128 0,045 0,0078 

30.02.1970 24,7 1,19 140 0,042 0,0074 

14.05.1969 23,1 1,10 116 0,044 0,0076 

 

                                                 
4 �J��������������������-2007 �J�_�d�h�f�_�g�^�Z�p�b�b�����M�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�_ �f�_�l�h�^�u �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �j�Z�k�q�_�l�h�\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�h 
�j�_�q�g�h�c �k�_�l�b �a�h�g �\�u�k�h�d�h�a�Z�]�j�y�a�g�_�g�g�u�o �\�h� ̂�k �m�q�_�l�h�f �n�h�j�f �f�b�]�j�Z�p�b�b �g�Z�b�[�h�e�_�_ �h�i�Z�k�g�u�o �a�Z�]�j�y�a�g�y�x�s�b�o �\�_�s�_�k�l�\. �± 
�J�h�k�l�h�\���g���>., 2008. �± ���������k 
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�I�j�b���k�j�Z�\�g�_�g�b�b���j�Z�k�q�_�l�g�u�o���a�g�Z�q�_�g�b�c���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b���k���_�]�h���l�Z�[�e�b�q�g�u�f�b��

�a�g�Z�q�_�g�b�y�f�b���� �k�h�k�l�Z�\�e�_�g�g�u�f�b�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�_�\�u�o�� �h�i�b�k�Z�g�b�c���� �\�u�y�\�e�y�_�l�k�y�� �b�o�� �k�m�s�_�k�l�\�_�g�g�h�_��

�h�l�e�b�q�b�_���� �H�l�d�e�h�g�_�g�b�y�� �j�Z�k�k�q�b�l�Z�g�g�u�o�� �h�[�j�Z�l�g�u�f�� �i�m�l�_�f�� �q�_�j�_�a�� �b�a�f�_�j�_�g�g�m�x�� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z��

�a�g�Z�q�_�g�b�c���h�l���l�Z�[�e�b�q�g�u�o���^�h�k�l�b�]�Z�x�l������-�������b���^�Z�`�_���������� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�f�_�g�_�g�b�_�� �l�Z�[�e�b�q�g�u�o�� �a�g�Z�q�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b��

�f�h�]�m�l���i�j�b�\�h�^�b�l�v���d���k�m�s�_�k�l�\�_�g�g�u�f���i�h�]�j�_�r�g�h�k�l�y�f���\���h�p�_�g�d�_���j�_�q�g�h�]�h���k�l�h�d�Z���b���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

�m�j�h�\�g�_�c�� �i�j�b�� �j�_�r�_�g�b�b�� �\�h�^�h�o�h�a�y�c�k�l�\�_�g�g�u�o�� �a�Z�^�Z�q���� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �b�g�`�_�g�_�j�g�u�o�� �^�h�j�h�`�g�u�o��

�k�h�h�j�m�`�_�g�b�c���b���]�b�^�j�h�l�_�o�g�b�q�_�k�d�b�o���h�[�t�_�d�l�h�\�� 

�J�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�� �j�Z�k�k�f�h�l�j�_�g�g�u�o�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �Z�i�j�h�[�b�j�h�\�Z�g�Z�� �g�Z�� �f�Z�l�_�j�b�Z�e�Z�o��

�b�a�f�_�j�_�g�b�c���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�h�k�l�h�\���j�� �I�h�e�b�k�l�v���± �I�h�^�l�h�i�h�e�v�_���a�Z�������������]�����b���j�����=�h�a�h�\�d�Z���± �=�h�a�Z���a�Z��

2014-�����������]�]�����b���i�j�_�^�k�l�Z�\�e�_�g�Z���\���l�Z�[�e�b�p�Z�o�������b�������k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�L�Z�[�e�b�p�Z�� �������J�Z�k�q�_�l�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �i�h�� �i�j�_�^�e�h�`�_�g�g�u�f�� �a�Z�\�b�k�b�f�h�k�l�y�f�� �^�e�y�� 

d � ���������������f�����^�e�y���i�h�k�l�Z���j�����I�h�e�b�k�l�v���± �I�h�^�l�h�i�h�e�v�_���������������]�h�^ 

Table 2. Calculated values of the roughness coefficient according to the proposed formulas for 

particles with d = 0.001 m, for gauging station on the river Polist' �± near the settlement Podtopol'e for 

the period of 1954 year 

�^�Z�l�Z 08.04 09.04 10.04 12.04 13.04 14.04 15.04 17.04 22.04 29.04 05.05 

i 0,00013 0,00012 0,0001 0,00012 0,00012 0,0001 0,00013 0,0001 0,0001 0,000082 0,000043 

B�����f 41,3 40,4 40 39,2 38,9 38,2 37,8 37,9 38,7 38 39 

H�����f 2,05 1,93 1,79 1,48 1,39 1,36 1,34 1,3 1,32 1,21 1,31 

R, �f  1,86 1,76 1,64 1,38 1,30 1,27 1,25 1,22 1,24 1,14 1,23 

V�����f���k 0,55 0,53 0,51 0,42 0,44 0,41 0,39 0,38 0,37 0,31 0,32 

C 35,1 36,7 39,8 32,7 35,3 36,4 30,2 34,8 32,8 32,2 43,4 

n (1) 0,033 0,031 0,028 0,033 0,030 0,029 0,035 0,030 0,032 0,032 0,024 

n (10) 0,033 0,032 0,029 0,034 0,031 0,030 0,036 0,031 0,033 0,033 0,025 

n �����[�� 0,013 0,013 0,012 0,013 0,013 0,012 0,013 0,012 0,012 0,012 0,010 

n �����]�� 0,020 0,020 0,019 0,020 0,020 0,019 0,020 0,019 0,019 0,018 0,016 

n (7) 0,028 0,028 0,027 0,028 0,028 0,027 0,028 0,027 0,027 0,026 0,023 

n (8) 0,042 0,041 0,038 0,031 0,029 0,029 0,029 0,028 0,028 0,025 0,027 

 

�:�g�Z�e�h�]�b�q�g�u�_�� �j�Z�k�q�_�l�g�u�_�� �a�g�Z�q�_�g�b�y�� �r�_�j�h�o�h�\�Z�l�h�k�l�_�c�� �i�h�� �a�Z�\�b�k�b�f�h�k�l�y�f�� �h�l�� �d�j�m�i�g�h�k�l�b��

�j�m�k�e�h�\�u�o���h�l�e�h�`�_�g�b�c�����i�j�b���m�k�e�h�\�b�b���j�Z�a�f�_�j�Z���q�Z�k�l�b�p���\�������f�f�����i�h�e�m�q�_�g�u���^�e�y���k�l�\�h�j�Z���j�� �I�h�e�b�k�l�v���± 

�I�h�^�l�h�i�h�e�v�_�� 
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�I�h���R�l�j�b�d�e�_�j�m�������Z�� 015,0/15,0 6/1 � � gdn .  

�I�h���Q�Z�g�]�m�������[�� 016,0231,19/6/1 � � dn . 

�I�h���<���F�� �F�Z�d�d�Z�\�_�_�\�m���b���:���<�� �D�Z�j�Z�m�r�_�\�m �����\�� 029,0753,10/6/1 � � dn . 

�I�h���F���:�� �F�h�k�l�d�h�\�m�������]�� 015,0408,20/6/1 � � dn . 

�I�h���J��������������������-20015 �����^�� 01,0333,33/6/1 � � dn . 

�I�h���F�����I�b�j�d�h�\�k�d�h�f�m�������� 025,01,0025,0 � ��� dn . 

�A�Z�\�b�k�b�f�h�k�l�b�� �����_��-�����d���� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �i�j�b�f�_�g�b�f�u���� �i�h�k�d�h�e�v�d�m�� �h�l�g�h�r�_�g�b�_��h/d �^�e�y��

�[�h�e�v�r�b�o�����k�j�_�^�g�b�o���b���[�h�e�v�r�b�g�k�l�\�Z���f�Z�e�u�o���j�_�d���\�k�_�]�^�Z���!���������� 

�L�Z�[�e�b�p�Z���������J�Z�k�q�_�l���d�h�w�n�n�b�p�b�_�g�l�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b���^�e�y��d � �����������������f���^�e�y���i�h�k�l�Z���=�h�a�h�\�d�Z���± �=�h�a�Z 

Table 3. Calculation of roughness coefficients for particles with d = 0.0026 m for the gauging station 

on the river Gozovka �± near the settlement Goza 

�W���\�h�^�u����
0�K 

�>�Z�l�Z���b�a�f�_-

�j�_�g�b�y 

�M�j�h�\�_�g�v���\�h�^�u���g�Z�^��

�g�m�e�_�f���]�j�Z�n�b�d�Z�����k�f 

�J�Z�k�o�h�^��

�\�h�^�u�����f3���k 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y�����f���k 

�K�j�_�^�g�y�y��

�]�e�m�[�b�g�Z�����f 

n 

(15) 

n 

(18) 

n 

(14) 

15,5 07.06.2017 45 0,151 0,17 0,14 0,047 0,051 0,048 

15,8 10.06.2017 47 0,182 0,18 0,16 0,036 0,038 0,036 

6,5 28.03.2015 49 0,253 0,20 0,19 0,040 0,039 0,041 

14,1 24.05.2015 49 0,274 0,22 0,20 0,047 0,051 0,048 

12,6 02.10.2016 50 0,252 0,18 0,20 0,051 0,050 0,052 

2,4 22.03.2015 51 0,246 0,18 0,21 0,058 0,050 0,059 

4,1 25.03.2015 51 0,279 0,21 0,20 0,050 0,048 0,052 

3,9 13.12.2015 51 0,277 0,21 0,20 0,035 0,034 0,036 

12,1 30.09.2016 52 0,306 0,19 0,22 0,056 0,055 0,057 

3,7 05.11.2014 55 0,237 0,15 0,24 0,074 0,058 0,076 

4,0 15.12.2015 55 0,336 0,22 0,22 0,034 0,033 0,035 

2,9 27.11.2017 56 0,385 0,24 0,24 0,045 0,044 0,047 

8,4 10.04.2017 57 0,436 0,24 0,26 0,054 0,055 0,055 

7,7 13.04.2017 57 0,427 0,24 0,25 0,050 0,051 0,052 

2,2 30.11.2017 58 0,453 0,26 0,26 0,039 0,038 0,040 

                                                 
5 �L�Z�f���`�_ 
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�<�u�\�h�^�u 
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Abstract. The river network is the main 

drainage of underground waters of the terri-

tories. It is created over a long period and is 

determined by geological, climatic and oro-

graphic conditions. The draining capacity of 

a hydrographic network depends not only on 

its density, but also on the speed of water 

flowing down it. The latter is determined by 

the area of the living section, slope, rough-

ness of the riverbed. The article shows that 

the river ice of the Northern rivers, as a sea-

sonal hydraulic resistance, can also have a 

significant impact on the drainage capacity 

of the hydrographic network. On the exam-

ple of river flow in warm and cold winters, 

it is shown that the ice cover regulates the 

participation of groundwater at different lev-

els of drainage in the formation of river flow. 

As the climate warms, the regulatory role of 

the ice cover decreases. The rate of under-

ground water treatment in the upper sections 

of river basins increases, accompanied by an 
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increase in water content in the lower parts 

of the hydrographic network. Over the past 

30-40 years, the contribution of groundwater 

in the watershed of the river basins to the 

supply of rivers in the forest zone in mezhen 

decreased by 20% compared to the previous 

"quasi-stationary" climate period. There is a 

"drying" of the upper reaches of river basins, 

despite the growth of annual precipitation. In 

the future, if the current trends of climate 

change continue, it is possible to further re-

duce the underground supply of rivers, as the 

drainage role of the hydrographic network 

will increase. The reduction of groundwater 

reserves in river basins will reduce their reg-

ulatory role in river flow and may increase 

the frequency of occurrence of extremely 

low water content. This should be taken into 

account when developing adaptive water 

management measures to climate change. 

Keywords: ice cover; river runoff; under-

ground river feeding; hydrographic network 

links; climate change; flooding of territories. 
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Figure 1. The contribution of different parts of the hydrographic network in the formation of the 

winter flow of the Vaga river (F=37000 km 2) depending on the average thickness of the ice: 

 �± river with a length of less than 25 km; 

 �± sections of rivers more than 25 km from the source 
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Figure 2. The relationship of the deflection amount of the winter flow of rivers from the middle 

years with an average winter air temperature (the basin of the Aldan river) 
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Figure 3. Hydrographs of the flow of small rivers of the Northern Dvina river basin  

in winter with different ice thickness in February (�GFeb) and  

average monthly air temperature (�Laverage XI-II) for November-February 
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Figure 4. Decrease in water level (H) in the lake. Shugozero in the winter months at different 

average air temperatures for the winter months (Taverage XI-III) and ice thickness (�GiceII)  

�M�\�_�e�b�q�_�g�b�_�� �\�� �l�_�i�e�u�_�� �a�b�f�u�� �i�j�h�i�m�k�d�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b�� �f�Z�e�u�o�� �j�_�d���� �b�o�� �^�j�_�g�b�j�m�x�s�_�c��

�k�i�h�k�h�[�g�h�k�l�b�� �i�h�k�l�_�i�_�g�g�h�� �i�j�b�\�_�e�h�� �d�� �k�j�Z�[�h�l�d�_�� �a�Z�i�Z�k�h�\�� �i�h�^�a�_�f�g�u�o�� �\�h�^�� �\�� �\�_�j�o�g�b�o�� �a�\�_�g�v�y�o��

�]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�_�l�b���� �W�l�h�� �b�e�e�x�k�l�j�b�j�m�_�l�� �]�j�Z�n�b�d�� �g�Z�� �j�b�k�m�g�d�_�� ������ �<�� �f�b�g�b�f�Z�e�v�g�h�f�� �k�l�h�d�_��

�g�b�`�g�_�]�h�� �k�l�\�h�j�Z�� �j�� �I�e�x�k�k�u�� ���^�� �;�j�h�^���� �k�l�h�d���� �n�b�d�k�b�j�m�_�f�u�c�� �\�� �\�_�j�o�g�_�f�� �k�l�\�h�j�_�� ���k�� �I�e�x�k�k�Z������

�k�g�b�a�b�e�k�y�� �i�h�q�l�b �g�Z�� �������� �\�� �k�h�\�j�_�f�_�g�g�u�o�� �m�k�e�h�\�b�y�o���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�j�_�^�r�_�k�l�\�m�x�s�b�f��

�©�d�\�Z�a�b�k�l�Z�p�b�h�g�Z�j�g�u�f�ª�� �d�e�b�f�Z�l�b�q�_�k�d�b�f�� �i�_�j�b�h�^�h�f���� �L�h�� �_�k�l�v���� �i�j�h�b�k�o�h�^�b�l�� �©�i�h�^�k�m�r�d�Z�ª��

�i�j�b�\�h�^�h�j�Z�a�^�_�e�v�g�h�c���a�h�g�u�����K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���w�l�h���i�j�h�b�k�o�h�^�b�l���i�j�b���l�_�g�^�_�g�p�b�b���j�h�k�l�Z���]�h�^�h�\�u�o��

�h�k�Z�^�d�h�\���\���k�h�\�j�_�f�_�g�g�u�o���m�k�e�h�\�b�y�o �>�R�b�d�e�h�f�Z�g�h�\�����=�_�h�j�]�b�_�\�k�d�b�c�������������@�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

484  
 

 

�J�b�k�m�g�h�d����. �K�h�h�l�g�h�r�_�g�b�_ �f�b�g�b�f�Z�e�v�g�h�]�h������-�l�b���k�m�l�h�q�g�h�]�h���a�b�f�g�_�]�h�����Z�����b���e�_�l�g�_�]�h�����[�����k�l�h�d�Z��

�f�_�`�^�m���^�\�m�f�y���]�b�^�j�h�f�_�l�j�b�q�_�k�d�b�f�b���k�l�\�h�j�Z�f�b���g�Z���j�� �I�e�x�k�k�_�� 

Figure 5. The ratio of the minimum 30-day winter (a) and summer (b) runoff between the two 

hydrometric channels on the Pluss river. 
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Figure 6. �&�R�Q�Q�H�F�W�L�R�Q���R�I���L�Q�F�U�H�D�V�H���R�I���P�D�U�N�V���R�I���D���E�D�V�L�V���R�I���G�U�D�L�Q�D�J�H���R�I���X�Q�G�H�U�J�U�R�X�Q�G���Z�D�W�H�U�V�����¨�G) with 

the area catchment of lowland rivers at different increments of water flow (% of average perennial) 
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Abstract. Designed and manufactured a 

test stand for the dynamic characteristics 

of debris-flows and for physical model-

ling of debris-flows. The stand is a rec-

tangular cross-section tray with a length 

of 3.0 m, a width of 0.25 m, a depth of 

0.25 m. The slopes of the tray vary from 

10o to 45o. Rods are installed in the tray 

to accommodate load cells for measuring 

pressure, speed and temperature. The 

process of moving the debris-flow 
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through the transparent wall of the debris-

flow tray is filmed by a high-speed video 

camera. During the experiment, the ve-

locity and high- velocity pressure of wa-

ter flow and artificial debris-flow were 

measured. The tray was installed with a 

slope of 12o. Water flow was started up 

on the tray (to measure the flow rate and 

the value of the velocity head, which 

were then used as reference values). Then 

the tray was put into the flow of the pre-

pared debris-flow mixture. The debris-

flow mixture was prepared from a 

dredged-crushed proluvial-deluvial de-

posits of Holocene age with a loamy ag-

gregate with a density of 2210 kg/m3. The 

density of the prepared debris-flow mix-

ture was 1756 kg/m3. Dynamic viscosity 

of the debris-flow mass measured by the 

Stokes method was 0.0498 Poise, kine-

matic viscosity of the debris-flow mass 

was 0.0928 Stokes. Data on the debris-

flow velocity measured directly during its 

movement of the debris-flow is not 

enough. Therefore, methods for calculat-

ing the speed of a debris-flow slide in its 

are important. One of these methods is 

the method of calculating the debris-flow 

velocity by the magnitude of the speed 

head (on the traces of the debris-flow on 

the trunks of trees). That method is based 
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on the formula of E. Torricelli. The re-

sults of the experiment showed that the 

measured debris-flow velocity, calcu-

lated from the magnitude of the velocity 

head, was lower than the measured veloc-

ity before the obstacle and higher than the 

measured velocity after the obstacle. The 

measured velocity of the debris-flow pas-

sage of the entire tray was close to the cal-

culated one. 

Keywords: coherent debris-flow; de-

bris-flow; debris-flow process; debris-

flow velocity; debris-flow tray; debris-

flow deposits; a hydrodynamic pressure. 
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3 �± �k�_�e�_�i�j�b�z�f�g�b�d���������± �r�l�Z�g�]�Z���^�e�y���m�k�l�Z�g�h�\�d�b���b�a�f�_�j�b�l�_�e�v�g�u�o���^�Z�l�q�b�d�h�\ 

Figure 1. Stand for experimental studies of the debris-flows dynamics: 

1 �± debris-flow tray with a transparent wall; 2 �± a container for water and debris-flow mixture;  

3 �± a container for debris-flow deposits; 4 �± rod for installation of measuring sensors 
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Figure 2. Stand for experimental studies of the debris-flows dynamics 
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1. �H�i�j�_�^�_�e�_�g�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�y�� �h�l�� �n�b�a�b�d�h-

�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �k�_�e�_�n�h�j�f�b�j�m�x�s�b�o�� �]�j�m�g�l�h�\�� ���i�e�h�l�g�h�k�l�b���� �\�e�Z�`�g�h�k�l�b���� �i�h�j�b�k�l�h�k�l�b����

�\�y�a�d�h�k�l�b�����]�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�h�]�h���k�h�k�l�Z�\�Z�����f�b�g�_�j�Z�e�v�g�h�]�h���b���i�_�l�j�h�]�j�Z�n�b�q�_�k�d�h�]�h���k�h�k�l�Z�\�Z������ 

2. �B�a�f�_�j�_�g�b�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y�� �g�Z�� �j�Z�a�g�u�o�� �m�q�Z�k�l�d�Z�o�� �k�_�e�_�\�h�]�h�� �e�h�l�d�Z�� �b�� �i�h�� �]�e�m�[�b�g�_��

�i�h�l�h�d�Z�����b�a�f�_�j�_�g�b�_���^�Z�\�e�_�g�b�y���g�Z���j�Z�a�g�u�o���m�q�Z�k�l�d�Z�o���j�m�k�e�Z���b���g�Z���j�Z�a�g�u�o���]�e�m�[�b�g�Z�o���i�h�l�h�d�Z�����b�a�f�_�j�_�g�b�_��

�l�_�f�i�_�j�Z�l�m�j�u�� �g�Z�� �j�Z�a�g�u�o�� �]�e�m�[�b�g�Z�o�� �i�h�l�h�d�Z�� �b�� �g�Z�� �j�Z�a�g�u�o�� �m�q�Z�k�l�d�Z�o�� �k�_�e�_�\�h�]�h�� �e�h�l�d�Z���� �b�a�f�_�j�_�g�b�_��

�\�_�e�b�q�b�g�u���k�d�h�j�h�k�l�g�h�]�h���g�Z�i�h�j�Z�����h�i�j�_�^�_�e�_�g�b�_���d�h�e�b�q�_�k�l�\�Z�����\�u�k�h�l�u���b���i�_�j�b�h�^�Z���k�_�e�_�\�u�o���\�h�e�g���b���b�o��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�_�\�h�c�� �k�f�_�k�b���� �b�a�f�_�j�_�g�b�_�� �k�_�e�_�\�u�o��

�j�Z�k�o�h�^�h�\�� 
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3. �H�i�j�_�^�_�e�_�g�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c�� ���k�l�j�Z�l�b�n�b�d�Z�p�b�b����

�k�h�j�l�b�j�h�\�Z�g�g�h�k�l�b���� �k�l�j�h�_�g�b�y�� �l�h�e�s�b�� �k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c���� �h�l�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��

�k�_�e�_�\�h�c���k�f�_�k�b���b���^�b�g�Z�f�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�_�e�y�� 

�<�� �g�h�y�[�j�_�� ���������� �]���� �g�Z�f�b�� �[�u�e�� �i�j�h�\�_�^�z�g�� �w�d�k�i�_�j�b�f�_�g�l�� �i�h�� �b�a�f�_�j�_�g�b�x�� �k�d�h�j�h�k�l�b�� �k�_�e�y�� �g�Z��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f���k�l�_�g�^�_�����k�_�e�_�\�h�f���e�h�l�d�_�����j�b�k�m�g�h�d���������������� 

�<�� �w�d�k�i�_�j�b�f�_�g�l�_�� �b�a�f�_�j�y�e�b�k�v�� �k�d�h�j�h�k�l�v�� �b�� �k�d�h�j�h�k�l�g�h�c�� �g�Z�i�h�j�� �\�h�^�g�h�]�h�� �i�h�l�h�d�Z�� �b��

�b�k�d�m�k�k�l�\�_�g�g�h�]�h���]�j�y�a�_�d�Z�f�_�g�g�h�]�h���k�_�e�y���� 

�E�h�l�h�d���[�u�e���m�k�l�Z�g�h�\�e�_�g���k���m�d�e�h�g�h�f�������h. 

�I�j�b���i�j�h�\�_�^�_�g�b�b���w�d�k�i�_�j�b�f�_�g�l�Z���i�_�j�\�h�g�Z�q�Z�e�v�g�h���i�h���e�h�l�d�m���[�u�e���i�m�s�_�g���\�h�^�g�u�c���i�h�l�h�d�����^�e�y��

�b�a�f�_�j�_�g�b�y�� �k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z�� �b�� �\�_�e�b�q�b�g�u�� �k�d�h�j�h�k�l�g�h�]�h�� �g�Z�i�h�j�Z���� �d�h�l�h�j�u�_ �a�Z�l�_�f�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v��

�d�Z�d���w�l�Z�e�h�g�g�u�_���a�g�Z�q�_�g�b�y�������A�Z�l�_�f���i�h���e�h�l�d�m���[�u�e���i�m�s�_�g���i�h�l�h�d���b�a���i�h�^�]�h�l�h�\�e�_�g�g�h�c���k�_�e�_�\�h�c���k�f�_�k�b���� 

�K�_�e�_�\�Z�y�� �k�f�_�k�v�� �[�u�e�Z�� �i�j�b�]�h�l�h�\�e�_�g�Z�� �b�a�� �^�j�_�k�\�y�g�h-�s�_�[�_�g�b�k�l�h�]�h�� �w�e�x�\�b�Z�e�v�g�h-

�^�_�e�x�\�b�Z�e�v�g�h�]�h�� �]�j�m�g�l�Z�� �\�h�a�j�Z�k�l�h�f�� �4IV �k�� �k�m�]�e�b�g�b�k�l�u�f�� �a�Z�i�h�e�g�b�l�_�e�_�f�� ���e�z�]�d�b�c�� �b�� �k�j�_�^�g�b�c��

�k�m�]�e�b�g�h�d�� �^�h�� ���������� �i�e�h�l�g�h�k�l�v�x�� �\�� �_�k�l�_�k�l�\�_�g�g�h�f�� �a�Z�e�_�]�Z�g�b�b�� ���������� �d�]���f3���� �I�e�h�l�g�h�k�l�v�� �k�m�]�e�b�g�d�Z�� �± 

���������� �d�]���f3���� �>�j�_�k�\�Z�� �b�� �s�_�[�_�g�v�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �Z�e�_�\�j�h�e�b�l�h�f�� �k�j�_�^�g�_�c�� �i�j�h�q�g�h�k�l�b�� �i�e�h�l�g�h�k�l�v�x�� �\��

�_�k�l�_�k�l�\�_�g�g�h�f���a�Z�e�_�]�Z�g�b�b�������������d�]���f3�����=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���b�k�o�h�^�g�u�o���]�j�m�g�l�h�\���i�h�d�Z�a�Z�g���\��

�l�Z�[�e�b�p�_���������I�e�h�l�g�h�k�l�v���i�h�^�]�h�l�h�\�e�_�g�g�h�c���k�_�e�_�\�h�c���k�f�_�k�b���k�h�k�l�Z�\�b�e�Z�������������d�]���f3.  

�<���e�h�l�d�_���[�u�e�Z���m�k�l�Z�g�h�\�e�_�g�Z���r�l�Z�g�]�Z�����i�h���d�h�l�h�j�h�c���b�a�f�_�j�y�e�Z�k�v���\�u�k�h�l�Z���k�d�h�j�h�k�l�g�h�]�h���g�Z�i�h�j�Z�� 
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�J�b�k�m�g�h�d���������>�\�b�`�_�g�b�_���\�h�^�g�h�]�h���i�h�l�h�d�Z���i�h���k�_�e�_�\�h�f�m���e�h�l�d�m 

Figure 3. Movement of water flow along the target tray 

 

�J�b�k�m�g�h�d���������>�\�b�`�_�g�b�_���\�h�^�g�h�]�h�����������b���k�_�e�_�\�h�]�h�����������i�h�l�h�d�Z���i�h���k�_�e�_�\�h�f�m���e�h�l�d�m 

Figure 4. Movement of water flow (1) and debris-flow (2) along the target tray 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

498  
 

�L�Z�[�e�b�p�Z���������=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���]�j�m�g�l�h�\���^�e�y���i�h�^�]�h�l�h�\�d�b���k�_�e�_�\�h�c���k�f�_�k�b 

Table 1. Granulometric composition of soils for the preparation of debris-flow mixture 

�G�Z�b�f�_�g�h�\�Z��

�g�b�_���]�h�j�g�h�c��

�i�h�j�h�^�u 

Name of 

rock 

�=
�_

�h
�e

�h
�]�

b�
q�

_�
k�

d�
b�

c�
��\

�h
�a

�j�
Z

�k
�l�

��b
���

]�_
�g

�_
�a

�b
�k

 

G
eo

lo
gi

ca
l a

ge
 a

nd
 G

en
es

is
 �=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���\���������j�Z�a�f�_�j���q�Z�k�l�b�p�����f�f 

Granulometric composition %; particle size, mm 

�S�_��

�[�_�g�v 

Crus-

hed 

�>�j�_�k�\�Z 

Gravel 

�I�_�k�h�d 

Sand 

�K�h�^�_�j�`�Z�g�b�_ �i�u�e�_�\�Z��

�l�u�o �q�Z�k�l�b�p 

Content of dusty parti-

cles 

>10 
10-

5 

5-

2 

2-

05 

0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 

�>�j�_�k�\�y�g�h-

�s�_�[�_�g�b�k�l�u�c��

�]�j�m�g�l���k���k�m��

�]�e�b�g�b�k�l�u�f��

�a�Z�i�h�e�g�b�l�_��

�e�_�f���^�h������������

�k�j�_�^�g�_�c��

�i�e�h�l�g�h�k�l�b����

�\�e�Z�`�g�u�c 

Dry-crushed 

soil with 

loamy aggre-

gate up to 

45%, me-

dium den-

sity, wet 

�j�G�4IV 65,0 7,7 4,8 5,5 17,0 0,19 0,25 0,69 0,25 0,38 

�J�_�a�m�e�v�l�Z�l�u���b���b�o���h�[�k�m�`�^�_�g�b�_ 

�I�h�k�d�h�e�v�d�m�� �^�Z�g�g�u�o�� �h�� �k�d�h�j�h�k�l�b�� �k�_�e�_�c���� �b�a�f�_�j�_�g�g�u�o�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�h�� �\�j�_�f�y�� �_�]�h��

�^�\�b�`�_�g�b�y���g�_�^�h�k�l�Z�l�h�q�g�h�����h�k�h�[�m�x���\�Z�`�g�h�k�l�v���i�j�b�h�[�j�_�l�Z�x�l���f�_�l�h�^�u���j�Z�k�q�z�l�Z���k�d�h�j�h�k�l�b���k�_�e�y���i�h���_�]�h��

�k�e�_�^�Z�f�����h�i�j�_�^�_�e�z�g�g�u�_���i�j�b���i�h�e�_�\�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���i�h�k�e�_���k�o�h�^�Z���k�_�e�y���� 
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�H�^�g�h�c���b�a���l�Z�d�b�o���f�_�l�h�^�b�d���y�\�e�y�_�l�k�y���f�_�l�h�^�b�d�Z���h�i�j�_�^�_�e�_�g�b�y���k�d�h�j�h�k�l�b���k�_�e�y���i�h���\�_�e�b�q�b�g�_��

�k�d�h�j�h�k�l�g�h�]�h���g�Z�i�h�j�Z�����i�h���k�e�_�^�Z�f���k�_�e�y�����h�[�f�Z�a�d�Z�f�����g�Z���k�l�\�h�e�Z�o���^�_�j�_�\�v�_�\���b���l���^��1: 

�7 L §�6�Ú�¿�Û

�»
, (1) 

�]�^�_ �¿�D �± �j�Z�a�g�h�k�l�v �f�_�`�^�m���h�l�f�_�l�d�Z�f�b���k�e�_�^�h�\���m�j�h�\�g�y�����h�[�f�Z�a�d�b�����\���e�h�[�h�\�h�c���b���l�u�e�h�\�h�c���q�Z�k�l�b��

�^�_�j�_�\�Z�����k�d�h�j�h�k�l�g�h�c���g�Z�i�h�j�������f���� 

�. �± �d�h�w�n�n�b�p�b�_�g�l�����a�Z�\�b�k�y�s�b�c �h�l���k�\�h�c�k�l�\���k�_�e�_�\�h�c���f�Z�k�k�u�����\���k�j�_�^�g�_�f���j�Z�\�g�y�_�l�k�y�������������� 

�K�q�b�l�Z�_�l�k�y�����q�l�h���^�Z�g�g�Z�y���f�_�l�h�^�b�d�Z���i�h�a�\�h�e�y�_�l���k���i�j�b�_�f�e�_�f�h�c���l�h�q�g�h�k�l�v�x���\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v��

�a�g�Z�q�_�g�b�y���k�d�h�j�h�k�l�b���k�_�e�y���i�j�b���i�h�e�_�\�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���� 

�W�l�Z���f�_�l�h�^�b�d�Z���h�k�g�h�\�Z�g�Z���g�Z���n�h�j�f�m�e�_���W�����L�h�j�j�b�q�_�e�e�b2�����k�\�y�a�u�\�Z�x�s�_�c���k�d�h�j�h�k�l�v���b�k�l�_�q�_�g�b�y��

�b�^�_�Z�e�v�g�h�c �`�b�^�d�h�k�l�b �b�a�� �f�Z�e�h�]�h�� �h�l�\�_�j�k�l�b�y�� �\�� �h�l�d�j�u�l�h�f�� �k�h�k�m�^�_�� �k�� �\�u�k�h�l�h�c�� �`�b�^�d�h�k�l�b�� �g�Z�^��

�h�l�\�_�j�k�l�b�_�f: 

�7 L ¥�t�C�D (2) 

�H�^�g�Z�d�h�� �i�j�h�[�e�_�f�Z�l�b�q�g�u�f�� �h�k�l�Z�z�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �.3 ���� �a�Z�\�b�k�y�s�_�]�h�� �h�l��

�k�\�h�c�k�l�\�� �k�_�e�_�\�h�c�� �f�Z�k�k�u���� �H�l�\�_�l�Z�� �g�Z�� �\�h�i�j�h�k���� �h�l�� �d�Z�d�b�o�� �b�f�_�g�g�h�� �k�\�h�c�k�l�\�� �k�_�e�_�\�h�c�� �f�Z�k�k�u�� �a�Z�\�b�k�b�l��

�a�g�Z�q�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l���.�����J�>��52.30.238-�������g�_���^�Z�z�l�� 

�H�q�_�\�b�^�g�h�����q�l�h���k�d�h�j�h�k�l�v���k�_�e�y���^�h�e�`�g�Z���[�u�l�v���k�\�y�a�Z�g�Z���k���_�]�h���\�y�a�d�h�k�l�v�x�����h�^�g�Z�d�h���i�h�e�_�\�u�o���b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o���g�_�^�h�k�l�Z�l�h�q�g�h�� 

�L�_�h�j�_�l�b�q�_�k�d�h�]�h���h�[�h�k�g�h�\�Z�g�b�y���\�u�[�h�j�Z���a�g�Z�q�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�Z���.���\���l�h�f���b�e�b���b�g�h�f���k�e�m�q�Z�_����

�d���k�h�`�Z�e�_�g�b�x�����\���e�b�l�_�j�Z�l�m�j�_���g�_�l�� 

�<���o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�Z�����i�j�h�\�_�^�_�g�g�h�]�h���Z�\�l�h�j�Z�f�b���\�� �g�h�y�[�j�_������������ �]�h�^�Z���� �[�u�e�Z���\�� �l�h�f�� �q�b�k�e�_��

�b�a�f�_�j�_�g�Z�� �^�b�g�Z�f�b�q�_�k�d�Z�y�� �\�y�a�d�h�k�l�v�� �k�_�e�_�\�h�c�� �f�Z�k�k�u�� �i�h�� �f�_�l�h�^�m�� �K�l�h�d�k�Z4���� �>�Z�g�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��

�i�h�e�m�q�b�e�Z�k�v���j�Z�\�g�h�c�����������������I�m�Z�a�� 

�J�Z�k�k�q�b�l�Z�g�g�Z�y�� �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y�� �\�y�a�d�h�k�l�v�� �k�_�e�_�\�h�c�� �f�Z�k�k�u5  �k�h�k�l�Z�\�b�e�Z�� �������������� �K�l�h�d�k��

���l�Z�[�e�b�p�Z�������� 

                                                 
1 �J�m�d�h�\�h�^�y�s�b�c�� �^�h�d�m�f�_�g�l�� �J�>�� ������������������-�������� �J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f����
�<�u�i�m�k�d���������H�j�]�Z�g�b�a�Z�p�b�y���b���i�j�h�\�_�^�_�g�b�_���j�Z�[�h�l���i�h���b�a�m�q�_�g�b�x���k�_�e�_�c�����F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
2 �N�b�a�b�q�_�k�d�b�c���w�g�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c���k�e�h�\�Z�j�v �����=�e�����j�_�^�����:���F�� �I�j�h�o�h�j�h�\�����F�������K�h�\�_�l�k�d�Z�y���w�g�p�b�d�e�h�i�_�^�b�y�������������������������k�� 
3 �J�m�d�h�\�h�^�y�s�b�c�� �^�h�d�m�f�_�g�l�� �J�>�� ������������������-�������� �J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f����
�<�u�i�m�k�d���������H�j�]�Z�g�b�a�Z�p�b�y���b���i�j�h�\�_�^�_�g�b�_���j�Z�[�h�l���i�h���b�a�m�q�_�g�b�x���k�_�e�_�c�����F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
4 �H�i�j�_�^�_�e�_�g�b�_ �\�y�a�d�h�k�l�b �`�b�^�d�h�k�l�b �f�_�l�h�^�h�f �K�l�h�d�k�Z���� �f�_�l�h�^�b�q�_�k�d�b�_ �m�d�Z�a�Z�g�b�y�� ���� �k�h�k�l������ �K���K���� �G�b�d�m�e�b�g���� �:���K���� �Q�_�o����
�L�Z�f�[�h�\�����B�a�^-�\�h �=�H�M �<�I�H �L�=�L�M�����������������������k���� 
5 �N�b�a�b�q�_�k�d�b�c���w�g�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c���k�e�h�\�Z�j�v �����=�e�����j�_�^�����:���F�� �I�j�h�o�h�j�h�\�����F�������K�h�\�_�l�k�d�Z�y���w�g�p�b�d�e�h�i�_�^�b�y�������������������������k�� 
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����� �������!�� (3) 

�]�^�_  �� �± �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y �\�y�a�d�h�k�l�v;  

�� �± �^�b�g�Z�f�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v���� 

�!���± �i�e�h�l�g�h�k�l�v. 

�K�d�h�j�h�k�l�v���\�h�^�g�h�]�h���i�h�l�h�d�Z���j�Z�k�k�q�b�l�u�\�Z�e�Z�k�v���i�h���n�h�j�f�m�e�_���������� 

�J�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�� ���l�Z�[�e�b�p�Z�� ������ �h�d�Z�a�Z�e�b�k�v�� �g�_�h�^�g�h�a�g�Z�q�g�u���� �H�l�f�_�q�Z�_�l�k�y�� �j�Z�a�[�j�h�k��

�i�h�e�m�q�_�g�g�u�o���a�g�Z�q�_�g�b�c���� 

�B�a�f�_�j�_�g�g�Z�y�� �k�d�h�j�h�k�l�v�� �\�h�^�g�h�]�h�� �i�h�l�h�d�Z�� �b�� �_�]�h�� �k�d�h�j�h�k�l�v���� �j�Z�k�k�q�b�l�Z�g�g�Z�y�� �i�h�� �\�_�e�b�q�b�g�_��

�k�d�h�j�h�k�l�g�h�]�h���g�Z�i�h�j�Z�����g�_���k�h�\�i�Z�^�Z�x�l�����j�Z�k�k�q�b�l�Z�g�g�Z�y���k�d�h�j�h�k�l�v���i�j�_�\�u�k�b�e�Z���b�a�f�_�j�_�g�g�m�x���k�d�h�j�h�k�l�v���^�h��

�i�j�_�i�y�l�k�l�\�b�y�����r�l�Z�g�]�b�����b���[�e�b�a�d�Z���d���b�a�f�_�j�_�g�g�h�c���k�d�h�j�h�k�l�b���i�h�k�e�_���i�j�_�i�y�l�k�l�\�b�y�����K�d�h�j�h�k�l�v���i�h�l�h�d�Z����

�b�a�f�_�j�_�g�g�Z�y���h�l���g�Z�q�Z�e�Z���^�h���d�h�g�p�Z���e�h�l�d�Z�����\���^�\�m�o���k�e�m�q�Z�y�o���h�d�Z�a�Z�e�Z�k�v���g�b�`�_���j�Z�k�k�q�b�l�Z�g�g�h�c�����\���h�^�g�h�f���± 

�[�e�b�a�d�Z���d���g�_�c�� 

�K�d�h�j�h�k�l�v�� �k�_�e�y���� �j�Z�k�k�q�b�l�Z�g�g�Z�y�� �i�h�� �\�_�e�b�q�b�g�_�� �k�d�h�j�h�k�l�g�h�]�h�� �g�Z�i�h�j�Z���� �h�d�Z�a�Z�e�Z�k�v�� �g�b�`�_��

�b�a�f�_�j�_�g�g�h�c�� �k�d�h�j�h�k�l�b�� �]�j�y�a�_�d�Z�f�_�g�g�h�]�h�� �k�_�e�y�� �^�h�� �i�j�_�i�y�l�k�l�\�b�y�� ���r�l�Z�g�]�b���� �b�� �\�u�r�_�� �b�a�f�_�j�_�g�g�h�c��

�k�d�h�j�h�k�l�b���i�h�k�e�_���i�j�_�i�y�l�k�l�\�b�y�����B�a�f�_�j�_�g�g�Z�y���k�d�h�j�h�k�l�v���i�j�h�o�h�`�^�_�g�b�y���k�_�e�_�f���\�k�_�]�h���e�h�l�d�Z���h�d�Z�a�Z�e�Z�k�v��

�[�e�b�a�d�Z���d���j�Z�k�q�_�l�g�h�c�� 

�H�^�g�Z�d�h�� �^�_�e�Z�l�v�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �h�^�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �^�Z�e�_�d�h�� �b�^�m�s�b�_�� �\�u�\�h�^�u�� �h��

�^�b�g�Z�f�b�d�_�� �k�\�y�a�g�u�o�� �k�_�e�_�\�u�o�� �k�f�_�k�_�c�� �b�� �^�h�i�m�k�l�b�f�h�k�l�b�� �b�e�b�� �g�_�� �^�h�i�m�k�l�b�f�h�k�l�b�� �j�Z�k�k�q�b�l�u�\�Z�l�v��

�k�d�h�j�h�k�l�b�� �i�j�h�r�_�^�r�b�o�� �k�_�e�_�c�� �i�h�� �\�_�e�b�q�b�g�_�� �k�d�h�j�h�k�l�g�h�]�h�� �g�Z�i�h�j�Z�� �i�j�_�`�^�_�\�j�_�f�_�g�g�h���� �g�_�h�[�o�h�^�b�f�h��

�i�j�h�\�_�^�_�g�b�_�� �f�Z�k�k�h�\�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�j�b�� �j�Z�a�g�u�o�� �m�d�e�h�g�Z�o�� �k�_�e�_�\�h�]�h�� �e�h�l�d�Z�� �b�� �j�Z�a�g�u�o�� �n�b�a�b�d�h-

�f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o���k�_�e�_�\�u�o���k�f�_�k�_�c�� 

�<�u�\�h�^�u 

1. �K�l�_�g�^���^�e�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���^�b�g�Z�f�b�d�b���k�_�e�_�c���i�j�b���\�k�_�c���i�j�h�k�l�h�l�_��

�_�]�h���d�h�g�k�l�j�m�d�p�b�b���i�h�a�\�h�e�y�_�l���i�j�h�\�h�^�b�l�v���w�d�k�i�_�j�b�f�_�g�l�u���i�h���n�b�a�b�q�_�k�d�h�f�m���f�h�^�_�e�b�j�h�\�Z�g�b�x���k�_�e�_�c�� 

2. �W�d�k�i�_�j�b�f�_�g�l�u���g�Z���k�_�e�_�\�u�o���k�l�_�g�^�Z�o���y�\�e�y�x�l�k�y���\�Z�`�g�u�f���^�h�i�h�e�g�_�g�b�_�f���d���g�Z�l�m�j�g�u�f��

�g�Z�[�e�x�^�_�g�b�y�f�� �b�� �i�h�a�\�h�e�y�x�l�� �\�u�i�h�e�g�y�l�v�� �n�b�a�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �k�_�e�_�c���� �\�� �q�Z�k�l�g�h�k�l�b����

�b�k�k�e�_�^�h�\�Z�l�v���m�k�e�h�\�b�y���\�h�a�g�b�d�g�h�\�_�g�b�y���k�_�e�_�\�u�o���\�h�e�g�� 
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�;�e�Z�]�h�^�Z�j�g�h�k�l�b 

�:�\�l�h�j�u���\�u�j�Z�`�Z�x�l�� �[�e�Z�]�h�^�Z�j�g�h�k�l�v���=���I���� �F�Z�j�q�_�g�d�h���� �i�h�^���j�m�d�h�\�h�^�k�l�\�h�f�� �d�h�l�h�j�h�]�h���b���i�j�b��

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�f�� �m�q�Z�k�l�b�b�� �[�u�e�� �b�a�]�h�l�h�\�e�_�g�� �k�l�_�g�^�� �^�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��
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Abstract. Study of seasonal dynam-

ics and evapotranspiration volume of 

forested catchments (mainly forest 

stand transpiration) is the relevant ob-

jective for fundamental knowledge 

and practical applications. However, 

there are many difficulties: labor ef-

forts of direct observations, many fac-
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tors affecting against each other, ob-

servational data scaling and so on. As 

a result, evapotranspiration during hy-

drological modeling is determined by 

the leftover principle and simplified 

techniques, leading to wrong repre-

sentation of water balance structure. 

The presented article deals with the 

first results of our research group fo-

cused on setting up field measure-

ments of xylem sap flow using trunk 

sap flow measuring sensors as well as 

development of sap flow assessment 

methods for individual trees and 

whole catchment. 

The investigations were performed 

for mixed coniferous-broad leaved 

forests at the territory of the Central 

Sikhote-�$�O�L�Q�¶�� �Z�L�W�K�L�Q�� �9�H�U�N�K�Q�H�X�V��

suriyskiy biogeocenotical station of 

FSC of the East Asia Terrestrial Bio-

diversity FEB RAS. This site is used 

for water balance measuring surveys 

from 2011. Sap flow was measured 

continuously during June-October of 

2019 on one of the local dominant tree 

species. Apparently, such investiga-

tions are novel for the Russian Far 

East region. 

It is expected that direct sap flow 

measurements for individual trees re-

finement methods, data scaling and its 
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integration to the hydrometeorologi-

cal observations will help to make a 

comprehensive analysis of catch-

ments water balance and to integrate 

measured data into hydrological mod-

els. 

Keywords: transpiration; stem sap 

flow; catchment; Manchurian birch; 

trunk heat balance method; Ussuri 

river basin. 
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�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�x�l�k�y�� �b�� �^�j�m�]�b�_�� �i�h�^�o�h�^�u���� �d�h�l�h�j�u�_�� �\�u�o�h�^�y�l�� �g�Z��

�i�j�y�f�u�_�� �b�a�f�_�j�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �\�h�^�g�h�]�h�� �h�[�f�_�g�Z���� �D�� �g�b�f�� �h�l�g�h�k�y�l�k�y�� �b�a�f�_�j�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\��

�h�[�f�_�g�Z���h�l�^�_�e�v�g�h�]�h���e�b�k�l�Z���b���b�a�f�_�j�_�g�b�y���k�d�h�j�h�k�l�b���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z����sap flow measurement�����g�Z��

�m�j�h�\�g�_���^�_�j�_�\�Z���\���p�_�e�h�f�� 

�I�_�j�\�u�c�� �i�h�^�o�h�^�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �\�u�k�h�d�h�c�� �l�h�q�g�h�k�l�v�x�� �h�i�j�_�^�_�e�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\���� �g�h��

�i�_�j�_�o�h�^�� �d�� �h�p�_�g�b�\�Z�g�b�x�� �l�j�Z�g�k�i�b�j�Z�p�b�b�� �p�_�e�h�]�h�� �^�_�j�_�\�Z�� �h�k�l�Z�_�l�k�y�� �l�j�m�^�g�h�j�Z�a�j�_�r�b�f�h�c�� �a�Z�^�Z�q�_�c����

�<�l�h�j�h�c�� �i�h�^�o�h�^���� �i�j�b�� �d�h�l�h�j�h�f�� �\�h�a�f�h�`�g�h�k�l�v�� �b�g�l�_�]�j�Z�e�v�g�h�]�h�� �h�p�_�g�b�\�Z�g�b�y�� �i�h�l�h�d�Z�� �\�e�Z�]�b��

���k�h�d�h�^�\�b�`�_�g�b�y�������i�j�h�o�h�^�y�s�_�f���q�_�j�_�a���\�h�^�h�i�j�h�\�h�^�y�s�b�_���i�m�l�b���k�l�\�h�e�Z�����h�l���Z�g�]�e�b�c�k�d�h�]�h���k�e�h�\�Z���©sap�ª��

�± �a�Z�[�h�e�h�g�v�� �± �g�Z�b�[�h�e�_�_�� �Z�d�l�b�\�g�u�_�� �k�e�h�b�� �d�k�b�e�_�f�u���� �y�\�e�y�x�s�b�_�k�y�� �]�e�Z�\�g�u�f�b�� �\�h�^�h�i�j�h�\�h�^�y�s�b�f�b��
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�i�m�l�y�f�b�� �^�_�j�_�\�Z���� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �[�h�e�_�_�� �i�_�j�k�i�_�d�l�b�\�g�u�f���� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �b�a-�a�Z�� �m�k�l�j�Z�g�_�g�b�y��

�h�k�g�h�\�g�h�c�� �i�j�h�[�e�_�f�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �g�Z�� �m�j�h�\�g�_�� �h�l�^�_�e�v�g�h�]�h�� �^�_�j�_�\�Z���� �G�_�� �b�k�d�e�x�q�_�g�Z�� �b��

�\�h�a�f�h�`�g�h�k�l�v���h�p�_�g�d�b���l�j�Z�g�k�i�b�j�Z�p�b�h�g�g�u�o���i�h�l�h�d�h�\���d�Z�d���^�e�y���h�l�^�_�e�v�g�u�o���\�b�^�h�\���^�j�_�\�h�k�l�h�_�\�����l�Z�d���b��

�g�Z�� �m�j�h�\�g�_�� �[�h�e�_�_�� �\�u�k�h�d�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b���� �g�Z�i�j�b�f�_�j���� �f�Z�e�h�]�h�� �j�_�q�g�h�]�h�� �\�h�^�h�k�[�h�j�Z���� �\�d�e�x�q�Z�x�s�_�]�h��

�k�h�\�h�d�m�i�g�h�k�l�v���h�k�g�h�\�g�u�o���\�b�^�h�\���^�j�_�\�h�k�l�h�_�\�� 

�<���g�Z�k�l�h�y�s�_�c���k�l�Z�l�v�_���i�j�_�^�k�l�Z�\�e�_�g�u���i�h�^�o�h�^�u���b���f�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�c���l�j�Z�g�k�i�b�j�Z�p�b�b��

�g�Z���h�k�g�h�\�_���i�j�b�[�h�j�h�\�����b�g�l�_�]�j�Z�e�v�g�h���b�a�f�_�j�y�x�s�b�o���k�h�d�h�^�\�b�`�_�g�b�_���\���k�l�\�h�e�_���^�_�j�_�\�Z����sap flow meters), 

�Z���l�Z�d�`�_���^�Z�_�l�k�y���i�_�j�\�b�q�g�u�c���Z�g�Z�e�b�a���^�Z�g�g�u�o�����i�h�e�m�q�_�g�g�u�o���g�Z���g�Z�q�Z�e�v�g�h�f���w�l�Z�i�_���l�Z�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c��

�g�Z���f�Z�e�h�f���]�h�j�g�h-�l�Z�_�`�g�h�f���[�Z�k�k�_�c�g�_���\���\�_�j�o�h�\�v�y�o���j�_�d�b���M�k�k�m�j�b�� 

�I�h�k�l�Z�g�h�\�d�Z���a�Z�^�Z�q�b 

�I�h�k�e�_���i�b�h�g�_�j�g�h�c���j�Z�[�h�l�u���g�_�f�_�p�d�h�]�h���b�k�k�e�_�^�h�\�Z�l�_�e�y���;�� �O�m�[�_�j�Z���\�������������]�����>�+�X�E�H�U�������������@��

�i�h�y�\�b�e�k�y�� �j�y�^�� �f�_�l�h�^�h�\�� �b�a�f�_�j�_�g�b�y�� �i�h�l�h�d�h�\�� �k�h�d�h�^�\�b�`�_�g�b�y���� �\�� �h�k�g�h�\�_�� �d�h�l�h�j�u�o�� �a�Z�e�h�`�_�g�u��

�j�Z�a�e�b�q�g�u�_�� �i�j�b�g�p�b�i�u���� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�c���� �w�e�_�d�l�j�b�q�_�k�d�b�c���� �f�Z�]�g�b�l�g�h-�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�c�� �b��

�y�^�_�j�g�h-�f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�u�c���� �H�^�g�Z�d�h�� �e�b�r�v�� �i�j�b�[�h�j�u�� �b�� �b�a�f�_�j�b�l�_�e�v�g�u�_�� �k�b�k�l�_�f�u����

�k�d�h�g�k�l�j�m�b�j�h�\�Z�g�g�u�_���g�Z���h�k�g�h�\�_���f�_�l�h�^�h�\���l�_�j�f�h�^�b�n�n�m�a�b�b���b���d�h�g�\�_�d�l�b�\�g�h�]�h���i�_�j�_�g�h�k�Z�����^�h�\�_�^�_�g�u��

�^�h���d�h�f�f�_�j�q�_�k�d�b�o���h�[�j�Z�a�p�h�\���b���i�h�e�m�q�b�e�b���r�b�j�h�d�h�_���i�j�Z�d�l�b�q�_�k�d�h�_���i�j�b�f�_�g�_�g�b�_�� 

�<�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �f�_�l�h�^�b�d�b���� �j�_�Z�e�b�a�h�\�Z�g�g�u�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�]�h���i�j�b�g�p�b�i�Z�����f�h�`�g�h���m�k�e�h�\�g�h���j�Z�a�^�_�e�b�l�v���g�Z���l�j�b���]�j�m�i�i�u�� 

�� �g�Z���h�k�g�h�\�_���h�i�j�_�^�_�e�_�g�b�y���k�d�h�j�h�k�l�b���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���l�_�i�e�h�\�u�o���b�f�i�m�e�v�k�h�\����heat pulse 

velocity); 

�� �w�f�i�b�j�b�q�_�k�d�b�_���h�p�_�g�d�b���i�Z�j�Z�f�_�l�j�h�\���l�_�j�f�b�q�_�k�d�h�c���^�b�k�k�b�i�Z�p�b�b�� 

�� �l�_�o�g�b�d�Z���b�a�f�_�j�_�g�b�y���i�h�l�h�d�Z���i�m�l�_�f���j�_�]�b�k�l�j�Z�p�b�b���^�_�n�h�j�f�Z�p�b�b���l�_�f�i�_�j�Z�l�m�j�g�h�]�h���i�h�e�y�� 

�<���d�Z�`�^�h�c���b�a���d�Z�l�_�]�h�j�b�c���j�Z�a�j�Z�[�h�l�Z�g�u���d�h�g�d�j�_�l�g�u�_���j�_�Z�e�b�a�Z�p�b�b�����h�l�e�b�q�Z�x�s�b�_�k�y���^�j�m�]���h�l��

�^�j�m�]�Z�� �l�b�i�Z�f�b�� �^�Z�l�q�b�d�h�\�� �b�� �g�Z�]�j�_�\�Z�l�_�e�v�g�u�o�� �w�e�_�f�_�g�l�h�\���� �b�o�� �\�a�Z�b�f�g�u�f�� �j�Z�k�i�h�e�h�`�_�g�b�_�f����

�Z�e�]�h�j�b�l�f�Z�f�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�g�u�o�� �i�h�e�_�c�� �b�� �b�f�i�m�e�v�k�h�\���� �Z�� �l�Z�d�`�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�f 

�Z�i�i�Z�j�Z�l�h�f�� �h�[�j�Z�[�h�l�d�b�� �i�h�e�m�q�Z�_�f�u�o�� �k�b�]�g�Z�e�h�\���� �D�Z�`�^�u�c�� �b�a�� �f�_�l�h�^�h�\�� �h�[�e�Z�^�Z�_�l�� �k�\�h�b�f�b��

�^�h�k�l�h�b�g�k�l�\�Z�f�b���b���g�_�^�h�k�l�Z�l�d�Z�f�b�����b���w�l�h���g�_���i�h�a�\�h�e�y�_�l���\���g�Z�k�l�h�y�s�b�c���f�h�f�_�g�l���j�_�d�h�f�_�g�^�h�\�Z�l�v���d�Z�d�h�c-

�e�b�[�h�� �h�^�b�g�� �b�a�� �i�h�^�o�h�^�h�\�� �^�e�y�� �\�u�i�h�e�g�_�g�b�y�� �b�a�f�_�j�_�g�b�c�� �>�L�b�o�h�\�Z�� �b�� �^�j������ ���������@���� �>�_�l�Z�e�v�g�u�c�� �h�[�a�h�j��

�k�m�s�_�k�l�\�m�x�s�b�o�� �f�_�l�h�^�b�d�� �b�a�f�_�j�_�g�b�y�� �d�k�b�e�_�f�g�h�]�h�� �i�h�l�h�d�Z�� �f�h�`�g�h�� �g�Z�c�l�b�� �\�� �j�Z�[�h�l�Z�o���>�ýerm�ik, 

Ku�þera, Nadezhdina�����������������L�b�o�h�\�Z���b���^�j���������������@�� 

�J�y�^�� �f�h�^�_�e�_�c�� �b�a�f�_�j�b�l�_�e�_�c�� �k�h�d�h�^�\�b�`�_�g�b�y�� �\�� �^�_�j�_�\�v�y�o���� �k�d�h�g�k�l�j�m�b�j�h�\�Z�g�g�u�o�� �\�� �j�Z�f�d�Z�o��

�\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o�� �i�h�^�o�h�^�h�\���� �i�h�e�m�q�b�e�b�� �g�Z�b�[�h�e�v�r�_�_�� �j�Z�a�\�b�l�b�_�� �b�� �m�k�i�_�r�g�h�� �i�j�b�f�_�g�y�x�l�k�y�� �\��
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�g�Z�m�q�g�u�o�� �b�� �i�j�b�d�e�Z�^�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o���� �H�^�g�Z�� �b�a�� �i�h�i�m�e�y�j�g�u�o�� �b�� �r�b�j�h�d�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o��

�f�h�^�_�e�_�c�� �± HPV-�b�a�f�_�j�b�l�_�e�v�� �6�)�������� ���*�U�H�H�Q�V�S�D�Q�� �7�H�F�K�Q�R�O�R�J�\�� �3�W�\�� �/�W�G������ �:�\�k�l�j�Z�e�b�y������ �d�h�l�h�j�u�c��

�j�Z�a�j�Z�[�h�l�Z�g�� �g�Z�� �h�k�g�h�\�_�� �h�i�j�_�^�_�e�_�g�b�y�� �k�d�h�j�h�k�l�b�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �l�_�i�e�h�\�u�o�� �b�f�i�m�e�v�k�h�\�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z���d�h�f�i�_�g�k�Z�p�b�h�g�g�h�]�h���b�a�f�_�j�_�g�b�y���� �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y���k�o�_�f�Z�� �m�k�l�j�h�c�k�l�\�Z���� �Z��

�l�Z�d�`�_���Z�e�]�h�j�b�l�f�u���^�e�y���b�g�l�_�j�i�j�_�l�Z�p�b�b���^�Z�g�g�u�o���b�a�f�_�j�_�g�b�c���j�Z�a�j�Z�[�h�l�Z�g�Z���>�� �F�Z�j�r�Z�e�e�h�f���>�0�D�U�V�K�D�O�O����

1958]. 

�>�j�m�]�Z�y�� �f�h�^�_�e�v�� �± �k�_�j�b�c�g�h�� �\�u�i�m�k�d�Z�_�f�u�c�� �b�a�f�_�j�b�l�_�e�v�� �7�'�3�� ������ ���'�\�Q�D�P�D�[�� �,�Q�F������ �K�R�:������

�d�h�l�h�j�u�c�� �j�Z�a�j�Z�[�h�l�Z�g�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z�� �h�p�_�g�d�b�� �l�_�j�f�b�q�_�k�d�h�c�� �^�b�k�k�b�i�Z�p�b�b����

�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���n�j�Z�g�p�m�a�k�d�b�f���d�h�g�k�l�j�m�d�l�h�j�h�f-�b�k�k�e�_�^�h�\�Z�l�_�e�_�f���:�� �=�j�Z�g�v�_���>�*�U�D�Q�L�H�U�������������@�� 

�L�j�_�l�b�c�� �i�h�^�o�h�^�� �j�_�Z�e�b�a�h�\�Z�g�� �\�� �b�a�f�_�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�_�� �(�0�6�� ���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �0�H�D�V�X�U�L�Q�J��

�6�\�V�W�H�P�V���� �Q�_�o�b�y������ �b�k�i�h�e�v�a�h�\�Z�g�g�h�c���\�� �^�Z�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���� �<���_�_���h�k�g�h�\�_���e�_�`�b�l�� �i�j�_�^�e�h�`�_�g�g�u�c��

�i�j�h�n�_�k�k�h�j�h�f�� �Y�� �Q�_�j�f�Z�d�h�f�� �k�� �d�h�e�e�_�]�Z�f�b�� �\�� ���������� �]���� �f�_�l�h�^�� �l�_�i�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z�� �k�l�\�h�e�Z����

�^�h�j�Z�[�h�l�Z�g�g�u�c�� �b�f�b�� �`�_�� �\�� ���������� �]���� �>�Z�g�g�Z�y�� �k�b�k�l�_�f�Z�� �i�h�^�j�h�[�g�h�� �h�i�b�k�Z�g�Z�� �g�b�`�_�� �\�� �j�Z�a�^�_�e�_����

�i�h�k�\�y�s�_�g�g�h�f���h�j�]�Z�g�b�a�Z�p�b�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���j�Z�[�h�l���� 

�>�e�y�� �\�k�_�o�� �i�_�j�_�q�b�k�e�_�g�g�u�o�� �l�_�o�g�b�d�� �b�a�f�_�j�_�g�b�c�� �\�k�l�Z�_�l�� �i�j�b�g�p�b�i�b�Z�e�v�g�u�c�� �\�h�i�j�h�k�� �h��

�l�h�q�g�h�k�l�b���h�i�j�_�^�_�e�_�g�b�y���i�Z�j�Z�f�_�l�j�h�\���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z�����<���j�Z�[�h�l�_���>�L�b�o�h�\�Z���b���^�j���������������@���^�_�l�Z�e�v�g�h��
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�=�Z�j�p�f�Z�g���� �R�Z�f�h�\���� ���������@���� �F�_�k�l�h�f�� �i�j�h�\�_�^�_�g�b�y�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h�� �f�h�g�b�l�h�j�b�g�]�Z�� �k�d�h�j�h�k�l�b��

�^�\�b�`�_�g�b�y���\�e�Z�]�b���\���^�j�_�\�h�k�l�h�_���[�u�e���\�u�[�j�Z�g���\�h�^�h�k�[�h�j���e�_�\�h�]�h���i�j�b�l�h�d�Z���j�����I�j�Z�\�Z�y���K�h�d�h�e�h�\�d�Z���± �j�m�q�_�c��

�;�_�j�_�a�h�\�u�c���i�e�h�s�Z�^�v�x�����������d�f2�����B�k�i�h�e�v�a�h�\�Z�e�Z�k�v���b�a�f�_�j�b�l�_�e�v�g�Z�y���k�b�k�l�_�f�Z���(�0�6�����������i�j�h�b�a�\�h�^�k�l�\�Z��

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �0�H�D�V�X�U�L�Q�J�� �6�\�V�W�H�P�V�� ���;�j�g�h���� �Q�_�o�b�y������ �k�h�k�l�h�y�s�Z�y�� �b�a�� �d�h�f�i�e�_�d�k�Z�� �^�Z�l�q�b�d�h�\�� �b��

�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h���[�e�h�d�Z�� 

�B�a�f�_�j�_�g�b�y���\�u�i�h�e�g�y�e�b�k�v���g�Z���\�j�_�f�_�g�g�h�c���i�j�h�[�g�h�c���i�e�h�s�Z�^�d�_�����j�Z�k�i�h�e�h�`�_�g�g�h�c���\���k�j�_�^�g�_�c��

�q�Z�k�l�b���k�d�e�h�g�Z�����m�d�e�h�g������-�����ž�����a�Z�i�Z�^�g�h�c���b���k�_�\�_�j�h-�a�Z�i�Z�^�g�h�c���w�d�k�i�h�a�b�p�b�b�����g�Z���\�u�k�h�l�_���h�d�h�e�h�����������f��

�g�Z�^���m�j�h�\�g�_�f���f�h�j�y�����\���i�h�a�^�g�_�k�m�d�p�_�k�k�b�h�g�g�u�o���k�h�h�[�s�_�k�l�\�Z�o���d�_�^�j�h�\�h-�r�b�j�h�d�h�e�b�k�l�\�_�g�g�u�o���e�_�k�h�\���g�Z��
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�\�_�j�o�g�_�c���]�j�Z�g�b�p�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���k�h�k�g�u���d�h�j�_�c�k�d�h�c�����I�j�_�^�k�l�Z�\�e�_�g�g�u�_���\���i�j�_�^�_�e�Z�o���b�a�m�q�Z�_�f�h�]�h��

�\�h�^�h�k�[�h�j�Z���]�h�j�g�h-�e�_�k�g�u�_���[�m�j�u�_���i�h�q�\�u���o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y���\�u�k�h�d�h�c���i�h�j�b�k�l�h�k�l�v�x�����d�Z�f�_�g�b�k�l�h�k�l�v�x��

�b�� �\�u�j�Z�`�_�g�g�u�f�� �i�j�h�f�u�\�g�u�f�� �j�_�`�b�f�h�f���� �H�g�b�� �a�Z�e�_�]�Z�x�l�� �g�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�f �\�h�^�h�m�i�h�j�_�� �b�a��

�l�j�_�s�b�g�h�\�Z�l�u�o�� �k�d�Z�e�v�g�u�o�� �i�h�j�h�^���� �b�f�_�y�� �f�h�s�g�h�k�l�v�� �i�j�h�n�b�e�y�� �h�l�� �������� �f�� �g�Z�� �\�h�^�h�j�Z�a�^�_�e�Z�o�� �^�h��

�f�Z�d�k�b�f�m�f�� ���� �f�� �\�� �i�j�_�^�_�e�Z�o�� �^�g�b�s�� �^�h�e�b�g�� �>�@�b�e�v�p�h�\���� ���������@���� �=�h�j�b�a�h�g�l�� �]�j�m�g�l�h�\�u�o�� �\�h�^����

�n�h�j�f�b�j�m�x�s�b�c�k�y�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �k�d�Z�e�v�g�h�]�h�� �\�h�^�h�m�i�h�j�Z���� �\�� �i�_�j�b�h�^�u�� �m�f�_�j�_�g�g�h�]�h�� �m�\�e�Z�`�g�_�g�b�y��

�h�[�g�Z�j�m�`�b�\�Z�_�l�k�y�� �g�Z�� �]�e�m�[�b�g�_�� ����-������ �k�f���� �<�� �k�h�k�l�Z�\�_�� �^�j�_�\�h�k�l�h�y�� �r�b�j�h�d�h�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �[�_�j�_�a�Z��

�f�Z�g�q�`�m�j�k�d�Z�y�� ��Betula mandshurica), ���� �w�d�a�_�f�i�e�y�j�h�\�� �d�h�l�h�j�h�c�� �h�l�h�[�j�Z�g�u�� �^�e�y�� �m�k�l�Z�g�h�\�d�b��

�b�a�f�_�j�b�l�_�e�v�g�u�o�� �k�b�k�l�_�f�� ���j�b�k�m�g�h�d�� �������� �H�l�h�[�j�Z�g�g�u�_�� �^�_�j�_�\�v�y�� �\�o�h�^�y�l�� �\�� �k�h�k�l�Z�\�� �\�_�j�o�g�_�]�h�� �i�h�e�h�]�Z����

�b�f�_�x�l���\�u�k�h�l�u���\���^�b�Z�i�Z�a�h�g�_������-�������f���b���^�b�Z�f�_�l�j���g�Z���m�j�h�\�g�_���]�j�m�^�b����������-�����������k�f�� 

�I�j�b�f�_�g�y�_�f�Z�y�� �b�a�f�_�j�b�l�_�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�w�g�_�j�]�h�[�Z�e�Z�g�k�h�\�h�]�h���f�_�l�h�^�Z�����7�+�%���± �7�L�V�V�X�H���+�H�D�W���%�D�O�D�Q�F�H�������m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�h�]�h���Y�����Q�_�j�f�Z�d�h�f���k��

�d�h�e�e�_�]�Z�f�b�� �>�ý�H�U�P�i�N���� �.�X�þ�H�U�D���� �1�D�G�H�]�K�G�L�Q�D���� ���������� �7�D�W�D�U�L�Q�R�Y���� �.�X�þ�H�U�D���� �&�L�H�Q�F�L�D�O�D���� ���������@�� �g�Z�� �h�k�g�h�\�_��

�j�Z�g�_�_�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �b�f�b�� �f�_�l�h�^�Z�� �l�_�i�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z�� �>�ý�H�U�P�i�N���� �'�H�P�O���� �3�H�Q�N�D���� ������������ �.�X�þ�H�U�D����

�ý�H�U�P�i�N���� �3�H�Q�N�D���� ���������@���� �H�k�g�h�\�g�h�c�� �i�j�b�g�p�b�i�� �b�a�f�_�j�_�g�b�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �b�a�f�_�j�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�u��

�k�h�d�h�i�j�h�\�h�^�y�s�_�c�� �l�d�Z�g�b�� �^�j�_�\�_�k�b�g�u�� ���a�Z�[�h�e�h�g�b���� �i�j�b�� �_�_�� �\�g�m�l�j�_�g�g�_�f�� �g�Z�]�j�_�\�_���� �>�e�y�� �w�l�h�]�h��

�b�k�i�h�e�v�a�m�x�l�k�y�� �l�j�b�� �w�e�_�d�l�j�h�^�Z�� �b�a�� �g�_�j�`�Z�\�_�x�s�_�c�� �k�l�Z�e�b���� �i�j�h�\�h�^�y�s�b�o�� �d�� �k�h�d�h�i�j�h�\�h�^�y�s�_�c�� �q�Z�k�l�b��

�j�Z�k�l�_�g�b�y�� �w�e�_�d�l�j�b�q�_�k�d�b�c�� �l�h�d���� �I�j�b�� �w�l�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �\�h�d�j�m�]�� �w�e�_�d�l�j�h�^�h�\�� �g�Z�]�j�_�\�Z�_�l�k�y���� �q�Z�k�l�v��

�w�g�_�j�]�b�b�� �g�Z�]�j�_�\�Z�� �j�Z�k�k�_�b�\�Z�_�l�k�y�� �\�� �h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m�� �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�x�� �l�d�Z�g�b���� �Z�� �h�k�l�Z�e�v�g�Z�y��

�q�Z�k�l�v���m�g�h�k�b�l�k�y���i�h�l�h�d�h�f���^�j�_�\�_�k�g�h�]�h���k�h�d�Z�� 

�J�Z�k�q�_�l�� �k�d�h�j�h�k�l�b�� �d�k�b�e�_�f�g�h�]�h�� �i�h�l�h�d�Z�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z�� �d�h�e�b�q�_�k�l�\�_�� �w�g�_�j�]�b�b����

�g�_�h�[�o�h�^�b�f�h�]�h���^�e�y���i�h�^�^�_�j�`�Z�g�b�y���a�Z�^�Z�g�g�h�c���j�Z�a�g�h�k�l�b���l�_�f�i�_�j�Z�l�m�j���f�_�`�^�m���g�Z�]�j�_�l�h�c���b���g�_���g�Z�]�j�_�l�h�c��

�q�Z�k�l�v�x�� �^�j�_�\�_�k�b�g�u���� �L�_�i�e�h�\�h�c�� �[�Z�e�Z�g�k�� �m�q�Z�k�l�d�Z�� �^�_�j�_�\�Z���� �]�^�_�� �i�j�h�b�a�\�h�^�b�l�k�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�_��

�b�a�f�_�j�_�g�b�_���i�h�l�h�d�Z���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���\���\�b�^�_���n�h�j�f�m�e�u���>�ýerm�ik, Ku�þera, Nadezhdina, 2004]: 

�2 L �3�@�6�?�ê E �@�6�ã, (1) 

�]�^�_ P �± �\�o�h�^�g�h�c���l�_�i�e�h�\�h�c���i�h�l�h�d�����<�l�� 

Q �± �k�h�d�h�^�\�b�`�_�g�b�_�����j�Z�k�o�h�^�������d�]���k-1; 

dT �± �j�Z�a�g�b�p�Z���l�_�f�i�_�j�Z�l�m�j���\���l�h�q�d�_���b�a�f�_�j�_�g�b�y�����D�� 

�kw �± �m�^�_�e�v�g�Z�y���l�_�i�e�h�_�f�d�h�k�l�v���\�h�^�u�����>�`���d�]-1���.-1); 

�����± �d�h�w�n�n�b�p�b�_�g�l���l�_�i�e�h�\�u�o �i�h�l�_�j�v���<�l���.-1.  



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
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�J�b�k�m�g�h�d������ �H�[�s�b�c���\�b�^���b�a�f�_�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�����Z�����± �\�g�_�r�g�b�c���\�b�^���m�k�l�Z�g�h�\�e�_�g�g�h�]�h���^�Z�l�q�b�d�Z���g�Z��

�h�l�^�_�e�v�g�h�f���^�_�j�_�\�_���k���a�Z�s�b�l�h�c �h�l���Z�l�f�h�k�n�_�j�g�u�o���\�h�a�^�_�c�k�l�\�b�c�����[�����i�b�l�Z�x�s�Z�y���^�Z�l�q�b�d�b���k�h�e�g�_�q�g�Z�y��

�i�Z�g�_�e�v�����\�����k�o�_�f�Z���f�h�^�m�e�y���^�Z�l�q�b�d�Z�����w�e�_�d�l�j�h�^�u�����i�e�Z�k�l�b�g�u�����b��Cu-Co �l�_�j�f�h�i�Z�j�u�����©�b�]�e�u�ª������

�B�k�l�h�q�g�b�d: �>�ýerm�ik, Ku�þera, Nadezhdina, 2004]. 

Figure 1. �2�Y�H�U�Y�L�H�Z���R�I���P�H�D�V�X�U�L�Q�J���V�\�V�W�H�P�����Z�����O�D�\�R�X�W���R�I���V�H�Q�V�R�U�V���R�Q���L�Q�G�L�Y�L�G�X�D�O���W�U�H�H���H�T�X�L�S�S�H�G���Z�L�W�K��

weather shields; �[) solar energy-supply panel, �\) principal sensors module scheme: electrodes 

(stainless steel plates) and thermocouples Cu-Co (T-�W�\�S�H�����I�U�R�P���>�ýerm�ik, Ku�þera, Nadezhdina, 

2004] 

�;�h�e�v�r�Z�y�� �q�Z�k�l�v�� �\�h�^�u�� �\�� �k�l�\�h�e�_�� �^�_�j�_�\�Z�� �^�\�b�`�_�l�k�y�� �\�\�_�j�o���� �h�^�g�Z�d�h�� �h�d�h�e�h�� ����-�������� �l�_�i�e�Z��

�l�_�j�y�_�l�k�y���a�Z���k�q�_�l���g�Z�]�j�_�\�Z�g�b�y���k�l�\�h�e�h�\�u�o���l�d�Z�g�_�c�����h�d�j�m�`�Z�x�s�b�o���l�h�q�d�m���b�a�f�_�j�_�g�b�y�����G�_�k�f�h�l�j�y���g�Z���l�h����

�q�l�h�� �w�l�b�� �i�h�l�_�j�b�� �������� �q�Z�k�l�b�q�g�h�� �m�k�l�j�Z�g�y�x�l�k�y�� �a�Z�� �k�q�_�l�� �l�_�o�g�b�q�_�k�d�b�o�� �i�j�b�k�i�h�k�h�[�e�_�g�b�c�� ���b�a�h�e�y�p�b�y�� �b��

�w�d�j�Z�g�b�j�h�\�Z�g�b�_�� �h�l�� �i�j�y�f�h�]�h�� �k�h�e�g�_�q�g�h�]�h�� �g�Z�]�j�_�\�Z�g�b�y������ �b�o�� �g�_�e�v�a�y�� �b�k�d�e�x�q�b�l�v�� �i�h�e�g�h�k�l�v�x����

�<�_�e�b�q�b�g�Z�� �l�Z�d�b�o�� �i�h�l�_�j�v�� �o�h�j�h�r�h�� �\�b�^�g�Z�� �i�j�b�� �Z�g�Z�e�b�a�_�� �m�`�_�� �b�a�f�_�j�_�g�g�h�]�h�� �k�h�d�h�^�\�b�`�_�g�b�y�����j�Z�g�g�b�f��

�m�l�j�h�f�� ���[�_�a���i�h�k�l�m�i�e�_�g�b�y���k�h�e�g�_�q�g�h�c���w�g�_�j�]�b�b�����j�_�]�b�k�l�j�Z�l�h�j�� �h�[�u�q�g�h���n�b�d�k�b�j�m�_�l�� �i�h�e�h�`�b�l�_�e�v�g�u�_��

�a�g�Z�q�_�g�b�y�� �^�\�b�`�_�g�b�y�� �\�e�Z�]�b�� ���4w.rec������ �d�h�l�h�j�u�_�� �b�k�o�h�^�y�� �b�a�� �n�b�a�b�h�e�h�]�b�b�� �j�Z�k�l�_�g�b�c�� �y�\�e�y�x�l�k�y��
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�n�b�d�l�b�\�g�u�f�b�� ���4w.fic������ �I�j�b�� �j�Z�k�q�_�l�_�� �n�Z�d�l�b�q�_�k�d�h�]�h�� �j�Z�k�o�h�^�Z�� �k�h�d�Z�� ���4w���� �[�m�^�_�f�� �\�u�q�b�l�Z�l�v�� �4w.fic 

�h�p�_�g�b�\�Z�_�f�u�c�� �i�_�j�b�h�^�b�q�_�k�d�b���� �d�h�]�^�Z�� �n�Z�d�l�b�q�_�k�d�b�c�� �j�Z�k�o�h�^�� �i�j�b�[�e�b�`�Z�_�l�k�y�� �d�� �g�m�e�x���� �g�Z�i�j�b�f�_�j����

�j�Z�g�g�b�f���m�l�j�h�f���i�h�k�e�_���i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h���^�h�`�^�y���b�a���a�Z�i�b�k�Z�g�g�u�o���^�Z�g�g�u�o���h���j�Z�k�o�h�^�_�����4w.rec): 

�3�ê L �3�ê�ä�å�Ø�ÖF �3�ê�ä�Ù�Ü�Ö  (2) 

�<�u�q�b�l�Z�g�b�_�� �4w.fic �i�j�h�\�h�^�b�l�k�y�� �\�� �i�h�e�m�Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�� �j�_�`�b�f�_�� �\�� �i�j�h�]�j�Z�f�f�g�h�f��
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�H�q�_�\�b�^�g�h���� �q�l�h�� �g�Z�b�[�h�e�_�_�� �\�_�j�h�y�l�g�u�_�� �i�j�b�q�b�g�u�� �k�[�h�y�� �a�Z�i�b�k�_�c���� �d�Z�d�� �m�d�Z�a�u�\�Z�e�h�k�v�� �\�u�r�_����

�a�Z�d�e�x�q�Z�x�l�k�y�� �\�� �k�e�h�`�g�h�k�l�b�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �a�Z�f�u�d�Z�g�b�b�� �d�h�g�l�Z�d�l�h�\���� �i�Z�^�_�g�b�b�� �g�Z�i�j�y�`�_�g�b�_�� �\��

�k�b�k�l�_�f�_�����g�h���\�h�a�f�h�`�g�u���b���^�j�m�]�b�_���i�j�b�q�b�g�u�����d�h�l�h�j�u�_���_�s�_���l�j�_�[�m�_�l�k�y���\�u�y�k�g�b�l�v�� 
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�J�b�k�m�g�h�d������ �K�m�l�h�q�g�u�c���o�h�^���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z���k����-�q�Z�k�h�\�h�f���r�Z�]�h�f���^�e�y���w�d�a�_�f�i�e�y�j�Z���[�_�j�_�a�u��

�f�Z�g�q�`�m�j�k�d�h�c���h�[�o�\�Z�l�h�f���k�l�\�h�e�Z�����������f�f�����^�Z�l�q�b�d���‹�����������Z�����± �\���b�x�e�_�����h�l�g�h�k�b�l�_�e�v�g�h���k�m�o�h�c��

�i�_�j�b�h�^���������[�����± �\���Z�\�]�m�k�l�_�����i�_�j�b�h�^���b�g�l�_�g�k�b�\�g�h�c���m�\�e�Z�`�g�_�g�g�h�k�l�b���[�Z�k�k�_�c�g�Z������ 

1 �± �j�Z�k�o�h�^ �d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z����Q sap�����d�]���q�����������± �h�k�Z�^�d�b�����O�����f�f������ 

3 �± �k�h�e�g�_�q�g�Z�y���j�Z�^�b�Z�p�b�y����R�����<�l���f2) 

Figure 2. 1-hour time step daily variations of sap flow for Manchurian birch, trunk circumference is 

���������P�P�����V�H�Q�V�R�U���‹��������(�Z) �± June (relatively dry period), (�[) �± August (heavy rainfalls period) 

1 �± Sap flow (Q sap, kg/h), 2 �± precipitation (X, mm), 3 �± solar radiation (R, W/m2) 

�>�e�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �l�Z�d�b�o�� �i�j�h�i�m�k�d�h�\�� �[�u�e�Z�� �i�j�_�^�i�j�b�g�y�l�Z�� �i�h�i�u�l�d�Z�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v��

�]�j�Z�n�b�d�b�� �k�\�y�a�b�� �h�^�g�h�\�j�_�f�_�g�g�u�o�� �a�Z�i�b�k�_�c�� �k�h�k�_�^�g�b�o�� �^�_�j�_�\�v�_�\�� �b�� �\�� �k�e�m�q�Z�_�� �b�o�� �^�h�k�l�Z�l�h�q�g�h�� �l�_�k�g�h�c��

�k�\�y�a�b�� �h�p�_�g�b�l�v�� �b�o���� �G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �i�j�b�f�_�j�u�� �l�Z�d�b�o�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �f�_�`�^�m��

�b�a�f�_�j�_�g�b�y�f�b�� �h�l�^�_�e�v�g�u�o�� �^�Z�l�q�b�d�h�\���� �d�h�l�h�j�u�_�� �k�l�j�h�b�e�b�k�v�� �i�h�f�_�k�y�q�g�h���� �L�_�k�g�u�c�� �o�Z�j�Z�d�l�_�j�� �l�Z�d�b�o��

�k�\�y�a�_�c�� ���d�h�j�j�_�e�y�p�b�y�� �g�Z�� �m�j�h�\�g�_�� ���������� �i�h�a�\�h�e�y�_�l�� �^�h�k�l�Z�l�h�q�g�h�� �g�Z�^�_�`�g�h�� �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v��

�i�j�h�i�m�s�_�g�g�u�_���a�g�Z�q�_�g�b�y�� 
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�J�b�k�m�g�h�d������ �=�j�Z�n�b�d�b���k�\�y�a�b �k�l�\�h�e�h�\�h�]�h���k�h�d�h�^�\�b�`�_�g�b�y�����d�]���q���� 

�f�_�`�^�m���b�a�f�_�j�_�g�b�y�f�b���j�Z�a�e�b�q�g�u�f�b���^�Z�l�q�b�d�Z�f�b 

Figure 3. The relationships of stem sap flow (kg/h) between measurements of various sensors 

�:�g�Z�e�b�a�� �\�g�m�l�j�b�k�m�l�h�q�g�h�c�� �^�b�g�Z�f�b�d�b�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �\�� �g�h�q�g�u�_�� �q�Z�k�u�� �l�j�Z�g�k�i�b�j�Z�p�b�y��

�a�Z�l�m�o�Z�_�l���b���n�b�d�k�b�j�m�_�f�u�_���a�g�Z�q�_�g�b�y���i�j�b�f�_�j�g�h���k�������q�Z�k�Z���g�h�q�b���j�Z�\�g�u���g�m�e�x���e�b�[�h���[�e�b�a�d�b���d���g�m�e�x����

�H�^�g�Z�d�h�� �\�� �h�l�^�_�e�v�g�u�_�� �^�g�b�� �h�l�f�_�q�Z�x�l�k�y�� �i�h�\�u�r�_�g�g�u�_�� �\�_�e�b�q�b�g�u���� �d�h�l�h�j�u�_�� �f�h�]�m�l�� �^�h�k�l�b�]�Z�l�v��

�a�g�Z�q�b�f�u�o�� �\�_�e�b�q�b�g�� �g�h�q�v�x�� �^�h�� ���������� �e���q���� �K�� �i�h�a�b�p�b�b�� �n�b�a�b�h�e�h�]�b�b�� �j�Z�k�l�_�g�b�c�� �l�Z�d�h�_�� �k�h�[�u�l�b�_��

�f�Z�e�h�\�_�j�h�y�l�g�h���� �l�_�f�� �g�_�� �f�_�g�_�_�� �h�[�a�h�j�� �i�m�[�e�b�d�Z�p�b�c�� �i�h�� �w�l�h�c�� �i�j�h�[�e�_�f�_�� �b�� �j�Z�[�h�l�u�� �>�)�R�U�V�W�H�U���� ���������@��

�i�h�d�Z�a�u�\�Z�_�l�����q�l�h���g�h�q�g�h�c���i�h�l�h�d���n�b�d�k�b�j�m�_�l�k�y���\�k�_�f�b���k�h�\�j�_�f�_�g�g�u�f�b���^�Z�l�q�b�d�Z�f�b���k�h�d�h�^�\�b�`�_�g�b�y���\��

�g�_�a�Z�\�b�k�b�f�h�k�l�b���h�l���a�Z�e�h�`�_�g�g�h�c���i�j�b�g�p�b�i�b�Z�e�v�g�h�c���k�o�_�f�u���m�k�l�j�h�c�k�l�\�Z�����L�_�f���g�_���f�_�g�_�_�����^�e�y���^�Z�l�q�b�d�h�\����

�\�� �h�k�g�h�\�_�� �d�h�l�h�j�u�o�� �e�_�`�b�l�� �f�_�l�h�^�� �l�_�i�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z���� �\�_�e�b�q�b�g�u�� �i�h�l�h�d�Z�� �\�� �g�h�q�g�h�_�� �\�j�_�f�y��

�f�b�g�b�f�Z�e�v�g�u���� �G�Z�� �j�b�k�m�g�d�_�� ���[�� �i�j�b�\�_�^�_�g�� �o�Z�j�Z�d�l�_�j�g�u�c�� �i�j�b�f�_�j���� �d�h�]�^�Z�� �d�k�b�e�_�f�g�u�c�� �i�h�l�h�d��

(4-5 �Z�\�]�m�k�l�Z���� �\�� �g�h�q�g�u�_�� �q�Z�k�u�� �[�u�e�� �\�u�j�Z�`�_�g�� �b�� �\�� ���� �q�Z�k�Z�� �g�h�q�b�� �k�h�k�l�Z�\�e�y�e�� �h�l�� �������� �^�h�� �������� �e���q��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�F�Z�d�k�b�f�m�f�u���l�j�Z�g�k�i�b�j�Z�p�b�b���\�h���\�g�m�l�j�b�k�m�l�h�q�g�h�f���o�h�^�_���i�h���k�]�e�Z�`�_�g�g�u�f���q�Z�k�h�\�u�f���^�Z�g�g�u�f��

�g�Z�[�e�x�^�Z�x�l�k�y���\���b�g�l�_�j�\�Z�e�_���h�l���������^�h������-�������q�Z�k�h�\���^�g�y�����D�Z�d���i�j�Z�\�b�e�h�����i�b�d�b���b�f�_�x�l���h�^�g�h�f�h�^�Z�e�v�g�u�c��

�o�Z�j�Z�d�l�_�j���� �h�^�g�Z�d�h�� �\�� �h�l�^�_�e�v�g�u�_�� �^�g�b�� �\�g�m�l�j�b�k�m�l�h�q�g�u�c�� �o�h�^�� �i�j�b�h�[�j�_�l�Z�_�l�� �k�e�h�`�g�u�c�� �o�Z�j�Z�d�l�_�j�� �k��
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�^�\�m�f�h�^�Z�e�v�g�u�f�b�� �i�b�d�Z�f�b�� �b�e�b�� �b�f�_�_�l�� �]�j�_�[�_�g�q�Z�l�u�c�� �\�b�^���� �G�Z�j�m�r�_�g�b�_�� �f�h�g�h�l�h�g�g�h�k�l�b�� �o�h�^�Z��

�h�[�m�k�e�Z�\�e�b�\�Z�_�l�k�y�� �d�Z�d�� �\�g�_�r�g�b�f�b�� �n�Z�d�l�h�j�Z�f�b�� ���b�a�f�_�g�_�g�b�_�f�� �l�_�f�i�_�j�Z�l�m�j�u���� �k�h�e�g�_�q�g�h�c�� �j�Z�^�b�Z�p�b�b����

�\�_�l�_�j�h�\�h�]�h�� �j�_�`�b�f�Z���� �\�e�Z�`�g�h�k�l�b�� �\�h�a�^�m�o�Z���� �l�_�f�i�_�j�Z�l�m�j�Z�� �b�� �\�e�Z�`�g�h�k�l�v�� �i�h�q�\�u�� �b �^�j�m�]�b�f�b������ �l�Z�d�� �b��

�i�j�h�b�k�o�h�^�y�s�b�f�b�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �\�� �j�Z�k�l�_�g�b�b�� ���m�k�l�v�b�q�g�Z�y�� �j�_�]�m�e�y�p�b�y���� �\�b�^�h�\�Z�y��

�k�i�_�p�b�n�b�d�Z���� �i�h�]�e�h�s�_�g�b�_�� �\�h�^�u�� �d�h�j�g�y�f�b������ �G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�b�\�_�^�_�g�u�� �i�j�b�f�_�j�u�� �k�f�_�g�u��

�\�g�m�l�j�b�k�m�l�h�q�g�h�]�h�� �o�h�^�Z�� �k�l�j�m�d�l�m�j�� �d�k�b�e�_�f�g�h�]�h�� �i�h�l�h�d�Z���� �\�u�j�Z�`�_�g�g�h�]�h�� �\�� �_�^�b�g�b�p�Z�o�� �j�Z�k�o�h�^�Z���� �i�j�b��

�b�a�f�_�g�_�g�b�b�� �i�h�]�h�^�g�u�o�� �m�k�e�h�\�b�c���� �<�� �p�_�e�h�f���� �i�j�b�� �\�u�i�Z�^�_�g�b�b�� �g�_�[�h�e�v�r�b�o�� �b�� �g�_�i�j�h�^�h�e�`�b�l�_�e�v�g�u�o��

�h�k�Z�^�d�h�\���i�j�h�b�k�o�h�^�b�l���k�g�b�`�_�g�b�_���b�g�l�_�g�k�b�\�g�h�k�l�b���k�h�d�h�^�\�b�`�_�g�b�y���b���o�h�^���k�h�d�h�^�\�b�`�_�g�b�y���i�j�b�h�[�j�_�l�Z�_�l��

�i�b�e�h�h�[�j�Z�a�g�u�c�� �o�Z�j�Z�d�l�_�j�� ���j�b�k�m�g�h�d�� ���Z������ �I�j�b�� �[�h�e�_�_�� �b�g�l�_�g�k�b�\�g�u�o�� �b�� �i�j�h�^�h�e�`�b�l�_�e�v�g�u�o����

�k�h�i�j�h�\�h�`�^�Z�x�s�b�o�k�y�� �k�g�b�`�_�g�b�_�f�� �k�h�e�g�_�q�g�h�c�� �j�Z�^�b�Z�p�b�b�� �^�h�� �[�e�b�a�d�b�o�� �d�� �g�m�e�_�\�u�f�� �h�l�f�_�l�d�Z�f����

�l�j�Z�g�k�i�b�j�Z�p�b�y���i�j�_�d�j�Z�s�Z�_�l�k�y�� 

�>�e�y�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �d�h�e�b�q�_�k�l�\�_�g�g�u�_�� �h�p�_�g�d�b�� �[�Z�k�k�_�c�g�h�\�h�c��

�l�j�Z�g�k�i�b�j�Z�p�b�b�� �k�m�l�h�q�g�h�]�h�� �b�� �q�Z�k�h�\�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �g�Z�b�[�h�e�v�r�b�c�� �b�g�l�_�j�_�k���� �q�l�h��

�h�l�d�j�u�\�Z�_�l�� �i�_�j�k�i�_�d�l�b�\�u�� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�b�� �b�f�b�l�Z�p�b�h�g�g�u�o�� �f�h�^�_�e�_�c�� �g�Z�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �g�h�\�h�c��

�h�k�g�h�\�_�����I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���b�a�f�_�j�_�g�b�c���i�h�d�Z���i�h�a�\�h�e�y�x�l���h�p�_�g�b�l�v���\�_�e�b�q�b�g�u���i�h�l�h�d�Z���\�e�Z�]�b��

�l�j�Z�g�k�i�b�j�b�j�m�_�f�h�c���h�l�^�_�e�v�g�u�f���^�_�j�_�\�h�f�����l�Z�[�e�b�p�Z���������j�b�k�m�g�h�d�������� 

�B�a�� �j�b�k�m�g�d�Z�� ���� �b�� �l�Z�[�e�b�p�u�� ���� �\�b�^�g�h���� �q�l�h�� �k�m�l�h�q�g�u�_�� �f�Z�d�k�b�f�m�f�u�� �b�k�i�Z�j�y�x�s�_�c�� �\�e�Z�]�b��

�i�j�b�o�h�^�y�l�k�y���g�Z���b�x�e�v���^�h�k�l�b�]�Z�y�����������e���k�m�l�d�b�����<���^�Z�g�g�h�f���k�e�m�q�Z�_���[�h�e�v�r�b�c���j�Z�a�f�_�j���^�_�j�_�\�Z���h�^�g�h�a�g�Z�q�g�h��

�k�\�y�a�Z�g���k���h�l�g�h�k�b�l�_�e�v�g�h���[�h�e�v�r�b�f�b���h�[�t�_�f�Z�f�b���l�j�Z�g�k�i�b�j�Z�p�b�b�����q�l�h���k�\�y�a�Z�g�h���k���[�h�e�v�r�_�c���i�e�h�s�Z�^�v�x��

�k�h�d�h�i�j�h�\�h�^�y�s�_�c�� �l�d�Z�g�b�� ���d�k�b�e�_�f�u������ �L�Z�d�h�_�� �i�h�e�h�`�_�g�b�_�� �g�_�� �\�k�_�]�^�Z�� �^�h�e�`�g�h�� �k�h�[�e�x�^�Z�l�v�k�y����

�i�h�k�d�h�e�v�d�m�����i�j�h�o�h�^�y���h�i�j�_�^�_�e�_�g�g�u�c���\�h�a�j�Z�k�l�g�h�c���i�h�j�h�]�����^�_�j�_�\�h���g�Z�q�b�g�Z�_�l���i�h�l�j�_�[�e�y�l�v���\�k�_���f�_�g�v�r�_��

�\�h�^�u���� �g�_�k�f�h�l�j�y�� �g�Z�� �k�m�s�_�k�l�\�_�g�g�u�_�� �j�Z�a�f�_�j�u���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�u�[�j�Z�g�g�u�_�� �^�_�j�_�\�v�y�� �^�h�k�l�Z�l�h�q�g�h��

�f�h�e�h�^�u�� �b�� �i�j�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�b�� �g�Z�� �i�e�h�s�Z�^�v�� �w�l�h�l�� �f�h�f�_�g�l�� �^�h�e�`�_�g�� �[�u�l�v�� �m�q�l�_�g���� �i�h�k�d�h�e�v�d�m��

�i�j�y�f�h�_���i�j�b�f�_�g�_�g�b�_���^�Z�g�g�u�o���\���^�Z�g�g�h�f���k�e�m�q�Z�_���i�j�b�\�_�^�_�l���d���a�Z�\�u�r�_�g�g�u�f���a�g�Z�q�_�g�b�y�f�����H�l�f�_�q�Z�_�l�k�y��

�l�_�g�^�_�g�p�b�y�� �k�g�b�`�_�g�b�y�� �l�j�Z�g�k�i�b�j�Z�p�b�h�g�g�h�]�h�� �i�h�l�h�d�Z�� �\�� �k�_�a�h�g�g�h�f�� �j�Z�a�j�_�a�_���� �q�l�h�� �k�\�y�a�Z�g�h�� �k�� �h�[�s�b�f��

�i�h�k�l�_�i�_�g�g�u�f���i�Z�^�_�g�b�_�f���^�g�_�\�g�u�o���l�_�f�i�_�j�Z�l�m�j���\�h�a�^�m�o�Z�� 
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�J�b�k�m�g�h�d������ �I�h�k�m�l�h�q�g�Z�y���l�j�Z�g�k�i�b�j�Z�p�b�y����T�����e�����\���w�d�\�b�\�Z�e�_�g�l�_���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z���^�e�y���^�_�j�_�\�v�_�\��

�j�Z�a�e�b�q�g�h�]�h���h�[�o�\�Z�l�Z��G ���f�f�����������± 829, 2 �± 825, 3 �± 667, 4 �± 502, 5 �± 477 

Figure 4. Daily transpiration (liters) in sap flow equivalent for different circumference trees G 

(mm): 1 �± 829, 2 �± 825, 3 �± 667, 4 �± 502, 5 �± 477 

�L�Z�[�e�b�p�Z������ �H�p�_�g�d�b �l�j�Z�g�k�i�b�j�Z�p�b�b�����\���e�����w�d�a�_�f�i�e�y�j�h�\���[�_�j�_�a�u���f�Z�g�q�`�m�j�k�d�h�c���j�Z�a�e�b�q�g�h�]�h���h�[�o�\�Z�l�Z����

�j�Z�k�k�q�b�l�Z�g�g�u�_���i�h���a�Z�i�b�k�y�f���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z�����f�b�g���± �f�b�g�b�f�Z�e�v�g�h�_���k�m�l�h�q�g�h�_���a�g�Z�q�_�g�b�_�����f�Z�d�k���± 

�f�Z�d�k�b�f�Z�e�v�g�h�_���k�m�l�h�q�g�h�_���a�g�Z�q�_�g�b�_�����k�m�f�f�Z���± �h�[�t�_�f���l�j�Z�g�k�i�b�j�b�j�m�x�s�_�c���\�e�Z�]�b���a�Z���i�_�j�b�h�^�� 

Table 1. Transpiration assessments (liters) for Manchurian birch based on sap flow records (�f�b�g �± 

minimal daily value, �f�Z�d�k �± maximal daily value, �k�m�f�f�Z �± transpiration volume of chosen periods) 

�H�[�o�\�Z�l��

�^�_�j�_�\�Z����

�f�f  

�‹��

�^�Z�l�q�b�d�Z 

�B�x�g�v��������-28 �B�x�e�v������-30 �:�\�]�m�k�l������-31 �K�_�g�l�y�[�j�v������-31 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

829 5 
37,4 

74,9 
696 

3,80 

90,8 
1729 

0,30 

70,2 
1026 

0,03 

54,1 
901 

825 1 
28,2 

87,6 
762 

3,26 

101 
1893 

0,47 

86,5 
1301 

0,61 

65,4 
1011 

667 2 
4,02 

47,1 
385 

1,14 

63,3 
1182 

0,85 

42,7 
448 

0,00 

16,5 
194 

502 3 
5,24 

39,5 
315 

0,09 

45,5 
848 

0,02 

40,8 
462 

1,05 

16,1 
241 

477 4 
0,77 

27,9 
217 

0,14 

34,6 
640 

0,00 

25,4 
281 

0,00 

11,8 
126 
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�G�Z���j�b�k�m�g�d�_�����Z���i�j�b�\�_�^�_�g�u���a�Z�\�b�k�b�f�h�k�l�b���b�a�f�_�g�_�g�b�y���h�[�t�_�f�Z���l�j�Z�g�k�i�b�j�Z�p�b�b���h�l���^�b�Z�f�_�l�j�Z��

�^�_�j�_�\�Z�� �^�e�y�� �d�Z�`�^�h�]�h�� �f�_�k�y�p�Z�� �k�� �b�x�g�y�� �i�h�� �k�_�g�l�y�[�j�v���� �A�Z�\�b�k�b�f�h�k�l�b�� �b�f�_�x�l�� �\�� �p�_�e�h�f�� �e�b�g�_�c�g�u�c��

�o�Z�j�Z�d�l�_�j�� �i�j�b�� �a�g�Z�q�_�g�b�y�o�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �^�_�l�_�j�f�b�g�Z�p�b�b��R2�!�������� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o���� �q�l�h�� �^�Z�_�l��

�\�h�a�f�h�`�g�h�k�l�v���h�p�_�g�b�\�Z�l�v���l�j�Z�g�k�i�b�j�Z�p�b�x���^�_�j�_�\�v�_�\�����g�_���h�o�\�Z�q�_�g�g�u�o���b�a�f�_�j�_�g�b�y�f�b�����G�Z���j�b�k�m�g�d�_�����[��

�i�j�_�^�k�l�Z�\�e�_�g�h�� �k�_�a�h�g�g�h�_�� �b�a�f�_�g�_�g�b�_�� �h�l�g�h�r�_�g�b�y�� �h�[�t�_�f�Z�� �f�_�k�y�q�g�h�c�� �l�j�Z�g�k�i�b�j�Z�p�b�b�� �d�� �h�[�o�\�Z�l�m��

�^�_�j�_�\�Z�� ���L��G������ �o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�_�� �m�^�_�e�v�g�m�x�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �l�j�Z�g�k�i�b�j�Z�p�b�b�� �b�� �b�f�_�x�s�_�_��

�j�Z�a�f�_�j�g�h�k�l�v���e���f�f. �W�l�h�l���]�j�Z�n�b�d���g�Z�]�e�y�^�g�h���^�_�f�h�g�k�l�j�b�j�m�_�l���j�Z�a�e�b�q�b�y���m�k�e�h�\�b�c���i�_�j�\�h�c���i�h�e�h�\�b�g�u��

�l�_�i�e�h�]�h���i�_�j�b�h�^�Z�����d�h�]�^�Z���b�g�l�_�g�k�b�\�g�Z�y���l�j�Z�g�k�i�b�j�Z�p�b�y���k�\�y�a�Z�g�Z���k���\�u�k�h�d�h�c���Z�d�l�b�\�g�h�k�l�v�x���\�_�]�_�l�Z�p�b�b����

�b�� �\�l�h�j�h�c�� �_�]�h�� �i�h�e�h�\�b�g�u���� �d�h�]�^�Z�� �a�Z�l�m�o�Z�g�b�_�� �\�_�]�_�l�Z�p�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �i�j�b�\�h�^�b�l�� �d�� �k�i�Z�^�m��

�b�g�l�_�g�k�b�\�g�h�k�l�b���l�j�Z�g�k�i�b�j�Z�p�b�b���� 

 

�J�b�k�m�g�h�d������ �H�[�t�_�f���l�j�Z�g�k�i�b�j�Z�p�b�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���^�b�Z�f�_�l�j�Z���^�_�j�_�\�Z���± ���Z�������k�_�a�h�g�g�Z�y���^�b�g�Z�f�b�d�Z��

�h�l�g�h�r�_�g�b�y���h�[�t�_�f�Z���l�j�Z�g�k�i�b�j�Z�p�b�b���d���h�[�o�\�Z�l�m���^�_�j�_�\�Z���± ���[�� 

Figure 5. The volume of transpiration depending on the diameter of the tree �± (a); seasonal 

dynamics of the ratio of transpiration volume to trunk circumference �± (b) 

�B�g�l�_�j�_�k�g�h�c�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �f�_�`�^�m�� �b�a�f�_�g�_�g�b�_�f�� �h�[�t�_�f�h�\�� �i�h�l�h�d�Z�� �h�l��

�j�Z�a�e�b�q�g�u�o�� �n�b�d�k�b�j�m�_�f�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� ���j�b�k�m�g�h�d�� �������� �>�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �i�_�j�b�h�^�Z��

�k�h�d�h�^�\�b�`�_�g�b�_�� �b�a�f�_�g�y�_�l�k�y�� �h�l�� �i�j�b�f�_�j�g�h�� ���� �d�]�� �q-1 �\�� �^�g�_�\�g�h�_�� �\�j�_�f�y�� �^�h�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�m�e�_�\�u�o��

�a�g�Z�q�_�g�b�c�� �\�� �g�h�q�g�h�_���� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�g�m�l�j�b�� �^�_�j�_�\�Z�� ���^�Z�l�q�b�d�� �‹������ �\�Z�j�v�b�j�m�_�l�k�y�� �h�l�� ���������� �^�h�����������žC, 

�h�[�o�\�Z�l���h�l���������������^�h���������������f�f�� 

�I�j�b �^�h�k�l�Z�l�h�q�g�h�� �h�^�g�h�j�h�^�g�u�o�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o�� ���i�_�j�\�u�_�� �r�_�k�l�v�� �k�m�l�h�d�� �\��

�i�j�b�f�_�j�_�� �g�Z�� �j�b�k�m�g�d�_�� ������ �o�Z�j�Z�d�l�_�j�� �k�m�l�h�q�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �k�o�h�`�� �^�e�y�� �\�k�_�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d����

�\�b�a�m�Z�e�v�g�u�c�� �Z�g�Z�e�b�a�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �g�Z�e�b�q�b�_�� �\�u�j�Z�`�_�g�g�h�c�� �k�\�y�a�b�� �f�_�`�^�m�� �g�b�f�b���� �F�b�g�b�f�m�f�u��

�a�g�Z�q�_�g�b�c�� �k�h�d�h�^�\�b�`�_�g�b�y�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �k�h�\�i�Z�^�Z�x�l�� �k�� �f�Z�d�k�b�f�m�f�Z�f�b�� �\�� �\�_�e�b�q�b�g�Z�o�� �h�[�o�\�Z�l�Z��

���^�b�Z�f�_�l�j�Z�����k�l�\�h�e�Z�����g�Z�i�j�h�l�b�\���f�Z�d�k�b�f�m�f�u���k�h�d�h�^�\�b�`�_�g�b�y���k�\�y�a�Z�g�u���k���f�Z�d�k�b�f�Z�e�v�g�u�f�b���a�g�Z�q�_�g�b�y�f�b��
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�\�g�m�l�j�_�g�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �^�_�j�_�\�Z���� �<�� �l�Z�d�h�f�� �j�_�`�b�f�_�� �g�Z�o�h�`�^�_�g�b�_�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �k�\�y�a�b�� �f�_�`�^�m��

�l�j�Z�g�k�i�b�j�Z�p�b�_�c�� �b�� �h�[�o�\�Z�l�h�f�� �\�� �i�j�_�^�_�e�Z�o�� �k�m�l�h�d�� �g�_�� �\�u�a�u�\�Z�_�l�� �i�j�h�[�e�_�f�� �b�� �h�k�e�h�`�g�y�_�l�k�y�� �l�h�e�v�d�h��

�g�Z�e�b�q�b�_�f�� �g�_�[�h�e�v�r�h�]�h�� �\�j�_�f�_�g�g�h�]�h�� �k�^�\�b�]�Z�� �\�� �j�_�Z�d�p�b�b�� �^�_�j�_�\�Z�� �g�Z�� �\�g�_�r�g�_�_�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�_��

�\�h�a�^�_�c�k�l�\�b�_���� �G�Z�i�j�b�f�_�j���� �^�e�y�� �w�d�a�_�f�i�e�y�j�Z�� �[�_�j�_�a�u�� �k�� �^�Z�l�q�b�d�h�f�� �‹���� �d�h�w�n�n�b�p�b�_�g�l�� �^�_�l�_�j�f�b�g�Z�p�b�b��

�i�j�b�� �k�l�j�h�]�h�f�� �k�h�h�l�\�_�l�k�l�\�b�b�� �\�j�_�f�_�g�g�h�]�h�� �r�Z�]�Z�� ���k�� ������������ �i�h�� ������������ ���� �b�x�e�y�� ���������� �]�h�^�Z���� �^�e�y��

�k�h�d�h�^�\�b�`�_�g�b�y�� �b�� �h�[�o�\�Z�l�Z�� �k�h�k�l�Z�\�e�y�_�l�� ������������ �Z�� �i�j�b�� �k�^�\�b�]�_�� �h�[�o�\�Z�l�Z�� �g�Z�� ���� �q�Z�k�Z�� �i�h�a�`�_�� �m�`�_�� ������������

�K�h�i�h�k�l�Z�\�b�f�u�_���j�_�a�m�e�v�l�Z�l�u���i�h�e�m�q�_�g�u���b���^�e�y���h�k�l�Z�e�v�g�u�o���h�[�t�_�d�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y�� 

 

�J�b�k�m�g�h�d���������I�j�b�f�_�j�u���k�h�\�f�_�k�l�g�h�c���^�b�g�Z�f�b�d�b���k�h�d�h�^�\�b�`�_�g�b�y�����k�b�g�b�c���p�\�_�l�����b�����Z���± �h�[�o�\�Z�l�Z���k�l�\�h�e�Z��

�^�_�j�_�\�Z�����q�_�j�g�u�c���p�\�_�l�������[���± �\�g�m�l�j�_�g�g�_�c���l�_�f�i�_�j�Z�l�m�j�u���^�_�j�_�\�Z���\���g�_�g�Z�]�j�_�\�Z�_�f�h�c���h�[�e�Z�k�l�b�����d�j�Z�k�g�u�c��

�p�\�_�l�����^�e�y���;�_�j�_�a�u���f�Z�g�v�q�`�m�j�k�d�h�c�����^�Z�l�q�b�d���‹���������\���i�_�j�b�h�^���k�������������������i�h���������������� 

Figure 6. Examples of combined dynamics example of sap flow (blue line) and: a �± trunk 

circumference (black line), �[ �± inner tree temperature in non-heated area (red line) of Manchurian 

�E�L�U�F�K�����V�H�Q�V�R�U���‹��2) for the period 6.07.19 �i�h 6.09.19. 
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�L�_�f�� �g�_�� �f�_�g�_�_�� �g�Z�o�h�`�^�_�g�b�_�� �i�h�^�h�[�g�h�c�� �k�\�y�a�b�� �^�e�y�� �\�k�_�]�h�� �k�_�a�h�g�Z�� �h�k�e�h�`�g�y�_�l�k�y��

�g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v�x�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c���� �g�Z�� �d�h�l�h�j�u�_�� �`�b�\�h�c�� �h�[�t�_�d�l�� �\�� �\�b�^�_�� �^�_�j�_�\�Z��

�j�_�Z�]�b�j�m�_�l���i�h-�j�Z�a�g�h�f�m��������-�������Z�\�]�m�k�l�Z���i�j�h�r�e�b���^�h�`�^�b�����m�k�e�h�\�b�c���^�e�y���b�g�l�_�g�k�b�\�g�h�c���l�j�Z�g�k�i�b�j�Z�p�b�b��

�g�_�� �[�u�e�h���� �q�l�h�� �g�Z�]�e�y�^�g�h�� �^�_�f�h�g�k�l�j�b�j�m�_�l�k�y�� �g�Z�� �]�j�Z�n�b�d�Z�o�� ���j�b�k�m�g�h�d�� �������� �I�h�k�e�_�� �w�l�b�o�� �k�h�[�u�l�b�c��

�l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z���a�Z�f�_�l�g�h���k�g�b�a�b�e�Z�k�v�����k�m�l�h�q�g�u�_���f�Z�d�k�b�f�m�f�u���k�g�b�a�b�e�b�k�v���k���������^�h���i�h�q�l�b����������oC) 
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Figure 7. Dynamics of the measured soil properties and sap flow, 1-hour time step, Manchurian 

birch (sensor �‹���������%�O�D�F�N���O�L�Q�H���± sap flow, red line �± soil temperature at 15 cm depth, blue and 

orange line �± soil humidity at 10 and 20 cm depth respectively. 
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Abstract. The paper considers the issue of 

the log diving effect on the ecological status 

of small rivers and their catchments. There 

are analyzed the circumstances leading to 

the prohibition of the log driving and the 

consequences of this decision for nature and 

man. 

The main points of both positive and nega-

tive effects of the log driving are evaluated 

and specific steps are proposed for reducing 

the chemical and mechanical pollution of 
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water bodies. A general conclusion is made 

that the damage to ecosystems from log 

driving is not as great as is it commonly be-

lieved. There is proposed specific reclama-

tion plan with the aim of improving the rec-

reational capabilities of small rivers, purify-

ing water, improving the condition of the 

forest stock by reducing the flooding of its 

territory. 

The affected problem concerns both the 

condition of small rivers and the future of 

the logging industry and the related devel-

opment of outlying areas that are currently 

experiencing large demographic and eco-

nomic problems. The arguments presented 

by the authors show that in a nowadays eco-

nomic situation, the prohibition of log driv-

ing is economically disadvantageous and 

even harmful. It impedes the further devel-

opment the territories of the Russian North, 

Siberia and the Far East. The hypothetical 

damage to nature by log driving is not com-

parable with the consequences that cause as 

a result of the desolation of the huge terri-

tory of Russia. There are a confirmed de-

cline in the economy, the come-down of the 

demographic situation and socio-cultural 

infrastructure today. Over the past decades 

the catastrophic situation has developed in 

the demography of the Trans-Ural regions 

and other regions of Siberia. Unfortunately, 

the great number opened in recent decades 
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�h�l�d�j�u�l�u�o���\���i�h�k�e�_�^�g�b�_���^�_�k�y�l�b�e�_�l�b�y�����g�_���j�Z�k�k�q�b��

�l�Z�g�u���g�Z���i�h�k�l�h�y�g�g�h�_���i�j�h�`�b�\�Z�g�b�_���f�_�k�l�g�h�]�h���g�Z�k�_��

�e�_�g�b�y�����I�h�k�z�e�d�b���i�j�b���l�Z�d�b�o���i�j�_�^�i�j�b�y�l�b�y�o���b�f�_�x�l��

�\�j�_�f�_�g�g�u�c�� �k�l�Z�l�m�k���� �>�e�y�� �k�i�Z�k�_�g�b�y�� �i�h�e�h�`�_�g�b�y��

�h�k�l�Z�z�l�k�y���l�h�e�v�d�h���e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�Z�y���b���e�_�k�h�i�_��

�j�_�j�Z�[�Z�l�u�\�Z�x�s�Z�y�� �h�l�j�Z�k�e�v�� �I�h�w�l�h�f�m�� �d�h�f�i�e�_�d�k��

�g�u�c���i�h�^�o�h�^���d���i�j�h�[�e�_�f�_���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z���f�h�`�_�l��

�k�i�h�k�h�[�k�l�\�h�\�Z�l�v���g�h�\�h�f�m���w�l�Z�i�m���j�Z�a�\�b�l�b�y���m�^�Z�e�z�g��

�g�u�o���l�_�j�j�b�l�h�j�b�c�� 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �f�h�e�_�\�h�c�� �k�i�e�Z�\���� �f�Z�e�u�_��

�j�_�d�b���� �a�Z�]�j�y�a�g�_�g�b�_�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �e�_�k�h�a�Z��

�]�h�l�h�\�b�l�_�e�v�g�Z�y�� �h�l�j�Z�k�e�v���� �w�d�h�e�h�]�b�q�_�k�d�h�_�� �k�h�k�l�h�y��

�g�b�_���f�Z�e�u�o���j�_�d�����\�h�^�h�k�[�h�j�� 

mines and processing plants are not de-

signed for constant abode of the population. 

Settlements near such enterprises have a 

temporary status. Only the logging and 

wood processing industry can save this sit-

uation. So, an integrated approach to the 

problem of log driving can facilitate a new 

development  stage of outlying areas. 

 

Keywords: log driving; small river; envi-

ronmental pollution; logging industry; eco-

logical status of small rivers; water catch-

ment. 

�<�\�_�^�_�g�b�_ 

�I�h�k�e�_�^�g�b�_���^�_�k�y�l�b�e�_�l�b�y���i�j�b�g�y�l�Z���Z�d�k�b�h�f�Z�����q�l�h���b�k�i�h�e�v�a�h�\�Z�g�b�_���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z���g�Z�g�h�k�b�l��

�g�_�i�h�i�j�Z�\�b�f�u�c�� �m�s�_�j�[�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�_���� �M�`�_�� �\�� ��-���� �d�e�Z�k�k�Z�o�� �k�j�_�^�g�_�c�� �r�d�h�e�u�� �m�q�Z�s�b�f�k�y��

�i�j�_�i�h�^�Z�x�l�� �b�g�n�h�j�f�Z�p�b�x�� �>�=�_�h�]�j�Z�n�b�y���� ���������@�� �h�� �l�h�f���� �q�l�h�� �f�h�e�_�\�h�c�� �k�i�e�Z�\�� �h�l�g�h�k�b�l�k�y�� �d��

�g�_�j�Z�p�b�h�g�Z�e�v�g�h�f�m�� �i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�x1  �b�� �h�l�j�Z�\�e�y�_�l�� �j�_�d�b���� �J�Z�k�k�f�h�l�j�b�f�� �w�l�m�� �i�j�h�[�e�_�f�m��

�i�h�^�j�h�[�g�_�_�� �b�� �h�p�_�g�b�f���� �h�l�\�_�q�Z�_�l�� �e�b�� �a�Z�i�j�_�l�� �g�Z�� �g�_�]�h�� �k�h�\�j�_�f�_�g�g�u�f�� �w�d�h�e�h�]�b�q�_�k�d�b�f�� �b��

�w�d�h�g�h�f�b�q�_�k�d�b�f���l�j�_�[�h�\�Z�g�b�y�f�� 

�G�_�j�Z�p�b�h�g�Z�e�v�g�h�_ �i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�_ �± �i�h�l�j�_�[�b�l�_�e�v�k�d�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �i�j�b�j�h�^�g�u�o 

�j�_�k�m�j�k�h�\���� �i�j�b�\�h�^�y�s�_�_ �d�� �b�o�� �b�k�l�h�s�_�g�b�x�� �b�� �h�[�j�Z�a�h�\�Z�g�b�x�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�l�o�h�^�h�\����

�m�o�m�^�r�_�g�b�x�� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �h�[�k�l�Z�g�h�\�d�b�� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_���� �m�o�m�^�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �`�b�a�g�b��

�g�Z�k�_�e�_�g�b�y2. 

�H�p�_�g�b�f���a�Z�^�Z�q�m���k���j�Z�a�g�u�o���l�h�q�_�d���a�j�_�g�b�y�����\���i�_�j�\�m�x���h�q�_�j�_�^�v���w�d�h�e�h�]�b�b���b���]�b�^�j�h�e�h�]�b�b���k�m�r�b���� 

                                                 
1 �������i�j�b�f�_�j�h�\���j�Z�p�b�h�g�Z�e�v�g�h�]�h���b���g�_�j�Z�p�b�h�g�Z�e�v�g�h�]�h���i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������R�d�h�e�v�g�u�_���A�g�Z��
�g�b�y���F�R�P��- �J�_�r�Z�_�f���^�h�f�Z�r�g�_�_���a�Z�^�Z�g�b�_���\�f�_�k�l�_�����8�5�/����https://znanija.com/task/17785702 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y��������������������19). 
�D�Z�l�Z�e�h�]���a�Z�^�Z�g�b�c�����A�Z�^�Z�g�b�y���^�e�y���i�h�^�]�h�l�h�\�d�b���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������?�=�W�í�������������]�_�h�]�j�Z�n�b�y�����a�Z�^�Z�g�b�y�����h�l�\�_�l�u�����j�_�r�_��
�g�b�y���� �H�[�m�q�Z�x�s�Z�y�� �k�b�k�l�_�f�Z�� �©�J�?�R�M�� �?�=�W�ª�� �>�f�b�l�j�b�y�� �=�m�s�b�g�Z����URL: https://geo-ege.sdamgia.ru/test?theme=%20154/ 
���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 
2 �J�Z�p�b�h�g�Z�e�v�g�h�_���b���g�_�j�Z�p�b�h�g�Z�e�v�g�h�_���i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�_���± �i�j�b�f�_�j�u���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������*�H�R�V�W�X�G�\���U�X���± �]�_�h�]�j�Z��
�n�b�y���b���]�_�h�]�j�Z�n�b�q�_�k�d�b�_���g�Z�m�d�b����URL: http://geostudy.ru/natureuse.html ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
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�=�b�^�j�h�e�h�]�b�y�� �k�m�r�b�� �± �g�Z�m�d�Z���� �b�a�m�q�Z�x�s�Z�y�� �i�h�\�_�j�o�g�h�k�l�g�u�_�� �\�h�^�u�� ���\�� �g�Z�r�_�f�� �d�h�g�l�_�d�k�l�_�� �± 

�j�_�d�b������ �y�\�e�_�g�b�y�� �b�� �i�j�h�p�_�k�k�u�� �\�� �g�b�o�� �i�j�h�l�_�d�Z�x�s�b�_�� �>�;�j�x�o�Z�g�v���� ���������@���� �b�a�m�q�Z�x�s�Z�y�� �i�j�b�j�h�^�g�u�_��
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�k�i�e�Z�\�Z�� �g�Z�� �j�_�d�Z�o�� �b�� �\�h�^�h�z�f�Z�o�� �J�K�N�K�J�ª���� �K�l�Z�l�v�z�c�� �‹������ �^�_�c�k�l�\�m�x�s�_�]�h�� �<�h�^�g�h�]�h�� �d�h�^�_�d�k�Z��

�J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b���h�l�������������������������]�h�^�Z���©�«�f�h�e�_�\�h�c���k�i�e�Z�\���^�j�_�\�_�k�b�g�u���g�Z���\�h�^�g�u�o���h�[�t�_�d�l�Z�o��
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�W�d�h�e�h�]�b�y���\�h�^�h�k�[�h�j�Z 
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(13 230 �l�u�k�����d�f2�����i�j�h�`�b�\�Z�_�l���h�d�h�e�h�������������f�b�e�e�b�h�g�h�\���q�_�e�h�\�_�d�� 

                                                 
3 �O�Z�j�b�l�h�g�h�\���<���Y�����<�h�a�j�h�^�b�f���e�_�k�h�k�i�e�Z�\��- �i�h�^�g�b�f�_�f���e�_�k�g�m�x���i�j�h�f�u�r�e�_�g�g�h�k�l�v���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@�������E�_�k�g�u�_���g�h��
�\�h�k�l�b�����‹�����������������Z�\�]�m�k�l�Z�������������]�����������I�j�_�k�k�Z���:�j�o�Z�g�]�_�e�v�k�d�h�c���h�[�e�Z�k�l�b����URL: http://arhpress.ru/lesnov/2007/8/27/11.shtml 
���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
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�>�e�y�� �k�j�Z�\�g�_�g�b�y���� �\�� �i�j�b�]�j�Z�g�b�q�g�h�c �k�� �^�Z�e�v�g�_�\�h�k�l�h�q�g�u�f�b�� �j�h�k�k�b�c�k�d�b�f�b�� �j�_�]�b�h�g�Z�f�b��

�^�b�g�Z�f�b�q�g�h���j�Z�a�\�b�\�Z�x�s�_�c�k�y���d�b�l�Z�c�k�d�h�c���i�j�h�\�b�g�p�b�b���O�w�c�e�m�g�p�a�y�g�������������l�u�k�����d�f2�����i�j�h�`�b�\�Z�_�l���[�h�e�_�_��

�������f�b�e�e�b�h�g�h�\���q�_�e�h�\�_�d�� 

�I�j�b�� �w�l�h�f�� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �k�h�k�_�^�k�l�\�h�� �k�� �[�m�j�g�h�� �j�Z�a�\�b�\�Z�x�s�b�f�k�y�� �D�b�l�Z�_�f���� �i�j�b�� �\�_�k�v�f�Z��

�i�e�Z�q�_�\�g�u�o�� �w�d�h�g�h�f�b�q�_�k�d�b�o �b�� �^�_�f�h�]�j�Z�n�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�y�o�� �A�Z�m�j�Z�e�v�k�d�b�o�� �j�_�]�b�h�g�h�\�� �J�h�k�k�b�b����

�k�l�Z�\�b�l���\�h�i�j�h�k���h���i�j�h�[�e�_�f�_���h�[�_�k�i�_�q�_�g�b�y���g�Z�p�b�h�g�Z�e�v�g�h�c���[�_�a�h�i�Z�k�g�h�k�l�b���g�Z�r�_�c���k�l�j�Z�g�u4. 

�L�h���_�k�l�v���\�k�_�]�h���h�^�b�g�����d�Z�a�Z�e�h�k�v���[�u�����l�Z�d�h�c���g�b�q�l�h�`�g�u�c���r�Z�]�����d�Z�d���a�Z�i�j�_�l���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z����

�\�_�^�z�l �d���w�d�k�i�Z�g�k�b�b���k�h���k�l�h�j�h�g�u���Z�]�j�_�k�k�b�\�g�h�]�h���k�h�k�_�^�Z. 

�Q�l�h���d�Z�k�Z�_�l�k�y���^�_�f�h�]�j�Z�n�b�b���A�Z�m�j�Z�e�v�k�d�b�o���j�_�]�b�h�g�h�\�����l�h���k�b�l�m�Z�p�b�y���i�h�k�e�_�^�g�b�_���^�_�k�y�l�b�e�_�l�b�y��

�^�_�c�k�l�\�b�l�_�e�v�g�h �k�d�e�Z�^�u�\�Z�_�l�k�y���d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�Z�y�� 

�D�h�e�b�q�_�k�l�\�h�� �g�Z�k�_�e�z�g�g�u�o�� �i�m�g�d�l�h�\�� �k�� �q�b�k�e�h�f�� �`�b�l�_�e�_�c�� �[�h�e�_�_�� �������� �q�_�e�h�\�_�d���� �]�^�_�� �f�h�`�g�h��

�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v���d�Z�d�h�_-�e�b�[�h���i�j�h�b�a�\�h�^�k�l�\�h���� �k�h�d�j�Z�l�b�e�h�k�v���a�Z�� �i�h�k�e�_�^�g�x�x �q�_�l�\�_�j�l�v���\�_�d�Z �g�Z����������

���l�Z�[�e�b�p�Z 1). 

�L�Z�[�e�b�p�Z������ �Q�b�k�e�h���k�_�e�v�k�d�b�o���g�Z�k�_�e�z�g�g�u�o���i�m�g�d�l�h�\���k���q�b�k�e�h�f���`�b�l�_�e�_�c���[�h�e�_�_�����������q�_�e5 

Table 1. The number of rural settlements with a population of over 100 people 

�=�h�^�u 1959 1970 1989 2002 2010 2019 

�D�h�e�b�q�_�k�l�\�h���g�Z�k�_�e�z�g�g�u�o���i�m�g�d�l�h�\�����l�u�k�� 114,0 91,2 60,0 55,2 50,9 45 

 

�<���l�h���`�_���\�j�_�f�y���d�h�e�b�q�_�k�l�\�h���[�_�a�j�Z�[�h�l�g�u�o���g�Z�����������\�Z�d�Z�g�k�b�c���\���l�Z�d�b�o���j�_�]�b�h�g�Z�o���K�b�[�b�j�k�d�h�]�h��

�n�_�^�_�j�Z�e�v�g�h�]�h�� �h�d�j�m�]�Z���� �d�Z�d�� �J�_�k�i�m�[�e�b�d�Z�� �L�u�\�Z�� �k�h�k�l�Z�\�e�y�_�l ���������� �q�_�e�h�\�_�d, �J�_�k�i�m�[�e�b�d�Z�� �:�e�l�Z�c�� �± 

1004 �q�_�e�h�\�_�d�Z, �G�h�\�h�k�b�[�b�j�k�d�Z�y�� �h�[�e�Z�k�l�v�� �± �������� �q�_�e�h�\�_�d, �L�h�f�k�d�Z�y�� �h�[�e�Z�k�l�v�� �± �������� �q�_�e�h�\�_�d, 

�B�j�d�m�l�k�d�Z�y���h�[�e�Z�k�l�v���± ���������q�_�e�h�\�_�d6. 

                                                 
4 �K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�����>�h�d�e�Z�^�����i�j�_�^��
�k�l�Z�\�e�_�g�g�u�c���g�Z���d�j�m�]�e�h�f���k�l�h�e�_���©�K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z��
�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�ª���� �i�j�h�r�_�^�r�_�f�� �\�� �;�Z�j�g�Z�m�e�_�� ������ �f�Z�y�� ���������� �]���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������ �B�g�n�h�j�f�Z�p�b�h�g�g�h�_�� �Z�]�_�g�l�k�l�\�h��
�D�j�Z�k�g�Z�y���<�_�k�g�Z�����8�5�/����https://rossaprimavera.ru/article/1ae786f1 ���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
5 �Q�b�k�e�h���k�_�e�v�k�d�b�o���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�h�\���b���i�h�k�_�e�d�h�\���]�h�j�h�^�k�d�h�]�h���l�b�i�Z���i�j�h�^�h�e�`�Z�_�l���k�g�b�`�Z�l�v�k�y���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��
������ �>�_�f�h�]�j�Z�n�b�q�_�k�d�b�_�� �b�l�h�]�b�� �i�_�j�\�h�]�h�� �i�h�e�m�]�h�^�b�y�� ���������� �]�h�^�Z�� ���q�Z�k�l�v�� �,���� ���� �>�_�f�h�k�d�h�i�� �Z�H�H�N�O�\�� �‹�� ������-�������� ������ �Z�\�]�m�k�l�Z-11 
�k�_�g�l�y�[�j�y��������������URL: http://www.demoscope.ru/weekly/2011/0475/barom03.php ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
6 �K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�����>�h�d�e�Z�^�����i�j�_�^��
�k�l�Z�\�e�_�g�g�u�c���g�Z���d�j�m�]�e�h�f���k�l�h�e�_���©�K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z��
�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�ª���� �i�j�h�r�_�^�r�_�f�� �\�� �;�Z�j�g�Z�m�e�_�� ������ �f�Z�y�� ���������� �]���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������ �B�g�n�h�j�f�Z�p�b�h�g�g�h�_�� �Z�]�_�g�l�k�l�\�h��
�D�j�Z�k�g�Z�y���<�_�k�g�Z�����8�5�/����https://rossaprimavera.ru/article/1ae786f1 ���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
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�<�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�e�Z�]�h�i�h�e�m�q�g�h�c�� �G�h�\�h�k�b�[�b�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �i�j�b�� �k�j�_�^�g�_�f�� �m�j�h�\�g�_��

�h�n�b�p�b�Z�e�v�g�h�c �[�_�a�j�Z�[�h�l�b�p�u �\ 1996 �]�����\���j�Z�a�f�_�j�_���������������q�b�k�e�h���[�_�a�j�Z�[�h�l�g�u�o���\���k�_�e�v�k�d�h�c���f�_�k�l�g�h�k�l�b��

�^�h�k�l�b�]�Z�e�h�����������>�N�Z�^�_�_�\�Z�������������@�����i�h���^�j�m�]�b�f���^�Z�g�g�u�f���± �^�h�����������>�L�x�]�Z�r�_�\�����I�h�i�d�h�\�������������@�� 

�F�h�`�g�h�� �d�h�g�k�l�Z�l�b�j�h�\�Z�l�v���� �q�l�h�� �j�_�Z�e�v�g�Z�y�� �[�_�a�j�Z�[�h�l�b�p�Z�� �i�j�_�\�u�r�Z�_�l�� �h�n�b�p�b�Z�e�v�g�m�x�� �\�� ������ �b��

�[�h�e�_�_���j�Z�a�� 

�G�Z�������������]�h�^�� �©�j�h�k�l���[�_�a�j�Z�[�h�l�b�p�u���\���G�h�\�h�k�b�[�b�j�k�d�h�c���h�[�e�Z�k�l�b �«  �k�h�k�l�Z�\�b�e�����������ª7�����B�k�o�h�^�y��

�b�a�� �w�l�b�o�� �p�b�n�j���� �f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h�� �j�_�Z�e�v�g�h�� �\�� �h�[�e�Z�k�l�b�� �[�_�a�j�Z�[�h�l�g�u�c�� �d�Z�`�^�u�c�� �\�l�h�j�h�c��

�`�b�l�_�e�v���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �\�� �k�h�k�_�^�g�b�o���� �[�h�e�_�_�� �^�_�i�j�_�k�k�b�\�g�u�o���� �j�_�]�b�h�g�Z�o�� �A�Z�m�j�Z�e�v�k�d�b�o�� �h�d�j�m�]�h�\��

�k�b�l�m�Z�p�b�y���k�d�e�Z�^�u�\�Z�_�l�k�y���_�s�z���o�m�`�_�� 

�<�� �w�l�h�f�� �d�e�x�q�_ �k�e�_�^�m�_�l�� �h�k�f�u�k�e�b�l�v�� �k�e�h�`�b�\�r�_�_�k�y�� �i�h�e�h�`�_�g�b�_�� �b�� �i�j�_�^�e�h�`�b�l�v�� �d�Z�d�b�_-�l�h��

�j�_�Z�e�v�g�u�_���\�u�o�h�^�u���b�a���^�Z�g�g�h�c���k�b�l�m�Z�p�b�b�� 

�G�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���`�b�a�g�b���\���w�l�h�c���i�j�b�j�h�^�g�h�c���a�h�g�_���f�h�`�g�h���k�\�y�a�u�\�Z�l�v��

�\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �k�� �^�h�[�u�q�_�c�� �b�� �h�[�h�]�Z�s�_�g�b�_�f�� �j�m�^�g�u�o�� �b�� �l�h�i�e�b�\�g�u�o�� �i�h�e�_�a�g�u�o�� �b�k�d�h�i�Z�_�f�u�o���� �Z��

�l�Z�d�`�_���e�_�k�g�h�c���h�l�j�Z�k�e�v�x�� 

�D���k�h�`�Z�e�_�g�b�x�����[�h�e�v�r�b�g�k�l�\�h �j�m�^�g�b�d�h�\���b���]�h�j�g�h-�h�[�h�]�Z�l�b�l�_�e�v�g�u�o���d�h�f�[�b�g�Z�l�h�\�����h�l�d�j�u�l�u�o��

�\�� �i�h�k�e�_�^�g�b�_�� �^�_�k�y�l�b�e�_�l�b�y���� �g�_�� �j�Z�k�k�q�b�l�Z�g�u�� �g�Z�� �i�h�k�l�h�y�g�g�h�_�� �i�j�h�`�b�\�Z�g�b�_�� �f�_�k�l�g�h�]�h�� �g�Z�k�_�e�_�g�b�y����

�I�h�k�z�e�d�b���i�j�b���l�Z�d�b�o���i�j�_�^�i�j�b�y�l�b�y�o���b�f�_�x�l���\�j�_�f�_�g�g�u�c���k�l�Z�l�m�k�� 

�>�e�y�� �k�i�Z�k�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �h�k�l�Z�z�l�k�y�� �l�h�e�v�d�h�� �e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�Z�y�� �b��

�e�_�k�h�i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�Z�y���h�l�j�Z�k�e�v�� 

�<�� �k�l�j�m�d�l�m�j�_�� �\�Z�e�h�\�h�]�h�� �j�_�]�b�h�g�Z�e�v�g�h�]�h�� �i�j�h�^�m�d�l�Z�� ���^�Z�e�_�_�� �± �<�J�I���� �g�Z�b�[�h�e�_�_�� �j�Z�a�\�b�l�h�]�h�� �\��

�i�j�h�f�u�r�e�_�g�g�h�f�� �h�l�g�h�r�_�g�b�b�� �M�j�Z�e�v�k�d�h�]�h�� �n�_�^�_�j�Z�e�v�g�h�]�h�� �h�d�j�m�]�Z�� �e�_�k�g�h�_�� �o�h�a�y�c�k�l�\�h�� �\�� ���������� �]�h�^�m��

�a�Z�g�b�f�Z�e�h���\�k�_�]�h�����������q�l�h���k�h�k�l�Z�\�e�y�e�h���������h�l���^�h�[�u�q�b���i�h�e�_�a�g�u�o���b�k�d�h�i�Z�_�f�u�o�� 

�?�k�e�b�� �d�� �d�h�g�p�m�� ����-�u�o�� �]�h�^�h�\�� �i�j�h�r�e�h�]�h�� �\�_�d�Z�� �K�K�K�J�� �a�Z�g�b�f�Z�e�� �\�l�h�j�h�_�� �f�_�k�l�h�� �\�� �f�b�j�_�� �i�h��

�w�d�k�i�h�j�l�m���^�j�_�\�_�k�b�g�u�����m�k�l�m�i�Z�y���i�_�j�\�_�g�k�l�\�h���e�b�r�v���K�R�:�����l�h���\���j�_�a�m�e�v�l�Z�l�_���w�d�h�g�h�f�b�q�_�k�d�b�o���j�_�n�h�j�f��

�J�h�k�k�b�y�� �i�_�j�_�f�_�k�l�b�e�Z�k�v�� �g�Z�� ���� �f�_�k�l�h�� �\�� �f�b�j�_�� �i�h�� �w�l�h�f�m�� �i�h�d�Z�a�Z�l�_�e�x���� �H�[�s�Z�y�� �d�Z�j�l�b�g�Z�� �i�h�� �h�[�t�z�f�Z�f��

�e�_�k�h�a�Z�]�h�l�h�\�h�d���\���K�b�[�b�j�b���a�Z���i�h�k�e�_�^�g�b�_���������e�_�l���i�j�_�^�k�l�Z�\�e�_�g�Z���\���l�Z�[�e�b�p�_�������� 

�L�Z�[�e�b�p�Z������ �H�[�t�z�f�u���e�_�k�h�a�Z�]�h�l�h�\�h�d8�����f�e�g�����f3 �>�D�b�j�b�e�e�h�\�����E�b�i�b�g�����K�h�d�h�e�h�\�������������@ 

Table 2. Logging volumes, mln. m3 [Kirillov, Lipin, Sokolov, 2009] 

�=�h�^�u 1913 1925 1940 1960 1968 1998 2000 2003 

�H�[�t�z�f�u���a�Z�]�h�l�h�\�h�d 3,9 3,6 52 91 120 23 39 43 

                                                 
7 �O�f�_�e�_�\�k�d�Z�y�� �H���� �@�b�l�v�� �k�l�Z�e�h�� �k�e�h�`�g�_�_���� �\�� �G�h�\�h�k�b�[�b�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �\�u�j�h�k�e�Z�� �[�_�a�j�Z�[�h�l�b�p�Z�� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@��������
�G�h�\�h�k�b�[�b�j�k�d���H�g�e�Z�c�g�����������b�x�e�y�������������]�����8�5L: https://news.ngs.ru/more/65157441/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 
8 �L�Z�f���`�_ 
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�B�a�\�_�k�l�g�h�����q�l�h���k���j�Z�k�i�Z�^�h�f���K�K�K�J���j�h�k�k�b�c�k�d�b�c���e�_�k�h�i�j�h�f�u�r�e�_�g�g�u�c���d�h�f�i�e�_�d�k���h�d�Z�a�Z�e�k�y���\��

�©�]�e�m�[�h�d�h�f�� �k�l�j�m�d�l�m�j�g�h-�w�d�h�g�h�f�b�q�_�k�d�h�f�� �d�j�b�a�b�k�_���� �i�h�k�e�_�^�k�l�\�b�y�� �d�h�l�h�j�h�]�h�� �g�_�� �i�j�_�h�^�h�e�_�g�u�� �b�� �^�h��

�k�_�]�h�^�g�y�r�g�_�]�h�� �^�g�y�ª�� �>�R�_�]�_�e�v�f�Z�g���� ���������@���� �©�>�h�k�l�Z�l�h�q�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �\�� ��������-�_�� �]�]���� �e�b�r�v�� �h�^�g�Z��

�B�j�d�m�l�k�d�Z�y�� �h�[�e�Z�k�l�v�� �a�Z�]�h�l�h�\�e�y�e�Z�� �^�j�_�\�_�k�b�g�u�� �\�� �������� �j�Z�a�Z�� �[�h�e�v�r�_���� �q�_�f�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�k�y��

�K�b�[�b�j�v�ª9. 

�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�h�c�� �b�� �e�_�k�h�i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�_�c�� �h�l�j�Z�k�e�y�f�� �_�k�l�v�� �d�m�^�Z��

�j�Z�a�\�b�\�Z�l�v�k�y�� 

�G�h���w�l�h���j�Z�a�\�b�l�b�_���i�h�e�g�h�k�l�v�x���a�Z�\�b�k�b�l���h�l���g�Z�e�b�q�b�y���^�h�j�h�`�g�h�c���b�g�n�j�Z�k�l�j�m�d�l�m�j�u�� 

�H�^�g�Z�� �b�a�� �h�k�g�h�\�g�u�o�� �i�j�b�q�b�g�� �f�_�^�e�_�g�g�h�]�h�� �h�k�\�h�_�g�b�y�� �l�_�j�j�b�l�h�j�b�c�� �a�h�g�u�� �l�Z�c�]�b�� �J�m�k�k�d�h�]�h��

�K�_�\�_�j�Z�����K�b�[�b�j�b���b���>�Z�e�v�g�_�]�h���<�h�k�l�h�d�Z�� �± �k�e�Z�[�h�_���j�Z�a�\�b�l�b�_���^�h�j�h�`�g�h�c���k�_�l�b�����>�Z�`�_���\���?�\�j�h�i�_�c�k�d�h�c��

�q�Z�k�l�b�� �k�l�j�Z�g�u���� �]�^�_�� �i�e�h�l�g�h�k�l�v�� �Z�\�l�h�^�h�j�h�]�� �g�Z�b�[�h�e�_�_�� �\�u�k�h�d�Z�y���� �h�g�Z�� �g�_�� �i�j�_�\�u�r�Z�_�l�� �������� �i�h�]�h�g�g�u�o��

�f�_�l�j�Z�� �g�Z�� �]�_�d�l�Z�j�� ���^�h�j�h�]�b�� �\�k�_�o�� �d�Z�l�_�]�h�j�b�c���� �\�d�e�x�q�Z�y�� �n�_�^�_�j�Z�e�v�g�u�_������ �Z�� �\�� �k�j�_�^�g�_�f�� �i�h�� �k�l�j�Z�g�_�� �± 

0,85 �i�h�]�h�g�g�u�o�� �f�_�l�j�Z�� �g�Z�� �]�_�d�l�Z�j10  ���j�_�]�b�h�g�Z�e�v�g�u�_�� �b�� �f�_�k�l�g�u�_�� �^�h�j�h�]�b�� �,�9-�9�� �d�Z�l�_�]�h�j�b�c�� �b��

�\�_�^�h�f�k�l�\�_�g�g�u�_���� 

�<���p�_�e�h�f�����k�l�Z�l�b�k�l�b�d�Z���a�Z���i�h�k�e�_�^�g�b�_���]�h�^�u���\�u�]�e�y�^�b�l���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����l�Z�[�e�b�p�Z�������� 

�L�Z�[�e�b�p�Z�� ���� �I�j�h�l�y�`�z�g�g�h�k�l�v �n�_�^�_�j�Z�e�v�g�u�o�� �b�� �j�_�]�b�h�g�Z�e�v�g�u�o�� �^�h�j�h�]�� �\�k�_�o�� �d�Z�l�_�]�h�j�b�c �\�� �J�h�k�k�b�b����

�l�u�k�� �d�f11 

Table 3. The length of federal and regional roads of all categories in Russia, thousand km 

�=�h�^�u 1990 2004 2008 2013 2018 

�I�j�h�l�y�`�z�g�g�h�k�l�v�����l�u�k�����d�f 592 598,6 570,7 553,5 564,7 

 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u 3���� �i�j�b�� �g�_�^�h�k�l�Z�l�h�q�g�h�c�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�c�� �i�e�h�l�g�h�k�l�b�� �^�h�j�h�]�� �\��

�J�h�k�k�b�b�� �m�[�u�e�v�� �n�_�^�_�j�Z�e�v�g�u�o�� �b�� �j�_�]�b�h�g�Z�e�v�g�u�o�� �^�h�j�h�]�� �\�k�_�o�� �d�Z�l�_�]�h�j�b�c�� �a�Z�� ������ �e�_�l�� ����������-���������� �]�]������

�k�h�k�l�Z�\�b�e�Z������������ 

�M�\�_�e�b�q�_�g�b�_�� �i�j�h�l�y�`�z�g�g�h�k�l�b�� �^�h�j�h�]�� �\�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �i�h�a�\�h�e�y�_�l�� �g�Z�^�_�y�l�v�k�y���� �q�l�h��

�l�_�g�^�_�g�p�b�y�� �k�e�h�f�e�_�g�Z���� �h�^�g�Z�d�h�� �b�a-�a�Z�� �\�u�k�h�d�h�c�� �k�l�h�b�f�h�k�l�b�� �b�� �[�h�e�v�r�h�c�� �l�j�m�^�h�z�f�d�h�k�l�b�� �b�o��

                                                 
9 �K�m�o�h�^�h�e�h�\���:���E�_�k�g�u�_���j�_�k�m�j�k�u���K�b�[�b�j�b���b���w�n�n�_�d�l�b�\�g�h�k�l�v���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y���������G�Z�m�d�Z���\���K�b�[�b�j�b�����������������‹������������������ 
10 �H���i�_�j�k�i�_�d�l�b�\�Z�o���j�Z�a�\�b�l�b�y���k�_�l�b���Z�\�l�h�f�h�[�b�e�v�g�u�o���^�h�j�h�]���g�Z���l�_�j�j�b�l�h�j�b�b���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�����d���©�i�j�Z�\�b�l�_�e�v�k�l�\�_�g��
�g�h�f�m�� �q�Z�k�m�ª�� �\�� �j�Z�f�d�Z�o�� ������-�]�h�� �a�Z�k�_�^�Z�g�b�y�� �K�h�\�_�l�Z�� �N�_�^�_�j�Z�p�b�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �K�h�[�j�Z�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b���� ������
�n�_�\�j�Z�e�y�� ���������� �]�h�^�Z���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@������ �:�g�Z�e�b�l�b�q�_�k�d�b�c�� �\�_�k�l�g�b�d�� �‹�� ���� �������������N�_�\�j�Z�e�v�� ���������� ������ �:�g�Z�e�b�l�b�q�_�k�d�h�_��
�m�i�j�Z�\�e�_�g�b�_�� �:�i�i�Z�j�Z�l�Z�� �K�h�\�_�l�Z�� �N�_�^�_�j�Z�p�b�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �k�h�[�j�Z�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b����
URL: http://council.gov.ru/media/files/41d53c2113ce9d34213a.pdf ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������019) 
�I�j�h�l�y�`�_�g�g�h�k�l�v���Z�\�l�h�f�h�[�b�e�v�g�u�o���^�h�j�h�]���h�[�s�_�]�h���i�h�e�v�a�h�\�Z�g�b�y���i�h���k�m�[�t�_�d�l�Z�f���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b���>�W�e�_�d�l�j�h�g�g�u�c��
�j�_�k�m�j�k�@�� ������ �N�_�^�_�j�Z�e�v�g�Z�y�� �k�e�m�`�[�Z�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �k�l�Z�l�b�k�l�b�d�b����URL: www.gks.ru/free_doc/new_site/business/trans-
sv/t2-2.xls ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
11 �L�Z�f���`�_ 
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�k�l�j�h�b�l�_�e�v�k�l�\�Z���� �l�j�m�^�g�h�� �j�Z�k�k�q�b�l�u�\�Z�l�v�� �g�Z�� �m�\�_�e�b�q�_�g�b�_�� �l�_�f�i�h�\�� �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �Z�\�l�h�^�h�j�h�]�� �h�[�s�_�]�h��

�i�h�e�v�a�h�\�Z�g�b�y�� 

�;�h�e�_�_�� �l�h�]�h���� �k�h�]�e�Z�k�g�h�� �>�K�h�d�h�e�h�\�Z�� �b�� �^�j������ ���������@�� �q�b�k�e�h�� �^�h�j�h�]���� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

�g�h�j�f�Z�l�b�\�g�u�f���l�j�_�[�h�\�Z�g�b�y�f�����a�Z���i�_�j�b�h�^���k�������������i�h�������������]�h�^���\�u�j�h�k�e�h���k���������^�h���������� 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�j�b�o�h�^�b�l�k�y���f�b�j�b�l�v�k�y���k���l�_�f�����q�l�h���i�m�l�_�c���^�e�y���i�_�j�_�\�h�a�d�b���a�Z�]�h�l�h�\�e�_�g�g�h�c��

�^�j�_�\�_�k�b�g�u���g�_�l���b���\���h�[�h�a�j�b�f�h�f���[�m�^�m�s�_�f���g�_���[�m�^�_�l�� 

�<�� �K�K�K�J�� �e�_�k�h�a�Z�]�h�l�h�\�d�Z�� �[�u�e�Z�� �h�j�]�Z�g�b�a�h�\�Z�g�Z�� �^�h�k�l�Z�l�h�q�g�h�� �w�n�n�_�d�l�b�\�g�h���� �i�h�� �f�Z�e�u�f�� �b��

�k�j�_�^�g�b�f�� �j�_�d�Z�f�� �h�k�m�s�_�k�l�\�e�y�e�k�y�� �f�h�e�_�\�h�c�� �k�i�e�Z�\���� �^�Z�e�_�_�� �i�h�� �d�j�m�i�g�u�f�� �j�_�q�g�u�f�� �Z�j�l�_�j�b�y�f��

�i�j�h�b�a�\�h�^�b�e�k�y�� �i�e�h�l�h�\�h�c�� �k�i�e�Z�\�� �^�h�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�_�]�h�� �i�j�_�^�i�j�b�y�l�b�y���� �q�Z�s�_�� �\�k�_�]�h��

�j�Z�k�i�h�e�h�`�_�g�g�h�]�h���\���m�k�l�v�_���j�_�d�b�� 

�A�Z�i�j�_�l�� �f�h�e�_�\�h�]�h�� �k�i�e�Z�\�Z�� �i�j�b�\�z�e�� �d�� �k�_�j�v�z�a�g�u�f�� �i�j�h�[�e�_�f�Z�f�� �m�� �e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�_�c����

�K 1965 �i�h�������������]�h�^�u���h�[�t�z�f�u���e�_�k�h�k�i�e�Z�\�Z���m�i�Z�e�b���\���������j�Z�a���>�=�Z�c�k�b�g�������������@�����<������-�_���]�h�^�u �i�j�h�r�e�h�]�h��

�\�_�d�Z�� �i�h�� �j�_�d�Z�f�� �k�i�e�Z�\�e�y�e�h�k�v�� �^�h�� �������� �\�k�_�c�� �a�Z�]�h�l�h�\�e�_�g�g�h�c�� �^�j�_�\�_�k�b�g�u���� �i�j�b�q�z�f�� �b�a�� �w�l�h�]�h�� �h�[�t�z�f�Z��

�[�h�e�_�_�����������± �f�h�e�_�\�u�f���k�i�e�Z�\�h�f�����h�d�h�e�h�����������± �\���k�i�e�h�l�d�_���b���f�_�g�_�_���������g�Z���k�m�^�Z�o���>�=�Z�c�k�b�g������������]. 

�E�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�u�_�� �h�j�]�Z�g�b�a�Z�p�b�b�� �K�_�\�_�j�Z�� �b�� �A�Z�m�j�Z�e�v�y�� �h�d�Z�a�Z�e�b�k�v�� �h�l�j�_�a�Z�g�g�u�f�b�� �h�l��

�l�j�Z�g�k�i�h�j�l�g�u�o�� �Z�j�l�_�j�b�c���� �Z�� �h�]�j�h�f�g�Z�y�� �q�Z�k�l�v�� �e�_�k�g�h�]�h�� �n�h�g�^�Z�� �h�d�Z�a�Z�e�Z�k�v�� �b�a�h�e�b�j�h�\�Z�g�g�h�c�� �h�l��

�i�h�l�j�_�[�b�l�_�e�y�����<���w�l�b�o���j�_�]�b�h�g�Z�o���h�[�t�z�f�u���k�i�e�Z�\�Z���b�����d�Z�d���k�e�_�^�k�l�\�b�_�����h�[�t�z�f�u���e�_�k�h�a�Z�]�h�l�h�\�h�d���m�i�Z�e�b��

�^�h���f�b�g�b�f�m�f�Z�� 

2. �<�l�h�j�Z�y���d�h�f�i�h�g�_�g�l�Z���w�d�h�k�b�k�l�_�f�u���j�_�q�g�h�]�h���[�Z�k�k�_�c�g�Z���a�h�g�u���l�Z�c�]�b���± �e�_�k 

�E�_�k�h�k�u�j�v�_�\�u�_�� �[�Z�a�u���� �i�j�b�f�u�d�Z�x�s�b�_�� �d�� �k�m�s�_�k�l�\�m�x�s�_�c�� �^�h�j�h�`�g�h�c�� �k�_�l�b���� �b�f�_�x�l��

�i�h�k�l�h�y�g�g�u�c�� �i�_�j�_�j�m�[�� �j�Z�k�q�z�l�g�h�c�� �e�_�k�h�k�_�d�b���� �G�b�a�d�h�i�h�e�g�h�l�g�u�_�� �g�Z�k�Z�`�^�_�g�b�y���� �h�[�j�Z�a�h�\�Z�\�r�b�_�k�y�� �\��

�j�_�a�m�e�v�l�Z�l�_�� �i�_�j�_�j�m�[�h�\���� �i�h�^�\�_�j�`�_�g�u�� �\�_�l�j�h�\�Z�e�Z�f���� �i�h�q�\�u���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �m�f�_�g�v�r�_�g�b�y��
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�]�b�^�j�h�n�b�e�v�g�u�_���w�d�k�l�j�Z�d�l�b�\�g�u�_���\�_�s�_�k�l�\�Z�����e�b�]�g�b�g�����f�b�g�_�j�Z�e�v�g�u�_���d�h�f�i�h�g�_�g�l�u�����b���g�_�j�Z�k�l�\�h�j�b�f�u�_��

�± �p�_�e�e�x�e�h�a�Z���b���k�m�[�_�j�b�g���>�:�a�Z�j�h�\�����;�m�j�h�\�����H�[�h�e�_�g�k�d�Z�y�������������@�����=�b�^�j�h�e�b�a�m�_�f�u�_���l�Z�g�b�g�u���b���q�Z�k�l�b�q�g�h��

�p�_�e�e�x�e�h�a�Z���f�h�]�m�l���j�Z�k�l�\�h�j�y�l�v�k�y���\���\�h�^�_���k���\�u�j�Z�`�_�g�g�h�c���d�b�k�e�h�c���j�_�Z�d�p�b�_�c�����d�h�l�h�j�Z�y���o�Z�j�Z�d�l�_�j�g�Z���^�e�y��

�[�h�e�h�l�g�u�o�� �j�_�d���� �S�_�e�h�q�g�Z�y�� �j�_�Z�d�p�b�y�� �\�h�^�u�� ���i�j�_�^�]�h�j�g�u�_�� �j�_�d�b���� �k�i�h�k�h�[�k�l�\�m�_�l�� �j�Z�k�l�\�h�j�_�g�b�x��

�i�h�e�b�n�_�g�h�e�v�g�u�o���d�b�k�e�h�l�����q�Z�k�l�b�q�g�h���e�b�]�g�b�g�Z���b���p�_�e�e�x�e�h�a�u�� 

�L�Z�[�e�b�p�Z������ �I�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b �k�h�j�l�b�f�_�g�l�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���^�e�b�g�u�����f2 

Table 4. Assortment surface area depending on length, m2 

�k�j�_�^�g�b�c���^�b�Z�f�_�l�j���k�h�j�l�b�f�_�g�l�Z�����f 
�i�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b�����f2 

�k�m�f�f�Z�j�g�Z�y���i�e�h�s�Z�^�v���k�j�_�a�Z�����f2 
3 5,5 

0,05 0,94 1,73 0,02 

0,1 1,88 3,45 0,06 

0,2 3,77 6,91 0,25 
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�G�Z�b�[�h�e�_�_�� �h�i�Z�k�g�u�f�b�� �b�a�� �w�d�k�l�j�Z�d�l�b�\�g�u�o�� �\�_�s�_�k�l�\�� �y�\�e�y�x�l�k�y�� �n�_�g�h�e�u���� �i�j�_�^�_�e�v�g�h��

�^�h�i�m�k�l�b�f�Z�y���d�h�g�p�_�g�l�j�Z�p�b�y���d�h�l�h�j�u�o���\���i�j�b�j�h�^�g�u�o���\�h�^�Z�o���k�h�k�l�Z�\�e�y�_�l���������������f�]���e. 

�I�j�b���w�l�h�f �w�d�k�l�j�Z�]�b�j�h�\�Z�g�b�_���\�h�^�h�c���b�a���^�j�_�\�_�k�b�g�u���\�j�_�^�g�u�o���\�_�s�_�k�l�\���\�h�a�f�h�`�g�h���l�h�e�v�d�h���i�j�b��

�^�e�b�l�_�e�v�g�h�f�� �b�o�� �g�Z�o�h�`�^�_�g�b�b �\�� �\�h�^�_���� �©�I�h�e�g�h�_�� �\�u�f�u�\�Z�g�b�_�� �\�j�_�^�g�u�o�� �\�_�s�_�k�l�\�� �i�j�h�b�k�o�h�^�b�l�� �\��

�l�_�q�_�g�b�_�� �������� �k�m�l�h�d�ª�� �>�F�m�j�Z�r�h�\�Z���� ���������@���� �D�h�e�b�q�_�k�l�\�h�� �\�u�^�_�e�_�g�g�u�o�� �n�_�g�h�e�v�g�u�o�� �k�h�_�^�b�g�_�g�b�c��

�a�Z�\�b�k�b�l���l�Z�d�`�_���h�l���l�_�f�i�_�j�Z�l�m�j�u���\�h�^�u���b���i�h�j�h�^�u���^�j�_�\�_�k�b�g�u�� 

�D�j�h�f�_���l�h�]�h�����\�h�a�^�_�c�k�l�\�b�_���i�e�Z�\�Z�x�s�_�c���^�j�_�\�_�k�b�g�u���g�Z���o�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\���\�h�^�u���a�Z�\�b�k�b�l��

�h�l���a�Z�]�j�m�`�_�g�g�h�k�l�b���j�_�d�b.  

�F�g�h�]�h�e�_�l�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y���=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h���b�g�k�l�b�l�m�l�Z��

�h�a�z�j�g�h�]�h�� �b�� �j�_�q�g�h�]�h�� �j�u�[�g�h�]�h�� �o�h�a�y�c�k�l�\�Z�� �b�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h�� �e�_�k�h�l�_�o�g�b�q�_�k�d�h�]�h��

�m�g�b�\�_�j�k�b�l�_�l�Z�� �^�h�d�Z�a�Z�e�b���� �q�l�h�� �d�j�b�l�_�j�b�_�f�� �[�_�a�\�j�_�^�g�h�k�l�b�� �e�_�k�h�k�i�e�Z�\�Z�� �^�e�y�� �w�d�h�e�h�]�b�q�_�k�d�h�]�h��

�j�Z�\�g�h�\�_�k�b�y���\�h�^�h�z�f�Z���y�\�e�y�_�l�k�y���h�l�g�h�r�_�g�b�_���h�[�t�z�f�h�\���^�j�_�\�_�k�b�g�u���b���\�h�^�u���\�h���\�j�_�f�y���e�_�k�h�k�i�e�Z�\�Z��������������

�b�� �[�h�e�_�_���� �i�j�b�� �d�h�l�h�j�h�f�� �g�_�� �k�h�a�^�Z�z�l�k�y�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o�� �m�k�e�h�\�b�c�� �^�e�y�� �h�[�b�l�Z�g�b�y�� �b�� �j�Z�a�\�b�l�b�y��

�]�b�^�j�h�[�b�h�g�l�h�\18�����>�e�y���]�b�^�j�h�[�b�h�g�l�h�\���[�_�a�\�j�_�^�g�u���j�Z�k�l�\�h�j�u���i�j�b���k�h�h�l�g�h�r�_�g�b�b���^�j�_�\�_�k�b�g�u���b���\�h�^�u��

���������������^�e�y���e�h�k�h�k�z�\�u�o���������������>�F�m�j�Z�r�h�\�Z�������������@�� 

�I�j�b�� �b�g�^�b�\�b�^�m�Z�e�v�g�h�f �m�q�z�l�_�� �\�k�_�c�� �k�i�e�Z�\�e�y�_�f�h�c�� �^�j�_�\�_�k�b�g�u�� �f�h�`�g�h�� �i�j�h�k�q�b�l�Z�l�v��

�i�j�_�^�_�e�v�g�h���\�h�a�f�h�`�g�h�_���k�h�h�l�g�h�r�_�g�b�_���k�i�e�Z�\�e�y�_�f�h�c���^�j�_�\�_�k�b�g�u���b���i�Z�\�h�^�d�h�\�u�o���\�h�^���^�e�y���g�Z�b�[�h�e�_�_��

�q�m�\�k�l�\�b�l�_�e�v�g�u�o�����e�h�k�h�k�z�\�u�o�����j�u�[�����l�Z�[�e�b�p�Z��������  

�L�Z�[�e�b�p�Z������ �H�[�t�_�f���k�i�e�Z�\�e�y�_�f�h�c���^�j�_�\�_�k�b�g�u���\���k�m�l�d�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�j�_�^�g�_�]�h���j�Z�k�o�h�^�Z���\�h�^�u 

Table 5. The volume of floated wood per day, depending on the average water rate 

�j�Z�k�o�h�^���\�h�^�u�����f3���k 0,5 1 3 2 5 10 15 

�h�[�t�z�f�����f3���k�m�l 8 31 275 122 764 3057 6879 

 

�I�j�h�k�l�h�_�� �k�h�[�e�x�^�_�g�b�_�� �k�j�h�d�h�\�� �g�Z�o�h�`�^�_�g�b�y�� �^�j�_�\�_�k�b�g�u�� �\�� �\�h�^�_�� ���l�Z�[�e�b�p�Z�� ������ �f�h�`�_�l��

�k�m�s�_�k�l�\�_�g�g�h���k�g�b�a�b�l�v���k�l�_�i�_�g�v���a�Z�]�j�y�a�g�_�g�b�y�� 

�L�Z�[�e�b�p�Z������ �K�j�_�^�g�b�_���k�j�h�d�b �k�i�e�Z�\�Z���i�h���f�Z�e�h�c���j�_�d�_���i�j�b���k�j�_�^�g�_�f���j�Z�k�k�l�h�y�g�b�b���k�i�e�Z�\�Z�����������d�f 

Table 6. Average times of wood's rafting in a small river with an average distance of 100 km 

�k�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y�����f���k 0,1 0,2 0,5 1 

�d�h�e�b�q�_�k�l�\�h���^�g�_�c���k�i�e�Z�\�Z 23 12 5 2 

                                                 
18 �K�i�e�Z�\���e�_�k�Z�����i�_�j�_�a�Z�]�j�m�a�d�Z���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������E�_�k�g�h�c���d�h�f�i�e�_�d�k�����H�l�j�Z�k�e�_�\�h�c���`�m�j�g�Z�e���^�e�y���k�i�_�p�b�Z�e�b�k�l�h�\���e�_��
�k�h�a�Z�]�h�l�h�\�d�b�����^�_�j�_�\�h�h�[�j�Z�[�h�l�d�b�����e�_�k�h�i�Z�l�h�e�h�]�b�b���b���e�_�k�h�\�h�k�k�l�Z�g�h�\�e�_�g�b�y�����8�5�/����https://forestcomplex.ru/2018/06/splav-
lesa-perezagruzka/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
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�G�Z���h�k�g�h�\�Z�g�b�b���Z�g�Z�e�b�a�Z���k�j�h�d�h�\���k�i�e�Z�\�Z���g�Z���f�Z�e�u�o���j�_�d�Z�o�����^�Z�`�_���\���m�k�e�h�\�b�y�o���f�_�`�_�g�b�����f�h�`�g�h��

�k�^�_�e�Z�l�v�� �h�^�g�h�a�g�Z�q�g�u�c �\�u�\�h�^�� �± �b�a�f�_�g�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �\�h�^�u�� �a�Z�� �i�_�j�b�h�^�� �k�i�e�Z�\�Z�� �g�_�� �[�m�^�_�l����

�d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �b�� �d�Z�q�_�k�l�\�_�g�g�h�]�h�� �b�a�f�_�g�_�g�b�y�� �\�b�^�h�\�h�]�h�� �k�h�k�l�Z�\�Z�� �\�h�^�g�h�c�� �n�e�h�j�u�� �b�� �n�Z�m�g�u�� �g�_��

�i�j�h�b�a�h�c�^�z�l�� 

�D�j�h�f�_�� �l�h�]�h���� �g�Z�^�h�� �m�q�b�l�u�\�Z�l�v�� �i�h�e�h�`�b�l�_�e�v�g�u�_�� �n�Z�d�l�h�j�u�� �i�j�h�\�_�^�_�g�b�y�� �f�h�e�_�\�h�]�h�� �k�i�e�Z�\�Z����

�<���Y�����O�Z�j�b�l�h�g�h�\���i�b�r�_�l�����©�?�k�l�v���m���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z���b���^�h�k�l�h�b�g�k�l�\�h���± �_�]�h���k�i�h�k�h�[�g�h�k�l�v���m�\�_�e�b�q�b�\�Z�l�v��

�d�h�j�f�h�\�m�x���[�Z�a�m���^�e�y���j�u�[�����M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���k���i�j�_�d�j�Z�s�_�g�b�_�f���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z���m�e�h�\���j�u�[���g�Z���j�y�^�_��

�j�_�d���k�m�s�_�k�l�\�_�g�g�h���m�f�_�g�v�r�b�e�k�y�ª19. 

�M�\�_�e�b�q�_�g�b�_ �d�h�j�f�h�\�h�c���[�Z�a�u���i�j�h�b�k�o�h�^�b�l���a�Z���k�q�z�l���l�h�]�h�����q�l�h���\���d�h�j�_���k�i�e�Z�\�e�y�_�f�u�o���^�_�j�_�\�v�_�\��

�i�j�b�k�m�l�k�l�\�m�x�l�� �e�b�q�b�g�d�b�� �g�Z�k�_�d�h�f�u�o. �A�Z�� �k�q�z�l�� �k�i�e�Z�\�Z �j�Z�k�r�b�j�y�x�l�k�y �[�_�j�_�]�h�\�u�_�� �]�j�Z�g�b�p�u����

�h�[�j�Z�a�m�x�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�u�_���f�_�k�l�Z���^�e�y���g�Z�]�m�e�Z���j�u�[�� 

�B�� �g�Z�d�h�g�_�p���� �i�h�k�e�_�^�g�b�c�� �Z�j�]�m�f�_�g�l���� �G�Z�f�b�� �[�u�e�h�� �h�[�k�e�_�^�h�\�Z�g�h�� �h�d�h�e�h ������ �i�h�]�h�g�g�u�o��

�d�b�e�h�f�_�l�j�h�\���f�Z�e�u�o���j�_�d���\���G�h�\�]�h�j�h�^�k�d�h�c���h�[�e�Z�k�l�b�����I�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b���l�h�i�e�y�d�Z�����i�h�i�Z�\�r�_�]�h���\��

�j�m�k�e�h�\�m�x�� �q�Z�k�l�v���h�l�� �_�k�l�_�k�l�\�_�g�g�u�o���i�j�b�q�b�g�� �± �\�_�l�j�h�\�Z�e�Z���� �a�Z�e�h�f�h�\�� ���j�b�k�m�g�h�d�������� �b���i�h�^�f�u�\�Z���j�_�d�h�c��

�[�_�j�_�]�h�\�����k�h�k�l�Z�\�e�y�_�l���i�h���w�d�k�i�_�j�l�g�h�c���h�p�_�g�d�_������-�������f2 �g�Z�����������i�h�]�h�g�g�u�o���f�_�l�j�h�\���j�_�d�b�� 

�W�l�h�� �i�j�_�\�u�r�Z�_�l�� �������� �l�u�k���� �f3 �l�h�i�e�y�d�Z�� �g�Z�� �d�Z�`�^�m�x�� �f�Z�e�m�x�� �j�_�d�m���� �^�e�b�g�h�c�� �[�h�e�_�_�� �������� �d�f����

�I�j�_�^�k�l�Z�\�v�l�_�� �k�_�[�_�� �e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�y���� �d�h�l�h�j�u�c�� �\�� �g�u�g�_�r�g�b�o�� �w�d�h�g�h�f�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o��

�i�h�`�_�j�l�\�h�\�Z�e���[�u�����������l�u�k�����d�m�[�h�f�_�l�j�h�\���e�_�k�Z���i�j�b���l�j�Z�g�k�i�h�j�l�b�j�h�\�d�_���k���d�Z�`�^�h�]�h���\�_�j�o�g�_�]�h���k�d�e�Z�^�Z�" 

�G�_�h�[�o�h�^�b�f�h���m�q�_�k�l�v���b���[�h�[�j�h�\�u�_���i�e�h�l�b�g�u�����j�b�k�m�g�h�d�����������d�h�e�b�q�_�k�l�\�h���d�h�l�h�j�u�o���g�Z���f�Z�e�u�o��

�j�_�d�Z�o���J�m�k�k�d�h�]�h���K�_�\�_�j�Z���^�h�k�l�b�]�Z�_�l����-�����g�Z���d�Z�`�^�u�_���������i�h�]�h�g�g�u�o���d�f���\���\�_�j�o�g�_�f���l�_�q�_�g�b�b���k���m�q�z�l�h�f��

�i�j�b�l�h�d�h�\�����q�l�h���k�h�a�^�Z�z�l���^�h�i�h�e�g�b�l�_�e�v�g�m�x���g�Z�]�j�m�a�d�m���g�Z���j�_�d�m�� 

�H�[�t�z�f�u���l�h�j�n�Z���b���i�h�q�\�u�����j�b�k�m�g�h�d���������� �_�`�_�]�h�^�g�h���k�f�u�\�Z�_�f�u�_���f�Z�e�u�f�b���j�_�d�Z�f�b���\�� �i�_�j�b�h�^��

�i�h�e�h�\�h�^�v�y���b���i�Z�\�h�^�d�h�\�����\���k�j�_�^�g�_�f���k�h�k�l�Z�\�e�y�x�l�����������f3�����������f�����I�j�b���k�h�^�_�j�`�Z�g�b�b���\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o��
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�J�b�k�m�g�h�d������ �J�_�d�Z���I�h�j�m�k�v�y�����G�h�\�]�h�j�h�^�k�d�Z�y���h�[�e�Z�k�l�v�����A�Z�e�h�f�u���\���j�m�k�e�_�����N�h�l�h���:���X�� �<�b�g�h�]�j�Z�^�h�\�Z 

Figure 1. Porusia River, Novgorod Region. Logjam in channel. Photo by A.Yu. Vinogradov 

 

�J�b�k�m�g�h�d���������J�_�d�Z���>�_�]�h�l�g�b�p�Z�����G�h�\�]�h�j�h�^�k�d�Z�y���h�[�e�Z�k�l�v�����;�h�[�j�h�\�u�_���i�e�h�l�b�g�u�����N�h�l�h �K.�<. �O�\�Z�e�_�\�Z  

Figure 2. Degotnitsa River, Novgorod Region. Beaver dams. Photo by S.V. Khvalev 
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�<�b�^�g�u���f�g�h�`�_�k�l�\�_�g�g�u�_ �h�[�j�m�r�_�g�b�y���d�j�h�f�d�b���e�_�\�h�]�h���[�_�j�_�]�Z�����N�h�l�h �: .�X . �<�b�g�h�]�j�Z�^�h�\�Z  

Figure 3. Polist River, Novgorod Region. Flood of 2017 year.  

You can see multiple edge landslide of the left bank. Photo by A.Yu. Vinogradov 
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�h�[�j�Z�s�_�g�b�y�������������������������� 
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�g�b�y�������������������������� 
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Abstract. Vade mecum 

Listen. If you are a hydrologist or going to be-

come once of them, then let me tell you the 

truth about this science. About hydrology. Of 

course, this truth will be what it seems to me. 

�%�X�W���E�H�O�L�H�Y�H���P�H�����L�W�¶�V��unlikely that I have grave 

rivals regarding the disclosure of scientific se-

crets. But first, I want to ask you some ques-

tions. 

What is the destiny of the water that fell from 

Heaven to Earth? And if you answer this ques-

tion, then you are a master of the amazing. 

But you know that flowing is inherent in water. 

Therefore answer - in what ways water flows. 

And if you are ready to answer this question, 

then you are certainly a master of the amazing. 

And one more thing. What would happen if 

there were no water on Earth? What happens on 

Earth with the participation of water? What 

happens to water during its stay on Earth? And 

if you again know the answers, then truly you 

are a master of the amazing. 

                                                 
1 �B�^�b���k�h���f�g�h�c�����e�Z�l���� 
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And if it so happened that you found it difficult 

to answer, or answered hesitantly, or in some 

way committed a sin against the truth and felt 

this, then come with me. And believe me, I'm 

also a little master of the amazing. 

I will remind you about the beauty of this 

World and its vulnerability. About the exclu-

sive role of water on Earth and the problems as-

sociated with this. About how important and 

wonderful it is to feel and understand every-

thing about water. 

I will tell you about the people who gave an-

swers to the questions asked to you. And about 

people who thought they knew the answers. 

And about people who answered without 

knowing the answers. 

And I also hope that you will understand the 

main thing �± only devotion and obsession can 

lead you to real knowledge. And only then can 

you become a true master of the amazing. 

"But enough. Let me get down to matter. Let 

me start and let me finish." 

Keywords: Hydrology; watercourse; water 

catchment; Earth Science; physical hydrology; 

stochastic hydrology; applied hydrology. 
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�I�j�h�[�e�_�f�u���]�b�^�j�h�e�h�]�b�b 

�J�Z�a�^�_�e�u���]�b�^�j�h�e�h�]�b�b 

�<�a�]�e�y�^�u�� �g�Z�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�_�� �i�h�^�j�Z�a�^�_�e�_�g�b�_�� �]�b�^�j�h�e�h�]�b�b���� �d�Z�d�� �g�Z�m�d�b���� �^�h�\�h�e�v�g�h��

�g�_�h�^�g�h�a�g�Z�q�g�u���b���[�_�k�k�b�k�l�_�f�g�u�����?�s�_���F���:�����<�_�e�b�d�Z�g�h�\���\���k�\�h�_���\�j�_�f�y���d�h�g�k�l�Z�l�b�j�h�\�Z�e���\�h�a�f�h�`�g�h�k�l�v��

�^�\�m�o�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �j�Z�a�e�b�q�g�u�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �j�Z�a�^�_�e�h�\�� �\�g�m�l�j�b�� �]�b�^�j�h�e�h�]�b�b�� �>�<�_�e�b�d�Z�g�h�\����

1948]: 

�x �i�h���h�[�t�_�d�l�Z�f�����i�h�^�a�_�f�g�u�_���\�h�^�u�����\�h�^�h�_�f�u���k���a�Z�f�_�^�e�_�g�g�u�f���k�l�h�d�h�f���b���[�_�k�k�l�h�q�g�u�_���� 

�x �i�h�� �i�j�h�p�_�k�k�Z�f�� ���\�_�s�_�k�l�\�h�� �\�h�^�h�_�f�h�\���� �\�h�^�g�u�c�� �[�Z�e�Z�g�k���� �^�\�b�`�_�g�b�_�� �\�h�^�g�u�o�� �f�Z�k�k����

�^�\�b�`�_�g�b�_���e�h�`�Z���\�h�^�h�_�f�h�\���� 

�A�^�_�k�v���k�e�_�^�m�_�l �b�f�_�l�v���\���\�b�^�m���g�_�d�h�l�h�j�m�x���h�k�h�[�_�g�g�h�k�l�v���l�_�j�f�b�g�h�e�h�]�b�b���F���:�����<�_�e�b�d�Z�g�h�\�Z����

�i�h�g�y�l�b�_�� �©�\�h�^�h�_�f�ª�� �h�g�� �j�Z�k�r�b�j�b�e�� �b�� �j�Z�k�i�j�h�k�l�j�Z�g�b�e�� �i�h�f�b�f�h�� �h�a�_�j�� �b�� �[�h�e�h�l���� �g�Z�� �j�_�d�b�� ���l�_�d�m�q�b�_��

�\�h�^�h�_�f�u������ �k�g�_�`�g�u�c�� �i�h�d�j�h�\�� �b�� �i�h�^�a�_�f�g�u�_�� �\�h�^�u���� �<�� �d�Z�d�h�c-�l�h�� �f�_�j�_�� �w�l�h�l�� �i�h�^�o�h�^�� �b�k�i�h�e�v�a�h�\�Z�e��

�;���:�� �:�i�h�e�e�h�\�� �>�:�i�h�e�e�h�\���� ���������@���� �g�h�� �i�h�� �\�i�h�e�g�_�� �h�i�j�_�^�_�e�_�g�g�u�f�� �i�j�b�q�b�g�Z�f�� ���\�� �j�m�k�k�d�h�f�� �y�a�u�d�_��

�i�h�g�y�l�b�y���\�h�^�h�_�f�Z���b���\�h�^�h�l�h�d�Z���q�_�l�d�h���j�Z�a�^�_�e�_�g�u���>�>�Z�e�v�����������������S�m�d�b�g�������������@�����h�g���\�h�k�i�j�b�g�y�l���g�_���[�u�e����

�K�q�b�l�Z�y�� �w�l�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �g�_�� �h�q�_�g�v�� �j�Z�p�b�h�g�Z�e�v�g�u�f�b���� �<�_�e�b�d�Z�g�h�\�� �\�� �k�\�h�_�f���d�m�j�k�_�� �]�b�^�j�h�e�h�]�b�b��

�k�m�r�b���©�i�h���f�_�j�_���g�Z�^�h�[�g�h�k�l�b�ª���b�k�i�h�e�v�a�h�\�Z�e���h�^�g�h�\�j�_�f�_�g�g�h���h�[�_���� 

�>�h�\�h�e�v�g�h�� �h�[�s�_�m�i�h�l�j�_�[�b�l�_�e�v�g�u�f�� �y�\�e�y�_�l�k�y�� �i�h�^�j�Z�a�^�_�e�_�g�b�_�� �]�b�^�j�h�e�h�]�b�b�� �i�h�� �\�h�^�g�u�f��

�h�[�t�_�d�l�Z�f���± �]�b�^�j�h�e�h�]�b�y���j�_�d�����h�a�_�j�����[�h�e�h�l�����i�h�q�\�����i�h�^�a�_�f�g�u�o���\�h�^�����e�_�^�g�b�d�h�\�����<�j�h�^�_���[�u���_�k�l�_�k�l�\�_�g�g�h��

�b���e�h�]�b�q�g�h�����G�h���g�_���\�k�_���l�Z�d���i�j�h�k�l�h�����>�Z�\�Z�c�l�_���j�Z�k�k�f�h�l�j�b�f���w�l�b���j�Z�a�^�_�e�u���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h���� 

�=�b�^�j�h�e�h�]�b�y���j�_�d�� �W�l�h���i�h�q�l�b���l�Z�\�l�h�e�h�]�b�y���]�b�^�j�h�e�h�]�b�b���k�m�r�b���b�e�b���h�[�s�_�c���]�b�^�j�h�e�h�]�b�b�����Y���_�s�_��

�m�^�b�\�e�y�x�k�v���� �i�h�q�_�f�m�� �g�b�d�h�f�m�� �g�_�� �i�j�b�r�e�h�� �\�� �]�h�e�h�\�m�� �\�u�^�_�e�b�l�v�� �]�h�j�Z�a�^�h�� �[�h�e�_�_�� �_�k�l�_�k�l�\�_�g�g�m�x��

�©�]�b�^�j�h�e�h�]�b�x���j�_�q�g�u�o���[�Z�k�k�_�c�g�h�\�ª�����B���_�k�e�b���\�Z�f���\�u�i�Z�e�Z���^�h�e�y���q�b�l�Z�l�v���e�_�d�p�b�b���i�h �]�b�^�j�h�e�h�]�b�b���j�_�d����

�l�h�� �\�u�� �g�Z�o�h�^�b�l�_�k�v�� �\�� �b�^�b�h�l�k�d�h�f�� �i�h�e�h�`�_�g�b�b���� �b�[�h�� �h�g�Z�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�j�Z�a�^�_�e�b�f�Z�� �k�� �h�[�s�_�c��

�]�b�^�j�h�e�h�]�b�_�c�� 

�=�b�^�j�h�e�h�]�b�y�� �h�a�_�j�� �A�^�_�k�v�� �k�b�l�m�Z�p�b�y�� �k�e�h�`�g�_�_���� �l�Z�d�� �d�Z�d�� �i�Z�j�Z�e�e�_�e�v�g�h�� �k�m�s�_�k�l�\�m�x�s�b�_��

�l�_�j�f�b�g�u�� �± �©�h�a�_�j�h�\�_�^�_�g�b�_�ª�� �b�� �©�e�b�f�g�h�e�h�]�b�y�ª�� �± �g�_�� �y�\�e�y�x�l�k�y�� �_�z�� �k�b�g�h�g�b�f�Z�f�b���� �i�h�k�d�h�e�v�d�m��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
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�\�d�e�x�q�Z�x�l���\���k�_�[�y���f�g�h�`�_�k�l�\�h���k�i�_�p�b�n�b�q�_�k�d�b�o���^�e�y���e�b�f�g�h�e�h�]�b�b���\�h�i�j�h�k�h�\�����H�l�d�j�h�c�l�_�����g�Z�i�j�b�f�_�j����

�©�E�b�f�g�h�e�h�]�b�x�ª�� �>���� �O�Z�l�q�b�g�k�h�g�Z�� �>�O�Z�l�q�b�g�k�h�g���� ���������@���� �b�� �\�u�� �l�m�l�� �`�_�� �m�[�_�^�b�l�_�k�v�� �\�� �w�l�h�f���� �<�� �q�_�f-�l�h��

�i�h�^�h�[�g�Z�� �k�b�l�m�Z�p�b�y�� �b�� �k�� �]�b�^�j�h�e�h�]�b�_�c�� �[�h�e�h�l���� �i�j�h�l�b�\�h�i�h�k�l�Z�\�e�_�g�g�h�c�� �k�� �©�[�h�e�h�l�h�\�_�^�_�g�b�_�f�ª���� �<��

�i�h�k�e�_�^�g�_�f�� �k�m�s�_�k�l�\�m�x�l�� �Z�k�i�_�d�l�u���� �^�h�k�l�Z�l�h�q�g�h�� �^�Z�e�_�d�b�_�� �h�l�� �]�b�^�j�h�e�h�]�b�b���� �g�h�� �d�h�g�_�q�g�h�� �k�� �g�_�c��

�k�\�y�a�Z�g�g�u�_���� �?�k�e�b�� �f�u�� �h�l�^�_�e�b�e�b�� �h�l�� �]�b�^�j�h�e�h�]�b�b�� �©�]�b�^�j�h�[�b�h�e�h�]�b�x�ª�� �b���� �\�� �d�Z�d�h�c-�l�h�� �f�_�j�_����

�©�]�b�^�j�h�o�b�f�b�x�ª�����l�h���^�e�y���©�e�b�f�g�h�e�h�]�b�b�ª���b���©�[�h�e�h�l�h�\�_�^�_�g�b�y�ª���w�l�h���m�`�_���g�_�^�h�i�m�k�l�b�f�h���� 

�I�h�q�\�_�g�g�Z�y�� �]�b�^�j�h�e�h�]�b�y�� �;�e�b�a�d�b�f�b�� �h�i�j�_�^�_�e�_�g�b�y�f�b�� �y�\�e�y�x�l�k�y�� �©�m�q�_�g�b�_�� �h�� �i�h�q�\�_�g�g�h�c��

�\�e�Z�]�_�ª���b���\���d�Z�d�h�c-�l�h���f�_�j�_���©�n�b�a�b�d�Z���i�h�q�\�u�ª�����l�Z�d���d�Z�d���\���j�Z�f�d�Z�o���i�h�q�\�_�g�g�h�c���]�b�^�j�h�e�h�]�b�b���j�_�r�Z�x�l�k�y��

�b���a�Z�^�Z�q�b���l�_�i�e�h�h�[�f�_�g�Z���� 

�I�h�^�\�h�^�y���b�l�h�]���k�d�Z�a�Z�g�g�h�f�m�����g�Z�a�\�Z�g�g�u�_���j�Z�a�^�_�e�u���]�b�^�j�h�e�h�]�b�b���k�e�_�^�m�_�l���i�h�k�l�h�y�g�g�h���b�f�_�l�v���\��

�\�b�^�m���� �g�h�� �g�_�� �i�j�b�^�Z�\�Z�l�v�� �b�f�� �d�Z�d�h�]�h-�g�b�[�m�^�v�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y���� �<�u�� �k�d�Z�`�_�l�_�� �± �g�m�� �Z��

�k�i�_�p�b�n�b�d�Z�"�� �G�m�� �q�l�h�� �`���� �m�q�l�b�l�_�� �w�l�m�� �k�i�_�p�b�n�b�d�m�� �\�� �k�\�h�_�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���� �w�l�h�]�h��

�[�m�^�_�l���^�h�k�l�Z�l�h�q�g�h���� 

�B�g�h�]�^�Z�� �g�_�d�h�l�h�j�u�f�� �\�Z�`�g�u�f�� �Z�k�i�_�d�l�Z�f�� �]�b�^�j�h�e�h�]�b�b���� �d�Z�d�� �_�^�b�g�h�c�� �g�Z�m�d�b���� �k�h�h�l�\�_�l�k�l�\�m�x�l��

�l�Z�d�b�_���\�u�^�_�e�y�_�f�u�_���d�j�m�i�g�u�_���j�Z�a�^�_�e�u�����d�Z�d�� 

�x �]�b�^�j�h�f�_�l�j�b�y�� 

�x �]�b�^�j�h�]�j�Z�n�b�y�� 

�x �n�b�a�b�q�_�k�d�Z�y �]�b�^�j�h�e�h�]�b�y [Dingman, 1994]; 

�x �k�l�h�o�Z�k�l�b�q�_�k�d�Z�y���]�b�^�j�h�e�h�]�b�y���>�D�Z�j�l�\�_�e�b�r�\�b�e�b�� 1981]; 

�x �i�j�b�d�e�Z�^�g�Z�y���]�b�^�j�h�e�h�]�b�y���>�E�b�g�k�e�_�c�����D�h�e�_�j�����I�Z�m�e�x�k, 1962; Chow, 1964]. 

�Y�� �f�g�h�]�h�� �j�Z�a�f�u�r�e�y�e�� �h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�u�o�� �i�h�^�o�h�^�Z�o�� �d�� �k�l�j�m�d�l�m�j�_�� �]�b�^�j�h�e�h�]�b�b�� �b��

�i�j�b�r�_�e�� �d�� �\�u�\�h�^�m���� �q�l�h�� �m�a�Z�d�h�g�b�\�Z�g�b�_�� �j�Z�a�e�b�q�g�u�o�� �©�]�b�^�j�h�e�h�]�b�c�ª�� �\�� �d�h�g�_�q�g�h�f�� �k�q�_�l�_���i�j�b�g�h�k�b�l��

�[�h�e�v�r�_�� �\�j�_�^�Z���� �q�_�f�� �i�h�e�v�a�u���� �B���� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v���� �b�a-�a�Z�� �j�Z�k�k�e�h�_�g�b�y�� �f�u�k�e�_�c�� �k�Z�f�b�o�� �Z�\�l�h�j�h�\��

�©�m�a�d�b�o�� �]�b�^�j�h�e�h�]�b�c�ª���� �I�h�k�f�h�l�j�b�l�_�� �k�Z�f�b�� �± �b�k�d�m�k�k�l�\�_�g�g�h�� �k�m�`�Z�y�� �d�j�m�]�� �k�\�h�_�c�� �g�Z�m�d�b���� �\�u�� �k�h�a�^�Z�_�l�_��

�k�_�[�_�� �b�e�e�x�a�b�x���� �q�l�h�� �l�_�f�� �k�Z�f�u�f�� �k�h�d�j�Z�s�Z�_�l�_�� �h�l�\�_�l�k�l�\�_�g�g�h�k�l�v�� �a�Z�� �g�_�i�j�h�n�_�k�k�b�h�g�Z�e�b�a�f�� �a�Z��

�i�j�_�^�_�e�Z�f�b���w�l�h�]�h���d�j�m�]�Z�����G�h���\�_�^�v���f�h�`�g�h���k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�l�v�k�y���i�h���d�Z�d�h�f�m-�l�h���m�a�d�h�f�m���\�h�i�j�h�k�m�����g�_��

�i�h�f�_�s�Z�y���i�j�b���w�l�h�f���_�]�h���\���p�_�g�l�j���l�y�`�_�k�l�b���g�h�\�h�c�����m�]�h�^�g�h�c���e�b�q�g�h���\�Z�f���g�Z�m�d�b���b�e�b���_�_���j�Z�a�^�_�e�Z�����<�_�^�v��

�w�l�h���i�m�l�v���d���h�]�j�Z�g�b�q�_�g�g�h�k�l�b���� 

�:���\�h�l���e�x�[�h�_���i�h�e�g�h�_�����\�k�_�k�l�h�j�h�g�g�_�_���b���]�e�m�[�h�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���^�h�e�`�g�h���\�d�e�x�q�Z�l�v���\���k�_�[�y��

�h�[�k�m�`�^�_�g�b�_���k�e�_�^�m�x�s�b�o���^�_�k�y�l�b���]�e�Z�\�g�u�o���Z�k�i�_�d�l�h�\�����\�Z�`�g�u�o���g�_���l�h�e�v�d�h���\���j�Z�f�d�Z�o���]�b�^�j�h�e�h�]�b�b�����g�h��

�b���\�h���\�k�_�o���g�Z�m�d�Z�o���h���A�_�f�e�_�� 

1. �F�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c�� ���\�a�Z�b�f�h�k�\�y�a�v���� �b�a�[�b�j�Z�l�_�e�v�g�h�k�l�v���� �^�h�d�Z�a�Z�l�_�e�v�g�h�k�l�v�� �f�_�l�h�^�h�\����

�i�j�b�_�f�h�\���b���i�h�^�o�h�^�h�\���� 
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2. �B�a�f�_�j�b�l�_�e�v�g�u�c�����i�j�b�[�h�j�u���b���k�i�h�k�h�[�u���b�a�f�_�j�_�g�b�y���b�a�m�q�Z�_�f�u�o���\�_�e�b�q�b�g���� 

3. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c�����i�j�h�\�_�^�_�g�b�_���w�d�k�i�_�j�b�f�_�g�l�h�\���b���g�Z�[�e�x�^�_�g�b�c���� 

4. �K�h�^�_�j�`�Z�l�_�e�v�g�u�c�� 

�x �n�b�a�b�q�_�k�d�b�c�����h�i�b�k�Z�g�b�_���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���b���y�\�e�_�g�b�c���b���b�o���a�Z�\�b�k�b�f�h�k�l�b��

�h�l���m�g�b�\�_�j�k�Z�e�v�g�u�o���a�Z�d�h�g�h�\���i�j�b�j�h�^�u���� 

�x �o�b�f�b�q�_�k�d�b�c�� ���h�i�b�k�Z�g�b�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b��

�a�Z�]�j�y�a�g�_�g�b�y���k���m�q�_�l�h�f���d�j�m�]�h�\�h�j�h�l�Z���o�b�f�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\���b���\�_�s�_�k�l�\���� 

�x �[�b�h�e�h�]�b�q�_�k�d�b�c�� ���h�i�b�k�Z�g�b�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���� �[�b�h�o�b�f�b�q�_�k�d�b�o�� �b�� �[�b�h�e�h�]�b�q�_�k�d�b�o��

�i�j�h�p�_�k�k�h�\���\���w�d�h�k�b�k�l�_�f�Z�o���b���[�b�h�f�Z�o���� 

5. �F�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� 

�x �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�c�����k�i�h�k�h�[�u���h�i�b�k�Z�g�b�y���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���b���y�\�e�_�g�b�c���� 

�x �\�_�j�h�y�l�g�h�k�l�g�u�c�� ���k�i�h�k�h�[�u�� �h�i�b�k�Z�g�b�y�� �k�e�m�q�Z�c�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �\�_�e�b�q�b�g����

�i�j�h�p�_�k�k�h�\���b���i�h�e�_�c���� 

6. �=�_�h�]�j�Z�n�b�q�_�k�d�b�c�� ���h�[�h�[�s�_�g�b�_�� �b�� �k�b�k�l�_�f�Z�l�b�a�Z�p�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �f�h�^�_�e�_�c��

�n�h�j�f�b�j�h�\�Z�g�b�y�� �k�l�h�d�Z�� �b�� �^�j�m�]�b�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b�� �y�\�e�_�g�b�c�� �i�h�� �e�Z�g�^�r�Z�n�l�Z�f����

�i�j�b�j�h�^�g�u�f���a�h�g�Z�f���b���d�h�g�d�j�_�l�g�u�f���l�_�j�j�b�l�h�j�b�y�f���� 

7. �B�k�l�h�j�b�q�_�k�d�b�c�� ���j�_�k�l�Z�\�j�Z�p�b�y�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�r�e�h�]�h�� �b�� �i�j�h�]�g�h�a�u�� �[�m�^�m�s�_�]�h����

�b�k�l�h�j�b�y���]�b�^�j�h�e�h�]�b�b���� 

8. �W�d�h�e�h�]�b�q�_�k�d�b�c�����k�i�_�p�b�n�b�q�_�k�d�Z�y���h�j�b�_�g�l�Z�p�b�y���\�h�a�f�h�`�g�h�k�l�_�c���]�b�^�j�h�e�h�]�b�b���\���j�_�r�_�g�b�b��

�a�Z�^�Z�q���h�o�j�Z�g�u���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���� 

9. �I�j�b�d�e�Z�^�g�h�c�� 

�x �j�Z�k�q�_�l�g�u�c�� ���h�j�b�_�g�l�Z�p�b�y�� �f�_�l�h�^�h�\�� �]�b�^�j�h�e�h�]�b�b�� �^�e�y�� �g�m�`�^�� �k�l�j�h�b�l�_�e�v�g�h�]�h�� �b��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���� 

�x �i�j�h�]�g�h�k�l�b�q�_�k�d�b�c�����b�k�i�h�e�v�a�h�\�Z�g�b�_���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���f�h�^�_�e�_�c���^�e�y���w�d�k�l�j�Z�i�h�e�y�p�b�b��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���\���[�m�^�m�s�_�_���� 

�x �k�h�p�b�h�e�h�]�b�q�_�k�d�b�c�����\�h�k�i�j�b�y�l�b�_���b���j�_�Z�e�b�a�Z�p�b�y���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���b�^�_�c�����i�h�^�]�h�l�h�\�d�Z��

�d�Z�^�j�h�\�����g�Z�m�q�g�h-�i�h�i�m�e�y�j�g�Z�y���e�b�l�_�j�Z�l�m�j�Z���� 

10. �E�_�d�k�b�d�h-�k�l�b�e�b�k�l�b�q�_�k�d�b�c�� ���g�Z�m�q�g�Z�y�� �l�_�j�f�b�g�h�e�h�]�b�y���� �l�h�e�d�h�\�u�_�� �b�� �y�a�u�d�h�\�u�_��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �k�e�h�\�Z�j�b���� �i�_�j�_�\�h�^�u�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�c�� �e�b�l�_�j�Z�l�m�j�u���� �k�e�h�\�Z�j�g�u�c�� �a�Z�i�Z�k�� �y�a�u�d�Z�� �b��

�k�l�b�e�v���b�a�e�h�`�_�g�b�y���l�_�d�k�l�h�\���k�l�Z�l�_�c���b���f�h�g�h�]�j�Z�n�b�c���\���h�[�e�Z�k�l�b���]�b�^�j�h�e�h�]�b�b���� 

�N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �g�Z�m�d�b�� �i�j�b�k�m�l�k�l�\�m�x�l�� �\�� �]�b�^�j�h�e�h�]�b�b�� �i�h�\�k�_�f�_�k�l�g�h���� �b�� �m�i�h�j�� �g�Z�� �b�o��

�\�e�b�y�g�b�_���b���b�k�i�h�e�v�a�h�\�Z�g�b�_���a�Z�\�b�k�b�l���h�l���i�j�b�j�h�^�u���i�j�h�[�e�_�f���b���b�a�[�j�Z�g�g�h�c���f�_�l�h�^�h�e�h�]�b�b�����K�i�_�p�b�Z�e�v�g�h��

�k�e�_�^�m�_�l���h�l�f�_�l�b�l�v���\�_�e�b�d�m�x���j�h�e�v���©�p�Z�j�b�p�u���g�Z�m�d�ª���± �n�b�a�b�d�b���± �\���g�Z�m�d�Z�o���h���A�_�f�e�_�����I�h�f�b�f�h���l�h�]�h�����q�l�h��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 565 

 

�k�m�s�_�k�l�\�m�_�l���n�b�a�b�q�_�k�d�Z�y���]�_�h�e�h�]�b�y�����n�b�a�b�q�_�k�d�Z�y���]�b�^�j�h�e�h�]�b�y�����n�b�a�b�q�_�k�d�Z�y���]�_�h�]�j�Z�n�b�y�����\�u�^�_�e�y�_�l�k�y��

�p�_�e�u�c���d�h�f�i�e�_�d�k���l�Z�d���g�Z�a�u�\�Z�_�f�u�o���]�_�h�n�b�a�b�q�_�k�d�b�o���g�Z�m�d�����\���f�_�l�_�h�j�h�e�h�]�b�b���w�l�h���n�b�a�b�d�Z���Z�l�f�h�k�n�_�j�u����

�\�� �h�d�_�Z�g�h�e�h�]�b�b�� �± �n�b�a�b�d�Z�� �f�h�j�y���� �\�� �]�_�h�e�h�]�b�b�� �± �]�_�h�n�b�a�b�d�Z���� �\�� �]�b�^�j�h�e�h�]�b�b�� �± �]�_�h�n�b�a�b�d�Z�� �\�h�^����

�i�_�j�_�b�f�_�g�h�\�Z�g�g�Z�y�� �\�� �©�]�b�^�j�h�n�b�a�b�d�m�ª���� �<�� �q�_�f-�l�h�� �i�h�^�h�[�g�h�� �b�� �©�\�l�h�j�`�_�g�b�_�ª�� �o�b�f�b�b�� �b�� �[�b�h�e�h�]�b�b�� �\��

�g�Z�m�d�b���h���A�_�f�e�_�����O�b�f�b�y���i�h�j�h�^�b�e�Z���]�_�h�o�b�f�b�x���b���]�b�^�j�h�o�b�f�b�x�����b���h�[�_���h�g�b���\�Z�`�g�u���^�e�y���]�b�^�j�h�e�h�]�b�b������

�Z���[�b�h�e�h�]�b�y���i�j�h�\�_�e�Z���Z�d�p�b�x���©�w�d�h�e�h�]�b�a�Z�p�b�b�ª�� 

�G�Z�m�d�b�� �h�� �A�_�f�e�_���� �i�_�j�_�i�e�_�l�Z�y�k�v���� �b�e�b�� �\�d�e�x�q�Z�x�l�� �\�� �d�j�m�]�� �k�\�h�b�o�� �b�g�l�_�j�_�k�h�\�� �h�^�g�b�� �b�� �l�_�� �`�_��

�i�j�b�j�h�^�g�u�_�� �i�j�h�p�_�k�k�u�� �b�� �y�\�e�_�g�b�y�� ���g�h�� �\�k�_�]�^�Z�� �\�� �q�_�f-�l�h�� �h�]�j�Z�g�b�q�_�g�g�u�_�� �k�\�h�_�c�� �k�h�[�k�l�\�_�g�g�h�c��

�k�i�_�p�b�n�b�d�h�c�������b�e�b���`�_���©�k�h�a�^�Z�x�l�ª���i�j�h�f�_�`�m�l�h�q�g�u�_���h�l�j�Z�k�e�b���g�Z�m�d�b�� 

�;�h�e�v�r�b�g�k�l�\�h�� �]�j�Z�g�b�p�� �f�_�`�^�m�� �h�k�g�h�\�g�u�f�b�� �g�Z�m�d�Z�f�b�� �h�� �A�_�f�e�_�� �b�� �b�o�� �h�l�g�h�k�b�l�_�e�v�g�h��

�k�Z�f�h�k�l�h�y�l�_�e�v�g�u�f�b���h�l�j�Z�k�e�y�f�b���m�k�e�h�\�g�u�����b�e�e�x�a�h�j�g�u���b�e�b���^�Z�`�_���i�j�b�^�m�f�Z�g�u�����I�j�b�\�_�^�m���\���d�Z�q�_�k�l�\�_��

�i�j�b�f�_�j�Z���i�h�i�u�l�d�m���j�Z�a�f�_�`�_�\�Z�g�b�y���g�Z�m�q�g�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z���f�_�`�^�m���]�_�h�f�h�j�n�h�e�h�]�b�_�c���b���]�_�h�e�h�]�b�_�c����

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���]�_�h�f�h�j�n�h�e�h�]�b�y���b�a�m�q�Z�_�l���a�_�f�g�m�x���i�h�\�_�j�o�g�h�k�l�v�����Z���]�_�h�e�h�]�b�y���± �a�_�f�g�u�_���g�_�^�j�Z��

�>�W�^�_�e�v�r�l�_�c�g���� ���������@���� �=�_�h�e�h�]�b�� �`�_�� �g�b�d�h�]�^�Z�� �b�� �g�_�� �^�m�f�Z�e�b�� �j�Z�k�k�l�Z�\�Z�l�v�k�y�� �k�� �i�h�\�_�j�o�g�h�k�l�v�x�� �A�_�f�e�b����

�W�l�h�l�� �i�j�b�f�_�j�� �f�h�`�_�l�� �[�u�l�v�� �j�Z�k�r�b�j�_�g���� �f�g�h�]�b�_�� �h�i�Z�k�g�u�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �y�\�e�_�g�b�y�� �\�� �]�h�j�Z�o��

�h�^�g�h�\�j�_�f�_�g�g�h���k�q�b�l�Z�x�l���k�\�h�b�f�b���b���]�_�h�e�h�]�b�����b���]�_�h�f�h�j�n�h�e�h�]�b�����b���]�_�h�]�j�Z�n�u�� 

�I�h�^�\�h�^�y�� �b�l�h�]�b�� �k�d�Z�a�Z�g�g�h�f�m���� �d�h�g�k�l�Z�l�b�j�m�x���� �q�l�h�� �]�b�^�j�h�e�h�]�b�y�� �b�f�_�_�l�� �k�\�h�b�� �n�b�a�b�q�_�k�d�b�_����

�o�b�f�b�q�_�k�d�b�_�����[�b�h�e�h�]�b�q�_�k�d�b�_�����w�d�h�e�h�]�b�q�_�k�d�b�_�����]�_�h�e�h�]�b�q�_�k�d�b�_�����f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�����]�_�h�]�j�Z�n�b�q�_�k�d�b�_����

�b�k�l�h�j�b�q�_�k�d�b�_�� �Z�k�i�_�d�l�u���� �<�� �a�Z�d�e�x�q�_�g�b�_�� �w�l�h�]�h�� �o�h�q�m�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �]�b�^�j�h�e�h�]�h�\�� �g�Z���l�h�l��

�g�_�i�j�_�e�h�`�g�u�c�� �n�Z�d�l���� �q�l�h�� �o�h�j�h�r�Z�y�� �h�k�\�_�^�h�f�e�_�g�g�h�k�l�v�� �h�� �i�h�e�_�a�g�u�o�� �^�e�y�� �j�Z�a�\�b�l�b�y�� �]�b�^�j�h�e�h�]�b�b��

�w�e�_�f�_�g�l�Z�o���\�k�_�o���i�_�j�_�q�b�k�e�_�g�g�u�o���\�u�r�_���g�Z�m�d���± �w�l�h���\�k�_�]�h���e�b�r�v���g�_�h�[�o�h�^�b�f�u�c���[�Z�a�h�\�u�c���f�b�g�b�f�m�f�� 

�H�k�g�h�\�g�u�_���d�h�g�p�_�i�p�b�b���]�b�^�j�h�e�h�]�b�b 

�D�h�g�p�_�i�p�b�y���� �d�Z�d�� �k�b�k�l�_�f�Z�� �\�a�]�e�y�^�h�\�� �g�Z�� �i�j�h�p�_�k�k�u�� �b�� �y�\�e�_�g�b�y�� �b�� �g�Z�� �i�j�b�q�b�g�u���� �b�o��

�h�[�m�k�e�h�\�e�b�\�Z�x�s�b�_�����y�\�e�y�_�l�k�y���g�_�h�[�o�h�^�b�f�u�f �w�e�_�f�_�g�l�h�f���d�Z�`�^�h�c���g�Z�m�d�b�����I�h�w�l�h�f�m���h�a�g�Z�d�h�f�e�_�g�b�_���k��

�g�Z�[�h�j�h�f�� �d�h�g�p�_�i�p�b�c�� �m�q�_�g�b�y�� �h�� �k�l�h�d�_�� �b�� �]�b�^�j�h�e�h�]�b�b�� �\�h�h�[�s�_�� �^�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �]�b�^�j�h�e�h�]�Z�f��

�i�h�e�m�q�b�l�v�� �m�i�h�j�y�^�h�q�_�g�g�m�x�� �b�g�n�h�j�f�Z�p�b�x�� �^�e�y�� �j�Z�a�f�u�r�e�_�g�b�c�� �h�� �p�_�e�v�g�h�k�l�b���� �k�m�s�g�h�k�l�b�� �b��

�h�k�h�[�_�g�g�h�k�l�y�o�� �k�\�h�_�c�� �g�Z�m�d�b���� �Z�� �©�g�_�]�b�^�j�h�e�h�]�Z�f�ª�� �± �h�k�h�a�g�Z�l�v���� �q�l�h�� �d�j�h�_�l�k�y�� �a�Z�� �i�h�g�y�l�b�_�f��

�©�]�b�^�j�h�e�h�]�b�y�ª�����B�l�Z�d�����d�h�g�p�_�i�p�b�b���� 

1. �H�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �p�b�d�e�_���� �G�Z�� �i�h�g�y�l�b�b�� �d�j�m�]�h�\�h�j�h�l�Z�� �\�h�^�u�� �\�� �i�j�b�j�h�^�_����

�k�\�y�a�u�\�Z�x�s�_�f�� �\�h�_�^�b�g�h�� �\�k�x�� �k�b�k�l�_�f�m�� �g�Z�m�d�� �h�� �A�_�f�e�_���� �[�Z�a�b�j�m�x�l�k�y�� �h�k�g�h�\�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�y��

�]�b�^�j�h�e�h�]�b�b�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

566  
 

2. �H�� �g�Z�a�_�f�g�h�c�� �q�Z�k�l�b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �p�b�d�e�Z���� �I�h�k�l�m�e�b�j�m�_�l�k�y�� �_�^�b�g�k�l�\�h��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �i�j�h�p�_�k�k�h�\�� �i�_�j�_�f�_�s�_�g�b�y�� �\�h�^�u�� �f�_�`�^�m�� �f�h�f�_�g�l�Z�f�b�� �\�u�i�Z�^�_�g�b�y�� �h�k�Z�^�d�h�\�� �g�Z��

�i�h�\�_�j�o�g�h�k�l�v���k�m�r�b���b���i�h�i�Z�^�Z�g�b�y���_�_���\���F�b�j�h�\�h�c���h�d�_�Z�g�� 

3. �H�� �k�l�h�d�_�� �\�h�^�u���� �<�� �h�k�g�h�\�_�� �n�b�a�b�q�_�k�d�h�c�� �k�m�s�g�h�k�l�b�� �y�\�e�_�g�b�y�� �k�l�h�d�Z�� �e�_�`�b�l��

�h�i�j�_�^�_�e�y�x�s�_�_�� �k�\�h�c�k�l�\�h�� �\�h�^�u�� �± �_�_�� �l�_�d�m�q�_�k�l�v���� �<�� �]�j�Z�\�b�l�Z�p�b�h�g�g�h�f�� �i�h�e�_�� �A�_�f�e�b�� �w�l�h�� �k�\�h�c�k�l�\�h��

�a�Z�k�l�Z�\�e�y�_�l���\�h�^�m���g�_�i�j�_�j�u�\�g�h���^�\�b�]�Z�l�v�k�y���\�i�e�h�l�v���^�h���_�_���i�h�i�Z�^�Z�g�b�y���\���F�b�j�h�\�h�c���h�d�_�Z�g�����G�h���\�j�_�f�y���b��

�i�m�l�b���w�l�h�]�h���^�\�b�`�_�g�b�y���f�h�]�m�l���[�u�l�v���k�Z�f�u�f�b���j�Z�a�e�b�q�g�u�f�b���� 

4. �H�� �a�Z�d�h�g�Z�o�� �i�j�b�j�h�^�u���� �<�k�_�� �i�j�h�p�_�k�k�u�� �g�_�`�b�\�h�c�� �i�j�b�j�h�^�u���� �\�� �l�h�f�� �q�b�k�e�_�� �b��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_���� �i�h�^�q�b�g�y�x�l�k�y�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �a�Z�d�h�g�Z�f�� �n�b�a�b�d�b�� �b�� �o�b�f�b�b���� �I�j�_�l�_�g�p�b�h�a�g�u��

�i�h�i�u�l�d�b���j�y�^�Z���i�j�_�^�k�l�Z�\�b�l�_�e�_�c���g�Z�m�d���h���A�_�f�e�_���k�n�h�j�f�m�e�b�j�h�\�Z�l�v���]�_�h�]�j�Z�n�b�q�_�k�d�b�_�����]�_�h�e�h�]�b�q�_�k�d�b�_����

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �©�a�Z�d�h�g�u�ª���� �W�l�b�� �g�_�k�m�s�_�k�l�\�m�x�s�b�_�� �a�Z�d�h�g�u�� �± �l�h�e�v�d�h�� �g�_�d�b�_�� �k�e�h�\�_�k�g�u�_��

�d�h�g�k�l�Z�l�Z�p�b�b���b�e�b���m�l�\�_�j�`�^�_�g�b�y���� 

5. �H�� �a�Z�d�h�g�Z�o�� �k�h�o�j�Z�g�_�g�b�y���� �W�l�b�� �\�Z�`�g�_�c�r�b�_�� �m�g�b�\�_�j�k�Z�e�v�g�u�_�� �n�b�a�b�q�_�k�d�b�_�� �a�Z�d�h�g�u��

�h�l�h�[�j�Z�`�_�g�u���\���]�b�^�j�h�e�h�]�b�b���m�j�Z�\�g�_�g�b�y�f�b���\�h�^�g�h�]�h���b���l�_�i�e�h�\�h�]�h���[�Z�e�Z�g�k�Z�� 

6. �H�[�� �m�d�e�h�g�_���� �M�]�h�e�� �g�Z�d�e�h�g�Z�� �f�_�k�l�g�h�k�l�b���� �k�d�e�h�g�h�\���� �j�m�k�_�e�� �\�k�_�]�^�Z�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h��

�\�e�b�y�_�l�� �g�Z�� �k�d�h�j�h�k�l�v�� �e�x�[�u�o�� �^�\�b�`�_�g�b�c�� �b�� �g�Z�� �\�_�e�b�q�b�g�u���� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�_�� �i�e�h�s�Z�^�b��

�k�h�i�j�b�d�h�k�g�h�\�_�g�b�y���a�_�f�g�h�c���i�h�\�_�j�o�g�h�k�l�b���k���Z�l�f�h�k�n�_�j�h�c�� 

7. �H�� �j�_�q�g�h�f�� �[�Z�k�k�_�c�g�_���� �W�l�h�� �_�k�l�_�k�l�\�_�g�g�h�_�� �^�b�k�d�j�_�l�g�h�_�� �i�j�b�j�h�^�g�h�_�� �h�[�j�Z�a�h�\�Z�g�b�_���� �d�Z�d��

�]�b�^�j�h�e�h�]�b�q�_�k�d�Z�y���n�h�j�f�Z���h�j�]�Z�g�b�a�Z�p�b�b���j�_�e�v�_�n�Z���k�m�r�b�����y�\�e�y�_�l�k�y���f�_�k�l�h�f���j�Z�a�\�_�j�l�u�\�Z�g�b�y���i�j�h�p�_�k�k�h�\��

�n�h�j�f�b�j�h�\�Z�g�b�y���k�l�h�d�Z�� 

8. �H���k�l�h�d�h�\�h�f���w�e�_�f�_�g�l�_�����W�l�h���^�b�k�d�j�_�l�g�h�_���i�h�\�_�j�o�g�h�k�l�g�h�_���b�e�b���i�h�^�a�_�f�g�h�_���h�[�j�Z�a�h�\�Z�g�b�_��

�_�k�l�v���i�j�b�j�h�^�g�Z�y���n�h�j�f�Z���k�Z�f�h�h�j�]�Z�g�b�a�Z�p�b�b���h�i�l�b�f�Z�e�v�g�u�o���m�k�e�h�\�b�c���g�Z�d�h�i�e�_�g�b�y���b���k�l�_�d�Z�g�b�y���\�h�^�u���g�Z��

�k�d�e�h�g�Z�o���j�_�q�g�u�o���[�Z�k�k�_�c�g�h�\�� 

9. �H�� �k�l�h�d�h�n�h�j�f�b�j�m�x�s�_�f�� �d�h�f�i�e�_�d�k�_���� �W�l�h�� �k�i�_�p�b�n�b�q�_�k�d�h�_�� �g�Z�b�f�_�g�h�\�Z�g�b�_��

�h�l�g�h�k�b�l�_�e�v�g�h�� �h�^�g�h�j�h�^�g�h�c�� �q�Z�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �j�_�q�g�h�]�h�� �[�Z�k�k�_�c�g�Z�� �k�� �i�h�a�b�p�b�c�� �m�q�_�g�b�y�� �h�� �k�l�h�d�_����

�K�l�h�d�h�n�h�j�f�b�j�m�x�s�b�c�� �d�h�f�i�e�_�d�k�� �\�� �g�_�d�h�l�h�j�h�f�� �k�f�u�k�e�_�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �l�_�j�f�b�g�Z�f�� �e�Z�g�^�r�Z�n�l����

�w�d�h�k�b�k�l�_�f�Z���b���[�b�h�]�_�h�p�_�g�h�a�� 

10.  �H���j�h�e�b���\�h�^�u���\���`�b�a�g�b���w�d�h�k�b�k�l�_�f�����<�h�^�Z���k���w�d�h�e�h�]�b�q�_�k�d�h�c���l�h�q�d�b���a�j�_�g�b�y�� �± �h�^�b�g���b�a��

�h�k�g�h�\�g�u�o���e�b�f�b�l�b�j�m�x�s�b�o���n�Z�d�l�h�j�h�\���k�m�s�_�k�l�\�h�\�Z�g�b�y���b���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y���e�x�[�h�c���w�d�h�k�b�k�l�_�f�u����

�W�l�h���b���_�k�l�v���h�k�g�h�\�g�h�c���k�m�s�g�h�k�l�g�u�c���Z�k�i�_�d�l���g�_�h�[�o�h�^�b�f�h�k�l�b���w�d�h�e�h�]�b�q�_�k�d�h�c���h�j�b�_�g�l�Z�p�b�b���m�q�_�g�b�y���h��

�k�l�h�d�_�� 

11.  �H�� �n�h�j�f�Z�o�� �k�d�h�i�e�_�g�b�y�� �\�h�^�u�� �g�Z�� �k�m�r�_���� �Y�\�e�_�g�b�_�� �k�l�h�d�Z�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �[�h�e�_�_�� �b�e�b��

�f�_�g�_�_�� �^�e�b�l�_�e�v�g�u�f�� �a�Z�^�_�j�`�Z�g�b�_�f�� �\�h�^�u�� �\�� �j�Z�a�g�h�]�h�� �j�h�^�Z�� �i�h�^�o�h�^�y�s�b�o�� �^�e�y�� �w�l�h�]�h�� �w�e�_�f�_�g�l�Z�o��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 567 

 

�k�l�j�m�d�l�m�j�u�� �\�_�j�o�g�b�o�� �k�e�h�_�\�� �e�b�l�h�k�n�_�j�u���� �>�j�m�]�Z�y�� �n�h�j�f�Z�� �a�Z�^�_�j�`�Z�g�b�y�� �\�h�^�u�� �g�Z�� �k�m�r�_�� �± �w�l�h�� �_�_��

�g�Z�d�h�i�e�_�g�b�_�� �\�� �l�\�_�j�^�h�f�� �k�h�k�l�h�y�g�b�b���� �K�j�_�^�b�� �n�h�j�f�� �k�d�h�i�e�_�g�b�y�� �\�h�^�u�� �g�Z�� �k�m�r�_�� �± �h�a�_�j�Z���� �[�h�e�h�l�Z����

�e�_�^�g�b�d�b�����k�g�_�`�g�u�c���i�h�d�j�h�\�����i�h�q�\�_�g�g�u�_���b���i�h�^�a�_�f�g�u�_���\�h�^�u���� 

12. �H�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �i�h�^�a�_�f�g�u�o�� �b�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^���� �I�j�b�g�p�b�i�b�Z�e�v�g�h�� �\�Z�`�g�h�� �± 

�k�l�_�d�Z�_�l���\�h�^�Z���i�h�\�_�j�o�g�h�k�l�g�u�f���b�e�b���i�h�^�a�_�f�g�u�f���i�m�l�_�f�����B�g�h�]�^�Z���w�l�h���l�h�e�v�d�h���m�k�e�h�\�g�h�k�l�v�����g�h���h�[�u�q�g�h��

�a�Z�� �w�l�b�f�� �k�d�j�u�\�Z�x�l�k�y�� �]�j�h�f�Z�^�g�u�_�� �^�b�g�Z�f�b�q�_�k�d�b�_�� �j�Z�a�e�b�q�b�y���� �I�h�w�l�h�f�m�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �\�Z�`�g�u��

�i�_�j�_�o�h�^�g�u�_���i�j�h�p�_�k�k�u���b���y�\�e�_�g�b�y�� 

13.  �H�� �a�Z�]�j�y�a�g�_�g�b�b���� �I�j�h�p�_�k�k�u�� �[�Z�k�k�_�c�g�h�\�h�]�h�� �a�Z�]�j�y�a�g�_�g�b�y�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �k�l�h�d�Z��

�g�_�j�Z�a�j�u�\�g�h���k�\�y�a�Z�g�u���h�l���g�Z�q�Z�e�Z���b���^�h���d�h�g�p�Z�� 

14.  �H�[�� �h�i�Z�k�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �y�\�e�_�g�b�y�o���� �?�k�e�b�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�p�_�k�k�Z��

�n�h�j�f�b�j�h�\�Z�g�b�y���k�l�h�d�Z���i�j�_�\�u�k�b�l���h�i�j�_�^�_�e�_�g�g�u�_���i�j�_�^�_�e�u�����l�h���w�l�h���i�j�y�f�h���b�e�b���d�h�k�\�_�g�g�h���i�j�b�\�_�^�_�l���d��

�h�i�Z�k�g�u�f���k�b�l�m�Z�p�b�y�f���b���^�Z�`�_���d���d�Z�l�Z�k�l�j�h�n�Z�f�� 

15.  �H�� �j�h�e�b�� �\�h�^�u�� �\�� �w�d�a�h�]�_�g�g�u�o�� �]�_�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�Z�o���� �I�h�q�l�b�� �\�k�_�� �w�d�a�h�]�_�g�g�u�_��

�i�j�h�p�_�k�k�u�����\�u�\�_�l�j�b�\�Z�g�b�_�����d�j�b�h�]�_�g�g�u�_���b���d�Z�j�k�l�h�\�u�_���y�\�e�_�g�b�y�����k�m�n�n�h�a�b�y�����k�h�e�b�n�e�x�d�p�b�y�����h�[�\�Z�e�u����

�h�i�h�e�a�g�b���� �k�_�e�_�\�u�_�� �i�h�l�h�d�b���� �k�g�_�`�g�u�_�� �e�Z�\�b�g�u���� �k�\�y�a�Z�g�u�� �k�� �d�h�k�\�_�g�g�u�f���� �Z�� �q�Z�s�_�� �\�k�_�]�h�� �k���i�j�y�f�u�f��

�m�q�Z�k�l�b�_�f�� �\�h�^�u���� �I�h�k�d�h�e�v�d�m�� �n�h�j�f�Z�e�v�g�h�_�� �j�Z�a�^�_�e�_�g�b�_�� �w�l�b�o�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �]�_�h�e�h�]�b�q�_�k�d�b�_���b��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�\�h�a�f�h�`�g�h���� �l�h�� �i�h�k�e�_�^�g�b�_�� �_�k�l�_�k�l�\�_�g�g�_�_�� �\�k�_�]�h�� �k�q�b�l�Z�l�v�� �h�[�s�_�c��

�h�[�e�Z�k�l�v�x���i�j�b�e�h�`�_�g�b�y���k�b�e���k�h���k�l�h�j�h�g�u���w�l�b�o���^�\�m�o���j�h�^�k�l�\�_�g�g�u�o���g�Z�m�d���± �]�_�h�e�h�]�b�b���b���]�b�^�j�h�e�h�]�b�b�� 

16.  �H�[�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �]�b�^�j�h�e�h�]�b�b���� �I�h�^�e�b�g�g�u�_�� �^�h�k�l�b�`�_�g�b�y�� �\�� �]�b�^�j�h�e�h�]�b�b�� �b��

�m�q�_�g�b�b�� �h�� �k�l�h�d�_�� �\�h�a�f�h�`�g�u�� �l�h�e�v�d�h�� �i�j�b�� �k�e�b�y�g�b�b�� �\�h�a�f�h�`�g�h�k�l�_�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h����

�\�u�q�b�k�e�b�l�_�e�v�g�h�]�h���b���l�_�h�j�_�l�b�q�_�k�d�h�]�h���b�o���j�Z�a�^�_�e�h�\�� 

17.  �H�� �j�h�e�b�� �f�Z�l�_�f�Z�l�b�d�b���� �F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �h�i�b�k�Z�g�b�_�� �^�Z�_�l�� �k�Z�f�h�_�� �q�_�l�d�h�_�� �b�� �y�k�g�h�_��

�h�[�t�y�k�g�_�g�b�_���]�b�^�j�h�e�h�]�b�q�_�k�d�h�c���j�_�Z�e�v�g�h�k�l�b�� 

18.  �H�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�b���� �I�j�b�f�_�g�_�g�b�_�� �f�Z�l�_�f�Z�l�b�d�b�� �\�� �g�Z�m�d�Z�o�� �h�� �A�_�f�e�_��

�h�k�g�h�\�Z�g�h�� �g�Z�� �i�h�g�y�l�b�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b���� �:�^�_�d�\�Z�l�g�h�_�� �i�j�b�j�h�^�_�� �i�h�e�g�h�p�_�g�g�h�_��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_���± �w�l�h���g�Z�m�q�g�u�c���i�j�h�j�u�\���d���g�h�\�u�f���\�h�a�f�h�`�g�h�k�l�y�f���]�b�^�j�h�e�h�]�b�b�� 

19.  �H�� �^�_�l�_�j�f�b�g�b�a�f�_�� �b�� �k�l�h�o�Z�k�l�b�q�g�h�k�l�b���� �>�_�l�_�j�f�b�g�b�a�f�� �b�� �k�l�h�o�Z�k�l�b�q�g�h�k�l�v�� �^�h�e�`�g�u��

�k�h�\�f�_�k�l�g�h�� �i�j�b�k�m�l�k�l�\�h�\�Z�l�v�� �\�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �i�h�k�l�j�h�_�g�b�y�o�� �j�h�\�g�h�� �g�Z�k�l�h�e�v�d�h����

�g�Z�k�d�h�e�v�d�h���w�l�h���g�_�h�[�o�h�^�b�f�h�����G�Z�b�[�h�e�_�_���m�^�Z�q�g�u�f���b���i�h�e�g�u�f���b�o���k�h�q�_�l�Z�g�b�_�f���g�_�k�h�f�g�_�g�g�h���y�\�e�y�_�l�k�y��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h-�k�l�h�o�Z�k�l�b�q�_�k�d�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_�����H�^�g�Z�d�h�����\�k�_�]�^�Z���k�e�_�^�m�_�l���b�f�_�l�v���\���\�b�^�m�����q�l�h��

�k�h�^�_�j�`�Z�l�_�e�v�g�Z�y�� �q�Z�k�l�v�� �]�b�^�j�h�e�h�]�b�b���� �l�h�� �_�k�l�v�� �l�h���� �q�l�h�� �h�l�e�b�q�Z�_�l�� �_�_�� �h�l�� �^�j�m�]�b�o�� �g�Z�m�d���� �p�_�e�b�d�h�f��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�Z�����K���^�j�m�]�h�c���k�l�h�j�h�g�u�����k�l�Z�l�b�k�l�b�q�_�k�d�b�_���f�_�l�h�^�u���h�^�b�g�Z�d�h�\�h���i�j�b�e�h�`�b�f�u���\���e�x�[�u�o��

�g�Z�m�d�Z�o�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

568  
 

20.  �H�� �\�_�j�h�y�l�g�h�k�l�b���� �W�l�h�� �h�k�g�h�\�h�i�h�e�Z�]�Z�x�s�_�_�� �i�h�g�y�l�b�_�� �l�_�h�j�b�b�� �\�_�j�h�y�l�g�h�k�l�_�c�� �b��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�l�b�k�l�b�d�b�� �h�k�l�Z�_�l�k�y�� �p�_�g�g�u�f�� �b�� �^�e�y�� �]�b�^�j�h�e�h�]�b�b���� �I�h�f�b�f�h�� �i�j�y�f�u�o�� �q�b�k�l�h��

�k�l�h�o�Z�k�l�b�q�_�k�d�b�o���f�_�l�h�^�h�\�����h�g�h���f�h�`�_�l���h�d�Z�a�Z�l�v�k�y���g�_�h�[�o�h�^�b�f�u�f���b���^�e�y���k�m�]�m�[�h���^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�o��

�f�h�^�_�e�_�c�� 

21.  �H�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �k�� �^�j�m�]�b�f�b�� �g�Z�m�d�Z�f�b�� �h�� �A�_�f�e�_�� �=�b�^�j�h�e�h�]�b�y�� �b�� �m�q�_�g�b�_�� �h�� �k�l�h�d�_��

�^�h�e�`�g�u���r�b�j�h�d�h���i�h�e�v�a�h�\�Z�l�v�k�y���d�h�g�p�_�i�p�b�y�f�b�����j�_�a�m�e�v�l�Z�l�Z�f�b���b���h�i�u�l�h�f���\�k�_�o���g�Z�m�d���h���A�_�f�e�_�����A�Z���b�o��

�k�q�_�l���h�g�b���^�h�e�`�g�u���j�Z�k�r�b�j�y�l�v���k�\�h�b���f�_�l�h�^�b�q�_�k�d�b�_���\�h�a�f�h�`�g�h�k�l�b���b�����\���k�\�h�x���h�q�_�j�_�^�v�����h�[�h�]�Z�s�Z�l�v���b�o��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�f�b�� �a�g�Z�g�b�y�f�b�� �b�� �i�h�^�o�h�^�Z�f�b���� �I�j�b�� �w�l�h�f�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�Z�`�g�u�f�� �k�e�_�`�_�g�b�_���a�Z��

�_�^�b�g�k�l�\�h�f���m�j�h�\�g�y���\�k�_�o���g�Z�m�d���b���k�o�h�^�k�l�\�h�f���b�o���]�h�k�i�h�^�k�l�\�m�x�s�b�o���i�Z�j�Z�^�b�]�f�� 

22.  �H�� �\�a�Z�b�f�h�h�l�g�h�r�_�g�b�b�� �k�� �]�_�h�]�j�Z�n�b�_�c���� �=�_�h�]�j�Z�n�u�� �i�h�d�Z�� �g�_�� �a�Z�f�_�l�b�e�b�� �g�h�\�u�o��

�h�l�d�j�u�\�Z�x�s�b�o�k�y���]�h�j�b�a�h�g�l�h�\���k�\�h�_�c���g�Z�m�d�b�� �± �]�_�h�]�j�Z�n�b�q�_�k�d�h�c���k�m�s�g�h�k�l�b���g�_�d�h�l�h�j�u�o���i�Z�j�Z�f�_�l�j�h�\��

�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o���f�h�^�_�e�_�c���m�q�_�g�b�y���h���k�l�h�d�_���b���^�j�m�]�b�o���g�Z�m�d���h���A�_�f�e�_�����F�g�h�]�b�_���b�a���w�l�b�o���i�Z�j�Z�f�_�l�j�h�\��

�b�f�_�x�l�� �\�i�h�e�g�_�� �h�i�j�_�^�_�e�_�g�g�u�c�� �n�b�a�b�q�_�k�d�b�c�� �k�f�u�k�e�� �b�� �y�\�e�y�x�l�k�y�� �h�[�s�b�f�b�� �^�e�y�� �]�b�^�j�h�e�h�]�b�b����

�n�b�a�b�q�_�k�d�h�c�� �]�_�h�e�h�]�b�b���� �i�h�q�\�h�\�_�^�_�g�b�y���� �<�� �i�j�b�g�p�b�i�_���� �]�_�h�]�j�Z�n�b�q�_�k�d�b�_�� �h�[�h�[�s�_�g�b�y�� �b��

�k�b�k�l�_�f�Z�l�b�a�Z�p�b�b���k�\�h�b�o���i�Z�j�Z�f�_�l�j�h�\���f�h�]�m�l���k�^�_�e�Z�l�v���b���k�Z�f�b���]�b�^�j�h�e�h�]�b�� 

23.  �H�� �i�j�b�d�e�Z�^�g�h�c�� �]�b�^�j�h�e�h�]�b�b���� �I�j�b�d�e�Z�^�g�Z�y�� �]�b�^�j�h�e�h�]�b�y���� �[�Z�a�b�j�m�y�k�v�� �g�Z�� �i�h�g�y�l�b�y�o����

�f�h�^�_�e�y�o�� �b�� �f�_�l�h�^�Z�o�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c�� �]�b�^�j�h�e�h�]�b�b���� �^�h�e�`�g�Z�� �j�Z�a�j�Z�[�Z�l�u�\�Z�l�v�� �\�k�y�d�h�]�h�� �j�h�^�Z��

�i�h�k�h�[�b�y���� �j�_�d�h�f�_�g�^�Z�p�b�b�� �b�� �j�m�d�h�\�h�^�k�l�\�Z�� �^�e�y�� �i�j�Z�d�l�b�q�_�k�d�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �m�i�j�Z�\�e�_�g�b�b��

�\�h�^�g�u�f�b�� �j�_�k�m�j�k�Z�f�b�� �b�� �i�j�b�� �j�_�r�_�g�b�b�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o���� �k�l�j�h�b�l�_�e�v�g�u�o���� �l�j�Z�g�k�i�h�j�l�g�u�o�� �b��

�^�j�m�]�b�o���i�j�h�[�e�_�f�� 

24.  �H���j�Z�k�q�_�l�Z�o���k�l�h�d�Z�����O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�l�h�d�Z���± �g�h�k�b�l�_�e�b���h�[�h�[�s�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�b���h��

�]�b�^�j�h�]�j�Z�n�Z�o�� �k�l�h�d�Z���� �=�e�Z�\�g�Z�y�� �a�Z�^�Z�q�Z�� �j�Z�k�q�_�l�h�\�� �k�l�h�d�Z�� �± �i�h�k�l�j�h�b�l�v�� �w�f�i�b�j�b�q�_�k�d�b�_�� �d�j�b�\�u�_��

�j�Z�k�i�j�_�^�_�e�_�g�b�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�h�d�Z���b���Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�l�v���b�o���Z�g�Z�e�b�l�b�q�_�k�d�b�f�b���d�j�b�\�u�f�b�����Z���l�Z�d�`�_��

�g�Z�b�e�m�q�r�b�f�� �k�i�h�k�h�[�h�f�� �h�p�_�g�b�l�v�� �i�Z�j�Z�f�_�l�j�u�� �i�h�k�e�_�^�g�b�o���� �<�l�h�j�Z�y�� �i�h�� �a�g�Z�q�b�f�h�k�l�b�� �a�Z�^�Z�q�Z�� �± 

�f�Z�l�_�f�Z�l�b�q�_�k�d�b���h�i�b�k�Z�l�v���o�j�h�g�h�e�h�]�b�q�_�k�d�b�_���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���b�a�f�_�g�_�g�b�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�h�d�Z����

�D�h�k�\�_�g�g�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�l�h�d�Z�� �a�Z�^�Z�g�g�h�c�� �\�_�j�h�y�l�g�h�k�l�b�� �\�� �]�b�^�j�h�e�h�]�b�b�� �g�Z��

�k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �j�Z�a�\�b�l�u�� �i�e�h�o�h���� �I�_�j�k�i�_�d�l�b�\�u�� �j�_�r�_�g�b�y�� �i�j�h�[�e�_�f�u�� �k�\�y�a�Z�g�u�� �k��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h-�k�l�h�o�Z�k�l�b�q�_�k�d�b�f���f�h�^�_�e�b�j�h�\�Z�g�b�_�f�� 

25.  �H�� �i�j�h�]�g�h�a�Z�o�� �k�l�h�d�Z���� �<�� �i�j�Z�d�l�b�d�_�� �]�b�^�j�h�e�h�]�b�b�� �h�[�u�q�g�h�� �i�j�h�]�g�h�a�b�j�m�x�l�k�y��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�h�d�Z���� �]�h�j�Z�a�^�h�� �j�_�`�_�� �k�Z�f�b�� �]�b�^�j�h�]�j�Z�n�u���� �I�j�h�]�g�h�a�u�� �f�h�]�m�l�� �[�u�l�v�� �h�^�g�h�a�g�Z�q�g�u�f�b��

���d�h�]�^�Z�� �j�_�a�m�e�v�l�Z�l�h�f�� �i�j�h�]�g�h�a�Z�� �y�\�e�y�_�l�k�y�� �g�Z�b�[�h�e�_�_�� �\�_�j�h�y�l�g�Z�y�� �\�_�e�b�q�b�g�Z���� �b�e�b�� �\�_�j�h�y�l�g�h�k�l�g�u�f�b��

���i�j�h�]�g�h�k�l�b�q�_�k�d�b�c���\�u�o�h�^���± �m�k�e�h�\�g�Z�y���d�j�b�\�Z�y���j�Z�k�i�j�_�^�_�e�_�g�b�y���w�l�h�c���\�_�e�b�q�b�g�u�������D�j�h�f�_���w�l�h�]�h���h�g�b��

�j�Z�a�e�b�q�Z�x�l�k�y���d�Z�d���d�j�Z�l�d�h�k�j�h�q�g�u�_�����^�h�e�]�h�k�j�h�q�g�u�_���b���k�\�_�j�o�^�h�e�]�h�k�j�h�q�g�u�_�����H�k�g�h�\�Z���i�j�h�]�g�h�a�Z���± �m�q�_�l��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 569 

 

�k�h�k�l�h�y�g�b�y�� �j�_�q�g�u�o�� �[�Z�k�k�_�c�g�h�\�� �g�Z�� �^�Z�l�m�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���� �<�Z�`�g�h�_�� �a�g�Z�q�_�g�b�_�� �i�j�b�� �w�l�h�f�� �b�f�_�x�l��

�\�Z�j�b�Z�g�l�u���m�q�_�l�Z���i�j�h�]�g�h�a�Z���i�h�]�h�^�u���g�Z���i�_�j�b�h�^���_�]�h���a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�b�� 

26.  �H�� �k�h�\�f�_�s�_�g�b�b�� �i�j�h�[�e�_�f�� �j�Z�k�q�_�l�h�\�� �b�� �k�\�_�j�o�^�h�e�]�h�k�j�h�q�g�u�o�� �i�j�h�]�g�h�a�h�\���� �<�� �m�k�e�h�\�b�y�o��

�g�_�k�l�Z�p�b�h�g�Z�j�g�h�k�l�b�� �e�Z�g�^�r�Z�n�l�h�\�� �b�� �d�e�b�f�Z�l�Z�� �g�_�b�a�[�_�`�g�h�� �b�a�f�_�g�_�g�b�_�� �l�j�Z�^�b�p�b�h�g�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y��

�j�Z�k�q�_�l�h�\�� �b�� �i�j�h�]�g�h�a�h�\�� �k�l�h�d�Z���� �J�_�r�_�g�b�_�� �i�j�h�[�e�_�f�u�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f��

�h�k�m�s�_�k�l�\�e�_�g�b�b���k�e�_�^�m�x�s�b�o���^�_�c�k�l�\�b�c�� 

�x �k�l�h�o�Z�k�l�b�q�_�k�d�h�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �i�h�]�h�^�u�� �\�� �m�k�e�h�\�b�y�o�� �Z�g�l�j�h�i�h�]�_�g�g�u�o�� �b�a�f�_�g�_�g�b�c��

�d�e�b�f�Z�l�Z�� 

�x �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �k�l�h�d�Z�� �\�� �m�k�e�h�\�b�y�o�� �Z�g�l�j�h�i�h�]�_�g�g�u�o��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���e�Z�g�^�r�Z�n�l�h�\�� 

�x �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h-�k�l�h�o�Z�k�l�b�q�_�k�d�h�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �b�� �i�h�e�m�q�_�g�b�b�� �m�k�e�h�\�g�u�o��

�d�j�b�\�u�o �j�Z�k�i�j�_�^�_�e�_�g�b�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�h�d�Z�� 

�x �Z�g�Z�e�b�a�_�� �b�� �l�j�Z�d�l�h�\�d�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�b�� �h�p�_�g�d�Z�o�� �[�m�^�m�s�_�]�h��

�k�h�k�l�h�y�g�b�y���j�_�q�g�u�o���[�Z�k�k�_�c�g�h�\�� 

�D�j�h�f�_�� �h�k�g�h�\�g�u�o�� �d�h�g�p�_�i�p�b�c�� �m�q�_�g�b�y�� �h�� �k�l�h�d�_�� �f�h�]�m�l�� �[�u�l�v�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�u��

�f�g�h�]�h�q�b�k�e�_�g�g�u�_���q�Z�k�l�g�u�_���d�h�g�p�_�i�p�b�b�����g�Z�i�j�b�f�_�j�� 

�x �h�[���Z�^�_�d�\�Z�l�g�h�k�l�b �f�h�^�_�e�b�j�m�_�f�u�o���i�j�h�p�_�k�k�h�\���i�j�b�j�h�^�g�u�f�� 

�x �h�[���Z�e�]�h�j�b�l�f�b�q�_�k�d�h�f���i�h�^�j�Z�`�Z�g�b�b���i�j�b�j�h�^�_�� 

�x �h�� �i�j�_�^�_�e�v�g�h�k�l�b�� �i�j�h�k�l�h�l�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �Z�i�i�j�h�d�k�b�f�Z�p�b�c�� �i�j�b�� �h�i�b�k�Z�g�b�b��

�i�j�h�p�_�k�k�h�\���n�h�j�f�b�j�h�\�Z�g�b�y���k�l�h�d�Z�����b���l���i�� 

�<�h�a�f�h�`�g�h�k�l�b���]�b�^�j�h�e�h�]�b�b 

�J�h�e�v�� �]�b�^�j�h�e�h�]�b�b�� �\�� �`�b�a�g�b�� �q�_�e�h�\�_�d�Z���� �q�Z�k�l�h�� �g�_�^�h�h�p�_�g�b�\�Z�_�f�Z�y�� �b�k�d�e�x�q�b�l�_�e�v�g�Z���� �W�l�Z��

�b�k�d�e�x�q�b�l�_�e�v�g�h�k�l�v�� �h�[�m�k�e�h�\�e�_�g�Z�� �g�_�� �h�k�h�[�u�f�b�� �^�h�k�l�h�b�g�k�l�\�Z�f�b�� �]�b�^�j�h�e�h�]�h�\���� �Z�� �\�i�h�e�g�_��

�h�[�t�_�d�l�b�\�g�u�f�b���h�[�k�l�h�y�l�_�e�v�k�l�\�Z�f�b���± �m�g�b�d�Z�e�v�g�u�f�b���k�\�h�c�k�l�\�Z�f�b���\�h�^�u���d�Z�d���o�b�f�b�q�_�k�d�h�]�h���\�_�s�_�k�l�\�Z����

�y�\�e�y�x�s�_�]�h�k�y�� �]�e�Z�\�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� �\�k�_�]�h�� �`�b�\�h�]�h�� �b�� �l�h�c�� �k�j�_�^�u���� �\�� �d�h�l�h�j�h�c�� �f�u�� �k�i�h�k�h�[�g�u��

�h�[�b�l�Z�l�v�����A�Z�f�_�q�Z�l�_�e�v�g�u�_���n�b�a�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���\�h�^�u���l�Z�d�h�\�u�� 

�x �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �i�e�h�l�g�h�k�l�v�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������ž�� �K�� �b�� �f�_�g�v�r�Z�y�� �i�e�h�l�g�h�k�l�v�� �\��

�l�\�_�j�^�h�c�� �n�Z�a�_�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �l�Z�d�h�\�h�c�� �\�� �`�b�^�d�h�c�� ���q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �a�Z�f�_�j�a�Z�g�b�x�� �\�h�^�u�� �k��

�i�h�\�_�j�o�g�h�k�l�b�� �\�h�^�h�l�h�d�h�\�� �b�� �\�h�^�h�_�f�h�\���� �i�j�_�i�y�l�k�l�\�m�_�l�� �b�o�� �i�h�e�g�h�f�m�� �i�j�h�f�_�j�a�Z�g�b�x���� �h�[�_�k�i�_�q�b�\�Z�_�l��

�i�e�Z�\�m�q�_�k�l�v���e�v�^�Z���� 

�x �l�_�f�i�_�j�Z�l�m�j�u���a�Z�f�_�j�a�Z�g�b�y���b���d�b�i�_�g�b�y�����l�_�i�e�h�_�f�d�h�k�l�v�����l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�����m�^�_�e�v�g�Z�y��

�l�_�i�e�h�l�Z���i�e�Z�\�e�_�g�b�y���b���b�k�i�Z�j�_�g�b�y�����i�h�\�_�j�o�g�h�k�l�g�h�_���g�Z�l�y�`�_�g�b�_���± �g�Z�b�[�h�e�_�_���\�u�k�h�d�b�_���i�h���k�j�Z�\�g�_�g�b�x��



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

570  
 

�k���i�h�^�Z�\�e�y�x�s�b�f���[�h�e�v�r�b�g�k�l�\�h�f���`�b�^�d�h�k�l�_�c�����q�l�h���b�]�j�Z�_�l���h�i�j�_�^�_�e�y�x�s�m�x���j�h�e�v���\���j�_�]�m�e�b�j�h�\�Z�g�b�b��

�f�g�h�]�b�o���`�b�a�g�_�g�g�u�o���b���i�j�b�j�h�^�g�u�o���i�j�h�p�_�k�k�h�\���� 

�x �g�_�h�[�u�q�g�h�� �\�u�k�h�d�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y�� �i�j�h�g�b�p�Z�_�f�h�k�l�v���� �i�j�b�\�h�^�y�s�Z�y�� �d�� �m�g�b�d�Z�e�v�g�h�c��

�j�h�e�b�� �\�h�^�u�� �d�Z�d�� �j�Z�k�l�\�h�j�b�l�_�e�y�� ���q�l�h�� �i�j�b�^�Z�_�l�� �\�h�^�_�� �d�e�x�q�_�\�m�x�� �j�h�e�v�� �\�� �[�b�h�e�h�]�b�q�_�k�d�b�o�� �b��

�w�d�h�e�h�]�b�q�_�k�d�b�o�� �y�\�e�_�g�b�y�o�� �b�� �i�j�b�� �\�h�\�e�_�q�_�g�b�b�� �\�� �_�_�� �d�j�m�]�h�\�h�j�h�l�� �\�� �i�j�b�j�h�^�_�� �f�g�h�]�b�o�� �o�b�f�b�q�_�k�d�b�o��

�w�e�_�f�_�g�l�h�\���b���k�h�_�^�b�g�_�g�b�c���� 

�©�I�j�b�j�h�^�Z���`�b�a�g�_�g�g�u�o���i�j�h�p�_�k�k�h�\���l�Z�d�h�\�Z�����q�l�h���`�b�a�g�v�����\�_�j�h�y�l�g�h�����[�u�e�Z���[�u���g�_�\�h�a�f�h�`�g�Z�����g�_��

�[�m�^�v���m���\�h�^�u���w�l�b�o���g�_�h�[�u�q�g�u�o���k�\�h�c�k�l�\�ª���>�I�h�e�b�g�]�����I�h�e�b�g�]�������������@�� 

�<�h�a�f�h�`�g�h�k�l�b���]�b�^�j�h�e�h�]�b�b���_�s�_���^�h���d�h�g�p�Z���g�_���h�k�h�a�g�Z�g�u���b���g�_���i�j�h�^�m�f�Z�g�u�����H�g�b���i�h�b�k�l�b�g�_��

�g�_�b�k�q�_�j�i�Z�_�f�u���� �L�j�Z�^�b�p�b�h�g�g�h�� �\�� �j�Z�f�d�Z�o�� �]�b�^�j�h�e�h�]�b�b�� �b�a�m�q�Z�e�k�y�� �j�_�q�g�h�c�� �k�l�h�d�� �g�Z�� �i�e�Z�g�_�l�_�� ���\��

�h�k�g�h�\�g�h�f���d�Z�d���d�e�x�q���d���\�h�^�g�u�f���j�_�k�m�j�k�Z�f�����b���\���d�Z�d�h�c-�l�h���f�_�j�_���h�i�Z�k�g�u�_���]�b�^�j�h�e�h�]�b�q�_�k�d�b�_���y�\�e�_�g�b�y����

�g�h�� �g�_�� �\�k�_�� �b�� �g�_�� �\�� �i�h�e�g�h�c�� �f�_�j�_���� �G�h�� �]�b�^�j�h�e�h�]�b�y�� �g�_�b�a�[�_�`�g�h�� �^�h�e�`�g�Z�� �j�Z�k�r�b�j�y�l�v�� �h�[�e�Z�k�l�v�� �k�\�h�b�o��

�b�g�l�_�j�_�k�h�\�� �b�� �k�\�h�_�c�� �h�l�\�_�l�k�l�\�_�g�g�h�k�l�b���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �l�Z�f���� �]�^�_�� �h�g�Z�� �i�h�d�Z�� �k�_�[�y�� �_�s�_�� �g�_�� �i�j�h�y�\�b�e�Z����

�i�h�l�h�f�m���q�l�h���b���g�_���i�u�l�Z�e�Z�k�v���w�l�h���h�k�m�s�_�k�l�\�b�l�v�� 

�<���p�_�e�y�o���h�k�h�a�g�Z�g�b�y���k�d�Z�a�Z�g�g�h�]�h���^�Z�\�Z�c�l�_���i�j�h�k�e�_�^�m�_�f���i�h���g�Z�r�_�c���i�e�Z�g�_�l�_���\�k�e�_�^���a�Z���\�h�^�h�c����

�L�Z�f���� �]�^�_�� �h�g�Z�� �i�j�b�k�m�l�k�l�\�m�_�l���� �h�g�Z�� �^�b�g�Z�f�b�q�g�Z�� �b�� �i�j�b�^�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�c���^�b�g�Z�f�b�q�g�h�k�l�b���j�Z�a�e�b�q�g�u�f���i�j�h�p�_�k�k�Z�f���b���y�\�e�_�g�b�y�f�����B���l�h�]�^�Z���]�b�^�j�h�e�h�]�b���h�[�y�a�Z�g�u��

�\�f�_�r�Z�l�v�k�y���\���f�h�^�_�e�b�j�h�\�Z�g�b�_�����j�Z�a�g�h�]�h���j�h�^�Z���j�Z�k�q�_�l�u�����h�p�_�g�d�b���b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_���w�l�b�o���i�j�h�p�_�k�k�h�\��

�b���y�\�e�_�g�b�c�� 

�G�Z�i�j�b�f�_�j���� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �f�h�^�_�e�b�� �^�h�e�`�g�u�� �[�u�l�v�� �g�_�i�j�_�f�_�g�g�u�f���� �Z�� �q�Z�s�_�� �\�k�_�]�h��

�h�k�g�h�\�g�u�f�����w�e�_�f�_�g�l�h�f���f�h�^�_�e�_�c���[�h�e�v�r�b�g�k�l�\�Z���w�d�a�h�]�_�g�g�u�o���]�_�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�����^�b�g�Z�f�b�d�b��

�w�d�h�k�b�k�l�_�f���� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o�� �k�b�k�l�_�f���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �g�Z�� �h�j�h�r�Z�_�f�u�o��

�a�_�f�e�y�o���� �a�Z�]�j�y�a�g�_�g�b�y�� �l�_�j�j�b�l�h�j�b�c�«�� �B�� �\�k�_�� �w�l�h���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �\�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�f�� �i�e�Z�g�_����

�b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �\�_�j�h�y�l�g�h�k�l�g�u�o�� �j�Z�k�q�_�l�Z�o���� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�b���� �h�[�h�k�g�h�\�Z�g�b�b�� �i�j�h�_�d�l�h�\����

�j�_�d�h�f�_�g�^�Z�p�b�y�o�� �i�h�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�x�� �d�Z�l�Z�k�l�j�h�n�� �b�� �h�p�_�g�d�_�� �i�h�k�e�_�^�k�l�\�b�c�� �g�_�i�j�h�^�m�f�Z�g�g�u�o�� �b��

�h�r�b�[�h�q�g�u�o���^�_�c�k�l�\�b�c���b���f�_�j�h�i�j�b�y�l�b�c�� 

�F�g�h�`�_�k�l�\�h�� �m�� �]�b�^�j�h�e�h�]�b�b�� �b�� �k�h�\�f�_�k�l�g�u�o�� �^�_�e�� �k�� �f�_�l�_�h�j�h�e�h�]�b�_�c�� �± �i�j�h�[�e�_�f�Z�� �h�k�Z�^�d�h�\����

�k�l�h�o�Z�k�l�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�h�]�h�^�u�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �\�o�h�^�g�h�c�� �b�g�n�h�j�f�Z�p�b�b��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c���� �j�Z�k�k�f�h�l�j�_�g�b�_�� �^�b�g�Z�f�b�d�b�� �m�\�e�Z�`�g�_�g�b�y��

�i�h�^�k�l�b�e�Z�x�s�_�c�� �i�h�\�_�j�o�g�h�k�l�b �\�� �f�h�^�_�e�y�o�� �d�e�b�f�Z�l�Z���� �h�p�_�g�d�Z�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �i�h�k�e�_�^�k�l�\�b�c��

�b�a�f�_�g�_�g�b�y���i�h�k�e�_�^�g�_�]�h���b���f�g�h�]�h�_���^�j�m�]�h�_�� 

�I�h�b�k�l�b�g�_�� �\�_�e�b�d�Z�� �j�h�e�v�� �]�b�^�j�h�e�h�]�b�b�� �\�� �`�b�a�g�b�� �q�_�e�h�\�_�d�Z���� �G�h�� �q�_�e�h�\�_�d�Z�� �j�Z�a�m�f�g�h�]�h���� �b�[�h��

�h�l�g�x�^�v���g�_���\�k�_�]�^�Z���f�u���h�i�j�Z�\�^�u�\�Z�_�f���g�Z�b�f�_�g�h�\�Z�g�b�_���k�\�h�_�]�h���[�b�h�e�h�]�b�q�_�k�d�h�]�h���\�b�^�Z�� 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 571 

 

�=�b�^�j�h�e�h�]�b�y���b���]�h�k�m�^�Z�j�k�l�\�h 

�©�=�e�m�[�h�d�b�c�� �i�h�e�b�l�b�q�_�k�d�b�c���� �w�d�h�g�h�f�b�q�_�k�d�b�c�� �b�� �^�m�o�h�\�g�u�c�� �d�j�b�a�b�k�� �\�� �J�h�k�k�b�b�ª�� �b�� �©�\�k�_��

�g�_�]�Z�l�b�\�g�u�_���k�l�h�j�h�g�u���g�Z�r�_�c���`�b�a�g�b���k�\�y�a�Z�g�u���k���j�Z�a�\�Z�e�h�f���k�b�k�l�_�f�u���m�i�j�Z�\�e�_�g�b�y���b���\�l�h�j�`�_�g�b�_�f���g�Z��

�\�k�_���m�j�h�\�g�b���m�i�j�Z�\�e�_�g�b�y���f�Z�e�h�]�j�Z�f�h�l�g�u�o���b���[�_�k�q�_�k�l�g�u�o���^�b�e�_�l�Z�g�l�h�\�ª���>�D�g�h�j�j�b�g�]�������������@�����B���g�Z�r�_�f �m��

�]�h�k�m�^�Z�j�k�l�\�m�� �h�d�Z�a�Z�e�b�k�v�� �g�_�g�m�`�g�u�f�b�� �\�h�a�^�_�e�Z�g�g�u�_�� �i�h�e�y���� �j�Z�[�h�l�Z�x�s�b�_�� �a�Z�\�h�^�u���� �j�Z�a�\�b�\�Z�x�s�Z�y�k�y��

�g�Z�m�d�Z���� �[�_�k�d�h�j�u�k�l�g�u�_�� �f�_�^�b�p�b�g�Z�� �b�� �i�j�h�k�\�_�s�_�g�b�_���� �Q�l�h�� �`�_�� �\�� �w�l�h�c�� �k�b�l�m�Z�p�b�b�� �i�j�h�b�a�h�r�e�h�� �k��

�]�b�^�j�h�e�h�]�b�_�c�"�� �I�h�^�o�h�^�y�s�_�_�� �k�e�h�\�h�� �± �j�Z�k�i�j�Z�\�Z���� �B�� �k�Z�f�h�_�� �k�l�j�Z�r�g�h�_���� �q�l�h�� �i�j�b�� �w�l�h�f�� �h�� �g�_�c�� �b�� �g�_��

�i�h�f�u�r�e�y�e�b�����<�k�_���[�u�e�h���k�^�_�e�Z�g�h���i�h�o�h�^�y�����<�f�_�k�l�_���k���^�j�m�]�b�f�b���g�Z�m�d�Z�f�b-�[�_�^�h�e�Z�]�Z�f�b�����I�_�q�Z�e�v�g�h�����q�l�h��

�k�h�m�q�Z�k�l�g�b�d�Z�f�b�� �Z�d�p�b�b�� �h�d�Z�a�Z�e�b�k�v�� �b�� �e�x�^�b���� �d�h�l�h�j�u�_�� �i�h�� �j�Z�a�g�u�f�� �i�j�b�q�b�g�Z�f�� �^�h�e�`�g�u�� �[�u�� �[�u�e�b��

�[�e�x�k�l�b���]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�x�� 

�>�e�y�� �g�Z�m�d�� �h�� �A�_�f�e�_�� �\�� �p�_�e�h�f���� �b�� �]�b�^�j�h�e�h�]�b�b�� �\�� �q�Z�k�l�g�h�k�l�b���� �h�q�_�g�v�� �\�Z�`�g�Z�� �i�h�^�^�_�j�`�d�Z�� �k�h��

�k�l�h�j�h�g�u�� �]�h�k�m�^�Z�j�k�l�\�Z���� �b�[�h�� �^�h�e�`�g�u�� �[�u�l�v�� �i�h�e�g�h�k�l�v�x�� �j�_�Z�e�b�a�h�\�Z�g�u�� �\�h�a�f�h�`�g�h�k�l�b�� �h�[�s�_�k�l�\�Z�� �i�h��

�j�Z�a�\�b�l�b�x�� �i�j�h�]�j�Z�f�f�� �g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�� �k�l�h�e�v�� �\�Z�`�g�h�c�� �^�e�y�� �g�_�]�h�� �h�[�e�Z�k�l�b���� �d�Z�d�� �\�k�_�����q�l�h��

�k�\�y�a�Z�g�h�� �k�� �j�h�e�v�x�� �\�h�^�u�� �\�h�� �\�k�_�o�� �_�_�� �i�j�h�y�\�e�_�g�b�y�o�� �± �h�l�� �`�b�a�g�_�g�g�h�c�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �^�h�� �i�j�y�f�h�c 

�m�]�j�h�a�u�� �k�Z�f�h�c�� �`�b�a�g�b���� �W�l�h�� �\�Z�`�g�Z�y�� �q�Z�k�l�v�� �`�b�a�g�_�h�[�_�k�i�_�q�_�g�b�y�� �± �]�e�h�[�Z�e�v�g�h�]�h���� �j�_�]�b�h�g�Z�e�v�g�h�]�h����

�f�_�k�l�g�h�]�h���� �I�h�w�l�h�f�m�� �j�Z�a�\�b�l�b�_�� �]�b�^�j�h�e�h�]�b�b�� �g�_�� �_�k�l�v�� �q�Z�k�l�g�Z�y�� �g�Z�m�q�g�Z�y�� �i�j�h�[�e�_�f�Z���� �b�g�l�_�j�_�k�m�x�s�Z�y��

�l�h�e�v�d�h���k�Z�f�b�o���]�b�^�j�h�e�h�]�h�\�����;�h�e�_�_���l�h�]�h�����\�k�_���i�h-�g�Z�k�l�h�y�s�_�f�m���h�i�j�_�^�_�e�y�_�l�k�y���l�h�e�v�d�h���\�h�a�f�h�`�g�h�k�l�v�x��

�k�h�l�j�m�^�g�b�q�_�k�l�\�Z�� �g�Z�m�d�b�� �b�� �]�h�k�m�^�Z�j�k�l�\�Z���� �b�[�h�� �©�k�l�Z�e�h�� �h�q�_�\�b�^�g�u�f���� �q�l�h�� �g�_�^�h�k�l�Z�l�h�d�� �h�[�s�_�k�l�\�_�g�g�h�c��

�h�j�]�Z�g�b�a�Z�p�b�b�����h�[�j�Z�a�h�\�Z�g�b�y�����h�[�m�q�_�g�b�y���b���i�h�e�b�l�b�q�_�k�d�h�c���\�h�e�b�ª���y�\�e�y�_�l�k�y���g�_���f�_�g�_�_�����Z���f�h�`�_�l���[�u�l�v���b��

�[�h�e�_�_���\�Z�`�g�u�f���n�Z�d�l�h�j�h�f�����©�q�_�f���g�_�^�h�k�l�Z�l�h�d���g�Z�m�q�g�u�o���a�g�Z�g�b�c�ª�� 

�G�Z�[�e�x�^�Z�x�s�Z�y�k�y�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �J�h�k�k�b�b�� �k�h�� �k�l�h�j�h�g�u�� �]�h�k�m�^�Z�j�k�l�\�Z��

�g�_�\�h�k�l�j�_�[�h�\�Z�g�g�h�k�l�v�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�c�� �f�u�k�e�b���� �i�_�j�_�o�h�^�y�s�Z�y�� �i�h�q�l�b�� �\�� �i�h�e�g�h�_�� �j�Z�\�g�h�^�m�r�g�h�_��

�b�]�g�h�j�b�j�h�\�Z�g�b�_�� �\�h�l�� �m�`�_�� �\�� �l�_�q�_�g�b�_�� �i�h�k�e�_�^�g�b�o�� �^�\�m�o�� �^�_�k�y�l�d�h�\�� �e�_�l���� �i�j�b�\�_�e�Z�� �d�� �^�_�]�j�Z�^�Z�p�b�b��

�g�Z�p�b�h�g�Z�e�v�g�h�]�h�� �d�h�j�i�m�k�Z�� �]�b�^�j�h�e�h�]�h�\���� �d�Z�d�� �m�q�_�g�u�o���� �l�Z�d�� �b �i�j�b�d�e�Z�^�g�b�d�h�\���� �?�]�h�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_����

�©�e�_�q�_�g�b�_�ª�� �b�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �[�m�^�_�l�� �^�e�b�l�_�e�v�g�u�f�� �b�� �^�h�j�h�]�b�f�� �m�^�h�\�h�e�v�k�l�\�b�_�f���� �H�l�d�e�Z�^�u�\�Z�l�v��

�\�k�_�� �g�Z�� �g�_�h�i�j�_�^�_�e�_�g�g�u�c�� �k�j�h�d�� �g�b�� �h�^�g�h�� �p�b�\�b�e�b�a�h�\�Z�g�g�h�_�� �]�h�k�m�^�Z�j�k�l�\�h�� �g�_�� �b�f�_�_�l�� �g�b�� �i�j�Z�\�Z���� �g�b��

�\�h�a�f�h�`�g�h�k�l�b�����W�l�h���[�u�e�h���[�u���q�j�_�\�Z�l�h���]�h�j�Z�a�^�h���[�h�e�_�_���l�y�`�d�b�f�b���i�h�k�e�_�^�k�l�\�b�y�f�b�� 

�:���\�j�_�f�y���b���h�[�k�l�h�y�l�_�e�v�k�l�\�Z���k�l�Z�\�y�l���i�_�j�_�^���]�b�^�j�h�e�h�]�b�_�c���\�j�h�^�_���[�u���b���a�g�Z�d�h�f�u�_���a�Z�^�Z�q�b�����g�h��

�\�k�_���[�h�e�_�_���\���g�h�\�u�o���b���g�_�i�j�b�\�u�q�g�u�o���n�h�j�f�Z�o�����k�h�q�_�l�Z�g�b�y�o���b���m�k�e�h�`�g�_�g�g�h�k�l�b�����G�h���g�Z���w�l�b���a�Z�i�j�h�k�u��

�m�`�_�� �i�h�q�l�b�� �g�_�d�h�f�m�� �h�l�\�_�q�Z�l�v���� �<�h�a�g�b�d�Z�_�l�� �g�_�d�Z�y�� �\�k�_�f�b�� �l�s�Z�l�_�e�v�g�h�� �k�d�j�u�\�Z�_�f�Z�y�� �k�b�l�m�Z�p�b�y�� �± 

�l�j�Z�\�f�b�j�h�\�Z�g�g�h�_�� �k�h�h�[�s�_�k�l�\�h�� �]�b�^�j�h�e�h�]�h�\�� �m�`�_�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �f�h�`�_�l�� �k�l�j�_�f�b�l�_�e�v�g�h��

�Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y���d���g�h�\�u�f���m�k�e�h�\�b�y�f�����[�h�e�_�_���l�h�]�h�����h�g�h���i�h�q�l�b���m�l�j�Z�l�b�e�h���k�i�h�k�h�[�g�h�k�l�v���d���j�Z�a�j�Z�[�h�l�d�_��

�g�h�\�u�o���i�h�^�o�h�^�h�\�����f�_�l�h�^�h�\���b���l�_�o�g�h�e�h�]�b�c�����I�j�b�d�e�Z�^�g�Z�y���]�b�^�j�h�e�h�]�b�y�����d�h�l�h�j�Z�y���h�[�y�a�Z�g�Z���m�q�b�l�u�\�Z�l�v��



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

572  
 

�\�b�^�h�b�a�f�_�g�y�x�s�m�x�k�y�� �i�h�e�b�l�b�q�_�k�d�m�x���� �h�[�s�_�k�l�\�_�g�g�m�x�� �b�� �w�d�h�g�h�f�b�q�_�k�d�m�x�� �d�h�g�t�x�g�d�l�m�j�m�� �\�� �w�l�h�f��

�h�l�g�h�r�_�g�b�b�� �h�k�l�Z�_�l�k�y�� �i�Z�k�k�b�\�g�h�c���� �?�k�l�_�k�l�\�_�g�g�h���� �q�l�h�� �h�g�Z�� �g�_�� �k�l�Z�\�b�l�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �a�Z�^�Z�q�� �b��

�i�_�j�_�^�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c�� �]�b�^�j�h�e�h�]�b�_�c���� �J�_�a�m�e�v�l�Z�l�� �h�q�_�\�b�^�_�g�� �± �a�Z�k�l�h�c�� �g�Z�m�d�b�� �b�� �k�l�j�_�f�b�l�_�e�v�g�u�c��

�j�h�k�l�� �d�h�e�b�q�_�k�l�\�Z�� �e�`�_�m�q�_�g�u�o���� �i�u�l�Z�x�s�b�o�k�y�� �©�e�h�\�b�l�v�� �j�u�[�d�m�� �\�� �f�m�l�g�h�c�� �\�h�^�_�ª�� �b�� �i�j�_�^�e�Z�]�Z�x�s�b�o��

�k�\�h�b���m�k�e�m�]�b���i�h�l�j�_�[�b�l�_�e�y�f�����g�_���k�i�h�k�h�[�g�u�f���j�Z�a�e�b�q�Z�l�v���d�Z�q�_�k�l�\�h���i�j�_�^�e�Z�]�Z�_�f�h�c���©�i�j�h�^�m�d�p�b�b�ª�� 

�B�l�Z�d�����k�h�\�j�_�f�_�g�g�h�_���j�h�k�k�b�c�k�d�h�_���h�[�s�_�k�l�\�h���]�b�^�j�h�e�h�]�h�\���\�u�]�e�y�^�b�l���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f����

�m�\�_�e�b�q�_�g�b�_�� �q�b�k�e�Z �f�g�b�f�u�o�� �m�q�_�g�u�o���� �\�u�f�b�j�Z�g�b�_�� �b�e�b�� �i�_�j�_�j�h�`�^�_�g�b�_�� �i�j�h�n�_�k�k�b�h�g�Z�e�h�\���� �j�_�a�d�h�_��

�k�h�d�j�Z�s�_�g�b�_���d�h�e�b�q�_�k�l�\�Z���b���d�Z�q�_�k�l�\�Z���f�h�e�h�^�u�o���k�i�_�p�b�Z�e�b�k�l�h�\���\�k�_�o���m�j�h�\�g�_�c�����I�h�j�Z���[�b�l�v���\���g�Z�[�Z�l�� 

�:�� �l�_�i�_�j�v�� �g�_�h�[�o�h�^�b�f�h�� �d�j�Z�l�d�h�� �h�k�l�Z�g�h�\�b�l�v�k�y�� �g�Z�� �h�k�g�h�\�g�u�o�� �i�j�b�q�b�g�Z�o�� �g�_�l�_�j�i�b�f�h�]�h��

�i�h�e�h�`�_�g�b�y���k���g�Z�m�d�h�c���\���g�Z�r�_�f���H�l�_�q�_�k�l�\�_�����F�g�h�]�b�_���b�a���g�b�o���h�q�_�\�b�^�g�u�����i�h�w�l�h�f�m���y���h�k�l�Z�g�h�\�e�x�k�v���g�Z��

�[�h�e�_�_�� �k�i�_�p�b�n�b�q�g�u�o���� �H�^�g�Z�� �b�a�� �i�j�b�q�b�g�� �g�_�^�_�c�k�l�\�_�g�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �g�Z�m�d�h�c�� �\�� �J�h�k�k�b�b�� 

21-�]�h���\�_�d�Z���± �w�l�h���i�j�h�l�b�\�h�j�_�q�b�_���f�_�`�^�m���g�Z�k�e�_�^�b�_�f�����h�k�l�Z�\�r�_�f�k�y���h�l���K�h�\�_�l�k�d�h�]�h���K�h�x�a�Z�����b���g�_���h�q�_�g�v��

�h�l�\�_�l�k�l�\�_�g�g�u�f�b�� �b�� �g�_�� �h�q�_�g�v�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�f�b�� �k�h�h�[�j�Z�`�_�g�b�y�f�b�� �j�y�^�Z�� �[�u�k�l�j�h�� �k�f�_�g�y�x�s�b�o��

�^�j�m�]�� �^�j�m�]�Z�� �e�b�p���� �i�j�b�g�b�f�Z�x�s�b�o�� �j�_�r�_�g�b�y�� �g�Z�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�f�� �m�j�h�\�g�_���� �<�� �b�a�\�j�Z�s�_�g�g�u�o�� �m�f�Z�o��

�©�j�_�n�h�j�f�Z�l�h�j�h�\�ª���j�h�k�k�b�c�k�d�h�c���g�Z�m�d�b���]�h�k�i�h�^�k�l�\�m�_�l���\�h�\�k�_���g�_���k�l�j�_�f�e�_�g�b�_���k�h�a�^�Z�l�v���_�c���i�j�b�h�j�b�l�_�l�g�h�_��

�i�h�e�h�`�_�g�b�_�� �\�� �`�b�a�g�b�� �h�[�s�_�k�l�\�Z���� �Z�� �g�Z�h�[�h�j�h�l���� �b�^�_�y�� �h�k�\�h�[�h�^�b�l�v�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �[�x�^�`�_�l�� �h�l�� �_�_��

�[�j�_�f�_�g�b�����B���\�j�h�^�_���[�u���g�b�d�h�f�m���g�_�\�^�h�f�_�d�����i�h���g�_�\�_�^�_�g�b�x���b�e�b���i�h���m�f�u�k�e�m�������q�l�h���l�_�f���k�Z�f�u�f���[�m�^�_�l��

�\�u�a�\�Z�g�Z�� �g�_�i�h�i�j�Z�\�b�f�Z�y�� �d�Z�l�Z�k�l�j�h�n�Z���� �>�j�m�]�b�f�b�� �k�e�h�\�Z�f�b���� �l�Z�d�Z�y�� �[�e�b�a�h�j�m�d�Z�y���� �_�k�e�b�� �g�_�� �k�d�Z�a�Z�l�v��

�[�h�e�v�r�_���� �i�h�e�b�l�b�d�Z�� �\�� �h�l�g�h�r�_�g�b�b�� �g�Z�m�d�b���� �[�_�a�m�k�e�h�\�g�h���� �g�Z�g�h�k�b�l�� �k�h�d�j�m�r�b�l�_�e�v�g�u�c�� �m�^�Z�j�� �i�h��

�[�m�^�m�s�_�f�m���J�h�k�k�b�b�����h�l�[�j�Z�k�u�\�Z�y���_�_���h�d�h�g�q�Z�l�_�e�v�g�h���\���j�Z�a�j�y�^���k�e�Z�[�h���j�Z�a�\�b�l�u�o���k�l�j�Z�g�� 

�B�� �g�Z�d�h�g�_�p���� �h�[�g�Z�j�h�^�m�x�� �g�Z�� �i�_�j�\�u�c�� �\�a�]�e�y�^�� �d�h�s�m�g�k�l�\�_�g�g�m�x�� �f�u�k�e�v���� �\�_�j�h�y�l�g�h�� �\�� �l�_�e�_��

�g�Z�r�_�c���G�Z�m�d�b���k�m�s�_�k�l�\�m�x�l���k�\�h�_�]�h���j�h�^�Z���©�d�j�b�f�b�g�Z�e�v�g�u�_���k�l�j�m�d�l�m�j�u�ª�����k�h�a�g�Z�l�_�e�v�g�h���[�h�j�x�s�b�_�k�y���a�Z��

�a�Z�o�\�Z�l���n�b�g�Z�g�k�b�j�m�_�f�h�]�h���g�Z�m�q�g�h�]�h���b���h�d�h�e�h�g�Z�m�q�g�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z�����B���i�j�h�l�b�\���w�l�h�]�h���i�h�d�Z���g�_�l���g�b��

�a�Z�d�h�g�h�\���� �g�b�� �b�g�u�o�� �k�i�h�k�h�[�h�\�� �i�j�h�l�b�\�h�^�_�c�k�l�\�b�y���� �G�h�� �d�j�b�f�b�g�Z�e�� �_�k�l�v�� �d�j�b�f�b�g�Z�e���� �b�� �a�^�_�k�v�� �y�� �e�b�r�v��

�j�Z�a�\�h�`�m���j�m�d�Z�f�b�� 

�L�_�i�_�j�v�� �y�� �[�u�� �o�h�l�_�e�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z�� �g�_�d�m�x�� �h�q�_�\�b�^�g�h�k�l�v�� �b�� �i�j�b�\�_�k�l�b�� �\�� �^�Z�g�g�h�f��

�d�h�g�l�_�d�k�l�_���^�\�_���a�e�h�[�h�^�g�_�\�g�u�_���p�b�l�Z�l�u�� 

�©�A�Z�i�Z�k�u���k�u�j�v�y���b���w�g�_�j�]�b�b���m�\�_�e�b�q�b�\�Z�l�v���g�_�\�h�a�f�h�`�g�h���� �H�g�b���i�h�k�l�_�i�_�g�g�h���m�f�_�g�v�r�Z�x�l�k�y����

�E�b�r�v�� �q�_�e�h�\�_�q�_�k�d�Z�y�� �f�u�k�e�v�� �y�\�e�y�_�l�k�y�� �l�_�f�� �b�k�l�h�q�g�b�d�h�f���� �d�h�l�h�j�u�c�� �l�_�f�� �[�h�e�v�r�_�� �h�l�^�Z�_�l���� �q�_�f��

�[�h�e�v�r�_���b�a���g�_�]�h���q�_�j�i�Z�x�l���������I�h�w�l�h�f�m���a�g�Z�g�b�y���± �g�Z�r���k�Z�f�u�c���h�[�b�e�v�g�u�c�����k�Z�f�u�c���\�Z�`�g�u�c���b���k�Z�f�u�c��

�p�_�g�g�u�c���b�k�l�h�q�g�b�d�ª�� �N�_�e�b�d�k���J�����I�Z�l�m�j�b�����A�h�^�q�b�_���O�OI �\�_�d�Z���� 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 573 

 

�©�������K���d�Z�d�h�c���`�_���k�d�Z�j�_�^�g�h�k�l�v�x���m�f�Z���b���k�j�_�^�k�l�\�����b���\���d�Z�d�h�f���[�_�k�i�h�j�y�^�d�_���f�u���k�_�]�h�^�g�y���\�_�^�_�f��

�b�k�k�e�_�^�h�\�Z�g�b�y�����o�h�l�y���b���i�j�h�k�e�Z�\�e�y�_�f���g�Z�m�d�m���b���i�h�e�v�a�m�_�f�k�y���_�_���[�e�Z�]�Z�f�b�����>�m�f�Z�e�b���e�b���f�u���d�h�]�^�Z-�g�b�[�m�^�v��

�k�_�j�v�_�a�g�h���h�[���w�l�h�c���k�b�l�m�Z�p�b�b���g�b�s�_�l�u�"�ª 

�©�G�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�h�� �\�k�_�f�� �f�b�j�_�� �\�� �l�_�q�_�g�b�_�� �]�h�^�Z�� �\�u�^�_�e�y�_�l�k�y�� �f�_�g�v�r�_�� �^�_�g�_�]���� �q�_�f�� �g�Z��

�k�l�j�h�b�l�_�e�v�k�l�\�h���h�^�g�h�]�h���d�j�_�c�k�_�j�Z���� �G�_���h�d�Z�`�m�l�k�y���e�b���i�j�Z�\�u���g�Z�r�b���i�j�Z�\�g�m�d�b���� �d�h�]�^�Z���i�h�k�q�b�l�Z�x�l��

�g�Z�k���\�Z�j�\�Z�j�Z�f�b�"�ª���I�v�_�j���L�_�c�y�j���^�_���R�Z�j�^�_�g�����N�_�g�h�f�_�g���q�_�e�h�\�_�d�Z���� 

�K�d�e�h�g�b�\�� �]�h�e�h�\�u�� �i�_�j�_�^�� �m�^�j�m�q�Z�x�s�_�c�� �d�Z�j�l�b�g�h�c���k�d�Z�j�_�^�g�h�k�l�b�� �F�b�g�n�b�g�Z���b�� �h�e�b�]�Z�j�o�b�b���b��

�g�b�s�_�l�u�� �k�e�m�`�b�l�_�e�_�c�� �]�b�^�j�h�e�h�]�b�b���� �i�h�i�j�h�[�m�_�f�� �i�j�_�^�k�l�Z�\�b�l�v�� �k�_�[�_�� �e�h�]�b�q�g�m�x�� �k�l�j�m�d�l�m�j�m��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �]�b�^�j�h�e�h�]�b�b�� �b�� �]�h�k�m�^�Z�j�k�l�\�Z�� �\�� �m�k�e�h�\�b�y�o�� �k�h�\�j�_�f�_�g�g�h�c�� �i�h�e�b�l�b�q�_�k�d�h�c�� �b��

�w�d�h�g�h�f�b�q�_�k�d�h�c�� �`�b�a�g�b�� �k�l�j�Z�g�u�� �k�h�� �\�k�_�f�b�� �_�_�� �^�_�f�h�d�j�Z�l�b�q�_�k�d�b�f�b�� �i�j�b�g�p�b�i�Z�f�b�� �m�i�j�Z�\�e�_�g�b�y��

�h�[�s�_�k�l�\�_�g�g�u�f�� �b�� �q�Z�k�l�g�u�f�� �i�j�h�b�a�\�h�^�k�l�\�h�f���� �N�m�g�d�p�b�b�� �j�m�d�h�\�h�^�b�l�_�e�y�� �g�Z�m�q�g�h�]�h�� �m�q�j�_�`�^�_�g�b�y��

�a�g�Z�q�b�l�_�e�v�g�h���m�k�e�h�`�g�b�e�b�k�v�����L�_�i�_�j�v���h�g���h�[�y�a�Z�g���^�m�f�Z�l�v���g�_���l�h�e�v�d�h���h�[���h�j�]�Z�g�b�a�Z�p�b�b���b���i�j�h�\�_�^�_�g�b�b��

�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� �j�Z�[�h�l�u�� �\�� �k�\�h�_�f�� �m�q�j�_�`�^�_�g�b�b���� �g�h�� �b�� �i�h�k�l�h�y�g�g�h�� �j�_�r�Z�l�v��

�i�_�j�k�i�_�d�l�b�\�g�u�_���� �k�l�j�Z�l�_�]�b�q�_�k�d�b�_�� �\�h�i�j�h�k�u�� �b�� �f�g�h�]�h�_�� �^�j�m�]�h�_���� �H�^�g�h�\�j�_�f�_�g�g�h�� �h�g�� �^�h�e�`�_�g�� �[�u�l�v�� �b��

�o�h�j�h�r�b�f�� �f�_�g�_�^�`�_�j�h�f���� �l�h�� �_�k�l�v�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�f�� �m�i�j�Z�\�e�y�x�s�b�f���� �q�_�e�h�\�_�d�h�f���� �h�[�e�Z�^�Z�x�s�b�f��

�k�i�_�p�b�Z�e�v�g�u�f�b�� �a�g�Z�g�b�y�f�b���� �h�k�h�[�u�f�� �l�Z�e�Z�g�l�h�f�� �b�� �h�i�j�_�^�_�e�_�g�g�u�f�b�� �g�Z�\�u�d�Z�f�b�� �\�� �b�k�d�m�k�k�l�\�_��

�m�i�j�Z�\�e�_�g�b�y���^�_�y�l�_�e�v�g�h�k�l�v�x���\���h�i�j�_�^�_�e�_�g�g�h�c���h�[�e�Z�k�l�b���g�Z�m�d�b�����\���g�Z�r�_�f���k�e�m�q�Z�_���\���]�b�^�j�h�e�h�]�b�b�� 

�Y�� �k�h�a�g�Z�l�_�e�v�g�h�� �g�_�� �b�k�i�h�e�v�a�m�x�� �i�j�b�\�u�q�g�h�_�� �k�e�h�\�h�� �©�^�b�j�_�d�l�h�j�ª���� �b�[�h�� �i�h�k�e�_�^�g�b�c���� �i�h��

�l�j�Z�^�b�p�b�b���� �h�^�g�h�\�j�_�f�_�g�g�h�� �^�h�e�`�_�g�� �[�u�l�v�� �b�� �m�q�_�g�u�f���� �<�� �w�l�h�f�� �_�]�h�� �k�b�e�Z�� �b�� �_�]�h�� �k�e�Z�[�h�k�l�v���� �J�_�^�d�b�c��

�^�b�j�_�d�l�h�j���b�g�k�l�b�l�m�l�Z���k�i�h�k�h�[�_�g���k�h�o�j�Z�g�y�l�v���h�[�t�_�d�l�b�\�g�h�k�l�v���b���i�j�b�g�p�b�i�b�Z�e�v�g�h�k�l�v���i�j�b���h�j�]�Z�g�b�a�Z�p�b�b��

�b���m�i�j�Z�\�e�_�g�b�b���g�Z�m�q�g�u�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�f�b�����l�Z�d���d�Z�d���k�h�a�g�Z�l�_�e�v�g�h���b�e�b���g�_�l�����g�h���^�_�c�k�l�\�m�_�l���\�k�_-�l�Z�d�b��

�\���k�h�h�l�\�_�l�k�l�\�b�b���k�h���k�\�h�b�f�b���k�_�i�Z�j�Z�l�b�k�l�k�d�b�f�b���\�d�m�k�Z�f�b�� 

�B�l�Z�d���� �\�h�a�g�b�d�Z�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �i�h�y�\�e�_�g�b�y�� �k�\�h�_�]�h�� �j�h�^�Z�� �g�Z�m�q�g�h�]�h�� �f�_�g�_�^�`�f�_�g�l�Z���� �d�Z�d��

�m�i�j�Z�\�e�_�g�b�_���j�_�r�_�g�b�_�f���n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o���g�Z�m�q�g�u�o���i�j�h�[�e�_�f���b���a�Z�^�Z�q�����b���g�Z���w�l�h�c���[�Z�a�_���k�h�a�^�Z�g�b�_�f��

�g�_�h�[�o�h�^�b�f�u�o�� �i�j�b�d�e�Z�^�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �i�h�k�l�h�y�g�g�h�� �f�h�^�_�j�g�b�a�b�j�m�_�f�u�o�� �b�� �^�h�i�h�e�g�y�_�f�u�o����

�I�Z�j�Z�e�e�_�e�v�g�h�� �k�j�Z�a�m�� �^�h�e�`�g�Z�� �[�u�l�v�� �h�j�]�Z�g�b�a�h�\�Z�g�Z�� �b�� �k�b�k�l�_�f�Z�� �f�_�j�h�i�j�b�y�l�b�c�� �i�h�� �b�a�m�q�_�g�b�x��

�\�h�a�g�b�d�Z�x�s�_�]�h���k�i�j�h�k�Z���g�Z���k�h�h�l�\�_�l�k�l�\�m�x�s�m�x���g�Z�m�q�g�m�x���i�j�h�^�m�d�p�b�x���b���Z�d�l�b�\�g�h�f�m���\�h�a�^�_�c�k�l�\�b�x���k��

�w�e�_�f�_�g�l�Z�f�b�� �©�\�h�k�i�b�l�Z�g�b�y�ª�� �g�Z�� �\�h�a�f�h�`�g�u�o�� �i�h�l�j�_�[�b�l�_�e�_�c�� �l�Z�d�h�c�� �i�j�h�^�m�d�p�b�b�� ���i�h�� �k�m�l�b�� �^�_�e�Z�� �± 

�g�Z�m�q�g�u�c���f�Z�j�d�_�l�b�g�]���� 

�G�b�`�_���i�j�b�\�_�^�_�g�Z���[�e�h�d-�k�o�_�f�Z�����d�h�f�i�Z�d�l�g�h���b�e�e�x�k�l�j�b�j�m�x�s�Z�y���\�h�a�f�h�`�g�h�_���p�_�e�_�k�h�h�[�j�Z�a�g�h�_��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �]�b�^�j�h�e�h�]�b�b�� �k�� �]�h�k�m�^�Z�j�k�l�\�h�f�� �b�� �h�[�s�_�k�l�\�h�f���� �E�x�[�h�c�� �k�_�j�v�_�a�g�u�c�� �k�[�h�c�� �\�� �w�l�h�c��

�k�b�k�l�_�f�_���\�_�^�_�l���d���g�_�i�h�i�j�Z�\�b�f�u�f���i�h�k�e�_�^�k�l�\�b�y�f�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

574  
 

 

�G�Z�r�_���\�h�k�i�j�b�y�l�b�_���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���d�Z�l�Z�k�l�j�h�n 

�K�m�s�_�k�l�\�m�x�l���l�_�j�j�b�l�h�j�b�b�����g�_���i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_���^�e�y���i�h�k�l�h�y�g�g�h�]�h���i�j�_�[�u�\�Z�g�b�y���q�_�e�h�\�_�d�Z��

�\�� �b�o�� �i�j�_�^�_�e�Z�o���� �b�[�h�� �h�g�b�� �\�j�_�f�y�� �h�l�� �\�j�_�f�_�g�b�� �i�h�^�\�_�j�]�Z�x�l�k�y�� �i�j�y�f�h�f�m�� �\�h�a�^�_�c�k�l�\�b�x�� �h�i�Z�k�g�u�o��

�i�j�b�j�h�^�g�u�o�� �y�\�e�_�g�b�c���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���� �G�h�� �a�Z�q�Z�k�l�m�x�� �l�Z�d�b�_�� �l�_�j�j�b�l�h�j�b�b��

�h�d�Z�a�u�\�Z�x�l�k�y�� �i�h�� �j�Z�a�g�u�f�� �i�j�b�q�b�g�Z�f�� �d�Z�d�� �j�Z�a�� �h�q�_�g�v�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�u�f�b�� �^�e�y�� �h�k�\�h�_�g�b�y�� �b�� �^�Z�`�_��

�a�Z�k�_�e�_�g�b�y�����B���h�i�Z�k�g�h�k�l�v���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y���i�j�b���w�l�h�f���i�j�h�k�l�h-�g�Z�i�j�h�k�l�h���b�]�g�h�j�b�j�m�x�l�k�y�� 

�Q�l�h���f�_�r�Z�_�l�� �m�^�_�j�`�b�\�Z�l�v���e�x�^�_�c���h�l���i�j�_�[�u�\�Z�g�b�y���g�Z���h�i�Z�k�g�u�o���l�_�j�j�b�l�h�j�b�y�o�"���<�h-�i�_�j�\�u�o����

�g�_�\�_�j�b�_���h�[�u�\�Z�l�_�e�y���\���j�_�Z�e�v�g�m�x���h�i�Z�k�g�h�k�l�v���k�l�h�e�v���y�d�h�[�u���^�Z�e�_�d�b�o���b���j�_�^�d�b�o���k�h�[�u�l�b�c�����<�h-�\�l�h�j�u�o����

�i�h�e�g�h�_�� �h�l�k�m�l�k�l�\�b�_�� �h�k�\�_�^�h�f�e�_�g�g�h�k�l�b�� �h�� �\�h�a�f�h�`�g�u�o�� �h�i�Z�k�g�u�o�� �y�\�e�_�g�b�y�o���� �i�h�j�h�`�^�_�g�g�h�c��

�g�_�i�h�e�g�h�l�h�c�� �b�e�b�� �b�k�d�Z�`�_�g�b�_�f�� �b�g�n�h�j�f�Z�p�b�b���� �<-�l�j�_�l�v�b�o���� �h�d�Z�a�Z�\�r�b�_�k�y�� �g�_�k�h�k�l�h�y�l�_�e�v�g�u�f�b�� �[�h�e�_�_��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 575 

 

�j�Z�g�g�b�_�� �i�j�h�]�g�h�a�u�� �b�� �i�j�_�^�m�i�j�_�`�^�_�g�b�y���� �<-�q�_�l�\�_�j�l�u�o���� �h�l�k�m�l�k�l�\�b�_�� �\�a�Z�b�f�h�i�h�g�b�f�Z�g�b�y�� �f�_�`�^�m��

�g�Z�k�_�e�_�g�b�_�f�� �b�� �\�e�Z�k�l�y�f�b�� �j�Z�a�g�h�]�h�� �d�Z�e�b�[�j�Z�� �i�h�� �i�j�b�q�b�g�_�� �g�_�i�j�h�n�_�k�k�b�h�g�Z�e�b�a�f�Z���i�j�b��

�i�j�_�^�m�i�j�_�^�b�l�_�e�v�g�u�o�� �b�� �k�i�Z�k�Z�l�_�e�v�g�u�o�� �f�_�j�h�i�j�b�y�l�b�y�o���� �Z�� �l�Z�d�`�_�� �i�j�h�f�_�^�e�_�g�b�c�� �b�� �m�d�e�h�g�_�g�b�c�� �i�j�b��

�h�j�]�Z�g�b�a�Z�p�b�b���w�d�k�l�j�_�g�g�h�c���i�h�f�h�s�b���b�e�b���\�u�i�e�Z�l�Z�o���d�h�f�i�_�g�k�Z�p�b�c�� 

�H�q�_�g�v���\�Z�`�g�h���i�h�g�b�f�Z�l�v�����q�l�h���g�Z�k�l�h�y�s�Z�y���h�i�Z�k�g�h�k�l�v���b�k�o�h�^�b�l���g�_���h�l���i�j�b�j�h�^�u���b���_�_���k�l�b�o�b�c����

�Z�� �h�l�� �i�j�_�k�l�m�i�g�h�]�h�� �j�Z�\�g�h�^�m�r�b�y���� �]�e�m�i�h�k�l�b���� �Z�e�q�g�h�k�l�b�� �b�� �g�_�h�k�\�_�^�h�f�e�_�g�g�h�k�l�b�� �q�_�e�h�\�_�d�Z����

�h�[�b�l�Z�x�s�_�]�h���k�j�_�^�b���i�j�b�j�h�^�g�u�o���y�\�e�_�g�b�c���[�_�a���h�]�e�y�^�d�b���g�Z���g�b�o���b���k�i�h�o�\�Z�l�u�\�Z�x�s�_�]�h�k�y���e�b�r�v���l�h�]�^�Z����

�d�h�]�^�Z���]�j�y�g�_�l���]�j�h�f�����L�Z�d�h�_ �i�h�e�h�`�_�g�b�_���\�_�s�_�c���f�g�h�]�h�d�j�Z�l�g�h���m�k�m�]�m�[�e�y�_�l���i�h�k�e�_�^�k�l�\�b�y���i�j�b�j�h�^�g�u�o��

�d�Z�l�Z�k�l�j�h�n�� 

�G�Z�� �w�l�Z�i�_�� �j�Z�k�i�Z�^�Z�� �=�h�k�m�^�Z�j�k�l�\�Z�� �a�Z�s�b�s�_�g�g�h�k�l�v�� �h�l�� �h�i�Z�k�g�u�o�� �y�\�e�_�g�b�c�� �j�_�a�d�h�� �i�Z�^�Z�_�l����

�I�h�^�h�[�g�u�c�� �j�Z�k�i�Z�^�� �g�Z�k�l�m�i�Z�_�l���� �d�h�]�^�Z�� �_�]�h�� �i�j�Z�\�y�s�b�c�� �k�e�h�c�� �l�_�j�y�_�l�� �©�e�m�q�r�b�o�� �e�x�^�_�c�ª�� ���l�_�j�f�b�g��

�I�b�l�b�j�b�f�Z���K�h�j�h�d�b�g�Z�����b���a�Z�i�h�e�g�y�_�l���i�m�k�l�h�l�m���q�b�g�h�\�g�b�q�_�k�l�\�h�f���± �©�h�k�h�[�h�c���k�h�p�b�Z�e�v�g�h�c���]�j�m�i�i�h�c�����«��

�g�Z�p�_�e�_�g�g�h�c�� �e�b�r�v�� �g�Z�� �k�\�h�b�� �d�h�j�u�k�l�g�u�_�� �b�g�l�_�j�_�k�u�� �\�f�_�k�l�h�� �h�[�s�_�g�Z�j�h�^�g�u�o�� �b�� �e�_�]�d�h�� �f�_�g�y�x�s�_�c��

�i�h�e�b�l�b�q�_�k�d�m�x���h�d�j�Z�k�d�m���d���k�\�h�_�c���\�u�]�h�^�_�ª���>�F�y�]�d�h�\�������������@�� 

�<�� �g�Z�r�_�c�� �k�l�j�Z�g�_�� �\�h�k�i�j�b�y�l�b�_�� �]�h�k�m�^�Z�j�k�l�\�h�f�� �i�j�b�j�h�^�g�u�o�� �d�Z�l�Z�k�l�j�h�n�� �i�j�b�h�[�j�_�e�h��

�k�e�_�^�m�x�s�m�x���k�i�_�p�b�n�b�q�_�k�d�m�x���n�h�j�f�m�����\�u�j�Z�`�_�g�Z���\�g�_�r�g�y�y���]�h�l�h�\�g�h�k�l�v���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o���k�l�j�m�d�l�m�j��

�j�_�Z�]�b�j�h�\�Z�l�v���g�Z���b�o���i�h�k�e�_�^�k�l�\�b�y�����g�h���k�l�h�e�v���`�_���h�l�q�_�l�e�b�\�h���\�u�j�Z�`�_�g�h���m�d�e�h�g�_�g�b�_���h�l�� 

�x �i�j�h�\�_�^�_�g�b�y�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �b�� �i�j�b�d�e�Z�^�g�u�o�� �g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �h�i�Z�k�g�u�o��

�i�j�b�j�h�^�g�u�o�����\���l�h�f���q�b�k�e�_ �b���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�����y�\�e�_�g�b�c�����k�h�a�^�Z�g�b�y���f�_�l�h�^�h�\���b�o���j�Z�k�q�_�l�Z���b���i�j�h�]�g�h�a�Z�� 

�x �k�h�^�_�j�`�Z�g�b�y���b���j�Z�k�r�b�j�_�g�b�y���g�Z�[�e�x�^�Z�l�_�e�v�g�h�c���k�_�l�b�����\�_�^�m�s�_�c���f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���b��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �g�Z�[�e�x�^�_�g�b�y���� �b�� �k�e�_�`�_�g�b�_�� �a�Z�� �k�i�_�p�b�n�b�q�_�k�d�b�f�b�� �i�j�h�y�\�e�_�g�b�y�f�b���h�i�Z�k�g�u�o��

�]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���y�\�e�_�g�b�c���\���]�h�j�Z�o���b���g�Z �j�Z�\�g�b�g�_�� 

�x �k�h�a�^�Z�g�b�_���k�h�\�j�_�f�_�g�g�h�c���k�e�m�`�[�u���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���b���i�j�_�^�m�i�j�_�`�^�_�g�b�y���h�[���h�i�Z�k�g�u�o��

�i�j�b�j�h�^�g�u�o���y�\�e�_�g�b�y�o�� 

�x �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �a�Z�s�b�l�g�u�o�� �k�h�h�j�m�`�_�g�b�c�� �b�� �i�j�h�\�_�^�_�g�b�_�� �f�_�e�b�h�j�Z�l�b�\�g�u�o�� �j�Z�[�h�l����

�k�g�b�`�Z�x�s�b�o���m�]�j�h�a�m���i�j�h�y�\�e�_�g�b�y���h�i�Z�k�g�u�o���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�� 

�G�_�� �m�\�_�j�_�g���� �q�l�h�� �]�h�k�m�^�Z�j�k�l�\�h�� �i�j�b�� �w�l�h�f�� �o�h�l�y�� �[�u�� �w�d�h�g�h�f�b�l�� �k�j�_�^�k�l�\�Z�� �k�� �i�h�f�h�s�v�x��

�h�i�b�k�Z�g�g�h�c�� �k�l�j�Z�l�_�]�b�b���� �k�d�h�j�_�_�� �h�g�h�� �b�o�� �[�_�a�^�Z�j�g�h�� �l�j�Z�g�`�b�j�b�l�� �b�� �^�h�i�h�e�g�b�l�_�e�v�g�h�� �j�Z�k�i�e�Z�q�b�\�Z�_�l�k�y��

�q�_�e�h�\�_�q�_�k�d�b�f�b�� �`�b�a�g�y�f�b�� �b�� �a�^�h�j�h�\�v�_�f�� �a�Z�� �i�j�Z�\�h�� �j�Z�a�j�_�r�Z�l�v�� �k�\�h�b�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f��

�m�i�j�Z�\�e�y�x�s�b�f���k�l�j�m�d�l�m�j�Z�f���^�_�c�k�l�\�h�\�Z�l�v���g�_�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

576  
 

�;�m�^�m�s�_�_���]�b�^�j�h�e�h�]�b�b 

�=�b�^�j�h�e�h�]�b�q�_�k�d�h�_���k�h�h�[�s�_�k�l�\�h 

�D�� �\�h�i�j�h�k�m�� �h�� �g�Z�m�q�g�h�f�� �f�b�j�h�\�h�a�a�j�_�g�b�b�� �\�i�e�h�l�g�m�x�� �i�j�b�f�u�d�Z�_�l�� �b�� �^�j�m�]�h�c���� �f�h�`�_�l�� �[�u�l�v��

�k�\�h�^�y�s�b�c���g�Z�k���k���g�_�[�_�k���g�Z���a�_�f�e�x�����<�h�l���h�g�����k�m�s�_�k�l�\�m�_�l���e�b���_�^�b�g�h�f�u�k�e�b�_���k�j�_�^�b���g�Z�r�_�]�h���g�Z�m�q�g�h�]�h����

�\�� �q�Z�k�l�g�h�k�l�b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���� �k�h�h�[�s�_�k�l�\�Z�" �I�h�^�� �_�^�b�g�h�f�u�k�e�b�_�f�� �y�� �i�h�g�b�f�Z�x�� �g�_�� �h�l�k�m�l�k�l�\�b�_��

�j�Z�a�e�b�q�b�c���\�h���\�a�]�e�y�^�Z�o���g�Z���]�b�^�j�h�e�h�]�b�q�_�k�d�b�_���d�h�g�d�j�_�l�g�h�k�l�b���b���\���f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���i�j�b�k�l�j�Z�k�l�b�y�o����

�Z���h�^�b�g�Z�d�h�\�h�k�l�v���h�k�g�h�\�g�u�o���`�b�a�g�_�g�g�u�o���i�j�b�g�p�b�i�h�\�����h�[�j�Z�a�Z���f�u�k�e�_�c�����g�Z�m�q�g�h�c���w�l�b�d�b�����h�l�g�h�r�_�g�b�y���d��

�i�j�b�j�h�^�_���� �i�h�g�b�f�Z�g�b�_�� �k�\�h�_�]�h�� �^�h�e�]�Z�� �m�q�_�g�h�]�h���� �<�� �w�l�h�f�� �k�f�u�k�e�_�� �_�^�b�g�h�f�u�k�e�b�_�� �± �g�_�i�j�_�f�_�g�g�h�_��

�m�k�e�h�\�b�_���i�j�b�k�m�l�k�l�\�b�_���\���k�h�h�[�s�_�k�l�\�_���i�h�^�e�b�g�g�h�]�h���^�m�o�Z���g�Z�m�d�b�� 

�F�h�`�g�h�� �w�l�h�l�� �\�h�i�j�h�k�� �i�h�k�l�Z�\�b�l�v�� �b�� �i�h-�^�j�m�]�h�f�m���� �d�Z�d�m�x�� �f�h�`�g�h�� �^�Z�l�v�� �h�p�_�g�d�m�� �k�h�k�l�h�y�g�b�x��

�k�h�\�j�_�f�_�g�g�h�]�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���� �b�� �g�_�� �l�h�e�v�d�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���� �g�Z�m�q�g�h�]�h�� �k�h�h�[�s�_�k�l�\�Z�" 

�H�p�_�g�d�Z���w�l�Z�����m�\�u�����^�h�k�l�Z�l�h�q�g�h���i�_�k�k�b�f�b�k�l�b�q�g�Z�����>�h���d�h�g�p�Z���l�Z�d���b���g�_���k�e�h�`�b�\�r�b�k�v�����w�l�h���k�h�h�[�s�_�k�l�\�h��

�g�_�m�^�_�j�`�b�f�h�� �j�Z�k�i�Z�^�Z�_�l�k�y���� �<�k�_�� �q�Z�s�_�� �b�g�l�_�j�_�k�u�� �g�Z�m�d�b�� �i�h�^�f�_�g�y�x�l�k�y�� �b�g�l�_�j�_�k�Z�f�b�� �h�l�^�_�e�v�g�u�o��

�e�b�q�g�h�k�l�_�c���� �<�� �h�[�b�o�h�^�_�� �f�u�� �g�Z�a�u�\�Z�_�f�� �w�l�h�� �w�]�h�p�_�g�l�j�b�a�f�h�f���� �\�� �g�Z�m�d�_�� �`�_�� �^�_�e�h�� �h�[�k�l�h�b�l�� �]�h�j�Z�a�^�h��

�k�_�j�v�_�a�g�_�_���� �l�Z�d�� �d�Z�d�� �i�j�b�� �w�l�h�f�� �i�h�k�l�_�i�_�g�g�h�� �i�h�^�l�Z�q�b�\�Z�x�l�k�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�� �\�j�h�^�_�� �[�u��

�g�_�i�j�_�e�h�`�g�u�o���b���g�_�i�j�_�o�h�^�y�s�b�o���p�_�g�g�h�k�l�y�o�����k�e�h�`�b�\�r�b�o�k�y���\���m�f�Z�o���e�m�q�r�_�c���q�Z�k�l�b���q�_�e�h�\�_�q�_�k�l�\�Z�� 

�>�e�y�� �g�u�g�_�r�g�_�]�h�� �l�b�i�b�q�g�h�]�h�� �i�j�_�^�k�l�Z�\�b�l�_�e�y�� �m�q�_�g�h�]�h�� �f�b�j�Z�� �m�`�_�� �b�f�_�_�l�� �a�g�Z�q�_�g�b�_�� �g�_��

�k�l�h�e�v�d�h�� �k�Z�f�Z�� �g�Z�m�d�Z���� �k�d�h�e�v�d�h�� �k�\�h�_�� �k�h�[�k�l�\�_�g�g�h�_�� �©�Y�ª�� �\�� �w�l�h�c�� �g�Z�m�d�_���� �I�h�^�g�y�l�v�k�y�� �g�Z�^�� �m�j�h�\�g�_�f��

�e�b�q�g�h�k�l�g�u�o���b�g�l�_�j�_�k�h�\���m�^�Z�_�l�k�y���g�_���f�g�h�]�b�f���± �k�d�Z�a�u�\�Z�_�l�k�y���i�j�b�\�u�d�Z�g�b�_�����h�d�j�m�`�_�g�b�_�����a�Z�\�b�k�b�f�h�k�l�v��

�h�l�� �b�g�u�o�� �p�_�g�g�h�k�l�_�c���� �\�e�Z�k�l�v�� �b�f�m�s�b�o���� �<�� �j�Z�f�d�Z�o�� �]�b�^�j�h�e�h�]�b�b�� �f�g�h�]�b�_���� �g�Z�a�u�\�Z�x�s�b�_���k�_�[�y��

�]�b�^�j�h�e�h�]�Z�f�b���� �q�Z�k�l�h�� �a�Z�g�b�f�Z�x�l�k�y�� �h�d�h�e�h�]�b�^�j�h�e�h�]�b�q�_�k�d�b�f�b�� �i�j�h�[�e�_�f�Z�f�b���� �h�� �q�_�f�� �f�g�h�]�h�� �b�� �k��

�k�h�d�j�m�r�_�g�b�_�f�� �i�b�k�Z�e�� �<���� �D�e�_�f�_�r�� �>Kleme�ã���� ���������@���� �H�[�u�q�g�h�� �w�l�h�� �h�[�h�k�g�h�\�u�\�Z�_�l�k�y�� �b�^�_�y�f�b��

�j�Z�k�r�b�j�_�g�b�y�� �d�j�m�]�Z�� �b�g�l�_�j�_�k�h�\�� �]�b�^�j�h�e�h�]�b�b���� �m�\�_�e�b�q�_�g�b�_�f�� �j�Z�a�g�h�h�[�j�Z�a�b�y�� �_�_�� �i�j�b�e�h�`�_�g�b�c����

�\�_�e�_�g�b�_�f�� �\�j�_�f�_�g�b�� �b�� �h�[�k�l�h�y�l�_�e�v�k�l�\���� �G�h�� �b�f�_�g�g�h�� �\�� �l�Z�d�b�o�� �m�k�e�h�\�b�y�o�� �k�l�Z�g�h�\�b�l�k�y�� �h�k�h�[�h��

�g�_�h�[�o�h�^�b�f�u�f���Z�^�_�d�\�Z�l�g�h�_���j�Z�a�\�b�l�b�_���b���\�u�o�h�^���g�Z���g�h�\�u�_���\�u�k�h�l�u���k�h�[�k�l�\�_�g�g�h���]�b�^�j�h�e�h�]�b�b�� 

�K�d�h�e�v�d�h�� �`�_�� �g�Z�k���� �]�h�j�^�_�e�b�\�u�o�� �b�� �k�Z�f�h�g�Z�^�_�y�g�g�u�o���� �i�j�_�[�u�\�Z�_�l�� �\�� �]�b�^�j�h�e�h�]�b�b�� �b�� �^�j�m�]�b�o��

�g�Z�m�d�Z�o���h���A�_�f�e�_�����B���k�d�h�e�v���g�_�a�g�Z�q�b�l�_�e�v�g�u���b�a-�a�Z���w�l�h�]�h���g�Z�r�b���g�Z�m�q�g�u�_���^�h�k�l�b�`�_�g�b�y������ 

�J�Z�a�g�u�o�� �e�x�^�_�c���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �l�_�o���� �d�h�]�h�� �f�u�� �n�h�j�f�Z�e�v�g�h�� �b�e�b�� �i�h�� �k�m�s�_�k�l�\�m�� �g�Z�a�u�\�Z�_�f��

�©�m�q�_�g�u�f�b�ª���� �j�Z�a�^�_�e�y�_�l �b�o�� �f�b�j�h�\�h�a�a�j�_�g�b�_���� �>�e�y�� �d�j�Z�l�d�h�k�l�b�� �b�a�e�h�`�_�g�b�y�� �h�[�h�a�g�Z�q�m�� �l�h�e�v�d�h��

�d�j�Z�c�g�h�k�l�b���� 

�K�� �h�^�g�h�c�� �k�l�h�j�h�g�u���� �w�l�h�� �^�m�o�h�\�g�h�_���� �g�j�Z�\�k�l�\�_�g�g�h�_�� �b�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�_��

�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_���� �k�Z�f�h�h�l�\�_�j�`�_�g�g�u�c �l�j�m�^���� �\�_�j�Z�� �\�� �d�h�g�_�q�g�u�c�� �j�_�a�m�e�v�l�Z�l���� �W�l�h�� �[�e�Z�]�h�]�h�\�_�c�g�h�_��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 577 

 

�\�h�k�i�j�b�y�l�b�_���i�j�b�j�h�^�u�����W�l�h���k�l�j�_�f�e�_�g�b�_���k�f�h�l�j�_�l�v���g�Z���i�j�b�j�h�^�m���b���m�f�_�g�b�_���\�b�^�_�l�v���_�_�����W�l�h���`�_�e�Z�g�b�_��

�k�h�i�h�k�l�Z�\�e�y�l�v�� �k�� �g�_�c�� �g�Z�r�m�� �i�h�w�a�b�x���� �f�m�a�u�d�m���� �`�b�\�h�i�b�k�v���� �W�l�h�� �]�h�l�h�\�g�h�k�l�v�� �k�f�b�j�_�g�g�h�� �b�� �l�_�j�i�_�e�b�\�h��

�j�Z�k�r�b�n�j�h�\�Z�l�v���_�_���k�_�d�j�_�l�u.  

�K���^�j�m�]�h�c���± �w�l�h���\�a�]�e�y�^���g�Z���i�j�b�j�h�^�m���d�Z�d���g�Z���g�_�q�l�h�����a�Z�k�e�m�`�b�\�Z�x�s�_�_���l�h�e�v�d�h���[�_�a�m�k�e�h�\�g�h�]�h��

�i�h�d�h�j�_�g�b�y�����?�k�e�b���q�_�e�h�\�_�d �\�j�Z�`�^�_�[�_�g���i�j�b�j�h�^�_�����l�h�����[�m�^�m�q�b���h�[�u�\�Z�l�_�e�_�f�����h�g���_�_���i�j�h�k�l�h���a�Z�o�e�Z�f�e�y�_�l����

�h�e�b�]�Z�j�o���± �b�k�i�h�e�v�a�m�_�l���^�e�y���_�_�� �m�g�b�q�l�h�`�_�g�b�y���\�k�x���f�h�s�v���i�h�e�b�l�b�d�Z�g�k�l�\�Z���b���n�b�g�Z�g�k�h�\�� �i�h�^���n�e�Z�]�h�f��

�w�d�h�g�h�f�b�q�_�k�d�h�c���p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b�����m�q�_�g�u�c���± �g�_���k�l�Z�j�Z�_�l�k�y���g�Z�c�l�b���k���g�_�c���h�[�s�b�c���y�a�u�d�����Z���i�u�l�Z�_�l�k�y��

�i�j�_�i�h�^�g�_�k�l�b���h�[�s�_�k�l�\�m���k�m�j�j�h�]�Z�l�u���w�l�h�]�h�����l�_�r�Z���k�\�h�x���]�h�j�^�u�g�x���b���l�s�_�k�e�Z�\�b�_�����^�_�y�l�_�e�v���b�k�d�m�k�k�l�\�Z��

�± �g�_�� �\�b�^�b�l�� �_�_�� �\�h�h�q�b�x�� �b�� �g�_�� �q�m�\�k�l�\�m�_�l�� �_�_�� �k�h�k�l�h�y�g�b�y���� �Z�� �l�s�b�l�k�y�� �a�Z�f�_�g�b�l�v�� �_�_�� �b�a�u�k�d�Z�f�b��

�k�Z�f�h�\�u�j�Z�`�_�g�b�y���� 

�?�k�e�b�� �]�h�\�h�j�b�l�v�� �h�� �i�j�b�a�\�Z�g�b�b�� �Q�_�e�h�\�_�d�Z���� �l�h�� �h�g�� �^�h�e�`�_�g�� �[�u�l�v�� �o�j�Z�g�b�l�_�e�_�f�� �I�j�b�j�h�^�u����

�h�k�h�[�_�g�g�h���\�k�_�]�h���`�b�\�h�]�h���g�Z���A�_�f�e�_�����>�_�c�k�l�\�b�l�_�e�v�g�h�����f�u���\�k�_���h�l�\�_�l�k�l�\�_�g�g�u���a�Z���I�j�b�j�h�^�m�����g�h���b���i�h�q�l�b��

�\�k�_���i�j�b�g�b�f�Z�_�f���m�q�Z�k�l�b�_ �\���_�_���j�Z�a�j�m�r�_�g�b�b�����D�Z�d���^�h�f���[�_�a���^�m�r�b���y�\�e�y�_�l�k�y���e�b�r�v���f�_�k�l�h�f���i�j�_�[�u�\�Z�g�b�y��

�k�_�f�v�b���� �l�Z�d�� �b�� �g�Z�r�� �[�h�e�v�r�h�c�� �>�h�f���� �g�Z�r�Z�� �A�_�f�e�y���� �i�_�j�_�k�l�Z�_�l�� �[�u�l�v�� �l�Z�d�h�\�u�f���� �_�k�e�b�� �Q�_�e�h�\�_�q�_�k�l�\�h��

�h�d�h�g�q�Z�l�_�e�v�g�h���e�b�r�b�l���k�_�[�y���g�_�d�h�]�h���^�m�o�h�\�g�h�]�h���g�Z�q�Z�e�Z���b�����\�f�_�k�l�h���i�h�g�b�f�Z�g�b�y���b���h�o�j�Z�g�u���I�j�b�j�h�^�u����

�i�j�_�^�i�h�q�l�_�l�� �k�b�x�f�b�g�m�l�g�m�x�� �f�Z�l�_�j�b�Z�e�v�g�m�x�� �\�u�]�h�^�m���� �K�l�j�_�f�b�l�_�e�v�g�h�� �j�Z�a�j�Z�k�l�Z�x�s�b�c�k�y�� �p�b�d�e��

�©�w�d�h�e�h�]�b�q�_�k�d�b�o���g�Z�m�d�ª�����e�b�r�_�g�g�u�o���k�\�h�_�]�h���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���^�m�o�h�\�g�h�]�h���g�Z�q�Z�e�Z�����m�`�_���k�l�Z�g�h�\�b�l�k�y��

�Z�[�k�h�e�x�l�g�h�� �[�_�k�i�h�e�_�a�g�u�f���� �b�[�h�� �h�g�� �g�Z�i�j�Z�\�e�_�g�� �g�Z�� �e�_�q�_�g�b�_�� �\�g�_�r�g�b�o�� �k�b�f�i�l�h�f�h�\���� �Z�� �g�_���k�Z�f�h�c��

�[�h�e�_�a�g�b���q�_�e�h�\�_�q�_�k�d�h�]�h���h�[�s�_�k�l�\�Z���\���_�]�h���i�h�[�_�^�h�g�h�k�g�h�c���i�h�k�e�_�^�g�_�c���k�o�\�Z�l�d�_���k���i�j�b�j�h�^�h�c�����<�h�h�[�s�_����

�_�k�l�_�k�l�\�h�a�g�Z�g�b�_�� �m�[�b�\�Z�_�l�k�y�� �]�h�j�^�u�f�b�� �m�f�Z�f�b���� �k�d�e�h�g�g�u�f�b�� �\�k�_�� �i�h�^�q�b�g�y�l�v�� �a�Z�j�Z�g�_�_�� �i�j�b�g�y�l�u�f�b��

�i�h�e�h�`�_�g�b�y�f�b���i�h�^���©�]�b�i�g�h�a�h�f���g�Z�m�q�g�h�c���l�_�j�f�b�g�h�e�h�]�b�b�ª���>�<�h�c�g�h-�Y�k�_�g�_�p�d�b�c�������������@�� 

�H���d�j�b�l�b�q�_�k�d�h�f���g�Z�q�Z�e�_���\���]�b�^�j�h�e�h�]�b�b 

�Q�l�h�[�u�� �j�Z�a�]�Z�^�Z�l�v�� �k�m�s�g�h�k�l�v�� �k�h�\�j�_�f�_�g�g�h�c�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�c�� �g�Z�m�d�b���� �h�l�[�j�h�k�b�\�� �\�k�_���� �_�c��

�f�_�r�Z�x�s�_�_�� �b�� �l�h�j�f�h�a�y�s�_�_�� �_�_�� �j�Z�a�\�b�l�b�_���� �q�l�h�[�u�� �\�u�y�\�b�l�v�� �k�Z�f�u�_�� �]�e�m�[�b�g�g�u�_�� �_�_�� �i�h�e�h�`�_�g�b�y���b��

�i�h�^�e�b�g�g�u�_�� �i�j�b�q�b�g�u�� �_�_�� �^�h�k�l�b�`�_�g�b�c�� �b�� �i�Z�^�_�g�b�c���� �q�l�h�[�u�� �h�k�h�a�g�Z�l�v�� �_�_�� �d�h�e�h�k�k�Z�e�v�g�u�_�� �k�d�j�u�l�u�_��

�\�h�a�f�h�`�g�h�k�l�b���� �g�m�`�g�h���� �i�h�f�b�f�h�� �_�k�l�_�k�l�\�_�g�g�h�c�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c�� �i�j�h�^�\�b�g�m�l�h�k�l�b���� �h�[�e�Z�^�Z�l�v��

�k�b�e�v�g�_�c�r�b�f���d�j�b�l�b�q�_�k�d�b�f���g�Z�q�Z�e�h�f�����g�_�m�_�f�g�h�c���n�Z�g�l�Z�a�b�_�c���b���g�_���h�q�_�g�v���i�h�h�s�j�y�_�f�h�c���k�d�e�h�g�g�h�k�l�v�x��

�g�_���k�q�b�l�Z�l�v�k�y���k���g�_�i�b�k�Z�g�g�u�f�b���i�j�Z�\�b�e�Z�f�b���g�Z�m�q�g�h�]�h���b�k�l�_�[�e�b�r�f�_�g�l�Z�����]�e�Z�\�g�h�_���b�a���d�h�l�h�j�u�o�� �± �©�g�_��

�\�u�k�h�\�u�\�Z�c�k�y�ª���� �B�� �_�s�_�� �± �k�l�Z�j�Z�l�v�k�y�� �h�k�m�s�_�k�l�\�b�l�v�� �[�h�e�_�a�g�_�g�g�h�_�� �j�Z�a�]�j�Z�g�b�q�_�g�b�_�� �l�h�]�h���� �q�l�h�� �_�k�l�v�� �b��

�l�h�]�h�����q�l�h���^�h�e�`�g�h���[�u�l�v�����]�b�^�j�h�e�h�]�b�b���a�Z�o�e�Z�f�e�_�g�g�h�c���b���]�b�^�j�h�e�h�]�b�b���h�q�b�k�l�b�\�r�_�c�k�y���b���j�\�Z�g�m�\�r�_�c�k�y��

�\�i�_�j�_�^�� 

�<�_�e�b�d�b�_�� �g�Z�m�q�g�u�_�� �k�i�h�j�u�� �b�� �^�b�k�d�m�k�k�b�b���� �k�l�h�e�v�� �i�j�b�\�u�q�g�u�_�� �^�e�y�� �g�Z�k�� �i�h�� �k�\�_�^�_�g�b�y�f����

�a�Z�b�f�k�l�\�h�\�Z�g�g�u�f�� �b�a�� �b�k�l�h�j�b�b�� �g�Z�m�d�b�� �b�� �o�m�^�h�`�_�k�l�\�_�g�g�u�o�� �i�j�h�b�a�\�_�^�_�g�b�c���� �b�� �h�� �d�h�l�h�j�u�o�� �m�� �f�_�g�y��



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

578  
 

�k�h�o�j�Z�g�b�e�b�k�v�� �b�� �k�h�[�k�l�\�_�g�g�u�_�� �\�h�k�i�h�f�b�g�Z�g�b�y���� �g�u�g�_�� �i�h�q�l�b�� �b�k�q�_�a�e�b�� �k�� �g�Z�r�b�o�� �]�h�j�b�a�h�g�l�h�\���� �B�� �w�l�h��

�k�\�h�_�]�h���j�h�^�Z���d�Z�l�Z�k�l�j�h�n�Z�����b�[�h���©�d�j�b�l�b�d�Z���± �w�l�h���`�b�a�g�v���g�Z�m�d�b�ª�����Z�n�h�j�b�a�f���n�j�Z�g�p�m�a�k�d�h�]�h���n�b�e�h�k�h�n�Z��

�������\�_�d�Z���<�����D�m�a�_�g�Z�������K�l�Z�g�b�k�e�Z�\���E�_�f���d�Z�d-�l�h���a�Z�f�_�l�b�e�����q�l�h���©�g�Z�m�d�Z���d�Z�d���p�_�e�h�_���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c��

�k�b�k�l�_�f�m���k���k�b�e�v�g�h�c���l�_�g�^�_�g�p�b�_�c���d���k�Z�f�h�d�h�j�j�_�d�l�b�j�h�\�d�_�ª���>�E�_�f�������������@�� 

�G�h�� �d�Z�d�� �g�Z�� �i�h�k�e�_�^�g�x�x�� �f�h�`�g�h�� �j�Z�k�k�q�b�l�u�\�Z�l�v���� �_�k�e�b�� �f�u�� �\�k�_�f�b�� �k�b�e�Z�f�b�� �_�c��

�k�h�i�j�h�l�b�\�e�y�_�f�k�y�"�� �A�^�_�k�v�� �m�f�_�k�l�g�h�� �\�k�i�h�f�g�b�l�v�� �Z�g�Z�e�h�]�b�q�g�h�_�� �f�g�_�g�b�_�� �Q���I���� �K�g�h�m���� �©�g�Z�m�d�Z�� �± 

�k�Z�f�h�j�_�]�m�e�b�j�m�x�s�Z�y���k�b�k�l�_�f�Z�ª���b���©�d�j�b�l�b�p�b�a�f���k�\�h�c�k�l�\�_�g�_�g���k�Z�f�h�f�m���g�Z�m�q�g�h�f�m���i�j�h�]�j�_�k�k�m�ª���>�K�g�h�m����

1985�@�����<�b�^�b�f�h���\�k�_���`�_���l�Z�d�h�_���i�h�e�h�`�_�g�b�_���\�_�s�_�c���i�h�k�l�_�i�_�g�g�h���h�k�e�Z�[�_�\�Z�_�l�� 

�<���i�h�k�e�_�^�g�_�_���\�j�_�f�y���d�j�b�l�b�d�Z���g�Z���k�l�j�Z�g�b�p�Z�o���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���d�g�b�]���b���`�m�j�g�Z�e�h�\���± �y�\�e�_�g�b�_��

�g�Z�k�l�h�e�v�d�h�� �j�_�^�d�h�_���� �q�l�h�� �y�� �k�q�_�e�� �p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� �g�Z�a�\�Z�g�b�_�� �h�^�g�h�c�� �b�a �k�\�h�b�o�� �d�g�b�]���� �i�h�k�\�y�s�_�g�g�u�o��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�f�m���f�h�^�_�e�b�j�h�\�Z�g�b�x���i�j�h�p�_�k�k�h�\���n�h�j�f�b�j�h�\�Z�g�b�y���k�l�h�d�Z���>�<�b�g�h�]�j�Z�^�h�\�����<�b�g�h�]�j�Z�^�h�\�Z����

���������@���� �k�h�i�j�h�\�h�^�b�l�v�� �k�i�_�p�b�n�b�q�_�k�d�b�f�� �i�h�^�a�Z�]�h�e�h�\�d�h�f�� �± �©�h�i�u�l�� �d�j�b�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�ª���� �I�j�b��

�j�Z�[�h�l�_�� �g�Z�^�� �w�l�h�c�� �d�g�b�]�h�c�� �d�j�b�l�b�p�b�a�f�� �[�u�e�� �\�a�y�l�� �f�g�h�c�� �g�Z�� �\�h�h�j�m�`�_�g�b�_���� �b�� �y�� �g�_���k�l�j�_�f�b�e�k�y�� �d��

�k�]�e�Z�`�b�\�Z�g�b�x���i�j�h�l�b�\�h�j�_�q�b�c���b���h�k�e�Z�[�e�_�g�b�x���h�k�l�j�h�l�u���k�m�`�^�_�g�b�c�����Y���[�u�e���m�\�_�j�_�g�����q�l�h���i�h�k�e�_���\�u�o�h�^�Z��

�d�g�b�]�b���\���k�\�_�l���g�Z���f�_�g�y���h�[�j�m�r�b�l�k�y���r�d�\�Z�e���g�_�k�h�]�e�Z�k�b�c���b���h�l�\�_�l�g�h�c���d�j�b�l�b�d�b�����b���k���g�_�l�_�j�i�_�g�b�_�f���`�^�Z�e��

�w�l�h�]�h�����G�h���Z�[�k�h�e�x�l�g�h���g�b�q�_�]�h���g�_���i�j�h�b�a�h�r�e�h�����B���y���h�k�h�a�g�Z�e�����q�l�h���g�Z�m�q�g�u�c���f�b�j���\���g�Z�m�d�Z�o���h���A�_�f�e�_���g�_��

�k�h�\�k�_�f�� �a�^�h�j�h�\���� �>�_�c�k�l�\�b�l�_�e�v�g�h���� �d�Z�d�� �[�u�� �k�m�s�_�k�l�\�m�_�l�� �g�_�i�b�k�Z�g�h�_�� �k�h�]�e�Z�r�_�g�b�_�� �©�h�� �g�_�g�Z�i�Z�^�_�g�b�b�ª����

�<�k�_���i�j�b�a�g�Z�x�l���\�k�_�o�����\�k�_���h�^�h�[�j�y�x�l�����^�Z�`�_���d�h�]�^�Z���m�l�\�_�j�`�^�Z�x�l���i�j�h�l�b�\�h�i�h�e�h�`�g�u�_���\�_�s�b�����<���k�Z�f�h�f��

�d�j�Z�c�g�_�f���k�e�m�q�Z�_���f�h�e�q�Z�l���b�e�b���a�Z�f�Z�e�q�b�\�Z�x�l���� 

�<�k�_�� �]�b�^�j�h�e�h�]�b�� �a�g�Z�x�l���� �b�� �f�g�h�]�b�_�� �b�a�� �g�b�o�� �p�_�g�y�l���� �d�j�b�l�b�q�_�k�d�b�_�� �k�l�Z�l�v�b�� �<�b�l�Z�� �D�e�_�f�_�r�Z����

�g�Z�i�b�k�Z�g�g�u�_���\������-�_���]�h�^�u���l�h�e�v�d�h���q�l�h���a�Z�d�h�g�q�b�\�r�_�]�h�k�y���\�_�d�Z�����i�h�e�g�u�_���i�Z�j�Z�^�h�d�k�h�\���b���d�j�b�l�b�q�_�k�d�b�o��

�h�[�h�[�s�_�g�b�c���� �G�h�� �q�Z�s�_�� �\�k�_�]�h�� �± �w�l�h�� �d�j�b�l�b�d�Z�� �[�_�a���Z�^�j�_�k�Z�l�Z���� �;�h�e�_�_�� �l�h�]�h���� �w�l�h�� �^�Z�`�_�� �g�_�� �d�j�b�l�b�d�Z�� �d�Z�d��

�l�Z�d�h�\�Z�y���� �Z�� �k�d�h�j�_�_�� �n�h�j�f�m�e�b�j�h�\�Z�g�b�_�� �\�u�y�\�e�_�g�g�u�o�� �h�[�s�b�o�� �g�_�]�Z�l�b�\�g�u�o�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c����

�k�e�h�`�b�\�r�b�o�k�y���\���g�Z�m�q�g�h�c���]�b�^�j�h�e�h�]�b�b�����<�h�a�f�h�`�g�h���w�l�h���k�\�h�_�]�h���j�h�^�Z���^�Z�g�v���\�h�p�Z�j�b�\�r�_�c�k�y���\���g�Z�m�q�g�h�f��

�h�[�s�_�k�l�\�_���[�_�a�f�y�l�_�`�g�h�k�l�b���b���i�j�b�\�u�q�g�u�f���g�_�`�_�e�Z�g�b�_�f���d�h�]�h-�e�b�[�h���a�Z�^�_�l�v�� 

�D�j�Z�c�g�_�_���[�_�k�i�h�d�h�c�k�l�\�h���i�h���i�h�\�h�^�m���i�h�k�e�_�^�k�l�\�b�c���b�k�q�_�a�g�h�\�_�g�b�y���d�j�b�l�b�d�b���\���g�Z�m�q�g�h�c���k�j�_�^�_��

�\�u�k�d�Z�a�Z�e���>�w�g�g�b���F�Z�d-�D�w�j�j�h�e���\���k�\�h�_�c���j�_�^�Z�d�p�b�h�g�g�h�c���k�l�Z�l�v�_���\���`�m�j�g�Z�e�_���©Earth Surface Processes 

and Landforms�ª�� �>McCarroll���� ���������@���� �H�g�� �m�l�\�_�j�`�^�Z�_�l���� �q�l�h�� �i�j�_�^�k�l�Z�\�e�y�_�f�u�_�� �g�Z�� �d�h�g�n�_�j�_�g�p�b�y�o��

�^�h�d�e�Z�^�u�� �g�_�� �^�h�e�`�g�u�� �\�h�k�i�j�b�g�b�f�Z�l�v�k�y�� �k�e�h�\�g�h�� �i�h�k�e�_�^�g�_�_�� �k�e�h�\�h�� �g�Z�m�d�b���� �d�h�l�h�j�u�f�b�� �g�_�h�[�o�h�^�b�f�h��

�\�h�k�o�b�s�Z�l�v�k�y���b���d�h�l�h�j�u�f���k�e�_�^�m�_�l���l�h�e�v�d�h���Z�i�e�h�^�b�j�h�\�Z�l�v�����g�h���g�_���a�Z�^�Z�\�Z�l�v���Z�\�l�h�j�Z�f���\�h�i�j�h�k�h�\�����B���_�k�e�b��

�f�u���o�h�l�b�f�����q�l�h�[�u���g�Z�r�Z���g�Z�m�d�Z���^�\�b�]�Z�e�Z�k�v���\�i�_�j�_�^�����g�Z�f���k�e�_�^�m�_�l���[�u�l�v���d�j�b�l�b�q�g�u�f�����Z���k�Z�f�Z���d�j�b�l�b�d�Z��

�^�h�e�`�g�Z���h�^�h�[�j�y�l�v�k�y���b���[�u�l�v���`�_�e�Z�g�g�h�c�����:�\�l�h�j�u���d�g�b�]���b���k�l�Z�l�_�c���^�h�e�`�g�u���i�b�k�Z�l�v���i�j�y�f�h���b���h�l�d�j�u�l�h����

�h�k�h�[�_�g�g�h���\���l�_�o���k�e�m�q�Z�y�o�����d�h�]�^�Z���b�f���i�j�h�l�b�\�h�j�_�q�Z�l���f�g�_�g�b�y���^�j�m�]�b�o���m�q�_�g�u�o�����F�Z�d-�D�w�j�j�h�e���i�h�e�Z�]�Z�_�l����



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 579 

 

�q�l�h���d�j�b�l�b�q�_�k�d�b�c �h�[�a�h�j���q�m�`�b�o���j�Z�[�h�l���± �l�j�m�^�g�Z�y���b���l�j�_�[�m�x�s�Z�y���[�h�e�v�r�b�o���a�Z�l�j�Z�l���\�j�_�f�_�g�b�����b���y���[�u��

�^�h�[�Z�\�b�e�����q�l�h���b���g�_�[�e�Z�]�h�^�Z�j�g�Z�y�����± �X���;�������a�Z�^�Z�q�Z�����g�h���h�g�Z���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���`�b�a�g�_�g�g�h���g�_�h�[�o�h�^�b�f�h�c����

�Y���p�_�e�b�d�h�f���i�h�^�^�_�j�`�b�\�Z�x���l�Z�d�m�x���i�h�a�b�p�b�x�����o�h�l�y���b���k�h�a�g�Z�x�����q�l�h���b�g�l�_�j�_�k�u���g�Z�m�d�b���\���g�u�g�_�r�g�_�f���f�b�j�_��

�i�h�^�q�b�g�_�g�u���k�h�\�k�_�f���b�g�u�f���i�j�b�h�j�b�l�_�l�Z�f�� 

�>�b�k�d�m�k�k�b�b���\���]�b�^�j�h�e�h�]�b�b 

�L�j�Z�^�b�p�b�h�g�g�h�� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �h�^�g�b�f�� �b�a�� �k�Z�f�u�o�� �k�b�e�v�g�u�o�� �k�j�_�^�k�l�\�� �m�i�h�j�y�^�h�q�_�g�b�y�� �b��

�i�j�h�^�\�b�`�_�g�b�y���g�Z�m�d�b���y�\�e�y�x�l�k�y���i�h�k�l�h�y�g�g�u�_���p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�_���^�b�k�d�m�k�k�b�b�����<���b�k�l�h�j�b�b���n�b�a�b�d�b���b��

�g�Z�m�d���h���A�_�f�e�_���f�u���g�Z�o�h�^�b�f���f�g�h�]�h�q�b�k�e�_�g�g�u�_���i�j�b�f�_�j�u���w�l�h�f�m�����G�h���d�Z�d���h�[�k�l�h�b�l���^�_�e�h���k���^�b�k�d�m�k�k�b�_�c����

�d�Z�d�� �n�h�j�f�h�c�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y�� �g�Z�m�q�g�h�c�� �f�u�k�e�b���� �\�� �g�Z�r�_�� �\�j�_�f�y�"�� �A�Z�^�m�f�u�\�Z�e�k�y�� �e�b�� �q�b�l�Z�l�_�e�v�� �h��

�o�Z�j�Z�d�l�_�j�_�� �b�� �k�m�s�g�h�k�l�b�� �g�Z�r�b�o�� �g�Z�m�q�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �^�b�k�d�m�k�k�b�c�"�� �>�Z�\�Z�c�l�_���\�u�^�_�e�b�f��

�l�b�i�b�q�g�u�_���b�o���n�h�j�f�u���� 

�>�b�k�d�m�k�k�b�b���\���i�_�q�Z�l�b�� 

�x �D�Z�d�b�f-�e�b�[�h���i�_�q�Z�l�g�u�f���b�a�^�Z�g�b�_�f�����h�[�u�q�g�h���`�m�j�g�Z�e�h�f�����h�[�t�y�\�e�y�_�l�k�y���^�b�k�d�m�k�k�b�y���i�h��

�i�h�\�h�^�m�� �i�j�h�[�e�_�f���� �i�h�^�g�y�l�u�o�� �\�� �i�_�j�\�h�c�� �h�i�m�[�e�b�d�h�\�Z�g�g�h�c�� �©�k�l�Z�l�v�_-�a�Z�l�j�Z�\�d�_�ª���� �D�h�w�n�n�b�p�b�_�g�l��

�i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y�� �l�Z�d�h�c�� �^�b�k�d�m�k�k�b�b�� �h�q�_�g�v�� �g�b�a�h�d�� �i�h�� �l�h�c�� �i�j�h�k�l�h�c�� �i�j�b�q�b�g�_���� �q�l�h���\�j�h�^�_�� �[�u��

�^�h�[�j�h�\�h�e�v�g�u�f�� �_�_�� �m�q�Z�k�l�g�b�d�Z�f�� �i�h�� �i�h�\�h�^�m�� �i�h�k�l�Z�\�e�_�g�g�u�o�� �\�h�i�j�h�k�h�\�� �i�j�h�k�l�h�� �g�_�q�_�]�h�� �k�d�Z�a�Z�l�v����

�I�h�w�l�h�f�m�� �k�h�^�_�j�`�Z�g�b�_�� �i�h�k�e�_�^�m�x�s�b�o�� �k�l�Z�l�_�c�� �i�j�b�f�_�j�g�h�� �l�Z�d�h�\�h���� �f�u�� �l�h�`�_�� �a�Z�g�b�f�Z�_�f�k�y�� �d�j�m�]�h�f��

�\�h�i�j�h�k�h�\�� �\�� �j�Z�f�d�Z�o�� �l�_�f�Z�l�b�d�b�� �^�b�k�d�m�k�k�b�b���� �h�� �q�_�f�� �k�� �m�^�h�\�e�_�l�\�h�j�_�g�b�_�f�� �b�� �a�Z�y�\�e�y�_�f���� �<�u�\�h�^�u����

�k�e�_�^�m�x�s�b�_���\���j�_�a�m�e�v�l�Z�l�_���^�b�k�d�m�k�k�b�c�����_�k�e�b�����g�_�k�f�h�l�j�y���g�b���g�Z���q�l�h�����h�g�b���\�k�_-�l�Z�d�b���^�_�e�Z�x�l�k�y�����h�q�_�g�v��

�m�[�h�]�b���b���h�]�j�Z�g�b�q�_�g�u���� 

�x �K�l�Z�\�b�l�k�y�� �h�k�h�[�h�� �b�g�l�_�j�_�k�g�Z�y���� �\�Z�`�g�Z�y�� �b�e�b�� �i�j�b�o�h�^�y�s�Z�y�k�y�� �d�h�� �\�j�_�f�_�g�b�� �g�_�d�Z�y��

�i�j�h�[�e�_�f�Z���� �b�� �_�c�� �i�h�k�\�y�s�Z�_�l�k�y�� �k�[�h�j�g�b�d�� �k�l�Z�l�_�c���� �I�h�k�e�_�^�g�b�c�� �i�j�b�a�\�Z�g�� �h�l�h�[�j�Z�a�b�l�v�� �f�g�_�g�b�_�� �k�\�h�_�]�h��

�j�h�^�Z�� �d�h�e�e�_�d�l�b�\�g�h�]�h�� �j�Z�a�m�f�Z�� �i�h�� �i�h�\�h�^�m�� �i�h�k�l�Z�\�e�_�g�g�h�c�� �i�j�h�[�e�_�f�u���� �I�_�q�Z�e�v�g�h���� �g�h�� �q�Z�s�_�� �\�k�_�]�h��

�i�j�b�o�h�^�b�l�k�y���b�k�i�u�l�u�\�Z�l�v���]�e�m�[�h�d�h�_���j�Z�a�h�q�Z�j�h�\�Z�g�b�_�� 

�M�k�l�g�u�_�� �^�b�k�d�m�k�k�b�b�� �L�j�b�� �_�_�� �_�k�l�_�k�l�\�_�g�g�u�o�� �j�Z�a�^�_�e�Z�� �k�e�_�^�m�x�l�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �^�j�m�]�� �a�Z��

�^�j�m�]�h�f���� 

�x �>�h�d�e�Z�^���b�e�b���k�_�j�b�y���^�h�d�e�Z�^�h�\�����I�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���h�g�����b�e�b���h�g�b�����^�h�e�`�g�u���\�u�a�\�Z�l�v��

�h�`�b�\�e�_�g�g�m�x�� �^�b�k�d�m�k�k�b�x�� ���©�a�Z�q�_�f�� �g�m�`�g�Z�� �^�h�j�h�]�Z���� �_�k�e�b�� �h�g�Z�� �g�_�� �\�_�^�_�l�� �\�� �o�j�Z�f�"�ª�� �± �a�Z�q�_�f�� �g�m�`�_�g��

�^�h�d�e�Z�^�����_�k�e�b���h���g�_�f���g�_�q�_�]�h���k�d�Z�a�Z�l�v�"���� 

�x �<�h�i�j�h�k�u���i�h���^�h�d�e�Z�^�Z�f�����I�h���k�\�h�_�c���i�j�b�j�h�^�_���h�g�b���f�h�]�m�l���[�u�l�v���l�j�_�o���h�k�g�h�\�g�u�o���l�b�i�h�\�� 

o �l�j�_�[�m�x�s�b�_�� �j�Z�a�t�y�k�g�_�g�b�y�� �i�h�� �i�m�k�l�y�d�Z�f���� �m�i�h�l�j�_�[�e�y�_�f�h�c�� �l�_�j�f�b�g�h�e�h�]�b�b �b��

�g�_�a�g�Z�q�Z�s�b�f���^�_�l�Z�e�y�f�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

580  
 

o �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�_���h���g�_�m�l�h�e�_�g�g�h�f���l�s�_�k�e�Z�\�b�b���\�h�i�j�h�r�Z�x�s�b�o���b�e�b���g�Z�e�b�q�b�b���m���g�b�o��

�j�Z�a�g�h�]�h���j�h�^�Z���n�b�e�b�c���b���n�h�[�b�c�� 

o �g�Z�k�l�h�y�s�b�_�� 

�x �H�[�k�m�`�^�_�g�b�_�� ���k�h�[�k�l�\�_�g�g�h�� �^�b�k�d�m�k�k�b�y������ �H���� �a�^�_�k�v�� �f�g�h�`�_�k�l�\�h�� �\�Z�j�b�Z�g�l�h�\���� �L�_�f�� �g�_��

�f�_�g�_�_�����b�o���l�h�`�_���f�h�`�g�h���l�b�i�b�a�b�j�h�\�Z�l�v�� 

o �h�[�u�d�g�h�\�_�g�g�h�_���k�e�h�\�h�[�e�m�^�b�_�����g�_���i�h�^�^�Z�x�s�_�_�k�y���h�k�f�u�k�e�_�g�b�x�� 

o �k�Z�f�h�i�j�_�a�_�g�l�Z�p�b�y���l�b�i�Z�����©�f�u���a�Z�g�b�f�Z�_�f�k�y���l�h�`�_���h�q�_�g�v���b�g�l�_�j�_�k�g�u�f�b���i�j�h�[�e�_�f�Z�f�b�ª����

�i�h�k�e�_�� �q�_�]�h�� �k�e�_�^�m�_�l�� �b�g�n�h�j�f�Z�p�b�y�� �h�� �g�_�d�h�l�h�j�u�o�� �j�Z�[�h�l�Z�o���� �b�f�_�x�s�b�o�� �h�q�_�g�v�� �k�e�Z�[�h�_�� �h�l�g�h�r�_�g�b�_�� �d��

�k�h�^�_�j�`�Z�g�b�x���a�Z�k�e�m�r�Z�g�g�u�o���^�h�d�e�Z�^�h�\�� 

o �h�[�k�m�`�^�_�g�b�_���i�h�i�Z�\�r�_�]�h���\���i�h�e�_���a�j�_�g�b�y���\�u�k�l�m�i�Z�x�s�_�]�h���d�Z�d�h�]�h-�g�b�[�m�^�v���k�e�m�q�Z�c�g�h�]�h��

�Z�k�i�_�d�l�Z�����q�Z�k�l�h���^�e�y���w�l�h�c���p�_�e�b���f�h�]�m�l���k�e�m�`�b�l�v���g�Z�a�\�Z�g�b�_���^�h�d�e�Z�^�Z���b�e�b���o�Z�j�Z�d�l�_�j���b�e�e�x�k�l�j�Z�p�b�c�� 

o �j�Z�k�k�m�`�^�_�g�b�_���i�h���i�j�b�\�o�h�^�y�s�b�f���\�h�i�j�h�k�Z�f�� 

o �g�Z�k�l�h�y�s�_�_���\�u�k�l�m�i�e�_�g�b�_�� 

�G�Z�e�b�q�b�_�� �g�Z�k�l�h�y�s�b�o�� �\�h�i�j�h�k�h�\�� �b�� �\�u�k�l�m�i�e�_�g�b�c�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�j�b�k�m�l�k�l�\�b�b�� �\�� �a�Z�e�_��

�g�_�j�Z�\�g�h�^�m�r�g�u�o�� �d�� �g�Z�m�d�_�� �i�j�h�n�_�k�k�b�h�g�Z�e�h�\���� �F�h�y�� �e�b�q�g�Z�y�� �k�l�Z�l�b�k�l�b�d�Z�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� ���\�u�[�h�j�d�Z��

�h�d�h�e�h�� ���������� �k�e�m�q�Z�_�\������ �w�f�i�b�j�b�q�_�k�d�Z�y�� �\�_�j�h�y�l�g�h�k�l�v�� �i�h�y�\�e�_�g�b�y�� �g�Z�k�l�h�y�s�b�o�� �\�h�i�j�h�k�h�\�� �b�e�b��

�\�u�k�l�m�i�e�_�g�b�c���h�p�_�g�_�g�Z���h�l�������^�h�����������\���a�Z�\�b�k�b�f�h�k�l�b���h�l���f�h�_�]�h���g�Z�k�l�j�h�_�g�b�y�����G�h�����d�Z�d���[�u���l�Z�f���g�b���[�u�e�h����

�b�l�h�]���g�_�m�l�_�r�b�l�_�e�v�g�u�c���� 

�B�g�l�_�j�_�k�g�u�c�� �\�Z�j�b�Z�g�l�� �i�h�i�_�j�_�f�_�g�g�h�]�h�� �h�[�k�m�`�^�_�g�b�y�� �i�j�h�[�e�_�f�u�� �j�Z�k�i�j�_�^�_�e�_�g�g�h�]�h��

�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���^�Z�g���\���h�^�g�h�b�f�_�g�g�h�c���f�h�g�h�]�j�Z�n�b�b�����\�u�r�_�^�r�_�c���i�h�^���j�_�^�Z�d�p�b�_�c��

�F�b�o�Z�w�e�y���;�����W�[�[�h�l�Z���b���?�g�k�Z���D�j�b�k�l�b�Z�g�Z���J�_�n�k�]�Z�j�^�Z���b�a���>�Z�l�k�d�h�]�h���b�g�k�l�b�l�m�l�Z���]�b�^�j�Z�\�e�b�d�b���>Distributed 

Hydrological Modeling, 1996�@�����\���d�h�l�h�j�h�c���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h���i�j�b�k�m�l�k�l�\�m�x�l�� 

�x �©�^�b�k�d�m�k�k�b�y�ª�����i�j�_�^�e�h�`�_�g�g�Z�y���D�_�c�l�h�f���;�_�\�_�g�h�f���b�a���E�Z�g�d�Z�k�l�_�j�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z���� 

�x �©�d�h�f�f�_�g�l�Z�j�b�c�� �d�� �^�b�k�d�m�k�k�b�b�ª�� �J�_�n�k�]�Z�j�^�Z���� �R�l�h�j�f�Z�� �b�� �W�[�[�h�l�Z���� �h�k�g�h�\�g�u�o�� �Z�\�l�h�j�h�\��

�f�h�g�h�]�j�Z�n�b�b���� 

�b 

�x �©�h�l�\�_�l���g�Z���d�h�f�f�_�g�l�Z�j�b�c�ª���;�_�\�_�g�Z�� 

�B�� �\�k�_-�l�Z�d�b���� �g�_�� �k�f�h�l�j�y�� �g�Z�� �i�h�e�m�q�_�g�g�h�_�� �m�^�h�\�h�e�v�k�l�\�b�_�� �h�l�� �w�l�h�c�� �i�h�e�_�f�b�d�b���� �y�� �b�k�i�u�l�Z�e��

�g�_�d�h�l�h�j�h�_���j�Z�a�h�q�Z�j�h�\�Z�g�b�_�����b�[�h���h�[�h�a�g�Z�q�_�g�g�u�_���j�Z�a�g�h�]�e�Z�k�b�y���y���g�Z�a�\�Z�e���[�u���[�h�e�_�_���q�_�f���m�f�_�j�_�g�g�u�f�b����

�G�h�� �i�h�^�e�b�g�g�h�� �`�_�� �^�b�k�d�m�k�k�b�h�g�g�u�f�� �i�j�h�[�e�_�f�Z�f�� �h�[�_�� �k�l�h�j�h�g�u�� �k�d�h�j�_�_�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b��

�_�^�b�g�k�l�\�h���\�a�]�e�y�^�h�\�����q�l�h���\�h�a�f�h�`�g�h���b���y�\�e�y�e�h�k�v���d�h�g�_�q�g�h�c���p�_�e�v�x���� 

�Y���i�j�b�r�_�e���d���\�u�\�h�^�m�����q�l�h���^�b�k�d�m�k�k�b�b���b���k�i�h�j�u���f�h�]�m�l���[�u�l�v���w�n�n�_�d�l�b�\�g�u���l�h�e�v�d�h���\���d�j�m�]�m��

�_�^�b�g�h�f�u�r�e�_�g�g�b�d�h�\�� �b���� �d�Z�d�� �i�j�Z�\�b�e�h���� �k�h�\�_�j�r�_�g�g�h�� �[�_�k�i�h�e�_�a�g�u�� �\�� �k�j�_�^�_�� �Z�g�l�Z�]�h�g�b�k�l�h�\���� �I�h�w�l�h�f�m��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 581 

 

�a�Z�l�j�m�^�g�_�g�u�� �h�g�b�� �b �\�� �k�b�l�m�Z�p�b�b���� �d�Z�d�� �[�u�� �k�i�_�p�b�Z�e�v�g�h�� �^�e�y�� �g�b�o�� �k�h�a�^�Z�g�g�h�c���� �Y�� �b�f�_�x�� �\�\�b�^�m��

�h�[�k�m�`�^�_�g�b�_�� �h�[�s�b�o�� �i�j�h�[�e�_�f�� �]�b�^�j�h�e�h�]�Z�f�b�� �b���� �k�d�Z�`�_�f���� �w�d�h�e�h�]�Z�f�b�� �b�e�b�� �]�b�^�j�h�e�h�]�Z�f�b�� �b��

�]�_�h�]�j�Z�n�Z�f�b���� �H�l�� �l�Z�d�b�o�� �k�h�\�f�_�k�l�g�u�o�� �^�b�k�d�m�k�k�b�c�� �h�`�b�^�Z�_�l�k�y�� �k�[�e�b�`�_�g�b�_�� �\�a�]�e�y�^�h�\�� �b�� �f�_�l�h�^�h�\����

�h�^�g�Z�d�h�� �\�k�_�� �i�j�h�b�k�o�h�^�b�l�� �g�Z�h�[�h�j�h�l�� �± �r�b�j�b�l�k�y�� �\�a�Z�b�f�h�g�_�i�j�b�y�l�b�_�� �^�\�m�o�� �l�b�i�h�\�� �k�i�_�p�b�Z�e�b�k�l�h�\���� �:��

�f�h�`�_�l���[�u�l�v�����f�u���i�j�h�k�l�h���]�h�\�h�j�b�f���g�Z���j�Z�a�g�u�o���y�a�u�d�Z�o�����i�j�b�q�_�f���g�_���l�h�e�v�d�h���\���n�b�]�m�j�Z�e�v�g�h�f���k�f�u�k�e�_���� 

�<���d�h�g�_�q�g�h�f���k�q�_�l�_�����b�k�d�m�k�k�l�\�h���\�_�k�l�b���^�b�k�d�m�k�k�b�x�����i�h���d�j�Z�c�g�_�c���f�_�j�_���\���]�b�^�j�h�e�h�]�b�b���b���g�Z�m�d�Z�o��

�h���A�_�f�e�_�����\�d�h�g�_�p���m�]�Z�k�Z�_�l�����W�l�h�f�m���k�i�h�k�h�[�k�l�\�m�x�l���^�\�_���h�k�g�h�\�g�u�_���i�j�b�q�b�g�u�� 

�x �i�h�k�l�_�i�_�g�g�h�_���b�k�q�_�a�g�h�\�_�g�b�_���b�g�l�_�j�_�k�Z���m�q�_�g�h�]�h���f�b�j�Z���d���k�m�s�g�h�k�l�g�u�f���a�Z�^�Z�q�Z�f���k�\�h�_�c��

�g�Z�m�d�b���� �i�j�h�y�\�e�_�g�b�_�� �]�e�m�[�h�d�h�]�h�� �j�Z�\�g�h�^�m�r�b�y�� �d�� �b�k�l�b�g�g�u�f�� �p�_�g�g�h�k�l�y�f���� �m�]�Z�k�Z�g�b�_�� �i�h�^�e�b�g�g�h�]�h��

�i�j�h�n�_�k�k�b�h�g�Z�e�b�a�f�Z���� �i�h�^�� �d�h�l�h�j�u�f�� �k�e�_�^�m�_�l�� �i�h�^�j�Z�a�m�f�_�\�Z�l�v�� �g�_�� �i�h�^�]�h�l�h�\�e�_�g�g�h�k�l�v �d��

�b�k�i�h�e�v�a�h�\�Z�g�b�x�� �j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�b�d���� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� �b�� �l�_�o�g�b�q�_�k�d�b�o�� �k�j�_�^�k�l�\���� �Z��

�k�l�j�_�f�e�_�g�b�_���]�e�m�[�`�_���i�h�g�y�l�v���i�j�b�j�h�^�g�u�_���i�j�h�p�_�k�k�u���b���y�\�e�_�g�b�y�� 

�x �[�h�e�_�a�g�_�l�\�h�j�g�Z�y�� �i�_�j�_�h�p�_�g�d�Z�� �p�_�g�g�h�k�l�_�c���� �i�j�b�\�h�^�y�s�Z�y�� �g�Z�k�� �d�� �i�Z�]�m�[�g�h�f�m��

�g�_�i�h�g�b�f�Z�g�b�x���l�h�c���� �j�Z�g�_�_�� �o�h�j�h�r�h�� �b�a�\�_�k�l�g�h�c�� �b�k�l�b�g�u���� �q�l�h�� �g�Z�r�� �i�h�^�e�b�g�g�u�c�� �^�j�m�]�� �\�� �g�Z�m�d�_�� �± �w�l�h��

�g�Z�r�� �d�j�b�l�b�d���� �Z�� �e�x�l�u�f�� �\�j�Z�]�h�f�� �y�\�e�y�_�l�k�y�� �l�h�l���� �d�l�h�� �j�Z�k�o�\�Z�e�b�\�Z�_�l�� �g�Z�k�� �a�Z�� �g�Z�r�_�� �g�b�q�l�h�`�_�k�l�\�h�� �k��

�^�Z�e�v�g�b�f���j�Z�k�q�_�l�h�f�����q�l�h���i�h�e�m�q�b�l���\���k�\�h�c���Z�^�j�_�k���i�h�^�h�[�g�h�_���`�_���\�h�a�^�Z�y�g�b�_���� 

�G�_���o�h�l�_�e�h�k�v���[�u���^�m�f�Z�l�v�����q�l�h���g�Z�a�\�Z�g�g�u�_���k�b�f�i�l�h�f�u�����i�j�h�y�\�e�y�x�s�b�_�k�y���\���g�Z�m�q�g�u�o���d�j�m�]�Z�o����

�h�l�h�[�j�Z�`�Z�x�l�� �k�h�k�l�h�y�g�b�_�� �^�_�e�� �\�� �h�[�s�_�k�l�\�_�� �\�� �p�_�e�h�f���� �[�m�^�m�l�� �\�i�j�_�^�v�� �m�k�m�]�m�[�e�y�l�v�k�y�� �b�� �i�h�� �k�\�h�_�c�� �k�m�l�b��

�g�_�h�[�j�Z�l�b�f�u���� 

�D�� �i�j�h�[�e�_�f�_�� �^�b�k�d�m�k�k�b�c�� �i�j�b�f�u�d�Z�_�l�� �g�_�f�Z�e�h�\�Z�`�g�u�c�� �\�h�i�j�h�k�� �h�� �a�Z�s�b�l�_�� �i�j�h�_�d�l�h�\���� �d�Z�d��

�i�j�h�b�a�\�_�^�_�g�b�c�� �i�j�b�d�e�Z�^�g�h�c�� �]�b�^�j�h�e�h�]�b�b���� �b�� �h�l�q�_�l�h�\�� �i�h�� �]�j�Z�g�l�Z�f�� �b���� �_�k�l�_�k�l�\�_�g�g�h���� �h�[�� �b�o��

�d�h�e�e�_�d�l�b�\�g�h�c�� �h�p�_�g�d�_���� �K�j�Z�\�g�b�l�_�e�v�g�h�� �e�_�]�d�h�� �i�h�d�Z�a�Z�l�v���� �g�Z�i�j�b�f�_�j���� �q�l�h�� �h�^�b�g�� �i�j�h�_�d�l�� �e�m�q�r�_��

�^�j�m�]�h�]�h���� �G�h�� �d�Z�d�� �^�h�d�Z�a�Z�l�v���� �q�l�h�� �_�^�b�g�k�l�\�_�g�g�u�c�� �i�j�h�_�d�l�� �i�e�h�o�"�� �W�l�h�� �d�Z�d�� �g�Z�� �\�u�[�h�j�Z�o�� �k���h�^�g�b�f��

�i�j�_�l�_�g�^�_�g�l�h�f���� �I�h�k�l�b�q�v�� �b�k�l�b�g�m�� �\�� �d�j�b�l�b�q�_�k�d�b�o�� �\�u�k�l�m�i�e�_�g�b�y�o�� �i�h�q�l�b�� �g�_�\�h�a�f�h�`�g�h���� �<�k�_�]�^�Z�� �\��

�h�l�\�_�l���m�k�e�u�r�b�r�v�����Z���q�l�h���\�u���i�j�_�^�e�Z�]�Z�_�l�_�"���<�j�h�^�_���[�u���b���k�i�j�Z�\�_�^�e�b�\�u�c���\�h�i�j�h�k�����g�h�����k�Z�f�b���i�h�k�m�^�b�l�_����

�\�h�i�j�h�r�Z�x�s�b�c���k�l�Z�\�b�l���d�Z�d���[�u���\���j�Z�\�g�u�_���m�k�e�h�\�b�y���k�_�[�y�����d�h�l�h�j�u�c���i�h�j�Z�[�h�l�Z�e���g�Z�^���i�j�h�_�d�l�h�f���b���^�e�y��

�w�l�h�]�h���i�h�e�m�q�b�e���b���a�Z�l�j�Z�l�b�e���k�j�_�^�k�l�\�Z�����b���d�j�b�l�b�d�Z�����d�h�l�h�j�u�c���k�\�h�b�o���i�j�h�j�Z�[�h�l�h�d���i�h���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c��

�d�h�g�d�j�_�l�g�h�k�l�b�� �_�k�l�_�k�l�\�_�g�g�h�� �g�_�� �b�f�_�_�l���� �B�� �h�i�y�l�v���� �i�h�k�f�h�l�j�b�f�� �g�Z�h�[�h�j�h�l���� �k�d�h�e�v�d�h�� �d�j�h�\�b��

�j�Z�[�h�l�Z�x�s�_�f�m���q�_�e�h�\�_�d�m���i�h�i�h�j�l�b�e���`�_�e�q�g�u�c���d�j�b�l�b�d�����d�h�l�h�j�u�c���g�Z���k�Z�f�h�f���^�_�e�_���^�h���d�h�g�p�Z���l�Z�d���b���g�_��

�i�h�g�y�e���h���q�_�f���b�^�_�l���j�_�q�v�����H�i�b�k�Z�g�g�Z�y���d�h�e�e�b�a�b�y���\�d�h�g�_�p���^�m�j�g�Z�y�����G�h���_�k�l�v���e�b���\�u�o�h�^�"���>�Z�����d�h�g�_�q�g�h����

�K�h�[�k�l�\�_�g�g�h���b�o���^�\�Z�� 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

582  
 

�x �I�_�j�\�u�c���� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�c���� �I�j�b�\�_�^�_�g�b�_�� �g�Z�m�q�g�h�]�h�� �k�h�k�e�h�\�b�y�� �\�f�_�k�l�_�� �k�h�� �\�k�_�f��

�h�[�s�_�k�l�\�h�f�� �\�� �g�h�j�f�Z�e�v�g�h�_�� �k�h�k�l�h�y�g�b�_���� �o�Z�j�Z�d�l�_�j�b�a�m�_�f�h�_�� �g�_�� �l�h�e�v�d�h�� �b�g�l�_�e�e�_�d�l�h�f�� �b��

�i�j�h�n�_�k�k�b�h�g�Z�e�b�a�f�h�f�����g�h���b���i�h�j�y�^�h�q�g�h�k�l�v�x�����]�j�Z�`�^�Z�g�k�d�h�c���k�h�\�_�k�l�v�x���b���^�m�o�h�\�g�h�k�l�v�x���� 

�x �<�l�h�j�h�c���� �[�x�j�h�d�j�Z�l�b�q�_�k�d�b-�k�b�e�h�\�h�c���� �K�h�a�^�Z�_�l�k�y�� �g�_�d�Z�y�� �k�h�i�j�h�\�h�`�^�Z�x�s�Z�y�� �i�j�h�_�d�l��

�^�h�d�m�f�_�g�l�Z�p�b�y�����k�h�^�_�j�`�Z�s�Z�y���q�_�l�d�h���k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_���h�p�_�g�d�b���i�j�h�_�d�l�Z�����a�Z�\�_�j�_�g�g�u�_���i�h�^�i�b�k�y�f�b��

�e�b�p���� �k�i�b�k�h�d�� �d�h�l�h�j�u�o�� �h�i�j�_�^�_�e�_�g�� �©�a�Z�d�Z�a�q�b�d�h�f�ª���� �g�h�� �g�b�� �\�� �d�h�_�f�� �k�e�m�q�Z�_�� �g�_���b�k�i�h�e�g�b�l�_�e�_�f���� �L�Z�d�h�_��

�©�k�h�i�j�h�\�h�`�^�_�g�b�_�ª�� �h�d�Z�`�_�l�� �h�i�j�_�^�_�e�_�g�g�h�_�� �[�e�Z�]�h�l�\�h�j�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �d�Z�q�_�k�l�\�h�� �i�j�h�_�d�l�Z�� �b�� �[�m�^�_�l��

�k�h�^�_�j�`�Z�l�v���i�j�h�n�_�k�k�b�h�g�Z�e�v�g�m�x���b�g�n�h�j�f�Z�p�b�x�����i�h�e�_�a�g�m�x���^�e�y���^�Z�e�v�g�_�c�r�b�o���\�u�\�h�^�h�\�� �b���i�j�b�g�y�l�b�y��

�j�_�r�_�g�b�c���� 

�I�j�_�^�h�k�l�_�j�_�`�_�g�b�_ 

�K�b�^�y���a�Z���i�b�k�v�f�_�g�g�u�f���k�l�h�e�h�f�����h�k�f�u�k�e�b�\�Z�y���Z�[�k�l�j�Z�d�p�b�b���b���d�h�g�k�l�j�m�b�j�m�y���f�Z�l�_�f�Z�l�b�q�_�k�d�b�_��

�f�h�^�_�e�b���� �b�k�k�e�_�^�h�\�Z�l�_�e�v�� �^�h�e�`�_�g�� �\�b�^�_�l�v�� �a�Z�� �m�j�Z�\�g�_�g�b�y�f�b�� �b�� �p�b�n�j�Z�f�b�� �d�h�g�d�j�_�l�g�u�_�� �i�j�b�j�h�^�g�u�_��

�i�j�h�p�_�k�k�u���� �y�\�e�_�g�b�y�� �b�� �k�b�l�m�Z�p�b�b���� �:�g�Z�e�h�]�b�q�g�h���� �g�Z�[�e�x�^�Z�y�� �a�Z�� �i�j�h�o�h�`�^�_�g�b�_�f�� �i�Z�\�h�^�d�Z �g�Z�� �[�_�j�_�]�m��

�j�_�d�b�� �b�e�b�� �j�m�q�v�y���� �a�Z�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �k�l�h�d�Z�� �g�Z�� �k�d�e�h�g�_�� �\�h�� �\�j�_�f�y�� �^�h�`�^�y�� �b�e�b�� �i�j�b�� �k�g�_�]�h�l�Z�y�g�b�b����

�j�Z�k�k�f�Z�l�j�b�\�Z�y���h�l�d�j�u�\�Z�x�s�b�_�k�y���e�Z�g�^�r�Z�n�l�u���k���k�Z�f�h�e�_�l�Z���b�e�b���\�_�j�l�h�e�_�l�Z�����\�h�k�i�j�b�g�b�f�Z�y���b�o���b�a���h�d�g�Z��

�Z�\�l�h�f�Z�r�b�g�u�� �b�e�b�� �\�h�� �\�j�_�f�y�� �i�_�r�_�]�h�� �i�_�j�_�o�h�^�Z���� �h�g�� �g�_�� �^�h�e�`�_�g�� �a�Z�[�u�\�Z�l�v�� �h�[�� �w�l�b�o�� �m�j�Z�\�g�_�g�b�y�o�� �b��

�p�b�n�j�Z�o���� �H�]�j�Z�g�b�q�_�g�g�h�k�l�v���^�_�y�l�_�e�v�g�h�k�l�b�����l�h�e�v�d�h���i�b�k�v�f�_�g�g�u�c���k�l�h�e���� �l�h�e�v�d�h���d�h�f�i�v�x�l�_�j���� �l�h�e�v�d�h��

�i�_�r�_�o�h�^�g�u�_���f�Z�j�r�j�m�l�u�����l�h�e�v�d�h���\�_�j�l�h�e�_�l�����g�_�b�a�[�_�`�g�h���\�_�^�_�l���d���h�]�j�Z�g�b�q�_�g�g�h�k�l�b���b�k�k�e�_�^�h�\�Z�g�b�y�� 

�I�_�j�_�^�� �]�b�^�j�h�e�h�]�h�f���� �d�h�l�h�j�u�c�� �k�m�f�_�_�l�� �h�[�t�_�^�b�g�b�l�v�� �\�� �k�\�h�_�c�� �e�b�q�g�h�k�l�b�� �k�i�h�k�h�[�g�h�k�l�b��

�w�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�Z���� �i�h�e�_�\�b�d�Z-�w�d�k�i�_�^�b�p�b�h�g�g�b�d�Z���� �l�_�h�j�_�l�b�d�Z���� �l�\�h�j�p�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c����

�b�g�`�_�g�_�j�Z-�i�j�h�_�d�l�b�j�h�\�s�b�d�Z���� �h�l�d�j�u�\�Z�x�l�k�y�� �i�h�b�k�l�b�g�_�� �[�_�a�]�j�Z�g�b�q�g�u�_�� �\�h�a�f�h�`�g�h�k�l�b�� �\�� �k�e�m�`�_�g�b�b��

�k�\�h�_�c�� �g�Z�m�d�_���� �B�� �d�h�g�_�q�g�h���� �\�k�_�� �h�l�d�j�u�\�Z�x�l�� �e�x�[�h�\�v�� �d�� �i�j�b�j�h�^�_�� �b�� �m�f�_�g�b�_�� �\�b�^�_�l�v�� �b�� �h�s�m�s�Z�l�v��

�k�m�s�g�h�k�l�v���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�� 

�M�f�_�g�b�_���\�b�^�_�l�v 

�F�u���� �]�b�^�j�h�e�h�]�b���� �i�j�b�\�u�d�e�b�� �d�� �k�\�h�_�]�h�� �j�h�^�Z�� �©�j�Z�a�^�_�e�_�g�b�x�� �l�j�m�^�Z�ª�� �± �d�l�h-�l�h�� �i�j�h�\�h�^�b�l��

�g�Z�[�e�x�^�_�g�b�y�� �g�Z�� �k�_�l�b�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� �b�� �i�h�k�l�h�\���� �h�[�j�Z�[�Z�l�u�\�Z�_�l�� �b�� �h�j�]�Z�g�b�a�m�_�l��

�^�Z�g�g�u�_�� �w�l�b�o�� �g�Z�[�e�x�^�_�g�b�c���� �Z�� �d�l�h-�l�h�� �Z�g�Z�e�b�a�b�j�m�_�l�� �i�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_���� �i�j�h�i�m�k�d�Z�_�l�� �b�o�� �q�_�j�_�a��

�f�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l���� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�l�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �f�_�l�h�^�u�� �b�� �f�h�^�_�e�b���� �K�d�h�e�v�� �m�]�h�^�g�h��

�q�Z�k�l�h�� �f�h�`�g�h�� �\�k�l�j�_�l�b�l�v�� �]�b�^�j�h�e�h�]�h�\���� �b�f�_�x�s�b�o�� �e�b�r�v�� �g�_�i�h�e�g�h�p�_�g�g�h�_�� �m�f�h�a�j�b�l�_�e�v�g�h�_��

�i�j�_�^�k�l�Z�\�e�_�g�b�_���h���i�j�h�p�_�k�k�Z�o�����d�h�l�h�j�u�_���h�g�b���i�u�l�Z�x�l�k�y���f�Z�l�_�f�Z�l�b�q�_�k�d�b���h�i�b�k�Z�l�v�����<���d�Z�d�h�c-�l�h���f�_�j�_��

�[�h�e�_�_�� �i�j�Z�\�b�e�v�g�u�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�f�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�b�� �w�d�k�i�_�^�b�p�b�h�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �G�h�� �b�� �\��

�w�l�h�f�� �k�e�m�q�Z�_�� �\�k�d�h�j�_�� �\�u�^�_�e�b�e�h�k�v�� �k�h�k�e�h�\�b�_�� �]�b�^�j�h�e�h�]�h�\-�w�d�k�i�_�^�b�p�b�h�g�g�b�d�h�\����



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 583 

 

�i�j�h�l�b�\�h�i�h�k�l�Z�\�e�y�x�s�_�_���k�_�[�y���©�d�Z�f�_�j�Z�e�v�s�b�d�Z�f�ª���b���f�h�^�_�e�v�_�j�Z�f���b���l�_�f���k�Z�f�u�f���l�h�`�_���h�]�j�Z�g�b�q�_�g�g�h�_����

�D�Z�d���g�b���k�l�j�Z�g�g�h�����h�q�_�g�v���j�_�^�d�h���\�k�l�j�_�q�Z�x�l�k�y���]�b�^�j�h�e�h�]�b�����o�h�j�h�r�h���a�g�Z�d�h�f�u�_���b���k���k�_�l�v�x�����b���k���i�h�e�_�f�����b��

�k�� �l�Z�c�g�Z�f�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �B�� �_�s�_�� �f�_�g�v�r�_�� �]�b�^�j�h�e�h�]�h�\�� �r�b�j�h�d�h�]�h�� �i�j�h�n�b�e�y����

�k�i�h�k�h�[�g�u�o���g�_���l�h�e�v�d�h���k�f�h�l�j�_�l�v���g�Z���i�j�b�j�h�^�m�����g�h���b���\�b�^�_�l�v���i�j�h�p�_�k�k�u�����\���g�_�c���i�j�h�b�k�o�h�^�y�s�b�_�� �<�_�^�v��

�g�Z�r�b�� �\�b�a�m�Z�e�v�g�u�_�� �g�Z�[�e�x�^�_�g�b�y�� �\�� �i�j�b�j�h�^�_���� �k�h�i�h�k�l�Z�\�e�y�_�f�u�_�� �k�� �b�a�f�_�j�_�g�b�y�f�b���� �d�h�g�p�_�i�p�b�y�f�b����

�l�_�h�j�_�l�b�q�_�k�d�b�f�b���i�h�k�l�j�h�_�g�b�y�f�b���b���i�j�h�_�d�l�b�j�m�_�f�u�f�b���f�h�^�_�e�y�f�b�����k�h�k�l�Z�\�e�y�x�l���g�_�d�m�x���h�k�g�h�\�m���g�Z�r�b�o��

�i�j�_�^�k�l�Z�\�e�_�g�b�c���h���]�b�^�j�h�e�h�]�b�q�_�k�d�h�f���f�b�j�_�� 

�<�b�a�m�Z�e�v�g�u�_���g�Z�[�e�x�^�_�g�b�y���g�Z�i�j�y�f�m�x���k�\�y�a�Z�g�u���k���b�k�d�m�k�k�l�\�h�f���m�\�b�^�_�l�v���b���m�j�Z�a�m�f�_�l�v�����J�_�^�d�h��

�d�l�h�� �h�[�e�Z�^�Z�_�l�� �w�l�b�f�� �b�k�d�m�k�k�l�\�h�f�� �\�� �i�h�e�g�h�c�� �f�_�j�_���� �B�a�� �k�\�h�_�]�h�� �k�h�[�k�l�\�_�g�g�h�]�h�� �h�i�u�l�Z�� �f�h�]�m�� �i�j�b�\�_�k�l�b��

�i�j�b�f�_�j���� �d�h�]�^�Z�� �\�� �i�_�j�b�h�^�� �]�e�y�p�b�Z�e�v�g�h�c�� �k�_�e�_�\�h�c�� �h�i�Z�k�g�h�k�l�b�� �k�i�_�p�b�Z�e�b�k�l�u�� �]�b�^�j�h�f�_�l�k�e�m�`�[�u��

�[�Z�j�j�Z�`�b�j�h�\�Z�e�b�� �g�Z�� �\�_�j�l�h�e�_�l�Z�o�� �g�Z�^�� �]�h�j�g�u�f�b�� �o�j�_�[�l�Z�f�b�� �b�� �k�e�_�^�b�e�b�� �a�Z�� �k�h�k�l�h�y�g�b�_�f�� �e�_�^�g�b�d�h�\�h-

�f�h�j�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z���� �G�h���� �d�Z�d�� �i�j�Z�\�b�e�h���� �d�j�h�f�_�� �i�h�k�e�_�^�m�x�s�b�o�� �h�[�s�b�o�� �j�Z�a�]�h�\�h�j�h�\���� �d�Z�d�b�o-�e�b�[�h��

�h�k�y�a�Z�_�f�u�o�� �j�_�a�m�e�v�l�Z�l�h�\���� �b�f�_�x�s�b�o�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_���� �g�_�� �[�u�\�Z�e�h����

�G�Z�d�Z�g�m�g�_�� �g�_�h�`�b�^�Z�g�g�u�o�� �k�_�e�_�\�u�o�� �d�Z�l�Z�k�l�j�h�n�� �l�Z�d�b�_�� �h�[�e�_�l�u�� �l�Z�d�`�_�� �h�d�Z�a�u�\�Z�e�b�k�v�� �g�_��

�b�g�n�h�j�f�Z�l�b�\�g�u�f�b���� �<�� �q�_�f�� �`�_�� �^�_�e�h�"�� �G�_�m�`�_�e�b�� �i�j�_�^�\�_�k�l�g�b�d�b�� �w�l�b�o�� �d�Z�l�Z�k�l�j�h�n�� �g�_�g�Z�[�e�x�^�Z�_�f�u�"��

�;�m�^�v�l�_�� �m�\�_�j�_�g�u���� �q�Z�s�_�� �\�k�_�]�h�� �g�Z�[�e�x�^�Z�_�f�u���� �G�h�� �\�� �d�Z�q�_�k�l�\�_�� �g�Z�[�e�x�^�Z�l�_�e�_�c�� �^�h�e�`�g�u�� �[�u�l�v��

�k�i�_�p�b�Z�e�b�k�l�u���k�\�h�_�]�h���^�_�e�Z�����]�e�m�[�h�d�h���q�m�\�k�l�\�m�x�s�b�_���i�j�b�j�h�^�m�����\���^�Z�g�g�h�f���k�e�m�q�Z�_���`�b�a�g�v���e�_�^�g�b�d�h�\���b��

�f�h�j�_�g�u�o�� �h�a�_�j���� �B�� �g�b�d�Z�d�b�_�� �n�h�j�f�Z�e�v�g�u�_�� �b�g�k�l�j�m�d�p�b�b�� �b�� �j�m�d�h�\�h�^�k�l�\�Z�� �g�_�� �f�h�]�m�l�� �b�k�i�j�Z�\�b�l�v��

�i�h�e�h�`�_�g�b�_�����W�l�h���g�_���h�a�g�Z�q�Z�_�l�����q�l�h���i�h�k�e�_�^�g�b�_���g�_���^�h�e�`�g�u���k�h�a�^�Z�\�Z�l�v�k�y�����g�h���i�e�h�o�h�_���©�j�m�d�h�\�h�^�k�l�\�h�ª��

�]�h�j�Z�a�^�h���o�m�`�_���i�h�e�g�h�]�h���h�l�k�m�l�k�l�\�b�y���©�j�m�d�h�\�h�^�k�l�\�Z�ª���� 

�=�b�^�j�h�e�h�]�Z�f�� �b�� �]�_�h�e�h�]�Z�f���� �i�j�b�a�\�Z�g�g�u�f�� �a�Z�g�b�f�Z�l�v�k�y�� �h�i�Z�k�g�u�f�b�� �y�\�e�_�g�b�y�f�b�� �i�j�b�j�h�^�u����

�i�j�b�o�h�^�b�l�k�y���i�h���d�j�h�o�Z�f���k�h�[�b�j�Z�l�v���g�Z�m�q�g�m�x���b�g�n�h�j�f�Z�p�b�x�����[�m�d�\�Z�e�v�g�h���[�j�h�^�y���i�h���k�e�_�^�Z�f���d�Z�l�Z�k�l�j�h�n����

�B�� �k�i�h�k�h�[�g�h�k�l�v�� �q�b�l�Z�l�v�� �a�Z�i�b�k�b�� �i�h�k�e�_�^�g�b�o�� �g�Z�� �e�b�d�_�� �A�_�f�e�b�� �y�\�e�y�_�l�k�y�� �l�h�c�� �]�j�Z�f�h�l�h�c���� �d�h�l�h�j�m�x��

�g�_�h�[�o�h�^�b�f�h���h�k�\�h�b�l�v���b�k�l�b�g�g�u�f���i�j�h�n�_�k�k�b�h�g�Z�e�Z�f�����I�h�e�g�h�p�_�g�g�h�_���\�b�a�m�Z�e�v�g�h�_���g�Z�[�e�x�^�_�g�b�_���± �w�l�h��

�i�h�q�l�b���b�k�d�m�k�k�l�\�h�����B���i�h�o�\�Z�e�v�g�h�_���k�e�h�\�h���h���i�h�e�v�a�_���b���g�_�h�[�o�h�^�b�f�h�k�l�b���\�b�^�_�g�b�y���i�j�b�j�h�^�g�u�o���h�[�t�_�d�l�h�\����

�i�j�h�p�_�k�k�h�\���b���y�\�e�_�g�b�c���y���o�h�q�m���a�Z�d�e�x�q�b�l�v���j�Z�a�\�_�j�g�m�l�h�c���p�b�l�Z�l�h�c���b�a���h�^�g�h�]�h���w�k�k�_���=�_�j�f�Z�g�Z���=�_�k�k�_�����k��

�f�h�_�c���l�h�q�d�b���a�j�_�g�b�y�����o�h�j�h�r�h���h�[�t�y�k�g�y�x�s�_�c���n�_�g�h�f�_�g���]�b�^�j�h�e�h�]�Z���;�h�`�v�_�c���f�b�e�h�k�l�v�x�����b���d�h�g�_�q�g�h���g�_��

�l�h�e�v�d�h���]�b�^�j�h�e�h�]�Z�� 

�©�I�b�r�_�l���\�_�l�_�j�����f�h�j�_�����j�_�d�Z�����j�m�q�_�c�����i�b�r�m�l���a�\�_�j�b�����i�b�r�_�l���a�_�f�e�y�����d�h�]�^�Z���h�g�Z���g�Z�f�h�j�s�b�l���]�^�_-

�g�b�[�m�^�v���e�h�[���b���\�^�j�m�]���a�Z�d�j�h�_�l���j�m�k�e�h���i�h�l�h�d�m�����k�f�_�l�_�l���q�Z�k�l�v���]�h�j�g�h�]�h���o�j�_�[�l�Z���b�e�b���j�Z�a�j�m�r�b�l���]�h�j�h�^����

�G�h�� �e�b�r�v�� �q�_�e�h�\�_�d�� �k�i�h�k�h�[�_�g �b�� �k�d�e�h�g�_�g�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �k�h�^�_�y�g�g�h�_�� �y�d�h�[�u�� �k�e�_�i�u�f�b�� �k�b�e�Z�f�b��

�i�j�b�j�h�^�u�� �d�Z�d�� �i�b�k�v�f�_�g�Z���� �d�Z�d�� �h�[�t�_�d�l�b�\�b�j�h�\�Z�g�g�u�c�� �j�Z�a�m�f�«�� �D�Z�`�^�Z�y�� �^�Z�g�g�h�k�l�v�� �i�j�b�j�h�^�u�� �f�h�`�_�l��

�[�u�l�v�� �\�h�k�i�j�b�g�y�l�Z�� �g�Z�f�b�� �d�Z�d�� �g�_�q�l�h�� �g�Z�i�b�k�Z�g�g�h�_���� �d�Z�d�� �g�_�d�h�_�� �\�u�j�Z�`�_�g�b�_���� �k�l�b�o���� �w�i�h�k���� �^�j�Z�f�Z����



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

584  
 

�<�h�k�i�j�b�g�b�f�Z�l�v�� �l�Z�d�� �k�\�h�c�k�l�\�_�g�g�h�� �[�e�Z�]�h�q�_�k�l�b�\�u�f�� �e�x�^�y�f���� �^�_�l�y�f�� �b�� �i�h�w�l�Z�f���� �Z�� �l�Z�d�`�_�� �b�k�l�b�g�g�u�f��

�m�q�_�g�u�f�«���W�l�b���e�x�^�b���g�_���k�l�j�_�f�y�l�k�y�����i�h�^�h�[�g�h���i�j�_�^�k�l�Z�\�b�l�_�e�y�f���k�b�e�u���b���\�e�Z�k�l�b�����w�d�k�i�e�m�Z�l�b�j�h�\�Z�l�v��

�i�j�b�j�h�^�m���b���i�h�^�q�b�g�y�l�v���_�_���k�_�[�_�����h�g�b���l�Z�d�`�_���g�_���l�j�_�i�_�s�m�l���\���k�l�j�Z�o�_���i�_�j�_�^���_�_���b�k�i�h�e�b�g�k�d�b�f�b���k�b�e�Z�f�b����

�b�f�� �i�j�b�y�l�g�_�_�� �k�h�a�_�j�p�Z�l�v�� �_�_���� �i�h�a�g�Z�\�Z�l�v���� �^�b�\�b�l�v�k�y�� �_�c���� �i�h�g�b�f�Z�l�v�� �b�� �e�x�[�b�l�v�ª���� �©�;�m�^�v�l�_�� �`�_��

�[�e�Z�]�h�k�e�h�\�_�g�g�u���� �m�^�b�\�b�l�_�e�v�g�u�_�� �i�b�k�v�f�_�g�Z�� �i�j�b�j�h�^�u���� �g�_�h�i�b�k�m�_�f�h�� �i�j�_�d�j�Z�k�g�u�_�� �\�� �g�_�\�b�g�g�h�k�l�b��

�\�Z�r�b�o���^�_�l�k�d�b�o���a�Z�[�Z�\�����g�_�h�i�b�k�m�_�f�h���b���g�_�i�h�k�l�b�`�b�f�h���i�j�_�d�j�Z�k�g�u�_���b���\�_�e�b�d�b�_���l�Z�d�`�_���\���g�_�\�b�g�g�h�k�l�b��

�\�Z�r�_�]�h���m�[�b�_�g�b�y���b���m�g�b�q�l�h�`�_�g�b�y�����>Hesse, 1961] 

�H�[�j�Z�s�_�g�b�_���d���f�h�e�h�^�u�f���]�b�^�j�h�e�h�]�Z�f 

�H�[�j�Z�s�Z�x�k�v���d���\�Z�f�����f�h�e�h�^�u�_���e�x�^�b�����i�j�b�r�_�^�r�b�_���\���]�b�^�j�h�e�h�]�b�x�����W�l�h���h�q�_�g�v���b�g�l�_�j�_�k�g�Z�y���b��

�^�h�k�l�h�c�g�Z�y���g�Z�m�d�Z�����i�j�b�g�h�k�y�s�Z�y���h�[�s�_�k�l�\�m���b���]�h�k�m�^�Z�j�k�l�\�m���\�_�e�b�d�m�x���i�h�e�v�a�m�����I�h�k�e�_�^�g�y�y���f�h�]�e�Z���[�u��

�[�u�l�v���f�g�h�]�h�d�j�Z�l�g�h���[�h�e�v�r�_�����_�k�e�b���[�u���g�_���j�Z�a�g�h�]�h���j�h�^�Z���i�h�f�_�o�b�����\�h�a�g�b�d�g�h�\�_�g�b�_���d�h�l�h�j�u�o���i�j�b�k�m�s�_��

�d�Z�d���k�Z�f�h�f�m���m�q�_�g�h�f�m���f�b�j�m�����l�Z�d���b���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�f���k�l�j�m�d�l�m�j�Z�f�����h�l���d�h�l�h�j�u�o��

�a�Z�\�b�k�b�l���j�Z�a�\�b�l�b�_���g�Z�m�d�b���b���_�_���g�Z�b�[�h�e�_�_���w�n�n�_�d�l�b�\�g�h�_���b�k�i�h�e�v�a�h�\�Z�g�b�_���g�Z���i�h�e�v�a�m���J�h�k�k�b�b���� 

�D�Z�d�� �m�l�\�_�j�^�b�l�v�� �b�g�l�_�j�_�k�� �d�� �]�b�^�j�h�e�h�]�b�b�� �m�� �_�_�� �f�h�e�h�^�u�o�� �w�g�l�m�a�b�Z�k�l�h�\�� �b�� �w�l�b�f�� �a�Z�e�h�`�b�l�v��

�h�k�g�h�\�u���[�m�^�m�s�_�]�h���g�Z�r�_�c���g�Z�m�d�b�"���D�Z�d���f�h�e�h�^�u�o���]�b�^�j�h�e�h�]�h�\���k�^�_�e�Z�l�v���g�_�k�d�m�q�g�u�f�b���e�x�^�v�f�b�����e�b�r�v��

�\�y�e�h���b�g�l�_�j�_�k�m�x�s�b�f�b�k�y���\�h�a�f�h�`�g�h�k�l�y�f�b���]�b�^�j�h�e�h�]�b�b�����Z���i�h�^�e�b�g�g�u�f�b���i�j�h�n�_�k�k�b�h�g�Z�e�Z�f�b���k�\�h�_�]�h��

�^�_�e�Z�" 

�K�Z�f�h�_�� �e�m�q�r�_�_�� �j�_�r�_�g�b�_�� �i�j�h�[�e�_�f�u�� �± �h�[�j�Z�a�h�\�Z�g�b�_���� �h�k�h�[�_�g�g�h�� �g�Z�� �f�Z�]�b�k�l�_�j�k�d�h�f�� �b��

�Z�k�i�b�j�Z�g�l�k�d�h�f�� �m�j�h�\�g�y�o���� �w�l�h�� �m�k�l�Z�g�h�\�e�_�g�b�_�� �e�b�q�g�h�c�� �k�\�y�a�b�� �m�q�_�g�b�d�Z�� �b�� �g�Z�k�l�Z�\�g�b�d�Z�����d�h�]�^�Z�� �i�_�j�\�u�c��

�m�q�Z�k�l�\�m�_�l�� �\�� �d�h�g�d�j�_�l�g�h�c�� �g�Z�m�q�g�h�c�� �j�Z�[�h�l�_���� �h�[�k�m�`�^�_�g�b�b�� �b�^�_�c�� �b�� �i�h�]�j�m�`�Z�_�l�k�y�� �\�� �j�Z�a�f�u�r�e�_�g�b�y�� �h��

�i�m�l�y�o���j�_�r�_�g�b�y���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�[�e�_�f�����W�l�h���m�`�_���l�h�����q�_�f�m���g�_�e�v�a�y���g�Z�m�q�b�l�v�k�y�����h�l�k�b�^�_�\���e�_�d�p�b�b��

�b���b�k�i�u�l�Z�\���^�b�k�d�h�f�n�h�j�l���g�Z �w�d�a�Z�f�_�g�Z�o�� 

�:���^�Z�e�_�_���y���\�u�g�m�`�^�_�g���i�j�h�b�a�g�_�k�l�b���]�h�j�v�d�b�_���k�e�h�\�Z�����o�h�l�y���\�h�h�[�s�_-�l�h���w�l�h���b���g�_���i�j�b�g�y�l�h�����G�h��

�^�_�e�Z�� �h�[�k�l�h�y�l�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�� �k�h�d�j�u�l�b�_�� �i�j�Z�\�^�u�� �k�i�h�k�h�[�g�h�� �l�h�e�v�d�h�� �m�k�m�]�m�[�b�l�v�� �b�� �[�_�a�� �l�h�]�h��

�g�_�i�j�h�k�l�m�x�� �k�b�l�m�Z�p�b�x���� �D�Z�`�^�h�f�m�� �\�j�_�f�_�g�b�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �k�\�h�b�� �^�h�k�l�b�`�_�g�b�y�� �b�� �l�j�m�^�g�h�k�l�b�� 

�K�e�_�^�m�_�l�� �i�j�b�a�g�Z�l�v���� �q�l�h�� �k�_�c�q�Z�k�� �f�u�� �^�h�`�b�e�b�� �^�h�� �l�Z�d�h�]�h�� �f�h�f�_�g�l�Z���� �d�h�]�^�Z�� �i�e�Z�g�h�f�_�j�g�h�_�� �j�Z�a�\�b�l�b�_��

�g�Z�m�d�b�� �i�h�q�l�b�� �i�j�b�h�k�l�Z�g�h�\�e�_�g�h���� �b�� �k�l�Z�e�h�� �k�l�j�_�f�b�l�_�e�v�g�h�� �j�Z�k�l�b�� �d�h�e�b�q�_�k�l�\�h�� �e�`�_�m�q�_�g�u�o���� �W�l�h�� �g�_��

�l�h�e�v�d�h�� �i�_�q�Z�e�v�g�h�_���� �g�h�� �b�� �h�[�s�_�k�l�\�_�g�g�h�� �h�i�Z�k�g�h�_�� �y�\�e�_�g�b�_���� �b�[�h�� �i�h�k�e�_�^�g�b�_���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f��

�h�[�j�Z�a�h�f�� �l�b�l�m�e�h�\�Z�g�g�u�_���� �j�m�d�h�\�h�^�y�� �Z�k�i�b�j�Z�g�l�Z�f�b�� �b�� �k�h�b�k�d�Z�l�_�e�y�f�b���� �k�l�j�_�f�y�l�k�y�� �e�_�i�b�l�v�� �k�\�h�b�o��

�m�q�_�g�b�d�h�\���i�h���k�\�h�_�f�m���h�[�j�Z�a�m���b���i�h�^�h�[�b�x�����Q�l�h���`�_���^�_�e�Z�l�v���\���l�Z�d�b�o���m�k�e�h�\�b�y�o���f�h�e�h�^�h�f�m���k�i�_�p�b�Z�e�b�k�l�m����

�q�_�k�l�g�h���`�_�e�Z�x�s�_�f�m���b�k�i�j�h�[�h�\�Z�l�v���k�\�h�b���k�b�e�u���\���e�h�g�_���l�h�c���g�Z�m�d�b�����d�h�l�h�j�m�x���h�g���k�_�[�_���\�u�[�j�Z�e�"���D�Z�d���h�g 

�k�f�h�`�_�l�� �h�l�e�b�q�b�l�v�� �g�Z�k�l�h�y�s�_�]�h�� �g�Z�k�l�Z�\�g�b�d�Z�� �b�e�b�� �o�h�l�y�� �[�u�� �i�j�h�k�l�h�� �^�h�[�j�h�]�h�� �k�h�\�_�l�q�b�d�Z�� �h�l��

�e�`�_�m�q�b�l�_�e�y�"�� 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 585 

 

�<�u�[�h�j�� �g�Z�k�l�Z�\�g�b�d�Z�� �b�� �j�m�d�h�\�h�^�b�l�_�e�y�� �\�� �g�Z�m�d�_�� �± �^�_�e�h�� �k�m�]�m�[�h�� �e�b�q�g�h�_���� �g�h���f�h�e�h�^�u�_�� �e�x�^�b��

�q�Z�k�l�h�� �j�m�d�h�\�h�^�k�l�\�m�x�l�k�y�� �i�j�b�� �w�l�h�f�� �g�_�� �\�k�_�]�^�Z�� �^�h�k�l�h�c�g�u�f�b�� �f�h�l�b�\�Z�f�b�� �b�e�b�� �`�_�� �i�j�_�^�h�k�l�Z�\�e�y�x�l��

�j�_�r�_�g�b�_�� �l�_�q�_�g�b�x�� �h�[�k�l�h�y�l�_�e�v�k�l�\���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �± �w�l�h�� �i�j�h�[�e�_�f�Z�� �g�_�� �i�j�h�k�l�Z�y���� �l�j�_�[�m�x�s�Z�y��

�[�e�Z�]�h�j�Z�a�m�f�b�y���b���h�k�l�h�j�h�`�g�h�k�l�b�����B���[�_�a�m�k�e�h�\�g�h�����i�_�j�_�^���\�u�[�h�j�h�f���k�e�_�^�m�_�l���l�s�Z�l�_�e�v�g�h���h�a�g�Z�d�h�f�b�l�v�k�y��

�d�Z�d�� �k�� �i�h�e�h�`�_�g�b�_�f�� �^�_�e�� �\�� �]�b�^�j�h�e�h�]�b�b�� �\�h�h�[�s�_���� �l�Z�d�� �b�� �k�� �g�Z�m�q�g�u�f�b�� �j�Z�[�h�l�Z�f�b�� �k�\�h�_�]�h��

�i�h�l�_�g�p�b�Z�e�v�g�h�]�h���j�m�d�h�\�h�^�b�l�_�e�y���b���_�]�h���\�h�a�f�h�`�g�u�o�����\���\�Z�r�b�o���]�e�Z�a�Z�o�����©�k�h�i�_�j�g�b�d�h�\�ª�����H�^�g�Z�d�h���l�Z�d�m�x����

�\���h�[�s�_�f-�l�h�����g�_���h�q�_�g�v���i�j�h�k�l�m�x���j�Z�[�h�l�m���g�_���d�Z�`�^�u�c���a�Z�o�h�q�_�l���i�j�h�^�_�e�Z�l�v�����g�h���\���w�l�h�f���k�e�m�q�Z�_���f�h�e�h�^�h�c��

�q�_�e�h�\�_�d���m�`�_���k�Z�f���g�_�k�_�l���h�l�\�_�l�k�l�\�_�g�g�h�k�l�v���a�Z���\�k�_���b�a�t�y�g�u���^�Z�e�v�g�_�c�r�_�c���e�b�g�b�b���k�\�h�_�c���g�Z�m�q�g�h�c���`�b�a�g�b����

�B���g�_�� �[�m�^�v�l�_�� �©�e�`�_�m�q�_�g�b�d�Z�f�b�ª���� �G�m�� �Z�� �y�� �_�s�_�� �j�Z�k�k�q�b�l�u�\�Z�x�� �g�Z�� �l�h���� �q�l�h�� �i�j�h�q�l�_�g�b�_�� �b�e�b���� �g�Z�� �o�m�^�h�c��

�d�h�g�_�p�����h�a�g�Z�d�h�f�e�_�g�b�_���k���w�l�h�c���k�l�Z�l�v�_�c�����\�h�a�f�h�`�g�h�����i�h�f�h�`�_�l���\�Z�f���g�_���\�i�Z�k�l�v���\�h���f�g�h�]�b�_���a�Z�[�e�m�`�^�_�g�b�y�� 

�<�k�_���k�d�Z�a�Z�g�g�h�_���a�g�Z�q�b�f�h���g�_���l�h�e�v�d�h���^�e�y���[�m�^�m�s�b�o���m�q�_�g�u�o-�]�b�^�j�h�e�h�]�h�\�����g�h���b���]�b�^�j�h�e�h�]�h�\-

�b�g�`�_�g�_�j�h�\���� �]�b�^�j�h�e�h�]�h�\-�k�_�l�_�\�b�d�h�\���� �]�b�^�j�h�e�h�]�h�\-�i�j�h�]�g�h�a�b�k�l�h�\���� �]�b�^�j�h�e�h�]�h�\-�w�d�k�i�_�^�b�p�b�h�g�g�b�d�h�\����

�Z���l�Z�d�`�_���j�m�d�h�\�h�^�b�l�_�e�_�c���b���f�_�g�_�^�`�_�j�h�\���\���h�[�e�Z�k�l�b���]�b�^�j�h�e�h�]�b�b�� 

�B�l�Z�d�����g�Z�m�q�b�l�_�k�v���j�Z�a�e�b�q�Z�l�v���m�q�_�g�u�o���g�Z�k�l�h�y�s�b�o���b���f�g�b�f�u�o�����G�_���i�m�]�Z�c�l�_�k�v�����_�k�e�b���y���k�d�Z�`�m��

�\�Z�f���� �q�l�h�� �i�h�k�e�_�^�g�b�o�� �k�_�c�q�Z�k�� �g�Z�f�g�h�]�h�� �[�h�e�v�r�_���� �©�b�f�y�� �b�f�� �e�_�]�b�h�g�ª���� �W�l�h�� �h�^�g�Z�� �b�a���k�l�h�j�h�g��

�k�h�\�j�_�f�_�g�g�h�]�h���^�m�o�h�\�g�h�]�h���b���b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h���g�_�a�^�h�j�h�\�v�y���g�Z�r�_�]�h���h�[�s�_�k�l�\�Z�� 

�G�h���k�b�e�v�g�u�o���^�m�o�h�f���\�k�_���w�l�h���g�_���^�h�e�`�g�h���h�[�_�k�d�m�j�Z�`�b�\�Z�l�v�����G�Z�h�[�h�j�h�l�« 

�<���^�h�[�j�u�c���I�m�l�v�� 

�E�b�l�_�j�Z�l�m�j�Z References 

�:�i�h�e�e�h�\ �;.�:. �M�q�_�g�b�_���h���j�_�d�Z�o�����m�q�_�[�g�b�d��

�]�_�h�]�j�����n�Z�d�����m�g-�l�h�\������-�_���b�a�^�����F�������b�a�^-�\�h��

�F�h�k�d�����m�g�b�\�_�j�k�b�l�_�l�Z�������������������������k�� 

�<�_�e�b�d�Z�g�h�\�� �F���:�����=�b�^�j�h�e�h�]�b�y�� �k�m�r�b����

�E���� �=�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�_�� �b�a�^�Z��

�l�_�e�v�k�l�\�h�������������������������k�� 

�<�b�g�h�]�j�Z�^�h�\�� �X���;������ �<�b�g�h�]�j�Z�^�h�\�Z�� �L���:�� 

�F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �\��

�]�b�^�j�h�e�h�]�b�b���� �F������ �B�a�^���� �P�_�g�l�j�� �©�:�d�Z�^�_��

�f�b�y�ª�������������������������k�� 

Abbott M.B., Refsgaard J.C. (Eds). Distributed Hydro-

logical Modeling Netherlands: Kluwer Academic Pub-

lishers, 1996. 321 p. DOI: 10.1007/978-94-009-0257-2 

Apollov B.A. Uchenie o rekakh: uchebnik geografich-

eskikh fakul'tetov universitetov [Studies about the 

river] . Moscow, Publ. of Moscow University, 1963. 

423 p. (In Russian). 

Chow V.T. Handbook Of Applied Hydrology: a com-

pendium of water-resources technology. New York, 

McGraw- Hill, 1964. 1495 p. 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

586  
 

�<�h�c�g�h-�Y�k�_�g�_�p�d�b�c�� �<���N���� ���K�\�y�l�b�l�_�e�v��

�E�m�d�Z�� �D�j�u�f�k�d�b�c�� �G�Z�m�d�Z�� �b�� �j�_�e�b�]�b�y����

�N�_�g�b�d�k���� �I�j�Z�\�h�k�e�Z�\�g�Z�y�� �[�b�[�e�b�h�l�_�d�Z��

�©�L�j�h�b�p�d�h�_���k�e�h�\�h�ª�������������������������k���� 

�=�e�_�^�d�h�� �X���:�� �=�b�^�j�h�]�_�h�e�h�]�b�y���� �m�q�_�[����

�i�h�k�h�[�b�_�����F�g�������<�u�r���r�d���������������������������k�� 

�=�e�y�p�b�h�e�h�]�b�q�_�k�d�b�c���k�e�h�\�Z�j�v ���� �I�h�^���j�_�^����

�<���F���� �D�h�l�e�y�d�h�\�Z���� �E���� �=�b�^�j�h�f�_�l�_�h�b�a��

�^�Z�l�������������������������k�� 

�>�Z�e�v�� �<���B�� �L�h�e�d�h�\�u�c�� �k�e�h�\�Z�j�v�� �`�b�\�h�]�h��

�<�_�e�b�d�h�j�m�k�k�d�h�]�h�� �y�a�u�d�Z���� �\�� ���� �l���� �L�h�f�� ������

�: -�A���� �B�a�^�Z�g�b�_�� �d�g�b�]�h�i�j�h�^�Z�\�p�Z-�l�b�i�h��

�]�j�Z�n�Z���F���H�����<�h�e�v�n�Z�������������������������k�� 

�D�Z�j�l�\�_�e�b�r�\�b�e�b���G���:�� �K�l�h�o�Z�k�l�b�q�_�k�d�Z�y��

�]�b�^�j�h�e�h�]�b�y���� �E������ �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l����

���������������������k�� 

�D�g�h�j�j�b�g�]���<���B�� �L�_�h�j�b�y�����i�j�Z�d�l�b�d�Z���b���b�k��

�d�m�k�k�l�\�h���m�i�j�Z�\�e�_�g�b�y�����m�q�_�[�g�b�d���^�e�y���\�m��

�a�h�\�� �i�h�� �k�i�_�p�b�Z�e�v�g�h�k�l�b�� ���F�_�g�_�^�`��

�f�_�g�l������ �F������ �B�a�^�Z�l�_�e�v�k�l�\�h�� �G�H�J�F�:����

���������������������k�� 

�D�j�_�g�d�_�� �:���G�� �F�Z�k�k�h�h�[�f�_�g�� �\�� �e�_�^�g�b�d�h��

�\�u�o�� �k�b�k�l�_�f�Z�o�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �K�K�K�J����

�E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 

�E�_�f�� �K�� �H�� �©�g�_�h�i�h�a�g�Z�g�g�u�o�� �e�_�l�Z�x�s�b�o��

�h�[�t�_�d�l�Z�o�ª�������I�_�j�����D���<�����>�m�r�_�g�d�h���������J�Z��

�p�b�h�g�Z�e�v�g�h�_�� �b�� �b�j�j�Z�p�b�h�g�Z�e�v�g�h�_�� �\�� �k�h��

�\�j�_�f�_�g�g�h�f���k�h�a�g�Z�g�b�b�������J�_�^�����J���:�����=�Z�e�v��

�p�_�\�Z�����F�������B�G�B�H�G�����������������<�u�i�������� 

Dal' V.I. Tolkovyi slovar' zhivogo Velikorusskogo 

yazyka: v 4 t. Tom 1. A-3 [Explanatory Dictionary of 

the Living Great Russian Language: in 4 vol. Volume 1. 

Letter A-3]. Publ. of the bookstore-typographer 

M.O. Wolf, 1880.812 p. (In Russian). 

Dingman S.L. Physical Hydrology. Macmillan Publish-

ing Company, 1994. 575 p. 

Edel'shtein Ya.S. Osnovy geomorfologii: kratkii kurs 

[Fundamentals of geomorphology: a short course]. 

Moscow, State Pedagogical Edition, 1938. 329 p. (In 

Russian). 

Gledko Yu.A. Gidrogeologiya: uchebnoe posobie [Hy-

drogeology: a training manual]. Minsk, Publ. 

Vysshaya shkola, 2012. 446 p. (In Russian). 

�*�O�\�D�W�V�L�R�O�R�J�L�F�K�H�V�N�L�L���V�O�R�Y�D�U�¶���>Glaciological Dictionary] 

by Kotlyakov V.M. (ed.). Leningrad, Publ. Gidromete-

oizdat, 1984. 564 p. (In Russian). 

Hesse H.K. Schreiben und Schriften / �1�H�X�H�� �=�•�U�F�K�H�U��

Zeitung 15.08.1961 

Hutchinson, G.E.A. Treatise on limnology. London, 

1957 (Russ. ed.: Khatchinson D. Limnologiya: geo-

graficheskie, fizicheskie i khimicheskie kharakteristiki 

ozer. Moscow, Publ. Progress, 1969. 591 p.) 

Kartvelishvili N.A. Stokhasticheskaya gidrologiya 

[Stochastic hydrology]. Leningrad, Publ. Gidromete-

oizdat, 1981. 168 p. (In Russian). 

Knorring V.I. Teoriya, praktika i iskusstvo upravleniya: 

uchebnik dlya vuzov po spetsial'nosti "Menedzhment" 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 587 

 

�E�b�g�k�e�_�c�� �J���D���� �D�h�e�_�j�� �F���:������ �I�Z�m�e�x�k��

�>���E���O�� �I�j�b�d�e�Z�^�g�Z�y���]�b�^�j�h�e�h�]�b�y�������I�_�j����

�k���Z�g�]�e�����<���F�� �;�b�p�b�e�e�b���>�b���^�j���@�����I�h�^���j�_�^����

�>�b�� �k�� �i�j�_�^�b�k�e���@�� �i�j�h�n���� �:���G�� �;�_�n�Z�g�b����

�E���� �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k���� 

�F�y�]�d�h�\���K���F�� �I�j�h�[�e�_�f�Z���j�h�k�l�Z���m�s�_�j�[�Z��

�h�l�� �k�l�b�o�b�c�g�u�o�� �[�_�^�k�l�\�b�c�� ������ �=�e�h�[�Z�e�v��

�g�u�_�� �b�a�f�_�g�_�g�b�y�� �i�j�b�j�h�^�g�h�c�� �k�j�_�^�u��

���d�e�b�f�Z�l���b���\�h�^�g�u�c���j�_�`�b�f�������F�������G�Z�m�q��

�g�u�c���f�b�j�����������������K����������-291 

�I�Z�l�_�j�k�h�g�� �M���K���;�� �N�b�a�b�d�Z�� �e�_�^�g�b�d�h�\�� ����

�I�_�j���� �k�� �Z�g�]�e���� �F���=���� �=�j�h�k�\�Z�e�v�^�Z����

�<���E�� �F�Z�a�h���� �H���I���� �Q�b�`�h�\�Z���� �i�h�^�� �j�_�^����

�<���F���� �D�h�l�e�y�d�h�\�Z���� �F������ �F�b�j���� ������������

472 �k���� 

�I�h�e�b�g�]�� �E������ �I�h�e�b�g�]�� �I�� �O�b�f�b�y����

�F���� �F�b�j�������������������������k���� 

�K�g�h�m���Q���I�����I�h�j�l�j�_�l�u���b���j�Z�a�f�u�r�e�_�g�b�y����

�w�k�k�_�����b�g�l�_�j�\�v�x�����\�u�k�l�m�i�e�_�g�b�y�������I�_�j�����k��

�Z�g�]�e���� �K�h�k�l���� �K�� �;�w�e�a�Z���� �F������ �B�a�^���� �I�j�h��

�]�j�_�k�k�������������������������k�� 

�O�Z�l�q�b�g�k�h�g�� �>�����E�b�f�g�h�e�h�]�b�y���� �]�_�h�]�j�Z��

�n�b�q�_�k�d�b�_���� �n�b�a�b�q�_�k�d�b�_�� �b�� �o�b�f�b�q�_�k�d�b�_��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �h�a�_�j ���� �k�h�d�j�Z�s�_�g�g�u�c��

�i�_�j�_�\�h�^�� �k�� �Z�g�]�e�b�c�k�d�h�]�h�� �=���<�� �P�u�p�Z�j��

�i�b�g�Z���b�����=���=�����R�b�g�d�Z�j�����j�_�^�Z�d�p�b�y���b���i�j�_��

�^�b�k�e�h�\�b�_�� �E���E���� �J�h�k�k�h�e�b�f�h���� �F������ �I�j�h��

�]�j�_�k�k�������������������������k�� 

[Theory, practice and the art of management: a text-

book for universities in the specialty "Management"]. 

Moscow, Publ. NORMA, 2001. 528 p. (In Russian). 

�.�O�H�P�H�ã���9�����'�L�O�H�W�W�D�Q�W�L�V�P���L�Q���K�\�G�U�R�O�R�J�\�����7�U�D�Q�V�L�W�L�R�Q���R�U���G�H�V��

tiny? Water Resources Research, 1986, vol. 22, iss. 9S, 

pp. 177S-188S. DOI: 10.1029/WR022i09Sp0177S 

Krenke A.N. Massoobmen v lednikovykh sistemakh na 

territorii SSSR [Mass-exchange in Glacier Systems 

over the Territory of the USSR]. Leningrad, Publ. 

Gidrometeoizdat, 1982. 288 p. (In Russian; abstract in 

English). 

McCarroll D. Really Critical Geomorphology. Earth 

Surface Processes and Landforms, 1997, vol. 22, iss. 1, 

pp. 1-2. DOI: 10.1002/(SICI)1096-

9837(199701)22:1<1::AID-ESP780>3.0.CO;2-F 

Lem S. �H "niczidentyfikowanych objektach lat-

ajacych". Przeglad techniczny-innowacje. Waszawa, 

�������������Q�R���������������������5�X�V�V�����H�G�������/�H�P���6�����2���©�Q�H�R�S�R�]�Q�D�Q�Q�\�N�K��

�O�H�W�D�\�X�V�K�F�K�L�N�K�� �R�E���H�N�W�D�N�K�ª����Ratsional'noe i irratsion-

al'noe v sovremennom soznanii. Moscow, Publ. INION, 

1987. Vyp. 4). 

Linsley R., Kohler M., Paulhus J. Applied Hydrology. 

New York: McGraw-Hill, 1949. (Russ. ed.: Linslei 

R.K. Koler M.A., Paulyus D.L.Kh. Prikladnaya 

gidrologiya. Leningrad, Publ. Gidrometeoizdat, 1962. 

759 p.) 

Myagkov S.M. Problema rosta ushcherba ot stikhiinykh 

bedstvii [The problem of growing damage from natural 

disasters]. Global'nye izmeneniya prirodnoi sredy 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

588  
 

�R�m�f�k�d�b�c���I���:�����A�Z�^�Z�q�b�� �b���f�_�l�h�^�u���b�a�m��

�q�_�g�b�y�� �d�h�e�_�[�Z�g�b�c�� �e�_�^�g�b�d�h�\�� ������ �G�Z�m�q��

�g�u�_���l�j�m�^�u���b�g�k�l�b�l�m�l�Z���f�_�o�Z�g�b�d�b���F�=�M�� 

�������������‹�����������K������-11.  

�S�m�d�b�g�� �B���K�� �Q�_�l�u�j�_�o�t�y�a�u�q�g�u�c�� �w�g��

�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c�� �k�e�h�\�Z�j�v�� �l�_�j�f�b�g�h�\��

�i�h�� �n�b�a�b�q�_�k�d�h�c�� �]�_�h�]�j�Z�n�b�b�� ���� �I�h�^�� �j�_�^����

�:���B�� �K�i�b�j�b�^�h�g�h�\�Z�����F�������K�h�\�_�l�k�d�Z�y���w�g��

�p�b�d�e�h�i�_�^�b�y�������������������������k�� 

�W�^�_�e�v�r�l�_�c�g���Y���K�� �H�k�g�h�\�u���]�_�h�f�h�j�n�h��

�e�h�]�b�b���� �d�j�Z�l�d�b�c�� �d�m�j�k���� �F������ �=�h�k�m�^�Z�j��

�k�l�\�_�g�g�h�_�� �m�q�_�[�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�h�_�� �b�a��

�^�Z�g�b�_����������������329 �k. 

Chow V.T. Handbook Of Applied Hy-

drology: a compendium of water-re-

sources technology. New York: 

McGraw- Hill, 1964. 1495 p. 

Dingman S.L. Physical Hydrology. 

Macmillan Publishing Company, 1994. 

575 p. 

Distributed Hydrological Modeling / 

Abbott M.B., Refsgaard J.C. (Eds). 

Netherlands: Kluwer Academic Pub-

lishers, 1996. 321 p. DOI: 10.1007/978-

94-009-0257-2 

Hesse H.K. Schreiben und Schriften / 

�1�H�X�H���=�•�U�F�K�H�U���=�H�L�W�X�Q�J���������������������� 

�.�O�H�P�H�ã�� �9�� Dilettantism in hydrology: 

Transition or destiny? // Water Re-

sources Research. 1986.  

(klimat i vodnyi rezhim) [Global changes in the envi-

ronment (climate and water regime)]. Moscow, Publ. 

Nauchnyi mir, 2000, pp. 277-291. (In Russian). 

Paterson W.S.B. The physics of glaciers. Pergamon 

Press, 1981. (Russ. ed.: Paterson U.S.B. Fizika ledni-

kov. Moscow, Publ. Mir, 1984. 472 p.) 

Pauling L., Pauling P. Chemistry San Francisco, 

W.H. Freeman and company, 1975. 767 p. (Russ. ed.: 

Poling L., Poling P. Khimiya. Moscow, Publ. Mir, 1978. 

686 p.) 

Shumskii P.A. Zadachi i metody izucheniya kolebanii 

lednikov [Tasks and methods for studying the fluctua-

tions of glaciers]. Nauchnye trudy instituta mekhaniki 

MGU [Scientific proceedings of the Institute of Me-

chanics of Moscow State University], 1975, no. 42, 

pp. 5-11. (In Russian). 

Shchukin I.S. Chetyrekh"yazychnyi entsiklopedicheskii 

slovar' terminov po fizicheskoi geografii [The four-lan-

guage encyclopedic dictionary of terms in physical ge-

ography]. Moscow, Publ. of Soviet Encyclopedia, 

1980. 703 p. (In Russian). 

Snou Ch.P. Portrety i razmyshleniya: esse, interv'yu, 

vystupleniya [Portraits and reflections: essays, inter-

views, speeches]. Moscow, Publ. Progress, 1985. 368 p. 

(In Russian). 

Velikanov M.A. Gidrologiya sushi [Hydrology]. Len-

ingrad, Hydrometeorological publishing house, 1948. 

530 p. (In Russian). 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 589 

 

Vol. 22. Iss. 9S. P. 177S-188S. 

DOI: 10.1029/WR022i09Sp0177S 

McCarroll D. Really Critical Geomor-

phology // Earth Surface Processes and 

Landforms. 1997. Vol. 22. Iss. 1. P. 1-2. 

DOI: 10.1002/(SICI)1096-

9837(199701)22:1<1::AID-

ESP780>3.0.CO;2-F 

Wiest R. De J.M. Geohydrology. New 

York, London, Sydney: John Wiley and 

Sons, 1965. 366 p. 

Vinogradov Yu.B., Vinogradova T.A. Matematich-

eskoe modelirovanie v gidrologii [Mathematical mod-

eling in hydrology]. Moscow, Academy Publ., 2010. 

297 p. (In Russian). 

Voino-Yasenetskii V.F. (Svyatitel' Luka Krymskii) 

Nauka i religiya [Science and religion]. Feniks, Pra-

�Y�R�V�O�D�Y�Q�D�\�D���E�L�E�O�L�R�W�H�N�D���©�7�U�R�L�W�V�N�R�H���V�O�R�Y�R�ª�������������������������S����

(In Russian). 

Wiest R. De J.M. Geohydrology. New York, London, 

Sydney: John Wiley and Sons, 1965. 366 p. 

 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

590  
 

�I�J�:�<�B�E�:���>�E�Y���:�<�L�H�J�H�< 
�<���g�Z�m�q�g�u�c���`�m�j�g�Z�e���©�=�b�^�j�h�k�n�_�j�Z�����H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u �b���y�\�e�_�g�b�y�ª���i�j�b�g�b�f�Z�x�l�k�y���k�l�Z�l�v�b���g�Z��

�j�m�k�k�d�h�f���b���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�Z�o���\���k�h�h�l�\�_�l�k�l�\�b�b���k���h�k�g�h�\�g�u�f�b���l�_�f�Z�l�b�q�_�k�d�b�f�b���j�Z�a�^�_�e�Z�f�b�� 
1. �N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���i�j�h�[�e�_�f�u���]�b�^�j�h�k�n�_�j�u���A�_�f�e�b�� 
2. �H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���\���]�b�^�j�h�k�n�_�j�_�����n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���b���b�g�`�_�g�_�j�g�u�_���Z�k�i�_�d�l�u 
3. �W�d�h�e�h�]�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���b���h�i�Z�k�g�h�k�l�b���\���]�b�^�j�h�k�n�_�j�_��  
4. �W�\�h�e�x�p�b�y���]�b�^�j�h�k�n�_�j�u�� 
5. �F�_�l�h�^�u�����f�h�^�_�e�b���b���l�_�o�g�h�e�h�]�b�b. 
6. �<�h�i�j�h�k�u���k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���g�h�j�f�Z�l�b�\�g�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 
7. �F�h�g�b�l�h�j�b�g�]�h�\�u�_�����w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�����b���w�d�k�i�_�^�b�p�b�h�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y�� 
8. �G�Z�m�q�g�u�_���^�b�k�d�m�k�k�b�b�� 
9. �G�Z�k�e�_�^�b�_�� 
10. �O�j�h�g�b�d�Z�� 
�I�e�Z�l�Z���a�Z���i�m�[�e�b�d�Z�p�b�b���k�l�Z�l�_�c���g�_���\�a�u�f�Z�_�l�k�y�����=�h�g�h�j�Z�j���Z�\�l�h�j�Z�f���g�_���\�u�i�e�Z�q�b�\�Z�_�l�k�y�����<�k�_���k�l�Z��

�l�v�b���i�h�k�e�_���n�h�j�f�b�j�h�\�Z�g�b�y���\�u�i�m�k�d�Z���j�Z�a�f�_�s�Z�x�l�k�y �g�Z���k�Z�c�l�_���`�m�j�g�Z�e�Z���\���k�\�h�[�h�^�g�h�f���^�h�k�l�m�i�_�� 
�H�[�s�b�_���l�j�_�[�h�\�Z�g�b�y �d���h�n�h�j�f�e�_�g�b�x���k�l�Z�l�v�b: 
- �n�h�j�f�Z�l��.doc �b�e�b��.docx; �\�k�_���i�h�e�y���k�l�j�Z�g�b�p�u���± �i�h�������k�f�� 
- �r�j�b�n�l Times New Roman, �j�Z�a�f�_�j �± 12 pt; 
- �f�_�`�^�m�k�l�j�h�q�g�u�c���b�g�l�_�j�\�Z�e���± �i�h�e�m�l�h�j�g�u�c�����i�_�j�_�g�h�k�u���\���k�e�h�\�Z�o���g�_���^�h�i�m�k�d�Z�x�l�k�y�� 
- �Z�[�a�Z�p�g�u�c���h�l�k�l�m�i���± ���������k�f�����\�u�j�Z�\�g�b�\�Z�g�b�_���l�_�d�k�l�Z���± �i�h���r�b�j�b�g�_�����a�Z���b�k�d�e�x�q�_�g�b�_�f���l�b�l�m�e�v��

�g�h�c���k�l�j�Z�g�b�p�u�����n�h�j�f�m�e�����k�g�h�k�h�d�����j�b�k�m�g�d�h�\���b���l�Z�[�e�b�p���� 
�L�b�l�m�e�v�g�Z�y���k�l�j�Z�g�b�p�Z �^�h�e�`�g�Z���k�h�^�_�j�`�Z�l�v���k�e�_�^�m�x�s�b�_���w�e�_�f�_�g�l�u�� 
- �M�>�D ���\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���e�_�\�h�f�m���d�j�Z�x���� 
- �g�Z�a�\�Z�g�b�_ �k�l�Z�l�v�b�����j�_�]�b�k�l�j���d�Z�d���\���i�j�_�^�e�h�`�_�g�b�b�����\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m�� �g�_���[�h�e�_�_���������k�e�h�\�� 
- �b�g�b�p�b�Z�e�u���b���n�Z�f�b�e�b�y���Z�\�l�h�j�Z ���Z�\�l�h�j�h�\�������\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- �i�h�e�g�h�_���g�Z�a�\�Z�g�b�_���h�j�]�Z�g�b�a�Z�p�b�b�����\���d�h�l�h�j�h�c���j�Z�[�h�l�Z�x�l���Z�\�l�h�j�u�����k���m�d�Z�a�Z�g�b�_�f���]�h�j�h�^�Z���b���k�l�j�Z�g�u��

���d�m�j�k�b�\�����\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- e-�P�D�L�O���d�h�g�l�Z�d�l�g�h�]�h���Z�\�l�h�j�Z ���\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- �Z�g�g�h�l�Z�p�b�y �h�[�t�_�f�h�f��������-���������k�e�h�\�����d�h�l�h�j�Z�y���^�h�e�`�g�Z���\�d�e�x�q�Z�l�v���Z�d�l�m�Z�e�v�g�h�k�l�v���l�_�f�u���b�k�k�e�_��

�^�h�\�Z�g�b�y�����i�h�k�l�Z�g�h�\�d�m���i�j�h�[�e�_�f�u�����p�_�e�b���b�k�k�e�_�^�h�\�Z�g�b�y�����f�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y�����j�_�a�m�e�v�l�Z�l�u���b���d�e�x��
�q�_�\�u�_���\�u�\�h�^�u; 

- �d�e�x�q�_�\�u�_���k�e�h�\�Z �± 6-�������k�e�h�\�����i�j�_�^�_�e�v�g�h���h�l�j�Z�`�Z�x�s�b�o �i�j�_�^�f�_�l �b�k�k�e�_�^�h�\�Z�g�b�y�� 
�I�j�b�� �i�h�^�]�h�l�h�\�d�_�� �k�l�Z�l�v�b�� �j�_�^�Z�d�p�b�y�� �g�Z�k�l�h�y�l�_�e�v�g�h�� �j�_�d�h�f�_�g�^�m�_�l�� �i�j�b�^�_�j�`�b�\�Z�l�v�k�y�� �n�h�j�f�Z�l�Z��

IMRAD �����i�h�^�j�Z�a�m�f�_�\�Z�x�s�_�]�h���k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_���k�l�Z�l�v�b���g�Z���k�e�_�^�m�x�s�b�_���w�e�_�f�_�g�l�u�� 
- �\�\�_�^�_�g�b�_��(I�Q�W�U�R�G�X�F�W�L�R�Q�������k�h�^�_�j�`�Z�s�i�c���Z�d�l�m�Z�e�v�g�h�k�l�v���b�k�k�e�_�^�h�\�Z�g�b�y�����h�[�a�h�j���e�b�l�_�j�Z�l�m�j�u�����i�h��

�k�l�Z�g�h�\�d�m���i�j�h�[�e�_�f�u�����n�h�j�f�m�e�b�j�h�\�Z�g�b�_���p�_�e�_�c �b���a�Z�^�Z�q���b�k�k�e�_�^�h�\�Z�g�b�y�� 
- �f�_�l�h�^�u (M�H�W�K�R�G�V������ �k�h�^�_�j�`�Z�s�b�c�� �h�i�b�k�Z�g�b�_�� �f�_�l�h�^�b�d�b�� ���f�_�l�h�^�h�\���� �b�� �k�o�_�f�� �w�d�k�i�_�j�b�f�_�g��

�l�h�\���g�Z�[�e�x�^�_�g�b�c�����f�Z�l�_�j�b�Z�e�h�\�����i�j�b�[�h�j�h�\�����h�[�h�j�m�^�h�\�Z�g�b�y���b���m�k�e�h�\�b�c���w�d�k�i�_�j�b�f�_�g�l�h�\���g�Z�[�e�x�^�_�g�b�c�� 
- �j�_�a�m�e�v�l�Z�l�u (Results) �± �n�Z�d�l�b�q�_�k�d�b�_���j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y���b���b�o �b�g�l�_�j�i�j�_�l�Z�p�b�y�� 
- �h�[�k�m�`�^�_�g�b�_ (Discussion) �± �d�j�Z�l�d�b�_���b�l�h�]�b���j�Z�a�^�_�e�h�\���k�l�Z�l�v�b���[�_�a���^�h�k�e�h�\�g�h�]�h���i�h�\�l�h�j�_�g�b�y�� 
�L�Z�[�e�b�p�u���b���j�b�k�m�g�d�b �h�n�h�j�f�e�y�x�l�k�y���[�_�a���Z�[�a�Z�p�g�h�]�h���h�l�k�l�m�i�Z���k���\�u�j�Z�\�g�b�\�Z�g�b�_�f���i�h���p�_�g�l�j�m, 

�h�l�^�_�e�y�x�l�k�y���i�m�k�l�u�f�b���k�l�j�h�d�Z�f�b���h�l���h�k�g�h�\�g�h�]�h���l�_�d�k�l�Z. �<�k�_���j�b�k�m�g�d�b���^�h�e�`�g�u���[�u�l�v���f�Z�d�k�b�f�Z�e�v�g�h�]�h��
�d�Z�q�_�k�l�\�Z���� �<�� �l�Z�[�e�b�p�Z�o�� �^�h�i�m�k�d�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �h�^�b�g�Z�j�g�h�]�h�� �f�_�`�^�m�k�l�j�h�q�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z����
�r�j�b�n�l�Z���f�_�g�v�r�_�]�h���j�Z�a�f�_�j�Z�����g�_���f�_�g�_�_������ pt�������D�Z�`�^�Z�y���l�Z�[�e�b�p�Z���b���j�b�k�m�g�h�d���^�h�e�`�g�u���b�f�_�l�v���g�h�f�_�j��
���b�k�i�h�e�v�a�m�x�l�k�y���Z�j�Z�[�k�d�b�_���p�b�n�j�u�����b���g�Z�a�\�Z�g�b�_�����<�k�_���i�h�^�i�b�k�b���d���l�Z�[�e�b�p�Z�f���b���j�b�k�m�g�d�Z�f �^�h�e�`�g�u���k�h��
�^�_�j�`�Z�l�v���b�k�l�h�q�g�b�d�b���b�g�n�h�j�f�Z�p�b�b�����a�Z���b�k�d�e�x�q�_�g�b�_�f���k�e�m�q�Z�_�\�����d�h�]�^�Z���h�g�b �k�h�a�^�Z�g�u���Z�\�l�h�j�h�f �k�l�Z�l�v�b). 

�?�^�b�g�b�p�u���b�a�f�_�j�_�g�b�y �i�h���l�_�d�k�l�m���k�l�Z�l�v�b���m�d�Z�a�u�\�Z�x�l�k�y���\���f�_�`�^�m�g�Z�j�h�^�g�h�c���k�b�k�l�_�f�_���_�^�b�g�b�p�� 
�>�_�k�y�l�b�q�g�u�_���q�b�k�e�Z �g�Z�[�b�j�Z�x�l�k�y���q�_�j�_�a���a�Z�i�y�l�m�x�����g�Z�i�j�b�f�_�j���������������� 

�:�[�[�j�_�\�b�Z�l�m�j�u���b���k�h�d�j�Z�s�_�g�b�y �^�h�e�`�g�u���[�u�l�v���j�Z�k�r�b�n�j�h�\�Z�g�u���i�j�b���i�_�j�\�h�f���m�i�h�l�j�_�[�e�_�g�b�b����



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 591 

 

�?�k�e�b���l�Z�d�b�o���w�e�_�f�_�g�l�h�\���f�g�h�]�h�����k�l�Z�l�v�x �f�h�`�g�h���^�h�i�h�e�g�b�l�v���k�i�b�k�d�h�f���k�h�d�j�Z�s�_�g�b�c���k���j�Z�k�r�b�n�j�h�\�d�h�c�� 
�N�h�j�f�m�e�u �^�h�e�`�g�u���[�u�l�v���\�k�l�Z�\�e�_�g�u���d�Z�d���h�[�t�_�d�l���0�L�F�U�R�V�R�I�W���(�T�X�D�W�L�R�Q���b�e�b���g�Z�[�j�Z�g�u���\���j�_�^�Z�d��

�l�h�j�_�� �n�h�j�f�m�e�_�� �:�R�U�G���� �j�Z�k�i�h�e�Z�]�Z�l�v�k�y�� �i�h�� �p�_�g�l�j�m�� �k�l�j�Z�g�b�p�u �[�_�a�� �Z�[�a�Z�p�g�h�]�h�� �h�l�k�l�m�i�Z���� �k�h�i�j�h�\�h�`��
�^�Z�l�v�k�y�� �k�d�\�h�a�g�h�c�� �g�m�f�_�j�Z�p�b�_�c�� ���i�h�� �i�j�Z�\�h�f�m�� �d�j�Z�x������ �Z�� �l�Z�d�`�_�� �b�f�_�l�v�� �w�d�k�i�e�b�d�Z�p�b�x�����j�Z�k�r�b�n�j�h�\�d�m��
�h�[�h�a�g�Z�q�_�g�b�c���i�j�b���i�_�j�\�h�f���b�o���m�i�h�f�b�g�Z�g�b�b �k���m�d�Z�a�Z�g�b�_�f���_�^�b�g�b�p���b�a�f�_�j�_�g�b�y���� 

�< �d�h�g�p�_�� �k�l�Z�l�v�b�� �f�h�]�m�l �[�u�l�v�� �i�j�b�\�_�^�_�g�u �;�e�Z�]�h�^�Z�j�g�h�k�l�b, �\�� �d�h�l�h�j�h�f�� �k�e�_�^�m�_�l�� �m�i�h�f�b�g�Z�l�v��
�e�x�^�_�c�����d�h�l�h�j�u�_���i�h�f�h�]�Z�e�b���i�j�b���j�Z�[�h�l�_���g�Z�^���k�l�Z�l�v�_�c�����b�k�l�h�q�g�b�d�b���n�b�g�Z�g�k�b�j�h�\�Z�g�b�y�� 

�H�l�k�u�e�d�Z���g�Z���a�Z�l�_�d�k�l�h�\�u�_���[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�_���k�k�u�e�d�b �i�j�b�\�h�^�b�l�k�y���i�h���l�_�d�k�l�m���k�l�Z�l�v�b���\��
�d�\�Z�^�j�Z�l�g�u�o�� �k�d�h�[�d�Z�o�� �i�m�l�_�f�� �m�i�h�f�b�g�Z�g�b�y�� �\�k�_�o�� �Z�\�l�h�j�h�\�� ���i�j�b�� �h�l�k�u�e�d�_�� �d�� �b�k�l�h�q�g�b�d�m�� �k 1-���� �Z�\�l�h��
�j�Z�f�b�������e�b�[�h���i�_�j�\�h�]�h���Z�\�l�h�j�Z���b���k�e�h�\���©�b���^�j���ª�����©et al���ª�������i�j�b���h�l�k�u�e�d�_���d���b�k�l�h�q�g�b�d�m���k�������b���[�h�e�_�_���Z�\�l�h��
�j�Z�f�b�����b���]�h�^�Z���b�a�^�Z�g�b�y�����K�k�u�e�d�b���g�Z���g�_�k�d�h�e�v�d�h���i�m�[�e�b�d�Z�p�b�c���h�^�g�h�]�h���Z�\�l�h�j�Z���a�Z���h�^�b�g���]�h�^���i�h�f�_�q�Z�x�l�k�y��
�^�h�[�Z�\�e�_�g�b�_�f���[�m�d�\�u���d���]�h�^�m���b�a�^�Z�g�b�y�����<���k�e�m�q�Z�_���h�l�k�u�e�d�b���g�Z���g�_�k�d�h�e�v�d�h �b�k�l�h�q�g�b�d�h�\�����h�g�b���i�j�b�\�h��
�^�y�l�k�y���\���o�j�h�g�h�e�h�]�b�q�_�k�d�h�f���i�h�j�y�^�d�_���b���j�Z�a�^�_�e�y�x�l�k�y���l�h�q�d�h�c���k���a�Z�i�y�l�h�c�� 

�N�h�j�f�Z�l�u���h�n�h�j�f�e�_�g�b�y���h�k�g�h�\�g�u�o���\�b�^�h�\���a�Z�l�_�d�k�l�h�\�u�o���[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�o���k�k�u�e�h�d�� 
�K�k�u�e�d�Z���g�Z���d�g�b�]�m�� �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���d�g�b�]�b�����K�\�_�^�_�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d���a�Z�]�e�Z�\�b�x���d�g�b�]�b������
�K�\�_�^�_�g�b�y���h�[���h�l�\�_�l�k�l�\�_�g�g�h�k�l�b�����g�Z�i�j�b�f�_�j�����j�_�^�Z�d�l�h�j�������F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������B�a�^�Z�l�_�e�v�k�l�\�h�����]�h�^����
�D�h�e�b�q�_�k�l�\�h���k�l�j�Z�g�b�p���\���d�g�b�]�_�� DOI: 
�K�k�u�e�d�b���g�Z���^�b�k�k�_�j�l�Z�p�b�x���b�e�b���Z�\�l�h�j�_�n�_�j�Z�l: �N�Z�f�b�e�b�y���B���H�����A�Z�]�e�Z�\�b�_���^�b�k�k�_�j�l�Z�p�b�b�� �L�b�i���^�b�k�k�_�j�l�Z��
�p�b�b�����F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������]�h�^�����D�h�e�b�q�_�k�l�\�h���k�l�j�Z�g�b�p���\���^�b�k�k�_�j�l�Z�p�b�b�� DOI: 
�K�k�u�e�d�b���g�Z���k�l�Z�l�v�x���\���d�g�b�]�_: �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���k�l�Z�l�v�b���������A�Z�]�e�Z�\�b�_���d�g�b�]�b�����K�\�_�^�_�g�b�y�����h�l�g�h��
�k�y�s�b�_�k�y���d���a�Z�]�e�Z�\�b�x���d�g�b�]�b�������K�\�_�^�_�g�b�y���h�[���h�l�\�_�l�k�l�\�_�g�g�h�k�l�b�����F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������B�a�^�Z�l�_�e�v��
�k�l�\�h�����]�h�^���b�a�^�Z�g�b�y�����K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b���g�Z���k�l�Z�l�v�x���\���i�_�j�b�h�^�b�q�_�k�d�h�f���b�a�^�Z�g�b�b: �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���k�l�Z�l�v�b���������A�Z�]�e�Z�\�b�_���`�m�j��
�g�Z�e�Z�����=�h�^�����L�h�f�����‹�����K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b�� �g�Z�� �f�Z�l�_�j�b�Z�e�u�� �\�� �k�[�h�j�g�b�d�_�� �d�h�g�n�_�j�_�g�p�b�b: �N�Z�f�b�e�b�y�� �B���H�� �A�Z�]�e�Z�\�b�_�� �k�l�Z�l�v�b�� ������ �A�Z�]�e�Z�\�b�_ 
�k�[�h�j�g�b�d�Z���d�h�g�n�_�j�_�g�p�b�b�����K�\�_�^�_�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d���a�Z�]�e�Z�\�b�x���k�[�h�j�g�b�d�Z�����f�_�k�l�h���b���^�Z�l�u���i�j�h�\�_�^�_��
�g�b�y���d�h�g�n�_�j�_�g�p�b�b�������F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������B�a�^�Z�l�_�e�v�k�l�\�h�����]�h�^�����L�h�f�����K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b���g�Z���w�e�_�d�l�j�h�g�g�u�c���b�k�l�h�q�g�b�d�� �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���f�Z�l�_�j�b�Z�e�Z���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k]: 
�k�\�_�^�_�g�b�y���� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �a�Z�]�e�Z�\�b�x�� ������ �A�Z�]�e�Z�\�b�_�� �b�g�l�_�j�g�_�l-�b�k�l�h�q�g�b�d�Z���� �=�h�^�� �k�h�a�^�Z�g�b�y�� �j�_�k�m�j�k�Z����
�8�5�/�����Z�^�j�_�k���k�l�Z�l�v�b�����^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 

�<�� �a�Z�l�_�d�k�l�h�\�u�_�� �[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�_�� �k�k�u�e�d�b�� �\�d�e�x�q�Z�x�l�k�y�� �l�h�e�v�d�h�� �j�_�p�_�g�a�b�j�m�_�f�u�_�� �b�k�l�h�q��
�g�b�d�b�� ���k�l�Z�l�v�b�� �b�a�� �g�Z�m�q�g�u�o�� �`�m�j�g�Z�e�h�\���� �f�Z�l�_�j�b�Z�e�u�� �d�h�g�n�_�j�_�g�p�b�c���� �j�Z�a�^�_�e�u�� �d�g�b�]�� �b�� �d�g�b�]�b������ �?�k�e�b��
�g�_�h�[�o�h�^�b�f�h���k�h�k�e�Z�l�v�k�y���g�Z���g�h�j�f�Z�l�b�\�g�u�c���^�h�d�m�f�_�g�l���e�b�[�h���g�Z���k�l�Z�l�v�x���\���]�Z�a�_�l�_�����l�_�d�k�l���g�Z���k�Z�c�l�_���b�e�b��
�\���[�e�h�]�_�����k�e�_�^�m�_�l���i�h�f�_�k�l�b�l�v���b�g�n�h�j�f�Z�p�b�x���h�[���b�k�l�h�q�g�b�d�_���\���k�g�h�k�d�m���i�h���h�k�g�h�\�g�h�f�m���l�_�d�k�l�m���k�l�Z�l�v�b����
�K�g�h�k�d�b �h�n�h�j�f�e�y�x�l�k�y���k�d�\�h�a�g�h�c���g�m�f�_�j�Z�p�b�_�c���i�h���\�k�_�f�m���^�h�d�m�f�_�g�l�m���Z�j�Z�[�k�d�b�f�b���p�b�n�j�Z�f�b�����<���k�g�h�k��
�d�Z�o�� �i�h�f�b�f�h�� �b�k�l�h�q�g�b�d�h�\�� �f�h�`�_�l�� �[�u�l�v�� �^�j�m�]�Z�y�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y���� �L�_�d�k�l�� �\�� �k�g�h�k�d�Z�o��
�h�n�h�j�f�e�y�_�l�k�y���[�_�a���Z�[�a�Z�p�g�h�]�h���h�l�k�l�m�i�Z�����\�u�j�Z�\�g�b�\�Z�_�l�k�y���i�h���r�b�j�b�g�_�����j�Z�a�f�_�j���r�j�b�n�l�Z���± 10 pt. 

�D�j�h�f�_�� �l�h�]�h���� �h�[�y�a�Z�l�_�e�v�g�h�� �i�h�^�Z�_�l�k�y �Z�\�l�h�j�k�d�Z�y�� �k�i�j�Z�\�d�Z���� �k�h�^�_�j�`�Z�s�Z�y�� �b�g�n�h�j�f�Z�p�b�x �h�[�h��
�\�k�_�o���Z�\�l�h�j�Z�o�� �n�Z�f�b�e�b�y�����b�f�y�����h�l�q�_�k�l�\�h�����i�h�e�g�h�k�l�v�x���� �m�q�_�g�u�_���k�l�_�i�_�g�v���b���a�\�Z�g�b�y�� �f�_�k�l�h���j�Z�[�h�l�u���k��
�m�d�Z�a�Z�g�b�_�f���^�h�e�`�g�h�k�l�b�� �d�h�g�l�Z�d�l�g�u�c���l�_�e�_�n�h�g�� e-mail; �Z�\�l�h�j�k�d�b�_ �b�g�^�_�d�k�u. 

�G�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_ �\���h�[�y�a�Z�l�_�e�v�g�h�f���i�h�j�y�^�d�_���i�j�b�\�h�^�y�l�k�y�� �l�b�l�m�e�v�g�Z�y���k�l�j�Z�g�b�p�Z; �g�Z�a�\�Z��
�g�b�y���l�Z�[�e�b�p���b���j�b�k�m�g�d�h�\; �[�e�Z�]�h�^�Z�j�g�h�k�l�b ���i�j�b���g�Z�e�b�q�b�b��; �e�b�l�_�j�Z�l�m�j�Z ���k�h�^�_�j�`�Z�s�Z�y�����d�Z�d���l�j�Z�g�k�e�b��
�l�_�j�Z�p�b�x�����l�Z�d���b���i�_�j�_�\�h�^���g�Z���Z�g�]�e�b�c�k�d�b�c���y�a�u�d��; �Z�\�l�h�j�k�d�Z�y���k�i�j�Z�\�d�Z. 

�I�j�b���w�l�h�f���Z�g�]�e�h�y�a�u�q�g�u�c���\�Z�j�b�Z�g�l���Z�g�g�h�l�Z�p�b�b����Abstract�����^�h�e�`�_�g���[�u�l�v���b�g�n�h�j�f�Z�l�b�\�g�u�f�����g�_��
�k�h�^�_�j�`�Z�l�v���h�[�s�b�o���k�e�h�\�������h�j�b�]�b�g�Z�e�v�g�u�f�����g�_���[�u�l�v���d�Z�e�v�d�h�c���j�m�k�k�d�h�y�a�u�q�g�h�c���Z�g�g�h�l�Z�p�b�b�������k�h�^�_�j�`�Z��
�l�_�e�v�g�u�f�����h�l�j�Z�`�Z�l�v���h�k�g�h�\�g�h�_���k�h�^�_�j�`�Z�g�b�_���k�l�Z�l�v�b���b���j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c�������k�l�j�m�d�l�m�j�b�j�h�\�Z�g��
�g�u�f�� ���k�e�_�^�h�\�Z�l�v�� �e�h�]�b�d�_�� �h�i�b�k�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\�� �\�� �k�l�Z�l�v�_������ �©�Z�g�]�e�h�y�a�u�q�g�u�f�b�ª�� ���g�Z�i�b�k�Z�g�u�� �d�Z�q�_��
�k�l�\�_�g�g�u�f���Z�g�]�e�b�c�k�d�b�f���y�a�u�d�h�f�������d�h�f�i�Z�d�l�g�u�f�����m�d�e�Z�^�u�\�Z�l�v�k�y���\���h�[�t�_�f���^�h�����������k�e�h�\���� 

�I�h�^�j�h�[�g�u�_���i�j�Z�\�b�e�Z���i�j�b�\�_�^�_�g�u http://hydro-sphere.ru/index.php/hydrosphere/requirements. 



2019 Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

592  
 

AUTHOR GUIDELINES 

Articles in Russian and English accepted at the journal "Hydrosphere. Hazard processes and 
�S�K�H�Q�R�P�H�Q�D�´���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���P�D�L�Q���V�H�F�W�L�R�Q�V�� 

1. Fundamental problems of the Earth's hydrosphere 
2. Hazardous processes in the hydrosphere: fundamental and engineering aspects  
3. Ecological problems and hazards in the hydrosphere 
4. The evolution of the hydrosphere 
5. Methods, models and technologies 
6. Issues of improving regulatory documentation 
7. Monitoring, experimental and expeditionary research 
8. Scientific discussions 
9. Heritage 
10. Chronicles 
There is no fee for publishing articles. The authors are not paid a fee. 
�$�O�O�� �D�U�W�L�F�O�H�V�� �D�I�W�H�U���W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �W�K�H�� �L�V�V�X�H�� �D�U�H�� �S�R�V�W�H�G�� �R�Q�� �W�K�H�� �M�R�X�U�Q�D�O�¶�V�� �Z�H�E�V�L�W�H�� �L�Q�� �W�K�H public 

domain. Materials published in journal are freely available and posted on the journal website. 
The general format requirements for articles to be published: 
- file format .doc or .docx; fields 2 cm on the perimeter of the page; 
- font Times New Roman, the main font size �± 12 pt; 
- line spacing �± 1,5, the use of automatic hyphenation in words is not permitted; 
- indent �± 1,5 cm, text alignment on the page width (except for the title page, formulas, links, 

figures and tables). 
The title page should contain the following elements: 
- title of the article (register as in the sentence, alignment in the centre) no more than 14 words; 
- �D�X�W�K�R�U�����V���¶���Q�D�P�H (alignment in the centre); 
- organization affiliation, indicating the city and country (in italics, alignment in the centre); 
- e-mail of the contact author (center alignment); 
- abstract up to 250 words, which should include the relevance of the research topic, problem 

statement, research objectives, research methods, results and key findings; 
- keywords �± 6-10 words, reflecting the content of an article. 
The main text. 
The editors strongly recommend original research articles are structured in IMRAD format: 
Introduction �± Why was the study undertaken? What was the research question, the tested 

hypothesis or the purpose of the research? 
Methods �± When, where, and how was the study done? What materials were used or who was 

included in the study groups (patients, etc.)? 
Results �± What answer was found to the research question; what did the study find? Was the 

tested hypothesis true? 
Discussion �± What might the answer imply and why does it matter? How does it fit in with what 

other researchers have found? What are the perspectives for future research? 
Tables and figures should be centered on page without indentation, separated from the main 

text by empty lines. All figuries should be in highest quality. There are allowed of using a single line 
spacing, and a smaller font (no less 10 pt) in tables. Each table and figure should have a number and 
a title. All signatures to tables and figures should contain sources of information (except when they 
are created by the author of the curent article). 

Units of measurement in the text of the article are indicated in the international system of 
units. 

Decimal numbers are comma-separated (e.g. 1,25). 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 593 

 

Abbreviations should be defined at first mention and used consistently thereafter. If there are 
a lot of abbreviations, the article can be supplemented by a section with a list of abbreviations with 
decryption. 

For equations use a Microsoft Equation object or Word equation editor, they should be located 
in the center of the page without indentation and accompanied by continuous numbering (on the right 
edge). All equations must have an explication (defining of symbols at the first mention of them with 
units measurements). 

If it necessary Acknowledgments of people, grants, funds, etc. should be placed in a separate 
section before the reference list. The names of funding organizations should be written in full. 

Footnotes can be used to give additional information, which may include the citation of a 
reference included in the reference list. Footnotes to the text are numbered consecutively. 

Cite references in the text by last name and year in square brackets. If reference consist not 
more than three authors, you should place in text all author. If there are more than four authors - place 
in brackets the first author and words "et al." and not forget about year of publishing. If you need 
several reference cite in one place of text - please separate each reference by semicolons. If you use 
several references of one author in the same published year - you must separate it by letter near the 
year in reference list and in text. 

References list should only include works that are cited in the text and that have been published 
or accepted for publication. Personal communications and unpublished works should be mentioned 
in the footnotes. Reference list should be alphabetized by the last names of the first author. If you use 
several references of author 

Some formats for references list: 
Book reference: Author A.A. Title of book. City, Publisher, year. 100 p. DOI: 
Book chapter reference: Author A.A. Title of chapter. In Editor E.E. (ed.), Title of book. City, 
Publisher, year, pp. 1-20. DOI: 
Dissertation reference: Author A.A. Title of thesis. Thesis type. City, year. 100 p. DOI: 
Jornal article reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title of 
Journal, 2005, vol. 10, no. 2, pp. 49-53. DOI: 
Conference Proceedings reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of 
article. Title of Conference Proceedings (date and place of the conference), City, Publisher, 2005, 
vol. 1, pp. 49-53. DOI: 
Online document reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. 
Title of Journal, 2005, vol.10, no. 2, pp. 49-53. Available at: http://example.com/example. 

For the detailed information about the author(s), please at the end of article give us some 
additional information: 

full names of author(s); 
academic degree and title; 
organization affiliation with full address (including Post Code); 
position in organization; 
contact telefon (for all authors); 
contact e-mail (for all authors); 
scientific indexes (scopus, orcid, web of science etc.). 
Detailed rules for articles will be given on the website of the journal "Hydrosphere. Hazard 

�S�U�R�F�H�V�V�H�V���D�Q�G���S�K�H�Q�R�P�H�Q�D�´����http://hydro-sphere.ru/index.php/hydrosphere/requirements 
 



 

 

�G�Z�m�q�g�h�_���b�a�^�Z�g�b�_ 
 
 
 
 
 
 
 
 

�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y�� 
 

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 
(GIDROSFERA. OPASNYE PROTSESSY I YAVLENIYA) 

 
 
 
 

�=�e�Z�\�g�u�c �j�_�^�Z�d�l�h�j: �Z�d�Z�^�_�f�b�d �J�:�G �=.�B. �>�h�e�]�b�o 
�D�h�f�i�v�x�l�_�j�g�Z�y���\�_�j�k�l�d�Z�����F���F�� �D�Z�^�Z�p�d�Z�y 

 
�G�Z���h�[�e�h�`�d�_ �n�h�l�h �:���O�����O�Z�c�^�Z�j�h�\�Z, �j�b�k�m�g�d�b���G���:�� �D�Z�a�Z�d�h�\�Z 

 
 
 

�I�h�^�i�b�k�Z�g�h���\���i�_�q�Z�l�v��30.12���������������N�h�j�f�Z�l���������o�������� 
�;�m�f�Z�]�Z�����h�n�k�_�l�g�Z�y�����I�_�q�Z�l�v���i�e�h�k�d�Z�y�� 

�M�k�e�����i�_�q�����e����19,2�����L�b�j�Z�`��50 �w�d�a�����A�Z�d�Z�a���‹ 5243 
 
 

�L�b�i���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�����[�_�k�i�e�Z�l�g�h���g�Z���k�Z�c�l�_���`�m�j�g�Z�e�Z��www.hydro-sphere.ru 
 
 

�B�a�^�Z�l�_�e�v: �H�H�H���G�I�H���©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�], 14-�y���e�b�g�b�y���<���H�����^�����������i�h�f�������g 

�>�e�y���i�h�q�l�h�\�u�o���h�l�i�j�Z�\�e�_�g�b�c���� 
1�������������K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����Z���y�������� 

 
�J�_�^�Z�d�p�b�y���`�m�j�g�Z�e�Z���©�=�b�^�j�h�k�n�_�j�Z�����H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���b���y�\�e�_�g�b�y�ª 

�L�_�e. +7(812)313-83-48 
e-mail: info@hydro-sphere.ru 

 
 

�H�l�i�_�q�Z�l�Z�g�h���k���h�j�b�]�b�g�Z�e-�f�Z�d�_�l�Z���a�Z�d�Z�a�q�b�d�Z���\���b�a�^�Z�l�_�e�v�k�l�\�_���©�E�_�f�Z�ª 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]������-�y���e�b�g�b�y���<���H�������^�������� 



 

 



 

  


	МЕТОДЫ, МОДЕЛИ И ТЕХНОЛОГИИ
	METHODS, MODELS AND TECHNOLOGIES
	Оценка значения коэффициента шероховатости А.Ю. Виноградов1,2, Т.А. Виноградова1,3, В.А. Обязов1, М.М. Кадацкая1
	Assessment of roughness coefficient value Alexey Yu. Vinogradov1,2, Tatiana А. Vinogradova1,3, Viktor A. Obyazov1, Mariya M. Kadatskaya1
	Введение
	Условные обозначения
	Материалы и методы
	Результаты и обсуждение
	Выводы

	О влиянии ледяного покрова на подземную составляющую речного стока М.Л. Марков, Е.В. Гуревич
	On the influence of ice cover on the underground component of river flow  Mikhail L. Markov, Elena V. Gurevich
	Введение
	Методы и результаты исследования
	Заключение


	МОНИТОРИНГОВЫЕ, ЭКСПЕРИМЕНТАЛЬНЫЕ И ЭКСПЕДИЦИОННЫЕ ИССЛЕДОВАНИЯ
	MONITORING, EXPERIMENTAL AND  EXPEDITIONARY RESEARCH
	Исследование динамики селей на экспериментальном стенде Н.а. Казаков, Д.А. Боброва, Е.Н. Казакова, С.В. Рыбальченко
	The study of the debris-flows dynamics on an experimental stand Nikolay A. Kazakov, Darya A. Bobrova, Ekaterina N. Kazakova, Svetlana V. Rybal'chenko
	Введение
	Схема экспериментальной установки
	Методика эксперимента
	Результаты и их обсуждение
	Выводы
	Благодарности

	Возможности оценивания бассейновой транспирации на основе измерения стволового сокодвижения: постановка задачи  Т.С. Губарева1,2, С.Ю. Лупаков2,1, Б.И. Гарцман1,2, В.В. Шамов2, А.В. Рубцов3, Н.К. Кожевникова4
	Possibilities of catchment’s transpiration assessment based on sap flow measurements: the problem statement Tatiana S. Gubareva1,2, Sergei Yu. Lupakov2,1, Boris I. Gartsman1,2, Vladimir V. Shamov2, Alexey V. Rubtsov3, Nadezhda K. Kozhevnikova4
	Введение
	Постановка задачи
	Краткая характеристика водосбора, измерительное оборудование и эксперимент
	Результаты
	Заключение
	Благодарности
	Acknowledgments


	ЭКОЛОГИЧЕСКИЕ ПРОБЛЕМЫ И ОПАСНОСТИ В ГИДРОСФЕРЕ
	ECOLOGICAL PROBLEMS AND HAZARDS  IN THE HYDROSPHERE
	Экологические последствия использования малых рек для молевого сплава А.Ю. Виноградов1,2, Т.А. Виноградова1,3, М.М. Кадацкая1, С.И. Сазонова1, С.В. Хвалёв1
	Environmental impact of using small river for log driving Alexey Yu. Vinogradov1,2, Tatiana А. Vinogradova1,3, Mariya M. Kadatskaya1, Svetlana I. Sazonova1, Sergey V. Hvalev1
	Введение
	Экология водосбора
	1. Первая компонента экосистемы речного бассейна – человек, как субъект экологического цикла на водосборе
	2. Вторая компонента экосистемы речного бассейна зоны тайги – лес
	Резюме
	3. Третья компонента экосистемы речного бассейна – река
	Механическое воздействие на реку
	Химическое воздействие на реку


	Выводы


	НАСЛЕДИЕ
	HERITAGE
	Думы о Гидрологии Ю.Б. Виноградов
	Thoughts about Hydrology Yurii B. Vinogradov
	Введение
	Гидрология и науки о Земле
	Гидрология и гидрогеология
	Гидрология и гляциология

	Проблемы гидрологии
	Разделы гидрологии
	Гидрология рек. Это почти тавтология гидрологии суши или общей гидрологии. Я еще удивляюсь, почему никому не пришло в голову выделить гораздо более естественную «гидрологию речных бассейнов». И если вам выпала доля читать лекции по гидрологии рек, то ...
	Гидрология озер. Здесь ситуация сложнее, так как параллельно существующие термины – «озероведение» и «лимнология» – не являются её синонимами, поскольку включают в себя множество специфических для лимнологии вопросов. Откройте, например, «Лимнологию» ...
	Почвенная гидрология. Близкими определениями являются «учение о почвенной влаге» и в какой-то мере «физика почвы», так как в рамках почвенной гидрологии решаются и задачи теплообмена.

	Основные концепции гидрологии
	Возможности гидрологии
	Гидрология и государство
	Наше восприятие гидрологических катастроф

	Будущее гидрологии
	Гидрологическое сообщество
	О критическом начале в гидрологии
	Дискуссии в гидрологии
	Дискуссии в печати:
	Устные дискуссии. Три ее естественных раздела следуют последовательно друг за другом.

	Предостережение
	Умение видеть
	Обращение к молодым гидрологам



	Правила для авторов

