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�J�?�N�?�J�:�L 

 
 �<�u�i�m�k�d�g�Z�y���d�\�Z�e�b�n�b�d�Z�p�b�h�g�g�Z�y���j�Z�[�h�l�Z���g�Z���l�_�f�m���©�J�Z�a�j�Z�[�h�l�d�Z���i�j�h�]�j�Z�f�f�g�h�]�h��

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

49 �k�l�j�Z�g�b�p�� �l�_�d�k�l�h�\�h�]�h�� �^�h�d�m�f�_�g�l�Z����36 �b�e�e�x�k�l�j�Z�p�b�c���� ������ �b�k�l�h�q�g�b�d�h�\�� �b��1 

�i�j�b�e�h�`�_�g�b�_. 

 �H�;�J�:�;�H�L�D�:�� �I�H�J�L�J�?�L�G�H�=�H�� �B�A�H�;�J�:�@�?�G�B�Y���� �I�H�B�K�D��

�I�H�J�L�J�?�L�G�H�=�H�� �B�A�H�;�J�:�@�?�G�B�Y���� �;�B�G�:�J�B�A�:�P�B�Y�� �B�A�H�;�J�:�@�?�G�B�Y���� 

�D�:�K�D�:�>�U���O�:�:�J�:�����K�H�A�>�:�G�B�?���I�J�H�=�J�:�F�F�G�H�=�H���I�J�H�>�M�D�L�: 

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

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

�b�a�h�[�j�Z�`�_�g�b�y. 

 �<���o�h�^�_���j�Z�[�h�l�u���[�u�e�b���j�_�r�_�g�u���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 

1. �B�a�m�q�_�g�Z���i�j�_�^�f�_�l�g�Z�y���h�[�e�Z�k�l�v�� 

2. �<�u�i�h�e�g�_�g���Z�g�Z�e�b�a���i�j�_�^�f�_�l�g�h�c���h�[�e�Z�k�l�b���b���f�_�l�h�^�h�\���j�Z�k�i�h�a�g�Z�\�Z�g�b�y��

�b�a�h�[�j�Z�`�_�g�b�c���i�h���l�_�f�_���j�Z�[�h�l�u. 

3. �B�a�m�q�_�g�u�� �k�m�s�_�k�l�\�m�x�s�b�_�� �i�j�h�]�j�Z�f�f�u���� �i�j�b�e�h�`�_�g�b�y�� �b�� �f�_�l�h�^�u��

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

4. �J�Z�a�j�Z�[�h�l�Z�g �i�j�h�]�j�Z�f�f�g�u�c���i�j�h�^�m�d�l. 

5. �I�j�h�b�a�\�_�^�_�g�Z���Z�i�j�h�[�Z�p�b�y���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z. 
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�<�<�?�>�?�G�B�? 
 

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

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�y. �A�Z�^�Z�q�Z�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�y����

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

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

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

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

�n�h�l�h�]�j�Z�n�b�c���b���l���^���� 

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

�l�_�o�g�b�q�_�k�d�b�o�� �k�b�k�l�_�f�Z�o�� �g�Z�b�[�h�e�_�_�� �a�g�Z�q�b�f�h�� �l�h���� �d�Z�d�b�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b��

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

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

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

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

�[�h�e�v�r�b�o���h�[�t�_�f�h�\���b�g�n�h�j�f�Z�p�b�b�����k�\�y�a�Z�g�g�u�o���k���b�a�h�[�j�Z�`�_�g�b�y�f�b�� 

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

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

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

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

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

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

�h�[�j�Z�[�h�l�d�b�����H�l�f�_�l�b�f���g�_�d�h�l�h�j�u�_���b�a���g�b�o�� 

�� �I�h�^�[�h�j���d�h�g�l�j�Z�k�l�Z���b�a�h�[�j�Z�`�_�g�b�y�� 

�� �K�]�e�Z�`�b�\�Z�g�b�_���i�h���g�Z�b�[�h�e�_�_���g�_�h�^�g�h�j�h�^�g�h�c���h�d�j�_�k�l�g�h�k�l�b���p�_�g�l�j�Z�e�v�g�h�c���l�h�q�d�b�� 

�� �:�i�i�j�h�d�k�b�f�Z�p�b�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �b�a�h�[�j�Z�`�_�g�b�y���� �I�j�b�� �w�l�h�f�� �p�_�e�h�_��

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

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

�g�Z�b�f�_�g�v�r�b�o���d�\�Z�^�j�Z�l�h�\�� 

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

�i�b�d�k�_�e�v�g�u�c���Z�g�Z�e�b�a�� 

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

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

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

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

�y�\�e�y�_�l�k�y���^�\�m�f�_�j�g�u�f�� 

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

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

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

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

�b�a�h�[�j�Z�`�_�g�b�c���i�h���l�_�f�_���j�Z�[�h�l�u 

 

1.1 �:�d�l�m�Z�e�v�g�h�k�l�v�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b�� �i�h�j�l�j�_�l�g�h�]�h��
�b�a�h�[�j�Z�`�_�g�b�y 

 

�H�[�j�Z�[�h�l�d�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�j�b�f�_�g�y�_�l�k�y�� �\�h�� �f�g�h�`�_�k�l�\�_�� �k�n�_�j�� �q�_�e�h�\�_�q�_�k�d�h�c��

�^�_�y�l�_�e�v�g�h�k�l�b�����h�l�f�_�l�b�f���g�_�d�h�l�h�j�u�_���b�a���g�b�o��  

�H�[�j�Z�[�h�l�d�Z�� �i�h�j�l�j�_�l�Z�� �\�� �k�h�p�b�Z�e�v�g�u�o�� �k�_�l�y�o. �G�Z�i�j�b�f�_�j���� �)�D�F�H�E�R�R�N��

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

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

�F�g�h�]�b�_���B�L-�d�h�f�i�Z�g�b�b�����\�d�e�x�q�Z�y���0�L�F�U�R�V�R�I�W�����m�`�_���g�_�k�d�h�e�v�d�h���e�_�l���b�k�i�h�e�v�a�m�x�l��

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

�n�h�l�h�]�j�Z�n�b�c���\ �[�h�e�_�_���[�u�k�l�j�m�x���b���j�_�a�m�e�v�l�Z�l�b�\�g�m�x [1]. 

�H�[�j�Z�[�h�l�d�Z�� �i�h�j�l�j�_�l�h�\�� �\�� �k�n�_�j�_�� �[�_�a�h�i�Z�k�g�h�k�l�b���� �I�j�h�k�l�h�c�� �i�j�b�f�_�j��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �l�_�o�g�h�e�h�]�b�b�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �e�b�p�� �^�e�y�� �a�Z�s�b�l�u�� �e�b�q�g�u�o�� �^�Z�g�g�u�o�� �² 

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

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

�_�f�m���\�h�c�l�b���b�e�b���g�_�l�� 

�H�[�j�Z�[�h�l�d�Z�� �i�h�j�l�j�_�l�Z�� �^�e�y�� �i�h�^�k�q�_�l�Z�� �d�h�e�b�q�_�k�l�\�Z�� �e�x�^�_�c���� �L�_�o�g�h�e�h�]�b�x��

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

�e�x�^�_�c���� �i�h�k�_�s�Z�x�s�b�o�� �d�Z�d�h�_-�e�b�[�h�� �f�_�j�h�i�j�b�y�l�b�_�� ���g�Z�i�j�b�f�_�j���� �d�h�g�n�_�j�_�g�p�b�x�� �b�e�b��

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

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

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

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�l�v���i�j�h�p�_�k�k���b���k�w�d�h�g�h�f�b�l�v���\�j�_�f�y�� 

�:�d�l�m�Z�e�v�g�h�k�l�v�� �l�_�f�u�� �©�J�Z�a�j�Z�[�h�l�d�Z�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �i�j�h�^�m�d�l�Z�� �^�e�y��

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

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

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

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

�\�h�a�f�h�`�g�h�k�l�b���^�e�y���j�_�^�Z�d�l�b�j�h�\�Z�g�b�y���^�Z�g�g�u�o [12]. 

�H�[�t�_�d�l���b�k�k�e�_�^�h�\�Z�g�b�y���± �l�_�o�g�h�e�h�]�b�b���h�[�j�Z�[�h�l�d�b�����m�e�m�q�r�_�g�b�y���n�h�l�h�k�g�b�f�d�h�\���b��

�Z�g�Z�e�b�a���k�p�_�g�����k�h�^�_�j�`�Z�s�b�o���^�_�l�Z�e�b�����i�h�^�e�_�`�Z�s�b�_���j�Z�k�i�h�a�g�Z�\�Z�g�b�x�� 

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

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

�Z�g�Z�e�b�a���k�p�_�g�����k�h�^�_�j�`�Z�s�b�o���^�_�l�Z�e�b�����i�h�^�e�_�`�Z�s�b�_���j�Z�k�i�h�a�g�Z�\�Z�g�b�x�� 

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

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

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

�<���j�Z�f�d�Z�o���i�j�h�_�d�l�Z���j�_�r�Z�x�l�k�y���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 

- �Z�g�Z�e�b�a���i�j�_�^�f�_�l�g�h�c���h�[�e�Z�k�l�b���i�h���l�_�f�_���^�b�i�e�h�f�g�h�c���j�Z�[�h�l�u; 

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

- �j�Z�a�j�Z�[�h�l�d�Z���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z�� 

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

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

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

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

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

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

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

 

 

 

�J�b�k�m�g�h�d�������± �>�_�j�_�\�h���p�_�e�_�c���^�e�y���m�e�m�q�r�_�g�b�y���d�Z�q�_�k�l�\�Z���j�Z�k�i�h�a�g�Z�\�Z�g�b�y��

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

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

 

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

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

AdobePhotoshop, Movaviphotoeditor, photomaster, GIMP, paint, ACDSee, Picasa �b��

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

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

�I�H���� 

�H�l�f�_�l�b�f�� �g�_�^�h�k�l�Z�l�d�b�� �d�h�l�h�j�u�_�� �i�j�b�k�m�s�b�� �^�Z�g�g�u�f�� �i�j�h�]�j�Z�f�f�g�u�f��

�d�h�f�i�e�_�d�k�Z�f�� 

1. �L�j�_�[�m�x�l�� �i�e�Z�l�g�u�_���e�b�p�_�g�a�b�b (AdobePhotoshop, Movaviphotoeditor, 

ACDSee). 

2. �B�f�_�x�l�� �h�]�j�Z�g�b�q�_�g�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �n�m�g�d�p�b�c�� �\�h�� �\�j�_�f�y�� �[�_�k�i�e�Z�l�g�h�]�h��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �I�j�h�[�g�Z�y���\�_�j�k�b�y���0�R�Y�D�Y�L�3�K�R�W�R�(�G�L�W�R�U���g�_���i�h�^�^�_�j�`�b�\�Z�_�l���k�h�o�j�Z�g�_�g�b�_��

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

3. �B�f�_�x�l�� �\�u�k�h�d�b�_�� �k�b�k�l�_�f�g�u�_�� �l�j�_�[�h�\�Z�g�b�y (AdobePhotoshop, 

Movaviphotoeditor, ACDSee). 

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

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

�\�� �[�h�e�v�r�b�g�k�l�\�_�� �i�j�h�]�j�Z�f�f���� �l�Z�d�b�o�� �d�Z�d����Movaviphotoeditor, photomaster, GIMP, 

paint, ACDSee, Picasa,  �f�h�]�m�l���\�u�i�h�e�g�y�l�v�k�y���l�h�e�v�d�h���\�j�m�q�g�m�x�� 

5. �L�j�_�[�m�x�l�� �k�i�_�p�b�Z�e�v�g�u�o�� �g�Z�\�u�d�h�\�� �^�e�y�� �i�j�Z�\�b�e�v�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y. 

�>�e�y���m�k�i�_�r�g�h�c���j�Z�[�h�l�u���k���l�Z�d�b�f�b���i�j�h�]�j�Z�f�f�Z�f�b���d�Z�d��Photoshop, GIMP, �g�_�h�[�o�h�^�b�f�h��

�h�[�m�q�_�g�b�_. 

6. �B�f�_�x�l�� �m�a�d�b�c�� �n�m�g�d�p�b�h�g�Z�e�� �\�h�a�f�h�`�g�h�k�l�_�c, �d�h�l�h�j�u�c�� �g�_�� �i�h�a�\�h�e�y�_�l��

�b�k�i�h�e�v�a�h�\�Z�l�v�� �\�k�_�� �f�_�l�h�^�u�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�y�� ��Paint, photomaster, 

Movaviphotoeditor).  
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�I�j�h�]�j�Z�f�f�g�u�c �i�j�h�^�m�d�l�� �b�f�_�_�l�� �k�\�h�b�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �b�� �g�_�^�h�k�l�Z�l�d�b���� �h�l�f�_�l�b�f 

�g�_�d�h�l�h�j�u�_���b�a���g�b�o. 

�I�j�_�b�f�m�s�_�k�l�\�Z�� 

1. �;�_�k�i�e�Z�l�g�h�_���I�H 

2. �G�_�� �l�j�_�[�m�_�l �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�h�k�l�h�j�h�g�g�b�o�� �[�b�[�e�b�h�l�_�d�� �b�� �k�l�h�j�h�g�g�b�o��

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

3. �>�e�y�� �j�Z�[�h�l�u�� �i�j�h�]�j�Z�f�f�u�� �g�_�� �l�j�_�[�m�_�l�k�y�� �[�h�e�v�r�h�]�h�� �h�[�t�z�f�Z��

�\�u�q�b�k�e�b�l�_�e�v�g�u�o���f�h�s�g�h�k�l�_�c�����l�Z�d�b�o���d�Z�d���\��photoshop, gimp, ACDSee�b���l���^. 

4. �B�f�_�_�l���\�h�a�f�h�`�g�h�k�l�v���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�y. 

5. �I�j�h�]�j�Z�f�f�Z�� �i�j�h�k�l�Z�� �\�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �b�� �g�_�� �l�j�_�[�m�_�l�� �h�[�m�q�_�g�b�y�� �^�e�y��

�j�Z�[�h�l�u. 

6. �<�h�a�f�h�`�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �i�h�^�d�e�x�q�Z�_�f�u�_�� �f�h�^�m�e�b�� �b�� �n�m�g�d�p�b�b��

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

�G�_�^�h�k�l�Z�l�d�b�� 

1. �H�l�k�m�l�k�l�\�m�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �h�[�j�Z�[�h�l�d�b�� �\�_�d�l�h�j�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��

(Photoshop, GIMP). 

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

�i�e�Z�g�r�_�l�Z�o (Photoshop, GIMP). 

3. �G�_�\�h�a�f�h�`�g�h�k�l�v�� �b�g�l�_�]�j�Z�p�b�b�� �k�� �h�[�e�Z�q�g�u�f�b�� �k�_�j�\�b�k�Z�f�b��(photoshop, 

picasa). 
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1.3 �;�b�g�Z�j�b�a�Z�p�b�y���b�a�h�[�j�Z�`�_�g�b�y 

 

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

�[�b�g�Z�j�b�a�Z�p�b�b�� 

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

�b�g�n�h�j�f�Z�p�b�b���� �k�� �d�h�l�h�j�h�c�� �i�j�b�o�h�^�b�l�k�y�� �j�Z�[�h�l�Z�l�v���� �I�j�h�k�l�h�� �]�h�\�h�j�y���� �m�^�Z�q�g�Z�y��

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

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

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

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

�b�a-�a�Z���g�_�h�^�g�h�j�h�^�g�h�k�l�_�c���n�h�g�Z�� 

�I�j�h�p�_�k�k�� �[�b�g�Z�j�b�a�Z�p�b�b���± �w�l�h�� �i�_�j�_�\�h�^�� �p�\�_�l�g�h�]�h�� ���b�e�b�� �\�� �]�j�Z�^�Z�p�b�y�o�� �k�_�j�h�]�h����

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

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

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

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

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

�i�h�j�h�]�Z���h�k�l�Z�_�l�k�y���g�_�b�a�f�_�g�g�h�c���\���l�_�q�_�g�b�_���\�k�_�]�h���i�j�h�p�_�k�k�Z���[�b�g�Z�j�b�a�Z�p�b�b�����<�h���\�l�h�j�h�f��

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

�e�h�d�Z�e�v�g�u�c���i�h�j�h�]�� 

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

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

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

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

�i�h�j�h�]�Z�� �\�� �w�l�h�f�� �f�_�l�h�^�_�� �h�k�g�h�\�Z�g�� �g�Z�� �f�b�g�b�f�b�a�Z�p�b�b�� �\�g�m�l�j�b�]�j�m�i�i�h�\�h�c�� �^�b�k�i�_�j�k�b�b��

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

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

�n�m�g�d�p�b�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�_�j�h�y�l�g�h�k�l�b��P���� �A�g�Z�q�_�g�b�y��P���������«��P(I���� �i�j�_�^�k�l�Z�\�e�y�_�l��

�k�h�[�h�c�� �g�Z�[�e�x�^�Z�_�f�u�_�� �\�_�j�h�y�l�g�h�k�l�b�� �a�g�Z�q�_�g�b�c�� �y�j�d�h�k�l�b�� �����«��I; P(i) = 

https://dic.academic.ru/dic.nsf/ruwiki/1094320
https://dic.academic.ru/dic.nsf/ruwiki/1220
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|{(r,c)||Image(r,c) = i}|/|R * C�_���� �]�^�_��R*C �j�Z�\�g�h�� �i�e�h�s�Z�^�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �I�j�b��

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

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

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

�j�Z�k�i�j�_�^�_�e�_�g�b�_���a�g�Z�q�_�g�b�c���y�j�d�h�k�l�b���k�q�b�l�Z�_�l�k�y���[�b�f�h�^�Z�e�v�g�u�f [15]. 

 �D�e�x�q�_�\�u�f�� �k�e�Z�[�u�f�� �f�_�k�l�h�f�� �w�l�h�]�h�� �f�_�l�h�^�Z�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �h�g�� �f�h�`�_�l��

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

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

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

�k�\�h�_�c���h�[�e�Z�k�l�b�� 

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

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

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

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

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

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

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

�b�a���k�Z�f�u�o���b�a�\�_�k�l�g�u�o���b�����[�_�a�m�k�e�h�\�g�h�����g�Z�b�[�h�e�_�_���i�j�h�k�l�u�f [10]. 

�H�i�l�b�f�Z�e�v�g�Z�y�� �i�h�j�h�]�h�\�Z�y�� �k�_�]�f�_�g�l�Z�p�b�y�� �h�k�g�h�\�Z�g�Z�� �g�Z�� �i�j�b�[�e�b�`�_�g�b�b��

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

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

�L�h�]�^�Z�� �i�h�j�h�]��- �w�l�h�� �g�Z�[�h�j�� �[�e�b�`�Z�c�r�b�o�� �m�j�h�\�g�_�c�� �y�j�d�h�k�l�b���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

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

�j�Z�k�i�j�_�^�_�e�_�g�b�c�� 
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�J�b�k�m�g�h�d��3 �± �I�h�j�h�]�b���[�b�g�Z�j�b�a�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y 

 
 
 

1.4 �G�Z�o�h�`�^�_�g�b�_���d�h�g�l�m�j�h�\���b���h�i�_�j�Z�p�b�b���k���g�b�f�b 

 

�D�h�g�l�m�j�g�u�c�� �Z�g�Z�e�b�a�� �i�h�a�\�h�e�y�_�l�� �h�i�b�k�u�\�Z�l�v���� �o�j�Z�g�b�l�v���� �k�j�Z�\�g�b�\�Z�l�v�� �b��

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

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

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

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

�n�h�j�f�_�� �h�[�t�_�d�l�Z���� �<�g�m�l�j�_�g�g�b�_�� �l�h�q�d�b�� �h�[�t�_�d�l�Z�� �\�h�� �\�g�b�f�Z�g�b�_�� �g�_�� �i�j�b�g�b�f�Z�x�l�k�y���� �W�l�h��

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

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

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

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

�j�_�r�Z�l�v�� �h�k�g�h�\�g�u�_�� �i�j�h�[�e�_�f�u�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �h�[�j�Z�a�h�\�� �± �i�_�j�_�g�h�k���� �i�h�\�h�j�h�l�� �b��

�b�a�f�_�g�_�g�b�_���f�Z�k�r�l�Z�[�Z���b�a�h�[�j�Z�`�_�g�b�y���h�[�t�_�d�l�Z [13].  

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

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

�h�[�t�_�d�l�� �h�l�� �n�h�g�Z���� �<�� �k�b�k�l�_�f�Z�o�� �d�h�f�i�v�x�l�_�j�g�h�]�h�� �a�j�_�g�b�y�� �b�k�i�h�e�v�a�m�_�l�k�y�� �g�_�k�d�h�e�v�d�h��

�k�i�h�k�h�[�h�\�� �d�h�^�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �± �g�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�� �d�h�^�� �N�j�b�f�_�g�Z���� �^�\�m�f�_�j�g�h�_��
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�d�h�^�b�j�h�\�Z�g�b�_�����i�h�e�b�]�h�g�Z�e�v�g�h�_���d�h�^�b�j�h�\�Z�g�b�_�����G�h���\�k�_���w�l�b���k�i�h�k�h�[�u���d�h�^�b�j�h�\�Z�g�b�y���g�_��

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

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

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

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

�a�Z�i�b�k�u�\�Z�_�l�k�y���d�h�f�i�e�_�d�k�g�u�f���q�b�k�e�h�f���D���L�E�����=�^�_���D���± �k�f�_�s�_�g�b�_���l�h�q�d�b���i�h���h�k�b���;�����Z���E���± 

�k�f�_�s�_�g�b�_���i�h���h�k�b���<�����K�f�_�s�_�g�b�_���[�_�j�_�l�k�y���h�l�g�h�k�b�l�_�e�v�g�h���i�j�_�^�u�^�m�s�_�c���l�h�q�d�b���� 

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

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

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

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

�l�h�q�d�_�����D�Z�`�^�u�c���\�_�d�l�h�j���d�h�g�l�m�j�Z���[�m�^�_�f���g�Z�a�u�\�Z�l�v���w�e�_�f�_�g�l�Z�j�g�u�f���\�_�d�l�h�j�h�f�����W�<�������:��

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

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

�\�_�d�l�h�j�Z���± �f�Z�e�u�f�b���]�j�_�q�_�k�d�b�f�b���[�m�d�\�Z�f�b�����L�Z�d�b�f���h�[�j�Z�a�h�f�����\�_�d�l�h�j-�d�h�g�l�m�j���=���^�e�b�g�u��

�N���f�h�`�g�h���h�[�h�a�g�Z�q�b�l�v���d�Z�d�����’ 
L �:�U�4�á�U�5�á �å �á �U�Þ�?�5�; 

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

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

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

�^�j�m�]�b�f�b�� �k�i�h�k�h�[�Z�f�b�� �d�h�^�b�j�h�\�Z�g�b�y [4]���� �D�h�f�i�e�_�d�k�g�h�_�� �d�h�^�b�j�h�\�Z�g�b�_�� �[�e�b�a�d�h�� �d��

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

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

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

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

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

FindContours(). 

�I�j�b�f�_�j �d�h�^�Z: 

importnumpy as np 

import cv2 

�L�P��� ���F�Y�����L�P�U�H�D�G���µ�W�H�V�W���M�S�J�¶�� 
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imgray = cv2.cvtColor(im, cv2.COLOR_BGR2GRAY) 

ret, thresh = cv2.threshold(imgray, 127, 255, 0) 

im2, contours, hierarchy= cv2.findContours(thresh, cv2.RETR_TREE, 

cv2.CHAIN_APPROX_SIMPLE) 

�?�k�l�v�� �l�j�b�� �Z�j�]�m�f�_�g�l�Z�� �\�� �n�m�g�d�p�b�b��cv2.findCountours�������� �i�_�j�\�Z�y�� �± �b�k�o�h�^�g�h�_��

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

�d�h�g�l�m�j�h�\���� �d�h�l�h�j�u�c�� �\�u�\�h�^�b�l�� �b�a�f�_�g�_�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���� �d�h�g�l�m�j�u�� �b�� �b�_�j�Z�j�o�b�x����

�D�Z�`�^�u�c�� �h�l�^�_�e�v�g�u�c�� �d�h�g�l�m�j�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �f�Z�k�k�b�\��Numpy (x,y���� �d�h�h�j�^�b�g�Z�l��

�]�j�Z�g�b�q�g�u�o���l�h�q�_�d���h�[�t�_�d�l�Z�� 

 �>�e�y�� �j�b�k�h�\�Z�g�b�y�� �d�h�g�l�m�j�h�\�� �b�k�i�h�e�v�a�m�_�l�k�y�� �n�m�g�d�p�b�y��DrawContours���� �?�z�� �l�Z�d�`�_��

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

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

�d�h�g�l�m�j�u���� �d�h�l�h�j�u�_�� �^�h�e�`�g�u�� �[�u�l�v�� �i�_�j�_�^�Z�g�u�� �d�Z�d�� �k�i�b�k�h�d���� �L�j�_�l�b�c�� �Z�j�]�m�f�_�g�l�� �± 

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

�Q�l�h�[�u���g�Z�j�b�k�h�\�Z�l�v���\�k�_���d�h�g�l�m�j�u���b�a�h�[�j�Z�`�_�g�b�y�� 

cv2.drawContours(img, contours, -1,(0,255,0),3). 

�Q�l�h�[�u���g�Z�j�b�k�h�\�Z�l�v���b�g�^�b�\�b�^�m�Z�e�v�g�u�c���d�h�g�l�m�j�� 

cv2.drawContours(img, contours, 3,(0,255,0),3). 

�G�h���q�Z�s�_���\�k�_�]�h���b�k�i�h�e�v�a�m�_�l�k�y���w�l�h�l���f�_�l�h�^�� 

cnt = contours[4] cv2.drawContours(img, [cnt], -0,(0,255,0),3). 

�L�j�_�l�b�c���Z�j�]�m�f�_�g�l���k�h�o�j�Z�g�y�_�l���d�h�h�j�^�b�g�Z�l�u����x,y�����]�j�Z�g�b�p�u���n�h�j�f�u�����?�k�e�b���[�m�^�_�l��

�i�j�h�c�^�_�g��cv2.CHAIN_APPROX_NONE�����\�k�_���]�j�Z�g�b�q�g�u�_���l�h�q�d�b���[�m�^�m�l���k�h�o�j�Z�g�_�g�u�� 

 

1.5 �F�_�l�h�^���<�b�h�e�u-�>�`�h�g�k�Z�����d�Z�k�d�Z�^�u���O�Z�Z�j�Z�� 

 

�I�h�k�e�_�� �g�Z�o�h�`�^�_�g�b�y�� �d�h�g�l�m�j�Z�� �i�h�j�l�j�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�^�z�l�� �i�h�k�e�_�^�m�x�s�_�_��

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

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

�\�u�i�h�e�g�y�l�v���j�_�^�Z�d�l�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�_�����j�_�Z�e�b�a�m�y���l�Z�d�b�_���n�m�g�d�p�b�b���d�Z�d �M�^�Z�e�_�g�b�_��

�q�_�j�g�u�o�� �l�h�q�_�d�� �g�Z�� �e�b�p�_���� �M�^�Z�e�_�g�b�_�� �d�j�Z�k�g�u�o�� �]�e�Z�a�� �g�Z�� �e�b�p�_���� �B�a�f�_�g�_�g�b�_�� �n�h�j�f�� �e�b�p�Z����

�l�Z�d�b�o���d�Z�d�����]�m�[�u�����[�j�h�\�b�����k�d�m�e�u�����e�h�[�����m�r�b�����g�h�k�����]�e�Z�a�Z�����B�a�f�_�g�_�g�b�_���p�\�_�l�Z���d�h�`�b�� 

�F�_�l�h�^���<�b�h�e�Z���b���>�`�h�g�k�Z���b�k�i�h�e�v�a�m�_�l���l�_�o�g�h�e�h�]�b�x���k�d�h�e�v�a�y�s�_�]�h���h�d�g�Z�����L�h���_�k�l�v��

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

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

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

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

�j�Z�k�i�h�a�g�Z�\�Z�g�b�y���h�[�t�_�d�l�h�\�� 

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

�w�e�_�f�_�g�l���f�Z�l�j�b�p�u���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c �a�g�Z�q�_�g�b�_���i�b�d�k�_�e�y���g�Z���h�l�j�_�a�d�_���>�����������@�����?�k�e�b��

�b�a�h�[�j�Z�`�_�g�b�_�� �± �q�_�j�g�h-�[�_�e�h�_���� �l�h�� �l�h�]�^�Z�� �b�a�h�[�j�Z�`�_�g�b�_�� �f�h�`�g�h�� �h�i�b�k�Z�l�v�� �h�^�g�h�c��

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

�^�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �p�\�_�l�h�\�� �5�*�%�� ���5�� �± �d�j�Z�k�g�u�c���� �*�� �± �a�_�e�_�g�u�c���� �%�� �± �k�b�g�b�c������

�K�m�s�_�k�l�\�m�x�l���b���^�j�m�]�b�_���i�j�_�^�k�l�Z�\�e�_�g�b�y���p�\�_�l�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�� 

�H�^�g�b�f�� �b�a�� �h�k�g�h�\�g�u�o�� �i�j�b�g�p�b�i�h�\�� �f�_�l�h�^�Z�� �<�b�h�e�u-�>�`�h�g�k�Z�� �y�\�e�y�_�l�k�y��

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

�b�g�l�_�]�j�Z�e�v�g�h�f�� �\�b�^�_ [6�@���� �B�g�l�_�]�j�Z�e�v�g�h�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �i�h�a�\�h�e�y�_�l�� �i�h�k�q�b�l�Z�l�v��

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

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

�b�k�i�h�e�v�a�m�_�l�k�y���n�h�j�f�m�e�Z���g�Z���j�b�k�m�g�d�_��4. 

 
 

�J�b�k�m�g�h�d 4 - �N�h�j�f�m�e�Z���^�e�y���i�h�e�m�q�_�g�b�y���b�g�l�_�]�j�Z�e�v�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y 
 
�A�g�Z�q�_�g�b�_�� �\�� �l�h�q�d�_ X, Y �f�Z�l�j�b�p�u��[9]���� �i�h�e�m�q�_�g�g�h�c�� �b�a�� �b�k�o�h�^�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���>�
�=�h�g�k�Z�e�_�k �J�@���w�l�h���k�m�f�f�Z���\�k�_�o���l�h�q�_�d���\���i�j�y�f�h�m�]�h�e�v�g�b�d�_�����������������;�����<������

�L�h�]�^�Z���b�g�l�_�]�j�Z�e���i�h���e�x�[�h�f�m���i�j�y�f�h�m�]�h�e�v�g�b�d�m�����$�%�&�'�����\���b�a�h�[�j�Z�`�_�g�b�b���i�j�_�^�k�l�Z�\�b�f��
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�d�Z�d�� �6�X�P�2�I�5�H�F�W�� ���$�%�&�'���� � �� �,�,���$���� ���� �,�,���K���� �² II(B) �²  �,�,���'������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

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

�i�b�d�k�_�e�_�c���\���i�j�y�f�h�m�]�h�e�v�g�b�d�_�� 

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

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

�i�j�y�f�h�m�]�h�e�v�g�u�_���i�j�b�a�g�Z�d�b���b�e�b���i�j�b�f�b�l�b�\�u���O�Z�Z�j�Z�����b�a�h�[�j�Z�`�_�g�g�u�_���g�Z���j�b�k�m�g�d�_��5. 

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

�i�j�b�f�u�d�Z�x�s�b�o�� �^�j�m�]�� �d�� �^�j�m�]�m�� �b�� �j�Z�a�^�_�e�_�g�g�u�o�� �g�Z�� �^�\�_�� �]�j�m�i�i�u���� �<�h�a�f�h�`�g�u�o��

�i�j�b�a�g�Z�d�h�\�� �O�Z�Z�j�Z�� �h�]�j�h�f�g�h�_�� �f�g�h�`�_�k�l�\�h�� ���j�Z�a�g�h�h�[�j�Z�a�g�u�_�� �d�h�f�[�b�g�Z�p�b�b�� �h�[�e�Z�k�l�_�c��

�j�Z�a�g�h�c���r�b�j�b�g�u���b���\�u�k�h�l�u���k���j�Z�a�g�u�f�b���i�h�a�b�p�b�y�f�b���g�Z���b�a�h�[�j�Z�`�_�g�b�b���� 

 

 

 

�J�b�k�m�g�h�d��5 - �I�j�b�f�_�j �r�Z�[�e�h�g�h�\���O�Z�Z�j�Z 

 

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

�a�Z�^�Z�q�b���� �Q�l�h�[�u�� �\�u�q�b�k�e�b�l�v�� �a�g�Z�q�_�g�b�_�� �d�h�g�d�j�_�l�g�h�]�h�� �i�j�b�a�g�Z�d�Z�� �O�Z�Z�j�Z�� �^�e�y�� �d�Z�d�h�]�h-

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

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

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

�d�h�g�d�j�_�l�g�h�]�h���i�j�b�a�g�Z�d�Z���O�Z�Z�j�Z���^�e�y���^�Z�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�� 

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

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

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

�h�[�e�Z�k�l�_�c���� �W�l�h�� �a�g�Z�q�_�g�b�_�� �k�j�Z�\�g�b�\�Z�_�l�k�y�� �k�� �w�l�Z�e�h�g�h�f���� �i�h�k�e�_�� �w�l�h�]�h�� �i�j�b�g�b�f�Z�_�l�k�y��

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

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

�l���d���� �h�g�b�� �[�m�^�m�l�� �f�_�g�v�r�_�� �r�Z�[�e�h�g�h�\���� �>�e�y�� �l�h�]�h�� �q�l�h�[�u�� �b�k�d�Z�l�v�� �g�Z�� �\�k�_�f�� �n�h�l�h�� �e�b�p�Z��



17 
 

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

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

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

�f�_�g�v�r�_�]�h �f�Z�k�r�l�Z�[�Z�� 

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

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

�G�_�^�h�k�l�Z�l�d�b���f�_�l�h�^�Z: 

�� �G�_�m�k�l�h�c�q�b�\�h�k�l�v���i�j�b���k�f�_�g�_���h�k�\�_�s�_�g�b�y. 

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

�� �F�Z�e�_�g�v�d�Z�y���k�d�h�j�h�k�l�v���j�Z�[�h�l�u���² �_�k�e�b���g�m�`�g�h���h�[�g�Z�j�m�`�b�l�v���h�[�e�Z�k�l�v���Q�
�Q���g�Z��

�b�a�h�[�j�Z�`�_�g�b�b���P�
�P. 

�F�_�l�h�^�u���m�k�l�j�Z�g�_�g�b�y���g�_�^�h�k�l�Z�l�d�h�\��  

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

�d �[�b�g�Z�j�b�a�Z�p�b�b���h�[�e�Z�k�l�b. 

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

�b�a�f�_�g�_�g�b�_�f���j�Z�a�j�_�r�_�g�b�y���i�j�b���d�h�j�j�_�e�y�p�b�b�� 

�� �K�d�h�j�h�k�l�v�� �h�i�l�b�f�b�a�b�j�m�x�l�� �i�m�l�z�f�� �i�h�b�k�d�Z�� �k�� �[�h�e�v�r�b�f�� �r�Z�]�h�f�� �b�e�b�� �i�j�b��

�f�Z�e�_�g�v�d�h�f���j�Z�a�j�_�r�_�g�b�b�� 

�I�j�_�b�f�m�s�_�k�l�\�Z �f�_�l�h�^�Z�� 

�� �M�k�l�h�c�q�b�\�h�k�l�v�� �d�� �k�f�_�g�_�� �h�k�\�_�s�_�g�b�y���� �^�Z�`�_�� �_�k�e�b�� �w�l�h�� �e�h�d�Z�e�v�g�Z�y�� �k�f�_�g�Z��

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

�i�j�h�k�l�_�c�r�b�c �i�h�e�h�k�h�\�h�c���n�b�e�v�l�j). 

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

�d�h�j�j�_�e�y�p�b�b�� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �f�Z�k�r�l�Z�[�Z���j�Z�a�f�_�j�� �i�j�b�f�b�l�b�\�h�\�� �i�j�b�� �w�l�h�f�� �g�_��

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

�� �<�h�a�f�h�`�g�h���h�[�g�Z�j�m�`�_�g�b�_���[�h�e�_�_���h�^�g�h�]�h���e�b�p�Z���g�Z���b�a�h�[�j�Z�`�_�g�b�b�� 

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

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

�<�b�h�e�u�� �b�� �>�`�h�g�k�Z�� �[�u�e�h�� �i�j�b�f�_�g�_�g�b�_�� �l�Z�[�e�b�p�u�� �k�m�f�f���� �d�h�l�h�j�m�x�� �h�g�b�� �g�Z�a�\�Z�e�b��

http://habrahabr.ru/post/120562/
http://en.wikipedia.org/wiki/Band-pass_filter
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�b�g�l�_�]�j�Z�e�v�g�u�f�� �b�a�h�[�j�Z�`�_�g�b�_�f���� �H�[�h�[�s�_�g�g�Z�y�� �k�o�_�f�Z�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �\�� �Z�e�]�h�j�b�l�f�_��

�<�b�h�e�u-�>�`�h�g�k�Z���i�h�d�Z�a�Z�g�Z���g�Z���j�b�k�m�g�d�_ 6. 

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

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

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

�Z�e�]�h�j�b�l�f�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �b�s�_�l�� �h�[�t�_�d�l�u�� �g�Z�� �j�Z�a�g�u�o �f�Z�k�r�l�Z�[�Z�o�� �b�a�h�[�j�Z�`�_�g�b�y����

�b�k�i�h�e�v�a�m�y���k�h�a�^�Z�g�g�m�x���[�Z�a�m���^�Z�g�g�u�o�� 

 

 

�J�b�k�m�g�h�d��6 - �K�o�_�f�Z���j�Z�k�i�h�a�g�Z�\�Z�g�b�y���\���Z�e�]�h�j�b�l�f�_���<�b�h�e�u-�>�`�h�g�k�Z 

 

�:�e�]�h�j�b�l�f�� �<�b�h�e�u-�>�`�h�g�k�Z�� �g�Z�� �\�u�o�h�^�_�� �^�Z�_�l�� �\�k�z�� �f�g�h�`�_�k�l�\�h�� �g�Z�c�^�_�g�g�u�o��

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

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

�d�Z�^�j�_�����Z���d�Z�d�b�_���± �^�m�[�e�b�� 

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

�h�d�g�Z�� �i�h�b�k�d�Z�� �[�j�Z�l�v�� �m�`�_�� �i�h�k�q�b�l�Z�g�g�u�_�� �b�� �Z�d�l�m�Z�e�v�g�u�_�� �^�e�y�� �g�_�]�h�� �² �i�h�b�k�d�� �[�m�^�_�l��

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

�w�e�_�f�_�g�l�h�\���� 
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1.6 �F�_�l�h�^���k�\�_�j�l�d�b���b�a�h�[�j�Z�`�_�g�b�y 

 

�K�\�z�j�l�d�Z ���Z�g�]�e���� �F�R�Q�Y�R�O�X�W�L�R�Q���� �² �w�l�h�� �h�i�_�j�Z�p�b�y���� �i�h�d�Z�a�u�\�Z�x�s�Z�y�� �©�k�o�h�`�_�k�l�v�ª��

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

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

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

�e�b�p�_�����q�z�j�g�u�o���l�h�q�_�d�����j�h�^�b�g�h�d�����i�j�u�s�_�c�����k�k�Z�^�b�g �b���l���^���� 

�<�� �k�e�m�q�Z�_�� �j�Z�[�h�l�u�� �k �i�h�j�l�j�_�l�g�u�f�� �b�a�h�[�j�Z�`�_�g�b�_�f�� �²   �k�\�z�j�l�d�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l��

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

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

�=�e�Z�\�g�u�f�� �w�e�_�f�_�g�l�h�f�� �k�\�z�j�l�d�b�� �y�\�e�y�_�l�k�y�� �y�^�j�h�� �k�\�z�j�l�d�b �²  �w�l�h�� �f�Z�l�j�b�p�Z��

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

�d�\�Z�^�j�Z�l�g�Z�y���f�Z�l�j�b�p�Z���k���j�Z�a�f�_�j�Z�f�b�����o�����b�����o��.  

�M���y�^�j�Z���k�\�z�j�l�d�b���_�k�l�v���\�Z�`�g�u�c���i�Z�j�Z�f�_�l�j���² �k�l�j�m�d�l�m�j�b�j�m�x�s�b�c���w�e�_�f�_�g�l�����W�l�h��

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

�i�b�d�k�_�e�x���b�a�h�[�j�Z�`�_�g�b�y�� 

�I�j�b�� �\�u�q�b�k�e�_�g�b�b�� �g�h�\�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�u�[�j�Z�g�g�h�]�h�� �i�b�d�k�_�e�y�� �b�a�h�[�j�Z�`�_�g�b�y����

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

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

�w�e�_�f�_�g�l�h�f.  

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

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

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

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

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

�w�e�_�f�_�g�l�Z �k�\�_�j�l�d�b�� 

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

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

�b�a�h�[�j�Z�`�_�g�b�y�� 

 

http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%91%D1%80%D1%82%D0%BA%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7)
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�J�b�k�m�g�h�d��7 - �D�e�_�l�h�q�g�h�_���i�h�e�_���i�b�d�k�_�e�_�c���b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y 

 

�I�j�b���w�l�h�f���k�h�a�^�Z�^�b�f���l�Z�d���`�_���i�h�e�_, �y�\�e�y�x�s�_�_���k�h�[�h�c���y�^�j�h���k�\�z�j�l�d�b�� 

 

 

�J�b�k�m�g�h�d��8 - �Y�^�j�h���k�\�z�j�l�d�b 

 

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

�a�g�Z�q�_�g�b�_�f 50: 

�j�_�a�m�e�v�l�Z�l��� �������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
����

= 48 

 

 
 

 

�J�b�k�m�g�h�d��9 - �J�_�a�m�e�v�l�Z�l���h�i�_�j�Z�p�b�b 
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���������H�i�_�j�Z�l�h�j �K�h�[�_�e�y 

 

�H�i�_�j�Z�l�h�j�� �K�h�[�_�e�y �²  �w�l�h�� �^�b�k�d�j�_�l�g�u�c�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c�� �h�i�_�j�Z�l�h�j����

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

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

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

�b�a�f�_�g�_�g�b�y�� �\�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b���� �J�_�a�m�e�v�l�Z�l�� �i�h�d�Z�a�u�\�Z�_�l���� �g�Z�k�d�h�e�v�d�h�� �©�j�_�a�d�h�ª�� �b�e�b��

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

�g�Z�o�h�`�^�_�g�b�y���l�h�q�d�b���g�Z���]�j�Z�g�b�����Z���l�Z�d�`�_���h�j�b�_�g�l�Z�p�b�x���]�j�Z�g�b�p�u�� 

�G�Z�b�[�h�e�_�_�� �h�[�s�b�f�� �k�i�h�k�h�[�h�f�� �i�h�b�k�d�Z�� �j�Z�a�j�u�\�h�\�� �y�\�e�y�_�l�k�y�� �h�[�j�Z�[�h�l�d�Z��

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

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

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

�b�a�h�[�j�Z�`�_�g�b�y���� �W�e�_�f�_�g�l�u�� �f�Z�l�j�b�p�u�� �i�j�b�g�y�l�h�� �g�Z�a�u�\�Z�l�v �d�h�w�n�n�b�p�b�_�g�l�Z�f�b. 

�H�i�_�j�b�j�h�\�Z�g�b�_�� �l�Z�d�h�c�� �f�Z�l�j�b�p�_�c�� �\�� �d�Z�d�b�o-�e�b�[�h�� �e�h�d�Z�e�v�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o��

�g�Z�a�u�\�Z�_�l�k�y �n�b�e�v�l�j�Z�p�b�_�c �b�e�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���n�b�e�v�l�j�Z�p�b�_�c. 

 

 

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

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

�j�Z�a�e�b�q�g�h�c�� �y�j�d�h�k�l�b�� �² �\�_�d�l�h�j���� �i�_�j�_�k�_�d�Z�x�s�b�c�� �]�j�Z�g�b�p�m�� �\�� �g�Z�i�j�Z�\�e�_�g�b�b��

�m�\�_�e�b�q�_�g�b�y���y�j�d�h�k�l�b�� 

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

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

�i�j�h�b�a�\�h�^�g�h�c���g�Z�i�j�Z�\�e�_�g�b�b�� h(-1) = 1; h(0) = 2; h(1) = 1. 

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

�i�j�h�b�a�\�h�^�g�h�c�� h'(-1) = 1; h'(0) = 0; h'(1) = -1. 

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

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

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

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

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

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

 

 

 

�J�b�k�m�g�h�d��11 �± �H�d�j�_�k�l�g�h�k�l�v�����o�����b�a�h�[�j�Z�`�_�g�b�y 

 

�I�j�h�]�j�Z�f�f�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �h�i�_�j�Z�l�h�j�Z�� �K�h�[�_�e�y�� �f�h�`�_�l�� �w�n�n�_�d�l�b�\�g�h��

�b�k�i�h�e�v�a�h�\�Z�l�v SIMD (single instruction, multiple data) - �j�Z�k�r�b�j�_�g�b�y�� �k�b�k�l�_�f�u��

�d�h�f�Z�g�^���k�h�\�j�_�f�_�g�g�u�o �i�j�h�p�_�k�k�h�j�h�\ ���l�� �g�����\�_�d�l�h�j�b�a�Z�p�b�y���d�h�^�Z�������i�j�b���w�l�h�f���\�u�b�]�j�u�r��

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

�\�u�k�h�d�h�m�j�h�\�g�_�\�h�c���j�_�Z�e�b�a�Z�p�b�_�c���� 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B3%D0%BB%D0%B0%D0%B6%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/SIMD
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
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�����J�Z�a�j�Z�[�h�l�d�Z���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z 
 

2.1 �H�[�a�h�j���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z 
 

�I�j�h�]�j�Z�f�f�g�u�c���i�j�h�^�m�d�l���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��Python. 

Python�²  �\�u�k�h�d�h�m�j�h�\�g�_�\�u�c�� �y�a�u�d�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �h�[�s�_�]�h�� �g�Z�a�g�Z�q�_�g�b�y����

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

�q�b�l�Z�_�f�h�k�l�b�� �d�h�^�Z�� �K�b�g�l�Z�d�k�b�k �y�^�j�Z�� �3�\�W�K�R�Q �f�b�g�b�f�Z�e�b�k�l�b�q�_�g���� �<�� �l�h�� �`�_��

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

�3�\�W�K�R�Q�� �i�h�^�^�_�j�`�b�\�Z�_�l�� �g�_�k�d�h�e�v�d�h �i�Z�j�Z�^�b�]�f�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���� �\�� �l�h�f��

�q�b�k�e�_ �k�l�j�m�d�l�m�j�g�h�_, �h�[�t�_�d�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�_, �n�m�g�d�p�b�h�g�Z�e�v�g�h�_,  

�b�f�i�_�j�Z�l�b�\�g�h�_ �b �Z�k�i�_�d�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�_. 

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

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

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

�m�^�h�[�g�u�_���\�u�k�h�d�h�m�j�h�\�g�_�\�u�_ �k�l�j�m�d�l�m�j�u���^�Z�g�g�u�o�����D�h�^���\���3�\�W�K�R�Q���h�j�]�Z�g�b�a�h�\�u�\�Z�_�l�k�y���\��

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

�f�h�]�m�l���[�u�l�v���h�[�t�_�^�b�g�_�g�u���\���i�Z�d�_�l�u�� [17]. 

�W�l�Z�e�h�g�g�h�c�� �j�_�Z�e�b�a�Z�p�b�_�c�� �3�\�W�K�R�Q�� �y�\�e�y�_�l�k�y�� �b�g�l�_�j�i�j�_�l�Z�l�h�j CPython, 

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

�j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y�� �i�h�^ �k�\�h�[�h�^�g�h�c�� �e�b�p�_�g�a�b�_�c PythonSoftwareFoundationLicense, 

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

�\�d�e�x�q�Z�y �i�j�h�i�j�b�_�l�Z�j�g�u�_���� �?�k�l�v�� �j�_�Z�e�b�a�Z�p�b�b�� �b�g�l�_�j�i�j�_�l�Z�l�h�j�h�\�� �^�e�y JVM, MSIL ���k��

�\�h�a�f�h�`�g�h�k�l�v�x �d�h�f�i�b�e�y�p�b�b), LLVM  �b �^�j�m�]�b�_���� �I�j�h�_�d�l PyPy �i�j�_�^�e�Z�]�Z�_�l��

�j�_�Z�e�b�a�Z�p�b�x�� �3�\�W�K�R�Q�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f JIT-�d�h�f�i�b�e�y�p�b�b���� �d�h�l�h�j�Z�y�� �a�g�Z�q�b�l�_�e�v�g�h��

�m�\�_�e�b�q�b�\�Z�_�l���k�d�h�j�h�k�l�v���\�u�i�h�e�g�_�g�b�y���3�\�W�K�R�Q-�i�j�h�]�j�Z�f�f�� 

Python �²  �Z�d�l�b�\�g�h���j�Z�a�\�b�\�Z�x�s�b�c�k�y �y�a�u�d���i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�����g�h�\�u�_���\�_�j�k�b�b��

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

�i�h�e�h�\�b�g�h�c�� �]�h�^�Z���� �<�k�e�_�^�k�l�\�b�_�� �w�l�h�]�h�� �b�� �g�_�d�h�l�h�j�u�o�� �^�j�m�]�b�o�� �i�j�b�q�b�g�� �g�Z��Python 

https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%83%D1%80%D0%BE%D0%B2%D0%BD%D0%B5%D0%B2%D1%8B%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%82%D0%B0%D0%BA%D1%81%D0%B8%D1%81_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D0%B0%D1%8F_%D0%B1%D0%B8%D0%B1%D0%BB%D0%B8%D0%BE%D1%82%D0%B5%D0%BA%D0%B0_Python
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%B4%D0%B8%D0%B3%D0%BC%D0%B0_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B1%D0%BE%D1%80%D0%BA%D0%B0_%D0%BC%D1%83%D1%81%D0%BE%D1%80%D0%B0_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%86%D0%B8%D1%8F_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%B8%D1%81%D0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%BE%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D1%83%D0%BB%D1%8C_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/CPython
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D1%80%D0%B8%D0%B5%D1%82%D0%B0%D1%80%D0%BD%D0%BE%D0%B5_%D0%9F%D0%9E
https://ru.wikipedia.org/wiki/JVM
https://ru.wikipedia.org/wiki/MSIL
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/LLVM
https://ru.wikipedia.org/wiki/PyPy
https://ru.wikipedia.org/wiki/JIT-%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
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�h�l�k�m�l�k�l�\�m�x�l �k�l�Z�g�^�Z�j�l�� �$�1�6�,, ISO �b�e�b�� �^�j�m�]�b�_�� �h�n�b�p�b�Z�e�v�g�u�_�� �k�l�Z�g�^�Z�j�l�u���� �b�o�� �j�h�e�v��

�\�u�i�h�e�g�y�_�l CPython. 

�3�\�W�K�R�Q�� �i�h�^�^�_�j�`�b�\�Z�_�l �^�b�g�Z�f�b�q�_�k�d�m�x�� �l�b�i�b�a�Z�p�b�x���� �l�h�� �_�k�l�v�� �l�b�i�� �i�_�j�_�f�_�g�g�h�c��

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

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

�b�f�_�g�_�f�ª�����<���3�\�W�K�R�Q���b�f�_�x�l�k�y���\�k�l�j�h�_�g�g�u�_���l�b�i�u�� �[�m�e�_�\�u�c, �k�l�j�h�d�Z, Unicode-�k�l�j�h�d�Z����

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

�q�b�k�e�h �b�� �g�_�d�h�l�h�j�u�_�� �^�j�m�]�b�_���� �B�a �d�h�e�e�_�d�p�b�c �\�� �3�\�W�K�R�Q�� �\�k�l�j�h�_�g�u�� �k�i�b�k�h�d, �d�h�j�l�_�`, 

�k�e�h�\�Z�j�v, �f�g�h�`�_�k�l�\�h �b�� �^�j�m�]�b�_���� �<�k�_�� �a�g�Z�q�_�g�b�y�� �y�\�e�y�x�l�k�y�� �h�[�t�_�d�l�Z�f�b���� �\�� �l�h�f�� �q�b�k�e�_��

�n�m�g�d�p�b�b�����f�_�l�h�^�u�����f�h�^�m�e�b�����d�e�Z�k�k�u�� 

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

�[�b�[�e�b�h�l�_�d�Z��OpenCV. 

OpenCV (OpenSourceComputerVision) �²  �[�b�[�e�b�h�l�_�d�Z�� �d�h�f�i�v�x�l�_�j�g�h�]�h��

�a�j�_�g�b�y�� �k�� �h�l�d�j�u�l�u�f�� �b�k�o�h�^�g�u�f�� �d�h�^�h�f���� �² �[�b�[�e�b�h�l�_�d�Z�� �Z�e�]�h�j�b�l�f�h�\��

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

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

�H�k�g�h�\�g�u�_���f�h�^�m�e�b���[�b�[�e�b�h�l�_�d�b�� 

�Kxcore �²  �y�^�j�h, �k�h�^�_�j�`�b�l���[�Z�a�h�\�u�_���k�l�j�m�d�l�m�j�u���^�Z�g�g�u�o���b���Z�e�]�h�j�b�l�f�u�� 

�²  �[�Z�a�h�\�u�_���h�i�_�j�Z�p�b�b���g�Z�^���f�g�h�]�h�f�_�j�g�u�f�b���q�b�k�e�h�\�u�f�b���f�Z�k�k�b�\�Z�f�b; 

�²  �f�Z�l�j�b�q�g�Z�y�� �Z�e�]�_�[�j�Z���� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �n�m�g�d�p�b�b���� �]�_�g�_�j�Z�l�h�j�u�� �k�e�m�q�Z�c�g�u�o��

�q�b�k�_�e; 

�²  �a�Z�i�b�k�v���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���k�l�j�m�d�l�m�j���^�Z�g�g�u�o���\���b�a���;�0�/; 

�²  �[�Z�a�h�\�u�_���n�m�g�d�p�b�b ���'���]�j�Z�n�b�d�b�� 

CV �²  �f�h�^�m�e�v���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�c���b���d�h�f�i�v�x�l�_�j�g�h�]�h���a�j�_�g�b�y�� 

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

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�����i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���p�\�_�l�h�\�u�o���i�j�h�k�l�j�Z�g�k�l�\���b���l�����^����; 

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

�i�h�b�k�d���d�h�g�l�m�j�h�\�����]�b�k�l�h�]�j�Z�f�f�u��; 

�²  �Z�g�Z�e�b�a�� �^�\�b�`�_�g�b�y���� �k�e�_�`�_�g�b�_�� �a�Z�� �h�[�t�_�d�l�Z�f�b; 

�²  �h�[�g�Z�j�m�`�_�g�b�_���h�[�t�_�d�l�h�\�����\���q�Z�k�l�g�h�k�l�b���e�b�p; 

https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/ISO
https://ru.wikipedia.org/wiki/CPython
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B8%D0%BF%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/Unicode
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B2%D0%B0%D1%8E%D1%89%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D1%8F%D1%82%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%BB%D0%B5%D0%BA%D1%86%D0%B8%D1%8F_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D1%82%D0%B5%D0%B6_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B0%D1%81%D1%81%D0%B8%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/OpenCV
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�²  �d�Z�e�b�[�j�h�\�d�Z�� �d�Z�f�_�j���� �w�e�_�f�_�g�l�u�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��

�k�l�j�m�d�l�m�j�u�� 

Highgui �²  �f�h�^�m�e�v�� �^�e�y�� �\�\�h�^�Z���\�u�\�h�^�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�� �\�b�^�_�h���� �k�h�a�^�Z�g�b�y��

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

�²  �a�Z�o�\�Z�l�� �\�b�^�_�h�� �k�� �d�Z�f�_�j�� �b�� �b�a�� �\�b�^�_�h�� �n�Z�c�e�h�\���� �q�l�_�g�b�_���a�Z�i�b�k�v�� �k�l�Z�l�b�q�_�k�d�b�o��

�b�a�h�[�j�Z�`�_�g�b�c�� 

�²  �n�m�g�d�p�b�b�� �^�e�y�� �h�j�]�Z�g�b�a�Z�p�b�b�� �i�j�h�k�l�h�]�h�� �8�,�� ���\�k�_�� �^�_�f�h�� �i�j�b�e�h�`�_�g�b�y��

�b�k�i�h�e�v�a�m�x�l���+�L�J�K�*�8�,��. 

 

2.2 �I�h�b�k�d���i�h�j�l�j�_�l�Z���g�Z���b�a�h�[�j�Z�`�_�g�b�b 

 

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

�[�b�g�Z�j�b�a�Z�p�b�b�� �g�Z�o�h�`�^�_�g�b�y�� �d�h�g�l�m�j�h�\, �Z�� �l�Z�d�� �`�_�� �d�Z�k�d�Z�^�u�� �O�Z�j�j�Z. �<���f�_�l�h�^�_��

�[�b�g�Z�j�b�a�Z�p�b�b �b�a�h�[�j�Z�`�_�g�b�_ �j�Z�a�[�b�\�Z�_�l�k�y �g�Z���q�Z�k�l�b���b���\���d�Z�`�^�h�c���l�Z�d�h�c���q�Z�k�l�b���d�Z�`�^�u�c��

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

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

�������B���l�Z�d���^�e�y���d�Z�`�^�h�]�h���i�b�d�k�_�e�y���m���g�Z�k���i�h�e�m�q�Z�_�l�k�y���g�_�d�h�l�h�j�h�_���q�b�k�e�h���� 

 

 

 

�J�b�k�m�g�h�d��12 �± �K�o�_�f�Z �j�Z�[�h�l�u���[�b�g�Z�j�b�a�Z�p�b�b���^�e�y���g�Z�o�h�`�^�_�g�b�y���i�h�j�l�j�_�l�Z���g�Z��

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

�n�h�l�h�]�j�Z�n�b�x���� �k�q�b�l�Z�_�l�k�y�� �]�b�k�l�h�]�j�Z�f�f�Z���� �<�k�_�� �]�b�k�l�h�]�j�Z�f�f�u�� �k�h�� �\�k�_�o�� �q�Z�k�l�_�c��

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

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

�Z�e�]�h�j�b�l�f�� �d�Z�k�d�Z�^�h�\�� �O�Z�Z�j�Z�� �^�e�y�� �i�h�b�k�d�Z�� �r�Z�[�e�h�g�h�\�� �n�j�Z�]�f�_�g�l�h�\�� �e�b�p�� �g�Z��

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

�b�a�h�[�j�Z�`�_�g�b�b���� �l�h�� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �_�k�l�v�� �q�_�e�h�\�_�q�_�k�d�h�_�� �e�b�p�h���� �>�e�y��

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

�q�_�j�g�h�c�� �h�[�e�Z�k�l�_�c���� �W�l�h�� �a�g�Z�q�_�g�b�_�� �k�j�Z�\�g�b�\�Z�_�l�k�y�� �k�� �w�l�Z�e�h�g�h�f���� �i�h�k�e�_�� �w�l�h�]�h��

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

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

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

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

�m�f�_�g�v�r�Z�_�l�k�y�����q�l�h�[�u���g�Z�c�l�b���e�b�p�Z���f�_�g�v�r�_�]�h �f�Z�k�r�l�Z�[�Z�� 

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

�d�h�l�h�j�h�f���r�Z�[�e�h�g�u���f�Z�d�k�b�f�Z�e�v�g�h���i�j�b�[�e�b�`�_�g�u���d���w�l�Z�e�h�g�g�u�f�� 

�I�j�b�f�_�j �j�Z�[�h�l�Z�x�s�_�c �n�m�g�d�p�b�b: 

 

 

 

�J�b�k�m�g�h�d��13 - �G�Z�q�Z�e�v�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ 
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�J�b�k�m�g�h�d��14 - �I�h�j�l�j�_�l, �g�Z�c�^�_�g�g�u�c���g�Z���b�a�h�[�j�Z�`�_�g�b�b 
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2.3 �M�^�Z�e�_�g�b�_ �w�n�n�_�d�l�Z �©�d�j�Z�k�g�u�o���]�e�Z�a�ª �g�Z���b�a�h�[�j�Z�`�_�g�b�b 

 

�I�h�k�e�_�� �l�h�]�h�� �d�Z�d�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �[�u�e�h�� �g�Z�c�^�_�g�h�� �e�b�p�h���� �^�e�y�� �g�Z�o�h�`�^�_�g�b�y��

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

�O�Z�j�j�Z. �R�Z�[�e�h�g�� �k�� �h�[�e�Z�k�l�v�x�� �k�h�^�_�j�`�Z�s�_�c�� �©�d�j�Z�k�g�u�_�� �]�e�Z�a�Z�ª �i�h�^�\�_�j�]�Z�_�l�k�y��

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

�k�\�z�j�l�d�b�� 

 

 

�J�b�k�m�g�h�d����5 - �G�Z�q�Z�e�v�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���k���g�Z�c�^�_�g�g�u�f�b���r�Z�[�e�h�g�Z�f�b���d�Z�k�d�Z�^�h�\���O�Z�Z�j�Z 

 

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

�P�\�_�l�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_ �j�Z�a�^�_�e�y�_�l�k�y �g�Z�� �l�j�b�� �d�Z�g�Z�e�Z�� �^�e�y�� �w�l�h�]�h�� �k�m�s�_�k�l�\�m�_�l��

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

�I�h�k�e�_�� �w�l�h�]�h�� �k�h�a�^�Z�z�l�k�y�� �f�Z�k�d�Z, �w�e�_�f�_�g�l�u�� �d�h�l�h�j�h�c�� �j�Z�\�g�u ���� �^�e�y�� �d�Z�`�^�h�]�h�� �i�b�d�k�_�e�y����

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

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

�p�\�_�l���g�Z���b�a�h�[�j�Z�`�_�g�b�b���^�e�y���i�h�k�e�_�^�m�x�s�_�]�h���j�_�^�Z�d�l�b�j�h�\�Z�g�b�y���r�Z�[�e�h�g�Z�� 
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�J�b�k�m�g�h�d����6 �± �I�h�e�m�q�_�g�g�h�_, �\���j�_�a�m�e�v�l�Z�l�_���i�j�h�f�_�`�m�l�h�q�g�h�c���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 

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

�h�[�j�Z�[�h�l�d�_���i�j�b���i�h�f�h�s�b���f�_�l�h�^�Z���k�\�z�j�l�d�b�� 

 

   
 

 
 

 

�J�b�k�m�g�h�d����7 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 



30 
 

�I�j�b�� �\�u�q�b�k�e�_�g�b�b�� �g�h�\�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�u�[�j�Z�g�g�h�]�h�� �i�b�d�k�_�e�y�� �b�a�h�[�j�Z�`�_�g�b�y����

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

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

�w�e�_�f�_�g�l�h�f.  

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

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

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

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

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

�q�z�j�g�u�c���� 

 

2.4 �M�^�Z�e�_�g�b�_���f�h�j�s�b�g �g�Z���b�a�h�[�j�Z�`�_�g�b�b 

 

�I�j�b�� �g�Z�c�^�_�g�g�h�f�� �g�Z�� �i�h�j�l�j�_�l�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �e�b�p�_���� �^�e�y�� �i�h�b�k�d�Z�� �f�h�j�s�b�g��

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

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

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

�d�h�l�h�j�h�]�h���b�k�i�h�e�v�a�m�_�l�k�y���f�_�l�h�^���k�\�z�j�l�d�b���� 

 

 

�J�b�k�m�g�h�d����8 - �G�Z�q�Z�e�v�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ 
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�H�i�_�j�Z�l�h�j�� �K�h�[�_�e�y�� �h�k�g�h�\�Z�g�� �g�Z�� �k�\�z�j�l�d�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�_�[�h�e�v�r�b�f�b��

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

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

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

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

�b�a�f�_�g�_�g�b�y�� �\�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b���� �J�_�a�m�e�v�l�Z�l�� �i�h�d�Z�a�u�\�Z�_�l���� �g�Z�k�d�h�e�v�d�h�� �©�j�_�a�d�h�ª�� �b�e�b��

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

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

�g�Z�o�h�^�b�l�v���h�[�e�Z�k�l�b���k�h�^�_�j�`�Z�s�b�_���f�h�j�s�b�g�u.  

 

 

 

�J�b�k�m�g�h�d����9 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���i�j�h�f�_�`�m�l�h�q�g�h�c���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 

�I�j�b�� �\�u�q�b�k�e�_�g�b�b�� �g�h�\�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�u�[�j�Z�g�g�h�]�h�� �i�b�d�k�_�e�y�� �b�a�h�[�j�Z�`�_�g�b�y����

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

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

�w�e�_�f�_�g�l�h�f.  

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

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

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

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

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

�b�a�h�[�j�Z�`�_�g�b�y���� �B�a�f�_�g�y�y�� �l�Z�d�b�_�� �h�[�e�Z�k�l�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b, �i�j�h�b�k�o�h�^�b�l�� �i�j�h�p�_�k�k��

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%BD%D1%82
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�m�k�l�j�Z�g�_�g�b�y�� �f�h�j�s�b�g���� �e�b�[�h�� �a�Z�f�_�l�g�h�_�� �m�e�m�q�r�_�g�b�_�� �h�[�e�Z�k�l�_�c�� �k�h�^�_�j�`�Z�s�b�o��

�f�h�j�s�b�g�u�� 

    

 

 

�J�b�k�m�g�h�d��20 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 

2.5 �M�^�Z�e�_�g�b�_���j�h�^�b�g�h�d �g�Z���e�b�p�_ 

 

�?�k�e�b���g�Z���b�a�h�[�j�Z�`�_�g�b�b���g�Z�c�^�_�g�h���e�b�p�h�����^�e�y���i�h�k�e�_�^�m�x�s�_�]�h���m�^�Z�e�_�g�b�y���j�h�^�b�g�h�d 

�b�k�i�h�e�v�a�m�_�l�k�y�� �i�j�h�p�_�k�k�� �[�b�g�Z�j�b�a�Z�p�b�b���� �I�h�k�e�_�� �[�b�g�Z�j�b�a�Z�p�b�b�� �g�Z�o�h�^�y�l�k�y�� �h�[�e�Z�k�l�b��

�k�h�^�_�j�`�Z�s�b�_�� �q�_�j�g�u�_�� �l�h�q�d�b�� �i�j�b�� �i�h�f�h�s�b�� �Z�e�]�h�j�b�l�f�Z�� �K�h�[�_�e�y. �R�Z�[�e�h�g�� �k��

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

�j�_�^�Z�d�l�b�j�h�\�Z�g�b�x�����\���h�k�g�h�\�_���d�h�l�h�j�h�]�h���b�k�i�h�e�v�a�m�_�l�k�y���f�_�l�h�^���k�\�z�j�l�d�b.  
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�J�b�k�m�g�h�d��21 - �G�Z�q�Z�e�v�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ 

 

 

 

 

�J�b�k�m�g�h�d��22 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���i�j�h�f�_�`�m�l�h�q�g�h�c���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 
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�J�b�k�m�g�h�d��23 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 

2.6 �B�a�f�_�g�_�g�b�_���p�\�_�l�Z���d�h�`�b �g�Z���b�a�h�[�j�Z�`�_�g�b�b 

 

�<�� �b�a�h�[�j�Z�`�_�g�b�b���� �\�� �d�h�l�h�j�h�f�� �g�Z�c�^�_�g�h�� �e�b�p�h���� �^�e�y�� �b�a�f�_�g�_�g�b�y�� �p�\�_�l�Z�� �d�h�`�b��

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

�O�Z�Z�j�Z�� �g�Z�o�h�^�b�l�k�y�� �h�[�e�Z�k�l�v���� �k�h�^�_�j�`�Z�s�Z�y�� �]�e�Z�a�Z�� �g�Z�� �i�h�j�l�j�_�l�_���� �W�l�Z�� �h�[�e�Z�k�l�v�� �g�_��

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

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

�b�a�h�[�j�Z�`�_�g�b�b.  
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�J�b�k�m�g�h�d 24 �± �G�Z�q�Z�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ 

 

 

 

�J�b�k�m�g�h�d����5 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���i�j�h�f�_�`�m�l�h�q�g�h�c���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 

 

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

�g�Z�i�j�Z�\�e�_�g�b�b�� �h�l�� ���� �^�h�� ���������� �]�^�_�� �������� �[�_�e�u�c�� �p�\�_�l���� �Z�� ���� �q�z�j�g�u�c���� �L�Z�d�� �d�Z�d�� �d�Z�`�^�u�c��

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

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

�b�a�f�_�g�_�g�b�x�� �h�[�s�_�]�h�� �l�h�g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �[�_�a�� �j�_�a�d�b�o�� �k�d�Z�q�d�h�\���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�i�h�e�m�q�Z�_�l�k�y���j�Z�\�g�h�f�_�j�g�h�_���b�a�f�_�g�_�g�b�_���p�\�_�l�h�\�h�]�h���[�Z�e�Z�g�k�Z���d�h�`�b�� 
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�J�b�k�m�g�h�d��26 - �I�h�e�m�q�_�g�g�h�_���\���j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�_ 
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3 �:�i�j�h�[�Z�p�b�y���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z 
 
 

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

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

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

�b�a�h�[�j�Z�`�_�g�b�_�f, �g�Z�`�Z�l�v�� �d�g�h�i�d�m�� �©�h�l�d�j�u�l�v�ª���� �� �I�j�h�]�j�Z�f�f�Z�� �i�h�a�\�h�e�y�_�l�� �a�Z�]�j�m�`�Z�l�v��

�b�a�h�[�j�Z�`�_�g�b�y���h�i�j�_�^�_�e�_�g�g�h�]�h �n�h�j�f�Z�l�Z�����Z���b�f�_�g�g�h��jpg,jpeg,jpe,png. 

 

 

 

�J�b�k�m�g�h�d����7 �± �H�d�g�h���j�Z�[�h�q�_�c���h�[�e�Z�k�l�b���i�j�h�]�j�Z�f�f�u 

 

 

 

�J�b�k�m�g�h�d����8 �± �H�d�g�h���\�u�[�h�j�Z���n�Z�c�e�Z���b�a�h�[�j�Z�`�_�g�b�y 
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�I�h�k�e�_���a�Z�]�j�m�a�d�b �b�a�h�[�j�Z�`�_�g�b�_ �i�h�y�\�b�l�k�y���\���j�Z�[�h�q�_�c���h�[�e�Z�k�l�b���i�j�h�]�j�Z�f�f�u�����>�e�y��

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

�\�u�^�_�e�b�l�v�� �i�h�j�l�j�_�l�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b���� �g�Z�`�Z�\�� �g�Z�� �d�g�h�i�d�m�� �©�\�u�^�_�e�b�l�v�� �i�h�j�l�j�_�l�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b�ª���� �J�_�a�m�e�v�l�Z�l�� �j�Z�[�h�l�u�� �Z�e�]�h�j�b�l�f�Z�� �f�h�`�g�h�� �[�m�^�_�l�� �m�\�b�^�_�l�v�� �\�� �h�d�g�_��

�©�b�a�f�_�g�_�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_�ª�� 

 

 

 

�J�b�k�m�g�h�d����9 �± �B�a�h�[�j�Z�`�_�g�b�_���\���j�Z�[�h�q�_�c���h�[�e�Z�k�l�b���i�j�h�]�j�Z�f�f�u 

 

 

 

�J�b�k�m�g�h�d��30 �± �<�u�^�_�e�_�g�b�_���i�h�j�l�j�_�l�Z���g�Z���b�a�h�[�j�Z�`�_�g�b�b 
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�:�g�Z�e�h�]�b�q�g�u�f�� �h�[�j�Z�a�h�f���� �k�� �i�h�f�h�s�v�x�� �g�Z�`�Z�l�b�y�� �d�g�h�i�h�d�� �� �\�u�i�h�e�g�y�x�l�k�y��

�n�m�g�d�p�b�b�� �©�m�^�Z�e�b�l�v�� �w�n�n�_�d�l�� �d�j�Z�k�g�u�o �]�e�Z�a�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�ª���� �©�m�^�Z�e�b�l�v�� �f�h�j�s�b�g�u��

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

�i�j�b�f�_�j�u���d�Z�`�^�h�c���b�a���g�b�o�� 

 

 

 

�J�b�k�m�g�h�d��31 �± �M�^�Z�e�_�g�b�_���f�h�j�s�b�g���g�Z���b�a�h�[�j�Z�`�_�g�b�b 

 

 

 

�J�b�k�m�g�h�d��32 �± �M�^�Z�e�_�g�b�_���w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o���]�e�Z�a�ª���g�Z �b�a�h�[�j�Z�`�_�g�b�b 
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�J�b�k�m�g�h�d����3 �± �M�^�Z�e�_�g�b�_���j�h�^�b�g�h�d���g�Z �b�a�h�[�j�Z�`�_�g�b�b 

 

�>�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �n�m�g�d�p�b�b�� �©�b�a�f�_�g�_�g�b�_�� �p�\�_�l�Z�� �d�h�`�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�ª��

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

�k�\�_�l�e�h�]�h�� �b�� �l�z�f�g�h�]�h�� �h�l�l�_�g�d�Z�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�h�k�e�_�� �k�^�\�b�]�Z�� �i�h�e�a�m�g�d�Z��

�j�_�]�m�e�b�j�h�\�d�b�� �g�_�h�[�o�h�^�b�f�h�� �g�Z�`�Z�l�v�� �d�g�h�i�d�m�� �©�b�a�f�_�g�_�g�b�_�� �p�\�_�l�Z�� �d�h�`�b�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b�ª�� 
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�p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± �J�_�`�b�f�� �^�h�k�l�m�i�Z�� 

https://cyberleninka.ru/article/n/alternativa-ierarhicheskomu-metodu-otsu-

dlya-tsvetovogo-izobrazheniya ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y����23.04.2019). 

16.  �O�Z�j�b�g�h�\�� �F���� �<���� �M�e�m�q�r�_�g�b�_�� �d�Z�q�_�k�l�\�Z�� �i�j�b�[�e�b�`�_�g�b�y�� �g�Z�� �h�k�g�h�\�_��

�b�_�j�Z�j�o�b�q�_�k�d�h�c�� �k�_�]�f�_�g�l�Z�p�b�b�� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± �J�_�`�b�f�� �^�h�k�l�m�i�Z�� 

https://cyberleninka.ru/article/n/uluchshenie-kachestva-priblizheniya-

izobrazheniya-na-osnove-ierarhicheskoy-segmentatsii ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y����

23.04.2019). 

17.  �Y�d�h�\�e�_�\ �K�� �F�h�^�m�e�b�� �b�� �i�Z�d�_�l�u�� �\�� �3�\�W�K�R�Q���� �=�e�m�[�h�d�h�_�� �i�h�]�j�m�`�_�g�b�_��

�>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± �J�_�`�b�f�� �^�h�k�l�m�i�Z����https://devpractice.ru/python-

modules-and-packages/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y����23.04.2019). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



46 
 

�I�J�B�E�H�@�?�G�B�?���: 
 

�L�Z�[�e�b�p�Z���:�������± �H�i�b�k�Z�g�b�_���^�b�Z�]�j�Z�f�f�u���d�e�Z�k�k�h�\���^�e�y���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z��

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

 

�F�_�l�h�^ �I�Z�j�Z�f�_�l�j�u �H�i�b�k�Z�g�b�_ 

LoadImage 

(filename, 

imagecolor ) 

�<�o�h�^�g�u�_: filename �± �k�l�j�h�d�Z��

�k�h�^�_�j�`�Z�s�Z�y�� �g�Z�a�\�Z�g�b�_�� �n�Z�c�e�Z��

�b�a�h�[�j�Z�`�_�g�b�y; imagecolor �± 

�i�_�j�_�f�_�g�g�Z�y�� �a�Z�^�Z�x�s�Z�y�� �p�\�_�l�h�\�h�c��

�n�h�j�f�Z�l���i�h�e�m�q�Z�_�f�h�]�h���b�a�h�[�j�Z�`�_�g�b�y. 

�<�u�o�h�^�g�u�_: image �± �^�\�m�f�_�j�g�u�c���f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c���\���k�_�[�_���p�\�_�l�h�\�h�_��

�a�g�Z�q�_�g�b�_���d�Z�`�^�h�]�h���i�b�d�k�_�e�y. 

�F�_�l�h�^ �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y 

�i�h�e�m�q�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�e�y��

�^�Z�e�v�g�_�c�r�_�c�� �h�[�j�Z�[�h�l�d�b������

�I�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v��

�b�a�h�[�j�Z�`�_�g�b�_�� �\�� �g�_�k�d�h�e�v�d�b�o��

�p�\�_�l�h�\�u�o�� �n�h�j�f�Z�l�Z�o�� �\��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l �a�Z�^�Z�g�g�u�o��

�i�Z�j�Z�f�_�l�j�h�\�� 

CreateImage 

(size,depth, chanel) 

�<�o�h�^�g�u�_: size �± �j�Z�a�f�_�j�� �h�[�e�Z�k�l�b����depth 

�± �[�b�l�h�\�Z�y�� �]�e�m�[�b�g�Z�� �w�e�_�f�_�g�l�h�\��

�b�a�h�[�j�Z�`�_�g�b�y, chanels �± �d�h�e�b�q�_�k�l�\�h��

�d�Z�g�Z�e�h�\���g�Z���i�b�d�k�_�e�v. 

�<�u�o�h�^�g�u�_: field �± �^�\�m�f�_�j�g�u�c�� �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c���\���k�_�[�_���p�\�_�l�h�\�h�_��

�a�g�Z�q�_�g�b�_���d�Z�`�^�h�]�h���i�b�d�k�_�e�y. 

�F�_�l�h�^�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y��

�k�h�a�^�Z�g�b�y�� �i�m�k�l�h�c�� �h�[�e�Z�k�l�b�� �\��

�d�h�l�h�j�h�_�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �[�m�^�_�l��

�a�Z�]�j�m�`�_�g�h�� �b�a�h�[�j�Z�`�_�g�b�_����

�I�j�b�f�_�g�y�_�l�k�y�� �\�� �k�e�m�q�Z�y�o����

�d�h�]�^�Z�� �� �g�_�h�[�o�h�^�b�f�h��

�h�[�j�Z�[�h�l�Z�l�v�� �q�Z�k�l�v��

�b�a�h�[�j�Z�`�_�g�b�y�� �b�e�b�� �k�h�a�^�Z�l�v��

�i�m�k�l�m�x�� �h�[�e�Z�k�l�v�� �a�Z�^�Z�g�g�u�o��

�j�Z�a�f�_�j�h�\�� 

ImageCopy 

(image) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c��

�b�a�h�[�j�Z�`�_�g�b�y. 

�<�u�o�h�^�g�u�_: copyimage �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c���b�a�h�[�j�Z�`�_�g�b�y. 

�F�_�l�h�^�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y��

�d�h�i�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �k��

�k�h�o�j�Z�g�_�g�b�_�f�� �p�\�_�l�h�\�u�o��

�a�g�Z�q�_�g�b�c���d�Z�`�^�h�]�h���i�b�d�k�_�e�y�� 

CircuitImage 

(image, 

first_contour, 

header_size) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� 

first_contour �± �m�d�Z�a�Z�l�_�e�v���� �g�Z�� �i�_�j�\�u�c��

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

header_size �± �j�Z�a�f�_�j�� �a�Z�]�h�e�h�\�d�Z��

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

�F�_�l�h�^ �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y��

�g�Z�o�h�`�^�_�g�b�y�� �d�h�g�l�m�j�h�\�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b�� 
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�I�j�h�^�h�e�`�_�g�b�_���i�j�b�e�h�`�_�g�b�y�� 

 

�F�_�l�h�^ �I�Z�j�Z�f�_�l�j�u �H�i�b�k�Z�g�b�_ 

 �<�u�o�h�^�g�u�_: Circuitarea �± �h�[�e�Z�k�l�v��

�k�h�^�_�j�`�Z�s�Z�y�� �h�[�j�Z�[�h�l�Z�g�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_ 

 

HaarCascade 

(cascade_default, 

image) 

�<�o�h�^�g�u�_: cascade_default �±  

�r�Z�[�e�h�g�g�u�_�� �w�e�_�f�_�g�l�u�� �h�[�e�Z�k�l�_�c��

�d�Z�k�d�Z�^�h�\�� image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_. 

�<�u�o�h�^�g�u�_: Cascadearea �± �h�[�e�Z�k�l�v��

�k�h�^�_�j�`�Z�s�Z�y�� �h�[�j�Z�[�h�l�Z�g�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_ 

�F�_�l�h�^�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y��

�g�Z�o�h�`�^�_�g�b�y �h�[�e�Z�k�l�_�c 

�d�Z�k�d�Z�^�h�\�� �O�Z�Z�j�Z�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b�� 

BinaryImage 

(image,treshold) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

treshold �± �i�h�j�h�]�h�\�h�_���a�g�Z�q�_�g�b�_. 

�<�u�o�h�^�g�u�_:  Binaryarea �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^�� �j�_�Z�e�b�a�m�_�l�� �h�[�j�Z�[�h�l�d�m��

�b�a�h�[�j�Z�`�_�g�b�y�� �f�_�l�h�^�h�f��

�[�b�g�Z�j�b�a�Z�p�b�b���� �I�h�j�h�]�h�\�h�_��

�a�g�Z�q�_�g�b�_�� �k�j�Z�\�g�b�\�Z�_�l�k�y�� �k�h��

�a�g�Z�q�_�g�b�_�f�� �d�Z�`�^�h�]�h�� �i�b�d�k�_�e�y��

�^�e�y�� �i�j�b�k�\�h�_�g�b�y�� �w�e�_�f�_�g�l�m 

�g�h�\�h�]�h���a�g�Z�q�_�g�b�y �p�\�_�l�Z���� 

SobelFindImage 

(image,xord,yord,s

cale) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

xord �± �i�h�j�y�^�h�d�� �i�j�h�b�a�\�h�^�g�h�c��x, yord �± 

�i�h�j�y�^�h�d�� �i�j�h�b�a�\�h�^�g�h�c��y, scale �± 

�f�Z�k�r�l�Z�[�g�u�c���d�h�w�n�b�p�b�_�g�l  . 

�<�u�o�h�^�g�u�_: Sobelarea �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^�� �j�_�Z�e�b�a�m�_�l�� �h�[�j�Z�[�h�l�d�m��

�b�a�h�[�j�Z�`�_�g�b�y�� �f�_�l�h�^�h�f��

�k�h�[�_�e�y���� �F�Z�k�r�l�Z�[�g�u�c��

�d�h�w�n�n�b�p�b�_�g�l �i�j�b�f�_�g�y�_�l�k�y 

�^�e�y�� �\�u�q�b�k�e�_�g�g�u�o��

�i�j�h�b�a�\�h�^�g�u�o���a�g�Z�q�_�g�b�c. 

PortraitFind 

(image, 

haarCascadearea, 

circuitarea) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

haarCascadearea �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �h�[�e�Z�k�l�v�� �g�Z�c�^�_�g�g�u�o��

�d�Z�k�d�Z�^�h�\���O�Z�Z�j�Z, circuitarea �± �f�Z�k�k�b�\�� 

�F�_�l�h�^, �j�_�Z�e�b�a�m�x�s�b�c�� �i�h�b�k�d��

�h�[�e�Z�k�l�_�c, �k�h�^�_�j�`�Z�s�b�o��

�i�h�j�l�j�_�l���g�Z���b�a�h�[�j�Z�`�_�g�b�b. 
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�I�j�h�^�h�e�`�_�g�b�_���i�j�b�e�h�`�_�g�b�y�� 

 

�F�_�l�h�^ �I�Z�j�Z�f�_�l�j�u �H�i�b�k�Z�g�b�_ 

 �i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c �h�[�e�Z�k�l�v��

�g�Z�c�^�_�g�g�u�o �d�h�g�l�m�j�h�\.  

�<�u�o�h�^�g�u�_: Portraitarea �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

 

wrinFind (image, 

haarCascadearea) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

haarCascadearea �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �h�[�e�Z�k�l�v�� �g�Z�c�^�_�g�g�u�o��

�d�Z�k�d�Z�^�h�\���O�Z�Z�j�Z. 

�<�u�o�h�^�g�u�_: newimage �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^���� �j�_�Z�e�b�a�m�x�s�b�c�� �i�h�b�k�d��

�b�� �m�^�Z�e�_�g�b�_ �f�h�j�s�b�g�� �g�Z��

�i�h�j�l�j�_�l�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b����

�<�h�a�\�j�Z�s�Z�_�l�� �h�[�j�Z�[�h�l�Z�g�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_���g�Z���\�u�o�h�^�_�� 

birthFind (image, 

haarCascadearea) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

haarCascadearea �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �h�[�e�Z�k�l�v�� �g�Z�c�^�_�g�g�u�o��

�d�Z�k�d�Z�^�h�\���O�Z�Z�j�Z. 

�<�u�o�h�^�g�u�_: newimage �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^���� �j�_�Z�e�b�a�m�x�s�b�c�� �i�h�b�k�d��

�b�� �m�^�Z�e�_�g�b�_�� �j�h�^�b�g�h�d�� �g�Z��

�i�h�j�l�j�_�l�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b����

�<�h�a�\�j�Z�s�Z�_�l�� �h�[�j�Z�[�h�l�Z�g�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_���g�Z���\�u�o�h�^�_�� 

skinFind (image, 

haarCascadearea, 

shadeobj) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_, 

haarCascadearea �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �h�[�e�Z�k�l�v�� �g�Z�c�^�_�g�g�u�o��

�d�Z�k�d�Z�^�h�\���O�Z�Z�j�Z, shadeobj �± �i�_�j�_�f�_�g�g�Z�y��

�h�i�j�_�^�_�e�y�x�s�Z�y�� �h�l�l�_�g�h�d�� �b�a�f�_�g�_�g�b�y��

�l�h�g�Z���d�h�`�b. 

�<�u�o�h�^�g�u�_: newimage �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^���� �j�_�Z�e�b�a�m�x�s�b�c��

�b�a�f�_�g�_�g�b�_�� �h�l�l�_�g�d�Z�� �d�h�`�b�� �g�Z��

�i�h�j�l�j�_�l�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b����

�<�h�a�\�j�Z�s�Z�_�l�� �h�[�j�Z�[�h�l�Z�g�g�h�_��

�b�a�h�[�j�Z�`�_�g�b�_���g�Z���\�u�o�h�^�_�� 
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�I�j�h�^�h�e�`�_�g�b�_���i�j�b�e�h�`�_�g�b�y�� 

 

�F�_�l�h�^ �I�Z�j�Z�f�_�l�j�u �H�i�b�k�Z�g�b�_ 

convolutionImage 

(image,area ) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_,  

area �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c 

�h�[�e�Z�k�l�v���^�e�y���b�a�f�_�g�_�g�b�y. 

�<�u�o�h�^�g�u�_: newimage �± �f�Z�k�k�b�\��

�i�b�d�k�_�e�_�c�� �k�h�^�_�j�`�Z�s�b�c �h�[�j�Z�[�h�l�Z�g�g�h�_ 

�b�a�h�[�j�Z�`�_�g�b�_. 

�F�_�l�h�^���� �j�_�Z�e�b�a�m�x�s�b�c��

�k�\�_�j�l�d�m�� �b�a�h�[�j�Z�`�_�g�b�y�� �\��

�m�d�Z�a�Z�g�g�h�c���h�[�e�Z�k�l�b�� 

ImageShow 

(winname, image) 

�<�o�h�^�g�u�_: image �± �f�Z�k�k�b�\�� �i�b�d�k�_�e�_�c�� 

�k�h�^�_�j�`�Z�s�b�c �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_,  

winname �± �g�h�f�_�j�� �h�d�g�Z�� �^�e�y�� �\�u�\�h�^�Z��

�b�a�h�[�j�Z�`�_�g�b�y. 

�<�u�o�h�^�g�u�_: �h�l�k�m�l�k�l�\�m�x�l 

�F�_�l�h�^�� �j�_�Z�e�b�a�m�x�s�b�c�� �\�u�\�h�^��

�b�a�h�[�j�Z�`�_�g�b�y���g�Z���w�d�j�Z�g�� 

 




