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 Abstract. The authors consider case of the winter 
period 2019-2020 as example of ice cover and ice 
jam influence on the flow dynamics in the section 
upstream the delta of the Northern Dvina River 
mouth area. 
Hydrological monitoring, calculations and forecasts 
of the ice drift in the Northern Dvina River mouth 
area are actual practical tasks. The hydrological 
regime of a tidal river mouth is very complex 
phenomena and one of the most difficult for a 
quantitative description. 
The authors implemented an integrated approach to 
study ice jams, including field ice surveys, satellite 
data analysis, data from the state hydrological 
monitoring system and hydrodynamic modeling. 
STREAM_2D CUDA software is applied for two-
dimensional numerical modeling. It takes into 
account the impact of ice cover. 
Ice phenomena usually make significant changes in 
the water level and velocity regime. In 2019/2020 
hydrological year the ice cover provided and 
maintained a large backwater during all the autumn 
and the winter. When the spring ice drift came from 
the river upstream there was a 3-4 meter water level 
rise, which lasted for 5 days, creating a threat of 
flooding of the Kholmogory village by a 
breakthrough wave. There is no effective technique 
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to forecast or assess probable scenarios for such 
situation. 
The article identified difficulties arising during ice 
conditions analysis and hydrodynamic modeling of 
the situation. Steps to optimize the monitoring of ice 
cover, flow discharges and water levels are also 
formulated. 
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�Z�i�j�h�[�Z�p�b�b�� �f�h�]�m�l�� �a�Z�f�_�g�b�l�v�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�_��
�f�_�l�h�^�b�d�b���� �H�^�g�Z�d�h�� �^�e�y�� �j�_�d�b�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z���� �\��
�q�Z�k�l�g�h�k�l�b�� �_�_�� �m�k�l�v�_�\�h�c�� �h�[�e�Z�k�l�b���� �w�l�h�]�h��
�g�_�^�h�k�l�Z�l�h�q�g�h�� �b�a-�a�Z�� �a�g�Z�q�b�l�_�e�v�g�h�]�h�� �\�e�b�y�g�b�y�� �g�Z��
�^�b�g�Z�f�b�d�m�� �i�h�l�h�d�Z�� �e�_�^�h�\�u�o�� �y�\�e�_�g�b�c���� �d�h�l�h�j�u�_�� �\��
�i�h�^�Z�\�e�y�x�s�_�f�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �h�i�j�_�^�_�e�y�x�l��
�n�h�j�f�b�j�h�\�Z�g�b�_�� �h�i�Z�k�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�k�b�l�m�Z�p�b�c���\���\�_�k�_�g�g�b�c���i�_�j�b�h�^�� 

�<�� �j�Z�[�h�l�_�� �>Krylenko et al������ ���������@�� �i�j�_�^�e�h�`�_�g��
�Z�e�]�h�j�b�l�f�� �^�_�c�k�l�\�b�c�� �^�e�y�� �j�Z�a�j�Z�[�h�l�d�b�� �j�Z�k�q�_�l�Z�� �b��
�i�j�h�]�g�h�a�Z�� �a�Z�l�h�i�e�_�g�b�c���� �\�u�a�\�Z�g�g�u�o�� �a�Z�l�h�j�Z�f�b���� �^�e�y��

                                                           
1 �B�k�k�e�_�^�h�\�Z�g�b�_���a�Z�l�h�j�h�\���e�v�^�Z���\���m�k�l�v�_�\�h�c���h�[�e�Z�k�l�b���K�_�\�_�j�g�h�c���>�\�b�g�u���k���p�_�e�v�x���b�o���i�j�_�^�k�d�Z�a�Z�g�b�y�����H�l�q�_�l���i�h���h�i�_�j�Z�l�b�\�g�h-
�f�_�l�h�^�b�q�_�k�d�h�c���l�_�f�_�������H�l�\�����b�k�i�h�e�g�b�l�_�e�v���<���I�����I�h�i�h�\�����:�j�o�Z�g�]�_�e�v�k�d�����K�_�\�_�j�g�h�_���M�=�F�K�������������������������k�� 
�H�i�j�_�^�_�e�_�g�b�_���\�e�b�y�g�b�y���a�Z�l�h�j�h�\���e�v�^�Z���g�Z���m�j�h�\�_�g�v���\�h�^�u���\���m�k�l�v�_�\�h�c���h�[�e�Z�k�l�b���K�_�\�_�j�g�h�c���>�\�b�g�u���k���p�_�e�v�x���i�j�_�^�k�d�Z�a�Z�g�b�y��
�a�Z�l�h�j�g�u�o�� �i�h�^�t�_�f�h�\���� �H�l�q�_�l�� �i�h�� �h�i�_�j�Z�l�b�\�g�h-�f�_�l�h�^�b�q�_�k�d�h�c�� �l�_�f�_�� ���� �H�l�\���� �b�k�i�h�e�g�b�l�_�e�v�� �<���I���� �I�h�i�h�\���� �:�j�o�Z�g�]�_�e�v�k�d����
�K�_�\�_�j�g�h�_���M�=�F�K�����������������������k�� 

�m�q�Z�k�l�d�Z�� �j�_�d�b�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �\�[�e�b�a�b�� �]�h�j�h�^�Z��
�<�_�e�b�d�b�c�� �M�k�l�x�]�� �g�Z�� �[�Z�a�_�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�c��
�f�h�^�_�e�b���� �A�Z�� �j�Z�f�d�Z�f�b�� �w�l�h�c�� �j�Z�[�h�l�u�� �h�k�l�Z�e�b�k�v��
�\�h�i�j�h�k�u�� �h�p�_�g�d�b�� �l�Z�d�h�]�h�� �i�Z�j�Z�f�_�l�j�Z�� �d�Z�d�� �l�h�e�s�b�g�Z��
�e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z�� �b�� �l�_�e�Z�� �a�Z�l�h�j�Z�� �\�� �d�Z�`�^�h�c��
�d�h�g�d�j�_�l�g�h�c�� �k�b�l�m�Z�p�b�b���� �Z�� �l�Z�d�`�_�� �_�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_��
�i�h�� �i�j�h�k�l�j�Z�g�k�l�\�m�� �\�� �d�Z�`�^�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b����
�I�Z�j�Z�f�_�l�j�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �i�j�b�� �w�l�h�f�� �k�l�Z�\�b�l�k�y�� �\��
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�<���a�Z�^�Z�q�b���^�Z�g�g�h�c���k�l�Z�l�v�b���\�o�h�^�b�l���� 
1) �i�h�d�Z�a�Z�l�v���� �g�Z�k�d�h�e�v�d�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �e�_�^�h�\�u�_��

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

2) �h�i�b�k�Z�l�v�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z��
�g�Z���m�k�l�v�_�\�h�f���m�q�Z�k�l�d�_���j�_�d�b���K�_�\�_�j�g�Z�y���>�\�b�g�Z���\���k�_�a�h�g��
2019-2020, �g�Z�k�d�h�e�v�d�h�� �w�l�h�� �\�h�a�f�h�`�g�h�� �i�h��
�b�f�_�x�s�b�f�k�y���^�Z�g�g�u�f���f�h�g�b�l�h�j�b�g�]�Z�����\�d�e�x�q�Z�x�s�_�]�h��
�d�h�k�f�b�q�_�k�d�b�_�� �k�g�b�f�d�b���� �k�t�_�f�d�Z�� �[�_�k�i�b�e�h�l�g�u�f�b��
�e�_�l�Z�l�_�e�v�g�u�f�b�� �Z�i�i�Z�j�Z�l�Z�f�b�� ���^�Z�e�_�_�� �± �;�I�E�:���� �b��
�^�Z�g�g�u�_�� �g�Z�[�e�x�^�_�g�b�c�� �g�Z�� �k�_�l�b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�i�h�k�l�h�\���J�h�k�]�b�^�j�h�f�_�l�Z�� 

3) �h�p�_�g�b�l�v�� �^�h�k�l�Z�l�h�q�g�h�k�l�v�� �b�f�_�x�s�_�c�k�y��
�b�g�n�h�j�f�Z�p�b�b�� �^�e�y�� �\�h�k�i�j�h�b�a�\�_�^�_�g�b�y��
�g�Z�[�e�x�^�Z�\�r�_�c�k�y�� �j�_�Z�e�v�g�h�c�� �^�b�g�Z�f�b�d�b�� �i�h�l�h�d�Z�� �g�Z��
�^�\�m�f�_�j�g�h�c�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �k�� �m�q�_�l�h�f��
�e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z�� �g�Z�� �[�Z�a�_�� �i�j�h�]�j�Z�f�f�g�h�]�h��
�d�h�f�i�e�_�d�k�Z���6�7�5�(�$�0�B���'�� 

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

�H�[�t�_�d�l���b�k�k�e�_�^�h�\�Z�g�b�y 

�I�j�b�^�_�e�v�l�h�\�u�c�� �m�q�Z�k�l�h�d�� �j�_�d�b�� �K�_�\�_�j�g�Z�y��
�>�\�b�g�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �q�Z�k�l�v�� �i�j�b�e�b�\�g�h�c��
�f�g�h�]�h�j�m�d�Z�\�g�h�c�� �m�k�l�v�_�\�h�c�� �h�[�e�Z�k�l�b�� �h�l�� �\�i�Z�^�_�g�b�y��
�j�_�d�b���I�b�g�_�]�b�����\�u�r�_���]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���i�h�k�l�Z���M�k�l�v-
�I�b�g�_�]�Z���� �^�h�� �\�_�j�r�b�g�u�� �^�_�e�v�l�u�� ���k�l�\�h�j��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���i�h�k�l�Z���K�f�h�e�v�g�u�c���;�m�y�g�����b���b�f�_�_�l��
�^�e�b�g�m�� �h�d�h�e�h�� ���� �d�f�� ���j�b�k�m�g�h�d�� �������� �I�j�h�p�_�k�k�u����
�i�j�h�b�k�o�h�^�y�s�b�_���\���^�_�e�v�l�_�����a�Z�k�e�m�`�b�\�Z�x�l���h�l�^�_�e�v�g�h�]�h��
�i�j�b�k�l�Z�e�v�g�h�]�h�� �\�g�b�f�Z�g�b�y�� �b�� �g�_�� �j�Z�k�k�f�h�l�j�_�g�u�� �\��
�^�Z�g�g�h�c���k�l�Z�l�v�_�� 
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�J�b�k�m�g�h�d������ �=�b�^�j�h�]�j�Z�n�b�q�_�k�d�Z�y���k�o�_�f�Z���m�k�l�v�_�\�h�c���h�[�e�Z�k�l�b���j�_�d�b���K�_�\�_�j�g�Z�y���>�\�b�g�Z���k���k�_�l�v�x���g�Z�[�e�x�^�_�g�b�c��
�J�h�k�]�b�^�j�h�f�_�l�Z���b���f�_�k�l�Z�f�b���g�Z�b�[�h�e�_�_���q�Z�k�l�h�]�h���h�[�j�Z�a�h�\�Z�g�b�y���a�Z�l�h�j�h�\���e�v�^�Z���\���i�j�_�^�_�e�Z�o���i�j�b�^�_�e�v�l�h�\�h�]�h��

�m�q�Z�k�l�d�Z���i�h���Z�j�o�b�\�g�u�f���f�Z�l�_�j�b�Z�e�Z�f���N�=�;�M���©�K�_�\�_�j�g�h�_���M�=�F�K�ª 
Figure 1. The Northern Dvina mouth area with the observation network (Roshydromet) and usual places of 

ice jam formation (data from archival materials of the Northern Agency for Hydrometeorology and 
Environmental Monitoring) 

�=�b�^�j�h�e�h�]�b�q�_�k�d�b�c�� �j�_�`�b�f�� �m�k�l�v�_�\�h�c�� �h�[�e�Z�k�l�b��
�j�_�d�b�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �n�h�j�f�b�j�m�_�l�k�y�� �i�h�^��
�\�h�a�^�_�c�k�l�\�b�_�f�� �j�_�q�g�u�o�� �b�� �f�h�j�k�d�b�o�� �n�Z�d�l�h�j�h�\���� �K�h��
�k�l�h�j�h�g�u�� �f�h�j�y�� �^�_�c�k�l�\�m�x�l�� �\�_�l�j�h�\�u�_�� �g�Z�]�h�g�u�� �b��
�i�j�b�e�b�\�u�����k�h���k�l�h�j�h�g�u���j�_�d�b �± �j�_�q�g�h�c���k�l�h�d�����e�_�^�h�\�u�_��
�y�\�e�_�g�b�y���� �I�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�Z���� �k�� �d�h�l�h�j�h�]�h�� �\��
�m�k�l�v�_�\�m�x�� �h�[�e�Z�k�l�v�� �i�h�k�l�m�i�Z�_�l�� �k�l�h�d�� �k�h�k�l�Z�\�e�y�_�l��
348 00���� �d�f2���� �G�h�j�f�Z�� �k�l�h�d�Z�� �i�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�m��
�i�h�k�l�m���\���\�_�j�r�b�g�_���m�k�l�v�_�\�h�c���h�[�e�Z�k�l�b���j�_�d�b���K�_�\�_�j�g�Z�y��
�>�\�b�g�Z���������� �d�f���h�l���f�h�j�k�d�h�]�h���d�j�Z�y���^�_�e�v�l�u���\���i�h�k�_�e�d�_��
�M�k�l�v-�I�b�g�_�]�Z���� �k�h�k�l�Z�\�e�y�_�l�� �� �������� �f3���k���� �Z�� �k�j�_�^�g�b�c��
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�f�Z�d�k�b�f�Z�e�v�g�u�c�� �j�Z�k�o�h�^�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �± 
�h�d�h�e�h������ ���������f3���k�����<�_�e�b�q�b�g�Z���i�j�b�e�b�\�h�\���g�Z���f�h�j�k�d�h�f��
�d�j�Z�_���^�_�e�v�l�u���\�Z�j�v�b�j�m�_�l���h�l��������-���������f�����d�\�Z�^�j�Z�l�m�j�g�u�c��
�i�j�b�e�b�\���� �^�h�� ��������-���������� �f�� ���k�b�a�b�]�b�c�g�u�c�� �i�j�b�e�b�\������
�I�_�j�b�h�^�� �i�j�b�e�b�\�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h��
�����������q�Z�k�h�\�����I�h�^���\�h�a�^�_�c�k�l�\�b�_�f���i�j�b�e�b�\�h�\���[�h�e�v�r�m�x��
�q�Z�k�l�v���]�h�^�Z���g�Z���m�k�l�v�_�\�h�f���m�q�Z�k�l�d�_���j�_�d�b���g�Z�[�e�x�^�Z�x�l�k�y��
�j�_�\�_�j�k�b�\�g�u�_�� �l�_�q�_�g�b�y���� �>�Z�e�v�g�h�k�l�v��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���h�[�j�Z�l�g�u�o���l�_�q�_�g�b�c���\�\�_�j�o���i�h���j�_�d�_��
�a�Z�\�b�k�b�l�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �h�l�� �\�_�e�b�q�b�g�u�� �j�_�q�g�h�]�h��
�k�l�h�d�Z���� �Z�� �l�Z�d�`�_�� �h�l�� �n�Z�a�u�� �i�j�b�e�b�\�h�\�� �b�� �g�Z�e�b�q�b�y��
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�i�j�h�o�h�`�^�_�g�b�y�� �e�_�^�h�o�h�^�Z�� �\�� �m�k�l�v�_�\�h�c�� �h�[�e�Z�k�l�b�� �j�_�d�b��
�K�_�\�_�j�g�Z�y�� �>�\�b�g�Z���� �:�g�Z�e�b�a���� �\�u�i�h�e�g�_�g�g�u�c�� �\��
�N�_�^�_�j�Z�e�v�g�h�f�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�f�� �[�x�^�`�_�l�g�h�f��
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�\�� ������ �j�Z�a�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�_�j�b�h�^�h�f�� ���������±
1961 �]�h�^�h�\ �b�� �k�h�k�l�Z�\�b�e�Z�� ���� �q�Z�k�h�\���� �f�Z�d�k�b�f�Z�e�v�g�u�_��
�m�j�h�\�g�b�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �k�g�b�a�b�e�b�k�v�� �g�Z�� ����-70 
�k�f�� �>�<�Z�k�b�e�v�_�\���� ���������@���� �W�l�Z�� �k�l�Z�l�b�k�l�b�d�Z�� �h�l�g�h�k�b�l�k�y�� �d��
�j�Z�c�h�g�m���\�_�j�r�b�g�u�� �^�_�e�v�l�u���b�� �i�j�h�\�_�^�_�g�Z�� �i�h�� �^�Z�g�g�u�f��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �K�h�e�h�f�[�Z�e�Z���� �h�^�g�Z�d�h��
�e�_�^�h�d�h�e�v�g�u�_���j�Z�[�h�l�u���i�j�h�\�h�^�y�l�k�y���b���b�]�j�Z�x�l���j�h�e�v���\��
�i�j�h�p�_�k�k�_�� �\�k�d�j�u�l�b�y�� �e�v�^�Z�� �i�h�q�l�b�� �i�h�� �\�k�_�c�� �^�e�b�g�_��
�m�k�l�v�_�\�h�]�h���m�q�Z�k�l�d�Z���j�_�d�b�����g�h���q�_�f���\�u�r�_���i�h���l�_�q�_�g�b�x����
�l�_�f�� �l�j�m�^�g�_�_�� �e�_�^�h�d�h�e�Z�f�� �h�d�Z�a�Z�l�v�� �\�e�b�y�g�b�_�� �g�Z��
�i�j�h�p�_�k�k���\�k�d�j�u�l�b�y�� 

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

�>�Z�g�g�u�_���b���f�_�l�h�^�u 

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

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

                                                           
3 �;�_�e�b�d�h�\�� �<���<������ �D�h�q�_�l�d�h�\�� �<���<���� �I�j�h�]�j�Z�f�f�g�u�c�� �d�h�f�i�e�_�d�k�� �6�7�5�(�$�0�B���'�� �^�e�y�� �j�Z�k�q�_�l�Z�� �l�_�q�_�g�b�c���� �^�_�n�h�j�f�Z�p�b�c�� �^�g�Z�� �b��
�i�_�j�_�g�h�k�Z���a�Z�]�j�y�a�g�_�g�b�c���\���h�l�d�j�u�l�u�o���i�h�l�h�d�Z�o�����K�\�b�^�_�l�_�e�v�k�l�\�h���h���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c���j�_�]�b�k�l�j�Z�p�b�b �i�j�h�]�j�Z�f�f�u���^�e�y���W�<�F��
�‹�������������������������h�l��20.02.2014. 
4 �:�e�_�d�k�x�d���:���B�������;�_�e�b�d�h�\���<���<�����I�j�h�]�j�Z�f�f�g�u�c���d�h�f�i�e�_�d�k���6�7�5�(�$�0�����'���&�8�'�$���^�e�y���j�Z�k�q�_�l�Z���l�_�q�_�g�b�c�����^�_�n�h�j�f�Z�p�b�c���^�g�Z��
�b���i�_�j�_�g�h�k�Z���a�Z�]�j�y�a�g�_�g�b�c���\���h�l�d�j�u�l�u�o���i�h�l�h�d�Z�o���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���l�_�o�g�h�e�h�]�b�c���&�R�P�S�X�W�H���8�Q�L�I�L�H�G���'�H�Y�L�F�H���$�U�F�K�L�W�H�F�W�X�U�H��
���g�Z�� �]�j�Z�n�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�j�Z�o�� �1�9�,�'�,�$������ �K�\�b�^�_�l�_�e�v�k�l�\�h�� �h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�j�h�]�j�Z�f�f�� �^�e�y�� �W�<�F��
�‹  �����������������������h�l������������������������ 

�d�h�f�i�e�_�d�k�Z��STREAM_2D3  �h�l�d�Z�e�b�[�j�h�\�Z�g�Z�� �b��
�\�Z�e�b�^�b�j�h�\�Z�g�Z�� �g�Z�� �^�Z�g�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�k�b�l�m�Z�p�b�c�� �\�� �h�l�k�m�l�k�l�\�b�_�� �e�_�^�h�\�u�o�� �y�\�e�_�g�b�c��
�>�E�_�[�_�^�_�\�Z�� �b�� �^�j������ ������������Alabyan, Lebedeva, 2018]. 
�>�\�m�f�_�j�g�Z�y���f�h�^�_�e�v���g�Z���i�j�b�^�_�e�v�l�h�\�u�c���m�q�Z�k�l�h�d���j�_�d�b��
���h�l�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �M�k�l�v-�I�b�g�_�]�Z�� �^�h��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �K�f�h�e�v�g�u�c�� �;�m�y�g����
�j�_�Z�e�b�a�h�\�Z�g�Z�� �g�Z�� �g�_�j�_�]�m�e�y�j�g�h�c�� �]�b�[�j�b�^�g�h�c�� �k�_�l�d�_����
�k�h�k�l�h�y�s�_�c�� �b�a�� �q�_�l�u�j�_�o�m�]�h�e�v�g�b�d�h�\�� �b��
�l�j�_�m�]�h�e�v�g�b�d�h�\�����\�k�_�]�h������ ���������y�q�_�_�d�������J�_�e�v�_�n���a�Z�^�Z�g��
�k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�h�j�k�d�b�o�� �b�� �j�_�q�g�u�o�� �e�h�p�b�c����
�l�h�i�h�]�j�Z�n�b�q�_�k�d�b�o�� �d�Z�j�l�� �b�� �f�Z�l�_�j�b�Z�e�h�\�� �j�m�k�e�h�\�u�o��
�k�t�_�f�h�d���g�Z���h�l�^�_�e�v�g�u�_���m�q�Z�k�l�d�b���j�_�d�b�����W�l�Z���j�Z�k�q�_�l�g�Z�y��
�k�_�l�d�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �\�_�j�o�g�x�x�� �q�Z�k�l�v��
�j�Z�k�q�_�l�g�h�c���k�_�l�d�b���f�h�^�_�e�b�����h�i�b�k�Z�g�g�h�c���\���>�E�_�[�_�^�_�\�Z���b��
�^�j������ ������������Alabyan, Lebedeva���� ���������@���� �g�h�� �\�� �^�Z�g�g�h�f��
�k�e�m�q�Z�_�� �g�b�`�g�y�y�� �]�j�Z�g�b�p�Z�� �j�Z�k�i�h�e�h�`�_�g�Z�� �\�� �\�_�j�r�b�g�_��
�^�_�e�v�l�u�����l�Z�d���q�l�h���k�Z�f�m���^�_�e�v�l�m���f�h�^�_�e�v���g�_���\�d�e�x�q�Z�_�l���� 

�<�h�a�^�_�c�k�l�\�b�_���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z���^�h�[�Z�\�e�_�g�h���\��
�f�h�^�_�e�v�� �\�� �j�Z�f�d�Z�o�� �g�h�\�h�c�� �f�h�^�b�n�b�d�Z�p�b�b��
�b�k�i�h�e�v�a�m�_�f�h�]�h�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �d�h�f�i�e�_�d�k�Z��
STREAM_2D CUDA4 ���� �>�e�y�� �w�l�h�]�h�� �\�� �k�b�k�l�_�f�m��
�m�j�Z�\�g�_�g�b�c�� �K�_�g-�<�_�g�Z�g�Z�� �\�g�_�k�_�g�u�� �b�a�f�_�g�_�g�b�y����
�m�q�b�l�u�\�Z�x�s�b�_�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_����
�k�h�a�^�Z�\�Z�_�f�h�_���e�_�^�y�g�u�f���i�h�d�j�h�\�h�f���b���a�Z�l�h�j�Z�f�b �e�v�^�Z, 
�Z�� �l�Z�d�`�_�� �k�m�`�_�g�b�_�� �i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�_�� �a�Z�� �k�q�_�l��
�l�h�e�s�b�g�u�� �e�_�^�h�\�h�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y���� �B�a�f�_�g�_�g�g�Z�y��
�k�b�k�l�_�f�Z�� �m�j�Z�\�g�_�g�b�c�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �\�� �j�Z�[�h�l�_��
[Krylenko et al., 2020]. 

�<�� �d�Z�q�_�k�l�\�_�� �]�j�Z�g�b�q�g�u�o�� �m�k�e�h�\�b�c�� �^�e�y��
�f�h�^�_�e�b�j�h�\�Z�g�b�y�� �a�Z�^�Z�_�l�k�y�� �g�Z�� �\�_�j�o�g�_�c�� �]�j�Z�g�b�p�_�� �± 
�j�Z�k�o�h�^�� �\�� �k�l�\�h�j�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �M�k�l�v-
�I�b�g�_�]�Z���� �g�Z�� �g�b�`�g�_�c�� �]�j�Z�g�b�p�_�� �± �m�j�h�\�g�b�� �\�h�^�u�� �i�h��
�k�Z�f�h�i�b�k�p�m�� �g�Z�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �i�h�k�l�m�� �K�f�h�e�v�g�u�c��
�;�m�y�g�����B�a�f�_�j�_�g�b�y���j�Z�k�o�h�^�h�\���\�h�^�u���g�_�i�h�k�j�_�^�k�l�\�_�g�g�h��
�\�h�� �\�j�_�f�y�� �i�j�h�o�h�`�^�_�g�b�y�� �e�_�^�h�o�h�^�Z�� �g�_�� �i�j�h�\�h�^�b�e�b�k�v��
�b�� �^�e�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �\�j�_�f�_�g�g�h�]�h�� �o�h�^�Z�� �j�Z�k�o�h�^�h�\��
�\�h�^�u�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �^�Z�g�g�u�_�� �b�a�f�_�j�_�g�b�c�� �k��
�\�u�r�_�e�_�`�Z�s�b�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �i�h�k�l�h�\�� �g�Z�� �j�_�d�_��
�K�_�\�_�j�g�Z�y���>�\�b�g�Z���b���_�_���i�j�b�l�h�d�Z�o�� 
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�H�k�g�h�\�g�u�f�� �d�Z�e�b�[�j�h�\�h�q�g�u�f�� �i�Z�j�Z�f�_�l�j�h�f��
�f�h�^�_�e�b�� �y�\�e�y�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b��
���d�h�w�n�n�b�p�b�_�g�l�� �F�Z�g�g�b�g�]�Z������ �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z���� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y��
�r�_�j�h�o�h�\�Z�l�h�k�l�v���b���l�h�e�s�b�g�Z���e�v�^�Z���b�e�b���l�_�e�Z���a�Z�l�h�j�Z���± 
�\�� �h�l�k�m�l�k�l�\�b�b�� �n�Z�d�l�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �l�Z�d�`�_��
�k�l�Z�g�h�\�y�l�k�y�� �d�Z�e�b�[�j�h�\�h�q�g�u�f�b���� �q�l�h�� �\�� �\�b�^�m��
�f�g�h�]�h�h�[�j�Z�a�b�y�� �k�b�l�m�Z�p�b�c�� �e�_�^�h�\�h�c�� �h�[�k�l�Z�g�h�\�d�b��
�^�_�e�Z�_�l�� �a�Z�^�Z�q�m�� �d�Z�e�b�[�j�h�\�d�b�� �i�j�Z�d�l�b�q�_�k�d�b��
�g�_�\�h�a�f�h�`�g�h�c���� �I�_�j�k�i�_�d�l�b�\�g�u�f�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y��
�i�m�l�v�� �i�h�^�[�h�j�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�� �n�Z�d�l�b�q�_�k�d�b�f��
�k�\�_�^�_�g�b�y�f���h���e�_�^�y�g�h�f���i�h�d�j�h�\�_���� 

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

1. �j�Z�^�Z�j�g�u�_�� �k�g�b�f�d�b�� �k�i�m�l�g�b�d�h�\��Sentinel-���� �b��
�h�i�l�b�q�_�k�d�b�_�� �k�i�m�l�g�b�d�h�\��Sentinel-���� �b��Landsat-8, 
�g�Z�o�h�^�y�s�b�_�k�y���\���h�l�d�j�u�l�h�f���^�h�k�l�m�i�_�� 

2. �f�Z�l�_�j�b�Z�e�u�� �k�t�_�f�d�b�� �k�� �i�h�f�h�s�v�x�� �;�I�E�:����
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Figure 2. Ice conditions during freeze-up period in autumn 2019 
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Figure 3. Ice condition before the breakup processes  
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Figure 4. Ice conditions during the ice breakup in spring 2020 
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Figure 5. Water levels during the freeze-up period in autumn 2019. Red dotted lines mark significant events 

in the formation of freeze-up, black arrows mark the moments of ice conditions at figure 2 
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�\�u�r�_�� �^�_�j�_�\�g�b �Q�_�j�g�u�c�� �Y�j���� �G�Z�� �]�j�Z�n�b�d�_�� �m�j�h�\�g�_�c��
�\�h�^�u�� �i�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�m�� �i�h�k�l�m�� �L�j�h�c�g�Z�y�� �]�h�j�Z��
�f�h�`�g�h�� �a�Z�f�_�l�b�l�v�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �m�\�_�e�b�q�_�g�b�_��
�]�j�Z�^�b�_�g�l�Z�� �j�h�k�l�Z�� �m�j�h�\�g�y�� �\�h�^�u���k�� �\�_�q�_�j�Z�� ������ �g�h�y�[�j�y��
���������� �]�h�^�Z�� ���j�b�k�m�g�h�d�� �������� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��
�a�Z�i�h�e�g�y�e�b�k�v���e�v�^�h�f���h�k�g�h�\�g�u�_���k�m�^�h�o�h�^�g�u�_���j�m�d�Z�\�Z��
���j�m�d�Z�\�� �H�j�e�b�o�Z�� �b�� �]�e�Z�\�g�u�c�� �i�j�Z�\�h�[�_�j�_�`�g�u�c�� �j�m�d�Z�\��
�O�h�e�f�h�]�h�j�k�d�h�]�h�� �j�Z�a�\�_�l�\�e�_�g�b�y������ ������ �g�h�y�[�j�y�� ����������
�]�h�^�Z�� �m�k�l�Z�g�h�\�b�e�k�y�� �e�_�^�h�k�l�Z�\�� �g�Z�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f��
�i�h�k�l�m�� �L�j�h�c�g�Z�y�� �]�h�j�Z���� �m�j�h�\�_�g�v�� �\�h�^�u�� �i�h�� �^�Z�g�g�u�f��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���i�h�k�l�Z���\�u�j�h�k���g�Z���������k�f���a�Z�������q�Z�k�Z��
���j�b�k�m�g�h�d�� ���[���� �j�b�k�m�g�h�d�� �������� �K�� ������ �g�h�y�[�j�y�� ���������� �]�h�^�Z��
�g�Z�q�Z�e�h�k�v���a�Z�i�h�e�g�_�g�b�_���e�v�^�h�f���i�j�h�l�h�d���;�h�]�h�y�\�e�_�g�d�Z���b��
�;�u�k�l�j�h�d�m�j�d�Z�� ���j�b�k�m�g�h�d�� ���\������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\��
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�l�_�q�_�g�b�_�� �[�h�e�_�_�� �q�_�f�� ���� �g�_�^�_�e�v�� �e�_�^�� �k�� �\�u�r�_�e�_�`�Z�s�b�o��
�m�q�Z�k�l�d�h�\�� �j�_�d�b�� �i�h�k�l�m�i�Z�e�� �\�� �m�k�l�v�_�\�m�x�� �h�[�e�Z�k�l�v���� �Z�� �\��
�l�_�q�_�g�b�_�� ������ �^�g�_�c�� �g�Z�d�Z�i�e�b�\�Z�e�k�y�� �g�Z�� �m�q�Z�k�l�d�_�� �h�l��
�^�_�j�_�\�g�b �Q�_�j�g�u�c�� �Y�j�� �^�h�� �i�h�k�_�e�d�Z �M�k�l�v-�I�b�g�_�]�Z����
24 �g�h�y�[�j�y�� ���������� �]�h�^�Z�� �\�� �j�Z�c�h�g�_�� �f�u�k�Z�� �D�j�b�\�h�_��
�k�n�h�j�f�b�j�h�\�Z�e�k�y�� �a�Z�`�h�j�� �b�� �i�j�_�d�j�Z�l�b�e�h�k�v��
�i�h�k�l�m�i�e�_�g�b�_���i�j�b�g�h�k�g�h�]�h���e�v�^�Z���\���m�k�l�v�_�\�h�c���m�q�Z�k�l�h�d��
�j�_�d�b�����j�b�k�m�g�h�d�����]�������I�h�k�e�_���w�l�h�]�h���k���������i�h���������g�h�y�[�j�y��
�����������]�h�^�Z���i�j�h�b�k�o�h�^�b�e���k�i�Z�^���m�j�h�\�g�_�c���\�h�^�u���\�h���\�k�_�f��
�O�h�e�f�h�]�h�j�k�d�h�f�� �j�Z�a�\�_�l�\�e�_�g�b�b�� �g�Z�� �n�h�g�_�� �k�i�Z�^�Z��
�i�Z�\�h�^�h�q�g�h�c�� �\�h�e�g�u�� ���j�b�k�m�g�h�d�� �������� �I�j�b�� �w�l�h�f��
�k�n�h�j�f�b�j�h�\�Z�\�r�b�c�k�y���e�_�^�y�g�h�c���i�h�d�j�h�\�����h�k�h�[�_�g�g�h���g�Z��
�m�q�Z�k�l�d�Z�o�� �k�h�� �a�g�Z�q�b�l�_�e�v�g�u�f�b�� �i�h�^�k�h�\�Z�f�b�� �e�v�^�b�g�� �b��
�l�h�j�h�k�Z�f�b�����m���[�_�j�_�]�h�\���h�k�_�e���g�Z���i�j�b�[�j�_�`�g�u�_���h�l�f�_�e�b����
�<�k�x�� �a�b�f�m�� �g�Z�� �h�k�l�j�h�\�_-�h�k�_�j�_�^�d�_�� �\�� �j�Z�c�h�g�_�� �i�h�k�_�e�d�Z��
�M�k�l�v-�I�b�g�_�]�Z���f�h�`�g�h���[�u�e�h���\�b�^�_�l�v���e�_�^�y�g�u�_���]�e�u�[�u��
�f�h�s�g�h�k�l�v�x�� �[�h�e�_�_�� ���� �f���� �k�n�h�j�f�b�j�h�\�Z�\�r�b�_�k�y�� �\��
�h�k�_�g�g�_�f���e�_�^�h�o�h�^�_���b���\�h�a�\�u�r�Z�x�s�b�_�k�y���g�Z�^���a�b�f�g�b�f��
�m�j�h�\�g�_�f���\�h�^�u���� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �h�k�_�g�g�_�]�h�� �e�_�^�h�o�h�^�Z�� �g�Z��
�i�j�b�^�_�e�v�l�h�\�h�f�� �m�q�Z�k�l�d�_�� �k�n�h�j�f�b�j�h�\�Z�e�b�k�v��
�h�[�r�b�j�g�u�_���h�[�e�Z�k�l�b���k���g�Z�l�h�j�h�r�_�g�g�u�f���e�_�^�h�k�l�Z�\�h�f���b��
�i�h�^�k�h�\�Z�f�b���� �<�_�e�b�q�b�g�Z�� �i�h�^�t�_�f�Z�� �m�j�h�\�g�y�� �\�h�^�u�� �g�Z��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�f���i�h�k�l�m���M�k�l�v-�I�b�g�_�]�Z�����\�u�a�\�Z�g�g�h�]�h��
�i�h�^�i�h�j�h�f�� �e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z���� �k�h�k�l�Z�\�b�e�Z�� �h�d�h�e�h��
2,5 �f���i�h���j�_�a�m�e�v�l�Z�l�Z�f���b�a�f�_�j�_�g�b�y���j�Z�k�o�h�^�h�\���\�h�^�u���\��
�n�_�\�j�Z�e�_�� �b�� �f�Z�j�l�_�� ���������� �]�h�^�Z���� �I�h�^�h�[�g�u�_�� �m�k�e�h�\�b�y��
�i�h�^�i�h�j�Z���i�h���^�Z�g�g�u�f���]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���i�h�k�l�Z���M�k�l�v-
�I�b�g�_�]�Z���g�Z�[�e�x�^�Z�e�b�k�v���j�Z�g�_�_���\�������������b���\�������������]�h�^�Z�o����
�H�[�u�q�g�h�� �\�� �w�l�b�o�� �k�e�m�q�Z�y�o�� �h�`�b�^�Z�_�l�k�y�� �^�e�b�l�_�e�v�g�h�_��
�i�j�h�o�h�`�^�_�g�b�_�� �\�_�k�_�g�g�_�]�h�� �e�_�^�h�o�h�^�Z�� �k�� �a�Z�l�h�j�g�u�f�b��
�h�k�l�Z�g�h�\�d�Z�f�b�� �b�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b�� �i�h�^�t�_�f�Z�f�b��
�m�j�h�\�g�y�� �\�h�^�u���� �<�_�k�g�h�c�� ���������� �]�h�^�Z�� �h�`�b�^�Z�e�h�k�v��
�n�h�j�f�b�j�h�\�Z�g�b�_���a�Z�l�h�j�h�\���e�v�^�Z���\���^�_�j�_�\�g�_���Q�_�j�g�u�c���Y�j��
�b���\���]�e�Z�\�g�h�f���j�m�k�e�_���O�h�e�f�h�]�h�j�k�d�h�]�h���j�Z�a�\�_�l�\�e�_�g�b�y�� 

�E�_�^�h�\�u�_�� �h�[�k�e�_�^�h�\�Z�g�b�y�� �\�� �f�Z�j�l�_�� ���������� �]�h�^�Z��
�i�h�d�Z�a�Z�e�b���� �q�l�h�� �f�h�s�g�h�k�l�v�� �e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z�� �k��
�i�h�^�k�h�\�Z�f�b���b���r�m�]�h�c���\���j�Z�c�h�g�_���^�_�j�_�\�g�b���Q�_�j�g�u�c���Y�j��
�^�h�k�l�b�]�Z�e�Z�������f���i�j�b���f�Z�d�k�b�f�Z�e�v�g�h�c���]�e�m�[�b�g�_���^�h������ �f����
�I�j�b�� �w�l�h�f�� �m�q�Z�k�l�h�d�� �k�� �i�h�^�k�h�\�Z�f�b�� �b�� �r�m�]�h�c��
�f�h�s�g�h�k�l�v�x�� �h�l�� �������� �^�h�� ���� �f�� �i�j�h�k�e�_�`�b�\�Z�e�k�y�� �g�Z��
�i�j�h�l�y�`�_�g�b�b�� �[�h�e�_�_�� ���� �d�f���� �=�e�Z�\�g�h�_�� �j�m�k�e�h��
�O�h�e�f�h�]�h�j�k�d�h�]�h�� �j�Z�a�\�_�l�\�e�_�g�b�y�� �g�_�� �[�u�e�h��
�h�[�k�e�_�^�h�\�Z�g�h�� �l�Z�d�� �i�h�^�j�h�[�g�h�� �d�Z�d�� �m�q�Z�k�l�h�d�� �h�k�_�g�g�_�]�h��
�a�Z�`�h�j�Z�� �m�� �^�_�j�_�\�g�_�� �Q�_�j�g�u�c�� �Y�j���� �g�h�� �\�� �k�l�\�h�j�_�� �m��
�^�_�j�_�\�g�b�� �F�Z�l�_�j�Z�� ���\�� ���� �d�f�� �\�u�r�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h��
�i�h�k�l�Z���L�j�h�c�g�Z�y���]�h�j�Z�����f�h�s�g�h�k�l�v���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z��

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

�J�Z�a�j�m�r�_�g�b�_���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z���\�_�k�g�h�c�������������]�� 

�I�_�j�\�u�_�� �\�_�k�_�g�g�b�_�� �b�a�f�_�g�_�g�b�y�� �\�� �e�_�^�y�g�h�f��
�i�h�d�j�h�\�_���g�Z���i�j�b�^�_�e�v�l�h�\�h�f���m�q�Z�k�l�d�_���j�_�d�b���K�_�\�_�j�g�Z�y��
�>�\�b�g�Z�� �[�u�e�b�� �k�\�y�a�Z�g�u�� �k�� �e�_�^�h�d�h�e�v�g�u�f�b�� �j�Z�[�h�l�Z�f�b����
�d�h�l�h�j�u�_���g�Z�q�Z�e�b�k�v���k���������Z�i�j�_�e�y�������������]�h�^�Z�����������Z�i�j�_�e�y��
�����������]�h�^�Z���i�Z�j�Z���e�_�^�h�d�h�e�h�\���^�h�r�e�b���^�h���g�b�`�g�_�c���q�Z�k�l�b��
�O�h�e�f�h�]�h�j�k�d�h�]�h�� �j�Z�a�\�_�l�\�e�_�g�b�y�� �\�� �j�Z�c�h�g�_��
�g�Z�k�_�e�_�g�g�h�]�h�� �i�m�g�d�l�Z�� �<�Z�c�g�h�\�h���� �h�k�l�Z�\�b�\�� �\�h�� �e�v�^�m��
�k�m�^�h�\�u�_�� �d�Z�g�Z�e�u���� �g�h�� �g�_�� �\�u�a�\�Z�\�� �_�s�_�� �a�g�Z�q�b�f�h�]�h��
�\�u�g�h�k�Z���b�e�b���i�h�^�\�b�`�_�d���e�v�^�Z�����j�b�k�m�g�h�d�����Z�������<�_�q�_�j�h�f��
�������Z�i�j�_�e�y�������������]�h�^�Z���h�k�g�h�\�g�h�c���e�_�^�h�o�h�^���i�j�b�r�_�e���i�h��
�j�_�d�_�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �d�� �^�_�j�_�\�g�_�� �H�j�e�_�p�u�� �b�� �l�Z�f��
�h�k�l�Z�g�h�\�b�e�k�y���\���a�Z�l�h�j�_�����j�b�k�m�g�h�d�����������^�\�b�`�_�g�b�_���e�v�^�Z��
�i�j�h�^�h�e�`�b�e�h�k�v�� �f�_�g�_�_�� �q�_�f�� �q�_�j�_�a�� �^�\�h�_�� �k�m�l�h�d���� �b��
�\�_�q�_�j�h�f���������Z�i�j�_�e�y�������������]�h�^�Z���e�_�^�h�o�h�^���h�k�l�Z�g�h�\�b�e�k�y��
�g�b�`�_�� �i�h�k�_�e�d�Z�� �M�k�l�v-�I�b�g�_�]�Z�� �\�� �j�Z�c�h�g�_�� �j�Z�a�^�_�e�_�g�b�y��
�j�m�k�e�Z�� �g�Z�� �l�j�b�� �j�m�d�Z�\�Z���� �;�u�k�l�j�h�d�m�j�d�Z���� �J�h�\�^�h�]�h�j�d�Z�� �b��
�]�e�Z�\�g�h�_�� �k�m�^�h�o�h�^�g�h�_�� �j�m�k�e�h�� �O�h�e�f�h�]�h�j�k�d�h�]�h��
�j�Z�a�\�_�l�\�e�_�g�b�y�� ���j�b�k�m�g�h�d�� ���Z������ �=�e�Z�\�g�h�_�� �j�m�k�e�h�� �[�u�e�h��
�i�e�h�l�g�h�� �a�Z�i�h�e�g�_�g�h�� �e�v�^�h�f�� �k�� �h�k�_�g�b���� �h�� �q�_�f��
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �d�h�k�f�b�q�_�k�d�b�_�� �k�g�b�f�d�b�� �b��
�j�_�a�m�e�v�l�Z�l�u�� �e�_�^�h�f�_�j�g�h�c�� �k�t�_�f�d�b���� �i�j�h�\�_�^�_�g�g�h�c�� �\��
�f�Z�j�l�_���� �<�� �i�j�h�l�h�d�m�� �;�u�k�l�j�h�d�m�j�d�Z�� �e�_�^�� �g�Z�[�b�e�k�y��
�\�_�q�_�j�h�f�� ������ �Z�i�j�_�e�y�� ���������� �]�h�^�Z���� �\�� �g�_�_��
�i�_�j�_�j�Z�k�i�j�_�^�_�e�b�e�Z�k�v���[�h�e�v�r�Z�y���^�h�e�y���k�l�h�d�Z�����d�h�l�h�j�u�c��
�g�_�� �k�f�h�]�� �g�Z�i�j�Z�\�b�l�v�k�y�� �\�� �]�e�Z�\�g�u�c�� �j�m�d�Z�\�� �b�a-�a�Z��
�f�h�s�g�u�o�� �a�Z�`�h�j�h�\���� �k�n�h�j�f�b�j�h�\�Z�\�r�b�o�k�y�� �h�k�_�g�v�x����
�M�j�h�\�_�g�v�� �\�h�^�u�� �i�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�m�� �i�h�k�l�m�� �M�k�l�v-
�I�b�g�_�]�Z�� �i�j�b�� �w�l�h�f�� �\�u�j�h�k�� �g�Z�� ���� �f�� �a�Z�� �k�m�l�d�b��
���j�b�k�m�g�h�d �������� �A�Z�� �\�j�_�f�y�� �k�l�h�y�g�b�y�� �w�l�h�]�h�� �a�Z�l�h�j�Z�� �\��
�l�_�q�_�g�b�_�� �i�h�k�e�_�^�m�x�s�b�o�� �q�_�l�u�j�_�o�� �k�m�l�h�d�� �m�j�h�\�_�g�v��
�\�h�^�u�� �g�Z�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �i�h�k�l�m�� �M�k�l�v-�I�b�g�_�]�Z��
�\�u�j�h�k���_�s�_���g�Z�������f�����I�j�b���w�l�h�f���k�j�_�^�g�b�c���m�d�e�h�g���\�h�^�g�h�c��
�i�h�\�_�j�o�g�h�k�l�b���g�Z���m�q�Z�k�l�d�_���f�_�`�^�m���]�b�^�j�h�e�h�]�b�q�_�k�d�b�f�b��
�i�h�k�l�Z�f�b�� �M�k�l�v-�I�b�g�_�]�Z�� �b�� �O�h�e�f�h�]�h�j�u�� �^�h�k�l�b�]�Z�e��
�������Å���� �\�� �k�e�m�q�Z�_�� �i�j�h�j�u�\�Z�� �a�Z�l�h�j�Z�� �\�� �i�j�h�l�h�d�_��
�;�u�k�l�j�h�d�m�j�d�Z���m�]�j�h�`�Z�y���a�Z�l�h�i�b�l�v���k�_�e�h���O�h�e�f�h�]�h�j�u�� 

25-������ �Z�i�j�_�e�y�� ���������� �]�h�^�Z�� �g�Z�� �i�j�b�^�_�e�v�l�h�\�h�f��
�m�q�Z�k�l�d�_�� �\�i�e�h�l�v�� �^�h�� �g�Z�k�_�e�_�g�g�h�]�h�� �i�m�g�d�l�Z�� �<�Z�c�g�h�\�h��
�i�j�h�\�h�^�b�e�b�k�v�� �i�h�\�l�h�j�g�u�_�� �e�_�^�h�d�h�e�v�g�u�_�� �j�Z�[�h�l�u����
�d�h�l�h�j�u�_�� �\�u�a�\�Z�e�b�� �h�k�\�h�[�h�`�^�_�g�b�_�� �h�l�h�� �e�v�^�Z��
�k�m�^�h�o�h�^�g�h�]�h�� �j�m�d�Z�\�Z�� �j�Z�a�\�_�l�\�e�_�g�b�y�� �\�� �j�Z�c�h�g�_��
�^�_�j�_�\�g�b�� �Q�_�j�g�u�c�� �Y�j�� �b�� �\�u�g�h�k�� �e�v�^�b�g�� �b�a�� �j�m�d�Z�\�Z��
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�H�j�e�b�o�Z�� �b�� �\�u�r�_�e�_�`�Z�s�b�o�� �m�q�Z�k�l�d�h�\���� ������ �Z�i�j�_�e�y��
2020 �]�h�^�Z�� �h�d�h�e�h�� ������ �q�Z�k�h�\�� �[�u�e�b�� �i�j�h�\�_�^�_�g�u��
�\�a�j�u�\�g�u�_�� �f�_�j�h�i�j�b�y�l�b�y�� �k�h�\�f�_�k�l�g�h�� �k��
�e�_�^�h�d�h�e�v�g�u�f�b�� �j�Z�[�h�l�Z�f�b�� �\�� �j�Z�c�h�g�_�� �g�Z�k�_�e�_�g�g�h�]�h��
�i�m�g�d�l�Z���<�Z�c�g�h�\�h�����i�h�k�e�_���q�_�]�h���g�Z�q�Z�e�k�y���b�g�l�_�g�k�b�\�g�u�c��
�\�u�g�h�k�� �d�j�m�i�g�u�o�� �e�v�^�b�g�� �k�� �w�l�h�]�h�� �m�q�Z�k�l�d�Z�� �b�� �b�a��
�i�j�h�l�h�d�b�� �;�h�]�h�y�\�e�_�g�d�Z���� �W�l�h�l�� �f�h�f�_�g�l�� �h�l�j�Z�a�b�e�k�y�� �g�Z��
�]�j�Z�n�b�d�_�� �m�j�h�\�g�_�c�� �\�h�^�u�� �i�h�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�m 
�i�h�k�l�m�� �L�j�h�c�g�Z�y�� �]�h�j�Z�� �\�� �\�b�^�_�� �j�_�a�d�h�]�h�� �k�g�b�`�_�g�b�y��
�i�j�b�f�_�j�g�h���g�Z�����������f�����Z���g�_�k�d�h�e�v�d�b�f�b���q�Z�k�Z�f�b���i�h�a�^�g�_�_��
�l�h�l���`�_���w�n�n�_�d�l���\�b�^�_�g���b���g�Z���]�b�^�j�h�e�h�]�b�q�_�k�d�h�f���i�h�k�l�m��
�M�k�l�v-�I�b�g�_�]�Z�� ���j�b�k�m�g�h�d �������� �Q�Z�k�l�v�� �e�_�^�h�o�h�^�Z����
�k�n�h�j�f�b�j�h�\�Z�\�r�_�]�h�k�y�� �g�Z�� �m�q�Z�k�l�d�_�� �e�_�^�h�d�h�e�v�g�u�o�� �b��
�\�a�j�u�\�g�u�o�� �j�Z�[�h�l���� �a�Z�^�_�j�`�Z�e�Z�k�v�� �\�� �j�Z�c�h�g�_�� �^�_�j�_�\�g�b��
�Q�_�j�g�u�c�� �Y�j���� �k�n�h�j�f�b�j�h�\�Z�\�� �g�_�i�j�h�^�h�e�`�b�l�_�e�v�g�u�c��
�a�Z�l�h�j�� ���j�b�k�m�g�h�d�� ���[������ �d�h�l�h�j�u�c�� �i�j�h�j�\�Z�e�k�y�� �f�_�g�v�r�_��
�q�_�f���q�_�j�_�a���k�m�l�d�b���i�h�a�^�g�b�f���\�_�q�_�j�h�f���������Z�i�j�_�e�y������������
�]�h�^�Z�����j�b�k�m�g�h�d�����\���� 

�<�� �l�_�q�_�g�b�_�� �^�g�y�� ������ �Z�i�j�_�e�y�� ���������� �]�h�^�Z��
�i�j�h�b�k�o�h�^�b�e�h���f�_�^�e�_�g�g�h�_�����k���h�k�l�Z�g�h�\�d�Z�f�b�����\�k�d�j�u�l�b�_��
�]�e�Z�\�g�h�]�h�� �j�m�d�Z�\�Z�� �O�h�e�f�h�]�h�j�k�d�h�]�h�� �j�Z�a�\�_�l�\�e�_�g�b�y����
�>�\�b�`�_�g�b�_�� �\�� �]�e�Z�\�g�h�f�� �j�m�k�e�_�� �f�h�]�e�h�� �[�u�l�v��
�k�i�j�h�\�h�p�b�j�h�\�Z�g�h�� �a�Z�l�h�j�h�f�� �\�� �i�j�h�l�h�d�_�� �;�h�]�h�y�\�e�_�g�d�Z����
�i�h�� �^�Z�g�g�u�f�� �g�Z�[�e�x�^�Z�l�_�e�y�� �\�� �g�Z�k�_�e�_�g�g�h�f�� �i�m�g�d�l�_��
�<�Z�c�g�h�\�h���d���m�l�j�m���������Z�i�j�_�e�y�������������]�h�^�Z���\�u�g�h�k���e�v�^�Z���b�a��
�g�_�_���i�j�_�d�j�Z�l�b�e�k�y�����<���������q�Z�k�h�\���������Z�i�j�_�e�y�������������]�h�^�Z��
�g�Z �\�h�e�g�_�� �^�\�b�`�_�g�b�y�� �e�_�^�h�o�h�^�Z�� �g�Z�q�Z�e�h�k�v��
�h�k�\�h�[�h�`�^�_�g�b�_�� �h�l�h�� �e�v�^�Z�� �]�e�Z�\�g�h�]�h�� �j�m�k�e�Z�� �\�� �k�l�\�h�j�_��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �L�j�h�c�g�Z�y�� �]�h�j�Z���� �i�j�b�� �w�l�h�f��
�m�j�h�\�_�g�v�� �\�h�^�u�� �\�� �l�_�q�_�g�b�_�� �q�Z�k�Z�� �\�u�j�h�k�� �g�Z�� ������ �k�f��
���j�b�k�m�g�h�d�� �������� �<�� �j�_�a�m�e�v�l�Z�l�_�� �i�_�j�\�u�f�� �\��
�O�h�e�f�h�]�h�j�k�d�h�f���j�Z�a�\�_�l�\�e�_�g�b�b���h�q�b�k�l�b�e�h�k�v���h�l�h���e�v�^�Z��
�]�e�Z�\�g�h�_�� �j�m�k�e�h�� ���j�b�k�m�g�h�d�� ���]������ �D�� ���� �f�Z�y�� ���������� �]�h�^�Z��
�i�j�h�b�a�h�r�e�h���i�h�e�g�h�_���h�k�\�h�[�h�`�^�_�g�b�_���h�l�h���e�v�^�Z���i�j�h�l�h�d��
�;�h�]�h�y�\�e�_�g�d�Z���b���;�u�k�l�j�h�d�m�j�d�Z�� 

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

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

�k�l�j�_�e�h�q�d�Z�f�b �± �f�h�f�_�g�l�u���\�j�_�f�_�g�b�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���k�o�_�f�Z�f���g�Z���j�b�k�m�g�d�_���� 
Figure 6. Water levels and river discharge during the breakup period in spring 2020. Red dotted lines mark 

significant events of the break-up period, black arrows mark the moments of ice conditions at figure 5 



2020 Vol.2, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

342  
 

�J�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y�� 

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

1) �i�h�e�g�h�_�� �h�l�k�m�l�k�l�\�b�_�� �\�e�b�y�g�b�y�� �e�_�^�h�\�u�o��
�y�\�e�_�g�b�c�� 

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

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

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

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

�L�h�e�s�b�g�Z�� �e�v�^�Z�� �h�p�_�g�_�g�Z�� �b�k�o�h�^�y�� �b�a��
�e�_�^�h�f�_�j�g�u�o�� �k�t�_�f�h�d���� �i�j�h�\�_�^�_�g�g�u�o�� �\��
�O�h�e�f�h�]�h�j�k�d�h�f�� �j�Z�a�\�_�l�\�e�_�g�b�b�� �b�� �\�� �j�Z�c�h�g�_�� �^�_�j�_�\�g�b��
�Q�_�j�g�u�c�� �Y�j�� �\�� �f�Z�j�l�_�� ���������� �]�h�^�Z���� �I�Z�j�Z�f�_�l�j��
�d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �e�v�^�Z�� �a�Z�^�Z�g��
�k�h�]�e�Z�k�g�h�� �j�_�d�h�f�_�g�^�Z�p�b�y�f�� �>Krylenko et al., 2020], 
�\�u�\�_�^�_�g�g�u�o�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �f�g�h�`�_�k�l�\�Z��
�d�Z�e�b�[�j�h�\�h�q�g�u�o�� �j�Z�k�q�_�l�h�\�� �a�Z�l�h�j�g�u�o�� �k�b�l�m�Z�p�b�c�� �g�Z��
�j�_�d�_�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �\�� �j�Z�c�h�g�_�� �<�_�e�b�d�h�]�h�� �M�k�l�x�]�Z��
���l�Z�[�e�b�p�Z����).  

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

Figure 7. Boundary conditions for modeling 

�L�Z�[�e�b�p�Z 1. �<�j�_�f�_�g�g�u�_���i�_�j�b�h�^�u �k���j�Z�a�e�b�q�g�h�c���e�_�^�h�\�h�c���h�[�k�l�Z�g�h�\�d�h�c�����i�j�b�g�y�l�u�_���^�e�y���f�h�^�_�e�b�j�h�\�Z�g�b�y 
Table 1. Time periods with different ice conditions, used for modeling 

�I�_�j�b�h�^���\�j�_�f�_�g�b 
�E�_�^�h�\�Z�y���h�[�k�l�Z�g�h�\�d�Z 

�k �i�h 
�g�Z�q�Z�e�h���j�Z�k�q�_�l�Z �������Z�i�j�_�e�y���������q�� �j�b�k�m�g�h�d���� 
�������Z�i�j�_�e�y���������q�� �������Z�i�j�_�e�y���������q�� �j�b�k�m�g�h�d�����Z 
�������Z�i�j�_�e�y���������q�� �������Z�i�j�_�e�y���������q�� �j�b�k�m�g�h�d�����[�����[�_�a���a�Z�l�h�j�Z���m���^�_�j�_�\�g�b �Q�_�j�g�u�c���Y�j) 
�������Z�i�j�_�e�y���������q�� �������Z�i�j�_�e�y���������q�� �j�b�k�m�g�h�d�����[ 
�������Z�i�j�_�e�y���������q�� �������Z�i�j�_�e�y���������q�� �j�b�k�m�g�h�d�����\ 
�������Z�i�j�_�e�y���������q�� �������Z�i�j�_�e�y�������q�� �j�b�k�m�g�h�d�����] 
�������Z�i�j�_�e�y���������q�� �d�h�g�_�p���j�Z�k�q�_�l�Z �[�_�a���m�q�_�l�Z���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z 
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�L�Z�[�e�b�p�Z������ �I�Z�j�Z�f�_�l�j�u���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z�����a�Z�^�Z�g�g�u�_���\���f�h�^�_�e�v�g�u�o���j�Z�k�q�_�l�Z�o 
Table 2. Ice cover parameters for modeling 

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

�L�h�e�s�b�g�Z��
�e�v�^�Z�����f 

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

�e�_�^�h�k�l�Z�\ 0,5 0,025 
�e�_�^�h�k�l�Z�\���k���i�h�^�\�b�`�d�Z�f�b 0,5 0,025 

�l�h�j�h�k�u 2,5 0,045 
�h�k�g�h�\�Z�g�b�_���a�Z�l�h�j�Z 1 0,025 

�l�_�e�h���a�Z�l�h�j�Z 3 0,075 
�k�m�^�h�\�u�c���d�Z�g�Z�e 0 0,005 
�j�_�^�d�b�c���e�_�^�h�o�h�^ 0 0 

�q�b�k�l�h 0 0 

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

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

�h�[�h�b�o���n�Z�d�l�h�j�h�\�����l�h�e�s�b�g�Z���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z���b���r�_�j�h�o�h�\�Z�l�h�k�l�v 
Figure 8. Water levels observed at Ust-Pinega gauge and modelled: 1 �± without ice cover impact, 2 �± taking 

into account ice and ice-jam thickness, 3 �± taking into account ice roughness coefficient, 4 �± taking into 
account both: ice roughness coefficient and ice and ice-jam thickness. 

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

2020 �]�h�^�Z���� �_�]�h�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �m�j�h�\�_�g�v�� �\�h�^�u��
�h�d�Z�a�Z�e�h�k�v���g�_�^�h�h�p�_�g�_�g�h���i�j�b�f�_�j�g�h���\���i�h�e�l�h�j�Z���j�Z�a�Z����
�A�b�f�g�b�_�� �m�k�e�h�\�b�y�� �i�h�^�i�h�j�Z�� �m�j�h�\�g�y�� �\�h�^�u��
�\�h�k�i�j�h�b�a�\�_�^�_�g�u�� �k�� �h�r�b�[�d�h�c�� �g�_�� �[�h�e�_�_�� ������ �k�f���� �q�l�h��
�k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� �������� �h�l�� �h�[�s�_�c�� �\�_�e�b�q�b�g�u��
�i�h�^�i�h�j�Z�����\�u�a�\�Z�g�g�h�]�h���e�v�^�h�f.  

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

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

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

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

�J�_�a�m�e�v�l�Z�l�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�h�d�Z�a�u�\�Z�x�l��
�l�j�m�^�g�h�k�l�v�� �a�Z�^�Z�g�b�y�� �i�h�^�o�h�^�y�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\��
�e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z���� �Z�� �l�Z�d�`�_�� �\�u�y�\�e�y�x�l��
�g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�b���\���a�Z�^�Z�g�b�b���\�_�j�o�g�_�]�h���]�j�Z�g�b�q�g�h�]�h��
�m�k�e�h�\�b�y�� �b�a-�a�Z�� �[�h�e�v�r�h�]�h�� �\�e�b�y�g�b�y�� �i�j�h�b�k�o�h�^�y�s�b�o��
�e�_�^�h�\�u�o�� �y�\�e�_�g�b�c�� �g�Z�� �j�Z�k�o�h�^�u�� �\�h�^�u�� �\�� �k�l�\�h�j�_��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �M�k�l�v-�I�b�g�_�]�Z���� �H�^�g�Z�d�h����
�[�_�a���i�j�h�\�_�^�_�g�b�y���d�Z�e�b�[�j�h�\�d�b���i�Z�j�Z�f�_�l�j�h�\���e�_�^�y�g�h�]�h��
�i�h�d�j�h�\�Z���� �b�k�i�h�e�v�a�m�y�� �f�Z�l�_�j�b�Z�e�u�� �g�Z�l�m�j�g�u�o��
�g�Z�[�e�x�^�_�g�b�c�� �b�� �d�h�k�f�b�q�_�k�d�b�o�� �k�g�b�f�d�h�\���� �m�^�Z�e�h�k�v��
�\�h�k�i�j�h�b�a�\�_�k�l�b�� �a�b�f�g�b�c�� �m�j�h�\�_�g�v�� �\�h�^�u�� �i�_�j�_�^��
�\�k�d�j�u�l�b�_�f�� �m�� �i�h�k�_�e�d�Z�� �M�k�l�v-�I�b�g�_�]�Z�� �\�� �m�k�e�h�\�b�y�o��
�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �i�h�^�i�h�j�Z���� �Z�� �l�Z�d�`�_�� �a�g�Z�q�_�g�b�_��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h���m�j�h�\�g�y���\�h�^�u�����k�n�h�j�f�b�j�h�\�Z�\�r�_�]�h�k�y��
�h�l���f�h�s�g�_�c�r�_�]�h���a�Z�l�h�j�Z���� �m�k�l�Z�g�h�\�b�\�r�_�]�h�k�y���\�h���\�k�_�o��
�j�m�d�Z�\�Z�o�� �O�h�e�f�h�]�h�j�k�d�h�]�h�� �j�Z�a�\�_�l�\�e�_�g�b�y�� �\�_�k�g�h�c��
�����������]�h�^�Z�� 

�I�h�� �l�_�d�m�s�b�f�� �b�l�h�]�Z�f�� �f�h�`�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �i�h��
�b�f�_�x�s�_�c�k�y�� �b�g�n�h�j�f�Z�p�b�b�� �h�� �j�Z�a�\�b�l�b�b�� �e�_�^�h�\�h�c��
�h�[�k�l�Z�g�h�\�d�b�� �f�h�`�g�h�� �i�h�e�m�q�Z�l�v�� �i�h�q�l�b��
�b�k�q�_�j�i�u�\�Z�x�s�m�x�� �d�Z�j�l�b�g�m�� �o�j�h�g�h�e�h�]�b�b�� �j�Z�a�\�b�l�b�y��
�\�_�k�_�g�g�_�]�h�� �e�_�^�h�o�h�^�Z�� ���i�h�� �d�h�k�f�b�q�_�k�d�b�f�� �k�g�b�f�d�Z�f����
�k�t�_�f�d�_�� �;�I�E�:���� �\�b�a�m�Z�e�v�g�u�f�� �g�Z�[�e�x�^�_�g�b�y�f�� �g�Z��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �i�h�k�l�Z�o������ �H�^�g�Z�d�h�� �l�h�e�s�b�g�m��

���f�h�s�g�h�k�l�v���� �a�Z�l�h�j�g�u�o�� �h�[�j�Z�a�h�\�Z�g�b�c�� �b�� �_�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�h�� �i�j�h�k�l�j�Z�g�k�l�\�m�� �i�h�d�Z�� �g�_�� �m�^�Z�_�l�k�y��
�^�h�k�l�h�\�_�j�g�h�� �h�i�b�k�Z�l�v�� �i�h�� �b�f�_�x�s�b�f�k�y�� �f�Z�l�_�j�b�Z�e�Z�f����
�>�e�y�� �j�_�r�_�g�b�y�� �w�l�h�c�� �a�Z�^�Z�q�b�� �a�Z�i�e�Z�g�b�j�h�\�Z�g�h���� �\�h-
�i�_�j�\�u�o���� �j�Z�k�r�b�j�_�g�b�_�� �b�� �h�i�l�b�f�b�a�Z�p�b�y��
�i�e�Z�g�b�j�h�\�Z�g�b�y�� �e�_�^�h�f�_�j�g�u�o�� �k�t�_�f�h�d�� �\�� �a�b�f�g�b�c��
�i�_�j�b�h�^���� �E�_�^�h�f�_�j�g�u�_�� �i�j�h�n�b�e�b�� �^�h�e�`�g�u�� �[�u�l�v��
�\�u�i�h�e�g�_�g�u�� �g�Z�� �m�q�Z�k�l�d�Z�o�� �h�k�_�g�g�b�o�� �a�Z�`�h�j�h�\�� �i�h�k�e�_��
�m�k�l�Z�g�h�\�e�_�g�b�y�� �e�_�^�h�k�l�Z�\�Z�� �h�k�_�g�v�x�� �b�� �i�_�j�_�^��
�\�k�d�j�u�l�b�_�f�� �j�_�d�b�� �\�_�k�g�h�c���� �<�h-�\�l�h�j�u�o����
�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�_�� �^�_�r�b�n�j�b�j�h�\�Z�g�b�_�� �j�Z�^�Z�j�g�u�o��
�k�g�b�f�d�h�\�� �k�� �p�_�e�v�x�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�b 
�f�h�s�g�h�k�l�b�� �e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z�� �b�� �n�h�j�f�b�j�m�x�s�b�o�k�y��
�a�Z�l�h�j�h�\���� �A�Z�l�h�j�g�u�_�� �b�� �a�Z�`�h�j�g�u�_�� �m�q�Z�k�l�d�b�� �g�Z��
�k�g�b�f�d�Z�o�� �b�f�_�x�l�� �h�[�u�q�g�h�� �g�Z�b�[�h�e�v�r�m�x�� �y�j�d�h�k�l�v��
�i�b�d�k�_�e�_�c���� �Z�� �j�h�\�g�u�c�� �e�_�^�y�g�h�c�� �i�h�d�j�h�\�� �± �[�h�e�_�_��
�l�_�f�g�u�c�� �p�\�_�l���� �<�� �d�Z�q�_�k�l�\�_�� �w�l�Z�e�h�g�h�\�� �^�e�y��
�^�_�r�b�n�j�b�j�h�\�Z�g�b�y�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u��
�^�Z�g�g�u�_�� �h�� �l�h�e�s�b�g�_�� �e�v�^�Z�� �b�� �f�h�s�g�h�k�l�b�� �a�Z�l�h�j�h�\�� �b�a��
�j�_�a�m�e�v�l�Z�l�h�\���e�_�^�h�f�_�j�g�u�o���k�t�_�f�h�d�� 

�>�e�y�� �l�h�]�h�� �q�l�h�[�u�� �i�h�e�g�h�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v��
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 Abstract. This work aim is analyzing the flood 
hazard in the Angara region with using stochastic 
hydrology methods. This region is characterized by 
greatest danger of summer rain floods, relatively rare 
but systematic, and are very dangerous. The 
possibility is studied to construct one-dimensional 
analytical distribution curves that reliably 
approximates a series of observed maximum annual 
discharges and allow to give a reasonable estimate of 
the extreme floods probability �± using the example 
of extraordinary floods on the Iya River in 1984 and 
2019. A number of three-parameter probability laws 
and methods of probability curves parameterization 
was used. 
Resulting, 14 variants of analytical distribution 
curves were constructed, compared by the statistical 
and rational criteria. Despite the several versions 
satisfy to almost all the requirements, it seems 
impossible to solve the problem qualitatively on their 
basis. All acceptable curve versions underestimate 
the probability for extraordinary floods of 1984 and 
2019 years. Some of these versions go beyond the  
5-95% confidence intervals of empirical probability 
curve, or are the results of direct mathematical fitting 
without the satisfactory conceptual reasons. 
Thus, it was not possible to construct adequate three-
parameter  maximum discharge distribution for the 
Iya River according to above requirements. The 
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�^�Z�g�g�u�f�� �b�� �g�_�� �b�f�_�x�l�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�]�h��
�d�h�g�p�_�i�l�m�Z�e�v�g�h�]�h���h�[�h�k�g�h�\�Z�g�b�y�� 
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complexity of the runoff formation processes in the 
region, different generation mechanisms of ordinary 
and extraordinary floods, obviously, leads to 
statistical heterogeneity of the series, which cannot 
be correctly described by one-dimensional three-
parameter distribution laws. To assess the 
extraordinary floods probability, it seems most 
appropriate to use dynamic-stochastic modeling 
based on a physically based runoff model. 

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

 Keywords: Angara River; left bank tributaries; Iya 
River; Tulun City; flood hazard; maximum run off; 
distribution curves; probability 
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�]�h�j�h�^�h�\�����i�h�]�b�[�e�h���������q�_�e�h�\�_�d���>�D�b�q�b�]�b�g�Z�������������@���� 

�<�� �d�h�g�p�_�� �b�x�g�y�� ���������� �]�h�^�Z�� �g�Z�� �e�_�\�h�[�_�j�_�`�g�u�o��
�i�j�b�l�h�d�Z�o�� �j�_�d�b�� �:�g�]�Z�j�Z�� �\�g�h�\�v�� �i�j�h�r�_�e��
�d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�c���^�h�`�^�_�\�h�c���i�Z�\�h�^�h�d�����i�j�b�\�_�^�r�b�c��
�d�� �q�_�e�h�\�_�q�_�k�d�b�f�� �`�_�j�l�\�Z�f�� �b�� �h�]�j�h�f�g�h�f�m��
�f�Z�l�_�j�b�Z�e�v�g�h�f�m�� �m�s�_�j�[�m���� �I�h�k�l�j�Z�^�Z�e�b��
�G�b�`�g�_�m�^�b�g�k�d�b�c���� �L�Z�c�r�_�l�k�d�b�c���� �L�m�e�m�g�k�d�b�c����
�Q�m�g�k�d�b�c���� �A�b�f�b�g�k�d�b�c���� �Q�_�j�_�f�o�h�\�k�d�b�c����
�A�Z�e�Z�j�b�g�k�d�b�c���� �D�m�c�l�m�g�k�d�b�c�� �j�Z�c�h�g�u���� �A�Z�l�h�i�e�_�g�h��
109 �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\���� �k�h�l�g�b�� �d�b�e�h�f�_�l�j�h�\��
�Z�\�l�h�^�h�j�h�]���� �m�g�b�q�l�h�`�_�g�u�� �i�h�k�_�\�u���� �k�g�_�k�_�g�h�� �b�e�b��
�i�h�\�j�_�`�^�_�g�h�� ������ �f�h�k�l�Z���� ������ �q�_�e�h�\�_�d�� �i�h�]�b�[�e�h����
5 �q�_�e�h�\�_�d�� �i�j�h�i�Z�e�h�� �[�_�a�� �\�_�k�l�b���� �H�k�g�h�\�g�h�c�� �m�^�Z�j��
�i�j�b�r�_�e�k�y���g�Z���]�h�j�h�^���L�m�e�m�g�����d�h�l�h�j�u�c���i�h�]�j�m�a�b�e�k�y���\��
�\�h�^�m�� �g�Z�� �]�e�m�[�b�g�m�� �^�h�� �g�_�k�d�h�e�v�d�b�o�� �f�_�l�j�h�\���� �p�_�e�u�_��
�m�e�b�p�u�� �^�_�j�_�\�y�g�g�u�o�� �^�h�f�h�\�� �[�m�d�\�Z�e�v�g�h�� �m�i�e�u�e�b���� �Z��
�f�g�h�]�h�w�l�Z�`�g�u�_�� �a�^�Z�g�b�y�� �[�u�e�b�� �a�Z�l�h�i�e�_�g�u�� �^�h��
�l�j�_�l�v�_�]�h�� �w�l�Z�`�Z1 ���� �I�j�b�� �w�l�h�f�� �[�u�e�b�� �i�j�_�\�u�r�_�g�u��
�b�k�l�h�j�b�q�_�k�d�b�_�� �f�Z�d�k�b�f�m�f�u�� �g�Z�� �^�\�m�o�� �]�b�^�j�h�i�h�k�l�Z�o����
�j�_�d�Z���B�y�����i�h�k�l���L�m�e�m�g�����± �g�Z�����������k�f�����j�_�d�Z���M�^�Z�����i�h�k�l��
�G�b�`�g�_�m�^�b�g�k�d�����± �g�Z���������k�f���� 

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

                                                           
1 �I�h�g�h�f�Z�j�_�\�Z���G�����P�_�g�Z���g�Z�\�h�^�g�_�g�b�y���± �K�b�[�b�j�v���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������B�g�l�_�j�n�Z�d�k���J�h�k�k�b�y�����8�5�/����http://www.interfax-
russia.ru/Siberia/view.asp?id=1058665 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y: 26.09.2020). 
2 �I�h�k�l�Z�g�h�\�e�_�g�b�_�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �h�l�� ������ �Z�i�j�_�e�y�� ���������� �]�h�^�Z�� �‹�������� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������
�W�e�_�d�l�j�h�g�g�u�c�� �n�h�g�^�� �g�h�j�f�Z�l�b�\�g�h�c�� �b�� �g�h�j�f�Z�l�b�\�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b����
URL: http://docs.cntd.ru/document/902343713 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 
 
 

�a�Z�^�Z�q�� �j�Z�a�\�b�l�b�y�� �\�h�^�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z����
�D�h�f�i�e�_�d�k�� �f�_�j���� �i�j�_�^�m�k�f�h�l�j�_�g�g�u�o�� �N�_�^�_�j�Z�e�v�g�h�c��
�p�_�e�_�\�h�c�� �i�j�h�]�j�Z�f�f�h�c�� �©�J�Z�a�\�b�l�b�_��
�\�h�^�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �J�h�k�k�b�c�k�d�h�c��
�N�_�^�_�j�Z�p�b�b�� �\�� ��������-���������� �]�h�^�Z�o�ª2 �^�e�y�� �^�h�k�l�b�`�_�g�b�y��
�w�l�h�c�� �a�Z�^�Z�q�b���� �\�d�e�x�q�Z�_�l�� �©�i�j�h�\�_�^�_�g�b�_�� �i�j�b�d�e�Z�^�g�u�o��
�g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o��
�j�Z�a�j�Z�[�h�l�h�d���� �\�u�i�h�e�g�y�_�f�u�o�� �i�h�� �^�h�]�h�\�h�j�Z�f�� �g�Z��
�i�j�h�\�_�^�_�g�b�_�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o���� �h�i�u�l�g�h-
�d�h�g�k�l�j�m�d�l�h�j�k�d�b�o�� �b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �j�Z�[�h�l����
�\�u�i�h�e�g�_�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �i�j�h�_�d�l�h�\����
�h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �\�u�j�Z�[�h�l�d�m�� �k�h�\�j�_�f�_�g�g�u�o��
�f�_�l�h�^�b�d�� �«�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �b��
�b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� �j�Z�a�\�b�l�b�y��
�\�h�^�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h���d�h�f�i�e�_�d�k�Z�ª�� 

�<�� �h�l�_�q�_�k�l�\�_�g�g�h�c�� �b�g�`�_�g�_�j�g�h�c�� �i�j�Z�d�l�b�d�_��
�j�Z�a�j�Z�[�h�l�d�Z�� �k�j�_�^�k�l�\�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �b��
�b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y�� �m�i�j�Z�\�e�_�g�b�y��
�j�b�k�d�h�f�� �g�Z�\�h�^�g�_�g�b�c�� �h�k�g�h�\�Z�g�Z�� �g�Z�� �i�h�^�o�h�^�Z�o����
�j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �\�� �k�_�j�_�^�b�g�_�� �i�j�h�r�e�h�]�h�� �\�_�d�Z��
�>�<�b�g�h�]�j�Z�^�h�\���� �>�h�]�Z�g�h�\�k�d�b�c���� �H�[�y�a�h�\���� ���������@���� �H�g�b��
�g�Z�i�j�Z�\�e�_�g�u�� �\�� �i�_�j�\�m�x �h�q�_�j�_�^�v�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�_��
�j�Z�k�q�_�l�g�u�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
���j�Z�k�o�h�^�h�\�� �b�e�b�� �m�j�h�\�g�_�c�� �\�h�^�u���� �f�Z�e�h�c��
�h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �i�h�� �b�f�_�x�s�b�f�k�y�� �j�y�^�Z�f��
�g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �j�_�q�g�u�f�� �k�l�h�d�h�f���� �A�Z�^�Z�q�Z �^�Z�g�g�h�c��
�j�Z�[�h�l�u�� �a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�f�� �Z�g�Z�e�b�a�_��
�h�i�Z�k�g�h�k�l�b���g�Z�\�h�^�g�_�g�b�c���i�h���n�Z�d�l�b�q�_�k�d�b�f���^�Z�g�g�u�f���h��
�f�Z�d�k�b�f�Z�e�v�g�h�f�� �k�l�h�d�_�� �e�_�\�h�[�_�j�_�`�g�u�o�� �i�j�b�l�h�d�h�\��
�j�_�d�b�� �:�g�]�Z�j�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�a�e�b�q�g�u�o��
�f�_�l�h�^�h�\�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�c�� �]�b�^�j�h�e�h�]�b�b����
�j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o�� �d�Z�d�� �^�_�c�k�l�\�m�x�s�b�f�b�� �\�� �J�h�k�k�b�b��
�g�h�j�f�Z�l�b�\�g�u�f�b�� �^�h�d�m�f�_�g�l�Z�f�b���� �l�Z�d�� �b�� �^�h�k�l�m�i�g�u�f�b��
�Z�\�l�h�j�b�l�_�l�g�u�f�b�� �e�b�l�_�j�Z�l�m�j�g�u�f�b�� �b�k�l�h�q�g�b�d�Z�f�b����
�j�h�k�k�b�c�k�d�b�f�b���b���a�Z�j�m�[�_�`�g�u�f�b.  

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

- �k�o�_�f�m�� �j�Z�k�q�_�l�h�\���� �j�_�d�h�f�_�g�^�h�\�Z�g�g�m�x��
�^�_�c�k�l�\�m�x�s�b�f�b���K�I������-101-20033; 

- �Z�e�v�l�_�j�g�Z�l�b�\�g�m�x�� �k�o�_�f�m���� �j�Z�a�j�Z�[�h�l�Z�g�g�m�x��
�X���;�� �<�b�g�h�]�j�Z�^�h�\�u�f���>���������@�� 

- �j�y�^�� �a�Z�d�h�g�h�\�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���� �i�j�b�f�_�g�_�g�b�_��
�d�h�l�h�j�u�o�� �h�[�h�k�g�h�\�Z�g�h�� �f�b�j�h�\�u�f�� �h�i�u�l�h�f�� �j�Z�k�q�_�l�h�\��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �>�=�m�[�Z�j�_�\�Z�� ������������ �=�m�[�Z�j�_�\�Z����
2011]; 

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

�H�[�t�_�d�l�u�����b�k�o�h�^�g�u�_���^�Z�g�g�u�_ 

�J�_�]�b�h�g�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�d�e�x�q�Z�_�l�� �[�Z�k�k�_�c�g�u��
�e�_�\�u�o���i�j�b�l�h�d�h�\���j�_�d�b���:�g�]�Z�j�Z���± �j�_�d�b���B�j�d�m�l�����D�b�l�h�c����
�;�_�e�Z�y���� �H�d�Z���� �B�y���� �M�^�Z���� �;�b�j�x�k�Z���� �d�h�l�h�j�u�_�� �[�_�j�m�l��
�g�Z�q�Z�e�h���\���]�h�j�Z�o���<�h�k�l�h�q�g�h�]�h���K�Z�y�g�Z���� 

�<�� �k�_�\�_�j�h-�\�h�k�l�h�q�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �h�l��
�<�h�k�l�h�q�g�h�]�h�� �K�Z�y�g�Z�� �h�l�o�h�^�b�l�� �j�y�^�� �h�l�j�h�]�h�\��
���L�m�g�d�b�g�k�d�b�c���� �D�b�l�h�c�k�d�b�c���� �<�_�e�v�k�d�b�c���� �H�d�b�g�k�d�b�c�� �b��
�^�j�������� �y�\�e�y�x�s�b�o�k�y�� �\�h�^�h�j�Z�a�^�_�e�Z�f�b�� �f�_�`�^�m��
�m�i�h�f�y�g�m�l�u�f�b�� �i�j�b�l�h�d�Z�f�b�� �j�_�d�b�� �:�g�]�Z�j�Z���� �G�Z�� �x�]�_��
�\�h�^�h�j�Z�a�^�_�e�v�g�Z�y�� �e�b�g�b�y�� �i�j�h�o�h�^�b�l�� �i�h�� �o�j�_�[�l�Z�f��
�O�Z�f�Z�j-�>�Z�[�Z�g�� �b�� �M�^�b�g�k�d�b�c���� �g�Z�� �k�_�\�_�j�_�� �± �i�h��
�:�g�]�Z�j�k�d�h�f�m�� �d�j�y�`�m���� �;�e�b�`�_�� �d�� �g�b�`�g�_�f�m�� �l�_�q�_�g�b�x��
�j�_�d�� �l�_�j�j�b�l�h�j�b�y�� �h�l�g�h�k�b�l�k�y�� �m�`�_�� �d�� �i�h�^�g�h�`�b�x��
�<�h�k�l�h�q�g�h�]�h���K�Z�y�g�Z�����d���d�h�l�h�j�h�f�m���r�b�j�h�d�h�c���i�h�e�h�k�h�c��
�i�j�b�f�u�d�Z�_�l�� �B�j�d�m�l�k�d�h-�Q�_�j�_�f�o�h�\�k�d�Z�y�� �j�Z�\�g�b�g�Z����
�D�e�b�f�Z�l�� �l�_�j�j�b�l�h�j�b�b�� �j�_�a�d�h�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�u�c���� �\��
�a�b�f�g�b�c�� �i�_�j�b�h�^�� �h�[�j�Z�a�m�x�l�k�y�� �f�h�s�g�u�_��
�Z�g�l�b�p�b�d�e�h�g�u���� �n�h�j�f�b�j�m�x�s�b�_�� �f�h�j�h�a�g�m�x��
�f�Z�e�h�h�[�e�Z�q�g�m�x���i�h�]�h�^�m���k���g�_�[�h�e�v�r�b�f���d�h�e�b�q�_�k�l�\�h�f��
�h�k�Z�^�d�h�\���� �E�_�l�h�f�� �j�Z�a�\�b�\�Z�_�l�k�y�� �p�b�d�e�h�g�b�q�_�k�d�Z�y��
�^�_�y�l�_�e�v�g�h�k�l�v���� �k�� �d�h�l�h�j�h�c�� �k�\�y�a�Z�g�h�� �\�u�i�Z�^�_�g�b�_��
�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\���� �k��
�g�Z�b�[�h�e�v�r�b�f�b�� �b�o�� �a�g�Z�q�_�g�b�y�f�b�� �g�Z�� �g�Z�\�_�l�j�_�g�g�u�o��
�k�d�e�h�g�Z�o���<�h�k�l�h�q�g�h�]�h���K�Z�y�g�Z�����I�b�l�Z�g�b�_���j�_�d���]�e�Z�\�g�u�f��
�h�[�j�Z�a�h�f�� �^�h�`�^�_�\�h�_�� ������-������������ �G�Z�b�[�h�e�_�_��

                                                           
3 �K�I������-101-2003 �H�i�j�_�^�_�e�_�g�b�_���h�k�g�h�\�g�u�o���j�Z�k�q�_�l�g�u�o���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�����F�������=�h�k�k�l�j�h�c���J�h�k�k�b�b����������������
�������k�� 
4 �:�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�Z�y���b�g�n�h�j�f�Z�p�b�h�g�g�Z�y���k�b�k�l�_�f�Z���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���f�h�g�b�l�h�j�b�g�]�Z���\�h�^�g�u�o���h�[�t�_�d�l�h�\���>�W�e�_�d�l�j�h�g�g�u�c��
�j�_�k�m�j�k�@�����8�5�/�� https://gmvo.skniivh.ru ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y: 26.09.2020). 

�f�g�h�]�h�\�h�^�g�u�_�� �f�_�k�y�p�u�� �± �b�x�g�v-�Z�\�]�m�k�l���� �d�h�]�^�Z�� �g�Z��
�j�_�d�Z�o�� �i�j�h�o�h�^�y�l�� �k�_�j�b�b�� �b�g�l�_�g�k�b�\�g�u�o�� �^�h�`�^�_�\�u�o��
�i�Z�\�h�^�d�h�\���� �F�Z�d�k�b�f�Z�e�v�g�u�c�� �k�l�h�d�� �i�j�b�o�h�^�b�l�k�y�� �d�Z�d��
�i�j�Z�\�b�e�h�� �g�Z�� �b�x�e�v�� �>�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^��
�K�K�K�J�������������@�� 

�J�_�d�Z�� �B�y���� �h�k�g�h�\�g�h�c�� �h�[�t�_�d�l�� �g�Z�k�l�h�y�s�_�]�h��
�b�k�k�e�_�^�h�\�Z�g�b�y���� �p�_�e�b�d�h�f�� �i�j�h�l�_�d�Z�_�l�� �i�h�� �l�_�j�j�b�l�h�j�b�b��
�B�j�d�m�l�k�d�h�c�� �h�[�e�Z�k�l�b���� �>�e�b�g�Z�� �j�_�d�b�� �± �������� �d�f����
�i�e�h�s�Z�^�v���[�Z�k�k�_�c�g�Z���±�����������l�u�k�����d�f2 ���^�h���]�h�j�h�^�Z���L�m�e�m�g��
�± ���������� �l�u�k���� �d�f2������ �J�_�d�Z�� �[�_�j�z�l�� �g�Z�q�Z�e�h�� �g�Z�� �k�_�\�_�j�g�u�o��
�k�d�e�h�g�Z�o���<�h�k�l�h�q�g�h�]�h���K�Z�y�g�Z���k�e�b�y�g�b�_�f���j�_�d���O�h�e�[�Z���b��
�O�b�Z�b���� �<�i�Z�^�Z�_�l�� �\�� �H�d�b�g�k�d�b�c�� �a�Z�e�b�\�� �;�j�Z�l�k�d�h�]�h��
�\�h�^�h�o�j�Z�g�b�e�b�s�Z���� �I�b�l�Z�g�b�_�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f��
�^�h�`�^�_�\�h�_�� �b�� �]�j�m�g�l�h�\�h�_���� �K�j�_�^�g�b�c�� �]�h�^�h�\�h�c�� �j�Z�k�o�h�^��
�\�h�^�u���m���]�h�j�h�^�Z���L�m�e�m�g�������������d�f���h�l���m�k�l�v�y�����± ���������f3���k����
�f�Z�d�k�b�f�Z�e�v�g�u�c�� �j�Z�k�o�h�^�� �i�h�� �^�Z�g�g�u�f�� �k�l�Z�g�^�Z�j�l�g�u�o��
�b�a�f�_�j�_�g�b�c�� �± 4 �������� �f3���k�� ���\�h�k�k�l�Z�g�h�\�e�_�g�g�u�c�� �^�e�y��
�i�Z�\�h�^�d�Z�� ���������� �]�h�^�Z�� �± 5 �������� �f3���k������ �f�b�g�b�f�Z�e�v�g�u�c�� �± 
���������f3���k�����H�k�g�h�\�g�u�_���i�j�b�l�h�d�b�����k�i�j�Z�\�Z���± �j�_�d�Z���D�b�j�_�c����
�k�e�_�\�Z���± �j�_�d�b���B�d�_�c�����D�m�j�a�Z�g�d�Z���� 

�B�k�o�h�^�g�u�f�b�� �f�Z�l�_�j�b�Z�e�Z�f�b�� �i�h�k�e�m�`�b�e�b��
�^�Z�g�g�u�_�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �]�h�^�h�\�u�o�� �j�Z�k�o�h�^�h�\�� �a�Z��
�i�_�j�b�h�^���h�l���g�Z�q�Z�e�Z���g�Z�[�e�x�^�_�g�b�c���g�Z���]�b�^�j�h�i�h�k�l�Z�o���i�h��
2018-�����������]�h�^�u�����i�h���l�_�f���i�h�k�l�Z�f�����]�^�_���g�Z�[�e�x�^�_�g�g�u�_��
�f�Z�d�k�b�f�Z�e�v�g�u�_�� �j�Z�k�o�h�^�u�� ���������� �]�h�^�Z�� �m�^�Z�e�h�k�v��
�\�d�e�x�q�b�l�v���\���\�u�[�h�j�d�b�������;�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���^�Z�g�g�u�_��
�_�`�_�]�h�^�g�b�d�h�\�� �b�� �k�i�j�Z�\�h�q�g�b�d�h�\�� �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h��
�\�h�^�g�h�]�h���d�Z�^�Z�k�l�j�Z�� �>�F�g�h�]�h�e�_�l�g�b�_�� �^�Z�g�g�u�_���������� ���������@����
�^�Z�g�g�u�_�� �B�j�d�m�l�k�d�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �i�h��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�b���� �Z�� �l�Z�d�`�_�� �b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h��
�j�_�k�m�j�k�Z4���� �K�\�_�^�_�g�b�y�� �h�[�� �b�k�i�h�e�v�a�h�\�Z�g�g�u�o�� �i�h�k�l�Z�o���b��
�i�_�j�b�h�^�Z�o���g�Z�[�e�x�^�_�g�b�c���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_������ 

�H�k�g�h�\�g�h�c�� �h�[�t�_�f�� �i�j�b�\�_�^�_�g�g�h�]�h�� �g�b�`�_��
�Z�g�Z�e�b�a�Z���� �k�� �m�q�_�l�h�f�� �a�Z�^�Z�q�b�� �b�k�k�e�_�^�h�\�Z�g�b�y����
�\�u�i�h�e�g�y�e�k�y�� �i�h�� �\�u�[�h�j�d�_�� �^�Z�g�g�u�o��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �i�h�k�l�Z�� �j�_�d�Z�� �B�y�� �± �]�h�j�h�^�� �L�m�e�m�g����
�H�[�t�_�f���\�u�[�h�j�d�b���k�j�h�q�g�u�o���f�Z�d�k�b�f�Z�e�v�g�u�o���]�h�^�h�\�u�o��
�j�Z�k�o�h�^�h�\���� �i�h�e�m�q�_�g�g�u�o�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�h��
�^�Z�g�g�u�f���g�Z�[�e�x�^�_�g�b�c���g�Z���^�Z�g�g�h�f���i�h�k�l�m�����k�h�k�l�Z�\�e�y�_�l��
������ �]�h�^�Z�� ����������-���������� �]�h�^�u������ �>�Z�g�g�u�_�� �g�Z�[�e�x�^�_�g�b�c��
�[�h�e�_�_�� �j�Z�g�g�b�o�� �e�_�l�� �a�Z�[�j�Z�d�h�\�Z�g�u�� �d�Z�d�� �y�\�g�h��
�g�_�g�Z�^�_�`�g�u�_���� �G�Z�b�[�h�e�v�r�b�f�� �\�� �w�l�h�c�� �\�u�[�h�j�d�_��
�y�\�e�y�_�l�k�y���a�g�Z�q�_�g�b�_���f�Z�d�k�b�f�Z�e�v�g�h�]�h���j�Z�k�o�h�^�Z�� 

https://gmvo.skniivh.ru/
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�L�Z�[�e�b�p�Z������ �K�i�b�k�h�d���]�b�^�j�h�i�h�k�l�h�\ �b���b�k�i�h�e�v�a�h�\�Z�g�g�u�_���i�_�j�b�h�^�u���g�Z�[�e�x�^�_�g�b�c 
Table 1. List of gauging stations and used observation periods 

�‹��
�i���i 

�J�_�d�Z �I�m�g�d�l �I�e�h�s�Z�^�v���\�h�^�h�k�[�h�j�Z�����d�f2 �=�h�^�u���g�Z�[�e�x�^�_�g�b�c 

1 �j�����B�j�d�m�l �]�����B�j�d�m�l�k�d �����×������ 
1928�±2018,  

�k�������������± �^�Z�g�g�u�_���k���i�j�b�\�h�^�d�h�c 
2 �j�����D�b�l�h�c �j���i�����D�b�l�h�c ���×������ 1947�±1959,1964�±2019 
3 �j�����;�_�e�Z�y �j���i�����F�b�r�_�e�_�\�d�Z �����×������ 1968�±2019 
4 �j�����B�y �i�����:�j�r�Z�g ���×������ 1956�±2018 

5 �j�����B�y �]�����L�m�e�m�g �����×������ 
1921-1922, 1928�±1932, 1936�±

2019 
6 �j�����D�b�j�_�c �k�����M�c�]�Z�l ���×������ 1960�±2018 
7 �j�����H�d�Z �k�����M�k�l�v-�D�Z�^�Z �����×������ 1963�±1984, 1986�±2019 
8 �j�����M�^�Z �k�����M�d�Z�j �����×������ 1932, 1934�±2018 

9 �j�� �;�b�j�x�k�Z 
�k�����K�m�_�l�b�o�Z��

���;�b�j�x�k�b�g�k�d�� 
�����×������ 

1929�±2018,  
�k�������������± �^�Z�g�g�u�_���k���i�j�b�\�h�^�d�h�c 

 
2019 �]�h�^�Z���� �\�h�k�k�l�Z�g�h�\�e�_�g�g�h�_�� �i�h�� �^�Z�g�g�u�f��
�b�a�u�k�d�Z�g�b�c�� �i�h�� �k�e�_�^�Z�f�� �i�j�h�r�_�^�r�_�]�h�� �g�Z�\�h�^�g�_�g�b�y�� �k��
�i�j�b�f�_�g�_�g�b�_�f�� �^�\�m�f�_�j�g�h�]�h�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h��
�f�h�^�_�e�b�j�h�\�Z�g�b�y5���� �L�_�f�� �g�_�� �f�_�g�_�_�� �\�u�^�Z�x�s�b�_�k�y��
�g�Z�\�h�^�g�_�g�b�y�� �k�� �i�j�_�\�u�r�_�g�b�_�f�� �h�i�Z�k�g�h�]�h�� �m�j�h�\�g�y��
850 �k�f�� �a�Z�� �i�_�j�b�h�^�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z�n�b�d�k�b�j�h�\�Z�g�u��
�a�^�_�k�v���r�_�k�l�v���j�Z�a�����\�������������������������������������������������]�h�^�Z�o���b��
�^�\�Z�`�^�u���\�������������]�h�^�m�� 

�F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�c 

�J�_�d�h�f�_�g�^�Z�p�b�b�� �^�_�c�k�l�\�m�x�s�_�]�h�� �\�� �J�h�k�k�b�b��
�K�I 33-101-���������� �\�d�e�x�q�Z�x�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �j�Z�k�q�_�l�Z�o�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h��
�d�j�b�\�u�o���� �i�j�h�b�a�\�h�^�g�u�o�� �h�l�� �]�Z�f�f�Z-�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �± 
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �I�b�j�k�h�g�Z��III  �l�b�i�Z�� �b��
�l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h�� �]�Z�f�f�Z-�j�Z�k�i�j�_�^�_�e�_�g�b�y��
�D�j�b�p�d�h�]�h-�F�_�g�d�_�e�y�����<���d�Z�q�_�k�l�\�_���h�k�g�h�\�g�h�]�h���f�_�l�h�^�Z��
�h�p�_�g�d�b�� �i�Z�j�Z�f�_�l�j�h�\�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �d�j�b�\�u�o�� �g�Z��
�h�k�g�h�\�_�� �\�u�[�h�j�h�d�� �b�a�f�_�j�_�g�g�u�o�� �^�Z�g�g�u�o��
�j�_�d�h�f�_�g�^�m�_�l�k�y�� �f�_�l�h�^�� �f�h�f�_�g�l�h�\���� �>�e�y��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �I�b�j�k�h�g�Z��III �l�b�i�Z�� �^�h�i�h�e�g�b�l�_�e�v�g�h��
�j�_�d�h�f�_�g�^�m�_�l�k�y�� �]�j�Z�n�h�Z�g�Z�e�b�l�b�q�_�k�d�b�c�� �f�_�l�h�^���� �Z���^�e�y��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �D�j�b�p�d�h�]�h-�F�_�g�d�_�e�y�� �± �f�_�l�h�^��

                                                           
5  �:�g�Z�e�b�a�� �h�i�Z�k�g�h�k�l�b�� �g�Z�\�h�^�g�_�g�b�c�� �b�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �h�i�Z�k�g�h�]�h���j�Z�a�\�b�l�b�y�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�c��
�h�[�k�l�Z�g�h�\�d�b�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �L�m�e�m�g�k�d�h�]�h�� �j�Z�c�h�g�Z�� �B�j�d�m�l�k�d�h�c�� �h�[�e�Z�k�l�b�� ���\�� �j�Z�f�d�Z�o�� �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �d�h�g�l�j�Z�d�l�Z�� 
�‹�� ���� -66-57-������������ �h�l�� ������ �Z�\�]�m�k�l�Z�� ���������� �]���� �©�B�k�k�e�_�^�h�\�Z�g�b�_�� �b�� �d�h�f�i�e�_�d�k�g�u�c�� �Z�g�Z�e�b�a�� �n�Z�d�l�h�j�h�\�� �h�i�Z�k�g�h�]�h�� �j�Z�a�\�b�l�b�y��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�c�� �h�[�k�l�Z�g�h�\�d�b�� �b�� �j�Z�a�j�Z�[�h�l�d�Z�� �g�Z�m�q�g�h�� �h�[�h�k�g�h�\�Z�g�g�u�o�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y��
�d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�o���i�Z�\�h�^�d�h�\�����b���h�[�_�k�i�_�q�_�g�b�y���[�_�a�h�i�Z�k�g�h�k�l�b���l�_�j�j�b�l�h�j�b�c���L�m�e�m�g�k�d�h�]�h���j�Z�c�h�g�Z���B�j�d�m�l�k�d�h�c���h�[�e�Z�k�l�b�ª������
�W�l�Z�i���������Q�b�k�e�_�g�g�h�_���]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���g�Z���[�Z�a�_���i�j�h�]�j�Z�f�f�g�h�]�h���d�h�f�i�e�_�d�k�Z���6�7�5�(�$�0�����'�����H�l�q�_�l���h��
�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c���j�Z�[�h�l�_�����F�������N�=�;�M�G���B�<�I���J�:�G�������������������������k���� 

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

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

z=0,5 (xa+1) ln x (1) 

�]�^�_ z �± �g�h�j�f�Z�e�v�g�h �j�Z�k�i�j�_�^�_�e�z�g�g�Z�y�� �k�e�m�q�Z�c�g�Z�y��
�\�_�e�b�q�b�g�Z�� 

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

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

i

n

i ab pp
pp

�¦
� 

�¸�¸
�¹

�·
�¨�¨
�©

�§

��
��

� 
1 **

|***|
�Z  (2) 

�]�^�_ p* �b��p** �± �w�f�i�b�j�b�q�_�k�d�Z�y�� �b�� �Z�g�Z�e�b�l�b�q�_�k�d�Z�y��
�\�_�j�h�y�l�g�h�k�l�b�� �q�e�_�g�h�\�� �\�Z�j�b�Z�p�b�h�g�g�h�]�h�� �j�y�^�Z��
(p*=m/n);  

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

m �b��n �± �j�Z�g�]��i-�]�h�� �a�g�Z�q�_�g�b�y�� �b�� �h�[�s�b�c�� �h�[�t�_�f��
�\�u�[�h�j�d�b���>�<�b�g�h�]�j�Z�^�h�\�������������@���� 

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

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

�¦
� 

��� 
n

i
pp kk

n
s

1

2*** )(
1

 (3) 

�]�^�_ kp
* �b�� �Np**  �± �j�Z�\�g�h�h�[�_�k�i�_�q�_�g�g�u�_�� �d�\�Z�g�l�b�e�b��

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

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

�i�j�_�^�_�e�Z�o�� �]�j�Z�g�b�p�� �^�h�\�_�j�b�l�_�e�v�g�u�o�� �b�g�l�_�j�\�Z�e�h�\��
�w�f�i�b�j�b�q�_�k�d�h�c���d�j�b�\�h�c��pa*  �b��pb* . 

�B�a�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�f�u�o�� �b��
�j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o���\���f�b�j�h�\�h�c���g�Z�m�q�g�h�c���e�b�l�_�j�Z�l�m�j�_��
�^�e�y�� �j�Z�k�q�_�l�h�\�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �\�Z�j�b�Z�g�l�h�\��
�a�Z�d�h�g�h�\�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�u�[�j�Z�g�u�� �k�e�_�^�m�x�s�b�_����
�h�[�h�[�s�_�g�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �w�d�k�l�j�_�f�Z�e�v�g�u�o��
�\�_�e�b�q�b�g�� ���^�Z�e�_�_�� �± GEV������ �h�[�h�[�s�_�g�g�h�_��
�e�h�]�b�k�l�b�q�_�k�d�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� ���^�Z�e�_�_�� �± GLO), 
�h�[�h�[�s�_�g�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �I�Z�j�_�l�h�� ���^�Z�e�_�_�� �± 
�*�3�'������ �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �I�Z�j�_�l�h�� ���^�Z�e�_�_�� �± Pareto). 
�<�u�[�h�j�� �m�d�Z�a�Z�g�g�u�o�� �j�Z�k�i�j�_�^�_�e�_�g�b�c�� �h�[�m�k�e�h�\�e�_�g��
�m�k�l�Z�g�h�\�e�_�g�g�u�f�� �n�Z�d�l�h�f�� �>�I�b�k�Z�j�_�g�d�h�� �b�� �^�j������ ������������
�G�Z�c�^�_�g�h�\���� ������������ �=�m�[�Z�j�_�\�Z���� ���������@���� �q�l�h�� �^�e�y��
�\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �h�i�b�k�Z�g�b�y�� �w�d�k�l�j�_�f�Z�e�v�g�u�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �\�� �h�[�e�Z�k�l�b�� �[�h�e�v�r�b�o�� �a�g�Z�q�_�g�b�c��
�g�Z�b�[�h�e�_�_�� �Z�^�_�d�\�Z�l�g�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�� �l�y�`�_�e�u�f�b��
�o�\�h�k�l�Z�f�b���� 

�F�_�l�h�^��L-�f�h�f�_�g�l�h�\�� �d�Z�d�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�c��
�k�i�h�k�h�[�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �n�h�j�f�u�� �d�j�b�\�u�o��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�_�j�h�y�l�g�h�k�l�_�c�� �i�j�_�^�e�h�`�_�g��
�k�j�Z�\�g�b�l�_�e�v�g�h�� �g�_�^�Z�\�g�h�� �\�� �j�Z�[�h�l�_�� �>Hosking, Wallis, 
���������@���� �H�g�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �j�y�^�� �k�m�s�_�k�l�\�_�g�g�u�o��
�i�j�_�b�f�m�s�_�k�l�\�� �i�_�j�_�^�� �j�Z�g�_�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�f�b��
�f�_�l�h�^�Z�f�b���b���m�`�_���r�b�j�h�d�h���b�k�i�h�e�v�a�m�_�l�k�y���\���f�b�j�h�\�h�c��
�i�j�Z�d�l�b�d�_���� �L�_�h�j�_�l�b�q�_�k�d�b��L-�f�h�f�_�g�l�u�� �y�\�e�y�x�l�k�y��
�f�h�^�b�n�b�d�Z�p�b�_�c�� �©�\�_�j�h�y�l�g�h�k�l�g�h�� �\�a�\�_�r�_�g�g�u�o��
�f�h�f�_�g�l�h�\�� ��probability weighted moments���ª����
�i�j�_�^�e�h�`�_�g�g�u�o�� �\�� �>�*�U�H�H�Q�Z�R�R�G��et al������ ���������@���� �G�Z��
�i�j�Z�d�l�b�d�_�� �\�g�Z�q�Z�e�_�� �h�i�j�_�^�_�e�y�x�l�k�y�� �\�u�[�h�j�h�q�g�u�_��
�g�_�k�f�_�s�_�g�g�u�_�� �h�p�_�g�d�b�� �\�_�j�h�y�l�g�h�k�l�g�h�� �\�a�\�_�r�_�g�g�u�o��

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

�\�h�a�j�Z�k�l�Z�x�s�_�f�� �i�h�j�y�^�d�_�� �\�u�[�h�j�d�_��

1: 2: :...n n n nx x x�d �d �d  �j�Z�a�f�_�j�h�f��n ���� �d�h�l�h�j�u�_�� �f�h�]�m�l��

�[�u�l�v���i�j�_�^�k�l�Z�\�e�_�g�u���\���\�b�^�_ 
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�H�[�s�_�_���\�u�j�Z�`�_�g�b�_���^�e�y��rb  �b�f�_�_�l���\�b�^ 
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�L�Z�[�e�b�p�Z������ �F�_�l�h�^�b�q�_�k�d�b�c �b�g�k�l�j�m�f�_�g�l�Z�j�b�c���i�h�k�l�j�h�_�g�b�y���d�j�b�\�u�o���h�[�_�k�i�_�q�_�g�g�h�k�l�b 
Table 2. Methodical tools for constructing of probability curves 

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

�I�b�j�k�h�g�Z��III  �l�b�i�Z�� 

�L�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�_���]�Z�f�f�Z-�j�Z�k�i�j�_�^�_�e�_�g�b�_��
�D�j�b�p�d�h�]�h-�F�_�g�d�_�e�y�� 

�L�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�_���e�h�]�g�h�j�f�Z�e�v�g�h�_�� 

�N�m�g�d�p�b�h�g�Z�e�v�g�h-�g�h�j�f�Z�e�v�g�h�_���K�����<�b�g�h�]�j�Z�^�h�\�Z�� 

�J�Z�k�i�j�_�^�_�e�_�g�b�_��GEV. 

�J�Z�k�i�j�_�^�_�e�_�g�b�_��GLO. 

�J�Z�k�i�j�_�^�_�e�_�g�b�_��GPD. 

�J�Z�k�i�j�_�^�_�e�_�g�b�_��Pareto. 

�F�_�l�h�^���f�h�f�_�g�l�h�\�� 

�F�_�l�h�^���i�j�b�[�e�b�`�_�g�g�h�]�h���g�Z�b�[�h�e�v�r�_�]�h��
�i�j�Z�\�^�h�i�h�^�h�[�b�y�� 

�F�_�l�h�^���]�j�Z�n�h�Z�g�Z�e�b�l�b�q�_�k�d�b�c�� 

�F�_�l�h�^��L-�f�h�f�_�g�l�h�\�� 

�G�_�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�c���f�_�l�h�^���d�Z�e�b�[�j�h�\�d�b�� 

�<�u�[�h�j�h�q�g�u�_��L-�f�h�f�_�g�l�u�� �h�i�j�_�^�_�e�y�x�l�k�y�� �i�h��
�m�j�Z�\�g�_�g�b�y�f 

01 bl � , 012 2 bbl ��� , 0123 66 bbbl ����� ,

4 3 2 1 020 30 12 .l b b b b� �� �� ��  (6) 

�<���h�[�s�_�f���\�b�^�_�� 
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�]�^�_ �d�h�w�n�n�b�p�b�_�g�l�u��*
,r kp  �h�i�j�_�^�_�e�y�x�l�k�y���d�Z�d 
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 (8) 

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

2

1
 ,lt l�  

2
,       3,  4 ...r

r
lt rl�  �  , (9) 

�h�l�d�m�^�Z t �± �\�u�[�h�j�h�q�g�u�c���d�h�w�n�n�b�p�b�_�g�l��L-�\�Z�j�b�Z�p�b�b���� 
t3 �± �\�u�[�h�j�h�q�g�u�c���d�h�w�n�n�b�p�b�_�g�l��L-�Z�k�b�f�f�_�l�j�b�b�� 
t4 �± �\�u�[�h�j�h�q�g�u�c��L-�w�d�k�p�_�k�k���� 

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

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

�\�Z�j�b�Z�g�l�� �d�j�b�\�h�c �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y��
�d�h�g�d�j�_�l�g�u�f�� �k�h�q�_�l�Z�g�b�_�f�� �b�k�i�h�e�v�a�m�_�f�u�o��
�Z�g�Z�e�b�l�b�q�_�k�d�h�]�h�� �a�Z�d�h�g�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�� �f�_�l�h�^�Z��
�h�p�_�g�d�b�� �i�Z�j�Z�f�_�l�j�h�\�� ���Z�i�i�j�h�d�k�b�f�Z�p�b�b������ �>�e�y��
�d�Z�`�^�h�]�h�� �j�Z�k�q�_�l�g�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �\�u�q�b�k�e�y�x�l�k�y��
�a�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�_�\���Z (�g�Z�^�_�`�g�h�k�l�v���� �b s 
(�l�h�q�g�h�k�l�v���� �^�e�y�� �k�j�Z�\�g�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z��
�j�Z�a�e�b�q�g�u�o�� �\�Z�j�b�Z�g�l�h�\���� �>�h�i�h�e�g�b�l�_�e�v�g�h�� �^�e�y��
�k�h�i�h�k�l�Z�\�e�_�g�b�y�� �\�Z�j�b�Z�g�l�h�\�� �b�k�i�h�e�v�a�m�_�l�k�y�� �k�l�_�i�_�g�v��
�i�h�i�Z�^�Z�g�b�y�� �d�h�g�d�j�_�l�g�h�c�� �j�Z�k�q�_�l�g�h�c�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c��
�d�j�b�\�h�c�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �\�� �]�j�Z�g�b�p�u��
�^�h�\�_�j�b�l�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z��pa*  �b�� pb* �^�e�y��
�\�_�j�h�y�l�g�h�k�l�b p �d�Z�`�^�h�c �l�h�q�d�b�� �w�f�i�b�j�b�q�_�k�d�h�c��
�d�j�b�\�h�c�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �i�j�b�� �a�Z�^�Z�g�g�h�f�� �m�j�h�\�g�_��
�g�Z�^�_�`�g�h�k�l�b�� �������� �D�j�h�f�_�� �l�h�]�h���� �w�d�k�i�_�j�l�g�h�c��
�h�p�_�g�d�h�c�� �\�Z�j�b�Z�g�l�h�\�� �k�e�m�`�b�l�� �©�j�_�Z�e�b�k�l�b�q�g�h�k�l�v�ª��
�i�h�e�m�q�_�g�g�h�c�� �i�h�� �g�b�f�� �j�Z�k�q�_�l�g�h�c�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b��
�g�_�d�h�l�h�j�u�o�� �j�_�i�_�j�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�\���\�h�^�u�� 

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

�:�g�Z�e�b�a�b�j�m�_�f�Z�y�� �\�u�[�h�j�d�Z�� �f�Z�d�k�b�f�Z�e�v�g�u�o��
�k�j�h�q�g�u�o���j�Z�k�o�h�^�h�\���\�h�^�u���i�h���i�h�k�l�m���j�_�d�_���B�y���± �]�h�j�h�^��
�L�m�e�m�g�� �\�d�e�x�q�Z�_�l�� ������ �a�g�Z�q�_�g�b�y�� �a�Z�� �i�_�j�b�h�^�� 
1936�±2019 �]�h�^�u���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h���� �w�f�i�b�j�b�q�_�k�d�b�_��
�h�p�_�g�d�b�� �h�[�_�k�i�_�q�_�g�g�h�k�l�_�c�� �^�\�m�o�� �g�Z�b�\�u�k�r�b�o��
�j�Z�k�o�h�^�h�\���\���\�u�[�h�j�d�_�������������b�������������]�h�^�h�\���k�h�k�l�Z�\�e�y�x�l��
���������� �b�� ������������ �I�h�i�u�l�d�Z�� �i�h�k�l�j�h�_�g�b�y�� �^�e�y�� �^�Z�g�g�h�c��
�\�u�[�h�j�d�b���Z�g�Z�e�b�l�b�q�_�k�d�b�o���d�j�b�\�u�o���h�[�_�k�i�_�q�_�g�g�h�k�l�b���\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���h�k�g�h�\�g�u�f�b���j�_�d�h�f�_�g�^�Z�p�b�y�f�b�� 
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a) 

b) 
�J�b�k�m�g�h�d������ �D�j�b�\�u�_���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o���k�j�h�q�g�u�o���j�Z�k�o�h�^�h�\���g�Z���i�h�k�l�m���j�_�d�b �B�y���± �]�h�j�h�^��

�L�m�e�m�g�����w�f�i�b�j�b�q�_�k�d�Z�y�����l�h�q�d�b�����b���Z�g�Z�e�b�l�b�q�_�k�d�b�_����a�����d�j�b�\�Z�y���I�b�j�k�h�g�Z��III  �l�b�i�Z�����g�h�j�f�Z�e�b�a�m�x�s�Z�y���d�e�_�l�q�Z�l�d�Z����
�k���i�Z�j�Z�f�_�l�j�b�a�Z�p�b�_�c���j�Z�a�e�b�q�g�u�f�b���f�_�l�h�^�Z�f�b���������± �f�h�f�_�g�l�h�\���������± �]�j�Z�n�h�Z�g�Z�e�b�l�b�q�_�k�d�b�c���������± L-�f�h�f�_�g�l�h�\������

b) �l�h���`�_���i�j�b���e�h�]�Z�j�b�n�f�b�q�_�k�d�h�f���f�Z�k�r�l�Z�[�_���i�h���\�_�j�l�b�d�Z�e�v�g�h�c���h�k�b���� 
�D�j�Z�k�g�u�c���i�m�g�d�l�b�j���± �]�j�Z�g�b�p�u���^�h�\�_�j�b�l�_�e�v�g�h�]�h���b�g�l�_�j�\�Z�e�Z���w�f�i�b�j�b�q�_�k�d�h�c���d�j�b�\�h�c 5-���������h�[�_�k�i�_�q�_�g�g�h�k�l�b 

Figure 1. Probability curves of annual maximum runoff at the gauging station Iya �± Tulun. Empirical 
(points) and analytical: a) Pearson curve of type III, normalizing fiber, with parameterization by various 

methods (1 �± moments, 2 �± graphic-analytical; 3 �± L-moments);  
b) the same with a logarithmic scale along the vertical axis.  

Red dotted line �± the confidence interval boundaries of the empirical curve of 5-95% probability 

�K�I 33-101-���������� �k�l�h�e�d�g�m�e�Z�k�v�� �k�h�� �a�g�Z�q�b�l�_�e�v�g�u�f�b��
�a�Z�l�j�m�^�g�_�g�b�y�f�b���� �I�h�k�l�j�h�_�g�b�_�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�f�� �D�j�b�p�d�h�]�h-�F�_�g�d�_�e�y�� �\�h�h�[�s�_��
�h�d�Z�a�Z�e�h�k�v���g�_�\�h�a�f�h�`�g�u�f�����q�l�h���^�e�y���^�Z�g�g�h�]�h���j�_�]�b�h�g�Z��
�m�`�_�� �h�l�f�_�q�Z�e�h�k�v�� �j�Z�g�_�_�� �>�=�m�[�Z�j�_�\�Z���� ���������@�� �W�l�h��
�\�u�a�\�Z�g�h���l�_�f�����q�l�h���d�j�b�\�Z�y���D�j�b�p�d�h�]�h-�F�_�g�d�_�e�y���b�f�_�_�l��
�l�_�h�j�_�l�b�q�_�k�d�b�c�� �g�b�`�g�b�c�� �i�j�_�^�_�e���� �j�Z�\�g�u�c�� �g�m�e�x���� �Z��

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

�G�Z�� �j�b�k�m�g�d�Z�o�� ��a, 1b �i�j�b�\�_�^�_�g�u�� �d�j�b�\�u�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �I�b�j�k�h�g�Z��III  �l�b�i�Z���� �i�h�k�l�j�h�_�g�g�u�_�� �k��
�h�p�_�g�d�Z�f�b�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�� �f�_�l�h�^�Z�f�� �f�h�f�_�g�l�h�\����
�]�j�Z�n�h�Z�g�Z�e�b�l�b�q�_�k�d�h�f�m�� �b��L-�f�h�f�_�g�l�h�\���� �<�b�^�g�h���� �q�l�h��
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�j�_�a�m�e�v�l�Z�l�u�� �i�h�k�l�j�h�_�g�b�y�� �g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u����
�D�j�b�\�Z�y���� �i�h�k�l�j�h�_�g�g�Z�y�� �i�h�� �f�_�l�h�^�m�� �f�h�f�_�g�l�h�\����
�k�h�\�_�j�r�_�g�g�h�� �g�_�� �k�e�_�^�m�_�l�� �n�h�j�f�_�� �w�f�i�b�j�b�q�_�k�d�h�c��
�d�j�b�\�h�c���� �o�h�l�y�� �[�e�b�`�_�� �h�k�l�Z�e�v�g�u�o�� �e�_�`�b�l�� �d�� �g�_�c�� �\��
�j�Z�k�q�_�l�g�h�c�� �h�[�e�Z�k�l�b�� �f�Z�e�u�o�� �h�[�_�k�i�_�q�_�g�g�h�k�l�_�c����
�H�k�l�Z�e�v�g�u�_�� �^�\�_�� �Z�g�Z�e�b�l�b�q�_�k�d�b�_�� �d�j�b�\�u�_�� �g�_�i�e�h�o�h��
�e�h�`�Z�l�k�y�� �g�Z�� �w�f�i�b�j�b�q�_�k�d�m�x�� �\�� �h�k�g�h�\�g�h�c�� �q�Z�k�l�b���� �g�h��
�k�b�e�v�g�h�� �a�Z�g�b�`�_�g�u�� �\�� �j�Z�k�q�_�l�g�h�c�� �h�[�e�Z�k�l�b���� �^�Z�\�Z�y��
�g�_�j�_�Z�e�b�k�l�b�q�g�u�_�� �h�p�_�g�d�b�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �^�e�y��
�j�Z�k�o�h�^�h�\�������������b�������������]�h�^�h�\���� 

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

�G�Z�� �j�b�k�m�g�d�_�� ��a �h�l�j�Z�`�_�g�u�� �h�k�g�h�\�g�u�_��
�h�k�h�[�_�g�g�h�k�l�b�� �w�f�i�b�j�b�q�_�k�d�h�c�� �d�j�b�\�h�c��
�h�[�_�k�i�_�q�_�g�g�h�k�l�b���� �b�a-�a�Z�� �d�h�l�h�j�h�c�� �_�z�� �Z�g�Z�e�b�l�b�q�_�k�d�Z�y��
�Z�i�i�j�h�d�k�b�f�Z�p�b�y�� �h�d�Z�a�u�\�Z�_�l�k�y�� �l�Z�d�h�c��
�a�Z�l�j�m�^�g�b�l�_�e�v�g�h�c���� �D�j�h�f�_�� �m�i�h�f�y�g�m�l�h�]�h�� �\�u�r�_��
�k�\�h�c�k�l�\�Z�� �©�m�^�Z�e�_�g�g�h�k�l�b�ª�� �\�u�[�h�j�d�b�� �h�l�� �g�m�e�_�\�u�o��
�a�g�Z�q�_�g�b�c���� �d�j�b�\�Z�y �^�_�f�h�g�k�l�j�b�j�m�_�l�� �o�Z�j�Z�d�l�_�j�g�u�c��
�b�a�e�h�f�� �\�\�_�j�o�� �\�� �m�a�d�h�c�� �h�[�e�Z�k�l�b�� �f�Z�e�u�o�� �a�g�Z�q�_�g�b�c��
���i�j�b�f�_�j�g�h�� ���������� �h�[�_�k�i�_�q�_�g�g�h�k�l�b���� �B�a�e�h�f��
�h�[�m�k�e�h�\�e�_�g�� �^�\�m�f�y�� �g�Z�b�[�h�e�v�r�b�f�b�� �a�g�Z�q�_�g�b�y�f�b��
�j�Z�k�o�h�^�h�\�� ���������� �b�� ���������� �]�h�^�h�\���� �l�h�q�d�b�� �d�h�l�h�j�u�o�� �g�_��
�j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �\�^�h�e�v�� �i�e�Z�\�g�h�c�� �l�_�g�^�_�g�p�b�b����
�a�Z�^�Z�\�Z�_�f�h�c�� �h�k�l�Z�e�v�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b���� �Z�� �j�_�a�d�h��
�h�l�d�e�h�g�y�x�l�k�y�� �\�\�_�j�o�� �h�l�� �g�_�z���� �L�Z�d�Z�y�� �h�k�h�[�_�g�g�h�k�l�v��
�w�f�i�b�j�b�q�_�k�d�h�c�� �\�u�[�h�j�d�b�� �f�h�`�_�l�� �[�u�l�v�� �_�z��
�b�g�^�b�\�b�^�m�Z�e�v�g�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x���� �h�[�m�k�e�h�\�e�_�g�g�h�c��
�j�_�^�d�b�f�� �k�e�m�q�Z�c�g�u�f�� �k�h�q�_�l�Z�g�b�_�f�� �g�_�h�[�u�q�g�h��
�\�u�k�h�d�b�o�� �i�Z�\�h�^�d�h�\�� �\�� �^�Z�g�g�h�c�� �\�u�[�h�j�d�_���� �e�b�[�h��
�h�l�j�Z�`�_�g�b�_�f�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �\�u�[�h�j�d�b�� �\�� �k�b�e�m 
�k�m�s�_�k�l�\�_�g�g�h�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�c�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�k�l�h�d�Z���i�j�b���j�y�^�h�\�u�o���b���w�d�k�l�j�_�f�Z�e�v�g�u�o���i�Z�\�h�^�d�Z�o���� 

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

�]�j�m�i�i�_�� �k�h�k�_�^�g�b�o�� �j�_�d���� �i�h�^�l�\�_�j�`�^�Z�_�l�� �i�h�k�e�_�^�g�_�_��
�i�j�_�^�i�h�e�h�`�_�g�b�_���� �<�� �w�f�i�b�j�b�q�_�k�d�b�o�� �d�j�b�\�u�o��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\��
�g�_�d�h�l�h�j�u�o�� �k�h�k�_�^�g�b�o�� �k�� �j�_�d�h�c�� �B�y�� �j�_�d���� �g�Z�i�j�b�f�_�j��
�j�_�d�Z�� �;�_�e�Z�y�� ���m�� �k�_�e�Z�� �F�b�r�_�e�_�\�d�Z������ �i�j�b�k�m�l�k�l�\�m�_�l��
�Z�g�Z�e�h�]�b�q�g�u�c�� �b�a�e�h�f���� �b�g�h�]�^�Z�� �h�[�m�k�e�h�\�e�_�g�g�u�c��
�h�^�g�h�c���� �Z�� �b�g�h�]�^�Z�� ��-���� �h�l�d�e�h�g�y�x�s�b�f�b�k�y�� �l�h�q�d�Z�f�b����
�I�j�b�q�_�f �g�Z�� �j�Z�a�g�u�o�� �j�_�d�Z�o�� �w�l�b�� �h�l�d�e�h�g�y�x�s�b�_�k�y��
�l�h�q�d�b�� �h�l�g�h�k�y�l�k�y�� �d�� �j�Z�a�g�u�f�� �]�h�^�Z�f���� �W�l�h�l�� �n�Z�d�l���� �Z��
�l�Z�d�`�_�� �g�Z�e�b�q�b�_�� �b�k�l�h�j�b�q�_�k�d�b�o�� �k�\�_�^�_�g�b�c�� �h��
�j�Z�a�j�m�r�b�l�_�e�v�g�u�o�� �i�Z�\�h�^�d�Z�o�� �\�� �j�_�]�b�h�g�_�� �^�h�� �g�Z�q�Z�e�Z��
�g�Z�[�e�x�^�_�g�b�c���� �i�h�^�l�\�_�j�`�^�Z�x�l���� �q�l�h�� �w�d�k�l�j�_�f�Z�e�v�g�h��
�\�u�k�h�d�b�_�� �i�Z�\�h�^�d�b���� �n�h�j�f�b�j�m�x�s�b�_�k�y�� �i�j�b�� �h�k�h�[�u�o����
�j�_�^�d�h�� �i�h�\�l�h�j�y�x�s�b�o�k�y�� �m�k�e�h�\�b�y�o���� �i�j�_�^�k�l�Z�\�e�y�x�l��
�k�h�[�h�c���l�b�i�b�q�g�u�c�����o�h�l�y���b���j�_�^�d�b�c���n�_�g�h�f�_�g���\���^�Z�g�g�h�f��
�j�_�]�b�h�g�_�����i�h�\�l�h�j�y�y�k�v���k���j�_�]�m�e�y�j�g�h�k�l�v�x���\���g�_�k�d�h�e�v�d�h��
�^�_�k�y�l�b�e�_�l�b�c���� 

�<���l�h���`�_���\�j�_�f�y���g�Z���g�_�d�h�l�h�j�u�o���b�a���b�k�k�e�_�^�m�_�f�u�o��
�j�_�d���� �g�Z�i�j�b�f�_�j�� �g�Z�� �j�_�d�_�� �H�d�Z�� ���m�� �k�_�e�Z�� �M�k�l�v-�D�Z�^�Z������
�l�Z�d�b�o���i�Z�\�h�^�d�h�\���g�_���h�l�f�_�q�_�g�h�����e�b�[�h���h�g�b���g�_���i�h�i�Z�e�b��
�\�� �\�u�[�h�j�d�m�"���� �b�� �^�e�y�� �g�b�o�� �o�Z�j�Z�d�l�_�j�g�u�� �©�]�e�Z�^�d�b�_�ª��
�d�j�b�\�u�_���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o���j�Z�k�o�h�^�h�\����
�o�h�j�h�r�h�� �h�i�b�k�u�\�Z�_�f�u�_�� �d�j�b�\�h�c�� �I�b�j�k�h�g�Z��III  �l�b�i�Z����
�L�Z�d�Z�y�� �h�k�h�[�_�g�g�h�k�l�v�� �j�_�`�b�f�Z�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z��
�^�_�e�Z�_�l���a�Z�^�Z�q�m���i�h�k�l�j�h�_�g�b�y���d�j�b�\�u�o���h�[�_�k�i�_�q�_�g�g�h�k�l�b��
�f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f��
�j�_�]�b�h�g�_�� �f�_�l�h�^�Z�f�b�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�c�� �]�b�^�j�h�e�h�]�b�b��
�b�k�d�e�x�q�b�l�_�e�v�g�h�� �k�e�h�`�g�h�c���� �h�k�h�[�_�g�g�h�� �k�� �m�q�_�l�h�f��
�b�f�_�x�s�_�]�h�k�y���� �\�� �p�_�e�h�f���� �^�_�n�b�p�b�l�Z�� �^�Z�g�g�u�o��
�g�Z�[�e�x�^�_�g�b�c�� 

�G�Z�� �j�b�k�m�g�d�Z�o�� ��a, 2b �i�j�b�\�_�^�_�g�u�� �d�j�b�\�u�_��
�l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h�� �e�h�]�g�h�j�f�Z�e�v�g�h�]�h��
�j�Z�k�i�j�_�^�_�e�_�g�b�y���^�e�y���i�h�k�l�Z���j�_�d�b���B�y���± �]�h�j�h�^���L�m�e�m�g����
�i�h�k�l�j�h�_�g�g�u�_���k���h�p�_�g�d�Z�f�b���i�Z�j�Z�f�_�l�j�h�\���i�h���f�_�l�h�^�Z�f��
�f�h�f�_�g�l�h�\���� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �i�j�Z�\�^�h�i�h�^�h�[�b�y�� �b�� 
L-�f�h�f�_�g�l�h�\���� �>�e�y�� �w�l�h�]�h�� �l�b�i�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�d�Z�j�l�b�g�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �b�g�Z�y���� �<�Z�j�b�Z�g�l��
�e�h�]�g�h�j�f�Z�e�v�g�h�c�� �d�j�b�\�h�c���� �i�h�k�l�j�h�_�g�g�u�c�� �i�h�� �f�_�l�h�^�m��
�f�h�f�_�g�l�h�\���� �[�e�b�a�d�h�� �k�e�_�^�m�_�l�� �w�f�i�b�j�b�q�_�k�d�b�f�� �l�h�q�d�Z�f��
�b���� �o�h�l�y�� �b�� �a�g�Z�q�b�l�_�e�v�g�h�� �h�l�d�e�h�g�y�_�l�k�y�� �h�l��
�f�Z�d�k�b�f�Z�e�v�g�h�c���l�h�q�d�b�����g�h���\�_�a�^�_���h�k�l�Z�_�l�k�y���\���i�j�_�^�_�e�Z�o��
�^�h�\�_�j�b�l�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z���� �W�l�h�l�� �\�Z�j�b�Z�g�l�� �\��
�i�j�b�g�p�b�i�_�� �f�h�`�_�l�� �[�u�l�v�� �i�j�b�g�y�l�� �d�Z�d�� �j�Z�k�q�_�l�g�u�c����
�h�^�g�Z�d�h�� �^�Z�\�Z�_�f�u�_�� �b�f�� �h�p�_�g�d�b�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b��
�i�Z�\�h�^�d�h�\�� ���������� �b�� �������� �]�h�^�h�\�� �k�m�s�_�k�l�\�_�g�g�h�� �g�b�`�_��
�w�f�i�b�j�b�q�_�k�d�b�o���� �<�Z�j�b�Z�g�l���� �i�h�k�l�j�h�_�g�g�u�c�� �i�h�� �f�_�l�h�^�m��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h���i�j�Z�\�^�h�i�h�^�h�[�b�y���k�h�\�_�j�r�_�g�g�h�� 
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 a) 

 b) 
�J�b�k�m�g�h�d������ �D�j�b�\�u�_���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o���k�j�h�q�g�u�o���j�Z�k�o�h�^�h�\���g�Z���i�h�k�l�m���j�_�d�b �B�y���± �]�h�j�h�^��
�L�m�e�m�g�����w�f�i�b�j�b�q�_�k�d�Z�y�����l�h�q�d�b�����b���Z�g�Z�e�b�l�b�q�_�k�d�b�_����a�����d�j�b�\�Z�y���l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h���e�h�]�g�h�j�f�Z�e�v�g�h�]�h��

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

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

Figure 2. Probability curves of annual maximum runoff at the gauging station Iya �± Tulun. Empirical 
(points) and analytical: a) a curve of three-parameter lognormal distribution, normalizing fiber, with 

parameterization by various methods (4 �± moments, 5 �± maximum likelihood; 6 �± L-moments);  
b) the same with a logarithmic scale along the vertical axis.  

Red dotted line �± the confidence interval boundaries of the empirical curve of 5-95% probability 

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

�J�_�a�m�e�v�l�Z�l�u�� �h�i�b�k�Z�g�g�u�o�� �\�u�r�_�� �b��
�\�u�i�h�e�g�_�g�g�u�o�� �^�Z�e�_�_�� �j�Z�k�q�_�l�h�\�� �k�\�_�^�_�g�u�� �\��
�l�Z�[�e�b�p�m ������ �d�h�l�h�j�Z�y�� �k�h�^�_�j�`�b�l�� �k�e�_�^�m�x�s�m�x��
�b�g�n�h�j�f�Z�p�b�x���� �<�� �i�_�j�\�h�c�� �d�h�e�h�g�d�_�� �k�l�h�b�l�� �g�h�f�_�j��
�j�Z�k�q�_�l�g�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �k�h�]�e�Z�k�g�h�� �k�d�\�h�a�g�h�c�� �b�o��
�g�m�f�_�j�Z�p�b�b�����i�j�b�f�_�g�y�_�f�h�c���g�Z���j�b�k�m�g�d�Z�o����-4.  
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�L�Z�[�e�b�p�Z�� ���� �K�j�Z�\�g�b�l�_�e�v�g�Z�y �h�p�_�g�d�Z�� �\�Z�j�b�Z�g�l�h�\�� �j�Z�k�q�_�l�g�u�o�� �d�j�b�\�u�o�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �k�j�h�q�g�u�o��
�f�Z�d�k�b�f�Z�e�v�g�u�o���]�h�^�h�\�u�o���j�Z�k�o�h�^�h�\���\�h�^�u���j�_�d�b �B�y���± �]�h�j�h�^���L�m�e�m�g 
Table 3. Analytical curves comparative assessment of urgent maximum annual runoff at the Iya River �± Tulun 
City 

�‹  �L�b�i���d�j�b�\�h�c 
�F�_�l�h�^���h�p�_�g�d�b��
�i�Z�j�Z�f�_�l�j�h�\ 

�G�Z�^�_�`-
�g�h�k�l�v���Z 

�L�h�q-
�g�h�k�l�v��s 

Qmax 1% 
�h�[�_�k�i 

�H�[�_�k�i����Q1984 = 
2.4% 

�H�[�_�k�i����
Q2019=1.2% 

�<�Z�j�b�Z�g�l�u���j�Z�k�i�j�_�^�_�e�_�g�b�y���I�b�j�k�h�g�Z��III  �l�b�i�Z�����j�b�k�m�g�h�d������ 
1 �I�b�j�k�h�g�Z��III  �l�b�i�Z �F�h�f�_�g�l�h�\ 82,1 5,11 4670 1,25 0,55 
2 �I�b�j�k�h�g�Z��III  �l�b�i�Z �=�j�Z�n�h�Z�g�Z�e�b�l�b�q�� 17,4 11,5 2680 <0,01 <<0,01 
3 �I�b�j�k�h�g�Z��III  �l�b�i�Z L-�f�h�f�_�g�l�h�\ 32,5 7,48 3420 0,22 0,035 

�<�Z�j�b�Z�g�l�u���l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h���e�h�]�g�h�j�f�Z�e�v�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y�����j�b�k�m�g�h�d������ 
4 �E�h�]�g�h�j�f���������i�Z�j�� �F�h�f�_�g�l�h�\ 28,6 5,04 4020 0,70 0,29 
5 �E�h�]�g�h�j�f���������i�Z�j�� �F�Z�d�k�����i�j�Z�\�^�h�i�� 59,9 14,9 2770 <<0,01 <<0,01 
6 �E�h�]�g�h�j�f���������i�Z�j�� L-�f�h�f�_�g�l�h�\ 22,7 6,18 3670 0,50 0,17 

�<�Z�j�b�Z�g�l�u���i�h���Z�e�v�l�_�j�g�Z�l�b�\�g�h�c���k�o�_�f�_���X���;�� �<�b�g�h�]�j�Z�^�h�\�Z�����j�b�k�m�g�h�d������ 
7 �E�h�]�g�h�j�f���������i�Z�j�� �D�Z�e�b�[�j�����i�h���g�Z�^�_�`�g�� 16,7 9,91 2950 0,085 0,014 
8 �E�h�]�g�h�j�f���������i�Z�j�� �D�Z�e�b�[�j�����i�h���l�h�q�g�� 33,2 3,96 4900 1,50 0,62 
9 �<�b�g�h�]�j�Z�^�h�\�Z���K�� �D�Z�e�b�[�j�����i�h���g�Z�^�_�`�g�� 15,7 9,48 3040 0,15 0,03 
10 �<�b�g�h�]�j�Z�^�h�\�Z���K�� �D�Z�e�b�[�j�����i�h���l�h�q�g�� 25,6 2,12 5530 1,75 0,94 

�<�Z�j�b�Z�g�l�u���i�h���f�_�l�h�^�Z�f�����j�_�d�h�f�_�g�^�m�_�f�u�f���\���e�b�l�_�j�Z�l�m�j�g�u�o���b�k�l�h�q�g�b�d�Z�o�����j�b�k�m�g�h�d������ 
11 GEV L-�f�h�f�_�g�l�h�\ 18,1 5,75 3780 0,62 0,27 
12 GLO L-�f�h�f�_�g�l�h�\ 15,0 5,60 3830 0,67 0,33 
13 GPD L-�f�h�f�_�g�l�h�\ 28,9 6,99 3510 0,45 0,082 
14 Pareto L-�f�h�f�_�g�l�h�\ 37,3 3,67 4550 1,15 0,60 

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

�G�Z�� �j�b�k�m�g�d�Z�o�� ��a, 3b �i�j�b�\�_�^�_�g�u�� �j�Z�k�q�_�l�g�u�_��
�\�Z�j�b�Z�g�l�u���d�j�b�\�u�o���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o��
�j�Z�k�o�h�^�h�\���\�h�^�u���^�e�y���i�h�k�l�Z���j�_�d�b���B�y���± �]�h�j�h�^���L�m�e�m�g����
�i�h�k�l�j�h�_�g�g�u�_�� �i�h�� �j�_�d�h�f�_�g�^�Z�p�b�y�f�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�c��
�k�o�_�f�u�� �j�Z�k�q�_�l�h�\���� �i�j�_�^�e�h�`�_�g�g�h�c��
�X���;�� �<�b�g�h�]�j�Z�^�h�\�u�f�����>�\�_���d�j�b�\�u�_���b�a���i�j�b�\�h�^�b�f�h�]�h��
�g�Z�[�h�j�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�f�m��
�e�h�]�g�h�j�f�Z�e�v�g�h�f�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �b�� �i�h�k�l�j�h�_�g�u��

�f�_�l�h�^�h�f�� �i�j�y�f�h�c�� �i�h�^�]�h�g�d�b�� �h�j�^�b�g�Z�l�� �d�� �l�h�q�d�Z�f��
�w�f�i�b�j�b�q�_�k�d�h�c�� �d�j�b�\�h�c�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �d�j�b�l�_�j�b�_�\��
�g�Z�^�_�`�g�h�k�l�b �Z �b�e�b���l�h�q�g�h�k�l�b s���� �>�j�m�]�b�_�� �^�\�_��
�d�j�b�\�u�_�� �h�k�g�h�\�Z�g�u�� �g�Z�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�f��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �e�h�]�g�h�j�f�Z�e�v�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y����
�\�Z�j�b�Z�g�l���K�����i�h���X���;�� �<�b�g�h�]�j�Z�^�h�\�m���>���������@�����b���l�Z�d�`�_��
�i�h�k�l�j�h�_�g�u�� �f�_�l�h�^�h�f�� �i�j�y�f�h�c�� �i�h�^�]�h�g�d�b�� �h�j�^�b�g�Z�l�� �d��
�l�h�q�d�Z�f�� �w�f�i�b�j�b�q�_�k�d�h�c�� �d�j�b�\�h�c�� ���d�Z�e�b�[�j�h�\�d�b���� �k��
�i�j�b�f�_�g�_�g�b�_�f�� �d�j�b�l�_�j�b�_�\���g�Z�^�_�`�g�h�k�l�b �Z �b�e�b��
�l�h�q�g�h�k�l�b s.  

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

�G�Z�� �j�b�k�m�g�d�Z�o�� ��a, 4b �i�j�b�\�_�^�_�g�� �i�h�k�e�_�^�g�b�c��
�g�Z�[�h�j�� �j�Z�k�q�_�l�g�u�o�� �\�Z�j�b�Z�g�l�h�\�� �d�j�b�\�u�o��
�h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u��
�^�e�y���i�h�k�l�Z���j�_�d�b���B�y���± �]�h�j�h�^���L�m�e�m�g�����i�h�k�l�j�h�_�g�g�u�o���i�h��
�j�_�d�h�f�_�g�^�Z�p�b�y�f�� �e�b�l�_�j�Z�l�m�j�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� �d��
�i�j�b�f�_�g�_�g�b�x�� �^�e�y�� �h�p�_�g�h�d�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �b��
�b�k�i�h�e�v�a�m�_�f�u�o�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �\�� �a�Z�j�m�[�_�`�g�h�c��
�i�j�Z�d�l�b�d�_���� �K�x�^�Z�� �\�o�h�^�y�l�� �d�j�b�\�u�_�� �h�[�h�[�s�_�g�g�u�o��
�j�Z�k�i�j�_�^�_�e�_�g�b�c��GEV, GLO �b��GPD�����Z���l�Z�d�`�_��Pareto. 
�I�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �\�k�_�o�� �d�j�b�\�u�o�� �i�j�b�� �w�l�h�f��
�\�u�i�h�e�g�y�e�Z�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z�� 
L-�f�h�f�_�g�l�h�\���� �<�k�_�� �\�Z�j�b�Z�g�l�u�� �\�� �w�l�h�f�� �g�Z�[�h�j�_�� �l�Z�d�`�_��
�^�h�k�l�Z�l�h�q�g�h���o�h�j�h�r�b�����k���g�_�d�h�l�h�j�u�f�b���a�Z�f�_�q�Z�g�b�y�f�b�� 

�L�Z�d���� �j�Z�k�i�j�_�^�_�e�_�g�b�_��GPD �\�u�o�h�^�b�l�� �a�Z��
�^�h�\�_�j�b�l�_�e�v�g�u�_�� �b�g�l�_�j�\�Z�e�u�� �w�f�i�b�j�b�q�_�k�d�h�c�� �d�j�b�\�h�c��
�d�Z�d�� �\�� �\�_�j�o�g�_�f���� �l�Z�d�� �b�� �\�� �g�b�`�g�_�f�� �^�b�Z�i�Z�a�h�g�_��
�b�a�f�_�g�_�g�b�y���j�Z�k�o�h�^�h�\�����J�Z�k�i�j�_�^�_�e�_�g�b�_��Pareto �e�_�`�b�l��
�g�Z�b�[�h�e�_�_���[�e�b�a�d�h���d���l�h�q�d�Z�f���\���j�Z�k�q�_�l�g�h�f���^�b�Z�i�Z�a�h�g�_��
�f�Z�e�u�o���h�[�_�k�i�_�q�_�g�g�h�k�l�_�c�����g�h���i�j�b���w�l�h�f���\�u�o�h�^�b�l���a�Z��
�]�j�Z�g�b�p�u�� �^�h�\�_�j�b�l�_�e�v�g�u�o�� �b�g�l�_�j�\�Z�e�h�\�� �\�� �[�h�e�v�r�h�f��
�^�b�Z�i�Z�a�h�g�_�� �g�b�`�g�_�c�� �q�Z�k�l�b�� �d�j�b�\�h�c���� �K�Z�f�u�f�b��
�i�_�j�k�i�_�d�l�b�\�g�u�f�b�� �^�e�y�� �j�Z�k�k�f�h�l�j�_�g�b�y�� �\�u�]�e�y�^�y�l��
�d�j�b�\�u�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�c��GEV �b��GLO���� �i�j�b�� �w�l�h�f��
�\�Z�j�b�Z�g�l��GLO �b�f�_�_�l�� �i�j�_�b�f�m�s�_�k�l�\�h�� �i�h��
�k�h�\�h�d�m�i�g�h�k�l�b�� �h�p�_�g�h�d�� �b�� �y�\�e�y�_�l�k�y�� �g�Z�b�e�m�q�r�b�f�� �\��
�^�Z�g�g�h�f�� �g�Z�[�h�j�_���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v�� �l�Z�d�`�_���� �q�l�h��
�b�f�_�g�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�_��GLO �j�_�d�h�f�_�g�^�h�\�Z�g�h�� �\��
�j�Z�g�_�_�� �\�u�i�h�e�g�_�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �>�=�m�[�Z�j�_�\�Z����
���������@�� �d�Z�d�� �g�Z�b�[�h�e�_�_�� �i�j�b�]�h�^�g�h�_�� �^�e�y�� �j�Z�k�q�_�l�h�\��

�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �\�� �j�_�]�b�h�g�_�� �<�h�k�l�h�q�g�h�c��
�K�b�[�b�j�b���� 

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

�<�u�^�_�e�y�x�l�k�y�� �g�_�k�d�h�e�v�d�h�� �\�Z�j�b�Z�g�l�h�\�� �d�j�b�\�u�o��
�h�[�_�k�i�_�q�_�g�g�h�k�l�b���� �d�h�l�h�j�u�_�� �g�Z�b�e�m�q�r�b�f�� �h�[�j�Z�a�h�f��
�i�h�^�o�h�^�y�l���\���d�Z�q�_�k�l�\�_���j�Z�k�q�_�l�g�u�o���± �i�h�^���g�h�f�_�j�Z�f�b��������
8, 10, 14. �I�j�b�� �h�l�[�h�j�_�� �w�l�b�o�� �\�Z�j�b�Z�g�l�h�\�� �b�f�_�_�l��
�a�g�Z�q�_�g�b�_�� �g�Z�b�[�h�e�v�r�Z�y�� �[�e�b�a�h�k�l�v�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o��
�h�p�_�g�h�d�� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �j�Z�k�o�h�^�h�\�� ���������� �b�� ����������
�]�h�^�h�\�� �d�� �w�f�i�b�j�b�q�_�k�d�b�f�� �b�o�� �h�p�_�g�d�Z�f���� �Z�� �l�Z�d�`�_��
�g�Z�b�e�m�q�r�b�_�� �h�p�_�g�d�b�� �i�h���l�h�q�g�h�k�l�b s���� �i�j�b�q�_�f�� �^�\�Z��
�w�l�b�o�� �Z�k�i�_�d�l�Z�� �l�_�k�g�h�� �k�\�y�a�Z�g�u�� �^�j�m�]�� �k�� �^�j�m�]�h�f. 
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �b�a�� �h�l�h�[�j�Z�g�g�u�o�� �\�Z�j�b�Z�g�l�h�\��
�j�Z�k�q�_�l�g�h�c�� �d�j�b�\�h�c�� �^�\�Z�� ���i�h�^�� �g�h�f�_�j�Z�f�b�� ���� �b�� ��������
�i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�o�_�f�m�� �X���;�� �<�b�g�h�]�j�Z�^�h�\�Z����
�h�k�g�h�\�Z�g�g�m�x�� �g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h-
�g�h�j�f�Z�e�v�g�u�o�� �d�j�b�\�u�o���� �Z�� �Z�i�i�j�h�d�k�b�f�Z�p�b�y��
�h�l�h�[�j�Z�g�g�u�o�� �\�Z�j�b�Z�g�l�h�\�� �d�� �w�f�i�b�j�b�q�_�k�d�b�f�� �^�Z�g�g�u�f��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�m�l�_�f�� �d�Z�e�b�[�j�h�\�d�b�� �i�h�� �a�g�Z�q�_�g�b�x��
�l�h�q�g�h�k�l�b s �\�� �d�Z�q�_�k�l�\�_�� �d�j�b�l�_�j�b�y���� �>�j�m�]�b�f�b��
�k�e�h�\�Z�f�b���� �w�l�b�� �\�Z�j�b�Z�g�l�u�� �± �j�_�a�m�e�v�l�Z�l�u�� �i�j�y�f�h�c��
�i�h�^�]�h�g�d�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �d�j�b�\�u�o�� �d�� �^�Z�g�g�u�f���� �\��
�g�Z�b�f�_�g�v�r�_�c�� �k�l�_�i�_�g�b�� �k�j�_�^�b�� �\�k�_�o�� �h�[�_�k�i�_�q�_�g�g�u�_��
�n�b�a�b�q�_�k�d�b�f�� �b�e�b�� �o�h�l�y�� �[�u�� �d�h�g�p�_�i�l�m�Z�e�v�g�u�f��
���k �l�h�q�d�b�� �a�j�_�g�b�y�� �l�_�h�j�b�b�� �k�e�m�q�Z�c�g�u�o�� �i�j�h�p�_�k�k�h�\����
�h�[�h�k�g�h�\�Z�g�b�_�f���� 
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 b) 
�J�b�k�m�g�h�d������ �D�j�b�\�u�_���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o���k�j�h�q�g�u�o���j�Z�k�o�h�^�h�\���g�Z���i�h�k�l�m���j�_�d�b �B�y���± �]�h�j�h�^��

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

8 �± �l�j�_�o�i�Z�j�Z�f�_�l�j�b�q�_�k�d�Z�y���e�h�]�g�h�j�f�Z�e�v�g�Z�y���k���d�Z�e�b�[�j�h�\�d�h�c���i�h��s, 9 �± �n�m�g�d�p�b�h�g�Z�e�v�g�h-�g�h�j�f�Z�e�v�g�Z�y���K�����k��
�d�Z�e�b�[�j�h�\�d�h�c���i�h���Z, 10 �± �n�m�g�d�p�b�h�g�Z�e�v�g�h-�g�h�j�f�Z�e�v�g�Z�y���K�����k���d�Z�e�b�[�j�h�\�d�h�c���i�h��s);  

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

Figure 3. Probability curves of annual maximum runoff at the gauging station Iya �± Tulun. Empirical 
(points) and analytical: a) constructed according to an alternative scheme on the normalizing fiber (7 �± three-

parameter log-normal with ��calibration according to �Z�� 8 �± three-parameter log-normal with calibration s,  
9 �± functionally normal �K3 with calibration according to �Z, 10 �± functionally normal �K3 with calibration 

according to s); b) the same with a logarithmic scale along the vertical axis.  
Red dotted line �± the confidence interval boundaries of the empirical curve of 5-95% probability 
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a) 

 b) 
�J�b�k�m�g�h�d������ �D�j�b�\�u�_���h�[�_�k�i�_�q�_�g�g�h�k�l�b���f�Z�d�k�b�f�Z�e�v�g�u�o���k�j�h�q�g�u�o���j�Z�k�o�h�^�h�\���g�Z���i�h�k�l�m���j�_�d�b �B�y���± �]�h�j�h�^��
�L�m�e�m�g�����w�f�i�b�j�b�q�_�k�d�Z�y�����l�h�q�d�b�����b���Z�g�Z�e�b�l�b�q�_�k�d�b�_����a�����i�h�k�l�j�h�_�g�g�u�_���i�h���j�_�d�h�f�_�g�^�Z�p�b�y�f���e�b�l�_�j�Z�l�m�j�g�u�o��

�b�k�l�h�q�g�b�d�h�\���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���f�_�l�h�^�Z��L-�f�h�f�_�g�l�h�\�����������± GEV, 12 �± GLO, 13 �± GPD, 14 �± Pareto); b�����l�h��
�`�_�����i�j�b���e�h�]�Z�j�b�n�f�b�q�_�k�d�h�f���f�Z�k�r�l�Z�[�_���i�h���\�_�j�l�b�d�Z�e�v�g�h�c���h�k�b�����D�j�Z�k�g�u�c���i�m�g�d�l�b�j���± �]�j�Z�g�b�p�u��

�^�h�\�_�j�b�l�_�e�v�g�h�]�h���b�g�l�_�j�\�Z�e�Z���w�f�i�b�j�b�q�_�k�d�h�c���d�j�b�\�h�c����-���������h�[�_�k�i�_�q�_�g�g�h�k�l�b 
Figure 4. Probability curves of annual maximum runoff at the gauging station Iya �± Tulun. Empirical 

(points) and analytical: a) curves, according to the recommendations of literary sources using the L-moments 
method (11 �± GEV, 12 �± GLO, 13 �± GPD, 14 �± Pareto); b) the same, with a logarithmic scale along the 

vertical axis. Red dotted line - the confidence interval boundaries of the empirical curve of 5-95% probability 

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

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

�<�Z�j�b�Z�g�l�� �j�Z�k�q�_�l�g�h�c�� �d�j�b�\�h�c�� �i�h�^�� �g�h�f�_�j�h�f�� ������
�\�d�e�x�q�Z�x�s�b�c�� �d�j�b�\�m�x�� �I�b�j�k�h�g�Z��III  �l�b�i�Z�� �b�� �_�z��
�i�Z�j�Z�f�_�l�j�b�a�Z�p�b�x�� �f�_�l�h�^�h�f�� �f�h�f�_�g�l�h�\���� �[�h�e�v�r�_�c��
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�q�Z�k�l�v�x�� �e�_�`�b�l�� �a�Z�� �i�j�_�^�_�e�Z�f�b�� �]�j�Z�g�b�p��
�^�h�\�_�j�b�l�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z�� �b�� �\�� �p�_�e�h�f�� �b�f�_�_�l��
�n�h�j�f�m���� �k�b�e�v�g�h�� �h�l�e�b�q�Z�x�s�m�x�k�y�� �h�l�� �w�f�i�b�j�b�q�_�k�d�h�c��
�d�j�b�\�h�c���� �H�k�h�[�_�g�g�h�� �\�Z�`�g�u�f�� �Z�k�i�_�d�l�h�f�� �y�\�e�y�_�l�k�y��
�g�Z�e�b�q�b�_�� �^�e�y�� �w�l�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �g�b�`�g�_�c�� �]�j�Z�g�b�p�u��
�j�Z�k�o�h�^�h�\���� �g�b�`�_�� �d�h�l�h�j�h�c�� �e�_�`�b�l�� �[�h�e�_�_�� ��������
�w�f�i�b�j�b�q�_�k�d�b�o�� �l�h�q�_�d���� �<�Z�j�b�Z�g�l�� �j�Z�k�q�_�l�g�h�c�� �d�j�b�\�h�c��
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Abstract. A method has been developed for 
assessing the limits of predictability of the frozen soil 
water content (according to observations at the 
Nizhnedevitskaya water balance station). The 
method is based on the analysis of the convergence 
of a given probabilistic measure (the variance of the 
calculated soil water content at a given date) to its 
stable value. The soil water content was simulated by 
the physically based model of heat and water transfer 
in a frozen soil column during a autumn-winter 
seasons. To assess variability of the modelled soil 
water content at a given date, the boundary 
meteorological conditions for the autumn-winter 
period were simulated by the Monte Carlo procedure 
using a stochastic  weather generator. The initial 
conditions were assigned as the constant soil 
temperature and soil moisture values over the  
1-meter soil column. The predictability of the soil 
water content in the one-meter layer of the studied 
soils has occurred to be about 1.5 months; it means 
that for the forest-steppe conditions, the soil water 
content before the beginning of soil freezing cannot 
serve as an indicator of soil water content before 
spring. Numerical experiments have shown that the 
soil water content predictability: (1) grows with an 
increase in the thickness of the considered soil layer 
and its depth; (2) decreases for coarser soils as 
compared to finely dispersed soils; (3) is more 
sensitive to changes in the soil texture than to 
changes in the climatic norms of precipitation and air 
temperature. 
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�i�h�q�\�u�� �j�Z�k�k�q�b�l�u�\�Z�e�h�k�v�� �k�� �i�h�f�h�s�v�x�� �n�b�a�b�d�h-
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �\�_�j�l�b�d�Z�e�v�g�h�]�h�� �l�_�i�e�h- �b��
�\�e�Z�]�h�i�_�j�_�g�h�k�Z�� �\�� �i�h�q�\�_�g�g�h�c�� �d�h�e�h�g�d�_�� �\�� �h�k�_�g�g�_-
�a�b�f�g�b�c�� �i�_�j�b�h�^���� �Q�l�h�[�u�� �h�p�_�g�b�l�v�� �\�Z�j�b�Z�p�b�x��
�\�_�e�b�q�b�g�u�� �\�e�Z�`�g�h�k�l�b�� �i�h�q�\�u���� �j�Z�k�k�q�b�l�Z�g�g�h�c�� �g�Z��
�a�Z�^�Z�g�g�m�x�� �^�Z�l�m���� �]�j�Z�g�b�q�g�u�_�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_��
�m�k�e�h�\�b�y�� �\�� �l�_�q�_�g�b�_�� �h�k�_�g�g�_�_-�a�b�f�g�_�]�h�� �i�_�j�b�h�^�Z��
�f�h�^�_�e�b�j�h�\�Z�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �i�j�h�p�_�^�m�j�u�� �F�h�g�l�_-
�D�Z�j�e�h�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�]�h��
�]�_�g�_�j�Z�l�h�j�Z�� �i�h�]�h�^�u���� �G�Z�q�Z�e�v�g�u�_�� �m�k�e�h�\�b�y��
�a�Z�^�Z�\�Z�e�b�k�v�� �\�� �\�b�^�_�� �i�j�h�n�b�e�_�c�� �i�h�k�l�h�y�g�g�u�o��
�a�g�Z�q�_�g�b�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �\�e�Z�`�g�h�k�l�b�� �i�h�q�\�u�� �i�h��
�]�e�m�[�b�g�_���� �J�Z�k�q�_�l�g�Z�y�� �h�p�_�g�d�Z�� �i�j�_�^�k�d�Z�a�m�_�f�h�k�l�b��
�\�e�Z�`�g�h�k�l�b�� �i�h�q�\�u�� �\�� �f�_�l�j�h�\�h�f�� �k�e�h�_�� �b�k�k�e�_�^�m�_�f�u�o��
�i�h�q�\�� �k�h�k�l�Z�\�b�e�Z�� �h�d�h�e�h�� �������� �f�_�k�y�p�_�\���� �l�h�� �_�k�l�v �^�e�y��
�m�k�e�h�\�b�c�� �e�_�k�h�k�l�_�i�b�� �h�k�_�g�g�y�y�� �\�e�Z�`�g�h�k�l�v�� �i�h�q�\�u�� �g�_��
�f�h�`�_�l�� �k�e�m�`�b�l�v�� �b�g�^�b�d�Z�l�h�j�h�f�� �_�_�� �m�\�e�Z�`�g�_�g�b�y��
�i�_�j�_�^�� �g�Z�q�Z�e�h�f�� �\�_�k�_�g�g�_�]�h�� �k�g�_�]�h�l�Z�y�g�b�y����
�Q�b�k�e�_�g�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�i�j�_�^�k�d�Z�a�m�_�f�h�k�l�v�� �\�e�Z�`�g�h�k�l�b�� �i�h�q�\�u���� ������ �j�Z�k�l�_�l�� �k��
�m�\�_�e�b�q�_�g�b�_�f�� �l�h�e�s�b�g�u�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �k�e�h�y��
�i�h�q�\�u���b���]�e�m�[�b�g�u���w�l�h�]�h���k�e�h�y�����������m�f�_�g�v�r�Z�_�l�k�y���^�e�y��
�i�h�q�\�� �e�_�]�d�h�]�h�� �f�_�o�Z�g�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �i�h��
�k�j�Z�\�g�_�g�b�x���k���i�h�q�\�Z�f�b���l�y�`�_�e�h�]�h���k�h�k�l�Z�\�Z�����������[�h�e�_�_��
�q�m�\�k�l�\�b�l�_�e�v�g�Z���d���b�a�f�_�g�_�g�b�x���l�_�d�k�l�m�j�u���i�h�q�\�u�����q�_�f��
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 �D�e�x�q�_�\�u�_���k�e�h�\�Z: �]�b�^�j�h�e�h�]�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����
�i�j�_�^�k�d�Z�a�m�_�f�h�k�l�v���� �n�b�a�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y��
�f�h�^�_�e�v���� �]�_�g�_�j�Z�l�h�j�� �i�h�]�h�^�u���� �^�b�g�Z�f�b�d�Z�� �i�h�q�\�_�g�g�h�c��
�\�e�Z�]�b�����f�_�j�a�e�Z�y���i�h�q�\�Z 

Introduction 

The study of the predictability of natural 
processes is a traditional task for many geophysical 
sciences. In meteorology, for example, such studies 
are based on the concepts of two types of 
predictability developed in the classical works of 
E. Lorenz [Lorenz, 1975]: predictability of the first 
kind, due to the internal instability of atmospheric 
processes, their high sensitivity to small perturbations 
of the initial conditions and predictability of the 
second kind, associated with the variability of 
external influences with respect to the atmosphere 
(ocean, land surface, etc.). The study of the physical 
mechanisms and factors of predictability, the 
determination of its limits depending on the space-
time scales of the processes under study, the 
identification of potentially predictable structures �± 
the listed and other problems of scientific 
meteorology are solving on the basis of the concept 
of predictability as a problem of mathematical 
physics developed already half a century ago (see, for 
example, [Dymnikov, 2007]). 

In hydrology, the concept of predictability over 
many years is associated, as a rule, with the 
possibility of constructing a forecast method that 
meets the specified criteria of accuracy and lead time 
(see, for example, [Shukla et al., 2013]). This 
understanding of predictability is close to the concept 
�R�I�� �³�H�I�I�H�F�W�L�Y�H�� �S�U�H�G�L�F�W�D�E�L�O�L�W�\�´�� �>�'�R�X�Y�L�O�O�H���� ���������@�� �R�U��
�³�I�R�U�H�F�D�V�W�D�E�L�O�L�W�\�´�� �D�F�F�H�S�W�H�G�� �L�Q�� �P�H�W�H�R�U�R�O�R�J�\���� �Z�K�L�F�K��
depends, inter alia, on subjective factors, including 
the experience and methodological preferences of a 
forecast developers, the characteristics of the existing 
observation network, etc. Interest in the analysis of 
predictability as an objective property of the 
hydrological system has arisen in recent years and is 

                                                           
1 Report of a Workshop on Predictability & Limits-To-Prediction in Hydrologic Systems. Washington, D.C., National 
Academy Press, 2002. 138 p. 
 
 

primarily associated with studies of the macroscale 
variability of soil moisture and snow cover 
characteristics aimed at deepening understanding of 
the contribution of low-frequency variability of these 
characteristics to the dynamics of the climate system1. 
In addition, publications have appeared in which 
factors influencing the predictability of hydrological 
processes on a river basin scale are investigated, such 
�D�V���� �V�S�D�W�L�D�O�� �D�Y�H�U�D�J�L�Q�J�� �R�I�� �S�U�R�F�H�V�V�H�V�� �>�%�O�|�V�F�K�O����
Sivapalan, 1995], nonlinearity of hydrological 
systems [Zehe et al., 2007], hydraulic properties of 
the basin [Kumar, 2011]. There is reason to believe 
that the construction of a conceptual framework for 
analyzing the predictability of hydrological systems 
is becoming one of the key scientific problems in 
�K�\�G�U�R�O�R�J�\���>�%�O�|�V�F�K�O�������������@�� 

The purpose of this study is to develop a 
methodological approach to assessing the 
predictability limits (potential predictability) of 
hydrological processes using the example of moisture 
transfer processes and the formation of soil moisture 
content in a frozen soil. The moisture content of 
frozen soil is the main factor in the snowmelt runoff 
losses during the formation of spring floods (freshets) 
�L�Q���W�K�H���F�R�O�G���U�H�J�L�R�Q�V�¶���U�L�Y�H�U���E�D�V�L�Q�V�����D�Q�G���W�K�H���U�H�O�L�D�E�L�O�L�W�\���R�I��
its assessment significantly affects the accuracy of 
forecasts of spring floods using the existing 
operational techniques. At the same time, 
measurements of soil moisture in winter are mostly 
not performed in Russia (there are only point 
measurement data at the experimental sites of water 
balance stations and small experimental basins), 
therefore, to assess the moisture content of frozen soil 
before the onset of snow melting, existing forecast 
methods use the so-called indices of preliminary 

https://doi.org/10.34753/HS.2020.2.4.365


�=�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 2�����<�u�i��4 2020 

 

 
 367 

 

moisture content2. Such indices are, as a rule, data on 
the soil moisture content or on the low-flow runoff for 
the previous autumn period. In other words, the 
hypothesis is implicitly accepted that the moisture 
content of frozen soil before the onset of snow 
melting depends to a greater extent on the autumn soil 
moisture than on moisture transfer processes in 
winter. The validity of this hypothesis depends on 
many factors, primarily on the weather conditions 
during the winter, soil properties and vegetation 
cover. A quantitative estimate of the time period 
during which the influence of the previous (autumn) 
conditions persists, depending on the listed factors, 
constitutes the essence of the approach proposed in 
the article and can serve as a methodological basis for 
testing this hypothesis. 

Methods 

Approach to assessing the predictability limit 
of a hydrological system 

Consider a stochastical dynamical system 
described by the equation [Dymnikov, 2007]: 

)()( tWB
dt

dW
�H���  (1) 

00 WW t � �  (2) 

where )(tWW �  is a state variable;  

)(WB  is a dynamics operator; 

)(t�H  �± delta-correlated Gaussian random 

process �� ��'2)'()( ttdtt ijji ��� �u �G�H�H , 0�!ijd ; 

 �± averaging operator. 

In hydrology, the dynamic-stochastic equation 
(1) is used to describe the soil moisture dynamics, 
interannual changes in river runoff, fluctuations in the 
lake level, and the dynamics of the volume of 
mountain glaciers (see, for example, [Demchenko, 
Kislov, 2010]. It was shown [Dymnikov, 2007] that, 

under the condition ddij �{ , equation (1) can be 

written in the form of the Fokker-Planck equation for 
the probability density function �� ��W�U : 

�� �� �U�U
�U

�'� �� dWBdiv
dt
d

)(  (3) 

                                                           
2 Guide to Hydrological Forecasts. Issue 1. Long-term forecasts of the elements of the water regime of rivers and 
reservoirs. Leningrad, Publ. Gidrometeoizdat, 1989. 358 p. (In Russian). 

�³ � �t 1,0 dW�U�U  (4) 

The initial condition for the equation (3) is 
written as:  

�� ��00 WWt ��� � �G�U  (5) 

It was also shown [Dymnikov, 2007] that over 
time, the probability density function �� ��W�U  of the 

system state will converge to a stationary solution �U
, and information about the initial condition will be 
lost by the system. The time interval during which the 
system retains information about its initial state can 
be set by the time of convergence of a given 
probabilistic measure to its stable value and 
determines the potential predictability of the system 
or the physically determined limit of its predictability. 

For a complex nonlinear system, the 
implementation of the described approach is possible 
through experiments with a numerical dynamical-
stochastic model with random inputs, which 
describes the dynamics of the system states. This 
possibility will be illustrated below using the example 
of a dynamic-stochastic model of moisture transfer in 
a frozen soil. 

Dynamic-stochastic model of water transfer in 
a frozen soil  

The structure of the developed dynamic-
stochastic model combines two components: (1) a 
physically based model of vertical moisture transfer 
in a frozen soil, taking into account the accumulation 
and melting of snow cover on its surface, and (2) a 
stochastic weather generator. 

The physically based model is described in 
[Gelfan, 2006] and based on solving a system of 
nonlinear equations of heat and moisture transfer 
describing the hydrothermal regime of the soil during 
its freezing, thawing and infiltration of melt water, 
taking into account the phase water-ice 
transformation, the influence of over-cooled 
moisture. The system of equations and methods of 
their numerical integration, the results of model tests 
based on the data of laboratory and field experiments 
of the Hydrophysical Laboratory of the State 
Hydrological Institute and field observations at the 
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Nizhnedevitskaya water balance station are presented 
in detail in [Gelfan, 2006]. The used stochastic 
weather generator, which allows one to reproduce by 
the Monte Carlo method long-term artificial 
sequences of meteorological variables with daily 
resolution at a given point (without taking into 
account the spatial relationships between 
meteorological variables) is described in [Gelfan, 
2007]. The paper describes the results of calibration 
and testing of the weather generator based on 
meteorological measurements on the territory of the 
forest-steppe zone of the European Russia. 

Numerical experiments design 

Numerical experiments to assess the potential 
predictability of soil moisture content in the autumn-
winter period were carried out using observational 
data at the Nizhnedevitskaya water balance station 
and were organized as follows.  

Calculations were made for the period from 
November 1 to March 31. Stochastic weather 
generator was developed for this season on the basis 
of the meteorological observations from 1969 till 
2014. The initial conditions for solving the equations 
of heat and moisture transfer were set as the constant 
total (liquid water + ice) soil moisture content and the 
constant soil temperature over the depth of a one 
meter soil column. An ensemble of 1 000 random 
realizations of time series of meteorological variables 
(air temperature, precipitation and air humidity) with 
daily resolution for the period from November 1 to 
March 31 was modeled using a stochastic weather 
generator. These variables were set as boundary 
conditions for the calculated equations of heat and 
moisture transfer in the absence of snow. If there is a 
snow cover on the soil surface (its characteristics 
were calculated from the generated meteorological 
�³�L�Q�S�X�W�V�´���X�V�L�Q�J���D���V�L�Q�J�O�H-layer model [Gelfan, 2006]), 
the boundary conditions were set in the form of heat 
and moisture fluxes at the snow-soil boundary. 

Using a dynamic-stochastic model, an 
ensemble of N=1 000 trajectories of changes in daily 

values of soil moisture Wijk=Wk(zi,tj) and temperature 
Tijk=Tk(zi,tj) at different depths was calculated from 
November 1 to March 31 (here k is the number of the 
calculated trajectory, k� ���������«��������������zi=[10 (i-1); 10i] 
[cm] is i- th calculated 10-cm layer along the depth of 
a meter soil column from its surface; i� ���������«����������
tj=[(j-1); j], [days], is j-th daily time interval from the 
beginning of calculations j� ���������«������������ 

Each of the 1000 trajectories was calculated 
under given (the same for all calculations) initial 
conditions and random, simulated by the Monte Carlo 
method, boundary conditions. 

For each calculated step tj and soil layer zi, the 
mean square deviation �1ij(W) of soil moisture was 
calculated for the ensemble N=1 000 trajectories: 

�� �� �� �� �� ��1
1

2
1 ��

� 
���u��� �¦ NWWW

N

k
ijijkij�V  (6) 

where �¦
� 

��� 
N

k
ijkij WNW

1

1 is an average over the 

ensemble of trajectories value of soil moisture in the 
layer zi and at the time step tj. 

The value �1ij(W) was specified as a 
probabilistic measure, the time of convergence of 
which to a stable value was assigned as the potential 
predictability of soil moisture. 

The limit of predictability �ûi(W) of soil 
moisture (potential predictability) was estimated 
from the condition: 

�D
�V
�V�V

�d
��

� �' ��

ij

jiij
i j )1(:)min( , j � �������«�������� (7) 

�Z�K�H�U�H���.���L�V���W�K�H���V�S�H�F�L�I�L�H�G���W�K�U�H�V�K�R�O�G���Y�D�O�X�H�����W�D�N�H�Q���H�T�X�D�O��
to 0.01). 

Thus, the predictability limit of the process is 
determined by the time period during which the 
variance of the scatter of trajectories calculated for 
each time step becomes a constant value determined 
by external meteorological forcing (winter weather 
conditions), and the effect of initial conditions (pre-
winter moisture and soil temperature) becomes 
insignificant.  
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Figure 1. Ensemble of trajectories of the total moisture content (mm) of the meter (top) and  

upper 10-cm (bottom) soil layers of freezing soil, calculated under the same initial conditions (W(z,0)=0.15; 
T(z,0)� ���ƒ�&�����D�Q�G���W�K�H���0�R�Q�W�H���&�D�U�O�R���V�L�P�X�O�D�W�H�G���E�R�X�Q�G�D�U�\���P�H�W�H�R�U�R�O�R�J�L�F�D�O���F�R�Q�Gitions 

�J�b�k�m�g�h�d���������:�g�k�Z�f�[�e�v �l�j�Z�_�d�l�h�j�b�c���b�a�f�_�g�_�g�b�y���\�e�Z�]�h�k�h�^�_�j�`�Z�g�b�y�����f�f�����f�_�l�j�h�\�h�]�h���k�e�h�y�����\�\�_�j�o�m�����b��
�\�_�j�o�g�_�]�h������-�k�f���k�e�h�y���i�j�h�f�_�j�a�Z�x�s�_�c���i�h�q�\�u�����j�Z�k�k�q�b�l�Z�g�g�u�o���i�j�b���g�Z�q�Z�e�v�g�u�o���m�k�e�h�\�b�y�o����W(z,0)=0,15; 
T(z,0)� ���ƒC�����b���]�j�Z�g�b�q�g�u�o���f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���m�k�e�h�\�b�y�o�����k�]�_�g�_�j�b�j�h�\�Z�g�g�u�o���f�_�l�h�^�h�f���F�h�g�l�_���D�Z�j�e�h 
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Figure 2. Change in the mean square deviation (over the ensemble of 1 000 trajectories) of the freezing soil 

moisture content (meter soil layer) with time-distance from the initial date (November 1).  
Each line relates to the specific initial conditions 

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

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

Results and discussion 

The calculated trajectories of changes in the 
total moisture content are shown as an example in 
figure 1.  

Figure 2 shows how the value �1ij(W) changes 
with the time-distance from the initial date of 
calculation (November 1) under different initial 
conditions (the total moisture content of a meter soil 
layer of freezing soil is shown as an example). 

Figure 2 shows that the predictability limit of 
the total moisture content of the soil column, 

calculated by formula (4) at �.=1%, varies in a rather 
narrow range, namely from 31 to 42 days, with the 
given significant changes in the initial conditions 
(W(z,0)= 0.15�y0.25; T(z,0)=-1.5�y�����ƒ�&���� 

In general, the obtained estimates of the 
predictability of the moisture reserve for individual 
10-cm layers of the freezing soil column showed that 
predictability increases with increasing layer depth: 
for the upper layer, predictability is about one month, 
for the lower layer 90-100 cm it reaches 3 months 
(figure 3).  
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Figure 3. Change in the standard deviation and assessment of the predictability of the moisture content in the 

meter soil layer (top figure), moisture content in the 0-10 cm layer (middle figure) and moisture content in 
the 90-100 cm layer (bottom figure) 
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Two series of numerical experiments were 
carried out to assess the sensitivity of the calculated 
predictability limit of the 1-meter soil moisture 
content: (1) to changes in soil texture, which affects 
the hydraulic and thermal parameters of the equations 
of heat and moisture transfer, and also (2) to changes 
in climatic norms of air temperature and precipitation 
specified as parameters of the stochastic weather 
generator. The results of numerical experiments are 
shown in figures 4, 5. The experiments have shown 
that the predictability of the 1-meter soil moisture 
content increases for soils with a heavier texture, 
reaching 51 days for heavy loam (figure 4). To assess 
sensitivity of predictability to the climatic norms 
(mean annual values), four numerical experiments 
were carried out. First, the air temperature climatic 
norm, T�., as the weather generator parameter was 
�L�Q�F�U�H�D�V�H�G�� �E�\�� ���ƒ�&�� �Z�L�W�K�� �D�Q�� �X�Q�F�K�D�Q�J�H�G�� �S�U�H�F�L�S�L�W�D�W�L�R�Q��

�F�O�L�P�D�W�L�F���Q�R�U�P�����K�H�U�H�D�I�W�H�U�����³�6�F�H�Q�D�U�L�R�V�����´�������6�H�F�R�Q�G����T�. 
�Z�D�V�� �L�Q�F�U�H�D�V�H�G�� �E�\�� ���ƒ�&�� �Z�L�W�K�� �D�Q�� �X�Q�F�K�D�Q�J�H�G��
pr�H�F�L�S�L�W�D�W�L�R�Q���Q�R�U�P�����³�6�F�H�Q�D�U�L�R�V�����´�������7�K�L�U�G�����W�K�H���D�Q�Q�X�D�O��
precipitation P was increased by 10% at an 
�X�Q�F�K�D�Q�J�H�G���D�L�U���W�H�P�S�H�U�D�W�X�U�H���Q�R�U�P�����³�6�F�H�Q�D�U�L�R�V�����´�����D�Q�G����
fourth, P increased by 20% at an unchanged air 
�W�H�P�S�H�U�D�W�X�U�H�� �Q�R�U�P�� ���³�6�F�H�Q�D�U�L�R�V�� ���´������ �7�K�H�� �F�D�O�F�X�O�D�W�L�R�Q��
results are shown in figure 5. One can see that the 
assigned changes in climatic characteristics did not 
have a noticeable effect on the predictability limit of 
soil moisture content. 

Thus, an important property of the system 
under consideration is that its predictability depends 
on the internal properties of the system to a greater 
extent than on the characteristics of the forcing 
process. A similar result for a linear dynamical-
stochastic system was obtained analytically in 
[Demchenko, Kislov, 2010]. 

 
Figure 4. Predictability of moisture content of a meter layer of freezing soil, depending on soil texture 
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Figure 5. Predictability of moisture content in a meter layer of freezing soil under different scenarios of 

changes in climatic norms of air temperature and precipitation 
�J�b�k�m�g�h�d���������I�j�_�^�k�d�Z�a�m�_�f�h�k�l�v���\�e�Z�]�h�a�Z�i�Z�k�Z���f�_�l�j�h�\�h�]�h���k�e�h�y���i�j�h�f�_�j�a�Z�x�s�_�c���i�h�q�\�u���i�j�b����-�o���k�p�_�g�Z�j�b�y�o��

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

Conclusions 

The paper proposes a method for estimating the 
predictability limits of a hydrological system based 
on a dynamic-stochastic model with random inputs. 
The method is based on calculating the time of 
convergence of the variance of the state of the system 
to its stable value. The method was applied to assess 
the predictability of moisture content in a freezing 
soil. Using numerical experiments with the developed 
model, the following is shown. 

1. The predictability of the moisture content of 
the freezing soil grows with an increase in the 
thickness and depth of the considered soil layer. 

2. In soils of light texture, the predictability of 
moisture content is less than in heavier soils. 
3. The predictability of soil moisture content depends 
on the hydraulic properties of the soil to a much 
greater extent than on the parameters of the 
meteorological forcing (climatic norms of 
precipitation and air temperature). 
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�j�y�^�Z���i�j�_�^�b�d�l�h�j�h�\���^�e�y���d�Z�e�b�[�j�h�\�d�b���b���\�_�j�b�n�b�d�Z�p�b�b��
�f�h�^�_�e�_�c�� �d�Z�d�� �i�h�\�u�r�Z�x�s�Z�y�� �m�k�l�h�c�q�b�\�h�k�l�v��
�j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�]�g�h�a�Z���� �<�� �d�Z�q�_�k�l�\�_�� �h�[�t�_�d�l�Z��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�m�_�l�k�y�� �f�Z�e�Z�y�� �j�_�d�Z�� �K�j�_�^�g�_�c��
�i�h�e�h�k�u���J�h�k�k�b�b���± �j�_�d�Z���I�j�h�l�\�Z�����]�b�^�j�h�f�_�l�j�b�q�_�k�d�b�c��
�i�h�k�l�� �K�i�Z�k-�A�Z�]�h�j�v�_������ �<�� �d�Z�q�_�k�l�\�_�� �i�j�_�^�b�d�l�h�j�h�\��
�b�k�i�h�e�v�a�m�x�l�k�y���j�Z�k�o�h�^�u���\�h�^�u���g�Z���i�h�k�l�m���b���k�m�l�h�q�g�u�_��
�k�m�f�f�u�� �h�k�Z�^�d�h�\�� �g�Z�� �l�j�_�o�� �[�e�b�`�Z�c�r�b�o��
�f�_�l�_�h�k�l�Z�g�p�b�y�o�� �\�� �l�_�d�m�s�b�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b��
���k�m�l�d�b���� �b�� �k�h�� �k�^�\�b�]�h�f�� �g�Z�a�Z�^�� �^�h�� ���� �k�m�l�h�d���� �Z�� �l�Z�d�`�_��
�b�g�^�_�d�k�� �m�\�e�Z�`�g�_�g�b�y�� �[�Z�k�k�_�c�g�Z�� �b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �b�� �b�k�i�Z�j�_�g�b�y���� �G�Z��
�d�h�g�d�j�_�l�g�h�f�� �i�j�b�f�_�j�_�� �i�h�d�Z�a�Z�g�Z�� �\�h�a�f�h�`�g�h�k�l�v��
�i�h�k�l�j�h�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�c�� �h�i�_�j�Z�l�b�\�g�h�c��
�i�j�h�]�g�h�k�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �^�e�y�� �d�j�Z�l�d�h�k�j�h�q�g�h�]�h��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �k�l�h�d�Z���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�y�\�b�e�h��
�i�j�b�_�f�e�_�f�m�x�� �^�e�y�� �h�i�_�j�Z�l�b�\�g�h�c�� �i�j�Z�d�l�b�d�b��

 Abstract. The paper addresses prospects for short-
term (from 1 to 7 days) forecasting of river 
streamflow runoff based on several machine learning 
methods: multiple linear regression (LM) model, a 
multilayer perceptron (MLP) artificial neural 
network, and a recurrent artificial neural network 
with long short-term memory (LSTM). Methods for 
expanding the set of predictors for model 
construction are proposed, and the possibility of 
random shuffling of the time-series of predictors for 
model calibration and verification are assessed. The 
object of the study is the small river of Central 
Russia �± river Protva (Spas-Zagorie gauge). Current 
and lagged values of streamflow discharge at the 
gauge and daily precipitation at local weather 
stations are used as predictors for the model, as well 
as moisture index and evaporation rate. The obtained 
results show the possibility of constructing an 
effective operational forecasting system for short-
term runoff forecasting. The study revealed the 
applicability of artificial neural network models, 
acceptable for operational practice, using all 
available hydrometeorological information on the 
catchment, as they showed the most stable results at 
all lead times from 1 to 7 days. In contrast to the 
linear model, which efficiency decreases after lead 
time of more than 3 days, the artificial neural 
networks models have higher forecast efficiency up 
to 7 days. The results obtained are robust for all 
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�i�j�b�f�_�g�b�f�h�k�l�v�� �f�h�^�_�e�_�c�� �b�k�d�m�k�k�l�\�_�g�g�u�o��
�g�_�c�j�h�g�g�u�o���k�_�l�_�c�����b�k�i�h�e�v�a�m�x�s�b�o���\�k�x���^�h�k�l�m�i�g�m�x��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�m�x�� �b�g�n�h�j�f�Z�p�b�x�� �g�Z��
�\�h�^�h�k�[�h�j�_�����d�Z�d���i�h�d�Z�a�Z�\�r�b�o���g�Z�b�[�h�e�_�_���m�k�l�h�c�q�b�\�u�_��
�j�_�a�m�e�v�l�Z�l�u���g�Z���\�k�_�o���a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�y�o���h�l�������^�h��
���� �k�m�l�h�d���� �L�Z�d���� �\�� �h�l�e�b�q�b�_�� �h�l�� �e�b�g�_�c�g�h�c��
�i�j�h�]�g�h�k�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b���� �w�n�n�_�d�l�b�\�g�h�k�l�v��
�d�h�l�h�j�h�c�� �k�g�b�`�Z�_�l�k�y�� �g�Z�� �a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�y�o��
�[�h�e�_�_�������k�m�l�h�d�����f�h�^�_�e�b���b�k�d�m�k�k�l�\�_�g�g�u�o���g�_�c�j�h�g�g�u�o��
�k�_�l�_�c���i�h�d�Z�a�Z�e�b���\�u�k�h�d�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v���i�j�h�]�g�h�a�Z��
�^�h�� ���� �k�m�l�h�d���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �m�k�l�h�c�q�b�\�u��
�^�e�y�� �\�k�_�o�� �n�Z�a�� �\�h�^�g�h�]�h�� �j�_�`�b�f�Z���� �d�Z�d�� �\�_�k�_�g�g�_�]�h��
�i�h�e�h�\�h�^�v�y�����l�Z�d���b���e�_�l�g�b�o���i�Z�\�h�^�d�h�\�����I�j�h�]�j�Z�f�f�g�Z�y��
�j�_�Z�e�b�a�Z�p�b�y�� �f�h�^�_�e�_�c�� �\�u�i�h�e�g�_�g�Z�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�h�l�d�j�u�l�u�o�� �i�j�h�]�j�Z�f�f�g�u�o�� �[�b�[�e�b�h�l�_�d�� �g�Z�� �y�a�u�d�_��
�3�\�W�K�R�Q���� �q�l�h�� �i�h�d�Z�a�u�\�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �r�b�j�h�d�h�]�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�y���h�i�b�k�Z�g�g�u�o���f�_�l�h�^�b�d���^�e�y���g�Z�m�q�g�u�o��
�b�k�k�e�_�^�h�\�Z�g�b�c���b���i�j�b�d�e�Z�^�g�u�o���a�Z�^�Z�q�� 

phases of the water regime, both spring floods and 
summer floods. The software implementation of the 
models is made on the basis of open software 
libraries in the Python language, which makes it 
possible to widely use the methods for scientific 
research and applied problems. 

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

 Keywords: hydrological forecasting, machine 
learning, artificial neural networks; runoff forecasts; 
short-term streamflow forecasting; runoff modelling 

�<�\�_�^�_�g�b�_ 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c��
�^�e�y�� �j�Z�k�q�_�l�Z�� �b�� �i�j�h�]�g�h�a�Z�� �j�_�q�g�h�]�h�� �k�l�h�d�Z�� �y�\�e�y�_�l�k�y��
�^�h�k�l�Z�l�h�q�g�h�� �o�h�j�h�r�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�c�� �h�[�e�Z�k�l�v�x��
�]�b�^�j�h�e�h�]�b�b���k�m�r�b�����h�i�u�l���d�h�l�h�j�h�c���g�Z�k�q�b�l�u�\�Z�_�l���m�`�_��
�[�h�e�_�_�� ������ �e�_�l��[Emerton et al., 2016; Fatichi et al., 
������������ �F�h�l�h�\�b�e�h�\���� ���������D�@���� �G�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v��
�b�a�\�_�k�l�g�h�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�h�_�� �q�b�k�e�h�� �d�e�Z�k�k�h�\�� �b��
�k�l�j�m�d�l�m�j�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c����
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o�� �^�e�y�� �j�_�r�_�g�b�y�� �j�Z�a�e�b�q�g�u�o��
�g�Z�m�q�g�u�o���b���i�j�b�d�e�Z�^�g�u�o���a�Z�^�Z�q���>�D�m�q�f�_�g�l�����=�_�e�v�n�Z�g����
1993; Gelfan, Motovilov, 2009]�����L�Z�d�����^�e�y���^�_�l�Z�e�v�g�u�o��
�j�Z�k�q�_�l�h�\���i�j�h�p�_�k�k�h�\���n�h�j�f�b�j�h�\�Z�g�b�y���j�_�q�g�h�]�h���k�l�h�d�Z��
�b�k�i�h�e�v�a�m�x�l�k�y�� �n�b�a�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b����
�k�h�^�_�j�`�Z�s�b�_�� �k�e�h�`�g�u�_�� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�b��
�h�i�b�k�u�\�Z�_�f�u�o�� �i�j�h�p�_�k�k�h�\�� �b�� �i�h�a�\�h�e�y�x�s�b�_��
�i�j�h�\�h�^�b�l�v�� �j�Z�a�e�b�q�g�u�_�� �b�o�� �h�p�_�g�d�b���� �g�Z�i�j�b�f�_�j��
�j�_�Z�d�p�b�x���d�h�f�i�h�g�_�g�l�h�\���]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h���p�b�d�e�Z���g�Z��
�b�a�f�_�g�_�g�b�y���\���d�e�b�f�Z�l�b�q�_�k�d�h�c���k�b�k�l�_�f�_��[Fatichi et al., 
������������ �F�h�l�h�\�b�e�h�\���� ���������D���� �F�h�l�h�\�b�e�h�\���� ���������E����
Beven, 2020]�����G�Z�j�y�^�m���k���w�l�b�f�b���f�h�^�_�e�y�f�b���\���a�Z�^�Z�q�Z�o����
�]�^�_���^�_�l�Z�e�v�g�h�_���h�i�b�k�Z�g�b�_���i�j�h�p�_�k�k�h�\���n�h�j�f�b�j�h�\�Z�g�b�y��
�g�_�� �l�j�_�[�m�_�l�k�y���� �Z�� �b�k�k�e�_�^�m�_�l�k�y�� �j�_�Z�d�p�b�y�� �j�_�q�g�h�c��

�k�b�k�l�_�f�u�� �g�Z�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_�� �\�h�a�^�_�c�k�l�\�b�y����
�l�Z�d�b�o�� �d�Z�d�� �d�j�Z�l�d�h�k�j�h�q�g�h�_�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_��
�j�_�q�g�h�]�h�� �k�l�h�d�Z���� �m�k�i�_�r�g�h�� �b�k�i�h�e�v�a�m�x�l�k�y�� �[�h�e�_�_��
�m�i�j�h�s�_�g�g�u�_�� �f�h�^�_�e�b���� �k�\�y�a�u�\�Z�x�s�b�_��
�i�j�_�^�r�_�k�l�\�m�x�s�b�_�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �j�_�q�g�u�f�� �k�l�h�d�h�f��
�b���f�_�l�_�h�\�_�e�b�q�b�g�Z�f�b���\���i�j�_�^�_�e�Z�o���j�_�q�g�h�]�h���\�h�^�h�k�[�h�j�Z��
�k���[�m�^�m�s�b�f�b���\�_�e�b�q�b�g�Z�f�b���j�_�q�g�h�]�h���k�l�h�d�Z���>�;�_�e�y�d�h�\�Z��
�b�� �^�j������ ������������ �%�H�Y�H�Q���� ���������@���� �L�Z�d�b�_�� �f�h�^�_�e�b����
�i�h�e�m�q�b�\�r�b�_�� �g�Z�a�\�Z�g�b�_�� �©�q�_�j�g�h�]�h�� �y�s�b�d�Z�ª�� �i�h��
�i�j�b�q�b�g�_�� �h�l�k�m�l�k�l�\�b�y�� �\�� �g�b�o�� �^�_�l�Z�e�v�g�h�]�h�� �h�i�b�k�Z�g�b�y��
�k�l�h�d�h�n�h�j�f�b�j�m�x�s�b�o���i�j�h�p�_�k�k�h�\�����[�u�e�b���b�a�\�_�k�l�g�u���k��
�k�_�j�_�^�b�g�u�� ����-�o�� �]�h�^�h�\�� �>�D�m�q�f�_�g�l���� �=�_�e�v�n�Z�g���� ���������@. 
�N�b�a�b�q�_�k�d�h�c�� �h�k�g�h�\�h�c�� �^�e�y�� �g�b�o�� �y�\�e�y�_�l�k�y���� �d�Z�d��
�i�j�Z�\�b�e�h���� �k�b�e�v�g�Z�y�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�y�� �j�y�^�h�\�� �j�_�q�g�h�]�h��
�k�l�h�d�Z�� �b�� ���\�� �g�_�d�h�l�h�j�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���� �d�h�j�j�_�e�y�p�b�y�� �k�l�h�d�Z�� �k�� �h�k�Z�^�d�Z�f�b���� �G�Z��
�i�j�h�l�y�`�_�g�b�b�� �i�h�k�e�_�^�g�b�o�� ������ �e�_�l�� �l�Z�d�b�_�� �f�h�^�_�e�b��
�g�Z�o�h�^�y�l�k�y�� �g�Z�� �g�h�\�h�f�� �\�b�l�d�_�� �w�\�h�e�x�p�b�b���� �W�l�h��
�i�j�h�b�k�o�h�^�b�l�� �[�e�Z�]�h�^�Z�j�y�� �j�Z�a�\�b�l�b�x��
�\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o��
�k�b�k�l�_�f�� �b�� �j�Z�a�j�Z�[�h�l�d�_�� �g�h�\�u�o�� �Z�e�]�h�j�b�l�f�h�\����
�i�h�e�m�q�b�\�r�b�o���h�[�s�_�_���g�Z�a�\�Z�g�b�_���©�f�h�^�_�e�b���f�Z�r�b�g�g�h�]�h��
�h�[�m�q�_�g�b�y�ª�� ���³�P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�´��[Halff, Halff, 
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Azmoodeh, 1993; Kratzert et al., 2018]������ �L�Z�d�b�_��
�f�h�^�_�e�b���� �\�� �l�h�f�� �q�b�k�e�_�� �h�^�b�g�� �b�a�� �b�o�� �i�h�^�d�e�Z�k�k�h�\�� �± 
�b�k�d�m�k�k�l�\�_�g�g�u�_���g�_�c�j�h�g�g�u�_���k�_�l�b�����^�Z�e�_�_�� �± �B�G�K������ �± 
�i�h�d�Z�a�Z�e�b�� �k�\�h�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �\�� �j�_�r�_�g�b�b��
�j�Z�a�e�b�q�g�u�o�� �i�j�b�d�e�Z�^�g�u�o�� �a�Z�^�Z�q�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�\�j�_�f�_�g�g�u�o�� �j�y�^�h�\���� �\�d�e�x�q�Z�y�� �j�_�q�g�h�c�� �k�l�h�d��[Beven, 
2020]�����<���h�k�g�h�\�_���l�Z�d�b�o���f�h�^�_�e�_�c���e�_�`�b�l���g�_�e�b�g�_�c�g�Z�y��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �\�_�k�h�\���� �i�j�b�k�\�Z�b�\�Z�_�f�u�o�� �b�k�o�h�^�g�u�f��
�^�Z�g�g�u�f�� ���i�j�_�^�b�d�l�h�j�Z�f���� �\�� �i�j�h�p�_�k�k�_�� �h�p�_�g�d�b��
�h�l�g�h�k�b�l�_�e�v�g�h�]�h���\�d�e�Z�^�Z���d�Z�`�^�h�]�h���b�a���i�j�_�^�b�d�l�h�j�h�\���\��
�\�u�o�h�^�g�h�c�� �j�y�^�� ���i�j�_�^�b�d�Z�l������ �Z�� �l�Z�d�`�_�� �h�i�l�b�f�b�a�Z�p�b�y��
�a�g�Z�q�_�g�b�c�� �w�l�b�o�� �\�_�k�h�\�� �g�Z�� �d�Z�`�^�h�f�� �j�Z�k�q�_�l�g�h�f�� �r�Z�]�_��
�^�e�y�� �f�b�g�b�f�b�a�Z�p�b�b�� �p�_�e�_�\�h�c�� �n�m�g�d�p�b�b�� ���l�Z�d�`�_��
�g�Z�a�u�\�Z�_�f�h�_���h�[�j�Z�l�g�u�f���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�f���h�r�b�[�d�b��
�f�h�^�_�e�b�� [Werbos, 1990]������ �G�_�e�b�g�_�c�g�Z�y��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y���i�j�h�b�k�o�h�^�b�l���\�g�m�l�j�b���g�_�c�j�h�k�_�l�b���g�Z��
�k�e�h�_�� �m�a�e�h�\�� �Z�d�l�b�\�Z�p�b�b���� �g�Z�a�u�\�Z�_�f�u�o�� �g�_�c�j�h�g�Z�f�b���� �b��
�k�\�y�a�u�\�Z�x�s�b�o���\�k�_���i�j�_�^�b�d�l�h�j�u���b���i�j�_�^�b�d�Z�l���� 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �f�h�^�_�e�b�� �f�Z�r�b�g�g�h�]�h��
�h�[�m�q�_�g�b�y���� �b�� �B�G�K�� �\�� �l�h�f�� �q�b�k�e�_���� �h�l�e�b�q�Z�x�l�k�y��
�g�_�i�j�b�l�y�a�Z�l�_�e�v�g�h�k�l�v�x�� �d�� �b�k�o�h�^�g�u�f�� �^�Z�g�g�u�f���� �l�Z�d��
�d�Z�d�� �g�_ �k�h�^�_�j�`�Z�l�� �^�_�l�Z�e�v�g�u�o�� �h�i�b�k�Z�g�b�c�� �i�j�h�p�_�k�k�h�\��
�n�h�j�f�b�j�h�\�Z�g�b�y�� �k�l�h�d�Z�� �b�� �l�_�f�� �k�Z�f�u�f�� �h�k�\�h�[�h�`�^�_�g�u��
�h�l�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�_�c���� �k�\�y�a�Z�g�g�u�o�� �k��
�i�Z�j�Z�f�_�l�j�b�a�Z�p�b�_�c�� �l�Z�d�b�o�� �i�j�h�p�_�k�k�h�\���� �W�l�h��
�^�h�k�l�h�b�g�k�l�\�h���� �\�i�j�h�q�_�f���� �h�^�g�h�\�j�_�f�_�g�g�h�� �y�\�e�y�_�l�k�y�� �b��
�b�o�� �]�e�Z�\�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f���� �i�h�k�d�h�e�v�d�m�� �h�^�g�h�c�� �b�a��
�h�k�g�h�\�g�u�o�� �i�j�_�l�_�g�a�b�c���� �i�j�_�^�t�y�\�e�y�_�f�u�o��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�f���k�h�h�[�s�_�k�l�\�h�f���d���l�Z�d�b�f���f�h�^�_�e�y�f����
�y�\�e�y�_�l�k�y�� �g�_�\�h�a�f�h�`�g�h�k�l�v�� �h�[�t�_�d�l�b�\�g�h�c��
�b�g�l�_�j�i�j�_�l�Z�p�b�b�� �b�o�� �k�l�j�m�d�l�m�j�u��[Abrahart et al., 
2012]. 

�<�� �g�Z�k�l�h�y�s�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�j�_�^�i�j�b�g�y�l�Z��
�i�h�i�u�l�d�Z�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�l�v�� �\�h�a�f�h�`�g�h�k�l�v��
�i�h�k�l�j�h�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�c�� �k�b�k�l�_�f�u��
�d�j�Z�l�d�h�k�j�h�q�g�h�]�h���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���j�_�q�g�h�]�h���k�l�h�d�Z���k��
�i�h�f�h�s�v�x�� �f�h�^�_�e�_�c�� �B�G�K�� �^�\�m�o�� �l�b�i�h�\�� �± 
�f�g�h�]�h�k�e�h�c�g�h�]�h�� �i�_�j�p�_�i�l�j�h�g�Z��[Haykin, 1994] �b��
�f�h�^�_�e�b�� �k�� �^�h�e�]�h�k�j�h�q�g�h�c�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�c��
�i�Z�f�y�l�v�x��[Hochreiter, Schmidhuber, 1997]���� �<��
�d�Z�q�_�k�l�\�_�� �h�[�t�_�d�l�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�m�_�l�k�y��
�[�Z�k�k�_�c�g�� �f�Z�e�h�c�� �j�_�d�b�� �K�j�_�^�g�_�c�� �i�h�e�h�k�u�� �J�h�k�k�b�b�� �± 
�j�_�d�b�� �I�j�h�l�\�Z�� �k�� �a�Z�f�u�d�Z�x�s�b�f�� �]�b�^�j�h�f�_�l�j�b�q�_�k�d�b�f��
�k�l�\�h�j�h�f�� �\�� �k�_�e�_�� �K�i�Z�k-�A�Z�]�h�j�v�_���� �^�e�y�� �d�h�l�h�j�h�]�h��
�k�l�j�h�y�l�k�y�� �i�j�h�]�g�h�a�u�� �j�_�q�g�h�]�h�� �k�l�h�d�Z��
�a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�v�x�� �^�h�� ���� �k�m�l�h�d���� �<�� �k�l�Z�l�v�_��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �h�i�b�k�u�\�Z�x�l�k�y�� �Z�j�o�b�l�_�d�l�m�j�Z��

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

�H�[�t�_�d�l���b�k�k�e�_�^�h�\�Z�g�b�y 

�F�Z�e�Z�y���j�_�d�Z���I�j�h�l�\�Z���j�Z�k�i�h�e�h�`�_�g�Z���\���k�j�_�^�g�_�c��
�i�h�e�h�k�_���?�\�j�h�i�_�c�k�d�h�c���J�h�k�k�b�b���\���i�j�_�^�_�e�Z�o���\�h�^�h�k�[�h�j�Z��
�j�_�d�b�� �<�h�e�]�Z�� ���j�b�k�m�g�h�d�� ���Z������ �>�e�b�g�Z�� �j�_�d�b�� �± �������� �d�f����
�i�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�Z�� �± 4 �������� �d�f2���� �B�k�l�h�d�� �j�_�d�b��
�I�j�h�l�\�Z�� �g�Z�o�h�^�b�l�k�y�� �g�Z�� �f�_�`�^�m�j�_�q�v�_�� �j�_�d�b�� �H�d�Z�� �b�� �_�_��
�d�j�m�i�g�h�]�h�� �i�j�b�l�h�d�Z�� �± �j�_�d�b�� �F�h�k�d�\�Z���� �± �[�e�b�a�� �]�h�j�h�^�Z��
�F�h�`�Z�c�k�d���� �b�� �\�i�Z�^�Z�_�l�� �j�_�d�Z�� �I�j�h�l�\�Z�� �\�� �j�_�d�m�� �H�d�Z�� �m��
�]�h�j�h�^�Z�� �I�j�h�l�\�b�g�h���� �;�Z�k�k�_�c�g�� �j�_�d�b�� �I�j�h�l�\�Z��
�j�Z�k�i�h�e�h�`�_�g�� �\�� �h�[�e�Z�k�l�b�� �m�f�_�j�_�g�g�h-
�d�h�g�l�b�g�_�g�l�Z�e�v�g�h�]�h�� �d�e�b�f�Z�l�Z�� �k�� �o�h�e�h�^�g�h�c�� �a�b�f�h�c�� �b��
�m�f�_�j�_�g�g�h�� �l�_�i�e�u�f�� �e�_�l�h�f���� �H�k�h�[�_�g�g�h�k�l�v�x��
�l�_�j�j�b�l�h�j�b�b�� �y�\�e�y�_�l�k�y�� �q�Z�k�l�h�_�� �i�j�h�o�h�`�^�_�g�b�_��
�p�b�d�e�h�g�h�\���d�Z�d���\���o�h�e�h�^�g�u�c�����l�Z�d���b���\���l�_�i�e�u�c���i�_�j�b�h�^��
�]�h�^�Z���� �K�� �i�j�h�o�h�`�^�_�g�b�_�f�� �p�b�d�e�h�g�h�\�� �k�\�y�a�Z�g�h��
�h�k�g�h�\�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� ���^�h�� ���������� �h�k�Z�^�d�h�\���� �<�h�^�g�u�c��
�j�_�`�b�f�� �j�_�d�b�� �I�j�h�l�\�Z�� �h�l�g�h�k�b�l�k�y�� �d��
�\�h�k�l�h�q�g�h�_�\�j�h�i�_�c�k�d�h�f�m�� �l�b�i�m�� �>�A�Z�c�d�h�\���� ���������@, 
�]�e�Z�\�g�Z�y�� �_�]�h�� �n�Z�a�Z�� �± �\�_�k�_�g�g�_�_�� �i�h�e�h�\�h�^�v�_�� �± �^�e�b�l�k�y��
�i�j�b�f�_�j�g�h�� ����-������ �k�m�l�h�d���� �<�� �w�l�h�l�� �i�_�j�b�h�^�� �i�j�h�o�h�^�b�l��
�[�h�e�_�_���i�h�e�h�\�b�g�u���]�h�^�h�\�h�]�h���k�l�h�d�Z�����H�k�l�Z�e�v�g�Z�y���q�Z�k�l�v��
�]�h�^�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �h�l�g�h�k�b�l�_�e�v�g�h��
�f�Z�e�h�\�h�^�g�u�c���i�_�j�b�h�^�����k�h�k�l�h�y�s�b�c���b�a���e�_�l�g�_-�h�k�_�g�g�_�c��
�b�� �a�b�f�g�_�c�� �f�_�`�_�g�b���� �a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �g�_�[�h�e�v�r�h�]�h��
�i�h�\�u�r�_�g�b�y�� �\�h�^�g�h�k�l�b�� �\�� �d�h�g�p�_�� �l�_�i�e�h�]�h�� �i�_�j�b�h�^�Z����
�\�u�a�\�Z�g�g�h�]�h���h�k�_�g�g�b�f�b���^�h�`�^�y�f�b���� 

�<���k�b�e�m���j�Z�a�f�_�j�Z���\�h�^�h�k�[�h�j�Z���k�l�h�d���j�_�d�b���I�j�h�l�\�Z��
�\�� �l�_�i�e�u�c�� �i�_�j�b�h�^�� �]�h�^�Z�� �q�m�\�k�l�\�b�l�_�e�_�g�� �d�� �e�b�\�g�_�\�u�f��
�h�k�Z�^�d�Z�f�����Z���\���o�h�e�h�^�g�u�c���± �d���i�_�j�b�h�^�Z�f���h�l�l�_�i�_�e�_�c�����<��
�k�l�h�d�_�� �j�_�d�b�� �I�j�h�l�\�Z�� �^�h�f�b�g�b�j�m�_�l�� �k�g�_�]�h�\�Z�y��
�k�h�k�l�Z�\�e�y�x�s�Z�y�� �������������� �i�j�b�� �w�l�h�f�� �Z�d�l�b�\�g�h��
�m�q�Z�k�l�\�m�x�l�� �i�h�^�a�_�f�g�h�_�� ������������ �b�� �^�h�`�^�_�\�h�_�� ������������
�i�b�l�Z�g�b�_�� ���j�b�k�m�g�h�d�� ���[������ �K�j�_�^�g�b�c�� �f�g�h�]�h�e�_�l�g�b�c��
�j�Z�k�o�h�^�� �j�_�d�b�� �I�j�h�l�\�Z�� �\�� �m�k�l�v�_�� �k�h�k�l�Z�\�e�y�_�l�� ������ �f3���k����
�>�e�y�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�� �\�u�[�j�Z�g�� �k�l�\�h�j�� �g�Z��
�j�_�d�_�� �I�j�h�l�\�Z�� �m�� �k�_�e�Z�� �K�i�Z�k-�A�Z�]�h�j�v�_���� �d�h�l�h�j�u�c��
�h�k�\�_�s�Z�_�l�� �g�Z�[�e�x�^�_�g�b�y�f�b�� �i�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�Z��
4 250 �d�f2���� �G�Z�� �l�_�j�j�b�l�h�j�b�b�� �[�Z�k�k�_�c�g�Z�� �b�� �[�e�b�a�� �_�]�h��
�]�j�Z�g�b�p�� �j�Z�k�i�h�e�h�`�_�g�u�� �l�j�b�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_��
�k�l�Z�g�p�b�b���� �\�_�^�m�s�b�_�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�h�c��
�\�h�a�^�m�o�Z���b���d�h�e�b�q�_�k�l�\�h�f���h�k�Z�^�d�h�\�����j�b�k�m�g�h�d�����Z). 
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�J�b�k�m�g�h�d���������K�o�_�f�Z���\�h�^�h�k�[�h�j�Z���j�_�d�b���I�j�h�l�\�Z�����Z�����k���j�Z�k�i�h�e�h�`�_�g�b�_�f���f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���k�l�Z�g�p�b�c���b��

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

Figure 1. Map of the catchment area of the Protva river (�Z) with the location of meteorological stations and 
river gauges, daily hydrograph (�[, bottom), precipitation (�[, top) and temperatures (�[, middle) time-series for 

the period from 2003 to 2015 

�B�k�i�h�e�v�a�h�\�Z�g�g�u�_���^�Z�g�g�u�_���b���f�_�l�h�^�u 

�B�k�o�h�^�g�u�_���j�y�^�u���g�Z�[�e�x�^�_�g�b�c 

�G�Z�[�h�j�u�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �^�e�y�� �d�Z�`�^�h�]�h�� �b�a��
�[�Z�k�k�_�c�g�h�\�� �k�h�a�^�Z�g�u�� �g�Z�� �h�k�g�h�\�_�� �Z�j�o�b�\�h�\��
�k�l�Z�g�^�Z�j�l�g�u�o�� �g�Z�[�e�x�^�_�g�b�c�� �k�� �k�m�l�h�q�g�u�f�� �r�Z�]�h�f�� �g�Z��
�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�y�o�� �b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�i�h�k�l�Z�o�� �J�h�k�]�b�^�j�h�f�_�l�Z���� �:�j�o�b�\�u�� �k�h�a�^�Z�g�u�� �b��
�i�h�^�^�_�j�`�b�\�Z�x�l�k�y�� �\�� �\�b�^�_�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c��
�[�Z�a�u�� �^�Z�g�g�u�o�� �B�g�k�l�b�l�m�l�Z�� �\�h�^�g�u�o�� �i�j�h�[�e�_�f��
�J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d�� �g�Z�� �h�k�g�h�\�_��
�b�g�n�h�j�f�Z�p�b�b���� �i�j�_�^�h�k�l�Z�\�e�_�g�g�h�c�� �<�k�_�j�h�k�k�b�c�k�d�b�f��
�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�f�� �b�g�k�l�b�l�m�l�h�f��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �± 
�F�b�j�h�\�u�f���p�_�g�l�j�h�f���^�Z�g�g�u�o���� 

�G�Z�[�h�j�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �^�Z�g�g�u�o��
�\�d�e�x�q�Z�_�l�� �j�y�^�u�� �k�j�_�^�g�_�k�m�l�h�q�g�u�o�� �l�_�f�i�_�j�Z�l�m�j��
�\�h�a�^�m�o�Z�� ���ƒ�K���� �b�� �k�m�l�h�q�g�u�o�� �k�m�f�f�� �h�k�Z�^�d�h�\�� ���f�f������
�b�a�f�_�j�_�g�g�u�o���l�Z�d�`�_���g�Z�������f�_�l�_�h�k�l�Z�g�p�b�y�o���\���i�j�_�^�_�e�Z�o��
�w�l�h�]�h�� �[�Z�k�k�_�c�g�Z�� ���F�h�`�Z�c�k�d���� �F�Z�e�h�y�j�h�k�e�Z�\�_�p����
�H�[�g�b�g�k�d���� �a�Z�� �i�_�j�b�h�^�� ���������±2015 �]�h�^�h�\���� �J�y�^��
�k�j�_�^�g�_�k�m�l�h�q�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �k�n�h�j�f�b�j�h�\�Z�g�� �a�Z��
�l�h�l���`�_���i�_�j�b�h�^���\�j�_�f�_�g�b���i�h���^�Z�g�g�u�f �g�Z�[�e�x�^�_�g�b�c���g�Z��
�]�b�^�j�h�f�_�l�j�b�q�_�k�d�h�f���i�h�k�l�m���\���k�_�e�_ �K�i�Z�k-�A�Z�]�h�j�v�_�� 

�I�h�^�]�h�l�h�\�d�Z���j�y�^�h�\���b�k�o�h�^�g�u�o���^�Z�g�g�u�o�� 

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

�@ �j�Z�k�o�h�^�u�� �\�h�^�u�� �\�� �a�Z�f�u�d�Z�x�s�_�f�� �k�l�\�h�j�_�� 
Qt-�2���� �f3���k���� �g�Z�� �^�_�g�v�� �\�u�^�Z�q�b�� �i�j�h�]�g�h�a�Z�� �b�� �a�Z��
�i�j�_�^�u�k�l�h�j�b�x���2� ���«�����k�m�l�h�d���� 

�@ �f�Z�d�k�b�f�Z�e�v�g�u�_�� �k�m�l�h�q�g�u�_�� �b�a�f�_�g�_�g�b�y��
�j�Z�k�o�h�^�h�\���û�4�P�D�[�2���� �f3���k���� �a�Z�� �i�j�_�^�u�k�l�h�j�b�x��
�2� ���«��  �k�m�l�h�d�� 

�@ �k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\���2�ç�?������ �f�f���� �i�h��
�h�l�^�_�e�v�g�u�f�� �f�_�l�_�h�k�l�Z�g�p�b�y�f�� �g�Z�� �^�_�g�v�� �\�u�^�Z�q�b��
�i�j�h�]�g�h�a�Z���b���a�Z���i�j�_�^�u�k�l�h�j�b�x���\���2� ���«�����k�m�l�h�d�� 
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�L�Z�[�e�b�p�Z������ �K�l�j�m�d�l�m�j�Z���k�l�j�h�d�b���f�Z�l�j�b�p���b�k�o�h�^�g�u�o���^�Z�g�g�u�o 
Table 1. Structure of the input data matrices 

�I�_�j�_�f�_�g�g�u�_ 
�G�h�f�_�j��

�i�h�a�b�p�b�b���\��
�k�l�j�h�d�_ 

�H�i�b�k�Z�g�b�_ 

�I�j�_�^�b�d�Z�l�u 
�J�Z�k�o�h�^�u���\�h�^�u 2-8 Q�W���2, �2� ���«��  

�©�>�b�g�Z�f�b�q�_�k�d�b�_�ª���i�j�_�^�b�d�l�h�j�u 
�J�Z�k�o�h�^�u���\�h�^�u 9-16 Qt-�2�����2� ���«��  
�F�Z�d�k�b�f�Z�e�v�g�u�_���k�m�l�h�q�g�u�_���b�a�f�_�g�_�g�b�y���j�Z�k�o�h�^�Z���a�Z���i�_�j�b�h�^ 17-23 �û�4�P�D�[�2�����2� ���«���� 
�K�m�l�h�q�g�u�_���k�m�f�f�u���h�k�Z�^�d�h�\���i�h���l�j�_�f���f�_�l�_�h�k�l�Z�g�p�b�y�f 24-47 Pj

t-�2�����2� ���«�� , 
j = 27 509, 27 606, 27 611  

�K�j�_�^�g�b�_���k�m�l�h�q�g�u�_���k�m�f�f�u���h�k�Z�^�d�h�\ 48-55 Pt-�2�����2� ���«��  
�K�j�_�^�g�b�_���k�m�l�h�q�g�u�_���k�m�f�f�u���h�k�Z�^�d�h�\�����g�Z�d�h�i�e�_�g�g�u�_���a�Z���i�_�j�b�h�^ 56-61 �™�3�2�����2� ���«��  

�©�B�g�_�j�p�b�h�g�g�u�_�ª���i�j�_�^�b�d�l�h�j�u 
�B�g�^�_�d�k���i�j�_�^�r�_�k�l�\�m�x�s�_�]�h���m�\�e�Z�`�g�_�g�b�y�� 62 �+�Ð 
�G�Z�d�h�i�e�_�g�g�u�_���h�l���g�Z�q�Z�e�Z���k�_�a�h�g�Z���k�m�f�f�u���l�_�f�i�_�j�Z�l�m�j���\�u�r�_��
�i�h�j�h�]�h�\�u�o���a�g�Z�q�_�g�b�c���������������b�������ƒ�K 

63-65 �™�70, �™�7+2, �™�7+5 

�K�m�f�f�Z�j�g�h�_���h�l���g�Z�q�Z�e�Z���k�_�a�h�g�Z���j�Z�k�q�_�l�g�h�_���b�k�i�Z�j�_�g�b�_ 66 �-�2�'�6 

�@ �k�j�_�^�g�b�_�� �i�h�� �l�j�_�f�� �f�_�l�_�h�k�l�Z�g�p�b�y�f�� �h�k�Z�^�d�b��
�2
$�ç�?������ �f�f���� �g�Z�� �^�_�g�v�� �\�u�^�Z�q�b�� �i�j�h�]�g�h�a�Z�� �b�� �a�Z��
�i�j�_�^�u�k�l�h�j�b�x���2� ���«�����k�m�l�h�d�� 

�@ �g�Z�d�h�i�e�_�g�g�u�_�� �k�j�_�^�g�b�_�� �i�h�� �[�Z�k�k�_�c�g�m�� �h�k�Z�^�d�b��
�Ã�2�ç�?�������f�f�����a�Z���i�j�_�^�u�k�l�h�j�b�x���2� ���«�����k�m�l�h�d�� 

�@ �g�Z�d�h�i�e�_�g�g�u�_�� �h�l�� �g�Z�q�Z�e�Z�� �d�Z�`�^�h�]�h�� �l�_�i�e�h�]�h��
�i�_�j�b�h�^�Z�� �k�m�f�f�u�� �k�m�l�h�q�g�u�o�� �l�_�f�i�_�j�Z�l�m�j���Ã�6���� �ƒ�K����
�\�u�r�_���i�h�j�h�]�h�\�u�o���a�g�Z�q�_�g�b�c�����������������b�������ƒ�K���� 

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

�+�Ð 
L


L �2�ç
E 
Í �2�ç�?��

�8

���@�5


E �r�á�w 
Í�2�ç�?��

�=

���@�9


E �r�á�u 
Í �2�ç�?��

�5�8

���@�5�4


E


E �r�á�t 
Í �2�ç�?��

�7�4

���@�5�9


E �r�á�s 
Í �2�ç�?��

�:�4

���@�7�5

 

�@ �g�Z�d�h�i�e�_�g�g�h�_�� �h�l�� �g�Z�q�Z�e�Z�� �k�_�a�h�g�Z�� �j�Z�k�q�_�l�g�h�_��
�b�k�i�Z�j�_�g�b�_���Ã�2�'�6���� �f�f���� �i�j�_�^�k�l�Z�\�e�y�x�s�_�_��
�i�h�l�_�g�p�b�Z�e�v�g�h�_�� �b�k�i�Z�j�_�g�b�_�� �k�m�f�f�Z�j�g�h�_�� �k�� �g�Z�q�Z�e�Z��
�l�_�i�e�h�]�h�� �i�_�j�b�h�^�Z���� �\�u�q�b�k�e�y�_�f�h�_�� �i�h�� �k�m�l�h�q�g�u�f��
�a�g�Z�q�_�g�b�y�f��PET �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �n�h�j�f�m�e�u��
�H�^�b�g�Z��[Oudin, Michel, Anctil, 2005]: 

�2�'�6 
L �J
��
�4�á�8�4�<�Ë�Ð�:�Í �>�9�;

�5�4�4
�á�Ò�Ó�Ë���6
E �w
P �r�á

�r�á���������Ò�Ó�Ë���6
E �w
Q �r
 (2) 

�]�^�_ �2�'�6 �± �k�m�f�f�Z�j�g�h�_���b�k�i�Z�j�_�g�b�_���a�Z���k�m�l�d�b�����f�f�� 
Re �± �i�j�b�o�h�^���k�h�e�g�_�q�g�h�c���j�Z�^�b�Z�p�b�b���g�Z���\�_�j�o�g�x�x��

�]�j�Z�g�b�p�m���Z�l�f�h�k�n�_�j�u�����<�l�� 
T �± �k�j�_�^�g�_�k�m�l�h�q�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�����ƒ�K���� 

�F�Z�l�j�b�p�u�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �h�j�]�Z�g�b�a�h�\�Z�g�u��
�i�h�k�l�j�h�q�g�h���� �k�l�j�m�d�l�m�j�Z�� �k�l�j�h�d�b�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �\��
�l�Z�[�e�b�p�_�� ������ �<�� �i�_�j�\�h�c�� �i�h�a�b�p�b�b�� �d�Z�`�^�h�c�� �k�l�j�h�d�b��
�j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �©�l�_�d�m�s�Z�y�ª�� �^�Z�l�Z�� �± �^�Z�l�Z�� �\�u�^�Z�q�b��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �i�j�h�]�g�h�a�Z��t���� �<�� ���� �i�h�a�b�p�b�b��
�k�l�j�h�d�b�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �j�Z�k�o�h�^�� �\�h�^�u�� �g�Z�� �^�Z�l�m��t �± 
�i�_�j�_�f�_�g�g�Z�y��Qt���� �I�h�a�b�p�b�b�� �k�e�_�\�Z�� �h�l��Qt���� �k�h�� ���� �i�h�� ������
�a�Z�g�b�f�Z�x�l���i�j�_�^�b�d�Z�l�u���± �©�[�m�^�m�s�b�_�ª���j�Z�k�o�h�^�u���\�h�^�u��
�\�� �i�h�j�y�^�d�_�� �k��Qt+7 �i�h�� Qt+1���� �K�i�j�Z�\�Z�� �h�l��Qt 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y��
�i�j�_�^�r�_�k�l�\�m�x�s�b�_�� �j�Z�k�o�h�^�u�� �\�h�^�u�� �g�Z�� �]�e�m�[�b�g�m��
�m�q�b�l�u�\�Z�_�f�h�c�� �i�j�_�^�u�k�l�h�j�b�b�� �\�� �i�h�j�y�^�d�_�� �k��Qt-1 �i�h�� 
Qt-7���� �>�Z�e�_�_�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �f�Z�d�k�b�f�Z�e�v�g�u�_��
�\�_�e�b�q�b�g�u�� �b�a�f�_�g�_�g�b�y�� �j�Z�k�o�h�^�Z�� �a�Z��
�i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �i�_�j�b�h�^�� �h�l�� ���� �^�h�� ���� �k�m�l�h�d��
(�û�4�P�D�[2�« �û�4�P�D�[7������ �>�Z�e�_�_�� �k�e�_�^�m�x�l�� �_�`�_�^�g�_�\�g�u�_��
�h�k�Z�^�d�b�� �i�h�� �l�j�_�f�� �k�l�Z�g�p�b�y�f���� �^�e�y�� �d�Z�`�^�h�c�� �b�a�� �g�b�o��
�k�g�Z�q�Z�e�Z���a�Z���l�_�d�m�s�m�x���^�Z�l�m�����a�Z�l�_�f���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��
�a�Z���i�j�_�^�r�_�k�l�\�m�x�s�b�_���^�g�b���h�l�������^�h�������k�m�l�h�d�����>�Z�e�_�_���\��
�Z�g�Z�e�h�]�b�q�g�h�f�� �i�h�j�y�^�d�_�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �k�j�_�^�g�b�_�� �i�h��
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�[�Z�k�k�_�c�g�m�� �h�k�Z�^�d�b���� �\�� �h�[�h�b�o�� �k�e�m�q�Z�y�o�� �\�u�q�b�k�e�_�g�g�u�_��
�i�h���l�j�_�f���k�l�Z�g�p�b�y�f�����l�h���_�k�l�v��Pt�« Pt-7�����A�Z�l�_�f���k�e�_�^�m�x�l��
�g�Z�d�h�i�e�_�g�g�u�_���k�m�f�f�u���k�j�_�^�g�b�o���i�h���[�Z�k�k�_�c�g�m���h�k�Z�^�d�h�\��
�a�Z�� �g�_�k�d�h�e�v�d�h�� �i�j�_�^�r�_�k�l�\�m�x�s�b�o�� �^�g�_�c�� �± �h�l�� �^�\�m�o��
(�™�32���� �^�h�� �k�_�f�b (�™�37������ �G�Z�� �w�l�h�f�� �a�Z�d�Z�g�q�b�\�Z�_�l�k�y��
�k�h�\�h�d�m�i�g�h�k�l�v���[�u�k�l�j�h�b�a�f�_�g�y�x�s�b�o�k�y���i�_�j�_�f�_�g�g�u�o����
�d�h�l�h�j�u�_�� �f�h�`�g�h�� �g�Z�a�\�Z�l�v�� �©�^�b�g�Z�f�b�q�_�k�d�b�f�b�ª����
�b�k�i�h�e�v�a�m�_�f�u�o���\���d�Z�q�_�k�l�\�_���i�j�_�^�b�d�l�h�j�h�\�� 

�>�Z�e�_�_���k�e�_�^�m�_�l���g�Z�[�h�j���i�j�_�^�b�d�l�h�j�h�\�����d�h�l�h�j�u�_��
�f�h�`�g�h�� �h�[�h�a�g�Z�q�b�l�v�� �d�Z�d�� �©�b�g�_�j�p�b�h�g�g�u�_�ª���� �W�l�h��
�b�g�^�_�d�k�� �i�j�_�^�r�_�k�l�\�m�x�s�_�]�h�� �m�\�e�Z�`�g�_�g�b�y���+�Ð, 
�g�Z�d�h�i�e�_�g�g�u�_�� �k�m�f�f�u�� �i�h�e�h�`�b�l�_�e�v�g�u�o�� �l�_�f�i�_�j�Z�l�m�j��
�™�7 �\�u�r�_�� ������ ������ �b�� �����ƒ�K���� �Z�� �l�Z�d�`�_�� �k�m�f�f�Z�j�g�Z�y��
�b�k�i�Z�j�y�_�f�h�k�l�v�� �™�3�(�7���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �d�Z�`�^�Z�y��
�k�l�j�h�d�Z�� �f�Z�l�j�b�p�u�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�k�h�[�h�c�� �h�l�^�_�e�v�g�m�x�� �k�l�j�m�d�l�m�j�m�� �^�Z�g�g�u�o����
�\�d�e�x�q�Z�x�s�m�x�� �i�h�e�g�u�c�� �g�Z�[�h�j�� �a�g�Z�q�_�g�b�c��
�b�k�i�u�l�u�\�Z�_�f�u�o�� �i�j�_�^�b�d�Z�l�h�\�� �b�� �i�j�_�^�b�d�l�h�j�h�\�� �g�Z��
�a�Z�^�Z�g�g�m�x�� �^�Z�l�m���� �H�[�s�Z�y�� �^�e�b�g�Z�� ���d�h�e�b�q�_�k�l�\�h�� �k�l�j�h�d����
�f�Z�l�j�b�p�u���b�k�o�h�^�g�u�o���^�Z�g�g�u�o���k�h�k�l�Z�\�b�e�Z���� ���������k�l�j�h�d���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�b�g�Z�f�b�q�_�k�d�b�_�� �i�j�_�^�b�d�l�h�j�u��
�m�q�b�l�u�\�Z�x�l���b�g�n�h�j�f�Z�p�b�x���g�Z���^�_�g�v���\�u�^�Z�q�b���i�j�h�]�g�h�a�Z��
�b���g�Z���]�e�m�[�b�g�m���i�j�_�^�u�k�l�h�j�b�b���\�������k�m�l�h�d�����L�Z�d�h�\�Z���`�_���b��
�i�j�_�^�_�e�v�g�Z�y�� �a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�v���� �g�Z�� �d�h�l�h�j�m�x��
�b�k�i�u�l�u�\�Z�x�l�k�y�� �f�_�l�h�^�u�� �i�j�h�]�g�h�a�Z���� �W�l�h��
�h�[�m�k�e�h�\�e�_�g�h���k�h�h�[�j�Z�`�_�g�b�y�f�b�����q�l�h���^�e�y���i�j�h�]�g�h�a�Z���g�Z��
�h�i�j�_�^�_�e�_�g�g�m�x�� �a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�v�� �g�_�h�[�o�h�^�b�f�h��
�i�j�b�\�e�_�q�v���b�g�n�h�j�f�Z�p�b�x���a�Z���i�j�_�^�u�k�l�h�j�b�x���i�j�h�p�_�k�k�Z��
�l�Z�d�h�c�� �`�_�� �^�e�b�l�_�e�v�g�h�k�l�b�� �b�e�b�� �[�h�e�_�_���� �<�u�[�h�j��
�i�j�_�^�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z�� ���� �k�m�l�h�d�� �h�[�m�k�e�h�\�e�_�g��
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �\�u�i�h�e�g�_�g�g�u�f�� �Z�g�Z�e�b�a�h�f��
�d�h�w�n�n�b�p�b�_�g�l�h�\�� �d�h�j�j�_�e�y�p�b�c�� �k�l�h�d�Z�� �k�� �h�k�Z�^�d�Z�f�b�� �g�Z��
�j�Z�a�e�b�q�g�u�o�� �b�g�l�_�j�\�Z�e�Z�o�� �\�j�_�f�_�g�b���� �:�g�Z�e�b�a��
�\�u�i�h�e�g�y�e�k�y�� �d�Z�d�� �d�Z�q�_�k�l�\�_�g�g�h���� �i�m�l�_�f��
�k�h�i�h�k�l�Z�\�e�_�g�b�y�� �h�l�^�_�e�v�g�u�o�� �]�b�^�j�h�]�j�Z�n�h�\�� �b��
�]�b�_�l�h�]�j�Z�n�h�\���� �l�Z�d�� �b�� �f�_�l�h�^�h�f�� �j�Z�k�q�_�l�Z��
�d�h�w�n�n�b�p�b�_�g�l�h�\�� �d�h�j�j�_�e�y�p�b�b�� �k�l�h�d�Z�� �k�� �h�k�Z�^�d�Z�f�b�� �k�h��
�k�d�h�e�v�a�y�s�b�f���k�^�\�b�]�h�f���\�h���\�j�_�f�_�g�b�����H�[�Z���f�_�l�h�^�Z���^�Z�e�b��
�k�o�h�^�g�u�_�� �j�_�a�m�e�v�l�Z�l�u���� �o�Z�j�Z�d�l�_�j�g�h�_�� �\�j�_�f�y�� �j�_�Z�d�p�b�b 
���\�j�_�f�y�� �^�h�[�_�]�Z�g�b�y���� �^�e�y�� �[�Z�k�k�_�c�g�Z�� �j�_�d�b�� �I�j�h�l�\�Z�� �± 
�k�_�e�h�� �K�i�Z�k-�A�Z�]�h�j�v�_�� �k�h�k�l�Z�\�e�y�_�l�� ��-���� �k�m�l�h�d���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �\�u�[�j�Z�g�g�u�c�� �^�e�y�� �l�_�k�l�b�j�h�\�Z�g�b�y��
�i�j�_�^�_�e�v�g�u�c�� �b�g�l�_�j�\�Z�e�� ���� �k�m�l�h�d�� �a�Z�\�_�^�h�f�h��

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

�K�e�m�q�Z�c�g�h�_�� �i�_�j�_�f�_�r�b�\�Z�g�b�_�� �b�k�o�h�^�g�u�o��
�^�Z�g�g�u�o 

�<���k�h�h�l�\�_�l�k�l�\�b�b���k���l�j�_�[�h�\�Z�g�b�y�f�b���i�h�^�]�h�l�h�\�d�b��
�^�Z�g�g�u�o�� �f�h�^�_�e�_�c�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y��
[Bhattacharya, Solomatine, 2006] �g�Z�[�h�j�� �^�Z�g�g�u�o��
�^�h�e�`�_�g���[�u�l�v���j�Z�a�^�_�e�_�g���g�Z���h�[�m�q�Z�x�s�b�c���b���l�_�k�l�h�\�u�c��
�g�Z�[�h�j�u�� �^�h�k�l�Z�l�h�q�g�h�c�� �^�e�b�g�u�� �b�� �h�[�e�Z�^�Z�x�s�b�o��
�k�o�h�^�g�u�f�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b����
�B�a-�a�Z�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�c�� �i�j�b�j�h�^�u�� �j�_�q�g�h�]�h�� �k�l�h�d�Z��
�i�h�k�e�_�^�g�_�_�� �l�j�_�[�h�\�Z�g�b�_�� �d�Z�`�_�l�k�y��
�l�j�m�^�g�h�\�u�i�h�e�g�b�f�u�f�� �i�j�b�� �j�Z�a�^�_�e�_�g�b�b�� �b�k�o�h�^�g�u�o��
�d�Z�e�_�g�^�Z�j�g�u�o�� �j�y�^�h�\�� �g�Z�[�e�x�^�_�g�b�c���� �h�k�h�[�_�g�g�h�� �d�h�]�^�Z 
�^�e�y�� �h�i�l�b�f�b�a�Z�p�b�b�� �i�Z�j�Z�f�_�l�j�h�\�� �f�h�^�_�e�b��
�b�k�i�h�e�v�a�m�_�l�k�y�� �f�_�l�h�^�� �f�g�h�]�h�d�j�Z�l�g�h�c�� �d�j�h�k�k-
�\�Z�e�b�^�Z�p�b�b���� �I�j�b�� �w�l�h�f�� �f�_�l�h�^�_�� �b�k�o�h�^�g�u�c��
�h�[�m�q�Z�x�s�b�c���g�Z�[�h�j���^�h�i�h�e�g�b�l�_�e�v�g�h���j�Z�a�^�_�e�y�_�l�k�y���g�Z��
������ �j�Z�\�g�u�o�� �q�Z�k�l�_�c�� �b�� �h�[�m�q�_�g�b�_�� �i�j�h�b�a�\�h�^�b�l�k�y�� �g�Z��
�����������q�Z�k�l�y�o�����Z���i�j�h�\�_�j�d�Z���g�Z�������������q�Z�k�l�b�����a�Z�l�_�f���q�Z�k�l�b��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �f�_�g�y�x�l�k�y���� �M�d�Z�a�Z�g�g�u�_�� �f�_�l�h�^�u��
�f�h�]�m�l�� �i�j�b�\�h�^�b�l�v�� �d�� �k�f�_�s�_�g�b�x�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���i�j�b���i�j�h�k�l�h�f���j�Z�a�^�_�e�_�g�b�b���b�k�o�h�^�g�h�c��
�\�u�[�h�j�d�b�����W�l�Z���i�j�h�[�e�_�f�Z���[�u�e�Z���g�Z�f�b���j�_�r�_�g�Z���i�m�l�_�f��
�k�e�m�q�Z�c�g�h�]�h�� �i�_�j�_�f�_�r�b�\�Z�g�b�y�� �b�k�o�h�^�g�h�]�h�� �g�Z�[�h�j�Z��
�^�Z�g�g�u�o���� �q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�f�_�g�v�r�b�e�h��
�b�a�f�_�g�q�b�\�h�k�l�v�� �f�_�`�^�m�� �i�h�^�\�u�[�h�j�d�Z�f�b�� �^�Z�g�g�u�o��
���j�b�k�m�g�h�d�������� 

�I�j�b�� �j�Z�a�^�_�e�_�g�b�b�� �b�k�o�h�^�g�h�]�h�� �g�Z�[�h�j�Z�� �^�Z�g�g�u�o��
�^�e�y�� �j�_�d�b�� �I�j�h�l�\�Z�� �g�Z�� ������ �i�h�^�\�u�[�h�j�h�d�� �k�e�m�q�Z�c�g�Z�y��
�i�_�j�_�l�Z�k�h�\�d�Z�� �i�h�d�Z�a�Z�e�Z�� �k�g�b�`�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z��
�\�Z�j�b�Z�p�b�b�� �k�j�_�^�g�b�o�� �a�g�Z�q�_�g�b�c�� �i�h�^�\�u�[�h�j�h�d�� �g�Z�� ��������
���k�� ���������� �^�h�� ���������� �^�e�y�� �g�_�i�_�j�_�f�_�r�Z�g�g�h�c�� �b��
�i�_�j�_�f�_�r�Z�g�g�h�c�� �\�u�[�h�j�h�d�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h������ �L�Z�d�Z�y��
�h�[�j�Z�[�h�l�d�Z�� �b�k�o�h�^�g�h�]�h�� �g�Z�[�h�j�Z�� �^�Z�g�g�u�o���� �\�� �d�h�l�h�j�h�f��
�d�Z�`�^�Z�y���k�l�j�h�d�Z���i�j�_�^�k�l�Z�\�e�y�_�l���j�y�^���©�^�b�g�Z�f�b�q�_�k�d�b�o�ª��
�b�� �©�b�g�_�j�p�b�h�g�g�u�o�ª�� �i�j�_�^�b�d�l�h�j�h�\���� �^�h�i�m�k�d�Z�_�l��
�i�h�^�h�[�g�h�_�� �k�e�m�q�Z�c�g�h�_�� �i�_�j�_�f�_�r�b�\�Z�g�b�_���� �k�h�o�j�Z�g�y�y��
�l�_�f�� �k�Z�f�u�f�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �\�a�Z�b�f�h�k�\�y�a�b�� �f�_�`�^�m��
�^�Z�g�g�u�f�b�� �[�_�a�� �b�a�f�_�g�_�g�b�c���� �I�h�e�m�q�_�g�g�u�c��
�i�_�j�_�f�_�r�Z�g�g�u�c���g�Z�[�h�j���^�Z�g�g�u�o���[�u�e���j�Z�a�^�_�e�_�g���g�Z���^�\�_��
�i�h�^�\�u�[�h�j�d�b���� �������� �^�Z�g�g�u�o�� �^�e�y�� �h�[�m�q�_�g�b�y�� �b�� ��������
�^�Z�g�g�u�o���^�e�y���i�j�h�\�_�j�d�b���f�h�^�_�e�_�c�� 
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Figure 2. Shuffled (orange line) and initial (unshuffled, blue) input dataset intercomparison  

�H�i�b�k�Z�g�g�h�_�� �\�u�r�_�� �k�e�m�q�Z�c�g�h�_��
�i�_�j�_�f�_�r�b�\�Z�g�b�_�� �g�_�� �i�j�b�f�_�g�y�e�h�k�v�� �i�j�b�� �i�h�^�]�h�l�h�\�d�_��
�^�Z�g�g�u�o�� �^�e�y�� �f�h�^�_�e�b�� �k�� �^�h�e�]�k�j�h�q�g�h�c��
�d�j�Z�l�d�h�\�j�_�f�_�g�g�h�c�� �i�Z�f�y�l�v�x�� ���/�R�Q�J�� �6�K�R�U�W-Term 
memor�\������ �i�h�l�h�f�m�� �q�l�h�� �\�� �w�l�h�c�� �f�h�^�_�e�b��
�i�j�_�^�m�k�f�h�l�j�_�g�Z���^�j�m�]�Z�y���i�j�h�p�_�^�m�j�Z���i�_�j�_�f�_�r�b�\�Z�g�b�y��
[Abadi et al., 2016]���� �<�� �f�h�^�_�e�b�� �b�k�i�h�e�v�a�m�x�l�k�y��
7 �i�j�_�^�b�d�l�h�j�h�\�����j�Z�k�o�h�^���\�h�^�u��Qt�����l�_�f�i�_�j�Z�l�m�j�u��Tj �b��
�k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\��Pj �g�Z�� �f�_�l�_�h�k�l�Z�g�p�b�y�o 
(j= 27509, 27606, ���������������� �>�e�y�� �d�Z�`�^�h�]�h�� �g�Z�[�h�j�Z��
�i�j�_�^�b�d�Z�l�h�\��Qt���2 �n�h�j�f�b�j�m�_�l�k�y�� �i�h�^�f�g�h�`�_�k�l�\�h��
�i�j�_�^�b�d�l�h�j�h�\���k�h���k�^�\�b�]�h�f���������^�g�_�c�����r�Z�]�h�\�����g�Z�a�Z�^���i�h��
�\�j�_�f�_�g�b���� �b�� �b�k�o�h�^�g�Z�y�� �\�u�[�h�j�d�Z�� �^�Z�g�g�u�o��
�©�g�Z�j�_�a�Z�_�l�k�y�ª�� �g�Z�� �©�[�e�h�d�b�ª���� �b�f�_�x�s�b�_�� �j�Z�a�f�_�j�g�h�k�l�v��
�>������ �����@���� �d�Z�`�^�Z�y�� �b�a�� �d�h�l�h�j�u�o�� �h�l�g�h�k�b�l�k�y�� �d�� �h�^�g�h�f�m��
�g�Z�[�h�j�m�� �b�a�� ���� �i�j�_�^�b�d�Z�l�h�\��Q�W���2���� �b�f�_�x�s�_�f�m��
�j�Z�a�f�_�j�g�h�k�l�v�� �>������ ���@���� �F�h�`�g�h�� �a�Z�f�_�l�b�l�v���� �q�l�h��
�o�j�h�g�h�e�h�]�b�y�� �b�k�o�h�^�g�h�]�h�� �j�y�^�Z�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �g�_��

                                                           
1 �F�h�j�_�c�^�h���<���F�����F�h�^�_�e�b���f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y���^�e�y���d�j�Z�l�d�h�k�j�h�q�g�u�o���i�j�h�]�g�h�a�h�\���j�Z�k�o�h�^�h�\���\�h�^�u���j�����I�j�h�l�\�Z���± �k�����K�i�Z�k-
�A�Z�]�h�j�v�_ �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@ // GitHub. URL: https://github.com/esmoreido/protva_models ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y����
15.12.2020). 

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

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

�I�j�h�]�j�Z�f�f�g�Z�y���j�_�Z�e�b�a�Z�p�b�y 

�>�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �i�h�k�l�j�h�_�g�u��
�g�_�k�d�h�e�v�d�h�� �f�h�^�_�e�_�c�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y����
�I�h�k�l�j�h�_�g�b�_�� �f�h�^�_�e�_�c�� �[�u�e�h�� �\�u�i�h�e�g�_�g�h�� �g�Z�� �y�a�u�d�_��
�3�\�W�K�R�Q�� �\�� �b�g�l�_�j�Z�d�l�b�\�g�h�c�� �h�[�h�e�h�q�d�_�� �-�X�S�\�W�H�U��
�1�R�W�H�E�R�R�N�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �[�b�[�e�b�h�l�_�d�b��
�f�Z�r�b�g�g�h�]�h���h�[�m�q�_�g�b�y���V�F�L�N�L�W-learn [Pedregosa et al., 
2011] �b��Tensorflow [Abadi et al., 2016]�����B�k�o�h�^�g�u�_��
�d�h�^�u�� �f�h�^�_�e�_�c�� �b�� �g�Z�[�h�j�� �^�Z�g�g�u�o�� �^�h�k�l�m�i�g�u�� �\��
�j�_�i�h�a�b�l�h�j�b�b1.  
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�;�u�e�b���a�Z�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�u���b���h�l�d�Z�e�b�[�j�h�\�Z�g�u��
�g�_�k�d�h�e�v�d�h���h�k�g�h�\�g�u�o���f�h�^�_�e�v�g�u�o���Z�j�o�b�l�_�d�l�m�j���� 

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

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

�i�Z�f�y�l�v�x.  

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

�F�h�^�_�e�v�� �f�g�h�`�_�k�l�\�_�g�g�h�c�� �e�b�g�_�c�g�h�c��
�j�_�]�j�_�k�k�b�b�� ���^�Z�e�_�_�� �± LM���� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��
�e�b�g�_�c�g�m�x�� �f�h�^�_�e�v���� �h�i�l�b�f�b�a�b�j�m�x�s�m�x�� �\�_�k�Z��n 
�\�o�h�^�g�u�o�� �i�_�j�_�f�_�g�g�u�o��x: �9 
L���Ã�:�9 �T�5�á�å �á �9�T�á�; 
�i�h�� �f�_�l�h�^�m�� �g�Z�b�f�_�g�v�r�b�o�� �d�\�Z�^�j�Z�l�h�\���� �D�j�h�f�_�� �\�_�k�h�\��
�\�o�h�^�g�u�o�� �i�_�j�_�f�_�g�g�u�o�� �f�h�^�_�e�v�� �g�_�� �b�f�_�_�l��
�h�i�l�b�f�b�a�b�j�m�_�f�u�o���i�Z�j�Z�f�_�l�j�h�\���� 

�F�h�^�_�e�v�� �B�G�K�� �i�h�� �l�b�i�m�� �f�g�h�]�h�k�e�h�c�g�h�]�h��
�i�_�j�p�_�i�l�j�h�g�Z 

�F�h�^�_�e�v�� �b�k�d�m�k�k�l�\�_�g�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �i�h��
�l�b�i�m�� �f�g�h�]�h�k�e�h�c�g�h�]�h�� �i�_�j�p�_�i�l�j�h�g�Z �k�� �g�_�e�b�g�_�c�g�h�c��
�n�m�g�d�p�b�_�c�� �Z�d�l�b�\�Z�p�b�b�� �g�Z�� �k�d�j�u�l�u�o�� �k�e�h�y�o��[Haykin, 
2009]���� �a�^�_�k�v�� �b�� �^�Z�e�_�_�� �h�[�h�a�g�Z�q�Z�_�f�Z�y��MLP, 
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �h�^�g�m�� �b�a�� �f�g�h�]�h�q�b�k�e�_�g�g�u�o��
�Z�j�o�b�l�_�d�l�m�j�� �B�G�K���� �h�k�g�h�\�Z�g�g�u�o�� �g�Z�� �b�k�d�m�k�k�l�\�_�g�g�u�o��
�g�_�c�j�h�g�Z�o���� �B�k�d�m�k�k�l�\�_�g�g�u�c�� �g�_�c�j�h�g�� �i�j�_�^�k�l�Z�\�e�y�_�l 
�k�h�[�h�c�� �g�_�e�b�g�_�c�g�m�x�� �n�m�g�d�p�b�x�� �h�l�� �_�^�b�g�k�l�\�_�g�g�h�]�h��
�Z�j�]�m�f�_�g�l�Z���± �e�b�g�_�c�g�h�c���d�h�f�[�b�g�Z�p�b�b���\�k�_�o���\�o�h�^�g�u�o��
�k�b�]�g�Z�e�h�\���� �B�G�K�� �± �w�l�h�� �i�h�^�o�h�^�� �d�� �h�[�m�q�_�g�b�x�� �^�e�y��
�Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �n�m�g�d�p�b�c�� �i�m�l�_�f�� �k�h�_�^�b�g�_�g�b�y��
�w�e�_�f�_�g�l�h�\���� �g�Z�a�u�\�Z�_�f�u�o�� �g�_�c�j�h�g�Z�f�b�� ���j�b�k�m�g�h�d�� ��������
�f�_�`�^�m���k�e�h�y�f�b�� 

�G�_�c�j�h�g��j �i�h�e�m�q�Z�_�l �\�o�h�^�g�u�_�� �^�Z�g�g�u�_�� �\�� �\�b�^�_��
�\�_�d�l�h�j�h�\�� �b�k�i�h�e�v�a�m�_�f�u�o�� �i�j�_�^�b�d�l�h�j�h�\���š�5 
F���š�g���� �k��
�i�j�b�k�\�h�_�g�g�u�f�b�� �b�f�� �\�_�k�Z�f�b���Ã�5�h
F���Ã�g�h �b�� �\�u�q�b�k�e�y�_�l��

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

�e�h�]�b�k�l�b�q�_�k�d�Z�y�� �n�m�g�d�p�b�y�� ���k�b�]�f�h�b�^�Z������
�]�b�i�_�j�[�h�e�b�q�_�k�d�b�c�� �l�Z�g�]�_�g�k���� �i�h�e�m�e�b�g�_�c�g�u�c��
�\�u�i�j�y�f�b�l�_�e�v�g�u�c���w�e�_�f�_�g�l�����5�H�/�8�����b���^�j�����<�u�o�h�^�g�u�_��
�^�Z�g�g�u�_�� �k�� �g�_�c�j�h�g�Z��j �a�Z�l�_�f�� �h�l�i�j�Z�\�e�y�x�l�k�y�� �g�Z��
�k�e�_�^�m�x�s�b�c�� �k�e�h�c�� �g�_�c�j�h�k�_�l�b�� �k�� �\�_�k�Z�f�b���ƒ�h�Þ
F���ƒ�g�l. 

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

�f�_�`�^�m��j-�f�� �g�_�c�j�h�g�h�f�� �b��k-�f�� �g�_�c�j�h�g�h�f���� �d�h�l�h�j�u�_��
�g�Z�o�h�^�y�l�k�y�� �g�Z�� �m�j�h�\�g�_��l-1 �b��l���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h����
�F�g�h�]�h�k�e�h�c�g�Z�y�� �k�_�l�v���� �i�h�d�Z�a�Z�g�g�Z�y�� �g�Z�� �j�b�k�m�g�d�_�� ���Z����
�g�Z�a�u�\�Z�_�l�k�y�� �i�h�e�g�h�k�l�v�x�� �k�\�y�a�Z�g�g�h�c���� �i�h�k�d�h�e�v�d�m��
�d�Z�`�^�u�c�� �g�_�c�j�h�g�� �g�Z�� �h�^�g�h�f�� �k�e�h�_�� �k�\�y�a�Z�g�� �k�� �d�Z�`�^�u�f��
�g�_�c�j�h�g�h�f���g�Z���k�h�k�_�^�g�_�f���k�e�h�_�����K�e�h�b���\�\�h�^�Z���b���\�u�\�h�^�Z��
�g�Z�i�j�y�f�m�x�� �k�\�y�a�Z�g�u�� �k�h�� �\�o�h�^�Z�f�b�� �b�� �\�u�o�h�^�Z�f�b�� �b��
�i�h�w�l�h�f�m�� �g�Z�a�u�\�Z�x�l�k�y�� �\�b�^�b�f�u�f�b�� �k�e�h�y�f�b���� �\��
�h�l�e�b�q�b�_���h�l���k�d�j�u�l�u�o���k�e�h�_�\���i�h�k�_�j�_�^�b�g�_�����<�_�k�Z���k�_�l�b��
�h�i�j�_�^�_�e�y�x�l�k�y�� �i�m�l�_�f�� �f�b�g�b�f�b�a�Z�p�b�b�� �p�_�e�_�\�h�c��
�n�m�g�d�p�b�b���� �g�Z�i�j�b�f�_�j�� �i�h�� �f�_�l�h�^�m�� �g�Z�b�f�_�g�v�r�b�o��
�d�\�Z�^�j�Z�l�h�\�� �f�_�`�^�m�� �^�Z�g�g�u�f�b�� �j�Z�k�q�_�l�h�\�� �b��
�g�Z�[�e�x�^�_�g�b�c���� �I�j�h�p�_�k�k�� �h�i�j�_�^�_�e�_�g�b�y�� �\�_�k�h�\�� �B�G�K��
�g�Z�a�u�\�Z�_�l�k�y�� �h�[�m�q�_�g�b�_�f���� �Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �^�Z�g�g�u�o��
�g�Z�[�e�x�^�_�g�b�c�� �^�e�y�� �h�i�l�b�f�b�a�Z�p�b�b�� �p�_�e�_�\�h�c�� �n�m�g�d�p�b�b��
�h�[�m�k�e�h�\�e�b�\�Z�_�l���g�Z�a�\�Z�g�b�_���i�j�h�p�_�k�k�Z���i�h�^�[�h�j�Z���\�_�k�h�\���± 
�©�h�[�m�q�_�g�b�_�� �k�� �m�q�b�l�_�e�_�f�ª���� �G�Z�b�[�h�e�_�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �f�_�l�h�^�h�f�� �h�[�m�q�_�g�b�y�� �y�\�e�y�_�l�k�y��
�h�[�j�Z�l�g�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �h�r�b�[�d�b�� �>�5�X�P�H�O�K�D�U�W�� �H�W��
�D�O������ ���������@���� �d�h�l�h�j�u�c�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �n�h�j�f�m��
�f�_�l�h�^�Z�� �]�j�Z�^�b�_�g�l�g�h�]�h�� �k�i�m�k�d�Z���� �i�_�j�_�^�Z�x�s�_�]�h��
�\�_�e�b�q�b�g�m�� �h�r�b�[�d�b�� �h�[�j�Z�l�g�h�� �\�� �B�G�K�� �b��
�h�[�g�h�\�e�y�x�s�_�]�h�� �\�k�_�� �a�g�Z�q�_�g�b�y�� �\�_�k�h�\�� �g�Z�� �d�Z�`�^�h�f��
�j�Z�k�q�_�l�g�h�f�� �r�Z�]�_���� �I�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f�b��
�f�_�l�h�^�Z�f�b�� �h�i�l�b�f�b�a�Z�p�b�b���� �l�Z�d�b�f�b�� �d�Z�d��
�w�\�h�e�x�p�b�h�g�g�u�_�� �Z�e�]�h�j�b�l�f�u���� �h�[�j�Z�l�g�h�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �h�r�b�[�h�d�� �h�q�_�g�v�� �w�n�n�_�d�l�b�\�g�h��
�[�e�Z�]�h�^�Z�j�y�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �b�� �e�b�g�_�c�g�h�f�m��
�o�Z�j�Z�d�l�_�j�m�� �k�_�l�_�\�u�o�� �k�h�_�^�b�g�_�g�b�c���� �D�h�e�b�q�_�k�l�\�h��
�g�_�c�j�h�g�h�\�� �\�� �k�e�h�_�� �g�Z�a�u�\�Z�_�l�k�y�� �r�b�j�b�g�h�c���� �Z��
�d�h�e�b�q�_�k�l�\�h���k�e�h�_�\���g�Z�a�u�\�Z�_�l�k�y���]�e�m�[�b�g�h�c���k�_�l�b�� 
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�J�b�k�m�g�h�d������ �K�o�_�f�Z���g�_�c�j�h�g�h�\���B�G�K���i�h���l�b�i�m���0�/�3�����Z�������5�1�1�����[�����b���/�6�7�0 ���\�������H�[�h�a�g�Z�q�_�g�b�y�����š�5 
F���š�g- 
�\�_�d�l�h�j�u���i�_�j�_�f�_�g�g�u�o���g�Z���\�o�h�^�_�����Ã�5�h�æ�Ã�g�h �± �\�_�k�Z���\�o�h�^�g�u�o���i�_�j�_�f�_�g�g�u�o�� 

���ƒ�Ý �± �l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�h�_���a�g�Z�q�_�g�b�_���\���g�_�c�j�h�g�_��j; �>�g�h �± �k�\�h�[�h�^�g�u�c���q�e�_�g���� 

�ƒ�h�Þ�æ�ƒ�g�l �± �\�_�k�Z���l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�u�o���i�_�j�_�f�_�g�g�u�o���f�_�`�^�m���k�e�h�y�f�b���g�_�c�j�h�k�_�l�b����k, m, n �± �g�_�c�j�h�g�u���g�Z��

�k�e�_�^�m�x�s�_�f���\�g�m�l�j�_�g�g�_�f���k�e�h�_����y �± �\�_�d�l�h�j���\�u�\�h�^�Z����xt�“�2 �± �\�o�h�^�g�h�c���\�_�d�l�h�j���i�j�_�^�b�d�l�h�j�h�\���g�Z���\�j�_�f�_�g�g�h�f��
�r�Z�]�_���2, �2 = 1�«�Q���r�Z�]�h�\���i�h���\�j�_�f�_�g�b����ht�“�2 �± �f�Z�l�j�b�p�Z���\�_�k�h�\���g�_�c�j�h�g�h�\���g�Z���\�j�_�f�_�g�g�h�f���r�Z�]�_���2;  

�kt�“�2 �± �f�Z�l�j�b�p�Z���i�_�j�_�f�_�g�g�u�o���k�h�k�l�h�y�g�b�y���g�Z���\�j�_�f�_�g�g�h�f���r�Z�]�_���2; f �± �j�_�]�m�e�y�l�h�j���i�Z�f�y�l�b��  
i �± �j�_�]�m�e�y�l�h�j���\�o�h�^�Z�����h �± �j�_�]�m�e�y�l�h�j���\�u�o�h�^�Z 

Figure 3. Diagram of a neuron of an artificial neural network of the MLP type (a), a recurrent neural 
network RNN (b) and LSTM (c). Notation: �š�5 
F �����T�g- vectors of variables at the input; �Ã�5�h�æ�Ã�g�h �± weights of 

input variables; �ƒ�Ý �± transformed value in neuron j; �>�g�h �± bias; �ƒ�h�Þ�æ�ƒ�g�l �± weights of the transformed variables 

between the layers of the neural network; k, m, n �± neurons on the next inner layer; y is the output vector;  
xt�“�2 �± input vector of predictors at the time step �2, �2 = 1�« n time steps; ht�“�2 �± �P�D�W�U�L�[���R�I���Q�H�X�U�R�Q�V�¶���Z�H�L�J�K�W�V���D�W���W�K�H��

time step �2; �kt�“�2 �± matrix of state variables at the time step �2; f �± forget gate; i �± input gate; o �± output gate 

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

�F�h�^�_�e�v�� �k�� �^�h�e�]�h�k�j�h�q�g�h�c�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�c��
�i�Z�f�y�l�v�x����Long short-term memory�����^�Z�e�_�_���± LSTM) 
�± �f�h�^�b�n�b�d�Z�p�b�y�� �j�_�d�m�j�j�_�g�l�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b��
(Recurrent �1�H�X�U�D�O�� �1�H�W�Z�R�U�N���� �5�1�1���� �^�e�y�� �]�e�m�[�h�d�h�]�h��
�h�[�m�q�_�g�b�y��[Hochreiter, Schmidhuber, 1997] �k��
�^�h�i�h�e�g�b�l�_�e�v�g�u�f�b�� �i�_�j�_�f�_�g�g�u�f�b�� �k�h�k�l�h�y�g�b�y����
�k�h�o�j�Z�g�y�x�s�b�f�b�� �\�_�k�Z�� �h�l�^�_�e�v�g�u�o�� �g�_�c�j�h�g�h�\�� �b��
�i�_�j�_�^�Z�x�s�b�f�b���b�o���f�_�`�^�m���j�Z�k�q�_�l�g�u�f�b���r�Z�]�Z�f�b���i�j�b��
�h�[�m�q�_�g�b�b���g�_�c�j�h�k�_�l�b�����_�k�e�b���b�o���a�g�Z�q�_�g�b�_���i�j�b�\�h�^�b�l���d��
�k�g�b�`�_�g�b�x�� �h�r�b�[�d�b�� �f�h�^�_�e�b���� �/�6�7�0�� �k�h�o�j�Z�g�y�_�l��
�b�g�n�h�j�f�Z�p�b�x�� �h�� �k�h�k�l�h�y�g�b�y�o�� �f�_�`�^�m�� �j�Z�k�q�_�l�g�u�f�b��
�r�Z�]�Z�f�b�� �b�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�]�m�e�y�l�h�j�h�\��
�i�Z�f�y�l�b���h�i�j�_�^�_�e�y�_�l�����d�h�]�^�Z���d�Z�d���^�h�e�]�h���k�h�o�j�Z�g�y�l�v���w�l�m��
�b�g�n�h�j�f�Z�p�b�x���b���d�h�]�^�Z���_�z���f�h�`�g�h���©�a�Z�[�u�l�v�ª�����I�j�h�k�l�u�_��
�j�_�d�m�j�j�_�g�l�g�u�_�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b�� �5�1�1�� �h�[�g�h�\�e�y�e�b��
�l�h�e�v�d�h�� �\�_�d�l�h�j�� �h�^�g�h�]�h�� �i�j�h�r�e�h�]�h�� �k�h�k�l�h�y�g�b�y��
���j�b�k�m�g�h�d�� ���[������ �K�h�k�l�h�y�g�b�_�� �y�q�_�c�d�b��ht �k�e�m�`�b�l��
�i�Z�f�y�l�v�x�� �k�b�k�l�_�f�u���� �q�_�f-�l�h�� �i�h�o�h�`�b�f�� �g�Z�� �k�h�k�l�h�y�g�b�_��
�\�� �f�h�^�_�e�y�o�� �Z�\�l�h�j�_�]�j�_�k�k�b�b���� �<�_�d�l�h�j�� �k�h�k�l�h�y�g�b�c��ht 
�m�f�g�h�`�Z�_�l�k�y�� �g�Z�� �h�[�m�q�Z�_�f�u�_�� �\�_�k�Z�� �b�� �a�Z�l�_�f��

�d�h�f�[�b�g�b�j�m�_�l�k�y�� �k�� �\�o�h�^�g�u�f�b�� �^�Z�g�g�u�f�b�� �^�e�y��
�i�_�j�_�o�h�^�Z�� �d�� �k�e�_�^�m�x�s�_�f�m�� �\�j�_�f�_�g�g�h�f�m�� �m�j�h�\�g�x����
�5�1�1�� �h�[�m�q�Z�x�l�k�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �Z�e�]�h�j�b�l�f�Z��
�h�[�j�Z�l�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �\�h�� �\�j�_�f�_�g�b��[Mozer, 
1989; Werbos, 1990]�����d�h�l�h�j�u�c���i�j�b�f�_�g�y�_�l���h�[�j�Z�l�g�h�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �i�h�k�e�_�� �i�_�j�\�h�]�h�� �j�Z�a�\�_�j�l�u�\�Z�g�b�y��
�k�_�l�b���� �D�Z�d�� �b�� �\�� �k�e�m�q�Z�_�� �k�� �^�j�m�]�b�f�b�� �Z�e�]�h�j�b�l�f�Z�f�b��
�h�[�j�Z�l�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���� �n�m�g�d�p�b�y�� �i�h�l�_�j�v��
�j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y�� �\�� �h�[�j�Z�l�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �^�e�y��
�h�i�j�_�^�_�e�_�g�b�y�� �h�[�g�h�\�e�_�g�b�c�� �\�_�k�h�\���� �<�� �i�j�h�k�l�u�o��
�j�_�d�m�j�j�_�g�l�g�u�o�� �k�_�l�y�o�� �h�[�j�Z�l�g�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_��
�k�l�Z�e�d�b�\�Z�_�l�k�y�� �k�� �i�j�h�[�e�_�f�h�c�� �b�k�q�_�a�Z�x�s�_�]�h��
�]�j�Z�^�b�_�g�l�Z��[Hochreiter, 1998]. �<���h�[�s�b�o���q�_�j�l�Z�o �w�l�Z��
�i�j�h�[�e�_�f�Z�� �f�h�`�_�l�� �[�u�l�v�� �h�i�b�k�Z�g�Z�� �l�Z�d���� �i�h�k�d�h�e�v�d�m��
�k�h�k�l�h�y�g�b�y�� �b�a�� �[�h�e�_�_�� �j�Z�g�g�b�o�� �\�j�_�f�_�g�g�u�o�� �r�Z�]�h�\��
�f�g�h�]�h�d�j�Z�l�g�h�� �m�f�g�h�`�Z�e�b�k�v�� �g�Z�� �\�_�d�l�h�j�u�� �\�_�k�h�\����
�i�j�_�`�^�_�� �q�_�f�� �h�g�b�� �\�e�b�y�e�b�� �g�Z�� �d�h�g�_�q�g�u�c�� �j�_�a�m�e�v�l�Z�l����
�\�e�b�y�g�b�_�� �h�[�j�Z�l�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �g�Z�� �g�b�o��
�m�f�_�g�v�r�Z�e�h�k�v�� �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�� �^�h�� �g�m�e�y���� �<��
�j�_�a�m�e�v�l�Z�l�_�� �i�j�h�k�l�u�_�� �5�1�1�� �h�[�m�q�Z�e�b�k�v�� �h�q�_�g�v��
�f�_�^�e�_�g�g�h���� �J�_�r�_�g�b�_�f�� �w�l�h�c�� �i�j�h�[�e�_�f�u�� �\��
�Z�j�o�b�l�_�d�l�m�j�_�� �/�6�7�0�� �y�\�e�y�x�l�k�y�� �k�i�_�p�b�Z�e�v�g�h��
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�j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �[�e�h�d�b���� �g�Z�a�u�\�Z�_�f�u�_�� �j�_�]�m�e�y�l�h�j�Z�f�b��
�\�o�h�^�Z���� �\�u�o�h�^�Z�� �b�� �i�Z�f�y�l�b�� ���j�b�k�m�g�h�d�� ���\������ �W�l�b��
�j�_�]�m�e�y�l�h�j�u���� �d�h�l�h�j�u�_�� �k�Z�f�b�� �i�h�� �k�_�[�_�� �y�\�e�y�x�l�k�y��
�g�_�c�j�h�g�Z�f�b�� �k�� �h�[�m�q�Z�_�f�u�f�b�� �\�_�k�Z�f�b���� �d�h�g�l�j�h�e�b�j�m�x�l��
�i�h�l�h�d���b�g�n�h�j�f�Z�p�b�b���^�e�y���i�_�j�_�f�_�g�g�h�c���k�h�k�l�h�y�g�b�y�����kt). 
�I�h�k�e�_�� �h�[�m�q�_�g�b�y�� �\�o�h�^�g�h�c�� �j�_�]�m�e�y�l�h�j��
�d�h�g�l�j�h�e�b�j�m�_�l�����d�Z�d�b�_���\�o�h�^�g�u�_���^�Z�g�g�u�_���^�h�k�l�Z�l�h�q�g�h��
�\�Z�`�g�u���� �q�l�h�[�u�� �b�o�� �a�Z�i�h�f�g�b�l�v���� �J�_�]�m�e�y�l�h�j�� �i�Z�f�y�l�b��
�j�_�r�Z�_�l���� �d�Z�d�� �^�h�e�]�h�� �b�� �d�Z�d�h�_�� �i�j�h�r�e�h�_�� �k�h�k�l�h�y�g�b�_��
�i�Z�f�y�l�b�� �^�h�e�`�g�h�� �o�j�Z�g�b�l�v�k�y���� �<�u�o�h�^�g�h�c�� �j�_�]�m�e�y�l�h�j��
�h�i�j�_�^�_�e�y�_�l�����d�Z�d�Z�y���q�Z�k�l�v���i�_�j�_�f�_�g�g�h�c���k�h�k�l�h�y�g�b�y��ct 
�b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �\�_�d�l�h�j�Z�� �\�u�o�h�^�g�u�o�� �^�Z�g�g�u�o���h. 
�<�f�_�k�l�_�� �h�g�b�� �i�h�a�\�h�e�y�x�l�� �k�_�l�b�� �a�Z�i�h�f�b�g�Z�l�v�� �b��
�i�_�j�_�^�Z�\�Z�l�v�� �b�g�n�h�j�f�Z�p�b�x�� �b�a�� �h�l�^�Z�e�_�g�g�u�o��
�i�j�_�^�u�^�m�s�b�o�� �k�h�k�l�h�y�g�b�c���� �h�l�[�j�Z�k�u�\�Z�y��
�g�_�k�m�s�_�k�l�\�_�g�g�m�x���b�g�n�h�j�f�Z�p�b�x�� 

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

�>�e�y�� �h�p�_�g�d�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �f�_�l�j�b�d�b��
�i�j�h�]�g�h�a�h�\���� �K�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_�� �h�l�d�e�h�g�_�g�b�_��
�k�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h�� �j�y�^�Z�� �h�l�� �n�Z�d�l�b�q�_�k�d�h�]�h��
�j�Z�k�k�q�b�l�u�\�Z�e�h�k�v���d�Z�d 
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�]�^�_ �3�Ü
�ã �± �k�f�h�^�_�e�b�j�h�\�Z�g�g�u�c���j�Z�k�o�h�^���\�h�^�u�����f3���k���� 

�3�Ü
�â �± �g�Z�[�e�x�^�_�g�g�h�_���a�g�Z�q�_�g�b�_�����f3���k���� 

�0 �± �^�e�b�g�Z���h�p�_�g�b�\�Z�_�f�h�]�h���j�y�^�Z���� 

�W�n�n�_�d�l�b�\�g�h�k�l�v�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�h�l�g�h�k�b�l�_�e�v�g�h�� �k�j�_�^�g�_�]�h�� �j�Z�k�k�q�b�l�Z�g�Z�� �i�h�� �d�j�b�l�_�j�b�x��
�w�n�n�_�d�l�b�\�g�h�k�l�b���G�w�r�Z-�K�Z�l�d�e�b�n�n�Z�� 
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 (4) 

�>�e�y�� �h�p�_�g�d�b�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �f�h�^�_�e�_�c��
�h�l�g�h�k�b�l�_�e�v�g�h�� �i�j�h�]�g�h�a�Z�� �©�i�h�� �l�_�g�^�_�g�p�b�b�ª��
�j�Z�k�k�q�b�l�u�\�Z�e�k�y�� �i�h�d�Z�a�Z�l�_�e�v�� �>�;�h�j�s���� �O�j�b�k�l�h�n�h�j�h�\����
2015]: 
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�]�^�_ �5 �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�Z�y���h�r�b�[�d�Z���i�j�h�]�g�h�a�Z��
(3); 

�ê�¿ �± �h�l�d�e�h�g�_�g�b�_�� �i�j�h�]�g�h�a�Z�� �©�i�h�� �l�_�g�^�_�g�p�b�b�ª��
�^�e�y���d�Z�`�^�h�c���a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�b�� 
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�A�g�Z�q�_�g�b�y�� �i�h�d�Z�a�Z�l�_�e�y���5���ê�¿  �g�Z�o�h�^�y�l�k�y�� �\��
�b�g�l�_�j�\�Z�e�_�� �>������ ���’������ �a�g�Z�q�_�g�b�y�� �f�_�`�^�m�� ���� �b�� ��������
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h�[���h�l�e�b�q�g�h�f���d�Z�q�_�k�l�\�_���f�_�l�h�^�b�d�b��
�i�j�h�]�g�h�a�Z���� �������±0,7 �± �o�h�j�h�r�_�f���� �������±1,0 �± 
�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�f�����[�h�e�_�_ 1 �± �g�_�i�j�b�]�h�^�g�h�f�����>�e�y��
�j�Z�k�q�_�l�Z�� �w�l�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �l�j�_�[�m�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �o�j�h�g�h�e�h�]�b�q�_�k�d�h�]�h��
���g�_�i�_�j�_�f�_�r�Z�g�g�h�]�h���� �b�k�o�h�^�g�h�]�h�� �j�y�^�Z�� �g�Z�[�e�x�^�_�g�b�c����
�f�_�l�h�^�b�d�Z�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �f�h�^�_�e�_�c�� �f�_�`�^�m�� �k�h�[�h�c�� �k��
�_�]�h���i�h�f�h�s�v�x���h�i�b�k�Z�g�Z���\���k�e�_�^�m�x�s�_�f���j�Z�a�^�_�e�_���� 

�J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�_�l�h�\ 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �[�u�e�h�� �i�j�h�\�_�j�_�g�h��
�i�j�_�^�i�h�e�h�`�_�g�b�_���� �q�l�h�� �i�_�j�_�f�_�r�b�\�Z�g�b�_�� �b�k�o�h�^�g�u�o��
�o�j�h�g�h�e�h�]�b�q�_�k�d�b�o�� �j�y�^�h�\�� �^�Z�g�g�u�o�� �i�j�b�\�h�^�b�l�� �d��
�i�h�\�u�r�_�g�b�x�� �m�k�l�h�c�q�b�\�h�k�l�b�� �f�h�^�_�e�b�� �g�Z�� �w�l�Z�i�_��
�h�[�m�q�_�g�b�y�� �b�� �m�e�m�q�r�_�g�b�x�� �j�_�a�m�e�v�l�Z�l�h�\�� �g�Z��
�i�j�h�\�_�j�h�q�g�h�c�� �\�u�[�h�j�d�_���� �>�e�y�� �w�l�h�]�h�� �[�u�e�� �i�j�h�\�_�^�_�g��
�w�d�k�i�_�j�b�f�_�g�l���k���f�h�^�_�e�v�x��LM�����<���o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�Z��
�h�^�g�Z���b���l�Z���`�_���Z�j�o�b�l�_�d�l�m�j�Z���f�h�^�_�e�b���[�u�e�Z���g�Z�k�l�j�h�_�g�Z��
�b�� �i�j�h�\�_�j�_�g�Z�� �k�� �i�h�f�h�s�v�x�� �o�j�h�g�h�e�h�]�b�q�_�k�d�b�o��
���g�_�i�_�j�_�f�_�r�Z�g�g�u�o���� �b�� �i�_�j�_�f�_�r�Z�g�g�u�o�� �j�y�^�h�\����
�j�Z�a�^�_�e�_�g�g�u�o���g�Z���h�^�b�g�Z�d�h�\�u�_���i�h���^�e�b�g�_���h�[�m�q�Z�x�s�b�_��
�b�� �i�j�h�\�_�j�h�q�g�u�_�� �\�u�[�h�j�d�b���� �J�Z�k�q�_�l�� �d�j�b�l�_�j�b�_�\��S �b��
NSE �i�j�h�b�a�\�h�^�b�e�k�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�h��
�i�h�e�m�q�_�g�g�u�f�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�f�� �j�y�^�Z�f�� �b�� �j�y�^�Z�f��
�g�Z�[�e�x�^�_�g�b�c���a�Z���d�Z�`�^�m�x���a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�v�����Z���^�e�y��
�j�Z�k�q�_�l�Z���5���ê�¿  �^�e�y�� �d�Z�`�^�h�c�� �f�h�^�_�e�b�� �[�u�e�h�� �\�a�y�l�h��
�a�g�Z�q�_�g�b�_���ê�¿ �i�h�� �n�Z�d�l�b�q�_�k�d�h�f�m�� �j�y�^�m���� �K�j�Z�\�g�_�g�b�_��
�j�_�a�m�e�v�l�Z�l�h�\�� ���j�b�k�m�g�h�d�� ������ �i�h�d�Z�a�Z�e�h���� �q�l�h�� �i�j�b��
�k�h�i�h�k�l�Z�\�b�f�u�o�� �a�g�Z�q�_�g�b�y�o �d�j�b�l�_�j�b�_�\�� �d�Z�q�_�k�l�\�Z�� �g�Z��
�h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�_�� �g�Z�� �i�j�h�\�_�j�h�q�g�h�c�� �\�u�[�h�j�d�_��
�f�h�^�_�e�v���� �h�[�m�q�_�g�g�Z�y�� �g�Z�� �i�_�j�_�f�_�r�Z�g�g�u�o�� �j�y�^�Z�o����
�i�h�d�Z�a�u�\�Z�_�l�� �j�_�a�m�e�v�l�Z�l�u���� �k�m�s�_�k�l�\�_�g�g�h��
�i�j�_�\�h�k�o�h�^�y�s�b�_���j�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�����h�[�m�q�_�g�g�h�c���g�Z��
�o�j�h�g�h�e�h�]�b�q�_�k�d�h�f�� �j�y�^�m���� �L�Z�d����
�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�Z�y�� �h�r�b�[�d�Z�� �f�h�^�_�e�b�� �k��
�i�_�j�_�f�_�r�b�\�Z�g�b�_�f�� �g�Z�� �\�k�_�o�� �a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�y�o�� �\��
�k�j�_�^�g�_�f�� �e�m�q�r�_�� �g�Z�� �������� �f3���k�� ���^�h�� ���������� �f3���k������NSE 
�e�m�q�r�_���g�Z���\�_�e�b�q�b�g�m���h�d�h�e�h���������������Z���5���ê�¿ �± �g�Z���������������^�h��
0,12).  
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�J�b�k�m�g�h�d���������K�j�Z�\�g�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���i�h���f�h�^�_�e�b��LM �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�o�j�h�g�h�e�h�]�b�q�_�k�d�h�]�h���b���i�_�j�_�f�_�r�Z�g�g�h�]�h���j�y�^�Z 
Figure 4. Comparison of the LM model forecasting results trained on unshuffled (red bars) and shuffled 

(blue bars) time-series  

�<�� �j�_�a�m�e�v�l�Z�l�_�� �^�e�y�� �j�Z�k�q�_�l�Z�� �i�h�d�Z�a�Z�l�_�e�y���5���ê�¿ 
�^�e�y�� �f�h�^�_�e�b��MLP �l�Z�d�`�_�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g��
�h�i�b�k�Z�g�g�u�c�� �\�u�r�_�� �i�h�^�o�h�^���� �h�[�m�q�_�g�b�_�� �f�h�^�_�e�b�� �g�Z��
�i�_�j�_�f�_�r�Z�g�g�u�o�� �j�y�^�Z�o�� �i�j�_�^�b�d�l�h�j�h�\�� �k��
�i�h�k�e�_�^�m�x�s�_�c�� �i�j�h�\�_�j�d�h�c�� �g�Z�� �i�_�j�_�f�_�r�Z�g�g�h�f�� �b��
�g�_�i�_�j�_�f�_�r�Z�g�g�h�f�� �j�y�^�_���� �I�j�h�p�_�k�k�� �h�[�m�q�_�g�b�y�� �b��
�i�j�h�\�_�j�d�b���f�h�^�_�e�b��LSTM �[�u�e���h�i�b�k�Z�g���\�u�r�_�����g�h���h�g��
�l�Z�d�`�_�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�b�l�v�� �i�j�h�\�_�j�h�q�g�u�_�� �j�y�^�u�� �\��
�o�j�h�g�h�e�h�]�b�q�_�k�d�h�f���i�h�j�y�^�d�_���b���k�h�i�h�k�l�Z�\�b�l�v���d�Z�q�_�k�l�\�h��
�i�j�h�]�g�h�a�Z���i�h���d�j�b�l�_�j�b�x���5���ê�¿. 

�H�[�k�m�`�^�_�g�b�_ 

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

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

�L�Z�d���� �^�e�y�� �i�_�j�\�u�o�� �r�Z�]�h�\�� �i�h��
�a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�b���\�k�_���f�h�^�_�e�b���[�u�e�b���^�h�k�l�Z�l�h�q�g�h��
�Z�d�d�m�j�Z�l�g�u�� �\�� �i�j�_�^�k�d�Z�a�Z�g�b�b�� �j�Z�k�o�h�^�h�\�� �\�h�^�u���� �q�l�h��
�\�u�j�Z�`�Z�e�h�k�v�� �\�� �g�_�[�h�e�v�r�b�o�� �a�g�Z�q�_�g�b�y�o��
�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�c�� �h�r�b�[�d�b���� �o�h�j�h�r�h��
�k�h�]�e�Z�k�h�\�u�\�Z�e�b�k�v�� �k�� �n�Z�d�l�b�q�_�k�d�b�f�b�� �j�y�^�Z�f�b�� �± 
�\�u�k�h�d�b�c�� �i�h�d�Z�a�Z�l�_�e�v�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �1�6�(�� �b��
�©�o�h�j�h�r�b�_�ª�� �a�g�Z�q�_�g�b�y���5���ê�¿ ���� �\�i�j�h�q�_�f���� �d�j�h�f�_��
�f�h�^�_�e�b�� �/�0���� �G�Z�� �w�l�b�o�� �a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�y�o����
�g�_�k�h�f�g�_�g�g�h���� �w�l�h�� �h�[�t�y�k�g�y�_�l�k�y�� �\�u�k�h�d�b�f��
�d�h�w�n�n�b�p�b�_�g�l�h�f�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�b���� �H�^�g�Z�d�h�� �^�Z�e�_�_����
�g�Z�q�b�g�Z�y�� �k �i�j�h�]�g�h�a�Z�� �g�Z�� ���� �k�m�l�h�d���� �d�Z�q�_�k�l�\�h��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���m�o�m�^�r�Z�e�h�k�v���i�h���\�k�_�f���f�h�^�_�e�y�f���b��
�e�b�r�v�� �0�/�3�� �i�h�d�Z�a�Z�e�h�� �\�u�k�h�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b��
�l�h�q�g�h�k�l�v���\�i�e�h�l�v���^�h���k�_�^�v�f�u�o���i�j�h�]�g�h�a�g�u�o���k�m�l�h�d�� 
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�J�b�k�m�g�h�d������ �N�Z�d�l�b�q�_�k�d�b�c���b���i�j�h�]�g�h�a�g�u�_���]�b�^�j�h�]�j�Z�n�u���j�_�d�b���I�j�h�l�\�Z���a�Z���i�_�j�b�h�^���k���������f�Z�j�l�Z���i�h���������f�Z�y��
2003 �]�h�^�Z�����Z�����b���j�_�a�m�e�v�l�Z�l�u���h�p�_�g�d�b���d�Z�q�_�k�l�\�Z���f�h�^�_�e�_�c���g�Z���i�j�h�\�_�j�h�q�g�h�f���j�y�^�_�����[�� 

Figure 5. Observed and forecast hydrographs of the Protva river for period March, 15 �± May, 01 2003 (a) 
and the results of the model quality assessment on the test dataset (�[) 

�d�h�]�^�Z���a�g�Z�q�_�g�b�y���1�6�(���g�_���m�i�Z�e�b���g�b�`�_�������������Z���a�g�Z�q�_�g�b�y��
�5���ê�¿ �^�Z�`�_�� �g�Z�q�Z�e�b�� �k�g�b�`�Z�l�v�k�y���� �<�� �p�_�e�h�f�� �k�e�_�^�m�_�l��
�h�l�f�_�l�b�l�v���� �q�l�h�� �^�\�_�� �f�h�^�_�e�b�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b����
�b�k�i�h�e�v�a�h�\�Z�\�r�b�_���\���d�Z�q�_�k�l�\�_���\�o�h�^�g�h�c���b�g�n�h�j�f�Z�p�b�b��
�g�_�� �l�h�e�v�d�h�� �i�j�_�^�r�_�k�l�\�m�x�s�b�_�� �j�Z�k�o�h�^�u�� �\�h�^�u���� �g�h�� �b��
�l�_�f�i�_�j�Z�l�m�j�m���\�h�a�^�m�o�Z���b���k�m�l�h�q�g�u�_���k�m�f�f�u���h�k�Z�^�d�h�\����
�i�h�d�Z�a�Z�e�b�� �[�h�e�_�_�� �\�u�k�h�d�h�_�� �d�Z�q�_�k�l�\�h�� �i�j�h�]�g�h�a�Z���� �q�_�f��
�e�b�g�_�c�g�Z�y���f�h�^�_�e�v���b���f�h�^�_�e�v���/�6�7�0���[�_�a���l�_�f�i�_�j�Z�l�m�j����
�<�� �k�e�m�q�Z�_�� �k�� �e�b�g�_�c�g�h�c�� �f�h�^�_�e�v�x���� �\�_�j�h�y�l�g�h���� �w�l�h��
�h�[�t�y�k�g�y�_�l�k�y���i�j�b�k�\�Z�b�\�Z�g�b�_�f���[�h�e�_�_���\�u�k�h�d�b�o���\�_�k�h�\��
�a�g�Z�q�_�g�b�y�f�� �i�j�_�^�r�_�k�l�\�m�x�s�b�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �b��
�g�_�^�h�k�l�Z�l�h�q�g�h�� �k�m�s�_�k�l�\�_�g�g�u�f�b�� �\�_�k�Z�f�b�� �^�e�y��
�i�j�_�^�b�d�l�h�j�h�\�����l�_�f�i�_�j�Z�l�m�j�u���b���h�k�Z�^�d�h�\���� �<���k�e�m�q�Z�_���k��
�/�6�7�0�� �[�_�a�� �l�_�f�i�_�j�Z�l�m�j�u�� �± �h�l�k�m�l�k�l�\�b�_�f�� �m�q�_�l�Z��
�\�h�a�f�h�`�g�h�]�h�� �g�Z�d�h�i�e�_�g�b�y�� �h�k�Z�^�d�h�\�� �\�� �i�_�j�_�f�_�g�g�u�o��
�k�h�k�l�h�y�g�b�y���� �h�l�\�_�q�Z�x�s�b�o�� �a�Z�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y��
�h�k�Z�^�d�h�\���\�h���\�j�_�f�_�g�b�� 

�B�a���i�h�e�m�q�_�g�g�u�o���i�j�h�]�g�h�a�g�u�o���]�b�^�j�h�]�j�Z�n�h�\���a�Z��
�i�_�j�b�h�^�� �i�j�h�\�_�j�d�b�� �\�b�^�g�h�� ���j�b�k�m�g�h�d�� ���Z������ �q�l�h�� �\�k�_�f��
�f�h�^�_�e�y�f�� �k�\�h�c�k�l�\�_�g�g�h�� �a�Z�g�b�`�_�g�b�_�� �a�g�Z�q�_�g�b�c��
�j�Z�k�o�h�^�h�\�� �\�h�^�u�� �k�� �m�\�_�e�b�q�_�g�b�_�f��
�a�Z�[�e�Z�]�h�\�j�_�f�_�g�g�h�k�l�b�����h�^�g�Z�d�h���^�e�y���f�h�^�_�e�b���0�/�3���w�l�h��

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

�A�Z�d�e�x�q�_�g�b�_ 

�<�u�i�h�e�g�_�g�g�u�_�� �j�Z�k�q�_�l�u�� �i�h�a�\�h�e�b�e�b�� �h�p�_�g�b�l�v��
�i�j�b�f�_�g�b�f�h�k�l�v�� �f�h�^�_�e�_�c�� �B�G�K�� �\�� �d�Z�q�_�k�l�\�_�� �h�k�g�h�\�u��
�^�e�y�� �k�b�k�l�_�f�u�� �d�j�Z�l�d�h�k�j�h�q�g�u�o�� �i�j�h�]�g�h�a�h�\�� �j�Z�k�o�h�^�h�\��
�\�h�^�u���\���j�_�q�g�h�c���k�b�k�l�_�f�_���K�j�_�^�g�_�c���i�h�e�h�k�u���J�h�k�k�b�b���k��
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �k�g�_�]�h�\�u�f�� �i�b�l�Z�g�b�_�f���� �J�Z�k�q�_�l�u��
�i�h�d�Z�a�Z�e�b���� �q�l�h�� �B�G�K�� �f�h�]�m�l�� �[�u�l�v�� �i�j�b�f�_�g�_�g�u�� �^�e�y��
�i�j�h�]�g�h�a�h�\�� �i�j�b�� �m�k�e�h�\�b�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�k�_�c��
�b�f�_�x�s�_�c�k�y�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c��
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 Abstract. When forming river runoff, as a rule, its 
maximum modulus decreases (reduction) as the 
catchment area increases. For catchments with an 
area of less than 5 km2, reduction of maximum 
drainage and runoff modules is not expressed, which 
confirms the accepted assumption of equal drainage 
and runoff for small catchment areas. This is the first 
stage of the process of forming flood water runoff on 
channel-free slopes. At the second stage, catchments 
with an area of 5 to 10 km2 tend to decrease the 
maximum runoff modulus with an increase in 
catchment area. The reason for the decrease in 
drainage modules is a decrease in the effective 
catchment area as a result of a change in the snow 
cover area; for water flow modules - reduction of the 
effective catchment area and beginning of channel 
regulation. At the third stage, at catchments with an 
area of 10 to 100 km2, a decrease in the maximum 
water flow modulus depending on the catchment area 
has a stable tendency, determined by channel 
regulation, a decrease in the existing catchment area, 
and features of the increase in the catchment area 
along the length of the main watercourse. At the 
fourth stage, at catchments with an area of more than 
100 km2, the reduction of the maximum module of 
water flow has a stable appearance and is determined 
by channel regulation and features of the increase in 
the catchment area along the length of the main 
watercourse. For small watercourses, the dependence 
of the shape coefficient of the catchment (Kf) on its 
area reflects the process of development of the 
catchment from slopes in which the width of the 
catchment is significantly longer, to watercourses 
where the width of the catchment becomes less than 
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the length of the watercourse. In general, Kf is not 
sufficiently informative and does not reflect the 
features of the increase in catchment area along the 
length of the channel of the main watercourse. The 
main reason for using Kf in analysis and calculations 
is the lack of cadastral data on the increase in 
catchment area along the length of the main 
watercourse bed for all hydrologically studied rivers. 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �f�h�^�m�e�v��
�k�l�h�d�Z���� �d�h�w�n�n�b�p�b�_�g�l�� �n�h�j�f�u�� �\�h�^�h�k�[�h�j�Z����
�d�h�w�n�n�b�p�b�_�g�l�� �j�_�^�m�d�p�b�b���� �i�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�Z����
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�f�h�^�m�e�_�f�� �k�l�h�d�Z�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �b�e�b��
�^�h�`�^�_�\�u�o�� �i�Z�\�h�^�d�h�\�� �a�Z�^�Z�g�g�h�c�� �\�_�j�h�y�l�g�h�k�l�b��
�i�j�_�\�u�r�_�g�b�y���J%�����D�Z�d���i�j�Z�\�b�e�h�����\���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�b�k�k�e�_�^�h�\�Z�g�b�y�o�� �\�� �d�Z�q�_�k�l�\�_�� �h�i�h�j�g�h�c�� �i�j�b�g�y�l�Z��
�\�_�j�h�y�l�g�h�k�l�v�� �i�j�_�\�u�r�_�g�b�y�� �J%� �������� �L�Z�d���� �\�� �r�b�j�h�d�h��
�i�j�b�f�_�g�y�_�f�h�c���k���������� �]�h�^�Z���j�_�^�m�d�p�b�h�g�g�h�c���n�h�j�f�m�e�_��
�>���E���� �K�h�d�h�e�h�\�k�d�h�]�h ���������� �k�l�_�i�_�g�g�h�c�� �i�Z�j�Z�f�_�l�j��n 

�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �d�h�w�n�n�b�p�b�_�g�l�� �j�_�^�m�d�p�b�b��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�h�^�m�e�y�� �k�l�h�d�Z�� �\�_�k�_�g�g�_�]�h�� ���b�e�b��
�e�_�l�g�_�]�h���� �i�h�e�h�\�h�^�v�y�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �i�e�h�s�Z�^�b��
�\�h�^�h�k�[�h�j�Z��F�����d�f2:  

�M�à�Ô�ë�á�5�¨ 
L
�º�Ø�Ì�ã�á�-�¨

�:�¿�>�5�;�Ù
�Û �Ü (1) 

�]�^�_ �:max,1% �± �f�Z�d�k�b�f�Z�e�v�g�u�c�� �f�h�^�m�e�v�� �k�l�h�d�Z��
�\�_�k�_�g�g�_�]�h�� ���b�e�b�� �e�_�l�g�_�]�h���� �i�h�e�h�\�h�^�v�y�� �k��
�w�e�_�f�_�g�l�Z�j�g�h�]�h�� �\�h�^�h�k�[�h�j�Z���� �f3���k���d�f2���� �d�Z�d�� �i�j�Z�\�b�e�h����
�:max,1% �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�� �l�Z�d�`�_�� �d�Z�d�� �f�Z�d�k�b�f�Z�e�v�g�m�x��
�b�g�l�_�g�k�b�\�g�h�k�l�v�� �\�h�^�h�h�l�^�Z�q�b�� �k�� �[�_�a�j�m�k�e�h�\�u�o��
�k�d�e�h�g�h�\���\���j�m�k�e�h�\�m�x���k�_�l�v���� 

F �± �i�e�h�s�Z�^�v���\�h�^�h�k�[�h�j�Z�����d�f2.  

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

�<�� �l�Z�[�e�b�p�_�� ���� �i�j�b�\�_�^�_�g�u�� �g�Z�b�[�h�e�v�r�b�_��
�i�j�_�^�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �i�e�h�s�Z�^�_�c�� �[�_�a�j�m�k�e�h�\�u�o��
�k�d�e�h�g�h�\�� �^�e�y�� �K�_�\�_�j�h-�A�Z�i�Z�^�Z�� �J�h�k�k�b�c�k�d�h�c��
�N�_�^�_�j�Z�p�b�b�� ���i�h�� �^�Z�g�g�u�f�� �j�Z�[�h�l�u�� �>�G�_�`�b�o�h�\�k�d�b�c����
1971]). 
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�L�Z�[�e�b�p�Z�� �������G�Z�b�[�h�e�v�r�b�_�� �i�j�_�^�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �i�e�h�s�Z�^�_�c�� �[�_�a�j�m�k�e�h�\�u�o�� �k�d�e�h�g�h�\�� ���a�h�g�Z�� �h�l�k�m�l�k�l�\�b�y��
�j�m�k�e�h�\�h�c���w�j�h�a�b�b�����^�e�y���K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h���j�_�]�b�h�g�Z���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b 
Table 1. The highest limit values of the areas of riverless slopes (the zone of absence of riverbed erosion) for 
the North-Western region of the Russian Federation 

�B�g�l�_�g�k�b�\�g�h�k�l�v��
�i�h�\�_�j�o�g�h�k�l�g�h�]�h���k�l�_�d�Z�g�b�y��

���\�h�^�h�h�l�^�Z�q�b�������f�f���q�Z�k 

Surface run-off rate (water 
discharge), mm/hour 

�M�d�e�h�g��
�\�h�^�h�k�[�h�j�Z�����Å 

Catchment 
�V�O�R�S�H�����Å 

�L�j�Z�\�y�g�h�c �i�h�d�j�h�\ 

Grass cover 

�G�Z�b�[�h�e�v�r�Z�y���i�j�_�^�_�e�v�g�Z�y��
�i�e�h�s�Z�^�v���[�_�a�j�m�k�e�h�\�h�]�h 

�k�d�e�h�g�Z�����d�f2 

Maximum limit area of 
absolute slope, km2 

20 �”���� 
�M�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c 

Satisfactory 
1,5-2,0 

10 �”���� 
�M�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c 

Satisfactory 
5,5 

20 �”���� 
�J�_�^�d�b�c 

Rare 
0,2 

10 �”���� 
�J�_�^�d�b�c 

Rare 
0,7 

20 30 
�M�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c 

 Satisfactory 
0,15 

10 30 
�M�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c 

Satisfactory 
0,5 

�<�k�_�� �f�Z�e�u�_�� �\�h�^�h�k�[�h�j�u�� �k�� �j�Z�a�f�_�j�Z�f�b����
�i�j�_�\�u�r�Z�x�s�b�f�b�� �i�j�_�^�_�e�v�g�u�_�� �i�e�h�s�Z�^�b����
�i�j�b�\�_�^�_�g�g�u�_�� �\�� �l�Z�[�e�b�p�_�� ������ �b�f�_�x�l�� �^�b�g�Z�f�b�q�_�k�d�b��
�m�k�l�h�c�q�b�\�h�_���j�m�k�e�h���\�h�^�g�h�]�h���h�[�t�_�d�l�Z�����Z���\�h�^�h�k�[�h�j�u����
�i�e�h�s�Z�^�b�� �d�h�l�h�j�u�o�� �f�_�g�_�_�� �i�j�b�\�_�^�_�g�g�u�o��
�i�j�_�^�_�e�v�g�u�o�� �a�g�Z�q�_�g�b�c���� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y��
�g�_�m�k�l�h�c�q�b�\�u�f�� �f�_�k�l�g�u�f�� �j�m�k�e�h�\�u�f�� �i�j�h�p�_�k�k�h�f����
�B�k�o�h�^�y���b�a���l�Z�[�e�b�p�u�������f�h�`�g�h���i�j�b�g�y�l�v���^�h�i�m�s�_�g�b�_����
�q�l�h�� �\�� �p�_�e�h�f�� �^�e�y�� �K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h�� �j�_�]�b�h�g�Z��
�J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �g�Z�b�[�h�e�v�r�Z�y�� �i�e�h�s�Z�^�v��
�[�_�a�j�m�k�e�h�\�u�o���k�d�e�h�g�h�\���g�_���i�j�_�\�u�r�Z�_�l�������d�f2.  

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

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

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

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

�<�� �j�Z�[�h�l�_�� �>�L�m�f�Z�g�h�\�k�d�Z�y���� ���������@�� �i�j�b�\�_�^�_�g�u��
�h�j�^�b�g�Z�l�u�� �h�k�j�_�^�g�_�g�g�u�o�� �d�j�b�\�u�o�� �j�_�^�m�d�p�b�b��
�h�l�g�h�k�b�l�_�e�v�g�h�c�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�\�h�^�h�h�l�^�Z�q�b���ð�:�ì�Ä�; 
L �B�:�ì�;�� �^�e�y�� �a�Z�^�Z�g�g�u�o��
�b�g�l�_�j�\�Z�e�h�\���\�j�_�f�_�g�b�����d�h�l�h�j�u�_���\���^�Z�e�v�g�_�c�r�_�f���[�u�e�b��
�i�j�b�j�Z�\�g�_�g�u�� �d�� �[�Z�k�k�_�c�g�h�\�h�f�m�� �\�j�_�f�_�g�b�� �^�h�[�_�]�Z�g�b�y����
�A�g�Z�q�_�g�b�y�� �w�l�b�o�� �h�j�^�b�g�Z�l�� �i�h�e�m�q�_�g�u���� �b�k�o�h�^�y�� �b�a��
�\�u�r�_�m�d�Z�a�Z�g�g�h�]�h�� �m�k�e�h�\�b�y�� �h�� �k�h�h�l�\�_�l�k�l�\�b�b��
�]�b�^�j�h�]�j�Z�n�h�\�� �k�l�h�d�Z�� �b�� �\�h�^�h�h�l�^�Z�q�b���� �g�Z�� �h�k�g�h�\�_��
�h�[�j�Z�[�h�l�d�b�� �b�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z��
�f�g�h�]�h�e�_�l�g�b�o�� �^�Z�g�g�u�o �f�Z�d�k�b�f�Z�e�v�g�u�o�� �k�m�l�h�q�g�u�o��
�]�b�^�j�h�]�j�Z�n�h�\�� �b�� �k�m�l�h�q�g�u�o�� �k�e�h�_�\�� �k�l�h�d�Z�� �\�h�^�u��
(h�
�J%, �f�f���� �f�Z�e�u�o�� �\�h�^�h�l�h�d�h�\�� �\�h�^�g�h�[�Z�e�Z�g�k�h�\�u�o��
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�k�l�Z�g�p�b�c�� �?�\�j�h�i�_�c�k�d�h�c�� �q�Z�k�l�b�� �J�h�k�k�b�c�k�d�h�c��
�N�_�^�_�j�Z�p�b�b�����k�l�h�d�h�\�u�o���i�e�h�s�Z�^�d�Z�o�����j�m�q�v�y�o���b���e�h�]�Z�o����
�i�e�h�s�Z�^�v�x���f�_�g�_�_���������d�f2. 

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

�#�à�Ô�ë�á�É�¨
�Û 
L

�ä�Ø�Ì�ã�á�Á�¨

�Û�Á�¨
�Û  �^�e�y�� �J�”�������� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�]�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�h�]�h�� �i�Z�j�Z�f�_�l�j�Z�� �j�m�k�e�Z�� �N�j �b��
�\�j�_�f�_�g�b�� �k�d�e�h�g�h�\�h�]�h�� �^�h�[�_�]�Z�g�b�y���� �d�h�l�h�j�u�_��
�i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_ 2. 

�K���m�q�_�l�h�f���\�u�j�Z�`�_�g�b�c�����������b�����������>�L�m�f�Z�g�h�\�k�d�Z�y����
���������@�� �[�u�e�h�� �i�h�e�m�q�_�g�h�� �m�j�Z�\�g�_�g�b�_�� �������� �^�e�y��
�h�i�j�_�^�_�e�_�g�b�y�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z��F���� �d�f2, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �]�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�h�f�m��
�i�Z�j�Z�f�_�l�j�m���j�m�k�e�Z���N�j ���i�h���l�Z�[�e�b�p�_���������i�j�b���b�a�\�_�k�l�g�h�f��

�a�g�Z�q�_�g�b�b�� �k�m�l�h�q�g�h�]�h�� �k�e�h�y�� �k�l�h�d�Z�� ���D�É�¨
�Û  �f�f����

�\�_�j�h�y�l�g�h�k�l�b���i�j�_�\�u�r�_�g�b�y���J%. 
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�]�^�_ L �± �^�e�b�g�Z���\�h�^�h�l�h�d�Z�����d�f�� 
I �k�j���j �± �k�j�_�^�g�_�\�a�\�_�r�_�g�g�u�c���m�d�e�h�g���j�m�k�e�Z���j�_�d�b�����Å�� 
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�N�h�j�f�m�e�Z�� �������� �i�j�b�g�y�l�Z�� �k�h�]�e�Z�k�g�h��
�b�k�k�e�_�^�h�\�Z�g�b�y�f�� �=���:���� �:�e�_�d�k�_�_�\�Z�� �^�e�y�� �j�_�d��
�?�\�j�h�i�_�c�k�d�h�c�� �q�Z�k�l�b�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �k��
F�”�������±���������d�f2���� �Z�� �n�h�j�f�m�e�Z�� �������� �± �i�h��
�j�_�d�h�f�_�g�^�Z�p�b�y�f�� �J���:���� �G�_�`�b�o�h�\�k�d�h�]�h�� �^�e�y��
�\�h�^�h�l�h�d�h�\�����\�h�^�h�k�[�h�j�u���d�h�l�h�j�u�o���f�h�`�g�h���k�h�h�l�g�_�k�l�b��
�k���\�h�a�\�u�r�_�g�g�h�k�l�y�f�b�����o�h�e�f�Z�f�b���b���m�\�Z�e�Z�f�b�� 

�L�Z�[�e�b�p�Z���������A�g�Z�q�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h�]�h���f�Z�d�k�b�f�Z�e�v�g�h�]�h���f�h�^�m�e�y���k�l�h�d�Z�� 
Table 2. Values of the relative maximum flow modulus  

�<�j�_�f�y �k�d�e�h�g�h�\�h�]�h �^�h�[�_�]�Z�g�b�y 
�2�k�d, �f�b�g 

Slope running time, min 

�=�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�c �i�Z�j�Z�f�_�l�j �j�m�k�e�Z �N�j, �f�b�g 

Hydromorphology parameter channel �N�j, min 
0 10 30 60 90 150 200 300 400 

60 0,048 0,038 0,036 0,033 0,029 0,025 0,022 0,017 0,015 
120 0,045 0,035 0,033 0,029 0,025 0,022 0,019 0,016 0,014 

�L�Z�[�e�b�p�Z���������H�i�j�_�^�_�e�_�g�b�_���������f�h�^�m�e�y���k�l�h�d�Z���\�_�k�_�g�g�_�]�h���i�h�e�h�\�h�^�v�y�����\�j�_�f�y���k�d�e�h�g�h�\�h�]�h���^�h�[�_�]�Z�g�b�y���������f�b�g�� 
Table 3. Determination of 1% of the spring flood runoff; �2�k�d=60 min 

�N�j 
�Ž
Ú�¨

�Û  �������f�f �������f�f ���������f�f 
�m�“�‡�ž�á
Ú�¨

�Û  F�����d�f2 �—�“�‡�ž�á
Ú�¨�����f3���k���d�f2 F�����d�f2 �—�“�‡�ž�á
Ú�¨�����f3���k���d�f2 F�����d�f2 �—�“�‡�ž�á
Ú�¨�����f3���k���d�f2 

0 0,048 0 0,96 0 2,4 0 4,8 
1 0,046 0,000 0,92 0,000 2,3 0,000 4,6 
5 0,042 0,003 0,84 0,006 2,1 0,007 4,2 
10 0,038 0,021 0,76 0,039 1,9 0,046 3,8 
20 0,037 0,1 0,74 0,3 1,85 0,3 3,7 
30 0,036 0,4 0,72 0,8 1,8 0,9 3,6 
40 0,035 0,9 0,7 1,6 1,75 1,9 3,5 
50 0,034 1,6 0,68 3,0 1,7 3,5 3,4 
60 0,033 2,6 0,66 4,9 1,65 5,8 3,3 
70 0,031 4,0 0,62 7,4 1,55 8,7 3,1 
80 0,03 5,7 0,6 10,6 1,5 12,5 3 
90 0,029 7,8 0,58 14,6 1,45 17,2 2,9 
100 0,028 10,4 0,56 19,4 1,4 22,9 2,8 
150 0,025 31,1 0,5 58,0 1,25 68,4 2,5 
200 0,022 67,7 0,44 126 1,1 149 2,2 
250 0,019 124 0,38 230 0,95 272 1,9 
300 0,017 202 0,34 377 0,85 445 1,7 
400 0,015 440 0,3 820 0,75 967 1,5 
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�>�e�y�� �g�b�a�f�_�g�g�h�k�l�_�c�� �a�Z�\�b�k�b�f�h�k�l�v�� �\�b�^�Z��
�n�h�j�f�m�e�u�����������^�h�e�`�g�Z���[�u�l�v���i�j�_�^�k�l�Z�\�e�_�g�Z���\���\�b�^�_ 
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L
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�J�Z�k�q�_�l�g�Z�y�� �n�h�j�f�m�e�Z�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��
�a�g�Z�q�_�g�b�c�� �]�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�h�]�h�� �i�Z�j�Z�f�_�l�j�Z��
�j�m�k�e�Z���N�j �\���n�h�j�f�m�e�_�����������b�f�_�_�l���k�e�_�^�m�x�s�b�c���\�b�^�� 

�£�Ó
L
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�¿�,�á�.�1
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�Û 
o
�,�á�.�1 (6) 

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

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c���r�_�j�h�o�h�\�Z�l�h�k�l�v���j�m�k�e�Z���\�h�^�h�l�h�d�Z�� 

�<�� �l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �j�Z�k�q�_�l�u��
�i�e�h�s�Z�^�_�c�� �m�k�e�h�\�g�u�o�� �\�h�^�h�k�[�h�j�h�\����F���� �k�h�]�e�Z�k�g�h�� ��������
�i�j�b�� �a�g�Z�q�_�g�b�y�o�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�m�l�h�q�g�h�]�h�� �k�e�h�y��
�k�l�h�d�Z���D�5�¨

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

�A�g�Z�q�_�g�b�y��qmax,1%���� �f3���k���d�f2���� �^�e�y�� �w�l�b�o��
�\�Z�j�b�Z�g�l�h�\�� �j�Z�k�q�_�l�Z�� �h�i�j�_�^�_�e�_�g�u�� �b�k�o�h�^�y�� �b�a��
�n�h�j�f�m�e�u�����������i�j�b���2�k�d� �������f�b�g 
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�G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�b�\�_�^�_�g�u�� �a�Z�\�b�k�b�f�h�k�l�b��
qmax,1%=f(F�������d�h�l�h�j�u�_���^�e�y���h�q�_�g�v���f�Z�e�u�o���\�h�^�h�k�[�h�j�h�\��
�h�l�j�Z�`�Z�x�l�� �o�Z�j�Z�d�l�_�j�� �b�a�f�_�g�_�g�b�y�� �\�h�^�h�h�l�^�Z�q�b�� �^�e�y��
�l�j�_�o�� �\�Z�j�b�Z�g�l�h�\�� �a�g�Z�q�_�g�b�c�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h��
�k�m�l�h�q�g�h�]�h�� �k�e�h�y�� �k�l�h�d�Z�� �\�_�j�h�y�l�g�h�k�l�b�� �i�j�_�\�u�r�_�g�b�y��
�J� �������� �L�Z�d�`�_�� �g�Z�� �j�b�k�m�g�d�_�� ���� �g�Z�g�_�k�_�g�u�� �j�Z�k�q�_�l�g�u�_��
�a�g�Z�q�_�g�b�y���f�Z�d�k�b�f�Z�e�v�g�u�o���f�h�^�m�e�_�c���k�l�h�d�Z���\�_�k�_�g�g�_�]�h��
�i�h�e�h�\�h�^�v�y�� �j�Z�k�q�_�l�g�h�c�� �\�_�j�h�y�l�g�h�k�l�b�� �i�j�_�\�u�r�_�g�b�y��
�J� ������ ��qmax,1%������ �i�h�e�m�q�_�g�g�u�_�� �g�Z�� �h�k�g�h�\�_��
�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �f�g�h�]�h�e�_�l�g�b�o�� �^�Z�g�g�u�o��
�g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �k�l�h�d�h�f�� �\�h�^�u��
�\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �^�e�y�� �f�Z�e�u�o�� �\�h�^�h�l�h�d�h�\��
�F�h�k�d�h�\�k�d�h�c�� �h�[�e�Z�k�l�b���� �;�Z�a�h�\�Z�y�� �]�b�^�j�h�e�h�]�b�q�_�k�d�Z�y��
�b�g�n�h�j�f�Z�p�b�y�� �i�h�� �w�l�b�f�� �\�h�^�h�l�h�d�Z�f�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �\��
�l�Z�[�e�b�p�Z�o�������b�������>�<�b�g�h�]�j�Z�^�h�\���b���^�j���������������@�� 

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

�\�h�^�h�l�h�d�h�\���F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Figure 1. Dependence of 1% of the spring flood runoff module on the catchment area for watercourses of the 

Moscow Region 
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�L�Z�[�e�b�p�Z������ �;�Z�a�h�\�Z�y���]�b�^�j�h�e�h�]�b�q�_�k�d�Z�y���b�g�n�h�j�f�Z�p�b�y���i�h���f�Z�e�u�f���\�h�^�h�l�h�d�Z�f���F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Table 4. Basic hydrological information on small watercourses of the Moscow Region 

�J�_�d�Z�����]�b�^�j�h�e�h�]�b�q�_�k�d�b�c��
�i�h�k�l�� 

River (hydrological post) 

�D�h�^��
�i�h�k�l�Z 

Post 
code 

�I�e�h�s�Z�^�v����
�d�f2 

Area, km2 

�>�e�b�g�Z����
�d�f 

Length, 
km 

�M�d�e�h�g��
�j�_�d�b�� �Å 

River 
�V�O�R�S�H�����Å 

q1%, 
�f 3���k���d�f2 

h1%, 
�f�f  

�D0,1% 

�j�m�q�����F�Z�e�b�p�Z�����k�� �G�b�d�h�e�h-
�F�Z�e�b�p�Z�� 

75052 10,9 3,4 5 0,26 115 0,002 

�j�����>�m�[�g�Z�����i�]�l �<�_�j�[�b�e�d�b�� 75079 2100 113 0,42 0,12 226 0,001 
�j�����G�_�j�e�v�����^�� �I�h�^�h�e�� 75093 1810 100 0,4 0,25 257 0,001 

�j�����H�j�e�b�p�Z�����^�� �;�h�e�v�r�h�c��
�J�h�]�� 

75335 96 22 1,6 0,46 246 0,002 

�j�����D�Z�l�u�r�����k�� �L�j�h�b�p�d�h�_�� 75428 70,5 14,8 5 0,51 252 0,002 
�j�����G�m�^�h�e�v�����^�� �D�m�a�g�_�p�h�\�h�� 75429 291 38 1,2 0,20 262 0,001 

�j�����F�Z�e�����B�k�l�j�Z��
���^�� �D�b�k�_�e�_�\�h�� 

75430 280 41 0,9 0,19 192 0,001 

�j�����F�_�^�\�_�g�d�Z�����^�� �E�Z�i�b�g�h�� 75434 10 4 7,1 1,06 259 0,004 
�j�����F�_�^�\�_�g�d�Z�����^�� �;�h�e�v�r�h�_��

�K�Z�j�_�_�\�h�� 
75435 21,5 7,3 5,9 1,04 202 0,005 

�e�h�]���E�u�a�e�h�\�h�����^�� �E�u�a�e�h�\�h�� 75437 1,76 1,3 18,3 1,53 137 0,011 
�j�����A�Z�d�a�Z�����^�� �;�h�e�v�r�h�_��

�K�Z�j�_�_�\�h�� 
75438 17 6 6 0,44 183 0,002 

�j�m�q�����I�j�h�]�h�g�u�����^�� �;�h�e�v�r�h�_��
�K�Z�j�_�_�\�h�� 

75441 0,8 1,6 19,6 1,04 135 0,008 

�e�h�]���I�h�e�_�\�h�c�����^�� �E�u�a�e�h�\�h�� 75442 0,11 0,2 18,7 1,86 221 0,008 
�e�h�]���E�_�k�g�h�c�����^�� �E�u�a�e�h�\�h�� 75443 0,066 0,1 21,8 0,97 127 0,008 

�j�����;�h�e�v�r�h�c���E�h�f�h�\�b�k��
���k�� �J�h�`�^�_�k�l�\�_�g�k�d�h�_�� 

75527 110 19 1,6 0,81 232 0,003 

�j�����D�e�y�a�v�f�Z�����]�� �I�Z�\�e�h�\�k�d�b�c��
�I�h�k�Z�^�� 

75550 4550 184 0,4 0,14 187 0,001 

�j�����<�h�j�y�����k�� �F�b�r�g�_�\�h�� 75559 947 88 0,6 0,22 205 0,001 
�j�����K�_�j�Z�y�����^�� �G�h�\�b�g�d�b�� 75561 293 40 1 0,33 212 0,002 

�j�����E�m�o�����i�]�l �E�m�o�� 75591 587 45 0,6 0,46 304 0,002 
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�L�Z�[�e�b�p�Z������ �=�b�^�j�h�e�h�]�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���f�Z�e�u�o���\�h�^�h�l�h�d�h�\���F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Table 5. Hydrological characteristics on small watercourses of the Moscow Region 

�D�h�^��
�i�h�k�l�Z 

Post 
code 

Qmax,1%, 

�f 3���k 
Qmax�������k�j���k�m�l���� 

�f 3���k 
h*

���������g�Z�[�e��, 
�f�f  

�N�j, �f�b�g �: *
1% �2�j, �f�b�g �D�n 

75052 2,78 2,2 17 60 0,033 172 0,89 

75079 262 260 11 1366 - 4155 1,56 

75093 461 420 20 1089 - 3245 1,50 

75335 43,7 33 30 286 0,017 814 1,71 

75428 35,9 17 21 156 0,025 395 1,37 

75429 58,3 52 15 486 0,014 1439 1,58 

75430 52,2 46 14 594 - 1755 1,75 

75434 10,6 5,6 48 50 0,034 129 1,10 

75435 22,4 10 40 83 0,03 208 1,31 

75437 0,87 0,83 41 19 0,037 43 0,95 

75438 7,51 3,8 19 87 0,029 223 1,23 

75441 0,83 0,23 25 32 0,036 70 1,81 

75442 0,205 0,068 20 7 0,04 13 0,69 

75443 0,064 0,025 33 3 0,044 8 0,46 

75527 89 44 35 230 0,02 589 1,37 

75550 636 636 12 1807 - 5508 1,65 

75559 207 200 18 1009 - 3051 1,90 

75561 96,5 78 23 491 0,014 1418 1,66 

75591 270 250 37 488 0,014 1460 1,27 

�K�e�_�^�m�_�l�� �a�Z�f�_�l�b�l�v���� �q�l�h�� �g�Z�� �j�b�k�m�g�d�_�� ����
�h�k�g�h�\�g�Z�y�� �f�Z�k�k�Z�� �l�h�q�_�d���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��
�\�h�^�h�l�h�d�Z�f���� �i�j�b�\�_�^�_�g�g�u�f�� �\�� �l�Z�[�e�b�p�_�� ������
�j�Z�k�i�h�e�h�`�_�g�Z���f�_�`�^�m���^�\�m�f�y���e�b�g�b�y�f�b���a�Z�\�b�k�b�f�h�k�l�b��
qmax,1%=f(F�������^�e�y���a�g�Z�q�_�g�b�c��h*

1% �j�Z�\�g�u�o���������f�f���b��������
�f�f���� �y�\�e�y�x�s�b�o�k�y�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h��
�i�h�]�j�Z�g�b�q�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���k�m�l�h�q�g�u�o���k�e�h�_�\���k�l�h�d�Z��
h*

1% �^�e�y���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���\�h�^�h�l�h�d�h�\�� 
�G�Z���h�k�g�h�\�_���Z�g�Z�e�b�a�Z���j�b�k�m�g�d�Z�������f�h�`�g�h���k�^�_�e�Z�l�v��

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

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

�G�Z���\�l�h�j�h�f���w�l�Z�i�_ �g�Z���\�h�^�h�k�[�h�j�Z�o���i�e�h�s�Z�^�v�x��
�h�l�� ���� �^�h�� ������ �d�f2 ���\�l�h�j�Z�y�� �]�j�m�i�i�Z�� �\�h�^�h�l�h�d�h�\���� 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �k�h�]�e�Z�k�g�h�� �l�Z�[�e�b�p�_�� ���� �a�g�Z�q�_�g�b�y�f��
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�N�j �\���^�b�Z�i�Z�a�h�g�_���h�l���������^�h���������f�b�g�������i�h�y�\�e�y�_�l�k�y�����o�h�l�y��
�b�� �g�_�� �y�j�d�h�� �\�u�j�Z�`�_�g�g�Z�y���� �l�_�g�^�_�g�p�b�y�� �d�� �k�g�b�`�_�g�b�x��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�h�^�m�e�y�� �k�l�h�d�Z�� �k�� �m�\�_�e�b�q�_�g�b�_�f��
�i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�Z�����j�b�k�m�g�h�d�������� 

�>�e�y�� �m�k�e�h�\�g�u�o�� �\�h�^�h�k�[�h�j�h�\����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �\�_�e�b�q�b�g�Z�f��
�]�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�h�]�h�� �i�Z�j�Z�f�_�l�j�Z�� �j�m�k�e�Z�� �N�j �\��
�^�b�Z�i�Z�a�h�g�_�� �����±������ �f�b�g�m�l���� �l�Z�d�`�_�� �b�f�_�_�l�� �f�_�k�l�h��
�g�_�a�g�Z�q�b�l�_�e�v�g�Z�y���j�_�^�m�d�p�b�y���f�Z�d�k�b�f�Z�e�v�g�u�o���f�h�^�m�e�_�c��
�\�h�^�h�h�l�^�Z�q�b���� �I�j�b�� �w�l�h�f�� �o�Z�j�Z�d�l�_�j�� �w�l�b�o�� �b�a�f�_�g�_�g�b�c��
�^�e�y�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �f�h�^�m�e�_�c�� �\�h�^�h�h�l�^�Z�q�b�� �b�� �k�l�h�d�Z��
�\�h�^�u�� �\�� �i�j�b�g�p�b�i�_�� �y�\�e�y�_�l�k�y�� �b�^�_�g�l�b�q�g�u�f���� �� �H�^�g�Z�d�h��
�i�j�b�q�b�g�u�� �j�_�^�m�d�p�b�b�� �\�h�^�h�h�l�^�Z�q�b�� �b�� �k�l�h�d�Z�� �\�h�^�u�� �g�Z��
�w�l�b�o�� �\�h�^�h�k�[�h�j�Z�o�� �g�_�� �y�\�e�y�x�l�k�y�� �h�[�s�b�f�b���� �H�k�g�h�\�g�Z�y��
�i�j�b�q�b�g�Z���k�g�b�`�_�g�b�y���f�h�^�m�e�_�c���\�h�^�h�h�l�^�Z�q�b���k�\�y�a�Z�g�Z���k��
�m�f�_�g�v�r�_�g�b�_�f�� �^�_�c�k�l�\�m�x�s�_�c�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z��
�\�k�e�_�^�k�l�\�b�_���b�a�f�_�g�_�g�b�y���i�e�h�s�Z�^�b���i�h�d�j�u�l�b�y���k�g�_�]�h�f����
�Z�� �^�e�y�� �f�h�^�m�e�_�c�� �k�l�h�d�Z�� �\�h�^�u�� �± �k�h�� �k�g�b�`�_�g�b�_�f��
�^�_�c�k�l�\�m�x�s�_�c�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z�� �b�� �g�Z�q�Z�e�h�f��
�j�m�k�e�h�\�h�]�h���j�_�]�m�e�b�j�h�\�Z�g�b�y�� 

�G�Z�� �l�j�_�l�v�_�f�� �w�l�Z�i�_ �g�Z�� �\�h�^�h�k�[�h�j�Z�o�� �k��
�i�e�h�s�Z�^�v�x�� �h�l�� ������ �^�h�� �������� �d�f2 ���l�j�_�l�v�y�� �]�j�m�i�i�Z��
�\�h�^�h�l�h�d�h�\�� �k�g�b�`�_�g�b�_�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�h�^�m�e�y��
�k�l�h�d�Z�� �\�h�^�u�� �a�Z�\�b�k�b�f�h�k�l�b��qmax,1%,=f(F���� �b�f�_�_�l�� �m�`�_��
�^�h�k�l�Z�l�h�q�g�h�� �m�k�l�h�c�q�b�\�m�x�� �l�_�g�^�_�g�p�b�x�� ���j�b�k�m�g�h�d�� ��������
�d�h�l�h�j�Z�y�� �� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�� �h�k�g�h�\�g�h�f�� �l�j�_�f�y��
�n�Z�d�l�h�j�Z�f�b���� 

1) �j�m�k�e�h�\�u�f���j�_�]�m�e�b�j�h�\�Z�g�b�_�f�� 
2) �k�g�b�`�_�g�b�_�f�� �^�_�c�k�l�\�m�x�s�_�c�� �i�e�h�s�Z�^�b��

�\�h�^�h�k�[�h�j�Z�� 
3) �h�k�h�[�_�g�g�h�k�l�y�f�b�� �g�Z�j�Z�k�l�Z�g�b�y�� �i�e�h�s�Z�^�b��

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

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

�-�× 
L
�Å

�¿�,�á�1�2 (8) 

�]�^�_ L �± �^�e�b�g�Z���\�h�^�h�l�h�d�Z�����d�f���� 
F �± �i�e�h�s�Z�^�v���\�h�^�h�k�[�h�j�Z���j�_�d�b�����d�f2. 

�G�Z�� �q�_�l�\�_�j�l�h�f�� �w�l�Z�i�_ �g�Z�� �\�h�^�h�k�[�h�j�Z�o�� �k��
�i�e�h�s�Z�^�v�x�� �[�h�e�_�_�� �������� �d�f2 ���q�_�l�\�_�j�l�Z�y�� �]�j�m�i�i�Z��
�\�h�^�h�l�h�d�h�\�� �j�_�^�m�d�p�b�y���f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�h�^�m�e�y��
�k�l�h�d�Z�� �\�h�^�u�� �a�Z�\�b�k�b�f�h�k�l�b��qmax,1%=f(F���� �b�f�_�_�l�� �y�j�d�h��
�\�u�j�Z�`�_�g�g�u�c�� �m�k�l�h�c�q�b�\�u�c�� �\�b�^�� �b�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\��
�h�k�g�h�\�g�h�f�� �j�m�k�e�h�\�u�f �j�_�]�m�e�b�j�h�\�Z�g�b�_�f�� �b��
�h�k�h�[�_�g�g�h�k�l�y�f�b���g�Z�j�Z�k�l�Z�g�b�y���i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�Z���i�h��
�^�e�b�g�_���h�k�g�h�\�g�h�]�h���\�h�^�h�l�h�d�Z�� 

�>�e�y�� �\�u�r�_�i�j�b�\�_�^�_�g�g�u�o�� �l�j�_�o�� �]�j�m�i�i�� �f�Z�e�u�o��
�\�h�^�h�l�h�d�h�\ �k���i�e�h�s�Z�^�v�x���f�_�g�_�_�����������d�f2 �o�Z�j�Z�d�l�_�j�g�h�c��
�h�k�h�[�_�g�g�h�k�l�v�x�� �\�h�^�g�h�]�h�� �j�_�`�b�f�Z�� �\�� �i�_�j�b�h�^��
�\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �y�\�e�y�_�l�k�y�� �\�g�m�l�j�b�k�m�l�h�q�g�u�c��
�o�h�^���k�l�h�d�Z���\�h�^�u�����h�[�m�k�e�h�\�e�_�g�g�u�c���\�g�m�l�j�b�k�m�l�h�q�g�u�f��
�o�h�^�h�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �b�� �\�j�_�f�_�g�_�f��
�[�Z�k�k�_�c�g�h�\�h�]�h���^�h�[�_�]�Z�g�b�y���f�_�g�_�_�������k�m�l�h�d���� 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �a�g�Z�q�_�g�b�y�� �i�e�h�s�Z�^�b��
�\�h�^�h�k�[�h�j�Z�� �\�h�^�h�l�h�d�h�\�� �F�h�k�d�h�\�k�d�h�c�� �h�[�e�Z�k�l�b���� �]�^�_��
�k�h�h�l�g�h�r�_�g�b�_�� �k�j�h�q�g�h�]�h�� �b�� �k�j�_�^�g�_�k�m�l�h�q�g�h�]�h��
�f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �i�j�b�[�e�b�`�Z�_�l�k�y�� �d��
�_�^�b�g�b�p�_���� �[�u�e�b�� �\�u�i�h�e�g�_�g�u�� �j�Z�k�q�_�l�u���� �>�e�y�� �\�k�_�o��
�\�h�^�h�l�h�d�h�\���� �i�j�b�\�_�^�_�g�g�u�o�� �\�� �l�Z�[�e�b�p�Z�o�� ���� �b�� ������ �[�u�e�b��
�h�i�j�_�^�_�e�_�g�u�� �i�h�� �n�h�j�f�m�e�_�� �������� �a�g�Z�q�_�g�b�y�� �j�m�k�e�h�\�h�]�h��
�\�j�_�f�_�g�b���^�h�[�_�]�Z�g�b�y���2�j, �f�b�g���� 

�R�Ó
L
�5�4�4�4�Å

�à �Û
�Û
k�Â�Û
o

�,�á�/�/

k�U�c�W�n�á�-�¨ 
o

�, �á�.�1 (9) 

�G�Z�� �h�k�g�h�\�_�� �i�h�e�m�q�_�g�g�u�o�� �a�g�Z�q�_�g�b�c�� �[�u�e�b��
�\�u�^�_�e�_�g�u�� �\�h�^�h�l�h�d�b�� �k�� �2�j �”�� �������� �f�b�g��
���k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���\�h�^�h�k�[�h�j�Z�f���i�e�h�s�Z�^�v�x���������d�f2), 
�d�h�l�h�j�u�_�� �[�u�e�b�� �k�]�j�m�i�i�b�j�h�\�Z�g�u�� �\�� �l�Z�[�e�b�p�m�� ������ �G�Z��
�j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v��
q�\�h�^������/qmax,1%� �I���2�j�����^�e�y���w�l�b�o �\�h�^�h�l�h�d�h�\�� 

�:�g�Z�e�b�a�� �j�b�k�m�g�d�Z�� ���� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h��
�g�Z�b�[�h�e�v�r�Z�y�� �i�j�_�^�_�e�v�g�Z�y�� �i�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�h�\��
�f�Z�e�u�o�� �\�h�^�h�l�h�d�h�\�� �F�h�k�d�h�\�k�d�h�c�� �h�[�e�Z�k�l�b���� �g�Z��
�d�h�l�h�j�u�o�� �\�g�m�l�j�b�k�m�l�h�q�g�u�c�� �o�h�^�� �k�l�h�d�Z�� �a�Z�l�m�o�Z�_�l���� �g�_��
�i�j�_�\�u�r�Z�_�l�� ����-�������� �d�f2���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l��
�i�j�b�f�_�j�g�h�� �������� �f�b�g�m�l�Z�f�� �[�Z�k�k�_�c�g�h�\�h�]�h�� �\�j�_�f�_�g�b��
�^�h�[�_�]�Z�g�b�y�����i�j�b���2�k�d��=100 �f�b�g���� 
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�L�Z�[�e�b�p�Z������ �H�i�j�_�^�_�e�_�g�b�_���h�l�g�h�r�_�g�b�y���f�Z�d�k�b�f�Z�e�v�g�u�o���f�h�^�m�e�_�c���\�h�^�h�h�l�^�Z�q�b����q�\�h�^�����������b���k�l�h�d�Z����qmax,1%�����^�e�y��
�f�Z�e�u�o���\�h�^�h�l�h�d�h�\���F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Table 6. Determination of the ratio of the maximum water output modules (qwater.1%) and drain (qmax,1%) for 
small watercourses of the Moscow region 

�J�_�d�Z�����]�b�^�j�h�e�h�]�b�q�_�k�d�b�c���i�h�k�l�� 

River (hydrological post) 

�D�h�^���i�h�k�l�Z 

Post code 

�I�e�h�s�Z�^�v�����d�f2 

Area, km2 

L, 
�d�f 

�w�× �2�j�����f�b�g q�\�h�^���� 

qmax1% 

�j�m�q�����F�Z�e�b�p�Z�����k�� �G�b�d�h�e�h-�F�Z�e�b�p�Z�� 75052 10,9 3,4 0,89 172 2,26 
�j�����D�Z�l�u�r�����k�� �L�j�h�b�p�d�h�_�� 75428 70,5 14,8 1,37 395 1,08 
�j�����F�_�^�\�_�g�d�Z�����^�� �E�Z�i�b�g�h�� 75434 10 4 1,10 129 1,55 

�j�����F�_�^�\�_�g�d�Z�����^�� �;�h�e�v�r�h�_���K�Z�j�_�_�\�h�� 75435 21,5 7,3 1,31 208 1,16 
�j�����A�Z�d�a�Z�����^�� �;�h�e�v�r�h�_���K�Z�j�_�_�\�h�� 75438 17 6 1,23 223 1,27 

�e�h�]���E�_�k�g�h�c�����^�� �E�u�a�e�h�\�h�� 75443 0,066 0,1 0,46 8 1,49 
�e�h�]���E�u�a�e�h�\�h�����^�� �E�u�a�e�h�\�h�� 75437 1,76 1,3 0,95 43 0,98 

�j�m�q�����I�j�h�]�h�g�u�����^�� �;�h�e�v�r�h�_���K�Z�j�_�_�\�h�� 75441 0,8 1,6 1,81 70 0,86 

 
�J�b�k�m�g�h�d���������A�Z�\�b�k�b�f�h�k�l�v���T�\�h�^������/qmax,1%� �I���2�j�����^�e�y���f�Z�e�u�o���\�h�^�h�l�h�d�h�\���F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Figure 2. Dependence of q�\�h�,̂1%/qmax,1%=f(�2�j) for small watercourses of the Moscow region 
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�J�b�k�m�g�h�d������ �A�Z�\�b�k�b�f�h�k�l�v��q�\�h�^������/qmax,1%=f(F�����^�e�y���f�Z�e�u�o �\�h�^�h�l�h�d�h�\ �F�h�k�d�h�\�k�d�h�c���h�[�e�Z�k�l�b 
Figure 3. Dependence of q�\�h�,̂1%/qmax,1%=f(F) for small watercourses of the Moscow region 
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Figure 4. Connection graph between the coefficient of the catchment area Kf and the catchment area F, km2 
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�>�e�y�� �q�_�l�\�_�j�l�h�c�� �]�j�m�i�i�u�� �\�h�^�h�l�h�d�h�\ 
�h�l�k�m�l�k�l�\�b�_���\�g�m�l�j�b�k�m�l�h�q�g�h�]�h���o�h�^�Z���k�l�h�d�Z���i�j�b�\�h�^�b�l��
�d�� �m�k�l�h�c�q�b�\�h�c�� �l�_�g�^�_�g�p�b�b�� �b�a�f�_�g�_�g�b�y��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�h�^�m�e�y�� �k�l�h�d�Z�� ��qmax,1%, �f3���k���d�f2���� �k��
�m�\�_�e�b�q�_�g�b�_�f�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z�� ��F���� �d�f2������ �q�l�h��
�k�i�h�k�h�[�k�l�\�m�_�l�� �� �^�h�k�l�Z�l�h�q�g�h�� �g�Z�^�_�`�g�h�f�m��
�h�i�j�_�^�_�e�_�g�b�x�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �j�_�^�m�d�p�b�b��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h �f�h�^�m�e�y�� �k�l�h�d�Z�� �\�_�j�h�y�l�g�h�k�l�b��
�i�j�_�\�u�r�_�g�b�y�� �J� �������� �h�l�j�Z�`�Z�x�s�_�f�m�� �h�[�s�b�c��
�o�Z�j�Z�d�l�_�j���a�Z�\�b�k�b�f�h�k�l�b��qmax,1%=f(F�������<���l�h���`�_���\�j�_�f�y��
�k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�e�y�� �w�l�h�c�� �]�j�m�i�i�u�� �j�_�d��
�o�Z�j�Z�d�l�_�j�g�h�c�� �q�_�j�l�h�c�� �y�\�e�y�_�l�k�y�� �r�b�j�h�d�b�c�� �^�b�Z�i�Z�a�h�g��
�b�a�f�_�g�_�g�b�c���\���a�g�Z�q�_�g�b�y�o��qmax,1% �^�e�y���h�^�g�h�c���b���l�h�c���`�_��
�i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�Z��F. 

�H�^�g�b�f���b�a���h�k�g�h�\�g�u�o���n�Z�d�l�h�j�h�\�����i�j�b�\�h�^�y�s�b�o��
�d���k�l�h�e�v���k�m�s�_�k�l�\�_�g�g�u�f���j�Z�a�[�j�h�k�Z�f�����y�\�e�y�_�l�k�y���n�h�j�f�Z��
�\�h�^�h�k�[�h�j�Z�� �\�h�^�h�l�h�d�h�\���� �D�Z�d�� �m�d�Z�a�Z�g�h�� �\�u�r�_���� �\��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �h�k�g�h�\�g�u�f�� �q�b�k�e�_�g�g�u�f��
�i�h�d�Z�a�Z�l�_�e�_�f���w�l�h�]�h���n�Z�d�l�h�j�Z���y�\�e�y�_�l�k�y���d�h�w�n�n�b�p�b�_�g�l��
�n�h�j�f�u�� �\�h�^�h�k�[�h�j�Z�� �D�n���� �d�h�l�h�j�u�c�� �h�i�j�_�^�_�e�y�_�l�k�y�� �i�h��
�n�h�j�f�m�e�_�� ���������� �G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�� �]�j�Z�n�b�d��
�k�\�y�a�b�� �D�n=f(F���� �^�e�y�� �\�h�^�h�l�h�d�h�\�� �[�Z�k�k�_�c�g�Z�� �<�_�j�o�g�_�c��
�<�h�e�]�b���� �\�d�e�x�q�Z�x�s�_�]�h�� �\�h�^�h�l�h�d�b�� �F�h�k�d�h�\�k�d�h�c��
�h�[�e�Z�k�l�b�� 

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

�������>�e�y���\�h�^�h�l�h�d�h�\���i�e�h�s�Z�^�v�x���f�_�g�_�_�����������d�f2 
�a�Z�\�b�k�b�f�h�k�l�v�� �D�n=f(F) �h�l�j�Z�`�Z�_�l�� �i�j�h�p�_�k�k�� �j�Z�a�\�b�l�b�y��
�\�h�^�h�k�[�h�j�Z�� �h�l�� �k�d�e�h�g�h�\���� �\�� �d�h�l�h�j�u�o�� �r�b�j�b�g�Z��
�\�h�^�h�k�[�h�j�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �[�h�e�v�r�_�� �^�e�b�g�u���� �d��
�\�h�^�h�l�h�d�Z�f���� �]�^�_�� �r�b�j�b�g�Z�� �\�h�^�h�k�[�h�j�Z�� �k�l�Z�g�h�\�b�l�k�y��
�k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_�� �^�e�b�g�u�� �\�h�^�h�l�h�d�Z���� �L�h�� �_�k�l�v����
�b�g�u�f�b�� �k�e�h�\�Z�f�b���� �k�d�e�h�g�u�� �i�e�h�s�Z�^�v�x�� �f�_�g�_�_�� ���� �d�f2 
�i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���\�u�l�y�g�m�l�m�x���n�h�j�f�m�����\���[�h�e�v�r�h�c��
�k�l�_�i�_�g�b�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�m�x�� �d�Z�d�� �[�u��
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�� �h�k�g�h�\�g�h�f�m�� �g�Z�i�j�Z�\�e�_�g�b�x��
�i�h�\�_�j�o�g�h�k�l�g�h�]�h���k�l�_�d�Z�g�b�y�� 

������ �N�h�j�f�Z�� �\�h�^�h�k�[�h�j�h�\�� �i�e�h�s�Z�^�v�x�� �h�d�h�e�h��
100 �d�f2 �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �m�`�_�� �m�k�l�h�c�q�b�\�m�x��
�]�j�m�r�_�\�b�^�g�m�x�� �n�h�j�f�m�� ���D�n=1,2-������������ �]�^�_�� �r�b�j�b�g�Z��
�\�h�^�h�k�[�h�j�Z�� �k�l�Z�g�h�\�b�l�k�y�� �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_��
�^�e�b�g�u���\�h�^�h�l�h�d�Z���� 

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

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

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

�G�Z�e�b�q�b�_�� �l�Z�d�b�o�� �^�Z�g�g�u�o�� �i�h�a�\�h�e�b�e�h�� �[�u��
�i�h�k�l�j�h�b�l�v�� �d�j�b�\�u�_�� �k�\�y�a�b��Fn/F=f(Ln*100/L���� �g�Z��
�i�h�^�h�[�b�b���d�j�b�\�u�o���\�_�j�h�y�l�g�h�k�l�b���j�Z�k�i�j�_�^�_�e�_�g�b�y�����]�^�_��
Fn/F �b��Ln*100/L �i�j�_�^�k�l�Z�\�e�y�e�b�� �[�u�� �h�l�g�h�k�b�l�_�e�v�g�u�_��
�a�g�Z�q�_�g�b�y�� �i�e�h�s�Z�^�_�c�� �\�h�^�h�k�[�h�j�h�\�� �^�e�y�� �h�l�^�_�e�v�g�u�o��
�m�q�Z�k�l�d�h�\��n ���\�� �h�l�g�h�k�b�l�_�e�v�g�u�o�� �_�^�b�g�b�p�Z�o���� �b��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �b�f�� �^�e�b�g�� �]�e�Z�\�g�h�]�h�� �j�m�k�e�Z�� ���\��
�i�j�h�p�_�g�l�Z�o���� 

�G�Z�� �h�k�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �w�l�b�o�� �a�Z�\�b�k�b�f�h�k�l�_�c��
�i�h�y�\�b�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �\�u�j�Z�[�h�l�d�b�� �i�j�b�g�p�b�i�h�\��
�]�j�m�i�i�b�j�h�\�d�b �j�_�d�� �i�h�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �d�j�b�\�u�o��
�k�\�y�a�b��Fn/F=f(Ln*100/L���� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_����
�m�l�h�q�g�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �j�_�^�m�d�p�b�b��
�f�Z�d�k�b�f�Z�e�v�g�u�o���f�h�^�m�e�_�c���k�l�h�d�Z���� 

�H�� �i�h�d�Z�a�Z�l�_�e�_�� �Q���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�f��
�l�_�g�^�_�g�p�b�x�� �b�a�f�_�g�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z��
�^�j�m�`�g�h�k�l�b�� �i�h�e�h�\�h�^�v�y�� ���D0���� �k�� �m�\�_�e�b�q�_�g�b�_�f��
�i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�Z�����)�����d�f2) 

�<���g�h�j�f�Z�l�b�\�g�u�o �^�h�d�m�f�_�g�l�Z�o�� �h�i�j�_�^�_�e�_�g�b�_��
�j�Z�k�q�_�l�g�u�o�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u��
�\�_�k�_�g�g�_�]�h���i�h�e�h�\�h�^�v�y���\�_�j�h�y�l�g�h�k�l�b���i�j�_�\�u�r�_�g�b�y���J% 
�i�j�h�b�a�\�h�^�b�l�k�y�� �i�h�� �n�h�j�f�m�e�Z�f���� �b�k�i�h�e�v�a�m�x�s�b�f��
�d�h�w�n�n�b�p�b�_�g�l�� �^�j�m�`�g�h�k�l�b�� �i�h�e�h�\�h�^�v�y�� �D0���� �d�h�l�h�j�u�c��
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Figure 5. Connection graph �-�4
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Figure 6. Connection graph h1%spring flood=f(F) for watercourses of the Moscow region 
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 Abstract. In August 2020, an experiment was 
conducted to measure the velocity of an artificial 
coherent mudflow on a laboratory stand. The stand is 
a rectangular cross-section tray with a length of 
3.0 m, a width of 0.25 m, a depth of 0.25 m, slope �± 
�����ƒ������ racks were installed in the tray to measure the 
hydrodynamic pressure of the mudflow. The 
movement of the mudflow was filmed by a high-
speed video camera. Velocity of artificial mudflow 
were measured. Most of the mudflow mixture soil is 
made up of particles less than 0.25 mm in size (34%). 
The density of the prepared mudflow mixture was 
���×������ kg/m3. Density of mudflow deposits 
���×������ kg/m3. Despite the small values of the 
Reynolds number, the turbulent movement of the 
mudflow was observed. Comparison of the results of 
the measured mudflow velocities with the velocities 
calculated by different methods of calculating the 
mudflow velocity based on the structure of the Shezi 
formula (for Newtonian fluids) showed a strong 
variation of the calculated values. The methods either 
greatly overestimate or, on the contrary, greatly 
underestimate the measured values. This is probably 
due to the fact that the connected mudflow is not a 
Newtonian fluid, but a non-Newtonian fluid. The 
closest physical analogue of a connected mudflow is 
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a pseudoplastic (non-Newtonian) fluid whose 
viscosity decreases with increasing shear stress. As a 
physical model of a connected mudflow, it is 
advisable to use the Bingham fluid model, the flow 
of which is similar to the flow of coherent debris-
flows and mudflows. 
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 Keywords: coherent mudflow; mudflow; mudflow 
process; mudflow velocity; mudflow tray; mudflow 
deposits; debris-flows; a hydrodynamic pressure 
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�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o�� �h�j�]�Z�g�b�a�Z�p�b�y�o�� �=�j�m�a�G�B�B�=�b�F����
�:�j�f�G�B�B�=���� �G�B�B�� �l�j�Z�g�k�i�h�j�l�g�h�]�h�� �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �b��
�F�=�M���>�N�e�_�c�r�f�Z�g�������������@�� 
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�G�_�k�f�h�l�j�y�� �g�Z�� �l�h�� �q�l�h�� �b�k�k�e�_�^�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�\�y�a�g�u�o�� �k�_�e�_�c�� �g�Z�� �e�Z�[�h�j�Z�l�h�j�g�u�o��
�k�_�e�_�\�u�o�� �e�h�l�d�Z�o�� �b�f�_�_�l�� �j�y�^�� �g�_�^�h�k�l�Z�l�d�h�\�� ���f�Z�e�Z�y��
�^�e�b�g�Z�� �e�h�l�d�h�\���� �f�Z�e�u�_�� �h�[�t�z�f�u�� �b�� �]�e�m�[�b�g�Z�� �k�_�e�_�c�� �b��
�l�Z�d���^�Z�e�_�_�������l�Z�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���\�k�z���`�_���i�h�a�\�h�e�y�x�l��
�i�h�e�m�q�b�l�v�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �h��
�n�b�a�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o���k�_�e�_�\�u�o���k�f�_�k�_�c���b���h�[��
�h�[�s�b�o�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�y�o�� �^�b�g�Z�f�b�d�b�� �\�y�a�d�b�o��
�i�h�l�h�d�h�\���� �g�_�h�[�o�h�^�b�f�u�o�� �^�e�y�� �n�b�a�b�q�_�k�d�h�]�h��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���k�_�e�_�c�����<�������������]�h�^�m���k�_�e�_�\�h�c���e�h�l�h�d��
�[�u�e�� �k�h�a�^�Z�g�� �\�� �K�D�;�� �K�:�F�B�� �>�<�H�� �J�:�G�� �\�� �]�h�j�h�^�_��
�X�`�g�h-�K�Z�o�Z�e�b�g�k�d���>�D�Z�a�Z�d�h�\���b���^�j���������������@�� 

�F�_�l�h�^�b�d�Z���w�d�k�i�_�j�b�f�_�g�l�Z 

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

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

�K�_�e�_�\�h�c�� �e�h�l�h�d�� �^�e�b�g�h�c�� �������� �f���� �r�b�j�b�g�h�c��
0,25 �f�����]�e�m�[�b�g�h�c�������������f���>�D�Z�a�Z�d�h�\���b���^�j���������������@���[�u�e��
�m�k�l�Z�g�h�\�e�_�g���k���m�d�e�h�g�h�f�������ƒ���� 

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

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

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

�K�_�e�_�\�Z�y�� �k�f�_�k�v�� �[�u�e�Z�� �i�j�b�]�h�l�h�\�e�_�g�Z�� �b�a��
�^�j�_�k�\�y�g�h-�s�_�[�_�g�b�k�l�h�]�h�� �w�e�x�\�b�Z�e�v�g�h-
�^�_�e�x�\�b�Z�e�v�g�h�]�h�� �]�j�m�g�l�Z�� �\�h�a�j�Z�k�l�h�f�� �4IV �k��
�k�m�]�e�b�g�b�k�l�u�f�� �a�Z�i�h�e�g�b�l�_�e�_�f�� ���e�z�]�d�b�c�� �b�� �k�j�_�^�g�b�c��
�k�m�]�e�b�g�h�d�� �^�h�� ���������� �i�e�h�l�g�h�k�l�v�x�� �\�� �_�k�l�_�k�l�\�_�g�g�h�f��
�a�Z�e�_�]�Z�g�b�b�� ���×�������� �d�]���f3���� �I�e�h�l�g�h�k�l�v�� �k�m�]�e�b�g�d�Z�� �± 
���×������ �d�]���f3.  

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

�I�j�_�h�[�e�Z�^�Z�x�s�Z�y�� �q�Z�k�l�v�� �l�h�g�d�h�^�b�k�i�_�j�k�g�u�o��
�n�j�Z�d�p�b�c�� �]�j�m�g�l�Z�� �k�_�e�_�\�h�c�� �k�f�_�k�b�� �i�j�_�^�k�l�Z�\�e�_�g�Z��
�i�u�e�_�\�Z�l�u�f�b�� �q�Z�k�l�b�p�Z�f�b�� �j�Z�a�f�_�j�h�f�� �f�_�g�_�_�� ���������� �f�f��
���l�Z�[�e�b�p�Z�����������I�h�d�Z�a�Z�l�_�e�v���l�_�d�m�q�_�k�l�b���± 0,25<JL�”������������
�=�j�m�g�l���h�l�g�h�k�b�l�k�y���d���l�m�]�h�i�e�Z�k�l�b�q�g�u�f���k�m�]�e�b�g�d�Z�f���� 

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

�I�h�l�h�d�� �b�a�� �i�h�^�]�h�l�h�\�e�_�g�g�h�c�� �k�_�e�_�\�h�c�� �k�f�_�k�b��
�[�u�e���i�m�s�_�g���i�h���e�h�l�d�m���� �I�e�h�l�g�h�k�l�v���i�h�^�]�h�l�h�\�e�_�g�g�h�c��
�k�_�e�_�\�h�c�� �k�f�_�k�b�� �k�h�k�l�Z�\�b�e�Z�� ���×�������� �d�]���f3 ���l�Z�[�e�b�p�Z�� ��������
�>�e�b�g�Z���i�m�l�b���k�_�e�y���k�h�k�l�Z�\�b�e�Z�������������f�� 

 
�J�b�k�m�g�h�d������ �K�_�e�_�\�u�_���h�[�f�Z�a�d�b���g�Z���\�_�r�d�_���i�h�d�Z�a�u�\�Z�x�l���\�_�e�b�q�b�g�m���]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h���g�Z�i�h�j�Z���k�_�e�y 
Figure 1. Mudflow coatings on the rod show the value of the hydrodynamic pressure of the mudflow 
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�L�Z�[�e�b�p�Z������ �=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���]�j�m�g�l�h�\���^�e�y���i�h�^�]�h�l�h�\�d�b���k�_�e�_�\�h�c���k�f�_�k�b 
Table 1. Granulometric composition of soils for the preparation of debris-flow mixture 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�]�h�j�g�h�c���i�h�j�h�^�u 

Name of rock 

�=�_�h�e�h�]�b�q�_�k�d�b�c��
�\�h�a�j�Z�k�l���b 
�]�_�g�_�a�b�k 

Geological age 
and Genesis 

�=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\, % 

Granulometric composition, %  

�S�_�[�_�g�v 

Crushed 

�>�j�_�k�\�Z 

Gravel 

�I�_�k�h�d 

Sand 

�I�u�e�_�\�Z�l�u�_��
�q�Z�k�l�b�p�u 

Dusty 
particles 

�J�Z�a�f�_�j �q�Z�k�l�b�p, 
�f�f   

Particle size, 
mm 

20-10 10-5 5-2 2-1 1-0,5 0,5-0,25 <0,25 

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

Dry-crushed soil with 
loamy aggregate up to 
45%, medium density, 
wet 

�j�G�4IV 18,2 15,6 14,5 8,9 5,1 3,3 34,3 

�L�Z�[�e�b�p�Z���������O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�_�e�_�\�h�c���k�f�_�k�b 
Table 2. Characteristics of the mudflow mixture 
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�G�h�j�f�Z�l�b�\�g�u�_���a�g�Z�q�_�g�b�y 
Standard values 
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1�×880 ���×������ 0,17 9,29 0,47 0,044 39 30 14,675 

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

�ä
L
�� �Ü�Û�.

�6�Î
 (1) 

�]�^�_ �� �± �^�b�g�Z�f�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����f�f2���k�� 
�! �± �i�e�h�l�g�h�k�l�v �k�_�e�_�\�h�c���k�f�_�k�b�����d�]���f3; 

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

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

�K
L
�œ

��
 (2) 
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�]�^�_ �� �± �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����f�f2���k���� 
�! �± �i�e�h�l�g�h�k�l�v���k�_�e�_�\�h�c���k�f�_�k�b�����]���k�f3. 

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

������ �K�d�h�j�h�k�l�v�� �k�_�e�y�� �i�h�� �\�_�e�b�q�b�g�_��
�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h���g�Z�i�h�j�Z1: 

�7 
L 
§�6�Ú�¿�Û

�»
 (3) 

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

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

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

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

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

�������K�d�h�j�h�k�l�v���k�_�e�y���i�h���B���B�����O�_�j�o�_�m�e�b�^�a�_2: 

�R�Ö
L �v�á�z�u�D�4�á�9�:�O�E�J�Ù�;�4�á�6�9 (5) 

�]�^�_ 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����

�Å�� 
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�]�^�_ m �± �d�h�w�n�n�b�p�b�_�g�l���r�_�j�h�o�h�\�Z�l�h�k�l�b���� 
R �± �]�b�^�j�Z�\�e�b�q�_�k�d�b�c���j�Z�^�b�m�k���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�����]�j�Z�^������ 
�!�l���± �i�e�h�l�g�h�k�l�v���g�Z�g�h�k�h�\�����l���f3; 
�!�k �± �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. 

������ �K�d�h�j�h�k�l�v�� �k�_�e�y�� �i�h�� �D�o�Z�g�g�m�� �>�=�h�e�m�[�p�h�\����
1969]: 

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

                                                           
1 �J�m�d�h�\�h�^�k�l�\�h���i�h���b�a�m�q�_�g�b�x���k�_�e�_�\�u�o���i�h�l�h�d�h�\�����E���� �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
2 �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�� �F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 

�]�^�_ 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�����]�j�Z�^�� 

������ �K�d�h�j�h�k�l�v�� �k�_�e�y�� �i�h�� �>�D�j�x�d�h�\���� �;�m�l�_�g�d�h����
2013]: 

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

�-
�/ �A (8) 

�]�^�_ 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�z�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���j�Z�\�g�u�f�����������f���k�� 

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

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

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

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

 
�J�b�k�m�g�h�d������ �K�_�e�_�\�u�_���h�l�e�h�`�_�g�b�y 

Figure 2. Mudflow deposits 
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�J�b�k�m�g�h�d������ �K�l�Z�^�b�b���^�\�b�`�_�g�b�y �b�k�d�m�k�k�l�\�_�g�g�h�]�h���]�j�y�a�_�\�h�]�h���k�_�e�y���\���e�h�l�d�_�����\�j�_�f�y���h�l���g�Z�q�Z�e�Z���^�\�b�`�_�g�b�y�����k�� 

Figure 3. Stages of an artificial mudflow movement in a tray (time from the beginning of the movement, s) 

�J�Z�k�k�q�b�l�Z�g�g�h�_�� �^�e�y�� �k�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h��
�]�j�y�a�_�\�h�]�h�� �k�_�e�y�� �q�b�k�e�h�� �J�_�c�g�h�e�v�^�k�Z�� ����������������
�l�Z�[�e�b�p�Z ������ �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �e�Z�f�b�g�Z�j�g�h�]�h�� �j�_�`�b�f�Z��
�l�_�q�_�g�b�y���� �H�^�g�Z�d�h�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �i�h�l�h�d��
�\�b�a�m�Z�e�v�g�h�� �[�u�e�� �h�i�j�_�^�_�e�z�g�� �b�f�_�g�g�h�� �d�Z�d��
�l�m�j�[�m�e�_�g�l�g�u�c�����g�_�k�f�h�l�j�y���g�Z���f�Z�e�u�_���a�g�Z�q�_�g�b�y���q�b�k�e�Z��
�J�_�c�g�h�e�v�^�k�Z���� �\�� �i�h�l�h�d�_�� �g�Z�[�e�x�^�Z�e�h�k�v�� �\�u�j�Z�`�_�g�g�h�_��
�\�b�o�j�_�\�h�_�� �^�\�b�`�_�g�b�_���� �I�_�j�_�f�_�r�b�\�Z�g�b�_�� �k�_�e�_�\�h�c��
�k�f�_�k�b�� �b�� �i�_�j�_�f�_�s�_�g�b�_�� �h�[�e�h�f�d�h�\�� �j�Z�a�f�_�j�h�f�� ��5 �k�f��
���k�h�b�a�f�_�j�b�f�u�o�� �k�� �]�e�m�[�b�g�h�c�� �b�� �r�b�j�b�g�h�c�� �i�h�l�h�d�Z����
�i�j�h�b�k�o�h�^�b�e�h���g�Z���i�j�h�l�y�`�_�g�b�b���\�k�_�]�h���^�\�b�`�_�g�b�y���k�_�e�y�� 

�I�h�� �w�l�h�f�m�� �f�u�� �k�h�]�e�Z�k�g�u�� �k�� �f�g�_�g�b�_�f��
�K���F�� �N�e�_�c�r�f�Z�g�Z���h���l�h�f�����q�l�h���_�k�e�b���^�e�y���^�\�m�o�n�Z�a�g�u�o��
�i�h�l�h�d�h�\�� ���g�Z�g�h�k�h�\�h�^�g�u�o���� �k�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�c��
�\�y�a�d�h�k�l�v�x�� �^�b�k�i�_�j�k�b�h�g�g�h�c�� �k�j�_�^�u�� �d�j�b�l�b�q�_�k�d�h�_��

�a�g�Z�q�_�g�b�_���q�b�k�e�Z���J�_�c�g�h�e�v�^�k�Z���i�j�b���i�_�j�_�o�h�^�_���i�h�l�h�d�Z���d��
�l�m�j�[�m�e�_�g�l�g�h�f�m���j�_�`�b�f�m���i�j�_�\�u�r�Z�_�l�����×������-���×�����������l�h��
�^�e�y�� �d�\�Z�a�b�h�^�g�h�n�Z�a�g�u�o�� �k�\�y�a�g�u�o�� �k�_�e�_�c���� �\�y�a�d�h�k�l�v��
�d�h�l�h�j�u�o�� �\�� �k�h�l�g�b�� �j�Z�a�� �i�j�_�\�u�r�Z�_�l�� �\�y�a�d�h�k�l�v�� �\�h�^�u����
�a�g�Z�q�_�g�b�y�� �q�b�k�e�Z�� �J�_�c�g�h�e�v�^�k�Z�� �i�j�b�� �l�m�j�[�m�e�_�g�l�g�h�f��
�j�_�`�b�f�_���^�\�b�`�_�g�b�y���f�h�]�m�l���g�_���i�j�_�\�u�r�Z�l�v���a�g�Z�q�_�g�b�_��5 
�>�N�e�_�c�r�f�Z�g�������������@�� 

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



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 2, �<�u�i���� 2020 

 

 
 411 

 

 



2020 Vol.2, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

412  
 

 
�J�b�k�m�g�h�d������ �L�m�j�[�m�e�_�g�l�g�u�c���j�_�`�b�f���l�_�q�_�g�b�y��

�g�Z�g�h�k�h�\�h�^�g�h�]�h���i�h�l�h�d�Z 
Figure 4. Turbulent flow regime of the suspended 

stream  

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

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

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

�I�h�k�e�_�� �i�j�h�o�h�`�^�_�g�b�y�� �k�_�e�y�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c�� �i�e�h�l�g�h�k�l�v�� �k�_�e�_�\�h�c�� �k�f�_�k�b��
�m�\�_�e�b�q�b�e�Z�k�v���g�Z�����������k�����×���������d�]���f3 �^�h�����×���������d�]���f3 �m��
�k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c�� ���l�Z�[�e�b�p�Z�� �������� �<�� �k�\�y�a�b�� �k�� �w�l�b�f��
�\�h�a�g�b�d�Z�_�l�� �k�h�f�g�_�g�b�_�� �\�� �i�j�Z�\�h�f�_�j�g�h�k�l�b��
�h�i�j�_�^�_�e�_�g�b�y�� �i�e�h�l�g�h�k�l�b�� �k�_�e�_�\�h�c�� �k�f�_�k�b�� �i�m�l�z�f��
�k�j�Z�\�g�_�g�b�y�� �n�h�j�f�� �h�[�j�Z�a�p�h�\�� �k�_�e�_�\�h�c�� �k�f�_�k�b����
�i�j�b�\�_�^�z�g�g�u�o�� �d�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�f�m�� �k�h�k�l�h�y�g�b�x���� �k��
�_�k�l�_�k�l�\�_�g�g�u�f�b���n�h�j�f�Z�f�b���h�[�f�Z�a�d�b3. 

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

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

�I�j�b���h�[�l�_�d�Z�g�b�b���k�_�e�_�f���\�_�r�d�b���‹�×�� �i�j�h�b�a�h�r�e�h��
�j�Z�a�^�_�e�_�g�b�_���i�h�l�h�d�Z���g�Z�������j�m�d�Z�\�Z�����j�b�k�m�g�h�d�������� 

                                                           
3 �L�Z�f���`�_�� 

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

�G�Z�� �m�q�Z�k�l�d�_�� �‹�×���� ���i�h�k�e�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k��
�\�_�r�d�h�c�� �‹�×������ �k�d�h�j�h�k�l�v�� �i�j�Z�\�h�]�h�� �j�m�d�Z�\�Z�� �j�_�a�d�h��
�\�h�a�j�h�k�e�Z�� ���l�Z�[�e�b�p�Z�� ����, �q�l�h�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v��
�k�g�b�`�_�g�b�_�f�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �\�y�a�d�h�k�l�b�� �i�h�l�h�d�Z��
�\�k�e�_�^�k�l�\�b�_���_�]�h���j�Z�a�^�_�e�_�g�b�y���g�Z�������j�m�d�Z�\�Z�����d�Z�`�^�u�c���b�a��
�d�h�l�h�j�u�o���b�f�_�e���r�b�j�b�g�m�����������f���i�j�b���]�e�m�[�b�g�_�������������f�� 

�I�j�b�� �h�[�l�_�d�Z�g�b�b�� �k�_�e�_�f�� �\�_�r�d�b�� �‹�×���� �i�h�l�h�d��
�l�Z�d�`�_�� �j�Z�a�^�_�e�b�e�k�y�� �g�Z�� ���� �j�m�d�Z�\�Z���� �h�^�g�Z�d�h�� �k�e�b�y�g�b�_��
�j�m�d�Z�\�h�\���i�h�l�h�d�Z���i�j�h�b�a�h�r�e�h���q�_�j�_�a�������������k���� 

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

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

�G�Z�i�j�h�l�b�\���� �k�d�h�j�h�k�l�v�� �k�_�e�y�� �i�j�b�� �i�h�^�o�h�^�_�� �d��
�\�_�r�d�_�� �‹�×���� �\�g�h�\�v�� �\�h�a�j�h�k�e�Z���� �g�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h��
�j�m�d�Z�\�Z�� �i�h�l�h�d�Z�� �k�e�b�e�b�k�v�� �\�� �h�^�b�g�� �b�� �^�b�g�Z�f�b�q�_�k�d�Z�y��
�\�y�a�d�h�k�l�v�� �i�h�l�h�d�Z�� �^�h�e�`�g�Z�� �[�u�e�Z�� �\�h�a�j�Z�k�l�b��
���l�Z�[�e�b�p�Z 4). 

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

�K�e�_�^�m�_�l�� �h�^�g�Z�d�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�b�Z�f�_�l�j��
�\�_�r�d�b���‹�×�����[�h�e�v�r�_�����q�_�f���^�b�Z�f�_�l�j���\�_�r�_�d���‹�‹�×������������
�Z���]�e�m�[�b�g�Z���i�h�l�h�d�Z���± �[�h�e�v�r�_���� 

�B�g�l�_�j�_�k�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�g�_�`�g�h�c���e�Z�\�b�g�u���k���i�j�_�i�y�l�k�l�\�b�_�f��
�\�� �\�b�^�_�� �k�l�h�e�[�Z���� �d�h�e�h�g�g�u�� �b�� �l�h�f�m�� �i�h�^�h�[�g�u�f����
�m�k�l�Z�g�h�\�e�_�g�g�h�]�h�� �\�� �a�h�g�_�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �k�d�h�j�h�k�l�_�c��
�e�Z�\�b�g�u���� �i�j�b�\�h�^�b�l�� �d�� �k�g�b�`�_�g�b�x�� �k�d�h�j�h�k�l�b�� �b��
�^�Z�e�v�g�h�k�l�b�� �\�u�[�j�h�k�Z�� �e�Z�\�b�g�� �>�J�`�_�\�k�d�b�c�����������@����
�<�h�a�f�h�`�g�h�� �w�l�h�� �h�[�t�y�k�g�y�_�l�k�y�� �l�_�f���� �q�l�h�� �k�d�h�j�h�k�l�v��
�e�Z�\�b�g�u�� �g�Z�� �i�h�j�y�^�h�d�� �[�h�e�v�r�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y���� �Z��
�i�e�h�l�g�h�k�l�v���± �g�Z���i�h�j�y�^�h�d���f�_�g�v�r�_�� 
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�J�b�k�m�g�h�d������ �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_���k�l�Z�^�b�b���h�[�l�_�d�Z�g�b�y���\�_�r�d�b���‹�×�����]�j�y�a�_�\�u�f���k�_�e�_�f 

Figure 5. Interaction of mudflow with an obstacle. Rod �‹�×1 

�L�Z�[�e�b�p�Z���������M�k�e�h�\�b�y���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�_�e�y���k���i�j�_�i�y�l�k�l�\�b�_�f 
Table 4. Conditions of the interaction the mudflow with an obstacle 
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1 1,03 
0,25 

0,022 0,09 0,040 0,55 0,07 1,91 1,49 
2 1,49 0,018 0,07 0,030 0,60 0,07 1,00 1,39 
3 1,98 0,016 0,06 0,023 0,70 0,04 1,64 1,82 
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�L�Z�[�e�b�p�Z���������K�j�Z�\�g�_�g�b�_���a�g�Z�q�_�g�b�c���k�d�h�j�h�k�l�b���]�j�y�a�_�\�h�]�h���k�_�e�y�����j�Z�k�k�q�b�l�Z�g�g�u�o���i�h���j�Z�a�g�u�f���f�_�l�h�^�b�d�Z�f 
Table 5. A comparison of the values of the mudflow velocity, calculated by different methods 

�‹�‹��
�m�q�Z�k�l�d�Z 

�‹�‹�� of 
site 

�B�a�f�_�j�_�g�g�Z�y��
�k�d�h�j�h�k�l�v�����f���k 

Measured 
velocity, m/s 

�J�Z�k�k�q�b�l�Z�g�g�Z�y���k�d�h�j�h�k�l�v�����f���k 
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1 1,91 1,58 2,20 1,66 0,81 1,79 3,42 
2 1,00 1,19 1,90 1,59 0,70 1,55 2,89 

3 1,64 1,34 1,66 1,54 0,61 1,36 2,48 

4 1,90  1,74 1,56 0,64 1,42 2,60 
�K�j�_�^�g�_�_ 1,59  1,74 1,56 0,64 1,42 2,60 

 
�K�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�a�f�_�j�_�g�g�u�o��

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

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

�A�g�Z�q�_�g�b�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y���� �h�i�j�_�^�_�e�z�g�g�h�_�� �i�h��
�n�h�j�f�m�e�_�� �<���<���� �=�h�e�m�[�p�h�\�Z���� �\�� �^�\�m�o�� �k�e�m�q�Z�y�o�� �g�b�`�_��
�b�a�f�_�j�_�g�g�h�c�� �k�d�h�j�h�k�l�b���� �\�� �l�j�z�o�� �k�e�m�q�Z�y�o�� �± �\�u�r�_��
�b�a�f�_�j�_�g�g�h�c���� 

�A�g�Z�q�_�g�b�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y���� �h�i�j�_�^�_�e�z�g�g�h�_�� �i�h 
�n�h�j�f�m�e�_�� �F���N���� �K�j�b�[�g�h�]�h���� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o�� �g�b�`�_��
�b�a�f�_�j�_�g�g�h�c�� �k�d�h�j�h�k�l�b���� �H�^�g�Z�d�h�� �j�Z�k�k�q�b�l�Z�g�g�Z�y��
�k�d�h�j�h�k�l�v�� �i�j�h�o�h�`�^�_�g�b�y�� �k�_�e�_�f�� �\�k�_�]�h�� �e�h�l�d�Z��

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

�A�g�Z�q�_�g�b�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y���� �h�i�j�_�^�_�e�z�g�g�h�_�� �i�h��
�n�h�j�f�m�e�_�� �B���B���� �O�_�j�o�_�m�e�b�^�a�_���� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o��
�g�Z�f�g�h�]�h���g�b�`�_���b�a�f�_�j�_�g�g�h�c���� 

�A�g�Z�q�_�g�b�_�� �k�d�h�j�h�k�l�b�� �k�_�e�y���� �h�i�j�_�^�_�e�z�g�g�h�_�� �i�h��
�?���<���� �D�j�x�d�h�\�m���� �<���F���� �;�m�l�_�g�d�h���� �\�� �q�_�l�u�j�z�o�� �k�e�m�q�Z�y�o��
�g�b�`�_�� �b�a�f�_�j�_�g�g�h�c�� �k�d�h�j�h�k�l�b���� �\�� �h�^�g�h�f�� �± �g�Z�f�g�h�]�h��
�\�u�r�_���� 

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

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

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



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 2, �<�u�i���� 2020 

 

 
 415 

 

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

�K�_�e�_�\�Z�y�� �k�f�_�k�v�� �d�Z�d�� �g�_�g�v�x�l�h�g�h�\�k�d�Z�y��
�`�b�^�d�h�k�l�v 

�D�Z�d�� �m�d�Z�a�u�\�Z�e�h�k�v�� �\�u�r�_���� �\�k�_ �i�j�h�\�_�j�_�g�g�u�_��
�g�Z�f�b �f�_�l�h�^�b�d�b�� �j�Z�k�q�z�l�Z�� �k�d�h�j�h�k�l�b�� �k�_�e�y �h�k�g�h�\�Z�g�u��
�g�Z�� �k�l�j�m�d�l�m�j�_�� �n�h�j�f�m�e�u�� �R�_�a�b���� �m�j�Z�\�g�_�g�b�b�� �^�e�y��
�g�v�x�l�h�g�h�\�k�d�b�o���`�b�^�d�h�k�l�_�c�����H�^�g�Z�d�h���k���l�h�q�d�b���a�j�_�g�b�y��
�n�b�a�b�d�b�� �k�\�y�a�g�u�c�� �k�_�e�v�� �g�_�� �y�\�e�y�_�l�k�y�� �k�m�k�i�_�g�a�b�_�c 
�>�D�Z�a�Z�d�h�\���� ���������@���� �Z�� �y�\�e�y�_�l�k�y�� �g�_�g�v�x�l�h�g�h�\�k�d�h�c��
�`�b�^�d�h�k�l�v�x�����L�Z�d�h�]�h���\�a�]�e�y�^�Z���i�j�b�^�_�j�`�b�\�Z�_�l�k�y���b���j�y�^��
�^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �>�G�Z�l�b�r�\�b�e�b���� �L�_�\�a�Z�^�a�_����
2007].  

�I�h�� �g�Z�r�_�f�m�� �f�g�_�g�b�x���� �g�Z�b�[�h�e�_�_�� �[�e�b�a�d�b�c��
�n�b�a�b�q�_�k�d�b�c�� �Z�g�Z�e�h�]�� �k�\�y�a�g�h�]�h�� �k�_�e�y�� �± �d�h�e�e�h�b�^�g�Z�y��
�k�b�k�l�_�f�Z���>�D�Z�a�Z�d�h�\���� ���������@�� �b�e�b���i�k�_�\�^�h�i�e�Z�k�l�b�q�g�Z�y��
�`�b�^�d�h�k�l�v���� �\�y�a�d�h�k�l�v�� �d�h�l�h�j�h�c�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�j�b��
�m�\�_�e�b�q�_�g�b�b���g�Z�i�j�y�`�_�g�b�y���k�^�\�b�]�Z�� 

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

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

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

�<�u�\�h�^�u 

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

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

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

4. �K�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�a�f�_�j�_�g�g�u�o��
�k�d�h�j�h�k�l�_�c���k�_�e�y���k�h���k�d�h�j�h�k�l�y�f�b�����j�Z�k�k�q�b�l�Z�g�g�u�f�b���i�h��
�j�Z�a�e�b�q�g�u�f�� �f�_�l�h�^�b�d�Z�f �j�Z�k�q�z�l�Z�� �k�d�h�j�h�k�l�b�� �k�_�e�y�� 
�h�k�g�h�\�Z�g�g�u�f�� �g�Z�� �k�l�j�m�d�l�m�j�_�� �n�h�j�f�m�e�u�� �R�_�a�b�� ���^�e�y��
�g�v�x�l�h�g�h�\�k�d�b�o�� �`�b�^�d�h�k�l�_�c���� �i�h�d�Z�a�Z�e�h�� �k�b�e�v�g�u�c��
�j�Z�a�[�j�h�k�� �j�Z�k�k�q�b�l�Z�g�g�u�o�� �a�g�Z�q�_�g�b�c���� �F�_�l�h�^�b�d�b�� �e�b�[�h��
�k�b�e�v�g�h�� �a�Z�\�u�r�Z�x�l���� �e�b�[�h���� �g�Z�h�[�h�j�h�l���� �k�b�e�v�g�h��
�a�Z�g�b�`�Z�x�l�� �b�a�f�_�j�_�g�g�u�_�� �a�g�Z�q�_�g�b�y���� �<�_�j�h�y�l�g�h�� �w�l�h��
�\�u�a�\�Z�g�h�� �l�_�f���� �q�l�h�� �k�\�y�a�g�u�c�� �k�_�e�v�� �g�_�� �y�\�e�y�_�l�k�y��
�g�v�x�l�h�g�h�\�k�d�h�c���`�b�^�d�h�k�l�v�x�����Z���y�\�e�y�_�l�k�y���`�b�^�d�h�k�l�v�x��
�g�_�g�v�x�l�h�g�h�\�k�d�h�c�� 

5. �G�Z�b�[�h�e�_�_�� �[�e�b�a�d�b�c�� �n�b�a�b�q�_�k�d�b�c�� �Z�g�Z�e�h�]��
�k�\�y�a�g�h�]�h�� �k�_�e�y�� �± �i�k�_�\�^�h�i�e�Z�k�l�b�q�g�Z�y�� �`�b�^�d�h�k�l�v����
�\�y�a�d�h�k�l�v�� �d�h�l�h�j�h�c�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b��
�g�Z�i�j�y�`�_�g�b�y�� �k�^�\�b�]�Z�����I�h�� �w�l�h�c�� �i�j�b�q�b�g�_�� �k�d�h�j�h�k�l�v��
�k�\�y�a�g�u�o�� �]�j�y�a�_�\�u�o�� �b�� �]�j�y�a�_�d�Z�f�_�g�g�u�o�� �k�_�e�_�c��
�g�_�h�[�o�h�^�b�f�h�� �j�Z�k�k�q�b�l�u�\�Z�l�v�� �d�Z�d�� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�h�\��
�g�_�g�v�x�l�h�g�h�\�k�d�b�o�� �`�b�^�d�h�k�l�_�c�����<�� �d�Z�q�_�k�l�\�_��
�n�b�a�b�q�_�k�d�h�c���f�h�^�_�e�b���k�\�y�a�g�h�]�h���k�_�e�y���p�_�e�_�k�h�h�[�j�Z�a�g�h��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �f�h�^�_�e�v�� �;�b�g�]�Z�f�h�\�k�d�h�c�� �`�b�^�d�h�k�l�b����
�l�_�q�_�g�b�_���d�h�l�h�j�h�c���i�h�^�h�[�g�h���l�_�q�_�g�b�x���k�\�y�a�g�u�o���k�_�e�_�c��
���]�j�y�a�_�\�u�o���b���]�j�y�a�_�d�Z�f�_�g�g�u�o���� 

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

 



2020 Vol.2, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

416  
 

�E�b�l�_�j�Z�l�m�j�Z References 

�=�h�e�m�[�p�h�\���<���<�� �H���]�b�^�j�Z�\�e�b�q�_�k�d�h�f���k�h�i�j�h�l�b�\�e�_�g�b�b��
�b���n�h�j�f�m�e�_���^�e�y���j�Z�k�q�_�l�Z���k�j�_�^�g�_�c���k�d�h�j�h�k�l�b���l�_�q�_�g�b�y��
�]�h�j�g�u�o���j�_�d���������L�j�m�^�u���D�Z�a�G�B�=�F�B�����������������<�u�i������������
�K��������-41. 

�=�h�g�q�Z�j�h�\�� �<���G�����>�b�g�Z�f�b�d�Z�� �j�m�k�e�h�\�u�o�� �i�h�l�h�d�h�\�� 
�E���� �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 

�D�Z�a�Z�d�h�\�� �G���:�����N�Z�a�h�\�u�_�� �i�_�j�_�o�h�^�u�� �\�� �k�_�e�_�\�h�c��
�]�_�h�k�b�k�l�_�f�_�� ������ �=�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���� ������������ �L���� ������ �<�u�i���� ������ �K���� ������-189. 
DOI: 10.34753/HS.2019.1.2.001. 

�D�Z�a�Z�d�h�\�� �G���:������ �;�h�[�j�h�\�Z�� �>���:������ �D�Z�a�Z�d�h�\�Z�� �?���G������
�J�u�[�Z�e�v�q�_�g�d�h���K���<�� �B�k�k�e�_�^�h�\�Z�g�b�_ �^�b�g�Z�f�b�d�b���k�_�e�_�c��
�g�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�� �k�l�_�g�^�_�� ������ �=�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�����������������L�����������<�u�i����������
�K����������-503. DOI: 10.34753/HS.2019.1.4.490. 

�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�������������������������k�� 

�G�Z�l�b�r�\�b�e�b�� �H���=������ �L�_�\�a�Z�^�a�_�� �<���B�� �H�k�g�h�\�u��
�^�b�g�Z�f�b�d�b���k�_�e�_�c�� �L�[�b�e�b�k�b�������������������������k��  

�J�`�_�\�k�d�b�c�� �;���G�� �H�p�_�g�d�Z�� �l�h�j�f�h�a�y�s�_�c�� �j�h�e�b��
�h�^�b�g�h�q�g�h�]�h���i�j�_�i�y�l�k�l�\�b�y�����h�[�l�_�d�Z�_�f�h�]�h���e�Z�\�b�g�g�u�f��
�i�h�l�h�d�h�f�� ������ �<�h�i�j�h�k�u�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y����
�k�l�j�h�b�l�_�e�v�k�l�\�Z���b���j�_�d�h�g�k�l�j�m�d�p�b�b���`�_�e�_�a�g�u�o���^�h�j�h�]��
�K�b�[�b�j�b���� �f�_�`�\�m�a�h�\�k�d�b�c�� �k�[�h�j�g�b�d�� �g�Z�m�q�g�u�o��
�l�j�m�^�h�\�����G�h�\�h�k�b�[�b�j�k�d�����������������K����������-109. 

�K�h�d�h�e�h�\�Z�� �>���I������ �D�m�j�h�\�k�d�Z�y�� �<���:������ �H�k�l�Z�r�h�\�� �:���:������
�D�Z�a�Z�d�h�\�� �G���:�� �H�p�_�g�d�Z�� �^�b�g�Z�f�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�_�\�h�]�h�� �i�h�l�h�d�Z�� �i�h�� �f�Z�l�_�j�b�Z�e�Z�f��
�\�b�^�_�h�k�t�_�f�d�b�� ������ �=�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���� ������������ �L���� ������ �<�u�i���� ������ �K���� ����-51. 
DOI: 10.34753/HS.2019.1.1.003. 

�K�j�b�[�g�u�c�� �F���N�����N�h�j�f�m�e�Z�� �k�j�_�^�g�_�c�� �k�d�h�j�h�k�l�b��
�l�_�q�_�g�b�y���j�_�d���b���b�o���]�b�^�j�Z�\�e�b�q�_�k�d�Z�y���d�e�Z�k�k�b�n�b�d�Z�p�b�y��
�i�h���k�h�i�j�h�l�b�\�e�_�g�b�x���^�\�b�`�_�g�b�x���������B�k�k�e�_�^�h�\�Z�g�b�y���b��
�d�h�f�i�e�_�d�k�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�h�^�g�u�o�� �j�_�k�m�j�k�h�\����
�F�������B�a�^-�\�h���:�G���K�K�K�J�����������������K����������-220. 

�N�e�_�c�r�f�Z�g�� �K���F�� �K�_�e�b���� �E������ �=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l����
1978. 312 �k. 

Wei F., Yang H., Hu K., Hong Y., Li X. Two methods 
for measuring internal velocity of debris flows in 
laboratory // WIT Transactions on Engineering 

 Fleishman S.M. Seli [Mudflow]. Leningrad, Publ. 
Gidrometeoizdat, 1978. 312 p. (In Russian). 

Golubtsov V.V. O gidravlicheskom soprotivlenii i 
formule dlya rascheta srednei skorosti techeniya 
gornykh rek [About the hydraulic resistance and a 
formula for calculation of average speed of a current 
of the mountain rivers]. Trudy Kazakhskogo 
regional'nogo nauchno-issledovatel'skogo 
gidrometeorologicheskogo instituta [Transactions 
of the Kazakh Regional Hydrometeorological 
Research Institute], 1969, no. 33, pp. 30-41. 
���,�Q�×�5�X�V�V�L�D�Q���� 

Goncharov V.N. Dinamika ruslovykh potokov 
[Channel flow dynamics]. Leningrad, Publ. 
Hydrometeorological, 1962. 358 p. (In Russian). 

Kazakov N.A. Fazovye perekhody v selevoi 
geosisteme [Phase transitions in the debris flow 
geosystems]. Gidrosfera. Opasnye protsessy i 
yavleniya [Hydrosphere. Hazard processes and 
phenomena], 2019, vol. 1, iss. 2, pp. 172-189. 
DOI: 10.34753/HS.2019.1.2.001. (In Russian; 
abstract in English). 

Kazakov N.A., Bobrova D.A., Kazakova E.N., 
Rybal'chenko S.V. Issledovanie dinamiki selei na 
eksperimental'nom stende [The study of the debris-
flows dynamics on an experimental stand]. 
Gidrosfera. Opasnye protsessy i yavleniya 
[Hydrosphere. Hazard processes and phenomena], 
2019, vol. 1, iss. 4, pp. 490-503. 
DOI: 10.34753/HS.2019.1.4.490. (In Russian; 
abstract in English). 

Kryukov E.V., Butenko V.M. Opasnye prirodnye 
protsessy: uchebno-metodicheskoe posobie 
[Hazardous natural processes]. Moscow, Publ. of 
Academy of State Fire Service EMERCOM of 
Russia. 119 p. (In Russian). 

Natishvili O.G., Tevzadze V.I. Osnovy dinamiki 
selei [The fundamentals of debris-flow dynamics]. 
Tbilisi, 2007. 213 p. (In Russian; abstract in 
English). 

Rzhevskii B.N. Otsenka tormozyashchei roli 
odinochnogo prepyatstviya, obtekaemogo lavinnym 
potokom [Assessment of the inhibitory role of a 
single obstacle streamlined by an avalanche stream]. 



�=�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 2, �<�u�i���� 2020 

 

 
 417 

 

Sciences. 2012. Vol 73. P�j���� ����-71. 
DOI: 10.2495/DEB120061. 

Voprosy proektirovaniya, stroitel'stva i 
rekonstruktsii zheleznykh dorog Sibiri: 
mezhvuzovskii sbornik nauchnykh trudov [Issues of 
design, construction and reconstruction of Siberian 
railways: interuniversity collection of scientific 
papers]. Novosibirsk, 1984, pp. 101-109. 
���,�Q�×�5�X�V�V�L�D�Q���� 

Sokolova D.P., Kurovskaya V.A., Ostashov A.A., 
Kazakov N.A. Otsenka dinamicheskikh 
kharakteristik selevogo potoka po materialam 
videos"emki [Evaluation of debris flow dynamic 
characteristics by video materials]. Gidrosfera. 
Opasnye protsessy i yavleniya [Hydrosphere. 
Hazard processes and phenomena], 2019, vol. 1, 
iss. 1, pp. 31-51. DOI: 10.34753/HS.2019.1.1.003. 
(In Russian; abstract in English). 

Sribnyi M.F. Formula srednei skorosti techeniya rek 
i ikh gidravlicheskaya klassifikatsiya po 
soprotivleniyu dvizheniyu [Formula of the average 
flow velocity of rivers and their hydraulic 
classification by resistance to the movement] 
Issledovaniya i kompleksnoe ispol'zovanie vodnykh 
resursov [Researches and complex use of water 
resources]. Moscow: Publishing house of the USSR 
Academy of Science, 1960, pp. 204-220. 
(I�Q�×�5�X�V�V�L�D�Q���� 

Wei F., Yang H., Hu K., Hong Y., Li X. Two 
methods for measuring internal velocity of debris 
flows in laboratory. WIT Transactions on 
Engineering Sciences, 2012, vol 73, pp. 61-71. 
DOI: 10.2495/DEB120061. 

 



2020 Vol.2, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

418  
 

�I�J�:�<�B�E�:���>�E�Y���:�<�L�H�J�H�< 
�<���g�Z�m�q�g�u�c���`�m�j�g�Z�e���©�=�b�^�j�h�k�n�_�j�Z�����H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u �b���y�\�e�_�g�b�y�ª���i�j�b�g�b�f�Z�x�l�k�y���k�l�Z�l�v�b���g�Z���j�m�k�k�d�h�f��

�b���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�Z�o���\���k�h�h�l�\�_�l�k�l�\�b�b���k���h�k�g�h�\�g�u�f�b���l�_�f�Z�l�b�q�_�k�d�b�f�b���j�Z�a�^�_�e�Z�f�b�� 
1. �N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���i�j�h�[�e�_�f�u���]�b�^�j�h�k�n�_�j�u���A�_�f�e�b�� 
2. �H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���\���]�b�^�j�h�k�n�_�j�_�����n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���b���b�g�`�_�g�_�j�g�u�_���Z�k�i�_�d�l�u 
3. �W�d�h�e�h�]�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���b���h�i�Z�k�g�h�k�l�b���\���]�b�^�j�h�k�n�_�j�_��  
4. �W�\�h�e�x�p�b�y���]�b�^�j�h�k�n�_�j�u�� 
5. �F�_�l�h�^�u�����f�h�^�_�e�b���b���l�_�o�g�h�e�h�]�b�b. 
6. �<�h�i�j�h�k�u���k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���g�h�j�f�Z�l�b�\�g�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 
7. �F�h�g�b�l�h�j�b�g�]�h�\�u�_�����w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���b���w�d�k�i�_�^�b�p�b�h�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y�� 
8. �G�Z�m�q�g�u�_���^�b�k�d�m�k�k�b�b�� 
9. �G�Z�k�e�_�^�b�_�� 
10. �O�j�h�g�b�d�Z�� 
�I�e�Z�l�Z���a�Z���i�m�[�e�b�d�Z�p�b�b���k�l�Z�l�_�c���g�_���\�a�u�f�Z�_�l�k�y�����=�h�g�h�j�Z�j���Z�\�l�h�j�Z�f���g�_���\�u�i�e�Z�q�b�\�Z�_�l�k�y�����<�k�_���k�l�Z�l�v�b���i�h�k�e�_��

�n�h�j�f�b�j�h�\�Z�g�b�y���\�u�i�m�k�d�Z���j�Z�a�f�_�s�Z�x�l�k�y �g�Z���k�Z�c�l�_���`�m�j�g�Z�e�Z���\���k�\�h�[�h�^�g�h�f���^�h�k�l�m�i�_�� 
�H�[�s�b�_���l�j�_�[�h�\�Z�g�b�y �d���h�n�h�j�f�e�_�g�b�x���k�l�Z�l�v�b: 
- �n�h�j�f�Z�l��.doc �b�e�b��.docx; �\�k�_���i�h�e�y���k�l�j�Z�g�b�p�u���± �i�h�������k�f�� 
- �r�j�b�n�l Times New Roman, �j�Z�a�f�_�j �± 11 pt; 
- �f�_�`�^�m�k�l�j�h�q�g�u�c���b�g�l�_�j�\�Z�e���± �f�g�h�`�b�l�_�e�v���������������i�_�j�_�g�h�k�u���\���k�e�h�\�Z�o���g�_���^�h�i�m�k�d�Z�x�l�k�y�� 
- �Z�[�a�Z�p�g�u�c�� �h�l�k�l�m�i�� �± 1 �k�f���� �\�u�j�Z�\�g�b�\�Z�g�b�_�� �l�_�d�k�l�Z�� �± �i�h�� �r�b�j�b�g�_�� ���a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �l�b�l�m�e�v�g�h�c��

�k�l�j�Z�g�b�p�u�����n�h�j�f�m�e�����k�g�h�k�h�d�����j�b�k�m�g�d�h�\���b���l�Z�[�e�b�p���� 
�L�b�l�m�e�v�g�Z�y���k�l�j�Z�g�b�p�Z �^�h�e�`�g�Z���k�h�^�_�j�`�Z�l�v���k�e�_�^�m�x�s�b�_���w�e�_�f�_�g�l�u�� 
- �M�>�D ���\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���e�_�\�h�f�m���d�j�Z�x���� 
- �g�Z�a�\�Z�g�b�_ �k�l�Z�l�v�b�����j�_�]�b�k�l�j���d�Z�d���\���i�j�_�^�e�h�`�_�g�b�b�����\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m�� �g�_���[�h�e�_�_���������k�e�h�\�� 
- �b�g�b�p�b�Z�e�u���b���n�Z�f�b�e�b�y���Z�\�l�h�j�Z ���Z�\�l�h�j�h�\�������\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- �i�h�e�g�h�_�� �g�Z�a�\�Z�g�b�_�� �h�j�]�Z�g�b�a�Z�p�b�b���� �\�� �d�h�l�h�j�h�c�� �j�Z�[�h�l�Z�x�l�� �Z�\�l�h�j�u���� �k�� �m�d�Z�a�Z�g�b�_�f�� �]�h�j�h�^�Z�� �b�� �k�l�j�Z�g�u��

���d�m�j�k�b�\�����\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- e-�P�D�L�O���d�h�g�l�Z�d�l�g�h�]�h���Z�\�l�h�j�Z ���\�u�j�Z�\�g�b�\�Z�g�b�_���i�h���p�_�g�l�j�m���� 
- �Z�g�g�h�l�Z�p�b�y �h�[�t�_�f�h�f��������-���������k�e�h�\�����d�h�l�h�j�Z�y���^�h�e�`�g�Z���\�d�e�x�q�Z�l�v���Z�d�l�m�Z�e�v�g�h�k�l�v���l�_�f�u���b�k�k�e�_�^�h�\�Z�g�b�y����

�i�h�k�l�Z�g�h�\�d�m���i�j�h�[�e�_�f�u�����p�_�e�b���b�k�k�e�_�^�h�\�Z�g�b�y�����f�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y�����j�_�a�m�e�v�l�Z�l�u���b���d�e�x�q�_�\�u�_���\�u�\�h�^�u; 
- �d�e�x�q�_�\�u�_���k�e�h�\�Z �± 6-�������k�e�h�\�����i�j�_�^�_�e�v�g�h���h�l�j�Z�`�Z�x�s�b�o �i�j�_�^�f�_�l �b�k�k�e�_�^�h�\�Z�g�b�y�� 
�I�j�b���i�h�^�]�h�l�h�\�d�_���k�l�Z�l�v�b���j�_�^�Z�d�p�b�y���g�Z�k�l�h�y�l�_�e�v�g�h���j�_�d�h�f�_�g�^�m�_�l���i�j�b�^�_�j�`�b�\�Z�l�v�k�y���n�h�j�f�Z�l�Z��IMRAD , 

�i�h�^�j�Z�a�m�f�_�\�Z�x�s�_�]�h���k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_���k�l�Z�l�v�b���g�Z���k�e�_�^�m�x�s�b�_���w�e�_�f�_�g�l�u�� 
- �\�\�_�^�_�g�b�_��(I�Q�W�U�R�G�X�F�W�L�R�Q�������k�h�^�_�j�`�Z�s�i�c���Z�d�l�m�Z�e�v�g�h�k�l�v���b�k�k�e�_�^�h�\�Z�g�b�y�����h�[�a�h�j���e�b�l�_�j�Z�l�m�j�u�����i�h�k�l�Z�g�h�\�d�m��

�i�j�h�[�e�_�f�u�����n�h�j�f�m�e�b�j�h�\�Z�g�b�_���p�_�e�_�c �b���a�Z�^�Z�q���b�k�k�e�_�^�h�\�Z�g�b�y�� 
- �f�_�l�h�^�u (M�H�W�K�R�G�V������ �k�h�^�_�j�`�Z�s�b�c�� �h�i�b�k�Z�g�b�_�� �f�_�l�h�^�b�d�b�� ���f�_�l�h�^�h�\���� �b�� �k�o�_�f��

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

- �j�_�a�m�e�v�l�Z�l�u (Results) �± �n�Z�d�l�b�q�_�k�d�b�_���j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y���b���b�o���b�g�l�_�j�i�j�_�l�Z�p�b�y�� 
- �h�[�k�m�`�^�_�g�b�_ (Discussion) �± �d�j�Z�l�d�b�_���b�l�h�]�b���j�Z�a�^�_�e�h�\���k�l�Z�l�v�b���[�_�a���^�h�k�e�h�\�g�h�]�h���i�h�\�l�h�j�_�g�b�y�� 
�L�Z�[�e�b�p�u�� �b�� �j�b�k�m�g�d�b �h�n�h�j�f�e�y�x�l�k�y�� �[�_�a�� �Z�[�a�Z�p�g�h�]�h�� �h�l�k�l�m�i�Z�� �k�� �\�u�j�Z�\�g�b�\�Z�g�b�_�f�� �i�h�� �p�_�g�l�j�m, 

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

�?�^�b�g�b�p�u���b�a�f�_�j�_�g�b�y �i�h���l�_�d�k�l�m���k�l�Z�l�v�b���m�d�Z�a�u�\�Z�x�l�k�y���\���f�_�`�^�m�g�Z�j�h�^�g�h�c���k�b�k�l�_�f�_���_�^�b�g�b�p��  
�>�_�k�y�l�b�q�g�u�_���q�b�k�e�Z �g�Z�[�b�j�Z�x�l�k�y���q�_�j�_�a���a�Z�i�y�l�m�x�����g�Z�i�j�b�f�_�j���������������� 
�:�[�[�j�_�\�b�Z�l�m�j�u�� �b�� �k�h�d�j�Z�s�_�g�b�y �^�h�e�`�g�u�� �[�u�l�v�� �j�Z�k�r�b�n�j�h�\�Z�g�u�� �i�j�b�� �i�_�j�\�h�f�� �m�i�h�l�j�_�[�e�_�g�b�b���� �?�k�e�b��



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 2, �<�u�i���� 2020 

 

 
 419 

 

�l�Z�d�b�o���w�e�_�f�_�g�l�h�\���f�g�h�]�h�����k�l�Z�l�v�x �f�h�`�g�h���^�h�i�h�e�g�b�l�v���k�i�b�k�d�h�f���k�h�d�j�Z�s�_�g�b�c���k���j�Z�k�r�b�n�j�h�\�d�h�c�� 
�N�h�j�f�m�e�u �^�h�e�`�g�u�� �[�u�l�v�� �\�k�l�Z�\�e�_�g�u�� �d�Z�d�� �h�[�t�_�d�l�� �0�L�F�U�R�V�R�I�W�� �(�T�X�D�W�L�R�Q�� �b�e�b�� �g�Z�[�j�Z�g�u�� �\�� �j�_�^�Z�d�l�h�j�_��

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

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

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

�N�h�j�f�Z�l�u���h�n�h�j�f�e�_�g�b�y���h�k�g�h�\�g�u�o���\�b�^�h�\���a�Z�l�_�d�k�l�h�\�u�o���[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�o���k�k�u�e�h�d�� 
�K�k�u�e�d�Z���g�Z���d�g�b�]�m�� �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���d�g�b�]�b�����K�\�_�^�_�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d���a�Z�]�e�Z�\�b�x���d�g�b�]�b�������K�\�_�^�_�g�b�y��
�h�[�� �h�l�\�_�l�k�l�\�_�g�g�h�k�l�b�� ���g�Z�i�j�b�f�_�j���� �j�_�^�Z�d�l�h�j������ �F�_�k�l�h�� �b�a�^�Z�g�b�y�� ���]�h�j�h�^������ �B�a�^�Z�l�_�e�v�k�l�\�h���� �]�h�^���� �D�h�e�b�q�_�k�l�\�h��
�k�l�j�Z�g�b�p���\���d�g�b�]�_�� DOI: 
�K�k�u�e�d�b �g�Z�� �^�b�k�k�_�j�l�Z�p�b�x�� �b�e�b�� �Z�\�l�h�j�_�n�_�j�Z�l: �N�Z�f�b�e�b�y�� �B���H�����A�Z�]�e�Z�\�b�_�� �^�b�k�k�_�j�l�Z�p�b�b���� �L�b�i�� �^�b�k�k�_�j�l�Z�p�b�b����
�F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������]�h�^�����D�h�e�b�q�_�k�l�\�h���k�l�j�Z�g�b�p���\���^�b�k�k�_�j�l�Z�p�b�b�� DOI: 
�K�k�u�e�d�b���g�Z���k�l�Z�l�v�x���\���d�g�b�]�_: �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���k�l�Z�l�v�b���������A�Z�]�e�Z�\�b�_���d�g�b�]�b�����K�\�_�^�_�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d��
�a�Z�]�e�Z�\�b�x�� �d�g�b�]�b�� ���� �K�\�_�^�_�g�b�y�� �h�[�� �h�l�\�_�l�k�l�\�_�g�g�h�k�l�b���� �F�_�k�l�h�� �b�a�^�Z�g�b�y�� ���]�h�j�h�^������ �B�a�^�Z�l�_�e�v�k�l�\�h���� �]�h�^�� �b�a�^�Z�g�b�y����
�K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b���g�Z���k�l�Z�l�v�x���\���i�_�j�b�h�^�b�q�_�k�d�h�f���b�a�^�Z�g�b�b: �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���k�l�Z�l�v�b���������A�Z�]�e�Z�\�b�_���`�m�j�g�Z�e�Z�����=�h�^����
�L�h�f�����‹�����K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b���g�Z���f�Z�l�_�j�b�Z�e�u���\���k�[�h�j�g�b�d�_���d�h�g�n�_�j�_�g�p�b�b: �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���k�l�Z�l�v�b���������A�Z�]�e�Z�\�b�_���k�[�h�j�g�b�d�Z��
�d�h�g�n�_�j�_�g�p�b�b�����K�\�_�^�_�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d���a�Z�]�e�Z�\�b�x���k�[�h�j�g�b�d�Z�����f�_�k�l�h���b���^�Z�l�u���i�j�h�\�_�^�_�g�b�y���d�h�g�n�_�j�_�g�p�b�b������
�F�_�k�l�h���b�a�^�Z�g�b�y�����]�h�j�h�^�������B�a�^�Z�l�_�e�v�k�l�\�h�����]�h�^�����L�h�f�����K�l�j�Z�g�b�p�u���k�l�Z�l�v�b�� DOI: 
�K�k�u�e�d�b���g�Z���w�e�_�d�l�j�h�g�g�u�c���b�k�l�h�q�g�b�d�� �N�Z�f�b�e�b�y���B���H�� �A�Z�]�e�Z�\�b�_���f�Z�l�_�j�b�Z�e�Z���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@�����k�\�_�^�_�g�b�y����
�h�l�g�h�k�y�s�b�_�k�y�� �d�� �a�Z�]�e�Z�\�b�x�� ������ �A�Z�]�e�Z�\�b�_�� �b�g�l�_�j�g�_�l-�b�k�l�h�q�g�b�d�Z���� �=�h�^�� �k�h�a�^�Z�g�b�y�� �j�_�k�m�j�k�Z���� �8�5�/���� �Z�^�j�_�k�� �k�l�Z�l�v�b��
���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 

�<���a�Z�l�_�d�k�l�h�\�u�_���[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�_���k�k�u�e�d�b���\�d�e�x�q�Z�x�l�k�y���l�h�e�v�d�h���j�_�p�_�g�a�b�j�m�_�f�u�_���b�k�l�h�q�g�b�d�b�����k�l�Z�l�v�b��
�b�a���g�Z�m�q�g�u�o���`�m�j�g�Z�e�h�\�����f�Z�l�_�j�b�Z�e�u���d�h�g�n�_�j�_�g�p�b�c�����j�Z�a�^�_�e�u���d�g�b�]���b���d�g�b�]�b�������?�k�e�b���g�_�h�[�o�h�^�b�f�h���k�h�k�e�Z�l�v�k�y���g�Z��
�g�h�j�f�Z�l�b�\�g�u�c�� �^�h�d�m�f�_�g�l�� �e�b�[�h�� �g�Z�� �k�l�Z�l�v�x�� �\�� �]�Z�a�_�l�_���� �l�_�d�k�l�� �g�Z�� �k�Z�c�l�_�� �b�e�b�� �\�� �[�e�h�]�_���� �k�e�_�^�m�_�l�� �i�h�f�_�k�l�b�l�v��
�b�g�n�h�j�f�Z�p�b�x�� �h�[�� �b�k�l�h�q�g�b�d�_�� �\�� �k�g�h�k�d�m�� �i�h�� �h�k�g�h�\�g�h�f�m�� �l�_�d�k�l�m�� �k�l�Z�l�v�b�����K�g�h�k�d�b �h�n�h�j�f�e�y�x�l�k�y�� �k�d�\�h�a�g�h�c��
�g�m�f�_�j�Z�p�b�_�c�� �i�h�� �\�k�_�f�m�� �^�h�d�m�f�_�g�l�m�� �Z�j�Z�[�k�d�b�f�b�� �p�b�n�j�Z�f�b���� �<�� �k�g�h�k�d�Z�o�� �i�h�f�b�f�h�� �b�k�l�h�q�g�b�d�h�\�� �f�h�`�_�l�� �[�u�l�v��
�^�j�m�]�Z�y�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y���� �L�_�d�k�l�� �\�� �k�g�h�k�d�Z�o�� �h�n�h�j�f�e�y�_�l�k�y�� �[�_�a�� �Z�[�a�Z�p�g�h�]�h�� �h�l�k�l�m�i�Z����
�\�u�j�Z�\�g�b�\�Z�_�l�k�y���i�h���r�b�j�b�g�_�����j�Z�a�f�_�j���r�j�b�n�l�Z���± 9 pt. 

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

�G�Z���Z�g�]�e�b�c�k�d�h�f�� �y�a�u�d�_ �\�� �h�[�y�a�Z�l�_�e�v�g�h�f�� �i�h�j�y�^�d�_�� �i�j�b�\�h�^�y�l�k�y�� �l�b�l�m�e�v�g�Z�y�� �k�l�j�Z�g�b�p�Z; �g�Z�a�\�Z�g�b�y��
�l�Z�[�e�b�p���b���j�b�k�m�g�d�h�\; �[�e�Z�]�h�^�Z�j�g�h�k�l�b ���i�j�b���g�Z�e�b�q�b�b��; �e�b�l�_�j�Z�l�m�j�Z ���k�h�^�_�j�`�Z�s�Z�y�����d�Z�d���l�j�Z�g�k�e�b�l�_�j�Z�p�b�x�����l�Z�d���b��
�i�_�j�_�\�h�^�� �g�Z�� �Z�g�]�e�b�c�k�d�b�c�� �y�a�u�d��; �Z�\�l�h�j�k�d�Z�y�� �k�i�j�Z�\�d�Z. �I�j�b�� �w�l�h�f�� �Z�g�]�e�h�y�a�u�q�g�u�c�� �\�Z�j�b�Z�g�l�� �Z�g�g�h�l�Z�p�b�b��
(Abstract�����^�h�e�`�_�g���[�u�l�v���b�g�n�h�j�f�Z�l�b�\�g�u�f�����g�_���k�h�^�_�j�`�Z�l�v���h�[�s�b�o���k�e�h�\�������h�j�b�]�b�g�Z�e�v�g�u�f�����g�_���[�u�l�v���d�Z�e�v�d�h�c��
�j�m�k�k�d�h�y�a�u�q�g�h�c�� �Z�g�g�h�l�Z�p�b�b������ �k�h�^�_�j�`�Z�l�_�e�v�g�u�f�� ���h�l�j�Z�`�Z�l�v�� �h�k�g�h�\�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �k�l�Z�l�v�b�� �b�� �j�_�a�m�e�v�l�Z�l�u��
�b�k�k�e�_�^�h�\�Z�g�b�c������ �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�f�� ���k�e�_�^�h�\�Z�l�v�� �e�h�]�b�d�_�� �h�i�b�k�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\�� �\�� �k�l�Z�l�v�_������
�©�Z�g�]�e�h�y�a�u�q�g�u�f�b�ª�����g�Z�i�b�k�Z�g�u���d�Z�q�_�k�l�\�_�g�g�u�f���Z�g�]�e�b�c�k�d�b�f���y�a�u�d�h�f�������d�h�f�i�Z�d�l�g�u�f�����m�d�e�Z�^�u�\�Z�l�v�k�y���\���h�[�t�_�f��
�^�h��250 �k�e�h�\���� 

�I�h�^�j�h�[�g�u�_���i�j�Z�\�b�e�Z���i�j�b�\�_�^�_�g�u http://hydro-sphere.ru/index.php/hydrosphere/requirements. 



2020 Vol.2, Iss.4 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

420  
 

AUTHOR GUIDELINES 
Articles in Russian and English accepted at the journal "Hydrosphere. Hazard processes and 

�S�K�H�Q�R�P�H�Q�D�´���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���P�D�L�Q���V�H�F�W�L�R�Q�V�� 
1. Fundamental problems of the Earth's hydrosphere 
2. Hazardous processes in the hydrosphere: fundamental and engineering aspects  
3. Ecological problems and hazards in the hydrosphere 
4. The evolution of the hydrosphere 
5. Methods, models and technologies 
6. Issues of improving regulatory documentation 
7. Monitoring, experimental and expeditionary research 
8. Scientific discussions 
9. Heritage 
10. Chronicles 
There is no fee for publishing articles. The authors are not paid a fee. 
�$�O�O���D�U�W�L�F�O�H�V���D�I�W�H�U���W�K�H���I�R�U�P�D�W�L�R�Q���R�I���W�K�H���L�V�V�X�H���D�U�H���S�R�V�W�H�G���R�Q���W�K�H���M�R�X�U�Q�D�O�¶�V���Z�H�E�V�L�W�H���L�Q���W�K�H���S�X�E�O�L�F���G�R�P�D�L�Q�� 

Materials published in journal are freely available and posted on the journal website. 
The general format requirements for articles to be published: 
- file format .doc or .docx; fields 2 cm on the perimeter of the page; 
- font Times New Roman, the main font size �± 11 pt; 
- line spacing �± 1,15, the use of automatic hyphenation in words is not permitted; 
- indent �± 1 cm, text alignment on the page width (except for the title page, formulas, links, figures and 

tables). 
The title page should contain the following elements: 
- title of the article (register as in the sentence, alignment in the centre) no more than 14 words; 
- �D�X�W�K�R�U�����V���¶���Q�D�P�H (alignment in the centre); 
- organization affiliation, indicating the city and country (in italics, alignment in the centre); 
- e-mail of the contact author (center alignment); 
- abstract up to 250 words, which should include the relevance of the research topic, problem statement, 

research objectives, research methods, results and key findings; 
- keywords �± 6-10 words, reflecting the content of an article. 
The main text. 
The editors strongly recommend original research articles are structured in IMRAD format: 
Introduction �± Why was the study undertaken? What was the research question, the tested hypothesis or 

the purpose of the research? 
Methods �± When, where, and how was the study done? What materials were used or who was included 

in the study groups (patients, etc.)? 
Results �± What answer was found to the research question; what did the study find? Was the tested 

hypothesis true? 
Discussion �± What might the answer imply and why does it matter? How does it fit in with what other 

researchers have found? What are the perspectives for future research? 
Tables and figures should be centered on page without indentation, separated from the main text by 

empty lines. All figuries should be in highest quality. There are allowed of using a single line spacing, and a 
smaller font (no less 10 pt) in tables. Each table and figure should have a number and a title. All signatures to 
tables and figures should contain sources of information (except when they are created by the author of the 
curent article). 

Units of measurement in the text of the article are indicated in the international system of units. 
Decimal numbers are comma-separated (e.g. 1,25). 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 2, �<�u�i���� 2020 

 

 
 421 

 

Abbreviations should be defined at first mention and used consistently thereafter. If there are a lot of 
abbreviations, the article can be supplemented by a section with a list of abbreviations with decryption. 

For equations use a Microsoft Equation object or Word equation editor, they should be located in the 
center of the page without indentation and accompanied by continuous numbering (on the right edge). All 
equations must have an explication (defining of symbols at the first mention of them with units measurements). 

If it necessary Acknowledgments of people, grants, funds, etc. should be placed in a separate section 
before the reference list. The names of funding organizations should be written in full. 

Footnotes can be used to give additional information, which may include the citation of a reference 
included in the reference list. Footnotes to the text are numbered consecutively. 

Cite references in the text by last name and year in square brackets. If reference consist not more than 
three authors, you should place in text all author. If there are more than four authors - place in brackets the 
first author and words "et al." and not forget about year of publishing. If you need several reference cite in one 
place of text - please separate each reference by semicolons. If you use several references of one author in the 
same published year - you must separate it by letter near the year in reference list and in text. 

References list should only include works that are cited in the text and that have been published or 
accepted for publication. Personal communications and unpublished works should be mentioned in the 
footnotes. Reference list should be alphabetized by the last names of the first author. If you use several 
references of author 

Some formats for references list: 
Book reference: Author A.A. Title of book. City, Publisher, year. 100 p. DOI: 
Book chapter reference: Author A.A. Title of chapter. In Editor E.E. (ed.), Title of book. City, Publisher, year, 
pp. 1-20. DOI: 
Dissertation reference: Author A.A. Title of thesis. Thesis type. City, year. 100 p. DOI: 
Jornal article reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title of Journal, 
2005, vol. 10, no. 2, pp. 49-53. DOI: 
Conference Proceedings reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title 
of Conference Proceedings (date and place of the conference), City, Publisher, 2005, vol. 1, pp. 49-53. DOI: 
Online document reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article. Title of 
Journal, 2005, vol.10, no. 2, pp. 49-53. Available at: http://example.com/example. 

For the detailed information about the author(s), please at the end of article give us some additional 
information: 

full names of author(s); 
academic degree and title; 
organization affiliation with full address (including Post Code); 
position in organization; 
contact telefon (for all authors); 
contact e-mail (for all authors); 
scientific indexes (scopus, orcid, web of science etc.). 
Detailed rules for articles will be given on the website of the journal "Hydrosphere. Hazard processes 

�D�Q�G���S�K�H�Q�R�P�H�Q�D�´����http://hydro-sphere.ru/index.php/hydrosphere/requirements 
 



 

 

�G�Z�m�q�g�h�_���b�a�^�Z�g�b�_ 
 
 
 
 
 
 
 
 

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

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 
(GIDROSFERA. OPASNYE PROTSESSY I YAVLENIYA) 

 
 
 
 

�=�e�Z�\�g�u�c �j�_�^�Z�d�l�h�j: �Z�d�Z�^�_�f�b�d �J�:�G �=.�B. �>�h�e�]�b�o 
�D�h�f�i�v�x�l�_�j�g�Z�y���\�_�j�k�l�d�Z�����F���F�� �D�Z�^�Z�p�d�Z�y 

 
�G�Z���h�[�e�h�`�d�_ �n�h�l�h �<���I���;�e�Z�]�h�\�_�s�_�g�k�d�h�]�h, 

�j�b�k�m�g�d�b���F���:�� �I�Z�j�n�_�g�h�\�h�c�� �G���:. �D�Z�a�Z�d�h�\�Z  
 
 

�I�h�^�i�b�k�Z�g�h���\���i�_�q�Z�l�v��15.02.2021�����N�h�j�f�Z�l���������o�������� 
�;�m�f�Z�]�Z�����h�n�k�_�l�g�Z�y�����I�_�q�Z�l�v���i�e�h�k�d�Z�y�� 

�M�k�e�����i�_�q�����e����19,2�����L�b�j�Z�`��50 �w�d�a�����A�Z�d�Z�a���‹ ____ 
�<�u�o�h�^���\���k�\�_�l���B�B��__.2021 

 
�L�b�i���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�����[�_�k�i�e�Z�l�g�h���g�Z���k�Z�c�l�_���`�m�j�g�Z�e�Z��www.hydro-sphere.ru 

 
 

�B�a�^�Z�l�_�e�v: �H�H�H���G�I�H���©�=�b�^�j�h�l�_�o�i�j�h�_�d�l�ª 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�], 14-�y���e�b�g�b�y���<���H�����^�����������i�h�f�������g 

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

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

�L�_�e. +7(812)313-83-48 
e-mail: info@hydro-sphere.ru 

 
 

�H�l�i�_�q�Z�l�Z�g�h���k���h�j�b�]�b�g�Z�e-�f�Z�d�_�l�Z���a�Z�d�Z�a�q�b�d�Z���\���b�a�^�Z�l�_�e�v�k�l�\�_���©�E�_�f�Z�ª 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]������-�y���e�b�g�b�y���<���H�������^�������� 

 



 

 



 

  


	ОПАСНЫЕ ПРОЦЕССЫ В ГИДРОСФЕРЕ:  ФУНДАМЕНТАЛЬНЫЕ И ИНЖЕНЕРНЫЕ АСПЕКТЫ
	HAZARDOUS PROCESSES IN THE HYDROSPHERE:  FUNDAMENTAL AND ENGINEERING ASPECTS
	Роль ледовых явлений в динамике потоков на придельтовом участке Северной Двины С.В. Лебедева1,2, Л.С. Одоев1
	Ice impact on the flow dynamics the Northern Dvina River mouth area  Serafima V. Lebedeva1,2, Leonid S. Odoev1
	Введение
	Объект исследования
	Данные и методы
	Результаты
	Установление ледостава в ноябре 2019 г.
	Разрушение ледяного покрова весной 2020 г.
	Результаты моделирования

	Обсуждение результатов


	МЕТОДЫ, МОДЕЛИ И ТЕХНОЛОГИИ
	METHODS, MODELS AND TECHNOLOGIES
	Возможности оценки обеспеченности максимальных расходов рек Приангарья (на примере реки Ия) Б.И. Гарцман1, Т.С. Губарева1, Н.В. Кичигина2
	Possibilities of assessing the flood runoff probability in Angara region (Iya River as example) Boris I. Gartsman1, Tatiana S. Gubareva1, Natalia V. Kichigina2
	Введение
	Объекты, исходные данные
	Методика исследований
	Результаты оценки вероятности экстремальных паводков
	Обсуждение результатов
	Финансирование


	Assessing predictability of hydrological processes (on the example of frozen soil water content dynamics)  Аlexander N. Gelfan
	Оценка предсказуемости гидрологических процессов (на примере динамики влажности мерзлой почвы) А.Н. Гельфан
	Introduction
	Methods
	Approach to assessing the predictability limit of a hydrological system
	Dynamic-stochastic model of water transfer in a frozen soil
	Numerical experiments design

	Results and discussion
	Conclusions

	Возможности краткосрочного прогнозирования стока малой реки с использованием методов машинного обучения В.М. Морейдо1, Б.И. Гарцман1, Д.П. Соломатин1,2, З.А. Сучилина1
	Prospects for short-term forecasting of river streamflow from small watershed runoff using machine learning methods  Vsevolod M. Moreido1, Boris I. Gartsman1, Dimitri P. Solomatine1,2, Zoya A. Suchilina1
	Введение
	Объект исследования
	Использованные данные и методы
	Исходные ряды наблюдений
	Подготовка рядов исходных данных
	Случайное перемешивание исходных данных

	Использованные модели и методы их построения
	Программная реализация
	Модель множественной линейной регрессии
	Модель ИНС по типу многослойного перцептрона
	Модель с долгосрочной кратковременной памятью

	Методы оценки качества моделей
	Результаты расчетов
	Обсуждение
	Заключение

	Об изменении коэффициента редукции максимального модуля стока с увеличением площади водосбора С.М. Тумановская
	On change of reduction factor of maximum runoff modulus with increase of catchment area  Svetlana М. Tumanovskaya
	Введение
	О коэффициенте редукции максимального модуля стока
	О показателе n, характеризующим тенденцию изменения коэффициента дружности половодья (К0) с увеличением площади водосбора (F, км2)
	Выводы

	МОНИТОРИНГОВЫЕ, ЭКСПЕРИМЕНТАЛЬНЫЕ И ЭКСПЕДИЦИОННЫЕ ИССЛЕДОВАНИЯ
	MONITORING, EXPERIMENTAL AND EXPEDITIONARY RESEARCH
	Исследование скорости искусственного грязевого селя на лабораторном стенде Н.А. Казаков1,2, Д.А. Боброва1, Е.Н. Казакова1
	Study of the velocity of artificial mudflow on a laboratory stand  Nikolay A. Kazakov1, 2, Darya A. Bobrova1, Ekaterina N. Kazakova1
	Введение
	Методика эксперимента
	Результаты и их обсуждение
	Селевая смесь как неньютоновская жидкость
	Выводы


	Правила для авторов

