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Abstract. The article considers one of the 

main parameters while conducting water 

management calculations �± the roughness 

coefficient. Up-to-date assessment of its 

value is carried out according to special ta-

bles or by calculation. Article presents vari-

ous methods for calculating the roughness 

coefficient �± from the reverse evaluation us-

ing the Chezy formula by the measurements 

to the empirical relations obtained by vari-

ous specialists on the basis of field studies. 

In addition, the authors considered formulas 

for calculating the roughness coefficient 

based on physics. The results of calculations 
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�l�_�o���`�_���j�Z�k�o�h�^�Z�o���\�h�^�u���b�a�f�_�g�_�g�b�_���\�_�e�b�q�b�g�u���d�h��

�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v��

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

�g�_�g�b�b�� �j�m�k�e�Z�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h��

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

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

�g�h�c�� �h�p�_�g�d�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b��

�^�Z�`�_���^�e�y���m�i�j�h�s�_�g�g�h�]�h���k�e�m�q�Z�y���± �l�h�e�v�d�h���^�e�y���h�l��

�d�j�u�l�h�]�h���j�m�k�e�Z�����I�h�w�l�h�f�m���\�k�_���a�Z�\�b�k�b�f�h�k�l�b�����m�q�b��

�l�u�\�Z�x�s�b�_�� �l�h�e�v�d�h�� �d�j�m�i�g�h�k�l�v�� �j�m�k�e�h�\�u�o�� �h�l�e�h��

�`�_�g�b�c�����i�j�b�g�p�b�i�b�Z�e�v�g�h���g�_���f�h�]�m�l���b�f�_�l�v���i�j�Z�d�l�b��

�q�_�k�d�h�]�h���i�j�b�f�_�g�_�g�b�y�� 

�H�[�s�b�c���\�u�\�h�^�����^�Z�`�_���i�j�b���h�^�g�h�f���b���l�h�f���`�_���m�j�h�\�g�_ 

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

�j�m�k�e�Z���[�_�a���j�Z�k�l�b�l�_�e�v�g�h�k�l�b�����d�h�w�n�n�b�p�b�_�g�l���r�_�j�h��

�o�h�\�Z�l�h�k�l�b���f�h�`�_�l���h�l�e�b�q�Z�l�v�k�y���\���j�Z�a�u�����q�l�h���k�\�h�^�b�l��

obtained for such formulas best fit their val-

ues obtained in the inverse way from the 

Chezy formula. The calculation methods 

presented in the article were tested on the 

data of gauging station on the river Polist' �± 

near the settlement Podtopol'e for the period 

of 1954 year and on the river Gozovka �± near 

the settlement Goza for the period 2014-

2017. 

Behind comparing the results of measure-

ments, calculations for various formulas and 

estimated tabular data, the authors made the 

following conclusions. Pressure losses in ex-

plicit depends on the depth of the stream and 

the slope of the free surface, the last one im-

plicitly characterizes the frictional of the 

channel. At the same water flow rates, a 

change in the roughness coefficient can 

reach tens of percent. With different filling 

of the channel, the roughness coefficient can 

change by several times, which predeter-

mines the corresponding errors in the tabular 

estimation of the roughness coefficient, even 

for a simplified case �± only for an open chan-

nel. Therefore, all the dependencies, taking 

into account only the granulometric of riv-

erbed deposits, basically can not have prac-

tical application. 

General conclusion: even with the same wa-

ter level for simplified conditions of an open 

channel without vegetation, the roughness 

coefficient can differ by several times, 
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�d�� �g�m�e�x�� �\�k�_�� �i�h�i�u�l�d�b�� �\�� �_�]�h�� �l�_�h�j�_�l�b�q�_�k�d�h�c��

�h�p�_�g�d�_�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �i�j�y�f�u�o�� �b�a�f�_�j�_�g�b�c��

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

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z��

�l�h�k�l�b���� �i�h�l�_�j�b�� �g�Z�i�h�j�Z�� �g�Z�� �l�j�_�g�b�_���� �n�h�j�f�m�e�Z��

�R�_�a�b�����d�j�m�i�g�h�k�l�v���j�m�k�e�h�\�u�o���h�l�e�h�`�_�g�b�c���� �d�h�w�n��

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

�k�d�Z�y���k�d�h�j�h�k�l�v�� 

which nullifies all attempts to theoretically 

evaluate it in the absence of direct measure-

ments of slope, speed, and average depth. 

Keywords: roughness coefficient; fric-

tional pressure losses; Chezy formula; gran-

ulometric of riverbed deposits; factor of hy-

draulic friction; dynamic velocity. 
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�M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y 

n �± �d�h�w�n�n�b�p�b�_�g�l���r�_�j�h�o�h�\�Z�l�h�k�l�b�� 

C �± �d�h�w�n�n�b�p�b�_�g�l���R�_�a�b�����f1/2���k�� 

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

�i�h�l�h�d�Z���]�b�^�j�Z�\�e�b�q�_�k�d�b�c���j�Z�^�b�m�k�GR �| ;  

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

V �± �k�j�_�^�g�y�y���k�d�h�j�h�k�l�v���i�h�l�h�d�Z�������f���k�� 

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

d �± �w�n�n�_�d�l�b�\�g�u�c�� �^�b�Z�f�_�l�j�� �j�m�k�e�h�\�u�o�� �h�l�e�h�`�_�g�b�c���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� ������-�f�m�� �a�g�Z�q�_�g�b�x��

�d�j�m�i�g�h�k�l�b���q�Z�k�l�b�p���i�h���]�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�h�c���d�j�b�\�h�c�����f1; 

B �± �r�b�j�b�g�Z���j�m�k�e�Z�����f�� 

�W �± �d�Z�k�Z�l�_�e�v�g�h�_���g�Z�i�j�y�`�_�g�b�_����
2�k�f

�d�]
�˜

; 

�U �± �i�e�h�l�g�h�k�l�v���`�b�^�d�h�k�l�b���������������d�]���f3;  

*V  �± �^�b�g�Z�f�b�q�_�k�d�Z�y�� �k�d�h�j�h�k�l�v�� ���k�d�h�j�h�k�l�v�� �l�j�_�g�b�y���� �y�\�e�y�x�s�Z�y�k�y�� �f�_�j�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b 

�l�m�j�[�m�e�_�g�l�g�h�]�h���i�m�e�v�k�Z�p�b�h�g�g�h�]�h �^�\�b�`�_�g�b�y �b���q�b�k�e�_�g�g�h �j�Z�\�g�Z�y2 �U�W/* � V ; 

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

�O �± �d�h�w�n�n�b�p�b�_�g�l���]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h���l�j�_�g�b�y�����[���j�� 

�i�gh  �± �i�h�l�_�j�b���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_�����f�� 

�P �±�^�b�g�Z�f�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����d�]���f.�k�� 

�'  �± �\�u�k�h�l�Z���\�u�k�l�m�i�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b�����f�� 

�Q�± �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����f2���k�� 

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

�:  �±�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �d�h�w�n�n�b�p�b�_�g�l���i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b�� 

                                                 
1 �J��������������������-2007 �J�_�d�h�f�_�g�^�Z�p�b�b�����M�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�_ �f�_�l�h�^�u �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �j�Z�k�q�_�l�h�\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�h 
�j�_�q�g�h�c �k�_�l�b �a�h�g �\�u�k�h�d�h�a�Z�]�j�y�a�g�_�g�g�u�o �\�h� ̂�k �m�q�_�l�h�f �n�h�j�f �f�b�]�j�Z�p�b�b �g�Z�b�[�h�e�_�_ �h�i�Z�k�g�u�o �a�Z�]�j�y�a�g�y�x�s�b�o �\�_�s�_�k�l�\. �± 
�J�h�k�l�h�\���g���>., 2008. �± ���������k�� 
2 �=�H�K�L������������-�������:�w�j�h�^�b�g�Z�f�b�d�Z���e�_�l�Z�l�_�e�v�g�u�o���Z�i�i�Z�j�Z�l�h�\�����L�_�j�f�b�g�u�����h�i�j�_�^�_�e�_�g�b�y���b���[�m�d�\�_�g�g�u�_���h�[�h�a�g�Z�q�_�g�b�y. �± �F������
1979. �± �������k�� 
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�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u 

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

�^�\�m�f�y�� �k�i�h�k�h�[�Z�f�b���� �h�i�b�k�Z�l�_�e�v�g�u�f���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�Z�[�e�b�p�� �F���N�� �K�j�b�[�g�h�]�h���� �<���L�� �Q�h�m����

�B���N�� �D�Z�j�Z�k�_�\�Z�����>�`�� �;�j�_�^�e�b�����B���B�� �:�]�j�h�k�d�b�g�Z�����E���:�� �<�Z�k�b�e�v�_�\�h�c���b���^�j�������b���j�Z�k�q�_�l�g�u�f�����I�h�k�e�_�^�g�b�c��

�h�k�g�h�\�Z�g�����d�Z�d���i�j�Z�\�b�e�h�����g�Z���n�h�j�f�m�e�_���I�Z�\�e�h�\�k�d�h�]�h-�F�Z�g�g�b�g�]�Z�� 

6/11
R
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n �  (1) 

�D�h�w�n�n�b�p�b�_�g�l�� �R�_�a�b�� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�[�j�Z�l�g�u�f�� �i�m�l�_�f�� �k�� �i�h�f�h�s�v�x�� �n�h�j�f�m�e�u�� �R�_�a�b�� �i�h��

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

�j�Z�^�b�m�k�m��R�����i�h�e�m�q�_�g�g�h�f�m���k���i�h�f�h�s�v�x���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���b�a�f�_�j�_�g�b�c�� 

Ri

V
C �  (2) 

�<�u�[�h�j�� �l�Z�[�e�b�q�g�u�o�� �a�g�Z�q�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �a�Z�\�b�k�b�l�� �h�l�� �l�h�q�g�h�k�l�b�� �b��

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

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

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

�a�g�Z�q�_�g�b�c�� �^�Z�`�_�� �i�h�� �i�j�_�^�e�h�`�_�g�g�h�c�� �\�� �>�;�Z�j�u�r�g�b�d�h�\���� �I�e�h�l�d�b�g�Z���� �J�m�[�e�_�\�k�d�Z�y���� ���������@�� �m�l�h�q�g�_�g�g�h�c��

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

�\�h�^�h�l�h�d�h�\���d�h�e�_�[�e�_�l�k�y���\���i�j�_�^�_�e�Z�o���� ��%3010�y�r . 

�<���i�h�i�u�l�d�Z�o���g�Z�c�l�b���[�h�e�_�_���h�[�t�_�d�l�b�\�g�u�c���i�h�^�o�h�^���d���h�p�_�g�d�_���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b��

�f�g�h�]�b�_���b�k�k�e�_�^�h�\�Z�l�_�e�b���>�F�Z�f�_�^�h�\�������������@���i�j�_�^�e�Z�]�Z�x�l���w�f�i�b�j�b�q�_�k�d�m�x���a�Z�\�b�k�b�f�h�k�l�v���k�e�_�^�m�x�s�_�]�h��

�\�b�^�Z�� 

b
i

n
a

�  (3) 

�]�^�_ �Z, b �± �w�f�i�b�j�b�q�_�k�d�b�_���d�h�w�n�n�b�p�b�_�g�l�u�� 

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

�k�\�y�a�Z�g�h�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�h�� �k�d�h�j�h�k�l�v�x�� �>�F�Z�f�_�^�h�\���� ���������@���� �A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\��

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

���[�_�a���j�Z�k�l�b�l�_�e�v�g�h�k�l�b�������i�j�b��i >0,0005  �Z =0,25; b = 6,5; �����Z�� 

�m���D�o�Z�g�g�u���^�e�y���k�l�Z�[�b�e�v�g�u�o���j�m�k�_�e�� �Z =0,25; b = 8,05; �����[�� 

�m���<���N�� �L�h�e�f�Z�a�Z���i�j�b��i >0,0075  �Z =0,3; b = 5,0; �����\�� 

�m���I���:�����R�Z�l�[�_�j�Z�r�\�b�e�b�� �Z =0,2; b = 8,33. �����]�� 

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

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

b
d

n
a

�  (4) 

�i�h���R�l�j�b�d�e�_�j�m���>�;�Z�j�u�r�g�b�d�h�\�������������@ 88,2015,0/;
6
1

�|� � gba ; �����Z�� 

�i�h���Q�Z�g�]�m�� 231,19;
6
1

� � ba ; �����[�� 

�i�h���<���F�� �F�Z�d�d�Z�\�_�_�\�m���b���:���<�� �D�Z�j�Z�m�r�_�\�m 753,10;
6
1

� � ba ; �����\�� 

�i�h���F���:�����F�h�k�l�d�h�\�m�� 408,20;
6
1

� � ba ; �����]�� 

�i�h���J��������������������-20013  333,33;
6
1

� � ba ; �����^�� 

�i�h���=���<�����@�_�e�_�a�g�y�d�h�\�m���>�@�_�e�_�a�g�y�d�h�\�������������@�� 

�^�e�y�� 3/1 �d�d dH   5,1225,6;
3
1

�y� � ba ; �����_�� 

�^�e�y�� 10/3 �d�d dH   857,175,12;
4
1

�y� � ba ; �����`�� 

�^�e�y�� 20/10 �d�d dH   0,20857,17;
5
1

�y� � ba ; �����b�� 

�^�e�y�� 1000/20 ���d dH  222,22;
6
1

� � ba  �����d�� 

                                                 
3 �L�Z�f���`�_ 
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�F�����I�b�j�d�h�\�k�d�b�f���i�j�_�^�e�h�`�_�g�Z���k�e�_�^�m�x�s�Z�y���a�Z�\�b�k�b�f�h�k�l�v�� 

dn 1,0025,0 ��� . (5) 

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

�k�e�_�^�m�x�s�b�_���a�Z�\�b�k�b�f�h�k�l�b�� 

�<���F�����F�Z�d�d�Z�\�_�_�\�u�f���>�F�Z�f�_�^�h�\�������������@ 6 Hian � ; (6) 

�:���R�����F�Z�f�_�^�h�\�u�f���>�F�Z�f�_�^�h�\�������������@ )(07,0 2,016,0 iin ��� ; (7) 

�<���K�� �:�e�l�m�g�b�g�u�f���b���E���<�� �E�Z�j�b�h�g�h�\�h�c���>�D�h�k�b�q�_�g�d�h�������������@ 

018,0)/50(000005,0 5,2 ����� H�<n . (8) 

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

�Z�\�l�h�j���\�u�\�h�^�b�l���b�a���n�h�j�f�m�e�u���R�_�a�b�� 

V
iH

V
iH

n
y 5,03/25,05,0

� � 
��

  (9) 

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

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

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

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

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

�\�u�k�h�l�_���\�u�k�l�m�i�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b���>�<�b�g�h�]�j�Z�^�h�\���b���^�j���������������Z�@. 

�D�Z�k�Z�l�_�e�v�g�h�_���g�Z�i�j�y�`�_�g�b�_���g�Z���]�j�Z�g�b�p�_���^�g�h-�i�h�l�h�d���>�=�j�b�r�Z�g�b�g�������������@�� 

gHiV �˜� � �U�U�W 2
*  (10) 

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

�k�l�_�i�_�g�b���k�d�h�j�h�k�l�b�� 

2

2V
�U�O�W�  (11) 
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�I�h�l�_�j�b���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_����
g

V
h�i�g 2

2

�O� �����l�h���_�k�l�v�� gh
V

�i�g� 
2

2

�O �����h�l�d�m�^�Z�� �i�ggh�˜� �U�W .  

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

�i�h�l�_�j�v���g�Z�i�h�j�Z���g�Z���l�j�_�g�b�_�� 

Hih�i�g �  �b�e�b��
g

h�i�g �U
�W

�  (12) 

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

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

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

�>�Z�e�_�_�����i�h�k�d�h�e�v�d�m �b�a�\�_�k�l�g�h�Ü���q�l�h�� 

g
V

h�i�g 2

2

�O�  

2

2
C

g
� �O  

6/11
H

n
C � ,  

�i�h�e�m�q�Z�_�f 

3/1

22

2

2

2

2

2
2

H
nV

C
V

gC
gV

h�i�g � � �  (13) 

�M�q�b�l�u�\�Z�y�������������i�h�e�m�q�Z�_�f���h�d�h�g�q�Z�l�_�e�v�g�h:  

V
i�G

i�G�G�L�G
VV

�Gh
n �i�g

2/13/2
3/43/1

2

3/1 1
� � � �  (14) 

�I�h�e�m�q�_�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���k�h�h�l�\�_�l�k�l�\�m�_�l���n�h�j�f�m�e�Z�f���=���<�� �@�_�e�_�a�g�y�d�h�\�Z�����������b���R�_�a�b�� 

�<�l�h�j�h�c�� �\�Z�j�b�Z�g�l �j�Z�k�q�_�l�Z�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �f�h�`�g�h�� �h�p�_�g�b�l�v�� �k�� �m�q�_�l�h�f��

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

�<�u�k�h�l�Z���\�u�k�l�m�i�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�_�c���>�<�b�g�h�]�j�Z�^�h�\���b���^�j���������������[�@���� 

l
VV 2

2

�˜
�|

�'
�U

�P ,  (15) 
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�g�Z�� �m�q�Z�k�l�d�_�� �_�^�b�g�b�q�g�h�c�� �^�e�b�g�u��l =1: 
V
�Q

� �' ���� �G�Z�i�j�b�f�_�j���� �k�j�_�^�g�b�c�� �^�b�Z�f�_�l�j�� �q�Z�k�l�b�p�� �^�h�g�g�u�o��

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

�h�d�l�y�[�j�v�������������]�����± ���������������f�����j�Z�k�q�_�l�g�h�_���a�g�Z�q�_�g�b�_���± ���������������f�� 

�<�� �e�b�l�_�j�Z�l�m�j�_�� �>�=�j�b�r�Z�g�b�g���� ������������ �K�g�b�s�_�g�d�h, 2010; �L�j�b�Z�g�^�Z�n�b�e�h�\, �?�n�b�f�h�\�Z, 2012] 

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

�r�_�j�h�o�h�\�Z�l�h�k�l�b�����k�q�b�l�Z�x�l���i�h���k�e�_�^�m�x�s�_�c���a�Z�\�b�k�b�f�h�k�l�b���� 

�O
�Q

V

�:
� �' , (16) 

�K���m�q�_�l�h�f�� 

HiH
n

V 6/11
�  (17) 

�O�Q �'
� 

/

6/1

�:

�G�L�G
n  (18) 

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

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

( 0026,0� �'  �f�����± ���������j�����<�b�e�b�b����0015,0� �'  �f�����± ���������j�����K�l�j�Z�q�b����0031,0� �'  �f�����± ���������j�� �=�h�a�h�\�d�b 

( 0025,0� �'  �f�����± 41. 

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

�L�h�q�g�h�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �j�Z�\�g�b�g�g�u�o�� �j�m�q�v�_�\�� �b�� �j�_�d����

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

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

�h�l������������-���������������j�m�q�����I�h�e�i�_�����^�h��������-�����������f3���k�����j�����H�d�Z�������K�h�k�l�h�y�g�b�_���j�_�d���g�Z���m�q�Z�k�l�d�_���]�b�^�j�h�k�l�\�h�j�Z���\��

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

�h�l�k�m�l�k�l�\�m�x�l���� 

�:�g�Z�e�b�a�� �l�Z�[�e�b�p�u�� ���� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �j�Z�k�q�_�l�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �r�_�j�h�o�h�\�Z�l�h�k�l�b�� �g�_��

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

�r�_�j�h�o�h�\�Z�l�h�k�l�b���f�h�]�m�l���b�a�f�_�g�b�l�v�k�y���g�Z������-���������b���[�h�e�_�_�� 

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

�j�Z�a�e�b�q�g�u�o���j�Z�a�f�_�j�h�\ 

Table 1. Calculated values of the riverbed roughness coefficient n for streams and rivers of various 

sizes 

�J�_�d�Z �>�Z�l�Z �&�����f1/2���k �5�����f �4�����f3���k n �j�Z�k�q�_�l�g�h�_ i 
n �l�Z�[�e�b�q�g�h�_4 �i�h  

�J 52.24.627-2007 

�I�h�e�i�_ 
07.12.2013 17,4 0,12 0,072 0,040 0,0013 

0,030 
17.03.2014 14,6 0,09 0,062 0,046 0,0043 

�=�h�a�h�\�d�Z 

22.03.2015 13,3 0,20 0,246 0,058 0,00091 

0,030 
25.03.2015 15,2 0,20 0,280 0,050 0,00099 

28.03.2015 18,8 0,19 0,253 0,040 0,00061 

24.05.2015 16,3 0,19 0,274 0,047 0,00097 

�K�l�j�Z�q�Z 

25.02.2016 18,7 1,74 7,47 0,059 0,000056 

0,040 27.02.2016 23,7 1,73 7,01 0,046 0,000031 

27.11.2017 15,7 1,63 7,45 0,069 0,000093 

�<�b�e�b�y 

21.03.2015 21,2 1,67 63,2 0,051 0,0005 

0,035 
26.03.2015 27,9 1,61 60,7 0,039 0,0003 

12.12.2015 40,5 1,47 46,2 0,026 0,00011 

14.12.2015 33,2 1,47 46,4 0,032 0,00017 

�H�d�Z 
30.10.2013 41,4 4,1 942 0,031 0,000055 

0,040 
01.05.2014 34,5 4,5 1048 0,037 0,000074 

�F�a�u�f�l�Z 

27.05.1974 23,3 1,14 124 0,044 0,0079 

0,067 

06.07.1972 24,5 1,11 123 0,042 0,0074 

25.10.1972 23,0 1,18 128 0,045 0,0078 

30.02.1970 24,7 1,19 140 0,042 0,0074 

14.05.1969 23,1 1,10 116 0,044 0,0076 

 

                                                 
4 �J��������������������-2007 �J�_�d�h�f�_�g�^�Z�p�b�b�����M�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�_ �f�_�l�h�^�u �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �j�Z�k�q�_�l�h�\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�h 
�j�_�q�g�h�c �k�_�l�b �a�h�g �\�u�k�h�d�h�a�Z�]�j�y�a�g�_�g�g�u�o �\�h� ̂�k �m�q�_�l�h�f �n�h�j�f �f�b�]�j�Z�p�b�b �g�Z�b�[�h�e�_�_ �h�i�Z�k�g�u�o �a�Z�]�j�y�a�g�y�x�s�b�o �\�_�s�_�k�l�\. �± 
�J�h�k�l�h�\���g���>., 2008. �± ���������k 
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�I�j�b���k�j�Z�\�g�_�g�b�b���j�Z�k�q�_�l�g�u�o���a�g�Z�q�_�g�b�c���d�h�w�n�n�b�p�b�_�g�l�Z���r�_�j�h�o�h�\�Z�l�h�k�l�b���k���_�]�h���l�Z�[�e�b�q�g�u�f�b��

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

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

�a�g�Z�q�_�g�b�c���h�l���l�Z�[�e�b�q�g�u�o���^�h�k�l�b�]�Z�x�l������-�������b���^�Z�`�_���������� 

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

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

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

�k�h�h�j�m�`�_�g�b�c���b���]�b�^�j�h�l�_�o�g�b�q�_�k�d�b�o���h�[�t�_�d�l�h�\�� 

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

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

2014-�����������]�]�����b���i�j�_�^�k�l�Z�\�e�_�g�Z���\���l�Z�[�e�b�p�Z�o�������b�������k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

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

d � ���������������f�����^�e�y���i�h�k�l�Z���j�����I�h�e�b�k�l�v���± �I�h�^�l�h�i�h�e�v�_���������������]�h�^ 

Table 2. Calculated values of the roughness coefficient according to the proposed formulas for 

particles with d = 0.001 m, for gauging station on the river Polist' �± near the settlement Podtopol'e for 

the period of 1954 year 

�^�Z�l�Z 08.04 09.04 10.04 12.04 13.04 14.04 15.04 17.04 22.04 29.04 05.05 

i 0,00013 0,00012 0,0001 0,00012 0,00012 0,0001 0,00013 0,0001 0,0001 0,000082 0,000043 

B�����f 41,3 40,4 40 39,2 38,9 38,2 37,8 37,9 38,7 38 39 

H�����f 2,05 1,93 1,79 1,48 1,39 1,36 1,34 1,3 1,32 1,21 1,31 

R, �f  1,86 1,76 1,64 1,38 1,30 1,27 1,25 1,22 1,24 1,14 1,23 

V�����f���k 0,55 0,53 0,51 0,42 0,44 0,41 0,39 0,38 0,37 0,31 0,32 

C 35,1 36,7 39,8 32,7 35,3 36,4 30,2 34,8 32,8 32,2 43,4 

n (1) 0,033 0,031 0,028 0,033 0,030 0,029 0,035 0,030 0,032 0,032 0,024 

n (10) 0,033 0,032 0,029 0,034 0,031 0,030 0,036 0,031 0,033 0,033 0,025 

n �����[�� 0,013 0,013 0,012 0,013 0,013 0,012 0,013 0,012 0,012 0,012 0,010 

n �����]�� 0,020 0,020 0,019 0,020 0,020 0,019 0,020 0,019 0,019 0,018 0,016 

n (7) 0,028 0,028 0,027 0,028 0,028 0,027 0,028 0,027 0,027 0,026 0,023 

n (8) 0,042 0,041 0,038 0,031 0,029 0,029 0,029 0,028 0,028 0,025 0,027 

 

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

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

�I�h�^�l�h�i�h�e�v�_�� 
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�I�h���R�l�j�b�d�e�_�j�m�������Z�� 015,0/15,0 6/1 � � gdn .  

�I�h���Q�Z�g�]�m�������[�� 016,0231,19/6/1 � � dn . 

�I�h���<���F�� �F�Z�d�d�Z�\�_�_�\�m���b���:���<�� �D�Z�j�Z�m�r�_�\�m �����\�� 029,0753,10/6/1 � � dn . 

�I�h���F���:�� �F�h�k�l�d�h�\�m�������]�� 015,0408,20/6/1 � � dn . 

�I�h���J��������������������-20015 �����^�� 01,0333,33/6/1 � � dn . 

�I�h���F�����I�b�j�d�h�\�k�d�h�f�m�������� 025,01,0025,0 � ��� dn . 

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

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

�L�Z�[�e�b�p�Z���������J�Z�k�q�_�l���d�h�w�n�n�b�p�b�_�g�l�h�\���r�_�j�h�o�h�\�Z�l�h�k�l�b���^�e�y��d � �����������������f���^�e�y���i�h�k�l�Z���=�h�a�h�\�d�Z���± �=�h�a�Z 

Table 3. Calculation of roughness coefficients for particles with d = 0.0026 m for the gauging station 

on the river Gozovka �± near the settlement Goza 

�W���\�h�^�u����
0�K 

�>�Z�l�Z���b�a�f�_-

�j�_�g�b�y 

�M�j�h�\�_�g�v���\�h�^�u���g�Z�^��

�g�m�e�_�f���]�j�Z�n�b�d�Z�����k�f 

�J�Z�k�o�h�^��

�\�h�^�u�����f3���k 

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v��

�l�_�q�_�g�b�y�����f���k 

�K�j�_�^�g�y�y��

�]�e�m�[�b�g�Z�����f 

n 

(15) 

n 

(18) 

n 

(14) 

15,5 07.06.2017 45 0,151 0,17 0,14 0,047 0,051 0,048 

15,8 10.06.2017 47 0,182 0,18 0,16 0,036 0,038 0,036 

6,5 28.03.2015 49 0,253 0,20 0,19 0,040 0,039 0,041 

14,1 24.05.2015 49 0,274 0,22 0,20 0,047 0,051 0,048 

12,6 02.10.2016 50 0,252 0,18 0,20 0,051 0,050 0,052 

2,4 22.03.2015 51 0,246 0,18 0,21 0,058 0,050 0,059 

4,1 25.03.2015 51 0,279 0,21 0,20 0,050 0,048 0,052 

3,9 13.12.2015 51 0,277 0,21 0,20 0,035 0,034 0,036 

12,1 30.09.2016 52 0,306 0,19 0,22 0,056 0,055 0,057 

3,7 05.11.2014 55 0,237 0,15 0,24 0,074 0,058 0,076 

4,0 15.12.2015 55 0,336 0,22 0,22 0,034 0,033 0,035 

2,9 27.11.2017 56 0,385 0,24 0,24 0,045 0,044 0,047 

8,4 10.04.2017 57 0,436 0,24 0,26 0,054 0,055 0,055 

7,7 13.04.2017 57 0,427 0,24 0,25 0,050 0,051 0,052 

2,2 30.11.2017 58 0,453 0,26 0,26 0,039 0,038 0,040 

                                                 
5 �L�Z�f���`�_ 
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�<�u�\�h�^�u 
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Abstract. The river network is the main 

drainage of underground waters of the terri-

tories. It is created over a long period and is 

determined by geological, climatic and oro-

graphic conditions. The draining capacity of 

a hydrographic network depends not only on 

its density, but also on the speed of water 

flowing down it. The latter is determined by 

the area of the living section, slope, rough-

ness of the riverbed. The article shows that 

the river ice of the Northern rivers, as a sea-

sonal hydraulic resistance, can also have a 

significant impact on the drainage capacity 

of the hydrographic network. On the exam-

ple of river flow in warm and cold winters, 

it is shown that the ice cover regulates the 

participation of groundwater at different lev-

els of drainage in the formation of river flow. 

As the climate warms, the regulatory role of 

the ice cover decreases. The rate of under-

ground water treatment in the upper sections 

of river basins increases, accompanied by an 
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increase in water content in the lower parts 

of the hydrographic network. Over the past 

30-40 years, the contribution of groundwater 

in the watershed of the river basins to the 

supply of rivers in the forest zone in mezhen 

decreased by 20% compared to the previous 

"quasi-stationary" climate period. There is a 

"drying" of the upper reaches of river basins, 

despite the growth of annual precipitation. In 

the future, if the current trends of climate 

change continue, it is possible to further re-

duce the underground supply of rivers, as the 

drainage role of the hydrographic network 

will increase. The reduction of groundwater 

reserves in river basins will reduce their reg-

ulatory role in river flow and may increase 

the frequency of occurrence of extremely 

low water content. This should be taken into 

account when developing adaptive water 

management measures to climate change. 

Keywords: ice cover; river runoff; under-

ground river feeding; hydrographic network 

links; climate change; flooding of territories. 
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Figure 1. The contribution of different parts of the hydrographic network in the formation of the 

winter flow of the Vaga river (F=37000 km 2) depending on the average thickness of the ice: 

 �± river with a length of less than 25 km; 

 �± sections of rivers more than 25 km from the source 
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Figure 2. The relationship of the deflection amount of the winter flow of rivers from the middle 

years with an average winter air temperature (the basin of the Aldan river) 
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Figure 3. Hydrographs of the flow of small rivers of the Northern Dvina river basin  

in winter with different ice thickness in February (�GFeb) and  

average monthly air temperature (�Laverage XI-II) for November-February 
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Figure 4. Decrease in water level (H) in the lake. Shugozero in the winter months at different 

average air temperatures for the winter months (Taverage XI-III) and ice thickness (�GiceII)  
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Figure 5. The ratio of the minimum 30-day winter (a) and summer (b) runoff between the two 

hydrometric channels on the Pluss river. 
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Figure 6. �&�R�Q�Q�H�F�W�L�R�Q���R�I���L�Q�F�U�H�D�V�H���R�I���P�D�U�N�V���R�I���D���E�D�V�L�V���R�I���G�U�D�L�Q�D�J�H���R�I���X�Q�G�H�U�J�U�R�X�Q�G���Z�D�W�H�U�V�����¨�G) with 

the area catchment of lowland rivers at different increments of water flow (% of average perennial) 
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Abstract. Designed and manufactured a 

test stand for the dynamic characteristics 

of debris-flows and for physical model-

ling of debris-flows. The stand is a rec-

tangular cross-section tray with a length 

of 3.0 m, a width of 0.25 m, a depth of 

0.25 m. The slopes of the tray vary from 

10o to 45o. Rods are installed in the tray 

to accommodate load cells for measuring 

pressure, speed and temperature. The 

process of moving the debris-flow 
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through the transparent wall of the debris-

flow tray is filmed by a high-speed video 

camera. During the experiment, the ve-

locity and high- velocity pressure of wa-

ter flow and artificial debris-flow were 

measured. The tray was installed with a 

slope of 12o. Water flow was started up 

on the tray (to measure the flow rate and 

the value of the velocity head, which 

were then used as reference values). Then 

the tray was put into the flow of the pre-

pared debris-flow mixture. The debris-

flow mixture was prepared from a 

dredged-crushed proluvial-deluvial de-

posits of Holocene age with a loamy ag-

gregate with a density of 2210 kg/m3. The 

density of the prepared debris-flow mix-

ture was 1756 kg/m3. Dynamic viscosity 

of the debris-flow mass measured by the 

Stokes method was 0.0498 Poise, kine-

matic viscosity of the debris-flow mass 

was 0.0928 Stokes. Data on the debris-

flow velocity measured directly during its 

movement of the debris-flow is not 

enough. Therefore, methods for calculat-

ing the speed of a debris-flow slide in its 

are important. One of these methods is 

the method of calculating the debris-flow 

velocity by the magnitude of the speed 

head (on the traces of the debris-flow on 

the trunks of trees). That method is based 
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on the formula of E. Torricelli. The re-

sults of the experiment showed that the 

measured debris-flow velocity, calcu-

lated from the magnitude of the velocity 

head, was lower than the measured veloc-

ity before the obstacle and higher than the 

measured velocity after the obstacle. The 

measured velocity of the debris-flow pas-

sage of the entire tray was close to the cal-

culated one. 

Keywords: coherent debris-flow; de-

bris-flow; debris-flow process; debris-

flow velocity; debris-flow tray; debris-

flow deposits; a hydrodynamic pressure. 
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Figure 1. Stand for experimental studies of the debris-flows dynamics: 

1 �± debris-flow tray with a transparent wall; 2 �± a container for water and debris-flow mixture;  

3 �± a container for debris-flow deposits; 4 �± rod for installation of measuring sensors 
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Figure 2. Stand for experimental studies of the debris-flows dynamics 
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1. �H�i�j�_�^�_�e�_�g�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�y�� �h�l�� �n�b�a�b�d�h-

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

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

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

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

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

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

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

�j�Z�k�o�h�^�h�\�� 
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3. �H�i�j�_�^�_�e�_�g�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�_�e�_�\�u�o�� �h�l�e�h�`�_�g�b�c�� ���k�l�j�Z�l�b�n�b�d�Z�p�b�b����

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

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

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

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

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

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

�E�h�l�h�d���[�u�e���m�k�l�Z�g�h�\�e�_�g���k���m�d�e�h�g�h�f�������h. 

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

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

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

�K�_�e�_�\�Z�y�� �k�f�_�k�v�� �[�u�e�Z�� �i�j�b�]�h�l�h�\�e�_�g�Z�� �b�a�� �^�j�_�k�\�y�g�h-�s�_�[�_�g�b�k�l�h�]�h�� �w�e�x�\�b�Z�e�v�g�h-

�^�_�e�x�\�b�Z�e�v�g�h�]�h�� �]�j�m�g�l�Z�� �\�h�a�j�Z�k�l�h�f�� �4IV �k�� �k�m�]�e�b�g�b�k�l�u�f�� �a�Z�i�h�e�g�b�l�_�e�_�f�� ���e�z�]�d�b�c�� �b�� �k�j�_�^�g�b�c��

�k�m�]�e�b�g�h�d�� �^�h�� ���������� �i�e�h�l�g�h�k�l�v�x�� �\�� �_�k�l�_�k�l�\�_�g�g�h�f�� �a�Z�e�_�]�Z�g�b�b�� ���������� �d�]���f3���� �I�e�h�l�g�h�k�l�v�� �k�m�]�e�b�g�d�Z�� �± 

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

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

�l�Z�[�e�b�p�_���������I�e�h�l�g�h�k�l�v���i�h�^�]�h�l�h�\�e�_�g�g�h�c���k�_�e�_�\�h�c���k�f�_�k�b���k�h�k�l�Z�\�b�e�Z�������������d�]���f3.  

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

Figure 3. Movement of water flow along the target tray 

 

�J�b�k�m�g�h�d���������>�\�b�`�_�g�b�_���\�h�^�g�h�]�h�����������b���k�_�e�_�\�h�]�h�����������i�h�l�h�d�Z���i�h���k�_�e�_�\�h�f�m���e�h�l�d�m 

Figure 4. Movement of water flow (1) and debris-flow (2) along the target tray 
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�L�Z�[�e�b�p�Z���������=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���]�j�m�g�l�h�\���^�e�y���i�h�^�]�h�l�h�\�d�b���k�_�e�_�\�h�c���k�f�_�k�b 

Table 1. Granulometric composition of soils for the preparation of debris-flow mixture 

�G�Z�b�f�_�g�h�\�Z��

�g�b�_���]�h�j�g�h�c��

�i�h�j�h�^�u 

Name of 

rock 

�=
�_

�h
�e

�h
�]�

b�
q�

_�
k�

d�
b�

c�
��\

�h
�a

�j�
Z

�k
�l�

��b
���

]�_
�g

�_
�a

�b
�k

 

G
eo

lo
gi

ca
l a

ge
 a

nd
 G

en
es

is
 �=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���\���������j�Z�a�f�_�j���q�Z�k�l�b�p�����f�f 

Granulometric composition %; particle size, mm 

�S�_��

�[�_�g�v 

Crus-

hed 

�>�j�_�k�\�Z 

Gravel 

�I�_�k�h�d 

Sand 

�K�h�^�_�j�`�Z�g�b�_ �i�u�e�_�\�Z��

�l�u�o �q�Z�k�l�b�p 

Content of dusty parti-

cles 

>10 
10-

5 

5-

2 

2-

05 

0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 

�>�j�_�k�\�y�g�h-

�s�_�[�_�g�b�k�l�u�c��

�]�j�m�g�l���k���k�m��

�]�e�b�g�b�k�l�u�f��

�a�Z�i�h�e�g�b�l�_��

�e�_�f���^�h������������

�k�j�_�^�g�_�c��

�i�e�h�l�g�h�k�l�b����

�\�e�Z�`�g�u�c 

Dry-crushed 

soil with 

loamy aggre-

gate up to 

45%, me-

dium den-

sity, wet 

�j�G�4IV 65,0 7,7 4,8 5,5 17,0 0,19 0,25 0,69 0,25 0,38 

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

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

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

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

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

�7 
L 
§�6�Ú�¿�Û

�»
, (1) 

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

�^�_�j�_�\�Z�����k�d�h�j�h�k�l�g�h�c���g�Z�i�h�j�������f���� 

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

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

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

�W�l�Z���f�_�l�h�^�b�d�Z���h�k�g�h�\�Z�g�Z���g�Z���n�h�j�f�m�e�_���W�����L�h�j�j�b�q�_�e�e�b2�����k�\�y�a�u�\�Z�x�s�_�c���k�d�h�j�h�k�l�v���b�k�l�_�q�_�g�b�y��

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

�h�l�\�_�j�k�l�b�_�f: 

�7 
L 
¥�t�C�D (2) 

�H�^�g�Z�d�h�� �i�j�h�[�e�_�f�Z�l�b�q�g�u�f�� �h�k�l�Z�z�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �.3 ���� �a�Z�\�b�k�y�s�_�]�h�� �h�l��

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

�a�g�Z�q�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l���.�����J�>��52.30.238-�������g�_���^�Z�z�l�� 

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

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

�L�_�h�j�_�l�b�q�_�k�d�h�]�h���h�[�h�k�g�h�\�Z�g�b�y���\�u�[�h�j�Z���a�g�Z�q�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�Z���.���\���l�h�f���b�e�b���b�g�h�f���k�e�m�q�Z�_����

�d���k�h�`�Z�e�_�g�b�x�����\���e�b�l�_�j�Z�l�m�j�_���g�_�l�� 

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

�b�a�f�_�j�_�g�Z�� �^�b�g�Z�f�b�q�_�k�d�Z�y�� �\�y�a�d�h�k�l�v�� �k�_�e�_�\�h�c�� �f�Z�k�k�u�� �i�h�� �f�_�l�h�^�m�� �K�l�h�d�k�Z4���� �>�Z�g�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��

�i�h�e�m�q�b�e�Z�k�v���j�Z�\�g�h�c�����������������I�m�Z�a�� 

�J�Z�k�k�q�b�l�Z�g�g�Z�y�� �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y�� �\�y�a�d�h�k�l�v�� �k�_�e�_�\�h�c�� �f�Z�k�k�u5  �k�h�k�l�Z�\�b�e�Z�� �������������� �K�l�h�d�k��

���l�Z�[�e�b�p�Z�������� 

                                                 
1 �J�m�d�h�\�h�^�y�s�b�c�� �^�h�d�m�f�_�g�l�� �J�>�� ������������������-�������� �J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f����
�<�u�i�m�k�d���������H�j�]�Z�g�b�a�Z�p�b�y���b���i�j�h�\�_�^�_�g�b�_���j�Z�[�h�l���i�h���b�a�m�q�_�g�b�x���k�_�e�_�c�����F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
2 �N�b�a�b�q�_�k�d�b�c���w�g�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c���k�e�h�\�Z�j�v �����=�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�������������������������k�� 
3 �J�m�d�h�\�h�^�y�s�b�c�� �^�h�d�m�f�_�g�l�� �J�>�� ������������������-�������� �J�m�d�h�\�h�^�k�l�\�h�� �k�_�e�_�k�l�h�d�h�\�u�f�� �k�l�Z�g�p�b�y�f�� �b�� �]�b�^�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �i�Z�j�l�b�y�f����
�<�u�i�m�k�d���������H�j�]�Z�g�b�a�Z�p�b�y���b���i�j�h�\�_�^�_�g�b�_���j�Z�[�h�l���i�h���b�a�m�q�_�g�b�x���k�_�e�_�c�����F�������=�b�^�j�h�f�_�l�_�h�b�a�^�Z�l�������������������������k�� 
4 �H�i�j�_�^�_�e�_�g�b�_ �\�y�a�d�h�k�l�b �`�b�^�d�h�k�l�b �f�_�l�h�^�h�f �K�l�h�d�k�Z���� �f�_�l�h�^�b�q�_�k�d�b�_ �m�d�Z�a�Z�g�b�y�� ���� �k�h�k�l������ �K���K���� �G�b�d�m�e�b�g���� �:���K���� �Q�_�o����
�L�Z�f�[�h�\�����B�a�^-�\�h �=�H�M �<�I�H �L�=�L�M�����������������������k���� 
5 �N�b�a�b�q�_�k�d�b�c���w�g�p�b�d�e�h�i�_�^�b�q�_�k�d�b�c���k�e�h�\�Z�j�v �����=�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�������������������������k�� 
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����� �������!�� (3) 

�]�^�_  �� �± �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y �\�y�a�d�h�k�l�v;  

�� �± �^�b�g�Z�f�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v���� 

�!���± �i�e�h�l�g�h�k�l�v. 

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

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

�i�h�e�m�q�_�g�g�u�o���a�g�Z�q�_�g�b�c���� 

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

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

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

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

�[�e�b�a�d�Z���d���g�_�c�� 

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

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

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

�[�e�b�a�d�Z���d���j�Z�k�q�_�l�g�h�c�� 

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

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

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

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

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

�<�u�\�h�^�u 

1. �K�l�_�g�^���^�e�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���^�b�g�Z�f�b�d�b���k�_�e�_�c���i�j�b���\�k�_�c���i�j�h�k�l�h�l�_��

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

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

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

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

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

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

�^�b�g�Z�f�b�d�b���k�_�e�_�c�� 
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Abstract. Study of seasonal dynam-

ics and evapotranspiration volume of 

forested catchments (mainly forest 

stand transpiration) is the relevant ob-

jective for fundamental knowledge 

and practical applications. However, 

there are many difficulties: labor ef-

forts of direct observations, many fac-
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tors affecting against each other, ob-

servational data scaling and so on. As 

a result, evapotranspiration during hy-

drological modeling is determined by 

the leftover principle and simplified 

techniques, leading to wrong repre-

sentation of water balance structure. 

The presented article deals with the 

first results of our research group fo-

cused on setting up field measure-

ments of xylem sap flow using trunk 

sap flow measuring sensors as well as 

development of sap flow assessment 

methods for individual trees and 

whole catchment. 

The investigations were performed 

for mixed coniferous-broad leaved 

forests at the territory of the Central 

Sikhote-�$�O�L�Q�¶�� �Z�L�W�K�L�Q�� �9�H�U�N�K�Q�H�X�V��

suriyskiy biogeocenotical station of 

FSC of the East Asia Terrestrial Bio-

diversity FEB RAS. This site is used 

for water balance measuring surveys 

from 2011. Sap flow was measured 

continuously during June-October of 

2019 on one of the local dominant tree 

species. Apparently, such investiga-

tions are novel for the Russian Far 

East region. 

It is expected that direct sap flow 

measurements for individual trees re-

finement methods, data scaling and its 
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integration to the hydrometeorologi-

cal observations will help to make a 

comprehensive analysis of catch-

ments water balance and to integrate 

measured data into hydrological mod-

els. 

Keywords: transpiration; stem sap 

flow; catchment; Manchurian birch; 

trunk heat balance method; Ussuri 

river basin. 
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�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�x�l�k�y�� �b�� �^�j�m�]�b�_�� �i�h�^�o�h�^�u���� �d�h�l�h�j�u�_�� �\�u�o�h�^�y�l�� �g�Z��

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

�h�[�f�_�g�Z���h�l�^�_�e�v�g�h�]�h���e�b�k�l�Z���b���b�a�f�_�j�_�g�b�y���k�d�h�j�h�k�l�b���d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z����sap flow measurement�����g�Z��

�m�j�h�\�g�_���^�_�j�_�\�Z���\���p�_�e�h�f�� 

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

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

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

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

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

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

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

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

�k�h�\�h�d�m�i�g�h�k�l�v���h�k�g�h�\�g�u�o���\�b�^�h�\���^�j�_�\�h�k�l�h�_�\�� 

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

�g�Z���h�k�g�h�\�_���i�j�b�[�h�j�h�\�����b�g�l�_�]�j�Z�e�v�g�h���b�a�f�_�j�y�x�s�b�o���k�h�d�h�^�\�b�`�_�g�b�_���\���k�l�\�h�e�_���^�_�j�_�\�Z����sap flow meters), 

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

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

�I�h�k�l�Z�g�h�\�d�Z���a�Z�^�Z�q�b 

�I�h�k�e�_���i�b�h�g�_�j�g�h�c���j�Z�[�h�l�u���g�_�f�_�p�d�h�]�h���b�k�k�e�_�^�h�\�Z�l�_�e�y���;�� �O�m�[�_�j�Z���\�������������]�����>�+�X�E�H�U�������������@��

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

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

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

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

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

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

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

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

velocity); 

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

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

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

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

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

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

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

�e�b�[�h�� �h�^�b�g�� �b�a�� �i�h�^�o�h�^�h�\�� �^�e�y�� �\�u�i�h�e�g�_�g�b�y�� �b�a�f�_�j�_�g�b�c�� �>�L�b�o�h�\�Z�� �b�� �^�j������ ���������@���� �>�_�l�Z�e�v�g�u�c�� �h�[�a�h�j��

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

Ku�þera, Nadezhdina�����������������L�b�o�h�\�Z���b���^�j���������������@�� 

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

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

�f�h�^�_�e�_�c�� �± HPV-�b�a�f�_�j�b�l�_�e�v�� �6�)�������� ���*�U�H�H�Q�V�S�D�Q�� �7�H�F�K�Q�R�O�R�J�\�� �3�W�\�� �/�W�G������ �:�\�k�l�j�Z�e�b�y������ �d�h�l�h�j�u�c��

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

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

�l�Z�d�`�_���Z�e�]�h�j�b�l�f�u���^�e�y���b�g�l�_�j�i�j�_�l�Z�p�b�b���^�Z�g�g�u�o���b�a�f�_�j�_�g�b�c���j�Z�a�j�Z�[�h�l�Z�g�Z���>�� �F�Z�j�r�Z�e�e�h�f���>�0�D�U�V�K�D�O�O����

1958]. 

�>�j�m�]�Z�y�� �f�h�^�_�e�v�� �± �k�_�j�b�c�g�h�� �\�u�i�m�k�d�Z�_�f�u�c�� �b�a�f�_�j�b�l�_�e�v�� �7�'�3�� ������ ���'�\�Q�D�P�D�[�� �,�Q�F������ �K�R�:������

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

�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���n�j�Z�g�p�m�a�k�d�b�f���d�h�g�k�l�j�m�d�l�h�j�h�f-�b�k�k�e�_�^�h�\�Z�l�_�e�_�f���:�� �=�j�Z�g�v�_���>�*�U�D�Q�L�H�U�������������@�� 

�L�j�_�l�b�c�� �i�h�^�o�h�^�� �j�_�Z�e�b�a�h�\�Z�g�� �\�� �b�a�f�_�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�_�� �(�0�6�� ���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �0�H�D�V�X�U�L�Q�J��

�6�\�V�W�H�P�V���� �Q�_�o�b�y������ �b�k�i�h�e�v�a�h�\�Z�g�g�h�c���\�� �^�Z�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���� �<���_�_���h�k�g�h�\�_���e�_�`�b�l�� �i�j�_�^�e�h�`�_�g�g�u�c��

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

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

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

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

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

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

�;�_�j�_�a�h�\�u�c���i�e�h�s�Z�^�v�x�����������d�f2�����B�k�i�h�e�v�a�h�\�Z�e�Z�k�v���b�a�f�_�j�b�l�_�e�v�g�Z�y���k�b�k�l�_�f�Z���(�0�6�����������i�j�h�b�a�\�h�^�k�l�\�Z��

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �0�H�D�V�X�U�L�Q�J�� �6�\�V�W�H�P�V�� ���;�j�g�h���� �Q�_�o�b�y������ �k�h�k�l�h�y�s�Z�y�� �b�a�� �d�h�f�i�e�_�d�k�Z�� �^�Z�l�q�b�d�h�\�� �b��

�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h���[�e�h�d�Z�� 

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

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

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

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

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

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

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

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

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

�f�Z�g�q�`�m�j�k�d�Z�y�� ��Betula mandshurica), ���� �w�d�a�_�f�i�e�y�j�h�\�� �d�h�l�h�j�h�c�� �h�l�h�[�j�Z�g�u�� �^�e�y�� �m�k�l�Z�g�h�\�d�b��

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

�b�f�_�x�l���\�u�k�h�l�u���\���^�b�Z�i�Z�a�h�g�_������-�������f���b���^�b�Z�f�_�l�j���g�Z���m�j�h�\�g�_���]�j�m�^�b����������-�����������k�f�� 

�I�j�b�f�_�g�y�_�f�Z�y�� �b�a�f�_�j�b�l�_�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�w�g�_�j�]�h�[�Z�e�Z�g�k�h�\�h�]�h���f�_�l�h�^�Z�����7�+�%���± �7�L�V�V�X�H���+�H�D�W���%�D�O�D�Q�F�H�������m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�h�]�h���Y�����Q�_�j�f�Z�d�h�f���k��

�d�h�e�e�_�]�Z�f�b�� �>�ý�H�U�P�i�N���� �.�X�þ�H�U�D���� �1�D�G�H�]�K�G�L�Q�D���� ���������� �7�D�W�D�U�L�Q�R�Y���� �.�X�þ�H�U�D���� �&�L�H�Q�F�L�D�O�D���� ���������@�� �g�Z�� �h�k�g�h�\�_��

�j�Z�g�_�_�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �b�f�b�� �f�_�l�h�^�Z�� �l�_�i�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z�� �>�ý�H�U�P�i�N���� �'�H�P�O���� �3�H�Q�N�D���� ������������ �.�X�þ�H�U�D����

�ý�H�U�P�i�N���� �3�H�Q�N�D���� ���������@���� �H�k�g�h�\�g�h�c�� �i�j�b�g�p�b�i�� �b�a�f�_�j�_�g�b�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �b�a�f�_�j�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�u��

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

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

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

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

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

�J�Z�k�q�_�l�� �k�d�h�j�h�k�l�b�� �d�k�b�e�_�f�g�h�]�h�� �i�h�l�h�d�Z�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z�� �d�h�e�b�q�_�k�l�\�_�� �w�g�_�j�]�b�b����

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

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

�b�a�f�_�j�_�g�b�_���i�h�l�h�d�Z���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���\���\�b�^�_���n�h�j�f�m�e�u���>�ýerm�ik, Ku�þera, Nadezhdina, 2004]: 

�2 
L �3�@�6�?�ê 
E �@�6�ã, (1) 

�]�^�_ P �± �\�o�h�^�g�h�c���l�_�i�e�h�\�h�c���i�h�l�h�d�����<�l�� 

Q �± �k�h�d�h�^�\�b�`�_�g�b�_�����j�Z�k�o�h�^�������d�]���k-1; 

dT �± �j�Z�a�g�b�p�Z���l�_�f�i�_�j�Z�l�m�j���\���l�h�q�d�_���b�a�f�_�j�_�g�b�y�����D�� 

�kw �± �m�^�_�e�v�g�Z�y���l�_�i�e�h�_�f�d�h�k�l�v���\�h�^�u�����>�`���d�]-1���.-1); 

�����± �d�h�w�n�n�b�p�b�_�g�l���l�_�i�e�h�\�u�o �i�h�l�_�j�v���<�l���.-1.  



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 513 
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�\�� 

�J�b�k�m�g�h�d������ �H�[�s�b�c���\�b�^���b�a�f�_�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�����Z�����± �\�g�_�r�g�b�c���\�b�^���m�k�l�Z�g�h�\�e�_�g�g�h�]�h���^�Z�l�q�b�d�Z���g�Z��

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

�i�Z�g�_�e�v�����\�����k�o�_�f�Z���f�h�^�m�e�y���^�Z�l�q�b�d�Z�����w�e�_�d�l�j�h�^�u�����i�e�Z�k�l�b�g�u�����b��Cu-Co �l�_�j�f�h�i�Z�j�u�����©�b�]�e�u�ª������

�B�k�l�h�q�g�b�d: �>�ýerm�ik, Ku�þera, Nadezhdina, 2004]. 

Figure 1. �2�Y�H�U�Y�L�H�Z���R�I���P�H�D�V�X�U�L�Q�J���V�\�V�W�H�P�����Z�����O�D�\�R�X�W���R�I���V�H�Q�V�R�U�V���R�Q���L�Q�G�L�Y�L�G�X�D�O���W�U�H�H���H�T�X�L�S�S�H�G���Z�L�W�K��

weather shields; �[) solar energy-supply panel, �\) principal sensors module scheme: electrodes 

(stainless steel plates) and thermocouples Cu-Co (T-�W�\�S�H�����I�U�R�P���>�ýerm�ik, Ku�þera, Nadezhdina, 

2004] 

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

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

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

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

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

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

�a�g�Z�q�_�g�b�y�� �^�\�b�`�_�g�b�y�� �\�e�Z�]�b�� ���4w.rec������ �d�h�l�h�j�u�_�� �b�k�o�h�^�y�� �b�a�� �n�b�a�b�h�e�h�]�b�b�� �j�Z�k�l�_�g�b�c�� �y�\�e�y�x�l�k�y��
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�n�b�d�l�b�\�g�u�f�b�� ���4w.fic������ �I�j�b�� �j�Z�k�q�_�l�_�� �n�Z�d�l�b�q�_�k�d�h�]�h�� �j�Z�k�o�h�^�Z�� �k�h�d�Z�� ���4w���� �[�m�^�_�f�� �\�u�q�b�l�Z�l�v�� �4w.fic 

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

�j�Z�g�g�b�f���m�l�j�h�f���i�h�k�e�_���i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h���^�h�`�^�y���b�a���a�Z�i�b�k�Z�g�g�u�o���^�Z�g�g�u�o���h���j�Z�k�o�h�^�_�����4w.rec): 

�3�ê 
L �3�ê�ä�å�Ø�Ö
F �3�ê�ä�Ù�Ü�Ö  (2) 

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

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

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

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

�i�_�j�b�h�^���������[�����± �\���Z�\�]�m�k�l�_�����i�_�j�b�h�^���b�g�l�_�g�k�b�\�g�h�c���m�\�e�Z�`�g�_�g�g�h�k�l�b���[�Z�k�k�_�c�g�Z������ 

1 �± �j�Z�k�o�h�^ �d�k�b�e�_�f�g�h�]�h���i�h�l�h�d�Z����Q sap�����d�]���q�����������± �h�k�Z�^�d�b�����O�����f�f������ 

3 �± �k�h�e�g�_�q�g�Z�y���j�Z�^�b�Z�p�b�y����R�����<�l���f2) 

Figure 2. 1-hour time step daily variations of sap flow for Manchurian birch, trunk circumference is 

���������P�P�����V�H�Q�V�R�U���‹��������(�Z) �± June (relatively dry period), (�[) �± August (heavy rainfalls period) 

1 �± Sap flow (Q sap, kg/h), 2 �± precipitation (X, mm), 3 �± solar radiation (R, W/m2) 

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

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

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

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

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

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

�f�_�`�^�m���b�a�f�_�j�_�g�b�y�f�b���j�Z�a�e�b�q�g�u�f�b���^�Z�l�q�b�d�Z�f�b 

Figure 3. The relationships of stem sap flow (kg/h) between measurements of various sensors 

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

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

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

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

�f�Z�e�h�\�_�j�h�y�l�g�h���� �l�_�f�� �g�_�� �f�_�g�_�_�� �h�[�a�h�j�� �i�m�[�e�b�d�Z�p�b�c�� �i�h�� �w�l�h�c�� �i�j�h�[�e�_�f�_�� �b�� �j�Z�[�h�l�u�� �>�)�R�U�V�W�H�U���� ���������@��

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

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

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

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

(4-5 �Z�\�]�m�k�l�Z���� �\�� �g�h�q�g�u�_�� �q�Z�k�u�� �[�u�e�� �\�u�j�Z�`�_�g�� �b�� �\�� ���� �q�Z�k�Z�� �g�h�q�b�� �k�h�k�l�Z�\�e�y�e�� �h�l�� �������� �^�h�� �������� �e���q��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

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

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

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

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

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

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

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

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

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

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

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

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

�l�j�Z�g�k�i�b�j�Z�p�b�y���i�j�_�d�j�Z�s�Z�_�l�k�y�� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�j�Z�a�e�b�q�g�h�]�h���h�[�o�\�Z�l�Z��G ���f�f�����������± 829, 2 �± 825, 3 �± 667, 4 �± 502, 5 �± 477 

Figure 4. Daily transpiration (liters) in sap flow equivalent for different circumference trees G 

(mm): 1 �± 829, 2 �± 825, 3 �± 667, 4 �± 502, 5 �± 477 

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

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

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

Table 1. Transpiration assessments (liters) for Manchurian birch based on sap flow records (�f�b�g �± 

minimal daily value, �f�Z�d�k �± maximal daily value, �k�m�f�f�Z �± transpiration volume of chosen periods) 

�H�[�o�\�Z�l��

�^�_�j�_�\�Z����

�f�f  

�‹��

�^�Z�l�q�b�d�Z 

�B�x�g�v��������-28 �B�x�e�v������-30 �:�\�]�m�k�l������-31 �K�_�g�l�y�[�j�v������-31 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

�f�b�g 

�f�Z�d�k 
�k�m�f�f�Z 

829 5 
37,4 

74,9 
696 

3,80 

90,8 
1729 

0,30 

70,2 
1026 

0,03 

54,1 
901 

825 1 
28,2 

87,6 
762 

3,26 

101 
1893 

0,47 

86,5 
1301 

0,61 

65,4 
1011 

667 2 
4,02 

47,1 
385 

1,14 

63,3 
1182 

0,85 

42,7 
448 

0,00 

16,5 
194 

502 3 
5,24 

39,5 
315 

0,09 

45,5 
848 

0,02 

40,8 
462 

1,05 

16,1 
241 

477 4 
0,77 

27,9 
217 

0,14 

34,6 
640 

0,00 

25,4 
281 

0,00 

11,8 
126 
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�G�Z���j�b�k�m�g�d�_�����Z���i�j�b�\�_�^�_�g�u���a�Z�\�b�k�b�f�h�k�l�b���b�a�f�_�g�_�g�b�y���h�[�t�_�f�Z���l�j�Z�g�k�i�b�j�Z�p�b�b���h�l���^�b�Z�f�_�l�j�Z��

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

�o�Z�j�Z�d�l�_�j�� �i�j�b�� �a�g�Z�q�_�g�b�y�o�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �^�_�l�_�j�f�b�g�Z�p�b�b��R2�!�������� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o���� �q�l�h�� �^�Z�_�l��

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

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

�^�_�j�_�\�Z�� ���L��G������ �o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�_�� �m�^�_�e�v�g�m�x�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �l�j�Z�g�k�i�b�j�Z�p�b�b�� �b�� �b�f�_�x�s�_�_��

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

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

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

�b�g�l�_�g�k�b�\�g�h�k�l�b���l�j�Z�g�k�i�b�j�Z�p�b�b���� 

 

�J�b�k�m�g�h�d������ �H�[�t�_�f���l�j�Z�g�k�i�b�j�Z�p�b�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���^�b�Z�f�_�l�j�Z���^�_�j�_�\�Z���± ���Z�������k�_�a�h�g�g�Z�y���^�b�g�Z�f�b�d�Z��

�h�l�g�h�r�_�g�b�y���h�[�t�_�f�Z���l�j�Z�g�k�i�b�j�Z�p�b�b���d���h�[�o�\�Z�l�m���^�_�j�_�\�Z���± ���[�� 

Figure 5. The volume of transpiration depending on the diameter of the tree �± (a); seasonal 

dynamics of the ratio of transpiration volume to trunk circumference �± (b) 

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

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

�k�h�d�h�^�\�b�`�_�g�b�_�� �b�a�f�_�g�y�_�l�k�y�� �h�l�� �i�j�b�f�_�j�g�h�� ���� �d�]�� �q-1 �\�� �^�g�_�\�g�h�_�� �\�j�_�f�y�� �^�h�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�m�e�_�\�u�o��

�a�g�Z�q�_�g�b�c�� �\�� �g�h�q�g�h�_���� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�g�m�l�j�b�� �^�_�j�_�\�Z�� ���^�Z�l�q�b�d�� �‹������ �\�Z�j�v�b�j�m�_�l�k�y�� �h�l�� ���������� �^�h�����������žC, 

�h�[�o�\�Z�l���h�l���������������^�h���������������f�f�� 

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

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

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

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

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

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

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

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

�i�j�b�� �k�l�j�h�]�h�f�� �k�h�h�l�\�_�l�k�l�\�b�b�� �\�j�_�f�_�g�g�h�]�h�� �r�Z�]�Z�� ���k�� ������������ �i�h�� ������������ ���� �b�x�e�y�� ���������� �]�h�^�Z���� �^�e�y��

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

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

 

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

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

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

Figure 6. Examples of combined dynamics example of sap flow (blue line) and: a �± trunk 

circumference (black line), �[ �± inner tree temperature in non-heated area (red line) of Manchurian 

�E�L�U�F�K�����V�H�Q�V�R�U���‹��2) for the period 6.07.19 �i�h 6.09.19. 
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�L�_�f�� �g�_�� �f�_�g�_�_�� �g�Z�o�h�`�^�_�g�b�_�� �i�h�^�h�[�g�h�c�� �k�\�y�a�b�� �^�e�y�� �\�k�_�]�h�� �k�_�a�h�g�Z�� �h�k�e�h�`�g�y�_�l�k�y��

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

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

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

�l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z���a�Z�f�_�l�g�h���k�g�b�a�b�e�Z�k�v�����k�m�l�h�q�g�u�_���f�Z�d�k�b�f�m�f�u���k�g�b�a�b�e�b�k�v���k���������^�h���i�h�q�l�b����������oC) 
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Figure 7. Dynamics of the measured soil properties and sap flow, 1-hour time step, Manchurian 

birch (sensor �‹���������%�O�D�F�N���O�L�Q�H���± sap flow, red line �± soil temperature at 15 cm depth, blue and 

orange line �± soil humidity at 10 and 20 cm depth respectively. 
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Abstract. The paper considers the issue of 

the log diving effect on the ecological status 

of small rivers and their catchments. There 

are analyzed the circumstances leading to 

the prohibition of the log driving and the 

consequences of this decision for nature and 

man. 

The main points of both positive and nega-

tive effects of the log driving are evaluated 

and specific steps are proposed for reducing 

the chemical and mechanical pollution of 
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driving is not as great as is it commonly be-

lieved. There is proposed specific reclama-

tion plan with the aim of improving the rec-

reational capabilities of small rivers, purify-

ing water, improving the condition of the 

forest stock by reducing the flooding of its 

territory. 

The affected problem concerns both the 

condition of small rivers and the future of 

the logging industry and the related devel-

opment of outlying areas that are currently 

experiencing large demographic and eco-

nomic problems. The arguments presented 

by the authors show that in a nowadays eco-

nomic situation, the prohibition of log driv-

ing is economically disadvantageous and 

even harmful. It impedes the further devel-

opment the territories of the Russian North, 

Siberia and the Far East. The hypothetical 

damage to nature by log driving is not com-

parable with the consequences that cause as 

a result of the desolation of the huge terri-

tory of Russia. There are a confirmed de-

cline in the economy, the come-down of the 

demographic situation and socio-cultural 

infrastructure today. Over the past decades 

the catastrophic situation has developed in 

the demography of the Trans-Ural regions 

and other regions of Siberia. Unfortunately, 

the great number opened in recent decades 
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�h�l�d�j�u�l�u�o���\���i�h�k�e�_�^�g�b�_���^�_�k�y�l�b�e�_�l�b�y�����g�_���j�Z�k�k�q�b��

�l�Z�g�u���g�Z���i�h�k�l�h�y�g�g�h�_���i�j�h�`�b�\�Z�g�b�_���f�_�k�l�g�h�]�h���g�Z�k�_��

�e�_�g�b�y�����I�h�k�z�e�d�b���i�j�b���l�Z�d�b�o���i�j�_�^�i�j�b�y�l�b�y�o���b�f�_�x�l��

�\�j�_�f�_�g�g�u�c�� �k�l�Z�l�m�k���� �>�e�y�� �k�i�Z�k�_�g�b�y�� �i�h�e�h�`�_�g�b�y��

�h�k�l�Z�z�l�k�y���l�h�e�v�d�h���e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�Z�y���b���e�_�k�h�i�_��

�j�_�j�Z�[�Z�l�u�\�Z�x�s�Z�y�� �h�l�j�Z�k�e�v�� �I�h�w�l�h�f�m�� �d�h�f�i�e�_�d�k��

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

�k�i�h�k�h�[�k�l�\�h�\�Z�l�v���g�h�\�h�f�m���w�l�Z�i�m���j�Z�a�\�b�l�b�y���m�^�Z�e�z�g��

�g�u�o���l�_�j�j�b�l�h�j�b�c�� 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �f�h�e�_�\�h�c�� �k�i�e�Z�\���� �f�Z�e�u�_��

�j�_�d�b���� �a�Z�]�j�y�a�g�_�g�b�_�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �e�_�k�h�a�Z��

�]�h�l�h�\�b�l�_�e�v�g�Z�y�� �h�l�j�Z�k�e�v���� �w�d�h�e�h�]�b�q�_�k�d�h�_�� �k�h�k�l�h�y��

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

mines and processing plants are not de-

signed for constant abode of the population. 

Settlements near such enterprises have a 

temporary status. Only the logging and 

wood processing industry can save this sit-

uation. So, an integrated approach to the 

problem of log driving can facilitate a new 

development  stage of outlying areas. 

 

Keywords: log driving; small river; envi-

ronmental pollution; logging industry; eco-

logical status of small rivers; water catch-

ment. 
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�g�_�j�Z�p�b�h�g�Z�e�v�g�h�f�m�� �i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�x1  �b�� �h�l�j�Z�\�e�y�_�l�� �j�_�d�b���� �J�Z�k�k�f�h�l�j�b�f�� �w�l�m�� �i�j�h�[�e�_�f�m��

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

�w�d�h�g�h�f�b�q�_�k�d�b�f���l�j�_�[�h�\�Z�g�b�y�f�� 

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

�j�_�k�m�j�k�h�\���� �i�j�b�\�h�^�y�s�_�_ �d�� �b�o�� �b�k�l�h�s�_�g�b�x�� �b�� �h�[�j�Z�a�h�\�Z�g�b�x�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�l�o�h�^�h�\����
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1 �������i�j�b�f�_�j�h�\���j�Z�p�b�h�g�Z�e�v�g�h�]�h���b���g�_�j�Z�p�b�h�g�Z�e�v�g�h�]�h���i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������R�d�h�e�v�g�u�_���A�g�Z��
�g�b�y���F�R�P��- �J�_�r�Z�_�f���^�h�f�Z�r�g�_�_���a�Z�^�Z�g�b�_���\�f�_�k�l�_�����8�5�/����https://znanija.com/task/17785702 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y��������������������19). 
�D�Z�l�Z�e�h�]���a�Z�^�Z�g�b�c�����A�Z�^�Z�g�b�y���^�e�y���i�h�^�]�h�l�h�\�d�b���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������?�=�W�í�������������]�_�h�]�j�Z�n�b�y�����a�Z�^�Z�g�b�y�����h�l�\�_�l�u�����j�_�r�_��
�g�b�y���� �H�[�m�q�Z�x�s�Z�y�� �k�b�k�l�_�f�Z�� �©�J�?�R�M�� �?�=�W�ª�� �>�f�b�l�j�b�y�� �=�m�s�b�g�Z����URL: https://geo-ege.sdamgia.ru/test?theme=%20154/ 
���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 
2 �J�Z�p�b�h�g�Z�e�v�g�h�_���b���g�_�j�Z�p�b�h�g�Z�e�v�g�h�_���i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�_���± �i�j�b�f�_�j�u���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������*�H�R�V�W�X�G�\���U�X���± �]�_�h�]�j�Z��
�n�b�y���b���]�_�h�]�j�Z�n�b�q�_�k�d�b�_���g�Z�m�d�b����URL: http://geostudy.ru/natureuse.html ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
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(13 230 �l�u�k�����d�f2�����i�j�h�`�b�\�Z�_�l���h�d�h�e�h�������������f�b�e�e�b�h�g�h�\���q�_�e�h�\�_�d�� 

                                                 
3 �O�Z�j�b�l�h�g�h�\���<���Y�����<�h�a�j�h�^�b�f���e�_�k�h�k�i�e�Z�\��- �i�h�^�g�b�f�_�f���e�_�k�g�m�x���i�j�h�f�u�r�e�_�g�g�h�k�l�v���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@�������E�_�k�g�u�_���g�h��
�\�h�k�l�b�����‹�����������������Z�\�]�m�k�l�Z�������������]�����������I�j�_�k�k�Z���:�j�o�Z�g�]�_�e�v�k�d�h�c���h�[�e�Z�k�l�b����URL: http://arhpress.ru/lesnov/2007/8/27/11.shtml 
���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
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�>�e�y�� �k�j�Z�\�g�_�g�b�y���� �\�� �i�j�b�]�j�Z�g�b�q�g�h�c �k�� �^�Z�e�v�g�_�\�h�k�l�h�q�g�u�f�b�� �j�h�k�k�b�c�k�d�b�f�b�� �j�_�]�b�h�g�Z�f�b��

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

�������f�b�e�e�b�h�g�h�\���q�_�e�h�\�_�d�� 

�I�j�b�� �w�l�h�f�� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �k�h�k�_�^�k�l�\�h�� �k�� �[�m�j�g�h�� �j�Z�a�\�b�\�Z�x�s�b�f�k�y�� �D�b�l�Z�_�f���� �i�j�b�� �\�_�k�v�f�Z��

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

�k�l�Z�\�b�l���\�h�i�j�h�k���h���i�j�h�[�e�_�f�_���h�[�_�k�i�_�q�_�g�b�y���g�Z�p�b�h�g�Z�e�v�g�h�c���[�_�a�h�i�Z�k�g�h�k�l�b���g�Z�r�_�c���k�l�j�Z�g�u4. 

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

�\�_�^�z�l �d���w�d�k�i�Z�g�k�b�b���k�h���k�l�h�j�h�g�u���Z�]�j�_�k�k�b�\�g�h�]�h���k�h�k�_�^�Z. 

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

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

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

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

���l�Z�[�e�b�p�Z 1). 

�L�Z�[�e�b�p�Z������ �Q�b�k�e�h���k�_�e�v�k�d�b�o���g�Z�k�_�e�z�g�g�u�o���i�m�g�d�l�h�\���k���q�b�k�e�h�f���`�b�l�_�e�_�c���[�h�e�_�_�����������q�_�e5 

Table 1. The number of rural settlements with a population of over 100 people 

�=�h�^�u 1959 1970 1989 2002 2010 2019 

�D�h�e�b�q�_�k�l�\�h���g�Z�k�_�e�z�g�g�u�o���i�m�g�d�l�h�\�����l�u�k�� 114,0 91,2 60,0 55,2 50,9 45 

 

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

�n�_�^�_�j�Z�e�v�g�h�]�h�� �h�d�j�m�]�Z���� �d�Z�d�� �J�_�k�i�m�[�e�b�d�Z�� �L�u�\�Z�� �k�h�k�l�Z�\�e�y�_�l ���������� �q�_�e�h�\�_�d, �J�_�k�i�m�[�e�b�d�Z�� �:�e�l�Z�c�� �± 

1004 �q�_�e�h�\�_�d�Z, �G�h�\�h�k�b�[�b�j�k�d�Z�y�� �h�[�e�Z�k�l�v�� �± �������� �q�_�e�h�\�_�d, �L�h�f�k�d�Z�y�� �h�[�e�Z�k�l�v�� �± �������� �q�_�e�h�\�_�d, 

�B�j�d�m�l�k�d�Z�y���h�[�e�Z�k�l�v���± ���������q�_�e�h�\�_�d6. 

                                                 
4 �K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�����>�h�d�e�Z�^�����i�j�_�^��
�k�l�Z�\�e�_�g�g�u�c���g�Z���d�j�m�]�e�h�f���k�l�h�e�_���©�K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z��
�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�ª���� �i�j�h�r�_�^�r�_�f�� �\�� �;�Z�j�g�Z�m�e�_�� ������ �f�Z�y�� ���������� �]���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������ �B�g�n�h�j�f�Z�p�b�h�g�g�h�_�� �Z�]�_�g�l�k�l�\�h��
�D�j�Z�k�g�Z�y���<�_�k�g�Z�����8�5�/����https://rossaprimavera.ru/article/1ae786f1 ���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
5 �Q�b�k�e�h���k�_�e�v�k�d�b�o���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�h�\���b���i�h�k�_�e�d�h�\���]�h�j�h�^�k�d�h�]�h���l�b�i�Z���i�j�h�^�h�e�`�Z�_�l���k�g�b�`�Z�l�v�k�y���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��
������ �>�_�f�h�]�j�Z�n�b�q�_�k�d�b�_�� �b�l�h�]�b�� �i�_�j�\�h�]�h�� �i�h�e�m�]�h�^�b�y�� ���������� �]�h�^�Z�� ���q�Z�k�l�v�� �,���� ���� �>�_�f�h�k�d�h�i�� �Z�H�H�N�O�\�� �‹�� ������-�������� ������ �Z�\�]�m�k�l�Z-11 
�k�_�g�l�y�[�j�y��������������URL: http://www.demoscope.ru/weekly/2011/0475/barom03.php ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
6 �K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�����>�h�d�e�Z�^�����i�j�_�^��
�k�l�Z�\�e�_�g�g�u�c���g�Z���d�j�m�]�e�h�f���k�l�h�e�_���©�K�l�j�m�d�l�m�j�Z���a�Z�g�y�l�h�k�l�b���g�Z�k�_�e�_�g�b�y���K�b�[�b�j�b���\���k�\�_�l�_���j�_�n�h�j�f�b�j�h�\�Z�g�b�y���i�_�g�k�b�h�g�g�h�]�h���a�Z��
�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�ª���� �i�j�h�r�_�^�r�_�f�� �\�� �;�Z�j�g�Z�m�e�_�� ������ �f�Z�y�� ���������� �]���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������ �B�g�n�h�j�f�Z�p�b�h�g�g�h�_�� �Z�]�_�g�l�k�l�\�h��
�D�j�Z�k�g�Z�y���<�_�k�g�Z�����8�5�/����https://rossaprimavera.ru/article/1ae786f1 ���^�Z�l�Z���^�h�k�l�m�i�Z���������������������������� 
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�<�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�e�Z�]�h�i�h�e�m�q�g�h�c�� �G�h�\�h�k�b�[�b�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �i�j�b�� �k�j�_�^�g�_�f�� �m�j�h�\�g�_��

�h�n�b�p�b�Z�e�v�g�h�c �[�_�a�j�Z�[�h�l�b�p�u �\ 1996 �]�����\���j�Z�a�f�_�j�_���������������q�b�k�e�h���[�_�a�j�Z�[�h�l�g�u�o���\���k�_�e�v�k�d�h�c���f�_�k�l�g�h�k�l�b��

�^�h�k�l�b�]�Z�e�h�����������>�N�Z�^�_�_�\�Z�������������@�����i�h���^�j�m�]�b�f���^�Z�g�g�u�f���± �^�h�����������>�L�x�]�Z�r�_�\�����I�h�i�d�h�\�������������@�� 

�F�h�`�g�h�� �d�h�g�k�l�Z�l�b�j�h�\�Z�l�v���� �q�l�h�� �j�_�Z�e�v�g�Z�y�� �[�_�a�j�Z�[�h�l�b�p�Z�� �i�j�_�\�u�r�Z�_�l�� �h�n�b�p�b�Z�e�v�g�m�x�� �\�� ������ �b��

�[�h�e�_�_���j�Z�a�� 

�G�Z�������������]�h�^�� �©�j�h�k�l���[�_�a�j�Z�[�h�l�b�p�u���\���G�h�\�h�k�b�[�b�j�k�d�h�c���h�[�e�Z�k�l�b �«  �k�h�k�l�Z�\�b�e�����������ª7�����B�k�o�h�^�y��

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

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

�k�b�l�m�Z�p�b�y���k�d�e�Z�^�u�\�Z�_�l�k�y���_�s�z���o�m�`�_�� 

�<�� �w�l�h�f�� �d�e�x�q�_ �k�e�_�^�m�_�l�� �h�k�f�u�k�e�b�l�v�� �k�e�h�`�b�\�r�_�_�k�y�� �i�h�e�h�`�_�g�b�_�� �b�� �i�j�_�^�e�h�`�b�l�v�� �d�Z�d�b�_-�l�h��

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

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

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

�l�Z�d�`�_���e�_�k�g�h�c���h�l�j�Z�k�e�v�x�� 

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

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

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

�>�e�y�� �k�i�Z�k�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �h�k�l�Z�z�l�k�y�� �l�h�e�v�d�h�� �e�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�Z�y�� �b��

�e�_�k�h�i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�Z�y���h�l�j�Z�k�e�v�� 

�<�� �k�l�j�m�d�l�m�j�_�� �\�Z�e�h�\�h�]�h�� �j�_�]�b�h�g�Z�e�v�g�h�]�h�� �i�j�h�^�m�d�l�Z�� ���^�Z�e�_�_�� �± �<�J�I���� �g�Z�b�[�h�e�_�_�� �j�Z�a�\�b�l�h�]�h�� �\��

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

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

�?�k�e�b�� �d�� �d�h�g�p�m�� ����-�u�o�� �]�h�^�h�\�� �i�j�h�r�e�h�]�h�� �\�_�d�Z�� �K�K�K�J�� �a�Z�g�b�f�Z�e�� �\�l�h�j�h�_�� �f�_�k�l�h�� �\�� �f�b�j�_�� �i�h��

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

�J�h�k�k�b�y�� �i�_�j�_�f�_�k�l�b�e�Z�k�v�� �g�Z�� ���� �f�_�k�l�h�� �\�� �f�b�j�_�� �i�h�� �w�l�h�f�m�� �i�h�d�Z�a�Z�l�_�e�x���� �H�[�s�Z�y�� �d�Z�j�l�b�g�Z�� �i�h�� �h�[�t�z�f�Z�f��

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

�L�Z�[�e�b�p�Z������ �H�[�t�z�f�u���e�_�k�h�a�Z�]�h�l�h�\�h�d8�����f�e�g�����f3 �>�D�b�j�b�e�e�h�\�����E�b�i�b�g�����K�h�d�h�e�h�\�������������@ 

Table 2. Logging volumes, mln. m3 [Kirillov, Lipin, Sokolov, 2009] 

�=�h�^�u 1913 1925 1940 1960 1968 1998 2000 2003 

�H�[�t�z�f�u���a�Z�]�h�l�h�\�h�d 3,9 3,6 52 91 120 23 39 43 

                                                 
7 �O�f�_�e�_�\�k�d�Z�y�� �H���� �@�b�l�v�� �k�l�Z�e�h�� �k�e�h�`�g�_�_���� �\�� �G�h�\�h�k�b�[�b�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �\�u�j�h�k�e�Z�� �[�_�a�j�Z�[�h�l�b�p�Z�� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@��������
�G�h�\�h�k�b�[�b�j�k�d���H�g�e�Z�c�g�����������b�x�e�y�������������]�����8�5L: https://news.ngs.ru/more/65157441/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 
8 �L�Z�f���`�_ 
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�B�a�\�_�k�l�g�h�����q�l�h���k���j�Z�k�i�Z�^�h�f���K�K�K�J���j�h�k�k�b�c�k�d�b�c���e�_�k�h�i�j�h�f�u�r�e�_�g�g�u�c���d�h�f�i�e�_�d�k���h�d�Z�a�Z�e�k�y���\��

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

�k�_�]�h�^�g�y�r�g�_�]�h�� �^�g�y�ª�� �>�R�_�]�_�e�v�f�Z�g���� ���������@���� �©�>�h�k�l�Z�l�h�q�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �\�� ��������-�_�� �]�]���� �e�b�r�v�� �h�^�g�Z��

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

�K�b�[�b�j�v�ª9. 

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

�j�Z�a�\�b�\�Z�l�v�k�y�� 

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

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

�K�_�\�_�j�Z�����K�b�[�b�j�b���b���>�Z�e�v�g�_�]�h���<�h�k�l�h�d�Z�� �± �k�e�Z�[�h�_���j�Z�a�\�b�l�b�_���^�h�j�h�`�g�h�c���k�_�l�b�����>�Z�`�_���\���?�\�j�h�i�_�c�k�d�h�c��

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

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

0,85 �i�h�]�h�g�g�u�o�� �f�_�l�j�Z�� �g�Z�� �]�_�d�l�Z�j10  ���j�_�]�b�h�g�Z�e�v�g�u�_�� �b�� �f�_�k�l�g�u�_�� �^�h�j�h�]�b�� �,�9-�9�� �d�Z�l�_�]�h�j�b�c�� �b��

�\�_�^�h�f�k�l�\�_�g�g�u�_���� 

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

�L�Z�[�e�b�p�Z�� ���� �I�j�h�l�y�`�z�g�g�h�k�l�v �n�_�^�_�j�Z�e�v�g�u�o�� �b�� �j�_�]�b�h�g�Z�e�v�g�u�o�� �^�h�j�h�]�� �\�k�_�o�� �d�Z�l�_�]�h�j�b�c �\�� �J�h�k�k�b�b����

�l�u�k�� �d�f11 

Table 3. The length of federal and regional roads of all categories in Russia, thousand km 

�=�h�^�u 1990 2004 2008 2013 2018 

�I�j�h�l�y�`�z�g�g�h�k�l�v�����l�u�k�����d�f 592 598,6 570,7 553,5 564,7 

 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u 3���� �i�j�b�� �g�_�^�h�k�l�Z�l�h�q�g�h�c�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�c�� �i�e�h�l�g�h�k�l�b�� �^�h�j�h�]�� �\��

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

�k�h�k�l�Z�\�b�e�Z������������ 

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

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

                                                 
9 �K�m�o�h�^�h�e�h�\���:���E�_�k�g�u�_���j�_�k�m�j�k�u���K�b�[�b�j�b���b���w�n�n�_�d�l�b�\�g�h�k�l�v���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y���������G�Z�m�d�Z���\���K�b�[�b�j�b�����������������‹������������������ 
10 �H���i�_�j�k�i�_�d�l�b�\�Z�o���j�Z�a�\�b�l�b�y���k�_�l�b���Z�\�l�h�f�h�[�b�e�v�g�u�o���^�h�j�h�]���g�Z���l�_�j�j�b�l�h�j�b�b���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�����d���©�i�j�Z�\�b�l�_�e�v�k�l�\�_�g��
�g�h�f�m�� �q�Z�k�m�ª�� �\�� �j�Z�f�d�Z�o�� ������-�]�h�� �a�Z�k�_�^�Z�g�b�y�� �K�h�\�_�l�Z�� �N�_�^�_�j�Z�p�b�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �K�h�[�j�Z�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b���� ������
�n�_�\�j�Z�e�y�� ���������� �]�h�^�Z���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@������ �:�g�Z�e�b�l�b�q�_�k�d�b�c�� �\�_�k�l�g�b�d�� �‹�� ���� �������������N�_�\�j�Z�e�v�� ���������� ������ �:�g�Z�e�b�l�b�q�_�k�d�h�_��
�m�i�j�Z�\�e�_�g�b�_�� �:�i�i�Z�j�Z�l�Z�� �K�h�\�_�l�Z�� �N�_�^�_�j�Z�p�b�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �k�h�[�j�Z�g�b�y�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b����
URL: http://council.gov.ru/media/files/41d53c2113ce9d34213a.pdf ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������019) 
�I�j�h�l�y�`�_�g�g�h�k�l�v���Z�\�l�h�f�h�[�b�e�v�g�u�o���^�h�j�h�]���h�[�s�_�]�h���i�h�e�v�a�h�\�Z�g�b�y���i�h���k�m�[�t�_�d�l�Z�f���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b���>�W�e�_�d�l�j�h�g�g�u�c��
�j�_�k�m�j�k�@�� ������ �N�_�^�_�j�Z�e�v�g�Z�y�� �k�e�m�`�[�Z�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �k�l�Z�l�b�k�l�b�d�b����URL: www.gks.ru/free_doc/new_site/business/trans-
sv/t2-2.xls ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
11 �L�Z�f���`�_ 
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�k�l�j�h�b�l�_�e�v�k�l�\�Z���� �l�j�m�^�g�h�� �j�Z�k�k�q�b�l�u�\�Z�l�v�� �g�Z�� �m�\�_�e�b�q�_�g�b�_�� �l�_�f�i�h�\�� �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �Z�\�l�h�^�h�j�h�]�� �h�[�s�_�]�h��

�i�h�e�v�a�h�\�Z�g�b�y�� 

�;�h�e�_�_�� �l�h�]�h���� �k�h�]�e�Z�k�g�h�� �>�K�h�d�h�e�h�\�Z�� �b�� �^�j������ ���������@�� �q�b�k�e�h�� �^�h�j�h�]���� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

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

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

�^�j�_�\�_�k�b�g�u���g�_�l���b���\���h�[�h�a�j�b�f�h�f���[�m�^�m�s�_�f���g�_���[�m�^�_�l�� 

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

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

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

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

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

�K 1965 �i�h�������������]�h�^�u���h�[�t�z�f�u���e�_�k�h�k�i�e�Z�\�Z���m�i�Z�e�b���\���������j�Z�a���>�=�Z�c�k�b�g�������������@�����<������-�_���]�h�^�u �i�j�h�r�e�h�]�h��

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

�[�h�e�_�_�����������± �f�h�e�_�\�u�f���k�i�e�Z�\�h�f�����h�d�h�e�h�����������± �\���k�i�e�h�l�d�_���b���f�_�g�_�_���������g�Z���k�m�^�Z�o���>�=�Z�c�k�b�g������������]. 

�E�_�k�h�a�Z�]�h�l�h�\�b�l�_�e�v�g�u�_�� �h�j�]�Z�g�b�a�Z�p�b�b�� �K�_�\�_�j�Z�� �b�� �A�Z�m�j�Z�e�v�y�� �h�d�Z�a�Z�e�b�k�v�� �h�l�j�_�a�Z�g�g�u�f�b�� �h�l��

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

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

�^�h���f�b�g�b�f�m�f�Z�� 

2. �<�l�h�j�Z�y���d�h�f�i�h�g�_�g�l�Z���w�d�h�k�b�k�l�_�f�u���j�_�q�g�h�]�h���[�Z�k�k�_�c�g�Z���a�h�g�u���l�Z�c�]�b���± �e�_�k 

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

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

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

�± �p�_�e�e�x�e�h�a�Z���b���k�m�[�_�j�b�g���>�:�a�Z�j�h�\�����;�m�j�h�\�����H�[�h�e�_�g�k�d�Z�y�������������@�����=�b�^�j�h�e�b�a�m�_�f�u�_���l�Z�g�b�g�u���b���q�Z�k�l�b�q�g�h��

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

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

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

�L�Z�[�e�b�p�Z������ �I�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b �k�h�j�l�b�f�_�g�l�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���^�e�b�g�u�����f2 

Table 4. Assortment surface area depending on length, m2 

�k�j�_�^�g�b�c���^�b�Z�f�_�l�j���k�h�j�l�b�f�_�g�l�Z�����f 
�i�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b�����f2 

�k�m�f�f�Z�j�g�Z�y���i�e�h�s�Z�^�v���k�j�_�a�Z�����f2 
3 5,5 

0,05 0,94 1,73 0,02 

0,1 1,88 3,45 0,06 

0,2 3,77 6,91 0,25 

 



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
 

 
 545 

 

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

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

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

�^�e�b�l�_�e�v�g�h�f�� �b�o�� �g�Z�o�h�`�^�_�g�b�b �\�� �\�h�^�_���� �©�I�h�e�g�h�_�� �\�u�f�u�\�Z�g�b�_�� �\�j�_�^�g�u�o�� �\�_�s�_�k�l�\�� �i�j�h�b�k�o�h�^�b�l�� �\��

�l�_�q�_�g�b�_�� �������� �k�m�l�h�d�ª�� �>�F�m�j�Z�r�h�\�Z���� ���������@���� �D�h�e�b�q�_�k�l�\�h�� �\�u�^�_�e�_�g�g�u�o�� �n�_�g�h�e�v�g�u�o�� �k�h�_�^�b�g�_�g�b�c��

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

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

�h�l���a�Z�]�j�m�`�_�g�g�h�k�l�b���j�_�d�b.  

�F�g�h�]�h�e�_�l�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y���=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h���b�g�k�l�b�l�m�l�Z��

�h�a�z�j�g�h�]�h�� �b�� �j�_�q�g�h�]�h�� �j�u�[�g�h�]�h�� �o�h�a�y�c�k�l�\�Z�� �b�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h�� �e�_�k�h�l�_�o�g�b�q�_�k�d�h�]�h��

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

�j�Z�\�g�h�\�_�k�b�y���\�h�^�h�z�f�Z���y�\�e�y�_�l�k�y���h�l�g�h�r�_�g�b�_���h�[�t�z�f�h�\���^�j�_�\�_�k�b�g�u���b���\�h�^�u���\�h���\�j�_�f�y���e�_�k�h�k�i�e�Z�\�Z��������������

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

�]�b�^�j�h�[�b�h�g�l�h�\18�����>�e�y���]�b�^�j�h�[�b�h�g�l�h�\���[�_�a�\�j�_�^�g�u���j�Z�k�l�\�h�j�u���i�j�b���k�h�h�l�g�h�r�_�g�b�b���^�j�_�\�_�k�b�g�u���b���\�h�^�u��

���������������^�e�y���e�h�k�h�k�z�\�u�o���������������>�F�m�j�Z�r�h�\�Z�������������@�� 

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

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

�q�m�\�k�l�\�b�l�_�e�v�g�u�o�����e�h�k�h�k�z�\�u�o�����j�u�[�����l�Z�[�e�b�p�Z��������  

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

Table 5. The volume of floated wood per day, depending on the average water rate 

�j�Z�k�o�h�^���\�h�^�u�����f3���k 0,5 1 3 2 5 10 15 

�h�[�t�z�f�����f3���k�m�l 8 31 275 122 764 3057 6879 

 

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

�k�m�s�_�k�l�\�_�g�g�h���k�g�b�a�b�l�v���k�l�_�i�_�g�v���a�Z�]�j�y�a�g�_�g�b�y�� 

�L�Z�[�e�b�p�Z������ �K�j�_�^�g�b�_���k�j�h�d�b �k�i�e�Z�\�Z���i�h���f�Z�e�h�c���j�_�d�_���i�j�b���k�j�_�^�g�_�f���j�Z�k�k�l�h�y�g�b�b���k�i�e�Z�\�Z�����������d�f 

Table 6. Average times of wood's rafting in a small river with an average distance of 100 km 

�k�j�_�^�g�y�y���k�d�h�j�h�k�l�v���l�_�q�_�g�b�y�����f���k 0,1 0,2 0,5 1 

�d�h�e�b�q�_�k�l�\�h���^�g�_�c���k�i�e�Z�\�Z 23 12 5 2 

                                                 
18 �K�i�e�Z�\���e�_�k�Z�����i�_�j�_�a�Z�]�j�m�a�d�Z���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������E�_�k�g�h�c���d�h�f�i�e�_�d�k�����H�l�j�Z�k�e�_�\�h�c���`�m�j�g�Z�e���^�e�y���k�i�_�p�b�Z�e�b�k�l�h�\���e�_��
�k�h�a�Z�]�h�l�h�\�d�b�����^�_�j�_�\�h�h�[�j�Z�[�h�l�d�b�����e�_�k�h�i�Z�l�h�e�h�]�b�b���b���e�_�k�h�\�h�k�k�l�Z�g�h�\�e�_�g�b�y�����8�5�/����https://forestcomplex.ru/2018/06/splav-
lesa-perezagruzka/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 
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�G�Z���h�k�g�h�\�Z�g�b�b���Z�g�Z�e�b�a�Z���k�j�h�d�h�\���k�i�e�Z�\�Z���g�Z���f�Z�e�u�o���j�_�d�Z�o�����^�Z�`�_���\���m�k�e�h�\�b�y�o���f�_�`�_�g�b�����f�h�`�g�h��

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

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

�i�j�h�b�a�h�c�^�z�l�� 

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

�<���Y�����O�Z�j�b�l�h�g�h�\���i�b�r�_�l�����©�?�k�l�v���m���f�h�e�_�\�h�]�h���k�i�e�Z�\�Z���b���^�h�k�l�h�b�g�k�l�\�h���± �_�]�h���k�i�h�k�h�[�g�h�k�l�v���m�\�_�e�b�q�b�\�Z�l�v��

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

�j�_�d���k�m�s�_�k�l�\�_�g�g�h���m�f�_�g�v�r�b�e�k�y�ª19. 

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

�i�j�b�k�m�l�k�l�\�m�x�l�� �e�b�q�b�g�d�b�� �g�Z�k�_�d�h�f�u�o. �A�Z�� �k�q�z�l�� �k�i�e�Z�\�Z �j�Z�k�r�b�j�y�x�l�k�y �[�_�j�_�]�h�\�u�_�� �]�j�Z�g�b�p�u����

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

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

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

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

�[�_�j�_�]�h�\�����k�h�k�l�Z�\�e�y�_�l���i�h���w�d�k�i�_�j�l�g�h�c���h�p�_�g�d�_������-�������f2 �g�Z�����������i�h�]�h�g�g�u�o���f�_�l�j�h�\���j�_�d�b�� 

�W�l�h�� �i�j�_�\�u�r�Z�_�l�� �������� �l�u�k���� �f3 �l�h�i�e�y�d�Z�� �g�Z�� �d�Z�`�^�m�x�� �f�Z�e�m�x�� �j�_�d�m���� �^�e�b�g�h�c�� �[�h�e�_�_�� �������� �d�f����

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

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

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

�j�_�d�Z�o���J�m�k�k�d�h�]�h���K�_�\�_�j�Z���^�h�k�l�b�]�Z�_�l����-�����g�Z���d�Z�`�^�u�_���������i�h�]�h�g�g�u�o���d�f���\���\�_�j�o�g�_�f���l�_�q�_�g�b�b���k���m�q�z�l�h�f��

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

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

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

Figure 1. Porusia River, Novgorod Region. Logjam in channel. Photo by A.Yu. Vinogradov 

 

�J�b�k�m�g�h�d���������J�_�d�Z���>�_�]�h�l�g�b�p�Z�����G�h�\�]�h�j�h�^�k�d�Z�y���h�[�e�Z�k�l�v�����;�h�[�j�h�\�u�_���i�e�h�l�b�g�u�����N�h�l�h �K.�<. �O�\�Z�e�_�\�Z  

Figure 2. Degotnitsa River, Novgorod Region. Beaver dams. Photo by S.V. Khvalev 
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�<�b�^�g�u���f�g�h�`�_�k�l�\�_�g�g�u�_ �h�[�j�m�r�_�g�b�y���d�j�h�f�d�b���e�_�\�h�]�h���[�_�j�_�]�Z�����N�h�l�h �: .�X . �<�b�g�h�]�j�Z�^�h�\�Z  

Figure 3. Polist River, Novgorod Region. Flood of 2017 year.  

You can see multiple edge landslide of the left bank. Photo by A.Yu. Vinogradov 
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�^�_�j�Z�e�v�g�Z�y�� �k�e�m�`�[�Z�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �k�l�Z�l�b�k�l�b�d�b����URL: https://www.gks.ru/storage/mediabank/VRP98-17.xlsx ���^�Z�l�Z��
�h�[�j�Z�s�_�g�b�y�������������������������� 
21 �<�Z�e�h�\�u�c���j�_�]�b�h�g�Z�e�v�g�u�c���i�j�h�^�m�d�l���i�j�h�\�b�g�p�b�c���D�b�l�Z�y���>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@���������W�d�h�g�h�f�b�d�Z���b���g�Z�k�_�e�_�g�b�_���k�l�j�Z�g�����j�_��
�]�b�h�g�h�\���� �]�h�j�h�^�h�\���� �b�k�l�h�j�b�q�_�k�d�b�_�� �^�Z�g�g�u�_���� �8�5L: http://statinformation.ru/reg/vrp-regionov-kitaya.html ���^�Z�l�Z�� �h�[�j�Z�s�_��
�g�b�y�������������������������� 
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Abstract. Vade mecum 

Listen. If you are a hydrologist or going to be-

come once of them, then let me tell you the 

truth about this science. About hydrology. Of 

course, this truth will be what it seems to me. 

�%�X�W���E�H�O�L�H�Y�H���P�H�����L�W�¶�V��unlikely that I have grave 

rivals regarding the disclosure of scientific se-

crets. But first, I want to ask you some ques-

tions. 

What is the destiny of the water that fell from 

Heaven to Earth? And if you answer this ques-

tion, then you are a master of the amazing. 

But you know that flowing is inherent in water. 

Therefore answer - in what ways water flows. 

And if you are ready to answer this question, 

then you are certainly a master of the amazing. 

And one more thing. What would happen if 

there were no water on Earth? What happens on 

Earth with the participation of water? What 

happens to water during its stay on Earth? And 

if you again know the answers, then truly you 

are a master of the amazing. 

                                                 
1 �B�^�b���k�h���f�g�h�c�����e�Z�l���� 
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And if it so happened that you found it difficult 

to answer, or answered hesitantly, or in some 

way committed a sin against the truth and felt 

this, then come with me. And believe me, I'm 

also a little master of the amazing. 

I will remind you about the beauty of this 

World and its vulnerability. About the exclu-

sive role of water on Earth and the problems as-

sociated with this. About how important and 

wonderful it is to feel and understand every-

thing about water. 

I will tell you about the people who gave an-

swers to the questions asked to you. And about 

people who thought they knew the answers. 

And about people who answered without 

knowing the answers. 

And I also hope that you will understand the 

main thing �± only devotion and obsession can 

lead you to real knowledge. And only then can 

you become a true master of the amazing. 

"But enough. Let me get down to matter. Let 

me start and let me finish." 

Keywords: Hydrology; watercourse; water 

catchment; Earth Science; physical hydrology; 

stochastic hydrology; applied hydrology. 
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�I�j�h�[�e�_�f�u���]�b�^�j�h�e�h�]�b�b 

�J�Z�a�^�_�e�u���]�b�^�j�h�e�h�]�b�b 

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

�g�_�h�^�g�h�a�g�Z�q�g�u���b���[�_�k�k�b�k�l�_�f�g�u�����?�s�_���F���:�����<�_�e�b�d�Z�g�h�\���\���k�\�h�_���\�j�_�f�y���d�h�g�k�l�Z�l�b�j�h�\�Z�e���\�h�a�f�h�`�g�h�k�l�v��

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

1948]: 

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

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

�^�\�b�`�_�g�b�_���e�h�`�Z���\�h�^�h�_�f�h�\���� 

�A�^�_�k�v���k�e�_�^�m�_�l �b�f�_�l�v���\���\�b�^�m���g�_�d�h�l�h�j�m�x���h�k�h�[�_�g�g�h�k�l�v���l�_�j�f�b�g�h�e�h�]�b�b���F���:�����<�_�e�b�d�Z�g�h�\�Z����

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

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

�;���:�� �:�i�h�e�e�h�\�� �>�:�i�h�e�e�h�\���� ���������@���� �g�h�� �i�h�� �\�i�h�e�g�_�� �h�i�j�_�^�_�e�_�g�g�u�f�� �i�j�b�q�b�g�Z�f�� ���\�� �j�m�k�k�d�h�f�� �y�a�u�d�_��

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

�K�q�b�l�Z�y�� �w�l�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �g�_�� �h�q�_�g�v�� �j�Z�p�b�h�g�Z�e�v�g�u�f�b���� �<�_�e�b�d�Z�g�h�\�� �\�� �k�\�h�_�f���d�m�j�k�_�� �]�b�^�j�h�e�h�]�b�b��

�k�m�r�b���©�i�h���f�_�j�_���g�Z�^�h�[�g�h�k�l�b�ª���b�k�i�h�e�v�a�h�\�Z�e���h�^�g�h�\�j�_�f�_�g�g�h���h�[�_���� 

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

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

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

�=�b�^�j�h�e�h�]�b�y���j�_�d�� �W�l�h���i�h�q�l�b���l�Z�\�l�h�e�h�]�b�y���]�b�^�j�h�e�h�]�b�b���k�m�r�b���b�e�b���h�[�s�_�c���]�b�^�j�h�e�h�]�b�b�����Y���_�s�_��

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

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

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

�]�b�^�j�h�e�h�]�b�_�c�� 

�=�b�^�j�h�e�h�]�b�y�� �h�a�_�j�� �A�^�_�k�v�� �k�b�l�m�Z�p�b�y�� �k�e�h�`�g�_�_���� �l�Z�d�� �d�Z�d�� �i�Z�j�Z�e�e�_�e�v�g�h�� �k�m�s�_�k�l�\�m�x�s�b�_��

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



�=�B�>�J�H�K�N�?�J�:�����H�I�:�K�G�U�?���I�J�H�P�?�K�K�U���B���Y�<�E�?�G�B�Y �L�h�f 1�����<�u�i��4 2019 
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�\�d�e�x�q�Z�x�l���\���k�_�[�y���f�g�h�`�_�k�l�\�h���k�i�_�p�b�n�b�q�_�k�d�b�o���^�e�y���e�b�f�g�h�e�h�]�b�b���\�h�i�j�h�k�h�\�����H�l�d�j�h�c�l�_�����g�Z�i�j�b�f�_�j����

�©�E�b�f�g�h�e�h�]�b�x�ª�� �>���� �O�Z�l�q�b�g�k�h�g�Z�� �>�O�Z�l�q�b�g�k�h�g���� ���������@���� �b�� �\�u�� �l�m�l�� �`�_�� �m�[�_�^�b�l�_�k�v�� �\�� �w�l�h�f���� �<�� �q�_�f-�l�h��

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

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

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

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

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

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

�b���a�Z�^�Z�q�b���l�_�i�e�h�h�[�f�_�g�Z���� 

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

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

�k�i�_�p�b�n�b�d�Z�"�� �G�m�� �q�l�h�� �`���� �m�q�l�b�l�_�� �w�l�m�� �k�i�_�p�b�n�b�d�m�� �\�� �k�\�h�_�f�� �]�b�^�j�h�e�h�]�b�q�_�k�d�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���� �w�l�h�]�h��

�[�m�^�_�l���^�h�k�l�Z�l�h�q�g�h���� 

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

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

�x �]�b�^�j�h�f�_�l�j�b�y�� 

�x �]�b�^�j�h�]�j�Z�n�b�y�� 

�x �n�b�a�b�q�_�k�d�Z�y �]�b�^�j�h�e�h�]�b�y [Dingman, 1994]; 

�x �k�l�h�o�Z�k�l�b�q�_�k�d�Z�y���]�b�^�j�h�e�h�]�b�y���>�D�Z�j�l�\�_�e�b�r�\�b�e�b�� 1981]; 

�x �i�j�b�d�e�Z�^�g�Z�y���]�b�^�j�h�e�h�]�b�y���>�E�b�g�k�e�_�c�����D�h�e�_�j�����I�Z�m�e�x�k, 1962; Chow, 1964]. 

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

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

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

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

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

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

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

�w�l�h���i�m�l�v���d���h�]�j�Z�g�b�q�_�g�g�h�k�l�b���� 

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

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

�b���\�h���\�k�_�o���g�Z�m�d�Z�o���h���A�_�f�e�_�� 

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

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

3. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c�����i�j�h�\�_�^�_�g�b�_���w�d�k�i�_�j�b�f�_�g�l�h�\���b���g�Z�[�e�x�^�_�g�b�c���� 

4. �K�h�^�_�j�`�Z�l�_�e�v�g�u�c�� 

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