
 



 

 



�=�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���� 2019 
 

 
 307 

 

�=�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 3 

�<�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 3 

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.

http://www.iwp.ru/about/employees/gelfan-aleksandr-naumovich/
mailto:td@npogtp.ru
mailto:td@npogtp.ru


2019 Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

308  
 

�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). 

http://www.iwp.ru/about/employees/gelfan-aleksandr-naumovich/


�=�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���� 2019 
 

 
 309 

 

�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.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

310  
 

�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���� 2019 
 

 
 311 

 

 
 

�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 
 

 

  

mailto:info@hydro-sphere.ru
http://www.hydro-sphere.ru./
http://www.hydro-sphere.ru./
mailto:info@hydro-sphere.ru
http://www.hydro-sphere.ru./
http://www.hydro-sphere.ru./


2019 Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

312  
 

�K�H�>�?�J�@�:�G�B�? 

�H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y���<���=�B�>�J�H�K�N�?�J�?���A�?�F�E�B ................................. 314 

�N�H�J�F�B�J�H�<�:�G�B�?���E�?�L�G�B�O���>�H�@�>�?�<�U�O���I�:�<�H�>�D�H�<���G�: �J�?�D�?���Q�B�L�:��
(�A�:�;�:�C�D�:�E�V�?��  
�?���<�����G�h�k�d�h�\�Z�����G���<�����J�Z�o�f�Z�g�h�\�Z�����B���E�� �<�Z�o�g�b�g�Z .......................................................................... 314 

�E�:�<�B�G�G�U�?���=�?�H�K�B�K�L�?�F�U���H�K�L�J�H�<�:���K�:�O�:�E�B�G���B���D�M�J�B�E�V�K�D�B�O���H�K�L�J�H�<�H�<  
�G���:�����D�Z�a�Z�d�h�\�����K���I�����@�b�j�m�_�\�����F���K�����>�j�_�\�b�e�h .............................................................................. 328 

�:�G�:�E�H�=�B�Q�G�H�K�L�V���<���H�;�J�:�A�H�<�:�G�B�B���F�?�L�?�E�?�<�U�O���E�:�<�B�G���<���O�B�;�B�G�:�O   
�I���:�����Q�_�j�g�h�m�k�����:���<�����<�h�e�d�h�\ ........................................................................................................ 381 

�W�<�H�E�X�P�B�Y �=�B�>�J�H�K�N�?�J�U �A�?�F�E�B ................................................................................... 392 

�B�A�F�?�G�?�G�B�Y���K�D�H�J�H�K�L�B���<�?�J�L�B�D�:�E�V�G�U�O���J�M�K�E�H�<�U�O �>�?�N�H�J�F�:�P�B�C��
�J�:�<�G�B�G�G�U�O���J�?�D���<���M�K�E�H�<�B�Y�O���I�J�B�B�E�V�F�?�G�K�D�H�C���G�B�A�F�?�G�G�H�K�L�B�����G�:��
�I�J�B�F�?�J�?���J�?�D�B���I�H�J�M�K�V�Y)  
�:���X�� �<�b�g�h�]�j�Z�^�h�\�����<���:�� �H�[�y�a�h�\�����F���F�� �D�Z�^�Z�p�d�Z�y ..................................................................... 392 

�F�?�L�H�>�H�E�H�=�B�Y���B���F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�C ........................................................ 408 

�F�B�G�B�F�:�E�V�G�U�C���K�L�H�D���J�?�D �Q�?�J�G�H�F�H�J�K�D�H�=�H���I�H�;�?�J�?�@�V�Y���J�H�K�K�B�B  
�F���E�����F�Z�j�d�h�\�����?���<�����=�m�j�_�\�b�q�����:���X�� �<�b�g�h�]�j�Z�^�h�\ ....................................................................... 408 

�<�H�A�F�H�@�G�H�K�L�B���>�H�E�=�H�K�J�H�Q�G�H�=�H���I�J�H�=�G�H�A�:���I�J�B�L�H�D�:���<�H�>�U���<��
�;�M�J�?�C�K�D�H�?���<�H�>�H�O�J�:�G�B�E�B�S�?  
�;���B�� �=�Z�j�p�f�Z�g�����H���<�� �K�h�d�h�e�h�\�����K���X�� �E�m�i�Z�d�h�\ ............................................................................ 426 

�I�J�:�<�B�E�:���>�E�Y���:�<�L�H�J�H�< ....................................................................................................... 450 

 



�=�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���� 2019 
 

 
 313 

 

CONTENTS 

HAZARDOUS PROCESSES AND PHENOMENA IN THE HYDROSPHERE OF THE 
EARTH ........................................................................................................................................... 314 

FORMATION OF SUMMER RAIN FLOODS ON THE CHITA RIVER 
(TRANSBAIKALIA)   
Elena V. Noskova, Natalya V. Rakhmanova, Irina L. Vakhnina ................................................. 314 

AVALANCHE GEOSYSTEMS OF SAKHALIN ISLAND AND KURIL ISLANDS   
Nikolay A. Kazakov, Semen P. Zhiruev, Mariya S. Drevilo ....................................................... 328 

AN ASSESSMENT OF THE SIMILARITY OF SNOWSTORM AVALANCHING IN THE 
KHIBINY MOUNTAINS  
Pavel A. Chernous, Aleksandr V. Volkov.................................................................................... 381 

THE EVOLUTION OF THE EARTH'S HYDROSPHERE ..................................................... 392 

VARIABLITY OF VELOCITIES OF VERTICAL WATERCOURSE DEFORMATION S 
OF PLAIN RIVERS UNDER CONDITIONS OF PRIILMEN LOWLAND (BY THE 
EXAMPLE OF PORUSIA RIVER)  
Alexey Yu. Vinogradov, Viktor A. Obyazov, Mariya M. Kadatskaya ........................................ 392 

METHODOLOGY AND RESEARCH METHODS .................................................................. 408 

MINIMUM FLOW OF RIVERS OF THE BLACK SEA COAST OF THE RUSSIA   
Mikhail L. Markov, Elena V. Gurevich, Alexey Yu. Vinogradov ............................................... 408 

POSSIBILITIES OF THE LONG-RANGE INFLOW FORECAST TO THE 
BUREYSKAYA RESERVOIR   
Boris I.Gartsman, Oleg V. Sokolov, Sergei Yu. Lupakov ........................................................... 426 

AUTHOR GUIDELINES .............................................................................................................. 452 

 

 

 



2019 Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

314 
Noskova E.V., Rakhmanova N.V., Vakhnina I.L. Formation of summer rain floods on the Chita River (Trans-
baikalia). Hydrosphere. Hazard processes and phenomena, 2019, vol. 1, iss. 3, pp. 314-328 (In Russian; abstract 
in English). DOI: 10.34753/HS.2019.1.3.001 

 

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

HAZARDOUS PROCESSES AND PHENOMENA IN THE 

HYDROSPHERE OF THE EARTH 

�M�>�D������������������������������ DOI: 10.34753/HS.2019.1.3.001

�N�H�J�F�B�J�H�<�:�G�B�?���E�?�L�G�B�O��

�>�H�@�>�?�<�U�O���I�:�<�H�>�D�H�<���G�: �J�?�D�?��

�Q�B�L�:�����A�:�;�:�C�D�:�E�V�?�� 

�?���<�����G�h�k�d�h�\�Z1�����G���<�����J�Z�o�f�Z�g�h�\�Z1 

�B���E�� �<�Z�o�g�b�g�Z1,2 

FORMATION OF SUMMER RAIN 

FLOODS ON THE CHITA RIVER 

(TRANSBAIKALIA)  

Elena V. Noskova1, Natalya V. Rakhmanova1, 

Irina L. Vakhnina1,2 
1�N�=�;�M�G �©�B�g�k�l�b�l�m�l���i�j�b�j�h�^�g�u�o���j�_�k�m�j�k�h�\����

�w�d�h�e�h�]�b�b���b���d�j�b�h�e�h�]�b�b�ª �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�����]�����Q�b�l�Z�����J�h�k�k�b�y�� 
2�K�b�[�b�j�k�d�b�c���n�_�^�_�j�Z�e�v�g�u�c���m�g�b�\�_�j�k�b�l�_�l����

�]�� �D�j�Z�k�g�h�y�j�k�d�����J�h�k�k�b�y 

elena-noskova-2011@mail.ru 

�:�g�g�h�l�Z�p�b�y�����G�Z�\�h�^�g�_�g�b�y���� �\�u�a�u�\�Z�_�f�u�_�� �^�h�`��

�^�_�\�u�f�b�� �i�Z�\�h�^�d�Z�f�b���� �\�� �i�Z�\�h�^�d�h�h�i�Z�k�g�u�o�� �j�_�]�b�h��

�g�Z�o���� �d�� �d�h�l�h�j�u�f�� �h�l�g�h�k�b�l�k�y�� �b�� �A�Z�[�Z�c�d�Z�e�v�k�d�b�c��

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

�w�d�h�g�h�f�b�q�_�k�d�b�f�� �b�� �w�d�h�e�h�]�b�q�_�k�d�b�f�� �i�h�k�e�_�^��

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

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

�d�j�Z�_�� �g�Z�b�[�h�e�v�r�_�f�m�� �w�d�h�g�h�f�b�q�_�k�d�h�f�m�� �m�s�_�j�[�m��

�i�h�^�\�_�j�]�Z�_�l�k�y�� �_�]�h�� �Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�u�c�� �p�_�g�l�j�� �± 

�]�� �Q�b�l�Z���� �j�Z�k�i�h�e�h�`�_�g�g�u�c�� �g�Z�� �[�_�j�_�]�Z�o�� �j���� �Q�b�l�Z����

�I�h�w�l�h�f�m�� �\�u�y�\�e�_�g�b�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �n�h�j�f�b��

�j�h�\�Z�g�b�y���i�Z�\�h�^�d�h�\���g�Z���w�l�h�c���j�_�d�_���h�i�j�_�^�_�e�y�_�l���Z�d��

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

�\�o�h�^�b�l���Z�g�Z�e�b�a���^�h�`�^�_�\�u�o���i�Z�\�h�^�d�h�\���g�Z���j�� �Q�b�l�Z �± 

1Institute of Natural Resources, Ecology 

and Cryology SB RAS, Chita, Russia 
2Siberian Federal University,  

Krasnoyarsk, Russia 

 

elena-noskova-2011@mail.ru 

Abstract. Floods caused by rain floods in 

flood-hazardous regions, which include the 

Trans-Baikal Territory, lead to significant 

socio-economic and environmental conse-

quences, especially for settlements located 

in floodplains. In the Trans-Baikal Territory, 

its administrative center, the city of Chita, 

located on the banks of the Chita River, is 

suffering the greatest economic damage. 

Therefore, the identification of the patterns 

of formation of floods on this river deter-

mines the relevance of this work, the task of 

which is to analyze the rain floods on the 

Chita River �± the city Chita for the period 
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�w�d�k�l�j�_�f�Z�e�v�g�u�o���a�g�Z�q�_�g�b�c�� 

from 1988 to 2017 during years of extremely 

high water consumption, as well as the 

amount of precipitation due to which they 

were caused. 

The work uses the observational data of the 

Trans-Baikal Administration for Hydrome-

teorology and Environmental Monitoring at 

the hydrological post of the Chita River �± the 

city Chita and the Chita weather station. 

As a result of the analysis, it was revealed 

that the most significant floods were re-

corded in the last high-water phase of the cy-

cle from 1988 to 1998. Water consumption 

in 1991 was the first among the observed 

maximum values on the Chita �± Chita River 

for the entire observation period, 1988 �± the 

third, 1990 �± the fifth and 1998 �± the sev-

enth. The main factor in the formation of 

flood waves during these years was precipi-

tation, which in the months of recorded max-

imum water discharge was 50-165% more 

than normal, while the daily amount in the 

period before the flood reached 30-62 mm. 

A characteristic feature of the formation of 

floods in the Trans-Baikal Territory, in par-

ticular, on the Chita River, is the deep south-

ern or south-western cyclones emerging on 

its territory. Long-term active cyclonic ac-

tivity over the Trans-Baikal Territory in the 

summer leads to rainfall, which cause a 

sharp increase in water discharge to extreme 

values. 
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�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �j�Z�k�o�h�^�u�� �\�h�^�u���� �i�Z�\�h�^�h�d����

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

�g�u�_�� �h�k�Z�^�d�b���� �A�Z�[�Z�c�d�Z�e�v�k�d�b�c�� �d�j�Z�c���� �[�Z�k�k�_�c�g��

�:�f�m�j�Z�����j�_�d�Z���Q�b�l�Z�� 

Keywords: water consumption; high wa-

ter; hydrograph; high water period; precipi-

tation; Transbaikal Territory; Amur basin; 

Chita River. 
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�\���\�u�[�j�Z�g�g�u�_���]�h�^�u���b���d�h�e�b�q�_�k�l�\�Z���Z�l�f�h�k�n�_�j�g�u�o���h�k�Z�^�d�h�\�����b�o���h�[�m�k�e�h�\�b�\�r�b�o�� 

�F�Z�l�_�j�b�Z�e�u 

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

�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�b���b���f�h�g�b�l�h�j�b�g�]�m���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���g�Z���]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �i�h�k�l�m���j���� �Q�b�l�Z�� �± 

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

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

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

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

1981-�����������]�]�������\�u�[�j�Z�g�g�h�]�h���\���d�Z�q�_�k�l�\�_���[�Z�a�h�\�h�]�h1. 

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

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

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

�j�Z�k�o�h�^�h�\���\�h�^�u���a�Z���\�_�k�v���i�_�j�b�h�^���g�Z�[�e�x�^�_�g�b�c���g�Z���j�����Q�b�l�Z���± �]�����Q�b�l�Z�����k�������������]�������\�����������������������f3���k�_�d�����b��

�����������]�]���������������f3���k�_�d�����[�u�e�Z���f�_�g�_�_�����������Z���\�������������]���������������f3���k�_�d�����b�������������]���������������f3���k�_�d�����g�_���i�j�_�\�u�r�Z�e�Z��

10%. 

                                                 
1 �<�F�H-�‹���������������J�m�d�h�\�h�^�y�s�b�_���m�d�Z�a�Z�g�b�y���<�F�H���i�h���j�Z�k�q�_�l�m���d�e�b�f�Z�l�b�q�_�k�d�b�o���g�h�j�f���������������]�����������K�� 
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�L�Z�d���� �\�� �e�_�l�g�b�c�� �i�_�j�b�h�^�� ���������� �]���� �g�Z�� �j���� �Q�b�l�Z�� �w�d�k�l�j�_�f�Z�e�v�g�Z�y�� �\�h�e�g�Z�� �i�Z�\�h�^�d�Z�� �g�Z�q�Z�e�Z��

�n�h�j�f�b�j�h�\�Z�l�v�k�y���������b�x�e�y�����?�_���i�b�d���[�u�e���a�Z�n�b�d�k�b�j�h�\�Z�g���������b�x�e�y�����l�Z�[�e�b�p�Z���������j�b�k�m�g�h�d�����������i�j�b���w�l�h�f��

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

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

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

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

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

�f�_�l�_�h�k�l�Z�g�p�b�b���Q�b�l�Z���a�Z���\�_�k�v���i�_�j�b�h�^���g�Z�[�e�x�^�_�g�b�c���� 

�L�Z�[�e�b�p�Z������ �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �i�Z�\�h�^�d�h�\ 

Table 1. Flood �kharacterization 

�=�h�^ 
�>�Z�l�Z���f�Z�d�k�b�f�Z�e�v��

�g�h�]�h���j�Z�k�o�h�^�Z��
�\�h�^�u 

�F�Z�d�k�b�f�Z�e�v�g�u�c��
�j�Z�k�o�h�^���\�h�^�u����

�f3���k�_�d 

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

�g�h�j�f�u�����j�Z�a�u 
1988 25.07 532 2,6 
1990 17.06 480 1,4 
1991 14.07 976 1,8 
1998 17.07 448 1,9 

 

�J�b�k�m�g�h�d 1. �=�b�^�j�h�]�j�Z�n���^�h�`�^�_�\�u�o���i�Z�\�h�^�d�h�\ �g�Z���j�����Q�b�l�Z���± �]�����Q�b�l�Z�����d�j�b�\�Z�y�����b���k�m�l�h�q�g�u�c���o�h�^��

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

Figure 1. Hydrographs of rain floods on the river Chita �± Chita (curve) and daily variation in the 

amount of precipitation in Chita (diagram) for the summer months in 1988 year 
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�<�������������]�����i�Z�\�h�^�h�d���\���h�l�e�b�q�b�_���h�l���h�k�l�Z�e�v�g�u�o���j�Z�k�k�f�h�l�j�_�g�g�u�o���e�_�l���i�j�h�r�_�e���\���b�x�g�_���\���i�_�j�\�m�x��

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

�f�_�`�^�m�� ������ ���g�Z�q�Z�e�h�� �i�Z�\�h�^�d�Z���� �b�� ������ �b�x�g�y�� ���i�b�d�� �i�Z�\�h�^�d�Z���� �k�h�k�l�Z�\�b�e�Z�� ������������ �f3���k�� ���l�Z�[�e�b�p�Z�� ������

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

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

�k�h�k�l�Z�\�b�\�r�b�c�����������f3���k�����± �g�Z�����������������������f�f���i�j�b���g�h�j�f�_�������������f�f�������I�b�d�m���i�Z�\�h�^�d�Z���i�j�_�^�r�_�k�l�\�h�\�Z�e�h��

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

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

 

�J�b�k�m�g�h�d���������=�b�^�j�h�]�j�Z�n���^�h�`�^�_�\�u�o���i�Z�\�h�^�d�h�\���g�Z���j�����Q�b�l�Z���± �]�����Q�b�l�Z�����d�j�b�\�Z�y�����b���k�m�l�h�q�g�u�c���o�h�^��

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

Figure 2. Hydrographs of rain floods on the river Chita �± Chita (curve) and daily variation in the 

amount of precipitation in Chita (diagram) for the summer months in 1990 year 

�I�Z�\�h�^�d�h�\�Z�y�� �\�h�e�g�Z�� ����-������ �b�x�e�y�� ���������� �]�h�^�Z�� �k�� �w�d�k�l�j�_�f�Z�e�v�g�u�f�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �j�Z�k�o�h�^�h�f��

�\�h�^�u������������ �f3���k���� ���l�Z�[�e�b�p�Z�������� �j�b�k�m�g�h�d�������� �y�\�e�y�_�l�k�y���b�k�l�h�j�b�q�_�k�d�b���f�Z�d�k�b�f�Z�e�v�g�h�c���a�Z���\�k�x���b�k�l�h�j�b�x��

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

�q�b�e�k�y���g�Z���������������f3���k�����q�l�h���h�[�m�k�e�h�\�e�_�g�h���\�u�i�Z�^�_�g�b�_�f���\���w�l�b���^�g�b���i�j�Z�d�l�b�q�_�k�d�b���f�_�k�y�q�g�h�c���g�h�j�f�u���h�k�Z�^��

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

�a�Z���e�_�l�g�b�_���f�_�k�y�p�u���± �g�Z���������f�_�g�v�r�_�����A�g�Z�q�_�g�b�_���g�Z�b�[�h�e�v�r�_�]�h���k�m�l�h�q�g�h�]�h���d�h�e�b�q�_�k�l�\�Z���h�k�Z�^�d�h�\��������������
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�f�f�������a�Z�n�b�d�k�b�j�h�\�Z�g�g�h�]�h���������b�x�e�y�����y�\�e�y�_�l�k�y���q�_�l�\�_�j�l�u�f���\���j�y�^�m���g�Z�[�e�x�^�Z�\�r�b�o�k�y���g�Z�b�[�h�e�v�r�b�o���k�m��

�l�h�q�g�u�o���h�k�Z�^�d�h�\���\���Q�b�l�_���� 

 

�J�b�k�m�g�h�d������ �=�b�^�j�h�]�j�Z�n���^�h�`�^�_�\�u�o���i�Z�\�h�^�d�h�\���g�Z���j�����Q�b�l�Z���± �]�����Q�b�l�Z�����d�j�b�\�Z�y�����b���k�m�l�h�q�g�u�c���o�h�^��

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

Figure 3. Hydrographs of rain floods on the river Chita �± Chita (curve) and daily variation in the 

amount of precipitation in Chita (diagram) for the summer months in 1991 year 

�<�� �e�_�l�g�b�c�� �i�_�j�b�h�^�� ���������� �]���� �g�Z�b�[�h�e�_�_�� �b�g�l�_�g�k�b�\�g�Z�y�� �\�h�e�g�Z�� �i�Z�\�h�^�d�Z�� �g�Z�� �j���� �Q�b�l�Z�� �i�j�h�r�e�Z�� 

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

�m�\�_�e�b�q�b�e�k�y���g�Z���������������f3���k�����F�Z�d�k�b�f�Z�e�v�g�u�c���k�m�l�h�q�g�u�c���j�Z�k�o�h�^���\�h�^�u�����k�h�k�l�Z�\�b�\�r�b�c�����������f3���k�����[�u�e��

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

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

�d�h�l�h�j�h�_���y�\�e�y�_�l�k�y���l�j�_�l�v�b�f���a�g�Z�q�_�g�b�_�f���\���j�y�^�m���g�Z�[�e�x�^�Z�\�r�b�o�k�y���g�Z�b�[�h�e�v�r�b�o���k�m�l�h�q�g�u�o���h�k�Z�^�d�h�\���\��
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Figure 4. Hydrographs of rain floods on the river Chita �± Chita (curve) and daily variation in the 

amount of precipitation in Chita (diagrams) for the summer months in 1998 year 
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Figure 5. Long-term changes in the average summer water values (curve) for the river Chita �± the 

city of Chita and anomalies in the amount of precipitation (diagrams) 

in the city of Chita for 1988-2017 
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Figure 6. Trajectories of cyclones in the area of the study area July 15-18, 1991 
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Abstract. The taxonomic scale of clas-

sification of avalanche geosystems and 

algorithm of calculation of quantitative 

characteristics of avalanche processes 

and their mode on the basis of geomor-

phological, geological, landscape, nival 

and climatic characteristics of the terri-

tory are developed. The intensity of ava-

lanche processes and their characteristics 

are determined by the main groups of fac-

tors of avalanche processes. Geological, 

geomorphological, landscape and litho-

logical (snow pack) factors are dominant, 

and hydrometeorological factors is initi-

ating: including the trigger mechanism of 

the avalanche process. Methodological 
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logical sequence of analysis of natural 

and climatic conditions of formation and 

evolution of snow pack in space and time, 

assessment of the intensity of avalanche 

processes and the nature of avalanche 

processes in the study area. The method-

ological basis of the algorithm for analyz-

ing the factors of avalanche processes and 

determining their characteristics is a hier-

archical scale of factors of avalanche pro-

cesses developing in an avalanche ge-

osystem. The hierarchy of taxonomic lev-

els of avalanche geosystems classifica-

tion meets this goal: class-subclass-type-

subtype-species. Sakhalin Island and the 

Kuril Islands have 3 classes (mountain, 

coastal, plain), 16 subclasses, 76 types, 

99 subtypes, 114 species of avalanche ge-

osystems. On the basis of the developed 

technique, a map of avalanche geosys-

tems of Sakhalin Island and Kuril Islands 

on a scale of 1:1 000 000 was created. 

The map contains the most complete to 

date information about avalanche pro-

cesses and their regime in the study area. 

Methodological principles of construc-

tion of small - and medium-scale maps of 

avalanche geosystems for unexplored 

and poorly studied areas allow to develop 
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�]�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�h�_�� �b�� �e�Z�g�^�r�Z�n�l�g�h�_�� �k�l�j�h�_�g�b�_�� �b�� �d�e�b�f�Z�l�� �l�_�j�j�b�l�h�j�b�b���� �d�Z�d�� �n�Z�d�l�h�j�u�� �e�Z�\�b�g�g�u�o��

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

�j�Z�a�\�b�\�Z�x�s�_�]�h�k�y���\���l�j�b�]�]�_�j�g�h�c���]�_�h�k�b�k�l�_�f�_���± �e�Z�\�b�g�g�h�c���]�_�h�k�b�k�l�_�f�_�� 

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

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

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

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

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

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

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

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

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

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

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

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

�]�_�h�k�b�k�l�_�f�� 

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

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

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

�������A�Z�\�b�k�b�f�h�k�l�v���o�Z�j�Z�d�l�_�j�Z���b���k�d�h�j�h�k�l�b���f�_�l�Z�f�h�j�n�b�a�f�Z���k�g�_�`�g�h�c���l�h�e�s�b���h�l���o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�\�f�_�s�Z�x�s�_�]�h���e�Z�g�^�r�Z�n�l�Z�� 

�K�i�_�d�l�j���l�b�i�h�\���k�l�j�Z�l�b�]�j�Z�n�b�q�_�k�d�b�o���d�h�e�h�g�h�d���^�e�y���e�x�[�h�c���l�_�j�j�b�l�h�j�b�b���[�m�^�_�l���h�i�j�_�^�_�e�y�l�v�k�y��

�i�h�e�b�f�h�j�n�g�h�k�l�v�x�� �_�z�� �e�Z�g�^�r�Z�n�l�g�h�]�h�� �k�l�j�h�_�g�b�y���� �k�l�_�i�_�g�v�x�� �]�b�^�j�h�f�h�j�n�g�h�k�l�b�� �g�b�a�r�b�o��

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

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

�Z�^�_�d�\�Z�l�g�m�x���d�Z�j�l�b�g�m���k�h�k�l�h�y�g�b�y���b���j�Z�a�\�b�l�b�y���k�g�_�`�g�h�c���l�h�e�s�b���g�Z���e�x�[�h�c���l�_�j�j�b�l�h�j�b�b���g�Z���h�k�g�h�\�_���_�z��

�e�Z�g�^�r�Z�n�l�g�u�o�� �b�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �F�_�l�h�^�b�d�Z�� �d�j�b�k�l�Z�e�e�h�f�h�j�n�h�e�h�]�b�q�_�k�d�h�]�h��

�Z�g�Z�e�b�a�Z���k�l�j�m�d�l�m�j�u���k�g�_�`�g�h�c���l�h�e�s�b���>�D�h�e�h�f�u�p�����������������>�j�_�\�b�e�h������������; Sokratov, Kazakov, 2012; 

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

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

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

�e�Z�\�b�g�h�h�i�Z�k�g�u�o�� �k�e�h�z�\���� �i�j�h�b�k�o�h�^�y�l�� �\�� �h�i�j�_�^�_�e�z�g�g�u�o�� �n�h�j�f�Z�o�� �j�_�e�v�_�n�Z�� �± �e�Z�\�b�g�h�k�[�h�j�Z�o����
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������ �H�i�b�k�Z�g�b�_�� �e�Z�\�b�g�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �d�Z�d�� �g�_�i�j�_�j�u�\�g�h�]�h�� �i�j�h�p�_�k�k�Z���� �j�Z�a�\�b�\�Z�x�s�_�]�h�k�y�� �\��

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

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

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

�h�[�e�Z�k�l�_�c���^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b�� 

�<�� �h�k�g�h�\�m�� �\�u�^�_�e�_�g�b�y�� �k�Z�f�h�c�� �d�j�m�i�g�h�c�� �l�Z�d�k�h�g�h�f�b�q�_�k�d�h�c�� �_�^�b�g�b�p�u�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
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�N�Z�d�l�h�j�u���e�Z�\�b�g�g�u�o���i�j�h�p�_�k�k�h�\�����B�g�l�_�g�k�b�\�g�h�k�l�v���i�j�h�y�\�e�_�g�b�y���e�Z�\�b�g�g�u�o �i�j�h�p�_�k�k�h�\ �b���b�o��

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

�i�j�_�h�[�e�Z�^�Z�x�s�b�c���f�h�j�n�h�e�h�]�b�q�_�k�d�b�c���l�b�i�����k�j�_�^�g�y�y���i�e�h�s�Z�^�v���b���]�m�k�l�h�l�Z���k�_�l�b�� 

�G�Z�i�j�b�f�_�j�����]�h�j�u���E�Z�f�Z�g�h�g�����a�Z�i�Z�^�g�h�_���i�h�[�_�j�_�`�v�_���h�����K�Z�o�Z�e�b�g�������k�e�h�`�_�g�g�u�_���b�g�l�j�m�a�b�\�g�u�f�b��

�i�h�j�h�^�Z�f�b�� �± �Z�g�^�_�a�b�l�Z�f�b�� �b�� �^�Z�p�b�l�Z�f�b�� ���[�Z�e�e�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�h�j�h�^�� �!IV���� �d�h�w�n�n�b�p�b�_�g�l�� �d�j�_�i�h�k�l�b��

�i�h�j�h�^���!���������k�h�i�j�h�l�b�\�e�_�g�b�_���j�Z�a�^�Z�\�e�b�\�Z�_�f�h�k�l�b���± 700-�����������d�]���k�f2), �± �g�_�k�f�h�l�j�y���g�Z���l�h�����q�l�h���d�j�m�l�b�a�g�Z��

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

�i�e�h�s�Z�^�b�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �i�j�_�\�u�r�Z�x�l�� ���� �]�Z���� �i�e�h�s�Z�^�v�� �i�h�j�Z�`�z�g�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �e�Z�\�b�g�g�u�f�b��

�i�j�h�p�_�k�k�Z�f�b�� �^�h�k�l�b�]�Z�_�l�� ���������� �]�m�k�l�h�l�Z�� �k�_�l�b�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �± 8-������ �g�Z�� �d�f2���� �H�[�t�z�f�u�� �e�Z�\�b�g�� �f�h�]�m�l��

�i�j�_�\�u�r�Z�l�v�� ���� 000 �f3���� �h�^�g�Z�d�h�� �\�k�e�_�^�k�l�\�b�_�� �d�j�m�l�b�a�g�u�� �k�d�e�h�g�h�\�� �\�� �a�h�g�Z�o�� �h�l�j�u�\�Z�� �e�Z�\�b�g�� �\�j�_�f�y��
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�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �]�h�f�h�]�_�g�g�h�c�� �k�g�_�`�g�h�c�� �l�h�e�s�b�� �g�_�� �^�h�k�l�Z�l�h�q�g�h�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �d�h�w�n�n�b�p�b�_�g�l�� �_�z��

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

�k�g�_�]�Z���h�[�t�z�f�h�f���f�_�g�_�_���� 000 �f3. 

�G�Z�i�j�h�l�b�\���� �g�Z�� �i�h�[�_�j�_�`�v�_�� �L�Z�l�Z�j�k�d�h�]�h�� �i�j�h�e�b�\�Z�� �f�_�`�^�m�� �]�h�j�h�^�Z�f�b�� �=�h�j�g�h�a�Z�\�h�^�k�d�� �b��

�G�_�\�_�e�v�k�d���d�j�m�l�u�_���������ž-�����ž�����k�d�e�h�g�u�����k�e�h�`�_�g�g�u�_���i�_�k�q�Z�g�b�d�Z�f�b���b���Z�e�_�\�j�h�e�b�l�Z�f�b���G�_�\�_�e�v�k�d�h�c���k�\�b�l�u��

���[�Z�e�e�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�h�j�h�^�� �± III ���� �d�h�w�n�n�b�p�b�_�g�l�� �d�j�_�i�h�k�l�b�� �i�h�j�h�^�� �± 2-������ �k�h�i�j�h�l�b�\�e�_�g�b�_��

�j�Z�a�^�Z�\�e�b�\�Z�_�f�h�k�l�b�� �± 200-�������� �d�]���k�f2���� �j�Z�k�q�e�_�g�_�g�u���]�m�k�l�h�c���k�_�l�v�x���`�_�e�h�[�h�\���i�e�h�s�Z�^�v�x��������-�������� �]�Z����

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

�g�_�[�h�e�v�r�h�]�h�� �h�[�t�z�f�Z���� ������-1 000 �f3���� �;�h�e�v�r�Z�y�� �d�j�m�l�b�a�g�Z�� �k�d�e�h�g�h�\�� �\�� �a�h�g�Z�o�� �h�l�j�u�\�Z�� �e�Z�\�b�g�� �g�_��

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

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

�]�m�k�l�h�l�Z���k�_�l�b���e�Z�\�b�g�h�k�[�h�j�h�\���± 15-�������g�Z���d�f2. 

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

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

�k�h�k�l�Z�\�e�y�_�l�� ������ ������ �k�j�_�^�g�y�y�� �i�e�h�s�Z�^�v�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �± 0,5-�������� �]�Z���� �]�m�k�l�h�l�Z�� �k�_�l�b�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �±  

10-������ �g�Z�� �d�f2���� �E�Z�\�b�g�h�k�[�h�j�u�� �a�Z�e�h�`�_�g�u�� �i�h�� �^�_�g�m�^�Z�p�b�h�g�g�u�f�� �\�h�j�h�g�d�Z�f�� �b�� �h�i�h�e�a�g�_�\�u�f�� �p�b�j�d�Z�f����

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

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

�d�h�w�n�n�b�p�b�_�g�l�Z���i�_�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���k�g�_�`�g�h�c���l�h�e�s�b���f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v������������ �I�h���w�l�b�f�� �i�j�b�q�b�g�Z�f��

�h�[�t�z�f�u�� �e�Z�\�b�g�� �a�^�_�k�v�� �^�h�k�l�b�]�Z�x�l�� ���� �������� �f3 ���\�� �k�j�_�^�g�_�f�� �± �h�d�h�e�h�� �� �������� �f3������ �I�j�b�q�b�g�Z�� �j�Z�a�e�b�q�b�y��

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

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

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

2-�������k�h�i�j�h�l�b�\�e�_�g�b�_���j�Z�a�^�Z�\�e�b�\�Z�_�f�h�k�l�b�� �± 100-���������d�]���k�f2�������[�h�e�_�_���i�h�^�\�_�j�`�_�g�g�u�f�b���\�h�a�^�_�c�k�l�\�b�x��

�w�j�h�a�b�h�g�g�u�o���i�j�h�p�_�k�k�h�\�� 

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

�K�Z�o�Z�e�b�g������ �k�e�h�`�_�g�g�u�o�� �m�k�l�h�c�q�b�\�u�f�b�� �d�� �j�Z�a�j�m�r�_�g�b�x�� �f�_�a�h�a�h�c�k�d�b�f�b�� �f�_�l�Z�f�h�j�n�b�q�_�k�d�b�f�b��

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

�e�Z�\�b�g�h�k�[�h�j�u�� �[�h�e�v�r�h�c�� �i�e�h�s�Z�^�b�� �������� �b�� �[�h�e�_�_�� �]�Z������ �q�Z�k�l�h�� �h�[�t�_�^�b�g�z�g�g�u�_�� �\�� �e�Z�\�b�g�g�u�_�� �[�Z�k�k�_�c�g�u����

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

�e�Z�\�b�g�h�h�i�Z�k�g�u�o���k�e�h�z�\���b���a�Z�j�h�`�^�_�g�b�y���d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�o���e�Z�\�b�g���h�[�t�z�f�h�f���[�h�e�_�_���� 000 ���������f3. 

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

�j�Z�k�q�e�_�g�_�g�b�y�� �k�e�m�`�Z�l�� �h�k�g�h�\�h�c�� �^�e�y�� �j�Z�k�q�z�l�Z�� �m�d�e�h�g�h�\�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �b���� �k�h�h�l�\�_�l�k�l�\�_�g�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���� 2019 
 

 
 337 

 

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

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

�F�h�j�n�h�e�h�]�b�y�� �e�Z�\�b�g�h�k�[�h�j�h�\�� �h�d�Z�a�u�\�Z�_�l�� �\�Z�`�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �k�l�j�h�_�g�b�_�� �d�h�g�m�k�h�\�� �\�u�g�h�k�Z��

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

�]�e�m�[�h�d�h���\�j�_�a�Z�g�g�u�f�b���e�Z�\�b�g�g�u�f�b���e�h�l�d�Z�f�b�����<���j�_�a�m�e�v�l�Z�l�_�����\���a�h�g�_���Z�d�d�m�f�m�e�y�p�b�b���e�Z�\�b�g�g�u�c���i�h�l�h�d��

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

�l�h�e�s�b�g�m���� �<�� �<�h�k�l�h�q�g�h-�K�Z�o�Z�e�b�g�k�d�b�o�� �]�h�j�Z�o�� �d�h�g�m�k�� �\�u�g�h�k�Z�� �e�Z�\�b�g�u�� �g�h�\�h�]�h�� �k�g�_�]�Z�� �i�j�b�� �h�[�t�z�f�_�� 

100-���������f3 �f�h�`�_�l���^�h�k�l�b�]�Z�l�v���l�h�e�s�b�g�u���^�h�����������f���� 

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

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

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

�h�p�_�g�b�l�v���b�o���m�y�a�\�b�f�h�k�l�v�� 

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

�d�h�f�i�e�_�d�k�g�u�c���i�h�^�o�h�^�����m�q�b�l�u�\�Z�x�s�b�c���d�Z�d���h�k�h�[�_�g�g�h�k�l�b���j�_�e�v�_�n�Z���b���d�e�b�f�Z�l�b�q�_�k�d�b�_���m�k�e�h�\�b�y�����l�Z�d��
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�a�Z�\�b�k�y�s�b�o���h�l���f�Z�d�j�h�j�_�e�v�_�n�Z�� �b�^�_�g�l�b�q�g�u�����J�_�a�d�h���j�Z�k�q�e�_�g�z�g�g�u�c���Z�e�v�i�b�g�h�l�b�i�g�u�c���j�_�e�v�_�n���]�h�j�g�u�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���� 2019 
 

 
 339 

 

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

�e�Z�\�b�g�g�u�o���i�j�h�p�_�k�k�h�\�� 

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

�k�l�j�m�d�l�m�j�� �>�:�l�e�Z�k�� �K�Z�o�Z�e�b�g�k�d�h�c�� �h�[�e�Z�k�l�b���� ������������ �:�e�_�d�k�Z�g�^�j�h�\���� ���������@���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y��

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

�]�_�h�e�h�]�b�q�_�k�d�b�o�� �i�h�j�h�^�� �>�:�l�e�Z�k�� �K�Z�o�Z�e�b�g�k�d�h�c�� �h�[�e�Z�k�l�b���� ������������ �=�_�h�e�h�]�b�y�� �K�K�K�J���� ������������

�D�Z�j�l�Z �e�b�l�h�e�h�]�b�q�_�k�d�b�o�� �d�h�f�i�e�_�d�k�h�\�«���� ���������@���� �B�_�j�Z�j�o�b�q�_�k�d�b�c�� �m�j�h�\�_�g�v�� �i�h�^�d�e�Z�k�k�Z�� �e�Z�\�b�g�g�u�o��

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

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

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

�g�b�`�g�y�y�� �± �]�j�Z�g�b�p�_�c�� �i�j�_�^�_�e�v�g�h�c�� �^�Z�e�v�g�h�k�l�b�� �\�u�[�j�h�k�Z�� �e�Z�\�b�g�� �i�h�� �K���F�� �D�h�a�b�d�m�� �>�D�h�a�b�d���� ���������@����

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

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

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

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

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

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

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

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

�,�,�,���� �L�b�i �e�Z�\�b�g�g�u�o�� �]�_�h�k�b�k�l�_�f �± �l�Z�d�k�h�g�h�f�b�q�_�k�d�Z�y�� �_�^�b�g�b�p�Z���� �\�u�^�_�e�_�g�g�Z�y�� �i�h��

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

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

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

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

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

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

�h�� �K�Z�o�Z�e�b�g���b���g�Z���D�m�j�b�e�v�k�d�b�o���h�k�l�j�h�\�h�\���>�:�l�e�Z�k���K�Z�o�Z�e�b�g�k�d�h�c�«�����������������A�_�f�p�h�\�Z�������������@�����A�Z���h�k�g�h�\�m��

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

�i�h�e�m�q�_�g�g�u�_�� �b�a�� �h�i�m�[�e�b�d�h�\�Z�g�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� �>�K�i�j�Z�\�h�q�g�b�d�� �i�h�� �d�e�b�f�Z�l�m�� �K�K�K�J�� 1985;  

�G�Z�m�q�g�h-�i�j�b�d�e�Z�^�g�h�c���k�i�j�Z�\�h�q�g�b�d�«�����������������F�Z�l�_�j�b�Z�e�u���g�Z�[�e�x�^�_�g�b�c���a�Z���h�k�Z�^�d�Z�f�b�«�������������@�� 

�,�9���� �I�h�^�l�b�i�� �e�Z�\�b�g�g�u�o�� �]�_�h�k�b�k�l�_�f �± �g�Z�� �^�Z�g�g�h�f�� �l�Z�d�k�h�g�h�f�b�q�_�k�d�h�f�� �m�j�h�\�g�_��

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

�e�Z�\�b�g�g�h�]�h���j�_�`�b�f�Z�� 

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

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

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

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

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

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

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

�d�e�b�f�Z�l�m���K�K�K�J�����������������F�Z�l�_�j�b�Z�e�u���g�Z�[�e�x�^�_�g�b�c���a�Z���h�k�Z�^�d�Z�f�b�«�������������@�� 

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

�b�� �e�Z�g�^�r�Z�n�l�g�u�o�� �>�E�b�l�_�g�d�h���� ���������@�� �n�Z�d�l�h�j�h�\�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���� �h�[�m�k�e�h�\�e�b�\�Z�x�s�b�o�� �^�b�g�Z�f�b�d�m��

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

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

�\�j�_�f�y�� �g�Z�k�l�m�i�e�_�g�b�y�� �i�_�j�b�h�^�h�\�� �g�Z�b�[�h�e�v�r�_�c�� �\�_�j�h�y�l�g�h�k�l�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �e�Z�\�b�g�� �g�Z�b�[�h�e�_�_��

�h�i�Z�k�g�h�]�h�� �]�_�g�_�l�b�q�_�k�d�h�]�h�� �d�e�Z�k�k�Z�� �± �w�i�b�]�_�g�_�l�b�q�_�k�d�b�o�� �b�� �i�h�e�b�]�_�g�_�l�b�q�_�k�d�b�o���� �k�\�y�a�Z�g�g�u�o�� �k��

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

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

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

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

�K�g�_�`�g�u�c�� �i�h�d�j�h�\�� �\�� �h�^�g�h�l�b�i�g�u�o�� �e�Z�g�^�r�Z�n�l�Z�o�� �i�j�Z�\�h�f�_�j�g�h�� �h�i�b�k�u�\�Z�l�v �d�Z�d���e�b�l�h�e�h�]�h-

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

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

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

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

[Kazakov N���:����et al�������������������D�Z�a�Z�d�h�\�������������@�����K�g�_�`�g�u�c���k�e�h�c���f�h�`�g�h���h�i�b�k�Z�l�v���d�Z�d���n�Z�p�b�x�����Z���k�g�_�`�g�m�x��

�l�h�e�s�m���± �d�Z�d���n�h�j�f�Z�p�b�x. 

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

�w�\�h�e�x�p�b�h�g�b�j�m�_�l���\���d�h�g�d�j�_�l�g�h�f���e�Z�g�^�r�Z�n�l�_���i�h�^���\�h�a�^�_�c�k�l�\�b�_�f���\�k�_�c���k�h�\�h�d�m�i�g�h�k�l�b���i�j�h�l�_�d�Z�x�s�b�o��

�\�� �g�z�f�� �n�b�a�b�q�_�k�d�b�o���� �]�_�h�e�h�]�b�q�_�k�d�b�o�� �b�� �]�_�h�]�j�Z�n�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �?�]�h�� �w�\�h�e�x�p�b�y��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�Z���� �\�� �_�z�� �o�h�^�_�� �n�h�j�f�b�j�m�_�l�k�y�� �k�g�_�`�g�Z�y�� �l�h�e�s�Z���� �k�l�j�m�d�l�m�j�g�h-�l�_�d�k�l�m�j�g�u�_�� �b��

�n�b�a�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�h�l�h�j�h�c�� �a�Z�^�Z�x�l�k�y�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�f�b�� �b�� �]�_�h�n�b�a�b�q�_�k�d�b�f�b 

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

�[�e�b�a�d�b�_���i�h���k�\�h�b�f�� �i�Z�j�Z�f�_�l�j�Z�f�� �e�b�l�h�e�h�]�h-�k�l�j�Z�l�b�]�j�Z�n�b�q�_�k�d�b�_�� �d�h�f�i�e�_�d�k�u���k�g�_�`�g�h�]�h���i�h�d�j�h�\�Z. �<��

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

�k�l�j�m�d�l�m�j�m���b���l�_�d�k�l�m�j�m�� 

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

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

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

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

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

�i�_�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b ���D�I ), �\�l�h�j�b�q�g�h�]�h�� �j�Z�k�k�e�h�_�g�b�y�� ���D�<�J) �>�D�h�e�h�f�u�p���� ���������@���b���l�_�d�k�l�m�j�u (�DT) 

�>�>�j�_�\�b�e�h�����������������D�Z�a�Z�d�h�\�������������@���k�g�_�`�g�h�c���l�h�e�s�b:  

�D�I =H1/H, (1) 

�D�<�J=�™�12*H2���™�+1*N1, (2) 

�D�L=H �</H, (3) 

�]�^�_ H �± �k�m�f�f�Z�j�g�Z�y �l�h�e�s�b�g�Z���k�g�_�`�g�h�]�h���i�h�d�j�h�\�Z���� 

H1 �± �k�m�f�f�Z�j�g�Z�y���l�h�e�s�b�g�Z���k�e�h�z�\���\�l�h�j�b�q�g�h-�b�^�b�h�f�h�j�n�g�h�]�h���k�g�_�]�Z���� 

H2 �± �k�m�f�f�Z�j�g�Z�y���l�h�e�s�b�g�Z���k�e�h�z�\�����\�u�i�h�e�g�_�g�g�u�o���d�j�b�k�l�Z�e�e�Z�f�b���k�d�_�e�_�l�g�h�]�h���d�e�Z�k�k�Z���n�h�j�f���� 

H�< �± �k�m�f�f�Z�j�g�Z�y���l�h�e�s�b�g�Z���k�e�h�z�\���k���\�h�e�h�d�g�b�k�l�h�c���l�_�d�k�l�m�j�h�c���� 

�™�12 �± �k�m�f�f�Z�j�g�h�_���k�h�^�_�j�`�Z�g�b�_���d�j�b�k�l�Z�e�e�h�\���k�d�_�e�_�l�g�h�]�h���d�e�Z�k�k�Z���n�h�j�f���������� 

�™�11 �± �k�m�f�f�Z�j�g�h�_���k�h�^�_�j�`�Z�g�b�_ �d�j�b�k�l�Z�e�e�h�\���\�l�h�j�b�q�g�h-�b�^�b�h�f�h�j�n�g�h�]�h���k�g�_�]�Z�������� 

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

�l�h�e�s�b�����l�Z�[�e�b�p�Z���������\���e�x�[�h�c���i�_�j�b�h�^���a�b�f�u. 
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�L�Z�[�e�b�p�Z�� �������D�h�e�b�q�_�k�l�\�_�g�g�u�_�� �d�j�b�l�_�j�b�b�� �\�u�^�_�e�_�g�b�y�� �e�b�l�h�e�h�]�h-�k�l�j�Z�l�b�]�j�Z�n�b�q�_�k�d�b�o�� �d�h�f�i�e�_�d�k�h�\��

�k�g�_�`�g�h�]�h���i�h�d�j�h�\�Z 

Table 1. Quantitative criteria for the allocation of lithological-stratigraphic complexes of snow pack 

�D�h�w�n�n�b�p�b�_�g�l �\�l�h��

�j�b�q�g�h�]�h �j�Z�k�k�e�h�_�g�b�y 

�k�g�_�`�g�h�c �l�h�e�s�b 

Coefficient of snow 

pack secondary strat-

ification 

�K�l�_�i�_�g�v �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y 

�k�l�j�m�d�l�m�j�u �k�g�_�`�g�h�c 

�l�h�e�s�b 

Degree of snow pack struc-

ture (microstructure) trans-

formation 

�D�h�w�n�n�b�p�b�_�g�l 

�l�_�d�k�l�m�j�u �k�g�_�`��

�g�h�c �l�h�e�s�b 

Coefficient of 

snow pack tex-

ture (structure) 

�K�l�_�i�_�g�v �i�j�_�h�[�j�Z�a�h�\�Z��

�g�b�y �l�_�d�k�l�m�j�u �k�g�_�`�g�h�c 

�l�h�e�s�b 

Degree of snow pack 

texture (structure) 

transformation 

> 0,5 

�K�b�e�v�g�h�� �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�h��

�\�Z�g�g�Z�y 

Highly recrystallized 

> 0,3 
�K�b�e�v�g�h���j�Z�a�j�u�o�e�_�g�g�Z�y 

Highly loosened 

> 0,3 - �”����,5 

�M�f�_�j�_�g�g�h���i�_�j�_�d�j�b�k�l�Z�e�e�b��

�a�h�\�Z�g�g�Z�y 

Moderately recrystallized 

> 0,2 - �”����,3 

�M�f�_�j�_�g�g�h�� �j�Z�a�j�u�o�e�_�g��

�g�Z�y 

Moderately loosened 

> 0,1 - �”����,3 

�K�j�_�^�g�_�� �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�h��

�\�Z�g�g�Z�y 

Medium recrystallized 

> 0,1 - �”����,2 
�K�j�_�^�g�_���j�Z�a�j�u�o�e�_�g�g�Z�y 

Medium loosened 

�”����,1 

�K�e�Z�[�h�� �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�h��

�\�Z�g�g�Z�y 

Weakly recrystallized 

�”����,1 
�K�e�Z�[�h���j�Z�a�j�u�o�e�_�g�g�Z�y 

Weakly loosened 

 

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

�\�u�r�_�i�j�b�\�_�^�z�g�g�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\�����I�j�b���m�\�_�e�b�q�_�g�b�b���k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c���D�l �^�h���������������D�i �± �^�h��������������

�Z���D�\�j���± �^�h�������������i�j�h�b�k�o�h�^�b�l �f�Z�k�k�h�\�u�c���k�o�h�^���e�Z�\�b�g���>�>�j�_�\�b�e�h�������������@�� 

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

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

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

�\���k�j�_�^�g�_�c���b�e�b���\�_�j�o�g�_�c���q�Z�k�l�b���k�g�_�`�g�h�c���l�h�e�s�b�����k�o�h�^�y�l���e�Z�\�b�g�u���b�a���\�_�j�o�g�b�o���k�e�h�z�\���k�g�_�]�Z�����H�[�t�z�f�u��

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

�f�_�l�_�e�_�c���� �l�Z�d�� �b�� �\�� �i�_�j�b�h�^�u�� �h�l�l�_�i�_�e�_�c���� �<�� �j�Z�[�h�l�Z�o�� �>�E�Z�\�b�g�h�h�i�Z�k�g�u�_�� �j�Z�c�h�g�u�� �K�h�\�_�l�k�d�h�]�h��

�K�h�x�a�Z�� ������������ �<�h�e�h�^�b�q�_�\�Z���� ������������ �D�Z�j�l�Z�� �e�Z�\�b�g�h�h�i�Z�k�g�u�o�� �j�Z�c�h�g�h�\�� �K�h�\�_�l�k�d�h�]�h�� �K�h�x�a�Z���� ������������
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�D�Z�^�Z�k�l�j���e�Z�\�b�g���K�K�K�J�����������������=�_�h�]�j�Z�n�b�y���e�Z�\�b�g�����������������L�j�h�r�d�b�g�Z�������������@���^�h�f�b�g�b�j�m�x�s�Z�y���j�h�e�v���\��

�e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�b���g�Z���D�m�j�b�e�v�k�d�b�o���h�k�l�j�h�\�Z�o���k�e�h�z�\���i�_�j�_�d�j�b�k�l�Z�e�e�b�a�h�\�Z�g�g�h�]�h���k�g�_�]�Z���h�l�j�b�p�Z�e�Z�k�v��

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

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

�e�Z�\�b�g�g�h�c���h�i�Z�k�g�h�k�l�b���D�m�j�b�e�v�k�d�b�o���h�k�l�j�h�\�h�\�� 

�I�j�b�� �j�_�r�_�g�b�b�� �a�Z�^�Z�q�b�� �i�j�h�]�g�h�a�Z�� �e�Z�\�b�g�� �b�� �j�Z�k�q�z�l�Z�� �b�o�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

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

�h�[�e�Z�^�Z�x�l���j�Z�a�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���^�b�g�Z�f�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�����l�Z�[�e�b�p�Z���������� 

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

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

�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �e�Z�\�b�g���� �i�j�_�^�e�h�`�_�g�g�u�c�� �<���<���� �>�a�x�[�h�c�� �>�>�a�x�[�Z���� ���������@���� �d�h�l�h�j�u�c�� �\�u�^�_�e�y�e�� �l�j�b��

�]�_�g�_�l�b�q�_�k�d�b�o���d�e�Z�k�k�Z���e�Z�\�b�g�����k�b�g�]�_�g�_�l�b�q�_�k�d�b�_�����w�i�b�]�_�g�_�l�b�q�_�k�d�b�_���b���i�h�e�b�]�_�g�_�l�b�q�_�k�d�b�_���� 

�H�^�g�Z�d�h�� �^�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �e�Z�\�b�g�� �b�� �j�Z�k�q�z�l�Z�� �b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �Z�� �l�Z�d�`�_�� �^�e�y�� �h�p�_�g�d�b��

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

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

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

�k�b�g�]�_�g�_�l�b�q�_�k�d�b�f�� 

�>�h�f�b�g�b�j�m�x�s�b�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �\�� �h�[�j�Z�a�h�\�Z�g�b�b�� �w�i�b�]�_�g�_�l�b�q�_�k�d�b�o�� �b�� �i�h�e�b�]�_�g�_�l�b�q�_�k�d�b�o��

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

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

�B�_�j�Z�j�o�b�y�� �l�Z�d�k�h�g�h�f�b�q�_�k�d�b�o�� �m�j�h�\�g�_�c�� �e�Z�\�b�g�g�u�o�� �]�_�h�k�b�k�l�_�f�� �g�Z�� �h���� �K�Z�o�Z�e�b�g�_�� �b��

�D�m�j�b�e�v�k�d�b�o���h�k�l�j�h�\�Z�o. 

I�����D�e�Z�k�k �± �\�u�k�r�Z�y���l�Z�d�k�h�g�h�f�b�q�_�k�d�Z�y���_�^�b�g�b�p�Z�����g�Z���m�j�h�\�g�_���d�h�l�h�j�h�c���\�u�^�_�e�y�x�l�k�y���]�j�m�i�i�u��

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

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

1. �=�h�j�g�u�c�� �d�e�Z�k�k���� �=�h�j�u���� �E�Z�\�b�g�g�u�_�� �]�_�h�k�b�k�l�_�f�u�� �n�h�j�f�b�j�m�x�l�k�y�� �g�Z�� �]�h�j�g�u�o�� �k�d�e�h�g�Z�o����

�I�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �Z�e�v�i�b�g�h�l�b�i�g�u�c�� �j�_�e�v�_�n���� �:�[�k�h�e�x�l�g�u�_�� �\�u�k�h�l�u�� �j�_�e�v�_�n�Z�� �h�l�� �������� �^�h�� �� 600 �f  

���\�e�d�� �:�e�Z�b�^�������]�e�m�[�b�g�Z���j�Z�k�q�e�_�g�_�g�b�y���± 400-1 ���������f���b���[�h�e�_�_�����I�j�_�h�[�e�Z�^�Z�x�s�b�_���f�h�j�n�h�e�h�]�b�q�_�k�d�b�_��

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

�\�u�k�h�d�Z�y���� �I�j�_�h�[�e�Z�^�Z�x�s�b�c�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�c�� �l�b�i�� �e�Z�\�b�g���� �e�h�l�d�h�\�Z�y���� �F�Z�d�k�b�f�Z�e�v�g�u�_�� �h�[�t�z�f�u��

�e�Z�\�b�g�� �i�j�_�\�u�r�Z�x�l�� �� 000 �������� �f3���� �H�^�g�Z�d�h�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y�� �e�Z�\�b�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\��

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

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

�k�g�_�`�g�m�x�� �l�h�e�s�m���� �\�u�i�h�e�g�_�g�g�m�x�� �f�_�l�_�e�_�\�u�f�� �k�g�_�]�h�f�� �i�e�h�l�g�h�k�l�v�x�� �������� �d�]���f3 �b�� �[�h�e�_�_���� �<�� �l�Z�d�h�c��

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

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

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

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

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

�a�h�g�_�����Z�[�k�h�e�x�l�g�u�_���\�u�k�h�l�u���j�_�e�v�_�n�Z���± �h�l�����������^�h���� 100-1 ���������f�������a�Z�j�h�k�r�b�o���d�_�^�j�h�\�u�f���k�l�e�Z�g�b�d�h�f��

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

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

�[�h�e�v�r�h�]�h���h�[�t�z�f�Z�� 

������ �;�_�j�_�]�h�\�h�c �d�e�Z�k�k. �E�Z�\�b�g�g�u�_�� �]�_�h�k�b�k�l�_�f�u�� �n�h�j�f�b�j�m�x�l�k�y�� �g�Z�� �k�d�e�h�g�Z�o�� �[�_�j�_�]�h�\�u�o��

�m�k�l�m�i�h�\�� �b�� �f�h�j�k�d�b�o�� �Z�d�d�m�f�m�e�y�l�b�\�g�h-�^�_�g�m�^�Z�p�b�h�g�g�u�o�� �b�� �Z�d�d�m�f�m�e�y�l�b�\�g�u�o�� �l�_�j�j�Z�k���� �:�[�k�h�e�x�l�g�u�_��

�\�u�k�h�l�u �j�_�e�v�_�n�Z�� �± 10-�������� �f���� �]�e�m�[�b�g�Z�� �j�Z�k�q�e�_�g�_�g�b�y�� �± �h�l�� ������ �^�h�� �������� �f���� �I�j�_�h�[�e�Z�^�Z�x�s�b�_��

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

�g�Z���h�����K�Z�o�Z�e�b�g���g�_���i�j�_�\�u�r�Z�x�l������ ���������f3�����g�Z���D�m�j�b�e�v�k�d�b�o���h�k�l�j�h�\�Z�o���± 50 ���������f3�����K�j�_�^�g�b�_���h�[�t�z�f�u��

�e�Z�\�b�g�� �± 200-1000 �f3���� �<�g�_�r�g�_�c�� �i�j�b�q�b�g�h�c�� �k�o�h�^�Z�� �e�Z�\�b�g�� �q�Z�k�l�h�� �y�\�e�y�_�l�k�y�� �h�[�j�m�r�_�g�b�_�� �k�g�_�`�g�u�o��

�d�Z�j�g�b�a�h�\�� 
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������ �J�Z�\�g�b�g�g�u�c���d�e�Z�k�k�� �F�_�`�]�h�j�g�u�_���\�i�Z�^�b�g�u���� �i�j�_�^�]�h�j�g�u�_���r�e�_�c�n�u���� �j�Z�\�g�b�g�u���b���j�_�q�g�u�_��

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

�^�x�g���� �\�� �h�\�j�Z�]�Z�o�� �b�� �[�Z�e�d�Z�o�� �b�� �l���^���� �:�[�k�h�e�x�l�g�u�_�� �\�u�k�h�l�u�� �j�_�e�v�_�n�Z�� �± 10-�������� �f���� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �±  

5-�������� �f���� �I�j�_�h�[�e�Z�^�Z�x�s�b�c�� �l�b�i�� �e�Z�\�b�g�h�k�[�h�j�Z���� �k�d�e�h�g���� �B�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y�� �e�Z�\�b�g�g�u�o��

�i�j�h�p�_�k�k�h�\���g�b�a�d�Z�y�����I�j�_�h�[�e�Z�^�Z�x�s�b�c���f�h�j�n�h�e�h�]�b�q�_�k�d�b�c���l�b�i���e�Z�\�b�g�����h�k�h�\�����F�Z�d�k�b�f�Z�e�v�g�u�_���h�[�t�z�f�u��

�e�Z�\�b�g���g�_���i�j�_�\�u�r�Z�x�l���� ���������f3�����k�j�_�^�g�b�_���± 0,05-���������f3. 

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

76 �l�b�i�h�\�����������i�h�^�l�b�i�h�\�������������\�b�^�h�\���e�Z�\�b�g�g�u�o���]�_�h�k�b�k�l�_�f�����l�Z�[�e�b�p�Z����, �j�b�k�m�g�d�b 1, 2). 

�H�[�u�q�g�h���b�k�i�h�e�v�a�m�_�f�Z�y���i�j�b���k�h�k�l�Z�\�e�_�g�b�b���d�Z�j�l���e�Z�\�b�g�g�h�c���h�i�Z�k�g�h�k�l�b���d�Z�l�_�]�h�j�b�y���©�K�l�_�i�_�g�v��

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

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

�I�h���w�l�h�c���i�j�b�q�b�g�_���\���e�_�]�_�g�^�_���d�Z�j�l�u���©�E�Z�\�b�g�g�u�_���]�_�h�k�b�k�l�_�f�u�ª���i�j�b�\�h�^�y�l�k�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

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

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

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

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

(1:1 000 ������������ �Z�� �l�Z�d�`�_�� �^�e�y�� �m�^�h�[�k�l�\�Z�� �i�h�e�v�a�h�\�Z�g�b�y���� �g�Z�]�j�m�a�d�Z�� �g�Z�� �d�Z�j�l�Z�o�� �f�b�g�b�f�Z�e�v�g�Z�� 

(�j�b�k�m�g�d�b 1, 2).  

�K�b�k�l�_�f�Z�l�b�a�Z�p�b�y���h�[�r�b�j�g�h�]�h���i�h�e�_�\�h�]�h���f�Z�l�_�j�b�Z�e���h���e�Z�\�b�g�g�u�o���i�j�h�p�_�k�k�Z�o���g�Z���h�����K�Z�o�Z�e�b�g�_��

�b�� �D�m�j�b�e�v�k�d�b�o�� �h�k�l�j�h�\�Z�o�� �>�>�j�_�\�b�e�h���� ������������ ������������ ������������ �>�j�_�\�b�e�h���� �D�Z�a�Z�d�h�\���� ������������ �D�Z�a�Z�d�h�\�� �b�� �^�j������

1999; �>�j�_�\�b�e�h���b���^�j�������������������D�Z�a�Z�d�h�\�������������������������������������Z�� �;�h�[�j�h�\�Z����������������������������������������������������������������

�D�Z�a�Z�d�h�\�� �=�_�g�k�b�h�j�h�\�k�d�b�c�����D�Z�a�Z�d�h�\�Z�����������������D�Z�a�Z�d�h�\�Z�����������������������������������������������������������������J�u�[�Z�e�v�q�_�g�d�h����

�������������������������@�b�j�m�_�\���b���^�j�������������������H�d�h�i�g�u�c�������������@���i�h�a�\�h�e�b�e�Z���g�Z�i�h�e�g�b�l�v���e�_�]�_�g�^�m���d�Z�j�l�u���g�_���l�h�e�v�d�h��

�j�Z�k�q�z�l�g�u�f�b�����g�h���n�Z�d�l�b�q�_�k�d�b�f�b���^�Z�g�g�u�f�b�� 

�D�h�e�b�q�_�k�l�\�_�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�Z�\�b�g�g�u�o�� �]�_�h�k�b�k�l�_�f�� �h���� �K�Z�o�Z�e�b�g�� �b�� �D�m�j�b�e�v�k�d�b�o��

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

�]�_�h�k�b�k�l�_�f�u���h�����K�Z�o�Z�e�b�g���b���D�m�j�b�e�v�k�d�b�c���h�k�l�j�h�\�h�\�ª�����l�Z�[�e�b�p�Z�������� 
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1. �J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �l�Z�d�k�h�g�h�f�b�q�_�k�d�Z�y �r�d�Z�e�Z �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �e�Z�\�b�g�g�u�o�� �]�_�h�k�b�k�l�_�f�� �b��

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

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

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

�d�e�b�f�Z�l�b�q�_�k�d�h�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���l�_�j�j�b�l�h�j�b�b�� 

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

�h�� �K�Z�o�Z�e�b�g�� �b�� �D�m�j�b�e�v�k�d�b�o�� �h�k�l�j�h�\�h�\�� �\�� �f�Z�k�r�l�Z�[�_�� ������ �� 000 �������� �k�h�^�_�j�`�b�l�� �g�Z�b�[�h�e�_�_�� �i�h�e�g�u�_�� �g�Z��
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Abstract. In practice, forecasting of ava-

lanche occurrences in a single avalanche path 

is usually subjective based on background 

avalanche and weather forecasts, data on the 

location and topography of the avalanche 

starting zone, as well as available data on the 

snowpack in it. Moreover, forecasters some-

times identify avalanche starting zones, in 

which, according to their opinion, avalanche 

formation is similar. It is generally believed 

that avalanche formation occurs similarly in 

avalanche starting zones similar in morphol-

ogy and morphometry, as well as having sim-

ilar exposure. The aim of the work was to es-

tablish a quantitative relationship in the ava-

lanche formation of snowstorm avalanches in 

22 avalanche starting zones located in an area 

of about 25 km2 located in the southern part 



2019 Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

382 
Chernous P.A., Volkov A.V An assessment of the similarity of snowstorm avalanching in the Khibiny 
Mountains. Hydrosphere. Hazard processes and phenomena, 2019, vol. 1, iss. 3, pp. 381-391 (In Russian; 
abstract in English). DOI: 10.34753/HS.2019.1.3.005 

 

�\�� �x�`�g�h�c �q�Z�k�l�b�� �O�b�[�b�g���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�_��

�^�_�g�h�� �g�Z�� �h�k�g�h�\�_�� �f�g�h�]�h�e�_�l�g�b�o�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z��

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

�[�e�b�a�h�k�l�b���e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���\���^�\�m�o���e�Z�\�b�g�g�u�o��

�h�q�Z�]�Z�o��P(i/j) �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �m�k�e�h�\�g�Z�y�� �\�_��

�j�h�y�l�g�h�k�l�v�� �h�[�j�Z�a�h�\�Z�g�b�y�� �e�Z�\�b�g�u�� �\�� �e�Z�\�b�g�g�h�f��

�h�q�Z�]�_��i, �_�k�e�b���e�Z�\�b�g�Z���h�[�j�Z�a�h�\�Z�e�Z�k�v���\���e�Z�\�b�g�g�h�f��

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

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

�e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o���y�\�e�y�x�l�k�y���a�g�Z�q�b�f�u�f�b�����g�h�����d�Z�d��

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

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

�h�q�Z�]�Z�o�� �b�f�_�x�s�b�o�� �k�o�h�^�g�m�x�� �w�d�k�i�h�a�b�p�b�x���� �I�h��

�f�b�f�h�� �w�l�h�]�h���� �\�e�b�y�x�l�� �^�_�n�h�j�f�Z�p�b�b�� �\�h�a�^�m�r�g�h�]�h��

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

�e�_�\�h�]�h���k�g�h�k�Z���k�g�_�]�Z�����Z���l�Z�d�`�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y��

�b�a�f�_�g�q�b�\�h�k�l�v�� �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�� �f�_�l�_�e�_�\�h�]�h�� �k�g�_�]�Z�� �\�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�Z�o����

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

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

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

�j�h�\�� 

 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �f�_�l�_�e�_�\�u�_�� �e�Z�\�b�g�u���� �f�Z�k��

�k�h�\�u�c���k�o�h�^�����\�_�j�h�y�l�g�h�k�l�b�����e�Z�\�b�g�g�u�_���h�q�Z�]�b-�Z�g�Z��

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

of the Khibiny Mountains. The study was 

based on long-term observations of ava-

lanches in this area. As a measure of the 

proximity of avalanche formation in two av-

alanche starting zones P (i / j), we used the 

conditional probability of avalanche for-

mation in avalanche starting zone i, if an av-

alanche formed in avalanche starting zone j. 

As the study showed, correlations between 

avalanche formation in various avalanche 

starting zones are statistically significant, 

but, as a rule, rather weak. The most similar 

formation of snow avalanches occurs in the 

starting zones having a similar exposure. In 

addition, the deformations of the air flow in 

the mountain system and the size of the snow 

drift zones, as well as the spatial variability 

of the physical and mechanical characteris-

tics of snowpack in avalanche starting zones, 

also affect. A methodology for probabilistic 

diagnosis and forecasting of snowstorm ava-

lanches using avalanche starting zones-indi-

cators is proposed. 

Keywords: snowstorm avalanches; numer-

ous releases; probabilities; avalanche starting 

zones-analogues; avalanche diagnostics; 

forecasting 
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�i�j�h�l�b�\�h�e�Z�\�b�g�g�h�c�� �k�e�m�`�[�u�� �H�:�H�� �©�:�i�Z�l�b�l�ª�� �h�l�[�b�j�Z�e�b�k�v�� �e�b�r�v�� �l�_�� �k�e�m�q�Z�b�� �k�o�h�^�Z�� �e�Z�\�b�g���� �^�e�y��

�d�h�l�h�j�u�o���^�Z�l�Z���k�o�h�^�Z���[�u�e�Z���l�h�q�g�h���b�a�\�_�k�l�g�Z�����L�Z�d�b�o���e�Z�\�b�g���[�u�e�h���������������I�j�b�q�_�f���\���g�_�d�h�l�h�j�u�_���^�g�b���\��

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

�k�o�h�^�b�e�h���g�_�k�d�h�e�v�d�h���e�Z�\�b�g���� �w�l�h�� �m�q�b�l�u�\�Z�e�h�k�v���� �d�Z�d���h�^�g�h���k�h�[�u�l�b�_���� �<�k�_�]�h���l�Z�d�b�o���k�h�[�u�l�b�c�����^�g�_�c���k��

�e�Z�\�b�g�Z�f�b�����a�Z���������e�_�l���[�u�e�h�������������� 

�I�j�b�� �h�p�_�g�d�_�� �\�_�j�h�y�l�g�h�k�l�_�c P(i/j) �\�h�� �\�g�b�f�Z�g�b�_�� �i�j�b�g�b�f�Z�e�b�k�v�� �e�b�r�v�� �l�_�� �e�Z�\�b�g�g�u�_�� �h�q�Z�]�b����

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

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

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

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

�I�h�w�l�h�f�m���h�p�_�g�d�b���\�_�j�h�y�l�g�h�k�l�_�c P(i/j) �^�e�y���f�_�l�_�e�_�\�u�o���e�Z�\�b�g���\�u�i�h�e�g�_�g�u���i�h���^�Z�g�g�u�f���i�h�e�m�q�_�g�g�u�f��

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

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

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

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

�e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o�����j�b�k�m�g�h�d���������� 
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�J�b�k�m�g�h�d��1. �K�o�_�f�Z���e�Z�\�b�g�g�u�o �h�q�Z�]�h�\���\���j�Z�c�h�g�_���g�Z�[�e�x�^�_�g�b�c���\���O�b�[�b�g�Z�o 

Figure 1. Schema of avalanche starting zones in the avalanche  

monitoring area in the Khibiny Mountains 
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�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�K�o�h�^���e�Z�\�b�g���\���h�^�b�g���b���l�h�l���`�_���^�_�g�v���\�h���f�g�h�]�b�o���e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o���y�\�e�_�g�b�_���^�h�\�h�e�v�g�h���j�_�^�d�h�_����

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

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

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

�[�u�e�b���Z�d�l�b�\�g�u�f�b���������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���± �h�^�b�g���j�Z�a�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���± 

2 �j�Z�a�Z���b���\���������e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o�� �± �����j�Z�a�����<�����������\�k�_�o���^�g�_�c���k���e�Z�\�b�g�Z�f�b���[�u�e���Z�d�l�b�\�_�g���e�b�r�v���h�^�b�g��

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

���������\�k�_�o���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���\���j�_�]�b�h�g�_1�����\���O�b�[�b�g�Z�o���g�_���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h���� 

�I�h�o�h�`�b�_���j�_�a�m�e�v�l�Z�l�u���[�u�e�b���i�h�e�m�q�_�g�u���\���K�d�Z�e�b�k�l�u�o���]�h�j�Z�o�����\���r�l�Z�l�_���D�h�e�h�j�Z�^�h�����K�R�:�����L�Z�f��

�g�Z�[�e�x�^�_�g�b�y�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �������� �d�f2 �i�h�d�Z�a�Z�e�b���� �q�l�h�� �l�h�e�v�d�h�� �^�\�Z�`�^�u�� �\�� �]�h�^�� �g�Z�[�e�x�^�Z�x�l�k�y�� �l�Z�d�b�_��

�k�o�h�^�u���e�Z�\�b�g�����d�h�]�^�Z���^�_�c�k�l�\�m�x�l���[�h�e�_�_�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���>Judson�������������@�����L�b�i���e�Z�\�b�g���i�j�b���w�l�h�f��

�\�h���\�g�b�f�Z�g�b�_���g�_���i�j�b�g�b�f�Z�e�k�y���� 

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

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

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

�\�� �j�Z�c�h�g�_�� �O�b�[�b�g���� �d�h�g�l�j�h�e�b�j�m�_�f�h�f�� �i�j�h�l�b�\�h�e�Z�\�b�g�g�h�c�� �k�e�m�`�[�h�c�� �H�:�H �©�:�i�Z�l�b�l�ª���� �i�h�d�Z�a�Z�e���� �q�l�h��

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

�h�q�Z�]�h�\���k�h�k�l�Z�\�e�y�_�l���g�_���[�h�e�_�_���������\�k�_�o���^�g�_�c���k���f�_�l�_�e�_�\�u�f�b���e�Z�\�b�g�Z�f�b�����?�k�e�b���k�h�\�f�_�k�l�g�u�c���k�o�h�^���e�Z�\�b�g��

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

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

�g�Z�[�e�x�^�Z�e�b�k�v�� �f�_�l�_�e�_�\�u�_�� �e�Z�\�b�g�u���� �W�l�h�� �h�[�t�y�k�g�y�_�l�k�y�� �l�_�f���� �q�l�h�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h��

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

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

�\�h�a�g�b�d�g�h�\�_�g�b�y���f�_�l�_�e�_�\�h�c���e�Z�\�b�g�u���� 

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

�e�Z�\�b�g�g�u�o�� �h�q�Z�]�h�\�� �k�� �i�h�f�h�s�v�x�� �d�j�b�l�_�j�b�y�� �$2 �i�h�d�Z�a�Z�e�Z���� �q�l�h�� �i�j�b�� ���������� �m�j�h�\�g�_�� �a�g�Z�q�b�f�h�k�l�b��

�[�h�e�v�r�b�g�k�l�\�h�� �k�\�y�a�_�c�� �y�\�e�y�x�l�k�y�� �a�g�Z�q�b�f�u�f�b���� �H�p�_�g�d�b�� �\�_�j�h�y�l�g�h�k�l�_�c��P(i/j) �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

�l�Z�[�e�b�p�_ 1. 

                                                 
1 �F�_�l�h�^�b�q�_�k�d�b�_���m�d�Z�a�Z�g�b�y���i�h���k�g�_�]�h�e�Z�\�b�g�g�h�f�m���h�[�_�k�i�_�q�_�g�b�x���g�Z�j�h�^�g�h�]�h���o�h�a�y�c�k�l�\�Z�����L�Z�r�d�_�g�l, �������������������k�� 
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�<�� �p�_�e�h�f�� �\�_�j�h�y�l�g�h�k�l�b��P(i/j) �^�h�\�h�e�v�g�h�� �f�Z�e�u���� �q�l�h�� �h�l�j�Z�`�Z�_�l�� �[�h�e�v�r�m�x�� �g�_�h�^�g�h�j�h�^�g�h�k�l�v��

�m�k�e�h�\�b�c�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y�� �b�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �g�b�a�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �n�h�g�h�\�u�o�� �i�j�h�]�g�h�a�h�\����

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

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

�G�Z�b�[�h�e�v�r�_�_���a�g�Z�q�_�g�b�_��P(i/j)=0,61 (P(j/i)� �������������i�h�e�m�q�_�g�h���^�e�y���h�q�Z�]�h�\��i� �������b��j� ���������j�b�k�m�g�h�d�������� 

  

�J�b�k�m�g�h�d������ �K�o�_�f�Z���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���‹���������± �‹�� �������]�h�j�u���X�d�k�i�h�j 

Figure 2. Schema of avalanche starting zones �‹�� 13 �± �‹  19 of the Yukspor Mountain 

�;�h�e�v�r�b�_���a�g�Z�q�_�g�b�y��P(i/j) �l�Z�d�`�_���i�h�e�m�q�_�g�u���^�e�y���i�Z�j���h�q�Z�]�h�\���\�o�h�^�y�s�b�o���\���]�j�m�i�i�m���h�q�Z�]�h�\���k��

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

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

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

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

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

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

�m�k�e�h�\�b�_�f�� �Z�g�Z�e�h�]�b�q�g�h�k�l�b�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���� �G�Z�i�j�b�f�_�j���� �\�_�j�h�y�l�g�h�k�l�b��P(i/j) �b��P(j/i) �^�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���� 2019 
 

 
 389 

 

�h�^�b�g�Z�d�h�\�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �h�q�Z�]�Z�� ������ �b�� �h�q�Z�]�h�\�� �b�a�� �]�j�m�i�i�u�� �k 13-�]�h�� �i�h�� ����-�c�� �k�j�Z�\�g�b�l�_�e�v�g�h��

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

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

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

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

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

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

�Z�g�Z�e�h�]�b�q�g�h�k�l�b�����E�Z�\�b�g�u�����k�o�h�^�y�s�b�_���\���w�l�b�o���h�q�Z�]�Z�o�����m�]�j�h�`�Z�x�l���h�^�g�h�f�m���h�[�t�_�d�l�m���± �`�_�e�_�a�g�h�c���^�h�j�h�]�_��

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

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

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

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

�>�Q�_�j�g�h�m�k�������������@�����B�k�i�h�e�v�a�m�y���j�Z�k�q�_�l�g�m�x���\�_�j�h�y�l�g�h�k�l�v���h�[�j�Z�a�h�\�Z�g�b�y���e�Z�\�b�g�u���\ �e�Z�\�b�g�g�h�f���h�q�Z�]�_��P(j), 

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

�>�Q�_�j�g�h�m�k�����I�_�j�e�b�d�h�\�����F�h�d�j�h�\�������������@�����f�h�`�g�h���k���i�h�f�h�s�v�x���n�h�j�f�m�e�u���i�h�e�g�h�c���\�_�j�h�y�l�g�h�k�l�b���h�p�_�g�b�l�v��

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

P(i) = P(i/j)P(j) + P(i/j �g)[1 �± P(j)] (1) 
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Abstract. The well-known patterns of re-

gressive erosion from the mouth to the 

sources of watercourses on the rivers of Priil-

men'ya are performed discretely, since the 

basis of erosion (first the level of Sredne-

Lovatsy (Privaldaysky) glacial lake, and then 

Lake Ilmen) is decreased over 12.5 thousand 

years from elevations of about 85 m to mod-

ern 18 m, stabilizing for a long time at eleva-

tions of 60, 40, 30 m. Comparison of the lon-

gitudinal profile of the Porusia River con-

structed from cartographic materials with su-
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preme erosion cut profile calculated accord-

ing to the formula N.I. Makkaveev showed 

that the profile of this river has not yet been 

sufficiently developed, although the excess 

of the edge of the valley above the bottom of 

the river in its middle course is 10-15 m. The 

correctness of the calculation of the erosion 

curve is confirmed by its coincidence with 

the longitudinal profile of the river Lovat', 

which exists for a longer time and has the 

greatest water content among the rivers of the 

Priilmen lowland. According to topographic 

maps of 1932 and 1984, as well as our own 

measurements of 2016-2019 it was found 

that the total lowering of the river bottom 

near the village of Mintsevo (71 km from the 

source) over 90 years (1930-2019) reached 

3.5 m. Using other assessment methods, in-

cluding surveys of local residents, the depth 

of the erosion cut in this locality is approxi-

mately the same period of time ranged from 

1 to 1.6-1.8 m. On a different locality of the 

river (53 km from the source) for a compara-

ble period, similar rates of vertical channel 

deformations were obtained from carto-

graphic materials. Studying of additional let 

make a hypothesis according to which over 

300 years the bottom marks could decrease 

by 10 m. An analysis of the soil section data 

allowed us to conclude that the rate of verti-

cal erosion had strongly marked discrete 

character. On hard washable areas, vertical 
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Figure 1. Longitudinal profile of the Porusia River 
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Figure 2. Section of the Quaternary sediments of the Porusia River valley 

for 81 km (between Lyuta and Redya) (a) and 130 km (�[) from the headwaters 
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Figure 3. The location of the lower locality. O-36-87, map of 1988, scale 1: 100 000 
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Figure 4. Oxbow of Porusia River near the village of Mintsevo. Locality number 2.  

Snapshot from SAS.Planet.Release.160707 
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Figure 5. The location of the upper locality. Management of military topographers O-36-87-B,  

map of 1932, scale 1:50 000 (a mistake was made in the names of the villages: instead of 
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�L�Z�[�e�b�p�Z������ �<�_�j�l�b�d�Z�e�v�g�u�c �i�h�q�\�_�g�g�u�c���j�Z�a�j�_�a���i�h���i�j�Z�\�h�f�m���[�_�j�_�]�m���k�l�Z�j�b�p�u���j�����I�h�j�m�k�v�y 

�L�Z�[�e�b�p�Z 1. Vertical soil section along the right bank of the old Porusia River 

�j�Z�a�j�_�a 
�f�h�s��

�g�h�k�l�v�����f 

�\�e�Z�`��

�g�h�k�l�v 

�i�e�h�l�g�h�k�l�v���\��

�_�k�l�_�k�l�\�_�g�g�h�f��

�a�Z�e�_�]�Z�g�b�b 

�i�h�j�b��

�k�l�h�k�l�v 

�i�e�h�l��

�g�h�k�l�v���k�m��

�o�h�]�h 

�i�h�j�b��

�k�l�h�k�l�v���k�m��

�o�h�]�h 

�i�h�q�\�_�g�g�u�c���k�e�h�c 0-0,65 - - - - - 

�k�m�]�e�b�g�h�d���d�j�Z�k�g�h-

�d�h�j�b�q�g�_�\�u�c�����l�j�_��

�s�b�g�h�\�Z�l�u�c 

0,65-

1,05 
0,24 2,08 0,23 1,84 0,32 

�k�m�i�_�k�v���d�j�Z�k�g�Z�y 1,05-1,6 0,24 1,91 0,29 1,67 0,38 

�k�m�]�e�b�g�h�d���d�j�Z�k�g�u�c 1,6-1,8 0,48 2,12 0,22 1,64 0,39 

�k�m�i�_�k�v���k�_�j�Z�y�����\�h�^�h��

�g�h�k�g�Z�y 
1,8-2,0 0,43 2,05 0,23 1,62 0,39 

�k�m�i�_�k�v���k���i�j�h�`�b�e��

�d�Z�f�b���k�m�]�e�b�g�d�h�\ 
2,0-3,3 0,38 1,80 0,33 1,52 0,43 

�k�m�i�_�k�v���d�h�j�b�q�g�_�\�Z�y 3,3-4,45 0,51 1,82 0,32 1,32 0,51 

�k�m�]�e�b�g�h�d���d�j�Z�k�g�u�c 
4,45-

4,55 
0,37 2,11 0,22 1,73 0,36 

�k�m�i�_�k�v���k�_�j�Z�y�����\�h�^�h��

�g�h�k�g�u�c���]�h�j�b�a�h�g�l 
4,55-4,6 0,45 2,10 0,21 1,65 0,38 

�i�y�l�g�b�k�l�u�c���k�m�]�e�b��

�g�h�d�����i�e�h�l�g�u�c 
4,6-5,0 0,36 2,20 0,19 1,84 0,32 

�d�j�Z�k�g�u�c���k�m�]�e�b�g�h�d����

�i�e�h�l�g�u�c 
5,0-5,45 0,38 2,22 0,18 1,84 0,32 

�k�m�i�_�k�v���k�_�j�Z�y���f�_�e��

�d�h�a�_�j�g�b�k�l�Z�y 

5,45-

5,65 
0,47 2,10 0,21 1,63 0,39 

�k�_�j�h-�]�h�e�m�[�h�c���k�m��

�]�e�b�g�h�d�����i�e�h�l�g�u�c 
5,65-5,9 0,43 2,31 0,15 1,88 0,31 

�d�j�Z�k�g�u�c���k�m�]�e�b�g�h�d����

�i�e�h�l�g�u�c 
5,9-7,4 0,37 2,20 0,19 1,83 0,32 

�i�_�k�h�d���`�_�e�l�u�c����

�k�j�_�^�g�_�a�_�j�g�b�k�l�u�c 
7,4-10,0 0,36 2,04 0,24 1,68 0,37 

�i�_�k�q�Z�g�b�d���k�_�j�u�c����

�i�e�h�l�g�u�c 

10,0-

10,7 
0,38 2,14 0,20 1,76 0,34 

�k�m�i�_�k�v 10,7- 0,38 2,07 0,22 1,69 0,37 
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Abstract. There are currently only 8 hy-

drological posts on the rivers of the Black 

Sea coast of Russia. Dozens of rivers in the 

region are not covered by observational 

data, making it difficult to calculate the min-

imum flow of rivers to address the protec-

tion and use of water resources. The aim of 

the work is to determine the characteristics 

of the minimum flow of unexplored rivers 

of the Black Sea coast and to identify its spa-

tial heterogeneity. 

The studies use observation data at 24 posts 

of Roshydromet (active and closed in the pe-

riod 1926-2011) and results of summer in-

tergenerational hydrometric surveys carried 

out in 2007 and 2008 by the State Hydrolog-

ical Institute on 44 rivers. 
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A minimum of 10 daily and daily water con-

sumption per year has been adopted as the 

main design characteristics for the area. The 

calculation of the minimum drain of unex-

plored rivers is made on the basis of the data 

of occasional measurements and the results 

of observations at the posts of Roshydromet. 

It has been found that up to an average 

catchment height of about 700 m, the mini-

mum average 10-daily water flow rates vary 

in a small range (up to 3 �O���V���N�P2). With the 

elevation of the terrain rising above 700 m, 

there is a marked increase in minimal river 

runoff in river basins. Geographical and hy-

drological zoning of the territory by the min-

imum 10-day river flow was performed. 

During zoning 4 main areas and 2 sub-dis-

tricts with different physical-geographical 

and hydrogeological conditions of for-

mation of minimum river flow have been 

identified. 

The repeatability of shallow years - numbers 

of cases of the minimum drain of the rivers 

the probability o�I�� �H�[�F�H�V�V�� �R�I�� �•�������� �L�V�� �H�V�W�L��

mated. The most often repeating category of 

shallow years �± ���V�L�Q�J�O�H�� �\�H�D�U���� ���§�������� �R�I��

cases). An unfavourable hydrological situa-

tion occurs when low-water summer periods 

are repeated after 1-2 years or two-three 

years in a row. These years tend to see low 

winter intergenerational and spring floor-

age. 
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�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �i�_�j�b�h�^�Z�� �g�Z�[�e�x�^�_�g�b�c�� �b�a�f�_�g�y�_�l�k�y�� �h�l�� ���� �^�h�� ������ �e�_�l�� �a�Z�� �k�h�\�f�_�k�l�g�u�c�� �i�_�j�b�h�^��

1926-�����������]�]�������g�Z���������i�h�k�l�Z�o���g�Z�[�e�x�^�_�g�b�y���\�_�e�b�k�v���[�h�e�_�_���������e�_�l���� 

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

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

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

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

�h�[�h�[�s�_�g�b�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �f�b�g�b�f�Z�e�v�g�h�]�h�� ����-�k�m�l�h�q�g�h�]�h�� �k�l�h�d�Z�� �g�_�� �b�k�d�e�x�q�Z�_�l�� �\�e�b�y�g�b�y��

�i�Z�\�h�^�d�h�\���� �q�l�h�� �g�_�� �l�h�e�v�d�h�� �a�Z�\�u�r�Z�_�l�� �w�l�m�� �\�_�e�b�q�b�g�m���� �g�h�� �b�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l�� �]�_�g�_�l�b�q�_�k�d�m�x��

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

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

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

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

17 �i�h�k�l�h�\������ �H�i�j�_�^�_�e�_�g�b�_�� �j�Z�k�q�_�l�g�u�o�� �f�b�g�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �j�_�d�� �i�j�h�b�a�\�_�^�_�g�h�� �k�h�]�e�Z�k�g�h��
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�l�j�_�[�h�\�Z�g�b�y�f�� �K�I�� ����-101-20032���� �<�� �i�j�h�p�_�k�k�_�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b�� �j�y�^�h�\�� �f�b�g�b�f�Z�e�v�g�h�]�h��

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

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

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

�i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_������ 

                                                 
2 �K�I������-101-�������������H�i�j�_�^�_�e�_�g�b�_���h�k�g�h�\�g�u�o���j�Z�k�q�_�l�g�u�o���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�����F�����=�h�k�k�l�j�h�c���J�N�������������� ���^�Z��

�e�_�_���± �K�I������-101-2003) 
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�L�Z�[�e�b�p�Z����. �B�a�f�_�j�_�g�g�u�_ �j�Z�k�o�h�^�u���\�h�^�u���\���f�_�`�_�g�g�u�_���i�_�j�b�h�^�u�������������b�������������]�h�^�h�\ 
Table 3. Measured water consumption in the 2007 and 2008 interannual periods 

�<�h�^�h�l�h�d 
�K�j�_�^�g�y�y���\�u�k�h�l�Z��

�\�h�^�h�k�[�h�j�Z�����f 
�I�e�h�s�Z�^�v���\�h��
�^�h�k�[�h�j�Z�����d�f2 

�����������]�h�^ �����������]�h�^ 
�>�Z�l�Z �f 3���k �>�Z�l�Z �f 3���k�� 

�E�_�\�u�c���i�j�b�l�h�d���;�_�r�_�g�d�b�����=�W�K�� 1534 3,64 19.10 0,13   
�;�_�r�_�g�d�Z�����m���f�h�k�l�Z�� 1393 4,89 19.10 0,005   
�E�_�\�u�c���i�j�b�l�h�d���;�_�r�_�g�d�Z�����Z���f�h�k�l�� 1381 6,3 19.10 0,19 20.10 0,42 
�I�j�Z�\�u�c���i�j�b�l�h�d���;�_�r�_�g�d�b�������������d�f���h�l���e�_�\�h�]�h��  6   20.10 0,088 
�;�_�r�_�g�d�Z���± �g�b�`�_���f�h�k�l�Z���������f 1327 13,7 19.10 0,34 20.10 0,56 
�;�_�r�_�g�d�Z���± �m���\�h�^�h�a�Z�[�h�j�Z 1293 14,8 19.10 0,27   
�:�q�b�i�k�_���± �m�k�l�v�_  141,2   20.10 9,49 
�:�q�b�i�k�_���± �d�h�j�^�h�g���E�Z�m�j�Z�����j-�g���]�f���i�h�k�l�Z�� 1520 135,17 19.10 3,74   
�O�h�k�l�Z���± �]�� �O�h�k�l�Z 410 94,85 20.10 1,11 20.10 3,9 
�K�h�q�b���± �i�� �I�e�Z�k�l�m�g�d�Z 840 249,9 20.10 3,17 20.10 11,4 
�D�m�^�_�i�k�l�Z���m���k�l�Z�j�h�]�h���Z���^���f�h�k�l�Z 372 86,1 20.10 0,23 21.10 0,96 
�F�Z�p�_�k�l�Z���m���Z���f���f�h�k�l�Z 344 68,7 20.10 0,22 21.10 0,76 
�O�h�[�a�Z���m���Z���f���f�h�k�l�Z 253 21,42 20.10 0,06 21.10 0,37 
�[���g���± �m���\�t�_�a�^�Z���\���k�� �K�h�e�h�g�b�d�b���m���Z���f 367 1,9 20.10 0,005   
�Q�m�o�m�o�l���m���Z���f���f�h�k�l�Z 389 14,4 20.10 0,061 21.10 0,17 
�P�m�k�o�\�_�^�`���m���Z���f���f�h�k�l�Z 474 28,1 20.10 0,096 21.10 0,28 
�G�_�h�`�b�^�Z�g�g�Z�y���m���Z���f���f�h�k�l�Z  9,36   21.10 0,04 
�F�Z�d�h�i�k�_���m���Z���f���f�h�k�l�Z 372 39 21.10 0,054 21.10 0,24 
�<�h�^�h�i�Z�^�g�u�c���m���Z���f���f�h�k�l�Z 225 2,3 21.10 0,0002 21.10 0 
�<�b�r�g�_�\�Z�y���m���Z���f���f�h�k�l�Z  3,5   21.10 0,0035 
�R�m�x�d���m���Z���f���f�h�k�l�Z 342 10,9 21.10 0,019 21.10 0,037 
�F�Z�]�j�b���m���Z���f���f�h�k�l�Z 191 4,33 21.10 0,0001 21.10 0,0035 
�L�m�Z�i�k�_���± �B�g�^�x�d 386 78,2   22.10 1,66 
�L�m�Z�i�k�_���± �i���B�g�^�x�d���m �`���^���f�h�k�l�Z 386 111,5 21.10 0,095   
�L�m�Z�i�k�_���± �i�j�h�_�a�^���i�h�^���`���^���g�b�`�_���I�P  240,5   22.10 3,10 
�L�m�Z�i�k�_���± ���d�f���h�l���=�W�K���\�\�_�j�o���i�h���l�_�q�� 398 313,7 21.10 0,38   
�D�Z�[�Z�d���m���Z���f���f�h�k�l�Z 267 21,9   22.10 0,06 
�L�m���m���Z���f���f�h�k�l�Z 282 18,2   22.10 0,079 
�;�`�b�^���m���Z���f���f�h�k�l�Z 213 7,35 21.10 0,007 22.10 0,020 
�L�_�r�_�[�k���m���Z���f���f�h�k�l�Z 233 13,47 21.10 0,004 22.10 0,0035 
�L�_�d�h�k���± �:�j�o�b�i�h-�H�k�b�i�h�\�d�Z 224 86,8 21.10 0,043 22.10 0,23 
�;�_�l�l�Z���m���Z���f���f�h�k�l�Z  23,8   22.10 0 
�:�[�_�j�^�Z���± �i�� �K�\�_�l�e�u�c  59,7   22.10 0 
�O�h�l�_�p�Z�c���± �i�� �>�`�Z�g�o�h�l 219 11,7 22.10 0,002 22.10 0,007 
�>�`�Z�g�o�h�l���± �^�� �I�j�Z�k�d�h�\�_�_�\�d�Z 283 34,1 22.10 0,011 22.10 0,021 
�>�`�Z�g�o�h�l���± �m�k�l�v�_  49,3   22.10 0,013 
�R�b�j�h�d�Z�y���;�Z�e�d�Z���m���Z���f���f�h�k�l�Z 205 15,3 23.10 0 22.10 0,0025 
�H�a�_�j�_�c�d�Z���m���Z���f���f�h�k�l�Z  70,2 22.10 0,005 22.10 0,006 
�>�x�j�k�h���m���Z���f���f�h�k�l�Z 194 51,9 22.10 0,031 22.10 0,003 
�K�m�d�d�h���m���Z���f���f�h�k�l�Z 189 87,6 22.10 0,037 22.10 0,020 
�>�_�[�_�j�d�Z�c���m���Z���f���f�h�k�l�Z 413 17,2   22.10 0,013 
�R�_�i�k�b�������������f���\�u�r�_���Z���f���f�h�k�l�Z�� 365 54,5 21.10 0,039 22.10 0,14 
�>�_�^�_�j�d�Z���m���Z���f���f�h�k�l�Z 413 17,2 21.10 0,013   
�R�Z�o�_���± �K�h�e�h�o-�Z�m�e 423    22.10 10,0 
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�H�^�g�h�\�j�_�f�_�g�g�h�� �k�� �b�a�f�_�j�_�g�b�y�f�b�� �k�l�h�d�Z�� �g�Z�� �g�_�b�a�m�q�_�g�g�u�o�� �j�_�d�Z�o�� �\�u�i�h�e�g�_�g�u�� �b�a�f�_�j�_�g�b�y��

�j�Z�k�o�h�^�h�\���\�h�^�u���g�Z���i�h�k�l�Z�o���J�h�k�]�b�^�j�h�f�_�l�Z �k���^�e�b�l�_�e�v�g�u�f���i�_�j�b�h�^�h�f���g�Z�[�e�x�^�_�g�b�c�����j�Z�k�i�h�e�h�`�_�g�g�u�o 

�g�Z�� �j�_�d�Z�o�� �O�h�k�l�Z���� �K�h�q�b���� �>�x�j�k�h���� �W�l�h�� �i�h�a�\�h�e�b�e�h�� �h�i�j�_�^�_�e�b�l�v�� �\�h�^�g�h�k�l�v�� �i�_�j�b�h�^�Z�� �i�j�h�\�_�^�_�g�b�y��

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

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

�b�a�e�h�`�_�g�g�h�c���\���j�Z�[�h�l�_3. �F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���m�k�e�h�\�b�y���i�j�h�\�_�^�_�g�b�y���f�_�`�_�g�g�h�c���]�b�^�j�h�f�_�l�j�b�q�_�k�d�h�c��

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

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

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

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

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

�j�_�d���i�j�b���j�Z�c�h�g�b�j�h�\�Z�g�b�b���� 

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

�I�h�� �^�Z�g�g�u�f�� �f�g�h�]�h�e�_�l�g�b�o�� �g�Z�[�e�x�^�_�g�b�c�� �g�Z�� �i�h�k�l�Z�o�� �J�h�k�]�b�^�j�h�f�_�l�Z�� �\�u�i�h�e�g�_�g�� �j�Z�k�q�_�l��

�f�b�g�b�f�Z�e�v�g�h�]�h 10-�l�b���k�m�l�h�q�g�h�]�h���b���k�m�l�h�q�g�h�]�h���k�l�h�d�Z���j�_�d�� �± �k�j�_�^�g�_�]�h���f�g�h�]�h�e�_�l�g�_�]�h�����������������������b��

95%-�g�h�c�� �\�_�j�h�y�l�g�h�k�l�_�c�� �i�j�_�\�u�r�_�g�b�y���� �J�Z�k�q�_�l�� �k�l�h�d�Z�� �g�_�b�a�m�q�_�g�g�u�o�� �j�_�d�� �\�u�i�h�e�g�_�g�� �i�h�� �]�j�Z�n�b�d�Z�f��

�k�\�y�a�b�� �b�a�f�_�j�_�g�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �k�h�� �k�j�_�^�g�b�f�b�� �f�g�h�]�h�e�_�l�g�b�f�b���� �������� �b�� ������-�g�h�c�� �\�_�j�h�y�l�g�h�k�l�b��

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

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

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

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

�^�Z�g�g�u�o���]�b�^�j�h�f�_�l�j�b�q�_�k�d�b�o���g�Z�[�e�x�^�_�g�b�c�����K�I�[�����G�_�k�l�h�j-�B�k�l�h�j�b�y�������������������������k�� 
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�L�Z�[�e�b�p�Z���������F�b�g�b�f�Z�e�v�g�u�c������-�l�b���k�m�l�h�q�g�u�c���j�Z�k�o�h�^���\�h�^�u 

Table 4. Minimum 10-day water consumption 
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3 ��
�k �J�Z�k�o�h�^���\�h�^�u�����f3���k �F�h�^�m�e�v�����e�����k���d�f2) 

�k�j�_�^�g�b�c��
�f�g�h�]�h-
�e�_�l�g�b�c 

95%-�g�h�c��
�\�_�j�h�y�l�g�h��
�k�l�b���i�j�_�\�u��

�r�_�g�b�y 

�k�j�_�^�g�b�c��
�f�g�h�]�h-
�e�_�l�g�b�c 

95%-�g�h�c���\�_�j�h��
�y�l�g�h�k�l�b���i�j�_��

�\�u�r�_�g�b�y 

�E�_�\�u�c���i�j�b�l�h�d���;�_�r�_�g�d�b��
���=�W�K�� 

1534 3,64 0,13 0,133 0,064 36,4 17,7 

�I�j�Z�\�u�c���i�j�b�l�h�d���;�_�r�_�g�d�b���m��
�f�h�k�l�Z�����k�l�h�y�g�d�Z���Z���f�� 

1381 6,3 0,19 0,194 0,094 30,8 14,9 

�;�_�r�_�g�d�Z���± �g�b�`�_���f�h�k�l�Z��
�������f���h�k�g�����j�m�k�e�h���i�h�k�e�_��
�\�i�Z�^�_�g�b�y���i�j�b�l�h�d�h�\���k�i�j�Z�\�Z 

1327 13,65 0,34 0,347 0,168 25,4 12,3 

�;�_�r�_�g�d�Z���± �m���\�h�^�h�a�Z�[�h�j�Z 1293 14,7 0,27 0,275 0,134 18,6 9,0 
�:�q�b�i�k�_���± �d�h�j�^�h�g���E�Z�m�j�Z��
���j-�g���]�f���i�h�k�l�Z�� 

1520 135,1 3,74 3,81 1,85 28,2 13,7 

�D�m�^�_�i�k�l�Z���m���Z���f�����]�h�j�h�^�� 372 86,1 0,23 0,235 0,114 2,7 1,3 

�F�Z�p�_�k�l�Z���m���Z���f���f�h�k�l�Z 344 68,7 0,22 0,224 0,109 3,3 1,6 

�O�h�[�a�Z���m���Z���f���f�h�k�l�Z 253 21,42 0,06 0,061 0,030 2,9 1,4 

�Q�m�o�m�o�l���m���Z���f���f�h�k�l�Z 389 14,41 0,061 0,062 0,030 4,3 2,1 
�[���g��-�m���\�t�_�a�^�Z���\���k���K�h�e�h�g�b�d�b��
�m���Z���f 

367 1,9 0,005 0,005 0,002 2,7 1,3 

�P�m�k�o�\�_�^�`���m���Z���f���f�h�k�l�Z 474 28,0 0,096 0,098 0,048 3,5 1,7 
�F�Z�d�h�i�k�_�����\�u�r�_���Z���f���^�h��
�j�h�]�b�� 

372 39 0,054 0,055 0,027 1,4 0,7 

�R�m�x�d���m���Z���f���f�h�k�l�Z 342 10,9 0,019 0,019 0,009 1,8 0,9 

�<�h�^�h�i�Z�^�g�u�c���m���Z���f���f�h�k�l�Z 225 2,3 0,0002 0 0 0,1 0 

�F�Z�]�j�b�����m���i�h�k�l�Z���=�:�B�� 191 4,33 0,0001 0 0 0 0 
�R�_�i�k�b�����������f���\�u�r�_���Z���f��
�f�h�k�l�Z�� 

365 54,4 0,039 0,040 0,019 0,7 0,4 

�>�_�^�_�j�d�Z���m���Z���f���f�h�k�l�Z 413 17,2 0,013 0,013 0,006 0,8 0,4 

�D�Z�[�Z�d���m���Z���f���f�h�k�l�Z 267 21,8  0 0 0 0 

�L�m���m���Z���f���f�h�k�l�Z 282 18,2  0 0 0 0 

�;�`�b�^���m���Z���f���f�h�k�l�Z 213 7,35 0,007 0,007 0,003 1,0 0,5 

�L�_�r�_�[�k 233 13,4 0,004 0,004 0,002 0,3 0,1 
�L�_�d�h�k���g�Z���\�u�_�a�^�_���b�a���:�j��
�o�b�i�h-�H�k�b�i�h�\�d�b 

224 86,7 0,043 0,044 0,021 0,5 0,2 

�O�h�l�_�p�Z�c���± �i�� �>�`�Z�f�o�h�l���m��
�Z���f���f�h�k�l�Z 

219 11,7 0,002 0,002 0,001 0,2 0,1 

�>�`�Z�g�o�h�l���± �i�� �I�j�Z�k�d�h�\�_�p��
�d�b�c 

283 34,1 0,011 0,011 0,005 0,3 0,2 

�H�a�_�j�_�c�d�Z���± �i�� �=�e�_�[�h�\�d�Z 165 32,4 0,005 0,005 0,002 0,2 0,1 

�>�x�j�k�h 194 51,9 0,031 0,032 0,015 0,6 0,2 
�K�m�d�d�h���± �i�� �K�m�d�d�h���m���Z���f���f�h��
�k�l�Z 

189 87,6 0,037 0,038 0,018 0,4 0,2 

�R�b�j�h�d�Z�y���;�Z�e�d�Z���± �m�k�l�v�_ 205 15,3 0 0 0 0 0 
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�<�� �j�Z�k�i�j�_�^�_�e�_�g�b�b�� �\�_�e�b�q�b�g�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �j�_�d�� �i�h�� �l�_�j�j�b�l�h�j�b�b�� �Q�_�j�g�h�f�h�j�k�d�h�]�h��

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

�a�h�g�Z�e�v�g�h�k�l�b���� �H�k�h�[�_�g�g�h�k�l�v�x�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �j�_�d�� �Q�_�j�g�h�f�h�j�k�d�h�]�h��

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

�k�� �b�a�f�_�g�_�g�b�_�f�� �h�[�s�_�c�� �h�[�\�h�^�g�_�g�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �\�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b���� �<�e�b�y�g�b�_��
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Figure 1. Graphs of the connection module of the minimum 10-day river flow 80% probability  

of exceeding (M10-day 80%) with an average catchment height of (Hav) 
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Figure 2. Zoning of the territory by the minimum annual 10-day river  

flow of 80% probability of exceeding (l/s�Âkm2) 
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Figure 3. Repeatability of minimum 10-day river flow probability of exceeding P>80% 
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Abstract. Development of the long-range 

inflow forecast system to the Bureyskaya 

reservoir, carried out in 2008-2010 at the 

request of the RusHydro Company, is pre-

sented. Estimations were performed based 

on terms of statistical probabilities with 

about month-quarter lead-time. Consider-

ing features of extreme flow formation 

processes and wetness of territory, the fo-

cus was warm period (June-September), 

which is known for its heavy rainfall 

events.  

During the investigations there were ex-

amined the dynamic-stochastic approach, 

based on the deterministic hydrological 

model with using of meteorological char-

acteristics ensemble by weather generator 
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as input, and inflow forecast to the reser-

voir in terms of probability curve based on 

multidimensional stochastic modeling. 

The project included two main stages: de-

velopment of precipitation and tempera-

ture forecast method with month-six 

months lead-time; development of inflow 

probabilistic forecast method with month-

quarter lead-time based on expected values 

of precipitation and temperature. 

Methods pretesting demonstrated reasona-

ble inflow forecast reliability (about 90%), 

mean absolute deviation of expected in-

flow volume from observed is 23-28% rel-

ative to mean value. Driven by the devel-

oped framework, it was forecasted precip-

itation sums and reservoir inflow at the in-

dividual seasons. By comparing of meas-

ured and forecasted values, it was made a 

conclusion, that accuracy of the forecast 

scheme is satisfactory. The mean values of 

the precipitation forecast reliability is  

75-80%. Forecasted reservoir inflow in 

2009 and 2010 is assessed as close to a 

measured one. 

Keywords: dynamic�±stochastic model-

ing; multidimensional stochastic model-

ing; analog method; Bureya; precipitation 

forecast; inflow forecast 
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2 NCEP/NCAR Reanalysis Project �± CDAS. �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@����URL: https://www.cpc.ncep.noaa.gov/prod-
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Figure 1. Location of the second natural synoptic region (frame) in the global grid of geographical 

trapezoids with 20 degrees side resolution 
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Figure 2. Functional structure of the software package PROGNOZ_2009 
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1996 �]�h�^������ �>�\�_���g�_�a�Z�\�b�k�b�f�u�_�� �\�u�[�h�j�d�b���� �b�k�i�h�e�v�a�m�_�f�u�_�� �^�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �q�Z�k�l�g�u�o�� �b��

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

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

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

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

�q�Z�k�l�g�h�]�h���i�j�h�]�g�h�a�Z���J ���������b���h�l�g�h�r�_�g�b�_���h�k�l�Z�l�h�q�g�h�c���^�b�k�i�_�j�k�b�b���i�j�h�]�g�h�a�Z���d���^�b�k�i�_�j�k�b�b���b�k�o�h�^�g�h�]�h��

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

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

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

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

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

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

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

�g�h�f�_�j�Z�f�b���������������������������W�l�b���\�Z�j�b�Z�g�l�u���^�Z�x�l���g�Z�b�[�h�e�v�r�m�x���\�_�j�h�y�l�g�h�k�l�v���i�h�e�m�q�_�g�b�y���i�j�h�]�g�h�a�Z��������-90%) 

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

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

Table 1. Chosen variants of the predictive algorithm 

�‹  �H�i�b�k�Z�g�b�_ 

0 

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

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

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

4 
�G�_�c�j�h�g�g�Z�y���k�_�l�v���[�_�a���i�_�j�_�k�q�_�l�Z���d�h�w�n�n�b�p�b�_�g�l�h�\���g�Z���i�_�j�\�h�c���g�_�a�Z�\�b�k�b�f�h�c���\�u�[�h�j�d�_���\���^�\�m�o��

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

6 
�G�_�c�j�h�g�g�Z�y�� �k�_�l�v�� �k���i�_�j�_�k�q�_�l�h�f�� �b�� �[�_�a���i�_�j�_�k�q�_�l�Z�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �g�Z���i�_�j�\�h�c�� �g�_�a�Z�\�b�k�b�f�h�c��

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

8 

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

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

�i�j�h�]�g�h�a�Z�� 

 

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

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

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

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

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

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

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

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

�K�j�_�^�g�y�y�� �h�i�j�Z�\�^�u�\�Z�_�f�h�k�l�v�� �i�j�h�]�g�h�a�h�\�� �\�� �[�Z�k�k�_�c�g�_�� �;�m�j�_�b�� �i�h�� �f�_�k�y�p�Z�f�� �e�_�l�g�_-�h�k�_�g�g�_�]�h��

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

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

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

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

�k�j�_�^�g�_�_���b�a���f�Z�d�k�b�f�Z�e�v�g�u�o���± 8%. �E�m�q�r�_�_���d�Z�q�_�k�l�\�h���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���[�u�e�h���^�h�k�l�b�]�g�m�l�h���\���b�x�e�_����

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

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

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

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

�Z�e�]�h�j�b�l�f�Z�����J�k�j�����������b���_�_���i�j�_�\�u�r�_�g�b�_���g�Z�^���h�i�j�Z�\�^�u�\�Z�_�f�h�k�l�v�x���d�e�b�f�Z�l�b�q�_�k�d�h�]�h���i�j�h�]�g�h�a�Z�������J, %) 

Table 2. Accuracy of forecast using different versions of predictive algorithm (�J�k�j, %) and its excess 

over climate forecast reliability (+�J, %) 

�<�Z�j�b�Z�g�l 

�F�_�k�y�p 
�K�j�_�^�g�_�_ 

�F�Z�c �B�x�g�v �B�x�e�v �:�\�]�m�k�l �K�_�g�l�y�[�j�v 

�J�k�j ���J �J�k�j ���J �J�k�j ���J �J�k�j ���J �J�k�j ���J �J�k�j ���J 

�K�l�Z�g�p�b�y���F�Z�e�b�g�h�\�d�Z 

0 65 12 63 12 74 12 80 12 69 12 70 12 

4 62 8 61 8 76 8 78 8 67 8 69 8 

6 60 6 61 6 74 6 79 6 72 6 69 6 

8 62 8 62 8 71 8 82 8 69 8 69 8 

�K�l�Z�g�p�b�y���Q�_�d�m�g�^�Z 

0 - - 82 - 79 - 76 - - - 79 - 

4 62 1 81 1 78 1 75 1 - 1 74 1 

6 64 5 82 5 80 5 75 5 - 5 75 5 

8 65 4 83 4 80 4 76 4 80 4 77 4 

 

�I�j�h�]�g�h�a���i�j�b�l�h�d�Z���\���\�_�j�h�y�l�g�h�k�l�g�h�c���n�h�j�f�_ 

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

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

�]�b�^�j�h�e�h�]�b�q�_�k�d�h�c���f�h�^�_�e�b�����j�Z�a�j�Z�[�h�l�Z�g�g�h�c���j�Z�g�_�_���^�e�y���j�_�d���>�Z�e�v�g�_�\�h�k�l�h�q�g�h�]�h���j�_�]�b�h�g�Z���>�=�Z�j�p�f�Z�g����
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Figure 3. Simulated probability curves of runoff depth inflow to the water storage reservoir  

within aestivo-autumnal period with sum of rainfall  

lower than mean (1), with mean (2) and higher than mean value (3) 
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�k�e�m�q�Z�c�g�u�o���q�b�k�_�e�����i�m�l�_�f���h�[�j�Z�l�g�u�o���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�����i�h�e�m�q�b�l�v���f�h�^�_�e�b�j�h�\�Z�g�g�u�_���j�y�^�u���b�k�o�h�^�g�u�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���e�x�[�h�c���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� 

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

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

�¦
� 

�x � � 
m

k

k
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iiTi vv
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1)( vv , (1) 
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�]�^�_ i, k �± �b�g�^�_�d�k�u�����d�h�l�h�j�u�_ �h�a�g�Z�q�Z�x�l���g�h�f�_�j�Z���j�y�^�Z���b���]�h�^�Z�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

v �± �^�Z�g�g�u�_�� 

�L �± �a�g�Z�d���l�j�Z�g�k�i�h�g�b�j�h�\�Z�g�b�y �f�Z�l�j�b�p�u���� 

�;�m�^�_�f�� �i�j�_�^�k�l�Z�\�e�y�l�v�� �w�l�b�� �^�Z�g�g�u�_�� �\�� �\�b�^�_�� �f�Z�l�j�b�p�u��G���� �]�^�_�� �i�h�� �]�h�j�b�a�h�g�l�Z�e�b�� �^�Z�g�g�u�_��

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

G=
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�D�h�\�Z�j�b�Z�p�b�h�g�g�Z�y���f�Z�l�j�b�p�Z��K�����\�u�j�Z�`�_�g�g�Z�y���q�_�j�_�a���f�Z�l�j�b�p�m��G, �[�m�^�_�l���j�Z�\�g�Z 

K=GTG=
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 (3) 

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

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

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

G1=GA (4) 

�B�s�_�f�� �l�Z�d�m�x�� �f�Z�l�j�b�p�m�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��A ���j�Z�a�f�_�j�h�f��N*N������ �q�l�h�[�u�� �d�h�\�Z�j�b�Z�p�b�h�g�g�Z�y��

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

�d�h�\�Z�j�b�Z�p�b�h�g�g�h�c���f�Z�l�j�b�p�u�������� 

G1TG1=diag(�Oi), (5) 

 

�]�^�_ diag(�Oi) �± �^�b�Z�]�h�g�Z�e�v�g�Z�y���f�Z�l�j�b�p�Z��N*N�����g�Z���]�e�Z�\�g�h�c���^�b�Z�]�h�g�Z�e�b���d�h�l�h�j�h�c���k�l�h�y�l���d�\�Z�^�j�Z�l�u��

�^�b�k�i�_�j�k�b�c���b�k�o�h�^�g�u�o���j�y�^�h�\���Oi.  

�M�q�b�l�u�\�Z�y���i�j�Z�\�b�e�h���l�j�Z�g�k�i�h�g�b�j�h�\�Z�g�b�y���i�j�h�b�a�\�_�^�_�g�b�y���f�Z�l�j�b�p 
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G1T=(GA)T=ATGT, (6) 

�i�h�e�m�q�b�f 

ATGTGA= diag(�Oi). (7) 

�M�q�b�l�u�\�Z�y�������������i�h�e�m�q�b�f���m�j�Z�\�g�_�g�b�_���^�e�y���f�Z�l�j�b�p�u��A: 

ATKA= diag(�Oi). (8) 

�A�^�_�k�v�� �\�k�_�� �f�Z�l�j�b�p�u�� �b�f�_�x�l�� �j�Z�a�f�_�j�g�h�k�l�v��N*N���� �W�l�h�� �m�j�Z�\�g�_�g�b�_�� �b�f�_�_�l�� �j�_�r�_�g�b�_���� �_�k�e�b��

�f�Z�l�j�b�p�Z��A �m�^�h�\�e�_�l�\�h�j�y�_�l���m�j�Z�\�g�_�g�b�x���g�Z���k�h�[�k�l�\�_�g�g�u�_���a�g�Z�q�_�g�b�y���f�Z�l�j�b�p�u��K: 

K*A= diag(�Oi)*A. (9) 

�<�� �w�l�h�f�� �k�e�m�q�Z�_�� �q�b�k�e�Z���Oi �y�\�e�y�x�l�k�y�� �k�h�[�k�l�\�_�g�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �f�Z�l�j�b�p�u��K���� �k�l�h�e�[�p�u��

�f�Z�l�j�b�p�u��A �y�\�e�y�x�l�k�y�� �k�h�[�k�l�\�_�g�g�u�f�b�� �\�_�d�l�h�j�Z�f�b�� �f�Z�l�j�b�p�u��K, �Z�� �b�a�\�_�k�l�g�h���� �q�l�h�� �k�h�[�k�l�\�_�g�g�u�_��

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

�_�k�l�v 

ATA=1, (10) 

�]�^�_ 1 �± �_�^�b�g�b�q�g�Z�y���f�Z�l�j�b�p�Z���� 

�>�_�c�k�l�\�b�l�_�e�v�g�h���� �i�j�_�^�i�h�e�h�`�b�\���� �q�l�h�� �f�Z�l�j�b�p�Z��A �m�^�h�\�e�_�l�\�h�j�y�_�l�� �m�j�Z�\�g�_�g�b�x��(10), 

�i�h�^�k�l�Z�\�b�\ (9) �\ (8�������i�h�e�m�q�b�f 

AT diag(�Oi)*A= diag(�Oi)*ATA= diag(�Oi)*1= diag(�Oi). (11) 

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

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

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

�p�_�g�l�j�b�j�h�\�Z�g�u�� �b�� �g�h�j�f�b�j�h�\�Z�g�u�� �g�Z�� �^�b�k�i�_�j�k�b�x���� �<�� �i�j�_�h�[�j�Z�a�h�\�Z�g�g�h�c�� �f�Z�l�j�b�p�_�� �^�b�k�i�_�j�k�b�y�� �j�y�^�h�\��

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

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

�d�h�\�Z�j�b�Z�p�b�h�g�g�h�c���f�Z�l�j�b�p�_�c�����l�h���g�m�`�g�h���g�Z�c�l�b��G=G1A-1�����>�e�y���w�l�h�]�h���g�_�h�[�o�h�^�b�f�h�� 
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��  �k�]�_�g�_�j�b�j�h�\�Z�l�v��N �g�_�d�h�j�_�e�e�b�j�h�\�Z�g�g�u�o���g�h�j�f�Z�e�v�g�h-�j�Z�k�i�j�_�^�_�e�_�g�g�u�o���k�e�m�q�Z�c�g�u�o���q�b�k�_�e��

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

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

�f�Z�l�j�b�p�u��G1; 

��  �^�h�f�g�h�`�b�l�v�� �f�Z�l�j�b�p�m��G1 �g�Z�� �f�Z�l�j�b�p�m���� �h�[�j�Z�l�g�m�x�� �f�Z�l�j�b�p�_�� �k�h�[�k�l�\�_�g�g�u�o�� �\�_�d�l�h�j�h�\��A-1 

�l�j�_�[�m�_�f�h�c���d�h�\�Z�j�b�Z�p�b�h�g�g�h�c���f�Z�l�j�b�p�u�����i�h�e�m�q�b�\���f�Z�l�j�b�p�m��G, �\���k�l�h�e�[�p�Z�o���d�h�l�h�j�h�c���k�l�h�y�l���i�h�i�Z�j�g�h-

�d�h�j�j�_�e�b�j�h�\�Z�g�g�u�_���g�h�j�f�b�j�h�\�Z�g�g�u�_���b���p�_�g�l�j�b�j�h�\�Z�g�g�u�_���f�h�^�_�e�v�g�u�_���j�y�^�u�� 

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

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

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

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

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

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

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

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

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

�i�j�_�^�u�^�m�s�_�]�h���f�_�k�y�p�Z�����>�e�b�g�Z���l�Z�d�b�o���j�y�^�h�\���\���[�Z�k�k�_�c�g�_���j�_�d�b���;�m�j�_�b���k�h�k�l�Z�\�e�y�_�l���������]�h�^�Z�����A�Z�^�Z�q�_�c��

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

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

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

�\�a�Z�b�f�g�u�o���d�h�j�j�_�e�y�p�b�c���� 

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

�f�h�^�_�e�b�j�h�\�Z�g�b�y���� �a�Z�^�Z�g�g�Z�y�� �^�e�b�g�Z�� �f�h�^�_�e�v�g�u�o�� �j�y�^�h�\�� �± 9000 �e�_�l���� �:�e�]�h�j�b�l�f�� �]�j�m�i�i�h�\�h�]�h��

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

�\�u�q�b�k�e�_�g�b�c��MINITAB Release �������� �H�g�� �h�k�g�h�\�Z�g�� �g�Z�� �k�l�Z�g�^�Z�j�l�g�u�o�� �i�j�h�p�_�^�m�j�Z�o���� �b�f�_�x�s�b�o�k�y�� �\��

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

�q�b�k�e�_��MS Excel. 

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

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

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

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

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

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

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

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

�l�j�_�f���i�h�^�\�u�[�h�j�d�Z�f���± �\�u�r�_���g�h�j�f�u�����g�h�j�f�Z���b���g�b�`�_���g�h�j�f�u�����<���d�Z�l�_�]�h�j�b�x���g�h�j�f�Z���\�d�e�x�q�Z�_�f���]�h�^�u��

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

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

�k�l�Z�g�p�b�c�� ���g�h�j�f�Z�� �i�e�x�k-�f�b�g�m�k�� ������6 ������ �<�u�q�b�k�e�_�g�b�_�� �k�j�_�^�g�b�o�� �i�h�� �[�Z�k�k�_�c�g�m�� �;�m�j�_�b�� �h�k�Z�^�d�h�\�� �i�h��

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

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

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

�i�h�����������\���d�Z�`�^�h�c���� 

�L�Z�[�e�b�p�Z������ �K�j�Z�\�g�_�g�b�_���i�Z�j�Z�f�_�l�j�h�\�� �g�Z�[�e�x�^�_�g�g�u�o�����b�a�f�_�j������ ������ �]�h�^�Z�����b���f�h�^�_�e�b�j�h�\�Z�g�g�u�o�����f�h�^������

�����������e�_�l�����]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d �^�e�y���b�x�e�y 

Table 3. Comparison of observed (64 years) and simulated (9000 synthetic years) statistical 

�S�D�U�D�P�H�W�H�U�V���R�I���-�X�O�\�¶�V���K�\�G�U�R�P�H�W�H�R�U�R�O�R�J�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �H�k�Z�^�d�b �L�_�f�i�_�j�Z�l�m�j�Z �K�l�h�d���b�x�g�y �K�l�h�d���b�x�e�y 

�I�Z�j�Z�f�_�l�j �B�a�f�_�j�� �F�h�^�� �B�a�f�_�j�� �F�h�^�� �B�a�f�_�j�� �F�h�^�� �B�a�f�_�j�� �F�h�^�� 

�K�j�_�^�g�_�_ 139,3 140,8 19,1 19,1 1600 1610 1740 1760 

�>�b�k�i�_�j�k�b�y 49,8 50,0 1,1 1,1 672 634 980 935 

�:�k�b�f�f�_�l�j�b�y 0,63 0,48 -0,19 0,01 0,71 0,59 2,17 1,63 

�D�h�j�j�_�e�y�p�b�y���k�h���k�l�h�d�h�f��

�b�x�e�y 
0,74 0,72 -0,38 -0,41 0,24 0,22 1,0 1,0 

 

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

�j�Z�a�[�b�\�Z�x�l�k�y�� �l�Z�d�`�_�� �i�h�� �l�j�_�f�� �d�Z�l�_�]�h�j�b�y�f�� �± �\�u�r�_�� �g�h�j�f�u���� �g�h�j�f�Z�� �b�� �g�b�`�_�� �g�h�j�f�u���� �<�� �d�Z�l�_�]�h�j�b�x��

�g�h�j�f�Z���\�d�e�x�q�Z�_�f���]�h�^�u���k���l�_�f�i�_�j�Z�l�m�j�h�c�����j�Z�\�g�h�c���k�j�_�^�g�_�f�m���a�g�Z�q�_�g�b�x���i�e�x�k-�f�b�g�m�k���������•�����=�j�Z�g�b�p�u��

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

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

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

                                                 
6 �G�Z�k�l�Z�\�e�_�g�b�_���i�h���k�e�m�`�[�_���i�j�h�]�g�h�a�h�\�����\�������j�Z�a�^�_�e�Z�o�����J�Z�a�^�_�e���������K�e�m�`�[�Z���f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���i�j�h�]�g�h�a�h�\�����\�������q����
�Q�Z�k�l�v �������F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�����������������������k�� 
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�i�h�� �g�h�\�u�f�� �d�Z�l�_�]�h�j�b�y�f�� �[�e�b�a�d�h�� �d�� �������� ������ �b�� ���������� �<�k�_�]�h�� �i�h�e�m�q�Z�_�l�k�y�� ���� �i�h�^�\�u�[�h�j�h�d�� �^�e�y�� �d�Z�`�^�h�]�h��

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

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

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

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

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

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

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

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

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

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

�I�h�^�h�[�g�Z�y���n�h�j�f�Z���a�Z�i�h�e�g�y�_�l�k�y���^�e�y���\�k�_�o���f�_�k�y�p�_�\���k���b�x�g�y���i�h���k�_�g�l�y�[�j�v���b���b�k�i�h�e�v�a�m�_�l�k�y���^�e�y��

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

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

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

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

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

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

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

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

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

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

�h�p�_�g�h�q�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z�� �k�h�k�l�Z�\�b�e�Z�� ��������-�������������� �k�j�_�^�g�_�_�� �Z�[�k�h�e�x�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_�� �h�`�b�^�Z�_�f�h�]�h��

�a�g�Z�q�_�g�b�y���i�j�b�l�h�d�Z���h�l���n�Z�d�l�b�q�_�k�d�h�]�h������-���������h�l���g�h�j�f�u�����W�l�b���h�p�_�g�d�b���i�h�^�l�\�_�j�`�^�Z�x�l���Z�^�_�d�\�Z�l�g�h�k�l�v��

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

�a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�b�����l�h�q�g�h�k�l�v���i�j�h�]�g�h�a�Z���� 
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�L�Z�[�e�b�p�Z������ �H�p�_�g�d�Z���h�`�b�^�Z�_�f�h�]�h���k�j�_�^�g�_�f�_�k�y�q�g�h�]�h���j�Z�k�o�h�^�Z�����f3���k�����i�h���i�j�h�]�g�h�a�m���k�j�_�^�g�_�c���k�m�f�f�u��

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

Table 4. Expected mean monthly discharge (m3/s) evaluation using forecast of mean precipitation 

sum and mean air temperature in Bureya river basin 

�D�Z�l�_�]�h�j�b�b��
�h�k�Z�^�d�h�\ 

�H�p�_�g�b�\�Z�_�f�Z�y��
�\�_�e�b�q�b�g�Z 

�I�h��
�h�k�Z�^�d�Z�f 

�I�h���d�Z�l�_�]�h�j�b�y�f���l�_�f�i�_�j�Z�l�m�j�u 
�\�u�r�_��
�g�h�j�f�u 

�g�h�j�f�Z 
�g�b�`�_��

�g�h�j�f�u 

�\�u�r�_���g�h�j�f�u 

Q�f�_�k 5% 5
1q  5

11q  5
12q  5

13q  

Q�f�_�k 50% 50
1q  50

11q  50
12q  50

13q  

Q�f�_�k 95% 95
1q  95

11q  95
12q  95

13q  

�g�h�j�f�Z 

Q�f�_�k 5% 5
2q  5

21q  5
22q  5

23q  

Q�f�_�k 50% 50
2q  50

21q  50
22q  50

23q  

Q�f�_�k 95% 95
2q  95

21q  95
22q  95

23q  

�g�b�`�_���g�h�j�f�u 

Q�f�_�k 5% 5
3q  5

31q  5
32q  5

33q  

Q�f�_�k 50% 50
3q  50

31q  50
32q  50

33q  

Q�f�_�k 95% 95
3q  95

31q  95
32q  95

33q  

 

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

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

Figure 4. Measured (bold line) and forecasted values of inflow in July: expected value (neat line) 

and boundaries of estimated interval (dotted line) 
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�<�h�a�f�h�`�g�h�� �m�l�h�q�g�_�g�b�_�� �i�j�h�]�g�h�a�Z�� �k�� �m�q�_�l�h�f�� �n�Z�d�l�b�q�_�k�d�h�]�h�� �i�j�b�l�h�d�Z�� �a�Z�� �f�_�k�y�p����

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

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

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

�©�\�u�r�_�� �g�h�j�f�u�ª���� �©�g�h�j�f�Z�ª�� �b�� �©�g�b�`�_�� �g�h�j�f�u�ª���� �>�Z�e�_�_�� �k�h�k�l�Z�\�e�y�x�l�k�y�� �h�p�_�g�h�q�g�u�_�� �l�Z�[�e�b�p�u���^�e�y��

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

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

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

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

�n�Z�d�l�b�q�_�k�d�h�]�h���h�l���h�`�b�^�Z�_�f�h�]�h���a�g�Z�q�_�g�b�y�����l�Z�[�e�b�p�Z���������� 

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

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

Table 5. Falling of measured value within the forecasted interval probability and mean absolute 

deviation from the expected value, (%) 

�F�_�k�y�p �B�x�g�v �B�x�e�v �:�\�]�m�k�l �K�_�g�l�y�[�j�v 

�I�h�d�Z�a�Z�l�_�e�v �H�i�j�Z�\�^�� �H�r�b�[�� �H�i�j�Z�\�^�� �H�r�b�[�� �H�i�j�Z�\�^�� �H�r�b�[�� �H�i�j�Z�\�^�� �H�r�b�[�� 

�H�k�g�h�\�g�h�c 

�i�j�h�]�g�h�a 
87,5 26 89,1 28 90,6 26 93,8 23 

�M�l�h�q�g�_�g�g�u�c��

�i�j�h�]�g�h�a 
90,6 25 87,5 27 92,2 25 89,1 21 

 

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

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

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

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

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

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

�\�h�^�h�o�j�Z�g�b�e�b�s�Z�� �b�a-�a�Z�� �h�k�h�[�_�g�g�h�k�l�_�c�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �j�_�`�b�f�Z�� �j�_�d�b�� �;�m�j�_�b���� �a�Z�l�h�� �h�g�b��

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

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

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

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

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

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

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

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

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

�d�h�l�h�j�u�_���f�h�]�m�l���[�u�l�v���k�o�h�^�g�u�f�b���k���l�_�d�m�s�b�f���]�h�^�h�f���i�h���m�k�e�h�\�b�y�f���b���h�[�t�_�f�m���i�h�e�h�\�h�^�v�y�����I�j�b���\�u�[�h�j�_��

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

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

Figure 5. Comparison of forecasted (solid lines) and measured (dotted line) mean precipitation 

values in Bureya basin for May-October in: �Z) 2008; �[). 2009; �\) 2010 
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�L�Z�[�e�b�p�Z������ �H�`�b�^�Z�_�f�u�c �b���n�Z�d�l�b�q�_�k�d�b�c���i�j�b�l�h�d���g�Z���Z�i�j�_�e�v-�f�Z�c�����d�f3 

Table 6. Expected and measured reservoir inflow for April-May, km3 

�I�_�j�b�h�^ �=�h�^�u-�Z�g�Z�e�h�]�b �I�j�b�l�h�d 

�����������]�h�^ 1985 1963 �H�`�b�^�Z�_�f�u�c �N�Z�d�l�b�q�_�k�d�b�c 

�:�i�j�_�e�v 1,9 1,3 1,5 1,2 

�F�Z�c 4,9 5,3 5,5-6,0 5,9 

�<�k�_�]�h 6,8 6,6 7,0-7,5 7,1 

�����������]�h�^ 1978 1970 �H�`�b�^�Z�_�f�u�c �N�Z�d�l�b�q�_�k�d�b�c 

�:�i�j�_�e�v 0,9 1,2 1,0 0,8 

�F�Z�c 5,0 4,7 5,0 4,0 

�<�k�_�]�h 5,9 5,9 6,0 4,8 

�A�Z�d�e�x�q�_�g�b�_ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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