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the hydrometeorological observation system. The 
first feature of the new system will be the use of 
fundamentally new devices and installations. These 
devices should make a revolution in the 
hydrometeorological fundamental and applied 
science. Give greater accuracy to measurements of 
observed hydrometeorological parameters in time 
and space. Now, to simulate runoff formation, the 
calculated time interval is equal to days. In the future, 
observations should be made at intervals of 
averaging from minutes to hours. 
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�]�h�k�m�^�Z�j�k�l�\�_�g�g�Z�y�� �k�l�Z�p�b�h�g�Z�j�g�Z�y�� �k�_�l�v �k�l�Z�g�^�Z�j�l�g�u�o��
�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o���b���]�b�^�j�h�e�h�]�b�q�_�k�d�b�o���k�l�Z�g�p�b�c���b��
�i�h�k�l�h�\���� �<�l�h�j�h�c�� �b�k�l�h�q�g�b�d�� �± �w�l�h�� �f�Z�e�Z�y��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�Z�y�� �k�_�l�v�� �\�h�^�g�h�[�Z�e�Z�g�k�h�\�u�o��
���k�l�h�d�h�\�u�o���� �b�� �[�h�e�h�l�g�u�o�� �k�l�Z�g�p�b�c���� �Z�� �l�Z�d�`�_�� �l�Z�d��
�g�Z�a�u�\�Z�_�f�u�o�� �©�i�Z�j�g�u�o�ª�� �\�h�^�h�k�[�h�j�h�\�� ���e�_�k�g�u�o�� �b��
�i�h�e�_�\�u�o���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �i�h�[�e�b�a�h�k�l�b�� �^�j�m�]�� �h�l��
�^�j�m�]�Z������ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�L�j�Z�^�b�p�b�h�g�g�Z�y���]�b�^�j�h�e�h�]�b�y 

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

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

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

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

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

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

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

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

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

�I�_�j�_�q�b�k�e�b�f���b�o�� 
1) �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c�� �h�k�Z�^�d�h�f�_�j���� �j�_�]�b�k�l�j�b�j�m�x�s�b�c��
�b�g�l�_�g�k�b�\�g�h�k�l�v���b���k�e�h�c���`�b�^�d�b�o���b���l�\�z�j�^�u�o���h�k�Z�^�d�h�\���a�Z��
�d�h�j�h�l�d�b�_�� �b�g�l�_�j�\�Z�e�u�� �\�j�_�f�_�g�b�� �\�� �i�j�_�^�_�e�Z�o��
�h�i�j�_�^�_�e�z�g�g�h�]�h�� �d�h�g�l�m�j�Z�� ���i�e�h�s�Z�^�v�x�� �������±1000 �f2���� �b��
�j�Z�[�h�l�Z�x�s�b�c�� �g�Z�� �h�k�g�h�\�_�� �\�e�b�y�g�b�y�� �\�u�i�Z�^�Z�x�s�b�o��
�h�k�Z�^�d�h�\�� �g�Z�� �g�_�d�h�_�� �g�_�i�j�_�j�u�\�g�h�� �b�a�f�_�j�y�_�f�h�_��
�n�b�a�b�q�_�k�d�h�_���i�h�e�_���� 
2) �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c�� �b�a�f�_�j�b�l�_�e�v�� �\�h�k�o�h�^�y�s�_�]�h��
���b�k�i�Z�j�_�g�b�_�� �b�� �l�j�Z�g�k�i�b�j�Z�p�b�y���� �b�e�b�� �g�b�k�o�h�^�y�s�_�]�h��
���d�h�g�^�_�g�k�Z�p�b�y���� �i�h�l�h�d�Z�� �\�h�^�u�� �\�� �]�Z�a�h�h�[�j�Z�a�g�h�f��
�k�h�k�l�h�y�g�b�b�� �\�� �i�j�_�^�_�e�Z�o�� �h�i�j�_�^�_�e�z�g�g�h�]�h�� �d�h�g�l�m�j�Z��
���i�e�h�s�Z�^�v�x���h�d�h�e�h�����������f2�������h�k�g�h�\�Z�g�g�u�c���g�Z���h�^�g�h�f���b�a��
�\�h�a�f�h�`�g�u�o�� �i�j�b�g�p�b�i�h�\�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�j�h�o�h�`�^�_�g�b�y��
�f�h�e�_�d�m�e���\�h�^�u���q�_�j�_�a���g�Z�a�\�Z�g�g�u�c���d�h�g�l�m�j�� 
3) �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c�� �j�Z�k�o�h�^�h�f�_�j���� �\�_�^�m�s�b�c��
�g�_�i�j�_�j�u�\�g�m�x���a�Z�i�b�k�v���j�Z�k�o�h�^�h�\���\�h�^�u���b���\�a�\�_�r�_�g�g�u�o��
�b�� �\�e�_�d�h�f�u�o�� �g�Z�g�h�k�h�\�� �\�� �g�_�h�[�h�j�m�^�h�\�Z�g�g�h�f�� �k�l�\�h�j�_����
�f�b�g�m�y���l�j�Z�^�b�p�b�h�g�g�u�c���i�h�^�o�h�^���©�k�d�h�j�h�k�l�v-�i�e�h�s�Z�^�v�ª����
�b�� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �k�m�s�_�k�l�\�h�\�Z�g�b�b�� �h�^�g�h�a�g�Z�q�g�h�c��
���k�d�h�j�_�_�� �\�k�_�]�h�� �g�_�e�b�g�_�c�g�h�c���� �a�Z�\�b�k�b�f�h�k�l�b�� �f�_�`�^�m��
�j�Z�k�o�h�^�h�f�� �b�� �k�h�a�^�Z�\�Z�_�f�u�f�� �j�_�]�b�k�l�j�b�j�m�_�f�u�f��
�\�h�a�^�_�c�k�l�\�b�_�f�� �g�Z�� �h�[�k�l�Z�g�h�\�d�m�� �\�� �j�Z�c�h�g�_�� �k�l�\�h�j�Z��
���k�_�c�k�f�b�d�Z���� �f�Z�]�g�_�l�b�a�f���� �]�j�Z�\�b�l�Z�p�b�y�� �b�� �^�j������ �b�e�b �g�Z��

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

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

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

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

�R�b�j�h�d�b�_�� �i�_�j�k�i�_�d�l�b�\�u�� �i�_�j�_�^�� �]�b�^�j�h�e�h�]�b�_�c��
�[�m�^�m�s�_�]�h���� �g�_�k�h�f�g�_�g�g�h���� �h�l�d�j�h�x�l�k�y�� �\�� �k�\�y�a�b�� �k��
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�\�e�b�y�g�b�_�� �\�k�_�c�� �k�h�\�h�d�m�i�g�h�k�l�b�� �d�j�b�h�]�_�g�g�u�o��
�i�j�h�p�_�k�k�h�\�����H�i�j�_�^�_�e�_�g�b�_���j�Z�a�g�b�p�u���f�_�`�^�m���a�b�f�g�b�f��
�b�� �e�_�l�g�b�f�� �f�_�`�_�g�g�u�f�� �k�l�h�d�h�f�� �j�_�d�� �\�u�i�h�e�g�_�g�h�� �i�h��
�d�Z�j�l�Z�f�� �e�_�l�g�_�]�h�� �b�� �a�b�f�g�_�]�h�� �f�b�g�b�f�Z�e�v�g�h�]�h�� ����-�l�b��
�k�m�l�h�q�g�h�]�h���k�l�h�d�Z�����������h�[�_�k�i�_�q�_�g�g�h�k�l�b���� 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�k�q�_�l�h�\�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h��
�d�j�b�h�]�_�g�g�u�_�� �y�\�e�_�g�b�y�� �b�� �i�j�h�p�_�k�k�u�� �d�h�g�l�j�h�e�b�j�m�x�l��
492 �d�f3���]�h�^�� �\�h�^�g�u�o�� �j�_�k�m�j�k�h�\�� �J�h�k�k�b�b���� �<�� �l�h�f��
�q�b�k�e�_�����g�Z���_�\�j�h�i�_�c�k�d�h�c���l�_�j�j�b�l�h�j�b�b���± ���������M�j�Z�e�_���b��
�A�Z�i�Z�^�g�h�c�� �K�b�[�b�j�b�� �± �������� �K�j�_�^�g�_�c���� �K�_�\�_�j�h-

 Abstract. In a large part of Russia, winter lasts for 
more than 4 months. This leads to the formation of 
river and lake ice, underground ice and ice of various 
types, freezing of soil, etc. All these phenomena 
affect the flow of rivers to one degree or another. In 
a warming climate, especially in winter, the flow-
forming role of these processes is reduced. Since it 
has not yet been evaluated, the question of its 
significance in the hydrological regime is becoming 
more and more relevant. The purpose of the article is 
to assess the cumulative impact of many cryogenic 
phenomena and processes that form and occur in 
riverbeds, in catchments, swamps and wetlands, in 
soils, fractured and loose rocks on the underground 
nutrition of Russian rivers. The methodology is 
based on the idea that the intra-annual variability of 
the reservoir reserves of underground aquifers 
feeding large rivers is insignificant. Based on this, it 
is assumed that the difference in the supply of rivers 
with underground water in the winter and summer 
periods determines the influence of the entire set of 
cryogenic processes. The difference between the 
winter and summer inter-soil flow of rivers was 
determined using maps of the summer and winter 
minimum 30-day flow of 80% security. 
As a result of calculations, it is established that 
cryogenic phenomena and processes control 
492 km3/year of water resources in Russia. 
Including: in the European territory �± 23; the Urals 
and Western Siberia �± 36; Middle, North-Eastern 
Siberia and the far East �± 433 km3/year. In other 
words, air temperature plays a significant role in the 
formation of almost 20% of the total annual flow of 
rivers in Russia's temperate and Northern latitudes 
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�<�h�k�l�h�q�g�h�c�� �K�b�[�b�j�b�� �b�� �>�Z�e�v�g�_�f�� �<�h�k�l�h�d�_�� �± 
433 �d�f3���]�h�^�����L�h���_�k�l�v���\���n�h�j�f�b�j�h�\�Z�g�b�b���i�h�q�l�b����������
�k�m�f�f�Z�j�g�h�]�h �]�h�^�h�\�h�]�h�� �k�l�h�d�Z�� �j�_�d�� �m�f�_�j�_�g�g�u�o�� �b��
�k�_�\�_�j�g�u�o�� �r�b�j�h�l�� �J�h�k�k�b�b�� �k�� �m�k�l�h�c�q�b�\�h�c�� �a�b�f�h�c��
�a�g�Z�q�b�l�_�e�v�g�m�x�� �j�h�e�v�� �b�]�j�Z�_�l�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z����
�I�j�h�b�k�o�h�^�y�s�_�_�� �b�� �i�j�h�]�g�h�a�b�j�m�_�f�h�_�� �i�h�\�u�r�_�g�b�_��
�a�b�f�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �g�Z�� �w�l�b�o��
�l�_�j�j�b�l�h�j�b�y�o�� �f�h�`�_�l�� �i�h�k�l�_�i�_�g�g�h�� �i�j�b�\�_�k�l�b�� �d��
�h�k�e�Z�[�e�_�g�b�x���d�j�b�h�]�_�g�g�h�]�h �j�_�]�m�e�b�j�h�\�Z�g�b�y���k�l�h�d�Z���b��
�d���a�Z�f�_�l�g�u�f���b�a�f�_�g�_�g�b�y�f���\���\�h�^�g�h�f���j�_�`�b�f�_�� 

with a stable winter. The current and projected 
increase in winter air temperature in these territories 
may gradually lead to a weakening of cryogenic 
regulation of runoff and to noticeable changes in the 
water regime. 

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

 Keywords: minimum winter and summer runoff; 
underground river feeding; ice; river and seasonal 
underground ice; swamps; cryogenic flow 
regulation; climate change 

�<�\�_�^�_�g�b�_ 

�G�Z�� �a�g�Z�q�b�l�_�e�v�g�h�c �l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�b�� �q�Z�k�l�v��
�]�h�^�Z�� �k�h�o�j�Z�g�y�x�l�k�y�� �h�l�j�b�p�Z�l�_�e�v�g�u�_�� �l�_�f�i�_�j�Z�l�m�j�u��
�\�h�a�^�m�o�Z���� �W�l�h�� �i�j�b�\�h�^�b�l�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x��
�j�Z�a�g�h�h�[�j�Z�a�g�u�o���d�j�b�h�]�_�g�g�u�o���y�\�e�_�g�b�c�����k�\�y�a�Z�g�g�u�o���k��
�n�Z�a�h�\�u�f�b�� �i�_�j�_�o�h�^�Z�f�b�� �\�h�^�Z-�e�_�^���k�g�_�]-�\�h�^�Z����
�j�_�q�g�h�]�h�� �b�� �h�a�_�j�g�h�]�h�� �e�v�^�h�\���� �i�h�^�a�_�f�g�u�o�� �e�v�^�h�\�� �b��
�g�Z�e�_�^�_�c�� �j�Z�a�e�b�q�g�h�]�h�� �\�b�^�Z���� �i�j�h�f�_�j�a�Z�g�b�_��
�i�h�q�\�h�]�j�m�g�l�h�\���b���l�Z�d���^�Z�e�_�_�����<�k�_���w�l�b���y�\�e�_�g�b�y���\���l�h�c��
�b�e�b�� �b�g�h�c�� �k�l�_�i�_�g�b�� �\�e�b�y�x�l�� �g�Z�� �k�l�h�d�� �j�_�d���� �H�p�_�g�d�_��
�\�e�b�y�g�b�y�� �h�l�^�_�e�v�g�u�o�� �i�j�b�j�h�^�g�u�o�� �d�j�b�h�]�_�g�g�u�o��
�y�\�e�_�g�b�c�� �g�Z�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �j�_�q�g�h�]�h�� �k�l�h�d�Z��
�i�h�k�\�y�s�_�g�h�� �f�g�h�`�_�k�l�\�h�� �j�Z�[�h�l�� �>�K�h�d�h�e�h�\���� ������������
�:�e�_�d�k�_�_�\���� �N�m�j�f�Z�g���� ������������ �D�j�Z�\�q�_�g�d�h���� ������������
�H�[�y�a�h�\���� �K�f�Z�o�l�b�g���� ������������ �H�[�y�a�h�\���� �K�f�Z�o�l�b�g���� ���������� 
�F�Z�j�d�h�\���� �=�m�j�_�\�b�q���� ��������; �b�� �^�j�m�]�b�_�@���� �M�k�l�Z�g�h�\�e�_�g�h����
�q�l�h�� �h�k�g�h�\�g�h�_�� �b�o�� �\�e�b�y�g�b�_�� �k�d�Z�a�u�\�Z�_�l�k�y�� �g�Z��
�i�h�^�a�_�f�g�h�f���i�b�l�Z�g�b�b���j�_�d�����<�f�_�k�l�_���k���l�_�f���^�h���k�b�o���i�h�j��
�g�_�l�� �h�[�s�_�c�� �h�p�_�g�d�b�� �\�e�b�y�g�b�y�� �d�j�b�h�]�_�g�g�u�o�� �y�\�e�_�g�b�c��
�g�Z�� �k�l�h�d�� �j�_�d���� �<�� �a�Z�j�m�[�_�`�g�u�o�� �i�m�[�e�b�d�Z�p�b�y�o�� �l�Z�d�b�o��
�h�p�_�g�h�d���Z�\�l�h�j���l�Z�d�`�_���g�_���h�[�g�Z�j�m�`�b�e�����<�h�a�f�h�`�g�h�����^�h��
�g�_�^�Z�\�g�_�]�h�� �\�j�_�f�_�g�b�� �l�Z�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�� �[�u�e�b��
�k�l�h�e�v�� �Z�d�l�m�Z�e�v�g�u���� �d�Z�d�� �w�l�h�� �k�l�Z�e�h�� �\�� �i�h�k�e�_�^�g�b�_�� 
20-30 �e�_�l���\���k�\�y�a�b���k���i�j�h�b�a�h�r�_�^�r�b�f���b���h�`�b�^�Z�_�f�u�f��
�\�� �^�Z�e�v�g�_�c�r�_�f�� �i�h�l�_�i�e�_�g�b�_�f �d�e�b�f�Z�l�Z���� �h�k�h�[�_�g�g�h�� �\��
�a�b�f�g�b�c���i�_�j�b�h�^�����I�h�w�l�h�f�m���p�_�e�v���g�Z�k�l�h�y�s�_�c���k�l�Z�l�v�b���± 
�\�u�i�h�e�g�b�l�v�� �h�p�_�g�d�m�� �k�h�\�h�d�m�i�g�h�]�h�� �\�e�b�y�g�b�y�� �g�Z��
�i�h�^�a�_�f�g�h�_�� �i�b�l�Z�g�b�_�� �j�_�d�� �J�h�k�k�b�b�� �f�g�h�]�b�o��
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�d�j�b�h�]�_�g�g�u�o���y�\�e�_�g�b�c���b���i�j�h�p�_�k�k�h�\�����i�j�h�b�k�o�h�^�y�s�b�o��
�\�� �j�m�k�e�Z�o�� �j�_�d���� �g�Z�� �\�h�^�h�k�[�h�j�Z�o���� �[�h�e�h�l�Z�o�� �b��
�a�Z�[�h�e�h�q�_�g�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o���� �\�� �i�h�q�\�h-�]�j�m�g�l�Z�o����
�l�j�_�s�b�g�h�\�Z�l�u�o���b �j�u�o�e�u�o���]�h�j�g�u�o���i�h�j�h�^�Z�o�� 

�F�_�l�h�^�b�d�Z 

�<�� �h�k�g�h�\�_�� �f�_�l�h�^�b�d�b�� �h�i�j�_�^�_�e�_�g�b�y��
�d�j�b�h�]�_�g�g�h�]�h�� �j�_�]�m�e�b�j�h�\�Z�g�b�y�� �i�h�^�a�_�f�g�h�]�h�� �i�b�l�Z�g�b�y��
�j�_�d �a�Z�e�h�`�_�g�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�_ �h�� �l�h�f���� �q�l�h��
�\�g�m�l�j�b�]�h�^�h�\�Z�y�� �b�a�f�_�g�q�b�\�h�k�l�v�� �_�f�d�h�k�l�g�u�o�� �a�Z�i�Z�k�h�\��
�i�h�^�a�_�f�g�u�o�� �\�h�^�h�g�h�k�g�u�o�� �]�h�j�b�a�h�g�l�h�\���� �i�b�l�Z�x�s�b�o��
�[�h�e�v�r�b�_�� �j�_�d�b���� �g�_�a�g�Z�q�b�l�_�e�v�g�Z���� �I�h�^�a�_�f�g�u�_�� �\�h�^�u����
�h�k�h�[�_�g�g�h�� �b�a�� �]�e�m�[�h�d�b�o�� �\�h�^�h�g�h�k�g�u�o�� �]�h�j�b�a�h�g�l�h�\����
�[�h�e�_�_�� �a�Z�j�_�]�m�e�b�j�h�\�Z�g�u�� �b�� �b�f�_�x�l�� �f�_�g�v�r�m�x��
�b�a�f�_�g�q�b�\�h�k�l�v���\���l�_�q�_�g�b�_���]�h�^�Z�����q�_�f���i�h�\�_�j�o�g�h�k�l�g�u�_����
�W�l�h�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �b�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�_��
�d�h�w�n�n�b�p�b�_�g�l�u�� �\�Z�j�b�Z�p�b�b�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �a�b�f�g�_�]�h��
�b�� �e�_�l�g�_-�h�k�_�g�g�_�]�h�� �k�l�h�d�Z�� �j�_�d���� �d�h�l�h�j�u�_�� �k�h�k�l�Z�\�e�y�x�l��
0,15-�����������^�e�y���[�h�e�v�r�b�g�k�l�\�Z���k�j�_�^�g�b�o���b���[�h�e�v�r�b�o���j�_�d��
�k�_�\�_�j�g�u�o���j�Z�c�h�g�h�\���J�h�k�k�b�b1�����<���x�`�g�u�o���j�Z�c�h�g�Z�o���w�l�b��
�d�h�w�n�n�b�p�b�_�g�l�u�� �[�h�e�v�r�_�� �b�a-�a�Z�� �f�Z�e�h�]�h�� �m�q�Z�k�l�b�y�� �\��
�i�b�l�Z�g�b�b�� �i�h�^�a�_�f�g�u�o�� �\�h�^���� �<�� �k�_�\�_�j�g�u�o�� �j�Z�c�h�g�Z�o����
�g�Z�i�j�b�f�_�j�����w�l�h���i�j�h�y�\�e�y�_�l�k�y���\���j�Z�\�_�g�k�l�\�_���f�_�`�_�g�g�u�o��
�a�b�f�g�b�o�� �b�� �e�_�l�g�b�o�� �j�Z�k�o�h�^�h�\�� �j�h�^�g�b�d�h�\����
�m�q�Z�k�l�\�m�x�s�b�o�� �\�� �i�b�l�Z�g�b�b�� �g�Z�e�_�^�_�c�� �>�F�Z�j�d�h�\����
�<�Z�k�b�e�_�g�d�h�����=�m�j�_�\�b�q������������].  

�B�k�k�e�_�^�h�\�Z�g�b�y�� �b�a�h�l�h�i�g�h�]�h�� �k�h�k�l�Z�\�Z�� �j�_�q�g�u�o��
�\�h�^�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�� �i�b�l�Z�g�b�b�� �j�_�d���� �h�k�h�[�_�g�g�h�� �\��
�k�_�\�_�j�g�u�o���r�b�j�h�l�Z�o�����m�q�Z�k�l�\�m�x�l���i�h�^�a�_�f�g�u�_���\�h�^�u���k��
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�d�Z�j�l�Z�f�� �e�_�l�g�_�]�h�� �b�� �a�b�f�g�_�]�h�� �f�b�g�b�f�Z�e�v�g�h�]�h�� ����-�l�b��
�k�m�l�h�q�g�h�]�h�� �k�l�h�d�Z�� �������� �h�[�_�k�i�_�q�_�g�g�h�k�l�b����
�i�j�b�\�_�^�_�g�g�u�f�� �\�� �K�G�b�I 2.01.14-83. �W�l�b �d�Z�j�l�u 

�k�h�k�l�Z�\�e�_�g�u�� �i�h�� �^�Z�g�g�u�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�g�Z�[�e�x�^�_�g�b�c�� �^�h�� ���������� �]���� �g�Z�� �k�j�_�^�g�b�o�� �j�_�d�Z�o�� �k��
�i�e�h�s�Z�^�y�f�b�� �\�h�^�h�k�[�h�j�h�\�� �^�h�� ����-75 �l�u�k�� �d�f2���� �<��
�i�_�j�b�h�^�����a�Z���d�h�l�h�j�u�c���b�k�i�h�e�v�a�h�\�Z�g�u���^�Z�g�g�u�_���h���k�l�h�d�_��
�i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �d�Z�j�l���� �_�s�_�� �g�_�� �i�j�h�b�a�h�r�e�h��
�b�a�f�_�g�_�g�b�c�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h��
�j�_�`�b�f�Z���b�a-�a�Z���d�e�b�f�Z�l�Z�����L�h�����q�l�h���\���j�Z�k�q�_�l�Z�o���i�j�b�g�y�l�u��
�a�g�Z�q�_�g�b�y�� �f�_�`�_�g�g�h�]�h�� �k�l�h�d�Z�� �������� �h�[�_�k�i�_�q�_�g�g�h�k�l�b����
�i�h�\�u�r�Z�_�l�� �h�[�t�_�d�l�b�\�g�h�k�l�v�� �h�p�_�g�h�d�� �i�h�� �^�\�m�f��
�i�j�b�q�b�g�Z�f���� �<�h-�i�_�j�\�u�o���� �\�� �h�q�_�g�v�� �f�Z�e�h�\�h�^�g�u�_�� �]�h�^�u��
�j�_�d�b�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �i�b�l�Z�x�l�k�y�� �b�a�� �[�h�e�_�_��
�]�e�m�[�h�d�b�o�� �\�h�^�h�g�h�k�g�u�o�� �]�h�j�b�a�h�g�l�h�\�� �k�� �h�q�_�g�v�� �f�Z�e�h�c��
�\�g�m�l�j�b�]�h�^�h�\�h�c�� �b�a�f�_�g�q�b�\�h�k�l�v�x���� �<�h-�\�l�h�j�u�o���� �\�� �b�o��
�k�l�h�d�_�� �j�h�e�v�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� ���l�Z�e�u�o�� �b�� �^�h�`�^�_�\�u�o����
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Figure 1. Cryogenic regulation of underground supply of Russian rivers, l/s km2 
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�k�g�b�`�_�g�b�_���j�Z�a�g�b�p�u���\���k�_�\�_�j�g�u�o���j�Z�c�h�g�Z�o�����\�_�j�h�y�l�g�h����
�h�[�m�k�e�h�\�e�_�g�h�� �l�_�f���� �q�l�h�� �a�^�_�k�v�� �f�Z�e�h�� �m�q�Z�k�l�b�_��
�i�h�^�a�_�f�g�u�o�� �\�h�^�� �\�� �i�b�l�Z�g�b�b�� �\�� �k�b�e�m�� �g�Z�e�b�q�b�y��
�f�g�h�]�h�e�_�l�g�_�c���f�_�j�a�e�h�l�u�����K�Z�f�u�_���[�h�e�v�r�b�_���a�g�Z�q�_�g�b�y��
�\�e�b�y�g�b�y�� �d�j�b�h�]�_�g�g�u�o�� �y�\�e�_�g�b�c�� �o�Z�j�Z�d�l�_�j�g�u�� �^�e�y��
�]�h�j�g�u�o�� �j�Z�c�h�g�h�\���� �L�Z�d�`�_�� �m�\�_�e�b�q�_�g�b�_�� �\�e�b�y�g�b�y��
�d�j�b�h�]�_�g�g�u�o�� �n�Z�d�l�h�j�h�\�� �i�j�h�k�e�_�`�b�\�Z�_�l�k�y�� �\��
�<�h�k�l�h�q�g�h�c�� �K�b�[�b�j�b���� �]�^�_�� �[�h�e�v�r�b�g�k�l�\�h�� �j�_�d��
�i�_�j�_�f�_�j�a�Z�_�l�� �b�� �n�h�j�f�b�j�m�x�l�k�y�� �^�_�k�y�l�d�b�� �l�u�k�y�q��
�g�Z�e�_�^�_�c�� �j�_�q�g�u�o�� �b�� �i�h�^�a�_�f�g�u�o�� �\�h�^���� �k�_�a�h�g�g�u�_��
�i�h�^�a�_�f�g�u�_���e�v�^�u���\���j�_�q�g�u�o���^�h�e�b�g�Z�o���b���]�h�e�v�p�h�\�u�_���± 
�\�� �]�h�j�Z�o���� �<�� �h�[�r�b�j�g�u�o�� �j�Z�c�h�g�Z�o�� �A�Z�i�Z�^�g�h�c�� �K�b�[�b�j�b��
�m�\�_�e�b�q�_�g�b�_�� �j�h�e�b�� �h�l�j�b�p�Z�l�_�e�v�g�u�o�� �l�_�f�i�_�j�Z�l�m�j��
�\�h�a�^�m�o�Z�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �k�l�h�d�Z�� �j�_�d���� �\�_�j�h�y�l�g�h����
�k�d�Z�a�u�\�Z�_�l�k�y�� �b�a-�a�Z�� �i�j�h�f�_�j�a�Z�g�b�y�� �g�Z�k�u�s�_�g�g�h�]�h��
�\�h�^�h�c���^�_�y�l�_�e�v�g�h�]�h���k�e�h�y���b���f�h�q�Z�`�b�g���[�h�e�h�l�����<�h�i�j�h�k��
�Z�d�d�m�f�m�e�y�p�b�b�� �[�h�e�h�l�g�u�o�� �\�h�^�� �\�h�� �e�v�^�m�� �b�� �\�e�b�y�g�b�_��
�w�l�h�]�h�� �i�j�h�p�_�k�k�Z�� �g�Z�� �k�l�h�d�� �j�_�d�� �k�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x��

�a�Z�[�h�e�h�q�_�g�g�h�k�l�b�� �_�s�_�� �k�e�Z�[�h�� �b�a�m�q�_�g���� �>�e�y�� �J�h�k�k�b�b��
�w�l�h�l�� �\�h�i�j�h�k�� �Z�d�l�m�Z�e�_�g���� �l�Z�d�� �d�Z�d�� �a�Z�[�h�e�h�q�_�g�g�h�k�l�v��
�k�l�j�Z�g�u�����\�k�_���h�l�h�j�n�h�\�Z�g�g�u�_���a�_�f�e�b���\�g�_���a�Z�\�b�k�b�f�h�k�l�b��
�h�l�� �f�h�s�g�h�k�l�b�� �l�h�j�n�y�g�h�]�h�� �]�h�j�b�a�h�g�l�Z���� �k�h�k�l�Z�\�e�y�_�l��
21,6% (3,69 �f�e�g���� �d�f2���� �>�<�h�f�i�_�j�k�d�b�c�� �b�� �^�j���� 2005]. 
�G�Z�i�j�b�f�_�j���� �_�k�e�b�� �\�a�y�l�v�� �l�h�e�v�d�h�� �i�e�h�s�Z�^�v�� �[�h�e�h�l�� �k��
�f�h�s�g�h�k�l�v�x�� �l�h�j�n�Z�� �!���� �k�f�� �± �������� �l�u�k���� �d�f2���� �l�h�� �i�j�b��
�a�Z�f�_�j�a�Z�g�b�b���g�Z���g�_�c���k�e�h�y���\�h�^�u���\���������k�f���h�[�t�_�f���e�v�^�Z��
�k�h�k�l�Z�\�b�l���������d�f3�����>�Z�`�_���_�k�e�b���i�h�e�h�\�b�g�Z���w�l�h�c���\�h�^�u���g�_��
�[�m�^�_�l�� �m�q�Z�k�l�\�h�\�Z�l�v�� �\�� �a�b�f�g�_�f�� �k�l�h�d�_�� �k�_�\�_�j�g�u�o�� �j�_�d����
�w�l�h�� �k�h�k�l�Z�\�b�l�� �h�d�h�e�h�� ������ �e���k�� �d�f2 �i�h�l�_�j�v�� �\�� �b�o��
�i�b�l�Z�g�b�b�����g�h���k�h�o�j�Z�g�b�l���h�[�\�h�^�g�_�g�g�h�k�l�v���[�h�e�h�l�� 

�<�� �p�_�e�h�f�� �d�j�b�h�]�_�g�g�h�_�� �j�_�]�m�e�b�j�h�\�Z�g�b�_��
�i�b�l�Z�g�b�y�� �j�_�d�� �J�h�k�k�b�b�� �i�h�^�a�_�f�g�u�f�b�� �\�h�^�Z�f�b��
�k�h�k�l�Z�\�e�y�_�l���i�h�q�l�b�����������d�f2���]�h�^�����l�Z�[�e�b�p�Z ���������q�l�h���^�e�y��
�k�j�Z�\�g�_�g�b�y���� �g�Z�i�j�b�f�_�j���� �\�� ���� �j�Z�a�Z�� �[�h�e�v�r�_�� �k�j�_�^�g�_�]�h��
�]�h�^�h�\�h�]�h���k�l�h�d�Z���j�� �<�h�e�]�b�� 

�L�Z�[�e�b�p�Z������ �H�[�t�_�f���d�j�b�h�]�_�g�g�h�]�h �j�_�]�m�e�b�j�h�\�Z�g�b�y���i�b�l�Z�g�b�y���j�_�d���J�h�k�k�b�b���i�h�^�a�_�f�g�u�f�b���\�h�^�Z�f�b 
Table 1. Volume of cryogenic regulation of groundwater supply to Russian river  

�L�_�j�j�b�l�h�j�b�y���J�h�k�k�b�b 
�K�j�_�^�g�y�y��

�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v��
�a�b�f�u�����f�_�k�� 

�K�j�_�^�g�b�c��
�f�h�^�m�e�v��

�d�j�b�h�]�_�g�g�h�]�h��
�j�_�]�m�e�b�j�h�\�Z�g�b�y��
�k�l�h�d�Z�����e���k���d�f2 

�I�e�h�s�Z�^�v��
�l�_�j�j�b�l�h�j�b�b��

�k��
�m�k�l�h�c�q�b�\�h�c��

�a�b�f�h�c����
�f�e�g�� �d�f2 

�H�[�t�_�f��
�d�j�b�h�]�_�g�g�h�]�h��

�j�_�]�m�e�b�j�h�\�Z�g�b�y��
�i�h�^�a�_�f�g�h�]�h��

�i�b�l�Z�g�b�y���j�_�d����
�d�f3���]�h�^ 

�P�_�g�l�j�Z�e�v�g�Z�y���b���k�_�\�_�j�g�Z�y��
�_�\�j�h�i�_�c�k�d�Z�y��
�l�_�j�j�b�l�h�j�b�y 

4 1 2,2 23 

�M�j�Z�e�� �b�� �A�Z�i�Z�^�g�Z�y��
�K�b�[�b�j�v 

5 1,7 1,6 36 

�K�j�_�^�g�y�y�� �b�� �K�_�\�_�j�h-
�<�h�k�l�h�q�g�Z�y�� �K�b�[�b�j�v����
�>�Z�e�v�g�b�c���<�h�k�l�h�d�� 

6 2,5 11 433 

�K�m�f�f�Z 14,8 492 

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

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

�^�_�c�k�l�\�b�_�f�� �k�b�e�u�� �l�y�`�_�k�l�b���� �W�l�b�� �\�h�^�u�� �i�j�b��
�h�l�k�m�l�k�l�\�b�b�� �b�e�b�� �k�m�s�_�k�l�\�_�g�g�h�f�� �k�g�b�`�_�g�b�b��
�^�j�_�g�b�j�h�\�Z�g�b�y�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�_�l�v�x 
�Z�d�d�m�f�m�e�b�j�m�x�l�k�y�� �\�� �i�j�b�j�_�q�g�h�c�� �q�Z�k�l�b�� �[�Z�k�k�_�c�g�Z�� �<��
�d�h�g�p�_�� �a�b�f�u�� �k�� �i�h�l�_�i�e�_�g�b�_�f�� �h�g�b�� �m�q�Z�k�l�\�m�x�l�� �\��
�n�h�j�f�b�j�h�\�Z�g�b�b�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y���� �L�Z�d����
�g�Z�i�j�b�f�_�j���� �g�Z�� �j�� �R�Z�f�Z�g�d�_�� �\�� �I�j�b�[�Z�c�d�Z�e�v�_��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�� �i�_�j�\�h�c��
�i�h�e�h�\�b�g�_���i�h�e�h�\�h�^�v�y���i�h�^�a�_�f�g�u�_���\�h�^�u���k�h�k�l�Z�\�e�y�x�l��
�[�h�e�_�_�� �������� �h�[�t�_�f�Z�� �k�l�h�d�Z�� �>�D�j�Z�\�q�_�g�d�h���� ���������@���� �B�a-�a�Z 
�©�i�h�e�h�\�h�^�v�y�� �i�h�^�a�_�f�g�u�o�� �\�h�^�ª�� �^�h�� �g�Z�q�Z�e�Z��
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�\�h�^�h�h�l�^�Z�q�b�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z�� �d�h�w�n�n�b�p�b�_�g�l�u��
�k�l�h�d�Z�� �\�_�k�_�g�g�_�]�h�� �i�h�e�h�\�h�^�v�y�� �g�Z�� �g�_�d�h�l�h�j�u�o�� �j�_�d�Z�o��
�K�b�[�b�j�b�� �j�Z�\�g�u�� �b�e�b�� �[�h�e�v�r�_�� ��2���� �Z�� �i�_�j�b�h�^��
�f�b�g�b�f�Z�e�v�g�h�]�h�� �a�b�f�g�_�]�h�� �k�l�h�d�Z�� �g�_�j�_�^�d�h�� �k�f�_�s�Z�_�l�k�y��
�d�� �k�_�j�_�^�b�g�_�� �a�b�f�u�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �i�e�h�s�Z�^�b��
�\�h�^�h�k�[�h�j�Z���� �I�h�^�� �g�Z�a�\�Z�g�b�_�f�� �©�q�_�j�g�Z�y�� �\�h�^�Z�ª��
�b�a�\�_�k�l�g�u���l�Z�d�`�_���i�Z�\�h�^�d�b���i�h�^�a�_�f�g�u�o���\�h�^���\�_�k�g�h�c���g�Z��
�j�_�d�Z�o���Y�d�m�l�b�b���>�R�_�i�_�e�_�\�������������@�� 

�H�k�g�h�\�g�Z�y�� �q�Z�k�l�v�� �_�k�l�_�k�l�\�_�g�g�u�o�� �j�_�k�m�j�k�h�\��
�i�h�^�a�_�f�g�u�o�� �\�h�^�� �J�h�k�k�b�b�� ���[�_�a�� �k�m�[�Z�d�\�Z�e�v�g�h�c��
�j�Z�a�]�j�m�a�d�b�� �\�� �f�h�j�y�� �b�� �i�h�^�j�m�k�e�h�\�h�]�h�� �k�l�h�d�Z������
�j�Z�a�]�j�m�`�Z�x�s�b�o�k�y�� �\�� �j�_�d�b�� �J�h�k�k�b�b�� ���^�Z�e�_�_ �± �?�J�I�<����
�k�h�k�l�Z�\�e�y�_�l�� �i�j�b�f�_�j�g�h��790 �d�f3���]�h�^�� �>�R�\�Z�j�p�_�\�� 
1996�@���� �H�g�b�� �h�i�j�_�^�_�e�_�g�u�� �i�h�� �j�Z�k�q�e�_�g�_�g�b�x��
�]�b�^�j�h�]�j�Z�n�h�\�� �j�_�q�g�h�]�h�� �k�l�h�d�Z�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�g�m�x�� �b��
�i�h�^�a�_�f�g�m�x�� �k�h�k�l�Z�\�e�y�x�s�m�x�� �H�i�b�k�Z�g�g�h�_�� �\�u�r�_��
�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_���q�Z�k�l�b���i�h�^�a�_�f�g�h�]�h���k�l�h�d�Z���\���j�_�d�b��
�k�� �o�h�e�h�^�g�h�]�h�� �i�_�j�b�h�^�Z�� �g�Z�� �l�_�i�e�u�c�� ���\�� �l�h�f �q�b�k�e�_�� �g�Z��
�\�_�k�_�g�g�_�_�� �i�h�e�h�\�h�^�v�_���� �a�Z�l�j�m�^�g�y�_�l�� �h�p�_�g�d�m��
�_�k�l�_�k�l�\�_�g�g�u�o�� �j�_�k�m�j�k�h�\�� �i�h�^�a�_�f�g�u�o�� �\�h�^�� �i�h��
�j�Z�k�q�e�_�g�_�g�b�x�� �]�b�^�j�h�]�j�Z�n�Z�� �g�Z�� �]�_�g�_�l�b�q�_�k�d�b�_��
�k�h�k�l�Z�\�e�y�x�s�b�_���� �Q�Z�k�l�b�q�g�h�� �w�l�Z�� �i�j�h�[�e�_�f�Z�� �j�_�r�_�g�Z��
�i�m�l�_�f���m�q�_�l�Z3 �\���h�p�_�g�d�Z�o���?�J�I�<���h�[�t�_�f�Z���i�h�^�a�_�f�g�h�]�h��
�i�j�b�l�h�d�Z�� �\�� �j�_�d�b���� �Z�d�d�m�f�m�e�b�j�h�\�Z�g�g�h�]�h�� �\�� �j�_�q�g�h�f��
�e�v�^�m���b���g�Z�e�_�^�y�o���>�:�l�e�Z�k���k�g�_�`�g�h-�e�_�^�h�\�u�o���j�_�k�m�j�k�h�\��
�f�b�j�Z���� ��������; �b�� �^�j�m�]�b�_�@���� �<�f�_�k�l�_�� �k�� �l�_�f���� �l�j�m�^�g�h��
�h�i�j�_�^�_�e�y�_�f�Z�� �q�Z�k�l�v�� �i�h�^�a�_�f�g�u�o�� �\�h�^���� �d�h�l�h�j�Z�y��
�h�k�l�Z�_�l�k�y�� �\�� �j�_�q�g�h�f�� �[�Z�k�k�_�c�g�_�� �b�a-�a�Z�� �k�g�b�`�_�g�b�y��
�^�j�_�g�b�j�m�x�s�_�c�� �k�i�h�k�h�[�g�h�k�l�b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c��
�k�_�l�b���i�j�b���h�[�j�Z�a�h�\�Z�g�b�b���e�_�^�y�g�h�]�h���i�h�d�j�h�\�Z���b���^�j�m�]�b�o��
�i�j�h�p�_�k�k�h�\�� �d�j�b�h�]�_�g�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z�� �>Zhuravin, 
Markov���� ������������ �E�Z�\�j�h�\���� �F�Z�j�d�h�\���� ������������ �F�Z�j�d�h�\����
2018; �b�� �^�j�m�]�b�_�@���� �<�Z�`�g�h�� �l�Z�d�`�_�� �h�l�f�_�l�b�l�v���� �q�l�h��
�g�_�b�a�\�_�k�l�g�h�� �d�Z�d�Z�y�� �q�Z�k�l�v�� �w�l�b�o��
�©�g�_�^�h�^�j�_�g�b�j�h�\�Z�g�g�u�o�ª�� �a�b�f�h�c�� �i�h�^�a�_�f�g�u�o�� �\�h�^��
�j�m�k�e�Z�f�b�� �j�_�d�� �i�h�k�l�m�i�Z�_�l�� �\�� �j�_�d�b�� �\�� �l�_�i�e�u�c�� �i�_�j�b�h�^��
�l�_�d�m�s�_�]�h���]�h�^�Z���b���k���d�Z�d�h�c���b�g�l�_�g�k�b�\�g�h�k�l�v�x�����H�[�t�_�f��
�i�h�^�a�_�f�g�u�o�� �\�h�^���� �g�_�� �i�h�k�l�m�i�Z�\�r�b�o�� �b�a-�a�Z��
�d�j�b�h�]�_�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�� �j�_�q�g�m�x�� �k�_�l�v�� �\�� �l�_�q�_�g�b�_��
�]�h�^�Z�� �b�e�b�� �j�y�^�Z�� �e�_�l�� �\�h�h�[�s�_�� �g�_�� �m�q�b�l�u�\�Z�_�l�k�y�� �\��
�h�p�_�g�d�Z�o�� �?�J�I�<�� �b�� �h�l�g�h�k�b�l�k�y�� �g�_�� �d�� �j�_�k�m�j�k�Z�f���� �Z�� �d��
�a�Z�i�Z�k�Z�f�� �i�h�^�a�_�f�g�u�o�� �\�h�^���� �I�j�b�� �i�j�h�b�k�o�h�^�y�s�_�f��
�i�h�l�_�i�e�_�g�b�b�� �a�b�f���� �h�k�e�Z�[�e�_�g�b�b�� �d�j�b�h�]�_�g�g�h�]�h��
�j�_�]�m�e�b�j�h�\�Z�g�b�y�� �k�l�h�d�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�\�_�e�b�q�_�g�b�_��

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

�i�h�^�a�_�f�g�h�]�h�� �i�b�l�Z�g�b�y�� �j�_�d���� �q�l�h�� �h�l�f�_�q�_�g�h�� �\�h��
�f�g�h�`�_�k�l�\�_�� �i�m�[�e�b�d�Z�p�b�c���� �<�h�a�g�b�d�Z�_�l��
�^�b�k�d�m�k�k�b�h�g�g�u�c�� �\�h�i�j�h�k�� �± �m�\�_�e�b�q�_�g�b�_�� �a�b�f�g�_�]�h��
�k�l�h�d�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �j�h�k�l�� �_�k�l�_�k�l�\�_�g�g�u�o�� �j�_�k�m�j�k�h�\��
�i�h�^�a�_�f�g�u�o�� �\�h�^�� �b�e�b�� �g�_�l�� �>�;�h�j�_�\�k�d�b�c���� �F�Z�j�d�h�\, 
���������@�"�� �?�k�e�b�� �\�� �j�h�k�l�_�� �a�b�f�g�_�]�h�� �k�l�h�d�Z�� �i�j�b�g�b�f�Z�x�l��
�m�q�Z�k�l�b�_�� �b�� �l�_�� �i�h�^�a�_�f�g�u�_�� �\�h�^�u���� �d�h�l�h�j�u�_�� �[�u�e�b��
�h�l�g�_�k�_�g�u�� �d�� �a�Z�i�Z�k�Z�f���� �g�h�� �\�� �g�h�\�u�o�� �d�j�b�h�]�_�g�g�u�o��
�m�k�e�h�\�b�y�o�� �h�g�b�� �^�j�_�g�b�j�m�x�l�k�y�� �j�_�d�Z�f�b���� �l�h�� �b�o�� �g�_�e�v�a�y��
�h�^�g�h�a�g�Z�q�g�h���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���\���d�Z�q�_�k�l�\�_���i�h�d�Z�a�Z�l�_�e�_�c��
�?�J�I�<���� �W�l�h�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d�� �a�Z�\�u�r�_�g�g�u�f��
�h�p�_�g�d�Z�f�� �?�J�I�<���� �q�l�h���� �\�h�a�f�h�`�g�h���� �b�f�_�_�l�� �f�_�k�l�h�� �\��
�g�_�d�h�l�h�j�u�o���j�Z�[�h�l�Z�o���>�K�h�\�j�_�f�_�g�g�u�_���j�_�k�m�j�k�u������015]. 
�G�_�� �b�k�d�e�x�q�_�g�h���� �q�l�h�� �i�j�h�b�k�o�h�^�y�s�_�_�� �k�g�b�`�_�g�b�_��
�h�[�\�h�^�g�_�g�g�h�k�l�b���\���p�_�g�l�j�Z�e�v�g�u�o���b���x�`�g�u�o���j�Z�c�h�g�Z�o��
�J�h�k�k�b�b�����]�^�_���a�b�f�u���i�j�Z�d�l�b�q�_�k�d�b���g�_���k�l�Z�e�h�����k�\�y�a�Z�g�h���b��
�k�� �\�h�\�e�_�q�_�g�b�_�f�� �_�f�d�h�k�l�g�u�o�� �a�Z�i�Z�k�h�\�� �\�� �i�h�^�a�_�f�g�h�_��
�i�b�l�Z�g�b�_�� �j�_�d�� �>Zotov, Shum, Frolova, 2015; �A�h�l�h�\����
�N�j�h�e�h�\�Z���� �R�Z�f���� ���������@���� �L�Z�d�`�_�� �w�l�b�f�� �f�h�`�g�h��
�h�[�t�y�k�g�b�l�v�� �b�� �^�_�]�j�Z�^�Z�p�b�x�� �i�_�j�\�b�q�g�h�c��
�]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�_�l�b�� �>�B�\�Z�g�h�\�Z���� �E�Z�j�b�h�g�h�\����
1996�@�����m�k�u�o�Z�g�b�_���e�_�k�h�\���\���i�j�b�\�h�^�h�j�Z�a�^�_�e�g�u�o���a�h�g�Z�o����
�G�h�� �\�� �w�l�h�l�� �`�_�� �i�_�j�b�h�^�� �_�k�l�v�� �i�j�b�f�_�j�u�� �i�h�^�l�h�i�e�_�g�b�y��
�l�_�j�j�b�l�h�j�b�c���>�J�Z�a�m�f�h�\�����J�Z�a�m�f�h�\�Z�����F�h�e�q�Z�g�h�\, 2015]. 
�I�h�^�l�Z�i�e�b�\�Z�_�f�u�_�� �l�_�j�j�b�l�h�j�b�b�� �j�Z�k�i�h�e�h�`�_�g�u�� �\��
�h�k�g�h�\�g�h�f�� �g�Z�� �i�j�b�[�j�_�`�g�u�o�� �m�q�Z�k�l�d�Z�o�� �k�j�_�^�g�b�o�� �b��
�[�h�e�v�r�b�o�� �j�_�d���� �A�^�_�k�v�� �j�h�k�l�� �j�Z�k�o�h�^�h�\�� �\�h�^�u����
�i�h�k�l�m�i�Z�x�s�_�c�� �k�� �\�_�j�o�g�b�o�� �a�\�_�g�v�_�\��
�]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�_�l�b���� �i�j�b�\�_�e�� �d�� �i�h�\�u�r�_�g�b�x��
�f�b�g�b�f�Z�e�v�g�u�o���m�j�h�\�g�_�c���\�h�^�u���\���j�_�d�Z�o�����^�h����-1,5 �f������
�q�l�h���k�d�Z�a�Z�e�h�k�v���g�Z���k�g�b�`�_�g�b�b���b�o���^�j�_�g�b�j�m�x�s�_�c���j�h�e�b��
[�F�Z�j�d�h�\���� �=�m�j�_�\�b�q���� ���������@���� �<�h�a�f�h�`�g�h���� �i�j�h�b�k�o�h�^�b�l��
�i�h�k�l�_�i�_�g�g�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �q�Z�k�l�b�� �\�h�^�g�u�o�� �j�_�k�m�j�k�h�\�� �k��
�i�j�b�\�h�^�h�j�Z�a�^�_�e�v�g�u�o�� �l�_�j�j�b�l�h�j�b�c�� �\�g�b�a�� �d�� �j�_�q�g�u�f��
�^�h�e�b�g�Z�f���d�j�m�i�g�u�o���j�_�d�����i�j�b���©�m�k�u�o�Z�g�b�b�ª���\�_�j�o�h�\�b�c����
�G�Z�� �\�h�^�h�k�[�h�j�Z�o�� �\�_�j�o�g�b�o�� �a�\�_�g�v�_�\��
�]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c���k�_�l�b���i�j�b�o�h�^�g�Z�y���q�Z�k�l�v���\�h�^�g�h�]�h��
�[�Z�e�Z�g�k�Z���i�h�^�a�_�f�g�u�o���\�h�^�h�g�h�k�g�u�o���]�h�j�b�a�h�g�l�h�\�����j�h�k�l��
�h�k�Z�^�d�h�\�� �b�� �b�g�n�b�e�v�l�j�Z�p�b�b�� �i�j�b�� �k�g�b�`�_�g�b�b��
�i�j�h�f�_�j�a�Z�g�b�y�� �i�h�q�\�h-�]�j�m�g�l�h�\���� �\�u�j�h�k�e�Z���� �g�h��
�j�Z�k�o�h�^�g�Z�y�� �q�Z�k�l�v�� �\�u�j�h�k�e�Z�� �[�h�e�v�r�_�� �a�Z�� �k�q�_�l��
�\�h�\�e�_�q�_�g�b�y�� �\�� �i�h�^�a�_�f�g�h�_�� �i�b�l�Z�g�b�_�� �j�_�d�� �k�j�Z�[�h�l�d�b��
�q�Z�k�l�b�� �_�f�d�h�k�l�g�u�o�� �a�Z�i�Z�k�h�\���� �K�l�Z�[�b�e�b�a�Z�p�b�y�� �f�_�`�^�m��
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�i�j�b�o�h�^�g�h�c�� �b�� �j�Z�k�o�h�^�g�h�c�� �q�Z�k�l�v�x�� �\�h�^�g�h�]�h�� �[�Z�e�Z�g�k�Z��
�f�h�`�_�l�� �g�Z�k�l�m�i�b�l�v�� �i�j�b�� �h�[�s�_�f�� �k�g�b�`�_�g�b�_��
�h�[�\�h�^�g�_�g�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�c���� �d�h�]�^�Z�� �m�j�h�\�g�b��
�i�h�^�a�_�f�g�u�o�� �\�h�^�� �a�h�g�u�� �b�g�l�_�g�k�b�\�g�h�]�h�� �\�h�^�h�h�[�f�_�g�Z��
�k�g�b�a�y�l�k�y�� �b���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �k�g�b�a�b�l�k�y��
�^�j�_�g�b�j�m�x�s�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �j�_�d���� �W�l�h�� �[�m�^�_�l��
�k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v�� �k�h�k�l�h�y�g�b�x�� �Z�^�Z�i�l�Z�p�b�b�� �\�h�^�g�h�c��
�k�b�k�l�_�f�u���j�_�q�g�u�o���[�Z�k�k�_�c�g�h�\���d���b�a�f�_�g�_�g�b�x���d�e�b�f�Z�l�Z��
�b���� �\�h�a�f�h�`�g�h���� �d�� �i�_�j�_�o�h�^�m�� �d�� �g�h�\�h�f�m��
�©�d�\�Z�a�b�k�l�Z�p�b�h�g�Z�j�g�h�f�m�ª�� �k�h�k�l�h�y�g�b�x�� �\��
�]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �j�_�`�b�f�_���� �>�h�� �g�Z�k�l�m�i�e�_�g�b�y��
�k�l�Z�[�b�e�b�a�Z�p�b�b�� �\�� �\�h�^�g�h�f�� �[�Z�e�Z�g�k�_�� �j�_�q�g�u�o��
�[�Z�k�k�_�c�g�h�\���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�� �j�Z�c�h�g�Z�o�� �k��
�i�j�_�d�j�Z�l�b�\�r�b�f�k�y�� �d�j�b�h�]�_�g�g�u�f�� �j�_�]�m�e�b�j�h�\�Z�g�b�_�f��
�n�h�j�f�b�j�h�\�Z�g�b�y���k�l�h�d�Z�����j�_�]�b�h�g�Z�e�v�g�Z�y���h�p�_�g�d�Z���?�J�I�<��
�i�h�� �l�j�Z�^�b�p�b�h�g�g�h�f�m�� �j�Z�k�q�e�_�g�_�g�b�x�� �]�b�^�j�h�]�j�Z�n�Z��
�f�h�`�_�l�� �[�u�l�v�� �g�_�d�h�j�j�_�d�l�g�Z�� �b�a-�a�Z�� �\�h�\�e�_�q�_�g�b�y�� �\��
�i�h�^�a�_�f�g�h�_�� �i�b�l�Z�g�b�_�� �j�_�d�� �_�f�d�h�k�l�g�u�o�� �a�Z�i�Z�k�h�\��
�i�h�^�a�_�f�g�u�o���\�h�^�� 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �i�j�b�� �\�u�i�h�e�g�_�g�g�h�c��
�h�p�_�g�d�_�� �d�j�b�h�]�_�g�g�h�]�h�� �j�_�]�m�e�b�j�h�\�Z�g�b�y�� �i�h�^�a�_�f�g�h�]�h��
�i�b�l�Z�g�b�y�� �j�_�d�� �i�h�� �^�Z�g�g�u�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o��
�g�Z�[�e�x�^�_�g�b�c�� �^�h�� ���������� �]���� �g�_�� �m�q�b�l�u�\�Z�_�l�k�y�� �f�h�s�g�u�c��
�n�Z�d�l�h�j-�i�j�h�b�k�o�h�^�y�s�_�_�� �\�� �i�h�k�e�_�^�g�b�_�� �^�_�k�y�l�b�e�_�l�b�y��
�m�\�_�e�b�q�_�g�b�_�� �k�e�h�y�� �k�_�a�h�g�g�h�]�h�� �h�l�l�Z�b�\�Z�g�b�y��
�f�g�h�]�h�e�_�l�g�b�o�� �f�_�j�a�e�u�o�� �]�j�m�g�l�h�\�� �>Biskaborn et al., 
2019; Shiklomanov et al., 2019�@���� �W�l�h�� �l�Z�d�`�_��
�i�j�b�\�h�^�b�l�� �d�� �m�e�m�q�r�_�g�b�x�� �^�j�_�g�b�j�h�\�Z�g�b�y��
�l�_�j�j�b�l�h�j�b�c���� �\�� �l�h�f�� �q�b�k�e�_�� �a�Z�� �k�q�_�l�� �m�e�m�q�r�_�g�b�y��
�]�b�^�j�Z�\�e�b�q�_�k�d�h�c�� �k�\�y�a�b�� �f�_�`�^�m�� �i�h�\�_�j�o�g�h�k�l�g�u�f�b�� �b��
�i�h�^�a�_�f�g�u�f�b���\�h�^�g�u�f�b���h�[�t�_�d�l�Z�f�b�����<�_�j�h�y�l�g�h�����w�l�h�l��
�n�Z�d�l�h�j�� �g�_�� �f�_�g�_�_�� �a�g�Z�q�b�f���� �Z�� �\�� �g�_�d�h�l�h�j�u�o�� �j�Z�c�h�g�Z�o��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �f�g�h�]�h�e�_�l�g�_�c�� �f�_�j�a�e�h�l�u�� �f�h�`�_�l��
�y�\�e�y�l�v�k�y���h�i�j�_�^�_�e�y�x�s�b�f���\���n�h�j�f�b�j�h�\�Z�g�b�b���\�h�^�g�h�]�h��
�j�_�`�b�f�Z�� �l�_�j�j�b�l�h�j�b�c�� �\�� �k�h�\�j�_�f�_�g�g�u�o��
�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o���� �I�h�� �w�l�h�c�� �i�j�b�q�b�g�_����
�f�h�`�g�h�� �m�l�\�_�j�`�^�Z�l�v���� �q�l�h�� �\�u�i�h�e�g�_�g�g�Z�y�� �h�p�_�g�d�Z��
�d�j�b�h�]�_�g�g�h�]�h���j�_�]�m�e�b�j�h�\�Z�g�b�y���j�_�q�g�h�]�h���k�l�h�d�Z���k�d�h�j�_�_��
�a�Z�g�b�`�_�g�Z�� �^�e�y�� �k�h�\�j�_�f�_�g�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o��
�m�k�e�h�\�b�c�����q�_�f���a�Z�\�u�r�_�g�Z���^�e�y���k�_�\�_�j�g�u�o���b���\�h�k�l�h�q�g�u�o��
�j�Z�c�h�g�h�\���J�h�k�k�b�b�� 

�<�u�\�h�^�u 

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

�n�Z�a�h�\�u�o���i�_�j�_�o�h�^�h�\���\�h�^�Z-�e�_�^-�\�h�^�Z���g�Z���\�h�^�h�k�[�h�j�Z�o����
�\�� �[�Z�k�k�_�c�g�Z�o�� �b�� �\�� �j�m�k�e�Z�o���� �B�o�� �k�h�\�h�d�m�i�g�h�_�� �\�e�b�y�g�b�_��
�h�p�_�g�_�g�h�� �\�� ������ �d�f3���]�h�^�� �b�� �\�u�j�Z�`�Z�_�l�k�y�� �\�� �^�\�m�o��
�i�j�h�p�_�k�k�Z�o�����\�h-�i�_�j�\�u�o�����\���i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_���q�Z�k�l�b��
�i�h�^�a�_�f�g�h�]�h�� �i�b�l�Z�g�b�_�� �j�_�d�� �k�� �o�h�e�h�^�g�h�]�h�� �i�_�j�b�h�^�Z�� �g�Z��
�l�_�i�e�u�c�����\�h-�\�l�h�j�u�o�����\���f�g�h�]�h�e�_�l�g�_�f���j�_�]�m�e�b�j�h�\�Z�g�b�b��
�_�f�d�h�k�l�g�u�o�� �a�Z�i�Z�k�h�\�� �i�h�^�a�_�f�g�u�o�� �\�h�^���� �I�h�e�m�q�_�g�g�m�x��
�h�p�_�g�d�m���f�h�`�g�h���k�q�b�l�Z�l�v���h�j�b�_�g�l�b�j�h�\�h�q�g�h�c�����l�Z�d���d�Z�d��
�h�g�Z�� �\�u�i�h�e�g�_�g�Z�� �i�h�� �d�h�k�\�_�g�g�u�f�� �i�j�h�y�\�e�_�g�b�y�f��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�j�h�p�_�k�k�h�\���\���j�_�`�b�f�_���k�l�h�d�Z���j�_�d���b��
�g�_�� �m�q�b�l�u�\�Z�_�l�� �\�e�b�y�g�b�_�� �g�Z�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �\�h�^�g�h�]�h��
�j�_�`�b�f�Z�� �i�j�h�b�k�o�h�^�y�s�_�]�h�� �m�\�_�e�b�q�_�g�b�y�� �k�e�h�y��
�k�_�a�h�g�g�h�]�h�� �h�l�l�Z�b�\�Z�g�b�y�� �f�g�h�]�h�e�_�l�g�b�o�� �f�_�j�a�e�u�o��
�i�h�j�h�^���� �;�h�e�_�_�� �h�[�h�k�g�h�\�Z�g�g�Z�y�� �h�p�_�g�d�Z�� �f�h�`�_�l�� �[�u�l�v��
�i�h�e�m�q�_�g�Z�� �l�h�e�v�d�h�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�h�c�� �j�_�`�b�f�g�h�c�� �b�g�n�h�j�f�Z�p�b�b����
�d�h�l�h�j�h�c�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �d�j�Z�c�g�_�� �f�Z�e�h����
�h�k�h�[�_�g�g�h�� �\�� �k�_�\�_�j�g�u�o�� �b�� �\�h�k�l�h�q�g�u�o�� �j�Z�c�h�g�Z�o��
�k�l�j�Z�g�u�� 

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

�B�a-�a�Z�� �[�h�e�v�r�h�c�� �a�g�Z�q�b�f�h�k�l�b�� �d�j�b�h�]�_�g�g�u�o��
�i�j�h�p�_�k�k�h�\�� �^�e�y�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h�� �j�_�`�b�f�Z�� �j�_�d��
�J�h�k�k�b�b�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �m�k�b�e�b�l�v��
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�^�e�y�� �\�u�y�\�e�_�g�b�y�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �Z�^�Z�i�l�Z�p�b�b��
�\�h�^�g�h�]�h�� �j�_�`�b�f�Z�� �l�_�j�j�b�l�h�j�b�c�� �d�� �b�a�f�_�g�_�g�b�y�f��
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�Z�^�Z�i�l�Z�p�b�h�g�g�u�_���f�_�j�h�i�j�b�y�l�b�y���\�h�^�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h��
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Sakhalin Island, Hokkaido and the Maritime 
provinces. On the bodies of old landslides secondary 
block asequent landslides of slow displacement and 
landslides of viscoplastic displacement with a 
volume of 5 000-30 000 m3 with a depth of rock 
capture up to 10 m develop. The formation of 
landslides and debris-flows of large volumes and 
mass formation of landslides and debris-flows occurs 
when heavy intense precipitation falls after the 
previous moistening of rocks caused by heavy 
prolonged rains. Daily precipitation can reach 89.0 
mm. In 1914, 4 people was killed in an avalanche in 
the village of Nagahama; in 1917, 1 person was 
killed in an avalanche in the village of Nishihama. In 
September 1957, a landslide destroyed the village of 
Bodriy. In October 2015, a tourist trail was destroyed 
by landslides. 
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 Keywords: avalanche; avalanche catchments; 
avalanche geosystem; coherent debris-flow; debris-
flow; debris-flow basin; debris flow process; debris-
flow geosystem; landslide; Moneron Island 
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�J�b�k�m�g�h�d���������H�k�l�j�h�\ �F�h�g�_�j�h�g�����=�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���k�l�Z�g�p�b�b���������± �©�G�_�\�_�e�v�k�d�ª���������± �©�F�u�k���D�j�b�e�v�h�g�ª 

Figure 1. Moneron Island. Hydrometeorological stations: 1 �± "Nevelsk", 2 �± "Cape Krillon" 

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

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

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

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

�<�� �e�b�l�_�j�Z�l�m�j�_ �h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�b �e�Z�\�b�g�� �b��
�k�_�e�_�c���g�Z���l�_�j�j�b�l�h�j�b�b���K�K�K�J���b���J�h�k�k�b�b�����k�\�_�^�_�g�b�c���h��
�e�Z�\�b�g�Z�o�� �b�� �k�_�e�y�o�� �g�Z�� �h�k�l�j�h�\�_ �F�h�g�_�j�h�g�� �g�_�l��
�>�N�e�_�c�r�f�Z�g���� ������������ �R�_�d�h���� ������������ �D�Z�j�l�Z��
�e�b�l�h�e�h�]�b�q�_�k�d�b�o���d�h�f�i�e�_�d�k�h�\�����������������D�Z�^�Z�k�l�j���k�_�e�_�c��
�K�K�K�J���� ������������ �D�Z�^�Z�k�l�j�� �e�Z�\�b�g�� �K�K�K�J����1988; �:�l�e�Z�k��
�k�g�_�`�g�h-�e�_�^�h�\�u�o���j�_�k�m�j�k�h�\ �f�b�j�Z�����������������=�_�h�]�j�Z�n�b�y��
�e�Z�\�b�g���� ������������ �D�Z�a�Z�d�h�\���� �@�b�j�m�_�\���� ��������; �D�Z�a�Z�d�h�\����
�@�b�j�m�_�\���� ������������ �I�_�j�h�\���� ������������ �D�Z�a�Z�d�h�\���� �@�b�j�m�_�\����
�>�j�_�\�b�e�h������������]. 

�B�k�d�e�x�q�_�g�b�_���k�h�k�l�Z�\�e�y�_�l���j�Z�[�h�l�Z���>Podolskiy et 
al���������������@�����\���d�h�l�h�j�h�c���m�i�h�f�b�g�Z�_�l�k�y���h���^�\�m�o���k�e�m�q�Z�y�o��
�]�b�[�_�e�b���e�x�^�_�c���\���e�Z�\�b�g�Z�o���g�Z���h�k�l�j�h�\�_���F�h�g�_�j�h�g�����[�_�a��
�m�d�Z�a�Z�g�b�y���f�_�k�l�Z���b���q�b�k�e�Z���i�h�]�b�[�r�b�o. 

�<�� �k�_�g�l�y�[�j�_�� ���������� �]�� �G���G���� �E�_�h�g�h�\�u�f�� �b��
�^�j�m�]�b�f�b �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �\�� �k�_�\�_�j�h-�\�h�k�l�h�q�g�h�c��
�q�Z�k�l�b�� �h�k�l�j�h�\�Z�� �i�h�k�e�_�� �a�_�f�e�_�l�j�y�k�_�g�b�y����
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�i�j�h�b�k�r�_�^�r�_�]�h�� ���������������������� �]������ �[�u�e�b�� �h�i�b�k�Z�g�u��
�k�_�c�k�f�h�]�_�g�g�u�_���h�i�h�e�a�g�b���>�S�_�l�g�b�d�h�\�������������@�����>�j�m�]�b�o��
�k�\�_�^�_�g�b�c�� �h�[�� �h�i�h�e�a�g�y�o�� �g�Z�� �h�k�l�j�h�\�_�� �g�_�l�� �b��
�h�i�h�e�a�g�_�\�u�_�� �i�j�h�p�_�k�k�u�� �h�k�l�j�h�\�Z �F�h�g�_�j�h�g�� �g�_��
�b�a�m�q�_�g�u�� 

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

�F�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y 

�<�� �h�k�g�h�\�m�� �g�Z�k�l�h�y�s�_�c�� �k�l�Z�l�v�b�� �i�h�e�h�`�_�g�u��
�j�_�a�m�e�v�l�Z�l�u�� �i�h�e�_�\�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �e�Z�\�b�g�g�u�o����
�k�_�e�_�\�u�o���b���h�i�h�e�a�g�_�\�u�o���i�j�h�p�_�k�k�h�\�����i�j�h�\�h�^�b�\�r�b�o�k�y��
�G���:���� �D�Z�a�Z�d�h�\�u�f�� �b�� �K���I���� �@�b�j�m�_�\�u�f�� �g�Z�� �h�k�l�j�h�\�_��
�F�h�g�_�j�h�g���\�������������]�h�^�m�� 

�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��
�e�Z�\�b�g�h�k�[�h�j�h�\�� �h�i�j�_�^�_�e�y�e�b�k�v�� �g�Z�� �h�k�g�h�\�_��
�f�Z�l�_�j�b�Z�e�h�\�� �i�h�e�_�\�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c����
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�Z�\�b�g�� �b�� �e�Z�\�b�g�g�h�]�h�� �j�_�`�b�f�Z�� �b��
�b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y�� �e�Z�\�b�g�g�u�o�� �i�j�h�p�_�k�k�h�\��
�h�i�j�_�^�_�e�y�e�b�k�v�� �g�Z�� �h�k�g�h�\�_�� �f�Z�l�_�j�b�Z�e�h�\�� �i�h�e�_�\�u�o��
�b�k�k�e�_�^�h�\�Z�g�b�c�� �b�� �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v�� �g�Z�� �h�k�g�h�\�_��
�f�Z�l�_�j�b�Z�e�h�\�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o��
�g�Z�[�e�x�^�_�g�b�c�� �g�Z�� �h�k�g�h�\�_�� �h�[�s�b�o�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c��
�w�\�h�e�x�p�b�b�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z�� �b�� �e�Z�\�b�g�g�u�o��
�]�_�h�k�b�k�l�_�f�� �>�D�Z�a�Z�d�h�\���� ���������� Kazakov et al., 2012; 
�D�Z�a�Z�d�h�\���� �@�b�j�m�_�\���� �>�j�_�\�b�e�h���� ���������@�� �k�� �m�q�z�l�h�f��
�f�Z�l�_�j�b�Z�e�h�\�� �f�g�h�]�h�e�_�l�g�b�o�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z��
�k�g�_�`�g�u�f�� �i�h�d�j�h�\�h�f�� �b�� �e�Z�\�b�g�g�u�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �g�Z��
�x�]�h-�a�Z�i�Z�^�g�h�f�� �i�h�[�_�j�_�`�v�_�� �h�k�l�j�h�\�Z�� �K�Z�o�Z�e�b�g: 
�e�Z�\�b�g�g�u�_�� �]�_�h�k�b�k�l�_�f�u�� �g�Z�� �w�l�h�f�� �m�q�Z�k�l�d�_�� �b�� �g�Z��
�h�k�l�j�h�\�_ �F�h�g�_�j�h�g���h�^�g�h�l�b�i�g�u�� 

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

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

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

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

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

�J�Z�k�q�z�l�� �i�Z�j�Z�f�_�l�j�h�\��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �n�Z�d�l�h�j�h�\�� �e�Z�\�b�g�g�u�o����
�k�_�e�_�\�u�o�� �b�� �h�i�h�e�a�g�_�\�u�o�� �i�j�h�p�_�k�k�h�\�� �\�u�i�h�e�g�y�e�k�y�� �g�Z��
�h�k�g�h�\�_�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�[�e�x�^�_�g�b�c��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� ���^�Z�e�_�_�� �± �=�F�K����
�©�F�h�g�_�j�h�g�ª�����©�G�_�\�_�e�v�k�d�ª���b���©�F�u�k���D�j�b�e�v�h�g�ª�� 

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

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

�=�_�h�e�h�]�b�q�_�k�d�b�_���n�Z�d�l�h�j�u 

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

�<�� �]�_�h�e�h�]�b�q�_�k�d�h�f�� �k�l�j�h�_�g�b�b�� �b�a�m�q�Z�_�f�h�]�h��
�j�Z�c�h�g�Z�� �i�j�b�g�b�f�Z�x�l�� �m�q�Z�k�l�b�_�� �\�m�e�d�Z�g�h�]�_�g�g�h-
�h�k�Z�^�h�q�g�u�_�� �]�h�j�g�u�_�� �i�h�j�h�^�u�� �i�Z�e�_�h�]�_�g�h�\�h�]�h����
�g�_�h�]�_�g�h�\�h�]�h�� �b�� �q�_�l�\�_�j�l�b�q�g�h�]�h�� �\�h�a�j�Z�k�l�h�\��
�>�K�b�f�Z�g�_�g�d�h���� �=�h�e�h�a�m�[�h�\���� �F�b�e�b�g�h�\�k�d�b�c, 2010; 
�=�_�h�e�h�]�b�y���K�K�K�J�����������������=�j�Z�g�g�b�d�������������@���� 

�I�Z�e�_�h�]�_�g�h�\�u�_�� �h�l�e�h�`�_�g�b�y���l�Z�l�Z�j�k�d�h�c��
�l�h�e�s�b�� ��P2-3tt) �k�e�Z�]�Z�x�l�� �p�h�d�h�e�v�� �k�h�\�j�_�f�_�g�g�h�c��
�i�h�k�l�j�h�c�d�b�� �h�k�l�j�h�\�Z�� �F�h�g�_�j�h�g���� �I�j�_�^�k�l�Z�\�e�_�g�u�� �h�g�b��
�^�b�Z�[�Z�a�Z�f�b���� �[�Z�a�Z�e�v�l�Z�f�b���� �l�m�n�n�b�l�Z�f�b����
�l�m�n�h�i�_�k�q�Z�g�b�d�Z�f�b�� �b�� �Z�e�_�\�j�h�e�b�l�Z�f�b���� �H�[�s�Z�y��
�f�h�s�g�h�k�l�v���l�h�e�s�b���k�h�k�l�Z�\�e�y�_�l�����������f���� 

�<�h�k�l�h�q�g�h�f�h�g�_�j�h�g�k�d�Z�y�� �l�h�e�s�Z�� ��N1vm) 
�g�b�`�g�_�]�h�� �f�b�h�p�_�g�Z�� �j�Z�a�\�b�l�Z�� �g�Z�� �\�h�k�l�h�q�g�h�f��
�i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z �F�h�g�_�j�h�g���h�l���[�m�o�l�u���X�`�g�Z�y���^�h��
�k�_�\�_�j�g�h�c�� �h�d�h�g�_�q�g�h�k�l�b�� �[�m�o�l�u�� �Q�m�i�j�h�\�Z����
�I�j�_�^�k�l�Z�\�e�_�g�Z�� �q�_�j�_�^�h�\�Z�g�b�_�f�� �Z�e�_�\�j�h�e�b�l�h�\����
�i�_�k�q�Z�g�b�d�h�\���� �l�m�n�n�b�l�h�\���� �l�m�n�h�\���� �Z�j�]�b�e�e�b�l�h�\���� �j�_�^�d�h��
�^�b�Z�l�h�f�b�l�h�\���� �I�_�k�q�Z�g�b�d�b�� �b�� �Z�e�_�\�j�h�e�b�l�u��
�\�m�e�d�Z�g�h�f�b�d�l�h�\�u�_���� �<�� �Z�j�]�b�e�e�b�l�Z�o�� �]�e�b�g�b�k�l�Z�y��
�n�j�Z�d�p�b�y�� �k�h�k�l�Z�\�e�y�_�l�� ��5-�������� �f�Z�k�k�u�� �i�h�j�h�^�u����
�H�[�s�Z�y���f�h�s�g�h�k�l�v���l�h�e�s�b���g�_���i�j�_�\�u�r�Z�_�l�����������f���� 

�<�_�j�o�g�x�x�� �q�Z�k�l�v�� �k�h�\�j�_�f�_�g�g�h�c�� �i�h�k�l�j�h�c�d�b��
�h�k�l�j�h�\�Z�� �F�h�g�_�j�h�g�� �k�e�Z�]�Z�_�l���F�h�g�_�j�h�g�k�d�Z�y�� �l�h�e�s�Z��
(N1-2mn)���� �d�h�l�h�j�Z�y�� �\�d�e�x�q�Z�_�l�� �\�m�e�d�Z�g�h�]�_�g�g�u�_��
�h�[�j�Z�a�h�\�Z�g�b�y���� �e�Z�\�u���� �e�Z�\�h�[�j�_�d�q�b�b���� �]�b�Z�e�h�d�e�Z�k�l�b�l�u����
�l�m�n�u�� �[�Z�a�Z�e�v�l�h�\�� �b�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\���� �i�j�h�k�e�h�b��
�l�m�n�h�i�_�k�q�Z�g�b�d�h�\���� �l�m�n�h�]�j�Z�\�_�e�b�l�h�\�� �b��
�\�m�e�d�Z�g�h�f�b�d�l�h�\�u�o�� �Z�e�_�\�j�h�e�b�l�h�\���� �<�h�a�j�Z�k�l�� �l�h�e�s�b��
�i�j�b�g�y�l�� �i�h�a�^�g�_�f�b�h�p�_�g�h�\�u�f�� �± �i�e�b�h�p�_�g�h�\�u�f�� 
�F�h�s�g�h�k�l�v���l�h�e�s�b���± �[�h�e�_�_�����������f�� 

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

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

�<�������������]�����Z�\�l�h�j�h�f �[�u�e�b���h�l�h�[�j�Z�g�u���i�j�h�[�u���^�e�y��
�h�i�j�_�^�_�e�_�g�b�y�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��
�Z�j�]�b�e�e�b�l�h�\�� �g�Z�� �m�q�Z�k�l�d�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �h�i�h�e�a�g�_�c-
�h�i�e�u�\�b�g���g�Z���\�h�k�l�h�q�g�h�f���i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z�����H�i�u�l��
�g�Z�� �j�Z�a�f�h�d�Z�g�b�_�� �i�h�d�Z�a�Z�e���� �q�l�h�� �[�e�h�d�b�� �Z�j�]�b�e�e�b�l�h�\�� �\��
�i�_�j�\�u�_��2-6 �q�Z�k�h�\�� �j�Z�k�i�Z�e�b�k�v�� �i�h�� �l�j�_�s�b�g�Z�f����
�a�Z�e�_�q�_�g�g�u�f�� �`�_�e�_�a�b�k�l�u�f�� �p�_�f�_�g�l�h�f�� �g�Z�� �[�h�e�_�_��
�f�_�e�d�b�_�� �Z�]�j�_�]�Z�l�u���� �k�h�o�j�Z�g�b�\�r�b�_�� �p�_�e�h�k�l�g�h�k�l�v�� �\��
�i�h�k�e�_�^�m�x�s�b�_�� ������ �k�m�l�h�d���� �I�e�h�l�g�h�k�l�v�� �Z�j�]�b�e�e�b�l�h�\�� �\��
�_�k�l�_�k�l�\�_�g�g�h�f�� �k�e�h�`�_�g�b�b�� �± 2,20-���������� �]���k�f3���� �G�Z�� 
75-���������i�h�j�h�^�Z���k�h�k�l�h�b�l���b�a���]�e�b�g�b�k�l�u�o���q�Z�k�l�b�p�� 

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

�K�_�c�k�f�b�q�g�h�k�l�v. �K�_�c�k�f�b�q�g�h�k�l�v�� �h�k�l�j�h�\�Z��
�F�h�g�_�j�h�g�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �H�K�J �������� �i�h�� �d�Z�j�l�_�� �:��
�k�h�k�l�Z�\�e�y�_�l�� ���� �[�Z�e�e�h�\�� �i�h�� �r�d�Z�e�_��MSK�������� �i�h�� �d�Z�j�l�_��
�< �± ���� �[�Z�e�e�h�\���� �b�� �K�� �± ������ �[�Z�e�e�h�\�� �^�e�y�� �]�j�m�g�l�h�\��
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II  �d�Z�l�_�]�h�j�b�b�� �i�h�� �k�_�c�k�f�b�q�_�k�d�b�f�� �k�\�h�c�k�l�\�Z�f1 ���� �I�j�b��
�k�b�e�v�g�u�o�� �a�_�f�e�_�l�j�y�k�_�g�b�y�o�� �i�h�k�e�_�� �i�_�j�b�h�^�h�\��
�^�e�b�l�_�e�v�g�h�]�h�� �m�\�e�Z�`�g�_�g�b�y�� �]�h�j�g�u�o�� �i�h�j�h�^�� �b�e�b�� �\�h��
�\�j�_�f�y�� �b�� �i�h�k�e�_�� �k�b�e�v�g�u�o�� �^�h�`�^�_�c�� �f�h�]�m�l��
�n�h�j�f�b�j�h�\�Z�l�v�k�y�� �[�e�h�d�h�\�u�_�� �h�i�h�e�a�g�b�� �[�h�e�v�r�b�o��
�h�[�t�z�f�h�\���� �h�i�h�e�a�g�b-�h�i�e�u�\�b�g�u���� �Z�� �l�Z�d�`�_�� �k�g�_�`�g�u�_��
�e�Z�\�b�g�u�� 

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

�=�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�_���n�Z�d�l�h�j�u 

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

�G�Z���h�k�l�j�h�\�_ �F�h�g�_�j�h�g���j�Z�a�\�b�l���^�_�g�m�^�Z�p�b�h�g�g�h-
�w�j�h�a�b�h�g�g�u�c�� �b�� �^�_�g�m�^�Z�p�b�h�g�g�h-�Z�[�j�Z�a�b�h�g�g�u�c��
�j�_�e�v�_�n���� �k�n�h�j�f�b�j�h�\�Z�g�g�u�c�� �g�Z�� �\�m�e�d�Z�g�h�]�_�g�g�h-
�h�k�Z�^�h�q�g�u�o�� �h�[�j�Z�a�h�\�Z�g�b�y�o���� �I�h�\�_�j�o�g�h�k�l�v��
�l�_�j�j�Z�k�b�j�h�\�Z�g�Z���� �n�j�Z�]�f�_�g�l�Z�j�g�h�� �\�u�^�_�e�y�x�l�k�y�� �l�j�b��
�m�j�h�\�g�y�� �f�h�j�k�d�b�o�� �l�_�j�j�Z�k�� �\�u�k�h�l�h�c�� ����-25, 45-������ �b�� 
80-���������f�� 

�H�l�g�h�k�b�l�_�e�v�g�u�_���i�j�_�\�u�r�_�g�b�y���k�h�k�l�Z�\�e�y�x�l���h�l��
15-������ �^�h�� ����-�������� �b�� �[�h�e�_�_�� �f�_�l�j�h�\���� �G�Z�b�\�u�k�r�Z�y��
�h�l�f�_�l�d�Z�� �h�k�l�j�h�\�Z �F�h�g�_�j�h�g�� �± �]�h�j�Z �K�l�Z�j�b�p�d�h�]�h��
(439 �f���� 

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

�>�h�e�b�g�u�� �j�_�d�� �b�� �j�m�q�v�_�\�� �b�f�_�x�l�� �9-�h�[�j�Z�a�g�u�c��
�i�j�h�n�b�e�v���� 

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

                                                 
1�K�I���������������������������������:�d�l�m�Z�e�b�a�b�j�h�\�Z�g�g�Z�y���j�_�^�Z�d�p�b�y���K�G�b�I���,�,-7-�����
�����K�l�j�h�b�l�_�e�v�k�l�\�h���\���k�_�c�k�f�b�q�_�k�d�b�o���j�Z�c�h�g�Z�o�����F���������������� 

�=�_�h�[�h�l�Z�g�b�q�_�k�d�b�_���n�Z�d�l�h�j�u 

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

�J�Z�k�l�b�l�_�e�v�g�u�c�� �i�h�d�j�h�\�� �g�Z�� �h�k�l�j�h�\�_�� �k�b�e�v�g�h��
�b�a�f�_�g�z�g�� �f�g�h�]�h�e�_�l�g�b�f�b�� �Z�g�l�j�h�i�h�]�_�g�g�u�f�b��
�\�h�a�^�_�c�k�l�\�b�y�f�b���� �d�h�l�h�j�u�_���i�j �b�\�_�e�b�� �g�_�� �l�h�e�v�d�h�� �d��
�m�g�b�q�l�h�`�_�g�b�x�� �b�e�b�� �k�h�d�j�Z�s�_�g�b�x�� �i�e�h�s�Z�^�_�c��
�h�l�^�_�e�v�g�u�o�� �j�Z�k�l�b�l�_�e�v�g�u�o�� �n�h�j�f�Z�p�b�c�� �h�k�l�j�h�\�Z���� �g�h��
�l�Z�d�`�_�� �d�� �n�j�Z�]�f�_�g�l�Z�p�b�b�� �b�� �f�h�a�Z�b�q�g�h�k�l�b��
�j�Z�k�l�b�l�_�e�v�g�h�]�h�� �i�h�d�j�h�\�Z�� �\�� �p�_�e�h�f���� �I�j�_�h�[�e�Z�^�Z�x�l��
�e�m�]�Z�� �b�� �a�Z�j�h�k�e�b�� �d�m�j�b�e�v�k�d�h�]�h�� �[�Z�f�[�m�d�Z���� �K�l�j�m�d�l�m�j�Z��
�j�Z�k�l�b�l�_�e�v�g�h�]�h�� �i�h�d�j�h�\�Z���� �a�Z�j�h�k�e�b�� �d�m�j�b�e�v�k�d�h�]�h��
�[�Z�f�[�m�d�Z�� �± 30-���������� �e�m�]�Z�� �± 40-42������ �e�_�k�Z�� �± �h�d�h�e�h��
�������� �i�e�h�s�Z�^�b�� �h�k�l�j�h�\�Z���� �h�k�l�Z�e�v�g�Z�y�� �q�Z�k�l�v�� �± 
�k�d�Z�e�v�g�u�_�� �m�q�Z�k�l�d�b�� �b�� �n�j�Z�]�f�_�g�l�u�� �^�j�m�]�b�o��
�j�Z�k�l�b�l�_�e�v�g�u�o���d�h�f�i�e�_�d�k�h�\���>�K�Z�[�b�j�h�\���b���^�j������������0].  

�K�h�\�j�_�f�_�g�g�u�c�� �e�_�k�g�h�c�� �i�h�d�j�h�\�� �k�h�k�l�h�b�l�� �b�a��
�\�l�h�j�b�q�g�u�o�� �j�Z�k�l�b�l�_�e�v�g�u�o�� �k�h�h�[�s�_�k�l�\���� �k�j�_�^�b��
�d�h�l�h�j�u�o�� �i�j�_�h�[�e�Z�^�Z�x�l�� �d�Z�f�_�g�g�h�[�_�j�_�a�g�y�d�b�� ���[�_�j�z�a�Z��
�W�j�f�Z�g�Z������ �A�^�_�k�v�� �l�Z�d�� �`�_�� �\�k�l�j�_�q�Z�x�l�k�y��
�e�b�k�l�\�_�g�g�b�q�g�b�d�b���� �h�e�v�r�Z�g�g�b�d�b���� �l�_�f�g�h�o�\�h�c�g�u�_�� �b��
�r�b�j�h�d�h�e�b�k�l�\�_�g�g�u�_�� �e�_�k�Z���� �E�_�k�h�h�[�j�Z�a�m�x�s�b�f�b��
�i�h�j�h�^�Z�f�b�� �\�� �g�b�o�� �\�u�k�l�m�i�Z�x�l�� �[�_�j�z�a�Z�� �W�j�f�Z�g�Z����
�e�b�k�l�\�_�g�g�b�p�Z�� �D�Z�y�g�^�_�j�Z���� �_�e�v�� �Z�y�g�k�d�Z�y���� �i�b�o�l�Z��
�k�Z�o�Z�e�b�g�k�d�Z�y���� �h�e�v�o�h�\�g�b�d�� �F�Z�d�k�b�f�h�\�b�q�Z���� �[�Z�j�o�Z�l��
�k�Z�o�Z�e�b�g�k�d�b�c�� �b�� �^�j���� �>�K�Z�[�b�j�h�\�� �b�� �^�j������ ������0]. 
�?�^�b�g�k�l�\�_�g�g�u�f���� �k�h�o�j�Z�g�b�\�r�b�f�k�y�� �h�l�� �j�m�[�h�d�� �b��
�i�h�`�Z�j�h�\�� �n�j�Z�]�f�_�g�l�h�f�� �a�j�_�e�h�]�h�� �o�\�h�c�g�h�]�h�� �e�_�k�Z��
�y�\�e�y�_�l�k�y�� �g�_�[�h�e�v�r�h�c�� �_�]�h�� �m�q�Z�k�l�h�d�� �\�h�a�e�_�� �[�u�\�r�_�]�h��
�i�h�k�z�e�d�Z �D�j�Z�k�g�u�c �\�� �j�Z�c�h�g�_�� �[�m�o�l�u�� �Q�m�i�j�h�\�Z�� ���_�e�v��
�Z�y�g�k�d�Z�y���� �m�q�Z�k�l�\�m�x�l �d�Z�f�_�g�g�Z�y�� �[�_�j�z�a�Z���� �\�b�r�g�y��
�k�Z�o�Z�e�b�g�k�d�Z�y���� �h�e�v�o�h�\�g�b�d�� �F�Z�d�k�b�f�h�\�b�q�Z���� �d�e�z�g��
�F�Z�c�j�Z).  

�<�_�j�o�g�y�y�� �a�h�g�Z�� �k�d�e�h�g�h�\�� ���a�h�g�u�� �a�Z�j�h�`�^�_�g�b�y��
�e�Z�\�b�g���� �h�l�j�u�\�Z�� �h�i�h�e�a�g�_�c�� �b�� �h�q�Z�]�h�\�� �l�\�z�j�^�h�]�h��
�i�b�l�Z�g�b�y�� �k�_�e�_�c���� �e�b�[�h�� �a�Z�g�y�l�Z�� �j�_�^�d�h�e�_�k�v�_�f��
�d�Z�f�_�g�g�h�c�� �[�_�j�z�a�u�� �k�� �f�h�`�`�_�\�_�e�v�g�b�d�h�f�� �\�� �i�h�^�e�_�k�d�_��
���j�b�k�m�g�h�d ������ �e�b�[�h�� �e�b�r�_�g�Z�� �^�j�_�\�_�k�g�h�c�� �b��
�d�m�k�l�Z�j�g�b�d�h�\�h�c�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�b�� �b�� �i�j�_�^�k�l�Z�\�e�_�g�Z��
�l�j�Z�\�y�g�b�k�l�h�c���j�Z�k�l�b�l�_�e�v�g�h�k�l�v�x�� 
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�J�b�k�m�g�h�d���������J�Z�k�l�b�l�_�e�v�g�h�k�l�v���\ �a�h�g�Z�o �a�Z�j�h�`�^�_�g�b�y���e�Z�\�b�g�����[�m�o�l�Z���Q�m�i�j�h�\�Z�������N�h�l�h �G.�: . �D�Z�a�Z�d�h�\�Z 
Figure 2. Vegetation in the area of avalanche origin (Chuprov Bay). Photo by Nikolay A. Kazakov 

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

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

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

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

�=�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���n�Z�d�l�h�j�u 

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

�H�p�_�g�d�Z�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �n�Z�d�l�h�j�h�\��
�e�Z�\�b�g�g�u�o���� �k�_�e�_�\�u�o�� �b�� �h�i�h�e�a�g�_�\�u�o�� �i�j�h�p�_�k�k�h�\��
�\�u�i�h�e�g�y�e�Z�k�v �g�Z�� �h�k�g�h�\�_�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�[�e�x�^�_�g�b�c��
�g�Z�� �=�F�K �©�F�h�g�_�j�h�g�ª�� ���l�Z�[�e�b�p�Z �������� �j�Z�k�i�h�e�h�`�_�g�g�h�c��
�g�Z���Z�[�k�h�e�x�l�g�h�c �h�l�f�_�l�d�_���������������f���b���^�_�c�k�l�\�m�x�s�_�c���k��
�����������]�������Z���l�Z�d�`�_���j�Z�k�i�h�e�h�`�_�g�g�u�_���g�Z���x�]�h-�a�Z�i�Z�^�g�h�f��
�i�h�[�_�j�_�`�v�_�� �h�k�l�j�h�\�Z�� �K�Z�o�Z�e�b�g �=�F�K�� �©�G�_�\�_�e�v�k�d�ª��
���Z�[�k�h�e�x�l�g�Z�y �h�l�f�_�l�d�Z���������������f�����k�������������]�h�^�Z���± �������f�� 
�^�_�c�k�l�\�m�_�l���k�������������]�������j�Z�k�i�h�e�h�`�_�g�Z���\���������d�f���d���k�_�\�_�j�h-
�\�h�k�l�h�d�m�� �h�l�� �h�k�l�j�h�\�Z �F�h�g�_�j�h�g���� �j�b�k�m�g�h�d ������ �b�� �=�F�K��
�©�F�u�k�� �D�j�b�e�v�h�g�ª�� ���Z�[�k�h�e�x�l�g�Z�y �h�l�f�_�l�d�Z�� ���������� �f����
�^�_�c�k�l�\�m�_�l�� �k�� ���������� �]������ �j�Z�k�i�h�e�h�`�_�g�Z�� �\�� ������ �d�f�� �d�� �x�]�h-
�\�h�k�l�h�d�m�� �h�l�� �h�k�l�j�h�\�Z �F�h�g�_�j�h�g���� �j�b�k�m�g�h�d 1) [�:�l�e�Z�k��
�K�Z�o�Z�e�b�g�k�d�h�c�� �h�[�e�Z�k�l�b���� ������������ �A�_�f�p�h�\�Z���� ������������
�K�i�j�Z�\�h�q�g�b�d�� �i�h�� �d�e�b�f�Z�l�m�� �K�K�K�J���� ������������ �G�Z�m�q�g�h-
�i�j�b�d�e�Z�^�g�h�c���k�i�j�Z�\�h�q�g�b�d���i�h���d�e�b�f�Z�l�m���K�K�K�J������������]. 

.
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�L�Z�[�e�b�p�Z���������F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z���=�F�K �©�F�h�g�_�j�h�g�ª 
Table 1. Meteorological characteristics according to the Moneron hydrometeorological station 
�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�Z�y��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

Meteorological 
characteristic 

�F�_�k�y�p 

Month �=�h�^ 

Year 
I II  III  IV  V VI  VII VIII IX  X XI  XII 

�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z����
�ƒ�K 

Monthly air 
temperature�����ƒC 

-7,6 -6,7 -3,2 2,5 5,7 9,7 14,5 17,6 15,1 9,1 1,1 -4,8 4,4 

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

Amount of 
precipitation, mm 

161,0 108,0 72,0 60,0 68,0 82,0 93,0 112,0 139,0 101,0 81,0 110,0 1188,0 

�F�Z�d�k�b�f�Z�e�v�g�Z�y��
�k�m�l�h�q�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\�����f�f 

Maximum daily 
precipitation, mm 

59,2 59,8 54,7 33,0 39,1 58,0 93,0 160,8 103,9 54,0 51,2 51,9 
160,8 
(1955) 

�F�Z�d�k�b�f�Z�e�v�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\���a�Z���������q�Z�k�h�\����
�f�f  

Maximum precipitation 
for 12 hours, mm 

37,2 46,5 35,0 33,0 33,8 43,0 52,6 86,8 70,0 52,8 23,0 42,0 86,2 

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

Average monthly and 
maximum snow cover 
thickness at the 
weather site, cm 

35 41 24 - - - - - - - 8 22 
116 

(1957) 

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

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

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

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

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

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

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

�G�Z�i�j�Z�\�e�_�g�b�_���b���k�d�h�j�h�k�l�v���\�_�l�j�Z 

�A�b�f�h�c�� �g�Z�� �h�k�l�j�h�\�_ �F�h�g�_�j�h�g�� �i�j�_�h�[�e�Z�^�Z�x�l��
�\�_�l�j�u���k�_�\�_�j�g�u�o���j�m�f�[�h�\�����k�h���k�j�_�^�g�b�f�b���k�d�h�j�h�k�l�y�f�b��
6-10 �f���k���� �E�_�l�h�f�� �]�h�k�i�h�^�k�l�\�m�x�l�� �\�_�l�j�u�� �x�`�g�u�o�� �b��
�x�]�h-�\�h�k�l�h�q�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�c���� �Z�� �b�o�� �k�d�h�j�h�k�l�b��
�m�f�_�g�v�r�Z�x�l�k�y�� �^�h�� ��-���� �f���k���� �<�h�� �\�j�_�f�y�� �i�j�h�o�h�`�^�_�g�b�y��
�l�Z�c�n�m�g�h�\�� �b�� �a�b�f�g�b�o�� �p�b�d�e�h�g�h�\�� �k�d�h�j�h�k�l�v�� �\�_�l�j�Z��
�f�h�`�_�l���^�h�k�l�b�]�Z�l�v���������b���[�h�e�_�_���f���k. 

�H�k�Z�^�d�b 

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

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

�i�h�k�d�h�e�v�d�m�� �\�� �k�j�_�^�g�_�f�� �a�Z�� �]�h�^�� �\�u�i�Z�^�Z�_�l�� �i�h�q�l�b��
1200 �f�f�� �h�k�Z�^�d�h�\�� �i�j�b�� �b�o�� �\�u�k�h�d�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
���l�Z�[�e�b�p�Z �������� �;�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\��
�\�u�i�Z�^�Z�_�l���k���Z�\�]�m�k�l�Z���i�h���n�_�\�j�Z�e�v�����f�_�g�v�r�_�_���± �\�_�k�g�h�c��
�b���\���g�Z�q�Z�e�_���e�_�l�Z�� 

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

�K�j�_�^�g�_�f�g�h�]�h�e�_�l�g�_�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �a�Z��
�l�z�i�e�u�c�� �i�_�j�b�h�^�� �]�h�^�Z�� ���Z�i�j�_�e�v-�h�d�l�y�[�j�v���� �k�h�k�l�Z�\�e�y�_�l��
656 �f�f���� �K�Z�f�u�c�� �^�h�`�^�e�b�\�u�c�� �f�_�k�y�p�� �± �k�_�g�l�y�[�j�v��
(�d�h�e�b�q�_�k�l�\�h �h�k�Z�^�d�h�\�� �± �������� �f�f������ �<�� �i�_�j�b�h�^��
�i�j�h�o�h�`�^�_�g�b�y�� �p�b�d�e�h�g�h�\�� �b�� �l�Z�c�n�m�g�h�\�� �\�� �Z�\�]�m�k�l�_-
�k�_�g�l�y�[�j�_�� �a�Z�� �g�_�k�d�h�e�v�d�h�� �k�m�l�h�d�� �f�h�`�_�l�� �\�u�i�Z�k�l�v��
�[�h�e�v�r�_�� �f�_�k�y�q�g�h�c�� �g�h�j�f�u�� �h�k�Z�^�d�h�\���� �L�Z�d���� �\�� �Z�\�]�m�k�l�_��
���������� �]���� �k�m�l�h�q�g�Z�y�� �k�m�f�f�Z�� �h�k�Z�^�d�h�\�� �g�Z�� �=�F�K��
�©�F�h�g�_�j�h�g�ª�� �k�h�k�l�Z�\�b�e�Z ������������ �f�f�� �i�j�b��
�k�j�_�^�g�_�f�g�h�]�h�e�_�l�g�_�c�� �k�m�f�f�_�� �h�k�Z�^�d�h�\�� �a�Z�� �^�Z�g�g�u�c��
�f�_�k�y�p�����������f�f�����l�Z�[�e�b�p�Z 1).  

�K�g�_�`�g�u�c���i�h�d�j�h�\ 

�M�k�l�h�c�q�b�\�u�c�� �k�g�_�`�g�u�c�� �i�h�d�j�h�\�� �g�Z�� �h�k�l�j�h�\�_ 
�F�h�g�_�j�h�g �h�[�j�Z�a�m�_�l�k�y�� �\�� �g�Z�q�Z�e�_�� �^�_�d�Z�[�j�y���� �_�]�h��
�j�Z�a�j�m�r�_�g�b�_�� �i�j�h�b�k�o�h�^�b�l�� �\�� �g�Z�q�Z�e�_�� �Z�i�j�_�e�y����
�L�h�e�s�b�g�Z�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z�� ���l�Z�[�e�b�p�Z ������ �k�b�e�v�g�h��
�\�Z�j�v�b�j�m�_�l�k�y���� �g�Z�� �h�l�d�j�u�l�u�o�� �m�q�Z�k�l�d�Z�o�� �\�^�h�e�v��
�[�_�j�_�]�h�\�h�c�� �i�h�e�h�k�u�� �d�Z�d�� �i�j�Z�\�b�e�h �k�h�k�l�Z�\�e�y�_�l�� 
35-40 �k�f���� �Z�� �g�Z�� �i�h�^�\�_�l�j�_�g�g�u�o�� �m�q�Z�k�l�d�Z�o�� �f�h�`�_�l��
�^�h�k�l�b�]�Z�l�v������-���������k�f���� 

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

�G�Z�b�[�h�e�v�r�Z�y�� �l�h�e�s�b�g�Z�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z����
�g�Z�[�e�x�^�Z�\�r�Z�y�k�y�� �g�Z�� �f�_�l�_�h�k�l�Z�g�p�b�b�� �©�F�h�g�_�j�h�g�ª��
�k�h�k�l�Z�\�e�y�_�l�� �������� �k�f�� ���l�Z�[�e�b�p�Z �������� �Q�b�k�e�h�� �^�g�_�c�� �k��
�m�k�l�h�c�q�b�\�u�f���k�g�_�`�g�u�f���i�h�d�j�h�\�h�f���± 140. 

�K�l�j�h�_�g�b�_�� �k�g�_�`�g�h�c�� �l�h�e�s�b�� �g�Z�� �h�k�l�j�h�\�_��
�g�b�d�h�]�^�Z�� �b�� �g�b�d�_�f�� �g�_�� �b�a�m�q�Z�e�h�k�v���� �h�^�g�Z�d�h�� �h�[�s�b�_��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �w�\�h�e�x�p�b�b�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z��
�>�D�h�e�h�f�u�p, ������������ �D�Z�a�Z�d�h�\���� �=�_�g�k�b�h�j�h�\�k�d�b�c����
�@�b�j�m�_�\, 2018] �i�h�a�\�h�e�y�x�l�� �h�[�h�k�g�h�\�Z�g�g�h��
�m�l�\�_�j�`�^�Z�l�v���� �q�l�h���e�b�l�h�e�h�]�h-�k�l�j�Z�l�b�]�j�Z�n�b�q�_�k�d�b�_��
�d�h�f�i�e�_�d�k�u�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z��[Kazakov et 
al., 2012; �D�Z�a�Z�d�h�\�����=�_�g�k�b�h�j�h�\�k�d�b�c�����@�b�j�m�_�\, 2018; 
�D�Z�a�Z�d�h�\���� �@�b�j�m�_�\���� �>�j�_�\�b�e�h, 2019�@�� �g�Z�� �h�k�l�j�h�\�_ 
�F�h�g�_�j�h�g �h�^�g�h�l�b�i�g�u�� �k�� �Z�g�Z�e�h�]�b�q�g�u�f�b��
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�d�h�f�i�e�_�d�k�Z�f�b �g�Z���x�]�h-�a�Z�i�Z�^�g�h�f���i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z 
�K�Z�o�Z�e�b�g�����j�Z�c�h�g�u���� �h�^�g�h�l�b�i�g�u�_���i�h���k�\�h�b�f���n�b�a�b�d�h-
�]�_�h�]�j�Z�n�b�q�_�k�d�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f������ �D�Z�d��
�m�k�l�Z�g�h�\�e�_�g�h���� �\�� �h�^�g�h�l�b�i�g�u�o�� �e�Z�g�^�r�Z�n�l�Z�o���� �^�Z�`�_��
�j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�� �j�Z�a�g�u�o�� �j�Z�c�h�g�Z�o���� �n�h�j�f�b�j�m�_�l�k�y��
�h�^�g�h�l�b�i�g�Z�y�� �i�h�� �k�\�h�_�f�m�� �k�l�j�h�_�g�b�x�� �b�� �n�b�a�b�q�_�k�d�b�f��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f �k�g�_�`�g�Z�y���l�h�e�s�Z���>�D�h�e�h�f�u�p����������������
Kazakov et al������ ������������ �D�h�e�h�f�u�p�� ������������ �D�Z�a�Z�d�h�\, 
�=�_�g�k�b�h�j�h�\�k�d�b�c���� �@�b�j�m�_�\���� ������������ �D�Z�a�Z�d�h�\���� �@�b�j�m�_�\����
�>�j�_�\�b�e�h, 2019]. 

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

�K�Z�o�Z�e�b�g�� ���\�� �G�_�\�_�e�v�k�d�h�f�� �j�Z�c�h�g�_�� �K�Z�o�Z�e�b�g�k�d�h�c 
�h�[�e�Z�k�l�b���� �j�b�k�m�g�h�d 3) �± �\�� ������ �d�f�� �h�l�� �\�h�k�l�h�q�g�h�]�h��
�i�h�[�_�j�_�`�v�y���h�k�l�j�h�\�Z �F�h�g�_�j�h�g�� 

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

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

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

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

�[�_�j�_�]�h�\�h�]�h���m�k�l�m�i�Z�����X�]�h-�a�Z�i�Z�^�g�u�c �[�_�j�_�] �h�k�l�j�h�\�Z �K�Z�o�Z�e�b�g 
Figure 3. Pits of snow thickness in the avalanche starting zone on the slope of a coastal ledge. South-West 

coast of the Sakhalin Island 
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�J�b�k�m�g�h�d���������E�Z�\�b�g�h�k�[�h�j�u���b���e�Z�\�b�g�h�h�i�Z�k�g�u�_���k�d�e�h�g�u���g�Z���[�_�j�_�]�h�\�u�o���m�k�l�m�i�Z�o���h�k�l�j�h�\�Z �F�h�g�_�j�h�g�����=�j�Z�g�b�p�u��

�e�Z�\�b�g�h�h�i�Z�k�g�u�o���m�q�Z�k�l�d�h�\���b���g�Z�i�j�Z�\�e�_�g�b�_ �^�\�b�`�_�g�b�y���e�Z�\�b�g�����N�h�l�h���k���k�Z�c�l�Z���V�D�N�K���F�R�P 
Figure 4. Avalanche catchments and avalanche slopes on the beach ledges of Moneron Island. Boundaries of 

avalanche hazard areas and the direction of avalanche movement. Photos from the site sakh.com 

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

�E�Z�\�b�g�g�u�_���i�j�h�p�_�k�k�u 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�e�_�\�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��
�e�Z�\�b�g�h�h�[�j�Z�a�m�x�s�_�]�h���j�_�e�v�_�n�Z���b���Z�g�Z�e�b�a�Z���Z�j�o�b�\�g�u�o��
�k�\�_�^�_�g�b�c�� �b�� �^�Z�g�g�u�o�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o��
�g�Z�[�e�x�^�_�g�b�c�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �e�Z�\�b�g�h�h�i�Z�k�g�h��
�[�h�e�_�_�� �������� �l�_�j�j�b�l�h�j�b�b�� �h�k�l�j�h�\�Z �F�h�g�_�j�h�g���� �G�Z��
�l�_�j�j�b�l�h�j�b�b���h�k�l�j�h�\�Z���\�u�^�_�e�_�g�u���e�Z�\�b�g�h�k�[�h�j�u���\�k�_�o��
�f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �l�b�i�h�\���� �e�h�l�d�h�\�u�_�� �e�Z�\�b�g�h�k�[�h�j�u��
�b�� �h�k�h�\�g�u�_�� �k�d�e�h�g�u���� �E�Z�\�b�g�h�h�i�Z�k�g�Z�� �[�h�e�v�r�Z�y �q�Z�k�l�v��
�l�_�j�j�b�l�h�j�b�b���h�k�l�j�h�\�Z�����j�b�k�m�g�h�d��4).  

�E�Z�\�b�g�u�� �n�h�j�f�b�j�m�x�l�k�y�� �g�Z�� �k�d�e�h�g�Z�o�� �\�u�k�h�l�h�c��
70-�������� �f�� �b�� �d�j�m�l�b�a�g�h�c�� �± 35�ƒ-50�ƒ �b�� �g�Z�� �[�_�j�_�]�h�\�u�o��
�k�d�e�h�g�Z�o�� �d�j�m�l�b�a�g�h�c�� �± 55�ƒ-�����ƒ�� ���j�b�k�m�g�h�d�� �������� �]�^�_��
�i�j�h�b�k�o�h�^�b�l�� �h�[�j�m�r�_�g�b�_�� �k�g�_�`�g�u�o�� �d�Z�j�g�b�a�h�\�� �h�l��
�[�j�h�\�d�b���k�d�e�h�g�Z�� 

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

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

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

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

 
�J�b�k�m�g�h�d���������E�h�l�d�h�\�u�c �e�Z�\�b�g�h�k�[�h�j���g�Z���k�d�e�h�g�_��

�[�_�j�_�]�h�\�h�]�h���m�k�l�m�i�Z�����Z�������H�k�h�\�g�u�_���k�d�e�h�g�u���b���e�h�l�d�h�\�u�_��
�e�Z�\�b�g�h�k�[�h�j�u�����[�����\�������N�h�l�h �G.�: . �D�Z�a�Z�d�h�\�Z  

Figure 5. Avalanche catchments on the slope of the 
coastal ledge (�Z). Avalanche catchments and 

avalanche slopes (�[, �\). Photo by 
Nikolay A. Kazakov 
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�E�Z�\�b�g�u���n�h�j�f�b�j�m�x�l�k�y���\�h���\�j�_�f�y���k�g�_�]�h�i�Z�^�h�\��
�b���f�_�l�_�e�_�c���b���i�j�b���h�l�l�_�i�_�e�y�o�� 

�H�[�t�z�f�u�� �e�Z�\�b�g�� �± �h�l�� ������ �^�h�� ���� �������� �f3. 
�F�Z�d�k�b�f�Z�e�v�g�u�_�� �h�[�t�z�f�u�� �e�Z�\�b�g�� �\ �f�g�h�]�h�k�g�_�`�g�u�_��
�a�b�f�u���f�h�]�m�l���^�h�k�l�b�]�Z�l�v������ ���������f3.  

�E�Z�\�b�g�g�u�c���j�_�`�b�f 

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

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

�<�� �y�g�\�Z�j�_-�f�Z�j�l�_�� �g�Z�� �h�k�l�j�h�\�_�� �F�h�g�_�j�h�g�� �\��
�k�g�_�`�g�h�c���l�h�e�s�_���\�h�a�g�b�d�Z�x�l���h�k�e�Z�[�e�_�g�g�u�_���k�g�_�`�g�u�_��
�k�e�h�b���� �\�u�i�h�e�g�_�g�g�u�_�� �d�j�m�i�g�u�f�b�� �e�_�^�y�g�u�f�b��
�d�j�b�k�l�Z�e�e�Z�f�b�� �k�d�_�e�_�l�g�h�]�h�� �d�e�Z�k�k�Z�� �n�h�j�f����
�e�Z�\�b�g�h�h�i�Z�k�g�u�_���k�e�h�b�����j�b�k�m�g�h�d 3). 

�G�Z�e�b�q�b�_�� �l�Z�d�b�o�� �k�e�h�z�\�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v 
�i�j�b�\�h�^�b�l�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �e�Z�\�b�g��

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

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

�K�_�e�_�\�u�_���i�j�h�p�_�k�k�u 

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

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

�<�� �[�h�e�v�r�b�o�� �\�h�^�h�l�h�d�Z�o�� ���j�b�k�m�g�h�d�� ������
�n�h�j�f�b�j�m�x�l�k�y���]�j�y�a�_�d�Z�f�_�g�g�u�_���k�_�e�b���h�[�t�z�f�h�f���[�h�e�_�_��
50 000 �f3�����K�_�e�b���b�a���w�l�b�o���[�Z�k�k�_�c�g�h�\���j�Z�a�]�j�m�`�Z�x�l�k�y���\��
�f�h�j�_�� 

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

 
�J�b�k�m�g�h�d���������K�_�e�_�\�h�c���[�Z�k�k�_�c�g���\���j�m�k�e�_���j�m�q�v�y�����Z�������K�d�e�h�g�h�\�u�c���k�_�e�_�\�h�c���[�Z�k�k�_�c�g�����a�Z�e�h�`�_�g�g�u�c���\���h�i�h�e�a�g�_�\�h�c��

�\�h�j�h�g�d�_�����[�������N�h�l�h �G.�: . �D�Z�a�Z�d�h�\�Z 
Figure 6. Debris-flow basin in the stream bed (a). Slope debris-flow basin is embedded in a landslide 

funnel (�[). Photo by Nikolay A. Kazakov 
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�J�b�k�m�g�h�d���������H�l�e�h�`�_�g�b�y �]�j�y�a�_�d�Z�f�_�g�g�u�o���k�_�e�_�c�����k�h�r�_�^�r�b�o���\���h�d�l�y�[�j�_�������������]���� 

�N�h�l�h �G.�: . �D�Z�a�Z�d�h�\�Z, �K.�I . �@�b�j�m�_�\�Z 
Figure 7. Deposits of Debris-flows that occurred in October 2015. Photo by Nikolay A. Kazakov, 

Semen P. Zhiruev 

 
�J�b�k�m�g�h�d���������K�_�e�_�\�u�_ �[�Z�k�k�_�c�g�u�� �N�h�l�h���K�����I�_�j�\�m�o�b�g�Z 
Figure 8. Debris-flow basin. Photo by Sergey Pervuhin 

�K�_�e�_�\�h�c���j�_�`�b�f 

�K�_�e�_�h�i�Z�k�g�u�c �i�_�j�b�h�^�� �^�e�b�l�k�y�� �k�� �Z�i�j�_�e�y�� �i�h��
�g�h�y�[�j�v�� �\�d�e�x�q�b�l�_�e�v�g�h���� �K�j�_�^�g�y�y�� �i�h�\�l�h�j�y�_�f�h�k�l�v��
�k�_�e�_�c�� �h�[�t�z�f�h�f�� �^�h��3 000 �f3���� �n�h�j�f�b�j�m�x�s�b�o�k�y �\��
�f�Z�e�u�o���\�h�^�h�l�h�d�Z�o�����± �����j�Z�a���\����-�����e�_�l�� 

�I�h�\�l�h�j�y�_�f�h�k�l�v�� �k�_�e�_�c�� �h�[�t�z�f�h�f�� �[�h�e�_�_��
10 000 �f3���� �n�h�j�f�b�j�m�x�s�b�o�k�y �\�� �[�h�e�v�r�b�o��
�\�h�^�h�l�h�d�Z�o�� �± �����j�Z�a���\������-�������e�_�l�� 

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

�k�h�i�j�h�\�h�`�^�Z�x�s�b�o�k�y�� �\�u�i�Z�^�_�g�b�_�� �[�h�e�v�r�h�]�h��
�d�h�e�b�q�_�k�l�\�Z���h�k�Z�^�d�h�\�����l�Z�[�e�b�p�u����-5).  

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

�H�i�h�e�a�g�_�\�u�_���i�j�h�p�_�k�k�u 

�H�i�h�e�a�g�_�\�u�_�� �i�j�h�p�_�k�k�u�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�u�� �g�Z��
�\�k�_�c���l�_�j�j�b�l�h�j�b�b���h�k�l�j�h�\�Z �F�h�g�_�j�h�g. 

�I�h�� �f�_�o�Z�g�b�a�f�m�� �k�f�_�s�_�g�b�y�� �b�� �h�k�g�h�\�g�u�f��
�k�l�j�m�d�l�m�j�g�h-�f�h�j�n�h�e�h�]�b�q�_�k�d�b�f�� �i�j�b�a�g�Z�d�Z�f�� �g�Z��
�b�k�k�e�_�^�m�_�f�h�c�� �l�_�j�j�b�l�h�j�b�b�� �g�Z�f�b�� �\�u�^�_�e�_�g�h��
3 �h�k�g�h�\�g�u�o���l�b�i�Z���h�i�h�e�a�g�_�c���� 
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�x �i�h�\�_�j�o�g�h�k�l�g�u�_�� �h�i�h�e�a�g�b-�h�i�e�u�\�b�g�u��
���k�i�e�u�\�u���� �k�� �]�e�m�[�b�g�h�c�� �a�Z�o�\�Z�l�Z�� �i�h�j�h�^�� �^�h�� �������� �f��
�h�[�t�z�f�h�f�������� - 5 000 �f3; 

�x �[�e�h�d�h�\�u�_���h�i�h�e�a�g�b���\���k�d�Z�e�v�g�u�o���i�h�j�h�^�Z�o��
�k�� �]�e�m�[�b�g�h�c�� �a�Z�o�\�Z�l�Z�� �i�h�j�h�^�� �^�h�� ���� �f ; �h�[�t�z�f�� �l�Z�d�b�o��
�h�i�h�e�a�g�_�c�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�� ���� 000-500 000 �f3 �b��
�[�h�e�_�_�� 

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

�l�_�e�_�� �k�l�Z�j�u�o�� �k�� �]�e�m�[�b�g�h�c�� �a�Z�o�\�Z�l�Z�� �i�h�j�h�^�� �^�h�� ���� �f ; 
�h�[�t�z�f�� �l�Z�d�b�o�� �h�i�h�e�a�g�_�c�� �f�h�`�_�l�� �k�h�k�l�Z�\�e�y�l�v 
5 000-30 000 �f3. 

�I�h�\�_�j�o�g�h�k�l�g�u�_ �h�i�h�e�a�g�b-�h�i�e�u�\�b�g�u��
���k�i�e�u�\�u�� �n�h�j�f�b�j�m�x�l�k�y�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �g�Z��
�h�[�j�Z�s�z�g�g�u�o�� �d�� �f�h�j�k�d�h�f�m�� �[�_�j�_�]�m�� �k�d�e�h�g�Z�o��
�d�j�m�l�b�a�g�h�c�������ƒ-50�ƒ �\���f�Z�e�h�f�h�s�g�u�o���^�_�e�x�\�b�Z�e�v�g�u�o��
(1,0-�������� �f���� �j�u�o�e�u�o�� �h�l�e�h�`�_�g�b�y�o�� �± �i�j�h�^�m�d�l�Z�o��
�j�Z�a�j�m�r�_�g�b�y�� �d�h�j�_�g�g�u�o�� �i�h�j�h�^���� �a�Z�e�_�]�Z�x�s�b�o�� �g�Z��
�f�b�h�p�_�g-�i�e�b�h�p�_�g�h�\�u�o�� �l�j�_�s�b�g�h�\�Z�l�u�o�� �[�Z�a�Z�e�v�l�Z�o�� �b��
�Z�j�]�b�e�e�b�l�Z�o�����j�b�k�m�g�d�b 9, 10).

 
�J�b�k�m�g�h�d���������H�i�h�e�a�g�b-�h�i�e�u�\�b�g�u�����k�i�e�u�\�u�������k�h�r�_�^�r�b�_���\���h�d�l�y�[�j�_�������������]�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 

Figure 9. Landslides that occurred in October 2015. Photo by Nikolay A. Kazakov 

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

�\���h�d�l�y�[�j�_�������������]�� �I�h�\�_�j�o�g�h�k�l�v���k�d�h�e�v�`�_�g�b�y���h�i�h�e�a�g�y �± �Z�j�]�b�e�e�b�l�u�����N�h�l�h �G.�: . �D�Z�a�Z�d�h�\�Z 
Figure 10. Colluvial-deluvial deposits where the landslide formed in October 2015. The sliding surface of 

the landslide is mudstones. Photo by Nikolay A. Kazakov 
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�D�Z�d�� �i�j�Z�\�b�e�h �l�Z�d�b�_�� �m�q�Z�k�l�d�b�� �k�e�h�`�_�g�u��
�^�_�e�x�\�b�Z�e�v�g�u�f�b���h�l�e�h�`�_�g�b�y�f�b���f�h�s�g�h�k�l�v�x���h�l����������
�^�h�� ������ �f���� �d�h�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �^�j�_�k�\�y�g�h-
�s�_�[�_�g�b�k�l�u�f�b�� �h�l�e�h�`�_�g�b�y�f�b�� �k�� �\�d�e�x�q�_�g�b�_�f��
�f�_�e�d�b�o�� �]�e�u�[�� �k�d�Z�e�v�g�u�o�� �\�m�e�d�Z�g�h�]�_�g�g�u�o�� �i�h�j�h�^�� �k��
�]�e�b�g�b�k�l�u�f�� �a�Z�i�h�e�g�b�l�_�e�_�f���� �J�u�o�e�u�_�� �q�_�l�\�_�j�l�b�q�g�u�_��
�h�[�j�Z�a�h�\�Z�g�b�y�� �i�_�j�_�d�j�u�\�Z�x�l�� �k�_�j�u�_�� �l�j�_�s�b�g�h�\�Z�l�u�_����
�i�e�h�o�h�� �j�Z�a�f�h�d�Z�_�f�u�_�� �Z�j�]�b�e�e�b�l�u���� �y�\�e�y�x�s�b�_�k�y��
�i�h�\�_�j�o�g�h�k�l�v�x�� �k�d�h�e�v�`�_�g�b�y�� �k�h�r�_�^�r�b�o�� �h�i�h�e�a�g�_�c-
�h�i�e�u�\�b�g���� �L�h�e�s�b�g�Z�� �^�_�e�x�\�b�Z�e�v�g�u�o�� �h�l�e�h�`�_�g�b�c��
�k�h�k�l�Z�\�e�y�_�l �\���k�j�_�^�g�_�f��������-���������f�� 

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

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

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

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

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

�H�[�t�z�f�u�� �h�i�h�e�a�g�_�c�� �f�h�]�m�l�� �^�h�k�l�b�]�Z�l�v 
1 000-3 000 �f3.  

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

�;�e�h�d�h�\�u�_�� �h�i�h�e�a�g�b �\�� �k�d�Z�e�v�g�u�o�� �i�h�j�h�^�Z�o 
�n�h�j�f�b�j�m�x�l�k�y�� �g�Z�� �[�_�j�_�]�h�\�u�o�� �k�d�e�h�g�Z�o�� �d�j�m�l�b�a�g�h�c��
40-�����ž���� �k�e�h�`�_�g�g�u�o�� �d�h�j�_�g�g�u�f�b�� �i�h�j�h�^�Z�f�b��
���j�b�k�m�g�h�d 11). 

 
�J�b�k�m�g�h�d�����������H�i�h�e�a�g�_�\�u�_ �p�b�j�d�b���[�e�h�d�h�\�u�o���h�i�h�e�a�g�_�c���\���k�d�Z�e�v�g�u�o���i�h�j�h�^�Z�o�� 

Figure 11. Landslide circuses of block landslides 

�;�e�h�d�h�\�u�_�� �h�i�h�e�a�g�b�� �k�o�h�^�y�l���� �d�Z�d�� �i�j�Z�\�b�e�h���� �\�h��
�\�j�_�f�y�� �a�_�f�e�_�l�j�y�k�_�g�b�c�� �b�� ���b�e�b���� �k�b�e�v�g�u�o��
�i�j�h�^�h�e�`�b�l�_�e�v�g�u�o���^�h�`�^�_�c�����l�Z�[�e�b�p�u����-3). 

�H�[�t�z�f�u�� �[�e�h�d�h�\�u�o�� �h�i�h�e�a�g�_�c�� �f�h�]�m�l��
�^�h�k�l�b�]�Z�l�v�������� 000 �f3 �b���[�h�e�_�_�� 

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

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

�<�l�h�j�b�q�g�u�_�� �[�e�h�d�h�\�u�_�� �h�i�h�e�a�g�b�� �b�� �h�i�h�e�a�g�b��
�\�y�a�d�h�i�e�Z�k�l�b�q�_�k�d�h�]�h�� �k�f�_�s�_�g�b�y �n�h�j�f�b�j�m�x�l�k�y�� �g�Z��
�k�l�Z�j�u�o�� �h�i�h�e�a�g�_�\�u�o�� �f�Z�k�k�b�\�Z�o���� �k�j�_�^�g�b�c�� �m�d�e�h�g��
�i�h�\�_�j�o�g�h�k�l�b���d�h�l�h�j�u�o�����\���k�l�h�j�h�g�m���f�h�j�y�����k�h�k�l�Z�\�e�y�_�l��
22�ƒ-25�ƒ ���j�b�k�m�g�h�d �����������L�Z�d�b�_���h�i�h�e�a�g�b���j�Z�a�\�b�\�Z�x�l�k�y��



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

 

 
 137 

 

�g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �k�l�Z�j�u�o�� �h�i�h�e�a�g�_�c���� �h�k�e�h�`�g�z�g�g�u�o��
�\�l�h�j�b�q�g�u�f�b���h�i�h�e�a�g�y�f�b���[�h�e�_�_���i�h�a�^�g�_�c���]�_�g�_�j�Z�p�b�b��
���j�b�k�m�g�d�b 14, 15).  

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

�H�[�t�z�f�u�� �h�i�h�e�a�g�_�c�� �f�h�]�m�l�� �^�h�k�l�b�]�Z�l�v��
50 000 �f3.  

�H�i�h�e�a�g�_�\�h�c���j�_�`�b�f 

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

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

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

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

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

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

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

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

�h�i�h�e�a�g�y�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 
Figure 12. Secondary block landslides (�Z) and landslides of viscoplastic displacement (�[) on the body of the 

old block landslide (�\). Chuprov Bay. The tourist complex is built on the body of an old landslide.  
Photo by Nikolay A. Kazakov 
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�I�h�\�l�h�j�y�_�f�h�k�l�v�� �h�i�h�e�a�g�_�c-�h�i�e�u�\�b�g��
�k�h�k�l�Z�\�e�y�_�l�� �\�� �k�j�_�^�g�_�f�� ���� �j�Z�a�� �\�� ��-���� �e�_�l���� �[�e�h�d�h�\�u�o��
�h�i�h�e�a�g�_�c���± 1 �j�Z�a���\������-�������e�_�l. 

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

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

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

�H�^�g�Z�d�h�� �g�Z�� �[�e�b�`�Z�c�r�b�o�� �=�F�K�� �©�G�_�\�_�e�v�k�d�ª �b��
�©�F�u�k�� �D�j�b�e�v�h�g�ª�� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o���� �\�u�i�Z�e�h�� �h�q�_�g�v��
�[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h���h�k�Z�^�d�h�\�����l�Z�[�e�b�p�u����-5). 

1. �<�� �Z�\�]�m�k�l�_�� ���������� �]���� �k�h�r�z�e�� �[�h�e�v�r�h�c��
�[�e�h�d�h�\�u�c�� �h�i�h�e�a�_�g�v�� ���l�h�q�g�u�o�� �^�Z�g�g�u�o�� �h�[�� �h�[�t�z�f�_��
�g�_�l�����k�_�\�_�j�g�_�_���f�u�k�Z���K�Z�o�Z�j�g�Z�y���=�h�e�h�\�Z���g�Z���a�Z�i�Z�^�g�h�f��
�i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z���F�h�g�_�j�h�g���� 

�F�_�k�y�q�g�Z�y�� �k�m�f�f�Z�� �h�k�Z�^�d�h�\�� �a�Z�� �Z�\�]�m�k�l�� ���������� �]����
�g�Z�� �=�F�K�� �©�F�u�k�� �D�j�b�e�v�h�g�ª�� �k�h�k�l�Z�\�b�e�Z�� ������������ �f�f��
���k�j�_�^�g�_�f�g�h�]�h�e�_�l�g�_�_�� �a�g�Z�q�_�g�b�_�� �± �������� �f�f���� �i�j�b��
�k�m�l�h�q�g�h�f�� �f�Z�d�k�b�f�m�f�_�� ���������� �f�f���� �g�Z�� �=�F�K��
�©�G�_�\�_�e�v�k�d�ª�� �± 220,0 �f�f���i�j�b���k�m�l�h�q�g�h�f�� �f�Z�d�k�b�f�m�f�_��
���������� �f�f���� �g�Z�� �=�F�K�� �©�F�h�g�_�j�h�g�ª�� �± ���������� �f�f��
���������������������������b�������������f�f�������������������������������l�Z�[�e�b�p�Z�������� 

�L�Z�[�e�b�p�Z�� �������F�_�k�y�q�g�u�_�� �b�� �k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\���� �\�u�i�Z�\�r�b�o�� �\�� �i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �h�i�h�e�a�g�x�� �i�_�j�b�h�^����
1955 �]. 
Table 2. Monthly and daily precipitation totals for the period preceding the landslide. 1955 

�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�Z�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

Meteorological 
characteristic 

�=�F�K���j�Z�k�k�l�h�y�g�b�_���h�l��
�h�k�l�j�h�\�Z���F�h�g�_�j�h�g�����d�f 

Hydrometeorological 
station/distance from 

Moneron, km 

�F�_�k�y�p 

Month 

�K�m�f�f�Z���h�k�Z�^�d�h�\��
�g�Z���^�Z�l�m��

�n�h�j�f�b�j�h�\�Z�g�b�y��
�h�i�h�e�a�g�y�����f�f 

Amount of 
precipitation for 
date of landslide, 

mm 

V VI  VII VIII 

�D�h�e�b�q�_�k�l�\�h �h�k�Z�^�d�h�\ 
�a�Z �f�_�k�y�p, �f�f  

Amount of 
precipitation per month, 
mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

�G�_�\�_�e�v�k�d/65 16,0 91,0 81,0 220,0 408,0 

�F�u�k���D�j�b�e�v�h�g/75 69,0 101,0 120,0 196,0 486,0 

�F�Z�d�k�b�f�Z�e�v�g�Z�y��
�k�m�l�h�q�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\�����^�Z�l�Z�������f�f 

Maximum daily 
precipitation (date), 
mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

86,8 
(10.08) 

76,0 
(12.08) 

 

�G�_�\�_�e�v�k�d/65 10,0 52,0 25,0 
88,7 

(12.08) 
 

�F�u�k���D�j�b�e�v�h�g/75 24,0 27,0 47,0 
87,0 

(12.08) 
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2. �<�� �k�_�g�l�y�[�j�_�� ���������� �]���� �[�h�e�v�r�h�c�� �h�i�h�e�a�_�g�v��
�j�Z�a�j�m�r�b�e�� �i�h�k�z�e�h�d�� �;�h�^�j�u�c�� �g�Z�� �\�h�k�l�h�q�g�h�f��
�i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z �F�h�g�_�j�h�g.  

�I�j�_�^�i�h�e�h�`�b�l�_�e�v�g�u�c�� �h�[�t�z�f�� �h�i�h�e�a�g�y��
�k�h�k�l�Z�\�b�e�������� 000 �± �����������������f3.  

�F�_�k�y�q�g�Z�y�� �k�m�f�f�Z�� �h�k�Z�^�d�h�\�� �a�Z�� �Z�\�]�m�k�l�� ���������� �]����
�g�Z�� �=�F�K�� �©�F�u�k�� �D�j�b�e�v�h�g�ª�� �k�h�k�l�Z�\�b�e�Z�� ������������ �f�f���� �\��
�G�_�\�_�e�v�k�d�_�� �± ������������ �f�f�� �i�j�b�� �k�m�l�h�q�g�h�f�� �f�Z�d�k�b�f�m�f�_��
�����������f�f�����l�Z�[�e�b�p�Z���������� 

�L�Z�[�e�b�p�Z�� �������F�_�k�y�q�g�u�_�� �b�� �k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\���� �\�u�i�Z�\�r�b�o�� �\�� �i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �h�i�h�e�a�g�x�� �i�_�j�b�h�^����
1957 �]. 
Table 3. Monthly and daily precipitation totals for the period preceding the landslide. 1957 

�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�Z�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

Meteorological 
characteristic 

�=�F�K���j�Z�k�k�l�h�y�g�b�_���h�l��
�h�k�l�j�h�\�Z���F�h�g�_�j�h�g����

�d�f 

Hydrometeorological 
station/distance from 

Moneron, km 

�F�_�k�y�p 

Month 

�K�m�f�f�Z���h�k�Z�^�d�h�\��
�g�Z���^�Z�l�m��

�n�h�j�f�b�j�h�\�Z�g�b�y��
�h�i�h�e�a�g�y�����f�f 

Amount of 
precipitation for 
date of landslide, 

mm 

V VI  VII VIII IX  

�D�h�e�b�q�_�k�l�\�h �h�k�Z�^�d�h�\ 
�a�Z �f�_�k�y�p, �f�f  

Amount of 
precipitation per 
month, mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

�G�_�\�_�e�v�k�d/65 35,0 97,0 72,0 78,0 126,0 408,0 

�F�u�k���D�j�b�e�v�h�g/75 26,0 77,0 43,0 123,0 132,0 401,0 

�F�Z�d�k�b�f�Z�e�v�g�Z�y��
�k�m�l�h�q�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\�����f�f 

Maximum daily 
precipitation, mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 
�G�_�\�_�e�v�k�d/65 16,0 15,0 20,0 24,0 48,0  

�F�u�k���D�j�b�e�v�h�g/75 18,0 25,0 29,0 43,0 14,0  

3. ���� �k�_�g�l�y�[�j�y�� ���������� �]���� �\�h�� �\�j�_�f�y��
�a�_�f�e�_�l�j�y�k�_�g�b�y�� �i�j�h�b�a�h�r�e�h�� �f�Z�k�k�h�\�h�_��
�n�h�j�f�b�j�h�\�Z�g�b�_�� �h�i�h�e�a�g�_�c���� �F�Z�d�k�b�f�Z�e�v�g�u�c�� �h�[�t�z�f��
�h�i�h�e�a�g�_�c���^�h�k�l�b�]�Z�e�����������������f3 �>�S�_�l�g�b�d�h�\�� 1981]. 

�A�_�f�e�_�l�j�y�k�_�g�b�_���f�Z�]�g�b�l�m�^�h�c�����������i�j�h�b�a�h�r�e�h���\��
���� �q�Z�k���� ������ �f�b�g���� ������ �k�_�d���� �i�h�� �f�_�k�l�g�h�f�m�� �\�j�_�f�_�g�b�� �i�h�^��
�^�g�h�f�� �L�Z�l�Z�j�k�d�h�]�h�� �i�j�h�e�b�\�Z�� �g�Z�� �]�e�m�[�b�g�_�� ����-������ �d�f�� �\��
������ �d�f�� �d�� �k�_�\�_�j�h-�\�h�k�l�h�d�m�� �h�l�� �h�k�l�j�h�\�Z�� �F�h�g�_�j�h�g��
�>�S�_�l�g�b�d�h�\�������������@. �B�g�l�_�g�k�b�\�g�h�k�l�v���a�_�f�e�_�l�j�y�k�_�g�b�y��
�g�Z���h�k�l�j�h�\�_���F�h�g�_�j�h�g���k�h�k�l�Z�\�b�e�Z�������[�Z�e�e�h�\���i�h���r�d�Z�e�_��
MSK. 

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

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

�<�� �f�h�s�g�u�o�� �i�h�d�j�h�\�g�u�o�� �q�_�l�\�_�j�l�b�q�g�u�o��
�h�l�e�h�`�_�g�b�y�o�� �g�Z�� �d�j�m�l�u�o�� �k�d�e�h�g�Z�o�� �b��
�k�b�e�v�g�h�h�[�\�h�^�g�z�g�g�u�o�� �m�q�Z�k�l�d�Z�o�� �n�h�j�f�b�j�h�\�Z�e�b�k�v��
�h�i�h�e�a�g�b�� �\�� �\�b�^�_�� �k�l�m�i�_�g�_�c�� �b�e�b�� �d�h�g�m�k�h�\��
�i�j�h�l�y�`�z�g�g�h�k�l�v�x���^�h������-���������f�����d�h�l�h�j�u�_���k�i�m�k�d�Z�e�b�k�v��
�k���\�u�k�h�l�u������-�������f�����<�u�k�h�l�Z���k�l�_�g�h�d���k�j�u�\�Z���^�h�k�l�b�]�Z�e�Z��
50 �f���>�S�_�l�g�b�d�h�\�� 1981]. 

�G�Z�� �x�]�_�� �h�k�l�j�h�\�Z�� �[�u�e�b�� �h�l�f�_�q�_�g�u�� �e�b�r�v�� �g�_-
�[�h�e�v�r�b�_�� �h�i�h�e�a�g�b���� �<�� �]�e�m�[�b�g�_�� �h�k�l�j�h�\�Z�� �k�d�h�e�v�d�h-
�g�b�[�m�^�v���a�Z�f�_�l�g�u�o���k�e�_�^�h�\���h�k�l�Z�l�h�q�g�u�o���^�_�n�h�j�f�Z�p�b�c��
�g�_���h�[�g�Z�j�m�`�_�g�h���� 
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�D�j�h�f�_�� �h�[�\�Z�e�h�\�� �b�� �h�i�h�e�a�g�_�c�� �[�u�e�h��
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h�� �f�g�h�`�_�k�l�\�h�� �[�h�e�v�r�b�o�� �b�� �f�Z�e�u�o��
�l�j�_�s�b�g�� �>�S�_�l�g�b�d�h�\�� 198���@���� �G�_�d�h�l�h�j�u�_�� �b�a�� �g�b�o����
�i�j�h�l�y�]�b�\�Z�y�k�v�� �g�Z�� �j�Z�k�k�l�h�y�g�b�_�� �^�h�� ������ �f���� �b�f�_�e�b��
�r�b�j�b�g�m�� �^�h�� �i�h�e�m�f�_�l�j�Z���� �D�j�m�i�g�Z�y�� �l�j�_�s�b�g�Z�� �g�Z��
�k�j�Z�\�g�b�l�_�e�v�g�h�� �j�h�\�g�h�f�� �l�j�Z�\�y�g�b�k�l�h�f�� �k�d�e�h�g�_����
�i�j�b�f�_�j�g�h�� �\�� �_�]�h�� �k�j�_�^�g�_�c�� �q�Z�k�l�b�� �[�u�e�Z�� �h�[�g�Z�j�m�`�_�g�Z��

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

�H�^�g�Z�d�h���b���\���w�l�h�f���k�e�m�q�Z�_���\���i�j�_�^�r�_�k�l�\�m�x�s�b�c��
�n�h�j�f�b�j�h�\�Z�g�b�x�� �h�i�h�e�a�g�_�c�� �i�_�j�b�h�^�� �g�Z�� �h�k�l�j�h�\�_ 
�F�h�g�_�j�h�g�� �\�u�i�Z�e�h�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\��
���l�Z�[�e�b�p�Z��4).

�L�Z�[�e�b�p�Z�� �������F�_�k�y�q�g�u�_�� �b�� �k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\���� �\�u�i�Z�\�r�b�o�� �\�� �i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �h�i�h�e�a�g�x�� �i�_�j�b�h�^����
1971 �]. 
Table 4. Monthly and daily precipitation totals for the period preceding the landslide. 1971 

�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�Z�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

Meteorological 
characteristic 

�=�F�K���j�Z�k�k�l�h�y�g�b�_���h�l��
�h�k�l�j�h�\�Z���F�h�g�_�j�h�g����

�d�f 

Hydrometeorological 
station/distance from 

Moneron, km 

�F�_�k�y�p 

Month 

�K�m�f�f�Z���h�k�Z�^�d�h�\��
�g�Z���^�Z�l�m��

�n�h�j�f�b�j�h�\�Z�g�b�y��
�h�i�h�e�a�g�y�����f�f 

Amount of 
precipitation for 

date of 
landslide, mm 

V VI  VII VIII IX  

�D�h�e�b�q�_�k�l�\�h �h�k�Z�^�d�h�\ 
�a�Z �f�_�k�y�p, �f�f  

Amount of 
precipitation per 
month, mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

�G�_�\�_�e�v�k�d/65 50,0 55,0 89,0 166,0 85,0 360,0 

�F�u�k���D�j�b�e�v�h�g/75 62,0 70,0 94,0 142,0 68,0 368,0 

�F�Z�d�k�b�f�Z�e�v�g�Z�y��
�k�m�l�h�q�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\�����^�Z�l�Z�������f�f 

Maximum daily 
precipitation (date), 
mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 
47,4 

(12.08) 
  

�G�_�\�_�e�v�k�d/65 12,0 21,0 33,0 36,0 18,0  

�F�u�k���D�j�b�e�v�h�g/75 12,0 37,0 32,0 47,0 13,0  

4. �<�� �h�d�l�y�[�j�_�� ���������� �]���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�b�e�v�g�u�o��
�a�Z�l�y�`�g�u�o�� �^�h�`�^�_�c�� ���l�Z�[�e�b�p�Z ������ �i�j�h�b�a�h�r�e�h��
�f�Z�k�k�h�\�h�_�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �h�i�h�e�a�g�_�c�� �h�[�t�z�f�h�f�� 
300-1 ���������f3.  

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

�M�s�_�j�[���h�l���e�Z�\�b�g�����k�_�e�_�c���b���h�i�h�e�a�g�_�c 

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

�E�Z�\�b�g�u 

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

19.�����������������]�����\���^�_�j�_�\�g�_���G�b�r�b�o�Z�f�Z�����a�Z�i�Z�^�g�h�_��
�i�h�[�_�j�_�`�v�_���h�k�l�j�h�\�Z�����\���e�Z�\�b�g�_���i�h�]�b�[�������q�_�e�h�\�_�d���� 

�:�g�Z�e�b�a�� �m�k�e�h�\�b�c�� �h�[�j�Z�a�h�\�Z�g�b�y�� �e�Z�\�b�g��
�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �w�l�b�� �e�Z�\�b�g�u�� �h�[�j�Z�a�h�\�Z�e�b�k�v�� �g�Z��
�d�j�m�l�u�o�� �[�_�j�_�]�h�\�u�o�� �k�d�e�h�g�Z�o���� �m���i�h�^�g�h�`�b�y�� �d�h�l�h�j�u�o��
�j�Z�k�i�h�e�Z�]�Z�e�b�k�v�� �^�_�j�_�\�g�b���� �<�u�k�h�l�Z�� �k�d�e�h�g�h�\�� �±  
70-100 �f���� �d�j�m�l�b�a�g�Z �± 40�ƒ-�����ƒ���� �L�b�i�� �e�Z�\�b�g�h�k�[�h�j�Z�� �± 
�h�k�h�\�g�u�c���k�d�e�h�g���� 

�E�Z�\�b�g�u�� �k�o�h�^�b�e�b�� �\�� �n�_�\�j�Z�e�_ �± �\�� �i�_�j�b�h�^��
�f�Z�d�k�b�f�Z�e�v�g�h�c�� �l�h�e�s�b�g�u�� �k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z�� �b��
�k�b�e�v�g�h�c�� �k�l�_�i�_�g�b�� �_�]�h�� �j�Z�a�j�u�o�e�_�g�b�y�� �b��
�n�h�j�f�b�j�h�\�Z�g�b�y�� �\�� �k�g�_�`�g�h�c�� �l�h�e�s�_�� �e�Z�\�b�g�h�i�Z�k�g�u�o��
�k�e�h�z�\�� �\�k�e�_�^�k�l�\�b�_�� �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �k�g�_�`�g�h�c��
�l�h�e�s�b�����j�b�k�m�g�h�d 2). 
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�L�Z�[�e�b�p�Z�� ���� �F�_�k�y�q�g�u�_�� �b�� �k�m�l�h�q�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\���� �\�u�i�Z�\�r�b�o�� �\�� �i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �h�i�h�e�a�g�y�f�� �i�_�j�b�h�^����
2015 �]. 
Table 5. Monthly and daily precipitation totals for the period preceding the landslides. 2015 

�F�_�l�_�h�j�h�e�h�]�b�q�_�k�d�Z
�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

Meteorological 
characteristic 

�=�F�K���j�Z�k�k�l�h�y�g�b�_��
�h�l���h�k�l�j�h�\�Z��

�F�h�g�_�j�h�g�����d�f 

Hydrometeorologic
al station/distance 
from Moneron, km 

�F�_�k�y�p 

Month 

�K�m�f�f�Z��
�h�k�Z�^�d�h�\���g�Z��

�^�Z�l�m��
�n�h�j�f�b�j�h�\�Z�g�b
�y���h�i�h�e�a�g�y�����f�f 

Amount of 
precipitation 
for date of 

landslide, mm 

V VI  VII VIII IX  X 

�D�h�e�b�q�_�k�l�\�h 
�h�k�Z�^�d�h�\ �a�Z �f�_�k�y�p, 
�f�f  

Amount of 
precipitation per 
month, mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

�G�_�\�_�e�v�k�d/65 111,0 95,0 147,0 97,0 56,0 156,0 562,0 

�F�u�k���D�j�b�e�v�h�g/75 92,0 86,0 189,0 37,0 44,0 70,0 518,0 

�F�Z�d�k�b�f�Z�e�v�g�Z�y��
�k�m�l�h�q�g�Z�y���k�m�f�f�Z��
�h�k�Z�^�d�h�\�����f�f 

Maximum daily 
precipitation, mm 

�F�h�g�_�j�h�g �G�_�l���^�Z�g�g�u�o 

�G�_�\�_�e�v�k�d/65 19,0 16,0 53,0 30,0 11,0 46,0  

�F�u�k���D�j�b�e�v�h�g/75 14,0 20,0 70,0 12,0 16,0 10,0  

 
�J�b�k�m�g�h�d�����������H�k�l�j�h�\ �F�h�g�_�j�h�g���������± �^�����G�Z�]�Z�o�Z�f�Z���������������������������]�����\���e�Z�\�b�g�_���i�h�]�b�[�e�h�����q�_�e�h�\�_�d�Z������ 

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

Figure 13. Moneron Island. 1 �± village Nagahama (17.02.1914 an avalanche killed 4 people);  
2 �± village Bodriy (in September 1957 destroyed by a landslide); 3 �± ancientlandslide circus, which was 

located in the village Bodriy; 4 �± tourist trail (destroyed by landslides in October 2015) 
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�J�b�k�m�g�h�d�����������I�j�_�^�i�h�e�Z�]�Z�_�f�Z�y �]�j�Z�g�b�p�Z���h�i�h�e�a�g�y�����j�Z�a�j�m�r�b�\�r�_�]�h���i�����;�h�^�j�u�c���\�������������]�����N�h�l�h���k���j�_�k�m�j�k�Z��

Google Earth 
Figure 14. The supposed border of the landslide that destroyed the village of Bodry in 1957. Photo from 

Google Earth 

 
�J�b�k�m�g�h�d�����������L�m�j�b�k�l�b�q�_�k�d�Z�y �l�j�h�i�Z�����j�Z�a�j�m�r�_�g�g�Z�y���h�i�h�e�a�g�y�f�b���\���h�d�l�y�[�j�_�������������]�����N�h�l�h���G���:�����D�Z�a�Z�d�h�\�Z 

Figure 15. A tourist trail destroyed by landslides in October 2015. Photo by Nikolay A. Kazakov 

�H�i�h�e�a�g�b 

�< �k�_�g�l�y�[�j�_ 1957 �]. �h�i�h�e�a�g�_�f �[�u�e �j�Z�a�j�m�r�_�g 
�i�h�k�z�e�h�d �;�h�^�j�u�c (�j�b�k�m�g�d�b 13, 14). 

�<�� �h�d�l�y�[�j�_�� ���������� �]���� �h�i�h�e�a�g�y�f�b �[�u�e�Z��
�j�Z�a�j�m�r�_�g�Z���l�m�j�b�k�l�b�q�_�k�d�Z�y���l�j�h�i�Z���� �i�j�h�e�h�`�_�g�g�Z�y���h�l��
�i�j�b�q�Z�e�Z���^�h���[�Z�a�u���h�l�^�u�o�Z���\���[�m�o�l�_���Q�m�i�j�h�\�Z�����j�b�k�m�g�h�d��
15). �K�Z�f�Z�� �[�Z�a�Z�� �h�l�^�u�o�Z�� �[�u�e�Z�� �\�h�a�\�_�^�_�g�Z�� �g�Z�� �l�_�e�_��
�k�l�Z�j�h�]�h���h�i�h�e�a�g�y�����j�b�k�m�g�h�d�������������i�h�^�\�b�`�d�b���d�h�l�h�j�h�]�h��
�\������������ �]���� �i�j�b�\�_�e�b�� �d�� �i�h�\�j�_�`�^�_�g�b�y�f�� �i�h�^�i�h�j�g�u�o��
�k�l�_�g�h�d�� 

�K�_�e�b 

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

�<�u�\�h�^�u�� 

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

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

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

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

4. �<�h�� �\�j�_�f�y�� �a�_�f�e�_�l�j�y�k�_�g�b�c�� �b�e�b�� �k�b�e�v�g�u�o��
�i�j�h�^�h�e�`�b�l�_�e�v�g�u�o�� �^�h�`�^�_�c �g�Z�� �f�h�j�k�d�b�o�� �[�_�j�_�]�Z�o��
�h�k�l�j�h�\�Z �n�h�j�f�b�j�m�x�l�k�y �[�e�h�d�h�\�u�_�� �h�i�h�e�a�g�b�� �\��
�k�d�Z�e�v�g�u�o�� �i�h�j�h�^�Z�o�� �h�[�t�z�f�h�f�� ���� 000-500 000 �f3 �b��
�[�h�e�_�_�����W�l�b���h�i�h�e�a�g�b���k�o�h�^�y�l���\���f�h�j�k�d�m�x���Z�d�\�Z�l�h�j�b�x��
�b�� �k�i�h�k�h�[�g�u�� �\�u�a�u�\�Z�l�v�� �p�m�g�Z�f�b���� �d�h�l�h�j�u�_�� �f�h�]�m�l��
�^�h�k�l�b�]�Z�l�v���[�_�j�_�]�h�\���h�k�l�j�h�\�h�\ �K�Z�o�Z�e�b�g�����O�h�d�d�Z�c�^�h���b��
�I�j�b�f�h�j�v�y�� 

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

�������G�Z���h�k�l�j�h�\�_ �F�h�g�_�j�h�g���\�������������������������������������b��
2015 �]�h�^�Z�o �i�j�h�b�k�o�h�^�b�e�b�� �d�Z�l�Z�k�l�j�h�n�u���� �\�u�a�\�Z�g�g�u�_��
�k�o�h�^�h�f�� �e�Z�\�b�g�� �b�� �h�i�h�e�a�g�_�c�� �b�� �i�j�b�\�h�^�b�\�r�b�_�� �d��
�j�Z�a�j�m�r�_�g�b�x�� �h�[�t�_�d�l�h�\�� �b�� �k�h�h�j�m�`�_�g�b�c���� �Z�� �l�Z�d�`�_���d��
�q�_�e�h�\�_�q�_�k�d�b�f���`�_�j�l�\�Z�f�� 

�;�e�Z�]�h�^�Z�j�g�h�k�l�b 

�:�\�l�h�j�� �\�u�j�Z�`�Z�_�l�� �[�e�Z�]�h�^�Z�j�g�h�k�l�v��
�K���I�� �@�b�j�m�_�\�m�� �\�f�_�k�l�_�� �k�� �Z�\�l�h�j�h�f�� �i�j�h�\�h�^�b�\�r�_�f�m��
�i�h�e�_�\�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �e�Z�\�b�g�g�u�o���� �k�_�e�_�\�u�o�� �b��
�h�i�h�e�a�g�_�\�u�o�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �h�k�l�j�h�\�_ �F�h�g�_�j�h�g���� �b��
�?���:�� �I�h�^�h�e�v�k�d�h�f�m���� �e�x�[�_�a�g�h�� �i�j�_�^�h�k�l�Z�\�b�\�r�_�f�m��
�k�\�_�^�_�g�b�y�� �h�� �k�e�m�q�Z�y�o�� �]�b�[�_�e�b�� �e�x�^�_�c�� �\�� �e�Z�\�b�g�Z�o�� �g�Z��
�h�k�l�j�h�\�_ �F�h�g�_�j�h�g�� 
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to be roughly equivalent to the modern parameters of 
the flow of the Neva River. 
The article is dedicated to our colleague, a talented 
geographer and teacher, PhD Oleg Borisovich 
Averichkin (1979-2010) who first performed the 
calculations of the paleorunoff of Lake Ladoga. 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z: Lake Ladoga; Baltic Sea; 
palaeohydrology; Karelian Isthmus; Heinjoki 
waterway; Neva River; Holocene; modeling; 
palaeoflow parameters 

 Keywords: �E�Z�^�h�`�k�d�h�_�� �h�a�_�j�h���� �;�Z�e�l�b�c�k�d�h�_�� �f�h�j�_����
�i�Z�e�_�h�]�b�^�j�h�e�h�]�b�y���� �D�Z�j�_�e�v�k�d�b�c�� �i�_�j�_�r�_�_�d���� �i�j�h�e�b�\��
�O�_�c�g�b�h�d�b���� �j�_�d�Z�� �G�_�\�Z���� �]�h�e�h�p�_�g���� �f�h�^�_�e�b�j�h�\�Z�g�b�_����
�i�Z�j�Z�f�_�l�j�u���i�Z�e�_�h�k�l�h�d�Z 

Introduction 

Reconstruction of water runoff in the rivers of 
the past geological epochs is one of the most 
important problems of palaeohydrology.  

In the area of the Karelian Isthmus, a 
significant reworking of the water runoff took place 
after the retreat Scandinavian ice sheet 
ca 14,000 years before present (further �± yr BP) 
[Subetto et al., 2018]. Crystalline rocks of the 
Fennoscandian Shield are a powerful factor in 
influencing the pattern of the river system and rivers 
often adapt to geological structures. There are no 
meanders, the channels are straightforward. River 
intercepts are characteristic, when the river at one of 
its segments abandons the old channel in favor of the 
new one in softer rocks. The postglacial isostatic 
uplift could have a great influence on the work of 
rivers, for example, by increasing the slopes of rivers, 
or by changing the slopes to such an extent that they 
could now have zero or even reverse slope 
[Makkaveev, 2001]. 

During 14,000-12,000 yr BP, and prior to the 
abrupt fall of the Baltic Ice Lake (further �± BIL) at ca 
11,700 yr BP, Lake Ladoga remained an easternmost 

extension of the BIL. About 11,700 yr BP, in the area 
of the Mt. Billingen in the central Sweden, a glacial 
lobe decayed, which led to the release of the straits, 
lowering of the runoff threshold and a drop in the 
level of the BIL from 95 to 20-�������P���>�%�M�|�U�F�N�������������@����
Since that time, Lake Ladoga has been isolated from 
the Baltic, but their contours differed from modern 
ones [Subetto 2009]. About 14,000 yr BP, the stream 
bed of the Svir River, was freed from ice, and the Svir 
River started to flow into the BIL (Lake Ladoga at 
that time was the eastermost gulf of the BIL). At the 
same time, reformation of lake-river systems 
connected to these water bodies began [Kvasov, 
1975; Isachenko, 1998; Zobkov et al., 2019] 
(figure 1). 

The runoff from Lake Ladoga was directed 
through the system of the Vuoksa river-lake system 
to the Baltic Sea (modern Vyborg Bay), and the 
runoff threshold was near settlement Veschevo 
(Heinjoki). The waterway connecting Lake Ladoga 
with the Baltic Sea was still in place, consisting of 
numerous lakes, streams and bays with a labyrinth of 
islands [Dolukhanov et al., 2009]. 
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Figure 1. Changes in the hydrographic system of the Ladoga Lake basin 

�J�b�k�m�g�h�d������ �B�a�f�_�g�_�g�b�y���\���]�b�^�j�h�]�j�Z�n�b�q�_�k�d�h�c���k�b�k�l�_�f�_���[�Z�k�k�_�c�g�Z���E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z

Saarnisto [1970, 1995] has demonstrated that 
Lake Saimaa in southeastern Finland ca 5,900 yr BP 
started to drain into Lake Ladoga via the Vuoksa 
River. The resulting influx of fresh water led to the 
rapid rise of Lake Ladoga and the ensuing Ladoga 
�W�U�D�Q�V�J�U�H�V�V�L�R�Q���� �7�K�H�U�H�I�R�U�H���� �I�U�R�P�� �W�K�H�� �/�D�N�H�� �6�D�L�P�D�D�¶��
system the flow of water from the north flowed along 
the old valley of the Heinjoki Strait to Lake Ladoga 
(NW part) but as the amount of water exceeded the 
entire volume of the channel, part of the flow went to 
the Baltic Sea. The northern part of Lake Ladoga 
situated in the area of a faster uplift of the earth's 
crust, meanwhile the southern part of the lake 
submerged. As a result, Lake Ladoga turned into an 
isolated lake, and overflow began. Lake Ladoga was 
filling up until its waters flooded the entire valley of 
the Mga River and approached the narrow isthmus 
separating the Mga and the Tosna Rivers (Mga-Tosna 
threshold 18-19 m high). The water level in Lake 
�/�D�G�R�J�D�� �U�R�V�H�� �D�E�R�Y�H�� �W�K�H�� �Z�D�W�H�U�V�K�H�G�� �D�Q�G�� �W�K�H�� �O�D�N�H�¶�V��
waters run toward to the Baltic Sea, forming the 
modern Neva River. After that the level of Lake 
Ladoga fell by 10 m and the Ivanovskie rapids were 

formed. The River Neva has been formed ca 
3,500 yr BP [Alexandrovsky et al., 2009; 
Dolukhanov et al., 2009; Dolukhanov et al., 2010 and 
others]. Gradually, the connection between Lake 
Ladoga and the Baltic Sea through the Heinjoki 
waterway was stopped. The Vuoksa River began to 
discharge water directly to Lake Ladoga 
[Nezhikhovsky, 1973; Saarnisto, 1995; Sevastyanov 
et al., 2001]. 

The history of transformations of river valleys 
can be reconstructed from the tracks left by the stream 
bed. Therefore, it becomes possible to calculate the 
flow rate through the Heinjoki using the 
morphometric data of the palaeochannel. The purpose 
of this study is the hydrological calculation of the 
runoff through the Heinjoki water connection of Lake 
Ladoga and the Baltic Sea and compare obtained data 
with modern runoff through the River Neva. The 
purposes of this research are as follows:  
(1) To obtain the morphometric data of the 
palaeochannels of the Karelian Isthmus region; 
(2) To perform the hydrological calculations of the 
palaeoflow based on morphometric data.  
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Figure 2. Reconstruction of the Lake Ladoga transgression ca 5,000 �± 3,000 yr BP [Ailio, 1915] 
�J�b�k�m�g�h�d������ �J�_�d�h�g�k�l�j�m�d�p�b�y���l�j�Z�g�k�]�j�_�k�k�b�b���E�Z�^�h�`�k�d�h�]�h���h�a�_�j�Z���h�d��������������- �����������e���g����[Ailio, 1915] 

Materials and methods 

In palaeohydrological reconstructions, the 
following methods were used [Subetto, Averichkin, 
Kuznetsov, 2009]: 

�ƒ water balance equation; 
�ƒ hydraulic-morphometric dependencies; 
�ƒ method of geographical analogy. 
For the assessment of the palaeorunoff of the 

Heinjoki waterway system, the relationship between 
the river flow rate with width, depth and water 
balance ratios was used. In addition, our 
palaeogeographical hypotheses is based on the 
principle of palaeogeographical analogy, that is, the 
proximity of flow characteristics for modern and 
ancient river basins with similar contemporary and 
palaeogeographical conditions [Evstigneev, 1990; 
Sidorchuk et al., 2000]. 

Results 

The preliminary studies of the Heinjoki 
paleostraight, conducted earlier near Veschevo 
village (Heinjoki), allowed to obtain the following 
information (Table 1). The banks of the channel are 
composed of Quaternary deposits represented mostly 
by sands. The banks do not have any floodplains and 
terraces. The channel alluvium is represented by 
coarse-grained sand and gravel-pebble deposits, lying 
on crystalline rocks. The channel had two branches: 
the width of the first was 400 m, the second was about 
300 m. The depth of the both branches was about 6 m 
(figure 3). The modern water level of Lake Ladoga is 
ca 5 m. If the modern level of Ladoga would fall 5-6 
m below the average, the Neva would flow back and 
the waters of the Gulf of Finland would enter the lake. 
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Figure 3. Location of the sediment sampling near the settlement Veschevo (Heinjoki), demonstrated that 
lake sedimentation began about 3000 years ago, and before that river sedimentation conditions prevailed 

[Dolukhanov et al., 2009] 
�J�b�k�m�g�h�d 3. �J�Z�k�i�h�e�h�`�_�g�b�_���h�l�[�h�j�Z���i�j�h�[���\���j�Z�c�h�g�_���i�h�k�_�e�d�Z���<�_�s�_�\�h�����O�_�c�g�c�h�d�b�����i�h�d�Z�a�Z�e�h�����q�l�h���h�k�Z�`�^�_�g�b�_��
�h�a�_�j�Z���g�Z�q�Z�e�h�k�v���h�d�h�e�h�������������e�_�l���g�Z�a�Z�^�����Z���^�h���w�l�h�]�h���i�j�_�h�[�e�Z�^�Z�e�b���m�k�e�h�\�b�y���j�_�q�g�h�]�h���h�l�e�h�`�_�g�b�y��[Dolukhanov 

et al., 2009] 

The level of Lake Ladoga ca 5000 BP in the 
northern part was ca 21-22 m a.s.l.  

To determine the area of the water section, 
there is universal formula of B.A. Appolov [1974]:  

F = 2/3 BH (1), 
where B is the average channel width,  

H is the average depth of the channel.  

�.�H�Q�Q�H�G�\�¶�V�� �I�R�U�P�X�O�D�� �>�.�H�Q�Q�H�G�\, 1969] is 
applicable for determining the water velocity, it is 
used for rectilinear channels and channels with 
constant water and sediment flow: 

Vo = 0,84H0,64 (2) 

The water flow is determined by formula: 

Q = Vo F (3) 

The average annual flow rate of both branches 
of the Heinjoki waterway was: Q = 2339 m3/s 
(1316 m3/s �± the first branch, 1013 m3/s �± the second 

branch). The modern annual flow rate of the Neva 
River is 2530 m3/s. 

The runoff rate of the catchment area can be 
calculated: 

M = Qav 103/F (4) 

In our research, the River Neva basin was 
considered as the modern analogue of the 
palaeolandscape. The runoff rate is equal to 8.28 l/s 
from km2. The River Neva runoff rate is 9.25 l/s from 
km2. 

The annual runoff volume is:  

W = Q T/109 (5), 
where T is the time in seconds per year.  

The Heinjoki waterway annual volume of 
runoff is 73.8 km3. The annual volume of runoff of 
the Neva is 79.8 km3. 

The runoff layer is determined by formula: 
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Y = W/F 103 (6), 
where F is the catchment area.  

The runoff layer is 261.3 mm. The runoff layer 
of the Neva River is about 284 mm. 

Formula for determining the runoff coefficient 
is: 

K = Y/X (7), 
where X is amount of precipitation in the catchment 
area.  

When the amount of precipitation is 700 mm, 
the runoff coefficient is 0.37; when the amount of 
precipitation is 500 mm, the runoff coefficient is 0.52. 
The amount of precipitation in the modern basin of 
the River Neva is 606 mm, the runoff coefficient is 
0.37 accordingly. 

The method of analogues provides an 
opportunity to define the palaeorunoff also for the 
PalaeoVuoksa. The modern catchment area of the 
Vuoksa River and the entire system of Lake Saimaa 
is 69,500 km2, the volume of the runoff is 20.3 km3, 
and runoff layer is 336 mm. The runoff coefficient is 
0.48 (precipitation amount of 700 mm) or 
0.67 (precipitation amount of 500 mm). 

Accordingly, the average annual water flow in 
the Heinjoki runoff way, before the breakthrough of 
the Vuoksa water to the Heinjoki way, was 1694 m3/s, 
the annual runoff rate 53.4 km3, the runoff rate 
7.9 l/s per km2, the runoff layer 251 mm, the runoff 
coefficient at 700 mm �± 0.32, at 500 mm �± 0.5. 

Discussion 

A good geographical analogue of the study 
area (the Neva River basin) is the Great Lakes region 
in North America. Although these lakes decreased in 
size after the ice retreating of the Last Glacial time, 
they were nevertheless preserved, largely due to the 
Niagara Escarpment, which is a natural step 
supporting the high water level in Lake Erie. The 
presence of ridges predetermined the different heights 
of lake levels, located like a cascade. The most 
significant difference between the levels of the Lakes 
Erie and Ontario are predetermined by the cuesta 
ridges from the Silurian limestones that spawn the 
famous Niagara Falls. Here the water falls from a 

height of 50 m. Through the waterfall every second 
passes 5900 m3, of which 5600 m3 belongs to 
Canadian part. Flow from Lake Ontario occurs 
through the St. Lawrence River. In the upper current, 
this river is like a bay of a lake, but then it narrows, 
the fall becomes large, due to what the river is 
abundant with rapids. Niagara Falls appeared ca 
12,500 yr BP ago. Initially, it drained from a steep 
ledge, covered with sedimentary rocks which are 
represented mostly by limestone and dolomite 
[Larson, Schaetzl, 2001]. 

The described situation exists due to the 
tectonic stability of the region, and therefore the water 
of Erie did not find another way of flow. That is, the 
disturbances of the shape of the longitudinal profile 
and the configuration of the channel in terms of local 
fluctuations of the earth's crust were smoothed out by 
the work of the river flow. The area of the Karelian 
Isthmus and Lake Ladoga was an area of fast 
deformations when the rate of erosion of the Old 
Vuoksa and the Heinjoki runoff way turned out to be 
less than the velocity of the channel shift under the 
influence of tectonic. In addition, rivers can erode the 
surface to different depths depending on the nature of 
rocks. If the river flowed through rocks that could 
easily be eroded as limestone, for example, it quickly 
deepened its bed, increased its length, and made it 
possible for the tributaries to be developed. If the 
river bed represented by crystalline metamorphic and 
igneous rocks, e.g. Vuoksa River and the Heinjoki 
waterway located in the southeastern part of the 
Fennoscandian Crystalline Shield, then the 
embedding became difficult and conditions for the 
development of river valleys worsened. Finally, there 
was a significant reorganization of the river system. 
The Neva River and its tributaries, which laid valleys 
on loose rocks, intercepted the drainage of river 
basins in areas built up by dense rocks. Something 
similar happened in Appalachia, where the 
development of the river beds stopped not as the 
result from the cessation of erosion, but because 
erosion became weaker than other factors influencing 
the relief of the channel, in particular tectonics. 
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Table 1. Hydrological characteristics of the Neva River and the Heinjoki waterway 
�L�Z�[�e�b�p�Z��1. �=�b�^�j�h�e�h�]�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �j�_�d�b���G�_�\�u���b �O�_�c�g�b�h�d�k�d�h�]�h���i�j�h�e�b�\�Z 

Water balance 
characteristics 

Neva 
River 

Heinjoki 
waterway 

Heinjoki waterway before influx of the 
Vuoksa River ca 5,000 yr BP 

Catchment area, km2 282 000 282 000 212 800 
Average annual water flow 

rate, m3/s 
2530 2339 1694 

Runoff volume, km3/year 79.8 73.8 53.4 
Annual runoff layer, mm 284 261 251 

Runoff coefficient 0.38 0.37 �± 0.52 0.32 �± 0.5 
Runoff rate l/sec from km2 9.2 8.3 7.9 

Thus, during the uplift of the Karelian Isthmus 
and north of Lake Ladoga, the parameters of 
palaeochannels of the Heinjoki straight changed. First 
of all, there was a decrease in their depths, which led 
to a decrease in runoff from Lake Ladoga to the Baltic 
and, accordingly, an increase in the volume of water 
mass of the lake. The calculations show that if the 
depth has decreased to 3 meters, then the average 
annual flow rate would be 1235.7 m3/s. In this case 
the runoff rate is equal to 4.37 l/s per km2, the runoff 
volume is 38.9 km3 per year, the runoff layer is 
137 mm, the runoff coefficient varies from 0.19 to 
0.27. 

Reduction of the flow from Lake Ladoga by 
27.5 km3 gives the corresponding increase in the 
volume of Ladoga's water mass. In about 40 years, the 
volume of Lake Ladoga should be increased by 1,100 
km3, that is, a second Lake Ladoga could appear, 
which should create another runoff way. After the 
formation of the Neva River, the Vuoksa River 
flowed eastward, and the replacement of the river 
mouth to modern city Priozersk surroundings took 
place. Due to the geological processes on the Karelian 
Isthmus, centurial land uplift led to the final drying 
out of the western channel of the Vuoksa River in the 
17th century, and now only a chain of lakes connected 
by sections of narrow rapids reminds of it. According 
to the law of factorial relativity, reaction of the 
different parts of the hydrological system to the 
changing conditions is not the same and is non-
simultaneous [Makkaveev, 1955; Channel process, 

1959]. Therefore, the estuary area of the Vyborg 
branch of the Vuoksa River had a long-term 
connection with the Gulf of Finland of the Baltic Sea. 

So, we can formulate the following 
conclusions: 
�x Lake Ladoga has been connected to the Baltic 
Sea throughout its history since its deglaciation (first 
as the easternmost gulf of the Baltic Ice Lake until 
11,700 yr BP, later as a part of the Ancylus Lake, and 
then as an isolated lake with the outflow in the 
northern part of the Karelian Isthmus with Hejnjoki 
threshold from 10,200 to 3,500 yr BP). 
�x The quantitative parameters of the Heinjoki 
runoff (flow rate, annual runoff, runoff layer, runoff 
coefficient) roughly correspond to the current flow 
parameters of the Neva River. However, they are 
somewhat smaller than the Neva River has, which is 
associated with different geological and 
geomorphological conditions for the formation of the 
Neva River and Heinjoki channels.  
�x The change in the runoff direction from the 
Vuoksa to the Neva is mainly related to the tectonic 
uplift of the Karelian Isthmus and the northern part of 
Lake Ladoga. 
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 Abstract. The results of the analysis of geospatial 
and geological-geomorphological information on the 
shores of the contact zones of the North Pacific are 
presented. An analysis of the maps of the 
morphogenetic types of coasts of the North Pacific 
revealed the specifics of the coastal 
morpholithogenesis of the seas of subarctic and 
moderate zones. It has been established that for the 
seas of the North Pacific, a two-modal distribution of 
the length of coasts of various types is characteristic. 
The first maximum relates to abrasion-denudation 
rocky shores, with a significant contribution to the 
destruction of physical weathering. The second peak 
is formed by abrasive-accumulative shores. A similar 
distribution of coast types along with structural and 
geological features of the coastal structure is 
probably associated with various stages of coastal 
maturity under conditions of intense denudation 
destruction of the coasts of the seas, characterized by 
�D�� �S�U�R�O�R�Q�J�H�G�� �³�R�S�H�Q�� �V�H�D�´�� �S�H�U�L�R�G�� �D�W�� �Q�H�J�D�W�L�Y�H�� �D�L�U��
temperatures. The morphoclimatic position 
(geospatial parameters and the related differences in 
morpholithodynamic parameters) of Sakhalin Island 
and the island arc systems of the North Pacific 
allowed us to consider them as contact zones of 
different types of seas, as well as seas and oceans. 
The morpholithodynamic characteristics of the 
shores of contact zones along with the features of 
hydrodynamics and the thermal regime of the shared 
water areas also determine the morphoclimatic 
parameters of the contact zone itself. The Sakhalin 
shores of the moderately cold northern part of the Sea 
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of Japan and the Subarctic Sea of Okhotsk are  
30-140 km apart, while the oceanic and marine 
shores of large islands in island-arc systems separate 
the first kilometers. Thus, the windwave fields and 
their interaction with swell waves in the contact 
zones are very complex. The temperature regime of 
the coasts also largely depends on the geospatial 
parameters of the contact zones. Based on the map of 
morphogenetic types of coasts, the distribution 
features of coastal types from the sea and ocean side 
of island-arc systems are digitized and considered. 
Cartometric and morphometric studies in 
conjunction with the data of geological and 
geomorphological analysis revealed the peculiarities 
of development and modern dynamics of the sea and 
ocean coasts of island-arc systems. It is assumed that 
the longitudinal asymmetry of the low isthmus 
between the ocean and sea shores is due to 
tsunamigenic processes. 
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�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�Z�y�� �h�r�b�[�d�Z�� ���5�0�6�(���� �i�h��
�\�u�k�h�l�_ �± �f�_�g�_�_�� ������ �f���� �>�e�y�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �m�j�h�\�g�_�c��
�i�h�k�l�j�h�_�g�u���d�Z�j�l�u���\�u�k�h�l���\���l�j�_�o�f�_�j�g�h�c���i�j�h�_�d�p�b�b���k��
�\�u�^�_�e�_�g�b�_�f���p�\�_�l�h�f���\�u�k�h�l�g�u�o���^�b�Z�i�Z�a�h�g�h�\���h�l�������^�h��



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

 

 

162  
 

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

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

  
�J�b�k�m�g�h�d������ �I�j�h�l�y�`�_�g�g�h�k�l�v���l�b�i�h�\���[�_�j�_�]�h�\���f�h�j�_�c���K�_�\�_�j�g�h�c���I�Z�p�b�n�b�d�b�������Z����- �i�j�h�l�y�`�_�g�g�h�k�l�v���l�b�i�h�\��

�[�_�j�_�]�h�\���\���d�b�e�h�f�_�l�j�Z�o�������[��- �i�j�h�l�y�`�_�g�g�h�k�l�v���l�b�i�h�\���[�_�j�_�]�h�\���\���i�j�h�p�_�g�l�Z�o�����L�b�i�u���[�_�j�_�]�h�\������ �± �k���e�_�^�g�b�d�h�\�h-
�l�_�d�l�h�g�b�q�_�k�d�b�f���j�Z�k�q�e�_�g�_�g�b�_�f�����n�b�h�j�^�h�\�u�_�������l�_�d�l�h�g�b�q�_�k�d�b���h�[�m�k�e�h�\�e�_�g�g�u�_����2 �± �Z�[�j�Z�a�b�h�g�g�h-

�^�_�g�m�^�Z�p�b�h�g�g�u�_����3 �± �Z�[�j�Z�a�b�h�g�g�u�_�����\�u�j�h�\�g�_�g�g�u�_���b���[�m�o�l�h�\�u�_������ 
4 �± �Z�[�j�Z�a�b�h�g�g�u�_���h�l�f�_�j�r�b�_�� 5 �± �l�_�j�f�h�Z�[�j�Z�a�b�h�g�g�u�_���b���e�_�^�h�\�u�_�� 6 �± �Z�[�j�Z�a�b�h�g�g�h-�Z�d�d�m�f�m�e�y�l�b�\�g�u�_��
���\�u�j�h�\�g�_�g�g�u�_���b���[�m�o�l�h�\�u�_���� 7 �± �k�h�a�^�Z�g�g�u�_���\�h�e�g�h�\�u�f�b���i�j�h�p�_�k�k�Z�f�b�����i�e�y�`�_�\�u�_����8 �± �k�h�a�^�Z�g�g�u�_��

�\�h�e�g�h�\�u�f�b���i�j�h�p�_�k�k�Z�f�b�����e�Z�]�m�g�g�u�_�� 9 �± �k�h�a�^�Z�g�g�u�_���i�j�b�e�b�\�g�u�f�b���b���k�]�h�g�g�h-�g�Z�]�h�g�g�u�f�b���i�j�h�p�_�k�k�Z�f�b��  
10 �± �k�h�a�^�Z�g�g�u�_���m�k�l�v�_�\�u�f�b���i�j�h�p�_�k�k�Z�f�b�����^�_�e�v�l�h�\�u�_�� 

Figure 1. The length of the types of coasts of the seas of the North Pacific. (�Z)- The length of the types of 
coasts in kilometers; (b) - the length of the types of coasts in percent. Types of coasts: 1 �± with glacial-
tectonic dissection (fjord), tectonically determined, 2 �± abrasion-denudation; 3 �± abrasion (aligned and 
coiled); 4 �± abrasive dead; 5 �± thermoabrasion and ice; 6 �± abrasion-accumulative (aligned and coiled); 
7 �± created by wave processes, beach; 8 �± created by wave processes, lagoon; 9 �± created by tidal and 

surging processes; 10 �± created by wellhead processes (delta) 
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�D�Z�j�l�h�f�_�l�j�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y 
�i�_�j�_�r�_�c�d�Z �h�k�l�j�h�\�Z �Q�m�]�m�g�b�^�Z�d �\ �k�j�_�^�_ Aster 
Global Digital Elevation Model (GDEMV2) �[�u�e�b 
�^�h�i�h�e�g�_�g�u �h�[�j�Z�[�h�l�d�h�c �^�Z�g�g�u�o ALOS World 3D �± 
30 �f  (AW3D30) �<�_�j�k�b�y 2.2 1 ; Shuttle Radar 
Topography Mission (SRTM) 1 Arc-Second Global2. 

�=�_�h�j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�u�_�� �g�Z�[�e�x�^�_�g�b�y��
�i�j�h�\�h�^�b�e�b�k�v�� �]�_�h�j�Z�^�Z�j�h�f�� �k�_�j�b�b�� �©�H�D�H-���F�ª��
���H�H�H �©�E�h�]�b�k�ª���� �k�� �Z�g�l�_�g�g�u�f�� �[�e�h�d�h�f�� �:�;-400 
���p�_�g�l�j�Z�e�v�g�Z�y�� �q�Z�k�l�h�l�Z�� �Z�g�l�_�g�g�u�� ������ �F�=�p������
�h�[�_�k�i�_�q�b�\�Z�x�s�b�f���]�e�m�[�b�g�m���b�k�k�e�_�^�h�\�Z�g�b�y���^�h�������f �b��
�k���Z�g�l�_�g�g�u�f���[�e�h�d�h�f���:�;-�����������p�_�g�l�j�Z�e�v�g�Z�y���q�Z�k�l�h�l�Z��
150 �F�=�p������ �h�[�_�k�i�_�q�b�\�Z�x�s�b�f�� �]�e�m�[�b�g�m��
�b�k�k�e�_�^�h�\�Z�g�b�y���^�h���������f�����I�j�b�\�y�a�d�Z���d�h�g�_�q�g�u�o���l�h�q�_�d��
�i�j�h�n�b�e�_�c�� �g�Z�[�e�x�^�_�g�b�y�� �h�k�m�s�_�k�l�\�e�y�e�Z�k�v�� �i�j�b��
�i�h�f�h�s�b�� �k�i�m�l�g�b�d�h�\�h�]�h�� �i�j�b�_�f�h�b�g�^�b�d�Z�l�h�j�Z���� �I�h��
�^�Z�g�g�u�f�� �[�m�j�_�g�b�y�� �b�� �r�m�j�n�h�\�Z�g�b�y�� �\�u�^�_�e�_�g�g�u�_��
�h�l�j�Z�`�Z�x�s�b�_�� �i�h�\�_�j�o�g�h�k�l�b�� �k�d�h�j�j�_�e�b�j�h�\�Z�g�u�� �k�h��
�k�e�h�y�f�b���� �m�k�l�Z�g�h�\�e�_�g�g�u�f�b�� �\�� �k�d�\�Z�`�b�g�Z�o���� �r�m�j�n�Z�o��
�b�e�b�� �d�Z�g�Z�\�Z�o���� �^�e�y�� �i�_�j�_�k�q�_�l�Z�� �i�h�� �\�k�_�f�m�� �i�j�h�n�b�e�x��
�\�j�_�f�_�g�g�h�]�h�� �j�Z�a�j�_�a�Z�� �\�� �]�e�m�[�b�g�g�u�c���� �I�j�b�� �Z�g�Z�e�b�a�_�� �b��

�b�g�l�_�j�i�j�_�l�Z�p�b�b�� �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �i�h�g�y�l�b�y�� �b��
�l�_�j�f�b�g�u�� �]�_�h�j�Z�^�Z�j�g�h�c�� �k�l�j�Z�l�b�]�j�Z�n�b�b���� �l�Z�d�b�_�� �d�Z�d��
�j�Z�^�Z�j�g�Z�y�� �n�Z�p�b�y�� ���5�I���� �b�� �i�h�\�_�j�o�g�h�k�l�b�� �j�Z�^�Z�j�g�u�o��
�h�l�j�Z�`�_�g�b�c���� �k�\�y�a�Z�g�g�u�_�� �k�� �i�_�j�\�b�q�g�h�c�� �k�l�j�m�d�l�m�j�h�c��
�h�k�Z�`�^�_�g�b�y�� �>Neal, 2004; Mallinson et���� �Zl., 2010]. 
�B�g�l�_�j�i�j�_�l�Z�p�b�y�� �]�_�h�j�Z�^�Z�j�g�u�o�� �^�Z�g�g�u�o�� �i�h��
�i�j�h�n�b�e�y�f���h�[�s�_�c���i�j�h�l�y�`�_�g�g�h�k�l�v�x���h�d�h�e�h���������d�f���\��
�i�h�e�g�h�c�� �f�_�j�_�� �\�d�e�x�q�Z�e�Z�� �]�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�c��
�d�h�g�l�_�g�l���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �f�h�j�n�h�^�b�g�Z�f�b�q�_�k�d�b�o��
�g�Z�[�e�x�^�_�g�b�y�o�� 

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

�H�[�s�b�_�� �q�_�j�l�u�� �k�i�_�p�b�n�b�d�b�� �f�h�j�n�h�e�b�l�h�]�_�g�_�a�Z��
�k�� �f�h�j�k�d�h�c�� �b�� �h�d�_�Z�g�k�d�h�c�� �k�l�h�j�h�g�u�� �d�h�g�l�Z�d�l�g�u�o�� �a�h�g��
���:�e�_�m�l�k�d�h�c�� �b�� �D�m�j�b�e�v�k�d�h�c�� �h�k�l�j�h�\�g�u�o�� �^�m�]����
�m�k�l�Z�g�h�\�e�_�g�u�� �i�j�b�� �Z�g�Z�e�b�a�_�� �d�Z�j�l��
�f�h�j�n�h�]�_�g�_�l�b�q�_�k�d�b�o�� �l�b�i�h�\�� �[�_�j�_�]�h�\�� �K�_�\�_�j�g�h�c��
�I�Z�p�b�n�b�d�b �>�G�Z�p�b�h�g�Z�e�v�g�u�c�� �Z�l�e�Z�k�� �J�h�k�k�b�b���� ���������@����
�I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �w�d�k�i�h�j�l�b�j�h�\�Z�g�u�� �b��
�h�[�j�Z�[�h�l�Z�g�u�� �\�� �w�e�_�d�l�j�h�g�g�u�o�� �l�Z�[�e�b�p�Z�o���� �a�Z�l�_�f��
�i�j�_�^�k�l�Z�\�e�_�g�u���\���]�j�Z�n�b�q�_�k�d�h�f���\�b�^�_�����j�b�k�m�g�h�d����). 

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

�I�Z�p�b�n�b�d�b�� 1 �± �k���e�_�^�g�b�d�h�\�h-�l�_�d�l�h�g�b�q�_�k�d�b�f���j�Z�k�q�e�_�g�_�g�b�_�f�����n�b�h�j�^�h�\�u�_�������l�_�d�l�h�g�b�q�_�k�d�b���h�[�m�k�e�h�\�e�_�g�g�u�_����
2 �± �Z�[�j�Z�a�b�h�g�g�h-�^�_�g�m�^�Z�p�b�h�g�g�u�_����3 �± �Z�[�j�Z�a�b�h�g�g�u�_�����\�u�j�h�\�g�_�g�g�u�_���b���[�m�o�l�h�\�u�_���� 4 �± �Z�[�j�Z�a�b�h�g�g�u�_��
�h�l�f�_�j�r�b�_�� 5 �± �l�_�j�f�h�Z�[�j�Z�a�b�h�g�g�u�_���b���e�_�^�h�\�u�_�� 6 �± �Z�[�j�Z�a�b�h�g�g�h-�Z�d�d�m�f�m�e�y�l�b�\�g�u�_�����\�u�j�h�\�g�_�g�g�u�_���b��

�[�m�o�l�h�\�u�_���� 7 �± �k�h�a�^�Z�g�g�u�_���\�h�e�g�h�\�u�f�b���i�j�h�p�_�k�k�Z�f�b�����i�e�y�`�_�\�u�_����8 �± �k�h�a�^�Z�g�g�u�_���\�h�e�g�h�\�u�f�b���i�j�h�p�_�k�k�Z�f�b����
�e�Z�]�m�g�g�u�_ 

Figure 2. Distribution of morphogenetic types of coasts of the island-arc systems of the North Pacific: 
1 �± with glacial-tectonic dissection (fjord), tectonically determined, 2 �±  abrasion-denudation; 3 �± abrasive 

(aligned and coiled); 4 �± abrasive dead; 5 �± thermoabrasion and ice; 6 �± abrasion- accumulative (aligned and 
coiled); 7 �± created by wave processes, beach; 8 �± created by wave processes, lagoon 

                                                 
1 URL: https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������������ 
2 URL: https://doi.org/10.5066/F7PR7TFT ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
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�D�Z�d���b���h�`�b�^�Z�e�h�k�v�����\���i�j�h�p�_�g�l�g�h�f���h�l�g�h�r�_�g�b�b��
�d�Z�d�� �:�e�_�m�l�k�d�b�o���� �l�Z�d�� �b�� �D�m�j�b�e�v�k�d�b�o�� �h�k�l�j�h�\�h�\��
�f�h�j�k�d�b�_�� �[�_�j�_�]�Z�� ��-�]�h�� �b�� ��-�]�h�� �l�b�i�Z�� ���j�b�k�m�g�h�d�� ��������
�:�[�j�Z�a�b�h�g�g�u�_���[�_�j�_�]�Z���g�Z���:�e�_�m�l�Z�o���i�j�_�h�[�e�Z�^�Z�x�l���g�Z��
�f�h�j�k�d�h�c�� �k�l�h�j�h�g�_���� �Z�� �g�Z�� �D�m�j�b�e�Z�o���� �g�Z�h�[�h�j�h�l���� �g�Z��
�h�d�_�Z�g�k�d�h�c���� �I�j�h�l�y�`�_�g�g�h�k�l�v�� �Z�[�j�Z�a�b�h�g�g�h-
�Z�d�d�m�f�m�e�y�l�b�\�g�u�o�� �[�_�j�_�]�h�\�� �\�u�r�_�� �k�� �h�d�_�Z�g�k�d�h�c��
�k�l�h�j�h�g�u�� �h�k�l�j�h�\�h�^�m�`�g�u�o�� �k�b�k�l�_�f���� �I�j�h�l�y�`�_�g�g�h�k�l�v��
�Z�d�d�m�f�m�e�y�l�b�\�g�u�o�� �[�_�j�_�]�h�\�� �b�� �g�Z�� �D�m�j�b�e�Z�o���� �b�� �g�Z��
�:�e�_�m�l�Z�o�� �l�Z�d�`�_�� �[�h�e�v�r�_�� �k�h�� �k�l�h�j�h�g�u�� �h�d�_�Z�g�Z����
�<�u�y�\�e�_�g�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �f�h�j�n�h�]�_�g�_�l�b�q�_�k�d�b�o��
�l�b�i�h�\�� �f�h�j�k�d�b�o�� �b�� �h�d�_�Z�g�k�d�b�o�� �[�_�j�_�]�h�\��
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �i�j�_�h�[�e�Z�^�Z�x�s�_�f�� �\�d�e�Z�^�_�� �\�� �w�l�h��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�f�_�g�g�h�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �b��
�l�_�j�f�b�q�_�k�d�h�]�h�� �j�_�`�b�f�h�\�� �j�Z�a�^�_�e�y�_�f�u�o�� �Z�d�\�Z�l�h�j�b�c����
�F�h�j�n�h�d�e�b�f�Z�l�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �k�h�[�k�l�\�_�g�g�h��
�d�h�g�l�Z�d�l�g�h�c�� �a�h�g�u�� ���h�k�l�j�h�\�g�h�c�� �^�m�]�b������ �\�� �h�l�e�b�q�b�_�� �h�l��
�l�Z�d�h�\�u�o�� �g�Z�� �h�k�l�j�h�\�_ �K�Z�o�Z�e�b�g���� �g�Z�� �m�d�Z�a�Z�g�g�h�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�_���g�_���\�e�b�y�x�l�����F�h�j�n�h�l�_�d�l�h�g�b�q�_�k�d�Z�y���b��

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

�G�Z�� �i�j�b�f�_�j�_�� �h�k�l�j�h�\�Z �B�l�m�j�m�i�� ���D�m�j�b�e�v�k�d�Z�y��
�h�k�l�j�h�\�g�Z�y���^�m�]�Z�����b���h�k�l�j�h�\�Z �Q�m�]�m�g�b�^�Z�d�����:�e�_�m�l�k�d�Z�y��
�h�k�l�j�h�\�g�Z�y�� �^�m�]�Z���� �^�_�l�Z�e�v�g�h�� �j�Z�k�k�f�h�l�j�_�g�u��
�h�k�h�[�_�g�g�h�k�l�b�� �k�h�\�j�_�f�_�g�g�h�]�h�� �[�_�j�_�]�h�\�h�]�h��
�f�h�j�n�h�e�b�l�h�]�_�g�_�a�Z�� �d�h�g�l�Z�d�l�g�h�c�� �a�h�g�u�� �b�� �w�h�e�h�\�h�c��
�Z�d�d�m�f�m�e�y�p�b�b���� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�]�h�� �[�e�b�`�g�_�]�h��
�i�_�j�_�g�h�k�Z���� �d�h�l�h�j�Z�y�� �h�l�g�h�k�b�l�k�y�� �d�� �k�i�_�p�b�n�b�q�g�u�f��
�[�_�j�_�]�h�\�u�f�� �j�_�e�v�_�n�h�h�[�j�Z�a�m�x�s�b�f�� �i�j�h�p�_�k�k�Z�f����
�k�m�f�f�b�j�m�x�s�b�f�� �\�h�a�^�_�c�k�l�\�b�y�� �\��
�i�Z�e�_�h�]�_�h�]�j�Z�n�b�q�_�k�d�h�f�� �f�Z�k�r�l�Z�[�_�� �\�j�_�f�_�g�b����
�G�Z�b�[�h�e�_�_���i�h�d�Z�a�Z�l�_�e�v�g�u�_���j�Z�a�e�b�q�b�y���\���k�h�\�j�_�f�_�g�g�h�c��
�f�h�j�n�h�e�b�l�h�^�b�g�Z�f�b�d�_�� �[�_�j�_�]�h�\�� �\�u�y�\�e�_�g�u�� �i�j�b��
�Z�g�Z�e�b�a�_�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\��
�f�_�]�Z�n�_�k�l�h�g�h�\�� �i�e�y�`�Z�� �g�Z�� �h�k�l�j�h�\�_ �B�l�m�j�m�i��
���j�b�k�m�g�h�d 3). 

 
�J�b�k�m�g�h�d���������H�[�a�h�j�g�Z�y���k�o�_�f�Z���j�Z�c�h�g�Z���i�_�j�_�r�_�c�d�Z���<�_�l�j�h�\�h�c�����h�k�l�j�h�\���B�l�m�j�m�i�����± �f�h�j�n�h�f�_�l�j�b�q�_�k�d�Z�y���d�Z�j�l�Z��

(Aster Global Digital Elevation Model (GDEM V2) 
Figure 3. Overview of the area of the isthmus of Vetrovoy - morphometric map  

(Aster Global Digital Elevation Model (GDEM V2) 
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�J�b�k�m�g�h�d���������H�o�h�l�h�f�h�j�k�d�b�_���f�_�]�Z�n�_�k�l�h�g�u�����/��� ��������-���������f�� 

Figure 4. Sea of Okhotsk megacusps (L = 400-600 m) 

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

�I�j�b�� �Z�g�Z�e�b�a�_�� �w�h�e�h�\�h�]�h�� �f�h�j�n�h�e�b�l�h�]�_�g�_�a�Z����
�k�\�y�a�Z�g�g�h�]�h�� �k�� �\�h�e�g�h�\�h�c�� �i�_�j�_�j�Z�[�h�l�d�h�c��
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �i�_�f�a�h�\�h-�i�b�j�h�d�e�Z�k�l�b�q�_�k�d�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�� �i�j�b�� �w�d�k�i�e�h�a�b�\�g�u�o�� �b�a�\�_�j�`�_�g�b�y�o�� �\��
�]�h�e�h�p�_�g�_�����g�_�h�i�e�_�c�k�l�h�p�_�g�_�����[�u�e�h���m�k�l�Z�g�h�\�e�_�g�h�����q�l�h��
�^�x�g�u�� �k�� �f�h�j�k�d�h�c�� �k�l�h�j�h�g�u�� �i�_�j�_�r�_�c�d�Z�� �<�_�l�j�h�\�h�c��
�h�k�l�j�h�\�Z�� �B�l�m�j�m�i�� �n�h�j�f�b�j�h�\�Z�e�b�k�v�� �\�� �j�_�a�m�e�v�l�Z�l�_��
�j�Z�a�j�m�r�_�g�b�y�� �\�u�k�h�d�b�o�� �[�_�j�_�]�h�\�u�o�� �m�k�l�m�i�h�\����
�k�e�h�`�_�g�g�u�o�� �i�_�f�a�h�\�h-�i�b�j�h�d�e�Z�k�l�b�q�_�k�d�b�f��
�f�Z�l�_�j�b�Z�e�h�f�� �g�_�h�i�e�_�c�k�l�h�p�_�g�Z���� �\�� �i�_�j�b�h�^�� �m�k�b�e�_�g�b�y��
�j�Z�a�f�u�\�Z�� �i�j�b�� �i�h�\�u�r�_�g�b�b�� �m�j�h�\�g�y�� �f�h�j�y�� �h�d�h�e�h��
1,5 �l�u�k�����e�_�l���g�Z�a�Z�^�����N�h�j�f�b�j�h�\�Z�g�b�_���[�h�e�_�_���f�h�e�h�^�u�o��
�^�x�g�� �h�d�_�Z�g�k�d�h�]�h�� �i�h�[�_�j�_�`�v�y�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�c��
�k�l�_�i�_�g�b�� �k�\�y�a�Z�g�h�� �k�� �i�_�j�_�j�Z�[�h�l�d�h�c��
�i�b�j�h�d�e�Z�k�l�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �i�h�k�l�m�i�b�\�r�_�]�h�� �\��
�[�_�j�_�]�h�\�m�x�� �a�h�g�m�� �h�d�h�e�h�� ���������� �e�_�l�� �g�Z�a�Z�^��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�h�� �\�j�_�f�y�� �b�a�\�_�j�`�_�g�b�y��
�>�:�n�Z�g�Z�k�v�_�\���� ���������@���� �A�g�Z�q�b�l�_�e�v�g�Z�y���^�h�e�y�� �i�_�i�e�h�\�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�� �\�� �i�b�j�h�d�e�Z�k�l�b�d�_�� �h�[�m�k�e�h�\�b�e�Z�� �b�� �h�q�_�g�v��
�[�u�k�l�j�h�_�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �l�h�e�s�b�� �i�_�e�b�l�h�\�u�o��

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

�Q�l�h�� �d�Z�k�Z�_�l�k�y�� �w�h�e�h�\�u�o�� �h�[�j�Z�a�h�\�Z�g�b�c�� �[�h�e�_�_��
�j�Z�g�g�b�o�� �w�i�h�o�� �]�h�e�h�p�_�g�Z���� �l�h���� �m�q�b�l�u�\�Z�y��
�k�m�s�_�k�l�\�h�\�Z�g�b�_�� �\�� �k�j�_�^�g�_�f�� �]�h�e�h�p�_�g�_�� �g�Z�� �f�_�k�l�_��
�i�_�j�_�r�_�c�d�Z���<�_�l�j�h�\�h�c���i�j�h�e�b�\�Z�����b�o���k�e�_�^�m�_�l���b�k�d�Z�l�v���\��
�p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �i�_�j�_�r�_�c�d�Z�� �>Afanas�¶ev et al., 
2019]. �G�Z�[�e�x�^�Z�_�f�u�_�� �a�^�_�k�v�� �]�j�b�\�u�� �\�u�k�h�l�h�c�� �^�h��
50 �f�_�l�j�h�\���� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�_�� �\�� �x�]�h-�a�Z�i�Z�^�g�h�f��
�g�Z�i�j�Z�\�e�_�g�b�b���� �\�_�j�h�y�l�g�h���� �b�� �y�\�e�y�x�l�k�y�� �^�x�g�g�u�f�b��
�f�Z�k�k�b�\�Z�f�b���� �k�\�y�a�Z�g�g�u�f�b�� �k�� �i�_�j�b�h�^�Z�f�b�� �\�u�k�h�d�h�]�h��
�k�l�h�y�g�b�y�� �m�j�h�\�g�y�� �f�h�j�y�� �b�� �b�g�l�_�g�k�b�\�g�u�f�� �j�Z�a�f�u�\�h�f��
�\�u�k�h�d�b�o���[�_�j�_�]�h�\�u�o���m�k�l�m�i�h�\�����k�e�h�`�_�g�g�u�o���i�_�f�a�h�\�h-
�i�b�j�h�d�e�Z�k�l�b�q�_�k�d�b�f�� �f�Z�l�_�j�b�Z�e�h�f�� ���j�b�k�m�g�h�d�� ��������
�H�^�g�Z�d�h�� �g�_�� �k�e�_�^�m�_�l�� �b�k�d�e�x�q�Z�l�v�� �b�� �\�_�j�h�y�l�g�h�k�l�v��
�\�h�e�g�h�\�h�c���i�_�j�_�j�Z�[�h�l�d�b���i�b�j�h�d�e�Z�k�l�b�d�b�����i�h�i�Z�\�r�_�c���\��
�[�_�j�_�]�h�\�m�x�� �a�h�g�m�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �i�_�j�b�h�^��
�w�d�k�i�e�h�a�b�\�g�u�o���b�a�\�_�j�`�_�g�b�c���k�j�_�^�g�_�]�h���]�h�e�h�p�_�g�Z�����g�Z��
�q�l�h�� �m�d�Z�a�u�\�Z�x�l�� �\�m�e�d�Z�g�h�l�_�d�l�h�g�b�q�_�k�d�b�_��
�^�b�k�e�h�d�Z�p�b�b�� �\ �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�_�a�Z�� �\�u�k�h�d�h�]�h��
�f�h�j�k�d�h�]�h�� �[�_�j�_�]�h�\�h�]�h�� �m�k�l�m�i�Z�� �>Afanas�¶ev et al., 
2019]. 

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

�H�l�e�h�`�_�g�b�y�� �i�_�j�_�r�_�c�d�Z�� �<�_�l�j�h�\�h�c�� �h�k�l�j�h�\�Z��
�B�l�m�j�m�i���b�a�m�q�_�g�u���i�h���j�Z�a�j�_�a�Z�f���[�_�j�_�]�h�\�h�]�h���m�k�l�m�i�Z���k��
�f�h�j�k�d�h�c���b���h�d�_�Z�g�k�d�h�c���k�l�h�j�h�g�u���b���^�Z�g�g�u�f���j�m�q�g�h�]�h��
�[�m�j�_�g�b�y�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �i�_�j�_�r�_�c�d�Z���� �<�k�_��
�i�h�e�m�q�_�g�g�u�_�� �]�_�h�e�h�]�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �i�j�b�\�y�a�Z�g�u�� �d��
�k�j�_�^�g�_�f�m�� �m�j�h�\�g�x�� �H�o�h�l�k�d�h�]�h�� �f�h�j�y���� �=�_�h�j�Z�^�Z�j�g�h�_��
�h�[�k�e�_�^�h�\�Z�g�b�_�� �i�h�a�\�h�e�b�e�h�� �m�\�y�a�Z�l�v�� �j�_�a�m�e�v�l�Z�l�u��
�j�m�q�g�h�]�h�� �[�m�j�_�g�b�y�� �i�_�j�_�r�_�c�d�Z�� �<�_�l�j�h�\�h�c�� �b��
�]�_�h�e�h�]�b�q�_�k�d�b�o�� �j�Z�a�j�_�a�h�\�� �k�� �f�h�j�k�d�h�c�� �b�� �h�d�_�Z�g�k�d�h�c��
�k�l�h�j�h�g�u�� ���j�b�k�m�g�h�d�� �������� �>�e�y�� �i�h�e�m�q�_�g�b�y�� �\�j�_�f�_�g�g�u�o��
�j�Z�a�j�_�a�h�\�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �i�j�b�[�h�j�� �=�_�h�l�_�o�� �H�D�H-2 
���Z�g�l�_�g�g�Z�� �������� �F�=�p���� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �]�e�m�[�b�g�h�c��
�a�h�g�^�b�j�h�\�Z�g�b�y�� �^�h�� ������ �f�� �b�� �j�Z�a�j�_�r�Z�x�s�_�c��
�k�i�h�k�h�[�g�h�k�l�v�x�� �i�h�� �]�e�m�[�b�g�_�� �h�d�h�e�h�� ���� �k�f���� �>�e�y��

�d�h�j�j�_�d�l�g�h�]�h�� �h�l�h�[�j�Z�`�_�g�b�y�� �j�_�e�v�_�n�Z�� �\�^�h�e�v��
�i�j�h�n�b�e�_�c�� �i�j�h�\�h�^�b�e�Z�k�v�� �l�Z�o�_�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�t�_�f�d�Z��
�k�� �d�h�f�i�_�g�k�Z�p�b�_�c�� �g�_�l�h�q�g�h�k�l�_�c�� �h�i�j�_�^�_�e�_�g�b�y��
�j�Z�k�k�l�h�y�g�b�y���d�h�e�_�k�h�f���d�h�g�l�j�h�e�v�g�u�f�b���f�_�l�d�Z�f�b���q�_�j�_�a��
�d�Z�`�^�u�_�� ���� �f�_�l�j�h�\���� �I�h�^�h�r�\�Z�� �i�_�k�q�Z�g�h-�]�Z�e�_�q�g�u�o��
�h�l�e�h�`�_�g�b�c���� �h�i�j�_�^�_�e�y�_�f�u�o�� �g�Z�f�b�� �d�Z�d�� �f�h�j�k�d�b�_��
�g�Z�g�h�k�u���i�j�h�e�b�\�Z�����d�h�l�h�j�u�c���k�m�s�_�k�l�\�h�\�Z�e���\���i�h�a�^�g�_�f��
�]�h�e�h�p�_�g�_�� ���E�M-9217-���������“������ �d�Z�e�_�g�^�Z�j�g�u�o�� �e�_�l����
�E�M-9229-���������“���������d�Z�e�_�g�^�Z�j�g�u�o���e�_�l���d�Z�e�_�g�^�Z�j�g�u�o��
�e�_�l���� �a�Z�e�_�]�Z�_�l�� �g�Z�� �h�l�f�_�l�d�Z�o�� ���“���� �f�� �h�l�g�h�k�b�l�_�e�v�g�h��
�k�j�_�^�g�_�]�h���m�j�h�\�g�y�����j�b�k�m�g�h�d�����������I�j�b���w�l�h�f�����k�h�]�e�Z�k�g�h��
�^�Z�g�g�u�f���[�m�j�_�g�b�y�����i�_�j�_�d�j�u�l�Z���w�l�Z���l�h�e�s�Z���i�j�b�f�_�j�g�h��
�f�_�l�j�h�\�u�f���k�e�h�_�f���i�h�d�j�h�\�g�u�o���k�m�]�e�b�g�d�h�\���b���k�m�i�_�k�_�c����
�\�� �h�k�g�h�\�Z�g�b�b�� �d�h�l�h�j�h�c�� �\�k�d�j�u�l�� �f�Z�e�h�f�h�s�g�u�c��
�l�h�j�n�y�g�b�d���� �k�n�h�j�f�b�j�h�\�Z�g�g�u�c�� ��������-1710 
�d�Z�e�_�g�^�Z�j�g�u�o���e�_�l (�E�M-9222). 

 
�J�b�k�m�g�h�d���������F�_�k�l�h�i�h�e�h�`�_�g�b�_���]�_�h�j�Z�^�Z�j�g�u�o���i�j�h�n�b�e�_�c��(Copernicus Sentinel data 2018) 

Figure 5. Location of GPR profiles (Copernicus Sentinel data 2018) 
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�J�b�k�m�g�h�d���������=�_�h�j�Z�^�Z�j�g�u�_���i�j�h�n�b�e�b�����������������������]�_�h�j�Z�^�Z�j�g�u�_���n�Z�p�b�b�����:���± �i�_�j�_�k�e�Z�b�\�Z�g�b�_���i�_�k�q�Z�g�h-�]�Z�e�_�q�g�u�o��

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

Figure 6. Georadar profiles 001, 002; georadar facies: A �± interbedded sand and gravel deposits of various 
composition of the coastal-marine genesis; B �± pumice arrays; C �± undivided slope and coastal marine 

sediments with unknown composition 

�<�� �m�k�l�m�i�_�� �h�d�_�Z�g�k�d�h�]�h�� �[�_�j�_�]�Z�� �g�Z�� �h�l�f�_�l�d�Z�o��
������������ �i�j�b�f�_�j�g�h�� �g�Z�� �^�\�Z�� �f�_�l�j�Z�� �\�u�r�_�� �i�h�^�h�r�\�u��
�i�_�k�q�Z�g�h-�]�Z�e�_�q�g�u�o�� �]�_�h�j�Z�^�Z�j�g�u�o�� �n�Z�p�b�c��
�p�_�g�l�j�Z�e�v�g�u�o�� �q�Z�k�l�_�c�� �i�_�j�_�r�_�c�d�Z���� �\�� �h�k�g�h�\�Z�g�b�b��
�e�Z�]�m�g�g�u�o�� �k�_�j�u�o�� �]�e�b�g�� �\�k�d�j�u�l�� �f�Z�e�h�f�h�s�g�u�c��
�l�h�j�n�y�g�b�d�� �w�l�h�]�h�� �`�_�� �\�h�a�j�Z�k�l�Z��1300-1440 
�d�Z�e�_�g�^�Z�j�g�u�o�� �e�_�l ���E�M-�������������� �L�h�j�n�y�g�b�d�� �e�_�`�b�l��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���g�Z���p�h�d�h�e�_�����k�e�h�`�_�g�g�h�f���d�j�_�i�d�b�f�b��
�i�e�b�h�p�_�g�h�\�u�f�b�� �\�m�e�d�Z�g�b�l�Z�f�b�� �D�Z�f�m�c�k�d�h�c�� �k�\�b�l�u��
(N2km,)�����h�[�g�Z�`�Z�x�s�b�f�b�k�y���g�Z���[�_�g�q�_���\�����������f�_�l�j�Z�o���d��
�k�_�\�_�j�h-�\�h�k�l�h�d�m�� �g�Z�� �h�l�f�_�l�d�Z�o�� �k�j�_�^�g�_�]�h�� �m�j�h�\�g�y��
�f�h�j�y���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �m�\�_�j�_�g�g�h��
�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�l�v�� �p�m�g�Z�f�b�]�_�g�g�u�_�� �h�l�e�h�`�_�g�b�y�� �b��
�g�Z�g�h�k�u�� �i�j�h�e�b�\�Z�� �g�_�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�u�f����
�H�^�g�Z�d�h�� �h�^�g�h�a�g�Z�q�g�h�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �y�\�e�_�g�b�_��
�Z�k�b�f�f�_�l�j�b�b�� �j�_�e�v�_�n�Z�� �i�_�j�_�r�_�c�d�Z�� �<�_�l�j�h�\�h�c��

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

�G�_�k�d�h�e�v�d�h�� �b�g�h�c�� �l�b�i�� �Z�k�b�f�f�_�l�j�b�b�� �b�f�_�_�l��
�i�_�j�_�r�_�_�d�� �h�k�l�j�h�\�Z�� �Q�m�]�b�g�Z�^�Z�d�� ���:�e�_�m�l�u������ �D�Z�d��
�h�l�f�_�q�Z�e�h�k�v�� �\�u�r�_���� �\�� �d�Z�j�l�h�f�_�l�j�b�q�_�k�d�b�o�� �p�_�e�y�o��
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �l�j�b�� �f�Z�k�k�b�\�Z�� �^�Z�g�g�u�o����
�i�j �h�n�b�e�b���� �i�h�k�l�j�h�_�g�g�u�_�� �i�h�� �^�Z�g�g�u�f�� �6�5�7�0�� �b��
�$�:���'�������� �i�j�Z�d�l�b�q�_�k�d�b�� �b�^�_�g�l�b�q�g�u�� �b�� �f�h�]�m�l�� �[�u�l�v��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h�� �Z�g�Z�e�b�a�Z��
���j�b�k�m�g�h�d 7). 

�D�Z�d�� �b�� �\�� �k�e�m�q�Z�_�� �k�� �i�_�j�_�r�_�c�d�h�f�� �<�_�l�j�h�\�h�c��
�h�k�l�j�h�\�Z�� �B�l�m�j�m�i�� �f�h�j�k�d�Z�y�� �k�l�h�j�h�g�Z�� �i�_�j�_�r�_�c�d�Z��
�h�k�l�j�h�\�Z�� �Q�m�]�b�g�Z�^�Z�d�� �[�h�e�_�_�� �d�j�m�l�Z�y�� �b�� �d�h�j�h�l�d�Z�y���� �G�Z��
�^�Z�g�g�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �f�u�� �i�h�e�Z�]�Z�_�f���� �q�l�h��
�Z�k�b�f�f�_�l�j�b�y���� �\�h�a�f�h�`�g�h���� �k�\�y�a�Z�g�Z�� �k�� �j�Z�a�e�b�q�g�h�c��
�b�g�l�_�g�k�b�\�g�h�k�l�v�x���i�j�h�y�\�e�_�g�b�y���p�m�g�Z�f�b���k���f�h�j�k�d�h�c���b��
�h�d�_�Z�g�k�d�h�c���k�l�h�j�h�g�����K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���p�m�g�Z�f�b����
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�\�u�a�\�Z�g�g�h�_���a�_�f�e�_�l�j�y�k�_�g�b�_�f�������������]�h�^�Z�����0�Z���������������k��
�[�_�j�b�g�]�h�\�h�f�h�j�k�d�h�c�� �k�l�h�j�h�g�u�� �h�k�l�j�h�\�Z�� �Q�m�]�b�g�Z�^�Z�d��
�^�h�k�l�b�]�Z�e�h�� ������-�������� �f���� �k�� �l�b�o�h�h�d�_�Z�g�k�d�h�c�� �k�l�h�j�h�g�u�� �± 
14,9-���������� �f���� �Z�� �g�Z�� �h�k�l�j�h�\�_�� �M�g�Z�e�Z�r�d�Z�� �\�� �������� �d�f�� �d��
�k�_�\�_�j�h-�\�h�k�l�h�d�m�� �����“���� �f�� �>�*�U�L�Vwold, MacInnes, 
Higman 2019]. 

�A�Z�d�e�x�q�_�g�b�_ 

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

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

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

�Z���± �f�_�k�l�h�i�h�e�h�`�_�g�b�_���i�_�j�_�r�_�c�d�Z�����[���± �j�_�e�v�_�n���i�_�j�_�r�_�c�d�Z���b���e�h�d�Z�p�b�y���i�j�h�n�b�e�y���� 
�\���± �d�j�Z�k�g�Z�y���e�b�g�b�y���i�j�h�n�b�e�y���i�h�k�l�j�h�_�g�Z���i�h���^�Z�g�g�u�f Shuttle Radar Topography Mission (SRTM) 1 Arc-

Second Global; �k�b�g�y�y���e�b�g�b�y���i�j�h�n�b�e�y���i�h�k�l�j�h�_�g�Z���i�h���^�Z�g�g�u�f��ALOS World 3D - �������f�����$�:���'��������
�<�_�j�k�b�y 2.2; �a�_�e�_�g�Z�y���e�b�g�b�y���i�j�h�n�b�e�y���± Aster Global Digital Elevation Model (GDEMV2) 

Figure 7. Asymmetry of the isthmus of the island of Chuginadak:  
a �± �L�V�W�K�P�X�V���O�R�F�D�W�L�R�Q�����[ �± isthmus topography and profile location,  

�\ �± red profile line constructed according to Shuttle Radar Topography Mission (SRTM) 1 Arc-Second 
Global; the blue profile line is built according to ALOS World 3D - 30 m (AW3D30) Version 2.2;  

green profile line �± Aster Global Digital Elevation Model (GDEMV2) 
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geosystems. It was revealed that basically all the 
rivers whose runoff belongs to the polluted, that is, 
�W�K�H���V�H�F�R�Q�G���D�Q�G���W�K�L�U�G���F�O�D�V�V���R�I���F�D�W�H�J�R�U�\���³�D�´�����I�O�R�Z���I�U�R�P��
Russia to neighboring states. All rivers trans-
boundary with Ukraine and Kazakhstan, the flow of 
which is assigned to the fourth class of categories 
�³�D�´�����³�E�´���D�Q�G���³�F�´�����F�D�U�U�\���W�K�Hir more dirty waters from 
neighboring states to Russia. 
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�;�h�[�j�h�\�b�p�d�Z�y�����K�m�o�h�g�h�]�h�\�Z, 2020]. 

�J�Z�k�q�z�l�u�� �^�e�y�� �d�Z�`�^�h�c�� �^�h�e�b�� �h�[�t�z�f�h�\��
�a�Z�]�j�y�a�g�z�g�g�h�]�h�� �k�l�h�d�Z�� �h�k�m�s�_�k�l�\�e�y�x�l�k�y�� �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�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �a�Z�]�j�y�a�g�y�x�s�b�o��
�d�h�f�i�h�g�_�g�l�h�\�����O�Z�j�Z�d�l�_�j�b�k�l�b�d�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�l�k�y�� �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�� �b�a�m�q�_�g�b�y�� �\�a�Z�b�f�h�k�\�y�a�b�� �a�Z�]�j�y�a�g�z�g�g�h�k�l�b��
�j�_�q�g�h�]�h�� �k�l�h�d�Z�� �k�� �[�Z�k�k�_�c�g�h�\�u�f�b�� �]�_�h�k�b�k�l�_�f�Z�f�b��
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �h�[�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b����
�m�k�j�_�^�g�z�g�g�u�_�� �a�Z�� �\�_�k�v�� �i�_�j�b�h�^�� �g�Z�[�e�x�^�_�g�b�c�� 
1993-�����������]�]���� 

�<�� �d�Z�q�_�k�l�\�_�� �b�g�k�l�j�m�f�_�g�l�Z�� �^�e�y�� �j�_�r�_�g�b�y��
�a�Z�^�Z�q�b�� �i�j�b�f�_�g�_�g�� �n�Z�d�l�h�j�g�u�c�� �Z�g�Z�e�b�a���� �l�Z�d�� �d�Z�d��
�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�[�_�j�e�Z, 1980].  

�H�[�t�_�d�l�u  

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

�<�� �h�k�g�h�\�m�� �j�Z�k�q�z�l�h�\�� �i�h�e�h�`�_�g�u��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �b�� �]�b�^�j�h�o�b�f�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���� �Z�� �l�Z�d�`�_�� �K�_�\�_�j�h-
�A�Z�i�Z�^�g�h�]�h���� �P�_�g�l�j�Z�e�v�g�h�]�h���� �K�_�\�_�j�h-�D�Z�\�d�Z�a�k�d�h�]�h����
�I�j�b�\�h�e�`�k�d�h�]�h���� �M�j�Z�e�v�k�d�h�]�h�� �b�� �H�[�v�� �B�j�l�u�r�k�d�h�]�h��
�M�i�j�Z�\�e�_�g�b�c �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c���k�e�m�`�[�u�� 
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�K�j�Z�\�g�_�g�b�_�� �j�_�d�� �i�h�� �h�[�t�z�f�Z�f�� �]�h�^�h�\�h�]�h��
�k�l�h�d�Z�� �\�h�^�u�� �g�Z�� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �i�h�k�l�Z�o����
�m�k�j�_�^�g�z�g�g�u�f���a�Z���i�_�j�b�h�^���k�������������i�h�������������]�]�� 

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

�K�j�_�^�g�b�_�� �a�Z�� �i�_�j�b�h�^�� �k�� ���������� �i�h�� ���������� �]�]����
�h�[�t�z�f�u�� �k�l�h�d�Z�� �\�� �j�_�d�Z�o�� �\�Z�j�v�b�j�m�x�l�� �\�� �r�b�j�h�d�h�f��
�^�b�Z�i�Z�a�h�g�_: �h�l�� ���������� �d�f3���]�h�^��(�j���� �I�k�z�e) �^�h��
24,7 �d�f3���]�h�^��(�j�����B�j�l�u�r)�����<�l�h�j�h�_���f�_�k�l�h���i�h���h�[�t�z�f�m��
�k�l�h�d�Z���a�Z�g�b�f�Z�_�l���j�_�d�Z���>�g�_�i�j �± �������d�f3���]�h�^�����<���j�_�d�Z�o��
�A�Z�i�Z�^�g�Z�y���>�\�b�g�Z�����K�_�\�_�j�k�d�b�c���>�h�g�_�p�����B�i�m�l�v���b���>�_�k�g�Z��
�k�j�_�^�g�b�c�� �f�g�h�]�h�e�_�l�g�b�c�� �h�[�t�z�f�� �j�_�q�g�h�]�h�� �k�l�h�d�Z��
�g�Z�o�h�^�b�l�k�y���\���i�j�_�^�_�e�Z�o���h�l����,�����^�h����,8 �d�f3 �\���]�h�^�����j�_�d�b��
�j�Z�g�`�b�j�h�\�Z�g�u�� �\�� �i�h�j�y�^�d�_�� �m�f�_�g�v�r�_�g�b�y�� �h�[�t�z�f�Z��
�k�l�h�d�Z���� 

�J�_�d�b���K�_�c�f���b���L�h�[�h�e���b�f�_�x�l���[�e�b�a�d�b�_���k�j�_�^�g�b�_��
�f�g�h�]�h�e�_�l�g�b�_�� �h�[�t�z�f�u�� �k�l�h�d�Z�� �\�� �i�j�_�^�_�e�Z�o�� �������� �b��
1,66 �d�f3���]�h�^�� 

�D�� �j�_�d�Z�f���� �b�f�_�x�s�b�f�� �k�j�_�^�g�b�_�� �f�g�h�]�h�e�_�l�g�b�_��
�h�[�t�z�f�u�� �k�l�h�d�Z�� �\�h�^�u�� �f�_�g�_�_�� ���� �d�f3���]�h�^���� �h�l�g�h�k�y�l�k�y��
�B�e�_�d�����M�c�����K�h�`�� �H�k�d�h�e�����K�m�^�h�k�l�v�����;�h�e�v�r�h�c���M�a�_�g�v����
�F�b�m�k���� �F�Z�e�u�c�� �M�a�_�g�v���� �<�h�j�k�d�e�Z�� �b�� �I�k�z�e. �H�g�b��
�i�_�j�_�q�b�k�e�_�g�u �l�Z�d�`�_���\���i�h�j�y�^�d�_���m�f�_�g�v�r�_�g�b�y���h�[�t�z�f�Z��
�k�l�h�d�Z�� �h�l�� ��,������ �^�h�� ���������� �d�f3���]�h�^���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v����
�q�l�h�� �j�_�d�Z �>�g�_�i�j�� �b�f�_�_�l�� �k�Z�f�m�x�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �\��
�b�a�m�q�Z�_�f�h�f�� �j�y�^�m�� �j�_�d�� �Z�f�i�e�b�l�m�^�m�� �f�_�`�^�m��
�f�Z�d�k�b�f�Z�e�v�g�u�f�� �b�� �f�b�g�b�f�Z�e�v�g�u�f�� �a�g�Z�q�_�g�b�_�f��
�h�[�t�z�f�h�\���k�l�h�d�Z�� 

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

�<�� �l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �m�k�j�_�^�g�z�g�g�u�_�� �a�Z��
�\�_�k�v�� �i�_�j�b�h�^�� �g�Z�[�e�x�^�_�g�b�c�� ��������-���������� �]�]����
�h�l�g�h�k�b�l�_�e�v�g�u�_ �h�[�t�z�f�u�� �k�l�h�d�Z�� �j�_�d�� ��V �a�Z�]%), 
�a�Z�]�j�y�a�g�z�g�g�h�]�h�� �_�^�b�g�b�q�g�u�f�b�� �o�b�f�b�q�_�k�d�b�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b���� �g�Z�� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�o���i�m�g�d�l�Z�o���g�Z�[�e�x�^�_�g�b�c�� 

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

�o�b�f�b�q�_�k�d�b�f�� �d�h�f�i�h�g�_�g�l�h�f���� �m�k�e�h�\�g�h�� �[�m�^�_�l��
�g�Z�a�u�\�Z�l�v�k�y�� 
�x �a�g�Z�q�b�l�_�e�v�g�h�c - �[�h�e�_�_��������; 
�x �\���k�j�_�^�g�b�o �i�j�_�^�_�e�Z�o���± �\���^�b�Z�i�Z�a�h�g�_������-70%; 
�x �g�b�`�_���k�j�_�^�g�b�o���i�j�_�^�_�e�h�\���± �\���^�b�Z�i�Z�a�h�g�_������-30%; 
�x �g�b�a�d�h�c���± �\���^�b�Z�i�Z�a�h�g�_����-10%; 
�x �g�_�a�g�Z�q�b�l�_�e�v�g�h�c �± �f�_�g�_�_�������� 

�D�Z�d�� �k�e�_�^�m�_�l�� �b�a�� �l�Z�[�e�b�p�u�� ������ �\��
�i�j�_�h�[�e�Z�^�Z�x�s�_�f�� �[�h�e�v�r�b�g�k�l�\�_�� �j�_�d�� �a�g�Z�q�b�l�_�e�v�g�Z�y��
�^�h�e�y�� �h�[�t�z�f�Z�� �k�l�h�d�Z�� �a�Z�]�j�y�a�g�_�g�Z�� �h�j�]�Z�g�b�q�_�k�d�b�f�b 
�\�_�s�_�k�l�\�Z�f�b���i�h���O�I�D�����e�Z�[�b�e�v�g�u�f�b���h�j�]�Z�g�b�q�_�k�d�b�f�b��
�\�_�s�_�k�l�\�Z�f�b�� �i�h �;�I�D5, Fe�h�[�s�� �b�� �&�X2+���� �<�� �f�_�g�v�r�_�f��
�d�h�e�b�q�_�k�l�\�_�� �j�_�d�� �h�g�Z�� �[�u�e�Z�� �\�� �k�j�_�^�g�b�o�� �i�j�_�^�_�e�Z�o���� �\��
�_�^�b�g�b�q�g�u�o�� �k�e�m�q�Z�y�o�� �g�b�`�_�� �k�j�_�^�g�b�o���� �<�� �h�^�g�h�c�� �j�_�d�_��
V �a�Z�]�����^�e�y��Cu2+�[�u�e���g�_�a�g�Z�q�b�l�_�e�_�g���b���\���h�^�g�h�c���k�h�\�k�_�f��
�h�l�k�m�l�k�l�\�h�\�Z�e�� 

�>�h�e�y�� �h�[�t�z�f�Z�� �k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�h�]�h��
�Z�a�h�l�k�h�^�_�j�`�Z�s�b�f�b�� �[�b�h�]�_�g�g�u�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b���� �\��
�[�h�e�v�r�b�g�k�l�\�_�� �j�_�d�� �g�Z�o�h�^�b�l�k�y�� �\�� �k�j�_�^�g�b�o�� �b�� �g�b�`�_��
�k�j�_�^�g�b�o���i�j�_�^�_�e�h�\�����L�h�e�v�d�h���\���q�_�l�u�j�_�o���j�_�d�Z�o���h�[�t�z�f��
�k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�h�]�h��NO2

-, �a�g�Z�q�b�l�_�e�_�g. V%, 
�a�Z�]�j�y�a�g�z�g�g�u�c�� �J�f�b�g, �\�� �[�h�e�v�r�b�g�k�l�\�_�� �j�_�d����
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �k�� �M�d�j�Z�b�g�h�c�� �g�b�`�_�� �k�j�_�^�g�b�o��
�i�j�_�^�_�e�h�\���� �Z�� �\�� �j�_�d�Z�o�� �g�Z�� �]�j�Z�g�b�p�_�� �k�� �;�_�e�Z�j�m�k�v�x �b��
�D�Z�a�Z�o�k�l�Z�g�h�f�� �g�b�a�d�b�c���� �g�_�a�g�Z�q�b�l�_�e�v�g�u�c�� �e�b�[�h��
�k�h�\�k�_�f���h�l�k�m�l�k�l�\�m�_�l��  

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

�H�[�t�z�f���k�l�h�d�Z�����a�Z�]�j�y�a�g�z�g�g�h�]�h���K�I�:�<�����g�b�a�d�b�c��
�b�e�b�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�c���� �g�_�l�� �a�Z�]�j�y�a�g�_�g�b�y�� �k�l�h�d�Z��
�K�I�:�<���\���\�h�k�v�f�b���j�_�d�Z�o�� 

�A�g�Z�q�b�l�_�e�v�g�u�_ �\�_�e�b�q�b�g�u V�a�Z�]���� �^�e�y 
SO4

2- �h�l�f�_�q�_�g�u���\���q�_�l�u�j�_�o���j�_�d�Z�o�����^�e�y���0�J2+ �Å���\���^�\�m�o����
�I�h�q�l�b�� �\�h�� �\�k�_�o�� �j�_�d�Z�o�� �g�Z�� �]�j�Z�g�b�p�_�� �k�� �M�d�j�Z�b�g�h�c�� �b��
�;�_�e�Z�j�m�k�v�x �a�Z�]�j�y�a�g�_�g�b�_�� �w�l�b�f�b�� �b�h�g�Z�f�b�� �e�b�[�h��
�h�l�k�m�l�k�l�\�m�_�l�� �e�b�[�h�� �y�\�e�y�_�l�k�y�� �g�b�a�d�b�f�� �b��
�g�_�a�g�Z�q�b�l�_�e�v�g�u�f���� �<�� �j�_�d�Z�o�� �g�Z�� �]�j�Z�g�b�p�_�� �k��
�D�Z�a�Z�o�k�l�Z�g�h�f V�a�Z�]���� �^�e�y Mg2+ �b�� �6�24

2- �\�� �h�k�g�h�\�g�h�f��
�g�Z�o�h�^�b�l�k�y���g�b�`�_���k�j�_�^�g�_�]�h���m�j�h�\�g�y�� 
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�L�Z�[�e�b�p�Z������ �H�l�g�h�k�b�l�_�e�v�g�u�_���h�[�t�z�f�u���k�l�h�d�Z���j�_�d�����a�Z�]�j�y�a�g�z�g�g�u�_���_�^�b�g�b�q�g�u�f�b���o�b�f�b�q�_�k�d�b�f�b���d�h�f�i�h�g�_�g�l�Z�f�b����
�m�k�j�_�^�g�z�g�g�u�_���a�Z���i�_�j�b�h�^����������-�����������]�]�� 
Table 2. Average for the period 1993-2013 relative volumes of runoff contaminated by single hydrochemical 
components 

�J�_�d�Z 
V �a�Z�]% 

Mg2+ SO4
2- 

�G�_�n�l�_-
�i�j�h�^�m�d�l�u 

�N�_�g�h�e�u �K�I�:�< �J�f�b�g NH4
+ NO2

- Cu2+ �;�I�D 5 �O�I�D Fe�h�[�s�� 

�=�j�Z�g�b�p�Z���J�h�k�k�b�b���k���;�_�e�Z�j�m�k�v�x 
�A�Z�i�Z�^�g�Z�y��
�>�\�b�g�Z 

0,4 0 19,2 41,3 18,5 3,2 13,9 13,3 75,3 51,3 87,0 97,8 

�>�g�_�i�j 0,5 0 24,3 45,7 27,5 1,6 20,0 39,1 84,8 79,2 89,2 96,6 
�K�h� ̀ 4,0 0 18,8 18,4 0 0 5,1 6,3 74,1 51,9 91,0 91,0 
�B�i�m�l�v 0 0 0 0 0 0,4 60,5 15,7 0 83,9 93,5 99,7 

�=�j�Z�g�b�p�Z���J�h�k�k�b�b���k���M�d�j�Z�b�g�h�c 
�K�m�^�h�k�l�v 0 0 0 - 0 9,1 58 46,1 0,8 96,7 99,6 99,4 
�>�_�k�g�Z 0 0 0 0 0 1,8 55,4 27,9 -  80,2 94,0 98,1 
�K�_�c�f 0 0 55,1 0,3 4,2 26,5 26,5 60,9 76,6 49,5 68,6 48,7 
�I�k�_�e 0,7 2,6 70,2 0 7,2 22,3 42 77,2 99 68,2 91,6 26,4 
�<�h�j�k�d�e�Z 1 21,4 52,8 25,0 0,7 38,7 56,8 39,6 39,2 71,5 35,1 49,0 
�H�k�d�h�e 0 9,1 56,0 36,9 0 25,7 31,6 78,4 47,9 62,2 35,1 31,1 
�K�_�\�_�j�k�d�b�c��
�>�h�g�_�p 

76,9 100 74,1 14,1 0 22 21,6 100 59,3 71,2 96,4 82,0 

�F�b�m�k 97,4 100 79,5 57,7 0 12,6 17,1 59,9 81,3 85,4 95,4 84,6 
�=�j�Z�g�b�p�Z���J�h�k�k�b�b���k���D�Z�a�Z�o�k�l�Z�g�h�f 

�;�h�e�v�r�h�c��
�M�a�_�g�v 

26,1 15,2 17,9 31,1 2,5 6,8 39,9 54,1 52,0 37,1 99,4 61,7 

�F�Z�e�u�c��
�M�a�_�g�v 

14,7 13,3 20,2 35,8 2,5 8,1 36,2 49,9 57,0 24,6 99,2 47,5 

�B�e�_�d�� 5,2 49,2 36,9 0 0 9,4 45,8 94,4 64,2 100 100 37,6 
�B�j�l�u�r�� 0 0,1 60,6 56,2 1,9 0,1 28,4 9,8 98,1 46,4 60,4 69,5 
�L�h�[�h�e 28,6 90,5 66,3 31,6 3,8 - 59,7 24,4 99,4 - 91,3 92,1 
�M�c�� 19,4 80,0 75,3 32,4 0,2 - 26 32,2 99,7 - 91,4 93,7 
�I�j�b�f�_�q�Z�g�b�_�����A�g�Z�d���©-�ª���h�a�g�Z�q�Z�_�l���h�l�k�m�l�k�l�\�b�_���b�a�f�_�j�_�g�g�u�o���_�^�b�g�b�q�g�u�o���o�b�f�b�q�_�k�d�b�o���d�h�f�i�h�g�_�g�l�� 

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

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

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

�F�_�j�h�c�� �k�o�h�^�k�l�\�Z �f�_�`�^�m�� �k�j�Z�\�g�b�\�Z�_�f�u�f�b��
�j�_�d�Z�f�b �y�\�b�e�Z�k�v���d�h�j�j�_�e�y�p�b�h�g�g�Z�y���f�Z�l�j�b�p�Z�����d�h�l�h�j�Z�y��
�h�[�j�Z�[�Z�l�u�\�Z�e�Z�k�v���i�h �f�_�l�h�^�m���]�e�Z�\�g�u�o���d�h�f�i�h�g�_�g�l�����\��
�j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h�� �[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �f�Z�l�j�b�p�Z�� �]�e�Z�\�g�u�o��
�n�Z�d�l�h�j�h�\���� �\�u�j�Z�`�Z�x�s�Z�y�� �k�h�k�l�Z�\�� �n�Z�d�l�h�j�h�\�� �q�_�j�_�a��
�b�k�o�h�^�g�u�_���i�_�j�_�f�_�g�g�u�_���� 
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�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���\�Z�j�v�b�j�h�\�Z�g�b�_�� �m�k�j�_�^�g�z�g�g�u�o���a�Z���i�_�j�b�h�^����������-
�����������]�]�����h�l�g�h�k�b�l�_�e�v�g�u�o���h�[�t�z�f�h�\���k�l�h�d�Z�����a�Z�]�j�y�a�g�z�g�g�u�o���_�^�b�g�b�q�g�u�f�b���o�b�f�b�q�_�k�d�b�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�����\���j�y�^�m��
�\�h�k�_�f�g�Z�^�p�Z�l�b���l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���j�_�d 
Table 3. A matrix of the main factors determining the variation, averaged over the period 1993-2013 relative 
volumes of runoff contaminated by single hydrochemical components for eighteen transboundary rivers 

�I�_�j�_�f�_�g�g�u�_ 
�;�_�a �\�j�Z�s�_�g�b�y �I�h�k�e�_ �\�j�Z�s�_�g�b�y 

�N�Z�d�l�h�j 1 �N�Z�d�l�h�j 2 �N�Z�d�l�h�j 1 �N�Z�d�l�h�j 2 
V �a�Z�]% Mg2+ -0,653079 -0,300413 0,717286 0,047544 
V �a�Z�]% SO4

2+ -0,930024 -0,019749 0,826787 0,426332 
V �a�Z�]�����G�_�n�l�_�i�j�h�^�m�d�l�u -0,870939 -0,301359 0,909207 0,150647 
V �a�Z�]�����N�_�g�h�e�u -0,720529 0,171919 0,551229 0,494838 
V �a�Z�]�����K�I�:�< -0,805543 0,342015 0,544797 0,684886 
V �a�Z�]�����J�f�b�g -0,878793 -0,049973 0,796181 0,375327 
V �a�Z�]% NH4

+ -0,795922 0,086969 0,658017 0,456146 
V �a�Z�]% NO2

- -0,831623 0,492014 0,496158 0,829158 
V �a�Z�]% Cu2+ -0,793782 -0,539589 0,955050 -0,095535 
V �a�Z�]�����;�I�D5 -0,898343 0,022150 0,778955 0,448041 
V �a�Z�]% �O�I�D -0,475535 0,696612 0,085597 0,839092 
V �a�Z�]% Fe�h�[�s -0,712927 -0,392292 0,813718 -0,004654 
�>�h�e�y���h�[�s�_�c���^�b�k�i�_�j�k�b�b������ 62,39 12,59 51,11 23,92 

�B�a���l�Z�[�e�b�p�u�������k�e�_�^�m�_�l�����q�l�h���g�Z���\�Z�j�v�b�j�h�\�Z�g�b�_��
�h�l�g�h�k�b�l�_�e�v�g�u�o�� �h�[�t�z�f�h�\�� �k�l�h�d�Z�� �\�� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o��
�i�m�g�d�l�Z�o�� �\�h�k�_�f�g�Z�^�p�Z�l�b �j�_�d���� �a�Z�]�j�y�a�g�z�g�g�u�o��
�_�^�b�g�b�q�g�u�f�b�� �o�b�f�b�q�_�k�d�b�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b���� �\��
�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�� ������ �k�h�k�l�Z�\��
�d�h�l�h�j�h�]�h�� �\�u�j�Z�`�_�g�� �q�_�j�_�a�� �\�u�^�_�e�_�g�g�u�_�� �\�� �l�Z�[�e�b�p�_��
�i�h�e�m�`�b�j�g�u�f�� �r�j�b�n�l�h�f�� �h�[�t�z�f�u�� �k�l�h�d�Z����
�a�Z�]�j�y�a�g�z�g�g�u�_�� �^�_�k�y�l�v�x�� �_�^�b�g�b�q�g�u�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b���� �W�l�h�l�� �n�Z�d�l�h�j�� �k�h�k�l�Z�\�e�y�_�l�� �[�h�e�_�_��
60���� �k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b���� �N�Z�d�l�h�j�� ���� �k�h�k�l�Z�\�e�y�_�l��
�g�_�f�g�h�]�h�� �[�h�e�_�_�� �������� �k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b����
�M�f�_�g�v�r�_�g�b�_�� �^�h�e�b�� �n�Z�d�l�h�j�Z�� ���� �i�m�l�z�f�� �\�j�Z�s�_�g�b�y��
�h�k�_�c���� �i�h�a�\�h�e�y�_�l�� �m�\�b�^�_�l�v�� �k�h�k�l�Z�\�� �n�Z�d�l�h�j�Z�� ���� �q�_�j�_�a��
�\�Z�j�v�b�j�h�\�Z�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�u�o�� �h�[�t�z�f�h�\�� �k�l�h�d�Z����
�a�Z�]�j�y�a�g�z�g�g�u�o NO2

-���� �O�I�D���� �Z�� �i�j�b�� �[�h�e�v�r�_�f��
�m�f�_�g�v�r�_�g�b�b���\�e�b�y�g�b�y���n�Z�d�l�h�j�Z�������b �K�I�:�<. 

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

�H�q�_�\�b�^�g�h���� �q�l�h�� �\�� �e�_�\�h�c�� �q�Z�k�l�b�� �]�j�Z�n�b�d�Z��
�j�Z�k�i�h�e�h�`�_�g�u�� �\�k�_�� �j�_�d�b���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�_�� �k��
�;�_�e�Z�j�m�k�v�x �b�� �M�d�j�Z�b�g�h�c���� �Z�� �\�� �i�j�Z�\�h�c�� �Å��
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�_���k���D�Z�a�Z�o�k�l�Z�g�h�f�� 

                                                 
1�B�j�l�u�r���������F�Z�e�u�c���w�g�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c���k�e�h�\�Z�j�v�����\�������l�� �L�����������K�I�[�������;�j�h�d�]�Z�m�a-�?�n�j�h�g�������������� 

�J�_�d�b���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�_�� �k�� �D�Z�a�Z�o�k�l�Z�g�h�f����
�h�l�g�h�k�y�s�b�_�k�y���d���\�h�^�g�h�c���k�b�k�l�_�f�_���L�h�[�h�e���± �B�j�l�u�r���± 
�H�[�v�� �± �D�Z�j�k�d�h�_�� �f�h�j�_���� �j�Z�k�i�h�e�h�`�_�g�u �\�� �g�b�`�g�_�c��
�i�j�Z�\�h�c���q�Z�k�l�b���]�j�Z�n�b�d�Z�� 

�H�k�h�[�h�_�� �f�_�k�l�h�� �k�j�_�^�b�� �g�b�o�� �a�Z�g�b�f�Z�_�l�� �B�j�l�u�r1 
���l�h�q�d�Z�� ���� �± �k�Z�f�Z�y�� �^�e�b�g�g�Z�y�� �j�_�d�Z-�i�j�b�l�h�d�� �\�� �f�b�j�_, 
�d�h�l�h�j�Z�y�� �l�_�q�z�l �b�a�� �D�Z�a�Z�o�k�l�Z�g�Z�� �\�� �J�h�k�k�b�x���� �J�_�d�Z��
�B�j�l�u�r�� �`�b�a�g�_�g�g�h�� �\�Z�`�g�Z�y�� �Z�j�l�_�j�b�y�� �g�_�� �l�h�e�v�d�h�� �^�e�y��
�D�Z�a�Z�o�k�l�Z�g�Z�����g�h���b���^�e�y���\�k�_�]�h���j�_�]�b�h�g�Z���?�\�j�Z�a�b�b�����J�_�d�Z��
�[�_�j�_�l�� �g�Z�q�Z�e�h�� �\�� �D�b�l�Z�_�� �g�Z�� �\�h�k�l�h�q�g�u�o�� �k�d�e�h�g�Z�o��
�o�j�_�[�l�Z�� �F�h�g�]�h�e�v�k�d�b�c�� �:�e�l�Z�c���� �<�� �p�_�e�h�f��
�[�e�Z�]�h�i�h�e�m�q�b�_�� �d�Z�a�Z�o�k�l�Z�g�k�d�h�]�h�� �b�� �j�h�k�k�b�c�k�d�h�]�h��
�m�q�Z�k�l�d�h�\���j�_�d�b���a�Z�\�b�k�b�l���h�l���^�_�c�k�l�\�b�c���D�b�l�Z�y�����D�b�l�Z�c��
�h�l�[�b�j�Z�_�l���q�Z�k�l�v���k�l�h�d�Z���\�_�j�o�g�_�]�h�����Q�_�j�g�h�]�h�����B�j�l�u�r�Z����
�K�h�]�e�Z�k�g�h�� �w�d�k�i�_�j�l�g�u�f�� �h�p�_�g�d�Z�f���� �a�Z�� �i�h�k�e�_�^�g�b�_��
�l�j�b�^�p�Z�l�v�� �e�_�l�� �k�l�h�d�� �B�j�l�u�r�Z�� �m�f�_�g�v�r�b�e�k�y�� �\�� ���� �j�Z�a�Z����
�;�_�a�m�k�e�h�\�g�h���� �b�g�l�_�g�k�b�\�g�h�_�� �i�h�l�j�_�[�e�_�g�b�_��
�b�j�l�u�r�k�d�h�c�� �\�h�^�u�� �l�j�_�f�y�� �d�j�m�i�g�_�c�r�b�f�b�� �k�l�j�Z�g�Z�f�b��
�f�Z�l�_�j�b�d�Z�� �?�\�j�Z�a�b�y�� �g�_�� �f�h�`�_�l�� �g�_�� �k�d�Z�a�u�\�Z�l�v�k�y�� �g�Z��
�k�h�k�l�h�y�g�b�b���j�_�d�b�����K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���i�j�h�_�d�p�b�y��
�j�_�d�b�� �g�Z�� �]�j�Z�n�b�d�_�� �k�m�s�_�k�l�\�_�g�g�h�� �m�^�Z�e�_�g�Z�� �h�l��
�i�j�h�_�d�p�b�b���i�j�b�l�h�d�h�\��  
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�J�b�k�m�g�h�d������ �I�j�h�_�d�p�b�y���k�e�m�q�Z�_�\�����l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���i�m�g�d�l�h�\���j�_�d�����\���d�h�h�j�^�b�g�Z�l�Z�o���]�e�Z�\�g�u�o���n�Z�d�l�h�j�h�\����

�h�i�j�_�^�_�e�y�x�s�b�o���\�Z�j�v�b�j�h�\�Z�g�b�_ �m�k�j�_�^�g�z�g�g�u�o���a�Z����������-�����������]�]�����\�_�e�b�q�b�g V�a�Z�]% �^�e�y���_�^�b�g�b�q�g�u�o��
�o�b�f�b�q�_�k�d�b�o���d�h�f�i�h�g�_�g�l�h�\���\���j�y�^�m �\�h�k�_�f�g�Z�^�p�Z�l�b���l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���j�_�d�����B�g�^�_�d�k�u���k�h�h�l�\�_�l�k�l�\�m�x�l���j�_�d�Z�f����

1 �Å �B�j�l�u�r������ �Å �B�i�m�l�v������ �± �A�Z�i�Z�^�g�Z�y���>�\�b�g�Z������ �± �K�_�\�_�j�k�d�b�c���>�h�g�_�p������ �Å �>�g�_�i�j������ �Å �>�_�k�g�Z���������± �L�h�[�h�e����
8 �Å �K�_�c�f������ �Å �;�h�e�v�r�h�c���M�a�_�g�v�������� �Å �B�e�_�d�������� �Å �H�k�d�h�e�������� �Å �M�c�������� �Å �K�h�`�������� �Å �K�m�^�h�k�l�v�������� �Å �F�b�m�k����

16 �Å �F�Z�e�u�c���M�a�_�g�v�������� �Å �<�h�j�k�d�e�Z�����������± �I�k�z�e 
Figure 2. Projection of cases (transboundary river points) in the coordinates of the main factors determining 

the variation of averaged for 1993-2013 values Vpoll% for single hydrochemical components. Indexes 
correspond to rivers: 1 �Å Irtysh, 2 �Å Iput, 3 �Å Zapadnaya Dvina, 4 �Å Seversky Donets, 5 �Å Dnipro, 6 �Å Desna, 

7 �Å Tobol, 8 �Å Seim, 9 �Å B. Uzen, 10 �Å Ilek, 11 �Å Oskol, 12 �Å Uy, 13 �Å Sozh, 14 �Å Sudost, 15 �Å Mius, 
16 �Å M. Uzen, 17 �Å Vorskla, 18 �Å Psel 

�J�_�d�Z�� �L�h�[�h�“�e�� ���l�h�q�d�Z�� ���� �± �e�_�\�u�c�� �b�� �k�Z�f�u�c��
�f�g�h�]�h�\�h�^�g�u�c�� �i�j�b�l�h�d�� �B�j�l�u�r�Z [�J�_�k�m�j�k�u��
�i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �K�K�K�J, 1980], �l�_�q�z�l�� �b�a��
�D�Z�a�Z�o�k�l�Z�g�Z���\���J�h�k�k�b�x���� �>�Z�g�g�Z�y���j�_�d�Z �h�[�j�Z�a�m�_�l�k�y���g�Z��
�]�j�Z�g�b�p�_�� �\�h�k�l�h�q�g�u�o�� �h�l�j�h�]�h�\�� �X�`�g�h�]�h�� �M�j�Z�e�Z�� �b��
�L�m�j�]�Z�c�k�d�h�c���k�l�h�e�h�\�h�c���k�l�j�Z�g�u�����J�_�d�Z���M�c�����l�h�q�d�Z 12) 
�y�\�e�y�_�l�k�y �i�j�b�l�h�d�h�f���j�_�d�b �L�h�[�h�e �>�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c��
�\�h�^�g�u�c�� �d�Z�^�Z�k�l�j���� ���������@. �B�k�l�h�d�� �j�_�d�b �± �i�h�^�g�h�`�v�_��
�o�j�_�[�l�Z�� �:�e�Z�[�b�y���� �I�j�h�l�_�d�Z�_�l�� �h�g�Z�� �\�^�h�e�v�� �]�j�Z�g�b�p�u�� �k��
�D�Z�a�Z�o�k�l�Z�g�h�f�� 

�H�k�h�[�h�_�� �f�_�k�l�h�� �\�� �i�j�Z�\�h�c�� �\�_�j�o�g�_�c�� �q�Z�k�l�b��
�]�j�Z�n�b�d�Z�� �a�Z�g�b�f�Z�_�l�� �j�_�d�Z�� �B�e�_�d�� ���l�h�q�d�Z�� ����������
�y�\�e�y�x�s�Z�y�k�y�� �k�Z�f�u�f�� �d�j�m�i�g�u�f�� �e�_�\�h�[�_�j�_�`�g�u�f��
�i�j�b�l�h�d�h�f���j�_�d�b���M�j�Z�e [�J�_�k�m�j�k�u���i�h�\�_�j�o�g�h�k�l�g�u�o���\�h�^��
�K�K�K�J, 1966]���� �?�]�h�� �b�k�l�h�d�b�� �g�Z�o�h�^�y�l�k�y�� �g�Z�� �k�_�\�_�j�h-
�a�Z�i�Z�^�g�u�o�� �k�d�e�h�g�Z�o�� �F�m�]�h�^�`�Z�j���� �H�g�Z�� �l�_�q�z�l�� �b�a��

�D�Z�a�Z�o�k�l�Z�g�Z�� �\�� �J�h�k�k�b�x �b �h�l�g�h�k�b�l�k�y�� �d�� �\�h�^�g�h�c��
�k�b�k�l�_�f�_���M�j�Z�e�:�D�Z�k�i�b�c�k�d�h�_���f�h�j�_���� 

�<���i�j�Z�\�h�c���\�_�j�o�g�_�c���q�Z�k�l�b���]�j�Z�n�b�d�Z���g�Z�o�h�^�y�l�k�y��
�^�\�_���h�q�_�g�v���k�o�h�`�b�_���j�_�d�b �;�h�e�v�r�h�c���M�a�_�g�v ���l�h�q�d�Z���������b��
�F�Z�e�u�c�� �M�a�_�g�v�� ���l�h�q�d�Z�� ���������� �H�[�_�� �j�_�d�b�� �h�l�g�h�k�y�l�k�y�� �d��
�\�h�^�g�h�c�� �k�b�k�l�_�f�_�� �D�Z�f�u�r�� �± �K�Z�f�Z�j�k�d�b�_�� �h�a�z�j�Z 
[�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �K�K�K�J, 1966]���� �H�g�b 
�[�_�j�m�l���g�Z�q�Z�e�h���\���J�h�k�k�b�b���b���l�_�d�m�l���\���D�Z�a�Z�o�k�l�Z�g�����W�l�h���Å��
�k�l�_�i�g�u�_���j�_�d�b���\�g�m�l�j�_�g�g�_�]�h���k�l�h�d�Z�����;�h�e�v�r�h�c���M�a�_�g�v��
�[�_�j�z�l�� �g�Z�q�Z�e�h�� �g�Z�� �x�]�h-�a�Z�i�Z�^�g�u�o�� �k�d�e�h�g�Z�o�� �H�[�s�_�]�h��
�K�u�j�l�Z���� �F�Z�e�u�c�� �M�a�_�g�v�� �a�Z�j�h�`�^�Z�_�l�k�y�� �\�� �?�j�r�h�\�k�d�h�f��
�j�Z�c�h�g�_�� �K�Z�j�Z�l�h�\�k�d�h�c�� �h�[�e�Z�k�l�b���� �<�� �D�Z�a�Z�o�k�l�Z�g�_�� �j�_�d�b��
�i�_�j�_�o�h�^�y�l�� �\�� �h�[�r�b�j�g�m�x�� �k�b�k�l�_�f�m�� �f�_�e�d�b�o�� �h�a�z�j�� �b��
�[�h�e�h�l�����b�a�\�_�k�l�g�u�o���i�h�^���b�f�_�g�_�f���D�Z�f�u�r-�K�Z�f�Z�j�k�d�b�o����
�K�� ���������� �]�h�^�Z�� �K�Z�j�Z�l�h�\�k�d�b�f�� �h�j�h�k�b�l�_�e�v�g�h-
�h�[�\�h�^�g�b�l�_�e�v�g�u�f���d�Z�g�Z�e�h�f���d�Z�`�^�u�c���]�h�^���k���Z�i�j�_�e�y���i�h��
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�g�h�y�[�j�v�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�h�^�Z�q�Z�� �\�h�e�`�k�d�h�c�� �\�h�^�u�� �\��
�b�k�l�h�d�� �;�h�e�v�r�h�]�h�� �M�a�_�g�y���� �I�j�h�_�d�p�b�b�� �h�[�_�b�o�� �j�_�d�� �g�Z��
�]�j�Z�n�b�d�_���g�Z�o�h�^�y�l�k�y���j�y�^�h�f�� 

�;�h�e�v�r�b�g�k�l�\�h�� �j�_�d���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �k��
�;�_�e�Z�j�m�k�v�x�� �b�� �M�d�j�Z�b�g�h�c���� �h�l�g�h�k�y�l�k�y�� �d�� �\�h�^�g�h�c��
�k�b�k�l�_�f�_���>�g�_�i�j�� �± �Q�z�j�g�h�_���f�h�j�_ �>�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c��
�\�h�^�g�u�c�� �d�Z�^�Z�k�l�j���� ���������@ �b�� �l�_�d�m�l�� �b�a�� �J�h�k�k�b�b�� �\��
�;�_�e�Z�j�m�k�v�� �b�e�b�� �M�d�j�Z�b�g�m���� �M�� �j�_�d�b�� �>�g�_�i�j�� ���l�h�q�d�Z�� ������
�b�k�l�h�d�� �g�Z�o�h�^�b�l�k�y�� �m�� �^�_�j�_�\�g�b�� �;�h�q�Z�j�h�\�h�� �_�]�h��
�m�k�l�v�_��- �>�g�_�i�j�h�\�k�d�b�c���e�b�f�Z�g���\���Q�_�j�g�h�f���F�h�j�_�����J�_�d�b��
�K�h� ̀���l�h�q�d�Z�������������<�h�j�k�d�e�Z ���l�h�q�d�Z�������������>�_�k�g�Z ���l�h�q�d�Z��
������ �b�� �I�k�z�e ���l�h�q�d�Z�� �������� �y�\�e�y�x�l�k�y �h�^�g�b�f�b�� �b�a��
�f�g�h�]�h�q�b�k�e�_�g�g�u�o�� �i�j�b�l�h�d�h�\�� �j�_�d�b�� �>�g�_�i�j�� �b��
�h�l�g�h�k�y�l�k�y���d���l�h�c���`�_���\�h�^�g�h�c���k�b�k�l�_�f�_�����I�j�b�l�h�d���j�_�d�b��
�K�h�`�� �j�_�d�Z�� �B�i�m�l�v�� ���l�h�q�d�Z�� ������ �b�� �i�j�b�l�h�d�b�� �j�_�d�b�� �>�_�k�g�Z��
�j�_�d�Z�� �K�_�c�f�� ���l�h�q�d�Z�� ������ �b�� �j�_�d�Z�� �K�m�^�h�k�l�v�� ���l�h�q�d�Z�� ��������
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���l�h�`�_���h�l�g�h�k�y�l�k�y���d���\�h�^�g�h�c���k�b�k�l�_�f�_ 
�>�g�_�i�j���± �Q�z�j�g�h�_���f�h�j�_�����L�h�q�d�b���k���g�h�f�_�j�Z�f�b���w�l�b�o���j�_�d��
�g�Z���]�j�Z�n�b�d�_���h�[�j�Z�a�m�x�l���^�h�\�h�e�v�g�h���i�e�h�l�g�h�_���h�[�e�Z�d�h���\��
�e�_�\�h�c���q�Z�k�l�b���]�j�Z�n�b�d�Z���� 

�G�_�f�g�h�]�h���g�b�`�_���_�]�h���g�Z�o�h�^�b�l�k�y���l�h�q�d�Z�������± �j�_�d�Z��
�A�Z�i�Z�^�g�Z�y���>�\�b�g�Z1�����H�g�Z���[�_�j�z�l���k�\�h�z���g�Z�q�Z�e�h���\���J�h�k�k�b�b��
�g�Z�� �<�Z�e�^�Z�c�k�d�h�c�� �\�h�a�\�u�r�_�g�g�h�k�l�b�� �b�� �\�i�Z�^�Z�_�l�� �\��
�J�b�`�k�d�b�c�� �a�Z�e�b�\�� �;�Z�e�l�b�c�k�d�h�]�h�� �f�h�j�y�� �\�� �]�h�j�h�^�_�� �J�b�]�Z����
�J�_�d�Z�� �h�l�g�h�k�b�l�k�y�� �d�� �\�h�^�g�h�c�� �k�b�k�l�_�f�_�� �;�Z�e�l�b�c�k�d�h�]�h��
�f�h�j�y�� 

�J�_�d�Z�� �F�b�m�k ���l�h�q�d�Z�� �������� �l�_�q�z�l�� �b�a�� �M�d�j�Z�b�g�u�� �\��
�J�h�k�k�b�x [�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �K�K�K�J, 
1975]���� �H�g�Z�� �[�_�j�z�l�� �g�Z�q�Z�e�h�� �g�Z�� �k�d�e�h�g�Z�o�� �>�h�g�_�p�d�h�]�h��
�d�j�y�`�Z�� �b�� �\�i�Z�^�Z�_�l�� �\ �F�b�m�k�k�d�b�c�� �e�b�f�Z�g���� �J�_�d�Z��
�h�l�g�h�k�b�l�k�y���d���\�h�^�g�h�c���k�b�k�l�_�f�_���j�_�d�Z �F�b�m�k���± �:�a�h�\�k�d�h�_��
�f�h�j�_�����L�h�q�d�Z���������g�Z�o�h�^�b�l�k�y���g�_�f�g�h�]�h���e�_�\�_�_���i�e�h�l�g�h�]�h��
�h�[�e�Z�d�Z���l�h�q�_�d���� 

�J�_�d�Z�� �K�_�\�_�j�k�d�b�c�� �>�h�g�_�p ���l�h�q�d�Z�� ������ �± �k�Z�f�Z�y��
�d�j�m�i�g�Z�y�� �j�_�d�Z�� �\�h�k�l�h�q�g�h�c�� �M�d�j�Z�b�g�u�� �b�� �g�Z�b�[�h�e�_�_��
�d�j�m�i�g�u�c�� �i�j�b�l�h�d�� �>�h�g�Z [�J�_�k�m�j�k�u�� �i�h�\�_�j�o�g�h�k�l�g�u�o��
�\�h�^���K�K�K�J, 1964]�����K�_�\�_�j�k�d�b�c���>�h�g�_�p���[�_�j�z�l���g�Z�q�Z�e�h��
�g�Z�� �K�j�_�^�g�_�j�m�k�k�d�h�c�� �\�h�a�\�u�r�_�g�g�h�k�l�b���� �h�d�h�e�h�� �k�_�e�Z��
�I�h�^�h�e�v�o�b�� �\�� �I�j�h�o�h�j�h�\�k�d�h�f�� �j�Z�c�h�g�_�� �;�_�e�]�h�j�h�^�k�d�h�c��
�h�[�e�Z�k�l�b�� �J�h�k�k�b�b���� �J�_�d�Z�� �l�_�q�z�l�� �q�_�j�_�a�� �M�d�j�Z�b�g�m�� �\��
�J�h�k�k�b�x�� �b�� �\�i�Z�^�Z�_�l�� �\�� �j�_�d�m�� �>�h�g���� �J�_�d�Z�� �h�[�j�Z�a�m�_�l��
�\�h�^�g�m�x�� �k�b�k�l�_�f�m �K�_�\�_�j�k�d�b�c�� �>�h�g�_�p�� �± �>�h�g�� �:��

                                                 
1 �A�Z�i�Z�^�g�Z�y���>�\�b�g�Z�����j�_�d�Z�����������;�h�e�v�r�Z�y���k�h�\�_�l�k�d�Z�y���w�g�p�b�d�e�h�i�_�^�b�y: �\���������l�����L�����������]�e�����j�_�^�����:�����F�����I�j�h�o�h�j�h�\. �F�������K�h�\�_�l�k�d�Z�y���w�g�p�b�d�e�h�i�_�^�b�y����
1972. ���������k��  

�:�a�h�\�k�d�h�_�� �f�h�j�_���� �D�j�m�i�g�_�c�r�b�c�� �i�j�b�l�h�d�� �K�_�\�_�j�k�d�h�]�h��
�>�h�g�p�Z���± �j�_�d�Z���H�k�d�h�e�����l�h�q�d�Z��11), �_�z���b�k�l�h�d �g�Z�o�h�^�b�l�k�y��
�\�� �k�_�e�_�� �I�h�]�h�`�_�_�� �L�b�f�k�d�h�]�h�� �j�Z�c�h�g�Z�� �D�m�j�k�d�h�c��
�h�[�e�Z�k�l�b���� �H�k�d�h�e�� �l�_�q�z�l�� �b�a�� �J�h�k�k�b�b�� �\�� �M�d�j�Z�b�g�m����
�\�i�Z�^�Z�_�l�� �\�� �K�_�\�_�j�k�d�b�c�� �>�h�g�_�p���� �G�h�� �g�_�k�f�h�l�j�y�� �g�Z�� �l�h����
�q�l�h�� �h�g�� �h�l�g�h�k�b�l�k�y�� �d�� �l�h�c�� �`�_�� �\�h�^�g�h�c�� �k�b�k�l�_�f�_���� �g�Z��
�]�j�Z�n�b�d�_�� �i�j�h�_�d�p�b�y�� �l�j�Z�g�k�]�j�Z�g�b�q�g�h�]�h�� �i�m�g�d�l�Z�� �j�_�d�b��
�g�Z�o�h�^�b�l�k�y�� �h�l�� �g�_�]�h�� �\�� �m�^�Z�e�_�g�b�b�� �b�� �k�m�s�_�k�l�\�_�g�g�h��
�[�e�b�`�_�� �d�� �j�_�d�Z�f �\�h�^�g�h�c�� �k�b�k�l�_�f�u�� �>�g�_�i�j�� �Å�� �Q�z�j�g�h�_��
�f�h�j�_�� 

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

�=�j�m�i�i�u�� �j�_�d�� �j�Z�k�i�j�_�^�_�e�_�g�u �g�_�� �l�h�e�v�d�h�� �\�^�h�e�v��
�h�k�b���h�k�g�h�\�g�h�]�h���n�Z�d�l�h�j�Z���������g�h���b���n�Z�d�l�h�j�������h�d�Z�a�u�\�Z�_�l��
�k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �\�_�j�l�b�d�Z�e�v�g�h�_��
�j�Z�g�`�b�j�h�\�Z�g�b�_�� �i�j�h�_�d�p�b�c�� �j�_�d���� �G�Z�b�[�h�e�_�_�� �q�z�l�d�h��
�\�^�h�e�v�� �h�k�b�� �n�Z�d�l�h�j�Z�� ���� �g�Z�� �q�_�l�u�j�_�� �]�j�m�i�i�u��
�j�Z�a�^�_�e�b�e�b�k�v�� �j�_�d�b�� �J�h�k�k�b�b���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�_�� �k��
�D�Z�a�Z�o�k�l�Z�g�h�f ���l�Z�[�e�b�p�Z�� ����. �K�h�q�_�l�Z�g�b�_�f��
�g�Z�b�[�h�e�v�r�_�]�h���j�Z�k�o�h�^�Z���\�h�^�u���b���i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�Z����
�Z���l�Z�d�`�_���f�h�^�m�e�_�f���k�l�h�d�Z�������������e���d�f2 �h�l�e�b�q�Z�_�l�k�y���j�_�d�Z��
�B�j�l�u�r�����l�h�q�d�Z��1)�����H�g�Z���a�Z�g�b�f�Z�_�l���h�k�h�[�h�_���i�h�e�h�`�_�g�b�_��
�g�Z�� �j�b�k�m�g�d�_�� ������ �F�_�g�v�r�_�� �j�Z�k�o�h�^�� �\�h�^�u�� �b�� �i�e�h�s�Z�^�b��
�\�h�^�h�k�[�h�j�h�\���� �Z�� �l�Z�d�`�_�� �[�h�e�_�_�� �g�b�a�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b��
�f�h�^�m�e�y�� �k�l�h�d�Z�� �m�� �j�_�d�� �L�h�[�h�“�e�� �b �M�c���� �B�o�� �i�j�h�_�d�p�b�b��
�j�Z�k�i�h�e�h�`�_�g�u���g�Z���]�j�Z�n�b�d�_���^�h�k�l�Z�l�h�q�g�h���[�e�b�a�d�h�����J�_�d�Z��
�B�e�_�d���b�f�_�_�l���i�j�b���l�Z�d�h�f���`�_���j�Z�k�o�h�^�_���\�h�^�u���d�Z�d���j�_�d�Z��
�M�c�� �[�h�e�_�_�� �\�u�k�h�d�b�c�� �f�h�^�m�e�v�� �k�l�h�d�Z�� �k�� �\�h�^�h�k�[�h�j�Z�� �b��
�i�j�h�_�d�l�b�j�m�_�l�k�y�� �g�Z�� �j�b�k�m�g�d�_ ���� �h�k�h�[�g�y�d�h�f���� �J�_�d�b��
�;�h�e�v�r�h�c�� �b�� �F�Z�e�u�c�� �M�a�_�g�b�� �^�h�k�l�Z�l�h�q�g�h�� �[�e�b�a�d�b�� �i�h��
�i�j�_�^�k�l�Z�\�e�_�g�g�u�f�� �i�h�d�Z�a�Z�l�_�e�y�f�� �b�� �b�o�� �i�j�h�_�d�p�b�b��
�g�Z�o�h�^�y�l�k�y�� �g�Z�� �j�b�k�m�g�d�_�� �j�y�^�h�f���� �q�l�h �]�h�\�h�j�b�l�� �h 
�\�a�Z�b�f�h�k�\�y�a�b�� �\�Z�j�v�b�j�h�\�Z�g�b�y�� �\�� �j�y�^�m�� �j�_�d��
�h�l�g�h�k�b�l�_�e�v�g�u�o���h�[�t�z�f�h�\���a�Z�]�j�y�a�g�_�g�g�h�]�h���k�l�h�d�Z���k���b�o��
�[�Z�k�k�_�c�g�h�\�u�f�b���]�_�h�k�b�k�l�_�f�Z�f�b�� 
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�L�Z�[�e�b�p�Z���������J�_�d�b���J�h�k�k�b�b�����l�j�Z�g�k�]�j�Z�g�b�q�g�u�_���k���D�Z�a�Z�o�k�l�Z�g�h�f�����h�[�t�_�^�b�g�z�g�g�u�_���\���]�j�m�i�i�u���i�h���k�j�_�^�g�b�f���a�Z����������-
�����������]�]�����j�Z�k�o�h�^�Z�f���\�h�^�u�����f�h�^�m�e�y�f���k�l�h�d�Z���b���i�e�h�s�Z�^�y�f���\�h�^�h�k�[�h�j�h�\ 
Table 4. Rivers of Russia, transboundary with Kazakhstan, grouped by average for 1993-2013 water, flow 
rates, modulus and catchment areas 

�=�j�m�i�i�u 
�‹���g�Z��

�]�j�Z�n�b�d�_ 
�J�_�d�b 

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

�g�Z�[�e�x�^�_�g�b�c 

Q�k�j���� 
�f 3/c 

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

�i�m�g�d�l�_��
�g�Z�[�e�x�^�_�g�b�c����

�d�f2 

�F�h�^�m�e�v��
�k�l�h�d�Z���k 

�\�h�^�h�k�[�h�j�Z��
�e���d�f2 

1 1 �B�j�l�u�r �k�����L�Z�l�Z�j�d�Z 782,1 596000 1,31 

2 
7 �L�h�[�h�“�e �k�����A�\�_�j�b�g�h�]�h�e�h�\�k�d�h�_ 44,5 143000 0,31 
12 �M�c �k���M�k�l�v-�M�c�k�d�h�_ 22,2 34400 0,65 

3 10 �B�e�_�d �i�����<�_�k�z�e�u�c 22,7 17200 1,32 

4 
9 

�;�h�e�v�r�h�c��
�M�a�_�g�v 

�]�����G�h�\�h�m�a�_�g�k�d 12,8 7480 1,71 

16 
�F�Z�e�u�c��
�M�a�_�g�v 

�k�� �F�Z�e�u�c���M�a�_�g�v 5,8 3930 1,48 

�=�j�m�i�i�b�j�h�\�Z�g�b�_���j�_�d�����l�j�Z�g�k�]�j�Z�g�b�q�g�u�o��
�k�� �M�d�j�Z�b�g�h�c�� �b�� �;�_�e�Z�j�m�k�v�x���� �h�l�g�h�k�y�s�b�o�k�y�� �d��
�\�h�^�g�h�c�� �k�b�k�l�_�f�_�� �>�g�_�i�j�� �± �Q�z�j�g�h�_�� �f�h�j�_���� �i�h��
�h�l�g�h�k�b�l�_�e�v�g�u�f�� �h�[�t�z�f�Z�f�� �k�l�h�d�Z����
�a�Z�]�j�y�a�g�z�g�g�h�]�h�� �_�^�b�g�b�q�g�u�f�b�� �o�b�f�b�q�_�k�d�b�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�n�Z�d�l�h�j�g�h�]�h���Z�g�Z�e�b�a�Z 

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

�B�a���l�Z�[�e�b�p�u�������k�e�_�^�m�_�l�����q�l�h���g�Z���\�Z�j�v�b�j�h�\�Z�g�b�_��
�^�h�e�_�c�� �h�[�t�z�f�h�\�� �k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�u�o�� �_�^�b�g�b�q�g�u�f�b��
�]�b�^�j�h�o�b�f�b�q�_�k�d�b�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b���� �\��
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �i�m�g�d�l�Z�o�� �\�h�k�v�f�b�� �j�_�d�� �\�� �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�� ������ �K�h�k�l�Z�\�� �n�Z�d�l�h�j�Z��
�\�u�j�Z�`�_�g�� �q�_�j�_�a�� �\�u�^�_�e�_�g�g�u�_�� �\�� �l�Z�[�e�b�p�_��
�i�h�e�m�`�b�j�g�u�f�� �r�j�b�n�l�h�f�� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �h�[�t�z�f�u��
�k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �r�_�k�l�v�x�� �_�^�b�g�b�q�g�u�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b���� �W�l�h�l�� �n�Z�d�l�h�j�� �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���� �N�Z�d�l�h�j�� ���� �k�h�k�l�Z�\�e�y�_�l��
�g�_�f�g�h�]�h�� �[�h�e�_�_�� �������� �k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b�� �b��
�j�_�Z�e�b�a�m�_�l�k�y���q�_�j�_�a���9�a�Z�]�����^�e�y��Fe�h�[�s���b V�a�Z�]�����^�e�y���&�X2+

. 

�M�f�_�g�v�r�_�g�b�_�� �j�h�e�b�� �n�Z�d�l�h�j�Z�� ���� �i�m�l�z�f�� �\�j�Z�s�_�g�b�y��
�h�k�_�c�����m�k�b�e�b�\�Z�_�l���a�g�Z�q�_�g�b�_���9�a�Z�]�����^�e�y���n�_�g�h�e�h�\�� 

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

�< �d�h�h�j�^�b�g�Z�l�Z�o�� �^�\�m�o�� �]�e�Z�\�g�u�o�� �n�Z�d�l�h�j�h�\��
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�_�� �i�m�g�d�l�u�� �j�_�d�� �\�h�^�g�h�c�� �k�b�k�l�_�f�u��
�>�g�_�i�j�� �± �Q�z�j�g�h�_�� �f�h�j�_�� �j�Z�a�^�_�e�b�e�b�k�v�� �g�Z�� ���� �]�j�m�i�i��
���j�b�k�m�g�h�d���������l�Z�[�e�b�p�Z�����������D�Z�d���h�d�Z�a�Z�e�h�k�v�����w�l�b���]�j�m�i�i�u��
�j�_�d�� �l�Z�d�`�_�� �h�l�e�b�q�Z�x�l�k�y�� �i�h�� �\�_�e�b�q�b�g�Z�f�� �k�j�_�^�g�b�o��
�j�Z�k�o�h�^�h�\�� �\�h�^�u�� �b�� �f�h�^�m�e�y�f�b�� �k�l�h�d�Z �a�Z�� �i�_�j�b�h�^  
1993-���������� �]�]������ �Z�� �l�Z�d�`�_�� �j�Z�a�f�_�j�Z�f�b�� �i�e�h�s�Z�^�_�c��
�\�h�^�h�k�[�h�j�h�\. 

�L�Z�d���� �\�� �i�_�j�\�h�c�� �]�j�m�i�i�_�� �j�_�d��Q�k�j �g�Z�o�h�^�b�l�k�y�� �\��
�i�j�_�^�_�e�Z�o��488,7-�����������f3���k�����a�g�Z�q�_�g�b�y���f�h�^�m�e�y���k�l�h�d�Z���k��
�\�h�^�h�k�[�h�j�Z�� �\�Z�j�v�b�j�m�x�l�� �h�l�� ������������ �^�h�� ���������� �e���d�f2���� �<��
�j�_�d�Z�o�� �\�l�h�j�h�c�� �]�j�m�i�i�u�� �a�g�Z�q�_�g�b�y��Q�k�j �\�Z�j�v�b�j�m�_�l�� �\��
�i�j�_�^�_�e�Z�o 52,6-19,8 �f3���k �b���f�h�^�m�e�v���k�l�h�d�Z���± 3,82-2,91 
�e���d�f2���� �J�_�d�Z�� �K�h�`�� ���m�k�e�h�\�g�h�� �l�j�_�l�v�y�� �]�j�m�i�i�Z���� �o�h�l�y�� �b��
�b�f�_�_�l�� �a�g�Z�q�_�g�b�_��Q�k�j 22,0 �f3���k, �h�l�e�b�q�Z�_�l�k�y�� �h�l��
�i�j�_�^�u�^�m�s�_�c�� �]�j�m�i�i�u�� �j�_�d�� �[�h�e�_�_�� �\�u�k�h�d�b�f��
�a�g�Z�q�_�g�b�_�f���f�h�^�m�e�y���k�l�h�d�Z�������������e���d�f2�����J�_�d�b���<�h�j�k�d�e�Z��
�b���I�k�z�e�����m�k�e�h�\�g�h���q�_�l�\�z�j�l�Z�y���b���i�y�l�Z�y���]�j�m�i�i�u�����h�q�_�g�v��
�[�e�b�a�d�b���i�h���\�k�_�f���i�h�d�Z�a�Z�l�_�e�y�f�����g�h�����g�_�k�f�h�l�j�y���g�Z���w�l�h�l��
�n�Z�d�l�����h�[�_���j�_�d�b���b�f�_�x�l���j�_�a�d�h���j�Z�a�e�b�q�g�u�_���i�j�h�_�d�p�b�b��
�i�h���n�Z�d�l�h�j�m 2. 

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

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

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

�<�� �]�_�h�]�j�Z�n�b�q�_�k�d�h�f�� �Z�k�i�_�d�l�_�� �g�Z�� �l�_�j�j�b�l�h�j�b�b��
�l�j�Z�g�k�]�j�Z�g�b�q�g�h�c���a�h�g�u���k���k�_�\�_�j�Z���g�Z���x�]���b���x�]�h-�a�Z�i�Z�^��
�m�f�_�g�v�r�Z�_�l�k�y�� �m�^�_�e�v�g�u�c�� �\�_�k�� �i�e�h�s�Z�^�b�� �\�h�^�h�k�[�h�j�Z����
�i�h�d�j�u�l�h�c���e�_�k�h�f�����b���k�h�h�l�\�_�l�k�l�\�_�g�g�h���m�\�_�e�b�q�b�\�Z�_�l�k�y��
�j�Z�k�i�Z�o�Z�g�g�h�k�l�v���\�h�^�h�k�[�h�j�Z���k������-33% �l�_�j�j�b�l�h�j�b�b���g�Z��
�k�_�\�_�j�_���^�h������-65% �± �g�Z���x�]�_1�����<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���\��
�D�m�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �j�Z�k�i�Z�o�Z�g�h�� �^�h�� �������� �\�h�^�h�k�[�h�j�h�\��
�>�=�h�e�h�\�b�g�Z�������������@�� 

�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���\�Z�j�v�b�j�h�\�Z�g�b�_�� �m�k�j�_�^�g�z�g�g�u�o���a�Z���i�_�j�b�h�^����������-
�����������]�]�����h�l�g�h�k�b�l�_�e�v�g�u�o���h�[�t�z�f�h�\���k�l�h�d�Z�����a�Z�]�j�y�a�g�z�g�g�u�o���_�^�b�g�b�q�g�u�f�b���o�b�f�b�q�_�k�d�b�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�����\���j�y�^�m��
�\�h�k�v�f�b���l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���j�_�d, �h�l�g�h�k�y�s�b�o�k�y���d �\�h�^�g�h�c���k�b�k�l�_�f�_���>�g�_�i�j���± �Q�z�j�g�h�_���f�h�j�_ 
Table 5. Matrix of the main factors determining the variation, averaged over the period 1993-2013, of the 
relative volumes runoff polluted by single chemical components, in a series of eight transboundary rivers 
�E�H�O�R�Q�J�L�Q�J���W�R���W�K�H���'�Q�L�H�S�H�U���Å���%�O�D�F�N���6�H�D���Z�D�W�H�U���V�\�V�W�H�P 

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

�N�Z�d�l�h�j 1 �N�Z�d�l�h�j 2 �N�Z�d�l�h�j 1 �N�Z�d�l�h�j 2 
V �a�Z�]% Mg2+

 -0,153526 -0,416246 -0,040831 -0,029933 
V �a�Z�]% SO4

2- -0,886420 -0,301759 0,857681 -0,009615 
V �a�Z�]�����G�_�n�l�_�i�j�h�^�m�d�l�u -0,848291 0,089501 0,842952 0,252054 
V �a�Z�]�����N�_�g�h�e�u 0,558808 -0,674788 -0,332796 -0,897074 
V �a�Z�]�����K�I�:�< -0,865271 -0,172986 0,760535 0,189883 
V �a�Z�]�����J�f�b�g

 -0,930511 0,036478 0,971720 0,093774 
V �a�Z�]% NH4

+
 0,550265 0,684755 -0,670050 0,619405 

V �a�Z�]% NO2
-
 -0,930511 0,036478 0,971720 0,093774 

V �a�Z�]% Cu2+
 -0,125285 0,822950 0,047271 0,671221 

V �a�Z�]�����;�I�D5
 -0,930511 0,036478 0,971720 0,093774 

V �a�Z�]�����O�I�D -0,578503 -0,314441 0,414523 0,061197 
V �a�Z�]% Fe�h�[�s

 0,466270 -0,818918 -0,277466 -0,945016 
�>�h�e�y���h�[�s�_�c���^�b�k�i�_�j�k�b�b������ 50,48 22,31 47,25 22,19 

                                                 
1�>�h�d�e�Z�^�� �©�H�� �k�h�k�l�h�y�g�b�b�� �b�� �h�o�j�Z�g�_�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �d�m�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �\�� ���������� �]���ª�� �D�m�j�k�d���� �F�b�g�i�j�b�j�h�^�u���� ������������
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�J�b�k�m�g�h�d���������I�j�h�_�d�p�b�y���k�e�m�q�Z�_�\�����l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���i�m�g�d�l�h�\���j�_�d���\�h�^�g�h�c���k�b�k�l�_�f�u���>�g�_�i�j���± �Q�z�j�g�h�_ �f�h�j�_�����\��
�d�h�h�j�^�b�g�Z�l�Z�o���]�e�Z�\�g�u�o���n�Z�d�l�h�j�h�\�����h�i�j�_�^�_�e�y�x�s�b�o���\�Z�j�v�b�j�h�\�Z�g�b�_ �m�k�j�_�^�g�z�g�g�u�o���a�Z����������-�����������]�]�����\�_�e�b�q�b�g 

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

2 �Å �B�i�m�l�v������ �Å �>�g�_�i�j������ �Å �>�_�k�g�Z������ �Å �K�_�c�f�������� �Å �K�h�`�������� �Å �K�m�^�h�k�l�v�������� �Å �<�h�j�k�d�e�Z�����������± �I�k�z�e 
Figure 3. Projection of cases (transboundary points of the rivers of the Dnieper-Black Sea water system) in 
the coordinates of the main factors determining the variation of the values V poll% averaged for 1993-2013 

for single hydrochemical components. Indexes correspond to rivers:  
2 �Å Iput, 5 �Å Dnipro, 6 �Å Desna, 8 �Å Seim, 13 �Å Sozh, 14 �Å Sudost, 17 �Å Vorskla, 18 �Å Psel 

�L�Z�[�e�b�p�Z 6. �J�_�d�b �\�h�^�g�h�c���k�b�k�l�_�f�u���>�g�_�i�j���± �Q�z�j�g�h�_���f�h�j�_�����h�[�t�_�^�b�g�z�g�g�u�_���\���]�j�m�i�i�u���i�h���k�j�_�^�g�b�f���a�Z����������-
�����������]�]�����j�Z�k�o�h�^�Z�f���\�h�^�u�����f�h�^�m�e�y�f���k�l�h�d�Z���b���i�e�h�s�Z�^�y�f���\�h�^�h�k�[�h�j�h�\ 
Table 6. �5�L�Y�H�U�V���R�I���W�K�H���'�Q�L�S�H�U���Å���%�O�D�F�N���6�H�D���Z�D�W�H�U���V�\�V�W�H�P�����J�U�R�X�S�H�G���E�\���D�Y�H�U�D�J�H���I�R�U����������-2013 water flow rates, 
flow modules and catchment areas 

�=�j�m�i�i�u 
�‹���g�Z��

�j�b�k�m�g�d�_ 
�J�_�d�b 

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

�g�Z�[�e�x�^�_�g�b�c 

Q�k�j��, 
�f 3���k 

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

�i�m�g�d�l�_��
�g�Z�[�e�x�^�_�g�b�c�����d�f2 

�F�h�^�m�e�v���k�l�h�d�Z��
�k���\�h�^�h�k�[�h�j�Z����

�e���d�f2 

1 
5 �>�g�_�i�j �]�����K�f�h�e�_�g�k�d 488,7 14100 34,66 
2 �B�i�m�l�v �k�����M�s�_�j�i�v�_ 114,6 8110 14,13 
6 �>�_�k�g�Z �]�����;�j�y�g�k�d 83,3 13700 6,08 

2 
8 �K�_�c�f �]�����J�u�e�v�k�d 52,6 18100 2,91 
14 �K�m�^�h�k�l�v �]�����I�h�]�Z�j 19,8 5180 3,82 

3 13 �K�h� ̀ �^�����M�k�d�h�k�u 22,0 2600 8,46 
4 17 �<�h�j�k�d�e�Z �k�����D�h�a�b�g�d�Z 5,7 1870 3,05 
5 18 �I�k�z�e �]�����H�[�h�y�g�v 3,4 1100 3,09 
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�D�h�w�n�n�b�p�b�_�g�l�� �m�\�e�Z�`�g�_�g�b�y�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�h��
�g�Z�i�j�Z�\�e�_�g�b�x�� �k�� �k�_�\�_�j�h-�a�Z�i�Z�^�Z�� �g�Z�� �x�]�h-�\�h�k�l�h�d���� �h�l��
�a�h�g�u�� �g�_�m�k�l�h�c�q�b�\�h�]�h�� �m�\�e�Z�`�g�_�g�b�y�� �d�� �a�h�g�_��
�g�_�^�h�k�l�Z�l�h�q�g�h�]�h�� �m�\�e�Z�`�g�_�g�b�y���� �<�� �k�_�e�v�k�d�h�f��
�o�h�a�y�c�k�l�\�_�� �g�Z�b�[�h�e�_�_�� �\�h�^�h�_�f�d�b�c�� �i�h�l�j�_�[�b�l�_�e�v�� �Å��
�h�j�h�r�_�g�b�_���� �B�a�� �i�h�k�l�m�i�Z�x�s�_�c�� �g�Z�� �i�h�e�y�� �h�j�h�r�_�g�b�y��
�\�h�^�u���\���j�_�q�g�m�x���k�_�l�v���\�h�a�\�j�Z�s�Z�_�l�k�y���b�g�h�]�^�Z���f�_�g�v�r�_��
���������� �<�f�_�k�l�_�� �k�� �l�_�f�� �\�� �a�Z�k�m�r�e�b�\�u�o�� �b 
�i�h�e�m�a�Z�k�m�r�e�b�\�u�o�� �j�Z�c�h�g�Z�o�� �h�j�h�r�_�g�b�_�� �y�\�e�y�_�l�k�y��
�`�b�a�g�_�g�g�h�� �g�_�h�[�o�h�^�b�f�u�f�� �^�e�y�� �i�j�h�b�a�\�h�^�k�l�\�Z��
�k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�h�c�� �i�j�h�^�m�d�p�b�b�� �>�=�h�e�h�\�b�g�Z����
���������@���� �<�h�^�h�i�h�l�j�_�[�e�_�g�b�_�� �g�Z�� �o�h�a�y�c�k�l�\�_�g�g�h-
�[�u�l�h�\�u�_���b���i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�_���g�m�`�^�u���b, �h�k�h�[�_�g�g�h, 
�^�h�[�u�q�Z�� �b�� �i�_�j�_�j�Z�[�h�l�d�Z�� �i�h�e�_�a�g�u�o�� �b�k�d�h�i�Z�_�f�u�o��
�k�m�s�_�k�l�\�_�g�g�h�� �m�\�_�e�b�q�b�\�Z�x�l�� �Z�g�l�j�h�i�h�]�_�g�g�m�x��
�g�Z�]�j�m�a�d�m�� �g�Z�� �j�_�d�b���� �<�_�j�o�h�\�v�y�� �j�_�d�� �I�k�z�e�� �b�� �<�h�j�k�d�e�Z��
�g�Z�o�h�^�y�l�k�y�� �\�� �i�j�_�^�_�e�Z�o�� �D�m�j�k�d�h�c�� �F�Z�]�g�b�l�g�h�c��
�Z�g�h�f�Z�e�b�b���� �G�Z�� �Y�d�h�\�e�_�\�k�d�h�f�� �j�m�^�g�b�d�_�� �`�_�e�_�a�g�u�_��
�j�m�^�u�� �^�h�[�u�\�Z�x�l�� �r�Z�o�l�g�u�f�� �k�i�h�k�h�[�h�f���� �b�� �r�Z�o�l�g�u�_��
�\�h�^�u���q�_�j�_�a���i�j�m�^���h�l�k�l�h�c�g�b�d���k�[�j�Z�k�u�\�Z�x�l���\���<�h�j�k�d�e�m��
[�E�h�[�h�^�Z�����I�b�e�b�i�x�d, 2012]. 

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

�J�_�d�b�� �I�k�z�e�� �b�� �<�h�j�k�d�e�Z�� �a�Z�j�_�]�m�e�b�j�h�\�Z�g�u��
�r�e�x�a�Z�f�b-�j�_�]�m�e�y�l�h�j�Z�f�b���b���i�e�h�l�b�g�Z�f�b �=�W�K�����M���k�_�e�Z��
�D�j�Z�i�b�\�g�h�_���;�_�e�]�h�j�h�^�k�d�h�c���h�[�e�Z�k�l�b���J�h�k�k�b�b���g�Z���j�_�d�_��
�<�h�j�k�d�e�Z�� �g�Z�o�h�^�b�l�k�y�� �\�h�^�h�o�j�Z�g�b�e�b�s�_�� �i�e�h�s�Z�^�v�x��
110 �]�Z�� �b�� �h�[�t�z�f�h�f�� �\�h�^�u�� �������� �f�e�g�� �f�ñ���� �J�_�q�g�h�c��
�j�_�`�b�f���� �b�k�d�m�k�k�l�\�_�g�g�h�� �l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�u�c�� �\��
�h�a�_�j�g�u�c�� �\�h�^�h�h�[�f�_�g���� �a�Z�f�_�^�e�b�e�k�y���� �h�[�j�Z�a�h�\�Z�e�b�k�v��
�a�h�g�u�� �a�Z�k�l�h�y���� �<�h�^�h�o�j�Z�g�b�e�b�s�Z�� �k�m�s�_�k�l�\�_�g�g�h��
�m�o�m�^�r�b�e�b�� �k�h�k�l�h�y�g�b�_�� �i�j�b�e�_�]�Z�x�s�b�o�� �l�_�j�j�b�l�h�j�b�c����
�i�h�\�u�k�b�e�k�y�� �m�j�h�\�_�g�v�� �]�j�m�g�l�h�\�u�o�� �\�h�^�� �^�Z�`�_�� �g�Z��
�^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�b�o�� �j�Z�k�k�l�h�y�g�b�y�o�� �h�l�� �[�_�j�_�]�h�\����
�m�k�b�e�b�e�Z�k�v�� �w�j�h�a�b�y�� �[�_�j�_�]�h�\�h�c�� �a�h�g�u�� �>�=�h�e�h�\�b�g�Z����
2015]. 

�J�_�d�b�� �?�\�j�h�i�_�c�k�d�h�c �l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�b��
�h�l�g�h�k�y�l�k�y�� �d�� �j�_�d�Z�f�� �<�h�k�l�h�q�g�h-�?�\�j�h�i�_�c�k�d�h�]�h�� �l�b�i�Z��

�\�h�^�g�h�]�h�� �j�_�`�b�f�Z���� �>�e�y�� �g�b�o�� �k�\�h�c�k�l�\�_�g�g�h��
�i�j�h�o�h�`�^�_�g�b�_���[�h�e�_�_�����������]�h�^�h�\�h�]�h���k�l�h�d�Z���a�Z���i�_�j�b�h�^��
�\�_�k�_�g�g�_�]�h���i�h�e�h�\�h�^�v�y�� �A�Z���i�h�k�e�_�^�g�b�_���������e�_�l���\�h�^�g�u�c��
�j�_�`�b�f�� �j�_�d�� �^�Z�g�g�h�c�� �l�_�j�j�b�l�h�j�b�b�� �i�j�_�l�_�j�i�_�e��
�k�_�j�v�z�a�g�u�_���b�a�f�_�g�_�g�b�y�����W�l�h�l���i�_�j�b�h�^���[�u�e���g�_���l�h�e�v�d�h��
�k�Z�f�u�f�� �l�z�i�e�u�f���� �g�h�� �b�� �k�Z�f�u�f�� �\�e�Z�`�g�u�f�� �a�Z�� �\�j�_�f�y��
�g�Z�[�e�x�^�_�g�b�c�� �<�Z�`�g�u�f�� �k�e�_�^�k�l�\�b�_�f�� �w�l�h�]�h �k�e�m�`�b�l��
�j�h�k�l �i�h�l�_�j�v�� �l�Z�e�h�]�h�� �k�l�h�d�Z�� �b�� �i�h�\�u�r�_�g�g�h�_�� �i�b�l�Z�g�b�_��
�i�h�^�a�_�f�g�u�o�� �\�h�^�� �M�\�_�e�b�q�_�g�b�_�� �\�h�^�g�h�k�l�b��
�f�Z�e�h�\�h�^�g�h�]�h�� �i�_�j�b�h�^�Z�� �b�� �k�g�b�`�_�g�b�_��
�w�d�k�l�j�_�f�Z�e�v�g�h�k�l�b�� �f�Z�e�h�\�h�^�b�c�� �n�b�d�k�b�j�m�_�l�k�y��
�i�j�Z�d�l�b�q�_�k�d�b�� �^�e�y�� �\�k�_�o�� �j�_�d�� �?�\�j�h�i�_�c�k�d�h�c 
�l�_�j�j�b�l�h�j�b�b���J�h�k�k�b�b���>�N�j�h�e�h�\�Z���b���^�j���������������@�� 

�H�^�g�Z�d�h���^�b�g�Z�f�b�d�Z �i�j�_�\�u�r�_�g�b�y�� �\�_�j�o�g�_�]�h��
�i�h�j�h�]�h�\�h�]�h���a�g�Z�q�_�g�b�y�������������h�[�_�k�i�_�q�_�g�g�h�k�l�b�����b�f�_�_�l��
�j�Z�a�g�h�g�Z�i�j�Z�\�e�_�g�g�u�c�� �o�Z�j�Z�d�l�_�j���� �I�j�b�� �w�l�h�f��
�d�h�e�b�q�_�k�l�\�h�� �w�d�k�l�j�_�f�Z�e�v�g�h�� �f�Z�e�h�\�h�^�g�u�o�� �b��
�w�d�k�l�j�_�f�Z�e�v�g�h�� �f�g�h�]�h�\�h�^�g�u�o�� �i�_�j�b�h�^�h�\�� �k�\�y�a�Z�g�h��
�f�_�`�^�m�� �k�h�[�h�c���� �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b�� �w�l�h�c��
�a�Z�\�b�k�b�f�h�k�l�b�� �[�h�e�_�_�� �������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �d�Z�`�^�Z�y��
�j�_�d�Z���� �h�[�e�Z�^�Z�y�� �k�\�h�b�f�b�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �\�h�^�g�h�]�h��
�j�_�`�b�f�Z���� �b�f�_�_�l�� �g�_�d�m�x�� �h�[�s�m�x�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�m��
�©�w�d�k�l�j�_�f�Z�e�v�g�h�k�l�b�ª���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�m�x�� �d�Z�d��
�d�h�e�b�q�_�k�l�\�h�� �f�Z�e�h�\�h�^�b�c���� �l�Z�d�� �b�� �d�h�e�b�q�_�k�l�\�h��
�f�g�h�]�h�\�h�^�b�c���>�?�a�_�j�h�\�Z�����D�b�j�_�_�\�Z�����N�j�h�e�h�\�Z, 2018]. 

�B�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �k�h�^�_�j�`�Z�g�b�_���n�Z�d�l�h�j�Z�������[�_�a��
�^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �^�Z�g�g�u�o�� �\�_�k�v�f�Z�� �k�e�h�`�g�h���� �O�h�l�y����
�f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h�� �b�f�_�g�g�h�� �j�Z�a�e�b�q�b�y�� �\��
�h�[�s�_�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�_���©�w�d�k�l�j�_�f�Z�e�v�g�h�k�l�b�ª���b���^�Z�z�l��
�j�Z�a�e�b�q�g�u�c�� �\�d�e�Z�^�� �\�� �d�h�e�_�[�Z�g�b�y�� �9�a�Z�]���� �^�e�y��Fe�h�[�s, 
Cu2+

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

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

�<���l�Z�[�e�b�p�_�������i�j�_�^�k�l�Z�\�e�_�g�u���m�k�j�_�^�g�z�g�g�u�_���^�e�y��
�\�k�_�]�h�� �i�_�j�b�h�^�Z�� �g�Z�[�e�x�^�_�g�b�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�k�h�k�l�h�y�g�b�y�� �a�Z�]�j�y�a�g�z�g�g�h�k�l�b�� �k�l�h�d�Z���� �h�p�_�g�z�g�g�u�_�� �i�h��
�d�e�Z�k�k�Z�f�� �b�� �j�Z�a�j�y�^�Z�f���� �Z�� �l�Z�d�`�_�� �^�Z�g�Z�� �k�j�_�^�g�y�y��
�f�g�h�]�h�e�_�l�g�y�y���h�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���k�l�h�d�Z���\���^�h�e�y�o��V �a�Z�]%, 
�\���k�h�h�l�\�_�l�k�l�\�b�b���k���J�>��������������������-2002. 
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�B�a�� ������ �j�_�d�� �� �g�Z �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �i�h�k�l�Z�o��
�b�f�_�x�l�� �k�e�Z�[�h�� �a�Z�]�j�y�a�g�z�g�g�u�c�� �k�l�h�d�� �\�l�h�j�h�]�h�� �d�e�Z�k�k�Z����
�W�l�h�� �h�^�g�Z�� �j�_�d�Z���� �l�j�Z�g�k�]�j�Z�g�b�q�g�Z�y�� �k�� �;�_�e�Z�j�m�k�v�x�� 
�B�i�m�l�v; �b�� ���� �j�_�d���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �k�� �M�d�j�Z�b�g�h�c: 
�K�m�^�h�k�l�v���� �>�_�k�g�Z���� �K�_�c�f���� �I�k�z�e�� �b�� �<�h�j�k�d�e�Z���� �<�h�^�g�u�c��
�k�l�h�d�������j�_�d���y�\�e�y�_�l�k�y���a�Z�]�j�y�a�g�z�g�g�u�f���l�j�_�l�v�_�]�h���d�e�Z�k�k�Z��
�j�Z�a�j�y�^�Z�� �©�Z�ª���� �D�� �w�l�b�f�� �j�_�d�Z�f�� �h�l�g�h�k�y�l�k�y�� ���� �j�_�d�b�� �g�Z��
�]�j�Z�g�b�p�_�� �k�� �;�_�e�Z�j�m�k�v�x�� �>�g�_�i�j���� �A�Z�i�Z�^�g�Z�y�� �>�\�b�g�Z�� �b��
�K�h�;̀ ���� �j�_�d�b�� �g�Z�� �]�j�Z�g�b�p�_�� �k�� �M�d�j�Z�b�g�h�c: �H�k�d�h�e�� �b��
�F�b�m�k; �Z�� �l�Z�d�`�_�� ���� �j�_�d�b�� �g�Z���]�j�Z�g�b�p�_�� �k�� �D�Z�a�Z�o�k�l�Z�g�h�f: 
�F�Z�e�u�c�� �M�a�_�g�v�� �b�� �B�e�_�d���� �?�s�z�� �\�� �h�^�g�h�c�� �j�_�d�_�� �g�Z��
�]�j�Z�g�b�p�_�� �k�� �D�Z�a�Z�o�k�l�Z�g�h�f�� �\�� �;�h�e�v�r�h�f�� �M�a�_�g�_�� �k�l�h�d��
�h�q�_�g�v���a�Z�]�j�y�a�g�z�g�g�u�c���l�j�_�l�v�_�]�h���d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�[�ª����
�=�j�y�a�g�u�c�� �k�l�h�d�� �q�_�l�\�z�j�l�h�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �©�Z�ª��
�o�Z�j�Z�d�l�_�j�_�g�� �^�e�y�� �j�_�d�b�� �K�_�\�_�j�k�d�b�c�� �>�h�g�_�p����
�l�j�Z�g�k�]�j�Z�g�b�q�g�h�c�� �k�� �M�d�j�Z�b�g�h�c���� �b�� �j�_�d�b�� �B�j�l�u�r����
�l�j�Z�g�k�]�j�Z�g�b�q�g�h�c�� �k�� �D�Z�a�Z�o�k�l�Z�g�h�f���� �G�Z�� �]�j�Z�g�b�p�_�� �k��
�D�Z�a�Z�o�k�l�Z�g�h�f�� �_�s�z�� �[�h�e�_�_�� �]�j�y�a�g�u�f�� �k�l�h�d�h�f��
�h�l�e�b�q�Z�x�l�k�y�� �^�\�_�� �j�_�d�b���� �J�_�d�Z�� �L�h�[�h�e�� �b�f�_�_�l�� �k�l�h�d��
�q�_�l�\�z�j�l�h�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �� �©�[�ª�� �b�� �j�_�d�Z �M�c��
�h�l�e�b�q�Z�_�l�k�y�� �h�q�_�g�v�� �]�j�y�a�g�u�f�� �k�l�h�d�h�f�� �q�_�l�\�z�j�l�h�]�h��
�d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�\�ª�� 

�W�l�b�� �h�p�_�g�d�b�� �^�Z�x�l�� �l�h�e�v�d�h�� �k�Z�f�m�x��
�h�[�h�[�s�z�g�g�m�x�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�m�� �d�Z�q�_�k�l�\�Z�� �k�l�h�d�Z��
�\�h�^�u���� �K�l�h�d�� �w�l�b�o�� �j�_�d�� �g�_�� �h�^�g�h�j�h�^�_�g�� �b�� �k�h�^�_�j�`�b�l��
�j�Z�a�e�b�q�g�u�_�� �^�h�e�b�� �q�Z�k�l�b�q�g�u�o�� �h�[�t�z�f�h�\�� �j�Z�a�g�h�c��
�k�l�_�i�_�g�b���a�Z�]�j�y�a�g�z�g�g�h�k�l�b�����d�h�l�h�j�u�_���\���k�\�h�x���h�q�_�j�_�^�v��
�f�h�`�g�h�� �h�p�_�g�b�l�v�� �i�h�� �d�e�Z�k�k�Z�f�� �b�� �j�Z�a�j�y�^�Z�f�� ���l�Z�[�e�b�p�Z��
�������� �>�Z�`�_�� �k�l�h�d�� �j�_�d�b���� �h�p�_�g�z�g�g�u�c�� �d�Z�d�� �k�e�Z�[�h��
�a�Z�]�j�y�a�g�z�g�g�u�c�����k�h�k�l�h�b�l���b�a���l�j�z�o�����i�y�l�b���b���^�Z�`�_���r�_�k�l�b����
�d�Z�d�� �\�� �j�_�d�_ �<�h�j�k�d�e�Z���� �q�Z�k�l�b�q�g�u�o�� �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���� �H�^�g�Z�d�h�� �i�j�_�h�[�e�Z�^�Z�x�s�_�c��
�^�h�e�_�c���k�l�h�d�Z���y�\�e�y�_�l�k�y���9�a�Z�]�����\�l�h�j�h�]�h���d�e�Z�k�k�Z�����Z���^�h�e�y��
�h�[�t�z�f�h�\�� �a�Z�]�j�y�a�g�z�g�g�h�]�h�� �b�� �]�j�y�a�g�h�]�h�� �k�l�h�d�Z��
�g�b�q�l�h�`�g�h���f�Z�e�Z�� 

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

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

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

�H�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b�f�Z�g�b�_���� �q�l�h�� �k�l�h�d�� �j�_�d��
�\�h�^�g�h�c�� �k�b�k�l�_�f�u�� �>�g�_�i�j�� �Å�� �Q�z�j�g�h�_�� �f�h�j�_�� �\�� �r�_�k�l�b��
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �i�m�g�d�l�Z�o�� �y�\�e�y�_�l�k�y�� �k�e�Z�[�h��
�a�Z�]�j�y�a�g�z�g�g�u�f�� �\�l�h�j�h�]�h�� �d�e�Z�k�k�Z�� �b�� �l�h�e�v�d�h�� �\�� �^�\�m�o��
(�j�_�d�b���>�g�_�i�j�� �b�� �K�h�`�� �k�l�h�d�� �h�p�_�g�b�\�Z�_�l�k�y���� �d�Z�d��
�a�Z�]�j�y�a�g�z�g�g�u�c �l�j�_�l�v�_�]�h���d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�Z�ª�� 

�D�� �a�Z�]�j�y�a�g�z�g�g�h�f�m�� �k�l�h�d�m�� �l�j�_�l�v�_�]�h�� �d�e�Z�k�k�Z��
�j�Z�a�j�y�^�Z�� �©�Z�ª�� �h�l�g�h�k�b�l�k�y�� �k�l�h�d�� �j�_�d�� �\�h�^�g�u�o�� �k�b�k�l�_�f����
�M�j�Z�e �Å�� �D�Z�k�i�b�c�k�d�h�]�h���� �:�a�h�\�k�d�h�]�h�� �b�� �;�Z�e�l�b�c�k�d�h�]�h��
�f�h�j�_�c���� �Z�� �l�Z�d�`�_�� �\�h�^�g�h�c�� �k�b�k�l�_�f�u�� �D�Z�f�u�r �± 
�K�Z�f�Z�j�k�d�b�o���h�a�z�j�����B�k�d�e�x�q�_�g�b�_�f���y�\�e�y�_�l�k�y���k�l�h�d���j�_�d�b��
�;�h�e�v�r�h�c�� �M�a�_�g�v���� �d�h�l�h�j�u�c�� �y�\�e�y�_�l�k�y�� �h�q�_�g�v��
�a�Z�]�j�y�a�g�_�g�g�u�f���l�j�_�l�v�_�]�h���d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�[�ª�� 

�K�l�h�d���j�_�d���\���\�h�^�g�h�c���k�b�k�l�_�f�_���B�j�l�u�r���± �H�[�v���± 
�D�Z�j�k�d�h�_�� �f�h�j�_�� �]�j�y�a�g�u�c�� �b�� �h�q�_�g�v�� �]�j�y�a�g�u�c��
�q�_�l�\�z�j�l�h�]�h���d�e�Z�k�k�Z �j�Z�a�j�y�^�h�\���©�Z�ª�����©�[�ª���b���©�\�ª���� 

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

�K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���i�h�q�l�b���\�k�_���j�_�d�b�����k�l�h�d��
�d�h�l�h�j�u�o�� �h�l�g�h�k�b�l�k�y�� �d�h�� �\�l�h�j�h�f�m���� �l�j�_�l�v�_�f�m�� �d�e�Z�k�k�m��
�j�Z�a�j�y�^�h�\���©�Z�ª���b���©�[�ª�����d�j�h�f�_���j�_�d���F�b�m�k���b���B�e�_�d�����l�_�d�m�l��
�b�a�� �J�h�k�k�b�b�� �\�� �k�h�k�_�^�g�b�_�� �]�h�k�m�^�Z�j�k�l�\�Z���� �<�k�_�� �j�_�d�b��
�q�_�l�\�z�j�l�h�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�h�\�� �©�Z�ª���� �©�[�ª�� �b�� �©�\�ª����
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�_���k���M�d�j�Z�b�g�h�c���b���D�Z�a�Z�o�k�l�Z�g�h�f�����g�_�k�m�l��
�k�\�h�b�� �]�j�y�a�g�u�_�� �b�� �h�q�_�g�v�� �]�j�y�a�g�u�_�� �\�h�^�u�� �b�a��
�k�h�i�j�_�^�_�e�v�g�u�o���]�h�k�m�^�Z�j�k�l�\���\���J�h�k�k�b�x�� 
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�L�Z�[�e�b�p�Z�� ������ �K�j�Z�\�g�_�g�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �d�Z�q�_�k�l�\�Z�� �j�_�q�g�h�]�h�� �k�l�h�d�Z�� �\�h�^�g�u�o�� �k�b�k�l�_�f���� �\�u�q�b�k�e�_�g�g�u�o�� �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�\ 
Table 8. Comparison of water systems according to the characteristics of river flows, calculated by the totality 
of pollutants 

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

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�l�h�d�Z 
�\�h�^�u 

�D�e�Z�k�k 
�J�Z�a�j�y�^ 

�B�j�l�u�r �Å���H�[�v- �D�Z�j�k�d�h�_���f�h�j�_  
�B�j�l�u�r�������� �=�j�y�a�g�u�c �����©�Z�ª 
�L�h�[�h�e�������� �=�j�y�a�g�u�c �����©�[�ª 
�M�c����0) �H�q�_�g�v���]�j�y�a�g�u�c �����©�\�ª 

�j�����M�j�Z�e���Å���D�Z�k�i�b�c�k�d�h�_���f�h�j�_������ �B�e�_�d�������� �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª�� 

�D�Z�f�u�r���Å���K�Z�f�Z�j�k�d�b�_���h�a�z�j�Z. 
�F�Z�e�u�c���M�a�_�g�v����-) �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª�� 
�;�h�e�v�r�h�c���M�a�_�g�v (-) �H�q�_�g�v���a�Z�]�j�y�a�g�_�g�g�u�c �����©�[�ª 

�>�g�_�i�j���Å���Q�z�j�g�h�_���f�h�j�_ 

�>�g�_�i�j (-,0) �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª 
�K�h�`��(0) �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª 
�<�h�j�k�d�e�Z����-) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 
�>�_�k�g�Z����-) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 
�I�k�z�e����-) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 
�B�i�m�l�v (-,0) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 
�K�_�c�f����-) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 
�K�m�^�h�k�l�v (-) �K�e�Z�[�h���a�Z�]�j�y�a�g�_�g�g�u�c 2 

�:�a�h�\�k�d�h�_���f�h�j�_ �F�b�m�k�������� �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª 
�K�_�\�_�j�k�d�b�c���>�h�g�_�p���Å���>�h�g���Å��
�:�a�h�\�k�d�h�_���f�h�j�_ 

�K�_�\�_�j�k�d�b�c���>�h�g�_�p�������� �=�j�y�a�g�u�c �����©�Z�ª 
�H�k�d�h�e����-) �A�Z�]�j�y�a�g�_�g�g�u�c �����©�Z�ª 

�;�Z�e�l�b�c�k�d�h�_���f�h�j�_ �A�Z�i�Z�^�g�Z�y���>�\�b�g�Z����-) �A�Z�]�j�y�a�g�_�g�g�u�c 3 �©�Z�ª 
�
�� �I�j�b�f�_�q�Z�g�b�_���� �������� �± �j�_�d�Z�� �l�_�q�z�l�� �\�^�h�e�v�� �]�j�Z�g�b�p�u���� ��-) �± �b�a�� �J�h�k�k�b�b�� �\�� �i�h�]�j�Z�g�b�q�g�h�_�� �]�h�k�m�^�Z�j�k�l�\�h�� 
(+) �± �b�a���i�h�]�j�Z�g�b�q�g�h�]�h���]�h�k�m�^�Z�j�k�l�\�Z���\���J�h�k�k�b�x�� 

�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���\�Z�j�v�b�j�h�\�Z�g�b�_�� �m�k�j�_�^�g�z�g�g�u�o���a�Z���i�_�j�b�h�^����������-
���������� �]�]���� �q�Z�k�l�b�q�g�u�o�� �h�[�t�z�f�h�\ �k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�u�o�� �k�h�\�h�d�m�i�g�h�k�l�v�x�� �o�b�f�b�q�_�k�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �b��
�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�����\���j�y�^�m���\�h�k�_�f�g�Z�^�p�Z�l�b���l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���j�_�d 
Table 9. Matrix of the main factors determining the variation, averaged over the period 1993-2013, of the 
partial volumes of runoff contaminated by sets of hydrochemical components and estimated by classes and 
ranks for eighteen transboundary rivers 

�I�_�j�_�f�_�g�g�u�_�����h�[�t�z�f�����d�e�Z�k�k��
�b���j�Z�a�j�y�^�� 

�;�_�a �\�j�Z�s�_�g�b�y �n�Z�d�l�h�j�g�u�o �h�k�_�c 
�I�h�k�e�_ �\�j�Z�s�_�g�b�y �n�Z�d�l�h�j�g�u�o 

�h�k�_�c 
�N�Z�d�l�h�j 1 �N�Z�d�l�h�j 2 �N�Z�d�l�h�j 3 �N�Z�d�l�h�j���� �N�Z�d�l�h�j���� �N�Z�d�l�h�j���� 

V �a�Z�]% 1 0,594275 0,040590 -0,211237 -0,571608 -0,242521 -0,117811 
V �a�Z�]% 2 -0,824133 -0,195251 0,394340 0,898144 0,200425 0,161213 
V �a�Z�]���������©�Z�ª -0,461508 0,756775 -0,268650 -0,064908 0,923935 -0,001487 
V �a�Z�]���������©�[�ª -0,634932 -0,466022 -0,512902 0,275010 0,105333 0,892557 
V �a�Z�]���������©�Z�ª -0,548591 -0,478674 -0,602295 0,160748 0,069866 0,928504 
V �a�Z�]���������©�[�ª -0,608128 -0,402107 0,551481 0,903811 -0,122354 0,061605 
V �a�Z�]���������©�\�ª -0,773550 0,298268 0,058705 0,502667 0,649147 0,129322 
V �a�Z�]���������©�]�ª -0,781917 0,521887 -0,065542 0,363399 0,862796 0,107612 
�>�h�e�y���h�[�s�_�c���^�b�k�i�_�j�k�b�b������ 44,11 19,77 15,12 30,51 26,87 21,63 
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�=�j�m�i�i�b�j�h�\�Z�g�b�_�� ������ �j�_�d����
�l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���k���M�d�j�Z�b�g�h�c�����;�_�e�Z�j�m�k�v�x���b��
�D�Z�a�Z�o�k�l�Z�g�h�f���� �i�h�� �q�Z�k�l�b�q�g�u�f�� �h�[�t�z�f�Z�f��
�k�l�h�d�Z���� �a�Z�]�j�y�a�g�z�g�g�u�f�� �k�h�\�h�d�m�i�g�h�k�l�v�x��
�o�b�f�b�q�_�k�d�b�o���d�h�f�i�h�g�_�g�l�h�\�����b���h�p�_�g�z�g�g�u�f���i�h��
�d�e�Z�k�k�Z�f���b���j�Z�a�j�y�^�Z�f 

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

�n�Z�d�l�h�j�Z�� �\�u�j�Z�`�_�g�� �q�_�j�_�a�� �\�u�^�_�e�_�g�g�u�_�� �\�� �l�Z�[�e�b�p�_��
�i�h�e�m�`�b�j�g�u�f���r�j�b�n�l�h�f���q�Z�k�l�b�q�g�u�_���h�[�t�z�f�u �k�l�h�d�Z����
�\�l�h�j�h�]�h�� �b�� �q�_�l�\�_�j�l�u�o�� �d�e�Z�k�k�h�\���� �W�l�h�l�� �n�Z�d�l�h�j��
�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����
�N�Z�d�l�h�j�� ���� �k�h�k�l�Z�\�e�y�_�l�� �g�_�f�g�h�]�h�� �[�h�e�_�_�� ��������
�k�m�f�f�Z�j�g�h�c�� �^�b�k�i�_�j�k�b�b�� �b�� �j�_�Z�e�b�a�m�_�l�k�y�� �q�_�j�_�a�� �^�h�e�x��
V �a�Z�]���� �l�j�_�l�v�_�]�h�� �d�e�Z�k�k�Z�� �j�Z�a�j�y�^�Z�� �©�Z�ª���� �M�f�_�g�v�r�_�g�b�_��
�j�h�e�b�� �n�Z�d�l�h�j�Z�� ���� �i�m�l�_�f�� �\�j�Z�s�_�g�b�y�� �h�k�_�c���� �m�k�b�e�b�\�Z�_�l��
�a�g�Z�q�_�g�b�_���9�a�Z�]�����q�_�l�\�_�j�l�h�]�h���d�e�Z�k�k�Z���j�Z�a�j�y�^�Z���©�]�ª�����I�h��
�q�b�k�e�_�g�g�u�f�� �a�g�Z�q�_�g�b�y�f�� �i�_�j�\�u�o�� �^�\�m�o�� �n�Z�d�l�h�j�h�\��
�[�u�e�h�� �i�j�h�b�a�\�_�^�_�g�h�� �]�j�m�i�i�b�j�h�\�Z�g�b�_�� ���j�b�k�m�g�h�d�� ������
�k�e�m�q�Z�_�\�����l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���i�m�g�d�l�h�\���j�_�d���� 

 

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

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

�l�j�Z�g�k�]�j�Z�g�b�q�g�u�o���j�_�d�����B�g�^�_�d�k�u���k�h�h�l�\�_�l�k�l�\�m�x�l���j�_�d�Z�f������ �Å �B�j�l�u�r������ �Å �B�i�m�l�v������ �± �A�Z�i�Z�^�g�Z�y���>�\�b�g�Z���� 
4 �± �K�_�\�_�j�k�d�b�c���>�h�g�_�p������ �Å �>�g�_�i�j������ �Å �>�_�k�g�Z���������± �L�h�[�h�e������ �Å �K�_�c�f������ �Å �;�h�e�v�r�h�c���M�a�_�g�v�������� �Å �B�e�_�d����

11 �Å �H�k�d�h�e�������� �Å �M�c�������� �Å �K�h�`�������� �Å �K�m�^�h�k�l�v�������� �Å �F�b�m�k�������� �Å �F�Z�e�u�c���M�a�_�g�v�������� �Å �<�h�j�k�d�e�Z�����������± �I�k�z�e 
Figure 4. Projection of cases (transboundary river points) in the coordinates of the main factors determining 

the variation of the partial runoff volumes averaged for 1993-2013 contaminated with totallity of 
hydrochemical components and estimated by classes and categories for 18 transboundary rivers. Indexes 

correspond to rivers: 1 �Å Irtysh, 2 �Å Iput, 3 �Å Zapadnaya Dvina, 4 �Å Seversky Donets, 5 �Å Dnipro, 6 �Å Desna, 
7 �Å Tobol, 8 �Å Seim, 9 �Å B. Uzen, 10 �Å Ilek, 11 �Å Oskol, 12 �Å Uy, 13 �Å Sozh, 14 �Å Sudost, 15 �Å Mius, 

16 �Å M. Uzen, 17 �Å Vorskla, 18 �Å Psel 

�D�Z�d���\�b�^�g�h���g�Z���j�b�k�m�g�d�_�������\�^�h�e�v���h�k�b���n�Z�d�l�h�j�Z������
�j�Z�g�`�b�j�h�\�Z�g�u�� �i�j�h�_�d�p�b�b�� �j�_�d�� �i�h�� �\�h�a�j�Z�k�l�Z�g�b�x��

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

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

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

�<�u�\�h�^�u 

���� �K�� �i�h�f�h�s�v�x�� �:�I�D�� �^�e�y�� �\�h�k�_�f�g�Z�^�p�Z�l�b�� �j�_�d 
�J�h�k�k�b�b���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�o�� �k�� �;�_�e�Z�j�m�k�v�x���� �M�d�j�Z�b�g�h�c��
�b�� �D�Z�a�Z�o�k�l�Z�g�h�f�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u�� �^�h�e�b�� �h�[�t�z�f�h�\��
�k�l�h�d�Z�� �j�_�d�� ��V �a�Z�]�������� �a�Z�]�j�y�a�g�z�g�g�u�o�� �^�\�_�g�Z�^�p�Z�l�v�x��
�_�^�b�g�b�q�g�u�f�b�� �o�b�f�b�q�_�k�d�b�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b�� �b��
�m�k�j�_�^�g�_�g�u �a�Z����������-�����������]�]�� 

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

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

�=�j�m�i�i�u �<�h�^�g�Z�y���k�b�k�l�_�f�Z �J�_�d�b 
1 �H�[�v�:�D�Z�j�k�d�h�_���f�h�j�_ �B�j�l�u�r�����L�h�[�h�“�e�� �M�c 
2 �M�j�Z�e�:�D�Z�k�i�b�c�k�d�h�_���f�h�j�_ �B�e�_�d 
3 �D�Z�f�u�r-�K�Z�f�Z�j�k�d�b�_���h�a�z�j�Z �;�h�e�v�r�h�c���M�a�_�g�v�����F�Z�e�u�c���M�a�_�g�v 
4 �>�g�_�i�j���Å���Q�z�j�g�h�_���f�h�j�_ �>�g�_�i�j�����K�h�`, �<�h�j�k�d�e�Z, �>�_�k�g�Z, �I�k�z�e�����B�i�m�l�v�����K�_�c�f�����K�m�^�h�k�l�v 
5 �;�Z�e�l�b�c�k�d�h�_���f�h�j�_ �A�Z�i�Z�^�g�Z�y���>�\�b�g�Z 
6 �:�a�h�\�k�d�h�_���f�h�j�_ �F�b�m�k 
7 �>�h�g�:���:�a�h�\�k�d�h�_���f�h�j�_ �K�_�\�_�j�k�d�b�c���>�h�g�_�p�� �H�k�d�h�e 

�G�Z�b�[�h�e�_�_�� �q�z�l�d�h�� �\�^�h�e�v�� �h�k�b�� �n�Z�d�l�h�j�Z�� ����
�j�Z�a�^�_�e�b�e�b�k�v�� �j�_�d�b�� �J�h�k�k�b�b���� �l�j�Z�g�k�]�j�Z�g�b�q�g�u�_�� �k��
�D�Z�a�Z�o�k�l�Z�g�h�f. �H�g�b���j�Z�a�^�_�e�b�e�b�k�v���g�Z���q�_�l�u�j�_���]�j�m�i�i�u��
�i�h���j�Z�k�o�h�^�Z�f���\�h�^�u�����i�e�h�s�Z�^�b���\�h�^�h�k�[�h�j�h�\���b���f�h�^�m�e�x��
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Caucasus. Analysis of precipitation distribution has 
shown that for the black sea slope of the Caucasus 
(within the territory under consideration) there is a 
strictly defined dependence of their distribution with 
the height of the terrain. The same relationship exists 
for the Northern slope of the Caucasus. As you climb 
into the mountains, precipitation rates increase. It is 
important to note that the absolute amount of 
precipitation and its distribution by height (vertical 
zoning) for the black sea and Northern slopes are 
different. A map of the climate zoning of the Greater 
Caucasus has been compiled. It is proposed to make 
additions to Appendix B of SP 131.13330.2012. 
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1�K�I�����������������������������������K�l�j�h�b�l�_�e�v�g�Z�y���d�e�b�f�Z�l�h�e�h�]�b�y�����:�d�l�m�Z�e�b�a�b�j�h�\�Z�g�g�Z�y���\�_�j�k�b�y���K�G�b�I������-01-99. �F��, 2015. ���������k�� 
2�K�G�b�I������-01-���������K�l�j�h�b�l�_�e�v�g�Z�y���d�e�b�f�Z�l�h�e�h�]�b�y�����F�������������������������k�� 

�L�_�j�f�b�g�u���b���h�i�j�_�^�_�e�_�g�b�y 

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

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

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

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

�A�Z�^�Z�q�Z���j�Z�[�h�l�u 

�<�u�i�h�e�g�b�l�v�� �d�e�b�f�Z�l�b�q�_�k�d�h�_�� �j�Z�c�h�g�b�j�h�\�Z�g�b�_��
�l�_�j�j�b�l�h�j�b�b�� �N�b�r�l-�H�r�l�_�g�k�d�h�c�� �]�h�j�g�h�c�� �]�j�m�i�i�u�� �b��
�i�e�Z�l�h���E�Z�]�h�g�Z�d�b���\���k�h�h�l�\�_�l�k�l�\�b�b���k���d�e�Z�k�k�b�n�b�d�Z�p�b�_�c��
�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �j�Z�c�h�g�h�\���� �i�j�b�g�y�l�h�c�� �\�� �K�\�h�^�_��
�I�j�Z�\�b�e�� �K�I�� ������������������������������ ���K�l�j�h�b�l�_�e�v�g�Z�y��
�d�e�b�f�Z�l�h�e�h�]�b�y������ �D�Z�j�l�b�j�h�\�Z�g�b�_�� �d�e�b�f�Z�l�b�q�_�k�d�b�o��
�j�Z�c�h�g�h�\���\�u�i�h�e�g�b�l�v���g�Z���d�Z�j�l�_���F������������������ 

�I�m�l�b���j�_�r�_�g�b�y���i�h�k�l�Z�\�e�_�g�g�h�c���a�Z�^�Z�q�b 

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

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

�D�e�b�f�Z�l�b�q�_�k�d�h�_�� �j�Z�c�h�g�b�j�h�\�Z�g�b�_�� �\��
�K�I ������������������������������ �j�_�]�e�Z�f�_�g�l�b�j�m�_�l�k�y�� �L�Z�[�e�b�p�_�c��
�;���������i�j�b�e�h�`�_�g�b�y���;�����l�Z�[�e�b�p�Z�������� 
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�L�Z�[�e�b�p�Z�� �������D�e�b�f�Z�l�b�q�_�k�d�h�_�� �j�Z�c�h�g�b�j�h�\�Z�g�b�_�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�e�Z�k�k�b�n�b�d�Z�p�b�_�c�� �i�h�� �K�I 131.13330.2012 
�©�K�l�j�h�b�l�_�e�v�g�Z�y���d�e�b�f�Z�l�h�e�h�]�b�y�ª 
Table 1. Climate zoning in accordance with the classification of SP 131.13330.2012 "Construction 
climatology" 
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�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z��

�\�h�a�^�m�o�Z�� 
�\���y�g�\�Z�j�_�����ƒ�K 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v��
�\�_�l�j�Z���a�Z���l�j�b��

�a�b�f�g�b�o���f�_�k�y�p�Z����
�f���k 

�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z��

�\�h�a�^�m�o�Z���\���b�x�e�_�����ƒ�K 

�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�h�l�g�h�k�b�l�_�e�v�g�Z�y��

�\�e�Z�`�g�h�k�l�v���\�h�a�^�m�o�Z�� 
�\���b�x�e�_������ 

I �,�: �H�l��-�������b���g�b�`�_ - �H�l���������^�h�������� - 
 �,�; �H�l��-�������b���g�b�`�_ �����b���[�h�e�_�_ �H�l�������^�h�������� �;�h�e�_�_������ 
 �,�< �H�l��-�������^�h��-28 - �H�l�����������^�h�������� - 
 �,�= �H�l��-�������^�h��-28 �����b���[�h�e�_�_ �H�l�������^�h�������� �;�h�e�_�_������ 
 �,�> �H�l��-�������^�h��-32 - �H�l�����������^�h�������� - 
II  �,�,�: �H�l��-�����^�h��-14 �����b���[�h�e�_�_ �H�l���������^�h�������� �;�h�e�_�_������ 
 �,�,�; �H�l��-�����^�h��-5 �����b���[�h�e�_�_ �H�l�����������^�h�������� �;�h�e�_�_������ 
 �,�,�< �H�l��-�����^�h��-14 - �H�l�����������^�h�������� - 
 �,�,�= �H�l��-�����^�h��-14 �����b���[�h�e�_�_ �H�l�����������^�h�������� �;�h�e�_�_������ 
III �,�,�,�: �H�l��-�������^�h��-20 - �H�l�����������^�h�������� - 
 �,�,�,�; �H�l��-�����^�h������ - �H�l�����������^�h�������� - 
 �,�,�,�< �H�l��-�����^�h��-14 - �H�l�����������^�h�������� - 
IV  �,�9�: �H�l��-�������^�h������ - �H�l�����������b���\�u�r�_ - 
 �,�9�; �H�l���������^�h������ - �H�l�����������^�h�������� �������b���[�h�e�_�_���\���������q 
 �,�9�< �H�l�������^�h������ - �H�l�����������^�h�������� - 
 �,�9�= �H�l��-�������^�h���� - �H�l�����������^�h�������� - 
�I�j�b�f�_�q�Z�g�b�_�����D�e�b�f�Z�l�b�q�_�k�d�b�c���i�h�^�j�Z�c�h�g���,�>���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x���o�h�e�h�^�g�h�]�h���i�_�j�b�h�^�Z��
�]�h�^�Z�����k�h���k�j�_�^�g�_�c���k�m�l�h�q�g�h�c���l�_�f�i�_�j�Z�l�m�j�h�c���\�h�a�^�m�o�Z���g�b�`�_�����ƒ�K�������������^�g�_�c���\���]�h�^�m���b���[�h�e�_�_�� 
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�J�b�k�m�g�h�d���������=�j�Z�n�b�q�_�k�d�Z�y���b�g�l�_�j�i�j�_�l�Z�p�b�y���l�Z�[�e�b�p�u���� 

Figure 1. Graphical interpretation of table 1 

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

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

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

�K�h�a�^�Z�g�b�_�� �[�Z�a�u�� �^�Z�g�g�u�o�� �i�h��
�b�k�k�e�_�^�m�_�f�h�f�m���j�Z�c�h�g�m 

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

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

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

�G�Z�g�_�k�_�f���g�Z���j�b�k�m�g�h�d�������^�Z�g�g�u�_���b�a���l�Z�[�e�b�p�u��������
�K�^�_�e�Z�_�f�� �i�h�^�i�b�k�b�� �m�� �g�Z�g�_�k�_�g�g�u�o�� �l�h�q�_�d���� �<��
�q�b�k�e�b�l�_�e�_�� �i�h�^�i�b�k�b�� �i�j�h�k�l�Z�\�b�f�� �g�h�f�_�j��
�f�_�l�_�h�k�l�Z�g�p�b�b���i�h���k�i�b�k�d�m������-�c���k�l�h�e�[�_�p���l�Z�[�e�b�p�u����������
�Z�� �\�� �a�g�Z�f�_�g�Z�l�_�e�_�� �i�j�h�k�l�Z�\�b�f�� �\�u�k�h�l�m�� �^�Z�g�g�h�c��
�f�_�l�_�h�k�l�Z�g�p�b�b���g�Z�^���m�j�h�\�g�_�f���f�h�j�y�����j�b�k�m�g�h�d�������� 
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�L�Z�[�e�b�p�Z���������K�j�_�^�g�_�f�_�k�y�q�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z���g�Z���f�_�l�_�h�k�l�Z�g�p�b�y�o 
Table 2. Average monthly air temperature at weather station 
�‹  �K�l�Z�g�p�b�y I II  III  IV  V VI  VII VIII IX  X XI  XII �]�h� ̂ �\�u�k�h�l�Z 

�Q�?�J�G�H�F�H�J�K�D�H�?���I�H�;�?�J�?�@�V�?���D�:�<�D�:�A�: 
45 �K�h�q�b���i�h�j�l 4,9 5,3 7,6 11,1 15,7 19,7 22,5 22,8 19,1 14,8 10,4 7,2 13,4 12 
26 �K�h�q�b 5,8 5,9 8,1 11,6 16,1 19,9 22,8 23,2 19,9 15,9 11,6 8,2 141 57 
27 �:�^�e�_�j 5,0 5,4 7,7 11,3 15,8 19,7 22,6 22,8 19,2 14,9 10,4 6,9 13,5 13 

46 
�F�Z�p�_�k�l�Z��
�g�h�\�Z�y 

4,0 5,0 7,0 10,6 15,5 19,3 22,0 22,4 18,6 13,9 9,5 6,7 12,9 15 

47 
�F�Z�p�_�k�l�Z��
�k�l�Z�j�Z�y 

4,0 4,9 7,1 11,1 15,8 19,6 22,1 22,2 18,3 13,9 9,9 6,4 12,9 25 

49 
�:�o�m�g��
�\�_�j�o�g�b�c 

4,1 3,7 6,6 10,8 15,3 18,4 20,9 21,3 18,2 14,7 10,1 6,6 12,6 663 

28 
�D�Z�e�b�g�h�\�h�_��
�h�a�_�j�h 

3,3 3,7 6,3 10,8 15,1 18,3 20,8 21,3 18,0 14,2 9,8 6,0 12,3 240 

7 
�D�j�Z�k�g�Z�y��
�I�h�e�y�g�Z 

-0,1 0,8 4,2 9,2 14,0 16,9 19,3 19,4 15,3 10,9 6,3 2,0 9,8 566 

8 �:�q�b�r�o�h -5,5 -5,5 -2,5 2,0 6,9 9,8 12,6 12,9 9,4 5,7 1,1 -2,7 3,7 1880 
18 �R�Z�l�`�Z�^�f�Z�a -6,4 -6,4 -3,9 0,9 5,7 8,6 1,8 11,1 7,3 3,8 -0,3 -3,7 2,3 2055 
19 �;�_�j�f�Z�f�u�l -9,0 -8,9 -6,1 -1,7 2,9 5,7 8,1 8,5 5,3 1,7 -2,5 -6,0 -0,2 2586 

�K�?�<�?�J�G�U�C���D�:�<�D�:�A 
4 �=�h�c�l�o -0,2 0,6 4,2 9,7 14,6 18,0 20,6 20,2 15,6 10,9 5,8 1,7 10,1 324 

57 
�N�b�r�l��
�E�m�g�g�Z�y��
�i�h�e�y�g�Z 

-6,4 -7,4 -1,6 4,1 8,3 13,3 15,5 15,6 11,0 6,8 -0,5 -3,9 4,6 1770 

55 �>�h�f�[�Z�c -6,5 -4,5 -1,4 2,9 8,8 11,1 13,4 13,1 9,1 4,4 0,1 -4,8 3,8 1620 

17 
�D�e�m�o�h�j�k�d�b�c��
�i�_�j�_�\�Z�e 

-5,7 -5,5 -,4 2,3 6,9 10,1 12,7 12,9 9,2 5,3 0,8 -3,2 3,6 2050 

20 
�L�_�j�k�d�h�e��
�i�b�d 

-12,9 -12,0 -9,9 -4,5 0,3 3,7 7,4 6,8 3,5 -1,4 -5,9 -9,6 -2,9 3050 

21 �W�e�v�[�j�m�k -19,1 -18,7 -16,0 -11,7 -7,7 -4,1 -1,4 -1,3 -4,9 -8,5 -12,4 -16,5 -10,2 4100 
�I�J�?�>�=�H�J�V�Y���K�?�<�?�J�G�H�=�H���D�:�<�D�:�A�: 

32 �:�j�f�Z�\�b�j -3,4 -2,5 3,1 10,2 16,2 19,6 22,7 22,1 16,9 11,0 4,3 -1,0 9,9 158 
53 �>�Z�o�h�\�k�d�Z�y -2,1 -1,1 3,1 9,2 14,2 16,6 19,6 18,9 14,6 10,3 4,9 0,1 9,0 504 
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�J�b�k�m�g�h�d���������F�g�h�]�h�e�_�l�g�b�_���k�j�_�^�g�_�f�_�k�y�q�g�u�_���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z���y�g�\�Z�j�y���b���b�x�e�y���g�Z���Q�_�j�g�h�f�h�j�k�d�h�f���b��

�K�_�\�_�j�g�h�f���k�d�e�h�g�Z�o���D�Z�\�d�Z�a�Z���k���j�Z�c�h�g�b�j�h�\�Z�g�b�_�f�� 
�k�h�]�e�Z�k�g�h���K�I���������������������������������©�K�l�j�h�b�l�_�e�v�g�Z�y���d�e�b�f�Z�l�h�e�h�]�b�y�ª 

Figure 2. Long-term mean monthly air temperatures in January and July on the Black Sea and Northern 
slopes of the Caucasus with zoning according to SP 131.13330.2012 "Construction climatology" 

�:�g�Z�e�b�a���i�h�e�m�q�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�b 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �j�b�k�m�g�d�Z�� ������ �\�k�_�� �g�Z�g�_�k�z�g�g�u�_��
�l�h�q�d�b���e�h�d�Z�e�b�a�h�\�Z�e�b�k�v���g�Z���l�j�_�o���d�j�b�\�u�o�� 

1. �D�j�b�\�Z�y�� �d�j�Z�k�g�h�]�h�� �p�\�_�l�Z�� �± �Q�_�j�g�h�f�h�j�k�d�b�c��
�k�d�e�h�g�� �D�Z�\�d�Z�a�Z���� �I�j�b�[�j�_�`�g�u�_�� �f�_�l�_�h�k�l�Z�g�p�b�b����
�j�Z�k�i�h�e�Z�]�Z�x�s�b�_�k�y���g�Z���g�_�[�h�e�v�r�b�o���\�u�k�h�l�Z�o���j�y�^�h�f���k��
�f�h�j�_�f�� ���\�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �d�j�b�\�h�c������ �i�h�i�Z�^�Z�x�l�� �\��
�d�e�b�f�Z�l�b�q�_�k�d�b�c�� �j�Z�c�h�g�� �,�9�� �;���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�k�y��
�f�y�]�d�b�f�� �k�m�[�l�j�h�i�b�q�_�k�d�b�f�� �d�e�b�f�Z�l�h�f���� �:��
�\�u�k�h�d�h�]�h�j�g�u�_�� �f�_�l�_�h�k�l�Z�g�p�b�b�� �i�h�i�Z�^�Z�x�l�� �\��
�^�h�k�l�Z�l�h�q�g�h���k�m�j�h�\�u�c���j�Z�c�h�g���,�,�$1. 

2. �D�j�b�\�Z�y�� �l�_�f�g�h-�k�b�g�_�]�h�� �p�\�_�l�Z��
�o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �f�_�l�_�h�k�l�Z�g�p�b�b�� �K�_�\�_�j�g�h�]�h�� �k�d�e�h�g�Z��
�D�Z�\�d�Z�a�Z 

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

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

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

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

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

�Q�_�j�g�h�f�h�j�k�d�h�]�h���k�d�e�h�g�Z���D�Z�\�d�Z�a�Z 
Figure 3. The dependence of the average annual air temperature on the height of the terrain for the Black 

Sea slope of the Caucasus 
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�J�b�k�m�g�h�d���������A�Z�\�b�k�b�f�h�k�l�v���f�g�h�]�h�e�_�l�g�_�c���k�j�_�^�g�_�]�h�^�h�\�h�c���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z���h�l���\�u�k�h�l�u���f�_�k�l�g�h�k�l�b���^�e�y��

�K�_�\�_�j�g�h�]�h���k�d�e�h�g�Z���D�Z�\�d�Z�a�Z 
Figure 4. The dependence of the average annual air temperature on the height of the terrain for the Northern 

slope of the Caucasus 

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

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

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

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

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

1. �,�9���;1 �>�e�y���d�e�b�f�Z�l�b�q�_�k�d�h�]�h��
�j�Z�c�h�g�b�j�h�\�Z�g�b�y��
�Q�_�j�g�h�f�h�j�k�d�h�]�h���b���K�_�\�_�j�g�h�]�h��
�k�d�e�h�g�Z���D�Z�\�d�Z�a�Z 

2. III �;1 
3. II  �;1 

4. IIA 1 �>�e�y���d�e�b�f�Z�l�b�q�_�k�d�h�]�h��
�j�Z�c�h�g�b�j�h�\�Z�g�b�y���K�_�\�_�j�g�h�]�h��
�D�Z�\�d�Z�a�Z 

5. IB1 

�:�g�Z�e�b�a���^�j�m�]�b�o���f�_�l�_�h�w�e�_�f�_�g�l�h�\ 

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

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

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

�i�j�_�^�_�e�Z�o�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �l�_�j�j�b�l�h�j�b�b����
�k�m�s�_�k�l�\�m�_�l�� �k�l�j�h�]�h�� �h�i�j�_�^�_�e�_�g�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �b�o��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�� �\�u�k�h�l�h�c�� �f�_�k�l�g�h�k�l�b���� �L�Z�d�Z�y�� �`�_��
�a�Z�\�b�k�b�f�h�k�l�v�� �k�m�s�_�k�l�\�m�_�l�� �b�� �^�e�y�� �K�_�\�_�j�g�h�]�h���k�d�e�h�g�Z��
�D�Z�\�d�Z�a�Z�����G�Z���k�h�\�f�_�s�_�g�g�h�f���j�b�k�m�g�d�_�������i�h�d�Z�a�Z�g�u���h�[�_��
�w�l�b�� �a�Z�\�b�k�b�f�h�k�l�b�� �\�� �\�b�^�_�� �^�\�m�o�� �d�j�b�\�u�o���� �D�j�b�\�Z�y��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�j�_�^�g�b�o�� �f�g�h�]�h�e�_�l�g�b�o�� �h�k�Z�^�d�h�\�� �k��
�\�u�k�h�l�h�c�� �^�e�y�� �Q�_�j�g�h�f�h�j�k�d�h�]�h�� �i�h�[�_�j�_�`�v�y�� �D�Z�\�d�Z�a�Z��
�\�u�^�_�e�_�g�Z���]�h�e�m�[�u�f���p�\�_�l�h�f�����D�j�b�\�Z�y���g�h�j�f�u���h�k�Z�^�d�h�\��
�K�_�\�_�j�g�h�]�h���k�d�e�h�g�Z���D�Z�\�d�Z�a�Z���g�Z�g�_�k�_�g�Z���l�_�f�g�h-�k�b�g�b�f��
�p�\�_�l�h�f���� �L�h�q�d�b�� �g�Z�� �j�b�k�m�g�d�_�� �g�Z�g�_�k�_�g�u�� �\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���i�j�b�\�_�^�_�g�g�h�c���l�Z�[�e�b�p�_�c���k���g�h�f�_�j�Z�f�b��
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Figure 5. The dependence of the precipitation rate on the altitude of the area for the Fisht-Oshtensky 

mountain group and the Lago Naki Plateau 
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Figure 6. The course of the zero isotherm and the average height of the snow line by month 
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Figure 7. The course of average monthly air temperatures at different altitudes for the Krasnaya Polyana 
region 
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Figure 8. Graph of the dependence of the long-term average annual air temperature on the height of the 

terrain for the black sea slope of the Caucasus 
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Figure 9. Graph of the dependence of the long-term average annual air temperature on the height of the 

terrain for the Northern slope of the Caucasus 

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

�I�j�_�^�e�Z�]�Z�_�f�u�_�� �d�h�j�j�_�d�l�b�j�h�\�d�b��
�K�I 131.13330.2012 

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �\�u�i�h�e�g�_�g�g�h�c�� �j�Z�[�h�l�h�c�� �i�h��
�d�e�b�f�Z�l�b�q�_�k�d�h�f�m�� �j�Z�c�h�g�b�j�h�\�Z�g�b�x�� �]�h�j�g�u�o��
�l�_�j�j�b�l�h�j�b�c�� �;�h�e�v�r�h�]�h�� �D�Z�\�d�Z�a�Z���� �[�u�e�� �\�u�y�\�e�_�g�� �j�y�^��
�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �j�Z�c�h�g�h�\���� �d�h�l�h�j�u�_�� �h�l�k�m�l�k�l�\�m�_�l�� �\��
�K�I 131.13330.2012. 

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

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

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

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

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

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

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

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

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



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

 

 
 211 

 

 
 



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

 

 

212  
 

�L�Z�[�e�b�p�Z�� �������>�h�i�h�e�g�_�g�b�_���d�� �l�Z�[�e�b�p�_�� �;������ �K�I������������������������������ �G�h�\�u�_���d�e�b�f�Z�l�b�q�_�k�d�b�_�� �j�Z�c�h�g�u�� �^�e�y�� �]�h�j�g�h�c��
�k�l�j�Z�g�u���D�Z�\�d�Z�a���i�h���=���E�����F�h�j�h�a�h�\�m 
Table 3. Appendix to table B. 1 SP 131.13330.2012. New climatic regions for the mountainous country of the 
Caucasus according to G. L. Morozov 
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�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z��

�\�h�a�^�m�o�Z�� 
�\���y�g�\�Z�j�_�����ƒ�K 

�K�j�_�^�g�y�y��
�k�d�h�j�h�k�l�v���\�_�l�j�Z��
�a�Z���l�j�b���a�b�f�g�b�o��

�f�_�k�y�p�Z�����f���k 

�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z��

�\�h�a�^�m�o�Z���\���b�x�e�_�����ƒ�K 

�K�j�_�^�g�_�f�_�k�y�q�g�Z�y��
�h�l�g�h�k�b�l�_�e�v�g�Z�y��

�\�e�Z�`�g�h�k�l�v���\�h�a�^�m�o�Z�� 
�\���b�x�e�_������ 

I IB1 �H�l��-�������^�h-28 * �H�l��-�����^�h������ - 
II  IIA 1 �H�l��-�����^�h -14 * �H�l���������^�h������ �;�h�e�_�_������ 
 �,�,�;1 �H�l��-1 �^�h��-3 * �H�l�����������^�h�������� �;�h�e�_�_������ 
III �,�,�,�;1 �H�l��-1 �^�h������ * �H�l������9 �^�h�������� �;�h�e�_�_������ 
IV  �,�9�;1 �H�l���������^�h������ * �H�l�����������^�h�������� �;�h�e�_�_������ 
�I�j�b�f�_�q�Z�g�b�_�����
��- �\�_�l�j�h�\�h�c���j�_�`�b�f���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���l�_�j�j�b�l�h�j�b�b���\���]�h�j�g�u�o���m�k�e�h�\�b�y�o���a�Z�\�b�k�b�l���h�l�� �[�h�e�v��
�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z���n�Z�d�l�h�j�h�\�� �b�� �\�� �i�j�_�^�_�e�Z�o�� �h�^�g�h�]�h�� �b���l�h�]�h�� �`�_���d�e�b�f�Z�l�b�q�_�k�d�h�]�h���i�h�^�j�Z�c�h�g�Z�� �f�h�`�_�l�� �b�f�_�l�v��
�j�Z�a�e�b�q�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. 

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

�b�a�u�k�d�Z�g�b�y�o 

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

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

�L�Z�d�`�_�� �k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �g�Z�f�b�� �g�_��
�m�k�l�Z�g�h�\�e�_�g�u�� �l�h�q�g�u�_�� �^�Z�g�g�u�_�� �i�h�� �\�e�Z�`�g�h�k�l�b��
�\�h�a�^�m�o�Z�� �\�u�k�h�d�h�]�h�j�g�u�o�� �l�_�j�j�b�l�h�j�b�c���� �i�h�i�Z�^�Z�x�s�b�o��
�\�� �d�e�b�f�Z�l�b�q�_�k�d�b�c�� �i�h�^�j�Z�c�h�g��IB1���� �I�h�� �b�f�_�x�s�b�f�k�y��
�^�Z�g�g�u�f�� �\�u�k�h�d�h�]�h�j�g�u�o�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�o��
�f�_�l�_�h�k�l�Z�g�p�b�c�����j�Z�k�i�h�e�h�`�_�g�g�u�o���\�u�r�_���h�l�f�_�l�d�b����������
�f�� �;�K���� �\�� �o�h�e�h�^�g�u�c�� �i�_�j�b�h�^�� �]�h�^�Z�� �^�Z�l�q�b�d�b�� �h�q�_�g�v��

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

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

�?�s�z�� �[�h�e�v�r�b�_�� �l�_�o�g�b�q�_�k�d�b�_�� �l�j�m�^�g�h�k�l�b��
�\�h�a�g�b�d�Z�x�l�� �k�� �b�a�m�q�_�g�b�_�f�� �\�_�l�j�h�\�h�]�h�� �j�_�`�b�f�Z�� �b��
�h�k�Z�^�d�h�\���� �D�Z�d�� �i�h�d�Z�a�Z�e�Z�� �i�j�Z�d�l�b�d�Z����
�Z�g�_�f�h�j�m�f�[�h�f�_�l�j�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� �\��
�o�h�e�h�^�g�u�c�� �i�_�j�b�h�^�� �]�h�^�Z�� �g�Z�� �\�u�k�h�l�Z�o�� �[�h�e�_�_�� ���������� �f��
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Abbreviations should be defined at first mention and used consistently thereafter. If there are a lot of 
abbreviations, the article can be supplemented by a section with a list of abbreviations with decryption. 

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

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

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

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

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

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

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

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