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

�x �>�h�i�h�e�g�b�l�_�e�v�g�u�_���]�e�Z�\�u���f�Z�l�_�f�Z�l�b�d�b�� 

�x �Y�a�u�d�b���i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���^�e�y���Z�g�Z�e�b�a�Z���^�Z�g�g�u�o�� 

�x �<�\�_�^�_�g�b�_���\���h�i�_�j�Z�p�b�h�g�g�u�_���k�b�k�l�_�f�u���8�1�,�;�� 

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

�x �<�\�_�^�_�g�b�_���\���h�[�e�Z�q�g�u�_���l�_�o�g�h�e�h�]�b�b��  

�x �:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�� 

�x �J�Z�k�i�j�_�^�_�e�_�g�g�u�_���k�b�k�l�_�f�u�� 

�x �F�m�e�v�l�b�Z�]�_�g�l�g�u�_���k�b�k�l�_�f�u�� 

�x �<�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�_���\�u�q�b�k�e�_�g�b�y�� 

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

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

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

�d�h�l�h�j�Z�y�� �y�\�e�y�_�l�k�y�� �q�Z�k�l�v�x�� �F�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�h�]�h��

�d�h�f�i�e�_�d�k�Z���E�B�L���H�B�Y�B�� 

�<�� �h�j�]�Z�g�b�a�Z�p�b�b�� �m�q�_�[�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �b�� �k�h�a�^�Z�g�b�_�� �i�j�h�]�j�Z�f�f�g�h-�b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �k�j�_�^�u��

�i�j�b�g�b�f�Z�x���m�q�Z�k�l�b�_���k�h�l�j�m�^�g�b�d�b���m�g�b�\�_�j�k�b�l�_�l�Z���©�>�m�[�g�Z�ª���b���k�h�l�j�m�^�g�b�d�b���H�B�Y�B�� 

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

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

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

�i�Z�j�Z�e�e�_�e�v�g�h���k���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�h�c�� 

�B�L-�r�d�h�e�Z�� �l�_�k�g�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l�� �\�� �k�\�h�_�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �k�� �\�_�^�m�s�b�f�b�� �m�g�b�\�_�j�k�b�l�_�l�Z�f�b��

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

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

�[�h�e�v�r�b�o���^�Z�g�g�u�o���g�_���l�h�e�v�d�h���h�l���i�j�_�i�h�^�Z�\�Z�l�_�e�_�c���m�g�b�\�_�j�k�b�l�_�l�Z�� �©�>�m�[�g�Z�ª�� �b���k�h�l�j�m�^�g�b�d�h�\���H�B�Y�B����

�E�_�d�p�b�b�� �l�Z�d�`�_�� �q�b�l�Z�e�b�� �i�j�_�i�h�^�Z�\�Z�l�_�e�b�� �b�a�� �l�Z�d�b�o�� �m�g�b�\�_�j�k�b�l�_�l�h�\�� �J�h�k�k�b�b���� �d�Z�d�� �G�Z�p�b�h�g�Z�e�v�g�u�c��
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�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���y�^�_�j�g�u�c���m�g�b�\�_�j�k�b�l�_�l�� �©�F�B�N�B�ª�����J�h�k�k�b�c�k�d�b�c���w�d�h�g�h�f�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l��

�b�f�����=���<�� �I�e�_�o�Z�g�h�\�Z���b���^�j���� 

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

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

�x �e�_�d�p�b�y���g�Z���l�_�f�m���³Deep and Machine Learning methods for document clustering and classi-

fication�´�� �i�h�� �]�e�m�[�h�d�h�f�m�� �b�� �f�Z�r�b�g�g�h�f�m�� �h�[�m�q�_�g�b�x�� �h�l�� �k�i�_�p�b�Z�e�b�k�l�Z�� �i�h�� �Z�g�Z�e�b�a�m�� �^�Z�g�g�u�o��

�d�h�f�i�Z�g�b�b��SAP SE (�=�_�j�f�Z�g�b�y�������g�Z���[�Z�a�_���E�B�L���H�B�Y�B���������������������������� 

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

�\�u�q�b�k�e�_�g�b�c�� �b�� �a�Z�^�Z�q�� �f�Z�r�b�g�g�h�]�h���]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y�� ��ML/DL���ª�� �h�l�� �k�i�_�p�b�Z�e�b�k�l�h�\��

�d�h�f�i�Z�g�b�c��Intel �b���J�K�D�����g�Z���[�Z�a�_���E�B�L���H�B�Y�B���������������������������� 

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

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z���©�<�u�k�r�Z�y���r�d�h�e�Z���w�d�h�g�h�f�b�d�b�ª���������������������������� 

�K�l�m�^�_�g�l�u�� �B�L-�r�d�h�e�u���� �i�j�h�r�_�^�r�b�_�� �k�_�j�v�_�a�g�u�c�� �d�h�g�d�m�j�k�g�u�c�� �h�l�[�h�j���� �i�j�b�g�b�f�Z�e�b�� �Z�d�l�b�\�g�h�_��

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

�a�Z�j�m�[�_�`�g�u�o�� 

�x �F�_�`�^�m�g�Z�j�h�^�g�Z�y���B�L-�r�d�h�e�Z��“ Machine Learning, Parallel and Hybrid Computations & Big 

Data Analytics”  �\�� �j�Z�f�d�Z�o�� �F�_�`�^�m�g�Z�j�h�^�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b��“ Mathematical Computational 

Physics – MMCP’2019”  (1-�����b�x�e�y�������������]�������K�e�h�\�Z�d�b�y���� 

�x �E�_�l�g�y�y �d�h�f�i�v�x�l�_�j�g�Z�y�� �r�d�h�e�Z�� �©�:�g�Z�e�b�l�b�d�Z�� �;�h�e�v�r�b�o�� �^�Z�g�g�u�o�� �>�m�[�g�Z-2019» (6-������ �b�x�e�y��

�����������]�������M�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�����>�m�[�g�Z�����J�h�k�k�b�y���� 

�x �F�_�`�^�m�g�Z�j�h�^�g�Z�y �r�d�h�e�Z�� �³Big Data mining and distributed systems” �\�� �j�Z�f�d�Z�o��

�f�_�`�^�m�g�Z�j�h�^�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b��“Symposium on Nuclear Electronics and Computing – 

NEC'2019” (29 �k�_�g�l�y�[�j�y��– 3 �h�d�l�y�[�j�y�������������]�������Q�_�j�g�h�]�h�j�b�y��; 

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

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

�=���<�����I�e�_�o�Z�g�h�\�Z�����F�h�k�d�\�Z�����J�h�k�k�b�y���� 

�x �;�O�9�,�,�� �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �k�l�m�^�_�g�l�h�\���� �Z�k�i�b�j�Z�g�l�h�\�� �b�� �f�h�e�h�^�u�o��

�k�i�_�p�b�Z�e�b�k�l�h�\��������-27 �Z�i�j�_�e�y��2020 �]�������M�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�����>�m�[�g�Z�����J�h�k�k�b�y���� 

�<�� �b�x�g�_�� ���������� �]�h�^�Z�� �k�h�k�l�h�y�e�k�y�� �i�_�j�\�u�c�� �\�u�i�m�k�d�� �k�l�m�^�_�g�l�h�\�� �B�L-�r�d�h�e�u���� �<�u�i�m�k�d�g�b�d�b�� �\��

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

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

�i�h���i�j�h�]�j�Z�f�f�_���©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�� 

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

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

�H�B�Y�B�����j�Z�[�h�l�m���\���d�h�l�h�j�u�o���m�q�Z�s�b�_�k�y���h�k�m�s�_�k�l�\�e�y�e�b���\���j�Z�f�d�Z�o���^�b�k�p�b�i�e�b�g�u���©�G�Z�m�q�g�h-�i�j�h�_�d�l�g�Z�y��

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

�©�>�m�[�g�Z�ª���b���k�h�l�j�m�^�g�b�d�Z�f���H�B�Y�B���a�Z���i�e�h�^�h�l�\�h�j�g�m�x���j�Z�[�h�l�m���k�h���k�l�m�^�_�g�l�Z�f�b���� 

�K���m�q�Z�s�b�f�b�k�y���B�L-�r�d�h�e�u���j�Z�[�h�l�Z�e�b�� 

�x �;�Z�e�Z�r�h�\���G���:�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �;�_�e�h�\���K���>�������\�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

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

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

�i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y���E�N�<�W���H�B�Y�B�� 

�x �A�j�_�e�h�\���I���<�������d���n��-�f���g�������g�Z�q�Z�e�v�g�b�d���g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�]�h���h�l�^�_�e�Z���i�j�h�]�j�Z�f�f�g�h�]�h���b��

�b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y���E�B�L���H�B�Y�B�� 

�x �D�Z�^�h�q�g�b�d�h�\���B���K�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �D�Z�e�b�g�h�\�k�d�b�c���X���E�������^���n��-�f���g�������\�_�^�m�s�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d���E�B�L���H�B�Y�B�� 

�x �D�h�r�e�Z�g�v���>���B�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �F�_�s�_�j�k�d�Z�y���X���<�������^�h�p�����d�Z�n�����K�:�M���B�K�:�M���m�g�b�\�_�j�k�b�l�_�l�Z���©�>�m�[�g�Z�ª�� 

�x �H�e�_�c�g�b�d���>���:�������\�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �H�k�h�k�d�h�\���=���:�������^���n��-�f���g�������]�e�Z�\�g�u�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d���E�B�L���H�B�Y�B�� 

�x �I�Z�i�h�y�g���<���<�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �I�_�e�_�\�Z�g�x�d���B���K�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �I�_�l�j�h�k�y�g���:���R�������\�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �I�y�l�d�h�\���X���<�������^���n��-�f���g�������\�_�^�m�s�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d���E�Y�J���H�B�Y�B�� 

�x �K�l�Z�^�g�b�d���:���<�������d���n��-�f���g�������b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�� 

�x �K�u�q�_�\���I���I�������^�h�p�����d�Z�n�����J�B�<�K���B�K�:�M���m�g�b�\�_�j�k�b�l�_�l�Z���©�>�m�[�g�Z�ª�� 

�x �.�X�O�O�H�Q�E�H�U�J���&�K�������g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d���E�Y�I���H�B�Y�B�� 

 

�G�Z�m�q�g�u�_���j�m�d�h�\�h�^�b�l�_�e�b���B�L-�r�d�h�e�u�� 

�<���<�����D�h�j�_�g�v�d�h�\�����^���l���g�������^�b�j�_�d�l�h�j���E�B�L���H�B�Y�B�����a�Z�\�_�^�m�x�s�b�c���d�Z�n�����J�B�<�K���B�K�:�M�� 

�?���G�����Q�_�j�_�f�b�k�b�g�Z�����^���l���g�������i�j�h�n�_�k�k�h�j�����Z�d�Z�^�_�f�b�d���J�:�?�G�����^�b�j�_�d�l�h�j���B�K�:�M�� 

 

�>�b�j�_�d�l�h�j���B�L-�r�d�h�e�u�� 

�H���B�����K�l�j�_�e�v�p�h�\�Z�����d���n��-�f���g�������k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d���E�B�L���H�B�Y�B���� 

�^�h�p�����d�Z�n�����J�B�<�K���B�K�:�M�� 

 

�M�q�_�g�u�c���k�_�d�j�_�l�Z�j�v���B�L-�r�d�h�e�u�� 

�>���B�����I�j�y�o�b�g�Z�����b�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���E�B�L���H�B�Y�B�����k�l�����i�j�_�i�����d�Z�n�����J�B�<�K���B�K�:�M�� 

 

itschool.jinr.ru  
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�<�U�I�M�K�D�G�B�D�B���������� �=�H�>�: 

1. �:�j�l�_�f�v�_�\���:�e�_�d�k�_�c���<�e�Z�^�b�f�b�j�h�\�b�q 

2. �=�Z�[�^�j�Z�o�b�f�h�\���>�Z�m�j�_�g���D�m�Z�g�u�r�d�Z�e�b�_�\�b�q 

3. �=�Z�\�j�b�e�h�\���>�f�b�l�j�b�c���B�\�Z�g�h�\�b�q 

4. �@�Z�l�d�b�g�Z���D�j�b�k�l�b�g�Z���G�b�d�h�e�Z�_�\�g�Z 

5. �A�b�a�]�Z�g�h�\���L�b�f�h�n�_�c���:�g�^�j�_�_�\�b�q 

6. �B�e�v�b�g�Z���:�g�g�Z���<�e�Z�^�b�f�b�j�h�\�g�Z 

7. �D�b�k�_�_�\�Z���<�b�d�l�h�j�b�y���B�e�v�b�g�b�q�g�Z 

8. �D�h�k�l�h�i�j�Z�\�h�\���:�g�l�h�g���:�e�_�d�k�Z�g�^�j�h�\�b�q 

9. �D�m�a�v�f�_�g�d�h�\���B�]�h�j�v���<�b�d�l�h�j�h�\�b�q 

10. �F�Z�l�\�_�_�\���B�\�Z�g���:�g�^�j�_�_�\�b�q 

11. �F�Z�o�e�h�\���?�]�h�j���<�y�q�_�k�e�Z�\�h�\�b�q 

 

12. �I�h�e�h�g�k�d�b�c���>�_�g�b�k���>�f�b�l�j�b�_�\�b�q 

13. �I�h�k�l�h�e�h�\���B�e�v�y���K�l�Z�g�b�k�e�Z�\�h�\�b�q 

14. �I�h�l�Z�i�h�\���>�_�g�b�k���K�_�j�]�_�_�\�b�q 

15. �J�_�a�\�Z�y���?�d�Z�l�_�j�b�g�Z���I�_�l�j�h�\�g�Z 

16. �J�h�]�h�`�b�g�Z���?�e�b�a�Z�\�_�l�Z���>�f�b�l�j�b�_�\�g�Z 

17. �J�m�^�_�g�d�h���F�b�o�Z�b�e���H�e�_�]�h�\�b�q 

18. �J�y�[�h�\���:�g�^�j�_�c���J�m�k�e�Z�g�h�\�b�q 

19. �K�f�_�l�Z�g�b�g���:�j�l�_�f���:�e�_�d�k�_�_�\�b�q 

20. �L�x�i�b�g���>�_�g�b�k���G�b�d�h�e�Z�_�\�b�q 

21. �Y�q�f�_�g�z�\���:�g�^�j�_�c���:�e�_�d�k�_�_�\�b�q 
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�B�G�L�?�E�E�?�D�L�M�:�E�V�G�U�C��

�:�G�:�E�B�A���>�:�G�G�U�O 



�J�:�A�J�:�;�H�L�D�:���:�(�%-�B�G�L�?�J�N�?�C�K�:���G�H�<�H�K�L�G�H�=�H���:�=�J�?�=�:�L�H�J�:��
�I�H �L�?�F�:�L�B�Q�?�K�D�H�F�M���G�:�I�J�:�<�E�?�G�B�X���©�H�;�E�:�Q�G�U�?���L�?�O�G�H�E�H�=�B�B�ª�� 

�=�Z�[�^�j�Z�o�b�f�h�\���>�Z�m�j�_�g���D�m�Z�g�u�r�d�Z�e�b�_�\�b�q1�����D�h�r�e�Z�g�v���>�b�Z�g�Z���B�]�h�j�_�\�g�Z2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�h�]�j�Z�f�f�g�Z�y���b�g�`�_�g�_�j�b�y�����]�j�m�i�i�Z������������ 
e-mail: daur9613@gmail.com. 
2 �B�g�`�_�g�_�j-�i�j�h�]�j�Z�f�f�b�k�l���� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c; 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�:�k�i�b�j�Z�g�l�� 
�D�Z�n�_�^�j�Z���k�b�k�l�_�f�g�h�]�h���Z�g�Z�e�b�a�Z���b���m�i�j�Z�\�e�_�g�b�y�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª��  

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �Z�]�_�g�l�g�u�_�� �l�_�o�g�h�e�h�]�b�b���� �i�h�b�k�d�� �b�� �h�[�j�Z�[�h�l�d�Z�� �b�g�n�h�j�f�Z�p�b�b���� �j�Z�a�j�Z�[�h�l�d�Z��web-
�b�g�l�_�j�n�_�c�k�Z. 
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�<�� �k�h�\�j�_�f�_�g�g�h�f�� �f�b�j�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �i�j�b�j�h�k�l�� �d�h�e�b�q�_�k�l�\�Z�� �b�k�l�h�q�g�b�d�h�\�� �g�Z�m�q�g�h-
�l�_�o�g�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �k�_�l�b�� �B�g�l�_�j�g�_�l���� �q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �_�_ �d�Z�q�_�k�l�\�_�g�g�m�x�� �h�[�j�Z�[�h�l�d�m�� �m�q�_�g�u�f�b�����<��
�k�\�y�a�b�� �k�� �w�l�b�f �\�h�a�g�b�d�Z�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �k�h�a�^�Z�g�b�y�� �g�h�\�h�k�l�g�h�]�h���Z�]�j�_�]�Z�l�h�j�Z �^�e�y�� �h�i�_�j�Z�l�b�\�g�h�]�h��
�h�a�g�Z�d�h�f�e�_�g�b�y�� �k�h�l�j�m�^�g�b�d�h�\�� �E�Z�[�h�j�Z�l�h�j�b�b�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �H�[�t�_�^�b�g�_�g�g�h�]�h�� �b�g�k�l�b�l�m�l�Z��
�y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���k���g�h�\�u�f�b���i�m�[�e�b�d�Z�p�b�y�f�b���i�h���g�Z�i�j�Z�\�e�_�g�b�x���©�H�[�e�Z�q�g�u�_���l�_�o�g�h�e�h�]�b�b�ª.  

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

�K�b�k�l�_�f�Z�� �j�Z�[�h�l�Z�_�l�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �Z�]�_�g�l�h�f�� �i�j�h�b�a�\�h�^�b�l�k�y�� �k�[�h�j�� �^�Z�g�g�u�o�� �k�� �[�h�e�_�_�� �q�_�f��
100 �b�k�l�h�q�g�b�d�h�\���Z�\�l�h�j�b�l�_�l�g�u�o�� �b�a�^�Z�g�b�c�� �\�� �h�[�e�Z�k�l�b�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �:�]�j�_�]�b�j�h�\�Z�g�b�_��
�g�h�\�h�k�l�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �\�� �p�_�g�l�j�Z�e�b�a�h�\�Z�g�g�m�x�� �[�Z�a�m�� �^�Z�g�g�u�o��[1]. �>�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �p�_�e�b��
�^�Z�g�g�h�]�h�� �i�j�h�_�d�l�Z���[�u�e�Z�� �j�_�r�_�g�Z�� �a�Z�^�Z�q�Z �k�h�a�^�Z�g�b�y�� �k�Z�c�l�Z���� �h�l�h�[�j�Z�`�Z�x�s�_�]�h�� �g�h�\�h�k�l�g�m�x�� �b�g�n�h�j�f�Z�p�b�x����
�k�h�[�j�Z�g�g�m�x���Z�]�_�g�l�h�f. 

�<���j�_�a�m�e�v�l�Z�l�_���j�Z�[�h�l�u �b�a�m�q�_�g�u���l�_�o�g�h�e�h�]�b�b���k�h�a�^�Z�g�b�y���k�Z�c�l�h�\���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�j�_�c�f�\�h�j�d�Z��Django 
[2], �j�Z�a�j�Z�[�h�l�Z�g�Z���k�b�k�l�_�f�Z���o�j�Z�g�_�g�b�y���^�Z�g�g�u�o���i�j�b���i�h�f�h�s�b��Django ORM, �j�_�Z�e�b�a�h�\�Z�g�u �^�b�a�Z�c�g �b�g�l�_�j�n�_�c�k�Z��
�g�h�\�h�k�l�g�h�]�h�� �Z�]�j�_�]�Z�l�h�j�Z���b���\�u�]�j�m�a�d�Z�� �b�g�l�_�j�_�k�m�x�s�_�c�� �b�g�n�h�j�f�Z�p�b�b���b�a���[�Z�a�u�� �^�Z�g�g�u�o�� �Z�]�_�g�l�Z �g�Z��web-
�k�l�j�Z�g�b�p�m (�k�f�����j�b�k���� �������� �J�Z�a�j�Z�[�h�l�d�Z�� �k�Z�c�l�Z�� �i�j�h�\�_�^�_�g�Z�� �g�Z�� �y�a�u�d�_�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��Python �k�� �i�h�f�h�s�v�x��
Django�����>�e�y���k�[�h�j�Z���b���h�[�j�Z�[�h�l�d�b���b�g�n�h�j�f�Z�p�b�b���i�j�b�f�_�g�y�x�l�k�y �[�b�[�e�b�h�l�_�d�b��Requests, Beautiful Soup, Xpath 
[3]. 

 

�J�b�k�����������:�Hb-�b�g�l�_�j�n�_�c�k���g�h�\�h�k�l�g�h�]�h���Z�]�j�_�]�Z�l�h�j�Z 

�>�Z�e�v�g�_�c�r�b�f�b �^�_�c�k�l�\�b�y�f�b�� �i�h�� �i�j�h�_�d�l�m�� �y�\�e�y�x�l�k�y�� �j�_�Z�e�b�a�Z�p�b�y �j�Z�k�i�b�k�Z�g�b�y �j�Z�[�h�l�u �g�h�\�h�k�l�g�h�]�h 
�Z�]�j�_�]�Z�l�h�j�Z�� �b�� �i�m�[�e�b�d�Z�p�b�y�� �k�Z�c�l�Z-�g�h�\�h�k�l�g�h�]�h�� �Z�]�j�_�]�Z�l�h�j�Z�� �\�� �B�g�l�_�j�g�_�l�_�� �i�j�b�� �i�h�f�h�s�b��apache-�k�_�j�\�_�j�Z�� �^�e�y��
�b�k�i�h�e�v�a�h�\�Z�g�b�y���h�[�e�Z�q�g�h�c���d�h�f�Z�g�^�h�c���E�Z�[�h�j�Z�l�h�j�b�b���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c��[4].  

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. �D�h�r�e�Z�g�v�� �>���B������ �L�j�_�l�v�y�d�h�\�� �?���K������ �D�h�j�_�g�v�d�h�\�� �<���<������ �H�g�u�d�b�c�� �;���G������ �:�j�l�Z�f�h�g�h�\�� �:���:���� �F�m�e�v�l�b�Z�]�_�g�l�g�Z�y��
�b�g�n�h�j�f�Z�p�b�h�g�g�h-�Z�g�Z�e�b�l�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �i�h�� �l�_�f�Z�l�b�q�_�k�d�h�f�m�� �g�Z�i�j�Z�\�e�_�g�b�x�� �©�H�[�e�Z�q�g�u�_�� �l�_�o�g�h�e�h��
�]�b�b�ª�� ������ �F�Z�l�_�f�Z�l�b�d�Z���� �D�h�f�i�v�x�l�_�j���� �H�[�j�Z�a�h�\�Z�g�b�_������ �f�_�`�^���� �d�h�g�n���� ���>�m�[�g�Z���� ������ �y�g�\�Z�j�y��– ���� �n�_�\�j�Z�e�y��
2020). �B�`�_�\�k�d�����B�a�^-�\�h���:�G�H���©�B�`�_�\�k�d�b�c���b�g�k�l�b�l�m�l���d�h�f�i�v�x�l�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c�ª����������������C. 198. 

2. �<�_�[-�n�j�_�c�f�\�h�j�d��Django (Python). – 2020. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@��  URL: 
https://developer.mozilla.org/ru/docs/Learn/Server-side/Django. 

3. Web Scraping �k�� �i�h�f�h�s�v�x��python. – 2016. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� URL: 
https://habr.com/ru/post/280238/. 

4. Apache HTTP Server. – 2010. – �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://help.ubuntu.ru/wiki/apache2. 
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�I�J�B�F�?�G�?�G�B�?���F�?�L�H�>�H�<���B�G�L�?�E�E�?�D�L�M�:�E�V�G�H�=�H���:�G�:�E�B�A�:���>�:�G�G�U�O��
�>�E�Y �P�B�N�J�H�<�H�C���H�;�J�:�A�H�<�:�L�?�E�V�G�H�C���I�E�:�L�N�H�J�F�U 

�@�Z�l�d�b�g�Z���D�j�b�k�l�b�g�Z���G�b�d�h�e�Z�_�\�g�Z1�����K�l�j�_�e�v�p�h�\�Z���H�d�k�Z�g�Z���B�\�Z�g�h�\�g�Z2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y �i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�K�b�k�l�_�f�g�u�c���Z�g�Z�e�b�a���b���m�i�j�Z�\�e�_�g�b�_�����]�j�m�i�i�Z������������ 
e-mail: zhatkina-96@mail.ru. 
2 �d���n��-�f���g���� �k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���j�Z�k�i�j�_�^�_�e�_�g�g�u�o���b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�o���k�b�k�l�_�f�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

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

�H�^�g�b�f�� �b�a�� �\�Z�j�b�Z�g�l�h�\�� �j�_�Z�e�b�a�Z�p�b�b�� �_�^�b�g�h�c�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �i�e�Z�l�n�h�j�f�u�� �k�e�m�`�b�l�� �k�i�h�k�h�[ �k�h�a�^�Z�g�b�y��
�Z�]�_�g�l�Z��[1]���� �d�h�l�h�j�u�c�� �i�h�� �k�l�j�m�d�l�m�j�_�� �i�e�Z�l�n�h�j�f�u�� �k�h�[�b�j�Z�_�l�� �g�_�h�[�o�h�^�b�f�m�x�� �b�g�n�h�j�f�Z�p�b�x�� �k�� �k�Z�c�l�h�\���� �l�Z�d�b�o��
�d�Z�d����coursera, stepik �b�� �l���^���� �<�u�o�h�^�g�h�c�� �n�Z�c�e�� �Z�]�_�g�l�Z��- json �n�Z�c�e�� �k�h�� �k�l�j�m�d�l�m�j�h�c�� �d�m�j�k�Z�� �\�g�m�l�j�b���� �:�]�_�g�l��
�j�_�Z�e�b�a�h�\�Z�g�� �g�Z�� �y�a�u�d�_��Python���� �I�j�h�[�e�_�f�u���� �\�h�a�g�b�d�r�b�_�� �i�j�b�� �j�_�Z�e�b�a�Z�p�b�b���� �g�Z�� �i�e�Z�l�n�h�j�f�_�� �d�m�j�k�u�� �^�h�k�l�m�i�g�u��
�l�h�e�v�d�h�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�f�� �i�h�e�v�a�h�\�Z�l�_�e�y�f���� �j�_�k�m�j�k�u�� �g�_�� �i�h�a�\�h�e�y�x�l�� �i�h�\�l�h�j�g�u�c�� �i�Z�j�k�b�g�]�� �k�Z�c�l�Z����
�g�_�d�h�l�h�j�u�_���i�e�Z�l�n�h�j�f�u���b�f�_�x�l���m�`�_���j�Z�a�[�b�l�u�_���g�Z���l�_�f�u���d�m�j�k�u�����[�e�h�d�b���d�m�j�k�h�\�������g�_���\�k�_���d�m�j�k�u���k�h�[�b�j�Z�x�l�k�y��
�Z�]�_�g�l�h�f�� 

�K�e�_�^�m�x�s�b�f���w�l�Z�i�h�f���j�Z�[�h�l�u���k�l�Z�e���\�u�[�h�j���b���Z�i�j�h�[�Z�p�b�y���Z�j�o�b�l�_�d�l�m�j�u���g�_�c�j�h�g�g�h�c���k�_�l�b���^�e�y���i�h�k�l�j�h�_�g�b�y��
�b�g�^�b�\�b�^�m�Z�e�v�g�h�c�� �l�j�Z�_�d�l�h�j�b�b�� �h�[�m�q�Z�x�s�_�]�h�k�y���� �<�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �j�_�Z�e�b�a�m�_�l�k�y�� �w�l�Z�i�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�d�m�j�k�h�\���i�h���l�_�f�Z�f�����<�o�h�^�g�u�f�b���^�Z�g�g�u�f�b���^�e�y���g�_�c�j�h�g�g�h�c���k�_�l�b���i�j�b���Z�g�Z�e�b�a�_���l�_�d�k�l�Z���y�\�e�y�_�l�k�y���\�_�d�l�h�j��– �l�_�d�k�l��
�\�� �\�b�^�_�� �q�b�k�_�e�� ���i�j�b�f�_�g�y�_�l�k�y�� �f�_�l�h�^�� �\�_�d�l�h�j�b�a�Z�p�b�b������ �F�_�l�h�^�� �l�h�d�_�g�b�a�Z�p�b�b��– �m�^�Z�e�_�g�b�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o��
�k�e�h�\�� ���k�_�f�Z�g�l�b�q�_�k�d�b�� �g�_�c�l�j�Z�e�v�g�u�o�� �k�e�h�\���� �l�Z�d�b�o�� �d�Z�d�� �k�h�x�a�u���� �i�j�_�^�e�h�]�b���� �Z�j�l�b�d�e�b�� �b�� �i�j�������� �>�Z�e�_�_��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� ���i�j�h�b�a�\�h�^�y�l�k�y�� �j�Z�a�f�_�l�d�Z���i�h�� �q�Z�k�l�y�f�� �j�_�q�b�� �b�� �k�l�_�f�f�Z�l�b�a�Z�p�b�y������
�W�l�h�� �i�h�a�\�h�e�y�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �k�h�d�j�Z�l�b�l�v�� �j�Z�a�f�_�j�g�h�k�l�v�� �i�j�h�k�l�j�Z�g�k�l�\�Z���� �F�_�l�h�^�u�� �b�a�\�e�_�q�_�g�b�y�� �i�j�b�a�g�Z�d�h�\�� �b�a��
�l�_�d�k�l�Z����N �]�j�Z�f�f�u�����i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���k�e�h�\���^�e�b�g�h�c���h�l�������^�h��N�������f�_�r�h�d���k�e�h�\����bag of words�����f�g�h�`�_�k�l�\�h��
�\�k�_�o�� �k�e�h�\������ �<�� �g�_�c�j�h�g�g�u�o�� �k�_�l�y�o�� �i�e�h�l�g�h�_�� �\�_�d�l�h�j�g�h�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �k�e�h�\�� ���d�Z�`�^�h�f�m�� �l�h�d�_�g�m��
�k�h�i�h�k�l�Z�\�e�y�_�l�k�y�� �\�_�d�l�h�j���� �j�Z�a�f�_�j�g�h�k�l�v�� �\�_�d�l�h�j�Z�� �g�b�`�_���� �q�_�f�� �m��one hot encoding���� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�� �i�j�h�p�_�k�k�_��
�h�[�m�q�_�g�b�y��[2]���� �G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �w�e�_�f�_�g�l�u�� �\�_�d�l�h�j�h�\�� �b�g�b�p�b�Z�e�b�a�b�j�m�x�l�k�y�� �k�e�m�q�Z�c�g�u�f�b�� �q�b�k�e�Z�f�b���� �Z��
�b�a�f�_�g�_�g�b�_�� �a�g�Z�q�_�g�b�c�� �\�_�d�l�h�j�h�\�� �i�j�h�b�k�o�h�^�b�l�� �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�Z�� �h�[�j�Z�l�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �h�r�b�[�d�b����
�D�Z�d�� �b�l�h�]���� �i�h�^�]�h�l�h�\�d�Z�� �^�Z�g�g�u�o�� �d�� �i�h�^�Z�q�_�� �g�Z�� �\�o�h�^�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �y�\�e�y�_�l�k�y�� �k�Z�f�u�f�� �^�h�e�]�b�f�� �b��
�l�j�m�^�h�a�Z�l�j�Z�l�g�u�f�� �i�j�h�p�_�k�k�h�f���� �>�e�y�� �Z�i�j�h�[�Z�p�b�b�� �f�_�l�h�^�h�\�� �b�k�d�m�k�k�l�\�_�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�u�o�� �k�� �i�h�f�h�s�v�x��
�g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �\�u�[�j�Z�g�u�� �j�_�d�m�j�j�_�g�l�g�u�_�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b�� ���k�_�l�b�� �k�� �p�b�d�e�Z�f�b������ �>�e�y�� �j�_�r�_�g�b�y�� �b�f�_�x�s�b�o��
�i�j�h�[�e�_�f�� �m��RNN ���h�[�m�q�_�g�b�_�� �l�j�_�[�m�_�l�� �^�e�b�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b���� �i�j�h�[�e�_�f�Z�� �b�k�q�_�a�Z�x�s�_�]�h�� �]�j�Z�^�b�_�g�l�Z����
�h�]�j�Z�g�b�q�_�g�g�Z�y�� �©�^�e�b�l�_�e�v�g�h�k�l�v�ª�� �a�Z�i�h�f�b�g�Z�g�b�y�� �i�j�_�^�u�^�m�s�_�c�� �b�g�n�h�j�f�Z�p�b�b���� �\�u�[�j�Z�g�u�� �[�h�e�_�_�� �k�h�\�_�j�r�_�g�g�u�_��
�Z�j�o�b�l�_�d�l�m�j�u���j�_�d�m�j�j�_�g�l�g�u�o���k�_�l�_�c��LSTM �b��GRU �b���h�^�g�h�f�_�j�g�u�_���k�\�_�j�l�h�q�g�u�_���g�_�c�j�h�g�g�u�_���k�_�l�b��[3, 4].  

�J�_�a�m�e�v�l�Z�l�h�f�� �i�j�h�^�_�e�Z�g�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �Z�]�_�g�l���� �k�h�[�b�j�Z�x�s�b�c�� �d�m�j�k�u�� �k�� �i�h�i�m�e�y�j�g�u�o��
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �i�e�Z�l�n�h�j�f���� �b�� �g�_�c�j�h�g�g�Z�y�� �k�_�l�v���� �d�e�Z�k�k�b�n�b�p�b�j�m�x�s�Z�y�� �g�Z�[�h�j�� �\�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �b�a��json 
�n�Z�c�e�Z�� �i�h �l�_�f�Z�f�� �d�m�j�k�h�\���� �L�Z�d�`�_�� �i�e�Z�g�b�j�m�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �^�e�y�� �i�j�_�^�h�k�l�Z�\�e�_�g�b�y��
�i�h�e�v�a�h�\�Z�l�_�e�x���� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�\�r�_�f�m�k�y�� �g�Z�� �_�^�b�g�h�c�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �p�b�n�j�h�\�h�c�� �i�e�Z�l�n�h�j�f�_���� �[�e�h�d�h�\��
�d�m�j�k�h�\�� �i�h�� �r�Z�[�e�h�g�Z�f���� �<�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �k�l�j�m�d�l�m�j�Z�� �Z�]�_�g�l�Z�� �^�e�y�� �k�Z�c�l�Z��coursera, 3 
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�L�_�k�l�b�j�h�\�Z�g�b�_�� �i�j�h�b�a�\�h�^�b�e�h�k�v�� �g�Z�� �g�h�m�l�[�m�d�_�� �b�� �f�b�d�j�h�d�h�f�i�v�x�l�_�j�_�� �h�l�^�_�e�v�g�h���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h��
�h�[�g�Z�j�m�`�b�e�Z�k�v���a�Z�f�_�l�g�Z�y���j�Z�a�g�b�p�Z���\�h���\�j�_�f�_�g�b���j�Z�[�h�l�u���k�b�k�l�_�f�u�����g�Z���f�b�d�j�h�d�h�f�i�v�x�l�_�j�_���k�b�k�l�_�f�Z���j�Z�[�h�l�Z�_�l��
�i�j�b�f�_�j�g�h�� �\�� �^�\�Z�� �j�Z�a�Z�� �f�_�^�e�_�g�g�_�_������ �D�Z�d�� �i�h�d�Z�a�Z�e�b�� �j�_�a�m�e�v�l�Z�l�u�� �l�_�k�l�b�j�h�\�Z�g�b�y���� �h�i�l�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j��
�b�a�h�[�j�Z�`�_�g�b�c���k�h�k�l�Z�\�e�y�_�l�����������
����������px�����q�l�h���h�i�j�_�^�_�e�y�_�l���g�Z�b�f�_�g�v�r�_�_���d�h�e�b�q�_�k�l�\�h���h�r�b�[�h�d��I �b��II  �j�h�^�h�\���i�j�b��
�g�Z�b�f�_�g�v�r�_�f���\�j�_�f�_�g�b���j�Z�[�h�l�u���k�b�k�l�_�f�u�����a�������f�b�g���g�Z��Raspberry Pi �b���a�����������f�b�g���g�Z���g�h�m�l�[�m�d�_���g�Z���g�Z�[�h�j�_���b�a��
�����������n�h�l�h�]�j�Z�n�b�c�������B�a���k�d�Z�a�Z�g�g�h�]�h���\�u�l�_�d�Z�_�l�����q�l�h���\���j�Z�[�h�l�_���[�m�^�m�s�_�c���k�b�k�l�_�f�u���h�i�l�b�f�Z�e�v�g�h���b�k�i�h�e�v�a�h�\�Z�l�v��
�b�a�h�[�j�Z�`�_�g�b�y���j�Z�a�f�_�j�h�f�����������
����������px. 

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

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. ageitgey/face_recognition: The world's simplest facial recognition api for Python and the command 
line. – �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@�����8�5�/�����K�W�W�S�V�������J�L�W�K�X�E���F�R�P���D�J�H�L�W�J�H�\���I�D�F�H�B�U�H�F�R�J�Q�L�W�L�R�Q�� 

2. Face Research Lab London Set. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://figshare.com/articles/Face_Research_Lab_London_Set/5047666. 

3. LFW Face Database : Main. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: http://vis-www.cs.umass.edu/lfw/.  
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�B�K�K�E�?�>�H�<�:�G�B�?���I�J�B�F�?�G�B�F�H�K�L�B���D�H�J�J�?�E�Y�P�B�H�G�G�U�O���N�B�E�V�L�J�H�<��
�D �A�:�>�:�Q�? �I�H�B�K�D�:���K�O�H�@�B�O���B�A�H�;�J�:�@�?�G�B�C���<���;�:�A�? 

�D�b�k�_�_�\�Z���<�b�d�l�h�j�b�y���B�e�v�b�g�b�q�g�Z1�����K�l�j�_�e�v�p�h�\�Z���H�d�k�Z�g�Z���B�\�Z�g�h�\�g�Z2, 
�K�l�Z�^�g�b�d �:�e�_�d�k�_�c �<�b�d�l�h�j�h�\�b�q3 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�b�d�e�Z�^�g�Z�y���f�Z�l�_�f�Z�l�b�d�Z���b���b�g�n�h�j�f�Z�l�b�d�Z�����]�j�m�i�i�Z����181; 
e-mail: vika.kiseeva@yandex.ru. 
2 �d���n��-�f���g���� �k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���j�Z�k�i�j�_�^�_�e�_�g�g�u�o���b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�o���k�b�k�l�_�f�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
3 �d���n��-�f���g���� �b�g�`�_�g�_�j���i�j�h�]�j�Z�f�f�b�k�l�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���\�u�k�r�_�c���f�Z�l�_�f�Z�l�b�d�b�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

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

�P�_�e�v�x�� �i�j�h�_�d�l�Z�� �[�u�e�h�� �i�h�e�h�`�_�g�h�� �i�h�k�l�j�h�_�g�b�_�� �i�j�h�k�l�h�]�h�� �b�� �w�n�n�_�d�l�b�\�g�h�]�h�� �^�_�k�d�j�b�i�l�h�j�Z�� �^�e�y�� �h�p�_�g�d�b��
�\�b�a�m�Z�e�v�g�h�c�� �[�e�b�a�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �n�b�e�v�l�j�Z���� �Z�� �l�Z�d�`�_��
�h�k�m�s�_�k�l�\�e�_�g�b�_���k�j�Z�\�g�b�l�_�e�v�g�h�]�h �Z�g�Z�e�b�a�Z���k���j�Z�[�h�l�h�c���Z�e�]�h�j�b�l�f�Z���i�_�j�p�_�i�l�b�\�g�h�]�h���o�w�r�Z [1]. 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �n�b�e�v�l�j�Z�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �i�j�b�f�_�g�_�g�b�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �N�m�j�v�_�� �b��
�l�_�h�j�_�f�u�� �h�� �k�\�_�j�l�d�_��[2][3]���� �:�e�]�h�j�b�l�f�� �j�_�Z�e�b�a�m�_�l�k�y�� �\���k�j�_�^�_��Visual Studio �g�Z�� �y�a�u�d�_�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��
�K������  

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

�H�p�_�g�d�Z���w�n�n�_�d�l�b�\�g�h�k�l�b���Z�e�]�h�j�b�l�f�h�\���h�k�m�s�_�k�l�\�e�y�_�l�k�y���a�Z���k�q�_�l���k�j�Z�\�g�b�l�_�e�v�g�h�]�h���Z�g�Z�e�b�a�Z���g�Z���h�l�d�j�u�l�u�o��
�^�Z�g�g�u�o�� �b���^�Z�g�g�u�o�����k�h�[�j�Z�g�g�u�o�� �k�i�_�p�b�Z�e�v�g�h�� �^�e�y�� �a�Z�^�Z�q�b���� �Z�� �b�f�_�g�g�h���� �[�Z�a�Z�� �b�a�h�[�j�Z�`�_�g�b�c��Holiday dataset, 
Fashion MNIST, �Z���l�Z�d�`�_���j�Z�k�d�Z�^�j�h�\�d�Z���\�b�^�_�h�n�j�Z�]�f�_�g�l�h�\�� 

�G�Z�� �^�Z�g�g�h�f�� �w�l�Z�i�_�� �[�u�e�� �j�_�Z�e�b�a�h�\�Z�g�� �Z�e�]�h�j�b�l�f�� �i�_�j�p�_�i�l�b�\�g�h�]�h�� �o�w�r�Z���� �>�e�y�� �w�l�h�]�h�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z��
�[�b�[�e�b�h�l�_�d�Z�� �d�h�f�i�v�x�l�_�j�g�h�]�h�� �a�j�_�g�b�y��OpenCV [4]���� �:�e�]�h�j�b�l�f�� �[�u�e�� �j�_�Z�e�b�a�h�\�Z�g�� �g�Z�� �y�a�u�d�_��
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��Phyton. �G�Z�� �j�b�k���� ��. �i�j�_�^�k�l�Z�\�e�_�g�u�� �w�l�Z�i�u�� �j�Z�[�h�l�u�� �Z�e�]�h�j�b�l�f�Z�� �i�h�k�l�j�h�_�g�b�y��
�i�_�j�p�_�i�l�b�\�g�h�]�h���o�w�r�Z�� 
�x �m�f�_�g�v�r�_�g�b�_���b�a�h�[�j�Z�`�_�g�b�y���[�_�a���m�q�_�l�Z���i�j�h�i�h�j�p�b�c���k�l�h�j�h�g; 
�x �i�_�j�_�\�h�^���b�a�h�[�j�Z�`�_�g�b�y���\���]�j�Z�^�Z�p�b�b���k�_�j�h�]�h�� 

�I�h�k�l�j�h�_�g�b�_�� �o�w�r�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�g�n�h�j�f�Z�p�b�b�� �h�� �k�j�_�^�g�_�f�� �i�h�d�Z�a�Z�l�_�e�_�� �y�j�d�h�k�l�b�� �^�e�y�� �\�k�_�]�h��
�b�a�h�[�j�Z�`�_�g�b�y���� �d�Z�`�^�h�f�m�� �i�b�d�k�_�e�x�� �k�l�Z�\�b�l�k�y�� �\�� �k�h�h�l�\�_�l�k�l�\�b�_�� ���� �b�e�b�� ������ �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�h�]�h�� �h�g�� �[�h�e�v�r�_��
�b�e�b���f�_�g�v�r�_���k�j�_�^�g�_�]�h���i�h�d�Z�a�Z�l�_�e�y��[1].  

 

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

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

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Looks Like It. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@��  URL: https://www.hackerfactor.com/blog/?/archives/432-
Looks-Like-It.html. 

2. �K�Z�^�h�\�g�b�d�h�\�� �I���� �H�i�l�b�q�_�k�d�b�_�� �l�j�_�d�_�j�u���� �$�6�(�)�� �b�� �0�2�6�6�(. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@��  URL: 
https://m.habr.com/ru/post/421285/. 

3. David S. Bolme, J. Ross Beveridge, Bruce A. Draper, Yui Man Lui. Visual Object Tracking using Adap-
tive Correlation Filters.  

4. OpenCV documentation. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k].  URL: https://docs.opencv.org/. 
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�I�J�H�=�J�:�F�F�G�U�?���D�H�F�I�H�G�?�G�L�U���>�E�Y���K�?�J�<�B�K�:���:�G�:�E�B�A�:���F�J�L���B�A�H�;�J�:�@�?�G�B�C 

�D�h�k�l�h�i�j�Z�\�h�\���:�g�l�h�g���:�e�_�d�k�Z�g�^�j�h�\�b�q1, �K�l�j�_�e�v�p�h�\�Z �H�d�k�Z�g�Z���B�\�Z�g�h�\�g�Z2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�:�\�l�h�f�Z�l�b�a�Z�p�b�y���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���b �i�j�h�b�a�\�h�^�k�l�\�����]�j�m�i�i�Z������������ 
e-mail: akstud451@gmail.com. 
2 �d���n��-�f���g���� �k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���j�Z�k�i�j�_�^�_�e�_�g�g�u�o���b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�o���k�b�k�l�_�f�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

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

�I�j�h�]�j�Z�f�f�g�u�c�� �i�j�h�^�m�d�l�� �[�u�e�� �j�_�Z�e�b�a�h�\�Z�g�� �\�� �k�_�j�\�b�k�_�� �j�Z�a�j�Z�[�h�l�d�b��JupiterNotebook���� �>�e�y�� �j�_�Z�e�b�a�Z�p�b�b��
�[�u�e�� �\�u�[�j�Z�g�� �y�a�u�d�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�� �\�u�k�h�d�h�]�h�� �m�j�h�\�g�y��Python �\�_�j�k�b�b�� ������������ �b�� �h�l�d�j�u�l�Z�y�� �i�j�h�]�j�Z�f�f�g�Z�y��
�[�b�[�e�b�h�l�_�d�Z���^�e�y���f�Z�r�b�g�g�h�]�h���h�[�m�q�_�g�b�y��TensorFlow �\�_�j�k�b�b�������� [1]. 

�I�_�j�\�u�f���r�Z�]�h�f���[�u�e���i�h�b�k�d���g�Z�[�h�j�Z���^�Z�g�g�u�o�����Z���l�Z�d�`�_���i�h�b�k�d���b���b�a�m�q�_�g�b�_���m�`�_���k�h�a�^�Z�g�g�u�o���j�_�r�_�g�b�c���i�h��
�_�]�h���d�e�Z�k�k�b�n�b�d�Z�p�b�b�����>�e�y���\�u�i�h�e�g�_�g�b�y���i�h�k�l�Z�\�e�_�g�g�h�c���a�Z�^�Z�q�b���g�Z���k�Z�c�l�_��Kaggle �[�u�e���\�u�[�j�Z�g���j�Z�a�f�_�q�_�g�g�u�c��
�g�Z�[�h�j�� �^�Z�g�g�u�o��“Brain MRI ImagesforBrainTumorDetection”, �k�h�k�l�h�y�s�b�c�� �b�a�� ������ �b�a�h�[�j�Z�`�_�g�b�c���� ������ �[�_�a��
�h�i�m�o�h�e�_�c�� �b�� �������� �k�� �h�i�m�o�h�e�y�f�b�� �>���@���� �>�e�y�� �h�[�m�q�_�g�b�y�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �[�u�e�b�� �j�Z�a�[�b�l�u�� �g�Z��
�l�j�_�g�b�j�h�\�h�q�g�m�x�� �\�u�[�h�j�d�m���� �k�h�k�l�h�y�s�m�x�� �b�a�� �������� �b�a�h�[�j�Z�`�_�g�b�c�� �b �i�j�h�\�_�j�h�q�g�m�x�� �b�a�� ������ �b�a�h�[�j�Z�`�_�g�b�y���� �<��
�j�_�a�m�e�v�l�Z�l�_�� �b�a�m�q�_�g�b�y�� �]�h�l�h�\�u�o�� �j�_�r�_�g�b�c�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �g�Z�b�[�h�e�v�r�Z�y�� �l�h�q�g�h�k�l�v�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�^�h�k�l�b�]�Z�e�Z�k�v�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �i�j�_�^�h�[�m�q�_�g�g�u�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �\��Keras [3]. 
�G�Z�b�\�u�k�r�Z�y�� �l�h�q�g�h�k�l�v�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �\�� �������� �g�Z �i�j�h�\�_�j�h�q�g�h�f�� �g�Z�[�h�j�_�� �^�Z�g�g�u�o�� �[�u�e�Z�� �^�h�k�l�b�]�g�m�l�Z�� �i�j�b��
�b�k�i�h�e�v�a�h�\�Z�g�b�b���i�j�_�^�h�[�m�q�_�g�g�h�c���g�Z���g�Z�[�h�j�_���^�Z�g�g�u�o��ImageNet �g�_�c�j�h�g�g�h�c���k�_�l�b VGG19. 

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

 

�J�b�k�����������N�m�g�d�p�b�y���h�[�j�Z�l�g�h�]�h���\�u�a�h�\�Z 

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

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. TensorFlow // �H�l�d�j�u�l�Z�y�� �i�j�h�]�j�Z�f�f�g�Z�y�� �[�b�[�e�b�h�l�_�d�Z�� �^�e�y�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y. – 2020. –  
�>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://www.tensorflow.org/. 

2. Kaggle ������ �G�Z�[�h�j�� �^�Z�g�g�u�o�� �k���0�J�L �b�a�h�[�j�Z�`�_�g�b�y�f�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �^�e�y�� �\�u�y�\�e�_�g�b�y�� �h�i�m�o�h�e�_�c. –
 2020. – �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://www.kaggle.com/navoneel/brain-mri-images-for-brain-
tumor-detection. 

3. Keras ������ �F�h�^�m�e�v�� �i�j�b�e�h�`�_�g�b�c�� �[�b�[�e�b�h�l�_�d�b�� �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y��Keras. – 2020. –  
�>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://keras.io/applications/. 

 

 

  

19 



�I�H�K�L�J�H�?�G�B�?���L�?�I�E�H�<�H�C���D�:�J�L�U���>�<�B�@�?�G�B�Y���H�;�T�?�D�L�H�< 

�I�h�e�h�g�k�d�b�c���>�_�g�b�k �>�f�b�l�j�b�_�\�b�q1�����K�l�j�_�e�v�p�h�\�Z���H�d�k�Z�g�Z���B�\�Z�g�h�\�g�Z2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�h�]�j�Z�f�f�g�Z�y���b�g�`�_�g�_�j�b�y�����]�j�m�i�i�Z������������ 
e-mail: denuha@mail.ru. 
2 �d���n��-�f���g���� �k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���j�Z�k�i�j�_�^�_�e�_�g�g�u�o���b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�o���k�b�k�l�_�f; 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

�D�e�x�q�_�\�u�_���k�e�h�\�Z�� �h�i�j�_�^�_�e�_�g�b�_���^�\�b�`�_�g�b�y�����l�_�i�e�h�\�Z�y���d�Z�j�l�Z����OpenCV, �\�b�^�_�h�n�Z�c�e. 
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�<�� �^�Z�g�g�h�f�� �i�j�h�_�d�l�_�� �j�_�Z�e�b�a�h�\�Z�g�h�� �i�h�k�l�j�h�_�g�b�_�� �l�_�i�e�h�\�h�c�� �d�Z�j�l�u�� �^�\�b�`�_�g�b�y�� �h�[�t�_�d�l�h�\���� �L�_�i�e�h�\�Z�y�� �d�Z�j�l�Z��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�m�f�f�m�� �\�j�_�f�_�g�b���� �\�� �l�_�q�_�g�b�b�� �d�h�l�h�j�h�]�h�� �h�[�t�_�d�l�� �g�Z�o�h�^�b�e�k�y�� �\�� �^�\�b�`�_�g�b�b�� �\��
�h�i�j�_�^�_�e�_�g�g�h�c���l�h�q�d�_���\���i�h�e�_���a�j�_�g�b�b���d�Z�f�_�j�u�����>�e�y���h�l�h�[�j�Z�`�_�g�b�y���q�Z�k�l�h�l�u���^�\�b�`�_�g�b�y���b�k�i�h�e�v�a�m�_�l�k�y���r�d�Z�e�Z��
�b�a�� �l�j�_�o�� �p�\�_�l�h�\�� ���a�_�e�_�g�u�c���� �`�_�e�l�u�c���� �d�j�Z�k�g�u�c������ �d�h�l�h�j�u�_�� �i�j�h�a�j�Z�q�g�u�f�� �k�e�h�_�f�� �g�Z�d�e�Z�^�u�\�Z�x�l�k�y�� �g�Z��
�b�a�h�[�j�Z�`�_�g�b�_��[1]. 

�>�Z�g�g�h�_���j�_�r�_�g�b�_���i�h�a�\�h�e�y�_�l���h�i�j�_�^�_�e�y�l�v �i�h�i�m�e�y�j�g�h�k�l�v �j�Z�a�e�b�q�g�u�o���f�_�k�l�����k�l�h�_�d�����\�b�l�j�b�g�����\���f�Z�]�Z�a�b�g�_����
�\�u�y�\�e�y�l�v �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�_ �f�Z�j�r�j�m�l�u �^�\�b�`�_�g�b�y�� �e�x�^�_�c�� �b�e�b�� �l�j�Z�g�k�i�h�j�l�g�u�o�� �k�j�_�^�k�l�\�� �g�Z�� �l�_�j�j�b�l�h�j�b�b����
�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �i�h�k�_�s�_�g�b�_ �j�Z�a�e�b�q�g�u�o���h�[�t�_�d�l�h�\ [1]. 

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

�>�e�y���h�[�g�Z�j�m�`�_�g�b�y���^�\�b�`�_�g�b�y���h�[�t�_�d�l�h�\���\���d�Z�^�j�_�����g�Z�o�h�^�b�l�k�y���j�Z�a�g�b�p�Z���f�_�`�^�m���l�_�d�m�s�b�f���b���i�j�_�^�u�^�m�s�b�f��
�d�Z�^�j�h�f�����H�[�g�Z�j�m�`�_�g�g�h�_���^�\�b�`�_�g�b�_���\�u�j�_�a�Z�_�l�k�y���b�a���n�h�g�Z�����k�f�����j�b�k�������� [2, 3, 4]. 

     

�J�b�k�����������D�Z�^�j���b�a���\�b�^�_�h�n�Z�c�e�Z��    �J�b�k�����������H�i�j�_�^�_�e�_�g�b�_���^�\�b�`�_�g�b�y 

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

�>�e�y���j�Z�[�h�l�u���k���b�a�h�[�j�Z�`�_�g�b�y�f�b���b�k�i�h�e�v�a�m�_�l�k�y���[�b�[�e�b�h�l�_�d�Z��OpenCV. 

 

�J�b�k�����������J�_�a�m�e�v�l�Z�l 

�I�_�j�k�i�_�d�l�b�\�h�c�� �j�Z�a�\�b�l�b�y�� �y�\�e�y�_�l�k�y�� �j�_�Z�e�b�a�Z�p�b�y�� �^�j�m�`�_�k�l�\�_�g�g�h�]�h�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h��
�b�g�l�_�j�n�_�c�k�Z�� �k�� �\�h�a�f�h�`�g�h�k�l�v�x�� �m�i�j�Z�\�e�_�g�b�y�� �k�`�Z�l�b�_�f�� �b�a�h�[�j�Z�`�_�g�b�y���� �j�Z�a�f�u�l�b�_�f�� �i�h�� �=�Z�m�k�k�m���� �d�h�e�b�q�_�k�l�\�h�f��
�i�j�h�i�m�s�_�g�g�u�o�� �d�Z�^�j�h�\�� �^�e�y�� �i�h�\�u�r�_�g�b�y�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �b�� �i�h�^�^�_�j�`�d�b�� �j�Z�[�h�l�u�� �g�Z�� �j�Z�a�e�b�q�g�u�o�� �l�b�i�Z�o��
�Z�j�o�b�l�_�d�l�m�j�� 
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�A�_�j�d�Z�e�Z�� �b�� �a�_�j�d�Z�e�v�g�u�_�� �i�h�\�_�j�o�g�h�k�l�b�� �^�h�\�h�e�v�g�h�� �q�Z�k�l�h�� �\�k�l�j�_�q�Z�x�l�k�y�� �\�� �g�Z�r�_�c�� �i�h�\�k�_�^�g�_�\�g�h�c�� �`�b�a�g�b����
�K�m�s�_�k�l�\�m�x�s�b�_���k�b�k�l�_�f�u���d�h�f�i�v�x�l�_�j�g�h�]�h���a�j�_�g�b�y���g�_���m�q�b�l�u�\�Z�x�l���a�_�j�d�Z�e�v�g�u�_���h�l�j�Z�`�_�g�b�y���i�j�b���h�[�j�Z�[�h�l�d�_��
�b�a�h�[�j�Z�`�_�g�b�c���b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �f�h�]�m�l���g�_�\�_�j�g�h�� �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v�� �^�Z�g�g�u�_���b�a-�a�Z�� �h�l�j�Z�`�_�g�g�h�]�h��
�k�h�^�_�j�`�b�f�h�]�h�� �\�g�m�l�j�b�� �a�_�j�d�Z�e�Z���� �H�^�g�Z�d�h���h�i�j�_�^�_�e�b�l�v, �_�k�l�v�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �a�_�j�d�Z�e�h�� �b�e�b�� �^�j�m�]�Z�y��
�h�l�j�Z�`�Z�x�s�Z�y�� �i�h�\�_�j�o�g�h�k�l�v, �d�j�Z�c�g�_�� �l�j�m�^�g�h���� �H�k�g�h�\�g�Z�y�� �i�j�h�[�e�_�f�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �a�_�j�d�Z�e�v�g�u�_��
�i�h�\�_�j�o�g�h�k�l�b���� �d�Z�d�� �i�j�Z�\�b�e�h���� �h�l�j�Z�`�Z�x�l�� �k�h�^�_�j�`�b�f�h�_���� �Z�g�Z�e�h�]�b�q�g�h�_�� �b�o�� �h�d�j�m�`�_�g�b�x���� �q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �b�o��
�i�h�b�k�d [1].  

�<�� �w�l�h�f�� �i�j�h�_�d�l�_ �b�k�k�e�_�^�m�x�l�k�y���\�h�a�f�h�`�g�h�k�l�b�� �g�_�c�j�h�k�_�l�_�\�h�]�h�� �i�h�^�o�h�^�Z�� �^�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q�b��
�h�[�g�Z�j�m�`�_�g�b�y�� �a�_�j�d�Z�e�v�g�u�o�� �i�h�\�_�j�o�g�h�k�l�_�c�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o���� �<�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�]�h�� �i�j�h�_�d�l�Z�� �j�_�r�Z�x�l�k�y��
�k�e�_�^�m�x�s�b�_�� �a�Z�^�Z�q�b�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�b ���k�f���� �j�b�k�� 1), �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�b�f�_�g�b�f�h�k�l�b��
�g�_�c�j�h�k�_�l�_�\�h�]�h�� �i�h�^�o�h�^�Z �i�m�l�_�f�� �Z�i�j�h�[�Z�p�b�b�� �j�Z�a�e�b�q�g�u�o���Z�j�o�b�l�_�d�l�m�j�� �g�_�c�j�h�k�_�l�_�c����U-net, CNN���� �k�b�Z�f�k�d�b�_��
�g�_�c�j�h�k�_�l�b����MirrorNet �^�e�y�� �j�_�r�_�g�b�y�� �i�h�k�l�Z�\�e�_�g�g�h�c�� �a�Z�^�Z�q�b [2]. �G�Z�� �^�Z�g�g�u�_�� �f�h�f�_�g�l�� �\�� �i�j�h�_�d�l�_��
�j�_�Z�e�b�a�h�\�Z�g�u U-net �b��CNN �Z�j�o�b�l�_�d�l�m�j�u �^�e�y�� �j�_�r�_�g�b�y�� �i�h�k�l�Z�\�e�_�g�g�h�c�� �a�Z�^�Z�q�b���� �<�� �^�Z�e�v�g�_�c�r�_�f�� �\�� �i�j�h�_�d�l�_��
�i�e�Z�g�b�j�m�_�l�k�y�� �j�_�Z�e�b�a�Z�p�b�y�� �k�b�Z�f�k�d�h�c�� �g�_�c�j�h�k�_�l�b���� �i�j�b�f�_�g�_�g�b�_�� �Z�j�o�b�l�_�d�l�m�j�u��MirrorNet �b�� �h�[�m�q�_�g�b�_ �g�Z��
�l�_�k�l�h�\�h�f�� �g�Z�[�h�j�_�� �^�Z�g�g�u�o���� �Z�� �l�Z�d�`�_�� �Z�g�Z�e�b�a �b �k�j�Z�\�g�_�g�b�_ �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �h�l�� �i�j�b�f�_�g�_�g�b�y��
�j�_�Z�e�b�a�h�\�Z�g�g�u�o���Z�j�o�b�l�_�d�l�m�j���g�_�c�j�h�k�_�l�_�c�� 

 

�J�b�k�����������L�_�k�l�h�\�u�c���g�Z�[�h�j���^�Z�g�g�u�o MirrorNet 
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�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
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�I�h�l�_�j�y���m�j�h�`�Z�y���b�a-�a�Z���[�h�e�_�a�g�_�c���j�Z�k�l�_�g�b�c���y�\�e�y�_�l�k�y���k�_�j�v�_�a�g�h�c���i�j�h�[�e�_�f�h�c���^�e�y���k�_�e�v�k�d�h�]�h���o�h�a�y�c�k�l�\�Z���b��
�w�d�h�g�h�f�b�d�b���� �<�h�a�f�h�`�g�h�k�l�v�� �h�i�j�_�^�_�e�b�l�v�� �l�b�i�� �a�Z�[�h�e�_�\�Z�g�b�y�� �i�h�f�h�`�_�l�� �i�j�_�^�h�l�\�j�Z�l�b�l�v�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �b�g��
�n�_�d�p�b�b�����< �E�B�L���H�B�Y�B �[�u�e�Z���j�Z�a�j�Z�[�h�l�Z�g�Z �i�e�Z�l�n�h�j�f�Z���^�e�y���h�i�j�_�^�_�e�_�g�b�y���[�h�e�_�a�g�_�c���j�Z�k�l�_�g�b�c��(PDDP) [1, 
2]. 

�<��PDDP �^�e�y�� �j�_�r�_�g�b�y�� �i�j�h�[�e�_�f�u�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �[�h�e�_�a�g�_�c�� �j�Z�k�l�_�g�b�c�� �i�h�� �n�h�l�h�]�j�Z�n�b�y�f�� �b�o�� �e�b�k�l�v�_�\ 
�m�k�i�_�r�g�h���b�k�i�h�e�v�a�m�x�l�k�y���f�_�l�h�^�u���]�e�m�[�h�d�h�]�h���h�[�m�q�_�g�b�y [2]���� �G�h���l�Z�d�b�_���f�_�l�h�^�u���l�j�_�[�m�x�l���[�h�e�v�r�h�c���h�[�m�q�Z�x��
�s�_�c�� �\�u�[�h�j�d�b�����K�[�h�j�� �b�� �f�Z�j�d�b�j�h�\�d�Z �i�h�^�o�h�^�y�s�_�]�h�� �g�Z�[�h�j�Z�� �^�Z�g�g�u�o�� �Å�� �h�q�_�g�v�� �k�e�h�`�g�Z�y�� �b�� �^�h�j�h�]�h�k�l�h�y�s�Z�y��
�i�j�h�p�_�^�m�j�Z�����B�g�h�]�^�Z���f�h�`�_�l���[�u�l�v���k�h�[�j�Z�g�Z���l�h�e�v�d�h���h�l�g�h�k�b�l�_�e�v�g�h���g�_�[�h�e�v�r�Z�y���[�Z�a�Z���j�Z�a�f�_�q�_�g�g�u�o���b�a�h�[�j�Z�`�_��
�g�b�c�����<���l�h���`�_���\�j�_�f�y�����k�m�s�_�k�l�\�m�_�l���j�y�^���f�_�l�h�^�h�\�����b�k�i�h�e�v�a�m�_�f�u�o���^�e�y���j�_�r�_�g�b�y���a�Z�^�Z�q���d�e�Z�k�k�b�n�b�d�Z�p�b�b �\���k�e�m��
�q�Z�_�� �f�Z�e�h�c�� �h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�b [3]���� �D�� �l�Z�d�b�f�� �f�_�l�h�^�Z�f�� �h�l�g�h�k�y�l�k�y��transfer learning [4], �h�[�m�q�_�g�b�_ �k�b�Z�f��
�k�d�h�c �g�_�c�j�h�g�g�h�c���k�_�l�b [4], zero-shot learning [4]�����^�h�f�_�g�g�Z�y���Z�^�Z�i�l�Z�p�b�y [5].  

�<�� �k�_�l�b�� �\�� �h�l�d�j�u�l�h�f�� �^�h�k�l�m�i�_�� �_�k�l�v�� �[�h�e�v�r�Z�y�� �[�Z�a�Z�� �b�a�h�[�j�Z�`�_�g�b�c��Plant Village, �k�h�k�l�h�y�s�Z�y���b�a�� ������������
�j�Z�a�f�_�q�_�g�g�u�o���k�g�b�f�d�h�\���e�b�k�l�v�_�\���j�Z�k�l�_�g�b�c�����G�h���\�k�_���n�h�l�h�]�j�Z�n�b�b���k�^�_�e�Z�g�u���g�Z���[�_�e�h�f���n�h�g�_���k�h���k�l�j�h�]�b�f���i�h�a�b��
�p�b�h�g�b�j�h�\�Z�g�b�_�f���e�b�k�l�Z���\���p�_�g�l�j�_�����q�l�h���i�h�f�_�r�Z�_�l���i�h�e�m�q�b�l�v���o�h�j�h�r�b�c���j�_�a�m�e�v�l�Z�l���\���k�e�m�q�Z�_���a�Z�]�j�m�a�d�b���b�a�h�[�j�Z��
�`�_�g�b�y�� �e�b�k�l�Z�� �\�� �j�_�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o�� ���k�f�_�s�_�g�g�u�c�� �h�l�g�h�k�b�l�_�e�v�g�h�� �p�_�g�l�j�Z�� �e�b�k�l���� �y�j�d�b�c�� �n�h�g���� �i�h�k�l�h�j�h�g�g�b�_��
�i�j�_�^�f�_�l�u�� �\�� �d�Z�^�j�_������ �<�� �h�l�e�b�q�b�_�� �h�l��Plant Village dataset, PDD �k�h�^�_�j�`�b�l�� �j�_�Z�e�v�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�a�� �B�g��
�l�_�j�g�_�l�Z���� �B�f�_�g�g�h�� �g�Z�e�b�q�b�_�� �^�\�m�o�� �k�o�h�`�b�o�� �g�Z�[�h�j�h�\�� �^�Z�g�g�u�o�� �i�h�\�e�b�y�e�h�� �g�Z�� �\�u�[�h�j�� �f�_�l�h�^�h�\�� �^�h�f�_�g�g�h�c���Z�^�Z�i��
�l�Z�p�b�b�� �^�e�y�� �h�[�m�q�_�g�b�y���� �K�m�l�v�� �w�l�b�o�� �f�_�l�h�^�h�\�� �\���l�h�f���� �q�l�h�� �b�k�i�h�e�v�a�m�_�l�k�y�� �k�j�Z�a�m�� �^�\�Z�� �g�Z�[�h�j�Z�� �^�Z�g�g�u�o��– �^�h�f�_�g-
�b�k�l�h�q�g�b�d�� ��Plant Village dataset���� �b�� �p�_�e�_�\�h�c�� ��PDD������ �M�j�h�\�_�g�v�� �k�o�h�`�_�k�l�b�� �f�_�`�^�m�� �p�_�e�_�\�u�f�� �b�� �b�k�o�h�^�g�u�f��
�g�Z�[�h�j�Z�f�b���^�Z�g�g�u�o���h�i�j�_�^�_�e�y�_�l���g�Z�k�d�h�e�v�d�h���m�k�i�_�r�g�u�f���[�m�^�_�l���h�[�m�q�_�g�b�_ [5]�����<���j�Z�[�h�l�_���[�u�e�b���i�j�b�f�_�g�_�g�u���^�\�Z��
�f�_�l�h�^�Z���� �H�[�Z�� �f�_�l�h�^�Z�� �i�h�^�j�Z�a�m�f�_�\�Z�x�l�� �h�[�m�q�_�g�b�_�� �k�\�_�j�l�h�q�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b���� �I�_�j�_�^�� �h�[�m�q�_�g�b�_�f�� �[�u�e�Z��
�i�j�h�\�_�^�_�g�Z�� �g�h�j�f�Z�e�b�a�Z�p�b�y�� �^�Z�g�g�u�o���� �Z�m�]�f�_�g�l�Z�p�b�y�� ���[�u�e�b�� �^�h�[�Z�\�e�_�g�u�� �a�_�j�d�Z�e�v�g�h�� �h�l�j�Z�`�_�g�g�u�_�� �^�m�[�e�b�d�Z�l�u����
�i�h�\�_�j�g�m�l�u�_���\���k�e�m�q�Z�c�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b���b�a�h�[�j�Z�`�_�g�b�y���b���w�d�a�_�f�i�e�y�j�u���k���b�k�d�Z�`�_�g�g�h�c���p�\�_�l�h�\�h�c���i�Z�e�b�l�j�h�c��.     

�I�_�j�\�u�c �b�a�� �i�j�b�f�_�g�_�g�g�u�o�� �f�_�l�h�^�h�\ – Domain-Adversarial Training of Neural Networks (DANN): 
�g�_�c�j�h�g�g�Z�y���k�_�l�v�����\���w�l�h�f���k�e�m�q�Z�_�����k�h�k�l�h�b�l���b�a���^�\�m�o���n�m�g�d�p�b�c���i�h�l�_�j�v��– �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���b���k�f�_�r�_�g�b�y���^�h�f�_��
�g�h�\�����F�b�g�b�f�b�a�b�j�m�y �w�l�b���n�m�g�d�p�b�b�����f�h�`�g�h���^�h�[�b�l�v�k�y���l�h�]�h�����q�l�h���h�[�_���\�u�[�h�j�d�b���[�m�^�m�l���g�_�j�Z�a�e�b�q�b�f�u���^�e�y���d�e�Z�k��
�k�b�n�b�d�Z�l�h�j�Z�����q�l�h���i�h�a�\�h�e�b�l���^�h�k�l�b�]�g�m�l�v���\�u�k�h�d�h�c���l�h�q�g�h�k�l�b [5]�����>�e�y���h�[�m�q�_�g�b�y���[�u�e�Z���b�k�i�h�e�v�a�h�\�Z�g�Z���i�j�_�^�h��
�[�m�q�_�g�g�Z�y���k�_�l�v��MobileNetV�������<�u�[�j�Z�g�g�u�c���f�_�l�h�^���g�_���i�h�a�\�h�e�b�e���i�h�e�m�q�b�l�v���h�`�b�^�Z�_�f�u�c���j�_�a�m�e�v�l�Z�l���g�Z���g�Z�[�h�j�_��
�^�Z�g�g�u�o��PDD [1]�����L�h�q�g�h�k�l�v���d�e�Z�k�k�b�n�b�d�Z�p�b�b���h�k�l�Z�e�Z�k�v���\���i�j�_�^�_�e�Z�o������������ 

�<�l�h�j�h�c���f�_�l�h�^���i�h�^�j�Z�a�m�f�_�\�Z�_�l���^�\�m�o�w�l�Z�i�g�h�_���h�[�m�q�_�g�b�_���i�j�_�^�h�[�m�q�_�g�g�h�c���k�_�l�b��ResNet34. �K�g�Z�q�Z�e�Z���k�_�l�v��
�h�[�m�q�Z�_�l�k�y�� �g�Z�� �^�h�f�_�g�_-�b�k�l�h�q�g�b�d�_�� �k�� �n�b�d�k�b�j�h�\�Z�g�g�u�f�� �r�Z�]�h�f�� �h�[�m�q�_�g�b�y���� �Z�� �a�Z�l�_�f���� �i�h�k�e�_�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c 
�a�Z�f�_�g�u���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���b���a�Z�f�h�j�h�a�d�b���g�_�k�d�h�e�v�d�b�o���k�e�h�_�\�����^�h�h�[�m�q�Z�_�l�k�y���g�Z���p�_�e�_�\�h�f���g�Z�[�h�j�_���^�Z�g�g�u�o�����I�j�b��
�q�_�f�����\�h���\�j�_�f�y���h�[�m�q�_�g�b�y���_�k�l�v���g�_�k�d�h�e�v�d�h���d�h�g�l�j�h�e�v�g�u�o���l�h�q�_�d�����d�Z�`�^�u�_�����������w�i�h�o�������\���d�h�l�h�j�u�o���i�j�h�b�k�o�h�^�b�l��
�m�f�_�g�v�r�_�g�b�_���a�g�Z�q�_�g�b�y���r�Z�]�Z���h�[�m�q�_�g�b�y���g�Z���^�\�Z���i�h�j�y�^�d�Z�����W�l�h���i�h�a�\�h�e�y�_�l���i�h�\�u�k�b�l�v���l�h�q�g�h�k�l�v���d�e�Z�k�k�b�n�b�d�Z��
�p�b�b�����b�a�[�_�]�Z�y���i�_�j�_�h�[�m�q�_�g�b�y�����=�e�h�[�Z�e�v�g�Z�y���p�_�e�v���w�l�h�]�h���f�_�l�h�^�Z���Å���i�j�b�[�e�b�a�b�l�v���j�Z�k�i�j�_�^�_�e�_�g�b�_���\�_�k�h�\���d���g�m�`��
�g�h�f�m���g�Z���p�_�e�_�\�h�c���[�Z�a�_���b���i�h�e�m�q�b�l�v���[�h�e�_�_���\�u�k�h�d�h�_���d�Z�q�_�k�l�\�h���d�e�Z�k�k�b�n�b�d�Z�p�b�b [5]. �>�Z�g�g�u�c���f�_�l�h�^���i�h�a�\�h�e�b�e��
�^�h�k�l�b�]�g�m�l�v�� �������� �l�h�q�g�h�k�l�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �L�Z�d�`�_�� �i�e�Z�g�b�j�m�_�l�k�y�� �i�j�h�\�_�k�l�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�x�� �k�� �b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f���f�_�l�h�^�Z��Unsupervised Domain Adaptation with Deep Metric Learning (M-ADDA) [5]. 
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�F�H�>�?�E�B�J�H�<�:�G�B�?���L�H�G�D�B�O �K�L�J�M�D�L�M�J��
�< �J�:�K�I�J�?�>�?�E�?�G�B�Y�O �I�J�H�>�M�D�L�H�< �Y�>�?�J�G�U�O���J�?�:�D�P�B�C���I�H���F�:�K�K�?��

�B �B�O �J�:�K�I�H�A�G�:�<�:�G�B�?���F�?�L�H�>�:�F�B���F�:�R�B�G�G�H�=�H���H�;�M�Q�?�G�B�Y 

�J�m�^�_�g�d�h �F�b�o�Z�b�e���H�e�_�]�h�\�b�q1, �H�k�h�k�d�h�\ �=�_�g�g�Z�^�b�c���:�e�_�d�k�_�_�\�b�q2, 
�I�y�l�d�h�\ �X�j�b�c �<�Z�k�b�e�v�_�\�b�q3 

1 �K�l�m�^�_�g�l 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�h�]�j�Z�f�f�g�Z�y���b�g�`�_�g�_�j�b�y�����]�j�m�i�i�Z�������������� 
e-mail: michadas@yandex.ru. 
2 �^���n��-�f���g�������]�e�Z�\�g�u�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�I�j�h�n�_�k�k�h�j�� 
�D�Z�n�_�^�j�Z���k�b�k�l�_�f�g�h�]�h���Z�g�Z�e�b�a�Z���b���m�i�j�Z�\�e�_�g�b�y�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
3 �^���n��-�f���g�������i�j�h�n�_�k�k�h�j�� 
�G�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���y�^�_�j�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�F�B�N�B�ª�� 
�<�_�^�m�s�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���y�^�_�j�g�u�o���j�_�Z�d�p�b�c���b�f�����=���G�����N�e�_�j�h�\�Z; 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z: �j�Z�k�i�Z�^�u�� �l�y�`�_�e�u�o�� �y�^�_�j���� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �]�e�m�[�h�d�h�_�� �h�[�m�q�_�g�b�_����
�g�_�c�j�h�d�e�Z�k�k�b�n�b�d�Z�l�h�j. 
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�=�e�h�[�Z�e�v�g�Z�y�� �p�_�e�v�� �i�j�h�_�d�l�Z��– �Z�g�Z�e�b�a �i�j�h�y�\�e�_�g�b�c�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �\�� �j�_�^�d�b�o�� �f�g�h�]�h�l�_�e�v�g�u�o�� �j�Z�k�i�Z�^�Z�o��
�l�y�`�_�e�u�o���y�^�_�j [1]. �;�u�e�b���i�h�k�l�Z�\�e�_�g�u���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 
- �j�Z�a�j�Z�[�h�l�Z�l�v�� �d�h�f�i�v�x�l�_�j�g�m�x�� �f�h�^�_�e�v�� �l�h�g�d�h�c�� �k�l�j�m�d�l�m�j�u���� �g�Z�c�^�_�g�g�m�x�� �n�b�a�b�d�Z�f�b�� �b�a�� �E�Y�J�� �H�B�Y�B���� �g�Z��
�h�k�g�h�\�_���w�d�k�i�_�j�b�f�_�g�l�h�\���k���l�j�Z�g�k�m�j�Z�g�h�\�u�f���w�e�_�f�_�g�l�h�f���d�Z�e�b�n�h�j�g�b�c��252Cf ���k�f�����j�b�k������); 
- �i�j�h�\�_�j�b�l�v�� �]�b�i�h�l�_�a�m���h�� �l�h�f���� �q�l�h���g�Z�c�^�_�g�g�Z�y�� �k�l�j�m�d�l�m�j�Z�� �h�[�t�_�d�l�b�\�g�h�� �k�m�s�_�k�l�\�m�_�l���� �Z�� �g�_�� �y�\�e�y�_�l�k�y�� �r�m�f�h��
�\�u�f���Z�j�l�_�n�Z�d�l�h�f��  

�J�b�k�����������N�j�Z�]�f�_�g�l���d�h�j�j�_�e�y�p�b�h�g�g�h-�f�Z�k�k�h�\�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �h�k�d�h�e�d�h�\���^�_�e�_�g�b�y 252Cf �b�a���j�Z�[�h�l�u��[1] .   
�K�i�_�p�b�n�b�q�_�k�d�Z�y���j�h�f�[�h-�k�i�b�j�Z�e�v�g�Z�y���k�l�j�m�d�l�m�j�Z���g�Z���e�_�\�h�f���j�b�k�m�g�d�_���h�l�f�_�q�_�g�Z���h�\�Z�e�h�f�����K�i�j�Z�\�Z���l�Z���`�_��

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

�K���i�h�f�h�s�v�x���f�_�l�h�^�Z���i�h�\�h�j�h�l�g�u�o���]�b�k�l�h�]�j�Z�f�f���>��] �g�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f���b�a�h�[�j�Z�`�_�g�b�b�����j�b�k�������k�e�_�\�Z����
�j�Z�k�i�h�a�g�Z�g�u�� ������ �h�l�j�_�a�d�h�\�� �i�j�y�f�u�o�� �e�b�g�b�c�����h�[�j�Z�a�m�x�s�b�o�� �j�h�f�[�b�q�_�k�d�b�c�� �f�_�Z�g�^�j� �� � � b� � � g�Z�� �h�k�g�h�\�_��
�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���h�i�j�_�^�_�e�_�g�u���b�o���\�_�j�h�y�l�g�h�k�l�g�u�_���i�Z�j�Z�f�_�l�j�u�����W�l�h���i�h�a�\�h�e�b�e�h���k�h�a�^�Z�l�v���q�b�k�e�h�\�m�x 
�f�h�^�_�e�v �f�_�Z�g�^�j�Z �b�� �j�Z�a�j�Z�[�h�l�Z�l�v �i�j�h�]�j�Z�f�f�m-�]�_�g�_�j�Z�l�h�j�� �d�Z�d���k�Z�f�h�c���l�h�g�d�h�c�� �k�l�j�m�d�l�m�j�u���� �l�Z�d�� �b�� �_�_ 
�Z�e�v�l�_�j�g�Z�l�b�\�g�h�c�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b �\�� �\�b�^�_�� �l�Z�d�h�]�h�� �`�_�� �q�b�k�e�Z���k�e�m�q�Z�c�g�u�o�� �l�h�q�_�d���� �j�Z�\�g�h�f�_�j�g�h��
�j�Z�k�i�j�_�^�_�e�_�g�g�u�o�� �i�h�� �i�h�e�x�� �f�_�Z�g�^�j�Z. �;�u�e�Z�� �k�h�a�^�Z�g�Z�� �]�e�m�[�h�d�Z�y�� �k�\�_�j�l�h�q�g�Z�y�� �g�_�c�j�h�g�g�Z�y �k�_�l�v�� �\�� �d�Z�q�_�k�l�\�_��
�[�b�g�Z�j�g�h�]�h���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�����h�[�m�q�_�g�g�h�]�h���g�Z���[�h�e�v�r�h�c���\�u�[�h�j�d�_���b�a���f�h�^�_�e�v�g�u�o���b���r�m�f�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c, 
�i�h�e�m�q�_�g�g�u�o�� �i�j�h�]�j�Z�f�f�h�c-�]�_�g�_�j�Z�l�h�j�h�f. �<�� �i�j�h�p�_�k�k�_�� �j�_�r�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �y�a�u�d�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��
Python �k���i�h�^�d�e�x�q�_�g�g�u�f�b���[�b�[�e�b�h�l�_�d�Z�f�b�� matplotlib, keras, tensorflow, scikit-learn, numpy, pandas [3-8]. 
�>�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �]�b�i�h�l�_�a�u�� �h���g�_�k�e�m�q�Z�c�g�h�f�� �i�j�h�b�k�o�h�`�^�_�g�b�b�� �k�l�j�m�d�l�m�j�u�� �\�� �\�b�^�_�� �j�h�f�[�b�q�_�k�d�h�]�h 
�f�_�Z�g�^�j�Z �\���j�Z�[�h�l�_���[�u�e���i�j�h�\�_�^�_�g���q�b�k�e�_�g�g�u�c���w�d�k�i�_�j�b�f�_�g�l�����\���j�_�a�m�e�v�l�Z�l�_���d�h�l�h�j�h�]�h���k���i�h�f�h�s�v�x���]�e�m�[�h�d�h�]�h��
�g�_�c�j�h�d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���[�u�e�Z���i�h�e�m�q�_�g�Z���\�_�j�h�y�l�g�h�k�l�v���h�[�g�Z�j�m�`�_�g�b�y���j�h�f�[�b�q�_�k�d�h�]�h���f�_�Z�g�^�j�Z �g�Z���f�Z�k�k�b�\�_���b�a��
105 �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �g�_�a�Z�\�b�k�b�f�u�o �g�Z�[�h�j�h�\�� �k�e�m�q�Z�c�g�u�o�� �l�h�q�_�d���� �h�d�Z�a�Z�\�r�Z�y�k�y���i�j�_�g�_�[�j�_�`�b�f�h�� �f�Z�e�h�c��
(0.00017�������<�_�j�h�y�l�g�h�k�l�v���g�Z�e�b�q�b�y���j�h�f�[�h-�k�i�b�j�Z�e�v�g�h�c���k�l�j�m�d�l�m�j�u���g�Z���h�j�b�]�b�g�Z�e�v�g�h�f���b�a�h�[�j�Z�`�_�g�b�b�����j�b�k����������
�k�h�k�l�Z�\�b�e�Z����99.913955%. 
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1. Yu. V. Pyatkov, et al., Eur. Phys. J. A 48, 94 (2012)  
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3. Matplotlib: Visualization with Python. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://matplotlib.org. 

4. Keras. Simple. Flexible. Powerfull. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://keras.io. 

5. Tensorflow. An end-to-end open source machine learning platform. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://www.tensorflow.org. 

6. Scikit-learn. Machine Learning in Python. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://scikit-learn.org. 

7. NumPy. Fundamental package for scientific computing with Python. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://numpy.org. 

8. Pandas. Fast, powerful, flexible and easy to use open source data analysis and manipulation tool. – 
[ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://pandas.pydata.org.  
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�I�J�B�F�?�G�?�G�B�?���K�?�L�B��U-NET �<���A�:�>�:�Q�:�O���K�?�=�F�?�G�L�:�P�B�B���B�A�H�;�J�:�@�?�G�B�C 

�J�y�[�h�\���:�g�^�j�_�c���J�m�k�e�Z�g�h�\�b�q1�����K�l�j�_�e�v�p�h�\�Z���H�d�k�Z�g�Z���B�\�Z�g�h�\�g�Z2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�b�d�e�Z�^�g�Z�y���b�g�n�h�j�f�Z�l�b�d�Z�����]�j�m�i�i�Z������������ 
e-mail: rarjobs@mail.ru. 
2 �d���n��-�f���g���� �k�l�Z�j�r�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�D�Z�n�_�^�j�Z���j�Z�k�i�j�_�^�_�e�_�g�g�u�o���b�g�n�h�j�f�Z�p�b�h�g�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�o���k�b�k�l�_�f�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

�D�e�x�q�_�\�u�_���k�e�h�\�Z�� U-Net, �Z�j�o�b�l�_�d�l�m�j�Z�����k�\�_�j�l�h�q�g�u�_���k�_�l�b�����a�Z�^�Z�q�Z���k�_�]�f�_�g�l�Z�p�b�b. 
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�P�_�e�v�x�� �i�j�h�_�d�l�Z�� �� �y�\�e�y�_�l�k�y�� �j�Z�k�k�f�h�l�j�_�g�b�_�� �Z�j�o�b�l�_�d�l�m�j�u�� �k�_�l�b��U-Net �b�� �i�j�b�f�_�g�_�g�b�_�� �_�_ �\�� �a�Z�^�Z�q�Z�o��
�^�_�l�_�d�l�b�j�h�\�Z�g�b�y���h�[�t�_�d�l�h�\. �>�e�y���w�l�h�]�h���[�u�e�Z���h�i�j�_�^�_�e�_�g�Z���a�Z�^�Z�q�Z�����d�h�l�h�j�Z�y���a�Z�d�e�x�q�Z�_�l�k�y���\���^�_�l�_�d�l�b�j�h�\�Z�g�b�b��
�f�h�j�k�d�b�o���k�m�^�h�\���b���^�Z�e�v�g�_�c�r�_�f���\�u�y�k�g�_�g�b�b���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�b�f�_�g�_�g�b�y��U-Net. 

U-Net �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �^�e�y�� �k�_�]�f�_�g�l�Z�p�b�b�� �[�b�h�f�_�^�b�p�b�g�k�d�b�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �W�l�Z�� �k�\�_�j�l�h�q�g�Z�y��
�g�_�c�j�h�k�_�l�v�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �\�u�k�h�d�h�c�� �l�h�q�g�h�k�l�v�x�� �i�j�_�^�k�d�Z�a�Z�g�b�y�� �b�� �g�_�[�h�e�v�r�b�f�� �q�b�k�e�h�f�� �l�j�_�g�b�j�h�\�h�q�g�u�o��
�^�Z�g�g�u�o���� �G�Z�� �g�b�k�o�h�^�y�s�_�f�����k�m�`�Z�x�s�_�f�k�y���� �i�m�l�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �\�u�i�h�e�g�y�x�l�k�y�� �h�i�_�j�Z�p�b�b�� �k�\�_�j�l�d�b��3x3 �k��
�n�m�g�d�p�b�_�c�� �Z�d�l�b�\�Z�p�b�b��ReLu �b�� �h�i�_�j�Z�p�b�b�� �h�[�t�_�^�b�g�_�g�b�y�� ��MaxPool 2x2 �k�� �r�Z�]�h�f�� �������� �i�h�k�e�_�� �h�^�g�h�c�� �l�Z�d�h�c��
�b�l�_�j�Z�p�b�b���d�Z�g�Z�e�u���k�\�h�c�k�l�\�� �m�^�\�Z�b�\�Z�x�l�k�y�����G�Z���\�h�k�o�h�^�y�s�_�f�����j�Z�k�r�b�j�y�x�s�_�f�k�y�� �i�m�l�b �i�j�b�f�_�g�y�_�l�k�y���k�\�_�j�l�d�Z��
2x������ �d�h�l�h�j�Z�y�� �m�f�_�g�v�r�Z�_�l�� �q�b�k�e�h�� �d�Z�g�Z�e�h�\�� �k�\�h�c�k�l�\���� �a�Z�l�_�f�� �i�j�h�b�k�o�h�^�b�l�� �h�[�t�_�^�b�g�_�g�b�_�� �k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f��
�h�[�j�_�a�Z�g�g�u�f�����b�a�h�[�j�Z�`�_�g�b�_�f�����a�Z�l�_�f�����k�\�_�j�l�d�Z����x�����k���n�m�g�d�p�b�_�c���Z�d�l�b�\�Z�p�b�b��ReLu ���k�f�����j�b�k���������� 

 

�J�b�k�����������:�j�o�b�l�_�d�l�m�j�Z��U-Net [1-3]  

�I�h�k�e�_�� �b�a�m�q�_�g�b�y�� �Z�j�o�b�l�_�d�l�m�j�u�� �[�u�e�Z�� �j�Z�k�k�f�h�l�j�_�g�Z �a�Z�^�Z�q�Z�� �h�[�g�Z�j�m�`�_�g�b�y�� �k�m�^�h�\�� �g�Z�� �Z�w�j�h�k�g�b�f�d�Z�o�����k�f����
�j�b�k�� 2). �W�l�Z���k�_�l�v���g�Z�l�j�_�g�b�j�h�\�Z�g�g�Z���g�Z�������������w�d�a�_�f�i�e�y�j�Z�o�����b �������w�d�a�_�f�i�e�y�j�h�\���\�u�^�_�e�_�g�u���g�Z �\�Z�e�b�^�Z�p�b�x. �L�Z��
�d�b�f�� �h�[�j�Z�a�h�f�� �g�Z�� �^�Z�g�g�u�o�� �\�� �j�Z�a�f�_�j�_�� ���������� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�e�m�q�Z�_�l�k�y���� �q�l�h�� �l�h�q�g�h�k�l�v �^�_�l�_�d�l�b�j�h�\�Z�g�b�y �k�h��
�k�l�Z�\�e�y�_�l��������������. �H�l�k�x�^�Z���f�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^���h���l�h�f�����q�l�h���k�_�l�v���d�Z�q�_�k�l�\�_�g�g�h���k�_�]�f�_�g�l�b�j�m�_�l���b�a�h�[�j�Z�`�_�g�b�_��
�\���m�k�e�h�\�b�y�o���f�Z�e�h�c���h�[�m�q�Z�x�s�_�c���\�u�[�h�j�d�b���b���i�h�^�o�h�^�b�l���^�e�y���l�h�q�g�h�]�h �^�_�l�_�d�l�b�j�h�\�Z�g�b�y �h�[�t�_�d�l�h�\�� 

 

�J�b�k������. �>�_�l�_�d�l�b�j�h�\�Z�g�b�_���k�m�^�h�\ [4]  

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

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. U-Net: Convolutional Networks for Biomedical Image Segmentation – �‹������ – [ �W�e�_�d�l�j�h�g�g�u�c 
�j�_�k�m�j�k].  URL: https://lmb.informatik.uni-freiburg.de/people/ronneber/u-net. 

2. U-�1�H�W���� �g�_�c�j�h�k�_�l�v�� �^�e�y�� �k�_�]�f�_�g�l�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@����URL: 
https://neurohive.io/ru/vidy-nejrosetej/u-net-image-segmentation. 

3. �K�_�]�f�_�g�l�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b�� �i�h�f�h�s�b���g�_�c�j�h�g�g�h�c���k�_�l�b���� �8-Net. – �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@����URL: 
http://robocraft.ru/blog/machinelearning/3671.html. 

4. Keras Based UNet Model Construction Tutorial – �‹���� – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://www.kaggle.com/krishanudb/keras-based-unet-model-construction-tutorial/notebook. 
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�<�U�;�H�J���F�?�L�H�>�H�<���=�E�M�;�H�D�H�=�H���H�;�M�Q�?�G�B�Y��
�>�E�Y �J�?�R�?�G�B�Y �A�:�>�:�Q�B �J�:�K�I�H�A�G�:�<�:�G�B�Y���;�H�E�?�A�G�?�C �J�:�K�L�?�G�B�C��

�< �M�K�E�H�<�B�Y�O���F�:�E�H�C���H�;�M�Q�:�X�S�?�C���<�U�;�H�J�D�B 

�K�f�_�l�Z�g�b�g���:�j�l�_�f���:�e�_�d�k�_�_�\�b�q1, �H�k�h�k�d�h�\���=�_�g�g�Z�^�b�c���:�e�_�d�k�_�_�\�b�q2, 
�=�h�g�q�Z�j�h�\ �I�Z�\�_�e �<�e�Z�^�b�f�b�j�h�\�b�q3 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�B�g�n�h�j�f�Z�l�b�d�Z���b���\�u�q�b�k�e�b�l�_�e�v�g�Z�y���l�_�o�g�b�d�Z�����]�j�m�i�i�Z������������ 
e-mail: webstermaster777@gmail.com. 
2 �^���n��-�f���g�������]�e�Z�\�g�u�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�I�j�h�n�_�k�k�h�j�� 
�D�Z�n�_�^�j�Z���k�b�k�l�_�f�g�h�]�h���Z�g�Z�e�b�a�Z���b���m�i�j�Z�\�e�_�g�b�y�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
3 �:�k�i�b�j�Z�g�l�� 
�D�Z�n�_�^�j�Z���k�b�k�l�_�f�g�h�]�h���Z�g�Z�e�b�a�Z���b���m�i�j�Z�\�e�_�g�b�y�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

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

30 



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

�<���i�h�k�e�_�^�g�_�_���\�j�_�f�y���^�e�y���j�_�r�_�g�b�y���a�Z�^�Z�q�b���j�Z�k�i�h�a�g�Z�\�Z�g�b�y���[�h�e�_�a�g�_�c���j�Z�k�l�_�g�b�c���i�h���n�h�l�h�]�j�Z�n�b�y�f���b�o���e�b��
�k�l�v�_�\���k�l�Z�e�b���k���m�k�i�_�o�h�f���i�j�b�f�_�g�y�l�v�k�y���g�_�c�j�h�k�_�l�_�\�u�_���f�_�l�h�^�u���]�e�m�[�h�d�h�]�h���h�[�m�q�_�g�b�y�����<���g�Z�k�l�h�y�s�_�f���b�k�k�e�_�^�h��
�\�Z�g�b�b���\�u�i�h�e�g�_�g���Z�g�Z�e�b�a���f�_�l�h�^�h�\�����b�k�i�h�e�v�a�m�_�f�u�o���^�e�y���h�[�m�q�_�g�b�y���]�e�m�[�h�d�b�o���k�\�_�j�l�h�q�g�u�o���g�_�c�j�h�g�g�u�o���k�_�l�_�c��
�\�� �m�k�e�h�\�b�y�o�� �f�Z�e�h�c�� �h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�b�� �<�� �g�Z�r�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �f�u�� �i�j�b�f�_�g�b�e�b�� �f�_�l�h�^�u�� �]�e�m�[�h�d�h�]�h��
�h�[�m�q�_�g�b�y�����d�h�l�h�j�u�_���o�h�j�h�r�h���a�Z�j�_�d�h�f�_�g�^�h�\�Z�e�b���k�_�[�y���g�Z���i�j�Z�d�l�b�d�_ [1]. 

�>�e�y�� �^�Z�g�g�u�o��PDD ���k�f���� �j�b�k���� ������ ��http://pdd.jinr.ru���� �f�u�� �b�k�i�h�e�v�a�m�_�f�� �f�_�l�h�^�b�d�m�� �h�[�m�q�_�g�b�y�� �i�_�j�_�g�h�k�Z�� �b��
�k�b�Z�f�k�d�b�c���g�_�c�j�h�k�_�l�_�\�h�c���f�_�l�h�^���k���l�j�_�o�q�e�_�g�g�h�c���n�m�g�d�p�b�_�c���h�r�b�[�d�b���>���@�����>�e�y���[�Z�a�h�\�h�c���k�_�l�b���f�u���b�k�i�h�e�v�a�m�_�f��
�Z�j�o�b�l�_�d�l�m�j�m��MobileNetV2 [3�@���� �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l�� �a�Z�i�m�k�d�Z�l�v�� �k�_�l�v�� �g�Z�� �f�h�[�b�e�v�g�h�f�� �m�k�l�j�h�c�k�l�\�_���� �F�u��
�b�k�i�h�e�v�a�m�_�f��KNN �\�� �d�Z�q�_�k�l�\�_�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���� �i�h�l�h�f�m�� �q�l�h�� �w�l�h�l�� �f�_�l�h�^�� �g�_�� �l�j�_�[�m�_�l�� �i�_�j�_�i�h�^�]�h�l�h�\�d�b�� �i�j�b��
�^�h�[�Z�\�e�_�g�b�b�� �g�h�\�h�]�h�� �d�e�Z�k�k�Z�� �\�� �g�Z�[�h�j�� �^�Z�g�g�u�o���� �F�_�l�h�^���� �d�h�l�h�j�u�f�� �f�u�� �i�h�e�v�a�m�_�f�k�y�� �i�j�_�^�e�h�`�_�g�g�Z�y��
�d�e�Z�k�k�b�n�b�d�Z�p�b�y���^�h�k�l�b�]�Z�_�l���������������l�h�q�g�h�k�l�b [4]. 

 

�J�b�k. 1�����I�j�b�f�_�j�u �b�a�h�[�j�Z�`�_�g�b�c���b�a��PDD dataset 

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

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

�<�� �w�l�h�f�� �i�j�h�_�d�l�_ �[�u�e�Z�� �j�Z�k�k�f�h�l�j�_�g�Z �a�Z�^�Z�q�Z�� �i�h�� �a�Z�f�_�g�_�� �\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �f�_�l�h�^�Z�� ��Locality-sensitive 
hashing���� �g�Z�� �k�d�Z�e�y�j�g�h�_�� �i�j�h�b�a�\�_�^�_�g�b�_ �\�� �k�h�i�h�k�l�Z�\�e�_�g�b�b�� �\�� �f�g�h�]�h�f�_�j�g�u�o�� �^�Z�g�g�u�o �k�� �i�h�f�h�s�v�x�� �\�b�^�_�h�d�Z�j�l��
�g�Z�� �y�a�u�d�_�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y Python [2]. �E�h�d�Z�e�v�g�h�_�� �o�_�r�b�j�h�\�Z�g�b�_��— �w�l�h�� �f�_�l�h�^�� �i�h�g�b�`�_�g�b�y���j�Z�a�f�_�j�g�h��
�k�l�b���f�g�h�]�h�f�_�j�g�u�o���^�Z�g�g�u�o�� LSH �\���w�l�h�f���i�h�^�o�h�^�_���h�l�h�[�j�Z�`�Z�_�l���f�g�h�`�_�k�l�\�h���l�h�q�_�d���\���\�u�k�h�d�h�j�Z�a�f�_�j�g�h�f���i�j�h��
�k�l�j�Z�g�k�l�\�_�� �\�h �f�g�h�`�_�k�l�\�h �[�b�g�h�\�� ���g�Z�[�h�j�� �h�[�t�_�d�l�h�\���� �\�� �o�_�r-�l�Z�[�e�b�p�_�����W�l�h�l�� �f�_�l�h�^ �h�[�e�Z�^�Z�_�l�� �k�i�h�k�h�[�g�h�k�l�v�x��
�\�h�k�i�j�b�g�b�f�Z�l�v�� �f�_�k�l�h�i�h�e�h�`�_�g�b�_�� ���o�w�r���� �a�Z�\�b�k�y�s�b�c�� �h�l�� �f�_�k�l�h�i�h�e�h�`�_�g�b�y���� �[�e�Z�]�h�^�Z�j�y�� �q�_�f�m�� �k�i�h�k�h�[�_�g�� �i�h��
�f�_�s�Z�l�v���k�h�k�_�^�g�b�_���l�h�q�d�b���\���h�^�b�g���b���l�h�l���`�_���[�b�g [3].  

�K�d�Z�e�y�j�g�h�_�� �i�j�h�b�a�\�_�^�_�g�b�_���\�u�k�l�m�i�Z�_�l���d�Z�d�� �f�_�l�h�^���^�e�y�� �m�k�d�h�j�_�g�b�y�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �a�Z�i�b�k�_�c���f�g�h�]�h�f�_�j��
�g�u�o �^�Z�g�g�u�o�����I�j�b���m�\�_�e�b�q�_�g�b�b���h�[�t�_�f�h�\���^�Z�g�g�u�o���\�u�k�l�j�Z�b�\�Z�_�l�k�y���f�_�l�h�^�� �\�� �d�h�l�h�j�h�f���\�u�i�h�e�g�y�x�l�k�y���h�i�_�j�Z��
�p�b�b���g�Z�^�� �\�_�d�l�h�j�Z�f�b���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h�� �i�h�e�m�q�Z�_�l�k�y�� �k�d�Z�e�y�j�� ���q�b�k�e�h�� [4]���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �i�j�b�[�e�b�a�b�l�v�� �j�_��
�a�m�e�v�l�Z�l���i�j�h�\�h�^�b�f�h�]�h �Z�g�Z�e�b�a�Z �d���©�i�h�o�h�`�b�f�ª���r�Z�[�e�h�g�Z�f�� �<���j�Z�f�d�Z�o���w�l�h�c���f�h�^�_�e�b���d�Z�`�^�Z�y���a�Z�i�b�k�v �h�i�b�k�u�\�Z��
�_�l�k�y�� �\�_�d�l�h�j�h�f���� �\�� �d�h�l�h�j�h�f�� �d�Z�`�^�h�f�m�� �l�_�j�f�m (�b�g�n�h�j�f�Z�p�b�h�g�g�h�f�� �i�h�b�k�d�_�� �g�Z�a�u�\�Z�x�l�� �k�e�h�\�Z���� �b�a�� �d�h�l�h�j�u�o�� �k�h��
�k�l�h�b�l���l�_�d�k�l)�����b�k�i�h�e�v�a�m�x�s�_�f�m�k�y���\���^�h�d�m�f�_�g�l�_�����k�l�Z�\�b�l�k�y���\���k�h�h�l�\�_�l�k�l�\�b�_���_�]�h���\�_�k�h�\�h�_���a�g�Z�q�_�g�b�_�����h�i�j�_�^�_�e�y��
�_�f�h�_�� �g�Z�� �h�k�g�h�\�_�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �h�� �_�]�h�� �i�h�y�\�e�_�g�b�b���� �D�Z�d�� �\�� �h�l�^�_�e�v�g�h�f�� �^�h�d�m�f�_�g�l�_���� �l�Z�d�� �b�� �\�h��
�\�k�_�f���^�h�d�m�f�_�g�l�Z�e�v�g�h�f���f�Z�k�k�b�\�_ [5]. 

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

�P�_�e�v �k�h�\�f�_�k�l�g�h�]�h �i�j�h�_�d�l�Z – �j�Z�a�j�Z�[�h�l�Z�l�v �b�g�k�l�j�m�f�_�g�l, �d�h�l�h�j�u�c �i�h�a�\�h�e�y�_�l �\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v 
�\�j�_�^�h�g�h�k�g�u�_ �k�_�l�_�\�u�_ �Z�l�Z�d�b �g�Z �d�h�g�d�j�_�l�g�u�c �k�_�j�\�_�j. 

�;�u�e�b���i�h�k�l�Z�\�e�_�g�u���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 
1. �:�g�Z�e�b�a���e�h�]�h�\���6�6�+���^�_�f�h�g�Z�����b�a�\�e�_�q�_�g�b�_���b�a���g�b�o���b�g�n�h�j�f�Z�p�b�b���h���l�h�f�����i�h�^���d�Z�d�b�f���e�h�]�b�g�h�f���b���k���d�Z�d�h�]�h��

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

�j�_�a�m�e�v�l�Z�l�u���a�Z�i�b�k�u�\�Z�l�v���\���[�Z�a�m���^�Z�g�g�u�o��ip_address, geo_coordinates, login. 
3. �K�h�a�^�Z�g�b�_���\�_�[-�k�l�j�Z�g�b�p�u���g�Z���d�h�l�h�j�h�c���h�l�h�[�j�Z�`�Z�_�l�k�y���d�Z�j�l�Z���f�b�j�Z���b���g�_�k�d�h�e�v�d�h���l�Z�[�e�b�p�� 

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

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

�I�j�b �i�h�f�h�s�b Virtual Box [1] �[�u�e�Z �k�h�a�^�Z�g�Z �\�b�j�l�m�Z�e�v�g�Z�y �f�Z�r�b�g�Z �g�Z �h�i�_�j�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�_ “Ubuntu 
Server 19.10” [2]. �>�Z�e�_�_���� �[�u�e�b�� �g�Z�i�b�k�Z�g�u�� �k�d�j�b�i�l�u�� �g�Z�� �y�a�u�d�_��bash �>���@���� �K�� �i�h�f�h�s�v�x�� �d�h�f�Z�g�^�u��lastb 
���g�Z�k�l�j�h�_�g�� �g�Z�� �\�u�\�h�^�� �`�m�j�g�Z�e�v�g�u�o�� �a�Z�i�b�k�_�c���� �n�Z�c�e�Z��/var/log/btmp���� �d�h�l�h�j�u�c�� �k�h�^�_�j�`�b�l�� �a�Z�i�b�k�b�� �h�[�h�� �\�k�_�o��
�g�_�m�^�Z�\�r�b�o�k�y�� �i�h�i�u�l�d�Z�o�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �\�� �k�b�k�l�_�f�_���� �i�h�e�m�q�Z�e��ip-�Z�^�j�_�k�Z�� �b��login���� �d�h�l�h�j�u�_��
�[�u�e�b���a�Z���i�h�k�e�_�^�g�b�_���k�m�l�d�b�����>�Z�e�v�r�_���n�h�j�f�b�j�h�\�Z�e�k�y��GET-�a�Z�i�j�h�k���g�Z���k�l�h�j�h�g�g�b�c���j�_�k�m�j�k���>���@�����^�e�y���i�h�e�m�q�_�g�b�y��
�b�g�n�h�j�f�Z�p�b�b���h���^�Z�g�g�h�f��IP-�Z�^�j�_�k�_�����k�l�j�Z�g�Z�����]�h�j�h�^�����r�b�j�h�l�Z�����^�h�e�]�h�l�Z�������I�h�k�e�_���i�h�e�m�q�_�g�b�y���w�l�b�o���^�Z�g�g�u�o�����h�g�b��
�\�g�h�k�b�e�b�k�v�� �\�� �[�Z�a�m�� �^�Z�g�g�u�o��SQLite [5], �d�h�l�h�j�u�_�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �b�k�i�h�e�v�a�h�\�Z�e�� �f�h�c�� �d�h�e�e�_�]�Z�� �>�_�g�b�k�� �^�e�y��
�\�b�a�m�Z�e�b�a�Z�p�b�b�� ���k�f���� �j�b�k���� �������� �K�d�j�b�i�l��install.sh���� �g�m�`�_�g�� �^�e�y�� �m�k�l�Z�g�h�\�d�b�� �g�_�h�[�o�h�^�b�f�h�]�h�� �i�j�h�]�j�Z�f�f�g�h�]�h��
�h�[�_�k�i�_�q�_�g�b�y�� �g�Z�� �k�_�j�\�_�j���� �b�� �^�h�[�Z�\�e�_�g�b�y�� �a�Z�i�m�k�d�Z�� �k�d�j�b�i�l�Z�� �k�� �Z�g�Z�e�b�a�h�f�� �`�m�j�g�Z�e�Z�� �a�Z�i�b�k�_�c�� �b�g�n�h�j�f�Z�p�b�b�� �h��
�a�e�h�m�f�u�r�e�_�g�g�b�d�Z�o�� �\��crontab ���b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �m�i�j�Z�\�e�_�g�b�y�� �^�_�f�h�g�h�f��cron – �d�e�Z�k�k�b�q�_�k�d�b�c�� �^�_�f�h�g����
�b�k�i�h�e�v�a�m�x�s�b�c�k�y�� �^�e�y�� �i�_�j�b�h�^�b�q�_�k�d�h�]�h�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�g�b�c�� �\�� �h�i�j�_�^�_�e�_�g�g�h�_�� �\�j�_�f�y���� �g�Z�k�l�j�h�_�g�g�h�f�� �g�Z��
�\�u�i�h�e�g�_�g�b�b�� �j�Z�a�� �\�� �f�b�g�m�l�m���� �b�� �k�h�a�^�Z�g�b�_�� �k�_�j�\�b�k�Z��systemd ���i�h�^�k�b�k�l�_�f�Z�� �b�g�b�p�b�Z�e�b�a�Z�p�b�b�� �b�� �m�i�j�Z�\�e�_�g�b�y��
�k�e�m�`�[�Z�f�b�� �\��Linux������ �d�h�l�h�j�u�c�� �a�Z�i�m�k�d�Z�_�l�� �\�_�[-�k�_�j�\�_�j��Flask [6] �\�� �n�h�g�h�\�h�f�� �j�_�`�b�f�_���� �K�d�j�b�i�l��remove.sh, 
�m�^�Z�e�y�_�l���k�_�j�\�b�k��systemd �b���Z�\�l�h�f�Z�l�b�q�_�k�d�b�c���a�Z�i�m�k�d���b�a��cron.  

�K�h�a�^�Z�_�l�k�y�� �k�Z�c�l�� �i�j�b�� �i�h�f�h�s�b�� �\�_�[-�n�j�_�c�f�\�h�j�d�Z��Flask [6�@�� �b�� �h�l�h�[�j�Z�`�Z�_�l�k�y��html-�k�l�j�Z�g�b�p�Z���� �;�e�Z�]�h�^�Z�j�y��
�[�b�[�e�b�h�l�_�d�_��OpenLayers [7�@�� �^�_�e�Z�_�l�k�y�� �i�j�b�\�y�a�d�Z�� �d�Z�j�l�u �d�� �k�h�a�^�Z�g�g�h�c�� �k�l�j�Z�g�b�p�_���� �G�Z�� �w�l�h�c�� �d�Z�j�l�_��
�h�l�h�[�j�Z�`�Z�x�l�k�y�� �\�j�_�^�h�g�h�k�g�u�_�� �Z�l�Z�d�b�� �g�Z�� �g�Z�r�� �k�_�j�\�_�j�� ���k�f���� �j�b�k���� �������� �K�i�b�k�h�d�� �a�e�h�m�f�u�r�e�_�g�g�b�d�h�\�� �^�e�y��
�\�b�a�m�Z�e�b�a�Z�p�b�b�� �Z�l�Z�d�� �[�_�j�_�l�k�y�� �b�a�� �[�Z�a�u��SQLite [5�@�����n�Z�c�e�� �g�_�m�^�Z�q�g�u�o�� �i�h�i�u�l�h�d�� �Z�\�l�h�j�b�a�Z�p�b�b��db.sqlite������ �;�Z�a�Z��
�^�Z�g�g�u�o���g�Z�o�h�^�b�l�k�y���g�Z���\�b�j�l�m�Z�e�v�g�h�c���f�Z�r�b�g�_ Virtual Box [1]�����d�h�l�h�j�h�c���a�Z�g�b�f�Z�_�l�k�y���f�h�c���d�h�e�e�_�]�Z���L�b�f�h�n�_�c����
�B�a�� �w�l�h�c�� �[�Z�a�u�� �g�_�h�[�o�h�^�b�f�h�� �\�a�y�l�v�� �d�h�h�j�^�b�g�Z�l�u�� �a�e�h�m�f�u�r�e�_�g�g�b�d�Z�����k�l�j�Z�g�Z���� �]�h�j�h�^���� �r�b�j�h�l�Z���� �^�h�e�]�h�l�Z���� �>�e�y��
�w�l�h�]�h�� �k�h�a�^�Z�x�l�k�y�� �a�Z�i�j�h�k�u��select���� �K�\�y�a�v�� �[�Z�a�u�� �^�Z�g�g�u�o�� �k�� �d�Z�j�l�h�c�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �g�Z�� �y�a�u�d�_��
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��python [8�@���� �>�Z�e�_�_�� �g�Z�g�h�k�y�l�k�y�� �d�h�h�j�^�b�g�Z�l�u�� �g�Z�� �d�Z�j�l�m�� �i�h�� �r�b�j�h�l�_��lat� �� � � b� � � ^� h� e� ]� h� l� _� �lon), 
�k�l�Z�\�b�l�v�k�y���f�Z�j�d�_�j�����i�h�d�Z�a�u�\�Z�x�s�b�c���b�a���d�Z�d�h�c���l�h�q�d�b���f�b�j�Z���b�^�_�l���Z�l�Z�d�Z���g�Z���k�_�j�\�_�j���b���j�b�k�m�_�l�k�y���e�b�g�b�y���f�_�`�^�m��
�k�_�j�\�_�j�h�f�� �b�� �a�e�h�m�f�u�r�e�_�g�g�b�d�h�f���� �>�e�y�� �w�l�b�o�� �p�_�e�_�c�� �b�k�i�h�e�v�a�m�_�l�k�y�� �y�a�u�d�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��JavaScript [9]. 
�L�Z�d���`�_�����i�h���a�Z�i�j�h�k�m��./rest/getCountryStatistic �g�Z��html-�k�l�j�Z�g�b�p�_���h�l�h�[�j�Z�`�Z�x�l�k�y���l�j�b���l�Z�[�e�b�p�u�����L�Z�[�e�b�p�Z���i�h��
�i�h�i�m�e�y�j�g�h�k�l�b��login�����L�Z�[�e�b�p�Z���i�h���i�h�i�m�e�y�j�g�h�k�l�b���k�l�j�Z�g�����L�Z�[�e�b�p�Z���i�h���i�h�i�m�e�y�j�g�h�k�l�b��IP ���k�f�����j�b�k����������  

�I�j�h�^�_�e�Z�g�g�Z�y�� �j�Z�[�h�l�Z�� �g�_�� �y�\�e�y�_�l�k�y�� �h�d�h�g�q�Z�l�_�e�v�g�h�c���� �=�h�l�h�\�� �j�Z�[�h�q�b�c�� �i�j�h�l�h�l�b�i�� �>10�@���� �i�j�h�\�_�^�_�g�u���\�k�_��
�i�h�^�]�h�l�h�\�b�l�_�e�v�g�u�_�� �j�Z�[�h�l�u�� �k�\�y�a�Z�g�g�u�_�� �k�� �b�a�m�q�_�g�b�_�f�� �h�l�^�_�e�v�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �]�h�l�h�\�� �j�_�i�h�a�b�l�h�j�b�c�� �\�� �]�b�l�� 
�L�j�_�[�m�_�l�k�y�� �l�_�k�l�b�j�h�\�Z�g�b�_���� �j�_�r�_�g�b�_���i�j�h�[�e�_�f�� �k�\�y�a�Z�g�g�u�o�� �k�� �l�_�f���� �q�l�h�� �d�h�e�b�q�_�k�l�\�h�� �a�Z�i�j�h�k�h�\�� �d��API 
�h�]�j�Z�g�b�q�_�g�h�����k�_�j�v�_�a�g�Z�y �^�h�j�Z�[�h�l�d�Z���^�b�a�Z�c�g�Z��UI. 
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�J�:�K�R�B�J�?�G�B�?���N�M�G�D�P�B�H�G�:�E�V�G�H�K�L�B���I�:�D�?�L�:���&�(�5�1���5�2�2�7��
�I�H �J�:�;�H�L�? �K �>�:�G�G�U�F�B���K�M�;�>��ORACLE �N�H�J�F�:�L�:���©�>�:�L�:-�<�J�?�F�Y�ª 

�:�j�l�_�f�v�_�\���:�e�_�d�k�_�c���<�e�Z�^�b�f�b�j�h�\�b�q1, �=�_�j�p�_�g�[�_�j�]�_�j���D�h�g�k�l�Z�g�l�b�g���<�b�d�l�h�j�h�\�b�q2 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�:�\�l�h�f�Z�l�b�a�Z�p�b�y���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���b���i�j�h�b�a�\�h�^�k�l�\�����]�j�m�i�i�Z����������; 
e-mail: fizz4ever1337@gmail.com. 
2 �d���l���g�������G�Z�m�q�g�h-�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c���h�l�^�_�e �n�b�a�b�d�b���k�l�h�e�d�g�h�\�_�g�b�c���l�y�`�_�e�u�o���b�h�g�h�\���g�Z���d�h�f�i�e�_�d�k�_���1�,�&�$���� 
�G�Z�q�Z�e�v�g�b�d���]�j�m�i�i�u���f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���b���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y�� 
�E�Z�[�h�j�Z�l�h�j�b�y���n�b�a�b�d�b���\�u�k�h�d�b�o���w�g�_�j�]�b�c; 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: Oracle, TIMESTAMP, ROOT. 
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�P�_�e�v�x�� �^�Z�g�g�h�]�h�� �i�j�h�_�d�l�Z�� �y�\�e�y�_�l�k�y�� �j�Z�k�r�b�j�_�g�b�_�� �\�h�a�f�h�`�g�h�k�l�_�c�� �i�h�k�e�_�^�g�_�c�� �\�_�j�k�b�b�� �i�Z�d�_�l�Z��
CERN ROOT 6 �i�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�x�� �k�� �^�Z�g�g�u�f�b�� �K�M�;�>��Oracle �\�j�_�f�_�g�g�h�]�h�� �n�h�j�f�Z�l�Z��TIMESTAMP. 
�L�_�d�m�s�b�c�� �n�m�g�d�p�b�h�g�Z�e�� �n�j�_�c�f�\�h�j�d�Z��ROOT 6 �i�h�� �j�Z�[�h�l�_�� �k�� �^�Z�g�g�u�f�� �n�h�j�f�Z�l�h�f�� �h�[�e�Z�^�Z�_�l�� �k�e�_�^�m�x�s�b�f�b��
�h�]�j�Z�g�b�q�_�g�b�y�f�b�� 

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

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

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

�I�_�j�\�u�f���^�_�e�h�f���[�u�e�h���i�j�h�\�_�^�_�g�h���j�Z�a�\�_�j�l�u�\�Z�g�b�_���h�i�_�j�Z�p�b�h�g�g�h�c���k�b�k�l�_�f�u��CentOS 8 �k���i�h�k�e�_�^�m�x�s�_�c��
�m�k�l�Z�g�h�\�d�h�c���b���g�Z�k�l�j�h�c�d�h�c���g�Z���g�_�c���i�Z�d�_�l�Z��CERN ROOT �\�_�j�k�b�b 6.20/04 �b���K�M�;�>��Oracle �\�_�j�k�b�b 19.3 [1]. 

�K�e�_�^�h�f�� �[�u�e�b�� �b�a�m�q�_�g�u �\�h�a�f�h�`�g�h�k�l�b �i�Z�d�_�l�Z��ROOT 6 �i�h�� �j�Z�[�h�l�_�� �k�� �\�j�_�f�_�g�g�u�f�b�� �^�Z�g�g�u�f�b����
�o�j�Z�g�b�f�u�f�b�� �\���K�M�;�>��Oracle���� �Z�� �l�Z�d�`�_�� �b�a�m�q�_�g�u �\�h�a�f�h�`�g�h�k�l�b �k�Z�f�h�c���K�M�;�>�� �i�h �o�j�Z�g�_�g�b�x���� �q�l�_�g�b�x�� �b��
�a�Z�i�b�k�b �^�Z�g�g�u�o�� �n�h�j�f�Z�l�Z��TIMESTAMP���� �Z�� �l�Z�d�`�_�� �[�u�e�Z�� �j�Z�a�\�_�j�g�m�l�Z�� �l�_�k�l�h�\�Z�y�� �[�Z�a�Z�� �^�Z�g�g�u�o�� �^�e�y��
�i�h�k�e�_�^�m�x�s�_�c���i�j�h�\�_�j�d�b���n�m�g�d�p�b�h�g�Z�e�Z���i�Z�d�_�l�Z��CERN ROOT  �g�Z���i�j�Z�d�l�b�d�_ [2]. 

 �I�h�k�e�_�� �b�a�m�q�_�g�b�y�� �f�h�^�m�e�_�c�� �i�Z�d�_�l�Z��ROOT 6���� �l�Z�d�b�o�� �d�Z�d��TOracleStatement���� �d�h�l�h�j�u�_�� �i�j�_�^�h�k�l�Z�\�e�y�x�l��
�b�g�k�l�j�m�f�_�g�l�Z�j�b�c�� �^�e�y �j�Z�[�h�l�u�� �k�� �K�M�;�>��Oracle �[�u�e�h�� �\�u�y�\�e�_�g�h���� �q�l�h�� �[�m�n�_�j�g�Z�y�� �k�l�j�h�d�Z�� �j�_�Z�e�b�a�h�\�Z�g�Z��
�d�h�j�j�_�d�l�g�h�����i�������������l�Z�d���d�Z�d���\���g�_�f���b�a�g�Z�q�Z�e�v�g�h���j�_�Z�e�b�a�h�\�Z�g���^�b�g�Z�f�b�q�_�k�d�b�c���[�m�n�_�j���k�l�j�h�d�b [3]. 

�G�Z�� �l�_�d�m�s�b�c�� �f�h�f�_�g�l�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�h�^�d�e�x�q�_�g�b�_�� �d�� �K�M�;�>��Oracle �q�_�j�_�a�� �b�g�k�l�j�m�f�_�g�l�Z�j�b�c����
�i�j�_�^�h�k�l�Z�\�e�y�_�f�u�c���f�h�^�m�e�_�f��TOracleServer �i�Z�d�_�l�Z��CERN ROOT �^�e�y���i�h�k�e�_�^�m�x�s�_�c���i�j�h�\�_�j�d�b���h�i�b�k�Z�g�g�u�o��
�\�u�r�_���g�_�^�h�j�Z�[�h�l�h�d�����Z���l�Z�d�`�_���^�e�y���h�[�g�Z�j�m�`�_�g�b�y���g�h�\�u�o [3].  

�<�� �i�e�Z�g�Z�o�� �i�h�� �h�d�h�g�q�Z�g�b�x�� �j�Z�[�h�l�� �i�h�� �j�Z�k�r�b�j�_�g�b�x�� �\�h�a�f�h�`�g�h�k�l�_�c�� �^�Z�g�g�h�]�h�� �i�Z�d�_�l�Z�� �k�� �K�M�;�>��Oracle 
�i�_�j�_�c�l�b���d���d�h�j�j�_�d�l�b�j�h�\�d�_���b���j�_�Z�e�b�a�Z�p�b�b���^�Z�g�g�u�o���\�h�a�f�h�`�g�h�k�l�_�c���\���h�k�l�Z�\�r�b�o�k�y���K�M�;�>�����i�h�^�^�_�j�`�b�\�Z�_�f�u�o��
ROOT 6�����Z���b�f�_�g�g�h: MySQL �b��SQLite. 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Centos ���� ������ �H�[�j�Z�a�� �h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �b�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�h�� �m�k�l�Z�g�h�\�d�_. – 2020. –  
�>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://www.centos.org/. 

2. �>�h�d�m�f�_�g�l�Z�p�b�y�� �K�M�;�>��Oracle ������ �B�g�k�l�j�m�d�p�b�y�� �i�h�� �m�k�l�Z�g�h�\�d�_�� �[�Z�a�u�� �^�Z�g�g�u�o�� �g�Z��Linux. – 2020. –  
�>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://docs.oracle.com/en/database/oracle/oracle-database/19/ladbi/. 

3. �B�k�o�h�^�g�u�c�� �d�h�^�� �b�� �^�h�d�m�f�_�g�l�Z�p�b�y��CERN ROOT ������ �B�k�o�h�^�g�u�c�� �d�h�^�� �\�_�l�d�b��Master. – 2020. –  
�>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://root.cern.ch/doc/master/. 
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�:�>�:�I�L�:�P�B�Y���K�?�J�<�?�J�G�H�C���D�H�F�I�H�G�?�G�L�U���K�B�K�L�?�F�U���M�I�J�:�<�E�?�G�B�Y���G�:�=�J�M�A�D�H�C��
���A�:�>�:�Q�:�F�B���B���A�:�>�:�G�B�Y�F�B����PANDA �>�E�Y �B�G�L�?�=�J�:�P�B�B���K���K�B�K�L�?�F�H�C��

�M�I�J�:�<�E�?�G�B�Y���I�J�H�P�?�K�K�H�F �H�;�J�:�;�H�L�D�B���>�:�G�G�U�O���>�E�Y �W�D�K�I�?�J�B�F�?�G�L�:��BM@N 

�=�Z�\�j�b�e�h�\���>�f�b�l�j�b�c���B�\�Z�g�h�\�b�q1�����I�_�l�j�h�k�y�g���:�j�l�_�f���R�f�Z�\�h�g�h�\�b�q2, 
�H�e�_�c�g�b�d �>�Z�g�b�e�Z �:�g�Z�l�h�e�v�_�\�b�q3 

1 �K�l�m�^�_�g�l; 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�h�]�j�Z�f�f�g�Z�y���b�g�`�_�g�_�j�b�y�����]�j�m�i�i�Z������������ 
e-mail: dmitriygavrofficial@gmail.com. 
2 �<�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
3 �<�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: PanDA, PandaServer, workflow. 
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�K�b�k�l�_�f�Z���h�[�j�Z�[�h�l�d�b���^�Z�g�g�u�o���k���w�d�k�i�_�j�b�f�_�g�l�Z��BM@N �k�h�k�l�h�b�l���b�a���g�_�k�d�h�e�v�d�b�o���d�h�f�i�h�g�_�g�l�h�\�����d�h�l�h�j�u�_��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l���f�_�`�^�m���k�h�[�h�c���>1]: 
�x �k�b�k�l�_�f�Z �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b���^�Z�g�g�u�o�� 
�x �k�b�k�l�_�f�Z���d�h�g�l�j�h�e�y���^�Z�g�g�u�o�� 
�x �k�b�k�l�_�f�Z���m�i�j�Z�\�e�_�g�b�y���i�j�h�p�_�k�k�h�f���h�[�j�Z�[�h�l�d�b���^�Z�g�g�u�o�� 
�x �k�b�k�l�_�f�Z���m�i�j�Z�\�e�_�g�b�y���g�Z�]�j�m�a�d�h�c�� 

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

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

�<�� �d�Z�q�_�k�l�\�_�� �k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� �g�Z�]�j�m�a�d�h�c�� �[�u�e�h�� �\�u�[�j�Z�g�h�� �i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_ PanDA 
(Production and Distributed Analysis System�������j�b�k�� 1) [3]. 

 

�J�b�k����������PanDA 

�;�u�e���m�k�l�Z�g�h�\�e�_�g���b���g�Z�k�l�j�h�_�g��PandaServer ���y�^�j�h�����]�^�_���\�u�i�h�e�g�y�x�l�k�y���h�k�g�h�\�g�u�_���h�i�_�j�Z�p�b�b��PanDA�������k�h��
�a�^�Z�g�Z�� �[�Z�a�Z�� �^�Z�g�g�u�o�� �^�e�y��PandaServer���� �m�k�l�Z�g�h�\�e�_�g�u�� �g�_�h�[�o�h�^�b�f�u�_�� �d�h�f�i�h�g�_�g�l�u���� �l�Z�d�b�_�� �d�Z�d��httpd, httpd-
devel, mod_ssl, gridsite�����;�u�e�h���i�j�h�l�_�k�l�b�j�h�\�Z�g�h���^�h�[�Z�\�e�_�g�b�_���a�Z�^�Z�q�� 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Petrosyan A. Workflow Services for distributed processing BM@N data. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. 
URL: https://indico.jinr.ru/event/1159/contributions/9022/. 

2. Oleynik D. Automation of (big) data processing for scientific research in heterogeneous distributed 
computing systems. Lessons of BigPanDA project. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://indico.jinr.ru/event/738/contributions/6446/. 

3. The PanDA Production and Distributed Analysis System. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: 
https://twiki.cern.ch/twiki/bin/view/PanDA/PanDA. 
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https://www.postgresql.org/docs/current/monitoring-stats.html.  

2. Grafana // Install on RPM-based Linux (CentOS, Fedora, OpenSuse, Red Hat). – �>�W�e�_�d�l�j�h�g�g�u�c��
�j�_�k�m�j�k�@����URL: https://grafana.com/docs/grafana/latest/installation/rpm/. 

3. InfluxData // Installing InfluxDB. Installing, starting, and configuring InfluxDB open source (OSS). – 
[ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://docs.influxdata.com/influxdb/v1.8/introduction/install/. 

4. InfluxData // Installing Telegraf. Installing, starting, and configuring Telegraf. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_��
�k�m�j�k]. URL: https://docs.influxdata.com/telegraf/v1.14/introduction/installation.  
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�:�>�:�I�L�:�P�B�Y���J�:�A�J�:�;�H�L�D�: �B�G�N�H�J�F�:�P�B�H�G�G�H�C���K�B�K�L�?�F�U���<���J�:�F�D�:�O��
�J�:�K�I�J�?�>�?�E�?�G�G�H�C���K�B�K�L�?�F�U���H�;�J�:�;�H�L�D�B���>�:�G�G�U�O���W�D�K�I�?�J�B�F�?�G�L�: BM@N 

�F�Z�l�\�_�_�\���B�\�Z�g���:�g�^�j�_�_�\�b�q1�����H�e�_�c�g�b�d���>�Z�g�b�e�Z���:�g�Z�l�h�e�v�_�\�b�q2, 
�I�_�l�j�h�k�y�g �:�j�l�_�f  �R�f�Z�\�h�g�h�\�b�q3 

1 �K�l�m�^�_�g�l�� 
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�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�b�d�e�Z�^�g�Z�y���b�g�n�h�j�f�Z�l�b�d�Z�����]�j�m�i�i�Z������������ 
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�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
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�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: unified, resource, management, system, baryonic, matter, nuclotron, computing 
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�M�g�b�n�b�p�b�j�h�\�Z�g�g�Z�y�� �k�b�k�l�_�f�Z�� �m�i�j�Z�\�e�_�g�b�y�� �j�_�k�m�j�k�Z�f�b��— �w�l�h�� �B�L-�w�d�h�k�b�k�l�_�f�Z���� �k�h�k�l�h�y�s�Z�y�� �b�a�� �g�Z�[�h�j�Z��
�i�h�^�k�b�k�l�_�f�� �b�� �k�_�j�\�b�k�h�\���� �d�h�l�h�j�u�_�� �^�h�e�`�g�u �m�g�b�n�b�p�b�j�h�\�Z�l�v�� �^�h�k�l�m�i�� �d�� �^�Z�g�g�u�f�� �b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�f��
�j�_�k�m�j�k�Z�f���\���]�_�l�_�j�h�]�_�g�g�h�c���j�Z�k�i�j�_�^�_�e�_�g�g�h�c���k�j�_�^�_�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�l�v���[�h�e�v�r�b�g�k�l�\�h���h�i�_�j�Z�p�b�c�����k�\�y�a�Z�g�g�u�o��
�k�� �f�Z�k�k�h�\�h�c�� �h�[�j�Z�[�h�l�d�h�c�� �^�Z�g�g�u�o���� �b�a�[�_�]�Z�l�v�� �^�m�[�e�b�j�h�\�Z�g�b�y�� �h�k�g�h�\�g�u�o�� �n�m�g�d�p�b�c�� �i�m�l�_�f�� �k�h�\�f�_�k�l�g�h�]�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �k�b�k�l�_�f�� �j�Z�a�e�b�q�g�u�f�b�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b���� �\ �j�_�a�m�e�v�l�Z�l�_��— �k�g�b�a�b�l�v�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�_��
�j�Z�k�o�h�^�u���� �i�h�\�u�k�b�l�v�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�_�k�m�j�k�h�\���� �h�[�_�k�i�_�q�b�l�v�� �i�j�h�a�j�Z�q�g�u�c�� �m�q�_�l��
�b�k�i�h�e�v�a�h�\�Z�g�b�y���j�_�k�m�j�k�h�\ ���k�f�����j�b�k�����������>1]. 

 

�J�b�k. 1. Unified Resource Management System schema 

�H�k�g�h�\�g�h�c�� �a�Z�^�Z�q�_�c�� �i�j�h�_�d�l�Z�� �y�\�e�y�_�l�k�y�� �j�Z�a�\�_�j�l�d�Z �b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �\�� �j�Z�f�d�Z�o��
�m�g�b�n�b�p�b�j�h�\�Z�g�g�h�c�� �k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� �j�_�k�m�j�k�Z�f�b�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�Z �m�k�l�Z�g�h�\�d�_ 
Nuclotron-based Ion Collider fAcility (NICA���� �\�� �d�h�l�h�j�m�x�� �\�o�h�^�b�l �w�d�k�i�_�j�b�f�_�g�l��Baryonic Matter at 
Nuclotron (BM@N) [2, 3]. �>�e�y�� �j�_�r�_�g�b�y�� �^�Z�g�g�h�c�� �a�Z�^�Z�q�b�� �[�u�e�Z�� �\�u�[�j�Z�g�Z�� �b�g�n�h�j�f�Z�p�b�h�g�g�Z�y�� �k�b�k�l�_�f�Z��
Computing Resource Information Catalogue (CRIC) [4] ���k�f�����j�b�k������������ 

 

�J�b�k�������� Computing Resource Information Catalogue 

�;�u�e�h�� �i�j�h�\�_�^�_�g�h�� �j�Z�a�\�_�j�l�u�\�Z�g�b�_ �l�_�k�l�h�\�h�c �\�_�j�k�b�b�� �k�b�k�l�_�f�u��CRIC �g�Z�� �j�_�k�m�j�k�Z�o�� �h�[�e�Z�q�g�h�c��
�b�g�n�j�Z�k�l�j�m�d�l�m�j�u �E�B�L���H�B�Y�B�� �J�Z�[�h�l�Z���g�Z�^���i�j�h�_�d�l�h�f���[�m�^�_�l���i�j�h�^�h�e�`�Z�l�v�k�y�� �K�e�_�^�m�x�s�b�f���w�l�Z�i�h�f���y�\�e�y�_�l�k�y��
�h�i�j�_�^�_�e�_�g�b�_���n�h�j�f�Z�l�h�\���w�d�k�i�h�j�l�Z���^�Z�g�g�u�o���\���^�j�m�]�b�_���k�b�k�l�_�f�u�� 

�K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u 

1. Oleynik D. Automation of (big) data processing for scientific research in heterogeneous 
distributed computing systems. – [ �W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k�@�����8�5�/����
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�I�J�B�F�?�G�?�G�B�? �G�?�C�J�H�K�?�L�?�<�H�=�H �I�H�>�O�H�>�: 
�>�E�Y �A�:�>�:�Q �J�?�D�H�G�K�L�J�M�D�P�B�B �L�J�?�D�:���W�D�K�I�?�J�B�F�?�G�L�:��MPD �I�J�H�?�D�L�:��NICA 
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�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
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�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b���� �h�[�m�q�_�g�b�_�� �g�_�c�j�h�k�_�l�_�c���� �e�h�]�b�q�_�k�d�b�c�� �\�u�\�h�^�� �g�_�c�j�h�k�_�l�_�c����
�g�_�c�j�h�k�_�l�_�\�u�_���Z�j�o�b�l�_�d�l�m�j�u�����\�u�q�b�k�e�b�l�_�e�v�g�u�_���Z�j�o�b�l�_�d�l�m�j�u�����j�_�d�h�g�k�l�j�m�d�p�b�y���l�j�_�d�h�\���q�Z�k�l�b�p����NICA, MPD, 
HEP. 
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�H�^�g�h�c�� �b�a�� �\�Z�`�g�_�c�r�b�o�� �i�j�h�[�e�_�f�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �n�b�a�b�d�b�� �\�u�k�h�d�b�o�� �w�g�_�j�]�b�c��
�y�\�e�y�_�l�k�y�� �i�j�h�p�_�^�m�j�Z�� �j�_�d�h�g�k�l�j�m�d�p�b�b�� �l�j�_�d�h�\�� �q�Z�k�l�b�p���� �d�h�l�h�j�Z�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �i�h�k�l�j�h�_�g�b�b�� �l�j�_�d�h�\��
���l�j�Z�_�d�l�h�j�b�c���� �q�Z�k�l�b�p�� �g�Z�� �h�k�g�h�\�_�� �f�g�h�`�_�k�l�\�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �i�h�i�Z�^�Z�g�b�c���� �b�f�_�g�m�_�f�u�o�� �o�b�l�Z�f�b���� �w�l�b�o��
�q�Z�k�l�b�p�� �\�� �q�m�\�k�l�\�b�l�_�e�v�g�u�_�� �k�e�h�b�� �^�_�l�_�d�l�h�j�Z���� �K�h�\�j�_�f�_�g�g�u�_�� �m�k�e�h�\�b�y�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �n�b�a�b�d�b�� �\�u�k�h�d�b�o��
�w�g�_�j�]�b�c�� �^�b�d�l�m�x�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �i�h�b�k�d�Z�� �g�h�\�u�o�� �f�_�l�h�^�h�\�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o���� �i�h�k�d�h�e�v�d�m�� �f�_�`�^�m��
�d�e�Z�k�k�b�q�_�k�d�b�f�b�� �f�_�l�h�^�Z�f�b���� �i�j�b�f�_�g�y�_�f�u�f�b�� �^�_�k�y�l�b�e�_�l�b�y�f�b���� �b�� �h�i�l�b�f�Z�e�v�g�u�f�b�� �f�h�`�_�l�� �k�m�s�_�k�l�\�h�\�Z�l�v��
�k�m�s�_�k�l�\�_�g�g�u�c�� �j�Z�a�j�u�\���� �>�e�y�� �j�_�r�_�g�b�y�� �^�Z�g�g�h�c�� �i�j�h�[�e�_�f�u�� �k�h�a�^�Z�x�l�k�y�� �j�Z�a�e�b�q�g�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�_��
�]�j�m�i�i�u [1]. 

�>�Z�g�g�Z�y�� �j�Z�[�h�l�Z �[�u�e�Z �i�j�h�\�_�^�_�g�Z�� �\�� �j�Z�f�d�Z�o�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� �]�j�m�i�i�u�� �H�B�Y�B, �a�Z�g�b�f�Z�x�s�_�c�k�y��
�i�h�b�k�d�h�f���� �b�k�k�e�_�^�h�\�Z�g�b�_�f���� �b�� �k�h�a�^�Z�g�b�_�f�� �f�_�l�h�^�h�\�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o�� �^�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z��MPD �i�j�h�_�d�l�Z��
NICA �\���k�h�l�j�m�^�g�b�q�_�k�l�\�_���k���d�h�f�i�Z�g�b�_�c���J�K�D���L�_�o�g�h�e�h�]�b�b�� 

�P�_�e�v�x�� �w�l�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �Z�i�j�h�[�Z�p�b�y�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o���Z�j�o�b�l�_�d�l�m�j�� �^�e�y�� �a�Z�^�Z�q�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y��
�l�j�_�d�h�\���q�Z�k�l�b�p���k���i�h�f�h�s�v�x���g�_�c�j�h�k�_�l�_�\�h�]�h���i�h�^�o�h�^�Z�����I�_�j�\�u�f���r�Z�]�h�f���^�e�y���^�h�k�l�b�`�_�g�b�y���i�h�k�l�Z�\�e�_�g�g�h�c���p�_�e�b��
�k�l�Z�e�h�� �\�u�y�\�e�_�g�b�_�� �b�� �h�i�b�k�Z�g�b�_�� �i�j�b�f�_�g�y�x�s�b�o�k�y�� �^�e�y�� �j�_�d�h�g�k�l�j�m�d�p�b�b�� �l�j�_�d�h�\�� �g�_�c�j�h�k�_�l�_�\�u�o�� �i�h�^�o�h�^�h�\����
�j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �^�j�m�]�b�f�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�f�b�� �]�j�m�i�i�Z�f�b���� �J�_�d�m�j�j�_�g�l�g�u�_�� �Z�j�o�b�l�_�d�l�m�j�u�� �y�\�e�y�x�l�k�y��
�h�k�g�h�\�g�u�f�b�� �\�� �a�Z�^�Z�q�Z�o�� �j�_�d�h�g�k�l�j�m�d�p�b�b���� �i�h�k�d�h�e�v�d�m�� �k�i�h�k�h�[�g�u�� �h�[�j�Z�[�Z�l�u�\�Z�l�v�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b [1][2]. 
�B�f�_�x�l�k�y�� �i�j�b�f�_�g�_�g�b�y�� �k�\�_�j�l�h�q�g�u�o�� �Z�j�o�b�l�_�d�l�m�j�� �k�� �g�_�d�h�l�h�j�u�f�b�� �h�]�j�Z�g�b�q�_�g�b�y�f�b [3]���� �L�Z�d�`�_��
�j�Z�a�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �j�_�r�_�g�b�y�� �g�Z�� �f�_�g�_�_�� �b�a�\�_�k�l�g�u�o�� �Z�j�o�b�l�_�d�l�m�j�Z�o���� �l�Z�d�b�_�� �d�Z�d�� �]�j�Z�n�h�\�u�_�� �g�_�c�j�h�k�_�l�_�\�u�_��
�Z�j�o�b�l�_�d�l�m�j�u�����g�h���l�_�k�l�b�j�h�\�Z�g�b�_���l�Z�d�b�o���j�_�r�_�g�b�c���g�Z���j�_�Z�e�v�g�u�o���^�Z�g�g�u�o���g�_���i�j�h�\�h�^�b�e�h�k�v [1]. 

�<�l�h�j�u�f�� �r�Z�]�h�f���� �^�e�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c�� �Z�i�j�h�[�Z�p�b�b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �Z�j�o�b�l�_�d�l�m�j���� �k�l�Z�e�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�h�^�_�e�_�c�� �k�\�_�j�l�h�q�g�h�c �b�� �j�_�d�m�j�j�_�g�l�g�h�c�� �Z�j�o�b�l�_�d�l�m�j�u�� �g�Z�i�b�k�Z�g�g�u�_�� �k�� �i�h�f�h�s�v�x��
�g�_�c�j�h�k�_�l�_�\�h�c�� �[�b�[�e�b�h�l�_�d�b��Keras���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�h�^�b�e�h�k�v�� �g�Z�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �m�k�l�j�h�c�k�l�\�Z�o �\��
�_�^�b�g�b�q�g�h�f�� �w�d�a�_�f�i�e�y�j�_: Intel Xeon 7680, Intel Xeon Phi 6048 �b��Nvidia Tesla K100���� �G�b�`�_�� �i�j�b�\�_�^�_�g�u��
�j�_�a�m�e�v�l�Z�l�u���h�[�m�q�_�g�b�y���b���\�u�\�h�^�Z���k�_�l�_�c���� 

      

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

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

�m�f�_�g�v�r�Z�_�l���_�]�h. 

�>�e�y�� �e�h�]�b�q�_�k�d�h�]�h�� �\�u�\�h�^�Z��LSTM �k�_�l�b�� �g�Z�b�e�m�q�r�b�c�� �j�_�a�m�e�v�l�Z�l�� �[�u�e�� �i�h�e�m�q�_�g�� �g�Z��Xeon 7680 ���������� �f�d�k������
�k�e�_�^�h�f���b�^�_�l��Tesla K100 (���������f�d�k��. �O�m�^�r�b�c���j�_�a�m�e�v�l�Z�l���m��Xeon Phi 6048 (�����f�k�������>�e�y���e�h�]�b�q�_�k�d�h�]�h���\�u�\�h�^�Z��
CNN �k�_�l�b���]�j�Z�^�Z�p�b�y���b�^�_�g�l�b�q�g�Z: Xeon 7680 (36 �f�d�k��, Tesla K100 ���������f�d�k��, Xeon Phi 6048 �����������f�d�k��. 

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

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Dan Guest, Kyle Cranmer, Daniel Whiteson. Deep Learning and Its Application to LHC Physics // 
arXiv:1806.11484v1 [hep-ex] 29 Jun 2018. 

2. Steven Farrell, Dustin Anderson, Paolo Cala�¿ura, Giuseppe Cerati. The HEP.TrkX Project: deep neu-
ral networks for HL-LHC online and of�Àine tracking // Connecting the Dots/Intelligent Trackers 2017. 
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�Q�B�K�E�?�G�G�U�C���:�G�:�E�B�A���I�J�H�P�?�K�K�:���J�:�K�K�?�Y�G�B�Y���Q�:�K�L�B�P��
�I�J�B �D�H�G�?�Q�G�U�O �L�?�F�I�?�J�:�L�M�J�:�O���Y�>�?�J�G�H�C���F�:�L�?�J�B�B 

�J�h�]�h�`�b�g�Z���?�e�b�a�Z�\�_�l�Z���>�f�b�l�j�b�_�\�g�Z1�����D�Z�e�b�g�h�\�k�d�b�c���X�j�b�c���E�_�h�g�b�^�h�\�b�q2, 
�=�h�e�y�l�d�b�g�Z �E�x�[�h�\�v���B�]�h�j�_�\�g�Z3 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y �i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�B�g�n�h�j�f�Z�p�b�h�g�g�u�_���k�b�k�l�_�f�u���b���l�_�o�g�h�e�h�]�b�b�����]�j�m�i�i�Z������������ 
e-mail: liorinoff@mail.ru. 
2 �^���n��-�f���g�������\�_�^�m�s�b�c���g�Z�m�q�g�u�c���k�h�l�j�m�^�g�b�d�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
�>�h�p�_�g�l�� 
�A�Z�\�_�^�m�x�s�b�c���d�Z�n�_�^�j�h�c���\�u�k�r�_�c���f�Z�l�_�f�Z�l�b�d�b���� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
3 �K�l�m�^�_�g�l�� 
�D�Z�n�_�^�j�Z���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 

�D�e�x�q�_�\�u�_���k�e�h�\�Z�� �y�^�_�j�g�Z�y���n�b�a�b�d�Z����NICA�����^�b�Z�]�j�Z�f�f�u���N�_�c�g�f�Z�g�Z�����j�Z�k�k�_�y�g�b�_���q�Z�k�l�b�p�����i�b�h�g�����f�_�a�h�g�� 
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�P�_�e�v�� �j�Z�[�h�l�u��– �\�u�i�h�e�g�b�l�v�� �j�Z�k�q�_�l�u�� �i�h�i�_�j�_�q�g�u�o�� �k�_�q�_�g�b�c�� �j�Z�k�k�_�y�g�b�y�� �q�Z�k�l�b�p�� �i�j�b�� �d�h�g�_�q�g�h�c��
�l�_�f�i�_�j�Z�l�m�j�_���b���i�e�h�l�g�h�k�l�b���^�e�y���i�j�h�_�d�l�Z��NICA. 

�H�k�g�h�\�g�h�c�� �a�Z�^�Z�q�_�c�� �y�\�e�y�_�l�k�y�� �k�h�a�^�Z�g�b�_�� �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h�� �d�h�^�Z�� �\��Wolfram Mathematica, 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �w�l�h�]�h�� �j�_�a�m�e�v�l�Z�l�Z�� �\�� �d�h�^��C++ �b�� �j�Z�a�f�_�s�_�g�b�b���w�l�h�]�h�� �d�h�^�Z�� �g�Z��HybriLIT �^�e�y�� �i�h�f�h�s�b�� �\��
�j�Z�k�q�_�l�Z�o���w�d�k�i�_�j�b�f�_�g�l�h�\���i�j�h�_�d�l�Z��NICA. 

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

�>�e�y�� �j�Z�k�q�_�l�Z�� �i�b�h�g-�i�b�h�g�� �j�Z�k�k�_�y�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �^�b�Z�]�j�Z�f�f�u�� �l�b�i�Z��«�;�h�d�k» �b��«�L�j�_�m�]�h�e�v�g�b�d» [1] 
���k�f�����j�b�k������������ 

 

�J�b�k�� 1. �>�b�Z�]�j�Z�f�f�u���l�b�i�Z��«�;�h�d�k» �b��«�L�j�_�m�]�h�e�v�g�b�d» 

�>�e�y�� �j�Z�k�q�_�l�h�\�� �f�u�� �b�k�i�h�e�v�a�m�_�f��Wolfram Mathematica �k��Package-X �b��LoopTools �^�e�y�� �\�u�q�b�k�e�_�g�b�y��
�g�_�d�h�l�h�j�u�o���i�_�l�e�_�\�u�o���b�g�l�_�]�j�Z�e�h�\���>���@���� 

�G�Z�� �^�Z�g�g�u�c�� �f�h�f�_�g�l���[�u�e�b �i�j�h�\�_�^�_�g�u �Z�g�Z�e�b�l�b�q�_�k�d�b�_�� �j�Z�k�q�_�l�u�� �Z�f�i�e�b�l�m�^�� �b�� �k�_�q�_�g�b�c �j�Z�k�k�_�y�g�b�y��
�f�_�a�h�g�h�\���b���j�Z�a�j�Z�[�h�l�Z�g C++ �d�h�^���^�e�y���i�h�f�h�s�b���\���j�Z�k�q�_�l�Z�o���w�d�k�i�_�j�b�f�_�g�l�h�\���i�j�h�_�d�l�Z��NICA.  

�<���^�Z�e�v�g�_�c�r�_�f���i�e�Z�g�b�j�m�_�l�k�y �i�j�b�f�_�g�b�l�v���w�l�h�l���i�h�^�o�h�^���d���]�e�x�h�^�b�g�Z�f�b�d�_���b���b�k�k�e�_�^�h�\�Z�l�v���i�j�h�p�_�k�k�u��gg - 
�Œ�Œ. 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. �D�Z�e�b�g�h�\�k�d�b�c�� �X���E������ �L�h�g�_�_�\�� �<���>������ �N�j�b�a�_�g�� �:���<���� �N�Z�a�h�\�Z�y�� �^�b�Z�]�j�Z�f�f�Z�� �[�Z�j�b�h�g�g�h�c�� �f�Z�l�_�j�b�b�� �\��SU(2)-
�f�h�^�_�e�b���G�Z�f�[�m��– �B�h�g�Z-�E�Z�a�b�g�b�h���k���i�_�l�e�_�c���I�h�e�y�d�h�\�Z�����M�N�G���������������������������������H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l��
�y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c�� 

2. Hiren H. Patel Package-X. – �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@��  URL: https://packagex.hepforge.org. 
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�J�:�A�J�:�;�H�L�D�:���K�B�K�L�?�F�U���M�I�J�:�<�E�?�G�B�Y���I�J�H�P�?�K�K�H�F���H�;�J�:�;�H�L�D�B���>�:�G�G�U�O��
�G�: �W�D�K�I�?�J�B�F�?�G�L�?��BM@N 

�Y�q�f�_�g�z�\���:�g�^�j�_�c���:�e�_�d�k�_�_�\�b�q1, �I�_�l�j�h�k�y�g���:�j�l�_�f���R�f�Z�\�h�g�h�\�b�q2, 
�H�e�_�c�g�b�d �>�Z�g�b�e�Z �:�g�Z�l�h�e�v�_�\�b�q3 

1 �K�l�m�^�_�g�l�� 
�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���©�>�m�[�g�Z�ª�� 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y���r�d�h�e�Z���i�h���b�g�n�h�j�f�Z�p�b�h�g�g�u�f���l�_�o�g�h�e�h�]�b�y�f 
�©�:�g�Z�e�b�l�b�d�Z���[�h�e�v�r�b�o���^�Z�g�g�u�o�ª�����]�j�m�i�i�Z�������� 
�G�Z�i�j�Z�\�e�_�g�b�_���h�[�m�q�_�g�b�y���i�h���h�k�g�h�\�g�h�c���h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c���i�j�h�]�j�Z�f�f�_�� 
�I�j�h�]�j�Z�f�f�g�Z�y���b�g�`�_�g�_�j�b�y�����]�j�m�i�i�Z������������ 
e-mail: andrew91.99@yandex.ru 
2 �<�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 
3�<�_�^�m�s�b�c���i�j�h�]�j�Z�f�f�b�k�l�� 
�E�Z�[�h�j�Z�l�h�j�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���l�_�o�g�h�e�h�]�b�c�� 
�H�[�t�_�^�b�g�_�g�g�u�c���b�g�k�l�b�l�m�l���y�^�_�j�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: airflow, luigi, workflow management, BM@N. 
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 �?�^�b�g�Z�y�� �k�b�k�l�_�f�Z�� �m�i�j�Z�\�e�_�g�b�y�� �j�_�k�m�j�k�Z�f�b�� �>���@��— �w�l�h�� �B�L-�w�d�h�k�b�k�l�_�f�Z���� �k�h�k�l�h�y�s�Z�y�� �b�a�� �k�h�\�h�d�m�i�g�h�k�l�b��
�i�h�^�k�b�k�l�_�f���b���k�_�j�\�b�k�h�\�����k�f�����j�b�k�������������d�h�l�h�j�u�_���^�h�e�`�g�u�� 
�x �m�g�b�n�b�p�b�j�h�\�Z�l�v �^�h�k�l�m�i �d�� �^�Z�g�g�u�f�� �b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�f�� �j�_�k�m�j�k�Z�f�� �\�� �]�_�l�_�j�h�]�_�g�g�h�c�� �j�Z�k�i�j�_�^�_�e�_�g�g�h�c

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

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

�j�_�k�m�j�k�h�\;
�x �i�j�h�a�j�Z�q�g�u�c���m�q�_�l���b�k�i�h�e�v�a�h�\�Z�g�b�y���j�_�k�m�j�k�h�\.

�J�b�k. 1. Unified Resource Management System  �J�b�k. 2. Automation of BM@N reconstruction workflow 

�K�b�k�l�_�f�Z�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z��BM@N �k�h�k�l�h�b�l�� �b�a�� �g�_�k�d�h�e�v�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\ [1], 
�d�h�l�h�j�u�_���\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l���f�_�`�^�m���k�h�[�h�c�����k�f�����j�b�k. 2). 

�P�_�e�v�� �f�h�_�]�h�� �i�j�h�_�d�l�Z�� �i�h�^�h�[�j�Z�l�v�� �b�� �g�Z�k�l�j�h�b�l�v�� �k�b�k�l�_�f�m�� �m�i�j�Z�\�e�_�g�b�y�� �i�j�h�p�_�k�k�h�f�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o��
(workflow management framework).  

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

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

�>�e�y���w�l�b�o���p�_�e�_�c���[�u�e�h���i�h�^�h�[�j�Z�g�h���^�\�Z���k�j�_�^�k�l�\�Z����luigi [2] �b��airflow [3]. �W�l�h �k�j�_�^�k�l�\�Z���^�e�y���i�h�k�l�j�h�_�g�b�y, 
�m�i�j�Z�\�e�_�g�b�y, �d�h�g�l�j�h�e�y���\�u�i�h�e�g�_�g�b�y���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c���a�Z�^�Z�q���� 

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

�G�Z���l�_�d�m�s�_�f���w�l�Z�i�_���i�h�k�l�j�h�_�g�b�y���k�b�k�l�_�f�u���g�Z�k�l�j�h�_�g�Z���k�j�_�^�Z �^�e�y���k�h�a�^�Z�g�b�y���k�b�k�l�_�f�u�����j�Z�a�\�_�j�g�m�l��Airflow. 
�<�_�^�_�l�k�y�� �j�Z�[�h�l�Z�� �g�Z�^�� �k�h�a�^�Z�g�b�_�f�� �j�Z�k�r�b�j�_�g�b�y�� �^�e�y�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �k�b�k�l�_�f�h�c�� �m�i�j�Z�\�e�_�g�b�y�� �g�Z�]�j�m�a�d�h�c��
PanDA. �I�h�k�e�_�� �g�Z�k�l�j�h�c�d�b�� �k�b�k�l�_�f�u�� �g�_�h�[�o�h�^�b�f�h�� �h�i�b�k�Z�l�v�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �a�Z�^�Z�q�� �g�Z�� �y�a�u�d�_��
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��Python. 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

1. Oleynik D. Automation of (big) data processing for scientific research in heterogeneous distributed
computing systems. – [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL:
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2. Luigi docs. – [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://luigi.readthedocs.io/en/stabl.

3. Airflow docs. – [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]. URL: https://airflow.apache.org/docs/stable/.
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�G�Z�m�q�g�h�_���b�a�^�Z�g�b�_ 
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