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�J�_�^�Z�d�p�b�h�g�g�u�c���k�h�\�_�l 

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

Abstract. The significant part of roads and rail-
ways of the Sakhalin Island are located in the 
coastal zone of the sea, in the lower part of the de-
bris flow transit zone. Debris flows cause blockages 
and damage to the roadways. In some areas of the 
island are sites where the number of debris flow ba-
sins is 30-40 per km. Basically, these are slope de-
bris flows, which are formed annually during pre-
cipitation of liquid precipitation, and whose volume 
can reach 500 m3. At the same time, debris flows 
can play an important role in the formation of 
beaches and protection from abrasion due to the re-
moval of material to the mouth of the rivers. 
Transport of debris flow material to the coastal zone 
on the Sakhalin Island is carried out on the coasts of 
the Gulf of Patience, the Gulf of Aniva, the Tatar 
Strait, etc. Beach savings are the best of its natural 
protection against destruction. Therefore, the need 
to build seepage facilities is due not only to the need 
to protect the roadway, but also the importance of 
transporting debris flow material to the beach area. 
Characteristics of debris flows in the coastal zone of 
the island differ in a number of parameters, such as 
the volume of debris slides, the frequency of for-
mation of debris flows, the type of debris flows, the 
size of carried fragments of rocks; therefore, when 
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�Z�e�Z�� �\�� �i�e�y�`�_�\�m�x�� �a�h�g�m���� �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�_�e�_�\�u�o��
�i�h�l�h�d�h�\�� �\�� �[�_�j�_�]�h�\�h�c�� �a�h�g�_�� �h�k�l�j�h�\�Z�� �h�l�e�b�q�Z�x�l�k�y��
�i�h���j�y�^�m���i�Z�j�Z�f�_�l�j�h�\�����l�Z�d�b�o���d�Z�d���h�[�t�_�f���k�_�e�_�c�����q�Z��
�k�l�h�l�Z�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �k�_�e�_�c���� �l�b�i�� �k�_�e�_�c���� �j�Z�a�f�_�j��
�i�_�j�_�g�h�k�b�f�u�o���h�[�e�h�f�d�h�\���]�h�j�g�u�o���i�h�j�h�^�����i�h�w�l�h�f�m��
�i�j�b���\�u�[�h�j�_ �k�_�e�_�a�Z�s�b�l�g�h�]�h���k�h�h�j�m�`�_�g�b�y���g�_�h�[�o�h��
�^�b�f�h���j�m�d�h�\�h�^�k�l�\�h�\�Z�l�v�k�y���d�Z�d���i�Z�j�Z�f�_�l�j�Z�f�b���k�_�e�_��
�\�u�o���i�h�l�h�d�h�\�����l�Z�d���b���j�h�e�v�x���k�_�e�_�\�u�o���h�l�e�h�`�_�g�b�c���\��
�n�h�j�f�b�j�h�\�Z�g�b�b�� �i�e�y�`�_�c���� �<�� �j�Z�[�h�l�_�� �j�Z�k�k�f�Z�l�j�b�\�Z��
�_�l�k�y�� �k�h�\�j�_�f�_�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� �\�h�^�h- �b�� �k�_�e�_�i�j�h��
�i�m�k�d�g�u�o���m�k�l�j�h�c�k�l�\���i�h�^���^�h�j�h�]�Z�f�b���\���i�j�b�m�k�l�v�_�\�u�o��
�q�Z�k�l�y�o�� �k�_�e�_�\�u�o�� �j�_�d���� �Z�� �l�Z�d�`�_�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v��
�\�u�[�h�j�Z�� �k�_�e�_�a�Z�s�b�l�g�u�o�� �k�h�h�j�m�`�_�g�b�c�� �\�� �a�Z�\�b�k�b�f�h��
�k�l�b�� �h�l�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�_�c�� �b�� �k�_�e�_�\�u�o�� �[�Z�k�k�_�c��
�g�h�\�� 

choosing a debris flow protection facility, it is nec-
essary to be guided both by the parameters of debris 
flows and by the role of debris flows in the for-
mation of beaches. The paper examines the current 
state of water chute and debris flows chute under 
the roads in the near-mouth parts of debris flow riv-
ers, as well as the expediency of selecting debris 
flow protection structures depending on the charac-
teristics of debris flows. 

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

Keywords: Sakhalin Island; coastal zone; charac-
teristics of debris flows; debris flows chute; choice 
of debris flows protection facility; slope debris 
flows. 
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�<�u�k�h�d�m�x�� �k�l�_�i�_�g�v�� �i�e�h�s�Z�^�g�h�c��
�i�h�j�Z�`�_�g�g�h�k�l�b �[�_�j�_�]�h�\�h�c�� �a�h�g�u�� �h�k�l�j�h�\�Z�� �K�Z�o�Z�e�b�g��
�k�_�e�_�\�u�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �h�[�m�k�e�h�\�e�b�\�Z�_�l�� �k�h�q�_�l�Z�g�b�_��
�]�h�j�b�k�l�h�]�h�� �j�_�e�v�_�n�Z�� �b�� �[�h�e�v�r�h�c�� �]�m�k�l�h�l�u �j�_�q�g�h�c��
�k�_�l�b�� �>�I�_�j�h�\���� ���������@���� �G�Z�b�[�h�e�v�r�Z�y�� �]�m�k�l�h�l�Z�� �j�_�q�g�h�c��
�k�_�l�b���h�l�f�_�q�Z�_�l�k�y���\���x�]�h-�a�Z�i�Z�^�g�h�c���b���x�]�h-�\�h�k�l�h�q�g�h�c��
�q�Z�k�l�y�o�� �h�k�l�j�h�\�Z���� �]�^�_�� �h�g�Z�� �^�h�k�l�b�]�Z�_�l�� ������-���� �d�f���d�f2. 
�������� �h�[�s�_�]�h�� �q�b�k�e�Z�� �j�_�d�� �k�h�k�l�Z�\�e�y�x�l�� �f�_�e�d�b�_�� �j�_�d�b����
�b�f�_�x�s�b�_���^�e�b�g�m���f�_�g�_�_���������d�f���b���k�j�_�^�g�_�\�a�\�_�r�_�g�g�u�_��
�m�d�e�h�g�u�� ������-�������Å���� �q�l�h�� �h�[�m�k�e�h�\�e�_�g�h�� �[�e�b�a�h�k�l�v�x��
�h�k�g�h�\�g�u�o�� �\�h�^�h�j�Z�a�^�_�e�h�\�� �d�� �f�h�j�k�d�h�f�m�� �i�h�[�_�j�_�`�v�x��
�>�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^ �K�K�K�J, 1973]. 
�;�e�Z�]�h�^�Z�j�y�� �w�l�h�f�m�� �k�_�e�_�\�u�_�� �i�h�l�h�d�b�� �\�� �i�j�b�[�j�_�`�g�h�c��
�q�Z�k�l�b�� �h�k�l�j�h�\�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �d�h�j�h�l�d�b�f��
�\�j�_�f�_�g�_�f���^�h�[�_�]�Z�g�b�y���^�h���h�[�t�_�d�l�h�\�����j�Z�k�i�h�e�h�`�_�g�g�u�o��
�\�� �i�j�b�m�k�l�v�_�\�h�c�� �q�Z�k�l�b�� �k�_�e�_�\�u�o�� �\�h�^�h�l�h�d�h�\���� �Z�� �l�Z�d�`�_��
�g�Z�b�[�h�e�v�r�b�f�b���k�_�e�_�\�u�f�b���j�Z�k�o�h�^�Z�f�b���b�f�_�g�g�h���\���w�l�h�c��
�a�h�g�_�� 

�G�Z�� �h�k�l�j�h�\�_�� �K�Z�o�Z�e�b�g�� �k�h�l�g�b�� �d�b�e�h�f�_�l�j�h�\��
�Z�\�l�h�f�h�[�b�e�v�g�u�o�� �b�� �`�_�e�_�a�g�u�o�� �^�h�j�h�]���� �Z�� �l�Z�d�`�_��
�l�_�j�j�b�l�h�j�b�b�� �f�g�h�]�b�o�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\��
�j�Z�k�i�h�e�h�`�_�g�u�� �f�_�`�^�m�� �m�k�l�m�i�Z�f�b�� �f�h�j�k�d�b�o�� �l�_�j�j�Z�k�� �b��
�f�h�j�_�f���� �\�� �g�b�`�g�_�c�� �q�Z�k�l�b�� �a�h�g�u�� �l�j�Z�g�a�b�l�Z�� �k�_�e�_�c���� �]�^�_��
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�K�_�e�_�\�u�_�� �i�h�l�h�d�b�� �g�Z�� �h�k�l�j�h�\�_�� �i�j�b�q�b�g�y�x�l��
�]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �w�d�h�g�h�f�b�q�_�k�d�b�c�� �m�s�_�j�[�� �a�Z�� �k�q�_�l��
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�<�� �l�h�� �`�_�� �\�j�_�f�y�� �k�_�e�_�\�u�_�� �i�h�l�h�d�b�� �f�h�]�m�l��
�\�u�i�h�e�g�y�l�v���\�Z�`�g�m�x���j�h�e�v���\���n�h�j�f�b�j�h�\�Z�g�b�b���i�e�y�`�_�c��
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�i�j�b�m�k�l�v�_�\�m�x�� �q�Z�k�l�v�� �\�h�^�h�l�h�d�h�\�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�i�e�y�`�_�c�� �>�H�e�b�n�_�j�h�\���� ������������ �)�D�F�F�L�Q�L, Piccazzo, 
Robbiano, ���������@���� �K�_�e�_�\�h�c�� �f�Z�l�_�j�b�Z�e�� �m�\�_�e�b�q�b�\�Z�_�l��
�f�h�s�g�h�k�l�v�� �i�e�y�`�Z�� �b�� �a�Z�s�b�s�Z�_�l�� �h�l �\�h�e�g�h�\�u�o��
�\�h�a�^�_�c�k�l�\�b�c�� �b�� �j�Z�a�f�u�\�Z�� �j�Z�k�i�h�e�h�`�_�g�g�u�_�� �\��
�[�_�j�_�]�h�\�h�c���a�h�g�_���l�j�Z�g�k�i�h�j�l�g�u�_���f�Z�]�b�k�l�j�Z�e�b�����e�b�g�b�b��
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�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�h�^�h�i�j�h�i�m�k�d�g�u�_��
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�a�Z�\�Z�e�u�� �^�h�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z�� �b�� �g�_�� �i�j�_�i�y�l�k�l�\�m�y��
�\�u�g�h�k�m�� �k�_�e�_�\�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �\�� �[�_�j�_�]�h�\�m�x�� �a�h�g�m���� �K��
�^�j�m�]�h�c���k�l�h�j�h�g�u�����g�Z���h�k�l�j�h�\�_���K�Z�o�Z�e�b�g���_�k�l�v���m�q�Z�k�l�d�b��
�k���[�h�e�v�r�h�c���i�e�h�s�Z�^�g�h�c���i�h�j�Z�`�_�g�g�h�k�l�v�x���k�_�e�_�\�u�f�b��
�i�j�h�p�_�k�k�Z�f�b��������-�������f�Z�e�_�g�v�d�b�o���k�d�e�h�g�h�\�u�o���k�_�e�_�\�u�o��
�[�Z�k�k�_�c�g�h�\�� �g�Z�� �i�h�]�h�g�g�u�c�� �d�b�e�h�f�_�l�j���� �]�^�_�� �k�_�e�b��
�k�j�_�^�g�b�f�� �h�[�t�_�f�h�f�� ����-�������� �f3 �n�h�j�f�b�j�m�x�l�k�y��
�_�`�_�]�h�^�g�h�� �\�h�� �\�j�_�f�y�� �\�u�i�Z�^�_�g�b�y�� �`�b�^�d�b�o�� �h�k�Z�^�d�h�\������
�]�^�_�� �k�l�j�h�b�l�_�e�v�k�l�\�h�� �k�_�e�_�i�j�h�i�m�k�d�g�u�o�� �k�h�h�j�m�`�_�g�b�c��
�w�d�h�g�h�f�b�q�_�k�d�b�� �g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h���� �g�h�� �i�j�b�g�y�l�b�_��
�j�_�r�_�g�b�c���i�h���i�j�h�l�b�\�h�k�_�e�_�\�h�c���a�Z�s�b�l�_���g�_�h�[�o�h�^�b�f�h���\��
�k�\�y�a�b���k���j�_�]�m�e�y�j�g�u�f�b���a�Z�\�Z�e�Z�f�b���^�h�j�h�]�� 

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

�I�h�k�l�Z�g�h�\�d�Z���i�j�h�[�e�_�f�u 

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

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

 
�J�b�k�m�g�h�d���������D�Z�j�l�Z-�k�o�_�f�Z���m�q�Z�k�l�d�h�\���^�h�j�h�]����

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

�h�[�h�a�g�Z�q�_�g�h���������± �Z�\�l�h�^�h�j�h�]�b���n�_�^�_�j�Z�e�v�g�h�]�h��
�a�g�Z�q�_�g�b�y������ �± �Z�\�l�h�^�h�j�h�]�b���j�_�]�b�h�g�Z�e�v�g�h�]�h��

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

�\�h�^�h�l�h�d�h�\�� 
Figure 1. The map-scheme of roads which are 

situated near the mouth of a debris flow hazardous 
rivers, Sakhalin Island. The numbers indicate:  

1 �± highways of federal significance; 2 �± roads of 
regional importance; 3 �± local roads; 4 - railways;  

5 �± sections where roads are located in the estuarine 
parts of mudflows. 
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�G�Z�b�[�h�e�v�r�b�_�� �h�[�t�_�f�u�� �\�u�g�h�k�Z�� �k�_�e�_�\�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�� �g�Z�� �m�q�Z�k�l�d�Z�o�� �Z�\�l�h�f�h�[�b�e�v�g�u�o�� �b��
�`�_�e�_�a�g�u�o�� �^�h�j�h�]�� �h�l�f�_�q�_�g�u�� �g�Z�� �i�h�[�_�j�_�`�v�_�� �a�Z�e�b�\�Z��
�L�_�j�i�_�g�b�y�� �\�� �F�Z�d�Z�j�h�\�k�d�h�f�� �j�Z�c�h�g�_�� ���\�� �k�j�_�^�g�_�f��
1,25 �l�u�k�����f3 �g�Z���i�h�]�h�g�g�u�c���d�b�e�h�f�_�l�j���i�e�y�`�Z���\���]�h�^�����b��
�g�Z�� �a�Z�i�Z�^�g�h�f�� �i�h�[�_�j�_�`�v�_�� �x�`�g�h�c�� �q�Z�k�l�b�� �h�k�l�j�h�\�Z��
�K�Z�o�Z�e�b�g�� �\�� �O�h�e�f�k�d�h�f�� �b�� �G�_�\�_�e�v�k�d�h�f�� �j�Z�c�h�g�Z�o���� �]�^�_��
�h�[�t�_�f�u�� �k�_�e�_�\�u�o�� �\�u�g�h�k�h�\�� �d�h�e�_�[�e�x�l�k�y�� �h�l�� �������� �^�h��
1 �l�u�k���� �f3 �g�Z�� �i�h�]�h�g�g�u�c�� �d�b�e�h�f�_�l�j�� �i�e�y�`�Z�� �\�� �]�h�^��
�>�D�Z�a�Z�d�h�\�Z�����;�h�[�j�h�\�Z�������������@�� 

�G�Z�� �i�h�[�_�j�_�`�v�_ �h�k�l�j�h�\�Z�� �k�o�h�^�y�l�� �]�j�y�a�_�\�u�_����
�]�j�y�a�_�d�Z�f�_�g�g�u�_���b���g�Z�g�h�k�h�\�h�^�g�u�_���k�_�e�b�����I�j�b���\�u�o�h�^�_��
�\���[�_�j�_�]�h�\�m�x���a�h�g�m���k�_�e�_�\�h�c���i�h�l�h�d���j�Z�k�i�e�Z�k�l�u�\�Z�_�l�k�y����
�R�b�j�b�g�Z�� �a�h�g�u�� �Z�d�d�m�f�m�e�y�p�b�b�� �k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c��
�k�h�k�l�Z�\�e�y�_�l������-���������f���i�j�b���k�j�_�^�g�_�c���l�h�e�s�b�g�_����-�����f���b��
�f�Z�d�k�b�f�Z�e�v�g�h�c�� �± 3,5-4,0 �f�� �>�D�Z�a�Z�d�h�\�Z���� �;�h�[�j�h�\�Z����
2013]. 

�<�� �i�j�b�[�j�_�`�g�u�o�� �k�_�e�_�\�u�o�� �[�Z�k�k�_�c�g�Z�o��
�g�Z�[�e�x�^�Z�_�l�k�y�� �\�u�k�h�d�Z�y�� �q�Z�k�l�h�l�Z�� �k�_�e�_�h�[�j�Z�a�h�\�Z�g�b�y����
�K�_�e�b���n�h�j�f�b�j�m�x�l�k�y���a�^�_�k�v�������j�Z�a���\����-�����]�h�^�Z�����d�Z�`�^�u�_��
3-���� �e�_�l�� �h�l�f�_�q�Z�x�l�k�y�� �i�_�j�b�h�^�u�� �f�Z�k�k�h�\�h�]�h��
�k�_�e�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x�� �h�l�� ���� �^�h�� 
3-5 �k�m�l�h�d���� �\�h�� �\�j�_�f�y�� �d�h�l�h�j�u�o�� �k�_�e�_�\�u�_�� �i�h�l�h�d�b��
�n�h�j�f�b�j�m�x�l�k�y���\���[�h�e�v�r�b�g�k�l�\�_���[�Z�k�k�_�c�g�h�\���>�D�Z�a�Z�d�h�\����
���������@���� �=�j�y�a�_�d�Z�f�_�g�g�u�_�� �k�_�e�_�\�u�_�� �i�h�l�h�d�b����
�\�u�g�h�k�y�s�b�_�� �f�Z�l�_�j�b�Z�e�� �\�� �[�_�j�_�]�h�\�m�x�� �a�h�g�m����
�n�h�j�f�b�j�m�x�l�k�y�� �g�_�k�d�h�e�v�d�h�� �j�_�`�_�� �± ���� �j�Z�a�� �\�� ��-���� �e�_�l��
�>�D�Z�a�Z�d�h�\�����=�_�g�k�b�h�j�h�\�k�d�b�c�������������@�� 

�H�l�^�_�e�v�g�h�� �g�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v��
�n�h�j�f�b�j�h�\�Z�g�b�_�� �k�d�e�h�g�h�\�u�o �k�_�e�_�c �g�Z�� �f�h�j�k�d�b�o��
�l�_�j�j�Z�k�Z�o�� �h�k�l�j�h�\�Z�� �K�Z�o�Z�e�b�g���� �M�q�Z�k�l�d�b���� �g�Z�� �d�h�l�h�j�u�o��
�j�Z�a�\�b�l�u���k�d�e�h�g�h�\�u�_���k�_�e�b�� �r�b�j�h�d�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�u��
�g�Z�� �h�k�l�j�h�\�_�� �>�J�u�[�Z�e�v�q�_�g�d�h���� ���������Z���� �J�u�[�Z�e�v�q�_�g�d�h����
�<�_�j�o�h�\�h�\���� ���������@���� �<�� �g�_�d�h�l�h�j�u�o�� �j�Z�c�h�g�Z�o��
�d�h�e�b�q�_�k�l�\�h���l�Z�d�b�o���k�_�e�_�\�u�o���[�Z�k�k�_�c�g�h�\���g�Z���i�h�]�h�g�g�u�c��
�d�b�e�h�f�_�l�j�� �[�_�j�_�]�Z�� �^�h�k�l�b�]�Z�_�l�� �������� �<���g�b�o 
�n�h�j�f�b�j�m�x�l�k�y���\���h�k�g�h�\�g�h�f���k�\�y�a�g�u�_���k�_�e�b�����b�f�_�x�s�b�_��
�g�_�[�h�e�v�r�b�_�� �h�[�t�_�f�u�� ���^�h 500 �f3���� �b�� �\�u�k�h�d�m�x��
�i�h�\�l�h�j�y�_�f�h�k�l�v���� �l�Z�d�`�_�� �h�g�b �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y��
�[�h�e�v�r�b�f�b�� �m�d�e�h�g�Z�f�b�� ��������-���������Å������ �q�l�h��
�h�[�m�k�e�h�\�e�b�\�Z�_�l �d�h�j�h�l�d�h�_���\�j�_�f�y���^�h�[�_�]�Z�g�b�y���k�_�e�y���^�h��

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

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

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

�G�Z�� �l�_�j�j�b�l�h�j�b�b�� �]�h�j�h�^�Z�� �j�m�k�e�Z�� �f�g�h�]�b�o��
�k�_�e�_�\�u�o�� �j�m�q�v�_�\�� �a�Z�j�_�]�m�e�b�j�h�\�Z�g�u�� �\�� �m�a�d�b�c�� �b��
�g�_�]�e�m�[�h�d�b�c�� �[�_�l�h�g�g�u�c�� �e�h�l�h�d���� �d�h�l�h�j�u�c�� �g�_�� �l�h�e�v�d�h��
�g�_�� �f�h�`�_�l�� �k�e�m�`�b�l�v�� �k�_�e�_�i�j�h�i�m�k�d�g�u�f�� �d�Z�g�Z�e�h�f���� �g�h��
�^�Z�`�_�� �g�_�� �k�i�j�Z�\�e�y�_�l�k�y�� �k�� �h�[�t�_�f�h�f�� �\�h�^�u�� �\�h�� �\�j�_�f�y��
�i�Z�\�h�^�d�h�\���� �I�j�b�f�_�j�� �l�Z�d�h�]�h�� �j�m�q�v�y�� �i�h�d�Z�a�Z�g�� �g�Z��
�j�b�k�m�g�d�_���������I�h�k�e�_�^�g�b�c���k�_�e�_�\�h�c���i�h�l�h�d���k�h�r�_�e���a�^�_�k�v��
�\�� �b�x�e�_�� �������� �]�h�^�Z�� �K�_�e�v�� �\�u�r�_�e�� �a�Z�� �i�j�_�^�_�e�u��
�[�_�l�h�g�g�h�]�h���e�h�l�d�Z���b���a�Z�\�Z�e�b�e���i�j�b�e�_�]�Z�x�s�m�x���d���j�m�q�v�x��
�l�_�j�j�b�l�h�j�b�x���� �H�[�t�_�f���k�_�e�y���k�h�k�l�Z�\�b�e�� �������� �f3�����>�e�b�g�Z��
�k�_�e�_�\�h�]�h�� �j�m�k�e�Z�� �k�h�k�l�Z�\�e�y�_�l�� �\�k�_�]�h�� �������� �d�f����
�k�j�_�^�g�_�\�a�\�_�r�_�g�g�u�c�� �m�d�e�h�g�� �± �������Å���� �Z�� �i�e�h�s�Z�^�v��
�[�Z�k�k�_�c�g�Z�� �± �������� �d�f2���� �J�Z�k�k�q�b�l�Z�g�g�u�c�� �Z�\�l�h�j�Z�f�b�� �^�e�y��
�w�l�h�]�h�� �j�m�q�v�y�� �j�Z�k�o�h�^�� �\�h�^�u�� ������ �h�[�_�k�i�_�q�_�g�g�h�k�l�b��
�k�h�k�l�Z�\�e�y�_�l�� �������� �f3���k���� ���������� �h�[�_�k�i�_�q�_�g�g�h�k�l�b�� �± 
11,8 �f3���k�����Z���k�m�l�h�q�g�u�c���h�[�t�_�f���k�l�h�d�Z���± ���������f3. 
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�k�_�e�y�����D�����b���k�_�e�_�\�u�_���h�l�e�h�`�_�g�b�y���a�Z���i�j�_�^�_�e�Z�f�b���[�_�l�h�g�g�h�]�h���e�h�l�d�Z�����E�� 

Figure 2. Debris flow channel in the city of Nevelsk, 2010: regulated riverbed after the debris flow (a) and 
debris flow deposits (b) 
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�J�b�k�m�g�h�d���������K�o�_�f�Z���k�_�e�_�\�u�o���[�Z�k�k�_�c�g�h�\���\�h�k�l�h�q�g�h�]�h���i�h�[�_�j�_�`�v�y���h�k�l�j�h�\�Z���K�Z�o�Z�e�b�g�����D�������k�_�e�_�\�u�_���h�l�e�h�`�_�g�b�y��
���E�������f�h�k�l�h�\�h�c���i�_�j�_�o�h�^���`�_�e�_�a�g�h�c���^�h�j�h�]�b�����g�Z���i�_�j�_�^�g�_�f���i�e�Z�g�_�����b���k�_�e�_�i�j�h�i�m�k�d�g�h�_���k�h�h�j�m�`�_�g�b�_���i�h�^��

�Z�\�l�h�f�h�[�b�e�v�g�h�c���^�h�j�h�]�h�c�����g�Z���a�Z�^�g�_�f���i�e�Z�g�_�����g�Z���j�_�d�_���@�Z�j�h�\�d�Z�����F�Z�d�Z�j�h�\�k�d�b�c �j�Z�c�h�g�������k�� 
Figure 3. Scheme of debris flow basins of the east coast of Sakhalin Island (a), debris flow deposits (b), the 
railway bridge (in the foreground) and the pass-through structure under the highway (in the background) on 

the river Zharovka (Makarovsky district) (c) 
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�J�b�k�m�g�h�d 4. �<�h�^�h�i�j�h�i�m�k�d�g�u�_���l�j�m�[�u���g�Z���k�_�e�_�g�h�k�g�u�o���j�m�q�v�y�o�����\�h�k�l�h�q�g�h�_���i�h�[�_�j�_�`�v�_���X�`�g�h�]�h���K�Z�o�Z�e�b�g�Z����
�F�Z�d�Z�j�h�\�k�d�b�c���j�Z�c�h�g�����D���b���E�������b���a�Z�i�Z�^�g�h�_���i�h�[�_�j�_�`�v�_���X�`�g�h�]�h���K�Z�o�Z�e�b�g�Z�����G�_�\�_�e�v�k�d�b�c���j�Z�c�h�g�����k���b���G�� 

Figure 4. Culverts on the debris flow rivers of Sakhalin Island: the Eastern coast of Southern Sakhalin, 
Makarov district (a and b), and the Western coast of Southern Sakhalin, Nevelsky district (�k and d) 
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�[�e�Z�]�h�^�Z�j�y�� �d�h�l�h�j�h�f�m�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �q�Z�k�l�b�q�g�h�_��
�]�Z�r�_�g�b�_�� �\�h�e�g���� �q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �k�i�h�k�h�[�k�l�\�m�_�l��
�a�Z�s�b�l�_�� �i�e�y�`�_�c�� �h�k�l�j�h�\�Z���� �q�Z�s�_�� �\�k�_�]�h�� �[�e�h�d�b�j�m�_�l�k�y��
�^�h�j�h�`�g�h�c�� �g�Z�k�u�i�v�x���� �G�Z �m�q�Z�k�l�d�_�� �^�h�j�h�]�b�� �\��
�i�j�b�m�k�l�v�_�\�h�c���q�Z�k�l�b���\�h�^�h�l�h�d�h�\�����]�^�_���h�k�m�s�_�k�l�\�e�y�_�l�k�y��
�\�u�g�h�k�� �[�h�e�v�r�h�]�h�� �h�[�t�_�f�Z�� �k�_�e�_�\�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �k��
�d�j�m�i�g�h�]�e�u�[�h�\�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c���� �e�m�q�r�b�f��
�\�Z�j�b�Z�g�l�h�f�� �i�j�h�l�b�\�h�k�_�e�_�\�h�c�� �a�Z�s�b�l�u�� �y�\�e�y�x�l�k�y��
�k�_�e�_�i�j�h�i�m�k�d�g�u�_���k�h�h�j�m�`�_�g�b�y�� 

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

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

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

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

�G�Z�� �m�q�Z�k�l�d�Z�o�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �k�d�e�h�g�h�\�u�o��
�k�_�e�_�\�u�o���[�Z�k�k�_�c�g�h�\�����k���b�o���d�h�e�b�q�_�k�l�\�h�f������-40 �r�l���d�f��
���m�q�Z�k�l�h�d�� �k�� �R�_�[�m�g�b�g�h�� �± �k���� �=�h�j�g�h�a�Z�\�h�^�k�d����
�G�_�\�_�e�v�k�d�b�c�� �j�Z�c�h�g������ �]�^�_�� �n�h�j�f�b�j�m�x�l�k�y�� �k�_�e�b��
�g�_�[�h�e�v�r�h�]�h�� �h�[�t�_�f�Z�� ���^�h�� �������� �f3), 
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y�� �\�u�k�h�d�h�c�� �i�h�\�l�h�j�y�_�f�h�k�l�v�x�� 
(3-�����j�Z�a�Z���\���]�h�^�������g�Z���\�a�]�e�y�^���Z�\�l�h�j�h�\�����p�_�e�_�k�h�h�[�j�Z�a�g�h��
�k�l�j�h�b�l�_�e�v�k�l�\�h���k�_�e�_�\�u�o���e�h�\�m�r�_�d�� 

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

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

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

 
a b 

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

�a�Z�\�Z�e�b�\�r�_�]�h���Z�\�l�h�^�h�j�h�]�m���k�� �R�_�[�m�g�b�g�h���± �k�� �=�h�j�g�h�a�Z�\�h�^�k�d�����G�_�\�_�e�v�k�d�b�c���j�Z�c�h�g�����\���b�x�e�_�������������]�������E�� 
Figure 5. Slope debris flows on the western coast of South Sakhalin: scheme of slope debris flow basins (a) 
and deposits of slope debris flow on the road Shebunino �± Gornozavodsk (Nevelskiy district) in July 2015(b) 
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�L�Z�[�e�b�p�Z������ �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�d�e�h�g�h�\�u�o���k�_�e�_�\�u�o���[�Z�k�k�_�c�g�h�\���g�Z���a�Z�i�Z�^�g�h�f���i�h�[�_�j�_�`�v�_���X�`�g�h�]�h���K�Z�o�Z�e�b�g�Z 
Table 1. Characteristics of slope debris flow basins on the western coast of South Sakhalin 

�‹  

�K�j�_�^�g�_�\�a�\�_-
�r�_�g�g�u�c��

�m�d�e�h�g���j�m�k�e�Z����
�Å 

�>�e�b�g�Z���\�h�^�h-
�l�h�d�Z�����f 

�I�e�h�s�Z�^�v��
�[�Z�k�k�_�c�g�Z����
�l�u�k�����f2 

�J�Z�k�o�h�^���\�h�^�u����
�f3���k��������������

�h�[�_�k-
�i�_�q�_�g�g�h�k�l�b 

�H�[�t�_�f��
�k�l�h�d�Z���a�Z��
�k�m�l�d�b����

�f3 

�H�[�t�_�f���k�_�e�_�\�u�o��
�h�l�e�h�`�_�g�b�c�����f3 ���_�^�b�g�h-

�\�j�_�f�_�g�g�u�c���\�u�g�h�k������������ �]���� 

1 703 170 6 0,010 0,168 40 
2 668 180 4,5 0,009 0,144 40 
3 1004 120 2,4 0,003 0,072 10 
4 986 130 1,9 0,003 0,072 50 

 

�A�Z�d�e�x�q�_�g�b�_ 

�K�m�f�f�Z�j�g�Z�y�� �i�j�h�l�y�`�_�g�g�h�k�l�v�� �Z�\�l�h�f�h�[�b�e�v�g�u�o��
�b���`�_�e�_�a�g�u�o���^�h�j�h�]�����j�Z�k�i�h�e�h�`�_�g�g�u�o���\���i�j�b�m�k�l�v�_�\�u�o��
�q�Z�k�l�y�o�� �k�_�e�_�\�u�o�� �\�h�^�h�l�h�d�h�\���� �g�Z�� �h�k�l�j�h�\�_�� �K�Z�o�Z�e�b�g��
�k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� �������� �d�f���� �Z�� �k�i�_�p�b�Z�e�v�g�h��
�k�i�j�h�_�d�l�b�j�h�\�Z�g�g�u�_�� �k�_�e�_�i�j�h�i�m�k�d�g�u�_�� �m�k�l�j�h�c�k�l�\�Z����
�i�h�e�g�h�k�l�v�x�� �\�u�i�h�e�g�y�x�s�b�_�� �k�\�h�x�� �n�m�g�d�p�b�x����
�i�h�k�l�j�h�_�g�u�� �l�h�e�v�d�h�� �g�Z�� �m�q�Z�k�l�d�_�� �i�j�h�l�y�`�_�g�g�h�k�l�v�x��
7,5 �d�f�� 

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

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

�i�h�l�h�d�Z�f�b���b���g�_���i�j�_�i�y�l�k�l�\�h�\�Z�l�v���i�h�k�l�Z�\�d�_���k�_�e�_�\�h�]�h��
�f�Z�l�_�j�b�Z�e�Z���\���i�e�y�`�_�\�m�x���a�h�g�m�����i�h�^���l�j�Z�g�k�i�h�j�l�g�u�f�b��
�f�Z�]�b�k�l�j�Z�e�y�f�b���g�_�h�[�o�h�^�b�f�h���k�l�j�h�b�l�v���k�_�e�_�i�j�h�i�m�k�d�b����
�\�u�g�_�k�_�g�g�u�c���\���[�_�j�_�]�h�\�m�x���a�h�g�m���k�_�e�_�\�h�c���f�Z�l�_�j�b�Z�e����
�Z�d�d�m�f�m�e�b�j�m�y�k�v���� �m�\�_�e�b�q�b�\�Z�_�l�� �f�h�s�g�h�k�l�v�� �i�e�y�`�Z����
�a�Z�s�b�s�Z�y�� �i�j�h�o�h�^�y�s�b�_�� �i�h�� �[�_�j�_�]�m�� �f�h�j�y��
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Abstract. The condition of the World Ocean has 
always been the most important factor living condi-
tions of all Biosphere. For this reason change of its 
hydrological structure and properties during past 
geological eras repeatedly led to global ecological 
crises and extinction of the majority of the organ-
isms existing at that time. The modern technogene-
sis of the World Ocean can have similar cata-
strophic consequences. The development of this cri-
sis will take place in a hopping manner. At its first 
stage, the consequences of technogenic transfor-
mation are localized within the boundaries of indi-
vidual sections of the World Ocean. But their num-
ber is constantly increasing. At a certain point in 
time, the cumulative effect of this process for a rel-
atively short time can cause the destruction of the 
World Ocean as a single system, and its transition 
to a new state. This will inevitably disrupt condi-
tions in most parts of the planet, and will cause a 
global ecological and socio-economic crisis. At the 
same time, it is impossible to stop the process of 
technogenesis of the World Ocean under the condi-
�W�L�R�Q�V���R�I���F�R�Q�W�L�Q�X�R�X�V���J�U�R�Z�W�K���R�I���W�K�H���(�D�U�W�K�¶�V���S�R�S�X�O�D�W�L�R�Q��
and its need for natural resources. The only real way 
to prevent catastrophic consequences is to develop 
mechanisms for controlling the processes of tech-
nogenesis. In practice, this problem can be solved 
by creating managed natural-technical systems. In 
these systems, enabling ecological conditions and 
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biodiversity conservation are ensured by the opera-
tion of technical facilities - ecological regulators. 
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�l�_�o�g�h�]�_�g�g�u�c�� �i�h�^�t�_�f�� �]�e�m�[�b�g�g�u�o�� �\�h�^�� �k�� �\�u�k�h�d�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�_�c�� �k�_�j�h�\�h�^�h�j�h�^�Z�� �f�h�`�_�l�� �\�u�a�\�Z�l�v��
�]�b�[�_�e�v���h�j�]�Z�g�b�a�f�h�\���\���i�h�\�_�j�o�g�h�k�l�g�u�o���k�e�h�y�o���f�h�j�y�� 
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�<�h-�\�l�h�j�u�o���� �i�j�h�y�\�e�_�g�b�y �l�_�o�g�h�]�_�g�_�a�Z 
�g�Z�q�b�g�Z�x�l �\�k�_�k�l�h�j�h�g�g�_�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �b�� �b�a�m�q�Z�l�v��
�e�b�r�v�� �i�h�k�e�_�� �l�h�]�h���� �d�Z�d�� �h�g�b�� �i�j�b�g�b�f�Z�x�l��
�\�u�j�Z�`�_�g�g�u�c�� �g�_�]�Z�l�b�\�g�u�c�� �o�Z�j�Z�d�l�_�j���� �=�e�Z�\�g�Z�y�� �`�_��
�a�Z�^�Z�q�Z�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �a�Z�d�e�x�q�Z�_�l�k�y �g�_�� �\��
�h�[�t�y�k�g�_�g�b�b�� �i�j�b�q�b�g�� �m�`�_�� �i�j�h�b�a�h�r�_�^�r�_�]�h���� �Z�� �\��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�b�� �[�m�^�m�s�b�o�� �k�h�[�u�l�b�c�� �b�� �\��
�k�\�h�_�\�j�_�f�_�g�g�h�c�� �j�Z�a�j�Z�[�h�l�d�_�� �f�_�j���� �i�h�a�\�h�e�y�x�s�b�o��
�b�a�[�_�`�Z�l�v�� �b�o�� �g�_�]�Z�l�b�\�g�u�o�� �i�h�k�e�_�^�k�l�\�b�c���� �L�Z�d���� �g�Z��
�k�h�\�j�_�f�_�g�g�h�f�� �w�l�Z�i�_�� �i�j�h�b�k�o�h�^�b�l�� �b�k�d�m�k�k�l�\�_�g�g�h�_��
�b�a�f�_�g�_�g�b�_�� �d�h�g�n�b�]�m�j�Z�p�b�b�� �[�_�j�_�]�h�\�� �j�Z�a�e�b�q�g�u�o��
�f�h�j�_�c���b���b�o���i�h�^�\�h�^�g�h�]�h���j�_�e�v�_�n�Z�����<�h�i�j�h�k���h���l�h�f�����g�Z��
�d�Z�d�h�f�� �w�l�Z�i�_�� �w�l�h�l�� �i�j�h�p�_�k�k�� �k�f�h�`�_�l�� �h�d�Z�a�Z�l�v��
�a�g�Z�q�b�f�h�_���\�e�b�y�g�b�_���g�Z���o�Z�j�Z�d�l�_�j���p�b�j�d�m�e�y�p�b�b���\�h�^���b��
�\�u�a�\�Z�l�v�� �b�a�f�_�g�_�g�b�_�� �f�_�a�h- �b�� �f�Z�d�j�h�d�e�b�f�Z�l�Z����
�i�j�Z�d�l�b�q�_�k�d�b���g�_���b�a�m�q�Z�_�l�k�y�� 

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

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

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

�I�j�b�� �k�[�h�j�_�� �b�� �Z�g�Z�e�b�a�_�� �b�g�n�h�j�f�Z�p�b�b����
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�c�� �i�j�h�p�_�k�k�u�� �l�_�o�g�h�]�_�g�_�a�Z��
�F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z���� �f�u�� �j�m�d�h�\�h�^�k�l�\�h�\�Z�e�b�k�v��
�k�e�_�^�m�x�s�b�f�b���i�j�b�g�p�b�i�Z�f�b�� 
1. �<�� �q�b�k�e�h�� �\�h�a�f�h�`�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�c��
�l�_�o�g�h�]�_�g�_�a�Z�� �\�d�e�x�q�Z�e�b�k�v�� �g�_�� �l�h�e�v�d�h�� �i�j�h�_�d�l�u���� �\��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�_�^�k�l�Z�\�e�y�x�s�b�_�� �k�h�[�h�c��
�j�_�Z�e�v�g�m�x�� �m�]�j�h�a�m�� �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�h�]�h��
�l�_�o�g�h�]�_�g�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �F�b�j�h�\�h�c�� �h�d�_�Z�g���� �g�h��
�b�� �\�u�^�\�b�]�Z�\�r�b�_�k�y�� �\�� �i�j�h�r�e�h�f�� �b�^�_�b���� �\�h�i�e�h�s�_�g�b�_��
�d�h�l�h�j�u�o�� �k�i�h�k�h�[�g�h�� �\�u�a�\�Z�l�v�� �Z�g�Z�e�h�]�b�q�g�u�c��
�j�_�a�m�e�v�l�Z�l���� �D�Z�d�� �i�h�d�Z�a�u�\�Z�_�l�� �b�k�l�h�j�b�q�_�k�d�b�c�� �h�i�u�l��
�e�x�[�Z�y�� �j�Z�g�_�_�� �h�l�\�_�j�]�g�m�l�Z�y�� �b�^�_�y�� �\�� �b�a�f�_�g�b�\�r�b�o�k�y��
�m�k�e�h�\�b�y�o���f�h�`�_�l���[�u�l�v���j�_�Z�e�b�a�h�\�Z�g�Z�� 
2. �L�_�o�g�h�]�_�g�g�Z�y�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �F�b�j�h�\�h�]�h��
�h�d�_�Z�g�Z���h�^�g�h�\�j�_�f�_�g�g�h���i�j�h�b�k�o�h�^�b�l���i�h���g�_�k�d�h�e�v�d�b�f��
�g�Z�i�j�Z�\�e�_�g�b�y�f���� �d�h�l�h�j�u�_�� �f�u�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�� �d�Z�d��
�h�l�^�_�e�v�g�u�_�� �\�b�^�u�� �l�_�o�g�h�]�_�g�_�a�Z�� �± 
�]�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�c���� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�c����
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�c�� �b�� �[�b�h�l�b�q�_�k�d�b�c�� �>�K�m�a�^�Z�e�_�\�Z����
�=�h�j�x�g�h�\�Z���� ���������@���� �G�h�� �k�e�_�^�m�_�l�� �i�h�f�g�b�l�v���� �q�l�h��
�j�Z�a�\�b�l�b�_���w�l�b�o���y�\�e�_�g�b�c���i�j�h�b�k�o�h�^�b�l���g�_���h�[�h�k�h�[�e�_�g�h����
�Z���\���k�e�h�`�g�h�c���\�a�Z�b�f�h�k�\�y�a�b�� 
3. �G�_�d�h�g�l�j�h�e�b�j�m�_�f�u�c�� �l�_�o�g�h�]�_�g�_�a�� �F�b�j�h�\�h�]�h��
�h�d�_�Z�g�Z���\�u�a�u�\�Z�_�l���b�a�f�_�g�_�g�b�_���m�k�e�h�\�b�c���i�j�Z�d�l�b�q�_�k�d�b��
�g�Z�� �\�k�_�c�� �i�h�\�_�j�o�g�h�k�l�b�� �i�e�Z�g�_�l�u���� �\�d�e�x�q�Z�y��
�l�_�j�j�b�l�h�j�b�b�� �d�h�g�l�b�g�_�g�l�h�\���� �W�l�h�� �g�_�b�a�[�_�`�g�h��
�k�l�b�f�m�e�b�j�m�_�l�� �j�Z�a�\�b�l�b�_�� �]�e�h�[�Z�e�v�g�u�o��
�]�_�h�w�d�h�e�h�]�b�q�_�k�d�b�o���d�j�b�a�b�k�h�\�����i�j�h�^�h�\�h�e�v�k�l�\�_�g�g�h�]�h����
�\�h�^�h�i�h�l�j�_�[�e�_�g�b�y�� �b�� �^�j������ �>�K�m�a�^�Z�e�_�\�Z���� ���������@���� �<��
�h�k�g�h�\�_�� �\�k�_�o�� �w�l�b�o�� �y�\�e�_�g�b�c�� �e�_�`�b�l�� �b�a�f�_�g�_�g�b�_��
�w�d�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z�p�b�b���� �\�e�_�d�m�s�_�_�� �a�Z�� �k�h�[�h�c��
�g�Z�j�m�r�_�g�b�_�� �m�k�e�h�\�b�c�� �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b��
�g�Z�k�_�e�_�g�b�y���h�[�r�b�j�g�u�o���j�_�]�b�h�g�h�\�� 
4. �J�_�a�m�e�v�l�Z�l�h�f�� �l�_�o�g�h�]�_�g�_�a�Z�� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o��
�y�\�e�y�_�l�k�y�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �i�j�b�j�h�^�g�h-�l�_�o�g�b�q�_�k�d�h�c��
�k�b�k�l�_�f�u���� �l���_���� �k�h�\�h�d�m�i�g�h�k�l�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o��
�h�[�t�_�d�l�h�\�� �_�k�l�_�k�l�\�_�g�g�h�]�h�� �b�� �b�k�d�m�k�k�l�\�_�g�g�h�]�h��
�i�j�h�b�k�o�h�`�^�_�g�b�y�� �>�K�m�a�^�Z�e�_�\�Z���� ���������@���� �K�m�s�_�k�l�\�m�_�l��
�^�\�_�� �h�k�g�h�\�g�u�_�� �d�Z�l�_�]�h�j�b�b�� �i�h�^�h�[�g�u�o�� �k�b�k�l�_�f���� �D��
�i�_�j�\�h�c�� �h�l�g�h�k�y�l�k�y�� �g�_�m�i�j�Z�\�e�y�_�f�u�_�� �i�j�b�j�h�^�g�h-
�l�_�o�g�b�q�_�k�d�b�_���k�b�k�l�_�f�u�����H�g�b���\�h�a�g�b�d�Z�x�l���k�i�h�g�l�Z�g�g�h����
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�b���b�o���k�m�s�_�k�l�\�h�\�Z�g�b�_�����d�Z�d���i�j�Z�\�b�e�h�����k�h�i�j�h�\�h�`�^�Z�_�l�k�y��
�w�d�h�e�h�]�b�q�_�k�d�h�c�� �^�_�]�j�Z�^�Z�p�b�_�c�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u����
�<�l�h�j�Z�y�� �d�Z�l�_�]�h�j�b�y�� �± �w�l�h�� �m�i�j�Z�\�e�y�_�f�u�_�� �i�j�b�j�h�^�g�h-
�l�_�o�g�b�q�_�k�d�b�_�� �k�b�k�l�_�f�u���� �M�k�e�h�\�b�y�� �\�� �g�b�o��
�h�i�j�_�^�_�e�y�x�l�k�y�� �j�Z�[�h�l�h�c�� �w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�j�_�]�m�e�y�l�h�j�Z�����\���d�Z�q�_�k�l�\�_���d�h�l�h�j�h�]�h���f�h�]�m�l���\�u�k�l�m�i�Z�l�v��
�j�Z�a�e�b�q�g�u�_�� �m�k�l�j�h�c�k�l�\�Z���� �b�g�`�_�g�_�j�g�u�_�� �k�b�k�l�_�f�u�� �b��
�k�h�h�j�m�`�_�g�b�y���� �j�_�`�b�f�u�� �j�Z�[�h�l�u�� �b�� �d�h�g�k�l�j�m�d�p�b�b��
�d�h�l�h�j�u�o�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �h�[�j�Z�a�h�f��
�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�u���� �>�e�y�� �\�u�i�h�e�g�_�g�b�y�� �w�l�h�c�� �a�Z�^�Z�q�b��
�g�_�h�[�o�h�^�b�f�h�� �j�Z�a�\�b�l�b�_�� �f�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�h�]�h��
�g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�l�j�m�^�g�b�q�_�k�l�\�Z���� �?�]�h��
�\�Z�`�g�_�c�r�b�f�� �m�k�e�h�\�b�_�f�� �y�\�e�y�_�l�k�y�� �k�b�g�d�j�_�l�b�q�_�k�d�b�c��
�i�h�^�o�h�^�� �d�� �h�k�f�u�k�e�_�g�b�x�� �p�_�e�_�c�� �b�� �i�m�l�_�c�� �j�_�r�_�g�b�y��
�i�j�h�[�e�_�f���� �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �w�l�h�� �q�Z�k�l�b�q�g�h�_��
�\�h�k�i�j�b�y�l�b�_�� �j�Z�a�e�b�q�g�u�f�b�� �]�j�m�i�i�Z�f�b�� �k�i�_�p�b�Z�e�b�k�l�h�\��
�l�h�q�d�b�� �a�j�_�g�b�y�� �k�\�h�b�o�� �b�^�_�c�g�u�o�� �i�j�h�l�b�\�g�b�d�h�\����
�K�i�_�p�b�Z�e�b�k�l�Z�f-�w�d�h�e�h�]�Z�f�� �g�_�h�[�o�h�^�b�f�h��
�i�_�j�_�k�f�h�l�j�_�l�v�� �h�l�g�h�r�_�g�b�_�� �d�� �l�_�o�g�h�]�_�g�_�a�m��
�h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �d�Z�d�� �d�� �k�m�]�m�[�h�� �g�_�]�Z�l�b�\�g�h�f�m��
�y�\�e�_�g�b�x���� �K�i�_�p�b�Z�e�b�k�l�u�� �b�g�`�_�g�_�j�g�h-�l�_�o�g�b�q�_�k�d�h�c��
�k�n�_�j�u�� �^�h�e�`�g�u�� �\�h�k�i�j�b�g�b�f�Z�l�v�� �a�Z�^�Z�q�m�� �m�e�m�q�r�_�g�b�y��
�w�d�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z�p�b�b�� �g�_�� �d�Z�d�� �n�h�j�f�Z�e�v�g�h�_��
�i�j�b�j�h�^�h�h�o�j�Z�g�g�h�_���h�]�j�Z�g�b�q�_�g�b�_�����Z���d�Z�d���\�Z�`�g�_�c�r�b�c��
�d�h�g�_�q�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �k�\�h�_�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �± 
�p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�_�� �m�e�m�q�r�_�g�b�_�� �m�k�e�h�\�b�c��
�h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u�� 
5. �I�j�h�b�k�o�h�^�y�s�b�_�� �]�e�h�[�Z�e�v�g�u�_�� �d�e�b�f�Z�l�b�q�_�k�d�b�_��
�b�a�f�_�g�_�g�b�y�� ���i�Z�j�g�b�d�h�\�u�c�� �w�n�n�_�d�l���� �b�� �\�u�a�u�\�Z�_�f�u�_��
�b�f�b�� �b�a�f�_�g�_�g�b�y�� �F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z�� �g�_��
�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �\�� �k�l�Z�l�v�_�� �d�Z�d�� �i�j�h�p�_�k�k�u��
�l�_�o�g�h�]�_�g�_�a�Z���� �W�d�h�e�h�]�b�q�_�k�d�Z�y�� �a�g�Z�q�b�f�h�k�l�v�� �w�l�b�o��
�y�\�e�_�g�b�c�� �g�_�k�h�f�g�_�g�g�Z���� �G�h�� �l�j�Z�d�l�h�\�Z�l�v�� �b�o�� �d�Z�d��
�i�j�h�p�_�k�k�u�� �k�m�]�m�[�h�� �l�_�o�g�h�]�_�g�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z��
�i�j�_�`�^�_�\�j�_�f�_�g�g�h���� �F�g�h�]�b�_�� �k�i�_�p�b�Z�e�b�k�l�u��
�i�j�b�^�_�j�`�b�\�Z�x�l�k�y�� �f�g�_�g�b�y���� �q�l�h�� �h�k�g�h�\�g�m�x�� �j�h�e�v�� �\��
�i�j�h�b�k�o�h�^�y�s�b�o�� �]�e�h�[�Z�e�v�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o��
�i�j�h�p�_�k�k�Z�o���b�]�j�Z�x�l���_�k�l�_�k�l�\�_�g�g�u�_���n�Z�d�l�h�j�u�����<�f�_�k�l�_��
�k�� �l�_�f�� �o�Z�j�Z�d�l�_�j�� �i�h�k�e�_�^�k�l�\�b�c�� �l�_�o�g�h�]�_�g�_�a�Z�� �\�h��
�f�g�h�]�h�f�� �a�Z�\�b�k�b�l�� �h�l�� �o�h�^�Z�� �]�e�h�[�Z�e�v�g�u�o��
�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b���� �g�Z�i�j�h�l�b�\����
�l�_�o�g�h�]�_�g�g�Z�y�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z��
�f�h�`�_�l�� �d�Z�d�� �m�k�b�e�b�\�Z�l�v���� �l�Z�d�� �b�� �k�g�b�`�Z�l�v�� �j�Z�a�\�b�l�b�_��
�i�Z�j�g�b�d�h�\�h�]�h���w�n�n�_�d�l�Z�� 

�<�b�^�u���l�_�o�g�h�]�_�g�_�a�Z���F�b�j�h�\�h�]�h���h�d�_�Z�g�Z 

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

�=�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�c���l�_�o�g�h�]�_�g�_�a�� 

�=�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�c�� �l�_�o�g�h�]�_�g�_�a��
�a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �b�a�f�_�g�_�g�b�b�� �d�h�g�n�b�]�m�j�Z�p�b�b�� �b��
�k�l�j�m�d�l�m�j�u�� �[�_�j�_�]�h�\�h�c�� �e�b�g�b�b���� �Z�� �l�Z�d�`�_�� �i�h�^�\�h�^�g�h�]�h��
�j�_�e�v�_�n�Z���� �>�_�y�l�_�e�v�g�h�k�l�v���� �i�j�b�\�h�^�y�s�Z�y�� �d�� �i�h�^�h�[�g�u�f��
�j�_�a�m�e�v�l�Z�l�Z�f���� �i�j�_�k�e�_�^�m�_�l�� �j�Z�a�e�b�q�g�u�_�� �p�_�e�b���� �L�Z�d���� �\��
�j�y�^�_�� �k�l�j�Z�g�� �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y�� �b�� �h�k�m�s�_�k�l�\�e�y�x�l�k�y��
�f�g�h�]�h�q�b�k�e�_�g�g�u�_ �i�j�h�_�d�l�u���� �h�l�� �j�Z�a�f�_�s�_�g�b�y��
�g�_�n�l�y�g�u�o�� �i�e�Z�l�n�h�j�f�� �^�h�� �k�l�j�h�b�l�_�e�v�k�l�\�Z��
�b�k�d�m�k�k�l�\�_�g�g�u�o�� �a�_�f�_�e�v�g�u�o�� �m�q�Z�k�l�d�h�\�� �b��
�b�k�d�m�k�k�l�\�_�g�g�u�o�� �h�k�l�j�h�\�h�\���� �m�g�b�q�l�h�`�Z�x�s�b�o 
�a�g�Z�q�b�l�_�e�v�g�u�_�� �m�q�Z�k�l�d�b�� �r�_�e�v�n�h�\�h�c�� �a�h�g�u���� �B�o��
�i�j�_�^�g�Z�a�g�Z�q�_�g�b�_�� �\�_�k�v�f�Z�� �j�Z�a�e�b�q�g�h���� �h�j�]�Z�g�b�a�Z�p�b�y��
�^�h�[�u�q�b�� �i�h�e�_�a�g�u�o�� �b�k�d�h�i�Z�_�f�u�o�� �g�Z�� �r�_�e�v�n�_����
�j�Z�a�f�_�s�_�g�b�_�� �Z�w�j�h�^�j�h�f�h�\���� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o��
�h�[�t�_�d�l�h�\�����`�b�e�u�o�� �f�Z�k�k�b�\�h�\�� �b�� �i�j���� �I�h�� �i�j�h�]�g�h�a�Z�f�� �d��
���������� �]�h�^�m�� �^�h�� �������� �f�e�g�� �d�f2 �f�h�j�k�d�b�o�� �Z�d�\�Z�l�h�j�b�c��
�[�m�^�m�l�� �a�Z�f�_�g�_�g�u�� �b�k�d�m�k�k�l�\�_�g�g�u�f�b�� �l�_�j�j�b�l�h�j�b�y�f�b��
[Chee et al., 2017]. 

�<�� �i�h�^�Z�\�e�y�x�s�_�f�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\��
�\�h�a�\�_�^�_�g�b�_�� �b�k�d�m�k�k�l�\�_�g�g�u�o�� �h�k�l�j�h�\�h�\��
�k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �a�Z�]�j�y�a�g�_�g�b�_�f �h�d�j�m�`�Z�x�s�_�c��
�k�j�_�^�u���� �b�a�f�_�g�_�g�b�_�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �j�_�`�b�f�Z���� �Z��
�l�Z�d�`�_�� �e�b�d�\�b�^�Z�p�b�_�c�� �b�� �d�h�j�_�g�g�h�c�� �l�j�Z�g�k�n�h�j�f�Z�p�b�_�c 
�f�h�j�k�d�b�o�� �[�b�h�l�h�i�h�\�� �>Givi et al., 2015�@���� �?�k�e�b��
�k�l�j�h�b�l�_�e�v�k�l�\�h�� �b�k�d�m�k�k�l�\�_�g�g�u�o�� �a�_�f�_�e�v�g�u�o��
�m�q�Z�k�l�d�h�\�� �b�� �h�k�l�j�h�\�h�\�� �[�m�^�_�l�� �i�j�h�b�k�o�h�^�b�l�v�� �l�_�f�b�� �`�_��
�l�_�f�i�Z�f�b���� �q�l�h�� �b�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y���� �l�h���\��
�h�i�j�_�^�_�e�_�g�g�u�c�� �f�h�f�_�g�l�� �w�l�h�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d��
�b�a�f�_�g�_�g�b�x�� �k�h�h�l�g�h�r�_�g�b�y�� �i�e�h�s�Z�^�b�� �k�m�r�b�� �b��
�F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z���� �k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b��
�b�a�f�_�g�_�g�b�y�f�b�� �f�_�a�h- �b�� �f�Z�d�j�h�d�e�b�f�Z�l�Z���� �Z�� �l�Z�d�`�_��
�m�k�e�h�\�b�c�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �w�d�h�k�b�k�l�_�f�� �b��
�`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b���g�Z�k�_�e�_�g�b�y���g�Z���f�g�h�]�b�o���m�q�Z�k�l�d�Z�o��
�i�e�Z�g�_�l�u�����\���l���q�����m�^�Z�e�_�g�g�u�o���h�l���f�h�j�y���� 

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

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

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

�=�b�^�j�h�e�h�]�b�q�_�k�d�b�c���l�_�o�g�h�]�_�g�_�a 

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

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

�>�_�y�l�_�e�v�g�h�k�l�v���� �j�_�a�m�e�v�l�Z�l�h�f�� �d�h�l�h�j�h�c�� �f�h�`�_�l��
�k�l�Z�l�v�� �l�_�o�g�h�]�_�g�g�Z�y�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �f�h�j�k�d�b�o��
�l�_�q�_�g�b�c�� �\�_�k�v�f�Z�� �j�Z�a�g�h�h�[�j�Z�a�g�Z���� �<�h�a�^�_�c�k�l�\�b�_�� �g�Z��
�]�h�j�b�a�h�g�l�Z�e�v�g�h�� �g�Z�i�j�Z�\�e�_�g�g�u�_�� �f�h�j�k�d�b�_�� �l�_�q�_�g�b�y 
�f�h�`�_�l�� �h�d�Z�a�u�\�Z�l�v�� �\�h�a�\�_�^�_�g�b�_�� �b�k�d�m�k�k�l�\�_�g�g�u�o��
�h�k�l�j�h�\�h�\���� �k�h�a�^�Z�x�s�b�o�� �i�j�_�]�j�Z�^�m�� �g�Z�� �i�m�l�b��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���\�h�^�����b���b�k�i�h�e�v�a�h�\�Z�g�b�_���^�\�b�`�_�g�b�y��
�\�h�^�g�u�o�� �f�Z�k�k�� �^�e�y�� �\�u�j�Z�[�h�l�d�b�� �w�e�_�d�l�j�h�w�g�_�j�]�b�b����
�=�b�^�j�h�w�g�_�j�]�_�l�b�q�_�k�d�b�c�� �i�h�l�_�g�p�b�Z�e�� �f�h�j�k�d�b�o��
�l�_�q�_�g�b�c�� �h�]�j�h�f�_�g�� �>�$�O�F�p�U�U�H�F�D-Huerta et al., 2019]. 
�=�b�i�h�l�_�l�b�q�_�k�d�b�� �l�h�e�v�d�h�� �_�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�h�`�_�l��
�^�Z�l�v�� �[�h�e�_�_�� �������� �f�e�g���� �d�<�l�� �w�e�_�d�l�j�h�w�g�_�j�]�b�b���� �<��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �^�Z�g�g�h�c�� �h�[�e�Z�k�l�b�� �m�`�_��
�j�Z�a�j�Z�[�h�l�Z�g�� �j�y�^�� �i�j�h�_�d�l�h�\���� �G�Z�b�[�h�e�_�_�� �[�e�b�a�d�b�f�� �d��
�j�_�Z�e�b�a�Z�p�b�b�� �i�j�h�_�d�l�h�f�� �y�\�e�y�_�l�k�y�� �k�l�j�h�b�l�_�e�v�k�l�\�h��
�i�h�^�h�[�g�h�c�� �w�e�_�d�l�j�h�k�l�Z�g�p�b�b�� �\�� �j�Z�c�h�g�_�� �;�_�j�f�m�^�k�d�b�o��
�h�k�l�j�h�\�h�\�����:�g�Z�e�h�]�b�q�g�u�_���i�j�h�_�d�l�u���k�m�s�_�k�l�\�m�x�l���^�e�y��
�N�e�h�j�b�^�k�d�h�]�h�� �b�� �=�b�[�j�Z�e�l�Z�j�k�d�h�]�h�� �i�j�h�e�b�\�h�\, 
�\�h�k�l�h�q�g�h�]�h�� �i�h�[�_�j�_�`�v�y�� �Y�i�h�g�b�b�� ���l�_�q�_�g�b�_��
�D�m�j�h�k�b�h���� 

�<�b�^�u�� �^�_�y�l�_�e�v�g�h�k�l�b���� �k�h�i�j�h�\�h�`�^�Z�x�s�b�_�k�y 
�g�Z�j�m�r�_�g�b�_�f�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �k�l�j�m�d�l�m�j�u�� �\�h�^�g�u�o��
�f�Z�k�k ���g�Z�j�m�r�_�g�b�_�f�� �k�l�j�Z�l�b�n�b�d�Z�p�b�b���� �[�h�e�_�_��
�j�Z�a�g�h�h�[�j�Z�a�g�u���� �G�h�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�k�_�� �n�h�j�f�u��
�b�k�d�m�k�k�l�\�_�g�g�u�o�� �Z�i�\�_�e�e�b�g�]�h�\�� �b�� �^�Z�m�g�\�_�e�e�b�g�]�h�\��
�\�u�a�u�\�Z�x�l�� �a�g�Z�q�b�f�h�_�� �b�a�f�_�g�_�g�b�_�� �m�k�e�h�\�b�c�� �\��
�f�h�j�k�d�h�c�� �k�j�_�^�_�� �>�;�_�a�g�h�k�h�\���� ���������Z�@���� �H�k�g�h�\�g�h�_��
�a�g�Z�q�_�g�b�_�� �\�� �k�n�_�j�_�� �l�_�o�g�h�]�_�g�g�u�o�� �g�Z�j�m�r�_�g�b�c��
�k�l�j�Z�l�b�n�b�d�Z�p�b�b�� �f�h�j�y �b�f�_�_�l�� �i�h�^�t�_�f�� �]�e�m�[�b�g�g�u�o��
�\�h�^�� �d�� �i�h�\�_�j�o�g�h�k�l�b���� �H�g�� �l�Z�d�`�_�� �f�h�`�_�l��
�h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �d�Z�d�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h���� �l�Z�d�� �b��
�\�h�a�g�b�d�Z�l�v�� �\�� �n�h�j�f�_�� �i�h�[�h�q�g�h�]�h�� �w�n�n�_�d�l�Z��
�^�_�y�l�_�e�v�g�h�k�l�b���� �D�� �i�_�j�\�h�f�m�� �k�e�m�q�Z�x�� �h�l�g�h�k�y�l�k�y��
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�j�Z�a�e�b�q�g�u�_�� �k�b�k�l�_�f�u���� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�]�h����
�©�b�k�d�m�k�k�l�\�_�g�g�h�]�h�� �Z�i�\�_�e�e�b�g�]�Z�ª���� �b�k�i�h�e�v�a�m�x�s�b�_��
�[�h�]�Z�l�u�_�� �[�b�h�]�_�g�Z�f�b�� �]�e�m�[�b�g�g�u�_�� �\�h�^�u�� �^�e�y��
�i�h�\�u�r�_�g�b�y�� �i�j�h�^�m�d�l�b�\�g�h�k�l�b�� �o�h�a�y�c�k�l�\�� �f�h�j�k�d�h�c��
�Z�d�\�Z�d�m�e�v�l�m�j�u�� �<�� �k�h�\�j�_�f�_�g�g�h�f�� �f�b�j�_�� �^�Z�g�g�Z�y��
�^�_�y�l�_�e�v�g�h�k�l�v�� �i�h�e�m�q�Z�_�l�� �\�k�_�� �[�h�e�v�r�_�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���b���f�Z�k�r�l�Z�[�u���>Lin et al���������������@�����<��
�a�g�Z�q�b�l�_�e�v�g�h���[�h�e�v�r�b�o���h�[�t�_�f�Z�o���p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�c��
�i�h�^�t�_�f�� �]�e�m�[�b�g�g�u�o�� �\�h�^�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\�� �l�Z�d��
�g�Z�a�u�\�Z�_�f�u�o�� �h�d�_�Z�g�k�d�b�o�� �l�_�j�f�Z�e�v�g�u�o��
�w�e�_�d�l�j�h�k�l�Z�g�p�b�y�o [Liu���� ���������@���� �I�h�f�b�f�h��
�i�j�h�b�a�\�h�^�k�l�\�Z���w�e�_�d�l�j�h�w�g�_�j�]�b�b���g�_�d�h�l�h�j�u�_���i�j�h�_�d�l�u��
�i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�l���b�k�i�h�e�v�a�h�\�Z�g�b�_���w�l�b�o���h�[�t�_�d�l�h�\���\��
�d�Z�q�_�k�l�\�_�� �i�j�h�f�u�r�e�_�g�g�u�o�� �h�i�j�_�k�g�b�l�_�e�_�c���� �Z��
�h�l�j�Z�[�h�l�Z�g�g�u�_�� �[�h�]�Z�l�u�_�� �[�b�h�]�_�g�Z�f�b�� �]�e�m�[�b�g�g�u�_��
�\�h�^�u�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y�� �j�Z�a�\�b�l�b�y��
�f�Z�j�b�d�m�e�v�l�m�j�u���� �D�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�c�� �i�h�^�t�_�f�� �\�h�^��
�b�a�� �]�e�m�[�b�g�g�u�o�� �k�e�h�_�\�� �\�k�_�� �r�b�j�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\��
�k�b�k�l�_�f�Z�o�� �l�_�o�g�b�q�_�k�d�h�]�h�� �\�h�^�h�k�g�Z�[�`�_�g�b�y��
�j�Z�a�e�b�q�g�u�o�� �i�j�h�f�u�r�e�_�g�g�u�o�� �b�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o��
�h�[�t�_�d�l�h�\���� �;�h�e�_�_�� �g�b�a�d�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �]�e�m�[�b�g�g�u�o��
�\�h�^�� �a�g�Z�q�b�l�_�e�v�g�h�� �i�h�\�u�r�Z�_�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�o��
�j�Z�[�h�l�u���� �I�j�b�� �w�l�h�f�� �h�[�t�_�f�� �i�h�^�g�b�f�Z�_�f�u�o�� �\�h�^��
�^�h�k�l�Z�l�h�q�g�h�� �\�_�e�b�d���� �G�Z�i�j�b�f�_�j���� �j�Z�k�o�h�^�� �\�h�^�� �g�Z��
�k�h�\�j�_�f�_�g�g�u�o���:�W�K �k�j�Z�\�g�b�f���k�h���k�l�h�d�h�f���g�_�d�h�l�h�j�u�o��
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�i�j�_�^�e�h�`�_�g�g�u�c���\���l�_���`�_���]�h�^�u���i�e�Z�g���i�j�_�^�m�k�f�Z�l�j�b�\�Z�e��
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�i�h�\�u�r�_�g�b�x�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �g�Z��
�h�]�j�h�f�g�h�c�� �Z�d�\�Z�l�h�j�b�b�� �\�i�e�h�l�v�� �^�h�� �Q�m�d�h�l�d�b����
�I�h�^�h�[�g�u�_�� �b�^�_�b�� �\�u�k�d�Z�a�u�\�Z�x�l�k�y�� �b�� �\�� �g�Z�k�l�h�y�s�_�_��
�\�j�_�f�y���� �L�Z�d���� �\�� �������� �]���� �\�h�i�j�h�k�� �h�� �i�_�j�_�g�h�k�_�� �m�k�l�v�y��
�j�� �:�f�m�j �\�g�h�\�v�� �h�[�k�m�`�^�Z�e�k�y�� �g�Z�� �a�Z�k�_�^�Z�g�b�y�o�� �^�m�f�u��
�]�� �<�e�Z�^�b�\�h�k�l�h�d�Z���b���g�Z���k�i�_�p�b�Z�e�v�g�h���h�j�]�Z�g�b�a�h�\�Z�g�g�u�o��
�i�h�� �^�Z�g�g�h�f�m�� �i�h�\�h�^�m�� �d�h�g�n�_�j�_�g�p�b�y�o���� �<�� �d�Z�q�_�k�l�\�_��
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�i�_�j�_�d�Z�q�b�\�Z�l�v�k�y�� �\�� �K�_�\�_�j�g�u�c�� �E�_�^�h�\�b�l�u�c�� �h�d�_�Z�g����
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�j�_�d�j�_�Z�p�b�h�g�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �i�j�b�[�j�_�`�g�u�o��
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�k�g�b�`�_�g�b�_�f�� �k�h�e�_�g�h�k�l�b�� �\�h�^�� �^�h�� �m�j�h�\�g�y����
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�b�a�f�_�g�_�g�b�b�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �\�h�^�� �F�b�j�h�\�h�]�h��
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�^�_�y�l�_�e�v�g�h�k�l�b���� �D�Z�d�� �m�`�_�� �m�d�Z�a�u�\�Z�e�h�k�v�� �\�u�r�_����
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�i�h�\�u�r�_�g�b�y�� �b�o�� �[�b�h�i�j�h�^�m�d�l�b�\�g�h�k�l�b�� �b�� �^�Z�`�_��
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�\�h�a�g�b�d�g�h�\�_�g�b�x�� �g�Z�� �h�[�r�b�j�g�u�o�� �Z�d�\�Z�l�h�j�b�y�o��
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�l�_�o�g�b�q�_�k�d�b�o�� �k�b�k�l�_�f���� �>�Z�g�g�u�_�� �i�j�h�p�_�k�k�u��
�i�j�h�y�\�e�y�x�l�k�y�� �i�h�\�k�_�f�_�k�l�g�h���� �b�� �b�o�� �^�_�l�Z�e�v�g�h�f�m��
�Z�g�Z�e�b�a�m�� �i�h�k�\�y�s�_�g�h�� �h�]�j�h�f�g�h�_�� �d�h�e�b�q�_�k�l�\�h��
�i�m�[�e�b�d�m�_�f�u�o�� �j�Z�[�h�l���� �G�_�� �h�k�l�Z�g�Z�\�e�b�\�Z�y�k�v�� �g�Z�� �w�l�b�o��
�h�[�s�_�b�a�\�_�k�l�g�u�o�� �b�� �r�b�j�h�d�h�� �h�[�k�m�`�^�Z�_�f�u�o��
�i�j�h�[�e�_�f�Z�o���� �h�[�j�Z�l�b�f�� �\�g�b�f�Z�g�b�_�� �g�Z�� �\�h�a�f�h�`�g�h�_��
�j�Z�a�\�b�l�b�_�� �k�b�l�m�Z�p�b�b�� �\�� �[�m�^�m�s�_�f���� �G�Z�� �k�h�\�j�_�f�_�g�g�h�f��
�w�l�Z�i�_�� �a�h�g�u�� �k�b�e�v�g�h�]�h�� �a�Z�]�j�y�a�g�_�g�b�y�� �f�h�j�k�d�b�o�� �\�h�^��
�g�h�k�y�l�� �e�h�d�Z�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j���� �<�u�g�h�k�b�f�u�_�� �b�a�� �g�b�o��
�m�k�l�h�c�q�b�\�u�_�� �Z�]�_�g�l�u�� �a�Z�]�j�y�a�g�_�g�b�y�� �n�b�d�k�b�j�m�x�l�k�y�� �\��
�Z�d�\�Z�l�h�j�b�y�o���� �m�^�Z�e�_�g�g�u�o�� �g�Z�� �a�g�Z�q�b�l�_�e�v�g�u�_��
�j�Z�k�k�l�h�y�g�b�y���� �G�h�� �i�h�d�Z�� �i�h�l�h�d�� �a�Z�]�j�y�a�g�b�l�_�e�_�c����
�i�h�k�l�m�i�Z�x�s�b�c�� �\�� �f�h�j�y���� �h�l�g�h�k�b�l�_�e�v�g�h�� �f�Z�e�� �i�h��
�h�l�g�h�r�_�g�b�x���d���h�[�t�_�f�m���F�b�j�h�\�h�]�h���h�d�_�Z�g�Z�����I�h�w�l�h�f�m��
�i�j�h�p�_�k�k�u���a�Z�]�j�y�a�g�_�g�b�y���g�_���i�j�b�\�h�^�y�l���d���]�e�h�[�Z�e�v�g�h�f�m��
�b�a�f�_�g�_�g�b�x�� �o�b�f�b�a�f�Z�� �f�h�j�k�d�b�o�� �\�h�^���� �W�l�h�f�m�� �l�Z�d�`�_��

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

�?�s�_�� �[�h�e�v�r�m�x�� �h�i�Z�k�g�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�[�b�h�]�_�h�o�b�f�b�q�_�k�d�b�c�� �l�_�o�g�h�]�_�g�_�a���� �i�h�^�� �d�h�l�h�j�u�f�� �f�u��
�i�h�g�b�f�Z�_�f�� �l�_�o�g�h�]�_�g�g�m�x�� �l�j�Z�g�k�n�h�j�f�Z�p�b�x��
�d�j�m�]�h�\�h�j�h�l�h�\�� �j�Z�a�e�b�q�g�u�o�� �o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� 
�;�b�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �p�b�d�e�u�� �h�[�_�k�i�_�q�b�\�Z�x�l��
�k�b�k�l�_�f�g�h�_�� �_�^�b�g�k�l�\�h�� �[�b�h�k�n�_�j�u���� �B�a�f�_�g�_�g�b�_��
�o�Z�j�Z�d�l�_�j�Z�� �w�l�b�o�� �i�j�h�p�_�k�k�h�\���� �d�h�l�h�j�h�_�� �g�_�f�b�g�m�_�f�h��
�i�h�k�e�_�^�m�_�l �a�Z�� �e�x�[�u�f�� �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�f��
�b�a�f�_�g�_�g�b�_�f�� �k�h�k�l�Z�\�Z�� �b�� �k�l�j�m�d�l�m�j�u�� �F�b�j�h�\�h�]�h��
�h�d�_�Z�g�Z�� ���l���_���� �_�]�h�� �o�b�f�b�q�_�k�d�b�f�� �b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�f��
�l�_�o�g�h�]�_�g�_�a�h�f������ �g�_�b�a�[�_�`�g�h�� �k�d�Z�`�_�l�k�y�� �g�Z�� �\�k�_�o��
�m�q�Z�k�l�d�Z�o�� �[�b�h�k�n�_�j�u���� �\�d�e�x�q�Z�y�� �\�k�_�� �i�j�h�k�l�j�Z�g�k�l�\�h��
�g�Z�a�_�f�g�h-�\�h�a�^�m�r�g�h�c�� �k�j�_�^�u�� �h�[�b�l�Z�g�b�y����
�B�e�e�x�k�l�j�Z�p�b�_�c�� �\�h�a�f�h�`�g�u�o�� �w�d�h�e�h�]�b�q�_�k�d�b�o��
�i�h�k�e�_�^�k�l�\�b�c�� �f�h�]�m�l�� �k�e�m�`�b�l�v�� �j�_�d�h�g�k�l�j�m�d�p�b�b 
�g�_�d�h�l�h�j�u�o �]�e�h�[�Z�e�v�g�u�o �w�d�h�e�h�]�b�q�_�k�d�b�o�� �d�j�b�a�b�k�h�\, 
�\�u�a�\�Z�g�g�u�o�� �g�Z�j�m�r�_�g�b�y�f�b�� �m�]�e�_�j�h�^�g�h�]�h�� �p�b�d�e�Z�� 
�i�j�b�q�b�g�h�c�� �d�h�l�h�j�u�o���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v����
�i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �y�\�e�y�e�b�k�v�� �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�_��
�b�a�f�_�g�_�g�b�y���k�l�j�m�d�l�m�j�u���F�b�j�h�\�h�]�h���h�d�_�Z�g�Z�����L�Z�d�����h�^�b�g��
�b�a�� �\�h�a�f�h�`�g�u�o�� �k�p�_�g�Z�j�b�_�\�� �]�e�h�[�Z�e�v�g�h�]�h��
�w�d�h�e�h�]�b�q�_�k�d�h�]�h���d�j�b�a�b�k�Z�����i�j�h�b�a�h�r�_�^�r�_�]�h���\���d�h�g�p�_��
�f�_�e�h�\�h�]�h�� �i�_�j�b�h�^�Z���� �i�j�_�^�k�l�Z�\�e�y�e�� �k�h�[�h�c��
�k�e�_�^�m�x�s�m�x�� �p�_�i�v�� �k�h�[�u�l�b�c�� �>�;�_�a�g�h�k�h�\���� ��������b]: 
�i�Z�^�_�g�b�_�� �d�j�m�i�g�h�]�h�� �f�_�l�_�h�j�b�l�Z�� �\�u�a�\�Z�e�h��
�^�_�k�l�j�Z�l�b�n�b�d�Z�p�b�x�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �q�Z�k�l�b�� �F�b�j�h�\�h�]�h��
�h�d�_�Z�g�Z���� �\�� �n�h�l�b�q�_�k�d�m�x�� �a�h�g�m�� �b�a�� �i�j�b�^�h�g�g�u�o�� �k�e�h�_�\��
�i�h�k�l�m�i�b�e�h�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �[�b�h�]�_�g�g�u�o��
�w�e�_�f�_�g�l�h�\���� �q�l�h���� �k�h�]�e�Z�k�g�h�� �i�Z�e�_�h�g�l�h�e�h�]�b�q�_�k�d�b�f��
�f�Z�l�_�j�b�Z�e�Z�f���� �\�u�a�\�Z�e�h�� �[�m�j�g�h�_�� �p�\�_�l�_�g�b�_�� �\�h�^����
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�j�Z�k�i�j�h�k�l�j�Z�g�b�\�r�_�_�k�y�� �g�Z�� �[�h�e�v�r�m�x�� �q�Z�k�l�v��
�h�d�_�Z�g�b�q�_�k�d�h�c�� �Z�d�\�Z�l�h�j�b�b�� �>�G�Z�c�^�b�g�� �b�� �^�j������ ���������@����
�h�[�m�k�e�h�\�b�\�r�b�_�� �p�\�_�l�_�g�b�_ �f�Z�k�k�h�\�u�_�� �\�b�^�u��
�n�b�l�h�i�e�Z�g�d�l�h�g�Z�� ���d�h�d�d�h�e�b�l�h�n�h�j�b�^�u���� �b�f�_�e�b��
�b�a�\�_�k�l�d�h�\�u�c�� �k�d�_�e�_�l���� �h�k�_�^�Z�y�� �i�h�� �h�d�h�g�q�Z�g�b�x��
�p�\�_�l�_�g�b�y�����h�g�b���k�n�h�j�f�b�j�h�\�Z�e�b���a�Z�e�_�`�b���d�Z�j�[�h�g�Z�l�h�\����
�\�� �l���q���� �i�b�k�q�_�]�h�� �f�_�e�Z���� �i�h�� �d�h�l�h�j�u�f�� �b�� �[�u�e�� �g�Z�a�\�Z�g��
�^�Z�g�g�u�c�� �]�_�h�e�h�]�b�q�_�k�d�b�c�� �i�_�j�b�h�^���� �<�� �o�h�^�_�� �w�l�b�o��
�i�j�h�p�_�k�k�h�\�� �b�a�� �Z�l�f�h�k�n�_�j�u�� �[�u�e�h�� �b�a�t�y�l�h�� �h�]�j�h�f�g�h�_��
�d�h�e�b�q�_�k�l�\�h�� �m�]�e�_�j�h�^�Z���� �G�Z�k�l�m�i�b�\�r�_�_�� �\�k�e�_�^�k�l�\�b�_��
�w�l�h�]�h�� �]�e�h�[�Z�e�v�g�h�_�� �i�h�o�h�e�h�^�Z�g�b�_�� �k�h�i�j�h�\�h�`�^�Z�e�h�k�v��
�\�u�f�b�j�Z�g�b�_�f�� �[�h�e�v�r�_�c�� �q�Z�k�l�b�� �d�Z�d�� �f�h�j�k�d�h�c���� �l�Z�d�� �b��
�g�Z�a�_�f�g�h�c���[�b�h�l�u�� 

�;�b�h�l�b�q�_�k�d�b�c���l�_�o�g�h�]�_�g�_�a 

�;�b�h�l�b�q�_�k�d�b�c�� �l�_�o�g�h�]�_�g�_�a�� �± �w�l�h�� �b�a�f�_�g�_�g�b�y��
�d�Z�q�_�k�l�\�_�g�g�h�]�h���b���d�h�e�b�q�_�k�l�\�_�g�g�h�]�h���k�h�k�l�Z�\�Z���[�b�h�l�u����
�\�u�a�\�Z�g�g�u�_�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f �\�h�a�^�_�c�k�l�\�b�_�f��
�l�_�o�g�h�]�_�g�g�u�o�� �n�Z�d�l�h�j�h�\�� �H�k�g�h�\�g�u�f�b�� �n�Z�d�l�h�j�Z�f�b��
�[�b�h�l�b�q�_�k�d�h�]�h�� �l�_�o�g�h�]�_�g�_�a�Z�� �F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z��
�y�\�e�y�x�l�k�y���>�K�m�a�^�Z�e�_�\�Z�����=�h�j�x�g�h�\�Z�������������@�� 
�� �b�a�f�_�g�_�g�b�_�� �m�k�e�h�\�b�c�� �f�h�j�k�d�h�c�� �k�j�_�^�u����
�^�_�e�Z�x�s�_�_�� �_�_�� �g�_�i�j�b�]�h�^�g�h�c�� �^�e�y�� �h�[�b�l�Z�g�b�y��
�j�Z�a�e�b�q�g�u�o���\�b�^�h�\���h�j�]�Z�g�b�a�f�h�\�� 
�� �k�h�a�^�Z�g�b�_�� �[�e�Z�]�h�i�j�b�y�l�g�u�o�� �m�k�e�h�\�b�c�� �^�e�y��
�f�Z�k�k�h�\�h�]�h�� �j�Z�a�\�b�l�b�y�� �h�l�^�_�e�v�g�u�o�� �n�h�j�f����
�k�l�Z�g�h�\�y�s�b�o�k�y�� �g�h�\�u�f�b�� �^�h�f�b�g�Z�g�l�Z�f�b�� �f�h�j�k�d�b�o��
�w�d�h�k�b�k�l�_�f�� 
�� �l�_�o�g�h�]�_�g�g�u�_�� �[�b�h�e�h�]�b�q�_�k�d�b�_�� �b�g�\�Z�a�b�b���� �l���_����
�i�_�j�_�k�_�e�_�g�b�_�� �h�j�]�Z�g�b�a�f�h�\�� �\�� �g�h�\�u�_���� �j�Z�g�_�_��
�g�_�^�h�k�l�m�i�g�u�_�� �^�e�y�� �g�b�o�� �Z�d�\�Z�l�h�j�b�b���� �k�� �i�h�f�h�s�v�x��
�l�_�o�g�b�q�_�k�d�b�o�� �k�j�_�^�k�l�\�� ���g�Z�i�j�b�f�_�j���� �b�o�� �i�_�j�_�\�h�a�d�Z�� �\��
�l�j�x�f�g�u�o���b���[�Z�e�e�Z�k�l�g�u�o���\�h�^�Z�o���k�m�^�h�\�����>�K�m�a�^�Z�e�_�\�Z����
�;�_�a�g�h�k�h�\�����=�h�j�x�g�h�\�Z����������������Sol, Weis, 2019]; 
�� �k�h�a�^�Z�g�b�_�� �q�_�e�h�\�_�d�h�f�� �g�h�\�u�o�� �[�b�h�l�h�i�h�\����
�i�j�b�]�h�^�g�u�o���^�e�y���a�Z�k�_�e�_�g�b�y���f�h�j�k�d�b�f�b���h�j�]�Z�g�b�a�f�Z�f�b����
�?�s�_�� �\�� ����-�_�� �]�h�^�u�� �O�O�� �\�_�d�Z�� �[�u�e�h�� �i�h�^�k�q�b�l�Z�g�h���� �q�l�h��
�k�m�f�f�Z�j�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �l�h�e�v�d�h�� �h�^�g�h�]�h�� �b�a�� �l�b�i�h�\��
�l�_�o�g�h�]�_�g�g�u�o�� �k�m�[�k�l�j�Z�l�h�\���� �\�\�h�^�b�f�u�o�� �\�� �f�h�j�k�d�m�x��
�k�j�_�^�m�����± �i�h�^�\�h�^�g�u�o���q�Z�k�l�_�c���d�h�j�i�m�k�h�\���i�e�Z�\�k�j�_�^�k�l�\��
�± �i�j�_�\�u�r�Z�e�Z�� �k�m�f�f�Z�j�g�m�x�� �i�e�h�s�Z�^�v�� �\�_�j�o�g�b�o��
�k�m�[�e�b�l�h�j�Z�e�_�c���Q�_�j�g�h�]�h�����:�a�h�\�k�d�h�]�h���b���D�Z�k�i�b�c�k�d�h�]�h��
�f�h�j�_�c �>�J�_�a�g�b�q�_�g�d�h�������������@��  

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

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�b�h�l�b�q�_�k�d�b�c�� �l�_�o�g�h�]�_�g�_�a��
�h�[�t�_�^�b�g�y�_�l�� �g�_�k�d�h�e�v�d�h�� �j�Z�a�e�b�q�g�u�o�� �i�j�h�p�_�k�k�h�\���� �B�o��
�k�h�\�h�d�m�i�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� �k�l�Z�e�h�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_�� �k�h�k�l�Z�\�Z�� �h�j�]�Z�g�b�a�f�h�\�� �g�Z�� �g�_�d�h�l�h�j�u�o��
�m�q�Z�k�l�d�Z�o�� �[�b�h�k�n�_�j�u�� �± �n�h�j�f�b�j�h�\�Z�g�b�_�� �l�_�o�g�h�[�b�h�l�u 
�>�K�m�a�^�Z�e�_�\�Z�����;�_�a�g�h�k�h�\�����=�h�j�x�g�h�\�Z����������5]. 

�J�_�Z�e�v�g�u�_���i�m�l�b���j�_�r�_�g�b�y���i�j�h�[�e�_�f�u 

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

�K�h�a�^�Z�g�b�_�� �m�i�j�Z�\�e�y�_�f�u�o�� �i�j�b�j�h�^�g�h-
�l�_�o�g�b�q�_�k�d�b�o�� �k�b�k�l�_�f�� �b�� �b�o�� �i�h�k�e�_�^�m�x�s�_�_��
�k�d�h�h�j�^�b�g�b�j�h�\�Z�g�g�h�_�� �j�Z�a�\�b�l�b�_�� �\�d�e�x�q�Z�_�l�� �j�y�^��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �\�u�i�h�e�g�y�_�f�u�o�� �w�l�Z�i�h�\��
�>�K�m�a�^�Z�e�_�\�Z�������������@: 
1. �<�u�[�h�j�� �w�d�h�e�h�]�b�q�_�k�d�h�]�h�� �j�_�]�m�e�y�l�h�j�Z 
�i�j�b�j�h�^�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u���� �d�h�l�h�j�u�c�� �f�h�`�_�l��
�[�u�l�v�� 
�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�f�� ���g�Z�i�j�b�f�_�j���� �m�k�l�j�h�c�k�l�\�h��
�b�k�d�m�k�k�l�\�_�g�g�h�]�h�� �^�Z�m�g�\�_�e�e�b�g�]�Z���� �a�Z�d�Z�q�b�\�Z�x�s�_�_��
�[�h�]�Z�l�u�_�� �d�b�k�e�h�j�h�^�h�f�� �i�h�\�_�j�o�g�h�k�l�g�u�_�� �\�h�^�u�� �\��
�i�j�b�^�h�g�g�m�x�� �a�Z�k�l�h�c�g�m�x�� �a�h�g�m���� �h�[�j�Z�a�h�\�Z�\�r�m�x�k�y�� �\��
�j�_�a�m�e�v�l�Z�l�_���b�a�f�_�g�_�g�b�y���j�_�e�v�_�n�Z���f�h�j�k�d�h�]�h���^�g�Z���� 
�� �]�j�m�i�i�h�\�u�f���� �k�h�k�l�h�y�s�b�f�� �b�a�� �g�_�k�d�h�e�v�d�b�o��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�� �k�\�y�a�Z�g�g�u�o�� �h�[�t�_�d�l�h�\���� �d�h�l�h�j�u�_��
�f�h�]�m�l�� �b�]�j�Z�l�v�� �j�h�e�v�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�u�o��
�w�d�h�e�h�]�b�q�_�k�d�b�o�� �j�_�]�m�e�y�l�h�j�h�\�� �b�e�b�� �h�[�t�_�^�b�g�y�l�v�k�y����
�k�h�k�l�Z�\�e�y�y�� �_�^�b�g�u�c�� �j�_�]�m�e�y�l�h�j�� ���g�Z�i�j�b�f�_�j���� �k�b�k�l�_�f�Z��
�b�k�d�m�k�k�l�\�_�g�g�u�o�� �j�b�n�h�\���� �d�h�j�j�_�d�l�b�j�m�x�s�b�o��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�c���� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�c�� �b��
�]�b�^�j�h�[�b�h�e�h�]�b�q�_�k�d�b�c�� �j�_�`�b�f�� �i�j�b�[�j�_�`�g�h�c��
�Z�d�\�Z�l�h�j�b�b���� 
�� �d�h�f�i�e�_�d�k�g�u�f���� �i�j�b�� �d�h�l�h�j�h�f�� �m�i�j�Z�\�e�_�g�b�_��
�i�j�b�j�h�^�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c�� �i�j�h�b�k�o�h�^�b�l�� �\��
�j�_�a�m�e�v�l�Z�l�_�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�c�� �j�Z�[�h�l�u�� �h�[�t�_�d�l�h�\����
�d�h�l�h�j�u�_���f�_�`�^�m���k�h�[�h�c���n�m�g�d�p�b�h�g�Z�e�v�g�h���g�_���k�\�y�a�Z�g�u��
���i�j�b�f�_�j�h�f �f�h�`�_�l�� �k�e�m�`�b�l�v�� �k�h�\�h�d�m�i�g�h�k�l�v��
�b�k�d�m�k�k�l�\�_�g�g�u�o�� �h�k�l�j�h�\�h�\�� �j�Z�a�e�b�q�g�h�]�h��
�i�j�_�^�g�Z�a�g�Z�q�_�g�b�y���� �k�g�Z�[�`�_�g�g�u�o�� �k�b�k�l�_�f�Z�f�b�� �^�e�y��
�h�q�b�k�l�d�b���f�h�j�k�d�b�o���\�h�^���b���b�a�t�y�l�b�y���b�a���g�b�o���f�m�k�h�j�Z���� 
2. �H�i�j�_�^�_�e�_�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\ �m�i�j�Z�\�e�y�_�f�h�c��
�i�j�b�j�h�^�g�h-�l�_�o�g�b�q�_�k�d�h�c���k�b�k�l�_�f�u���± �]�j�Z�g�b�p���k�b�k�l�_�f�u��
�b�� �n�m�g�d�p�b�c���� �\�u�i�h�e�g�y�_�f�u�o�� �_�_�� �j�_�]�m�e�y�l�h�j�h�f����
�=�j�Z�g�b�p�_�c�� �k�b�k�l�_�f�u�� �y�\�e�y�_�l�k�y�� �q�_�j�l�Z���� �a�Z�� �i�j�_�^�_�e�Z�f�b��
�d�h�l�h�j�h�c�� �j�_�]�m�e�y�l�h�j�� �g�_�� �k�i�h�k�h�[�_�g�� �h�d�Z�a�u�\�Z�l�v��
�a�g�Z�q�b�f�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �m�k�e�h�\�b�y�� �f�h�j�k�d�h�c��
�k�j�_�^�u���� �L�h�q�g�h�� �m�k�l�Z�g�h�\�b�l�v�� �]�j�Z�g�b�p�u���� �d�Z�d�� �i�j�Z�\�b�e�h����
�g�_�\�h�a�f�h�`�g�h���� �<�h�� �f�g�h�]�b�o�� �k�e�m�q�Z�y�o�� �h�g�b�� �f�h�]�m�l��
�b�a�f�_�g�y�l�v�k�y���� �g�Z�i�j�b�f�_�j���� �i�h�^�� �\�e�b�y�g�b�_�f��
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Abstract. There are a large number of ownerless 
flood control protective hydraulic structures built 
without proper design and correct observance of the 
production technology in the Trans-Baikal Terri-
tory. Some dams do not have owners and are not 
registered in the �©Register of hydraulic structures�ª, 
their condition and mode of use are not controlled. 
During operation, protective dams are subjected to 
mechanical and hydrodynamic influences, which 
carries an increased risk of additional damage due 
to the overestimated level of protection of the terri-
tories. It is necessary to take into account such struc-
tures in order to make recommendations for their 
further use or repair. 
This article describes the experience of using un-
manned aerial vehicles (UAVs) for examining own-
erless flood control protective hydraulic structures 
of the Trans-Baikal Territory. The scheme of con-
ducting such surveys, which includes several 
stages, is considered. At the initial stage, the instal-
lation of ground reference points markers and their 
coordination is required. Then, the UAV is circled 
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over the territory and a series of photographs is 
taken. The next step involves photogrammetric pro-
cessing of the survey data and obtaining spatially-
linked terrain and orthomosaic models, which are 
then analyzed to identify structural defects. 
The use of UAVs during the inspection of flood 
control structures demonstrated the possibility of a 
better assessment of their condition compared to 
traditional instrumental observation methods. To 
obtain the best result in the simulation, it is recom-
mended to shoot from a height of not more than 
200 m and use coordinated reference points that are 
visible from the air to bind the model to the coordi-
nate system. In this case, the error in determining 
the e�O�H�Y�D�W�L�R�Q���R�I���W�K�H���H�D�U�W�K�¶�V���V�X�U�I�D�F�H���Z�L�O�O���Q�R�W���H�[�F�H�H�G��
the spatial resolution of the image. The location of 
the control points does not significantly affect the 
accuracy of determining the terrain model. 
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ownerless flood control protective hydraulic struc-
tures; aerial photography; photogrammetric image 
processing. 
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�i�_�j�_�h�p�_�g�_�g�g�h�]�h�� �m�j�h�\�g�y�� �a�Z�s�b�s�_�g�g�h�k�l�b��
�l�_�j�j�b�l�h�j�b�c�� �>�R�Z�e�b�d�h�\�k�d�b�c���� �D�m�j�]�Z�g�h�\�b�q���� ������������
Shalikovskiy, Kurganovich ���������@���� �G�_�h�[�o�h�^�b�f�u��
�b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�_�� �b�� �\�b�a�m�Z�e�v�g�u�_�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z��
�g�_�m�q�l�_�g�g�u�f�b�� �[�_�k�o�h�a�y�c�g�u�f�b��
�i�j�h�l�b�\�h�i�Z�\�h�^�d�h�\�u�f�b�� �k�h�h�j�m�`�_�g�b�y�f�b�� �k�� �p�_�e�v�x��
�\�u�^�Z�q�b�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �i�h�� �^�Z�e�v�g�_�c�r�_�f�m�� �b�o��
�b�k�i�h�e�v�a�h�\�Z�g�b�x�� �b�e�b�� �i�j�h�\�_�^�_�g�b�x�� �j�_�f�h�g�l�Z����
�K�l�Z�g�^�Z�j�l�g�u�f�b�� �i�j�Z�d�l�b�d�Z�f�b�� �\�� �l�Z�d�b�o�� �k�e�m�q�Z�y�o��
�y�\�e�y�x�l�k�y�� �d�Z�d�� �g�Z�a�_�f�g�u�_���� �l�Z�d�� �b�� �^�b�k�l�Z�g�p�b�h�g�g�u�_��
�\�b�^�u�� �k�t�_�f�h�d���� �K�j�_�^�b�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�_�j�\�h�]�h�� �l�b�i�Z��
�k�Z�f�u�f�b�� �r�b�j�h�d�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b�� �y�\�e�y�x�l�k�y��
GNSS-�b�a�u�k�d�Z�g�b�y���� �l�Z�o�_�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�t�_�f�d�Z�� �b��
�g�Z�a�_�f�g�u�_�� �e�Z�a�_�j�g�u�_�� �k�d�Z�g�_�j�u���� �W�l�b�� �k�i�h�k�h�[�u��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �k�j�Z�\�g�b�l�_�e�v�g�h�� �g�_�^�h�j�h�]�b�_�� �b�� �b�f�_�x�l��
�o�h�j�h�r�m�x�� �l�h�q�g�h�k�l�v���� �g�h�� �y�\�e�y�x�l�k�y�� �l�j�m�^�h�_�f�d�b�f�b�� �\��
�k�e�m�q�Z�y�o�� �d�Z�j�l�b�j�h�\�Z�g�b�y�� �[�h�e�v�r�b�o�� �i�h�� �i�e�h�s�Z�^�b��
�l�_�j�j�b�l�h�j�b�c�� �b�� �g�_�� �\�k�_�]�^�Z�� �i�h�a�\�h�e�y�x�l�� �i�_�j�_�^�Z�l�v�� �\�k�_��
�h�k�h�[�_�g�g�h�k�l�b�� �j�_�e�v�_�n�Z���� �_�]�h�� �k�i�_�p�b�n�b�q�_�k�d�b�o��
�w�e�_�f�_�g�l�h�\���� �?�k�e�b�� �`�_�� �l�j�_�[�m�_�l�k�y�� �i�h�\�u�r�_�g�b�_��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���j�Z�a�j�_�r�_�g�b�y���^�Z�g�g�u�o���g�Z�a�_�f�g�h�c��
�l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�t�_�f�d�b���� �l�h�� �i�j�b�� �w�l�h�f��
�l�j�m�^�h�_�f�d�h�k�l�v�� �b�o�� �i�h�e�m�q�_�g�b�y�� �b�� �h�[�j�Z�[�h�l�d�b��
�m�\�_�e�b�q�b�\�Z�_�l�k�y�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�� �d�\�Z�^�j�Z�l�m��
�j�Z�k�k�l�h�y�g�b�y���� �>�e�y�� �f�h�g�b�l�h�j�b�g�]�Z�� �[�h�e�v�r�b�o�� �i�h��
�i�j�h�l�y�`�_�g�g�h�k�l�b���k�h�h�j�m�`�_�g�b�c���b���[�h�e�v�r�b�o���i�e�h�s�Z�^�_�c��
�a�Z�� �d�h�j�h�l�d�b�_�� �b�g�l�_�j�\�Z�e�u�� �\�j�_�f�_�g�b�� �b�k�i�h�e�v�a�m�x�l�k�y��
�l�Z�d�`�_�� �^�Z�g�g�u�_�� �^�b�k�l�Z�g�p�b�h�g�g�h�]�h�� �a�h�g�^�b�j�h�\�Z�g�b�y����
�Z�w�j�h�n�h�l�h�k�t�_�f�d�Z���� �k�i�m�l�g�b�d�h�\�u�_�� �k�g�b�f�d�b�� �b�� �^�Z�g�g�u�_��
�e�b�^�Z�j�g�h�]�h�� �a�h�g�^�b�j�h�\�Z�g�b�y�� �>�D�m�j�]�Z�g�h�\�b�q�� �b�� �^�j������
���������@���� �B�o�� �h�k�g�h�\�g�u�_�� �h�]�j�Z�g�b�q�_�g�b�y�� �a�Z�d�e�x�q�Z�x�l�k�y�� �\��
�k�j�Z�\�g�b�l�_�e�v�g�h�� �\�u�k�h�d�h�c�� �k�l�h�b�f�h�k�l�b�� �b�� �k�e�h�`�g�h�k�l�b��
�i�h�e�m�q�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �a�Z�� �k�l�j�h�]�h�� �\�u�[�j�Z�g�g�u�c��
�f�h�f�_�g�l���\�j�_�f�_�g�b���� 

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

�g�h�\�u�_�� �k�i�h�k�h�[�u�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �h�k�g�h�\�Z�g�g�u�_ �g�Z��
�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o��
�Z�i�i�Z�j�Z�l�h�\�� ���^�Z�e�_�_�� �± �;�I�E�:���� �>�5�L�G�R�O�I�L��et al., 2017; 
Khaloo et al������ �����������@���� �H�p�_�g�d�Z�� �k�h�k�l�h�y�g�b�y��
�i�j�h�l�b�\�h�i�Z�\�h�^�d�h�\�u�o���a�Z�s�b�l�g�u�o���]�b�^�j�h�l�_�o�g�b�q�_�k�d�b�o��
�k�h�h�j�m�`�_�g�b�c�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �;�I�E�:�� �y�\�e�y�_�l�k�y��
�b�g�g�h�\�Z�p�b�h�g�g�u�f�� �i�h�^�o�h�^�h�f���� �i�j�_�^�h�k�l�Z�\�e�y�x�s�b�f��
�\�h�a�f�h�`�g�h�k�l�b�� �i�_�j�_�o�h�^�Z�� �h�l�� �l�j�Z�^�b�p�b�h�g�g�h�]�h�� �d��
�m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�h�f�m���h�[�k�e�_�^�h�\�Z�g�b�x�� �h�[�t�_�d�l�Z���� �Z��
�\�u�j�Z�[�h�l�d�Z�� �f�_�l�h�^�b�d�b�� �b�� �h�p�_�g�d�Z�� �_�_�� �i�j�b�f�_�g�b�f�h�k�l�b��
�y�\�e�y�_�l�k�y���g�_�h�[�o�h�^�b�f�h�c���b���Z�d�l�m�Z�e�v�g�h�c���a�Z�^�Z�q�_�c�� 

�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u 

�I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �k�l�Z�g�^�Z�j�l�g�h�c��
�d�h�g�n�b�]�m�j�Z�p�b�b�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �;�I�E�:�� �k�h�k�l�h�b�l�� �b�a��
�p�b�n�j�h�\�h�c�� �n�h�l�h�d�Z�f�_�j�u���� �a�Z�d�j�_�i�e�_�g�g�h�c�� �g�Z��
�i�j�h�i�_�e�e�_�j�g�h�f�� �b�e�b�� �d�j�u�e�Z�l�h�f�� �e�_�l�Z�l�_�e�v�g�h�f��
�Z�i�i�Z�j�Z�l�_���� �d�h�l�h�j�u�c�� �m�i�j�Z�\�e�y�_�l�k�y�� �^�b�k�l�Z�g�p�b�h�g�g�h�� �k��
�a�_�f�e�b���� �:�i�i�Z�j�Z�l�� �i�j�h�b�a�\�h�^�b�l�� �k�t�_�f�d�m�� �f�_�k�l�g�h�k�l�b����
�i�h�e�m�q�_�g�g�Z�y�� �k�_�j�b�y�� �k�g�b�f�d�h�\ �Z�g�Z�e�b�a�b�j�m�_�l�k�y�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �Z�e�]�h�j�b�l�f�h�\�� �j�_�d�h�g�k�l�j�m�d�p�b�b��
�l�j�_�o�f�_�j�g�h�c�� �k�p�_�g�u�� �b�a�� �n�h�l�h�]�j�Z�n�b�c���� �l�Z�d�b�o�� �d�Z�d��
structure from motion ���^�Z�e�_�_���± SfM). �<���j�_�a�m�e�v�l�Z�l�_��
�j�_�d�h�g�k�l�j�m�d�p�b�b�� �i�h�e�m�q�Z�_�l�k�y�� �p�b�n�j�h�\�Z�y�� �f�h�^�_�e�v��
�j�_�e�v�_�n�Z�� �\�u�k�h�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �b�� �h�j�l�h�n�h�l�h�i�e�Z�g��
�f�_�k�l�g�h�k�l�b���� �F�_�l�h�^��SfM �y�\�e�y�_�l�k�y�� �\�� �g�Z�k�l�h�y�s�_�_��
�\�j�_�f�y���g�Z�b�[�h�e�_�_���j�Z�a�\�b�l�u�f���Z�e�]�h�j�b�l�f�h�f���i�h�e�m�q�_�g�b�y��
�l�j�_�o�f�_�j�g�u�o�� �f�h�^�_�e�_�c�� �f�_�k�l�g�h�k�l�b�� �b�� �g�Z�b�[�h�e�_�_��
�r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�f�u�f�� �\�� �i�j�Z�d�l�b�d�_�� �i�j�h�\�_�^�_�g�b�y��
�k�t�_�f�h�d���k���;�I�E�:���>�-�D�P�H�V����Robson, 2012; Westoby et 
al., 2012]. �H�g�� �b�k�i�h�e�v�a�m�_�l�� �Z�e�]�h�j�b�l�f�u�� �h�[�j�Z�[�h�l�d�b��
�k�_�j�b�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �k�^�_�e�Z�g�g�u�o�� �k�� �i�_�j�_�d�j�u�l�b�_�f�� �b��
�k�^�\�b�]�h�f���h�l�g�h�k�b�l�_�e�v�g�h���^�j�m�]���^�j�m�]�Z�����<���w�l�h�f���k�e�m�q�Z�_��
�g�_���l�j�_�[�m�_�l�k�y���Z�i�j�b�h�j�g�Z�y���b�g�n�h�j�f�Z�p�b�y���h���]�_�h�f�_�l�j�b�b��
�k�p�_�g�u�� �k�t�_�f�d�b���� �j�Z�k�i�h�e�h�`�_�g�b�b�� �d�Z�f�_�j�u�� �b�� �_�_��
�h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �\�k�_�� �^�Z�g�g�u�_��
�k�l�Z�g�h�\�y�l�k�y���^�h�k�l�m�i�g�u�f�b���b�a���b�l�_�j�Z�l�b�\�g�h�]�h���i�j�h�p�_�k�k�Z��
�k�h�i�h�k�l�Z�\�e�_�g�b�y�� �b�� �d�h�j�j�_�d�l�b�j�h�\�d�b�� �k�_�j�b�b�� �[�h�e�v�r�h�]�h��
�d�h�e�b�q�_�k�l�\�Z�� �i�_�j�_�k�_�d�Z�x�s�b�o�k�y�� �b�a�h�[�j�Z�`�_�g�b�c����
�>�Z�g�g�u�c���i�h�^�o�h�^���g�Z�b�e�m�q�r�b�f���h�[�j�Z�a�h�f���j�_�Z�e�b�a�m�_�l�k�y��
�i�j�b�f�_�g�b�l�_�e�v�g�h�� �d�� �k�_�j�b�b�� �k�g�b�f�d�h�\�� �k�� �\�u�k�h�d�h�c��
�k�l�_�i�_�g�v�x�� �\�a�Z�b�f�g�h�]�h�� �i�_�j�_�d�j�u�l�b�y���� �i�h�a�\�h�e�y�x�s�_�]�h��
�a�Z�o�\�Z�l�b�l�v���l�j�_�o�f�_�j�g�m�x���k�l�j�m�d�l�m�j�m���k�p�_�g�u�����\�b�^�b�f�m�x��
�k�� �j�Z�a�g�u�o�� �i�h�a�b�p�b�c�� �>�:�H�V�W�R�E�\��et al., 2012] 
���j�b�k�m�g�h�d 1). 
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�J�b�k�m�g�h�d������ �K�o�_�f�Z���k�t�_�f�d�b���l�j�_�o�f�_�j�g�h�]�h �h�[�t�_�d�l�Z���^�e�y���^�Z�e�v�g�_�c�r�_�c���n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�b���i�h��

[Westoby et al., 2012] 
Figure 1. Scheme of shooting a three-dimensional object for further photogrammetric processing from 

[Westoby et al., 2012] 

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

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

Figure 2. An example of a search for pairwise matching pixels in images of Ust-Ilya village according to the 
Structure from Motion method in Agisoft Photoscan  

(the blue color indicates correct connections, the red color indicates incorrect connections,  
there are 44 matches on the left side and 2988 matches on the right side) 
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�F�_�k�l�h�i�h�e�h�`�_�g�b�_�� �d�Z�f�_�j�u�� �b�� �]�_�h�f�_�l�j�b�y��
�k�p�_�g�u�� �j�_�d�h�g�k�l�j�m�b�j�m�_�l�k�y�� �h�^�g�h�\�j�_�f�_�g�g�h�� �i�m�l�_�f��
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �k�h�\�i�Z�^�Z�x�s�b�o��
�w�e�_�f�_�g�l�h�\�� �g�Z�� �f�g�h�`�_�k�l�\�_�� �b�a�h�[�j�Z�`�_�g�b�c�� ���j�b�k�m�g�h�d��
�������� �W�l�b�� �w�e�_�f�_�g�l�u �h�l�k�e�_�`�b�\�Z�x�l�k�y�� �h�l�� �h�^�g�h�]�h��
�b�a�h�[�j�Z�`�_�g�b�y���d���^�j�m�]�h�f�m�����q�l�h���i�h�a�\�h�e�y�_�l���m�e�m�q�r�Z�l�v��
�h�p�_�g�d�m�� �f�_�k�l�h�i�h�e�h�`�_�g�b�y�� �d�Z�f�_�j�u�� �b�� �d�h�h�j�^�b�g�Z�l��
�h�[�t�_�d�l�h�\�� �a�Z�� �k�q�_�l�� �b�l�_�j�Z�p�b�h�g�g�h�]�h�� �i�j�h�p�_�k�k�Z��
�g�_�e�b�g�_�c�g�h�c�� �f�b�g�b�f�b�a�Z�p�b�b�� �g�Z�b�f�_�g�v�r�b�o��
�d�\�Z�^�j�Z�l�h�\���� �l�Z�d�� �d�Z�d�� �f�g�h�`�_�k�l�\�h�� �j�_�r�_�g�b�c��
�k�l�Z�g�h�\�b�l�k�y�� �^�h�k�l�m�i�g�u�f�� �i�h�k�e�_�� �j�Z�k�r�b�j�_�g�b�y�� �[�Z�a�u��
�^�Z�g�g�u�o�� �k�g�b�f�d�h�\���� �I�h�a�b�p�b�b�� �d�Z�f�_�j���� �j�Z�k�k�q�b�l�Z�g�g�u�_��
�i�h�� �f�_�l�h�^�m��SfM���� �g�_�� �b�f�_�x�l�� �g�b�� �f�Z�k�r�l�Z�[�Z���� �g�b��
�h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �d�h�l�h�j�u�_�� �[�u�e�b�� �[�u��
�i�h�e�m�q�_�g�u�� �i�h�� �d�h�h�j�^�b�g�Z�l�Z�f�� �g�Z�a�_�f�g�u�o�� �l�h�q�_�d���� �<��
�k�\�y�a�b�� �k�� �w�l�b�f�� �l�j�_�o�f�_�j�g�h�_�� �h�[�e�Z�d�h�� �l�h�q�_�d��
�]�_�g�_�j�b�j�m�_�l�k�y���\���g�_�d�h�l�h�j�h�c �h�l�g�h�k�b�l�_�e�v�g�h�c���k�b�k�l�_�f�_��
�d�h�h�j�^�b�g�Z�l���©�i�j�h�k�l�j�Z�g�k�l�\�Z���b�a�h�[�j�Z�`�_�g�b�c�ª�����d�h�l�h�j�Z�y��
�f�h�`�_�l�� �[�u�l�v�� �i�j�b�\�y�a�Z�g�Z�� �d�� �j�_�Z�e�v�g�h�c�� �k�b�k�l�_�f�_��
�d�h�h�j�^�b�g�Z�l�� �i�h�k�j�_�^�k�l�\�h�f�� �y�\�g�h�]�h�� �m�d�Z�a�Z�g�b�y�� �j�_�Z�e�v�g�h��
�k�m�s�_�k�l�\�m�x�s�b�o�� �g�Z�a�_�f�g�u�o�� �l�h�q�_�d���� �W�l�b�� �g�Z�a�_�f�g�u�_��
�l�h�q�d�b�� �f�h�`�g�h�� �h�i�j�_�^�_�e�b�l�v�� �k�� �i�h�f�h�s�v�x�� �i�h�e�m�q�_�g�b�y��
�d�h�h�j�^�b�g�Z�l�� �k�� �m�k�l�j�h�c�k�l�\�� �]�e�h�[�Z�e�v�g�u�o��
�g�Z�\�b�]�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f��GNSS �b�e�b�� �\�u�i�h�e�g�_�g�b�y��
�^�j�m�]�b�o�� �\�b�^�h�\�� �l�h�i�h�]�j�Z�n�h-�]�_�h�^�_�a�b�q�_�k�d�b�o��
�b�a�u�k�d�Z�g�b�c���� �<�� �i�h�k�e�_�^�g�_�_�� �\�j�_�f�y�� �k�h�q�_�l�Z�g�b�_��
�b�a�h�[�j�Z�`�_�g�b�c���� �i�h�e�m�q�_�g�g�u�o�� �k�� �;�I�E�:�� �b�� �i�j�b��
�j�_�d�h�g�k�l�j�m�d�p�b�b�� �l�h�i�h�]�j�Z�n�b�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�Z�e�]�h�j�b�l�f�Z��SfM���� �m�k�i�_�r�g�h�� �i�j�b�f�_�g�y�_�l�k�y�� �i�j�b��
�b�k�k�e�_�^�h�\�Z�g�b�b�� �j�Z�a�g�h�h�[�j�Z�a�g�u�o�� �n�h�j�f�� �j�_�e�v�_�n�Z����
�l�j�_�o�f�_�j�g�u�o�� �h�[�t�_�d�l�h�\�� �a�^�Z�g�b�c�� �b�� �k�h�h�j�m�`�_�g�b�c����
�H�p�_�g�d�Z�� �l�h�q�g�h�k�l�b�� �i�h�e�m�q�_�g�g�h�c�� �f�h�^�_�e�b�� �h�[�u�q�g�h��
�i�j�h�b�a�\�h�^�b�l�k�y�� �i�m�l�_�f�� �_�_�� �k�j�Z�\�g�_�g�b�y�� �k�� �^�j�m�]�b�f�b��
�f�_�l�h�^�b�d�Z�f�b�� �i�h�e�m�q�_�g�b�y�� �f�h�^�_�e�_�c�� �f�_�k�l�g�h�k�l�b��
�\�u�k�h�d�h�]�h���j�Z�a�j�_�r�_�g�b�y�����I�j�b���w�l�h�f���l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y��
�k�o�_�f�Z�� �i�j�h�\�_�^�_�g�b�y�� �j�Z�[�h�l�� �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y��
�k�e�_�^�m�x�s�b�_�� �w�l�Z�i�u�� �>�:�H�V�W�R�E�\��et al., 2012] 
���j�b�k�m�g�h�d 3): 
1. �D�h�h�j�^�b�g�b�j�h�\�Z�g�b�_�� �k�_�l�b�� �g�Z�a�_�f�g�u�o�� �h�i�h�j�g�u�o��
�l�h�q�_�d�� �b�� �f�Z�j�d�b�j�h�\�d�Z�� �b�o�� �f�_�k�l�h�i�h�e�h�`�_�g�b�y�� �e�x�[�u�f��
�k�i�h�k�h�[�h�f���� �i�h�a�\�h�e�y�x�s�b�f �h�i�j�_�^�_�e�b�l�v�� �b�o�� �k��
�n�h�l�h�k�g�b�f�d�h�\�����k�^�_�e�Z�g�g�u�o���;�I�E�:�� 

 
�J�b�k�m�g�h�d������ �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���k�o�_�f�Z 

�n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�b���k�g�b�f�d�h�\���;�I�E�:��
�k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���f�_�l�h�^�Z���6fM 

Figure 3. Technological scheme of 
photogrammetric processing of UAV images using 

the Structure from Motion method 

2. �:�w�j�h�n�h�l�h�k�t�_�f�d�Z�� �b�k�k�e�_�^�m�_�f�h�c �l�_�j�j�b�l�h�j�b�b�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���;�I�E�:�����N�h�l�h�k�g�b�f�d�b�����i�h�e�m�q�_�g�g�u�_��
�k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �;�I�E�:���� �b�f�_�x�l�� �a�Z�i�b�k�Z�g�g�u�_�� �\��
exif-�l�_�]�_�� �]�_�h�]�j�Z�n�b�q�_�k�d�b�_�� �d�h�h�j�^�b�g�Z�l�u�� �i�h�e�h�`�_�g�b�y��
�d�Z�f�_�j�u���\���l�h�l���f�h�f�_�g�l�����d�h�]�^�Z���h�g�b���[�u�e�b���\�u�i�h�e�g�_�g�u�� 
3. �J�_�Z�e�b�a�Z�p�b�y�� �Z�e�]�h�j�b�l�f�h�\ �n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c��
�h�[�j�Z�[�h�l�d�b���k�g�b�f�d�h�\���i�h���f�_�l�h�^�m���6�I�0���k���i�h�e�m�q�_�g�b�_�f��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h�� �i�e�h�l�g�h�]�h��
�h�[�e�Z�d�Z���l�h�q�_�d���f�_�k�l�g�h�k�l�b�� 
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4. �I�h�k�l�h�[�j�Z�[�h�l�d�Z�� �i�e�h�l�g�h�]�h �h�[�e�Z�d�Z�� �l�h�q�_�d�� �k��
�i�h�e�m�q�_�g�b�_�f�� �l�j�_�o�f�_�j�g�h�c�� �f�h�^�_�e�b�� �f�_�k�l�g�h�k�l�b�� �b��
�h�j�l�h�n�h�l�h�i�e�Z�g�Z�� �\�u�k�h�d�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��
�j�Z�a�j�_�r�_�g�b�y�� 

�<�� �j�Z�f�d�Z�o�� �^�Z�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z��
�i�j�h�b�a�\�_�^�_�g�Z�� �h�p�_�g�d�Z�� �l�h�q�g�h�k�l�b�� �i�h�k�l�j�h�_�g�b�y��
�l�j�_�o�f�_�j�g�h�c�� �f�h�^�_�e�b �a�Z�s�b�l�g�u�o��
�i�j�h�l�b�\�h�i�Z�\�h�^�d�h�\�u�o�� �^�Z�f�[�� �\�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�Z�o��
�A�Z�[�Z�c�d�Z�e�v�k�d�h�]�h�� �d�j�Z�y���� �i�h�e�m�q�_�g�g�h�c�� �i�h�� �^�Z�g�g�u�f��
�;�I�E�:���� �>�e�y�� �Z�g�Z�e�b�a�Z�� �[�u�e�b�� �\�u�[�j�Z�g�u�� �a�Z�s�b�l�g�u�_��
�k�h�h�j�m�`�_�g�b�y���\���k�����M�j�_�c�k�d�����k�����M�k�l�v-�B�e�y���b���]�����R�b�e�d�Z�� 

�G�Z���i�h�^�]�h�l�h�\�b�l�_�e�v�g�h�f���w�l�Z�i�_���i�h�e�_�\�u�o���j�Z�[�h�l��
�[�u�e�h�� �i�j�h�b�a�\�_�^�_�g�h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�d�h�h�j�^�b�g�b�j�h�\�Z�g�b�_�� �m�q�Z�k�l�d�Z �k�� �i�j�b�\�y�a�d�h�c�� �d��
�k�m�s�_�k�l�\�m�x�s�b�f�� �i�m�g�d�l�Z�f�� �i�e�Z�g�h�\�h�c�� �b�� �\�u�k�h�l�g�h�c��
�]�_�h�^�_�a�b�q�_�k�d�h�c�� �k�_�l�b���� �L�h�i�h�]�j�Z�n�h-�]�_�h�^�_�a�b�q�_�k�d�Z�y��
�k�t�_�f�d�Z�� �\�u�[�j�Z�g�g�u�o�� �h�[�t�_�d�l�h�\�� �\�u�i�h�e�g�y�e�Z�k�v�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �*�1�6�6�� �d�h�f�i�e�_�d�l�Z�� �7�U�L�P�E�O�H��
�5���V���5������ �k�� �i�h�k�l�h�[�j�Z�[�h�l�d�h�c�� �g�Z�� �7�U�L�P�E�O�H�� �%�X�V�L�Q�H�V�V��
�&�H�Q�W�H�U���� �I�j�b�\�y�a�d�Z�� �d�� �f�_�k�l�g�h�c�� �k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l��
�F�K�D-������ �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �g�Z�� �i�m�g�d�l�Z�o��
�=�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �]�_�h�^�_�a�b�q�_�k�d�h�c�� �k�_�l�b�� ���� �b�� ����

�d�e�Z�k�k�h�\���� �D�h�h�j�^�b�g�b�j�h�\�Z�g�b�_�� �m�q�Z�k�l�d�h�\���� �b�o��
�i�_�j�_�i�j�h�_�p�b�j�h�\�Z�g�b�_�� �\�� �k�b�k�l�_�f�m�� �d�h�h�j�^�b�g�Z�l��
WGS ���������� �k�� �p�_�e�v�x�� �^�Z�e�v�g�_�c�r�_�c�� �h�[�j�Z�[�h�l�d�b�� �b 
�i�h�k�l�j�h�_�g�b�y���h�j�l�h�n�h�l�h�i�e�Z�g�h�\���b���p�b�n�j�h�\�u�o���f�h�^�_�e�_�c��
�j�_�e�v�_�n�Z�� �\�u�k�h�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �\��
�k�j�_�^�_���$�U�F�*�,�6���������>�e�y���i�h�e�m�q�_�g�b�y���Z�w�j�h�n�h�l�h�k�g�b�f�d�h�\��
�j�Z�a�j�_�r�_�g�b�_�f�����������î�����������i�b�d�k�_�e�_�c���b�k�i�h�e�v�a�h�\�Z�e�k�y��
�;�I�E�:�� �'�-�,�� �3�K�D�Q�W�R�P�� ������ �h�k�g�Z�s�_�g�g�u�c�� �d�Z�f�_�j�h�c��
Sony �(�;�0�2�5���)�&�������6�����D�Z�f�_�j�Z���b�f�_�_�l���k�_�g�k�h�j��CCD 
�k�� �j�Z�a�j�_�r�_�g�b�_�f�� ������ �f�i�� �b�� ������ �f�f�� �r�b�j�h�d�h�m�]�h�e�v�g�m�x��
�e�b�g�a�m�� �������� �f�f�� �w�d�\�b�\�Z�e�_�g�l������ �F�Z�d�k�b�f�Z�e�v�g�u�c�� �\�_�k��
�;�I�E�:�� �k�h�k�l�Z�\�e�y�_�l�� �������� �d�]���� �I�h�e�_�l�u�� �Z�i�i�Z�j�Z�l�Z�� �[�u�e�b��
�a�Z�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y��Pix4D Capture �b��
Ctrl+DJI �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �i�h�e�g�h�]�h�� �i�h�d�j�u�l�b�y��
�b�a�m�q�Z�_�f�h�c���f�_�k�l�g�h�k�l�b���g�Z���\�u�k�h�l�_�����������f�����k�d�h�j�h�k�l�v�x��
�i�h�e�_�l�Z�� ���� �f���k�� �b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�f�� �\�u�i�h�e�g�_�g�b�_�f��
�n�h�l�h�]�j�Z�n�b�c�� �d�Z�`�^�u�_�� ���� �k���� �A�Z�i�b�k�v�� �d�h�h�j�^�b�g�Z�l�u��
�i�h�e�h�`�_�g�b�y�� �d�Z�f�_�j�u�� �\��exif-�l�_�]�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���m�k�l�j�h�c�k�l�\�Z��GPS�����m�k�l�Z�g�h�\�e�_�g�g�h�]�h��
�g�Z���[�h�j�l�m���[�_�k�i�b�e�h�l�g�h�]�h���Z�i�i�Z�j�Z�l�Z�����j�b�k�m�g�h�d 4). 

 
�J�b�k�m�g�h�d������ �F�_�k�l�h�i�h�e�h�`�_�g�b�_���l�h�q�_�d���k�t�_�f�d�b���n�h�l�h�d�Z�f�_�j�u�����m�k�l�Z�g�h�\�e�_�g�g�h�c���g�Z���;�I�E�:�����k�����M�k�l�v-�B�e�y�� 
Figure 4. The location of the shooting points of the camera mounted on the UAV (Ust-Ilya village) 

�>�e�y�� �]�_�g�_�j�b�j�h�\�Z�g�b�y�� �p�b�n�j�h�\�h�c�� �f�h�^�_�e�b��
�j�_�e�v�_�n�Z�� �b�� �h�j�l�h�n�h�l�h�i�e�Z�g�h�\�� �b�a�� �Z�w�j�h�n�h�l�h�k�g�b�f�d�h�\����
�\�u�i�h�e�g�_�g�g�u�o�� �\�� �g�Z�^�b�j���� �b�k�i�h�e�v�a�h�\�Z�e�h�k�v��
�i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �$�J�L�V�R�I�W�� �3�K�R�W�R�V�F�D�Q1���� �G�Z��
�i�_�j�\�h�f�� �w�l�Z�i�_�� �n�h�l�h�k�g�b�f�d�b�� �\�u�j�Z�\�g�b�\�Z�e�b�k�v�� �i�h��
�Z�e�]�h�j�b�l�f�m��SfM �>�8�O�O�P�D�Q���� ���������@���� �d�h�l�h�j�u�c��
�b�^�_�g�l�b�n�b�p�b�j�m�_�l���d�e�x�q�_�\�u�_���l�h�q�d�b���b�a�h�[�j�Z�`�_�g�b�y���b��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �h�l�k�e�_�`�b�\�Z�_�l�� �b�o �^�\�b�`�_�g�b�_����
�H�p�_�g�b�\�Z�g�b�_�� �i�h�a�b�p�b�b�� �d�Z�f�_�j�u�� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a��
�k�Z�f�u�o�� �h�l�\�_�l�k�l�\�_�g�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �Z�e�]�h�j�b�l�f�Z��

                                                 
1 http://www.agisoft.ru 

SfM �>�6�]�H�O�L�V�N�L���� ���������@���� �J�_�a�m�e�v�l�Z�l�Z�f�b�� �\�u�i�h�e�g�_�g�b�y��
�i�_�j�\�h�]�h���w�l�Z�i�Z���y�\�e�y�x�l�k�y�� 
1) �l�j�_�o�f�_�j�g�h�_�� �h�[�e�Z�d�h �l�h�q�_�d���� �i�j�_�^�k�l�Z�\�e�y�x�s�_�_��
�]�_�h�f�_�l�j�b�x���b�a�m�q�Z�_�f�h�c���h�[�e�Z�k�l�b�� 
2) �h�l�g�h�k�b�l�_�e�v�g�h�_ �f�_�k�l�h�i�h�e�h�`�_�g�b�_�� �d�Z�f�_�j�u�� �\�h��
�\�j�_�f�y���i�j�h�\�_�^�_�g�b�y���k�t�_�f�d�b�� 
3) �i�Z�j�Z�f�_�l�j�u �\�g�m�l�j�_�g�g�_�c�� �d�Z�e�b�[�j�h�\�d�b�� ���n�h�d�m�k�g�h�_��
�j�Z�k�k�l�h�y�g�b�_�����d�h�w�n�n�b�p�b�_�g�l�u���^�b�k�l�h�j�k�b�b���e�b�g�a�u���� 

�<�l�h�j�h�c�� �w�l�Z�i�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �i�h�k�l�j�h�_�g�b�_��
�i�e�h�l�g�h�]�h�� �h�[�e�Z�d�Z�� �l�h�q�_�d���� �<�� �a�h�g�_���� �i�j�b�e�_�]�Z�x�s�_�c�� �d��
�\�h�^�_�� �[�h�e�v�r�b�g�k�l�\�h�� �b�a�h�[�j�Z�`�_�g�b�c���� �q�Z�k�l�b�q�g�h��
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�i�h�d�j�u�\�Z�x�l���\�h�^�g�m�x���i�h�\�_�j�o�g�h�k�l�v�����d�h�l�h�j�Z�y���^�h�e�`�g�Z��
�[�u�l�v�� �b�k�d�e�x�q�_�g�Z�� �b�a�� �l�h�i�h�]�j�Z�n�b�b�� �f�h�^�_�e�b���� �W�l�h��
�i�j�h�b�a�\�h�^�b�e�h�k�v�� �k�� �i�h�f�h�s�v�x�� �g�Z�g�_�k�_�g�b�y�� �f�Z�k�d�b��
�k�j�_�^�k�l�\�Z�f�b�� �3�K�R�W�R�V�F�D�Q���� �G�Z�� �l�j�_�l�v�_�f�� �w�l�Z�i�_��
�b�k�i�h�e�v�a�h�\�Z�e�k�y�� �Z�e�]�h�j�b�l�f��multi-view stereo (MVS) 
�h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �d�h�g�p�_�i�p�b�b�� �d�h�f�i�v�x�l�_�j�g�h�]�h��
�a�j�_�g�b�y�����i�h�a�\�h�e�y�x�s�b�c���i�j�h�b�a�\�_�k�l�b���j�_�d�h�g�k�l�j�m�d�p�b�x��

�l�j�_�o�f�_�j�g�h�c�� �k�p�_�g�u�� �i�h�� �k�_�j�b�b�� �i�_�j�_�k�_�d�Z�x�s�b�o�k�y��
�Z�w�j�h�n�h�l�h�k�g�b�f�d�h�\�� �>�:�H�V�W�R�E�\�� �H�W�� �D�O������ ���������@���� �>�Z�e�_�_��
�i�h�e�m�q�_�g�g�Z�y�� �l�j�_�o�f�_�j�g�Z�y�� �f�h�^�_�e�v�� �f�_�k�l�g�h�k�l�b��
�i�h�^�\�_�j�]�Z�e�Z�k�v�� �l�_�d�k�l�m�j�b�j�h�\�Z�g�b�x�� �b�� �i�j�b�\�y�a�d�_�� �d��
�k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �k�� �p�_�e�v�x�� �i�h�e�m�q�_�g�b�y��
�h�j�l�h�n�h�l�h�i�e�Z�g�Z�� �b�� �p�b�n�j�h�\�h�c�� �f�h�^�_�e�b�� �j�_�e�v�_�n�Z��
���j�b�k�m�g�h�d 5).  

 
�J�b�k�m�g�h�d������ �N�j�Z�]�f�_�g�l���h�j�l�h�n�h�l�h�i�e�Z�g�Z���b���p�b�n�j�h�\�h�c���f�h�^�_�e�b���f�_�k�l�g�h�k�l�b�� 

�Z�����k�����M�k�l�v-�B�e�y�����[�����]�����R�b�e�d�Z�����\�����k�����M�j�_�c�k�d 
Figure 5. Fragment of orthomosaic and digital terrain model 

�Z) Ust-Ilya village, �[) Shilka town, �\) Ureysk village 

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

�<�k�_�]�h���[�u�e�h���h�k�m�s�_�k�l�\�e�_�g�h�������a�Z�i�m�k�d�Z���;�I�E�:��
�\�� �k���� �M�k�l�v-�B�e�y���� ���� �± �\�� �k���� �M�j�_�c�k�d�� �b�� ���� �\�� �]���� �R�b�e�d�Z����
�D�Z�`�^�u�c�� �b�a�� �i�h�e�_�l�h�\�� �;�I�E�:�� �i�h�d�j�u�\�Z�e�� �i�e�h�s�Z�^�v��
0,6 �d�f2 �k���i�h�e�m�q�_�g�b�_�f���h�d�h�e�h�����������n�h�l�h�k�g�b�f�d�h�\���i�j�b��
�m�]�e�_�� �i�h�\�h�j�h�l�Z�� �d�Z�f�_�j�u�� �\�� ������ �]�j�Z�^���� �J�Z�a�f�u�l�u�_���� �Z��
�l�Z�d�`�_�� �g�_�� �i�h�d�j�u�\�Z�x�s�b�_�� �b�a�m�q�Z�_�f�m�x�� �l�_�j�j�b�l�h�j�b�x��
�n�h�l�h�k�g�b�f�d�b�� �m�^�Z�e�y�e�b�k�v�� �b�a�� �Z�g�Z�e�b�a�Z���� �\�� �j�_�a�m�e�v�l�Z�l�_��
�n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�_�� �i�h�^�\�_�j�]�Z�e�b�k�v��
95�±�������� �k�g�b�f�d�h�\���� �<�j�_�f�y�� �k�[�h�j�Z�� �k�_�j�b�b�� �k�g�b�f�d�h�\��

�k�h�k�l�Z�\�e�y�e�h�� ������ �f�b�g�m�l�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �h�^�g�h�c��
�[�Z�l�Z�j�_�b�� �a�Z�� �h�^�b�g�� �i�h�e�_�l���� �G�Z�� �w�l�Z�i�_�� �i�h�k�l�j�h�_�g�b�y��
�j�Z�a�j�_�`�_�g�g�h�]�h���h�[�e�Z�d�Z���l�h�q�_�d���i�j�h�\�h�^�b�e�Z�k�v���i�j�h�\�_�j�d�Z��
�^�h�k�l�Z�l�h�q�g�h�k�l�b�� �i�_�j�_�d�j�u�l�b�y�� �k�g�b�f�d�h�\����
�i�_�j�_�k�_�d�Z�x�s�b�o�k�y�� �g�Z�� �b�k�k�e�_�^�m�_�f�h�c�� �l�_�j�j�b�l�h�j�b�b����
�M�q�Z�k�l�d�b���� �]�^�_�� �g�Z�[�e�x�^�Z�e�h�k�v�� �h�^�g�h�\�j�_�f�_�g�g�h�_��
�g�Z�e�h�`�_�g�b�_�� �f�_�g�_�_�� ���� �k�g�b�f�d�h�\���� �k�q�b�l�Z�e�b�k�v��
�g�_�^�h�k�l�h�\�_�j�g�u�f�b�� �b�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �g�_��
�j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v���� �K�\�_�^�_�g�b�y�� �h�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�Z�o���f�h�^�_�e�b���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_������ 
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�L�Z�[�e�b�p�Z������ �=�_�h�f�_�l�j�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���f�h�^�_�e�b 
Table 1. Geometric parameters of the model 

�G�Z�k�_�e�_�g�g�u�c��
�i�m�g�d�l 

�D�h�e�b�q�_��
�k�l�\�h��

�k�g�b�f�d�h�\ 

�J�Z�a�j�_�`�_�g�g�h�_��
�h�[�e�Z�d�h���l�h-
�q�_�d�����f�e�g�� 

�I�e�h�l�g�h�_��
�h�[�e�Z�d�h���l�h-
�q�_�d�����f�e�g�� 

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�j�Z�a�j�_�r�_�g�b�_���j�Z�k�l�j�Z��
�h�j�l�h�n�h�l�h�i�e�Z�g�Z�����f 

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�j�Z�a�j�_�r�_�g�b�_���j�Z�k�l�j�Z��

�p�b�n�j�h�\�h�c���f�h�^�_�e�b���j�_��
�e�v�_�n�Z�����f 

�k�����M�j�_�c�k�d 646 0,28 152,2 0,079 0,161 
�]�����R�b�e�d�Z 921 0,23 168,4 0,078 0,156 

�k�� �M�k�l�v-�B�e�y 498 0,15 104,1 0,079 0,159 

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

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

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

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

�l�h�q�g�h�k�l�v�� �_�_�� �i�h�k�l�j�h�_�g�b�y�� �\�� �^�j�m�]�b�o�� �l�h�q�d�Z�o���� �L�Z�d�Z�y��
�h�p�_�g�d�Z�� �\�u�i�h�e�g�_�g�Z�� �i�m�l�_�f�� �k�j�Z�\�g�_�g�b�y�� �^�\�m�o��
�\�Z�j�b�Z�g�l�h�\���± �b�f�_�x�s�b�_�k�y���^�Z�g�g�u�_���g�Z�a�_�f�g�h�c���k�t�_�f�d�b��
�k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���*�1�6�6���b���^�Z�g�g�u�_�����i�h�e�m�q�_�g�g�u�_���\��
�l�_�o�� �`�_�� �l�h�q�d�Z�o���� �g�h�� �i�h�� �^�Z�g�g�u�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��
�j�_�e�v�_�n�Z���k���;�I�E�:�����j�b�k�m�g�h�d�����������I�_�j�\�u�c���\�Z�j�b�Z�g�l���[�u�e��
�b�k�i�h�e�v�a�h�\�Z�g�� �d�Z�d�� �w�l�Z�e�h�g�g�u�c�� �^�e�y�� �k�j�Z�\�g�_�g�b�y�� �b��
�i�h�e�m�q�_�g�b�y�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �\�l�h�j�h�]�h��
�\�Z�j�b�Z�g�l�Z���� �D�j�b�l�_�j�b�_�f�� �y�\�e�y�e�Z�k�v�� �\�_�e�b�q�b�g�Z��
�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�c���h�r�b�[�d�b���f�h�^�_�e�b�j�h�\�Z�g�b�y����m), 
�h�i�j�_�^�_�e�_�g�g�Z�y���i�h���n�h�j�f�m�e�_���������� 

�I 
L 
§�Ã �:�Ó�Ô�á�Ï�?�Ó�Ô�ä�à�;�.�Ù
�Ô�8�-

�á
 (1) 

�]�^�_ Zi���f �± �h�l�f�_�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �\�� �d�h�g�l�j�h�e�v�g�h�c��
�l�h�q�d�_���� �h�i�j�_�^�_�e�_�g�g�Z�y�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���;�I�E�:�� 

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

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

�d�h�g�l�j�h�e�v�g�u�f�b���l�h�q�d�Z�f�b���Z�w�j�h�n�h�l�h�k�t�_�f�d�b���k���;�I�E�:�����\�u�^�_�e�_�g�u���d�j�Z�k�g�u�f������ 
�h�l�j�_�a�d�Z�f�b���i�h�d�Z�a�Z�g�u���d�j�Z�l�q�Z�c�r�b�_���j�Z�k�k�l�h�y�g�b�y���h�l���d�h�g�l�j�h�e�v�g�u�o���^�h���h�i�h�j�g�u�o���l�h�q�_�d 

Figure 7. Orthophoto map of Ust-Ilya village with ground control points (highlighted in green)  
and control points of aerial photography with UAVs (highlighted in red),  

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

�L�Z�[�e�b�p�Z������ �I�Z�j�Z�f�_�l�j�u���h�p�_�g�b�\�Z�g�b�y���l�h�q�g�h�k�l�b���f�h�^�_�e�b 
Table 2. Model accuracy assessment parameters 

�G�Z�k�_�e�_�g��
�g�u�c���i�m�g�d�l 

�>�e�b�g�Z��
�^�Z�f�[�u�����f 

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

�L�h�q�_�d���\��
�d�h�g�l�j�h�e�v-
�g�h�c���\�u��
�[�h�j�d�_ 

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

�^�_�e�b����m�������f 

�D�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b��
�h�r�b�[�d�b���h�i�j�_�^�_�e�_�g�b�y���h�l-
�f�_�l�d�b���b���j�Z�k�k�l�h�y�g�b�y���^�h��

�h�i�h�j�g�h�c���l�h�q�d�b 
�k�� �M�j�_�c�k�d 3403 10 108 0,104 0,05 
�]�����R�b�e�d�Z 3834 10 103 0,091 0,02 

�k�� �M�k�l�v-�B�e�y 2200 10 83 0,139 0,004 
 

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

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

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

�B�k�k�e�_�^�h�\�Z�g�b�_�� �f�h�^�_�e�_�c�� �a�Z�s�b�l�g�u�o��
�k�h�h�j�m�`�_�g�b�c�� �b�� �i�j�b�e�_�]�Z�x�s�_�c�� �l�_�j�j�b�l�h�j�b�b����
�\�u�i�h�e�g�_�g�g�u�o�� �k�� �\�u�k�h�d�h�c�� �^�_�l�Z�e�v�g�h�k�l�v�x����
�i�j�_�^�h�k�l�Z�\�e�y�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �d�h�e�b�q�_�k�l�\�_�g�g�h��
�h�p�_�g�b�\�Z�l�v���h�[�t�_�f�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���j�Z�a�j�m�r�_�g�b�c��
�^�Z�f�[�� �b�� �\�h�a�f�h�`�g�u�_�� �i�h�k�e�_�^�k�l�\�b�y�� �f�_�j�h�i�j�b�y�l�b�c�� �i�h��
�j�_�f�h�g�l�m���� �I�j�b�� �w�l�h�f�� �i�_�j�_�o�h�^�� �h�l�� �l�j�Z�^�b�p�b�h�g�g�h�]�h�� �d��
�m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�h�f�m�� �h�[�k�e�_�^�h�\�Z�g�b�x�� �g�Z��
�h�k�g�h�\�Z�g�b�b�� �Z�g�Z�e�b�a�Z�� �d�h�f�i�v�x�l�_�j�g�u�o�� ���'-�f�h�^�_�e�_�c��
�h�[�t�_�d�l�Z�� �i�h�a�\�h�e�y�_�l�� �[�h�e�_�_�� �d�Z�q�_�k�l�\�_�g�g�h��
�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �j�_�e�v�_�n�� �i�h�c�f�u�� �b�� �a�Z�s�b�s�Z�_�f�h�c��
�l�_�j�j�b�l�h�j�b�b�����^�_�n�h�j�f�Z�p�b�b���j�m�k�e�Z�����i�j�h�b�a�h�r�_�^�r�b�_���a�Z��
�i�_�j�b�h�^�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �e�b�g�_�c�g�u�o�� �a�Z�s�b�l�g�u�o��
�k�h�h�j�m�`�_�g�b�c��
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�J�b�k�m�g�h�d������ �H�[�g�Z�j�m�`�_�g�b�_���^�_�n�_�d�l�h�\���a�Z�s�b�l�g�u�o���k�h�h�j�m�`�_�g�b�c���g�Z���f�h�^�_�e�b��  

�i�h�e�m�q�_�g�g�h�c���i�h���^�Z�g�g�u�f���k�t�_�f�d�b���k���;�I�E�: 
Figure 8. Detection of defects in protective structures on a model obtained from UAV survey data 

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

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

�A�Z�d�e�x�q�_�g�b�_ 

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

�d�Z�q�_�k�l�\�_�g�g�h�]�h�� �h�p�_�g�b�\�Z�g�b�y�� �b�o�� �k�h�k�l�h�y�g�b�y���� �>�e�y��
�i�h�e�m�q�_�g�b�y�� �g�Z�b�e�m�q�r�_�]�h�� �j�_�a�m�e�v�l�Z�l�Z�� �\��
�f�h�^�_�e�b�j�h�\�Z�g�b�b�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �i�j�h�b�a�\�h�^�b�l�v��
�k�t�_�f�d�m�� �k�� �\�u�k�h�l�u�� �g�_�� �[�h�e�_�_�� �������� �f�� �b�� �b�k�i�h�e�v�a�h�\�Z�l�v��
�d�h�h�j�^�b�g�b�j�h�\�Z�g�g�u�_�� �h�i�h�j�g�u�_�� �l�h�q�d�b���� �d�h�l�h�j�u�_��
�\�b�^�g�h�� �k�� �\�h�a�^�m�o�Z�� �^�e�y�� �i�j�b�\�y�a�d�b�� �f�h�^�_�e�b�� �d�� �k�b�k�l�_�f�_��
�d�h�h�j�^�b�g�Z�l�����<���w�l�h�f���k�e�m�q�Z�_���h�r�b�[�d�Z���\���h�i�j�_�^�_�e�_�g�b�b��
�h�l�f�_�l�h�d�� �i�h�\�_�j�o�g�h�k�l�b�� �a�_�f�e�b�� �g�_�� �[�m�^�_�l�� �i�j�_�\�u�r�Z�l�v��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �k�g�b�f�d�Z����
�F�_�k�l�h�i�h�e�h�`�_�g�b�_�� �h�i�h�j�g�u�o�� �l�h�q�_�d�� �g�_�� �h�d�Z�a�u�\�Z�_�l��
�k�m�s�_�k�l�\�_�g�g�h�]�h���\�e�b�y�g�b�y���g�Z���l�h�q�g�h�k�l�v���h�i�j�_�^�_�e�_�g�b�y��
�f�h�^�_�e�b���j�_�e�v�_�n�Z�� 
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Abstract. Studies performed in different river ba-
sins in the North-West of Russia have shown that a 
combination of temperature and ice conditions 
plays a significant role in changing the winter water 
content of rivers. 
Air temperature and ice thickness are integral indi-
cators of changes in thermal conditions in the river 
basin and in the river, regulating through cryogenic 
processes the supply of groundwater and its dis-
charge into rivers in winter. Therefore, the main 
predictors used in the work are air temperature, ice 
thickness, and winter river flow. To obtain quanti-
tative estimates, a comparative analysis of changes 
in river flow by the end of winter under different 
temperature and ice conditions was performed. The 
series of winter runoff of rivers in the basins of the 
Lovat, Syas, Northern Dvina and Onega rivers with 
the total period of observations of the runoff and the 
thickness of the river ice are analyzed �±1955-2016 
years, temperature �± 1936-2016 years. 
Based on the analysis of a series of observations of 
river flow, ice thickness, and air temperature lasting 
more than 50 years, it is concluded that the lowest 
values of the minimum winter flow of rivers were 
observed in cold winters, and the highest values 
were observed in milder winter seasons. With com-
parable pre-winter water content of rivers in a series 
of mild non-thawing winters, river flow in the stud-
ied basins decreased less intensively and the mini-
mum winter flow was higher on average by  
10-20%, and in some cases more. 
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�b�a�f�_�g�q�b�\�h�k�l�v���j�Z�k�o�h�^�h�\���\�h�^�u���d�Z�d���q�_�j�_�a���b�a�f�_�g�_�g�b�y��
�k�h�h�l�g�h�r�_�g�b�y�� �`�b�^�d�b�o�� �b�� �l�\�_�j�^�u�o�� �h�k�Z�^�d�h�\����

�i�j�h�p�_�k�k�h�\�� �l�Z�y�g�b�y�� �e�v�^�Z�� �b�� �k�g�_�]�Z����
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �a�b�f�u���� �l�Z�d�� �b�� �q�_�j�_�a�� �l�h�e�s�b�g�m��
�e�_�^�y�g�h�]�h�� �i�h�d�j�h�\�Z�� �j�_�d�� �>�F�Z�j�d�h�\���� �=�m�j�_�\�b�q���� ������������
�=�m�j�_�\�b�q���� ���������@�� �E�_�^�y�g�h�c�� �i�h�d�j�h�\�� �h�d�Z�a�u�\�Z�_�l��
�a�Z�^�_�j�`�b�\�Z�x�s�b�c���b���Z�d�d�m�f�m�e�b�j�m�x�s�b�c���w�n�n�_�d�l�u���g�Z��
�j�Z�a�]�j�m�a�d�m���i�h�^�a�_�f�g�u�o���\�h�^���i�h���^�e�b�g�_���j�_�d�b���\���l�_�q�_�g�b�_��
�o�h�e�h�^�g�h�]�h�� �i�_�j�b�h�^�Z�� �]�h�^�Z�� �>�K�h�d�h�e�h�\���� �E�x�[�b�f�h�\����
������������ �F�Z�j�d�h�\���� �=�m�j�_�\�b�q���� ���������@���� �I�h�w�l�h�f�m �\�� �[�h�e�_�_��
�f�y�]�d�b�_�� �a�b�f�u�� �i�j�h�b�k�o�h�^�b�l�� �[�á�e�v�r�Z�y�� �k�j�Z�[�h�l�d�Z��
�a�Z�i�Z�k�h�\���i�h�^�a�_�f�g�u�o���\�h�^���\���j�_�q�g�u�o���[�Z�k�k�_�c�g�Z�o�����q�_�f���\��
�k�m�j�h�\�u�_�� �a�b�f�u���� �q�l�h�� �h�l�j�Z�`�Z�_�l�k�y�� �\�� �m�\�_�e�b�q�_�g�b�b��
�h�[�t�_�f�h�\���f�_�`�_�g�g�h�]�h���k�l�h�d�Z���j�_�d [Smith et al., 2007]. 

�F�Z�l�_�j�b�Z�e�u �b���f�_�l�h�^�u 

�>�e�y �k�j�Z�\�g�b�l�_�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�b�g�Z�f�b�d�b��
�k�g�b�`�_�g�b�y���a�b�f�g�_�]�h���k�l�h�d�Z���f�Z�e�u�o���j�_�d���\���a�Z�\�b�k�b�f�h�k�l�b��
�h�l���k�m�j�h�\�h�k�l�b���a�b�f���[�u�e�b���\�u�[�j�Z�g�u���������j�_�d���[�Z�k�k�_�c�g�Z��
�j�� �E�h�\�Z�l�v���������j�_�d���[�Z�k�k�_�c�g�Z���j�� �K�y�k�v���� �����j�_�d���[�Z�k�k�_�c�g�Z��
�j�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �b�� ���� �j�_�d�b�� �[�Z�k�k�_�c�g�Z�� �j�� �H�g�_�]�Z�� �k��
�h�[�s�b�f�� �i�_�j�b�h�^�h�f�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �k�l�h�d�h�f�� �b��
�l�h�e�s�b�g�h�c�� �j�_�q�g�h�]�h�� �e�v�^�Z�� �k�� ���������� �i�h�� ���������� �]�h�^����
�K�m�j�h�\�h�k�l�v�� �a�b�f�� �h�p�_�g�b�\�Z�e�Z�k�v�� �i�h�� �f�g�h�]�h�e�_�l�g�b�f��
�j�y�^�Z�f�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �\�h�a�^�m�o�Z�� �g�Z��
�f�_�l�_�h�k�l�Z�g�p�b�y�o�� �<�_�e�b�d�b�_�� �E�m�d�b���� �L�b�o�\�b�g���� �<�h�e�h�]�^�Z����
�H�g�_�]�Z�� �k�� �h�[�s�b�f�� �i�_�j�b�h�^�h�f�� �g�Z�[�e�x�^�_�g�b�c�� 
1936-2016 �]�]�� 

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

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

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

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

�<�u�i�h�e�g�_�g�h�� �k�j�Z�\�g�_�g�b�_�� �]�b�^�j�h�]�j�Z�n�h�\�� �k�l�h�d�Z��
�j�� �H�d�b (F�\�^�k�[� ���������d�f2, �[�Z�k�k�_�c�g���j�� �E�h�\�Z�l�v�����\���j�Z�a�g�u�_ 
�i�h�� �k�m�j�h�\�h�k�l�b�� �a�b�f�u�� ��������-58 �]�]���� �b�� ��������-64 �]�]���� �i�j�b��
�k�h�i�h�k�l�Z�\�b�f�h�f�� �i�j�_�^�a�b�f�g�_�f�� �m�\�e�Z�`�g�_�g�b�b�� �j�_�q�g�h�]�h��
�[�Z�k�k�_�c�g�Z�� �\�� �g�h�y�[�j�_�� ���j�b�k�m�g�h�d�� ���Z������ �K�j�_�^�g�y�y��
�l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�� �a�b�f�g�_�]�h�� �k�_�a�h�g�Z�� ��������-58 �]�]����
�L�k�j���;�,�,-II = �t���ƒ�K �b�� �a�b�f�u�� ��������-64 �]�]�����L�k�j���;�,�,-II = �t���ƒ�K. 
�G�_�k�f�h�l�j�y�� �g�Z�� �g�_�[�h�e�v�r�m�x �j�Z�a�g�b�p�m�� �k�j�_�^�g�_�c��
�l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� ���\���t���ƒ�K���� �\�� �w�l�b�� �a�b�f�u����
�\�g�m�l�j�b�k�_�a�h�g�g�u�_�� �l�_�f�i�_�j�Z�l�m�j�g�u�_�� �d�h�e�_�[�Z�g�b�y�� �[�u�e�b��
�k�m�s�_�k�l�\�_�g�g�u�� ���l�Z�[�e�b�p�Z�� ������ �^�Z�g�g�u�_�� �f�_�l�_�h�k�l�Z�g�p�b�b��
�<�_�e�b�d�b�_�� �E�m�d�b������ �q�l�h�� �h�l�j�Z�a�b�e�h�k�v�� �g�Z�� �j�Z�a�e�b�q�g�u�o��

�e�_�^�h�\�u�o�� �m�k�e�h�\�b�c�� �\�� �k�j�Z�\�g�b�\�Z�_�f�u�_�� �k�_�a�h�g�u����
�L�h�e�s�b�g�Z���n�_�\�j�Z�e�v�k�d�h�]�h���e�v�^�Z���\���[�h�e�_�_���l�_�i�e�m�x���a�b�f�m��
1957-58 �]�]�����g�Z���i�h�k�l�m���j�� �H�d�Z���± �^�� �;�h�j�h�d���k�h�k�l�Z�\�e�y�e�Z��
32 �k�f���� �q�l�h�� �g�Z�� ���� �k�f�� �f�_�g�v�r�_�� �q�_�f�� �\�� �n�_�\�j�Z�e�_�� �[�h�e�_�_��
�o�h�e�h�^�g�h�c���a�b�f�u����������-64 �]�]�� 

�L�Z�d�h�_�� �`�_�� �k�j�Z�\�g�_�g�b�_�� �]�b�^�j�h�]�j�Z�n�h�\�� �k�l�h�d�Z��
�i�j�h�b�a�\�_�^�_�g�h���^�e�y���j�� �>�u�f�d�Z��(F�\�^�k�[� ���������d�f2, �[�Z�k�k�_�c�g��
�j�� �K�y�k�v���� �\�� �f�y�]�d�m�x�� �a�b�f�m�� ��������-81 �]�]���� �i�j�b�� 
�L�k�j���;�,�,-II= �t�������ƒ�&�� �b�� �o�h�e�h�^�g�m�x�� �a�b�f�m�� ��������-68 �]�]����
(�L�k�j���O�,�,-II= �t���������ƒ�&���� �i�j�b�� �h�^�b�g�Z�d�h�\�u�o�� �g�Z�q�Z�e�v�g�u�o��
�m�k�e�h�\�b�y�o�� �k�g�b�`�_�g�b�y�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� ���l�Z�[�e�b�p�Z�� ������
�j�b�k�m�g�h�d�����[�������L�h�e�s�b�g�Z���n�_�\�j�Z�e�v�k�d�h�]�h���e�v�^�Z���d���d�h�g�p�m��
�a�b�f�u�� ��������-81 �]�]���� �g�Z�� �j�� �>�u�f�d�Z�� �m�� �^�� �>�h�f�Z�q�_�\�h��
�k�h�k�l�Z�\�e�y�e�Z���������k�f�� �b���[�u�e�Z���g�Z���������k�f���f�_�g�v�r�_�����q�_�f���\��
�d�h�g�p�_���[�h�e�_�_���o�h�e�h�^�g�h�]�h���a�b�f�g�_�]�h���k�_�a�h�g�Z����������-68 �]�]�� 

�D�Z�d���\�b�^�g�h���b�a���j�b�k�m�g�d�h�\�����Z���b�����[�����i�j�b���k�o�h�^�g�u�o��
�j�Z�k�o�h�^�Z�o�� �\�h�^�u�� �\�� �g�h�y�[�j�_���� �g�h�� �i�j�b�� �j�Z�a�g�h�f��
�l�_�f�i�_�j�Z�l�m�j�g�h�f�� �j�_�`�b�f�_�� �a�b�f���� �g�Z�[�e�x�^�Z�x�l�k�y��
�k�m�s�_�k�l�\�_�g�g�u�_�� �h�l�e�b�q�b�y�� �l�_�f�i�h�\�� �k�g�b�`�_�g�b�y�� �k�l�h�d�Z��
�j�_�d�����q�l�h���\�u�j�Z�a�b�e�h�k�v���\���i�j�_�\�u�r�_�g�b�b���j�Z�k�o�h�^�h�\���\�h�^�u��
�j�_�d�� �\�� �l�_�i�e�m�x�� �a�b�f�m�� �g�Z�^�� �\�_�e�b�q�b�g�h�c�� �k�l�h�d�Z�� �j�_�d�� �\��
�[�h�e�_�_�� �k�m�j�h�\�u�c�� �a�b�f�g�b�c�� �k�_�a�h�g���� �L�Z�d����
�k�j�_�^�g�_�f�_�k�y�q�g�u�_���j�Z�k�o�h�^�u���\�h�^�u���j�� �H�d�b���m���^�� �;�h�j�h�d���d��
�d�h�g�p�m���o�h�e�h�^�g�h�c���a�b�f�u����������-64 �]�]�����[�u�e�b���\�����������j�Z�a�Z��
�g�b�`�_���� �q�_�f�� �\�� �[�h�e�_�_�� �f�y�]�d�m�x�� �a�b�f�m�� ��������-58 �]�]����
���j�b�k�m�g�h�d�� ���Z������ �K�l�h�d�� �j�� �>�u�f�d�b�� �m�� �^�� �>�h�f�Z�q�_�\�h�� �d��
�d�h�g�p�m�� �o�h�e�h�^�g�h�c�� �a�b�f�u�� ��������-68 �]�]���� �[�u�e�� �g�b�`�_�� �\��
3,1 �j�Z�a�Z���� �q�_�f�� �\�� �[�h�e�_�_�� �l�_�i�e�m�x�� �a�b�f�m�� ��������-81 �]�]����
���j�b�k�m�g�h�d�����[���� 

�K�h�h�l�g�h�r�_�g�b�_�� �b�a�f�_�g�_�g�b�y�� �\�h�^�g�h�k�l�b�� �j�_�d�� �d��
�n�_�\�j�Z�e�x���h�l�g�h�k�b�l�_�e�v�g�h���g�h�y�[�j�y���i�h���^�e�b�g�_���[�Z�k�k�_�c�g�Z��
�^�_�f�h�g�k�l�j�b�j�m�x�l�� �j�b�k�m�g�d�b�� ���\�� �b�� ���]���� �<�� �p�_�e�h�f�� �\��
�[�Z�k�k�_�c�g�_�� �j�� �E�h�\�Z�l�v�� �k�g�b�`�_�g�b�_�� �k�l�h�d�Z�� �j�_�d�� �d�� �d�h�g�p�m��
�o�h�e�h�^�g�h�c���a�b�f�u���[�u�e�h���[�h�e�v�r�_���q�_�f���\���l�_�i�e�u�_���a�b�f�u���\��
�k�j�_�^�g�_�f���g�Z�������������j�b�k�m�g�h�d�����\�������Z���\���[�Z�k�k�_�c�g�_���j�� �K�y�k�v��
�± �g�Z�� �������� �G�Z�b�f�_�g�v�r�b�_�� �a�g�Z�q�_�g�b�y�� �f�b�g�b�f�Z�e�v�g�h�]�h��
�a�b�f�g�_�]�h���k�l�h�d�Z���j�_�d���g�Z�[�e�x�^�Z�e�b�k�v���\���o�h�e�h�^�g�u�_���a�b�f�u����
�Z���g�Z�b�[�h�e�v�r�b�_���± �\���[�h�e�_�_���f�y�]�d�b�_���a�b�f�g�b�_���k�_�a�h�g�u. 
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�L�Z�[�e�b�p�Z������ �K�j�_�^�g�_�f�_�k�y�q�g�u�_ �a�b�f�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z�����ƒ�K�� 
Table 1. Average �P�R�Q�W�K�O�\���Z�L�Q�W�H�U���D�L�U���W�H�P�S�H�U�D�W�X�U�H�V�����ƒ�K) 

�A�b�f�g�b�c���i�_�j�b�h�^ �>�_�d�Z�[�j�v �Y�g�\�Z�j�v �N�_�\�j�Z�e�v �K�j�_�^�g�y�y���a�Z���a�b�f�m���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z 
�f�_�l�_�h�k�l�Z�g�p�b�y���<�_�e�b�d�b�_���E�m�d�b�� 

1957-58 �]�]�� �±4,3 �±7,2 �±6,9 �±6,1 
1963-64 �]�]�� �±8,2 �±5,8 �±10,1 �±8,0 

�f�_�l�_�h�k�l�Z�g�p�b�y���L�b�o�\�b�g 
1980-81 �]�]�� �±5,2 �±6,2 �±7,0 �±6,1 
1967-68 �]�]�� �±11,1 �±19,0 �±7,8 �±12,6 

  

  
�J�b�k�m�g�h�d������ �B�a�f�_�g�_�g�b�_���k�l�h�d�Z���j�_�d���\���j�Z�a�g�u�_���i�h���k�m�j�h�\�h�k�l�b���a�b�f�u���\���[�Z�k�k�_�c�g�Z�o��  

�Z�����]�b�^�j�h�]�j�Z�n���k�l�h�d�Z���j�� �H�d�Z���± �^�� �;�h�j�h�d��F� ���������d�f2; �[���]�b�^�j�h�]�j�Z�n���k�l�h�d�Z���j�� �>�u�f�d�Z���± �^�� �>�h�f�Z�q�_�\�h��F� ���������d�f2; 
�\�����k�g�b�`�_�g�b�_���k�l�h�d�Z���j�_�d���d���n�_�\�j�Z�e�x���h�l�g�h�k�b�l�_�e�v�g�h���g�h�y�[�j�y�����������\���[�Z�k�k�_�c�g�_���j�� �E�h�\�Z�l�v�� 
�]�����k�g�b�`�_�g�b�_���k�l�h�d�Z���j�_�d���d���n�_�\�j�Z�e�x���h�l�g�h�k�b�l�_�e�v�g�h���g�h�y�[�j�y�����������\���[�Z�k�k�_�c�g�_���j�� �K�y�k�v�� 

1 �± �a�b�f�Z����������-64 �]�]�������L�k�j.XII- II= �±���ƒ�&������ 2 �± �a�b�f�Z����������-58 �]�]�������L�k�j.XII- II= �±�������ƒ�&���� 
3 �± �a�b�f�Z����������-68 �]�]�������L�k�j.XII- II= �±12,6�ƒ�&);  4 �± �a�b�f�Z����������-81 �]�]�������L�k�j.XII- II= �±�������ƒ�&�� 

Figure 1. Changes in river flow in different severe winters in the basins: 
a) flow hydrograph of the river Oka �± village Borok F=310 km2; 

b) flow hydrograph of the river Dymka �± village Domachevo F=112 km2; 
c) decrease in river flow in February relative to November (%) in the basin of the river Lovat; 
d) decrease in river flow in February relative to November (%) in the basin of the river Syas: 

1 �± winter 1963-64 (�Lav.XII- II= �±���ƒ�&������ 2 �± winter 1957-58 (�Lav.XII- II= �±�������ƒ�&���� 
3 �± winter 1967-68 (�Lav.XII- II= �±���������ƒ�&������ 4 �± winter 1980-81 (�Lav.XII- II= �±�������ƒ�&�� 
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�J�b�k�m�g�h�d������ �B�a�f�_�g�_�g�b�_���a�b�f�g�_�]�h���k�l�h�d�Z���j�_�d���i�j�b���j�Z�a�g�u�o���l�_�f�i�_�j�Z�l�m�j�g�u�o���b���e�_�^�h�\�u�o���m�k�e�h�\�b�y�o�� 

�Z�����[�Z�k�k�_�c�g���j�� �K�y�k�v��F<25�����d�f2;  �[�����[�Z�k�k�_�c�g���j�� �E�h�\�Z�l�v��F���������d�f2;  
�\�����[�Z�k�k�_�c�g���j�� �K�_�\�_�j�g�Z�y���>�\�b�g�Z F�����������d�f2;  �]�����[�Z�k�k�_�c�g���j�� �H�g�_�]�Z��F�����������d�f2: 

1 �± �o�h�e�h�^�g�Z�y���a�b�f�Z���������± �k�j�_�^�g�y�y���i�h���k�m�j�h�\�h�k�l�b���a�b�f�Z���������± �f�y�]�d�Z�y���a�b�f�Z 
Figure 2. Changes in winter river flow under different temperature and ice conditions: 

a) the basin of the river Syas F<250 km2;  b) the basin of the river Lovat F<400 km2; 
c) the basin of the river Northern Dvina F<255 km2;  d) the basin of the river Onega F<900 km2: 

1 �± cold winter; 2 �± average severity of winter; 3 �± mild winter 

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

�i�h�^�l�\�_�j�`�^�Z�x�s�b�o�� �k�\�y�a�v�� �k�l�h�d�Z�� �g�_�[�h�e�v�r�b�o�� �j�_�d�� �k��
�a�b�f�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �\�h�a�^�m�o�Z�� �b�� �l�h�e�s�b�g�h�c��
�j�_�q�g�h�]�h�� �e�v�^�Z�� ���j�b�k�m�g�h�d�� �������� �>�e�y�� �w�l�h�]�h��
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�b�k�k�e�_�^�h�\�Z�e�b�k�v �_�`�_�]�h�^�g�u�_�� �d�j�b�\�u�_�� �b�k�l�h�s�_�g�b�y��
�k�l�h�d�Z���� �d�h�l�h�j�u�_�� �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v�� �i�h�� �]�j�m�i�i�Z�f�� �j�_�d����
�I�j�b�� �j�Z�k�q�_�l�_�� �d�j�b�\�u�o�� �b�k�l�h�s�_�g�b�y�� �k�l�h�d�Z��
�b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �k�l�h�d�Z��
�j�_�d�� ���D�f�_�k������ �q�l�h�� �i�h�a�\�h�e�y�_�l���h�[�h�[�s�b�l�v�� �w�l�m���\�_�e�b�q�b�g�m��
�^�e�y�� �g�_�k�d�h�e�v�d�b�o�� �j�_�d���� �g�_�� �i�j�_�g�_�[�j�_�]�Z�y�� �i�e�h�s�Z�^�v�x��
�\�h�^�h�k�[�h�j�Z���� �<�_�e�b�q�b�g�Z�� �D�f�_�k �o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �k�h�[�h�c��
�k�g�b�`�_�g�b�_�� �k�l�h�d�Z�� �j�_�d�� �d�Z�`�^�u�c�� �f�_�k�y�p�� �h�l�g�h�k�b�l�_�e�v�g�h��
�j�Z�k�o�h�^�Z�� �\�h�^�u�� �\�� �^�_�d�Z�[�j�_�� �b�e�b�� �g�h�y�[�j�_�� 
���D�f�_�k=QXII,I, II/QXII  �b�e�b�� �D�f�_�k=QXI,XII,I, II/QXI 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����]�^�_��Q �± �k�j�_�^�g�_�f�_�k�y�q�g�u�_���j�Z�k�o�h�^�u��
�\�h�^�u������ �<�d�e�x�q�_�g�b�_�� �g�h�y�[�j�y�� �\�� �Z�g�Z�e�b�a�� �d�j�b�\�u�o��
�b�k�l�h�s�_�g�b�y�� �k�l�h�d�Z�� �k�_�\�_�j�g�u�o�� �j�_�d�� �[�Z�k�k�_�c�g�h�\�� �j�_�d��
�K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �b�� �H�g�_�]�Z�� �h�[�m�k�e�h�\�e�_�g�h�� �[�h�e�_�_��
�j�Z�g�g�b�f�� �i�_�j�_�o�h�^�h�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �q�_�j�_�a��
�g�h�e�v���� �H�l�g�h�k�b�l�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �D�f�_�k �h�k�j�_�^�g�y�e�b�k�v��
�i�h�� �]�j�m�i�i�_�� �b�k�k�e�_�^�m�_�f�u�o�� �j�_�d�� �>�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�k�_�j�b�c�g�u�o�� �\�u�[�h�j�h�d�� �k�h�\�h�d�m�i�g�h�k�l�v�� �j�Z�a�[�b�\�Z�e�Z�k�v�� �i�h��
�i�j �b�a�g�Z�d�m�� �k�j�_�^�g�_�c�� �a�Z�� �a�b�f�m�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z����
�>�e�y�� �h�[�h�[�s�_�g�g�u�o�� �i�h�� �l�_�f�i�_�j�Z�l�m�j�g�u�f��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �k�_�j�b�c�� �a�b�f�� �i�h�� �i�h�e�m�q�_�g�g�u�f�� �D�f�_�k 
�j�Z�k�k�q�b�l�u�\�Z�e�b�k�v���k�j�_�^�g�b�_���d�j�b�\�u�_���b�k�l�h�s�_�g�b�y���k�l�h�d�Z��
�a�Z���i�_�j�b�h�^�u���^�_�d�Z�[�j�v���± �n�_�\�j�Z�e�v�����^�e�y���[�Z�k�k�_�c�g�h�\���j�_�d��
�K�y�k�v���b���E�h�\�Z�l�v�����b���g�h�y�[�j�v���± �n�_�\�j�Z�e�v�����^�e�y���[�Z�k�k�_�c�g�h�\��
�j�_�d�� �K�_�\�_�j�g�Z�y�� �>�\�b�g�Z�� �b�� �H�g�_�]�Z������ �Z�� �l�Z�d�`�_�� �\�_�e�b�q�b�g�Z��
�m�f�_�g�v�r�_�g�b�y�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �k�� �g�h�y�[�j�y�� ���^�_�d�Z�[�j�y���� �d��
�n�_�\�j�Z�e�x�����ûQ�n�_�\, %). 

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

�I�j�b�� �a�b�f�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�_ �\�h�a�^�m�o�Z�� �\��
�^�b�Z�i�Z�a�h�g�_�� ���±�����«�±�����ƒ�&���� �k�� �g�Z�q�Z�e�Z�� �a�b�f�u�� �k�l�h�d�� �j�_�d��
�m�f�_�g�v�r�b�e�k�y�� �g�Z�� �������� �\�� �[�Z�k�k�_�c�g�Z�o�� �j�� �E�h�\�Z�l�v���� �g�Z�� 
68-���������\���[�Z�k�k�_�c�g�Z�o���j�� �K�_�\�_�j�g�Z�y���>�\�b�g�Z���b���j�� �H�g�_�]�Z��
���j�b�k�m�g�d�b�����[�������\�������]�������<���k�_�j�b�x���a�b�f���k���l�_�f�i�_�j�Z�l�m�j�Z�f�b��
�\�h�a�^�m�o�Z�� �\�� �^�b�Z�i�Z�a�h�g�_�� ���±���«�±���ƒ�&���� �k�l�h�d�� �j�_�d�� �\��
�b�k�k�e�_�^�m�_�f�u�o�� �[�Z�k�k�_�c�g�Z�o�� �k�g�b�`�Z�e�k�y�� �f�_�g�_�_��
�b�g�l�_�g�k�b�\�g�h�� �b�� �[�u�e�� �\�u�r�_�� �g�Z�� ����-���������� �q�_�f�� �\�� �[�h�e�_�_��

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

�B�g�l�_�g�k�b�\�g�h�k�l�v���b���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���k�i�Z�^�Z��
�a�b�f�g�b�o�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �\�� �j�_�d�Z�o�� �g�Z�o�h�^�b�l�k�y�� �\��
�i�j�y�f�h�c���a�Z�\�b�k�b�f�h�k�l�b���h�l���i�j�_�^�a�b�f�g�b�o���a�Z�i�Z�k�h�\���\�h�^�u��
�\�� �j�_�q�g�h�f�� �[�Z�k�k�_�c�g�_�� �b�� �j�Z�a�\�b�l�b�y�� �i�j�h�p�_�k�k�h�\��
�e�_�^�h�h�[�j�Z�a�h�\�Z�g�b�y���� �Z�d�d�m�f�m�e�b�j�m�x�s�b�o��
�a�g�Z�q�b�l�_�e�v�g�m�x�� �q�Z�k�l�v�� �a�b�f�g�_�]�h�� �j�_�q�g�h�]�h�� �k�l�h�d�Z��
�>�K�h�d�h�e�h�\���� �Q�_�j�g�Z�y���� ������������ �Q�b�`�h�\���� ���������@�� �O�Z�j�Z�d�l�_�j��
�\�e�b�y�g�b�y�� �l�h�e�s�b�g�u�� �n�_�\�j�Z�e�v�k�d�h�]�h�� �e�v�^�Z�� ���G�e �n�_�\���� �g�Z��
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�k�l�h�d�� �\�� �l�_�i�e�m�x�� �a�b�f�m�� �[�u�e�� �g�Z�� �������� �\�u�r�_���� �q�_�f�� �\��
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�J�b�k�m�g�h�d������ �H�[�h�[�s�_�g�g�u�c���]�j�Z�n�b�d���k�\�y�a�b���k�l�h�d�Z���j�_�d��

�d���d�h�g�p�m���a�b�f�u���k���l�h�e�s�b�g�h�c���e�v�^�Z�����n�_�\�j�Z�e�v���� 
1 �± �j�� �K�_�\�_�j�g�Z�y���>�\�b�g�Z���������± �j�� �E�h�\�Z�l�v���������± �j�� �K�y�k�v����

4 �± �j�� �H�g�_�]�Z�����i�m�g�d�l�b�j�g�Z�y���e�b�g�b�y���± �l�_�g�^�_�g�p�b�b 
Figure 3. Generalized graph of the relationship of 
river flow by the end of winter with ice thickness 
(February): 1 �± river Northern Dvina; 2 �± river 

Lovat; 3 �± river Syas; 4 �± river Onega;  
dotted line �± the trend 
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tity and quality of river water flow. Using the auto-
�P�D�W�H�G�� �V�R�I�W�Z�D�U�H�� �S�D�F�N�D�J�H�� �³�$�V�V�H�V�V�P�H�Q�W�� �R�I�� �3�R�O�O�X�W�H�G��
�D�Q�G���&�O�H�D�Q���5�X�Q�R�I�I���,�Q�G�L�F�D�W�R�U�V�´���G�H�Y�H�O�R�S�H�G���D�W���W�K�H���6�W�D�W�H��
Hydrological Institute, it became possible to jointly 
process large volumes of standard hydrochemical 
and hydrological observation data at the posts. The 
first part of automated software package allows you 
to divide the volume of river flow by a single ingre-
dient into pure when its concentration in the effluent 
does not exceed the maximum permissible concen-
trations (MPC), and into polluted when it is higher 
than the MPC. The main indicator of the quality of 
river water runoff in this method is the relative vol-
ume of runoff contaminated with a single ingredi-
ent. In the second part of automated software pack-
age, the annual volume of river flow is divided into 
partial volumes of various durations that differ in 
the composition of the complex of pollutants, and 
their degree of pollution is estimated by classes in 
accordance with ANON (2002) 52.24.643-20021. 
�7�K�H�� �H�V�W�L�P�D�W�H�V�� �R�E�W�D�L�Q�H�G�� �D�U�H�� �S�U�H�V�H�Q�W�H�G�� �D�V�� �D�� �³�I�O�R�Z��
�T�X�D�O�L�W�\�� �F�H�U�W�L�I�L�F�D�W�H�´���� �%�D�V�H�G�� �R�Q�� �W�K�H�� �G�D�W�D�� �R�Q�� �Z�D�W�H�U��
quality monitoring of the Department of Hydrome-
teorological Service of the Central Black Soil Re-
gions, using the automated software package, the 
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�q�_�k�d�h�f���i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^��
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�j�Z�k�k�l�h�y�g�b�_���i�h�k�l�Z���h�l���m�k�l�v�y���j�Z�\�g�h�����������d�f���� 

quality of runoff for single chemicals and their com-
plexes was estimated in the border hydrochemical 
observation point of the Seim River �± Tetkino vil-
lage. Observation period is from 1993 to 2013. 

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

Keywords: the Seim River; automated software 
package; operational observations; polluted runoff; 
river flow quality certificate; flow quality dynam-
ics. 
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�F�_�l�h�^�b�q�_�k�d�b�_���h�k�g�h�\�u�������������@�� 

�I�_�j�\�Z�y�� �q�Z�k�l�v�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �d�h�f�i�e�_�d�k�Z��
�i�h�a�\�h�e�y�_�l�� �j�Z�a�^�_�e�b�l�v�� �h�[�t�z�f�� �j�_�q�g�h�]�h�� �k�l�h�d�Z�� �i�h��
�_�^�b�g�b�q�g�h�f�m�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�f�m�� �d�h�f�i�h�g�_�g�l�m�� �g�Z��
�q�b�k�l�u�c���� �d�h�]�^�Z�� �_�]�h�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �\�� �k�l�h�d�_�� �g�_��
�i�j�_�\�u�r�Z�_�l�� �i�j�_�^�_�e�v�g�h�� �^�h�i�m�k�l�b�f�u�o�� �a�g�Z�q�_�g�b�c��
���^�Z�e�_�_���± �I�>�D�������b���g�Z���a�Z�]�j�y�a�g�z�g�g�u�c�����d�h�]�^�Z���h�g�Z���\�u�r�_��
�I�>�D���>�J�m�f�y�g�p�_�\�Z�����;�h�[�j�h�\�b�p�d�Z�y�������������@���� 

�H�k�g�h�\�g�u�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h��
�k�l�h�d�Z�� �\�h�^�u�� �\�� �i�_�j�\�h�c�� �q�Z�k�l�b�� �f�_�l�h�^�b�d�b�� �y�\�e�y�_�l�k�y��
�h�l�g�h�k�b�l�_�e�v�g�u�c�� �h�[�t�z�f�� �k�l�h�d�Z�� �a�Z�]�j�y�a�g�_�g�g�h�]�h��
�_�^�b�g�b�q�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� ���9�a�Z�]���� �������� �H�g��
�\�u�j�Z�`�Z�_�l�k�y�� �h�l�g�h�r�_�g�b�_�f�� �h�[�t�z�f�Z�� �k�l�h�d�Z��
�a�Z�]�j�y�a�g�_�g�g�h�c�� �\�h�^�u�� �9�a�Z�]���� �i�_�j�_�g�_�k�z�g�g�h�c�� �q�_�j�_�a��
�a�Z�^�Z�g�g�u�c�� �k�l�\�h�j�� �a�Z�� �]�h�^�� �d�h�� �\�k�_�f�m�� �]�h�^�h�\�h�f�m�� �k�l�h�d�m��
�j�_�d�b���9�]�h�.̂ 

�I�h�d�Z�a�Z�l�_�e�v�� �h�l�g�h�k�b�l�_�e�v�g�h�c��
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b���a�Z�]�j�y�a�g�_�g�g�h�]�h���k�l�h�d�Z����T�a�Z�], %) 
�\�u�j�Z�`�Z�_�l�k�y�� �h�l�g�h�r�_�g�b�_�f�� �\�j�_�f�_�g�b�� �7�a�Z�]���� �\�� �l�_�q�_�g�b�_��
�d�h�l�h�j�h�]�h�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �\�_�s�_�k�l�\�Z�� �\�� �i�h�l�h�d�_�� �\�u�r�_��

                                                 
2�J�_�d�h�f�_�g�^�Z�p�b�b�� �i�h�� �i�j�b�f�_�g�_�g�b�x�� �b�g�l�_�]�j�Z�e�v�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �^�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �\�h�^�u�� �b�� �a�Z�]�j�y�a�g�z�g�g�h�k�l�b�� �j�_�d�� �b�� �\�h�^�h�_�f�h�\����
�E���� �=�=�B�����������������������k�� 
3�J�>��������������������-�������������F�_�l�h�^���d�h�f�i�e�_�d�k�g�h�c���h�p�_�g�d�b���k�l�_�i�_�g�b���a�Z�]�j�y�a�g�z�g�g�h�k�l�b���i�h�\�_�j�o�g�h�k�l�g�u�o���\�h�^���i�h���]�b�^�j�h�o�b�f�b�q�_�k�d�b�f���i�h�d�Z�a�Z�l�_��
�e�y�f�����K�I�[�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�����������������������k�� 
4�L�Z�f���`�_ 

�I�>�D���� �d�� �h�[�s�_�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �i�j�h�f�_�`�m�l�d�Z�� �\�j�_�f�_�g�b����
�g�Z�i�j�b�f�_�j�� �d���h�^�g�h�f�m���]�h�^�m���L�]�h�.̂ 

�<�l�h�j�Z�y�� �q�Z�k�l�v�� �:�I�D�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �g�Z�� �h�k�g�h�\�_��
�i�_�j�\�h�c���� �W�l�h�� �g�h�\�Z�y�� �f�_�l�h�^�b�d�Z���� �d�h�l�h�j�Z�y�� �i�h�a�\�h�e�y�_�l��
�j�Z�a�^�_�e�b�l�v�� �h�[�t�z�f�� �j�_�q�g�h�]�h�� �k�l�h�d�Z�� �g�Z�� �q�Z�k�l�b�q�g�u�_��
�h�[�t�z�f�u���� �j�Z�a�e�b�q�Z�x�s�b�_�k�y�� �k�h�\�h�d�m�i�g�h�k�l�v�x��
�a�Z�]�j�y�a�g�y�x�s�b�o���\�_�s�_�k�l�\�����b���h�p�_�g�b�l�v���a�Z�]�j�y�a�g�z�g�g�h�k�l�v��
�\�h�^�u�� �\�� �w�l�b�o�� �h�[�t�z�f�Z�o�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
�J�> 52.24.643-20023. 

�>�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �]�h�^�h�\�h�]�h�� �h�[�t�z�f�Z�� �j�_�q�g�h�]�h��
�k�l�h�d�Z�� �g�Z�� �q�Z�k�l�b�q�g�u�_�� �h�[�t�z�f�u�� �g�Z�� �h�^�g�h�f��
�o�j�h�g�h�e�h�]�b�q�_�k�d�h�f���]�j�Z�n�b�d�_���k�h�\�f�_�s�Z�x�l�k�y���i�_�j�b�h�^�u��
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�_�c�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �^�e�y��
�\�k�_�o�� �a�Z�]�j�y�a�g�y�x�s�b�o�� �d�h�f�i�h�g�_�g�l�h�\���� �W�l�h�� �i�h�a�\�h�e�y�_�l��
�\�u�^�_�e�b�l�v�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �b�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h��
�q�Z�k�l�b�q�g�u�_�� �h�[�t�z�f�u�� �k�l�h�d�Z���� �j�Z�a�e�b�q�Z�x�s�b�_�k�y�� �i�h��
�k�h�k�l�Z�\�m�� �a�Z�]�j�y�a�g�y�x�s�b�o�� �\�_�s�_�k�l�\�� �>�J�m�f�y�g�p�_�\�Z����
�;�h�[�j�h�\�b�p�d�Z�y���� �B�e�v�b�g���� ���������@���� �<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
�J�> 52.24.643-20024 �\�� �d�Z�`�^�h�f�� �q�Z�k�l�b�q�g�h�f�� �h�[�t�z�f�_��
�[�u�e�Z���i�j�h�b�a�\�_�^�_�g�Z���h�p�_�g�d�Z���a�Z�]�j�y�a�g�z�g�g�h�k�l�b���\�h�^�u���i�h��
�d�e�Z�k�k�Z�f���b���j�Z�a�j�y�^�Z�f�� 

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

�H�k�g�h�\�g�u�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b���d�Z�q�_�k�l�\�Z���j�_�q�g�h�]�h��
�k�l�h�d�Z�� �\�h�^�u�� �\�h�� �\�l�h�j�h�c�� �q�Z�k�l�b�� �f�_�l�h�^�b�d�b�� �y�\�e�y�x�l�k�y��
�h�l�g�h�k�b�l�_�e�v�g�u�_���h�[�t�z�f�u�����9�a�Z�]�����������b���h�l�g�h�k�b�l�_�e�v�g�u�_��
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� ��T�a�Z�]���� ������ �q�Z�k�l�b�q�g�u�o�� �_�]�h��
�h�[�t�z�f�h�\���j�Z�a�g�u�o���d�e�Z�k�k�h�\���a�Z�]�j�y�a�g�z�g�g�h�k�l�b�� 

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

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

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

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���^�Z�g�g�u�o���g�Z�[�e�x�^�_�g�b�c 

�<�� �h�k�g�h�\�m�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�e�h�`�_�g�u��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�_�� �b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �^�Z�g�g�u�_��
1993-���������� �]�]������ �i�h�e�m�q�_�g�g�u�_�� �\�� �j�_�a�m�e�v�l�Z�l�_��
�j�_�`�b�f�g�u�o�� �g�Z�[�e�x�^�_�g�b�c�� �M�i�j�Z�\�e�_�g�b�y��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c�� �k�e�m�`�[�u�� �P�_�g�l�j�Z�e�v�g�u�o��
�Q�_�j�g�h�a�_�f�g�u�o�� �H�[�e�Z�k�l�_�c�� �\�� �i�h�]�j�Z�g�b�q�g�h�f�� �k��
�M�d�j�Z�b�g�h�c�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�f�� �i�m�g�d�l�_�� �j���� �K�_�c�f�� �± 
�j�� �i�� �L�z�l�d�b�g�h�� �b�� �g�Z�� �[�e�b�`�Z�c�r�_�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f��
�i�h�k�l�m�� �j���� �K�_�c�f�� �Å�� �]���� �J�u�e�v�k�d���� �J�Z�a�g�b�p�Z�� �\�� �i�e�h�s�Z�^�y�o��
�\�h�^�h�k�[�h�j�h�\�� �m�d�Z�a�Z�g�g�u�o�� �i�m�g�d�l�h�\�� �g�Z�[�e�x�^�_�g�b�c��
�k�h�k�l�Z�\�e�y�_�l�� ���������� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �k�h�\�f�_�k�l�g�h�_��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �b��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �\�� �l�_�j�j�b�l�h�j�b�Z�e�v�g�h��

                                                 
5�G�Z�k�l�Z�\�e�_�g�b�_���]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�f���k�l�Z�g�p�b�y�f���b���i�h�k�l�Z�f�����<�u�i�m�k�d���������Q�Z�k�l�v��III �����K�h�k�l�Z�\�e�_�g�b�_���b���i�h�^�]�h�l�h�\�d�Z���d���i�_�q�Z�l�b���=�b�^�j�h�e�h��
�]�b�q�_�k�d�h�]�h���_�`�_�]�h�^�g�b�d�Z�����E�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
6�I�_�j�_�q�_�g�v���j�u�[�h�o�h�a�y�c�k�l�\�_�g�g�u�o���g�h�j�f�Z�l�b�\�h�\���i�j�_�^�_�e�v�g�h���^�h�i�m�k�l�b�f�u�o���d�h�g�p�_�g�l�j�Z�p�b�c�����I�>�D�����b���h�j�b�_�g�l�b�j�h�\�h�q�g�h���[�_�a�h�i�Z�k�g�u�o���m�j�h�\��
�g�_�c���\�h�a�^�_�c�k�l�\�b�y�����H�;�M�<�����\�j�_�^�g�u�o���\�_�s�_�k�l�\���^�e�y���\�h�^�u���\�h�^�g�u�o���h�[�t�_�d�l�h�\�����b�f�_�x�s�b�o���j�u�[�h�o�h�a�y�c�k�l�\�_�g�g�h�_���a�g�Z�q�_�g�b�_�����F�������B�a�^�Z�l�_�e�v��
�k�l�\�h���<�G�B�J�H�������������������������k�� 

�m�^�Z�e�z�g�g�u�o���i�m�g�d�l�Z�o���^�h�i�m�k�l�b�f�h���i�j�b���k�h�h�l�g�h�r�_�g�b�b��
�\����-���������k�h�]�e�Z�k�g�h���g�h�j�f�Z�l�b�\�Z�f5. 

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

�<�� �j�Z�[�h�q�_�c�� �h�[�e�Z�k�l�b�� �:�I�D�� �©�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�b�k�o�h�^�g�u�o�� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�ª��
�i�j�_�^�h�k�l�Z�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�k�f�h�l�j�Z�� �^�\�m�o��
�l�Z�[�e�b�p���± �©�D�h�e�b�q�_�k�l�\�h���i�j�h�[���i�h���]�h�^�Z�f�ª���b���©�I�j�_�^�_�e�u��
�\�Z�j�v�b�j�h�\�Z�g�b�y�ª���� �D�h�e�b�q�_�k�l�\�h�� �h�i�j�_�^�_�e�_�g�b�c�� �\�� �]�h�^��
�[�u�e�h���g�_�h�^�g�h�j�h�^�g�u�f���b���b�a�f�_�g�y�e�h�k�v���\���h�k�g�h�\�g�h�f���h�l��
���� �^�h�� �������� �j�_�^�d�h�� �[�u�e�h �j�Z�\�g�h�� ���� �I�j�_�^�_�e�u��
�\�Z�j�v�b�j�h�\�Z�g�b�y�� �b�a�f�_�j�_�g�g�u�o�� �a�g�Z�q�_�g�b�c��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���\���i�m�g�d�l�_���j�����K�_�c�f���Å��
�j�� �i�� �L�z�l�d�b�g�h�� �a�Z�� �i�_�j�b�h�^�� �k�� ���������� �i�h�� ���������� �]�]����
�i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ������ �G�Z�[�e�x�^�_�g�b�y�� �a�Z��
�a�Z�]�j�y�a�g�_�g�b�_�f���\�h�^�u���i�j�h�\�h�^�b�e�b�k�v���i�h���m�d�Z�a�Z�g�g�h�f�m���\��
�l�Z�[�e�b�p�_�� ���� �i�_�j�_�q�g�x�� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�o��
�i�h�d�Z�a�Z�l�_�e�_�c�� 

�I�h�e�m�`�b�j�g�u�f�� �r�j�b�n�l�h�f�� �\�� �l�Z�[�e�b�p�_�� ����
�h�l�f�_�q�_�g�u���i�h�d�Z�a�Z�l�_�e�b�����a�g�Z�q�_�g�b�y���d�h�l�h�j�u�o���\���l�h���b�e�b��
�b�g�h�_���\�j�_�f�y���b�a�m�q�Z�_�f�h�]�h���i�_�j�b�h�^�Z���i�j�_�\�u�r�Z�x�l���I�>�D��
�^�e�y�� �j�u�[�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y6 ���� �>�Z�g�g�u�_��
�I�>�D���\�u�[�j�Z�g�u���d�Z�d���g�Z�b�[�h�e�_�_���`�_�k�l�d�b�_�� 
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�L�Z�[�e�b�p�Z�� ���� �I�j�_�^�_�e�u�� �\�Z�j�v�b�j�h�\�Z�g�b�y �b�a�f�_�j�_�g�g�u�o�� �a�g�Z�q�_�g�b�c�� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �\�� �i�m�g�d�l�_��
�j�� �K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h���������� �]�]�� 
Table 1. The limits of variation of the measured values of hydrochemical components at the point of the Seim 
River �± Tetkino village for the period from 1993 to 2013 

�=�b�^�j�h�o�b�f�b�q�_�k�d�b�_���d�h�f�i�h�g�_�g�l�u �J�Z�a�f�_�j�g�h�k�l�v 
�D�e�Z�k�k��

�h�i�Z�k�g�h�k�l�b 

�I�j�_�^�_�e�u���\�Z�j�v��
�b�j�h�\�Z�g�b�y 

Min Max 
�<�h�^�h�j�h�^�g�u�c���i�h�d�Z�a�Z�l�_�e�v�����S�G��  �M�k�e������ 6,8 8,9 

�J�Z�k�l�\�h�j�_�g�g�u�c���d�b�k�e�h�j�h�^�����H2 
�f�]���^�f3 �M�k�e������ 5,36 15,6 

�����g�Z�k�u�s�_�g�b�y  37,9 149,2 
�;�b�h�o�b�f�b�q�_�k�d�h�_���i�h�l�j�_�[�e�_�g�b�_���d�b�k�e�h�j�h�^�Z�����;�I�D5) �f�] �H2���^�f3  0,92 5,19 

�;�b�o�j�h�f�Z�l�g�Z�y���h�d�b�k�e�y�_�f�h�k�l�v�����O�I�D�� �f�] �H���^�f3 �M�k�e������ 7,56 60,1 
�:�f�f�h�g�b�c���k�h�e�_�\�h�c����NH4

+) �f�]���1���^�f3 4 0 1,93 
�G�b�l�j�Z�l�u����NO3

-) �f�]���1���^�f3 3 0,02 2,51 
�G�b�l�j�b�l�u����NO2

-) �f�]���1���^�f3 �M�k�e������ 0 0,12 
�N�h�k�n�Z�l�u �f�] �J���^�f3 4-�w 0 0,49 

Fe�h�[�s �f�]���^�f3 4 0,02 0,45 
Cu2+ �f�]���^�f3 3 0 0,01 
Zn2+ �f�]���^�f3 3 0 0,012 
�Kr6+ �f�]���^�f3 3 0 0 
Cr3+ �f�]���^�f3 3 0 0,01 
Ni2+ �f�]���^�f3 3 0 0,01 

�N�_�g�h�e�u�� �f�]���^�f3 3 0 0,002 
�K�b�g�l�_�l�b�q�_�k�d�b�_���i�h�\�_�j�o�g�h�k�l�g�h-�Z�d�l�b�\�g�u�_���\�_�s�_�k�l�\�Z�����K�I�:�<�� �f�]���^�f3 4 0 0,21 

�G�_�n�l�_�i�j�h�^�m�d�l�u �f�]���^�f3 3 0 0,39 
Ca2+ �f�]���^�f3 4-�w 39,3 110,2 
Mg2+ �f�]���^�f3 4-�w 5 39 
SO4

2- �f�]���^�f3 4-�w 13,1 96,1 
Cl- �f�]���^�f3 4-�w 4,8 79,9 

 

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

�H�k�g�h�\�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h��
�k�l�h�d�Z�� ���9�a�Z�]���� �b�� ���7�a�Z�]���� �\�� �i�m�g�d�l�_�� �j���� �K�_�c�f�� �Ó��
�j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 

�>�e�y�� �d�Z�`�^�h�]�h�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�]�h��
�d�h�f�i�h�g�_�g�l�Z���� �d�Z�`�^�h�]�h�� �]�h�^�Z�� �b�� �\�k�_�]�h�� �b�k�k�e�_�^�m�_�f�h�]�h��
�i�_�j�b�h�^�Z�� �k�� �i�h�f�h�s�v�x�� �:�I�D�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u��
�h�k�g�h�\�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h�� �k�l�h�d�Z����
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �\�h�^�u��
(T�a�Z�]���������\���Z�[�k�h�e�x�l�g�u�o�����k�m�l�d�b�����b���h�l�g�h�k�b�l�_�e�v�g�u�o����������

�a�g�Z�q�_�g�b�y�o���� �Z�� �l�Z�d�`�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��
�Z�[�k�h�e�x�l�g�u�_ ���f3���� �b�� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �������� �h�[�t�z�f�u��
�a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �\�h�^�u�� ��V �a�Z�]������ �M�k�j�_�^�g�z�g�g�u�_��
�h�p�_�g�d�b�� �a�Z�� �\�_�k�v�� �i�_�j�b�h�^�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k�� ���������� �i�h��
�����������]�]�����i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_������ 

�>�e�y�� �O�I�D���� �;�I�D5, NO2
-, Fe�h�[�s��, Cu2+ �b��

�g�_�n�l�_�i�j�h�^�m�d�l�h�\���� �g�Z�e�b�q�b�_�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z��
�h�l�f�_�q�Z�_�l�k�y�� �_�`�_�]�h�^�g�h�� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h�� �i�_�j�b�h�^�Z��
�g�Z�[�e�x�^�_�g�b�c���� �<�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �k�l�h�d���� �a�Z�]�j�y�a�g�z�g�g�u�c��
�n�h�k�n�Z�l�Z�f�b���� �b�f�_�e�� �f�_�k�l�h�� ��9 �e�_�l���� �k�l�h�d�� �k��
�g�Z�k�u�s�_�g�b�_�f�� �\�h�^�u�� �d�b�k�e�h�j�h�^�h�f�� �g�b�`�_��
�g�h�j�f�Z�l�b�\�g�h�]�h�� �± 18 �e�_�l���� �a�Z�]�j�y�a�g�z�g�g�u�c��NH4

+ �± 
16 �e�_�l�����K�I�:�<���b���j�G���± �����e�_�l�����Z���k�l�h�d���k���i�j�_�\�u�r�_�g�b�_�f��
�I�>�D���i�h��Zn2+ �b���n�_�g�h�e�Z�f���l�h�e�v�d�h���� �]�h�^�� 
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�L�Z�[�e�b�p�Z�� ������ �H�l�g�h�k�b�l�_�e�v�g�u�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �b�� �h�[�t�z�f�u�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �\�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�f��
�i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h�����m�k�j�_�^�g�z�g�g�u�_���a�Z���i�_�j�b�h�^��c �����������i�h�������������]�]�� 
Table 2. �5�H�O�D�W�L�Y�H���G�X�U�D�W�L�R�Q�V���D�Q�G���Y�R�O�X�P�H�V���R�I���S�R�O�O�X�W�H�G���U�X�Q�R�I�I���D�W���W�K�H���K�\�G�U�R�F�K�H�P�L�F�D�O���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å��
Tetkino village, averaged over the period from 1993 to 2013. 

�D�h�f�i�h�g�_�g�l�u 
T�a�Z�], % V �a�Z�], % �D�h�e�b�q�_�k�l�\�h���e�_�l���g�Z�[�e�x�^�_�g�b�c 

�K�j�� �F�b�g�� �F�Z�d�� �K�j�� �F�b�g�� �F�Z�d�� �K���a�Z�]�j�y�a�g�_�g�g�u�f���k�l�h�d�h�f �<�k�_�]�h 
pH 1,6 0 14 2,5 0 16,8 5 21 
�H2 0 0 0 0 0 0 0 21 

O2% �g�Z�k�u�s�_�g�b�y 25,6 0 61,9 28,3 0 82,8 18 21 
�;�I�D5 36,7 4,4 100 49,5 3 100 21 21 
�O�I�D 63,3 23,5 100 68,6 16,7 100 21 21 
NO2

- 62,2 17,2 100 60,9 12,4 100 21 21 
NO3

- 0 0 0 0 0 0 0 21 
NH4

+ 20,9 0 79,7 26,5 0 86,1 16 21 
�N�h�k�n�Z�l�u 34,8 0 70,4 26,5 0 78,4 19 21 

Fe�h�[�s 43,2 4,9 91 48,7 4,4 91,6 21 21 
Cu2+ 72,8 43,7 100 76,5 33,7 100 21 21 
Zn2+ 0,1 0 3 0,6 0 12,4 1 21 
�Kr6+ 0 0 0 0 0 0 0 11 
�Kr3+ 0 0 0 0 0 0 0 11 
Ni2+ 0 0 0 0 0 0 0 21 

�G�_�n�l�_�i�j�h�^�m�d�l�u 44,4 14,3 90,1 55,1 16,4 89,1 21 21 
�N�_�g�h�e�u 0,4 0 7,1 0,3 0 6,5 1 20 
�K�I�:�< 4,7 0 29 4,2 0 27,9 5 21 
Ca2+ 0 0 0 0 0 0 0 21 
Mg2+ 0 0 0 0 0 0 0 21 
SO4

2- 0 0 0 0 0 0 0 21 
Cl- 0 0 0 0 0 0 0 21 

 
�I�j�b���w�l�h�f���k�j�_�^�g�b�_���a�Z���i�_�j�b�h�^���a�g�Z�q�_�g�b�y���9�a�Z�] % 

�\�� �j�y�^�m�� �d�h�f�i�h�g�_�g�l�h�\�� Cu2+, �O�I�D�� NO2
-, 

�g�_�n�l�_�i�j�h�^�m�d�l�u���� �;�I�D5, Fe�h�[�s�� �� NH4
+���� �n�h�k�n�Z�l�u����

�g�Z�k�u�s�_�g�b�y�� �\�h�^�u �d�b�k�e�h�j�h�^�h�f���� �K�I�:�<�� Zn2+���� �b��
�n�_�g�h�e�u���m�f�_�g�v�r�Z�_�l�k�y���h�l�������������^�h���������� 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �f�Z�d�k�b�f�Z�e�v�g�u�_��
�a�g�Z�q�_�g�b�y�� �9�a�Z�] ���� �^�e�y�� �;�I�D5, �O�I�D�� NO2

- �b�� �&�X2+ 
�k�h�k�l�Z�\�b�e�b���������������^�e�y �n�h�k�n�Z�l�h�\�����g�Z�k�u�s�_�g�b�y���\�h�^�u��
�d�b�k�e�h�j�h�^�h�f�����1�+4

+, �g�_�n�l�_�i�j�h�^�m�d�l�h�\ �b���)�H�h�[�s �l�Z�d�`�_��
�[�u�e�b���\�u�k�h�d�b�f�b���[�h�e�_�_���������� 

�L�_�g�^�_�g�p�b�b�� �b�a�f�_�g�_�g�b�y�� �_�`�_�]�h�^�g�u�o�� �a�g�Z�q�_�g�b�c��
�h�l�g�h�k�b�l�_�e�v�g�u�o���h�[�t�z�f�h�\���j�_�q�g�h�]�h���k�l�h�d�Z (V�a�Z�]�����������\ 
�i�m�g�d�l�_�� �j���� �K�_�c�f�� �Ó�� �j�� �i�� �L�z�l�d�b�g�h�� �a�Z�� �i�_�j�b�h�^���k�� ����������
�i�h�������������]�]�� 

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

�a�g�Z�q�_�g�b�c�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �b��
�h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �h�[�t�_�f�Z�� �a�Z�]�j�y�a�g�_�g�g�h�]�h�� �k�l�h�d�Z. 
�=�j�Z�n�b�d�b�� �^�e�y��T�a�Z�]���� ���� �b�� �9�a�Z�]���� ���� �b�f�_�x�l�� �[�h�e�v�r�h�_��
�k�o�h�^�k�l�\�h���� �i�h�w�l�h�f�m���g�Z�� �j�b�k�m�g�d�Z�o�� ��-���� �i�j�_�^�k�l�Z�\�e�_�g�Z��
�^�b�g�Z�f�b�d�Z���l�h�e�v�d�h���h�^�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���9�a�Z�], %. 

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

�=�h�^�h�\�u�_�� �a�g�Z�q�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �h�[�t�_�f�Z��
�k�l�h�d�Z�����a�Z�]�j�y�a�g�_�g�g�h�]�h �h�j�]�Z�g�b�q�_�k�d�b�f�b���\�_�s�_�k�l�\�Z�f�b����
�h�i�j�_�^�_�e�y�_�f�u�f�b�� �i�h �O�I�D���� �e�Z�[�b�e�v�g�u�f�b��
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�h�j�]�Z�g�b�q�_�k�d�b�f�b���\�_�s�_�k�l�\�Z�f�b �i�h���;�I�D5 �b���b�f�_�x�s�_�]�h��
�g�Z�k�u�s�_�g�b�_�� �\�h�^�u�� �d�b�k�e�h�j�h�^�h�f�� �g�b�`�_�� �g�h�j�f�u����
�k�g�b�`�Z�x�l�k�y�� �d�� ���������� �]���� �I�h�k�e�_�� ���������� �]���� �b�f�_�_�l�� �f�_�k�l�h��
�l�_�g�^�_�g�p�b�y�� �m�\�_�e�b�q�_�g�b�y�� �a�Z�]�j�y�a�g�_�g�g�u�o�� �w�l�b�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b�� �^�h�e�_�c�� �]�h�^�h�\�h�]�h�� �h�[�t�z�f�Z�� �k�l�h�d�Z����

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �]�h�^�h�\�u�_�� �a�g�Z�q�_�g�b�y��V �a�Z�], % 
�^�e�y���O�I�D���d���d�h�g�p�m���i�_�j�b�h�^�Z���g�Z�[�e�x�^�_�g�b�c������������ �]�h�^����
�^�h�k�l�b�]�Z�x�l�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�� �\�u�k�h�d�b�o�� �a�g�Z�q�_�g�b�c���� �Z��
�^�e�y O2 % �b�� �;�I�D5 �h�g�b�� �a�g�Z�q�b�l�_�e�v�g�h�� �g�b�`�_���� �q�_�f�� �\��
�g�Z�q�Z�e�_���i�_�j�b�h�^�Z�����j�b�k�m�g�h�d�������� 

 
�J�b�k�m�g�h�d������ �F�g�h�]�h�e�_�l�g�y�y �^�b�g�Z�f�b�d�Z���]�h�^�h�\�u�o���\�_�e�b�q�b�g���9�a�Z�]���������\���i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h�� 

�^�e�y��NH4
+

, NO2
- �b���n�h�k�n�Z�l�h�\ 

Figure 1. Long-term dynamics of annual values of V pollut,% at �W�K�H���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å��Tetkino village 
for NH 4 +, NO2

- and phosphates 

 
�J�b�k�m�g�h�d������ �F�g�h�]�h�e�_�l�g�y�y �^�b�g�Z�f�b�d�Z���]�h�^�h�\�u�o���\�_�e�b�q�b�g���9�a�Z�]���������\���i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h�� 

�^�e�y��O2 �������;�I�D5 �b���O�I�D 
Figure 2.  Long-term dynamics of annual values of V pollut�������D�W���W�K�H���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å���W�K�H���U�L�Y�H�U�V���R�I���W�K�H��

Tetkino village for O 2%, BOD 5 and COD 
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�J�b�k�m�g�h�d������ �F�g�h�]�h�e�_�l�g�y�y���^�b�g�Z�f�b�d�Z���9�a�Z�]���������\���i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h�� 

�^�e�y��Fe�h�[�s, Cu2+ �b���g�_�n�l�_�i�j�h�^�m�d�l�h�\ 
Figure 3. Long-term dynamics of the V pollut�������D�W���W�K�H���S�R�L�Q�W���R�I���W�K�H���6�H�\�P���5�L�Y�H�U���Å���7�H�W�N�L�Q�R���Y�L�O�O�D�J�H 

for Fe total, Cu 2+ and oil products 

�G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �f�g�h�]�h�e�_�l�g�b�_��
�d�j�b�\�u�_���]�h�^�h�\�u�o���a�g�Z�q�_�g�b�c��V �a�Z�]���������^�e�y��Fe�h�[�s, Cu2+ �b��
�g�_�n�l�_�i�j�h�^�m�d�l�h�\���� �F�h�`�g�h�� �h�l�f�_�l�b�l�v�� �a�g�Z�q�b�l�_�e�v�g�u�_��
�Z�f�i�e�b�l�m�^�u�� �d�h�e�_�[�Z�g�b�c�� �]�h�^�h�\�u�o�� �\�_�e�b�q�b�g��V �a�Z�], % 
�^�e�y���i�_�j�_�q�b�k�e�_�g�g�u�o���d�h�f�i�h�g�_�g�l�h�\���\���l�_�q�_�g�b�_���\�k�_�]�h��
�i�_�j�b�h�^�Z���g�Z�[�e�x�^�_�g�b�c�� 

�H�p�_�g�d�Z�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z�� �i�h��
�k�h�\�h�d�m�i�g�h�k�l�b���a�Z�]�j�y�a�g�y�x�s�b�o���\�_�s�_�k�l�\ 

�H�k�g�h�\�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h��
�k�l�h�d�Z�� ���9�a�Z�]���� �b�� ���7�a�Z�]���� �\�� �i�m�g�d�l�_�� �j���� �K�_�c�f�� �Ó��
�j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 

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

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

�B�a�� �i�j�b�\�_�^�z�g�g�u�o�� �^�Z�g�g�u�o�� �k�e�_�^�m�_�l���� �q�l�h�� �\��
1995 �]�����]�h�^�h�\�h�c���h�[�t�z�f���k�l�h�d�Z���j�� �K�_�c�f���i�j�_�^�k�l�Z�\�e�_�g��
�q�Z�k�l�b�q�g�u�f�b�� �h�[�t�z�f�Z�f�b�� �j�Z�a�g�h�c�� �a�Z�]�j�y�a�g�z�g�g�h�k�l�b����
�©�m�k�e�h�\�g�h�� �q�b�k�l�h�c�ª�� �\�h�^�h�c�� �i�_�j�\�h�]�h�� �d�e�Z�k�k�Z���� �©�k�e�Z�[�h��
�a�Z�]�j�y�a�g�_�g�g�h�c�ª�� �\�l�h�j�h�]�h�� �d�e�Z�k�k�Z���� �©�a�Z�]�j�y�a�g�z�g�g�h�c�ª��
�l�j�_�l�v�_�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �©�Z�ª�� �b�� �©�h�q�_�g�v��
�a�Z�]�j�y�a�g�z�g�g�h�c�ª�� �l�j�_�l�v�_�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �©�[�ª����
�K�j�_�^�g�b�c�� �a�Z�� ���������� �]���� �k�l�h�d�� �\�h�^�u�� �h�p�_�g�b�\�Z�_�l�k�y�� �d�Z�d��
�©�a�Z�]�j�y�a�g�z�g�g�u�c�ª���l�j�_�l�v�_�]�h���d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�Z�ª�� 

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

�M�k�j�_�^�g�z�g�g�u�c�� �a�Z�� �\�_�k�v�� �i�_�j�b�h�^�� �g�Z�[�e�x�^�_�g�b�c��
�k�l�h�d���\�h�^�u���h�p�_�g�b�\�Z�_�l�k�y���d�Z�d���©�k�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c�ª��
�\�l�h�j�h�]�h���d�e�Z�k�k�Z�� 
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�<�� �©�i�Z�k�i�h�j�l�Z�o�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z�ª�� �i�j�b�\�h�^�y�l�k�y��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b���� �b�f�_�x�s�b�_��
�h�[�h�[�s�z�g�g�u�_���h�p�_�g�h�q�g�u�_���[�Z�e�e�u���6�•��7�����;�I�D5, NH4

+, 
Cu2+

, Fe�h�[�s���� �O�I�D���� �1�22
-���� �g�_�n�l�_�i�j�h�^�m�d�l�u�� �b��

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

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

 
�J�b�k�m�g�h�d������ �K�l�j�m�d�l�m�j�Z �d�Z�q�_�k�l�\�Z �j�_�q�g�h�]�h �k�l�h�d�Z �\ �]�b�^�j�h�o�b�f�b�q�_�k�d�h�f �i�m�g�d�l�_ �j. �K�_�c�f �Å���j. �i. �L�z�l�d�b�g�h  

�a�Z �i�_�j�b�h�^ �k 1993 �i�h 2013 �]�].  
Figure 4.  The quality structure �R�I���W�K�H���U�L�Y�H�U���I�O�R�Z���L�Q���W�K�H���K�\�G�U�R�F�K�H�P�L�F�D�O���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å���7�H�W�N�L�Q�R��

village for the period from 1993 to 2013. 

 
�J�b�k�m�g�h�d������ �F�g�h�]�h�e�_�l�g�y�y���^�b�g�Z�f�b�d�Z���]�h�^�h�\�u�o���\�_�e�b�q�b�g���M�D�B�A�< �\���i�m�g�d�l�_�� 

�j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h���k�������������i�h�������������]�]�� 
Figure 5. Long-term dynamics of annual values of the Specific combinatorial index of water pollution  

�D�W���W�K�H���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å���7�H�W�N�L�Q�R���Y�L�O�O�D�J�H���I�U�R�P�������������W�R������������ 

                                                 
7�J�_�d�h�f�_�g�^�Z�p�b�b���i�h�� �i�j�b�f�_�g�_�g�b�x�� �b�g�l�_�]�j�Z�e�v�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c���^�e�y�� �h�p�_�g�d�b���d�Z�q�_�k�l�\�Z�� �\�h�^�u���b���a�Z�]�j�y�a�g�z�g�g�h�k�l�b�� �j�_�d���b���\�h�^�h�_�f�h�\�����E������
�=�=�B�����������������������k�� 
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�L�_�g�^�_�g�p�b�b�� �b�a�f�_�g�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h��
�k�l�h�d�Z���\���i�m�g�d�l�_���j�����K�_�c�f���± �j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^��
�k�������������i�h�������������]�]�� 

�G�Z�� �j�b�k�m�g�d�_�� �� �i�h�d�Z�a�Z�g�Z�� �^�b�g�Z�f�b�d�Z��
�k�j�_�^�g�_�]�h�^�h�\�u�o�� �a�g�Z�q�_�g�b�c�� �m�^�_�e�v�g�h�]�h��
�d�h�f�[�b�g�Z�l�h�j�g�h�]�h�� �b�g�^�_�d�k�Z�� �a�Z�]�j�y�a�g�z�g�g�h�k�l�b �\�h�^�u��
���^�Z�e�_�_�� �± �M�D�B�A�<��8 ���� �L�_�g�^�_�g�p�b�y�� �m�f�_�g�v�r�_�g�b�y�� �_�]�h��
�a�g�Z�q�_�g�b�c���\���l�_�q�_�g�b�_���b�a�m�q�Z�_�f�h�]�h���i�_�j�b�h�^�Z���i�h�a�\�h�e�y�_�l��
�i�j�_�^�i�h�e�h�`�b�l�v�����q�l�h���d�Z�q�_�k�l�\�h���k�l�h�d�Z���m�e�m�q�r�Z�_�l�k�y�� 

�N�Z�d�l�h�j�u���� �\�e�b�y�x�s�b�_�� �g�Z��
�f�g�h�]�h�e�_�l�g�x�x�� �^�b�g�Z�f�b�d�m�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z��
�j�� �K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h��
�����������]�]�� 

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

�h�i�j�_�^�_�e�_�g�g�u�f�� �b�k�l�h�q�g�b�d�h�f�� �b�e�b�� �i�j�h�p�_�k�k�h�f����
�N�Z�d�l�h�j�g�u�c�� �Z�g�Z�e�b�a�� �j�Z�g�_�_�� �m�k�i�_�r�g�h�� �i�j�b�f�_�g�y�e�k�y��
�Z�\�l�h�j�Z�f�b���^�e�y���b�a�m�q�_�g�b�y���n�h�j�f�b�j�h�\�Z�g�b�y���\�j�_�f�_�g�g�h�c��
�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �j�Z�a�g�u�o��
�\�h�^�g�u�o���h�[�t�_�d�l�h�\���>�J�m�f�y�g�p�_�\�Z�����K�d�Z�d�Z�e�v�k�d�b�c����������������
�J�m�f�y�g�p�_�\�Z���� �K�d�Z�d�Z�e�v�k�d�b�c���� ������������ �J�m�f�y�g�p�_�\�Z����
�K�h�e�g�p�_�\���� �N�b�e�Z�l�h�\�Z���� ������������ �J�m�f�y�g�p�_�\�Z����
�;�h�[�j�h�\�b�p�d�Z�y�������������@�� 

�<�� �l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �f�Z�l�j�b�p�Z��
�h�k�g�h�\�g�u�o�� �n�Z�d�l�h�j�h�\���� �h�i�j�_�^�_�e�y�x�s�b�o�� �\�j�_�f�_�g�g�h�_��
�\�Z�j�v�b�j�h�\�Z�g�b�_�� �M�D�B�A�<����V �a�Z�]���� ���� �b��T�a�Z�]���� ���� �i�_�j�\�h�]�h����
�\�l�h�j�h�]�h���b���l�j�_�l�v�_�]�h�����j�Z�a�j�y�^�Z���©�Z�ª�����d�e�Z�k�k�h�\���d�Z�q�_�k�l�\�Z��
�\�h�^�u�����j�Z�k�o�h�^�h�\���b���h�[�t�z�f�h�\���]�h�^�h�\�h�]�h���k�l�h�d�Z���j�_�d�b�����\��
�h�k�g�h�\�g�h�f���j�Z�k�k�q�b�l�Z�g�g�u�o���k���i�h�f�h�s�v�x���:�I�D�����Z���l�Z�d�`�_��
�l�_�f�i�_�j�Z�l�m�j�u�� �\�h�^�u�� �\�� �i�m�g�d�l�_�� �j���� �K�_�c�f�� �Å��
�j�� �i�� �L�z�l�d�b�g�h�� �a�Z�� �i�_�j�b�h�^�� �k�� ���������� �i�h�� ���������� �]�]���� �>�e�y��
�j�Z�k�q�_�l�h�\�� �k�j�_�^�g�_�]�h�^�h�\�u�o�� �l�_�f�i�_�j�Z�l�m�j�� �\�h�^�u���� �d�Z�d��
�^�e�y���o�h�e�h�^�g�h�]�h�����l�Z�d���b���^�e�y���l�_�i�e�h�]�h���i�_�j�b�h�^�h�\���[�u�e�b��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �a�g�Z�q�_�g�b�y���� �b�a�f�_�j�_�g�g�u�_�� �\�h�� �\�j�_�f�y��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�� �k�t�z�f�h�d�� �\�� �m�d�Z�a�Z�g�g�h�f��
�]�b�^�j�h�o�b�f�b�q�_�k�d�h�f���i�m�g�d�l�_�� 

�L�Z�[�e�b�p�Z�� ���� �F�Z�l�j�b�p�Z�� �h�k�g�h�\�g�u�o�� �n�Z�d�l�h�j�h�\���� �h�i�j�_�^�_�e�y�x�s�b�o�� �\�j�_�f�_�g�g�h�_�� �\�Z�j�v�b�j�h�\�Z�g�b�_�� �k�j�_�^�g�_�]�h�^�h�\�u�o��
�\�_�e�b�q�b�g�� �i�h�d�Z�a�Z�l�_�e�_�c�� �d�h�e�b�q�_�k�l�\�Z�� �b�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z�� �\�h�^�u�� �j���� �K�_�c�f�� �Å�� �j�� �i�� �L�z�l�d�b�g�h�� �a�Z�� �i�_�j�b�h�^�� �k�� ���������� �i�h��
2013 �]�]�� 
Table 4. A matrix of the main factors determining the temporal variation of the average annual values of the 
quantity and quality of water flow in the Seim Rive�U���Å���7�H�W�N�L�Q�R���Y�L�O�O�D�J�H���I�R�U���W�K�H���S�H�U�L�R�G���I�U�R�P�������������W�R���������� 

�I�_�j�_�f�_�g�g�u�_ �N�Z�d�l�h�j�u 
�K�j�_�^�g�_�]�h�^�h�\�u�_���\�_�e�b�q�b�g�u 1 2 3 

�L���\�h�^�u���o�h�e�h�^�g�h�]�h���i�_�j�b�h�^�Z�����ƒ�K�� -0,970 0,013 -0,175 
�L���\�h�^�u���l�z�i�e�h�]�h���i�_�j�b�h�^�Z�����ƒ�K�� -0,918 0,225 0,055 
�4���g�Z�b�[�h�e�v�r�b�c���j�Z�k�o�h�^���\�h�^�u���f3���k 0,477 0,376 -0,258 
�4���g�Z�b�f�_�g�v�r�b�c���j�Z�k�o�h�^���\�h�^�u���f3���k 0,529 -0,306 0,713 
�9���h�[�t�z�f�u���k�l�h�d�Z���f3���] -0,890 -0,061 -0,246 
T�a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,340 0,846 0,308 
V �a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,187 0,816 0,410 
�M�D�B�A���\�h�^�u�������d�e�Z�k�k�Z -0,305 0,690 -0,058 
T�a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,971 0,013 -0,175 
V �a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,971 0,013 -0,175 
�M�D�B�A���\�h�^�u�������d�e�Z�k�k�Z -0,840 -0,101 -0,014 
T�a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,801 -0,310 0,387 
V �a�Z�] �\�h�^�u�������d�e�Z�k�k�Z, % -0,902 -0,270 0,247 
�M�D�B�A���\�h�^�u�������d�e�Z�k�k�Z -0,895 -0,275 0,277 
�<�d�e�Z�^���\���� 58,38 17,16 9,18 

 

                                                 
8�J�_�d�h�f�_�g�^�Z�p�b�b���i�h�� �i�j�b�f�_�g�_�g�b�x�� �b�g�l�_�]�j�Z�e�v�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c���^�e�y�� �h�p�_�g�d�b���d�Z�q�_�k�l�\�Z�� �\�h�^�u���b���a�Z�]�j�y�a�g�z�g�g�h�k�l�b�� �j�_�d���b���\�h�^�h�_�f�h�\�����E.: 
�=�=�B, 1977. 72 �k. 
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�B�a�� �l�Z�[�e�b�p�u�� ���� �k�e�_�^�m�_�l���� �q�l�h�� �g�Z�� �f�g�h�]�h�e�_�l�g�_�_��
�\�Z�j�v�b�j�h�\�Z�g�b�_�� �q�Z�k�l�b�q�g�u�o�� �h�[�t�z�f�h�\�� �k�l�h�d�Z�� �\�h�^�u��
�©�k�e�Z�[�h�� �a�Z�]�j�y�a�g�_�g�g�h�c�ª�� �\�l�h�j�h�]�h�� �d�e�Z�k�k�Z�� �b��
�©�a�Z�]�j�y�a�g�z�g�g�h�c�ª�� �l�j�_�l�v�_�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �©�Z�ª�� �\��
�h�k�g�h�\�g�h�f�� �h�d�Z�a�u�\�Z�_�l�� �\�e�b�y�g�b�_�� �n�Z�d�l�h�j�� ������ �d�h�l�h�j�u�c��
�k�h�k�l�Z�\�e�y�_�l�� �[�h�e�_�_�� �������� �k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b����
�<�Z�j�v�b�j�h�\�Z�g�b�_���^�h�e�b���h�[�t�z�f�h�\���k�l�h�d�Z���\�h�^�u���©�m�k�e�h�\�g�h��
�q�b�k�l�h�c�ª�� �i�_�j�\�h�]�h�� �d�e�Z�k�k�Z�� �\�� �h�k�g�h�\�g�h�f�� �k�\�y�a�Z�g�h�� �k��
�n�Z�d�l�h�j�h�f�� ������ �k�h�k�l�Z�\�e�y�x�s�b�f�� �������� �k�m�f�f�Z�j�g�h�c��
�^�b�k�i�_�j�k�b�b���� 

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

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

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

                                                 
9Haimi P., Wirkkala R.-S., Eloheimo K. Nitrogen and Phosphorus fluxes in the river Neva Final report. Finnish Environment Institute. 
1997. 31 p. 

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

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

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

�I�h�k�d�h�e�v�d�m���m�e�m�q�r�_�g�b�_���d�Z�q�_�k�l�\�Z���k�l�h�d�Z���\�h�^�u��
���j�b�k�m�g�h�d�� ������ �k�\�y�a�Z�g�h�� �k�h�� �k�g�b�`�_�g�b�_�f�� �h�[�t�z�f�h�\��
�]�h�^�h�\�h�]�h�� �k�l�h�d�Z�� �j�_�d�b���� �f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h��
�i�j�h�b�a�h�r�e�h�� �m�f�_�g�v�r�_�g�b�_�� �k�f�u�\�Z�� �Z�f�f�h�g�b�c�g�u�o�� �b��
�n�h�k�n�Z�l�g�u�o�� �m�^�h�[�j�_�g�b�c�� �k�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o��
�m�]�h�^�b�c9  [Lehtoranta, Pitkanen, Sandman, 1997]. 
�L�_�g�^�_�g�p�b�y���k�g�b�`�_�g�b�y���]�h�^�h�\�u�o���a�g�Z�q�_�g�b�c��V �a�Z�]���������\��
�l�_�q�_�g�b�_�� ��������-���������� �]�]���� �b�f�_�g�g�h�� �^�e�y�� �w�l�b�o��
�d�h�f�i�h�g�_�g�l�h�\�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �w�l�h�� �i�j�_�^�i�h�e�h�`�_�g�b�_��
���j�b�k�m�g�h�d���������� 
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�J�b�k�m�g�h�d������ �I�j�h�_�d�p�b�y���k�e�m�q�Z�_�\�����]�h�^�h�\�� �\���i�m�g�d�l�_���j�����K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h�� 

�a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�����\���d�h�h�j�^�b�g�Z�l�Z�o���]�e�Z�\�g�u�o���n�Z�d�l�h�j�h�\ 
Figure 6. �7�K�H���S�U�R�M�H�F�W�L�R�Q���R�I���F�D�V�H�V�����\�H�D�U�V�����D�W���W�K�H���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���U�L�Y�H�U���Å���W�K�H���U�L�Y�H�U���R�I���W�K�H���7�H�W�N�L�Q�R���Y�L�O�O�D�J�H�� 

for the period from 1993 to 2013 in the coordinates of the main factors 

 
�J�b�k�m�g�h�d������ �B�a�f�_�g�_�g�b�_���a�g�Z�q�_�g�b�c���i�j�h�_�d�p�b�c���k�e�m�q�Z�_�\���g�Z���d�h�h�j�^�b�g�Z�l�u���^�\�m�o���]�e�Z�\�g�u�o���n�Z�d�l�h�j�h�\���j�� �K�_�c�f���Å��

�j�� �i�� �L�_�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 
Figure 7. Change in the values of the projections of cases on the coordinates of the two main factors of the 

�6�H�L�P���5�L�Y�H�U���Å���7�H�W�N�L�Q�R���Y�L�O�O�D�J�H���I�R�U���W�K�H���S�H�U�L�R�G���I�U�R�P�������������W�R������������ 
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�J�b�k�m�g�h�d���������F�g�h�]�h�e�_�l�g�b�_���l�_�g�^�_�g�p�b�b���h�[�t�z�f�Z���]�h�^�h�\�h�]�h���k�l�h�d�Z���\���i�m�g�d�l�_���j�����K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h�� 

�a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 
Figure 8. Long-term trends in annual runoff at point of the Se�L�P���5�L�Y�H�U���Å�7�H�W�N�L�Q�R���Y�L�O�O�D�J�H�� 

for the period from 1993 to 2013 

�:����  

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

�o�h�e�h�^�g�h�]�h���i�_�j�b�h�^�h�\���]�h�^�Z���\���i�m�g�d�l�_���j�����K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h���a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 
Figure 9. Long-term trends A) average values of water temperature for warm and B) for cold periods of the 

�\�H�D�U���D�W���S�R�L�Q�W���R�I���W�K�H���6�H�L�P���5�L�Y�H�U���Å�7�H�W�N�L�Q�R���Y�L�O�O�D�J�H���I�R�U���W�K�H���S�H�U�L�R�G���I�U�R�P�������������W�R���������� 
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�<�u�\�h�^�u 

������ �I�j�b�f�_�g�_�g�b�_ �g�h�\�h�c�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c��
�l�_�o�g�h�e�h�]�b�b���� �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �\�� �N�=�;�M �©�=�=�B�ª����
�i�h�a�\�h�e�b�e�h�� �i�j�h�b�a�\�_�k�l�b�� �k�h�\�f�_�k�l�g�m�x�� �h�[�j�Z�[�h�l�d�m��
�[�h�e�v�r�b�o�� �h�[�t�z�f�h�\�� �k�_�l�_�\�h�c�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�c�� �b��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �b�� �j�Z�k�k�q�b�l�Z�l�v��
�_�^�b�g�u�_���i�h�d�Z�a�Z�l�_�e�b���d�Z�q�_�k�l�\�Z���b���d�h�e�b�q�_�k�l�\�Z���k�l�h�d�Z���\��
�l�j�Z�g�k�]�j�Z�g�b�q�g�h�f���i�m�g�d�l�_���j�����K�_�c�f���Å���j�� �i�� �L�z�l�d�b�g�h���a�Z��
�i�_�j�b�h�^���k�������������i�h���������� �]�]�� 
������ �I�h�d�Z�a�Z�g�h���� �q�l�h�� �^�e�y�� �_�^�b�g�b�q�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\��
�O�I�D���� �;�I�D5, NO2

-, Fe�h�[�s��, Cu2+ �b�� �g�_�n�l�_�i�j�h�^�m�d�l�h�\��
�g�Z�e�b�q�b�_�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �h�l�f�_�q�Z�_�l�k�y��
�_�`�_�]�h�^�g�h���\���l�_�q�_�g�b�_���\�k�_�]�h���i�_�j�b�h�^�Z���g�Z�[�e�x�^�_�g�b�c�� 

�F�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �9�a�Z�] �^�e�y�� �;�I�D5, 
�O�I�D�� NO2

- �b���&�X2+ �k�h�k�l�Z�\�b�e�b���������������^�e�y �n�h�k�n�Z�l�h�\����
�g�Z�k�u�s�_�g�b�y�� �\�h�^�u�� �d�b�k�e�h�j�h�^�h�f���� �1�+4

+, 
�g�_�n�l�_�i�j�h�^�m�d�l�h�\ �b�� �)�H�h�[�s �l�Z�d�`�_�� �[�u�e�b�� �\�u�k�h�d�b�f�b��
�[�h�e�_�_���������� 

�J�Z�k�k�q�b�l�Z�g�u�� �f�g�h�]�h�e�_�l�g�b�_�� �d�j�b�\�u�_�� �]�h�^�h�\�u�o��
�a�g�Z�q�_�g�b�c��V �a�Z�]���������^�e�y��NH4

+, NO2
-, �n�h�k�n�Z�l�h�\�����O�I�D����

�;�I�D5, O2 %, Fe�h�[�s, Cu2+ �b���g�_�n�l�_�i�j�h�^�m�d�l�h�\�� 
�H�l�f�_�q�_�g�h�� �k�g�b�`�_�g�b�_�� �]�h�^�h�\�u�o�� �a�g�Z�q�_�g�b�y��

V �a�Z�], �����^�e�y���;�I�D5, �n�h�k�n�Z�l�h�\�����H2% �b��NH4
+ �\���l�_�q�_�g�b�_��

�Z�g�Z�e�b�a�b�j�m�_�f�h�]�h���i�_�j�b�h�^�Z���� 
������ �I�h�� �k�h�\�h�d�m�i�g�h�k�l�b�� �a�Z�]�j�y�a�g�y�x�s�b�o�� �\�_�s�_�k�l�\��
�i�h�d�Z�a�Z�g�h���� �q�l�h�� �m�k�j�_�^�g�z�g�g�u�c�� �^�e�y�� �\�k�_�]�h�� �i�_�j�b�h�^�Z�� �k��
�����������i�h�������������]�]�����h�[�t�z�f���j�_�q�g�h�]�h���k�l�h�d�Z���k�h�k�l�h�b�l���b�a��
�r�_�k�l�b�� �q�Z�k�l�b�q�g�u�o�� �^�h�e�_�c���� �j�Z�a�e�b�q�Z�x�s�b�o�k�y�� �i�h��
�d�e�Z�k�k�Z�f���b���j�Z�a�j�y�^�Z�f���a�Z�]�j�y�a�g�z�g�g�h�k�l�b�����G�_���k�f�h�l�j�y���g�Z��
�l�h�����q�l�h���a�Z���\�_�k�v���i�_�j�b�h�^���k�������������i�h�������������]�]�����k�l�h�d���\�h�^�u��
�h�p�_�g�b�\�Z�_�l�k�y���� �d�Z�d�� �©�k�e�Z�[�h�� �a�Z�]�j�y�a�g�_�g�g�u�c�ª�� �\�l�h�j�h�]�h��
�d�e�Z�k�k�Z���� �w�l�h�l�� �n�Z�d�l�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �\�u�k�h�d�m�x��
�b�a�f�_�g�q�b�\�h�k�l�v�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z���� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h��
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�H�l�f�_�q�_�g�Z�� �l�_�g�^�_�g�p�b�y�� �m�f�_�g�v�r�_�g�b�y��
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�k�h�k�l�Z�\�e�y�_�l�� �������� �k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b���� �H�g��
�g�Z�i�j�y�f�m�x���k�\�y�a�Z�g���k���l�_�f�i�_�j�Z�l�m�j�h�c���\�h�^�u���o�h�e�h�^�g�h�]�h��
�b���l�z�i�e�h�]�h���i�_�j�b�h�^�h�\�����Z���l�Z�d�`�_���k���h�[�t�z�f�h�f �]�h�^�h�\�h�]�h��
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�<�u�y�\�e�_�g�Z�� �l�_�g�^�_�g�p�b�y�� �k�g�b�`�_�g�b�y�� �\�e�b�y�g�b�y��
�n�Z�d�l�h�j�Z�� ���� �g�Z�� �a�Z�]�j�y�a�g�_�g�b�_�� �k�l�h�d�Z�� �\�� �l�_�q�_�g�b�_��
�b�k�k�e�_�^�m�_�f�h�]�h�� �i�_�j�b�h�^�Z���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �l�_�g�^�_�g�p�b�y��
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Abstract. The article regards the movement of the 
negative and positive release waves from the reser-
voir on the Oredezh River. There was a model of 
unsteady water motion used for calculation the 
spread of the release wave. The release was con-
ducted on 06/19/2017 and consisted of three phases. 
In the first phase, the gate was closed and the water 
discharge fell from 3.6 to 2.5 m3/s. An hour later the 
gate was raised and during a half an hour water was 
released with an average flow rate of 4.2 m3/s. 
There were 7 points organized to monitor the dy-
namics of water levels in the river. They were lo-
cated at a distance of 91.5 to 2443 m from the dam. 
The observation interval was 1 minute on most tar-
gets.  
There is advisable to use a one-dimensional model 
of unsteady water motion (Saint-Venant equation) 
for calculating small release waves of slowly chang-
ing unsteady water motion in cases where topo-
graphic materials are available. This allows to de-
termine the stream features over the whole consid-



2020 Vol.2, Iss.1 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

72 
Vinogradov A.Yu., Vinogradova T.�: ., Obyazov V.A., Khaustov V.�: ., Vinogradov I.�: . Speciality of low 
release calculations on small rivers on the example of the Oredezh river. Hydrosphere. Hazard processes and 
phenomena, 2020, vol. 2, iss. 1, pp. 71-81 (In Russian; abstract in English). DOI: 10.34753/HS.2019.2.1.71 

 

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

ered river extension. The system of difference equa-
tions is solved by the tridiagonal matrix algorithm. 
The values of the water discharge and water levels 
for the next estimated time interval are obtained 
along the entire channel as a result of this shuttle.  
The experiment indicated that the used model 
makes it possible to calculate the unsteady water 
movement on small rivers with releases comparable 
to the initial water discharge and even less. The 
maximum variences between the measured and cal-
culated water levels during the negative wave did 
not exceed 15.0 cm, and the positive one �± 4.0 cm. 
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�i�Z�^�_�g�b�_���j�_�d�b���h�l���b�k�l�h�d�Z���d���m�k�l�v�x���k�h�k�l�Z�\�e�y�_�l���������� �f , 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �m�d�e�h�g�� �± 0,41 �f���d�f���� �J�m�k�e�h�� �j�_�d�b��
�b�a�\�b�e�b�k�l�h�_���� �g�h�� �k�j�Z�\�g�b�l�_�e�v�g�h�� �k�l�Z�[�b�e�v�g�h�_����
�d�h�w�n�n�b�p�b�_�g�l���b�a�\�b�e�b�k�l�h�k�l�b���k�h�k�l�Z�\�e�y�_�l������������ 

�I�h�i�m�k�d���i�j�h�\�h�^�b�e�k�y���i�m�l�z�f���f�Z�g�_�\�j�b�j�h�\�Z�g�b�y��
�h�^�g�b�f�� �b�a�� �l�j�z�o�� �a�Z�l�\�h�j�h�\�� �h�k�g�h�\�g�h�]�h�� �\�h�^�h�k�[�j�h�k�Z��
�i�e�h�l�b�g�u�� �[�u�\�r�_�c �>�Z�c�f�b�s�_�g�k�d�h�c �=�W�K�� �:�^�j�_�k��
�i�e�h�l�b�g�u�����E�_�g�b�g�]�j�Z�^�k�d�Z�y�� �h�[�e�Z�k�l�v�� �=�Z�l�q�b�g�k�d�b�c 
�j�Z�c�h�g���� �^���� �Q�b�d�b�g�h���� �<�h�e�g�Z�� �i�h�i�m�k�d�Z��
�j�Z�k�i�j�h�k�l�j�Z�g�y�e�Z�k�v���g�Z�� �m�q�Z�k�l�d�_�� �^�e�b�g�h�c�� �^�h�� ���� �d�f��
�\�i�e�h�l�v�� �^�h�� �i�h�^�i�h�j�g�h�c�� �q�Z�k�l�b�� �\�_�j�o�g�_�]�h�� �[�v�_�n�Z��
�J�h�`�^�_�k�l�\�_�g�k�d�h�c�� �i�e�h�l�b�g�u���� �G�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f��
�m�q�Z�k�l�d�_�� �^�h�e�b�g�Z��U-�h�[�j�Z�a�g�Z�y���� �r�b�j�b�g�h�c�� ������-�������� �f����
�d�h�j�_�g�g�u�_���[�_�j�_�]�Z���d�j�m�l�u�_�����\�u�k�h�l�h�c����-�����f�����G�b�`�g�b�c��
�[�v�_�n���>�Z�c�f�b�s�_�g�k�d�h�c�����Q�b�d�b�g�k�d�h�c�� �=�W�K���j�Z�a�[�b�l���g�Z��
�m�q�Z�k�l�d�b���� �h�]�j�Z�g�b�q�_�g�g�u�_�� ���� �k�l�\�h�j�Z�f�b���� �I�h�c�f�Z�� �\��
�j�Z�c�h�g�_���k�l�\�h�j�h�\�������������b�������^�\�m�o�k�l�h�j�h�g�g�y�y�����r�b�j�b�g�h�c��
�h�d�h�e�h�������������������b���������f���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����<����-�f���k�l�\�h�j�_��
�h�g�Z�� �b�f�_�_�l�� �r�b�j�b�g�m�� �h�d�h�e�h�� ������ �f���� �\�� ��-�f�� �b�� ��-�f���± �^�h��
50 �f���b���j�Z�k�i�h�e�Z�]�Z�_�l�k�y���l�h�e�v�d�h���i�h���i�j�Z�\�h�f�m���[�_�j�_�]�m�����<��
�j�Z�c�h�g�_��7-�]�h�� �k�l�\�h�j�Z�� �i�h�c�f�Z�� �e�_�\�h�k�l�h�j�h�g�g�y�y����
�r�b�j�b�g�h�c���^�h���������f�� 

�B�k�o�h�^�g�u�_���^�Z�g�g�u�_ 

�I�h�i�m�k�d���i�j�h�\�h�^�b�e�k�y�������������������������b���k�h�k�l�h�y�e���b�a��
�l�j�z�o�� �n�Z�a���� �<�� �i�_�j�\�m�x�� �n�Z�a�m�� �\�� ������ �q�Z�k�h�\�� �^�g�y�� �[�u�e��
�i�_�j�_�d�j�u�l�� �h�^�b�g�� �b�a�� �a�Z�l�\�h�j�h�\���� �H�k�l�Z�e�v�g�u�_�� �^�\�Z��
�a�Z�l�\�h�j�Z���\�h���\�j�_�f�y���i�j�h�\�_�^�_�g�b�y���w�d�k�i�_�j�b�f�_�g�l�Z���[�u�e�b��
�a�Z�d�j�u�l�u�����J�Z�k�o�h�^���\�h�^�u���\���j�_�d�_���m�i�Z�e���k�����������^�h�����������f3���k����
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�M�j�h�\�_�g�v�� �\�h�^�u�� �\�� �\�h�^�h�o�j�Z�g�b�e�b�s�_�� �i�h�^�g�y�e�k�y�� �a�Z�� �q�Z�k��
�g�Z�� �������� �k�f���� �i�h�k�e�_�� �q�_�]�h���� �\�� ������ �q�Z�k�h�\���� �a�Z�l�\�h�j�� �[�u�e��
�i�h�^�g�y�l���b���\���l�_�q�_�g�b�_���i�h�e�m�q�Z�k�Z�����^�h�����������������i�j�h�b�a�\�_�^�z�g��
�i�h�i�m�k�d�� �k�h�� �k�j�_�^�g�b�f�� �j�Z�k�o�h�^�h�f�� �������� �f3���k���� �<�� ����:30 
�a�Z�l�\�h�j�� �[�u�e�� �\�h�a�\�j�Z�s�z�g�� �\�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�_��
�i�h�e�h�`�_�g�b�_���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �h�l�d�e�h�g�_�g�b�y�� �h�l��
�k�j�_�^�g�_�]�h���j�Z�k�o�h�^�Z���g�_���i�j�_�\�u�k�b�e�b���������� 

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

�± �Q�b�d�b�g�h���g�b�\�_�e�b�j�h�\�d�h�c���l�_�o�g�b�q�_�k�d�h�]�h���d�e�Z�k�k�Z�� 
�G�Z�� ������ ���� �b�� ���� �k�l�\�h�j�Z�o�� �b�g�l�_�j�\�Z�e�� �g�Z�[�e�x�^�_�g�b�c��

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

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

�=�j�Z�n�b�d�b���i�h�i�m�k�d�Z�����j�b�k�m�g�h�d���������g�Z�q�b�g�Z�x�l�k�y���k��
�f�h�f�_�g�l�Z�� �i�_�j�_�d�j�u�l�b�y�� �h�^�g�h�]�h�� �b�a�� �a�Z�l�\�h�j�h�\�� �\�� ����:00 
�������b�x�g�y��

 
�J�b�k�m�g�h�d������ �B�a�f�_�j�_�g�g�u�_���m�j�h�\�g�b���\�h�^�u���\���k�l�\�h�j�Z�o����-�����k���������������^�h�������������������������������������]�� 

Figure 1. Measured water levels on 1-7 targets from 12:00 till 14:00 06/19/2017 

�F�_�l�h�^�b�d�Z 

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

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

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

�>�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_�� �m�j�Z�\�g�_�g�b�y��
�g�_�m�k�l�Z�g�h�\�b�\�r�_�]�h�k�y�� �^�\�b�`�_�g�b�y�� �\�h�^�u�� �\�� �h�l�d�j�u�l�u�o��
�j�m�k�e�Z�o�� �\�� �h�[�s�_�f�� �k�e�m�q�Z�_�� ���i�j�b�� �g�Z�e�b�q�b�b�� �[�h�d�h�\�h�]�h��
�i�j�b�l�h�d�Z���� �k�h�k�l�h�y�l�� �b�a�� �m�j�Z�\�g�_�g�b�y�� �^�b�g�Z�f�b�q�_�k�d�h�]�h��
�j�Z�\�g�h�\�_�k�b�y�����������b���m�j�Z�\�g�_�g�b�y���g�_�j�Z�a�j�u�\�g�h�k�l�b���������� 
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�]�^�_ I �± �i�h�\�_�j�o�g�h�k�l�g�u�c���m�d�e�h�g�����[���j�� 
i0 �± �m�d�e�h�g���^�g�Z�����[���j�� 
x �± �d�h�h�j�^�b�g�Z�l�Z�����f�� 
h �± �]�e�m�[�b�g�Z�����f�� 

x
h

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

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

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

g �± �m�k�d�h�j�_�g�b�_�� �k�\�h�[�h�^�g�h�]�h�� �i�Z�^�_�g�b�y����
9,81 �f���k2; 

V �± �k�j�_�^�g�y�y���k�d�h�j�h�k�l�v�����f���k�� 
�K �± �d�h�w�n�n�b�p�b�_�g�l���R�_�a�b�����f1/2���k�� 
R �± �]�b�^�j�Z�\�e�b�q�_�k�d�b�c�� �j�Z�^�b�m�k�� ���^�e�y�� �r�b�j�h�d�h�]�h��

�h�l�d�j�u�l�h�]�h���j�m�k�e�Z���_�]�h���f�h�`�g�h���a�Z�f�_�g�b�l�v���]�e�m�[�b�g�h�c��h), 
�f�� 

q �± �[�h�d�h�\�h�c���i�j�b�l�h�d���g�Z���_�^�b�g�b�p�m���^�e�b�g�u�����f2���k�� 
�& �± �i�e�h�s�Z�^�v�� �`�b�\�h�]�h�� �k�_�q�_�g�b�y���� �f2���� �i�j�b��

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c���h�l�f�_�l�d�_���m�j�h�\�g�y��Z�����f�� 
Q �± �j�Z�k�o�h�^�����f3���k�� 

�G�_�a�Z�\�b�k�b�f�u�f�b�� �i�_�j�_�f�_�g�g�u�f�b�� �\�� �^�Z�g�g�u�o��
�m�j�Z�\�g�_�g�b�y�o���y�\�e�y�x�l�k�y�����d�h�h�j�^�b�g�Z�l�Z��x �b���\�j�_�f�y t�����Z���b�o��
�n�m�g�d�p�b�y�f�b���± �]�e�m�[�b�g�Z��h �b���k�j�_�^�g�y�y���k�d�h�j�h�k�l�v��V�����I�j�b��
�a�Z�^�Z�g�g�h�c�� �n�h�j�f�_�� �j�m�k�e�Z���� �i�e�h�s�Z�^�v�� �`�b�\�h�]�h�� �k�_�q�_�g�b�y��
�& �\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f�� �k�l�\�h�j�_�� �y�\�e�y�_�l�k�y�� �b�a�\�_�k�l�g�h�c��
�n�m�g�d�p�b�_�c���]�e�m�[�b�g�u�����Z���j�Z�k�o�h�^��Q �h�i�j�_�^�_�e�y�_�l�k�y���d�Z�d��
�i�j�h�b�a�\�_�^�_�g�b�_��V �b���&.  

�I�_�j�\�h�_�� �k�e�Z�]�Z�_�f�h�_�� �\�� �i�j�Z�\�h�c�� �q�Z�k�l�b��
�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �m�j�Z�\�g�_�g�b�y�� �������� �m�q�b�l�u�\�Z�_�l��
�b�a�f�_�g�_�g�b�_�� �k�d�h�j�h�k�l�_�c�� �i�h�� �^�e�b�g�_�� ���h�l�j�Z�`�Z�_�l��
�g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v�� �l�_�q�_�g�b�y������ �W�l�h�l�� �q�e�_�g�� �^�e�y�� �j�_�d��
�h�[�u�q�g�h���g�_�\�_�e�b�d���b���b�f�_�_�l���a�g�Z�q�b�l�_�e�v�g�m�x���\�_�e�b�q�b�g�m��
�e�b�r�v���\���a�h�g�Z�o���j�_�a�d�h�]�h���b�a�f�_�g�_�g�b�y���k�_�q�_�g�b�y�����<�l�h�j�h�_��
�k�e�Z�]�Z�_�f�h�_�� �± �m�d�e�h�g���� �k�\�y�a�Z�g�g�u�c�� �k�� �b�a�f�_�g�_�g�b�_�f��
�k�d�h�j�h�k�l�_�c�� �\�h�� �\�j�_�f�_�g�b���� �h�g�� �l�Z�d�`�_�� �h�[�u�q�g�h�� �f�Z�e����
�d�j�h�f�_���a�h�g�u���j�_�a�d�h�]�h���g�_�m�k�l�Z�g�h�\�b�\�r�_�]�h�k�y���^�\�b�`�_�g�b�y��
���\�[�e�b�a�b�� �=�W�K�� �i�j�b�� �i�h�i�m�k�d�Z�o�� �k�m�l�h�q�g�h�]�h��
�j�_�]�m�e�b�j�h�\�Z�g�b�y�������L�j�_�l�v�_���k�e�Z�]�Z�_�f�h�_���i�j�Z�\�h�c���q�Z�k�l�b���± 
�m�d�e�h�g�� �l�j�_�g�b�y���� �b�]�j�Z�_�l�� �\�Z�`�g�m�x�� �j�h�e�v�� �^�e�y�� �j�_�q�g�u�o��
�m�q�Z�k�l�d�h�\�� 

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

�I�j�h�b�a�\�h�^�g�u�_�� �a�Z�f�_�g�y�x�l�k�y�� �j�Z�a�g�h�k�l�g�u�f�b��
�h�l�g�h�r�_�g�b�y�f�b�� 
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�]�^�_ Q
~

�b��Z
~

 �± �b�k�d�h�f�u�_���\�_�e�b�q�b�g�u���\���f�h�f�_�g�l���W���¨�W.  

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

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

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

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

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

�K�d�h�j�h�k�l�v�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �\�h�a�f�m�s�_�g�b�y��
���n�j�h�g�l�Z�� �\�h�e�g�u����v�n ���l�Z�[�e�b�p�Z�� �������� �h�p�_�g�_�g�Z�� �i�h��
�n�h�j�f�m�e�_���E�Z�]�j�Z�g�`�Z�� 

�k�j�n gHvv ��� 0
, (5) 

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

v0 �± �g�Z�q�Z�e�v�g�Z�y���k�d�h�j�h�k�l�v�����f���k�� 
g �± �m�k�d�h�j�_�g�b�_�� �k�\�h�[�h�^�g�h�]�h�� �i�Z�^�_�g�b�y���� ����������

�f���k2; 
Hc�j �± �k�j�_�^�g�y�y���]�e�m�[�b�g�Z�����f�� 

�K�d�h�j�h�k�l�b�� �^�h�[�_�]�Z�g�b�y�� �]�j�_�[�g�y�� �\�h�e�g�u v�] �b��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �a�Z�f�_�l�g�h�]�h�� �\�h�a�f�m�s�_�g�b�y��
�>�=�j�m�r�_�\�k�d�b�c�������������@�����a�Z�f�_�l�g�u�o���h�[�t�z�f�h�\���\�h�^�u���b�e�b��
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�]�e�Z�\�g�h�c�� �q�Z�k�l�b�� �\�h�e�g�h�\�h�]�h�� �\�h�a�f�m�s�_�g�b�y����v�\ �[�u�e�b��
�b�a�f�_�j�_�g�u�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�Z��
���l�Z�[�e�b�p�u����-���������I�h���h�k�j�_�^�g�z�g�g�h�c���k�d�h�j�h�k�l�b���l�_�q�_�g�b�y��

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

 

�L�Z�[�e�b�p�Z������ �<�j�_�f�y���b���k�d�h�j�h�k�l�v���^�h�[�_�]�Z�g�b�y���h�l�j�b�p�Z�l�_�e�v�g�h�c���\�h�e�g�u���i�h���E�Z�]�j�Z�g�`�m 
Table 1. Time and velocity of a negative wave by Lagrange formula 

�‹��
�k�l�\�h�j�Z 

�J�Z�k�k�l�h�y�g�b�_���h�l��
�i�e�h�l�b�g�u�����f 

�F�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_��
�j�b�k�l�b�d�b���j�m�k�e�Z 

�K�d�h�j�h�k�l�v���^�h�[�_�]�Z��
�g�b�y��

�nv , �f���k 
�<�j�_�f�y���^�h�[�_�]�Z�g�b�y��

�\�h�e�g�u�����f�b�g 

�K�l�\�h�j���� 274,5 �i�j�y�f�h�c���m�q�Z�k�l�h�d 2,84 1,6 
�K�l�\�h�j���� 907,3 �����b�a�e�m�q�b�g�u 2,84 5,3 
�K�l�\�h�j���� 1442 �����b�a�e�m�q�b�g 2,81 8,5 
�K�l�\�h�j���� 2443 �����b�a�e�m�q�b�g�������[�b�n�m�j�d�Z�p�b�y 2,69 15,1 

�L�Z�[�e�b�p�Z������ �<�j�_�f�y���b���k�d�h�j�h�k�l�v���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���a�Z�f�_�l�g�h�]�h���\�h�a�f�m�s�_�g�b�y 
Table 2. Time and velocity of a perceptible disturbance propagation 

�‹��
�k�l�\�h�j�Z 

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

�\�h�e�g�u 
�i�h�e�h�`�b�l�_�e�v�g�h�c��

�\�h�e�g�u 
�h�l�j�b�p�Z�l�_�e�v�g�h�c��

�\�h�e�g�u 
�i�h�e�h�`�b�l�_�e�v�g�h�c��

�\�h�e�g�u 
�K�l�\�h�j���� 13 14 1,16 1,08 
�K�l�\�h�j���� 13,3 21,3 1,81 1,13 
�K�l�\�h�j���� 28,6 40 1,42 1,02 

�L�Z�[�e�b�p�Z������ �<�j�_�f�y���b���k�d�h�j�h�k�l�v���i�j�h�o�h�`�^�_�g�b�y���]�j�_�[�g�y���i�h�e�h�`�b�l�_�e�v�g�h�c���\�h�e�g�u 
Table 3. Time and velocity of positive wave top 

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

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

�K�l�\�h�j���� 91,5 90* 90 0,66 0,37 
�K�l�\�h�j���� 274,5 90* 91 0,63 0,41 
�K�l�\�h�j���� 885 113 110 - 0,32 
�K�l�\�h�j���� 907,3 113 111 0,39 0,26 
�K�l�\�h�j���� 1396,5 123 123 - 0,29 
�K�l�\�h�j���� 1442 123 124 0,33 0,30 
�K�l�\�h�j���� 2443 127 128 0,23 0,31 

* �± �>�b�k�d�j�_�l�g�h�k�l�v���b�a�f�_�j�_�g�b�c���g�_���i�h�a�\�h�e�y�_�l���m�k�l�Z�g�h�\�b�l�v �[�h�e�_�_���l�h�q�g�h�_���\�j�_�f�y���i�j�h�o�h�`�^�_�g�b�y���]�j�_�[�g�y���� 
** �± �B�a�f�_�j�_�g�g�Z�y���k�d�h�j�h�k�l�v���± �k�d�h�j�h�k�l�v���\���l�h�q�d�_�����j�Z�k�q�z�l�g�Z�y���± �k�j�_�^�g�y�y���i�h���k�_�q�_�g�b�x�� 
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�L�Z�[�e�b�p�Z������ �<�j�_�f�y���b���k�d�h�j�h�k�l�v���i�j�h�o�h�`�^�_�g�b�y���]�j�_�[�g�y���h�l�j�b�p�Z�l�_�e�v�g�h�c���\�h�e�g�u 
Table 4. Time and velocity of negative wave top 

�‹���k�l�\�h�j�Z 
�j�Z�k�k�l�h�y�g�b�_���h�l���i�e�h�l�b�g�u����

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

�b�a�f�_�j�_�g�g�h�_ �j�Z�k�q�z�l�g�h�_ �b�a�f�_�j�_�g�g�Z�y�
�
 �j�Z�k�q�z�l�g�Z�y 
�K�l�\�h�j���� 91,5 60* 60 0,71*** 0,31 
�K�l�\�h�j���� 274,5 60* 60 0,36 0,32 
�K�l�\�h�j���� 885 68 64 - 0,26 
�K�l�\�h�j���� 907,3 68 65 - 0,25 
�K�l�\�h�j���� 1396,5 80 72 - 0,25 
�K�l�\�h�j���� 1442 80 73 0,25 0,25 
�K�l�\�h�j���� 2443 87 92 0,36 0,28 

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

�L�Z�[�e�b�p�Z���������B�a�f�_�j�_�g�g�u�_���k�d�h�j�h�k�l�b���\���l�h�q�d�_���g�Z���k�l�\�h�j�Z�o�����f���k 
Table 5. The measured velocities at a point on the targets, m/s 

�<�j�_�f�y�����f�b�g �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� 
0 - - 0,30 0,28 - 
20 - 0,35 - - - 
30 0,64 0,36 - - 0,31 
40 0,69 0,38 - - 0,22 
50 0,71 0,37 - 0,27 0,23 
60 0,82 0,36 - 0,27 0,2 
70 0,86 0,60 - 0,23 0,19 
80 0,78 0,73 0,30 0,28 0,15 
90 0,66 0,63 0,36 0,36 0,15 
100 0,64 0,59 0,37 0,38 0,17 
110 0,68 0,59 0,39 0,35 0,20 
120 0,68 0,60 0,38 0,33 0,23 
180 - - - - 0,29 

�L�Z�[�e�b�p�Z������ �I�j�h�o�h�`�^�_�g�b�_���w�d�k�l�j�_�f�m�f�h�\���j�Z�k�o�h�^�h�\���\���k�l�\�h�j�Z�o�����f3���k 
Table 6. Transit of extremes water discharge at the targets, m3/s 

�<�j�_�f�y�����f�b�g �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� 
0 3,6 3,6 3,6 3,6 3,6 
60 2,2 2,5    
70   2,5   
80    2,3 1,9 
90 4,1 4,0    
120   4,3 4,2  

 
�>�e�y�� �^�Z�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �j�Z�k�q�z�l�g�u�c��

�b�g�l�_�j�\�Z�e���\�j�_�f�_�g�b���û�W �i�j�b�g�y�l �j�Z�\�g�u�f�������f�b�g�m�l�_�����A�Z��
�g�Z�q�Z�e�h�� �j�Z�k�q�z�l�Z�� �i�j�b�g�y�l�h�� ������ �q�Z�k�h�\���� �a�Z�� �d�h�g�_�p�� �± 16 
�q�Z�k�h�\�� ������ �b�x�g�y�� ���������� �]�h�^�Z���� �>�h�� �a�Z�d�j�u�l�b�y�� �a�Z�l�\�h�j�Z�� �\��

12:�������^�\�b�`�_�g�b�_���\�h�^�u���k�q�b�l�Z�_�l�k�y���m�k�l�Z�g�h�\�b�\�r�b�f�k�y����
�J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�z�l�h�\���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�m�g�d�_������ 

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

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

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

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

�G�Z�b�[�h�e�v�r�b�_�� �j�Z�k�o�h�`�^�_�g�b�y�� �f�_�`�^�m��
�b�a�f�_�j�_�g�g�u�f�b�� �b�� �j�Z�k�k�q�b�l�Z�g�g�u�f�b�� �m�j�h�\�g�y�f�b�� �i�j�b��
�i�j �h�o�h�`�^�_�g�b�b�� �h�l�j�b�p�Z�l�_�e�v�g�h�c�� �\�h�e�g�u�� �\�� �k�l�\�h�j�Z�o�� �g�_��
�i�j�_�\�u�r�Z�x�l�� ���������� �k�f���� �i�h�e�h�`�b�l�_�e�v�g�h�c�� �±�� ������ �k�f����
�;�h�“�e�v�r�_�_�� �j�Z�k�o�h�`�^�_�g�b�_�� �i�j�b�� �j�Z�k�q�z�l�Z�o��
�h�l�j�b�p�Z�l�_�e�v�g�h�c�� �\�h�e�g�u�� �h�[�t�y�k�g�y�_�l�k�y���� �i�h�f�b�f�h��
�\�u�r�_�i�j�b�\�_�^�z�g�g�u�o�� �k�h�h�[�j�Z�`�_�g�b�c���� �g�b�a�d�b�f��
�d�Z�q�_�k�l�\�h�f�� �b�a�f�_�j�_�g�b�y�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o��
�j�m�k�e�h�\�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �h�k�h�[�_�g�g�h���a�g�Z�q�b�f�u�o���i�j�b��
�f�Z�e�u�o�� �m�j�h�\�g�y�o�� ���i�j�b�� �k�j�_�^�g�_�c�� �]�e�m�[�b�g�_�� �\�� ���������� �f����
�Z�f�i�e�b�l�m�^�Z�� �a�g�Z�q�_�g�b�c�� �m�j�h�\�g�_�c�� �i�j�b�� �i�h�i�m�k�d�Z�o��
�^�h�k�l�b�]�Z�e�Z�����������f�������L�h�q�g�h�k�l�v���j�Z�k�q�z�l�Z���o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�i�h�e�h�`�b�l�_�e�v�g�h�c���\�h�e�g�u���\�_�k�v�f�Z���i�j�b�_�f�e�_�f�Z���b���[�e�b�a�d�Z��
�d���l�h�q�g�h�k�l�b���b�a�f�_�j�_�g�b�c�� 

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

Figure 2. Calculated water levels on 1-7 targets from 12:00 till 14:00 06/19/2017 

�L�Z�[�e�b�p�Z���������G�Z�q�Z�e�v�g�u�_���h�l�f�_�l�d�b���m�j�h�\�g�_�c���\���k�l�\�h�j�Z�o 
Table 7. Initial water level marks at the targets 

�M�j�h�\�g�b�����f �K�l�\�h�j���‹�� �K�l�\�h�j �‹��  �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� �K�l�\�h�j���‹�� 
�b�a�f�_�j�_�g�g�u�c 91,95 91,77 91,59 91,58 91,39 91,39 91,10 
�j�Z�k�q�z�l�g�u�c 91,95 91,78 91,60 91,59 91,41 91,41 91,13 
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�L�Z�[�e�b�p�Z���������B�a�f�_�j�_�g�g�u�_���b���j�Z�k�k�q�b�l�Z�g�g�u�_���m�j�h�\�g�b���i�j�b���i�j�h�o�h�`�^�_�g�b�b���w�d�k�l�j�_�f�m�f�h�\���\�h�e�g 
Table 8. Measured and calculated levels during the transit of wave extremes 

�‹���k�l�\�h�j�Z 
�H�l�j�b�p�Z�l�_�e�v�g�Z�y���\�h�e�g�Z�����f �I�h�e�h�`�b�l�_�e�v�g�Z�y���\�h�e�g�Z�����f 

�b�a�f�_�j�_�g�g�u�c �j�Z�k�q�z�l�g�u�c �b�a�f�_�j�_�g�g�u�c �j�Z�k�q�z�l�g�u�c 
�K�l�\�h�j���� 91,66* 91,80 92,01 92,00 
�K�l�\�h�j���� 91,46* 91,61 91,83 91,79 
�K�l�\�h�j���� - 91,48 91,56 91,59 
�K�l�\�h�j 4 91,39 91,46 91,55 91,57 
�K�l�\�h�j���� 91,23 91,30 91,35 91,37 
�K�l�\�h�j���� 91,22 91,30 91,34 91,37 
�K�l�\�h�j���� 91,01 91,06 91,05 91,07 

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

�<�u�\�h�^�u 

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

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

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

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

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

Abstract. There are the values of non-eroding wa-
ter velocities for various types of bottom sediments 
(incoherent and cohesive) given in the normative 
documentation in the form of tables and graphs. 
Also there are a number of regulatory documents 
containing methods for calculation such velocities. 
These methods are based on empirical dependen-
cies adapted to specific conditions. The calculated 
mean non-eroding water velocities are proportional 
to the depth of flow and bottom particle size in the 
case of incoherent bottom sediments erosion. 
The authors made an attempt to estimate non-erod-
ing water velocity by a physical approach to the 
problem depending on the internal friction angle, 
the calculated clutch of incoherent bottom sedi-
ments and the depth of the water over the bottom. 
This approach should be universal. 
An analysis of the results indicated that the pro-
posed formula for calculating bottom non-eroding 
water velocities in all considered cases gives results 
significantly higher than the values given in the reg-
ulatory documents for the corresponding size of in-
coherent bottom sediments. As a result authors ob-
tained non-eroding water velocities, which were 
overestimated at times on the basis of expert evalu-
ation. When the depth changes from 0.5 to 10 m, the 
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�d�j�m�i�g�h�k�l�b���g�_�k�\�y�a�g�u�o���^�h�g�g�u�o���h�l�e�h�`�_�g�b�c�����<���j�_��
�a�m�e�v�l�Z�l�_���j�Z�k�q�_�l�h�\���[�u�e�b���i�h�e�m�q�_�g�u���g�_�j�Z�a�f�u�\�Z�x��
�s�b�_���k�d�h�j�h�k�l�b�����g�Z���h�k�g�h�\�Z�g�b�b���w�d�k�i�_�j�l�g�h�c���h�p�_�g�d�b����
�a�Z�\�u�r�_�g�u���\���g�_�k�d�h�e�v�d�h���j�Z�a�����I�j�b���b�a�f�_�g�_�g�b�b���]�e�m��
�[�b�g�u���i�h�l�h�d�Z���h�l�����������^�h���������f���j�Z�a�[�j�h�k���h�p�_�g�_�g�g�u�o��
�i�j�b�^�h�g�g�u�o���k�d�h�j�h�k�l�_�c���d�h�e�_�[�e�_�l�k�y���h�l���������^�h����������
�\���a�Z�\�b�k�b�f�h�k�l�b���h�l���d�j�m�i�g�h�k�l�b���g�_�k�\�y�a�g�h�]�h���]�j�m�g�l�Z�� 
�K�^�_�e�Z�g���\�u�\�h�^�����q�l�h���q�_�f���f�_�g�v�r�_ �q�Z�k�l�b�p�u���g�_�k�\�y�a��
�g�h�]�h���]�j�m�g�l�Z�����l�_�f���f�_�g�v�r�_���h�l�d�e�h�g�_�g�b�_���j�Z�k�k�q�b�l�Z�g��
�g�u�o���a�g�Z�q�_�g�b�c���i�j�b�^�h�g�g�u�o���g�_�j�Z�a�f�u�\�Z�x�s�b�o���k�d�h��
�j�h�k�l�_�c�� �h�l�� �g�h�j�f�Z�l�b�\�g�u�o�� ���^�e�y�� �d�j�m�i�g�h�a�_�j�g�b�k�l�u�o��
�]�j�Z�\�_�e�b�k�l�u�o���i�_�k�d�h�\���i�j�b���]�e�m�[�b�g�_���i�h�l�h�d�Z���������f���h�l��
�d�e�h�g�_�g�b�_�� �h�l�� �g�h�j�f�Z�l�b�\�g�u�o�� �a�g�Z�q�_�g�b�c�� �^�h�k�l�b�]�Z�x�l��
375-���������������D�j�h�f�_���l�h�]�h�����i�j�h�k�e�_�`�b�\�Z�_�l�k�y���a�Z�\�b�k�b��
�f�h�k�l�v���\�_�e�b�q�b�g���i�j�b�^�h�g�g�h�c���g�_�j�Z�a�f�u�\�Z�x�s�_�c���k�d�h��
�j�h�k�l�b���h�l���]�e�m�[�b�g�u���i�h�l�h�d�Z�����q�l�h���g�_���i�j�_�^�m�k�f�h�l�j�_�g�h��
�g�h�j�f�Z�l�b�\�g�u�f�b���^�h�d�m�f�_�g�l�Z�f�b�� 
�:�\�l�h�j�u���i�j�_�^�e�Z�]�Z�x�l���g�Z�m�q�g�h�f�m���k�h�h�[�s�_�k�l�\�m���i�h�^��
�d�e�x�q�b�l�v�k�y���d���h�[�k�m�`�^�_�g�b�x���i�j�b�q�b�g���l�Z�d�b�o���g�_�k�h�h�l��
�\�_�l�k�l�\�b�c�� 

spread of estimated bottom velocities varies from 
14 to 22%, depending on the size of the incoherent 
soil. 
It was concluded that for smaller particles of inco-
herent soil, the less deviation of the calculated val-
ues of bottom non-eroding water velocities from the 
normative ones (for massive gravel sands at a 10 m 
flow depth, the deviation from the normative values 
reaches 375-510%). In addition, the dependence of 
the value bottom non-eroding water velocity on the 
depth is traced, which is not provided in regulatory 
documents. 
The authors offer the scientific community to join 
to discussion of the reasons for these discrepancies. 

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

Keywords: bottom non-eroding water velocity; in-
coherent bottom sediments; strength features of 
soils; Coulomb's law; shear stresses; roughness co-
efficient; hydraulic friction coefficient. 

�M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y 

V�k�j �± �k�j�_�^�g�y�y �k�d�h�j�h�k�l�v���i�h�l�h�d�Z�����f���k�� 
V�g�j �± �k�j�_�^�g�y�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v�����f���k�� 
�D, �E �b���J �± �w�f�i�b�j�b�q�_�k�d�b�_���d�h�w�n�n�b�p�b�_�g�l�u1; 

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

�� ��2/ �k�f�d�] �˜ ; 

S�U  �± �h�l�g�h�r�_�g�b�_�� �f�Z�k�k�u�� �k�m�o�h�]�h�� �]�j�m�g�l�Z�� ���b�k�d�e�x�q�Z�y��

�f�Z�k�k�m���\�h�^�u�� �\�� �_�]�h�� �i�h�j�Z�o�����d�� �h�[�t�_�f�m���l�\�_�j�^�h�c�� �q�Z�k�l�b��
�w�l�h�]�h���]�j�m�g�l�Z�����i�j�b�g�y�l���j�Z�\�g�u�f�������������d�]���f3; 
g �± �m�k�d�h�j�_�g�b�_���k�\�h�[�h�^�g�h�]�h���i�Z�^�_�g�b�y���������������f���k2; 
�H  �± �i�h�j�b�k�l�h�k�l�v���� �h�i�j�_�^�_�e�y�_�f�Z�y�� �i�h�� �n�h�j�f�m�e�_��

S

d

�U
�U

�H ��� 1 ; 

                                                 
1 �K�I������-102-�������K�h�h�j�m�`�_�g�b�y���f�h�k�l�h�\�u�o���i�_�j�_�o�h�^�h�\���b���i�h�^�l�h�i�e�y�_�f�u�o���g�Z�k�u�i�_�c�����F�_�l�h�^�u���j�Z�k�q�_�l�Z���f�_�k�l�g�u�o���j�Z�a�f�u�\�h�\�����F�������L�j�Z�g�k��
�k�l�j�h�c�������������� 

d�U  �± �h�l�g�h�r�_�g�b�_���f�Z�k�k�u���k�m�o�h�]�h���]�j�m�g�l�Z�����b�k�d�e�x�q�Z�y��

�f�Z�k�k�m�� �\�h�^�u�� �\�� �_�]�h�� �i�h�j�Z�o���� �d�� �a�Z�g�b�f�Z�_�f�h�f�m�� �w�l�b�f��
�]�j�m�g�l�h�f���h�[�t�_�f�m�����d�]���f3; 
�2 �± �g�Z�i�j�y�`�_�g�b�_���� �i�j�_�i�y�l�k�l�\�m�x�s�_�_�� �k�^�\�b�]�m�� �m�q�Z�k�l�d�Z��
�^�g�Z�����I�Z���b�e�b���� ��2/ �k�f�d�] �˜ ; 

�M  �± �m�]�h�e�� �\�g�m�l�j�_�g�g�_�]�h�� �l�j�_�g�b�y�� �j�Z�a�f�u�\�Z�_�f�h�]�h��

�]�j�m�g�l�Z�����]�j�Z�^���� 
�k �± �k�p�_�i�e�_�g�b�_���]�j�m�g�l�Z�����I�Z���b�e�b���� ��2/ �k�f�d�] �˜ ; 

�2�k �± �k�^�\�b�]�Z�x�s�_�_���g�Z�i�j�y�`�_�g�b�_�����I�Z���b�e�b���� ��2/ �k�f�d�] �˜ ; 

0�U  �± �i�e�h�l�g�h�k�l�v���\�h�^�u���������������d�]���f3; 

*V  �± �^�b�g�Z�f�b�q�_�k�d�Z�y�� �k�d�h�j�h�k�l�v�� ���k�d�h�j�h�k�l�v�� �l�j�_�g�b�y��, 

�f���k���� gHiV � * ; 

i �± �]�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g�����[���j�� 
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�K �± �d�h�w�n�n�b�p�b�_�g�l�� �R�_�a�b���� �f1/2���k���� �h�i�j�_�^�_�e�y�_�f�u�c�� �i�h��

�n�h�j�f�m�e�_���G���G�����I�Z�\�e�h�\�k�d�h�]�h����6/11
R

n
C � ; 

R �± �]�b�^�j�Z�\�e�b�q�_�k�d�b�c���j�Z�^�b�m�k�����GR �| �����f�� 
n �± �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b���� �\�� �m�k�e�h�\�b�y�o��
�h�l�k�m�l�k�l�\�b�y�� �]�j�y�^�� �b�� �^�j�m�]�b�o�� �n�h�j�f�� �f�b�d�j�h�j�_�e�v�_�n�Z��

�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y���i�h���n�h�j�f�m�e�_���R�l�j�b�d�e�_�j�Z����
b
d

n
a

� , 

�i�j�b�� �w�l�h�f�� �d�h�w�n�n�b�p�b�_�g�l�u�� ;17,0
6
1

�|� a  

88,20
15,0

�|� 
g

b  �>�;�Z�j�u�r�g�b�d�h�\�������������@�� 

�i�j�^V  �± �h�k�j�_�^�g�_�g�g�Z�y�� �i�j�h�^�h�e�v�g�Z�y�� �i�j�b�^�h�g�g�Z�y 

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

�h�i�j�_�^�_�e�y�_�f�Z�y���i�h���n�h�j�f�m�e�_��d
3
2

� �' ; 

�O �± �d�h�w�n�n�b�p�b�_�g�l���]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h���l�j�_�g�b�y�����[���j�� 
k �± �w�f�i�b�j�b�q�_�k�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �i�j�b�� �j�Z�k�q�_�l�_�� ������
�i�j�b�g�y�l�u�c���j�Z�\�g�u�f�����������>�;�h�j�h�\�d�h�\�����<�h�e�u�g�h�\������������]; 
�k�j �± �j�Z�k�q�_�l�g�h�_���k�p�_�i�e�_�g�b�_���]�j�m�g�l�Z�����I�Z���b�e�b���� ��2/ �k�f�d�] �˜ ; 

�k�g �± �g�h�j�f�Z�l�b�\�g�h�_�� �k�p�_�i�e�_�g�b�_�� �]�j�m�g�l�Z���� �I�Z�� �b�e�b��
�� ��2/ �k�f�d�] �˜ ; 

��g �± �d�h�w�n�n�b�p�b�_�g�l�� �g�Z�^�_�`�g�h�k�l�b�� �i�h�� �]�j�m�g�l�m����
�b�k�i�h�e�v�a�m�_�f�u�c�� �i�j�b�� �h�p�_�g�d�_���k�j���� �i�j�b�� �h�l�k�m�l�k�l�\�b�b��
�^�Z�g�g�u�o�� �b�k�i�u�l�Z�g�b�c�� �h�[�j�Z�a�p�h�\�� �]�j�m�g�l�Z�� �f�h�`�g�h��
�i�j�b�g�b�f�Z�l�v���f�Z�d�k�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_����g = 22. 

�<�\�_�^�_�g�b�_ 

�H�^�g�b�f�� �b�a�� �h�k�g�h�\�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �^�e�y��
�b�g�`�_�g�_�j�g�u�o�� �j�Z�k�q�_�l�h�\�� �\�h�^�h�i�j�h�i�m�k�d�g�u�o�� �b��
�\�h�^�h�h�l�\�h�^�g�u�o�� �k�h�h�j�m�`�_�g�b�c�� �y�\�e�y�_�l�k�y��
�g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v���>�D�Z�^�Z�p�d�Z�y���b���^�j��, 2019]. 
�H�k�g�h�\�g�u�f�� �d�j�b�l�_�j�b�_�f�� �m�k�l�h�c�q�b�\�h�k�l�b��
�i�j�h�_�d�l�b�j�m�_�f�h�]�h �k�h�h�j�m�`�_�g�b�y�� �y�\�e�y�_�l�k�y��
�\�u�i�h�e�g�_�g�b�_���m�k�e�h�\�b�y��V�k�j<V�g�j. 

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

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

�w�l�h�]�h���� �k�m�s�_�k�l�\�m�_�l�� �j�y�^�� �g�h�j�f�Z�l�b�\�g�u�o�� �^�h�d�m�f�_�g�l�h�\����
�k�h�^�_�j�`�Z�s�b�o�� �f�_�l�h�^�b�d�b�� �b�o�� �j�Z�k�q�_�l�Z���� �g�Z�i�j�b�f�_�j��
�K�I 32-102-953. 

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

�A�g�Z�q�_�g�b�y�� �m�]�e�Z�� �\�g�m�l�j�_�g�g�_�]�h�� �l�j�_�g�b�y��
�i�_�k�q�Z�g�u�o�� �]�j�m�g�l�h�\�� �q�_�l�\�_�j�l�b�q�g�u�o�� �h�l�e�h�`�_�g�b�c�� �^�e�y��
�j�Z�k�q�_�l�h�\���\�a�y�l�u���b�a���l�Z�[�e�b�p�u�������I�j�b�e�h�`�_�g�b�y�������K�G�b�I��
2.02.01-���������g�h�j�f�Z�l�b�\�g�u�_�����b���l�Z�[�e�b�p�u��1.4 [�Y�e�l�Z�g�_�p��
�b�� �^�j������ ���������@ (�\�h�^�h�g�Z�k�u�s�_�g�g�u�_ �i�_�k�d�b��. �A�g�Z�q�_�g�b�y��
�k�p�_�i�e�_�g�b�y�� �^�e�y�� �i�_�j�_�m�\�e�Z�`�g�_�g�g�u�o�� �Z�e�e�x�\�b�Z�e�v�g�u�o��
�i�u�e�_�\�Z�l�u�o���i�_�k�d�h�\���i�h�e�m�q�_�g�u���h�i�u�l�g�u�f���i�m�l�_�f�� 

�I�j�b�^�h�g�g�u�_ �g�_�j�Z�a�f�u�\�Z�x�s�b�_�� �k�d�h�j�h�k�l�b��
�j�Z�k�k�q�b�l�Z�g�u���i�h���n�h�j�f�m�e�_�����������k���m�q�_�l�h�f���n�h�j�f�m�e�u������������
�J�_�a�m�e�v�l�Z�l�u�� �j�Z�k�q�_�l�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ����
�^�e�y�� �j�Z�a�e�b�q�g�u�o�� �]�j�Z�^�Z�p�b�c�� �i�_�k�q�Z�g�u�o�� �]�j�m�g�l�h�\���� �>�e�y��
�k�j�Z�\�g�_�g�b�y�� �i�j�b�\�_�^�_�g�u�� �g�h�j�f�Z�l�b�\�g�u�_�� �a�g�Z�q�_�g�b�y��
�i�j�b�^�h�g�g�u�o�� �g�_�j�Z�a�f�u�\�Z�x�s�b�o�� �k�d�h�j�h�k�l�_�c�� �^�e�y��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���]�j�Z�^�Z�p�b�c���d�j�m�i�g�h�k�l�b���g�_�k�\�y�a�g�u�o��
�^�h�g�g�u�o�� �h�l�e�h�`�_�g�b�c�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �l�Z�[�e�b�p�_�c�� ����
�K�H��������������������-20054 �b���l�Z�[�e�b�p�_�c�������<�L�J-�I -25-805.  

�K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �a�g�Z�q�_�g�b�y�� �k�j�_�^�g�b�o��
�k�d�h�j�h�k�l�_�c�� �i�h�l�h�d�Z���� �i�h�e�m�q�_�g�g�u�_�� �i�h�� �n�h�j�f�m�e�_�� ������������
�h�l�e�b�q�Z�x�l�k�y�� �h�l�� �i�h�e�m�q�_�g�g�u�o�� �i�h�� �a�Z�\�b�k�b�f�h�k�l�b�� ��������
�k�d�h�j�h�k�l�_�c���g�_���[�h�e�_�_���q�_�f���g�Z�������� 
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�L�Z�[�e�b�p�Z������ �J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�h�\���i�j�b�^�h�g�g�h�c���g�_�j�Z�a�f�u�\�Z�x�s�_�c���k�d�h�j�h�k�l�b���l�_�q�_�g�b�y 
Table 1. Calculated bottom non-eroding water velocity 

�I�Z�j�Z�f�_�l�j�u 
�=�e�m�[�b�g�Z�����f 

0,5 1,0 3,0 5,0 10,0 
�F�_�e�d�b�c���]�j�Z�\�b�c����d=2 �f�f����n =0,017; �0=0,39; �_=0,64; �M� �����ƒ�����W� ���������d�]�����f�k2)) 

�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g����i�����[���j 0,002836 0,001418 0,000473 0,000284 0,000142 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 52,4 58,8 70,6 76,9 86,3 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 1,97 2,22 2,66 2,90 3,25 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,73 0,75 0,80 0,83 0,87 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,17 0,17 0,17 0,17 0,17 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,24 0,24 0,24 0,24 0,24 

�D�j�m�i�g�u�c���i�_�k�h�d����d=1 �f�f , n =0,015; �0=0,39; �_=0,64; �M� �����ƒ�����W� �������d�]�����f�k2)) 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g����i�����[���j 0,001265 0,000633 0,000211 0,000127 0,000063 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 58,8 66,0 79,3 86,3 96,9 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 1,48 1,66 1,99 2,17 2,44 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,50 0,52 0,56 0,58 0,61 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y �k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,12 0,12 0,12 0,12 0,12 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,17 0,17 0,17 0,17 0,17 

�K�j�_�^�g�b�c���i�_�k�h�d����d=0,5 �f�f , n =0,013; �0=0,39; �_=0,64; �M� �����ƒ�����W� ���������d�]�����f�k2)) 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g, i�����[���j 0,000538 0,000269 0,000090 0,000054 0,000027 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 66,0 74,1 89,0 96,9 108,8 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 1,08 1,22 1,46 1,59 1,78 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,34 0,36 0,38 0,40 0,42 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,09 0,09 0,09 0,09 0,09 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,13 0,13 0,13 0,13 0,13 

�K�j�_�^�g�b�c���i�_�k�h�d����d=0,2 �f�f , n =0,012; �0=0,39; �_=0,64; �M� �����ƒ�����W� ���������d�]�����f�k2)) 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g����i�����[���j 0,000189 0,000094 0,000031 0,000019 0,000009 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 76,9 86,3 103,7 112,9 126,7 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 0,75 0,84 1,01 1,10 1,23 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,21 0,22 0,24 0,26 0,27 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,07 0,07 0,07 0,07 0,07 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,105 0,105 0,105 0,105 0,105 

�F�_�e�d�b�c���i�_�k�h�d����d=0,1 �f�f , n =0,01; �0=0,39; �_=0,64; �M� �����ƒ�����W� ���������d�]�����f�k2); �k� ���������I�Z�� 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g����i�����[���j 0,000184 0,000092 0,000031 0,000018 0,000009 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 86,3 96,9 116,4 126,7 142,3 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 0,83 0,93 1,12 1,21 1,36 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,22 0,23 0,26 0,27 0,29 



�=�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��1 2020 
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�I�Z�j�Z�f�_�l�j�u 
�=�e�m�[�b�g�Z�����f 

0,5 1,0 3,0 5,0 10,0 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,08 0,08 0,08 0,08 0,08 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,115 0,115 0,115 0,115 0,115 

�I�u�e�_�\�Z�l�u�c���i�_�k�h�d����d=0,05 �f�f , n =0,009; �0=0,39; �_=0,64; �M� �����ƒ�����W� ���������d�]�����f�k2); �k� �������I�Z�� 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���m�d�e�h�g����i�����[���j 0,000241 0,000120 0,000040 0,000024 0,000012 
�D�h�w�n�n�b�p�b�_�g�l���R�_�a�b����C, �f1/2���k 96,9 108,8 130,6 142,3 159,7 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y����V�k�j�����f���k 1,06 1,19 1,43 1,56 1,75 
�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y����V�i�j� ,̂ �f���k 
0,27 0,28 0,31 0,33 0,35 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���K�H��������������������-2005) 0,09 0,09 0,09 0,09 0,09 

�I�j�b�^�h�g�g�Z�y���g�_�j�Z�a�f�u�\�Z�x�s�Z�y���k�d�h�j�h�k�l�v��
�l�_�q�_�g�b�y�����f���k�����i�h���<�L�J-�I -25-80) 0,13 0,13 0,13 0,13 0,13 

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

�j�Z�k�q�_�l�u���g�_�j�Z�a�f�u�\�Z�x�s�b�o���k�d�h�j�h�k�l�_�c���^�e�y���f�_�e�d�b�o���b��
�i�u�e�_�\�Z�l�u�o�� �i�_�k�d�h�\�� �i�h�� �l�_�f�� �`�_�� �n�h�j�f�m�e�Z�f���� �g�h�� �k��
�m�q�_�l�h�f�� �g�h�j�f�Z�l�b�\�g�u�o�� �a�g�Z�q�_�g�b�c�� �m�]�e�Z�� �\�g�m�l�j�_�g�g�_�]�h��
�l�j�_�g�b�y�� �b�� �k�p�_�i�e�_�g�b�y���� �i�j�b�\�_�^�_�g�g�u�o�� �\�� �l�Z�[�e�b�p�_�� ����
�I�j�b�e�h�`�_�g�b�y�� ���� �K�G�b�I�� ��������������-83���� �K�p�_�i�e�_�g�b�_�� �^�e�y��
�i�_�k�d�h�\�� �l�Z�d�b�o�� �j�Z�a�f�_�j�h�\�� �m�`�_�� �b�f�_�_�l�� �f�_�k�l�h����
�i�h�k�d�h�e�v�d�m�� �h�g�b�� �\�� �i�e�h�l�g�h�f�� �k�h�k�l�h�y�g�b�b�� �g�Z�q�b�g�Z�x�l��
�i�j�b�h�[�j�_�l�Z�l�v���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�\�y�a�g�h�k�l�b�����F�_�g�v�r�b�_��
�a�g�Z�q�_�g�b�y�� �m�]�e�Z�� �\�g�m�l�j�_�g�g�_�]�h�� �l�j�_�g�b�y�� �b�� �k�p�_�i�e�_�g�b�y��
�d�h�j�j�_�d�l�b�j�h�\�Z�g�u���k�h�]�e�Z�k�g�h��[�Y�e�l�Z�g�_�p���b���^�j���������������@���b��
�K�I������-102-95 �I�j�b�e�h�`�_�g�b�_���:����. 

�G�h�j�f�Z�l�b�\�g�u�_ �a�g�Z�q�_�g�b�y�� �m�^�_�e�v�g�h�]�h��
�k�p�_�i�e�_�g�b�y���k�i �i������������ �i�j�b�e���� ���� �I�h�k�h�[�b�_�� �d��
�K�G�b�I 2.02.01-83 15 . �W�l�b�� �a�g�Z�q�_�g�b�y�� �i�j�b��
�i�j�Z�d�l�b�q�_�k�d�b�o�� �j�Z�k�q�_�l�Z�o�� �^�h�e�`�g�u�� �[�u�l�v��
�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�u�� �\�� �k�l�h�j�h�g�m�� �m�f�_�g�v�r�_�g�b�y����
�k�h�]�e�Z�k�g�h�� �K�I�� ����-102-95 �I�j�b�e�h�`�_�g�b�_�� �:���������� �]�^�_��
�m�d�Z�a�Z�g�h���� �q�l�h�� �©�i�j�b�� �j�Z�k�q�_�l�_�� �f�_�k�l�g�u�o�� �j�Z�a�f�u�\�h�\��

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

�:�g�Z�e�b�a�� �i�h�e�m�q�_�g�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\��
�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �i�j�_�^�e�h�`�_�g�g�Z�y�� �n�h�j�f�m�e�Z�� �j�Z�k�q�_�l�Z��
�i�j�b�^�h�g�g�u�o�� �g�_�j�Z�a�f�u�\�Z�x�s�b�o�� �k�d�h�j�h�k�l�_�c�� �\�h�� �\�k�_�o��
�j�Z�k�k�f�h�l�j�_�g�g�u�o�� �k�e�m�q�Z�y�o�� �^�Z�_�l�� �j�_�a�m�e�v�l�Z�l�u��
�a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�v�r�_�� �g�h�j�f�Z�l�b�\�g�u�o�� �a�g�Z�q�_�g�b�c����
�i�j�b�\�_�^�_�g�g�u�o���\���<�L�J-�I -25-�������b���K�H��������������������-2005 
�^�e�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �]�j�Z�^�Z�p�b�c�� �d�j�m�i�g�h�k�l�b��
�g�_�k�\�y�a�g�u�o�� �h�l�e�h�`�_�g�b�c���� �I�h�e�m�q�_�g�g�u�_�� �k�d�h�j�h�k�l�b���� �g�Z��
�h�k�g�h�\�Z�g�b�b�� �w�d�k�i�_�j�l�g�h�c�� �h�p�_�g�d�b���� �a�Z�\�u�r�_�g�u�� �\��
�g�_�k�d�e�v�d�h�h���j�Z�a. 

�L�Z�[�e�b�p�Z�� ���� �J�Z�k�q�_�l�g�u�_ �\�_�e�b�q�b�g�u�� �k�j�_�^�g�b�o�� �g�_�j�Z�a�f�u�\�Z�x�s�b�o�� �k�d�h�j�h�k�l�_�c�� �i�h�l�h�d�Z���� �f���k���� �i�j�b�� �j�Z�a�e�b�q�g�u�o��
�]�e�m�[�b�g�Z�o���^�e�y���f�_�e�d�h�a�_�j�g�b�k�l�u�o���b���i�u�e�_�\�Z�l�u�o���i�_�k�d�h�\ 
Table 2. Calculated values of average non-eroding water velocities, m/s, at various depths for fine-grained and 
dusty sands 

�i�_�k�h�d �M�����]�j�Z�^ �k�� �I�Z 
�G�����f 

0,5 1 3 5 10 

�f�_�e�d�h�a�_�j�g�b�k�l�u�c 
22 1000 27,6 31,0 37,2 40,5 45,4 
32 2000 39,0 43,8 52,6 57,2 64,2 

�i�u�e�_�\�Z�l�u�c 
18 2000 43,8 49,1 59,0 64,2 72,1 
30 4000 61,9 69,5 83,4 90,8 102,0 

 

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

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