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Abstract 
The article deals with the issues of computer modeling of the formation of error in forecasting the 
state of the object of control. To analyze the process of error formation in the implementation of 
forecasting methods, the main stages of solving this problem are highlighted. 
The structural and functional organization of forecasting the state of the object of control is 
presented. A model of error generation in solving the forecasting problem in an automated 
technical condition control system has been developed. The simulation was performed according 
to the developed algorithm for estimating errors in the implementation of the method of 
individual forecasting. 
Based on the simulation results, analytical dependences of the random component of the 
prediction error on the length of the prehistory taken into account and the noise level of the ideal 
trend are established. 
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Fig. 1. Structural and functional organization of forecasting the state of the object of control 
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�J�b�k�������� �=�j�Z�n���h�[�j�Z�a�h�\�Z�g�b�y���i�h�]�j�_�r�g�h�k�l�_�c���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�q�b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� 

�\���Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c���k�b�k�l�_�f�_���d�h�g�l�j�h�e�y���l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y�� 
Fig. 2. Graph of error formation in the solution the problem of forecasting in an automated system  

technical condition monitoring 
 
�D�Z�`�^�Z�y �b�a�� �\�u�^�_�e�_�g�g�u�o�� �i�h�^�f�h�^�_�e�_�c�� �h�[�e�Z�^�Z�_�l�� �j�y�^�h�f�� �i�_�j�\�b�q�g�u�o�� �f�_�l�h�^�b�q�_�k�d�b�o��

�i�h�]�j�_�r�g�h�k�l�_�c1�D , 2�D , 3�D , 4�D ���� �]�^�_��1�D  �± �f�_�l�h�^�b�q�_�k�d�Z�y�� �i�h�]�j�_�r�g�h�k�l�v���� �h�[�m�k�e�h�\�e�_�g�g�Z�y�� �g�_�l�h�q�g�h�k�l�v�x��

�h�i�b�k�Z�g�b�y�� �k�h�k�l�h�y�g�b�y�� �H�D�� �f�h�^�_�e�v�x�� ���� �\�� �n�Z�a�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �k�h�k�l�h�y�g�b�c����2�D  �± �f�_�l�h�^�b�q�_�k�d�Z�y��
�i�h�]�j�_�r�g�h�k�l�v�����h�[�m�k�e�h�\�e�_�g�g�Z�y���g�_�l�h�q�g�h�k�l�v�x���h�i�b�k�Z�g�b�y���\�h�a�^�_�c�k�l�\�b�c���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���g�Z���k�h�k�l�h�y�g�b�_��
�H�D�����g�_�l�h�q�g�h�k�l�v���f�h�^�_�e�b����������3�D  �± �f�_�l�h�^�b�q�_�k�d�Z�y���i�h�]�j�_�r�g�h�k�l�v�����h�[�m�k�e�h�\�e�_�g�g�Z�y���g�_�l�h�q�g�h�k�l�v�x���h�i�b�k�Z�g�b�y��

�\�h�a�^�_�c�k�l�\�b�c�� �\�g�_�r�g�_�c�� �k�j�_�^�u�� �g�Z�� �k�h�k�l�h�y�g�b�_�� �H�D�� ���g�_�l�h�q�g�h�k�l�v�� �f�h�^�_�e�b�� ��������4�D  �± �f�_�l�h�^�b�q�_�k�d�Z�y��
�i�h�]�j�_�r�g�h�k�l�v���� �h�[�m�k�e�h�\�e�_�g�g�Z�y�� �g�_�l�h�q�g�h�k�l�v�x�� �h�i�b�k�Z�g�b�y�� �i�j�h�p�_�k�k�h�\�� �b�a�f�_�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y�� �\�h�� �\�j�_�f�_�g�b��
�i�j�b�� �b�a�g�h�k�_�� �b�� �k�l�Z�j�_�g�b�b�� �H�D�� ���i�h�]�j�_�r�g�h�k�l�v�� �\�u�[�h�j�Z�� �\�b�^�Z�� �b�a�f�_�g�_�g�b�y�� �^�j�_�c�n�Z�� �i�j�h�]�g�h�a�b�j�m�_�f�h�c��
�\�_�e�b�q�b�g�u������ 

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

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

�\�u�[�h�j�h�f�� �b�a�� �\�k�_�]�h�� �f�g�h�`�_�k�l�\�Z�� �i�Z�j�Z�f�_�l�j�h�\���^ �`�\�u�oY , �^ �`�h�kY , �^ �`�\�kY  �h�i�l�b�f�Z�e�v�g�h�]�h�� �b�o�� �d�h�e�b�q�_�k�l�\�Z���� �W�l�h�l��

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

�<�k�y���k�h�\�h�d�m�i�g�h�k�l�v���i�_�j�\�b�q�g�u�o���f�_�l�h�^�b�q�_�k�d�b�o���i�h�]�j�_�r�g�h�k�l�_�c��1�D , 2�D , 3�D , �b���E �i�j�b���\�u�i�h�e�g�_�g�b�b��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �l�j�Z�g�k�n�h�j�f�b�j�m�_�l�k�y�� �\�� �i�h�]�j�_�r�g�h�k�l�v���J���� �i�j�_�^�k�l�Z�\�e�y�x�s�m�x�� �k�h�[�h�c��
�f�_�l�h�^�b�q�_�k�d�m�x���i�h�]�j�_�r�g�h�k�l�v�����h�[�m�k�e�h�\�e�_�g�g�m�x���g�_�l�h�q�g�h�k�l�v�x���h�i�b�k�Z�g�b�y���k�h�k�l�h�y�g�b�y���H�D���k���i�h�f�h�s�v�x���H�I����
�K�e�_�^�m�_�l�� �a�Z�f�_�l�b�l�v���� �q�l�h���J �b�a-�a�Z�� �a�Z�f�_�g�u�� �h�i�b�k�Z�g�b�y�� �k�h�k�l�h�y�g�b�y�� �H�D�� �n�Z�a�h�\�u�f�� �i�j�h�k�l�j�Z�g�k�l�\�h�f��

�i�Z�j�Z�f�_�l�j�h�\���^ �`�\�u�oY , �^ �`�h�kY , �^ �`�\�kY  �g�Z�� �g�_�d�h�l�h�j�h�_�� �b�k�d�m�k�k�l�\�_�g�g�h�_�� �l�h�q�_�q�g�h-�e�b�g�_�c�g�h�_�� �f�g�h�`�_�k�l�\�h��Y, 

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

�H�i�b�k�Z�g�b�_�� �i�h�]�j�_�r�g�h�k�l�b���J �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �j�_�a�m�e�v�l�Z�l�� �j�_�Z�e�b�a�Z�p�b�b�� �l�j�_�o�� �i�_�j�\�u�o�� �w�l�Z�i�h�\��
�j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �L�K�� �H�D���� �I�h�]�j�_�r�g�h�k�l�v���J �y�\�e�y�_�l�k�y�� �j�_�a�m�e�v�l�b�j�m�x�s�_�c��
�i�h�]�j�_�r�g�h�k�l�v�x�� �i�_�j�\�b�q�g�u�o�� �f�_�l�h�^�b�q�_�k�d�b�o�� �i�h�]�j�_�r�g�h�k�l�_�c 1�D , 2�D  �b 3�D ���� �F�_�l�h�^�b�q�_�k�d�Z�y�� �i�h�]�j�_�r�g�h�k�l�v��

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

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

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

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

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

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

�^ �`1 2 3 4, , ,�F�D �D �D �D �D� , �^ �`�F � E � E� , �^ �`�F� J � J� , �^ �`�F� G � G� , �^ �`�F� H � H� , �^ �`�F� ] � ]� , �^ �`�F� K � K� . 

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

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

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



 

� �Ã�Ð�Ô�È�Å�Ë�Ú�� �‘�ä�™�ä�á�� �•�È�Ê�Ó�Ö�Ú�Í�Ñ�� �‘�ä�‘�ä�� �›�Ñ�Ç�È�Î�Ë�Ó�Ñ�Å�Ã�Ð�Ë�È�� �Ò�Ó�Ñ�Ù�È�Ô�Ô�Ã�� �Ñ�Ù�È�Ð�Í�Ë�� �Ò�Ñ�Æ�Ó�È�Û�Ð�Ñ�Ô�Õ�È�Ì�� �Ò�Ó�Ë��
�Ó�È�Ã�Î�Ë�Ê�Ã�Ù�Ë�Ë�� �Ï�È�Õ�Ñ�Ç�Ã�� �Ë�Ð�Ç�Ë�Å�Ë�Ç�Ö�Ã�Î�ß�Ð�Ñ�Æ�Ñ�� �Ò�Ó�Ñ�Æ�Ð�Ñ�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ë�â�� ������ �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä��
�—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È���Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ä���� �¡�ä�{�á���V�w�á���x�v�x�v 

7 

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

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

�M�q�b�l�u�\�Z�y���g�_�h�[�o�h�^�b�f�h�k�l�v���Z�g�Z�e�b�a�Z���i�j�h�p�_�k�k�Z���h�[�j�Z�a�h�\�Z�g�b�y���i�h�]�j�_�r�g�h�k�l�_�c���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���i�j�b��
�j�Z�a�e�b�q�g�u�o�� �n�Z�d�l�h�j�Z�o�� �\�e�b�y�g�b�y�� �b�� �j�_�Z�e�b�a�Z�p�b�y�o�� �Z�e�]�h�j�b�l�f�Z�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���� �Z�� �l�Z�d�`�_�� �k�� �p�_�e�v�x��
�h�[�_�k�i�_�q�_�g�b�y�� �i�h�e�g�h�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�j�h�p�_�k�k�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�]�j�_�r�g�h�k�l�_�c�� �\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��
�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o�� �k�b�k�l�_�f�Z�o�� �d�h�g�l�j�h�e�y�� ���:�K�D������ �\�d�e�x�q�Z�x�s�b�o�� �\�� �k�_�[�y�� �[�e�h�d�b�� �k�� �j�_�Z�e�v�g�u�f��
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�f�� �h�[�_�k�i�_�q�_�g�b�_�f���� �g�Z�b�[�h�e�_�_�� �p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� �y�\�e�y�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�Z��
�b�f�b�l�Z�p�b�h�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y�����>�e�y���k�h�k�l�Z�\�e�_�g�b�y���k�o�_�f�u���Z�e�]�h�j�b�l�f�Z���b�f�b�l�Z�p�b�h�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y��
�f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g���]�j�Z�n���h�[�j�Z�a�h�\�Z�g�b�y���i�h�]�j�_�r�g�h�k�l�_�c�����b�a�h�[�j�Z�`�_�g�g�u�c���g�Z���j�b�k�� 2.  

�I�j�_�^�e�h�`�_�g�g�u�c�� �\�Z�j�b�Z�g�l�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �b�f�_�_�l�� �k�\�h�_�c�� �p�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �h�k�g�h�\�g�u�o�� �k�\�h�c�k�l�\��
�i�h�]�j�_�r�g�h�k�l�_�c�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���� �>�Z�g�g�u�c�� �\�Z�j�b�Z�g�l�� �b�f�b�l�Z�p�b�h�g�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�h�\��
�h�[�j�Z�a�h�\�Z�g�b�y���i�h�]�j�_�r�g�h�k�l�_�c���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���f�h�`�_�l�� �[�u�l�v���j�_�Z�e�b�a�h�\�Z�g���Z�e�]�h�j�b�l�f�h�f���� �k�o�_�f�Z���d�h�l�h�j�h�]�h��
�i�j�b�\�_�^�_�g�Z���g�Z���j�b�k�� 3.  
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�J�b�k�������� �:�e�]�h�j�b�l�f���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�j�h�p�_�k�k�Z���h�p�_�g�d�b���i�h�]�j�_�r�g�h�k�l�_�c���i�j�b���j�_�Z�e�b�a�Z�p�b�b���f�_�l�h�^�Z�� 

�b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y 
Fig. 3. Algorithm for modeling the error estimation process when implementing the method  

of individual forecasting 
 
�B�f�b�l�Z�p�b�h�g�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�� �j�_�Z�e�b�a�Z�p�b�x�� �k�e�_�^�m�x�s�b�o�� �q�_�l�u�j�_�o�� �w�l�Z�i�h�\��

�b�k�k�e�_�^�h�\�Z�g�b�c�� 
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������ �]�_�g�_�j�b�j�h�\�Z�g�b�_�� �b�^�_�Z�e�v�g�h�]�h�� �l�j�_�g�^�Z��Y(t) �g�Z�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�h�]�j�Z�g�b�q�_�g�g�h�f�� �d�h�e�b�q�_�k�l�\�_��

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

�j�_�Z�e�b�a�Z�p�b�y���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�����k�h�]�e�Z�k�g�h���b�k�k�e�_�^�m�_�f�h�]�h���Z�e�]�h�j�b�l�f�Z���� 
�������k�j�Z�\�g�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\���i�j�h�]�g�h�a�Z���i�h���b�^�_�Z�e�v�g�h�f�m��Y(t) �b���j�_�Z�e�v�g�h�f�m��y(t,W) �l�j�_�g�^�Z�f���� 
�K�m�s�g�h�k�l�v���w�l�Z�i�Z���]�_�g�_�j�b�j�h�\�Z�g�b�y���b�^�_�Z�e�v�g�h�]�h���l�j�_�g�^�Z���a�Z�d�e�x�q�Z�_�l�k�y���\���n�h�j�f�b�j�h�\�Z�g�b�b���k���i�h�f�h�s�v�x��

�\�u�q�b�k�e�b�l�_�e�v�g�h�c�� �f�Z�r�b�g�u�� �a�g�Z�q�_�g�b�y��Yj(t) ���[�e�h�d�� �������� �L�j�_�g�^��Y(t) �f�h�`�_�l�� �[�u�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�� �e�b�g�_�c�g�h�c����
�i�Z�j�Z�[�h�e�b�q�_�k�d�h�c���b���w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�c���a�Z�\�b�k�b�f�h�k�l�y�f�b���� 

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

�H�k�h�[�m�x�� �\�Z�`�g�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �i�j�Z�\�b�e�v�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �\�l�h�j�h�]�h�� �w�l�Z�i�Z���� �l���d���� �o�Z�j�Z�d�l�_�j��
�i�h�]�j�_�r�g�h�k�l�b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �k�m�s�_�k�l�\�_�g�g�h�� �a�Z�\�b�k�b�l�� �h�l�� �a�Z�d�h�g�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �]�_�g�_�j�b�j�m�_�f�h�c��
�i�h�f�_�o�b���� �G�Z�i�j�b�f�_�j���� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �j�Z�\�g�h�f�_�j�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�g�h�c�� �i�h�f�_�o�b�� �\�f�_�k�l�h�� �h�[�u�q�g�h��
�\�k�l�j�_�q�Z�_�f�h�c�� �g�h�j�f�Z�e�v�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�g�h�c�� �i�j�b�\�h�^�b�l�� �d�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�h�f�m�� �m�\�_�e�b�q�_�g�b�x��
�m�k�j�_�^�g�_�g�g�h�c���i�h�]�j�_�r�g�h�k�l�b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�����\���l�h���`�_���\�j�_�f�y���m�f�_�g�v�r�Z�y���d�h�e�b�q�_�k�l�\�h���\�u�[�j�h�k�h�\��yj(t, W) 
�b�� �l�_�f�� �k�Z�f�u�f�� �i�h�\�u�r�Z�y�� �m�k�l�h�c�q�b�\�h�k�l�v�� �Z�e�]�h�j�b�l�f�h�\�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h��
�m�k�l�h�c�q�b�\�h�k�l�v�� �Z�e�]�h�j�b�l�f�h�\�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �q�j�_�a�\�u�q�Z�c�g�h�� �\�Z�`�g�Z�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �:�K�D����
�j�_�Z�e�b�a�m�x�s�b�o���i�j�h�]�g�h�a���g�Z���^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�h�c���b�g�l�_�j�\�Z�e���\�j�_�f�_�g�b���� 

�K�m�s�g�h�k�l�v���l�j�_�l�v�_�]�h���w�l�Z�i�Z�����[�e�h�d���������a�Z�d�e�x�q�Z�_�l�k�y���\���n�h�j�f�b�j�h�\�Z�g�b�b���g�Z���h�k�g�h�\�_���i�_�j�\�h�]�h���b���\�l�h�j�h�]�h��
�w�l�Z�i�h�\���j�_�Z�e�v�g�h�]�h���l�j�_�g�^�Z��yj (t, W).  

�A�^�_�k�v���i�j�_�^�m�k�f�h�l�j�_�g�u���Z�^�^�b�l�b�\�g�u�c��y (t, W) = Y(t) + �[ (t, W) �b�e�b���f�m�e�v�l�b�i�e�b�d�Z�l�b�\�g�u�c��y(t, W) = 
Y(t) . �[ (t, W) �\�b�^�u���k�h�_�^�b�g�_�g�b�c���i�h�f�_�o�b���k���b�^�_�Z�e�v�g�u�f���l�j�_�g�^�h�f�����Q�_�l�\�_�j�l�u�c���w�l�Z�i���\�d�e�x�q�Z�_�l���[�e�h�d�b����-11. 
�A�^�_�k�v�� �k�i�_�j�\�Z�� �i�j�h�b�k�o�h�^�b�l�� �h�i�j�_�^�_�e�_�g�b�_�� �f�_�l�h�^�h�f�� �g�Z�b�f�_�g�v�r�b�o�� �d�\�Z�^�j�Z�l�h�\�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� ���[�e�h�d�� ��������
�i�j�b�g�y�l�h�]�h���g�Z���w�l�Z�i�_���f�h�^�_�e�b�j�h�\�Z�g�b�y���\�b�^�Z���l�j�_�g�^�Z��Y(t).  

�W�l�h�� �h�i�j�_�^�_�e�_�g�b�_�� �i�j�h�b�a�\�h�^�b�l�k�y�� �^�e�y�� �m�j�h�\�g�y��W �b�� �a�Z�^�Z�g�g�h�]�h�� �[�e�h�d�h�f�� ���� �g�Z�q�Z�e�v�g�h�]�h�� �h�[�t�_�f�Z��
�\�j�_�f�_�g�g�u�o���k�_�q�_�g�b�c N1 ���[�e�h�d�����������;�e�h�d���������h�i�j�_�^�_�e�y�_�l���a�g�Z�q�_�g�b�_���i�j�h�]�g�h�a�h�\��yj+i(N1,W) �g�Z i �\�j�_�f�_�g�g�u�o��
�k�_�q�_�g�b�c�� �\�i�_�j�_�^���� �b�k�i�h�e�v�a�m�y�� �i�j�b�� �w�l�h�f�� �j�_�a�m�e�v�l�Z�l�u�� �j�_�Z�e�b�a�Z�p�b�b�� �[�e�h�d�Z�� ������ �<�� �[�e�h�d�_�� ������ �h�i�j�_�^�_�e�y�_�l�k�y��
�i�h�]�j�_�r�g�h�k�l�v���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���i�h���n�h�j�f�m�e�_ 

                        �]j(N1, W) = yj+i(N1, W) - Yj+i(N1),                                              (1)  
�]�^�_��Yj+i(N1)- �j�_�a�m�e�v�l�Z�l�� �i�j�h�]�g�h�a�Z�� �i�h�� �b�^�_�Z�e�v�g�h�f�m�� �l�j�_�g�^�m�� �g�Z��i �r�Z�]�h�\�� �\�i�_�j�_�^����j - �g�h�f�_�j�� �h�i�_�j�Z�p�b�b��
�k�j�Z�\�g�_�g�b�y���j�_�a�m�e�v�l�Z�l�h�\���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���^�e�y���a�Z�^�Z�g�g�u�o��N1 �b��W�����I�h���Z�g�Z�e�h�]�b�q�g�u�f���k�����������n�h�j�f�m�e�Z�f���\��
�[�e�h�d�_�� ������ �h�i�j�_�^�_�e�y�x�l�k�y�� �i�h�]�j�_�r�g�h�k�l�b�� �i�h�e�m�q�_�g�g�u�o�� �\�� �[�e�h�d�_�� ���� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �l�j�_�g�^�Z��Y(t). 
�D�h�e�b�q�_�k�l�\�h��N �h�i�_�j�Z�p�b�c���k�j�Z�\�g�_�g�b�y�����h�[�t�_�f���\�u�[�h�j�d�b�����a�Z�^�Z�_�l�k�y���\���[�e�h�d�_���������]�^�_��j �•  1..N.  

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

�G�Z�� �j�b�k�� ���� �g�_�� �i�h�d�Z�a�Z�g�� �p�b�d�e���� �d�h�l�h�j�u�c�� �h�k�m�s�_�k�l�\�e�y�_�l�� �b�a�f�_�g�_�g�b�_�� �^�e�b�g�u�� �m�q�b�l�u�\�Z�_�f�h�c��
�i�j�_�^�u�k�l�h�j�b�b��L �\���]�j�Z�g�b�p�Z�o���h�l��N1 �^�h���a�Z�^�Z�g�g�h�c���[�e�h�d�h�f������N2�����<���w�l�h�l���p�b�d�e���\�o�h�^�y�l���[�e�h�d�b����-���������>�Z�g�g�u�c��
�\�Z�j�b�Z�g�l�� �b�f�b�l�Z�p�b�h�g�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�]�j�_�r�g�h�k�l�_�c�� �i�j�b��
�b�g�^�b�\�b�^�m�Z�e�v�g�h�f���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�b���k�h�]�e�Z�k�g�h���\�u�r�_�h�i�b�k�Z�g�g�h�c���k�o�_�f�_���Z�e�]�h�j�b�l�f�Z���j�_�Z�e�b�a�h�\�Z�g���g�Z���W�<�F���� 

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

 
�A�:�D�E�X�Q�?�G�B�? 

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



 

� �Ã�Ð�Ô�È�Å�Ë�Ú�� �‘�ä�™�ä�á�� �•�È�Ê�Ó�Ö�Ú�Í�Ñ�� �‘�ä�‘�ä�� �›�Ñ�Ç�È�Î�Ë�Ó�Ñ�Å�Ã�Ð�Ë�È�� �Ò�Ó�Ñ�Ù�È�Ô�Ô�Ã�� �Ñ�Ù�È�Ð�Í�Ë�� �Ò�Ñ�Æ�Ó�È�Û�Ð�Ñ�Ô�Õ�È�Ì�� �Ò�Ó�Ë��
�Ó�È�Ã�Î�Ë�Ê�Ã�Ù�Ë�Ë�� �Ï�È�Õ�Ñ�Ç�Ã�� �Ë�Ð�Ç�Ë�Å�Ë�Ç�Ö�Ã�Î�ß�Ð�Ñ�Æ�Ñ�� �Ò�Ó�Ñ�Æ�Ð�Ñ�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ë�â�� ������ �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä��
�—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È���Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ä���� �¡�ä�{�á���V�w�á���x�v�x�v 
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�Z�g�Z�e�b�a�� �i�j�h�p�_�k�k�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�]�j�_�r�g�h�k�l�_�c���� �\�h�a�g�b�d�Z�x�s�b�o�� �i�j�b�� �j�_�Z�e�b�a�Z�p�b�b �f�_�l�h�^�h�\ 

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

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

�l�Z�d�`�_�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�h�y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �m�k�l�Z�g�h�\�b�l�v�� �Z�g�Z�e�b�l�b�q�_�k�d�b�_��
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�m�i�j�Z�\�e�_�g�b�y�� 
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Abstract 
The article considers a method for constructing of automatic differentiators using Butterworth 
polynomials. The synthesis of differentiators is reduced to the construction of a tracking system 
for a plant that is a serial connection of integrators. The poles of differentiators are the roots of 
Butterworth polynomials. The roots of the Butterworth polynomial are located on a circle of a 
certain radius equidistant from each other in the left half-plane of the complex plane. The radius 
of the circle is determined by the cutoff frequency. The constructed automatic differentiators 
perform asymptotically accurate differentiation of signals from a fairly wide class. The class of 
differentiable signals is defined by a set of continuously differentiable functions with a bounded 
high derivative. The class of signals includes logarithmic, exponential, and trigonometric 
functions, and algebraic polynomials. Differentiators are noise-proof against high-frequency 



 

�“�Þ�Î�È�Å�Ô�Í�Ë�Ì�� �•�ä�‘�ä�� � �Ë�Ð�Õ�È�Ê�� �Ã�Å�Õ�Ñ�Ï�Ã�Õ�Ë�Ú�È�Ô�Í�Ë�Ø�� �Ç�Ë�×�×�È�Ó�È�Ð�Ù�Ë�Ã�Õ�Ñ�Ó�Ñ�Å�� �Ô�� �Ò�Ñ�Ï�Ñ�Ü�ß�á�� �Ò�Ñ�Î�Ë�Ð�Ñ�Ï�Ñ�Å��
�•�Ã�Õ�Õ�È�Ó�Å�Ñ�Ó�Õ�Ã���������œ�Ã�Ö�Ú�Ð�Þ�Ì���Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È���Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ä���� �¡�ä�{�á���V�w�á���x�v�x�v 12 

 
interference. The article provides a comparative analysis of differentiators constructed using 
Butterworth polynomials and differentiators whose poles form a geometric sequence. Amplitude-
frequency and phase-frequency characteristics are used to analyze differentiators. An example of 
constructing a first-order differentiator is given. In the time domain, the result of differentiating a 
low-frequency harmonic signal is considered. The differentiators proposed in this article can be 
used for the synthesis of automatic control systems. 
Keywords: modal differentiator; Butterworth polynomials; signal class; differentiation accuracy; 
noise protection. 
 

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

( ) ,W p p p C�  � •�����Z���l�Z�d�`�_���i�j�b�k�m�l�k�l�\�b�y���\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o���Z�^�^�b�l�b�\�g�u�o���i�h�f�_�o���b�a�f�_�j�_�g�b�y���i�h�e�_�a�g�h�]�h��
�k�b�]�g�Z�e�Z���>��-8].  

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

�H�[�h�a�g�Z�q�b�f�� �q�_�j�_�a��mF  �f�g�h�`�_�k�l�\�h�� �\�k�_�o�� �n�m�g�d�p�b�c [0, )mf C�• ���f ���� �m�^�h�\�e�_�l�\�h�j�y�x�s�b�o��

0M� � � !�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�f�m���g�_�j�Z�\�_�g�k�l�\�m 
( )( ) 0.mf t M t�d �� �t       (1) 

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

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

1

( ) ( ), Re 0; , , , 1, .
n

j j j i
j

D p p j i i j n�O �O �O �O
� 

� �� �! �z �z � �–     (5) 

�;�u�e�h�� �i�h�d�Z�a�Z�g�h�� �>���@���� �q�l�h�� �m�k�l�j�h�c�k�l�\�h�� �k�� �i�_�j�_�^�Z�l�h�q�g�h�c�� �n�m�g�d�p�b�_�c�� �������� �i�j�b�� �m�k�e�h�\�b�y�o�� ������-(5) 
�y�\�e�y�_�l�k�y�� �Z�k�b�f�i�l�h�l�b�q�_�k�d�b�f�� ���i�h��n  �b��t ���� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�f�� �k�b�]�g�Z�e�h�\�� �d�e�Z�k�k�Z��mF ���� �_�k�e�b�� �a�g�Z�q�_�g�b�y��j�O 

�y�\�e�y�x�l�k�y���q�e�_�g�Z�f�b���]�_�h�f�_�l�j�b�q�_�k�d�h�c���i�j�h�]�j�_�k�k�b�b�� 
1 , 0, 1.j

j q q�O �E �E��� �! �!       (6) 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �f�_�l�h�^�� �i�h�k�l�j�h�_�g�b�y�� �f�h�^�Z�e�v�g�u�o�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�\�� �i�h�a�\�h�e�y�_�l��
�i�h�e�m�q�Z�l�v�� �a�Z�� �k�q�z�l�� �m�\�_�e�b�q�_�g�b�y�� �i�h�j�y�^�d�Z�� �i�_�j�_�^�Z�l�h�q�g�h�c�� �n�m�g�d�p�b�b�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z���� �l���_���� �a�Z�� �k�q�z�l��
�m�k�e�h�`�g�_�g�b�y�� �k�l�j�m�d�l�m�j�u�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z���� �Z�k�b�f�i�l�h�l�b�q�_�k�d�b�� �l�h�q�g�h�_�� �a�g�Z�q�_�g�b�_�� �i�j�h�b�a�\�h�^�g�u�o�� �e�x�[�h�]�h��
�k�b�]�g�Z�e�Z�� �b�a�� �d�e�Z�k�k�Z��mF ���� �D�j�h�f�_�� �l�h�]�h���� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�u���� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_�� �g�Z�� �h�k�g�h�\�_�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h��
�i�h�^�o�h�^�Z���� �y�\�e�y�x�l�k�y�� �i�h�f�_�o�h�m�k�l�h�c�q�b�\�u�f�b�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�f�� �i�h�f�_�o�Z�f���� �l�Z�d�� �d�Z�d��
�h�l�g�h�k�b�l�_�e�v�g�u�c���i�h�j�y�^�h�d���i�_�j�_�^�Z�l�h�q�g�h�c���n�m�g�d�p�b�b���^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z���j�Z�\�_�g��( 0, 1)s k k m�� � �� . 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�u�[�h�j�� �d�h�j�g�_�c�� �`�_�e�Z�_�f�h�]�h�� �f�g�h�]�h�q�e�_�g�Z��( )D p  �\�� �\�b�^�_�� �]�_�h�f�_�l�j�b�q�_�k�d�h�c��
�i�j�h�]�j�_�k�k�b�b�� �������� �g�_�� �y�\�e�y�_�l�k�y�� �_�^�b�g�k�l�\�_�g�g�h�� �\�h�a�f�h�`�g�u�f���� �G�Z�i�j�b�f�_�j���� �\�� �>������ ���@�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �d�h�j�g�b��
�f�g�h�]�h�q�e�_�g�Z��( )D p  �f�h�]�m�l�� �y�\�e�y�l�v�k�y�� �q�e�_�g�Z�f�b�� �Z�j�b�n�f�_�l�b�q�_�k�d�h�c�� �i�j�h�]�j�_�k�k�b�b�� �b�e�b�� �[�u�l�v�� �d�j�Z�l�g�u�f�b����
�H�^�g�Z�d�h�� �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �^�h�d�Z�a�Z�l�v�� �Z�k�b�f�i�l�h�l�b�q�_�k�d�m�x�� �l�h�q�g�h�k�l�v�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y�� �i�h��n ���� �\�h�h�[�s�_��
�]�h�\�h�j�y���� �g�_�� �m�^�Z�z�l�k�y���� �I�h�w�l�h�f�m�� �\�u�a�u�\�Z�x�l�� �b�g�l�_�j�_�k�� �^�j�m�]�b�_�� �\�h�a�f�h�`�g�u�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �d�h�j�g�_�c��
�`�_�e�Z�_�f�h�]�h�� �f�g�h�]�h�q�e�_�g�Z���� �<�� �l�_�h�j�b�b�� �n�b�e�v�l�j�Z�p�b�b�� �h�k�h�[�h�_�� �\�g�b�f�Z�g�b�_�� �m�^�_�e�y�_�l�k�y�� �n�b�e�v�l�j�Z�f�� �;�Z�l�l�_�j�\�h�j�l�Z��
[11-�����@���� �W�l�h�� �k�\�y�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �Z�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z��
�f�Z�d�k�b�f�Z�e�v�g�h�� �]�e�Z�^�d�Z�y�� �g�Z�� �q�Z�k�l�h�l�Z�o�� �i�h�e�h�k�u�� �i�j�h�i�m�k�d�Z�g�b�y�� �b�� �k�g�b�`�Z�_�l�k�y�� �i�j�Z�d�l�b�q�_�k�d�b�� �^�h�� �g�m�e�y�� �g�Z 
�q�Z�k�l�h�l�Z�o�� �i�h�e�h�k�u�� �i�h�^�Z�\�e�_�g�b�y���� �l���_���� �Z�f�i�e�b�l�m�^�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z�� �[�e�b�a�d�Z�� �i�h��
�n�h�j�f�_���d���i�j�y�f�h�m�]�h�e�v�g�h�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�_���b�^�_�Z�e�v�g�h�]�h���n�b�e�v�l�j�Z�� 
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�I�h�e�x�k�u��kp , nk ,1� ���� �i�_�j�_�^�Z�l�h�q�g�h�c�� �n�m�g�d�p�b�b�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z�� �j�Z�k�i�h�e�h�`�_�g�u�� �g�Z�� �d�j�m�]�_��

�j�Z�^�b�m�k�Z��c�Z  ( c�Z  �± �q�Z�k�l�h�l�Z�� �k�j�_�a�Z���� �j�Z�\�g�h�m�^�Z�e�z�g�g�h�� �^�j�m�]�� �h�l�� �^�j�m�]�Z�� �\�� �e�_�\�h�c�� �i�h�e�m�i�e�h�k�d�h�k�l�b��

p -�i�e�h�k�d�h�k�l�b�����I�h�e�x�k��kp  �h�i�j�_�^�_�e�y�_�l�k�y���b�a���k�e�_�^�m�x�s�_�]�h���\�u�j�Z�`�_�g�b�y�� 
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�<�� �n�h�j�f�m�e�_�� ��������0G const�  �± �d�h�w�n�n�b�p�b�_�g�l�� �m�k�b�e�_�g�b�y�� �g�Z�� �i�h�k�l�h�y�g�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c��
���d�h�w�n�n�b�p�b�_�g�l���m�k�b�e�_�g�b�y���g�Z���g�m�e�_�\�h�c���q�Z�k�l�h�l�_�������>�_�c�k�l�\�b�l�_�e�v�g�h�� 
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0(0)H G� . 
�I�h�w�l�h�f�m���\���^�Z�e�v�g�_�c�r�_�f���[�_�a���h�]�j�Z�g�b�q�_�g�b�y���h�[�s�g�h�k�l�b���[�m�^�_�f���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���k�e�m�q�Z�c 

0 1.G �  

�A�g�Z�f�_�g�Z�l�_�e�v��( )nB p  �i�_�j�_�^�Z�l�h�q�g�h�c�� �n�m�g�d�p�b�b�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z�� �g�Z�a�u�\�Z�_�l�k�y�� �i�h�e�b�g�h�f�h�f��

�;�Z�l�l�_�j�\�h�j�l�Z���� �D�Z�d�� �i�j�Z�\�b�e�h���� �i�h�e�b�g�h�f�u�� �;�Z�l�l�_�j�\�h�j�l�Z��( )nB p  �g�h�j�f�b�j�m�x�l�k�y�� �g�Z�� �q�Z�k�l�h�l�_�� �k�j�_�a�Z��c�Z  �b��

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���g�h�j�f�b�j�h�\�Z�g�g�u�_���i�h�e�b�g�h�f�u���;�Z�l�l�_�j�\�h�j�l�Z��* ( )nB s  

*

1 1 1

( ) ( ) / ( / / ) ( ) ( )
n n n

n k c c k c k n
k k k

B p p p p p s s B s�Z �Z �Z
� � � 

� �� � �� � �� � �– �– �– ,   (10) 

�]�^�_ 
/ .cs p �Z�         (11) 

�I�h�e�b�g�h�f�u�� �;�Z�l�l�_�j�\�h�j�l�Z��* ( )nB s  �f�h�]�m�l�� �a�Z�i�b�k�u�\�Z�l�v�k�y�� �\�� �d�h�f�i�e�_�d�k�g�h�c�� �n�h�j�f�_���� �d�Z�d �i�h�d�Z�a�Z�g�h��
�\�u�r�_���� �H�^�g�Z�d�h�� �h�[�u�q�g�h�� �i�h�e�b�g�h�f�u�� �;�Z�l�l�_�j�\�h�j�l�Z�� �a�Z�i�b�k�u�\�Z�x�l�k�y�� �\�� �\�b�^�_�� �k�h�h�l�g�h�r�_�g�b�c�� �k��
�\�_�s�_�k�l�\�_�g�g�u�f�b�� �d�h�w�n�n�b�p�b�_�g�l�Z�f�b���� �l���_���� �d�h�f�i�e�_�d�k�g�h-�k�h�i�j�y�`�z�g�g�u�_�� �i�Z�j�u�� �h�[�t�_�^�b�g�y�x�l�k�y�� �k�� �i�h�f�h�s�v�x��
�m�f�g�h�`�_�g�b�y���� �G�_�l�j�m�^�g�h�� �i�j�h�\�_�j�b�l�v���� �q�l�h�� �g�h�j�f�b�j�h�\�Z�g�g�u�_�� �i�h�e�b�g�h�f�u�� �;�Z�l�l�_�j�\�h�j�l�Z��* ( )nB s  �b�f�_�x�l��
�k�e�_�^�m�x�s�m�x���d�Z�g�h�g�b�q�_�k�d�m�x���n�h�j�f�m�� 
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�D�Z�d�� �[�u�e�h�� �h�l�f�_�q�_�g�h�� �\�u�r�_���� �Z�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z�� �g�Z��
�q�Z�k�l�h�l�Z�o�� �i�h�e�h�k�u�� �i�j�h�i�m�k�d�Z�g�b�y�� �[�e�b�a�d�Z�� �i�h�� �n�h�j�f�_�� �d�� �i�j�y�f�h�m�]�h�e�v�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�_�� �b�^�_�Z�e�v�g�h�]�h��
�n�b�e�v�l�j�Z�� �b�� �k�g�b�`�Z�_�l�k�y�� �i�j�Z�d�l�b�q�_�k�d�b�� �^�h�� �g�m�e�y�� �g�Z�� �q�Z�k�l�h�l�Z�o�� �i�h�e�h�k�u�� �i�h�^�Z�\�e�_�g�b�y�� ���k�f���� �j�b�k�� ���� �i�j�b�� 1c�Z �  

�^�e�y�� 4n �  �b�� 9n � ).  

 
�J�b�k������. �:�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���n�b�e�v�l�j�Z���;�Z�l�l�_�j�\�h�j�l�Z 

Fig. 1. �: mplitude-frequency response of the Butterworth filter 
 

�N�Z�a�h-�q�Z�k�l�h�l�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �n�b�e�v�l�j�Z�� �;�Z�l�l�_�j�\�h�j�l�Z�� �g�Z�� �q�Z�k�l�h�l�Z�o�� �i�h�e�h�k�u�� �i�j�h�i�m�k�d�Z�g�b�y��
�b�f�_�_�l�� �e�b�g�_�c�g�u�c�� �o�Z�j�Z�d�l�_�j���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �a�Z�i�Z�a�^�u�\�Z�x�s�b�o�� �k�\�h�c�k�l�\�Z�o�� �l�Z�d�b�o�� �n�b�e�v�l�j�h�\���� �G�Z��
�j�b�k�� �����i�j�_�^�k�l�Z�\�e�_�g�u���n�Z�a�h-�q�Z�k�l�h�l�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���n�b�e�v�l�j�Z�����������i�j�b��0k � , 2s m�  �  , 4n � , 1�E� , 

1,1q �  ���d�j�b�\�Z�y��a�����b���n�b�e�v�l�j�Z���;�Z�l�l�_�j�\�h�j�l�Z�����d�j�b�\�Z�y��b�����i�j�b�� 4n � . 
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�J�b�k������. �N�Z�a�h-�q�Z�k�l�h�l�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���n�b�e�v�l�j�Z���;�Z�l�l�_�j�\�h�j�l�Z 

Fig. 2. Phase-frequency response of the Butterworth filter 
 

�I�H�K�L�J�H�?�G�B�?���>�B�N�N�?�J�?�G�P�B�:�L�H�J�: 
�<�� �i�_�j�_�^�Z�l�h�q�g�h�c�� �n�m�g�d�p�b�b�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z�� �������� �h�i�j�_�^�_�e�b�f�� �`�_�e�Z�_�f�u�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�c��

�i�h�e�b�g�h�f�� ( )D p  �d�Z�d���f�g�h�]�h�q�e�_�g���;�Z�l�l�_�j�\�h�j�l�Z�����l���_�����i�h�e�h�`�b�f 
( ) ( )nD p B p� .       (14) 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �f�g�h�]�h�q�e�_�g��( )nB p  �y�\�e�y�_�l�k�y�� �m�k�l�h�c�q�b�\�u�f���� �<�� �k�Z�f�h�f�� �^�_�e�_���� �k�h�]�e�Z�k�g�h�� ��������
�b�f�_�_�f 
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�<���k�b�e�m���m�k�e�h�\�b�y��1,k n�  �\�u�i�h�e�g�y�_�l�k�y���g�_�j�Z�\�_�g�k�l�\�h��
1 1

1
2 2

k n n�� �d �d �� �� �����I�h�w�l�h�f�m��
(2 1)

0
2

k
n

�S
�S

��
� � � � �b��

(2 1)
sin 0

2
k

n
�S��

�! �����L�Z�d���d�Z�d���i�h���i�h�k�l�j�h�_�g�b�x��0�!c�Z  �����l�h��Re 0kp �� , 1,k n� . 

�<�� �n�h�j�f�m�e�_���������� �i�j�b���m�k�e�h�\�b�y�o������������ �������� �i�h�e�h�`�b�f��2s m�  �  , 1k �  �b�� 5n � ���� �L�h�]�^�Z�� �i�_�j�_�^�Z�l�h�q�g�Z�y��
�n�m�g�d�p�b�y���^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z���b�f�_�_�l���\�b�^�� 

,1
5

( )
( ) ,

( )
B

B

pL p
W p

B p
�        (15) 

�]�^�_ 
5 4 3 2

5( ) 3,23607 5,23607 5,23607 3,23607 1B p p p p p p� �� �� �� �� �� , 

1 2.3 4.51, 0,8090 0,5878 , 0,3090 0,9511p p   j p   j� �� � �� �r � �� �r , 
3 2( ) 5,23607 5,23607 3,23607 1BL p p p p� �� �� �� . 

�I�_�j�_�^�Z�l�h�q�g�m�x�� �n�m�g�d�p�b�x�� �f�h�^�Z�e�v�g�h�]�h�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z�� �h�i�j�_�^�_�e�b�f�� �i�j�b��2s m�  �  , 1k � ,  
5n � , 1.2�E� , 1.1q � �����<���w�l�h�f���k�e�m�q�Z�_���b�f�_�_�f 

1

( )
( ) ,

( )
pL p

W p
D p

�        (16) 

�]�^�_ 
5 4 3 2( ) 7,32612 21,37175 31,03179 22,42714 6,45406D p p  p  p  p  p  � �� �� �� �� �� , 

1 2 3 4 51,2, 1,32, 1,452, 1,5972, 1,75692�O �O �O �O �O� � � � � , 
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3 2( ) 21,37175 31,03179 22,42714 6,45406L p p  p  p  � �� �� �� . 

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

 

 
�J�b�k. 3. �:�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�\ 

Fig. 3. Amplitude-frequency characteristics of differentiators 
 

 
�J�b�k. 4. �N�Z�a�h-�q�Z�k�l�h�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�\ 

Fig. 4. Phase-frequency characteristics of the differentiators 
 

�J�_�a�m�e�v�l�Z�l�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y�� �k�b�]�g�Z�e�Z��( ) sin0,3f t t�  �i�j�_�^�k�l�Z�\�e�_�g�� �g�Z�� �j�b�k�� ������ �D�j�b�\�Z�y�� �D��
�k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�j�h�b�a�\�h�^�g�h�c��( ) 0,3cos0,3f t t�c � ���� �d�j�b�\�Z�y��b �± �j�_�a�m�e�v�l�Z�l �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_�� �k��
�i�h�f�h�s�v�x�� �f�h�^�Z�e�v�g�h�]�h�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z�� ������������ �d�j�b�\�Z�y��c �± �j�_�a�m�e�v�l�Z�l�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_��
�^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z���������������i�h�k�l�j�h�_�g�g�h�]�h���k���i�h�f�h�s�v�x���i�h�e�b�g�h�f�Z���;�Z�l�l�_�j�\�h�j�l�Z�� 
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�J�b�k������. �J�_�a�m�e�v�l�Z�l���^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y���k���i�h�f�h�s�v�x���^�b�n�n�_�j�_�g�p�b�Z�l�h�j�Z 

Fig. 5. Result of differentiation using a differentiator 
 

�A�:�D�E�X�Q�?�G�B�? 
�<�� �k�l�Z�l�v�_�� �j�Z�k�k�f�h�l�j�_�g�� �f�_�l�h�^�� �i�h�k�l�j�h�_�g�b�y�� �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�\�� �k�� �i�h�f�h�s�v�x�� �g�h�j�f�b�j�h�\�Z�g�g�u�o��

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

�K�e�_�^�m�_�l���^�h�[�Z�\�b�l�v�����q�l�h���i�j�_�^�e�h�`�_�g�g�u�c���\���k�l�Z�l�v�_���i�h�^�o�h�^���d���k�b�g�l�_�a�m���^�b�n�n�_�j�_�g�p�b�Z�l�h�j�h�\���f�h�`�_�l��
�[�u�l�v���i�j�b�f�_�g�_�g���^�e�y���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y���\���a�Z�^�Z�q�Z�o���h�i�l�b�f�b�a�Z�p�b�b���>����-20]. 
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Abstract 
This article is devoted to solving the problem of classifying chest x-ray images by using the 
retraining of a pre-trained convolutional neural network trained on small data sets. A trained 
binary classifier is used to detect the presence or absence of lower respiratory tract pathology. 
The paper presents the results of a computational experiment and shows an improvement in 
accuracy in solving the classification problem. The study aims to identify a qualitative 
improvement in the accuracy index when using a composite neural network. 
Keywords: image classification, chest x-rays, composite neural networks, neural networks, 
convolutional neural networks, keras, tensorflow. 
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Fig. 1. Illustration of Inception Network Architecture 
 

 

   
      �Z           �[               �\ 

  
      �]           �  ̂               �_  

�J�b�k�������� �B�a�h�[�j�Z�`�_�g�b�y�����k�h�a�^�Z�g�g�u�_���]�_�g�_�j�Z�l�h�j�h�f���N�H�U�D�V: 
a �± �b�a�h�[�j�Z�`�_�g�b�_���i�h�\�_�j�g�m�l�h���\�i�j�Z�\�h�����[���± �b�a�h�[�j�Z�`�_�g�b�_���i�h�\�_�j�g�m�l�h���\�i�j�Z�\�h���b���k�^�\�b�g�m�l�h���\�\�_�j�o���� 

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

Fig. 2. Images created by keras generator: 
a �± the image is rotated to the right, b �± the image is rotated to the right and shifted up, c - the image is shifted  

to the left, d �± the image is resized, e �± the image is shifted to the right, e �± the image is shifted down 
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Fig. 3. The result of the completion of training, the proportion of correct answers on the test data set 0.8833 

 
�>�e�y�� �m�e�m�q�r�_�g�b�y�� �l�h�q�g�h�k�l�b�� �³�j�Z�a�f�h�j�Z�`�b�\�Z�_�f�´�� �^�\�Z�� �i�h�k�e�_�^�g�b�o�� �[�e�h�d�Z�� �,�Q�F�H�S�W�L�R�Q�� �b�� �^�h�h�[�m�q�Z�_�f��

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

�,�Q�F�H�S�W�L�R�Q���� �g�Z�q�b�g�Z�y�� �h�l�� �k�e�h�y�� �������� �b�� �^�Z�e�_�_�� �d�h�f�i�b�e�b�j�m�_�f�� �k�_�l�v�� �k�� �l�_�f�b�� �`�_�� �i�Z�j�Z�f�_�l�j�Z�f�b���� �A�Z�i�m�k�d�Z�_�f��
�i�j�h�p�_�k�k���^�h�h�[�m�q�_�g�b�y���_�s�_���g�Z�������w�i�h�o�����j�b�k���������� 

 



 

�‘�Þ�Æ�Ñ�Ð�â�Ì�Î�Ñ�� �‘�ä�Ÿ�ä�á�� �›�Ë�Ø�È�Î�È�Å�� �‘�ä�›�ä�� �ž�Ñ�Å�Þ�Û�È�Ð�Ë�È�� �Õ�Ñ�Ú�Ð�Ñ�Ô�Õ�Ë�� �Í�Î�Ã�Ô�Ô�Ë�×�Ë�Í�Ã�Ù�Ë�Ë �Ó�È�Ð�Õ�Æ�È�Ð�Ñ�Å�Ô�Í�Ë�Ø 
�Ô�Ð�Ë�Ï�Í�Ñ�Å�� �Ô�� �Ë�Ô�Ò�Ñ�Î�ß�Ê�Ñ�Å�Ã�Ð�Ë�È�Ï�� �Ç�Ñ�Ñ�Ä�Ö�Ú�È�Ð�Ë�â�� �Ô�Ñ�Ô�Õ�Ã�Å�Ð�Ñ�Ì�� �Ð�È�Ì�Ó�Ñ�Ô�È�Õ�Ë�� ������ �œ�Ã�Ö�Ú�Ð�Þ�Ì��
�Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È���Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ä���� �¡�ä�{�á���V�w�á���x�v�x�v 

24 

 

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

�g�Z���i�j�h�\�_�j�h�q�g�h�f���g�Z�[�h�j�_���^�Z�g�g�u�o�������������� 
Fig. 4. The result of the completion of training, the proportion of correct answers on the test data set 0.9000 

 
�E�m�q�r�Z�y�� �^�h�e�y�� �i�j�Z�\�b�e�v�g�u�o�� �h�l�\�_�l�h�\�� �i�h�e�m�q�b�e�Z�k�v�� �m�`�_�� �g�Z�� �i�_�j�\�h�c�� �`�_�� �w�i�h�o�_�� �������������� �>�Z�e�_�_�� �^�h�e�y��

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

 
�L�Z�[�e�b�p�Z 

�>�h�e�y���i�j�Z�\�b�e�v�g�u�o���h�l�\�_�l�h�\���g�Z���i�j�h�\�_�j�h�q�g�h�f���g�Z�[�h�j�_ 
Table 

The proportion of correct answers on the test set 
�h�[�m�q�_�g�b�_ �^�h�h�[�m�q�_�g�b�_ 

�w�i�h�o�Z �^�h�e�y���i�j�Z�\�b�e�v�g�u�o��
�h�l�\�_�l�h�\ 

�w�i�h�o�Z �^�h�e�y���i�j�Z�\�b�e�v�g�u�o��
�h�l�\�_�l�h�\ 

17 0.8500 1 0.9000 
18 0.8583 2 0.8917 
19 0.8833 3 0.8833 
20 0.8833 4 0.8750 

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

�w�i�h�o�_�����Z���a�Z�l�_�f���g�Z�q�Z�e�Z���i�Z�^�Z�l�v�����w�l�h���h�a�g�Z�q�Z�_�l���q�l�h���g�Z�k�l�m�i�b�e�h���b�a�[�u�l�h�q�g�h�_���h�[�m�q�_�g�b�_.  
�<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���\�j�_�f�_�g�g�u�_���a�Z�l�j�Z�l�u���g�Z���h�[�m�q�_�g�b�y���a�Z�\�b�k�y�l���h�l���Z�i�i�Z�j�Z�l�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y�� 
�I�Z�j�Z�f�_�l�j�u �k�l�_�g�^�Z: NVIDIA gforce 940m + Intel Core i5 6300 HQ + 16GB RAM. 
�L�Z�d�`�_�� �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �W�H�Q�V�R�U�I�O�R�Z-�J�S�X�� �g�_�h�[�o�h�^�b�f�h�� �m�k�l�Z�g�h�\�b�l�v�� �k�e�_�^�m�x�s�_�_�� �i�j�h�]�j�Z�f�f�g�h�_��

�h�[�_�k�i�_�q�_�g�b�_: 
�± NVIDIA GPU drivers �² CUDA 10; 
�± CUDA Toolkit; 
�± CUPTI; 
�± cuDNN SDK (>= 7.4.1). 
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�m�y�a�\�b�f�h�k�l�y�o�� �h�i�_�j�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�� �b�e�b�� �h�[�e�Z�^�Z�l�v�� �d�Z�d�b�f-�l�h�� �l�j�m�^�g�h�^�h�k�l�m�i�g�u�f�� �k�h�n�l�h�f����
�>�h�k�l�Z�l�h�q�g�h���\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y���h�^�g�h�c���b�a���f�g�h�]�b�o���i�j�h�]�j�Z�f�f�����g�Z�o�h�^�y�s�b�o�k�y���\���h�l�d�j�u�l�h�f���^�h�k�l�m�i�_��
�b�� �^�h�k�l�m�i�g�u�f�� �\�k�_�f�� �`�_�e�Z�x�s�b�f���� �<�� �k�l�Z�l�v�_�� �j�Z�k�k�f�h�l�j�_�g�u�� �\�Z�j�b�Z�g�l�u�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �\�b�j�m�k�h�\��
�m�^�Z�e�_�g�g�h�]�h�� �^�h�k�l�m�i�Z�� �g�Z�� �i�j�b�f�_�j�_�� �h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �$�Q�G�U�R�L�G���� �d�Z�d�� �k�Z�f�h�c�� �i�h�i�m�e�y�j�g�h�c����
�Z�e�]�h�j�b�l�f�� �k�h�a�^�Z�g�b�y�� �i�j�h�k�l�_�c�r�_�]�h�� �\�b�j�m�k�Z���� �k�� �i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�u�� �$�K�0�\�W�K���� �b�� �g�_�d�h�l�h�j�u�_��
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�D�e�x�q�_�\�u�_�� �k�e�h�\�Z: �<�b�j�m�k�� �m�^�Z�e�_�g�g�h�]�h�� �^�h�k�l�m�i�Z���� �5�$�7���� �5�H�P�R�W�H�� �$�F�F�H�V�V�� �7�U�R�M�D�Q���� �$�Q�G�U�R�L�G����
�$�K�0�\�W�K�����[�_�a�h�i�Z�k�g�h�k�l�v�����m�y�a�\�b�f�h�k�l�v�� 
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Abstract 
The current level of prevalence of mobile devices makes them available to everyone. Many 
important files are stored on smartphones and financial transactions and authorization operations 
are performed using smartphones. In this regard, the number of scammers who want to get the 
data stored on the phone has increased. But the protection of mobile devices does not allow you 
to be calm about the security of information. Creating malicious software is not difficult and can 
be done by any enthusiast. To do this, you do not need to have programming skills, understand 
operating system vulnerabilities, or have some hard-to-access software. It is enough to use one of 
the many programs that are in the public domain and available to everyone. The article discusses 
options for the distribution of remote access viruses on the example of the Android operating 
system, as the most popular, the algorithm for creating a simple virus using the program AhMyth, 
and some recommendations for protecting your device. 
Keywords: remote access Virus; RAT; Remote Access Trojan; Android; AhMyth; security; 
vulnerability. 
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�^�Z�g�g�u�f�� �,�Q�Y�H�Q�W�L�Y�H�� �5�H�W�D�L�O�� �*�U�R�X�S�� �k�h�k�l�Z�\�e�y�_�l�� ���������f�e�g���� �k�f�Z�j�l�n�h�g�h�\���� �q�l�h�� �k�h�k�l�Z�\�e�y�_�l�� ������ �k�f�Z�j�l�n�h�g�h�\�� �g�Z��
�k�l�h�� �q�_�e�h�\�_�d�� �g�Z�k�_�e�_�g�b�y���� �>���@�� �G�h�� �i�h�f�b�f�h�� �d�h�e�h�k�k�Z�e�v�g�h�]�h�� �m�^�h�[�k�l�\�Z�� �b�� �i�h�k�l�h�y�g�g�h�c�� �f�h�[�b�e�v�g�h�k�l�b����
�k�f�Z�j�l�n�h�g�u���g�_�k�m�l���b���m�]�j�h�a�u�����H�^�g�b�f�b �b�a���k�Z�f�u�o���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o���i�h�e�v�a�h�\�Z�l�_�e�_�c, �i�h�^�\�_�j�]�Z�x�s�b�o�k�y��
�m�]�j�h�a�Z�f, �y�\�e�y�x�l�k�y���^�_�l�b���b���i�h�`�b�e�u�_���e�x�^�b�����d�h�l�h�j�u�_���f�h�]�m�l���i�e�h�o�h���j�Z�a�[�b�j�Z�l�v�k�y���\���j�Z�[�h�l�_���]�Z�^�`�_�l�h�\���b���g�_��
�a�g�Z�l�v���h�k�g�h�\�g�u�o���^�_�c�k�l�\�b�c�����i�j�_�^�h�l�\�j�Z�s�Z�x�s�b�o���m�]�j�h�a�Z�f���� �q�l�h���f�h�`�_�l���i�h�\�e�_�q�v���a�Z���k�h�[�h�c���h�i�j�_�^�_�e�_�g�g�u�_��
�i�j�h�[�e�_�f�u�����<�_�^�v���i�j�Z�\�b�e�Z�f���[�_�a�h�i�Z�k�g�h�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�y���©�]�Z�^�`�_�l�Z�f�b�ª�����d���k�h�`�Z�e�_�g�b�x�����g�_���h�[�m�q�Z�x�l���g�b��
�i�j�b�� �i�h�d�m�i�d�_�� �b�o���� �g�b�� �\�� �r�d�h�e�Z�o�� �b�e�b�� �]�^�_-�l�h�� �_�s�_���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �g�_�m�f�_�e�u�_�� �i�h�e�v�a�h�\�Z�l�_�e�b�� �± �w�l�h��
�[�h�e�v�r�Z�y���m�]�j�h�a�Z���[�_�a�h�i�Z�k�g�h�k�l�b�����q�_�f���d�Z�d�b�_-�e�b�[�h���h�r�b�[�d�b���\���i�j�h�]�j�Z�f�f�g�h�f���h�[�_�k�i�_�q�_�g�b�b���m�k�l�j�h�c�k�l�\�Z���� 
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�l�_�e�_�n�h�g�g�u�_�� �g�h�f�_�j�Z�� �b�� �^�j�m�]�b�_�� �n�Z�c�e�u���� �K�h�p�b�Z�e�v�g�u�_�� �k�_�l�b���� �b�g�l�_�j�g�_�l-�[�Z�g�d�b�g�]�� �b�� �b�g�l�_�j�g�_�l�� �j�_�k�m�j�k�u��
�h�[�_�k�i�_�q�b�\�Z�x�l�� �a�Z�s�b�l�m�� �^�Z�g�g�u�o�� �k �i�h�f�h�s�v�x�� �d�j�b�i�l�h�]�j�Z�n�b�b�� �b�� �a�Z�s�b�s�_�g�g�u�o�� �i�j�h�l�h�d�h�e�h�\�� �h�l�� �i�h�i�u�l�h�d��
�\�a�e�h�f�Z�� �Z�e�]�h�j�b�l�f�Z�� �a�Z�s�b�l�u�� �b�e�b�� �i�_�j�_�o�\�Z�l�Z�� �^�Z�g�g�u�o���� �G�h�� �\�k�y�� �w�l�Z�� �a�Z�s�b�l�Z�� �[�_�k�k�f�u�k�e�_�g�g�Z���� �_�k�e�b��
�a�e�h�m�f�u�r�e�_�g�g�b�d���b�f�_�_�l���m�^�Z�e�_�g�g�u�c���^�h�k�l�m�i���d���k�f�Z�j�l�n�h�g�m���©�`�_�j�l�\�u�ª. 
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�h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �$�Q�G�U�R�L�G�� �g�Z�� �f�b�j�h�\�h�f�� �j�u�g�d�_�� �k�h�k�l�Z�\�e�y�_�l�� ���������������� �i�h�^�� �m�i�j�Z�\�e�_�g�b�_�f��iOS �± 
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Fig. 1. Share of smartphones in the global market 
 
�I�j�b���w�l�h�f��Android �k�f�Z�j�l�n�h�g�u���y�\�e�y�x�l�k�y���[�h�e�_�_���m�y�a�\�b�f�u�f�b���b�a-�a�Z���k�\�h�_�c���i�h�i�m�e�y�j�g�h�k�l�b�����Z���l�Z�d�`�_��

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

�I�h�f�b�f�h�� �h�n�b�p�b�Z�e�v�g�h�]�h�� �f�Z�]�Z�a�b�g�Z�� �i�j�b�e�h�`�_�g�b�c��Play �F�Z�j�d�_�l���� �i�j�b�e�h�`�_�g�b�y�� �f�h�]�m�l��
�j�Z�k�i�j�h�k�l�j�Z�g�y�l�v�k�y �g�Z���k�l�h�j�h�g�g�b�o �b�g�l�_�j�g�_�l���j�_�k�m�j�k�Z�o���\���\�b�^�_��APK-�n�Z�c�e�h�\. APK (�Z�g�]�e�����$�Q�G�U�R�L�G���3�D�F�N�D�J�H�����± 
�n�h�j�f�Z�l���Z�j�o�b�\�g�u�o���b�k�i�h�e�g�y�_�f�u�o���n�Z�c�e�h�\-�i�j�b�e�h�`�_�g�b�c���^�e�y���$�Q�G�U�R�L�G�����K�l�h�b�l���m�l�h�q�g�b�l�v�����q�l�h���k�d�Z�q�b�\�Z�g�b�y��
�i�j�b�e�h�`�_�g�b�c�� �b�a��Play �F�Z�j�d�_�l�Z�� �l�h�`�_�� �i�j�h�b�k�o�h�^�b�l�� �k�� �i�h�f�h�s�v�x��APK-�n�Z�c�e�h�\���� �l�h�e�v�d�h�� �i�h�k�e�_�� �m�k�l�Z�g�h�\�d�b��
�n�Z�c�e�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �m�^�Z�e�y�_�l�k�y���� �:�g�Z�e�h�]�b�q�g�h�� �k�� �d�h�f�i�v�x�l�_�j�g�u�f�b�� �\�b�j�m�k�Z�f�b���� �a�e�h�\�j�_�^�g�u�c�� �d�h�^��
�\�r�b�\�Z�_�l�k�y�� �\��APK-�n�Z�c�e�� �b�� �g�Z�q�b�g�Z�_�l�� �j�Z�[�h�l�m�� �i�h�k�e�_�� �m�k�l�Z�g�h�\�d�b���� �K�m�s�_�k�l�\�m�_�l�� �f�g�h�`�_�k�l�\�h�� �k�i�h�k�h�[�h�\��
�k�h�a�^�Z�g�b�y���i�j�b�e�h�`�_�g�b�c���k���a�Z�f�Z�k�d�b�j�h�\�Z�g�g�u�f���\�b�j�m�k�h�f���m�^�Z�e�_�g�g�h�]�h���^�h�k�l�m�i�Z����RAT�����b���\�h�a�f�h�`�g�h�k�l�b���w�l�b�o��
�i�j�b�e�h�`�_�g�b�c���l�Z�d���`�_���j�Z�a�g�y�l�k�y�����5�$�7���± �Z�[�[�j�_�\�b�Z�l�m�j�Z���Z�g�]�e�����5�H�P�R�W�H���$�F�F�H�V�V���7�U�R�M�D�Q�����\���i�_�j�_�\�h�^�_���± �©�L�j�h�y�g��
�m�^�Z�e�_�g�g�h�]�h�� �^�h�k�l�m�i�Z�ª�� �b�e�b�� �©�k�j�_�^�k�l�\�h�� �m�^�Z�e�z�g�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�ª���� �I�h�i�m�e�y�j�g�u�f�b�� �i�j�h�]�j�Z�f�f�u�� �^�e�y��
�k�h�a�^�Z�g�b�y��RAT �b�a�� �h�[�s�_�^�h�k�l�m�i�g�u�o�� �y�\�e�y�x�l�k�y����SpyNote, SpyMax, DroidJack, AhMyth, AndroRat [4]. 
�W�l�b�� �i�j�h�]�j�Z�f�f�u�� �m�`�_�� �i�h�y�\�b�e�b�k�v�� �\�� �h�l�d�j�u�l�h�f�� �^�h�k�l�m�i�_�� �b�� �d�Z�`�^�u�c�� �`�_�e�Z�x�s�b�c�� �f�h�`�_�l�� �b�f�b��
�\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y���� �J�Z�a�f�_�s�_�g�b�_�� �i�j�h�]�j�Z�f�f�� �\�� �h�l�d�j�u�l�h�f�� �^�h�k�l�m�i�_�� �h�[�m�k�e�h�\�e�_�g�h�� �l�_�f���� �q�l�h�� �h�g�b�� �m�`�_�� �[�u�e�b��
�a�Z�f�_�q�_�g�u�� �d�j�m�i�g�u�f�b�� �d�h�f�i�Z�g�b�y�f�b���� �a�Z�g�b�f�Z�x�s�b�f�b�k�y�� �[�_�a�h�i�Z�k�g�h�k�l�v�x���� �b�� �[�u�e�b�� �k�h�a�^�Z�g�u�� �d�Z�d�b�_-�e�b�[�h��
�j�_�r�_�g�b�y�� �i�h�� �\�u�y�\�e�_�g�b�x�� �w�l�b�o��RAT �g�Z�� �m�k�l�j�h�c�k�l�\�Z�o��  �K�h�h�l�\�_�l�k�l�\�_�g�g�h�� �a�e�h�m�f�u�r�e�_�g�g�b�d�� �i�h�l�_�j�y�e��
�\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�^�Z�\�Z�l�v�� �^�Z�g�g�u�c�� �k�h�n�l���� �g�h�� �l�_�f�� �g�_�� �f�_�g�_�_�� �f�g�h�`�_�k�l�\�h�� �m�k�l�j�h�c�k�l�\�� �i�h�^�\�_�j�`�_�g�u��
�\�h�a�^�_�c�k�l�\�b�x�� �^�Z�g�g�u�o�� �\�b�j�m�k�h�\�� �b�a-�a�Z�� �k�l�Z�j�u�o�� �\�_�j�k�b�c�� �h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �b�e�b�� �h�r�b�[�h�d��
�i�h�e�v�a�h�\�Z�l�_�e�y�����M���i�j�h�]�j�Z�f�f���i�h���k�h�a�^�Z�g�b�x��RAT �f�h�]�m�l���[�u�l�v���l�Z�d�b�_���\�h�a�f�h�`�g�h�k�l�b�� 

�í �©�k�d�e�_�b�\�Z�g�b�_�ª���\�b�j�m�k�h�\���b���]�h�l�h�\�u�o���i�j�b�e�h�`�_�g�b�c�� 
�í �k�h�a�^�Z�g�b�_���a�Z�j�Z�`�_�g�g�u�o���i�j�b�e�h�`�_�g�b�c���k���g�_�\�b�^�b�f�u�f�b���b�d�h�g�d�Z�f�b�� 
�í �f�Z�k�d�b�j�h�\�d�Z���\�b�j�m�k�Z���i�h�^���b�d�h�g�d�h�c���]�h�l�h�\�h�]�h���i�j�b�e�h�`�_�g�b�y�� 
�í �a�Z�i�m�k�d���\�b�j�m�k�Z���\���l�_�d�m�s�_�c���k�_�k�k�b�b���b�e�b���i�h�k�e�_���i�_�j�_�a�Z�]�j�m�a�d�b���m�k�l�j�h�c�k�l�\�Z [5]. 
�W�l�b�� �\�h�a�f�h�`�g�h�k�l�b �i�j�_�^�g�Z�a�g�Z�q�_�g�u�� �^�e�y�� �e�m�q�r�_�c�� �f�Z�k�d�b�j�h�\�d�b�� �\�b�j�m�k�h�\���� �D�� �i�j�b�f�_�j�m���� �\�b�j�m�k�u��

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

�A�Z�j�Z�`�_�g�g�u�_���l�Z�d�b�f���h�[�j�Z�a�h�f���i�j�b�e�h�`�_�g�b�y���f�h�]�m�l���b�f�_�l�v���l�Z�d�b�_���\�h�a�f�h�`�g�h�k�l�b�� 
�í �i�h�e�g�Z�y���b�g�n�h�j�f�Z�p�b�y���h���l�_�e�_�n�h�g�_�����f�h�^�_�e�v�����\�_�j�k�b�y���H�K�����,�0�(�,�����0�$�&-�Z�^�j�_�k���� 
�í �q�b�l�Z�l�v���b���i�b�k�Z�l�v���k�f�k���k�h�h�[�s�_�g�b�y���� 
�í �^�h�k�l�m�i�� �d�� �i�Z�f�y�l�b�� �l�_�e�_�n�h�g�Z�� ���i�j�h�k�f�h�l�j���� �m�^�Z�e�_�g�b�_���� �f�h�^�b�n�b�d�Z�p�b�y���� �h�l�i�j�Z�\�e�_�g�b�_�� �g�Z�� �k�_�j�\�_�j��

�a�e�h�m�f�u�r�e�_�g�g�b�d�m���� 
�í �^�h�k�l�m�i���d���d�h�g�l�Z�d�l�Z�f�����\�h�a�f�h�`�g�h�k�l�v���k�h�\�_�j�r�Z�l�v���b���i�j�h�k�e�m�r�b�\�Z�l�v���a�\�h�g�d�b�� 
�í �a�Z�i�b�k�v���a�\�m�d�Z���k���f�b�d�j�h�n�h�g�Z�� 
�í �d�_�c�e�h�]�_�j�����k�q�b�l�u�\�Z�g�b�_���g�Z�`�Z�l�u�o���d�e�Z�\�b�r�����i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c���^�e�y���d�j�Z�`�b���i�Z�j�h�e�_�c���� 
�í �m�k�l�Z�g�Z�\�e�b�\�Z�l�v���g�h�\�u�_���i�j�b�e�h�`�_�g�b�y���g�Z���k�f�Z�j�l�n�h�g�� 
�í �k�d�j�u�l�u�c���^�h�k�l�m�i���d���d�Z�f�_�j�Z�f���k�f�Z�j�l�n�h�g�Z�� 
�í �h�l�i�j�Z�\�e�_�g�b�_���k�d�j�b�g�r�h�l�h�\���k���w�d�j�Z�g�Z���a�e�h�m�f�u�r�e�_�g�g�b�d�m�� 
�í �i�h�e�m�q�b�l�v���f�_�k�l�h�g�Z�o�h�`�^�_�g�b�_���q�_�j�_�a���*�3�6�� 
�í �^�j�m�]�b�_���\�h�a�f�h�`�g�h�k�l�b�����i�h���`�_�e�Z�g�b�x���a�e�h�m�f�u�r�e�_�g�g�b�d�Z��[6]. 
�B�f�_�y�� �l�Z�d�h�c�� �n�m�g�d�p�b�h�g�Z�e���� �a�e�h�m�f�u�r�e�_�g�g�b�d�� �f�h�`�_�l�� �g�Z�g�_�k�l�b�� �[�h�e�v�r�h�c�� �m�s�_�j�[�� �©�`�_�j�l�\�_�ª���� �I�j�b��

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

�J�Z�a�[�_�j�_�f�� �Z�e�]�h�j�b�l�f�� �k�h�a�^�Z�g�b�y��RAT �k�� �i�h�f�h�s�v�x��AhMyth���� �I�h�k�e�_�� �a�Z�i�m�k�d�Z�� �i�j�h�]�j�Z�f�f�u��
�h�l�d�j�u�\�Z�_�l�k�y���\�d�e�Z�^�d�Z��APK Bilder ���j�b�k�������������]�^�_���b���[�m�^�_�l���i�j�h�b�k�o�h�^�b�l�v���k�h�a�^�Z�g�b�_��APK-�n�Z�c�e�Z���� 
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�J�b�k. 2. �<�d�e�Z�^�d�Z APK Bilder 

Fig. 2. APK Builder Tab 
 
�<�� �i�h�e�_��Source IP �m�d�Z�a�u�\�Z�_�l�k�y��IP �Z�^�j�_�k���� �k�� �d�h�l�h�j�h�]�h�� �[�m�^�_�l�� �i�j�h�b�k�o�h�^�b�l�v�� �m�i�j�Z�\�e�_�g�b�_��

�m�k�l�j�h�c�k�l�\�h�f���� �<�� �i�h�e�_��Source Port �m�d�Z�a�u�\�Z�_�l�k�y�� �g�h�f�_�j�� �k�\�h�[�h�^�g�h�]�h�� �i�h�j�l�Z�� �g�Z�� �m�k�l�j�h�c�k�l�\�_��
�a�e�h�m�f�u�r�e�_�g�g�b�d�Z���� �I�_�j�_�^�� �w�l�b�f�� �^�_�c�k�l�\�b�_�f�� �f�h�`�_�l�� �i�h�g�Z�^�h�[�b�l�v�k�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�_�� �h�l�d�j�u�l�b�_�� �i�h�j�l�h�\����
�<�� �f�_�g�x��Bind With Another Apk �b�f�_�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �\�u�[�j�Z�l�v�� �\�r�b�l�v�� �\�b�j�m�k�� �\�� �^�j�m�]�h�_�� �i�j�b�e�h�`�_�g�b�_��
�b�e�b�� �k�h�a�^�Z�l�v�� �k�h�[�k�l�\�_�g�g�h�_�� �i�j�b�e�h�`�_�g�b�_���� �K�h�[�k�l�\�_�g�g�h�_�� �i�j�b�e�h�`�_�g�b�_���� �k�h�a�^�Z�g�g�h�_�� �i�j�h�]�j�Z�f�f�h�c���� �[�m�^�_�l��
�b�f�_�l�v���k�l�Z�g�^�Z�j�l�g�m�x���b�d�h�g�d�m���i�j�b�e�h�`�_�g�b�y���Z�g�^�j�h�b�^���b���i�h�k�e�_���m�k�l�Z�g�h�\�d�b���g�_���i�h�y�\�b�l�k�y���g�Z���j�Z�[�h�q�b�o���k�l�h�e�Z�o��
�m�k�l�j�h�c�k�l�\�Z�����>�Z�e�_�_���g�_�h�[�o�h�^�b�f�h���\�u�[�j�Z�l�v���f�h�f�_�g�l���Z�d�l�b�\�Z�p�b�b���\�b�j�m�k�Z�����i�h�k�e�_���i�_�j�_�a�Z�]�j�m�a�d�b���m�k�l�j�h�c�k�l�\�Z��
�b�e�b�� �k�j�Z�a�m�� �`�_�� �i�h�k�e�_�� �m�k�l�Z�g�h�\�d�b���� �J�_�d�h�f�_�g�^�m�_�l�k�y�� �\�u�[�b�j�Z�l�v�� �Z�d�l�b�\�Z�p�b�x�� �i�h�k�e�_�� �i�_�j�_�a�Z�]�j�m�a�d�b���� �\�� �b�g�h�f��
�k�e�m�q�Z�_�� �f�h�]�m�l�� �[�u�l�v�� �i�j�h�[�e�_�f�u �k�� �i�h�e�m�q�_�g�b�_�f�� �h�l�d�e�b�d�Z�� �h�l�� �i�j�b�e�h�`�_�g�b�y���� �I�h�k�e�_�� �\�u�i�h�e�g�_�g�b�y�� �\�k�_�o��
�\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o�� �i�m�g�d�l�h�\�� �a�Z�i�m�k�d�Z�_�f��Build �^�e�y�� �k�h�a�^�Z�g�b�y��APK���� �I�j�b�� �m�k�i�_�r�g�h�f�� �k�h�a�^�Z�g�b�b��APK 
�j�Z�a�f�_�s�Z�_�l�k�y�� �\�� �d�h�j�g�_�\�h�c�� �i�Z�i�d�_��AhMyth �b�� �a�e�h�m�f�u�r�e�_�g�g�b�d�m�� �h�k�l�Z�_�l�k�y�� �l�h�e�v�d�h�� �d�Z�d�b�f-�e�b�[�h�� �h�[�j�Z�a�h�f��
�\�u�g�m�^�b�l�v���©�`�_�j�l�\�m�ª �m�k�l�Z�g�h�\�b�l�v���_�]�h���� 

�I�h�k�e�_���l�h�]�h���d�Z�d���i�j�b�e�h�`�_�g�b�_���d�Z�d�b�f-�e�b�[�h���h�[�j�Z�a�h�f���[�u�e�h���m�k�l�Z�g�h�\�e�_�g�h���g�Z���l�_�e�_�n�h�g���©�`�_�j�l�\�u�ª �b��
�l�_�e�_�n�h�g���[�u�e���i�_�j�_�a�Z�]�j�m�`�_�g�����_�k�e�b���g�Z���f�h�f�_�g�l���k�h�a�^�Z�g�b�y���[�u�e�Z���\�u�[�j�Z�g�Z���Z�d�l�b�\�Z�p�b�y���i�h�k�e�_���i�_�j�_�a�Z�]�j�m�a�d�b����
�a�e�h�m�f�u�r�e�_�g�g�b�d���i�_�j�_�o�h�^�b�l���\�h���\�d�e�Z�^�d�m��Victims ���j�b�k���������� 
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�J�b�k. 3. �<�d�e�Z�^�d�Z 
Fig. 3. Victims 

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

Listen���� �Q�_�j�_�a�� �d�Z�d�h�_-�l�h�� �\�j�_�f�y�� �i�h�y�\�e�y�_�l�k�y�� �©�`�_�j�l�\�Z�ª���� �i�j�b�� �m�k�e�h�\�b�b���� �q�l�h�� �l�_�e�_�n�h�g�� �i�h�^�d�e�x�q�_�g�� �d��
�b�g�l�_�j�g�_�l�m�����I�h�k�e�_���m�k�l�Z�g�h�\�e�_�g�b�y���k�h�_�^�b�g�_�g�b�y���k���©�`�_�j�l�\�h�c�ª �i�h�y�\�e�y�_�l�k�y���f�_�g�x�����j�b�k�����������^�e�y���^�Z�e�v�g�_�c�r�b�o��
�f�Z�g�b�i�m�e�y�p�b�c���� 

 
�J�b�k. 4. �N�m�g�d�p�b�h�g�Z�e �i�j�h�]�j�Z�f�f�u 

Fig. 4. The functionality of the program 
 

�©�@�_�j�l�\�Z�ª �k�d�Z�q�b�\�Z�_�l�� �a�Z�j�Z�`�_�g�g�u�c�� �n�Z�c�e�� �b�� �g�Z�q�b�g�Z�_�l�� �m�k�l�Z�g�h�\�d�m���� �I�_�j�_�^�� �g�Z�q�Z�e�h�f�� �m�k�l�Z�g�h�\�d�b��
�\�k�i�e�u�\�Z�_�l���h�[�u�q�g�h�_���h�d�g�h�����j�b�k�������������]�^�_���m�d�Z�a�Z�g�u���g�_�h�[�o�h�^�b�f�u�_���i�j�b�e�h�`�_�g�b�x���j�Z�a�j�_�r�_�g�b�y�� 
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Fig. 5. Program installation window 
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Abstract 
IP networks are actively used by public services and now provide information transfer which 
includes different services, such as IP telephony, video conference, data exchange and others. 
Such services are most sensitive to delays and errors, at reproduction on the receiving device, in 
comparison with telephone conversations. Therefore, there is a need for a research of the different 
factors which are negatively affecting quality and timeliness of communication. One of the main 
factors are external influences on an electric cable of communication which will be considered 
most in detail. 
External influences (noises) in data transmission lines can lead to errors in signal equipment on a 
receiving end or even to breakdowns of the equipment. All know about risk, which is connected 
with jumps of power supply, but at the same time underestimate effects of such processes in data 
transmission lines. Especially in a century of information technologies when divisions of special 
communication pass to new, more advanced equipment and along with it less maintainable, in 
case of faults, this subject becomes the most relevant. 
Keywords: noises; external influences; errors; IP networks. 



 

�œ�È�Ô�Õ�È�Ó�Ñ�Å���”�ä�‘�ä�á���™�Ñ�Ð�Ç�Ó�Ã�Õ�È�Ð�Í�Ñ���¡�ä�‘�ä�á���™�Ö�Ê�Ð�È�Ù�Ñ�Å���•�ä�‘�ä���•�Ð�Ã�Î�Ë�Ê���Å�Î�Ë�â�Ð�Ë�â���Ë�Ï�Ò�Ö�Î�ß�Ô�Ð�Þ�Ø���Ò�Ñ�Ï�È�Ø���Ð�Ã��
�Í�Ã�Ä�È�Î�Ë�� �Ô�Å�â�Ê�Ë�� �Å�� �Ô�È�Õ�â�Ø�� �Ò�È�Ó�È�Ç�Ã�Ú�Ë�� �Ç�Ã�Ð�Ð�Þ�Ø�� �Ô�� �Í�Ñ�Ï�Ï�Ö�Õ�Ã�Ù�Ë�È�Ì�� �Ò�Ã�Í�È�Õ�Ñ�Å�� ������ �œ�Ã�Ö�Ú�Ð�Þ�Ì��
�Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È���Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ä���� �¡�ä�{�á���V�w�á���x�v�x�v 

36 

 
 

�<�<�?�>�?�G�B�? 
�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�h�� �\�k�_�o�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o�� �h�j�]�Z�g�b�a�Z�p�b�y�o�� �b�� �\�_�^�h�f�k�l�\�Z�o���� �\�� �l�h�f�� �q�b�k�e�_��

�h�j�]�Z�g�Z�o�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �h�o�j�Z�g�u���� �b�^�_�l�� �]�e�h�[�Z�e�v�g�u�c�� �i�_�j�_�o�h�^�� �l�_�o�g�b�d�b�� �k�\�y�a�b�� �k�l�Z�j�h�]�h�� �i�Z�j�d�Z�� �g�Z��
�k�h�\�j�_�f�_�g�g�m�x�����k�l�j�_�f�b�l�_�e�v�g�h���j�Z�a�\�b�\�Z�x�l�k�y �g�h�\�u�_���l�_�o�g�h�e�h�]�b�b �^�h�k�l�m�i�Z�����j�Z�k�l�m�l���i�h�l�j�_�[�g�h�k�l�b���\���g�h�\�u�o��
�m�k�e�m�]�Z�o���k�\�y�a�b���l�Z�d�b�o���d�Z�d���\�b�^�_�h�k�\�y�a�v���� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c���^�h�k�l�m�i�� �\�� �b�g�l�_�j�g�_�l����IP-�l�_�e�_�n�h�g�b�y���� �,�3-�7�9���b��
�^�j�m�]�b�_���� �d�h�l�h�j�u�_�� �k�l�Z�g�h�\�y�l�k�y�� �g�_�h�[�o�h�^�b�f�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �\�k�_�o�� �a�\�_�g�v�_�\�� �m�i�j�Z�\�e�_�g�b�y���� �B�� �i�h�w�l�h�f�m��
�\�h�a�g�b�d�Z�_�l���h�k�l�j�Z�y���g�_�h�[�o�h�^�b�f�h�k�l�v���\���l�h�f�����q�l�h�[�u���k�i�_�p�b�Z�e�b�k�l�u���k�\�y�a�b���g�_���l�h�e�v�d�h���f�h�]�e�b���b�a�m�q�b�l�v���l�_�o�g�b�d�m��
�b�� �g�Z�m�q�b�l�v�k�y�� �_�_�� �w�d�k�i�e�m�Z�l�b�j�h�\�Z�l�v���� �g�h�� �b�� �[�u�l�v�� �]�h�l�h�\�u�f�b�� �d�� �\�h�a�f�h�`�g�u�f�� �g�_�r�l�Z�l�g�u�f�� �k�b�l�m�Z�p�b�y�f����
�k�\�y�a�Z�g�g�u�o�� �k�� �Z�i�i�Z�j�Z�l�m�j�h�c���� �b�� �\�i�h�k�e�_�^�k�l�\�b�b���� �k�\�h�_�\�j�_�f�_�g�g�h�� �\�u�y�\�b�l�v�� �b�� �m�k�l�j�Z�g�b�l�v�� �i�j�b�q�b�g�m�� �\��
�f�Z�d�k�b�f�Z�e�v�g�h���d�h�j�h�l�d�b�_���k�j�h�d�b���� 

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

 
�H�K�G�H�<�G�:�Y���Q�:�K�L�V 

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

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

 

 
�J�b�k. 1. �H�[�s�Z�y �d�e�Z�k�k�b�n�b�d�Z�p�b�y �i�h�f�_�o 

Fig. 1. General interference classification 
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Abstract 
One of the most common methods for diagnosing the brain is using magnetic resonance imaging 
(MRI). The segmentation of brain MRI images using a computer pre-processing system is an 
important step in the work of applications aimed at planning surgical operations, studying brain 
activity or detecting malignant tumors. The primary goal of such a system is to improve image 
quality. In this paper, the main methods and algorithms for preliminary processing of MRI images 
are considered. The analysis of the methods and methods of noise suppression in MRI images 
showed that to solve this problem, such filters as averaging, Gauss, Wiener, median and Haar 
wavelet are most often used. Image preprocessing methods allow you to convert images to 
improve their visual perception, as well as solve problems of changing the presentation of images 
to ensure their storage, transmission, visualization in electronic form and further analysis of the 
information embedded in them. 
Keywords: magnetic resonance imaging, brain, image segmentation, noise reduction, image 
preprocessing, filters, Haar wavelet. 
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Fig. 1. Stages of processing MRI images 
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Fig. 2. Noise on MRI images 
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�a�Z�^�Z�q�_�c�� �i�h�� �h�[�j�Z�[�h�l�d�_�� �b�a�h�[�j�Z�`�_�g�b�c���� �M�^�Z�e�_�g�b�_�� �r�m�f�h�\�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �f�_�l�h�^�Z�f�b�� �e�b�g�_�c�g�h�c�� �b��
�g�_�e�b�g�_�c�g�h�c�� �n�b�e�v�l�j�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �F�_�l�h�^�u�� �n�b�e�v�l�j�Z�p�b�b�� �h�k�g�h�\�Z�g�u�� �g�Z�� �i�j�b�f�_�g�_�g�b�b�� �g�_�d�h�l�h�j�u�o��
�n�b�e�v�l�j�h�\���b���k�\�_�j�l�d�_���b�a�h�[�j�Z�`�_�g�b�y���k���^�Z�g�g�u�f���n�b�e�v�l�j�h�f���� 

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

 
�M�k�j�_�^�g�y�x�s�b�c���n�b�e�v�l�j 
�M�k�j�_�^�g�y�x�s�b�c�� �n�b�e�v�l�j�� ���M�N���� �q�Z�k�l�h�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �a�_�j�g�b�k�l�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y����

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

Fig. 3. Use case diagram 
 

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

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

�i�j�_�^�k�l�Z�\�e�_�g�h���\���\�b�^�_���>�����@���a�Z�^�Z�g�g�h�f���n�h�j�f�m�e�h�c����  

,   (1) 

�]�^�_ i, j �± �d�h�e�b�q�_�k�l�\�h���k�l�j�h�d���b���k�l�h�e�[�p�h�\���� 
g (i, j) �± �h�l�n�b�e�v�l�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���� 
M �± �d�h�e�b�q�_�k�l�\�h���i�b�d�k�_�e�h�\���\���h�d�j�_�k�l�g�h�k�l�b���� 
k, l �± �g�h�f�_�j���k�l�j�h�d���b���k�l�h�e�[�p�h�\���\���h�d�j�_�k�l�g�h�k�l�b���� 
f (k, l) �± �\�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_�� 
�K�l�_�i�_�g�v �j�Z�a�f�u�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �k�l�_�i�_�g�v�� �i�h�^�Z�\�e�_�g�b�y�� �r�m�f�Z�� �g�Z�o�h�^�y�l�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

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

�I�j�h�\�_�^�_�g�g�u�c �Z�g�Z�e�b�a�� �e�b�l�_�j�Z�l�m�j�u�� �i�h�d�Z�a�Z�e���� �q�l�h�� �\�� �k�e�m�q�Z�_�� �i�j�b�f�_�g�_�g�b�y�� �M�N�� �g�Z�b�[�h�e�_�_��
�w�n�n�_�d�l�b�\�g�h�c�� �^�e�y�� �i�h�^�Z�\�e�_�g�b�y�� �r�m�f�Z�� �k�q�b�l�Z�_�l�k�y�� �f�Z�k�d�Z���� �i�h�d�Z�a�Z�g�g�Z�y�� �g�Z�� �j�b�k���� ��.�Z [9, 15]. �>�e�y��
�m�f�_�g�v�r�_�g�b�y�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �a�Z�l�j�Z�l���� �k�\�y�a�Z�g�g�u�o�� �k�� �b�k�i�h�e�g�_�g�b�_�f�� �h�i�_�j�Z�p�b�b�� �^�_�e�_�g�b�y�� ���� �g�Z�� ���� �\�h�� �\�k�_�o��
�w�e�_�f�_�g�l�Z�o �f�Z�l�j�b�p�u�� �\�� �>���@�� �i�j�_�^�e�h�`�_�g�h�� �k�f�_�g�b�l�v�� �h�i�_�j�Z�p�b�x�� �^�_�e�_�g�b�y�� �g�Z�� �h�i�_�j�Z�p�b�x�� �m�f�g�h�`�_�g�b�y���� �<�h 
�\�a�Z�b�f�h�k�\�y�a�b���k���w�l�b�f�����i�j�_�^�e�h�`�_�g�Z���f�Z�k�d�Z�����k�f�����j�b�k�� ���[��, �d�h�l�h�j�Z�y���b�k�i�h�e�v�a�m�_�l�k�y���\���^�Z�g�g�h�c���j�Z�[�h�l�_�� 

 

 
�J�b�k. 4. �F�Z�k�d�Z���m�k�j�_�^�g�y�x�s�_�]�h���n�b�e�v�l�j�Z 

Fig. 4. Averaging filter mask 
 

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

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

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

,    (2) 

�]�^�_ N �± �h�d�j�_�k�l�g�h�k�l�v���j�Z�a�f�_�j�h�f���Q���î���P���\�h�d�j�m�]���p�_�g�l�j�Z�e�v�g�h�]�h���i�b�d�k�_�e�Z���k���d�h�h�j�^�b�g�Z�l�Z�f�b�����Q�������P������ 
�D �i�e�x�k�Z�f�� �F�N�� �h�l�g�h�k�b�l�k�y�� �g�_�� �i�e�h�o�h�_�� �i�h�^�Z�\�e�_�g�b�_�� �B�R�� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �i�j�_�^�_�e�h�\�� �b��

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

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

 
�N�b�e�v�l�j���=�Z�m�k�k�Z 
�>�e�y �m�^�Z�e�_�g�b�y�� �B�R�� �f�h�`�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �n�b�e�v�l�j�� �=�Z�m�k�k�Z���� �W�l�h�� �l�h�`�_�� �n�b�e�v�l�j�� �g�b�`�g�b�o�� �q�Z�k�l�h�l����

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

,                         (3) 

�]�^�_ i, j �± �l�_�d�m�s�b�_���d�h�h�j�^�b�g�Z�l�u���w�e�_�f�_�g�l�h�\���f�Z�k�d�b�� 
hg (i, j) =exp {- ( i2 + j2) / (2+2) �± �h�i�j�_�^�_�e�y�_�l���h�^�g�h�f�_�j�g�u�c���j�Z�k�i�j�_�^�_�e�_�g�b�_���=�Z�m�k�k�Z�� 
�< �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �f�Z�k�d�Z�� �N�=�� �j�Z�a�f�_�j�h�f�� ���î���� �k�h�� �k�l�Z�g�^�Z�j�l�g�u�f�� �h�l�d�e�h�g�_�g�b�_�f�� ��������

���k�f�����j�b�k���������� 

 
�J�b�k. 5. �F�Z�k�d�Z���n�b�e�v�l�j�Z���=�Z�m�k�k�Z 

Fig. 5. Gauss filter mask 
 

�F�Z�k�d�Z �n�b�e�v�l�j�Z�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �l�Z�d�h�\�u�f�� �h�[�j�Z�a�h�f���� �q�l�h�[�u�� �h�k�g�h�\�g�h�c�� �i�b�d�k�_�e�� �f�Z�k�d�b�� �b�f�_�e��
�g�Z�b�[�h�e�v�r�_�_�� �a�g�Z�q�_�g�b�_�� �y�j�d�h�k�l�b���� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �i�b�d�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �=�Z�m�k�k�Z�� �>�����@���� �K�l�_�i�_�g�v��
�k�]�e�Z�`�b�\�Z�g�b�y�� �N�=�� �d�h�g�l�j�h�e�b�j�m�_�l�k�y�� �a�g�Z�q�_�g�b�_�f�� �1���� �q�_�f�� �[�h�e�v�r�_�� �a�g�Z�q�_�g�b�_�� �1���� �l�_�f�� �[�h�e�_�_�� �j�Z�a�]�e�Z�`�b�\�Z�_�l�k�y��
�b�a�h�[�j�Z�`�_�g�b�_�����b���g�Z�h�[�h�j�h�l�����<���l�h�`�_���\�j�_�f�y�����[�h�e�v�r�h�_���a�g�Z�q�_�g�b�_���1�����i�j�b�\�h�^�b�l���d���g�Z�b�[�h�e�v�r�_�f�m���j�Z�a�f�u�l�b�x��
�d�h�g�l�m�j�h�\�� �b�a�h�[�j�Z�`�_�g�b�y���� �q�l�h�� �h�d�Z�a�u�\�Z�_�l�� �g�_�]�Z�l�b�\�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �i�h�k�e�_�^�m�x�s�b�_�� �i�j�h�p�_�^�m�j�u��
�h�[�j�Z�[�h�l�d�b�����\���l�h�f���q�b�k�e�_���k�_�]�f�_�g�l�Z�p�b�b���� 

 
�N�b�e�v�l�j���<�b�g�_�j�Z 
�N�b�e�v�l�j �<�b�g�_�j�Z�� �j�_�Z�e�b�a�m�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �b�g�\�_�j�k�g�h�c�� �n�b�e�v�l�j�Z�p�b�b���� �d�h�l�h�j�u�c�� �h�[�t�_�^�b�g�y�_�l�� �\�� �k�_�[�_��

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

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

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

�B�a�\�_�k�l�g�h���� �q�l�h�� �n�b�e�v�l�j�� �<�b�g�_�j�Z�� ���N�<���� �o�h�j�h�r�h�� �i�h�^�Z�\�e�y�_�l�� �=�R�� �k�h�o�j�Z�g�y�y�� �i�j�b�� �w�l�h�f��
�\�u�k�h�d�h�b�g�l�_�g�k�b�\�g�u�_�� �]�j�Z�g�b�p�u�� �b�� �h�[�t�_�d�l�u�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b���� �:�^�Z�i�l�b�\�g�h�k�l�v�� �n�b�e�v�l�j�Z�� �<�b�g�_�j�Z��
�a�Z�d�e�x�q�Z�_�l�k�y���\���b�a�f�_�g�_�g�b�b���k�l�_�i�_�g�b���k�]�e�Z�`�b�\�Z�g�b�y���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���b�a�f�_�j�y�_�f�h�c���e�h�d�Z�e�v�g�h�c���^�b�k�i�_�j�k�b�b��
�b�a�h�[�j�Z�`�_�g�b�y�����i�j�b �[�h�e�v�r�h�c�� �^�b�k�i�_�j�k�b�b�� �n�b�e�v�l�j�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �f�Z�e�h�_�� �k�]�e�Z�`�b�\�Z�g�b�_���� �Z�� �i�j�b�� �f�Z�e�h�c�� �± 
�[�h�e�v�r�h�_�� �k�]�e�Z�`�b�\�Z�g�b�_�� �>�����@���� �K�q�b�l�Z�_�l�k�y�� �>�����@���� �q�l�h�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �=�R�� �g�Z�b�e�m�q�r�b�f�� �y�\�e�y�_�l�k�y�� �N�<����
�i�h�k�d�h�e�v�d�m�� �_�]�h�� �d�h�w�n�n�b�p�b�_�g�l�u�� �\�u�q�b�k�e�y�x�l�k�y�� �b�a�� �m�k�e�h�\�b�y�� �f�b�g�b�f�b�a�Z�p�b�b�� �h�r�b�[�h�d�� �n�b�e�v�l�j�Z�p�b�b�� �\��
�j�_�a�m�e�v�l�Z�l�_���j�_�r�_�g�b�y �m�j�Z�\�g�_�g�b�y���<�b�g�_�j�Z�±�O�h�i�n�Z�����F�Z�k�d�Z���N�<���a�Z�^�Z�_�l�k�y���n�h�j�f�m�e�h�c���� [18]:  

                                  (4) 

�]�^�_ v �± �^�b�k�i�_�j�k�b�y�� �r�m�f�Z����h (i, j) �± �y�^�j�h�� �N�<����f (i, j) �± �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �>�����@�����1 �± �^�b�k�i�_�j�k�b�y�� �\��
�h�d�j�_�k�l�g�h�k�l�b���b���h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_������ 

                                  (5) 

��-�k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���\���h�d�j�_�k�l�g�h�k�l�b���f�Z�k�d�b���b���h�i�j�_�^�_�e�y�_�f�h�_���i�h���n�h�j�f�m�e�_������ 
                 (6) 

�]�^�_ N, M �± �d�h�e�b�q�_�k�l�\�h�� �k�l�j�h�d�� �b�� �k�l�h�e�[�p�h�\�� �\�� �h�d�j�_�k�l�g�h�k�l�b���� �H�^�g�b�f�� �b�a�� �g�_�^�h�k�l�Z�l�d�h�\�� �n�b�e�v�l�j�Z�� �y�\�e�y�_�l�k�y��
�g�_�^�h�k�l�Z�l�h�q�g�Z�y���w�n�n�_�d�l�b�\�g�h�k�l�v���i�j�b���i�h�^�Z�\�e�_�g�b�b���B�R���>�����@�� 

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

�:�^�Z�i�l�b�\�g�u�c �n�b�e�v�l�j�� �y�\�e�y�_�l�k�y�� �[�h�e�_�_�� �b�a�[�b�j�Z�l�_�e�v�g�u�f���� �q�_�f�� �k�h�i�h�k�l�Z�\�b�f�u�c�� �e�b�g�_�c�g�u�c�� �n�b�e�v�l�j����
�k�h�o�j�Z�g�y�y�� �d�j�Z�y�� �b�� �^�j�m�]�b�_�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�_�� �q�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �D�j�h�f�_�� �l�h�]�h���� �h�l�k�m�l�k�l�\�m�x�l�� �a�Z�^�Z�q�b��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y���� �n�m�g�d�p�b�y�� �Z�L�H�Q�H�U���� �h�[�j�Z�[�Z�l�u�\�Z�_�l�� �\�k�_�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�_�� �\�u�q�b�k�e�_�g�b�y�� �b�� �j�_�Z�e�b�a�m�_�l 
�n�b�e�v�l�j�� �^�e�y�� �\�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �H�^�g�Z�d�h�� �:�L�H�Q�H�U���� �l�j�_�[�m�_�l�� �[�h�e�v�r�_�� �\�j�_�f�_�g�b�� �\�u�q�b�k�e�_�g�b�c���� �q�_�f��
�e�b�g�_�c�g�Z�y�� �n�b�e�v�l�j�Z�p�b�y���� �:�L�H�Q�H�U���� �j�Z�[�h�l�Z�_�l�� �e�m�q�r�_�� �\�k�_�]�h���� �d�h�]�^�Z�� �r�m�f�� �y�\�e�y�_�l�k�y�� �i�h�k�l�h�y�g�g�u�f�� ���³�[�_�e�u�f�´����
�Z�^�^�b�l�b�\�g�u�f���r�m�f�h�f�����l�Z�d�b�f���d�Z�d���]�Z�m�k�k�h�\�k�d�b�c���r�m�f������ 

 
�:�e�]�h�j�b�l�f�u���m�^�Z�e�_�g�b�y���y�j�d�b�o���d�j�Z�_�\ 
�G�Z �F�J�L�� �k�g�b�f�d�Z�o���� �\�� �h�k�h�[�_�g�g�h�k�l�b�� �g�Z�� �k�g�b�f�d�Z�o�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �_�k�l�v�� �h�[�e�Z�k�l�b�� �k�� �y�j�d�b�f�b��

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

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

 

 
�J�b�k. 6. �=�j�Z�^�b�_�g�l���i�h���h�k�b���Z�[�k�p�b�k�k���*�; 

Fig. 6. The gradient along the abscissa axis GX 
 

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

 

 
�J�b�k. 7. �=�j�Z�^�b�_�g�l���i�h���h�k�b���Z�[�k�p�b�k�k���*�< 
Fig. 7. The abscissa gradient of the GY 

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

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

     (7) 

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

 

 
�J�b�k. 8. (1) �± �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_�������������± �h�[�g�Z�j�m�`�_�g�g�u�_���d�j�Z�y���h�i�_�j�Z�l�h�j�h�f���K�h�[�_�e�y�� (3) �± �m�^�Z�e�_�g�g�u�_���d�j�Z�y���b�a��

�b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y 
Fig. 8. (1) �± the original image, (2) �± the detected edges by the Sobel operator, (3) �± the deleted edges from the 

original image 
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�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y 

�G�Z�� �j�b�k���� ���� �i�h�d�Z�a�Z�g�� �\�g�_�r�g�b�c�� �\�b�^�� �b�g�l�_�j�n�_�c�k�Z�� �i�j�h�]�j�Z�f�f�g�h�]�h �i�j�h�^�m�d�l�Z���� �i�j�b�� �w�l�h�f�� �\�� �k�b�k�l�_�f�m��
�a�Z�]�j�m�`�_�g���l�j�b���a�Z�r�m�f�e�_�g�g�u�o���b�a�h�[�j�Z�`�_�g�b�y���F�J�L���� 

 

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

Fig. 9. The program interface with the addition of noise 
 

�G�Z���j�b�k�����������i�j�b�\�_�^�_�g�h�����\���d�Z�q�_�k�l�\�_���i�j�b�f�_�j�Z�����b�k�o�h�^�g�h�_���F�J�L-�b�a�h�[�j�Z�`�_�g�b�_���k���H�=�F���Z�d�k�b�Z�e�v�g�h�]�h��
�k�j�_�a�Z�����Z�����b���i�h�e�m�q�_�g�g�u�_���b�a�h�[�j�Z�`�_�g�b�y���i�j�b���^�h�[�Z�\�e�_�g�b�b���b�k�d�m�k�k�l�\�_�g�g�u�o���r�m�f�h�\�����[�����\�����]���� 

 

 
�J�b�k���������� �>�h�[�Z�\�e�_�g�b�_���r�m�f�Z���d���b�k�o�h�^�g�h�f�m���F�J�L-�b�a�h�[�j�Z�`�_�g�b�x�����b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_�����Z�������b�k�o�h�^�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_���i�h�k�e�_���^�h�[�Z�\�e�_�g�b�y���b�k�d�m�k�k�l�\�_�g�g�u�o���r�m�f�h�\�����=�R�����[�������F�R�����\�������©�k�h�e�v���b���i�_�j�_�p�ª�����]�� 
Fig. 10. Adding noise to the original MRI image: the original image (a); the original image after adding artificial 

noise: GSH (b); MSH (c); "Salt and pepper" (g) 
 

�G�Z�� �k�e�_�^�m�x�s�_�f�� �w�l�Z�i�_�� �^�e�y�� �i�j�h�\�_�j�d�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�� �n�m�g�d�p�b�b�� �n�b�e�v�l�j�Z�p�b�b�� �k�g�b�f�d�h�\��
�g�_�h�[�o�h�^�b�f�h�� �\�u�[�j�Z�l�v�� �b�g�l�_�j�_�k�m�x�s�b�c�� �n�b�e�v�l�j���� �J�_�a�m�e�v�l�Z�l�� �\�u�i�h�e�g�_�g�b�y�� �w�l�b�o�� �^�_�c�k�l�\�b�c�� �i�h�d�Z�a�Z�g�� �g�Z��
�j�b�k�� ���������A�^�_�k�v���f�u���\�b�^�b�f���=�Z�m�k�k�h�\�m���n�b�e�v�l�j�Z�p�b�x���� 
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�J�b�k. 11. �=�Z�m�k�k�h�\�Z �n�b�e�v�l�j�Z�p�b�y 

Fig. 11. Gaussian filtering 
 

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

 
�J�b�k�� 12. �F�_�^�b�Z�g�g�Z�y���n�b�e�v�l�j�Z�p�b�y 

Fig. 12. Median filtering 
 

�G�Z���j�b�k���j�_�a�m�e�v�l�Z�l���j�b�k�����������i�j�b�\�_�^�_�g�u���j�_�a�m�e�v�l�Z�l�u���i�j�b�f�_�g�_�g�b�y���n�b�e�v�l�j�Z���<�b�g�_�j�Z�� 
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�J�b�k���������� �N�b�e�v�l�j���<�b�g�_�j�Z 

Fig. 13. Wiener filter 
 

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

 

 
�J�b�k�������������N�b�e�v�l�j���K�h�[�_�e�y 

Fig. 14. Sobel filter 
 

�<�� �l�Z�[�e�b�p�_��1 �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �k�h�i�h�k�l�Z�\�b�l�_�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �b�k�k�e�_�^�m�_�f�u�o�� �n�b�e�v�l�j�h�\�� �i�h��
�d�j�b�l�_�j�b�x���I�H�K�R���^�e�y���F�J�L���b�a�h�[�j�Z�`�_�g�b�c���H�=�F �k���r�m�f�h�f���b���[�_�a���r�m�f�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

 
�L�Z�[�e�b�p�Z���� 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���a�g�Z�q�_�g�b�c���I�H�K�R���^�e�y���F�J�L���b�a�h�[�j�Z�`�_�g�b�c���k���H�=�F 
Table 1 

Characteristics of the NSS values for MRI images with OGM 

�L�b�i���r�m�f�Z �N�b�e�v�l�j�u 
�K�j�_�^�g�_�_ �K�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_   

�����;�> �����;�> �����;�> �����;�> 
�B�k�o�h�^�g�u�_��

�b�a�h�[�j�Z�`�_�g�b�y�� 
�M�k�j�_�^�g�y�x�s�b�c 34,42 37,71 1,09 2,33 

�=�Z�m�k�k 43,35 46,69 1,18 2,33 
�<�b�g�_�j 39,5 43,71 1,28 2,17 

�F�_�^�b�Z�g�g�u�c 36,93 40,08 1,33 2,46 
�O�Z�Z�j 31,44 25,86 0,95 6,55 

�=�Z�m�k�k�h�\�k�d�b�c���r�m�f �M�k�j�_�^�g�y�x�s�b�c 27,64 28,24 0,26 0,36 
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�L�b�i���r�m�f�Z �N�b�e�v�l�j�u 
�K�j�_�^�g�_�_ �K�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_   

�����;�> �����;�> �����;�> �����;�> 
�=�Z�m�k�k 24,17 24,25 0,091 0,14 
�<�b�g�_�j 26,46 26,66 0,13 0,2 

�F�_�^�b�Z�g�g�u�c 27,48 27,86 0,27 0,28 
�O�Z�Z�j 24,95 22,22 0,23 3,45 

�R�m�f���K�h�e�v���b���i�_�j�_�p �M�k�j�_�^�g�y�x�s�b�c 26,13 26,16 0,27 0,34 
�=�Z�m�k�k 21,5 21,21 0,21 0,31 
�<�b�g�_�j 20,15 19,49 0,33 0,45 

�F�_�^�b�Z�g�g�u�c 35,79 39,05 1,15 2,38 
�O�Z�Z�j 22,91 20,74 0,32 1,93 

�F�m�e�v�l�b�i�e�b�d�Z�l�b�\�g�u�c��
�r�m�f 

�M�k�j�_�^�g�y�x�s�b�c 28,86 32,6 0,82 2,18 
�=�Z�m�k�k 24,77 28,64 0,94 2,28 
�<�b�g�_�j 26,59 29,85 0,66 2,56 

�F�_�^�b�Z�g�g�u�c 26,14 29,94 0,88 2,22 
�O�Z�Z�j 25,59 24,99 0,79 4,33 

 
�<�� �l�Z�[�e�b�p�_�� ���� �b�� ���� �i�j�b�\�_�^�_�g�u�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �I�H�K�R�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��

�n�b�e�v�l�j�h�\���i�j�b���i�j�b�f�_�g�_�g�b�b���g�Z���b�k�o�h�^�g�u�o���b�a�h�[�j�Z�`�_�g�b�y�o���^�e�y���i�_�j�\�h�c���b���\�l�h�j�h�c���;�>���F�J�L-�b�a�h�[�j�Z�`�_�g�b�c��
�k�� �H�=�F�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �Z�� �b�f�_�g�g�h���� �^�b�Z�i�Z�a�h�g�� �b�a�f�_�g�_�g�b�y���� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �b�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_��
�k�l�Z�g�^�Z�j�l�g�h�c���h�l�d�e�h�g�_�g�b�_�����^�h�\�_�j�b�l�_�e�v�g�u�c���b�g�l�_�j�\�Z�e�����i�h�e�m�q�_�g�g�u�c���k���m�j�h�\�g�_�f���a�g�Z�q�b�f�h�k�l�b�������� 

 
�L�Z�[�e�b�p�Z���� 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���a�g�Z�q�_�g�b�c���I�H�K�R���^�e�y���i�_�j�\�h�c���;�>���F�J�L-�b�a�h�[�j�Z�`�_�g�b�c���k���H�=�F 
Table 2 

Characteristics of the NSS values for the first DB of MRI images with OGM 
�N�b�e�v�l�j�u�� �>�b�Z�i�Z�a�h�g���b�a�f�_�g�_�g�b�y���I�H�K�R�� �K�j�_�^�g�_�_ �“���k�l�Z�g�^�����h�l�d�e�� �>�h�\�_�j�b�l�_�e�v�g�u�c���b�g�l�_�j�\�Z�e���������� 

�M�k�j�_�^�g�y�x�s�b�c 31,6-36,4 �������������“���������� 34,14-34,7 
�=�Z�m�k�k 40,33-45,34 �������������“���������� 43,04-43,64 
�<�b�g�_�j 36,51-42,1 �������������“���������� 39,18-39,82 

�F�_�^�b�Z�g�g�u�c 33,791-39,384 �������������“���������� 36,61-37,25 
�O�Z�Z�j 28,45-33,34 �������������“���������� 31,2-31,68 
 

�:�g�Z�e�b�a�� �l�Z�[�e�b�p�u�� ���� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �N�=�� �y�\�e�y�_�l�k�y�� �e�m�q�r�b�f�� �n�b�e�v�l�j�h�f�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �r�m�f�Z�� �g�Z��
�b�k�o�h�^�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�y�o���� �l�Z�d�� �d�Z�d�� �m�� �g�_�]�h�� �g�Z�b�[�h�e�v�r�_�_�� �a�g�Z�q�_�g�b�_�� �I�H�K�R�� �������������� �“�� ���������� �k��
�^�h�\�_�j�b�l�_�e�v�g�u�f�� �b�g�l�_�j�\�Z�e�h�f�� ���>�B���� ����������-���������������� �\�l�h�j�u�f�� �i�h�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �k�g�b�`�_�g�b�y�� �m�j�h�\�g�y�� �r�m�f�Z��
�y�\�e�y�_�l�k�y���N�<�����������������“�����������������Z���l�j�_�l�v�b�f���± �F�N���������������“���������������� 

 
�A�:�D�E�X�Q�?�G�B�? 

�K�_�]�f�_�g�l�Z�p�b�y�� �a�e�h�d�Z�q�_�k�l�\�_�g�g�h�c�� �h�i�m�o�h�e�b�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �k�Z�f�u�o�� �\�Z�`�g�u�o�� �b�� �\�� �l�h�� �`�_�� �\�j�_�f�y��
�k�e�h�`�g�u�o���a�Z�^�Z�q���\���h�[�e�Z�k�l�b���^�b�Z�]�g�h�k�l�b�d�b���j�Z�d�Z�����L�h�q�g�h�_���b���[�u�k�l�j�h�_���\�u�y�\�e�_�g�b�_���h�q�Z�]�h�\���h�i�m�o�h�e�b���g�Z���k�_�j�b�b��
�b�a�h�[�j�Z�`�_�g�b�c�� �F�J�L�� �h�k�e�h�`�g�y�_�l�k�y�� �l�j�m�^�h�_�f�d�h�k�l�v�x�� �j�m�q�g�h�c �k�_�]�f�_�g�l�Z�p�b�b���� �;�h�e�_�_�� �l�h�]�h���� �d�Z�q�_�k�l�\�h��
�b�a�h�[�j�Z�`�_�g�b�y���f�h�`�_�l���h�d�Z�a�Z�l�v���h�l�j�b�p�Z�l�_�e�v�g�h�_���\�e�b�y�g�b�_���g�Z���d�h�g�_�q�g�u�c���j�_�a�m�e�v�l�Z�l���b�a-�a�Z���\�u�k�h�d�h�]�h���m�j�h�\�g�y��
�r�m�f�Z�� �b�� �k�e�m�q�Z�c�g�u�o�� �Z�j�l�_�n�Z�d�l�h�\���� �I�h�w�l�h�f�m�� �\�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�x�� �j�Z�a�e�b�q�g�u�o�� �i�h�^�o�h�^�h�\�� �d�� �m�^�Z�e�_�g�b�x�� �l�j�_�o�� �h�k�g�h�\�g�u�o�� �\�b�^�h�\�� �r�m�f�Z�� ���]�Z�m�k�k�h�\�u�c����
�b�f�i�m�e�v�k�g�u�c�� �b�� �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�c�� �r�m�f������ �J�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �k�b�k�l�_�f�Z�� �i�h�d�Z�a�Z�e�Z���� �q�l�h��
�i�j�b�f�_�g�_�g�b�_�� �n�b�e�v�l�j�h�\�� �k�]�e�Z�`�b�\�Z�g�b�y�� �b�� �r�m�f�h�i�h�^�Z�\�e�_�g�b�y�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �n�b�e�v�l�j�u�� �h�[�_�k�i�_�q�b�\�Z�x�l��
�g�Z�b�e�m�q�r�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�� �g�Z�b�[�h�e�_�_�� �i�h�^�o�h�^�b�l�� �^�e�y�� �b�k�k�e�_�^�m�_�f�u�o�� �F�J�L�� �b�a�h�[�j�Z�`�_�g�b�c���� �D�j�h�f�_�� �w�l�h�]�h����
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�i�j�h�\�_�^�_�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�d�Z�a�Z�e�h���� �q�l�h�� �f�_�l�h�^�u�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c��
�y�\�e�y�x�l�k�y���g�_�h�[�o�h�^�b�f�u�f�b���^�e�y���i�h�e�m�q�_�g�b�y���o�h�j�h�r�b�o���j�_�a�m�e�v�l�Z�l�h�\���g�Z���k�e�_�^�m�x�s�b�f���w�l�Z�i�_���k�_�]�f�_�g�l�Z�p�b�b�� 
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Abstract 
The article deals with the issues of monitoring the wear and tear of road surface. A brief 
description of the existing methods of monitoring the condition of roads is given, their advantages 
and disadvantages are analyzed. Special attention is paid to the method of monitoring the wear of 
the road by means of software-hardware complexes placed directly on the section of the route, 
peculiarities of their application and processing of the results of measurements. The article 
contains a description of a miniature stand developed by the authors to study methods of 
controlling the wear of road surface using stationary sensor complexes. It is shown how it is 
possible to measure the traffic flow on the road section as well as the mass of cars. 
Keywords: road wear; road surface; dynamic weighing of vehicles; road flow; car axial 
weighing. 
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�Z�\�l�h�f�h�[�b�e�v�g�u�_�� �\�_�k�u���� �d�h�l�h�j�u�_�� �k�m�s�_�k�l�\�m�x�l�� �^�\�m�o�� �\�b�^�h�\���� �h�^�g�h�\�j�_�f�_�g�g�h�]�h�� �b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h��
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�a�g�Z�q�_�g�b�_�� �[�m�^�_�l�� �h�i�j�_�^�_�e�y�l�v�k�y�� �k�m�f�f�h�c�� �i�h�d�Z�a�Z�g�b�c���� �i�h�e�m�q�_�g�g�u�o�� �d�Z�`�^�h�c�� �i�e�Z�l�n�h�j�f�u�� �<�� �k�e�m�q�Z�_��
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�^�\�b�`�_�g�b�y�� �d�h�e�z�k�Z�� �g�Z�� �d�Z�`�^�h�c�� �b�a�� �h�k�_�c�� �i�h�� �h�q�_�j�_�^�b�� �g�Z�_�a�`�Z�x�l�� �g�Z�� �i�e�Z�l�n�h�j�f�m�� �b�� �i�j�h�b�k�o�h�^�b�l�� �n�b�d�k�Z�p�b�y��
�j�_�a�m�e�v�l�Z�l�Z�����H�^�g�Z�d�h�����b�l�h�]�h�\�Z�y���f�Z�k�k�Z���Z�\�l�h�f�h�[�b�e�y���g�_���f�h�`�_�l���h�i�j�_�^�_�e�y�l�v�k�y���k�m�f�f�b�j�h�\�Z�g�b�_�f���i�h�d�Z�a�Z�g�b�c��
�d�Z�`�^�h�c�� �h�k�b���� �W�l�h�� �k�\�y�a�Z�g�h�� �k�� �d�h�g�k�l�j�m�d�p�b�_�c�� �i�h�^�\�_�k�d�b�� �l�j�Z�g�k�i�h�j�l�g�h�]�h�� �k�j�_�^�k�l�\�Z���� �\�� �i�j�h�p�_�k�k�_�� �j�Z�a�]�h�g�Z����
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�K�� �i�h�f�h�s�v�x�� �l�Z�d�b�o�� �\�_�k�h�\�� �b�f�_�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �h�i�j�_�^�_�e�y�l�v�� �d�h�e�b�q�_�k�l�\�h�� �Z�\�l�h�f�h�[�b�e�_�c����
�i�j�h�_�a�`�Z�x�s�b�o�� �i�h�� �m�q�Z�k�l�d�m�� �^�h�j�h�]�b���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �h�l�d�Z�a�Z�l�v�k�y�� �h�l�� �d�Z�f�_�j�� �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�y�� �b�� �i�j�h�q�b�o��
�^�Z�l�q�b�d�h�\�����a�g�Z�q�b�l�_�e�v�g�h���m�i�j�h�k�l�b�l�v���b�g�n�j�Z�k�l�j�m�d�l�m�j�m���h�[�t�_�d�l�Z�� 

�>�e�y�� �b�a�m�q�_�g�b�y�� �f�_�l�h�^�h�\�� �b�a�f�_�j�_�g�b�y�� �k�d�h�j�h�k�l�b�� �b�� �f�Z�k�k�u�� �Z�\�l�h�f�h�[�b�e�_�c�� �k�� �i�j�b�f�_�g�_�g�b�_�f��
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�J�b�k�� 1. �K�l�_�g�^���^�e�y���b�a�m�q�_�g�b�y���f�_�l�h�^�h�\���b�a�f�_�j�_�g�b�y���k�d�h�j�h�k�l�b���b���f�Z�k�k�u���Z�\�l�h�f�h�[�b�e�_�c���g�Z���^�h�j�h�]�Z�o 

Fig. 1. Stand for learning how to measure the speed and mass of cars on roads 
 

�H�k�g�h�\�g�u�f�� �w�e�_�f�_�g�l�h�f�� �k�l�_�g�^�Z�� �y�\�e�y�_�l�k�y�� �f�h�^�_�e�v�� �^�h�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z�� ���\�u�i�h�e�g�_�g�g�Z�y�� �b�a��
�h�j�]�Z�g�b�q�_�k�d�h�]�h���k�l�_�d�e�Z�������d�h�l�h�j�Z�y���k�h�k�l�h�b�l���b�a���l�j�z�o���k�_�d�p�b�c�����j�b�k�� 2). 

 

 
�J�b�k�� 2. �K�l�j�m�d�l�m�j�g�Z�y���k�o�_�f�Z���k�l�_�g�^�Z���^�e�y���b�a�m�q�_�g�b�y���f�_�l�h�^�h�\���b�a�f�_�j�_�g�b�y���k�d�h�j�h�k�l�b�� 

�b���f�Z�k�k�u���Z�\�l�h�f�h�[�b�e�_�c���g�Z���^�h�j�h�]�Z�o 
Fig. 2. Structural schematic of the stand for the study of methods of measuring the speed and mass  

of cars on the roads 
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�\�k�l�j�h�_�g�g�u�c�� �i�j�h�]�j�Z�f�f�b�j�m�_�f�u�c�� �m�k�b�e�b�l�_�e�v���� �i�h�e�h�k�h�\�h�c�� �n�b�e�v�l�j�� �k�� �q�Z�k�l�h�l�h�c�� �k�j�_�a�Z�� �����=�p�� �b�� �p�b�n�j�h�\�h�c��
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�<�� �d�Z�q�_�k�l�\�_�� �k�b�k�l�_�f�u�� �k�[�h�j�Z�� �b�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�m�_�l�k�y�� �Z�i�i�Z�j�Z�l�g�Z�y�� �i�e�Z�l�n�h�j�f�Z��
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Bluethooth���� �K�q�b�l�u�\�Z�g�b�_�� �b�� �h�l�i�j�Z�\�d�Z�� �^�Z�g�g�u�o�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�� �q�Z�k�l�h�l�h�c�� �����=�p���� �h�k�g�h�\�g�h�_��
�h�]�j�Z�g�b�q�_�g�b�_���g�Z���d�h�e�b�q�_�k�l�\�h���b�a�f�_�j�_�g�b�c���\���k�_�d�m�g�^�m���g�Z�d�e�Z�^�u�\�Z�_�l���k�d�h�j�h�k�l�v���k�[�h�j�Z���b���h�[�j�Z�[�h�l�d�b���^�Z�g�g�u�o��
�f�h�^�m�e�_�f�� �:�P�I���� �\�\�b�^�m�� �l�h�]�h�� �q�l�h�� �h�g�� �j�Z�a�j�Z�[�Z�l�u�\�Z�e�k�y�� �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �[�u�l�h�\�u�o�� �w�e�_�d�l�j�h�g�g�u�o��
�\�_�k�Z�o�����]�^�_���g�b�a�d�Z�y���k�d�h�j�h�k�l�v���j�Z�[�h�l�u���\�i�h�e�g�_���i�j�b�_�f�e�_�f�Z�� 

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

�B�g�n�h�j�f�Z�p�b�y���� �i�h�k�l�m�i�Z�\�r�Z�y�� �g�Z�� �I�D���� �g�_�� �i�j�h�o�h�^�b�e�Z�� �g�b�d�Z�d�h�c�� �i�_�j�\�b�q�g�h�c�� �h�[�j�Z�[�h�l�d�b���� �i�h�l�h�f�m��
�^�Z�`�_�� �d�h�]�^�Z�� �g�Z�� �p�_�g�l�j�Z�e�v�g�m�x�� �k�_�d�p�b�x�� �^�h�j�h�]�b�� �g�_�� �h�d�Z�a�u�\�Z�e�h�k�v�� �g�b�d�Z�d�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �i�j�h�b�k�o�h�^�b�e�h��
�b�a�f�_�g�_�g�b�_�� �i�h�d�Z�a�Z�g�b�c�� ���g�_�a�g�Z�q�b�l�_�e�v�g�h�c�� �Z�f�i�e�b�l�m�^�u����- �\�u�k�h�d�h�q�Z�k�l�h�l�g�Z�y�� �i�h�f�_�o�Z���� �\�u�a�\�Z�g�g�Z�y�� �j�Z�a�g�h�]�h��
�j�h�^�Z���g�Z�\�h�^�d�Z�f�b�����>�e�y���[�h�j�v�[�u���k���w�l�b�f���r�m�f�h�f���i�j�b�f�_�g�y�e�k�y���n�b�e�v�l�j���k�d�h�e�v�a�y�s�_�]�h���k�j�_�^�g�_�]�h [7]: 

,                                                        (1) 

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

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

Fig. 3. The pressure on the section of the road to time ratio model 
 

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

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

 

 
�J�b�k������ �=�j�Z�n�b�d���a�Z�\�b�k�b�f�h�k�l�b���^�Z�\�e�_�g�b�y���g�Z���k�_�d�p�b�x���f�h�^�_�e�b���^�h�j�h�]�b���h�l���\�j�_�f�_�g�b�� 

�^�e�y���^�\�b�`�_�g�b�y���Z�\�l�h�f�h�[�b�e�y���\���i�j�y�f�h�f���g�Z�i�j�Z�\�e�_�g�b�b 
Fig.4. The schedule of pressure dependence on the section of the road model from time to time for driving  

in a direct direction 
 

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

�M�q�Z�k�l�h�d�� �K�� �g�Z�q�b�g�Z�_�l�k�y���� �d�h�]�^�Z�� �a�Z�^�g�y�y�� �h�k�v�� �Z�\�l�h�f�h�[�b�e�y�� �g�Z�q�b�g�Z�_�l�� �h�d�Z�a�u�\�Z�l�v�� �^�Z�\�e�_�g�b�_�� �g�Z��
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�:�E�V�W�U�D�F�W 
Many firms and corporations are concerned about the protection of the personal data of their 
employees or relatives. Loss of such information may result in financial or customer problems. 
However, few are concerned about data protection issues for minors. Now they limit the 
possibility of registration on gaming platforms for those under the age of 14 or 18, cinema 
services, various forums, social networks, but at the same time, when registering on educational 
platforms, personal data can be required and not protected from strangers. The amount of 
personal data processed by one state budget institution covers personal contact information of at 
least 700-800 students, and for each of them one or two legal representatives. That is, by gaining 
access to one of the digital platforms for learning or parental performance monitoring (diary.ru), 
you can get a huge database of contacts of minors and their legal representatives for various 
purposes, the most harmless of which is spam or advertising. 
Keywords: information; security; personal data; education; Internet; minors. 
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Fig. "Security" profile "Dnevnik.ru" 
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