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

�=�e�m�[�h�d�h�m�\�Z�`�Z�_�f�u�_���d�h�e�e�_�]�b�� 

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

�b�k�k�e�_�^�h�\�Z�g�b�x �=�b�^�j�h�k�n�_�j�u���b���h�i�Z�k�g�u�o���i�j�b�j�h�^�g�u�o���i�j�h�p�_�k�k�h�\�����l�Z�d���b�e�b��

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

�k�h�k�l�h�y�g�b�y�o�� 

�<�� �g�Z�a�\�Z�g�b�b�� �`�m�j�g�Z�e�Z�� �a�Z�e�h�`�_�g�Z�� �\�k�y�� �\�h�a�f�h�`�g�Z�y�� �r�b�j�h�l�Z��

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

�k�h�k�l�h�y�g�b�y�����I�j�b�q�_�f�����w�l�h���h�l�g�h�k�b�l�k�y���g�_���l�h�e�v�d�h���d���k�h�k�l�h�y�g�b�x���\�h�^�u�����g�h���b��

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

�]�b�^�j�h�k�n�_�j�Z-�e�b�l�h�k�n�_�j�Z���b���]�b�^�j�h�k�n�_�j�Z-�Z�l�f�h�k�n�_�j�Z�� 

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

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

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

�I�h�e�Z�]�Z�x�����q�l�h���\���i�h�g�y�l�b�b���=�B�>�J�H�K�N�?�J�:���a�Z�e�h�`�_�g�h���_�s�_���[�h�e�v�r�_�����A�^�_�k�v���\�k�z���g�Z�q�b�g�Z�_�l�k�y��

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

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

�k�b�k�l�_�f�_���©�Z�l�f�h�k�n�_�j�Z-�]�b�^�j�h�k�n�_�j�Z-�e�b�l�h�k�n�_�j�Z�ª���� 

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

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

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

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

�>�m�f�Z�x���� �q�l�h�� �m�� �`�m�j�g�Z�e�Z�� �k�\�_�l�e�h�_�� �[�m�^�m�s�_�_���� �G�Z�^�_�x�k�v���� �q�l�h�� �h�g�� �m�\�_�j�_�g�g�h�� �a�Z�c�f�z�l��

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

�]�e�Z�\�g�h�_�����\���i�h�g�b�f�Z�g�b�b���g�Z�r�_�]�h���f�b�j�Z���b���\���j�Z�k�r�b�j�_�g�b�b���d�j�m�]�h�a�h�j�Z���q�b�l�Z�l�_�e�_�c�� 
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�Z�d�Z�^�_�f�b�d���J�:�G�� �=���B�� �>�h�e�]�b�o 
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HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

Dear colleagues! 

We are starting a new scientific journal dedicated to the study 

of the hydrosphere and hazard natural processes, anyway associated 

with the impact of water in its various phase states. 

The title of the journal contains all possible topics concerns to 

water movement, mode, and phase state. Moreover, this relates also to 

those processes and phenomena that occur in the hydrosphere and on 

the border between the hydrosphere-lithosphere and the hydrosphere-

atmosphere. 

It is extremely important that subjects of this journal is much wider than the standard topics 

usually considered in classical scientific journals, because there are great results at the junction of 

some outwardly unrelated disciplines can be obtained. T�K�H���F�R�Q�F�H�S�W���R�I���³�L�Q�W�H�U�D�F�W�L�R�Q���L�Q���W�K�H���D�W�P�R�V�S�Kere-

hydrosphere-�O�L�W�K�R�V�S�K�H�U�H���V�\�V�W�H�P�´���Z�D�V���L�Q�W�U�R�G�X�F�H�G about forty years ago. This concept played a great 

part not only in the study of linear and nonlinear processes in these geospheres, but also discovered a 

lot of new, related specifically with their interaction. 

I believe that the concept of HYDROSPHERE is even more. Here everything starts from the 

microworld and interaction at this level and ends with the macroworld with the study of linear and 

nonlinear processes in it, with the introduction of the concep�W�� �R�I�� �³�L�Q�W�H�U�D�F�W�L�R�Q�� �L�Q�� �W�K�H�� �D�W�P�R�V�S�K�H�U�H-

hydrosphere-�O�L�W�K�R�V�S�K�H�U�H���V�\�V�W�H�P�´�� 

Well, and, of course, the topic of hazard natural processes and phenomena in the hydrosphere 

is extremely important �± the study of these processes, the laws of their occurrence and development 

are very important both for practice and for fundamental science. The questions of short-term 

forecasting of these processes and phenomena are especially important. 

I think the magazine will have a bright future. I hope that it will confidently take its 

appropriate place not only in scientific indexes, but also in understanding our world and outlooking 

extension of readers that is most importantly. 

 

Editor-In-Chief,  

Academician of the Russian Academy of Sciences Grigoriy I. Dolgikh 
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�H�[�j�Z�s�_�g�b�_���M�q�j�_�^�b�l�_�e�_�c �`�m�j�g�Z�e�Z 

�=�e�m�[�h�d�h�m�\�Z�`�Z�_�f�u�_���Z�\�l�h�j�u���b���q�b�l�Z�l�_�e�b�� 

�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�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�g�k�l�b�l�m�l���\�h�^�g�u�o���i�j�h�[�e�_�f���J�:�G���i�j�_�^�k�l�Z�\�e�y�x�l���<�Z�f��

�g�h�\�u�c���`�m�j�g�Z�e�� 

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

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

�W�l�h���©�F�_�l�_�h�j�h�e�h�]�b�y���b���=�b�^�j�h�e�h�]�b�y�ª�����©�M�q�_�g�u�_���a�Z�i�b�k�d�b���J�=�=�F�M�ª�����©�<�h�^�g�u�_���j�_�k�m�j�k�u�ª���b���f�g�h�]�b�_��

�^�j�m�]�b�_��..  

�I�h�k�l�Z�j�Z�_�f�k�y���Z�j�]�m�f�_�g�l�b�j�h�\�Z�l�v���g�Z�r�m���i�h�a�b�p�b�x�� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�[�_�a�h�i�Z�k�g�h�k�l�b���k�l�j�Z�g�u�� 

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

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

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

�<�h�i�j�h�k�� �[�u�e�� �k�e�_�^�m�x�s�b�c���� �k�d�h�e�v�d�h�� �e�b�l�j�h�\�� �\�� �d�m�[�b�q�_�k�d�h�f�� �f�_�l�j�_���� �H�l�\�_�l�Z�� �f�u�� �g�_�� �i�h�e�m�q�b�e�b���� �D��

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

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

�i�j�h�f�u�r�e�_�g�g�u�o���h�[�t�_�d�l�h�\���\������-�������]�h�^�u���;�;���\�_�d�Z�����\�j�_�f�y���b�o���w�d�k�i�e�m�Z�l�Z�p�b�b���i�h�^�o�h�^�b�l���d���d�h�g�p�m�� 

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

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

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

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

�^�h�f�k�l�\�_�g�g�h�c���± �h���k�e�h�`�b�\�r�_�c�k�y���k�b�l�m�Z�p�b�b�� 

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

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

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

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

�\�g�b�f�Z�g�b�x���`�m�j�g�Z�e���� 

�K�e�h�`�b�\�r�_�_�k�y�� �j�Z�a�h�[�s�_�g�b�_�� �\�� �g�Z�m�q�g�h�f�� �b�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�f�� �k�h�h�[�s�_�k�l�\�_�� �g�m�`�g�h��

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

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

�q�_�j�_�^�m���Z�\�Z�j�b�c���b���d�Z�l�Z�k�l�j�h�n�� 

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

�]�b�^�j�h�k�n�_�j�_�� �A�_�f�e�b���� �\�k�z�� �_�s�z�� �^�Z�e�_�d�h�� �g�_�� �i�h�e�g�Z�y���� �I�h�� �f�_�j�_�� �b�o�� �i�h�a�g�Z�g�b�y�� �\�h�a�g�b�d�Z�_�l�� �\�k�z�� �[�h�e�v�r�_�� �b��

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

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

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

�^�b�k�p�b�i�e�b�g���± �b���i�h���w�l�h�c���i�j�b�q�b�g�_�����f�u���g�Z�^�_�_�f�k�y���g�Z���l�h�����q�l�h���g�Z�r���`�m�j�g�Z�e���k�l�Z�g�_�l���f�_�`�^�b�k�p�b�i�e�b�g�Z�j��

�g�u�f�� 

�F�u���g�Z�^�_�_�f�k�y���l�Z�d�`�_���g�Z���l�h���� �q�l�h���g�Z�r�� �`�m�j�g�Z�e���k�l�Z�g�_�l�� �g�_���i�j�h�k�l�h�� �h�q�_�j�_�^�g�u�f�� �i�_�j�b�h�^�b�q�_��

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

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

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

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

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

�`�m�j�g�Z�e�Z�����W�\�h�e�x�p�b�y �]�b�^�j�h�k�n�_�j�u���A�_�f�e�b���b���_�z���n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���i�j�h�[�e�_�f�u�����h�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���b��

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

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

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

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

�l�b�j�m�c�l�_���k���h�i�i�h�g�_�g�l�Z�f�b���g�Z���g�Z�r�b�o���k�l�j�Z�g�b�p�Z�o���² �f�u���]�h�l�h�\�u���w�l�h���l�h�e�v�d�h���i�j�b�\�_�l�k�l�\�h�\�Z�l�v���b���\�k�_�f�b��

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

�i�m�[�e�b�q�g�h�_���k�m�s�_�k�l�\�h�\�Z�g�b�_�����B���f�u���g�Z�^�_�_�f�k�y�����q�l�h���g�Z�r���`�m�j�g�Z�e���k�l�Z�g�_�l���_�s�z���h�^�g�b�f���d�b�j�i�b�q�b�d�h�f���\��
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Message from the Founders of the journal 

Dear authors and readers! 

The Scientific and Production Association Gidrotehproekt, the Research Center 

Geodynamics, and the Institute of Water Problems of the Russian Academy of Sciences present you 

a new journal. 

The question immediately arises �± for what? Are there few specialized magazines today that 

publish materials on the study of processes and phenomena occurring in the hydrosphere? These are 

"Meteorology and Hydrology", "Proceedings of the Russian State Hydrometeorological University", 

"Water resources" and many others ... 

We will try to argue our position. 

The human considers for some time himself as the owner of nature, although this world 

always evidences otherwise to him. Practically every day, from all over the world, news come about 

that somewhere something is blurred, destroyed, flooded: disastrous floods and precipitation, 

landslides and mudflows, avalanches and hurricanes... Against the background of objectively 

intensifying extreme natural disasters, most sad consequences occur as a result of mistakes made by 

the people: while designing and placing objects and structures in the zones of development of hazard 

natural processes, underestimating or ignoring the characteristics of hazard processes, etc. 

For example, one third of all emergency situations that have occurred in Russia over the past 

quarter century are floods. They hold first place among natural disasters by human and financial 

losses. Floods occur due to the failure by watercourses to miss the high water for any reason. But the 

capacity of the watercourses is most often limited in man-made narrowing places of the channel - 

confined to bridge crossings or residential development. The faults of this is a whole complex of 

reasons. 

We distinguish three problems that lead, among others, to an increase in threats to the 

country's water safety. 

The first problem is the catastrophic loss of qualified personnel in earth sciences: both in the 

research and industrial sphere. Recently, we conducted a mass interview among students of Moscow 

University. The question was: �©�+�R�Z many liters are in cubic meter�ª. We did not receive an�m right 

answer. Unfortunately, part of the lecturer staff also found it difficult to answer. 

The second reason �± the life time of infrastructurial and industrial facilities which was high 

quality constructed in the 50-70 years of the XX century is ending 

The third reason is the lack of due control by organizations operating various technical 

facilities. 
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It is partly because the policies of departments controlling the water industry are currently 

determined by people who have no concept about this area. Contrariwise, the space of discussion 

(public, scientific, interagency) about the current situation is narrowing. 

As a result, a vacuum has arisen. It must be filled immediately, while there are concerned 

and professionalled people. As soon as we heard about the possibility of creating a new professional 

discussion platform, we warmly and comprehensively supported the proposed idea. Thus, this journal 

arose for your attention 

The existing dissociation in the scientific and professional community should be tried to 

break. Otherwise, as a result of making the wrong decisions, mistaken project management in the 

coming years, we can enter into a continuous series of accidents and disasters. 

At the same time, the system of our knowledge about the processes and phenomena 

occurring in the hydrosphere is still far from complete. As they become known, more and more 

questions arise, the answers to which we do not yet know - or these answers do not fit into the accepted 

scientific paradigms. 

In earth sciences, all serious scientific discoveries occur at the intersections of scientific 

disciplines - and for this reason, we hope that our journal will become interdisciplinary. 

We also hope that our journal will become not just another periodocal scientific issue, but 

an open discussion club in which everyone has the right to express their opinion on actual question 

of hydrological science, no matter of work experience in hydrological and related sciences, academic 

ranks, degrees and weights in the scientific community. The only limitation is the high professional 

level of discussion, the maintenance of which will become one of the main tasks of the Publisher and 

the Editorial Board of this journal���� �7�K�H�� �H�Y�R�O�X�W�L�R�Q�� �R�I�� �W�K�H�� �(�D�U�W�K�¶�V�� �K�\�G�U�R�V�S�K�H�U�H�� �D�Q�G�� �L�W�V�� �I�X�Q�G�D�P�H�Q�W�D�O��

problems, hazard processes and phenomena in the hydrosphere, the methodology and methods of 

hydrological research are the main topics of scientific discussions that, we hope, will unfold on the 

pages of our journal. However, we are not going to limit ourselves to them only. 

We invite you to express your opinion, no matter how controversial it may seem, prove it, 

discuss with opponents on our pages - we are ready to compliment and to support it. In our journal, 

any argued opinion has the right to public existence. And we hope that our journal will become 

another brick in the monumental palace of science Hydrosphere - one of the most important parts of 

the universe. 

See you on the pages of the journal "Hydrosphere. Hazard processes and phenomena� !́ 

 

Alexey Yu. Vinogradov �:�O�H�[�D�Q�G�H�U���1�����*�H�O�I�D�Q Nikolay A. Kazakov Dmitriy A. Subetto Viktor A. Objazov 
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Abstract. In the debris-flows basins of the 

Southern and Middle part of Sakhalin island 

are formed debris-flows, mudflows, slush-

flow and suspended stream. Average volumes 

of debris-flows: 500 - 10 000 m3, maximum-

more than 500 000 m3. In July-October, peri-

ods of mass formation of debris-flows and 

mudflows are repeated from 1 time in  

3-5 years to 1 time in 10-12 years. These pe-

riods last from 1 to 3-5 days. These periods 

occur during deep cyclones (when more than 

50 mm of precipitation falls per day). During 

these periods some hundreds of debris-flows 
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and mudflows form in most mud basins. For 

example, during the passage of typhoons 

"Ojin" and "Phyllis" on August 3-5, 1981 on 

the South-Western coast of Sakhalin Island, 

154 debris-flows and mudflows with a vol-

ume of up to 12 thousand m3 descended on a 

section 55 km long. At the same time, 55 de-

bris-flows and mudflows with a volume of up 

to 35 thousand m3 descended on the South-

Eastern coast of Sakhalin Island (on a section 

30 km long). Periods of mass formation of de-

bris-flows and mudflows on Southern Sakha-

lin were noted in 1947, 1951, 1964, 1965, 

1970, 1972, 1978, 1981, 1992, 1993, 2000, 

2002, 2003, 2009, 2010, 2011, 2013, 2016, 

2018. The high intensity of the manifestation 

of debris-flows and mudflows processes on 

Sakhalin Island is due to the following fac-

tors: a large depth of relief (500 �± 1000 m), 

large slopes of debris-flows and mudflows 

�F�K�D�Q�Q�H�O�V�� �������ƒ-�����ƒ������ �V�W�U�R�Q�J�� �S�U�H�F�L�S�L�W�D�W�L�R�Q��

(daily maximum precipitation �± 230 mm, 

hourly �± more than 50 mm), as well as the ge-

ological structure of debris-flows and mud-

flows basins: young rocks, weakly cemented, 

easily eroded and soaked (siltstones, mud-

stones, sandstones) saturating the debris-

flows with clay fractions; strong Intrusive, 

volcanogenic and metamorphic rocks (diorite 

porphyrites, andesites, diorites, dacites, 

Greenstone shales, serpentinites), form a 

boulder-block fraction of mudflows. 
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�>�D�Z�a�Z�d�h�\�����@�m�d�h�\�Z�����������������D�Z�a�Z�d�h�\�����������������I�h�e�m�g�b�g�����������������������������I�h�e�m�g�b�g�����;�m�a�e�Z�_�\�������������@���� 

�<�� ��������-���������� �]���]���� �G���:���� �D�Z�a�Z�d�h�\�u�f�� �[�u�e�b�� �h�j�]�Z�g�b�a�h�\�Z�g�u�� �k�l�Z�p�b�h�g�Z�j�u�� �\�� �^�\�m�o�� �k�_�e�_�\�u�o��

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

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

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

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

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

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

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

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

                                                 
1 �D�Z�^�Z�k�l�j���k�_�e�_�c���K�K�K�J�����L�h�f�����������>�Z�e�v�g�b�c���<�h�k�l�h�d�����K�Z�o�Z�e�b�g���b���D�m�j�b�e�v�k�d�b�_���h�k�l�j�h�\�Z�����<�u�i�m�k�d���������E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l����
1986.  
Kadastr selej SSSR tom 18 Dal'nij Vostok, Sahalin i Kuril'skie ostrova. Vypusk 4. Leningrad: Gidrometeoizdat, 1986 (In 
Russian). 
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�D�h�e�b�q�_�k�l�\�h���\�u�i�Z�\�r�b�o���Z�l�f�h�k�n�_�j�g�u�o���h�k�Z�^�d�h�\���h�i�j�_�^�_�e�y�e�h�k�v���i�h���^�Z�g�g�u�f���[�e�b�`�Z�c�r�b�o���d��

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

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

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

�<�u�k�h�d�Z�y�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y�� �g�Z�� �h�� �K�Z�o�Z�e�b�g�_�� �k�_�e�_�\�u�o�� �i�j�h�p�_�k�k�h�\�� �h�[�m�k�e�h�\�e�_�g�Z��

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

�x �[�h�e�v�r�Z�y���]�e�m�[�b�g�Z���j�Z�k�q�e�_�g�_�g�b�y���j�_�e�v�_�n�Z�������������± �����������f���� 

�x �[�h�e�v�r�b�_���m�d�e�h�g�u���k�_�e�_�\�u�o���h�q�Z�]�h�\���b���k�_�e�_�\�u�o���j�m�k�_�e���������ƒ-�����ƒ���� 

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

�h�k�Z�^�d�h�\���± 230 �f�f 2�����q�Z�k�h�\�h�c���± �[�h�e�_�_���������f�f�����a�Z���������q�Z�k�h�\���g�_�i�j�_�j�u�\�g�h�]�h���^�h�`�^�y���± ���������f�f�� 

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

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

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

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

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

�\�Z�e�m�g�g�h-�]�e�u�[�h�\�m�x���k�h�k�l�Z�\�e�y�x�s�m�x���k�_�e�_�\�u�o���i�h�l�h�d�h�\�����j�b�k�m�g�d�b����-3); 

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

�j�Z�c�h�g�Z�o�� �X�`�g�h�]�h�� �K�Z�o�Z�e�b�g�Z�� �q�b�k�e�h�� �k�_�e�_�\�u�o�� �[�Z�k�k�_�c�g�h�\�� �g�Z�� ���� �d�f�� �i�h�[�_�j�_�`�v�y�� �^�h�k�l�b�]�Z�_�l 6-7 

���j�b�k�m�g�d�b�������������� 

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

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

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

�\�h�^�h�k�g�_�`�g�u�_�� �k�_�e�b�� �h�[�t�_�f�h�f�� �h�l�� �������� �^�h�� ������ �l�u�k�y�q�� �f3 �>�D�Z�a�Z�d�h�\���� �@�m�d�h�\�Z���� ������������ �D�Z�a�Z�d�h�\���� ������������

�D�Z�a�Z�d�h�\�����@�b�j�m�_�\�����������������������������J�u�[�Z�e�v�q�_�g�d�h�������������Z������������b�����������������J�u�[�Z�e�v�q�_�g�d�h�����<�_�j�o�h�\�h�\�������������@���� 

�I�e�h�l�g�h�k�l�v���]�j�y�a�_�\�u�o���b���]�j�y�a�_�d�Z�f�_�g�g�u�o���k�_�e�_�c���k�h�k�l�Z�\�e�y�_�l������������- �����������d�]���f3�����k�d�h�j�h�k�l�v���± 

9-�������f���k�����k�_�e�_�\�u�_���j�Z�k�o�h�^�u���f�h�]�m�l���i�j�_�\�u�r�Z�l�v���������f3���k���� 

                                                 
2 �G�Z�m�q�g�h-�i�j�b�d�e�Z�^�g�h�c �k�i�j�Z�\�h�q�g�b�d �i�h �d�e�b�f�Z�l�m �K�K�K�J. �K�_�j�b�y�� ������ �F�g�h�]�h�e�_�l�g�b�_�� �^�Z�g�g�u�_���� �<�u�i�m�k�d �������� �K�Z�o�Z�e�b�g�k�d�Z�y��
�h�[�e�Z�k�l�v�����E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k���� 
Nauchno-prikladnoi spravochnik po klimatu SSSR. Seriya 3. Mnogoletnie dannye. Vypusk 34. Sakhalinskaya oblast'. 
[Scientific-applied reference on the climate of the USSR. Series 3. Perennial data. Issue 34. Sakhalin region.] Leningrad, 
Publ. Gidrometeoizdat, 1990, 353 p. (In Russian). 



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

 
 19 

 

 

�J�b�k�m�g�h�d���������K�_�e�_�\�h�c���[�Z�k�k�_�c�g���g�Z���j�� �J�h�]�Z�l�d�Z�����K�m�k�m�g�Z�c�k�d�b�c���o�j�_�[�_�l�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 

Figure 1. Debris-flow basin on the Rogatka River. Susunayskiy Ridge. Photo by N.A. Kazakov 

 

�J�b�k�m�g�h�d���������K�_�e�_�\�u�_���h�l�e�h�`�_�g�b�y���j�� �J�h�]�Z�l�d�b���\���]�����X�`�g�h-�K�Z�o�Z�e�b�g�k�d�_�����N�h�l�h �: . �I�_�l�j�h�\�Z 

Figure 2. Debris-flow deposits of the Rogatka River in Yuzhno-Sakhalinsk. Photo by A. Petrov 
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�J�b�k�m�g�h�d���������K�_�e�_�\�u�_���]�e�u�[�u���g�Z���j�� �J�h�]�Z�l�d�_�����N�h�l�h���?���G�����D�Z�a�Z�d�h�\�h�c 

Figure 3. Debris-flow boulders on the Rogatka River. Photo by E.N. Kazakova 

  

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

1 - �b�g�l�j�m�a�b�\�g�u�c���f�Z�k�k�b�\�����K�_�e�_�\�u�_���h�q�Z�]�b�����>�b�h�j�b�l�u�����]�Z�[�[�j�h-�^�b�h�j�b�l�u�����^�b�h�j�b�l�h�\�u�_���i�h�j�n�b�j�b�l�u����

2 - �;�_�j�_�]�h�\�h�c���m�k�l�m�i�����A�h�g�Z���l�j�Z�g�a�b�l�Z���k�_�e�_�c�����K�_�e�_�\�u�_���h�q�Z�]�b�����:�e�_�\�j�h�e�b�l�u�����Z�j�]�b�e�e�b�l�u����

�i�_�k�q�Z�g�b�d�b�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 

Figure 4. Debris-flow basins on a cliff. South-Eastern coast of Sakhalin Island. 1-Intrusive array. 

Debris-flow sites. Diorites, gabbro-diorites, diorite porphyrites. 2 - Coastal ledge. Debris-flow 

transit zone. Siltstones, mudstones, sandstones. Photo by N.A. Kazakov 
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�J�b�k�m�g�h�d���������K�_�e�_�\�h�c���[�Z�k�k�_�c�g���g�Z���[�_�j�_�]�h�\�h�f���m�k�l�m�i�_�����X�]�h��-�\�h�k�l�h�q�g�h�_���i�h�[�_�j�_�`�v�_���h�� �K�Z�o�Z�e�b�g�Z����

�H�l�e�h�`�_�g�b�y���]�j�y�a�_�d�Z�f�_�g�g�h�]�h���k�_�e�y�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 

Figure 5. Debris-flow basin on a cliff. South-Eastern coast of Sakhalin Island. Debris-flow 

deposits. Photo by N.A. Kazakov 

�K�_�e�_�h�[�j�Z�a�m�x�s�Z�y �k�m�f�f�Z �h�k�Z�^�d�h�\ �i�j�_�\�u�r�Z�_�l 50 �f�f  �i�j�b �b�g�l�_�g�k�b�\�g�h�k�l�b �h�k�Z�^�d�h�\  

30-50 �f�f /�k�m�l�d�b. �H�^�g�Z�d�h���� �\�� �k�e�m�q�Z�_�� �i�j�_�^�r�_�k�l�\�m�x�s�_�]�h�� �m�\�e�Z�`�g�_�g�b�y�� �i�h�j�h�^�� �i�h�l�_�g�p�b�Z�e�v�g�u�o��

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

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

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

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

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

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

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

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

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

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

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

�i�e�h�l�g�h�k�l�b�������������± ���������d�]���f3).  

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

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

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

�<�Z�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �`�b�^�d�Z�y�� �k�h�k�l�Z�\�e�y�x�s�Z�y���� �l�j�Z�^�b�p�b�h�g�g�h�� �g�Z�a�u�\�Z�_�f�Z�y�� �©�k�_�e�_�\�h�c��

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

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

�F�Z�k�k�h�\�h�_�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �k�_�e�_�c�� �g�Z�� �h�� �K�Z�o�Z�e�b�g�_�� �i�j�h�b�k�o�h�^�b�l�� �\�� �b�x�e�_�� �± �h�d�l�y�[�j�_�� �k��

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

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

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

�<�h�� �\�j�_�f�y�� �i�j�h�o�h�`�^�_�g�b�y�� �l�Z�c�n�m�g�h�\�� �©�H�^�`�b�g�ª�� �b�� �©�N�b�e�e�b�k�ª�� ���±�������������������� �]���� �g�Z�� �x�]�h-

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

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

12 �l�u�k���� �f3���� �<�� �w�l�h�l�� �`�_�� �i�_�j�b�h�^�� �g�Z�� �x�]�h-�\�h�k�l�h�q�g�h�f�� �i�h�[�_�j�_�`�v�_�� ���F�Z�d�Z�j�h�\�k�d�b�c�� �j�Z�c�h�g���� �g�Z�� �m�q�Z�k�l�d�_��

�^�e�b�g�h�c���������d�f���[�u�e�h���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h���������k�_�e�_�c���h�[�t�z�f�h�f���^�h���������l�u�k�����f3.  

�<�k�_�]�h�� �`�_�� �g�Z�� �X�`�g�h�f�� �b�� �K�j�_�^�g�_�f�� �K�Z�o�Z�e�b�g�_�� �g�Z�� �i�h�[�_�j�_�`�v�y�o�� �b�� �\�� �]�h�j�Z�o�� ���K�m�k�m�g�Z�c�k�d�b�c����

�D�Z�f�u�r�h�\�u�c���� �X�`�g�h-�D�Z�f�u�r�h�\�u�o�� �o�j�_�[�l�u���� �Z�\�l�h�j�h�f�� �[�u�e�h�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h�� �[�h�e�_�_��

500 �]�j�y�a�_�\�u�o���� �]�j�y�a�_�d�Z�f�_�g�g�u�o�� �b�� �g�Z�g�h�k�h�\�h�^�g�u�o�� �k�_�e�_�c�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �h�[�t�z�f�h�f�� �h�[�t�z�f�� �[�h�e�_�_��

300 �l�u�k�����f3 ���K�m�k�m�g�Z�c�k�d�b�o���o�j�_�[�_�l�����f�Z�k�k�b�\���]�����F�Z�d�Z�j�h�\�Z���� 

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

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

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

�g�_�k�d�h�e�v�d�b�o�� �l�u�k�y�q�� �f�_�l�j�h�\���� �i�h�\�j�_�`�^�_�g�h�� �b�e�b�� �j�Z�a�j�m�r�_�g�h�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\�� �`�b�e�u�o�� �^�h�f�h�\3; 

�>�D�Z�a�Z�d�h�\�����@�m�d�h�\�Z�����������������D�Z�a�Z�d�h�\�������������� �I�h�e�m�g�b�g�������������������������@���� 

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

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

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

                                                 
3 �D�Z�^�Z�k�l�j���k�_�e�_�c���K�K�K�J�����L�h�f�������� �>�Z�e�v�g�b�c���<�h�k�l�h�d�����K�Z�o�Z�e�b�g���b���D�m�j�b�e�v�k�d�b�_���h�k�l�j�h�\�Z�����<�u�i�m�k�d���������E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l����
1986.  
Kadastr selej SSSR tom 18 Dal'nij Vostok, Sahalin i Kuril'skie ostrova. Vypusk 4. L.: Gidrometeoizdat, 1986 (In Russian). 
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�:�\�l�h�f�h�[�b�e�v�g�h�_���b���`�_�e�_�a�g�h�^�h�j�h�`�g�h�_���k�h�h�[�s�_�g�b�_���f�_�`�^�m���p�_�g�l�j�Z�e�v�g�h�c���b���x�`�g�h�c���q�Z�k�l�v�x���h�k�l�j�h�\�Z��

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

�F�Z�k�k�h�\�u�c�� �k�o�h�^�� �k�_�e�_�c�� �i�j�h�b�k�o�h�^�b�e�� �g�Z�� �X�`�g�h�f�� �K�Z�o�Z�e�b�g�_�� �\�h�� �\�j�_�f�y�� �i�j�h�o�h�`�^�_�g�b�y��

�l�Z�c�n�m�g�h�\�� �©�Q�Z�l�Z�Z�g�ª�� ������- ���������������������� �]������ �©�J�m�k�Z�ª�� �������������������� �]������ �i�j�b�� �i�j�h�o�h�`�^�_�g�b�b�� �]�e�m�[�h�d�b�o��

�p�b�d�e�h�g�h�\���������± �����������������������]�����������������������������]�������l�Z�c�n�m�g�Z���©�>�`�_�[�b�ª����-���������������������]�� 

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

�i�h�[�_�j�_�`�v�_���h�� �K�Z�o�Z�e�b�g�Z����-�����k�_�g�l�y�[�j�y�������������]�������j�b�k�m�g�d�b����-8). 

 

�J�b�k�m�g�h�d���������=�j�y�a�_�\�h�c���k�_�e�v���\���]�����F�Z�d�Z�j�h�\�_�������������������������]�����X�]�h��-�\�h�k�l�h�q�g�h�_���i�h�[�_�j�_�`�v�_��

�h�� �K�Z�o�Z�e�b�g�Z�����N�h�l�h �k �k�Z�c�l�Z https://sakh.com/ 

Figure 6. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island. 

Photo from the site https://sakh.com/ 

 

�J�b�k�m�g�h�d���������=�j�y�a�_�\�h�c���k�_�e�v���\���]�����F�Z�d�Z�j�h�\�_�������������������������]�����X�]�h��-�\�h�k�l�h�q�g�h�_���i�h�[�_�j�_�`�v�_��

�h�� �K�Z�o�Z�e�b�g�Z�����N�h�l�h �k �k�Z�c�l�Z https://sakh.com/ 

Figure 7. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island. 

Photo from the site https://sakh.com/ 
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�J�b�k�m�g�h�d���������=�j�y�a�_�\�h�c���k�_�e�v���\���]�����F�Z�d�Z�j�h�\�_�������������������������]�����X�]�h-�\�h�k�l�h�q�g�h�_���i�h�[�_�j�_�`�v�_���h�� �K�Z�o�Z�e�b�g�Z����

�N�h�l�h���k���k�Z�c�l�Z���K�W�W�S�V�������V�D�N�K���F�R�P�� 

Figure 8. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island. 

Photo from the site https://sakh.com/ 

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

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

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

���F�Z�d�Z�j�h�\�k�d�b�c�� �j�Z�c�h�g���� �i�j�h�b�a�h�r�z�e�� �f�Z�k�k�h�\�u�c�� �k�o�h�^�� �k�_�e�_�c���� �E�_�l�h�f�� ���������� �]���� �\�� �w�l�h�l�� �j�Z�c�h�g�� �\�u�r�_�e��

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

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

1981 �]�����L�_�f���g�_���f�_�g�_�_�����\���j�Z�c�h�g�_���g�_���k�h�r�z�e���g�b���h�^�b�g���k�_�e�v���± �i�h���l�h�c���i�j�b�q�b�g�_�����q�l�h���j�u�o�e�h�h�[�e�h�f�h�q�g�u�_��

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

�i�h�l�_�g�p�b�Z�e�v�g�u�_���k�_�e�_�\�u�_���f�Z�k�k�b�\�u���g�Z�d�h�i�b�l�v�k�y���g�_���m�k�i�_�e�b�� 

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

�����^�h����-�����k�m�l�h�d���� 

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

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

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

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

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

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

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

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

�=�j�m�g�l�u���� �i�_�j�_�o�h�^�y�� �\�� �l�_�d�m�q�_�_�� �k�h�k�l�h�y�g�b�_���� �l�j�Z�g�k�n�h�j�f�b�j�m�x�l�k�y�� �\�� �k�_�e�_�\�h�c�� �i�h�l�h�d���� �D�Z�d��

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

�i�e�h�l�g�h�k�l�b�� ���^�h�� ��������-���������� �d�]���f3���� �b�� �f�Z�e�u�o�� �h�[�t�z�f�h�\�� ���������� �± �������� �l�u�k���� �f3������ �<�� �k�\�y�a�b�� �k�� �\�u�k�h�d�h�c��

�i�e�h�l�g�h�k�l�v�x�� �k�_�e�_�\�h�c�� �f�Z�k�k�u�� �^�e�b�g�Z�� �i�m�l�b�� �k�_�e�_�c�� �f�_�g�v�r�_���� �q�_�f�� �^�e�b�g�Z�� �i�m�l�b���k�_�e�_�c����

�k�n�h�j�f�b�j�h�\�Z�\�r�b�o�k�y���\�h���\�j�_�f�y���k�b�e�v�g�u�o���^�h�`�^�_�c���� 

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

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

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

�`�b�^�d�b�_���]�j�y�a�_�\�u�_���i�h�l�h�d�b���h�[�t�_�f�h�f���^�h�����������l�u�k�����f3.  

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

1872, 1875, 1928, 1931, 1935, 1936,1932, 1942, 1944,1947, 1954, 1964, 1970, 1976, 1978, 1981, 

�����������������������������������������������������������������������������������������������������������������������]���]�������L�Z�[�e�b�p�Z�������� 

�L�Z�[�e�b�p�Z���������G�_�d�h�l�h�j�u�_���k�e�m�q�Z�b���f�Z�k�k�h�\�h�]�h���n�h�j�f�b�j�h�\�Z�g�b�y���k�_�e�_�c���g�Z���h�� �K�Z�o�Z�e�b�g�_���\�����������±2018 

Table 1. The mass of debris-flows formation on the Sakhalin Island in 1872 �± 2018. 

�‹�‹�i���i  
�>�Z�l�Z 
Date 

�D�h�e�b�q�_��
�k�l�\�h �k�_��

�e�_�c 
Number 
of de-
bris-
flows 

�L�b�i�u 
�k�_�e�_�c 

Debris-
flows 
types 

�H�[�t�z�f �k�_�e�_�c, 
�l�u�k. �f3 

Debris-flows vol-
ume, thousand m3 

�K�m�f�f�Z 
�h�k�Z�^�d�h�\, 

�f�f  
Amount of 
precipita-
tion, mm 

�>�Z�l�Z �\�u�i�Z��
�^�_�g�b�y �h�k�Z�^��

�d�h�\ 
Date of pre-
cipitation 

�K�j�_�^�g�� 
Average 

�F�Z�d�k 
Max. 

1.  �B�x�e�v���± �Z�\�]�m�k�l����������  �=�D  
�;�h�e�_�_��
300,0 

 
�B�x�e�v���± �Z�\��
�]�m�k�l���������� 

2.  07-19.09.1875  �=�D  
�;�h�e�_�_��
300,0 

 
07 -

19.09.1875 
3.  1944       

4.  1947  �=�D  
�;�h�e�_�_��
100,0 

  

5.  1954       

6.  11-13.09.1956     126,9 
11-

13.09.1956 
7.  3-5.06.1964     42,2 06.06.1964 
8.  17.07.1967     163,1 17.07.1967 

9.  18-19.09.1970     167,2 
18-

19.09.1970 
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�‹�‹�i���i  
�>�Z�l�Z 
Date 

�D�h�e�b�q�_��
�k�l�\�h �k�_��

�e�_�c 
Number 
of de-
bris-
flows 

�L�b�i�u 
�k�_�e�_�c 

Debris-
flows 
types 

�H�[�t�z�f �k�_�e�_�c, 
�l�u�k. �f3 

Debris-flows vol-
ume, thousand m3 

�K�m�f�f�Z 
�h�k�Z�^�d�h�\, 

�f�f  
Amount of 
precipita-
tion, mm 

�>�Z�l�Z �\�u�i�Z��
�^�_�g�b�y �h�k�Z�^��

�d�h�\ 
Date of pre-
cipitation 

�K�j�_�^�g�� 
Average 

�F�Z�d�k 
Max. 

10.  18-19.09.1970     335,5 18.09.1970 

11.  20-21.07.1978  
�=�����=�D����

�G�< 
  163,4 

13-
17.07.1978 

12.  3-4.08.1978  
�=�����=�D����

�G�< 
  147,2 3-4.08.1978 

13.  5-6.08.1981 
�[�h�e�_�_��
500 

�=�����=�D����
�G�< 

5,0 
�;�h�e�_�_��
300,0 

1277,0 3-6.08.1981 

14.  6-7.04.1982 3 �<�K�I   32,1 6 - 7.04.1982 

15.  2-5.09.1992  
�=�����=�D����

�G�< 
  142,3 2-3.09.1992 

16.  1993  
�=�����=�D����

�G�< 
  329  

17.  25-26.09.1996 23 
�=�����=�D����

�G�< 
 2,0   

18.  21 - 22.07.2000 48 
�=�����=�D����

�G�< 
0,3 18,0   

19.  22-24.06.2009 50 
�=�����=�D����

�G�< 
 3,0  

22-
24.06.2009 

20.  28-30.07.2010 67 
�=�����=�D����

�G�< 
0,5 4,0 157,0 

26-
30.07.2010 

21.  10-11.08.2010 22 
�=�����=�D����

�G�< 
0,1  145,3 9-12.08.2010 

22.  2011  
�=�����=�D����

�G�< 
    

23.  2013  
�=�����=�D����

�G�< 
    

24.  4-9.09.2016  
�=�����=�D����

�G�< 
    

25.  21-22.07.2017  
�=�����=�D����

�G�< 
    

26.  04 �±05.09.2018  
�=�����=�D����

�G�< 
 10,0 125,0 4 -5.09.2018 

�I�j�b�f�_�q�Z�g�b�_�����L�b�i���k�_�e�y�����=���± �]�j�y�a�_�\�h�c�����=�D���± �]�j�y�a�_�d�Z�f�_�g�g�u�c��  

�G�<���± �g�Z�g�h�k�h�\�h�^�g�u�c�� �<�K�I���± �\�h�^�h�k�g�_�`�g�u�c�� 

Note. Debris flows type: �= �± mudflow, �=�D �± debris flows, �G�< - suspended stream, �<�K�I �± slushflow. 
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�<�u�\�h�^�u 

������ �>�h�f�b�g�b�j�m�x�s�b�f�b�� �n�Z�d�l�h�j�Z�f�b�� �k�_�e�_�\�u�o�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �h�� �K�Z�o�Z�e�b�g�_�� �i�j�b�� �f�Z�k�k�h�\�h�f��

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

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f���k�h�k�l�h�y�g�b�b���i�h�l�_�g�p�b�Z�e�v�g�u�o���k�_�e�_�\�u�o���f�Z�k�k�b�\�h�\�� 

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

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

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

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

�k�_�e�_�\�u�o�� �f�Z�k�k�b�\�h�\�� �g�Z�d�h�i�e�_�g�b�y�� �b�� �\�� �i�h�k�e�_�^�m�x�s�b�_�� ��-5 �e�_�l�� �k�b�e�v�g�u�_�� �^�h�`�^�b�� �g�_�� �i�j�b�\�h�^�y�l�� �d��

�h�[�j�Z�a�h�\�Z�g�b�x���k�_�e�_�c�� 

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

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

�\�h�^�h�l�h�d�Z�o���������b���������h�[�_�k�i�_�q�_�g�g�h�k�l�b���b���g�Z���h�k�g�h�\�_���j�Z�k�q�z�l�h�\���������b���������h�[�_�k�i�_�q�_�g�g�h�k�l�b���h�k�Z�^�d�h�\����

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

�������I�_�j�b�h�^�u���f�Z�k�k�h�\�h�]�h���k�_�e�_�h�[�j�Z�a�h�\�Z�g�b�y���h�l�f�_�q�Z�e�b�k�v���g�Z���X�`�g�h�f���b���K�j�_�^�g�_�f���K�Z�o�Z�e�b�g�_���\��
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Abstract. For mud dams construction 

it is necessary to clarify characteristics 

of debris flow such as flow velocity 

and pressure on the barrier. Determin-

ing these characteristics often causes 

difficulties due to the fact that debris 

flow is rather rare event and constant 

monitoring of them is carried out at 

mud flow observation station stations, 

which are few worldwide. Currently 

large number of videos have appeared 

on the Internet that captures debris 
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flow descent. This material can be used 

to obtain not only qualitative, but also 

quantitative characteristics of the de-

bris flow. In cases, when it is possible 

to determine the scale and specific lo-

cation of debris flow on a video, meas-

uring its velocity and other characteris-

tics is a workable task. This research 

present an attempt to quantify the de-

bris flow velocity based on the video 

materials with the subsequent compar-

ison of the results obtained using vari-

ous methods. The object of our study 

was the debris flow that came down in 

Austria, in Firgen on August 4, 2012. 

The survey was carried out from sev-

eral angles, which made it possible to 

select a section of the channel to meas-

ure the velocity of debris flow wave 

train. Calculation of flow velocity and 

pressure on the barrier was conducted 

by several methods developed by vari-

ous researchers. Debris flow velocities 

measured on the video are minimum �± 

7,4 m/s, maximum - 10 m/s. Differ-

ences between calculated by various 

methods and measured on the video 

values range from 0,1 m/s to 4,8 m/s. 

Keywords: debris-flow; velocity of 

debris-flow; video material of debris-

flow; pressure of debris-flow; debris-

flow wave; debris-flow discharge. 
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Figure 1. The scheme of basin Firschnitzbach river 
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Figure 2. The longitudinal profile of the Firschnitzbach stream  
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�I�j�h�o�h�`�^�_�g�b�x�� �k�_�e�_�\�h�]�h�� �i�h�l�h�d�Z�� �i�j�_�^�r�_�k�l�\�h�\�Z�e�� �k�b�e�v�g�u�c�� �e�b�\�_�g�v�� �b�g�l�_�g�k�b�\�g�h�k�l�v�x��

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

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

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

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

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

27 �k�_�e�_�\�u�o�� �\�h�e�g���� �G�Z�� �w�l�h�f�� �w�l�Z�i�_�� �k�_�e�v�� �l�Z�d�`�_�� �k�l�Z�e�� �k�e�_�^�k�l�\�b�_�f�� �\�u�i�Z�^�_�g�b�y�� �e�b�\�g�y�� �l�Z�d�h�c�� �`�_��

�b�g�l�_�g�k�b�\�g�h�k�l�b���^�e�b�l�_�e�v�g�h�k�l�v�x���������f�b�g�m�l�����D���f�h�f�_�g�l�m���g�Z�q�Z�e�Z���\�l�h�j�h�]�h���w�l�Z�i�Z���i�j�h�o�h�`�^�_�g�b�y���k�_�e�y����

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

�������������f3 �f�Z�l�_�j�b�Z�e�Z���>�+�•�E�O�������������@�� 

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

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

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

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

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

�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u 

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

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

�e�_�k�g�h�]�h���o�h�a�y�c�k�l�\�Z�����b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y���]�j�m�i�i�Z���F�K�G�B�E�H�������������k�l�b�o�b�c�g�u�_���[�_�^�k�l�\�b�y�����A�Z�e�v�p�[�m�j�]����

�:�\�k�l�j�b�y�����g�Z��4-�h�c���f�_�`�^�m�g�Z�j�h�^�g�h�c���d�h�g�n�_�j�_�g�p�b�b���©�K�_�e�_�\�u�_���i�h�l�h�d�b�����d�Z�l�Z�k�l�j�h�n�u�����j�b�k�d�����i�j�h�]�g�h�a����

�a�Z�s�b�l�Z�ª�����B�j�d�m�l�k�d���± �:�j�r�Z�g������-�������k�_�g�l�y�[�j�y�������������]��. 

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

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

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

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

�I�j�b�� �h�i�j�_�^�_�e�_�g�b�b�� �k�d�h�j�h�k�l�b�� �k�_�e�_�\�h�]�h�� �i�h�l�h�d�Z�� �k�� �i�h�f�h�s�v�x�� �f�Z�l�_�j�b�Z�e�h�\�� �\�b�^�_�h�k�t�_�f�d�b��

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

�K�g�Z�q�Z�e�Z�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �i�j�b�\�y�a�d�Z �k�_�e�_�i�j�h�i�m�k�d�g�h�]�h�� �d�Z�g�Z�e�Z�� �]�h�j�h�^�Z�� �N�b�j�]�_�g�� �\��

�i�j�h�]�j�Z�f�f�g�h�f�� �i�Z�d�_�l�_�� �$�U�F�*�,�6���� �I�j�b�\�y�a�d�Z�� �h�k�m�s�_�k�l�\�e�y�e�Z�k�v�� �i�h�� �d�h�g�l�j�h�e�v�g�u�f�� �l�h�q�d�Z�f�� �d�Z�g�Z�e�Z�� �g�Z��

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

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

�n�j�h�g�l�Z���k�_�e�_�\�h�c���\�h�e�g�u�� 

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

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

�f�h�k�l�Z�������������L�j�_�l�b�c���m�q�Z�k�l�h�d�����h�l���i�h�\�h�j�h�l�Z�����������^�h���i�Z�j�d�h�\�d�b�������������j�b�k�m�g�h�d����). 

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

�b�a�\�_�k�l�g�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b���� �G�Z�i�j�b�f�_�j���� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �l�Z�d�b�_�� �h�[�t�_�d�l�u�� �d�Z�d�� �q�_�e�h�\�_�d���� �f�Z�r�b�g�Z�� �b��

�^�j�m�]�b�_�� �<�� �i�j�h�]�j�Z�f�f�_�� �$�U�F�*�,�6�� �[�u�e�b�� �\�u�i�h�e�g�_�g�u�� �g�_�h�[�o�h�^�b�f�u�_�� �b�a�f�_�j�_�g�b�y�� �^�e�b�g�u�� �b�� �r�b�j�b�g�u��

�d�Z�g�Z�e�Z���^�e�y���^�Z�e�v�g�_�c�r�b�o���j�Z�k�q�_�l�h�\�����l�Z�[�e�b�p�Z�������� 
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�J�b�k�m�g�h�d���������K�o�_�f�Z���m�q�Z�k�l�d�h�\���i�j�h�o�h�`�^�_�g�b�y���k�_�e�_�\�h�]�h���i�h�l�h�d�Z���������± �k�l�m�i�_�g�v���g�Z���i�h�\�h�j�h�l�_�� 

2 �± �k�l�m�i�_�g�v���g�Z�i�j�h�l�b�\���i�Z�j�d�h�\�d�b���������± �f�h�k�l���� 

Figure 3. The scheme of sections of the passage of the debrisflow: 1 �± step on the turn, 

2 �± step in front of the parking, 3 �± bridge. 

�L�Z�[�e�b�p�Z������ �H�k�g�h�\�g�u�_���i�Z�j�Z�f�_�l�j�u���d�Z�g�Z�e�Z 

Table 1. The main parameters of the channel 

�M�q�Z�k�l�h�d 
�R�b�j�b�g�Z��

�d�Z�g�Z�e�Z�����f 

�=�e�m�[�b�g�Z��

�d�Z�g�Z�e�Z�����f 

�>�e�b�g�Z��

�k�l�m�i�_�g�b�����f 

�M�d�e�h�g����

�]�j�Z�^�� 

�D�h�e�b�q�_�k�l�\�h��

�\�h�e�g 
N 

�i���i 

�:�^�j�_�k�����f���h�l���m�k�l�v�y��

�j�� �N�b�j�r�g�b�p�[�Z�o 

1 920-850 5,8 3,0 14,3 10,6 10 

2 985-850 5,8 3,0 14,3 10,2 3 

3 985-920 5,8 3,0 14,3 9,8 3 

 

�H�i�j�_�^�_�e�_�g�b�_���k�d�h�j�h�k�l�b���h�k�m�s�_�k�l�\�e�y�e�h�k�v���k�e�_�^�m�x�s�b�f���k�i�h�k�h�[�h�f���� 

�<�� �i�j�h�]�j�Z�f�f�g�h�f�� �i�Z�d�_�l�_�� �6�K�R�U�W�F�X�W�� �n�b�d�k�b�j�h�\�Z�e�h�k�v�� �\�j�_�f�y�� �i�j�h�o�h�`�^�_�g�b�y�� �n�j�h�g�l�Z�� �k�_�e�_�\�h�c��

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

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

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

�j�Z�a�e�b�q�g�u�f���f�_�l�h�^�b�d�Z�f���� 

�>�e�y�� �j�Z�k�q�_�l�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �n�h�j�f�m�e�u�� �B���B�� �O�_�j�o�_�m�e�b�^�a�_���� �<���<�� �=�h�e�m�[�p�h�\�Z����

�F���N�� �K�j�b�[�g�h�]�h�����D�o�Z�g�g�Z�����:�d�Z�^�_�f�b�b���=�I�K���F�Q�K���J�h�k�k�b�b���� 
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�©�J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f�ª1 �j�_�d�h�f�_�g�^�m�_�l��

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

�R�Ö
L �v�á�z�u�D�4�á�9�:�O�E�J�Ù�;�4�á�6�9, (1) 

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

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

�N�h�j�f�m�e�Z�����������i�j�_�^�e�h�`�_�g�Z �B���B�����O�_�j�o�_�m�e�b�^�a�_�� 

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

1960]: 

�R�Ö
L
�:�á�9�Ë

�.
�/
W�Â

�-
�0
W


§

� �Î
� �Õ�7
� �Õ


� �Õ�7
��Î
�>�5

 , (2) 

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

I �± �m�d�e�h�g���j�m�k�e�Z,  

�Û�Õ �± �i�e�h�l�g�h�k�l�v���g�Z�g�h�k�h�\�����l���f3 

�Û�Ö �± �k�j�_�^�g�y�y���i�e�h�l�g�h�k�l�v���k�_�e�_�\�h�c���f�Z�k�k�u�����l���f3. 

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

�>�=�h�e�m�[�p�h�\�������������@�� 

�R�Ô
L �z�á�r�w�D�Ô�Ó
�4�á�9�<�E�4�á�7�4, (3) 

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

i �± �i�j�h�^�h�e�v�g�u�c���m�d�e�h�g���j�m�k�e�Z���g�Z���m�q�Z�k�l�d�_�� 

�I�h���©�M�q�_�[�g�h-�f�_�l�h�^�b�q�_�k�d�h�f�m���i�h�k�h�[�b�x�ª�����\�u�i�m�s�_�g�g�h�f�m���:�d�Z�^�_�f�b�_�c���=�I�K���F�Q�K���J�h�k�k�b�b2, 

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

�R�Ô
L �s�s�á�v�D�Ô�Ó
�4�á�9�@�7�O�E�J�Ù

�-
�/ �A, (4) 

                                                 
1  �J�>�� ������������������-90. �J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f���� ������������ �<�u�i���� ������
�H�j�]�Z�g�b�a�Z�p�b�y���b���i�j�h�\�_�^�_�g�b�_���j�Z�[�h�l���i�h���b�a�m�q�_�g�b�x���k�_�e�_�c�����=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�����F�h�k�d�\�Z�� 
2 �D�j�x�d�h�\�� �?���� �<������ �;�m�l�_�g�d�h�� �<���� �F���� ������������ �H�i�Z�k�g�u�_�� �i�j�b�j�h�^�g�u�_�� �i�j�h�p�_�k�k�u�����m�q�_�[��-�f�_�l�h�^���� �I�h�k�h�[�b�_���� �F������ �:�d�Z�^�_�f�b�y�� �=�I�K��
�F�Q�K���J�h�k�k�b�b 



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

 

 

40  
 

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

�f�Z�l�_�j�b�Z�e�h�\�����^�e�y���h�i�_�j�Z�l�b�\�g�u�o���j�Z�k�q�_�l�h�\���i�j�b�g�b�f�Z�_�l�k�y���j�Z�\�g�u�f���������«���������f���k�������\���g�Z�r�b�o���j�Z�k�q�z�l�Z�o��

�i�j�b�g�y�l�h���a�g�Z�q�_�g�b�_�����������f���k�� 

�L�Z�d�� �`�_���� �=�h�e�m�[�p�h�\�� �<���<�� [�=�h�e�m�[�p�h�\���� ���������@�� �i�j�_�^�e�h�`�b�e�� �n�h�j�f�m�e�u�� �^�e�y�� �j�Z�k�q�_�l�Z�� �k�d�h�j�h�k�l�b��

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

�R�Ô
L �u�á�y�w�D�Ô�Ó
�4�á�9�E�4�á�5�;, (5) 

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

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

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

�n�h�j�f�m�e�u�� 

�N�h�j�f�m�e�Z���^�e�y���j�Z�k�q�_�l�Z���^�Z�\�e�_�g�b�y���k�_�e�_�\�h�]�h���i�h�l�h�d�Z�����i�j�_�^�e�h�`�_�g�g�Z�y���=�j�m�a�G�B�B�=�b�F�� 

�2 
L
�Ä
k�
�Î�é�Ô�. 
o

�Ú
, (6) 

�]�^�_ �D = 4,5,  

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

�Û�Ö �± �i�e�h�l�g�h�k�l�v���k�_�e�_�\�h�c���f�Z�k�k�u�����d�]���f3 �>�F�h�e�`�b�]�b�l�h�\�������������@�� 

�N�h�j�f�m�e�Z�����i�j�_�^�e�h�`�_�g�g�Z�y���;���G�����J�`�_�\�k�d�b�f���b���G���N�����G�_�q�Z�_�\�u�f���>�F�h�e�`�b�]�b�l�h�\������������]: 

�2 
L �t�á�s�w�:�Û�Ö�R�Ô�;�5�á�7�7�á (7) 

�C���� �O�h�e�p�b�g�_�j�_�f�� �b�� �=���� �O�b�m�[�e�_�f�� �i�j�_�^�e�h�`�_�g�u�� �n�h�j�f�m�e�u�� �j�Z�k�q�_�l�Z�� �g�Z�� �h�k�g�h�\�_��

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

[�F�h�e�`�b�]�b�l�h�\������������]: 

�2 
L �w�Û�Ö�:�R�Ô�;�4�á�<�:�C�D�;�4�á�:, (8) 

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

�I�h�� �\�h�e�g�h�\�h�c�� �f�h�^�_�e�b�� �]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h�� �m�^�Z�j�Z�� �[�u�e�Z�� �i�j�_�^�e�h�`�_�g�Z�� �:���E���� �=�h�g�h�j�h�f�� �b��

�?���=�� �I�b�d-�I�b�q�Z�d�h�f���k�e�_�^�m�x�s�Z�y���n�h�j�f�m�e�Z���j�Z�k�q�_�l�Z�� 

�2 
L �=�Û�Ö�R�Ô�?, (9) 
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�]�^�_ �k �± �k�d�h�j�h�k�l�v���a�\�m�d�Z���\���k�j�_�^�_�����f���k���� 

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

0-�����������>�=�h�g�h�j�����I�b�d-�I�b�q�Z�d�������������@�� 

�N�h�j�f�m�e�Z�����i�j�_�^�e�h�`�_�g�g�Z�y���B���B�����O�_�j�o�_�m�e�b�^�a�_���>�F�h�e�`�b�]�b�l�h�\�������������@�� 

�2 
L �u�á�w�:�s�á�u�w�:
�é�Ô�.

�Ú
�;�:�Û�Ö�5�á�9�;�4�á�8�9 (10) 

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

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

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

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

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

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

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

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

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

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

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

�d�j�m�l�h�c���i�_�j�_�^�g�b�c���n�j�h�g�l���k�h�a�^�Z�_�l���©�]�h�e�h�\�m���k�_�e�y�ª3�����I�h���b�f�_�x�s�b�f�k�y���\�b�^�_�h�f�Z�l�_�j�b�Z�e�Z�f���h�i�j�_�^�_�e�b�l�v��

�\�u�k�h�l�m���©�]�h�e�h�\�u���k�_�e�y�ª���g�_���i�j�_�^�k�l�Z�\�e�y�e�h�k�v���\�h�a�f�h�`�g�u�f�� 

�K�h�]�e�Z�k�g�h�� �<���N���� �I�_�j�h�\�m3 �b�g�l�_�j�\�Z�e�� �f�_�`�^�m�� �\�h�e�g�Z�f�b�� �f�h�`�_�l�� �k�h�k�l�Z�\�e�y�l�v�� �h�l�� �g�_�k�d�h�e�v�d�b�o��

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

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

�g�Z�[�e�x�^�_�g�b�c���� �i�h�� �g�_�k�d�h�e�v�d�b�f�� �\�h�e�g�Z�f�� �k�� �g�_�i�j�_�j�u�\�g�h�c�� �k�t�_�f�d�h�c�� �f�b�g�b�f�Z�e�v�g�u�c�� �\�j�_�f�_�g�g�h�c��

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

�m�\�_�e�b�q�b�e�k�y���^�h���������k�_�d�m�g�^�� 

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

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

���l�Z�[�e�b�p�Z�������� 

                                                 
3 �I�_�j�h�\���<���N�����K�_�e�_�\�u�_���y�\�e�_�g�b�y�����L�_�j�f�b�g�h�e�h�]�b�q�_�k�d�b�c���k�e�h�\�Z�j�v�����F�������b�a�^�����F�=�M�����������������K���������� 
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�D�Z�d���b�a�\�_�k�l�g�h�����k�d�h�j�h�k�l�v���f�Z�d�k�b�f�m�f�Z���\�h�e�g�u���g�Z�f�g�h�]�h���i�j�_�\�u�r�Z�_�l���a�g�Z�q�_�g�b�y���^�e�y���i�h�^�h�r�\�u����
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Figure 4. The velocity of the debris flow 
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Figure 5. The impact load of mudflow on the obstacle 
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Abstract. Detecting reaction of river sys-

tems to climate changes is one of the key 

problems in modern hydrology. Moreover, 

this is the case of the Far East of Russia, 

where moisture regime variability is well 

known. The presented article deals with 

the assessment results of changes in the 

flood characteristics of the Ussuri river 

and its tributaries under the expected cli-

mate changes, linked with global warm-

ing. The estimates are based on dynamic-

stochastic modeling scheme, in which nu-

merous synthetic precipitation series are 

input to the hydrological model for search-

ing of all kinds of humidification condi-

tions at the investigated catchments. There 

was used a regional hydrological Flood 
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�j�Z�d�l�_�j�b�k�l�b�d�Z�o�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �l�_�i�e�h�]�h�� �i�_��

�j�b�h�^�Z�� �]�h�^�Z���� �I�j�b�� �w�l�h�f�� �h�l�g�h�k�b�l�_�e�v�g�u�c�� �j�h�k�l�� �g�h�j�f��

�f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �a�Z�� �k�_�a�h�g�� �^�h�k�l�b�]�Z�_�l�� ���±5 

�j�Z�a�����Z���g�h�j�f���k�m�f�f�Z�j�g�h�]�h���k�e�h�y���k�l�h�d�Z���± 2�±�����j�Z�a���\���a�Z��

�\�b�k�b�f�h�k�l�b�� �h�l�� �\�Z�j�b�Z�g�l�Z�� �j�Z�k�q�_�l�Z�� �k�� �k�h�\�f�_�s�_�g�b�_�f��

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

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

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

�g�Z�a�u�\�Z�_�f�h�]�h�� �©�d�h�w�n�n�b�p�b�_�g�l�Z�� �w�e�Z�k�l�b�q�g�h�k�l�b�ª���� �Z��

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�y�o��

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

�\���b�k�k�e�_�^�m�_�f�h�f���j�_�]�b�h�g�_�� 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �^�b�g�Z�f�b�d�h-�k�l�h�o�Z�k�l�b�q�_�k�d�h�_��

�f�h�^�_�e�b�j�h�\�Z�g�b�_�����[�Z�k�k�_�c�g���M�k�k�m�j�b�����b�a�f�_�g�_�g�b�y���d�e�b��

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

�f�Z�l�b�q�_�k�d�b�_���f�h�^�_�e�b 

Cycle Model of small river basin that fo-

cuses on the description of runoff for-

mation processes in the summer�±autumn 

flood period. Climate changes input is 

based on the integration of the regional 

stochastic rainfall model and General Cir-

culation Models (GCM) data to the end of 

XXI century (2071�±2100). 

It is shown that an increase in precipitation 

sum leads to an unproportional response of 

the evaluated flood flow characteristics. 

The relative increase in the mean values of 

the maximum flow reaches 4�±5 times and 

2�±3 times for the seasonal runoff depth de-

pending on applied GCM and climate sce-

narios. The obtained results are consistent 

with the analysis of observational data us-

�L�Q�J�� �W�K�H�� �³�H�O�D�V�W�L�F�L�W�\�� �F�R�H�I�I�L�F�L�H�Q�W�´�� �D�Q�G�� �S�U�H�Y�L��

ous investigations. Therefore, flood risks 

could be expected at the investigated terri-

tory due to climate changes.  

 

Keywords: dynamic-stochastic model-

ing; the Ussuri river; climate changes; cli-

mate projections; General Circulation 

Models 

�<�\�_�^�_�g�b�_ 

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

�g�_���i�h�^�e�_�`�Z�s�b�c���k�h�f�g�_�g�b�x���>IPCC�������������@�����q�_�f�m���k�i�h�k�h�[�k�l�\�m�_�l���[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h���b�k�k�e�_�^�h�\�Z�g�b�c��

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

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

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

�d�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�f�� �j�_�`�b�f�Z�� �m�\�e�Z�`�g�_�g�b�y�� �l�_�j�j�b�l�h�j�b�c�� �>IPCC���� ���������@���� �M�q�b�l�u�\�Z�y��
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�p�_�g�g�h�k�l�v���� 
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�H�[�t�_�d�l�u���b�k�k�e�_�^�h�\�Z�g�b�y 
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�J�b�k�m�g�h�d������ �D�Z�j�l�h�k�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�y���b�k�k�e�_�^�m�_�f�u�o �[�Z�k�k�_�c�g�h�\�����i�m�g�d�l�h�\���g�Z�[�e�x�^�_�g�b�c���b��

�b�k�i�h�e�v�a�h�\�Z�g�g�u�o���m�a�e�h�\���j�Z�k�q�_�l�g�h�c���k�_�l�d�b���*�&�0 

Figure 1. Schematic layout of the studied basins, rain gauge stations and used grid points of GCM 
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�L�Z�[�e�b�p�Z 1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���h�[�t�_�d�l�h�\���b���b�k�i�h�e�v�a�m�_�f�u�_ �^�Z�g�g�u�_ 

Table 1. Characteristics of the studied objects and used data 

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

�‹���i���i �J�_�d�Z���± �i�m�g�d�l 
�I�e�h�s�Z�^�v����

�d�f2 

�<�u�k�h�l�Z��

�k�j�������f 

�M�d�e�h�g��

�k�j������ 

�f�������� �f  

�E�_�k�b��

�k�l�h�k�l�v������ 

�=�h�^�u��

�g�Z�[�e�x�^�_��

�g�b�c 

1 
�M�k�k�m�j�b���± �<�_�j�o��

�g�y�y���;�j�_�_�\�d�Z 
1160 836 0,25 91 

1954�±1995, 

1999�±2013 

2 
�B�a�\�b�e�b�g�d�Z���± �B�a��

�\�b�e�b�g�d�Z 
1720 752 0,21 99 

1955�±1995, 

1998�±2013 

3 
�F�m�j�Z�\�_�c�d�Z���± 

�=�j�h�^�_�d�h�\�h 
2670 623 0,12 98 1970�±2013 

4 
�D�j�u�e�h�\�d�Z���± 

�D�j�u�e�h�\�d�Z 
761 592 0,18 99 1953�±2013 

5 
�I�Z�\�e�h�\�d�Z���± �:�g��

�l�h�g�h�\�d�Z 
1070 251 0,11 82 1948�±2013 

6 
�M�k�k�m�j�b���± �D�b�j�h�\��

�k�d�b�c 
24400 474 0,10 84 1953�±2013 

�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���k�l�Z�g�p�b�b���b���i�h�k�l�u 

�‹���i���i �F�_�l�_�h�i�m�g�d�l �G�h�j�f�Z���h�k�Z�^�d�h�\���a�Z���]�h�^�����f�f �<�u�k�h�l�Z�����f �=�h�^�u���g�Z�[�e�x�^�_�g�b�c 

1 �<�b�g�h�]�j�Z�^�h�\�d�Z 655 110 1951�±2014 

2 �<�_�j�o�g�y�y���;�j�_�_�\�d�Z 642 �± 1947�±2014 

3 �=�j�h�^�_�d�h�\�h 700 170 1952�±2014 

4 �F�h�e�q�Z�g�h�\�d�Z 677 �± 1951�±2014 

5 �Y�k�g�h�_ 672 �± 1940�±2014 

6 �D�Z�f�_�g�d�Z 672 210 1947�±2014 

7 �Q�m�]�m�_�\�d�Z 694 257 1949�±2014 

8 �K�Z�f�Z�j�d�Z 687 319 1981�±2014 

9 �D�h�d�r�Z�j�h�\�d�Z 629 170 1948�±1996, 1998�±2014 

10 �B�a�\�b�e�b�g�d�Z 691 338 1960�±2014 

11 �<�Z�j�n�h�e�h�f�_�_�\�d�Z 675 129 1960�±2014 

12 �:�j�b�Z�^�g�h�_ 731 124 1951�±2014 

13 �D�Z�\�Z�e�_�j�h�\�h 659 265 1936�±2014 



�=�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��1 2019 
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�F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�y 

�D�Z�d���[�u�e�h���i�h�d�Z�a�Z�g�h���j�Z�g�_�_���>�<�b�g�h�]�j�Z�^�h�\�����������������=�_�e�v�n�Z�g����������������Gartsman, Lupakov, 2017], 

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

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

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

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

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

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

�i�Z�\�h�^�h�q�g�h�]�h�� �p�b�d�e�Z�� �f�Z�e�h�]�h�� �j�_�q�g�h�]�h�� �[�Z�k�k�_�c�g�Z�� ���)�O�R�R�G�� �&�\�F�O�H�� �0�R�G�H�O���� �)�&�0���� �>�=�Z�j�p�f�Z�g���� ���������@����

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

�d�Z�d���g�Z���j�h�k�k�b�c�k�d�b�o�����l�Z�d���b���a�Z�j�m�[�_�`�g�u�o���^�Z�g�g�u�o���>Chen, Lee, Gartsman, 2008; Belyakova, Gartsman, 

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

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

�o�h�j�h�r�_�_�� �b�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �j�Z�[�h�l�u�� �± �d�h�w�n�n�b�p�b�_�g�l�� �G�w�r�Z-�K�Z�l�d�e�b�n�n�Z�� �i�j�b��

�b�k�i�u�l�Z�g�b�y�o���g�Z�������±�l�b���f�Z�e�u�o���j�_�d�Z�o���I�j�b�f�h�j�k�d�h�]�h���d�j�Z�y���k�h�k�l�Z�\�b�e����������-�������������H�l�g�h�k�b�l�_�e�v�g�h���g�b�a�d�b�_��

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

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

�b�^�_�h�e�h�]�b�_�c���f�h�^�_�e�b�� 

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

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

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

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

�h�k�h�[�_�g�g�h�k�l�b�� �i�j�h�p�_�k�k�h�\�� �k�l�h�d�h�n�h�j�f�b�j�h�\�Z�g�b�y�� �g�Z�� �h�i�j�_�^�_�e�_�g�g�h�c�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z�� �[�h�“�e�v�r�_�]�h��

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

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

�k�l�\�h�j�_���k���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b���\�_�k�h�\�u�f�b���d�h�w�n�n�b�p�b�_�g�l�Z�f�b�����I�Z�j�Z�f�_�l�j�u���d�Z�d���)�&�0�����l�Z�d���b���j�Z�k�q�_�l�g�h�c��

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

�;�h�e�_�_�� �i�h�^�j�h�[�g�h�_�� �h�i�b�k�Z�g�b�_�� �i�j�b�\�_�^�_�g�h�� �\�� �>�=�Z�j�p�f�Z�g���� ������������ �=�Z�j�p�f�Z�g���� �=�m�[�Z�j�_�\�Z���� ���������@����

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

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

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

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

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

�\�u�i�h�e�g�y�e�b�k�v�� �i�h�� �k�e�_�^�m�x�s�_�f�m�� �Z�e�]�h�j�b�l�f�m�� �>Gartsman, Lupakov���� ���������@���� �G�Z�� �\�o�h�^�� �\�� �k�l�h�d�h�\�m�x��

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

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

�a�Z�� �k�_�a�h�g�� �k�� �b�x�g�y�� �i�h�� �k�_�g�l�y�[�j�v�� ���4max���� �f�f���k�m�l���� �b�� �k�m�f�f�Z�j�g�h�]�h�� �k�e�h�y�� �k�l�h�d�Z�� �a�Z�� �l�h�l�� �`�_�� �k�_�a�h�g�� 

(WVI�±IX, �f�f������ �B�a�� �l�Z�d�b�o�� �j�y�^�h�\�� �n�h�j�f�b�j�h�\�Z�e�b�k�v�� �i�h�� �������� �\�u�[�h�j�h�d�� �h�[�_�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �l�Z�d�h�c�� �`�_��

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

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

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

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

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

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

5�±�������b�����±99%.  

�D�e�b�f�Z�l�b�q�_�k�d�b�c���\�o�h�^���\���]�b�^�j�h�e�h�]�b�q�_�k�d�m�x���f�h�^�_�e�v�� 

�K�h�\�j�_�f�_�g�g�u�_���]�e�h�[�Z�e�v�g�u�_���d�e�b�f�Z�l�b�q�_�k�d�b�_���f�h�^�_�e�b����GCM) 

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

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

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�������d�e�b�f�Z�l�b�q�_�k�d�b�o���k�p�_�g�Z�j�b�_�\���k�_�f�_�c�k�l�\�Z��RCP �b�a���i�j�h�_�d�l�Z��ISI�±MIP [Warszawski 

et al������ ���������@���� �d�h�l�h�j�u�c�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �j�Z�k�q�_�l�� �d�e�b�f�Z�l�Z�� �[�m�^�m�s�_�]�h�� ���g�Z�� ���������±���������� �]�]������ �b�� �a�Z��

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

�f�h�`�g�h���g�Z�c�l�b���g�Z���i�h�j�l�Z�e�_���K�W�W�S�V�������S�F�P�G�L���O�O�Q�O���J�R�Y�����b�e�b���\���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���i�m�[�e�b�d�Z�p�b�y�o���>�:�D�W�D�Q�D�E�H��

et al., 2011; Jones et al., 2011; Dunne et al., 2012; Dufresne J.�±L. et al., 2013; Bentsen et al., 2013]. 

�<�� �k�p�_�g�Z�j�b�y�o�� �5�&�3�� ���������� �5�&�3�� ���������� �5�&�3�� ���������� �5�&�3�� ���������� �k�\�y�a�Z�g�g�u�o�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �k�p�_�g�Z�j�b�y�f�b��

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

�j�Z�^�b�Z�p�b�h�g�g�h�]�h���\�h�a�^�_�c�k�l�\�b�y�����\���<�l���f2�����d�������������]�����i�h���k�j�Z�\�g�_�g�b�x���k�������������]�����>van Vuuren et al., 2011].  

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

0,5 �]�j�Z�^�m�k�Z���i�h���^�h�e�]�h�l�_���b���r�b�j�h�l�_�����<�h�^�h�k�[�h�j���j�� �M�k�k�m�j�b���± �i�� �D�b�j�h�\�k�d�b�c���i�h�e�g�h�k�l�v�x���i�h�d�j�u�\�Z�_�l�k�y��

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

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

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

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

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

�g�Z�a�u�\�Z�_�f�h�]�h �©�^�Z�m�g�k�d�_�c�e�b�g�]�Z�ª�� ���Z�g�]�e���� �± �©downscaling�ª���� �>Trzaska, Schnarr, 2014�@���� �<�� �g�Z�k�l�h�y�s�_�c��

�j�Z�[�h�l�_�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �\�Z�j�b�Z�g�l�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�]�h��delta �F�K�D�Q�J�H�� �P�H�W�K�R�G���� �d�h�l�h�j�u�c�� �k�h�k�l�h�b�l�� �\��

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

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

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

XXI �\�_�d�Z�� �����������±������������ �i�h�� �f�h�^�_�e�v�g�u�f�� �^�Z�g�g�u�f�� �������� �\�Z�j�b�Z�g�l�h�\���� ����GCM x ���� �k�p�_�g�Z�j�b�y��RCP���� �b��

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

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

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

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

�i�h�e�h�\�b�g�_��XXI �\�_�d�Z���� �>�b�Z�i�Z�a�h�g�� �b�a�f�_�g�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�� �l�_�d�m�s�_�]�h�� �d�e�b�f�Z�l�Z�� �\�� �l�Z�d�h�f�� �k�e�m�q�Z�_��

�k�h�k�l�Z�\�b�e���h�l���������������f�h�^�_�e�v���± GFDL�����k�p�_�g�Z�j�b�c��RCP �����������^�h���������������f�h�^�_�e�v���± NorESM�����k�p�_�g�Z�j�b�c��

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

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

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

�K�l�h�o�Z�k�l�b�q�_�k�d�Z�y���f�h�^�_�e�v���h�k�Z�^�d�h�\ 

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

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

SFRWG (Spatial�±FRagment Weather Generator�����>�=�_�e�v�n�Z�g�����F�h�j�_�c�^�h�������������@�����>�Z�g�g�Z�y���j�Z�a�j�Z�[�h�l�d�Z��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�i�_�j�b�h�^�Z���� �H�^�g�Z�d�h�� �i�h�^�h�[�g�u�o�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �k�l�h�e�v�� �^�e�b�l�_�e�v�g�u�o�� �i�_�j�b�h�^�h�\��
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�\���± Qmax�����]���± WVI�±IX �i�h���k�l�\�h�j�m���j�� �M�k�k�m�j�b���± �i�� �D�b�j�h�\�k�d�b�c�� 

Figure 2. Examples of calculated probability curves of (red colour �± using the upgraded rainfall 

model, blue colour �± using initial version):  

�Z, �[ �± maximum daily precipitation for Yasnoe rain gauge station, the same for Verknyaya 

Breyevka respectively;  

�\ �± maximum daily runoff, �] �± total runoff depth for the Ussuri-Kirovskiy outlet. 
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Figure 3. �5�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���F�K�D�Q�J�H�V���R�I���P�H�D�Q���S�U�H�F�L�S�L�W�D�W�L�R�Q�����P�R�G�H�O�H�G���³�K�L�V�W�R�U�L�F�D�O�´���± X-axis) and flow 

ch�D�U�D�F�W�H�U�L�V�W�L�F�V�����P�R�G�H�O�H�G���³�K�L�V�W�R�U�L�F�D�O�´���± Y-axis). Each point represents calculation with applying of 

different GCM and RCP for 2071-2100 and ensemble one (in total 21 for each objects). Different 

color marks different objects with numbering as presented in Table 1. 
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Figure 4. Changes of the maximum daily runoff values of 1% occurrence probability against 

present conditions with respect to the period of 2021-2100 at the studied objects 
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�j�Z�a�e�b�q�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� �d�e�b�f�Z�l�b�q�_�k�d�h�]�h�� �\�o�h�^�Z�� �\�� �k�l�h�d�h�\�m�x�� �f�h�^�_�e�v�� �i�h�d�Z�a�u�\�Z�x�l�� �k�e�h�`�g�m�x��

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

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

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

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

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

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

[Sankarasubramanian, Vogel, Limbrunner, 2001]: 
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Q  �b P  �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���f�g�h�]�h�e�_�l�g�b�_���g�h�j�f�u���� 

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

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

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

�w�l�h�l���d�h�w�n�n�b�p�b�_�g�l���i�j�b�g�b�f�Z�_�l �a�g�Z�q�_�g�b�y���h�l�����������^�h�������������L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�e�m�q�_�g�g�u�_���h�p�_�g�d�b���i�j�b��

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

�f�b�g�b�f�m�f�����h�^�g�h�]�h���i�h�j�y�^�d�Z�� 

�;�e�Z�]�h�^�Z�j�g�h�k�l�b Acknowledgments 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c��

�i�h�^�^�_�j�`�d�_�� �J�G�N���� �i�j�h�_�d�l�� �‹�� ����-77-���������� �b��

�J�N�N�B���‹������-05-00326. 

This study was supported by the Russian Sci-

ence Foundation, project no. and 17-77-30006, 

and by the Russian Foundation for Basic Re-

search, project no. 19-05-00326. 
 

�E�b�l�_�j�Z�l�m�j�Z References 

�<�b�g�h�]�j�Z�^�h�\�� �X���;�� �F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �f�h�^�_��

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

�k�l�h�d�Z�����E���� �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 

�=�Z�j�p�f�Z�g�� �;���B�� �>�h�`�^�_�\�u�_�� �g�Z�\�h�^�g�_�g�b�y�� �g�Z��

�j�_�d�Z�o���x�]�Z���>�Z�e�v�g�_�]�h���<�h�k�l�h�d�Z�����f�_�l�h�^�u���j�Z�k��

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

�k�l�h�d�����>�Z�e�v�g�Z�m�d�Z�������������������������k�� 

�=�Z�j�p�f�Z�g���;���B�����=�m�[�Z�j�_�\�Z���L���K�� �I�j�h�]�g�h�a���]�b�^��

�j�h�]�j�Z�n�Z�� �^�h�`�^�_�\�u�o�� �i�Z�\�h�^�d�h�\�� �g�Z�� �j�_�d�Z�o��

�>�Z�e�v�g�_�]�h���<�h�k�l�h�d�Z���������F�_�l�_�h�j�h�e�h�]�b�y���b���]�b�^��

�j�h�e�h�]�b�y. 2007. �‹���������k��������-80. 

�=�Z�j�p�f�Z�g�� �B���G���� �E�u�e�h�� �<���F���� �Q�_�j�g�_�g�d�h�� �<���=�� 

�I�Z�\�h�^�h�q�g�u�c�� �k�l�h�d�� �j�_�d�� �>�Z�e�v�g�_�]�h�� �<�h�k�l�h�d�Z����

�E���� �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 

Bales R., Molotch N., Painter Th., Dettinger M., 

Rice R., Dozier J. Mountain hydrology of the west-

ern United States. Water Resources Research, 

2006, vol. 42, iss. 8, W08432. 

DOI: 10.1029/2005WR004387 

Belyakova P.A. Gartsman B.I. Possibilities of 

Flood Forecasting in the West Caucasian Rivers 

Based on FCM Model. Water Resources, 2018, 

vol. 45, suppl. 1, pp. 50-58. 

DOI: 10.1134/S0097807818050317 

Bentsen M. et al. The Norwegian Earth system 

model, NorESM1-M - Part 1: Description and 

basic evaluation of the physical climate. Geoscien-

tific Model Development, 2013, vol. 6, pp. 687-

720. DOI: 10.5194/gmdd-5-2843-2012 



�=�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��1 2019 
 

 
 67 

 

�=�_�e�v�n�Z�g�� �:���G�� �>�b�g�Z�f�b�d�h-�k�l�h�o�Z�k�l�b�q�_�k�d�h�_��

�f�h�^�_�e�b�j�h�\�Z�g�b�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �l�Z�e�h�]�h��

�k�l�h�d�Z�����F���� �B�<�I���J�:�G�������������������������k�� 

�=�_�e�v�n�Z�g�� �:���G���� �F�h�j�_�c�^�h�� �<���F�����H�i�b�k�Z�g�b�_��

�f�Z�d�j�h�f�Z�k�r�l�Z�[�g�h�c�� �k�l�j�m�d�l�m�j�u�� �i�h�e�y�� �k�g�_�`��

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

�f�h�s�v�x�� �^�b�g�Z�f�b�d�h-�k�l�h�o�Z�k�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b��

�_�]�h�� �n�h�j�f�b�j�h�\�Z�g�b�y�� ���� �E�z�^�� �b�� �K�g�_�]�� 2015. 

�L�����������‹���������F��������-72. 

Bales R., Molotch N., Painter Th., 

Dettinger M., Rice R., Dozier J. Mountain 

hydrology of the western United States // Wa-

ter Resources Research. 2006. V. 42. Iss. 8. 

W08432. DOI: 10.1029/2005WR004387 

Belyakova P.A. Gartsman B.I. Possibilities of 

Flood Forecasting in the West Caucasian 

Rivers Based on FCM Model // Water Re-

sources. 2018. V. 45 (Suppl. 1). P. 50-58 

DOI: 10.1134/S0097807818050317 

Bentsen M. et al. The Norwegian Earth sys-

tem model, NorESM1-M �± Part 1: Descrip-

tion and basic evaluation of the physical cli-

mate // Geoscientific Model Development. 

2013. Vol. 6. P. 687-720. 

DOI: 10.5194/gmdd-5-2843-2012 

Chen N.Ch. Lee K.T. Gartsman B.I. Applica-

tion of Flood Cycle Model for daily flow sim-

ulating in different climate area // Taiwan 

Water Conservancy. 2008. Vol. 56. No. 2. 

P. 1-13. 

Chen N.Ch. Lee K.T. Gartsman B.I. Application of 

Flood Cycle Model for daily flow simulating in 

different climate area. Taiwan Water Conservancy, 

2008, vol. 56, no 2, pp. 1-13. 

Dufresne J.-L. et al. Climate change projections us-

ing the IPSL-CM5 Earth System Model: from 

CMIP3 to CMIP5. Climate Dynamics, 2013, 

vol. 40, iss. 9-10, pp. 2123-2165. 

DOI: 10.1007/s00382-012-1636-1 

Dunne J. et al. �*�)�'�/�¶�V���(�6�0�����*�O�R�E�D�O���&�R�X�S�O�H�G���&�O�L��

mate-Carbon Earth System Models. Part I: Physi-

cal Formulation and Baseline Simulation Charac-

teristics. Journal of Climate, 2012, vol. 25, no. 19, 

pp. 6646-6665. DOI: 10.1175/JCLI-D-11-00560.1 

Gartsman B.I. Dozhdevye navodneniya na rekah 

Dalnego Vostoka: metody raschetov, prognozov, 

otsenki riska [Rainfall Floods in the Rivers of the 

Far East: Calculation, Forecasting, and Risk As-

sessment Methods]. Vladivostok: Publ. Dalnauka, 

2008. 421 p. (In Russian) 

Gartsman B.I. Gubareva T.S. Prognoz gidrografa 

dozhdevyh pavodkov na rekah Dal'nego Vostoka 

[Forecast of the rainfall flood hydrograph on the 

Far East rivers] // Meteorologija i gidrologija [Me-

teorology and hydrology (Russia)], 2007, no. 5, 

p. 70-80. (In Russian; abstract in English) 

Gartsman B.I. Lupakov S.Yu. Effect of climate 

changes on the maximal runoff in the Amur Basin: 

Estimation based on dynamic-stochastic simula-

tion. Water Resources, 2017, vol. 44, iss. 5, 

pp. 697-706. DOI: 10.1134/S0097807817050062 



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

 

 

68  
 

Dufresne J.-L. et al. Climate change projec-

tions using the IPSL-CM5 Earth System 

Model: from CMIP3 to CMIP5 // Climate 

Dynamics. 2013. V. 40. Iss. 9-10. P. 2123-

2165. DOI: 10.1007/s00382-012-1636-1 

Dunne J. et al. �*�)�'�/�¶�V�� �(�6�0���� �*�O�R�E�D�O���&�R�X��

pled Climate-Carbon Earth System Models. 

Part I: Physical Formulation and Baseline 

Simulation Characteristics // Journal of Cli-

mate. 2012. Vol. 25. No. 19. P. 6646-6665. 

DOI: 10.1175/JCLI-D-11-00560.1 

Gartsman B.I. Lupakov S.Yu. Effect of cli-

mate changes on the maximal runoff in the 

Amur Basin: Estimation based on dynamic-

stochastic simulation // Water Resources. 

2017. Vol. 44. Iss. 5. P. 697-706. 

DOI: 10.1134/S0097807817050062 

Gartsman B.I. Lupakov S.Yu. Changes in the 

maximum runoff regime in the Ussuri River 

basin: the methodological aspects of forecast-

ing based on dynamic-stochastic simulation // 

Water Resources. 2018. Vol. 45. Suppl. 1. 

P. S79-S89. 

DOI: 10.1134/S0097807818050342 

IPCC: Climate Change 2013: The Physical 

Science Basis. Contribution of Working 

Group I to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change 

[Stocker, T.F., D. Qin, G.-K. Plattner, M. 

Tignor, S.K. Allen, J. Boschung, A. Nauels, 

Y. Xia, V. Bex and P.M. Midgley (eds.)]. 

Cambridge University Press, Cambridge, 

Gartsman B.I. Lupakov S.Yu. Changes in the max-

imum runoff regime in the Ussuri River basin: the 

methodological aspects of forecasting based on dy-

namic-stochastic simulation. Water Resources, 

2018, vol. 45, suppl. 1, pp. S79-S89. 

DOI: 10.1134/S0097807818050342 

Gartsman I.N. Lylo V.M. Chernenko V.G. Pa-

vodochnyj stok rek Dal'nego Vostoka [Flood flow 

of the Far Eastern rivers]. Leningrad, Publ. Gidro-

meteoizdat, 1971. 264 p. (In Russian) 

Gelfan A.N. Dinamiko-stohasticheskoye modeliro-

vaniye formirovaniya talogo stoka [Dynamic�²

Stochastic Simulation of Snowmelt Runoff For-

mation]. Moscow: Publ. of Institute of Water Prob-

lems RAS, 2007. 294 p. (In Russian) 

Gelfan A.N. Moreydo V.M. Opisanie 

makromasshtabnoj struktury polja snezhnogo 

pokrova ravninnoj territorii s pomoshh'ju dina-

miko-stohasticheskoj modeli ego formirovanija 

[Describing macro-scale structure of the snow 

cover by a dynamic-stochastic model]. Led i sneg 

[Ice and snow (Russia)], 2015, vol. 55, no. 4, 

pp. 61-72. (In Russian; abstract in English) 

IPCC: Climate Change 2013: The Physical Sci-

ence Basis. Contribution of Working Group I to the 

Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change [Stocker, T.F., D. Qin, 

G.-K. Plattner, M. Tignor, S.K. Allen, J. 

Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 

Midgley (eds.)]. Cambridge, United Kingdom and 



�=�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��1 2019 
 

 
 69 

 

United Kingdom and New York. 2013. 

1535 p. 

Jones C.D. et al. The HadGEM2-ES imple-

mentation of CMIP5 centennial simulations // 

Geoscientific Model Development. 2011. 

Vol. 4. Iss. 3. P. 543-570. 

DOI: 10.5194/gmd-4-543-2011 

Oudin L., Hervieu F., Michel C., Perrin C., 

Andreassian V., Anctil F., Loumagne C. 

Which potential evapotranspiration input for 

a lumped rainfall-runoff model? Part 2: To-

wards a simple and efficient potential evapo-

transpiration model for rainfall-runoff model-

ling // Jornal of Hydrology. 2005a. Vol. 303. 

Iss. 1-4. P. 290-306. DOI: 10.1016/j.jhy-

drol.2004.08.026 

Oudin L. Michel C. Anctil F. Which potential 

evapotranspiration input for a lumped rain-

fall-runoff model? Part 1 - Can rainfall-runoff 

models effectively handle detailed potential 

evapotranspiration inputs? // Jornal of Hy-

drology. 2005b. Vol. 303. Iss. 1-4. P. 275-289 

DOI: 10.1016/j.jhydrol.2004.08.025 

Sankarasubramanian A., Vogel R.M., 

Limbrunner J.F. Climate elasticity of stream-

flow in the United States // Water Resources 

Research. 2001. Vol. 37. Iss. 6. P. 1771-1781. 

DOI: 10.1029/2000WR900330 

Trzaska S. Schnarr E. A review of downscal-

ing methods for climate change projections 

(Technical report, United States Agency for 

New York, Cambridge University Press, 2013. 

1535 p. 

Jones C.D. et al. The HadGEM2-ES implementa-

tion of CMIP5 centennial simulations. Geoscien-

tific Model Development, 2011, vol. 4, iss. 3, 

pp. 543-570. DOI: 10.5194/gmd-4-543-2011 

Oudin L., Hervieu F., Michel C., Perrin C., Andre-

assian V., Anctil F., Loumagne C. Which potential 

evapotranspiration input for a lumped rainfall-run-

off model? Part 2: Towards a simple and efficient 

potential evapotranspiration model for rainfall-

runoff modelling. Jornal of Hydrology, 2005a, vol. 

303, no. 1-4. pp. 290-306. DOI: 10.1016/j.jhy-

drol.2004.08.026 

Oudin L. Michel C. Anctil F. Which potential 

evapotranspiration input for a lumped rainfall-run-

off model? Part 1 - Can rainfall-runoff models ef-

fectively handle detailed potential evapotranspira-

tion inputs? Jornal of Hydrology, 2005b, vol. 303, 

no. 1-4, pp. 275-289. DOI: 10.1016/j.jhy-

drol.2004.08.025 

Sankarasubramanian A., Vogel R.M., Limbrunner 

J.F. Climate elasticity of streamflow in the United 

States. Water Resources Research, 2001, vol. 37, 

iss. 6, pp. 1771-1781. 

DOI: 10.1029/2000WR900330 

Trzaska S. Schnarr E. A review of downscaling 

methods for climate change projections (Technical 

report, United States Agency for International De-

velopment). Burlington, Vermont, Tetra Tech 

ARD, 2014. 56 p.  



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

 

 

70  
 

International Development). Burlington, Ver-

mont: Tetra Tech ARD. 2014. 56 p.  

van Vuuren D.P. et al. The representative 

concentration pathways: an overview // Cli-

matic Change. 2011. Vol. 109. P. 5-31. 

DOI: 10.1007/s10584-011-0148-z 

Warszawski L., Frieler K., Huber V., Pi-

ontek F., Serdeczny O., Schewe J. The Inter-

Sectoral Impact Model Intercomparison Pro-

ject (ISI-MIP): project framework // Proceed-

ings of the National Academy of Sciences. 

2014. Vol. 111. Iss. 9. P. 3228-3232. 

DOI: 10.1073/pnas.1312330110. 

Watanabe S. et al. MIROC-ESM 2010: 

model description and basic results of CMIP5 

experiments // Geoscientific Model Develop-

ment. 2011. Vol. 4. P. 845-872. 

DOI: 10.5194/gmdd-4-1063-2011 

Wu Y., Zhang G., Shen H., Jun Xu Y. Nonlin-

ear Response of Streamflow to Climate 

Change in High-Latitude Regions: A Case 

Study in Headwaters of Nenjiang River Basin 

�L�Q�� �&�K�L�Q�D�¶�V�� �)�D�U�� �1�R�U�W�K�H�D�V�W�� ������ �:�D�W�H�U���� ������������

Vol. 10. No. 3. 294. 

DOI: 10.3390/w10030294 

Zhang A., Liu W., Yin Zh., Fu G., Zheng Ch. 

How will climate change affect the water 

availability in the Heihe River basin, north-

west China? // Journal of Hydrometeorology. 

2016. Vol. 17. No. 5. P. 1517-1542. 

DOI: 10.1175/JHM-D-15-0058.1 

van Vuuren D.P. et al. The representative concen-

tration pathways: an overview. Climatic Change, 

2011, vol. 109, pp. 5-31. DOI: 10.1007/s10584-

011-0148-z 

Vinogradov Yu.B. Matematicheskoye modeliro-

vaniye protsessov formirovaniya stoka [Mathe-

matical Modeling of River Runoff Formation Pro-

cesses]. Leningrad, Publ. Gidrometeoizdat, 1988. 

311 p. (In Russian) 

Warszawski L., Frieler K., Huber V., Piontek F., 

Serdeczny O., Schewe J. The Inter-Sectoral Impact 

Model Intercomparison Project (ISI-MIP): project 

framework. Proceedings of the National Academy 

of Sciences, 2014, vol. 111, iss. 9, pp. 3228-3232. 

DOI: 10.1073/pnas.1312330110. 

Watanabe S. et al. MIROC-ESM 2010: model de-

scription and basic results of CMIP5 experiments. 

Geoscientific Model Development, 2011, vol. 4, 

pp. 845-872. DOI: 10.5194/gmdd-4-1063-2011 

Wu Y., Zhang G., Shen H., Jun Xu Y. Nonlinear 

Response of Streamflow to Climate Change in 

High-Latitude Regions: A Case Study in Headwa-

�W�H�U�V���R�I���1�H�Q�M�L�D�Q�J���5�L�Y�H�U���%�D�V�L�Q���L�Q���&�K�L�Q�D�¶�V���)�D�U���1�R�U�W�K��

east. Water, 2018, vol. 10, no. 3, pp. 294-311. 

DOI: 10.3390/w10030294 

Zhang A., Liu W., Yin Zh., Fu G., Zheng Ch. How 

will climate change affect the water availability in 

the Heihe River basin, northwest China? Journal 

of Hydrometeorology, 2016, vol. 17, no. 5, pp. 

1517-1542. DOI: 10.1175/JHM-D-15-0058.1 



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

 
�@�m�j�Z�\�b�g���K���:�������F�Z�j�d�h�\���F���E. �I�j�b�j�h�^�g�u�_���j�b�k�d�b���b���k�l�j�Z�l�_�]�b�y���\�h�^�h�h�[�_�k�i�_�q�_�g�g�h�k�l�b���l�_�j�j�b�l�h�j�b�c �������=�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. 2019. �L. 1. �<�u�i�� 1. �K. 71-89. DOI: 10.34753/HS.2019.1.1.007 71 

 

�M�>�D: 556.5 �;�;�D: 26.222 

�I�J�B�J�H�>�G�U�? �J�B�K�D�B �B �K�L�J�:�L�?�=�B�Y 

�B�K�K�E�?�>�H�<�:�G�B�C 

�<�H�>�H�H�;�?�K�I�?�Q�?�G�G�H�K�L�B 

�L�?�J�J�B�L�H�J�B�C 

�K.�: . �@�m�j�Z�\�b�g, �F.�E. �F�Z�j�d�h�\ 

NATURAL RISKS AND 

STRATEGY OF THE WATE R 

AVAILABILITY RESEARCH OF 

TERRITORIES  

Sergey A. Zhuravin, Mikhail L. Markov

�=�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����

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

2014mml@gmail.com 

�:�g�g�h�l�Z�p�b�y�����H�[�t�_�d�l�h�f���g�Z�k�l�h�y�s�_�]�h���b�k�k�e�_�^�h�\�Z��

�g�b�y���y�\�e�y�x�l�k�y���j�Z�a�g�h�f�Z�k�r�l�Z�[�g�u�_���w�n�n�_�d�l�u���\�e�b�y��

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

�`�b�f���� �K�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u�� �d�� �h�p�_�g�d�_�� �\�e�b�y��

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

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

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

�j�b�g�]�Z���j�_�]�b�h�g�Z�e�v�g�h�]�h���m�j�h�\�g�y�����<���k�h�h�l�\�_�l�k�l�\�b�b���k��

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

�x�l�k�y���b���Z�^�Z�i�l�Z�p�b�h�g�g�u�_���k�l�j�Z�l�_�]�b�b���d�Z�d���g�Z���k�_�d�l�h��

�j�Z�e�v�g�h�f�����\���k�_�d�l�h�j�Z�o���w�d�h�g�h�f�b�d�b�������l�Z�d���b���g�Z���j�_�]�b��

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

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

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

�j�Z�l�m�j�u���\�h�a�^�m�o�Z�����g�_�h�^�g�h�a�g�Z�q�g�Z���^�e�y���\�h�^�g�u�o���h�[�t��

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

�e�u�o�� �j�_�d�Z�o�� �k�_�\�_�j�h-�a�Z�i�Z�^�Z�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z��

�p�b�b�� �b�� �\�� �[�Z�k�k�_�c�g�_�� �\�_�j�o�g�_�c�� �<�h�e�]�b�� �g�Z�q�b�g�Z�y�� 

�k�� ��������-���������� �]���� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�g�b�`�_�g�b�_�� �f�b�g�b��

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

�o�Z�x�l�� �j�h�^�g�b�d�b���� �k�g�b�`�Z�x�l�k�y�� �m�j�h�\�g�b�� �]�j�m�g�l�h�\�u�o��

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

State Hydrological Institute,  

St. Petersburg, Russia 

2014mml@gmail.com 

Abstract. �$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �³�:�D�W�H�U�� �V�W�U�D�W��

�H�J�\�´���D�F�F�H�S�W�H�G���E�\���W�K�H���*�R�Y�H�U�Q�P�H�Q�W���R�I���5�X�V�V�L�D�Q��

Federation in 2009, risks of the negative in-

fluence of natural water on the environment 

mostly are related with the peak flood runoff. 

The water deficit is not in the list of risks. 

The water deficit has begun to increase dur-

ing the past decades even in humid zones 

mainly due to the climate change. Therefore, 

there is a necessity to assess reasons and 

trends of water regimes and water resources 

changes for different territories. 

The twofold of the runoff distribution in the 

different chains of the river network dis-

played for the modern decades. The low 

flows in the lower river chains (so-called 

�³�W�K�H�� �O�D�U�J�H�� �U�L�Y�H�U�V�´���� �L�Q�F�U�H�D�V�H�G�� �V�X�E�V�W�D�Q�W�L�D�O�O�\��

since 1987-1990. The same situation was in 

�³�W�K�H���V�P�D�O�O���U�L�Y�H�U�V�´���X�Q�W�L�O�����������¶�V�����E�X�W���O�R�Z���I�O�R�Z�V��

there became decrease later (however, it is 

still more than it was during 1950-���������¶�V������

The favorable conditions of the water leak-

age keeping for the long period had led to the 
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disturbance of the water balance compo-

nents, when water leakage in rivers became 

exceed their feeding, and wate�U�� �K�D�V�� �³�R�X�W��
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Nonsynchronous changes of the water re-

gimes of river net chains of different order 
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the climate changes. Therefore, there is a dif-

ferent suggested way to solve this problem, 

related to nonlinear reaction of the river ba-

sins water system to the climate long-term 

variations, when one quasi-stationary condi-

tions (definite relative stable period of cli-

mate conditions) change to another. 

�,�W�� �L�V�� �X�V�H�I�X�O�� �W�R�� �D�G�G�� �W�R�� �³�7�K�H�� �Z�D�W�H�U�� �V�W�U�D�W�H�J�\�´��

more detailed hydrological basis. It should 

include all aspects of the standard and special 

hydrological network development, prob-

lems of the scientific study hydrological pro-

cesses, spatial-temporary nonuniformity of 

the different order river basins water turno-

ver reaction on the climate change. 

Keywords: �klimate changes; water regime; 

moistening of the territory; river runoff for-

mation; adaptation to climate change; water 

strategy 
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5 �L�Z�f���`�_. 
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Figure 1. Changes of annual runoff of Medvenka river �± above confluence with river Zakzi  

(water-balance station near Moscow) 
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(�G�>�<�;�K).  

Figure 2. Changes in the annual runoff of the Devitsa River at Tovarnaya, Yasenok brook and 

Dolgiy blind creek (Nizhnedevitskaya water-balance station) 
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Figure 3. Changes in the annual depth of the top water according to observations at the field water 

balance plot at water-balance station near Moscow 
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�k�l�� �L�h�e�f�Z�q�_�\�h (F=6350/302 �d�f2). 

Figure 4. Minimum 30-day winter (1) and summer (2) runorr of the Luga River at Tolmachevo 

(F=6350/302 km2) 
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�J�b�k�m�g�h�d���������F�b�g�b�f�Z�e�v�g�u�c 30-�l�b���k�m�l�h�q�g�u�c���a�b�f�g�b�c�����������b���e�_�l�g�b�c�����������k�l�h�d���j�����K�b�k�l�u��- 

�^�� �K�j�� �J�Z�c�d�h�\�h (F = 573 �d�f2). 

Figure 5. Minimum 30-day winter (1) and summer (2) runoff of the Siste River at Raikovo 

(F=573 km2) 
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Figure 6. Mean average soil moisture content in 1 m layer for the period of 1955-1977 and 

1978-2008 at water-balance station near Moscow and their values for 2002 
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Figure 7. Changes in the ground water table of the upper aquifer at the 

Kamennaya Steppe water-balance station (steppe zone) 
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Abstract. The riverbed in the course of its 

evolution is subject to deformations, mani-

fested in the form of erosion of the channel and 

floodplain, sediment transport and accumula-

tion. Knowledge of the history of the develop-

ment of river channels in the conditions char-

acteristic of a given territory allows us to assess 

their future evolution. The aim of the study was 

to identify the features of the formation and 

evolution of the hydrographic network of 

Southern Priilmenye in the Holocene. These 

features are mainly associated with the last 

Valdai glaciation. Firstly, rivers arose only af-

ter the retreat of the glacier and are about 11 to 

14 thousand years old. Secondly, their devel-

opment was controlled by a changing erosion 
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basis, depending on the level of the subglacial 

lake, which formed on the southern periphery 

of the glacier during its retreat. Thirdly, the 

evolution of watercourses occurred in condi-

tions of compensatory deformational elevation 

of the territory. 

As a result, rivers formed on the territory of 

Southern Priilmen'e, in the initial stage of their 

development, meandering freely along a wide 

and almost flat plain composed of fluvioglacial 

deposits. Then, as the erosion basis decreased, 

the channels incised into the water-resistant 

glacial deposits of the Valdai horizon. In the 

last millennium, vertical erosion sharply in-

creased, which is associated with overcoming 

difficult to wash out fluvioglacial Quaternary 

loamy rocks and the direct impact of the flow 

on the underlying Devonian sediments, and at 

present, according to our estimates, it reaches 

1-3 cm per year. As the riverbeds cut in, the 

planned deformations slowed significantly. 

The channels develop, although not to the full 

extent, by the type of forced meandering. 
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Figure 1. Rivers of Southern Priilmenye 
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Figure 2. Changes in sea level and absolute elevations of the watershed 

of the Polisto-Lovatskaya bog system 
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.

0
0

1

�h�^E
e

m
��

� �E  (2) 

�]�^�_�� �?�h�.̂ �± �f�h�^�m�e�v���h�[�s�_�c���^�_�n�h�j�f�Z�p�b�b�����i�j�b�g�y�l���j�Z�\�g�u�f�������������������d�]�k���f2)2;  

�E  �± �\�_�e�b�q�b�g�Z���� �a�Z�\�b�k�y�s�Z�y�� �h�l�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �i�h�i�_�j�_�q�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� ���[�h�d�h�\�h�]�h��

�j�Z�k�r�b�j�_�g�b�y���� 

0

2
0

1
2

1
�P

�P
�E

��
���  (3) 

�]�^�_�� 0�P  �± �d�h�w�n�n�b�p�b�_�g�l�� �i�h�i�_�j�_�q�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� ���[�h�d�h�\�h�]�h�� �j�Z�k�r�b�j�_�g�b�y������ �i�j�b�g�y�l�� �j�Z�\�g�u�f��

0,353. 

                                                 
1 �K�i�j�Z�\�h�q�g�h�_���i�h�k�h�[�b�_���^�e�y���h�[�j�Z�[�h�l�d�b���f�Z�l�_�j�b�Z�e�h�\���b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c�����± �F�������>�:�J�<�H�>�=�?�H������������ 
2 �L�Z�f���`�_�� 
3 �L�Z�f���`�_ 
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�K�e�h�c�� �h�k�Z�^�h�q�g�u�o�� �i�h�j�h�^�� �m�k�e�h�\�g�h�� �i�j�b�g�b�f�Z�_�f�� �d�Z�d�� �h�^�g�h�j�h�^�g�u�c���� �k�m�]�e�b�g�d�b���� �<�� �j�Z�k�q�_�l�Z�o��

�i�j�_�g�_�[�j�_�]�Z�_�f���� 

�x �k�h�[�k�l�\�_�g�g�u�f���\�_�k�h�f���]�j�m�g�l�Z�� 

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

�x �\�e�Z�`�g�h�k�l�v�x���]�j�m�g�l�h�\�� 

�x �f�_�j�a�e�u�f�b���k�\�h�c�k�l�\�Z�f�b���]�j�m�g�l�h�\�� 

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

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

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

h
S

eee i)1( 001 �����  (4) 

�J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�_�l�Z���k�\�_�^�_�g�u���\���l�Z�[�e�b�p�m�������� 

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

Table 1. Calculation of subsidence of soil at the maximum impact of the glacier. 

�I�Z�j�Z-

�f�_�l�j�u 

�\�_�j�o�h�\�v�_��

�I�h�e�u 

�h�a�� �E�h�\�Z-

�l�_�p 

�\�h�^�h�j�Z�a��

�^�_�e 

�h�a�� �B�e�v-

�f�_�g�v 

�i�h�k�� �=�j�m-

�a�b�g�h 

�x�` �g�u�c���[�_�j�_�]���E�Z��

�^�h�`�k�d�h�]�h���h�a�_�j�Z 

�G�e�v�^�Z�����f 900 900 1000 1300 1600 1600 

�j�����d�]���f2 855000 855000 950000 1235000 1520000 1520000 

�K�����f 800 700 520 320 250 80 

�?����

�d�]�k���f2 
3071385 3071385 3071385 3071385 3071385 3071385 

�6�����f 56,8 49,7 41,0 32,8 31,6 12,6 

e1 0,16 0,16 0,16 0,14 0,12 0,12 

 

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

�i�h�^�g�y�l�b�_���� �F�h�^�m�e�v�� �m�i�j�m�]�h�c�� �^�_�n�h�j�f�Z�p�b�b�� �?�m�i�j���^�� �\�_�l�\�b�� �j�Z�a�]�j�m�a�d�b�� �>�;�Z�j�Z�p���� ���������@�� ���h�p�_�g�h�q�g�h����

�k�h�]�e�Z�k�g�h4 �?�m�i�j���^��� �����?�h�^�� �>�<�b�g�h�]�j�Z�^�h�\�����H�[�y�a�h�\�������������@���� 

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

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

                                                 
4 �I�j�h�_�d�l�b�j�h�\�Z�g�b�_�� �b�� �m�k�l�j�h�c�k�l�\�h�� �h�k�g�h�\�Z�g�b�c�� �b�� �n�m�g�^�Z�f�_�g�l�h�\�� �a�^�Z�g�b�c�� �b�� �k�h�h�j�m�`�_�g�b�c���� �K�I�� ����-101-2���������� �F������ �N�=�M�I��
�P�I�I�������������������������k�� 
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�I�j�_�^�_�e�v�g�h�_�� �d�h�f�i�_�g�k�Z�p�b�h�g�g�h�_�� �^�_�n�h�j�f�Z�p�b�h�g�g�h�_�� �i�h�^�g�y�l�b�_�� �j�Z�k�k�q�b�l�Z�g�h�� �i�h�� �n�h�j�f�m�e�_��

�>�P�u�l�h�\�b�q�������������@�� 

1

1

1 e
phm

S�i ��
�  (5) 

�]�^�_ �j �± �k�g�y�l�Z�y���m�^�_�e�v�g�Z�y���g�Z�]�j�m�a�d�Z���i�j�b���l�Z�y�g�b�b���e�_�^�g�b�d�Z�������d�]���f2); 

�_1 �± �m�k�j�_�^�g�_�g�g�u�c���d�h�w�n�n�b�p�b�_�g�l���i�h�j�b�k�l�h�k�l�b���k�`�Z�l�h�]�h���k�e�h�y���a�Z���j�Z�k�q�_�l�g�u�c���i�_�j�b�h�^���� 

�<�_�e�b�q�b�g�Z���i�h�^�g�y�l�b�y���a�Z���i�_�j�b�h�^���W�����h�i�j�_�^�_�e�y�e�Z�k�v���k�h�]�e�Z�k�g�h���>�P�u�l�h�\�b�q�������������@�� 

�¸�¸
�¹

�·
�¨�¨
�©

�§
�¸
�¹

�·
�¨
�©

�§ ����
��

� ���� NN
t ee

e
pm

hS 9
2

1

1

9
18

1
1

2
�S

 (6) 

t
h
c

N vn
2

2

4
�S

�  (7) 

�U1

1)1(
m

ek
cvn

��
�  (8) 

�]�^�_�� m1 �± �d�h�w�n�n�b�p�b�_�g�l���g�Z�[�m�o�Z�g�b�y���k�`�Z�l�h�]�h���k�e�h�y�����h�l�g�_�k�_�g�g�u�c���d���\�_�l�\�b���j�Z�a�]�j�m�a�d�b���d�h�f�i�j�_�k�k�b��

�h�g�g�h�c���d�j�b�\�h�c�� 

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

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

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

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

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

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

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

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

�j�_�d�h�g�k�l�j�m�d�p�b�x�� �m�j�h�\�g�_�c�� �h�a�_�j�� �b�� �m�d�e�h�g�h�\�� �h�k�g�h�\�g�u�o�� �j�_�d�� �e�b�g�b�b�� �E�h�\�Z�l�v�� �± �B�e�v�f�_�g�v�� �± �<�h�e�o�h�\�� �±

�E�Z�^�h�`�k�d�h�_���h�a�_�j�h���� 
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�L�Z�[�e�b�p�Z���������H�l�f�_�l�d�b���m�k�e�h�\�g�u�o���m�j�_�a�h�\���\�h�^�u�����i�j�b�\�_�^�_�g�g�u�_���d���;�K�� 

Table 2. Conventional water level marks given to the Baltic System. 

�e�_�l��

�g�Z�a�Z�^ 

�\�_�j�o�h�\�v�y��

�I�h�e�u 

�h�a�� �E�h��

�\�Z�l�_�p 

�h�a�� �J�^�_�c�k�d�h�_���b��

�^�j�m�]�b�_ 

�h�a�� �B�e�v-

�f�_�g�v 

�j�����<�h�e�o�h�\����

�i�� �=�j�m�a�b�g�h 

�x�`�����[�_�j�_�]���E�Z��

�^�h�`�k�d�h�]�h���h�a�_�j�Z 

16000 249,7 166 92,6 12,3 12,5 2,9 

15000 250,2 166,4 92,9 12,4 12,6 3,0 

14000 251,0 166,9 93,2 12,5 12,6 3,0 

13000 251,8 167,4 93,6 12,7 12,7 3,0 

12000 252,6 168,1 94,1 13,0 12,9 3,1 

11000 253,4 168,8 94,6 13,4 13,3 3,2 

10000 254,3 169,5 95,2 13,9 13,6 3,4 

9000 255,1 170,3 95,9 14,4 14,1 3,6 

8000 256,0 171,1 96,5 14,9 14,6 3,7 

7000 256,8 171,9 97,1 15,5 15,1 3,9 

6000 257,5 172,6 97,8 16,0 15,5 4,1 

5000 258,2 173,3 98,3 16,5 16,0 4,3 

4000 258,8 173,9 98,9 17,0 16,4 4,5 

3000 259,3 174,3 99,3 17,4 16,8 4,6 

2000 259,6 174,6 99,7 17,7 17,1 4,8 

1000 259,8 174,8 99,9 17,9 17,3 5,0 

0 260 175 100 18 17,4 5,0 

�Z�f�i�e�b-

�l�m�^�Z 
10,3 9 7,4 5,7 4,9 2,1 

 

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

�l�_�d�l�h�g�b�q�_�k�d�b�f�b�� �b�� �]�e�y�p�b�h�b�a�h�k�l�Z�l�b�q�_�k�d�b�f�b�� �>�G�b�d�h�g�h�\���� ���������@���� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �\�u�k�h�d�h�l�h�q�g�u�o��

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

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

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

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

0-�����f�f���]�h�^�����I�h���^�Z�g�g�u�f���>�F�Z�j�d�h�\�������������@�����X�`�g�Z�y���R�\�_�p�b�y�����>�Z�g�b�y���\���j�Z�c�h�g�_���i�j�h�e�b�\�h�\���h�i�m�k�l�b�e�b�k�v��

�g�Z�� ����-������ �f�_�l�j�h�\�� �a�Z�� �i�h�k�e�_�^�g�b�_�� ���������� �e�_�l���� �q�l�h�� �k�h�k�l�Z�\�b�e�h�� ��-���� �f�f���]�h�^���� �I�j�b�� �w�l�h�f�� �>�R�b�l�h�\���� ���������@��
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�k�q�b�l�Z�_�l���� �q�l�h�� �h�[�s�_�_���h�i�m�k�d�Z�g�b�_�����w�g�^�h�]�_�g�g�h�_�����x�`�g�h�]�h���[�_�j�_�]�Z���E�Z�^�h�]�b���a�Z���i�h�k�e�_�^�g�b�_�������� �l�u�k���� �e�_�l��

�k�h�k�l�Z�\�b�e�h������ �f�� 

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

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

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

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

�g�_�[�h�e�v�r�m�x�� �q�Z�k�l�v�� �d�j�m�i�g�h�c�� �j�_�]�b�h�g�Z�e�v�g�h�c�� �k�l�j�m�d�l�m�j�u�� ���<�h�k�l�h�q�g�h- �N�b�g�e�y�g�^�k�d�Z�y�� �k�b�g�d�e�b�g�h�j�g�Z�y��

�a�h�g�Z�������g�Z���x�]�_���m�o�h�^�y�s�_�c���i�h�^���Z�d�\�Z�l�h�j�b�x���E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z���b���g�Z���k�_�\�_�j�h-�a�Z�i�Z�^�_���g�Z���l�_�j�j�b�l�h�j�b�x��

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

�g�_�� �f�h�`�_�l���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �\�k�_�� �^�\�b�`�_�g�b�y�� �w�l�h�c�� �q�Z�k�l�b�� �k�m�r�b�� ���N�_�g�g�h�k�d�Z�g�^�b�b���� �f�u�� �k�q�b�l�Z�_�f��

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

�b�g�b�p�b�b�j�h�\�Z�g�u�� �j�Z�a�]�j�m�a�d�h�c�� �a�_�f�g�h�c�� �d�h�j�u�� �i�h�k�e�_�� �l�Z�y�g�b�y�� �e�_�^�g�b�d�Z�� �>�6�X�E�H�W�W�R�� �H�W�� �D�O������ ���������@���b�� �g�_��

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

�l�h�q�d�Z���a�j�_�g�b�y���\�i�_�j�\�u�_���\�u�k�d�Z�a�Z�g�Z���\���>�G�b�d�h�e�Z�_�\�������������@�����G�Z�r�Z���j�_�d�h�g�k�l�j�m�d�p�b�y���h�k�g�h�\�Z�g�Z���l�Z�d�`�_���g�Z��

�w�l�h�f���i�j�_�^�i�h�e�h�`�_�g�b�b�� 

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

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

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

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

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

0-���� �f�� �a�Z�� �w�l�h�l�� �`�_�� �i�_�j�b�h�^�� �>�G�b�d�h�g�h�\���� ���������@�� ���k�h�]�e�Z�k�g�h�� �g�Z�r�_�c�� �j�_�d�h�g�k�l�j�m�d�p�b�b�� �± �f�Z�d�k�b�f�m�f��

�d�h�f�i�_�g�k�Z�p�b�h�g�g�h�]�h �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h���i�h�^�g�y�l�b�y���\���w�l�h�f���f�_�k�l�_���± �����f�������<���l�h���`�_���\�j�_�f�y�����i�h�k�e�_�^�g�b�_��

�����������e�_�l���x�`�g�u�c���[�_�j�_�]���E�Z�^�h�]�b���h�i�m�k�d�Z�_�l�k�y���\����-�����f�f���]�h�^���>�G�b�d�h�g�h�\�������������@�����l�h���_�k�l�v���a�Z���w�l�h�l���i�_�j�b�h�^��

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

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

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

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

�l�Z�y�g�b�y���e�_�^�g�b�d�Z���f�h�]�e�Z���[�u�l�v���_�s�_���\�u�r�_�����h�d�h�e�h�������������f���;�K���� 

�D�Z�d�� �b�a�\�_�k�l�g�h�� �>�5�D�P�V�D�\���� ������������ �F�Z�j�d�h�\���� ������������ �D�\�Z�k�h�\���� ������������ �K�m�[�_�l�l�h���� ������������ �G�b�d�h�g�h�\����

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

�E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z���± �[�Z�a�b�k�Z���w�j�h�a�b�b���B�e�v�f�_�g�k�d�h�c �j�_�q�g�h�c���k�b�k�l�_�f�u���± �i�j�h�\�h�^�b�e�Z�k�v���g�_�h�^�g�h�d�j�Z�l�g�h����

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

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

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

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

�L�Z�[�e�b�p�Z�� ���� �B�a�f�_�g�_�g�b�y�� �h�l�f�_�l�h�d�� �a�g�Z�q�_�g�b�y�� �k�h�\�j�_�f�_�g�g�h�]�h�� �m�j�_�a�Z�� �x�`�g�h�]�h�� �[�_�j�_�]�Z�� �E�Z�^�h�`�k�d�h�]�h��

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

Table 3. Changes in the elevation values of the modern shoreline of the southern shore of Lake 

Ladoga for various reconstructions 

�e�_�l��

�g�Z�a�Z�^ 

�m�j�h�\�_�g�v���f�h�j�y����

�f���;�K 

�K�h�]�e�Z�k�g�h���>�G�b�d�h�g�h�\�����W�g�f�Z�g����

�N�e�_�c�n�_�e�v�������������@ 
�g�Z�r�Z 

�g�Z�r�Z�����k���m�q�_�l�h�f��

�h�i�m�k�d�Z�g�b�y 

16000 -200 -33,5 2,9 14,1 

15000 -195 -30 3,0 13,5 

14000 -185 -26,5 3,0 12,8 

13000 -175 -23 3,0 12,1 

12000 -170 -19,5 3,1 11,6 

11000 -160 -16 3,2 10,9 

10000 -130 -12,5 3,4 10,4 

9000 -100 -9 3,6 9,9 

8000 -70 -5,5 3,7 9,3 

7000 -40 -2 3,9 8,8 

6000 -10 1,5 4,1 8,3 

5000 -7 5 4,3 7,8 

4000 -5 8,5 4,5 7,3 

3000 -3 12 4,6 6,7 

2000 -1 10 4,8 6,2 

1000 0 8 5,0 5,7 

0 0 5 5,0 5,0 
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�L�Z�[�e�b�p�Z������ �H�l�f�_�l�d�b���m�j�h�\�g�y���E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z���i�h���j�Z�a�e�b�q�g�u�f���j�_�d�h�g�k�l�j�m�d�p�b�y�f 

Table 4. Levels of Lake Ladoga for various reconstructions 

�e�_�l��

�g�Z�a�Z�^ 

�K�h�]�e�Z�k�g�h��

�>�K�m�[�_�l�l�h����

2007] 

�K�h�]�e�Z�k�g�h��

�>�:�f�Z�g�l�h�\���b��

�^�j���������������@ 

�K�h�]�e�Z�k�g�h��

�>�R�b�l�h�\����

2007] 

�K�h�]�e�Z�k�g�h��

�>�F�Z�j�d�h�\����

1933] 

�g�Z���h�k�g�h�\�_���>�F�Z�j�d�h�\����

�������������K�m�[�_�l�l�h����������������

�:�f�Z�g�l�h�\���b���^�j���������������@�����k��

�m�q�_�l�h�f���h�i�m�k�d�Z�g�b�y 

12000 95-75 22  38-23 60 

11000 45 10 13 32 40 

10000 20 15  -3 13,5 

9000 23 0  2,0 5 

8000 17 15 9,5 5 11 

7000 17 13 8 -1 11 

6000 17 8 8 5 6 

5000 20 7 7 7 4,5 

4000 19 7 14,5 2 5 

3000 19 20 16 14 11 

2000 7 14 11 6 10 

1000 6 6 8 5,5 7 

0 5 5 5 5 5 

 

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

�[�_�j�_�]�h�\�h�c���e�b�g�b�b���k�^�_�e�Z�e���D���D�����F�Z�j�d�h�\���_�s�_���\���>�F�Z�j�d�h�\�������������@�����H�g���i�j�_�^�e�h�`�b�e���i�j�h�b�a�\�h�^�b�l�v���j�Z�k�q�_�l��

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

�m�j�h�\�g�y���f�h�j�y�����± d: deh ��� �����?�k�e�b��h �a�Z���i�_�j�b�h�^���² �\�_�e�b�q�b�g�Z���i�h�e�h�`�b�l�_�e�v�g�Z�y�����l�h���_�k�l�v���_�!�G�����a�_�f�g�Z�y��

�d�h�j�Z�� �i�h�^�g�y�e�Z�k�v�� �² �\�h�^�g�u�c�� �[�Z�k�k�_�c�g�� �j�_�]�j�_�k�k�b�j�m�_�l���� �I�h�^�h�[�g�u�c�� �j�Z�k�q�_�l�� �e�h�]�b�q�_�g�� �i�j�b�� �Z�g�Z�e�b�a�_��

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

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

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

�E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z�����m�j�h�\�_�g�v���F�b�j�h�\�h�]�h���h�d�_�Z�g�Z���[�u�e���g�Z�f�g�h�]�h���g�b�`�_���k�h�\�j�_�f�_�g�g�h�]�h�����I�j�_�^�i�h�e�h�`�b�f����

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

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

�e�b�g�b�y��h = 3 �± 30 �h�i�m�k�l�b�e�Z�k�v���g�Z���������f�_�l�j�h�\�� �± �j�_�]�j�_�k�k�b�y���h�a�_�j�Z�"���H�l�g�h�k�b�l�_�e�v�g�h���i�j�b�g�y�l�h�]�h���g�m�e�y��
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�;�K�����[�m�^�_�l���b�f�_�l�v���f�_�k�l�h�����d�Z�d���i�h�^�t�_�f���h�l�f�_�l�d�b���[�_�j�_�]�h�\�h�c���e�b�g�b�b�����l�Z�d���b���m�j�h�\�g�y���f�h�j�y�����G�h���^�e�y���k�Z�f�h�]�h��

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

�A�Z�^�Z�q�Z�� �\�k�_�h�[�t�_�f�e�x�s�_�]�h�� �Z�g�Z�e�b�a�Z�� �j�_�d�h�g�k�l�j�m�d�p�b�b�� �m�j�h�\�_�g�g�h�]�h�� �j�_�`�b�f�Z�� �E�Z�^�h�`�k�d�h�]�h��

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

�b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �w�l�h�f�m�� �i�h�\�h�^�m�� �>�F�Z�j�d�h�\���� ������������ �D�\�Z�k�h�\���� ������������ �G�b�d�h�g�h�\���� ������������ �K�m�[�_�l�l�h���� ������������

�;�Z�j�Z�p���� ������������ �?�e�n�b�f�h�\���� ������������ �G�b�d�h�g�h�\���� �W�g�f�Z�g���� �N�e�_�c�n�_�e�v���� ���������@���� �G�Z�i�j�b�f�_�j���� �\�� �d�Z�q�_�k�l�\�_��

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

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

�^�h�e�b�g�u�� �j�� �G�_�\�Z���� �M�j�h�\�_�g�v�� �\�h�^�u�� �\�� �j���� �G�_�\�_�� �b�� �E�Z�^�h�`�k�d�h�f�� �h�a�_�j�_�� �g�_�� �f�h�]�� �[�u�l�v�� �\�u�r�_�� �\�u�k�h�l�u��

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

�f�b�g�b�f�m�f���g�Z�������f���a�Z���w�l�h�l���i�_�j�b�h�^�����l�h���b���m�j�h�\�_�g�v���\�h�^�u���\���E�Z�^�h�]�_���f�h�]���i�h�^�g�b�f�Z�l�v�k�y���^�h������-�������f�� 

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

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

�j�� �<�h�e�o�h�\�� �k�� �m�q�_�l�h�f�� �w�g�^�h�]�_�g�g�h�c�� �i�j�h�k�Z�^�d�b�� �b�� �Z�[�j�Z�a�b�h�g�g�h�]�h�� �j�Z�a�f�u�\�Z�� �>�R�m�c�k�d�b�c���� �K�b�f�_�h�g�h�\�Z����

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

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

���������@�� �j�b�k�m�g�d�Z�o���� �h�l�f�_�l�d�b�� �m�j�h�\�g�y�� �h�a�_�j�Z�� �i�j�b�g�y�l�u�� �j�Z�\�g�u�f�b�� ���������� �f�� �;�K�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �l�h�]�h���� �q�l�h��

�K�e�Z�\�_�g�k�d�b�c���b���X�j�v�_�\�k�d�b�c���o�h�e�f�u���]�����G�h�\�]�h�j�h�^�Z�����b�f�_�x�s�b�_���h�l�f�_�l�d�b���k�h�h�l�\�_�l�k�l�\�_�g�g�h�������������b������������

�f���;�K������-4�������l�u�k�����e�_�l���g�Z�a�Z�^���[�u�e�b���a�Z�l�h�i�e�_�g�u�����K���m�q�_�l�h�f���l�h�]�h�����q�l�h���Z�[�k�h�e�x�l�g�u�_���h�l�f�_�l�d�b���o�h�e�f�h�\���\��

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

20-�������f�� 

�H�a�� �B�e�v�f�_�g�v���b�f�_�_�l���k�l�h�d���q�_�j�_�a���j�� �<�h�e�o�h�\���\���E�Z�^�h�`�k�d�h�_���h�a�_�j�h�����I�j�b���m�j�h�\�g�y�o���E�Z�^�h�`�k�d�h�]�h 

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

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

�h�i�m�k�d�Z�e�b�k�v���k�h���k�d�h�j�h�k�l�v�x���g�_���f�_�g�v�r�_�c�����q�_�f���i�h�[�_�j�_�`�v�_���>�G�b�d�h�g�h�\�������������@�����l�h���_�k�l�v���]�j�_�[�_�g�v���i�h�j�h�]�Z��

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

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

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

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

�i�j�h�o�h�^�b�e�� �q�_�j�_�a�� �j�� �R�_�e�h�g�v�� �b�� �^�Z�e�_�_�� �i�h�� �e�b�g�b�b�� �j�_�d�� �M�a�Z���� �I�_�l�_�g�d�Z���� �Q�_�j�z�o�Z���� �<�_�e�b�d�Z�y���� �G�Z�j�\�Z����

�;�Z�e�l�b�c�k�d�h�_���f�h�j�_���>�<�Z�k�b�e�v�_�\�Z���b���^�j�������������������*�R�U�O�D�F�K�����+�D�Q�J�����.�D�O�P�������������@�����H�l�f�_�l�d�Z���\�h�^�h�j�Z�a�^�_�e�Z���g�Z��

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

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

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

�L�Z�[�e�b�p�Z������ �B�a�f�_�g�_�g�b�y���h�l�f�_�l�h�d���h�a�_�j�Z���B�e�v�f�_�g�v���i�h���j�Z�a�e�b�q�g�u�f���j�_�d�h�g�k�l�j�m�d�p�b�y�f 

Table 5. Changes in elevations of Lake Ilmen for various reconstructions 

�e�_�l��

�g�Z�a�Z�^ 

�H�l�f�_�l�d�b��

�m�j�h�\�g�y���i�h���>�<�Z��

�k�b�e�v�_�\�Z���b���^�j������

2012] 

�H�l�f�_�l�d�b���^�g�Z��

�h�a�_�j�Z�����i�j�b�\�_��

�^�_�g�g�u�_���d���;�K 

�H�l�f�_�l�d�b���m�j�_�a�Z���i�h��

�>�<�Z�k�b�e�v�_�\�Z���b���^�j������

���������@�����i�j�b�\�_�^�_�g��

�g�u�_���d���;�K 

�H�l�f�_�l�d�b��

�m�j�_�a�Z�����f���;�K����

�g�Z�r�Z���b�g�l�_�j��

�i�j�_�l�Z�p�b�y 

�H�l�f�_�l�d�b���E�Z��

�^�h�`�k�d�h�]�h��

�i�h�j�h�]�Z�����f��

�;�K 

13000 110 -23 110,6 85 �a�Z�l�h�i�e�_�g 

12000 85 -19 82 60 �a�Z�l�h�i�e�_�g 

11000 55 -14 56,6 40 37,0 

10000 26 -10 31 40 35,6 

9000 18 -8 2 38 29,9 

8000 18 -5 5,1 32 27,0 

7000 18 -3 8,1 30 25,0 

6000 18 0 11 30 23,0 

5000 18 2 13,6 23 21,0 

4000 26-30 4 21,7 22 19,4 

3000 26-30 7 24,8 21 18,2 

2000 26-30 9 25,4 19 17,6 

1000 18 11 17,8 17 15,9 

0 18 13 18 18 13,9 

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

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

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

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

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

�h�p�_�g�b�\�Z�e�k�y���g�Z�f�b���i�h���m�j�h�\�g�x���i�j�h�o�h�`�^�_�g�b�y���i�h�e�h�\�h�^�v�y�������������]�h�^�Z���b���i�h���f�_�`�_�g�g�u�f���m�j�h�\�g�y�f����������5, 

�^�h���i�h�k�l�j�h�c�d�b���<�h�e�o�h�\�k�d�h�c���=�W�K�� 

                                                 
5 �H�a�_�j�h���B�e�v�f�_�g�v�����D�Z�j�l�Z���h�a�_�j�Z���b���i�j�b�l�h�d�h�\�����K�h�k�l�Z�\�e�_�g�Z���i�h���b�k�k�e�_�^�h�\�Z�g�b�y�f���B�e�v�f�_�g�k�d�h�c���h�i�b�k�g�h�c���i�Z�j�l�b�b���\����������-88 
�]�h�^�Z�o���i�h�^���j�m�d�h�\�h�^�k�l�\�h�f���b�g�`�_�g�_�j�Z���K�����@�\�Z�g�Z���b���F�h�e�h�]�h-�F�k�l�b�g�k�d�h�c���h�i�b�k�g�h�c���i�Z�j�l�b�b���\�������������]�h�^�m���i�h�^���j�m�d�h�\�h�^�k�l�\�h�f��
�b�g�`�_�g�_�j�Z���W�����<�b�e�v�d�_�g�Z�����b�a�^-�\�h���F�I�K�� 
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�L�Z�[�e�b�p�Z 6. �>�\�b�`�_�g�b�y���h�l�f�_�l�h�d���\�h�^�h�j�Z�a�^�_�e�h�\�����a�Z�f�u�d�Z�x�s�b�o���k�l�h�d���b�a���h�a�� �B�e�v�f�_�g�v 

Table 6. The movement of the marks of the watershed, closing the runoff from the Lake Ilmen 

�E�_�l��

�g�Z�a�Z�^ 

�m�j�h�\�_�g�v���f�h�j�y����

�f���;�K 

�h�l�f�_�l�d�Z���R�_�e�h�g�k�d�h�]�h��

�\�h�^�h�j�Z�a�^�_�e�Z 

�h�l�f�_�l�d�Z���E�Z�^�h�`��

�k�d�h�]�h���i�h�j�h�]�Z 

�M�j�h�\�g�b�����f���;�K 

�B�e�v��

�f�_�g�v 

�E�Z��

�^�h�]�Z 

13000 -175 �a�Z�l�h�i�e�_�g�������������� �a�Z�l�h�i�e�_�g�������������� 85 �e�_�^ 

12000 -170 �a�Z�l�h�i�e�_�g�������������� �a�Z�l�h�i�e�_�g�������������� 60 60 

11000 -160 �a�Z�l�h�i�e�_�g�������������� �a�Z�l�h�i�e�_�g�������������� 40 40 

10000 -130 37,4 35,6 40 13,5 

9000 -100 40,3 29,9 38 5 

8000 -70 43 27,0 32 11 

7000 -40 45,2 25,0 30 11 

6000 -10 47,1 23,0 30 6 

5000 -7 48,5 21,0 23 4,5 

4000 -5 49,6 19,4 22 5 

3000 -3 51,2 18,2 21 11 

2000 -1 51,6 17,6 19 10 

1000 0 51,8 15,9 17 7 

0 0 53 13,9 18 5 

 

�B�k�o�h�^�y���b�a���g�Z�r�_�c���j�_�d�h�g�k�l�j�m�d�p�b�b�����k�l�h�d���i�h���j�����R�_�e�h�g�b���\���k�l�h�j�h�g�m���j�� �<�_�e�b�d�h�c���i�j�_�d�j�Z�l�b�e�k�y��

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

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

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

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

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

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

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

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

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

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

�I�_�j�\�u�c���[�Z�a�b�k���w�j�h�a�b�b���± �������f���;�K�����<�_�e�b�d�b�_���E�m�d�b�������\�l�h�j�h�c�� �± �������f���;�K�����>�m�g�Z�_�\�h�������>�h�e�v�r�_���\�k�_�]�h��

�i�j�b�e�_�^�g�b�d�h�\�h�_�� �h�a�_�j�h�� �^�_�j�`�Z�e�h�k�v�� �g�Z�� �Z�[�k�h�e�x�l�g�u�o�� �h�l�f�_�l�d�Z�o�� ������ �f�� ���m�k�l�v�_�� �;�e�b�a�g�_�b������ �H�d�h�e�h��
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5 �l�u�k�� �e�_�l�� �g�Z�a�Z�^�� �m�j�h�\�_�g�v�� �k�l�Z�[�b�e�b�a�b�j�h�\�Z�e�k�y�� �g�Z�� �h�l�f�_�l�d�Z�o�� ����-������ �f�� �;�K�� ���Q�_�j�_�g�q�b�p�u������ �;�h�e�v�r�b�_��

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

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

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

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

�L�_�j�j�b�l�h�j�b�y���� �a�Z�g�b�f�Z�_�f�Z�y�� �g�u�g�_�� �[�Z�k�k�_�c�g�Z�f�b�� �j�_�d�� �I�h�e�b�k�l�v���� �I�h�j�m�k�v�y���� �J�_�^�v�y���� �O�h�e�u�g�v�y����

�K�g�_�`�Z�� �I�_�j�_�o�h�^�Z���� �I�k�b�`�Z���� �\�� �i�_�j�b�h�^�� �^�_�]�j�Z�^�Z�p�b�b�� �e�_�^�g�b�d�Z�� �g�Z�o�h�^�b�e�b�k�v�� �i�h�e�g�h�k�l�v�x�� �i�h�^�� �\�h�^�h�c��

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

�\�h�^�h�j�Z�a�^�_�e�Z�� �± �[�h�e�h�l�g�h�]�h�� �f�Z�k�k�b�\�Z�� �D�j�Z�k�g�u�c�� �F�h�o�� �b�� �I�h�e�b�k�l�h-�E�h�\�Z�l�k�d�h�c�� �[�h�e�h�l�g�h�c�� �k�b�k�l�_�f�u����

�K �w�l�h�]�h���\�j�_�f�_�g�b���j�_�d�b���g�Z�q�b�g�Z�x�l���k�\�h�_���k�m�s�_�k�l�\�h�\�Z�g�b�_���� 

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

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

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

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

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

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

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

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

�;�Z�a�b�k���w�j�h�a�b�b���± �m�j�h�\�_�g�v���h�a�� �B�e�v�f�_�g�v���± �k�l�Z�[�b�e�b�a�b�j�h�\�Z�e�k�y���h�d�h�e�h�������l�u�k�����e�_�l���g�Z�a�Z�^�����<���i�h�k�e�_�^�g�_�_��

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

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

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f�� �\�h�a�^�_�c�k�l�\�b�_�f�� �i�h�l�h�d�Z�� �g�Z�� �g�b�`�_�e�_�`�Z�s�b�_�� �^�_�\�h�g�k�d�b�_�� �h�l�e�h�`�_�g�b�y�� �>�-�R�K�D�Q�V�V�R�Q����

���������@���b���\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���i�h���g�Z�r�_�c���h�p�_�g�d�_���^�h�k�l�b�]�Z�_�l����-�����k�f���\���]�h�^�� 

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

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

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

�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���b�g�k�l�b�l�m�l�Z6. 

�<�u�\�h�^�u 

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

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

                                                 
6 �J�_�d�h�f�_�g�^�Z�p�b�b���i�h���m�q�_�l�m���^�_�n�h�j�f�Z�p�b�c���j�_�q�g�u�o���j�m�k�_�e���i�j�b���i�j�h�_�d�l�b�j�h�\�Z�g�b�b���b�g�`�_�g�_�j�g�u�o���k�h�h�j�m�`�_�g�b�c���g�Z���j�_�d�Z�o���a�h�g�u��
�;�Z�c�d�Z�e�h-�:�f�m�j�k�d�h�c���`�_�e�_�a�g�h�^�h�j�h�`�g�h�c���f�Z�]�b�k�l�j�Z�e�b�����E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�����������������������k�� 
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������ �f�� �g�Z�� �x�`�g�h�f�� �[�_�j�_�]�m�� �E�Z�^�h�`�k�d�h�]�h�� �h�a�_�j�Z�� �^�h�� ������ �f�� �\�� �\�_�j�o�h�\�v�y�o�� �j���� �I�h�e�u���� �I�h�k�e�_�^�m�x�s�_�_��
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Abstract. Interpretation of the physical 

and mechanical characteristic measure-

ments of the snowpack is a base for ava-

lanche release prediction. The spatial var-

iability of the measured characteristics 

and measurement errors can affect the 

quality of the initial data for assessing the 

snowpack stability on a slope and results 

of this assessment. The work describes 

principles of rationalization for the meas-

urements of the characteristics that influ-

ence on snow stability on a slope. The 

fields of these characteristics and errors 

of their measurements were considered as 

random. A few quality criteria for net-

works measuring snow characteristics on 
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a slope are used. The study includes esti-

mates of the parameters of the spatial sta-

tistical structure (variances and autocor-

relation functions) for the fields of thick-

ness, density, shear strength and temper-

ature of snowpack on slopes in various 

mountain regions. Errors of methods for 

measuring snow characteristics were es-

timated. It is shown that in different land-

scapes, spatial patterns of the point meas-

urements should be different. The influ-

ence of spatial measurement schemes on 

the quality of snowpack stability interpre-

tation is analyzed for different parameters 

of spatial statistical structure of the snow 

characteristics and accuracy their meas-

urements. 

The use of conventional deterministic 

methods for interpretation of point meas-

urements of snowpack characteristics to 

assess its stability on the slope can and 

does lead to incorrect conclusions. The 

way out of this situation can be the use of 

statistical simulation based on determin-

istic models of mechanical stability of 

snowpack, the input data for which are 

generated on the basis of point measure-

ments of snow characteristics and previ-

ously obtained parameters of their spatial 

statistical structure. Probabilistic esti-

mates obtained with statistical simulation 



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

 

 

116  
 

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

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

�k�l�j�m�d�l�m�j�u�����<�_�j�h�y�l�g�h�k�l�g�u�_���h�p�_�g�d�b�����i�h�e�m�q�_�g�g�u�_���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���� �h�l�j�Z��

�`�Z�x�l�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v�� �\�o�h�^�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �\��

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

�k�g�_�]�Z�� 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �e�Z�\�b�g�g�u�c�� �h�q�Z�]���� �o�Z�j�Z�d�l�_�j�b��

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

�f�_�j�_�g�b�y�����l�h�q�g�h�k�l�v�����m�k�l�h�c�q�b�\�h�k�l�v���k�g�_�]�Z�����e�Z�\�b�g�u. 

reflect the uncertainty of the input infor-

mation in the probabilistic conclusion 

about the snowpack stability. 
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�k�Z�f�h���w�l�h���i�h�g�y�l�b�_���g�_���d�h�g�d�j�_�l�b�a�b�j�m�_�l�k�y���b���d�h�e�b�q�_�k�l�\�_�g�g�h���g�_���h�p�_�g�b�\�Z�_�l�k�y�����I�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b��

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

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

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

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

                                                 
1 �J�m�d�h�\�h�^�k�l�\�h���i�h���k�g�_�]�h�e�Z�\�b�g�g�u�f���j�Z�[�h�l�Z�f�����\�j�_�f�_�g�g�h�_�������E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
2 �J�m�d�h�\�h�^�k�l�\�h���i�h���k�g�_�]�h�e�Z�\�b�g�g�u�f���j�Z�[�h�l�Z�f�����K�I�;�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
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�j�Z�a�e�b�q�g�u�o�� �n�b�a�b�d�h-�]�_�h�]�j�Z�n�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o�� �w�l�Z�� �b�a�f�_�g�q�b�\�h�k�l�v�� �j�Z�a�e�b�q�g�Z���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f��

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

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

�\�h�a�g�b�d�g�h�\�_�g�b�y���e�Z�\�b�g�" 

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

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

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

�i�Z�j�Z�f�_�l�j�Z�f�b [�>�j�h�a�^�h�\���� �R�_�i�_�e�_�\�k�d�b�c���� ���������� �D�Z�a�Z�d�_�\�b�q���� ������������ �@�m�d�h�\�k�d�b�c���� �D�b�k�_�e�_�\�Z����

�F�Z�g�^�_�e�v�r�l�Z�f, 1978]. �W�l�b�� �i�Z�j�Z�f�_�l�j�u�� �i�h�e�m�q�Z�x�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �k�i�_�p�b�Z�e�v�g�u�o�� �b�a�f�_�j�_�g�b�c��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�g�_�]�Z���k���\�u�k�h�d�b�f���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f���j�Z�a�j�_�r�_�g�b�_�f�����<�Z�`�g�u�f���f�h�f�_�g�l�h�f���i�j�b���w�l�h�f��

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

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

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

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

�l�_�j�j�b�l�h�j�b�y�o���� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �l�j�_�[�m�_�f�h�f�m�� �f�Z�k�r�l�Z�[�m�� �h�p�_�g�h�d���� �W�l�b�� �f�Z�j�r�j�m�l�u�� �k�e�b�r�d�h�f��

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

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

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

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

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

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

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

�Z�\�l�h�d�h�\�Z�j�b�Z�p�b�h�g�g�u�o�� �± R��(l)���� �g�h�j�f�b�j�h�\�Z�g�g�u�o�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �± r ��(l) �b�� �k�l�j�m�d�l�m�j�g�u�o��

�n�m�g�d�p�b�c��B��(l)���� �i�h�e�m�q�_�g�g�u�_�� �\�� �j�Z�a�e�b�q�g�u�o�� �e�Z�g�^�r�Z�n�l�Z�o�� �\�� �j�Z�a�e�b�q�g�u�o�� �]�h�j�g�u�o�� �j�Z�c�h�g�Z�o���� �H�p�_�g�d�b��

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

�Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�u�o���n�m�g�d�p�b�c��r ��(l), - �k�\�y�a�g�h�k�l�v���a�g�Z�q�_�g�b�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �\���i�j�h�k�l�j�Z�g�k�l�\�_�� 

�<�� �d�Z�q�_�k�l�\�_�� �d�j�b�l�_�j�b�_�\�� �d�Z�q�_�k�l�\�Z�� �k�_�l�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�h�g�b�l�h�j�b�g�]�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

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

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

�k�j�_�^�g�b�f�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�f�� �b�a�f�_�j�_�g�b�c�� �g�Z�� �w�l�h�c�� �i�e�h�s�Z�^�b�� �b�� �h�r�b�[�d�b�� �a�Z�f�_�g�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h��

�h�`�b�^�Z�g�b�y�� �k�j�_�^�g�b�f�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�f�� �b�a�f�_�j�_�g�b�c���� �I�j�b�\�_�^�_�g�g�u�_�� �\�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �h�p�_�g�d�b��

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

�b�g�l�_�j�i�h�e�y�p�b�b��E��(l) �g�Z�� �k�_�j�_�^�b�g�m�� �h�l�j�_�a�d�Z��l���� �k�h�_�^�b�g�y�x�s�_�]�h�� �^�\�_�� �l�h�q�d�b���� �\�� �d�h�l�h�j�u�o�� �i�j�h�\�_�^�_�g�u��

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

�' ��
�6�:�H�; 
L �s�á�w�ê��

�6 
E �t�4�� �:�r�á�w�H�; 
E �r�á�w�4�� �:�H�; 
E �r�á�w�Â��
�6 (1) 

�]�^�_ �Â��
�6���± �^�b�k�i�_�j�k�b�y���h�r�b�[�h�d���b�a�f�_�j�_�g�b�y���������E�b�[�h�� 

�' ��
�6�:�H�; 
L �$�� �:�r�á�w�H�; 
F �r�á�t�w�$�� �:�H�; 
E �r�á�w�Â��

�6 (2) 

�M�j�Z�\�g�_�g�b�_�����������f�h�`�g�h���i�_�j�_�i�b�k�Z�l�v���\���[�_�a�j�Z�a�f�_�j�g�h�f���\�b�^�_�� 

�Ý��
�6�:�H�; 
L �s�á�w 
F �t�N�� �:�r�á�w�H�; 
E �r�á�w�N�� �:�H�; 
E �r�á�w�ß��

�6  (3) 

�]�^�_ �Ý�� �:�H�; 
L �'�� �ê���¤  �± �f�_�j�Z���h�r�b�[�d�b���b�g�l�_�j�i�h�e�y�p�b�b�� 

�ß�� 
L �Â�� �ê���¤  �± �f�_�j�Z���h�r�b�[�d�b���b�a�f�_�j�_�g�b�y�� 

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

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

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

�g�_�h�[�o�h�^�b�f�h���h�p�_�g�b�l�v���k�j�_�^�g�_�_���b�g�l�_�]�j�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_ 

�æ�Ì 
L ��
�5

�Ì
�í �æ�:�T�á �U�;�@�T�@�U�:�Ì�;

 (4) 

�]�^�_ ����x,y) �± �b�k�l�b�g�g�h�_���a�g�Z�q�_�g�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �\���l�h�q�d�_���e�Z�\�b�g�g�h�]�h���h�q�Z�]�Z���b�e�b���g�_�d�h�l�h�j�h�c��

�_�]�h���q�Z�k�l�b��S �k���d�h�h�j�^�b�g�Z�l�Z�f�b �o �b���m�� 

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

�Z�j�b�n�f�_�l�b�q�_�k�d�h�_�� 

�æ�"
%�� 
L
�5

�á
�Ã �æ�Ü

�ñ�á
�5   (5) 

�]�^�_ �æ�Ü
�ñ - �b�a�f�_�j�_�g�g�h�_���a�g�Z�q�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �\���l�h�q�d�_��i; 

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

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

�h�i�_�j�Z�p�b�x���h�k�j�_�^�g�_�g�b�y�����<���d�Z�q�_�k�l�\�_���h�p�_�g�d�b���l�h�q�g�h�k�l�b���a�Z�f�_�g�u���k�j�_�^�g�_�]�h���b�g�l�_�]�j�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y��
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��S �k�j�_�^�g�b�f���Z�j�b�n�f�_�l�b�q�_�k�d�b�f���æ�ñ
%���b�k�i�h�e�v�a�m�x�l�k�y���\�_�e�b�q�b�g�u���Z�[�k�h�e�x�l�g�h�c���b���h�l�g�h�k�b�l�_�e�v�g�h�c���h�r�b�[�h�d��

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

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

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

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

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

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

���� [�@�m�d�h�\�k�d�b�c�����D�b�k�_�e�_�\�Z�����F�Z�g�^�_�e�v�r�l�Z�f, 1978]�����<���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_���i�j�b�\�_�^�_�g�u���h�p�_�g�d�b������ �^�e�y��

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

�N�� �:�H�; 
L �s 
F�:�H �H�4�¤ �;�Þ (8) 

�H�r�b�[�d�Z������ �h�i�b�k�u�\�Z�_�l�k�y���k�e�_�^�m�x�s�b�f���k�h�h�l�g�h�r�_�g�b�_�f�� 
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E �%�5�:�G�; �@�¾�Ì

�ß�,
�A

�Þ
�5

�á�-�6�Ö �.�¤  (9) 

�A�g�Z�q�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�Z��C1(k) �^�e�y���g�_�d�h�l�h�j�u�o��k �^�Z�g�u���\���l�Z�[�e�b�p�_ 1. 

�L�Z�[�e�b�p�Z 1. �A�g�Z�q�_�g�b�y���n�m�g�d�p�b�b���K1(k) 

Table 1. Function �K1(k) values 

k 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 

C1(k) 1,00 0,76 0,58 0,45 0,33 0,24 0,18 0,11 0,07 0,03 0,00 

 

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

�k�g�_�]�Z��[�;�h�`�b�g�k�d�b�c���� �Q�_�j�g�h�m�k���� ������������Chernous, Fedorenko, 1998] �\�f�_�k�l�h�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h��

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

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

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

�\�u�j�Z�`�_�g�b�_�f�� 
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�.�Ü�´�Ý �� �N�� �:�H�Ü�á�Ý�;
h (13) 

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

�k�h�k�l�Z�\�e�y�x�s�m�x���h�r�b�[�d�b���b�a�f�_�j�_�g�b�c���û�� [�:�e�_�d�k�_�_�\������������] �d�Z�d�� 
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�]�^�_ �ê��
�ñ �h�p�_�g�d�Z���k�j�_�^�g�_�]�h���d�\�Z�^�j�Z�l�b�q�_�k�d�h�]�h �h�l�d�e�h�g�_�g�b�y���1��, 

�N��
�ñ�:�r�; �a�g�Z�q�_�g�b�_���w�f�i�b�j�b�q�_�k�d�h�c���Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�h�c �n�m�g�d�p�b�b�����w�d�k�l�j�Z�i�h�e�b�j�h�\�Z�g�g�h�_���\��l=0 

�<�_�e�b�q�b�g�m���1��, �h�[�m�k�e�h�\�e�_�g�g�Z�y�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�a�f�_�g�q�b�\�h�k�l�v�x���� 
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�<�u�k�h�l�Z�����l�h�e�s�b�g�Z�����k�g�_�]�Z 

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

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

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

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

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

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

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

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

�e�Z�a�_�j�g�h�_�� �k�d�Z�g�b�j�h�\�Z�g�b�_�� �b�� �k�l�_�j�_�h�n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�Z�y�� �k�t�_�f�d�Z���� �J�Z�k�k�f�h�l�j�b�f�� �g�Z�b�[�h�e�_�_��

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

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

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

�^�_�e�_�g�b�y���k�m�s�_�k�l�\�m�x�s�b�o���k�g�_�]�h�f�_�j�g�u�o���j�_�_�d�����������f���b�����������f�����J�_�c�d�b���k���j�Z�k�d�j�Z�r�_�g�g�u�f�b���\���q�_�j�g�u�c���b��

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

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

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

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

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

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

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���� �J�Z�k�k�f�h�l�j�b�f�� �h�r�b�[�d�b�� �h�l�k�q�b�l�u�\�Z�g�b�y���� �<�_�e�b�q�b�g�Z���û�O�h�l�k�q �± �w�l�h�� �d�h�g�_�q�g�h��

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

�©�a�Z���q�l�h���y���j�m�q�Z�x�k�v�"�ª��[�K�h�e�h�\�v�_�\�����Y�o�h�g�l�h�\�Z������������]�����H�[�u�q�g�h�����_�k�e�b���p�_�g�Z���^�_�e�_�g�b�y��d�����l�h���g�Z�[�e�x�^�Z�l�_�e�v��

�f�h�`�_�l�� �m�d�Z�a�Z�l�v�����û�O�h�l�k�q = 0,5d �i�j�b�� �h�d�j�m�]�e�_�g�b�b�� �^�h�� �p�_�e�u�o�� �^�_�e�_�g�b�c�����û�O�h�l�k�q = 0,3d, �_�k�e�b��

�h�l�k�q�b�l�u�\�Z�x�l�k�y���p�_�e�u�_���^�_�e�_�g�b�y���b���i�h�e�h�\�b�g�u�����û�O�h�l�k�q = 0,1d�����_�k�e�b���m�^�Z�_�l�k�y���o�h�j�h�r�h���h�l�k�q�b�l�u�\�Z�l�v��

�g�Z���]�e�Z�a���^�_�k�y�l�u�_���^�h�e�b���^�_�e�_�g�b�y�� 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y���û�O�h�l�k�q �\�� �O�b�[�b�g�Z�o�� �\�� �Z�i�j�_�e�_�� ���������� �]���� �[�u�e�� �i�h�k�l�Z�\�e�_�g�� �k�e�_�^�m�x�s�b�c��

�w�d�k�i�_�j�b�f�_�g�l���� �I�h�� �r�_�k�l�b�� �j�_�c�d�Z�f, �g�Z�o�h�^�y�s�b�o�k�y�� �h�l�� �f�_�k�l�Z�� �g�Z�[�e�x�^�_�g�b�c�� �g�Z�� �j�Z�k�k�l�h�y�g�b�b  

2100-2300 �f , ������ �j�Z�[�h�l�g�b�d�h�\�� �p�_�o�Z�� �i�j�h�l�b�\�h�e�Z�\�b�g�g�h�c�� �a�Z�s�b�l�u�� �d�h�f�[�b�g�Z�l�Z�� �©�:�i�Z�l�b�l�ª�� ���P�I�A����

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

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

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

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

�b�a�f�_�j�_�g�b�c���k���h�r�b�[�d�Z�f�b���\���h�i�j�_�^�_�e�_�g�g�u�o���]�j�Z�^�Z�p�b�y�o�����j�b�k�m�g�h�d 1). 

 

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

Figure 1. Distribution of the number of measurements with errors in given gradations 

�H�q�_�\�b�^�g�h�����q�l�h���l�j�_�[�m�_�f�Z�y���l�h�q�g�h�k�l�v���k���i�h�f�h�s�v�x���w�l�h�]�h���f�_�l�h�^�Z���b�a�f�_�j�_�g�b�c���g�_�^�h�k�l�b�`�b�f�Z����

�H�l�g�h�k�b�l�_�e�v�g�Z�y�� �q�Z�k�l�h�l�Z�� �h�r�b�[�h�d�� �G�û�O�h�l�k�q �G�!��0,3 �f�� �j�Z�\�g�Z�� �i�j�b�f�_�j�g�h 0,17���� �<�h�h�[�s�_�� �]�h�\�h�j�y����

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

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

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

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

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

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

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

�b�g�l�_�j�\�Z�e�Z�� �h�r�b�[�d�b�� �G�û�O�h�l�k�q�G�”��0,3 �f���k�h�k�l�Z�\�b�e�Z�� �e�b�r�v�� ������������ �<�� �]�h�^�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z��

�k�g�_�]�h�f�_�j�g�Z�y�� �k�_�l�v���P�I�A �k�h�k�l�h�y�e�Z�� �b�a�� �i�j�b�f�_�j�g�h�� �������� �k�g�_�]�h�f�_�j�g�u�o�� �j�_�_�d���� �W�l�h�� �h�a�g�Z�q�Z�_�l���� �q�l�h��

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

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

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

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

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

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

�\�� �^�b�Z�i�Z�a�h�g�_���h�l�� ���������� �f���^�h������������ �f���� �H�q�_�\�b�^�g�h���� �q�l�h�� �l�j�_�[�m�_�f�Z�y���l�h�q�g�h�k�l�v���g�_���h�[�_�k�i�_�q�b�\�Z�_�l�k�y���� �?�s�_��

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

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

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

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

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

�b�g�l�_�j�\�Z�e�����L�Z�[�e�b�p�Z 2). 

�L�Z�[�e�b�p�Z���������H�p�_�g�d�b���^�h�\�_�j�b�l�_�e�v�g�h�c���\�_�j�h�y�l�g�h�k�l�b���b�g�l�_�j�\�Z�e�h�\��h�¶ �j�Z�a�e�b�q�g�h�c���\�_�e�b�q�b�g�u 

Table 2. Assessments of the fiducial probability of intervals �K�¶ of various sizes  

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

h�¶�“������ 0,47 

h�¶�“������ 0,61 

h�¶�“������ 0,72 

h�¶�“������ 0,86 

�K�¶�“������ 0,95 

�K�¶�“������ 0,97 

�K�¶�“������ 0,98 

�K�¶�“������ 0,997 

 

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

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

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

�g�_�^�h�k�l�Z�l�h�q�g�h�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �g�Z�^�_�`�g�h�� �h�l�k�q�b�l�Z�l�v�� �^�_�k�y�l�u�_�� �^�h�e�b�� �f�_�l�j�Z���� �D�j�h�f�_�� �l�h�]�h����

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

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

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

�i�h�k�e�_�^�m�x�s�_�c�� �h�p�_�g�d�h�c�� �\�u�k�h�l�u�� �k�g�_�]�Z�� �i�h�� �k�g�b�f�d�Z�f���� �I�h-�\�b�^�b�f�h�f�m���� �w�l�b�� �i�j�b�_�f�u�� �i�h�\�u�r�Z�x�l��

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

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

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

�h�l�j�Z�`�Z�_�l���k�g�_�]�h�g�Z�d�h�i�e�_�g�b�_���\���e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o�����D�Z�d���[�u�e�h���k�d�Z�a�Z�g�h���\�u�r�_�����h�l�\�_�l���g�Z���w�l�h�l���\�h�i�j�h�k��

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

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

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

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

�Q�_�j�g�h�m�k, �;�Z�j�Z�r�_�\�����N�_�^�h�j�_�g�d�h, �������������Q�_�j�g�h�m�k�����K�_�e�b�\�_�j�k�l�h�\�����K�m�q�d�h�\����2015�����Q�_�j�g�h�m�k�����H�k�h�d�b�g����

�Q�_�j�g�h�\�������������� Chernous, Fedorenko, Barashev, 2006, 2008] �\���O�b�[�b�g�Z�o���������������± �����������]�]���������g�Z���:�e�l�Z�_��

���K�_�f�b�g�k�d�b�c���o�j�_�[�_�l���������������]���������\���<�h�k�l�h�q�g�h�c���K�b�[�b�j�b�����;�Z�c�d�Z�e�v�k�d�b�c���o�j�_�[�_�l���������������]�������b���g�Z���D�Z�\�d�Z�a�_��

���o�j�_�[�_�l�� �:�b�[�]�Z���� ���������� �]�������� �g�Z�� �R�i�b�p�[�_�j�]�_�g�_�� ���]���� �M�e�Z�\���� ���������� �]������ �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\��

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

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

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

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

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

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

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

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

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

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

�;�Z�c�d�Z�e�v�k�d�h�f�� �o�j�_�[�l�Z�o�� �b�� �o�j�_�[�l�_�� �:�b�[�]�Z�� �b�a-�a�Z�� �[�h�e�v�r�h�c�� �h�[�s�_�c�� �l�h�e�s�b�g�u�� �k�g�_�]�Z�� �b�a�f�_�j�_�g�b�y��

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

�l�h�e�s�b�g�u�� �\�_�j�o�g�_�]�h�� �k�e�h�y�� �k�g�_�]�Z�� �i�j�h�\�h�^�b�e�b�k�v�� �\�h�� �\�k�_�o�� �j�Z�c�h�g�Z�o���� �<�� �O�b�[�b�g�Z�o�� �k�j�_�^�g�y�y�� �l�h�e�s�b�g�Z��

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

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

�h�k�j�_�^�g�_�g�g�u�o���i�h���]�j�Z�^�Z�p�b�y�f���* �ñ
$
$
$ �a�g�Z�q�_�g�b�c���ê�Á
�ñ �h�l���k�j�_�^�g�_�c���l�h�e�s�b�g�u���k�g�_�`�g�h�]�h���i�h�d�j�h�\�Z�����<�_�e�b�q�b�g�Z��

�ê�Á
�ñ  �j�Z�\�g�h�f�_�j�g�h�� �\�h�a�j�Z�k�l�Z�_�l�� �\�� �b�g�l�_�j�\�Z�e�_�� �k�j�_�^�g�_�c�� �l�h�e�s�b�g�u�� �h�l�� �������� �^�h�� �������� �f�� �Z�� �^�Z�e�_�_���� �k��

�\�h�a�j�Z�k�l�Z�g�b�_�f�� �k�j�_�^�g�_�c�� �\�u�k�h�l�u���� �h�k�l�Z�_�l�k�y�� �i�h�k�l�h�y�g�g�h�c���� �j�Z�\�g�h�c�� �������� �± �������� �f���� �K�j�_�^�g�y�y�� �l�h�e�s�b�g�Z��

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

0,23 �f�����ê�Û
�ñ �h�l�������������f���^�h�������������f�����Z���d�h�w�n�n�b�p�b�_�g�l�u���\�Z�j�b�Z�p�b�b��cv �h�l�����������^�h���������� 
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�L�Z�[�e�b�p�Z���������D�j�Z�l�d�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �m�q�Z�k�l�d�h�\���g�Z�[�e�x�^�_�g�b�c 

Table 3. Brief description of study plots 

�J�Z�c�h�g 
�>�h�e�]�h�l�Z��

���]�j�Z�^���� 

�R�b�j�h�l�Z����

���]�j�Z�^�� 

�<�u�k�h�l�Z��

���f�� 

�D�j�m�l�b�a�g�Z�� 

���]�j�Z�^���� 
�W�d�k�i�h�a�b�p�b�y 

�I�h�^�k�l�b�e����

�i�h�\�_�j�o�g�h�k�l�v 

�O�b�[�b�g�u�� �]�h�j�Z��

�:�c�d�m�Z�c�\�_�g�q�h�j�j 
33,77 67,60 

500-

1100 
10-30 

�X�<�����X����

�X�A�����A�����K�A 

�H�[�e�h�f�h�q�g�u�c��

�f�Z�l�_�j�b�Z�e����

�k�l�Z�j�u�c���k�g�_�] 

�K�_�f�b�g�k�d�b�c��

�o�j�_�[�_�l 
85,61 51,04 

1700-

1800 
10 �<�����K�< �K�l�Z�j�u�c���k�g�_�] 

�;�Z�c�d�Z�e�v�k�d�b�c��

�o�j�_�[�_�l 
108,80 55,74 

1000-

1200 
15-20 �K �K�l�Z�j�u�c���k�g�_�] 

�O�j�_�[�_�l���:�b�[�]�Z 40,29 43,64 
1500-

2000 
25-35 �K �K�l�Z�j�u�c���k�g�_�] 

�R�i�b�p�[�_�j�]�_�g����

�]�h�j�Z���M�e�Z�\ 

78,06 14,23 
100-

150 
15 �A�X�A 

�A�Z�^�_�j�g�h�\�Z�g����

�]�j�m�g�l 

78,07 14,26 
300-

400 
30 �A�K�A 

�K�d�Z�e�v�g�Z�y��

�i�h�\�_�j�o�g�h�k�l�v 

�A�Z�i�����L�y�g�v-�R�Z�g�v 41,16 70,07 2000   �L�j�Z�\�y�g�b�k�l�Z�y 

 

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

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

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

�N�Á
�ñ�:�H�; 
L �r�á�{�v�A�T�L�:
F�r�á�t�t�H�4�á�:�; �; (16) 

�N�Á
�ñ�:�H�; 
L �r�á�{�v�>�s 
F �:�r�á�r�t�H�;�4�á�7�7�? (17) 

�N�Û
�ñ�:�H�; 
L �r�á�{�A�T�L�:
F�r�á�u�v�H�4�á�:�7�; (18) 

�N�Û
�ñ�:�H�; 
L �r�á�{�>�s 
F �:�r�á�r�w�H�;�4�á�7�<�? (19) 

�H�k�j�_�^�g�_�g�g�u�_�� �w�f�i�b�j�b�q�_�k�d�b�_ �d�h�j�j�_�e�y�p�b�h�g�g�u�_�� �n�m�g�d�p�b�b���N�Á
�ñ�:�H�;���� �i�h�e�m�q�_�g�g�u�_ �i�h��

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

�i�Z�^�_�g�b�y�� �k�d�e�h�g�Z���� �i�j�Z�d�l�b�q�_�k�d�b�� �k�h�\�i�Z�^�Z�x�l���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�[ �b�a�h�l�j�h�i�g�h�k�l�b�� �i�h�e�y��H. 
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�H�r�b�[�d�b�� �e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b���Ý�Á�:�H�;  �\�� �i�h�e�_�� �l�h�e�s�b�g�u�� �k�g�_�]�Z��H �^�e�y�� �j�Z�a�e�b�q�g�u�o����H 

�i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_ 4. 

�L�Z�[�e�b�p�Z�� �������A�g�Z�q�_�g�b�y�� �h�r�b�[�h�d�� �e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b�� �l�h�e�s�b�g�u�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z���0H(l) �\��

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

�d�h�j�j�_�e�y�p�b�h�g�g�h�c���n�m�g�d�p�b�_�c������������ 

Table 4. Errors of linear interpolation of snowpack thickness �0H(l) depending on the distance between 

measurement points l and measurement errors ��H for the field with the correlation function (16) 

�O�����f 
�ÌH 

0,0 0,1 0,2 0,3 0,5 1,0 1,5 

0 0,00 0,07 0,14 0,21 0,35 0,71 1,06 

3 0,56 0,57 0,58 0,60 0,67 0,90 1,20 

5 0,66 0,66 0,67 0,69 0,74 0,96 1,25 

10 0,79 0,80 0,81 0,82 0,87 1,06 1,33 

20 0,94 0,94 0,95 0,96 1,00 1,18 1,42 

30 1,02 1,02 1,03 1,04 1,08 1,24 1,47 

50 1,11 1,11 1,12 1,13 1,16 1,31 1,53 

70 1,15 1,15 1,16 1,17 1,20 1,35 1,57 

100 1,19 1,19 1,19 1,20 1,24 1,38 1,59 

 

�A�g�Z�q�_�g�b�_�� �h�r�b�[�d�b�� �b�g�l�_�j�i�h�e�y�p�b�b �Ý�Á�:�H�; �^�e�y�� �k�m�s�_�k�l�\�m�x�s�_�c�� �\�� �o�b�[�b�g�k�d�b�o�� �e�Z�\�b�g�g�u�o��

�h�q�Z�]�Z�o���b�a�f�_�j�b�l�_�e�v�g�h�c���k�_�l�b���k���o�Z�j�Z�d�l�_�j�g�u�f���j�Z�k�k�l�h�y�g�b�_�f���f�_�`�^�m���k�g�_�]�h�f�_�j�g�u�f�b���j�_�c�d�Z�f�b���± 50 �f��

�b�� �i�j�b�k�m�s�b�f�b�� �f�_�l�h�^�m �h�i�j�_�^�_�e�_�g�b�x�� �\�u�k�h�l�u�� �k�g�_�]�Z�� �h�r�b�[�d�Z�f���ûH �± 0,25 �f�� ���d�Z�d�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h��

�\�u�r�_�� �w�l�Z�� �h�r�b�[�d�Z�� �_�s�_�� �[�h�e�v�r�_���� �b���1H �± �������� �f���� �j�Z�\�g�y�_�l�k�y�� �i�j�b�f�_�j�g�h�� ���������� �H�r�b�[�d�Z��EH �i�j�b�� �w�l�h�f��

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

�j�Z�a�e�b�q�b�y�� �\�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �n�m�g�d�p�b�c���� �a�g�Z�q�_�g�b�y���Ý�Û�:�H�; �i�j�b�� �g�_�[�h�e�v�r�b�o��l �g�_�k�d�h�e�v�d�h�� �\�u�r�_��

���^�h�� ���������� �Z�g�Z�e�h�]�b�q�g�u�o�� �a�g�Z�q�_�g�b�c���Ý�Á�:�H�;���� �K�� �m�\�_�e�b�q�_�g�b�_�f��l �w�l�Z�� �j�Z�a�g�b�p�Z�� �m�f�_�g�v�r�Z�_�l�k�y�� �b�� �g�Z��

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

�Z�[�k�h�e�x�l�g�u�_���h�r�b�[�d�b���b�g�l�_�j�i�h�e�y�p�b�b��Eh �\���h�k�g�h�\�g�h�f���[�m�^�m�l���f�_�g�v�r�_�����q�_�f��EH �b�a-�a�Z���j�Z�a�g�b�p�u���\���1h �b��

�1H���� �H�^�g�Z�d�h�� �h�r�b�[�d�b���� �h�l�g�_�k�_�g�g�u�_�� �d�� �l�h�e�s�b�g�_�� �k�g�_�]�Z�� �\�� �l�h�q�d�_�� �b�g�l�_�j�i�h�e�y�p�b�b���� �d�h�l�h�j�u�_�� �y�\�e�y�x�l�k�y��

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

�q�_�f���^�e�y��H. 
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�L�Z�[�e�b�p�Z�� �������A�g�Z�q�_�g�b�y�� �h�r�b�[�h�d�� �e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b�� �l�h�e�s�b�g�u�� �\�_�j�o�g�_�]�h�� �k�e�h�y�� �k�g�_�]�Z���0h(l) �\��

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

�d�h�j�j�_�e�y�p�b�h�g�g�h�c���n�m�g�d�p�b�_�c������������ 

Table 5. The values of errors of linear interpolation of the thickness of the upper snow layer �0h(l) 

depending on the distance between the measurement points and measurement errors for a field with 

the correlation function (18). 

�O�����f 
�Ì 

0,0 0,1 0,2 0,3 0,5 1,0 1,5 

0 0,00 0,07 0,14 0,21 0,35 0,71 1,06 

3 0,68 0,68 0,70 0,71 0,77 0,98 1,26 

5 0,78 0,78 0,79 0,81 0,85 1,05 1,32 

10 0,91 0,92 0,92 0,94 0,98 1,15 1,40 

20 1,04 1,04 1,05 1,06 1,10 1,26 1,49 

30 1,10 1,11 1,11 1,12 1,16 1,31 1,53 

50 1,17 1,17 1,17 1,18 1,22 1,36 1,58 

70 1,19 1,19 1,20 1,21 1,24 1,39 1,60 

100 1,21 1,21 1,22 1,23 1,26 1,40 1,61 

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

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

�\�_�e�b�q�b�g�u���g�Z���i�e�h�s�Z�^�b��S � �������������f2 �b�a�f�_�j�_�g�b�_�f���i�h���h�^�g�h�c���k�g�_�]�h�f�_�j�g�h�c���j�_�c�d�_�����m�k�l�Z�g�h�\�e�_�g�g�h�c���\��

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

�w�l�h�f���h�r�b�[�d�Z����H, �h�l�g�_�k�_�g�g�Z�y���d���k�j�_�^�g�_�c���\�_�e�b�q�b�g�_��H � �������f���j�Z�\�g�Z���������������O�h�l�y���h�p�_�g�d�b����H �g�_�k�d�h�e�v�d�h��

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

�������������g�Z���i�j�Z�d�l�b�d�_�����a�Z���k�q�_�l���l�h�]�h�����q�l�h���1H > �1h�����q�Z�s�_���\�k�_�]�h�����Z�[�k�h�e�x�l�g�Z�y���h�r�b�[�d�Z����H �!����h�����D�Z�d���b���\��

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

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

�^�e�y��H. �<�_�e�b�q�b�g�u�� �h�r�b�[�h�d���Ù�Á
�6  �h�p�_�g�b�\�Z�e�b�k�v�� �^�e�y�� �k�e�m�q�Z�y���� �d�h�]�^�Z�� �b�a�f�_�j�_�g�b�y�� �i�j�h�\�h�^�y�l�k�y�� �\��n 

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

�Z�j�b�n�f�_�l�b�q�_�k�d�b�f����H(l) �i�j�b���j�Z�a�e�b�q�g�u�o��S , n �b����H �^�e�y���i�h�e�y���k���d�h�j�j�_�e�y�p�b�h�g�g�h�c���n�m�g�d�p�b�_�c������������ 

Table 6. Errors of substitution of the mean integral value of the snowpack thickness by mean 

arithmetical ��H(l) for various S, n and ��H for a field with the correlation function (17). 

n 1 �f2 10 �f2 100 �f2 1000 �f2 

 �Ì = 0 

1 0,43 0,52 0,63 0,76 

2 0,29 0,35 0,42 0,51 

5 0,17 0,21 0,25 0,3 

10 0,11 0,14 0,16 0,2 

20 0,08 0,09 0,11 0,13 

50 0,04 0,05 0,06 0,08 

 �Ì = 0,1 

1 0,44 0,53 0,64 0,77 

2 0,30 0,43 0,43 0,51 

5 0,18 0,25 0,25 0,3 

10 0,12 0,17 0,17 0,2 

20 0,08 0,11 0,11 0,13 

50 0,05 0,07 0,07 0,08 

 �Ì = 0,2 

1 0,48 0,56 0,66 0,79 

2 0,32 0,38 0,44 0,53 

5 0,19 0,22 0,25 0,31 

10 0,13 0,15 0,18 0,21 

20 0,09 0,10 0,12 0,14 

50 0,05 0,06 0,07 0,08 

 �Ì = 0,5 

1 0,66 0,72 0,8 0,91 

2 0,46 0,50 0,55 0,62 

5 0,28 0,30 0,33 0,37 

10 0,19 0,21 0,23 0,25 

20 0,14 0,14 0,16 0,17 

50 0,08 0,09 0,1 0,11 
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�L�Z�[�e�b�p�Z�� �������H�r�b�[�d�b�� �a�Z�f�_�g�u�� �k�j�_�^�g�_�c�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �l�h�e�s�b�g�u�� �\�_�j�o�g�_�]�h�� �k�e�h�y�� �k�g�_�]�Z�� �k�j�_�^�g�b�f��

�Z�j�b�n�f�_�l�b�q�_�k�d�b�f����h(l) �i�j�b���j�Z�a�e�b�q�g�u�o��S, n �b����h �^�e�y���i�h�e�y���k���d�h�j�j�_�e�y�p�b�h�g�g�h�c���n�m�g�d�p�b�_�c������������ 

Table 7. Errors of substitution of the mean integral value of the upper snow layer thickness by mean 

arithmetical ��h(l) for various S, n and ��h for a field with the correlation function (19). 

n �����f2 �������f2 ���������f2 �����������f2 

 �Ì = 0,0 

1 0,44 0,54 0,68 0,84 

2 0,29 0,36 0,45 0,56 

5 0,17 0,21 0,26 0,32 

10 0,11 0,14 0,17 0,21 

20 0,07 0,09 0,11 0,14 

50 0,04 0,05 0,07 0,08 

 �Ì = 0,1 

1 0,45 0,55 0,69 0,85 

2 0,30 0,37 0,45 0,56 

5 0,17 0,21 0,26 0,33 

10 0,12 0,14 0,18 0,22 

20 0,08 0,09 0,12 0,14 

50 0,04 0,05 0,07 0,08 

 �Ì = 0,2 

1 0,48 0,58 0,71 0,87 

2 0,32 0,39 0,47 0,58 

5 0,19 0,23 0,28 0,34 

10 0,13 0,15 0,18 0,22 

20 0,09 0,10 0,12 0,15 

50 0,05 0,06 0,07 0,09 

 �Ì = 0,5 

1 0,66 0,74 0,84 0,98 

2 0,46 0,51 0,57 0,66 

5 0,28 0,31 0,34 0,39 

10 0,19 0,21 0,23 0,27 

20 0,13 0,14 0,16 0,18 

50 0,08 0,09 0,10 0,11 
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�L�Z�[�e�b�p�Z�� �������H�r�b�[�d�b���a�Z�f�_�g�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �h�`�b�^�Z�g�b�y�� �k�j�_�^�g�b�f�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�f�� �^�e�y�� �i�h�e�y��

�h�[�s�_�c�� �l�h�e�s�b�g�u�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z���.H �i�j�b�� �j�Z�a�e�b�q�g�u�o��L, n �b����H �b�� �d�h�j�j�_�e�y�p�b�h�g�g�h�c��

�n�m�g�d�p�b�_�c (16). 

Table 8. Errors of substitution of mathematical expectation by mean arithmetical �.H for various L, n 

and ��H for a field with correlation (16). 

n 10 �f  20 �f  50 �f  100 �f  

 �Ì = 0 

2 0,83 0,77 0,73 0,71 

4 0,80 0,72 0,61 0,55 

6 0,80 0,71 0,59 0,50 

10 0,80 0,71 0,57 0,47 

20 0,80 0,71 0,57 0,45 

30 0,80 0,71 0,57 0,45 

 �Ì = 0,2 

2 0,84 0,79 0,64 0,72 

4 0,81 0,73 0,62 0,55 

6 0,80 0,72 0,59 0,50 

10 0,80 0,72 0,58 0,47 

20 0,80 0,72 0,57 0,46 

30 0,80 0,72 0,57 0,45 

 �Ì = 0,5 

2 0,90 0,85 0,81 0,79 

4 0,84 0,76 0,66 0,60 

6 0,82 0,74 0,62 0,54 

10 0,82 0,73 0,60 0,49 

20 0,81 0,72 0,58 0,47 

30 0,81 0,72 0,58 0,46 

 

�D�Z�d�� �\�b�^�g�h�����L�Z�[�e�b�p�Z �������� �h�r�b�[�d�b���.H �^�h�\�h�e�v�g�h�� �\�_�e�b�d�b�� �b�� �^�Z�`�_�� �h�q�_�g�v�� �a�g�Z�q�b�l�_�e�v�g�h�_��

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

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

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

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

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

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

�k�d�e�h�g�_�� �<���O�b�[�b�g�Z�o���^�e�y���k�g�_�]�h�f�_�j�g�h�c���k�_�l�b �k���j�Z�a�f�_�s�_�g�b�_�f���l�h�q�_�d���b�a�f�_�j�_�g�b�y���q�_�j�_�a���������f���a�g�Z�q�_�g�b�y��

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

�Ù�Á
�6 
L

�5�>���.

�á
 (21) 

�M�q�b�l�u�\�Z�y���� �q�l�h�� �k�\�y�a�g�h�k�l�v�� �i�h�e�y��h �g�b�`�_���� �q�_�f�� �i�h�e�y��H���� �h�r�b�[�d�b���.h �[�m�^�m�l�� �f�_�g�v�r�_��

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

�j�Z�k�k�l�h�y�g�b�y�o���f�_�`�^�m���l�h�q�d�Z�f�b���b�a�f�_�j�_�g�b�c���g�_���f�_�g�_�_���������f�� 

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

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

�H�p�_�g�d�b�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �n�m�g�d�p�b�c�� �b�� �^�b�k�i�_�j�k�b�c�� �l�h�e�s�b�g�u�� �k�g�_�]�Z�� �g�Z�� �R�i�b�p�[�_�j�]�_�g�_��

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

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

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

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

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

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

�K�_�e�b�\�_�j�k�l�h�\���� �K�m�q�d�h�\����2015]. �W�f�i�b�j�b�q�_�k�d�b�_�� �k�l�j�m�d�l�m�j�g�u�_�� �n�m�g�d�p�b�b���� �i�h�e�m�q�_�g�g�u�_�� �\�� �A�Z�i�Z�^�g�h�f��

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

�b�a�f�_�j�y�x�l�k�y�� �f�g�h�]�b�f�b�� �^�_�k�y�l�d�Z�f�b�� �f�_�l�j�h�\��[�Q�b�j�d�h�\�Z���� ��������a]���� �F�Z�d�k�b�f�Z�e�v�g�u�_�� �\�_�e�b�q�b�g�u���1H �g�Z��

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

�j�Z�c�h�g�_���k�g�_�]�h�e�Z�\�b�g�g�h�c���k�l�Z�g�p�b�b���>�m�d�Z�g�l��[�Q�b�j�d�h�\�Z������������b]. �G�Z���:�e�l�Z�_���b���g�Z���;�Z�c�d�Z�e�v�k�d�h�f���o�j�_�[�l�_��

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

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

�k�g�_�]�Z���\���O�b�[�b�g�Z�o�����?�k�e�b���^�e�y���O�b�[�b�g���^�e�y���k�e�h�y���k�j�_�^�g�_�c���l�h�e�s�b�g�h�c�����������f���b���[�h�e�v�r�_���h�g�b���k�h�k�l�Z�\�e�y�e�b��

0,3 - �������� �f���� �l�h�� �g�Z���:�e�l�Z�_���b���g�Z���;�Z�c�d�Z�e�v�k�d�h�f���o�j�_�[�l�_���g�_���i�j�_�\�u�r�Z�e�b������������ �f���� �Z���^�e�y���\�_�j�o�g�b�o���k�e�h�_�\��

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

�^�e�y���D�Z�\�d�Z�a�Z���g�Z�o�h�^�y�l�k�y���\���^�b�Z�i�Z�a�h�g�_ 0,06 �± �����������f�����D�h�w�n�n�b�p�b�_�g�l�u���\�Z�j�b�Z�p�b�b���l�h�e�s�b�g�u���k�g�_�]�Z���g�Z��

�k�d�e�h�g�Z�o���\�� �O�b�[�b�g�Z�o������������- �������� �^�e�y���\�_�j�o�g�_�]�h���k�e�h�y���k�g�_�]�Z�����[�u�e�b���l�Z�d�`�_���a�g�Z�q�b�l�_�e�v�g�h���\�u�r�_���� �q�_�f�� �\��

�^�j�m�]�b�o�� �j�Z�c�h�g�Z�o���� �:�e�l�Z�c�� �b�� �;�Z�c�d�Z�e�v�k�d�b�c�� �o�j�_�[�_�l�� �± 0,06 �± ������������ �D�Z�\�d�Z�a�� �± 0,07 �± 0,3 [�Q�_�j�g�h�m�k����

�K�_�e�b�\�_�j�k�l�h�\���� �K�m�q�d�h�\����2015]���� �H�q�_�\�b�^�g�h���� �q�l�h�� �q�_�f�� �\�u�r�_�� �k�\�y�a�g�h�k�l�v�� �i�h�e�y�� ���q�_�f�� �[�h�e�v�r�_�� �j�Z�^�b�m�k�u��
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�d�h�j�j�_�e�y�p�b�b�����b���q�_�f���f�_�g�v�r�_���j�Z�a�[�j�h�k���a�g�Z�q�_�g�b�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���\���i�j�h�k�l�j�Z�g�k�l�\�_�����q�_�f���f�_�g�v�r�_���1��), 

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

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

���h�r�b�[�d�Z�� �b�a�f�_�j�_�g�b�y���ûH � �� �“�� ���������� �f���� �\�� �]�h�j�Z�o�� �L�y�g�v-�R�Z�g�y�� �\�� �j�Z�c�h�g�_�� �k�g�_�]�h�e�Z�\�b�g�g�h�c�� �k�l�Z�g�p�b�b��

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

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

�f�h�`�g�h���^�h�[�b�l�v�k�y���i�j�b�f�_�j�g�h���l�Z�d�b�o���`�_���h�r�b�[�h�d���b�g�l�_�j�i�h�e�y�p�b�b���g�Z���:�e�l�Z�_���b���;�Z�c�d�Z�e�v�k�d�h�f���o�j�_�[�l�_�����<��

�j�Z�c�h�g�_���i�_�j�_�\�Z�e�Z���D�Z�f�q�b�d���b���g�Z���D�Z�\�d�Z�a�_���h�r�b�[�d�b���b�g�l�_�j�i�h�e�y�p�b�b���[�m�^�m�l���m�`�_���\���j�Z�a�u���[�h�e�v�r�_�����K�Z�f�u�_��

�[�h�e�v�r�b�_���h�r�b�[�d�b �0H �0h ��H ��h �.H �.h �g�Z�[�e�x�^�Z�x�l�k�y���\���O�b�[�b�g�Z�o���b���g�Z���R�i�b�p�[�_�j�]�_�g�_�����H�l�g�h�k�b�l�_�e�v�g�Z�y��

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

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

�i�h�d�j�h�\�Z�����J�Z�a�e�b�q�b�y���k�h�k�l�Z�\�e�y�x�l���g�_���[�h�e�_�_���������� 

�I�e�h�l�g�h�k�l�v���k�g�_�]�Z 

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

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

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

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

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

52 �f�f���b���^�e�b�g�h�c�����������f�f�����Z���l�Z�d�`�_���e�Z�[�h�j�Z�l�h�j�g�h�]�h���^�b�g�Z�f�h�f�_�l�j�Z���k�h���r�d�Z�e�h�c���\�����������]�����]�j�Z�^�m�b�j�h�\�d�Z��

�d�h�l�h�j�h�]�h�� �\�u�i�h�e�g�_�g�Z�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �a�g�Z�q�_�g�b�y�o�� �i�e�h�l�g�h�k�l�b�� �k�� �p�_�g�h�c�� �^�_�e�_�g�b�y������������ �]���k�f3. 

�K�j�_�^�g�y�y�� �i�e�h�l�g�h�k�l�v �\�� �h�l�^�_�e�v�g�u�o�� �i�j�h�n�b�e�y�o�� �b�a�f�_�g�y�e�Z�k�v �h�l�� ���������� �]���k�f3 �^�h�� ���������� �]���k�f3���� �Z��

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

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

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

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

�N���ñ�:�H�; 
L �r�á�y�A�T�L�:
F�r�á�v�u�H�4�á�9�4�; (22) 

�N���ñ�:�H�; 
L �r�á�y�>�s 
F �:�r�á�r�u�H�;�4�á�6�=�? (23) 

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

�q�l�h���\�_�e�b�q�b�g�Z���k�j�_�^�g�_�c���d�\�Z�^�j�Z�l�b�q�_�k�d�h�c���h�r�b�[�d�b���b�a�f�_�j�_�g�b�c���k�h�k�l�Z�\�e�y�_�l���h�d�h�e�h���������1�! �b���g�Z�o�h�^�b�l�k�y��

�\���b�g�l�_�j�\�Z�e�_���������������± �����������]���k�f2�����D�Z�d���b���^�e�y���l�h�e�s�b�g�u���k�g�_�`�g�h�]�h���i�h�d�j�h�\�Z�����d�h�j�j�_�e�y�p�b�h�g�g�u�_���k�\�y�a�b���\��
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�i�h�e�_�� �i�e�h�l�g�h�k�l�b�� �j�_�a�d�h�� �i�Z�^�Z�x�l�� �k�� �j�Z�k�k�l�h�y�g�b�_�f���� �I�j�b�q�_�f���� �g�Z�b�[�h�e�v�r�_�_�� �m�f�_�g�v�r�_�g�b�_ 

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

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

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

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

�^�e�y���j�Z�c�h�g�h�\���:�e�l�Z�y���b���;�Z�c�d�Z�e�v�k�d�h�]�h���o�j�_�[�l�Z���± 0,04 �± 0,12 [�Q�_�j�g�h�m�k�����K�_�e�b�\�_�j�k�l�h�\�����K�m�q�d�h�\����2015], 

�Z���l�Z�d�`�_ �i�h�e�m�q�_�g�g�u�_���j�Z�g�_�_���^�e�y���j�Z�c�h�g�h�\ �A�Z�i�Z�^�g�h�]�h���L�y�g�v-�R�Z�g�y���b���I�j�b�w�e�v�[�j�m�k�v�y��[�<�h�c�l�d�h�\�k�d�b�c����

�=�h�e�m�[�_�\���� �<�h�c�l�d�h�\�k�d�b�c, 1986]���� �k�� �w�l�h�c�� �`�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c���� �i�h�e�m�q�_�g�g�h�c�� �\�� �O�b�[�b�g�Z�o�� �^�e�y��

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

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

�b�g�l�_�j�i�h�e�y�p�b�b�� �j�Z�\�g�h�c���1�!���� �A�g�Z�q�_�g�b�y�� �h�r�b�[�d�b�� �e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b���0�! �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

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

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

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

�0�! �f�h�]�m�l���b�k�i�h�e�v�a�h�\�Z�l�v�k�y���h�p�_�g�d�b���0h�����M�q�b�l�u�\�Z�y�����q�l�h���d�h�w�n�n�b�p�b�_�g�l�u���\�Z�j�b�Z�p�b�b���i�e�h�l�g�h�k�l�b���\���^�j�m�]�b�o��

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

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

�d�h�l�h�j�u�o�� �b�f�_�x�l�k�y�� �h�p�_�g�d�b���0h���� �f�h�`�g�h�� �i�h�i�u�l�Z�l�v�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �b�o�� �^�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z��

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

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

�<�j�_�f�_�g�g�h�_���k�h�i�j�h�l�b�\�e�_�g�b�_���k�^�\�b�]�m ���k�p�_�i�e�_�g�b�_�� 

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

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

�b���A�Z�i�Z�^�g�h�f�� �L�y�g�v-�R�Z�g�_ [�D�Z�g�Z�_�\���� ������������ �;�h�`�b�g�k�d�b�c���� �Q�_�j�g�h�m�k, 1986]���� �<�� �O�b�[�b�g�Z�o�� �b�a�f�_�j�_�g�b�y��

�i�j�h�\�h�^�b�e�b�k�v���i�h���f�_�l�h�^�b�d�_���L�G�B�B�K3 �k���i�h�f�h�s�v�x���j�Z�f�d�b�������o�������k�f2 �b���^�b�g�Z�f�h�f�_�l�j�Z�����B�a�f�_�j�y�e�h�k�v��

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

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

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

�k�h�i�j�h�l�b�\�e�_�g�b�y���k�^�\�b�]�m���f�h�`�g�h���i�j�b�g�y�l�v���j�Z�\�g�u�f�b���i�j�h�q�g�h�k�l�b���k�g�_�]�Z���g�Z���k�^�\�b�]���b�e�b���k�p�_�i�e�_�g�b�x��C. 

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

                                                 
3 �J�m�d�h�\�h�^�k�l�\�h���i�h���k�g�_�]�h�e�Z�\�b�g�g�u�f���j�Z�[�h�l�Z�f�����\�j�_�f�_�g�g�h�_�������E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 



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

 

 

134  
 

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

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

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

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

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

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

�N�¼
�ñ�:�H�; 
L �r�á�y�t�A�T�L�:
F�r�á�u�y�H�4�á�:�8�; (24) 

�N�¼
�ñ�:�H�; 
L �r�á�y�t�>�s 
F �:�r�á�r�w�H�;�4�á�8�4�? (25) 

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

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

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

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

�b�� �^�e�y�� �i�e�h�l�g�h�k�l�b, �h�d�h�e�h�� �������1 �b�� �g�Z�o�h�^�b�l�k�y�� �\�� �b�g�l�_�j�\�Z�e�_��0,04-���������� �d�I�Z���� �;�h�e�v�r�b�g�k�l�\�h��

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

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

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

�\����-�����j�Z�a�Z���\�u�r�_�����q�_�f���i�e�h�l�g�h�k�l�b�����A�g�Z�q�_�g�b�y���h�r�b�[�d�b���e�b�g�_�c�g�h�c���b�g�l�_�j�i�h�e�y�p�b�b���0C �\���a�Z�\�b�k�b�f�h�k�l�b��

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

�d���Z�g�Z�e�h�]�b�q�g�u�f���h�r�b�[�d�Z�f���0h �^�e�y���l�h�e�s�b�g�u���k�\�_�`�_�f�_�l�_�e�_�\�h�]�h���k�g�_�]�Z�����F�Z�d�k�b�f�Z�e�v�g�u�_���j�Z�a�e�b�q�b�y���g�_��

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

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

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

�y�\�e�y�_�l�k�y���1C�����H�l�g�h�k�b�l�_�e�v�g�Z�y���h�r�b�[�d�Z��
�•�?
�G
%

�����d�Z�d���b���h�r�b�[�d�Z���b�a�f�_�j�_�g�b�c��
�ñ�´

�¼�§
 �����^�e�y���k�p�_�i�e�_�g�b�y���\����-�����j�Z�a�Z��

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

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

�l�Z�[�e�b�p�_�c ������ �F�Z�d�k�b�f�Z�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�� �k�� �Z�g�Z�e�h�]�b�q�g�u�f�b�� �h�r�b�[�d�Z�f�b�� �^�e�y�� �l�h�e�s�b�g�u��

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

�k�j�_�^�g�b�f�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�f���.C �i�j�b�� �b�a�f�_�j�_�g�b�b�� �k�p�_�i�e�_�g�b�y�� �\�� �i�j�h�n�b�e�_�� �^�e�b�g�h�c��L �\�� n 

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

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

�������f�����i�h�e�m�q�b�l�v���h�p�_�g�d�b���.C �f�h�`�g�h���k���i�h�f�h�s�v�x������������ 
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�<�h�a�f�h�`�g�h�k�l�b���k�j�Z�\�g�_�g�b�y���i�Z�j�Z�f�_�l�j�h�\���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���b�a�f�_�g�q�b�\�h�k�l�b���k�p�_�i�e�_�g�b�y��C �\��

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

�h�q�_�g�v�� �h�]�j�Z�g�b�q�_�g�u���� �B�o���h�p�_�g�d�b���i�h�e�m�q�_�g�u�� �e�b�r�v�� �^�e�y�� �k�\�_�`�_�\�u�i�Z�\�r�_�]�h�� �k�g�_�]�Z�� �\�� �A�Z�i�Z�^�g�h�f�� �L�y�g�v-

�R�Z�g�_���� �D�h�w�n�n�b�p�b�_�g�l�u�� �\�Z�j�b�Z�p�b�b�� �k�p�_�i�e�_�g�b�y���� �i�h�e�m�q�_�g�g�u�_�� �^�e�y�� �k�\�_�`�_�\�u�i�Z�\�r�_�]�h�� �k�g�_�]�Z�� �\��

�A�Z�i�Z�^�g�h�f�� �L�y�g�v-�R�Z�g�_�� �g�Z�o�h�^�y�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� ���������� �± 0,44 [�D�Z�g�Z�_�\���� ��������]���� �I�j�b�q�_�f�� �e�b�r�v�� �\��

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

�[�h�e�v�r�_�� ������������ �J�Z�^�b�m�k�� �d�h�j�j�_�e�y�p�b�b�� �^�e�y�� �d�h�j�j�_�e�y�p�b�h�g�g�h�c�� �n�m�g�d�p�b�b�� �k�p�_�i�e�_�g�b�y�� �k�\�_�`�_�\�u�i�Z�\�r�_�]�h��

�k�g�_�]�Z���� �i�h�e�m�q�_�g�g�h�c�� �\�� �A�Z�i�Z�^�g�h�f�� �L�y�g�v-�R�Z�g�_, �a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�v�r�_�� ������ �f���� �Z�� �w�f�i�b�j�b�q�_�k�d�Z�y��

�d�h�j�j�_�e�y�p�b�h�g�g�Z�y���n�m�g�d�p�b�y���i�j�b��l � �������h�q�_�g�v���[�e�b�a�d�Z���d���� [�D�Z�g�Z�_�\������������]. 

�L�_�f�i�_�j�Z�l�m�j�Z���k�g�_�]�Z 

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

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

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

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

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

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

�i�e�h�l�g�h�k�l�b����r = -0,63 �± -0,89). 

�N�Z�d�l�h�j���m�k�l�h�c�q�b�\�h�k�l�b 

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

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

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

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

�- 
L ��
�¼�>�Ù���Ú�Û�:�a�m�q�� �;�.

���Ú�Û �q�g�l ���a�m�q��
  (26) 

�]�^�_ f �± �d�h�w�n�n�b�p�b�_�g�l �l�j�_�g�b�y�� 

�%���± �m�]�h�e���k�d�e�h�g�Z�� 

h �± �\�u�k�h�l�Z���k�g�_�`�g�h�]�h �k�e�h�y�� 

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

�h�r�b�[�d�b���b�g�l�_�j�i�h�e�y�p�b�b�����f�h�`�g�h���a�Z�i�b�k�Z�l�v���\���\�b�^�_�� 
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�Ä
�Z 
L �� �Z

�ñ�¼

�¼
�Z �� 
E�� �Z

�ñ��

��
���Z 
E�� �Z

�ñ�Û

�Û
�Z�� (27) 

�]�^�_ �ûK, �û�&, �û�!, �û�K �± �Z�[�k�h�e�x�l�g�u�_���h�r�b�[�d�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���\�_�e�b�q�b�g�� 

�O�Z�j�Z�d�l�_�j�g�u�_�� �a�g�Z�q�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�u�o�� �h�r�b�[�h�d�� �b�a�f�_�j�_�g�b�c���K, �! �b��h �l�j�Z�^�b�p�b�h�g�g�u�f�b��

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

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

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

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

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

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

�]�h�\�h�j�b�l�v�� �m�`�_�� �h�� �k�h�l�g�y�o�� �i�j�h�p�_�g�l�h�\�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �h�r�b�[�d�b�� �\�� �h�i�j�_�^�_�e�_�g�b�b���D �\�� �O�b�[�b�g�Z�o��

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

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

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

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

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

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

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

�k�p�_�i�e�_�g�b�y, �i�h�e�m�q�_�g�g�u�f�� �g�Z�� �A�Z�i�Z�^�g�h�f�� �L�y�g�v-�R�Z�g�_���� �Z�� �l�Z�d�`�_�� �m�q�b�l�u�\�Z�y�� �l�h�q�g�h�k�l�v�� �i�h�e�m�q�_�g�b�y��

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

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

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

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

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

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

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

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

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

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

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

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



�=�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��1 2019 
 

 
 137 

 

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

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

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

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

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

�e�Z�g�^�r�Z�n�l�g�h�f�m���l�b�i�m�����G�Z�i�j�b�f�_�j�����f�h�`�g�h���h�l�f�_�l�b�l�v���[�h�e�v�r�m�x���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x���b�a�f�_�g�q�b�\�h�k�l�v��

���[�h�e�v�r�b�_�� �\�_�e�b�q�b�g�u�� �1�� �b�� �f�Z�e�u�_�� �j�Z�^�b�m�k�u�� �d�h�j�j�_�e�y�p�b�b���� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�g�_�]�Z�� �\�� �j�Z�c�h�g�Z�o���k��

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

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

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

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�g�_�]�Z���\���h�^�g�h�f���b���l�h�f���`�_���j�Z�c�h�g�_���b�e�b���k�o�h�`�b�o���j�Z�c�h�g�Z�o�����j�b�k�m�g�h�d ���������W�l�h���\�g�m�r�Z�_�l��

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

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

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

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

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

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

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

�A�Z�d�e�x�q�b�l�_�e�v�g�u�_���a�Z�f�_�q�Z�g�b�y 

�D�j�Z�l�d�h���k�n�h�j�f�m�e�b�j�h�\�Z�l�v���\�u�\�h�^�u���f�h�`�g�h���l�Z�d�� 

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

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

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

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

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

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

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

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

�k�d�e�h�g�_�����b�a�m�q�_�g�u���g�_�^�h�k�l�Z�l�h�q�g�h���^�e�y���w�l�b�o���p�_�e�_�c�� 



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

 

 

138  
 

 

�J�b�k�m�g�h�d���������<�_�e�b�q�b�g�u �g�h�j�f�b�j�h�\�Z�g�g�u�o���d�h�j�j�_�e�y�p�b�h�g�g�u�o���n�m�g�d�p�b�c���h�[�s�_�c���l�h�e�s�b�g�u���k�g�_�]�Z������������

�l�h�e�s�b�g�u���\�_�j�o�g�_�]�h���k�e�h�y�����k�\�_�`�_�f�_�l�_�e�_�\�h�]�h�����k�g�_�]�Z������������ 

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

�k�p�_�i�e�_�g�b�y���\�_�j�o�g�_�]�h���k�e�h�y�����k�\�_�`�_�f�_�l�_�e�_�\�h�]�h�����k�g�_�]�Z�����������\���O�b�[�b�g�Z�o�� 

Figure 2. Standard autocorrelation functions for total snowpack thickness (1),  

upper snow layer thickness (2), density of upper snow layer (3),  

shear strength of upper snow layer (4) in the Khibiny Mountains. 
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Abstract. The article begins a discussion 

on the validity of applying methods of prob-

ability theory and mathematical statistics in 

hydrology calculations. The methodology 

of river flow calculations nowadays is based 

on the statistical processing of observation 

datas. These methods are specified in pre-

scriptive documents (such as 

SR 33-101-2003) and, in fact, are required 

for using in engineering calculations. Any 

other alternative methods are not advisable. 
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However, our experience of using probabil-

istic-statistical methods in engineering-hy-

drometeorological surveys let us to doubt 

the propriety of such application. 

It is questionable whether the concept of a 

random variable is applied to hydrological 

characteristics, in particular, to water con-

sumption. In terms of mathematics, the 

sample input data subsequently used in 

solving statistical problem is the result of an 

experiment conducted under unaltered con-

ditions. Water consumption depends on 

many natural factors, some of which are 

constantly changing. In addition, depend-

ence on some factors is almost functional. 

For example, precipitation causes an in-

crease of river flow, and their absence 

causes a decrease. Other factors, in contrast, 

are quite stable. For each catchment area, 

they are not random and behave predicta-

bly. 

For example, extrapolation of the maximum 

water flow rate in the region of rare proba-

bility, seems insufficiently reasoned. The 

error of measurements (definitions) of wa-

ter flow in the river increases as its value in-

creases. This is facilitated by the almost im-

possible measurement of river flow when 

water enters the floodplain, while floating 

of ice, while timber drifting on rivers, etc. 

The measurement methods used in these 

cases give an error of up to 25% by experts 
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assessment. Herewith water flows are dif-

fers by 5-10%. Thus, we do not have the 

ranked values of several of the highest wa-

ter flow, but some average maximum flow 

with regular repeatability. 

As a result, it was concluded that the use of 

probabilistic-statistical analysis in hydro-

logical calculations is insufficiently justi-

fied. 

Keywords: probabilistic methods; hydrol-

ogy calculations; river flow; the frequency 

of occurrence of extreme water flow; accu-

racy of measuring maximum water flow 
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�]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�������j�_�^�����:���<�� �J�h�`�^�_�k�l�\�_�g�k�d�h�]�h���� �F��: �=�h�k�k�l�j�h�c���J�h�k�k�b�b, 2004. �������k�� 
2 �L�Z�f���`�_ 
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�<���j�Z�f�d�Z�o���l�Z�d�h�c���f�_�l�h�^�h�e�h�]�b�b���j�Z�k�q�z�l�g�u�c���j�Z�k�o�h�^���\�h�^�u���j�_�]�e�Z�f�_�g�l�b�j�m�_�l�k�y���\�_�j�h�y�l�g�h�k�l�v�x��

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

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

�k�h�h�j�m�`�_�g�b�c�� ���i����4.8) 3 ���� �G�Z�i�j�b�f�_�j���� �k�h�]�e�Z�k�g�h�� �K�I�� ��������������������������4  �d�Z�`�^�h�f�m�� �d�e�Z�k�k�m��

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

�\�_�j�h�y�l�g�h�k�l�v�� �l�h�]�h���� �q�l�h�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �j�Z�k�o�h�^���\�h�^�u�� �4p���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �j�Z�k�q�z�l�g�h�f�m�� �k�e�m�q�Z�x��

�J0�����g�_���g�Z�k�l�m�i�b�l���\���l�_�q�_�g�b�_���j�Z�k�q�z�l�g�h�]�h���k�j�h�d�Z���k�e�m�`�[�u���k�h�h�j�m�`�_�g�b�y��N:  

�� �� 0; PNtQQp p ���d���  (1) 

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

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

�h�i�j�_�^�_�e�z�g�g�u�f���j�Z�k�o�h�^�h�f�����\���[�e�b�`�Z�c�r�b�c���]�h�^���b�e�b���^�_�k�y�l�b�e�_�l�b�_�"�� 

�©�J�Z�k�q�z�l�u�� �]�h�^�h�\�h�]�h�� �k�l�h�d�Z�� �b�� �^�j�m�]�b�o�� �_�]�h�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�j�_�^�k�l�Z�\�e�y�x�l�k�y�� �\�� �\�b�^�_��

�d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�b���� �h�l�\�_�q�Z�x�s�b�_�� �l�h�c�� �b�e�b�� �b�g�h�c�� �a�Z�^�Z�g�g�h�c�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �b�e�b��

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

�\�_�e�b�q�b�g�u�ª���>�=�h�j�h�r�d�h�\����������9].  

�©�A�g�Z�q�_�g�b�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�l�h�d�Z�� �^�e�y�� �d�Z�`�^�h�]�h�� �]�h�^�Z�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �k�e�m�q�Z�c�g�u�f�b�� �b�� �g�_��

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

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

�>�N�_�^�h�l�h�\�������������@�� 

�Q�l�h���h�a�g�Z�q�Z�_�l���l�_�j�f�b�g���©�a�Z�^�Z�g�g�Z�y���h�[�_�k�i�_�q�_�g�g�h�k�l�v�ª���b�e�b���©�i�h�\�l�h�j�y�_�f�h�k�l�v�ª�����g�Z�i�j�b�f�_�j������% 

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

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

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

�i�j�_�\�u�r�_�g�Z���m�`�_���a�Z�\�l�j�Z���� 

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

�\�_�j�h�y�l�g�h�k�l�v���l�h�]�h�����q�l�h���©�Z�\�Z�j�b�c�g�h�_�ª���k�h�[�u�l�b�_���$�^�4���•���4p} �i�j�h�b�a�h�c�^�_�l���a�Z���j�Z�k�q�z�l�g�u�c���k�j�h�d�����l�h���_�k�l�v 

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

�b�k�i�u�l�Z�g�b�b���� �Z��q=1�±p �± �\�_�j�h�y�l�g�h�k�l�v�� �h�[�j�Z�l�g�h�]�h�� �k�h�[�u�l�b�y �–�^�4���4p}���� �i�j�_�^�k�l�Z�\�e�y�x�s�m�x�� �q�Z�k�l�g�u�c��

                                                 
3 �L�Z�f���`�_ 
4 �K�\�h�^���i�j�Z�\�b�e���i�h���i�j�h�_�d�l�b�j�h�\�Z�g�b�x���b���k�l�j�h�b�l�_�e�v�k�l�\�m�����K�I�������������������������������=�b�^�j�h�l�_�o�g�b�q�_�k�d�b�_���k�h�h�j�m�`�_�g�b�y�����H�k�g�h�\�g�u�_��
�i�h�e�h�`�_�g�b�y�����:�d�l�m�Z�e�b�a�b�j�h�\�Z�g�g�Z�y���j�_�^�Z�d�p�b�y���K�G�b�I������-01-2003 �F��, 2012. 39 �k�� 
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�k�e�m�q�Z�c���\�u�j�Z�`�_�g�b�y���^�e�y���\�_�j�h�y�l�g�h�k�l�b���l�h�]�h�����q�l�h���k�h�[�u�l�b�_��A�����b�f�_�x�s�_�_���\�_�j�h�y�l�g�h�k�l�v��p �i�j�h�b�a�h�c�^�_�l��

�j�h�\�g�h��k �j�Z�a���\���k�_�j�b�b���b�k�i�u�l�Z�g�b�c��n: 

knkk
nn qpCkP ��� )(  (2) 

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

�i�j�h�b�a�h�c�^�z�l���\���k�_�j�b�b��n �g�_�a�Z�\�b�k�b�f�u�o���b�k�i�u�l�Z�g�b�c���o�h�l�y���[�u���h�^�b�g���j�Z�a�����f�h�`�g�h���h�i�j�_�^�_�e�b�l�v���d�Z�d��1�±qn, 

�b�[�h���h�[�j�Z�l�g�h�_���k�h�[�u�l�b�_���[�m�^�_�l���k�h�k�l�h�y�l�v���\���l�h�f�����q�l�h���k�l�h�d���G�?���[�m�^�_�l���i�j�_�\�u�r�_�g��n �j�Z�a�� 

�J�Z�k�q�z�l�� �w�l�h�c �\�_�j�h�y�l�g�h�k�l�b���i�j�h�\�_�^�_�g �i�h���n�h�j�f�m�e�_���;�_�j�g�m�e�e�b �b���i�j�_�^�k�l�Z�\�e�_�g���\�� �l�Z�[�e�b�p�_������

�>�<�b�g�h�]�j�Z�^�h�\�����G�b�d�b�n�h�j�h�\�k�d�b�c�������������@:   

Pn�^�N���•�����`��� ������- qn  (3) 

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

Table 1. The probability of exceeding the flow rate of a given periodicity 

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

0,01 0,05 0,1 1 5 

5 0,05 0,25 0,50 4,90 22,62 

10 0,10 0,50 1,00 9,56 40,13 

25 0,25 1,24 2,47 22,22 72,26 

50 0,50 2,47 4,88 39,50 92,31 

80 0,80 3,92 7,69 55,25 98,35 

100 1,00 4,88 9,52 63,40 99,41 

 

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

�g�Z�\�_�j�g�y�d�Z������-�i�j�h�p�_�g�l�g�u�c���± �g�_�k�d�h�e�v�d�h���[�h�e�v�r�_���i�h�e�h�\�b�g�u�����Z��������-�i�j�h�p�_�g�l�g�u�c���± �\�����������k�e�m�q�Z�_�\����

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

�\�h�k�i�j�b�y�l�b�x���w�l�h�]�h���l�_�j�f�b�g�Z�� 

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�����\���q�Z�k�l�g�h�k�l�b���± �j�Z�k�o�h�^�m���\�h�^�u�����©�I�j�b���h�k�m�s�_�k�l�\�e�_�g�b�b���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���j�Z�k�q�z�l�h�\��

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

�Q�l�h�� �l�Z�d�h�_�� �©�k�e�m�q�Z�c�g�u�c�� �i�j�h�p�_�k�k�ª�� �\�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �i�h�g�b�f�Z�g�b�b�"�� �©�F�g�h�]�b�_��

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

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

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

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

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�l�b�k�l�b�d�b�ª �>�>�j�m�`�b�g�b�g���� �D�h�g�h�\�Z�e�_�g�d�h���� �O�Z�f�v�y�g�h�\�Z���� ���������@���� �©�H�i�j�_�^�_�e�_�g�b�_��
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�L�Z�[�e�b�p�Z������ �<�_�j�h�y�l�g�h�k�l�v �g�Z�k�l�m�i�e�_�g�b�y���k�h�[�u�l�b�y���\���k�e�m�q�Z�_���\�h�a�^�_�c�k�l�\�b�y���g�_�k�d�h�e�v�d�b�o���g�_�a�Z�\�b�k�b�f�u�o��

�n�Z�d�l�h�j�h�\�� 

Table 2. The probability of an event occurring in the event of exposure to several independent factors 

�Q�b�k�e�h���n�Z�d�l�h�j�h�\ �<�_�j�h�y�l�g�h�k�l�v���g�Z�k�l�m�i�e�_�g�b�y���k�h�[�u�l�b�y������ 

1 5 10 25 50 

2 0,25 1 6,25 25 

5 0,00003 0,001 0,098 3,125 
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�f�Z�d�k�b�f�Z�e�v�g�u�o�� �b�a�f�_�j�_�g�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �j�Z�g�`�b�j�m�_�l�k�y�� ���d�Z�d�� �i�j�b�g�y�l�h�� �\�� �]�b�^�j�h�e�h�]�b�b�� �± �h�l��

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

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

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

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

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

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

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

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

�j�Z�a�ª�� �>�G�Z�c�^�_�g�h�\���� �D�h�`�_�\�g�b�d�h�\�Z���� ���������@���� �L�h�l�� �b�e�b�� �b�g�h�c�� �\�b�^�� �o�\�h�k�l�Z�� �l�_�h�j�_�l�b�q�_�k�d�h�c�� �d�j�b�\�h�c��

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

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

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

�K�_�\�_�j�h-�A�Z�i�Z�^�Z�� �J�h�k�k�b�b�� �>�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �K�K�K�J�@�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �g�Z�� �i�j�h�l�y�`�_�g�b�b��

86 �e�_�l�� ����������-���������� �]�h�^�u���� �g�Z�[�e�x�^�Z�e�h�k�v�� ������ �f�g�h�]�h�\�h�^�g�u�o�� �e�_�l ���l�Z�[�e�b�p�Z�� �������� �<�� �i�h�^�Z�\�e�y�x�s�_�f��

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

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

�b�a�f�_�j�_�g�b�y�����G�Z�i�j�b�f�_�j�����g�Z���g�_�a�Z�j�_�]�m�e�b�j�h�\�Z�g�g�h�c���j�_�d�_���F�k�l�Z���\���j�Z�c�h�g�_���i�h�k�l�Z���g�b�`�_���m�k�l�v�y���j�����M�\�_�j�b��

���i�e�h�s�Z�^�v���\�h�^�h�k�[�h�j�Z�������������l�u�k���d�f2) �± �\���h�[�e�Z�k�l�v���i�h�]�j�_�r�g�h�k�l�b���b�a�f�_�j�_�g�b�c���f�Z�d�k�b�f�Z�e�v�g�u�o���j�Z�k�o�h�^�h�\��

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

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

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

�^�_�e�_���n�b�d�k�b�j�m�_�l�k�y���h�l���������^�h���������j�Z�a���� 

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

�\������-�_-60-�_���]�h�^�u�����q�_�f���h�[�t�y�k�g�y�_�l�k�y �m�\�_�e�b�q�_�g�b�_���d�h�e�b�q�_�k�l�\�Z���b�a�f�_�j�_�g�g�u�o���j�Z�k�o�h�^�h�\���\���w�l�h�l���i�_�j�b�h�^����

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

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

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

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

�g�Z�k�l�m�i�e�_�g�b�y���l�Z�d�h�]�h���k�h�[�u�l�b�y���d�Z�`�^�u�c���i�h�k�e�_�^�m�x�s�b�c���]�h�^���± 0,1�y0,2.  

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

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

�Z�\�l�h�j�Z�f�b���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h���f�_�l�h�^�Z�� 

�L�Z�[�e�b�p�Z������ �I�h�\�l�h�j�y�_�f�h�k�l�v���f�Z�d�k�b�f�Z�e�v�g�u�o���i�Z�\�h�^�d�h�\���g�_�d�h�l�h�j�u�o���j�_�d���K�_�\�_�j�h-�A�Z�i�Z�^�Z���a�Z���i�_�j�b�h�^��

1881-�����������]�h�^�h�\�� 

Table 3. The frequency of maximum floods of some rivers of the North-West for the period 1881-

1966. 

�i�e�h�s�Z�^�v�����d�f2 6230 1130 2070 12500 14700 6820 5990 

 �j�_�d�Z-�i�m�g�d�l 

�]�h�^�u 

�K�y�k�v-

�Y�o�g�h�\�h 

�<�h�e�h�`�[�Z-

�<�h�e�h�`�[�Z 

�L�b�o�\�b�g�d�Z-

�=�h�j�_�e�m�o�Z 

�F�k�l�Z-

�m�k�l�v�_���j����

�M�\�_�j�b 

�E�h��

�\�Z�l�v-

�O�h�e�f 

�R�_�e�h�g�v-

�A�Z�i�h�e�v�_ 

�E�m�]�Z-

�L�h�e�f�Z��

�q�_�\�h 

1881   (446) (774)    

1899   247 (784)    

1901   307 (779)    

1905   261 (784)    

1911 963  367 (838)    

1915 715  233 (853) 1310   

1916     1470   

1917 774  276  1480  594 

1918     1400  536 

1919 819  301  1400   

1922 708      578 

1924 780       

1926 928  324 728  1060 (800) 

1931 846  252 735 (2130) 1340 564 

1935    821    

1936    732    

1943  184 254     

1946 849 190 305     

1948     1560   

1955 692 185 244 696 1400 852  

1956      1300 585 

1957        

1959  179  646 1420   

1961        
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�i�e�h�s�Z�^�v�����d�f2 6230 1130 2070 12500 14700 6820 5990 

 �j�_�d�Z-�i�m�g�d�l 

�]�h�^�u 

�K�y�k�v-

�Y�o�g�h�\�h 

�<�h�e�h�`�[�Z-

�<�h�e�h�`�[�Z 

�L�b�o�\�b�g�d�Z-

�=�h�j�_�e�m�o�Z 

�F�k�l�Z-

�m�k�l�v�_���j����

�M�\�_�j�b 

�E�h��

�\�Z�l�v-

�O�h�e�f 

�R�_�e�h�g�v-

�A�Z�i�h�e�v�_ 

�E�m�]�Z-

�L�h�e�f�Z��

�q�_�\�h 

1962 727  290  1720   

1966 788 191 259 713 1120 872 526 

�k�j�_�^�g�_�_���b�a�������f�Z�d�k�b�f�Z�e�v�g�u�o, 

�f3���k 
881 186 321 816 1672 1085 624 

�^�b�Z�i�Z�a�h�g���i�h�]�j�_�r�g�h�k�l�b���b�a�f�_��

�j�_�g�b�c���f�Z�d�k�b�f�Z�e�v�g�h�]�h���j�Z�k�o�h�^�Z, 

�f3���k 

793-

969 
167-204 289-353 734-898 

1505-

1839 

976-

1193 

562-

687 

�i�h�]�j�_�r�g�h�k�l�v���\�u�o�h�^�Z���a�Z���^�b�Z�i�Z��

�a�h�g, % 
0 0 14 0 14 11 14 

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

 

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

�g�Z���i�j�b�f�_�j�_���j�_�d�Z���F�k�l�Z���± �m�k�l�v�_���j�_�d�b �M�\�_�j�b�� 

Figure 1. The range of measurement error of maximum flow rates 

by the example of the Msta River - the estuary of the Uvery River. 
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�I�h�]�j�_�r�g�h�k�l�v���h�p�_�g�d�b �a�g�Z�q�_�g�b�c�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y����

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

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

�k�h�k�l�Z�\�e�y�_�l�� ������6���� �G�Z�^�h�� �b�f�_�l�v�� �\�� �\�b�^�m���� �q�l�h�� �g�Z�� �k�Z�f�h�f�� �^�_�e�_�� �b�a�f�_�j�_�g�b�c�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\��

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

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

�j�y�^�Z�����H�`�b�^�Z�_�f�h�����\���w�l�b�o���^�_�k�y�l�b���j�y�^�Z�o���g�_���f�h�`�_�l���[�u�l�v���j�Z�k�o�h�^�h�\��������-0,9%-�g�h�c���h�[�_�k�i�_�q�_�g�g�h�k�l�b����

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

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

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

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

�b�k�i�h�e�v�a�m�_�f�Z�y�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �h�n�b�p�b�Z�e�v�g�Z�y�� �f�_�l�h�^�b�d�Z���� �m�a�Z�d�h�g�_�g�g�Z�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f��

�K�I������-101-2003 �± �i�h���f�_�g�v�r�_�c���f�_�j�_�����k�h�f�g�b�l�_�e�v�g�Z�� 

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

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

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

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