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�<�\�_�^�_�g�b�_ 

�:�d�l�m�Z�e�v�g�h�k�l�v�� �l�_�f�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �G�_�k�f�h�l�j�y�� �g�Z�� �k�m�s�_�k�l�\�m�x�s�m�x��

�l�_�g�^�_�g�p�b�x�� �i�_�j�_�o�h�^�Z �g�Z���[�_�a�[�m�f�Z�`�g�u�_���l�_�o�g�h�e�h�]�b�b�� �b���w�e�_�d�l�j�h�g�g�u�c�� �^�h�d�m�f�_�g�l�h�h�[�h�j�h�l����

�H�n�b�k�g�u�_�� �m�k�l�j�h�c�k�l�\�Z�� �i�_�q�Z�l�b�� �± �i�j�b�g�l�_�j�u�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�x�l�k�y�� �d�Z�d�� �\��

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

�g�m�`�^���� �A�Z�� �i�h�k�e�_�^�g�b�_�� ��5 �e�_�l�� �f�b�j�h�\�h�c�� �j�u�g�h�d�� �i�_�q�Z�l�Z�x�s�b�o�� �m�k�l�j�h�c�k�l�\���� �j�Z�k�o�h�^�g�u�o��

�f�Z�l�_�j�b�Z�e�h�\�� �b�� �k�_�j�\�b�k�Z�� �i�_�q�Z�l�b�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �h�]�j�h�f�g�u�c�� �j�h�k�l [1]. �<o �\�l�h�j�h�c��

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

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

�i�h�^�d�e�x�q�_�g�g�u�_�� �i�h�� �e�h�d�Z�e�v�g�h�f�m�� �b�g�l�_�j�n�_�c�k�m�� �d�� �i�_�j�k�h�g�Z�e�v�g�h�f�m�� �d�h�f�i�v�x�l�_�j�m�� ���I�D������ �d��

�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�� �m�k�l�j�h�c�k�l�\�Z�f�� ���F�N�M���� �b�e�b�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f��

�i�j�b�g�l�_�j�Z�f�����F�N�I������ �i�h�a�\�h�e�y�x�s�b�f���\�u�i�h�e�g�y�l�v�� �i�_�q�Z�l�v���� �k�d�Z�g�b�j�h�\�Z�g�b�_���� �d�h�i�b�j�h�\�Z�g�b�_�� �b��

�^�j�m�]�b�_���n�m�g�d�p�b�b���� �I�j�b�� �w�l�h�f���F�N�I�� �k�i�h�k�h�[�g�h���j�Z�[�h�l�Z�l�v���d�Z�d���i�j�b���i�h�^�d�e�x�q�_�g�b�b�� �d���I�D�� �i�h��

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

�<�� �k�h�q�_�l�Z�g�b�b�� �k�� �i�j�b�d�e�Z�^�g�u�f�� �b�� �k�b�k�l�_�f�g�u�f�� �i�j�h�]�j�Z�f�f�g�u�f�� �h�[�_�k�i�_�q�_�g�b�_�f�� ���I�H������

�m�k�l�Z�g�Z�\�e�b�\�Z�_�f�u�f�� �g�Z���I�D���� �f�h�[�b�e�v�g�u�_���m�k�l�j�h�c�k�l�\�Z�����Z���l�Z�d�`�_���\���e�h�d�Z�e�v�g�h�c�� �b���]�e�h�[�Z�e�v�g�h�c��

�k�_�l�b���� �k�h�\�j�_�f�_�g�g�u�_�� �F�N�I�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�_�� �k�b�k�l�_�f�u��

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�g�n�h�j�f�Z�p�b�b�� ���p�\�_�l�h�^�_�e�_�g�b�_���� �j�Z�k�l�j�b�j�h�\�Z�g�b�_�� �b���l���i�������b�� �g�Z�e�b�q�b�y�� �\���F�N�I�� �k�m�s�_�k�l�\�_�g�g�h��

�f�_�g�v�r�b�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �j�_�k�m�j�k�h�\�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �I�D���� �:�d�l�m�Z�e�v�g�h�� �m�e�m�q�r�_�g�b�_��

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

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

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

�k�m�s�_�k�l�\�m�x�s�b�f�b�� �k�l�Z�g�^�Z�j�l�Z�f�b�� 

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

�^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �n�m�g�d�p�b�h�g�Z�e�Z�� �\���k�m�s�_�k�l�\�m�x�s�b�_�� �F�N�I�� �a�Z���k�q�z�l���f�h�^�b�n�b�d�Z�p�b�b�� �I�H�����\��

�q�Z�k�l�g�h�k�l�b�� �\�k�l�j�h�_�g�g�h�]�h�� �I�H�� ���Z�g�]���� �l�_�j�f�b�g�� �I�L�U�P�Z�D�U�H������ �g�Z�i�j�b�f�_�j���� �i�j�h�p�_�k�k�h�j�Z��

�j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� ��raster image processor, RIP). �<�h�a�g�b�d�Z�_�l���i�j�h�l�b�\�h�j�_�q�b�_���\��

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

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

�o�j�Z�g�_�g�b�y�� �\�k�l�j�h�_�g�g�h�]�h���I�H�� 

�G�Z�m�q�g�Z�y�� �Z�d�l�m�Z�e�v�g�h�k�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�b�k�l�_�d�Z�_�l�� �b�a���i�j�h�l�b�\�h�j�_�q�b�y���\�� �g�Z�m�d�_, 

�d�h�l�h�j�h�_�� �h�[�m�k�e�h�\�e�_�g�h�� �k�e�_�^�m�x�s�b�f�b�� �g�_�^�h�k�l�Z�l�d�Z�f�b�� �k�m�s�_�k�l�\�m�x�s�_�]�h�� �g�Z�m�q�g�h-

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

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

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

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y�� �j�Z�[�h�l�Z�� ���G�B�J���� �[�_�a�� �\�u�y�\�e�_�g�b�y�� �h�[�s�b�o�� �q�_�j�l�� �^�e�y�� �d�e�Z�k�k�h�\�� �k�o�h�^�g�u�o��

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

�l�b�i�b�q�g�u�o�� �^�e�y���i�h�^�h�[�g�u�o���G�B�J�� �j�b�k�d�h�\; �\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���]�e�m�[�h�d�h���i�j�h�j�Z�[�h�l�Z�g�g�u�f�b��

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

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

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

�\�� �g�_�^�h�k�l�Z�l�h�q�g�h�c�� �k�l�_�i�_�g�b���� �:�d�l�m�Z�e�v�g�h�� �j�Z�a�\�b�l�b�_�� �G�F�:���� �\�� �q�Z�k�l�g�h�k�l�b�� �n�h�j�f�m�e�b�j�h�\�d�Z��
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�f�_�l�h�^�h�e�h�]�b�b�� �G�B�J �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�_�r�_�g�b�c �^�e�y�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b����

�n�h�j�f�Z�e�b�a�Z�p�b�y�� �f�_�l�h�^�b�d���� �i�j�b�g�p�b�i�h�\�� �b�� �i�h�^�o�h�^�h�\�� �d�� �j�Z�a�j�Z�[�h�l�d�_�� �f�_�l�h�^�h�\�� �h�[�j�Z�[�h�l�d�b��

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

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

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� 

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

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

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

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

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

�J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �\���j�Z�a�j�Z�[�h�l�d�_���l�_�h�j�b�b���b���i�j�Z�d�l�b�q�_�k�d�b�o�� �i�h�^�o�h�^�h�\���d���h�[�j�Z�[�h�l�d�_��

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

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

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

�i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �X���F���� �;�Z�y�d�h�\�k�d�h�]�h�� ���F�=�M�� �b�f���� �F���<���� �E�h�f�h�g�h�k�h�\�Z������

�X���B�� �@�m�j�Z�\�e�z�\�Z�� ���<�u�q�b�k�e�b�l�_�e�v�g�u�c�� �p�_�g�l�j�� �J�:�G������ �<���E���� �:�j�e�Z�a�Z�j�h�\�Z�� ���B�g�k�l�b�l�m�l��

�k�b�k�l�_�f�g�h�]�h���Z�g�Z�e�b�a�Z�� �J�:�G�������<���:�����K�h�c�n�_�j�Z�����B�g�k�l�b�l�m�l�� �k�b�k�l�_�f���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�c��

�J�:�G������ �<���;���� �;�_�l�_�e�b�g�Z ���G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�k�l�b�l�m�l�� �k�b�k�l�_�f�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �J�:�G������ �E���I���� �Y�j�h�k�e�Z�\�k�d�h�]�h�� ���B�g�k�l�b�l�m�l�� �i�j�h�[�e�_�f���i�_�j�_�^�Z�q�b���b�g�n�h�j�f�Z�p�b�b��

�J�:�G������ �<���G���� �<�Z�i�g�b�d�Z�� ���B�g�k�l�b�l�m�l�� �i�j�h�[�e�_�f���m�i�j�Z�\�e�_�g�b�y�� �J�:�G���� 

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

�Z�f�_�j�b�d�Z�g�k�d�b�_�� �b���y�i�h�g�k�d�b�_�� �d�h�f�i�Z�g�b�b�����\���i�_�j�\�m�x���h�q�_�j�_�^�v�����;�H�U�R�[, HP, Lexmark, Epson, 

Canon �b Ricoh. �K�j�_�^�b���m�q�z�g�u�o���� �\�g�z�k�r�b�o�� �a�Z�f�_�l�g�u�c�� �\�d�e�Z�^�� �\���g�Z�i�j�Z�\�e�_�g�b�y�� �h�[�j�Z�[�h�l�d�b����

�h�[�k�m�`�^�Z�_�f�u�_�� �\�� �^�b�k�k�_�j�l�Z�p�b�b���� �f�h�`�g�h�� �\�u�^�_�e�b�l�v�� �-���3���� �$�O�O�H�E�D�F�K���� �5���� �(�V�F�K�E�D�F�K����

R.L. de Queiroz, R. Bala, S.Wang, D.R Tretter, R.A. Ulichney, H. Luo, J. Yen, 

N. Moroney, D. Shaked, C.B. Atkins, X. Lin, C.A. Bouman, H.Siddiqui, A.R. Rao, 

M. Ahmed, R. Ward, K. Seto, T. Kawana. �B�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �d�h�j�i�h�j�Z�p�b�c�� �í��

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

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

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

�P�_�e�v �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�h�k�l�h�b�l�� �\�� �m�e�m�q�r�_�g�b�b��

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

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

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

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

�H�[�s�Z�y�� �g�Z�m�q�g�Z�y�� �a�Z�^�Z�q�Z �± �j�Z�a�\�b�l�b�_�� �g�Z�m�q�g�h-�f�_�l�h�^�b�q�_�k�d�h�]�h�� �Z�i�i�Z�j�Z�l�Z��

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

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

�m�k�e�h�\�b�y�o�� �k�m�s�_�k�l�\�m�x�s�b�o�� �h�]�j�Z�g�b�q�_�g�b�c�� �b���l�j�_�[�h�\�Z�g�b�c�� 

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

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

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

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

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

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

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

�n�h�l�h�]�j�Z�n�b�c; 

4. �j�Z�a�j�Z�[�h�l�d�Z�� �i�j�b�g�p�b�i�h�\�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �\�u�[�h�j�Z�� �b�� �j�Z�a�f�_�s�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z��

�k�l�j�Z�g�b�p�_; 

�b���q�Z�k�l�g�u�o���i�j�b�d�e�Z�^�g�u�o�� �a�Z�^�Z�q: 

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

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

�h�[�e�Z�k�l�b���l�_�d�k�l�Z���� �d�Z�j�l�b�g�h�d���b���n�h�g�Z; 
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6. �i�h�b�k�d�� �b�� �j�_�Z�e�b�a�Z�p�b�y�� �l�_�o�g�b�q�_�k�d�b�o�� �j�_�r�_�g�b�c�� �^�e�y�� �\�k�l�j�Z�b�\�Z�g�b�y�� �\�� �i�j�h�p�_�k�k�h�j��

�j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c�� �g�h�\�u�o���j�_�`�b�f�h�\���i�_�q�Z�l�b; 

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

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

�w�e�_�f�_�g�l�h�\���b�a�h�[�j�Z�`�_�g�b�y�� 

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

�b���i�_�q�Z�l�b�� 

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

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

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

�G�Z�m�q�g�Z�y���g�h�\�b�a�g�Z�� 

1. �K�n�h�j�f�m�e�b�j�h�\�Z�g�Z�� �h�j�b�]�b�g�Z�e�v�g�Z�y�� �k�i�b�j�Z�e�v�g�Z�y�� �f�_�l�h�^�h�e�h�]�b�y�� �g�Z�m�q�g�h-

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

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

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

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

�j�Z�g�`�b�j�h�\�Z�g�u�� �n�Z�d�l�h�j�u���i�h�^�h�[�g�h�]�h���j�b�k�d�Z������ 

2. �B�a�e�h�`�_�g�Z �f�_�l�h�^�b�d�Z ���k�h�\�h�d�m�i�g�h�k�l�v�� �f�_�l�h�^�h�\�� �b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �b�o��

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

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

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

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

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

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

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

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

�j�Z�a�j�Z�[�h�l�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �g�h�\�u�_�� �j�_�`�b�f�u�� �j�Z�[�h�l�u �F�N�I�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_��

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

�h�i�j�_�^�_�e�_�g�b�_�f�� �h�j�b�_�g�l�Z�p�b�b�� �h�j�b�]�b�g�Z�e�Z; �k�d�Z�g�b�j�h�\�Z�g�b�_�� �g�_�k�d�h�e�v�d�b�o �h�j�b�]�b�g�Z�e�h�\��

�g�_�[�h�e�v�r�h�]�h���j�Z�a�f�_�j�Z; �k�d�Z�g�b�j�h�\�Z�g�b�_�� �d�g�b�]. 

3. �I�j�_�^�e�h�`�_�g�� �i�h�^�o�h�^ �b�� �h�j�b�]�b�g�Z�e�v�g�u�_�� �l�_�o�g�b�q�_�k�d�b�_�� �j�_�r�_�g�b�y�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �\��

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

�h�l�� �d�h�i�b�j�h�\�Z�g�b�y�� �a�Z�� �k�q�z�l�� �]�_�g�_�j�Z�p�b�b�� �©�g�Z�� �e�_�l�m�ª�� �f�b�d�j�h�k�b�f�\�h�e�h�\�� �b��

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

�l�Z�d�`�_�� �j�_�`�b�f�h�\�� �w�d�h�g�h�f�b�q�g�h�c�� �b�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b���� �j�_�`�b�f�Z�� �i�_�q�Z�l�b�� �k�d�j�u�l�u�o��

�p�b�n�j�h�\�u�o�� �\�h�^�y�g�u�o���a�g�Z�d�h�\�� 

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

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

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

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

�Z�\�l�h�f�Z�l�b�q�_�k�d�b�_�� �k�i�h�k�h�[�u�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c: �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o��

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

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

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

5. �I�j�_�^�e�h�`�_�g�Z�� �]�j�m�i�i�Z�� �h�j�b�]�b�g�Z�e�v�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �^�e�y�� �b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\�� �b��

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

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

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

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

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

�i�h�j�y�^�h�d���i�j�b�f�_�g�_�g�b�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���� �� 

6. �G�Z�� �h�k�g�h�\�_�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�o�� �i�j�b�g�p�b�i�h�\�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �g�h�\�u�_�� �k�i�h�k�h�[�u 

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

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

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

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

�j�Z�a�g�b�p�m�� �\���j�Z�a�f�_�j�_���n�h�l�h�]�j�Z�n�b�c����    

�L�_�h�j�_�l�b�q�_�k�d�Z�y���b���i�j�Z�d�l�b�q�_�k�d�Z�y���a�g�Z�q�b�f�h�k�l�v: 

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

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

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

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

�j�Z�a�j�Z�[�h�l�d�_���g�h�\�u�o���n�m�g�d�p�b�c���F�N�I���� �J�y�^���j�_�a�m�e�v�l�Z�l�h�\�� �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y��

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

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

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

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

�d�h�f�i�Z�g�b�b�� �6�D�P�V�X�Q�J �b�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�f�� �p�_�g�l�j�_�� �d�h�f�i�Z�g�b�b�� �R�e�x�f�[�_�j�`�_��

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

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

�i�_�q�Z�l�Z�x�s�b�o�� �m�k�l�j�h�c�k�l�\�� �6�D�P�V�X�Q�J�����\���g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y���i�j�b�f�_�g�y�x�l�k�y�� �\�� �j�y�^�_ �f�h�^�_�e�_�c 

�i�j�b�g�l�_�j�h�\�� �d�h�f�i�Z�g�b�b�� �+P. �I�j�_�^�e�h�`�_�g�g�u�_�� �Z�e�]�h�j�b�l�f�u �h�[�j�Z�[�h�l�d�b�� �n�h�l�h�]�j�Z�n�b�c �[�u�e�b 

�Z�^�Z�i�l�b�j�h�\�Z�g�u �^�e�y���I�H �k�f�Z�j�l�n�h�g�h�\���b���6�P�D�U�W�7�9�� �6�D�P�V�X�Q�J���� 

�F�_�l�h�^�u�� �b�k�k�e�_�^�h�\�Z�g�b�y: �<�� �j�Z�[�h�l�_�� �r�b�j�h�d�h�� �i�j�b�f�_�g�y�e�b�k�v�� �f�_�l�h�^�u�� �p�b�n�j�h�\�h�c��

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

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

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

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

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

�I�h�e�h�`�_�g�b�y�����\�u�g�h�k�b�f�u�_���g�Z���a�Z�s�b�l�m. 

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

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

�a�g�Z�q�b�f�h�k�l�v�x���� �Z���l�Z�d�`�_���i�j�h�f�u�r�e�_�g�g�h�c�� �i�j�b�f�_�g�b�f�h�k�l�v�x�� 

1. �D�h�f�i�e�_�d�k �j�_�`�b�f�h�\�� �j�Z�[�h�l�u�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b����

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

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

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

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

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

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

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

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

3. �F�_�l�h�^�b�d�Z�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �\�d�e�x�q�Z�x�s�Z�y: �k�_�]�f�_�g�l�Z�p�b�x �g�Z�� �n�h�g���� �l�_�d�k�l�� �b��

�d�Z�j�l�b�g�d�b���� �m�k�l�j�Z�g�_�g�b�_ �k�d�h�k�Z���� �i�h�^�Z�\�e�_�g�b�_�� �i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z; �m�e�m�q�r�_�g�b�_�� �d�Z�q�_�k�l�\�Z��

�b�a�h�[�j�Z�`�_�g�b�y; �d�h�g�\�_�j�l�Z�p�b�x �\���f�_�l�Z�n�Z�c�e�h�\�u�c�� �n�h�j�f�Z�l�����Z���l�Z�d�`�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �g�Z��

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

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

�k�b�f�\�h�e�h�\�������i�������� 

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

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

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

5. �I�h�^�o�h�^���d���h�p�_�g�d�_���b���m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z���i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c�����m�q�b�l�u�\�Z�x�s�b�c��

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

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

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

�b�a�h�[�j�Z�`�_�g�b�c�� �k���w�n�n�_�d�l�h�f���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª. ���i�������� 

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

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

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

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

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

�b�a�^�Z�g�b�y�o��   

�:�i�j�h�[�Z�p�b�y���j�Z�[�h�l�u: �H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u �^�b�k�k�_�j�l�Z�p�b�b �^�h�d�e�Z�^�u�\�Z�e�b�k�v �g�Z 26 

�d�h�g�n�_�j�_�g�p�b�y�o: IEEE 10th International Symposium on Consumer Electronics �± �K�Z�g�d�l-

�I�_�l�_�j�[�m�j�], 2006; 16th International Conference on Computer Graphics and Vision,  

Graphicon �± �G�h�\�h�k�b�[�b�j�k�d, 2006; 17th International Conference on Computer Graphics 

and Vision, Graphicon �± �F�h�k�d�\�Z, 2007; IS&T/SPIE Electronic Imaging �± �K�Z�g-�O�h�k�_, 

�K�R�:, 2008; 31-�y �d�h�g�n�_�j�_�g�p�b�y �f�h�e�h�^�u�o �m�q�_�g�u�o �b �k�i�_�p�b�Z�e�b�k�l�h�\ �B�I�I�B �J�:�G 

�B�g�n�h�j�f�Z�p�b�h�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �b �k�b�k�l�_�f�u, �B�L�b�K �± �=�_�e�_�g�^�`�b�d, 2008; 18th 

International Conference on Computer Graphics and Vision, Graphicon �±  �F�h�k�d�\�Z, 2008; 

9th International conference on Pattern recognition and Image Analysis: New information 

technologies, PRIA �± �G�b�`�g�b�c �G�h�\�]�h�j�h�^, 2008, IS&T/SPIE Electronic Imaging �± �K�Z�g-

�O�h�k�_, �K�R�:, 2009; 19th International Conference on Computer Graphics and Vision, 

Graphicon �± �F�h�k�d�\�Z, 2009; Electronic Imaging �± �K�Z�g-�O�h�k�_, �K�R�:, 2010; IEEE 

International Conference on Pattern Recognition, ICPR �± �K�l�Z�f�[�m�e, �L�m�j�p�b�y, 2010; 20th 

International Conference on Computer Graphics and Vision, Graphicon �± �K�Z�g�d�l-

�I�_�l�_�j�[�m�j�], 2010; 12-�y �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y �b �\�u�k�l�Z�\�d�Z �P�b�n�j�h�\�Z�y 

�h�[�j�Z�[�h�l�d�Z �k�b�]�g�Z�e�h�\ �b �_�_ �i�j�b�f�_�g�_�g�b�_, DSPA �± �F�h�k�d�\�Z, 2010; 10th International 

conference on Pattern recognition and Image Analysis: New information technologies, 

PRIA �± �K�Z�g�d�l-�I�_�l�_�j�[�m�j�], 2010; IS&T/SPIE Electronic Imaging �± �K�Z�g-�N�j�Z�g�p�b�k�d�h, 

�K�R�:, 2011; 21th International Conference on Computer Graphics and Vision, 

Graphicon �± �F�h�k�d�\�Z, 2011; 13-�y �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y �b �\�u�k�l�Z�\�d�Z �P�b�n�j�h�\�Z�y 

�h�[�j�Z�[�h�l�d�Z �k�b�]�g�Z�e�h�\ �b �_�_ �i�j�b�f�_�g�_�g�b�_, DSPA �± �F�h�k�d�\�Z, 2011; �F�_�`�^�m�g�Z�j�h�^�g�Z�y 

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

MATLAB �± �O�Z�j�v�d�h�\, 2011; IS&T/SPIE Electronic Imaging  �± �K�Z�g-�N�j�Z�g�p�b�k�d�h, �K�R�:, 

2012; 22th International Conference on Computer Graphics and Vision, Graphicon �± 
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�F�h�k�d�\�Z, 2012; IS&T/SPIE Electronic Imaging �± �K�Z�g-�N�j�Z�g�p�b�k�d�h, �K�R�:, 2013; 

IS&T/SPIE Electronic Imaging �± �K�Z�g-�N�j�Z�g�p�b�k�d�h, �K�R�:, 2014; IS&T/SPIE Electronic 

Imaging �± �K�Z�g-�N�j�Z�g�p�b�k�d�h, �K�R�:, 2015; �I�j�h�[�e�_�f�u�� �j�Z�a�j�Z�[�h�l�d�b�� �i�_�j�k�i�_�d�l�b�\�g�u�o��

�f�b�d�j�h- �b�� �g�Z�g�h�w�e�_�d�l�j�h�g�g�u�o�� �k�b�k�l�_�f�� ���F�W�K�� �± �A�_�e�_�g�h�]�j�Z�^���� ��������; 6th Mediterranean 

Conference on Embedded Computing, MECO �± �;�Z�j, �Q�_�j�g�h�]�h�j�b�y, 2017; 5-�y 

�f�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y �B�g�n�h�j�f�Z�p�b�h�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �b �g�Z�g�h�l�_�o�g�h�e�h�]�b�b, 

ITNT, �K�Z�f�Z�j�Z, 2019. 

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

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

�i���������©�I�h�e�h�`�_�g�b�y�� �h���i�j�b�k�m�`�^�_�g�b�b�� �m�q�_�g�u�o�� �k�l�_�i�_�g�_�c�ª: 

�x ���� �\�� �j�_�p�_�g�a�b�j�m�_�f�u�o�� �`�m�j�g�Z�e�Z�o���� �b�g�^�_�d�k�b�j�h�\�Z�g�g�u�o�� �6�F�R�S�X�V (Q2 �b��Q3)���� �d�h�l�h�j�u�_�� �\��

�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �J�_�d�h�f�_�g�^�Z�p�b�_�c�� �<�:�D�� �h�l�� ���������������������� �i�j�b�j�Z�\�g�b�\�Z�x�l�k�y�� �d��

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

�x 1 �\���`�m�j�g�Z�e�_�� �b�a���k�i�b�k�d�Z�� �<�:�D�� ��K1); 

�x 42 �i�Z�l�_�g�l�Z�� �g�Z���b�a�h�[�j�_�l�_�g�b�_�� �\�u�^�Z�g�g�u�_�� �\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�� �b���K�R�:���� �d�h�l�h�j�u�_ 

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

�<�:�D�� 

�[) ������ �j�Z�[�h�l�u���^�j�m�]�b�o�� �\�b�^�h�\: 

�x 2 �j�_�p�_�g�a�b�j�m�_�f�u�_�� �f�h�g�h�]�j�Z�n�b�b���� �b�a�^�Z�g�g�u�_�� �b�a�^�Z�l�_�e�v�k�l�\�h�f��Springer���� �]�e�Z�\�u��

�b�g�^�_�d�k�b�j�h�\�Z�g�u�� �6�F�R�S�X�V; 

�x 2 �]�e�Z�\�u�� �\���d�g�b�]�Z�o���� �]�e�Z�\�u�� �d�h�l�h�j�u�o���b�g�^�_�d�k�b�j�h�\�Z�g�u��Scopus;  

�x 21 �f�Z�l�_�j�b�Z�e�u�� �f�_�`�^�m�g�Z�j�h�^�g�u�o�� �d�h�g�n�_�j�_�g�p�b�c���� �b�g�^�_�d�k�b�j�h�\�Z�g�g�u�_e Scopus �b/�b�e�b��

Web of Science; 

�x 9 �^�h�d�e�Z�^�u�� �d�h�g�n�_�j�_�g�p�b�c.  

�E�b�q�g�u�c�� �\�d�e�Z�^���Z�\�l�h�j�Z�� 

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

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

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

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

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

�K�h�h�l�\�_�l�k�l�\�b�_���i�Z�k�i�h�j�l�m�� �k�i�_�p�b�Z�e�v�g�h�k�l�b: �L�_�f�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�� �i�h�e�m�q�_�g�g�u�_��

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

�i�Z�k�i�h�j�l�Z���k�i�_�p�b�Z�e�v�g�h�k�l�b��2.3.8 �± �B�g�n�h�j�f�Z�l�b�d�Z�� �b���b�g�n�h�j�f�Z�p�b�h�g�g�u�_�� �i�j�h�p�_�k�k�u���� 

�K�l�j�m�d�l�m�j�Z�� �b�� �h�[�t�z�f�� �^�b�k�k�_�j�l�Z�p�b�b: �>�b�k�k�_�j�l�Z�p�b�y�� �k�h�k�l�h�b�l�� �b�a�� �\�\�_�^�_�g�b�y���� �k�_�f�b��

�]�e�Z�\���� �a�Z�d�e�x�q�_�g�b�y�� �b�� �i�j�b�e�h�`�_�g�b�y���� �I�h�e�g�u�c�� �h�[�t�z�f�� �^�b�k�k�_�j�l�Z�p�b�b�� �k�h�k�l�Z�\�e�y�_�l��325 

�k�l�j�Z�g�b�p���� �\�d�e�x�q�Z�y��107 �j�b�k�m�g�d�h�\����38 �l�Z�[�e�b�p���� �;�b�[�e�b�h�]�j�Z�n�b�y�� �\�d�e�x�q�Z�_�l 359 

�b�k�l�h�q�g�b�d�h�\.  

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

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

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

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

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

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

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

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

�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o�� �j�Z�[�h�l�� ���G�B�J���� �b�� �i�j�h�_�d�l�h�\�� �i�h�� �j�Z�a�j�Z�[�h�l�d�_���i�j�h�]�j�Z�f�f�g�h�]�h��

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

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

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

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

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

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

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

�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�h�g�p�_�i�p�b�_�c�� �k�f�_�r�Z�g�g�h�]�h�� �j�Z�k�l�j�h�\�h�]�h�� �k�h�^�_�j�`�b�f�h�]�h; �i�j�_�^�e�h�`�_�g�u��

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

�b�a�h�[�j�Z�`�_�g�b�y�� �g�Z���h�[�e�Z�k�l�b�� �n�h�g�Z���� �l�_�d�k�l�Z�� �b���d�Z�j�l�b�g�h�d; �i�h�d�Z�a�Z�g�u�� �i�j�b�f�_�j�u�� �i�j�b�f�_�g�_�g�b�y��

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

�g�h�\�u�o�� �n�m�g�d�p�b�c�� �F�N�I�� �d�Z�d�� �k�d�Z�g�b�j�h�\�Z�g�b�_�� �b�� �k�h�o�j�Z�g�_�g�b�_�� �^�h�d�m�f�_�g�l�Z�� �\��PDF �k��

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

�<�� �q�_�l�\�z�j�l�h�c�� �]�e�Z�\�_�� �j�Z�k�k�f�h�l�j�_�g�u�� �k�i�_�p�b�Z�e�v�g�u�_�� �j�_�`�b�f�u�� �i�_�q�Z�l�b����

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�j�Z�a�j�_�r�_�g�b�_���b���l�_�o�g�h�e�h�]�b�x�� �i�_�q�Z�l�b; �i�h�d�Z�a�Z�g�u�� �i�j�b�f�_�j�u���i�j�b�f�_�g�_�g�b�y���^�Z�g�g�h�]�h���i�h�^�o�h�^�Z��

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

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

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

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

�i�j�_�^�e�Z�]�Z�_�f�u�o�� �f�_�l�h�^�h�\. 

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

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

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

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

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

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

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

�n�j�Z�]�f�_�g�l�Z�f�b�� 

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

�n�h�l�h�]�j�Z�n�b�c�� �b�a�� �g�Z�[�h�j�Z�� �b�� �b�o�� �j�Z�a�f�_�s�_�g�b�y�� �g�Z�� �k�l�j�Z�g�b�p�_�� �n�h�l�h�d�g�b�]�b���� �Z�� �l�Z�d�`�_��

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

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

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

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

�d�h�e�e�Z�`�Z; �i�j�_�^�e�h�`�_�g�� �k�i�h�k�h�[�� �i�_�j�_�f�g�h�`�_�g�b�y�� �i�j�y�f�h�m�]�h�e�v�g�u�o�� �f�Z�l�j�b�p��32-�j�Z�a�j�y�^�g�u�o��

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

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

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

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

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

���i�_�q�Z�l�Z�x�s�b�o�� �m�k�l�j�h�c�k�l�\���� �k�m�s�_�k�l�\�_�g�g�h�� �w�\�h�e�x�p�b�h�g�b�j�h�\�Z�e�b���� �L�h�e�d�h�\�u�_�� �k�e�h�\�Z�j�b��

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

�^�Z�g�g�u�o���� �d�h�l�h�j�h�_�� �i�j�_�h�[�j�Z�a�m�_�l�� �a�Z�d�h�^�b�j�h�\�Z�g�g�m�x�� �b�g�n�h�j�f�Z�p�b�x���� �\�u�o�h�^�y�s�m�x�� �b�a��

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

�i�h�^�d�e�x�q�Z�_�f�h�_�� �d�� �d�h�f�i�v�x�l�_�j�m» [2, 3]���� �<�� �g�Z�q�Z�e�_��XXI  �\�_�d�Z�� �i�h�y�\�b�e�b�k�v��

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

�d�h�i�b�j�Z�� �b�� �b�g�h�]�^�Z�� �n�Z�d�k�Z��[4]���� �K�g�Z�q�Z�e�Z�� �i�h�^�h�[�g�u�_�� �m�k�l�j�h�c�k�l�\�Z�� �g�Z�a�u�\�Z�e�b��

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

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

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

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

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

�\�g�_�r�g�b�f�b�� �g�h�k�b�l�_�e�y�f�b���b�g�n�h�j�f�Z�p�b�b�� ���g�Z�i�j�b�f�_�j����USB �n�e�_�r-�g�Z�d�h�i�b�l�_�e�y�f�b������ �w�d�j�Z�g���b��

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

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

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

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

�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �i�j�b�g�l�_�j�Z�f�b�� ���F�N�I����multifunctional printer, MFP), �b�e�b��

�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �m�k�l�j�h�c�k�l�\�Z�f�b�� ���F�N�M����multifunctional device, MFD���� �b�e�b��

�m�k�l�j�h�c�k�l�\�Z�f�b�� �©�\�k�z���\���h�^�g�h�f�ª����all-in-one, AIO) [5].  

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

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

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

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

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

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

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

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

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

1.1.  �H�k�g�h�\�g�u�_���h�i�j�_�^�_�e�_�g�b�y 

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

�F�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �h�[�h�a�g�Z�q�_�g�b�y�� �\�u�i�h�e�g�_�g�u�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�h�� �k�l�Z�g�^�Z�j�l�h�f �B�K�H��

80000-2 [6]. 

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

�f�_�l�Z�n�Z�c�e�h�\�u�o�� �n�h�j�f�Z�l�h�\���� �J�Z�k�l�j�h�\�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���+ 
L�<�L�å�Ö�=�á �N �Ð�>�r�á �* 
F �s�?�á �? �Ð

�>�r�á �9 
F �s�? �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �i�j�y�f�h�m�]�h�e�v�g�m�x�� �f�Z�l�j�b�p�m�� �d�Z�`�^�u�c�� �w�e�_�f�_�g�l�� �d�h�l�h�j�h�c��

�L�å�Ö �g�Z�a�u�\�Z�_�l�k�y�� �i�b�d�k�_�e�_�f�� �]�^�_���N �± �g�h�f�_�j���k�l�j�h�d�b�����?  �± �g�h�f�_�j���k�l�h�e�[�p�Z; �f�Z�l�j�b�p�Z���b�f�_�_�l��

�j�Z�a�f�_�j�u: �*���± �d�h�e�b�q�_�k�l�\�h�� �k�l�j�h�d�����\�u�k�h�l�Z�������9 �± �d�h�e�b�q�_�k�l�\�h���k�l�h�e�[�p�h�\�����r�b�j�b�g�Z����[7].  

�I�b�d�k�_�e�v���L�å�Ö
L �<�M�å�Ö�ß�=�á �H �Ð �>�s�á �-�? �f�h�`�_�l�� �k�h�k�l�h�y�l�v�� �b�a�� �h�^�g�h�c�� �b�e�b�� �g�_�k�d�h�e�v�d�b�o��

�d�h�f�i�h�g�_�g�l�� �p�\�_�l�Z�� �\�� �d�Z�d�h�f-�e�b�[�h�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �]�^�_ �H �± �g�h�f�_�j�� �d�Z�g�Z�e�Z�� �-  �±  

�d�h�e�b�q�_�k�l�\�h�� �d�Z�g�Z�e�h�\��[8]. �?�k�e�b���- =1���� �l�h�� �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v�� �l�Z�d�h�_�� �b�a�h�[�j�Z�`�_�g�b�_��

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

�b�a�h�[�j�Z�`�_�g�b�y���b�g�^�_�d�k���H �h�i�m�k�d�Z�_�l�k�y�� �b���b�k�i�h�e�v�a�m�_�l�k�y�� �h�[�h�a�g�Z�q�_�g�b�_���+�:�N�á �?�;.  

�?�k�e�b���- >1���� �l�h�� �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v�� �l�Z�d�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �f�g�h�]�h�d�Z�g�Z�e�v�g�u�f����

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

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

�P�\�_�l�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���+ �l�Z�d�`�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d�� �f�g�h�`�_�k�l�\�h���� �k�h�k�l�h�y�s�_�_�� �b�a��

�h�^�g�h�d�Z�g�Z�e�v�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��(�b�e�b�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\) �h�^�b�g�Z�d�h�\�h�]�h�� �j�Z�a�f�_�j�Z: �+ 
L

�<�+�ß�=�á �H �Ð�>�u�á �-�?���� �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �d�h�f�i�h�g�_�g�l�u�� �p�\�_�l�Z���M�å�Ö�ß �i�b�d�k�_�e�y���L�å�Ö �j�Z�k�i�h�e�h�`�_�g�u�� �\��

�j�Z�a�g�u�o�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�Z�o�� �\���k�l�j�h�d�_���N �b���k�l�h�e�[�p�_���?.  
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�A�g�Z�q�_�g�b�_�� �d�h�f�i�h�g�_�g�l�u�� �p�\�_�l�Z���M�å�Ö�ß�Ð�>�r�á �t�½�× 
F �s�?, �]�^�_���&�ß �± �]�e�m�[�b�g�Z�� �p�\�_�l�Z �g�Z��

�d�Z�g�Z�e���� �b�a�f�_�j�y�_�f�Z�y���\���d�h�e�b�q�_�k�l�\�_�� �[�b�l���g�Z���i�b�d�k�_�e (bpp, bits per pixel)�����=�e�m�[�b�g�Z�� �p�\�_�l�Z���& 

�j�Z�\�g�Z���k�m�f�f�_���]�e�m�[�b�g�� �p�\�_�l�Z���g�Z���d�Z�g�Z�e�� �^�e�y���\�k�_�o���d�Z�g�Z�e�h�\: �& 
L�Ã �&�ß
�Ä
�ß�@�5 . 

�?�k�e�b���&� �������h�q�_�\�b�^�g�h�����- =1�������l�h���[�m�^�_�f���g�Z�a�u�\�Z�l�v�� �l�Z�d�h�_���b�a�h�[�j�Z�`�_�g�b�_�� �[�b�g�Z�j�g�u�f����

�?�k�e�b���& 
P �s���Ë���- 
L �s���Ë���L�å�Ö �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���h�[�h�a�g�Z�q�_�g�b�y�� �m�j�h�\�g�y���y�j�d�h�k�l�b�����l�h���[�m�^�_�f��

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

�I�m�k�l�v�� �p�\�_�l�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�h�k�l�h�b�l�� �b�a�� �l�j�z�o�� �d�Z�g�Z�e�h�\: �d�j�Z�k�g�h�]�h���� �a�_�e�z�g�h�]�h�� �b��

�k�b�g�_�]�h: �+ 
L�<�+�Ë�á �+�À�á �+�»�=�ä �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �_�f�m�� �i�h�e�m�l�h�g�h�\�h�_��

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

�a�g�Z�q�_�g�b�c�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\: 

�+�Â�:�N�á �?�; 
L
�+�Ë�:�N�á �?�;
E �+�À�:�N�á �?�;
E �+�»�:�N�á �?�;

�u
�á 

(1.1) 

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

�+�Â�:�N�á �?�; 
L �•�ƒ�š
k�+�Ë�:�N�á �?�;�á �+�À�:�N�á �?�;�á �+�»�:�N�á �?�;
o�ä (1.2) 

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

�h�i�j�_�^�_�e�y�x�s�Z�y�� �^�e�y�� �d�Z�`�^�h�]�h���E �Ð�>�r�á �t�½�× 
F �s�? �d�h�e�b�q�_�k�l�\�h�� �i�b�d�k�_�e�_�c���� �b�f�_�x�s�b�o��

�a�g�Z�q�_�g�b�_ �j�Z�\�g�h�_���E:   

�D�:�E�; 
L ���<�:�N�á �?�;�������+�ß�:�N�á �?�; 
L �E�=���á �Ê�:�N�á �?�;�ä (1.3) 

�G�Z�a�h�\�z�f�� �g�h�j�f�Z�e�b�a�h�\�Z�g�g�h�c�� �]�b�k�l�h�]�j�Z�f�f�h�c:  

�D�ñ�:�E�; 
L
�D�:�E�;

�*�9
�ä 

(1.4) 

�F�Z�l�j�b�p�_�c�� �k�h�\�f�_�k�l�g�h�c�� �\�k�l�j�_�q�Z�_�f�h�k�l�b�� ��co-occurrence matrix) �d�Z�g�Z�e�Z��

�b�a�h�[�j�Z�`�_�g�b�y���+�ß �g�Z�a�u�\�Z�_�l�k�y�� �n�m�g�d�p�b�y���� �h�i�j�_�^�_�e�y�x�s�Z�y�� �^�e�y���d�Z�`�^�h�]�h���E�á �F �Ð�>�r�á �t�½�× 
F �s�? 

�d�h�e�b�q�_�k�l�\�h���i�b�d�k�_�e�_�c �l�Z�d�b�o, �q�l�h�����+�ß�:�N�á �?�; 
L �E �è ���+�ß�:�N 
E �O�å�á �? 
E �O�Ö�; 
L �F: 

�D�6�:�E�á �F�; 
L ���<�:�N�á �?�;�������+�ß�:�N�á �?�; 
L �E �è ���+�ß�:�N 
E �O�å�á �? 
E �O�Ö�; 
L �F�=���á �Ê
k�:�N 
E �O�å�;

�Ð�>�r�á �*�?�á�:�? 
E �O�Ö�; �Ð�>�r�á �9�?
o�á 

(1.5) 

�]�^�_���k�f�_�s�_�g�b�y���O�å�á �O�Ö�Ð �:. 
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�G�Z�a�h�\�z�f���g�h�j�f�Z�e�b�a�h�\�Z�g�g�h�c�� �f�Z�l�j�b�p�_�c�� �k�h�\�f�_�k�l�g�h�c���\�k�l�j�_�q�Z�_�f�h�k�l�b:  

�D�6
�ñ�:�E�á �F�; 
L

�D�6�:�E�á �F�;

�:�* 
F �O�å�;�:�9 
F �O�Ö�;
�ä 

(1.6) 

�H�i�_�j�Z�p�b�y�� �k�\�z�j�l�d�b�� �d�Z�g�Z�e�Z�� �b�a�h�[�j�Z�`�_�g�b�y���+�ß �k�� �y�^�j�h�f�� �k�\�z�j�l�d�b���ñ �h�[�h�a�g�Z�q�Z�_�l�k�y      

�+�ß�Û �ñ. �<�� �j�y�^�_�� �h�i�_�j�Z�p�b�c�� �g�Z�^�� �b�a�h�[�j�Z�`�_�g�b�y�f�b�� �f�h�]�m�l�� �i�h�e�m�q�Z�l�v�k�y�� �a�g�Z�q�_�g�b�y�� �i�b�d�k�_�e�_�c��

�f�_�g�v�r�_�� ���� �b�� �[�h�e�v�r�_���t�½�× 
F �s���� �l�h�]�^�Z�� �i�b�d�k�_�e�v�� �k�q�b�l�Z�_�l�k�y�� �j�Z�\�g�u�f�� ���� �b�e�b���t�½�× 
F �s 

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

�a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�_�c�� �a�Z���i�j�_�^�_�e�u�� �^�b�Z�i�Z�a�h�g�Z���>�r�á �t�½�× 
F �s�? �h�i�m�s�_�g�Z�� 

�K�h�]�e�Z�k�g�h��[9], �f�_�l�Z�n�Z�c�e�� �² �w�l�h «�n�Z�c�e���� �d�h�l�h�j�u�c�� �k�h�^�_�j�`�b�l�� �w�e�_�f�_�g�l�u��

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

�]�j�Z�n�b�d�b». �K�h�\�j�_�f�_�g�g�u�_�� �f�_�l�Z�n�Z�c�e�u���� �g�Z�i�j�b�f�_�j��portable document format (PDF) [10] 

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

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

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

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

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

�b�g�n�h�j�f�Z�p�b�b���� �h�[�h�a�g�Z�q�b�f �^�Z�g�g�u�_�� �f�_�l�Z�n�Z�c�e�h�\�h�]�h�� �n�h�j�f�Z�l�Z �/  �\�� �\�b�^�_�� �d�h�j�l�_�`�Z���/ 
L

�:�4�5�á �4�6�å �4�á�;. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�Z�y�� �h�l�j�b�k�h�\�d�Z�� ���b�k�i�h�e�v�a�m�x�l�k�y�� �l�_�j�f�b�g�u 

�©�i�j�h�b�]�j�u�\�Z�g�b�_�ª �b�� �©�j�_�g�^�_�j�b�g�]�ª���� �w�e�_�f�_�g�l�h�\�� �d�h�j�l�_�`�Z�� ���a�Z�i�b�k�_�c�� �f�_�l�Z�n�Z�c�e�Z�����4�Ü 

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

�f�_�l�Z�n�Z�c�e�Z���4�Ü �f�h�`�_�l�� �[�u�l�v�� �e�b�[�h�� �k�l�j�h�d�h�c�� �k�b�f�\�h�e�h�\���5 �k�� �m�d�Z�a�Z�g�b�_�f�� �r�j�b�n�l�Z�� �b�� �_�]�h��

�Z�l�j�b�[�m�l�h�\�����e�b�[�h���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x�� �i�j�b�f�b�l�b�\�h�\���b���d�h�f�Z�g�^���\�_�d�l�h�j�g�h�c���]�j�Z�n�b�d�b���) , 

�e�b�[�h�� �j�Z�k�l�j�h�\�u�f�� �b�a�h�[�j�Z�`�_�g�b�_�f���+: �4�Ü�Ð�<�5�á �)�á �+�=. �I�h�k�d�h�e�v�d�m�� �f�_�l�Z�n�Z�c�e�� �k�h�^�_�j�`�b�l��

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

�h�[�h�a�g�Z�q�_�g�b�_���/ . 

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

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

�]�e�m�[�b�g�u�� �p�\�_�l�Z: �B�5�ã �+ �\ �+�ñ; 

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

�b�e�b �]�e�m�[�b�g�u�� �p�\�_�l�Z: �B�6�ã �+ �\ �+�á; 

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

�B�7�ã �+ �\ �/; 

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

�B�8�ã �/ �\ �+; 

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

�f�_�l�Z�n�Z�c�e�h�\�h�]�h�� �n�h�j�f�Z�l�Z���b�e�b���^�j�m�]�h�c���n�h�j�f�Z�l:  �B�9�ã �/ �\ �/ �á. 

�<���^�Z�g�g�h�c���j�Z�[�h�l�_���j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�����h�l�g�h�k�y�s�b�_�k�y���d���B�5, �B�6 �b���B�7.  

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

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

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o���B�6 �b���B�7 �i�j�h�b�k�o�h�^�b�l�� �l�Z�d�`�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �f�_�`�^�m�� �k�b�k�l�_�f�Z�f�b��

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

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

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

�g�Z�i�j�Z�\�e�_�g�Z�� �k�\�_�j�o�m�� �\�g�b�a���� �P�_�e�h�q�b�k�e�_�g�g�u�_�� �d�h�h�j�^�b�g�Z�l�u���:�N�á �?�; �b�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y��

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

�b�k�i�h�e�v�a�m�x�l�k�y�� �^�_�c�k�l�\�b�l�_�e�v�g�u�_�� �d�h�h�j�^�b�g�Z�l�u  �:�T�á �U�;�����]�^�_�� �p�_�e�u�_���U �k�h�h�l�\�_�l�k�l�\�m�x�l���N�����Z��

�p�_�e�u�_�� ���T �k�h�h�l�\�_�l�k�l�\�m�x�l���?. 

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

�g�Z�a�u�\�Z�x�l�� �j�Z�a�j�_�r�_�g�b�_�f�� �i�_�q�Z�l�b���� �>�e�y�� �i�j�b�g�l�_�j�h�\�� �j�Z�a�j�_�r�_�g�b�_���i�_�q�Z�l�b�� �h�[�u�q�g�h��

�m�d�Z�a�u�\�Z�x�l�� �\���d�h�e�b�q�_�k�l�\�_�� �l�h�q�_�d���g�Z���^�x�c�f����dpi, dots per inch). �J�Z�a�j�_�r�_�g�b�_���f�h�`�_�l���[�u�l�v��

�b�a�h�l�j�h�i�g�u�f���� �l���_���� �h�^�b�g�Z�d�h�\�u�f�� �i�h�� �]�h�j�b�a�h�g�l�Z�e�b�� �b�� �\�_�j�l�b�d�Z�e�b���� �b�e�b�� �Z�g�b�a�h�l�j�h�i�g�u�f���� �<��

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

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

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

�l�h�q�_�d���� �I�h�w�l�h�f�m���\�� �j�y�^�_ �b�k�l�h�q�g�b�d�h�\���� �g�Z�i�j�b�f�_�j��[11], �j�Z�a�e�b�q�Z�x�l�� �j�Z�a�j�_�r�_�g�b�_����

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

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

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

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

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

�l�h�q�_�d���g�Z���^�x�c�f�� 

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

�^�e�b�g�u���� �g�Z�a�u�\�Z�x�l�� �j�Z�a�j�_�r�_�g�b�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �>�e�y�� �k�d�Z�g�_�j�h�\�� �j�Z�a�j�_�r�_�g�b�_��

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

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

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

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

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

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

�i�j�b�f�_�g�y�e�Z�k�v�� �b�g�l�_�j�i�h�e�y�p�b�y�� 

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

�h�i�_�j�Z�p�b�y�f�b�� �b�� �q�Z�k�l�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �d�Z�d �k�b�g�h�g�b�f�u���� �<�h-�i�_�j�\�u�o���� �k�d�Z�g�b�j�h�\�Z�g�b�_��

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

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

�d�h�i�b�j�h�\�Z�g�b�x��  

�N�b�a�b�q�_�k�d�b�c�� �h�[�t�_�d�l���� �i�h�f�_�s�Z�_�f�u�c�� �g�Z�� �k�l�_�d�e�h�� �k�d�Z�g�_�j�Z���� �g�Z�i�j�b�f�_�j�� �k�l�j�Z�g�b�p�Z��

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

�k�l�j�Z�g�b�p�Z�� �g�Z�a�u�\�Z�_�l�k�y�� �d�h�i�b�_�c���� �W�e�_�d�l�j�h�g�g�h�c�� �d�h�i�b�_�c�� �b�e�b���� �i�j�h�k�l�h�����d�h�i�b�_�c�� �g�Z�a�u�\�Z�_�l�k�y 

�n�Z�c�e�����o�j�Z�g�y�s�b�c�� �b�a�h�[�j�Z�`�_�g�b�_�� �h�j�b�]�b�g�Z�e�Z���� 
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1.2.  �D�j�Z�l�d�b�c���h�[�a�h�j �m�k�l�j�h�c�k�l�\���i�_�q�Z�l�b 

�J�Z�k�k�f�h�l�j�b�f �k�e�_�^�m�x�s�b�_�� �i�h�^�o�h�^�u���d���d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �m�k�l�j�h�c�k�l�\�� �i�_�q�Z�l�b:  

�x �i�h���p�\�_�l�m�� �h�l�i�_�q�Z�l�d�Z���� 

�x �i�h���l�_�o�g�h�e�h�]�b�b�� �i�_�q�Z�l�b���� 

�x �i�h���j�Z�a�f�_�j�m���[�m�f�Z�]�b���� 

�x �i�h���\�Z�j�b�Z�g�l�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �m�k�l�j�h�c�k�l�\�Z����  

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

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

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

�p�_�e�_�k�h�h�[�j�Z�a�g�u�f�����b���q�z�j�g�h-�[�_�e�u�_���i�j�b�g�l�_�j�u���a�Z�g�b�f�Z�x�l���a�g�Z�q�b�l�_�e�v�g�m�x�� �^�h�e�x���j�u�g�d�Z��[1]. 

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

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

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

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

�f�_�l�h�^�h�\�����i�j�b�f�_�g�b�f�u���b���^�e�y���q�z�j�g�h-�[�_�e�u�o���i�j�b�g�l�_�j�h�\����   

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

�g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\���l�_�o�g�h�e�h�]�b�c�� �i�_�q�Z�l�b��[12]. �<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���g�Z�b�[�h�e�_�_�� �f�Z�k�k�h�\�h�_��

�i�j�b�f�_�g�_�g�b�_�� �b�f�_�x�l�� �e�Z�a�_�j�g�u�_���� �k�\�_�l�h�^�b�h�^�g�u�_ (LED), �k�l�j�m�c�g�u�_�� ��ink-jet) �b��

�l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�u�_�� ��dye-sublimation) �i�j�b�g�l�_�j�u��[5].  

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

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

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

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

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

�i�e�h�l�g�h�k�l�v�x�� �h�l�� ������ �^�h���������� �]/�f 2) �b�� �n�b�d�k�b�j�m�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �g�Z�]�j�_�\�Z���� �K�\�_�l�h�^�b�h�^�g�u�_ 

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

�e�b�g�_�c�d�m�� �k�\�_�l�h�^�b�h�^�h�\.  
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�Q�z�j�g�h-�[�_�e�u�c�� �e�Z�a�_�j�g�u�c�� �i�j�b�g�l�_�j�� �i�_�q�Z�l�Z�_�l�� �l�h�q�d�b �l�h�e�v�d�h�� �q�z�j�g�h�]�h�� �p�\�_�l�Z����

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

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

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

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

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

�i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z�� ��halftone screen������ �K�m�s�_�k�l�\�m�_�l�� �f�g�h�`�_�k�l�\�h �j�Z�a�g�h�h�[�j�Z�a�g�u�o��

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

�i�_�q�Z�l�b [13].  

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

�g�Z�i�j�b�f�_�j��RGB (red �± �d�j�Z�k�g�u�c����green �± �a�_�e�z�g�u�c����blue �± �k�b�g�b�c)���� �^�h�e�`�g�h�� �[�u�l�v��

�i�j�_�h�[�j�Z�a�h�\�Z�g�h�� �\�� �k�m�[�l�j�Z�d�l�b�\�g�h�_��[8]. �<�� �p�\�_�l�g�u�o�� �e�Z�a�_�j�g�u�o�� �i�j�b�g�l�_�j�Z�o�� �b�k�i�h�e�v�a�m�_�l�k�y��

�p�\�_�l�h�\�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h��CMYK (cyan �± �]�h�e�m�[�h�c����magenta �± �i�m�j�i�m�j�g�u�c����yellow �± 

�`�_�e�l�u�c����key �± �d�e�x�q�_�\�h�c�� �q�_�j�g�u�c�� �p�\�_�l������ �]�^�_��CMY �y�\�e�y�x�l�k�y�� �^�h�i�h�e�g�b�l�_�e�v�g�u�f�b��

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

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

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

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

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

�i�j�b�g�l�_�j�_ �k���j�Z�a�j�_�r�_�g�b�_�f����������dpi. �>�e�y���i�h�e�m�q�_�g�b�y���^�Z�g�g�h�c���b�e�e�x�k�l�j�Z�p�b�b�� �g�Z�i�_�q�Z�l�Z�g�g�Z�y��

�n�h�l�h�]�j�Z�n�b�y���[�u�e�Z�� �h�l�k�d�Z�g�b�j�h�\�Z�g�Z�� �k���j�Z�a�j�_�r�_�g�b�_�f��2400 dpi.    

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

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

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

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

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

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

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

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

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

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

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

�^�h��8 �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �p�\�_�l�h�\���� �h�[�_�k�i�_�q�b�\�Z�y�� �r�_�k�l�b-���� �\�h�k�v�f�b-���� �b�e�b�� �^�\�_�g�Z�^�p�Z�l�b-

�p�\�_�l�g�m�x�� �i�_�q�Z�l�v��[15, 16].      

 

 
�J�b�k�m�g�h�d�������� �í �I�_�q�Z�l�g�u�c���j�Z�k�l�j���g�Z���b�a�h�[�j�Z�`�_�g�b�b�����g�Z�i�_�q�Z�l�Z�g�g�h�f���g�Z���p�\�_�l�g�h�f���e�Z�a�_�j�g�h�f���i�j�b�g�l�_�j �_ 

 

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

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

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

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

�e�_�g�l�Z���� �g�Z�� �d�h�l�h�j�m�x�� �g�Z�g�_�k�_�g�Z�� �d�j�Z�k�d�Z���� �I�j�b�� �g�Z�]�j�_�\�Z�g�b�b�� �d�j�Z�k�d�Z�� �b�k�i�Z�j�y�_�l�k�y�� �k�� �e�_�g�l�u�� �b��

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

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

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

�i�e�z�g�d�h�c�� 

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

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

�b���]�e�m�[�b�g�Z�� �p�\�_�l�Z���g�Z���d�Z�g�Z�e�� 

 

�L�Z�[�e�b�p�Z 1.1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�b�g�l�_�j�h�\���\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l���l�_�o�g�h�e�h�]�b�b�� �i�_�q�Z�l�b 

�L�b�i���i�j�b�g�l�_�j�Z �L�b�i���[�m�f�Z�]�b �J�Z�a�j�_�r�_�g�b�_����

dpi 

�P�\�_�l�h�\�u�_��

�i�j�h�k�l�j�Z�g�k�l�\�Z 

�&�ß, bpp 

�E�Z�a�_�j�g�u�c �H�[�u�q�g�Z�y �h�n�b�k�g�Z�y 600 �«��1200 

 

CMYK 1 

�K�\�_�l�h�^�b�h�^�g�u�c �H�[�u�q�g�Z�y �h�n�b�k�g�Z�y 600 �«��1200 

 

CMYK 1 

�K�l�j�m�c�g�u�c �H�n�b�k�g�Z�y, �n�h�l�h�[�m�f�Z�]�Z��

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

���������«���������� CMYK+0�« 8 

�^�h�i�����d�Z�g�Z�e�Z 

1 

�L�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�u�c 

�n�h�l�h�i�j�b�g�l�_�j 

�K�i�_�p�b�Z�e�v�g�Z�y 300 �«��400 CMY 8 

 

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

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

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

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

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

�m�i�j�Z�\�e�_�g�b�_�� �p�\�_�l�h�f��(color management) [17]. �>�e�y�� �d�Z�`�^�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �y�\�g�h�� �b�e�b�� �i�h��

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

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

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

CIE XYZ 1931 (MKO XYZ 1931) �b�e�b CIE Lab 1976 (MKO Lab 1976) [18].  �H�^�g�Z�d�h����

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

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

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

�i�j�h�_�d�p�b�_�c�� �p�\�_�l�h�\�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z��MKO XYZ 1931 �g�Z�� �i�e�h�k�d�h�k�l�v xy 

(�g�h�j�f�Z�e�b�a�h�\�Z�g�g�u�_�� �d�h�h�j�^�b�g�Z�l�u��XY), �k�f�����j�b�k�m�g�h�d 1.2 [8]. �P�\�_�l�g�Z�y�� �n�b�]�m�j�Z, �i�h���n�h�j�f�_��

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

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

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

AdobeRGB, sRGB �b��CMYK ���^�e�y���g�_�d�h�l�h�j�h�]�h���h�i�j�_�^�_�e�_�g�g�h�]�h�� �g�Z�[�h�j�Z���d�j�Z�k�h�d�� [17].  

 

 
�J�b�k�m�g�h�d�������� �í �P�\�_�l�h�\�h�c���h�o�\�Z�l���j�Z�a�e�b�q�g�u�o���p�\�_�l�h�\�u�o���i�j�h�k�l�j�Z�g�k�l�\���\���i�e�h�k�d�h�k�l�b��xy �i�j�h�k�l�j�Z�g�k�l�\�Z��

�F�D�H��XYZ 1931 

 

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

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

�p�\�_�l�h�\�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z���� �a�Z�^�Z�z�l�k�y�� �k�i�h�k�h�[���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���p�\�_�l�h�\�h�]�h���h�o�\�Z�l�Z�� ��gamut 

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

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

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

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

�M�k�l�j�h�c�k�l�\�Z�� �i�_�q�Z�l�b�� �d�e�Z�k�k�b�n�b�p�b�j�m�x�l�� �i�h�� �j�Z�a�f�_�j�m�� �b�� �l�b�i�m�� �[�m�f�Z�]�b���� �g�Z�� �d�h�l�h�j�h�c��

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

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

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

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

�i�h�^�^�_�j�`�b�\�Z�_�f�u�o�� �l�b�i�h�\�� �b�� �n�h�j�f�Z�l�h�\���[�m�f�Z�]�b�� ���g�Z�i�j�b�f�_�j���� �k�f����[15, 16]). �K�m�s�_�k�l�\�m�_�l��

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

�f�_�`�^�m�g�Z�j�h�^�g�u�f�b�� �k�l�Z�g�^�Z�j�l�Z�f�b���� �g�Z�i�j�b�f�_�j��ISO 216 [19], �q�Z�k�l�v�� �g�Z�p�b�h�g�Z�e�v�g�u�f�b��

�k�l�Z�g�^�Z�j�l�Z�f�b���� �<���L�Z�[�e�b�p�_�� ���������i�j�b�\�_�^�_�g�h�� �g�_�k�d�h�e�v�d�h�� �i�j�b�f�_�j�h�\���n�h�j�f�Z�l�h�\���[�m�f�Z�]�b��  

 

�L�Z�[�e�b�p�Z�� �����������I�j�b�f�_�j�u�� �n�h�j�f�Z�l�h�\���[�m�f�Z�]�b 

�L�b�i���[�m�f�Z�]�b �G�Z�a�\�Z�g�b�_���n�h�j�f�Z�l�Z �J�Z�a�f�_�j�����f�f 

�E�b�k�l�u���h�n�b�k�g�h�c���[�m�f�Z�]�b �:��  297 x 420 

�:��  210 x 297 

�:��  148 x 210 

�:��  105 x 148 

Ledger 279,4 x 431,8 

Letter 215,9 x 279,4 

Legal 215,9 x 355,6 

�D�Z�j�l�h�q�d�b �N�h�l�h�]�j�Z�n�b�y 100 x 150 

�N�h�l�h��L 90 x 130 

�N�h�l�h����L 130 x 180 

�D�h�g�\�_�j�l�u C5 162 x 229 

DL 110 x 220 

Monarch 98,4 x 190,5 
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�I�h�� �f�Z�d�k�b�f�Z�e�v�g�h�f�m�� �j�Z�a�f�_�j�m�� �h�j�b�]�b�g�Z�e�Z�� �^�e�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �d�h�i�b�j�h�\�Z�g�b�y��

�F�N�I�� �i�h�^�j�Z�a�^�_�e�y�x�l�k�y���g�Z���m�k�l�j�h�c�k�l�\�Z��A3 �b��A4. 

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

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

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

�i�_�j�k�h�g�Z�e�v�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� ��SOHO, small office/home office); �m�k�l�j�h�c�k�l�\�Z�� �^�e�y��

�i�j�_�^�i�j�b�y�l�b�c����enterprise). �<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���\�u�^�_�e�y�x�l�������\�Z�j�b�Z�g�l�h�\���b�k�i�h�e�v�a�h�\�Z�g�b�y: 

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

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

�m�q�j�_�`�^�_�g�b�y�o���� �^�e�y�� �d�j�m�i�g�u�o�� �i�j�_�^�i�j�b�y�l�b�c [1]. �;�Z�a�h�\�Z�y�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v�� �\�k�_�o��

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

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

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

�k�_�l�_�\�u�_��A3 �F�N�I���� �k�� �\�h�a�f�h�`�g�h�k�l�v�x�� �^�\�m�o�k�l�j�Z�g�b�q�g�h�c�� �i�_�q�Z�l�b�� �b�� �h�[�h�j�m�^�h�\�Z�g�g�u�_��

�Z�\�l�h�i�h�^�Z�l�q�b�d�h�f�� �[�m�f�Z�]�b�� ��automatic document feeder, ADF). �>�e�y�� �g�b�o�� �\�Z�`�g�u�f�b��

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

�b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �[�_�a�h�i�Z�k�g�h�k�l�v�x���� �>�e�y�� �i�_�j�k�h�g�Z�e�v�g�h�]�h�� �^�h�f�Z�r�g�_�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y, 

�d�Z�d�� �i�j�Z�\�b�e�h�� �\�u�[�b�j�Z�x�l�� �d�h�f�i�Z�d�l�g�u�_��A4 �F�N�I �k �h�^�g�h�k�l�j�Z�g�b�q�g�h�c�� �i�_�q�Z�l�v�x. 

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

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

[5]. 

1.3.  �I�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �^�Z�g�g�u�o���\���k�b�k�l�_�f�Z�o �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b���i�_�q�Z�l�b 

�H�[�h�[�s�z�g�g�Z�y�� �k�o�_�f�Z�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b�� �i�h�d�Z�a�Z�g�Z�� �g�Z�� �j�b�k�m�g�d�_ 1.3. 

�>�Z�g�g�Z�y�� �k�o�_�f�Z�� �h�l�j�Z�`�Z�_�l�� �\�u�k�h�d�h�m�j�h�\�g�_�\�m�x �Z�j�o�b�l�_�d�l�m�j�m���[�h�e�v�r�b�g�k�l�\�Z �F�N�I����

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

�i�_�q�Z�l�b�� �h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� ���H�K) Windows [20].  �L�_�f�� �g�_�� �f�_�g�_�_���� �h�[�h�[�s�z�g�g�Z�y��
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�k�o�_�f�Z �i�h�a�\�h�e�y�_�l�� �h�i�b�k�Z�l�v�� �i�h�l�h�d�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �^�Z�g�g�u�o�� �\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��

�k�b�k�l�_�f�Z�o���� 

 

 
�J�b�k�m�g�h�d������3 �í �H�[�h�[�s�_�g�g�Z�y�� �k�o�_�f�Z���k�b�k�l�_�f���k�d�Z�g�b�j�h�\�Z�g�b�y���b���i�_�q�Z�l�b 

 

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

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

�;�m�f�Z�`�g�u�c
�g�h�k�b�l�_�e�v

�b�g�n�h�j�f�Z�p�b�b

�K�d�Z�g�_�j
�I�j�h�p�_�k�k�h�j
�j�Z�k�l�j�h�\�u�o��

�b�a�h�[�j�Z�`�_�g�b�c��

�;�e�h�d �i�_�q�Z�l�b

USB 
�g�h�k�b�l�_�e�v

e-mail
�d�e�b�_�g�l

�K�b�k�l�_�f�g�h�_���I�H��
�k�d�Z�g�b�j�h�\�Z�g�b�y

�K�b�k�l�_�f�g�h�_���I�H��
�i�_�q�Z�l�b

�I�j�b�d�e�Z�^�g�h�_���I�H

�F�N�I

�D�h�f�i�v�x�l�_�j���b�e�b
�f�h�[�b�e�v�g�h�_��
�m�k�l�j�h�c�k�l�\�h

Ih

Mc

Ms, Is

Ms, Is

Ms, Is

Md, Id
Md, Id

Ms, Is
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�i�j�h�]�j�Z�f�f�g�u�c�� �b�g�l�_�j�n�_�c�k�� �d�� �k�b�k�l�_�f�g�h�f�m�� �I�H�� �i�_�q�Z�l�b���� �d�h�l�h�j�h�_�� �e�b�[�h�� �p�_�e�b�d�h�f��

�i�h�k�l�Z�\�e�y�_�l�k�y�� �k�� �H�K�� ��Windows, Linux, MacOS, Android, iOS), �e�b�[�h�� �q�Z�k�l�b�q�g�h��

�i�h�k�l�Z�\�e�y�_�l�k�y�� �i�j�h�b�a�\�h�^�b�l�_�e�_�f�� �m�k�l�j�h�c�k�l�\�Z�� �i�_�q�Z�l�b���� �Z�� �q�Z�k�l�b�q�g�h���H�K���� �D�� �k�b�k�l�_�f�g�h�f�m��

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

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

�m�k�l�j�h�c�k�l�\�h�� �i�_�q�Z�l�b�� �b�� �f�h�`�_�l�� �[�u�l�v�� �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�� �b�f���� �F�_�l�Z�n�Z�c�e���/ �Ö �f�h�`�_�l�� �[�u�l�v��

�h�l�d�j�u�l�h�]�h�� �n�h�j�f�Z�l�Z���� �g�Z�i�j�b�f�_�j��PDF [10] �b�e�b PS (Postscript) [21], �b�e�b��

�i�j�h�i�j�b�_�l�Z�j�g�h�]�h�� �n�h�j�f�Z�l�Z�� �i�j�h�b�a�\�h�^�b�l�_�e�y�� �i�j�b�g�l�_�j�h�\���� �g�Z�i�j�b�f�_�j�� HPGL (Hewlett-

Packard graphics language) [22]. �I�_�j�_�^�Z�q�Z�� �f�_�l�Z�n�Z�c�e�Z�� �f�h�`�_�l�� �\�u�i�h�e�g�y�l�v�k�y�� �i�h��

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

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

�;�h�e�v�r�b�g�k�l�\�h�� �k�h�\�j�_�f�_�g�g�u�o�� �F�N�I�� �i�h�a�\�h�e�y�_�l�� �i�_�q�Z�l�Z�l�v�� �^�Z�g�g�u�_�� �k�� USB 

�g�h�k�b�l�_�e�_�c���� �g�Z�i�j�b�f�_�j�� USB-�n�e�_�r�_�d���� �f�h�[�b�e�v�g�u�o�� �`�z�k�l�d�b�o�� �^�b�k�d�h�\���� �p�b�n�j�h�\�u�o�� �d�Z�f�_�j��

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

�i�_�q�Z�l�v�� �b�a�� �f�_�l�Z�n�Z�c�e�h�\���/ �× �h�l�d�j�u�l�u�o�� �n�h�j�f�Z�l�h�\���� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��PDF, �b�� �i�_�q�Z�l�v��

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

JPEG [23] (�k�l�j�h�]�h���]�h�\�h�j�y����JPEG �± �w�l�h���k�i�h�k�h�[���k�`�Z�l�b�y���� �Z���n�h�j�f�Z�l���o�j�Z�g�_�g�b�y�� �k�`�Z�l�u�o�� �k��

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

�n�h�j�f�Z�l�� �l�Z�d�`�_�� �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v��JPEG).  �F�g�h�]�b�_�� �F�N�I�� �b�f�_�x�l�� �\�k�l�j�h�_�g�g�u�c�� �d�e�b�_�g�l��

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

�f�_�l�Z�n�Z�c�e���/ �× �b�e�b�� �b�a�h�[�j�Z�`�_�g�b�_���+�×���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_�� �^�e�y�� �i�_�q�Z�l�b�� �<�� �j�_�`�b�f�_��

�d�h�i�b�j�h�\�Z�g�b�y�� �k�d�Z�g�_�j�� �i�_�j�_�^�Z�_�l�� �^�e�y�� �i�_�q�Z�l�b�� �k�d�Z�g�b�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���+�æ���� �d�h�l�h�j�h�_��

�f�h�`�_�l �[�u�l�v���\�k�l�Z�\�e�_�g�h�� �\���f�_�l�Z�n�Z�c�e���/ �æ.  

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

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

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

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

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

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

�i�j�h�p�_�k�k�h�j�Z�o�� �h�[�j�Z�[�h�l�d�b�� �k�b�]�g�Z�e�h�\�� ��digital signal processor, DSP���� �b��

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �f�b�d�j�h�k�o�_�f�Z�o (application specific integrated circuit, ASIC). 

�B�a�h�[�j�Z�`�_�g�b�_���+�Û �i�h�k�l�m�i�Z�_�l�� �\�� �[�e�h�d�� �i�_�q�Z�l�b���� �d�h�l�h�j�u�c�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�_�j�_�g�h�k�b�l��

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

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

�b�a�h�[�j�Z�`�_�g�b�_�� �\���n�h�j�f�Z�l�_�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �n�Z�c�e�Z���+�æ �b�e�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�g�u�f�� �\���f�_�l�Z�n�Z�c�e��

�/ �æ �f�h�`�_�l���[�u�l�v���k�h�o�j�Z�g�_�g�h���g�Z USB-�g�h�k�b�l�_�e�_���� �b�e�b���h�l�i�j�Z�\�e�_�g�h���i�h���w�e�_�d�l�j�h�g�g�h�c���i�h�q�l�_����

�b�e�b�� �a�Z�i�b�k�Z�g�h�� �\�� �i�Z�i�d�m�� �g�Z�� �I�D���� �I�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �b�a�� �i�j�b�d�e�Z�^�g�h�c�� �i�j�h�]�j�Z�f�f�u�� �I�D��

�i�j�h�b�k�o�h�^�b�l�� �h�[�j�Z�s�_�g�b�_�� �d�� �k�b�k�l�_�f�g�h�f�m�� �I�H���� �g�Z�i�j�b�f�_�j��TWAIN �^�j�Z�c�\�_�j�m��[24], 

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

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

�h�i�_�j�Z�p�b�c�� �i�h���d�h�j�j�_�d�p�b�b���b���d�h�g�\�_�j�l�b�j�h�\�Z�g�b�x�� �b�a�h�[�j�Z�`�_�g�b�c���� 

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

�i�j�_�\�u�r�Z�l�v�� �������� �F�[���� �i�h�w�l�h�f�m�� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �b�a�h�[�j�Z�`�_�g�b�_���k�`�b�f�Z�x�l���� �I�j�b��

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

�k�`�Z�l�b�y��JPEG. �I�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �\���f�_�l�Z�n�Z�c�e�u��PDF �b�e�b��XPS �i�j�b�f�_�g�y�x�l�k�y�� �g�_�k�d�h�e�v�d�h��

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

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

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

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

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

�d�h�g�p�_�i�p�b�b�� �f�h�^�_�e�b�� �k�f�_�r�Z�g�g�h�]�h�� �j�Z�k�l�j�h�\�h�]�h�� �k�h�^�_�j�`�b�f�h�]�h�� ��mixed raster content, 

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

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

�j�Z�a�e�b�q�g�u�f�b�� �k�i�h�k�h�[�Z�f�b��[25]. �Q�l�h�[�u���j�Z�a�e�b�q�Z�l�v���p�_�e�h�_���k�d�Z�g�b�j�h�\�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �b��
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�n�h�l�h�]�j�Z�n�b�b/�j�b�k�m�g�d�b�� �\�� �g�z�f�� �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v�� �i�h�k�e�_�^�g�b�_�� �d�Z�j�l�b�g�d�Z�f�b���� �K�o�_�f�Z��

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

�H�[�e�Z�k�l�b�� �d�Z�j�l�b�g�h�d���� �d�Z�d�� �i�j�Z�\�b�e�h���� �k�`�b�f�Z�x�l�k�y��JPEG���� �Z�� �h�[�e�Z�k�l�b�� �l�_�d�k�l�Z��

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

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

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

�f�_�l�Z�n�Z�c�e�Z�� �k���\�h�a�f�h�`�g�h�k�l�v�x���l�_�d�k�l�h�\�h�]�h���i�h�b�k�d�Z���� 

 

 
�J�b�k�m�g�h�d��1.4 �í �K�o�_�f�Z���h�[�j�Z�[�h�l�d�b���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���d�h�g�p�_�i�p�b�b���f�h�^�_�e�b���k�f�_�r�Z�g�g�h�]�h���j�Z�k�l�j�h�\�h�]�h��

�k�h�^�_�j�`�b�f�h�]�h. 

 

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

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c����printing pipeline�������b���n�m�g�d�p�b�b�� �i�h���b�o���h�[�j�Z�[�h�l�d�_���f�h�]�m�l���[�u�l�v���\�k�l�j�h�_�g�u��

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

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

�k�d�Z�g�b�j�h�\�Z�g�g�u�o �b�a�h�[�j�Z�`�_�g�b�c�� ��scanning pipeline)���� �I�_�q�Z�l�Z�_�f�u�_�� �^�Z�g�g�u�_�� �b�a�� �e�x�[�u�o��

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

�b�a�h�[�j�Z�`�_�g�b�c�� �J�_�a�m�e�v�l�Z�l�u�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �g�Z�q�b�g�Z�x�l�� �h�[�j�Z�[�h�l�d�m���\���I�H���F�N�I���� �I�h�w�l�h�f�m��

�K�d�Z�g�b�j�h�\�Z�g�g�h�_
�b�a�h�[�j�Z�`�_�g�b�_

�K�_�]�f�_�g�l�Z�p�b�y

�I�j�_�h�[�j�Z�a�h�\�Z�g�b�_
�l�_�d�k�l�Z

�F�_�l�Z�n�Z�c�e

�D�h�f�i�j�_�k�k�b�y
�d�Z�j�l�b�g�h�d

�K�e�h�c���d�Z�j�l�b�g�h�d

�K�e�h�c���l�_�d�k�l�Z

�P�\�_�l���n�h�g�Z
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�n�m�g�d�p�b�b���� �j�_�Z�e�b�a�h�\�Z�g�g�u�_�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H�� �b�e�b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o��

�f�b�d�j�h�k�o�_�f�Z�o���� �b�f�_�x�l�� �g�Z�b�[�h�e�_�_�� �h�[�s�_�_�� �i�j�b�f�_�g�_�g�b�_�� �i�h�� �k�j�Z�\�g�_�g�b�x���� �g�Z�i�j�b�f�_�j�� �k��

�h�[�j�Z�[�h�l�d�h�c�� �\�� �k�b�k�l�_�f�g�h�f�� �I�H�� �d�Z�d�h�c-�l�h �h�i�j�_�^�_�e�z�g�g�h�c�� �H�K���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u����

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

�\�k�l�j�h�_�g�g�h�]�h���I�H���F�N�I�� �k�m�s�_�k�l�\�_�g�g�h�� �[�h�e�_�_���k�l�j�h�]�b�_, �q�_�f �^�e�y���i�j�b�d�e�Z�^�g�h�]�h�� �I�H�� �I�D���� �� 

1.4.  �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �i�e�Z�l�n�h�j�f �F�N�I  

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �\�k�l�j�h�_�g�g�u�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �i�e�Z�l�n�h�j�f�� ��embedded system), 

�g�Z�i�j�b�f�_�j��[15], �e�b�[�h�� �h�]�j�Z�g�b�q�b�\�Z�x�l�k�y�� �l�h�e�v�d�h�� �m�d�Z�a�Z�g�b�_�f�� �j�Z�a�f�_�j�Z�� �h�i�_�j�Z�l�b�\�g�h�c��

�i�Z�f�y�l�b�����g�Z�i�j�b�f�_�j��[16].  �L�h�e�v�d�h���\���i�h�k�e�_�^�g�b�_�� �]�h�^�u���g�_�d�h�l�h�j�u�_�� �i�j�h�b�a�\�h�^�b�l�_�e�b�� �k�l�Z�e�b��

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

�g�Z�i�j�b�f�_�j��Cortex-A9 �������� �F�=�p���\��[26]. �H�[�t�y�k�g�y�_�l�k�y���w�l�h���l�_�f�����q�l�h���h�[�j�Z�[�h�l�d�Z���^�Z�g�g�u�o�� �\��

�F�N�I�� �\�u�i�h�e�g�y�l�k�y�� �k�b�k�l�_�f�h�c�� �g�Z�� �d�j�b�k�l�Z�e�e�_�� ��system-on-chip, SoC), �\�d�e�x�q�Z�x�s�_�c��

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

�k�b�]�g�Z�e�h�\ �b�� �b�g�l�_�]�j�Z�e�v�g�u�_�� �k�o�_�f�u�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �g�Z�a�g�Z�q�_�g�b�y��[27]. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

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

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

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

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

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

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

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

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

�Z�e�]�h�j�b�l�f�h�\����������   

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

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

�h�i�_�j�Z�l�b�\�g�h�c�� �i�Z�f�y�l�b�� �m�k�l�j�h�c�k�l�\�� �i�_�q�Z�l�b�� �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_���� �q�_�f�� �\�� �I�D���� �� �Q�Z�k�l�h��

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

�h�i�l�b�q�_�k�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f���� �G�Z�i�j�b�f�_�j���� �F�N�I��Samsung CLX-3160 �b�f�_�_�l�� �������� �F�[��

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

dpi�����]�e�m�[�b�g�Z�� �p�\�_�l�Z���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��������bpp [28]. �E�_�]�d�h���i�h�^�k�q�b�l�Z�l�v�����q�l�h��

�k�d�Z�g�b�j�h�\�Z�g�b�_�� �k�l�j�Z�g�b�p�u��A4 �^�Z�_�l���b�a�h�[�j�Z�`�_�g�b�_�� �j�Z�a�f�_�j�Z���h�d�h�e�h���������� �F�[�����I�h�w�l�h�f�m�� �i�j�b��

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

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

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

 

 
�J�b�k�m�g�h�d������5 �í �F�Z�l�_�j�b�g�k�d�Z�y���i�e�Z�l�Z���F�N�I��Samsung CLX-3160.  

 

�?�s�_�� �h�^�g�b�f�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �i�j�b�� �^�h�[�Z�\�e�_�g�b�b�� �g�h�\�h�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�b�� �F�N�I��

�y�\�e�y�_�l�k�y�� �j�Z�a�f�_�j���n�e�_�r-�i�Z�f�y�l�b���� �b�k�i�h�e�v�a�m�_�f�h�c�� �^�e�y���o�j�Z�g�_�g�b�y�� �\�k�l�j�h�_�g�g�h�]�h���I�H���� �?�k�e�b��

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

�i�_�j�_�i�j�h�r�b�\�d�b (�h�[�g�h�\�e�_�g�b�y) �\�k�l�j�h�_�g�g�h�]�h���I�H���� ���� 

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

�F�N�I�� �g�Z���j�b�k�����������i�h�d�Z�a�Z�g�Z�� �f�Z�l�_�j�b�g�k�d�Z�y�� �i�e�Z�l�Z��Samsung CLX-3160���� �\�u�i�m�k�d�� �d�h�l�h�j�h�]�h��

�g�Z�q�Z�l�� �\�� ���������� �]�h�^�m��[28]. �W�l�h�� �k�l�Z�j�h�_�� �m�k�l�j�h�c�k�l�\�h�� �\�u�[�j�Z�g�h�� �^�e�y�� �b�e�e�x�k�l�j�Z�p�b�b��

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

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

�i�e�Z�l�Z�f�b�� �[�h�e�v�r�b�g�k�l�\�Z�� �k�h�\�j�_�f�_�g�g�u�o�� �F�N�I���� �d�h�l�h�j�u�_�� �k�h�^�_�j�`�Z�l�� �f�g�h�`�_�k�l�\�h��

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

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

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

1.5.  �H�p�_�g�d�b���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �b���d�Z�q�_�k�l�\�Z���i�_�q�Z�l�b 

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

�d�h�e�b�q�_�k�l�\�_�� �k�l�j�Z�g�b�p�� �\�� �f�b�g�m�l�m���� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �h�k�g�h�\�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �F�N�I����

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

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

�[�u�k�l�j�u�_�� �i�j�b�g�l�_�j�u���� �>�e�y�� �h�p�_�g�d�b�� �k�d�h�j�h�k�l�b�� �i�_�q�Z�l�b���� �d�h�i�b�j�h�\�Z�g�b�y�� �b�� �k�d�Z�g�b�j�h�\�Z�g�b�y��

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

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

�f�_�`�^�m�g�Z�j�h�^�g�h�c �h�j�]�Z�g�b�a�Z�p�b�_�c �i�h�� �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b (International Standard 

Organization, ISO, �B�K�H). �K�l�Z�g�^�Z�j�l�u �B�K�H���� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �m�k�l�j�h�c�k�l�\�Z�f�� �i�_�q�Z�l�b����

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

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

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

�K�m�s�_�k�l�\�m�_�l�� �g�_�k�d�h�e�v�d�h�� �k�l�Z�g�^�Z�j�l�h�\ �B�K�H���� �j�_�]�e�Z�f�_�g�l�b�j�m�x�s�b�o�� �h�p�_�g�d�m��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �F�N�I�� �\�� �l�h�f���b�e�b�� �b�g�h�f���j�_�`�b�f�_�� �j�Z�[�h�l�u���� �g�Z�i�j�b�f�_�j�� �B�K�H 24734 
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[29] �h�i�j�_�^�_�e�y�_�l�� �l�_�k�l�h�\�u�_�� �n�Z�c�e�u���� �i�j�h�p�_�^�m�j�m�� �b�a�f�_�j�_�g�b�y�� �b�� �b�a�f�_�j�y�_�f�u�_�� �\�_�e�b�q�b�g�u, 

�l�Z�d�b�_�� �d�Z�d �\�j�_�f�y�� �\�u�o�h�^�Z�� �i�_�j�\�h�c�� �d�h�i�b�b �^�h�d�m�f�_�g�l�Z (first set out time, FSOT), 

�n�Z�d�l�b�q�_�k�d�m�x �i�j�h�i�m�k�d�g�m�x �k�i�h�k�h�[�g�h�k�l�v (effective throughput, EFTP), �l�_�h�j�_�l�b�q�_�k�d�m�x 

�i�j�_�^�_�e�v�g�m�x �i�j�h�i�m�k�d�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v (estimated saturated throughput, ESAT���� �^�e�y��

�h�p�_�g�d�b�� �k�d�h�j�h�k�l�b�� �i�_�q�Z�l�b. �B�K�H��29183 [30] �k�h�^�_�j�`�b�l�� �Z�g�Z�e�h�]�b�q�g�u�_�� �k�\�_�^�_�g�b�y�� �^�e�y��

�h�p�_�g�d�b���k�d�h�j�h�k�l�b���d�h�i�b�j�h�\�Z�g�b�y���^�e�y���^�h�d�m�f�_�g�l�Z�����i�h�f�_�s�z�g�g�h�]�h���g�Z���k�l�_�d�e�h���i�e�Z�g�r�_�l�g�h�]�h��

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

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

�m�o�m�^�r�_�g�b�x�� �^�Z�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �h�[�u�q�g�h �h�l�\�_�j�]�Z�x�l�k�y���� �W�l�h�� �l�j�_�[�m�_�l�� �h�l��

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

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

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

�l�_�k�l�h�\���� 

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

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

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

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

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

�l�Z�d�`�_���i�j�b�\�_�^�z�g���^�e�y���l�_�k�l�h�\�u�o�� �^�h�d�m�f�_�g�l�h�\���b�a���k�l�Z�g�^�Z�j�l�Z �B�K�H 24734���� �i�h�l�h�f�m���q�l�h���w�l�b��

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

�h�n�b�k�g�h�c���i�_�q�Z�l�b�����<�_�j�k�b�y���B�K�H 24734:2021 [29] �h�i�j�_�^�_�e�y�_�l���l�j�b���l�_�k�l�h�\�u�o���n�Z�c�e�Z�� ��pdf, 

doc �b��xls������ �d�Z�`�^�u�c�� �b�a�� �d�h�l�h�j�u�o�� �k�h�^�_�j�`�b�l�� �i�h�� ���� �k�l�j�Z�g�b�p�u���� �I�_�j�\�u�_�� �k�l�j�Z�g�b�p�u�� �w�l�b�o 

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

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

�k�d�Z�g�b�j�h�\�Z�g�b�y�� �b���d�h�i�b�j�h�\�Z�g�b�y���l�Z�d�`�_���y�\�e�y�_�l�k�y���h�^�g�h�c���b�a���a�Z�^�Z�q���i�j�h�b�a�\�h�^�b�l�_�e�_�c�� �F�N�I����

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

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

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

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

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

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

�k�_�j�h�]�h�� �b�� �p�\�_�l�h�\���� �j�Z�\�g�h�f�_�j�g�h�k�l�v�� �l�h�e�s�b�g�u�� �e�b�g�b�c���� �j�Z�a�j�_�r�_�g�b�_���� �b�g�h�]�^�Z�� �k�l�j�h�b�l�k�y��

�q�Z�k�l�h�l�g�h-�d�h�g�l�j�Z�k�l�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���� �>�e�y�� �j�y�^�Z�� �d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �h�p�_�g�h�d��

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

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

�F�h�g�h�]�j�Z�n�b�y��[31] �h�i�b�k�u�\�Z�_�l�� �i�j�b�g�p�b�i�u�� �h�p�_�g�d�b���d�Z�q�_�k�l�\�Z���i�h���l�_�k�l�h�\�u�f���l�Z�[�e�b�p�Z�f���i�j�b��

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

�l�Z�[�e�b�p���� �b�k�i�h�e�v�a�m�_�f�u�o�� �\���k�l�Z�g�^�Z�j�l�_�� �B�K�H��15775 [32], �d�h�l�h�j�u�c���h�i�j�_�^�_�e�y�_�l�� �f�_�l�h�^�b�d�m��

�h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z���d�h�i�b�j�h�\�Z�g�b�y���p�\�_�l�g�u�f�b�� �F�N�I�� 

 

 
a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d������6 �± �I�_�j�\�u�_���k�l�j�Z�g�b�p�u���l�_�k�l�h�\�u�o���^�h�d�m�f�_�g�l�h�\ �k�l�Z�g�^�Z�j�l�Z��24734 [29]: a) pdf; b) doc; c) xls. 

 

�F�_�l�h�^�b�d�b�� �b�a�� �k�l�Z�g�^�Z�j�l�h�\�� �B�K�H�� �i�j�_�^�e�Z�]�Z�x�l�� �l�h�e�v�d�h�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �d�j�b�l�_�j�b�b��

�h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �b�e�e�x�k�l�j�Z�p�b�c�� �b�� �n�h�l�h�]�j�Z�n�b�c���� �>�e�y�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �k�j�Z�\�g�_�g�b�y��

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

�i�j�h�\�h�^�y�l�� �h�i�j�h�k�� ���b�g�l�_�j�\�v�x���� �]�j�m�i�i�u�� �b�a�� �g�_�k�d�h�e�v�d�b�o�� �^�_�k�y�l�d�h�\�� �i�h�e�v�a�h�\�Z�l�_�e�_�c �\��
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�d�h�g�l�j�h�e�b�j�m�_�f�u�o�� �m�k�e�h�\�b�y�o���� �J�Z�[�h�l�Z��[33] �i�h�^�j�h�[�g�h�� �Z�g�Z�e�b�a�b�j�m�_�l�� �i�h�^�o�h�^�u����

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

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

�h�l�[�h�j�_���i�h�e�v�a�h�\�Z�l�_�e�_�c�� �k���i�h�f�h�s�v�x���l�_�k�l�h�\���Bc�b�o�Z�j�u��[34] �m�[�_�`�^�Z�x�l�k�y�����q�l�h���h�g�b���b�f�_�x�l��

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

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

(mean opinion score, MOS) [35] �b�e�b �f�_�l�h�^ �i�Z�j�g�u�o �k�j�Z�\�g�_�g�b�c [36].  

 

 
�J�b�k�m�g�h�d������7 �í �L�_�k�l�h�\�Z�y���l�Z�[�e�b�p�Z���b�a���k�l�Z�g�^�Z�j�l�Z���B�K�H��15775 [32]. 

 

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

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

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

�m�g�b�\�_�j�k�b�l�_�l�Z�� �©�F�B�N�B�ª.  

1.6. �:�g�Z�e�b�a�� �l�j�_�[�m�_�f�u�o���g�h�\�u�o���j�_�`�b�f�h�\ �k�b�k�l�_�f���k�d�Z�g�b�j�h�\�Z�g�b�y�� �b���i�_�q�Z�l�b 

�<�� �[�h�e�v�r�b�g�k�l�\�_�� �f�h�^�_�e�_�c�� �F�N�I�� �j�_�Z�e�b�a�h�\�Z�g�� �l�h�e�v�d�h�� �[�Z�a�h�\�u�c�� �n�m�g�d�p�b�h�g�Z�e��

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

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

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

�F�N�I�� �i�m�l�z�f �j�Z�a�j�Z�[�h�l�d�b�� �k�i�_�p�b�Z�e�v�g�u�o �j�_�`�b�f�h�\ �i�_�q�Z�l�b�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b��

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�a�h�[�j�Z�`�_�g�b�c: 

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

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

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

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

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

�d�Z�j�l�h�q�_�d���g�Z���h�^�g�m���k�l�j�Z�g�b�p�m; 

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

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

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

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

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

�k�l�j�Z�g�b�p�Z�o; 

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

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

�j�Z�a�f�_�j�h�f��A3 �k�d�Z�g�b�j�m�_�l�k�y�� �i�h���q�Z�k�l�y�f���g�Z���k�d�Z�g�_�j�_���j�Z�a�f�_�j�Z��A4�����q�Z�k�l�b���h�[�t�_�^�b�g�y�x�l�k�y��

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

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

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

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

�g�Z�i�j�b�f�_�j�� �g�_���d�h�i�b�j�m�x�l�k�y���i�m�k�l�u�_�� �k�l�j�Z�g�b�p�u�� �b���k�g�b�`�Z�_�l�k�y�� �j�Z�k�o�h�^���l�h�g�_�j�Z/�d�j�Z�k�d�b�� 

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

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

A4. 

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

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

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

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

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�h�e�v�a�h�\�Z�l�_�e�b�� �b�f�_�x�l�� �\�h�a�f�h�`�g�h�k�l�v�� �k�g�b�f�Z�l�v�� �k�� �i�h�f�h�s�v�x��

�n�h�l�h�d�Z�f�_�j���b���k�f�Z�j�l�n�h�g�h�\���k�h�l�g�b���n�h�l�h�]�j�Z�n�b�c���\���^�_�g�v�����B�g�h�]�^�Z�� �\�h�a�g�b�d�Z�_�l���`�_�e�Z�g�b�_�� �b�e�b��

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



43 
 

 
 
 

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

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

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

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

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

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

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

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

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

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

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

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

�n�h�l�h�]�j�Z�n�b�c���d���i�_�q�Z�l�b��  

�K�j�h�d �w�d�k�i�e�m�Z�l�Z�p�b�b�� �F�N�I�� �i�j�_�\�u�r�Z�_�l 10�±�������e�_�l�����L�j�_�[�m�_�l�k�y���^�h�[�Z�\�e�_�g�b�_���g�h�\�u�o��

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

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

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

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

�h�]�j�Z�g�b�q�_�g�b�c�� �Z�i�i�Z�j�Z�l�g�u�o �i�e�Z�l�n�h�j�f�� �F�N�I���� �j�Z�a�j�Z�[�h�l�d�Z�� �\�u�q�b�k�e�b�l�_�e�v�g�h��

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

�Z�d�l�m�Z�e�v�g�h�c�� �a�Z�^�Z�q�_�c������ 

1.7. �N�h�j�f�Z�e�b�a�Z�p�b�y�� �g�Z�m�q�g�u�o�� �a�Z�^�Z�q �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y 

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

�k�e�_�^�m�x�s�m�x�� �f�Z�l�_�f�Z�l�b�q�_�k�d�m�x�� �n�h�j�f�Z�e�b�a�Z�p�b�x�� �h�[�s�_�c�� �g�Z�m�q�g�h�c�� �a�Z�^�Z�q�b��

�^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �H�[�s�Z�y�� �g�Z�m�q�g�Z�y�� �a�Z�^�Z�q�Z���± �j�Z�a�\�b�l�b�_�� �g�Z�m�q�g�h-

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

�f�h�^�_�j�g�b�a�b�j�h�\�Z�g�g�u�o�� �j�_�`�b�f�h�\�� �j�Z�[�h�l�u��F���� �m�^�h�\�e�_�l�\�h�j�y�x�s�b�o�� �l�j�_�[�h�\�Z�g�b�y�f�� �d��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b��P �b���d�Z�q�_�k�l�\�m��Q, �\���m�k�e�h�\�b�y�o�� �h�]�j�Z�g�b�q�_�g�b�c���j�_�k�m�j�k�h�\��R: 

�<�/ �=�ã�:�5�á �4�á �(�á �2�á �3�; �\ �:�(�Ô
F �(�Õ�; 
P �J�á (1.7) 

�]�^�_���(�Ô �± �f�g�h�`�_�k�l�\�h�� �j�_�`�b�f�h�\��S���� �\�d�e�x�q�Z�y�� �g�h�\�u�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �(�Õ �± �b�k�o�h�^�g�h�_��

�f�g�h�`�_�k�l�\�h���j�_�`�b�f�h�\��S, �(�Õ�? �(�Ô; n > 5; 

�i�j�b���h�]�j�Z�g�b�q�_�g�b�y�o: 

a. �Ã �N�Ý�:�B�Ü�;
���¿�Ì ��
�Ü�@�5 
O �N�Ý, �N�Ý�Ð �4, �]�^�_���N�Ý�:�B�Ü�; �± �i�h�l�j�_�[�e�_�g�b�_��j-�]�h���j�_�k�m�j�k�Z���j�_�`�b�f�h�f���B�Ü�Ð �(�Ô,  

�E 
L �s�ä �ä ���(�Ô��; 

b. �M�Ü�Ð �3�á �3 �? �3�×, �]�^�_���M�Ü �± �d�j�b�l�_�j�b�c�� �d�Z�q�_�k�l�\�Z�� �j�Z�[�h�l�u���B�Ü, �3�× �± �f�g�h�`�_�k�l�\�h��

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

c. �L�Ü
R �� �L�×�Ü�á �L�Ü�Ð �2�á �L�×�Ü�Ð �2�×, �]�^�_ �L�Ü �± �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v���B�Ü, �L�×�Ü �± �f�b�g�b�f�Z�e�v�g�h��

�^�h�i�m�k�l�b�f�Z�y���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �^�e�y���B�Ü. 

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

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �j�_�`�b�f�h�\���(�Õ���� �d�h�l�h�j�u�_�� �k�m�s�_�k�l�\�h�\�Z�e�b�� �^�h���\�g�_�^�j�_�g�b�y�� �d�h�f�i�e�_�d�k�Z��

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

�k�b�k�l�_�f�u�� �j�_�`�b�f�Z�f�b���� 

�W�e�_�f�_�g�l�Z�f�b�� �G�F�:��{ M} �y�\�e�y�x�l�k�y�� �f�_�l�h�^�h�e�h�]�b�y�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c��

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

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

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

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

�W�e�_�f�_�g�l�u��{ M} �n�h�j�f�m�e�b�j�m�x�l�k�y�� �\�� �o�h�^�_ �j�_�r�_�g�b�y�� �q�Z�k�l�g�u�o�� �a�Z�^�Z�q�� �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h��

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

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

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

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

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

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

�b�k�k�e�_�^�h�\�Z�g�b�y�����<���]�e�Z�\�_ �k�^�_�e�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �\�u�\�h�^�u: 

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

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

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

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

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

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

�d�h�g�\�_�c�_�j�_�� �h�[�j�Z�[�h�l�d�b, �d�m�^�Z�� �f�h�`�_�l�� �[�u�l�v�� �\�k�l�j�h�_�g�Z�� �g�h�\�Z�y �n�m�g�d�p�b�b�� �h�[�j�Z�[�h�l�d�b��

�b�a�h�[�j�Z�`�_�g�b�c; 

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

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

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

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

�g�Z�i�_�q�Z�l�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c; 

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

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

�n�h�l�h�]�j�Z�n�b�c�� 

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

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

�k�b�k�l�_�f�g�h�]�h�� �b���\�k�l�j�h�_�g�g�h�]�h���I�H; 
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�x �h�[�s�_�c�� �g�Z�m�q�g�h�c�� �a�Z�^�Z�q�_�c�� �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���y�\�e�y�_�l�k�y�� �j�Z�a�\�b�l�b�_��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y�� �j�Z�[�h�l�Z�����G�B�J������ �a�Z�l�_�f���j�_�a�m�e�v�l�Z�l�u�� �G�B�J�� �\�k�_�k�l�h�j�h�g�g�_�� �h�p�_�g�b�\�Z�x�l�k�y��

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

�i�h�^�j�Z�a�^�_�e�_�g�b�y�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �\�� �i�j�h�^�m�d�l�_���� �A�Z�^�Z�q�b�� �G�B�J���^�h�e�`�g�u�� �[�u�l�v�� �j�_�r�_�g�u�� �a�Z��

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

�n�h�j�f�Z�e�b�a�Z�p�b�y�� �k�l�j�m�d�l�m�j�u�� �b���h�j�]�Z�g�b�a�Z�p�b�b�� �^�Z�g�g�h�]�h���j�h�^�Z���^�_�y�l�_�e�v�g�h�k�l�b���� �K�h�]�e�Z�k�g�h��[37] 

�©�f�_�l�h�^�h�e�h�]�b�y�� �² �w�l�h�� �m�q�_�g�b�_ �h�� �k�l�j�m�d�l�m�j�_���� �e�h�]�b�q�_�k�d�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b���� �f�_�l�h�^�Z�o�� �b��

�k�j�_�^�k�l�\�Z�o���^�_�y�l�_�e�v�g�h�k�l�b». �L�Z�d�b�f���h�[�j�Z�a�h�f�����f�_�l�h�^�h�e�h�]�b�y���G�B�J�� �i�j�b���k�h�a�^�Z�g�b�b���j�_�r�_�g�b�c��

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

�n�m�g�d�p�b�h�g�Z�e�Z�� �F�N�I���� �h�[�_�k�i�_�q�b�l�v�� �k�h�h�l�\�_�l�k�l�\�b�_�� �j�_�a�m�e�v�l�Z�l�Z�� �l�j�_�[�h�\�Z�g�b�y�f�� �d��

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

2.1.  �K�m�s�_�k�l�\�m�x�s�b�_�� �f�_�l�h�^�h�e�h�]�b�b���b�k�k�e�_�^�h�\�Z�g�b�c �b���j�Z�a�j�Z�[�h�l�d�b 

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

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

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

�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� ���G�B�J���� �b�� �h�i�u�l�g�h-�d�h�g�k�l�j�m�d�l�h�j�k�d�h�c�� �j�Z�[�h�l�u ���H�D�J�� �\��

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

�<�u�^�_�e�y�x�l�� �k�e�_�^�m�x�s�b�_�� �w�l�Z�i�u�� �g�Z�m�q�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y��[38]: 

1. �<�u�[�h�j���l�_�f�u���b���h�[�h�k�g�h�\�Z�g�b�_�� �_�_���Z�d�l�m�Z�e�v�g�h�k�l�b; 

2. �H�a�g�Z�d�h�f�e�_�g�b�_�� �k���i�j�h�[�e�_�f�h�c���i�h�k�j�_�^�k�l�\�h�f���h�[�a�h�j�Z���k�m�s�_�k�l�\�m�x�s�_�c�� �b�g�n�h�j�f�Z�p�b�b���i�h��

�^�Z�g�g�h�c���l�_�f�_; 

3. �M�l�h�q�g�_�g�b�_�� �l�_�f�u���b���n�h�j�f�m�e�b�j�h�\�d�Z���i�e�Z�g�Z�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� �j�Z�[�h�l�u; 
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4. �K�h�[�k�l�\�_�g�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_���� �k�h�^�_�j�`�Z�g�b�_�� �d�h�l�h�j�h�]�h�� �a�Z�\�b�k�b�l�� �h�l�� �b�k�i�h�e�v�a�m�_�f�u�o��

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

5. �H�[�j�Z�[�h�l�d�Z���b���Z�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �n�h�j�f�m�e�b�j�h�\�d�Z���\�u�\�h�^�h�\; 

6. �H�n�h�j�f�e�_�g�b�_���^�h�d�m�f�_�g�l�Z�p�b�b�� �k���j�_�a�m�e�v�l�Z�l�Z�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� 

�=�H�K�L�� ������������-2021 [39] �h�i�j�_�^�_�e�y�_�l�� �h�[�s�b�_�� �w�l�Z�i�u�� �G�B�J�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_��

�i�j�h�^�m�d�p�b�b: 

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

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

�k�h�[�k�l�\�_�g�g�h�k�l�b�� �i�h���^�Z�g�g�h�c���l�_�f�_; 

2. �L�_�h�j�_�l�b�q�_�k�d�b�_�� �b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�e�y���j�_�r�_�g�b�y�� �i�h�k�l�Z�\�e�_�g�g�u�o��

�a�Z�^�Z�q; 

3. �H�[�h�[�s�_�g�b�_�� �b�� �h�p�_�g�d�Z�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �\�u�i�m�k�d�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�c��

�^�h�d�m�f�_�g�l�Z�p�b�b; 

4. �I�j�b�z�f�d�Z�� �G�B�J�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�j�b�l�_�j�b�y�f�b���� �h�i�j�_�^�_�e�z�g�g�u�f�b���\�� �l�_�o�g�b�q�_�k�d�h�f��

�a�Z�^�Z�g�b�b�� ���L�A������ 

�=�H�K�L��������������-2016 [40] �h�i�j�_�^�_�e�y�_�l���h�[�s�b�_���w�l�Z�i�u�� �H�D�J: 

1. �J�Z�a�j�Z�[�h�l�d�Z���L�A���g�Z���H�D�J; 

2. �K�h�[�k�l�\�_�g�g�h�� �i�j�h�\�_�^�_�g�b�_�� �H�D�J���� �\�d�e�x�q�Z�y�� �j�Z�a�j�Z�[�h�l�d�m�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c��

�^�h�d�m�f�_�g�l�Z�p�b�b�� �b���k�h�a�^�Z�g�b�_�� �h�i�u�l�g�h�]�h���h�[�j�Z�a�p�Z; 

3. �B�k�i�u�l�Z�g�b�_�� �h�i�u�l�g�h�]�h�� �h�[�j�Z�a�p�Z�� �g�Z�� �k�h�h�l�\�_�l�k�l�\�b�_�� �a�Z�y�\�e�_�g�g�u�f�� �\���L�A��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� 

�I�j�b�� �k�h�k�l�Z�\�e�_�g�b�b�� �^�h�]�h�\�h�j�h�\���g�Z���\�u�i�h�e�g�_�g�b�_�� �G�B�J�� �b���H�D�J���k�h�^�_�j�`�Z�g�b�_���j�Z�[�h�l���g�Z��

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

�h�l�j�Z�k�e�b���i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �b���j�_�r�Z�_�f�h�c���i�j�h�[�e�_�f�u.   

�>�e�y�� �j�Z�a�j�Z�[�h�l�d�b�� �I�H�� �i�j�_�^�e�h�`�_�g�h�� �f�g�h�`�_�k�l�\�h�� �f�_�l�h�^�h�e�h�]�b�c��[41, 42] . 

�D�e�Z�k�k�b�q�_�k�d�Z�y�� �d�Z�k�d�Z�^�g�Z�y�� �f�_�l�h�^�h�e�h�]�b�y�� ���g�Z�a�u�\�Z�_�f�Z�y�� �l�Z�d�`�_���©�\�h�^�h�i�Z�^�ª����waterfall) 

�k�h�k�l�h�b�l���b�a���k�e�_�^�m�x�s�b�o�� �w�l�Z�i�h�\: �Z�g�Z�e�b�a���i�j�h�_�d�l�Z�����Z�g�Z�e�b�a�� �l�j�_�[�h�\�Z�g�b�c�����i�j�h�_�d�l�b�j�h�\�Z�g�b�_��

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

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

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

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

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

�\�Z�j�b�Z�g�l�h�\���_�z���j�Z�a�\�b�l�b�y. �H�^�g�b�f���b�a���l�Z�d�b�o�� �\�Z�j�b�Z�g�l�h�\�� �y�\�e�y�_�l�k�y���b�l�_�j�Z�l�b�\�g�Z�y�� �d�Z�k�d�Z�^�g�Z�y��

�f�_�l�h�^�h�e�h�]�b�y�����\���d�h�l�h�j�h�c���\�h�a�f�h�`�_�g���\�h�a�\�j�Z�l���g�Z���i�j�_�^�u�^�m�s�b�_���w�l�Z�i�u�����?�s�z���h�^�b�g���\�Z�j�b�Z�g�l��

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

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

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

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

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

�i�h�w�l�Z�i�g�Z�y�� �j�Z�a�j�Z�[�h�l�d�Z�� �k�� �q�z�l�d�h�� �h�i�j�_�^�_�e�_�g�g�h�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x�� �w�l�Z�i�h�\��

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

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

�m�k�i�_�r�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �\�h�a�f�h�`�g�h�� �i�j�b�� �m�k�e�h�\�b�b�� �\�u�k�h�d�h�c�� �h�i�j�_�^�_�e�z�g�g�h�k�l�b�� �k��

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

�a�Z�^�Z�q.  

�K�i�b�j�Z�e�v�g�Z�y �f�_�l�h�^�h�e�h�]�b�y���h�k�g�h�\�Z�g�Z���g�Z���Z�g�Z�e�b�a�_�� �j�b�k�d�h�\��[43]. �J�b�k�d�b���± �w�l�h���e�x�[�u�_��

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

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

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

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

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

�k�i�b�j�Z�e�v�g�h�c�� �f�_�l�h�^�h�e�h�]�b�b�� ���a�Z�b�f�k�l�\�h�\�Z�g�h�� �b�a��[41]). �H�k�g�h�\�g�u�_�� �w�l�Z�i�u�� �j�Z�a�[�b�\�Z�x�l�k�y�� �g�Z��

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

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

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

 

 
�J�b�k�m�g�h�d��2.1 �í �K�o�_�f�Z���k�i�b�j�Z�e�v�g�h�c���f�_�l�h�^�h�e�h�]�b�b���j�Z�a�j�Z�[�h�l�d�b���I�H. 

 

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

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

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

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

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

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

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

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

�i�j�h�l�h�l�b�i���b�e�b���\�_�j�k�b�x���I�H��   

�G�Z�� �i�j�Z�d�l�b�d�_���� �d�Z�d���i�j�Z�\�b�e�h�����f�_�l�h�^�h�e�h�]�b�y���j�Z�a�j�Z�[�h�l�d�b���I�H�� �b�k�i�h�e�v�a�m�x�l�k�y�� �g�_���\���_�z��

«�d�e�Z�k�k�b�q�_�k�d�h�f» �\�Z�j�b�Z�g�l�_���� �Z�� �\�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�� �\�b�^�_�� �k�� �m�q�z�l�h�f�� �h�k�h�[�_�g�g�h�k�l�_�c��

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

�w�e�_�f�_�g�l�h�\���g�_�k�d�h�e�v�d�b�o�� �f�_�l�h�^�h�e�h�]�b�c������ 

2.2.  �F�_�l�h�^�h�e�h�]�b�y���G�B�J���i�j�b���k�h�a�^�Z�g�b�b �j�_�r�_�g�b�c���^�e�y���F�N�I 

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

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

�d�h�f�i�Z�g�b�c �i�h�� �i�j�h�b�a�\�h�^�k�l�\�m�� �i�j�h�^�m�d�l�h�\�� �w�e�_�d�l�j�h�g�b�d�b. �L�_�f�Z�� �^�e�y�� �G�B�J�� �f�h�`�_�l�� �[�u�l�v��

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

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

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

�d�h�j�j�_�d�p�b�b���w�n�n�_�d�l�Z�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª �g�Z���n�h�l�h�]�j�Z�n�b�y�o.  

�D�j�b�l�_�j�b�b�� �m�k�i�_�r�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y�� �i�j�h�_�d�l�h�\�� �G�B�J���� �d�Z�d�� �i�j�Z�\�b�e�h���� �h�i�j�_�^�_�e�_�g�u��

�^�h�k�l�Z�l�h�q�g�h�� �j�Z�a�f�u�l�h���� �;�m�^�_�f�� �k�q�b�l�Z�l�v�� �G�B�J�� �m�k�i�_�r�g�u�f���� �_�k�e�b�� �_�]�h�� �j�_�a�m�e�v�l�Z�l�u�� �[�u�e�b��

�j�_�Z�e�b�a�h�\�Z�g�u�� �\�� �d�Z�d�h�f-�e�b�[�h�� �F�N�I�� �b�e�b�� �i�h�k�l�Z�\�e�y�_�f�h�f�� �k�� �g�b�f�� �I�H���� �L�Z�d�h�c�� �d�j�b�l�_�j�b�c��

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

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

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

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

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

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

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

�J�_�l�j�h�k�i�_�d�l�b�\�g�u�c�� �Z�g�Z�e�b�a �h�d�h�e�h��4���� �i�j�h�_�d�l�h�\�� �G�B�J �\�u�i�h�e�g�_�g�g�u�o�� �a�Z�� ���� �]�h�^�Z��

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

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

�n�Z�d�l�h�j�u���f�h�`�g�h���k�q�b�l�Z�l�v�� �j�b�k�d�Z�f�b���� �d�h�l�h�j�u�_���_�s�z���g�_�� �j�_�Z�e�b�a�h�\�Z�e�b�k�v���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h, 

�f�b�g�b�f�b�a�Z�p�b�y�� �j�b�k�d�h�\���i�h�\�u�r�Z�_�l���\�_�j�h�y�l�g�h�k�l�v���m�k�i�_�r�g�h�k�l�b �G�B�J [44]�����L�Z�d�b�f���h�[�j�Z�a�h�f, 

�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �k�n�h�j�f�m�e�b�j�h�\�Z�l�v�� �f�_�l�h�^�h�e�h�]�b�x�� �G�B�J�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �f�_�l�h�^�h�\��

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

�m�i�j�Z�\�e�_�g�b�y�� �j�b�k�d�Z�f�b���� 

�J�b�k�d�b���� �\�u�y�\�e�_�g�g�u�_�� �\�� �j�_�a�m�e�v�l�Z�l�_ �j�_�l�j�h�k�i�_�d�l�b�\�g�h�]�h�� �Z�g�Z�e�b�a�Z �i�j�h�_�d�l�h�\�� �G�B�J, 

�f�h�`�g�h���j�Z�a�^�_�e�b�l�v�� �g�Z���q�_�l�u�j�_���d�Z�l�_�]�h�j�b�b:  

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

�x �k�\�y�a�Z�g�g�u�_�� �k���d�Z�q�_�k�l�\�h�f���j�Z�[�h�l�u;  

�x �k�\�y�a�Z�g�g�u�_�� �k���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x;  

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

�J�Z�k�k�f�h�l�j�b�f�� �w�l�b�� �j�b�k�d�b�� �i�h�^�j�h�[�g�_�_���� �<�u�i�m�k�d�� �i�j�h�^�m�d�l�Z���� �d�h�l�h�j�u�c�� �\�� �d�Z�d�h�c-�l�h��

�k�\�h�_�c�� �q�Z�k�l�b�� �g�Z�j�m�r�Z�_�l�� �q�_�c-�l�h�� �i�Z�l�_�g�l���g�Z �b�a�h�[�j�_�l�_�g�b�_�� �f�h�`�_�l�� �i�h�\�e�_�q�v�� �k�_�j�v�z�a�g�u�_��

�n�b�g�Z�g�k�h�\�u�_�� �i�h�l�_�j�b�� �d�h�f�i�Z�g�b�b���� �H�[�g�Z�j�m�`�_�g�b�_�� �n�Z�d�l�Z�� �i�h�^�h�[�g�h�]�h�� �g�Z�j�m�r�_�g�b�y�� �f�h�`�_�l��

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

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

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

�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c�� �k�h�[�k�l�\�_�g�g�h�k�l�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �G�B�J���� �q�l�h�[�u���� �d�Z�d�� �f�b�g�b�f�m�f����

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

�g�Z�� �k�l�Z�^�b�b�� �G�B�J���� �l�h�� �k�i�h�k�h�[�� �a�Z�s�b�l�u�� ���i�h�^�Z�q�Z�� �i�Z�l�_�g�l�Z �g�Z�� �b�a�h�[�j�_�l�_�g�b�_���� �j�Z�k�d�j�u�l�b�_��

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

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

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

�d�h�^�Z���i�j�h�^�m�d�l�Z�� 

�I�h�� �h�p�_�g�d�Z�f�� �n�h�d�m�k-�]�j�m�i�i�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �i�h�e�m�q�_�g�g�u�c�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �G�B�J��

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

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

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

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

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

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

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

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

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

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

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

�K�m�s�_�k�l�\�m�_�l �j�b�k�d�� �g�_�\�h�a�f�h�`�g�h�k�l�b �j�_�Z�e�b�a�h�\�Z�l�v �j�_�a�m�e�v�l�Z�l�� �G�B�J �g�Z�� �p�_�e�_�\�h�c��

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

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

�[�u�e�� �i�j�_�d�j�Z�s�z�g�� �i�h�� �w�d�h�g�h�f�b�q�_�k�d�b�f�� �k�h�h�[�j�Z�`�_�g�b�y�f���� �K�e�h�`�g�h�k�l�b�� �k�� �i�_�j�_�g�h�k�h�f��

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

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

�j�_�Z�e�b�a�Z�p�b�b�� �\���i�j�h�^�m�d�l�_�� 

�L�Z�[�e�b�p�Z�� �������� �k�h�^�_�j�`�b�l�� �j�b�k�d�b�� �G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�_�r�_�g�b�c�� �^�e�y�� �F�N�I����

�j�Z�g�`�b�j�h�\�Z�g�g�u�_�� �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�Z�� �Z�g�Z�e�b�a�Z�� �b�_�j�Z�j�o�b�c�� ���F�:�B����analytic hierarchy 

process, AHP) [45]���� �^�e�y�� �d�Z�`�^�h�]�h�� �j�b�k�d�Z�� �h�i�j�_�^�_�e�z�g�� �\�_�k���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �_�]�h��

�h�l�g�h�k�b�l�_�e�v�g�m�x�� �\�Z�`�g�h�k�l�v�����I�h���\�_�k�m���f�h�`�g�h���\�u�^�_�e�b�l�v�� �����]�j�m�i�i�u�� �j�b�k�d�h�\: �!1-�!2 �\�_�^�m�l���d��

�h�l�d�Z�a�m�� �h�l���j�_�Z�e�b�a�Z�p�b�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �G�B�J; �!3-�!5 �\�_�^�m�l�� �e�b�[�h�� �d�� �h�l�d�Z�a�m�� �h�l���j�_�Z�e�b�a�Z�p�b�b����

�e�b�[�h�� �i�j�b�g�y�l�b�_�� �j�_�r�_�g�b�y�� �[�m�^�_�l�� �h�l�e�h�`�_�g�h�� �g�Z�� �g�_�k�d�h�e�v�d�h�� �e�_�l; �!6-�!10 �\�_�j�h�y�l�g�h��

�i�h�\�e�_�d�m�l�� �a�Z�^�_�j�`�d�m�� �k���j�_�Z�e�b�a�Z�p�b�_�c�� �g�Z���g�_�k�d�h�e�v�d�h�� �f�_�k�y�p�_�\�� 
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�L�Z�[�e�b�p�Z��2.������ �J�b�k�d�b�� �G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�_�r�_�g�b�c�� �^�e�y�� �F�N�I���� �j�Z�g�`�b�j�h�\�Z�g�g�u�_�� �k��

�i�h�f�h�s�v�x���F�:�B 

�H�[�h�a�g�Z�q�_�g�b�_ �J�b�k�d �<�_�k 

�!1 �N�m�g�d�p�b�y���g�_�i�j�b�\�e�_�d�Z�l�_�e�v�g�Z���^�e�y���i�h�e�v�a�h�\�Z�l�_�e�_�c 0,190 

�!2 �G�Z�j�m�r�Z�_�l�k�y�� �q�m�`�Z�y���b�g�l�_�e�e�_�d�l�m�Z�e�v�g�Z�y���k�h�[�k�l�\�_�g�g�h�k�l�v 0,182 

�!3 �G�_�\�h�a�f�h�`�g�h���j�_�Z�e�b�a�h�\�Z�l�v���g�Z���p�_�e�_�\�h�c���i�e�Z�l�n�h�j�f�_ 0,141 

�!4 �G�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_���d�Z�q�_�k�l�\�h���i�h���h�p�_�g�d�Z�f���i�h�e�v�a�h�\�Z�l�_�e�_�c 0,139 

�!5 �M�o�m�^�r�Z�x�l�k�y�� �i�h�d�Z�a�Z�l�_�e�b���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 0,138 

�!6 �B�k�i�h�e�v�a�m�_�l�k�y���I�H���k���g�_�i�h�^�o�h�^�y�s�_�c�� �e�b�p�_�g�a�b�_�c 0,059 

�!7 �<�u�k�h�d�b�_���a�Z�l�j�Z�l�u���g�Z���j�_�Z�e�b�a�Z�p�b�x���\���i�j�h�^�m�d�l�_ 0,045 

�!8 �D�Z�q�_�k�l�\�h���o�m�`�_���� �q�_�f���m���d�h�g�d�m�j�_�g�l�h�\ 0,045 

�!9 �>�e�b�l�_�e�v�g�u�_���k�j�h�d�b���j�_�Z�e�b�a�Z�p�b�b���\���i�j�h�^�m�d�l�_ 0,039 

�!10 �<�h�i�j�h�k���a�Z�s�b�l�u���b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c���k�h�[�k�l�\�_�g�g�h�k�l�b���g�_���j�_�r�_�g 0,020 

 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���w�l�Z�i�h�\���G�B�J 

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

�G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�_�r�_�g�b�c�� �^�e�y�� �F�N�I [46]���� �;�Z�a�h�\�Z�y�� �b�^�_�y�� �i�h�o�h�`�Z�� �g�Z�� �k�i�b�j�Z�e�v�g�m�x��

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

�f�_�l�h�^�h�e�h�]�b�b�� �i�j�b�\�_�^�_�g�Z�� �g�Z�� �j�b�k�m�g�d�_�� ���������� �H�[�u�q�g�h�� �k�j�h�d�� �\�u�i�h�e�g�_�g�b�y �G�B�J�� �^�e�y��

�j�Z�a�j�Z�[�h�l�d�b�� �g�_�d�h�l�h�j�h�]�h�� �f�_�l�h�^�Z�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c �^�e�y�� �F�N�I�� �k�h�k�l�Z�\�e�y�_�l�� �h�l��

�i�h�e�m�]�h�^�Z�� �^�h���]�h�^�Z.  

�F�_�l�h�^�h�e�h�]�b�y�� �G�B�J�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�����q�l�h���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �w�l�Z�i�h�\���^�_�e�Z�_�l���l�j�b��

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

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

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

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

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

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

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

�f�h�a�]�h�\�h�]�h�� �r�l�m�j�f�Z������ �>�Z�e�_�_�� �k�h�a�^�Z�z�l�k�y�� �q�j�_�a�\�u�q�Z�c�g�h�� �m�i�j�h�s�z�g�g�u�c�� �f�Z�d�_�l �i�j�h�^�m�d�l�Z, 

�q�l�h�[�u �i�h�^�l�\�_�j�^�b�l�v�� �b�e�b�� �h�i�j�h�\�_�j�]�g�m�l�v�� �]�b�i�h�l�_�a�m���� �q�l�h�� �i�h�e�v�a�h�\�Z�l�_�e�b�� �[�m�^�m�l��

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

�\�\�_�e�� �l�_�j�f�b�g�� �©�i�j�_�l�h�l�b�i�ª�� ��pretotype) [47]. �<�� �h�[�e�Z�k�l�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �\�b�a�m�Z�e�v�g�u�o��

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

�^�_�l�Z�e�b�a�Z�p�b�_�c�� ��low-fidelity mockup������ �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l�� �h�p�_�g�b�l�v���� �g�Z�k�d�h�e�v�d�h��

�b�g�l�_�j�n�_�c�k�� �[�m�^�_�l���i�h�g�y�l�_�g���b���m�^�h�[�_�g��[48]�����H�^�g�Z�d�h���d�h�g�p�_�i�p�b�y�� �©�i�j�_�l�h�l�b�i�Z�ª �r�b�j�_�����l�Z�d��

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

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

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

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

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

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

�b�a�h�[�j�Z�`�_�g�b�_���� 

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

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

�j�b�k�d�h�\���!1 �b �!4�����?�k�e�b�� �j�b�k�d�b���\�_�e�b�d�b�����l�h���i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �\�_�j�g�m�l�v�k�y���g�Z���i�_�j�\�u�c���w�l�Z�i����

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

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

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

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

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

�!2.  

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

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

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

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

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

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

�i�h�o�h�`�b�_�� �g�Z�� �b�a�\�_�k�l�g�u�_���� �q�l�h�� �m�i�j�h�s�Z�_�l �i�h�k�e�_�^�m�x�s�_�_�� �\�g�_�^�j�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�Z�� �G�B�J�� �\��

�i�j�h�^�m�d�l�� 

 

 
�J�b�k�m�g�h�d�������� �í���K�o�_�f�Z���f�_�l�h�^�h�e�h�]�b�b���G�B�J���i�j�b���k�h�a�^�Z�g�b�b �j�_�r�_�g�b�c���^�e�y���F�N�I�� 

 

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

�d�h�g�d�m�j�_�g�l�h�\�� �i�h�� �\�u�[�j�Z�g�g�h�c�� �l�_�f�_���� �>�Z�g�g�u�c�� �w�l�Z�i�� �o�Z�j�Z�d�l�_�j�_�g�� �^�e�y�� �e�x�[�h�]�h�� �g�Z�m�q�g�h�]�h��

�b�k�k�e�_�^�h�\�Z�g�b�y���� �?�]�h���p�_�e�v�x�� �y�\�e�y�_�l�k�y���i�h�b�k�d���i�h�^�o�h�^�h�\ �^�e�y���j�_�r�_�g�b�y���a�Z�^�Z�q�b���G�B�J���� �>�Z�e�_�_��

�I�h�b�k�d
�b�^�_�b

�F�Z�d�_�l

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

�<�u�[�h�j
�d�j�b�l�_�j�b�_�\

�:�g�Z�e�b�a��
�i�Z�l�_�g�l�h�\

�H�[�a�h�j��
�e�b�l�_�j�Z�l�m�j�u���b��
�d�h�g�d�m�j�_�g�l�g�u�o
�j�_�r�_�g�b�c

�I�_�j�\�u�c���i�j�h�l�h�l�b�i

�H�p�_�g�d�Z
�d�Z�q�_�k�l�\�Z

�<�l�h�j�h�c���i�j�h�l�h�l�b�i

�B�^�_�g�l�b�n�b�d�Z�p�b�y���w�l�Z�i�h�\��
�\���d�h�g�\�_�c�_�j�_���h�[�j�Z�[�h�l�d�b

�H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���b��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b

�:�g�Z�e�b�a��
�e�b�p�_�g�a�b�c��
�b�k�i�h�e�v�a�m�_�f�h�]�h���I�H

�A�Z�s�b�l�Z��
�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c��
�k�h�[�k�l�\�_�g�g�h�k�l�b

�:�g�Z�e�b�a��
�l�j�_�[�h�\�Z�g�b�c���d��
�h�i�b�k�Z�g�b�x

�>�h�d�m�f�_�g�l�Z�p�b�y���b���l�_�k�l�u

�:�g�Z�e�b�a��
�j�b�k�d�h�\

�J�Z�a�j�Z�[�h�l�d�Z

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

�j�Z�a�j�Z�[�h�l�d�b�� �Z�e�]�h�j�b�l�f�Z �b�� �i�_�j�\�h�]�h�� �i�j�h�l�h�l�b�i�Z�� �I�H���� �D�Z�d�� �i�j�Z�\�b�e�h���� �i�_�j�\�u�c�� �i�j�h�l�h�l�b�i��

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

MATLAB [ 49] �b�e�b�� �i�Z�d�_�l�h�\��Python �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �k�b�]�g�Z�e�h�\����

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

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

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

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

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

�\�u�q�b�k�e�b�l�_�e�v�g�u�f�� �j�_�k�m�j�k�Z�f�����K���^�j�m�]�h�c���k�l�h�j�h�g�u�����\�g�_�k�_�g�b�_�� �g�Z���^�Z�g�g�h�f���w�l�Z�i�_�� �b�a�e�b�r�g�_��

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

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

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

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

�^�Z�g�g�h�f�� �w�l�Z�i�_�� �g�_�� �h�p�_�g�b�\�Z�_�l�k�y���� �?�k�e�b�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �h�d�Z�a�u�\�Z�x�l�k�y��

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

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

�h�[�j�Z�a�h�f�����w�l�h�l���w�l�Z�i���i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y���f�b�g�b�f�b�a�Z�p�b�b�� �j�b�k�d�h�\���!4 �b �!8.  

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

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

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

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

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

�w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b�� �f�h�`�g�h�� �j�_�Z�e�b�a�h�\�Z�l�v�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H���F�N�I���� �Z�� �f�h�`�g�h�� �\��

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

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

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

�g�b�a�d�h�c���� �b�e�b�� �k�l�h�b�f�h�k�l�v�� �b�e�b�� �\�j�_�f�y�� �j�_�Z�e�b�a�Z�p�b�b�� �h�d�Z�`�m�l�k�y�� �\�u�k�h�d�b�f�b���� �>�Z�g�g�Z�y��
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�^�_�y�l�_�e�v�g�h�k�l�v�� �g�Z�i�j�Z�\�e�_�g�Z�� �g�Z�� �m�i�j�Z�\�e�_�g�b�_�� �j�b�k�d�Z�f�b���!3, �!5, �!7 �b���!9. �H�g�Z�� �g�Z�q�b�g�Z�_�l��

�l�j�_�l�b�c���\�b�l�h�d���f�_�l�h�^�h�e�h�]�b�b���� 

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

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

�K/C++ �k�� �m�q�z�l�h�f�� �\�h�a�f�h�`�g�h�k�l�_�c�� �b�� �h�]�j�Z�g�b�q�_�g�b�c�� �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�u�o��

�\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �i�e�Z�l�n�h�j�f�����>�Z�e�_�_�� �^�e�y���f�b�g�b�f�b�a�Z�p�b�b�� �j�b�k�d�Z���!6 �\�u�i�h�e�g�y�_�l�k�y�� �Z�g�Z�e�b�a��

�e�b�p�_�g�a�b�c�� �b�k�i�h�e�v�a�m�_�f�u�o�� �[�b�[�e�b�h�l�_�d�� �I�H�� ���_�k�e�b�� �l�Z�d�h�\�u�_�� �b�f�_�x�l�k�y������ �>�Z�e�_�_��

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

�g�Z�i�j�Z�\�e�_�g�h�� �g�Z�� �m�i�j�Z�\�e�_�g�b�_�� �j�b�k�d�Z�f�b���!3, �!4, �!5 �b���!8���� �?�k�e�b�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_�� �g�Z��

�i�_�j�\�h�f�� �\�b�l�d�_�� �d�j�b�l�_�j�b�b�� �m�^�h�\�e�_�l�\�h�j�_�g�u���� �l�h�� �^�e�y�� �m�i�j�Z�\�e�_�g�b�y���j�b�k�d�h�f���!10 

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

�h�[�t�_�d�l�Z�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c�� �k�h�[�k�l�\�_�g�g�h�k�l�b���� �A�Z�\�_�j�r�Z�x�l�� �l�j�_�l�b�c�� �\�b�l�h�d�� �Z�g�Z�e�b�a��

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

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

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

�l�j�_�[�h�\�Z�g�b�y�f�b�����>�Z�g�g�u�_�� �w�l�Z�i�u �i�j�_�^�g�Z�a�g�Z�q�_�g�u�� �^�e�y �f�b�g�b�f�b�a�Z�p�b�b �j�b�k�d�h�\���!7 �b���!9.  

�I�j�b�f�_�j�u�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �f�_�l�h�^�h�e�h�]�b�b�� �G�B�J�� �i�j�b�\�_�^�_�g�u�� �\�� �j�Z�a�^�_�e�Z�o�� ������������ �b��

3.7.2. �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v�����q�l�h���m�k�i�_�r�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �^�Z�g�g�h�c���f�_�l�h�^�h�e�h�]�b�b���l�j�_�[�m�_�l���h�l��

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

�k�f�_�`�g�u�_�� �h�[�e�Z�k�l�b���� �k�\�y�a�Z�g�g�u�_: �k�� �j�Z�a�j�Z�[�h�l�d�h�c�� �I�H�� �b�� �Z�i�i�Z�j�Z�l�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y; 

�Z�g�Z�e�b�a�h�f�� �i�Z�l�_�g�l�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �b�� �a�Z�s�b�l�h�c�� �h�[�t�_�d�l�h�\�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c��

�k�h�[�k�l�\�_�g�g�h�k�l�b; �Z�g�Z�e�b�a�h�f�� �h�k�h�[�_�g�g�h�k�l�_�c���e�b�p�_�g�a�b�h�g�g�u�o�� �k�h�]�e�Z�r�_�g�b�c �I�H���� 

�<�u�i�h�e�g�_�g�b�_�� �G�B�J�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �^�Z�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�_�c�� �i�h�a�\�h�e�b�e�h 

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

�j�_�Z�e�b�a�h�\�Z�g�g�u�o �\���k�b�k�l�_�f�g�h�f���b�e�b���\�k�l�j�h�_�g�g�h�f���I�H���F�N�I�� 
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�<�u�\�h�^�u���i�h���\�l�h�j�h�c���]�e�Z�\�_ 

�<�u�i�h�e�g�_�g�� �h�[�a�h�j�� �f�_�l�h�^�h�e�h�]�b�c�� �g�Z�m�q�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �G�B�J�� �b�� �H�D�J�� �\��

�i�j�h�f�u�r�e�_�g�g�h�k�l�b���� �j�Z�a�j�Z�[�h�l�d�b�� �I�H���� �>�e�y�� �G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b �j�_�r�_�g�b�c�� �^�e�y�� �k�b�k�l�_�f��

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

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

�n�Z�d�l�h�j�u�����d�h�l�h�j�u�_���i�j�_�i�y�l�k�l�\�h�\�Z�e�b�� �j�_�Z�e�b�a�Z�p�b�b�� �j�_�a�m�e�v�l�Z�l�h�\���� �G�Z���k�l�Z�^�b�b���G�B�J�� �^�Z�g�g�u�_��

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

�j�b�k�d�b���j�Z�g�`�b�j�h�\�Z�g�u�� �i�h���\�Z�`�g�h�k�l�b���� 

�I�j�_�^�e�h�`�_�g�Z �k�i�b�j�Z�e�v�g�Z�y �f�_�l�h�^�h�e�h�]�b�y���G�B�J�� �i�j�b���k�h�a�^�Z�g�b�b �j�_�r�_�g�b�c�� �^�e�y���F�N�I����

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

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

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

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

�\�k�l�j�h�_�g�g�h�_���i�j�h�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_�� �k�b�k�l�_�f���k�d�Z�g�b�j�h�\�Z�g�b�y�� �b���i�_�q�Z�l�b�� 
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�=�e�Z�\�Z��3. �F�_�l�h�^�b�d�Z �j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y�� 

�F�g�h�]�b�_�� �k�h�\�j�_�f�_�g�g�u�_�� �F�N�I�� �b�f�_�x�l�� �g�_�k�d�h�e�v�d�h�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b��

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

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

�I�H�� �F�N�I���� �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �g�_���\�_�k�l�b���j�Z�a�j�Z�[�h�l�d�m���d�Z�`�^�h�]�h���j�_�`�b�f�Z���k���g�m�e�y�����Z���h�[�h�[�s�b�l�v��

�b�� �n�h�j�f�Z�e�b�a�h�\�Z�l�v�� �i�j�b�z�f�u�� �j�_�r�_�g�b�y�� �i�h�^�h�[�g�u�o�� �a�Z�^�Z�q���� �l���_���� �k�h�]�e�Z�k�g�h��[3] �\�u�j�Z�[�h�l�Z�l�v��

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

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

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

�D���f�_�l�h�^�b�d�_���i�j�_�^�t�y�\�e�y�x�l�k�y���k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y: 

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

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

�k�h�o�j�Z�g�_�g�b�b�� �k�d�Z�g�b�j�h�\�Z�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b; 

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

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l���h�k�h�[�_�g�g�h�k�l�_�c�� �d�Z�`�^�h�]�h���j�_�`�b�f�Z; 

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

�d���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �j�y�^�Z���h�i�_�j�Z�p�b�c [30];  

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

�Z�i�i�Z�j�Z�l�g�u�o�� �i�e�Z�l�n�h�j�f���F�N�I�� 

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

�i�Z�f�y�l�b�����K�m�s�_�k�l�\�m�x�l�� �F�N�I���� �h�[�t�z�f���h�i�_�j�Z�l�b�\�g�h�c���i�Z�f�y�l�b���d�h�l�h�j�u�o���i�h�a�\�h�e�y�_�l���o�j�Z�g�b�l�v��

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

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

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

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

�Z�e�]�h�j�b�l�f�u�� �g�Z�a�u�\�Z�x�l��in-place �b�e�b��in-situ).  
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3.1. �K�b�k�l�_�f�Z�l�b�a�Z�p�b�y���b�k�d�Z�`�_�g�b�c �b�a�h�[�j�Z�`�_�g�b�c���i�j�b���k�d�Z�g�b�j�h�\�Z�g�b�b 

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

�i�e�Z�g�r�_�l�g�h�]�h�� �k�d�Z�g�_�j�Z��[50]���� �Z�� �l�Z�d�`�_�� �Z�j�l�_�n�Z�d�l�u���� �\�h�a�g�b�d�Z�x�s�b�_�� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b��

�b�a�h�[�j�Z�`�_�g�b�c�� �\�� �n�Z�c�e�u�� �]�j�Z�n�b�q�_�k�d�b�o�� �b�� �f�_�l�Z�n�Z�c�e�h�\�u�o�� �n�h�j�f�Z�l�h�\. �L�Z�[�e�b�p�Z�� ��.1. 

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

�\�k�l�j�_�q�Z�_�f�h�k�l�b���� �Z�� �l�Z�d�`�_�� �i�j�b�h�j�b�l�_�l�� ���q�_�f�� �f�_�g�v�r�_�� �a�g�Z�q�_�g�b�_���� �l�_�f�� �\�u�r�_�� �i�j�b�h�j�b�l�_�l����

�d�h�j�j�_�d�p�b�b���^�Z�g�g�h�]�h���b�k�d�Z�`�_�g�b�y�� �\�h���\�k�l�j�h�_�g�g�h�f���I�H �F�N�I���� �I�j�b�h�j�b�l�_�a�Z�p�b�y�� �\�u�i�h�e�g�_�g�Z��

�k���i�h�f�h�s�v�x���F�:�B��[45]. �G�Z���j�b�k�m�g�d�_�� ���������i�h�d�Z�a�Z�g�u���i�j�b�f�_�j�u���b�k�d�Z�`�_�g�b�c���� �I�j�h�\�_�^�z�g�g�u�c��

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

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

 

�L�Z�[�e�b�p�Z�� ��.�������B�k�d�Z�`�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b���k�d�Z�g�b�j�h�\�Z�g�b�b�� �b���k�h�o�j�Z�g�_�g�b�b 

�B�k�d�Z�`�_�g�b�_ �H�i�b�k�Z�g�b�_ �Q�Z�k�l�h�l�Z��

�\�k�l�j�_�q�Z�_�f�h�k�l�b 

�I�j�b�h�j�b�l�_�l��

�d�h�j�j�_�d�p�b�b �\�h��

�\�k�l�j�h�_�g�g�h�f���I�H 

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

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

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

�i�h�\�z�j�g�m�l�h�� �h�l�g�h�k�b�l�_�e�v�g�h�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c��

�h�k�b�� �g�Z�� �g�_�d�h�l�h�j�u�c�� �m�]�h�e ���k�f���� �j�b�k�m�g�h�d�� ��������. 

�L�Z�d�h�_�� �b�k�d�Z�`�_�g�b�_�� �g�Z�a�u�\�Z�x�l�� �k�d�h�k�h�f (skew) 

�b�e�b�� �g�Z�d�e�h�g�h�f. �K�d�h�k�� �a�Z�f�_�l�_�g�� �b�� �g�_�]�Z�l�b�\�g�h��

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

�k�d�h�k�Z���i�h���f�h�^�m�e�x���[�h�e�v�r�_���������¹ [51]. 

�Q�Z�k�l�h 3 

�I�_�q�Z�l�g�u�c��

�j�Z�k�l�j 

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

�k�d�Z�g�_�j�Z�� �j�_�]�m�e�y�j�g�h�c�� �j�_�r�z�l�d�b�� �j�Z�k�l�j�Z�� ���k�f����

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

�i�_�j�b�h�^�h�\���\�h�a�f�h�`�g�h���\�h�a�g�b�d�g�h�\�_�g�b�_���w�n�n�_�d�l�Z��

�f�m�Z�j�Z�� ���b�e�b�� �f�m�Z�j�h�\�h�]�h�� �m�a�h�j�Z���� �± 

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

[52]�����I�j�_�^�i�h�q�l�b�l�_�e�v�g�h���b�f�_�l�v���b�a�h�[�j�Z�`�_�g�b�_���k��

�[�h�e�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �h�l�l�_�g�d�h�\�� �\�f�_�k�l�h��

�b�a�h�[�j�Z�`�_�g�b�y���� �k�h�k�l�h�y�s�_�]�h�� �b�a�� �l�h�q�_�d�� �l�h�e�v�d�h��

�g�_�k�d�h�e�v�d�b�o���p�\�_�l�h�\. 

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

�q�z�l�d�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�a-�a�Z�� �j�Z�a�f�u�l�b�y��

�j�_�a�d�b�o���]�j�Z�g�b�p ���k�f�����j�b�k�m�g�h�d�����������������H�k�h�[�_�g�g�h��

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

�l�_�d�k�l�Z���i�j�b���f�g�h�]�h�d�j�Z�l�g�h�f���d�h�i�b�j�h�\�Z�g�b�b�����q�l�h��

�\�e�b�y�_�l���g�Z���d�Z�q�_�k�l�\�h��OCR. 

�<�k�_�]�^�Z 1 

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

�^�Z�l�q�b�d�h�\���k�d�Z�g�_�j�h�\���\�u�k�h�d�h�_��[14]�����d�j�h�f�_���l�h�]�h����

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

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

�F�N�I�� �i�h�^�Z�\�e�_�g�b�_�� �r�m�f�Z�� �^�Z�l�q�b�d�h�\�� �g�_��

�y�\�e�y�_�l�k�y�� �i�_�j�\�h�h�q�_�j�_�^�g�h�c �a�Z�^�Z�q�_�c���� �B�g�h�]�^�Z��

�r�m�f�h�f�� �k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��

�g�Z�a�u�\�Z�x�l�� �^�_�n�_�d�l�u���� �k�\�y�a�Z�g�g�u�_�� �k��

�g�_�`�_�e�Z�l�_�e�v�g�u�f�b���h�k�h�[�_�g�g�h�k�l�y�f�b���h�j�b�]�b�g�Z�e�Z: 

�q�Z�k�l�b�q�d�Z�f�b���d�j�Z�k�d�b�� �\�� �h�[�e�Z�k�l�b�� �n�h�g�Z���� �]�j�y�a�v�x��

�g�Z�� �k�l�_�d�e�_�� �k�d�Z�g�_�j�Z���� �i�j�h�k�\�_�q�b�\�Z�g�b�_�f��

�b�a�h�[�j�Z�`�_�g�b�y���k���h�[�j�Z�l�g�h�c���k�l�h�j�h�g�u���[�m�f�Z�]�b. 

�J�_�^�d�h 6 

�I�Z�^�_�g�b�_��

�d�h�g�l�j�Z�k�l�Z 

�A�Z�q�Z�k�l�m�x�� �j�y�^�� �h�[�e�Z�k�l�_�c�� �h�j�b�]�b�g�Z�e�Z�� �b�f�_�_�l��

�k�e�Z�[�u�c�� �d�h�g�l�j�Z�k�l���� �i�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b��

�d�h�g�l�j�Z�k�l�� �l�Z�d�`�_�� �f�h�`�_�l�� �m�f�_�g�v�r�b�l�v�k�y����

�@�_�e�Z�l�_�e�v�g�h���g�_���l�h�e�v�d�h���g�_���^�h�i�m�k�l�b�l�v���i�Z�^�_�g�b�y��

�d�h�g�l�j�Z�k�l�Z���� �g�h�� �b�� �m�e�m�q�r�b�l�v�� �\�b�a�m�Z�e�v�g�h�_��

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

�B�g�h�]�^�Z 5 

�B�k�d�Z�`�_�g�b�y��

�\���h�[�e�Z�k�l�b��

�I�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �k�r�b�l�u�o�� �h�j�b�]�b�g�Z�e�h�\����

�l�Z�d�b�o���d�Z�d���d�g�b�]�b���b���`�m�j�g�Z�e�u�����q�Z�k�l�v���k�l�j�Z�g�b�p�u��

�\�� �h�[�e�Z�k�l�b�� �d�h�j�_�r�d�Z�� �g�_�� �i�j�b�e�_�]�Z�_�l�� �i�e�h�l�g�h�� �d��

�D�g�b�]�b��

�k�d�Z�g�b�j�m�x�l 

7 
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�d�h�j�_�r�d�Z��

�d�g�b�]�b  

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

�]�_�h�f�_�l�j�b�q�_�k�d�b�f�� �b�� �y�j�d�h�k�l�g�u�f�� �b�k�d�Z�`�_�g�b�y�f 

[53]. 

�h�l�g�h�k�b�l�_�e�v�g�h��

�j�_�^�d�h  

�:�j�l�_�n�Z�d�l�u��

�k�`�Z�l�b�y 

�;�h�e�v�r�Z�y�� �k�l�_�i�_�g�v���k�`�Z�l�b�y���\�_�^�z�l���d���i�h�y�\�e�_�g�b�x��

�\�� �k�h�o�j�Z�g�z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�y�o�� �Z�j�l�_�n�Z�d�l�h�\��

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

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

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

�k�h�o�j�Z�g�z�g�g�h�]�h�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��

�i�j�b���n�b�d�k�b�j�h�\�Z�g�g�h�f���j�Z�a�f�_�j�_���n�Z�c�e�Z [54]. 

�<�k�_�]�^�Z�� �i�j�b��

�k�b�e�v�g�h�f��

�k�`�Z�l�b�b 

4 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d������1 �± �I�j�b�f�_�j�u���b�k�d�Z�`�_�g�b�c���k�d�Z�g�b�j�h�\�Z�g�g�u�o���b�a�h�[�j�Z�`�_�g�b�c: a) �k�d�h�k; b) �b�k�d�Z�`�_�g�b�y���\��

�h�[�e�Z�k�l�b���d�h�j�_�r�d�Z���d�g�b�]�b (�i�j�Z�\�Z�y���k�l�h�j�h�g�Z���b�a�h�[�j�Z�`�_�g�b�y); c) �i�_�q�Z�l�g�u�c���j�Z�k�l�j; d) �Z�j�l�_�n�Z�d�l�u���k�`�Z�l�b�y. 
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3.2. �K�h�\�h�d�m�i�g�h�k�l�v���f�_�l�h�^�h�\���b���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �h�[�j�Z�[�h�l�d�b 

�I�j�_�^�e�Z�]�Z�_�f�Z�y�� �f�_�l�h�^�b�d�Z���\�d�e�x�q�Z�_�l: 

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

�k�d�Z�g�b�j�h�\�Z�g�g�h�f�m�� �k�� �g�b�a�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�� ���d�Z�d�� �i�j�Z�\�b�e�h���� ������ dpi), �Z�� �a�Z�l�_�f��

�k�d�Z�g�b�j�h�\�Z�g�b�_�� �k�� �a�Z�^�Z�g�g�u�f�� �i�h�e�v�a�h�\�Z�l�_�e�_�f�� �j�Z�a�j�_�r�_�g�b�_�f�� ���g�Z�i�j�b�f�_�j���� ��������dpi) �b��

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

(in-place); 

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

�i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z�����i�h�l�_�j�b �d�h�g�l�j�Z�k�l�Z; 

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

�\���k�h�h�l�\�_�l�k�l�\�b�b�� �k �d�h�g�p�_�i�p�b�_�c �f�h�^�_�e�b �k�f�_�r�Z�g�g�h�]�h�� �j�Z�k�l�j�h�\�h�]�h���k�h�^�_�j�`�b�f�h�]�h, �l���_����

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

�Z�j�l�_�n�Z�d�l�u�� �k�`�Z�l�b�y. 

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

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

�h�[�_�k�i�_�q�b�l�v�� �d�Z�d�b�_-�e�b�[�h�� �^�_�c�k�l�\�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y [55]���� �K�d�Z�g�b�j�h�\�Z�g�b�_�� �k�� �g�b�a�d�b�f��

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

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

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

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

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

�a�Z�� �k�q�z�l�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �l�h�e�v�d�h�� �l�h�c�� �h�[�e�Z�k�l�b���� �\�� �d�h�l�h�j�h�c�� �j�Z�k�i�h�e�h�`�_�g�� �h�j�b�]�b�g�Z�e���� �?�k�e�b��

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

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

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

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

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

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

�P�_�e�y�f�b�� �h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�y�� �g�b�a�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y���y�\�e�y�x�l�k�y: �h�i�j�_�^�_�e�_�g�b�_��

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

�h�[�e�Z�k�l�b�� ���[�e�h�d�b���� �n�h�g�Z���� �l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d�� ���b�e�b�� �n�h�g�Z�� �b�� �h�[�e�Z�k�l�b�� �i�_�j�_�^�g�_�]�h�� �i�e�Z�g�Z��; 

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

�l�j�_�[�m�_�l�k�y���� 

 
�J�b�k�m�g�h�d������2 �í �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���w�l�Z�i�h�\���h�[�j�Z�[�h�l�d�b���^�e�y���j�_�`�b�f�h�\ �k�d�Z�g�b�j�h�\�Z�g�b�y�� 

 

�������K�d�Z�g�b�j�h�\�Z�g�b�_���k���g�b�a�d�b�f��
�j�Z�a�j�_�r�_�g�b�_�f��

�������K�d�Z�g�b�j�h�\�Z�g�b�_���k���a�Z�^�Z�g�g�u�f��
�j�Z�a�j�_�r�_�g�b�_�f���\��

�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�_

�������K�_�]�f�_�g�l�Z�p�b�y���h�[�e�Z�k�l�_�c��
�n�h�g�Z

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

�^�h�i�h�e�g�b�l�_�e�v�g�h�c���i�Z�f�y�l�b

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

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

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

�j�_�`�b�f�h�f

���������D�h�g�\�_�j�l�Z�p�b�y���\��
�f�_�l�Z�n�Z�c�e�h�\�u�c���n�h�j�f�Z�l

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

�������H�i�j�_�^�_�e�_�g�b�_���m�]�e�Z���k�d�h�k�Z���b��
�i�h�\�h�j�h�l

�������K�_�]�f�_�g�l�Z�p�b�y���g�Z���h�[�e�Z�k�l�b��
�n�h�g�Z�����l�_�d�k�l�Z���b���d�Z�j�l�b�g�h�d

�������H�p�_�g�d�Z���i�Z�j�Z�f�_�l�j�h�\���\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���d�h�g�d�j�_�l�g�u�f��

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

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

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

�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c�� �j�Z�f�d�b ���w�l�Z�i�� �������� �H�i�j�_�^�_�e�y�_�l�k�y�� �m�]�h�e�� �k�d�h�k�Z���ö ���w�l�Z�i�� �������� �?�k�e�b�����ö�� 
P

�r�á�t�¹, �l�h�� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �k�d�h�k�� �h�[�g�Z�j�m�`�_�g���� �b �\�u�i�h�e�g�y�_�l�k�y�� �i�h�\�h�j�h�l�� �b�a�h�[�j�Z�`�_�g�b�y��

�g�b�a�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �g�Z��
F�ö�ä �>�Z�e�_�_�� �\�u�i�h�e�g�y�_�l�k�y�� �k�_�]�f�_�g�l�Z�p�b�y�� �g�Z�� �h�[�e�Z�k�l�b�� �n�h�g�Z����

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

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

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

�i�Z�j�Z�f�_�l�j�h�\���g�Z���b�a�h�[�j�Z�`�_�g�b�b�� �g�b�a�d�h�]�h���j�Z�a�j�_�r�_�g�b�y ���w�l�Z�i������.      

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

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

�i�Z�f�y�l�b ���w�l�Z�i�����������A�Z�l�_�f���i�h�^�Z�\�e�y�_�l�k�y�� �i�_�q�Z�l�g�u�c�� �j�Z�k�l�j ���w�l�Z�i������. �I�j�b�� �w�l�h�f���i�h�\�u�r�Z�_�l�k�y��

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

�b�a�h�[�j�Z�`�_�g�b�y ���w�l�Z�i�������������\���q�Z�k�l�g�h�k�l�b, �i�h�\�u�r�Z�_�l�k�y���]�e�h�[�Z�e�v�g�u�c�� �b���e�h�d�Z�e�v�g�u�c�� �d�h�g�l�j�Z�k�l. 

�K�e�_�^�m�x�s�b�f���w�l�Z�i�h�f (11) �y�\�e�y�_�l�k�y���h�[�j�Z�[�h�l�d�Z���\���k�h�h�l�\�_�l�k�l�\�b�b���k���d�h�g�d�j�_�l�g�u�f���j�_�`�b�f�h�f��

�k�d�Z�g�b�j�h�\�Z�g�b�y���� �G�Z�� �a�Z�d�e�x�q�b�l�_�e�v�g�h�f�� �w�l�Z�i�_��(12) �j�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b���a�Z�i�b�k�u�\�Z�_�l�k�y�� �\��

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

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

�k�h�^�_�j�`�b�f�h�]�h. 

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

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

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

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

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

�k�i�h�k�h�[�u:  

�x �h�p�_�g�d�b�� �b���d�h�j�j�_�d�p�b�b���k�d�h�k�Z��[56] ���k�f�����j�Z�a�^�_�e����������; 

�x �k�_�]�f�_�g�l�Z�p�b�b�� �g�Z���h�[�e�Z�k�l�b�� �n�h�g�Z�����l�_�d�k�l�Z�� �b���d�Z�j�l�b�g�h�d [57�í60] ���k�f�����j�Z�a�^�_�e����������;  
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�x �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z �b���m�k�l�j�Z�g�_�g�b�y�� �j�Z�a�f�u�l�b�y [61�í63] ���k�f�����j�Z�a�^�_�e����������;   

�x �m�e�m�q�r�_�g�b�y�� �]�e�h�[�Z�e�v�g�h�]�h�� �b���e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z [64, 65] ���k�f�����j�Z�a�^�_�e������������ 

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

�F�N�I:  

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

�d�h�g�l�m�j�h�\���k�b�f�\�h�e�h�\��[66�í68] ���k�f�����j�Z�a�^�_�e��������������;  

�x �d�h�i�b�j�h�\�Z�g�b�y���^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d��[69�í72] ���k�f�����j�Z�a�^�_�e��������������;  

�x �k�d�Z�g�b�j�h�\�Z�g�b�y�� �h�j�b�]�b�g�Z�e�h�\�� �f�Z�e�_�g�v�d�h�]�h�� �j�Z�a�f�_�j�Z��[73�í75];  

�x �k�d�Z�g�b�j�h�\�Z�g�b�y�� �d�g�b�]��[53, 76, 77].  

3.3.  �D�h�j�j�_�d�p�b�y���k�d�h�k�Z 

�K�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u���d���h�p�_�g�d�_ �m�]�e�Z���k�d�h�k�Z 

�:�e�]�h�j�b�l�f�u�� �h�i�j�_�^�_�e�_�g�b�y���m�]�e�Z�� �k�d�h�k�Z���^�e�y���_�]�h���i�h�k�e�_�^�m�x�s�_�c�� �d�h�j�j�_�d�p�b�b���r�b�j�h�d�h��

�h�[�k�m�`�^�Z�x�l�k�y�� �\�� �e�b�l�_�j�Z�l�m�j�_���� �< �h�[�a�h�j�_��[51] �i�j�_�^�e�h�`�_�g�h�� �j�Z�a�[�b�_�g�b�_�� �k�i�h�k�h�[�h�\��

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

�x �Z�g�Z�e�b�a�� �i�j�h�_�d�p�b�c;  

�x �i�j�b�f�_�g�_�g�b�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���O�Z�n�Z�� �b�e�b���J�Z�^�h�g�Z [78];  

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

�b�a�h�[�j�Z�`�_�g�b�b;  

�x �Z�g�Z�e�b�a�� �h�j�b�_�g�l�Z�p�b�b�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c���� 

�:�[�k�h�e�x�l�g�h�_�� �[�h�e�v�r�b�g�k�l�\�h�� �k�m�s�_�k�l�\�m�x�s�b�o�� �Z�e�]�h�j�b�l�f�h�\�� �h�]�j�Z�g�b�q�_�g�u��

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

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �l�_�d�k�l���� �G�Z�i�j�b�f�_�j���� �k�i�h�k�h�[��[79], �h�k�g�h�\�Z�g�g�u�c �g�Z�� �f�h�^�_�e�b��

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

�d�Z�d�� �g�_�i�j�b�f�_�g�b�f�� �^�e�y�� �j�Z�a�e�b�q�g�h�]�h�� �j�h�^�Z�� �d�Z�j�l�b�g�h�d. �:�e�]�h�j�b�l�f��[80] �\�u�q�b�k�e�y�_�l 

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

�[�b�g�Z�j�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����q�l�h���i�h�a�\�h�e�y�_�l���h�i�j�_�^�_�e�y�l�v���m�]�h�e���k�d�h�k�Z�� �l�h�e�v�d�h���^�e�y���k�b�f�\�h�e�h�\ 
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�l�_�d�k�l�Z�� �g�_�d�h�l�h�j�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �j�Z�a�f�_�j�h�\�� �K�i�h�k�h�[��[81] �i�j�_�^�e�Z�]�Z�_�l�� �h�i�b�k�u�\�Z�l�v �[�e�h�d�b��

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

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

�i�j�b�f�_�g�y�_�f�u�c�� �d�� �d�Z�`�^�h�c�� �k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b, �h�i�b�k�Z�g�� �\��[82]. �I�_�j�_�q�b�k�e�_�g�g�u�_�� �k�i�h�k�h�[�u��

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

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

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

�a�Z�l�j�Z�l�Z�f�� 

�<��[83] �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �k�i�h�k�h�[���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �j�Z�a�[�b�_�g�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z��

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

�K�i�h�k�h�[��[84] �^�_�l�_�d�l�b�j�m�_�l�� �e�b�g�b�b�� �k�� �i�h�f�h�s�v�x�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��

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

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

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

�a�Z�\�b�k�b�l�� �h�l�� �k�h�^�_�j�`�b�f�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �G�Z�� �j�b�k�m�g�d�_ 3.3 �a�_�e�z�g�u�f�� �p�\�_�l�h�f�� �i�h�d�Z�a�Z�g�u��

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

�b�a�h�[�j�Z�`�_�g�b�b���g�b�a�d�h�]�h���j�Z�a�j�_�r�_�g�b�y�����?�k�e�b�� �^�e�y���b�a�h�[�j�Z�`�_�g�b�y �k���j�b�k�m�g�d�Z�� ������a �m�]�h�e���k�d�h�k�Z��

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

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

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

 
a) 

 
b) 

�J�b�k�m�g�h�d������3 �í �I�j�b�f�_�j�u �^�_�l�_�d�l�b�j�h�\�Z�g�b�y���h�l�j�_�a�d�h�\���i�j�y�f�u�o���k���i�h�f�h�s�v�x���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���O�Z�n�Z; a) 

�e�b�p�_�\�Z�y���k�l�h�j�h�g�Z���d�Z�j�l�h�q�d�b; b) �h�[�j�Z�l�g�Z�y���k�l�h�j�h�g�Z���d�Z�j�l�h�q�d�b. 
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�K�i�h�k�h�[���h�i�j�_�^�_�e�_�g�b�y���m�]�e�Z���k�d�h�k�Z 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �k�i�h�k�h�[�� �h�i�j�_�^�_�e�_�g�b�y�� �m�]�e�Z�� �k�d�h�k�Z���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�b��

�h�j�b�_�g�l�Z�p�b�b�� �[�e�b�`�Z�c�r�b�o �i�h���k�l�h�e�[�p�m �d���\�_�j�o�g�_�f�m�� �b���g�b�`�g�_�f�m�� �d�j�Z�x���h�]�j�Z�g�b�q�b�\�Z�x�s�_�c��

�j�Z�f�d�b�� �\�b�^�b�f�u�o�� �w�e�_�f�_�g�l�h�\�� �b�a�h�[�j�Z�`�_�g�b�y [55]���� �K�i�h�k�h�[�� �m�k�l�h�c�q�b�\�h�� �j�Z�[�h�l�Z�_�l�� �d�Z�d�� �^�e�y��

�b�a�h�[�j�Z�`�_�g�b�c�� �k�h���k�l�j�h�d�Z�f�b���l�_�d�k�l�Z�� �g�Z���e�x�[�h�f���y�a�u�d�_���b���e�x�[�h�]�h�� �j�Z�a�f�_�j�Z���r�j�b�n�l�Z�����l�Z�d���b��

�^�e�y���d�Z�j�l�b�g�h�d�����I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �r�Z�]�h�\���k�i�h�k�h�[�Z���i�h�d�Z�a�Z�g�Z �g�Z���j�b�k�m�g�d�_ 3.4.   

 

 
�J�b�k�m�g�h�d������4 �í �K�o�_�f�Z���k�i�h�k�h�[�Z���h�p�_�g�d�b���m�]�e�Z���k�d�h�k�Z. 

 

�������D�h�g�\�_�j�l�Z�p�b�y���b�a�h�[�j�Z�`�_�g�b�y���\���i�j�_�^�_�e�Z�o��
�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�b���\���i�h�e�m�l�h�g�h�\�h�_

�������;�b�g�Z�j�b�a�Z�p�b�y���i�h���i�h�j�h�]�m

�������<�u�q�b�k�e�_�g�b�_���f�Z�k�k�b�\�h�\���j�Z�k�k�l�h�y�g�b�c���h�l���\�_�j�o�g�_�]�h���b��
�g�b�`�g�_�]�h���d�j�Z�y���h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�b���^�h���[�e�b�`�Z�c�r�_�]�h���\��

�k�l�h�e�[�p�_���g�_�g�m�e�_�\�h�]�h���i�b�d�k�_�e�y

�������F�b�g�b�f�Z�e�v�g�u�c���n�b�e�v�l�j���f�Z�k�k�b�\�h�\���j�Z�k�k�l�h�y�g�b�c

�������I�h�e�m�q�_�g�b�_���f�g�h�`�_�k�l�\�Z���h�l�j�_�a�d�h�\���i�j�y�f�u�o���\���f�Z�k�k�b�\�Z�o��
�j�Z�k�k�l�h�y�g�b�c���b���\�u�q�b�k�e�_�g�b�_���m�]�e�Z���g�Z�d�e�h�g�Z���d�Z�`�^�h�]�h��

�h�l�j�_�a�d�Z��

�������B�l�_�j�Z�p�b�h�g�g�u�c���Z�e�]�h�j�b�l�f���h�p�_�g�d�b���m�]�e�Z���k�d�h�k�Z���i�m�l�z�f��
�b�k�d�e�x�q�_�g�b�y���b�a���f�g�h�`�_�k�l�\�Z���l�_�o���h�l�j�_�a�d�h�\�����h�j�b�_�g�l�Z�p�b�y��

�d�h�l�h�j�u�o���h�l�e�b�q�Z�_�l�k�y���h�l���i�j�_�h�[�e�Z�^�Z�x�s�_�c��
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�G�Z�� �r�Z�]�_�������b�a�h�[�j�Z�`�_�g�b�_���+ �\���i�j�_�^�_�e�Z�o�� �h�]�j�Z�g�b�q�b�\�Z�x�s�_�c�� �j�Z�f�d�b �k���d�h�h�j�^�b�g�Z�l�Z�f�b��

�e�_�\�h�]�h�� �\�_�j�o�g�_�]�h�� �m�]�e�Z���:�N�k�g�l�á �?�k�g�l�; �b�� �i�j�Z�\�h�]�h�� �g�b�`�g�_�]�h�� �m�]�e�Z���:�N�k�_�v�á �?�k �_�v�; 

�d�h�g�\�_�j�l�b�j�m�_�l�k�y�� �\�� �i�h�e�m�l�h�g�h�\�h�_���+�Â �i�h�� �n�h�j�f�m�e�_�� ����������. �G�Z�� �r�Z�]�_�� ���� �^�e�y���+�Â �\�u�q�b�k�e�y�_�l�k�y��

�i�h�j�h�]���6 �b���\�u�i�h�e�g�y�_�l�k�y�� �[�b�g�Z�j�b�a�Z�p�b�y:   

�+�5�:�N�á �?�; 
L 
\
�r�á �+�Â�:�N�á �?�; 
Q �6�á
�s�á �+�Â�:�N�á �?�; 
P �6���ä

 
(3.1) 

�>�e�y���\�u�[�h�j�Z���i�h�j�h�]�Z���f�h�`�_�l���b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �Z�e�]�h�j�b�l�f���H�p�m��[85]. �G�Z�� �r�Z�]�_�� �������d�Z�d��

�i�h�d�Z�a�Z�g�h�� �k�b�g�b�f�b�� �k�l�j�_�e�h�q�d�Z�f�b�� �g�Z�� �j�b�k�m�g�d�_ 3.5���� �^�e�y�� �d�Z�`�^�h�]�h�� �k�l�h�e�[�p�Z�� �\�� �i�j�_�^�_�e�Z�o��

�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c�� �j�Z�f�d�b �\�u�q�b�k�e�y�_�l�k�y���f�Z�k�k�b�\ �j�Z�k�k�l�h�y�g�b�c �.�è���h�l���\�_�j�o�g�_�]�h���d�j�Z�y���j�Z�f�d�b��

�^�h���[�e�b�`�Z�c�r�_�]�h�� �q�z�j�g�h�]�h���i�b�d�k�_�e�y��(�j�Z�\�g�h�]�h����):   

�.�è�:�?�; 
L �•�‹�•���:�:�N�k�_�v
F �N�k�g�l�;�á �: �•�‹�•
�å�Ð�>�å�c�_�d�á�å�c�W�n�?

�:�N���+�5�:�N�á �?�; 
L �r�; 
F �N�k�g�l�;�;,  

�Ê�? �Ð�>�?�k�g�l�á �?�k�_�v�?�ä 

(3.2) 

 

 
�J�b�k�m�g�h�d������5 �í �;�b�g�Z�j�b�a�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���\���i�j�_�^�_�e�Z�o���h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�b���� 

 

�R�Z�]�_��4 �²  �w�l�h���n�b�e�v�l�j�Z�p�b�y�� �f�Z�k�k�b�\�Z �.�è �f�b�g�b�f�Z�e�v�g�u�f�� �n�b�e�v�l�j�h�f�� �k���Z�i�_�j�l�m�j�h�c��

�t�O 
E �s: 

�.�ñ�è�:�?�; 
L �•�‹�•
�Ö�Ð�>�Ö�?�æ�á�Ö�>�æ�?

�:�.�è�:�?�;�;, �Ê�? �Ð�>�?�k�g�l 
E �O�á �?�k�_�v
F �O�?�ä (3.3) 

�G�Z�� �r�Z�]�_�� ���� �k�g�Z�q�Z�e�Z�� �\�u�q�b�k�e�y�x�l�k�y�� �d�h�g�_�q�g�u�_�� �j�Z�a�g�h�k�l�b���@�.�è �f�_�`�^�m�� �w�e�_�f�_�g�l�Z�f�b��

�.�•�è �k���r�Z�]�h�f���t�O 
E �s: 

�@�.�è�:�?�; 
L �.�ñ�è�:�? 
E �O�; 
F �.�ñ�è�:�? 
F �O�;, �Ê�? �Ð�>�?�k�g�l 
E �t�O�á �?�k�_�v
F �t�O�?�ä (3.4) 

Lu
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�>�Z�e�_�_�� �\�u�q�b�k�e�y�_�l�k�y�� �f�g�h�`�_�k�l�\�h�� �i�Z�j���:�R�5�á �R�6�; �b�g�^�_�d�k�h�\�� �f�Z�k�k�b�\�Z���.�•�è, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �g�Z�q�Z�e�m�� �b�� �d�h�g�p�m �h�l�j�_�a�d�h�\ �e�b�g�b�c���� �[�e�b�a�d�b�o�� �d�� �i�j�y�f�u�f���� �i�j�b�q�z�f: 

�h�l�j�_�a�h�d���^�h�e�`�_�g���[�u�l�v���^�h�k�l�Z�l�h�q�g�h���^�e�b�g�g�u�f, �l���_�����b�f�_�l�v �j�Z�a�g�h�k�l�v���R�6
F �R�5 �[�h�e�v�r�_���e�b�[�h��

�j�Z�\�g�m�x �i�h�j�h�]�m �6�6; �d�h�g�_�q�g�Z�y�� �j�Z�a�g�h�k�l�v�� �g�Z���\�k�z�f���_�]�h�� �i�j�h�l�y�`�_�g�b�b�� �^�h�e�`�g�Z�� �[�u�l�v�� �h�d�h�e�h��

0�����l���_�� �f�_�g�v�r�_ �e�b�[�h���j�Z�\�g�h�c �i�h�j�h�]�m �6�5; �^�b�Z�i�Z�a�h�g�u�� �h�l�j�_�a�d�h�\���g�_���i�_�j�_�k�_�d�Z�x�l�k�y: 

�<�:�R�5�á �R�6�;�Ü�=
L �<���@�.�è�:�?�;��
Q �6�5�á �Ê�? �Ð�>�R�5�á �R�6�?�á�:�R�6
F �R�5�; 
R �6�6�=�á 

���R�5�:�E�; 
P �R�6�:�E 
F �s�;�á �R�6�:�E�; 
O �R�5�:�E 
E �s�;�á �E �Ð�>�s�á �0�è�?�á 

 

(3.5) 

�]�^�_���0�è �± �w�l�h���d�h�e�b�q�_�k�l�\�h���i�Z�j���\���^�Z�g�g�h�f���f�g�h�`�_�k�l�\�_������ 

�<�u�q�b�k�e�b�f�� �^�e�y�� �d�Z�`�^�h�]�h�� �h�l�j�_�a�d�Z�� �^�e�b�g�u�� �i�j�b�e�_�`�Z�s�b�o�� �d�Z�l�_�l�h�\ �¿�T �b��

�i�j�h�l�b�\�h�e�_�`�Z�s�b�o�� �d�Z�l�_�l�h�\���¿�U: 

�¿�T�:�E�; 
L �R�6�:�E�;
F �R�5�:�E�;�á (3.6) 

�¿�U�:�E�; 
L �.�ñ
�è�:�R�6�:�E�;�; �� 
F �.�ñ

�è�:�R�5�:�E�;�;�ä (3.7) 

�:�g�Z�e�h�]�b�q�g�u�f��(3.2) �h�[�j�Z�a�h�f�� �\�u�q�b�k�e�y�_�l�k�y�� �f�Z�k�k�b�\�� �j�Z�k�k�l�h�y�g�b�c���.�Õ���h�l�� �g�b�`�g�_�]�h 

�d�j�Z�y�� �j�Z�f�d�b�� �^�h�� �[�e�b�`�Z�c�r�_�]�h�� �i�b�d�k�_�e�y�� �g�m�e�_�\�h�c�� �y�j�d�h�k�l�b�� �b�� �^�e�y�� �g�_�]�h�� �\�u�i�h�e�g�y�x�l�k�y��

�h�i�_�j�Z�p�b�b���i�h���n�h�j�f�m�e�Z�f��(3.3) �± (3.7). �<���j�_�a�m�e�v�l�Z�l�_�� �h�[�j�Z�[�h�l�d�b���j�Z�k�k�l�h�y�g�b�c���h�l���\�_�j�o�g�_�]�h��

�b�� �g�b�`�g�_�]�h�� �d�j�Z�y�� �j�Z�f�d�b�� �i�h�e�m�q�Z�x�l�k�y�� �f�g�h�`�_�k�l�\�Z�� �^�e�b�g �i�j�b�e�_�`�Z�s�b�o�� �b��

�i�j�h�l�b�\�h�e�_�`�Z�s�b�o�� �d�Z�l�_�l�h�\: �<�¿�T�:�G�;�=�á�<�¿�U�:�G�;�=�á �G �Ð�>�s�á �0�?�á �0 �± �d�h�e�b�q�_�k�l�\�h���w�e�_�f�_�g�l�h�\�� �\��

�f�g�h�`�_�k�l�\�_�� �<�u�q�b�k�e�b�f�� �^�e�y���d�Z�`�^�h�]�h���h�l�j�_�a�d�Z���m�]�h�e �h�j�b�_�g�l�Z�p�b�b: 

�Ù�:�G�; 
L �ƒ�”�…�–�‰�:�¿�U�:�G�; �¿�T�:�G�;�¤ �;. (3.8) 

�<�� �f�g�h�`�_�k�l�\�_���<�Ù�:�G�;�=���� �d�Z�d�� �i�j�Z�\�b�e�h���� �i�j�b�k�m�l�k�l�\�m�_�l�� �j�Z�a�[�j�h�k�� �a�g�Z�q�_�g�b�c�� �m�]�e�h�\. 

�L�j�_�[�m�_�l�k�y�� �h�i�j�_�^�_�e�b�l�v�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�m�x�� �h�j�b�_�g�l�Z�p�b�x�� �h�l�j�_�a�d�h�\���� �W�l�h��

�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �b�l�_�j�Z�p�b�h�g�g�h�]�h�� �Z�e�]�h�j�b�l�f�Z ���r�Z�]�� �������� �>�e�y�� �g�Z�q�Z�e�Z��

�j�Z�k�k�f�h�l�j�b�f���q�Z�k�l�g�u�_�� �k�e�m�q�Z�b: �_�k�e�b���0 
L �r�����l�h���h�j�b�_�g�l�Z�p�b�x�� �h�i�j�_�^�_�e�b�l�v�� �g�_�\�h�a�f�h�`�g�h; 

�_�k�e�b���0 
L �s�����l�h���m�]�h�e�� �k�d�h�k�Z���ö 
L ���Ù�:�s�;. �>�Z�e�_�_���\�u�i�h�e�g�y�x�l�k�y�� �b�l�_�j�Z�p�b�h�g�g�u�c�� �Z�e�]�h�j�b�l�f����

�]�^�_���\�g�Z�q�Z�e�_ �d�Z�`�^�h�c���b�l�_�j�Z�p�b�b�� �h�p�_�g�b�\�Z�_�l�k�y�� �m�]�h�e�� �k�d�h�k�Z���ö �d�Z�d�� �\�a�\�_�r�_�g�g�h�_�� �k�j�_�^�g�_�_�� �b��

�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_�� �h�l�d�e�h�g�_�g�b�_���Ü: 
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�ö 
L
�Ã �Ù�:�G�;�¿�T�:�G�;�Ç

�Þ�@�5

�Ã �¿�T�:�G�;�Ç
�Þ�@�5

�á 
 

(3.9) 

�Ü 
L
¨
�Ã 
k�ö 
F �Ù�:�G�;
o

�6�Ç
�Þ�@�5

�0 
F �s
�ä 

 

(3.10) 

�?�k�e�b���Ù�:�G�; �Ñ�>�ö 
F �Ü�á �ö 
E �Ü�?���� �l�h���Ù�:�G�; �b�� �¿�T�:�G�; �b�k�d�e�x�q�Z�x�l�k�y�� �b�a��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �f�g�h�`�_�k�l�\���� �Z���0 �m�f�_�g�v�r�Z�_�l�k�y�� �g�Z�� ������ �B�l�_�j�Z�p�b�b�� �a�Z�\�_�j�r�Z�x�l�k�y�� �e�b�[�h��

�d�h�]�^�Z���<�Ù�:�G�;�=
L �Î���� �q�l�h���h�a�g�Z�q�Z�_�l�� �m�]�h�e�� �g�_�� �h�i�j�_�^�_�e�z�g���� �e�b�[�h�� �d�h�]�^�Z���Ù�:�G�; �Ð�>�ö 
F �Ü�á �ö 
E

�Ü�?�á �Ê�G�á �l�h�]�^�Z���ö �_�k�l�v�� �h�p�_�g�d�Z���m�]�e�Z�� �k�d�h�k�Z���� 

�I�h�\�h�j�h�l���b�a�h�[�j�Z�`�_�g�b�y 

�?�k�e�b�����ö��
P �r�á�t�¹, �l�h���l�j�_�[�m�_�l�k�y���i�h�\�h�j�h�l���b�a�h�[�j�Z�`�_�g�b�y�� �g�Z���m�]�h�e��
F�ö. �<�u�q�b�k�e�_�g�b�_��

�d�h�h�j�^�b�g�Z�l���:�T�á �U�; �\�� �k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �b�k�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�a�� �a�g�Z�q�_�g�b�c��

�d�h�h�j�^�b�g�Z�l���:�T�•�á �U�•�; �\�� �k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �i�h�\�z�j�g�m�l�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �h�[�u�q�g�h��

�\�u�i�h�e�g�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �k�e�_�^�m�x�s�_�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y�� �\�_�d�l�h�j�Z�� �k�l�j�h�d�b�� �d�h�h�j�^�b�g�Z�l�� �g�Z��

�h�[�j�Z�l�g�m�x���f�Z�l�j�b�p�m�� �i�h�\�h�j�h�l�Z:  

�>�T �U�?
L �>�T�ñ �U�ñ�?
d
�…�‘�• �ö 
F �•�‹�• �ö
�•�‹�• �ö �…�‘�• �ö
h. 

 

(3.11) 

�>�e�y���h�i�j�_�^�_�e�_�g�b�y���a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�y���\���:�T�•�á �U�•�; �^�e�y �d�Z�`�^�h�]�h �p�\�_�l�h�\�h�]�h �d�Z�g�Z�e�Z �i�h��

�[�e�b�`�Z�c�r�b�f�� �d���:�T�á �U�; �i�b�d�k�_�e�y�f�� �\�u�i�h�e�g�y�_�l�k�y�� �b�g�l�_�j�i�h�e�y�p�b�y���� �G�Z�i�j�b�f�_�j�� �i�j�b��

�b�g�l�_�j�i�h�e�y�p�b�b�� �[�e�b�`�Z�c�r�_�]�h�� �k�h�k�_�^�Z�� �[�_�j�m�l�k�y�� �a�g�Z�q�_�g�b�y�� �_�^�b�g�k�l�\�_�g�g�h�]�h �[�e�b�`�Z�c�r�_�]�h��

�i�b�d�k�_�e�y, �i�j�b�� �[�b�e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b�� �[�_�j�m�l�k�y�� �a�g�Z�q�_�g�b�y�� �q�_�l�u�j�z�o�� �k�h�k�_�^�g�b�o��

�i�b�d�k�_�e�_�c���� �Z���i�j�b���[�b�d�m�[�b�q�_�k�d�h�c�� �± �r�_�k�l�g�Z�^�p�Z�l�b [8]. �J�_�Z�e�b�a�Z�p�b�y�� �i�h�\�h�j�h�l�Z���i�h���n�h�j�f�m�e�_��

(3.11) �l�j�_�[�m�_�l �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �[�m�n�_�j�Z�� �i�Z�f�y�l�b�� �^�e�y�� �o�j�Z�g�_�g�b�y�� �i�h�� �f�_�g�v�r�_�c�� �f�_�j�_��

�q�Z�k�l�b�� �i�h�\�z�j�g�m�l�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �i�j�b�q�z�f�� �\�� �o�m�^�r�_�f�� �k�e�m�q�Z�_���� �d�h�]�^�Z���ö �h�d�h�e�h�� �����¹ 

�j�Z�a�f�_�j���[�m�n�_�j�Z�� �^�h�k�l�b�]�Z�_�l�� �j�Z�a�f�_�j�Z���i�h�e�h�\�b�g�u�� �b�a�h�[�j�Z�`�_�g�b�y�����q�l�h���i�j�b���k�d�Z�g�b�j�h�\�Z�g�b�b�� �k��

�\�u�k�h�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�� �f�h�`�_�l�� �i�j�_�\�u�r�Z�l�v�� �h�[�t�z�f�� �^�h�k�l�m�i�g�h�c�� �h�i�_�j�Z�l�b�\�g�h�c�� �i�Z�f�y�l�b��

�F�N�I���� �B�a�\�_�k�l�g�h�� �g�_�k�d�h�e�v�d�h�� �k�i�h�k�h�[�h�\���i�j�_�^�k�l�Z�\�e�_�g�b�y�� �f�Z�l�j�b�p�u�� �i�h�\�h�j�h�l�Z�� �b�a�� �������������� �\��

�\�b�^�_�� �i�j�h�b�a�\�_�^�_�g�b�y�� �^�\�m�o�� �b�e�b�� �l�j�z�o�� �f�Z�l�j�b�p [86]. �K�e�_�^�m�x�s�_�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �\�� �\�b�^�_��
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�i�j�h�b�a�\�_�^�_�g�b�y�� �^�\�m�o�� �f�Z�l�j�b�p�� �i�h�a�\�h�e�y�_�l�� �i�j�h�b�a�\�h�^�b�l�v�� �i�h�\�h�j�h�l���[�_�a�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �[�m�n�_�j�Z�� �i�Z�f�y�l�b�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �i�Z�f�y�l�b���� �b�k�i�h�e�v�a�m�_�f�h�c �^�e�y��

�o�j�Z�g�_�g�b�y�� �b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y:   

�>�T �U�?
L �>�T�ñ �U�ñ�?
d
�…�‘�• �ö �r
�•�‹�• �ö �s
h 
d

�s 
F�–�‰�ö
�r �•�‡�… �ö
h�ä 

 

(3.12) 

�I�j�h�b�a�\�_�^�_�g�b�_ �\�_�d�l�h�j�Z�í�k�l�j�h�d�b �k���d�h�h�j�^�b�g�Z�l�Z�f�b���g�Z���i�_�j�\�m�x���f�Z�l�j�b�p�m���^�Z�_�l���k�^�\�b�]��

�i�b�d�k�_�e�_�c�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�h���T���� �i�j�b�� �w�l�h�f �d�h�h�j�^�b�g�Z�l�Z �U �g�_�� �b�a�f�_�g�y�_�l�k�y���� �A�Z�l�_�f��

�\�u�i�h�e�g�y�_�l�k�y�� �i�j�h�b�a�\�_�^�_�g�b�_�� �g�Z�� �\�l�h�j�m�x�� �f�Z�l�j�b�p�m���� �q�l�h �^�Z�_�l�� �k�^�\�b�]�� �i�b�d�k�_�e�_�c��

�b�a�h�[�j�Z�`�_�g�b�y���i�h���U, �d�h�h�j�^�b�g�Z�l�Z���T �g�_���b�a�f�_�g�y�_�l�k�y���� �>�e�y���i�h�e�m�q�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�h�\��

�\�� �k�^�\�b�]�Z�o�� �b�k�i�h�e�v�a�m�_�l�k�y�� �h�^�g�h�f�_�j�g�Z�y�� �e�b�g�_�c�g�Z�y�� �b�e�b�� �d�m�[�b�q�_�k�d�Z�y�� �b�g�l�_�j�i�h�e�y�p�b�y����

�J�b�k�m�g�h�d 3.6 �^�_�f�h�g�k�l�j�b�j�m�_�l�� �i�j�b�f�_�j�� �i�h�\�h�j�h�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �i�h�f�h�s�v�x�� �k�^�\�b�]�Z�� �i�h��

�k�l�j�h�d�Z�f�����a�Z�l�_�f���i�h���k�l�h�e�[�p�Z�f�� 

 

 
�J�b�k�m�g�h�d������6 �í �I�j�b�f�_�j���i�h�\�h�j�h�l�Z���b�a�h�[�j�Z�`�_�g�b�y���k���i�h�f�h�s�v�x���k�^�\�b�]�Z���i�h���k�l�j�h�d�Z�f�����a�Z�l�_�f���i�h���k�l�h�e�[�p�Z�f . 

 

�I�h�\�z�j�g�m�l�h�_�� �l�Z�d�b�f���h�[�j�Z�a�h�f���b�a�h�[�j�Z�`�_�g�b�_���i�h�e�m�q�Z�_�l�k�y�� �q�m�l�v���[�h�e�_�_���j�Z�a�f�u�l�u�f���i�h��

�k�j�Z�\�g�_�g�b�x�� �k���j�_�Z�e�b�a�Z�p�b�_�c�� �i�h�\�h�j�h�l�Z���i�h���n�h�j�f�m�e�_�����������������b���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �^�\�m�f�_�j�g�u�o��

�[�b�e�b�g�_�c�g�h�c�� �b�e�b�� �[�b�d�m�[�b�q�_�k�d�h�c�� �b�g�l�_�j�i�h�e�y�p�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �H�^�g�Z�d�h�� �j�Z�a�f�u�l�b�_����

�\�h�a�g�b�d�Z�x�s�_�_�� �\���j�_�a�m�e�v�l�Z�l�_�� �b�g�l�_�j�i�h�e�y�p�b�b���� �d�h�j�j�_�d�l�b�j�m�_�l�k�y�� �g�Z���i�h�k�e�_�^�m�x�s�b�o�� �w�l�Z�i�Z�o��

�h�[�j�Z�[�h�l�d�b���a�Z�h�^�g�h���k���j�Z�a�f�u�l�b�_�f�����\�h�a�g�b�d�Z�x�s�_�f�� �i�j�b���k�d�Z�g�b�j�h�\�Z�g�b�b��  

�J�_�a�m�e�v�l�Z�l�u 

�G�Z�� �j�b�k�m�g�d�_ 3.7 �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �d�h�j�j�_�d�p�b�b�� �k�d�h�k�Z�� �^�e�y�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���k�l�Z�l�v�b�� �k���^�\�m�f�y���d�h�e�h�g�d�Z�f�b�� �l�_�d�k�l�Z���� 
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a) 

 
b) 

�J�b�k�m�g�h�d������7 �í �I�j�b�f�_�j���d�h�j�j�_�d�p�b�b���k�d�h�k�Z: a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �j�_�a�m�e�v�l�Z�l���d�h�j�j�_�d�p�b�b�� 

 

�>�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �k�i�h�k�h�[�Z�� �d�h�j�j�_�d�p�b�b���k�d�h�k�Z�� �b�� �k�j�Z�\�g�_�g�b�y��

�_�]�h�� �k�� �i�j�h�]�j�Z�f�f�g�u�f�b�� �b�� �Z�i�i�Z�j�Z�l�g�u�f�b�� �i�j�h�^�m�d�l�Z�f�b �[�u�e�� �k�n�h�j�f�b�j�h�\�Z�g�� �g�Z�[�h�j�� �b�a�� ������

�j�Z�a�g�h�h�[�j�Z�a�g�u�o���h�j�b�]�b�g�Z�e�h�\�����\�d�e�x�q�Z�x�s�b�c���\���k�_�[�y: �^�\�_���n�h�l�h�d�Z�j�l�h�q�d�b�����^�\�_���[�Z�g�d�h�\�k�d�b�_��

�d�Z�j�l�u���� �^�\�h�_�� �\�h�^�b�l�_�e�v�k�d�b�o�� �i�j�Z�\���� �^�\�_�� �k�l�j�Z�g�b�p�u�� �k�� �l�_�d�k�l�h�f�� �b���^�\�_�� �g�Z�i�_�q�Z�l�Z�g�g�u�_�� �g�Z��

�i�j�b�g�l�_�j�_�� �d�Z�j�l�b�g�d�b���� �>�e�y�� �k�j�Z�\�g�_�g�b�y�� �j�Z�[�h�l�u�� �k�d�Z�g�_�j�h�\�� �[�u�e�b���b�a�]�h�l�h�\�e�_�g�u��

�k�i�_�p�b�Z�e�v�g�u�_�� �r�Z�[�e�h�g�u���� �q�l�h�[�u�� �h�^�b�g�Z�d�h�\�u�f�� �h�[�j�Z�a�h�f�� �h�j�b�_�g�l�b�j�h�\�Z�l�v�� �h�j�b�]�b�g�Z�e�u�� �g�Z��

�k�l�_�d�e�_�����:�[�k�h�e�x�l�g�u�_�� �a�g�Z�q�_�g�b�y���b�k�o�h�^�g�u�o �m�]�e�h�\ �k�d�h�k�Z���[�u�e�b���\���^�b�Z�i�Z�a�h�g�_���h�l��5�ƒ���^�h������°.  

�<���l�Z�[�e�b�p�_������2 �i�j�b�\�_�^�_�g�u�� �k�e�_�^�m�x�s�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �h�p�_�g�d�b���d�Z�q�_�k�l�\�Z���d�h�j�j�_�d�p�b�b���k�d�h�k�Z: 

�i�j�h�p�_�g�l�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �h�l�� �h�[�s�_�]�h�� �q�b�k�e�Z���h�j�b�]�b�g�Z�e�h�\�� �b�����ö��
$
$
$
$ �í��

�k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �f�h�^�m�e�y�� �m�]�e�Z�� �k�d�h�k�Z���� �h�k�l�Z�\�r�_�]�h�k�y �i�h�k�e�_�� �i�h�\�h�j�h�l�Z���� �I�j�_�^�e�Z�]�Z�_�f�u�c 

�k�i�h�k�h�[�� �i�h�� �d�Z�q�_�k�l�\�m�� �j�Z�[�h�l�u�� �k�h�h�l�\�_�l�k�l�\�m�_�l �e�m�q�r�b�f �b�a�� �j�Z�k�k�f�h�l�j�_�g�g�u�o, �i�j�b�� �w�l�h�f 

�y�\�e�y�_�l�k�y�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�u�f�� �b�� �[�u�k�l�j�u�f���� �i�h�a�\�h�e�y�_�l�� �\�u�i�h�e�g�y�l�v�� �d�h�j�j�_�d�p�b�x��

�k�d�h�k�Z���[�_�a���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �[�h�e�v�r�h�]�h���h�[�t�z�f�Z���^�h�i�h�e�g�b�l�_�e�v�g�h�c �i�Z�f�y�l�b�� �L�_�h�j�_�l�b�q�_�k�d�b�f��

�h�]�j�Z�g�b�q�_�g�b�_�f�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �k�i�h�k�h�[�Z���y�\�e�y�_�l�k�y���l�h�����q�l�h���m�]�h�e���k�d�h�k�Z���h�i�j�_�^�_�e�y�_�l�k�y�� �g�Z��

�h�k�g�h�\�_�� �h�j�b�_�g�l�Z�p�b�b�� �w�e�_�f�_�g�l�h�\���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �l�h�e�v�d�h�� �k�\�_�j�o�m�� �b�� �k�g�b�a�m�� �h�j�b�]�b�g�Z�e�Z����

�G�Z�� �i�j�Z�d�l�b�d�_�� �b�o�� �h�j�b�_�g�l�Z�p�b�y�� �\�� �i�h�^�Z�\�e�y�x�s�_�f�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �k�h�\�i�Z�^�Z�_�l�� �k��

�h�j�b�_�g�l�Z�p�b�_�c�� �h�j�b�]�b�g�Z�e�Z���� 
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�L�Z�[�e�b�p�Z�� ��.2�����K�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �d�h�j�j�_�d�p�b�b �k�d�h�k�Z���j�Z�a�e�b�q�g�u�f�b�� �i�j�h�^�m�d�l�Z�f�b 

�I�j�h�^�m�d�l �����k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�o �b�a�h�[�j�Z�`�_�g�b�c ���ö��
$
$
$
$ �i�h�k�e�_���d�h�j�j�_�d�p�b�b 

HP G4010 100 0,2 

Epson V300 40 3,5 

Canon 8800 90 1,3 

ReadIRIS 100 0,2 

FineReader 60 2,2 

�I�j�_�^�e�Z�]�Z�_�f�u�c 100 0,2 

3.4.  �K�_�]�f�_�g�l�Z�p�b�y���g�Z���h�[�e�Z�k�l�b���l�_�d�k�l�Z�����d�Z�j�l�b�g�h�d�� �b���n�h�g�Z 

�I�h�^�o�h�^�u���d���k�_�]�f�_�g�l�Z�p�b�b 

�K�_�]�f�_�g�l�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �^�h�d�m�f�_�g�l�Z�� �g�Z�� �h�[�e�Z�k�l�b�� �l�_�d�k�l�Z����

�d�Z�j�l�b�g�h�d�� �b�� �n�h�g�Z�� �y�\�e�y�_�l�k�y�� �q�Z�k�l�g�u�f�� �k�e�m�q�Z�_�f�� �[�h�e�_�_�� �h�[�s�_�c�� �a�Z�^�Z�q�b�� �Z�g�Z�e�b�a�Z�� �k�o�_�f�u 

�^�h�d�m�f�_�g�l�Z�� ��document layout analysis, DLA������ �d�h�l�h�j�Z�y�� �\�� �j�Z�a�e�b�q�g�u�o�� �Z�k�i�_�d�l�Z�o��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �\���[�h�e�v�r�h�f �d�h�e�b�q�_�k�l�\�_�� �i�m�[�e�b�d�Z�p�b�c��[87�í89]. �<�� �k�i�h�k�h�[�Z�o�� �Z�g�Z�e�b�a�Z��

�k�o�_�f�u �^�h�d�m�f�_�g�l�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �e�b�[�h�� �\�h�k�o�h�^�y�s�b�c (bottom-up) [90]���� �e�b�[�h 

�g�b�k�o�h�^�y�s�b�c (top-down) [91], �i�h�^�o�h�^. �<�� �i�_�j�\�h�f�� �k�e�m�q�Z�_ �Z�g�Z�e�b�a�� �g�Z�q�b�g�Z�_�l�k�y�� �k��

�h�[�t�_�d�l�h�\�� �g�b�`�g�_�]�h �m�j�h�\�g�y�����l�Z�d�b�o�� �d�Z�d�� �h�l�^�_�e�v�g�u�_�� �i�b�d�k�_�e�b �b�� �i�j�y�f�h�m�]�h�e�v�g�u�_�� �[�e�h�d�b, 

�a�Z�l�_�f���k�h�k�_�^�g�b�_�� �h�[�t�_�d�l�u���h�[�t�_�^�b�g�y�x�l�k�y���\���[�h�e�_�_���d�j�m�i�g�u�_�� �h�[�e�Z�k�l�b. �<�h���\�l�h�j�h�f���k�e�m�q�Z�_��

�Z�g�Z�e�b�a�b�j�m�_�l�k�y�� �p�_�e�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �k�� �p�_�e�v�x �j�Z�a�^�_�e�b�l�v�� �_�]�h�� �g�Z�� �h�[�e�Z�k�l�b�� �a�Z�^�Z�g�g�u�o��

�d�e�Z�k�k�h�\. �;�h�e�v�r�b�g�k�l�\�h�� �h�i�b�k�Z�g�g�u�o�� �i�h�^�o�h�^�h�\���d �k�_�]�f�_�g�l�Z�p�b�b�� �^�h�d�m�f�_�g�l�h�\���h�k�g�h�\�Z�g�h���g�Z��

�f�Z�r�b�g�g�h�f�� �h�[�m�q�_�g�b�b���� �<�� �j�y�^�_�� �j�Z�[�h�l�� �h�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �h�[�e�Z�k�l�b���l�_�d�k�l�Z���� �h�k�h�[�_�g�g�h�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�y�o, �k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �k���g�b�a�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�����b���j�Z�k�l�j�b�j�h�\�Z�g�g�u�_�� �d�Z�j�l�b�g�d�b��

�f�h�`�g�h���k�q�b�l�Z�l�v�� �l�_�d�k�l�m�j�Z�f�b���� �i�h�w�l�h�f�m���i�j�b���i�h�k�l�j�h�_�g�b�b�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �k���i�h�f�h�s�v�x��

�d�e�Z�k�k�b�q�_�k�d�b�o�� �Z�e�]�h�j�b�l�f�h�\�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v��

�l�_�d�k�l�m�j�g�u�_�� �i�j�b�a�g�Z�d�b��[92]���� �Z�� �^�e�y�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �k�� �i�h�f�h�s�v�x�� �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y��

�i�j�b�f�_�g�y�l�v�� �k�_�l�b���� �k�i�j�h�_�d�l�b�j�h�\�Z�g�g�u�_�� �^�e�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �b�e�b�� �k�_�]�f�_�g�l�Z�p�b�b�� �l�_�d�k�l�m�j��

[93]. 
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�H�k�h�[�_�g�g�h�k�l�b���k�_�]�f�_�g�l�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�c���^�h�d�m�f�_�g�l�h�\���^�e�y���k�h�o�j�Z�g�_�g�b�y���\��

�f�_�l�Z�n�Z�c�e  

�K�m�s�_�k�l�\�m�x�l�� �k�e�_�^�m�x�s�b�_�� �h�k�h�[�_�g�g�h�k�l�b �a�Z�^�Z�q�b�� �k�_�]�f�_�g�l�Z�p�b�b�� �^�e�y�� �k�h�o�j�Z�g�_�g�b�y��

�k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k���d�h�g�p�_�i�p�b�_�c�� �f�h�^�_�e�b��MRC:  

�x �g�_���l�j�_�[�m�_�l�k�y�� �k�_�]�f�_�g�l�b�j�h�\�Z�l�v�� �d�Z�j�l�b�g�d�b�� �b���[�e�h�d�b �l�_�d�k�l�Z�� �l�h�q�g�h���i�h���d�j�Z�x�� �h�[�e�Z�k�l�_�c����

�^�h�i�m�k�d�Z�_�l�k�y�� �h�[�h�a�g�Z�q�b�l�v���q�Z�k�l�v �i�j�b�f�u�d�Z�x�s�_�]�h �n�h�g�Z�����d�Z�d���h�l�g�h�k�y�s�m�x�k�y���d���g�b�f; 

�x �p�_�g�Z�� �h�r�b�[�d�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�e�y�� �j�Z�a�g�u�o�� �d�e�Z�k�k�h�\�� �j�Z�a�e�b�q�Z�_�l�k�y, �e�h�`�g�h��

�i�h�e�h�`�b�l�_�e�v�g�u�_�� �h�[�e�Z�k�l�b�� �n�h�g�Z���\�_�^�m�l�� �d���i�h�l�_�j�_���q�Z�k�l�b�� �\�b�a�m�Z�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �h�[��

�b�a�h�[�j�Z�`�_�g�b�b, �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �i�h�k�e�_�^�m�x�s�_�]�h�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �k�b�f�\�h�e�h�\��

�i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v�� �l�_�d�k�l���g�Z���d�Z�j�l�b�g�d�Z�o�� �d�Z�d���h�[�e�Z�k�l�b���l�_�d�k�l�Z�����q�_�f��

�d�Z�d���d�Z�j�l�b�g�d�b;  

�x �h�r�b�[�h�q�g�Z�y���d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �h�[�e�Z�k�l�b�� �l�_�d�k�l�Z�� �d�Z�d�� �d�Z�j�l�b�g�d�b�� �b���g�Z�h�[�h�j�h�l���g�_�� �\�_�^�m�l�� �d��

�i�h�e�g�h�c�� �i�h�l�_�j�_�� �q�Z�k�l�b�� �\�b�a�m�Z�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �h�[�� �b�a�h�[�j�Z�`�_�g�b�b���� �g�h�� �f�h�]�m�l��

�i�j�b�\�h�^�b�l�v �d���b�k�d�Z�`�_�g�b�y�f�� �i�j�b���k�h�o�j�Z�g�_�g�b�b�� �\���f�_�l�Z�n�Z�c�e. 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���w�l�Z�i�h�\���k�i�h�k�h�[�Z���k�_�]�f�_�g�l�Z�p�b�b�� 

�B�k�o�h�^�y���b�a���h�[�a�h�j�Z���k�m�s�_�k�l�\�m�x�s�b�o�� �Z�e�]�h�j�b�l�f�h�\, �h�k�h�[�_�g�g�h�k�l�_�c���j�_�r�Z�_�f�h�c���a�Z�^�Z�q�b 

�b �k�h�h�[�j�Z�`�_�g�b�c���� �q�l�h���k�i�h�k�h�[���k�_�]�f�_�g�l�Z�p�b�b�� �^�h�e�`�_�g���[�u�l�v���\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�u�f���^�e�y��

�j�_�Z�e�b�a�Z�p�b�b�� �\�h�� �\�k�l�j�h�_�g�g�h�f���I�H �F�N�I���� �Z�� �l�Z�d�`�_ �Z�^�Z�i�l�b�j�m�_�f�u�f �^�e�y�� �j�Z�a�e�b�q�g�u�o��

�j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y, �i�j�_�^�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v�� �\�h�k�o�h�^�y�s�b�c�� �i�h�^�o�h�^���� �]�^�_�� �g�Z��

�i�_�j�\�h�f�� �w�l�Z�i�_�� �i�h�� �l�_�d�k�l�m�j�g�u�f�� �i�j�b�a�g�Z�d�Z�f�� �\�u�i�h�e�g�y�_�l�k�y �d�e�Z�k�k�b�n�b�d�Z�p�b�y �q�Z�k�l�b�q�g�h��

�i�_�j�_�d�j�u�\�Z�x�s�b�o�k�y�� �[�e�h�d�h�\�� ���d�\�Z�^�j�Z�l�g�u�o�� �m�q�Z�k�l�d�h�\���� �b�a�h�[�j�Z�`�_�g�b�y���� �g�Z�� �\�l�h�j�h�f�� �w�l�Z�i�_��

�g�_�i�_�j�_�d�j�u�\�Z�x�s�b�_�k�y�� �q�Z�k�l�b���[�e�h�d�h�\ �h�[�t�_�^�b�g�y�x�l�k�y���\���[�h�e�_�_���d�j�m�i�g�u�_�� �h�[�e�Z�k�l�b [57�í59] . 

�I�h�^���Z�^�Z�i�l�Z�p�b�_�c �b�f�_�_�l�k�y���\���\�b�^�m�����\���q�Z�k�l�g�h�k�l�b�� �l�h�����q�l�h���\���k�h�h�l�\�_�l�k�l�\�b�b���k���i�j�_�^�e�Z�]�Z�_�f�h�c��

�f�_�l�h�^�b�d�h�c�� �\�� �j�y�^�_�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �l�j�_�[�m�_�l�k�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �l�h�e�v�d�h�� �g�Z��

�h�[�e�Z�k�l�b�� �n�h�g�Z���b���i�_�j�_�^�g�_�]�h�� �i�e�Z�g�Z; �\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l���j�_�`�b�f�Z���k�h�o�j�Z�g�_�g�b�y�� �\���f�_�l�Z�n�Z�c�e��

�h�[�e�Z�k�l�b�� �l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d�� �^�h�e�`�g�u�� �[�u�l�v�� �i�j�y�f�h�m�]�h�e�v�g�u�f�b�� �b�e�b�� �f�h�]�m�l�� �[�u�l�v��

�i�j�h�b�a�\�h�e�v�g�h�c�� �n�h�j�f�u �b�� �l���i. �I�h�f�b�f�h�� �i�j�b�f�_�g�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\�� �k�_�]�f�_�g�l�Z�p�b�b�� �i�j�b��
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�k�h�o�j�Z�g�_�g�b�b�� �^�h�d�m�f�_�g�l�Z�� �\�� �f�_�l�Z�n�Z�c�e���� �h�g�b�� �f�h�]�m�l�� �i�j�b�f�_�g�y�l�v�k�y �i�j�b�� �Z�g�b�f�b�j�h�\�Z�g�g�h�f��

�i�h�d�Z�a�_���m�f�_�g�v�r�_�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���\���b�g�l�_�j�n�_�c�k�_�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �F�N�I��[94, 95]. 

�G�Z�[�h�j���^�Z�g�g�u�o 

�>�e�y�� �\�u�[�h�j�Z�� �b�� �h�[�m�q�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\���� �i�j�b�f�_�g�y�_�f�u�o�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_���� �Z��

�l�Z�d�`�_���g�Z�k�l�j�h�c�d�b���i�Z�j�Z�f�_�l�j�h�\���Z�e�]�h�j�b�l�f�h�\���\�l�h�j�h�]�h���w�l�Z�i�Z���k�h�[�j�Z�g���b���\�j�m�q�g�m�x���j�Z�a�f�_�q�_�g��

�g�Z�[�h�j���^�Z�g�g�u�o�� �b�a���������� �k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�l�j�Z�g�b�p�� �j�Z�a�f�_�j�Z��A4 �b�e�b��Letter. 

�<���g�Z�[�h�j���\�o�h�^�y�l���b�a�h�[�j�Z�`�_�g�b�y���l�b�i�b�q�g�u�o�� �h�n�b�k�g�u�o�� �^�h�d�m�f�_�g�l�h�\���g�Z���j�Z�a�e�b�q�g�u�o�� �y�a�u�d�Z�o����

�\�d�e�x�q�Z�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�l�Z�g�^�Z�j�l�g�u�o�� �l�_�k�l�h�\�u�o�� �g�Z�[�h�j�h�\�� �^�e�y�� �h�p�_�g�d�b��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �F�N�I��[29], �k�l�j�Z�g�b�p�u�� �`�m�j�g�Z�e�h�\�� �b���n�j�Z�]�f�_�g�l�u �]�Z�a�_�l�g�u�o�� �k�l�Z�l�_�c����

�I�j�b�f�_�j�� �j�Z�a�f�_�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �i�h�d�Z�a�Z�g�� �g�Z�� �j�b�k�m�g�d�_ ���������� �F�h�`�g�h�� �m�\�b�^�_�l�v���� �q�l�h�� �^�Z�`�_��

�_�k�e�b���[�j�Z�l�v���[�e�h�d�b���l�h�e�v�d�h���b�a���j�Z�a�f�_�q�_�g�g�u�o���h�[�e�Z�k�l�_�c���g�_�d�h�l�h�j�h�]�h���d�e�Z�k�k�Z�����l�h���j�y�^���[�e�h�d�h�\��

�k�e�h�`�g�h�� �h�^�g�h�a�g�Z�q�g�h�� �h�l�g�_�k�l�b�� �d�� �^�Z�g�g�h�f�m�� �d�e�Z�k�k�m���� �g�Z�i�j�b�f�_�j���� �l�_�d�k�l�� �g�Z�� �^�b�Z�]�j�Z�f�f�Z�o����

�I�h�k�d�h�e�v�d�m�� �i�h�^�h�[�g�u�_�� �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�b�� �\�� �h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�_�� �f�h�]�m�l�� �m�o�m�^�r�b�l�v��

�d�Z�q�_�k�l�\�h���d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �l�h���l�Z�d�b�_�� �[�e�h�d�b �b�k�d�e�x�q�Z�x�l�k�y�� �b�a���\�u�[�h�j�d�b��   

 

 
a) 

 
b) 

�J�b�k�m�g�h�d������8 �í �I�j�b�f�_�j���^�Z�g�g�u�o���^�e�y���h�[�m�q�_�g�b�y: a) �k�d�Z�g�b�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �j�Z�a�f�_�l�d�Z: �k�b�g�b�_��

�± �h�[�e�Z�k�l�b���l�_�d�k�l�Z; �d�j�Z�k�g�u�_���± �d�Z�j�l�b�g�d�b; �k�\�_�l�e�u�_���± �n�h�g. 
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  �<�u�q�b�k�e�y�_�f�u�_���i�j�b�a�g�Z�d�b 

�I�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �Z�e�]�h�j�b�l�f�Z�� �b�a�g�Z�q�Z�e�v�g�h�� �^�e�y�� �d�Z�`�^�h�]�h�� �[�e�h�d�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v 

�\�u�q�b�k�e�_�g�b�_�� �h�d�h�e�h�� ������ �l�_�d�k�l�m�j�g�u�o�� �i�j�b�a�g�Z�d�h�\��[57, 58, 96]. �<�� �j�_�a�m�e�v�l�Z�l�_�� �\�u�[�h�j�Z�� �b��

�h�[�m�q�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �\�� �d�Z�q�_�k�l�\�_�� �b�g�n�h�j�f�Z�l�b�\�g�u�o�� �i�j�b�a�g�Z�d�h�\�� �d�\�Z�^�j�Z�l�g�h�]�h��

�[�e�h�d�Z���b�a�h�[�j�Z�`�_�g�b�y���+�•  �j�Z�a�f�_�j�Z���0 �g�Z���0 �i�b�d�k�_�e�_�c���� �]�^�_���i�b�d�k�_�e�v�� �k���d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; 

�j�Z�k�i�h�e�h�`�_�g�� �\���p�_�g�l�j�_�� �[�e�h�d�Z�� �[�u�e�h�� �h�l�h�[�j�Z�g�h�������� �l�_�d�k�l�m�j�g�u�o�� �i�j�b�a�g�Z�d�h�\���(�Þ�:�N�á �?�;�á �G �Ð

�>�s�á�s�t�?. �I�j�b�q�z�f���� �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �f�_�l�h�^�h�e�h�]�b�_�c�� �G�B�J���� �h�i�b�k�Z�g�g�h�c�� �\�h�� �\�l�h�j�h�c���]�e�Z�\�_����

�^�e�y�� �i�_�j�\�h�]�h�� �i�j�h�l�h�l�b�i�Z�� �b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�b�a�g�Z�d�b �\�� �n�h�j�f�_���� �d�Z�d�� �h�g�b�� �h�i�b�k�Z�g�u�� �\��

�n�h�j�f�m�e�Z�o�� �����������í������������ �b �\�u�q�b�k�e�y�_�f�u�_�� �\�� �^�_�c�k�l�\�b�l�_�e�v�g�u�o�� �q�b�k�e�Z�o�� �\�� �n�h�j�f�Z�l�_���k��

�i�e�Z�\�Z�x�s�_�c�� �l�h�q�d�h�c���� �Z�� �^�e�y�� �\�l�h�j�h�]�h�� �i�j�h�l�h�l�b�i�Z�� �w�l�b�� �i�j�b�a�g�Z�d�b�� �i�j�_�h�[�j�Z�a�m�x�l�k�y�� �\��

�p�_�e�h�q�b�k�e�_�g�g�u�_�� �b�e�b���\���q�b�k�e�Z���k���n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c��[97]. 

�<�\�_�^�z�f�� �\�_�e�b�q�b�g�u���� �d�h�l�h�j�u�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�b�� �\�u�q�b�k�e�_�g�b�b���i�j�b�a�g�Z�d�h�\��

�(�Þ�:�N�á �?�;�����K�j�_�^�g�_�_���a�g�Z�q�_�g�b�_�� �y�j�d�h�k�l�b: 

�+�•
%�:�N�á �?�; 
L
�s

�0�6 
Í 
Í �+ �• �:�N 
E �E�á �? 
E �F�;�ä

�Ç
�6�?�5

�Ý�@�?
�Ç
�6

�Ç
�6�?�5

�Ü�@�?
�Ç
�6

 

 

(3.13) 

�=�h�j�b�a�h�g�l�Z�e�v�g�Z�y�� �b���\�_�j�l�b�d�Z�e�v�g�Z�y�� �d�h�g�_�q�g�u�_�� �j�Z�a�g�h�k�l�b:  

�¿�T�:�E�á �F�; 
L
���+�• �:�E�á �F 
E �s�; 
F �+�• �:�E�á �F�;��
E���+�• �:�E�á �F 
F �s�;
F �+�• �:�E�á �F�;��

�t
�á 

(3.14) 

�¿�U�:�E�á �F�; 
L
���+�• �:�E 
E �s�á �F�; 
F �+�• �:�E�á �F�;��
E���+�• �:�E 
F �s�á �F�; 
F �+�• �:�E�á �F�;��

�t
�á 

(3.15) 

�F�Z�d�k�b�f�Z�e�v�g�h�_�� �b�� �f�b�g�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �\��i-�c�� �k�l�j�h�d�_�� �[�e�h�d�Z���� �f�Z�d�k�b�f�Z�e�v�g�h�_�� �b��

�f�b�g�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �\��j-�f  �k�l�h�e�[�p�_���[�e�h�d�Z: 

�8�å�à�Ô�ë�:�E�; 
L �•�ƒ�š
�Ý�Ð�>�4�á�Ç�?�5�?

�+�• �:�E�á �F�;�á (3.16) 

�8�å�à�Ü�á�:�E�; 
L �•�‹�•
�Ý�Ð�>�4�á�Ç�?�5�?

�+�• �:�E�á �F�;�á (3.17) 

�8�Ö�à�Ô�ë�:�F�; 
L �•�ƒ�š
�Ü�Ð�>�4�á�Ç�?�5�?

�+�• �:�E�á �F�;�á (3.18) 

�8�Ö�à�Ü�á�:�F�; 
L �•�‹�•
�Ü�Ð�>�4�á�Ç�?�5�?

�+�• �:�E�á �F�;�ä (3.19) 
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�;�b�g�Z�j�g�u�c�� �[�e�h�d���+�5�•�����i�h�e�m�q�_�g�g�u�c�� �\���j�_�a�m�e�v�l�Z�l�_�� �i�h�j�h�]�h�\�h�]�h���h�l�k�_�q�_�g�b�y���+�• : 

�+�5�•�:�E�á �F�; 
L

�Õ
�Ô

�Ó�r�á �+�• �:�E�á �F�; 
O
�t�½�×

�t
�á

�s�á �+�• �:�E�á �F�; 
R
�t�½�×

�t
�ä

 

 

(3.20) 

�I�j�b�a�g�Z�d�b���(�Þ�:�N�á �?�; �\�u�q�b�k�e�y�x�l�k�y�� �k�� �i�h�f�h�s�v�x�� �n�h�j�f�m�e�� �k�� �������������� �i�h�� ����������������

�>�b�k�i�_�j�k�b�y: 

�(�5�:�N�á �?�; 
L
�s

�0�6 
Í 
Í �:�+ ��
%�:�N�á �?�; 
F �+�� �:�N 
E �E�á �? 
E �F�;�;�6

�Ç
�6�?�5

�Ý�@�?
�Ç
�6

�ä

�Ç
�6�?�5

�Ü�@�?
�Ç
�6

 

 

(3.21) 

�K�j�_�^�g�_�_�� �f�h�^�m�e�_�c�� �j�Z�a�g�h�k�l�b�� �k�j�_�^�g�_�c�� �y�j�d�h�k�l�b�� �[�e�h�d�Z�� �b�� �k�j�_�^�g�b�o�� �y�j�d�h�k�l�_�c�� ��-�o��

�k�h�k�_�^�g�b�o�� �[�e�h�d�h�\: 

�(�6�:�N�á �?�; 
L
�s

�v
�:���+��
%�:�N�á �?�;
F �+��
%�:�N�á �? 
E �0�;��
E���+��
%�:�N�á �?�;
F �+��
%�:�N�á �? 
F �0�;��
E 


E���+��
%�:�N�á �?�; 
F �+��
%�:�N 
E �0�á �?�;��
E���+��
%�:�N�á �?�; 
F �+��
%�:�N 
F �0�á �?�;���;�ä 

 

(3.22) 

�K�j�_�^�g�_�_�� �b�a�� �j�Z�a�g�h�k�l�_�c�� �f�Z�d�k�b�f�Z�e�v�g�u�o �8�å�à�Ô�ë�á �8�Ö�à�Ô�ë �b�� �f�b�g�b�f�Z�e�v�g�u�o��

�8�å�à�Ü�á�á �8�Ö�à�Ü�á���a�g�Z�q�_�g�b�c�� �\���k�l�j�h�d�Z�o���b���k�l�h�e�[�p�Z�o: 

�(�7�:�N�á �?�; 
L
�s

�t�0
�: 
Í 
k�8�å�à�Ô�ë�:�E�; 
F �8�å�à�Ü�á�:�E�;
o 
E 
Í 
k�8�Ö�à�Ô�ë�:�F�; 
F �8�Ö�à�Ü�á�:�F�;
o�;

�Ö�>
�Ç
�6�?�5

�Ý�@�Ö�?
�Ç
�6

�ä

�å�>
�Ç
�6�?�5

�Ü�@�å�?
�Ç
�6

 

 

(3.23) 

�K�j�_�^�g�_�_���k�m�f�f���]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �b���\�_�j�l�b�d�Z�e�v�g�h�c�� �d�h�g�_�q�g�u�o�� �j�Z�a�g�h�k�l�_�c: 

�(�8�:�N�á �?�; 
L
�s

�:�0 
F �t�;�6

Í 
Í �:�¿�T �:�E�á �F�; 
E �¿�U�:�E�á �F�;�;

�Ö�>
�Ç
�6�?�6

�Ý�@�Ö�?
�Ç
�6�>�5

�ä

�å�>
�Ç
�6�?�6

�Ü�@�å�?
�Ç
�6�>�5

 

 

(3.24) 

�K�j�_�^�g�_�_�� �f�Z�d�k�b�f�m�f�h�\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �b�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �d�h�g�_�q�g�u�o�� �j�Z�a�g�h�k�l�_�c, 

�\�u�q�b�k�e�_�g�g�u�o �\���d�Z�`�^�h�f���i�b�d�k�_�e�_�� �[�e�h�d�Z: 
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�(�9�:�N�á �?�; 
L
�s

�:�0 
F �t�;�6

Í 
Í �•�ƒ�š���:�¿�T �:�E�á �F�;�á �¿�U�:�E�á �F�;�;

�Ö�>
�Ç
�6�?�6

�Ý�@�Ö�?
�Ç
�6�>�5

�ä

�å�>
�Ç
�6�?�6

�Ü�@�å�?
�Ç
�6�>�5

 

 

(3.25) 

�>�h�e�y���i�b�d�k�_�e�_�c���� �\���d�h�l�h�j�u�o�� �k�m�f�f�Z�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �b�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �d�h�g�_�q�g�u�o��

�j�Z�a�g�h�k�l�_�c�� �i�j�_�\�u�r�Z�_�l���i�h�j�h�]���6: 

�(�: �:�N�á �?�; 
L
�s

�:�0 
F �t�;�6

Í 
Í �s����
k�¿�T�:�E�á �F�; 
E �¿�U�:�E�á �F�;
o 
P �6

�Ö�>
�Ç
�6�?�6

�Ý�@�Ö�?
�Ç
�6�>�5

�ä

�å�>
�Ç
�6�?�6

�Ü�@�å�?
�Ç
�6�>�5

 

 

(3.26) 

�>�h�e�y���q�_�j�g�u�o���i�b�d�k�_�e�_�c�� �\���[�b�g�Z�j�g�h�f���[�e�h�d�_�����+�5�•: 

�(�; �:�N�á �?�; 
L
�s

�0�6 
Í 
Í �:�s 
F

�Ö�>
�Ç
�6�?�5

�Ý�@�Ö�?
�Ç
�6

�� �+�5�•�:�E�á �F�;�;�ä

�å�>
�Ç
�6�?�5

�Ü�@�å�?
�Ç
�6

 

 

(3.27) 

�D�j�h�k�k-�d�h�j�j�_�e�y�p�b�y���[�b�g�Z�j�g�h�]�h���[�e�h�d�Z���+�5�• �\���\�_�j�l�b�d�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b: 

�(�<�:�N�á �?�; 
L
�s

�0�:�0 
F �s�;

Í 
Í �:�+ �5�•�:�E�á �F�; �R

�Ö�>
�Ç
�6�?�5

�Ý�@�Ö�?
�Ç
�6

�+�5�•�:�E 
E �s�á �F�;�;�á

�å�>
�Ç
�6�?�6

�Ü�@�å�?
�Ç
�6

 

 

(3.28) 

�]�^�_�����R �± �e�h�]�b�q�_�k�d�Z�y�� �h�i�_�j�Z�p�b�y���©�b�k�d�e�x�q�Z�x�s�_�_�� �b�e�b�ª�� 

�>�h�e�y���i�b�d�k�_�e�h�\�� �[�b�g�Z�j�g�h�]�h���[�e�h�d�Z���+�5�•�����b�a�f�_�g�b�\�r�b�o�k�y�� �\���j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y��

�d���g�_�f�m�� �f�h�j�n�h�e�h�]�b�q�_�k�d�h�c�� �h�i�_�j�Z�p�b�b�� �h�l�d�j�u�l�b�y��[78]���� �d�h�l�h�j�Z�y���h�[�h�a�g�Z�q�_�g�Z���+�5�• �Ü �Ù, �]�^�_��

�Ù - �k�l�j�m�d�l�m�j�g�u�c�� �w�e�_�f�_�g�l: 

�(�=�:�N�á �?�; 
L
�s

�0�6 
Í 
Í �s�������:�+�5�•

�Ö�>
�Ç
�6�?�5

�Ý�@�Ö�?
�Ç
�6

�Ü �Ù�;�:�E�á �F�; 
M �+�5�•�:�E�á �F�;�ä

�å�>
�Ç
�6�?�5

�Ü�@�å�?
�Ç
�6

 

 

(3.29) 

�W�g�_�j�]�b�y���� �h�^�g�h�j�h�^�g�h�k�l�v�� �b�� �d�h�g�l�j�Z�k�l��[98] �\�u�q�b�k�e�y�x�l�k�y�� �b�a�� �g�h�j�f�Z�e�b�a�h�\�Z�g�g�h�c��

�f�Z�l�j�b�p�u�� �k�h�\�f�_�k�l�g�h�c�� �\�k�l�j�_�q�Z�_�f�h�k�l�b���D�6�•
�ñ�:�E�á �F�; �k�h�� �k�f�_�s�_�g�b�y�f�b���O�å 
L �s�á �O�Ö
L �r ���k�f����

�n�h�j�f�m�e�u���������������± (1.6)), �D�6�•
�ñ�:�E�á �F�;  �\�u�q�b�k�e�_�g�Z �^�e�y���[�e�h�d�Z���+�• : 
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�(�5�4�:�N�á �?�; 
L 
Í 
Í �:�D �6�•
�ñ�:�E�á �F�;�;�6

�6�µ�×�?�5

�Ý�@�4

�á

�6�µ�×�?�5

�Ü�@�4

 
 

(3.30) 

�(�5�5�:�N�á �?�; 
L 
Í 
Í
�D�6�•

�ñ�:�E�á �F�;

�s 
E���E 
F �F��

�6�µ�×�?�5

�Ý�@�4

�� �á

�6�µ�×�?�5

�Ü�@�4

 
 

(3.31) 

�(�5�6�:�N�á �?�; 
L 
Í 
Í �:�E 
F �F�;�6�D�6�•
�ñ
�:�E�á �F�;

�6�µ�×�?�5

�Ý�@�4

�ä

�6�µ�×�?�5

�Ü�@�4

 
 

(3.32) 

�:�e�]�h�j�b�l�f�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b 

�I�j�b�� �\�u�[�h�j�_�� �Z�e�]�h�j�b�l�f�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H��

�\�Z�`�g�h���� �q�l�h�[�u�� �f�h�^�_�e�v�� �b�f�_�e�Z�� �f�Z�e�u�c�� �j�Z�a�f�_�j�� �b�� �j�Z�[�h�l�Z�e�Z�� �[�u�k�l�j�h���� �I�h�� �w�l�h�c�� �i�j�b�q�b�g�_��

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �e�h�]�b�k�l�b�q�_�k�d�Z�y�� �j�_�]�j�_�k�k�b�y, �^�_�j�_�\�h�� �j�_�r�_�g�b�c, �f�_�l�h�^�� �h�i�h�j�g�u�o��

�\�_�d�l�h�j�h�\��[99] �b���Z�^�Z�i�l�b�\�g�u�c�� �[�m�k�l�b�g�]��(AdaBoost) �^�e�y�� �^�_�j�_�\�v�_�\�� �j�_�r�_�g�b�c��[100]. �>�e�y��

�\�u�[�h�j�Z���Z�e�]�h�j�b�l�f�Z�� �j�_�r�Z�_�l�k�y �a�Z�^�Z�q�Z���d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �[�e�h�d�h�\���l�_�d�k�l�Z ���j�Z�a�f�_�j���[�e�h�d�Z��������

�g�Z�� ������ �i�b�d�k�_�e�_�c��. �D�Z�q�_�k�l�\�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �h�p�_�g�b�\�Z�_�l�k�y �k�� �i�h�f�h�s�v�x�� �k�j�_�^�g�_�]�h��

�]�Z�j�f�h�g�b�q�_�k�d�h�]�h�� �l�h�q�g�h�k�l�b�� ��precision���� �b�� �i�h�e�g�h�l�u (recall) �í��F1-�f�_�j�u��[101] �\�� �o�h�^�_ 

�^�\�h�c�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y�� ��cross-validation���� �i�h�� �]�j�m�i�i�Z�f�� �h�^�g�h�l�b�i�g�u�o��

�b�a�h�[�j�Z�`�_�g�b�c��[53]. �D �]�j�m�i�i�_�� �h�l�g�h�k�y�l�k�y�� �k�l�j�Z�g�b�p�u���� �g�Z�[�j�Z�g�g�u�_�� �h�^�b�g�Z�d�h�\�u�f�b��

�r�j�b�n�l�Z�f�b�� �k�� �h�^�b�g�Z�d�h�\�u�f�� �n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�f�� �b�� �k�i�h�k�h�[�h�f�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �d�Z�j�l�b�g�h�d����

�?�k�e�b�� �d�Z�d�b�_-�l�h�� �q�Z�k�l�b�� �l�Z�d�b�o�� �k�o�h�`�b�o�� �k�l�j�Z�g�b�p�� �i�h�i�Z�^�m�l�� �b�� �\�� �h�[�m�q�Z�x�s�m�x���� �b�� �l�_�k�l�h�\�m�x��

�\�u�[�h�j�d�b���� �l�h�� �w�l�h�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d�� �a�Z�\�u�r�_�g�g�h�c�� �h�p�_�g�d�_�� �l�h�q�g�h�k�l�b���� �I�h�w�l�h�f�m�� �\�k�y��

�]�j�m�i�i�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d�� �h�^�b�g�� �h�[�t�_�d�l�� �\�� �k�d�h�e�v�a�y�s�_�f�� �d�h�g�l�j�h�e�_�� �i�h�� �h�l�^�_�e�v�g�u�f��

�h�[�t�_�d�l�Z�f�� ��leave-one-out) [102]. �>�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �\�u�[�h�j�d�b�� �q�b�k�e�h�� �]�j�m�i�i��

�k�h�k�l�Z�\�b�e�h�� �������� �<�� �j�Z�[�h�l�_��[103] �m�l�\�_�j�`�^�Z�_�l�k�y���� �q�l�h�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �j�Z�[�h�l�u��

�d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b�� �l�j�Z�^�b�p�b�h�g�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y���\���h�^�b�g��

�p�b�d�e�� �i�h�e�m�q�Z�x�l�k�y�� �a�Z�\�u�r�_�g�g�u�f�b���� �i�h�w�l�h�f�m�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�\�h�c�g�h�c��

(�\�e�h�`�_�g�g�u�c���� �k�d�h�e�v�a�y�s�b�c�� �d�h�g�l�j�h�e�v��[104]���� �d�h�l�h�j�u�c�� �m�q�b�l�u�\�Z�_�l�� �\�e�b�y�g�b�_�� �g�Z�k�l�j�h�c�d�b��

�i�Z�j�Z�f�_�l�j�h�\���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z.  
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�I�j�h�p�_�^�m�j�Z�� �^�\�h�c�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y�� �i�h�� �]�j�m�i�i�Z�f�� �h�^�g�h�l�b�i�g�u�o 

�b�a�h�[�j�Z�`�_�g�b�c�� �k�e�_�^�m�x�s�Z�y: �\�k�y�� �\�u�[�h�j�d�Z�� �j�Z�a�[�b�\�Z�_�l�k�y�� �g�Z��U �]�j�m�i�i; �i�Z�j�Z�f�_�l�j�u��

�d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�� �\�u�[�b�j�Z�x�l�k�y�� �\�h�� �\�g�m�l�j�_�g�g�_�f�� �p�b�d�e�_�� �k�� �i�h�f�h�s�v�x �k�d�h�e�v�a�y�s�_�]�h 

�d�h�g�l�j�h�e�y �^�e�y��U-�����]�j�m�i�i���� �l���_�����h�[�m�q�_�g�b�_�� �g�Z��U-2 �]�j�m�i�i�Z�o�� �d�j�h�f�_��j-�h�c�����l�_�k�l�b�j�h�\�Z�g�b�_�� �g�Z��

j-�h�c���� �l�Z�d�� �^�e�y�� �\�k�_�o��j���� �i�j�b�q�_�f�� �h�[�t�_�d�l�u�� �d�e�Z�k�k�h�\�� �d�Z�`�^�u�c�� �j�Z�a�� �[�Z�e�Z�g�k�b�j�m�x�l�k�y�� �d�Z�d�� �\��

�h�[�m�q�Z�x�s�_�c���� �l�Z�d�� �b�� �\�� �l�_�k�l�h�\�h�c�� �\�u�[�h�j�d�Z�o; �^�Z�e�_�_�� �\�u�i�h�e�g�y�_�l�k�y�� �h�[�m�q�_�g�b�_�� ���k��

�i�Z�j�Z�f�_�l�j�Z�f�b�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���� �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�f�b�� �\�h�� �\�g�m�l�j�_�g�g�_�f�� �p�b�d�e�_���� �g�Z��U-1 

�]�j�m�i�i�Z�o�� �d�j�h�f�_��i-�h�c�����d�h�l�h�j�Z�y���g�_���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �\�h���\�g�m�l�j�_�g�g�_�f�� �p�b�d�e�_���� �l�_�k�l�b�j�h�\�Z�g�b�_��

�g�Z��i-�h�c���� �l�Z�d�� �^�e�y�� �\�k�_�o��i. �A�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�y�� �d�Z�q�_�k�l�\�Z�� ��F1-�f�_�j�Z������ �i�h�e�m�q�_�g�g�u�_�� �i�j�b��

�l�_�k�l�b�j�h�\�Z�g�b�b�� �\�h���\�g�_�r�g�_�f�� �p�b�d�e�_���� �k�h�k�l�Z�\�e�y�x�l�� �\�u�[�h�j�d�m���� �^�e�y���d�h�l�h�j�h�c���\�u�q�b�k�e�y�x�l�k�y��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �h�`�b�^�Z�g�b�_ �b���^�b�k�i�_�j�k�b�y.  

 

�L�Z�[�e�b�p�Z�� ��.������ �F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �h�`�b�^�Z�g�b�_�� �b���^�b�k�i�_�j�k�b�y��F1-�f�_�j�u���� �i�h�e�m�q�_�g�g�u�_�� �\���o�h�^�_��

�^�\�h�c�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y�� �i�h�� �]�j�m�i�i�Z�f�� �h�^�g�h�l�b�i�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �^�e�y��

�j�Z�a�e�b�q�g�u�o�� �Z�e�]�h�j�b�l�f�h�\���d�e�Z�k�k�b�n�b�d�Z�p�b�b���� 

�:�e�]�h�j�b�l�f���d�e�Z�k�k�b�n�b�d�Z�p�b�b �f�Z�l�����h�`�b�^�Z�g�b�_���)��-�f�_�j�u �^�b�k�i�_�j�k�b�y���)��-�f�_�j�u 

�E�h�]�b�k�l�b�q�_�k�d�Z�y���j�_�]�j�_�k�k�b�y 0,890 0,0019 

�>�_�j�_�\�h���j�_�r�_�g�b�c 0,896 0,0015 

�:�^�Z�i�l�b�\�g�u�c���[�m�k�l�b�g�] 0,931 0,0004 

�F�_�l�h�^���h�i�h�j�g�u�o���\�_�d�l�h�j�h�\ 0,929 0,0008 

 

�L�Z�[�e�b�p�Z�� ��.3 �k�h�^�_�j�`�b�l���a�g�Z�q�_�g�b�y�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �h�`�b�^�Z�g�b�y �b���^�b�k�i�_�j�k�b�b��F1-

�f�_�j�u�����i�h�e�m�q�_�g�g�u�_�� �\���o�h�^�_���^�\�h�c�g�h�]�h���k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y���i�h���]�j�m�i�i�Z�f�� �h�^�g�h�l�b�i�g�u�o��

�b�a�h�[�j�Z�`�_�g�b�c���� �^�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �Z�e�]�h�j�b�l�f�h�\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �<�� �o�h�^�_��

�i�j�h�\�_�^�_�g�g�h�]�h�� �k�j�Z�\�g�_�g�b�y�� �Z�e�]�h�j�b�l�f�h�\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �[�u�e���\�u�[�j�Z�g�� �Z�^�Z�i�l�b�\�g�u�c��

�[�m�k�l�b�g�] �\���f�h�^�b�n�b�d�Z�p�b�b��Gentle AdaBoost [105] �\�u�i�h�e�g�_�g�g�h�c�� �\���I�H���� �j�_�Z�e�b�a�h�\�Z�g�g�h�f 

�\�� �e�Z�[�h�j�Z�l�h�j�b�b�� �©�D�h�f�i�v�x�l�_�j�g�h�c�� �]�j�Z�n�b�d�b�� �b�� �f�m�e�v�l�b�f�_�^�b�Z�ª�� �<�F�D�� �F�=�M��[106]. 

�:�^�Z�i�l�b�\�g�u�c�� �[�m�k�l�b�g�]�� �\�u�i�h�e�g�y�e�k�y�� �g�Z�� �^�_�j�_�\�v�y�o�� �f�Z�e�h�c�� �]�e�m�[�b�g�u. �<�u�[�h�j�� �Z�e�]�h�j�b�l�f�Z��

�h�[�m�k�e�h�\�e�_�g���\�u�k�h�d�h�c���w�n�n�_�d�l�b�\�g�h�k�l�v�x���[�m�k�l�b�g�]�Z�� �g�Z���j�_�Z�e�v�g�u�o�� �a�Z�^�Z�q�Z�o��[107], �g�b�a�d�b�f�b��
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�\�u�q�b�k�e�b�l�_�e�v�g�u�f�b�� �a�Z�l�j�Z�l�Z�f�b���� �\�h�a�f�h�`�g�h�k�l�y�f�b�� �h�l�[�b�j�Z�l�v�� �b�g�n�h�j�f�Z�l�b�\�g�u�_�� �i�j�b�a�g�Z�d�b��

�b���\�h�a�\�j�Z�s�Z�l�v���\���d�Z�q�_�k�l�\�_���j�_�a�m�e�v�l�Z�l�Z�� �m�j�h�\�_�g�v���m�\�_�j�_�g�g�h�k�l�b�����>�e�y���k�h�d�j�Z�s�_�g�b�y���\�j�_�f�_�g�b��

�\�u�i�h�e�g�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �\�_�k�Z���b���i�Z�j�Z�f�_�l�j�u���i�h�j�h�]�h�\�u�o���d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �\���m�a�e�Z�o��

�^�_�j�_�\�v�_�\���d�h�g�\�_�j�l�b�j�m�x�l�k�y�� �b�a���^�Z�g�g�u�o�� �\���b�k�i�h�e�g�y�_�f�u�c�� �d�h�^�� 

�<�� �b�l�h�]�_ �j�Z�a�j�Z�[�h�l�Z�g�� �k�e�_�^�m�x�s�b�c�� �Z�e�]�h�j�b�l�f�� �k�_�]�f�_�g�l�Z�p�b�b�� �g�Z�� �h�[�e�Z�k�l�b�� �n�h�g�Z����

�l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d���� �D�e�Z�k�k�b�n�b�d�Z�p�b�y�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x��

�l�j�z�o�� �[�b�g�Z�j�g�u�o�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\ AdaBoost���� �i�h�k�l�j�h�_�g�g�u�o�� �i�h�� �i�j�b�g�p�b�i�m�� �©�h�^�b�g��

�i�j�h�l�b�\�� �\�k�_�o�ª�� ��one-vs-all, one-vs-rest). �<�� �d�Z�q�_�k�l�\�_�� �d�j�b�l�_�j�b�_�\ �^�e�y�� �g�Z�k�l�j�h�c�d�b��

�i�Z�j�Z�f�_�l�j�h�\�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �b�k�i�h�e�v�a�m�_�l�k�y �l�h�q�g�h�k�l�v �i�j�b�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�b�� �n�h�g�Z����

�i�h�e�g�h�l�Z �i�j�b�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�b�� �h�[�e�Z�k�l�_�c�� �l�_�d�k�l�Z�� �b��F1-�f�_�j�Z�� �i�j�b�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�b 

�h�[�e�Z�k�l�_�c�� �d�Z�j�l�b�g�h�d. �H�[�m�q�Z�x�s�b�_�� �^�Z�g�g�u�_�� �[�Z�e�Z�g�k�b�j�m�x�l�k�y�� �i�m�l�z�f�� �i�j�h�j�_�`�b�\�Z�g�b�y��

�k�e�m�q�Z�c�g�u�f�� �h�[�j�Z�a�h�f�� �i�j�_�p�_�^�_�g�l�h�\�� �i�j�_�h�[�e�Z�^�Z�x�s�_�]�h�� �d�e�Z�k�k�Z�� �<�u�o�h�^�h�f�� �d�Z�`�^�h�]�h�� �b�a��

�d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �y�\�e�y�_�l�k�y�� �m�j�h�\�_�g�v�� �m�\�_�j�_�g�g�h�k�l�b�� ��confidence level) �± �q�b�k�e�h����

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�_�� �[�e�b�a�h�k�l�v�� �d�� �i�h�e�h�`�b�l�_�e�v�g�h�f�m �b�e�b�� �h�l�j�b�p�Z�l�_�e�v�g�h�f�m�� �d�e�Z�k�k�m. �G�Z��

�\�l�h�j�h�f�� �w�l�Z�i�_�� �\�u�i�h�e�g�y�_�l�k�y�� �\�a�\�_�r�_�g�g�h�_�� �m�k�j�_�^�g�_�g�b�_�� �m�j�h�\�g�_�c�� �m�\�_�j�_�g�g�h�k�l�b�� �i�h��

�k�h�k�_�^�g�b�f�� �[�e�h�d�Z�f�� �b�� �i�j�b�g�b�f�Z�_�l�k�y�� �j�_�r�_�g�b�_���h���d�e�Z�k�k�_�� �d�Z�`�^�h�]�h�� �[�e�h�d�Z���� �K�o�_�f�Z��

�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �i�j�b�\�_�^�_�g�Z�� �g�Z���j�b�k�m�g�d�_ 3.9. �>�Z�e�_�_���\�u�i�h�e�g�y�_�l�k�y�� �h�[�t�_�^�b�g�_�g�b�_�� �[�e�h�d�h�\��

�d�Z�j�l�b�g�h�d���b �l�_�d�k�l�Z���\���k�\�y�a�g�u�_�� �h�[�e�Z�k�l�b���� 

 

 

�J�b�k�m�g�h�d������9 �í �K�o�_�f�Z���d�e�Z�k�k�b�n�b�d�Z�p�b�b���[�e�h�d�h�\���b�a�h�[�j�Z�`�_�g�b�y���g�Z���h�[�e�Z�k�l�b���l�_�d�k�l�Z�����d�Z�j�l�b�g�h�d���b���n�h�g�Z�� 

   

�<�u�q�b�k�e�_�g�b�_
�i�j�b�a�g�Z�d�h�\

�[�e�h�d�Z��

�i�j�b�a�g�Z�d�b

�M�k�j�_�^�g�_�g�b�_��
�m�j�h�\�g�_�c���m�\�_�j�_�g�g�h�k�l�b��
�i�h���k�h�k�_�^�g�b�f���[�e�h�d�Z�f�����m�j�h�\�_�g�v��

�m�\�_�j�_�g�g�h�k�l�b

�<�u�[�h�j���d�e�Z�k�k�Z���k��
�g�Z�b�[�h�e�v�r�b�f���m�j�h�\�g�_�f��

�m�\�_�j�_�g�g�h�k�l�b�m�j�h�\�_�g�v��
�m�\�_�j�_�g�g�h�k�l�b

�m�j�h�\�_�g�v��
�m�\�_�j�_�g�g�h�k�l�b

�M�k�j�_�^�g�_�g�b�_��
�m�j�h�\�g�_�c���m�\�_�j�_�g�g�h�k�l�b��
�i�h���k�h�k�_�^�g�b�f���[�e�h�d�Z�f����

�M�k�j�_�^�g�_�g�b�_��
�m�j�h�\�g�_�c���m�\�_�j�_�g�g�h�k�l�b��
�i�h���k�h�k�_�^�g�b�f���[�e�h�d�Z�f����

�D�e�Z�k�k�b�n�b�d�Z�l�h�j
�[�e�h�d�h�\��
�l�_�d�k�l�Z

�D�e�Z�k�k�b�n�b�d�Z�l�h�j
�[�e�h�d�h�\��

�d�Z�j�l�b�g�h�d

�D�e�Z�k�k�b�n�b�d�Z�l�h�j
�[�e�h�d�h�\��
�n�h�g�Z
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�D�j�b�l�_�j�b�c���d�Z�q�_�k�l�\�Z���k�_�]�f�_�g�l�Z�p�b�b 

�>�e�y�� �\�u�[�h�j�Z �j�Z�a�f�_�j�Z�� �[�e�h�d�h�\���� �j�Z�a�f�_�j�Z�� �\�_�e�b�q�b�g�u�� �i�_�j�_�d�j�u�l�b�y�� �[�e�h�d�h�\����

�i�Z�j�Z�f�_�l�j�h�\�� �\�a�\�_�r�_�g�g�h�]�h�� �m�k�j�_�^�g�_�g�b�y�� �b�� �i�j�Z�\�b�e�� �h�[�t�_�^�b�g�_�g�b�y�� �[�e�h�d�h�\�� �b�k�i�h�e�v�a�m�_�l�k�y��

�d�j�b�l�_�j�b�c�� �d�Z�q�_�k�l�\�Z���k�_�]�f�_�g�l�Z�p�b�b�� �h�[�e�Z�k�l�_�c�� �^�h�d�m�f�_�g�l�Z��[108]�����b�^�_�y���d�h�l�h�j�h�]�h���h�k�g�h�\�Z�g�Z��

�g�Z�� �d�j�b�l�_�j�b�b���� �b�k�i�h�e�v�a�h�\�Z�\�r�_�f�k�y�� �g�Z�� �k�h�j�_�\�g�h�\�Z�g�b�b�� �i�h�� �k�_�]�f�_�g�l�Z�p�b�b�� �k�l�j�Z�g�b�p��

�^�h�d�m�f�_�g�l�h�\�� �\�� �j�Z�f�d�Z�o�� �d�h�g�n�_�j�_�g�p�b�b��ICDAR [109]. �H�[�h�a�g�Z�q�b�f �+�Ú�Ô
 �± �b�a�h�[�j�Z�`�_�g�b�_���� �\��

�d�h�l�h�j�h�f���i�b�d�k�_�e�b�� �h�[�e�Z�k�l�_�c���� �h�l�g�h�k�y�s�b�o�k�y�� �d i-�f�m���d�e�Z�k�k�m�� �g�Z���w�l�Z�e�h�g�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b��

�j�Z�\�g�u�� ������ �Z�� �h�k�l�Z�e�v�g�u�_�� �j�Z�\�g�u�� ������ �K�\�y�a�g�u�_�� �h�[�e�Z�k�l�b�� �g�Z���+�Ú�Ô
 �h�[�j�Z�a�m�x�l�� �f�g�h�`�_�k�l�\�h��

�<�C�Ü�Þ�=�á �G �Ð 
c�s�á �/�Ú�Ô

g, �]�^�_���/ �Ú�Ô

 �± �d�h�e�b�q�_�k�l�\�h�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c���� �H�[�h�a�g�Z�q�b�f���+�æ�Ô �± 

�b�a�h�[�j�Z�`�_�g�b�_���� �\�� �d�h�l�h�j�h�f�� �i�b�d�k�_�e�b�� �h�[�e�Z�k�l�_�c���� �h�l�g�h�k�y�s�b�o�k�y�� �d i-�f�m�� �d�e�Z�k�k�m�� �g�Z 

�k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b���j�Z�\�g�u���������Z���h�k�l�Z�e�v�g�u�_�� �j�Z�\�g�u���������K�\�y�a�g�u�_���h�[�e�Z�k�l�b���g�Z��

�+�æ�Ô �h�[�j�Z�a�m�x�l�� �f�g�h�`�_�k�l�\�h���<�O�Ü�ç�=�á �P �Ð 
c�s�á �/�æ�Ô
g, �]�^�_���/ �æ�Ô �± �d�h�e�b�q�_�k�l�\�h�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� 

�H�l�g�h�r�_�g�b�_�� �i�_�j�_�k�_�q�_�g�b�y�� �d�� �h�[�t�_�^�b�g�_�g�b�x�� �^�e�y��k-�c�� �k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b���C�Ü�Þ �b�� �k�\�y�a�g�u�o��

�h�[�e�Z�k�l�_�c�� �b�a �+�æ�Ô, �k���d�h�l�h�j�h�c���^�Z�g�g�Z�y���h�[�e�Z�k�l�v���b�f�_�_�l���g�_�g�m�e�_�\�h�_�� �i�_�j�_�k�_�q�_�g�b�_:  

�+�1�7�Ú�Ü�Þ
L
�+�C�Ü�Þ�ê �+�æ�Ô�+

���<�O�Ü�ç���O�Ü�ç�ê �C�Ü�Þ
M �Î�= �ë �C�Ü�Þ��
�á �P �Ð 
c�s�á �/�æ�Ô
g�ä 

 

(3.33) 

�H�l�g�h�r�_�g�b�_���i�_�j�_�k�_�q�_�g�b�y���d���h�[�t�_�^�b�g�_�g�b�x�� �^�e�y��t-�c���k�\�y�a�g�h�c���h�[�e�Z�k�l�b���O�Ü�ç �b���k�\�y�a�g�u�o��

�h�[�e�Z�k�l�_�c�� �b�a �+�Ú�Ô
, �k���d�h�l�h�j�h�c���^�Z�g�g�Z�y���h�[�e�Z�k�l�v���b�f�_�_�l���g�_�g�m�e�_�\�h�_�� �i�_�j�_�k�_�q�_�g�b�_:  

�+�1�7�æ�Ü�ç
L
�+�O�Ü�ç�ê �+�Ú�Ô

�+

���<�C�Ü�Þ���C�Ü�Þ�ê �O�Ü�ç
M �Î�= �ë �O�Ü�ç��
�á �G �Ð 
c�s�á �/�Ú�Ô


g�ä 
 

(3.34) 

�J�Z�k�k�f�h�l�j�b�f�� �l�j�b�� �k�e�m�q�Z�y�� �k�h�h�l�\�_�l�k�l�\�b�y�� �^�j�m�]�� �^�j�m�]�m�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c��

�w�l�Z�e�h�g�g�h�]�h ���j�_�n�_�j�_�g�k�g�h�]�h�� �b���k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�c: 

�x �I�_�j�_�k�_�q�_�g�b�_��t-�c���k�\�y�a�g�h�c���h�[�e�Z�k�l�b�� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �k���w�l�Z�e�h�g�g�u�f 

�b�a�h�[�j�Z�`�_�g�b�_�f �+�Ú�Ô
 �h�[�j�Z�a�m�_�l���l�h�e�v�d�h���h�^�g�m���k�\�y�a�g�m�x���h�[�e�Z�k�l�v���b���+�1�7�æ�Ü�ç
P �r�ä�z�ä �G�Z�a�h�\�_�f��

�w�l�h�� �k�h�h�l�\�_�l�k�l�\�b�_�� �©�h�^�b�g�� �d�� �h�^�g�h�f�m�ª�� �b�� �h�[�h�a�g�Z�q�b�f�� �d�h�e�b�q�_�k�l�\�h���l�Z�d�b�o�� �h�[�e�Z�k�l�_�c����

�J�â�á�Ø�?�ç�â�?�â�á�Ø�ä 
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�x �I�_�j�_�k�_�q�_�g�b�_��t-�c���k�\�y�a�g�h�c���h�[�e�Z�k�l�b�� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �k���w�l�Z�e�h�g�g�u�f 

�b�a�h�[�j�Z�`�_�g�b�_�f���+�Ú�Ô
 �h�[�j�Z�a�m�_�l���g�_�k�d�h�e�v�d�h�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c���b���+�1�7�æ�Ü�ç
P �r�ä�z�ä �G�Z�a�h�\�_�f��

�w�l�h�� �k�h�h�l�\�_�l�k�l�\�b�_�� �©�h�^�b�g�� �d�h�� �f�g�h�]�b�f�ª�� �b�� �h�[�h�a�g�Z�q�b�f�� �d�h�e�b�q�_�k�l�\�h�� �l�Z�d�b�o�� �h�[�e�Z�k�l�_�c����

�J�â�á�Ø�?�ç�â�?�à�Ô�á�ì�ä 

�x �I�_�j�_�k�_�q�_�g�b�_��k-�c���k�\�y�a�g�h�c���h�[�e�Z�k�l�b���w�l�Z�e�h�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���k���k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�f 

�b�a�h�[�j�Z�`�_�g�b�_�f���+�æ�Ô �h�[�j�Z�a�m�_�l���g�_�k�d�h�e�v�d�h�� �k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c���b���+�1�7�Ú�Ü�Þ
P �r�ä�z�ä �G�Z�a�h�\�_�f��

�w�l�h�� �k�h�h�l�\�_�l�k�l�\�b�_�� �©�f�g�h�]�b�_�� �d�� �h�^�g�h�f�m�ª�� �b�� �h�[�h�a�g�Z�q�b�f�� �d�h�e�b�q�_�k�l�\�h�� �l�Z�d�b�o�� �h�[�e�Z�k�l�_�c����

�J�à�Ô�á�ì�?�ç�â�?�â�á�Ø�ä 

�>�e�y�� �d�Z�`�^�h�]�h��i-�]�h�� �d�e�Z�k�k�Z�� �a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �d�e�Z�k�k�Z�� �n�h�g�Z�� �\�u�q�b�k�e�y�x�l�k�y 

�k�f�u�k�e�h�\�u�_�� �Z�g�Z�e�h�]�b�� �^�h�e�b�� �j�Z�k�i�h�a�g�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c �4�Ü �b���l�h�q�g�h�k�l�b�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y��

�h�[�e�Z�k�l�_�c���#�Ü�����Z���l�Z�d�`�_���b�o���]�Z�j�f�h�g�b�q�_�k�d�h�_���k�j�_�^�g�_�_���5�Ü: 

�4�Ü
L
�S�5�J�â�á�Ø�?�ç�â�?�â�á�Ø
E �S�6�J�â�á�Ø�?�ç�â�?�à�Ô�á�ì
E �S�7�J�à�Ô�á�ì�?�ç�â�?�â�á�Ø

�/ �Ú�Ô

�á 
(3.35) 

�#�Ü
L
�S�8�J�â�á�Ø�?�ç�â�?�â�á�Ø
E �S�9�J�â�á�Ø�?�ç�â�?�à�Ô�á�ì
E �S�: �J�à�Ô�á�ì�?�ç�â�?�â�á�Ø

�/ �æ�Ô

 
(3.36) 

�5�Ü
L
�t�4�Ü�#�Ü

�4�Ü
E �#�Ü
�á 

(3.37) 

�]�^�_���S�Ý �± �\�_�k�Z���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�u�o�� �g�Z�k�l�j�Z�b�\�Z�_�l�k�y�� �h�l�g�h�k�b�l�_�e�v�g�Z�y�� �\�Z�`�g�h�k�l�v��

�j�Z�a�e�b�q�g�u�o�� �l�b�i�h�\�� �k�h�h�l�\�_�l�k�l�\�b�y�� �h�[�e�Z�k�l�_�c���� �I�h�k�d�h�e�v�d�m�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f�� �y�\�e�y�_�l�k�y��

�k�h�h�l�\�_�l�k�l�\�b�_�� �©�h�^�b�g���d���h�^�g�h�f�m�ª���S�5 
L �S�8 
L �s�á�r�â�� �S�6 
L �S�7 
L �S�9 
L �S�: 
L �r�á�y�w�ä 

�B�l�h�]�h�\�u�c�� �d�j�b�l�_�j�b�c�� �d�Z�q�_�k�l�\�Z�� �k�_�]�f�_�g�l�Z�p�b�b�� �5 �\�u�q�b�k�e�y�_�l�k�y���� �d�Z�d��

�Z�j�b�n�f�_�l�b�q�_�k�d�h�_�� �k�j�_�^�g�_�_���5�Ü �\�k�_�o�� �d�e�Z�k�k�h�\�� �d�j�h�f�_���n�h�g�h�\�h�]�h���^�e�y���\�k�_�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�a��

�l�_�k�l�h�\�h�c���\�u�[�h�j�d�b�� 

�G�Z�k�l�j�h�c�d�Z���i�Z�j�Z�f�_�l�j�h�\ 

�I�h�b�k�d�� �i�Z�j�Z�f�_�l�j�h�\���^�e�y���\�l�h�j�h�]�h���w�l�Z�i�Z�� �k�_�]�f�_�g�l�Z�p�b�b�� �\�u�i�h�e�g�y�e�k�y�� �\���^�b�k�d�j�_�l�g�h�f��

�i�j�h�k�l�j�Z�g�k�l�\�_�� �g�Z�[�h�j�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�e�g�u�f�� �i�_�j�_�[�h�j�h�f���� �<�� �l�Z�[�e�b�p�_ 3.4 �\�� �d�Z�q�_�k�l�\�_��

�i�j�b�f�_�j�Z�� �i�h�d�Z�a�Z�g�u�� �a�g�Z�q�_�g�b�y���5 �^�e�y�� �g�_�d�h�l�h�j�h�]�h�� �i�h�^�f�g�h�`�_�k�l�\�Z�� �b�a�� �j�Z�k�k�f�h�l�j�_�g�g�u�o��
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�i�Z�j�Z�f�_�l�j�h�\: �j�Z�a�f�_�j���d�\�Z�^�j�Z�l�g�h�]�h�� �[�e�h�d�Z�� ��������25 �b��40 �i�b�d�k�_�e�_�c; �m�k�j�_�^�g�_�g�b�_ �m�j�h�\�g�_�c��

�m�\�_�j�_�g�g�h�k�l�b�� �i�h���k�h�k�_�^�g�b�f���[�e�h�d�Z�f���k���i�h�f�h�s�v�x �j�Z�\�g�u�o���\�_�k�h�\���b���]�Z�m�k�k�b�Z�g�Z ���^�b�k�i�_�j�k�b�y��

�j�Z�\�g�Z�� ����; �\�_�e�b�q�b�g�Z�� �i�_�j�_�d�j�u�l�b�y�� �[�e�h�d�h�\�� ��% (�g�_�l�� �i�_�j�_�d�j�u�l�b�y���� �[�e�h�d�b�� �b�^�m�l�� �\�k�l�u�d), 

20%,  40%.  

 

�L�Z�[�e�b�p�Z�� ��.4�����A�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�y���d�Z�q�_�k�l�\�Z�� �k�_�]�f�_�g�l�Z�p�b�b���5 �\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l���j�Z�a�f�_�j�Z��

�[�e�h�d�Z�����\�_�e�b�q�b�g�u�� �i�_�j�_�d�j�u�l�b�y�� �b���k�i�h�k�h�[�Z���m�k�j�_�^�g�_�g�b�y�� �m�j�h�\�g�_�c���m�\�_�j�_�g�g�h�k�l�b�� �k�h�k�_�^�g�b�o��

�[�e�h�d�h�\ 

 �J�Z�\�g�u�_���\�_�k�Z �]�Z�m�k�k�b�Z�g 

�I�_�j�_�d�j�u�l�b�_���[�e�h�d�h�\������ �I�_�j�_�d�j�u�l�b�_���[�e�h�d�h�\������ 

�J�Z�a�f�_�j 

�[�e�h�d�Z�����i�b�d�k�� 

0 20 40 0 20 40 

10 0,40 0,39 0,35 0,40 0,39 0,34 

25 0,60 0,68 0,64 0,61 0,69 0,65 

40 0,49 0,55 0,54 0,50 0,55 0,54 

 

�F�Z�e�u�c �j�Z�a�f�_�j���[�e�h�d�Z�� �\�_�^�z�l���d���j�Z�a�[�b�_�g�b�x�� �[�h�e�v�r�b�o�� �h�[�e�Z�k�l�_�c �g�Z���[�h�e�_�_�� �f�_�e�d�b�_, 

�g�Z�i�j�b�f�_�j���� �d�Z�`�^�Z�y�� �k�l�j�h�d�Z�� �l�_�d�k�l�Z�� �f�h�`�_�l�� �k�_�]�f�_�g�l�b�j�h�\�Z�l�v�k�y�� �d�Z�d�� �h�l�^�_�e�v�g�Z�y�� �h�[�e�Z�k�l�v����

�;�h�e�v�r�h�c�� �j�Z�a�f�_�j�� �[�e�h�d�Z���� �g�Z�h�[�h�j�h�l���� �\�_�^�z�l�� �d�� �k�e�b�y�g�b�x�� �h�[�e�Z�k�l�_�c���� �g�Z�i�j�b�f�_�j�� �d�h�e�h�g�d�b��

�l�_�d�k�l�Z�� �\���`�m�j�g�Z�e�v�g�h�c�� �k�l�Z�l�v�_�� �h�[�t�_�^�b�g�y�l�k�y�� �\���h�[�s�m�x���h�[�e�Z�k�l�v���� �o�h�l�y���i�j�b�� �j�Z�a�f�_�l�d�_�� �h�g�b��

�[�u�e�b�� �m�d�Z�a�Z�g�u�� �d�Z�d�� �h�l�^�_�e�v�g�u�_�� �h�[�e�Z�k�l�b���� �D�j�b�l�_�j�b�c�� �d�Z�q�_�k�l�\�Z�� �k�_�]�f�_�g�l�Z�p�b�b��S (�n�h�j�f�m�e�Z��

3.37) �r�l�j�Z�n�m�_�l�� �b�a�e�b�r�g�_�_�� �j�Z�a�[�b�_�g�b�_�� �b�� �h�[�t�_�^�b�g�_�g�b�_�� �h�[�e�Z�k�l�_�c�� �h�^�g�h�]�h�� �d�e�Z�k�k�Z�� �i�h��

�k�j�Z�\�g�_�g�b�x�� �k�� �w�l�Z�e�h�g�g�h�c�� �j�Z�a�f�_�l�d�h�c���� �J�Z�a�f�_�j�� �[�e�h�d�Z�� ������ �i�b�d�k�_�e�_�c�� �^�e�y�� �j�Z�a�j�_�r�_�g�b�y�� ������

dpi �k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�j�b�f�_�j�g�h�������f�f���� 

�I�j�h�p�_�g�l�� �i�_�j�_�d�j�u�l�b�y�� �[�e�h�d�h�\�� �a�Z�^�Z�z�l�� �r�Z�]�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �[�e�h�d�h�\�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b���� �?�k�e�b�� �i�_�j�_�d�j�u�l�b�_�� �[�h�e�v�r�h�_���� �l�h�� �r�Z�]�� �m�f�_�g�v�r�Z�_�l�k�y���� �b�� �\�� �k�h�q�_�l�Z�g�b�b�� �k��

�f�Z�e�u�f�� �j�Z�a�f�_�j�h�f�� �[�e�h�d�Z�� �w�l�h�� �\�_�^�z�l�� �d�� �_�s�z�� �[�h�e�v�r�_�f�m�� �j�Z�a�[�b�_�g�b�x�� �h�[�e�Z�k�l�_�c�� �g�Z�� �q�Z�k�l�b������

�G�Z�h�[�h�j�h�l���� �_�k�e�b�� �i�_�j�_�d�j�u�l�b�_�� �h�l�k�m�l�k�l�\�m�_�l���� �l�h�� �r�Z�]�� �[�h�e�v�r�h�c���� �q�l�h���\�� �k�h�q�_�l�Z�g�b�b�� �k��

�[�h�e�v�r�b�f���j�Z�a�f�_�j�h�f���[�e�h�d�Z���\�_�^�z�l���d���_�s�z���[�h�e�v�r�_�f�m���h�[�t�_�^�b�g�_�g�b�x�� �h�[�e�Z�k�l�_�c�� 
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�J�Z�a�g�b�p�Z�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �j�Z�\�g�u�o�� �\�_�k�h�\�� �b�e�b���]�Z�m�k�k�b�Z�g�Z�� �^�e�y�� �k�]�e�Z�`�b�\�Z�g�b�y��

�m�j�h�\�g�_�c�� �m�\�_�j�_�g�g�h�k�l�b�� �g�_�\�_�e�b�d�Z���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �]�Z�m�k�k�b�Z�g�Z�� �k�� �^�b�k�i�_�j�k�b�_�c�� �j�Z�\�g�h�c�� ����

�^�Z�z�l�� �g�_�f�g�h�]�h�� �[�h�e�_�_�� �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�y�� �k�_�]�f�_�g�l�Z�p�b�b���� �<�� �p�_�e�h�f�� �g�_�\�u�k�h�d�b�_��

�a�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�y�� �d�Z�q�_�k�l�\�Z�� �k�_�]�f�_�g�l�Z�p�b�b���5 �h�[�t�y�k�g�y�x�l�k�y�� �[�h�e�v�r�b�f�� �j�Z�a�g�h�h�[�j�Z�a�b�_�f��

�l�b�i�h�\���^�h�d�m�f�_�g�l�h�\�� �\���h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�_���b���g�_�h�^�g�h�a�g�Z�q�g�h�k�l�v�x�� �j�Z�a�f�_�l�d�b���� �h�k�h�[�_�g�g�h��

�\�� �q�Z�k�l�b�� �h�[�t�_�^�b�g�_�g�b�y�� �b�e�b�� �j�Z�a�^�_�e�_�g�b�y�� �h�[�e�Z�k�l�_�c�� �l�_�d�k�l�Z���� �Z�� �l�Z�d�`�_�� �h�[�h�a�g�Z�q�_�g�b�y��

�l�_�d�k�l�h�\�u�o�� �h�[�e�Z�k�l�_�c�� �\�g�m�l�j�b���d�Z�j�l�b�g�h�d�� ���k�f�����j�b�k�m�g�h�d 3.8). 

3.5.  �I�h�^�Z�\�e�_�g�b�_ �i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z 

�D�Z�d���h�l�f�_�q�Z�e�h�k�v���\���i�_�j�\�h�c���]�e�Z�\�_�����^�e�y���k�h�a�^�Z�g�b�y���b�e�e�x�a�b�b���i�j�b�k�m�l�k�l�\�b�y�� �[�h�e�v�r�h�]�h��

�d�h�e�b�q�_�k�l�\�Z�� �h�l�l�_�g�d�h�\�� �p�\�_�l�h�\�� �i�j�b�� �i�_�q�Z�l�b�� �k�� �i�h�f�h�s�v�x�� �e�Z�a�_�j�g�u�o���� �k�\�_�l�h�^�b�h�^�g�u�o�� �b��

�k�l�j�m�c�g�u�o�� �i�j�b�g�l�_�j�h�\�� �b�k�i�h�e�v�a�m�x�l�� �i�_�q�Z�l�g�u�c�� �j�Z�k�l�j���� �k�h�k�l�h�y�s�b�c�� �b�a�� �y�q�_�_�d��

�i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y�� ���k�f���� �j�b�k�m�g�h�d�� ������������ �:�g�Z�e�h�]�b�q�g�u�c�� �i�h�^�o�h�^�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\��

�l�b�i�h�]�j�Z�n�k�d�h�c�� �i�_�q�Z�l�b���� �I�j�b�q�z�f�� �j�Z�k�l�j���i�j�b�f�_�g�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h���^�e�y���i�_�q�Z�l�b�� �d�Z�j�l�b�g�h�d����

�g�h�� �b���^�e�y�� �l�_�d�k�l�Z�� �b�� �w�e�_�f�_�g�l�h�\�� �]�j�Z�n�b�d�b���� �p�\�_�l�Z�� �d�h�l�h�j�u�o�� �h�l�e�b�q�Z�x�l�k�y�� �h�l�� �f�Z�d�k�b�f�Z�e�v�g�h��

�g�Z�k�u�s�_�g�g�u�o�� �d�j�Z�k�h�d���� �I�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �e�b�g�_�c�d�h�c�� �^�Z�l�q�b�d�h�\�� �k�d�Z�g�_�j�Z�� �j�_�]�m�e�y�j�g�h�c��

�j�_�r�z�l�d�b�� �j�Z�k�l�j�Z�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �[�b�_�g�b�y�� �b�o�� �i�_�j�b�h�^�h�\�� �\�h�a�f�h�`�g�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_��

�f�m�Z�j�h�\�h�]�h�� �m�a�h�j�Z�� ���f�m�Z�j�Z�� [52]���� �I�j�b�� �i�h�k�e�_�^�m�x�s�_�c�� �i�_�q�Z�l�b�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���\�h�a�f�h�`�g�h���[�b�_�g�b�_�� �i�_�j�b�h�^�h�\���^�\�m�o���j�_�r�z�l�h�d���j�Z�k�l�j�Z�����q�l�h���l�Z�d�`�_���i�j�b�\�_�^�z�l��

�d���f�m�Z�j�m���� �D�j�h�f�_���l�h�]�h�����i�h�k�e�_�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �b�f�_�l�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �k��

�[�h�e�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �h�l�l�_�g�d�h�\�� �\�f�_�k�l�h���b�a�h�[�j�Z�`�_�g�b�y���� �k�h�k�l�h�y�s�_�]�h�� �b�a�� �l�h�q�_�d�� �l�h�e�v�d�h��

�g�_�k�d�h�e�v�d�b�o�� �p�\�_�l�h�\. �F�_�l�h�^�h�f�� �j�_�r�_�g�b�y�� �y�\�e�y�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z��

(halftone������ �\ �g�_�i�j�_�j�u�\�g�h�_�� �b�a�f�_�g�_�g�b�_�� �h�l�l�_�g�d�h�\�� ��contone������ �I�h�^�h�[�g�u�_�� �h�i�_�j�Z�p�b�b��

�g�Z�a�u�\�Z�x�l�� �i�h�^�Z�\�e�_�g�b�_�f�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z��(descreen)���� �b�e�b�� �h�[�j�Z�l�g�u�f��

�i�h�e�m�l�h�g�b�j�h�\�Z�g�b�_�f�� ��inverse halftoning������ �b�e�b�� �i�h�^�Z�\�e�_�g�b�_�f�� �f�m�Z�j�Z�� ���q�l�h��

�l�_�j�f�b�g�h�e�h�]�b�q�_�k�d�b�� �g�_�� �\�i�h�e�g�_�� �d�h�j�j�_�d�l�g�h���� �_�k�e�b�� �j�_�q�v�� �b�^�z�l�� �h�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�b��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �f�m�Z�j�Z���i�j�b���i�h�k�e�_�^�m�x�s�_�c�� �i�_�q�Z�l�b����[110]. 
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�K�m�s�_�k�l�\�m�x�s�b�_�� �k�i�h�k�h�[�u �i�h�^�Z�\�e�_�g�b�y���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z 

�G�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\�� �j�Z�[�h�l, �i�h�k�\�y�s�z�g�g�u�o�� �Z�e�]�h�j�b�l�f�Z�f�� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h��

�j�Z�k�l�j�Z, �f�h�`�g�h���j�Z�a�^�_�e�b�l�v�� �g�Z���^�\�_���]�j�m�i�i�u:  

�x �b�k�i�h�e�v�a�m�x�s�b�_�� �i�h�^�Z�\�e�_�g�b�_�� �i�b�d�h�\���\���q�Z�k�l�h�l�g�h�c���h�[�e�Z�k�l�b;  

�x �i�j�b�f�_�g�y�x�s�b�_�� �Z�^�Z�i�l�b�\�g�h�_�� �k�]�e�Z�`�b�\�Z�g�b�_�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���h�[�e�Z�k�l�b�� �k��

�i�h�k�e�_�^�m�x�s�b�f�� �i�h�\�u�r�_�g�b�_�f�� �j�_�a�d�h�k�l�b��  

�G�Z�� �Z�f�i�e�b�l�m�^�_�� �k�i�_�d�l�j�Z�� �N�m�j�v�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �q�z�j�g�h-�[�_�e�h�c �i�_�q�Z�l�b �f�h�`�g�h��

�g�Z�[�e�x�^�Z�l�v�� �q�z�l�d�b�_�� �i�b�d�b���� �h�[�j�Z�a�h�\�Z�g�g�u�_�� �k�l�j�m�d�l�m�j�h�c�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z���� �I�h�^�Z�\�e�_�g�b�_��

�l�Z�d�b�o�� �i�b�d�h�\���\�_�^�z�l���d���m�^�Z�e�_�g�b�x�� �k�l�j�m�d�l�m�j�u�� �j�Z�k�l�j�Z���k���b�a�h�[�j�Z�`�_�g�b�y��[111, 112]. �H�^�g�Z�d�h��

�^�e�y�� �p�\�_�l�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�^�Z�\�e�y�l�v�� �j�Z�k�l�j�� �k�� �i�h�f�h�s�v�x �n�b�e�v�l�j�Z�p�b�b �\�� �q�Z�k�l�h�l�g�h�c��

�h�[�e�Z�k�l�b�� �k�m�s�_�k�l�\�_�g�g�h�� �k�e�h�`�g�_�_ �i�h�� �i�j�b�q�b�g�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�Z�a�g�u�o �p�\�_�l�h�\�u�o��

�i�j�h�k�l�j�Z�g�k�l�\�� �i�j�b�� �i�_�q�Z�l�b�� �b�� �k�d�Z�g�b�j�h�\�Z�g�b�b���� �I�j�b�� �i�_�q�Z�l�b�� �b�k�i�h�e�v�a�m�_�l�k�y�� �p�\�_�l�h�\�h�_��

�i�j�h�k�l�j�Z�g�k�l�\�h�� �b�a�� �q�_�l�u�j�z�o�� �b�e�b�� �[�h�e�_�_�� �p�\�_�l�h�\���� �g�Z�i�j�b�f�_�j��CMYK. �K�d�Z�g�b�j�h�\�Z�g�b�_��

�i�j�h�b�a�\�h�^�b�l�k�y�� �\�� �l�j�z�o�d�h�f�i�h�g�_�g�l�g�h�f�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_��RGB. �I�b�d�b�� �g�Z��

�Z�f�i�e�b�l�m�^�Z�o�� �k�i�_�d�l�j�Z�� �^�e�y�� �d�Z�g�Z�e�h�\��RGB �h�[�j�Z�a�m�x�l�k�y�� �h�l�� �j�Z�k�l�j�h�\�� �\�k�_�o�� �p�\�_�l�h�\����

�b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y�� �i�j�b���i�_�q�Z�l�b�����W�l�b���i�b�d�b���k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�_�_���a�Z�f�_�l�g�u���i�h���k�j�Z�\�g�_�g�b�x��

�k�� �i�b�d�Z�f�b�� �^�e�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �q�z�j�g�h-�[�_�e�h�c�� �i�_�q�Z�l�b���� �A�Z�q�Z�k�l�m�x�� �i�b�d�b�� �j�Z�k�l�j�Z�� �b��

�i�_�j�b�h�^�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j/�l�_�d�k�l�m�j�� �k�h�^�_�j�`�b�f�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�e�h�`�g�h �j�Z�a�e�b�q�b�l�v, 

�h�k�h�[�_�g�g�h�� �d�h�]�^�Z�� �i�Z�j�Z�f�_�l�j�u�� �i�_�q�Z�l�b�� ���e�b�g�_�Z�l�m�j�Z���� �p�\�_�l�h�\�Z�y�� �k�b�k�l�_�f�Z���� �m�]�e�u�� �j�Z�k�l�j�h�\����

�g�_�b�a�\�_�k�l�g�u���� �H�^�b�g���b�a���g�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�o�� �i�j�h�]�j�Z�f�f�g�u�o�� �i�j�h�^�m�d�l�h�\���^�e�y���i�h�^�Z�\�e�_�g�b�y��

�j�Z�k�l�j�Z�� �í �\�k�l�j�Z�b�\�Z�_�f�u�c�� �f�h�^�m�e�v��Descreen [113] �^�e�y��Adobe Photoshop �\�u�i�h�e�g�y�_�l��

�h�[�j�Z�[�h�l�d�m���\���q�Z�k�l�h�l�g�h�c���h�[�e�Z�k�l�b�����g�h���^�e�y���m�k�i�_�r�g�h�c�� �j�Z�[�h�l�u���l�j�_�[�m�_�l���l�h�q�g�h�]�h���m�d�Z�a�Z�g�b�y��

�i�Z�j�Z�f�_�l�j�h�\���i�_�q�Z�l�b�� 

�<�� �[�h�e�v�r�b�g�k�l�\�_�� �i�m�[�e�b�d�Z�p�b�c, �i�h�k�\�y�s�z�g�g�u�o �Z�e�]�h�j�b�l�f�Z�f �i�h�^�Z�\�e�_�g�b�y�� �j�Z�k�l�j�Z����

�j�Z�[�h�l�Z�x�s�b�f �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �h�[�e�Z�k�l�b���� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�h�j�j�_�d�p�b�y 

�b�a�h�[�j�Z�`�_�g�b�c�� �l�h�e�v�d�h�� �q�z�j�g�h-�[�_�e�h�c�� �i�_�q�Z�l�b��[114�í117]. �D�Z�d �i�j�Z�\�b�e�h, �h�g�b �\�d�e�x�q�Z�x�l��

�^�\�Z�� �w�l�Z�i�Z: �k�]�e�Z�`�b�\�Z�g�b�_�� �k�� �i�h�f�h�s�v�x�� �n�b�e�v�l�j�Z���� �i�j�_�^�h�o�j�Z�g�y�x�s�_�]�h�� �]�j�Z�g�b�p�u���� �Z�� �a�Z�l�_�f��

�i�h�\�u�r�_�g�b�_ �j�_�a�d�h�k�l�b. �B�g�h�]�^�Z �w�l�b�f �^�\�m�f �w�l�Z�i�Z�f �i�j�_�^�r�_�k�l�\�m�_�l �w�l�Z�i �h�i�j�_�^�_�e�_�g�b�y 
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�i�Z�j�Z�f�_�l�j�h�\�� �i�_�q�Z�l�b�� ���\�� �q�Z�k�l�g�h�k�l�b���� �e�b�g�_�Z�l�m�j�u���� �k�� �p�_�e�v�x�� �g�Z�k�l�j�h�c�d�b�� �i�h�k�e�_�^�m�x�s�b�o��

�w�l�Z�i�h�\�� �n�b�e�v�l�j�Z�p�b�b. �H�l�^�_�e�v�g�h�� �k�l�h�b�l�� �h�l�f�_�l�b�l�v�� �k�i�h�k�h�[��[118]���� �g�Z�a�\�Z�g�g�u�c�� �Z�\�l�h�j�Z�f�b��

hardware-friendly descreening (HDF)���� �d�h�l�h�j�u�c, �\�� �h�l�e�b�q�b�_�� �h�l�� �[�h�e�v�r�b�g�k�l�\�Z��

�h�i�b�k�Z�g�g�u�o�� �\���i�m�[�e�b�d�Z�p�b�y�o �Z�e�]�h�j�b�l�f�h�\, �j�Z�k�k�f�Z�l�j�b�\�Z�_�l���i�h�^�Z�\�e�_�g�b�_�� �j�Z�k�l�j�Z���g�_���l�h�e�v�d�h��

�^�e�y�� �d�Z�j�l�b�g�h�d���� �g�h�� �b�� �^�e�y�� �h�[�e�Z�k�l�_�c�� �l�_�d�k�l�Z. HDF �h�k�g�h�\�Z�g�� �g�Z�� �b�^�_�_�� �b�l�_�j�Z�p�b�h�g�g�h�]�h��

�n�b�e�v�l�j�Z�� �Z�g�b�a�h�l�j�h�i�g�h�c�� �^�b�n�n�m�a�b�b��[119]���� �g�h�� �\�u�i�h�e�g�y�_�l�� �l�h�e�v�d�h�� �h�^�g�m�� �b�l�_�j�Z�p�b�x���� �H�g��

�b�f�_�_�l�� �g�b�a�d�m�x�� �\�u�q�b�k�e�b�l�_�e�v�g�m�x�� �k�e�h�`�g�h�k�l�v���� �\�u�i�h�e�g�y�_�l �\�k�_�� �\�u�q�b�k�e�_�g�b�y�� �\��

�p�_�e�h�q�b�k�e�_�g�g�h�c�� �Z�j�b�n�f�_�l�b�d�_�� �b�� �i�j�_�^�i�h�e�Z�]�Z�_�l �w�n�n�_�d�l�b�\�g�m�x�� �j�_�Z�e�b�a�Z�p�b�x�� �\�� �\�b�^�_��

�b�g�l�_�]�j�Z�e�v�g�h�c�� �k�o�_�f�u���b�e�b�� �\�h���\�k�l�j�h�_�g�g�h�f���I�H��  

�K���m�q�_�l�h�f���l�h�]�h�����q�l�h���k�i�h�k�h�[���i�h�^�Z�\�e�_�g�b�y���j�Z�k�l�j�Z���^�h�e�`�_�g���j�Z�[�h�l�Z�l�v���\�h���\�k�l�j�h�_�g�g�h�f��

�I�H�� �F�N�I�� �\�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�� �j�_�`�b�f�_�� �[�_�a�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z �i�h�e�v�a�h�\�Z�l�_�e�y�� �d�Z�d�� �^�e�y��

�b�a�h�[�j�Z�`�_�g�b�c�� �q�z�j�g�h-�[�_�e�h�c�����l�Z�d���b���p�\�_�l�g�h�c�� �i�_�q�Z�l�b���� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �j�_�Z�e�b�a�h�\�Z�l�v���_�]�h���\��

�\�b�^�_�� �Z�^�Z�i�l�b�\�g�h�]�h�� �k�]�e�Z�`�b�\�Z�x�s�_�]�h�� �n�b�e�v�l�j�Z���� �k�l�_�i�_�g�v�� �j�Z�a�f�u�l�b�y�� �d�h�l�h�j�h�]�h��

�j�Z�a�e�b�q�Z�_�l�k�y���^�e�y���i�h�o�h�`�b�o���b���g�_�i�h�o�h�`�b�o�� �k�h�k�_�^�g�b�o�� �[�e�h�d�h�\ �b�a�h�[�j�Z�`�_�g�b�y. �I�h�k�d�h�e�v�d�m�� �\��

�j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y�� �k�]�e�Z�`�b�\�Z�x�s�b�o�� �n�b�e�v�l�j�h�\�� �i�h�^�Z�\�e�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �i�_�q�Z�l�g�u�c��

�j�Z�k�l�j���� �g�h�� �b�� �j�Z�a�f�u�\�Z�x�l�k�y�� �d�h�g�l�m�j�g�u�_�� �i�_�j�_�i�Z�^�u�� �y�j�d�h�k�l�b�� ���]�j�Z�g�b�p�u���� �Z�� �l�Z�d�`�_��

�m�f�_�g�v�r�Z�_�l�k�y�� �d�h�g�l�j�Z�k�l�� �b�a�h�[�j�Z�`�_�g�b�y�� �l�j�_�[�m�_�l�k�y�� �d�h�j�j�_�d�p�b�y�� �j�Z�a�f�u�l�b�y �b�� �i�h�\�u�r�_�g�b�_ 

�d�h�g�l�j�Z�k�l�Z.  

�K�i�h�k�h�[�u���i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b 

�J�Z�a�f�u�l�b�_ �]�j�Z�g�b�p �f�h�`�g�h�� �m�k�l�j�Z�g�b�l�v �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�h�\�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y��

�b�a�h�[�j�Z�`�_�g�b�c�� ��image restoration������ �d�� �d�h�l�h�j�u�f�� �h�l�g�h�k�y�l�k�y�� �j�Z�a�e�b�q�g�u�_ �i�h�^�o�h�^�u�� �d��

�b�g�\�_�j�k�g�h�c���n�b�e�v�l�j�Z�p�b�b�� �b���h�[�j�Z�l�g�h�c���k�\�z�j�l�d�_����deconvolution), �b�e�b���k���i�h�f�h�s�v�x���f�_�l�h�^�h�\��

�m�e�m�q�r�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� ��image enhancement������ �d�� �d�h�l�h�j�u�f�� �h�l�g�h�k�y�l�k�y�� �n�b�e�v�l�j�u����

�i�h�\�u�r�Z�x�s�b�_�� �j�_�a�d�h�k�l�v�� ��sharpening) [78]. �F�_�l�h�^�u�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c��

�q�Z�k�l�h�� �b�l�_�j�Z�p�b�h�g�g�u�_���� �b�f�_�x�l�� �\�u�k�h�d�m�x�� �\�u�q�b�k�e�b�l�_�e�v�g�m�x�� �k�e�h�`�g�h�k�l�v���� �g�_�� �i�h�a�\�h�e�y�x�l��

�h�[�j�Z�[�Z�l�u�\�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �i�h�� �q�Z�k�l�y�f���� �i�h�w�l�h�f�m�� �\�h�� �\�k�l�j�h�_�g�g�u�o�� �k�b�k�l�_�f�Z�o�� �F�N�I��

�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�f�_�g�y�l�v �n�b�e�v�l�j�u�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b���� 

�K�i�h�k�h�[�u���i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b �j�Z�a�^�_�e�y�x�l�k�y���g�Z���^�\�_���]�j�m�i�i�u:  
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�x �m�\�_�e�b�q�b�\�Z�x�s�b�_�� �\�u�k�h�l�m���d�h�g�l�m�j�g�h�]�h���i�_�j�_�i�Z�^�Z;  

�x �m�f�_�g�v�r�Z�x�s�b�_�� �^�e�b�g�m�� �d�h�g�l�m�j�g�h�]�h���i�_�j�_�i�Z�^�Z���� 

�J�b�k�m�g�h�d ���������� �b�e�e�x�k�l�j�b�j�m�_�l�� �j�Z�a�e�b�q�b�_�� �\�� �j�Z�[�h�l�_�� �k�i�h�k�h�[�h�\�� �^�Z�g�g�u�o�� �]�j�m�i�i�� �g�Z��

�i�j�b�f�_�j�_���i�j�h�n�b�e�y���y�j�d�h�k�l�b�����i�h�k�l�j�h�_�g�g�h�]�h���i�h�i�_�j�z�d���j�Z�a�f�u�l�h�c���]�j�Z�g�b�p�u���� �M���d�h�g�l�m�j�g�h�]�h��

�i�_�j�_�i�Z�^�Z�� �_�k�l�v�� �\�u�k�h�l�Z�� �± �j�Z�a�g�b�p�Z�� �f�_�`�^�m�� �i�h�k�l�h�y�g�g�u�f�b�� �m�j�h�\�g�y�f�b�� �y�j�d�h�k�l�b�� �k�� �^�\�m�o��

�k�l�h�j�h�g���h�l���i�_�j�_�i�Z�^�Z�����k�f�����j�b�k�m�g�h�d 3.10a������ �b���_�k�l�v���^�e�b�g�Z�� ���i�j�h�l�y�`�z�g�g�h�k�l�v�����± �j�Z�k�k�l�h�y�g�b�_��

�f�_�`�^�m�� �d�j�Z�c�g�b�f�b�� �i�b�d�k�_�e�y�f�b�� �i�h�k�l�h�y�g�g�u�o�� �m�j�h�\�g�_�c �y�j�d�h�k�l�b�� �k�� �^�\�m�o�� �k�l�h�j�h�g�� �h�l��

�i�_�j�_�i�Z�^�Z�� ���k�f���� �j�b�k�m�g�h�d 3.10b). �>�h�[�Z�\�e�_�g�b�_�� �d�� �b�a�h�[�j�Z�`�_�g�b�x�� �q�Z�k�l�b�� �j�_�a�m�e�v�l�Z�l�Z�� �_�]�h��

�n�b�e�v�l�j�Z�p�b�b�� �k�� �i�h�f�h�s�v�x�� �n�b�e�v�l�j�Z�� �\�_�j�o�g�b�o�� �q�Z�k�l�h�l�� ���N�<�Q���� �i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x��

�\�u�k�h�l�u�� �i�_�j�_�i�Z�^�Z���� �g�Z���j�b�k�m�g�d�_ 3.10a �w�l�h���i�h�d�Z�a�Z�g�h���k�b�g�b�f�� �p�\�_�l�h�f�����G�Z�i�j�b�f�_�j���� �n�b�e�v�l�j��

�g�_�j�_�a�d�h�]�h�� �f�Z�k�d�b�j�h�\�Z�g�b�y�� ��unsharp mask) [78] �m�\�_�e�b�q�b�\�Z�_�l�� �\�u�k�h�l�m�� �d�h�g�l�m�j�g�h�]�h��

�i�_�j�_�i�Z�^�Z���� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d������10 �í �B�e�e�x�k�l�j�Z�p�b�y���k�i�h�k�h�[�h�\���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b: a) �m�\�_�e�b�q�_�g�b�_���\�u�k�h�l�u���i�_�j�_�i�Z�^�Z��

�y�j�d�h�k�l�b; b) �m�f�_�g�v�r�_�g�b�_���^�e�b�g�u���i�_�j�_�i�Z�^�Z���y�j�d�h�k�l�b�� 

 

�A�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_�� �h�k�\�_�s�_�g�u�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �n�b�e�v�l�j�u�� �^�e�y�� �m�f�_�g�v�r�_�g�b�y��

�^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b���� �F�h�j�n�h�e�h�]�b�q�_�k�d�h�_�� �i�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b��[120] �i�h�a�\�h�e�y�_�l��

�^�e�y�� �h�^�g�h�f�_�j�g�h�]�h�� �k�e�m�q�Z�y�� �i�j�_�h�[�j�Z�a�h�\�Z�l�v�� �j�Z�a�f�u�l�u�c�� �i�j�h�l�y�`�z�g�g�u�c�� �i�_�j�_�i�Z�^�� �\��

�b�^�_�Z�e�v�g�m�x�� �k�l�m�i�_�g�v�d�m���� �H�^�g�Z�d�h���i�j�b�f�_�g�_�g�b�_���f�h�j�n�h�e�h�]�b�q�_�k�d�h�]�h���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b��

�d�� �b�a�h�[�j�Z�`�_�g�b�y�f�� �\�_�^�z�l�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �w�n�n�_�d�l�Z�� �i�h�k�l�_�j�b�a�Z�p�b�b�� ��cartoon effect). 

�L�Z�d�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�u�]�e�y�^�y�l�� �g�_�_�k�l�_�k�l�\�_�g�g�h���� �l���d���� �i�j�b�\�u�q�g�u�f�b �^�e�y�� �q�_�e�h�\�_�d�Z��

�y�\�e�y�x�l�k�y�� �k�e�_�]�d�Z�� �j�Z�a�f�u�l�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �g�_�[�h�e�v�r�b�f�� �m�j�h�\�g�_�f�� �r�m�f�Z���� �<��[121] 
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�Z�\�l�h�j�h�f�� �i�j�_�^�e�h�`�_�g�� �Z�e�]�h�j�b�l�f���� �i�h�a�\�h�e�y�x�s�b�c�� �m�f�_�g�v�r�b�l�v�� �^�e�b�g�m�� �i�_�j�_�i�Z�^�Z, �d�Z�d��

�i�h�d�Z�a�Z�g�h�� �g�Z���j�b�k�m�g�d�_ 3.10b, �b���g�_���i�j�b�\�h�^�y�s�b�c�� �d���\�h�a�g�b�d�g�h�\�_�g�b�x�� �a�Z�f�_�l�g�h�]�h�� �w�n�n�_�d�l�Z��

�i�h�k�l�_�j�b�a�Z�p�b�b���� �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�f�_�g�y�l�v�� �h�[�Z�� �k�i�h�k�h�[�Z�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b���� �?�k�e�b��

�k�g�Z�q�Z�e�Z�� �m�\�_�e�b�q�b�l�v�� �\�u�k�h�l�m�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b���� �Z�� �a�Z�l�_�f�� �m�f�_�g�v�r�b�l�v�� �^�e�b�g�m�� �i�_�j�_�i�Z�^�Z����

�l�h���^�h�[�Z�\�e�_�g�g�u�_�� �\�^�h�e�v���i�_�j�_�i�Z�^�Z�� �m�q�Z�k�l�d�b�� ���k�f�����j�b�k�m�g�h�d�� ���������Z���� �j�Z�k�r�b�j�y�l�k�y�����i�h�y�\�b�l�k�y��

�g�_�`�_�e�Z�l�_�e�v�g�u�c�� �h�j�_�h�e���� �I�h�w�l�h�f�m�� �k�e�_�^�m�_�l�� �i�h�\�u�r�Z�l�v�� �j�_�a�d�h�k�l�v�� �i�m�l�z�f��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �k�g�Z�q�Z�e�Z�� �m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b���� �Z��

�a�Z�l�_�f���m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u�� �i�_�j�_�i�Z�^�Z���� 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���r�Z�]�h�\���i�j�_�^�e�Z�]�Z�_�f�h�]�h���k�i�h�k�h�[�Z 

�K�o�_�f�Z���i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z���i�h�^�Z�\�e�_�g�b�y���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z��[61, 62] �i�h�d�Z�a�Z�g�Z��

�g�Z���j�b�k�m�g�d�_�� ������������ 

 

 
�J�b�k�m�g�h�d������11 �í �K�o�_�f�Z���k�i�h�k�h�[�Z���i�h�^�Z�\�e�_�g�b�y���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z�� 

 

�������I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���a�Z���k�q�z�l���m�f�_�g�v�r�_�g�b�y���^�e�b�g�u��
�i�_�j�_�i�Z�^�Z���y�j�d�h�k�l�b

�������:�^�Z�i�l�b�\�g�h�_���k�]�e�Z�`�b�\�Z�g�b�_

�������I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���a�Z���k�q�z�l���m�f�_�g�v�r�_�g�b�y���^�e�b�g�u��
�i�_�j�_�i�Z�^�Z���y�j�d�h�k�l�b

�������I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���a�Z���k�q�z�l���m�\�_�e�b�q�_�g�b�y���\�u�k�h�l�u��
�i�_�j�_�i�Z�^�Z���y�j�d�h�k�l�b

�������M�\�_�e�b�q�_�g�b�_���d�h�g�l�j�Z�k�l�Z
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�I�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �j�Z�k�l�j�b�j�h�\�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �g�_�f�g�h�]�h���j�Z�a�f�u�\�Z�_�l�k�y���� �W�l�h��

�h�l�j�b�p�Z�l�_�e�v�g�h�� �\�e�b�y�_�l�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�_�� �k�l�_�i�_�g�b�� �i�h�o�h�`�_�k�l�b�� �[�e�h�d�h�\�� �\�� �n�b�e�v�l�j�_��

�Z�^�Z�i�l�b�\�g�h�]�h�� �k�]�e�Z�`�b�\�Z�g�b�y���� �I�h�w�l�h�f�m���g�Z���r�Z�]�_�������\�u�i�h�e�g�y�_�l�k�y�� �i�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b���a�Z��

�k�q�z�l�� �m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b���� �A�Z�f�_�l�b�f���� �q�l�h�� �i�j�b�� �w�l�h�f�� �a�Z�h�^�g�h��

�d�h�j�j�_�d�l�b�j�m�_�l�k�y���j�Z�a�f�u�l�b�_���b�a�h�[�j�Z�`�_�g�b�y�����\�h�a�g�b�d�r�_�_���\���o�h�^�_���k�d�Z�g�b�j�h�\�Z�g�b�y���� �G�Z���r�Z�]�_������

�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �Z�^�Z�i�l�b�\�g�h�_�� �k�]�e�Z�`�b�\�Z�g�b�_�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\���b�a�h�[�j�Z�`�_�g�b�y���� �>�Z�e�_�_��

�i�h�\�u�r�Z�_�l�k�y�� �j�_�a�d�h�k�l�v�� �k�]�e�Z�`�_�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �k�g�Z�q�Z�e�Z���g�Z�� �r�Z�]�_�� ���� �a�Z�� �k�q�z�l��

�m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b�����a�Z�l�_�f�� �g�Z�� �r�Z�]�_�� �����a�Z�� �k�q�z�l���m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u��

�i�_�j�_�i�Z�^�Z���� �G�Z�� �r�Z�]�_�� ���� �i�j�h�b�k�o�h�^�b�l�� �m�\�_�e�b�q�_�g�b�_�� �d�h�g�l�j�Z�k�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �������� �l���d����

�i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �g�Z�� �w�l�m�� �\�_�e�b�q�b�g�m�� �d�h�g�l�j�Z�k�l�� �i�Z�^�Z�_�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�]�e�Z�`�b�\�Z�g�b�y��

�b�a�h�[�j�Z�`�_�g�b�y�����I�h�^�j�h�[�g�h���j�Z�k�k�f�h�l�j�b�f���r�Z�]�b���������b���Z�g�Z�e�h�]�b�q�g�u�c�� �_�f�m���������������b�������� 

�I�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b���i�m�l�z�f���m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u���i�_�j�_�i�Z�^�Z���y�j�d�h�k�l�b 

�>�e�y�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �a�Z�� �k�q�z�l�� �m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b��

�k�d�Z�g�b�j�h�\�Z�g�g�h�_���p�\�_�l�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���+ �d�h�g�\�_�j�l�b�j�m�_�l�k�y���\���i�h�e�m�l�h�g�h�\�h�_���+�Â �i�h���n�h�j�f�m�e�_��

(1.1). �D�\�Z�^�j�Z�l�g�h�_���h�d�g�h���j�Z�a�f�_�j�Z���0�â �g�Z���0�â �k���p�_�g�l�j�h�f���\���i�b�d�k�_�e�_�� �k���d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; 

�i�_�j�_�f�_�s�Z�_�l�k�y�� �i�h�� �\�k�_�f�� �i�b�d�k�_�e�y�f�� �b�a�h�[�j�Z�`�_�g�b�y �+�Â���� �>�e�y�� �d�Z�`�^�h�]�h�� �i�h�e�h�`�_�g�b�y�� �h�d�g�Z����

�h�[�h�a�g�Z�q�Z�_�f�h�]�h���3, �\�u�q�b�k�e�y�x�l�k�y �6�5 �í���k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_ �y�j�d�h�k�l�b�� �i�b�d�k�_�e�_�c�� �f�_�g�v�r�_��

�i�_�j�\�h�]�h���d�\�Z�j�l�b�e�y�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���y�j�d�h�k�l�_�c���i�b�d�k�_�e�_�c�� �\���h�d�g�_�����D�ñ�• �����k�f�����n�h�j�f�m�e�u����������-

1.4)���� �b���6�6 �í�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �y�j�d�h�k�l�b�� �i�b�d�k�_�e�_�c�� �[�h�e�v�r�_�� �l�j�_�l�v�_�]�h�� �d�\�Z�j�l�b�e�y��

�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �y�j�d�h�k�l�_�c���i�b�d�k�_�e�_�c�� �\���h�d�g�_: 

�V�5 
L �•�‹�• 
m�V�� 
Í �D�ñ�• �:�G�;

�í

�Þ�@�4


R �r�á�t�w
q�á 

 

(3.38) 

�V�6 
L �•�ƒ�š �L�V�� 
Í �D�ñ�• �:�G�;

�6�µ�×�?�5

�Þ�@�í


R �r�á�t�w�M�á 

 

(3.39) 

�6�5 
L 
Í �G�D�ñ
�• �:�G�;

�í�-

�Þ�@�4

�á 

 

(3.40) 



93 
 

 
 
 

�6�6 
L 
Í �G�D�ñ
�• �:�G�;

�6�µ�×�?�5

�Þ�@�í�.

�ä 

 

(3.41) 

�<���h�[�e�Z�k�l�b�� �d�h�g�l�m�j�g�h�]�h�� �i�_�j�_�i�Z�^�Z���6�5���k�h�h�l�\�_�l�k�l�\�m�_�l�� �m�j�h�\�g�x�� �y�j�d�h�k�l�b�� �k�� �h�^�g�h�c��

�k�l�h�j�h�g�u���h�l���i�_�j�_�i�Z�^�Z���� �Z���6�6 �í���m�j�h�\�g�x���k���^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �Y�j�d�h�k�l�v���i�b�d�k�_�e�y�� �\���h�[�e�Z�k�l�b��

�d�h�g�l�m�j�g�h�]�h�� �i�_�j�_�i�Z�^�Z�����+�Â�:�N�á �?�; �i�j�_�h�[�j�Z�a�m�x�l�k�y�� �k�� �i�h�f�h�s�v�x�� �k�b�]�f�h�\�b�^�g�h�c �n�m�g�d�p�b�b��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �m�j�h�\�g�_�c���O�:�T�; (�k�f�����n�h�j�f�m�e�m�� ������������)���� �]�^�_ �T �Ð�>�r�á �s�?. �I�j�_�^�\�Z�j�b�l�_�e�v�g�h��

���+�Â�:�N�á �?�; �g�h�j�f�Z�e�b�a�m�_�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g���>�r�á �s�? �k�� �i�h�f�h�s�v�x�� �n�m�g�d�p�b�b���B�:�T�; (�k�f���� �n�h�j�f�m�e�m��

(3.42)). �<�� �j�Z�\�g�h�f�_�j�g�h�c�� �h�[�e�Z�k�l�b�� �j�Z�a�g�h�k�l�v���6�6 
F �6�5 �g�_�� �\�_�e�b�d�Z�� ���f�_�g�v�r�_�� �i�h�j�h�]�Z���6�á�������\ 

�w�l�h�f�� �k�e�m�q�Z�_�� �a�g�Z�q�_�g�b�_�� �y�j�d�h�k�l�b�� �i�b�d�k�_�e�y�� �k�� �d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; �g�_�� �b�a�f�_�g�y�_�l�k�y (�k�f����

�n�h�j�f�m�e�m��������������). 

�B�:�T�; 
L 
^

�r�á �T 
O �6�5�á
�T 
F �6�5��

�6�6 
F �6�5����
�s�á �T 
P �6�6���á

�á �T �Ð�>�6�5�á �6�6�?�á 

 

(3.42) 

�O�:�T�; 
L
�T�6

�T�6
E�:�s 
F �T�;�6
���á 

(3.43) 

���+�ñ�Â�:�N�á �?�; 
L �J
���+�Â�:�N�á �?�;�á �����������������������������������������������������������������������6�6 
F �6�5 
O �� �6�á�á

�6�5 
E �O �@�B
k���+�Â�:�N�á �?�;
o�A�:�6�6 
F �6�5�;�á �Ë�Ð�Ã�Ú�È�ä
 

 

(3.44) 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�� �n�h�j�f�m�e�_��(3.44) �d�h�g�l�m�j�g�u�_ �i�_�j�_�i�Z�^�u �g�Z 

���+�•�Â���k�l�Z�g�h�\�y�l�k�y�� �[�h�e�_�_�� �d�j�m�l�u�f�b���� �^�e�b�g�Z�� �i�_�j�_�i�Z�^�h�\ �k�h�d�j�Z�s�Z�_�l�k�y�� ���k�f�����j�b�k�m�g�h�d 3.10b), 

�b�a�h�[�j�Z�`�_�g�b�_�� �\�u�]�e�y�^�b�l�� �[�h�e�_�_�� �j�_�a�d�b�f�� �q�_�f�����+�Â. �W�n�n�_�d�l�� �i�h�k�l�_�j�b�a�Z�p�b�b�� �k�m�s�_�k�l�\�_�g�g�h��

�f�_�g�_�_�� �\�u�j�Z�`�_�g�� �i�h���k�j�Z�\�g�_�g�b�x�� �k���f�h�j�n�h�e�h�]�b�q�_�k�d�b�f�� �i�h�\�u�r�_�g�b�_�f�� �j�_�a�d�h�k�l�b��[120]���� �g�h��

�f�h�`�_�l�� �[�u�l�v�� �a�Z�f�_�l�_�g���� �>�e�y�� �i�_�j�\�h�]�h�� �r�Z�]�Z�� �k�i�h�k�h�[�Z�� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z��

�^�Z�g�g�u�c�� �w�n�n�_�d�l�� �g�_�� �b�f�_�_�l�� �a�g�Z�q�_�g�b�y���� �g�h�� �g�Z�� �l�j�_�l�v�_�f�� �r�Z�]�_�� �_�]�h�� �g�_�h�[�o�h�^�b�f�h��

�f�b�g�b�f�b�a�b�j�h�\�Z�l�v�����W�l�h�]�h���f�h�`�g�h���^�h�k�l�b�q�v���a�Z���k�q�z�l���\�a�\�_�r�_�g�g�h�]�h���k�m�f�f�b�j�h�\�Z�g�b�y�����+�•�Â�:�N�á �?�; 

�k�� �b�k�o�h�^�g�u�f�����+�Â�:�N�á �?�;���� �]�^�_�� �\�_�k�Z�� �^�e�y�� �����+�•�Â�:�N�á �?�; �h�i�j�_�^�_�e�y�x�l�k�y�� �n�m�g�d�p�b�_�c���C�:�T�;���� �� �\�_�k�Z��

�^�e�y���+�Â�:�N�á �?�; �h�i�j�_�^�_�e�y�x�l�k�y���d�Z�d���s 
F �C�:�T�;�����Z�j�]�m�f�_�g�l�h�f���C�:�T�; �y�\�e�y�_�l�k�y���j�Z�a�g�h�k�l�v���6�6 
F �6�5.  
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�C�:�T�; 
L �s 
F �A
�?

�9�:�ë�?�Í�Ù�;
�6�µ�× �á 

(3.45) 

���+�ñ�ñ
�Â�:�N�á �?�; 
L ���+�Â�:�N�á �?�;
k�s 
F �C�:�6�6 
F �6�5�;
o 
E ���+�ñ

�Â�:�N�á �?�;�C�:�6�6
F �6�5�;�ä (3.46) 

�D�h�j�j�_�d�p�b�y���^�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���b�a�f�_�g�_�g�b�y���g�Z�k�u�s�_�g�g�h�k�l�b 

�<�� �e�b�l�_�j�Z�l�m�j�_���� �d�Z�d�� �i�j�Z�\�b�e�h���� �g�_�� �m�i�h�f�b�g�Z�_�l�k�y�� �b�� �\�� �Z�e�]�h�j�b�l�f�Z�o�� �h�[�j�Z�[�h�l�d�b��

�b�a�h�[�j�Z�`�_�g�b�c�� �g�_�� �m�q�b�l�u�\�Z�_�l�k�y�� �l�h�l�� �n�Z�d�l���� �q�l�h�� �b�a�f�_�g�_�g�b�_�� �d�h�g�l�j�Z�k�l�Z�� �p�\�_�l�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���\�_�^�z�l���d���b�a�f�_�g�_�g�b�x�� �_�]�h���g�Z�k�u�s�_�g�g�h�k�l�b. �I�h�d�Z�`�_�f���� �q�l�h �i�j�b���i�h�\�u�r�_�g�b�b��

�d�h�g�l�j�Z�k�l�Z�� �g�Z�k�u�s�_�g�g�h�k�l�v�� �m�f�_�g�v�r�Z�_�l�k�y�� �G�Z�k�u�s�_�g�g�h�k�l�v �i�b�d�k�_�e�y���M 
L�<�M�Ë�á �M�À�á �M�»�= �\��

�p�\�_�l�h�\�h�f���i�j�h�k�l�j�Z�g�k�l�\�_��HSV �j�Z�\�g�Z��[8]: 

�M�Ì 
L
�•�ƒ�š�:�M�Ë�á �M�À�á �M�»�; 
F �•�‹�•�:�M�Ë�á �M�À�á �M�»�;

�•�ƒ�š�:�M�Ë�á �M�À�á �M�»�;
�ä 

(3.47) 

�I�m�k�l�v���M�Ë �b�f�_�_�l�� �f�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_���� �Z���M�À �f�b�g�b�f�Z�e�v�g�h�_. �I�h�k�e�_��

�m�\�_�e�b�q�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z���� �g�Z�i�j�b�f�_�j �M�ñ�ñ
�Ë 
L �s�á�s�M�Ë, �Z���M�ñ�ñ

�À 
L �r�á�{�M�À. �L�h�]�^�Z�� �j�Z�a�g�b�p�Z��

�g�Z�k�u�s�_�g�g�h�k�l�_�c�� �b�k�o�h�^�g�h�]�h���b���d�h�g�l�j�Z�k�l�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���h�l�j�b�p�Z�l�_�e�v�g�Z:  

�M�Ë 
F �M�À
�M�Ë


F
�s�á�s�M�Ë
F �r�á�{�M�À

�s�á�s�M�Ë

L 
F

�r�á�t�M�À

�s�á�s�M�Ë
�ä 

(3.48) 

�:�g�Z�e�h�]�b�q�g�u�f�� �h�[�j�Z�a�h�f�� �i�h�d�Z�a�u�\�Z�_�l�k�y���� �q�l�h�� �i�j�b�� �i�h�g�b�`�_�g�b�b�� �d�h�g�l�j�Z�k�l�Z��

�g�Z�k�u�s�_�g�g�h�k�l�v�� �m�\�_�e�b�q�b�\�Z�_�l�k�y���� 

�>�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���b�a�f�_�g�_�g�b�y���g�Z�k�u�s�_�g�g�h�k�l�b�� �\���h�[�j�Z�[�h�l�Z�g�g�h�f���b�a�h�[�j�Z�`�_�g�b�b��

�+�•�•
L �<�+�•�•�Ë�á �+�•�•
�À�á �+�•�•

�»�=������ �^�e�y�� �d�h�l�h�j�h�]�h�� �\�u�q�b�k�e�_�g�� �d�Z�g�Z�e�� �y�j�d�h�k�l�b���+�•�•�Â, �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�b�k�o�h�^�g�u�f�� �b�a�h�[�j�Z�`�_�g�b�_�f���+ 
L�<�+�Ë�á �+�À�á �+�»�=���� �^�e�y�� �d�h�l�h�j�h�]�h�� �\�u�q�b�k�e�_�g�� �d�Z�g�Z�e�� �y�j�d�h�k�l�b���+�Â, 

�b�k�i�h�e�v�a�m�_�l�k�y�� �k�e�_�^�m�x�s�b�c�� �k�i�h�k�h�[���d�h�j�j�_�d�p�b�b:   

�+�ñ�ñ
�Ë�:�N�á �?�; 
L �P

�+�Ë�:�N�á �?�;�+�ñ�ñ
�Â�:�N�á �?�;

�+�Â�:�N�á �?�;
�á �+�Â�:�N�á �?�; 
M �r���á

�+�Ë�:�N�á �?�;�á �Ë�Ð�Ã�Ú�È�á
�� 

 

(3.49) 

�+�ñ�ñ
�À�:�N�á �?�; 
L �P

�+�À�:�N�á �?�;�+�ñ�ñ
�Â�:�N�á �?�;

�+�Â�:�N�á �?�;
�á �+�Â�:�N�á �?�; 
M �r�á

�+�À�:�N�á �?�;�á �Ë�Ð�Ã�Ú�È�á
�� 

 

(3.50) 
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�+�ñ�ñ
�»�:�N�á �?�; 
L �P

�+�»�:�N�á �?�;�+�ñ�ñ
�Â�:�N�á �?�;

�+�Â�:�N�á �?�;
�á �+�Â�:�N�á �?�; 
M �r�á

�+�»�:�N�á �?�;�á �Ë�Ð�Ã�Ú�È�ä
 

 

(3.51) 

�>�Z�g�g�u�c �k�i�h�k�h�[�� �d�h�j�j�_�d�p�b�b�� �g�_�h�[�o�h�^�b�f�h�� �i�j�b�f�_�g�y�l�v�� �i�h�k�e�_�� �d�Z�`�^�h�c�� �h�i�_�j�Z�p�b�b 

�h�[�j�Z�[�h�l�d�b���p�\�_�l�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����k�\�y�a�Z�g�g�h�c �k���b�a�f�_�g�_�g�b�_�f�� �d�Z�g�Z�e�Z���y�j�d�h�k�l�b. �I�j�b�q�z�f��

�d�h�j�j�_�d�p�b�y���\�u�i�h�e�g�y�_�l�k�y�� �\���h�[�h�b�o���k�e�m�q�Z�y�o: 

1. �D�h�]�^�Z�� �\�� �i�j�h�p�_�k�k�_�� �h�[�j�Z�[�h�l�d�b�� �p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�a�f�_�g�y�x�l�k�y�� �p�\�_�l�h�\�u�_��

�d�Z�g�Z�e�u���+�•�•�Ë�á �+�•�•
�À�á �+�•�•

�»���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �d�Z�g�Z�e�� �y�j�d�h�k�l�b���+�•�•�Â �\�u�q�b�k�e�y�_�l�k�y�� �b�a�� �a�g�Z�q�_�g�b�c��

�p�\�_�l�h�\�u�o���d�Z�g�Z�e�h�\���i�h���n�h�j�f�m�e�_�����������������Z���a�Z�l�_�f���i�j�b�f�_�g�y�x�l�k�y �n�h�j�f�m�e�u��������������-(3.51). 

2. �D�h�]�^�Z���\���i�j�h�p�_�k�k�_�� �h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�y�� �b�a�f�_�g�y�_�l�k�y�� �d�Z�g�Z�e�� �y�j�d�h�k�l�b �+�•�•�Â. �<�� �w�l�h�f��

�k�e�m�q�Z�_ �i�h�� �n�h�j�f�m�e�Z�f��(3.49)-�������������� �\�u�q�b�k�e�y�x�l�k�y�� �a�g�Z�q�_�g�b�y�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\����

�+�•�•�Ë�á �+�•�•
�À�á �+�•�•

�». 

�>�e�y�� �m�f�_�g�v�r�_�g�b�y�� �\�j�_�f�_�g�b�� �h�[�j�Z�[�h�l�d�b�� �f�h�`�g�h�� �i�j�b�f�_�g�b�l�v�� �^�Z�g�g�m�x�� �d�h�j�j�_�d�p�b�x��

�^�e�y�� �]�j�m�i�i�u�� �i�h�^�j�y�^�� �b�^�m�s�b�o�� �h�i�_�j�Z�p�b�c���� �<�� �l�_�d�k�l�_�� �g�b�`�_�� �\�� �j�y�^�_ �k�e�m�q�Z�_�\�� �h�i�m�s�_�g�h��

�m�i�h�f�b�g�Z�g�b�_�� �d�h�j�j�_�d�p�b�b�� �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �b�a�f�_�g�_�g�b�y�� �g�Z�k�u�s�_�g�g�h�k�l�b �b�e�b��

�i�h�e�m�q�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\���� �o�h�l�y�� �n�Z�d�l�b�q�_�k�d�b�� �w�l�h�� �\�u�i�h�e�g�y�_�l�k�y �i�h�k�e�_��

�[�h�e�v�r�b�g�k�l�\�Z �h�i�_�j�Z�p�b�c�� �m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z���b�a�h�[�j�Z�`�_�g�b�c�� 

�:�^�Z�i�l�b�\�g�h�_�� �k�]�e�Z�`�b�\�Z�g�b�_ 

�G�Z�� �\�l�h�j�h�f �r�Z�]�_ �k�i�h�k�h�[�Z���i�h�^�Z�\�e�_�g�b�y���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z���i�j�b�f�_�g�y�_�l�k�y �Z�e�]�h�j�b�l�f��

�Z�^�Z�i�l�b�\�g�h�]�h�� �k�]�e�Z�`�b�\�Z�g�b�y���� �\���d�h�l�h�j�h�f �d�\�Z�^�j�Z�l�g�h�_���h�d�g�h���j�Z�a�f�_�j�Z���0�ê �g�Z���0�ê �k���p�_�g�l�j�h�f��

�\�� �i�b�d�k�_�e�_�� �k�� �d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; �i�_�j�_�f�_�s�Z�_�l�k�y�� �i�h�� �\�k�_�f�� �i�b�d�k�_�e�y�f�� �p�\�_�l�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���+ 
L�<�+�Ë�á �+�À�á �+�»�=�����^�e�y���d�Z�`�^�h�]�h���:�N�á �?�;  �\�u�q�b�k�e�y�_�l�k�y�� �j�Z�a�g�b�p�Z �5�:�N�á �?�; �f�_�`�^�m��

�[�e�h�d�h�f���j�Z�a�f�_�j�Z���0�Õ �g�Z���0�Õ �k���p�_�g�l�j�h�f���\���i�b�d�k�_�e�_���k���d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; �b���[�e�h�d�h�f���l�Z�d�h�]�h��

�`�_���j�Z�a�f�_�j�Z�� �k���p�_�g�l�j�h�f�� �\���i�b�d�k�_�e�_�� �k���d�h�h�j�^�b�g�Z�l�Z�f�b���:�N 
E �Q�á �? 
E �R�; (�k�f�����j�b�k�m�g�h�d 3.12), 

�i�j�b�q�_�f�� �a�g�Z�q�_�g�b�y���Q �b�� �R �_�k�l�v�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�u�_�� �q�b�k�e�Z [122] �\�� �^�b�Z�i�Z�a�h�g�_��

�>
F�0�ê���t�á �0�ê���t�? �i�j�b���m�k�e�h�\�b�b���Q 
M �r�á �R 
M �r: 
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�5�:�N�á �?�; 
L 
Í 
Í 
k�+ �Ë�:�N 
E �E�á �? 
E �F�; 
F �+�Ë�:�N 
E �Q 
E �E�á �? 
E �R 
E �F�;
o
�6


E

�Ç�Í
�6

�Ý�@
�?�Ç�Í

�6

�Ç�Í
�6

�Ü�@
�?�Ç�Í

�6

 


E
k�+�À�:�N 
E �E�á �? 
E �F�; 
F �+�À�:�N 
E �Q 
E �E�á �? 
E �R 
E �F�;
o
�6


E 


E
k�+�»�:�N 
E �E�á �? 
E �F�; 
F �+�»�:�N 
E �Q 
E �E�á �? 
E �R 
E �F�;
o
�6
�ä 

 

 

 

(3.52) 

 

 
�J�b�k�m�g�h�d������12 �í �H�d�g�h���b���[�e�h�d�b���\���h�d�g�_���i�j�b���Z�^�Z�i�l�b�\�g�h�f���j�Z�a�f�u�l�b�b�� 

 

�?�k�e�b�� �j�Z�a�g�b�p�Z���5�:�N�á �?�; �g�_�\�_�e�b�d�Z�� ���f�_�g�v�r�_�� �i�h�j�h�]�Z���6�æ������ �l�h�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h��

�i�b�d�k�_�e�v�� �k�� �d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; �g�Z�o�h�^�b�l�k�y�� �g�Z�� �h�^�g�h�j�h�^�g�h�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h 

�i�h�\�l�h�j�y�x�s�_�c�k�y�� �l�_�d�k�l�m�j�_���� �h�[�j�Z�a�h�\�Z�g�g�h�c�� �i�_�q�Z�l�g�u�f�� �j�Z�k�l�j�h�f���� �b�� �j�_�a�m�e�v�l�Z�l��

�k�]�e�Z�`�b�\�Z�g�b�y �\�� �^�Z�g�g�h�f�� �i�b�d�k�_�e�_���+�•�:�N�á �?�; �j�Z�\�_�g���+�� �Þ
�Û�:�N�á �?�; �í �j�_�a�m�e�v�l�Z�l�m�� �]�Z�m�k�k�h�\�Z��

�j�Z�a�f�u�l�b�y���k���^�b�k�i�_�j�k�b�_�c���ê�æ. �+�� �Þ
�Û�:�N�á �?�; �i�h�e�m�q�Z�_�l�k�y�� �k���i�h�f�h�s�v�x���k�\�z�j�l�d�b�� �d�Z�`�^�h�]�h���d�Z�g�Z�e�Z��

�p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �h�^�b�g�Z�d�h�\�u�f�� �y�^�j�h�f�� �\�� �\�b�^�_�� �^�\�m�f�_�j�g�h�]�h�� �]�Z�m�k�k�b�Z�g�Z���� �?�k�e�b��

�j�Z�a�g�b�p�Z���5�:�N�á �?�;, �[�h�e�v�r�_���i�h�j�h�]�Z���6�æ�����l�h���i�j�_�^�i�h�e�Z�]�Z�_�l�k�y�� �q�l�h���i�b�d�k�_�e�v�� �k���d�h�h�j�^�b�g�Z�l�Z�f�b��

�:�N�á �?�; �g�Z�o�h�^�b�l�k�y �\���h�[�e�Z�k�l�b���a�Z�f�_�l�g�h�]�h���b�a�f�_�g�_�g�b�y�� �l�_�d�k�l�m�j�u���� �h�[�j�Z�a�h�\�Z�g�g�h�c���i�_�q�Z�l�g�u�f��

�j�Z�k�l�j�h�f���� �b�� �j�_�a�m�e�v�l�Z�l�� �k�]�e�Z�`�b�\�Z�g�b�y �\�� �^�Z�g�g�h�f�� �i�b�d�k�_�e�_���+�•�:�N�á �?�; �j�Z�\�_�g���+�� �Ø
�Û �:�N�á �?�; �í��

�j�_�a�m�e�v�l�Z�l�m�� �]�Z�m�k�k�h�\�Z�� �j�Z�a�f�u�l�b�y�� �k�� �^�b�k�i�_�j�k�b�_�c���ê�à . �I�j�b�q�_�f���ê�æ
P �ê�à , �l���_���� �h�[�e�Z�k�l�b��

�h�^�g�h�j�h�^�g�u�o�� �l�_�d�k�l�m�j�� �j�Z�a�f�u�\�Z�x�l�k�y�� �k�b�e�v�g�_�_���� �q�_�f�� �h�[�e�Z�k�l�b���� �]�^�_�� �i�j�h�b�k�o�h�^�b�l�� �j�_�a�d�h�_��

(r,c)

(r+u,c+v)
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�b�a�f�_�g�_�g�b�_�� �\�b�^�Z�� �l�_�d�k�l�m�j�u �j�Z�k�l�j�Z���� �q�l�h���� �\�_�j�h�y�l�g�h���� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �]�j�Z�g�b�p�Z�f�� �g�Z��

�b�k�o�h�^�g�h�f���b�a�h�[�j�Z�`�_�g�b�b�� �^�h���j�Z�k�l�j�b�j�h�\�Z�g�b�y.  

�+�ñ�:�N�á �?�; 
L �J
�+�� �Þ

�Û�:�N�á �?�;�á �5�:�N�á �?�; 
O �6�æ���á

�+�� �Ø
�Û �:�N�á �?�;�á�������������������������������������Ë�Ð�Ã�Ú�È�ä

 
(3.53) 

�I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���i�m�l�z�f���m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u���d�h�g�l�m�j�g�h�]�h���i�_�j�_�i�Z�^�Z 

�G�Z�� �q�_�l�\�z�j�l�h�f�� �r�Z�]�_ �k�i�h�k�h�[�Z�� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z �\�u�i�h�e�g�y�_�l�k�y��

�i�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b���k���i�h�f�h�s�v�x���m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u���d�h�g�l�m�j�g�h�]�h�� �i�_�j�_�i�Z�^�Z�� �H�^�g�b�f��

�b�a �g�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�o�� �Z�e�]�h�j�b�l�f�h�\�� �l�Z�d�h�]�h�� �l�b�i�Z�� �y�\�e�y�_�l�k�y�� �n�b�e�v�l�j�� �g�_�j�_�a�d�h�]�h��

�f�Z�k�d�b�j�h�\�Z�g�b�y�����\���d�h�l�h�j�h�f���d���b�a�h�[�j�Z�`�_�g�b�x���^�h�[�Z�\�e�y�_�l�k�y���m�f�g�h�`�_�g�g�Z�y���g�Z���d�h�w�n�n�b�p�b�_�g�l��

�G �j�Z�a�g�h�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �_�]�h�� �j�Z�a�f�u�l�h�c�� �n�b�e�v�l�j�h�f�� �=�Z�m�k�k�Z�� �d�h�i�b�b [78]. �>�e�y�� �j�y�^�Z��

�k�h�q�_�l�Z�g�b�c�� �^�b�k�i�_�j�k�b�b�� �n�b�e�v�l�j�Z�� �=�Z�m�k�k�Z�� �b���G �\�h�a�f�h�`�g�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�b�^�b�f�u�o��

�b�k�d�Z�`�_�g�b�c �\�� �\�b�^�_���h�j�_�h�e�h�\��(�w�n�n�_�d�l�� �]�Z�e�h) �\�^�h�e�v�� �d�h�g�l�m�j�g�u�o �i�_�j�_�i�Z�^�h�\�� �<��[121] 

�Z�\�l�h�j�h�f���i�j�_�^�e�h�`�_�g���i�h�^�o�h�^�����i�h�a�\�h�e�y�x�s�b�c���b�a�[�_�`�Z�l�v���\�h�a�g�b�d�g�h�\�_�g�b�y���h�j�_�h�e�h�\���a�Z���k�q�z�l��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b�����+�Â �\�f�_�k�l�h�� �n�b�e�v�l�j�Z�� �=�Z�m�k�k�Z��

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h�� �[�b�e�Z�l�_�j�Z�e�v�g�h�]�h�� �n�b�e�v�l�j�Z. �<�� �d�e�Z�k�k�b�q�_�k�d�h�f�� �[�b�e�Z�l�_�j�Z�e�v�g�h�f��

�n�b�e�v�l�j�_��[123] �\�� �d�Z�q�_�k�l�\�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �y�^�j�Z�� �b�� �n�m�g�d�p�b�b�� �\�_�k�h�\�� �i�h�� �^�b�Z�i�Z�a�h�g�m��

�y�j�d�h�k�l�_�c ���g�Z�a�u�\�Z�_�f�h�c�� �l�Z�d�`�_�� �n�m�g�d�p�b�_�c �j�Z�^�b�h�f�_�l�j�b�q�_�k�d�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �b�e�b��

�n�m�g�d�p�b�_�c �i�j�_�^�h�o�j�Z�g�_�g�b�y�� �]�j�Z�g�b�p, edge-stop function���� �b�k�i�h�e�v�a�m�x�l�k�y�� �^�\�m�f�_�j�g�u�c�� �b��

�h�^�g�h�f�_�j�g�u�c�� �]�Z�m�k�k�b�Z�g�u �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �<�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�� �n�b�e�v�l�j�_ 

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�b�f�_�g�y�l�v �m�k�j�_�^�g�y�x�s�_�_�� ���©�i�e�h�k�d�h�_�ª����flat) �y�^�j�h�� �i�h�� �i�j�h�k�l�j�Z�g�k�l�\�m�� �b��

�\�_�k�h�\�m�x�� �n�m�g�d�p�b�x�� �i�h���^�b�Z�i�Z�a�h�g�m�� �y�j�d�h�k�l�_�c���0�:�T�;�����d�h�l�h�j�Z�y���i�h�o�h�`�Z�� �g�Z�� �]�Z�m�k�k�b�Z�g���� �g�h���k��

�m�\�_�e�b�q�_�g�b�_�f�����T�� �m�f�_�g�v�r�Z�_�l�k�y�� �[�h�e�_�_���i�e�Z�\�g�h �i�j�b���a�g�Z�q�_�g�b�b�� �i�Z�j�Z�f�_�l�j�Z �ä �[�h�e�v�r�_���^�\�m�o��

[124]:    

�0�:�T�; 
L
�s


¨ �s 
E �,
�T�6

�ê�å�6
�,
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�á 

 

(3.54) 

�]�^�_���ê�å
�6 �± �i�h�� �k�f�u�k�e�m�� �Z�g�Z�e�h�]�b�q�_�g�� �^�b�k�i�_�j�k�b�b�� �]�Z�m�k�k�b�Z�g�Z�� �b�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�� �\�_�e�b�q�b�g�m��

�i�_�j�_�i�Z�^�Z���� �d�h�l�h�j�Z�y���k�q�b�l�Z�_�l�k�y�� �³�i�h�e�_�a�g�h�c�´���]�j�Z�g�b�p�_�c�� �f�_�`�^�m���h�[�e�Z�k�l�y�f�b������ 
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�<�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�� �[�b�e�Z�l�_�j�Z�e�v�g�h�f�� �n�b�e�v�l�j�_�� �d�\�Z�^�j�Z�l�g�h�_�� �h�d�g�h�� �j�Z�a�f�_�j�Z���0�â 

�g�Z���0�â �k�� �p�_�g�l�j�h�f���\�� �i�b�d�k�_�e�_�� �k���d�h�h�j�^�b�g�Z�l�Z�f�b���:�N�á �?�; �i�_�j�_�f�_�s�Z�_�l�k�y�� �i�h���\�k�_�f�� �i�b�d�k�_�e�y�f��

�b�a�h�[�j�Z�`�_�g�b�y���+�Â�����j�_�a�m�e�v�l�Z�l�� �n�b�e�v�l�j�Z�p�b�b�� �\�u�q�b�k�e�y�_�l�k�y�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f:  

�+�ñ�Â�:�N�á �?�; 
L

�Ã �Ã �+�Â
�Ç�Ú
�6

�Ý�@
�?�Ç�Ú

�6

�:�N�á �?�;�0�:�+�Â�:�N�á �?�; 
F �+�Â�:�N 
E �E�á �? 
E �F�;�;
�Ç�Ú
�6

�Ü�@
�?�Ç�Ú

�6

�0�â
�6�Ã �Ã �0�:�+�Â�:�N�á �?�;
F �+�Â�:�N 
E �E�á �? 
E �F�;�;

�Ç�Ú
�6

�Ý�@
�?�Ç�Ú

�6

�Ç�Ú
�6

�Ü�@
�?�Ç�Ú

�6

�ä 

 

(3.55) 

�N�b�e�v�l�j�� �g�_�j�_�a�d�h�]�h�� �f�Z�k�d�b�j�h�\�Z�g�b�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h��

�[�b�e�Z�l�_�j�Z�e�v�g�h�]�h�� �n�b�e�v�l�j�Z: 

�+�ñ�ñ
�Â�:�N�á �?�; 
L �J

�+�Â�:�N�á �?�;�á�������������������������������+�Â�:�N�á �?�;
F �+�ñ�Â�:�N�á �?�;��
O �6�á�á
�+�Â�:�N�á �?�;
E �G
k�+�Â�:�N�á �?�; 
F �+�ñ�Â�:�N�á �?�;
o�á �Ë�Ð�Ã�Ú�È�ä������

 
 

(3.56) 

�A�g�Z�q�_�g�b�y�� �\�� �d�Z�g�Z�e�Z�o�� �p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���+�•�• �\�u�q�b�k�e�y�x�l�k�y�� �i�h�� �n�h�j�f�m�e�Z�f��

(3.49)-(3.51). 

�J�_�a�m�e�v�l�Z�l�u 

�I�Z�j�Z�f�_�l�j�u�� �n�b�e�v�l�j�h�\�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �b�� �Z�^�Z�i�l�b�\�g�h�]�h�� �k�]�e�Z�`�b�\�Z�g�b�y��

�g�Z�k�l�j�h�_�g�u�� �\���a�Z�\�b�k�b�f�h�k�l�b �h�l���j�Z�a�j�_�r�_�g�b�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �g�Z�i�j�b�f�_�j�� �^�e�y �j�Z�a�j�_�r�_�g�b�y 

�������� �l�h�q�_�d�� �g�Z�� �^�x�c�f �b�� �]�e�m�[�b�g�u �p�\�_�l�Z�� �g�Z�� �d�Z�g�Z�e���&�ß
L �z: �0�â 
L �s�s�â�� ���6�á 
L �t�w�â �����0�ê 
L

�y�â�� �0�Õ
L �u; �6�æ
L ���t�w�r�r�r�â �ê�æ
L �u�â�� �ê�à 
L �w�â �����ä 
L �u�â �ê�å 
L �s�r�â �����G 
L �r�á�w�ä �G�Z�� �j�b�k�m�g�d�_ 3.13 

�i�h�d�Z�a�Z�g�u�� �i�j�b�f�_�j�u�� �j�_�a�m�e�v�l�Z�l�h�\�� �h�[�j�Z�[�h�l�d�b�� �i�j�b�� �i�h�^�Z�\�e�_�g�b�b���i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z�� �^�e�y��

�m�\�_�e�b�q�_�g�g�h�]�h�� �\�������j�Z�a�Z���n�j�Z�]�f�_�g�l�Z���b�a�h�[�j�Z�`�_�g�b�y�����<�b�^�g�h�����q�l�h���i�_�q�Z�l�g�u�c���j�Z�k�l�j���m�k�i�_�r�g�h��

�i�h�^�Z�\�e�_�g���� �Z���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�_�� �y�\�e�y�_�l�k�y���^�h�k�l�Z�l�h�q�g�h��

�q�z�l�d�b�f�� 

�D�Z�q�_�k�l�\�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �k�i�h�k�h�[�Z�� �i�h�^�Z�\�e�_�g�b�y�� �j�Z�k�l�j�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�Z�e�v�l�_�j�g�Z�l�b�\�g�u�f�b�� �Z�e�]�h�j�b�l�f�Z�f�b�� �b�� �I�H�� �h�p�_�g�b�\�Z�e�h�k�v�� �g�Z�� �h�k�g�h�\�_�� �i�h�d�Z�a�Z�l�_�e�_�c����

�\�u�q�b�k�e�y�_�f�u�o�� �i�h�� �h�^�g�h�c�� �b�a�� �l�_�k�l�h�\�u�o�� �l�Z�[�e�b�p���� �b�k�i�h�e�v�a�m�_�f�u�o���\�� �k�l�Z�g�^�Z�j�l�_�� �B�K�H�� �^�e�y��

�h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �d�h�i�b�j�h�\�Z�g�b�y��[32]���� �Z�� �l�Z�d�`�_�� �g�Z�� �h�k�g�h�\�_�� �h�i�j�h�k�Z�� �i�h�e�v�a�h�\�Z�l�_�e�_�c����

�K�j�Z�\�g�_�g�b�_�� �\�u�i�h�e�g�y�_�l�k�y�� �^�e�y�� �I�H��Descreen [113] �b��SilverFast HDR [125], �Z�� �l�Z�d�`�_��

�Z�e�]�h�j�b�l�f�Z��HFD [118]. �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �e�b�l�_�j�Z�l�m�j�_��HFD �h�i�b�k�Z�g�� �l�h�e�v�d�h�� �^�e�y��
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�b�a�h�[�j�Z�`�_�g�b�c�� �q�z�j�g�h-�[�_�e�h�]�h�� �j�Z�k�l�j�Z. �>�Z�g�g�u�c�� �Z�e�]�h�j�b�l�f�� �g�_�a�Z�\�b�k�b�f�h�� �i�j�b�f�_�g�y�e�k�y�� �d��

�d�Z�`�^�h�f�m�� �p�\�_�l�h�\�h�f�m�� �d�Z�g�Z�e�m�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �q�l�h�� �\�� �j�y�^�_�� �k�e�m�q�Z�_�\��

�i�j�b�\�h�^�b�e�h���d���\�h�a�g�b�d�g�h�\�_�g�b�x�� �p�\�_�l�h�\�u�o�� �b�k�d�Z�`�_�g�b�c. 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d������13 �í �I�j�b�f�_�j�u���j�_�a�m�e�v�l�Z�l�h�\���w�l�Z�i�h�\���h�[�j�Z�[�h�l�d�b���i�j�b���i�h�^�Z�\�e�_�g�b�b���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z: a) 

�b�k�o�h�^�g�h�_���k�d�Z�g�b�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �j�_�a�m�e�v�l�Z�l���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b���a�Z���k�q�z�l���m�f�_�g�v�r�_�g�b�y��

�^�e�b�g�u���i�_�j�_�i�Z�^�Z; c) �j�_�a�m�e�v�l�Z�l���Z�^�Z�i�l�b�\�g�h�]�h���j�Z�a�f�u�l�b�y; d) �b�l�h�]�h�\�u�c���j�_�a�m�e�v�l�Z�l�� 

 

�G�Z�� �j�b�k�m�g�d�_�� ���������� �i�j�b�\�_�^�_�g�Z�� �g�Z�i�_�q�Z�l�Z�g�g�Z�y�� �l�b�i�h�]�j�Z�n�k�d�b�f�� �k�i�h�k�h�[�h�f�� �l�_�k�l�h�\�Z�y��

�l�Z�[�e�b�p�Z�� �b���h�[�h�a�g�Z�q�_�g�u�� �l�j�b���h�[�e�Z�k�l�b���� �g�Z���d�h�l�h�j�u�o�� �\�u�q�b�k�e�y�x�l�k�y�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z����
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�J�Z�^�b�Z�e�v�g�u�_�� �f�b�j�u�� �\�� �h�[�e�Z�k�l�b�� ���� ���l�Z�d�� �g�Z�a�u�\�Z�_�f�u�_��black �b��white Siemens star) 

�b�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y�� �h�p�_�g�d�b�� �k�l�_�i�_�g�b�� �j�Z�a�f�u�l�b�y�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o�� �k�l�j�m�d�l�m�j�� �\�� �o�h�^�_��

�i�h�^�Z�\�e�_�g�b�y�� �j�Z�k�l�j�Z���� �H�p�_�g�d�Z�� �j�_�a�d�h�k�l�b�� �d�h�g�l�m�j�g�h�]�h�� �i�_�j�_�i�Z�^�Z�� �f�_�`�^�m�� �d�h�g�l�j�Z�k�l�g�u�f�b��

�h�[�e�Z�k�l�y�f�b�� �k���q�z�j�g�h-�[�_�e�u�f�� �j�Z�k�l�j�h�f���\�u�i�h�e�g�y�_�l�k�y�� �^�e�y�� �h�[�e�Z�k�l�b�� ������ �H�p�_�g�d�Z�� �b�k�d�Z�`�_�g�b�y��

�p�\�_�l�h�\�� �\���j�_�a�m�e�v�l�Z�l�_�� �j�Z�[�h�l�u�� �k�i�h�k�h�[�Z�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\���h�[�e�Z�k�l�b�� �p�\�_�l�g�h�]�h�� �j�Z�k�l�j�Z�� ������

�L�_�k�l�h�\�Z�y�� �l�Z�[�e�b�p�Z�� �h�l�k�d�Z�g�b�j�h�\�Z�g�Z�� �k���j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi �b�� �]�e�m�[�b�g�h�c�� �p�\�_�l�Z�� ������bpp, 

�a�Z�l�_�f���h�[�j�Z�[�h�l�Z�g�Z���j�Z�a�e�b�q�g�u�f�b�� �k�i�h�k�h�[�Z�f�b���i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z���� 

 

 
�J�b�k�m�g�h�d������14 �í �L�_�k�l�h�\�Z�y���l�Z�[�e�b�p�Z���k���h�[�h�a�g�Z�q�_�g�b�_�f���h�[�e�Z�k�l�_�c�����b�k�i�h�e�v�a�m�_�f�u�o���^�e�y���d�h�e�b�q�_�k�l�\�_�g�g�h�]�h��

�k�j�Z�\�g�_�g�b�y���k�i�h�k�h�[�h�\���i�h�^�Z�\�e�_�g�b�y���i�_�q�Z�l�g�h�]�h���j�Z�k�l�j�Z�� 

 

�L�Z�[�e�b�p�Z�� ��.5�����M�\�_�e�b�q�_�g�b�_�� �^�b�Z�f�_�l�j�Z���d�j�m�]�Z���\���i�b�d�k�_�e�y�o �\���h�[�e�Z�k�l�b���������k�f�����j�b�k�m�g�h�d 3.14), 

�\���d�h�l�h�j�h�f���g�_�j�Z�a�e�b�q�b�f�u�� �e�b�g�b�b�� �j�Z�^�b�Z�e�v�g�h�c�� �f�b�j�u  

�W�e�_�f�_�g�l Descreen HFD SilverFast �I�j�_�^�e�Z�]�Z�_�f�u�c 

Black star 8 9 54 13 

White star 6 8 49 11 

 

1

2

3
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�<�� �l�Z�[�e�b�p�_�� ����5 �i�j�b�\�_�^�_�g�u�� �a�g�Z�q�_�g�b�y�� �m�\�_�e�b�q�_�g�b�y�� �^�b�Z�f�_�l�j�Z�� �d�j�m�]�Z���� �\�� �d�h�l�h�j�h�f��

�g�_�j�Z�a�e�b�q�b�f�u�� �e�b�g�b�b�� �j�Z�^�b�Z�e�v�g�h�c�� �f�b�j�u���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �g�_�h�[�j�Z�[�h�l�Z�g�g�u�f��

�k�d�Z�g�b�j�h�\�Z�g�g�u�f�� �b�a�h�[�j�Z�`�_�g�b�_�f�� �I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���k�h�o�j�Z�g�y�_�l�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�_��

�q�z�j�g�h-�[�_�e�u�_�� �^�_�l�Z�e�b�� �q�m�l�v�� �o�m�`�_���� �q�_�f��Descreen �b��HFD���� �g�h�� �m�\�_�e�b�q�_�g�b�_�� �^�b�Z�f�_�l�j�Z��

�k�h�k�l�Z�\�e�y�_�l�� �e�b�r�v �h�d�h�e�h���i�h�e�h�\�b�g�u�� �f�f�����q�l�h �g�_�a�Z�f�_�l�g�h���g�_�\�h�h�j�m�`�z�g�g�u�f�� �]�e�Z�a�h�f.  

�>�e�b�g�Z�� �i�_�j�_�i�Z�^�Z �f�_�`�^�m�� �d�\�Z�^�j�Z�l�g�u�f�b�� �m�q�Z�k�l�d�Z�f�b�� �q�z�j�g�h-�[�_�e�h�]�h�� �j�Z�k�l�j�Z��

�i�j�b�\�_�^�_�g�Z �\�� �l�Z�[�e�b�p�_�� ����6. �<�u�q�b�k�e�y�x�l�k�y�� �k�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y�� �y�j�d�h�k�l�b�� �k�\�_�l�e�h-�k�_�j�h�c�� �b��

�l�z�f�g�h-�k�_�j�h�c�� �h�[�e�Z�k�l�_�c���� �f�_�`�^�m�� �d�h�l�h�j�u�f�b�� �_�k�l�v�� �d�h�g�l�m�j�g�u�c�� �i�_�j�_�i�Z�^�����M�k�j�_�^�g�y�x�l�k�y��

�a�g�Z�q�_�g�b�y�� �y�j�d�h�k�l�b���\���k�l�h�e�[�p�Z�o���� �\���j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h���i�h�e�m�q�Z�_�l�k�y�� �m�k�j�_�^�g�z�g�g�u�c�� �i�j�h�n�b�e�v��

�y�j�d�h�k�l�b���� �G�Z�� �i�j�h�n�b�e�_�� �d�j�Z�_�f �i�_�j�_�i�Z�^�Z�� �k�q�b�l�Z�x�l�k�y�� �[�e�b�`�Z�c�r�b�_�� �l�h�q�d�b���� �a�g�Z�q�_�g�b�y��

�y�j�d�h�k�l�b�� �d�h�l�h�j�u�o�� �[�h�e�_�_�� �q�_�f�� �g�Z�� ������ �]�j�Z�^�Z�p�b�c �y�j�d�h�k�l�b�� �h�l�e�b�q�Z�x�l�k�y�� �h�l�� �k�j�_�^�g�b�o��

�y�j�d�h�k�l�_�c���k�\�_�l�e�h-�k�_�j�h�c���b���l�z�f�g�h-�k�_�j�h�c���h�[�e�Z�k�l�_�c�� �>�e�b�g�Z�� �i�_�j�_�i�Z�^�Z�� �² �w�l�h���Z�[�k�h�e�x�l�g�Z�y��

�j�Z�a�g�h�k�l�v���f�_�`�^�m �d�h�h�j�^�b�g�Z�l�Z�f�b �d�j�Z�z�\���i�_�j�_�i�Z�^�Z. �I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���h�[�_�k�i�_�q�b�\�Z�_�l��

�]�j�Z�g�b�p�m�� �f�_�`�^�m�� �h�[�e�Z�k�l�y�f�b�� �^�Z�`�_�� �[�h�e�_�_�� �j�_�a�d�m�x�� �q�_�f�� �g�Z�� �b�k�o�h�^�g�h�f�� �k�d�Z�g�b�j�h�\�Z�g�g�h�f��

�b�a�h�[�j�Z�`�_�g�b�b���� 

 

�L�Z�[�e�b�p�Z�� ��.6�����H�p�_�g�d�Z�� �j�_�a�d�h�k�l�b���]�j�Z�g�b�p�u �\���h�[�e�Z�k�l�b�� �������k�f�����j�b�k�m�g�h�d 3.14) 

�I�Z�j�Z�f�_�l�j �B�k�o�h�^�g�u�c��

�k�d�Z�g 

Descreen HFD SilverFast �I�j�_�^�e�Z�]�Z�_�f�u�c 

�>�e�b�g�Z �i�_�j�_�i�Z�^�Z�����i�b�d�k. 6 6 6 9 4 

 

�L�Z�[�e�b�p�Z�� ��.7�����H�p�_�g�d�Z�� �b�k�d�Z�`�_�g�b�c�� �p�\�_�l�Z���\���h�[�e�Z�k�l�b��3 (�k�f�����j�b�k�m�g�h�d 3.14). 

�I�Z�j�Z�f�_�l�j Descreen HFD SilverFast �I�j�_�^�e�Z�]�Z�_�f�u�c 

�¿��
$
$
$
$ 1 -12 9 -1 

�¿��
$
$
$ -3 -3 12 0 

�¿��
$
$
$
$ -4 -4 0 3 
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�A�g�Z�q�_�g�b�y�� �i�b�d�k�_�e�_�c�� �h�[�e�Z�k�l�b�� ���� �b�k�o�h�^�g�h�]�h�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�� �h�[�j�Z�[�h�l�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�c�� �d�h�g�\�_�j�l�b�j�h�\�Z�g�h �\�� �p�\�_�l�h�\�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h��HSV [8], �]�^�_ �G����S, V �Ð [0, 

255]���� �a�Z�l�_�f�� �^�e�y�� �d�Z�`�^�h�]�h�� �d�Z�g�Z�e�Z�� �h�[�h�b�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �\�u�q�b�k�e�_�g�h �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_����

�J�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�g�Z�e�v�g�h�c�� �j�Z�a�g�h�k�l�b�� �k�j�_�^�g�b�o�� �a�g�Z�q�_�g�b�c�� �b�k�o�h�^�g�h�]�h�� �b�� �h�[�j�Z�[�h�l�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ����7. �<�� �h�l�e�b�q�b�_�� �h�l�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �j�_�r�_�g�b�c�� �m 

�i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z�� �i�j�Z�d�l�b�q�_�k�d�b�� �h�l�k�m�l�k�l�\�m�_�l��

�b�k�d�Z�`�_�g�b�_�� �p�\�_�l�Z���� 

�>�e�y �k�j�Z�\�g�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �k�i�h�k�h�[�h�\�� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z��

�l�j�b�� �`�m�j�g�Z�e�v�g�u�_�� �k�l�j�Z�g�b�p�u���� �g�Z�i�_�q�Z�l�Z�g�g�u�_�� �l�b�i�h�]�j�Z�n�k�d�b�f�� �k�i�h�k�h�[�h�f �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �q�_�l�u�j�z�o�d�j�Z�k�h�q�g�h�c�� �i�_�q�Z�l�b�����h�l�k�d�Z�g�b�j�h�\�Z�g�u���k���j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi, 

�^�Z�e�_�_�� �j�Z�a�e�b�q�g�u�f�b�� �k�i�h�k�h�[�Z�f�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o �i�h�^�Z�\�e�y�e�k�y �j�Z�k�l�j�� �a�Z�l�_�f 

�h�[�j�Z�[�h�l�Z�g�g�u�_���b�a�h�[�j�Z�`�_�g�b�y �[�u�e�b���g�Z�i�_�q�Z�l�Z�g�u �k���i�h�f�h�s�v�x �F�N�I��Samsung CLX-6240 

�g�Z�� �h�^�b�g�Z�d�h�\�h�c�� �[�m�f�Z�]�_���� �I�h�f�b�f�h�� �h�[�j�Z�[�h�l�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �[�u�e�b�� �g�Z�i�_�q�Z�l�Z�g�u �b 

�b�k�o�h�^�g�u�_���� �B�a�h�[�j�Z�`�_�g�b�y �i�h�d�Z�a�Z�g�u�� �g�Z�� �j�b�k�m�g�d�_ 3.15.  �B�o�� �h�k�h�[�_�g�g�h�k�l�v�x�� �y�\�e�y�_�l�k�y��

�i�j�b�k�m�l�k�l�\�b�_�� �d�Z�d���l�_�d�k�l�Z���� �i�j�b�q�_�f���g�_���l�h�e�v�d�h���q�z�j�g�h�]�h���p�\�_�l�Z���� �l�Z�d���b���d�Z�j�l�b�g�h�d���� �< �h�i�j�h�k�_ 

�m�q�Z�k�l�\�h�\�Z�e�h 30 �q�_�e�h�\�_�d, �d�h�l�h�j�u�_ �[�u�e�b �i�j�h�b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u �^�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �l�j�z�o��

�b�a�h�[�j�Z�`�_�g�b�c�� �j�Z�g�`�b�j�h�\�Z�l�v�� �i�y�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �k�l�j�Z�g�b�p�� ������ �k�i�h�k�h�[�Z�� �i�h�^�Z�\�e�_�g�b�y��

�j�Z�k�l�j�Z�� �b�� �g�_�h�[�j�Z�[�h�l�Z�g�g�h�_�� �\�� �i�h�j�y�^�d�_�� �m�[�u�\�Z�g�b�y�� �d�Z�q�_�k�l�\�Z���� �]�^�_�� �i�h�^�� �d�Z�q�_�k�l�\�h�f��

�i�h�g�b�f�Z�e�b�k�v�� �q�z�l�d�h�k�l�v�� �l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d���� �h�l�k�m�l�k�l�\�b�_�� �\�b�^�b�f�u�o�� �Z�j�l�_�n�Z�d�l�h�\����

�B�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �g�_�� �a�g�Z�e�b�� �k�i�h�k�h�[�� �h�[�j�Z�[�h�l�d�b���� �K�Z�f�h�_�� �d�Z�q�_�k�l�\�_�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_��

�i�h�e�m�q�Z�e�h�� �h�p�_�g�d�m �'  �\�������[�Z�e�e�h�\�����k�e�_�^�m�x�s�_�_�� �������b���l�Z�d���^�Z�e�_�_���^�h�������� 

 

 
a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d������15 �í �B�a�h�[�j�Z�`�_�g�b�y�����b�k�i�h�e�v�a�h�\�Z�\�r�b�_�k�y���i�j�b���h�i�j�h�k�_ 
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�L�Z�[�e�b�p�Z�� ��.���� �k�h�^�_�j�`�b�l�� �h�p�_�g�d�b���'
$���� �m�k�j�_�^�g�z�g�g�u�_�� �i�h�� �\�k�_�f�� �m�q�Z�k�l�\�h�\�Z�\�r�b�f�� �\��

�h�i�j�h�k�_�����^�e�y���d�Z�`�^�h�]�h���b�a���l�j�z�o���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�����I�j�_�^�e�h�`�_�g�g�u�c�� �k�i�h�k�h�[��

�b�f�_�_�l�� �k�Z�f�u�_�� �\�u�k�h�d�b�_�� �h�p�_�g�d�b���� �M�q�Z�k�l�\�h�\�Z�\�r�b�f�b�� �\�� �h�i�j�h�k�_�� �[�u�e�h�� �h�l�f�_�q�_�g�h���� �q�l�h�� �h�g��

�h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�b�[�h�e�_�_�� �q�_�l�d�b�c�� �l�_�d�k�l�� �[�_�a�� �i�y�l�_�g�� �b�� �Z�j�l�_�n�Z�d�l�h�\���g�Z�� �[�m�d�\�Z�o���� �K�Z�f�h�_��

�g�b�a�d�h�_�� �d�Z�q�_�k�l�\�h�� �b�f�_�x�l�� �g�_�h�[�j�Z�[�h�l�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �b���j�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b��HFD, 

�g�h��HDF �g�_�� �j�Z�a�j�Z�[�Z�l�u�\�Z�e�k�y�� �^�e�y�� �j�Z�[�h�l�u�� �k�� �p�\�_�l�g�u�f�b�� �b�a�h�[�j�Z�`�_�g�b�y�f�b����Descreen �b��

SilverFast �h�[�_�k�i�_�q�b�\�Z�x�l�� �\�b�a�m�Z�e�v�g�h�� �o�h�j�h�r�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�g�_�h�[�j�Z�[�h�l�Z�g�g�u�f���b�a�h�[�j�Z�`�_�g�b�_�f�����g�h���q�z�l�d�h�k�l�v���l�_�d�k�l�Z���g�Z���b�o���j�_�a�m�e�v�l�Z�l�Z�o�� �a�Z�f�_�l�g�h���o�m�`�_��

�i�h���k�j�Z�\�g�_�g�b�x�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�����h�k�h�[�_�g�g�h���m��SilverFast, �q�l�h���\�b�^�g�h���i�h���h�p�_�g�d�_��

�^�e�y���b�a�h�[�j�Z�`�_�g�b�y �k���j�b�k�m�g�d�Z�� ��������b. 

 

�L�Z�[�e�b�p�Z 3.8�����K�j�_�^�g�b�_�� �h�p�_�g�d�b���i�h�e�v�a�h�\�Z�l�_�e�_�c�� �^�e�y���b�a�h�[�j�Z�`�_�g�b�c�� �k���j�b�k�m�g�d�Z 3.15.  

�K�i�h�k�h�[ �'
$ �^�e�y��a �'
$ �^�e�y��b �'
$ �^�e�y��c 

�B�k�o�h�^�g�u�c���k�d�Z�g�� 1,3 2,2 1,5 

Descreen 3,9 4,2 3,3 

HFD 2,2 1,9 1,8 

SilverFast HDR 3,0 1,9 3,6 

�I�j�_�^�e�Z�]�Z�_�f�u�c�� 4,6 4,8 4,8 

3.6.  �M�e�m�q�r�_�g�b�_ �]�e�h�[�Z�e�v�g�h�]�h���b���e�h�d�Z�e�v�g�h�]�h �d�h�g�l�j�Z�k�l�Z 

�B�g�h�]�^�Z�� �\�k�l�j�_�q�Z�x�l�k�y�� �^�h�d�m�f�_�g�l�u���� �h�l�^�_�e�v�g�u�_�� �w�e�_�f�_�g�l�u�� �d�h�l�h�j�u�o���i�e�h�o�h��

�j�Z�a�e�b�q�b�f�u�� �\�� �k�b�e�m�� �g�b�a�d�h�]�h�� �]�e�h�[�Z�e�v�g�h�]�h�� �b�e�b�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z���� �G�Z�i�j�b�f�_�j���� �w�l�h��

�f�h�`�_�l���[�u�l�v�� �q�z�j�g�u�c���l�_�d�k�l�� �g�Z�� �l�z�f�g�h�f���n�h�g�_�����b�e�b���� �g�Z�h�[�h�j�h�l�����[�_�e�u�c�� �l�_�d�k�l�� �g�Z���k�\�_�l�e�h�f��

�n�h�g�_���� �I�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �b�� �d�h�i�b�j�h�\�Z�g�b�b�� �\�b�^�b�f�h�k�l�v�� �i�h�^�h�[�g�u�o�� �w�e�_�f�_�g�l�h�\�� �f�h�`�_�l��

�_�s�z�� �[�h�e�v�r�_�� �m�f�_�g�v�r�b�l�v�k�y���� �i�h�w�l�h�f�m�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �m�f�_�j�_�g�g�h��

�i�h�\�u�r�Z�l�v �e�h�d�Z�e�v�g�u�c�� �d�h�g�l�j�Z�k�l���� 
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�:�^�Z�i�l�b�\�g�Z�y�� �n�m�g�d�p�b�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���m�j�h�\�g�_�c 

�<��[64, 65, 126] �Z�\�l�h�j�h�f�� �i�j�_�^�e�h�`�_�g�� �k�i�h�k�h�[ �i�h�\�u�r�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z���� �J�b�k�m�g�h�d 

���������� �b�e�e�x�k�l�j�b�j�m�_�l�� �h�k�g�h�\�g�m�x�� �b�^�_�x�� �k�i�h�k�h�[�Z�����=�b�k�l�h�]�j�Z�f�f�Z�� �n�j�Z�]�f�_�g�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y��

�k�� �q�z�j�g�u�f�� �l�_�d�k�l�h�f�� �g�Z�� �k�_�j�h�f�� �n�h�g�_�� �k�f�_�s�_�g�Z�� �\�e�_�\�h���� �W�l�h�� �f�h�`�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�e�y��

�j�_�]�m�e�b�j�h�\�d�b���i�h�e�h�`�_�g�b�y���k�b�]�f�h�\�b�^�g�h�c �n�m�g�d�p�b�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���m�j�h�\�g�_�c���l�Z�d�����q�l�h�[�u��

�d�h�g�l�j�Z�k�l�� �f�_�`�^�m�� �l�z�f�g�u�f�b�� �h�l�l�_�g�d�Z�f�b�� �m�\�_�e�b�q�b�e�k�y���� �=�b�k�l�h�]�j�Z�f�f�Z�� �n�j�Z�]�f�_�g�l�Z��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�h�� �k�\�_�l�e�h-�a�_�e�z�g�u�f�� �l�_�d�k�l�h�f�� �g�Z�� �k�\�_�l�e�h-�k�_�j�h�f�� �n�h�g�_�� �k�f�_�s�_�g�Z�� �\�i�j�Z�\�h����

�L�j�_�[�m�_�l�k�y�� �m�k�l�Z�g�h�\�b�l�v�� �i�h�e�h�`�_�g�b�_�� �k�b�]�f�h�\�b�^�g�h�c�� �n�m�g�d�p�b�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �m�j�h�\�g�_�c��

�^�e�y�� �m�\�_�e�b�q�_�g�b�y �d�h�g�l�j�Z�k�l�Z�� �k�\�_�l�e�u�o�� �h�l�l�_�g�d�h�\���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �d�e�x�q�_�\�u�f�b��

�\�h�i�j�h�k�Z�f�b�� �y�\�e�y�x�l�k�y: �d�Z�d�m�x�� �n�m�g�d�p�b�x�� �\�u�[�j�Z�l�v���� �q�l�h�[�u�� �f�_�g�y�l�v�� �_�z�� �n�h�j�f�m�� �\��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �i�h�e�h�`�_�g�b�y�� �]�b�k�l�h�]�j�Z�f�f�u���� �b�� �d�Z�d�� �^�h�[�b�l�v�k�y�� �i�e�Z�\�g�h�]�h�� �b�a�f�_�g�_�g�b�y��

�n�h�j�f�u�� �f�_�`�^�m�� �k�h�k�_�^�g�b�f�b�� �i�b�d�k�_�e�y�f�b �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �\�h�a�g�b�d�g�h�\�_�g�b�y��

�Z�j�l�_�n�Z�d�l�h�\��    

 

 

 �J�b�k�m�g�h�d��3.16 �í �B�e�e�x�k�l�j�Z�p�b�y���b�^�_�b���i�h�\�u�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h���d�h�g�l�j�Z�k�l�Z�� 

 

�<�� �d�Z�q�_�k�l�\�_�� �n�m�g�d�p�b�b���� �d�h�l�h�j�h�c�� �f�h�`�g�h�� �a�Z�^�Z�l�v�� �k�b�]�f�h�\�b�^�g�m�x �n�h�j�f�m����

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �b�g�l�_�j�i�h�e�y�p�b�h�g�g�u�c�� �d�m�[�b�q�_�k�d�b�c���k�i�e�Z�c�g�� �W�j�f�b�l�Z�� �\��

�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�c�� �n�h�j�f�_ [8]:   

0 1
0

1

0 1
0

1

�E�h�d�Z�e�v�g�u�_��
�]�b�k�l�h�]�j�Z�f�f�u

�N�m�g�d�p�b�b���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��
�m�j�h�\�g�_�c
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�B�:�P�; 
L �:�s 
F �P�6
E �t�P�7�;�2�4
E�:�u�P�6
F �t�P�7�;�2�5 
E�:�P 
F �t�P�6 
E �P�7�;�3�4
E 


E�:�P�7
F �P�6�;�3�5�á 

(3.57) 

�]�^�_�� �i�Z�j�Z�f�_�l�j���P �Ð�>�r�á�s�?; �k�i�e�Z�c�g�� �g�Z�q�b�g�Z�_�l�k�y�� �\�� �l�h�q�d�_���2�4���k�� �d�h�h�j�^�b�g�Z�l�Z�f�b�� ���2�4�ë�á �2�4�ì); 

�k�i�e�Z�c�g�� �a�Z�d�Z�g�q�b�\�Z�_�l�k�y�� �\���l�h�q�d�_���2�5���k���d�h�h�j�^�b�g�Z�l�Z�f�b�����2�5�ë�á �2�5�ì); �n�h�j�f�Z���k�i�e�Z�c�g�Z�� �a�Z�^�Z�z�l�k�y��

�\�_�d�l�h�j�Z�f�b���3�4 �b���3�5. �<�_�d�l�h�j���3�4 �b�f�_�_�l���d�h�h�j�^�b�g�Z�l�u�����3�4�ë�á �3�4�ì), �g�Z�q�b�g�Z�_�l�k�y���\���2�4 �b���\���w�l�h�c��

�l�h�q�d�_�� �y�\�e�y�_�l�k�y�� �d�Z�k�Z�l�_�e�v�g�u�f�� �d�� �d�j�b�\�h�c; �\�_�d�l�h�j���3�5 �b�f�_�_�l�� �d�h�h�j�^�b�g�Z�l�u�� ���3�5�ë�á �3�5�ì), 

�g�Z�q�b�g�Z�_�l�k�y�� �\���2�5 �b���\���w�l�h�c���l�h�q�d�_���y�\�e�y�_�l�k�y���d�Z�k�Z�l�_�e�v�g�u�f�� �d���d�j�b�\�h�c���� 

�A�g�Z�q�_�g�b�y���U���d�h�h�j�^�b�g�Z�l���l�h�q�_�d���b���\�_�d�l�h�j�h�\���a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f: 

�2�4�ì 
L �r,  �2�5�ì 
L �s, �3�4�ì 
L �r, �3�5�ì 
L �r. �A�g�Z�q�_�g�b�y���T �d�h�h�j�^�b�g�Z�l�� �l�h�q�_�d�� �g�Z�o�h�^�y�l�k�y�� �b�a��

�]�b�k�l�h�]�j�Z�f�f�u���D�"�����k�f�������������������\�k�_�]�h���d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b���+�Â�����\�u�q�b�k�e�y�_�f�h�]�h���i�h���n�h�j�f�m�e�_������������: 

�2�4�ë
L �I�E�J�: �I�E�J�< �E���D�"�:�E�; 
R �6�Õ�=�á�x �I�E�J�< �E�� 
Í �D�"�:�G�;

�Ü

�Þ�@�4


R �6�Ô�=�;���:�t�½�×
F �s�;�á 
 

(3.58) 

�2�5�ë
L �I�=�T�: �I�=�T�< �E���D�"�:�E�; 
R �6�Õ�=�á�x �I�=�T�< �E�� 
Í �D�"�:�G�;

�6�µ�×�?�5

�Þ�@�Ü


R �6�Ô�=�;���:�t�½�×
F �s�;�á 
 

(3.59) 

�]�^�_���6�Ô= 0,005, �6�Õ = 0,003. �L�Z�d�`�_���b�a���D�" �\�u�q�b�k�e�y�_�l�k�y�� �i�h�j�h�]���[�b�g�Z�j�b�a�Z�p�b�b �6�����g�Z�i�j�b�f�_�j��

�f�h�`�g�h���b�k�i�h�e�v�a�h�\�Z�l�v�� �Z�e�]�h�j�b�l�f���H�p�m [85]. 

�K�o�_�f�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���^�Z�g�g�u�o���k�i�h�k�h�[�Z���i�h�\�u�r�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z 

�K�o�_�f�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �^�Z�g�g�u�o�� �\�� �f�_�l�h�^�_ �i�h�\�u�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z 

�i�h�d�Z�a�Z�g�Z�� �g�Z���j�b�k�m�g�d�_ ������������ �E�h�d�Z�e�v�g�h�_�� �h�d�g�h���3���j�Z�a�f�_�j�Z���0�ß �g�Z���0�ß �i�_�j�_�f�_�s�Z�_�l�k�y�� �i�h���+�Â �k��

�r�Z�]�h�f���¿�O �i�h���k�l�j�h�d�Z�f�� �b���i�h�� �k�l�h�e�[�p�Z�f. �>�e�y���d�Z�`�^�h�]�h�� �h�d�g�Z�� �\�u�q�b�k�e�y�_�l�k�y �]�b�k�l�h�]�j�Z�f�f�Z 

�D�•
�ñ���� �a�Z�l�_�f�� �b�a�� �]�b�k�l�h�]�j�Z�f�f�u�� �h�i�j�_�^�_�e�y�x�l�k�y�� ��-�c�� �b�� ����-�c�� �i�_�j�p�_�g�l�b�e�b���.�5 �b���.�=�=�ä �?�k�e�b��

�j�Z�a�g�h�k�l�v���.�=�=
F �.�5 �[�h�e�v�r�_�� �j�Z�\�g�h �4�����l�h���b�a���D�•
�ñ�� �\�u�q�b�k�e�y�_�l�k�y�� �i�h�j�h�]�� �[�b�g�Z�j�b�a�Z�p�b�b �6�• . 

�N�h�j�f�b�j�m�_�l�k�y���b�a�h�[�j�Z�`�_�g�b�_���+�Î �����\���d�h�l�h�j�h�f���i�b�d�k�_�e�b�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �i�h�e�h�`�_�g�b�y�f���h�d�g�Z��

�3. �J�Z�a�f�_�j �+�Î  �f�_�g�v�r�_���+�Â�����h�g���l�j�b�\�b�Z�e�v�g�u�f�� �h�[�j�Z�a�h�f���h�i�j�_�^�_�e�y�_�l�k�y���b�a���9  �b���*  (�j�Z�a�f�_�j�h�\ 

�+�Â)�����j�Z�a�f�_�j�Z���h�d�g�Z���0�ß �b���r�Z�]�Z���¿�O�����A�g�Z�q�_�g�b�y���i�b�d�k�_�e�y���+�Î �:�N
�ñ�á �?�ñ�; �^�e�y���h�d�g�Z���3: 



106 
 

 
 
 

�+�Î �:�N
�ñ�á �?�ñ�; 
L 
\

�6�á �.�=�=
F �.�5 
O �4���á
�6�• �á�����������������������������Ë�Ð�Ã�Ú�È�ä  

 

(3.60) 

�>�Z�e�_�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�]�e�Z�`�b�\�Z�_�l�k�y�� �n�b�e�v�l�j�h�f�� �g�b�a�d�b�o�� �q�Z�k�l�h�l�� ���N�G�Q��. 

�I�j�b�f�_�g�y�_�l�k�y �m�k�j�_�^�g�y�x�s�b�c�� �n�b�e�v�l�j�� �k�� �j�Z�a�f�_�j�h�f�� �y�^�j�Z�� �k�\�z�j�l�d�b�� ���� �g�Z�� ������ �P�_�e�v��

�k�]�e�Z�`�b�\�Z�g�b�y�� �± �b�k�d�e�x�q�b�l�v�� �j�_�a�d�b�_���b�a�f�_�g�_�g�b�y�� �k�h�k�_�^�g�b�o�� �a�g�Z�q�_�g�b�c���+�Î �����l�Z�d���d�Z�d���^�Z�g�g�u�_��

�a�g�Z�q�_�g�b�y�� �k�e�m�`�Z�l �^�e�y�� �j�_�]�m�e�b�j�h�\�d�b�� �\�_�d�l�h�j�h�\�� �k�i�e�Z�c�g�Z���� �l���_���� �n�h�j�f�u�� �n�m�g�d�p�b�b��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���m�j�h�\�g�_�c������ 

 
�J�b�k�m�g�h�d������17 �í �K�o�_�f�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���^�Z�g�g�u�o���\���f�_�l�h�^�_ �i�h�\�u�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h���d�h�g�l�j�Z�k�l�Z�� 

 

�I�h�k�d�h�e�v�d�m�� �j�Z�a�f�_�j�u���+�Â �b���+�Î  �b�a�\�_�k�l�g�u���� �l�h���^�e�y���d�Z�`�^�h�]�h���i�b�d�k�_�e�y�� �b�a�h�[�j�Z�`�_�g�b�y���+�Â 

�a�g�Z�q�_�g�b�y���T �d�h�h�j�^�b�g�Z�l�� �\�_�d�l�h�j�h�\���3�4 �b���3�5 �g�Z�o�h�^�y�l, �b�k�o�h�^�y�� �b�a�� �a�g�Z�q�_�g�b�y���7, 

�b�a�\�e�_�d�Z�_�f�h�]�h�� �b�a���+�Î  �k���i�h�f�h�s�v�x���[�b�e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b��[8]: 

 �3�4�ë
L �J�s 
E �u �@
�Î

�6�µ�×�?�5

F �r�á�w�A���á

�Î

�6�µ�×�?�5

P �r�á�w�á

�s�á �Ë�Ð�Ã�Ú�È�á
 

 

(3.61) 

h

I(r,c)

Q0

x

y

0

1

1

T

h

h

�N�G�Q

Q1

P0

P1
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�3�5�ë
L 
^
�s���á

�7

�t�½�× 
F �s

P �r�á�w�á

�s 
E �u 
l�r�á�w 
F
�7

�t�½�× 
F �s

p �á �Ë�Ð�Ã�Ú�È�ä

 

 

(3.62) 

�>�Z�e�_�_�� �\�u�q�b�k�e�y�_�l�k�y�� �g�h�\�h�_�� �a�g�Z�q�_�g�b�_�� �y�j�d�h�k�l�b�� �i�b�d�k�_�e�y �b�a �+�Â �i�h�� �i�h�e�m�q�b�\�r�_�c�k�y 

�^�e�y���^�Z�g�g�h�]�h���i�b�d�k�_�e�y �n�m�g�d�p�b�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���m�j�h�\�g�_�c���� �A�Z�l�_�f���g�Z�o�h�^�y�l�k�y�� �a�g�Z�q�_�g�b�y��

�p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\�� �i�h���n�h�j�f�m�e�Z�f��������������-(3.51).  

�A�Z�f�_�l�b�f�����q�l�h���\���n�h�j�f�m�e�_�����������������d�j�b�\�Z�y���B�:�P�; �a�Z�^�Z�g�Z���\���i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�f���\�b�^�_�����T 

�b�� �U���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �a�g�Z�q�_�g�b�y�f�� �y�j�d�h�k�l�b�� �g�Z�� �\�o�h�^�_�� �b�� �\�u�o�h�^�_�� �n�m�g�d�p�b�b��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �m�j�h�\�g�_�c���� �e�_�`�Z�l�� �\�� �^�b�Z�i�Z�a�h�g�_�� �h�l�� ���� �^�h�� �������>�e�y�� �i�h�e�m�q�_�g�b�y�� �\�� �l�Z�[�e�b�p�_��

�i�_�j�_�d�h�^�b�j�h�\�d�b�� �p�_�e�h�q�b�k�e�_�g�g�u�o�� �a�g�Z�q�_�g�b�c�� �y�j�d�h�k�l�b�� �g�Z�� �\�u�o�h�^�_�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�y�j�d�h�k�l�b�� �g�Z�� �\�o�h�^�_�����P �\���������������� �b�a�f�_�g�y�_�l�k�y�� �k�� �f�Z�e�u�f�� �r�Z�]�h�f���¿�P���� �i�h���B�:�P�; �\�u�q�b�k�e�y�x�l�k�y��

�a�g�Z�q�_�g�b�y���T �b���U, �d�h�l�h�j�u�_���m�f�g�h�`�Z�x�l�k�y�� �g�Z���t�½�× �b���h�d�j�m�]�e�y�x�l�k�y�� �^�h���[�e�b�`�Z�c�r�_�]�h�� �p�_�e�h�]�h, 

�b�a�� �f�g�h�`�_�k�l�\�Z�� �i�Z�j�� �p�_�e�h�q�b�k�e�_�g�g�u�o���T �b���U �h�k�l�Z�\�e�y�x�l�� �i�Z�j�u�� �k���m�g�b�d�Z�e�v�g�u�f�� �a�g�Z�q�_�g�b�_�f��

�T�����d�h�l�h�j�h�_���y�\�e�y�_�l�k�y�� �g�h�f�_�j�h�f���k�l�h�e�[�p�Z�� �\�� �l�Z�[�e�b�p�_���� �d�m�^�Z�� �i�h�f�_�s�Z�_�l�k�y�� �p�_�e�h�q�b�k�e�_�g�g�h�_��

�a�g�Z�q�_�g�b�_���U. 

�?�k�e�b�� �d�h�g�l�j�Z�k�l���\�k�_�]�h���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���g�b�a�d�b�c���� �l�h���i�j�_�^�e�h�`�_�g�g�u�c��

�k�i�h�k�h�[���i�h�\�u�r�Z�_�l���_�]�h �a�Z���k�q�z�l���m�k�l�Z�g�h�\�d�b�� ���2�4 
P �r �b���2�5 
O �s. �B�a�f�_�g�_�g�b�_�� �n�h�j�f�u���d�j�b�\�h�c��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �m�j�h�\�g�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���y�j�d�h�k�l�_�c�� �\�� �e�h�d�Z�e�v�g�h�c��

�h�d�j�_�k�l�g�h�k�l�b�� �i�h�a�\�h�e�y�_�l���m�e�m�q�r�b�l�v�� �e�h�d�Z�e�v�g�u�c�� �d�h�g�l�j�Z�k�l���� 

�J�_�a�m�e�v�l�Z�l�u 

�H�p�_�g�b�\�Z�l�v�� �w�n�n�_�d�l�� �i�h�\�u�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z�� �f�h�`�g�h�� �k�� �i�h�f�h�s�v�x��

�d�h�g�l�j�Z�k�l�Z �F�Z�c�d�_�e�v�k�h�g�Z, �l�Z�d�`�_�� �b�a�\�_�k�l�g�h�]�h �d�Z�d���\�b�^�b�f�h�k�l�v [127]���� �\�u�q�b�k�e�y�_�f�h�]�h�� �^�e�y��

�2�Ü �h�[�e�Z�k�l�_�c�� �d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b���+�Â �b�a�h�[�j�Z�`�_�g�b�y�� �l�_�k�l�h�\�h�c�� �l�Z�[�e�b�p�u�� �b�a�� �B�K�H�� �k�l�Z�g�^�Z�j�l�Z��

[32]: 

�%�à �Ô

L

�•�ƒ�š
�:�å�á�Ö�;�Ð�•�Ô

�+�Â�:�N�á �?�; 
F �•�‹�•
�:�å�á�Ö�;�Ð�•�Ô

�+�Â�:�N�á �?�;

�•�ƒ�š
�:�å�á�Ö�;�Ð�•�Ô

�+�Â�:�N�á �?�; 
E �•�‹�•
�:�å�á�Ö�;�Ð�•�Ô

�+�Â�:�N�á �?�;
���ä 

 

(3.63) 
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�J�b�k�m�g�h�d��3.18 �í �N�j�Z�]�f�_�g�l���l�_�k�l�h�\�h�c �l�Z�[�e�b�p�u �^�e�y���h�p�_�g�d�b���f�_�l�h�^�h�\���m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h��

�d�h�g�l�j�Z�k�l�Z�� 

 

�N�j�Z�]�f�_�g�l�� �l�_�k�l�h�\�h�c�� �l�Z�[�e�b�p�u�� �^�e�y�� �h�p�_�g�d�b�� �f�_�l�h�^�h�\�� �m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h��

�d�h�g�l�j�Z�k�l�Z�� �i�h�d�Z�a�Z�g�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �G�Z�� �^�Z�g�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� ����

�h�[�e�Z�k�l�_�c���2�Ü: �i�h������ �^�e�y���p�\�_�l�g�h�]�h�� �l�_�d�k�l�Z�� �g�Z�� �k�\�_�l�e�h-�k�_�j�h�f�� �b���l�z�f�g�h-�k�_�j�h�f���n�h�g�_���� �����^�e�y��

�k�_�j�h�]�h���l�_�d�k�l�Z���g�Z���k�\�_�l�e�h-�k�_�j�h�f���b���l�z�f�g�h-�k�_�j�h�f���n�h�g�_�����<���l�Z�[�e�b�p�_�����������^�e�y���j�y�^�Z���k�i�h�k�h�[�h�\��

�d�h�j�j�_�d�p�b�b�� �]�e�h�[�Z�e�v�g�h�]�h�� �b�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z���� �Z�� �l�Z�d�`�_���b�k�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y����

�i�j�b�\�_�^�_�g�u: �d�h�e�b�q�_�k�l�\�h�� �h�[�e�Z�k�l�_�c�� �\�� �d�h�l�h�j�u�o�� ���%�à �Ô
 �m�\�_�e�b�q�b�e�k�y; �%�§�à  �í�� �k�j�_�^�g�_�_��

�a�g�Z�q�_�g�b�_�� �i�h���\�h�k�v�f�b���%�à �Ô
; �f�b�g�b�f�Z�e�v�g�h�_�� �b�a���%�à �Ô

; �i�j �b�k�m�l�k�l�\�b�_�� �\�b�^�b�f�u�o�� �Z�j�l�_�n�Z�d�l�h�\�� �\��

�h�[�j�Z�[�h�l�Z�g�g�h�c�� �b�a�h�[�j�Z�`�_�g�b�b���� �<�� �h�l�e�b�q�b�_�� �h�l�� �^�j�m�]�b�o�� �k�i�h�k�h�[�h�\���� �i�j�_�^�e�Z�]�Z�_�f�u�c��

�m�\�_�e�b�q�b�e�� �e�h�d�Z�e�v�g�u�c�� �d�h�g�l�j�Z�k�l�� �\�h�� �\�k�_�o�� �\�h�k�v�f�b�� �h�[�e�Z�k�l�y�o���� �i�j�b�q�_�f�� �m�\�_�e�b�q�_�g�b�_��

�d�h�g�l�j�Z�k�l�Z�� �[�h�e�v�r�_���� �q�_�f���m���^�j�m�]�b�o�� �k�i�h�k�h�[�h�\�����b���\�b�^�b�f�u�o�� �Z�j�l�_�n�Z�d�l�h�\�� �g�Z���b�a�h�[�j�Z�`�_�g�b�b��

�g�_���\�h�a�g�b�d�Z�_�l���� 

�I�j�b�f�_�j�� �j�Z�[�h�l�u���f�_�l�h�^�Z���m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z�� �i�h�d�Z�a�Z�g���g�Z���j�b�k�m�g�d�_��

������������ �L�_�d�k�l�� �g�Z�� �^�h�d�m�f�_�g�l�_�� �k�l�Z�e�� �[�h�e�_�_�� �j�Z�a�e�b�q�b�f�u�f, �h�[�j�Z�[�h�l�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_��

�\�u�]�e�y�^�b�l�� �[�h�e�_�_���g�Z�k�u�s�_�g�g�u�f���� �q�l�h���i�h�a�b�l�b�\�g�h�� �h�p�_�g�b�\�Z�_�l�k�y�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� 
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a) 

 
b) 

�J�b�k�m�g�h�d��3.19 �í �I�j�b�f�_�j���j�Z�[�h�l�u���f�_�l�h�^�Z���m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h���d�h�g�l�j�Z�k�l�Z: a) �b�k�o�h�^�g�h�_��

�k�d�Z�g�b�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �j�_�a�m�e�v�l�Z�l���h�[�j�Z�[�h�l�d�b �i�j�_�^�e�Z�]�Z�_�f�u�f���f�_�l�h�^�h�f. 

 

�L�Z�[�e�b�p�Z��3.�������K�j�Z�\�g�_�g�b�_�� �k�i�h�k�h�[�h�\���m�e�m�q�r�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z���b�a�h�[�j�Z�`�_�g�b�c 

�F�_�l�h�^���h�[�j�Z�[�h�l�d�b �D�h�e�b�q�_�k�l�\�h��

�h�[�e�Z�k�l�_�c���� �]�^�_���%�à �Ô
 

�m�\�_�e�b�q�b�e�k�y 

�%�§�à  �%�à �c�_�d
 �A�Z�f�_�l�g�u�_��

�Z�j�l�_�n�Z�d�l�u 

�B�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ - 0.40 0.05 - 

Photoshop Auto Contrast 0 0.40 0.05 �G�_�l 

Photoshop Auto Levels 2 0.40 0.06 �G�_�l 

Multiscale Retinex [128]  4 0.42 0.17 �>�Z�����h�j�_�h�e 

Moroney [129] 6 0.43 0.05 �>�Z�����h�j�_�h�e 

�D�h�j�j�_�d�p�b�y���l�_�g�_�c��[130] 6 0.43 0.01 �G�_�l 

CLAHE [131]  4 0.40 0.09 �>�Z�����i�y�l�g�Z 

�I�j�_�^�e�Z�]�Z�_�f�u�c 8 0.54 0.26 �G�_�l 



110 
 

 
 
 

 

3.7. �I�j�b�f�_�j�u���i�j�b�f�_�g�_�g�b�y �f�_�l�h�^�h�e�h�]�b�b���G�B�J���b �f�_�l�h�^�b�d�b �j�_�`�b�f�h�\��

�k�d�Z�g�b�j�h�\�Z�g�b�y 

�K�h�a�^�Z�g�b�_�� �g�h�\�u�o�� �b�e�b�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �k�m�s�_�k�l�\�m�x�s�b�o�� �j�_�`�b�f�h�\�� �j�Z�[�h�l�u��

�F�N�I �\�u�i�h�e�g�y�_�l�k�y�� �\�� �o�h�^�_�� �G�B�J. �<�� �^�Z�g�g�h�f�� �j�Z�a�^�_�e�_�� �i�j�b�\�_�^�_�g�u�� �^�\�Z�� �i�j�b�f�_�j�Z��

�i�j�b�f�_�g�_�g�b�y�� �f�_�l�h�^�h�e�h�]�b�b�� �G�B�J���� �i�j�_�^�e�h�`�_�g�g�h�c�� �\�h�� �\�l�h�j�h�c�� �]�e�Z�\�_���� �b�� �f�_�l�h�^�b�d�b��

�j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y�� �b���d�h�i�b�j�h�\�Z�g�b�y������ 

3.7.1. �K�d�Z�g�b�j�h�\�Z�g�b�_ �b���k�h�o�j�Z�g�_�g�b�_ �^�h�d�m�f�_�g�l�Z���\��PDF �k���\�_�d�l�h�j�b�a�Z�p�b�_�c��

�d�h�g�l�m�j�h�\�� �k�b�f�\�h�e�h�\ 

�D�Z�d�� �h�l�f�_�q�_�g�h�� �\�� �i�_�j�\�h�c�� �]�e�Z�\�_���� �j�_�`�b�f�� �k�h�o�j�Z�g�_�g�b�y�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y�� �\�� �f�_�l�Z�n�Z�c�e�h�\�h�f�� �n�h�j�f�Z�l�_���� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��PDF, �y�\�e�y�_�l�k�y��

�h�[�y�a�Z�l�_�e�v�g�u�f�� �^�e�y�� �[�h�e�v�r�b�g�k�l�\�Z�� �F�N�I���� �I�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �\�� �f�_�l�Z�n�Z�c�e�� �b�a�h�[�j�Z�`�_�g�b�y��

�l�_�d�k�l�Z���� �d�Z�j�l�b�g�h�d�� �b�� �n�h�g�Z�� �k�h�o�j�Z�g�y�x�l�k�y�� �h�l�^�_�e�v�g�h. �>�e�y�� �m�f�_�g�v�r�_�g�b�y�� �j�Z�a�f�_�j�Z�� �n�Z�c�e�Z��

�l�_�d�k�l�� �b�� �d�Z�j�l�b�g�d�b�� �k�`�b�f�Z�x�l�k�y���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�q�_�k�l�\�h�� �l�_�d�k�l�Z�� �^�_�]�j�Z�^�b�j�m�_�l: �n�h�j�f�Z���b��

�p�\�_�l�� �k�b�f�\�h�e�h�\�� �b�a�f�_�g�y�x�l�k�y���� �q�l�h�� �h�k�h�[�_�g�g�h�� �a�Z�f�_�l�g�h�� �i�j�b�� �i�h�\�l�h�j�g�h�c�� �i�_�q�Z�l�b���� �I�j�b��

�h�i�l�b�q�_�k�d�h�f�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�b�� �k�b�f�\�h�e�h�\�� �^�e�y�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �l�Z�d�h�c��

�d�h�i�b�b���\�h�a�g�b�d�Z�_�l�� �a�Z�f�_�l�g�h���[�h�e�v�r�_���h�r�b�[�h�d���i�h���k�j�Z�\�g�_�g�b�x�� �k���h�[�j�Z�[�h�l�d�h�c���h�j�b�]�b�g�Z�e�Z���� 

�W�l�Z�i�u���f�_�l�h�^�h�e�h�]�b�b���G�B�J���i�j�b���j�Z�a�j�Z�[�h�l�d�_���j�_�`�b�f�Z���k�h�o�j�Z�g�_�g�b�y���^�h�d�m�f�_�g�l�h�\ 

�>�e�y �G�B�J�� �[�u�e�Z�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�Z�� �k�e�_�^�m�x�s�Z�y�� �l�_�f�Z: �j�Z�a�j�Z�[�h�l�d�Z���l�Z�d�h�]�h�� �j�_�`�b�f�Z��

�k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �k�h�o�j�Z�g�_�g�b�y�� �\��PDF���� �d�h�l�h�j�u�c�� �h�[�_�k�i�_�q�b�l���� �d�Z�d�� �f�b�g�b�f�m�f�� �^�\�Z �p�b�d�e�Z 

�i�h�\�l�h�j�g�h�c �i�_�q�Z�l�b�� �b�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �[�_�a�� �k�m�s�_�k�l�\�_�g�g�h�c�� �i�h�l�_�j�b�� �d�Z�q�_�k�l�\�Z��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �l�_�d�k�l�Z. �J�Z�a�f�_�j�� �n�Z�c�e�Z�� �^�e�y�� �k�l�j�Z�g�b�p�u��A4 �k�d�Z�g�b�j�h�\�Z�g�g�h�c�� �k��

�j�Z�a�j�_�r�_�g�b�_�f�� �������� �l�h�q�_�d�� �g�Z�� �^�x�c�f �g�_�� �^�h�e�`�_�g�� �i�j�_�\�u�r�Z�l�v��700 kb, �\�j�_�f�y�� �h�[�j�Z�[�h�l�d�b��

�l�Z�d�h�c���k�l�j�Z�g�b�p�u�� �g�Z���l�b�i�b�q�g�h�f���h�n�b�k�g�h�f���I�D�� �f�_�g�_�_ �����k��  
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�<���l�Z�[�e�b�p�_�� ����10 �i�j�b�\�_�^�_�g�u���h�k�g�h�\�g�h�_���k�h�^�_�j�`�Z�g�b�_���b���j�_�a�m�e�v�l�Z�l�u�� �w�l�Z�i�h�\���G�B�J���i�h��

�j�Z�a�j�Z�[�h�l�d�_�� �^�Z�g�g�h�]�h�� �j�_�`�b�f�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�j�_�^�e�h�`�_�g�g�h�c �\�h��

�\�l�h�j�h�c�� �]�e�Z�\�_�� �f�_�l�h�^�h�e�h�]�b�_�c���� �<�u�i�h�e�g�_�g�b�_�� �G�B�J�� �i�h�� �^�Z�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�b���k��

�i�j�b�f�_�g�_�g�b�_�f�� �f�_�l�h�^�b�d�b�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �i�h�a�\�h�e�b�e�h���a�Z�� �g�_�k�d�h�e�v�d�h�� �f�_�k�y�p�_�\��

�j�Z�a�j�Z�[�h�l�Z�l�v�� �Z�e�]�h�j�b�l�f�u�� �b�� �I�H�� �g�h�\�h�]�h�� �j�_�`�b�f�Z�� �k�h�o�j�Z�g�_�g�b�y�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�^�h�d�m�f�_�g�l�Z���\��PDF. 

 

�L�Z�[�e�b�p�Z��3.10. �W�l�Z�i�u�� �G�B�J�� �i�h���j�Z�a�j�Z�[�h�l�d�_�� �j�_�`�b�f�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��

�^�h�d�m�f�_�g�l�Z���\��PDF �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k���i�j�_�^�e�h�`�_�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�_�c�� 

�W�l�Z�i���G�B�J �K�h�^�_�j�`�Z�g�b�_ 

1. �I�h�b�k�d���b�^�_�b �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�f�_�g�b�l�v�� �f�_�l�h�^�b�d�m�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y. 

�D�e�x�q�_�\�h�c���\�h�i�j�h�k: �d�Z�d���h�[�j�Z�[�Z�l�u�\�Z�l�v���b���k�h�o�j�Z�g�y�l�v���h�[�e�Z�k�l�b���l�_�d�k�l�Z? 

�<�h�a�f�h�`�g�u�_���i�h�^�o�h�^�u �^�e�y���h�[�j�Z�[�h�l�d�b���h�[�e�Z�k�l�_�c���l�_�d�k�l�Z:  

a) �k�h�o�j�Z�g�y�l�v���l�_�d�k�l���\���\�b�^�_���d�Z�q�_�k�l�\�_�g�g�h�]�h���j�Z�k�l�j�h�\�h�]�h���b�a�h�[�j�Z�`�_�g�b�y, 

�g�h���w�l�h���\�_�^�_�l���d���[�h�e�v�r�h�f�m �j�Z�a�f�_�j�m���n�Z�c�e�Z;  

b) �j�Z�k�i�h�a�g�Z�\�Z�l�v���l�_�d�k�l���b���r�j�b�n�l, �g�h���w�l�h���g�_�j�_�Z�e�b�a�m�_�f�h���^�e�y���[�h�e�v�r�h�]�h��

�d�h�e�b�q�_�k�l�\�Z���y�a�u�d�h�\���b���r�j�b�n�l�h�\�����h�k�h�[�_�g�g�h���\�h���\�k�l�j�h�_�g�g�h�f���I�H;  

c) �d�h�g�\�_�j�l�b�j�h�\�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�b�f�\�h�e�h�\�� �l�_�d�k�l�Z�� �\�� �\�_�d�l�h�j�g�m�x��

�]�j�Z�n�b�d�m���� �b�^�_�y�� �\�u�]�e�y�^�b�l�� �i�_�j�k�i�_�d�l�b�\�g�h�c, �i�h�^�h�[�g�Z�y�� �n�m�g�d�p�b�y��

(�³�7�U�D�F�H�	�6�P�R�R�W�K�� �3�'�)�´) �b�k�i�h�e�v�a�m�_�l�k�y���� �g�Z�i�j�b�f�_�j���\�� �F�N�I��Canon iR 

C2550 [132].  

�I�j�b��JPEG �k�`�Z�l�b�b���d�Z�j�l�b�g�h�d���p�_�e�_�k�h�h�[�j�Z�a�g�h���g�Z�k�l�j�Z�b�\�Z�l�v���l�Z�[�e�b�p�u 

�d�\�Z�g�l�h�\�Z�g�b�y���� �q�l�h�[�u�� �h�[�_�k�i�_�q�b�l�v�� �g�Z�b�e�m�q�r�_�_�� �d�Z�q�_�k�l�\�h�� �^�e�y��

�a�Z�^�Z�g�g�h�]�h���j�Z�a�f�_�j�Z������ 

2. �F�Z�d�_�l �<�j�m�q�g�m�x�� �g�Z�i�b�k�Z�g�� �d�h�^�� �i�h�� �j�b�k�h�\�Z�g�b�x�� �d�h�g�l�m�j�Z�� �h�^�g�h�]�h�� �k�b�f�\�h�e�Z��

�i�j�y�f�u�f�b���b���d�j�b�\�u�f�b�����k�d�j�b�i�l�h�f���d�h�^���i�j�h�^�m�[�e�b�j�h�\�Z�g���^�e�y���j�b�k�h�\�Z�g�b�y��

���������� �k�b�f�\�h�e�h�\�� �g�Z�� �k�l�j�Z�g�b�p�_ �j�Z�a�f�_�j�Z��A4���� �d�h�^�� �\�k�l�Z�\�e�_�g�� �\��PDF �[�_�a��

�k�`�Z�l�b�y, �^�h�d�m�f�_�g�l�� �g�Z�i�_�q�Z�l�Z�g�� �^�e�y�� �h�p�_�g�d�b�� �\�b�a�m�Z�e�v�g�h�]�h�� �d�Z�q�_�k�l�\�Z����

PDF �k�`�Z�l��zip �^�e�y���h�p�_�g�d�b���j�Z�a�f�_�j�Z��PDF �k�h���k�`�Z�l�b�_�f����  

3. �I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y��

�h�p�_�g�d�Z���i�h�e�v�a�h�\�Z�l�_�e�_�f�� 

�<�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�u�k�h�d�h�_. 

�J�Z�a�f�_�j���k�`�Z�l�h�]�h��PDF �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_�� �f�_�l�Z�n�Z�c�e�Z�����\�� �d�h�l�h�j�h�f��
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�l�_�d�k�l�� �o�j�Z�g�b�l�k�y�� �\�� �\�b�^�_�� �j�Z�k�l�j�h�\�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�j�Z�\�g�b�f�h�]�h��

�d�Z�q�_�k�l�\�Z���� 

4. �:�g�Z�e�b�a���i�Z�l�_�g�l�h�\ �K�m�s�_�k�l�\�m�x�l�� �i�Z�l�_�g�l�u���� �h�i�b�k�u�\�Z�x�s�b�_�� �\�_�d�l�h�j�b�a�Z�p�b�x�� �k�b�f�\�h�e�h�\��

�l�_�d�k�l�Z�����g�Z�i�j�b�f�_�j��[133], �h�^�g�Z�d�h �h�g�b���g�_���j�Z�k�k�f�Z�l�j�b�\�Z�x�l���h�[�j�Z�[�h�l�d�m��

�d�Z�j�l�b�g�h�d���b���n�h�g�Z�����Z���l�Z�d�`�_���k�h�o�j�Z�g�_�g�b�_���f�_�l�Z�n�Z�c�e�Z�� 

5. �<�u�[�h�j���d�j�b�l�_�j�b�_�\ �K�n�h�j�f�m�e�b�j�h�\�Z�g�u �d�j�b�l�_�j�b�b �d�Z�q�_�k�l�\�Z�� �\�_�d�l�h�j�b�a�Z�p�b�b�� �d�h�g�l�m�j�h�\��

�k�b�f�\�h�e�h�\��[53]���� �b�a�� �d�h�l�h�j�u�o�� �k�� �i�h�f�h�s�v�x�� �\�a�\�_�r�b�\�Z�g�b�y�� �i�h�� �f�_�l�h�^�m��

�Z�g�Z�e�b�a�Z���b�_�j�Z�j�o�b�c��[45] �i�h�e�m�q�_�g���h�[�s�b�c���d�j�b�l�_�j�b�c���d�Z�q�_�k�l�\�Z. �A�Z�^�Z�g�u��

�l�j�_�[�h�\�Z�g�b�y�� �g�Z�� �j�Z�a�f�_�j�� �n�Z�c�e�Z��PDF �b�� �\�j�_�f�y�� �h�[�j�Z�[�h�l�d�b �^�e�y��

�\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�u���b���g�Z���I�D. 

6. �H�[�a�h�j���e�b�l�_�j�Z�l�m�j�u �I�j�h�\�_�^�_�g�� �h�[�a�h�j���i�m�[�e�b�d�Z�p�b�c���i�h���f�_�l�h�^�Z�f���\�_�d�l�h�j�b�a�Z�p�b�b���[�b�g�Z�j�g�u�o��

�h�[�e�Z�k�l�_�c���j�Z�k�l�j�h�\�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��[134�í139]. 

7. �I�_�j�\�u�c���i�j�h�l�h�l�b�i �J�_�Z�e�b�a�h�\�Z�g���g�Z��MATLAB �l�h�e�v�d�h���^�e�y���h�[�e�Z�k�l�_�c���l�_�d�k�l�Z. 

8. �H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z �<�u�y�\�e�_�g�h�� �g�b�a�d�h�_�� �d�Z�q�_�k�l�\�h�� �\�_�d�l�h�j�b�a�Z�p�b�b�� �k�b�f�\�h�e�h�\�� �f�Z�e�_�g�v�d�h�]�h��

�j�Z�a�f�_�j�Z�� ���f�_�g�v�r�_�� ��1 �l�b�i�h�]�j�Z�n�k�d�b�o�� �i�m�g�d�l�h�\��. �I�h�l�j�_�[�h�\�Z�e�Z�k�v��

�^�h�j�Z�[�h�l�d�Z���Z�e�]�h�j�b�l�f�Z���b���i�j�h�l�h�l�b�i�Z��  

9. �B�^�_�g�l�b�n�b�d�Z�p�b�y���w�l�Z�i�h�\��

�\���d�h�g�\�_�c�_�j�_���h�[�j�Z�[�h�l�d�b 

�I�j�_�^�i�h�q�l�b�l�_�e�v�g�Z���j�_�Z�e�b�a�Z�p�b�y���\�h �\�k�l�j�h�_�g�g�h�f �I�H�����:�e�v�l�_�j�g�Z�l�b�\�g�u�_��

�\�Z�j�b�Z�g�l�u: TWAIN �^�j�Z�c�\�_�j���b���i�j�b�d�e�Z�^�g�h�_���I�H ���k�f�����j�b�k�m�g�h�d 1.3).  

10. �<�l�h�j�h�c���i�j�h�l�h�l�b�i �J�_�Z�e�b�a�h�\�Z�g���g�Z���K++ �^�e�y���\�k�_�o���w�l�Z�i�h�\���h�[�j�Z�[�h�l�d�b�� 

11. �:�g�Z�e�b�a���e�b�p�_�g�a�b�c��

�b�k�i�h�e�v�a�m�_�f�h�]�h���I�H 

�>�e�y�� �k�`�Z�l�b�y �\��PDF �b�k�i�h�e�v�a�m�x�l�k�y�� �[�b�[�e�b�h�l�_�d�b zlib [140] �b��libjpeg 

[141], �d�h�l�h�j�u�_ �^�h�i�m�k�d�Z�x�l�� �d�h�f�f�_�j�q�_�k�d�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �i�j�b��

�m�k�e�h�\�b�b���m�d�Z�a�Z�g�b�y �i�j�b�f�_�g�_�g�b�y �[�b�[�e�b�h�l�_�d�b.  

12. �H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���b��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 

�I�j�b�� �d�h�i�b�j�h�\�Z�g�b�b�� �d�Z�q�_�k�l�\�h�� �^�_�]�j�Z�^�b�j�m�_�l�� �f�_�^�e�_�g�g�_�_���� �q�_�f�� �i�j�b��

�k�h�o�j�Z�g�_�g�b�b���l�_�d�k�l�Z���\���\�b�^�_�� �b�a�h�[�j�Z�`�_�g�b�y�����I�j�b���k�j�Z�\�g�b�f�h�f���d�Z�q�_�k�l�\�_��

�^�Z�g�g�u�c�� �k�i�h�k�h�[�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �f�b�g�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j�� �n�Z�c�e�Z����

�K�l�j�Z�g�b�p�Z��A4 �k�d�Z�g�b�j�h�\�Z�g�g�Z�y�� �k�� �j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi 

�h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �h�d�h�e�h ���� �k�� �g�Z�� �I�D�� �b�� �h�d�h�e�h�� �������� �k�� �g�Z�� �\�k�l�j�h�_�g�g�h�c��

�i�e�Z�l�n�h�j�f�_�� 

13. �A�Z�s�b�l�Z��

�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c��

�k�h�[�k�l�\�_�g�g�h�k�l�b 

�I�h�^�]�h�l�h�\�e�_�g�u �^�\�_�� �a�Z�y�\�d�b �g�Z�� �b�a�h�[�j�_�l�_�g�b�_���� �i�h�� �d�h�l�h�j�u�f 

�\�i�h�k�e�_�^�k�l�\�b�b���\�u�^�Z�g�u �i�Z�l�_�g�l�u [67, 68].  
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14. �:�g�Z�e�b�a���l�j�_�[�h�\�Z�g�b�c���d��

�h�i�b�k�Z�g�b�x 

�D�h�^�� �g�Z�� �K++ �h�n�h�j�f�e�_�g�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �l�j�_�[�h�\�Z�g�b�y�f�b��

�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o���i�h�^�j�Z�a�^�_�e�_�g�b�c�� 

15. �>�h�d�m�f�_�g�l�Z�p�b�y���b���l�_�k�l�u �I�h�^�]�h�l�h�\�e�_�g�u�� �h�l�q�_�l�� �i�h�� �G�B�J�� �b�� �g�Z�[�h�j�� �l�_�k�l�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �k��

�j�_�a�m�e�v�l�Z�l�Z�f�b�����i�h�e�m�q�Z�x�s�b�f�b�k�y���g�Z���d�Z�`�^�h�f���w�l�Z�i�_���h�[�j�Z�[�h�l�d�b���� 

 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���r�Z�]�h�\���j�_�`�b�f�Z���k�h�o�j�Z�g�_�g�b�y �^�h�d�m�f�_�g�l�Z���\��PDF 

�I�h�k�d�h�e�v�d�m�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �^�Z�g�g�h�]�h�� �j�_�`�b�f�Z�� �l�j�_�[�m�_�l�k�y�� �m�k�l�j�Z�g�y�l�v�� �k�d�h�k����

�i�h�^�Z�\�e�y�l�v���i�_�q�Z�l�g�u�c�� �j�Z�k�l�j�����k�_�]�f�_�g�l�b�j�h�\�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �g�Z���h�[�e�Z�k�l�b���n�h�g�Z�����l�_�d�k�l�Z�� �b��

�d�Z�j�l�b�g�h�d���� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �h�[�j�Z�[�h�l�d�b�� �i�h�q�l�b�� �i�h�e�g�h�k�l�v�x�� �k�h�h�l�\�_�l�k�l�\�m�_�l��

�j�_�d�h�f�_�g�^�h�\�Z�g�g�h�c���\���f�_�l�h�^�b�d�_ �j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y�� ���j�b�k�m�g�h�d 3.2) �k�h���k�e�_�^�m�x�s�b�f�b��

�b�a�f�_�g�_�g�b�y�f�b: �g�Z���w�l�Z�i�_�� ���� �h�p�_�g�d�Z�� �i�Z�j�Z�f�_�l�j�h�\���i�h���b�a�h�[�j�Z�`�_�g�b�x�� �g�b�a�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y��

�g�_�� �i�j�h�b�a�\�h�^�b�l�k�y; �g�Z�� �w�l�Z�i�_�� ������ �^�e�y�� �h�[�e�Z�k�l�_�c�� �l�_�d�k�l�Z�� �\�u�i�h�e�g�y�_�l�k�y�� �\�_�d�l�h�j�b�a�Z�p�b�y��

�d�h�g�l�m�j�h�\�� �b�� �h�p�_�g�d�Z�� �p�\�_�l�Z�� �k�b�f�\�h�e�h�\���� �Z�� �^�e�y�� �d�Z�j�l�b�g�h�d�� �\�u�i�h�e�g�y�_�l�k�y��JPEG �k�`�Z�l�b�_�� �k��

�g�Z�k�l�j�h�c�d�h�c �l�Z�[�e�b�p�� �d�\�Z�g�l�h�\�Z�g�b�y �k�� �p�_�e�v�x�� �h�[�_�k�i�_�q�b�l�v�� �g�Z�b�e�m�q�r�_�_�� �d�Z�q�_�k�l�\�h�� �^�e�y��

�a�Z�^�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z �k�`�Z�l�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��[53]; �g�Z�� �w�l�Z�i�_�� ������ �k�b�f�\�h�e�u�� �l�_�d�k�l�Z��

�k�h�o�j�Z�g�y�x�l�k�y���\�� PDF �\�� �\�b�^�_�� �a�Z�i�h�e�g�_�g�g�u�o�� �a�Z�f�d�g�m�l�u�o�� �i�m�l�_�c��(path) �± 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �h�l�j�_�a�d�h�\���i�j�y�f�u�o���b���d�m�[�b�q�_�k�d�b�o�� �d�j�b�\�u�o���;�_�a�v�_ [8], �a�Z�l�_�f���i�h�l�h�d�b��

(stream) PDF, �k�h�^�_�j�`�Z�s�b�_���i�m�l�b�����k�`�b�f�Z�x�l�k�y�� �[�_�a���i�h�l�_�j�v���Z�e�]�h�j�b�l�f�h�f��deflate [10].  

�D�j�Z�l�d�h�� �j�Z�k�k�f�h�l�j�b�f�� �h�[�j�Z�[�h�l�d�m�� �h�[�e�Z�k�l�_�c�� �l�_�d�k�l�Z [55]. �D�Z�`�^�Z�y�� �h�[�e�Z�k�l�v�� �l�_�d�k�l�Z����

�i�h�e�m�q�_�g�g�Z�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�_�]�f�_�g�l�Z�p�b�b�� �g�Z�� �w�l�Z�i�_�� ���� ���j�b�k�m�g�h�d 3.2), �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y��

�h�l�^�_�e�v�g�h���� �H�[�e�Z�k�l�b�� �l�_�d�k�l�Z�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �g�b�a�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�m�_�l��

�h�[�e�Z�k�l�v�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �a�Z�^�Z�g�g�h�]�h�� �j�Z�a�j�_�r�_�g�b�y���� �^�e�y�� �d�h�l�h�j�h�c�� �b�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y��

�h�[�j�Z�[�h�l�d�Z�����>�e�y���y�j�d�h�k�l�g�h�]�h���d�Z�g�Z�e�Z���b�a�h�[�j�Z�`�_�g�b�y�� �\�u�i�h�e�g�y�_�l�k�y���[�b�g�Z�j�b�a�Z�p�b�y�� �h�[�e�Z�k�l�b�� 

�I�h�j�h�]���f�h�`�_�l���h�i�j�_�^�_�e�y�l�v�k�y���� �g�Z�i�j�b�f�_�j, �k���i�h�f�h�s�v�x���Z�e�]�h�j�b�l�f�Z�� �H�p�m��[85].  �I�h�k�d�h�e�v�d�m��

�\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �h�[�e�Z�k�l�y�o�� �i�b�d�k�_�e�_�c�� �n�h�g�Z�� �[�h�e�v�r�_�� �q�_�f�� �i�b�d�k�_�e�_�c�� �k�b�f�\�h�e�h�\���� �l�h��

�^�_�e�Z�_�l�k�y���\�u�\�h�^���h���i�j�b�k�m�l�k�l�\�b�b�� �\���^�Z�g�g�h�c���h�[�e�Z�k�l�b���l�z�f�g�u�o���k�b�f�\�h�e�h�\���g�Z���k�\�_�l�e�h�f���n�h�g�_��

�b�e�b�� �g�Z�h�[�h�j�h�l�����>�Z�e�_�_�� �g�Z�� �[�b�g�Z�j�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �h�i�j�_�^�_�e�y�x�l�k�y�� �k�\�y�a�g�u�_�� �h�[�e�Z�k�l�b���� �b��

�d�Z�`�^�Z�y���h�[�e�Z�k�l�v���h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �h�l�^�_�e�v�g�h�����G�Z�i�j�b�f�_�j���� �^�e�y���[�m�d�\�u�� �³i�´���k�m�s�_�k�l�\�m�_�l�� �^�\�_��

�k�\�y�a�g�u�_�� �h�[�e�Z�k�l�b�����d�Z�`�^�Z�y���b�a���d�h�l�h�j�u�o���h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y���g�_�a�Z�\�b�k�b�f�h�� �^�j�m�]���h�l���^�j�m�]�Z��   
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�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �r�Z�]�h�\���h�[�j�Z�[�h�l�d�b�� �^�e�y���d�Z�`�^�h�c���k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b�� �i�h�d�Z�a�Z�g�Z��

�g�Z�� �j�b�k�m�g�d�_ 3.20. �G�Z�� �r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �h�p�_�g�d�Z�� �p�\�_�l�Z�� �h�[�e�Z�k�l�b�� �i�h�� �l�_�f�� �i�b�d�k�_�e�y�f��

�k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �d�h�l�h�j�u�_���k�h�h�l�\�_�l�k�l�\�m�x�l�� �i�b�d�k�_�e�y�f�� �k�\�y�a�g�h�c��

�h�[�e�Z�k�l�b�� �[�b�g�Z�j�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �<�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�c�� �\�_�j�k�b�b�� �Z�e�]�h�j�b�l�f�Z�� �^�Z�e�_�_��

�\�u�i�h�e�g�y�e�k�y�� �i�h�b�k�d�� �i�b�d�k�_�e�_�c�� �d�h�g�l�m�j�Z�� �k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b �k�� �i�h�k�e�_�^�m�x�s�b�f��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f�� �d�h�g�l�m�j�Z�� �\���i�m�l�v���� �L�_�k�l�u�� �g�Z�� �\�h�k�v�f�h�f���w�l�Z�i�_���G�B�J�� ���k�f�����l�Z�[�e�b�p�m�� ����10) 

�i�h�d�Z�a�Z�e�b���� �q�l�h�� �^�e�y�� �k�b�f�\�h�e�h�\�� �j�Z�a�f�_�j�Z�� ������ �l�b�i�h�]�j�Z�n�k�d�b�o�� �i�m�g�d�l�h�\�� �b�� �f�_�g�_�_�� �i�j�b��

�j�Z�a�j�_�r�_�g�b�b���k�d�Z�g�b�j�h�\�Z�g�b�y����������dpi �d�h�g�l�m�j���i�h�e�m�q�Z�_�l�k�y���g�_�_�k�l�_�k�l�\�_�g�g�u�f �b���g�_�i�h�o�h�`�b�f��

�g�Z �^�_�c�k�l�\�b�l�_�e�v�g�u�c�� �\�b�^�� �k�b�f�\�h�e�h�\ ���k�f���� �j�b�k�� ��������a)���� �i�j�b�q�z�f�� �i�h�\�u�r�_�g�b�_�� �j�Z�a�j�_�r�_�g�b�y��

�k�d�Z�g�b�j�h�\�Z�g�b�y�� �m�e�m�q�r�Z�_�l�� �\�g�_�r�g�b�c�� �\�b�^�� �d�h�g�l�m�j�Z�� �I�h�w�l�h�f�m �\�� �i�_�j�\�h�g�Z�q�Z�e�v�g�u�c��

�Z�e�]�h�j�b�l�f���[�u�e�h���^�h�[�Z�\�e�_�g�h���m�\�_�e�b�q�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y���h�[�e�Z�k�l�b���k�b�f�\�h�e�Z�����_�k�e�b�� �j�Z�a�f�_�j�u 

�h�[�e�Z�k�l�b �f�_�g�v�r�_�� �a�Z�^�Z�g�g�h�]�h�� �i�h�j�h�]�Z�����L�Z�d�`�_�� �[�u�e�h���a�Z�f�_�q�_�g�h���� �q�l�h���i�h�b�k�d�� �d�h�g�l�m�j�Z�� �b���_�]�h��

�\�_�d�l�h�j�b�a�Z�p�b�y���^�e�y���k�b�f�\�h�e�h�\���[�h�e�v�r�h�]�h���j�Z�a�f�_�j�Z�����[�h�e�v�r�_���������i�m�g�d�l�h�\���i�j�b���j�Z�a�j�_�r�_�g�b�b��

�k�d�Z�g�b�j�h�\�Z�g�b�y�� ��������dpi) �a�Z�g�b�f�Z�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�v�r�_�� �\�j�_�f�_�g�b���� �q�_�f�� �^�e�y�� �k�b�f�\�h�e�h�\��

�f�_�g�v�r�_�]�h�� �j�Z�a�f�_�j�Z���� �i�j�b�q�z�f�� �m�f�_�g�v�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �k�l�j�h�d���b�� �k�l�h�e�[�p�h�\�� �\�� ���� �j�Z�a�Z�� �g�_��

�\�e�b�y�_�l���g�Z���\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h���d�h�g�l�m�j�Z�����I�h�w�l�h�f�m���i�j�b�g�y�l�h���j�_�r�_�g�b�_���f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�b�f�\�h�e�h�\�� �\�� �i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�c�� �^�b�Z�i�Z�a�h�g�� �j�Z�a�f�_�j�h�\�� �k�� �k�h�o�j�Z�g�_�g�b�_�f��

�k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g���� �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �h�[�e�Z�k�l�b��

�k�b�f�\�h�e�Z���g�_���^�e�y���[�b�g�Z�j�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����Z���^�e�y���b�k�o�h�^�g�h�]�h���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h ���r�Z�]�������g�Z��

�j�b�k�m�g�d�_ 3.20)�����Z���a�Z�l�_�f���k�g�h�\�Z���\�u�i�h�e�g�y�l�v���[�b�g�Z�j�b�a�Z�p�b�x ���r�Z�]������. �G�Z���j�b�k����������b �i�h�d�Z�a�Z�g�h��

�m�e�m�q�r�_�g�b�_�� �n�h�j�f�u���d�h�g�l�m�j�Z���a�Z���k�q�_�l���i�j�b�f�_�g�_�g�b�y�� �r�Z�]�h�\�������b�������� 

 



115 
 

 
 
 

 
�J�b�k�m�g�h�d������20 �í �K�o�_�f�Z���h�[�j�Z�[�h�l�d�b���i�j�b���\�_�d�l�h�j�b�a�Z�p�b�b���d�h�g�l�m�j�h�\�� �k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c�� 

 

�G�Z�� �r�Z�]�_��4 �\�u�i�h�e�g�y�_�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_�� �i�b�d�k�_�e�_�c�� �\�g�_�r�g�_�]�h�� �b���� �_�k�e�b�� �l�Z�d�h�\�u�_��

�b�f�_�x�l�k�y�����\�g�m�l�j�_�g�g�b�o�� �d�h�g�l�m�j�h�\���k�\�y�a�g�h�c���h�[�e�Z�k�l�b��[142]. �B�k�o�h�^�y���b�a���l�h�]�h�����q�l�h���d�h�f�Z�g�^�Z��

�a�Z�i�h�e�g�_�g�b�y�� �i�m�l�b���p�\�_�l�h�f���\���n�h�j�f�Z�l�_��PDF [10] �i�h���i�j�Z�\�b�e�m���©�g�_�g�m�e�_�\�h�]�h�� �q�b�k�e�Z���\�b�l�d�h�\�ª��

(non-zero winding) [8] �b�f�_�_�l���^�e�b�g�m�� �h�^�b�g���k�b�f�\�h�e�� �Z���i�h���i�j�Z�\�b�e�m�� �©�g�_�q�z�l�g�h�k�l�b�ª�� ��even-

odd) �± �^�\�Z�� �k�b�f�\�h�e�Z���� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �k�h�d�j�Z�s�_�g�b�y�� �j�Z�a�f�_�j�Z�� �n�Z�c�e�Z�� �b�f�_�_�l�� �k�f�u�k�e��

�b�k�i�h�e�v�a�h�\�Z�l�v�� �[�h�e�_�_�� �d�h�j�h�l�d�m�x�� �d�h�f�Z�g�^�m���� �I�h�w�l�h�f�m�� �i�b�d�k�_�e�b�� �\�g�m�l�j�_�g�g�b�o�� �b�� �\�g�_�r�g�_�]�h��

�d�h�g�l�m�j�Z�� �h�[�o�h�^�y�l�k�y�� �\�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�y�o: �^�e�y�� �h�i�j�_�^�_�e�z�g�g�h�k�l�b��

�\�g�_�r�g�b�c�� �d�h�g�l�m�j�� �l�j�Z�k�k�b�j�m�_�l�k�y�� �i�h���q�Z�k�h�\�h�c���k�l�j�_�e�d�_���� �Z���\�g�m�l�j�_�g�g�b�_�� �± �i�j�h�l�b�\���q�Z�k�h�\�h�c��

�k�l�j�_�e�d�b���� 

 

�������H�p�_�g�d�Z���p�\�_�l�Z���h�[�e�Z�k�l�b���i�h���k�d�Z�g�b�j�h�\�Z�g�g�h�f�m���p�\�_�l�g�h�f�m��
�b�a�h�[�j�Z�`�_�g�b�x

�������F�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_���h�[�e�Z�k�l�b���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h���p�\�_�l�g�h�]�h��
�b�a�h�[�j�Z�`�_�g�b�y��

�������;�b�g�Z�j�b�a�Z�p�b�y���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y

�������H�i�j�_�^�_�e�_�g�b�_���i�b�d�k�_�e�_�c���d�h�g�l�m�j�h�\

�������:�i�i�j�h�d�k�b�f�Z�p�b�y���d�h�g�l�m�j�h�\���i�h�e�b�]�h�g�Z�f�b

�������I�j�_�h�[�j�Z�a�h�\�Z�g�b�_���i�h�e�b�]�h�g�h�\���\���i�m�l�b���b�a���h�l�j�_�a�d�h�\��
�i�j�y�f�u�o���b���d�m�[�b�q�_�k�d�b�o���d�j�b�\�u�o���;�_�a�v�_
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a) 

 
b) 

�J�b�k�m�g�h�d������21 �í �<�e�b�y�g�b�_���r�Z�]�h�\�� �����b���������k�f�����j�b�k�m�g�h�d���������������g�Z���n�h�j�f�m���d�h�g�l�m�j�Z: a) �r�Z�]�b�� �����b�������g�_��

�i�j�b�f�_�g�y�e�b�k�v; b) �r�Z�]�b�������b�������\�u�i�h�e�g�y�e�b�k�v�� 

 

�G�Z�� �r�Z�]�_�� ���� �i�b�d�k�_�e�b�� �d�h�g�l�m�j�h�\�� �Z�i�i�j�h�d�k�b�f�b�j�m�x�l�k�y�� �i�h�e�b�]�h�g�Z�f�b. �I�j�b��

�Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �j�_�r�Z�_�l�k�y�� �a�Z�^�Z�q�Z�� �f�b�g�b�f�b�a�Z�p�b�b�� �d�h�e�b�q�_�k�l�\�Z���\�_�j�r�b�g�� �i�h�e�b�]�h�g�Z�� ���l�Z�d��

�g�Z�a�u�\�Z�_�f�Z�y���� �P�L�Q-# �i�j�h�[�e�_�f�Z���� �i�j�b�� �a�Z�^�Z�g�g�u�o�� �\�_�e�b�q�b�g�Z�o�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �b��

�k�m�f�f�Z�j�g�h�]�h�� �h�l�d�e�h�g�_�g�b�y�� �_�\�d�e�b�^�h�\�Z�� �j�Z�k�k�l�h�y�g�b�y�� �h�l�� �i�b�d�k�_�e�_�c�� �d�h�g�l�m�j�Z�� �^�h���i�h�e�b�]�h�g�Z�� 

�J�_�r�_�g�b�_���� �[�e�b�a�d�h�_�� �d�� �h�i�l�b�f�Z�e�v�g�h�f�m���� �b�s�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �Z�e�]�h�j�b�l�f�Z�� �D�h�e�_�k�g�b�d�h�\�Z��

[136]���� �J�_�]�m�e�b�j�h�\�d�Z�� �\�_�e�b�q�b�g�� �h�l�d�e�h�g�_�g�b�c�� �i�h�a�\�h�e�y�_�l�� �b�k�d�Z�l�v�� �d�h�f�i�j�h�f�b�k�k�� �f�_�`�^�m��

�j�Z�a�f�_�j�h�f��PDF �n�Z�c�e�Z���� �d�h�l�h�j�u�c�� �a�Z�\�b�k�b�l�� �h�l�� �d�h�e�b�q�_�k�l�\�Z�� �\�_�j�r�b�g�� �i�h�e�b�]�h�g�h�\�����b��

�d�Z�q�_�k�l�\�h�f�� �Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �d�h�g�l�m�j�h�\�� �I�h�l�_�g�p�b�Z�e�v�g�h�� �f�h�`�g�h�� �\�u�i�h�e�g�y�l�v��

�Z�i�i�j�h�d�k�b�f�Z�p�b�x�� �g�_�� �i�h�e�b�]�h�g�Z�f�b���� �Z�� �k�_�]�f�_�g�l�Z�f�b�� �d�m�[�b�q�_�k�d�h�c�� �d�j�b�\�h�c�� �;�_�a�v�_���� �g�h�� �w�l�h��

�g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h���� �l���d���� �i�h�l�j�_�[�m�_�l�� �k�m�s�_�k�l�\�_�g�g�h�� �[�h�e�v�r�b�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �a�Z�l�j�Z�l����

�i�j�b�� �w�l�h�f�� �q�Z�k�l�v�� �d�j�b�\�u�o�� �j�_�^�m�p�b�j�m�_�l�k�y�� �\�� �h�l�j�_�a�d�b�� �i�j�y�f�u�o���� �g�Z�i�j�b�f�_�j�� �i�j�b��

�Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �h�k�l�j�u�o���m�]�e�h�\�� �d�h�g�l�m�j�h�\�����Z���o�j�Z�g�_�g�b�_�� �l�Z�d�b�o���j�_�^�m�p�b�j�h�\�Z�g�g�u�o�� �d�j�b�\�u�o��

�\�_�^�z�l���d���m�\�_�e�b�q�_�g�b�x�� �j�Z�a�f�_�j�Z���n�Z�c�e�Z���� �� 

�G�Z�� �r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �i�h�e�b�]�h�g�h�\�� �\�� �i�m�l�b���� �k�h�k�l�h�y�s�b�_�� �b�a��

�h�l�j�_�a�d�h�\���i�j�y�f�u�o�� �b���d�m�[�b�q�_�k�d�b�o�� �d�j�b�\�u�o�� �;�_�a�v�_��[53]: �^�e�y���d�Z�`�^�h�c���\�_�j�r�b�g�u�� �i�h�e�b�]�h�g�Z����

�i�j�b�e�_�]�Z�x�s�b�_�� �k�l�h�j�h�g�u���d�h�l�h�j�h�c���h�[�j�Z�a�m�x�l���l�m�i�h�c���m�]�h�e���� �\�u�i�h�e�g�y�_�l�k�y�� �Z�i�i�j�h�d�k�b�f�Z�p�b�y��

�d�m�[�b�q�_�k�d�h�c���d�j�b�\�h�c���;�_�a�v�_���^�\�m�o���h�l�j�_�a�d�h�\���h�l���k�_�j�_�^�b�g���i�j�b�e�_�]�Z�x�s�b�o�� �k�l�h�j�h�g���^�h���^�Z�g�g�h�c��

�\�_�j�r�b�g�u; �_�k�e�b �`�_�� �i�j�b�e�_�]�Z�x�s�b�_�� �k�l�h�j�h�g�u�� �h�[�j�Z�a�m�x�l�� �h�k�l�j�u�c�� �m�]�h�e���� �l�h�� �\�� �i�m�l�v��

�^�h�[�Z�\�e�y�x�l�k�y���h�l�j�_�a�d�b���h�l���k�_�j�_�^�b�g���i�j�b�e�_�]�Z�x�s�b�o�� �k�l�h�j�h�g���^�h���^�Z�g�g�h�c���\�_�j�r�b�g�u�� 
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b) 

 
c) 

 
d) 

 
e) 

 
f) 

�J�b�k�m�g�h�d������22 �í �B�e�e�x�k�l�j�Z�p�b�y���r�Z�]�h�\ �h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�y���k�b�f�\�h�e�Z: a) �n�j�Z�]�f�_�g�l��

�k�d�Z�g�b�j�h�\�Z�g�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y; b) �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�g�u�c �n�j�Z�]�f�_�g�l; c) �g�Z�o�h�`�^�_�g�b�_���i�b�d�k�_�e�_�c 

�d�h�g�l�m�j�Z; d) �Z�i�i�j�h�d�k�b�f�Z�p�b�y���d�h�g�l�m�j�Z �i�h�e�b�]�h�g�h�f; e) �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���i�h�e�b�]�h�g�h�\���\���i�m�l�b; f) �i�m�l�v����

�a�Z�e�b�l�u�c���p�\�_�l�h�f �k�b�f�\�h�e�Z. 

 

�J�b�k�m�g�h�d �����������b�e�e�x�k�l�j�b�j�m�_�l�� �r�Z�]�b���h�[�j�Z�[�h�l�d�b���i�j�b���\�_�d�l�h�j�b�a�Z�p�b�b���d�h�g�l�m�j�Z���[�m�d�\�u 

«k». �>�Z�g�g�u�c�� �k�i�h�k�h�[�� �\�_�d�l�h�j�b�a�Z�p�b�b�� �d�h�g�l�m�j�h�\�� �k�b�f�\�h�e�h�\�� �l�Z�d�`�_�� �i�j�b�f�_�g�_�g�� �\�� �I�H �^�e�y 

�i�_�q�Z�l�b���k�g�b�f�d�h�\���w�d�j�Z�g�Z��[143]. 

�J�_�a�m�e�v�l�Z�l�u 

�J�Z�k�k�f�h�l�j�b�f���� �d�Z�d�� �j�Z�a�f�_�j��PDF �n�Z�c�e�Z�� �a�Z�\�b�k�b�l�� �h�l�� �k�i�h�k�h�[�Z�� �k�h�o�j�Z�g�_�g�b�y��

�b�g�n�h�j�f�Z�p�b�b���� �<�� �l�Z�[�e�b�p�_�� ������1 �i�j�b�\�_�^�_�g�u�� �j�Z�a�f�_�j�u��PDF �n�Z�c�e�h�\�� �i�j�b�� �k�o�h�^�g�h�f��

�\�b�a�m�Z�e�v�g�h�f�� �d�Z�q�_�k�l�\�_�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �l�_�d�k�l�Z �^�e�y�� �^�\�m�o�� �^�h�d�m�f�_�g�l�h�\���� �i�h�d�Z�a�Z�g�g�u�o�� �g�Z��

�j�b�k�m�g�d�_ 3.23. �I�j�b���k�h�o�j�Z�g�_�g�b�b�� �l�_�d�k�l�h�\�u�o�� �h�[�e�Z�k�l�_�c���b���d�Z�j�l�b�g�h�d���\���\�b�^�_���b�a�h�[�j�Z�`�_�g�b�c����

�k�`�Z�l�u�o�� �[�_�a�� �i�h�l�_�j�v�� �b�g�n�h�j�f�Z�p�b�b�� ���k�`�Z�l�b�_ deflate) �j�Z�a�f�_�j�� �n�Z�c�e�h�\�� �[�h�e�v�r�h�c. �I�j�b��

�k�`�Z�l�b�b�� �k�� �i�h�l�_�j�_�c�� �b�g�n�h�j�f�Z�p�b�b�� ��JPEG) �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �i�j�b�_�f�e�_�f�h�]�h�� �d�Z�q�_�k�l�\�Z��

�b�a�h�[�j�Z�`�_�g�b�y�� �l�_�d�k�l�Z�� �g�_�� �f�h�`�_�l�� �[�u�l�v�� �\�u�[�j�Z�g�Z�� �\�u�k�h�d�Z�y�� �k�l�_�i�_�g�v�� �k�`�Z�l�b�y���� �b�� �j�Z�a�f�_�j�u��

�n�Z�c�e�h�\���a�g�Z�q�b�l�_�e�v�g�h�� �i�j�_�\�u�r�Z�x�l���a�Z�^�Z�g�g�h�_�� �h�]�j�Z�g�b�q�_�g�b�_���\��700 kb�����I�j�b�� �\�_�d�l�h�j�b�a�Z�p�b�b��

�d�h�g�l�m�j�h�\���k�b�f�\�h�e�h�\���l�_�d�k�l�Z�� �j�Z�a�f�_�j���n�Z�c�e�h�\���m�^�h�\�e�_�l�\�h�j�y�_�l���a�Z�^�Z�g�g�h�f�m�� �h�]�j�Z�g�b�q�_�g�b�x�� 
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b) 

�J�b�k�m�g�h�d������23 �í �>�h�d�m�f�_�g�l�u���^�e�y���k�j�Z�\�g�_�g�b�y���j�Z�a�f�_�j�Z���n�Z�c�e�h�\���3�'�)�����D) �l�h�e�v�d�h���l�_�d�k�l�����E) �l�_�d�k�l���b��

�d�Z�j�l�b�g�d�b�� 

 

�K�j�Z�\�g�b�f�� �\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �\�_�d�l�h�j�b�a�Z�p�b�b�� �d�h�g�l�m�j�h�\�� �k�b�f�\�h�e�h�\��

�i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�� �b��Canon Trace&Smooth PDF [132]. �G�Z�� �j�b�k�m�g�d�_�� �������� 

�i�h�d�Z�a�Z�g�u�� �m�\�_�e�b�q�_�g�g�u�_�� �i�j�b�f�_�j�g�h�� �\�� ������ �j�Z�a�� �n�j�Z�]�f�_�g�l�u�� �k�l�j�Z�g�b�p�u��PDF �^�e�y�� �l�_�d�k�l�Z��

�j�Z�a�f�_�j�h�f�� ���� �i�m�g�d�l�h�\���� �J�b�k�m�g�h�d�� ��������a �^�_�f�h�g�k�l�j�b�j�m�_�l�� �n�j�Z�]�f�_�g�l�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y�����:�g�Z�e�h�]�b�q�g�h�� �[�m�^�_�l���\�u�]�e�y�^�_�l�v�� �l�Z�d�h�c���n�j�Z�]�f�_�g�l���i�j�b���k�h�o�j�Z�g�_�g�b�b�� �\��PDF 

�b�a�h�[�j�Z�`�_�g�b�y�� �k�h���k�`�Z�l�b�_�f�� �[�_�a�� �i�h�l�_�j�b�� �b�g�n�h�j�f�Z�p�b�b���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �n�m�g�d�p�b�b��Canon 

Trace&Smooth PDF �k�h�a�^�Z�z�l�� �k�b�f�\�h�e�u�� �k�� �m�]�e�h�\�Z�l�u�f�� �g�_�_�k�l�_�k�l�\�_�g�g�u�f�� �d�h�g�l�m�j�h�f��

���j�b�k�m�g�h�d�� ��������b). �<�g�_�r�g�b�c�� �\�b�^�� �d�h�g�l�m�j�h�\�� �k�b�f�\�h�e�h�\���� �i�h�e�m�q�_�g�g�u�o�� �i�j�_�^�e�Z�]�Z�_�f�u�f��

�k�i�h�k�h�[�h�f�����]�h�j�Z�a�^�h���e�m�q�r�_�� ���j�b�k�m�g�h�d�� ��������c������ �F�h�`�g�h�� �a�Z�f�_�l�b�l�v���� �q�l�h���n�h�j�f�Z���g�_�d�h�l�h�j�u�o��

�[�m�d�\�� �g�_�f�g�h�]�h�� �b�k�d�Z�`�Z�_�l�k�y���� �g�Z�i�j�b�f�_�j�� �i�j�h�i�Z�^�Z�_�l�� �a�Z�k�_�q�d�Z�� ��serif) �m�� �©b». �A�Z�f�_�l�b�f���� �q�l�h��

�w�l�h�� �g�_�� �y�\�e�y�_�l�k�y�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �Z�e�]�h�j�b�l�f�Z�� �\�_�d�l�h�j�b�a�Z�p�b�b���� �Z�� �_�k�l�v��

�k�e�_�^�k�l�\�b�_�� �m�k�l�Z�g�h�\�d�b�� �g�Z���r�Z�]�_���������j�b�k�m�g�h�d�� ������������ �l�Z�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�����f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �b��

�k�m�f�f�Z�j�g�h�]�h�� �h�l�d�e�h�g�_�g�b�y�� �_�\�d�e�b�^�h�\�Z�� �j�Z�k�k�l�h�y�g�b�y�� �h�l�� �i�b�d�k�_�e�_�c�� �d�h�g�l�m�j�Z�� �^�h���i�h�e�b�]�h�g�Z������

�d�h�l�h�j�u�_�� �h�[�_�k�i�_�q�b�\�Z�x�l �j�Z�a�f�_�j��PDF �n�Z�c�e�Z�� �\�� �a�Z�^�Z�g�g�h�f�� �^�b�Z�i�Z�a�h�g�_���� �M�f�_�g�v�r�_�g�b�_��

�\�_�e�b�q�b�g�� �h�l�d�e�h�g�_�g�b�c�� �i�h�a�\�h�e�y�_�l���i�h�e�m�q�b�l�v�� �d�h�g�l�m�j���� �i�h�\�l�h�j�y�x�s�b�c���n�h�j�f�m���k�b�f�\�h�e�h�\���k��

�g�_�a�Z�f�_�l�g�u�f�b�� �g�_�\�h�h�j�m�`�_�g�g�u�f�� �]�e�Z�a�h�f���h�l�e�b�q�b�y�f�b���� 
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�L�Z�[�e�b�p�Z��3.11. �J�Z�a�f�_�j��PDF �n�Z�c�e�Z�� �^�e�y���j�Z�a�e�b�q�g�u�o�� �k�i�h�k�h�[�h�\���k�h�o�j�Z�g�_�g�b�y �i�j�b���k�o�h�^�g�h�f��

�\�b�a�m�Z�e�v�g�h�f�� �d�Z�q�_�k�l�\�_���g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �l�_�d�k�l�Z 

�K�i�h�k�h�[���k�h�o�j�Z�g�_�g�b�y �J�Z�a�f�_�j���n�Z�c�e�Z����kb 

�L�h�e�v�d�h���l�_�d�k�l �L�_�d�k�l���b���d�Z�j�l�b�g�d�b 

�J�Z�k�l�j�h�\�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���� �k�`�Z�l�h�_�� �[�_�a��

�i�h�l�_�j�b���b�g�n�h�j�f�Z�p�b�b�� 

3882 11027 

�J�Z�k�l�j�h�\�h�_���b�a�h�[�j�Z�`�_�g�b�_�����k�`�Z�l�h�_���k���i�h�l�_�j�_�c��

�b�g�n�h�j�f�Z�p�b�b 

1257 1490 

�I�j�_�^�e�Z�]�Z�_�f�u�c 538 625 
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c) 

�J�b�k�m�g�h�d������24 �í �K�j�Z�\�g�_�g�b�_���\�_�d�l�h�j�b�a�Z�p�b�b���d�h�g�l�m�j�h�\���k�b�f�\�h�e�h�\: a) �n�j�Z�]�f�_�g�l���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y; b) Canon Trace&Smooth PDF; c) �i�j�_�^�e�Z�]�Z�_�f�u�c���k�i�h�k�h�[. 

 

�H�p�_�g�d�Z�� �p�\�_�l�Z�� �k�b�f�\�h�e�h�\�� �b�� �a�Z�e�b�\�d�Z�� �\�k�_�]�h�� �l�_�e�Z�� �k�b�f�\�h�e�Z�� �h�^�b�g�Z�d�h�\�u�f�� �p�\�_�l�h�f��

�i�h�a�\�h�e�y�x�l���b�a�[�_�`�Z�l�v���p�\�_�l�h�\�u�o���b�k�d�Z�`�_�g�b�c���� �<�h-�i�_�j�\�u�o�����p�\�_�l�g�h�c���b���k�_�j�u�c���l�_�d�k�l���\���k�b�e�m��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z�� �g�Z���k�d�Z�g�b�j�h�\�Z�g�g�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �y�\�e�y�_�l�k�y�� �k�f�_�k�v�x��

�i�b�d�k�_�e�_�c�� �j�Z�a�g�u�o�� �p�\�_�l�h�\���b���h�l�l�_�g�d�h�\�����<���j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y�� �k�i�h�k�h�[�Z���i�h�^�Z�\�e�_�g�b�y��

�i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z�� ���w�l�Z�i�� ���� �g�Z�� �j�b�k�m�g�h�d�� ���������� �i�b�d�k�_�e�b�� �k�b�f�\�h�e�h�\�� �i�j�b�g�b�f�Z�x�l�� �[�e�b�a�d�b�_��

�a�g�Z�q�_�g�b�y���� �g�h���\�h�a�f�h�`�g�u�� �g�_�[�h�e�v�r�b�_�� �\�Z�j�b�Z�p�b�b�� �g�Z�� �d�j�Z�y�o���k�b�f�\�h�e�h�\�����<�h-�\�l�h�j�u�o���� �^�Z�`�_��

�i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �q�z�j�g�h�]�h�� �l�_�d�k�l�Z�� �\���\�b�^�_�� �p�\�_�l�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���k��JPEG �k�`�Z�l�b�_�f�� �g�Z��

�d�j�Z�y�o�� �k�b�f�\�h�e�h�\�� �h�[�j�Z�a�m�x�l�k�y�� �p�\�_�l�h�\�u�_�� �b�k�d�Z�`�_�g�b�y���� �G�Z�� �j�b�k�m�g�d�Z�o�� ��������a �b�� ���������k 
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�i�h�d�Z�a�Z�g�u�� �m�\�_�e�b�q�_�g�g�u�_�� �p�\�_�l�g�h�c�� �b�� �q�z�j�g�u�c�� �k�b�f�\�h�e�u���� �k�h�o�j�Z�g�_�g�g�u�_�� �\��PDF c JPEG 

�k�`�Z�l�b�_�f���� �G�_�j�Z�\�g�h�f�_�j�g�u�c�� �p�\�_�l�� �i�h�� �l�_�e�m�� �k�b�f�\�h�e�Z�� �i�j�b�� �i�h�\�l�h�j�g�h�c�� �i�_�q�Z�l�b�� �\�_�^�z�l�� �d��

�m�o�m�^�r�_�g�b�x�� �_�]�h�� �q�b�l�Z�_�f�h�k�l�b���� �K�h�o�j�Z�g�_�g�b�_�� �k�b�f�\�h�e�h�\�� �i�j�_�^�e�h�`�_�g�g�u�f�� �k�i�h�k�h�[�h�f��

���j�b�k�m�g�d�b�� ��������b �b����������d) �i�h�a�\�h�e�y�_�l���b�a�[�_�`�Z�l�v�� �b�k�d�Z�`�_�g�b�c�� �p�\�_�l�Z���� 

�<�Z�`�g�u�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �d�Z�q�_�k�l�\�Z�� �j�Z�[�h�l�u�� �^�Z�g�g�h�]�h�� �j�_�`�b�f�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y��

�y�\�e�y�_�l�k�y���l�h�q�g�h�k�l�v���j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �k�b�f�\�h�e�h�\���^�e�y���i�h�\�l�h�j�g�u�o���d�h�i�b�c���^�h�d�m�f�_�g�l�Z�����d�h�]�^�Z��

�^�h�d�m�f�_�g�l�� �k�d�Z�g�b�j�m�_�l�k�y���� �a�Z�l�_�f�� �i�j�_�h�[�j�Z�a�m�_�l�k�y�� �\��PDF���� �k�g�h�\�Z�� �i�_�q�Z�l�Z�_�l�k�y�� �b�� �l�Z�d��

�g�_�k�d�h�e�v�d�h�� �j�Z�a���� �<�� �l�Z�[�e�b�p�_�� ���������� �i�j�b�\�_�^�_�g�h�� �k�j�Z�\�g�_�g�b�_ �i�h�� �d�h�e�b�q�_�k�l�\�m�� �h�r�b�[�h�d��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �^�e�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �b�� �^�e�y�� �k�h�o�j�Z�g�_�g�b�y�� �\��PDF �j�Z�k�l�j�h�\�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���� �k�`�Z�l�h�]�h�� �k�� �i�h�f�h�s�v�x��JPEG. �J�Z�a�f�_�j�u�� �n�Z�c�e�h�\�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �j�Z�\�g�u����

�B�k�o�h�^�g�u�c�� �^�h�d�m�f�_�g�l���\�a�y�l���b�a �l�_�k�l�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c���B�K�H���k�l�Z�g�^�Z�j�l�Z��[29] �b���k�h�^�_�j�`�b�l��

�i�j�b�f�_�j�g�h�� ���������� �k�b�f�\�h�e�h�\�� �e�Z�l�b�g�k�d�h�]�h�� �Z�e�n�Z�\�b�l�Z���� �Z�j�Z�[�k�d�b�o���p�b�n�j�� �b�� �a�g�Z�d�h�\��

�i�m�g�d�l�m�Z�p�b�b���� �j�Z�a�f�_�j���r�j�b�n�l�Z���������b���������i�m�g�d�l�h�\���� �H�i�l�b�q�_�k�d�h�_�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_�� �k�b�f�\�h�e�h�\��

�\�u�i�h�e�g�y�e�h�k�v�� �I�H�� �5�H�D�G�,�5�,�6 Pro 11 [144] �k�� �h�l�d�e�x�q�_�g�g�u�f�� �j�_�`�b�f�h�f�� �d�h�j�j�_�d�p�b�b��

�k�b�g�l�Z�d�k�b�k�Z. �K�d�Z�g�b�j�h�\�Z�g�b�_�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �k�� �j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi, PDF �\�� �p�\�_�l�_��

�i�_�q�Z�l�Z�e�k�y�� �k���j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi �k���i�h�f�h�s�v�x���F�N�I��Samsung CLX-6240.  

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d������25 �í �P�\�_�l���k�b�f�\�h�e�h�\���\��PDF �\���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�i�h�k�h�[�Z���k�h�o�j�Z�g�_�g�b�y: a) �p�\�_�l�g�h�c���k�b�f�\�h�e����

�k�`�Z�l�u�c��JPEG; b) �p�\�_�l�g�h�c���k�b�f�\�h�e���\���\�b�^�_���a�Z�e�b�l�h�]�h���p�\�_�l�h�f���d�h�g�l�m�j�Z; c) �q�z�j�g�u�c���k�b�f�\�h�e�����k�`�Z�l�u�c��

JPEG; d) �q�z�j�g�u�c���k�b�f�\�h�e���\���\�b�^�_���a�Z�e�b�l�h�]�h���p�\�_�l�h�f �d�h�g�l�m�j�Z�� 

 

 



121 
 

 
 
 

�L�Z�[�e�b�p�Z��3.12. �H�l�g�h�r�_�g�b�_�� �k�m�f�f�u �h�r�b�[�h�q�g�h�� �j�Z�k�i�h�a�g�Z�g�g�u�o�� �b�� �g�_�j�Z�k�i�h�a�g�Z�g�g�u�o��

�k�b�f�\�h�e�h�\���d���h�[�s�_�f�m���d�h�e�b�q�_�k�l�\�m�� �k�b�f�\�h�e�h�\ 

�K�i�h�k�h�[���k�h�o�j�Z�g�_�g�b�y �K�d�Z�g���h�j�b�]�b�g�Z�e�Z 1-�y���d�h�i�b�y 2-�y���d�h�i�b�y 3-�y���d�h�i�b�y 

�B�a�h�[�j�Z�`�_�g�b�_�����k�`�Z�l�h�_��JPEG  

0,002 

0,007 0,104 0,251 

�I�j�_�^�e�Z�]�Z�_�f�u�c 0,002 0,015 0,084 

  

�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �k�d�Z�g�Z �h�j�b�]�b�g�Z�e�Z �\�h�a�g�b�d�e�h�� �g�_�k�d�h�e�v�d�h��

�g�_�d�j�b�l�b�q�g�u�o �^�e�y�� �\�b�a�m�Z�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y�� �h�r�b�[�h�d�����g�Z�i�j�b�f�_�j���� �a�Z�i�y�l�Z�y���a�Z�f�_�g�b�e�Z�k�v��

�g�Z�� �l�h�q�d�m���� �Z�� �p�b�n�j�Z�� �³0�´�� �g�Z�� �[�m�d�\�m�� �³O�´���� �I�j�b�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�b�� �i�_�j�\�h�c�� �d�h�i�b�b�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �w�l�b�� �`�_�� �h�r�b�[�d�b�� �i�h�\�l�h�j�b�e�b�k�v���� �q�l�h��

�h�`�b�^�Z�_�f�h. �>�e�y �b�a�h�[�j�Z�`�_�g�b�y���� �k�`�b�f�Z�_�f�h�]�h JPEG���� �i�h�y�\�b�e�h�k�v�� �g�_�k�d�h�e�v�d�h�� �g�h�\�u�o��

�h�r�b�[�h�d�����k�\�y�a�Z�g�g�u�o���� �\���h�k�g�h�\�g�h�f�����k���i�j�h�i�m�k�d�h�f���b�e�b���a�Z�f�_�g�h�c���k�b�f�\�h�e�h�\���i�m�g�d�l�m�Z�p�b�b�� �<��

�j�_�a�m�e�v�l�Z�l�_�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �\�l�h�j�h�c�� �d�h�i�b�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �k�`�b�f�Z�_�f�h�]�h��JPEG, 

�d�h�e�b�q�_�k�l�\�h���h�r�b�[�h�d���j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �j�_�a�d�h���\�h�a�j�Z�k�l�Z�_�l�����i�j�b�q�_�f���f�g�h�]�h���h�r�b�[�h�d���k�\�y�a�Z�g�h��

�k���g�_�\�_�j�g�u�f�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_�f�� �[�m�d�\���� �g�Z�i�j�b�f�_�j�� �³i�´���j�Z�k�i�h�a�g�Z�_�l�k�y�� �d�Z�d�� �³l�´���� �D�h�e�b�q�_�k�l�\�h��

�h�r�b�[�h�d�� �^�e�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_���� �b�� �j�_�a�d�b�c�� �j�h�k�l�� �b�o�� �q�b�k�e�Z��

�g�Z�q�b�g�Z�_�l�k�y�� �l�h�e�v�d�h���k���l�j�_�l�v�_�c�� �d�h�i�b�b���� 

3.7.2. �K�d�Z�g�b�j�h�\�Z�g�b�_���b���d�h�i�b�j�h�\�Z�g�b�_���^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d 

�<�� �j�y�^�_�� �F�N�I�� �d�h�f�i�Z�g�b�b�� �K�Z�f�k�m�g�]���� �g�Z�i�j�b�f�_�j�� �\�� �f�h�^�_�e�b��CLX-6240 [145], 

�j�_�Z�e�b�a�h�\�Z�g�� �j�_�`�b�f�� �d�h�i�b�j�h�\�Z�g�b�y��«ID copy»���� �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l �k�d�h�i�b�j�h�\�Z�l�v�� �^�\�_��

�k�l�h�j�h�g�u�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�h�c�� �d�Z�j�l�h�q�d�b (identification card, ID card)���� �g�Z�i�j�b�f�_�j 

�\�h�^�b�l�_�e�v�k�d�b�o�� �i�j�Z�\, �g�Z�� �h�^�g�m�� �k�l�j�Z�g�b�p�m���� �<�� �B�K�H�� �k�l�Z�g�^�Z�j�l�_�� ����������[146] �i�j�b�\�_�^�_�g�u��

�j�Z�a�f�_�j�u�� �l�b�i�h�\�u�o��ID �d�Z�j�l�h�q�_�d. �G�Z�� �k�l�j�Z�g�b�p�m��A4 �i�h�f�_�s�Z�_�l�k�y�� �h�[�_�� �k�l�h�j�h�g�u��ID 

�d�Z�j�l�h�q�d�b���� �<�� �^�Z�g�g�h�f�� �j�_�`�b�f�_�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �i�h�f�_�s�Z�_�l�� �d�Z�j�l�h�q�d�m�� �g�Z�� �k�l�_�d�e�h�� �k�d�Z�g�_�j�Z��

�e�b�p�_�\�h�c�� �k�l�h�j�h�g�h�c�� �b�� �k�d�Z�g�b�j�m�_�l���� �a�Z�l�_�f�� �i�_�j�_�\�h�j�Z�q�b�\�Z�_�l�� �d�Z�j�l�h�q�d�m�� �g�Z�� �k�l�_�d�e�_�� �b��

�k�d�Z�g�b�j�m�_�l���_�z���h�[�j�Z�l�g�m�x�� �k�l�h�j�h�g�m���� �b�a�h�[�j�Z�`�_�g�b�y���h�[�h�b�o �k�l�h�j�h�g�� �d�Z�j�l�h�q�d�b�� �i�_�q�Z�l�Z�x�l�k�y��
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�g�Z�� �h�^�g�h�c�� �k�l�j�Z�g�b�p�_���� �W�d�k�i�e�m�Z�l�Z�p�b�y�� �j�_�`�b�f�Z��«ID copy» �\�u�y�\�b�e�Z�� �k�e�_�^�m�x�s�b�_��

�g�_�^�h�k�l�Z�l�d�b:  

�x �h�l�k�m�l�k�l�\�m�_�l�� �d�h�j�j�_�d�p�b�y�� �k�d�h�k�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �\�� �j�_�a�m�e�v�l�Z�l�_ �d�h�i�b�y�� �\�u�]�e�y�^�b�l��

�g�_�Z�d�d�m�j�Z�l�g�h;  

�x �_�k�e�b�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �g�_�\�_�j�g�h�� �h�j�b�_�g�l�b�j�h�\�Z�e�� �h�^�g�m�� �b�a�� �k�l�h�j�h�g���d�Z�j�l�h�q�d�b���� �g�Z�i�j�b�f�_�j�� 

�i�_�j�_�\�_�j�g�m�e�� �\�\�_�j�o�� �g�h�]�Z�f�b���� �l�h�� �g�Z�� �g�Z�i�_�q�Z�l�Z�g�g�h�c�� �k�l�j�Z�g�b�p�_�� �k�l�h�j�h�g�u�� �d�Z�j�l�h�q�d�b��

�h�j�b�_�g�l�b�j�h�\�Z�g�u�� �j�Z�a�e�b�q�g�u�f�� �h�[�j�Z�a�h�f�����q�l�h���g�_�m�^�h�[�g�h;  

�x �g�_�\�h�a�f�h�`�g�h���k�h�o�j�Z�g�b�l�v��PDF �k�h �k�n�h�j�f�b�j�h�\�Z�g�g�h�c���k�l�j�Z�g�b�p�_�c���� 

�A�Z�^�Z�q�_�c�� �G�B�J�� �y�\�e�y�e�Z�k�v�� �j�Z�a�j�Z�[�h�l�d�Z�� �j�_�`�b�f�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y���b�� �d�h�i�b�j�h�\�Z�g�b�y��

�^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d���� �\�� �d�h�l�h�j�h�f���[�m�^�m�l�� �m�k�l�j�Z�g�_�g�u�� �i�_�j�_�q�b�k�e�_�g�g�u�_�� �g�_�^�h�k�l�Z�l�d�b����

�i�j�b�� �w�l�h�f�� �\�j�_�f�y�� �d�h�i�b�j�h�\�Z�g�b�y�� �m�\�_�e�b�q�b�l�k�y�� �g�_�� �[�h�e�_�_�� �q�_�f�� �g�Z��1 �k�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�k�m�s�_�k�l�\�m�x�s�b�f�� �j�_�`�b�f�h�f�� �g�Z�� �b�^�_�g�l�b�q�g�h�c�� �\�k�l�j�h�_�g�g�h�c�� �i�e�Z�l�n�h�j�f�_���� �<�� �d�Z�q�_�k�l�\�_��

�h�[�t�_�d�l�h�\���^�e�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �f�h�]�m�l�� �\�u�k�l�m�i�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�_���� �g�h���b��

�e�x�[�u�_�� �^�\�m�o�k�l�h�j�h�g�g�b�_�� �d�Z�j�l�u���� �k�h�^�_�j�`�Z�s�b�_�� �p�b�n�j�h�[�m�d�\�_�g�g�m�x���b�g�n�h�j�f�Z�p�b�x, 

�g�Z�i�j�b�f�_�j���� �[�Z�g�d�h�\�k�d�b�_�� �b�� �^�b�k�d�h�g�l�g�u�_�� �d�Z�j�l�u. �J�b�k�m�g�h�d ���������� �b�e�e�x�k�l�j�b�j�m�_�l�� �j�Z�[�h�l�m 

�j�_�`�b�f�Z���k�d�Z�g�b�j�h�\�Z�g�b�y�� �^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d�� 

 

 
�J�b�k�m�g�h�d������26 �í �B�e�e�x�k�l�j�Z�p�b�y���j�Z�[�h�l�u���j�_�`�b�f�Z���k�d�Z�g�b�j�h�\�Z�g�b�y���^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d. 

�K�d�Z�g�b�j�h�\�Z�g�b�_���e�b�p�_�\�h�c��
�k�l�h�j�h�g�u

�<�_�j�o

�<�_�j�o

�>�h�d�m�f�_�g�l�^�e�y�i�_�q�Z�l�b

�<�_�j�o

�<�_�j�o

�K�d�Z�g�b�j�h�\�Z�g�b�_���h�[�j�Z�l�g�h�c��
�k�l�h�j�h�g�u
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�W�l�Z�i�u���f�_�l�h�^�h�e�h�]�b�b���G�B�J���i�j�b���j�Z�a�j�Z�[�h�l�d�_���j�_�`�b�f�Z���d�h�i�b�j�h�\�Z�g�b�y��

�^�\�m�o�k�l�h�j�h�g�g�b�o �d�Z�j�l�h�q�_�d 

�<���l�Z�[�e�b�p�_�� ������3 �i�j�b�\�_�^�_�g�u���h�k�g�h�\�g�h�_���k�h�^�_�j�`�Z�g�b�_���b���j�_�a�m�e�v�l�Z�l�u�� �w�l�Z�i�h�\���G�B�J���i�h��

�j�Z�a�j�Z�[�h�l�d�_�� �^�Z�g�g�h�]�h�� �j�_�`�b�f�Z�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�j�_�^�e�h�`�_�g�g�h�c �\�h�� �\�l�h�j�h�c�� �]�e�Z�\�_��

�f�_�l�h�^�h�e�h�]�b�_�c���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�h�e�h�]�b�b�� �b�� �f�_�l�h�^�b�d�b�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y��

�i�h�a�\�h�e�b�e�h�� �n�h�j�f�Z�e�b�a�h�\�Z�l�v�� �j�Z�a�j�Z�[�h�l�d�m�� �j�_�`�b�f�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �^�\�m�o�k�l�h�j�h�g�g�b�o��

�d�Z�j�l�h�q�_�d���b���\�u�i�h�e�g�b�l�v�� �_�z���\ �d�j�Z�l�q�Z�c�r�b�_�� �k�j�h�d�b�� 

 

�L�Z�[�e�b�p�Z��3.13���� �W�l�Z�i�u�� �G�B�J�� �i�h�� �j�Z�a�j�Z�[�h�l�d�_�� �k�i�h�k�h�[�Z�� �d�h�i�b�j�h�\�Z�g�b�y�� �^�\�m�o�k�l�h�j�h�g�g�b�o��

�d�Z�j�l�h�q�_�d �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k���i�j�_�^�e�h�`�_�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�_�c�� 

�W�l�Z�i���G�B�J �K�h�^�_�j�`�Z�g�b�_ 

1. �I�h�b�k�d���b�^�_�b �P�_�e�_�k�h�h�[�j�Z�a�g�h �k�� �g�_�[�h�e�v�r�b�f�b�� �b�a�f�_�g�_�g�b�y�f�b���i�j�b�f�_�g�b�l�v�� �f�_�l�h�^�b�d�m��

�j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y���^�e�y���d�Z�`�^�h�c���b�a���k�l�h�j�h�g���d�Z�j�l�h�q�d�b�����D�e�x�q�_�\�h�c��

�\�h�i�j�h�k: �d�Z�d���h�i�j�_�^�_�e�y�l�v���h�j�b�_�g�l�Z�p�b�x���b�a�h�[�j�Z�`�_�g�b�y? 

�<�h�a�f�h�`�g�u�_���i�h�^�o�h�^�u �h�i�j�_�^�_�e�_�g�b�y���h�j�b�_�g�l�Z�p�b�b:  

�Z���� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p�Z���� �g�h�� �w�l�h�� �i�j�b�f�_�g�b�f�h���l�h�e�v�d�h�� �^�e�y�� �h�^�g�h�c�� �b�a 

�k�l�h�j�h�g���^�e�y���g�_�k�d�h�e�v�d�b�o���l�b�i�h�\���d�Z�j�l�h�q�_�d, �]�^�_���_�k�l�v���n�h�l�h�]�j�Z�n�b�b;  

b) �j�Z�k�i�h�a�g�Z�\�Z�g�b�_���k�b�f�\�h�e�h�\�����g�h���k�e�h�`�g�h���j�_�Z�e�b�a�h�\�Z�l�v���\�h���\�k�l�j�h�_�g�g�h�f��

�I�H���F�N�I���j�Z�k�i�h�a�g�Z�\�Z�g�b�_���^�e�y���[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z���y�a�u�d�h�\;  

c) �j�Z�k�i�h�a�g�Z�\�Z�g�b�_���l�h�e�v�d�h�� �Z�j�Z�[�k�d�b�o�� �p�b�n�j���� �m�q�b�l�u�\�Z�y���� �q�l�h�� �d�Z�j�l�h�q�d�b����

�d�Z�d�� �i�j�Z�\�b�e�h���� �k�h�^�_�j�`�Z�l�� �p�b�n�j�h�\�m�x�� �b�g�n�h�j�f�Z�p�b�x���� �^�Z�g�g�u�c�� �i�h�^�o�h�^��

�y�\�e�y�_�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f���� �g�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��

�i�_�j�_�\�h�j�h�l�Z���g�Z���������ƒ���f�h�`�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���l�h�e�v�d�h���p�b�n�j�u���������������������������� 

�b��7. �I�j�b�g�y�l�h���j�_�r�_�g�b�_�����\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y���i�h�^�o�h�^�h�f��c).  

2. �F�Z�d�_�l �I�j�_�^�e�h�`�_�g���i�j�b�f�_�j���b�g�l�_�j�n�_�c�k�Z �i�h�e�v�a�h�\�Z�l�_�e�y���^�e�y���\�u�[�h�j�Z���\�Z�j�b�Z�g�l�Z��

�j�Z�a�f�_�s�_�g�b�y���k�l�h�j�h�g���d�Z�j�l�h�q�d�b���g�Z���k�l�j�Z�g�b�p�_ ���j�b�k�m�g�h�d 3.27). �<�j�m�q�g�m�x��

�i�h�\�_�j�g�m�l�u�� �k�d�Z�g�b�j�h�\�Z�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�\�m�o�� �k�l�h�j�h�g�� �d�Z�j�l�h�q�d�b����

�j�Z�a�f�_�s�_�g�u�� �g�Z�� �k�l�j�Z�g�b�p�_�� ���g�_�k�d�h�e�v�d�h�� �\�Z�j�b�Z�g�l�h�\�� �j�Z�a�f�_�s�_�g�b�y���� �b��
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�k�h�o�j�Z�g�_�g�u���\��PDF�����>�h�d�m�f�_�g�l�u �g�Z�i�_�q�Z�l�Z�g�u �^�e�y���h�p�_�g�d�b���\�b�a�m�Z�e�v�g�h�]�h��

�d�Z�q�_�k�l�\�Z�� 

3. �I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y��

�h�p�_�g�d�Z���i�h�e�v�a�h�\�Z�l�_�e�_�f�� 

�<�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �b�� �k�h�o�j�Z�g�_�g�g�h�]�h�� �\��PDF 

�b�a�h�[�j�Z�`�_�g�b�c �\�u�k�h�d�h�_. 

�������:�g�Z�e�b�a���i�Z�l�_�g�l�h�\ �I�Z�l�_�g�l��[147] �h�i�b�k�u�\�Z�_�l�� �j�Z�a�e�b�q�g�u�_�� �j�_�`�b�f�u�� �d�h�i�b�j�h�\�Z�g�b�y���� �\�� �l�h�f��

�q�b�k�e�_�� �d�h�i�b�j�h�\�Z�g�b�_�� �^�\�m�o�� �k�l�j�Z�g�b�p�� �h�j�b�]�b�g�Z�e�Z�� �g�Z�� �h�^�g�m�� �k�l�j�Z�g�b�p�m��

�d�h�i�b�b���� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�� �p�_�e�v�x��

�i�_�j�_�\�h�j�Z�q�b�\�Z�g�b�y�� �g�_�\�_�j�g�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �i�j�b�f�_�g�y�_�l�k�y��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�_���k�b�f�\�h�e�h�\�����h�^�g�Z�d�h���^�Z�g�g�u�c���i�Z�l�_�g�l���g�_���j�Z�k�k�f�Z�l�j�b�\�Z�_�l��

�d�h�j�j�_�d�p�b�x�� �k�d�h�k�Z�� �b�� �k�h�o�j�Z�g�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �\��

�f�_�l�Z�n�Z�c�e���� 

�������<�u�[�h�j���d�j�b�l�_�j�b�_�\ �H�j�b�_�g�l�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�l�h�j�h�g�� �d�Z�j�l�h�q�_�d�� �^�e�y�� ��-�o�� �\�h�a�f�h�`�g�u�o��

�h�j�b�_�g�l�Z�p�b�c��(0°, 90°, 180°, 270°) �^�h�e�`�g�Z���h�i�j�_�^�_�e�y�l�v�k�y���k���l�h�q�g�h�k�l�v�x��

�g�_���f�_�g�_�_�������������A�Z�^�Z�g�h���h�]�j�Z�g�b�q�_�g�b�_���g�Z���\�j�_�f�y���j�Z�[�h�l�u���g�Z���\�k�l�j�h�_�g�g�h�c��

�i�e�Z�l�n�h�j�f�_���� 

�������H�[�a�h�j���e�b�l�_�j�Z�l�m�j�u �K�m�s�_�k�l�\�m�_�l�� �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h�� �i�m�[�e�b�d�Z�p�b�c���� �h�i�b�k�u�\�Z�x�s�b�o��

�k�i�h�k�h�[�u���h�i�l�b�q�_�k�d�h�]�h���j�Z�k�i�h�a�g�Z�\�Z�g�b�y���k�b�f�\�h�e�h�\�����b�o���]�e�m�[�h�d�b�c���h�[�a�h�j��

�l�j�_�[�m�_�l���[�h�e�v�r�_�]�h�� �\�j�_�f�_�g�b�����q�_�f���h�l�\�_�^�_�g�h���^�e�y���G�B�J�����i�h�w�l�h�f�m���Z�g�Z�e�b�a��

�k�m�s�_�k�l�\�m�x�s�b�o�� �i�h�^�o�h�^�h�\�� �a�Z�b�f�k�l�\�h�\�Z�g���b�a���d�g�b�]�b��[148].  

�������I�_�j�\�u�c���i�j�h�l�h�l�b�i �:�e�]�h�j�b�l�f�� �h�i�j�_�^�_�e�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b�� �d�Z�j�l�h�q�d�b���� �^�e�y�� �d�h�l�h�j�h�c�� �m�`�_��

�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�� �k�d�h�k���� �j�_�Z�e�b�a�h�\�Z�g�� �g�Z��MATLAB. �J�Z�k�k�f�h�l�j�_�g�u��

�k�e�m�q�Z�b���i�h�\�h�j�h�l�Z���g�Z���������ƒ���b���d�h�j�j�_�d�l�g�h�c���h�j�b�_�g�l�Z�p�b�b (0°).  

�������H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z �H�[�g�Z�j�m�`�_�g�h�����q�l�h���^�_�l�_�d�l�b�j�m�x�l�k�y���l�h�e�v�d�h���l�z�f�g�u�_���p�b�n�j�u���g�Z���k�\�_�l�e�h�f��

�n�h�g�_�����Z �k�\�_�l�e�u�_���g�Z���l�z�f�g�h�f���n�h�g�_���g�_���^�_�l�_�d�l�b�j�m�x�l�k�y�����I�h�l�j�_�[�h�\�Z�e�Z�k�v��

�^�h�j�Z�[�h�l�d�Z���Z�e�]�h�j�b�l�f�Z���b���i�j�h�l�h�l�b�i�Z�� 

�������B�^�_�g�l�b�n�b�d�Z�p�b�y���w�l�Z�i�h�\��

�\���d�h�g�\�_�c�_�j�_���h�[�j�Z�[�h�l�d�b 

�I�j�_�^�i�h�q�l�b�l�_�e�v�g�Z���j�_�Z�e�b�a�Z�p�b�y���\�h�� �\�k�l�j�h�_�g�g�h�f���I�H���� �:�e�v�l�_�j�g�Z�l�b�\�g�u�c��

�\�Z�j�b�Z�g�l �í TWAIN �^�j�Z�c�\�_�j ���k�f�����j�b�k�m�g�h�d 1.3). 

���������<�l�h�j�h�c���i�j�h�l�h�l�b�i �J�_�Z�e�b�a�h�\�Z�g���g�Z���K�������^�e�y���\�k�_�o���w�l�Z�i�h�\���h�[�j�Z�[�h�l�d�b�� �J�Z�k�k�f�h�l�j�_�g�u���k�e�m�q�Z�b��

�i�h�\�h�j�h�l�Z���g�Z�������ƒ�����������ƒ�����������ƒ���b���d�h�j�j�_�d�l�g�h�c���h�j�b�_�g�l�Z�p�b�b (0°). 

���������:�g�Z�e�b�a���e�b�p�_�g�a�b�c��

�b�k�i�h�e�v�a�m�_�f�h�]�h���I�H 

�>�e�y���k�`�Z�l�b�y���\��PDF �b�k�i�h�e�v�a�m�_�l�k�y���[�b�[�e�b�h�l�_�d�Z��libjpeg [141]. 
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���������H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���b��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 

�>�e�y���������b�a�h�[�j�Z�`�_�g�b�c���d�Z�j�l�h�q�_�d�����g�Z���d�Z�`�^�h�f���b�a���d�h�l�h�j�u�o�� �b�a�h�[�j�Z�`�_�g�Z����

�d�Z�d�� �f�b�g�b�f�m�f���� �h�^�g�Z�� �p�b�n�j�Z�� �b�a�� �g�Z�[�h�j�Z�� ������ ������ ������ ������ ������ ��������

�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o �\�k�_�f�b �q�_�l�u�j�v�f�y���\�h�a�f�h�`�g�u�f�b���k�i�h�k�h�[�Z�f�b�����b�f�_�e�h��

�f�_�k�l�h���l�h�e�v�d�h�������k�e�m�q�Z�y�� �g�_�\�_�j�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y���h�j�b�_�g�l�Z�p�b�b�����<�j�_�f�y��

�h�[�j�Z�[�h�l�d�b�� �h�^�g�h�c�� �k�l�h�j�h�g�u�� �d�Z�j�l�h�q�d�b�� �i�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �k��

�j�Z�a�j�_�r�_�g�b�_�f����������dpi �g�Z���\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�_���f�_�g�_�_�������k�����M�q�b�l�u�\�Z�y��

�l�h�����q�l�h���b�a�h�[�j�Z�`�_�g�b�_���e�b�p�_�\�h�c���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b���h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y���\�h��

�\�j�_�f�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �h�[�j�Z�l�g�h�c�� �k�l�h�j�h�g�u���� �l�j�_�[�h�\�Z�g�b�y�� �i�h��

�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b���m�^�h�\�e�_�l�\�h�j�_�g�u�� 

���������A�Z�s�b�l�Z��

�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c��

�k�h�[�k�l�\�_�g�g�h�k�l�b 

�I�h�^�]�h�l�h�\�e�_�g�Z���a�Z�y�\�d�Z���g�Z���b�a�h�[�j�_�l�_�g�b�_�����i�h���d�h�l�h�j�h�c���[�u�e���\�u�^�Z�g���i�Z�l�_�g�l��

�\���J�N��[70] �b���i�Z�l�_�g�l�u���\���K�R�:��[71, 72].  

���������:�g�Z�e�b�a���l�j�_�[�h�\�Z�g�b�c���d��

�h�i�b�k�Z�g�b�x 

�D�h�^�� �g�Z�� �K++ �h�n�h�j�f�e�_�g�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �l�j�_�[�h�\�Z�g�b�y�f�b��

�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �i�h�^�j�Z�a�^�_�e�_�g�b�c���� �I�j�h�\�_�^�_�g�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�_��

�k�d�Z�g�b�j�h�\�Z�g�b�_���k�l�Z�l�b�q�_�k�d�b�f���Z�g�Z�e�b�a�Z�l�h�j�h�f���d�h�^�Z���^�e�y���i�h�b�k�d�Z���h�r�b�[�h�d��

�b���m�y�a�\�b�f�h�k�l�_�c�� 

���������>�h�d�m�f�_�g�l�Z�p�b�y���b���l�_�k�l�u �I�h�^�]�h�l�h�\�e�_�g�u�� �h�l�q�z�l�� �i�h�� �G�B�J���� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�h�� �i�Z�j�Z�e�e�_�e�v�g�h�c��

�j�_�Z�e�b�a�Z�p�b�b���Z�e�]�h�j�b�l�f�Z���g�Z�� �\�k�l�j�h�_�g�g�h�c�� �i�e�Z�l�n�h�j�f�_���� �g�Z�[�h�j�� �l�_�k�l�h�\�u�o��

�b�a�h�[�j�Z�`�_�g�b�c�� 
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�J�b�k�m�g�h�d������27 �í �I�j�b�f�_�j���b�g�l�_�j�n�_�c�k�Z���i�h�e�v�a�h�\�Z�l�_�e�y���^�e�y���\�u�[�h�j�Z���\�Z�j�b�Z�g�l�Z���j�Z�a�f�_�s�_�g�b�y���k�l�h�j�h�g��

�d�Z�j�l�h�q�d�b���g�Z���k�l�j�Z�g�b�p�_. 
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�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���w�l�Z�i�h�\���j�_�`�b�f�Z���d�h�i�b�j�h�\�Z�g�b�y�� �^�\�m�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d 

 
�J�b�k�m�g�h�d������28 �í �K�o�_�f�Z �w�l�Z�i�h�\���h�[�j�Z�[�h�l�d�b���\���j�_�`�b�f�_���d�h�i�b�j�h�\�Z�g�b�y���^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d. 

�������K�d�Z�g�b�j�h�\�Z�g�b�_���k���g�b�a�d�b�f��
�j�Z�a�j�_�r�_�g�b�_�f �e�b�p�_�\�h�c��

�k�l�h�j�h�g�u���d�Z�j�l�u

�������K�d�Z�g�b�j�h�\�Z�g�b�_���e�b�p�_�\�h�c��
�k�l�h�j�h�g�u���k���a�Z�^�Z�g�g�u�f��
�j�Z�a�j�_�r�_�g�b�_�f���\���j�Z�f�d�_

�������K�_�]�f�_�g�l�Z�p�b�y���h�[�e�Z�k�l�_�c��
�n�h�g�Z���^�e�y���e�b�p�_�\�h�c���k�l�h�j�h�g�u

�������M�k�l�j�Z�g�_�g�b�_���k�d�h�k�Z���[�_�a��
�b�k�i�h�e�v�a�h�\�Z�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�c���i�Z�f�y�l�b

19) �D�h�g�\�_�j�l�Z�p�b�y���\��
�f�_�l�Z�n�Z�c�e�h�\�u�c���n�h�j�f�Z�l��

�b�a�h�[�j�Z�`�_�g�b�c���h�[�_�b�o���k�l�h�j�h�g

�������H�i�j�_�^�_�e�_�g�b�_���d�h�h�j�^�b�g�Z�l��
�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�b

�������H�i�j�_�^�_�e�_�g�b�_���m�]�e�Z���k�d�h�k�Z��
�e�b�p�_�\�h�c���k�l�h�j�h�g�u���d�Z�j�l�u

9) �H�i�j�_�^�_�e�_�g�b�_���h�j�b�_�g�l�Z�p�b�b��
�b�a�h�[�j�Z�`�_�g�b�y���b���i�h�\�h�j�h�l�����_�k�e�b��

�g�_�h�[�o�h�^�b�f�h

10) �K�d�Z�g�b�j�h�\�Z�g�b�_���k���g�b�a�d�b�f��
�j�Z�a�j�_�r�_�g�b�_�f �h�[�j�Z�l�g�h�c��

�k�l�h�j�h�g�u���d�Z�j�l�u

11) �K�_�]�f�_�g�l�Z�p�b�y���h�[�e�Z�k�l�_�c��
�n�h�g�Z���^�e�y���h�[�j�Z�l�g�h�c���k�l�h�j�h�g�u

12) �H�i�j�_�^�_�e�_�g�b�_���d�h�h�j�^�b�g�Z�l��
�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c���j�Z�f�d�b

13) �H�i�j�_�^�_�e�_�g�b�_���m�]�e�Z���k�d�h�k�Z��
�h�[�j�Z�l�g�h�c���k�l�h�j�h�g�u���d�Z�j�l�u

14) �K�d�Z�g�b�j�h�\�Z�g�b�_���h�[�j�Z�l�g�h�c��
�k�l�h�j�h�g�u���k���a�Z�^�Z�g�g�u�f��
�j�Z�a�j�_�r�_�g�b�_�f���\���j�Z�f�d�_

15) �M�k�l�j�Z�g�_�g�b�_���k�d�h�k�Z���[�_�a��
�b�k�i�h�e�v�a�h�\�Z�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�c���i�Z�f�y�l�b

18) �H�i�j�_�^�_�e�_�g�b�_���h�j�b�_�g�l�Z�p�b�b��
�b�a�h�[�j�Z�`�_�g�b�y���b���i�h�\�h�j�h�l�����_�k�e�b��

�g�_�h�[�o�h�^�b�f�h

7�����I�h�^�Z�\�e�_�g�b�_ �i�_�q�Z�l�g�h�]�h
�j�Z�k�l�j�Z

16�����I�h�^�Z�\�e�_�g�b�_ �i�_�q�Z�l�g�h�]�h
�j�Z�k�l�j�Z

�������M�e�m�q�r�_�g�b�_���d�Z�q�_�k�l�\�Z��
�b�a�h�[�j�Z�`�_�g�b�y

1�������M�e�m�q�r�_�g�b�_���d�Z�q�_�k�l�\�Z��
�b�a�h�[�j�Z�`�_�g�b�y
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�G�Z�� �h�k�g�h�\�_���f�_�l�h�^�b�d�b���j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y�� �i�j�_�^�e�h�`�_�g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v��

�w�l�Z�i�h�\�� �h�[�j�Z�[�h�l�d�b���� �i�h�d�Z�a�Z�g�g�Z�y�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �E�_�\�u�c�� �k�l�h�e�[�_�p�� ���w�l�Z�i�u�� �k�� ���� �i�h��9) 

�h�l�j�Z�`�Z�_�l�� �h�[�j�Z�[�h�l�d�m�� �b�a�h�[�j�Z�`�_�g�b�y�� �e�b�p�_�\�h�c�� �k�l�h�j�h�g�u�� �d�Z�j�l�h�q�d�b���� �i�j�Z�\�u�c�� ���w�l�Z�i�u�� �k��10 

�i�h����8) �± �h�[�j�Z�l�g�h�c���k�l�h�j�h�g�u�����G�Z�� �w�l�Z�i�_����9 �i�j�Z�\�b�e�v�g�h�� �i�h�\�z�j�g�m�l�u�_�� �b�a�h�[�j�Z�`�_�g�b�y���h�[�_�b�o��

�k�l�h�j�h�g�� �d�Z�j�l�h�q�d�b�� �j�Z�a�f�_�s�Z�x�l�k�y�� �g�Z�� �k�l�j�Z�g�b�p�_�� �a�Z�^�Z�g�g�u�f�� �h�[�j�Z�a�h�f�� �b�� �k�h�o�j�Z�g�y�x�l�k�y�� �\��

�f�_�l�Z�n�Z�c�e���� �W�l�Z�i�u���� �j�_�d�h�f�_�g�^�h�\�Z�g�g�u�_�� �^�e�y���j�_�`�b�f�h�\���k�d�Z�g�b�j�h�\�Z�g�b�y�� ���k�f�����j�b�k�m�g�h�d�� ������������

�i�h�d�Z�a�Z�g�u���g�Z���]�h�e�m�[�h�f���n�h�g�_�����A�Z�^�Z�q�Z���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���l�_�d�k�l�h�\�u�o���h�[�e�Z�k�l�_�c���g�_���k�l�Z�\�b�l�k�y����

�i�h�w�l�h�f�m�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �g�Z�� �h�[�e�Z�k�l�b�� �l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d�� �g�_�� �i�j�h�b�a�\�h�^�b�l�k�y����

�\�u�i�h�e�g�y�_�l�k�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �l�h�e�v�d�h���n�h�g�h�\�u�o�� �h�[�e�Z�k�l�_�c���� 

�H�i�j�_�^�_�e�_�g�b�y���h�j�b�_�g�l�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b 

�H�l�e�b�q�b�l�_�e�v�g�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �^�Z�g�g�h�]�h�� �j�_�`�b�f�Z�� �y�\�e�y�_�l�k�y�� �w�l�Z�i���h�i�j�_�^�_�e�_�g�b�y��

�h�j�b�_�g�l�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b����9 �b����8 �g�Z���j�b�k�m�g�d�_��3�����������b���i�h�\�h�j�h�l�����_�k�e�b��

�g�_�h�[�o�h�^�b�f�h�� �b�k�i�j�Z�\�b�l�v�� �h�j�b�_�g�l�Z�p�b�x���� �R�Z�]�b�� �^�Z�g�g�h�]�h�� �w�l�Z�i�Z�� �i�j�b�\�_�^�_�g�u �g�Z�� ������������ �D�Z�d��

�m�d�Z�a�Z�g�h�� �\�� �l�Z�[�e�b�p�_�� ������3���� �h�j�b�_�g�l�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �h�i�j�_�^�_�e�y�_�l�k�y�� �i�m�l�z�f��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �Z�j�Z�[�k�d�b�o�� �p�b�n�j�� �³1� ,́ �³2� ,́ �³3� ,́ �³4� ,́ �³5�  ́ �b���³7�  ́ �^�e�y �q�_�l�u�j�z�o �\�h�a�f�h�`�g�u�o��

�h�j�b�_�g�l�Z�p�b�c: 0°, 90°, 180°, 270°. �Q�Z�k�l�h�� �g�Z�� �d�Z�j�l�h�q�d�Z�o�� �p�b�n�j�u �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �g�Z��

�k�e�h�`�g�h�f���p�\�_�l�g�h�f�� �n�h�g�_�� ���k�f�����i�j�b�f�_�j���g�Z�� �j�b�k�m�g�d�_ 3.32)���� �i�h�w�l�h�f�m�� �i�j�b�f�_�g�_�g�b�_�� �^�e�y���b�o��

�k�_�]�f�_�g�l�Z�p�b�b�� �h�l�k�_�q�_�g�b�y �i�h�� �]�e�h�[�Z�e�v�g�h�f�m�� �b�� �e�h�d�Z�e�v�g�h�f�m�� �i�h�j�h�]�m �y�j�d�h�k�l�b��

�g�_�w�n�n�_�d�l�b�\�g�h���� �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �h�i�j�_�^�_�e�y�l�v�� �]�j�Z�g�b�p�u�� �k�b�f�\�h�e�h�\�� �k�� �i�h�f�h�s�v�x��

�i�h�j�h�]�h�\�h�]�h�� �h�l�k�_�q�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z�� �n�b�e�v�l�j�Z�� �\�u�k�h�d�b�o�� �q�Z�k�l�h�l�� ���N�<�Q������ �G�Z�� �r�Z�]�_�� ����

���j�b�k�m�g�h�d 3.29) �p�\�_�l�g�h�_���k�d�Z�g�b�j�h�\�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �d�h�g�\�_�j�l�b�j�m�_�l�k�y���\���i�h�e�m�l�h�g�h�\�h�_��

�+�Â �k���i�h�f�h�s�v�x���n�h�j�f�m�e�u�������������G�Z���r�Z�]�_�������b�a�h�[�j�Z�`�_�g�b�_���+�Â �n�b�e�v�l�j�m�_�l�k�y�� �k���i�h�f�h�s�v�x���N�<�Q����

�I�j�b�� �j�Z�a�j�_�r�_�g�b�b�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� ��������dpi �b�k�i�h�e�v�a�m�_�l�k�y�� �y�^�j�h�� �k�\�z�j�l�d�b���� �i�h�d�Z�a�Z�g�g�h�_�� �\��

�n�h�j�f�m�e�_���������������� 
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�J�b�k�m�g�h�d������29 �í �R�Z�]�b���k�i�h�k�h�[�Z���h�i�j�_�^�_�e�_�g�b�y���h�j�b�_�g�l�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b. 

 

 
a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d������30 �í �I�j�b�f�_�j �h�[�j�Z�[�h�l�d�b���n�j�Z�]�f�_�g�l�Z���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b: a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) 

�Z�[�k�h�e�x�l�g�h�_���a�g�Z�q�_�g�b�_���j�_�a�m�e�v�l�Z�l�Z���N�<�Q; �k) �i�h�j�h�]�h�\�h�_ �h�l�k�_�q�_�g�b�_ �j�_�a�m�e�v�l�Z�l�Z���N�<�Q �g�Z���r�Z�]�_����. 

 

�J�Z�a�f�_�l�d�Z �k�\�y�a�g�u�o �h�[�e�Z�k�l�_�c, �i�b�d�k�_�e�b �d�h�l�h�j�u�o �g�Z �n�b�e�v�l�j�h�\�Z�g�g�h�f 

�b�a�h�[�j�Z�`�_�g�b�b �[�h�e�v�r�_ �i�h�j�h�]�Z Te���� �\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� �r�Z�]�_�� ������ �>�Z�g�g�u�_ �i�b�d�k�_�e�b 

�j�Z�k�i�h�e�h�`�_�g�u���\���j�Z�c�h�g�_ �]�j�Z�g�b�p �l�z�f�g�u�o �k�b�f�\�h�e�h�\ �g�Z �k�\�_�l�e�h�f �n�h�g�_�� �J�Z�a�f�_�l�d�Z �k�\�y�a�g�u�o 

�������D�h�g�\�_�j�l�Z�p�b�y���b�a�h�[�j�Z�`�_�g�b�y���\���i�h�e�m�l�h�g�h�\�h�_

�������I�j�b�f�_�g�_�g�b�_���N�<�Q

�������J�Z�a�f�_�l�d�Z���k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c�����i�b�d�k�_�e�b���d�h�l�h�j�u�o���g�Z��
�n�b�e�v�l�j�h�\�Z�g�g�h�f���b�a�h�[�j�Z�`�_�g�b�b���[�h�e�v�r�_���i�h�j�h�]�Z��Te

�������J�Z�a�f�_�l�d�Z���k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c�����i�b�d�k�_�e�b���d�h�l�h�j�u�o���g�Z��
�n�b�e�v�l�j�h�\�Z�g�g�h�f���b�a�h�[�j�Z�`�_�g�b�b���f�_�g�v�r�_���i�h�j�h�]�Z��-Te

�������<�u�[�h�j���k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c�����j�Z�a�f�_�j���d�h�l�h�j�u�o��
�m�^�h�\�e�_�l�\�h�j�y�_�l���h�]�j�Z�g�b�q�_�g�b�y�f

�������D�e�Z�k�k�b�n�b�d�Z�p�b�y���\�u�[�j�Z�g�g�u�o���k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c���g�Z��
�d�e�Z�k�k�u �p�b�n�j�Z���³���´���´���´���´���´���´���´���´���´���´���´���b���³�^�j�m�]�h�_�´ �^�e�y��

�q�_�l�u�j�z�o �\�h�a�f�h�`�g�u�o���h�j�b�_�g�l�Z�p�b�c

7�����H�i�j�_�^�_�e�_�g�b�_���h�j�b�_�g�l�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y���g�Z���h�k�g�h�\�_��
�j�_�a�m�e�v�l�Z�l�h�\���d�e�Z�k�k�b�n�b�d�Z�p�b�b���k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c���^�e�y��

�q�_�l�u�j�z�o���\�h�a�f�h�`�g�u�o���h�j�b�_�g�l�Z�p�b�c
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�h�[�e�Z�k�l�_�c, �i�b�d�k�_�e�u �d�h�l�h�j�u�o �g�Z �h�l�n�b�e�v�l�j�h�\�Z�g�g�h�f �b�a�h�[�j�Z�`�_�g�b�b �f�_�g�v�r�_ �i�h�j�h�]�Z -Te 

�\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� �r�Z�]�_�� ������ �>�Z�g�g�u�_ �i�b�d�k�_�e�b �j�Z�k�i�h�e�h�`�_�g�u �\�� �j�Z�c�h�g�_ �]�j�Z�g�b�p �k�\�_�l�e�u�o 

�k�b�f�\�h�e�h�\ �g�Z �l�z�f�g�h�f �n�h�g�_�� �G�Z �j�b�k�m�g�d�_ 3.30 �i�h�d�Z�a�Z�g �i�j�b�f�_�j �h�[�j�Z�[�h�l�d�b �n�j�Z�]�f�_�g�l�Z 

�k�l�h�j�h�g�u �d�Z�j�l�h�q�d�b. �< �j�_�a�m�e�v�l�Z�l�_ �i�h�j�h�]�h�\�h�]�h �h�l�k�_�q�_�g�b�y �g�Z �r�Z�]�Z�o 3 �b 4 �i�h�e�m�q�Z�x�l�k�y 

�k�\�y�a�g�u�_ �h�[�e�Z�k�l�b, �l�h�e�v�d�h �g�_�f�g�h�]�b�_ �b�a �d�h�l�h�j�u�o �k�h�h�l�\�_�l�k�l�\�m�x�l �p�b�n�j�Z�f���� �K�\�y�a�g�u�_��

�h�[�e�Z�k�l�b���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �p�b�n�j�Z�f���� �d�Z�d�� �i�j�Z�\�b�e�h���� �b�f�_�x�l�� �f�g�h�`�_�k�l�\�h�� �h�l�\�_�j�k�l�b�c�� �b��

�g�_�j�Z�\�g�h�f�_�j�g�h�k�l�_�c�� �\�g�_�r�g�_�]�h�� �d�h�g�l�m�j�Z�����k�f�����j�b�k�m�g�h�d����������c).  

�H�[�h�a�g�Z�q�b�f�� �[�b�g�Z�j�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���� �k�h�^�_�j�`�Z�s�_�_�� �h�^�g�m�� �b�a���k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c��

�i�h�e�m�q�_�g�g�u�o�� �g�Z�� �r�Z�]�_�� ���� �b�e�b�� ������ �d�Z�d���+�• ���� �D�h�e�b�q�_�k�l�\�h�� �k�l�h�e�[�p�h�\�� �\���+�•  �h�[�h�a�g�Z�q�b�f���9�• ���� �Z��

�d�h�e�b�q�_�k�l�\�h�� �k�l�j�h�d���í���* �• �����;�h�e�v�r�b�g�k�l�\�h�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c���� �g�_�� �y�\�e�y�x�s�b�o�k�y�� �p�b�n�j�Z�f�b����

�f�h�`�g�h�� �h�l�[�j�h�k�b�l�v�� �g�Z�� �h�k�g�h�\�_�� �b�o�� �j�Z�a�f�_�j�Z���� �K�\�y�a�g�Z�y�� �h�[�e�Z�k�l�v���\�u�[�b�j�Z�_�l�k�y �^�e�y��

�^�Z�e�v�g�_�c�r�_�]�h�� �Z�g�Z�e�b�a�Z���� �_�k�e�b���_�z���j�Z�a�f�_�j�u���m�^�h�\�e�_�l�\�h�j�y�x�l���k�e�_�^�m�x�s�_�f�m�� �m�k�e�h�\�b�x:  

�* �• 
R�s�v���#�0�&���*�• 
Q�y�r���#�0�&���9�• 
R�s�v���#�0�&���9�• 
Q�y�r���#�0�&�� 

�@
�Á�ˆ

�Ð�ˆ

P �s�á�t�����1�4��

�Ð�ˆ

�Á�ˆ

P �s�á�t�A�ä  

 

(3.65) 

�>�Z�g�g�h�_�� �m�k�e�h�\�b�_�� �i�j�h�\�_�j�y�_�l�k�y�� �g�Z�� �r�Z�]�_�� ������ �H�g�h�� �i�h�e�m�q�_�g�h�� �b�k�o�h�^�y�� �b�a�� �j�Z�a�f�_�j�h�\��

�p�b�n�j�� �h�l������ �^�h�������� �i�m�g�d�l�h�\�� �i�j�b�� �j�Z�a�j�_�r�_�g�b�b�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� ��������dpi. �>�e�y�� �j�Z�a�j�_�r�_�g�b�y��

600 dpi �a�g�Z�q�_�g�b�y�� ������ �b�� ������ �m�\�_�e�b�q�b�\�Z�x�l�k�y�� �\������ �j�Z�a�Z���� �I�j�b�� �j�_�Z�e�b�a�Z�p�b�b�� �\�h���\�k�l�j�h�_�g�g�h�f��

�I�H�� �r�Z�]�b�� �k�� ���� �i�h�� ���� �\�u�i�h�e�g�y�x�l�k�y�� �\�� �h�^�b�g�� �i�j�h�o�h�^�� �i�h�� �k�d�Z�g�b�j�h�\�Z�g�g�h�f�m�� �p�\�_�l�g�h�f�m��

�b�a�h�[�j�Z�`�_�g�b�x�� �[�_�a�� �h�l�\�_�^�_�g�b�y�� �[�m�n�_�j�h�\�� �i�Z�f�y�l�b�� �j�Z�a�f�_�j�h�f�� �k�� �p�_�e�h�_�� �b�a�h�[�j�Z�`�_�g�b�_ �^�e�y��

�o�j�Z�g�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\�� �N�<�Q�� �b�� �i�h�j�h�]�h�\�u�o�� �h�l�k�_�q�_�g�b�c���� �o�j�Z�g�y�l�k�y�� �^�Z�g�g�u�_�� �l�h�e�v�d�h��

�g�_�k�d�h�e�v�d�b�o�� �k�l�j�h�d�� 

   �G�Z�� �r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �\�u�[�j�Z�g�g�u�o�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�Z��

�d�e�Z�k�k�u�� �³���´���´���´���´���´���´���´���´���´���´���´�� �b���³�^�j�m�]�h�_�´���^�e�y���q�_�l�u�j�z�o���\�h�a�f�h�`�g�u�o���h�j�b�_�g�l�Z�p�b�c���� �>�e�y��

�i�_�q�Z�l�b���p�b�n�j���g�Z���b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�o�� �b���[�Z�g�d�h�\�k�d�b�o���d�Z�j�l�h�q�d�Z�o���h�[�u�q�g�h���b�k�i�h�e�v�a�m�x�l�k�y 

�e�_�]�d�h-�q�b�l�Z�_�f�u�_ �r�j�b�n�l�u���� �M�a�d�b�_���� �^�_�d�h�j�Z�l�b�\�g�u�_�� �b�� �b�f�b�l�b�j�m�x�s�b�_�� �j�m�d�h�i�b�k�g�u�c��

�r�j�b�n�l�u�� �i�j�b�f�_�g�y�x�l�k�y�� �j�_�^�d�h���� �G�Z�� �g�Z�q�Z�e�v�g�h�f�� �w�l�Z�i�_�� �j�Z�a�j�Z�[�h�l�d�b�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v�� �^�\�Z�� �i�h�^�o�h�^�Z�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\: �^�_�^�m�d�l�b�\�g�u�c�� �g�Z��

�h�k�g�h�\�_�� �Z�i�j�b�h�j�g�u�o�� �a�g�Z�g�b�c�� �h�� �g�Z�q�_�j�l�Z�g�b�b�� �p�b�n�j�� �b�� �b�g�^�m�d�l�b�\�g�u�c�� �k�� �i�h�f�h�s�v�x��
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�f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y���� �>�e�y�� �h�[�m�q�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\, �h�[�e�Z�^�Z�x�s�b�o�� �\�u�k�h�d�h�c��

�h�[�h�[�s�Z�x�s�_�c�� �k�i�h�k�h�[�g�h�k�l�v�x, �l�j�_�[�m�_�l�k�y�� �e�b�[�h�� �k�[�h�j�� �i�j�_�^�k�l�Z�\�b�l�_�e�v�g�h�c�� �h�[�m�q�Z�x�s�_�c��

�\�u�[�h�j�d�b���� �e�b�[�h�� �j�Z�a�j�Z�[�h�l�d�Z�� �Z�e�]�h�j�b�l�f�Z�� �]�_�g�_�j�Z�p�b�b�� �l�Z�d�b�o�� �k�b�g�l�_�l�b�q�_�k�d�b�o�� �^�Z�g�g�u�o����

�d�h�l�h�j�u�_���b�^�_�g�l�b�q�g�u�� �j�_�Z�e�v�g�u�f���� �B���l�h���b���^�j�m�]�h�_���l�j�_�[�m�_�l���i�h���f�_�g�v�r�_�c�� �f�_�j�_���g�_�k�d�h�e�v�d�b�o��

�g�_�^�_�e�v���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �\�g�_�r�g�b�c�� �\�b�^�� �p�b�n�j�� �^�Z�`�_�� �i�h�k�e�_�� �i�j�b�f�_�g�_�g�b�y�� �N�<�Q��

�b�a�\�_�k�l�_�g�� �b�� �f�h�`�_�l�� �[�u�l�v�� �h�i�b�k�Z�g�� �k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�l�b�q�_�k�d�b�� �a�Z�^�Z�g�g�u�o�� �i�j�Z�\�b�e���� �G�Z��

�j�Z�a�j�Z�[�h�l�d�m�� �g�Z�[�h�j�Z�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �k���a�Z�^�Z�g�g�u�f�b�� �i�j�Z�\�b�e�Z�f�b�� �l�j�_�[�m�_�l�k�y�� �g�_�k�d�h�e�v�d�h��

�^�g�_�c���� �P�_�e�_�k�h�h�[�j�Z�a�g�h �g�Z�q�Z�l�v�� �k�� �^�_�^�m�d�l�b�\�g�h�]�h�� �i�h�^�o�h�^�Z���� �Z�� �\�� �k�e�m�q�Z�_���� �_�k�e�b��

�j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�u�� �g�_�� �h�[�_�k�i�_�q�Z�l�� �\�u�k�h�d�h�_�� �d�Z�q�_�k�l�\�h�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �g�Z��

�b�f�_�x�s�_�c�k�y�� �\�u�[�h�j�d�_, �i�_�j�_�d�e�x�q�b�l�v�k�y�� �g�Z���i�h�^�]�h�l�h�\�d�m�� �i�j�_�^�k�l�Z�\�b�l�_�e�v�g�h�c�� �h�[�m�q�Z�x�s�_�c��

�\�u�[�h�j�d�b���b���b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�h�\ �f�Z�r�b�g�g�h�]�h���h�[�m�q�_�g�b�y��  

�>�e�y���d�Z�`�^�h�c���b�a���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �p�b�n�j���k�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �i�j�b�a�g�Z�d�b�� �b���i�j�Z�\�b�e�Z��

�d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �K�i�b�k�h�d�� �i�j�b�a�g�Z�d�h�\�� �b�� �i�j�Z�\�b�e�� �^�e�y�� �\�k�_�o�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �p�b�n�j��

�f�h�`�g�h�� �g�Z�c�l�b�� �\��[53]. �<�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z�� �j�Z�k�k�f�h�l�j�b�f�� �i�j�b�a�g�Z�d�b�� �b�� �i�j�Z�\�b�e�Z�� �^�e�y��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �p�b�n�j�u�� �³���´���� �>�e�y���k�\�y�a�g�h�c���h�[�e�Z�k�l�b���+�•  �\�u�q�b�k�e�y�x�l�k�y�� �����i�j�b�a�g�Z�d�h�\���(�Ü: 

�(�5 
L
�* �•

�9�•
�á 

 

(3.66) 
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�Ð�ˆ �?�5

�Ö�@�4

�Á�ˆ �?�5

�å�@�Á�ˆ �?�6

�á 
Í 
Í �+ �• �:�N�á �?�;

�Ð�ˆ �?�5

�Ö�@�4

�Á�ˆ �?�6

�å�@�Á�ˆ �?�7

�M ���t�9�• �á 
 

(3.67) 

�(�7 
L 
Í 
Í �+ �• �:�N�á �9�• 
F �? 
F �s�;

�å�?
�7�Á�ˆ

�9 �>�5

�Ö�@�4

�7�Á�ˆ
�8 �?�5

�å�@
�7�Á�ˆ

�9 �?�5
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(3.68) 

�(�8 
L 
Í 
Í �+ �• �:�N�á �?�; 
E

�5

�Ö�@�4

�5

�å�@�4


Í 
Í �+ �• �:�N�á �?�;

�Ð�ˆ �?�5

�Ö�@�Ð�ˆ �?�6

�5

�å�@�4
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(3.69) 
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�(�9 
L �•�ƒ�š

�É
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�5
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�Ð�ˆ
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(3.70) 

�(�: 
L �•�ƒ�š

�É

�Ç 
Í 
Í �+ �• �:�N�á �?�;

�Ð�ˆ �?�5

�Ö�@�Ð�ˆ �?�6

�6�Á�ˆ
�9 �?�5

�å�@
�Á�ˆ
�9 �?�5

�á 
Í 
Í �+ �• �:�N�á �?�;
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(3.71) 

�(�; 
L 
Í 
Í �+ �• �:�N�á �Ô�;

�6�Á�ˆ
�7 �?�5�?�å

�Ö�@�4

�6�Á�ˆ
�7 �?�5

�å�@
�Á�ˆ
�6 �?�5
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(3.72) 

�I�j�b�a�g�Z�d���(�5 �± �h�l�g�h�r�_�g�b�_�� �\�u�k�h�l�u���+�•  �d�� �r�b�j�b�g�_���� �H�k�l�Z�e�v�g�u�_���(�Ü �b�k�i�h�e�v�a�m�x�l�k�y��

�^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �g�Z�e�b�q�b�y�� �b�e�b�� �h�l�k�m�l�k�l�\�b�y�� �i�b�d�k�_�e�_�c�� �k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b�� �g�Z��

�h�i�j�_�^�_�e�z�g�g�u�o�� �m�q�Z�k�l�d�Z�o �b�a�h�[�j�Z�`�_�g�b�y���+�•  ���k�f�����j�b�k�m�g�h�d 3.31).  

 
�J�b�k�m�g�h�d������31 �í �M�q�Z�k�l�d�b �b�a�h�[�j�Z�`�_�g�b�y�����\���d�h�l�h�j�u�o���\�u�q�b�k�e�y�x�l�k�y���i�j�b�a�g�Z�d�b��Fi. 

 

�?�k�e�b�� �k�e�_�^�m�x�s�_�_�� �e�h�]�b�q�_�k�d�h�_�� �i�j�Z�\�b�e�h�� �b�k�l�b�g�g�h���� �l�h�� �h�[�e�Z�k�l�v���+�•  �k�q�b�l�Z�_�l�k�y��

�p�b�n�j�h�c���³���´�� 

�(�5 
R �s�á�s���#�0�&���(�5 
Q �t�á�t���#�0�&���(�6 
P �r�á�x�w���#�0�&���(�7 
L �r���#�0�&���(�8 
L �r�� 

�#�0�&���(�9 
P �r�á�x�w���#�0�&���(�: 
P �r�á�w�w���#�0�&���(�; 
L �r�ä 

 

(3.73) 

�>�e�y�� �d�Z�`�^�h�c�� �k�\�y�a�g�h�c�� �h�[�e�Z�k�l�b�� �i�j�b�f�_�g�y�_�l�k�y�� �r�_�k�l�v�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �^�e�y��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �p�b�n�j: �G �Ð�<�s�á�t�á�u�á�v�á�w�á�y�=�����D�Z�`�^�Z�y���k�\�y�a�g�Z�y���h�[�e�Z�k�l�v�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y��

2
F2

F3F7

F6

F5F4
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�^�e�y�� �q�_�l�u�j�z�o�� �h�j�b�_�g�l�Z�p�b�c: �E �Ð�<�r�á�{�r�á�s�z�r�á�t�y�r�=. �<�u�q�b�k�e�y�_�l�k�y���0�Þ�Ü �í�� �d�h�e�b�q�_�k�l�\�h��

�j�Z�k�i�h�a�g�Z�g�g�u�o�� �p�b�n�j �G �^�e�y�� �h�j�b�_�g�l�Z�p�b�b���E. �G�Z�� �r�Z�]�_�� ���� ���j�b�k�m�g�h�d ������������ �\�u�i�h�e�g�y�_�l�k�y��

�h�i�j�_�^�_�e�_�g�b�_�� �h�j�b�_�g�l�Z�p�b�b: 

�K 
L �=�N�C�I�=�T
�Ü�Ð�<�4�á�=�4�á�5�<�4�á�6�;�4�=

�L 
Í �S �Þ�0�Þ�Ü

�Þ�Ð�<�5�á�6�á�7�á�8�á�9�á�;�=


Í �O�E�C�J�:�0�Þ�Ü�;
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(3.74) 

�]�^�_���S�Þ �± �\�_�k�Z�����i�j�b�q�_�f �\�_�k�Z���^�e�y���p�b�n�j���³1�  ́�b���³���´�� �\���^�\�Z���j�Z�a�Z���g�b�`�_���� �q�_�f���^�e�y���h�k�l�Z�e�v�g�u�o����

�l�Z�d�� �d�Z�d�� �^�e�y�� �g�b�o�� �\�_�j�h�y�l�g�h�k�l�v�� �e�h�`�g�h�]�h�� �h�[�g�Z�j�m�`�_�g�b�y�� �\�u�r�_�����<�l�h�j�h�c�� �f�g�h�`�b�l�_�e�v�� �\��

�n�h�j�f�m�e�_�� �������������� �m�q�b�l�u�\�Z�_�l�� �l�h���� �q�l�h�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�_�� �h�j�b�_�g�l�Z�p�b�b�� �[�h�e�_�_�� �k�b�e�v�g�h�_��

�\�e�b�y�g�b�_�� �h�d�Z�a�u�\�Z�_�l�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_�� �g�_�k�d�h�e�v�d�b�o�� �j�Z�a�g�u�o�� �p�b�n�j�����q�_�f���h�^�b�g�Z�d�h�\�u�o���� 

�J�_�a�m�e�v�l�Z�l�u 

�I�j�b�f�_�j�� �d�h�j�j�_�d�p�b�b�� �k�d�h�k�Z�� �b�� �i�_�j�_�\�h�j�h�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �e�b�p�_�\�h�c�� �k�l�h�j�h�g�u��

�d�Z�j�l�h�q�d�b���i�h�d�Z�a�Z�g���g�Z���j�b�k�m�g�d�_ 3.32. 

�>�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �j�Z�[�h�l�u�� �k�i�h�k�h�[�Z�� �[�u�e�Z�� �k�n�h�j�f�b�j�h�\�Z�g�Z���\�u�[�h�j�d�Z�� �b�a�� ������

�b�a�h�[�j�Z�`�_�g�b�c���j�Z�a�e�b�q�g�u�f�� �h�[�j�Z�a�h�f���h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �b���k�d�h�r�_�g�g�u�o�� �k�l�h�j�h�g���d�Z�j�l�h�q�_�d����

�D�Z�`�^�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�h�^�_�j�`�Z�e�h�� �d�Z�d�� �f�b�g�b�f�m�f�� �h�^�g�m�� �b�a �r�_�k�l�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��

�p�b�n�j�����<�k�_�]�h���g�Z���d�Z�j�l�h�q�d�Z�o �[�u�e�h������������ �p�b�n�j �b�a���q�b�k�e�Z���r�_�k�l�b���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���� �I�h�k�e�_��

�r�Z�]�Z�� ���� ���j�b�k�m�g�h�d 3.29) �h�[�s�_�_�� �q�b�k�e�h�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h�� �������������� �<��

�j�_�a�m�e�v�l�Z�l�_�� �i�h�j�h�]�h�\�h�]�h���h�l�k�_�q�_�g�b�y���j�_�a�m�e�v�l�Z�l�Z���N�<�Q�� ���������p�b�n�j���j�Z�k�i�Z�e�b�k�v�� �g�Z���g�_�k�d�h�e�v�d�h��

�k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�� �g�_�� �f�h�]�m�l�� �[�u�l�v�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u�� �\�_�j�g�h�����W�l�h���i�j�h�b�k�o�h�^�b�l �^�e�y��

�p�b�n�j���g�Z���g�_�j�Z�\�g�h�f�_�j�g�h�f���p�\�_�l�g�h�f���n�h�g�_�����G�Z�i�j�b�f�_�j���� �g�Z���j�b�k�m�g�d�_ �����������g�_�k�d�h�e�v�d�h�� �p�b�n�j��

�l�y�`�_�e�h���j�Z�k�i�h�a�g�Z�l�v�� �^�Z�`�_���q�_�e�h�\�_�d�m�����B�a���h�k�l�Z�\�r�b�o�k�y���^�e�y���d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �������� �h�[�e�Z�k�l�_�c��

�p�b�n�j�� ����2 �[�u�e�b�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u�� �\�_�j�g�h����8 �h�l�g�_�k�_�g�u�� �d�� �d�e�Z�k�k�m�� �³�^�j�m�]�b�_�´����

�I�j�h�b�a�h�r�e�h�� �g�_�k�d�h�e�v�d�h�� �e�h�`�g�u�o�� �k�j�Z�[�Z�l�u�\�Z�g�b�c���� �L�j�b�� �j�Z�a�Z�� �[�m�d�\�Z�� �³�a�´ 

�d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�e�Z�k�v�� �d�Z�d�� �p�b�n�j�Z�� �³���´���� �q�l�h�� �i�h�e�h�`�b�l�_�e�v�g�h�� �\�e�b�y�_�l�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�_��

�h�j�b�_�g�l�Z�p�b�b���� �H�^�b�g�g�Z�^�p�Z�l�v�� �j�Z�a�� �h�[�e�Z�k�l�b�� �h�l�� �j�b�k�m�g�d�h�\�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u�� �d�Z�d�� �³���´���b��

�q�_�l�u�j�_�� �j�Z�a�Z�� �d�Z�d�� �³���´���� �L�h�e�v�d�h�� �^�e�y�� �h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �w�l�h�� �i�j�b�\�_�e�h�� �d�� �g�_�\�_�j�g�h�f�m��

�h�i�j�_�^�_�e�_�g�b�x�� �h�j�b�_�g�l�Z�p�b�b���� �I�h�� �b�l�h�]�Z�f���^�Z�g�g�h�]�h�� �l�_�k�l�b�j�h�\�Z�g�b�y���i�j�b�g�y�l�h�� �j�_�r�_�g�b�_���� �q�l�h��
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�j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �^�_�^�m�d�l�b�\�g�u�f��(�³�k�\�_�j�o�m-�\�g�b�a�´) �i�h�^�o�h�^�h�f���d�e�Z�k�k�b�n�b�d�Z�l�h�j�u�� �j�Z�[�h�l�Z�x�l��

�^�h�k�l�Z�l�h�q�g�h�� �o�h�j�h�r�h, �b�� �g�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �l�j�Z�l�b�l�v�� �\�j�_�f�y�� �g�Z �k�h�a�^�Z�g�b�_��

�Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �\�Z�j�b�Z�g�l�Z�� �k�� �i�h�f�h�s�v�x�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y (�i�h�^�o�h�^�� �³�k�g�b�a�m-

�\�\�_�j�o�´��.  

 

 
�J�b�k�m�g�h�d������32 �í �I�j�b�f�_�j���d�h�j�j�_�d�p�b�b���k�d�h�k�Z���b���i�_�j�_�\�h�j�h�l�Z���b�a�h�[�j�Z�`�_�g�b�y���e�b�p�_�\�h�c���k�l�h�j�h�g�u���d�Z�j�l�h�q�d�b. 

 

�J�Z�[�h�l�Z���k�h�a�^�Z�g�g�h�]�h �j�_�`�b�f�Z�� �k�j�Z�\�g�b�\�Z�e�Z�k�v�� �k�� �I�H��OCR ReadIRIS Pro 11 [144] �b��

FineReader 10 [149]���� �d�h�l�h�j�u�_�� �b�f�_�x�l�� �n�m�g�d�p�b�b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b�� �k�d�h�k�Z���b��

�i�h�\�h�j�h�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�h�\�_�j�g�m�l�h�]�h�� �g�Z�� �������ƒ�� �L�Z�[�e�b�p�Z��3.14 �k�h�^�_�j�`�b�l�� �j�_�a�m�e�v�l�Z�l�u��

�k�j�Z�\�g�_�g�b�y���� �I�j�_�^�e�h�`�_�g�g�u�c�� �k�i�h�k�h�[���i�h�a�\�h�e�b�e�� �\���������� �k�e�m�q�Z�y�o�� �d�h�j�j�_�d�l�g�h���h�i�j�_�^�_�e�b�l�v��

�h�j�b�_�g�l�Z�p�b�x�� �d�Z�j�l�h�q�_�d�����q�l�h���k�m�s�_�k�l�\�_�g�g�h�� �[�h�e�v�r�_�����q�_�f���h�[�_�k�i�_�q�b�e�b�� �i�j�h�]�j�Z�f�f�u��OCR, 

�o�h�l�y���h�g�b���^�e�y���h�i�j�_�^�_�e�_�g�b�y���h�j�b�_�g�l�Z�p�b�b�� �j�Z�k�i�h�a�g�Z�\�Z�e�b�� �g�_���l�h�e�v�d�h���p�b�n�j�u���� �g�h���b���[�m�d�\�u�� 

 

�L�Z�[�e�b�p�Z��3.14���� �J�_�a�m�e�v�l�Z�l�u�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �p�b�n�j�� �b�� �h�i�j�_�^�_�e�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b�� �^�e�y��

�i�h�\�_�j�g�m�l�u�o�� �g�Z���������ƒ�� �k�d�h�r�_�g�g�u�o�� �d�Z�j�l�h�q�_�d 

�I�H �J�Z�k�i�h�a�g�Z�g�h �p�b�n�j������ �H�i�j�_�^�_�e�_�g�Z���h�j�b�_�g�l�Z�p�b�y���d�Z�j�l�h�q�_�d������ 

ReadIRIS Pro 11 74 72 

Fine Reader 10 63 69 

�I�j�_�^�e�Z�]�Z�_�f�u�c���k�i�h�k�h�[ 86 99 
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�<�u�\�h�^�u���i�h���l�j�_�l�v�_�c���]�e�Z�\�_ 

�I�j�_�^�k�l�Z�\�e�_�g�Z �k�b�k�l�_�f�Z�l�b�a�Z�p�b�y�� �b�k�d�Z�`�_�g�b�c �b�a�h�[�j�Z�`�_�g�b�c���� �\�h�a�g�b�d�Z�x�s�b�o�� �i�j�b��

�d�h�i�b�j�h�\�Z�g�b�b�� �b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �k�� �k�h�o�j�Z�g�_�g�b�_�f�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �f�_�l�Z�n�Z�c�e���� �<�u�^�_�e�_�g�u��

�g�Z�b�[�h�e�_�_�� �d�j�b�l�b�q�g�u�_�� �^�_�n�_�d�l�u�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �m�k�l�j�Z�g�y�l�v�� �d�h�l�h�j�u�_��

�j�_�d�h�f�_�g�^�m�_�l�k�y�� �\�h���\�k�l�j�h�_�g�g�h�f���I�H���� 

�I�j�_�^�e�h�`�_�g�Z�� �f�_�l�h�^�b�d�Z�� ���k�h�\�h�d�m�i�g�h�k�l�v�� �f�_�l�h�^�h�\�� �b�� �i�h�^�o�h�^�h�\�����j�_�`�b�f�h�\��

�k�d�Z�g�b�j�h�\�Z�g�b�y���� �d�h�l�h�j�Z�y�� �\�d�e�x�q�Z�_�l�� �w�l�Z�i�u�� �m�k�l�j�Z�g�_�g�b�y�� �h�k�g�h�\�g�u�o�� �^�_�n�_�d�l�h�\��

�k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�� �i�j�h�\�_�^�_�g�b�_�� �k�_�]�f�_�g�l�Z�p�b�b�����g�_�h�[�o�h�^�b�f�h�c�� �^�e�y��

�k�h�o�j�Z�g�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �f�_�l�Z�n�Z�c�e�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�h�g�p�_�i�p�b�_�c���f�h�^�_�e�b 

�k�f�_�r�Z�g�g�h�]�h�� �j�Z�k�l�j�h�\�h�]�h�� �k�h�^�_�j�`�b�f�h�]�h���� �F�_�l�h�^�b�d�Z�� �i�j�_�^�i�h�e�Z�]�Z�_�l�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x��

�h�p�_�g�d�m���i�Z�j�Z�f�_�l�j�h�\���h�[�j�Z�[�h�l�d�b���b���k�_�]�f�_�g�l�Z�p�b�b�� �i�h���b�a�h�[�j�Z�`�_�g�b�x���g�b�a�d�h�]�h���j�Z�a�j�_�r�_�g�b�y, 

�Z�� �a�Z�l�_�f�� �h�[�j�Z�[�h�l�d�m�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �j�Z�a�j�_�r�_�g�b�_�f���� �a�Z�^�Z�g�g�u�f�� �i�h�e�v�a�h�\�Z�l�_�e�_�f����

�I�j�_�^�e�h�`�_�g�u�� �k�i�h�k�h�[�u�� �h�p�_�g�d�b�� �b�� �d�h�j�j�_�d�p�b�b�� �k�d�h�k�Z�� �[�_�a�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�c �i�Z�f�y�l�b���� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z���� �m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h��

�d�h�g�l�j�Z�k�l�Z���� �k�_�]�f�_�g�l�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �h�[�e�Z�k�l�b�� �n�h�g�Z���� �l�_�d�k�l�Z�� �b�� �d�Z�j�l�b�g�h�d���� �>�e�y��

�i�_�j�_�q�b�k�e�_�g�g�u�o�� �k�i�h�k�h�[�h�\�� �\�u�[�j�Z�g�u�� �i�Z�j�Z�f�_�l�j�u�� �h�[�j�Z�[�h�l�d�b�� �\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�j�Z�a�j�_�r�_�g�b�y �k�d�Z�g�b�j�h�\�Z�g�b�y���� �l�Z�d�b�f���h�[�j�Z�a�h�f���h�l���i�h�e�v�a�h�\�Z�l�_�e�y�� �g�_���l�j�_�[�m�_�l�k�y���g�Z�k�l�j�h�c�d�b 

�d�Z�d�b�o-�e�b�[�h�� �i�Z�j�Z�f�_�l�j�h�\. �F�_�l�h�^�b�d�Z�� �j�_�d�h�f�_�g�^�m�_�l�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y��

�i�j�_�^�e�h�`�_�g�g�u�o�� �k�i�h�k�h�[�h�\���h�[�j�Z�[�h�l�d�b���k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� 

�I�j�b�\�_�^�_�g�u �i�j�b�f�_�j�u�� �i�j�b�f�_�g�_�g�b�y �f�_�l�h�^�h�e�h�]�b�b�� �G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �j�_�r�_�g�b�c��

�^�e�y�� �F�N�I�� �b �f�_�l�h�^�b�d�b�� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �l�Z�d�b�o�� �g�h�\�u�o�� �n�m�g�d�p�b�c��

�d�Z�d �k�d�Z�g�b�j�h�\�Z�g�b�_ �b�� �k�h�o�j�Z�g�_�g�b�_�� �^�h�d�m�f�_�g�l�Z�� �\��PDF �k�� �\�_�d�l�h�j�b�a�Z�p�b�_�c�� �d�h�g�l�m�j�h�\��

�k�b�f�\�h�e�h�\, �k�d�Z�g�b�j�h�\�Z�g�b�_�� �b���d�h�i�b�j�h�\�Z�g�b�_�� �^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d���� 

�J�_�`�b�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �k�h�o�j�Z�g�_�g�b�y�� �^�h�d�m�f�_�g�l�Z�� �\�� �3�'�)�� �k�� �\�_�d�l�h�j�b�a�Z�p�b�_�c��

�d�h�g�l�m�j�h�\���k�b�f�\�h�e�h�\�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �^�\�Z���p�b�d�e�Z�� �i�h�\�l�h�j�g�h�c���i�_�q�Z�l�b�� �b���k�d�Z�g�b�j�h�\�Z�g�b�y�� �[�_�a��

�k�m�s�_�k�l�\�_�g�g�h�c�� �i�h�l�_�j�b�� �d�Z�q�_�k�l�\�Z�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �l�_�d�k�l�Z���� �i�j�b�� �k�o�h�^�g�h�f�� �\�b�a�m�Z�e�v�g�h�f��

�d�Z�q�_�k�l�\�_�� �j�_�`�b�f�� �k�h�a�^�Z�z�l�� �n�Z�c�e�� �g�Z�b�f�_�g�v�r�_�]�h�� �j�Z�a�f�_�j�Z���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �b�g�u�f�b����
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�b�k�i�h�e�v�a�m�_�f�u�f�b�� �\�� �F�N�I���� �f�_�l�h�^�Z�f�b���� �J�_�`�b�f�� �d�h�i�b�j�h�\�Z�g�b�y�� �^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d��

�g�Z�� �h�^�g�m�� �k�l�j�Z�g�b�p�m�� �i�h�a�\�h�e�y�_�l�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �k�d�h�k�� �b�� �b�k�i�j�Z�\�b�l�v�� �h�j�b�_�g�l�Z�p�b�x�� ������ ����

�d�Z�j�l�h�q�_�d�����k�l�h�j�h�g�u���d�h�l�h�j�u�o���j�Z�a�\�z�j�g�m�l�u�� �h�l�g�h�k�b�l�_�e�v�g�h�� �^�j�m�]���^�j�m�]�Z���g�Z���������� �]�j�Z�^�m�k�h�\�� 
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�=�e�Z�\�Z���������I�h�^�o�h�^���d���j�_�Z�e�b�a�Z�p�b�b���k�i�_�p�b�Z�e�v�g�u�o���j�_�`�b�f�h�\���i�_�q�Z�l�b 

�<���^�Z�g�g�h�c���]�e�Z�\�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �k�i�_�p�b�Z�e�v�g�u�_�� �j�_�`�b�f�u �i�_�q�Z�l�b���^�e�y �w�d�h�g�h�f�b�b��

�j�Z�k�o�h�^�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �b�� �^�h�[�Z�\�e�_�g�b�y�� �\�� �g�Z�i�_�q�Z�l�Z�g�g�u�c�� �^�h�d�m�f�_�g�l�� �a�Z�s�b�l�g�u�o��

�w�e�_�f�_�g�l�h�\�� �D�Z�d�� �i�j�Z�\�b�e�h���� �i�h�^�h�[�g�u�_�� �j�_�`�b�f�u�� �i�j�_�^�g�Z�a�g�Z�q�_�g�u�� �^�e�y�� �m�k�l�j�h�c�k�l�\����

�i�h�k�l�Z�\�e�y�_�f�u�o�� �g�Z���d�j�m�i�g�u�_���i�j�_�^�i�j�b�y�l�b�y �b���\ �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�_�� �h�j�]�Z�g�b�a�Z�p�b�b�����i�j�b���w�l�h�f��

�k�_�j�\�b�k�g�h�_�� �h�[�k�e�m�`�b�\�Z�g�b�_�� �b�� �h�[�g�h�\�e�_�g�b�_�� �I�H���� �d�Z�d�� �i�j�Z�\�b�e�h�� �y�\�e�y�x�l�k�y�� �q�Z�k�l�v�x��

�d�h�g�l�j�Z�d�l�Z���� �K�j�h�d���w�d�k�i�e�m�Z�l�Z�p�b�b�� �m�k�l�j�h�c�k�l�\�� �^�e�y���^�Z�g�g�u�o�� �k�_�]�f�_�g�l�h�\�� �j�u�g�d�Z �i�j�_�\�u�r�Z�_�l 

������ �e�_�l�� �<�� �j�y�^�_�� �k�e�m�q�Z�_�\�� �\�h�a�g�b�d�Z�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �^�h�[�Z�\�e�_�g�b�y�� �g�h�\�u�o�� �n�m�g�d�p�b�c�� �\��

�k�m�s�_�k�l�\�m�x�s�b�_�� �k�b�k�l�_�f�u�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b�� �i�m�l�z�f �h�[�g�h�\�e�_�g�b�y�� �k�b�k�l�_�f�g�h�]�h��

�b/�b�e�b�� �\�k�l�j�h�_�g�g�h�]�h���I�H�� �[�_�a���f�h�^�b�n�b�d�Z�p�b�b�� �Z�i�i�Z�j�Z�l�g�h�c�� �q�Z�k�l�b�� 

�I�j�b�� �f�h�^�b�n�b�d�Z�p�b�b�� �\�k�l�j�h�_�g�g�h�]�h�� �I�H�� �h�[�t�z�f�� �^�h�[�Z�\�e�y�_�f�h�]�h�� �d�h�^�Z�� �h�]�j�Z�g�b�q�_�g��

�j�Z�a�f�_�j�h�f�� �^�h�k�l�m�i�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �n�e�_�r-�i�Z�f�y�l�b, �b�� �\�e�b�y�g�b�_�� �g�h�\�h�]�h�� �d�h�^�Z�� �g�Z��

�k�m�s�_�k�l�\�m�x�s�b�c�� �^�h�e�`�g�h�� �[�u�l�v�� �f�b�g�b�f�b�a�b�j�h�\�Z�g�h���� �q�l�h�[�u�� �g�_�� �\�g�_�k�l�b�� �h�r�b�[�d�b�� �\��

�b�f�_�x�s�b�_�k�y�� �n�m�g�d�p�b�b�� �b�� �g�_�� �m�o�m�^�r�b�l�v�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b����

�L�j�_�[�m�_�l�k�y�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �i�h�^�o�h�^���� �l���_���� �k�h�\�h�d�m�i�g�h�k�l�v�� �k�i�h�k�h�[�h�\ �b �i�j�b�z�f�h�\ [3], 

�d�h�l�h�j�u�c�� �i�h�a�\�h�e�b�l�� �\�� �d�h�j�h�l�d�b�_�� �k�j�h�d�b�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �b�� �j�_�Z�e�b�a�h�\�u�\�Z�l�v�� �k�i�_�p�b�Z�e�v�g�u�_��

�j�_�`�b�f�u�� �i�_�q�Z�l�b�� �i�m�l�z�f�� �f�h�^�b�n�b�d�Z�p�b�b�� �\�k�l�j�h�_�g�g�h�]�h �I�H�� �k�� �m�q�z�l�h�f�� �b�f�_�x�s�b�o�k�y��

�l�j�_�[�h�\�Z�g�b�c���b���h�]�j�Z�g�b�q�_�g�b�c.  

4.1.  �K�i�_�p�b�Z�e�v�g�u�_���j�_�`�b�f�u���i�_�q�Z�l�b 

�D���k�i�_�p�b�Z�e�v�g�u�f�� �j�_�`�b�f�Z�f���i�_�q�Z�l�b�� �f�h�`�g�h���h�l�g�_�k�l�b�� �l�Z�d�b�_���� �d�h�l�h�j�u�_ �g�_�h�[�o�h�^�b�f�h��

�\�d�e�x�q�b�l�v �k�� �i�h�f�h�s�v�x�� �b�g�l�_�j�n�_�c�k�Z�� �i�h�e�v�a�h�\�Z�l�_�e�y, �b���j�Z�[�h�l�Z�� �d�h�l�h�j�u�o�� �q�_�f-�e�b�[�h��

�h�l�e�b�q�Z�_�l�k�y �h�l�� �h�[�u�q�g�h�c�� �i�_�q�Z�l�b���� �;�h�e�v�r�b�g�k�l�\�h �k�m�s�_�k�l�\�m�x�s�b�o �k�i�_�p�b�Z�e�v�g�u�o 

�j�_�`�b�f�h�\ �i�_�q�Z�l�b�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �d�� �h�^�g�h�c�� �b�a�� �^�\�m�o�� �]�j�m�i�i: �i�_�q�Z�l�v�� �^�e�y�� �w�d�h�g�h�f�b�b��

�j�Z�k�o�h�^�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� ��economical printing���� �b�� �^�h�[�Z�\�e�_�g�b�_�� �\�� �g�Z�i�_�q�Z�l�Z�g�g�u�c��

�^�h�d�m�f�_�g�l���a�Z�s�b�l�g�u�o�� �w�e�_�f�_�g�l�h�\����security printing).  
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4.1.1. �W�d�h�g�h�f�b�q�g�Z�y���i�_�q�Z�l�v 

�W�d�h�g�h�f�b�y���j�Z�k�o�h�^�g�u�o���f�Z�l�_�j�b�Z�e�h�\���i�h�^�j�Z�a�m�f�_�\�Z�_�l���k�h�d�j�Z�s�_�g�b�_�� �j�Z�k�o�h�^�Z���[�m�f�Z�]�b��

�b���d�j�Z�k�d�b�����l�h���_�k�l�v �q�_�j�g�b�e�� �k�l�j�m�c�g�u�o�� �b���l�h�g�_�j�Z���e�Z�a�_�j�g�u�o�� �i�j�b�g�l�_�j�h�\�� �>�e�y���m�f�_�g�v�r�_�g�b�y��

�d�h�e�b�q�_�k�l�\�Z�� �b�k�i�h�e�v�a�m�_�f�u�o�� �e�b�k�l�h�\ �[�m�f�Z�]�b�� �k�m�s�_�k�l�\�m�x�l �j�_�`�b�f�u�� �i�_�q�Z�l�b�� �g�Z�� �h�[�_�b�o��

�k�l�h�j�h�g�Z�o�� �e�b�k�l�Z�� ��duplex) �b���i�_�q�Z�l�b�� �g�_�k�d�h�e�v�d�b�o�� �m�f�_�g�v�r�_�g�g�u�o�� �k�l�j�Z�g�b�p�� �^�h�d�m�f�_�g�l�Z�� �g�Z��

�e�b�k�l�_����n-up). �>�e�y���k�h�d�j�Z�s�_�g�b�y���j�Z�k�o�h�^�Z���d�j�Z�k�d�b���j�Z�a�e�b�q�Z�x�l���j�_�`�b�f�u���q�_�j�g�h�\�h�c����draft) �b��

�w�d�h�g�h�f�b�q�g�h�c�� ��eco���� �i�_�q�Z�l�b. �<�� �i�_�j�\�h�f�� �k�e�m�q�Z�_�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y���� �q�l�h�� �i�_�q�Z�l�Z�_�l�k�y��

�q�_�j�g�h�\�b�d�� �^�e�y�� �h�p�_�g�d�b�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �w�e�_�f�_�g�l�h�\�� �g�Z�� �k�l�j�Z�g�b�p�_�� �b�� �g�_��

�i�j�_�^�i�h�e�Z�]�Z�_�l�k�y�� �i�m�k�d�Z�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�c�� �^�h�d�m�f�_�g�l�� �\�� �^�h�d�m�f�_�g�l�h�h�[�h�j�h�l���� �<�h�� �\�l�h�j�h�f 

�k�e�m�q�Z�_�� �g�_�f�g�h�]�h�� �k�g�b�`�Z�_�l�k�y�� �j�Z�k�o�h�^�� �d�j�Z�k�d�b���� �i�j�b�� �w�l�h�f�� �d�Z�q�_�k�l�\�h�� �^�h�d�m�f�_�g�l�Z��

�g�_�a�g�Z�q�b�l�_�e�v�g�h�� �h�l�e�b�q�Z�_�l�k�y���h�l���i�_�q�Z�l�b���k���\�u�k�h�d�b�f���d�Z�q�_�k�l�\�h�f, �\�h�a�f�h�`�g�u�f���^�e�y���^�Z�g�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���� �A�Z�q�Z�k�l�m�x�� �j�_�`�b�f�u�� �q�_�j�g�h�\�h�c�� �b�� �w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b�� �b�k�i�h�e�v�a�m�x�l��

�h�^�b�g�Z�d�h�\�u�c�� �k�i�h�k�h�[�� �i�h�^�]�h�l�h�\�d�b�� �b�a�h�[�j�Z�`�_�g�b�c �^�e�y�� �i�_�q�Z�l�b���� �j�Z�a�e�b�q�Z�x�l�k�y�� �e�b�r�v��

�\�_�e�b�q�b�g�Z�� �k�h�d�j�Z�s�_�g�b�y�� �j�Z�k�o�h�^�Z�� �d�j�Z�k�d�b���� �B�g�h�]�^�Z�� �Z�e�]�h�j�b�l�f�u�� �h�[�j�Z�[�h�l�d�b�� �^�e�y�� �w�l�b�o��

�j�_�`�b�f�h�\ �d�Z�j�^�b�g�Z�e�v�g�h�� �j�Z�a�e�b�q�Z�x�l�k�y���� �I�h�k�d�h�e�v�d�m�� �w�d�h�g�h�f�b�q�g�u�_�� �j�_�`�b�f�u�� �g�_�� �l�h�e�v�d�h��

�m�^�_�r�_�\�e�y�x�l �i�_�q�Z�l�v���� �g�h�� �b�� �\�_�^�m�l�� �d�� �m�f�_�g�v�r�_�g�b�x�� �d�h�e�b�q�_�k�l�\�Z�� �h�l�o�h�^�h�\���� �b�g�h�]�^�Z��

�i�h�a�\�h�e�y�x�l�� �k�h�d�j�Z�l�b�l�v�� �i�h�l�j�_�[�e�_�g�b�_�� �w�e�_�d�l�j�h�w�g�_�j�]�b�b�� �b�� �m�]�e�_�j�h�^�g�u�_�� �\�u�[�j�h�k�u���� �l�Z�d�b�_��

�j�_�`�b�f�u���g�Z�a�u�\�Z�x�l �w�d�h�e�h�]�b�q�g�u�f�b�� �b�e�b���j�_�`�b�f�Z�f�b��«�a�_�e�z�g�h�c» �i�_�q�Z�l�b [150].  

�H�^�g�b�f�� �b�a�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o �f�_�l�h�^�h�\ �k�h�d�j�Z�s�_�g�b�y�� �j�Z�k�o�h�^�Z�� �d�j�Z�k�d�b 

�y�\�e�y�_�l�k�y�� �m�f�_�g�v�r�_�g�b�_�� �h�i�l�b�q�_�k�d�h�c�� �i�e�h�l�g�h�k�l�b�� �i�_�q�Z�l�Z�_�f�u�o�� �w�e�_�f�_�g�l�h�\���� �q�l�h��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�h�\�u�r�_�g�b�x�� �y�j�d�h�k�l�b�����i�j�b���w�l�h�f �q�z�j�g�u�c���l�_�d�k�l���k�l�Z�g�h�\�b�l�k�y���k�_�j�u�f��[151, 

152]. �L�Z�d�h�c�� �k�i�h�k�h�[���i�h�a�\�h�e�y�_�l�� �^�h�k�l�Z�l�h�q�g�h�� �l�h�q�g�h���j�_�]�m�e�b�j�h�\�Z�l�v�� �\�_�e�b�q�b�g�m�� �w�d�h�g�h�f�b�b��

�d�j�Z�k�d�b���� �g�h�� �\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �]�j�Z�n�b�d�b�� �b�� �l�_�d�k�l�Z�� �m�o�m�^�r�Z�_�l�k�y���� �B�a�h�[�j�Z�`�_�g�b�_��

�k�l�Z�g�h�\�b�l�k�y�� �f�_�g�_�_�� �d�h�g�l�j�Z�k�l�g�u�f���� �g�Z�� �d�j�Z�y�o�� �k�b�f�\�h�e�h�\�� �b�� �e�b�g�b�c�� �i�h�y�\�e�y�_�l�k�y�� �\�b�^�b�f�Z�y��

�g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v�� �\�� �k�b�e�m�� �i�j�b�k�m�l�k�l�\�b�y�� �g�Z�� �]�j�Z�g�b�p�Z�o�� �g�_�� �i�h�e�g�h�k�l�v�x�� �a�Z�i�h�e�g�_�g�g�u�o��

�d�j�Z�k�d�h�c �y�q�_�_�d���i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y���� �� 
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�>�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �b�k�d�Z�`�_�g�b�c�� �d�j�Z�z�\�� �k�m�s�_�k�l�\�m�_�l�� �g�_�k�d�h�e�v�d�h�� �f�_�l�h�^�h�\����

�d�h�l�h�j�u�_���^�_�e�Z�x�l���k�\�_�l�e�_�_���l�h�e�v�d�h���\�g�m�l�j�_�g�g�b�_���h�[�e�Z�k�l�b���k�b�f�\�h�e�h�\ �l�_�d�k�l�Z���b���]�j�Z�n�b�q�_�k�d�b�o��

�w�e�_�f�_�g�l�h�\ [153, 154]. �<�� �w�l�h�f���k�e�m�q�Z�_�� �d�Z�q�_�k�l�\�h�� �h�l�i�_�q�Z�l�d�Z �k�m�s�_�k�l�\�_�g�g�h�� �\�u�r�_���� �o�h�l�y��

�j�_�]�m�e�y�j�g�Z�y�� �l�_�d�k�l�m�j�Z���� �h�[�j�Z�a�m�_�f�Z�y�� �i�_�q�Z�l�g�u�f�� �j�Z�k�l�j�h�f�� �\�h�� �\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o�� 

�o�h�j�h�r�h�� �a�Z�f�_�l�g�Z���� �D�h�e�b�q�_�k�l�\�h�� �k�w�d�h�g�h�f�e�_�g�g�h�c�� �d�j�Z�k�d�b�� �a�Z�\�b�k�b�l�� �h�l�� �k�h�^�_�j�`�b�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y�����<��[155] �i�h�d�Z�a�Z�g�h���� �q�l�h���_�k�e�b�� �^�h���j�Z�k�l�j�b�j�h�\�Z�g�b�y�� �\�u�i�h�e�g�y�l�v �m�\�_�e�b�q�_�g�b�_ 

�y�j�d�h�k�l�b���\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�_�c�� �]�j�Z�n�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �g�_�� �g�Z�� �d�h�g�k�l�Z�g�l�g�h�_�� �a�g�Z�q�_�g�b�_ 

�^�e�y�� �\�k�_�o�� �i�b�d�k�_�e�_�c�� �h�[�e�Z�k�l�b���� �Z�� �i�j�b�[�Z�\�e�y�l�v �k�b�g�b�c�� �r�m�f���� �l�h�� �g�Z�[�e�x�^�Z�l�_�e�b�� �h�p�_�g�b�\�Z�x�l��

�\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�u�r�_���� �q�_�f�� �^�e�y�� �^�j�m�]�b�o��

�i�_�j�_�q�b�k�e�_�g�g�u�o�� �k�i�h�k�h�[�h�\. 

�I�h�k�d�h�e�v�d�m�� �q�Z�k�l�h�� �[�h�e�v�r�m�x�� �q�Z�k�l�v�� �^�h�d�m�f�_�g�l�h�\�� �a�Z�g�b�f�Z�_�l�� �l�_�d�k�l���� �l�h��

�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �m�f�_�g�v�r�Z�l�v�� �j�Z�k�o�h�^���d�j�Z�k�d�b�� �i�j�b���i�_�q�Z�l�b�� �k�b�f�\�h�e�h�\���r�j�b�n�l�h�\�����>�e�y���w�l�h�c��

�p�_�e�b�� �[�u�e�h�� �k�h�a�^�Z�g�h �g�_�k�d�h�e�v�d�h���� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�o�� �w�d�h�g�h�f�b�q�g�u�o�� �r�j�b�n�l�h�\���� �g�Z�i�j�b�f�_�j��

EcoFont [156] �b��Ryman Eco [157]���� �I�j�b�f�_�j�� �l�_�d�k�l�Z�� �^�e�y�� �r�j�b�n�l�Z��EcoFont �i�h�d�Z�a�Z�g�� �g�Z��

�j�b�k�m�g�d�_�� ���������� �<�� �^�Z�g�g�h�f�� �r�j�b�n�l�_�� �\�g�m�l�j�b�� �k�b�f�\�h�e�h�\�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �d�j�m�]�e�u�_�� �h�[�e�Z�k�l�b����

�d�h�l�h�j�u�_���i�j�b���i�_�q�Z�l�b���g�_���a�Z�i�h�e�g�y�x�l�k�y�� �d�j�Z�k�d�h�c. 

 

 
�J�b�k�m�g�h�d��4.1 �± �I�j�b�f�_�j �l�_�d�k�l�Z���^�e�y���r�j�b�n�l�Z��EcoFont Vera Sans. 

 

�:�\�l�h�j�u EcoFont �m�l�\�_�j�`�^�Z�x�l [156]�����q�l�h���i�j�b�f�_�g�_�g�b�_ �w�d�h�g�h�f�b�q�g�u�o�� �r�j�b�n�l�h�\���\��

�^�h�d�m�f�_�g�l�Z�o�� �i�h�a�\�h�e�y�_�l���m�f�_�g�v�r�b�l�v�� �d�h�e�b�q�_�k�l�\�h���b�k�i�h�e�v�a�m�_�f�h�]�h�� �l�h�g�_�j�Z���i�h�q�l�b���g�Z������%. 

�H�^�g�Z�d�h���^�h�e�y���w�d�h�g�h�f�b�b���d�j�Z�k�d�b�� �k�b�e�v�g�h�� �a�Z�\�b�k�b�l�� �h�l���j�Z�a�f�_�j�Z���b���k�_�f�_�c�k�l�\�Z�� ���]�Z�j�g�b�l�m�j �u����

�r�j�b�n�l�Z�����B�k�k�e�_�^�h�\�Z�g�b�_��[158] �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h���i�j�b�f�_�g�_�g�b�_�� �w�d�h�g�h�f�b�q�_�k�d�b�o���r�j�b�n�l�h�\��

�w�d�h�g�h�f�b�l���h�l���������^�h������% �l�h�g�_�j�Z���^�e�y���g�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o�� �j�Z�a�f�_�j�h�\���l�_�d�k�l�Z ���h�l��

������ �^�h�� ������ �i�m�g�d�l�h�\������ �D�� �g�_�^�h�k�l�Z�l�d�Z�f�� �w�d�h�g�h�f�b�b�� �d�j�Z�k�d�b�� �k�� �i�h�f�h�s�v�x�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�w�d�h�g�h�f�b�q�g�u�o�� �r�j�b�n�l�h�\�� �k�e�_�^�m�_�l�� �h�l�g�_�k�l�b�� �l�h���� �q�l�h�� �h�g�b�� �k�m�s�_�k�l�\�m�x�l���l�h�e�v�d�h�� �^�e�y��
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�h�]�j�Z�g�b�q�_�g�g�h�]�h�� �g�Z�[�h�j�Z�� �y�a�u�d�h�\���� �m�o�m�^�r�Z�_�l�k�y�� �d�Z�q�_�k�l�\�h��OCR �l�_�d�k�l�Z�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�Z�d�b�o�� �r�j�b�n�l�h�\.   

4.1.2. �I�_�q�Z�l�v���a�Z�s�b�l�g�u�o�� �w�e�_�f�_�g�l�h�\ 

�;�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h�� �i�h�e�b�]�j�Z�n�b�q�_�k�d�b�o�� �l�_�o�g�h�e�h�]�b�c�� �i�j�_�^�g�Z�a�g�Z�q�_�g�h�� �^�e�y��

�a�Z�s�b�l�u�� �[�Z�g�d�g�h�l���� �p�_�g�g�u�o�� �[�m�f�Z�]�� �b�� �^�h�d�m�f�_�g�l�h�\���� �m�^�h�k�l�h�\�_�j�y�x�s�b�o�� �e�b�q�g�h�k�l�v, �i�j�Z�\�Z��

�k�h�[�k�l�\�_�g�g�h�k�l�b �b�� �l���i�� �h�l�� �i�h�^�^�_�e�d�b�� �b�� �n�Z�e�v�k�b�n�b�d�Z�p�b�b��[159]���� �H�n�b�k�g�u�_�� �i�j�b�g�l�_�j�u�� �g�_��

�k�i�h�k�h�[�g�u�� �i�_�q�Z�l�Z�l�v�� �a�Z�s�b�l�g�u�_�� �w�e�_�f�_�g�l�u�� �k�l�h�e�v�� �`�_�� �\�u�k�h�d�h�]�h�� �d�Z�q�_�k�l�\�Z�� �d�Z�d��

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �i�h�e�b�]�j�Z�n�b�q�_�k�d�b�_�� �m�k�l�j�h�c�k�l�\�Z. �H�^�g�Z�d�h �j�y�^�� �a�Z�s�b�l�g�u�o 

�w�e�_�f�_�g�l�h�\ �f�h�`�g�h�� �k�h�a�^�Z�l�v���b�� �g�Z�� �h�n�b�k�g�h�c�� �l�_�o�g�b�d�_�� �q�l�h�� �i�j�b�f�_�g�y�_�l�k�y �^�e�y��

�i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �d�h�i�b�j�h�\�Z�g�b�y�� �b�� �g�_�k�Z�g�d�p�b�h�g�b�j�h�\�Z�g�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y��

�g�Z�i�_�q�Z�l�Z�g�g�u�o�� �^�h�d�m�f�_�g�l�h�\���� �G�Z�i�j�b�f�_�j���� �i�j�b�� �l�b�i�h�]�j�Z�n�k�d�h�c�� �i�_�q�Z�l�b�� �p�_�g�g�u�o�� �[�m�f�Z�]��

�l�b�i�b�q�g�Z�y�� �\�u�k�h�l�Z�� �k�b�f�\�h�e�h�\�� �f�b�d�j�h�l�_�d�k�l�Z �h�l�� ������ �^�h�� ������ �f�d�f��[160]. �I�j�b�� �i�_�q�Z�l�b�� �g�Z��

�i�j�b�g�l�_�j�_�� �\�u�k�h�l�Z�� �k�b�f�\�h�e�h�\�� �f�b�d�j�h�l�_�d�k�l�Z�� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� �h�^�g�h�]�h�� �l�b�i�h�]�j�Z�n�k�d�h�]�h��

�i�m�g�d�l�Z�� ��1/72 �^�x�c�f�Z�����h�d�h�e�h���������� �f�d�f����[171].  �L�_�f���g�_���f�_�g�_�_�����^�Z�`�_���l�Z�d�h�c���l�_�d�k�l���q�_�e�h�\�_�d��

�g�_ �f�h�`�_�l���i�j�h�q�b�l�Z�l�v �g�_�\�h�h�j�m�`�z�g�g�u�f���]�e�Z�a�h�f�����I�j�b���d�h�i�b�j�h�\�Z�g�b�b���k���i�h�f�h�s�v�x���h�n�b�k�g�h�c��

�l�_�o�g�b�d�b�� �f�b�d�j�h�l�_�d�k�l�� �b�k�d�Z�`�Z�_�l�k�y���� �q�l�h���i�h�a�\�h�e�y�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v���^�Z�g�g�u�c�� �w�e�_�f�_�g�l�� �^�e�y��

�a�Z�s�b�l�u���h�l���d�h�i�b�j�h�\�Z�g�b�y�����J�Z�a�m�f�_�_�l�k�y�����a�Z�l�j�Z�l�b�\���a�g�Z�q�b�l�_�e�v�g�u�_���m�k�b�e�b�y���b�e�b���k���i�h�f�h�s�v�x 

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �m�k�l�j�h�c�k�l�\�����f�h�`�g�h���i�h�^�^�_�e�Z�l�v�� �a�Z�s�b�l�g�u�_���w�e�_�f�_�g�l�u, �k�h�a�^�Z�g�g�u�_ 

�g�Z�� �h�n�b�k�g�h�f�� �i�j�b�g�l�_�j�_���� �g�h�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �w�l�h�� �g�_�� �b�f�_�_�l�� �k�f�u�k�e�Z�� �^�e�y��

�a�Z�s�b�s�Z�_�f�h�]�h���l�b�i�Z���^�h�d�m�f�_�g�l�h�\�� 

�>�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���g�_�k�Z�g�d�p�b�h�g�b�j�h�\�Z�g�g�h�]�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �g�Z�i�_�q�Z�l�Z�g�g�u�o��

�^�h�d�m�f�_�g�l�h�\�� �\�� �g�b�o�� �\�k�l�j�Z�b�\�Z�_�l�k�y�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�c�� �p�b�n�j�h�\�h�c�� �\�h�^�y�g�h�c�� �a�g�Z�d (�P�<�A), 

�d�h�l�h�j�u�c���f�h�`�_�l���[�u�l�v�� �\�b�^�_�g�� �b�e�b�� �k�d�j�u�l���� �?�k�e�b�� �P�<�A�� �k�d�j�u�l���� �l�h���]�h�\�h�j�y�l���h���i�j�b�f�_�g�_�g�b�b��

�i�j�b�g�l�_�j�g�h�c�� �k�l�_�]�Z�g�h�]�j�Z�n�b�b��[161]���� �d�h�l�h�j�Z�y�� �i�j�_�^�i�h�e�Z�]�Z�_�l�� �b�a�\�e�_�q�_�g�b�_�� �k�d�j�u�l�h�]�h��

�k�h�h�[�s�_�g�b�y �i�m�l�z�f�� �Z�g�Z�e�b�a�Z �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �[�m�f�Z�`�g�h�]�h�� �^�h�d�m�f�_�g�l�Z�� 

�;�h�e�v�r�b�g�k�l�\�h�� �h�i�b�k�Z�g�g�u�o�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �f�_�l�h�^�h�\�� �i�j�b�g�l�_�j�g�h�c�� �k�l�_�]�Z�g�h�]�j�Z�n�b�b �^�e�y��
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�j�Z�[�h�l�u���k���l�_�d�k�l�h�\�u�f�b�� �^�h�d�m�f�_�g�l�Z�f�b���h�k�g�h�\�Z�g�h �g�Z���h�^�g�h�f���b�a���k�e�_�^�m�x�s�b�o�� �i�h�^�o�h�^�h�\���^�e�y��

�d�h�^�b�j�h�\�Z�g�b�y���k�d�j�u�l�h�c���b�g�n�h�j�f�Z�p�b�b:  

�x �k�^�\�b�]���k�l�j�h�d���l�_�d�k�l�Z���� �k�e�h�\���b�e�b�� �k�b�f�\�h�e�h�\��[162�í164]; 

�x �f�h�^�b�n�b�d�Z�p�b�y�� �n�h�j�f�u���b�e�b�� �p�\�_�l�Z���k�b�f�\�h�e�h�\��[165�í167]; 

�x �^�h�[�Z�\�e�_�g�b�_�� �f�_�l�h�d�� �b�e�b�� �b�a�f�_�g�_�g�b�_�� �\�b�^�Z�� �y�q�_�_�d�� �i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y���\���n�h�g�h�\�u�o��

�h�[�e�Z�k�l�y�o [168�í170]. 

�H�i�j�_�^�_�e�y�x�s�b�c �\�d�e�Z�^�� �\�� �j�Z�a�j�Z�[�h�l�d�m�� �b�� �i�j�Z�d�l�b�q�_�k�d�m�x�� �j�_�Z�e�b�a�Z�p�b�x�� �f�_�l�h�^�h�\��

�i�_�q�Z�l�b�� �a�Z�s�b�l�g�u�o�� �w�e�_�f�_�g�l�h�\�� �k�� �i�h�f�h�s�v�x�� �h�n�b�k�g�u�o�� �e�Z�a�_�j�g�u�o�� �i�j�b�g�l�_�j�h�\�� �\�g�_�k�e�b��

�b�k�k�e�_�^�h�\�Z�l�_�e�b�� �d�h�f�i�Z�g�b�b��Xerox [171]. �D�� �g�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�f�� �k�i�h�k�h�[�Z�f�� �h�l�g�h�k�y�l�k�y��

�k�e�_�^�m�x�s�b�_: 

1. �>�e�y���Z�g�]�e�b�c�k�d�h�]�h�� �y�a�u�d�Z���� �Z�j�Z�[�k�d�b�o�� �p�b�n�j�� �b���k�b�f�\�h�e�h�\�� �i�m�g�d�l�m�Z�p�b�b�� �k�i�j�h�_�d�l�b�j�h�\�Z�g��

�k�i�_�p�b�Z�e�v�g�u�c�� �f�Z�l�j�b�q�g�u�c�� �r�j�b�n�l���� �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l�� �i�_�q�Z�l�Z�l�v�� �f�b�d�j�h�l�_�d�k�l�� �k��

�\�u�k�h�l�h�c�� �k�b�f�\�h�e�h�\�� �g�_�f�g�h�]�h�� �f�_�g�v�r�_�� �h�^�g�h�]�h�� �l�b�i�h�]�j�Z�n�k�d�h�]�h���i�m�g�d�l�Z���� �K�b�f�\�h�e�u��

�o�j�Z�g�y�l�k�y�� �\�� �n�h�j�f�Z�l�_�� �r�j�b�n�l�Z��Type 3 Postscript [172]. �G�Z�� �j�b�k�m�g�d�_�� �������� �i�h�d�Z�a�Z�g��

�i�j�b�f�_�j���g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �f�b�d�j�h�l�_�d�k�l�Z�����k�d�Z�g�b�j�h�\�Z�g�g�h�]�h���k���h�i�l�b�q�_�k�d�b�f���j�Z�a�j�_�r�_�g�b�_�f��

2400 dpi.  

2. �I�_�q�Z�l�v�� �g�Z�� �j�Z�\�g�h�f�_�j�g�h�f�� �n�h�g�_�� �[�b�g�Z�j�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�e�b�� �l�_�d�k�l�Z���� �d�h�l�h�j�u�_ �g�_��

�\�b�^�g�h���i�j�b���i�j�h�k�f�h�l�j�_���^�h�d�m�f�_�g�l�Z���i�h�^���m�]�e�h�f���[�e�b�a�d�b�f���d������ �]�j�Z�^�m�k�Z�f�����g�h���\�b�^�g�h���i�j�b��

�i�j�h�k�f�h�l�j�_�� �^�h�d�m�f�_�g�l�Z�� �i�h�^�� �h�k�l�j�u�f�� �m�]�e�h�f���� �L�Z�d�h�c�� �w�n�n�_�d�l�� �^�h�k�l�b�]�Z�_�l�k�y�� �a�Z�� �k�q�z�l��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �^�h�d�m�f�_�g�l�_�� �j�Z�a�e�b�q�g�u�o�� �y�q�_�_�d�� �i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y ���b�k�i�h�e�v�a�m�x�l�k�y��

�j�Z�a�g�u�_�� �n�m�g�d�p�b�b�� �^�e�y���h�j�b�_�g�l�Z�p�b�b�� �i�y�l�g�Z���d�j�Z�k�d�b �\ �y�q�_�c�d�_�����^�e�y���n�h�g�Z���b���e�Z�l�_�g�l�g�h�]�h��

�l�_�d�k�l�Z�� �b�e�b���b�a�h�[�j�Z�`�_�g�b�y��[173].  

3. �I�h�^�h�[�g�h���i�j�_�^�u�^�m�s�_�f�m�� �k�i�h�k�h�[�m �b�k�i�h�e�v�a�m�_�l�k�y�� �^�\�Z���\�b�^�Z���y�q�_�_�d���i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y����

�^�Z�x�s�b�o�� �h�^�b�g�Z�d�h�\�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �p�\�_�l�Z���� �g�h�� �l�h�q�d�b�� �\�g�m�l�j�b�� �h�^�g�h�c�� �y�q�_�c�d�b��

�k�f�_�s�_�g�u�� �h�l�g�h�k�b�l�_�e�v�g�h�� �l�h�q�_�d�� �\�� �^�j�m�]�h�c���� �q�l�h�� �i�j�b�� �i�j�h�k�f�h�l�j�_�� �q�_�j�_�a��

�i�h�e�m�i�j�h�a�j�Z�q�g�m�x�� �i�e�z�g�d�m�� �k�� �g�Z�i�_�q�Z�l�Z�g�g�h�c�� �g�Z�� �g�_�c�� �k�_�l�d�h�c�� �i�h�a�\�h�e�y�_�l�� �m�\�b�^�_�l�v��

�e�Z�l�_�g�l�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���i�h���i�j�b�q�b�g�_ �h�[�j�Z�a�h�\�Z�g�b�y���f�m�Z�j�h�\�h�]�h���m�a�h�j�Z��[174]. 
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4. �D�Z�d�� �i�j�Z�\�b�e�h�� �i�h�]�e�h�s�_�g�b�_�� �b�g�n�j�Z�d�j�Z�k�g�h�]�h�� �b�a�e�m�q�_�g�b�y�� �q�z�j�g�u�f �b�� �p�\�_�l�g�u�f�b��

�l�h�g�_�j�Z�f�b�� �j�Z�a�e�b�q�Z�x�l�k�y. �K�h�a�^�Z�x�l�k�y�� �^�\�_�� �j�Z�a�g�u�_�� �d�h�f�[�b�g�Z�p�b�b�� �&�0�<�. �p�\�_�l�h�\, 

�d�h�l�h�j�u�_�� �i�j�b�� �h�[�u�q�g�h�f�� �h�k�\�_�s�_�g�b�b �\�h�k�i�j�b�g�b�f�Z�x�l�k�y�� �q�_�e�h�\�_�d�h�f�� �h�^�b�g�Z�d�h�\�h, �g�h��

�h�l�e�b�q�Z�x�l�k�y�� �i�j�b���h�k�\�_�s�_�g�b�b�� �b�g�n�j�Z�d�j�Z�k�g�u�f�� �b�k�l�h�q�g�b�d�h�f��[175]. 

5. �I�_�q�Z�l�v�� �\�� �n�h�g�h�\�u�o�� �h�[�e�Z�k�l�y�o�� �k�d�j�u�l�h�]�h�� �k�h�h�[�s�_�g�b�y �\�� �\�b�^�_�� �r�Z�[�e�h�g�Z�� �b�a�� �`�z�e�l�u�o��

�l�h�q�_�d���� �l�Z�d�� �d�Z�d�� �`�z�e�l�u�c�� �g�Z�b�f�_�g�_�_�� �\�b�^�b�f�u�c �g�Z�� �[�m�f�Z�]�_�� �b�a��CMYK �p�\�_�l�h�\����

�K�h�h�[�s�_�g�b�_ �k�h�^�_�j�`�b�l�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �k�_�j�b�c�g�h�f�� �g�h�f�_�j�_�� �m�k�l�j�h�c�k�l�\�Z���� �^�Z�l�_���b��

�\�j�_�f�_�g�b�� �i�_�q�Z�l�b���� �H�[�u�q�g�h�� �i�h�^�h�[�g�h�_�� �k�h�h�[�s�_�g�b�_ �g�Z�a�u�\�Z�x�l�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�f��

�d�h�^�h�f���m�k�l�j�h�c�k�l�\�Z�� ��Machine Identification Code, MIC) [176]. 

 

 

�J�b�k�m�g�h�d��4.2 �± �I�j�b�f�_�j �f�b�d�j�h�l�_�d�k�l�Z��Xerox, �\�u�k�h�l�Z���k�b�f�\�h�e�h�\���h�d�h�e�h��25�����f�d�f (1/100 �^�x�c�f�Z��. 

 

�I�_�j�_�q�b�k�e�_�g�g�u�_�� �k�m�s�_�k�l�\�m�x�s�b�_�� �f�_�l�h�^�u�� �i�_�q�Z�l�b�� �a�Z�s�b�l�g�u�o�� �w�e�_�f�_�g�l�h�\�� �b�f�_�x�l��

�j�y�^�� �h�]�j�Z�g�b�q�_�g�b�c�� �b�� �g�_�^�h�k�l�Z�l�d�h�\���� �F�_�l�h�^�u���� �b�a�f�_�g�y�x�s�b�_�� �\�b�^���y�q�_�c�d�b��

�i�h�e�m�l�h�g�b�j�h�\�Z�g�b�y���� �l�j�_�[�m�x�l�� �i�j�b�k�m�l�k�l�\�b�y�� �\�� �^�h�d�m�f�_�g�l�_�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�b�o�� �i�h��

�i�e�h�s�Z�^�b�� �h�[�e�Z�k�l�_�c�� �k�_�j�h�]�h�� �p�\�_�l�Z���� �I�_�q�Z�l�v�� �f�b�d�j�h�l�_�d�k�l�Z�� �\�h�a�f�h�`�g�Z�� �l�h�e�v�d�h�� �g�Z��

�g�_�k�d�h�e�v�d�b�o �y�a�u�d�Z�o �b�a���k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h�� �k�b�k�l�_�f�g�h�]�h�� �I�H���� �B�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�c��

�d�h�^�� �m�k�l�j�h�c�k�l�\�Z�� �q�Z�k�l�h�� �g�_�\�h�a�f�h�`�g�h�� �d�h�j�j�_�d�l�g�h�� �b�a�\�e�_�q�v�� �b�a�� �d�h�i�b�b�� �b�e�b�� �q�Z�k�l�b��

�^�h�d�m�f�_�g�l�Z������ 

4.2. �E�h�d�Z�e�v�g�Z�y���f�h�^�b�n�b�d�Z�p�b�y���d�h�^�Z���i�j�h�p�_�k�k�h�j�Z���j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c 

�H�[�u�q�g�h �i�j�h�p�_�k�k�h�j���j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c�� ��RIP) �j�_�Z�e�b�a�m�_�l�k�y�� �\�h���\�k�l�j�h�_�g�g�h�f��

�I�H�� �m�k�l�j�h�c�k�l�\�Z�� �i�_�q�Z�l�b���� �b�g�h�]�^�Z�� �\�� �k�b�k�l�_�f�g�h�f�� �I�H�� �I�D���� �I�j�b�� �^�h�[�Z�\�e�_�g�b�b�� �g�h�\�h�]�h��

�k�i�_�p�b�Z�e�v�g�h�]�h�� �j�_�`�b�f�Z�� �\�h�� �\�k�l�j�h�_�g�g�h�_�� �I�H�� �k�m�s�_�k�l�\�m�x�s�b�o�� �m�k�l�j�h�c�k�l�\�� �\�h�a�g�b�d�Z�x�l��

�k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y: 

a) �G�_�� �^�h�e�`�g�h���[�u�l�v���\�e�b�y�g�b�y�� �g�Z���\�j�_�f�y���b���j�_�a�m�e�v�l�Z�l�� �j�Z�[�h�l�u���^�j�m�]�b�o�� �j�_�`�b�f�h�\���i�_�q�Z�l�b�� 
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b) �<�j�_�f�y�� �i�_�q�Z�l�b�� �\�� �k�i�_�p�b�Z�e�v�g�h�f�� �j�_�`�b�f�_�� �g�_�� �^�h�e�`�g�h�� �i�j�_�\�u�r�Z�l�v�� �\�j�_�f�y�� �i�_�q�Z�l�b�� �\��

�h�[�u�q�g�h�f���j�_�`�b�f�_���g�Z���a�Z�f�_�l�g�m�x�� �^�e�y���i�h�e�v�a�h�\�Z�l�_�e�y�� �\�_�e�b�q�b�g�m. 

c) �G�_�h�[�o�h�^�b�f�h, �g�Z�k�d�h�e�v�d�h�� �w�l�h�� �\�h�a�f�h�`�g�h, �f�b�g�b�f�b�a�b�j�h�\�Z�l�v�� �j�Z�a�f�_�j�� �^�h�[�Z�\�e�y�_�f�h�]�h��

�i�j�h�]�j�Z�f�f�g�h�]�h���d�h�^�Z���� 

�>�Z�[�u���m�^�h�\�e�_�l�\�h�j�b�l�v�� �w�l�b�f���l�j�_�[�h�\�Z�g�b�y�f�����k�n�h�j�f�m�e�b�j�h�\�Z�g�� �k�e�_�^�m�x�s�b�c�� �i�h�^�o�h�^, 

�i�j�b���d�h�l�h�j�h�f���\�u�i�h�e�g�y�_�l�k�y �e�b�r�v�� �e�h�d�Z�e�v�g�Z�y�� �f�h�^�b�n�b�d�Z�p�b�y���d�h�^�Z��RIP: 

�x �h�i�j�_�^�_�e�b�l�v�� �\�� �k�m�s�_�k�l�\�m�x�s�_�f�� �d�h�^�_���l�Z�d�b�_�� �g�_�k�d�h�e�v�d�h �f�_�k�l���� �]�^�_�� �a�Z���k�q�z�l�� �\�_�l�\�e�_�g�b�y��

�f�h�`�g�h�� �\�u�i�h�e�g�b�l�v�� �i�_�j�_�o�h�^�� �g�Z�� �i�j�h�p�_�^�m�j�m�� �j�_�Z�e�b�a�Z�p�b�b�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �j�_�`�b�f�Z���� �Z��

�a�Z�l�_�f���\�_�j�g�m�l�v�k�y �d���h�k�g�h�\�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �h�[�j�Z�[�h�l�d�b; 

�x �\�u�[�j�Z�l�v�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�h�c�� �Z�e�]�h�j�b�l�f���� �b�f�_�x�s�b�c�� �d�h�f�i�Z�d�l�g�m�x�� �j�_�Z�e�b�a�Z�p�b�x 

�^�e�y���b�k�i�h�e�v�a�m�_�f�h�c�� �\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�u; 

�x �i�j�b���j�_�Z�e�b�a�Z�p�b�b�� �i�_�j�_�b�k�i�h�e�v�a�h�\�Z�l�v�� �k�m�s�_�k�l�\�m�x�s�b�_�� �\ �d�h�^�_��RIP �n�m�g�d�p�b�b��     

�<�u�k�h�d�h�m�j�h�\�g�_�\�Z�y�� �k�o�_�f�Z�� �j�Z�[�h�l�u��RIP �i�h�d�Z�a�Z�g�Z�� �g�Z�� �j�b�k�m�g�d�_�� ���������� �G�Z�� �k�o�_�f�_��

�h�i�m�s�_�g�h�� �f�g�h�]�h�� �\�Z�`�g�u�o�� �^�_�l�Z�e�_�c���� �g�Z�i�j�b�f�_�j���� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �p�\�_�l�h�\����

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �k�b�k�l�_�f�� �d�h�h�j�^�b�g�Z�l���� �h�[�j�_�a�d�Z�� ��clipping) �b�� �l���^���� �L�_�f�� �g�_�� �f�_�g�_�_�� �k�o�_�f�Z��

�b�e�e�x�k�l�j�b�j�m�_�l�� �h�k�g�h�\�g�u�_���w�l�Z�i�u�� �h�[�j�Z�[�h�l�d�b���b���i�h�l�h�d�b���^�Z�g�g�u�o���� 

�G�Z�� �\�o�h�^��RIP �i�h�k�l�m�i�Z�_�l�� �f�_�l�Z�n�Z�c�e�� �k�� �]�j�Z�n�b�q�_�k�d�b�f�b�� �w�e�_�f�_�g�l�Z�f�b�� �^�e�y��

�n�h�j�f�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�y���k�l�j�Z�g�b�p�u����RIP �\�u�i�h�e�g�y�_�l�� �l�j�b���[�e�h�d�Z���h�i�_�j�Z�p�b�c: 

�x �B�g�l�_�j�i�j�_�l�Z�p�b�y�� �n�h�j�f�Z�l�Z�� �f�_�l�Z�n�Z�c�e�Z���� �b�a�\�e�_�q�_�g�b�_�� �]�j�Z�n�b�q�_�k�d�b�o�� �b�� �m�i�j�Z�\�e�y�x�s�b�o��

�a�Z�i�b�k�_�c�� 

�x �H�l�j�b�k�h�\�d�Z�� ���j�_�g�^�_�j�b�g�]���� �]�j�Z�n�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �\�� �d�h�h�j�^�b�g�Z�l�Z�o�� �i�_�q�Z�l�Z�_�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y�� 

�x  �I�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �h�l�j�b�k�h�\�Z�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y �\���i�_�q�Z�l�g�u�c�� �j�Z�k�l�j�� 

�G�Z�� �j�b�k�m�g�d�_�� �������� �p�b�n�j�Z�f�b�� �i�h�d�Z�a�Z�g�u�� �l�j�b�� �f�h�^�m�e�y���� �\�� �d�h�l�h�j�u�o�� �p�_�e�_�k�h�h�[�j�Z�a�g�h��

�\�u�i�h�e�g�b�l�v �i�_�j�_�^�Z�q�m���m�i�j�Z�\�e�_�g�b�y�� �g�Z���n�m�g�d�p�b�b�� �g�h�\�u�o���j�_�`�b�f�h�\: 

1. �F�h�^�m�e�v�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\���� �]�^�_ �f�h�`�g�h�� �b�a�f�_�g�y�l�v �h�l�h�[�j�Z�`�_�g�b�_�� �h�l�^�_�e�v�g�u�o��

�k�b�f�\�h�e�h�\���l�_�d�k�l�Z�� 
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2. �F�h�^�m�e�v�� �^�_�d�h�^�b�j�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�b�d�k�_�e�_�c�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c����

�g�Z���\�u�o�h�^�_���d�h�l�h�j�h�]�h���f�h�`�g�h���b�a�f�_�g�y�l�v���\�b�^���j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c�����i�_�j�_�^�Z�g�g�u�o�� �\��

�f�_�l�Z�n�Z�c�e�_. 

3. �G�Z���\�u�o�h�^�_���b�a���[�e�h�d�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���\���i�_�q�Z�l�g�u�c�� �j�Z�k�l�j���f�h�`�g�h���\�g�h�k�b�l�v���b�a�f�_�g�_�g�b�y��

�\�� �p�\�_�l�h�\�u�_�� �d�Z�g�Z�e�u�� �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �^�e�y�� �i�_�q�Z�l�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �g�Z�i�j�b�f�_�j�� �^�e�y��

�p�\�_�l�g�h�]�h���e�Z�a�_�j�g�h�]�h�� �i�j�b�g�l�_�j�Z���w�l�h �[�b�g�Z�j�g�u�_�� �d�Z�g�Z�e�u��CMYK. 

 
�J�b�k�m�g�h�d��4.3 �± �K�o�_�f�Z���j�Z�[�h�l�u��RIP �k���m�d�Z�a�Z�g�b�_�f���f�h�^�m�e�_�c���^�e�y���i�_�j�_�^�Z�q�b���m�i�j�Z�\�e�_�g�b�y���\���k�i�_�p�b�Z�e�v�g�u�_��

�j�_�`�b�f�u���i�_�q�Z�l�b. 

 

�>�_�d�h�^�b�j�h�\�Z�g�b�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b
�i�b�d�k�_�e�_�c �j�Z�k�l�j�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c

�A�Z�i�b�k�b��
�f�_�l�Z�n�Z�c�e�Z

�B�g�l�_�j�i�j�_�l�Z�p�b�y���a�Z�i�b�k�_�c

�J�_�g�^�_�j�b�g�]

�L�j�Z�g�k�n�h�j�f�Z�p�b�y
�b�a�h�[�j�Z�`�_�g�b�c �\

�d�h�h�j�^�b�g�Z�l�u
�k�l�j�Z�g�b�p�u

�J�Z�k�l�_�j�b�a�Z�p�b�y��
�r�j�b�n�l�h�\

�H�l�j�b�k�h�\�d�Z
�\�_�d�l�h�j�g�u�o

�i�j�b�f�b�l�b�\�h�\

�D�h�^���k�b�f�\�h�e�Z���b��
�i�Z�j�Z�f�_�l�j�u��
�r�j�b�n�l�Z��

�J�Z�k�l�j�h�\�u�_��
�b�a�h�[�j�Z�`�_�g�b�y

�I�j�b�f�b�l�b�\�u��
�\�_�d�l�h�j�g�h�c��
�]�j�Z�n�b�d�b

�I�j�_�h�[�j�Z�a�h�\�Z�g�b�_���\��
�i�_�q�Z�l�g�u�c���j�Z�k�l�j

�B�a�h�[�j�Z�`�_�g�b�_ �\
�d�h�h�j�^�b�g�Z�l�Z�o
�k�l�j�Z�g�b�p�u

�B�a�h�[�j�Z�`�_�g�b�_ �\
�\�b�^�_���i�_�q�Z�l�g�h�]�h��
�j�Z�k�l�j�Z

1

2

3
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�;�_�a���h�]�j�Z�g�b�q�_�g�b�y�� �h�[�s�g�h�k�l�b���i�j�_�^�e�h�`�_�g�g�u�c�� �i�h�^�o�h�^���i�j�b�f�_�g�y�e�k�y�� �i�j�b���k�h�a�^�Z�g�b�b��

�g�h�\�u�o �k�i�_�p�b�Z�e�v�g�u�o�� �j�_�`�b�f�h�\�� �i�_�q�Z�l�b�� �^�e�y�� �e�Z�a�_�j�g�h�]�h�� �i�j�b�g�l�_�j�Z�� �k��RIP, 

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�f�� �^�e�y�� �i�_�q�Z�l�b�� �f�_�l�Z�n�Z�c�e�Z��Postscript [21]. �<�� �j�_�a�m�e�v�l�Z�l�_�� �e�h�d�Z�e�v�g�h�c��

�f�h�^�b�n�b�d�Z�p�b�b�� �f�h�^�m�e�y�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �k�b�f�\�h�e�h�\�� �j�_�Z�e�b�a�h�\�Z�g�u�� �j�_�`�b�f�� �a�Z�s�b�l�u�� �h�l��

�d�h�i�b�j�h�\�Z�g�b�y�� �a�Z�� �k�q�z�l�� �]�_�g�_�j�Z�p�b�b�� �³�g�Z�� �e�_�l�m�´���f�b�d�j�h�k�b�f�\�h�e�h�\�� �b �i�_�q�Z�l�b�� �f�b�d�j�h�l�_�d�k�l�Z��

[177�í180] �b�� �j�_�`�b�f�� �w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b�� �l�_�d�k�l�Z��[181, 182]���� �I�m�l�z�f�� �f�h�^�b�n�b�d�Z�p�b�b��

�f�h�^�m�e�y�� �^�_�d�h�^�b�j�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�b�d�k�_�e�_�c�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��

�k�h�a�^�Z�g�u �j�_�`�b�f�� �q�_�j�g�h�\�h�c �i�_�q�Z�l�b��[183�í188] �b�� �j�_�`�b�f�� �a�Z�s�b�l�u�� �h�l�� �d�h�i�b�j�h�\�Z�g�b�y���k��

�i�h�f�h�s�v�x �]�_�g�_�j�Z�p�b�b�� �f�b�d�j�h�b�a�h�[�j�Z�`�_�g�b�c��[53]. �>�h�[�Z�\�e�_�g�b�_�� �h�[�j�Z�[�h�l�d�b�� �g�Z�� �\�u�o�h�^�_��

�[�e�h�d�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �\�� �i�_�q�Z�l�g�u�c�� �j�Z�k�l�j�� �i�h�a�\�h�e�b�e�h�� �j�_�Z�e�b�a�h�\�Z�l�v�� �^�\�Z�� �j�_�`�b�f�Z��

�\�k�l�j�Z�b�\�Z�g�b�y�� �k�d�j�u�l�u�o�� �P�<�A���\���i�_�q�Z�l�Z�_�f�u�c �^�h�d�m�f�_�g�l��[189�í191]. 

4.3. �I�j�b�f�_�j�u���i�j�b�f�_�g�_�g�b�y���i�h�^�o�h�^�Z���d���j�_�Z�e�b�a�Z�p�b�b���j�_�`�b�f�h�\���i�_�q�Z�l�b 

�<�� �^�Z�g�g�h�f�� �j�Z�a�^�_�e�_�� �i�j�b�\�_�^�_�g�u�� �q�_�l�u�j�_ �i�j�b�f�_�j�Z�� �i�j�b�f�_�g�_�g�b�y�� �i�h�^�o�h�^�Z�� �d��

�j�_�Z�e�b�a�Z�p�b�b�� �g�h�\�u�o�� �k�i�_�p�b�Z�e�v�g�u�o�� �j�_�`�b�f�h�\�� �i�_�q�Z�l�b�� �a�Z�� �k�q�z�l�� �e�h�d�Z�e�v�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b��

�d�h�^�Z�� �i�j�h�p�_�k�k�h�j�Z�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �J�_�`�b�f�u�� �i�_�q�Z�l�b�� �f�b�d�j�h�l�_�d�k�l�Z�� �b��

�w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b�� �\�k�l�j�Z�b�\�Z�x�l�k�y�� �\�� �f�h�^�m�e�v�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\���� �<�� �j�_�`�b�f�_��

�q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b�� �h�[�j�Z�[�h�l�d�Z�� �\�u�i�h�e�g�y�_�l�k�y�� �h�^�g�h�\�j�_�f�_�g�g�h�� �g�Z���\�u�o�h�^�_�� �b�a�� �[�e�h�d�Z��

�^�_�d�h�^�b�j�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�b�d�k�_�e�_�c�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c �b�� �\���f�h�^�m�e�_��

�j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\. �J�_�`�b�f���^�h�[�Z�\�e�_�g�b�y���\���^�h�d�m�f�_�g�l���k�d�j�u�l�u�o�� �P�<�A�� �\�k�l�j�Z�b�\�Z�_�l�k�y��

�g�Z���\�u�o�h�^�_���b�a���[�e�h�d�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���\���i�_�q�Z�l�g�u�c�� �j�Z�k�l�j�� 

4.3.1. �=�_�g�_�j�Z�p�b�y���f�b�d�j�h�k�b�f�\�h�e�h�\���b �i�_�q�Z�l�v �f�b�d�j�h�l�_�d�k�l�Z�� 

�D�� �g�_�^�h�k�l�Z�l�d�Z�f�� �k�i�j�h�_�d�l�b�j�h�\�Z�g�g�u�o �^�e�y�� �f�b�d�j�h�i�_�q�Z�l�b �f�b�d�j�h�r�j�b�n�l�h�\���� �l�Z�d�b�o��

�d�Z�d��MicroText Specialty Imaging Fonts �d�h�f�i�Z�g�b�b��Xerox [172], �h�l�g�h�k�b�l�k�y���l�h�����q�l�h���h�g�b��

�k�m�s�_�k�l�\�m�x�l�� �^�e�y�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �y�a�u�d�h�\���� �b�� �^�e�y���\�k�l�j�Z�b�\�Z�g�b�y�� �w�l�b�o��

�r�j�b�n�l�h�\�� �\�� �^�h�d�m�f�_�g�l�� �l�j�_�[�m�_�l�k�y�� �m�k�l�Z�g�h�\�d�Z�� �g�Z�� �I�D�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �I�H. �>�e�y��
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�i�h�e�v�a�h�\�Z�l�_�e�y�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�h �b�f�_�l�v�� �\�h�a�f�h�`�g�h�k�l�v �i�_�q�Z�l�Z�l�v�� �f�b�d�j�h�l�_�d�k�l�� �g�Z���e�x�[�h�f��

�y�a�u�d�_���b���b�a���i�j�h�b�a�\�h�e�v�g�h�]�h �I�H�� 

�K�i�h�k�h�[���]�_�g�_�j�Z�p�b�b���f�b�d�j�h�k�b�f�\�h�e�h�\���©�g�Z���e�_�l�m�ª 

 �G�Z�� �i�_�j�\�u�c�� �\�a�]�e�y�^�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y���� �q�l�h�� �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �\���^�h�d�m�f�_�g�l�_����

�k�h�a�^�Z�g�g�h�f���\���e�x�[�h�f���i�j�b�d�e�Z�^�g�h�f���I�H�� �g�Z�i�j�b�f�_�j��MS Word�����l�_�d�k�l���k���j�Z�a�f�_�j�h�f���r�j�b�n�l�Z��

�i�h�� �\�_�j�l�b�d�Z�e�b�� ���d�_�]�e�_�f���� �j�Z�\�g�u�f �h�^�g�h�f�m �l�b�i�h�]�j�Z�n�k�d�h�f�m�� �i�m�g�d�l�m (~350 �f�d�f������

�g�Z�i�_�q�Z�l�Z�l�v�� �w�l�h�l�� �^�h�d�m�f�_�g�l���� �b �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �i�h�e�m�q�b�l�v�� �f�b�d�j�h�l�_�d�k�l���� �H�^�g�Z�d�h�� �i�j�b��

�i�_�q�Z�l�b�� �l�_�d�k�l�Z�� �l�Z�d�h�]�h�� �j�Z�a�f�_�j�Z�� �j�Z�a�e�b�q�b�f�u�� �l�h�e�v�d�h�� �h�l�^�_�e�v�g�u�_ �k�b�f�\�h�e�u �g�_�d�h�l�h�j�u�o��

�r�j�b�n�l�h�\���� �g�Z�i�j�b�f�_�j��Arial. �>�e�y �[�h�e�v�r�b�g�k�l�\�Z�� �k�_�f�_�c�k�l�\�� �r�j�b�n�l�h�\��[192]���� �h�k�h�[�_�g�g�h��

�^�_�d�h�j�Z�l�b�\�g�u�o �b�� �b�f�b�l�b�j�m�x�s�b�o�� �j�m�d�h�i�b�k�g�u�_�� �i�h�q�l�b�� �\�k�_�� �k�b�f�\�h�e�u�� �k�l�Z�g�h�\�y�l�k�y��

�g�_�j�Z�a�e�b�q�b�f�u�f�b�� �I�h�^�� �j�Z�a�e�b�q�b�f�h�k�l�v�x�� �i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �q�_�e�h�\�_�d�Z��

�j�Z�k�i�h�a�g�Z�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�c�� �g�Z�� �[�m�f�Z�]�_�� �k�b�f�\�h�e �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �m�\�_�e�b�q�b�l�_�e�v�g�h�]�h��

�k�l�_�d�e�Z. 

�I�j�_�^�e�Z�]�Z�_�f�Z�y�� �e�h�d�Z�e�v�g�Z�y�� �f�h�^�b�n�b�d�Z�p�b�y�� �f�h�^�m�e�y�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\ 

�i�h�a�\�h�e�y�_�l�� �]�_�g�_�j�b�j�h�\�Z�l�v�� �f�b�d�j�h�k�b�f�\�h�e�u�� �³�g�Z�� �e�_�l�m�´ [177�í180]���� �G�Z�� �j�b�k�m�g�d�_�� ��������

�i�h�d�Z�a�Z�g�� �n�j�Z�]�f�_�g�l�� �k�o�_�f�u�� �h�[�j�Z�[�h�l�d�b�� �\�� �f�h�^�m�e�_�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\�� �\��RIP 

Postscript [21]���� �Q�l�h�[�u�� �b�a�[�_�`�Z�l�v�� �i�h�\�l�h�j�g�h�c�� �j�Z�k�l�_�j�b�a�Z�p�b�b���� �l���_�� �l�j�Z�g�k�n�h�j�f�Z�p�b�b��

�k�b�f�\�h�e�Z�� �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �j�Z�a�f�_�j�h�f���r�j�b�n�l�Z�� �b�� �j�Z�a�j�_�r�_�g�b�_�f���i�_�q�Z�l�b�� �b�a�� �\�_�d�l�h�j�g�h�]�h��

�h�i�b�k�Z�g�b�y���\���d�Z�j�l�m���[�b�l�����[�b�g�Z�j�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���k�b�f�\�h�e�Z)�����b�k�i�h�e�v�a�m�_�l�k�y�� �d�w�r �r�j�b�n�l�h�\��

(font cache). �>�e�y���k�h�d�j�Z�s�_�g�b�y���h�[�t�z�f�Z���b�k�i�h�e�v�a�m�_�f�h�c�� �h�i�_�j�Z�l�b�\�g�h�c�� �i�Z�f�y�l�b �d�Z�j�l�u���[�b�l��

�^�e�y�� �[�h�e�v�r�b�o�� �r�j�b�n�l�h�\�� �g�_�� �k�h�o�j�Z�g�y�x�l�k�y�� �\��font cache���� �<�� �w�l�m�� �k�o�_�f�m�� �^�h�[�Z�\�e�y�_�l�k�y �^�\�Z��

�[�e�h�d�Z���� �h�[�\�_�^�z�g�g�u�o�� �g�Z�� �j�b�k�m�g�d�_�� ������ �i�m�g�d�l�b�j�g�h�c�� �e�b�g�b�_�c: �b�a�f�_�g�_�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\��

�r�j�b�n�l�Z���^�h���j�_�g�^�_�j�b�g�]�Z�� �k�b�f�\�h�e�Z���\���d�Z�j�l�m���[�b�l���b���b�a�f�_�g�_�g�b�_�� �d�Z�j�l�u�� �[�b�l���i�h�k�e�_�� 

�?�k�e�b�� �^�e�y���i�_�q�Z�l�b���i�h�k�l�m�i�Z�_�l�� �k�b�f�\�h�e�� �r�j�b�n�l�Z���j�Z�a�f�_�j�Z�������i�m�g�d�l�Z�� �b�e�b�� �f�_�g�_�_�����l�h���\��

�[�e�h�d�_�� �b�a�f�_�g�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �r�j�b�n�l�Z�� �g�Z�a�\�Z�g�b�_�� �r�j�b�n�l�Z�� �a�Z�f�_�g�y�_�l�k�y�� �g�Z��Helvetica���� �Z��

�j�Z�a�f�_�j�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �j�Z�\�g�u�f�� ���� �i�m�g�d�l�Z�f���� �<�u�[�h�j��Helvetica �h�[�m�k�e�h�\�e�_�g�� �l�_�f���� �q�l�h��

�w�l�h�� �h�^�b�g�� �b�a�� �k�l�Z�g�^�Z�j�l�g�u�o�� �r�j�b�n�l�h�\��Postscript���� �\�� �w�l�h�f�� �r�j�b�n�l�_�� �k�m�s�_�k�l�\�m�x�l��

�g�Z�q�_�j�l�Z�g�b�y��(glyph) �^�e�y�� �f�g�h�]�b�o �y�a�u�d�h�\���� �n�h�j�f�Z�� �g�Z�q�_�j�l�Z�g�b�c�� �i�j�h�k�l�Z �b�� �g�_�� �k�h�^�_�j�`�b�l��
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�^�_�d�h�j�Z�l�b�\�g�u�o�� �w�e�_�f�_�g�l�h�\���� �g�Z�i�j�b�f�_�j�� �a�Z�k�_�q�_�d��(serif)���� �J�Z�a�f�_�j�� �r�j�b�n�l�Z�� �\�� ���� �i�m�g�d�l�h�\��

�i�h�a�\�h�e�y�_�l�� �\�u�i�h�e�g�b�l�v�� �j�_�g�^�_�j�b�g�]�� �k�b�f�\�h�e�Z�� �l�Z�d���� �q�l�h���h�g�� �o�h�j�h�r�h�� �j�Z�a�e�b�q�b�f���� �i�j�b�� �w�l�h�f��

�i�j�b���j�Z�k�l�_�j�b�a�Z�p�b�b�� �i�j�b�f�_�g�y�_�l�k�y�� �o�b�g�l�b�g�]��[193] �± �g�Z�[�h�j���i�j�Z�\�b�e�� �^�e�y���m�e�m�q�r�_�g�b�y�� �\�b�^�Z��

�h�l�g�h�k�b�l�_�e�v�g�h���f�Z�e�_�g�v�d�b�o�� ���f�_�g�v�r�_���������i�m�g�d�l�h�\�����[�m�d�\�����D�j�h�f�_���l�h�]�h�����q�_�f���[�h�e�v�r�_���j�Z�a�f�_�j��
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�>�Z�e�_�_�� �k�m�s�_�k�l�\�m�x�s�b�c�� �[�e�h�d �j�_�g�^�_�j�b�g�]�Z�� �b�a�� �d�h�^�Z�� �k�b�f�\�h�e�Z�� �b�� �\�_�d�l�h�j�g�h�]�h��

�h�i�b�k�Z�g�b�y�� �^�e�y�� �r�j�b�n�l�Z��Helvetica �j�Z�a�f�_�j�Z�� ���� �i�m�g�d�l�h�\�� �k�h�a�^�Z�z�l�� �d�Z�j�l�m�� �[�b�l�� �k��

�b�a�h�[�j�Z�`�_�g�b�_�f�� �k�b�f�\�h�e�Z���� �<�� �d�Z�j�l�_�� �[�b�l�� �_�^�b�g�b�p�Z�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�_�q�Z�l�Z�_�f�h�c�� �l�h�q�d�_���� �Z��

�g�h�e�v���± �g�_�i�_�q�Z�l�Z�_�f�h�c�����>�e�y���b�a�h�[�j�Z�`�_�g�b�y���k�b�f�\�h�e�Z���k�l�j�h�b�l�k�y���h�k�l�h�\�����k�d�_�e�_�l�����k���i�h�f�h�s�v�x��

�h�i�_�j�Z�p�b�b�� �m�l�h�g�v�r�_�g�b�y���� �I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �f�_�l�h�^�h�\�� �m�l�h�g�v�r�_�g�b�y�� 

�i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �\�� �h�[�a�h�j�Z�o��[194, 195]���� �\�u�[�j�Z�g�� �Z�e�]�h�j�b�l�f��Ahmed�íWard [196] , 

�d�h�l�h�j�u�c�� �^�Z�z�l�� �h�k�l�h�\�u���� �i�h�o�h�`�b�_�� �g�Z�� �b�k�o�h�^�g�u�_�� �k�b�f�\�h�e�u���� �b�� �j�_�Z�e�b�a�m�_�l�k�y�� �k�� �i�h�f�h�s�v�x��

�d�h�f�i�Z�d�l�g�h�]�h���i�j�h�]�j�Z�f�f�g�h�]�h�����d�h�^�Z������ 

�B�a�h�[�j�Z�`�_�g�b�_�� �k �h�k�l�h�\�h�f �g�_�h�[�o�h�^�b�f�h�� �m�f�_�g�v�r�b�l�v�� �^�h�� �b�k�o�h�^�g�h�]�h�� �j�Z�a�f�_�j�Z��

�r�j�b�n�l�Z�����>�e�y���w�l�h�]�h���b�a�h�[�j�Z�`�_�g�b�_���j�Z�a�[�b�\�Z�_�l�k�y���g�Z���y�q�_�c�d�b���i�h���q�b�k�e�m���i�b�d�k�_�e�_�c�� �p�_�e�_�\�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���� �?�k�e�b�� �o�h�l�y�� �[�u�� �h�^�b�g�� �i�b�d�k�_�e�v�� �k�d�_�e�_�l�Z�� �i�h�i�Z�^�Z�_�l�� �\�� �y�q�_�c�d�m���� �l�h��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �i�b�d�k�_�e�v�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �\���������\���i�j�h�l�b�\�g�h�f���k�e�m�q�Z�_�� �i�b�d�k�_�e�v�� �j�Z�\�_�g��

0.  

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d��4.5 �± �B�e�e�x�k�l�j�Z�p�b�y���w�l�Z�i�h�\���]�_�g�_�j�Z�p�b�b���f�b�d�j�h�k�b�f�\�h�e�h�\: a) �J�Z�k�l�j�b�j�h�\�Z�g�g�u�_���k�b�f�\�h�e�u���^�e�y��

�d�_�]�e�y����; b) �H�k�l�h�\�u���k�b�f�\�h�e�h�\�����i�h�d�Z�a�Z�g�g�u�_���g�Z���k�_�l�d�_���b�a���y�q�_�_�d; c) �h�k�l�h�\�u�����m�f�_�g�v�r�_�g�g�u�_�� �^�h��

�p�_�e�_�\�h�]�h���j�Z�a�f�_�j�Z; d) �b�l�h�]�h�\�u�_���[�b�l�h�\�u�_���d�Z�j�l�u���k���f�b�d�j�h�k�b�f�\�h�e�Z�f�b.   
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�I�h�e�m�q�Z�_�f�u�_�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �f�b�d�j�h�k�b�f�\�h�e�u�� �j�Z�a�e�b�q�b�f�u�� �i�j�b���i�_�q�Z�l�b�� �k��

�i�h�f�h�s�v�x�� �e�Z�a�_�j�g�h�]�h�� �i�j�b�g�l�_�j�Z���� �H�^�g�Z�d�h�� �^�e�y�� �j�Z�a�j�_�r�_�g�b�y�� �i�_�q�Z�l�b�� ����������dpi �b�� �\�u�r�_ 

�h�l�j�_�a�d�b�� �l�h�e�s�b�g�h�c�� �\���h�^�b�g�� �i�b�d�k�_�e�v�� �f�h�]�m�l�� �i�e�h�o�h�� �i�j�h�i�_�q�Z�l�u�\�Z�l�v�k�y�� �b�a-�a�Z�� �g�_�^�h�k�l�Z�l�d�Z��

�a�Z�j�y�^�Z�� �\�� �w�l�h�f�� �f�_�k�l�_�� �g�Z�� �n�h�l�h�[�Z�j�Z�[�Z�g�_���� �W�l�h�� �a�Z�\�b�k�b�l�� �h�l�� �d�Z�q�_�k�l�\�Z�� �l�h�g�_�j�Z�� �b�� �[�m�f�Z�]�b����

�b�a�g�h�k�Z���n�h�l�h�[�Z�j�Z�[�Z�g�Z���b���_�s�z���j�y�^�Z���n�Z�d�l�h�j�h�\�����?�k�e�b���^�e�y���h�l�j�_�a�d�Z���b�a���l�j�z�o���i�h�^�j�y�^���b�^�m�s�b�o��

�i�h���i�j�y�f�h�c���i�b�d�k�_�e�_�c�� �k�[�h�d�m�� �h�l���k�j�_�^�g�_�]�h���i�b�d�k�_�e�y�� �³�i�j�b�d�e�_�b�l�v�´ �_�s�z���h�^�b�g���i�b�d�k�_�e�v ���g�_��

�\�Z�`�g�h���� �k�� �d�Z�d�h�c�� �k�l�h�j�h�g�u������ �l�h�� �h�l�j�_�a�d�b���� �d�Z�d�� �i�j�Z�\�b�e�h�� �i�j�h�i�_�q�Z�l�u�\�Z�x�l�k�y �i�h�e�g�h�k�l�v�x. 

�:�g�Z�e�h�]�b�q�g�h���� �_�k�e�b�� �w�e�_�f�_�g�l�� �k�b�f�\�h�e�Z�� �©�l�h�q�d�Z�ª���� �g�Z�i�j�b�f�_�j�� �\���[�m�d�\�_�� �©i�ª���� �\�� �j�_�a�m�e�v�l�Z�l�_��

�m�l�h�g�v�r�_�g�b�y�� �l�j�Z�g�k�n�h�j�f�b�j�m�_�l�k�y�� �_�^�b�g�k�l�\�_�g�g�u�c�� �i�b�d�k�_�e�v���� �l�h�� �h�g���� �\�_�j�h�y�l�g�h���� �g�_��

�i�j�h�i�_�q�Z�l�Z�_�l�k�y���� �I�h�w�l�h�f�m�� �d�� �h�l�^�_�e�v�g�h�� �j�Z�k�i�h�e�h�`�_�g�g�h�f�m �i�b�d�k�_�e�x �h�k�l�h�\�Z 

�©�i�j�b�d�e�_�b�\�Z�_�l�k�y�ª�� �_�s�z�� �^�\�Z�� �l�Z�d���� �q�l�h�[�u�� �w�l�b�� �l�j�b�� �i�b�d�k�_�e�y�� �n�h�j�f�b�j�h�\�Z�e�b�� �f�_�`�^�m�� �k�h�[�h�c��

�m�]�h�e�����F�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y�� �d�Z�j�l�Z���[�b�l���k�h�o�j�Z�g�y�_�l�k�y�� �\���d�w�r�_ �r�j�b�n�l�h�\. 

�G�Z�� �j�b�k�m�g�d�_�� �������� �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �]�_�g�_�j�Z�p�b�b�� �f�b�d�j�h�k�b�f�\�h�e�h�\���� �>�e�y��

�j�Z�k�l�j�b�j�h�\�Z�g�g�u�o�� �k�b�f�\�h�e�h�\�� �j�Z�a�f�_�j�Z�� �r�j�b�n�l�Z�� ���� ���j�b�k�m�g�h�d�� ������a���� �\�u�i�h�e�g�y�_�l�k�y��

�i�h�k�l�j�h�_�g�b�_�� �h�k�l�h�\�Z�� ���j�b�k�m�g�h�d 4.5b). �A�_�e�z�g�u�f�� �g�Z�� �j�b�k�m�g�d�_�� ������b �i�h�d�Z�a�Z�g�Z�� �k�_�l�d�Z�� �b�a��12 

�y�q�_�_�d���\���\�u�k�h�l�m���� �q�l�h���i�j�b���j�Z�a�j�_�r�_�g�b�b�� ����������dpi �k�h�h�l�\�_�l�k�l�\�m�_�l �\�u�k�h�l�_ �f�b�d�j�h�k�b�f�\�h�e�Z��

�\��0.01 �^�x�c�f�Z�� �J�b�k�m�g�h�d�� �������k�� �h�l�h�[�j�Z�`�Z�_�l�� �j�_�a�m�e�v�l�Z�l�u �m�f�_�g�v�r�_�g�b�y�� �k�b�f�\�h�e�h�\�� �^�h�� ������

�i�b�d�k�_�e�_�c�� �\�� �\�u�k�h�l�m���� �B�l�h�]�h�\�u�_�� �[�b�l�h�\�u�_�� �d�Z�j�l�u�� �k�� �f�b�d�j�h�k�b�f�\�h�e�Z�f�b���� �]�^�_�� �d�� �h�k�l�h�\�m��

�³�i�j�b�d�e�_�_�g�u�´���^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �i�b�d�k�_�e�b�� �i�h�d�Z�a�Z�g�� �g�Z���j�b�k�m�g�d�_�� ������d. 

�J�_�a�m�e�v�l�Z�l�u 

�G�Z���j�b�k�m�g�d�_�� ���������i�j�b�\�_�^�_�g�h���^�\�Z���i�j�b�f�_�j�Z���l�_�d�k�l�Z�����g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �r�j�b�n�l�h�f���d�_�]�e�y��

1 �k���j�Z�a�j�_�r�_�g�b�_�f�� �i�_�q�Z�l�b�� ����������dpi. �<�� �i�_�j�\�h�f���k�e�m�q�Z�_�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �f�h�g�h�r�b�j�b�g�g�u�c��

�r�j�b�n�l��Courier (�j�b�k�m�g�h�d�� ������a)���� �k�b�f�\�h�e�u�� �d�h�l�h�j�h�]�h�� �b�f�_�x�l���� �i�h�`�Z�e�m�c���� �g�Z�b�e�m�q�r�m�x�� �� 

�j�Z�a�e�b�q�b�f�h�k�l�v �^�e�y�� �f�Z�e�_�g�v�d�b�o�� �j�Z�a�f�_�j�h�\�� �r�j�b�n�l�Z���� �<�l�h�j�h�c�� �i�j�b�f�_�j�� �g�Z�i�_�q�Z�l�Z�g��

�i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f���k���i�h�f�h�s�v�x���]�_�g�_�j�Z�p�b�b�� �f�b�d�j�h�k�b�f�\�h�e�h�\��«�g�Z���e�_�l�m» (�j�b�k�m�g�h�d��

4.6b)���� �>�e�y�� �w�l�h�]�h�� �b�� �i�h�k�e�_�^�m�x�s�b�o�� �\�� �w�l�h�c�� �]�e�Z�\�_ �i�j�b�f�_�j�h�\�� �h�j�b�]�b�g�Z�e �k�d�Z�g�b�j�h�\�Z�g�� �k��

�h�i�l�b�q�_�k�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�� ����������dpi. �F�g�h�]�b�_�� �k�b�f�\�h�e�u���� �g�Z�i�_�q�Z�l�Z�g�g�u�_�� �r�j�b�n�l�h�f��

Courier, �g�_�j�Z�a�e�b�q�b�f�u���� �o�h�l�y���l�_�d�k�l���f�h�`�g�h���i�j�h�q�b�l�Z�l�v���a�Z���k�q�z�l���m�]�Z�^�u�\�Z�g�b�y �p�_�e�u�o�� �k�e�h�\�� 
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�A�Z�f�_�l�b�f���� �q�l�h �^�e�y�� �[�h�e�v�r�b�g�k�l�\�Z�� �^�j�m�]�b�o�� �r�j�b�n�l�h�\�� �j�Z�a�e�b�q�b�f�h�k�l�v�� �k�b�f�\�h�e�h�\�� �l�_�d�k�l�Z��

�[�m�^�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �o�m�`�_���� �I�j�b�� �w�l�h�f�� �\�k�_�� �k�b�f�\�h�e�u���� �g�Z�i�_�q�Z�l�Z�g�g�u�_�� �i�j�_�^�e�Z�]�Z�_�f�u�f��

�k�i�h�k�h�[�h�f�����e�_�]�d�h�� �m�a�g�Z�\�Z�_�f�u���� 

�I�_�q�Z�l�v�� �f�b�d�j�h�k�b�f�\�h�e�h�\�� �^�e�y��9 �j�Z�a�e�b�q�g�u�o�� �y�a�u�d�h�\�� ���j�m�k�k�d�b�c���� �Z�g�]�e�b�c�k�d�b�c����

�g�_�f�_�p�d�b�c���� �Z�j�Z�[�k�d�b�c���� �d�h�j�_�c�k�d�b�c���� �d�b�l�Z�c�k�d�b�c���� �y�i�h�g�k�d�b�c�����b�\�j�b�l�����]�j�_�q�_�k�d�b�c���� �i�h�d�Z�a�Z�e�Z����

�q�l�h�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v�� �g�Z�� �[�m�f�Z�]�_�� �j�Z�a�e�b�q�b�f�u�c�� �k�� �i�h�f�h�s�v�x��

�m�\�_�e�b�q�b�l�_�e�v�g�h�]�h�� �k�l�_�d�e�Z�� �f�b�d�j�h�l�_�d�k�l�� �^�e�y�� �\�k�_�o�� �j�Z�k�k�f�h�l�j�_�g�g�u�o�� �y�a�u�d�h�\���� �d�j�h�f�_��

�Z�j�Z�[�k�d�h�]�h���� �<�� �Z�j�Z�[�k�d�h�c�� �i�b�k�v�f�_�g�g�h�k�l�b�� �b�k�i�h�e�v�a�m�x�l�k�y�� �e�b�]�Z�l�m�j�u�� ���k�b�f�\�h�e�u�� �i�b�r�m�l�k�y��

�k�e�b�l�g�h����[197]�����I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���g�_���]�Z�j�Z�g�l�b�j�m�_�l�� �i�e�Z�\�g�h�]�h���i�_�j�_�o�h�^�Z���g�Z�q�_�j�l�Z�g�b�y��

�h�^�g�h�]�h���k�b�f�\�h�e�Z���\���^�j�m�]�h�c�����W�l�h���h�]�j�Z�g�b�q�_�g�b�_�� �f�h�`�g�h���i�j�_�h�^�h�e�_�l�v���i�m�l�z�f���f�h�^�b�n�b�d�Z�p�b�b��

�Z�e�]�h�j�b�l�f�Z���� �g�h���l�Z�d�Z�y�� �a�Z�^�Z�q�Z���g�_�� �j�_�r�Z�e�Z�k�v���� �>�e�y���y�i�h�g�k�d�b�o���b���d�h�j�_�c�k�d�b�o�� �b�_�j�h�]�e�b�n�h�\���� �Z��

�l�Z�d�`�_�� �k�b�f�\�h�e�h�\�� �d�h�j�_�c�k�d�h�]�h�� �i�b�k�v�f�Z���� �l�_�k�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �^�e�y�� �m�\�_�j�_�g�g�h�]�h�� �q�l�_�g�b�y��

�g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�� �f�b�d�j�h�l�_�d�k�l�Z�� �k�e�_�^�m�_�l�� �m�\�_�e�b�q�b�l�v�� �\�u�k�h�l�m��

�f�b�d�j�h�k�b�f�\�h�e�h�\�� �^�h���������� �f�d�f�����I�j�b�f�_�j�� �f�b�d�j�h�l�_�d�k�l�Z�� �g�Z�� �d�h�j�_�c�k�d�h�f�� �y�a�u�d�_�� �i�h�d�Z�a�Z�g�� �g�Z��

�j�b�k�m�g�d�_�� �������� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d��4.6 �± �L�_�d�k�l�����g�Z�i�_�q�Z�l�Z�g�g�u�c���r�j�b�n�l�h�f���d�_�]�e�y����: a) �r�j�b�n�l��Courier; b) �i�j�_�^�e�Z�]�Z�_�f�u�c��

�k�i�h�k�h�[. 

 
�J�b�k�m�g�h�d��4.7 �± �I�j�b�f�_�j �g�Z�i�_�q�Z�l�Z�g�g�h�]�h���f�b�d�j�h�l�_�d�k�l�Z���g�Z���d�h�j�_�c�k�d�h�f���y�a�u�d�_. 
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a) 

 
b) 

�J�b�k�m�g�h�d��4.8 �± �B�e�e�x�k�l�j�Z�p�b�y���b�k�d�Z�`�_�g�b�y���f�b�d�j�h�l�_�d�k�l�Z���i�j�b���d�h�i�b�j�h�\�Z�g�b�b: a) �f�b�d�j�h�l�_�d�k�l���g�Z��

�h�j�b�]�b�g�Z�e�_; b) �f�b�d�j�h�l�_�d�k�l���g�Z���d�h�i�b�b. 

 

�J�b�k�m�g�h�d�� �������� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �b�k�d�Z�`�_�g�b�y�� �f�b�d�j�h�l�_�d�k�l�Z�� �i�j�b�� �d�h�i�b�j�h�\�Z�g�b�b���� �G�Z��

�g�Z�i�_�q�Z�l�Z�g�g�h�f�� �h�j�b�]�b�g�Z�e�_�� �l�_�k�l�� �j�Z�a�e�b�q�b�f�� ���j�b�k�m�g�h�d�� ������a������ �Z�� �g�Z�� �d�h�i�b�b (�j�b�k�m�g�h�d�� ������b) 

�i�h�e�g�h�k�l�v�x���b�k�d�Z�a�b�e�k�y�� �I�_�q�Z�l�v�� �b���d�h�i�b�j�h�\�Z�g�b�_���\�u�i�h�e�g�_�g�u�� �k���i�h�f�h�s�v�x���F�N�I�� �6�D�P�V�X�Q�J��

CLX-6240���� �<�u�k�h�l�Z�� �k�b�f�\�h�e�h�\�� �f�b�d�j�h�l�_�d�k�l�Z�� �g�Z�� �j�b�k�m�g�d�_�� ������a �k�h�k�l�Z�\�e�y�_�l�� �������� �f�d�f�����l�h��

�_�k�l�v���j�Z�\�g�Z���\�u�k�h�l�_���f�b�d�j�h�l�_�d�k�l�Z�����g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �r�j�b�n�l�h�f��Xerox MicroText Specialty 

Imaging Fonts ���j�b�k�m�g�h�d�� ������������ �D�Z�q�_�k�l�\�h�� �f�b�d�j�h�l�_�d�k�l�Z�� �k�j�Z�\�g�b�f�h���� �o�h�l�y�� �r�j�b�n�l��Xerox 

�k�i�_�p�b�Z�e�v�g�h�� �k�i�j�h�_�d�l�b�j�h�\�Z�g�� �^�e�y�� �f�b�d�j�h�i�_�q�Z�l�b���� �Z�� �\�� �i�j�_�^�e�Z�]�Z�_�f�h�f�� �k�i�h�k�h�[�_�� �[�b�l�h�\�u�_��

�d�Z�j�l�u���k���f�b�d�j�h�k�b�f�\�h�e�Z�f�b���]�_�g�_�j�b�j�m�x�l�k�y�� �©�g�Z�� �e�_�l�m�ª. 

�J�_�Z�e�b�a�h�\�Z�g�g�u�c�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H�� �j�_�`�b�f�� �f�b�d�j�h�i�_�q�Z�l�b�� �h�d�Z�a�u�\�Z�_�l 

�g�_�a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z�� �\�j�_�f�y���i�_�q�Z�l�b �i�h�� �k�j�Z�\�g�_�g�b�x�� �k���h�[�u�q�g�u�f�� �j�_�`�b�f�h�f�����l�Z�d 

�d�Z�d�� �\�� �f�h�^�m�e�v�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\�� �^�h�[�Z�\�e�_�g�h�� �\�k�_�]�h�� �g�_�k�d�h�e�v�d�h�� �m�k�e�h�\�g�u�o��

�h�i�_�j�Z�l�h�j�h�\�����D�j�h�f�_���l�h�]�h�����a�Z���k�q�z�l���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �d�w�r�Z �r�j�b�n�l�h�\���^�e�y���o�j�Z�g�_�g�b�y�� �d�Z�j�l�u��

�[�b�l���d�Z�`�^�h�]�h���d�h�^�Z �k�b�f�\�h�e�Z�����j�Z�a�f�_�j�Z���b���g�Z�a�\�Z�g�b�y �r�j�b�n�l�Z���j�Z�k�l�_�j�b�a�Z�p�b�y�� �\�u�i�h�e�g�y�_�l�k�y��

�l�h�e�v�d�h�� �h�^�b�g�� �j�Z�a�����>�h�[�Z�\�e�_�g�b�_�� �d���k�l�j�Z�g�b�p�_�� �l�_�d�k�l�Z�� ������������ �[�m�d�\�� �Z�g�]�e�b�c�k�d�h�]�h�� �Z�e�n�Z�\�b�l�Z����

�j�Z�a�f�_�j���r�j�b�n�l�Z�� ������ �i�m�g�d�l�h�\����100 �k�b�f�\�h�e�h�\�� �f�b�d�j�h�l�_�d�k�l�Z�� �m�\�_�e�b�q�b�\�Z�_�l�� �\�j�_�f�y���i�_�q�Z�l�b��

�f�_�g�_�_���q�_�f���g�Z������������ �k�����q�l�h���g�_�a�Z�f�_�l�g�h���^�e�y���i�h�e�v�a�h�\�Z�l�_�e�y.   

4.3.2. �K�i�h�k�h�[���w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b 

�W�d�h�g�h�f�b�q�g�u�c�� �k�i�h�k�h�[���i�j�_�^�i�h�e�Z�]�Z�_�l�� �i�_�q�Z�l�v���^�h�d�m�f�_�g�l�h�\���^�h�k�l�Z�l�h�q�g�h���\�u�k�h�d�h�]�h��

�d�Z�q�_�k�l�\�Z���� �g�h���k���a�Z�f�_�l�g�h�c�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z���i�h���k�j�Z�\�g�_�g�b�x�� �k�� �h�[�u�q�g�u�f �j�_�`�b�f�h�f�����D�Z�d��

�h�l�f�_�q�_�g�h�� �\�� �j�Z�a�^�_�e�_�� �������������� �h�[�u�q�g�h�� �l�Z�d�h�c�� �p�_�e�b�� �k�e�m�`�b�l�� �g�_�[�h�e�v�r�h�_�� �i�h�\�u�r�_�g�b�_��
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�y�j�d�h�k�l�b���\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�_�c���k�b�f�\�h�e�h�\�����g�h���i�j�b���w�l�h�f���a�Z�f�_�l�g�Z�� �l�_�d�k�l�m�j�Z���� �h�[�j�Z�a�m�_�f�Z�y��

�i�_�q�Z�l�g�u�f�� �j�Z�k�l�j�h�f�� �\�h�� �\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o���� �I�j�_�^�e�Z�]�Z�_�l�k�y�� �m�f�_�g�v�r�b�l�v�� �d�h�e�b�q�_�k�l�\�h��

�i�_�q�Z�l�Z�_�f�u�o�� �l�h�q�_�d�� �\�h�� �\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o�� �k�b�f�\�h�e�h�\�� �i�m�l�z�f�� �i�_�j�_�d�e�x�q�_�g�b�y��

�w�e�_�f�_�g�l�h�\ �\�� �d�Z�j�l�_�� �[�b�l�� �j�Z�k�l�j�b�j�h�\�Z�g�g�h�]�h�� �k�b�f�\�h�e�Z���� �i�j�b�q�z�f�� �i�h�e�h�`�_�g�b�_���l�h�q�_�d��

�\�u�[�b�j�Z�_�l�k�y���k�e�m�q�Z�c�g�u�f�� �h�[�j�Z�a�h�f�����g�h���a�Z�\�b�k�b�l���h�l���j�Z�g�_�_���i�_�j�_�d�e�x�q�_�g�g�u�o �[�b�l [181, 182] . 

�W�l�h�l�� �k�i�h�k�h�[�� �\�k�l�j�Z�b�\�Z�_�l�k�y�� �\�� �f�h�^�m�e�v�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\ (�j�b�k�m�g�h�d�� ������). 

�B�a�f�_�g�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �r�j�b�n�l�Z�� �g�_�� �i�j�h�b�k�o�h�^�b�l���� �b�a�f�_�g�y�_�l�k�y�� �l�h�e�v�d�h�� �d�Z�j�l�Z�� �[�b�l����

�:�g�Z�e�h�]�b�q�g�h�� �]�_�g�_�j�Z�p�b�b�� �f�b�d�j�h�k�b�f�\�h�e�h�\ �a�Z�� �k�q�z�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �d�w�r�Z �r�j�b�n�l�h�\�� �g�_�l��

�g�_�h�[�o�h�^�b�f�h�k�l�b�� �i�h�\�l�h�j�g�h�� �h�[�j�Z�[�Z�l�u�\�Z�l�v�� �d�Z�j�l�u�� �[�b�l�� �l�_�o�� �k�b�f�\�h�e�h�\�� �b�� �r�j�b�n�l�h�\����

�d�h�l�h�j�u�_���^�e�y���w�l�h�]�h���a�Z�^�Z�g�b�y�� �g�Z���i�_�q�Z�l�v/�f�_�l�Z�n�Z�c�e�Z�� �\�k�l�j�_�q�Z�e�b�k�v�� �j�Z�g�_�_���� 

�K�o�_�f�Z���i�_�j�_�d�e�x�q�_�g�b�y���[�b�l���j�Z�k�l�j�b�j�h�\�Z�g�g�h�]�h���k�b�f�\�h�e�Z�� 

�K�o�_�f�Z�� �g�Z�� �j�b�k�m�g�d�_�� �������� �i�h�y�k�g�y�_�l�� �j�Z�[�h�l�m�� �Z�e�]�h�j�b�l�f�Z�� �i�_�j�_�d�e�x�q�_�g�b�y�� �[�b�l �\��

�k�e�m�q�Z�c�g�u�o�� �d�h�h�j�^�b�g�Z�l�Z�o. �I�_�j�\�u�c�� �i�j�h�l�h�l�b�i�� �w�d�h�g�h�f�b�q�g�h�]�h�� �j�_�`�b�f�Z�� �i�_�q�Z�l�b�� �[�u�e��

�b�l�_�j�Z�p�b�h�g�g�u�f. �D�h�e�b�q�_�k�l�\�h�� �b�l�_�j�Z�p�b�c��N �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �j�Z�\�g�u�f�� �i�j�h�b�a�\�_�^�_�g�b�x��

�d�h�e�b�q�_�k�l�\�Z�� �k�l�j�h�d��H �d�Z�j�l�u���[�b�l���k�b�f�\�h�e�Z���� �d�h�e�b�q�_�k�l�\�Z�� �k�l�h�e�[�p�h�\��W �b���d�h�w�n�n�b�p�b�_�g�l�Z��k, 

k > 0.  �G�Z�� �d�Z�`�^�h�c�� �b�l�_�j�Z�p�b�b�� �]�_�g�_�j�b�j�m�_�l�k�y�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�_�� �q�b�k�e�h�� �\���^�b�Z�i�Z�a�h�g�_�� �h�l������

�^�h��WH-�����b���b�a���g�_�]�h���l�j�b�\�b�Z�e�v�g�u�f�� �h�[�j�Z�a�h�f���\�u�q�b�k�e�y�x�l�k�y���d�h�h�j�^�b�g�Z�l�u��(r, c) �\���d�Z�j�l�_���[�b�l��

�k�b�f�\�h�e�Z. �>�e�y�� �l�h�]�h�� �q�l�h�[�u�� �g�Z�c�l�b�� �i�h�e�g�h�k�l�v�x�� �a�Z�i�h�e�g�_�g�g�u�c�� �d�j�Z�k�d�h�c�� �m�q�Z�k�l�h�d�� �\�� �l�_�e�_��

�k�b�f�\�h�e�Z���� �n�j�Z�]�f�_�g�l�� �d�Z�j�l�u�� �[�b�l�� �k�� �p�_�g�l�j�h�f�� �\�� ��r, c���� �k�j�Z�\�g�b�\�Z�_�l�k�y�� �k�� �f�Z�l�j�b�p�_�c���$�5 

���d�h�j�j�_�d�l�g�_�_���]�h�\�h�j�b�l�v���h���k�_�f�_�c�k�l�\�_���f�Z�l�j�b�p�����l�Z�d���d�Z�d���g�_�k�d�h�e�v�d�h�� �w�e�_�f�_�g�l�h�\���\���g�_�c���f�h�]�m�l��

�[�u�l�v�� �d�Z�d���g�m�e�z�f���� �l�Z�d���b���_�^�b�g�b�p�_�c������ �?�k�e�b�� �w�e�_�f�_�g�l�u�� �d�Z�j�l�u���[�b�l �k���p�_�g�l�j�h�f�� �\����r, c�����b���$�5 

�k�h�\�i�Z�^�Z�x�l�����l�h���n�j�Z�]�f�_�g�l���[�b�l�h�\�h�c���d�Z�j�l�u���a�Z�f�_�g�y�_�l�k�y���g�Z���f�Z�l�j�b�p�m���$�6�����\���p�_�g�l�j�_���d�h�l�h�j�h�c��

�j�Z�k�i�h�e�h�`�_�g�h�� �g�_�k�d�h�e�v�d�h�� �g�m�e�_�\�u�o�� �[�b�l���� �q�l�h�� �i�j�b�� �i�_�q�Z�l�b�� �\�_�^�z�l�� �d�� �i�h�y�\�e�_�g�b�x��

�d�j�h�r�_�q�g�h�]�h��«�i�y�l�g�Z»���� �g�_�a�Z�i�h�e�g�_�g�g�h�]�h�� �l�h�g�_�j�h�f. �A�Z�f�_�l�b�f�����q�l�h���g�_�h�[�o�h�^�b�f�h���h�[�g�m�e�b�l�v��

�g�_�k�d�h�e�v�d�h�� �k�h�k�_�^�g�b�o�� �[�b�l�����l�Z�d���d�Z�d���_�^�b�g�b�q�g�u�c�� �g�m�e�_�\�h�c�� �[�b�l�����h�d�j�m�`�z�g�g�u�c�� �_�^�b�g�b�p�Z�f�b����

�g�_���\�_�^�z�l���d���i�h�y�\�e�_�g�b�x���©�i�y�l�g�Z�ª���� �>�Z�e�_�_ �\�u�i�h�e�g�y�_�l�k�y�� �i�_�j�_�o�h�^���d���k�e�_�^�m�x�s�_�c�� �b�l�_�j�Z�p�b�b���� 

�F�Z�l�j�b�p�u���$�5 �b���$�6 �j�Z�a�e�b�q�Z�x�l�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�Z�a�j�_�r�_�g�b�y�� �i�_�q�Z�l�b��[53]. 

�G�Z�i�j�b�f�_�j���� �i�j�b���j�Z�a�j�_�r�_�g�b�b�� ��������dpi �b�k�i�h�e�v�a�m�x�l�k�y�� �f�Z�l�j�b�p�u:  
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(4.2) 

�]�^�_��
H �h�a�g�Z�q�Z�_�l�����q�l�h���w�l�h�l���w�e�_�f�_�g�l���f�h�`�_�l���[�u�l�v���d�Z�d���������l�Z�d���b������ 

 

 
�J�b�k�m�g�h�d��4.9 �± �K�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���i�_�j�_�d�e�x�q�_�g�b�y �_�^�b�g�b�q�g�u�o �[�b�l���\���k�e�m�q�Z�c�g�u�o���d�h�h�j�^�b�g�Z�l�Z�o.  

N = kWH

�I�h�e�m�q�_�g�b�_ �d�h�h�j�^�b�g�Z�l�u��(r,c) �k��
�i�h�f�h�s�v�x���]�_�g�_�j�Z�l�h�j�Z��

�i�k�_�\�^�h�k�e�m�q�Z�c�g�u�o���q�b�k�_�e����

�N�j�Z�]�f�_�g�l �d�Z�j�l�u �[�b�l���k��
�p�_�g�l�j�h�f�\��(r,c) �k�h�\�i�Z�^�Z�_�l���k��

�f�Z�l�j�b�p�_�c��B1 ?

�G�_�l

�>�Z

�A�Z�f�_�g�Z���n�j�Z�]�f�_�g�l�Z���[�b�l�h�\�h�c���d�Z�j�l�u��c 
�p�_�g�l�j�h�f���\��(r,c) �g�Z���f�Z�l�j�b�p�m��B2

N = N - 1

N = 0

�>�Z

�G�_�l
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�H�p�_�g�d�Z���w�d�h�g�h�f�b�b���l�h�g�_�j�Z 

�D�Z�q�_�k�l�\�_�g�g�h�� �\�e�b�y�g�b�_�� �i�Z�j�Z�f�_�l�j�Z��k �g�Z�� �d�h�e�b�q�_�k�l�\�h�� �i�_�j�_�d�e�x�q�_�g�g�u�o�� �[�b�l��

�i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �I�j�b��k = 0,2 �i�_�j�_�d�e�x�q�_�g�g�u�o�� �[�b�l�� �g�_�f�g�h�]�h���� �b��

�w�d�h�g�h�f�b�y�� �l�h�g�_�j�Z�� �g�_�� �\�u�k�h�d�Z���� �I�j�b��k = �������� �i�h�q�l�b�� �\�k�y�� �\�g�m�l�j�_�g�g�y�y�� �h�[�e�Z�k�l�v�� �k�b�f�\�h�e�Z��

�i�h�d�j�u�l�Z�� �h�[�e�Z�k�l�y�f�b���� �d�h�l�h�j�u�_�� �g�_�� �[�m�^�m�l�� �a�Z�i�h�e�g�_�g�u�� �l�h�g�_�j�h�f���� �b�� �w�d�h�g�h�f�b�y�� �l�h�g�_�j�Z 

�k�m�s�_�k�l�\�_�g�g�h�� �\�u�r�_�� 

 
a) 

 
b) 

�J�b�k�m�g�h�d��4.10 �± �B�e�e�x�k�l�j�Z�p�b�y���d�h�e�b�q�_�k�l�\�Z���i�_�j�_�d�e�x�q�_�g�g�u�o���w�e�_�f�_�g�l�h�\ �\���d�Z�j�l�_���[�b�l���k�b�f�\�h�e�Z �\��

�a�Z�\�b�k�b�f�h�k�l�b���h�l���i�Z�j�Z�f�_�l�j�Z��k: k = 0,2; b) k = 1,4. 

 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y�� �h�p�_�g�d�Z�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z�� �\�u�i�h�e�g�y�e�Z�k�v�� �k���i�h�f�h�s�v�x��

�i�j�h�]�j�Z�f�f�g�h�]�h�� �w�f�m�e�y�l�h�j�Z �i�m�l�z�f�� �i�h�^�k�q�_�l�Z�� �d�h�e�b�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o�� �l�h�q�_�d���� �I�j�h�p�_�g�l��

�w�d�h�g�h�f�b�b���l�h�g�_�j�Z���j�Z�\�_�g: 

�2�Ø
L
�0�Õ
F �0�æ

�0�Õ
�s�r�r�¨�á 

 

(4.3) 

�]�^�_���0�Õ �± �d�h�e�b�q�_�k�l�\�h�� �i�_�q�Z�l�Z�_�f�u�o�� �l�h�q�_�d�� �^�e�y�� �g�h�j�f�Z�e�v�g�h�]�h�� �j�_�`�b�f�Z�� �i�_�q�Z�l�b�����0�æ �± 

�d�h�e�b�q�_�k�l�\�h���l�h�q�_�d���^�e�y���w�d�h�g�h�f�b�q�g�h�]�h���j�_�`�b�f�Z�� 

�L�Z�[�e�b�p�Z�� ���������k�h�^�_�j�`�b�l �\�_�e�b�q�b�g�u �i�j�h�p�_�g�l�Z �w�d�h�g�h�f�b�b���l�h�g�_�j�Z���\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�a�g�Z�q�_�g�b�y�� �i�Z�j�Z�f�_�l�j�Z��k �^�e�y�� �^�h�d�m�f�_�g�l�h�\���� �b�k�i�h�e�v�a�m�_�f�u�o�� �\�� �k�l�Z�g�^�Z�j�l�_��ISO 24734 [29]. 

�B�k�i�h�e�v�a�h�\�Z�e�h�k�v�� �d�h�g�k�l�Z�g�l�g�h�_�� �a�g�Z�q�_�g�b�_�� �i�h�j�h�`�^�Z�x�s�_�]�h�� �w�e�_�f�_�g�l�Z�� ��seed) 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�u�o�� �q�b�k�_�e���� �i�h�w�l�h�f�m�� �i�j�h�p�_�g�l�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z��

�^�e�y���h�^�b�g�Z�d�h�\�u�o��k �g�_�� �b�a�f�_�g�y�_�l�k�y�� �h�l���a�Z�i�m�k�d�Z�� �d�� �a�Z�i�m�k�d�m���� �A�Z�f�_�l�b�f���� �q�l�h���m�\�_�e�b�q�_�g�b�_ k 

�[�h�e�v�r�_��1,0 �g�_�� �i�j�b�\�h�^�b�l�� �d�� �k�m�s�_�k�l�\�_�g�g�h�c�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z���� �i�h�w�l�h�f�m�� �^�Z�e�v�g�_�c�r�b�_��

�b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v���^�e�y��k=1,0. 
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�L�Z�[�e�b�p�Z�� ����1 �I�j�h�p�_�g�l�� �w�d�h�g�h�f�b�b �l�h�g�_�j�Z���2�Ø �\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l���i�Z�j�Z�f�_�l�j�Z��k. 

k 0,1 0,2 0,5 1,0 2,0 

�2�A, % 8,6 11,8 14,3 15,8 16,0 

 

�>�e�y�� �[�h�e�_�_�� �l�h�q�g�h�c�� �h�p�_�g�d�b�� �\�_�e�b�q�b�g�u�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z�� �i�j�h�\�h�^�b�e�k�y��

�w�d�k�i�_�j�b�f�_�g�l�����\���d�h�l�h�j�h�f���k���i�h�f�h�s�v�x���\�a�\�_�r�b�\�Z�g�b�y���d�Z�j�l�j�b�^�`�Z���k���l�h�g�_�j�h�f���h�i�j�_�^�_�e�y�e�k�y��

�\�_�k�� �d�j�Z�k�d�b���� �b�a�j�Z�k�o�h�^�h�\�Z�g�g�h�c�� �i�j�b�� �i�_�q�Z�l�b�� �\�� �h�[�u�q�g�h�f �b�� �i�j�_�^�e�Z�]�Z�_�f�h�f�� �j�_�`�b�f�_����

�<�u�i�h�e�g�y�e�Z�k�v�� �i�_�q�Z�l�v�� �k�l�Z�� �d�h�i�b�c�� �^�h�d�m�f�_�g�l�h�\�� �b�a�� �k�l�Z�g�^�Z�j�l�Z��ISO 24734 [29] �g�Z�� �F�N�I��

Samsung CLX-6240 [145]���� �I�j�b�� �i�_�q�Z�l�b�� �\���w�d�h�g�h�f�b�q�g�h�f �j�_�`�b�f�_�� �a�Z�l�j�Z�q�_�g�h���g�Z�� ���������� ����

�f�_�g�v�r�_���l�h�g�_�j�Z���� 

�A�Z���k�q�_�l���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �d�w�r�Z �r�j�b�n�l�h�\���b���w�n�n�_�d�l�b�\�g�h�c�� �j�_�Z�e�b�a�Z�p�b�b�� �Z�e�]�h�j�b�l�f�Z��

�g�Z��DSP �\�j�_�f�y���i�_�q�Z�l�b���g�Z Samsung CLX-6240 �\���w�d�h�g�h�f�b�q�g�h�f�� �j�_�`�b�f�_ �m�\�_�e�b�q�b�e�h�k�v 

�e�b�r�v �g�Z��������% �i�h���k�j�Z�\�g�_�g�b�x�� �k���h�[�u�q�g�u�f���j�_�`�b�f�h�f�����q�l�h �m�^�h�\�e�_�l�\�h�j�y�_�l���l�j�_�[�h�\�Z�g�b�y�f��

�d���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �F�N�I.  

�D�Z�q�_�k�l�\�h���i�_�q�Z�l�b���\���w�d�h�g�h�f�b�q�g�h�f���j�_�`�b�f�_ 

�>�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �j�Z�a�e�b�q�g�u�f�b�� �k�i�h�k�h�[�Z�f�b�� �h�^�b�g�Z�d�h�\�h�]�h��

�l�_�d�k�l�Z�� �i�j�h�\�h�^�b�e�k�y�� �h�i�j�h�k �i�h�e�v�a�h�\�Z�l�_�e�_�c���� �J�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v: �i�_�q�Z�l�v�� �\�� �g�h�j�f�Z�e�v�g�h�f��

�j�_�`�b�f�_�� �q�z�j�g�h�]�h�� �l�_�d�k�l�Z���� �i�_�q�Z�l�v�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f���� �i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b�� �\�h��

�\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o���k�b�f�\�h�e�h�\�����i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b���\�k�_�]�h���k�b�f�\�h�e�Z�����b�k�i�h�e�v�a�h�\�Z�g�b�_��

�r�j�b�n�l�Z��Ecofont. �I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �k�l�j�_�f�b�e�b�k�v�� �h�[�_�k�i�_�q�b�l�v��

�h�^�b�g�Z�d�h�\�u�c�� �i�j�h�p�_�g�l�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z���2�Ø
L �s�w�á�z���¨ �^�e�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �b��

�i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b�� �\�h�� �\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o�� �k�b�f�\�h�e�h�\.  �I�j�b�� �i�h�\�u�r�_�g�b�b�� �y�j�d�h�k�l�b��

�\�k�_�]�h���k�b�f�\�h�e�Z���2�Ø
L �s�{�¨�����I�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b��Ecofont �2�Ø
L �t�{�¨ .  �K�d�Z�g�b�j�h�\�Z�g�g�u�_�� �k��

�j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi �n�j�Z�]�f�_�g�l�u�� �l�_�d�k�l�Z�� �^�e�y�� �i�y�l�b�� �k�i�h�k�h�[�h�\�� �i�_�q�Z�l�b�� �i�h�d�Z�a�Z�g�u�� �g�Z��

�j�b�k�m�g�d�_�� ������������ 

�< �h�i�j�h�k�_ �m�q�Z�k�l�\�h�\�Z�e�h 30 �q�_�e�h�\�_�d, �d�h�l�h�j�u�_ �[�u�e�b �i�j�h�b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u 

�j�Z�g�`�b�j�h�\�Z�l�v�� �i�y�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �k�l�j�Z�g�b�p�� �\�� �i�h�j�y�^�d�_�� �m�[�u�\�Z�g�b�y�� �d�Z�q�_�k�l�\�Z���� �]�^�_�� �i�h�^��

�d�Z�q�_�k�l�\�h�f�� �i�h�g�b�f�Z�e�h�k�v�� �m�^�h�[�k�l�\�h�� �q�l�_�g�b�y �l�_�d�k�l�Z���� �B�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �g�_�� �a�g�Z�e�b��
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�b�k�i�h�e�v�a�h�\�Z�g�g�u�c�� �j�_�`�b�f���i�_�q�Z�l�b�����K�Z�f�h�_���d�Z�q�_�k�l�\�_�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_�� �i�h�e�m�q�Z�e�h���h�p�_�g�d�m��

�'  �\�������[�Z�e�e�h�\�����k�e�_�^�m�x�s�_�_�� �������b���l�Z�d���^�Z�e�_�_�� �^�h������  

 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

�J�b�k�m�g�h�d��4.11 �± �K�d�Z�g�b�j�h�\�Z�g�g�u�c���k���j�Z�a�j�_�r�_�g�b�_�f����������dpi �n�j�Z�]�f�_�g�l���l�_�d�k�l�Z: a) �k�i�e�h�r�g�h�c���q�z�j�g�u�c��

�p�\�_�l; b) �i�j�_�^�e�Z�]�Z�_�f�u�c���f�_�l�h�^, k = 1,0; �k�����i�h�\�u�r�_�g�b�_���y�j�d�h�k�l�b���\�h���\�g�m�l�j�_�g�g�b�o���h�[�e�Z�k�l�y�o���k�b�f�\�h�e�h�\; 

d) �i�h�\�u�r�_�g�b�_���y�j�d�h�k�l�b���\�k�_�]�h���k�b�f�\�h�e�Z; e) �b�k�i�h�e�v�a�h�\�Z�g�b�_���r�j�b�n�l�Z��Ecofont. 
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�L�Z�[�e�b�p�Z�� �������� �k�h�^�_�j�`�b�l�� �k�j�_�^�g�b�_�� �h�p�_�g�d�b�� �i�h�e�v�a�h�\�Z�l�_�e�_�c���'
$ �^�e�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �k��

�j�b�k�m�g�d�Z�� ����11. �K�Z�f�m�x�� �\�u�k�h�d�m�x�� �h�p�_�g�d�m�� �i�h�e�m�q�b�e�� �k�i�e�h�r�g�h�c�� �q�z�j�g�u�c�� �l�_�d�k�l����

�g�Z�i�_�q�Z�l�Z�g�g�u�c�� �\�� �g�h�j�f�Z�e�v�g�h�f�� �j�_�`�b�f�_���� �<�l�h�j�h�_�� �f�_�k�l�h�� �a�Z�g�y�e�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[����

�k�m�s�_�k�l�\�_�g�g�h�� �h�i�_�j�_�^�b�\�� �i�_�q�Z�l�v�� �k�� �i�h�\�u�r�_�g�b�_�f�� �y�j�d�h�k�l�b�� �\�g�m�l�j�b�� �k�b�f�\�h�e�h�\����

�G�Z�[�e�x�^�Z�l�_�e�b�� �h�l�f�_�q�Z�e�b���� �q�l�h�� �g�Z�i�_�q�Z�l�Z�g�g�u�c�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�� �l�_�d�k�l�� �e�_�]�d�h��

�q�b�l�Z�_�l�k�y, �\�u�]�e�y�^�b�l�� �d�h�g�l�j�Z�k�l�g�u�f�� �b�� �j�_�a�d�b�f���� �I�j�b�� �i�_�q�Z�l�b�� �g�Z�� �e�Z�a�_�j�g�u�o�� �b��

�k�\�_�l�h�^�b�h�^�g�u�o�� �i�j�b�g�l�_�j�Z�o�� �\�h�d�j�m�]�� �a�Z�k�\�_�q�_�g�g�h�]�h �g�Z�� �n�h�l�h�[�Z�j�Z�[�Z�g�_�� �i�y�l�g�Z �\�h�a�g�b�d�Z�_�l��

�g�_�`�_�e�Z�l�_�e�v�g�h�_�� �j�Z�k�k�_�y�g�b�_�� �q�Z�k�l�b�q�_�d�� �l�h�g�_�j�Z���� �i�j�b�q�z�f�� �q�_�f�� �[�h�e�v�r�_�� �l�h�q�_�d�� �i�_�q�Z�l�Z�_�l�k�y����

�l�_�f�� �[�h�e�v�r�_�� �q�Z�k�l�b�q�_�d�� �l�h�g�_�j�Z�� �j�Z�k�k�_�b�\�Z�_�l�k�y���� �<�� �j�Z�[�h�l�Z�o��[198, 199] �^�_�f�h�g�k�l�j�b�j�m�_�l�k�y����

�q�l�h�� �j�Z�k�k�_�b�\�Z�g�b�_�� �l�h�g�_�j�Z�� �\�_�^�z�l�� �d�� �i�Z�^�_�g�b�x�� �q�z�l�d�h�k�l�b�� �]�j�Z�g�b�p�� �^�e�y�� �g�Z�[�e�x�^�Z�l�_�e�y���� �Z��

�i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b�� �\�h�� �\�g�m�l�j�_�g�g�b�o�� �h�[�e�Z�k�l�y�o�� �]�j�Z�n�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �m�f�_�g�v�r�Z�_�l��

�d�h�e�b�q�_�k�l�\�h���d�j�Z�k�d�b���� �\���l�h�f���q�b�k�e�_�� �j�Z�k�k�_�b�\�Z�_�f�u�o�� �q�Z�k�l�b�p�����b�����l�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�\�u�r�Z�_�l��

�q�z�l�d�h�k�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �>�Z�g�g�u�c�� �w�n�n�_�d�l�� �f�h�`�g�h�� �m�\�b�^�_�l�v�� �i�j�b��

�\�g�b�f�Z�l�_�e�v�g�h�f�� �k�j�Z�\�g�_�g�b�b �m�\�_�e�b�q�_�g�g�u�o�� �n�j�Z�]�f�_�g�l�h�\�� �k�i�e�h�r�g�h�]�h�� �q�z�j�g�h�]�h�� �l�_�d�k�l�Z 

(�j�b�k�m�g�h�d����������a) �b���^�h�[�Z�\�e�_�g�b�y���k�\�_�l�e�u�o���©�i�y�l�_�g�ª���\�g�m�l�j�b���k�b�f�\�h�e�Z�����j�b�k�m�g�h�d 4.11b). �L�_�f��

�g�_�� �f�_�g�_�_���� �a�Z���k�q�z�l�� �[�h�e�_�_�� �\�u�k�h�d�h�]�h�� �d�h�g�l�j�Z�k�l�Z�� �b�� �j�Z�\�g�h�f�_�j�g�h�]�h���a�Z�i�h�e�g�_�g�b�y�� �k�b�f�\�h�e�h�\��

�d�j�Z�k�d�h�c���� �j�_�a�m�e�v�l�Z�l�� �g�h�j�f�Z�e�v�g�h�]�h�� �j�_�`�b�f�Z�� �i�_�q�Z�l�b�� �h�p�_�g�b�\�Z�_�l�k�y�� �\�u�r�_���� �I�_�q�Z�l�v�� �k��

�i�h�\�u�r�_�g�b�_�f�� �y�j�d�h�k�l�b�� �\�k�_�]�h�� �l�_�d�k�l�Z�� �b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �r�j�b�n�l�Z��Ecofont �i�h�e�m�q�b�e�b��

�g�b�a�d�b�_�� �h�p�_�g�d�b�����<�� �i�_�j�\�h�f���k�e�m�q�Z�_�� �k�b�f�\�h�e�u���b�f�_�x�l���j�\�Z�g�u�_���b���g�_�q�z�l�d�b�_�� �d�j�Z�y�����R�j�b�n�l�� �k��

�\�b�^�b�f�u�f�b���h�l�\�_�j�k�l�b�y�f�b���\���l�_�e�_���[�m�d�\ �\�u�]�e�y�^�b�l�� �g�_�i�j�b�\�u�q�g�h�� �^�e�y���i�h�e�v�a�h�\�Z�l�_�e�_�c.     

 

�L�Z�[�e�b�p�Z�� ����2 �K�j�_�^�g�b�_�� �h�p�_�g�d�b���i�h�e�v�a�h�\�Z�l�_�e�_�c���'��
%�^�e�y���b�a�h�[�j�Z�`�_�g�b�c�� �k���j�b�k�m�g�d�Z�� ����11. 

�F�_�l�h�^���i�_�q�Z�l�b �2�Ø�á % �'
$ 

�K�i�e�h�r�g�h�c���q�z�j�g�u�c���p�\�_�l 0 4,9 

�I�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b���\�h���\�g�m�l�j�_�g�g�b�o���h�[�e�Z�k�l�y�o���k�b�f�\�h�e�h�\ 14 2,6 

�I�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b���\�k�_�]�h���k�b�f�\�h�e�Z 19 2,2 

�B�k�i�h�e�v�a�h�\�Z�g�b�_���r�j�b�n�l�Z���(�F�R�I�R�Q�W 29 1,5 

�I�j�_�^�e�Z�]�Z�_�f�u�c���f�_�l�h�^ 14 3,8 
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�I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[�� �i�h�a�\�h�e�y�_�l�� �w�d�h�g�h�f�b�l�v�� �l�h�g�_�j�� �g�_�� �l�h�e�v�d�h�� �i�j�b�� �i�_�q�Z�l�b��

�k�b�f�\�h�e�h�\���q�z�j�g�h�]�h���p�\�_�l�Z�����g�h���b���i�j�b���i�_�q�Z�l�b���k�_�j�h�]�h���b���^�Z�`�_���p�\�_�l�g�h�]�h���l�_�k�l�Z�����k�f�����i�j�b�f�_�j��

�g�Z���j�b�k�m�g�d�_ 4.12).  

 
�J�b�k�m�g�h�d��4.12 �± �P�\�_�l�g�h�c���l�_�d�k�l�����g�Z�i�_�q�Z�l�Z�g�g�u�c���\ �w�d�h�g�h�f�b�q�g�h�f���j�_�`�b�f�_.  

4.3.3. �J�_�`�b�f���q�_�j�g�h�\�h�c �i�_�q�Z�l�b 

�>�h�d�m�f�_�g�l���� �y�\�e�y�x�s�b�c�k�y�� �j�_�a�m�e�v�l�Z�l�h�f�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b���� �k�e�m�`�b�l�� �^�e�y�� �h�p�_�g�d�b��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �w�e�_�f�_�g�l�h�\�� �g�Z�� �k�l�j�Z�g�b�p�_�� �I�j�b�� �w�l�h�f�� �\�k�_�� �w�e�_�f�_�g�l�u��

�^�h�e�`�g�u�� �[�u�l�v�� �e�_�]�d�h�� �m�a�g�Z�\�Z�_�f�u���� �l�_�d�k�l�� �q�b�l�Z�_�f���� �Z�� �w�d�h�g�h�f�b�y���d�j�Z�k�d�b�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �i�h��

�k�j�Z�\�g�_�g�b�x�� �k�� �g�h�j�f�Z�e�v�g�u�f�� �j�_�`�b�f�h�f���� �G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f�� �k�i�h�k�h�[�h�f��

�q�_�j�g�h�\�h�c���i�_�q�Z�l�b�� �y�\�e�y�_�l�k�y���i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b���\�k�_�]�h���^�h�d�m�f�_�g�l�Z�� �k���i�h�f�h�s�v�x���]�Z�f�f�Z-

�d�h�j�j�_�d�p�b�b��[78]�����q�l�h�����d�Z�d���i�h�d�Z�a�Z�g�h���\���i�j�_�^�u�^�m�s�_�f���j�Z�a�^�_�e�_�� �\�_�^�z�l���d���b�k�d�Z�`�_�g�b�x�� �d�j�Z�z�\��

�k�b�f�\�h�e�h�\�����Z���b�e�e�x�k�l�j�Z�p�b�b�� �k�l�Z�g�h�\�y�l�k�y���[�e�z�d�e�u�f�b�� �b���k�e�Z�[�h�d�h�g�l�j�Z�k�l�g�u�f�b���� 

�H�[�j�Z�[�h�l�d�Z���a�Z�i�b�k�_�c���f�_�l�Z�n�Z�c�e�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���b�o���l�b�i�Z 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �j�_�Z�e�b�a�h�\�Z�l�v�� �j�_�`�b�f�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b���� �\�� �d�h�l�h�j�h�f �a�Z�i�b�k�b��

�\�o�h�^�g�h�]�h�� �f�_�l�Z�n�Z�c�e�Z���4�Ü�Ð�<�5�á �)�á �+�= �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�b�i�Z�� �h�[�j�Z�[�Z�l�u�\�Z�x�l�k�y��

�k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f [183�í186]: 

�x �l�_�d�k�l���5 �h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �Z�g�Z�e�h�]�b�q�g�h�� �j�_�`�b�f�m���w�d�h�g�h�f�b�q�g�h�c���i�_�q�Z�l�b�� �k k = 1,0; 

�x �b�e�e�x�k�l�j�Z�p�b�b���� �i�_�j�_�^�Z�\�Z�_�f�u�_�� �\���\�b�^�_���j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c �+, �i�j�_�h�[�j�Z�a�m�x�l�k�y�� �\��

�p�\�_�l�g�u�_�� �b�e�b�� �i�h�e�m�l�h�g�h�\�u�_�� �w�k�d�b�a�u (sketches) �\���\�b�^�_���©�d�Z�j�Z�g�^�Z�r�g�h�]�h�� �j�b�k�m�g�d�Z�ª; 

�x �i�j�b�� �h�l�j�b�k�h�\�d�_�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �d�h�f�Z�g�^ �\�_�d�l�h�j�g�h�c�� �]�j�Z�n�b�d�b���)  �g�Z�� ��������

�i�h�\�u�r�Z�_�l�k�y�� �y�j�d�h�k�l�v�� 
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�A�Z�f�_�l�b�f, �q�l�h�� �j�y�^�� �b�e�e�x�k�l�j�Z�p�b�c�� �\�� �^�h�d�m�f�_�g�l�Z�o�� �k�m�s�_�k�l�\�m�_�l�� �\�� �\�b�^�_��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �d�h�f�Z�g�^���\�_�d�l�h�j�g�h�c���]�j�Z�n�b�d�b�����L�Z�d�b�_�� �d�Z�j�l�b�g�d�b�� �l�Z�d�`�_���f�h�]�m�l���[�u�l�v��

�d�h�g�\�_�j�l�b�j�h�\�Z�g�u�� �\�� �w�k�d�b�a�u���� �g�h�� �\��RIP �w�l�h�� �a�Z�l�j�m�^�g�b�l�_�e�v�g�h�� �k�^�_�e�Z�l�v �l�h�e�v�d�h�� �a�Z�� �k�q�z�l��

�e�h�d�Z�e�v�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b�� �d�h�^�Z. �D�j�h�f�_�� �l�h�]�h�� �w�l�h �l�j�_�[�m�_�l�� �k�m�s�_�k�l�\�_�g�g�u�o��

�\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �j�_�k�m�j�k�h�\���� �K�i�h�k�h�[�� �d�h�g�\�_�j�l�b�j�h�\�Z�g�b�y�� �d�Z�j�l�b�g�h�d���� �k�h�a�^�Z�g�g�u�o��

�h�i�_�j�Z�l�h�j�Z�f�b �\�_�d�l�h�j�g�h�c �]�j�Z�n�b�d�b���� �\���j�Z�k�l�j�h�\�h�_���b�a�h�[�j�Z�`�_�g�b�_�� �j�_�Z�e�b�a�h�\�Z�g�� �\���^�j�Z�c�\�_�j�_��

�i�_�q�Z�l�b�� �h�i�_�j�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u��[187, 188]���� �q�l�h�� �i�h�a�\�h�e�y�_�l �i�j�b�� �i�_�q�Z�l�b�� �k�� �I�D���\��

�w�d�h�g�h�f�b�q�g�h�f���j�_�`�b�f�_���\�k�_���b�e�e�x�k�l�j�Z�p�b�b�� �d�h�g�\�_�j�l�b�j�h�\�Z�l�v�� �\ �w�k�d�b�a�u.   

�K�i�h�k�h�[���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c���\���w�k�d�b�a�u 

�J�Z�k�k�f�h�l�j�b�f �k�i�h�k�h�[�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �\���w�k�d�b�a�u�� �\��RIP 

Postscript [21]. �I�j�b�� �b�g�l�_�j�i�j�_�l�Z�p�b�b�� �f�_�l�Z�n�Z�c�e�Z Postscript �j�Z�k�l�j�h�\�u�_�� �b�a�h�[�j�Z�`�_�g�b�y��

�i�h�k�l�m�i�Z�x�l�� �g�Z���\�o�h�^���h�i�_�j�Z�l�h�j�h�\���y�a�u�d�Z��Postscript image �b�e�b��colorimage���� �D�Z�d���i�j�Z�\�b�e�h����

�b�a�h�[�j�Z�`�_�g�b�_�� �a�Z�d�h�^�b�j�h�\�Z�g�h���� �g�Z�i�j�b�f�_�j�� �k�`�Z�l�h���� �k�� �i�h�f�h�s�v�x���h�^�g�h�]�h�� �b�e�b�� �g�_�k�d�h�e�v�d�b�o��

�l�Z�d�� �g�Z�a�u�\�Z�_�f�u�o�� �n�b�e�v�l�j�h�\���� �<�� �d�h�^�_�� �h�[�j�Z�[�h�l�d�b�� �h�i�_�j�Z�l�h�j�h�\��image �b��colorimage 

�\�u�i�h�e�g�y�_�l�k�y�� �\�u�a�h�\�� �f�h�^�m�e�y �^�_�d�h�^�b�j�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�b�d�k�_�e�_�c��

�j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �G�Z�� �\�u�o�h�^�_�� �w�l�h�]�h�� �f�h�^�m�e�y�� �j�Z�k�l�j�h�\�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���+ 

�o�j�Z�g�b�l�k�y�� �d�Z�d�� �i�j�y�f�h�m�]�h�e�v�g�Z�y�� �f�Z�l�j�b�p�Z�� �i�b�d�k�_�e�_�c�� �b�� �f�h�`�_�l�� �[�u�l�v�� �i�j�_�h�[�j�Z�a�h�\�Z�g�h�� �\��

�w�k�d�b�a���� 

�K�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �^�e�y�� �f�_�l�h�^�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��

�b�e�e�x�k�l�j�Z�p�b�b �\���w�k�d�b�a: 

1. �h�k�g�h�\�g�Z�y���b�g�n�h�j�f�Z�p�b�y�����k�h�^�_�j�`�Z�s�Z�y�k�y���\���b�a�h�[�j�Z�`�_�g�b�b���� �\���l�h�f���q�b�k�e�_�� �i�_�j�_�^�Z�\�Z�_�f�Z�y��

�p�\�_�l�h�f�����g�Z���w�k�d�b�a�_���^�h�e�`�g�Z���[�u�l�v�� �m�a�g�Z�\�Z�_�f�h�c; 

2. �w�k�d�b�a���^�h�e�`�_�g���k�h�^�_�j�`�Z�l�v���d�Z�d���f�h�`�g�h���[�h�e�v�r�_���[�_�e�u�o�� �i�b�d�k�_�e�_�c���� �q�l�h���b���h�[�_�k�i�_�q�b�\�Z�_�l��

�k�m�s�_�k�l�\�_�g�g�h�_�� �k�h�d�j�Z�s�_�g�b�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �d�j�Z�k�d�b; 

3. �f�_�l�h�^�� �^�h�e�`�_�g�� �[�u�l�v�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�� �b�� �b�f�_�l�v�� �j�_�Z�e�b�a�Z�p�b�x �\�� �g�_�k�d�h�e�v�d�h��

�d�b�e�h�[�Z�c�l�� ���D�[���� �d�h�^�Z���� �q�l�h�[�u�� �[�u�e�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �\�k�l�j�h�b�l�v�� �_�]�h���\�� �k�m�s�_�k�l�\�m�x�s�b�c��

RIP. 
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 �<�� �e�b�l�_�j�Z�l�m�j�_�� �h�i�b�k�Z�g�h�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\ �f�_�l�h�^�h�\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��

�b�a�h�[�j�Z�`�_�g�b�c�� �\���w�k�d�b�a�u�� �\���\�b�^�_���©�d�Z�j�Z�g�^�Z�r�g�h�]�h�� �j�b�k�m�g�d�Z�ª���� �d�h�l�h�j�u�_���f�h�`�g�h���j�Z�a�^�_�e�b�l�v��

�g�Z���l�j�b���]�j�m�i�i�u: 

�x �b�k�i�h�e�v�a�m�x�s�b�_�� �Z�^�Z�i�l�b�\�g�m�x�� �[�b�g�Z�j�b�a�Z�p�b�x [200�í203]; 

�x �^�_�l�_�d�l�b�j�m�x�s�b�_�� �d�h�g�l�m�j�g�u�_�� �i�_�j�_�i�Z�^�u [204, 205]; 

�x �h�k�g�h�\�Z�g�g�u�_�� �g�Z��«�i�_�j�_�g�h�k�_�� �k�l�b�e�y» �k�� �i�h�f�h�s�v�x�� �]�e�m�[�h�d�b�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c [206, 

207]. 

�F�h�^�_�e�b�� �]�e�m�[�h�d�b�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c�� �a�Z�g�b�f�Z�x�l�� �k�m�s�_�k�l�\�_�g�g�h�� �[�h�e�v�r�_��

�g�_�k�d�h�e�v�d�b�o�� �D�[���� �F�_�l�h�^�u�� �Z�^�Z�i�l�b�\�g�h�c�� �[�b�g�Z�j�b�a�Z�p�b�b���� �d�Z�d�� �i�j�Z�\�b�e�h���� �^�Z�x�l�� �w�k�d�b�a�u�� �k��

�f�_�g�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f���[�_�e�u�o�� �i�b�d�k�_�e�_�c���� �q�_�f���^�_�l�_�d�l�b�j�m�x�s�b�_���d�h�g�l�m�j�g�u�_�� �i�_�j�_�i�Z�^�u����

�B�k�o�h�^�y�� �b�a�� �Z�g�Z�e�b�a�Z�� �k�m�s�_�k�l�\�m�x�s�b�o�� �Z�e�]�h�j�b�l�f�h�\���� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�h�k�j�_�^�h�l�h�q�b�e�b�k�v�� �g�Z��

�i�h�^�o�h�^�_���� �]�^�_�� �k�g�Z�q�Z�e�Z �^�_�l�_�d�l�b�j�m�x�l�k�y �d�h�g�l�m�j�g�u�_ �i�_�j�_�i�Z�^�u �\�� �d�Z�g�Z�e�_�� �y�j�d�h�k�l�b��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�� �i�h�f�h�s�v�x�� �i�h�j�h�]�h�\�h�]�h�� �h�l�k�_�q�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z���n�b�e�v�l�j�Z�� �©�j�Z�a�g�b�p�Z��

�]�Z�m�k�k�b�Z�g�ª�� ��Difference of Gaussian, DOG) [78]�����a�Z�l�_�f���p�\�_�l�h�\�u�_�� �d�Z�g�Z�e�u�� �b�a�h�[�j�Z�`�_�g�b�y 

�f�Z�k�d�b�j�m�x�l�k�y �d�Z�j�l�h�c���d�h�g�l�m�j�g�u�o�� �i�_�j�_�i�Z�^�h�\�����l���_�����m�f�g�h�`�Z�x�l�k�y�� �g�Z���f�Z�k�d�m. 

�I�m�k�l�v�� �j�Z�k�l�j�h�\�h�_���b�a�h�[�j�Z�`�_�g�b�_���+ �i�j�_�^�k�l�Z�\�e�_�g�h�� �\���p�\�_�l�h�\�h�f���i�j�h�k�l�j�Z�g�k�l�\�_��RGB. 

�D�Z�g�Z�e�� �y�j�d�h�k�l�b���+�Â �\�u�q�b�k�e�y�_�l�k�y�� �i�h���n�h�j�f�m�e�_�������������� 

�Y�^�j�h���k�\�z�j�l�d�b��DOG �\�u�q�b�k�e�y�_�l�k�y�� �d�Z�d: 

�C�:�E�á �F�; 
L
�s

�¾�t�è
�F

�s

�ê�5
�A

�?
�Ü�>�Ý
�6���-

�.

F

�s

�ê�6
�A

�?
�Ü�>�Ý
�6���.

�.
�G�á 

 

(4.4) 

�]�^�_ �E�á �F �Ð �>
F�0�k���t�á �0�k���t�?; �0�k �± �j�Z�a�f�_�j���y�^�j�Z���k�\�z�j�l�d�b; �ê�5
�6 �b���ê�6

�6 �± �^�b�k�i�_�j�k�b�b�� �]�Z�m�k�k�b�Z�g�� 

�F�Z�k�d�Z���/  �\�u�q�b�k�e�y�_�l�k�y �i�m�l�z�f �i�h�j�h�]�h�\�h�]�h �h�l�k�_�q�_�g�b�y �j�_�a�m�e�v�l�Z�l�Z��DOG �n�b�e�v�l�j�Z: 

�/ 
L 
\
�s�á ���������������+�Â�Û �C 
P �6�Ø�á
�r�á�����������������������������������Ë�Ð�Ã�Ú�È�á

 
 

(4.5) 

�]�^�_ �6�Ø �í �i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�c�� �i�h�j�h�]�� 

�P�\�_�l�h�\�u�_�� �d�Z�g�Z�e�u�� �b�a�h�[�j�Z�`�_�g�b�y���+ �f�Z�k�d�b�j�m�x�l�k�y���/ : 

�+�Ë
�ñ�:�N�á �?�; 
L �/ �:�N�á �?�;�+�Ë�:�N�á �?�;
E �:�s 
F �/�:�N�á �?�;�;�:�t�½�×
F �s�;�á (4.6) 
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�+�À
�ñ�:�N�á �?�; 
L �/ �:�N�á �?�;�+�À�:�N�á �?�; 
E �:�s 
F �/�:�N�á �?�;�;�:�t�½�×
F �s�;�á  (4.7) 

�+�»
�ñ�:�N�á �?�; 
L �/ �:�N�á �?�;�+�»�:�N�á �?�; 
E �:�s 
F �/�:�N�á �?�;�;�:�t�½�×
F �s�;�á  (4.8) 

�]�^�_���&�ß �± �]�e�m�[�b�g�Z�� �p�\�_�l�Z���g�Z���d�Z�g�Z�e. 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d��4.13 �± �I�j�b�f�_�j�u���w�k�d�b�a�h�\: a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �w�k�d�b�a���i�j�_�^�e�Z�]�Z�_�f�u�f���k�i�h�k�h�[�h�f; c) 

�w�k�d�b�a���i�m�l�z�f���Z�^�Z�i�l�b�\�g�h�c���[�b�g�Z�j�b�a�Z�p�b�b��[203]; d) �w�k�d�b�a���k���i�h�f�h�s�v�x���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h���j�b�k�h�\�Z�g�b�y��

�e�b�g�b�c��[204]. 
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�G�Z���j�b�k�m�g�d�_�������������i�h�d�Z�a�Z�g�u���b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���b���l�j�b���w�k�d�b�a�Z: �i�j�_�^�e�Z�]�Z�_�f�u�f��

�k�i�h�k�h�[�h�f���� �k�� �i�h�f�h�s�v�x�� �Z�^�Z�i�l�b�\�g�h�c�� �[�b�g�Z�j�b�a�Z�p�b�b��[203] �b�� �b�l�_�j�Z�l�b�\�g�h�]�h��

�^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �]�j�Z�g�b�p��[204]. �W�k�d�b�a���� �i�h�e�m�q�_�g�g�u�c�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�� 

�i�h�a�\�h�e�y�_�l���m�\�b�^�_�l�v�� �\�k�_���\�Z�`�g�u�_�� �^�_�l�Z�e�b�� �n�h�l�h�]�j�Z�n�b�b���\���p�\�_�l�_�� �b���k�h�^�_�j�`�b�l���g�Z�b�[�h�e�v�r�_�_��

�d�h�e�b�q�_�k�l�\�h�� �[�_�e�u�o�� �i�b�d�k�_�e�_�c���� �l���_���� �h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�b�e�m�q�r�m�x�� �w�d�h�g�h�f�b�x�� �d�j�Z�k�d�b�� �i�h��

�k�j�Z�\�g�_�g�b�x�� �k���Z�e�v�l�_�j�g�Z�l�b�\�g�u�f�b�� �\�Z�j�b�Z�g�l�Z�f�b�� 

�J�_�a�m�e�v�l�Z�l�u 

�A�Z�f�_�l�b�f���� �q�l�h�� �\��Postscript �p�\�_�l�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �f�h�`�_�l�� �[�u�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�h�� �\��

�j�Z�a�e�b�q�g�u�o�� �p�\�_�l�h�\�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�Z�o�� �g�Z�i�j�b�f�_�j RGB, CMYK, HSB���� �< RIP Postscript 

�k�m�s�_�k�l�\�m�x�l�� �n�m�g�d�p�b�b�� �^�e�y���d�h�g�\�_�j�l�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y���b�a���\�k�_�o�� �i�h�^�^�_�j�`�b�\�Z�_�f�u�o��

�p�\�_�l�h�\�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�� �\�� �h�^�g�h�d�Z�g�Z�e�v�g�h�_�� �\�� �]�j�Z�^�Z�p�b�y�o�� �k�_�j�h�]�h�� �b�� �i�j�h�p�_�^�m�j�u��

�f�Z�k�d�b�j�h�\�Z�g�b�y�� �d�Z�g�Z�e�h�\�� �b�a�h�[�j�Z�`�_�g�b�y���� �W�l�b�� �n�m�g�d�p�b�b�� �i�_�j�_�b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�b��

�j�_�Z�e�b�a�Z�p�b�b�� �j�_�`�b�f�Z�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �k�h�d�j�Z�l�b�l�v��

�d�h�e�b�q�_�k�l�\�h�� �^�h�[�Z�\�e�y�_�f�h�]�h�� �\��RIP �d�h�^�Z���� �<�j�_�f�_�g�g�u�_�� �a�Z�l�j�Z�l�u�� �g�Z�� �d�h�g�\�_�j�l�b�j�h�\�Z�g�b�_��

�f�_�`�^�m���p�\�_�l�h�\�u�f�b���i�j�h�k�l�j�Z�g�k�l�\�Z�f�b�� �b���f�Z�k�d�b�j�h�\�Z�g�b�_�� �h�[�u�q�g�h���g�_�\�_�e�b�d�b���� �l�Z�d���d�Z�d���\��RIP 

�h�g�b�� �\�u�i�h�e�g�y�x�l�k�y�� �k�� �i�h�f�h�s�v�x��DSP �b�e�b��ASIC. �N�b�e�v�l�j��DOG �l�Z�d�`�_�� �j�_�Z�e�b�a�m�_�l�k�y �g�Z��

DSP���� �q�l�h�� �i�h�a�\�h�e�y�_�l �h�[�_�k�i�_�q�b�l�v�� �g�_�k�m�s�_�k�l�\�_�g�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �\�j�_�f�_�g�b�� �j�Z�[�h�l�u�� �\��

�j�_�`�b�f�_�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �g�h�j�f�Z�e�v�g�u�f�� �j�_�`�b�f�h�f���� �<�j�_�f�y�� �i�_�q�Z�l�b��

�^�h�d�m�f�_�g�l�h�\�� �b�a�� �k�l�Z�g�^�Z�j�l�Z��ISO 24734 [29] �g�Z�� �F�N�I��Samsung CLX-6240 [145] �\��

�q�_�j�g�h�\�h�f���j�_�`�b�f�_���m�\�_�e�b�q�b�e�h�k�v �e�b�r�v�� �g�Z��������%. 

�K�j�Z�\�g�_�g�b�_�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b�� �b�� �i�h�\�u�r�_�g�b�y�� �y�j�d�h�k�l�b��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�� �i�h�f�h�s�v�x�� �]�Z�f�f�Z-�d�h�j�j�_�d�p�b�b�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �<�� �h�[�h�b�o��

�k�e�m�q�Z�y�o�� �i�j�h�p�_�g�l�� �w�d�h�g�h�f�b�b�� �l�h�g�_�j�Z���2�Ø���� �h�p�_�g�b�\�Z�_�f�u�c�� �k�� �i�h�f�h�s�v�x�� �w�f�m�e�y�l�h�j�Z�� �i�h��

�n�h�j�f�m�e�_�� ������������ �k�m�f�f�Z�j�g�h�� �^�e�y�� �q�_�l�u�j�z�o�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\��CMYK���� �j�Z�\�_�g�� ������ ������ �H�[�Z��

�k�i�h�k�h�[�Z�� �i�h�a�\�h�e�y�x�l�� �e�_�]�d�h�� �m�a�g�Z�l�v�� �k�h�^�_�j�`�b�f�h�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �g�h�� �p�\�_�l�g�h�c�� �w�k�d�b�a��

�\�u�]�e�y�^�b�l�� �`�b�\�h���b���g�_�h�[�u�q�g�h���� 
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a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d��4.14 �± �K�j�Z�\�g�_�g�b�_���k�i�h�k�h�[�h�\���q�_�j�g�h�\�h�c���i�_�q�Z�l�b �b�e�e�x�k�l�j�Z�p�b�c: a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) 

�i�h�\�u�r�_�g�b�_���y�j�d�h�k�l�b; c) �a�Z�f�_�g�Z���b�a�h�[�j�Z�`�_�g�b�y���g�Z���_�]�h���w�k�d�b�a. 

 

�K�j�_�^�b�� ������ �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �[�u�e�� �i�j�h�\�_�^�z�g���h�i�j�h�k�����B�f�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h�k�v�� �^�_�k�y�l�v��

�l�j�h�_�d���g�Z�i�_�q�Z�l�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���d�Z�d���g�Z���j�b�k�m�g�d�_����������: �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���b���^�\�Z��

�k�i�h�k�h�[�Z�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b�� �d�Z�j�l�b�g�h�d���� �L�j�_�[�h�\�Z�e�h�k�v�� �\�u�[�j�Z�l�v�� �h�^�b�g�� �b�a�� �l�j�z�o�� �\�Z�j�b�Z�g�l�h�\��

�h�l�\�_�l�Z: �©�i�j�_�^�i�h�q�b�l�Z�x�� �i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b�� �d�Z�j�l�b�g�h�d�ª���� �©�i�j�_�^�i�h�q�b�l�Z�x��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �d�Z�j�l�b�g�h�d�� �\�� �w�k�d�b�a�u�ª�� �b�e�b�� �©�i�j�_�^�i�h�q�b�l�Z�x�� �b�f�_�l�v�� �\�h�a�f�h�`�g�h�k�l�v��
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�\�u�[�b�j�Z�l�v�� �b�a�� �^�\�m�o�� �k�i�h�k�h�[�h�\�ª���� �J�_�a�m�e�v�l�Z�l�u�� �h�i�j�h�k�Z�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ����������

�;�h�e�v�r�b�g�k�l�\�h�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �i�j�_�^�i�h�q�b�l�Z�x�l�� �b�f�_�l�v�� �\�h�a�f�h�`�g�h�k�l�v���\�u�[�b�j�Z�l�v�� �f�_�`�^�m��

�^�\�m�f�y���k�i�h�k�h�[�Z�f�b���q�_�j�g�h�\�h�c���i�_�q�Z�l�b���b�e�e�x�k�l�j�Z�p�b�c�� 

 

�L�Z�[�e�b�p�Z�� ����3 �J�_�a�m�e�v�l�Z�l�u�� �h�i�j�h�k�Z�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �h�� �k�i�h�k�h�[�_�� �q�_�j�g�h�\�h�c�� �i�_�q�Z�l�b��

�b�e�e�x�k�l�j�Z�p�b�c. 

�<�Z�j�b�Z�g�l���h�l�\�_�l�Z �����i�h�e�v�a�h�\�Z�l�_�e�_�c 

�I�j�_�^�i�h�q�b�l�Z�x���i�h�\�u�r�_�g�b�_�� �y�j�d�h�k�l�b���d�Z�j�l�b�g�h�d 8,7 

�I�j�_�^�i�h�q�b�l�Z�x���i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���d�Z�j�l�b�g�h�d���\���w�k�d�b�a�u 13,0 

�I�j�_�^�i�h�q�b�l�Z�x���b�f�_�l�v���\�h�a�f�h�`�g�h�k�l�v���\�u�[�b�j�Z�l�v���b�a���^�\�m�o �k�i�h�k�h�[�h�\ 78,3 

 

4.3.4. �>�h�[�Z�\�e�_�g�b�_���\���^�h�d�m�f�_�g�l���k�d�j�u�l�u�o���p�b�n�j�h�\�u�o���\�h�^�y�g�u�o�� �a�g�Z�d�h�\ 

�>�e�y�� �d�h�g�l�j�h�e�y�� �h�[�h�j�h�l�Z���^�h�d�m�f�_�g�l�h�\�� �k�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �i�j�Z�\�� �^�h�k�l�m�i�Z�� �\ �g�b�o�� �i�j�b��

�i�_�q�Z�l�b���^�h�[�Z�\�e�y�x�l�k�y���y�\�g�u�_���b/�b�e�b�� �k�d�j�u�l�u�_�� �P�<�A���� 

�L�j�_�[�h�\�Z�g�b�y���d���k�i�h�k�h�[�m���^�h�[�Z�\�e�_�g�b�y���P�<�A 

�K�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �k�i�h�k�h�[�m�� �^�h�[�Z�\�e�_�g�b�y �b��

�k�q�b�l�u�\�Z�g�b�y�� �k�d�j�u�l�h�]�h�� �P�<�A���� �k�h�^�_�j�`�Z�s�_�]�h�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�c�� �d�h�^�� �m�k�l�j�h�c�k�l�\�Z 

(MIC): 

1. �g�_�a�Z�\�b�k�b�f�h�k�l�v�� �h�l���k�h�^�_�j�`�b�f�h�]�h���^�h�d�m�f�_�g�l�Z; 

2. �g�_�a�Z�f�_�l�g�h�k�l�v�� �P�<�A�� �i�j�b���[�_�]�e�h�f���i�j�h�k�f�h�l�j�_���^�h�d�m�f�_�g�l�Z;  

3. �k�q�b�l�u�\�Z�g�b�_�� �P�<�A�� �k�� �i�h�f�h�s�v�x���k�d�Z�g�b�j�h�\�Z�g�b�y�� �g�Z���F�N�I �b�� �Z�g�Z�e�b�a�Z�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y; 

4. �\�h�a�f�h�`�g�h�k�l�v�� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �^�h�d�m�f�_�g�l�Z�� �^�Z�`�_�� �i�h�� �_�]�h�� �h�l�j�_�a�Z�g�g�h�c/�h�l�h�j�\�Z�g�g�h�c��

�q�Z�k�l�b�����g�_���f�_�g�_�_�� �i�h�e�h�\�b�g�u �k�l�j�Z�g�b�p�u���� �b���i�_�j�\�h�c���d�h�i�b�b; 

5. �b�g�n�h�j�f�Z�p�b�h�g�g�Z�y�� �z�f�d�h�k�l�v���g�_���f�_�g�_�_�������[�Z�c�l; 

6. �h�l�k�m�l�k�l�\�b�_�� �a�Z�f�_�l�g�h�c�� �a�Z�^�_�j�`�d�b�� �\�j�_�f�_�g�b �i�_�q�Z�l�b �i�h �k�j�Z�\�g�_�g�b�x �k�� �g�h�j�f�Z�e�v�g�u�f��

�j�_�`�b�f�h�f�� 
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�I�_�j�\�h�_���l�j�_�[�h�\�Z�g�b�_���\�_�^�z�l���d���g�_�h�[�o�h�^�b�f�h�k�l�b���i�_�q�Z�l�Z�l�v���P�<�A�� �\���n�h�g�h�\�u�o���h�[�e�Z�k�l�y�o��

�^�h�d�m�f�_�g�l�Z�� �\�� �\�b�^�_�� �r�Z�[�e�h�g�Z�� �q�z�j�g�u�o�� ���i�j�b�� �q�z�j�g�h-�[�_�e�h�c�� �i�_�q�Z�l�b���� �b�e�b�� �`�z�e�l�u�o�� ���i�j�b��

�p�\�_�l�g�h�c�� �i�_�q�Z�l�b���� �l�h�q�_�d���� �H�l�^�_�e�v�g�u�_ �l�h�q�d�b�� �g�Z�� �g�Z�i�_�q�Z�l�Z�g�g�h�f�� �^�h�d�m�f�_�g�l�_�� �i�h�o�h�`�b�� �g�Z��

�k�e�m�q�Z�c�g�u�_�� �q�Z�k�l�b�q�d�b�� �l�h�g�_�j�Z�� �b�� �g�_�� �[�j�h�k�Z�x�l�k�y�� �\�� �]�e�Z�a�Z���� �H�^�g�Z�d�h�� �i�j�b�� �\�g�b�f�Z�l�_�e�v�g�h�f��

�j�Z�k�k�f�h�l�j�_�g�b�b�� �k�� �i�h�f�h�s�v�x�� �m�\�_�e�b�q�b�l�_�e�v�g�h�]�h�� �k�l�_�d�e�Z�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �f�h�`�_�l�� �a�Z�f�_�l�b�l�v��

�j�_�]�m�e�y�j�g�m�x�� �k�l�j�m�d�l�m�j�m�� �l�h�q�_�d���b���^�h�]�Z�^�Z�l�v�k�y�� �h���k�m�s�_�k�l�\�h�\�Z�g�b�b���P�<�A��[176].  

�G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�� �^�Z�g�g�h�f�� �j�Z�a�^�_�e�_�� �i�h�^�� �l�h�q�d�h�c�� �i�h�g�b�f�Z�_�l�k�y 

�f�Z�e�_�g�v�d�h�_�� �i�y�l�g�h�� �l�h�g�_�j�Z�� �g�Z�� �[�m�f�Z�]�_���� �Z�� �g�_�� �f�b�g�b�f�Z�e�v�g�u�c�� �Z�^�j�_�k�m�_�f�u�c�� �[�b�l�� �\�� �d�Z�g�Z�e�_��

�b�a�h�[�j�Z�`�_�g�b�y���� �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �^�e�y�� �i�_�q�Z�l�b���� �<�h-�i�_�j�\�u�o���� �^�e�y�� �j�y�^�Z�� �j�Z�a�j�_�r�_�g�b�c��

�i�_�q�Z�l�b���_�^�b�g�b�q�g�u�c�� �m�k�l�Z�g�h�\�e�_�g�g�u�c�� �[�b�l�����i�h�e�g�h�k�l�v�x�� �h�d�j�m�`�z�g�g�u�c�� �g�m�e�_�\�u�f�b�� �[�b�l�Z�f�b����

�q�Z�k�l�h���g�_ �\�_�^�z�l���d���i�j�b�e�b�i�Z�g�b�x�� �q�Z�k�l�b�q�_�d���l�h�g�_�j�Z���\���k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �_�f�m���i�h�a�b�p�b�b�����<�h-

�\�l�h�j�u�o���� �j�Z�a�f�_�j���i�y�l�g�Z�� �^�h�e�`�_�g�� �[�u�l�v�� �^�h�k�l�Z�l�h�q�g�u�f�� �^�e�y�� �k�q�b�l�u�\�Z�g�b�y�� �k�d�j�u�l�h�]�h�� �P�<�A�� �k��

�i�h�f�h�s�v�x�� �k�d�Z�g�_�j�Z�� �F�N�I�� �k�� �h�i�l�b�q�_�k�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi. �B�k�o�h�^�y�� �b�a��

�i�_�j�_�q�b�k�e�_�g�g�h�]�h���� �j�Z�a�f�_�j�� �l�h�q�d�b�� ���^�b�Z�f�_�l�j�� �i�y�l�g�Z���� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �h�d�h�e�h�� �������� �f�f����

�A�Z�f�_�l�b�f�����q�l�h���l�h�q�d�Z���l�Z�d�h�]�h���j�Z�a�f�_�j�Z���i�j�Z�d�l�b�q�_�k�d�b�� �g�_�a�Z�f�_�l�g�Z�� �g�_�\�h�h�j�m�`�z�g�g�u�f���]�e�Z�a�h�f���� 

�K�i�h�k�h�[���\�k�l�j�Z�b�\�Z�g�b�y�� �P�<�A 

�<�k�l�j�Z�b�\�Z�g�b�_�� �P�<�A�� �\���n�h�g�h�\�u�_���h�[�e�Z�k�l�b���i�j�_�^�e�Z�]�Z�_�l�k�y�� �j�_�Z�e�b�a�h�\�Z�l�v�� �g�Z�� �\�u�o�h�^�_���b�a��

�[�e�h�d�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���\���i�_�q�Z�l�g�u�c���j�Z�k�l�j ���k�f�����j�b�k�m�g�h�d���������������]�^�_���f�h�`�g�h���Z�g�Z�e�b�a�b�j�h�\�Z�l�v��

�p�\�_�l�h�\�u�_�� �d�Z�g�Z�e�u �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �^�e�y�� �i�_�q�Z�l�b�� �b�a�h�[�j�Z�`�_�g�b�y �b�� �\�g�h�k�b�l�v�� �\�� �g�b�o��

�b�a�f�_�g�_�g�b�y���� �Q�_�l�\�z�j�l�h�_�� �l�j�_�[�h�\�Z�g�b�_�� �\�� �k�h�q�_�l�Z�g�b�b�� �k�� �l�_�f���� �q�l�h�� �q�Z�k�l�v�� �l�h�q�_�d�� �f�h�`�_�l�� �g�_��

�i�j�h�i�_�q�Z�l�Z�l�v�k�y���� �b�e�b�� �q�Z�k�l�b�q�d�b�� �l�h�g�_�j�Z�� �h�l�\�Z�e�y�l�k�y�� �\�� �i�j�h�p�_�k�k�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�^�h�d�m�f�_�g�l�Z���� �\�_�^�z�l�� �d�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �f�g�h�]�h�d�j�Z�l�g�h�]�h�� �^�m�[�e�b�j�h�\�Z�g�b�y�� �b�g�n�h�j�f�Z�p�b�b 

(�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �f�Z�`�h�j�b�l�Z�j�g�h�]�h���d�h�^�b�j�h�\�Z�g�b�y).  

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �k�i�h�k�h�[�� �\�k�l�j�Z�b�\�Z�g�b�y�� �k�d�j�u�l�h�]�h�� �P�<�A�� �g�Z�� �h�k�g�h�\�_�� �k�e�_�^�m�x�s�b�o��

�i�j�b�g�p�b�i�h�\: 

�x �\�k�l�j�Z�b�\�Z�_�f�u�_�� �^�Z�g�g�u�_�� �j�Z�a�[�b�\�Z�x�l�k�y�� �g�Z���n�j�Z�]�f�_�g�l�u; 
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�x �d�\�Z�^�j�Z�l�g�u�_�� �r�Z�[�e�h�g�u�� �b�a�� �l�h�q�_�d�����]�^�_���i�j�b�k�m�l�k�l�\�b�_�� �l�h�q�d�b���\���h�i�j�_�^�_�e�z�g�g�h�c�� �i�h�a�b�p�b�b��

�h�a�g�Z�q�Z�_�l�� �_�^�b�g�b�q�g�u�c�� �[�b�l���� �Z�� �h�l�k�m�l�k�l�\�b�_�� �í �g�m�e�_�\�h�c�� �[�b�l���� �k�h�^�_�j�`�Z�l�� �g�_�k�d�h�e�v�d�h��

�^�m�[�e�_�c�� �n�j�Z�]�f�_�g�l�h�\���^�Z�g�g�u�o; 

�x �^�e�y���h�[�g�Z�j�m�`�_�g�b�y���r�Z�[�e�h�g�h�\���h�d�h�e�h���b�o���m�]�e�h�\���i�_�q�Z�l�Z�x�l�k�y�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_�� �f�_�l�d�b; 

�x �r�Z�[�e�h�g�u�� �k���n�j�Z�]�f�_�g�l�Z�f�b�� �^�Z�g�g�u�o�� �f�g�h�]�h�d�j�Z�l�g�h�� �^�m�[�e�b�j�m�x�l�k�y�� �\���l�Z�d�b�o�� �k�e�m�q�Z�c�g�u�o��

�f�_�k�l�Z�o�� �^�h�d�m�f�_�g�l�Z���� �]�^�_�� �l�h�q�d�b�� �r�Z�[�e�h�g�Z�� �b�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o �f�_�l�h�d �i�h�i�Z�^�Z�x�l�� �\��

�n�h�g�h�\�u�_���h�[�e�Z�k�l�b�� 

�;�_�a���h�]�j�Z�g�b�q�_�g�b�y�� �h�[�s�g�h�k�l�b���j�Z�k�k�f�h�l�j�b�f���i�j�b�f�_�j�����d�h�]�^�Z���j�Z�a�f�_�j���\�k�l�j�Z�b�\�Z�_�f�h�]�h��

�\���^�h�d�m�f�_�g�l��MIC �k�h�k�l�Z�\�e�y�_�l��12 �[�Z�c�l�����J�Z�a�h�[�v�z�f���_�]�h �g�Z�������n�j�Z�]�f�_�g�l�h�\���^�Z�g�g�u�o�����D�Z�`�^�u�c��

�n�j�Z�]�f�_�g�l���� �d�Z�d�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �k�h�^�_�j�`�b�l�� ������ �[�b�l���� �b�a�� �d�h�l�h�j�u�o�� �l�j�b�� �± �w�l�h��

�g�h�f�_�j���n�j�Z�]�f�_�g�l�Z���� �h�^�b�g�� �± �[�b�l�� �q�z�l�g�h�k�l�b���� �^�\�_�g�Z�^�p�Z�l�v�� �± �h�^�g�Z�� �b�a�� �\�h�k�v�f�b�� �q�Z�k�l�_�c��MIC. 

�;�b�l���q�z�l�g�h�k�l�b���m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �\���_�^�b�g�b�p�m���� �_�k�e�b���g�h�f�_�j���n�j�Z�]�f�_�g�l�Z�� �í �g�_�q�z�l�g�h�_�� �q�b�k�e�h����

�b���m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �\�������\���i�j�h�l�b�\�g�h�f���k�e�m�q�Z�_�����;�b�l���q�z�l�g�h�k�l�b���b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���i�j�h�\�_�j�d�b��

�i�j�b���q�l�_�g�b�b�� �g�h�f�_�j�Z���n�j�Z�]�f�_�g�l�Z����  

 
�J�b�k�m�g�h�d��4.15 �± �J�Z�k�i�j�_�^�_�e�_�g�b�_���[�b�l���n�j�Z�]�f�_�g�l�Z���^�Z�g�g�u�o. 

 

�N�j�Z�]�f�_�g�l�� �q�_�l�u�j�_�`�^�u�� �i�h�\�l�h�j�y�_�l�k�y�� �\�� �r�Z�[�e�h�g�_�� ���� �g�Z�� ���� �l�h�q�_�d���� �K�m�s�_�k�l�\�m�_�l��

�f�g�h�`�_�k�l�\�h���\�Z�j�b�Z�g�l�h�\�� �^�m�[�e�b�j�h�\�Z�g�b�y�� �[�b�l���n�j�Z�]�f�_�g�l�Z���� �G�Z�� �j�b�k�m�g�d�_�� ���������� �i�h�d�Z�a�Z�g�h�� �^�\�Z��

�\�h�a�f�h�`�g�u�o���\�Z�j�b�Z�g�l�Z�� �H�^�b�g�Z�d�h�\�u�_�� �[�b�l�u���h�[�h�a�g�Z�q�_�g�u���h�^�g�b�f���b���l�_�f���`�_���p�\�_�l�h�f.  

�L�h�q�d�b�� �\�� �r�Z�[�e�h�g�_�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �m�a�e�Z�o�� �k�_�l�d�b�� �k�� �r�Z�]�h�f�� �\��m �f�f�����k�f���� �j�b�k�m�g�h�d��

�������������� �>�e�y���h�[�g�Z�j�m�`�_�g�b�y�� �g�Z���k�l�j�Z�g�b�p�_�� �r�Z�[�e�h�g�Z�� �h�d�h�e�h���_�]�h���q�_�l�u�j�z�o�� �m�]�e�h�\���i�_�q�Z�l�Z�x�l�k�y��

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_�� �f�_�l�d�b���� �D�Z�`�^�Z�y�� �f�_�l�d�Z�� �k�h�k�l�h�b�l�� �b�a�� �l�j�z�o�� �l�h�q�_�d���� �h�[�j�Z�a�m�x�s�b�o��

�i�j�y�f�h�m�]�h�e�v�g�u�c�� �l�j�_�m�]�h�e�v�g�b�d�� �k���^�e�b�g�Z�f�b�� �d�Z�l�_�l�h�\��a �b��b �f�f���d�Z�d�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_��

������������ �J�Z�k�k�l�h�y�g�b�_�� �i�h�� �\�_�j�l�b�d�Z�e�b�� �b�� �]�h�j�b�a�h�g�l�Z�e�b�� �h�l�� �m�]�e�h�\�h�c���l�h�q�d�b�� �r�Z�[�e�h�g�Z�� �^�h��

ID1 ID2 P b0ID0 b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11

�N�j�Z�]�f�_�g�l���^�Z�g�g�u�o�G�h�f�_�j���n�j�Z�]�f�_�g�l�Z

�;�b�l���q�z�l�g�h�k�l�b
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�\�_�j�r�b�g�u���l�j�_�m�]�h�e�v�g�b�d�Z���� �e�_�`�Z�s�_�c�� �g�Z�i�j�h�l�b�\���]�b�i�h�l�_�g�m�a�u���� �j�Z�\�g�h��d �f�f�����<�k�_�� �m�d�Z�a�Z�g�g�u�_��

�j�Z�a�f�_�j�u���f�g�h�]�h���[�h�e�v�r�_���j�Z�a�f�_�j�Z���l�h�q�d�b�� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d��4.16 �± �<�Z�j�b�Z�g�l�u���^�m�[�e�b�j�h�\�Z�g�b�y���[�b�l���n�j�Z�]�f�_�g�l�Z���^�Z�g�g�u�o���\���r�Z�[�e�h�g�_. 

 

 
�J�b�k�m�g�h�d��4.17 �± �R�Z�[�e�h�g���b���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_���f�_�l�d�b. 

 

�K�� �i�h�f�h�s�v�x�� �]�_�g�_�j�Z�l�h�j�Z�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�u�o�� �q�b�k�_�e�� �]�_�g�_�j�b�j�m�_�l�k�y �d�h�h�j�^�b�g�Z�l�Z��

�i�h�e�h�`�_�g�b�y�� �r�Z�[�e�h�g�Z�� �g�Z���k�l�j�Z�g�b�p�_. �>�Z�e�_�_ �i�j�h�\�_�j�y�_�l�k�y�����i�h�i�Z�^�Z�x�l�� �e�b�� �l�h�q�d�b���r�Z�[�e�h�g�Z��
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�b�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �f�_�l�h�d�� �\�� �n�h�g�h�\�u�_�� �h�[�e�Z�k�l�b���� �l�h�� �_�k�l�v�� �j�Z�\�g�u �e�b �g�m�e�x��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �h�d�j�_�k�l�g�h�k�l�b�� �w�l�b�o �l�h�q�_�d �w�e�_�f�_�g�l�u�� �\�� �d�Z�g�Z�e�Z�o�� �b�a�h�[�j�Z�`�_�g�b�y����

�i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �^�e�y���i�_�q�Z�l�b���� �?�k�e�b�� �w�l�h���l�Z�d�����l�h���l�h�q�d�b���r�Z�[�e�h�g�Z�� �b���f�_�l�h�d���^�h�[�Z�\�e�y�x�l�k�y��

�\���d�Z�g�Z�e�� �q�z�j�g�h�]�h���i�j�b�� �q�z�j�g�h-�[�_�e�h�c���i�_�q�Z�l�b�� �b�e�b�� �d�Z�g�Z�e�� �`�z�e�l�h�]�h�� �i�j�b���p�\�_�l�g�h�c���� �?�k�e�b�� �`�_��

�o�h�l�y���[�u���h�^�g�Z���b�a���l�h�q�_�d���r�Z�[�e�h�g�Z�� �i�h�i�Z�^�Z�_�l�� �\���i�_�q�Z�l�Z�_�f�u�_�� �w�e�_�f�_�g�l�u �b�e�b�� �i�j�b�f�u�d�Z�_�l�� �d 

�g�b�f���� �l�h�� �]�_�g�_�j�b�j�m�_�l�k�y�� �g�h�\�Z�y�� �k�e�m�q�Z�c�g�Z�y�� �d�h�h�j�^�b�g�Z�l�Z���� �I�j�h�p�_�k�k���i�j�h�^�h�e�`�Z�_�l�k�y�� �^�h���l�_�o��

�i�h�j���� �i�h�d�Z��8 �j�Z�a�� �g�_�� �[�m�^�m�l�� �^�h�[�Z�\�e�_�g�u�� �\�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �d�Z�g�Z�e�� �i�_�q�Z�l�Z�_�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���r�Z�[�e�h�g�u �^�e�y���\�k�_�o���n�j�Z�]�f�_�g�l�h�\�����L�Z�d�`�_���b�l�_�j�Z�p�b�b�� �i�j�_�j�u�\�Z�x�l�k�y�����_�k�e�b��������

�i�h�i�u�l�h�d���i�h�^�j�y�^���g�Z�c�l�b���k�\�h�[�h�^�g�m�x���i�h�a�b�p�b�x���^�e�y���i�_�q�Z�l�b���r�Z�[�e�h�g�Z���[�u�e�b���g�_�m�^�Z�q�g�u�f�b����

�>�e�y���^�h�d�m�f�_�g�l�h�\ c �l�z�f�g�u�f���n�h�g�h�f���b���i�j�b���i�_�q�Z�l�b�� �[�_�a���i�h�e�_�c���\�h�a�f�h�`�g�h�����q�l�h���g�_���m�^�Z�k�l�k�y��

�g�Z�c�l�b�� �i�h�� �� �i�h�a�b�p�b�c�� �^�e�y�� �^�h�[�Z�\�e�_�g�b�y�� �r�Z�[�e�h�g�h�\�� �\�k�_�o�� �n�j�Z�]�f�_�g�l�h�\ MIC���� �g�h�� �l�Z�d�h�c��

�k�e�m�q�Z�c�� �y�\�e�y�_�l�k�y�� �g�_�o�Z�j�Z�d�l�_�j�g�u�f���� �>�e�y�� �h�[�u�q�g�u�o�� �l�_�d�k�l�h�\�u�o�� �^�h�d�m�f�_�g�l�h�\�� �g�_�� �l�j�m�^�g�h��

�g�Z�c�l�b���g�_�k�d�h�e�v�d�h �k�h�l�_�g �i�h�^�o�h�^�y�s�b�o���i�h�a�b�p�b�c���^�e�y���^�h�[�Z�\�e�_�g�b�y���r�Z�[�e�h�g�Z���\���i�_�q�Z�l�Z�_�f�u�c��

�^�h�d�m�f�_�g�l. �J�b�k�m�g�h�d�� ���������� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �^�\�Z �i�j�b�f�_�j�Z�� �^�h�[�Z�\�e�_�g�b�y�� �r�Z�[�e�h�g�Z �\��

�^�h�d�m�f�_�g�l���� �<�� �h�^�g�h�f�� �k�e�m�q�Z�_�� �r�Z�[�e�h�g�� �b�� �f�_�l�d�b�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �n�h�g�h�\�h�c�� �h�[�e�Z�k�l�b���� �\��

�^�j�m�]�h�f �h�[�e�Z�k�l�v�� �q�Z�k�l�b�q�g�h���a�Z�g�y�l�Z�� �e�b�g�b�y�f�b���� 

   

 
a) 

 
b) 

�J�b�k�m�g�h�d��4.18 �± �I�j�b�f�_�j�u���^�h�[�Z�\�e�_�g�b�y���r�Z�[�e�h�g�h�\�� �\���^�h�d�m�f�_�g�l: a) �r�Z�[�e�h�g���b���f�_�l�d�b���j�Z�k�i�h�e�h�`�_�g�u���\��

�n�h�g�h�\�h�c���h�[�e�Z�k�l�b; �\���w�l�h�f �i�j�b�f�_�j�_ �g�h�f�_�j���n�j�Z�]�f�_�g�l�Z���������^�Z�g�g�u�_��F9E16; b) �r�Z�[�e�h�g���b���f�_�l�d�b��

�j�Z�k�i�h�e�h�`�_�g�u���\���h�[�e�Z�k�l�b�����q�Z�k�l�b�q�g�h���a�Z�g�y�l�h�c���i�j�y�f�u�f�b���e�b�g�b�y�f�b; �\���w�l�h�f���i�j�b�f�_�j�_ �g�h�f�_�j���n�j�Z�]�f�_�g�l�Z��

7�����^�Z�g�g�u�_��87216. 
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�B�a�\�e�_�q�_�g�b�_���P�<�A 

�I�j�b�� �b�a�\�e�_�q�_�g�b�b�� �P�<�A�� �b�a�� �k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_��

�h�[�g�Z�j�m�`�b�\�Z�x�l�k�y�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_�� �f�_�l�d�b���� �A�g�Z�q�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\��a, b, d �b m 

�b�a�\�_�k�l�g�u���� �?�k�e�b�� �o�h�l�y�� �[�u�� �^�\�_�� �f�_�l�d�b�� �h�[�g�Z�j�m�`�_�g�u���� �l�h�� �i�j�h�\�_�j�y�_�l�k�y�� �g�Z�e�b�q�b�_�� �l�h�q�_�d�� �\��

�l�j�_�[�m�_�f�u�o�� �i�h�a�b�p�b�y�o�� �r�Z�[�e�h�g�Z���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���k�q�b�l�u�\�Z�x�l�k�y�� �[�b�l�u�� �r�Z�[�e�h�g�Z���� �G�h�f�_�j��

�n�j�Z�]�f�_�g�l�Z�� �i�h�\�l�h�j�y�_�l�k�y���\���r�Z�[�e�h�g�_�� �q�_�l�u�j�_�� �j�Z�a�Z�����?�k�e�b�� �g�h�f�_�j�� �i�j�h�o�h�^�b�l���i�j�h�\�_�j�d�m�� �g�Z��

�q�z�l�g�h�k�l�v/�g�_�q�z�l�g�h�k�l�v�� �b���k�h�\�i�Z�^�_�l���i�h���f�_�g�v�r�_�c�� �f�_�j�_���\���l�j�z�o���k�e�m�q�Z�y�o���� �l�h���k�q�b�l�Z�_�l�k�y���� �q�l�h��

�r�Z�[�e�h�g�� �b�a�\�e�_�q�z�g���� �\�� �i�j�h�l�b�\�g�h�f�� �k�e�m�q�Z�_�� �^�Z�g�g�u�_�� �w�l�h�]�h�� �r�Z�[�e�h�g�Z�� �b�k�d�e�x�q�Z�x�l�k�y�� �b�a��

�j�Z�k�k�f�h�l�j�_�g�b�y��  

�G�_�k�d�h�e�v�d�h�� �[�b�l���^�Z�g�g�u�o�� �\���r�Z�[�e�h�g�_���f�h�]�m�l���[�u�l�v���b�k�d�Z�`�_�g�u���� �L�h�q�d�Z�����d�h�^�b�j�m�x�s�Z�y��

�_�^�b�g�b�p�m�����f�h�`�_�l���g�_���i�j�h�i�_�q�Z�l�Z�l�v�k�y���g�Z���[�m�f�Z�]�_���b�e�b���b�k�q�_�a�g�m�l�v���\���i�j�h�p�_�k�k�_���d�h�i�b�j�h�\�Z�g�b�y����

�H�l�k�m�l�k�l�\�b�_�� �l�h�q�d�b���� �d�h�^�b�j�m�x�s�_�_�� �g�h�e�v�� �d�h�l�h�j�h�_ �a�Z�� �k�q�z�l�� �k�e�m�q�Z�c�g�h�� �i�j�b�e�b�i�r�_�c��

�q�Z�k�l�b�q�d�b�� �l�h�g�_�j�Z�� �b�e�b�� �]�j�y�a�b�� �g�Z�� �k�l�_�d�e�_�� �k�d�Z�g�_�j�Z�� �k�q�b�l�u�\�Z�_�l�k�y �d�Z�d�� �_�^�b�g�b�p�Z���� �<�l�h�j�Z�y��

�k�b�l�m�Z�p�b�y�� �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�_�_�� �\�_�j�h�y�l�g�Z �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�_�j�\�h�c���� �i�h�w�l�h�f�m�� �h�p�_�g�b�f��

�\�_�j�h�y�l�g�h�k�l�v�� �b�k�d�Z�`�_�g�b�y�� �h�l�^�_�e�v�g�h�]�h�� �_�^�b�g�b�q�g�h�]�h�� �[�b�l�Z�� �i�j�b�� �b�a�\�e�_�q�_�g�b�b�� �P�<�A���� �I�m�k�l�v��

�a�g�Z�q�_�g�b�_�� �[�b�l�Z�� �[�u�e�h�� �k�q�b�l�Z�g�h n �j�Z�a����p �± �\�_�j�h�y�l�g�h�k�l�v�� �h�r�b�[�d�b�� �\�� �[�b�l�_���� �b�� �b�k�d�Z�`�_�g�b�y��

�[�b�l�h�\�� �g�_�a�Z�\�b�k�b�f�u���� �J�_�a�m�e�v�l�Z�l�h�f�� �b�a�\�e�_�q�_�g�b�y�� �[�b�l�Z�� �y�\�e�y�_�l�k�y�� �g�Z�b�[�h�e�_�_�� �q�Z�k�l�h��

�\�k�l�j�_�q�Z�x�s�_�_�k�y�� �a�g�Z�q�_�g�b�_�� ���f�h�^�Z���� �b�a�� �\�k�_�o�� �i�h�\�l�h�j�h�\���� �I�h�k�d�h�e�v�d�m�� �^�e�y�� �q�z�l�g�h�]�h��n 

�\�h�a�f�h�`�g�Z�� �k�b�l�m�Z�p�b�y���� �d�h�]�^�Z�� ���� �b�� ���� �\�k�l�j�_�l�y�l�k�y�� �h�^�b�g�Z�d�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h�� �j�Z�a���� �i�h�w�l�h�f�m��

�h��̂b�g �b�a �^�m�[�e�_�c �h�l�[�j�Z�k�u�\�Z�_�l�k�y���� �b��n �m�f�_�g�v�r�Z�_�l�k�y�� �g�Z�� ���� �<�_�j�h�y�l�g�h�k�l�v �b�k�d�Z�`�_�g�b�y��

�b�a�\�e�_�q�_�g�g�h�]�h�� �[�b�l�Z���P�<�A���L�½:  

�L�½
L �s 
F 
Í �%�á
�ß

�:�á�?�5�;���6

�ß�@�4

�L�ß�:�s 
F �L�;�á�?�ß�á 

 

(4.4) 

�]�^�_���%�á
�ß �± �q�b�k�e�h���k�h�q�_�l�Z�g�b�c�� �b�a��n �i�h��l . 

�G�Z�� �j�b�k�m�g�d�_�� ���������� �i�j�b�\�_�^�_�g�u�� �]�j�Z�n�b�d�b�� �n�m�g�d�p�b�b�� �������������^�e�y��n = 3 (�\�k�l�j�Z�b�\�Z�_�l�k�y�� ����

�r�Z�[�e�h�g), n = 15 (�r�Z�[�e�h�g���^�m�[�e�b�j�m�_�l�k�y�� ���� �j�Z�a�Z), n = 31 (�r�Z�[�e�h�g�� �^�m�[�e�b�j�m�_�l�k�y�� ���� �j�Z�a). 

�>�e�y���d�Z�`�^�h�c���d�h�g�d�j�_�l�g�h�c���f�h�^�_�e�b���F�N�I�� �b���k�p�_�g�Z�j�b�y���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �^�h�d�m�f�_�g�l�Z���f�h�`�g�h��

�h�p�_�g�b�l�v�� �a�g�Z�q�_�g�b�_��p�����G�Z�i�j�b�f�_�j���� �i�j�b���i�_�q�Z�l�b�����d�h�i�b�j�h�\�Z�g�b�b���g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �^�h�d�m�f�_�g�l�Z��
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�b�� �i�h�k�e�_�^�m�x�s�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �g�Z�� �F�N�I��Samsung CLX-6240 �g�_�i�j�Z�\�b�e�v�g�h��

�k�q�b�l�u�\�Z�x�l�k�y�� �^�h�� ���� ���� �l�h�q�_�d���� �d�h�^�b�j�m�x�s�b�o�� �_�^�b�g�b�p�u���� �b�� �f�_�g�_�_������ ���� �i�h�a�b�p�b�c����

�d�h�^�b�j�m�x�s�b�o���g�m�e�b�����l���_����p=0,06. �;�e�Z�]�h�^�Z�j�y���l�h�f�m�����q�l�h���d�Z�`�^�u�c���[�b�l���^�Z�g�g�u�o���q�_�l�u�j�_���j�Z�a�Z��

�^�m�[�e�b�j�m�_�l�k�y�� �\�� �i�j�_�^�_�e�Z�o�� �r�Z�[�e�h�g�Z�� �b�� �r�Z�[�e�h�g�u�� �g�_�k�d�h�e�v�d�h�� �j�Z�a�� �i�h�\�l�h�j�y�x�l�k�y�� �g�Z��

�k�l�j�Z�g�b�p�_���� �m�^�Z�z�l�k�y�� �d�h�j�j�_�d�l�g�h�� �b�a�\�e�_�d�Z�l�v�� �^�Z�g�g�u�_��MIC���� �l���d���� �\�_�j�h�y�l�g�h�k�l�v�� �b�k�d�Z�`�_�g�b�y��

�[�b�l�Z���L�½ �[�e�b�a�d�Z�� �d�� �g�m�e�x�� �D�j�h�f�_�� �l�h�]�h���� �^�h�i�h�e�g�b�l�_�e�v�g�h�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �d�h�g�l�j�h�e�v��

�\�Z�e�b�^�g�h�k�l�b�� �q�Z�k�l�_�c��MIC���� �d�Z�`�^�Z�y���b�a���d�h�l�h�j�u�o���b�f�_�_�l���^�b�Z�i�Z�a�h�g�� �^�h�i�m�k�l�b�f�u�o�� �a�g�Z�q�_�g�b�c���� �� 

 

 
 �J�b�k�m�g�h�d��4.19 �± �=�j�Z�n�b�d�b���\�_�j�h�y�l�g�h�k�l�b���b�k�d�Z�`�_�g�b�y���[�b�l�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���q�b�k�e�Z���^�m�[�e�b�j�h�\�Z�g�b�c��n.  

 

�J�_�a�m�e�v�l�Z�l�u 

�>�e�y�� �i�j�h�\�_�j�d�b�� �\�h�a�f�h�`�g�h�k�l�b�� �b�a�\�e�_�q�_�g�b�y�� �P�<�A�� �b�a�� �g�Z�i�_�q�Z�l�Z�g�g�u�o���b�k�d�Z�`�z�g�g�u�o��

�^�h�d�m�f�_�g�l�h�\�� �[�u�e�� �i�j�h�\�_�^�z�g�� �k�e�_�^�m�x�s�b�c�� �w�d�k�i�_�j�b�f�_�g�l���� �G�Z�� �e�Z�a�_�j�g�h�f�� �q�z�j�g�h-�[�_�e�h�f��

�i�j�b�g�l�_�j�_��Samsung ML-4450 [208] �i�_�q�Z�l�Z�e�k�y �h�[�u�q�g�u�c���l�_�d�k�l�h�\�u�c���^�h�d�m�f�_�g�l�����q�z�j�g�u�c��

�l�_�d�k�l�� �g�Z�� �[�_�e�h�f�� �n�h�g�_���� �i�j�b�f�_�j�g�h�� ���������� �k�b�f�\�h�e�h�\�� �Z�g�]�e�b�c�k�d�h�]�h�� �l�_�d�k�l�Z�� �g�Z�� �k�l�j�Z�g�b�p�m����

�r�j�b�n�l��Times New Roman �j�Z�a�f�_�j�h�f�� ������ �i�m�g�d�l�h�\���� �i�h�e�m�l�h�j�g�u�c�� �f�_�`�k�l�j�h�q�g�u�c��

�b�g�l�_�j�\�Z�e������ �I�j�b�� �i�_�q�Z�l�b�� �\�� �^�h�d�m�f�_�g�l�� �^�h�[�Z�\�e�y�e�k�y �k�d�j�u�l�u�c�� �P�<�A���� �k�h�^�_�j�`�Z�s�b�c��MIC. 
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�<�_�k�v��MIC �j�Z�a�[�b�\�Z�e�k�y���g�Z�������n�j�Z�]�f�_�g�l�h�\���b���d�Z�`�^�u�c���n�j�Z�]�f�_�g�l���i�h�\�l�h�j�y�e�k�y���\���^�h�d�m�f�_�g�l�_��

���� �j�Z�a�����L�Z�d�b�f�� �h�[�j�Z�a�h�f���\���^�h�d�m�f�_�g�l�_�� �i�j�b�k�m�l�k�l�\�m�_�l�� ������ �r�Z�[�e�h�g�Z���� �B�k�o�h�^�g�u�c�� �^�h�d�m�f�_�g�l��

�[�u�e�� �h�l�k�d�Z�g�b�j�h�\�Z�g���� �A�Z�l�_�f�� �[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �[�m�f�Z�`�g�Z�y�� �d�h�i�b�y���^�h�d�m�f�_�g�l�Z�� �b�� �l�Z�d�`�_��

�h�l�k�d�Z�g�b�j�h�\�Z�g�Z���� �>�Z�e�_�_���b�k�o�h�^�g�u�c�� �^�h�d�m�f�_�g�l���[�u�e���j�Z�a�h�j�\�Z�g���i�h�i�h�e�Z�f�����b���k�d�Z�g�b�j�h�\�Z�e�b�k�v��

�^�\�_�� �i�h�e�h�\�b�g�u�� �^�h�d�m�f�_�g�l�Z���� �>�e�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �d�h�i�b�j�h�\�Z�g�b�y�� �^�h�d�m�f�_�g�l�Z��

�b�k�i�h�e�v�a�h�\�Z�e�k�y�� �F�N�I��Samsung CLX-6240 [145]. �B�a�� �k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��

�p�_�e�h�c�� �k�l�j�Z�g�b�p�u �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �^�h�d�m�f�_�g�l�Z�� �^�\�m�o���_�]�h�� �i�h�e�h�\�b�g�� �b���d�h�i�b�b�� �b�a�\�e�_�d�Z�e�b�k�v��

�r�Z�[�e�h�g�u�� �b���k�q�b�l�u�\�Z�e�k�y��MIC. �J�_�a�m�e�v�l�Z�l�u�� �i�j�b�\�_�^�_�g�u�� �\���l�Z�[�e�b�p�_�� ���������� �P�<�A�� �d�h�j�j�_�d�l�g�h��

�b�a�\�e�_�d�Z�_�l�k�y�� �b�a���i�h�e�h�\�b�g�u�� �k�l�j�Z�g�b�p�u�� �b���d�h�i�b�b���^�h�d�m�f�_�g�l�Z���� 

 

�L�Z�[�e�b�p�Z�� ���������J�_�a�m�e�v�l�Z�l�u�� �q�l�_�g�b�y���b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�h�]�h�� �d�h�^�Z���m�k�l�j�h�c�k�l�\�Z (MIC). 

�L�_�k�l �D�h�e�b�q�_�k�l�\�h��
�b�a�\�e�_�q�z�g�g�u�o��

�r�Z�[�e�h�g�h�\�� �b�a������ 

�F�b�g�b�f�Z�e�v�g�h�_��
�d�h�e�b�q�_�k�l�\�h���^�m�[�e�_�c��

�^�e�y���h�^�g�h�]�h���[�b�l�Z 

MIC �i�j�h�q�b�l�Z�g��
�\�_�j�g�h? 

�K�l�j�Z�g�b�p�Z���^�h�d�m�f�_�g�l�Z 63 28 �>�Z 

�<�_�j�o�g�y�y���i�h�e�h�\�b�g�Z���k�l�j�Z�g�b�p�u 28 12 �>�Z 

�G�b�`�g�y�y���i�h�e�h�\�b�g�Z���k�l�j�Z�g�b�p�u 26 12 �>�Z 

�I�_�j�\�Z�y���d�h�i�b�y 33 16 �>�Z 

 

�<�j�_�f�y���i�_�q�Z�l�b���^�h�d�m�f�_�g�l�h�\���b�a���k�l�Z�g�^�Z�j�l�Z��ISO 24734 [29] �k���^�h�[�Z�\�e�_�g�b�_�f���P�<�A�� �g�Z��

�q�z�j�g�h-�[�_�e�h�f�� �i�j�b�g�l�_�j�_��Samsung ML-4450 [208] �m�\�_�e�b�q�b�e�h�k�v �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�h�[�u�q�g�u�f �j�_�`�b�f�h�f���g�Z��1,1%�����q�l�h���i�j�Z�d�l�b�q�_�k�d�b�� �g�_�a�Z�f�_�l�g�h�� �^�e�y���i�h�e�v�a�h�\�Z�l�_�e�y. 

�<�u�\�h�^�u���i�h���q�_�l�\�z�j�l�h�c���]�e�Z�\�_ 

�J�Z�k�k�f�h�l�j�_�g�u�� �k�i�_�p�b�Z�e�v�g�u�_�� �j�_�`�b�f�u�� �i�_�q�Z�l�b���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_�� �^�e�y�� �w�d�h�g�h�f�b�b��

�j�Z�k�o�h�^�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �b�� �^�h�[�Z�\�e�_�g�b�y�� �\�� �g�Z�i�_�q�Z�l�Z�g�g�u�c�� �^�h�d�m�f�_�g�l�� �a�Z�s�b�l�g�u�o��

�w�e�_�f�_�g�l�h�\���� �K�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �j�_�`�b�f�Z�f�� �i�_�q�Z�l�b���� �j�_�Z�e�b�a�m�_�f�u�f�� �\�h��

�\�k�l�j�h�_�g�g�h�f���i�j�h�]�j�Z�f�f�g�h�f���h�[�_�k�i�_�q�_�g�b�b���� 
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�I�j�_�^�e�h�`�_�g�� �i�h�^�o�h�^�� �d�� �j�_�Z�e�b�a�Z�p�b�b�� �j�_�`�b�f�h�\�� �k�i�_�p�b�Z�e�v�g�h�c�� �i�_�q�Z�l�b�� �i�m�l�z�f 

�e�h�d�Z�e�v�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b�� �d�h�^�Z���i�j�h�p�_�k�k�h�j�Z�� �j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c�� �\�d�e�x�q�Z�x�s�b�c���� 

1. �h�i�j�_�^�_�e�_�g�b�_�� �\�� �k�m�s�_�k�l�\�m�x�s�_�f�� �d�h�^�_�� �f�h�^�m�e�_�c���� �]�^�_�� �a�Z�� �k�q�z�l���\�_�l�\�e�_�g�b�y�� �f�h�`�g�h��

�\�u�i�h�e�g�b�l�v�� �i�_�j�_�o�h�^�� �g�Z�� �i�j�h�p�_�^�m�j�m�� �j�_�Z�e�b�a�Z�p�b�b�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �j�_�`�b�f�Z���� �Z�� �a�Z�l�_�f��

�\�_�j�g�m�l�v�k�y�� �d���k�m�s�_�k�l�\�m�x�s�_�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �h�[�j�Z�[�h�l�d�b���� 

2. �\�u�[�h�j���\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�h�]�h���Z�e�]�h�j�b�l�f�Z���� �b�f�_�x�s�_�]�h�� �d�h�f�i�Z�d�l�g�m�x�� �j�_�Z�e�b�a�Z�p�b�x��

�^�e�y���b�k�i�h�e�v�a�m�_�f�h�c�� �\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�u���� 

3. �i�_�j�_�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �n�m�g�d�p�b�c���� �k�m�s�_�k�l�\�m�x�s�b�o�� �\�� �d�h�^�_�� �i�j�h�p�_�k�k�h�j�Z�� �j�Z�k�l�j�h�\�u�o��

�b�a�h�[�j�Z�`�_�g�b�c�� 

�H�i�j�_�^�_�e�_�g�u�� �k�e�_�^�m�x�s�b�_�� �f�h�^�m�e�b�� �\ �i�j�h�p�_�k�k�h�j�_�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �^�e�y��

�\�k�l�j�Z�b�\�Z�g�b�y�� �g�h�\�u�o���j�_�`�b�f�h�\���i�_�q�Z�l�b���� 

1. �f�h�^�m�e�v�� �j�Z�k�l�_�j�b�a�Z�p�b�b�� �r�j�b�n�l�h�\���� �]�^�_ �f�h�`�g�h�� �b�a�f�_�g�y�l�v�� �h�l�h�[�j�Z�`�_�g�b�_�� �h�l�^�_�e�v�g�u�o��

�k�b�f�\�h�e�h�\���l�_�d�k�l�Z���� 

2. �f�h�^�m�e�v�� �^�_�d�h�^�b�j�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�b�d�k�_�e�_�c�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c����

�g�Z���\�u�o�h�^�_���d�h�l�h�j�h�]�h���f�h�`�g�h���b�a�f�_�g�y�l�v���\�b�^���j�Z�k�l�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c�����i�_�j�_�^�Z�g�g�u�o�� �\��

�f�_�l�Z�n�Z�c�e�_���� 

3. �f�h�^�m�e�v�� �g�Z�� �\�u�o�h�^�_�� �[�e�h�d�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �\���i�_�q�Z�l�g�u�c�� �j�Z�k�l�j�����]�^�_ �f�h�`�g�h���\�g�h�k�b�l�v��

�b�a�f�_�g�_�g�b�y�� �\���d�Z�g�Z�e�u�� �p�\�_�l�Z���i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �^�e�y���i�_�q�Z�l�b���b�a�h�[�j�Z�`�_�g�b�y���� 

�I�j�_�^�e�h�`�_�g�g�u�c�� �i�h�^�o�h�^���i�h�a�\�h�e�b�e�� �a�Z�� �d�h�j�h�l�d�h�_���\�j�_�f�y �^�h�[�Z�\�b�l�v�� �\�h���\�k�l�j�h�_�g�g�h�_ 

�i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b���k�e�_�^�m�x�s�b�_�� �g�h�\�u�_��

�j�_�`�b�f�u�����m�^�h�\�e�_�l�\�h�j�y�x�s�b�_���l�j�_�[�h�\�Z�g�b�y�f�� �i�h���\�j�_�f�_�g�b���b���d�Z�q�_�k�l�\�m�� �j�Z�[�h�l�u:  

�x �j�_�`�b�f�� �i�_�q�Z�l�b�� �f�b�d�j�h�l�_�d�k�l�Z���� �i�h�a�\�h�e�y�x�s�b�c�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �©�g�Z���e�_�l�m�ª��

�]�_�g�_�j�b�j�h�\�Z�l�v�� �f�b�d�j�h�k�b�f�\�h�e�u�� �j�Z�a�f�_�j�h�f�� �h�d�h�e�h�� ���� �l�b�i�h�]�j�Z�n�k�d�h�]�h�� �i�m�g�d�l�Z�� �^�e�y��

�r�b�j�h�d�h�]�h���g�Z�[�h�j�Z���y�a�u�d�h�\���[�_�a���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �k�i�_�p�b�Z�e�v�g�u�o�� �r�j�b�n�l�h�\; �^�h�[�Z�\�e�_�g�b�_��

�g�Z���k�l�j�Z�g�b�p�m���f�b�d�j�h�l�_�d�k�l�Z���m�\�_�e�b�q�b�\�Z�_�l�� �\�j�_�f�y���i�_�q�Z�l�b���g�Z�������������k�����q�l�h���g�_�a�Z�f�_�l�g�h���^�e�y��

�i�h�e�v�a�h�\�Z�l�_�e�y;  
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�x �j�_�`�b�f�� �w�d�h�g�h�f�b�q�g�h�c�� �i�_�q�Z�l�b���� �d�h�l�h�j�u�c�� �k�h�d�j�Z�s�Z�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�j�Z�k�d�b�� �g�Z��

13,4% �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �e�m�q�r�_�_�� �\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h�� �k�b�f�\�h�e�h�\�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�Z�e�v�l�_�j�g�Z�l�b�\�g�u�f�b�� �k�i�h�k�h�[�Z�f�b; 

�x �j�_�`�b�f���q�_�j�g�h�\�h�c���i�_�q�Z�l�b�����\���d�h�l�h�j�h�f���d�Z�j�l�b�g�d�b�� �i�j�_�h�[�j�Z�a�m�x�l�k�y���\���p�\�_�l�g�u�_�� �w�k�d�b�a�u, 

�i�j�b���w�l�h�f���w�d�h�g�h�f�b�l�k�y���^�h������ % �l�h�g�_�j�Z�����Z���\�j�_�f�y���j�Z�[�h�l�u���j�_�`�b�f�Z���i�j�_�\�u�r�Z�_�l���\�j�_�f�y��

�h�[�u�q�g�h�c���i�_�q�Z�l�b�� �e�b�r�v���g�Z������������; 

�x �j�_�`�b�f�� �^�h�[�Z�\�e�_�g�b�y�� �g�Z�� �k�l�j�Z�g�b�p�m�� �k�d�j�u�l�u�o�� �p�b�n�j�h�\�u�o�� �\�h�^�y�g�u�o�� �a�g�Z�d�h�\����

�k�h�^�_�j�`�Z�s�b�o�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�u�c�� �d�h�^�� �m�k�l�j�h�c�k�l�\�Z; �a�Z�� �k�q�z�l�� �f�g�h�]�h�d�j�Z�l�g�h�]�h��

�^�m�[�e�b�j�h�\�Z�g�b�y�� �b�g�n�h�j�f�Z�p�b�b���k�i�h�k�h�[���i�h�a�\�h�e�y�_�l���b�a�\�e�_�q�v�� �k�d�j�u�l�m�x�� �b�g�n�h�j�f�Z�p�b�x���b�a��

�d�h�i�b�b���b���i�h�e�h�\�b�g�u�� �k�l�j�Z�g�b�p�u���� 
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�=�e�Z�\�Z���������I�h�^�o�h�^���d���h�p�_�g�d�_���b���m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z���i�_�q�Z�l�Z�_�f�u�o���n�h�l�h�]�j�Z�n�b�c 

�P�b�n�j�h�\�u�f�b�� �n�h�l�h�d�Z�f�_�j�Z�f�b�� �b�� �d�Z�f�_�j�Z�f�b�� �k�f�Z�j�l�n�h�g�h�\ �_�`�_�^�g�_�\�g�h�� �k�g�b�f�Z�x�l�k�y��

�f�b�e�e�b�h�g�u�� �n�h�l�h�]�j�Z�n�b�c���� �;�h�e�v�r�b�g�k�l�\�h�� �n�h�l�h�]�j�Z�n�b�c�� �h�k�l�Z�z�l�k�y�� �\�� �w�e�_�d�l�j�h�g�g�h�f�� �\�b�^�_����

�i�m�[�e�b�d�m�_�l�k�y�� �\���h�[�e�Z�q�g�u�o�� �k�_�j�\�b�k�Z�o�� �b�e�b�� �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y�� �\���k�h�p�b�Z�e�v�g�u�o�� �k�_�l�y�o���� �L�_�f��

�g�_�� �f�_�g�_�_���� �j�y�^�� �i�h�e�v�a�h�\�Z�l�_�e�_�c �i�_�q�Z�l�Z�x�l�� �n�h�l�h�]�j�Z�n�b�b�� �g�Z�� �n�h�l�h�i�j�b�g�l�_�j�Z�o �b�e�b��

�m�g�b�\�_�j�k�Z�e�v�g�u�o�� �p�\�_�l�g�u�o�� �F�N�I. �F�h�`�g�h���\�u�^�_�e�b�l�v�� �l�j�b���]�j�m�i�i�u�� �i�h�e�v�a�h�\�Z�l�_�e�_�c: 

�x �i�_�j�\�u�_�� �o�h�l�y�l�� �i�h�e�m�q�b�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b�� �d�Z�d�� �f�h�`�g�h���[�u�k�l�j�_�_�� �b�� �g�_��

�`�_�e�Z�x�l �l�j�Z�l�b�l�v���\�j�_�f�y���b���m�k�b�e�b�y�� �g�Z���h�l�[�h�j���n�h�l�h�]�j�Z�n�b�c;  

�x �\�l�h�j�u�_���]�h�l�h�\�u���[�u�k�l�j�h���h�l�h�[�j�Z�l�v���d�Z�q�_�k�l�\�_�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b�����^�e�y���w�l�h�]�h �g�Z���I�D�� �b�e�b��

�f�h�[�b�e�v�g�h�f�� �m�k�l�j�h�c�k�l�\�_�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �g�_�k�d�h�e�v�d�h �i�j�h�k�l�u�o �k�i�h�k�h�[�h�\�� �m�k�l�j�Z�g�_�g�b�y��

�l�b�i�b�q�g�u�o�� �^�_�n�_�d�l�h�\;  

�x �l�j�_�l�v�b �± �w�d�k�i�_�j�l�u, �d�h�l�h�j�u�_ �f�h�]�m�l �a�Z�g�b�f�Z�l�v�k�y�� �i�h�^�]�h�l�h�\�d�h�c���n�h�l�h�]�j�Z�n�b�c���d���i�_�q�Z�l�b��

�q�Z�k�Z�f�b�����\�j�m�q�g�m�x���j�_�^�Z�d�l�b�j�m�y���b�a�h�[�j�Z�`�_�g�b�y���� 

�M�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �i�_�j�\�h�c�� �]�j�m�i�i�u�� �i�_�q�Z�l�Z�x�l�k�y�� �\�� �l�h�f�� �q�b�k�e�_�� �b�k�i�h�j�q�_�g�g�u�_��

�b�a�h�[�j�Z�`�_�g�b�y�����q�l�h���\�_�^�z�l���d���g�_�w�n�n�_�d�l�b�\�g�h�f�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�x���j�Z�k�o�h�^�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\����

�Q�Z�k�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c �b�f�_�_�l�� �i�h�k�j�_�^�k�l�\�_�g�g�h�_�� �d�Z�q�_�k�l�\�h�� �>�e�y��

�i�h�e�v�a�h�\�Z�l�_�e�_�c�� �\�l�h�j�h�c���]�j�m�i�i�u�� �\�Z�`�g�h���k�h�d�j�Z�l�b�l�v�� �\�j�_�f�y���g�Z���b�k�d�e�x�q�_�g�b�_�� �b�k�i�h�j�q�_�g�g�u�o��

�b�a�h�[�j�Z�`�_�g�b�c�� �b�� �m�e�m�q�r�_�g�b�_�� �n�h�l�h�]�j�Z�n�b�c���� �g�m�`�^�Z�x�s�b�o�k�y�� �\�� �d�h�j�j�_�d�p�b�b���� �I�h�w�l�h�f�m��

�j�Z�a�j�Z�[�h�l�d�Z�� �n�m�g�d�p�b�b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �b�� �i�h�\�u�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o��

�n�h�l�h�]�j�Z�n�b�c�� �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�h�c �a�Z�^�Z�q�_�c. �L�j�_�[�h�\�Z�g�b�y�f �w�d�k�i�_�j�l�h�\�� �l�j�m�^�g�h��

�m�^�h�\�e�_�l�\�h�j�b�l�v���� �g�h�� �o�h�j�h�r�h�� �j�Z�[�h�l�Z�x�s�Z�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�Z�y�� �d�h�j�j�_�d�p�b�y�� �g�Z�o�h�^�b�l��

�i�h�e�h�`�b�l�_�e�v�g�u�c�� �h�l�d�e�b�d�� �b���m���[�h�e�v�r�b�g�k�l�\�Z �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �^�Z�g�g�h�c���]�j�m�i�i�u  

�N�Z�c�e�u�� �k�� �n�h�l�h�]�j�Z�n�b�y�f�b�� �q�Z�k�l�h�� �i�h�k�l�m�i�Z�x�l�� �\�� �i�j�b�g�l�_�j�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k��

�d�Z�f�_�j�u�� �i�h�� �i�j�h�\�h�^�g�h�f�m�� �b�e�b�� �[�_�k�i�j�h�\�h�^�g�h�f�m�� �b�g�l�_�j�n�_�c�k�m�� �b�e�b �k�q�b�l�u�\�Z�x�l�k�y�� �k�� �d�Z�j�l��

�i�Z�f�y�l�b�����I�h�w�l�h�f�m�� �k�i�h�k�h�[�u���h�p�_�g�d�b �b���m�e�m�q�r�_�g�b�y �d�Z�q�_�k�l�\�Z���b�a�h�[�j�Z�`�_�g�b�y�� �g�_�h�[�o�h�^�b�f�h��

�j�_�Z�e�b�a�h�\�Z�l�v �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H�� �m�k�l�j�h�c�k�l�\�� �i�_�q�Z�l�b���� �<�u�q�b�k�e�b�l�_�e�v�g�u�_�� �i�e�Z�l�n�h�j�f�u��

�d�h�f�i�Z�d�l�g�u�o�� �n�h�l�h�i�j�b�g�l�_�j�h�\�� �h�[�e�Z�^�Z�x�l�� �k�d�m�^�g�u�f�b�� �j�_�k�m�j�k�Z�f�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
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�i�e�Z�l�n�h�j�f�Z�f�b���F�N�I�� �^�e�y���b�g�^�m�k�l�j�b�Z�e�v�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y �b�����l�_�f���[�h�e�_�_�����I�D���� �Z���\�j�_�f�y���g�Z��

�i�h�^�]�h�l�h�\�d�m�� �n�h�l�h�]�j�Z�n�b�b�� �d�� �i�_�q�Z�l�b���� �\�d�e�x�q�Z�y�� �d�h�j�j�_�d�p�b�x���� �g�_���^�h�e�`�g�h�� �i�j�_�\�u�r�Z�l�v��

�g�_�k�d�h�e�v�d�b�o�� �k�_�d�m�g�^���� 

�;�h�e�v�r�b�g�k�l�\�h�� �b�a�\�_�k�l�g�u�o�� �k�i�h�k�h�[�h�\���h�p�_�g�d�b�� �b���d�h�j�j�_�d�p�b�b�� �d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c��

�h�j�b�_�g�l�b�j�h�\�Z�g�u�� �g�Z�� �b�o�� �i�j�h�k�f�h�l�j�� �g�Z�� �^�b�k�i�e�_�_���� �H�q�_�\�b�^�g�h���� �q�l�h�� �g�Z�i�_�q�Z�l�Z�g�g�u�_ 

�n�h�l�h�]�j�Z�n�b�b�� �\�u�]�e�y�^�y�l�� �b�g�Z�q�_�� �b�� �b�o�� �\�b�^�� �a�Z�\�b�k�b�l�� �h�l�� �b�k�i�h�e�v�a�m�_�f�h�c�� �l�_�o�g�h�e�h�]�b�b�� �b��

�i�Z�j�Z�f�_�l�j�h�\�� �i�_�q�Z�l�b���� �L�j�_�[�m�_�l�k�y�� �k�n�h�j�f�m�e�b�j�h�\�Z�l�v�� �i�h�^�o�h�^�� �d�� �h�p�_�g�d�_�� �b�� �m�e�m�q�r�_�g�b�x��

�d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c���� �m�q�b�l�u�\�Z�x�s�b�c�� �l�h���� �d�Z�d�� �\�u�]�e�y�^�y�l�� �b�f�_�g�g�h�� �g�Z�i�_�q�Z�l�Z�g�g�u�_��

�b�a�h�[�j�Z�`�_�g�b�y���� �b�� �i�h�a�\�h�e�y�x�s�b�c�� �^�h�k�l�b�q�v�� �\�u�k�h�d�h�c�� �k�d�h�j�h�k�l�b�� �h�[�j�Z�[�h�l�d�b�� �g�Z�� �p�_�e�_�\�h�c��

�\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�_��  

5.1. �L�b�i�b�q�g�u�_ �^�_�n�_�d�l�u �n�h�l�h�]�j�Z�n�b�c 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �Z�g�Z�e�b�a�Z�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c���� �i�h�e�m�q�_�g�g�u�o�� �k��

�i�h�f�h�s�v�x�� �j�Z�a�e�b�q�g�u�o �d�Z�f�_�j, �k�^�_�e�Z�g�� �\�u�\�h�^���� �q�l�h���d�� �g�Z�b�[�h�e�_�_�� �q�Z�k�l�h�� �\�k�l�j�_�q�Z�x�s�b�f�k�y, 

�j�Z�a�^�j�Z�`�Z�x�s�b�f���i�h�e�v�a�h�\�Z�l�_�e�_�c�� �b�����k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �l�j�_�[�m�x�s�b�f���d�h�j�j�_�d�p�b�b�� �^�_�n�_�d�l�Z�f��

�h�l�g�h�k�y�l�k�y��[209]: 

�x �j�Z�a�f�u�l�b�_�� �b�a�h�[�j�Z�`�_�g�b�y; 

�x �i�j�b�k�m�l�k�l�\�b�_�� �w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �i�j�b���k�t�z�f�d�_���k�h���\�k�i�u�r�d�h�c; 

�x �a�Z�l�_�f�g�_�g�b�_�� �p�_�e�h�c���n�h�l�h�]�j�Z�n�b�b���b�e�b�� �_�z���h�l�^�_�e�v�g�u�o�� �q�Z�k�l�_�c; 

�x �Z�j�l�_�n�Z�d�l�u��JPEG [23] �k�`�Z�l�b�y; 

�x �\�u�k�h�d�b�c�� �m�j�h�\�_�g�v���r�m�f�Z. 

�J�Z�a�f�u�l�b�_ 

�K�m�s�_�k�l�\�m�_�l�� �g�_�k�d�h�e�v�d�h�� �\�h�a�f�h�`�g�u�o�� �i�j�b�q�b�g�� �j�Z�a�f�u�l�b�y�� �b�e�b�� �h�l�k�m�l�k�l�\�b�y��

�q�z�l�d�h�k�l�b/�j�_�a�d�h�k�l�b�� �n�h�l�h�]�j�Z�n�b�c�����<��[210] �\�u�^�_�e�_�g�u�� �q�_�l�u�j�_�� �d�e�Z�k�k�Z�� �j�Z�a�f�u�l�u�o�� ��blur) 

�b�a�h�[�j�Z�`�_�g�b�c: 

1. �h�r�b�[�d�Z���n�h�d�m�k�b�j�h�\�d�b�� �d�Z�f�_�j�u����out-of-focus); 

2. �k�f�Z�a���i�h���i�j�b�q�b�g�_ �^�\�b�`�_�g�b�y���n�h�l�h�]�j�Z�n�b�j�m�_�f�h�]�h���h�[�t�_�d�l�Z���b�e�b���d�Z�f�_�j�u����motion blur); 
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3. �o�Z�h�l�b�q�g�u�_�� �^�\�b�`�_�g�b�y�� �d�Z�f�_�j�u���b�a-�a�Z �l�j�y�k�d�b���b�e�b�� �^�j�h�`�Z�g�b�y���j�m�d; 

4. �k�e�h�`�g�u�c�� �o�Z�j�Z�d�l�_�j�� �j�Z�a�f�u�l�b�y���\���k�b�e�m�� �g�_�k�d�h�e�v�d�b�o�� �i�j�b�q�b�g�� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d��5.1 �± �B�e�e�x�k�l�j�Z�p�b�y���\�h�k�i�j�b�y�l�b�y���j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���_�]�h���j�Z�a�f�_�j�Z: a) 

�n�h�l�h�]�j�Z�n�b�y���\�u�]�e�y�^�b�l���k�e�_�]�d�Z���g�_�j�_�a�d�h�c; b) �l�Z �`�_���n�h�l�h�]�j�Z�n�b�y���f�_�g�v�r�_�]�h���j�Z�a�f�_�j�Z���\�h�k�i�j�b�g�b�f�Z�_�l�k�y��

�q�z�l�d�h�c�� 

 

�H�p�_�g�d�Z�� �j�_�a�d�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�[�e�x�^�Z�l�_�e�_�f�� �k�b�e�v�g�h�� �a�Z�\�b�k�b�l�� �h�l�� �m�k�e�h�\�b�c��

�i�j�h�k�f�h�l�j�Z�����\���q�Z�k�l�g�h�k�l�b�� �h�l���j�Z�a�f�_�j�Z���b�a�h�[�j�Z�`�_�g�b�y�����Q�Z�k�l�h���j�Z�a�f�u�l�h�_���b�a�h�[�j�Z�`�_�g�b�_�� �i�j�b��
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�i�j�h�k�f�h�l�j�_�� �\�� �m�f�_�g�v�r�_�g�g�h�f�� �\�b�^�_�� �\�u�]�e�y�^�b�l�� �q�z�l�d�b�f���� �N�h�l�h�]�j�Z�n�b�y�� �g�Z �j�b�k�m�g�d�_�� �������D��

�\�u�]�e�y�^�b�l�� �k�e�_�]�d�Z�� �g�_�j�_�a�d�h�c�����g�h���l�Z���`�_���n�h�l�h�]�j�Z�n�b�y�����[�m�^�m�q�b���m�f�_�g�v�r�_�g�g�h�c���� �g�Z���j�b�k�m�g�d�_��

�������E���\�h�k�i�j�b�g�b�f�Z�_�l�k�y���q�z�l�d�h�c�� �G�Z�^�h���h�l�f�_�l�b�l�v�����q�l�h���h�[�u�q�g�h�c���y�\�e�y�_�l�k�y���k�b�l�m�Z�p�b�y���� �d�h�]�^�Z��

�l�h�e�v�d�h���q�Z�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y���©�\���n�h�d�m�k�_�ª���� �Z���^�j�m�]�Z�y���q�Z�k�l�v���j�Z�a�f�u�l�Z�����L�Z�d�h�_���b�a�h�[�j�Z�`�_�g�b�_��

�g�_�e�v�a�y�� �k�q�b�l�Z�l�v�� �g�_�d�Z�q�_�k�l�\�_�g�g�u�f�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �_�]�h�� �j�_�a�d�h�k�l�b���� �o�h�l�y�� �d�Z�f�_�j�Z�� �f�h�`�_�l��

�k�n�h�d�m�k�b�j�h�\�Z�l�v�k�y�� �g�Z���b�g�h�f���h�[�t�_�d�l�_�����q�_�f���i�e�Z�g�b�j�h�\�Z�e�� �n�h�l�h�]�j�Z�n�� 

�W�n�n�_�d�l���©�d�j�Z�k�g�u�o���]�e�Z�a�ª 

�H�d�j�Z�r�b�\�Z�g�b�_�� �g�Z�� �n�h�l�h�]�j�Z�n�b�b�� �a�j�Z�q�d�Z�� �q�_�e�h�\�_�d�Z�� �\�� �d�j�Z�k�g�u�c���p�\�_�l�� �i�j�b��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�k�i�u�r�d�b�� �g�Z�a�u�\�Z�x�l�� �w�n�n�_�d�l�h�f�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���� �D�h�]�^�Z�� �k�\�_�l �h�l��

�\�k�i�u�r�d�b �i�Z�^�Z�_�l�� �g�Z�� �q�_�e�h�\�_�q�_�k�d�b�c�� �]�e�Z�a�� �i�h�^�� �m�]�e�h�f���� �g�_�� �k�b�e�v�g�h�� �h�l�e�b�q�Z�x�s�b�f�k�y �h�l��

�h�i�l�b�q�_�k�d�h�c���h�k�b�����h�g���f�h�`�_�l���i�j�h�o�h�^�b�l�v���q�_�j�_�a���a�j�Z�q�h�d�����h�l�j�Z�`�Z�l�v�k�y���h�[�j�Z�l�g�h���h�l���]�e�Z�a�g�h�]�h��

�^�g�Z���i�j�b�f�_�j�g�h���i�h�^���l�_�f���`�_���m�]�e�h�f�����i�h�^���d�h�l�h�j�u�f���\�h�r�z�e�����F�_�e�d�b�_�� �d�j�h�\�_�g�h�k�g�u�_�� �k�h�k�m�^�u��

�g�Z�� �]�e�Z�a�g�h�f�� �^�g�_�� �^�Z�x�l�� �h�l�j�Z�`�z�g�g�u�c�� �k�\�_�l�� �d�j�Z�k�g�h�]�h�� �p�\�_�l�Z���� �G�Z���a�Z�^�g�_�c�� �k�l�_�g�d�_�� �k�_�l�q�Z�l�d�b 

�k�h�^�_�j�`�b�l�k�y �f�_�e�Z�g�b�g���� �L�h�e�s�b�g�Z�� �k�e�h�y���f�_�e�Z�g�b�g�Z �d�h�j�j�_�e�b�j�m�_�l�� �k���i�b�]�f�_�g�l�Z�p�b�_�c�� �d�h�`�b���b��

�\�h�e�h�k���� �i�h�w�l�h�f�m�� �m�� �l�_�f�g�h�d�h�`�b�o�� �b�� �l�_�f�g�h�\�h�e�h�k�u�o�� �e�x�^�_�c�� �h�[�u�q�g�h�� �\�u�k�h�d�Z�y��

�d�h�g�p�_�g�l�j�Z�p�b�y�� �g�Z�� �a�Z�^�g�_�c�� �k�l�_�g�d�_�� �k�_�l�q�Z�l�d�b���� �F�_�e�Z�g�b�g�� �h�k�e�Z�[�e�y�_�l�� �k�\�_�l���� �i�j�h�o�h�^�y�s�b�c��

�q�_�j�_�a�� �a�j�Z�q�h�d���� �b �[�h�e�_�_�� �\�u�k�h�d�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �f�_�e�Z�g�b�g�Z�� �i�j�b�\�h�^�b�l�� �d�� �m�f�_�g�v�r�_�g�b�x��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �w�n�n�_�d�l�Z��«�d�j�Z�k�g�u�o�� �]�e�Z�a». �I�j�b�f�_�j�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �w�n�n�_�d�l�h�f��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �i�h�d�Z�a�Z�g�� �g�Z���j�b�k�m�g�d�_�� �������� 

 

 
�J�b�k�m�g�h�d��5.2 �± �B�a�h�[�j�Z�`�_�g�b�_���k���w�n�n�_�d�l�h�f���©�d�j�Z�k�g�u�o���]�e�Z�a�ª�� 
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�B�k�k�e�_�^�h�\�Z�l�_�e�b �d�h�f�i�Z�g�b�b��Kodak �b�a�m�q�Z�e�b �q�Z�k�l�h�l�m �\�h�a�g�b�d�g�h�\�_�g�b�y�� �w�n�n�_�d�l�Z��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �w�l�g�b�q�_�k�d�b�o�� �]�j�m�i�i�� �\�� �K�R�:�����k�f���� �l�Z�[�e�b�p�m�� ����������[211].  

�O�h�l�y�� �\�g�m�l�j�b�� �d�Z�`�^�h�c �g�Z�p�b�h�g�Z�e�v�g�h�k�l�b�� �k�m�s�_�k�l�\�m�x�l�� �g�_�d�h�l�h�j�u�_�� �j�Z�a�e�b�q�b�y�� �\��

�i�b�]�f�_�g�l�Z�p�b�b�� �^�e�y �j�Z�k�� �k�� �[�h�e�_�_�� �l�z�f�g�u�f�� �p�\�_�l�h�f�� �e�b�p�Z�� �\�� �k�j�_�^�g�_�f�� �w�n�n�_�d�l «�d�j�Z�k�g�u�o��

�]�e�Z�a» �\�h�a�g�b�d�Z�_�l�� �j�_�`�_. �>�e�y�� �_�\�j�h�i�_�h�b�^�h�\�� �^�Z�g�g�u�c�� �w�n�n�_�d�l�� �\�h�a�g�b�d�Z�_�l�� �^�h�k�l�Z�l�h�q�g�h��

�q�Z�k�l�h. �I�j�b�q�z�f, �i�j�h�p�_�g�l�� �^�_�l�_�c�� �_�\�j�h�i�_�h�b�^�h�\�� �k�� �a�Z�f�_�l�g�u�f�� �w�n�n�_�d�l�h�f�� �©�d�j�Z�k�g�u�o���]�e�Z�a�ª��

�^�h�k�l�b�]�Z�_�l�� ���������� �l�Z�d�� �d�Z�d�� �j�Z�a�f�_�j�� �a�j�Z�q�d�Z�� �m�� �^�_�l�_�c�� �[�h�e�v�r�_���� �q�_�f�� �m�� �\�a�j�h�k�e�u�o. �I�h�w�l�h�f�m��

�d�h�j�j�_�d�p�b�y�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �y�\�e�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h�c �n�m�g�d�p�b�_�c�� �m�k�l�j�h�c�k�l�\����

�j�Z�[�h�l�Z�x�s�b�o���k���n�h�l�h�]�j�Z�n�b�y�f�b.  

 

�L�Z�[�e�b�p�Z�� �������� �I�j�h�p�_�g�l�� �e�x�^�_�c�� �k���a�Z�f�_�l�g�u�f�� �w�n�n�_�d�l�h�f���©�d�j�Z�k�g�u�o���]�e�Z�a�ª�� �^�e�y�� �j�Z�a�e�b�q�g�u�o��

�w�l�g�b�q�_�k�d�b�o�� �]�j�m�i�i�� �\���K�R�:. 

�W�l�g�b�q�_�k�d�Z�y���]�j�m�i�i�Z �����e�x�^�_�c���k���a�Z�f�_�l�g�u�f���w�n�n�_�d�l�h�f���©�d�j�Z�k�g�u�o���]�e�Z�a�ª 

�:�n�j�h�Z�f�_�j�b�d�Z�g�p�u 9 

�:�a�b�Z�l�u 15 

�E�Z�l�b�g�h�Z�f�_�j�b�d�Z�g�p�u�� 41 

�?�\�j�h�i�_�h�b�^�u�� 70 

 

�:�j�l�_�n�Z�d�l�u���k�`�Z�l�b�y 

�G�_�k�f�h�l�j�y�� �g�Z���k�m�s�_�k�l�\�m�x�s�b�_�� �g�_�^�h�k�l�Z�l�d�b�� �b���b�f�_�x�s�b�_�k�y�� �e�m�q�r�b�_���Z�e�v�l�_�j�g�Z�l�b�\�u��

�i�h�� �h�l�g�h�r�_�g�b�x�� �k�l�_�i�_�g�v�� �k�`�Z�l�b�y�� �d�� �d�Z�q�_�k�l�\�m��[212], �n�h�j�f�Z�l��JPEG [23] �h�k�l�Z�z�l�k�y��

�i�j�h�f�u�r�e�_�g�g�u�f�� �k�l�Z�g�^�Z�j�l�h�f�� �i�h�� �j�Z�[�h�l�_�� �k�� �p�b�n�j�h�\�u�f�b�� �n�h�l�h�]�j�Z�n�b�y�f�b���� 

�I�j�h�j�_�`�b�\�Z�g�b�_�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\���� �j�Z�a�[�b�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z���[�e�h�d�b�� �b���d�\�Z�g�l�h�\�Z�g�b�_��

�g�Z�� �g�_�[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �m�j�h�\�g�_�c���� �h�k�h�[�_�g�g�h�� �\�� �\�u�k�h�d�b�o���q�Z�k�l�h�l�Z�o���� �\�_�^�m�l�� �d��

�h�[�j�Z�a�h�\�Z�g�b�x���Z�j�l�_�n�Z�d�l�h�\��JPEG �k�`�Z�l�b�y��[213]�����k�j�_�^�b���d�h�l�h�j�u�o���g�Z�b�[�h�e�_�_�� �a�Z�f�_�l�g�u: 

�x �[�e�h�q�g�u�_�� �Z�j�l�_�n�Z�d�l�u���� �i�j�b�� �d�h�l�h�j�u�o�� �b�a�h�[�j�Z�`�_�g�b�_�� �\�u�]�e�y�^�b�l�� �j�Z�a�[�b�l�u�f�� �g�Z��

�d�\�Z�^�j�Z�l�g�u�_�� �[�e�h�d�b�����k�e�_�]�d�Z�� �h�l�e�b�q�Z�x�s�b�_�k�y�� �h�l�l�_�g�d�h�f; 
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�x �©�a�\�h�g�ª�� ��ringing) �b�e�b�� �w�n�n�_�d�l�� �=�b�[�[�k�Z���� �\�u�j�Z�`�Z�x�s�b�c�k�y�� �\�� �e�h�`�g�h�f�� �h�d�h�g�l�m�j�b�\�Z�g�b�b��

�\�^�h�e�v���]�j�Z�g�b�p�� 

�I�j�b�f�_�j�� �b�a�h�[�j�Z�`�_�g�b�y���k��JPEG �Z�j�l�_�n�Z�d�l�Z�f�b�� �i�h�d�Z�a�Z�g�� �g�Z���j�b�k�m�g�d�_�� ���������� 

 

 
�J�b�k�m�g�h�d��5.4 �± �B�a�h�[�j�Z�`�_�g�b�_���k���Z�j�l�_�n�Z�d�l�Z�f�b��JPEG �k�`�Z�l�b�y�� 

 

�A�Z�l�_�f�g�_�g�b�_���p�_�e�h�c���n�h�l�h�]�j�Z�n�b�b���b�e�b���_�z���h�l�^�_�e�v�g�u�o���q�Z�k�l�_�c 

�I�j�b�� �g�_�^�h�k�l�Z�l�h�q�g�h�f�� �\�j�_�f�_�g�b�� �w�d�k�i�h�a�b�p�b�b�� �\�k�y�� �n�h�l�h�]�j�Z�n�b�y�� �i�h�e�m�q�Z�_�l�k�y��

�g�_�^�h�w�d�k�i�h�g�b�j�h�\�Z�g�g�h�c, �l�z�f�g�h�c. �I�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�_�� �i�h�\�u�r�_�g�b�_�� �d�h�g�l�j�Z�k�l�Z�� �b��

�i�j�b�f�_�g�_�g�b�_�� �]�Z�f�f�Z-�d�h�j�j�_�d�p�b�b, �d�Z�d�� �i�j�Z�\�b�e�h�� �i�h�a�\�h�e�y�_�l�� �m�e�m�q�r�b�l�v�� �l�Z�d�b�_��

�b�a�h�[�j�Z�`�_�g�b�y��[78].   

 

 
�J�b�k�m�g�h�d��5.3 �± �B�a�h�[�j�Z�`�_�g�b�_�����k�g�y�l�h�_���\���d�h�g�l�j�h�\�h�f���k�\�_�l�_�� 
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�K�m�s�_�k�l�\�_�g�g�h�� �k�e�h�`�g�_�_�� �d�h�j�j�_�d�l�b�j�h�\�Z�l�v���n�h�l�h�]�j�Z�n�b�b�����g�Z���d�h�l�h�j�u�o���l�h�e�v�d�h���q�Z�k�l�v��

�i�h�e�m�q�b�e�Z�k�v�� �a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�_�_�� �l�z�f�g�h�c���� �q�_�f�� �o�h�l�_�e�h�k�v���� �L�Z�d�b�_�� �b�a�h�[�j�Z�`�_�g�b�y��

�\�h�a�g�b�d�Z�x�l, �\���q�Z�k�l�g�h�k�l�b, �i�j�b���n�h�l�h�]�j�Z�n�b�j�h�\�Z�g�b�b���\���d�h�g�l�j�h�\�h�f���k�\�_�l�_�����d�h�]�^�Z���g�Z���a�Z�^�g�_�f��

�i�e�Z�g�_�� �j�Z�k�i�h�e�h�`�_�g���y�j�d�b�c���b�k�l�h�q�g�b�d���k�\�_�l�Z�����<���Z�g�]�e�h�y�a�u�q�g�h�c�� �e�b�l�_�j�Z�l�m�j�_�� �b�k�i�h�e�v�a�m�_�l�k�y��

�l�_�j�f�b�g�� �©�a�Z�^�g�b�c�� �k�\�_�l�ª�� ��backlight, backlit). �N�h�l�h�]�j�Z�n�b�y���� �k�g�y�l�Z�y�� �\�� �d�h�g�l�j�h�\�h�f���k�\�_�l�_����

�i�h�d�Z�a�Z�g�Z�� �g�Z�� �j�b�k�m�g�d�_�� ���������� �B�a-�a�Z�� �k�t�z�f�d�b�� �g�Z�� �n�h�g�_�� �h�d�g�Z�� �e�b�p�h�� �q�_�e�h�\�_�d�Z�� �i�h�e�m�q�b�e�h�k�v��

�k�e�b�r�d�h�f���l�z�f�g�u�f���� 

�<�u�k�h�d�b�c���m�j�h�\�_�g�v���r�m�f�Z 

�<�� �i�e�z�g�h�q�g�u�o�� �n�h�l�h�Z�i�i�Z�j�Z�l�Z�o�� �^�e�y�� �k�t�z�f�d�b�� �\�� �m�k�e�h�\�b�y�o�� �g�b�a�d�h�c�� �h�k�\�_�s�z�g�g�h�k�l�b��

�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�e�z�g�d�Z�� �k�� �\�u�k�h�d�h�c��ISO �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x [214]���� �� �<�� �p�b�n�j�h�\�u�o��

�d�Z�f�_�j�Z�o�� �b�k�i�h�e�v�a�m�_�l�k�y�� �g�Z�k�l�j�h�c�d�Z�� �k�� �l�Z�d�b�f�� �`�_�� �g�Z�a�\�Z�g�b�_�f�� �©ISO�ª���� �d�h�l�h�j�Z�y���i�h�a�\�h�e�y�_�l��

�j�_�]�m�e�b�j�h�\�Z�l�v�� �d�h�w�n�n�b�p�b�_�g�l�� �m�k�b�e�_�g�b�y�� �k�b�]�g�Z�e�Z���� �k�q�b�l�u�\�Z�_�f�u�c�� �k���k�_�g�k�h�j�Z�����I�j�b�� �k�t�z�f�d�_��

�\���k�m�f�_�j�d�Z�o�� �\�u�[�b�j�Z�_�l�k�y���[�h�e�v�r�h�_���a�g�Z�q�_�g�b�_�� �©ISO�ª�����q�l�h���\�_�^�z�l���d���j�h�k�l�m���m�j�h�\�g�y���r�m�f�Z���g�Z��

�n�h�l�h�]�j�Z�n�b�b���� �I�j�b�f�_�j�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �r�m�f�Z�� �i�h�d�Z�a�Z�g�� �g�Z�� �j�b�k�m�g�d�_��

5.5.  

 

 
�J�b�k�m�g�h�d��5.5 �± �B�a�h�[�j�Z�`�_�g�b�_���k���\�u�k�h�d�b�f���m�j�h�\�g�_�f���r�m�f�Z�� 
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5.2. �I�h�^�o�h�^���d���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���d�h�j�j�_�d�p�b�b���n�h�l�h�]�j�Z�n�b�c 

�I�h�k�d�h�e�v�d�m�� �n�h�l�h�i�j�b�g�l�_�j�u �b�� �F�N�I �b�f�_�x�l�� �g�_�k�d�h�e�v�d�h�� �b�g�l�_�j�n�_�c�k�h�\�� �^�e�y��

�i�h�e�m�q�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c, �f�b�g�m�y�� �I�D���� �Z�e�]�h�j�b�l�f�u�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �b��

�d�h�j�j�_�d�p�b�b�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o�� �^�_�n�_�d�l�h�\�� �^�h�e�`�g�u�� �[�u�l�v�� �j�_�Z�e�b�a�h�\�Z�g�u�� �\�h��

�\�k�l�j�h�_�g�g�h�f���I�H�� �m�k�l�j�h�c�k�l�\���i�_�q�Z�l�b���� �D���j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�f�� �Z�e�]�h�j�b�l�f�Z�f���i�j�_�^�t�y�\�e�y�x�l�k�y��

�k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y: 

a) �<�Z�`�g�h�� �^�h�[�b�l�v�k�y���\�u�k�h�d�h�]�h���\�b�a�m�Z�e�v�g�h�]�h�� �d�Z�q�_�k�l�\�Z�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �n�h�l�h�d�Z�j�l�h�q�_�d�����Z��

�g�_���l�h�e�v�d�h���b�a�h�[�j�Z�`�_�g�b�c�� �g�Z���w�d�j�Z�g�_���I�D�� 

b) �G�Z���h�k�g�h�\�_���j�_�a�m�e�v�l�Z�l�h�\�� �[�_�a�j�_�n�_�j�_�g�k�g�u�o ���©�k�e�_�i�u�o�ª���� �Z�e�]�h�j�b�l�f�h�\ �h�p�_�g�d�b���d�Z�q�_�k�l�\�Z 

[215] �b�a�h�[�j�Z�`�_�g�b�y�� �[�_�a�� �^�_�n�_�d�l�h�\�� �g�_�� �^�h�e�`�g�u�� �b�a�f�_�g�y�l�v�k�y���� �n�h�l�h�]�j�Z�n�b�b�� �k��

�^�_�n�_�d�l�Z�f�b�� �m�e�m�q�r�Z�x�l�k�y �b�e�b�� �`�_���� �_�k�e�b�� �d�h�j�j�_�d�p�b�y�� �g�_�\�h�a�f�h�`�g�Z���� �l�h�� �]�_�g�_�j�b�j�m�_�l�k�y 

�i�j�_�^�m�i�j�_�`�^�_�g�b�_�� �^�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y �i�_�q�Z�l�b �g�_�d�Z�q�_�k�l�\�_�g�g�u�o �n�h�l�h�d�Z�j�l�h�q�_�d. 

c) �<�u�k�h�d�Z�y�� �k�d�h�j�h�k�l�v���j�Z�[�h�l�u �g�Z���p�_�e�_�\�h�c�� �\�k�l�j�h�_�g�g�h�c���i�e�Z�l�n�h�j�f�_�� 

�Q�l�h�[�u �m�^�h�\�e�_�l�\�h�j�b�l�v�� �i�_�j�_�q�b�k�e�_�g�g�u�f�� �l�j�_�[�h�\�Z�g�b�y�f���� �k�n�h�j�f�m�e�b�j�h�\�Z�g�� �i�h�^�o�h�^ 

�d���Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�m�� �m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c: 

1. �M�q�b�l�u�\�Z�l�v�� �^�_�l�Z�e�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �\�b�^�b�f�u�_�� �^�e�y�� �^�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z �n�h�l�h�d�Z�j�l�h�q�d�b, 

�j�Z�a�j�_�r�_�g�b�y���b���l�_�o�g�h�e�h�]�b�b�� �i�_�q�Z�l�b�� 

2. �<�u�i�h�e�g�y�l�v�� �h�p�_�g�d�m�� �o�Z�j�Z�d�l�_�j�g�u�o�� �^�_�n�_�d�l�h�\�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z�� �h�k�g�h�\�_�� �f�Z�r�b�g�g�h�]�h��

�h�[�m�q�_�g�b�y���i�h���\�b�a�m�Z�e�v�g�u�f�� �^�Z�g�g�u�f���b�a�h�[�j�Z�`�_�g�b�c �b���f�_�l�Z�b�g�n�h�j�f�Z�p�b�b�� 

3. �<�u�i�h�e�g�y�l�v�� �h�[�j�Z�[�h�l�d�m�� �\�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �\�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �[�_�a�� �e�b�r�g�_�c��

�d�h�g�\�_�j�l�Z�p�b�b�� �\���i�j�h�f�_�`�m�l�h�q�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� 

�K�h�\�j�_�f�_�g�g�u�_�� �n�h�l�h�d�Z�f�_�j�u�� �k�g�b�f�Z�x�l�� �n�h�l�h�]�j�Z�n�b�b���� �k�h�^�_�j�`�Z�s�b�_���^�_�k�y�l�d�b��

�f�_�]�Z�i�b�d�k�_�e�_�c���� �I�j�b�� �i�_�q�Z�l�b�� �n�h�l�h�d�Z�j�l�h�q�d�b�� �j�Z�a�f�_�j�Z�� ������ �g�Z�� ������ �k�f�� �g�Z��

�l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�h�f�� �n�h�l�h�i�j�b�g�l�_�j�_�� �k�� �j�Z�a�j�_�r�_�g�b�_�f�� ��������dpi �b�k�i�h�e�v�a�m�_�l�k�y��

�i�j�b�f�_�j�g�h�� ���� �f�_�]�Z�i�b�d�k�_�e�y���� �P�_�e�_�k�h�h�[�j�Z�a�g�h�� �b�a�f�_�g�y�l�v�� �j�Z�a�f�_�j�� �n�h�l�h�]�j�Z�n�b�b�� �\��

�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �q�b�k�e�h�f�� �i�b�d�k�_�e�_�c���� �b�k�i�h�e�v�a�m�_�f�u�o�� �i�j�b�� �i�_�q�Z�l�b���� �<�� �[�h�e�v�r�b�g�k�l�\�_��

�k�e�m�q�Z�_�\�� �b�a�f�_�g�_�g�b�_�� �j�Z�a�f�_�j�Z�� �± �w�l�h�� �m�f�_�g�v�r�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �g�_��
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�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �f�_�e�d�b�_�� �^�_�l�Z�e�b���� �d�h�l�h�j�u�_�� �g�_�� �\�b�^�g�u�� �g�Z�� �n�h�l�h�d�Z�j�l�h�q�d�_���� �W�l�h 

�k�m�s�_�k�l�\�_�g�g�h�� �k�h�d�j�Z�s�Z�_�l���\�j�_�f�y���h�[�j�Z�[�h�l�d�b�����G�_�d�h�l�h�j�u�_�� �h�l�l�_�g�d�b�� �p�\�_�l�Z���h�l�e�b�q�Z�x�l�k�y�� �g�Z��

�w�d�j�Z�g�_�� �f�h�g�b�l�h�j�Z�� �b�� �g�Z�� �g�Z�i�_�q�Z�l�Z�g�g�h�c�� �n�h�l�h�d�Z�j�l�h�q�d�_���� �<�� �Z�e�]�h�j�b�l�f�Z�o�� �h�p�_�g�d�b�� �b��

�m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�e�_�^�m�_�l�� �h�j�b�_�g�l�b�j�h�\�Z�l�v�k�y���g�Z�� �p�\�_�l�Z���� �i�h�e�m�q�Z�_�f�u�_��

�i�j�b���i�_�q�Z�l�b����  

�N�Z�c�e�u �k �n�h�l�h�]�j�Z�n�b�y�f�b, �d�Z�d �i�j�Z�\�b�e�h, �k�h�^�_�j�`�Z�l���� �f�_�l�Z�b�g�n�h�j�f�Z�p�b�x���� �d�h�l�h�j�Z�y��

�o�j�Z�g�b�l�k�y�� �\�� �n�h�j�f�Z�l�_��EXIF (exchangeable image file format) [216] �b�� �\�� �a�Z�]�h�e�h�\�d�_��

�b�k�i�h�e�v�a�m�_�f�h�]�h�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �n�h�j�f�Z�l�Z�����<�� EXIF-�^�Z�g�g�u�o�� �m�d�Z�a�u�\�Z�x�l�k�y��

�b�k�i�h�e�v�a�h�\�Z�\�r�b�_�k�y�� �i�j�b�� �k�t�z�f�d�_�� �i�Z�j�Z�f�_�l�j�u�� �d�Z�f�_�j�u���� �l�Z�d�b�_�� �d�Z�d�� �\�j�_�f�y�� �w�d�k�i�h�a�b�p�b�b����

�j�Z�a�f�_�j���^�b�Z�n�j�Z�]�f�u�����q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v��ISO, �i�j�b�f�_�g�y�e�Z�k�v �e�b���\�k�i�u�r�d�Z���b���l�Z�d���^�Z�e�_�_�����G�Z��

�h�k�g�h�\�_�� �i�Z�j�Z�f�_�l�j�h�\�� �k�t�z�f�d�b�� �f�h�`�g�h�� �i�j�h�]�g�h�a�b�j�h�\�Z�l�v�� �\�_�j�h�y�l�g�h�k�l�v�� �i�j�b�k�m�l�k�l�\�b�y�� �g�Z��

�b�a�h�[�j�Z�`�_�g�b�b �l�h�]�h���b�e�b�� �b�g�h�]�h���^�_�n�_�d�l�Z��[217]. �H�q�_�\�b�^�g�u�f���i�j�b�f�_�j�h�f���y�\�e�y�_�l�k�y���a�Z�i�b�k�v��

�h�[���b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�k�i�u�r�d�b: �_�k�e�b�� �\�k�i�u�r�d�Z�� �g�_���i�j�b�f�_�g�y�e�Z�k�v���� �l�h���g�Z���b�a�h�[�j�Z�`�_�g�b�b���g�_�l��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���� �G�Z�[�h�j �k�h�o�j�Z�g�y�_�f�u�o��EXIF-�^�Z�g�g�u�o�� �a�g�Z�q�b�l�_�e�v�g�h �h�l�e�b�q�Z�_�l�k�y�� �^�e�y 

�j�Z�a�g�u�o �f�h�^�_�e�_�c�� �d�Z�f�_�j���� �q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �k�h�a�^�Z�g�b�_�� �g�Z�� �b�o�� �h�k�g�h�\�_ �m�g�b�\�_�j�k�Z�e�v�g�h�]�h��

�Z�e�]�h�j�b�l�f�Z�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �^�_�n�_�d�l�h�\�� �^�e�y�� �n�h�l�h�i�j�b�g�l�_�j�Z���� �g�Z�� �\�o�h�^�� �d�h�l�h�j�h�]�h�� �f�h�]�m�l��

�i�h�k�l�m�i�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�y���� �k�g�y�l�u�_�� �j�Z�a�e�b�q�g�u�f�b�� �m�k�l�j�h�c�k�l�\�Z�f�b�� �L�_�f���g�_�� �f�_�g�_�_�����m�^�Z�e�h�k�v��

�k�n�h�j�f�b�j�h�\�Z�l�v�� �g�Z�[�h�j �i�j�h�k�l�u�o�� �i�j�Z�\�b�e��[218�í220]���� �d�h�l�h�j�u�_�� �i�h�a�\�h�e�y�x�l�� �^�e�y�� �j�y�^�Z��

�n�h�l�h�]�j�Z�n�b�c�� �g�_�� �\�u�i�h�e�g�y�l�v�� �h�p�_�g�d�m�� �^�_�n�_�d�l�h�\�� �g�Z�� �h�k�g�h�\�_�� �\�b�a�m�Z�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b��

�b�a�h�[�j�Z�`�_�g�b�y���� �q�l�h�� �k�h�d�j�Z�s�Z�_�l�� �h�[�s�_�_�� �\�j�_�f�y�� �h�[�j�Z�[�h�l�d�b�� �b�� �m�f�_�g�v�r�Z�_�l�� �d�h�e�b�q�_�k�l�\�h��

�e�h�`�g�u�o�� �k�j�Z�[�Z�l�u�\�Z�g�b�c����  

�;�h�e�v�r�b�g�k�l�\�h�� �n�h�l�h�]�j�Z�n�b�c, �i�h�k�l�m�i�Z�x�s�b�o �\�� �n�h�l�h�i�j�b�g�l�_�j���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

�p�\�_�l�h�\�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ YCbCr �n�h�j�f�Z�l�Z JPEG [23]���� �i�h�w�l�h�f�m�� �p�_�e�_�k�h�h�[�j�Z�a�g�h��

�\�u�i�h�e�g�y�l�v�� �h�[�j�Z�[�h�l�d�m���\���w�l�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�� 

�H�[�k�m�`�^�Z�_�f�u�_�� �\�� �^�Z�g�g�h�c�� �]�e�Z�\�_�� �k�i�h�k�h�[�u�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z��

�i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c�� �b�a�g�Z�q�Z�e�v�g�h�� �i�j�_�^�g�Z�a�g�Z�q�Z�e�b�k�v�� �^�e�y���l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�u�o��

�n�h�l�h�i�j�b�g�l�_�j�h�\�����g�h���i�h�a�^�g�_�_ �[�u�e�b �Z�^�Z�i�l�b�j�h�\�Z�g�u���^�e�y���e�Z�a�_�j�g�u�o�� �b���k�l�j�m�c�g�u�o�� �F�N�I. �G�Z��

�h�k�g�h�\�_�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �i�h�^�o�h�^�Z�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �k�i�h�k�h�[�u �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �i�_�q�Z�l�b��
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�j�Z�a�f�u�l�u�o�� �n�h�l�h�]�j�Z�n�b�c�� �b �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b���i�_�q�Z�l�Z�_�f�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��[121, 221, 

222]���� �Z�e�]�h�j�b�l�f�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �d�h�j�j�_�d�p�b�b�� �w�n�n�_�d�l�Z�� �©�d�j�Z�k�g�u�o���]�e�Z�a�ª��[223�í227], 

�f�_�l�h�^�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c [228�í233], �k�i�h�k�h�[�� �i�_�q�Z�l�b��

�Z�g�Z�]�e�b�n�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c �b�a���k�l�_�j�_�h�i�Z�j�u��[234�í236]���� �]�^�_��3D �w�n�n�_�d�l �^�h�k�l�b�]�Z�_�l�k�y�� �a�Z��

�k�q�z�l���p�\�_�l�h�\�h�]�h���d�h�^�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o �^�e�y���e�_�\�h�]�h�� �b���i�j�Z�\�h�]�h��

�]�e�Z�a�Z���� �b���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �h�q�d�h�\���k�� �^�\�m�f�y���j�Z�a�g�u�f�b�� �p�\�_�l�g�u�f�b�� �n�b�e�v�l�j�Z�f�b���� 

5.3. �I�j�b�f�_�j�u���i�j�b�f�_�g�_�g�b�y���i�j�_�^�e�h�`�_�g�g�h�]�h���i�h�^�o�h�^�Z 

�<�� �^�Z�g�g�h�f�� �j�Z�a�^�_�e�_�� �i�h�d�Z�a�Z�g�u �l�j�b �i�j�b�f�_�j�Z�� �i�j�b�f�_�g�_�g�b�y�� �i�h�^�o�h�^�Z �d�� �h�p�_�g�d�_�� �b��

�m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c: �k�i�h�k�h�[�� �h�p�_�g�d�b �b�� �i�h�\�u�r�_�g�b�y 

�j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y; �Z�e�]�h�j�b�l�f���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���b���b�k�i�j�Z�\�e�_�g�b�y �w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o��

�]�e�Z�a�ª; �f �_�l�h�^���h�p�_�g�d�b���b���m�e�m�q�r�_�g�b�y �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c �g�Z���n�h�l�h�]�j�Z�n�b�y�o�����k�g�y�l�u�o���\��

�d�h�g�l�j�h�\�h�f���k�\�_�l�_. 

5.3.1. �K�i�h�k�h�[���h�p�_�g�d�b���b���i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b 

�K�o�_�f�Z���k�i�h�k�h�[�Z 

�K�o�_�f�Z�� �k�i�h�k�h�[�Z�� �h�p�_�g�d�b�� �b�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �i�j�b�\�_�^�_�g�Z���g�Z�� �j�b�k�m�g�d�_�� ���������� �G�Z��

�r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �j�Z�a�f�_�j�h�f��

�h�l�i�_�q�Z�l�d�Z�� �b���j�Z�a�j�_�r�_�g�b�_�f�� �i�_�q�Z�l�b���� �G�Z�� �r�Z�]�_�� ���� �h�p�_�g�b�\�Z�_�l�k�y�� �j�_�a�d�h�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�����\��

�j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h�� �\�u�k�l�Z�\�e�y�_�l�k�y�� �h�^�g�Z�� �b�a�� �q�_�l�u�j�z�o�� �h�p�_�g�h�d���� �i�_�j�_�q�b�k�e�_�g�g�u�o �\�� �l�Z�[�e�b�p�_��

5.2. �J�_�a�d�h�k�l�v�� �h�p�_�g�b�\�Z�_�l�k�y�� �i�h�� �d�Z�g�Z�e�m�� �y�j�d�h�k�l�b���� �>�e�y�� �p�\�_�l�h�\�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z��YCbCr 

JPEG �d�Z�g�Z�e�� �y�j�d�h�k�l�b���w�l�h��Y. �?�k�e�b�� �b�a�h�[�j�Z�`�_�g�b�_�� �j�_�a�d�h�_�� ���m�k�e�h�\�b�_�� ���������l�h���d�h�j�j�_�d�p�b�y�� �g�_��

�l�j�_�[�m�_�l�k�y���� �?�k�e�b�� �b�a�h�[�j�Z�`�_�g�b�_�� �j�Z�a�f�u�l�h�� �k�b�e�v�g�h�� ���m�k�e�h�\�b�_�� �������� �l�h�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_��

�i�j�_�^�m�i�j�_�^�b�l�v�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �b�� �h�l�d�Z�a�Z�l�v�k�y�� �h�l�� �i�_�q�Z�l�b�� �l�Z�d�h�c�� �n�h�l�h�]�j�Z�n�b�b�� ���r�Z�]�� ��������

�i�h�l�h�f�m���q�l�h���m�e�m�q�r�b�l�v�� �_�z���^�h���\�b�a�m�Z�e�v�g�h�� �d�Z�q�_�k�l�\�_�g�g�h�c�� �g�_���m�^�Z�z�l�k�y���� 
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�J�b�k�m�g�h�d��5.6 �± �K�o�_�f�Z���k�i�h�k�h�[�Z���h�p�_�g�d�b���b���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b���i�_�q�Z�l�Z�_�f�h�c���n�h�l�h�]�j�Z�n�b�b�� 

 

�>�e�y���j�Z�a�f�u�l�u�o�� �n�h�l�h�]�j�Z�n�b�b���\�u�i�h�e�g�y�_�l�k�y�� �i�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���k�g�Z�q�Z�e�Z���a�Z���k�q�z�l��

�m�f�_�g�v�r�_�g�b�y�� �^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b�� ���r�Z�]�� �������� �a�Z�l�_�f�� �i�m�l�z�f�� �m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u��

�i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b�����r�Z�]�������������H�[�Z���w�l�b�o�� �r�Z�]�Z�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �h�i�b�k�Z�g�u�� �\���j�Z�a�^�_�e�_��

1) �F�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_ �b�a�h�[�j�Z�`�_�g�b�y��
�\���k�h�h�l�\�_�l�k�l�\�b�b �k �j�Z�a�f�_�j�h�f
�h�l�i�_�q�Z�l�d�Z���b���j�Z�a�j�_�r�_�g�b�_�f

�������H�p�_�g�d�Z���j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y

�������B�a�h�[�j�Z�`�_�g�b�_���j�_�a�d�h�_?

�G�_�l

�>�Z

�������I�j�_�^�m�i�j�_�`�^�_�g�b�_���i�h�e�v�a�h�\�Z�l�_�e�y��
�^�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���i�_�q�Z�l�b��

�g�_�d�Z�q�_�k�l�\�_�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��

�������D�h�j�j�_�d�p�b�y���\�h�a�f�h�`�g�Z?

�>�Z

�G�_�l

�������I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���a�Z���k�q�z�l��
�m�f�_�g�v�r�_�g�b�y���^�e�b�g�u���i�_�j�_�i�Z�^�Z��

�y�j�d�h�k�l�b��

�������I�h�\�u�r�_�g�b�_���j�_�a�d�h�k�l�b���a�Z���k�q�z�l��
�m�\�_�e�b�q�_�g�b�y���\�u�k�h�l�u���i�_�j�_�i�Z�^�Z��

�y�j�d�h�k�l�b
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�������� �b�� �\�u�i�h�e�g�y�x�l�k�y�� �^�e�y�� �d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b���� �I�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b�� �a�Z�� �k�q�z�l�� �m�f�_�g�v�r�_�g�b�y��

�^�e�b�g�u�� �i�_�j�_�i�Z�^�Z�� �y�j�d�h�k�l�b�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h�� �n�h�j�f�m�e�Z�f�� �������������í���������������� �N�h�j�f�m�e�u 

�������������í�������������� �h�i�b�k�u�\�Z�x�l�� �i�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b���a�Z���k�q�z�l���m�\�_�e�b�q�_�g�b�y�� �\�u�k�h�l�u�� �i�_�j�_�i�Z�^�Z��

�y�j�d�h�k�l�b�� 

�D�Z�d�� �h�[�k�m�`�^�Z�e�h�k�v�� �\�� �j�Z�a�^�_�e�_�� ���������� �^�e�y�� �p�\�_�l�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�k�e�_��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �\�� �d�Z�g�Z�e�_�� �y�j�d�h�k�l�b�� �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �b�a�f�_�g�_�g�b�y�� �g�Z�k�u�s�_�g�g�h�k�l�b��

�g�_�h�[�o�h�^�b�f�h�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �a�g�Z�q�_�g�b�y�� �\�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�Z�o���� �I�h�k�d�h�e�v�d�m�� �h�[�j�Z�[�h�l�d�Z��

�\�u�i�h�e�g�y�_�l�k�y�� �\�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_��YCbCr���� �l�h �\�u�j�Z�`�_�g�b�y�� ������������-(3.51) 

�i�j�_�h�[�j�Z�a�m�x�l�k�y���\���k�e�_�^�m�x�s�b�_: 

�+�ñ�ñ
�¼�Õ�:�N�á �?�; 
L �P

�:�+�¼�Õ�:�N�á �?�;
F �t�½�×�?�5�;�+�ñ�ñ
�Â�:�N�á �?�;

�+�Â�:�N�á �?�;

E �t�½�×�?�5�á �+�Â�:�N�á �?�; 
M �r�á

�+�¼�Õ�:�N�á �?�;�á�����������������������������������������������������Ë�Ð�Ã�Ú�È�á
�� 

 

(5.1) 

�+�ñ�ñ
�¼�å�:�N�á �?�; 
L �P

�:�+�¼�å�:�N�á �?�;
F �t�½�×�?�5�;�+�ñ�ñ
�Â�:�N�á �?�;

�+�Â�:�N�á �?�;

E �t�½�×�?�5�á �+�Â�:�N�á �?�; 
M �r�á

�+�¼�å�:�N�á �?�;�á�������������������������������������������������������Ë�Ð�Ã�Ú�È�á
�� 

 

(5.2) 

�]�^�_�� ���+�Â
L �� �± �b�k�o�h�^�g�u�c�� �d�Z�g�Z�e�� �y�j�d�h�k�l�b; �+�ñ�ñ
�Â �± �d�Z�g�Z�e�� �y�j�d�h�k�l�b�� �i�h�k�e�_�� �^�\�m�o�� �r�Z�]�h�\��

�i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b; �+�¼�Õ �b���+�¼�å �b�k�o�h�^�g�u�_�� �p�\�_�l�h�j�Z�a�g�h�k�l�g�u�_�� �d�Z�g�Z�e�u��Cb �b��Cr 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h; �&�ß �± �]�e�m�[�b�g�Z�� �p�\�_�l�Z�� �g�Z���d�Z�g�Z�e�� 

�H�p�_�g�d�Z �j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y 

�J�Z�k�k�f�h�l�j�b�f�� �k�i�h�k�h�[�� �h�p�_�g�d�b�� �j�_�a�d�h�k�l�b�� �n�h�l�h�]�j�Z�n�b�b���� �:�e�]�h�j�b�l�f�Z�f�� �h�p�_�g�d�b��

�j�_�a�d�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�e�b�� �h�[�j�Z�l�g�h�c�� �_�c�� �\�_�e�b�q�b�g�u�� �± �j�Z�a�f�u�l�h�k�l�b�� ��blurriness) 

�i�h�k�\�y�s�_�g�h�� �f�g�h�`�_�k�l�\�h�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �<�� �h�[�a�h�j�_��[237] �k�i�h�k�h�[�u�� �h�p�_�g�d�b�� �j�_�a�d�h�k�l�b��

�j�Z�a�[�b�\�Z�x�l�k�y���g�Z���q�_�l�u�j�_���]�j�m�i�i�u: 

1. �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �\�u�q�b�k�e�_�g�b�b�� �]�j�Z�^�b�_�g�l�h�\�� �b�e�b�� �b�g�u�o�� �N�<�Q�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��

�h�[�e�Z�k�l�b���� �i�j�b�q�_�f�� �]�j�Z�^�b�_�g�l�u�� �\�u�q�b�k�e�y�x�l�k�y�� �e�b�[�h�� �l�h�e�v�d�h�� �i�h�� �h�p�_�g�b�\�Z�_�f�h�f�m��

�b�a�h�[�j�Z�`�_�g�b�x��[238, 239]���� �e�b�[�h�� �k�j�Z�\�g�b�\�Z�x�l�k�y�� �]�j�Z�^�b�_�g�l�u�� �h�p�_�g�b�\�Z�_�f�h�c��

�n�h�l�h�]�j�Z�n�b�b���b���_�z���j�Z�a�f�u�l�h�c���d�h�i�b�b��[240, 241]; 

2. �Z�g�Z�e�b�a�b�j�m�x�s�b�_�� �k�i�_�d�l�j�� �\���q�Z�k�l�h�l�g�h�c���h�[�e�Z�k�l�b [242, 243]; 

3. �b�k�i�h�e�v�a�m�x�s�b�_�� �f�Z�r�b�g�g�h�_�� �h�[�m�q�_�g�b�_ [244, 245]; 
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4. �d�h�f�[�b�g�b�j�m�x�s�b�_�� �g�_�k�d�h�e�v�d�h�� �j�Z�a�e�b�q�g�u�o�� �h�p�_�g�h�d���� �i�h�e�m�q�_�g�g�u�o�� �d�Z�d�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���� �l�Z�d���b���q�Z�k�l�h�l�g�h�c���h�[�e�Z�k�l�y�o [210, 246].  

�<�k�_�� �k�m�s�_�k�l�\�m�x�s�b�_�� �k�i�h�k�h�[�u���h�p�_�g�d�b���j�_�a�d�h�k�l�b���b�f�_�x�l���^�\�Z���g�_�^�h�k�l�Z�l�d�Z: 

�x �a�Z�\�b�k�b�f�h�k�l�v�� �\�_�e�b�q�b�g�u�� �h�p�_�g�d�b�� �h�l�� �k�h�^�_�j�`�b�f�h�]�h�� �n�h�l�h�]�j�Z�n�b�b���� �l�h�� �_�k�l�v�� �h�p�_�g�d�b��

�b�a�h�[�j�Z�`�_�g�b�c�� �k�� �h�^�b�g�Z�d�h�\�h�c�� �k�l�_�i�_�g�v�x�� �j�Z�a�f�u�l�b�y���� �g�h�� �k�h�� �a�g�Z�q�b�l�_�e�v�g�h��

�h�l�e�b�q�Z�x�s�b�f�k�y�� �d�h�e�b�q�_�k�l�\�h�f�� �d�h�g�l�j�Z�k�l�g�u�o�� �d�h�g�l�m�j�g�u�o�� �i�_�j�_�i�Z�^�h�\���� �d�Z�d�� �i�j�Z�\�b�e�h����

�k�m�s�_�k�l�\�_�g�g�h�� �j�Z�a�e�b�q�Z�x�l�k�y;  

�x �\ �i�j�b�k�m�l�k�l�\�b�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b�� �r�m�f�Z �h�p�_�g�d�b �j�_�a�d�h�k�l�b�� �i�_�j�_�k�l�Z�x�l�� �[�u�l�v��

�Z�^�_�d�\�Z�l�g�u�f�b. 

�K�i�h�k�h�[�u���h�p�_�g�d�b���h�l�e�b�q�Z�x�l�k�y���^�j�m�]���h�l���^�j�m�]�Z���\�u�j�Z�`�_�g�g�h�k�l�v�x�� �w�l�b�o���g�_�^�h�k�l�Z�l�d�h�\��

[121]���� �:�e�]�h�j�b�l�f�u���� �g�Z�k�l�j�h�_�g�g�u�_�� �b�e�b�� �h�[�m�q�_�g�g�u�_�� �g�Z�� �b�k�d�m�k�k�l�\�_�g�g�h�� �j�Z�a�f�u�l�u�o��

�n�h�l�h�]�j�Z�n�b�y�o���� �q�Z�k�l�h�� �i�_�j�_�k�l�Z�x�l�� �k�q�b�l�Z�l�v�� �j�Z�a�f�u�l�u�f�b�� �n�h�l�h�]�j�Z�n�b�b�� �i�j�b�� �^�h�[�Z�\�e�_�g�b�b��

�^�Z�`�_�� �g�_�[�h�e�v�r�h�]�h�� �r�m�f�Z���� �>�b�k�i�_�j�k�b�b�� �h�p�_�g�h�d�� �i�j�b�� �h�^�b�g�Z�d�h�\�h�c�� �\�_�e�b�q�b�g�_�� �j�Z�a�f�u�l�b�y�� �\��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �k�h�^�_�j�`�b�f�h�]�h�� �n�h�l�h�]�j�Z�n�b�b�� �m�� �j�Z�a�g�u�o�� �f�_�l�h�^�h�\���f�h�`�_�l�� �h�l�e�b�q�Z�l�v�k�y�� �\��

�g�_�k�d�h�e�v�d�h�� �j�Z�a���� �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v���� �q�l�h�� �i�h�o�h�`�b�_�� �i�j�h�[�e�_�f�u �i�j�b�� �h�p�_�g�d�_�� �j�_�a�d�h�k�l�b��

�b�f�_�_�l �b���q�_�e�h�\�_�d: �b�a�h�[�j�Z�`�_�g�b�_���k���r�m�f�h�f���d�Z�`�_�l�k�y���[�h�e�_�_���j�_�a�d�b�f�����q�_�f���h�g�h���`�_���[�_�a���r�m�f�Z����

�i�j�b�� �\�u�[�h�j�_�� �f�_�g�_�_�� �j�Z�a�f�u�l�h�c �n�h�l�h�]�j�Z�n�b�b �g�Z�[�e�x�^�Z�l�_�e�v�� �k�d�h�j�_�_ �k�d�e�h�g�_�g�� �\�u�[�j�Z�l�v��

�[�h�e�_�_���b�g�l�_�j�_�k�g�m�x �b���i�j�b�\�e�_�d�Z�l�_�e�v�g�m�x �i�h���k�x�`�_�l�m���� �^�Z�`�_���_�k�e�b�� �h�g�Z���g�_���k�Z�f�Z�y���q�z�l�d�Z�y���� 

�I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���h�p�_�g�d�b�� �j�_�a�d�h�k�l�b�� �h�k�g�h�\�Z�g���g�Z�� �k�e�_�^�m�x�s�_�f�� �g�Z�[�e�x�^�_�g�b�b: 

�\�b�^���]�b�k�l�h�]�j�Z�f�f�u���j�_�a�m�e�v�l�Z�l�Z�� �n�b�e�v�l�j�Z�p�b�b�� �j�Z�a�f�u�l�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���k���i�h�f�h�s�v�x���N�<�Q��

�i�_�j�_�k�l�Z�z�l�� �k�b�e�v�g�h�� �b�a�f�_�g�y�l�v�k�y�� �l�h�]�^�Z���� �d�h�]�^�Z�� �j�Z�a�f�_�j�� �y�^�j�Z�� �k�\�z�j�l�d�b�� �N�<�Q�� �i�j�_�\�u�r�Z�_�l��

�j�Z�a�f�_�j�� �y�^�j�Z�� �k�\�z�j�l�d�b���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�c�� �\�u�i�h�e�g�y�_�l�k�y�� �j�Z�a�f�u�l�b�_. 

�I�j�h�b�e�e�x�k�l�j�b�j�m�_�f�� �w�l�h���g�Z�[�e�x�^�_�g�b�_�� �g�Z���b�a�h�[�j�Z�`�_�g�b�b���� �d�h�l�h�j�h�_���y�\�e�y�_�l�k�y���n�j�Z�]�f�_�g�l�h�f��

�h�^�g�h�c�� �b�a�� �l�_�k�l�h�\�u�o�� �l�Z�[�e�b�p�� �k�l�Z�g�^�Z�j�l�Z�� �B�K�H��15775 [32] �b�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ����������

�B�a�h�[�j�Z�`�_�g�b�_�� �j�Z�a�f�u�\�Z�_�l�k�y �k�� �i�h�f�h�s�v�x�� �m�k�j�_�^�g�y�x�s�_�]�h�� �n�b�e�v�l�j�Z�� �k�� �j�Z�a�f�_�j�h�f�� �y�^�j�Z��

�k�\�z�j�l�d�b�������g�Z���������A�Z�l�_�f���[�u�e�b���i�h�e�m�q�_�g�u���q�_�l�u�j�_���j�_�a�m�e�v�l�Z�l�Z �n�b�e�v�l�j�Z�p�b�b�� ���N�<�Q���k���y�^�j�Z�f�b��

�k�\�z�j�l�d�b��[1 -1], [1 0 -1], [1 0 0 -1] �b��[1 0 0 0 -1]���� �>�e�y�� �i�j�h�k�l�h�l�u�� �b�k�i�h�e�v�a�m�_�l�k�y��

�]�h�j�b�a�h�g�l�Z�e�v�g�u�c�� �]�j�Z�^�b�_�g�l�� ���d�h�g�_�q�g�Z�y�� �j�Z�a�g�h�k�l�v���� �k�� �m�\�_�e�b�q�b�\�Z�x�s�b�f�k�y�� �r�Z�]�h�f���� �g�h��
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�Z�g�Z�e�h�]�b�q�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �f�h�`�g�h�� �i�h�e�m�q�b�l�v �^�e�y�� �j�y�^�Z�� �^�j�m�]�b�o�� �N�<�Q���� �g�Z�i�j�b�f�_�j 

�e�Z�i�e�Z�k�b�Z�g�h�\�� 

�>�e�y���b�a�h�[�j�Z�`�_�g�b�c�� �í���j�_�a�m�e�v�l�Z�l�h�\�� �N�<�Q�� �k�l�j�h�y�l�k�y���]�b�k�l�h�]�j�Z�f�f�u���� �G�Z�� �j�b�k�m�g�d�_�� ��������

�i�h�d�Z�a�Z�g�u�� �w�l�b�� �]�b�k�l�h�]�j�Z�f�f�u�� �\�� �i�h�e�m�e�h�]�Z�j�b�n�f�b�q�_�k�d�h�f�� �f�Z�k�r�l�Z�[�_. �A�g�Z�q�_�g�b�y�� �i�h�� �h�k�b��

�a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�_�c�� �g�h�j�f�Z�e�b�a�h�\�Z�g�u�� �\���^�b�Z�i�Z�a�h�g�� �h�l�������^�h���������F�h�`�g�h�� �m�\�b�^�_�l�v���� �q�l�h���i�h�d�Z��

�j�Z�a�f�_�j���y�^�j�Z���k�\�z�j�l�d�b���N�G�Q���f�_�g�v�r�_���e�b�[�h���j�Z�\�_�g���j�Z�a�f�_�j�m���y�^�j�Z���j�Z�a�f�u�l�b�y�����j�b�k�m�g�h�d��������a 

�b��b), �\�b�^�� �]�b�k�l�h�]�j�Z�f�f�u�� �b�a�f�_�g�y�_�l�k�y���� �D�h�]�^�Z�� �j�Z�a�f�_�j�� �y�^�j�Z�� �k�\�z�j�l�d�b���N�G�Q�� �i�j�_�\�u�k�b�e��

�j�Z�a�f�_�j���y�^�j�Z���j�Z�a�f�u�l�b�y�����j�b�k�m�g�h�d��������c �b��d�������]�b�k�l�h�]�j�Z�f�f�Z�� �b�a�f�_�g�y�_�l�k�y���g�_�a�g�Z�q�b�l�_�e�v�g�h�� 

 

 
�J�b�k�m�g�h�d��5.7 �± �N�j�Z�]�f�_�g�l���l�_�k�l�h�\�h�c���l�Z�[�e�b�p�u�� 

 

�>�e�y���o�Z�j�Z�d�l�_�j�b�a�Z�p�b�b�� �\�b�^�Z���]�b�k�l�h�]�j�Z�f�f�u�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �w�g�l�j�h�i�b�x��

[247]: 

�' �á 
L 
F 
Í �D�"�:�E�;�Ž�‘�‰���:�D�"�:�E�;�;
�Ü

�á�� 
 

(5.3) 

�]�^�_���D�" �í�� �g�h�j�f�Z�e�b�a�h�\�Z�g�g�Z�y�� �]�b�k�l�h�]�j�Z�f�f�Z�� ���k�f���� �n�h�j�f�m�e�m�� �������������� �j�_�a�m�e�v�l�Z�l�Z�� �N�<�Q; 

�k�m�f�f�b�j�h�\�Z�g�b�_�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h���\�k�_�f�m���^�b�Z�i�Z�a�h�g�m�� �\�h�a�f�h�`�g�u�o���a�g�Z�q�_�g�b�c��i.    

�<�b�^�� �a�Z�\�b�k�b�f�h�k�l�b���' �á �h�l���j�Z�a�f�_�j�Z���y�^�j�Z���k�\�z�j�l�d�b���N�G�Q�� �j�Z�a�e�b�q�Z�_�l�k�y�� �^�e�y���q�z�l�d�b�o�� �b��

�j�Z�a�f�u�l�u�o�� �n�h�l�h�]�j�Z�n�b�c���^�Z�`�_���\���i�j�b�k�m�l�k�l�\�b�b�� �m�f�_�j�_�g�g�h�]�h���r�m�f�Z�����g�h���k�b�e�v�g�h���a�Z�\�b�k�b�l�� �h�l��

�k�h�^�_�j�`�b�f�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����?�k�e�b�� �j�Z�a�^�_�e�b�l�v���' �á �g�Z���Ã �D�ñ�:�E�;�Ü �����l�h���\�e�b�y�g�b�_���k�h�^�_�j�`�b�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �\�b�^�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�Z�a�f�_�j�Z�� �y�^�j�Z�� �k�\�z�j�l�d�b�� �N�G�Q�� �k�m�s�_�k�l�\�_�g�g�h��

�m�f�_�g�v�r�Z�_�l�k�y:  
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�# 
L

F�Ã �D�ñ�:�E�;�Ž�‘�‰�:�D�ñ�:�E�; 
E �s�;�Ü

�Ã �D�ñ�:�E�;�Ü

L 
F 
Í �Ž�‘�‰�:�D�ñ�:�E�; 
E �s�;

�Ü

�ä�� 
 

(5.4) 

 

a) b) 

c) 
 

d) 

�J�b�k�m�g�h�d��5.8 �± �=�b�k�l�h�]�j�Z�f�f�u���\���i�h�e�m�e�h�]�Z�j�b�n�f�b�q�_�k�d�h�f���f�Z�k�r�l�Z�[�_ �j�_�a�m�e�v�l�Z�l�h�\���k�\�z�j�l�d�b���l�_�k�l�h�\�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���k���y�^�j�h�f���N�<�Q: �Z����[1 -1]; b) [1 0 -1]; c) [1 0 0 -1]; d) [1 0 0 0 -1].  

 

�I�h�^���e�h�]�Z�j�b�n�f�h�f���_�^�b�g�b�p�Z�� �^�h�[�Z�\�e�y�_�l�k�y���d�����D�ñ�:�E�;�����q�l�h�[�u���b�a�[�_�`�Z�l�v���g�_�d�h�j�j�_�d�l�g�h�c��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �h�i�_�j�Z�p�b�b�� �^�e�y�� �g�m�e�_�\�u�o�� �k�l�h�e�[�p�h�\�� �]�b�k�l�h�]�j�Z�f�f�u�� �A�g�Z�q�_�g�b�y���# 

�\�u�q�b�k�e�y�x�l�k�y�� �^�e�y���j�Z�a�f�_�j�Z���y�^�j�Z���k�\�z�j�l�d�b���N�G�Q��S �h�l�������^�h�����������a�Z�l�_�f���g�h�j�f�Z�e�b�a�m�x�l�k�y: 

�#�ñ�:�5�; 
L
�#�:�5�;

�•�ƒ�š
�Ì�Ð�>�6�á�5�4�?

�#�:�5�;
�ä�� 

 

(5.5) 

�G�Z�� �j�b�k�m�g�d�_��5.9 �i�h�d�Z�a�Z�g�u�� �i�j�b�f�_�j�u���#�"(S) �^�e�y�� �j�Z�a�f�u�l�h�]�h�� �b�� �j�_�a�d�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�c���� �>�e�y�� �m�^�h�[�k�l�\�Z�� �\�b�a�m�Z�e�v�g�h�]�h�� �k�j�Z�\�g�_�g�b�y�� �]�j�Z�n�b�d�h�\���#�"(1)� ������ �o�h�l�y�� �w�l�h��
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�a�g�Z�q�_�g�b�_�� �g�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �^�Z�e�v�g�_�c�r�b�o�� �\�u�q�b�k�e�_�g�b�y�o���� �W�l�b �i�j�b�f�_�j�u�� �y�\�e�y�x�l�k�y��

�o�Z�j�Z�d�l�_�j�g�u�f�b�� �d�Z�d�� �^�e�y�� �j�Z�a�f�u�l�u�o���� �l�Z�d�� �b�� �^�e�y�� �q�z�l�d�b�o�� �n�h�l�h�]�j�Z�n�b�c: �#�"(S) �^�e�y�� �j�_�a�d�b�o��

�n�h�l�h�]�j�Z�n�b�c�� �[�u�k�l�j�h���j�Z�k�l�z�l���^�e�y��S �j�Z�\�g�u�o�� �����b���������q�_�]�h���g�_���g�Z�[�e�x�^�Z�_�l�k�y�� �^�e�y���j�Z�a�f�u�l�u�o��

�n�h�l�h�]�j�Z�n�b�c; �i�e�h�s�Z�^�v�� �i�h�^���]�j�Z�n�b�d�h�f���^�e�y���j�_�a�d�b�o���b�a�h�[�j�Z�`�_�g�b�c�� �[�h�e�v�r�_���i�e�h�s�Z�^�b���^�e�y��

�j�Z�a�f�u�l�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �h�i�b�k�Z�l�v�� �i�_�j�_�q�b�k�e�_�g�g�u�_�� �h�l�e�b�q�b�y�� �]�j�Z�n�b�d�h�\�� �k�e�_�^�m�x�s�b�f�b��

�i�j�b�a�g�Z�d�Z�f�b�� �b���g�Z���b�o���h�k�g�h�\�_���j�Z�a�j�Z�[�h�l�Z�l�v���d�e�Z�k�k�b�n�b�d�Z�l�h�j:  

�(�5 
L �#�ñ�:�t�;�á 
 

(5.6) 

�(�6 
L �#�"�:�u�;
F �#�"�:�t�;�á (5.7) 

�(�7 
L 
Í �#�"�:�5�;

�5�4

�Ì�@�6

�ä 

 

(5.8) 

 
a) 

 
b) 

�J�b�k�m�g�h�d��5.9 �± �I�j�b�f�_�j�u���a�Z�\�b�k�b�f�h�k�l�b��A�¶ �h�l��S �í �j�Z�a�f�_�j�Z���y�^�j�Z���N�<�Q: a) �^�e�y���j�Z�a�f�u�l�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y; b) �^�e�y���j�_�a�d�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���� 

 

�B�k�o�h�^�y�� �b�a�� �l�_�o�� �`�_�� �k�h�h�[�j�Z�`�_�g�b�c���� �q�l�h�� �i�_�j�_�q�b�k�e�_�g�u�� �\�� �j�Z�a�^�_�e�_�� ������, �^�e�y��

�\�u�i�h�e�g�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �\�u�[�b�j�Z�_�l�k�y �Z�^�Z�i�l�b�\�g�u�c�� �[�m�k�l�b�g�]�� �\�� �f�h�^�b�n�b�d�Z�p�b�b��

Gentle AdaBoost [105] �g�Z���^�_�j�_�\�v�y�o���f�Z�e�h�c���]�e�m�[�b�g�u. �>�e�y���h�[�m�q�_�g�b�y���k�h�[�j�Z�g���b���j�Z�a�f�_�q�_�g��

�g�Z�[�h�j���b�a��2700 �n�h�l�h�]�j�Z�n�b�c��   

�W�d�k�i�_�j�b�f�_�g�l�u�� �k�� �h�[�m�q�_�g�b�_�f�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�� �g�Z�� �q�_�l�u�j�_�� �d�e�Z�k�k�Z�� �i�h�d�Z�a�u�\�Z�x�l, 

�q�l�h�� �i�e�h�o�h�� �j�Z�a�e�b�q�Z�x�l�k�y�� �d�e�Z�k�k�u�� �\�� �i�Z�j�Z�o �©�j�_�a�d�h�_�ª�� �í�� �©�k�e�_�]�d�Z�� �j�Z�a�f�u�l�h�_�ª �b�� �©�k�e�_�]�d�Z��

�j�Z�a�f�u�l�h�_�ª�� �í�� �©�j�Z�a�f�u�l�h�_�ª���� �Z�� �d�e�Z�k�k�u�� �©�j�_�a�d�h�_�ª �í �©�k�b�e�v�g�h�� �j�Z�a�f�u�l�h�_�ª�� �j�Z�a�e�b�q�Z�x�l�k�y��
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�o�h�j�h�r�h�����I�h�w�l�h�f�m��AdaBoost �d�e�Z�k�k�b�n�b�d�Z�l�h�j�� �h�[�m�q�Z�_�l�k�y�� �^�e�y���^�\�m�o�� �d�e�Z�k�k�h�\�� �í �©�j�_�a�d�h�_�ª 

�b���©�k�b�e�v�g�h�� �j�Z�a�f�u�l�h�_�ª�����a�Z�l�_�f���^�e�y���i�h�e�m�q�Z�x�s�_�]�h�k�y�� �g�Z���\�u�o�h�^�_���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�� �m�j�h�\�g�y��

�m�\�_�j�_�g�g�h�k�l�b�� ��confidence level) C �i�m�l�z�f�� �f�Z�d�k�b�f�b�a�Z�p�b�b�� �f�Z�d�j�h-F1-�f�_�j�u [101] 

�h�i�j�_�^�_�e�y�x�l�k�y���l�j�b���i�h�j�h�]�Z��T1, T2, T3: �_�k�e�b��C  �• T1�����l�h���b�a�h�[�j�Z�`�_�g�b�_���h�l�g�h�k�b�l�k�y���d �d�e�Z�k�k�m 

�©�k�b�e�v�g�h�� �j�Z�a�f�u�l�h�_�ª; �_�k�e�b��T1 > C �• T2�����l�h���h�l�g�h�k�b�l�k�y �d���d�e�Z�k�k�m �©�j�Z�a�f�u�l�h�_�ª; �_�k�e�b��T2 > C 

�• T3�����l�h���h�l�g�h�k�b�l�k�y�� �d���d�e�Z�k�k�m �©�k�e�_�]�d�Z�� �j�Z�a�f�u�l�h�_�ª; �_�k�e�b��T3 > C�����l�h���h�l�g�h�k�b�l�k�y�� �d �d�e�Z�k�k�m 

�©�j�_�a�d�h�_�ª��  

�J�_�a�m�e�v�l�Z�l�u 

�>�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �j�Z�a�f�_�q�_�g�g�u�c�� �g�Z�[�h�j �b�a�h�[�j�Z�`�_�g�b�c 

�j�Z�a�[�b�\�Z�e�k�y �g�Z�� ���� �]�j�m�i�i�� �k�h�� �k�l�j�Z�l�b�n�b�d�Z�p�b�_�c�� �b�� �\�� �i�j�h�p�_�^�m�j�_�� �^�\�h�c�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h��

�d�h�g�l�j�h�e�y�� ���Z�g�Z�e�h�]�b�q�g�h�� �h�i�b�k�Z�g�g�h�f�m�� �\�� �j�Z�a�^�_�e�_�� ������������ �\�u�q�b�k�e�y�e�h�k�v �f�Z�l�_�f�Z�l�b�q�_�k�d�h�_��

�h�`�b�^�Z�g�b�_�� �f�Z�d�j�h-F1-�f�_�j�u���� �d�h�l�h�j�h�_�� �k�h�k�l�Z�\�b�e�h�� ������������ �< �j�Z�[�h�l�_��[248]���� �]�^�_ �j�_�r�Z�_�l�k�y 

�a�Z�^�Z�q�Z�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �j�Z�a�f�u�l�u�o�� �n�h�l�h�]�j�Z�n�b�c �^�e�y���i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �b�o�� �i�_�q�Z�l�b, F1-

�f�_�j�Z���j�Z�\�g�Z 0,67.  

�>�e�y�� �k�j�Z�\�g�_�g�b�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �h�p�_�g�d�b�� �j�_�a�d�h�k�l�b���k�� �f�g�_�g�b�_�f��

�g�Z�[�e�x�^�Z�l�_�e�_�c�� �[�u�e �i�j�h�\�_�^�z�g�� �h�i�j�h�k�� �>�_�k�y�l�v�� �b�a�h�[�j�Z�`�_�g�b�c�� �j�Z�a�e�b�q�g�h�c�� �k�l�_�i�_�g�b��

�j�_�a�d�h�k�l�b���� �d�h�l�h�j�u�_���g�_���\�o�h�^�b�e�b�� �\���h�[�m�q�Z�x�s�m�x�� �\�u�[�h�j�d�m���� �[�u�e�b�� �g�Z�i�_�q�Z�l�Z�g�u�� �j�Z�a�f�_�j�h�f��

������ �g�Z�� ������ �k�f�� �g�Z�� �l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�h�f�� �n�h�l�h�i�j�b�g�l�_�j�_��Samsung SPP-2040 [249]���� �< 

�h�i�j�h�k�_ �m�q�Z�k�l�\�h�\�Z�e�h 31 �q�_�e�h�\�_�d, �d�h�l�h�j�u�_�� �\�u�k�l�Z�\�e�y�e�b�� �h�p�_�g�d�b�� �g�Z�i�_�q�Z�l�Z�g�g�u�f��

�n�h�l�h�d�Z�j�l�h�q�d�Z�f���\���k�h�h�l�\�_�l�k�l�\�b�b�� �k���l�Z�[�e�b�p�_�c�� ���������� �D�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b�� �I�b�j�k�h�g�Z��

[210] �f�_�`�^�m�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �h�p�_�g�d�h�c�� �j�_�a�d�h�k�l�b�� �b�� �k�j�_�^�g�b�f�� �[�Z�e�e�h�f�� �f�g�_�g�b�c�� ��MOS) 

�i�j�b�\�_�^�z�g�� �\�� �l�Z�[�e�b�p�_�� ������. �L�Z�d�`�_�� �\�� �w�l�h�c�� �l�Z�[�e�b�p�_�� �k�h�^�_�j�`�Z�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�u 

�d�h�j�j�_�e�y�p�b�b�� �I�b�j�k�h�g�Z �k��MOS �^�e�y���k�m�s�_�k�l�\�m�x�s�b�o�� �k�i�h�k�h�[�h�\���h�p�_�g�d�b�� �j�_�a�d�h�k�l�b  digital 

sharpness scale (DSS) [238] �b Asub [241]. �I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���o�h�j�h�r�h���k�h�]�e�Z�k�m�_�l�k�y 

�k���h�p�_�g�d�h�c���q�_�e�h�\�_�d�Z�� �b���i�j�_�\�h�k�o�h�^�b�l�� �k�m�s�_�k�l�\�m�x�s�b�_.  
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�L�Z�[�e�b�p�Z�� ����2 �R�d�Z�e�Z�� �h�p�_�g�h�d���j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�c. 

�D�e�Z�k�k �H�p�_�g�d�Z �H�i�b�k�Z�g�b�_ 

�J�_�a�d�h�_ 0 �H�i�j�_�^�_�e�z�g�g�h���q�z�l�d�h�_���b�a�h�[�j�Z�`�_�g�b�_ 
�K�e�_�]�d�Z���j�Z�a�f�u�l�h�_ 1 �K�e�_�]�d�Z���j�Z�a�f�u�l�h�_�����g�h���w�l�h���g�_���\�h�k�i�j�b�g�b�f�Z�_�l�k�y���d�Z�d���^�_�n�_�d�l����

�l�j�_�[�m�x�s�b�c�� �d�h�j�j�_�d�p�b�b 
�J�Z�a�f�u�l�h�_�� 2 �G�_�q�z�l�d�h�_�����h�[�y�a�Z�l�_�e�v�g�h���l�j�_�[�m�_�l�k�y���d�h�j�j�_�d�p�b�y 
�K�b�e�v�g�h���j�Z�a�f�u�l�h�_�� 3 �J�Z�a�f�u�l�h���g�Z�k�l�h�e�v�d�h���k�b�e�v�g�h�����q�l�h���i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_��

�h�l�d�Z�a�Z�l�v�k�y���h�l���i�_�q�Z�l�b���l�Z�d�h�c���n�h�l�h�]�j�Z�n�b�b 
 

�>�e�y �k�j�Z�\�g�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �k�i�h�k�h�[�h�\���i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �i�y�l�v���n�h�l�h�]�j�Z�n�b�c��

�h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �b�a�\�_�k�l�g�u�o�� �i�j�h�]�j�Z�f�f�g�u�o�� �k�j�_�^�k�l�\�� �^�e�y�� �m�e�m�q�r�_�g�b�y��

�j�Z�a�f�u�l�u�o�� �n�h�l�h�]�j�Z�n�b�c��Adobe Photoshop SmartSharp, Nik Sharpener [250] , 

FocusMagic [251] �b���i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�����<�h�� �\�k�_�o�� �k�e�m�q�Z�y�o�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �e�b�[�h��

�Z�\�l�h�f�Z�l�b�q�_�k�d�b�c�� �i�h�^�[�h�j���i�Z�j�Z�f�_�l�j�h�\�����_�k�e�b�� �l�Z�d�Z�y���\�h�a�f�h�`�g�h�k�l�v���i�j�_�^�h�k�l�Z�\�e�y�e�Z�k�v�� �I�H����

�e�b�[�h�� �i�Z�j�Z�f�_�l�j�u�� �i�h�� �m�f�h�e�q�Z�g�b�x���� �H�[�j�Z�[�h�l�Z�g�g�u�_�� �b�� �b�k�o�h�^�g�u�_���b�a�h�[�j�Z�`�_�g�b�y�� �[�u�e�b��

�g�Z�i�_�q�Z�l�Z�g�u�� �g�Z���n�h�l�h�i�j�b�g�l�_�j�_��Samsung SPP-2040���� �< �h�i�j�h�k�_ �m�q�Z�k�l�\�h�\�Z�e�h 31 �q�_�e�h�\�_�d, 

�d�h�l�h�j�u�_ �[�u�e�b �i�j�h�b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u �^�e�y���d�Z�`�^�h�c�� �b�a�� �i�y�l�b���n�h�l�h�]�j�Z�n�b�c�� �j�Z�g�`�b�j�h�\�Z�l�v��

�i�y�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �n�h�l�h�d�Z�j�l�h�q�_�d�� ������ �k�i�h�k�h�[�Z�� �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �b��

�g�_�h�[�j�Z�[�h�l�Z�g�g�h�_���� �\�� �i�h�j�y�^�d�_�� �m�[�u�\�Z�g�b�y�� �d�Z�q�_�k�l�\�Z���� �]�^�_�� �i�h�^���d�Z�q�_�k�l�\�h�f�� �i�h�g�b�f�Z�e�b�k�v��

�j�_�a�d�h�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �h�l�k�m�l�k�l�\�b�_�� �\�b�^�b�f�u�o�� �Z�j�l�_�n�Z�d�l�h�\���� �B�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �g�_��

�a�g�Z�e�b�� �k�i�h�k�h�[���h�[�j�Z�[�h�l�d�b�� �K�Z�f�h�_���d�Z�q�_�k�l�\�_�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �i�h�e�m�q�Z�e�h�� �h�p�_�g�d�m���'  �\������

�[�Z�e�e�h�\���� �k�e�_�^�m�x�s�_�_�� �������b�� �l�Z�d�� �^�Z�e�_�_�� �^�h������ �B�k�o�h�^�g�h�_�� �b�� �m�e�m�q�r�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�e�y��

�h�^�g�h�c���b�a���i�y�l�b���b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y�� �\���h�i�j�h�k�_���n�h�l�h�]�j�Z�n�b�c���i�h�d�Z�a�Z�g�u�� �g�Z���j�b�k�m�g�d�_�� ��������. 

 

�L�Z�[�e�b�p�Z������3 �D�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b���I�b�j�k�h�g�Z�� �f�_�`�^�m���h�p�_�g�d�h�c���j�_�a�d�h�k�l�b���b���k�j�_�^�g�b�f��

�[�Z�e�e�h�f���f�g�_�g�b�c�� ��MOS). 

�H�p�_�g�d�Z �D�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b���I�b�j�k�h�g�Z 

DSS [238] 0,589 
Asub [241] 0,907 
�I�j�_�^�e�Z�]�Z�_�f�Z�y 0,924 
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a) 

 
b) 

 
c) 

 
d) 

 
e) 

�J�b�k�m�g�h�d��5.10 �± a) �b�k�o�h�^�g�Z�y���g�_�j�_�a�d�Z�y���n�h�l�h�]�j�Z�n�b�y; b) Adobe Photoshop SmartSharp; c) Nik 

Sharpener; d) FocusMagic; e) �i�j�_�^�e�Z�]�Z�_�f�u�c.  
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�<�� �l�Z�[�e�b�p�_�� ������ �i�j�b�\�_�^�_�g�u�� �k�j�_�^�g�b�_�� �h�p�_�g�d�b�� �i�h���\�k�_�f���m�q�Z�k�l�g�b�d�Z�f�� �h�i�j�h�k�Z���b���i�y�l�b��

�n�h�l�h�]�j�Z�n�b�y�f����Nik Sharpener �^�_�e�Z�_�l�� �b�a�h�[�j�Z�`�_�g�b�y�� �a�Z�f�_�l�g�h���j�_�a�q�_���q�_�f���b�k�o�h�^�g�u�_�� �b���g�_��

�\�_�^�z�l�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �d�Z�d�b�o-�e�b�[�h�� �Z�j�l�_�n�Z�d�l�h�\���� �L�_�f�� �g�_�� �f�_�g�_�_���� �_�]�h�� �j�_�a�m�e�v�l�Z�l�u��

�\�u�]�e�y�^�y�l���f�_�g�_�_���q�z�l�d�b�f���i�h���k�j�Z�\�g�_�g�b�x�� �k���^�j�m�]�b�f�b���k�i�h�k�h�[�Z�f�b�����J�_�a�m�e�v�l�Z�l�u�� �h�[�j�Z�[�h�l�d�b��

Adobe Photoshop SmartSharp �j�_�a�d�b�_���� �g�h�� �o�h�j�h�r�h�� �a�Z�f�_�l�_�g�� �w�n�n�_�d�l�� �h�j�_�h�e�h�\�� �\�^�h�e�v��

�d�h�g�l�j�Z�k�l�g�u�o�� �]�j�Z�g�b�p����FocusMagic �i�h�e�m�q�Z�_�l�� �g�Z�b�[�h�e�_�_�� �q�z�l�d�b�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �g�h��

�m�k�b�e�b�\�Z�_�l�� �r�m�f�u���b���b�k�d�Z�`�Z�_�l�� �l�_�d�k�l�m�j�u���� �q�l�h���a�Z�f�_�l�g�h���g�Z���g�Z�i�_�q�Z�l�Z�g�g�h�c�� �n�h�l�h�d�Z�j�l�h�q�d�_����

�G�_�k�f�h�l�j�y�� �g�Z�� �w�l�h�� �f�g�h�]�b�_�� �m�q�Z�k�l�g�b�d�b�� �h�i�j�h�k�Z�� �\�u�[�b�j�Z�e�b�� �j�_�a�m�e�v�l�Z�l�u��FocusMagic �d�Z�d��

�e�m�q�r�b�_���� �G�Z�b�\�u�k�r�m�x�� �k�j�_�^�g�x�x�� �h�p�_�g�d�m�� �i�h�e�m�q�b�e�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[�� �i�h�\�u�r�_�g�b�y��

�j�_�a�d�h�k�l�b���� �d�h�l�h�j�u�c�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�e�m�q�r�Z�_�l�� �d�Z�q�_�k�l�\�h�� �j�Z�a�f�u�l�u�o���n�h�l�h�]�j�Z�n�b�c�� �b�� �g�_��

�i�j�b�\�h�^�b�l���d���\�h�a�g�b�d�g�h�\�_�g�b�x�� �\�b�^�b�f�u�o�� �Z�j�l�_�n�Z�d�l�h�\�� 

 

�L�Z�[�e�b�p�Z����.�������K�j�_�^�g�b�_���h�p�_�g�d�b���k�i�h�k�h�[�h�\���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b���i�h���j�_�a�m�e�v�l�Z�l�Z�f���h�i�j�h�k�Z.  

�K�i�h�k�h�[ �'
$ 

�B�k�o�h�^�g�Z�y���n�h�l�h�]�j�Z�n�b�y 1,1 

Adobe Photoshop SmartSharp 2,9 

Nik Sharpener 2,4 

FocusMagic 4,2 

�I�j�_�^�e�Z�]�Z�_�f�u�c�� 4,4 

 

�<�j�_�f�y�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �j�_�a�d�h�k�l�b�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z�� �p�_�e�_�\�h�c�� �i�e�Z�l�n�h�j�f�_��

�b�a�f�_�j�y�e�h�k�v���k���i�h�f�h�s�v�x���w�f�m�e�y�l�h�j�Z���b���k�h�k�l�Z�\�b�e�h���h�d�h�e�h������6 �k�� 

5.3.2. �>�_�l�_�d�l�b�j�h�\�Z�g�b�_���b���d�h�j�j�_�d�p�b�y���w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o���]�e�Z�a�ª 

�K�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u 

�<�� �e�b�l�_�j�Z�l�m�j�_�� �h�i�b�k�Z�g�h�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\���k�i�h�k�h�[�h�\���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c, �l�h���_�k�l�v��

�[�_�a���m�q�Z�k�l�b�y�� �q�_�e�h�\�_�d�Z, �d�h�j�j�_�d�p�b�b�� �w�n�n�_�d�l�Z�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���� �D�Z�d�� �i�j�Z�\�b�e�h�����b�o�� �j�Z�[�h�l�Z��

�a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�b���� �a�Z�l�_�f�� �j�_�l�m�r�b�j�h�\�Z�g�b�b �b�k�d�Z�`�z�g�g�u�o�� �h�[�e�Z�k�l�_�c����
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�>�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �\�d�e�x�q�Z�_�l�� �k�_�]�f�_�g�l�Z�p�b�x�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\ �b �b�o�� �i�h�k�e�_�^�m�x�s�m�x��

�d�e�Z�k�k�b�n�b�d�Z�p�b�x���� �K�i�h�k�h�[�u�� �k�_�]�f�_�g�l�Z�p�b�b�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\ �f�h�`�g�h�� �j�Z�a�[�b�l�v�� �g�Z��

�k�e�_�^�m�x�s�b�_�� �]�j�m�i�i�u: 

�x �h�]�j�Z�g�b�q�_�g�b�y�� �i�h�� �i�h�j�h�]�Z�f�� �\�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_ YCbCr [252], RGB [253], 

La*b* [ 254]; 

�x �i�h�j�h�]�h�\�h�_�� �h�]�j�Z�g�b�q�_�g�b�_�� �\�� �k�i�_�p�b�Z�e�v�g�h�f�� �p�\�_�l�h�\�h�f�� �d�Z�g�Z�e�_���©�d�j�Z�k�g�h�l�u» (redness) 

[255, 256];  

�x �d�h�j�j�_�e�y�p�b�y�� �k�h�� �k�l�j�m�d�l�m�j�g�u�f�� �w�e�_�f�_�g�l�h�f�� �d�j�m�]�e�h�c�� �n�h�j�f�u�� �\�� �p�\�_�l�h�\�h�f�� �d�Z�g�Z�e�_��

�©�d�j�Z�k�g�h�l�u�ª��[257, 258]. 

�I�h�k�e�_�� �k�_�]�f�_�g�l�Z�p�b�b�� �h�[�j�Z�a�m�_�l�k�y���[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h���h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\���� �g�h��

�l�h�e�v�d�h�� �g�_�k�d�h�e�v�d�h�� �b�a�� �g�b�o�� �h�l�g�h�k�y�l�k�y���d���©�d�j�Z�k�g�u�f�� �]�e�Z�a�Z�f�ª�����>�e�y���h�l�[�j�Z�k�u�\�Z�g�b�y�� �e�h�`�g�h��

�i�h�e�h�`�b�l�_�e�v�g�u�o�� �d�Z�g�^�b�^�Z�l�h�\���b�k�i�h�e�v�a�m�x�l�k�y�� �l�Z�d�b�_���k�i�h�k�h�[�u: 

�x �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �e�b�p�� �b�� �j�Z�k�k�f�h�l�j�_�g�b�_�� �d�Z�g�^�b�^�Z�l�h�\�� �l�h�e�v�d�h�� �\�� �f�_�k�l�Z�o��

�i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�]�h�� �g�Z�o�h�`�^�_�g�b�y�� �]�e�Z�a��[259, 260], �^�e�y�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p���� �d�Z�d��

�i�j�Z�\�b�e�h�����i�j�b�f�_�g�y�_�l�k�y���Z�e�]�h�j�b�l�f�� �<�b�h�e�u-�>�`�h�g�k�Z��[261]; 

�x �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �l�h�e�v�d�h�� �h�[�e�Z�k�l�b-�d�Z�g�^�b�^�Z�l�u���� �h�d�h�e�h�� �d�h�l�h�j�u�o�� �_�k�l�v�� �y�j�d�h�_�� �i�y�l�g�h����

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �h�l�[�e�_�k�d�m����glint���� �\���a�j�Z�q�d�_ [253]; 

�x �i�h�b�k�d�� �k�j�_�^�b�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\�� �i�Z�j�u�� �k�h�� �k�o�h�^�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���� �q�l�h�� �k��

�m�q�z�l�h�f�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �h�]�j�Z�g�b�q�_�g�b�c�� �i�h�a�\�h�e�y�_�l�� �^�_�l�_�d�l�b�j�h�\�Z�l�v�� �i�Z�j�u�� �©�d�j�Z�k�g�u�o��

�]�e�Z�a�ª��[262].  

�x �i�h�k�l�j�h�_�g�b�_�� �^�_�j�_�\�Z���j�_�r�_�g�b�c�� �g�Z���h�k�g�h�\�_���i�j�b�a�g�Z�d�h�\���� �m�q�b�l�u�\�Z�x�s�b�o�� �j�Z�a�f�_�j�����n�h�j�f�m��

�h�[�e�Z�k�l�b�� �d�Z�g�^�b�^�Z�l�Z�� �b�� �p�\�_�l�Z�� �\�� �_�z�� �[�e�b�`�Z�c�r�_�c�� �h�d�j�_�k�l�g�h�k�l�b���� �\���q�Z�k�l�g�h�k�l�b��

�i�j�b�k�m�l�k�l�\�b�_�� �h�l�l�_�g�d�h�\���d�h�`�b���q�_�e�h�\�_�d�Z����skin tones) [254]; 

�x �h�[�m�q�_�g�b�_ �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���� �]�^�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�b�a�g�Z�d�b���� �h�i�b�k�u�\�Z�x�s�b�_�� �n�h�j�f�m���b��

�p�\�_�l�Z���h�[�e�Z�k�l�b-�d�Z�g�^�b�^�Z�l�Z���� �Z���l�Z�d�`�_���_�z���e�h�d�Z�e�v�g�h�c�� �h�d�j�_�k�l�g�h�k�l�b��[258, 259].  

�I�j�b�� �d�h�j�j�_�d�p�b�b �h�[�e�Z�k�l�_�c�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �h�[�u�q�g�h�� �i�j�b�f�_�g�y�_�l�k�y�� �d�h�f�[�b�g�Z�p�b�y 

�k�e�_�^�m�x�s�b�o�� �k�i�h�k�h�[�h�\: 
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�x �b�l�_�j�Z�l�b�\�g�h�_ �j�Z�k�r�b�j�_�g�b�_ �h�[�e�Z�k�l�_�c [263] �g�Z�� �k�h�k�_�^�g�b�_�� �i�b�d�k�_�e�b���� �b�f�_�x�s�b�_��

�h�l�l�_�g�d�b�����o�Z�j�Z�d�l�_�j�g�u�_�� �^�e�y���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª [264]; 

�x �i�h�g�b�`�_�g�b�_�� �g�Z�k�u�s�_�g�g�h�k�l�b�� �b���y�j�d�h�k�l�b���^�e�y���i�b�d�k�_�e�_�c�� �h�[�e�Z�k�l�b [253]; 

�x �m�f�_�g�v�r�_�g�b�_�� �a�g�Z�q�_�g�b�y�� �\���d�Z�g�Z�e�_�� �d�j�Z�k�g�h�]�h���p�\�_�l�Z��[265]; 

�x �j�Z�a�f�u�l�b�_�� �h�[�e�Z�k�l�b��[266];  

�x �Z�e�v�n�Z-�k�f�_�r�b�\�Z�g�b�_ �\ �h�[�e�Z�k�l�b �]�e�Z�a �b�k�o�h�^�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �b �a�Z�l�_�f�g�z�g�g�h�]�h��

�d�Z�g�Z�e�Z �y�j�d�h�k�l�b [256]. 

�:�g�Z�e�b�a�� �g�Z�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c���k���w�n�n�_�d�l�h�f���©�d�j�Z�k�g�u�o���]�e�Z�a�ª 

�P�_�e�_�k�h�h�[�j�Z�a�g�h �g�Z�q�Z�l�v�� �j�Z�a�j�Z�[�h�l�d�m�� �f�_�l�h�^�Z�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �d�h�j�j�_�d�p�b�b��

�w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���k�h���k�[�h�j�Z���b���Z�g�Z�e�b�a�Z�� �i�j�_�^�k�l�Z�\�b�l�_�e�v�g�h�]�h�� �g�Z�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c����

�b�f�_�x�s�b�o�� �l�Z�d�h�c�� �^�_�n�_�d�l�� �b�� �k�g�y�l�u�o�� �j�Z�a�e�b�q�g�u�f�b�� �d�Z�f�_�j�Z�f�b���� �K�h�[�j�Z�g�g�u�c�� �g�Z�[�h�j��

�\�d�e�x�q�Z�_�l��90�����n�h�l�h�]�j�Z�n�b�c�����g�Z���d�h�l�h�j�u�o���k�m�f�f�Z�j�g�h�� �_�k�l�v������������ �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���� �B�a�� �g�b�o��

���������� �i�Z�j�� �]�e�Z�a���� �Z�� �^�e�y�� �������� �]�e�Z�a�� �\�l�h�j�h�c�� �g�_�� �\�b�^�_�g�� �b�e�b�� �g�_�� �©�d�j�Z�k�g�u�c�ª���� �<�k�_�� �^�_�n�_�d�l�u 

�j�Z�a�^�_�e�_�g�u�� �g�Z�� �^�\�_�� �]�j�m�i�i�u: �y�\�g�h �a�Z�f�_�l�g�u�_�� ���j�b�k�m�g�h�d�� ����11a) �b�� �k�e�Z�[�h �a�Z�f�_�l�g�u�_��

���j�b�k�m�g�h�d������12b. �>�h�e�y���i�_�j�\�u�o���\���g�Z�[�h�j�_���k�h�k�l�Z�\�b�e�Z������%�����Z���\�l�h�j�u�o�������������J�Z�k�i�j�_�^�_�e�_�g�b�_��

�b�a�h�[�j�Z�`�_�g�b�c�� �i�h�� �d�h�e�b�q�_�k�l�\�m�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �g�Z�� �g�b�o�� �i�j�b�\�_�^�_�g�h�� �\�� �l�Z�[�e�b�p�_�� ���������� �G�Z��

�[�h�e�v�r�b�g�k�l�\�_�� �n�h�l�h�]�j�Z�n�b�c�� ���� �b�e�b�� ���� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�Z�ª���� �g�h�� �b���^�j�m�]�b�_�� �\�Z�j�b�Z�g�l�u��

�\�k�l�j�_�q�Z�x�l�k�y���g�_�j�_�^�d�h���� 

�I�h�k�d�h�e�v�d�m�� �f�g�h�]�b�_�� �b�a�� �h�i�b�k�Z�g�g�u�o�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �f�_�l�h�^�h�\�� �g�Z���i�_�j�\�h�f�� �w�l�Z�i�_��

�b�k�i�h�e�v�a�m�x�l�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �e�b�p �q�_�e�h�\�_�d�Z�� �\�� �Z�g�n�Z�k�� �k�� �i�h�f�h�s�v�x�� �Z�e�]�h�j�b�l�f�Z�� �<�b�h�e�u-

�>�`�h�g�k�Z��[261]���� �l�h���b�g�l�_�j�_�k�g�h�� �h�p�_�g�b�l�v���� �d�Z�d�Z�y�� �\���w�l�h�f���k�e�m�q�Z�_�� �^�h�e�y���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �g�_��

�h�[�g�Z�j�m�`�b�\�Z�_�l�k�y���� �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�h�e�h�`�_�g�b�c�� �e�b�p�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o�� �i�j�b�\�_�^�_�g�h�� �\��

�l�Z�[�e�b�p�_�� ������. �I�h�e�h�`�_�g�b�_�� �e�b�p�Z�� �\���Z�g�n�Z�k�� �_�k�l�v�� �g�Z�� ������ �����n�h�l�h�]�j�Z�n�b�c���� �^�e�y�� �h�[�g�Z�j�m�`�_�g�b�y��

�h�k�l�Z�e�v�g�u�o�� �l�j�_�[�m�_�l�k�y�� �i�j�b�f�_�g�y�l�v�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�u�� �b�e�b��

�b�k�i�h�e�v�a�h�\�Z�l�v�� �[�h�e�_�_���k�e�h�`�g�u�c�� �b���j�_�k�m�j�k�h�z�f�d�b�c�� �i�h�^�o�h�^���^�e�y���^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p�� 

�I�h���b�a�h�[�j�Z�`�_�g�b�y�f���g�Z�[�h�j�Z���[�u�e�b���k�h�[�j�Z�g�u���a�g�Z�q�_�g�b�y�� �p�\�_�l�h�\���i�b�d�k�_�e�_�c�� �\���h�[�e�Z�k�l�b��

�©�d�j�Z�k�g�h�]�h���]�e�Z�a�Z�ª���b���h�l�l�_�g�d�b���d�h�`�b���q�_�e�h�\�_�d�Z���b�a���k�h�k�_�^�g�b�o���k���]�e�Z�a�Z�f�b���a�h�g�����<�k�_�]�h���k�h�[�j�Z�g�h��

�i�j�b�f�_�j�g�h�� �i�h�� ���������� �i�j�b�f�_�j�h�\�� �p�\�_�l�Z�� �i�b�d�k�_�e�_�c�� �d�Z�d�� �^�e�y�� �]�e�Z�a���� �l�Z�d�� �b�� �^�e�y�� �d�h�`�b���� �G�Z��
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�j�b�k�m�g�d�_�� ���������� �i�h�d�Z�a�Z�g�h�� �d�Z�d�� �j�Z�k�i�h�e�h�`�_�g�u�� �w�l�b�� �p�\�_�l�Z�� �\�� �d�h�h�j�^�b�g�Z�l�Z�o��a*b* �p�\�_�l�h�\�h�]�h��

�i�j�h�k�l�j�Z�g�k�l�\�Z��La*b*[8]. �>�b�Z�i�Z�a�h�g�� �b�a�f�_�g�_�g�b�y�� �h�l�l�_�g�d�h�\�� �^�h�\�h�e�v�g�h�� �r�b�j�h�d���� �P�\�_�l��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �b�a�f�_�g�y�_�l�k�y�� �h�l�� �`�z�e�l�h�]�h�� �^�h�� �i�m�j�i�m�j�g�h�]�h���� �D�j�h�f�_�� �l�h�]�h���� �w�l�b�� �^�\�Z��

�^�b�Z�i�Z�a�h�g�Z�� �p�\�_�l�h�\�� �q�Z�k�l�b�q�g�h�� �i�_�j�_�d�j�u�\�Z�x�l�k�y�� �^�j�m�]�� �k�� �^�j�m�]�h�f���� �q�l�h�� �\�� �h�[�s�_�f�� �k�e�m�q�Z�_��

�^�_�e�Z�_�l�� �g�_�\�h�a�f�h�`�g�u�f�� �m�k�i�_�r�g�h�_�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �h�[�e�Z�k�l�_�c�� �^�_�n�_�d�l�h�\�� �a�Z�� �k�q�z�l��

�i�h�j�h�]�h�\�h�]�h���h�l�k�_�q�_�g�b�y�� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d��5.11 �± �I�j�b�f�_�j�u���©�d�j�Z�k�g�u�o���]�e�Z�a�ª: a) �y�\�g�h���a�Z�f�_�l�g�u�_; b) �k�e�Z�[�h���a�Z�f�_�l�g�u�_. 

 

�L�Z�[�e�b�p�Z�� ����5 �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h���d�h�e�b�q�_�k�l�\�m�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �g�Z���g�b�o. 

�D�h�e�b�q�_�k�l�\�h���©�d�j�Z�k�g�u�o���]�e�Z�a�ª % �n�h�l�h�]�j�Z�n�b�c 

1 1 

2 59 

3 5 

4 22 

5 3 

6 7 

�[�h�e�v�r�_��6 3 
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�L�Z�[�e�b�p�Z�� ����6 �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�h�e�h�`�_�g�b�c �e�b�p���g�Z���b�a�h�[�j�Z�`�_�g�b�y�o. 

�I�h�e�h�`�_�g�b�_���e�b�p�Z �����n�h�l�h�]�j�Z�n�b�c 

�:�g�n�Z�k 72 

�I�h�\�z�j�g�m�l�h���\���i�e�h�k�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y 17 

�I�h�e�h�`�_�g�b�_���f�_�`�^�m���i�j�h�n�b�e�v���b���Z�g�n�Z�k������ 6 

�Q�Z�k�l�b�q�g�h���a�Z�k�e�h�g�_�g�h 5 

 

  
�J�b�k�m�g�h�d��5.12 �± �H�l�l�_�g�d�b���d�h�`�b���q�_�e�h�\�_�d�Z�����k�b�g�b�_���l�h�q�d�b�����b���©�d�j�Z�k�g�u�o���]�e�Z�a�ª�����d�j�Z�k�g�u�_���l�h�q�d�b�����\ 

�d�h�h�j�^�b�g�Z�l�Z�o��a*b* �p�\�_�l�h�\�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z��La*b*. 

�K�o�_�f�Z���f�_�l�h�^�Z 

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �i�h�^�o�h�^�h�f���� �g�Z�� �h�k�g�h�\�_�� �h�[�a�h�j�Z�� �e�b�l�_�j�Z�l�m�j�u�� �b��

�Z�g�Z�e�b�a�Z�� �g�Z�[�h�j�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �Z�\�l�h�j�h�f�� �i�j�_�^�e�h�`�_�g �f�_�l�h�^�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b��

�d�h�j�j�_�d�p�b�b���w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª��[223�í227], �k�o�_�f�Z���d�h�l�h�j�h�]�h���i�h�d�Z�a�Z�g�Z�� �g�Z���j�b�k�m�g�d�_��

5.13.  �H�[�j�Z�[�h�l�d�Z�� �\�u�i�h�e�g�y�_�l�k�y�� �\�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_��YCbCr. �G�Z�� �i�_�j�\�h�f�� �r�Z�]�_��

�\�u�i�h�e�g�y�_�l�k�y�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �_�]�h�� �j�Z�a�f�_�j�h�f�� �g�Z��

�[�m�f�Z�]�_�� �b���j�Z�a�j�_�r�_�g�b�_�f�� �i�_�q�Z�l�b���� �D�Z�d�� �h�l�f�_�q�Z�e�h�k�v�� �\�u�r�_���� �\���Z�[�k�h�e�x�l�g�h�f�� �[�h�e�v�r�b�g�k�l�\�_��

�k�e�m�q�Z�_�\�� �n�h�l�h�]�j�Z�n�b�b�� �m�f�_�g�v�r�Z�x�l�k�y �i�j�b���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�b���� �I�j�b�� �w�l�h�f���f�Z�e�_�g�v�d�b�_�� �i�h��

�i�e�h�s�Z�^�b�� �©�d�j�Z�k�g�u�_�� �]�e�Z�a�Z�ª�� �i�_�j�_�k�l�Z�x�l�� �[�u�l�v�� �a�Z�f�_�l�g�u�f�b���� �l�Z�d�� �q�l�h���g�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�b��

�b�o�� �^�_�l�_�d�l�b�j�h�\�Z�l�v�� �b�� �d�h�j�j�_�d�l�b�j�h�\�Z�l�v���� �>�Z�e�_�_�� �i�j�h�\�_�j�y�_�l�k�y�� �m�k�e�h�\�b�_�� ������ �?�k�e�b�� �n�Z�c�e��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�h�^�_�j�`�b�l�� �f�_�l�Z�b�g�n�h�j�f�Z�p�b�x���� �\�� �d�h�l�h�j�h�c�� �m�d�Z�a�Z�g�h���� �q�l�h�� �\�k�i�u�r�d�Z�� �g�_��
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�i�j�b�f�_�g�y�e�Z�k�v�����l�h���©�d�j�Z�k�g�u�o���]�e�Z�a�ª���g�Z���b�a�h�[�j�Z�`�_�g�b�b���g�_�l�����b �j�Z�[�h�l�Z���k�i�h�k�h�[�Z���a�Z�\�_�j�r�Z�_�l�k�y������

�?�k�e�b�� �`�_�� �\�k�i�u�r�d�Z�� �i�j�b���k�t�z�f�d�_�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �b�e�b�� �w�l�h���g�_�b�a�\�_�k�l�g�h���� �l�h���\�u�i�h�e�g�y�_�l�k�y��

�i�_�j�_�o�h�^���g�Z���^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\���� 

 

 
�J�b�k�m�g�h�d 5.13 �± �K�o�_�f�Z���f�_�l�h�^�Z���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���b���d�h�j�j�_�d�p�b�b���©�d�j�Z�k�g�u�o���]�e�Z�a�ª. 

�������<�k�i�u�r�d�Z���g�_���i�j�b�f�_�g�y�e�Z�k�v?
�>�Z

�G�_�l

�������K�_�]�f�_�g�l�Z�p�b�y���h�[�e�Z�k�l�_�c-
�d�Z�g�^�b�^�Z�l�h�\ �i�h���p�\�_�l�m

1) �F�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�y��
�\���k�h�h�l�\�_�l�k�l�\�b�b���k���j�Z�a�f�_�j�h�f��
�h�l�i�_�q�Z�l�d�Z���b���j�Z�a�j�_�r�_�g�b�_�f

�������D�e�Z�k�k�b�n�b�d�Z�p�b�y���h�[�e�Z�k�l�_�c��
�d�Z�g�^�b�^�Z�l�h�\

�������D�h�j�j�_�d�p�b�y���h�[�e�Z�k�l�_�c

�������K�_�]�f�_�g�l�Z�p�b�y���]�j�Z�g�b�p���h�[�e�Z�k�l�_�c-
�d�Z�g�^�b�^�Z�l�h�\

�������H�[�t�_�^�b�g�_�g�b�_���k�_�]�f�_�g�l�Z�p�b�c���b��
�b�k�d�e�x�q�_�g�b�_���e�h�`�g�u�o���h�[�e�Z�k�l�_�c���i�h��

�n�h�j�f�_���b���j�Z�a�f�_�j�m
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�G�Z���r�Z�]�_�������\�u�i�h�e�g�y�_�l�k�y���k�_�]�f�_�g�l�Z�p�b�y�� �i�b�d�k�_�e�_�c�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\�� �i�h���p�\�_�l�m�� 

�<�� �h�l�e�b�q�b�_�� �h�l�� �h�i�b�k�Z�g�g�u�o�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �i�h�^�o�h�^�h�\���� �g�Z�� �h�k�g�h�\�_�� �k�h�[�j�Z�g�g�u�o�� ����������

�a�g�Z�q�_�g�b�c�� �h�l�l�_�g�d�h�\�� �\���h�[�e�Z�k�l�b�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �\���i�j�h�k�l�j�Z�g�k�l�\�_�� �<�&�E�&�U �i�h�k�l�j�h�_�g�Z�� ��D 

�l�Z�[�e�b�p�Z���� �d�h�l�h�j�Z�y���a�Z�^�Z�z�l�� �a�g�Z�q�_�g�b�y�� �k�_�]�f�_�g�l�b�j�m�_�f�u�o�� �i�b�d�k�_�e�_�c���� �K�_�]�f�_�g�l�Z�p�b�y�� �]�j�Z�g�b�p��

�h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\�� �\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� �r�Z�]�_�� ���� �<�� �h�l�e�b�q�b�_�� �h�l�� �k�m�s�_�k�l�\�m�x�s�b�o��

�k�i�h�k�h�[�h�\���� �d�h�l�h�j�u�_�� �^�e�y�� �i�h�b�k�d�Z�� �h�d�j�m�]�e�u�o�� �h�[�e�Z�k�l�_�c�� �d�j�Z�k�g�u�o�� �h�l�l�_�g�d�h�\�� �i�j�b�f�_�g�y�x�l��

�g�Z�[�h�j���d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �n�b�e�v�l�j�h�\���k���d�j�m�]�e�u�f�� �k�l�j�m�d�l�m�j�g�u�f���w�e�_�f�_�g�l�h�f�����i�j�_�^�e�Z�]�Z�_�l�k�y��

�b�k�i�h�e�v�a�h�\�Z�l�v�� �q�_�l�u�j�_�� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �n�b�e�v�l�j�Z�� �^�e�y�� �g�Z�o�h�`�^�_�g�b�y�� �]�j�Z�g�b�p�� �h�[�e�Z�k�l�_�c��

�k�e�_�\�Z�����k�i�j�Z�\�Z�����k�\�_�j�o�m���b���k�g�b�a�m�����q�l�h���i�h�a�\�h�e�y�_�l���b�k�d�Z�l�v�� �h�[�e�Z�k�l�b���]�e�Z�a���e�x�[�h�]�h���j�Z�a�f�_�j�Z���b����

�\���l�h�f���q�b�k�e�_���� �\���n�h�j�f�_���w�e�e�b�i�k�Z���� 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d 5.14 �± �I�j�b�f�_�j���j�Z�[�h�l�u���i�j�_�^�e�Z�]�Z�_�f�h�]�h���k�i�h�k�h�[�Z: a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) 

�k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�_ �h�[�e�Z�k�l�b-�d�Z�g�^�b�^�Z�l�u�����m�d�Z�a�Z�g�u���a�_�e�z�g�u�f��; c) �^�_�l�_�d�l�b�j�h�\�Z�g�g�u�_ �h�[�e�Z�k�l�b��

�©�d�j�Z�k�g�u�o���]�e�Z�a�ª; d) �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_. 
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�>�Z�e�_�_�� ���r�Z�]�� ������ �j�_�a�m�e�v�l�Z�l�u�� �k�_�]�f�_�g�l�Z�p�b�c�� �]�j�Z�g�b�p�� �b�� �i�h�� �p�\�_�l�m���h�[�t�_�^�b�g�y�x�l�k�y����

�\�u�i�h�e�g�y�_�l�k�y�� �i�h�b�k�d�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�� �e�h�`�g�u�_�� �h�[�e�Z�k�l�b�� �b�k�d�e�x�q�Z�x�l�k�y���� �b�k�o�h�^�y�� �b�a��

�b�o�� �n�h�j�f�u�� �b�� �j�Z�a�f�_�j�Z���� �G�Z�� �r�Z�]�_�� ���� �^�e�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �h�[�e�Z�k�l�_�c�� �b�k�i�h�e�v�a�m�_�l�k�y��

�Z�^�Z�i�l�b�\�g�u�c�� �[�m�k�l�b�g�]�� �\�� �f�h�^�b�n�b�d�Z�p�b�b��Gentle AdaBoost [105] �g�Z�� �^�_�j�_�\�v�y�o�� �f�Z�e�h�c��

�]�e�m�[�b�g�u���� �I�j�_�b�f�m�s�_�k�l�\�Z��AdaBoost �^�e�y���j�_�Z�e�b�a�Z�p�b�b�� �\�h���\�k�l�j�h�_�g�g�h�f���I�H���h�[�k�m�`�^�Z�e�b�k�v��

�\���j�Z�a�^�_�e�_���������������D�h�j�j�_�d�p�b�y���p�\�_�l�Z���h�[�e�Z�k�l�_�c�����d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �d�Z�d���©�d�j�Z�k�g�u�c���]�e�Z�a�ª����

�\�u�i�h�e�g�y�_�l�k�y�� �g�Z���r�Z�]�_������ 

�I�j�b�f�_�j���j�Z�[�h�l�u���i�j�_�^�e�Z�]�Z�_�f�h�]�h���k�i�h�k�h�[�Z���i�h�d�Z�a�Z�g���g�Z���j�b�k�m�g�d�_�� �������������I�h�k�e�_�� �r�Z�]�h�\��

�k�_�]�f�_�g�l�Z�p�b�b�� �i�h�f�b�f�h�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �\�u�^�_�e�_�g�u�� �]�m�[�u�� �b�� �d�j�Z�k�g�u�_�� �h�[�e�Z�k�l�b�� �\�� �e�_�\�h�f��

�\�_�j�o�g�_�f�� �m�]�e�m�� �n�h�l�h�]�j�Z�n�b�b�� ���j�b�k�m�g�d�_�� ��������b������ �H�[�e�Z�k�l�b�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª��

�h�[�g�Z�j�m�`�b�\�Z�x�l�k�y�� �k�� �i�h�f�h�s�v�x�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b ���j�b�k�m�g�d�_�� ��������c). �<�� �w�l�b�o�� �h�[�e�Z�k�l�y�o��

�\�u�i�h�e�g�y�_�l�k�y�� �b�k�i�j�Z�\�e�_�g�b�_�� �w�n�n�_�d�l�Z���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� ���j�b�k�m�g�d�_�� ��������d). 

�K�_�]�f�_�g�l�Z�p�b�y���h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\ 

�G�Z�i�j�Z�\�e�_�g�g�u�_�� �n�b�e�v�l�j�u�� �h�k�g�h�\�Z�g�u�� �g�Z�� �h�l�g�h�r�_�g�b�b�� �k�m�f�f�� �a�g�Z�q�_�g�b�c�� �\��

�d�\�Z�^�j�Z�l�g�u�o�� �[�e�h�d�Z�o�������g�Z�������i�b�d�k�_�e�y�� �d�Z�g�Z�e�Z�� �©�d�j�Z�k�g�h�l�u�ª���� �d�h�l�h�j�u�c���j�Z�\�_�g���k�m�f�f�_���d�Z�g�Z�e�Z��

�y�j�d�h�k�l�b���+�Â (�+�Â=Y �\��YCbCr�����b���d�Z�g�Z�e�Z �+�¼�å (�+�¼�å=Cr)�����m�f�g�h�`�_�g�g�h�]�h���g�Z����. �K�m�f�f�u���\���[�e�h�d�Z�o��

�\�u�q�b�k�e�y�x�l�k�y�� �i�h���n�h�j�f�m�e�Z�f: 

�$�4�:�N�á �?�; 
L 
Í 
Í 
k�+ �Â�:�N�á �?�;
E �w�+�¼�å�:�N�á �?�;
o

�Ö�>�5

�Ý�@�Ö�?�5

�å�>�5

�Ü�@�å�?�5

�á 

 

(5.9) 

�$�5�:�N�á �?�; 
L 
Í 
Í 
k�+ �Â�:�N�á �?�; 
E �w�+�¼�å�:�N�á �?�;
o

�Ö�>�5

�Ý�@�Ö�?�5

�å�?�6

�Ü�@�å�?�8

�á 

 

(5.10) 

�$�6�:�N�á �?�; 
L 
Í 
Í 
k�+ �Â�:�N�á �?�;
E �w�+�¼�å�:�N�á �?�;
o

�Ö�>�5

�Ý�@�Ö�?�5

�å�>�8

�Ü�@�å�>�6

�á 

 

(5.11) 

�$�7�:�N�á �?�; 
L 
Í 
Í 
k�+ �Â�:�N�á �?�;
E �w�+�¼�å�:�N�á �?�;
o

�Ö�?�6

�Ý�@�Ö�?�8

�å�>�5

�Ü�@�å�?�5

�á 

 

(5.12) 
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�$�8�:�N�á �?�; 
L 
Í 
Í �:�+�Â�:�N�á �?�;
E �w�+�¼�å�:�N�á �?�;�;

�Ö�>�8

�Ý�@�Ö�>�6

�å�>�5

�Ü�@�å�?�5

�ä 

 

(5.13) 

�G�Z�i�j�Z�\�e�_�g�g�u�_�� �n�b�e�v�l�j�u: 

�' �×�:�N�á �?�; 
L
�$�4�:�N�á �?�;

�s 
E �$�×�:�N�á �?�;
�á 

 

(5.14) 

�]�^�_ �@ �Ð�>�s�á�v�?; �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y���' �5 �k�h�h�l�\�_�l�k�l�\�m�x�l�� �]�j�Z�g�b�p�_�� �k�\�_�j�o�m�� �h�l�� �k�\�_�l�e�h�c��

�h�[�e�Z�k�l�b�� �\�� �d�Z�g�Z�e�_�� �d�j�Z�k�g�h�l�u; �^�e�y���' �6 �]�j�Z�g�b�p�_�� �k�g�b�a�m; �^�e�y���' �7 �]�j�Z�g�b�p�_�� �k�e�_�\�Z; �^�e�y���' �8 

�]�j�Z�g�b�p�_�� �k�i�j�Z�\�Z��  

�;�b�g�Z�j�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �k�_�]�f�_�g�l�Z�p�b�b�� �]�j�Z�g�b�p�� �h�[�e�Z�k�l�_�c�� �j�Z�\�_�g: 

�+�Ø�:�N�á �?�; 
L �J
�s�á �•�ƒ�š

�×�Ð�>�5�á�8�?
�' �×�:�N�á �?�; 
P �� �6�Ø�á

�r�á�������������������������������������������������������Ë�Ð�Ã�Ú�È�á
 

 

(5.15) 

�]�^�_���6�Ø �± �i�h�j�h�]���� 

�I�h�f�b�f�h�� �j�_�a�m�e�v�l�Z�l�Z�� �k�_�]�f�_�g�l�Z�p�b�b�� �]�j�Z�g�b�p���+�Ø���� �\�u�q�b�k�e�y�x�l�k�y�� �q�_�l�u�j�_�� �[�b�g�Z�j�g�u�o��

�j�_�a�m�e�v�l�Z�l�Z �k�_�]�f�_�g�l�Z�p�b�b �]�j�Z�g�b�p�� �^�e�y���d�Z�`�^�h�]�h���b�a���n�b�e�v�l�j�h�\���' �×�����d�h�l�h�j�u�_���i�h�d�Z�a�u�\�Z�x�l����

�d�Z�d�h�c���b�a���g�Z�i�j�Z�\�e�_�g�g�u�o�� �n�b�e�v�l�j�h�\���b�f�_�e���g�Z�b�[�h�e�v�r�_�_�� �a�g�Z�q�_�g�b�_�� �\���^�Z�g�g�h�f���i�b�d�k�_�e�_:   

�+�Ø�Ï �:�N�á �?�; 
L �J
�s�á �'�×�:�N�á �?�; 
L �•�ƒ�š

�×�Ð�>�5�á�8�?
�' �×�:�N�á �?�;���#�0�&�� �+�Ø�:�N�á �?�; 
L �s�á

�r�á�����������������������������������������������������������������������������������������������������������������������������������������������Ë�Ð�Ã�Ú�È�ä
 

 

(5.16) 

�I�j�b�f�_�j�� �k�_�]�f�_�g�l�Z�p�b�b�� �]�j�Z�g�b�p�� �h�[�e�Z�k�l�_�c�� �\�� �d�Z�g�Z�e�_�� �©�d�j�Z�k�g�h�l�u�ª�� �i�h�d�Z�a�Z�g�� �g�Z��

�j�b�k�m�g�d�_�� ������������ �I�b�d�k�_�e�b�� �\�_�j�o�g�b�o���� �g�b�`�g�b�o���� �i�j�Z�\�u�o�� �b�� �e�_�\�u�o�� �]�j�Z�g�b�p�� �h�[�h�a�g�Z�q�_�g�u�� �g�Z��

�j�b�k�m�g�d�_�� ��������b �j�Z�a�g�u�f�b�� �p�\�_�l�Z�f�b�� �>�e�y�� �h�d�j�m�]�e�u�o �b�� �w�e�e�b�i�k�h�h�[�j�Z�a�g�u�o �h�[�e�Z�k�l�_�c��

�]�j�Z�g�b�p�u���h�[�g�Z�j�m�`�b�\�Z�x�l�k�y���i�h���f�_�g�v�r�_�c���f�_�j�_���k���^�\�m�o �k�l�h�j�h�g�����q�Z�s�_���k���l�j�z�o���b�e�b���q�_�l�u�j�z�o�� 

�J�_�a�m�e�v�l�Z�l�u�� �k�_�]�f�_�g�l�Z�p�b�b�� �i�h�� �p�\�_�l�m���+�Ö �b�� �]�j�Z�g�b�p���+�Ø �h�[�t�_�^�b�g�y�l�k�y�� �e�h�]�b�q�_�k�d�b�f��

�B�E�B: 

�+�Õ�:�N�á �?�; 
L �+�Ö�:�N�á �?�;���1�4���+�Ø�:�N�á �?�;�ä (5.17) 

�G�Z�� �b�a�h�[�j�Z�`�_�g�b�b���+�Õ �\�u�i�h�e�g�y�_�l�k�y�� �i�h�b�k�d�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�� �^�e�y�� �d�Z�`�^�h�c��

�h�[�e�Z�k�l�b���
���\�u�q�b�k�e�y�x�l�k�y���k�e�_�^�m�x�s�b�_�� �i�j�b�a�g�Z�d�b. �K�m�f�f�Z���i�b�d�k�_�e�h�\���h�[�e�Z�k�l�b�����i�e�h�s�Z�^�v��: 

�0�• 
L 
Í �+ �Õ�:�N�á �?�;
�:�å�á�Ö�;�Ð�•

�ä 
 

(5.18) 
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�K�m�f�f�Z���i�b�d�k�_�e�h�\���� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�_�� �i�h���p�\�_�l�m:   

�0�•�a 
L 
Í �+ �Ö�:�N�á �?�;
�:�å�á�Ö�;�Ð�•

�ä 
 

(5.19) 

�K�m�f�f�u���i�b�d�k�_�e�h�\���� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�_�� �d�Z�`�^�u�f���b�a���g�Z�i�j�Z�\�e�_�g�g�u�o�� �n�b�e�v�l�j�h�\:  

�0�•�c�Ï

L 
Í �+ �c�Ï

�:�N�á �?�;
�:�å�á�Ö�;�Ð�•

�ä 
 

(5.20) 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d 5.15 �± �I�j�b�f�_�j���j�Z�[�h�l�u���g�Z�i�j�Z�\�e�_�g�g�u�o���n�b�e�v�l�j�h�\: a) �p�\�_�l�h�\�h�c���d�Z�g�Z�e���©�d�j�Z�k�g�h�l�u�ª; b) 

�p�\�_�l�h�f���h�l�f�_�q�_�g�u���k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�_���i�b�d�k�_�e�b���]�j�Z�g�b�p: �d�j�Z�k�g�u�f���i�h�d�Z�a�Z�g�u �i�b�d�k�_�e�b �+�A�s; �a�_�e�z�g�u�f �í��

�+�A�t ; �k�b�g�b�f �í���+�A�u; �`�z�e�l�u�f �í���+�A�v. 

 

�J�Z�a�f�_�j�u���h�i�b�k�u�\�Z�x�s�_�]�h�� �i�j�y�f�h�m�]�h�e�v�g�b�d�Z: 

�5�•�5 
L �•�ƒ�š
�:�å�á�Ö�;�Ð�•

�N 
F�� �•�‹�•
�:�å�á�Ö�;�Ð�•

�N���á (5.21) 

�5�•�6 
L �•�ƒ�š
�:�å�á�Ö�;�Ð�•

�? 
F �•�‹�•
�:�å�á�Ö�;�Ð�•

�?�ä (5.22) 

�D�h�w�n�n�b�p�b�_�g�l�� �d�h�f�i�Z�d�l�g�h�k�l�b: 

�G�a�•�5 
L
�0�•

�5�•�5�5�•�6
�ä 

 

(5.23) 

�D�h�w�n�n�b�p�b�_�g�l�� �m�^�e�b�g�_�g�b�y: 

�G�c�•�5 
L
�•�‹�•�:�5�•�5�á �5�•�6�;

�•�ƒ�š�:�5�•�5�á �5�•�6�;
�ä 

 

(5.24) 
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�D�h�e�b�q�_�k�l�\�h���g�_�g�m�e�_�\�u�o���0�•�c�Ï
 :  

�/ �• 
L 
Í �O�E�C�J�:�0�•�c�Ï
�;

�×�Ð�>�5�á�8�?

�ä 
 

(5.25) 

�>�h�e�y���f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �b�a���0�•�c�Ï
 �\���i�e�h�s�Z�^�b���h�[�e�Z�k�l�b: 

�G�_�• 
L
�•�ƒ�š

�×�Ð�>�5�á�8�?
�0�•�c�Ï

��

�0�•
�ä 

 

(5.26) 

�>�e�y�� �b�k�d�e�x�q�_�g�b�y�� �e�h�`�g�h�� �i�h�e�h�`�b�l�_�e�v�g�u�o�� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �i�j�b�f�_�g�y�x�l�k�y�� �l�j�b���w�e�_�f�_�g�l�Z�j�g�u�o�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z: 

1. �I�j�Z�\�b�e�h���0�•�a = 0 OR M<2���� �l�h�� �_�k�l�v�� �\ �h�[�e�Z�k�l�b�� �g�_�l�� �p�\�_�l�h�\, �o�Z�j�Z�d�l�_�j�g�u�o�� �^�e�y��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª, �b�e�b���f�_�g�v�r�_���^�\�m�o���g�Z�i�j�Z�\�e�_�g�g�u�o�� �n�b�e�v�l�j�h�\���h�[�g�Z�j�m�`�b�e�b���i�_�j�_�i�Z�^. 

2. �G�Z�� �h�k�g�h�\�_�� �i�j�b�a�g�Z�d�h�\���G�a�•�5, �G�c�•�5, �/ �• , �G�_�• �k�l�j�h�b�l�k�y�� �^�_�j�_�\�h�� �j�_�r�_�g�b�c���� �d�h�l�h�j�h�_��

�h�l�[�j�Z�k�u�\�Z�_�l�� �h�[�e�Z�k�l�b�� �i�h���n�h�j�f�_�����I�j�b�� �i�h�k�l�j�h�_�g�b�b�� �^�_�j�_�\�Z���j�_�r�_�g�b�c�� �g�Z���k�h�[�j�Z�g�g�h�f��

�g�Z�[�h�j�_���b�a�h�[�j�Z�`�_�g�b�c���f�b�g�b�f�b�a�b�j�m�_�l�k�y�� �q�b�k�e�h �e�h�`�g�h���h�l�j�b�p�Z�l�_�e�v�g�u�o�� �h�[�e�Z�k�l�_�c���^�e�y��

�y�\�g�h���a�Z�f�_�l�g�u�o�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª. 

3. �<�� �i�j�_�^�i�h�e�h�`�_�g�b�b�� �l�h�]�h�����q�l�h���e�b�p�h�� �f�h�`�_�l���a�Z�g�b�f�Z�l�v�� �\�k�z���b�a�h�[�j�Z�`�_�g�b�_, �b���g�Z���h�k�g�h�\�_��

�b�g�n�h�j�f�Z�p�b�b�� �h�� �l�b�i�b�q�g�u�o�� �k�h�h�l�g�h�r�_�g�b�y�o�� �j�Z�a�f�_�j�h�\�� �e�b�p�Z�� �b�� �]�e�Z�a�Z �q�_�e�h�\�_�d�Z [267] 

�\�\�h�^�y�l�k�y���h�]�j�Z�g�b�q�_�g�b�y�� �g�Z���j�Z�a�f�_�j�u���h�i�b�k�u�\�Z�x�s�_�]�h�� �i�j�y�f�h�m�]�h�e�v�g�b�d�Z�� 

�I�j�b�a�g�Z�d�b�� �^�e�y���d�e�Z�k�k�b�n�b�d�Z�p�b�b �h�[�e�Z�k�l�_�c 

�I�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z �h�k�l�Z�\�r�b�o�k�y�� �h�[�e�Z�k�l�_�c-�d�Z�g�^�b�^�Z�l�h�\�� �b�k�o�h�^�g�h��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v ������ �i�j�b�a�g�Z�d�h�\���� �I�h�f�b�f�h�� �m�d�Z�a�Z�g�g�u�o�� �\�� �n�h�j�f�m�e�Z�o�� ������������-���������������� �w�l�h��

�[�u�e�b: �j�Z�a�e�b�q�g�u�_�� �h�l�g�h�r�_�g�b�y �f�_�`�^�m �0�• �á �0�•�a�á �0�•�c�Ï
; �i�j�h�p�_�g�l�� �i�b�d�k�_�e�_�c �k�� �h�l�l�_�g�d�Z�f�b��

�d�h�`�b�� �q�_�e�h�\�_�d�Z�� �\�� �[�e�b�`�Z�c�r�_�c�� �h�d�j�_�k�l�g�h�k�l�b�� �j�Z�a�g�u�o�� �j�Z�a�f�_�j�h�\; �i�j�h�p�_�g�l�� �i�b�d�k�_�e�_�c �k��

�p�\�_�l�Z�f�b�����g�_�o�Z�j�Z�d�l�_�j�g�u�f�b�� �^�e�y���d�h�`�b���q�_�e�h�\�_�d�Z�� �\���[�e�b�`�Z�c�r�_�c�� �h�d�j�_�k�l�g�h�k�l�b; �d�h�g�l�j�Z�k�l; 

�k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �b�� �^�b�k�i�_�j�k�b�b�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\�� �\�� �k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�f�� �j�_�]�b�h�g�_�� �b��

�h�]�j�Z�g�b�q�b�\�Z�x�s�_�f �_�]�h�� �i�j�y�f�h�m�]�h�e�v�g�b�d�_; �i�j�h�p�_�g�l�� �y�j�d�b�o�� �i�b�d�k�_�e�_�c �\�� �e�h�d�Z�e�v�g�h�c��

�h�d�j�_�k�l�g�h�k�l�b; �i�j�b�a�g�Z�d�b���� �h�i�b�k�u�\�Z�x�s�b�_�� �n�h�j�f�m�� �h�[�e�Z�k�l�b���� �I�j�b�f�_�g�z�g�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y��

Gentle AdaBoost [106] �^�e�y�� �Z�g�k�Z�f�[�e�y�� �^�_�j�_�\�v�_�\�� �h�l�h�[�j�Z�e�Z�� ������ �i�j�b�a�g�Z�d�h�\���� �G�Z�b�[�h�e�_�_��

�b�g�n�h�j�f�Z�l�b�\�g�u�f�b�� �^�e�y���d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �y�\�e�y�x�l�k�y �k�e�_�^�m�x�s�b�_ �i�j�b�a�g�Z�d�b:  
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�x �>�h�e�y �i�b�d�k�_�e�_�c �k���h�l�l�_�g�d�Z�f�b�� �d�h�`�b���q�_�e�h�\�_�d�Z�� �\���i�j�y�f�h�m�]�h�e�v�g�b�d�_�� �k���j�Z�a�f�_�j�Z�f�b�����5�•�5 

�g�Z�� ���5�•�6 �b�� �p�_�g�l�j�h�f�� �\�� �k�_�j�_�^�b�g�_�� �h�]�j�Z�g�b�q�b�\�Z�x�s�_�]�h�� �h�[�e�Z�k�l�v�� �i�j�y�f�h�m�]�h�e�v�g�b�d�Z; 

�h�l�l�_�g�d�b�� �d�h�`�b�� �q�_�e�h�\�_�d�Z�� �h�i�j�_�^�_�e�y�x�l�k�y�� �k�� �i�h�f�h�s�v�x��3D �l�Z�[�e�b�p�u���� �i�h�k�l�j�h�_�g�g�h�c �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� �<�&�E�&�U �g�Z���h�k�g�h�\�_���k�h�[�j�Z�g�g�u�o�� ���������� �a�g�Z�q�_�g�b�c. 

�x �>�h�e�y �y�j�d�b�o �i�b�d�k�_�e�_�c�� �\���h�]�j�Z�g�b�q�b�\�Z�x�s�_�f�� �h�[�e�Z�k�l�v���i�j�y�f�h�m�]�h�e�v�g�b�d�_ �2: 

�G�Û�• 
L
�s

�0�•

Í �s

�:�å�á�Ö�;�Ð�•

�����:�+�Â�:�N�á �?�; 
P �6�Û�5���#�0�&���+�¼�å�:�N�á �?�; 
P �6�Û�6���#�0�&�� 

�#�0�&���+�¼�å�:�N�á �?�; 
O �6�Û�7���#�0�&���+�¼�Õ�:�N�á �?�; 
P �6�Û�8���#�0�&���+�¼�Õ�:�N�á �?�; 
O �6�Û�9�;�á 

�]�^�_���6�Û�Ü �± �i�h�j�h�]�b�� 

 

 

(5.27) 

�x �>�h�e�y���i�b�d�k�_�e�_�c�� �k���p�\�_�l�h�f�����o�Z�j�Z�d�l�_�j�g�u�f�� �^�e�y���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �\���k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�c��

�h�[�e�Z�k�l�b: 

�G�p�• 
L
�0�•�a

�0�•
�ä 

 

(5.28) 

�x �D�h�g�l�j�Z�k�l �± �h�l�g�h�r�_�g�b�_�� �f�_�`�^�m�� �j�Z�a�g�h�k�l�v�x�� �b�� �k�m�f�f�h�c�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �b��

�f�b�g�b�f�Z�e�v�g�h�c�� �y�j�d�h�k�l�_�c���\���h�]�j�Z�g�b�q�b�\�Z�x�s�_�f�� �i�j�y�f�h�m�]�h�e�v�g�b�d�_ �2: 

�G�à�• 
L
�•�ƒ�š

�:�å�á�Ö�;�Ð�•
�+�Â�:�N�á �?�;
F�� �•�‹�•

�:�å�á�Ö�;�Ð�•
�+�Â�:�N�á �?�;��

�•�ƒ�š
�:�å�á�Ö�;�Ð�•

�+�Â�:�N�á �?�; 
E �•�‹�•
�:�å�á�Ö�;�Ð�•

�+�Â�:�N�á �?�;��
�ä 

 

(5.29) 

�x �D�h�w�n�n�b�p�b�_�g�l�� �m�^�e�b�g�_�g�b�y: 

�G�c�•�6 
L 
¨
�ä�6�4
E �ä�4�6
E
¥�:�ä�6�4
F �ä�4�6�;�6
E �v�ä�5�5

�6

�ä�6�4
E �ä�4�6
F
¥�:�ä�6�4
F �ä�4�6�;�6
E �v�ä�5�5
�6
�á 

 

(5.30) 

�]�^�_���ä�ã�ä �± �p�_�g�l�j�Z�e�v�g�u�_�� �]�_�h�f�_�l�j�b�q�_�k�d�b�_�� �f�h�f�_�g�l�u���\�l�h�j�h�]�h���i�h�j�y�^�d�Z: 

�ä�ã�ä�� 
L 
Í �:�N 
F �N�"�;�ã�:�? 
F �?�"�;�ä

�:�å�á�Ö�;�Ð�•

�á 
 

(5.31) 

�N�"�� 
L
�s

�0�•

Í �N

�:�å�á�Ö�;�Ð�•

�á 
 

(5.32) 

�?�ñ
L
�s

�0�•

Í �?

�:�å�á�Ö�;�Ð�•

�ä 
 

(5.33) 
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�x �K�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y���\���p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�Z�o: 

�+�Â�•
$
$
$
$�� 
L
�s

�0�•

Í �+ �Â�:�N�á �?�;

�:�å�á�Ö�;�Ð�•

�á 
 

(5.34) 

�+�¼�Õ�•
$
$
$
$
$
$�� 
L
�s

�0�•

Í �+ �¼�Õ�:�N�á �?�;

�:�å�á�Ö�;�Ð�•

�á 
 

(5.35) 

�+�¼�å�•
$
$
$
$
$�� 
L
�s

�0�•

Í �+ �¼�å�:�N�á �?�;

�:�å�á�Ö�;�Ð�•

�ä 
 

(5.36) 

�D�h�j�j�_�d�p�b�y���^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c 

�D�h�j�j�_�d�p�b�y���d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�g�u�o �d�Z�d���©�d�j�Z�k�g�u�_�� �]�e�Z�a�Z�ª�� �h�[�e�Z�k�l�_�c���\�d�e�x�q�Z�_�l���l�j�b��

�w�l�Z�i�Z: 

1. �b�l�_�j�Z�l�b�\�g�h�_ �j�Z�k�r�b�j�_�g�b�_ �h�[�e�Z�k�l�_�c [263] �g�Z�� �k�h�k�_�^�g�b�_�� �i�b�d�k�_�e�b �j�h�a�h�\�u�o�� �b��

�i�m�j�i�m�j�g�u�o�� �h�l�l�_�g�d�h�\, �d�h�l�h�j�u�_�� �i�h�e�m�q�Z�x�l�k�y�� �i�j�b�� �k�f�_�r�_�g�b�b�� �d�j�Z�k�g�h�]�h�� �k�� �p�\�_�l�Z�f�b��

�k�d�e�_�j�u���� �j�_�k�g�b�p�����j�Z�^�m�`�d�b���]�e�Z�a�Z; 

2. �a�Z�e�b�\�d�Z�� �©�^�u�j�ª�� ��fill holes) �\�g�m�l�j�b�� �k�\�y�a�g�u�o���h�[�e�Z�k�l�_�c; 

3. �i�h�g�b�`�_�g�b�_�� �g�Z�k�u�s�_�g�g�h�k�l�b, �y�j�d�h�k�l�b�� �b�� �Z�e�v�n�Z-�k�f�_�r�b�\�Z�g�b�_�� �g�Z�� �d�j�Z�y�o �h�[�e�Z�k�l�b����

�q�l�h�[�u���h�[�_�k�i�_�q�b�l�v�� �i�e�Z�\�g�u�c�� �i�_�j�_�o�h�^�� �h�l���g�_�b�a�f�_�g�z�g�g�u�o�� �i�b�d�k�_�e�_�c�� �b�a�h�[�j�Z�`�_�g�b�y���d��

�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�f����   

�A�g�Z�q�_�g�b�y���\���Z�e�v�n�Z-�d�Z�g�Z�e�_�� �\�u�q�b�k�e�y�x�l�k�y���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���d�h�e�b�q�_�k�l�\�Z���k�h�k�_�^�g�b�o��

�i�b�d�k�_�e�_�c���� �h�l�g�h�k�y�s�b�o�k�y�� �d �h�[�e�Z�k�l�b���3; �_�k�e�b�� �i�b�d�k�_�e�v���:�N�á �?�; �g�Z�o�h�^�b�l�k�y�� �\�� �p�_�g�l�j�_��

�d�h�j�j�_�d�l�b�j�m�_�f�h�c���h�[�e�Z�k�l�b�����l�h�����Ù�:�N�á �?�; 
L 1; �_�k�e�b���k���d�j�Z�x�����l�h�����Ù�:�N�á �?�; �[�e�b�a�d�h���d����: 

�Ù�:�N�á �?�; 
L 
F�s 
E
�s

�z

Í 
Í �s�� �:�N 
E �E�á �? 
E �F�; �Ð �3

�5

�Ý�@�?�5

�5

�Ü�@�?�5

�ä 

 

(5.37) 

�<���p�_�g�l�j�_�� �h�[�e�Z�k�l�b���h�[�g�m�e�y�_�l�k�y�� �g�Z�k�u�s�_�g�g�h�k�l�v�� �b���i�h�g�b�`�Z�_�l�k�y�� �y�j�d�h�k�l�v: 

�+�Â�:�N�á �?�; 
L �:�t�½�× 
F �s�;�:�+�Â�:�N�á �?�;�Ù�:�N�á �?�;���:�t�½�×
F �s�;�;�6
E �+�Â�:�N�á �?�;
k�s 
F �Ù�:�N�á �?�;
o�á (5.38) 

�+�¼�å�:�N�á �?�; 
L �t�½�×�?�5�Ù�:�N�á �?�;
E �+�¼�å�:�N�á �?�;
k�s 
F �Ù�:�N�á �?�;
o�á (5.39) 

�+�¼�Õ�:�N�á �?�; 
L �t�½�×�?�5�Ù�:�N�á �?�;
E �+�¼�Õ�:�N�á �?�;
k�s 
F �Ù�:�N�á �?�;
o�á (5.40) 

�]�^�_���&�ß �± �]�e�m�[�b�g�Z�� �p�\�_�l�Z���g�Z���d�Z�g�Z�e�� 
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�D�j�b�l�_�j�b�c���d�Z�q�_�k�l�\�Z���^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b���d�h�j�j�_�d�p�b�b�� �©�d�j�Z�k�g�u�o���]�e�Z�a�ª 

�<�� �e�b�l�_�j�Z�l�m�j�_�� �\�h�i�j�h�k�m�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b��

�d�h�j�j�_�d�p�b�b�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �m�^�_�e�y�_�l�k�y�� �g�_�a�Z�k�e�m�`�_�g�g�h�� �f�Z�e�h�� �\�g�b�f�Z�g�b�y�� �H�[�u�q�g�h��

�d�Z�q�_�k�l�\�h�� �d�h�j�j�_�d�p�b�b�� �g�_�� �h�[�k�m�`�^�Z�_�l�k�y���� �Z�� �i�j�b�� �h�p�_�g�d�_�� �h�[�g�Z�j�m�`�_�g�b�y�� �h�]�j�Z�g�b�q�b�\�Z�x�l�k�y��

�l�b�i�b�q�g�u�f�b�� �^�e�y�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �d�j�b�l�_�j�b�y�f�b�� �d�Z�q�_�k�l�\�Z�����\�u�q�b�k�e�y�_�f�u�f�b�� �b�a��

�d�h�e�b�q�_�k�l�\�Z�� �e�h�`�g�h���i�h�e�h�`�b�l�_�e�v�g�u�o�� �b���e�h�`�g�h���h�l�j�b�p�Z�l�_�e�v�g�u�o��[268]���� �o�h�l�y���h�^�b�g�Z�d�h�\�u�_��

�\�b�^�u�� �h�r�b�[�h�d�� �i�h-�j�Z�a�g�h�f�m�� �\�h�k�i�j�b�g�b�f�Z�x�l�k�y�� �i�h�e�v�a�h�\�Z�l�_�e�_�f��[269]. �:�\�l�h�j�h�f��

�\�u�^�_�e�_�g�u �k�e�_�^�m�x�s�b�_ �k�_�f�v�� �n�Z�d�l�h�j�h�\ �d�Z�q�_�k�l�\�Z �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �b�k�i�j�Z�\�e�_�g�b�y��

�©�d�j�Z�k�g�u�o �]�e�Z�a�ª: 

1. FNm �± �g�_�h�[�g�Z�j�m�`�_�g�b�_�� �y�\�g�h���a�Z�f�_�l�g�h�]�h���^�_�n�_�d�l�Z�� 

2. FNd �± �g�_�h�[�g�Z�j�m�`�_�g�b�_�� �k�e�Z�[�h���a�Z�f�_�l�g�h�]�h�� �^�_�n�_�d�l�Z�� 

3. FPc �± �e�h�`�g�h�_ �h�[�g�Z�j�m�`�_�g�b�_���� �d�h�l�h�j�h�_�� �i�j�b�� �d�h�j�j�_�d�p�b�b�� �a�Z�f�_�l�g�h�� �b�� �i�h�j�l�b�l��

�n�h�l�h�]�j�Z�n�b�x; 

4. FPn �± �e�h�`�g�h�_ �h�[�g�Z�j�m�`�_�g�b�_���� �d�h�l�h�j�h�_���i�j�b���d�h�j�j�_�d�p�b�b���g�_�a�Z�f�_�l�g�h; 

5. Np �± �b�k�i�j�Z�\�e�_�g�� �l�h�e�v�d�h�� �h�^�b�g�� �]�e�Z�a�� �b�a�� �^�\�m�o���� �q�l�h�� �a�Z�f�_�l�g�h�� �b�� �\�h�k�i�j�b�g�b�f�Z�_�l�k�y��

�i�h�e�v�a�h�\�Z�l�_�e�_�f�� �g�_�]�Z�l�b�\�g�h; 

6. Ci �± �j�_�a�m�e�v�l�Z�l�� �d�h�j�j�_�d�p�b�b���\�u�]�e�y�^�b�l�� �o�m�`�_���� �q�_�f���b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_; 

7.  Cn �± �d�h�j�j�_�d�p�b�y���a�Z�f�_�l�g�Z�����g�h���j�_�a�m�e�v�l�Z�l�� �i�j�b�_�f�e�_�f�u�c�� 

�>�e�y�� �^�_�f�h�g�k�l�j�Z�p�b�b�� �n�Z�d�l�h�j�h�\�� �d�Z�q�_�k�l�\�Z�� �g�Z�� �j�b�k�m�g�d�_�� ���������� �i�j�b�\�_�^�_�g�u�� �^�\�Z��

�j�_�a�m�e�v�l�Z�l�Z�� �d�h�j�j�_�d�p�b�b���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���k���i�h�f�h�s�v�x��web-�k�_�j�\�b�k�Z��Redbot �d�h�f�i�Z�g�b�b��HP 

[270]. �G�Z�� �j�b�k�m�g�d�_ 5.16a �h�^�b�g�� �b�a�� �^�\�m�o�� �y�\�g�h�� �a�Z�f�_�l�g�u�o�� �]�e�Z�a�� �g�_�� �b�k�i�j�Z�\�e�_�g���� �a�Z�f�_�l�g�u�_��

�e�h�`�g�u�_���k�j�Z�[�Z�l�u�\�Z�g�b�y�� �g�Z���]�m�[�Z�o���� �L�Z�d�h�c���j�_�a�m�e�v�l�Z�l�� �d�h�j�j�_�d�p�b�b���g�_�]�Z�l�b�\�g�h�� �h�p�_�g�b�\�Z�_�l�k�y��

�i�h�e�v�a�h�\�Z�l�_�e�_�f���� �G�Z�� �j�b�k�m�g�d�_ 5.16b �h�^�b�g�� �b�a �^�\�m�o�� �k�e�Z�[�h�� �a�Z�f�_�l�g�u�o�� �]�e�Z�a�� �g�_�� �b�k�i�j�Z�\�e�_�g����

�g�_�a�Z�f�_�l�g�Z�y�� �e�h�`�g�h�� �i�h�e�h�`�b�l�_�e�v�g�Z�y�� �h�[�e�Z�k�l�v�� �g�Z�� �r�Z�j�n�_���� �H�r�b�[�d�b�� �y�\�e�y�x�l�k�y��

�g�_�`�_�e�Z�l�_�e�v�g�u�f�b���� �g�h���g�_���i�h�j�l�y�l���n�h�l�h�]�j�Z�n�b�x�� 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �h�[�s�b�c�� �d�j�b�l�_�j�b�c�� �d�Z�q�_�k�l�\�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�\�a�\�_�r�_�g�g�h�c�� �k�m�f�f�u���i�_�j�_�q�b�k�e�_�g�g�u�o�� �k�_�f�b���n�Z�d�l�h�j�h�\�����<�_�k�Z�� �h�i�j�_�^�_�e�y�x�l�k�y�� �k���i�h�f�h�s�v�x��

�f�_�l�h�^�Z�� �Z�g�Z�e�b�a�Z�� �b�_�j�Z�j�o�b�c�� ���F�:�B����[45]���� �\���d�h�l�h�j�h�f���n�Z�d�l�h�j�u�� �i�h�i�Z�j�g�h�� �k�j�Z�\�g�b�\�Z�x�l�k�y��



207 
 

 
 
 

�^�j�m�]���k���^�j�m�]�h�f���i�h���\�Z�`�g�h�k�l�b���k���l�h�q�d�b���a�j�_�g�b�y���i�h�e�v�a�h�\�Z�l�_�e�y: �h�^�b�g�Z�d�h�\�Z�y���\�Z�`�g�h�k�l�v�����b�e�b��

�h�^�b�g���\�Z�`�g�_�_�� �^�j�m�]�h�]�h�����b�e�b�� �h�^�b�g���a�g�Z�q�b�l�_�e�v�g�h�� �\�Z�`�g�_�_�� �^�j�m�]�h�]�h�����K�j�Z�\�g�_�g�b�_�� �n�Z�d�l�h�j�h�\��

�\�� �i�j�h�p�_�^�m�j�_�� �F�:�B�� �b�� �i�h�e�m�q�_�g�g�u�_�� �\�_�k�Z�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ���������� �H�[�s�b�c�� �d�j�b�l�_�j�b�c��

�d�Z�q�_�k�l�\�Z�� �^�e�y���k�i�h�k�h�[�Z���b�k�i�j�Z�\�e�_�g�b�y�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª: 

�3 
L �•�ƒ�š 
l
�1�p�c
F �s�á�u�(�0�à 
F �r�á�y�(�0�× 
F �u�á�x�(�2�Ö
F �r�á�v�(�2�á 
F �s�á�x�0�ã 
F �t�á�s�%�Ü
F �r�á�u�%�á

�1�p�c
�á �r
p�á 

 

(5.41) 

�]�^�_���1�p�c �± �d�h�e�b�q�_�k�l�\�h���©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª; �\�_�k�Z���b�a���l�Z�[�e�b�p�u�� �� �m�f�g�h�`�_�g�u�� �g�Z���������� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d 5.16 �± �I�j�b�f�_�j�u���d�h�j�j�_�d�p�b�b���©�d�j�Z�k�g�u�o���]�e�Z�a�ª �k�_�j�\�b�k�h�f��Redbot [270]. 

 

�L�Z�[�e�b�p�Z�� ����7. �F�:�B�� �^�e�y���h�p�_�g�d�b���\�_�k�Z���n�Z�d�l�h�j�h�\���d�Z�q�_�k�l�\�Z���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���b���d�h�j�j�_�d�p�b�b��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� 

 FNm FNd FPc FPn Np Ci Cn �=�_�h�f�����k�j�� �<�_�k 
FNm 1,00 5,00 0,20 5,00 1,00 0,20 5,00 1,26 0,13 
FNd 0,20 1,00 0,33 5,00 0,20 0,20 5,00 0,68 0,07 
FPc 5,00 3,00 1,00 3,00 5,00 5,00 5,00 3,43 0,36 
FPn 0,20 0,20 0,33 1,00 0,20 0,20 1,00 0,34 0,04 
Np 1,00 5,00 0,20 5,00 1,00 1,00 5,00 1,58 0,16 
Ci 5,00 5,00 0,20 5,00 1,00 1,00 5,00 1,99 0,21 
Cn 0,20 0,20 0,20 1,00 0,20 0,20 1,00 0,32 0,03 

 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �n�Z�d�l�h�j�h�\��Ci �b��Cn, �k�\�y�a�Z�g�g�u�o�� �k�� �d�h�j�j�_�d�p�b�_�c���� �l�j�_�[�m�_�l�k�y��

�f�g�_�g�b�_�� �g�Z�[�e�x�^�Z�l�_�e�y���� �H�i�j�_�^�_�e�_�g�b�_�� �h�k�l�Z�e�v�g�u�o�� �i�y�l�b�� �n�Z�d�l�h�j�h�\�� �f�h�`�g�h�� �k�^�_�e�Z�l�v��

�Z�\�l�h�f�Z�l�b�q�_�k�d�b���i�j�b���m�k�e�h�\�b�b���k�i�_�p�b�Z�e�v�g�h�c�� �j�Z�a�f�_�l�d�b���h�[�m�q�Z�x�s�_�]�h���g�Z�[�h�j�Z�����I�Z�j�Z�f�_�l�j�u��
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AdaBoost �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�� ���]�e�m�[�b�g�Z�� �^�_�j�_�\�v�_�\���� �b�l�h�]�h�\�u�c�� �g�Z�[�h�j�� �i�j�b�a�g�Z�d�h�\����

�i�h�^�[�b�j�Z�e�b�k�v�� �i�m�l�z�f�� �f�Z�d�k�b�f�b�a�Z�p�b�b �3 ���[�_�a�� �m�q�z�l�Z�� �d�h�j�j�_�d�p�b�b�����\���o�h�^�_�� �k�d�h�e�v�a�y�s�_�]�h��

�d�h�g�l�j�h�e�y���i�h���]�j�m�i�i�Z�f�� �n�h�l�h�]�j�Z�n�b�c�����k�g�y�l�u�o�� �h�^�b�g�Z�d�h�\�h�c���f�h�^�_�e�v�x���d�Z�f�_�j�u����  

�J�_�a�m�e�v�l�Z�l�u 

 �G�Z �h�k�g�h�\�_ �d�j�b�l�_�j�b�y �3 �i�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �k�i�h�k�h�[�h�\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c 

�d�h�j�j�_�d�p�b�b «�d�j�Z�k�g�u�o �]�e�Z�a» �g�Z �l�_�k�l�h�\�h�c �\�u�[�h�j�d�_ �b�a 50 �n�h�l�h�]�j�Z�n�b�c, �k�h�^�_�j�`�Z�s�b�o 152 

�^�_�n�_�d�l�g�u�_ �h�[�e�Z�k�l�b�� �K�j�Z�\�g�b�\�Z�e�b�k�v: �I�H Nikon View 6.2.7, �\ �d�h�l�h�j�h�f �j�_�Z�e�b�a�h�\�Z�g 

�Z�e�]�h�j�b�l�f �d�h�f�i�Z�g�b�b Fotonation [254, 271]; �n�h�l�h�i�j�b�g�l�_�j HP Photosmart 475 [272], 

web-�k�_�j�\�b�k Redbot [270]; �I�H Kodak Easy Share 6.01; Canon Easy-PhotoPrint 3.4; 

Microsoft Digital Image Starter Edition; ArcSoft Photoprinter 5.0; Cyberlink PhotoNow 

1.0, �b�k�i�h�e�v�a�m�x�s�b�c �^�_�l�_�d�l�h�j �e�b�p �<�b�h�e�u-�>�`�h�g�k�Z [261]. �J�_�a�m�e�v�l�Z�l�u�� �k�j�Z�\�g�_�g�b�y��

�i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ���������� �I�j�b�f�_�j�u�� �d�h�j�j�_�d�p�b�b�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�����f�_�l�h�^�h�f��

Fotonation �b���I�H��ArcSoft Photoprinter �i�h�d�Z�a�Z�g�u�� �g�Z���j�b�k�m�g�d�_�� ���������� 

 

�L�Z�[�e�b�p�Z��5.8. �K�j�Z�\�g�_�g�b�_�� �k�i�h�k�h�[�h�\���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���d�h�j�j�_�d�p�b�b��«�d�j�Z�k�g�u�o�� �]�e�Z�a». 

 FNm FNd FPc FPn Np Ci Cn �3 
�I�j�_�^�e�Z�]�Z�_�f�u�c 2 21 0 2 13 5 13 0.60 
Fotonation 7 21 0 3 12 4 13 0.56 
Arcsoft 10 22 0 2 13 4 7 0.55 
Canon 12 31 2 3 9 3 7 0.48 
Kodak 24 39 1 1 2 5 4 0.47 
HP Redbot 18 17 3 4 5 4 10 0.46 
HP PS 475 11 27 4 9 14 3 6 0.25 
Microsoft 23 31 6 6 15 15 25 0 
Cyberlink 30 27 21 18 6 9 6 0 

 

�>�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� ���w�l�Z�i�u�� �k�_�]�f�_�g�l�Z�p�b�b�� �b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�e�y��

�n�h�l�h�]�j�Z�n�b�c���� �k�g�y�l�u�o�� �k�h�� �\�k�i�u�r�d�h�c���� �h�[�_�k�i�_�q�b�\�Z�x�l�� �\�u�k�h�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z����

�l�j�Z�^�b�p�b�h�g�g�u�_�� �^�e�y���f�Z�r�b�g�g�h�]�h���h�[�m�q�_�g�b�y�����G�Z �j�b�k�m�g�d�_ 5.18 �i�j�b�\�_�^�_�g�Z �d�j�b�\�Z�y �h�r�b�[�h�d 

(receiver operating characteristic, ROC) [273]. �I�e�h�s�Z�^�v �i�h� ̂ �d�j�b�\�h�c �h�r�b�[�h�d (area 

under curve, AUC) �j�Z�\�g�Z���������������� 



209 
 

 
 
 

 

    

    

    

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d 5.17 �± �I�j�b�f�_�j�u �d�h�j�j�_�d�p�b�b���©�d�j�Z�k�g�u�o���]�e�Z�a�ª: a) �b�k�o�h�^�g�u�_���b�a�h�[�j�Z�`�_�g�b�y; b) �j�_�a�m�e�v�l�Z�l�u��

�i�j�_�^�e�Z�]�Z�_�f�h�]�h���k�i�h�k�h�[�Z; c) ArcSoft; d) Fotonation. 

 

�I�j�h�p�_�^�m�j�Z�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �d�h�j�j�_�d�p�b�b�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �g�_�� �h�d�Z�a�u�\�Z�_�l��

�a�Z�f�_�l�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �\�j�_�f�y�� �i�_�q�Z�l�b���� �W�l�Z�i�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�c�� �\�k�_�]�^�Z��

�k�m�s�_�k�l�\�m�_�l�� �\�� �d�h�g�\�_�c�_�j�_�� �h�[�j�Z�[�h�l�d�b�� �n�h�l�h�i�j�b�g�l�_�j�Z���� �i�h�w�l�h�f�m�� �g�Z�� �g�_�]�h�� �g�_�� �l�j�Z�l�b�l�k�y��

�^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b���� �>�e�y�� �h�k�l�Z�e�v�g�u�o�� �w�l�Z�i�h�\�� �h�[�j�Z�[�h�l�d�b�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h��

�k�i�h�k�h�[�Z�� �[�u�e�Z�� �\�u�i�h�e�g�_�g�Z�� �w�n�n�_�d�l�b�\�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �^�e�y�� �\�k�l�j�h�_�g�g�h�]�h�� �I�H����

�K�_�]�f�_�g�l�Z�p�b�y���� �j�Z�a�f�_�l�d�Z�� �k�\�y�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�� �h�l�[�j�Z�k�u�\�Z�g�b�_�� �e�h�`�g�h�� �i�h�e�h�`�b�l�_�e�v�g�u�o��
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�d�Z�g�^�b�^�Z�l�h�\�� �\�u�i�h�e�g�y�x�l�k�y�� �\�� �h�^�b�g�� �i�j�h�o�h�^�� �i�h�� �b�a�h�[�j�Z�`�_�g�b�x�� �g�Z�� �h�k�g�h�\�_�� �Z�e�]�h�j�b�l�f�Z��

�\�u�q�b�k�e�_�g�b�y�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o���i�j�b�a�g�Z�d�h�\���h�[�e�Z�k�l�_�c���b�a��[274]. �>�e�y���k�h�d�j�Z�s�_�g�b�y���\�j�_�f�_�g�b��

�\�u�i�h�e�g�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �\�_�k�Z���b���i�Z�j�Z�f�_�l�j�u���i�h�j�h�]�h�\�u�o���d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� �\���m�a�e�Z�o��

�^�_�j�_�\�v�_�\�� �d�h�g�\�_�j�l�b�j�m�x�l�k�y�� �b�a�� �^�Z�g�g�u�o�� �\�� �b�k�i�h�e�g�y�_�f�u�c�� �d�h�^�����>�e�y�� �l�_�k�l�h�\�h�]�h�� �g�Z�[�h�j�Z��

�k�j�_�^�g�_�_�� �\�j�_�f�y�� �j�Z�[�h�l�u�� �g�Z�� �p�_�e�_�\�h�c�� �i�e�Z�l�n�h�j�f�_�� �k�h�k�l�Z�\�b�e�h�� ����2 �k���� �q�l�h�� �m�^�h�\�e�_�l�\�h�j�y�_�l��

�l�j�_�[�h�\�Z�g�b�y�f���d���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b���� �� 

 
�J�b�k�m�g�h�d 5.18 �± �D�j�b�\�Z�y���h�r�b�[�h�d����ROC) �^�_�l�_�d�l�b�j�h�\�Z�g�b�y���©�d�j�Z�k�g�u�o���]�e�Z�a�ª. 

5.3.3. �H�p�_�g�d�Z �b���d�h�j�j�_�d�p�b�y���a�Z�l�_�f�g�z�g�g�u�o���h�[�e�Z�k�l�_�c 

�K�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u 

�K�m�s�_�k�l�\�m�_�l�� �f�g�h�`�_�k�l�\�h�� �f�_�l�h�^�h�\�� �^�e�y�� �m�e�m�q�r�_�g�b�y�� �y�j�d�h�k�l�b�� �b�� �d�h�g�l�j�Z�k�l�Z���� �g�h��

�[�h�e�v�r�b�g�k�l�\�h�� �b�a�� �g�b�o�� �i�j�_�^�g�Z�a�g�Z�q�_�g�u�� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �p�_�e�b�d�h�f�� �l�z�f�g�u�o (low-light) 

�b/�b�e�b �k�e�Z�[�h�d�h�g�l�j�Z�k�l�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �<�� �k�e�m�q�Z�_�� �k�t�z�f�d�b�� �k���d�h�g�l�j�h�\�u�f�� �h�k�\�_�s�_�g�b�_�f��

�h�[�s�b�c�� �d�h�g�l�j�Z�k�l�� �b�a�h�[�j�Z�`�_�g�b�y���� �d�Z�d�� �i�j�Z�\�b�e�h���� �\�u�k�h�d�b�c���� �g�h���q�Z�k�l�v�� �n�h�l�h�]�j�Z�n�b�b�� �b�f�_�_�l��

�l�z�f�g�u�_�� �h�l�l�_�g�d�b�� �b�� �g�b�a�d�b�c�� �d�h�g�l�j�Z�k�l�� �<�� �Z�g�]�e�h�y�a�u�q�g�h�c�� �e�b�l�_�j�Z�l�m�j�_�� �d�h�j�j�_�d�p�b�y�� �l�Z�d�h�]�h��

�j�h�^�Z�� �^�_�n�_�d�l�Z�� �i�h�e�m�q�b�e�Z �g�Z�a�\�Z�g�b�_��shadow enhancement �± �m�e�m�q�r�_�g�b�_��

�a�Z�l�_�g�z�g�g�u�o/�a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�e�b backlit image enhancement - �m�e�m�q�r�_�g�b�_��

�b�a�h�[�j�Z�`�_�g�b�c�� �k���a�Z�^�g�_�c�� �a�Z�k�\�_�l�d�h�c.  
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�F�g�h�]�b�_�� �k�i�h�k�h�[�u���m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z�� �h�k�g�h�\�Z�g�u�� �g�Z���i�j�h�k�l�_�c�r�_�c��

�n�b�a�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y��I �d�Z�d�� �i�j�h�b�a�\�_�^�_�g�b�y �^�b�n�n�m�a�g�h�c 

�h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b�����Z�e�v�[�_�^�h����R �b���h�k�\�_�s�z�g�g�h�k�l�b�� �k�p�_�g�u��L [275]: 

�+�:�N�á �?�; 
L �4�:�N�á �?�;�.�:�N�á �?�;�ä (5.42) 

�K�o�h�`�m�x�� �d�h�g�p�_�i�p�b�x�� �b�f�_�_�l �l�_�h�j�b�y�� �p�\�_�l�h�\�h�]�h�� �a�j�_�g�b�y�� �j�_�l�b�g�_�d�k�� ��retinex), 

�d�h�l�h�j�Z�y���m�l�\�_�j�`�^�Z�_�l���� �q�l�h���³�k�b�k�l�_�f�Z�� �k�_�l�q�Z�l�d�b��(retina) �b���d�h�j�u����cortex�����]�h�e�h�\�g�h�]�h���f�h�a�]�Z��

�f�h�`�_�l���l�j�Z�d�l�h�\�Z�l�v�� �p�\�_�l�� �d�Z�d���l�j�z�o�w�e�_�f�_�g�l�g�h�_ �k�h�h�[�s�_�g�b�_ �h�l���k�_�l�q�Z�l�d�b���� �g�_�a�Z�\�b�k�b�f�h�� �h�l��

�i�h�l�h�d�Z�� �e�m�q�b�k�l�h�c�� �w�g�_�j�]�b�b���� �g�h�� �d�h�j�j�_�e�b�j�m�x�s�_�]�h�� �k�� �h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�v�x��

�h�[�t�_�d�l�h�\�´ [276]. �I�h�f�b�f�h�� �l�h�]�h���� �q�l�h���l�_�h�j�b�y�� �j�_�l�b�g�_�d�k�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���h�[�t�y�k�g�_�g�b�y��

�p�\�_�l�h�i�h�k�l�h�y�g�k�l�\�Z�� ��color constancy) �q�_�e�h�\�_�q�_�k�d�h�]�h�� �a�j�_�g�b�y���� �g�Z�� �_�z�� �h�k�g�h�\�_�� �[�u�e��

�i�j�_�^�e�h�`�_�g �f�_�l�h�^���h�[�j�Z�[�h�l�d�b���b�a�h�[�j�Z�`�_�g�b�c�� �l�Z�d�`�_���g�Z�a�u�\�Z�_�f�u�c �j�_�l�b�g�_�d�k: 

�+�•�:�N�á �?�; 
L 
Í �ñ �à �H�K�C�:
�+�:�N�á �?�;

�+�Å�É�¿�Ø
�:�N�á �?�;

�;

�Æ

�à�@�5

�á 

 

(5.43) 

�]�^�_��M �± �q�b�k�e�h �f�Z�k�r�l�Z�[�h�\; �ñ�à  �± �\�_�k�Z�� �l�Z�d�b�_�� �q�l�h �Ã �ñ�à 
L �s�Æ
�à�@�5 ; �+�Å�É�¿�Ø

- �j�_�a�m�e�v�l�Z�l��

�j�Z�a�f�u�l�b�y��I �n�b�e�v�l�j�h�f���=�Z�m�k�k�Z�� �k �^�b�k�i�_�j�k�b�_�c �ê�à
�6. 

�?�k�e�b M �j�Z�\�g�h���������l�h���]�h�\�h�j�y�l���h�[���h�^�g�h�f�Z�k�r�l�Z�[�g�h�f���j�_�l�b�g�_�d�k�_ (single scale retinex, 

SSR), �b�g�Z�q�_�� �h���f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�f �j�_�l�b�g�_�d�k�_ (multiscale retinex, MSR). �K�m�s�_�k�l�\�m�_�l��

�f�g�h�`�_�k�l�\�h�� �f�h�^�b�n�b�d�Z�p�b�c��MSR���� �g�Z�i�j�b�f�_�j [128, 277, 278]���� �d�h�l�h�j�u�_�� �j�Z�a�e�b�q�Z�x�l�k�y��

�i�h�^�o�h�^�Z�f�b�� �d�� �h�[�j�Z�[�h�l�d�_�� �p�\�_�l�h�\�u�o�� �d�Z�g�Z�e�h�\�� �b�� �j�Z�a�j�_�r�_�g�b�x�� �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b�� �\��

�n�h�j�f�m�e�_��(5.43) �\�� �k�e�m�q�Z�_�� �j�Z�\�_�g�k�l�\�Z�� �g�m�e�x�� �Z�j�]�m�f�_�g�l�Z�� �e�h�]�Z�j�b�n�f�Z���� �>�_�c�k�l�\�b�l�_�e�v�g�h��

�[�h�e�v�r�b�g�k�l�\�h�� �j�_�Z�e�b�a�Z�p�b�c��MSR �k�i�h�k�h�[�g�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�e�m�q�r�b�l�v�� �d�h�g�l�j�Z�k�l�� �\��

�a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �n�h�l�h�]�j�Z�n�b�c���� �g�h�� �i�j�b�� �w�l�h�f�� �b�k�d�Z�`�Z�x�l�k�y���k�\�_�l�e�u�c�� �q�Z�k�l�b��

�b�a�h�[�j�Z�`�_�g�b�y���� �\�h�a�g�b�d�Z�x�l�� �Z�j�l�_�n�Z�d�l�u�� �\�� �\�b�^�_�� �h�j�_�h�e�h�\�� �\�^�h�e�v���d�h�g�l�m�j�g�u�o�� �i�_�j�_�i�Z�^�h�\, 

�b�k�d�Z�`�_�g�b�y�� �p�\�_�l�h�\ [279]�����J�_�l�b�g�_�d�k, �\�u�i�h�e�g�_�g�g�u�c�� �i�h���n�h�j�f�m�e�_ 5.43, �i�h�f�h�]�Z�_�l���e�m�q�r�_��

�m�\�b�^�_�l�v�� �^�_�l�Z�e�b�� �k�e�Z�[�h�d�h�g�l�j�Z�k�l�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �g�h�� �h�[�j�Z�[�h�l�Z�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b��

�\�u�]�e�y�^�y�l�� �g�_�_�k�l�_�k�l�\�_�g�g�h�� �K�m�s�_�k�l�\�_�g�g�h�� �[�h�e�_�_�� �_�k�l�_�k�l�\�_�g�g�u�f �i�h�e�m�q�Z�_�l�k�y�� �j�_�a�m�e�v�l�Z�l��

�i�j�b���k�f�_�r�b�\�Z�g�b�b�� �b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���b���j�_�a�m�e�v�l�Z�l�Z��MSR [280]. 
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�<�� �j�Z�[�h�l�_��[281] �i�j�_�^�e�Z�]�Z�_�l�k�y�� �k�e�_�^�m�x�s�b�c�� �k�i�h�k�h�[�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�g�z�g�g�u�o��

�h�[�e�Z�k�l�_�c�� �g�Z���b�a�h�[�j�Z�`�_�g�b�b�� �k���d�Z�g�Z�e�h�f���y�j�d�h�k�l�b��I: 

�+�ñ�:�N�á �?�; 
L �G�5
�+�:�N�á �?�;

�+�Ù�:�N�á �?�; 
E �s

E �G�6�+�Ù�:�N�á �?�;�á 

(5.44) 

�]�^�_ �+�Ù �± �j�_�a�m�e�v�l�Z�l�� �n�b�e�v�l�j�Z�p�b�b��I �k�h�o�j�Z�g�y�x�s�b�f�� �]�j�Z�g�b�p�u�� �n�b�e�v�l�j�h�f, �i�Z�j�Z�f�_�l�j�u��

�d�h�l�h�j�h�]�h�� �a�Z�\�b�k�y�l�� �h�l�� �h�p�_�g�d�b�� �m�j�h�\�g�y�� �r�m�f�Z; �G�5 �± �d�h�w�n�n�b�p�b�_�g�l�� �m�k�b�e�_�g�b�y; �G�6 �± 

�d�h�w�n�n�b�p�b�_�g�l�� �h�k�e�Z�[�e�_�g�b�y�� 

�J�_�a�m�e�v�l�Z�l�� �n�b�e�v�l�j�Z�p�b�b���+�Ù���j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d�� �h�p�_�g�d�Z�� �h�k�\�_�s�z�g�g�h�k�l�b����

�h�l�g�h�r�_�g�b�_���+���+�Ù �± �\�� �d�Z�q�_�k�l�\�_ �h�p�_�g�d�b �h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b���� �W�l�h�l�� �k�i�h�k�h�[��

�o�h�j�h�r�h�� �i�h�\�u�r�Z�_�l�� �y�j�d�h�k�l�v�� �b�� �d�h�g�l�j�Z�k�l�� �\�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�y�o���� �f�Z�e�h�� �\�e�b�y�_�l�� �g�Z��

�k�\�_�l�e�u�_�� �h�[�e�Z�k�l�b, �g�_�� �h�[�j�Z�a�m�_�l�� �h�j�_�h�e���\�^�h�e�v���i�_�j�_�i�Z�^�h�\�� �y�j�d�h�k�l�b���� �g�h���m�k�b�e�b�\�Z�_�l�� �r�m�f�u��

�\�� �l�z�f�g�u�o�� �h�l�l�_�g�d�Z�o�� �b�� �\�_�^�z�l�� �d �i�h�l�_�j�_ �g�Z�k�u�s�_�g�g�h�k�l�b���� �b�a�h�[�j�Z�`�_�g�b�_�� �k�l�Z�g�h�\�b�l�k�y��

�[�e�z�d�e�u�f. �<�u�[�h�j�� �i�h�^�o�h�^�y�s�b�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\ �G�5 �b���G�6 �\�u�i�h�e�g�y�_�l�k�y�� �i�h�e�v�a�h�\�Z�l�_�e�_�f��

�\�j�m�q�g�m�x�����q�l�h���q�Z�k�l�h �y�\�e�y�_�l�k�y���g�_�l�j�b�\�b�Z�e�v�g�h�c�� �a�Z�^�Z�q�_�c�� 

�:�^�Z�i�l�b�\�g�Z�y�� �]�Z�f�f�Z-�d�h�j�j�_�d�p�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �h�p�_�g�d�b�� �h�k�\�_�s�z�g�g�h�k�l�b��

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �\�� �j�Z�[�h�l�_��[129]���� �P�\�_�l�h�\�u�_��RGB �d�Z�g�Z�e�u���+�ß�:�N�á �?�;���� �g�h�j�f�Z�e�b�a�h�\�Z�g�g�u�_�� �\��

�^�b�Z�i�Z�a�h�g�� �h�l�������^�h������ �i�j�_�h�[�j�Z�a�m�x�l�k�y���i�h���n�h�j�f�m�e�_: 

�+�ß
�•�:�N�á �?�; 
L �+�ß�:�N�á �?�;�6

�-�7�.�º�½�Á�·�:�Ý�á�Î�;
�á (5.45) 

�]�^�_ �+�Å�É�¿ �± �h�p�_�g�d�Z�� �h�k�\�_�s�z�g�g�h�k�l�b���� �d�h�l�h�j�Z�y�� �\�u�i�h�e�g�y�_�l�k�y�� �i�m�l�z�f�� �=�Z�m�k�k�h�\�Z�� �j�Z�a�f�u�l�b�y��

�d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b���� 

�< �l�z�f�g�u�o�� �h�[�e�Z�k�l�y�o�� �d�j�b�\�Z�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �m�j�h�\�g�_�c�� �\�u�i�m�d�e�Z�y���� �b�� �h�g�b��

�k�l�Z�g�h�\�y�l�k�y�� �k�\�_�l�e�_�_; �\�� �k�\�_�l�e�u�o�� �h�[�e�Z�k�l�y�o�� �d�j�b�\�Z�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �\�h�]�g�m�l�Z�y�� �b�� �h�g�b��

�k�l�Z�g�h�\�y�l�k�y�� �l�_�f�g�_�_���� �E�h�d�Z�e�v�g�u�c�� �d�h�g�l�j�Z�k�l �d�Z�d�� �\�� �l�z�f�g�u�o���� �l�Z�d�� �b�� �\�� �k�\�_�l�e�u�o�� �h�[�e�Z�k�l�y�o 

�i�h�\�u�r�Z�_�l�k�y���� �g�h�� �q�Z�k�l�h�� �g�_�^�h�k�l�Z�l�h�q�g�h. �I�j�b�� �w�l�h�f�� �^�Z�g�g�u�c�� �k�i�h�k�h�[�� �g�_�� �i�h�a�\�h�e�y�_�l��

�j�_�]�m�e�b�j�h�\�Z�l�v�� �\�_�e�b�q�b�g�m�� �m�k�b�e�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z�� �\�� �l�z�f�g�u�o�� �b�� �k�\�_�l�e�u�o�� �h�[�e�Z�k�l�y�o���� �D�j�h�f�_��

�l�h�]�h�� �_�]�h���i�j�b�f�_�g�_�g�b�_�� �\�_�^�z�l���d���a�Z�f�_�l�g�h�f�m���i�Z�^�_�g�b�x�� �g�Z�k�u�s�_�g�g�h�k�l�b�� 

�J�y�^�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c �^�e�y�� �h�l�h�[�j�Z�`�_�g�b�y�� �g�Z�� �f�h�g�b�l�h�j�Z�o�� �b�a�h�[�j�Z�`�_�g�b�c��

�j�Z�k�r�b�j�_�g�g�h�]�h�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� ��high dynamic range, HDR���� �i�j�b�f�_�g�b�f�� �^�e�y��
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�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �l�h�g�h�\�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �^�b�Z�i�Z�a�h�g�Z��

(standard dynamic range, SDR) [282, 283]. �>�e�y���d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�Z��

�n�h�l�h�]�j�Z�n�b�y�o���w�l�b���f�_�l�h�^�u���i�h�^�[�b�j�Z�x�l���l�Z�d�m�x�� �n�m�g�d�p�b�x �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���m�j�h�\�g�_�c�����q�l�h��

�l�z�f�g�u�_�� �h�[�e�Z�k�l�b�� �k�l�Z�g�h�\�y�l�k�y�� �k�\�_�l�e�_�_, �i�j�b�� �w�l�h�f �q�Z�k�l�h�� �\�h�a�g�b�d�Z�x�l �g�_�`�_�e�Z�l�_�e�v�g�u�_��

�b�k�d�Z�`�_�g�b�y �y�j�d�h�k�l�b���b���p�\�_�l�Z���\���k�j�_�^�g�b�o�� �b���k�\�_�l�e�u�o�� �h�l�l�_�g�d�Z�o�� 

�H�[�s�b�f�� �g�_�^�h�k�l�Z�l�d�h�f�� �k�m�s�_�k�l�\�m�x�s�b�o�� �f�_�l�h�^�h�\�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o��

�h�[�e�Z�k�l�_�c�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �h�g�b�� �m�o�m�^�r�Z�x�l�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �d�h�l�h�j�u�_�� �g�_��

�g�m�`�^�Z�x�l�k�y�� �\�� �d�h�j�j�_�d�p�b�b���� �G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �Z�\�l�h�j�m�� �g�_�b�a�\�_�k�l�g�u�� �k�i�h�k�h�[�u 

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �n�h�l�h�]�j�Z�n�b�c�����i�h�\�j�_�`�^�z�g�g�u�o���d�h�g�l�j�h�\�u�f���k�\�_�l�h�f���b��

�h�p�_�g�d�b�� �k�l�_�i�_�g�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �^�Z�g�g�h�]�h���^�_�n�_�d�l�Z�� 

�<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u���i�h�y�\�b�e�b�k�v �f�_�l�h�^�u�� �g�Z�� �h�k�g�h�\�_ �]�e�m�[�h�d�b�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c, 

�d�h�l�h�j�u�_�� �i�j�_�^�g�Z�a�g�Z�q�_�g�u �^�e�y�� �d�h�j�j�_�d�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�h�\�j�_�`�^�z�g�g�u�o�� �d�h�g�l�j�h�\�u�f��

�k�\�_�l�h�f. �I�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�h�\�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �^�e�y�� �w�l�h�c�� �a�Z�^�Z�q�b�� �h�]�j�Z�g�b�q�_�g�h��

�h�l�k�m�l�k�l�\�b�_�f�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �j�Z�a�g�h�h�[�j�Z�a�g�u�o�� �j�Z�a�f�_�q�_�g�g�u�o�� �^�Z�g�g�u�o����

�k�e�h�`�g�h�k�l�v�x�� �b�� �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�v�x�� �j�Z�a�f�_�l�d�b���� �<�� �j�Z�[�h�l�Z�o��[284, 285] �b�k�i�h�e�v�a�m�_�l�k�y��

�g�Z�[�h�j�� �k�i�_�p�b�Z�e�v�g�h�� �k�g�y�l�u�o �i�j�h�l�b�\�� �k�\�_�l�Z�� ���������� �n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�u�_ �i�h�e�m�q�_�g�u���k��

�i�h�f�h�s�v�x �l�h�e�v�d�h 4-�o���n�h�l�h�d�Z�f�_�j���^�\�m�o���i�j�h�b�a�\�h�^�b�l�_�e�_�c�� �b���k�h�^�_�j�`�Z�l���g�_�[�h�e�v�r�h�c���g�Z�[�h�j��

�k�p�_�g���� �N�h�l�h�]�j�Z�n�b�b�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�u �\�� �I�H��Adobe Lightroom. �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �w�l�b��

�g�_�c�j�h�g�g�u�_�� �k�_�l�b�� �k�l�j�_�f�y�l�k�y�� �i�h�\�l�h�j�b�l�v�� �j�_�a�m�e�v�l�Z�l�� �d�h�j�j�_�d�p�b�b���� �j�_�Z�e�b�a�h�\�Z�g�g�u�c�� �\�� �I�H��

Adobe���� �g�h�� �k�^�_�e�Z�l�v�� �w�l�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �[�_�a�� �m�q�Z�k�l�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �A�Z�f�_�l�b�f���� �q�l�h 

�j�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b�� �w�l�b�f�b�� �g�_�c�j�h�g�g�u�f�b�� �k�_�l�y�f�b�� �d�Z�q�_�k�l�\�_�g�g�u�o���b�a�h�[�j�Z�`�_�g�b�c �\��

�e�b�l�_�j�Z�l�m�j�_ �g�_���h�[�k�m�`�^�Z�_�l�k�y���� 

�:�e�]�h�j�b�l�f�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o���h�[�e�Z�k�l�_�c 

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�h�^�o�h�^�h�f�� �d�� �h�p�_�g�d�_�� �b�� �m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o��

�n�h�l�h�]�j�Z�n�b�c���g�Z���i�_�j�\�h�f���w�l�Z�i�_���l�j�_�[�m�_�l�k�y���i�j�h�\�_�j�b�l�v �i�h���f�_�l�Z�b�g�n�h�j�f�Z�p�b�b �n�h�l�h�]�j�Z�n�b�b, 

�q�l�h �i�j�b�� �k�t�z�f�d�_�� �g�_�� �i�j�b�f�_�g�y�e�Z�k�v�� �\�k�i�u�r�d�Z ���l�Z�d�� �d�Z�d�� �i�j�b�� �\�k�i�u�r�d�_�� �g�_�l�� �d�h�g�l�j�h�\�h�]�h��

�k�\�_�l�Z���� �a�Z�l�_�f �\�u�i�h�e�g�b�l�v�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �b�k�o�h�^�y �b�a�� �j�Z�a�j�_�r�_�g�b�y 

�i�_�q�Z�l�b���b���j�Z�a�f�_�j�Z �h�l�i�_�q�Z�l�d�Z�� 
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�B�a �Z�g�Z�e�b�a�Z �k�m�s�_�k�l�\�m�x�s�b�o�� �k�i�h�k�h�[�h�\�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c��

�k�^�_�e�Z�g���\�u�\�h�^�����q�l�h���p�_�e�_�k�h�h�[�j�Z�a�g�h���b�k�i�h�e�v�a�h�\�Z�l�v �f�h�^�_�e�v �n�h�j�f�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�y��

�����������������I�m�k�l�v�� �_�k�l�v���Z�e�v�n�Z-�d�Z�g�Z�e���Ù�æ�����a�g�Z�q�_�g�b�y���d�h�l�h�j�h�]�h���[�e�b�a�d�b���d�������\���k�\�_�l�e�u�o�� �h�[�e�Z�k�l�y�o��

�b���d�������\���l�z�f�g�u�o���� �L�h�]�^�Z���i�h�\�u�k�b�l�v�� �y�j�d�h�k�l�v���b���d�h�g�l�j�Z�k�l���\���a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�y�o���d�Z�g�Z�e�Z��

�y�j�d�h�k�l�b��I �f�h�`�g�h�� �i�m�l�z�f�� �k�f�_�r�b�\�Z�g�b�y�� �k�� �Z�e�v�n�Z-�d�Z�g�Z�e�h�f �Ù�æ �b�k�o�h�^�g�h�]�h��I �b���h�p�_�g�d�b��

�h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b �+�Ô. �H�^�g�Z�d�h�� �\ �+�Ô �h�l�k�m�l�k�l�\�m�_�l�� �h�k�\�_�s�z�g�g�h�k�l�v �k�p�_�g�u���� �b��

�l�Z�d�h�_���b�a�h�[�j�Z�`�_�g�b�_���\�u�]�e�y�^�b�l�� �g�_�_�k�l�_�k�l�\�_�g�g�h���� �I�h�w�l�h�f�m�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�h �k�f�_�r�Z�l�v �+�Ô 

�k���b�k�o�h�^�g�u�f�� �d�Z�g�Z�e�h�f���y�j�d�h�k�l�b��I. �>�e�y���g�h�j�f�Z�e�b�a�h�\�Z�g�g�h�]�h�� �\���^�b�Z�i�Z�a�h�g�� �h�l�������^�h�������d�Z�g�Z�e�Z��

�y�j�d�h�k�l�b��I �n�h�j�f�m�e�Z�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �\�u�]�e�y�^�b�l�� �k�e�_�^�m�x�s�b�f��

�h�[�j�Z�a�h�f:     

�+�•�:�N�á �?�; 
L �Ù�æ�:�N�á �?�;�+�:�N�á �?�;
E 
k�s 
F �Ù�æ�:�N�á �?�;
o
k�G�æ�+�Ô�:�N�á �?�;
E�:�s 
F �G�æ�;�+�:�N�á �?�;
o 
L 


L �+�:�N�á �?�;
E �G�æ
k�s 
F �Ù�æ�:�N�á �?�;
o�:�+�Ô�:�N�á �?�; 
F �+�:�N�á �?�;�;�á 

 

(5.46) 

�]�^�_���G�æ �± �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c; �G�æ�Ð �>�r�á �s�?.  

�H�p�_�g�d�m�� �h�k�\�_�s�z�g�g�h�k�l�b �+�Ù�� �\�� �f�h�^�_�e�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� ��������������

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �\�u�i�h�e�g�y�l�v�� �k���i�h�f�h�s�v�x���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h�� �[�b�e�Z�l�_�j�Z�e�v�g�h�]�h�� �n�b�e�v�l�j�Z����

�\�u�q�b�k�e�y�_�f�h�]�h���i�h���n�h�j�f�m�e�_�������������������]�^�_���\�_�k�h�\�Z�y���n�m�g�d�p�b�y �i�h���^�b�Z�i�Z�a�h�g�m�� �y�j�d�h�k�l�_�c���0�:�T�; 

�i�j�b�\�_�^�_�g�Z�� �\���n�h�j�f�m�e�_������������������ �L�Z�d�h�c���i�h�^�o�h�^�����\���h�l�e�b�q�b�_���h�l���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �]�Z�m�k�k�b�Z�g�Z����

�g�_�� �i�j�b�\�h�^�b�l�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �a�Z�f�_�l�g�h�]�h�� �h�j�_�h�e�Z�� �\�^�h�e�v�� �d�h�g�l�j�Z�k�l�g�u�o�� �i�_�j�_�i�Z�^�h�\. 

�H�p�_�g�d�Z���h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b �\�u�q�b�k�e�y�_�l�k�y���d�Z�d���m�f�g�h�`�_�g�g�h�_���g�Z���d�h�w�n�n�b�p�b�_�g�l��

�= �h�l�g�h�r�_�g�b�_�� �a�g�Z�q�_�g�b�c�� �\�� �d�Z�g�Z�e�_ �y�j�d�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �k�m�f�f�u�� �h�p�_�g�d�b 

�h�k�\�_�s�z�g�g�h�k�l�b �b���>�ê�å:    

�+�Ô�:�N�á �?�; 
L
�=�+�:�N�á �?�;

�+�Ù�:�N�á �?�;
E �>�ê�å
�á 

(5.47) 

�]�^�_���ê�å �í�� �\�_�e�b�q�b�g�Z�� �i�_�j�_�i�Z�^�Z���� �d�h�l�h�j�Z�y�� �k�q�b�l�Z�_�l�k�y��«�i�h�e�_�a�g�h�c�ª�� ���l���_���� �g�_�� �h�[�j�Z�a�h�\�Z�g�g�h�c��

�r�m�f�h�f�� �]�j�Z�g�b�p�_�c�� �f�_�`�^�m�� �h�[�e�Z�k�l�y�f�b�����b���k�h�\�i�Z�^�Z�_�l�� �k���ê�å �\�� �n�h�j�f�m�e�_�� ������������; a �b��b �± 

�d�h�w�n�n�b�p�b�_�g�l�u�� 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �h�p�_�g�d�m�� �h�k�\�_�s�z�g�g�h�k�l�b���+�Ù �\���d�Z�q�_�k�l�\�_���Z�e�v�n�Z-�d�Z�g�Z�e�Z��

�Ù�æ�����L�h�]�^�Z���n�h�j�f�m�e�u�����������������b�����������������i�j�_�h�[�j�Z�a�m�x�l�k�y���d���\�b�^�m: 
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�+�ñ�:�N�á �?�; 
L �+�:�N�á �?�;
E �G�æ�+�:�N�á �?�;�@�s 
F �+�Ù�:�N�á �?�;�A �I�=�T �F�r�á
�=

�+�Ù�:�N�á �?�;
E �>�ê�Ë

F �s�G�ä 

 

(5.48) 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d��������9 �± �I�j�b�f�_�j���d�h�j�j�_�d�p�b�b �a�Z�l�_�f�g�z�g�g�u�o���h�[�e�Z�k�l�_�c�����D�����b�k�o�h�^�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_; b) 

�j�_�a�m�e�v�l�Z�l���h�[�j�Z�[�h�l�d�b; c) �h�p�_�g�d�Z���h�k�\�_�s�z�g�g�h�k�l�b; d) �h�p�_�g�d�Z���h�l�j�Z�`�Z�l�_�e�v�g�h�c���k�i�h�k�h�[�g�h�k�l�b�� 

 

�I�h�k�e�_�� �d�h�j�j�_�d�p�b�b�� �d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b�� �a�g�Z�q�_�g�b�y�� �p�\�_�l�h�j�Z�a�g�h�k�l�g�u�o�� �d�Z�g�Z�e�h�\��

�\�u�q�b�k�e�y�x�l�k�y�� �i�h���n�h�j�f�m�e�Z�f���������������± ���������������G�Z���j�b�k�m�g�d�_�� �����������i�h�d�Z�a�Z�g�u�� �i�j�b�f�_�j�u���h�p�_�g�d�b��
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�h�k�\�_�s�z�g�g�h�k�l�b�� �b�� �h�l�j�Z�`�Z�l�_�e�v�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b���� �j�_�a�m�e�v�l�Z�l�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o��

�h�[�e�Z�k�l�_�c�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f���� 

�<�_�e�b�q�b�g�u��a, b, �ê�å, �j�Z�a�f�_�j�� �h�d�g�Z�� �[�b�e�Z�l�_�j�Z�e�v�g�h�]�h�� �n�b�e�v�l�j�Z���0�â, �i�Z�j�Z�f�_�l�j���ä 

�n�m�g�d�p�b�b���0�:�T�; ���k�f���� �n�h�j�f�m�e�m�� ���������������� �a�Z�\�b�k�y�l�� �h�l�� �l�_�o�g�h�e�h�]�b�b�� �i�_�q�Z�l�b�� �b�� �f�h�^�_�e�b��

�i�j�b�g�l�_�j�Z�����H�g�b���\�u�[�b�j�Z�x�l�k�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�h���h�l�i�_�q�Z�l�d�Z�f���b�k�o�h�^�y���b�a���k�e�_�^�m�x�s�b�o��

�k�h�h�[�j�Z�`�_�g�b�c: �y�j�d�h�k�l�v�� �b�� �d�h�g�l�j�Z�k�l�� �\�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�����g�h�� �i�j�b��

�w�l�h�f�� �q�z�j�g�u�_�� �h�[�e�Z�k�l�b�� �g�_�� �^�h�e�`�g�u�� �k�\�_�l�e�_�l�v���� �g�_�[�h�e�v�r�b�_�� �r�m�f�u���g�_�� �^�h�e�`�g�u��

�m�k�b�e�b�\�Z�l�v�k�y���� �a�Z�f�_�l�g�u�_�� �i�_�j�_�i�Z�^�u�� �y�j�d�h�k�l�b�� �f�_�`�^�m�� �h�[�e�Z�k�l�y�f�b���g�_�� �^�h�e�`�g�u��

�j�Z�a�f�u�\�Z�l�v�k�y�����G�Z�i�j�b�f�_�j���� �^�e�y���n�h�l�h�i�j�b�g�l�_�j�Z��Samsung SPP-2040 �\�u�[�j�Z�g�u���k�e�_�^�m�x�s�b�_��

�i�Z�j�Z�f�_�l�j�u: a=1,3; b=3; �ê�å=10; �ä=3.  

�K�o�h�^�g�u�c�� �k�i�h�k�h�[�� �d�h�j�j�_�d�p�b�b�� �q�j�_�a�f�_�j�g�h�� �h�k�\�_�l�e�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �n�h�l�h�]�j�Z�n�b�c��

�i�j�_�^�e�h�`�_�g�� �\��[209]. �H�^�g�Z�d�h�� �l�Z�d�h�c�� �^�_�n�_�d�l�� �\�k�l�j�_�q�Z�_�l�k�y�� �g�Z�� �n�h�l�h�]�j�Z�n�b�y�o�� �j�_�^�d�h����

�i�h�w�l�h�f�m���l�Z�d�h�]�h���j�h�^�Z���d�h�j�j�_�d�p�b�y���g�_���j�_�Z�e�b�a�h�\�u�\�Z�e�Z�k�v�� �\�h���\�k�l�j�h�_�g�g�h�f���I�H���i�j�b�g�l�_�j�h�\�� 

�H�i�j�_�^�_�e�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l�Z���d�h�j�j�_�d�p�b�b���a�Z�l�_�f�g�z�g�g�u�o���h�[�e�Z�k�l�_�c 

�K�l�_�i�_�g�v�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �j�_�]�m�e�b�j�m�_�l�k�y�� �_�^�b�g�k�l�\�_�g�g�u�f��

�b�g�l�m�b�l�b�\�g�h�� �i�h�g�y�l�g�u�f���i�Z�j�Z�f�_�l�j�h�f���G�æ�����I�j�b���G�æ� �����d�h�j�j�_�d�p�b�b�� �g�_���i�j�h�b�k�o�h�^�b�l; �i�j�b���G�æ 

�g�_�f�g�h�]�h�� �[�h�e�v�r�_�� �����k�e�_�]�d�Z�� �h�k�\�_�l�e�y�x�l�k�y�� �l�z�f�g�u�_�� �h�[�e�Z�k�l�b; �i�j�b���G�æ �[�h�e�v�r�_���������� �l�z�f�g�u�_��

�h�[�e�Z�k�l�b�� �h�k�\�_�l�e�y�x�l�k�y�� �k�b�e�v�g�_�_; �i�j�b���G�æ �[�e�b�a�d�h�f�� �d�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �f�Z�d�k�b�f�Z�e�v�g�Z�y��

�d�h�j�j�_�d�p�b�y���� �g�h�� �h�k�\�_�l�e�z�g�g�u�_�� �h�[�e�Z�k�l�b�� �q�Z�k�l�h�� �\�u�]�e�y�^�y�l�� �g�_�_�k�l�_�k�l�\�_�g�g�h���� �l�Z�d�b�_��

�n�h�l�h�]�j�Z�n�b�b�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �k�q�b�l�Z�l�v�� �b�k�i�h�j�q�_�g�g�u�f�b�� �b�� �g�_�� �i�_�q�Z�l�Z�l�v���� �L�Z�d�b�f��

�h�[�j�Z�a�h�f�����\���Z�e�]�h�j�b�l�f�_�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �l�j�_�[�m�_�l�k�y��

�h�i�j�_�^�_�e�y�l�v�� �i�h�^�o�h�^�y�s�_�_�� �a�g�Z�q�_�g�b�_���G�æ���� �i�j�b�q�z�f�� �^�e�y�� �n�h�l�h�]�j�Z�n�b�c�� �g�_�i�h�\�j�_�`�^�z�g�g�u�o��

�d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f���G�æ �^�h�e�`�g�h�� �[�u�l�v�� �[�e�b�a�d�h�� �d�� ������ �Z�� �^�e�y�� �n�Z�l�Z�e�v�g�h�� �b�k�i�h�j�q�_�g�g�u�o��

�n�h�l�h�]�j�Z�n�b�c���[�e�b�a�d�h���d������ 

�<�� �j�Z�[�h�l�_��[124] �Z�\�l�h�j�h�f�� �i�j�_�^�e�h�`�_�g�h �^�_�j�_�\�h�� �j�_�r�_�g�b�c���� �k�i�h�k�h�[�g�h�_�� �g�Z�� �h�k�g�h�\�_��

�i�j�b�a�g�Z�d�h�\���� �\�u�q�b�k�e�y�_�f�u�o�� �i�h�� �]�b�k�l�h�]�j�Z�f�f�_ �y�j�d�h�k�l�_�c�� ���k�f���� �n�h�j�f�m�e�m�� ������������, �\�u�^�Z�\�Z�l�v��

�q�_�l�u�j�_�� �^�b�k�d�j�_�l�g�u�_�� �a�g�Z�q�_�g�b�y �G�æ: 0; 0,3; 0,7 �b�� ������ �I�j�b�f�_�j�� �]�b�k�l�h�]�j�Z�f�f�u�� �y�j�d�h�k�l�_�c��

�b�a�h�[�j�Z�`�_�g�b�y���� �i�h�\�j�_�`�^�z�g�g�h�]�h�� �d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f�� �i�h�d�Z�a�Z�g�� �g�Z�� �j�b�k�m�g�d�_�� ������������ �M��
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�]�b�k�l�h�]�j�Z�f�f�u�� �l�Z�d�b�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �h�[�u�q�g�h���g�Z�[�e�x�^�Z�x�l�k�y�� �i�b�d�b���\���l�z�f�g�u�o�� �b�� �k�\�_�l�e�u�o��

�a�g�Z�q�_�g�b�y�o�� �y�j�d�h�k�l�b�����l�h�]�^�Z���d�Z�d���\���k�j�_�^�g�b�o���l�h�g�Z�o�� �_�k�l�v �i�j�h�\�Z�e����   

 

 
�J�b�k�m�g�h�d������20 �± �I�j�b�f�_�j���]�b�k�l�h�]�j�Z�f�f�u���y�j�d�h�k�l�_�c���b�a�h�[�j�Z�`�_�g�b�y�����i�h�\�j�_�`�^�z�g�g�h�]�h���d�h�g�l�j�h�\�u�f���k�\�_�l�h�f. 

 

�>�_�j�_�\�h�� �j�_�r�_�g�b�c �b�a��[124] �o�h�j�h�r�h�� �h�i�j�_�^�_�e�y�_�l�� �n�h�l�h�]�j�Z�n�b�b���� �i�h�\�j�_�`�^�z�g�g�u�_��

�d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f���� �g�h�� �g�_�j�_�^�d�h�� �h�l�g�h�k�b�l�� �d�� �g�b�f�� �b�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y����

�b�f�_�x�s�b�_���i�h�o�h�`�m�x���]�b�k�l�h�]�j�Z�f�f�m���y�j�d�h�k�l�_�c�����>�b�k�d�j�_�l�g�u�_ �a�g�Z�q�_�g�b�y���G�æ �i�j�b���d�h�j�j�_�d�p�b�b��

�q�Z�k�l�h�� �g�_�� �i�h�a�\�h�e�y�x�l�� �h�[�_�k�i�_�q�b�l�v�� �g�Z�b�e�m�q�r�_�_�� �d�Z�q�_�k�l�\�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �I�h�� �w�l�b�f��

�i�j�b�q�b�g�Z�f�� �i�h�l�j�_�[�h�\�Z�e�Z�k�v �j�Z�a�j�Z�[�h�l�d�Z �j�_�]�j�_�k�k�b�h�g�g�h�c �f�h�^�_�e�b �^�e�y�� �i�j�_�^�k�d�Z�a�Z�g�b�y���G�æ. 

�>�e�y���w�l�h�]�h���g�_�h�[�o�h�^�b�f�h���k�h�[�j�Z�l�v�� �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�c�� �g�Z�[�h�j���b�a�h�[�j�Z�`�_�g�b�c�����i�j�_�^�e�h�`�b�l�v��

�i�j�b�a�g�Z�d�b�� �b�� �\�u�[�j�Z�l�v�� �f�_�l�h�^�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y���� �b�f�_�x�s�b�c���d�h�f�i�Z�d�l�g�m�x��

�j�_�Z�e�b�a�Z�p�b�x���� 

�>�e�y�� �k�h�a�^�Z�g�b�y�� �g�Z�[�h�j�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �i�j�h�]�j�Z�f�f�Z���� �d�h�l�h�j�Z�y��

�k�d�Z�q�b�\�Z�e�Z�� �n�h�l�h�]�j�Z�n�b�b�� �b�a���k�h�p�b�Z�e�v�g�u�o�� �k�_�l�_�c��vk.com �b��flickr.com�����a�Z�l�_�f�� �k���i�h�f�h�s�v�x��

�^�_�j�_�\�Z�� �j�_�r�_�g�b�c��[124] �\�u�[�b�j�Z�e�Z�� �b�a�h�[�j�Z�`�_�g�b�y���� �i�h�\�j�_�`�^�z�g�g�u�_�� �d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f����

�>�Z�e�_�_�� �i�h�e�v�a�h�\�Z�l�_�e�b �i�h�� �n�h�j�f�m�e�_�� �������������� �d�h�j�j�_�d�l�b�j�h�\�Z�e�b �a�Z�l�_�f�g�z�g�g�u�_�� �h�[�e�Z�k�l�b����

�i�h�^�[�b�j�Z�y�� �g�Z�b�e�m�q�r�_�_�� �a�g�Z�q�_�g�b�_���G�æ���� �F�h�g�b�l�h�j�� �[�u�e���h�l�d�Z�e�b�[�j�h�\�Z�g�� �^�e�y�� �h�l�h�[�j�Z�`�_�g�b�y��

�p�\�_�l�h�\�� �g�Z�b�[�h�e�_�_�� �[�e�b�a�d�h�� �d�� �p�\�_�l�Z�f�� �n�h�l�h�i�j�b�g�l�_�j�Z���� �B�a�h�[�j�Z�`�_�g�b�y�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�e�b�k�v��

�l�Z�d���� �q�l�h�[�u�� �b�f�_�l�v�� �j�Z�a�f�_�j�� �g�Z�� �w�d�j�Z�g�_�� �j�Z�\�g�u�c�� �j�Z�a�f�_�j�m�� �h�l�i�_�q�Z�l�d�Z���� �I�j�b�f�_�j�g�h�� �d�Z�`�^�Z�y��

50-�y�� �n�h�l�h�]�j�Z�n�b�y�� �i�_�q�Z�l�Z�e�Z�k�v�� �^�e�y�� �d�h�g�l�j�h�e�y�� �k�h�h�l�\�_�l�k�l�\�b�y�� �\�b�a�m�Z�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y��
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�b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �f�h�g�b�l�h�j�_���b���h�l�i�_�q�Z�l�d�Z���� �<�� �g�Z�[�h�j���b�a�h�[�j�Z�`�_�g�b�c�� �[�u�e�h�� �^�h�[�Z�\�e�_�g�h����������

�d�Z�q�_�k�l�\�_�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�����^�e�y���d�h�l�h�j�u�o���G�æ=0. �<���j�_�a�m�e�v�l�Z�l�_�� �[�u�e �k�h�[�j�Z�g���b���j�Z�a�f�_�q�_�g��

�g�Z�[�h�j���b�a������������ �b�a�h�[�j�Z�`�_�g�b�c���� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d������21 �± �I�j�b�f�_�j�u���f�Z�l�j�b�p���k�h�\�f�_�k�l�g�h�c���\�k�l�j�_�q�Z�_�f�h�k�l�b: a) �d�Z�q�_�k�l�\�_�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) 

�n�h�l�h�]�j�Z�n�b�y�����i�h�\�j�_�`�^�z�g�g�Z�y���d�h�g�l�j�h�\�u�f���k�\�_�l�h�f. 

 

�F�Z�l�j�b�p�u �k�h�\�f�_�k�l�g�h�c�� �\�k�l�j�_�q�Z�_�f�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�h�\�j�_�`�^�z�g�g�u�o��

�d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f���� �b�f�_�x�l�� �o�Z�j�Z�d�l�_�j�g�u�c�� �\�b�^: �\�� �q�Z�k�l�g�h�k�l�b���� �g�Z�[�e�x�^�Z�_�l�k�y�� �r�b�j�h�d�b�c��

�i�b�d�� �\�� �l�z�f�g�u�o�� �h�l�l�_�g�d�Z�o���� �I�j�b�f�_�j�� �f�Z�l�j�b�p�� �k�h�\�f�_�k�l�g�h�c�� �\�k�l�j�_�q�Z�_�f�h�k�l�b�� �^�e�y��

�d�Z�q�_�k�l�\�_�g�g�h�c�� �b���b�k�d�Z�`�z�g�g�h�c�� �a�Z�^�g�_�c���a�Z�k�\�_�l�d�h�c���n�h�l�h�]�j�Z�n�b�c���i�h�d�Z�a�Z�g���g�Z �j�b�k�m�g�d�_�� ������������

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �\�u�q�b�k�e�y�l�v�� �i�j�b�a�g�Z�d�b�� �b�a�� �g�h�j�f�Z�e�b�a�h�\�Z�g�g�h�c�� �f�Z�l�j�b�p�u�� �k�h�\�f�_�k�l�g�h�c��

�\�k�l�j�_�q�Z�_�f�h�k�l�b���D�6
�ñ���� �\�u�q�b�k�e�_�g�g�h�c�� �i�h�� �n�h�j�f�m�e�Z�f�� ������������ �± ������������ �^�e�y�� �k�f�_�s�_�g�b�c���O�å 
L

�r�á �O�Ö
L �u [233]���� �I�h�k�d�h�e�v�d�m�� �\�u�i�h�e�g�y�_�l�k�y�� �h�[�j�Z�[�h�l�d�Z���b�a�h�[�j�Z�`�_�g�b�c�� �k�� �]�e�m�[�b�g�h�c�� �p�\�_�l�Z��

�g�Z���d�Z�g�Z�e���&�ß
L �z�����l�h���j�Z�a�f�_�j���D�6
�ñ �j�Z�\�_�g���������� �g�Z���������� �w�e�_�f�_�g�l�h�\�� 

�H�[�e�Z�k�l�v�� �f�Z�l�j�b�p�u�� �j�Z�a�[�b�\�Z�_�l�k�y�� �g�Z�� �l�j�b �q�Z�k�l�b�� �e�b�g�b�y�f�b���� �i�j�h�\�_�^�z�g�g�u�f�b��

�i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �]�e�Z�\�g�h�c�� �^�b�Z�]�h�g�Z�e�b���� �� �G�Z�� �j�b�k�m�g�d�_�� ���������� �w�l�b�� �e�b�g�b�b�� �i�h�d�Z�a�Z�g�u��

�k�i�e�h�r�g�u�f�b. �I�h�� �f�Z�l�j�b�p�_���D�6
�ñ �\�u�q�b�k�e�y�_�l�k�y�� ������ �i�j�b�a�g�Z�d�h�\ �(�Þ. �<�u�q�b�k�e�y�x�l�k�y�� �k�m�f�f�u��

�a�g�Z�q�_�g�b�c���D�6
�ñ �^�e�y���d�Z�`�^�h�c���b�a���q�Z�k�l�_�c�� �f�Z�l�j�b�p�u:  
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�(�5 
L 
Í 
Í �D �6
�ñ�:�E�á �F�;

�5�6�;�?�Ü

�Ý�@�4

�5�6�;

�Ü�@�4

�á 

 

(5.49) 

�(�6 
L 
Í 
Í �D �6
�ñ�:�E�á �F�;

�Ü�?�5�6�;

�Ý�@�4

�6�9�9

�Ü�@�5�6�<

�á 
 

(5.50) 

�(�7 
L �s 
F �(�5 
F �(�6�ä (5.51) 

�L�Z�� �q�Z�k�l�v�� �f�Z�l�j�b�p�u���� �d�h�l�h�j�Z�y�� �j�Z�k�i�h�e�h�`�_�g�Z�� �\�� �e�_�\�h�f�� �\�_�j�o�g�_�f�� �m�]�e�m�� �b��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �l�z�f�g�u�f�� �h�l�l�_�g�d�Z�f�� �l�Z�d�`�_�� �j�Z�a�[�b�\�Z�_�l�k�y�� �g�Z���^�\�_���q�Z�k�l�b�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h��

�]�e�Z�\�g�h�c�� �^�b�Z�]�h�g�Z�e�b���� �>�e�y���d�Z�`�^�h�c���b�a���w�l�b�o���q�Z�k�l�_�c���\�u�q�b�k�e�y�_�l�k�y�� �k�m�f�f�Z���a�g�Z�q�_�g�b�c���D�6
�ñ:  

�(�8 
L 
Í 
Í �D �6
�ñ�:�E�á �F�;

�:�7�?�Ü

�Ý�@�4

�:�7

�Ü�@�4

�á 
 

(5.52) 

�(�9 
L �(�5 
F �(�8�ä (5.53) 

�>�e�y�� �e�_�\�h�c�� �\�_�j�o�g�_�c�� �b�� �i�j�Z�\�h�c�� �g�b�`�g�_�c�� �q�Z�k�l�_�c�� �f�Z�l�j�b�p�u���D�6
�ñ �\�u�q�b�k�e�y�_�l�k�y��

�h�l�g�h�r�_�g�b�_�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�� �^�Z�g�g�h�c�� �q�Z�k�l�b�� �d�� �f�Z�d�k�b�f�Z�e�v�g�h�f�m�� �a�g�Z�q�_�g�b�x��

�\�k�_�c���f�Z�l�j�b�p�u: 

�(�: 
L �•�ƒ�š
�Ü�Ð�>�4�á�5�6�;�?

�Ý�Ð�>�4�á�5�6�;�?�Ü�?

�D�6
�ñ�:�E�á �F�;�� �•�ƒ�š

�Ü�Ð�>�4�á�6�9�9�?
�Ý�Ð�>�4�á�6�9�9�?

�D�6
�ñ�:�E�á �F�;�á (5.54) 

�(�; 
L �•�ƒ�š
�Ü�Ð�>�5�6�<�á�6�9�9�?
�Ý�Ð�>�4�á�Ü�?�5�6�;�?

�D�6
�ñ�:�E�á �F�;�� �•�ƒ�š

�Ü�Ð�>�4�á�6�9�9�?
�Ý�Ð�>�4�á�6�9�9�?

�D�6
�ñ�:�E�á �F�;�ä (5.55) 

�>�e�y���e�_�\�h�c���\�_�j�o�g�_�c���b���i�j�Z�\�h�c���g�b�`�g�_�c�� �q�Z�k�l�_�c���f�Z�l�j�b�p�u���D�6
�ñ �h�i�j�_�^�_�e�y�_�l�k�y���g�h�f�_�j��

�k�l�h�e�[�p�Z�����\���d�h�l�h�j�h�f���j�Z�k�i�h�e�h�`�_�g���f�Z�d�k�b�f�Z�e�v�g�u�c�� �w�e�_�f�_�g�l: 

�(�< 
L �•�ƒ�š
�Ü�Ð�>�4�á�5�6�;�?

�: �ƒ�”�‰�•�ƒ�š
�Ý�Ð�>�4�á�5�6�;�?�Ü�?

�D�6
�ñ�:�E�á �F�;���;�á (5.56) 

�(�= 
L �•�ƒ�š
�Ü�Ð�>�5�6�<�á�6�9�9�?

�: �ƒ�”�‰�•�ƒ�š
�Ý�Ð�>�4�á�Ü�?�5�6�;�?

�D�6
�ñ�:�E�á �F�;���;�ä (5.57) 

�<�\�_�^�z�f�� �n�m�g�d�p�b�x �É�:�T�;���� �d�h�l�h�j�Z�y�� �j�Z�\�g�Z�� ������ �d�h�]�^�Z�� �_�z�� �Z�j�]�m�f�_�g�l�� �[�h�e�v�r�_�� �j�Z�\�_�g��

�k�j�_�^�g�_�]�h���a�g�Z�q�_�g�b�y�� �\���D�6
�ñ�����b���j�Z�\�g�Z�������\���i�j�h�l�b�\�g�h�f���k�e�m�q�Z�_: 
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�É�:�T�; 
L 
^�s�á �T 
R
�s

�t�w�x�6

Í 
Í �D �6

�ñ�:�E�á �F�;�á

�6�9�9

�Ý�@�4

�6�9�9

�Ü�@�4

�r�á���������������������������������������������������������������������������Ë�Ð�Ã�Ú�È�ä

 

 

(5.58) 

�>�e�y�� �l�j�z�o�� �q�Z�k�l�_�c�� �f�Z�l�j�b�p�u�� �\�u�q�b�k�e�y�x�l�k�y�� �k�m�f�f�u �a�g�Z�q�_�g�b�c���É�:�T�; �b�� �h�l�g�h�r�_�g�b�y��

�k�m�f�f���f�_�`�^�m���k�h�[�h�c:  

�(�5�4
L 
Í 
Í �É�:�D �6
�ñ�:�E�á �F�;�;

�5�6�;�?�Ü

�Ý�@�4

�5�6�;

�Ü�@�4

�á 

 

(5.59) 

�(�5�5
L 
Í 
Í �É�:�D �6
�ñ�:�E�á �F�;�; 
E

�6�9�9

�Ý�@�5�6�;�?�Ü

�5�6�;

�Ü�@�4


Í 
Í �É�:�D �6
�ñ�:�E�á �F�;�;

�6�9�9�?�Ü

�Ý�@�4

�6�9�9

�Ü�@�5�6�<

�á 
 

(5.60) 

�(�5�6
L 
Í 
Í �É�:�D �6
�ñ�:�E�á �F�;�;

�Ü�?�5�6�;

�Ý�@�4

�6�9�9

�Ü�@�5�6�<

�á 
 

(5.61) 

�(�5�7
L �(�5�5���(�5�4�á (5.62) 

�(�5�8
L �(�5�5���(�5�6�á (5.63) 

�(�5�9
L �(�5�4���(�5�6�ä (5.64) 

�>�e�y �\�u�[�h�j�Z �f�_�l�h�^�Z �i�h�k�l�j�h�_�g�b�y �j�_�]�j�_�k�k�b�h�g�g�h�c �f�h�^�_�e�b �k�j�Z�\�g�b�\�Z�e�b�k�v: �f�_�l�h�^ 

�g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ (M�G�D) [286], �f�Z�r�b�g�Z �h�i�h�j�g�u�o �\�_�d�l�h�j�h�\ �^�e�y �j�_�]�j�_�k�k�b�b 

(support vector regression, SVR) [287], �^�_�j�_�\�h �^�e�y �d�e�Z�k�k�b�n�b�d�Z�p�b�b �b �j�_�]�j�_�k�k�b�b 

(classification and regression tree, CART) [288], �g�_�c�j�h�g�g�Z�y�� �k�_�l�v�� �h�[�h�[�s�_�g�g�h�c��

�j�_�]�j�_�k�k�b�b�� ��general regression neural network, GRNN) [289], �Z�e�]�h�j�b�l�f «�k�e�m�q�Z�c�g�u�c 

�e�_�k» (random forest) [290]. �<�� �[�h�e�v�r�b�g�k�l�\�_�� �k�h�\�j�_�f�_�g�g�u�o�� �j�Z�[�h�l�� �k�j�Z�\�g�_�g�b�_��

�j�_�]�j�_�k�k�b�h�g�g�u�o�� �f�h�^�_�e�_�c�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�h���g�_�k�d�h�e�v�d�b�f�� �d�j�b�l�_�j�b�y�f��[291]���� �L�Z�[�e�b�p�Z��

�������� �k�h�^�_�j�`�b�l�� �k�j�Z�\�g�_�g�b�_�� �w�l�Z�e�h�g�g�h�]�h�� �b�� �i�j�_�^�k�d�Z�a�Z�g�g�h�]�h���G�æ �i�h�� �k�j�_�^�g�_�c�� �Z�[�k�h�e�x�l�g�h�c��

�h�r�b�[�d�_�� ��mean absolute error, MAE������ �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�c�� �h�r�b�[�d�_�� ��mean squared 

error, MSE), �f�_�^�b�Z�g�g�h�c�� �Z�[�k�h�e�x�l�g�h�c�� �h�r�b�[�d�_�� ��median absolute error, MedAE) �b��

�d�h�w�n�n�b�p�b�_�g�l�m�� �d�h�j�j�_�e�y�p�b�b�� �I�b�j�k�h�g�Z��cr. �Q�_�f�� �f�_�g�v�r�_�� �h�r�b�[�d�b���� �l�_�f�� �e�m�q�r�_�� �f�h�^�_�e�v����

�Q�_�f�� �[�e�b�`�_�� �Z�[�k�h�e�x�l�g�h�_�� �a�g�Z�q�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z �d�h�j�j�_�e�y�p�b�b��cr �d�� �_�^�b�g�b�p�_���� �l�_�f��

�e�m�q�r�_�� �f�h�^�_�e�v���� �H�[�m�q�_�g�b�_�� �\�u�i�h�e�g�y�e�h�k�v�� �i�h�� �i�j�b�a�g�Z�d�Z�f���� �\�u�q�b�k�e�_�g�g�u�f�� �i�h�� �n�h�j�f�m�e�Z�f��
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(5.49) �± (5.64). �A�g�Z�q�_�g�b�y�� �d�j�b�l�_�j�b�_�\�� �\�� �l�Z�[�e�b�p�_�� �y�\�e�y�x�l�k�y�� �k�j�_�^�g�b�f�b�� �a�g�Z�q�_�g�b�y�f�b����

�i�h�e�m�q�_�g�g�u�f�b�� �\�� �o�h�^�_�� �i�j�h�p�_�^�m�j�u�� �^�\�h�c�g�h�]�h�� �k�d�h�e�v�a�y�s�_�]�h�� �d�h�g�l�j�h�e�y�� �i�h�� �]�j�m�i�i�Z�f��

�h�^�g�h�l�b�i�g�u�o���b�a�h�[�j�Z�`�_�g�b�c ���k�f�����h�i�b�k�Z�g�b�_�� �\���j�Z�a�^�_�e�_���������������G�Z�[�h�j���n�h�l�h�]�j�Z�n�b�c���j�Z�a�^�_�e�z�g��

�g�Z���]�j�m�i�i�u�� �i�h���i�j�h�b�a�\�h�^�b�l�_�e�x�� �d�Z�f�_�j�u�� �I�h�� �\�k�_�f���j�Z�k�k�f�h�l�j�_�g�g�u�f�� �d�j�b�l�_�j�b�y�f�� �e�m�q�r�b�_��

�j�_�a�m�e�v�l�Z�l�u�� �j�Z�[�h�l�u���^�_�f�h�g�k�l�j�b�j�m�_�l���Z�e�]�h�j�b�l�f���©�k�e�m�q�Z�c�g�u�c�� �e�_�k�ª�� 

 

�L�Z�[�e�b�p�Z������9 �H�p�_�g�d�b���d�Z�q�_�k�l�\�Z���j�Z�[�h�l�u���f�h�^�_�e�_�c�����i�h�k�l�j�h�_�g�g�u�o���j�Z�a�e�b�q�g�u�f�b���f�_�l�h�^�Z�f�b. 

�F�_�l�h�^ MAE MSE MedAE cr 

�F�G�D 15,2 350 13,3 0,59 

SVR 15,1 377 12,1 0,54 

CART 18,5 559 15,3 0,41 

GRNN 15,0 344 12,9 0,59 

Random forest 13,8 290 11,8 0,67 

 

�>�Z�g�Z�� �h�p�_�g�d�Z�� �l�h�]�h���� �d�Z�d�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �g�Z�[�h�j�� �i�j�b�a�g�Z�d�h�\�� �\�e�b�y�_�l�� �g�Z�� �d�Z�q�_�k�l�\�h��

�i�j�_�^�k�d�Z�a�Z�g�b�y���G�æ�����>�e�y�� �w�l�h�]�h�� �©�k�e�m�q�Z�c�g�u�c�� �e�_�k�ª�� �h�[�m�q�Z�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �i�j�b�a�g�Z�d�h�\�� �b�a��

[124]���� �\�u�q�b�k�e�y�_�f�u�o�� �b�a�� �]�b�k�l�h�]�j�Z�f�f�u�� �y�j�d�h�k�l�_�c���� �b�� �\�u�q�b�k�e�y�_�f�u�o���b�a�� �f�Z�l�j�b�p�u��

�k�h�\�f�_�k�l�g�h�c�� �\�k�l�j�_�q�Z�_�f�h�k�l�b���D�6
�ñ �Z�g�Z�e�h�]�b�q�g�h�� �n�h�j�f�m�e�Z�f�� �������������� �± ���������������� �g�h�� �f�Z�l�j�b�p�Z��

�j�Z�a�^�_�e�y�_�l�k�y�� �g�Z�� �l�j�b�� �q�Z�k�l�b�� �d�Z�d�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� �����������r�l�j�b�o�h�\�u�f�b�� �e�b�g�b�y�f�b����

�F�h�^�_�e�v���� �h�[�m�q�_�g�g�Z�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �g�Z�[�h�j�Z�� �i�j�b�a�g�Z�d�h�\���� �b�f�_�_�l��

�g�Z�b�e�m�q�r�_�_�� �d�Z�q�_�k�l�\�h���i�h���j�Z�k�k�f�h�l�j�_�g�g�u�f���d�j�b�l�_�j�b�y�f�����k�f�����l�Z�[�e�b�p�m�� ������������ 

 

�L�Z�[�e�b�p�Z�� ����10 �H�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �j�Z�[�h�l�u�� �f�h�^�_�e�b��Random forest, �h�[�m�q�_�g�g�h�c�� �g�Z��

�j�Z�a�e�b�q�g�u�o�� �g�Z�[�h�j�Z�o���i�j�b�a�g�Z�d�h�\�� 

�G�Z�[�h�j���i�j�b�a�g�Z�d�h�\ MAE MSE MedAE cr 

�B�a �]�b�k�l�h�]�j�Z�f�f�u �y�j�d�h�k�l�b��[124] 14,8 334 13,1 0,60 

�B�a���D�6
�ñ�����g�Z���j�b�k���������������q�Z�k�l�b��

�j�Z�a�^�_�e�_�g�u���k�i�e�h�r�g�u�f�b���e�b�g�b�y�f�b�� 
13,8 290 11,8 0,67 

�B�a �D�6
�ñ�����g�Z���j�b�k���������������q�Z�k�l�b��

�j�Z�a�^�_�e�_�g�u���r�l�j�b�o�h�\�u�f�b�� �e�b�g�b�y�f�b 
14,0 297 12,1 0,66 
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�J�_�a�m�e�v�l�Z�l�u 

�D�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�d�p�b�b���a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c���G�æ �f�h�`�g�h���j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d��

�h�p�_�g�d�m�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�h�\�j�_�`�^�z�g�g�u�o�� �d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f: �q�_�f�� �[�h�e�v�r�_���G�æ, 

�l�_�f���o�m�`�_�� �d�Z�q�_�k�l�\�h���n�h�l�h�]�j�Z�n�b�b���� �I�j�_�^�e�Z�]�Z�_�f�Z�y�� �j�_�]�j�_�k�k�b�h�g�g�Z�y�� �f�h�^�_�e�v���i�j�_�^�k�d�Z�a�Z�g�b�y�� ��

�G�æ �i�j�b�f�_�g�y�_�l�k�y �^�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c���� �K�j�Z�\�g�b�f�� �w�l�m�� �f�h�^�_�e�v�� �k��

�b�a�\�_�k�l�g�u�f�b�� �m�g�b�\�_�j�k�Z�e�v�g�u�f�b�� �d�j�b�l�_�j�b�y�f�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c��BIQI [292], 

BRISQUE [293], NIQE [294], ILNIQE [295], OG-IQA [296] �^�e�y�� �h�p�_�g�d�b�� ��������

�n�h�l�h�]�j�Z�n�b�c�� �l�_�k�l�h�\�h�c�� �\�u�[�h�j�d�b���� �L�Z�[�e�b�p�Z�� ���������� �k�h�^�_�j�`�b�l�� �Z�[�k�h�e�x�l�g�h�_�� �a�g�Z�q�_�g�b�_��

�d�h�w�n�n�b�p�b�_�g�l�Z �d�h�j�j�_�e�y�p�b�b�� �I�b�j�k�h�g�Z cr �f�_�`�^�m�� �j�Z�a�f�_�q�_�g�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b���G�æ �b��

�h�p�_�g�d�Z�f�b�� �m�g�b�\�_�j�k�Z�e�v�g�u�o�� �d�j�b�l�_�j�b�_�\�� �d�Z�q�_�k�l�\�Z���� �Z�� �l�Z�d�`�_�� �j�Z�a�f�_�q�_�g�g�u�f�b�� �b��

�i�j�_�^�k�d�Z�a�Z�g�g�u�f�b���G�æ �i�j�_�^�e�Z�]�Z�_�f�h�c�� �f�h�^�_�e�v�x�� �b�� �^�_�j�_�\�h�f�� �j�_�r�_�g�b�c�� �b�a��[124]. �B�a��

�l�Z�[�e�b�p�u�� �f�h�`�g�h�� �\�b�^�_�l�v���� �q�l�h�� �m�g�b�\�_�j�k�Z�e�v�g�u�_�� �d�j�b�l�_�j�b�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�_��

�k�i�h�k�h�[�g�u�� �Z�^�_�d�\�Z�l�g�h�� �h�p�_�g�b�\�Z�l�v�� �d�Z�q�_�k�l�\�h�� �n�h�l�h�]�j�Z�n�b�c���� �i�h�\�j�_�`�^�z�g�g�u�o�� �d�h�g�l�j�h�\�u�f��

�k�\�_�l�h�f���� �l�h�]�^�Z�� �d�Z�d�� �i�j�_�^�e�Z�]�Z�_�f�Z�y�� �f�h�^�_�e�v�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �\�u�k�h�d�m�x�� �d�h�j�j�_�e�y�p�b�x�� �k��

�j�_�a�m�e�v�l�Z�l�Z�f�b�� �j�Z�a�f�_�l�d�b�� �q�_�e�h�\�_�d�h�f. �I�j�_�^�k�d�Z�a�Z�g�g�h�_�� �a�g�Z�q�_�g�b�_���G�æ �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y��

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b���b���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���i�_�q�Z�l�b�� �b�k�i�h�j�q�_�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c���� 

 

�L�Z�[�e�b�p�Z�� ����11 �:�[�k�h�e�x�l�g�h�_�� �a�g�Z�q�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z �d�h�j�j�_�e�y�p�b�b�� �I�b�j�k�h�g�Z��cr �^�e�y��

�m�g�b�\�_�j�k�Z�e�v�g�u�o�� �d�j�b�l�_�j�b�_�\�� �d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c�� �b�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �j�_�]�j�_�k�k�b�h�g�g�h�c��

�f�h�^�_�e�b�� 

 BIQI BRISQUE NIQE ILNIQE OG-IQA �>�_�j�_�\�h���b�a��
[124] 

�I�j�_�^�e�Z�]�Z�_�f�Z�y��
�f�h�^�_�e�v 

| cr | -0,22 0,05 0,13 0,23 0,13 0,47 0,69 

 

�K�m�s�_�k�l�\�m�x�s�b�_�� �k�i�h�k�h�[�u�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �i�h�f�b�f�h��

�i�h�e�_�a�g�h�]�h���m�\�_�e�b�q�_�g�b�y�� �y�j�d�h�k�l�b���b���d�h�g�l�j�Z�k�l�Z���\���l�_�g�_�\�u�o�� �h�[�e�Z�k�l�y�o�� �q�Z�k�l�h���^�h�[�Z�\�e�y�x�l �g�Z��

�b�a�h�[�j�Z�`�_�g�b�y�� �g�_�`�_�e�Z�l�_�e�v�g�u�_�� �Z�j�l�_�n�Z�d�l�u���� �b�k�d�Z�`�Z�x�l�� �p�\�_�l���� �>�e�y�� �h�p�_�g�d�b�� �i�j�b�k�m�l�k�l�\�b�y��

�b���\�_�e�b�q�b�g�u�� �b�k�d�Z�`�_�g�b�c�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �l�_�k�l�h�\�Z�y���l�Z�[�e�b�p�Z���� �i�h�d�Z�a�Z�g�g�Z�y���g�Z���j�b�k�m�g�d�_�� ������������

�L�_�k�l�h�\�Z�y���l�Z�[�e�b�p�Z�� �k�h�^�_�j�`�b�l���k�e�_�^�m�x�s�b�_�� �w�e�_�f�_�g�l�u: 
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1. �A�Z�l�_�f�g�z�g�g�Z�y�� �h�[�e�Z�k�l�v �k�h�^�_�j�`�b�l�� �Z�^�^�b�l�b�\�g�u�c�� �[�_�e�u�c�� �]�Z�m�k�k�h�\�� �r�m�f�� �B�k�i�h�e�v�a�m�_�l �k�y��

�^�e�y���h�p�_�g�d�b�� �m�k�b�e�_�g�b�y�� �m�j�h�\�g�y���r�m�f�Z�� 

2. �P�\�_�l�g�h�c�� �l�_�f�g�u�c�� �d�\�Z�^�j�Z�l�� �B�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���h�p�_�g�d�b�� �b�k�d�Z�`�_�g�b�y�� �p�\�_�l�Z�� 

3. �H�[�e�Z�k�l�v�� �i�e�Z�\�g�h�]�h�� �b�a�f�_�g�_�g�b�y�� �h�l�l�_�g�d�h�\�� �k�_�j�h�]�h�� �B�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �h�[�g�Z�j�m�`�_�g�b�y��

�w�n�n�_�d�l�Z���i�h�k�l�_�j�b�a�Z�p�b�b�� ���©cartoon») �g�Z���]�j�Z�^�b�_�g�l�g�u�o�� �a�Z�e�b�\�d�Z�o���� �� 

4. �J�Z�\�g�h�f�_�j�g�h���q�z�j�g�u�c���d�\�Z�^�j�Z�l���g�Z���k�_�j�h�f���n�h�g�_�� �B�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���h�p�_�g�d�b���b�k�d�Z�`�_�g�b�y��

�q�_�j�g�h�]�h�� �p�\�_�l�Z�� �\�� �g�_�a�Z�l�_�f�g�z�g�g�h�c�� �h�[�e�Z�k�l�b �b�� �h�[�j�Z�a�h�\�Z�g�b�y�� �h�j�_�h�e�Z�� �\�^�h�e�v��

�d�h�g�l�j�Z�k�l�g�u�o�� �i�_�j�_�i�Z�^�h�\.  

5. �Q�z�j�g�u�c�� �d�\�Z�^�j�Z�l�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �Z�^�^�b�l�b�\�g�h�]�h�� �[�_�e�h�]�h�� �]�Z�m�k�k�h�\�Z�� �r�m�f�Z�� 

�B�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y���h�p�_�g�d�b�� �b�k�d�Z�`�_�g�b�y�� �q�_�j�g�h�]�h���p�\�_�l�Z �\���a�Z�l�_�f�g�z�g�g�h�c�� �h�[�e�Z�k�l�b�� 

6. �J�Z�\�g�h�f�_�j�g�u�_�� �p�\�_�l�g�u�_�� �d�\�Z�^�j�Z�l�u�� �k�� �y�j�d�h�k�l�v�x�� �b�a�� �k�_�j�_�^�b�g�u�� �^�b�Z�i�Z�a�h�g�Z�� �l�h�g�h�\�� 

�B�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y���h�p�_�g�d�b�� �b�a�f�_�g�_�g�b�y�� �p�\�_�l�Z���\���k�_�j�_�^�b�g�_�� �^�b�Z�i�Z�a�h�g�Z�� �l�h�g�h�\�� 

�K�j�Z�\�g�b�\�Z�e�b�k�v�� �j�_�a�m�e�v�l�Z�l�u�� �h�[�j�Z�[�h�l�d�b�� �l�_�k�l�h�\�h�c�� �l�Z�[�e�b�p�u�� �k�� �i�h�f�h�s�v�x��

�k�e�_�^�m�x�s�_�]�h�� �I�H���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�]�h�� �^�e�y�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c: 

�n�m�g�d�p�b�y��Adobe Photoshop CS Shadow/Highlight; �i�h�^�d�e�x�q�Z�_�f�u�_�� �f�h�^�m�e�b���^�e�y��Adobe 

Photoshop: Kodak Digital SHO professional 2.0, Chroma Shadow Control 1.3, FixerLabs 

Shadow Fixer 1.1.7, IntrigueTek ShadowIlluminator [281]; �j�_�Z�e�b�a�Z�p�b�y��Retinex �\��

TruView PhotoFlair 2.2 [128]���� �I�Z�j�Z�f�_�l�j�u�� �f�_�l�h�^�h�\�� �d�h�j�j�_�d�p�b�b�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v��

�l�Z�d�b�f���h�[�j�Z�a�h�f�����q�l�h�[�u���m�\�_�e�b�q�b�l�v�� �k�j�_�^�g�x�x���y�j�d�h�k�l�v���\���h�[�e�Z�k�l�b�������i�j�b�f�_�j�g�h���\���^�\�Z���j�Z�a�Z����

�D�h�e�b�q�_�k�l�\�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �k�j�Z�\�g�_�g�b�y���i�j�b�\�_�^�_�g�u�� �\���l�Z�[�e�b�p�_�� ������������ 

 
�J�b�k�m�g�h�d������22 �± �L�_�k�l�h�\�Z�y���l�Z�[�e�b�p�Z���^�e�y���h�p�_�g�d�b���f�_�l�h�^�h�\���m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o���h�[�e�Z�k�l�_�c. 
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�L�Z�[�e�b�p�Z�� ����12 �K�j�Z�\�g�_�g�b�_�� �j�Z�[�h�l�u�� �k�i�h�k�h�[�h�\�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�Z��

�l�_�k�l�h�\�h�c �l�Z�[�e�b�p�_. 

�I�H �K���d���h�����\��
�h�[�e�Z�k�l�b���� 

�G�Z�k�u�s�_�g�g�h�k�l�v��
�\���h�[�e�Z�k�l�b���� 

�K�j�_�^�g�y�y���y�j�d�h�k�l�v��
�\���h�[�e�Z�k�l�b���� 

�K�j�_�^�g�y�y���y�j�d�h�k�l�v��
�\���h�[�e�Z�k�l�b���� 

IntrigueTek 7,9 0,07 3,6 90 

Fixer Labs  6,6 0,06 11,5 110 

Photo Flair 17,7 0,12 4,2 85 

Chroma 6,4 0,06 11,8 85 

Kodak SHO 9,3 0,08 4,0 116 

Adobe PS CS 8,1 0,07 4,4 92 

�I�j�_�^�e�Z�]�Z�_�f�u�c���k�i�h�k�h�[ 5,9 0,08 2,2 90 

�B�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ 5,8 0,08 2,2 85 

 

�M�� �\�k�_�o�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �k�i�h�k�h�[�h�\�� �i�h�f�b�f�h�� �m�\�_�e�b�q�_�g�b�y�� �k�j�_�^�g�_�c�� �y�j�d�h�k�l�b�� �\��

�h�[�e�Z�k�l�b�� ���� �\�u�j�h�k�� �b�� �m�j�h�\�_�g�v�� �r�m�f�Z���� �L�h�e�v�d�h�� �\�� �i�j�_�^�e�Z�]�Z�_�f�h�f�� �k�i�h�k�h�[�_�� �h�g�� �\�u�j�h�k��

�g�_�a�g�Z�q�b�l�_�e�v�g�h���� �D�h�j�j�_�d�p�b�y���j�y�^�h�f���k�i�h�k�h�[�h�\���i�j�b�\�_�e�Z�� �d���b�a�f�_�g�_�g�b�x�� �g�Z�k�u�s�_�g�g�h�k�l�b�� �\��

�h�[�e�Z�k�l�b���������I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���g�_���b�a�f�_�g�y�_�l �g�Z�k�u�s�_�g�g�h�k�l�v���� �<�k�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_��

�k�i�h�k�h�[�u�� �d�j�h�f�_���i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �h�k�\�_�l�e�b�e�b�� �i�j�Z�d�l�b�q�_�k�d�b�� �q�z�j�g�m�x�� �h�[�e�Z�k�l�v�� ������ �H�[�e�Z�k�l�v��

������ �d�h�l�h�j�Z�y�� �g�_�� �g�m�`�^�Z�e�Z�k�v�� �\�� �d�h�j�j�_�d�p�b�b���� �k�l�Z�e�Z�� �k�\�_�l�e�_�_�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �h�[�j�Z�[�h�l�d�b��

�[�h�e�v�r�b�g�k�l�\�h�f�� �k�i�h�k�h�[�h�\�����I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���g�_�a�g�Z�q�b�l�_�e�v�g�h�� �i�h�\�u�k�b�e�� �y�j�d�h�k�l�v���\��

�k�j�_�^�g�b�o�� �l�h�g�Z�o���� �D�j�h�f�_�� �l�h�]�h���� �\�k�_�� �j�Z�k�k�f�h�l�j�_�g�g�u�_�� �k�i�h�k�h�[�u�����d�j�h�f�_�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �b��

IntrigueTek ShadowIlluminator �i�j�b�\�_�e�b�� �d���h�[�j�Z�a�h�\�Z�g�b�x�� �a�Z�f�_�l�g�u�o�� �i�h�e�h�k�� �g�Z���i�e�Z�\�g�h�c��

�]�j�Z�^�b�_�g�l�g�h�c�� �a�Z�e�b�\�d�_�� ������ �A�Z�f�_�l�g�u�c�� �h�j�_�h�e�� �\�h�a�g�b�d�Z�_�l�� �\�^�h�e�v���d�h�g�l�j�Z�k�l�g�u�o�� �]�j�Z�g�b�p�� �\��

�j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y��Adobe Photoshop CS Shadow/Highlight, Nikon D-lighting �b��

Photo Flair���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�f�_�g�_�g�b�_�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h �k�i�h�k�h�[�Z�� �m�e�m�q�r�_�g�b�y��

�a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�b�f�_�g�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �g�_�`�_�e�Z�l�_�e�v�g�u�o��

�w�n�n�_�d�l�h�\. �B�k�d�Z�`�_�g�b�y Chroma Shadow Control, FixerLabs Shadow Fixer �b Photo Flair 

�k�Z�f�u�_ �a�Z�f�_�l�g�u�_���� �i�h�w�l�h�f�m���^�Z�e�_�_���w�l�b���i�j�h�]�j�Z�f�f�u���g�_���j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� 
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�>�e�y �h�p�_�g�d�b �i�h�e�v�a�h�\�Z�l�_�e�y�f�b �d�Z�q�_�k�l�\�Z�� �d�h�j�j�_�d�p�b�b���a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c �i�y�l�v 

�n�h�l�h�]�j�Z�n�b�c�����i�h�\�j�_�`�^�z�g�g�u�o�� �d�h�g�l�j�h�\�u�f���k�\�_�l�h�f�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v�� �k���i�h�f�h�s�v�x��Adobe 

Photoshop CS Shadow/Highlight, Kodak Digital SHO professional, IntrigueTek 

ShadowIlluminator �b �i�j�_�^�e�Z�]�Z�_�f�u�f �k�i�h�k�h�[�h�f. �B�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �i�j�h�[�g�u�_�� �\�_�j�k�b�b��

Digital SHO �b��IntrigueTek ShadowIlluminator���� �d�h�l�h�j�u�_�� �^�h�[�Z�\�e�y�e�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�_��

�g�Z�^�i�b�k�b���� �<�h���\�k�_�o���k�e�m�q�Z�y�o�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �e�b�[�h���Z�\�l�h�f�Z�l�b�q�_�k�d�b�c�� �i�h�^�[�h�j���i�Z�j�Z�f�_�l�j�h�\����

�_�k�e�b�� �l�Z�d�Z�y�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�_�^�h�k�l�Z�\�e�y�e�Z�k�v���� �e�b�[�h�� �i�Z�j�Z�f�_�l�j�u���i�h�� �m�f�h�e�q�Z�g�b�x����

�H�[�j�Z�[�h�l�Z�g�g�u�_���b���b�k�o�h�^�g�u�_���b�a�h�[�j�Z�`�_�g�b�y���i�_�q�Z�l�Z�e�b�k�v �g�Z���n�h�l�h�i�j�b�g�l�_�j�_��Samsung SPP-

2040���� �< �h�i�j�h�k�_ �m�q�Z�k�l�\�h�\�Z�e�h 24 �q�_�e�h�\�_�d�Z, �d�h�l�h�j�u�_ �[�u�e�b �i�j�h�b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u �^�e�y��

�d�Z�`�^�h�c�� �b�a�� �i�y�l�b�� �n�h�l�h�]�j�Z�n�b�c�� �j�Z�g�`�b�j�h�\�Z�l�v�� �i�y�l�v�� �g�Z�i�_�q�Z�l�Z�g�g�u�o���n�h�l�h�d�Z�j�l�h�q�_�d�� ������

�k�i�h�k�h�[�Z�� �d�h�j�j�_�d�p�b�b �b�� �g�_�h�[�j�Z�[�h�l�Z�g�g�h�_���� �\�� �i�h�j�y�^�d�_�� �m�[�u�\�Z�g�b�y�� �d�Z�q�_�k�l�\�Z����

�B�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �g�_�� �a�g�Z�e�b�� �k�i�h�k�h�[�� �h�[�j�Z�[�h�l�d�b���� �K�Z�f�h�_�� �d�Z�q�_�k�l�\�_�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_��

�i�h�e�m�q�Z�e�h�� �h�p�_�g�d�m���'  �\�� ���� �[�Z�e�e�h�\���� �k�e�_�^�m�x�s�_�_�� ������ �b�� �l�Z�d�� �^�Z�e�_�_�� �^�h�� ���� �B�k�o�h�^�g�h�_�� �b��

�m�e�m�q�r�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�e�y�� �h�^�g�h�c�� �b�a�� �i�y�l�b�� �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y�� �\�� �h�i�j�h�k�_��

�n�h�l�h�]�j�Z�n�b�c���i�h�d�Z�a�Z�g�u�� �g�Z���j�b�k�m�g�d�_ 5.23. 

�<�� �l�Z�[�e�b�p�_�� ����13 �i�j�b�\�_�^�_�g�u�� �k�j�_�^�g�b�_�� �h�p�_�g�d�b �'
$ �i�h�� �\�k�_�f�� �m�q�Z�k�l�g�b�d�Z�f�� �h�i�j�h�k�Z�� �b��

�i�y�l�b�� �n�h�l�h�]�j�Z�n�b�y�f�� �<�k�_�� �m�q�Z�k�l�g�b�d�b�� �h�i�j�h�k�Z�� �h�l�f�_�l�b�e�b�� �b�k�o�h�^�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �d�Z�d��

�g�Z�b�f�_�g�_�_�� �d�Z�q�_�k�l�\�_�g�g�h�_���� �K�e�_�^�m�x�s�b�f�b�� �i�h�� �d�Z�q�_�k�l�\�m�� �\�u�[�b�j�Z�e�b�k�v�� �e�b�[�h �j�_�a�m�e�v�l�Z�l��

Adobe Photoshop CS���� �e�b�[�h�� �j�_�a�m�e�v�l�Z�l��Kodak Digital SHO���� �G�Z�b�e�m�q�r�b�f�� �i�h���d�Z�q�_�k�l�\�m��

�\�u�[�b�j�Z�e�b�k�v�� �j�_�a�m�e�v�l�Z�l�u�� �e�b�[�h�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z���� �e�b�[�h�� IntrigueTek 

ShadowIlluminator�����G�Z�i�_�q�Z�l�Z�g�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b���n�h�l�h�]�j�Z�n�b�b�� �i�j�_�^�e�Z�]�Z�_�f�u�f��

�k�i�h�k�h�[�h�f���q�Z�s�_���^�j�m�]�b�o�� �h�l�f�_�q�Z�_�l�k�y���d�Z�d���g�Z�b�[�h�e�_�_�� �d�Z�q�_�k�l�\�_�g�g�u�c�� 

�<�j�_�f�y�� �h�p�_�g�d�b�� �b�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z�� �p�_�e�_�\�h�c��

�i�e�Z�l�n�h�j�f�_���b�a�f�_�j�y�e�h�k�v���k���i�h�f�h�s�v�x���w�f�m�e�y�l�h�j�Z �b���k�h�k�l�Z�\�b�e�h���h�d�h�e�h������1 �k�� 
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a) 

 
b) 

 
c) 

 
d) 

 
e) 

�J�b�k�m�g�h�d������23 �± a) �b�k�o�h�^�g�Z�y���n�h�l�h�]�j�Z�n�b�y; b) �h�[�j�Z�[�h�l�d�Z���i�j�_�^�e�Z�]�Z�_�f�u�f���k�i�h�k�h�[�h�f; �k����Adobe PS CS; 

d) Kodak SHO; e) IntrigueTek. 

 

�L�Z�[�e�b�p�Z�� ��.�������� �K�j�_�^�g�b�_���h�p�_�g�d�b�� �k�i�h�k�h�[�h�\���m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c.  

�K�i�h�k�h�[ �'
$ 

�B�k�o�h�^�g�Z�y���n�h�l�h�]�j�Z�n�b�y 1,0 

Adobe PS CS 3,1 

Kodak SHO 2,9 

IntrigueTek 3,9 

�I�j�_�^�e�Z�]�Z�_�f�u�c���k�i�h�k�h�[ 4,1 

5.4. �W�n�n�_�d�l�b�\�g�h�k�l�v���f�_�l�h�^�h�\���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���h�p�_�g�d�b���b���m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z��

�i�_�q�Z�l�Z�_�f�u�o���n�h�l�h�]�j�Z�n�b�c 

�>�e�y�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �f�_�l�h�^�h�\���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b��

�b���m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c���[�u�e�� �i�j�h�\�_�^�z�g�� �w�d�k�i�_�j�b�f�_�g�l���� �p�_�e�v�x��
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�d�h�l�h�j�h�]�h�� �[�u�e�� �Z�g�Z�e�b�a�� �l�b�i�b�q�g�h�c�� �k�b�l�m�Z�p�b�b���� �d�h�]�^�Z�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �i�_�q�Z�l�Z�_�l�� �g�Z�[�h�j��

�n�h�l�h�]�j�Z�n�b�c���� �\�d�e�x�q�Z�x�s�b�c�� �d�Z�d�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�����l�Z�d�� �b�� �b�a�h�[�j�Z�`�_�g�b�y����

�g�m�`�^�Z�x�s�b�_�k�y�� �\�� �d�h�j�j�_�d�p�b�b���� �Z�� �l�Z�d�`�_ �b�k�i�h�j�q�_�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b�� �L�j�b�^�p�Z�l�v��

�b�a�h�[�j�Z�`�_�g�b�c�� �[�u�e�b�� �k�e�m�q�Z�c�g�u�f�� �h�[�j�Z�a�h�f�� �\�u�[�j�Z�g�u�� �b�a�� �����������n�h�l�h�]�j�Z�n�b�c���� �]�^�_��

�i�j�b�f�_�j�g�h���i�h�e�h�\�b�g�Z���b�f�_�e�Z���o�h�l�y���[�u���h�^�b�g���b�a���^�_�n�_�d�l�h�\�����i�_�j�_�q�b�k�e�_�g�g�u�o�� �\���j�Z�a�^�_�e�_������������

�<�k�_�� �n�h�l�h�]�j�Z�n�b�b�� �[�u�e�b�� �k�g�y�l�u�� �d�h�f�i�Z�d�l�g�u�f�b�� �p�b�n�j�h�\�u�f�b�� �d�Z�f�_�j�Z�f�b���� �j�Z�g�_�_�� �g�_��

�h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���� �o�j�Z�g�b�e�b�k�v�� �\���n�Z�c�e�Z�o��JPEG���� �k�h�^�_�j�`�Z�s�b�o��EXIF �b�g�n�h�j�f�Z�p�b�x���� �I�y�l�v��

�i�h�e�v�a�h�\�Z�l�_�e�_�c�� �i�h�e�m�q�b�e�b�� �k�e�_�^�m�x�s�b�_�� �b�g�k�l�j�m�d�p�b�b: 

1. �g�Z���k�h�[�k�l�\�_�g�g�h�f���I�D�� �b���f�h�g�b�l�h�j�_���i�j�h�k�f�h�l�j�_�l�v���w�l�b���n�h�l�h�]�j�Z�n�b�b �b���b�k�d�e�x�q�b�l�v�� �b�a��

�j�Z�k�k�f�h�l�j�_�g�b�y�� �b�k�i�h�j�q�_�g�g�u�_���� �d�h�j�j�_�d�p�b�y�� �d�h�l�h�j�u�o�� �^�h�� �i�j�b�_�f�e�_�f�h�]�h�� �d�Z�q�_�k�l�\�Z��

�a�Z�l�j�m�^�g�b�l�_�e�v�g�Z; 

2. �m�e�m�q�r�b�l�v�� �k�� �i�h�f�h�s�v�x��Adobe Photoshop CS2 �g�m�`�^�Z�x�s�b�_�k�y�� �\�� �d�h�j�j�_�d�p�b�b��

�b�a�h�[�j�Z�`�_�g�b�y�����i�j�b�q�z�f���l�j�Z�l�b�l�v�� �g�Z���d�Z�`�^�h�_���b�a�h�[�j�Z�`�_�g�b�_ �g�_���[�h�e�_�_���g�_�k�d�h�e�v�d�b�o �f�b�g�m�l�� 

 �W�l�h�l�� �`�_�� �g�Z�[�h�j�� �n�h�l�h�]�j�Z�n�b�c�� �h�[�j�Z�[�Z�l�u�\�Z�e�k�y�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h��

�j�_�`�b�f�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c���� �I�h�f�b�f�h��

�j�Z�k�k�f�h�l�j�_�g�g�u�o�� �\�� �w�l�h�c�� �]�e�Z�\�_�� �f�_�l�h�^�h�\ �i�h�\�u�r�_�g�b�y�� �j�_�a�d�h�k�l�b���� �b�k�i�j�Z�\�e�_�g�b�y�� �w�n�n�_�d�l�Z��

�©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª�� �b�� �d�h�j�j�_�d�p�b�b�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c, �j�_�`�b�f�� �\�d�e�x�q�Z�_�l �k�i�h�k�h�[�u 

�d�h�j�j�_�d�p�b�b�� �Z�j�l�_�n�Z�d�l�h�\��JPEG �k�`�Z�l�b�y�� �b�� �i�h�^�Z�\�e�_�g�b�y�� �r�m�f�h�\��[209]. �L�Z�d�`�_�� �\�� �]�e�Z�\�_�� ����

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �Z�e�]�h�j�b�l�f���h�i�j�_�^�_�e�_�g�b�y�� �b�k�i�h�j�q�_�g�g�u�o��JPEG-�k�`�Z�l�b�_�f�� �b�a�h�[�j�Z�`�_�g�b�c���� 

 �N�b�d�k�b�j�h�\�Z�e�h�k�v�� �d�h�e�b�q�_�k�l�\�h�� �n�h�l�h�]�j�Z�n�b�c���� �h�p�_�g�_�g�g�u�o�� �d�Z�d�� �b�k�i�h�j�q�_�g�g�u�_�� �b��

�\�j�_�f�y�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b���� �Z�� �l�Z�d�`�_ �i�j�_�^�e�Z�]�Z�_�f�u�f �j�_�`�b�f�h�f. 

�>�Z�e�_�_�� �g�Z�� �n�h�l�h�i�j�b�g�l�_�j�_��Samsung SPP-2040 �i�_�q�Z�l�Z�e�b�k�v�� �l�h�e�v�d�h�� �l�_�� �n�h�l�h�]�j�Z�n�b�b����

�d�h�l�h�j�u�_���g�b�d�l�h���g�_���h�l�g�z�k���d���b�k�i�h�j�q�_�g�g�u�f���� �J�Z�a�f�_�j���g�Z�i�_�q�Z�l�Z�g�g�h�c�� �n�h�l�h�d�Z�j�l�h�q�d�b�������� �g�Z��

������ �k�f������ �I�h�e�m�q�_�g�g�u�_�� ���� �h�l�i�_�q�Z�l�d�h�\�� ���i�y�l�v���� �i�h�e�m�q�_�g�g�u�o �h�l���i�h�e�v�a�h�\�Z�l�_�e�_�c, �b�� �h�^�b�g�� �h�l��

�i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �j�_�`�b�f�Z���� �d�Z�`�^�h�c�� �b�a�� �n�h�l�h�]�j�Z�n�b�c �j�Z�g�`�b�j�h�\�Z�e�b�k�v��

�i�h�e�v�a�h�\�Z�l�_�e�y�f�b �\�� �i�h�j�y�^�d�_�� �m�[�u�\�Z�g�b�y�� �d�Z�q�_�k�l�\�Z���� �K�Z�f�h�_�� �d�Z�q�_�k�l�\�_�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_��

�i�h�e�m�q�Z�e�h���h�p�_�g�d�m���'  �\�������[�Z�e�e�h�\�����k�e�_�^�m�x�s�_�_�� �������b���l�Z�d���^�Z�e�_�_���^�h���������B�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �g�_��
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�a�g�Z�e�b�� �d�_�f���h�[�j�Z�[�Z�l�u�\�Z�e�h�k�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �^�e�y���n�h�l�h�d�Z�j�l�h�q�_�d�����>�e�y���\�k�_�o���g�Z�i�_�q�Z�l�Z�g�g�u�o��

�n�h�l�h�]�j�Z�n�b�c���b���\�k�_�o�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �\�u�q�b�k�e�y�e�k�y�� �k�j�_�^�g�b�c�� �[�Z�e�e���f�g�_�g�b�c�� ��MOS) �'
$.  

�L�Z�[�e�b�p�Z�� ����14 �k�h�^�_�j�`�b�l�� �j�_�a�m�e�v�l�Z�l�u�� �h�[�j�Z�[�h�l�d�b�� �g�Z�[�h�j�Z�� �n�h�l�h�]�j�Z�n�b�c��

�i�j�_�^�e�Z�]�Z�_�f�u�f�� �j�_�`�b�f�h�f �b�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b. �I�h�e�v�a�h�\�Z�l�_�e�b�� �b�� �j�_�`�b�f�� �h�l�f�_�l�b�e�b �h�l�� ����

�^�h�� ���� �n�h�l�h�]�j�Z�n�b�c�� �b�a�� �g�Z�[�h�j�Z�� �d�Z�d�� �b�k�i�h�j�q�_�g�g�u�_���� �d�h�l�h�j�u�_�� �g�_�� �k�e�_�^�m�_�l�� �i�_�q�Z�l�Z�l�v���� �< 

�f�g�h�`�_�k�l�\�h�� �b�a�� �r�_�k�l�b�� �n�h�l�h�]�j�Z�n�b�c���� �\�u�[�j�Z�g�g�h�f�� �i�h�e�v�a�h�\�Z�l�_�e�_�f���‹�� ������ �\�o�h�^�y�l�� �\�k�_��

�b�a�h�[�j�Z�`�_�g�b�y�����\�u�[�j�Z�g�g�u�_���^�j�m�]�b�f�b���i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� �H�q�_�\�b�^�g�h�����q�l�h���q�Z�k�l�h���g�_�l���q�z�l�d�h�c��

�]�j�Z�g�b�p�u�� �f�_�`�^�m�� �[�_�a�g�Z�^�z�`�g�h�� �b�k�i�h�j�q�_�g�g�h�c�� �n�h�l�h�]�j�Z�n�b�_�c�� �b�� �b�a�h�[�j�Z�`�_�g�b�_�f���� �d�h�l�h�j�h�_��

�f�h�`�g�h�� �m�e�m�q�r�b�l�v�� �^�h�� �i�j�b�_�f�e�_�f�h�]�h�� �d�Z�q�_�k�l�\�Z���� �L�_�f�� �g�_�� �f�_�g�_�_�����i�j�_�^�i�h�e�h�`�b�f���� �q�l�h��

�g�Z�b�[�h�e�_�_�� �l�j�_�[�h�\�Z�l�_�e�v�g�u�c �i�h�e�v�a�h�\�Z�l�_�e�v�� �i�j�Z�\���� �b�� �r�_�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�_�� �k�l�h�b�l��

�i�_�q�Z�l�Z�l�v���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f�� �i�j�_�^�e�Z�]�Z�_�f�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �i�h�a�\�h�e�y�x�l��

�i�j�_�^�h�l�\�j�Z�l�b�l�v�� �i�_�q�Z�l�v���g�_���f�_�g�_�_���������� �b�k�i�h�j�q�_�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c.    

�<�k�_�� �f�_�l�h�^�u�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �j�_�`�b�f�Z�� �h�p�_�g�b�\�Z�x�l�� �d�Z�q�_�k�l�\�h�� �b�� �m�e�m�q�r�Z�x�l 

�b�a�h�[�j�Z�`�_�g�b�y �b�a�� �g�Z�[�h�j�Z���� �_�k�e�b�� �w�l�h�� �l�j�_�[�m�_�l�k�y���� �a�Z�� ��78 �k���� �>�e�y�� �a�Z�f�_�j�h�\�� �\�j�_�f�_�g�b��

�b�k�i�h�e�v�a�h�\�Z�e�k�y�� �i�j�h�]�j�Z�f�f�g�u�c�� �w�f�m�e�y�l�h�j�� �\�k�l�j�h�_�g�g�h�]�h�� �I�H�� �n�h�l�h�i�j�b�g�l�_�j�Z���� �:�g�Z�e�b�a��

�d�Z�q�_�k�l�\�Z�� �b�� �h�[�j�Z�[�h�l�d�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� �l�j�_�[�m�_�l���\�� �����±������ �j�Z�a�� �[�h�e�v�r�_��

�\�j�_�f�_�g�b���� 

 

�L�Z�[�e�b�p�Z�� ����14 �K�j�Z�\�g�_�g�b�_�� �i�h�^�]�h�l�h�\�d�b���d���i�_�q�Z�l�b�� �g�Z�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c. 

�D�l�h���h�[�j�Z�[�Z�l�u�\�Z�e �D�h�e�b�q�_�k�l�\�h���h�p�_�g�_�g�g�u�o��
�d�Z�d���b�k�i�h�j�q�_�g�g�u�_ 

�<�j�_�f�y���i�h�^�]�h�l�h�\�d�b��
�g�Z�[�h�j�Z���d���i�_�q�Z�l�b�����k 

�'
$ 

�I�h�e�v�a�h�\�Z�l�_�e�v���� 5 1850 2,0 

�I�h�e�v�a�h�\�Z�l�_�e�v���� 3 2420 2,5 

�I�h�e�v�a�h�\�Z�l�_�e�v���� 5 2045 2,2 

�I�h�e�v�a�h�\�Z�l�_�e�v���� 6 1900 1,8 

�I�h�e�v�a�h�\�Z�l�_�e�v���� 3 2615 3,1 

�I�j�_�^�e�Z�]�Z�_�f�u�c���j�_�`�b�f 4 178 3,4 

 

�>�e�y���k�j�Z�\�g�_�g�b�y�� �w�n�n�_�d�l�Z�� �h�l �m�e�m�q�r�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c ���� �h�l�i�_�q�Z�l�d�h�\�� �d�Z�`�^�h�c�� �b�a��

������ �n�h�l�h�]�j�Z�n�b�c�� �j�Z�g�`�b�j�h�\�Z�e�b�k�v�� �i�h�� �d�Z�q�_�k�l�\�m���� �r�_�k�l�v�� �n�h�l�h�]�j�Z�n�b�c�� �[�u�e�b�� �b�k�d�e�x�q�_�g�u��
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�d�Z�d�� �b�k�i�h�j�q�_�g�g�u�_���� �G�Z�^�h�� �k�d�Z�a�Z�l�v���� �q�l�h���i�j�b�f�_�j�g�h���i�h�e�h�\�b�g�Z���n�h�l�h�]�j�Z�n�b�c�� �g�Z�[�h�j�Z�� �[�u�e�Z��

�o�h�j�h�r�_�]�h���d�Z�q�_�k�l�\�Z���b���g�_���l�j�_�[�h�\�Z�e�Z���^�h�i�h�e�g�b�l�_�e�v�g�h�c�� �d�h�j�j�_�d�p�b�b�����q�_�l�\�_�j�l�v���^�h�k�l�Z�l�h�q�g�h��

�[�u�e�h�� �k�e�_�]�d�Z �b�k�i�j�Z�\�b�l�v���� �b�� �l�h�e�v�d�h�� �h�k�l�Z�\�r�Z�y�k�y�� �q�_�l�\�_�j�l�v�� �l�j�_�[�h�\�Z�e�Z�� �k�m�s�_�k�l�\�_�g�g�h�c��

�d�h�j�j�_�d�p�b�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�h�� �f�g�h�]�b�o�� �k�e�m�q�Z�y�o�� �g�_�k�d�h�e�v�d�h �n�h�l�h�d�Z�j�l�h�q�_�d�� �[�u�e�b��

�i�j�Z�d�l�b�q�_�k�d�b�� �h�^�b�g�Z�d�h�\�u�f�b ���b�g�h�]�^�Z�� �\�k�_�� �r�_�k�l�v���� �b�� �j�Z�g�`�b�j�h�\�Z�e�b�k�v�� �k�e�m�q�Z�c�g�u�f��

�h�[�j�Z�a�h�f���� �I�h�w�l�h�f�m�� �j�Z�a�g�b�p�Z�� �f�_�`�^�m�� �k�j�_�^�g�b�f �[�Z�e�e�h�f�� �f�g�_�g�b�c �'
$ �g�_�\�_�e�b�d�Z���� �Z�� �k���d���h����

�h�p�_�g�h�d�� �j�Z�\�g�h�� �i�j�b�f�_�j�g�h�� �������� �[�Z�e�e�Z�f �^�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �i�h�e�v�a�h�\�Z�l�_�e�_�c. �L�_�f�� �g�_�� �f�_�g�_�_��

�k�j�_�^�g�b�c���[�Z�e�e���f�g�_�g�b�c���'
$ �\�u�r�_���m���i�j�_�^�e�Z�]�Z�_�f�h�]�h���j�_�`�b�f�Z���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���m�e�m�q�r�_�g�b�y��

�d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c���� �L�s�Z�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�g�`�b�j�h�\�Z�g�b�y�� �i�h�a�\�h�e�b�e��

�k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�_�� �\�u�\�h�^�u: 

�x �^�e�y�� �b�a�h�[�j�Z�`�_�g�b�c���� �l�j�_�[�m�x�s�b�o�� �d�h�j�j�_�d�p�b�b���� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �j�_�`�b�f���� �d�Z�d�� �i�j�Z�\�b�e�h����

�i�h�e�m�q�Z�e�� �h�p�_�g�d�m�� �\�u�r�_�� �k�j�_�^�g�_�c���� �l�Z�d�� �d�Z�d���m���i�h�e�v�a�h�\�Z�l�_�e�_�c, �d�h�l�h�j�u�_��

�h�j�b�_�g�l�b�j�h�\�Z�e�b�k�v �g�Z���b�a�h�[�j�Z�`�_�g�b�_�� �g�Z���f�h�g�b�l�h�j�_���b���b�k�o�h�^�g�u�c�� �j�Z�a�f�_�j���n�h�l�h�]�j�Z�n�b�b����

�q�Z�k�l�h �g�_�� �i�h�e�m�q�Z�e�h�k�v�� �Z�^�_�d�\�Z�l�g�h�� �m�e�m�q�r�b�l�v�� �b�a�h�[�j�Z�`�_�g�b�_���� �\�h�a�g�b�d�Z�e�b�� �Z�j�l�_�n�Z�d�l�u����

�b�a�f�_�g�y�e�b�k�v�� �p�\�_�l�Z; 

�x �g�_�d�h�l�h�j�u�_�� �i�h�e�v�a�h�\�Z�l�_�e�b �i�u�l�Z�e�b�k�v �m�e�m�q�r�b�l�v�� �n�h�l�h�]�j�Z�n�b�b�� �o�h�j�h�r�_�]�h�� �d�Z�q�_�k�l�\�Z����

�j�_�^�d�h�� �w�l�h�� �i�h�e�h�`�b�l�_�e�v�g�h�� �h�p�_�g�b�\�Z�e�h�k�v�� �g�Z�[�e�x�^�Z�l�_�e�y�f�b���� �q�Z�s�_�� �g�_�]�Z�l�b�\�g�h; 

�i�j�_�^�e�Z�]�Z�_�f�u�c�� �j�_�`�b�f �h�k�l�Z�\�e�y�e�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b�� �[�_�a�� �b�a�f�_�g�_�g�b�c���� �q�l�h��

�i�j�b�� �k�e�m�q�Z�c�g�h�f�� �\�u�[�h�j�_�� �i�j�b�\�h�^�b�e�h�� �d�� �l�h�f�m���� �q�l�h�� �n�h�l�h�d�Z�j�l�h�q�d�b���� �i�h�e�m�q�_�g�g�u�_�� �\��

�j�_�a�m�e�v�l�Z�l�_�� �h�[�j�Z�[�h�l�d�b�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �j�_�`�b�f�h�f�� �j�_�^�d�h�� �i�h�e�m�q�Z�e�b�� �k�Z�f�u�_�� �g�b�a�d�b�_��

�h�p�_�g�d�b�����q�l�h���\�_�^�z�l���d���j�h�k�l�m���k�j�_�^�g�_�]�h���a�g�Z�q�_�g�b�y.   

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�f�_�g�_�g�b�_�� �i�j�_�^�e�Z�]�Z�_�f�u�o�� �k�i�h�k�h�[�h�\�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y��

�d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �\�_�^�z�l�� �d�� �i�h�\�u�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o��

�b�a�h�[�j�Z�`�_�g�b�c�� �b�� �a�g�Z�q�b�l�_�e�v�g�h�f�m�� �k�h�d�j�Z�s�_�g�b�x�� �\�j�_�f�_�g�b�� �g�Z�� �i�h�^�]�h�l�h�\�d�m�� �n�h�l�h�]�j�Z�n�b�c�� �d��

�i�_�q�Z�l�b�� 
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�<�u�\�h�^�u���i�h���i�y�l�h�c���]�e�Z�\�_ 

�I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u�� �o�Z�j�Z�d�l�_�j�g�u�_���^�_�n�_�d�l�u���p�b�n�j�h�\�u�o���n�h�l�h�]�j�Z�n�b�c�����l�j�_�[�m�x�s�b�_��

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b�� �i�j�b�� �i�_�q�Z�l�b���� �Q�Z�s�_�� �^�j�m�]�b�o�� �l�j�_�[�m�x�l���m�e�m�q�r�_�g�b�y: 

�j�Z�a�f�u�l�u�_ �b�a�h�[�j�Z�`�_�g�b�y; �n�h�l�h�]�j�Z�n�b�b�� �k�� �w�n�n�_�d�l�h�f�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª; �n�h�l�h�]�j�Z�n�b�b���k��

�a�Z�l�_�f�g�_�g�b�_�f�� �\�k�_�c�� �k�p�_�g�u�� �b�e�b���_�z���h�l�^�_�e�v�g�u�o�� �q�Z�k�l�_�c; �b�a�h�[�j�Z�`�_�g�b�y���� �i�h�\�j�_�`�^�z�g�g�u�_��

�Z�j�l�_�n�Z�d�l�Z�f�b��JPEG �d�h�f�i�j�_�k�k�b�b �b �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �r�m�f�Z���� �K�n�h�j�f�m�e�b�j�h�\�Z�g�u��

�l�j�_�[�h�\�Z�g�b�y�� �d�� �Z�e�]�h�j�b�l�f�Z�f�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �b���b�k�i�j�Z�\�e�_�g�b�y��

�h�[�g�Z�j�m�`�_�g�g�u�o�� �^�_�n�_�d�l�h�\.  

�I�j�_�^�e�h�`�_�g�� �i�h�^�o�h�^ �d�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�m�� �m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �i�_�q�Z�l�Z�_�f�u�o��

�n�h�l�h�]�j�Z�n�b�c�����d�h�l�h�j�u�c���j�_�d�h�f�_�g�^�m�_�l: 

1. �m�q�b�l�u�\�Z�l�v �^�_�l�Z�e�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �\�b�^�b�f�u�_�� �^�e�y�� �^�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z�� �n�h�l�h�d�Z�j�l�h�q�d�b����

�j�Z�a�j�_�r�_�g�b�y���b���l�_�o�g�h�e�h�]�b�b�� �i�_�q�Z�l�b; 

2. �\�u�i�h�e�g�y�l�v�� �h�p�_�g�d�m�� �o�Z�j�Z�d�l�_�j�g�u�o�� �^�_�n�_�d�l�h�\�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z�� �h�k�g�h�\�_�� �f�Z�r�b�g�g�h�]�h��

�h�[�m�q�_�g�b�y���i�h���\�b�a�m�Z�e�v�g�u�f�� �^�Z�g�g�u�f���b�a�h�[�j�Z�`�_�g�b�c�� �b���f�_�l�Z�b�g�n�h�j�f�Z�p�b�b; 

3. �\�u�i�h�e�g�y�l�v�� �h�[�j�Z�[�h�l�d�m�� �\�� �p�\�_�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �\�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �[�_�a��

�d�h�g�\�_�j�l�Z�p�b�b�� �\���i�j�h�f�_�`�m�l�h�q�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� 

�G�Z�� �h�k�g�h�\�_�� �i�j�_�^�e�h�`�_�g�g�h�]�h �i�h�^�o�h�^�Z �j�Z�a�j�Z�[�h�l�Z�g�u�� �g�h�\�u�_ �f�_�l�h�^�u 

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c�� �i�_�j�_�^�� �b�o�� �i�_�q�Z�l�v�x: 

�h�p�_�g�d�Z�� �b�� �i�h�\�u�r�_�g�b�_�� �j�_�a�d�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �b�� �b�k�i�j�Z�\�e�_�g�b�_��

�w�n�n�_�d�l�Z�� �©�d�j�Z�k�g�u�o�� �]�e�Z�a�ª���� �d�h�j�j�_�d�p�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c �g�Z�� �n�h�l�h�]�j�Z�n�b�y�o����

�i�h�\�j�_�`�^�z�g�g�u�o�� �d�h�g�l�j�h�\�u�f�� �k�\�_�l�h�f. �I�j�_�^�e�Z�]�Z�_�f�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y��

�d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c���i�j�_�\�h�k�o�h�^�y�l���k�m�s�_�k�l�\�m�x�s�b�_ �k�i�h�k�h�[�u���� 

�H�i�b�k�Z�g�g�u�_�� �\���]�e�Z�\�_�� �f�_�l�h�^�u���j�_�Z�e�b�a�h�\�Z�g�u�� �\���j�_�`�b�f�_���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �b��

�m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �n�h�l�h�]�j�Z�n�b�c���� �J�_�`�b�f �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y�� �\�k�l�j�h�_�g�g�h�]�h�� �I�H��

�m�k�l�j�h�c�k�l�\�� �i�_�q�Z�l�b �b �i�h�a�\�h�e�y�_�l�� �i�h�� �f�_�g�v�r�_�c�� �f�_�j�_�� �\�� ������ �j�Z�a�� �k�h�d�j�Z�l�b�l�v�� �\�j�_�f�y��

�i�h�^�]�h�l�h�\�d�b���n�h�l�h�]�j�Z�n�b�c���d���i�_�q�Z�l�b�����i�h�\�u�k�b�l�v�� �d�Z�q�_�k�l�\�h���g�Z�i�_�q�Z�l�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���b��

�i�j�_�^�h�l�\�j�Z�l�b�l�v�� �i�_�q�Z�l�v���g�_���f�_�g�_�_���������� �b�k�i�h�j�q�_�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c���� 



231 
 

 
 
 

�=�e�Z�\�Z���������I�j�_�h�[�j�Z�a�h�\�Z�g�b�y �^�e�y���b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\���b���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g��
�^�h�d�m�f�_�g�l�h�\���b���n�h�l�h�]�j�Z�n�b�c 

�I�j�b���i�_�q�Z�l�b���b���d�h�i�b�j�h�\�Z�g�b�b���^�h�d�m�f�_�g�l�h�\���g�Z���[�m�f�Z�]�m�����j�Z�a�f�_�j���d�h�l�h�j�h�c���h�l�e�b�q�Z�_�l�k�y��

�h�l�� �j�Z�a�f�_�j�Z�� �b�k�o�h�^�g�h�]�h�� �^�h�d�m�f�_�g�l�Z���� �e�b�[�h�� �\�u�i�h�e�g�y�_�l�k�y�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_��

�k�h�^�_�j�`�b�f�h�]�h�� �^�h�d�m�f�_�g�l�Z���� �e�b�[�h�� �b�a�h�[�j�Z�`�_�g�b�_�� �h�[�j�_�a�Z�_�l�k�y ���\�u�i�h�e�g�y�_�l�k�y��

�d�Z�^�j�b�j�h�\�Z�g�b�_��, �e�b�[�h�� �m�\�_�e�b�q�b�\�Z�x�l�k�y�� �i�h�e�y�� �I�j�b�q�_�f�� �w�l�h�� �i�j�h�b�k�o�h�^�b�l�� �^�Z�`�_�� �i�j�b��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o�����d�h�]�^�Z���j�Z�a�f�_�j�u���[�m�f�Z�]�b���h�l�e�b�q�Z�x�l�k�y���\�k�_�]�h���g�Z���g�_�k�d�h�e�v�d�h�� �i�j�h�p�_�g�l�h�\�� 

�G�Z�i�j�b�f�_�j���� �i�j�b���d�h�i�b�j�h�\�Z�g�b�b�� �^�h�d�m�f�_�g�l�Z�� �j�Z�a�f�_�j�Z��A4 �g�Z���[�m�f�Z�]�m��Letter �\���j�_�`�b�f�_���©Fit 

to Page»�����q�l�h�[�u���k�h�]�e�Z�k�h�\�Z�l�v�� �j�Z�a�g�b�p�m�� �\���\�u�k�h�l�_���k�l�j�Z�g�b�p�u�� �b�a�h�[�j�Z�`�_�g�b�_���m�f�_�g�v�r�Z�_�l�k�y��

�i�j�b�f�_�j�g�h�� �g�Z��6%, �l�h�� �_�k�l�v �i�h�� ��% �k�l�j�h�d�� �i�b�d�k�_�e�_�c�� �h�l�[�j�Z�k�u�\�Z�_�l�k�y�� �k�\�_�j�o�m�� �b�� �k�g�b�a�m 

�b�a�h�[�j�Z�`�_�g�b�y. �I�j�b�� �h�[�j�_�a�d�_���q�Z�k�l�v�� �\�Z�`�g�h�c���b�g�n�h�j�f�Z�p�b�b���� �g�Z�i�j�b�f�_�j�� �g�h�f�_�j���k�l�j�Z�g�b�p�u����

�f�h�`�_�l�� �i�j�h�i�Z�k�l�v���� �I�j�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�b�� �d�h�i�b�j�m�_�f�h�]�h�� �^�h�d�m�f�_�g�l�Z�� �d�Z�q�_�k�l�\�h��

�m�o�m�^�r�Z�_�l�k�y���� �G�_�h�[�o�h�^�b�f�h �j�Z�a�j�Z�[�h�l�Z�l�v�� �l�Z�d�b�_�� �k�i�h�k�h�[�u�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �j�Z�a�f�_�j�h�\��

�b�a�h�[�j�Z�`�_�g�b�c�� �^�h�d�m�f�_�g�l�h�\���� �i�j�b�� �d�h�l�h�j�h�f�� �m�^�Z�e�y�x�l�k�y�� �f�Z�e�h�a�g�Z�q�b�f�u�_�� �n�h�g�h�\�u�_��

�h�[�e�Z�k�l�b���� �Z�� �h�k�g�h�\�g�u�_�� �k�f�u�k�e�h�\�u�_�� �w�e�_�f�_�g�l�u�� �^�h�d�m�f�_�g�l�Z �g�_�� �f�h�^�b�n�b�p�b�j�m�x�l�k�y�� �b�� �g�_��

�b�a�f�_�g�y�x�l���k�\�h�b�o���j�Z�a�f�_�j�h�\����  

�K�o�h�`�Z�y�� �a�Z�^�Z�q�Z�� �\�h�a�g�b�d�Z�_�l�� �i�j�b�� �i�_�q�Z�l�b�� �n�h�l�h�]�j�Z�n�b�c�� �[�_�a�� �i�h�e�_�c�� ��borderless) �g�Z��

�n�h�l�h�i�j�b�g�l�_�j�Z�o���� �b�f�_�x�s�b�o�� �n�b�d�k�b�j�h�\�Z�g�g�u�c�� �j�Z�a�f�_�j�� �h�l�i�_�q�Z�l�d�Z�����G�Z�i�j�b�f�_�j����

�l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�u�c�� �n�h�l�h�i�j�b�g�l�_�j��Samsung SPP-2040 [249] �i�_�q�Z�l�Z�_�l�� �g�Z�� �[�m�f�Z�]�_��

15 �g�Z�� ��0 �k�f�����>�e�y�� �i�_�q�Z�l�b�� �[�_�a�� �i�h�e�_�c�� �k�h�h�l�g�h�r�_�g�b�_�� �k�l�h�j�h�g���n�h�l�h�]�j�Z�n�b�b���^�h�e�`�g�h�� �[�u�l�v��

3:2���� �l�h�]�^�Z�� �d�Z�d�� �f�g�h�]�b�_�� �n�h�l�h�d�Z�f�_�j�u�� �k�g�b�f�Z�x�l�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �b�g�u�f�� �k�h�h�l�g�h�r�_�g�b�_�f��

�k�l�h�j�h�g: 4:3, 16:9 �b���l�� �i�� �>�e�y���i�h�e�m�q�_�g�b�y�� �i�j�b���i�_�q�Z�l�b�� �l�j�_�[�m�_�f�h�]�h���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g��

�l�Z�d�b�_�� �n�h�l�h�]�j�Z�n�b�b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �h�[�j�_�a�Z�x�l�k�y���� �q�l�h�� �b�g�h�]�^�Z �i�j�b�\�h�^�b�l�� �d��

�k�m�s�_�k�l�\�_�g�g�h�f�m�� �m�o�m�^�r�_�g�b�x�� �d�h�f�i�h�a�b�p�b�b���� �i�h�l�_�j�_�� �\�Z�`�g�u�o�� �^�_�l�Z�e�_�c���� �G�Z�� �j�b�k�m�g�d�_�� ��������

�i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �k�l�Z�g�^�Z�j�l�g�h�c �h�[�j�_�a�d�b�� �n�h�l�h�]�j�Z�n�b�b�� �i�j�b�� �i�_�q�Z�l�b�� �[�_�a�� �i�h�e�_�c���� �E�b�p�h�� �g�Z��

�n�h�l�h�]�j�Z�n�b�b�� �h�[�j�_�a�Z�_�l�k�y�� �k�g�b�a�m�� �b�� �k�\�_�j�o�m���� �q�l�h�� �h�l�j�b�p�Z�l�_�e�v�g�h�� �h�p�_�g�b�\�Z�_�l�k�y��

�i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� 
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�J�b�k�m�g�h�d 6.1 �± �I�j�b�f�_�j���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���h�[�j�_�a�d�b���n�h�l�h�]�j�Z�n�b�b���i�j�b���i�_�q�Z�l�b���[�_�a���i�h�e�_�c. 

 

�L�j�_�[�m�_�l�k�y�� �j�Z�a�j�Z�[�h�l�d�Z���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�����i�h�a�\�h�e�y�x�s�b�o �b�a�f�_�g�y�l�v�� �k�h�h�l�g�h�r�_�g�b�_��

�k�l�h�j�h�g�� �n�h�l�h�]�j�Z�n�b�b�� �[�_�a�� �m�o�m�^�r�_�g�b�y�� �\�b�a�m�Z�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y���� �I�j�_�^�i�h�q�l�b�l�_�e�v�g�Z��

�j�_�Z�e�b�a�Z�p�b�y�� �i�h�^�h�[�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �b�a�h�[�j�Z�`�_�g�b�c�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �i�j�h�]�j�Z�f�f�g�h�f��

�h�[�_�k�i�_�q�_�g�b�b�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b���� �q�l�h�� �k�� �m�q�z�l�h�f���^�h�k�l�m�i�g�u�o��

�\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �j�_�k�m�j�k�h�\���l�j�_�[�m�_�l�� �j�Z�a�j�Z�[�h�l�d�b�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�u�o�� �b���[�u�k�l�j�u�o��

�Z�e�]�h�j�b�l�f�h�\�� 

6.1. �K�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u 

�J�y� ̂ �i�m�[�e�b�d�Z�p�b�c�� �h�i�b�k�u�\�Z�_�l�� �f�_�l�h�^�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �d�Z�^�j�b�j�h�\�Z�g�b�y��

(cropping������ �l�h�� �_�k�l�v�� �\�u�j�_�a�Z�g�b�y�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �n�j�Z�]�f�_�g�l�Z�� �b�a�h�[�j�Z�`�_�g�b�y. 

�;�h�e�v�r�b�g�k�l�\�h�� �b�a�� �g�b�o�� �i�j�_�^�g�Z�a�g�Z�q�_�g�h�� �^�e�y�� �i�h�d�Z�a�Z�� �g�Z�b�[�h�e�_�_�� �\�Z�`�g�h�c�� �h�[�e�Z�k�l�b��

�b�a�h�[�j�Z�`�_�g�b�y �g�Z�� �g�_�[�h�e�v�r�h�f �^�b�k�i�e�_�_ �b�e�b�� �m�e�m�q�r�_�g�b�y�� �d�h�f�i�h�a�b�p�b�b�� �n�h�l�h�]�j�Z�n�b�c�� �a�Z��

�k�q�z�l�� �b�k�d�e�x�q�_�g�b�y�� �f�Z�e�h�a�g�Z�q�b�f�u�o�� �i�h�e�h�k �i�h�� �d�j�Z�y�f�� �b�a�h�[�j�Z�`�_�g�b�y���� �D�Z�d�� �i�j�Z�\�b�e�h���� �\��

�k�m�s�_�k�l�\�m�x�s�b�o�� �f�_�l�h�^�Z�o�� �g�_�y�\�g�h��[297, 298] �b�e�b�� �y�\�g�h [299, 300] �k�l�j�h�b�l�k�y�� �d�Z�j�l�Z��

�a�g�Z�q�b�f�h�k�l�b�� ��saliency map������ �b�� �g�Z�o�h�^�b�l�k�y �i�j�y�f�h�m�]�h�e�v�g�b�d���� �\�d�e�x�q�Z�x�s�b�c�� �\�� �k�_�[�y��

�h�[�e�Z�k�l�b�� �k�� �\�u�k�h�d�b�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �d�Z�j�l�u�� �a�g�Z�q�b�f�h�k�l�b���� �G�_�k�f�h�l�j�y�� �g�Z�� �j�Z�a�e�b�q�b�y�� �\��

�Z�e�]�h�j�b�l�f�Z�o���� �\�k�_�� �h�g�b�� �k�l�j�_�f�y�l�k�y�� �h�l�j�_�a�Z�l�v�� �n�h�g�h�\�u�_�� �h�[�e�Z�k�l�b�� �k���i�e�Z�\�g�u�f�� �b�a�f�_�g�_�g�b�_�f��

�l�h�g�h�\�����i�j�b���w�l�h�f���h�k�l�Z�\�b�l�v�� �g�Z���n�h�l�h�]�j�Z�n�b�b�� �h�[�e�Z�k�l�b�� �k���j�_�a�d�b�f�b���b�a�f�_�g�_�g�b�y�f�b�� �p�\�_�l�h�\ �b��

�b�a�h�[�j�Z�`�_�g�b�y�� �e�x�^�_�c���� �h�k�h�[�_�g�g�h�� �e�b�p���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �f�_�l�h�^�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��

 
 

��  
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�d�Z�^�j�b�j�h�\�Z�g�b�y�� �\���h�k�g�h�\�g�h�f�� �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �g�Z�� �h�k�g�h�\�_ �]�e�m�[�h�d�b�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c. 

�G�_�k�f�h�l�j�y�� �g�Z�� �m�k�b�e�b�y�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �h�k�l�Z�z�l�k�y �f�g�h�]�h�� �g�_�j�_�r�z�g�g�u�o�� �i�j�h�[�e�_�f����

�k�\�y�a�Z�g�g�u�o�� �k�� �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�v�x�� �h�p�_�g�d�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �d�Z�^�j�b�j�h�\�Z�g�b�y�� �b�� �k�h�a�^�Z�g�b�_�f��

�[�h�e�v�r�b�o�� �j�Z�a�f�_�q�_�g�g�u�o�� �g�Z�[�h�j�h�\���^�Z�g�g�u�o [301].  

�I�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �h�l�e�b�q�Z�x�s�b�_�k�y�� �h�l�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �b�� �d�Z�^�j�b�j�h�\�Z�g�b�y, 

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_�� �^�e�y���i�h�d�Z�a�Z �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z���w�d�j�Z�g�_�� �b�e�b�� �i�_�q�Z�l�b�� �g�Z�� �[�m�f�Z�]�_ �k���b�g�u�f��

�k�h�h�l�g�h�r�_�g�b�_�f�� �k�l�h�j�h�g �q�_�f �m���b�k�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �Z�g�]�e�h�y�a�u�q�g�h�c�� �e�b�l�_�j�Z�l�m�j�_ 

�h�[�t�_�^�b�g�y�x�l�k�y�� �i�h�^�� �g�Z�a�\�Z�g�b�_�f��retargeting. �;�m�^�_�f�� �g�Z�a�u�\�Z�l�v�� �i�h�^�h�[�g�u�_�� �h�i�_�j�Z�p�b�b��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�f. �G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f�b�� �i�h�^�o�h�^�Z�f�b�� �d��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�x�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �y�\�e�y�x�l�k�y�� �^�_�n�h�j�f�Z�p�b�y�� �i�h��

�g�_�j�Z�\�g�h�f�_�j�g�h�c�� �k�_�l�d�_�� ��warping) [302] �b «�j�_�a�v�[�Z�� �i�h�� �r�\�m» (seam carving) [303]���� �\��

�d�h�l�h�j�h�c �k�� �i�h�f�h�s�v�x�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��[304] �i�m�l�z�f�� �f�b�g�b�f�b�a�Z�p�b�b��

�k�m�f�f�u�� �a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�_�c�� �i�h�� �d�Z�j�l�_�� �k�l�h�b�f�h�k�l�b�� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�i�l�b�f�Z�e�v�g�Z�y�� �k�\�y�a�g�Z�y��

�p�_�i�h�q�d�Z�� �i�b�d�k�_�e�_�c �f�_�`�^�m�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�f�b�� �k�l�h�j�h�g�Z�f�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �Z�� �a�Z�l�_�f��

�i�b�d�k�_�e�b�� �p�_�i�h�q�d�b�� �m�^�Z�e�y�x�l�k�y�� �b�e�b�� �^�m�[�e�b�j�m�x�l�k�y. �<�� [303] �d�Z�j�l�Z�� �k�l�h�b�f�h�k�l�b��

�\�u�q�b�k�e�y�_�l�k�y�� �d�Z�d�� �Z�[�k�h�e�x�l�g�h�_�� �a�g�Z�q�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�Z�� �i�j�b�f�_�g�_�g�b�y�� �N�<�Q�� �d�� �d�Z�g�Z�e�m��

�y�j�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y.  

�J�b�k�m�g�h�d�� ���������i�h�y�k�g�y�_�l���j�Z�[�h�l�m���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�����G�Z�� �\�_�j�o�g�_�f���b�a�h�[�j�Z�`�_�g�b�b��

�q�z�j�g�u�f�b�� �d�j�m�`�h�q�d�Z�f�b�� �i�h�d�Z�a�Z�g�Z�� �p�_�i�h�q�d�Z�� �i�b�d�k�_�e�_�c�� �h�l�� �\�_�j�o�g�_�c�� �^�h�� �g�b�`�g�_�c�� �k�l�j�h�d�b, 

�k�m�f�f�Z���i�b�d�k�_�e�_�c�� �d�Z�j�l�u���k�l�h�b�f�h�k�l�b�����^�e�y���d�h�l�h�j�h�c���y�\�e�y�_�l�k�y���g�Z�b�f�_�g�v�r�_�c�� �i�h���k�j�Z�\�g�_�g�b�x��

�k�h�� �\�k�_�f�b�� �^�j�m�]�b�f�b�� �\�h�a�f�h�`�g�u�f�b�� �p�_�i�h�q�d�Z�f�b. �I�b�d�k�_�e�b�� �k�e�_�\�Z�� �b�� �k�i�j�Z�\�Z�� �h�l�� �p�_�i�h�q�d�b��

�h�l�f�_�q�_�g�u �k�_�j�u�f���p�\�_�l�h�f. �P�_�i�h�q�d�Z �i�b�d�k�_�e�_�c�� �f�h�`�_�l���[�u�l�v �m�^�Z�e�_�g�Z ���j�b�k�m�g�h�d���������Z��, �q�l�h��

�m�f�_�g�v�r�Z�_�l�� �d�h�e�b�q�_�k�l�\�h���k�l�h�e�[�p�h�\���g�Z���_�^�b�g�b�p�m�� �J�y�^�h�f�����^�e�y���h�i�j�_�^�_�e�z�g�g�h�k�l�b�� �k�i�j�Z�\�Z�����k��

�d�Z�`�^�u�f���i�b�d�k�_�e�_�f�� �p�_�i�h�q�d�b�� �k���i�h�f�h�s�v�x���b�g�l�_�j�i�h�e�y�p�b�b�� �f�h�`�_�l���[�u�l�v�� �^�h�[�Z�\�e�_�g �g�h�\�u�c��

�i�b�d�k�_�e�v ���j�b�k�m�g�h�d�� ������b)���� �q�l�h�� �g�Z�� �_�^�b�g�b�p�m�� �m�\�_�e�b�q�b�\�Z�_�l�� �d�h�e�b�q�_�k�l�\�h�� �k�l�h�e�[�p�h�\����

�B�l�_�j�Z�l�b�\�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �l�Z�d�b�o �h�i�_�j�Z�p�b�c�� �d�� �k�l�j�h�d�Z�f�� �b�e�b�� �k�l�h�e�[�p�Z�f�� �b�a�h�[�j�Z�`�_�g�b�y 

�i�h�a�\�h�e�y�_�l���^�h�[�b�l�v�k�y���g�_�h�[�o�h�^�b�f�h�]�h���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g�� 
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a) 

 
b) 

�J�b�k�m�g�h�d 6.2�± �P�_�i�h�q�d�Z���i�b�d�k�_�e�_�c���\���Z�e�]�h�j�b�l�f�_��seam carving: a) �m�^�Z�e�_�g�b�_���i�b�d�k�_�e�_�c���p�_�i�h�q�d�b; b) 

�^�h�[�Z�\�e�_�g�b�_���i�b�d�k�_�e�_�c���k�i�j�Z�\�Z���h�l���i�b�d�k�_�e�_�c���p�_�i�h�q�d�b. 

 

�I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_���� �h�i�b�k�Z�g�g�h�_�� �\��[303]���� �o�h�j�h�r�h���j�Z�[�h�l�Z�_�l�� �^�e�y�� �n�h�l�h�]�j�Z�n�b�c��

�i�j�b�j�h�^�u���� �g�h�� �q�Z�k�l�h�� �b�k�d�Z�`�Z�_�l�� �b�a�h�[�j�Z�`�_�g�b�y�� �e�x�^�_�c�� �b�� �b�k�d�m�k�k�l�\�_�g�g�u�o�� �h�[�t�_�d�l�h�\, 

�g�Z�i�j�b�f�_�j�� �k�l�j�h�_�g�b�c���� �>�e�y�� �i�j�_�h�^�h�e�_�g�b�y�� �g�_�^�h�k�l�Z�l�d�h�\�� �Z�e�]�h�j�b�l�f�Z��[303] �i�j�_�^�e�h�`�_�g�h��

�f�g�h�`�_�k�l�\�h�� �_�]�h�� �f�h�^�b�n�b�d�Z�p�b�c, �g�Z�i�j�b�f�_�j���� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �k�l�h�b�f�h�k�l�v�� �i�j�y�f�u�o�� �e�b�g�b�c��

[305], �\��[306, 307] �d�Z�j�l�Z���a�g�Z�q�b�f�h�k�l�b �b�k�i�h�e�v�a�m�_�l�k�y�� �\���d�Z�q�_�k�l�\�_���d�Z�j�l�u���k�l�h�b�f�h�k�l�b.  

6.2. �I�j�_�h�[�j�Z�a�h�\�Z�g�b�y���^�e�y���b�a�f�_�g�_�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g 

�F�h�`�g�h �\�u�^�_�e�b�l�v�� �^�\�Z���l�b�i�Z�� �©�a�Z�f�_�l�g�u�o�ª�� �m�q�Z�k�l�d�h�\ �b�a�h�[�j�Z�`�_�g�b�c���� �f�h�^�b�n�b�d�Z�p�b�y��

�d�h�l�h�j�u�o���g�_�`�_�e�Z�l�_�e�v�g�Z: 

�x �g�Z���n�j�Z�]�f�_�g�l�_���b�a�h�[�j�Z�`�_�g�b�y�� �i�j�b�k�m�l�k�l�\�m�_�l�� �e�b�p�h�����l�_�e�h���q�_�e�h�\�_�d�Z���b�e�b���_�]�h���q�Z�k�l�v; 

�x �g�Z���m�q�Z�k�l�d�_���b�a�h�[�j�Z�`�_�g�b�y�� �_�k�l�v���i�j�h�l�y�`�z�g�g�u�_�� �j�_�a�d�b�_���b�a�f�_�g�_�g�b�y�� �y�j�d�h�k�l�b. 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �^�h�k�l�b�]�g�m�l�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �i�j�h�]�j�_�k�k�� �\�� �Z�e�]�h�j�b�l�f�Z�o��

�^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p�� �q�_�e�h�\�_�d�Z��[308]���� �H�^�g�Z�d�h�� �b�o�� �i�j�_�b�f�m�s�_�k�l�\�h �\�� �d�Z�q�_�k�l�\�_��

�^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �g�b�\�_�e�b�j�m�_�l�k�y�� �k�e�h�`�g�h�k�l�v�x �j�_�Z�e�b�a�Z�p�b�b�� �\�h�� �\�k�l�j�h�_�g�g�h�f��

�i�j�h�]�j�Z�f�f�g�h�f�� �h�[�_�k�i�_�q�_�g�b�b�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b���� �:�e�]�h�j�b�l�f�� �<�b�h�e�u-

�>�`�h�g�k�Z��[261] �i�h�a�\�h�e�y�_�l���^�h�k�l�b�]�Z�l�v�� �\�u�k�h�d�h�c���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b���� �[�u�e���f�g�h�]�h�d�j�Z�l�g�h��
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�j�_�Z�e�b�a�h�\�Z�g�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �Z�i�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�f�g�u�o�� �i�e�Z�l�n�h�j�f���� �h�[�_�k�i�_�q�b�\�Z�_�l��

�i�j�b�_�f�e�_�f�h�_�� �d�Z�q�_�k�l�\�h�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p���� �G�_�^�h�k�l�Z�l�d�h�f�� �w�l�h�]�h���Z�e�]�h�j�b�l�f�Z�� �y�\�e�y�_�l�k�y��

�[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �e�h�`�g�u�o�� �k�j�Z�[�Z�l�u�\�Z�g�b�c�� �i�h�� �k�j�Z�\�g�_�g�b�_�� �k�� �k�h�\�j�_�f�_�g�g�u�f�b��

�i�h�^�o�h�^�Z�f�b�����<���j�Z�[�h�l�_ [309] �i�j�_�^�e�Z�]�Z�_�l�k�y�� �k�i�h�k�h�[���m�f�_�g�v�r�_�g�b�y�� �e�h�`�g�u�o���k�j�Z�[�Z�l�u�\�Z�g�b�c��

�^�e�y�� �p�\�_�l�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �a�Z�� �k�q�z�l�� �h�i�j�_�^�_�e�_�g�b�y�� �\�� �^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o�� �a�h�g�Z�o�� �g�Z�e�b�q�b�y��

�i�b�d�k�_�e�_�c�� �k�� �h�l�l�_�g�d�Z�f�b�� �d�h�`�b�� �q�_�e�h�\�_�d�Z���� �G�Z�d�h�g�_�p���� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �k�Z�f�u�f�� �i�j�h�k�l�u�f��

�k�i�h�k�h�[�h�f���h�[�g�Z�j�m�`�_�g�b�y�� �g�Z�� �n�h�l�h�]�j�Z�n�b�b���e�x�^�_�c�� �y�\�e�y�_�l�k�y�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �h�[�e�Z�k�l�_�c���k��

�h�l�l�_�g�d�Z�f�b�� �d�h�`�b�� �q�_�e�h�\�_�d�Z [310]���� �H�q�_�\�b�^�g�h���� �q�l�h�� �l�Z�d�h�c�� �i�h�^�o�h�^�� �\�_�^�z�l�� �d�� �[�h�e�v�r�h�f�m 

�d�h�e�b�q�_�k�l�\�m�� �e�h�`�g�u�o�� �k�j�Z�[�Z�l�u�\�Z�g�b�c���� �h�^�g�Z�d�h�� �^�e�y���^�Z�g�g�h�c�� �a�Z�^�Z�q�b�� �\�i�h�e�g�_�� �i�j�b�f�_�g�b�f�� �\��

�k�e�m�q�Z�_���� �d�h�]�^�Z�� �[�h�e�_�_�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �k�e�h�`�g�u�c�� �k�i�h�k�h�[�� �g�_���f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g��

�b�a-�a�Z���h�]�j�Z�g�b�q�_�g�b�c�� �g�Z���^�h�i�m�k�l�b�f�h�_���\�j�_�f�y���h�[�j�Z�[�h�l�d�b���� 

�>�e�y�� �\�u�^�_�e�_�g�b�y�� �d�h�g�l�m�j�g�u�o�� �i�_�j�_�i�Z�^�h�\�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�\�z�j�l�d�m��

�d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b���+�Â �k���y�^�j�h�f �e�Z�i�e�Z�k�b�Z�g�� �]�Z�m�k�k�b�Z�g�Z���ñ�ß�Ú �b�e�b�� �j�Z�a�g�b�p�Z�� �]�Z�m�k�k�b�Z�g���ñ�×�Ú [78] , 

�d�h�l�h�j�u�_�� �f�_�g�_�_�� �q�m�\�k�l�\�b�l�_�e�v�g�u�� �d�� �r�m�f�m�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b, �q�_�f�� �l�Z�d�b�_�� �N�<�Q, �d�Z�d��

�]�j�Z�^�b�_�g�l�u�� �b���e�Z�i�e�Z�k�b�Z�g�u��  

�I�m�k�l�v�� �^�e�y���g�Z�o�h�`�^�_�g�b�y�� �h�[�e�Z�k�l�_�c�� �k�� �b�a�h�[�j�Z�`�_�g�b�_�f�� �e�x�^�_�c �b�k�i�h�e�v�a�m�_�l�k�y�� �i�h�b�k�d��

�i�b�d�k�_�e�_�c���� �b�f�_�x�s�b�o�� �h�l�l�_�g�h�d�� �d�h�`�b�� �q�_�e�h�\�_�d�Z���� �L�h�]�^�Z�� �d�Z�j�l�Z�� �a�Z�f�_�l�g�h�k�l�b�� �\�u�q�b�k�e�y�_�l�k�y��

�d�Z�d: 

�+�é 
L ���+�Â�Û �ñ�ß�Ú���� 
E �G�+�æ�ç�á (6.1) 

�]�^�_��k �± �i�h�e�h�`�b�l�_�e�v�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l; �+�æ�ç �± �[�b�g�Z�j�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_���� �\�� �d�h�l�h�j�h�f��

�+�æ�ç�:�N�á �?�; �j�Z�\�g�h�������\���k�e�m�q�Z�_�� �b�k�l�b�g�g�h�k�l�b�� �e�h�]�b�q�_�k�d�h�]�h�� �\�u�j�Z�`�_�g�b�y [310]: 

�Â�Í
�Â�Ò


O �s�á�t�v�{�� �è ��
�5

�7�Â�Ý

P �r�á�x�{�x�� �è

�5�?�7�Â�Í

�7

P �r�á�r�s�v�è ��

�Â�Ò
�7


O �r�á�s�r�z��, (6.2) 

�]�^�_ 

�+�å�:�N�á �?�; 
L
�+�Ë�:�N�á �?�;

�+�Ë�:�N�á �?�;
E �+�À�:�N�á �?�;
E �+�»�:�N�á �?�;
�����á 

 

(6.3) 

�+�Ú�:�N�á �?�; 
L
�+�À�:�N�á �?�;

�+�Ë�:�N�á �?�; 
E �+�À�:�N�á �?�; 
E �+�»�:�N�á �?�;
�����á 

 

(6.4) 
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�+�Õ�:�N�á �?�; 
L
�+�»�:�N�á �?�;

�+�Ë�:�N�á �?�;
E �+�À�:�N�á �?�; 
E �+�»�:�N�á �?�;
�����ä 

 

(6.5) 

�>�e�y�� �b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\���b�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �b�a�h�[�j�Z�`�_�g�b�c�� �^�h�d�m�f�_�g�l�h�\�� �b��

�n�h�l�h�]�j�Z�n�b�c�� �i�j�_�^�e�Z�]�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �Z�g�Z�e�b�a�_��

�d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b: 

1. �h�[�j�_�a�d�Z���i�h�e�h�k���b�a�h�[�j�Z�`�_�g�b�y �k���^�\�m�o���i�j�h�l�b�\�h�i�h�e�h�`�g�u�o���k�l�h�j�h�g�����]�^�_���j�Z�a�f�_�j�u���i�h�e�h�k��

�\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �f�b�g�b�f�b�a�Z�p�b�b�� �\�� �h�[�j�_�a�Z�_�f�u�o�� �h�[�e�Z�k�l�y�o�� �k�m�f�f�u�� �i�b�d�k�_�e�_�c����

�d�h�l�h�j�u�_���h�p�_�g�b�\�Z�x�l�k�y�� �d�Z�d���a�Z�f�_�l�g�u�_��[209];  

2. �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �a�Z�� �k�q�z�l�� �m�^�Z�e�_�g�b�y�� �b�e�b�� �^�h�[�Z�\�e�_�g�b�y��

�f�Z�e�h�a�Z�f�_�l�g�u�o�� �m�q�Z�k�l�d�h�\ �i�h���\�k�_�f�m���i�h�e�x���b�a�h�[�j�Z�`�_�g�b�y��[311, 312, 313];  

3. �^�h�i�h�e�g�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�b�f�f�_�l�j�b�q�g�h�� �h�l�j�Z�`�_�g�g�u�f�b�� �i�h�e�h�k�Z�f�b �k�� �^�\�m�o��

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �k�l�h�j�h�g���� �]�^�_�� �j�Z�a�f�_�j�u�� �i�h�e�h�k �\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �h�p�_�g�d�b��

�a�Z�f�_�l�g�h�k�l�b�� �h�l�j�Z�`�_�g�b�y��[314]. 

�A�Z�f�_�l�b�f�����q�l�h���i�_�j�_�q�b�k�e�_�g�g�u�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���f�h�`�g�h���d�h�f�[�b�g�b�j�h�\�Z�l�v���d�Z�d���^�j�m�]��

�k���^�j�m�]�h�f�����l�Z�d �b���k���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�f. �I�h�f�b�f�h���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �w�l�b�o���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c��

�i�j�b�� �i�_�q�Z�l�b�� �n�h�l�h�]�j�Z�n�b�c�� �b�� �d�h�i�b�j�h�\�Z�g�b�b�� �^�h�d�m�f�_�g�l�h�\���� �h�g�b�� �i�j�b�f�_�g�b�f�u�� �^�e�y��

�f�h�^�b�n�b�d�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b���b�o���i�h�d�Z�a�_���g�Z���^�b�k�i�e�_�_�� �F�N�I�� [315]. 

�K�m�s�_�k�l�\�m�x�l�� �l�Z�d�b�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �j�Z�a�f�_�j�u�� �b�� �k�h�h�l�g�h�r�_�g�b�_�� �k�l�h�j�h�g �d�h�l�h�j�u�o��

�g�_�\�h�a�f�h�`�g�h�� �b�a�f�_�g�b�l�v�� �i�j�_�^�e�Z�]�Z�_�f�u�f�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�f�b�� �l�Z�d���� �q�l�h�� �f�h�^�b�n�b�d�Z�p�b�y��

�[�m�^�_�l���g�_�a�Z�f�_�l�g�Z, �b���\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h���g�_���i�h�k�l�j�Z�^�Z�_�l. �I�h�w�l�h�f�m���i�j�b�f�_�g�b�f�h�k�l�v���l�h�]�h��

�b�e�b�� �b�g�h�]�h�� �f�_�l�h�^�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �h�p�_�g�b�\�Z�_�l�k�y�� �i�h�� �d�Z�j�l�_�� �a�Z�f�_�l�g�h�k�l�b����

�:�e�v�l�_�j�g�Z�l�b�\�g�u�f�� �\�Z�j�b�Z�g�l�h�f�� �y�\�e�y�_�l�k�y�� �i�j�_�^�h�k�l�Z�\�e�_�g�b�_�� �i�h�e�v�a�h�\�Z�l�_�e�x�� �\�h�a�f�h�`�g�h�k�l�b��

�\�u�[�j�Z�l�v���i�h�g�j�Z�\�b�\�r�b�c�k�y���j�_�a�m�e�v�l�Z�l�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���j�Z�a�f�_�j�h�\���b���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g��

�b�a���g�_�k�d�h�e�v�d�b�o �\�h�a�f�h�`�g�u�o. 

�H�[�j�_�a�d�Z���i�h�e�h�k���b�a�h�[�j�Z�`�_�g�b�y 

�;�_�a�� �h�]�j�Z�g�b�q�_�g�b�y�� �h�[�s�g�h�k�l�b�� �i�j�_�^�i�h�e�h�`�b�f���� �q�l�h�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �l�j�_�[�m�_�f�h�]�h��

�k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g���g�_�h�[�o�h�^�b�f�h���m�f�_�g�v�r�b�l�v�� �r�b�j�b�g�m���b�a�h�[�j�Z�`�_�g�b�y���g�Z���0�Ö �k�l�h�e�[�p�h�\����

�l�h�� �_�k�l�v�� �h�l�j�_�a�Z�l�v�� �k�� �e�_�\�h�]�h�� �d�j�Z�y�� �b�a�h�[�j�Z�`�_�g�b�y���T �k�l�h�e�[�p�h�\���� �Z�� �k�� �i�j�Z�\�h�]�h�� �d�j�Z�y���0�Ö
F �T 
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�k�l�h�e�[�p�h�\���� �A�g�Z�q�_�g�b�_��x �h�i�j�_�^�_�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �f�b�g�b�f�b�a�Z�p�b�b�� �k�m�f�f�u�� �d�Z�j�l�u��

�a�Z�f�_�l�g�h�k�l�b���+�é �\���h�l�j�_�a�Z�_�f�u�o���i�h�e�h�k�Z�o: 

�T 
L �ƒ�”�‰�•�‹�•
�ë

�: 
Í 
Í �+ �é�:�N�á �?�;
E

�ë

�Ö�@�4


Í 
Í �+ �é�:�N�á �?�;

�Ð�?�5

�Ö�@�Ð�?�5�?�Ç�Î�?�ë

�Á�?�5

�å�@�4

�Á�?�5

�å�@�4

�;�á 

 

(6.6) 

�]�^�_��H �± �\�u�k�h�l�Z���b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y; W �± �r�b�j�b�g�Z���b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y������ 

�?�k�e�b���k�j�_�^�g�_�_���b�a���a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\���h�l�j�_�a�Z�_�f�u�o���i�h�e�h�k�Z�o���i�j�_�\�u�r�Z�_�l��

�i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�c�� �i�h�j�h�]���6�Ö�����l�h���^�_�e�Z�_�l�k�y���\�u�\�h�^�����q�l�h���^�Z�g�g�h�_���i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���\�_�^�z�l���d��

�m�o�m�^�r�_�g�b�x�� �b�a�h�[�j�Z�`�_�g�b�y���� �b�� �k�e�_�^�m�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �b�g�u�o��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d 6.3�± �I�j�b�f�_�j���h�[�j�_�a�d�b���i�h�e�h�k: a) �i�h���m�f�h�e�q�Z�g�b�x���k���i�j�h�l�b�\�h�i�h�e�h�`�g�u�o���k�l�h�j�h�g���h�[�j�_�a�Z�x�l�k�y��

�i�h�e�h�k�u���h�^�b�g�Z�d�h�\�h�]�h���j�Z�a�f�_�j�Z; b) �j�_�a�m�e�v�l�Z�l���i�j�_�^�e�Z�]�Z�_�f�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y. 

 

�G�Z�� �j�b�k�m�g�d�_�� �������� �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �h�[�j�_�a�d�b�� �i�h�e�h�k���� �<�� �k�e�m�q�Z�_�� �h�l�j�_�a�Z�g�b�y�� �k��

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �k�l�h�j�h�g�� �h�^�b�g�Z�d�h�\�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �k�l�h�e�[�p�h�\�����j�b�k�m�g�h�d�� �������Z����

�k�m�s�_�k�l�\�_�g�g�h�� �i�h�j�l�b�l�k�y�� �d�h�f�i�h�a�b�p�b�y�� �n�h�l�h�]�j�Z�n�b�b���� �A�Z�f�_�l�b�f���� �q�l�h���l�Z�d�h�_��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �i�h�� �m�f�h�e�q�Z�g�b�x�� �\�� �n�h�l�h�i�j�b�g�l�_�j�Z�o�� �i�j�b�� �i�_�q�Z�l�b�� �[�_�a��
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�i�h�e�_�c���� �I�j�_�^�e�Z�]�Z�_�f�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� ���j�b�k�m�g�h�d�� ������b���� �h�l�j�_�a�Z�_�l�� �n�h�g�h�\�m�x�� �h�[�e�Z�k�l�v�� �k��

�i�j�Z�\�h�]�h���d�j�Z�y���n�h�l�h�]�j�Z�n�b�b���b���m�e�m�q�r�Z�_�l�� �d�h�f�i�h�a�b�p�b�x���� ������ 

�I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�c 

�>�e�y�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�f�_�g�y�l�v �i�h�^�o�h�^��

«seam carving�ª���� �]�^�_�� �\�� �d�Z�q�_�k�l�\�_�� �d�Z�j�l�u�� �k�l�h�b�f�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�l�v���+�é. �D�e�Z�k�k�b�q�_�k�d�b�c��

�Z�e�]�h�j�b�l�f�� �b�a��[303] �q�Z�k�l�h�� �g�Z�o�h�^�b�l�� �h�i�l�b�f�Z�e�v�g�u�_�� ���b�f�_�x�s�b�_�� �f�b�g�b�f�Z�e�v�g�m�x��

�k�m�f�f�Z�j�g�m�x�� �k�l�h�b�f�h�k�l�v���� �p�_�i�h�q�d�b�� �i�b�d�k�_�e�_�c�� �g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �b�l�_�j�Z�p�b�y�o��

�i�j�b�f�_�j�g�h���\���h�^�g�h�f���b���l�h�f���`�_���f�_�k�l�_�����W�l�h���f�h�`�_�l���i�j�b�\�h�^�b�l�v�� �d���l�h�f�m�����q�l�h���f�h�^�b�n�b�d�Z�p�b�y��

�b�a�h�[�j�Z�`�_�g�b�y�� �i�m�l�z�f�� �m�^�Z�e�_�g�b�y�� �b�e�b�� �^�h�[�Z�\�e�_�g�b�y�� �p�_�i�h�q�_�d�� �i�b�d�k�_�e�_�c�� �[�m�^�_�l�� �a�Z�f�_�l�g�Z����

�I�j�_�^�i�h�q�l�b�l�_�e�v�g�h �g�Z�o�h�^�b�l�v�� �p�_�i�h�q�d�b���i�b�d�k�_�e�_�c�� �\���j�Z�a�g�u�o�� �f�_�k�l�Z�o���b�a�h�[�j�Z�`�_�g�b�y�� �W�l�h�]�h��

�f�h�`�g�h�� �^�h�[�b�l�v�k�y���� �_�k�e�b�� �a�Z�g�h�k�b�l�v�� �a�g�Z�q�_�g�b�_ �G�Û �\�� �d�h�h�j�^�b�g�Z�l�u�� �i�b�d�k�_�e�_�c�� �p�_�i�h�q�d�b�� 

�g�Z�c�^�_�g�g�h�c�� �g�Z�� �b�l�_�j�Z�p�b�b��j, �\ �d�Z�j�l�m�� �b�k�l�h�j�b�b���+�Û�Õ
 �b�� �i�h�b�k�d�� �k�e�_�^�m�x�s�_�c�� �h�i�l�b�f�Z�e�v�g�h�c��

�p�_�i�h�q�d�b�� �h�k�m�s�_�k�l�\�e�y�l�v�� �i�h�� �k�m�f�f�_ �+�é
E �+�Û�Õ
. �I�j�b�� �m�^�Z�e�_�g�b�b�� �i�b�d�k�_�e�_�c�� �p�_�i�h�q�d�b�� �b�a��

�b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �d�Z�j�l�m�� �b�k�l�h�j�b�b�� �^�h�[�Z�\�e�y�x�l�k�y�� �\�k�_�� �k�h�k�_�^�g�b�_���i�b�d�k�_�e�b�� �p�_�i�h�q�d�b���� �i�j�b��

�^�h�[�Z�\�e�_�g�b�b�� �í �i�b�d�k�_�e�b�� �^�h�[�Z�\�e�_�g�g�h�c�� �p�_�i�h�q�d�b�� �b�� �\�k�_�� �k�h�k�_�^�g�b�_�� �k�� �g�b�f�b�����<�� �j�_�a�m�e�v�l�Z�l�_��

�f�Z�e�h�\�_�j�h�y�l�g�h�����q�l�h���g�h�\�Z�y���h�i�l�b�f�Z�e�v�g�Z�y�� �p�_�i�h�q�d�Z���i�b�d�k�_�e�_�c�� �[�m�^�_�l���i�_�j�_�k�_�d�Z�l�v�� �p�_�i�h�q�d�b����

�g�Z�c�^�_�g�g�u�_�� �g�Z�� �i�j�_�^�u�^�m�s�b�o�� �b�l�_�j�Z�p�b�y�o���� �k�d�h�j�_�_�� �h�g�Z�� �[�m�^�_�l�� �g�Z�c�^�_�g�Z�� �]�^�_-�l�h�� �\�� �^�j�m�]�h�c��

�q�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y���� �H�^�g�Z�d�h���� �_�k�e�b�� �l�h�e�v�d�h�� �^�h�[�Z�\�e�y�l�v�� �a�g�Z�q�_�g�b�y�� �\���d�Z�j�l�m�� �b�k�l�h�j�b�b���� �l�h��

�i�h�k�e�_�� �g�_�k�d�h�e�v�d�b�o�� �^�_�k�y�l�d�h�\�� �b�l�_�j�Z�p�b�c�� �p�_�i�h�q�d�b�� �\�� �d�Z�j�l�_�� �b�k�l�h�j�b�b�� �g�Z�q�b�g�Z�x�l�� �b�]�j�Z�l�v��

�j�h�e�v�� �[�Z�j�v�_�j�h�\���� �d�h�l�h�j�u�_�� �k�e�h�`�g�h�� �i�j�_�h�^�h�e�_�l�v�� �i�j�b�� �i�h�b�k�d�_ �h�i�l�b�f�Z�e�v�g�h�c �p�_�i�h�q�d�b, 

�i�j�h�o�h�^�y�s�_�c �q�_�j�_�a���g�_�[�h�e�v�r�b�_�� �a�g�Z�q�_�g�b�y���+�é�����I�h�w�l�h�f�m���\�\�h�^�b�l�k�y���f�_�o�Z�g�b�a�f�� �j�_�e�Z�d�k�Z�p�b�b��

�d�Z�j�l�u�� �b�k�l�h�j�b�b���� �i�j�b�� �d�h�l�h�j�h�f�� �g�Z�� �d�Z�`�^�h�c�� �k�e�_�^�m�x�s�_�c�� �b�l�_�j�Z�p�b�b�� �a�g�Z�q�_�g�b�y�� �\�� �d�Z�j�l�_��

�b�k�l�h�j�b�b���m�f�_�g�v�r�Z�x�l�k�y�� �g�Z���d�h�g�k�l�Z�g�l�m���G�å , �G�å �' �G�Û: 

�+�Û�Õ
�:�N�á �?�; 
L �•�ƒ�š �@�r�á �+�Û�Õ�7�-

�:�N�á �?�;
F �G�å�A�ä (6.7) 

�?�k�e�b�� �k�j�_�^�g�_�_ �b�a�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b���+�é �i�h�� �i�b�d�k�_�e�y�f�� �h�i�l�b�f�Z�e�v�g�u�o��

�p�_�i�h�q�_�d�� �i�j�_�\�u�r�Z�_�l�� �i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�c�� �i�h�j�h�]���6�å���� �l�h�� �^�_�e�Z�_�l�k�y�� �\�u�\�h�^���� �q�l�h��
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�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �a�Z�f�_�l�g�h�� �b�� �\�_�^�z�l�� �d�� �m�o�m�^�r�_�g�b�x�� �b�a�h�[�j�Z�`�_�g�b�y�� �<�� �w�l�h�f�� �k�e�m�q�Z�_��

�i�j�_�^�i�h�q�l�b�l�_�e�v�g�h �g�_���\�u�i�h�e�g�y�l�v�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� 

�K�o�_�f�Z�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�d�Z�a�Z�g�Z��

�g�Z�� �j�b�k�m�g�d�_�� ����4. �;�_�a�� �i�h�l�_�j�b�� �h�[�s�g�h�k�l�b�� �h�i�b�r�_�f�� �m�\�_�e�b�q�_�g�b�_�� �b�e�b�� �m�f�_�g�v�r�_�g�b�_ 

�d�h�e�b�q�_�k�l�\�Z�� �k�l�h�e�[�p�h�\�� �\�� �b�a�h�[�j�Z�`�_�g�b�b �[�_�a�� �b�a�f�_�g�_�g�b�y�� �q�b�k�e�Z�� �k�l�j�h�d. �G�Z�� �r�Z�]�_�� ����

�i�j�h�b�k�o�h�^�b�l�� �b�g�b�p�b�Z�e�b�a�Z�p�b�y: �\�u�q�b�k�e�y�_�l�k�y�� �b�k�o�h�^�g�Z�y�� �d�Z�j�l�Z�� �a�Z�f�_�l�g�h�k�l�b���� �h�[�g�m�e�y�_�l�k�y��

�d�Z�j�l�Z���b�k�l�h�j�b�b�����h�[�g�m�e�y�_�l�k�y�� �k�m�f�f�Z���a�g�Z�q�_�g�b�c�� �a�Z�f�_�l�g�h�k�l�b�� �i�b�d�k�_�e�_�c�� �p�_�i�h�q�_�d�����G�Z�� �r�Z�]�_��

���� �k���i�h�f�h�s�v�x�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h�b�k�d �h�i�l�b�f�Z�e�v�g�h�c 

�p�_�i�h�q�d�b���i�b�d�k�_�e�_�c�� �f�_�`�^�m���\�_�j�o�g�_�c���b���g�b�`�g�_�c �k�l�h�j�h�g�Z�f�b���b�a�h�[�j�Z�`�_�g�b�y���i�h���k�m�f�f�_���d�Z�j�l��

�a�Z�f�_�l�g�h�k�l�b�� �b�� �b�k�l�h�j�b�b���� �G�Z�� �r�Z�]�_�� ���� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �k�m�f�f�Z �a�g�Z�q�_�g�b�c�� �a�Z�f�_�l�g�h�k�l�b��

�i�b�d�k�_�e�_�c�� �p�_�i�h�q�_�d �i�m�l�z�f�� �^�h�[�Z�\�e�_�g�b�y�� �\���g�_�z �a�g�Z�q�_�g�b�c�� �a�Z�f�_�l�g�h�k�l�b�� �l�_�d�m�s�_�c�� �p�_�i�h�q�d�b��

�i�b�d�k�_�e�_�c���� �M�k�e�h�\�b�_�������k�j�Z�\�g�b�\�Z�_�l���k�j�_�^�g�_�_���b�a���a�g�Z�q�_�g�b�c�� �d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���b�a���i�b�d�k�_�e�_�c��

�p�_�i�h�q�_�d �k�� �i�h�j�h�]�h�f �6�å���� �?�k�e�b�� �i�h�j�h�]�� �i�j�_�\�u�r�_�g���� �l�h�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �a�Z�f�_�l�g�h�� �b�� �i�h�j�l�b�l�� �b�a�h�[�j�Z�`�_�g�b�_���� �i�h�w�l�h�f�m�� �h�l�� �g�_�]�h�� �e�m�q�r�_��

�h�l�d�Z�a�Z�l�v�k�y���� �G�Z�� �r�Z�]�_��5 �\�u�i�h�e�g�y�_�l�k�y�� �f�h�^�b�n�b�d�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y, �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�g�_�h�[�o�h�^�b�f�h�k�l�b�� �m�f�_�g�v�r�b�l�v�� �b�e�b�� �m�\�_�e�b�q�b�l�v�� �d�h�e�b�q�_�k�l�\�h�� �k�l�h�e�[�p�h�\. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, 

�b�a�� �b�a�h�[�j�Z�`�_�g�b�y�� �e�b�[�h�� �m�^�Z�e�y�_�l�k�y�� �p�_�i�h�q�d�Z�� �i�b�d�k�_�e�_�c, �e�b�[�h �\�� �d�Z�`�^�h�c�� �k�l�j�h�d�_��

�b�a�h�[�j�Z�`�_�g�b�y �k�� �i�h�f�h�s�v�x�� �b�g�l�_�j�i�h�e�y�p�b�b�� �^�h�[�Z�\�e�y�_�l�k�y�� �i�b�d�k�_�e�v �k�i�j�Z�\�Z�� ���^�e�y��

�h�i�j�_�^�_�e�z�g�g�h�k�l�b�����h�l �i�b�d�k�_�e�y �p�_�i�h�q�d�b���� �� �G�Z�� �r�Z�]�_��6 �h�[�g�h�\�e�y�_�l�k�y�� �d�Z�j�l�Z�� �a�Z�f�_�l�g�h�k�l�b: 

�g�_�h�[�o�h�^�b�f�h���m�k�l�Z�g�h�\�b�l�v���_�z���j�Z�a�f�_�j���\���k�h�h�l�\�_�l�k�l�\�b�b���k���l�_�d�m�s�b�f���j�Z�a�f�_�j�h�f���b�a�h�[�j�Z�`�_�g�b�y��

�b�� �\�u�q�b�k�e�b�l�v�� �a�g�Z�q�_�g�b�y�� �a�Z�f�_�l�g�h�k�l�b�� �\�� �i�b�d�k�_�e�y�o���� �k�h�k�_�^�g�b�o�� �k�� �m�^�Z�e�z�g�g�u�f�b���� �b�e�b�� �\��

�^�h�[�Z�\�e�_�g�g�u�o�� �b���k�h�k�_�^�g�b�o���k���g�b�f�b�����G�Z���r�Z�]�_��7 �h�[�g�h�\�e�y�_�l�k�y���d�Z�j�l�Z���b�k�l�h�j�b�b: �g�_�h�[�o�h�^�b�f�h��

�m�k�l�Z�g�h�\�b�l�v�� �_�z�� �j�Z�a�f�_�j���\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k���l�_�d�m�s�b�f�� �j�Z�a�f�_�j�h�f���b�a�h�[�j�Z�`�_�g�b�y���� �^�h�[�Z�\�b�l�v��

�g�Z�� �g�_�z�� �i�b�d�k�_�e�b�� �l�_�d�m�s�_�c�� �h�i�l�b�f�Z�e�v�g�h�c�� �p�_�i�h�q�d�b���� �\�u�i�h�e�g�b�l�v���i�j�h�p�_�^�m�j�m�� �j�_�e�Z�d�k�Z�p�b�b��

�i�h���n�h�j�f�m�e�_�������������M�k�e�h�\�b�_�������i�j�h�\�_�j�y�_�l�����\�k�_���e�b���b�l�_�j�Z�p�b�b���\�u�i�h�e�g�_�g�u���� �l�h���_�k�l�v���^�h�k�l�b�]�e�Z��

�e�b���r�b�j�b�g�Z���b�a�h�[�j�Z�`�_�g�b�y�� �a�Z�^�Z�g�g�h�]�h���a�g�Z�q�_�g�b�y. �?�k�e�b�� �m�k�e�h�\�b�_�� �e�h�`�g�h�����l�h���\�u�i�h�e�g�y�_�l�k�y��

�i�_�j�_�o�h�^���g�Z���r�Z�]������ 
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�J�b�k�m�g�h�d 6.4 �± �K�o�_�f�Z���i�j�_�^�e�Z�]�Z�_�f�h�]�h���k�i�h�k�h�[�Z���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�c. 

1) �<�u�q�b�k�e�_�g�b�_���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b�����h�[�g�m�e�_�g�b�_���d�Z�j�l�u���b�k�l�h�j�b�b����
�h�[�g�m�e�_�g�b�_���k�m�f�f�u �a�Z�f�_�l�g�h�k�l�b���i�b�d�k�_�e�_�c���p�_�i�h�q�_�d

2) �G�Z�o�h�`�^�_�g�b�_���h�i�l�b�f�Z�e�v�g�h�c���p�_�i�h�q�d�b���i�b�d�k�_�e�_�c �i�h���k�m�f�f�_���d�Z�j�l��
�a�Z�f�_�l�g�h�k�l�b���b���b�k�l�h�j�b�b

4) �K�j�_�^�g�_�_ �b�a �a�g�Z�q�_�g�b�c���d�Z�j�l�u��
�a�Z�f�_�l�g�h�k�l�b���i�b�d�k�_�e�_�c���p�_�i�h�q�_�d��

�[�h�e�v�r�_���i�h�j�h�]�Z?

�G�_�l

�>�Z

�>�Z

�G�_�l

3) �M�\�_�e�b�q�_�g�b�_���k�m�f�f�u���a�g�Z�q�_�g�b�c���a�Z�f�_�l�g�h�k�l�b���i�b�d�k�_�e�_�c���p�_�i�h�q�_�d��

5) �M�^�Z�e�_�g�b�_���i�b�d�k�_�e�_�c���p�_�i�h�q�d�b���b�a���b�a�h�[�j�Z�`�_�g�b�y���b�e�b��
�^�h�[�Z�\�e�_�g�b�_���k�h�k�_�^�g�b�o���i�b�d�k�_�e�_�c���p�_�i�h�q�d�b���\���b�a�h�[�j�Z�`�_�g�b�_

6) �H�[�g�h�\�e�_�g�b�_���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b

7) �H�[�g�h�\�e�_�g�b�_���d�Z�j�l�u���b�k�l�h�j�b�b

8) �<�k�_���b�l�_�j�Z�p�b�b �\�u�i�h�e�g�_�g�u?
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a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

�J�b�k�m�g�h�d 6.5 �± a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_; b) �d�Z�j�l�Z���a�Z�f�_�l�g�h�k�l�b; c) �d�Z�j�l�Z���b�k�l�h�j�b�b; d) �k�m�f�f�Z���d�Z�j�l��

�a�Z�f�_�l�g�h�k�l�b���b���b�k�l�h�j�b�b; e) �j�_�a�m�e�v�l�Z�l���i�j�_�^�e�Z�]�Z�_�f�h�]�h���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y; f) �j�_�a�m�e�v�l�Z�l��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y���Z�e�]�h�j�b�l�f�h�f���b�a��[303]. 

 

�I�j�b�f�_�j�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� �k�� �i�h�f�h�s�v�x�� �m�^�Z�e�_�g�b�y�� �p�_�i�h�q�_�d��

�i�b�d�k�_�e�_�c�� �f�_�`�^�m�� �\�_�j�o�g�_�c�� �b�� �g�b�`�g�_�c�� �k�l�h�j�h�g�Z�f�b�� �n�h�l�h�]�j�Z�n�b�b���� �Z�� �l�Z�d�`�_�� �\�u�q�b�k�e�y�_�f�u�_��

�d�Z�j�l�u���� �i�h�d�Z�a�Z�g�u�� �g�Z�� �j�b�k�m�g�d�_�� ���������� �<�� �d�Z�j�l�Z�o�� �a�Z�f�_�l�g�h�k�l�b�� �b�� �b�k�l�h�j�b�b�� �q�z�j�g�u�_�� �b�� �l�z�f�g�h-

�k�_�j�u�_�� �p�\�_�l�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �[�h�e�v�r�b�f�� �a�g�Z�q�_�g�b�y�f���� �Z���[�_�e�u�_�� �b���k�\�_�l�e�h-�k�_�j�u�_�� �± �f�Z�e�u�f����

�D�Z�j�l�Z���b�k�l�h�j�b�b���i�h�d�Z�a�Z�g�Z�� �^�e�y �k�h�l�h�c���b�l�_�j�Z�p�b�b���� �G�Z�� �d�Z�j�l�_���b�k�l�h�j�b�b���f�h�`�g�h���m�\�b�^�_�l�v���� �q�l�h 
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�\���j�_�a�m�e�v�l�Z�l�_�� �j�_�e�Z�d�k�Z�p�b�b�� �j�y�^���p�_�i�h�q�_�d�� �\�u�]�e�y�^�b�l�� �k�\�_�l�e�_�_�� �G�Z�� �j�b�k�m�g�d�_�� ������f �i�h�d�Z�a�Z�g�h 

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_ �k�� �i�h�f�h�s�v�x�� �d�e�Z�k�k�b�q�_�k�d�h�]�h�� �Z�e�]�h�j�b�l�f�Z��seam carving [303]. �H�g��

�k�m�s�_�k�l�\�_�g�g�h�� �b�k�d�Z�`�Z�_�l�� �e�b�p�Z�� �b�� �l�_�e�Z �^�_�l�_�c�� �g�Z�� �n�h�l�h�]�j�Z�n�b�b���� �J�_�a�m�e�v�l�Z�l�� �b�a�f�_�g�_�g�b�y��

�k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g���n�h�l�h�]�j�Z�n�b�b���i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�����j�b�k�m�g�h�d��������e�����\�u�]�e�y�^�b�l��

�_�k�l�_�k�l�\�_�g�g�h�� �b���i�j�Z�d�l�b�q�_�k�d�b�� �g�_���b�f�_�_�l���Z�j�l�_�n�Z�d�l�h�\������ 

�>�h�i�h�e�g�_�g�b�_���b�a�h�[�j�Z�`�_�g�b�c 

�>�e�y�� �j�y�^�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �f�h�`�g�h�� �b�a�f�_�g�b�l�v�� �k�h�h�l�g�h�r�_�g�b�_�� �k�l�h�j�h�g�� �i�m�l�z�f��

�^�h�i�h�e�g�_�g�b�y�� �w�l�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y �h�l�j�Z�`�z�g�g�u�f�b�� �i�h�e�h�k�Z�f�b�� �k���^�\�m�o�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�o��

�k�l�h�j�h�g���� �B�e�e�x�k�l�j�Z�p�b�y�� �l�Z�d�h�]�h�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�g�Z�� �g�Z���j�b�k�m�g�d�_�� ���������� �?�k�e�b�� �\��

�h�l�j�Z�`�Z�_�f�u�o�� �i�h�e�h�k�Z�o�� �j�Z�k�i�h�e�h�`�_�g�u�� �n�h�g�h�\�u�_�� �h�[�e�Z�k�l�b���� �l�h�� �h�l�j�Z�`�_�g�b�_�� �[�m�^�_�l��

�g�_�a�Z�f�_�l�g�h�� �^�e�y���g�Z�[�e�x�^�Z�l�_�e�y���� �G�Z�i�j�b�f�_�j���� �\�� �k�d�Z�g�b�j�h�\�Z�g�g�h�f���b�a�h�[�j�Z�`�_�g�b�b�� �^�h�d�m�f�_�g�l�Z��

�k �i�h�e�y�f�b�� �j�Z�\�g�h�f�_�j�g�h�]�h�� �h�l�l�_�g�d�Z�� �k�� �i�h�f�h�s�v�x�� �h�l�j�Z�`�_�g�b�y�� �f�h�`�g�h�� �m�\�_�e�b�q�b�l�v�� �i�h�e�y����

�J�b�k�m�g�h�d�� �������� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �i�j�b�f�_�j�� �^�h�i�h�e�g�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�b�� �k�� �j�b�k�m�g�d�Z�� ����������

�h�l�j�Z�`�z�g�g�u�f�b�� �i�h�e�h�k�Z�f�b�� �k�i�j�Z�\�Z�� �b�� �k�e�_�\�Z���� �A�Z�f�_�l�b�f���� �q�l�h�� �^�e�y���w�l�h�c�� �n�h�l�h�]�j�Z�n�b�b��

�^�h�[�b�l�v�k�y�� �g�_�h�[�o�h�^�b�f�h�]�h�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �k�� �i�h�f�h�s�v�x�� �d�Z�^�j�b�j�h�\�Z�g�b�y��

�g�_�\�h�a�f�h�`�g�h���� �l�Z�d�� �d�Z�d�� �h�[�j�_�a�Z�_�l�k�y�� �e�b�p�h���� �>�h�i�h�e�g�_�g�b�_�� �n�h�l�h�]�j�Z�n�b�b�� �h�[�_�k�i�_�q�b�\�Z�_�l��

�\�b�a�m�Z�e�v�g�h�� �i�j�b�y�l�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �I�h�o�h�`�b�c�� �j�_�a�m�e�v�l�Z�l�� �f�h�`�g�h�� �i�h�e�m�q�b�l�v�� �k�� �i�h�f�h�s�v�x��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �p�_�i�h�q�_�d�� �h�l�� �\�_�j�o�g�_�]�h���^�h�� �g�b�`�g�_�]�h�� �d�j�Z�y��

�b�a�h�[�j�Z�`�_�g�b�y�����g�h���^�h�i�h�e�g�_�g�b�_�� �j�Z�[�h�l�Z�_�l���k�m�s�_�k�l�\�_�g�g�h�� �[�u�k�l�j�_�_�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y������ 

 

 
�J�b�k�m�g�h�d 6.6 �± �B�e�e�x�k�l�j�Z�p�b�y���h�l�j�Z�`�_�g�b�y���i�h�e�h�k���b�a�h�[�j�Z�`�_�g�b�y���^�e�y���b�a�f�_�g�_�g�b�y���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g. 

 

�H�l�j�Z�`�z�g�g�u�_���i�h�e�h�k�u��

�I�h�e�h�k�u �\ �b�a�h�[�j�Z�`�_�g�b�b
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�J�Z�a�f�_�j�u�� �i�h�e�h�k�� �i�h�� �n�h�j�f�m�e�_�� ������������ �\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �f�b�g�b�f�b�a�Z�p�b�b�� �k�m�f�f�u��

�a�g�Z�q�_�g�b�c�� �d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b�� �\���i�h�e�h�k�Z�o���� �?�k�e�b �k�j�_�^�g�_�_���b�a���a�g�Z�q�_�g�b�c�� �d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b��

�\���h�l�j�Z�`�Z�_�f�u�o���i�h�e�h�k�Z�o�� �i�j�_�\�u�r�Z�_�l���i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�c�� �i�h�j�h�]���6�à �����l�h���^�_�e�Z�_�l�k�y���\�u�\�h�^����

�q�l�h���^�Z�g�g�h�_���i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���a�Z�f�_�l�g�h�����\�_�^�z�l���d���m�o�m�^�r�_�g�b�x�� �b�a�h�[�j�Z�`�_�g�b�y�����b���e�m�q�r�_���_�]�h��

�g�_���^�_�e�Z�l�v���� 

 
�J�b�k�m�g�h�d 6.7 �± �>�h�i�h�e�g�_�g�b�_ �n�h�l�h�]�j�Z�n�b�b���k���j�b�k�m�g�d�Z�������� �a�_�j�d�Z�e�v�g�h���h�l�j�Z�`�z�g�g�u�f�b���i�h�e�h�k�Z�f�b. 

 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c 

�J�Z�k�k�f�h�l�j�b�f�� �j�_�d�h�f�_�g�^�m�_�f�m�x�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c �^�e�y��

�j�_�Z�e�b�a�Z�p�b�b���� �\ �d�h�l�h�j�h�c�� �h�[�j�Z�[�h�l�d�Z�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h�e�g�h�k�l�v�x�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �[�_�a��

�m�q�Z�k�l�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y. �I�m�k�l�v �m�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �[�m�f�Z�]�b�� �^�e�y �i�_�q�Z�l�b �r�b�j�b�g�Z �\�k�_�]�^�Z 

�[�h�e�v�r�_�� �\�u�k�h�l�u���� �l�h�� �_�k�l�v�� �b�k�i�h�e�v�a�m�_�l�k�y���� �l�Z�d�� �g�Z�a�u�\�Z�_�f�Z�y�� �Z�e�v�[�h�f�g�Z�y�� ��landscape) 

�h�j�b�_�g�l�Z�p�b�y�� �I�m�k�l�v �l�j�_�[�m�_�l�k�y �m�\�_�e�b�q�b�l�v�� �h�l�g�h�r�_�g�b�_�� �r�b�j�b�g�u�� �d�� �\�u�k�h�l�_���� �>�e�y�� �w�l�h�]�h��

�k�e�m�q�Z�y���k�o�_�f�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���i�h�d�Z�a�Z�g�Z�� �g�Z���j�b�k�m�g�d�_�� ���������� 

�G�Z�� �r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �d�h�w�n�n�b�p�b�_�g�l�h�f��

�j�Z�\�g�u�f���h�l�g�h�r�_�g�b�x���r�b�j�b�g���[�m�f�Z�]�b���b���b�a�h�[�j�Z�`�_�g�b�y���� �G�Z�� �r�Z�]�_�������\�u�i�h�e�g�y�_�l�k�y�� �h�[�j�_�a�d�Z��

�i�h�e�h�k�� �k�\�_�j�o�m�� �b�� �k�g�b�a�m�� �b�a�h�[�j�Z�`�_�g�b�y���� �]�^�_�� �j�Z�a�f�_�j�� �i�h�e�h�k���i�h�e�m�q�Z�_�l�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_��

�f�b�g�b�f�b�a�Z�p�b�b�� �k�m�f�f�u�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b�� �\�� �h�[�j�_�a�Z�_�f�u�o�� �i�h�e�h�k�Z�o���� �B�f�_�_�l��

�k�f�u�k�e���\���i�_�j�\�m�x���h�q�_�j�_�^�v���i�j�h�[�h�\�Z�l�v���i�j�_�h�[�j�Z�a�h�\�Z�l�v���b�a�h�[�j�Z�`�_�g�b�_�� �k���i�h�f�h�s�v�x���^�Z�g�g�h�c��

�h�i�_�j�Z�p�b�b���� �l�Z�d�� �d�Z�d�� �h�[�j�_�a�d�Z�� �i�h�e�h�k�� �j�Z�\�g�h�]�h�� �j�Z�a�f�_�j�Z�� �h�[�u�q�g�h�� �\�u�i�h�e�g�y�_�l�k�y��

�m�k�l�j�h�c�k�l�\�Z�f�b�� �i�_�q�Z�l�b�� �i�h�� �m�f�h�e�q�Z�g�b�x���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���w�l�h���i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �y�\�e�y�_�l�k�y��
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�^�e�y�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �g�Z�b�[�h�e�_�_�� �i�j�b�\�u�q�g�u�f, �i�j�h�p�_�^�m�j�Z�� �f�b�g�b�f�b�a�Z�p�b�b�� �b�f�_�_�l�� �[�u�k�l�j�m�x��

�j�_�Z�e�b�a�Z�p�b�x�� �k���i�h�f�h�s�v�x���b�g�l�_�]�j�Z�e�v�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y (summed area table) [316].  

 

 
�J�b�k�m�g�h�d 6.8 �± �K�o�_�f�Z���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���i�j�b�f�_�g�_�g�b�y���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���i�j�b���b�a�f�_�g�_�g�b�b��

�k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g���b�a�h�[�j�Z�`�_�g�b�y�� 

1) �F�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�y���k���d�h�w�n�n�b�p�b�_�g�l�h�f���j�Z�\�g�u�f��
�h�l�g�h�r�_�g�b�x���r�b�j�b�g���[�m�f�Z�]�b���b���b�a�h�[�j�Z�`�_�g�b�y

2) �H�[�j�_�a�d�Z���i�h�e�h�k���k�\�_�j�o�m���b���k�g�b�a�m�����\�u�q�b�k�e�_�g�b�_��S1 �k�j�_�^�g�_�]�h���b�a��
�a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\���h�[�j�_�a�Z�_�f�u�o���i�h�e�h�k�Z�o

3) S1 > Tc?
�G�_�l

�>�Z

�>�Z

�G�_�l

4) �>�h�i�h�e�g�_�g�b�_���h�l�j�Z�`�z�g�g�u�f�b���i�h�e�h�k�Z�f�b���k�e�_�\�Z���b���k�i�j�Z�\�Z,
�\�u�q�b�k�e�_�g�b�_���k�j�_�^�g�_�]�h��S2 �b�a���a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\��

�h�l�j�Z�`�Z�_�f�u�o �i�h�e�h�k�Z�o

6) �I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_���i�m�l�z�f���m�^�Z�e�_�g�b�y���p�_�i�h�q�_�d���i�b�d�k�_�e�_�c��
�f�_�`�^�m���e�_�\�h�c���b���i�j�Z�\�h�c���k�l�h�j�h�g�Z�f�b, �\�u�q�b�k�e�_�g�b�_���k�j�_�^�g�_�]�h��S3 �b�a����

�a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\ �i�b�d�k�_�e�y�o���p�_�i�h�q�_�d

10) �H�[�j�_�a�d�Z���i�h�e�h�k���d�Z�d���g�Z���r�Z�]�_����

�>�Z

�G�_�l

8) �I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_���i�m�l�z�f���^�h�[�Z�\�e�_�g�b�y���p�_�i�h�q�_�d���i�b�d�k�_�e�_�c��
�f�_�`�^�m���\�_�j�o�g�_�c���b���g�b�`�g�_�c���k�l�h�j�h�g�Z�f�b, �\�u�q�b�k�e�_�g�b�_���k�j�_�^�g�_�]�h��S4

�b�a���a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\ �i�b�d�k�_�e�y�o���p�_�i�h�q�_�d

�>�Z

�G�_�l

11) �I�_�q�Z�l�v���i�j�_�h�[�j�Z�a�h�\�Z�g�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y

5) S2 > Tm?

7) S3 > Tr?

9) S4 > Tr?
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�?�k�e�b�� �k�j�_�^�g�_�_�� �b�a�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b�� �\�� �h�[�j�_�a�Z�_�f�u�o�� �i�h�e�h�k�Z�o �f�_�g�v�r�_��

�b�e�b�� �j�Z�\�g�h���6�Ö ���m�k�e�h�\�b�_�� �������� �l�h�� �j�_�a�m�e�v�l�Z�l�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�_�q�Z�l�Z�_�l�k�y�� ���r�Z�]�� �����������<��

�i�j�h�l�b�\�g�h�f �k�e�m�q�Z�_�� �i�j�b�f�_�g�y�_�l�k�y �^�j�m�]�h�_���i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���� �>�h�i�h�e�g�_�g�b�_�� �h�l�j�Z�`�z�g�g�u�f�b��

�i�h�e�h�k�Z�f�b���k�e�_�\�Z�� �b���k�i�j�Z�\�Z�����]�^�_���j�Z�a�f�_�j���i�h�e�h�k���h�i�j�_�^�_�e�y�_�l�k�y���k���i�h�f�h�s�v�x���f�b�g�b�f�b�a�Z�p�b�b��

�k�m�f�f�u�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b�� �\�� �h�l�j�Z�`�Z�_�f�u�o�� �i�h�e�h�k�Z�o, �l�Z�d�`�_�� �b�f�_�_�l�� �[�u�k�l�j�m�x��

�j�_�Z�e�b�a�Z�p�b�x�� �b�� �j�Z�[�h�l�Z�_�l�� �[�u�k�l�j�_�_�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y���� �I�h�w�l�h�f�m�� �g�Z�� �r�Z�]�_��4 

�\�u�i�h�e�g�y�_�l�k�y�� �h�l�j�Z�`�_�g�b�_�� �i�h�e�h�k���� �?�k�e�b�� �k�j�_�^�g�_�_�� �b�a�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b�� �\��

�h�l�j�Z�`�Z�_�f�u�o �i�h�e�h�k�Z�o �f�_�g�v�r�_�� �b�e�b�� �j�Z�\�g�h���6�à  ���m�k�e�h�\�b�_��5������ �l�h�� �j�_�a�m�e�v�l�Z�l��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���f�Z�k�r�l�Z�[�b�j�m�_�l�k�y�� �^�h���j�Z�a�f�_�j�h�\���[�m�f�Z�]�b���b���i�_�q�Z�l�Z�_�l�k�y�� ���r�Z�]������������ 

�<�� �i�j�h�l�b�\�g�h�f�� �k�e�m�q�Z�_�� �\�u�i�h�e�g�y�_�l�k�y �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �i�m�l�z�f�� �m�^�Z�e�_�g�b�y��

�p�_�i�h�q�_�d�� �i�b�d�k�_�e�_�c�� �f�_�`�^�m�� �e�_�\�h�c�� �b�� �i�j�Z�\�h�c�� �k�l�h�j�h�g�Z�f�b �b�a�h�[�j�Z�`�_�g�b�y�� ���r�Z�]�� ������ �?�k�e�b��

�k�j�_�^�g�_�_���b�a���a�g�Z�q�_�g�b�c�� �d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b�� �\���i�b�d�k�_�e�y�o�� �m�^�Z�e�y�_�f�u�o�� �p�_�i�h�q�_�d���f�_�g�v�r�_�� �b�e�b��

�j�Z�\�g�h���6�å ���m�k�e�h�\�b�_�� �������� �l�h���j�_�a�m�e�v�l�Z�l�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�_�q�Z�l�Z�_�l�k�y�� ���r�Z�]�� �������� �B�g�Z�q�_�� �g�Z��

�r�Z�]�_�� ���� �\�u�i�h�e�g�y�_�l�k�y�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �i�m�l�z�f�� �^�h�[�Z�\�e�_�g�b�y�� �p�_�i�h�q�_�d�� �i�b�d�k�_�e�_�c��

�f�_�`�^�m���\�_�j�o�g�_�c�� �b���g�b�`�g�_�c���k�l�h�j�h�g�Z�f�b�����?�k�e�b�� �k�j�_�^�g�_�_���b�a���a�g�Z�q�_�g�b�c�� �d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\��

�i�b�d�k�_�e�y�o�� �^�h�[�Z�\�e�y�_�f�u�o�� �p�_�i�h�q�_�d�� �f�_�g�v�r�_�� �b�e�b�� �j�Z�\�g�h���6�å ���m�k�e�h�\�b�_�� �������� �l�h�� �j�_�a�m�e�v�l�Z�l��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���f�Z�k�r�l�Z�[�b�j�m�_�l�k�y�� �^�h���j�Z�a�f�_�j�h�\���[�m�f�Z�]�b���b���i�_�q�Z�l�Z�_�l�k�y�� ���r�Z�]������������ �B�g�Z�q�_��

�g�Z�� �r�Z�]�_�� ������ �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �g�Z�b�f�_�g�v�r�b�_�� �b�k�d�Z�`�_�g�b�y�� �\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�g�h�f��

�b�a�h�[�j�Z�`�_�g�b�b���h�[�_�k�i�_�q�b�l���h�[�j�_�a�d�Z���i�h�e�h�k���k�\�_�j�o�m���b���k�g�b�a�m���k���i�Z�j�Z�f�_�l�j�Z�f�b�����i�h�e�m�q�_�g�g�u�f�b��

�g�Z���r�Z�]�_���������>�Z�e�_�_���g�Z���r�Z�]�_���������b�a�h�[�j�Z�`�_�g�b�_�� �i�_�q�Z�l�Z�_�l�k�y�� 

�>�e�y���k�e�m�q�Z�y�����d�h�]�^�Z���l�j�_�[�m�_�l�k�y���m�f�_�g�v�r�b�l�v�� �h�l�g�h�r�_�g�b�_���r�b�j�b�g�u���d���\�u�k�h�l�_���\���k�o�_�f�_��

�k�e�_�^�m�_�l�� �a�Z�f�_�g�b�l�v�� �g�b�a/�\�_�j�o�� �g�Z �e�_�\�h/�i�j�Z�\�h �b�� �g�Z�h�[�h�j�h�l���� �d�h�w�n�n�b�p�b�_�g�l��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y �g�Z���r�Z�]�_�������j�Z�\�_�g���h�l�g�h�r�_�g�b�x�� �\�u�k�h�l���[�m�f�Z�]�b���b���b�a�h�[�j�Z�`�_�g�b�y�� 

�<�u�[�h�j�� �a�g�Z�q�_�g�b�c�� �i�h�j�h�]�h�\�� ���6�Ö�á �6�à  �b���6�å �\�u�i�h�e�g�y�e�k�y�� �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �\��

�d�h�l�h�j�h�f��42���� �n�h�l�h�]�j�Z�n�b�c�� �k�� �k�h�h�l�g�h�r�_�g�b�_�f�� �k�l�h�j�h�g�� ��:3 �h�[�j�_�a�Z�e�b�k�v���� �^�h�i�h�e�g�y�e�b�k�v�� �b��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�e�b�k�v �^�e�y�� �i�h�e�m�q�_�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� ��:2. �>�e�y�� �d�Z�`�^�h�]�h��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �h�l�[�b�j�Z�e�b�k�v�� �n�h�l�h�]�j�Z�n�b�b���� �]�^�_�� �f�h�^�b�n�b�d�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y��

�g�_�a�Z�f�_�l�g�Z���� �K�j�_�^�b�� �l�Z�d�b�o�� �n�h�l�h�]�j�Z�n�b�c�� �\�u�q�b�k�e�y�e�h�k�v�� �f�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_��
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�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �k�m�f�f�� �a�g�Z�q�_�g�b�c�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b���� �W�l�b�� �f�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y��

�m�k�l�Z�g�h�\�e�_�g�u�� �\���d�Z�q�_�k�l�\�_���i�h�j�h�]�h�\.  �A�Z�f�_�l�b�f�����q�l�h���i�h�j�h�]���6�à  �a�g�Z�q�b�l�_�e�v�g�h�� �g�b�`�_���i�h�j�h�]�h�\��

�6�Ö �b���6�å�����b�k�i�h�e�v�a�m�_�f�u�o�� �^�e�y���h�[�j�_�a�Z�g�b�y���i�h�e�h�k���b���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� 

6.3. �J�_�a�m�e�v�l�Z�l�u 

�J�Z�k�k�f�h�l�j�b�f�� �i�_�q�Z�l�v �[�_�a�� �i�h�e�_�c�� �g�Z�[�h�j�Z�� �n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�u�_�� �b�f�_�x�l 

�k�h�h�l�g�h�r�_�g�b�_�� �k�l�h�j�h�g�� ��:3���� �g�Z�� �l�_�j�f�h�k�m�[�e�b�f�Z�p�b�h�g�g�h�f�� �n�h�l�h�i�j�b�g�l�_�j�_��Samsung SPP-

2040. �I�j�b�g�l�_�j �i�_�q�Z�l�Z�_�l�� �g�Z�� �[�m�f�Z�]�_�� ������ �g�Z�� ������ �k�f���� �l�h�� �_�k�l�v�� �l�j�_�[�m�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_��

�k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �d�� ��:2. �J�Z�a�j�_�r�_�g�b�_�� �i�_�q�Z�l�b�� ��������dpi. �G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �k�o�_�f�u�� �k��

�j�b�k�m�g�d�Z�� �������� �b�a�h�[�j�Z�`�_�g�b�_�� �f�Z�k�r�l�Z�[�b�j�m�_�l�k�y�� �^�h�� �j�Z�a�f�_�j�Z�� ���������� �g�Z�� ���������� �i�b�d�k�_�e�_�c���� �b�a��

�d�h�l�h�j�u�o�� �i�_�q�Z�l�Z�_�l�k�y�� ���������� �g�Z�� ������������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �l�j�_�[�m�_�l�k�y�� �e�b�[�h�� �m�^�Z�e�b�l�v�� �b�a��

�b�a�h�[�j�Z�`�_�g�b�y�� �������� �k�l�j�h�d�����e�b�[�h���^�h�[�Z�\�b�l�v�� �������� �k�l�h�e�[�p�h�\�����q�l�h�[�u���i�h�e�m�q�b�l�v�� �j�Z�a�f�_�j������������

�g�Z������������ �i�b�d�k�_�e�_�c���� �Z���a�Z�l�_�f���m�f�_�g�v�r�b�l�v�� �b�a�h�[�j�Z�`�_�g�b�_�� �^�h���j�Z�a�f�_�j�Z������������ �g�Z������������ 

�G�Z�[�h�j�� �k�h�k�l�h�b�l�� �b�a��416 �n�h�l�h�]�j�Z�n�b�c���� �k�g�y�l�u�o�� �l�j�_�f�y�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b���\��

�l�m�j�b�k�l�b�q�_�k�d�b�o�� �i�h�_�a�^�d�Z�o�� �g�Z�� �h�l�^�u�o�� �k�� �k�_�f�v�z�c���� �W�l�b�� �`�_�� �l�j�b�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �h�p�_�g�b�\�Z�e�b 

�d�Z�q�_�k�l�\�h���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���n�h�l�h�]�j�Z�n�b�c�� �\���o�h�^�_���k�e�_�^�m�x�s�_�]�h���w�d�k�i�_�j�b�f�_�g�l�Z: �g�Z���w�d�j�Z�g�_��

�f�h�g�b�l�h�j�Z���d�h�f�i�v�x�l�_�j�Z�� �i�h�d�Z�a�u�\�Z�x�l�k�y�� �b�k�o�h�^�g�Z�y�� �n�h�l�h�]�j�Z�n�b�y���j�Z�a�f�_�j�h�f������������ �g�Z������������

�i�b�d�k�_�e�_�c�� ���k�h�h�l�g�h�r�_�g�b�_���k�l�h�j�h�g����:3) �b���i�j�_�h�[�j�Z�a�h�\�Z�g�g�Z�y���n�h�l�h�]�j�Z�n�b�y���j�Z�a�f�_�j�h�f������������

�g�Z�� ���������� �i�b�d�k�_�e�_�c�� ���k�h�h�l�g�h�r�_�g�b�_�� �k�l�h�j�h�g�� ��:2); �i�h�e�v�a�h�\�Z�l�_�e�v�� �^�h�e�`�_�g�� �h�l�\�_�l�b�l�v�� �g�Z��

�\�h�i�j�h�k, �m�o�m�^�r�Z�_�l�k�y�� �e�b�� �d�h�f�i�h�a�b�p�b�y�� �n�h�l�h�]�j�Z�n�b�b�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y 

(�^�Z/�g�_�l); �k�e�m�q�Z�c�g�u�f�� �h�[�j�Z�a�h�f���i�h�d�Z�a�u�\�Z�_�l�k�y�� �e�b�[�h���j�_�a�m�e�v�l�Z�l�� �k�l�Z�g�^�Z�j�l�g�h�c�� �h�[�j�_�a�d�b���i�h��

������ �k�l�j�h�d�� �k�\�_�j�o�m�� �b�� �k�g�b�a�m�� �b�a�h�[�j�Z�`�_�g�b�y���� �e�b�[�h�� �j�_�a�m�e�v�l�Z�l�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �]�j�m�i�i�u��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�����i�j�b�f�_�g�y�_�f�u�o���i�h���k�o�_�f�_���k���j�b�k�m�g�d�Z��������; �i�h�e�v�a�h�\�Z�l�_�e�v�� �g�_���a�g�Z�_�l�����d�Z�d�h�c��

�k�i�h�k�h�[�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�k�y; �d�Z�`�^�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �b�a�� �g�Z�[�h�j�Z��

�i�j�_�h�[�j�Z�a�m�_�l�k�y���h�[�h�b�f�b���k�i�h�k�h�[�Z�f�b���� 

�L�Z�[�e�b�p�Z�� �������� �k�h�^�_�j�`�b�l�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�z�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �I�j�b��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �i�h�^�o�h�^�Z�� �d�h�f�i�h�a�b�p�b�y�� �m�o�m�^�r�Z�_�l�k�y�� �m�� �i�j�b�f�_�j�g�h�� ������ ����
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�n�h�l�h�]�j�Z�n�b�c���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �]�j�m�i�i�u�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �i�h�a�\�h�e�y�_�l��

�k�h�d�j�Z�l�b�l�v�� �w�l�h�� �q�b�k�e�h�� �[�h�e�_�_�� �q�_�f�� �\�� ���� �j�Z�a�Z: �m�o�m�^�r�Z�_�l�k�y�� �h�d�h�e�h�� ���� ���� �n�h�l�h�]�j�Z�n�b�c����

�;�_�a�m�k�e�h�\�g�h���� �^�h�e�y�� �n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�u�_�� �m�o�m�^�r�Z�x�l�k�y�� �i�j�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o�� �k��

�b�a�f�_�g�_�g�b�_�f�� �k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g�����k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�b�l�� �h�l���j�Z�a�g�b�p�u�� �\���k�h�h�l�g�h�r�_�g�b�b��

�k�l�h�j�h�g�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �[�m�f�Z�]�b���� �l�b�i�_�� �k�p�_�g�u�� �g�Z�� �n�h�l�h�]�j�Z�n�b�b���� �i�j�b�\�u�q�d�_�� �n�h�l�h�]�j�Z�n�Z��

�k�l�j�h�b�l�v�� �k�p�_�g�m�� ���\���q�Z�k�l�g�h�k�l�b���� �g�Z�k�d�h�e�v�d�h�� �[�e�b�a�d�h�� �d�� �d�j�Z�y�f���b�a�h�[�j�Z�`�_�g�b�y�� �j�Z�k�i�h�e�h�`�_�g�u��

�h�k�g�h�\�g�u�_�� �h�[�t�_�d�l�u�� �k�t�z�f�d�b���� �b�� �_�s�z�� �p�_�e�h�]�h�� �j�y�^�Z�� �n�Z�d�l�h�j�h�\�����L�_�f�� �g�_�� �f�_�g�_�_���� �^�Z�g�g�u�c��

�w�d�k�i�_�j�b�f�_�g�l�� �^�_�f�h�g�k�l�j�b�j�m�_�l���� �q�l�h�� �i�j�_�^�e�Z�]�Z�_�f�u�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �h�[�_�k�i�_�q�b�\�Z�x�l 

�\�b�a�m�Z�e�v�g�h�� �e�m�q�r�b�c�� �j�_�a�m�e�v�l�Z�l�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�h�� �k�l�Z�g�^�Z�j�l�g�h�c���h�[�j�_�a�d�h�c�� �i�h�e�h�k��

�h�^�b�g�Z�d�h�\�h�]�h���j�Z�a�f�_�j�Z���k���i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �k�l�h�j�h�g���b�a�h�[�j�Z�`�_�g�b�y.  

 

�L�Z�[�e�b�p�Z�� ����1 �J�_�a�m�e�v�l�Z�l�u �b�a�f�_�g�_�g�b�y �k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g���n�h�l�h�]�j�Z�n�b�c. 

�I�h�e�v�a�h�\�Z�l�_�e�v �����b�a�h�[�j�Z�`�_�g�b�c�����m�o�m�^�r�b�\�r�b�o�k�y��
�i�j�b���k�l�Z�g�^�Z�j�l�g�h�c���h�[�j�_�a�d�_ 

% �b�a�h�[�j�Z�`�_�g�b�c�����m�o�m�^�r�b�\�r�b�o�k�y�� �i�j�b��
�i�j�b�f�_�g�_�g�b�b���i�j�_�^�e�Z�]�Z�_�f�u�o���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c 

1 15,1 6,8 

2 14,6 7,1 

3 15,3 6,9 

 

�L�Z�d�`�_�� �\���i�j�h�\�_�^�z�g�g�h�f�� �w�d�k�i�_�j�b�f�_�g�l�_�� �h�i�j�_�^�_�e�y�e�h�k�v���� �d�Z�d�h�_���b�a�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c��

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v�� �^�e�y�� �b�a�f�_�g�_�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g���� �<��79,1 % �w�l�h�� �[�u�e�Z�� �h�[�j�_�a�d�Z��

�i�h�e�h�k�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �j�Z�a�f�_�j�Z, �\�� 2,5 % �í �^�h�i�h�e�g�_�g�b�_���� �\ 18,4 % �í 

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_.  

�J�b�k�m�g�h�d�� �������� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �h�^�g�m�� �b�a�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z�[�h�j�Z�� ���j�b�k�m�g�h�d�� �������Z���� �b��

�j�_�a�m�e�v�l�Z�l�u�� �j�Z�a�e�b�q�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �I�j�b���h�[�j�_�a�d�_���i�h�e�h�k���k�\�_�j�o�m���b���k�g�b�a�m�����j�b�k�m�g�h�d��

6.9b) �h�l�� �n�h�l�h�]�j�Z�n�b�b�� �h�l�j�_�a�Z�x�l�k�y�� �q�Z�k�l�v�� �]�h�e�h�\�u�� �b�� �o�\�h�k�l�Z�� �i�l�b�p�u���� �g�Z�o�h�^�y�s�_�c�k�y�� �g�Z��

�i�_�j�_�^�g�_�f�� �i�e�Z�g�_���� �I�j�b�� �^�h�i�h�e�g�_�g�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� ���j�b�k�m�g�h�d�� �������k���� �i�h�e�h�k�Z�� �h�l�j�Z�`�Z�_�l�k�y��

�h�l�� �i�j�Z�\�h�]�h�� �d�j�Z�y�� �b�a�h�[�j�Z�`�_�g�b�y���� �?�k�e�b�� �\�g�b�f�Z�l�_�e�v�g�h�� �j�Z�k�k�f�h�l�j�_�l�v�� �b�a�h�[�j�Z�`�_�g�b�_���� �l�h��

�h�l�j�Z�`�_�g�b�_�� �a�Z�f�_�l�g�h���� �I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �i�m�l�z�f�� �^�h�[�Z�\�e�_�g�b�y���p�_�i�h�q�_�d�� �i�b�d�k�_�e�h�\�� �h�l��

�\�_�j�o�g�_�]�h�� �^�h�� �g�b�`�g�_�]�h�� �d�j�Z�y�� �b�a�h�[�j�Z�`�_�g�b�y�� ���j�b�k�m�g�h�d�� ������d) �k�h�a�^�Z�z�l�� �b�a�h�[�j�Z�`�_�g�b�_�� �\��
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�d�h�l�h�j�h�f���f�h�^�b�n�b�d�Z�p�b�y �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�a�Z�f�_�l�g�Z�����I�h�j�h�]�b�� �6�Ö�á �6�à  �b���6�å �g�Z�k�l�j�h�_�g�u�� �l�Z�d�b�f��

�h�[�j�Z�a�h�f���� �q�l�h�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�� �j�b�k�m�g�d�Z�� ������d �\�u�[�b�j�Z�_�l�k�y�� �\�� �d�Z�q�_�k�l�\�_�� �j�_�a�m�e�v�l�Z�l�Z �^�e�y��

�i�_�q�Z�l�b. 

 

 
a) 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d 6.9 �± a) �b�k�o�h�^�g�Z�y���n�h�l�h�]�j�Z�n�b�y; b) �j�_�a�m�e�v�l�Z�l���h�[�j�_�a�Z�g�b�y �i�h�e�h�k; c) �j�_�a�m�e�v�l�Z�l���^�h�i�h�e�g�_�g�b�y; 

d) �j�_�a�m�e�v�l�Z�l���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y. 

 

�K�� �i�h�f�h�s�v�x�� �w�f�m�e�y�l�h�j�Z�� �\�u�q�b�k�e�b�l�_�e�v�g�h�c�� �i�e�Z�l�n�h�j�f�u�� �n�h�l�h�i�j�b�g�l�_�j�Z��

�h�p�_�g�b�\�Z�e�h�k�v�� �\�j�_�f�y�� �\�u�i�h�e�g�_�g�b�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �^�e�y�� �b�a�f�_�g�_�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y��

�k�l�h�j�h�g���n�h�l�h�]�j�Z�n�b�c�� �k����:3 �g�Z����:2. �I�_�j�\�h�g�Z�q�Z�e�v�g�h�_�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �k��

�m�q�z�l�h�f�� �j�Z�a�j�_�r�_�g�b�y�� �b�� �j�Z�a�f�_�j�Z�� �[�m�f�Z�]�b�� �\�u�i�h�e�g�y�_�l�k�y�� �i�j�b�� �m�e�m�q�r�_�g�b�b�� �d�Z�q�_�k�l�\�Z��

�n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�h�_�� �h�i�b�k�Z�g�h�� �\�� �i�j�_�^�u�^�m�s�_�c�� �]�e�Z�\�_���� �� �I�h�w�l�h�f�m�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_��

�\�j�_�f�y���g�Z���w�l�m���h�i�_�j�Z�p�b�x�� �g�_���l�j�Z�l�b�l�k�y�����B�k�o�h�^�g�Z�y�� �d�Z�j�l�Z���a�Z�f�_�l�g�h�k�l�b�� �\�u�q�b�k�e�y�_�l�k�y�� �h�^�b�g��

�j�Z�a���^�e�y���\�k�_�o���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���� �<�j�_�f�y���\�u�q�b�k�e�_�g�b�y�� �d�Z�j�l�u���k�h�k�l�Z�\�e�y�_�l������4 �k�����H�[�j�_�a�d�Z���b��
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�^�h�i�h�e�g�_�g�b�_�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �a�Z�\�b�k�y�l�� �h�l�� �d�h�e�b�q�_�k�l�\�Z�� �m�^�Z�e�y�_�f�u�o�� �b�e�b�� �^�h�[�Z�\�e�y�_�f�u�o��

�k�l�j�h�d/�k�l�h�e�[�p�h�\�����l�Z�d���d�Z�d���f�b�g�b�f�b�a�Z�p�b�y�� �k�m�f�f�u���a�g�Z�q�_�g�b�c���d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b���\���i�h�e�h�k�Z�o��

�k�� �i�h�f�h�s�v�x�� �b�g�l�_�]�j�Z�e�v�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�u�i�h�e�g�y�_�l�k�y�� �[�u�k�l�j�h���� �H�[�j�_�a�d�Z�� �i�h�e�h�k�� �[�_�a��

�m�q�z�l�Z�� �i�h�k�l�j�h�_�g�b�y�� �d�Z�j�l�u�� �a�Z�f�_�l�g�h�k�l�b�� �a�Z�g�b�f�Z�_�l�� �h�d�h�e�h�� �������� �k���� �>�h�i�h�e�g�_�g�b�_��

�h�l�j�Z�`�z�g�g�u�f�b���i�h�e�h�k�Z�f�b���l�j�_�[�m�_�l���g�_�f�g�h�]�h���[�h�e�v�r�_���\�j�_�f�_�g�b���b�a-�a�Z �g�_�h�[�o�h�^�b�f�h�k�l�b���_�s�z��

�h�^�g�h�c���h�i�_�j�Z�p�b�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� 

�<�j�_�f�y�� �\�u�i�h�e�g�_�g�b�y�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� �k�b�e�v�g�h�� �a�Z�\�b�k�b�l�� �h�l���q�b�k�e�Z�� �b�l�_�j�Z�p�b�c����

�I�h�b�k�d���p�_�i�h�q�d�b���k���i�h�f�h�s�v�x���^�b�g�Z�f�b�q�_�k�d�h�]�h���i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���[�h�e�_�_-�f�_�g�_�_���[�u�k�l�j�Z�y��

�h�i�_�j�Z�p�b�y�����g�h���l�j�_�[�m�_�l�k�y���g�_�k�d�h�e�v�d�h�� �k�h�l�_�g���b�l�_�j�Z�p�b�c���� �Z���h�[�g�h�\�e�_�g�b�_�� �d�Z�j�l���a�Z�f�_�l�g�h�k�l�b�� �b��

�b�k�l�h�j�b�b�� �k�� �b�a�f�_�g�_�g�b�_�f�� �b�o�� �j�Z�a�f�_�j�Z�� �\�_�^�z�l�� �d�� �^�h�i�h�e�g�b�l�_�e�v�g�u�f�� �j�Z�k�o�h�^�Z�f�� �\�j�_�f�_�g�b����

�I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �k�� �m�^�Z�e�_�g�b�_�f�� �p�_�i�h�q�_�d�� �a�Z�g�b�f�Z�_�l �h�d�h�e�h�� ���� �k������

�I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �p�_�i�h�q�_�d�� �k�� �m�q�_�l�h�f�� �_�s�z�� �h�^�g�h�c�� �h�i�_�j�Z�p�b�b��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �l�j�_�[�m�_�l�� �g�_�f�g�h�]�h�� �[�h�e�v�r�_�� ���� �k���� �F�Z�d�k�b�f�Z�e�v�g�h�_�� �\�j�_�f�y��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �h�^�g�h�c���n�h�l�h�]�j�Z�n�b�b�� �i�h���k�o�_�f�_�� �k���j�b�k�m�g�d�Z�� �������� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h��12 �k������

�q�l�h���k�e�b�r�d�h�f�� �^�h�e�]�h���� �M�q�b�l�u�\�Z�y�� �l�h�����q�l�h���q�Z�s�_�� �^�j�m�]�b�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �b�k�i�h�e�v�a�m�_�l�k�y��

�h�[�j�_�a�d�Z�� �i�h�e�h�k���� �i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �\�h�� �\�k�l�j�h�_�g�g�h�f�� �I�H�� �n�h�l�h�i�j�b�g�l�_�j�Z�� �j�_�Z�e�b�a�h�\�Z�l�v 

�l�h�e�v�d�h�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �Z�e�]�h�j�b�l�f�� �h�[�j�_�a�d�b�� �i�h�e�h�k���� �Z�� �\�k�x�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �^�h�[�Z�\�b�l�v���\���k�b�k�l�_�f�g�h�_�� �I�H�� �n�h�l�h�i�j�b�g�l�_�j�Z�����d�h�l�h�j�h�_���j�Z�[�h�l�Z�_�l���g�Z���I�D����

�\�u�q�b�k�e�b�l�_�e�v�g�u�_�� �j�_�k�m�j�k�u���d�h�l�h�j�h�]�h���k�m�s�_�k�l�\�_�g�g�h�� �\�u�r�_. 

�J�Z�a�f�_�j�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�h�d�m�f�_�g�l�Z�� �i�j�b�� �d�h�i�b�j�h�\�Z�g�b�b�� �k�� �i�h�f�h�s�v�x�� �F�N�I�� �\��

�g�_�k�d�h�e�v�d�h�� �j�Z�a�� �[�h�e�v�r�_�� �j�Z�a�f�_�j�Z���i�_�q�Z�l�Z�_�f�h�c�� �n�h�l�h�]�j�Z�n�b�b���� �D�j�h�f�_���l�h�]�h�����l�j�_�[�h�\�Z�g�b�y�� �d��

�k�d�h�j�h�k�l�b�� �d�h�i�b�j�h�\�Z�g�b�y�� �\�u�r�_���� �q�_�f�� �d�� �i�_�q�Z�l�b�� �n�h�l�h�]�j�Z�n�b�c���� �I�h�w�l�h�f�m��

�i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �[�u�e�h�� �j�_�Z�e�b�a�h�\�Z�g�h�� �\�� �^�j�Z�c�\�_�j�_�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �F�N�I�� �d�Z�d��

�n�m�g�d�p�b�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�e�y�� �j�Z�a�f�_�j�Z�� �[�m�f�Z�]�b���� �h�l�e�b�q�Z�x�s�_�]�h�k�y�� �h�l��

�k�d�Z�g�b�j�h�\�Z�g�g�h�]�h���� 
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a) 

 
 
 
 
 
 
 

 
b) 

 
c) 

 
d) 

�J�b�k�m�g�h�d 6.10 �± a) �b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���j�Z�a�f�_�j�Z��Legal; b) �b�a�h�[�j�Z�`�_�g�b�_���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�h���\��

�j�Z�a�f�_�j��Letter; c) �b�a�h�[�j�Z�`�_�g�b�_ �i�h���\�u�k�h�l�_ �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�h���\���j�Z�a�f�_�j��Letter; d) �b�a�h�[�j�Z�`�_�g�b�_��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�h���\���j�Z�a�f�_�j��Letter �k���k�h�o�j�Z�g�_�g�b�_�f���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g. 

 

�G�Z�� �j�b�k�m�g�d�_�� ���������� �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y����

�k�d�Z�g�b�j�h�\�Z�g�g�h�]�h�� �k�h�� �k�l�j�Z�g�b�p�u�� �j�Z�a�f�_�j�Z��Legal ���j�b�k�m�g�h�d�� ��������a������ �^�e�y�� �i�h�k�e�_�^�m�x�s�_�c��

�i�_�q�Z�l�b�� �g�Z �[�m�f�Z�]�_�� �j�Z�a�f�_�j�Z��Letter. �;�m�f�Z�]�Z��Legal �b�f�_�_�l�� �\�u�k�h�l�m�� �g�Z�� ������ �����[�h�e�v�r�_���� �q�_�f��

Letter. �I�j�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�b�� �i�h���\�u�k�h�l�_�� ���j�b�k�m�g�h�d����������c���� �b�k�d�Z�`�Z�x�l�k�y�� �k�h�h�l�g�h�r�_�g�b�y��
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�j�Z�a�f�_�j�h�\�� �k�b�f�\�h�e�h�\�� �b�� �b�e�e�x�k�l�j�Z�p�b�c���� �q�l�h�� �\�� �j�y�^�_�� �k�e�m�q�Z�_�\�� �g�_�`�_�e�Z�l�_�e�v�g�h�� �^�e�y��

�i�j�Z�\�b�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y�� �b�g�n�h�j�f�Z�p�b�b���� �I�j�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�b�� �k�� �k�h�o�j�Z�g�_�g�b�_�f��

�k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �b�k�o�h�^�g�h�]�h�� �^�h�d�m�f�_�g�l�Z�� ���j�b�k�m�g�h�d�� ��������d) �k�b�f�\�h�e�u�� �b�� �j�b�k�m�g�d�b��

�k�l�Z�g�h�\�y�l�k�y�� �f�_�g�v�r�_���� �q�Z�k�l�v�� �b�g�n�h�j�f�Z�p�b�b�� �f�h�`�_�l�� �i�j�h�i�Z�k�l�v���� �i�j�b���w�l�h�f�� �\�� �^�h�d�m�f�_�g�l�_��

�h�[�j�Z�a�m�x�l�k�y�� �[�h�e�v�r�b�_�� �[�_�e�u�_�� �i�h�e�y���� �I�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� ���j�b�k�m�g�h�d�� ��������b���� �h�k�l�Z�\�e�y�_�l��

�j�Z�a�f�_�j�u�� �\�k�_�o�� �k�f�u�k�e�h�\�u�o�� �w�e�_�f�_�g�l�h�\�� �^�h�d�m�f�_�g�l�Z�� �[�_�a�� �b�a�f�_�g�_�g�b�c���� �m�^�Z�e�y�x�l�k�y�� �l�h�e�v�d�h��

�m�q�Z�k�l�d�b�� �n�h�g�Z���� �<�� �j�y�^�_�� �k�e�m�q�Z�_�\�� �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �y�\�e�y�_�l�k�y�� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f��

�k�i�h�k�h�[�h�f���b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\���b���k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g���b�a�h�[�j�Z�`�_�g�b�y�� �^�h�d�m�f�_�g�l�Z�� 

�<�u�\�h�^�u���i�h���r�_�k�l�h�c���]�e�Z�\�_ 

�J�Z�k�k�f�h�l�j�_�g�u�� �k�i�h�k�h�[�u�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b�� �d�h�i�b�j�h�\�Z�g�b�b��

�^�h�d�m�f�_�g�l�h�\���g�Z���[�m�f�Z�]�m���h�l�e�b�q�Z�x�s�_�]�h�k�y���j�Z�a�f�_�j�Z���b���i�j�b���i�_�q�Z�l�b���n�h�l�h�]�j�Z�n�b�c���[�_�a���i�h�e�_�c����

�H�l�f�_�q�_�g�u�� �g�_�^�h�k�l�Z�l�d�b�� �k�m�s�_�k�l�\�m�x�s�b�o�� �f�_�l�h�^�h�\�� �b�� �i�j�_�^�e�h�`�_�g�Z�� �]�j�m�i�i�Z��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �^�e�y�� �b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\�� �b�� �k�h�h�l�g�h�r�_�g�b�y���k�l�h�j�h�g�� �k�d�Z�g�b�j�h�\�Z�g�g�u�o��

�^�h�d�m�f�_�g�l�h�\���b���n�h�l�h�]�j�Z�n�b�c���[�_�a���f�h�^�b�n�b�d�Z�p�b�b �a�Z�f�_�l�g�u�o�� �^�_�l�Z�e�_�c �b�a�h�[�j�Z�`�_�g�b�y��  

�K�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �i�j�b�g�p�b�i�u�� �h�i�j�_�^�_�e�_�g�b�y�� �a�Z�f�_�l�g�u�o�� �m�q�Z�k�l�d�h�\, 

�f�h�^�b�n�b�d�Z�p�b�y�� �d�h�l�h�j�u�o���g�_�`�_�e�Z�l�_�e�v�g�Z: 

�x �g�Z���n�j�Z�]�f�_�g�l�_ �b�a�h�[�j�Z�`�_�g�b�y���i�j�b�k�m�l�k�l�\�m�_�l�� �e�b�p�h���� �l�_�e�h���q�_�e�h�\�_�d�Z�� �b�e�b���_�]�h���q�Z�k�l�v�����q�l�h��

�h�i�j�_�^�_�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �Z�e�]�h�j�b�l�f�Z�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p�� �b/�b�e�b�� �h�l�l�_�g�d�h�\�� �d�h�`�b��

�q�_�e�h�\�_�d�Z; 

�x �g�Z���m�q�Z�k�l�d�_���b�a�h�[�j�Z�`�_�g�b�y���_�k�l�v���i�j�h�l�y�`�z�g�g�u�_���j�_�a�d�b�_���d�h�g�l�m�j�g�u�_���i�_�j�_�i�Z�^�u�����d�h�l�h�j�u�_��

�\�u�^�_�e�y�x�l�k�y�� �k���i�h�f�h�s�v�x���n�b�e�v�l�j�Z �e�Z�i�e�Z�k�b�Z�g�� �]�Z�m�k�k�b�Z�g�Z �b�e�b���j�Z�a�g�b�p�Z�� �]�Z�m�k�k�b�Z�g.  

�>�e�y�� �b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\���b�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �b�a�h�[�j�Z�`�_�g�b�c�� �^�h�d�m�f�_�g�l�h�\�� �b��

�n�h�l�h�]�j�Z�n�b�c�� �i�j�_�^�e�Z�]�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �Z�g�Z�e�b�a�_��

�d�Z�j�l�u���a�Z�f�_�l�g�h�k�l�b:  
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�x �h�[�j�_�a�d�Z���i�h�e�h�k���b�a�h�[�j�Z�`�_�g�b�y �k���^�\�m�o���i�j�h�l�b�\�h�i�h�e�h�`�g�u�o���k�l�h�j�h�g�����]�^�_���j�Z�a�f�_�j�u���i�h�e�h�k��

�\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �f�b�g�b�f�b�a�Z�p�b�b�� �\�� �h�[�j�_�a�Z�_�f�u�o�� �h�[�e�Z�k�l�y�o�� �k�m�f�f�u�� �i�b�d�k�_�e�_�c����

�d�h�l�h�j�u�_���h�p�_�g�b�\�Z�x�l�k�y�� �d�Z�d���a�Z�f�_�l�g�u�_;  

�x �i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �a�Z�� �k�q�z�l�� �m�^�Z�e�_�g�b�y�� �b�e�b�� �^�h�[�Z�\�e�_�g�b�y��

�f�Z�e�h�a�Z�f�_�l�g�u�o�� �m�q�Z�k�l�d�h�\ �i�h���\�k�_�f�m���i�h�e�x���b�a�h�[�j�Z�`�_�g�b�y;  

�x �^�h�i�h�e�g�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�b�f�f�_�l�j�b�q�g�h�� �h�l�j�Z�`�_�g�g�u�f�b�� �i�h�e�h�k�Z�f�b �k�� �^�\�m�o��

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �k�l�h�j�h�g�����]�^�_���j�Z�a�f�_�j�u�� �i�h�e�h�k���\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �f�b�g�b�f�b�a�Z�p�b�b��

�\���h�l�j�Z�`�Z�_�f�u�o���h�[�e�Z�k�l�y�o�� �k�m�f�f�u���i�b�d�k�_�e�_�c���� �d�h�l�h�j�u�_���h�p�_�g�b�\�Z�x�l�k�y�� �d�Z�d���a�Z�f�_�l�g�u�_�� 

�I�j�_�^�e�h�`�_�g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���� �d�h�l�h�j�Z�y��

�i�h�a�\�h�e�y�_�l �^�e�y�� �[�h�e�_�_�� �q�_�f�� �������� �n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�u�_�� �m�o�m�^�r�Z�e�b�k�v�� �i�j�b���i�_�q�Z�l�b�� �[�_�a��

�i�h�e�_�c�����b�a�[�_�`�Z�l�v�� �a�Z�f�_�l�g�u�o�� �b�k�d�Z�`�_�g�b�c�� 
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�=�e�Z�\�Z���������I�j�b�g�p�b�i�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���\�u�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c �b�a���g�Z�[�h�j�Z �b��
�j�Z�a�f�_�s�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�c �g�Z���k�l�j�Z�g�b�p�_ 

�G�_�d�h�l�h�j�u�_ �F�N�I�� �b�f�_�x�l���n�m�g�d�p�b�b�� �i�_�q�Z�l�b���n�h�l�h�]�j�Z�n�b�c�����K���b�o���i�h�f�h�s�v�x���f�h�`�g�h��

�i�_�q�Z�l�Z�l�v�� �n�h�l�h�Z�e�v�[�h�f�u/�n�h�l�h�d�g�b�]�b���� �]�^�_���g�Z���d�Z�`�^�h�c���k�l�j�Z�g�b�p�_�� �j�Z�a�f�_�s�Z�_�l�k�y���g�_�k�d�h�e�v�d�h��

�b�a�h�[�j�Z�`�_�g�b�c���� �B�g�h�]�^�Z�� �n�h�l�h�]�j�Z�n�b�b�� �g�Z�� �k�l�j�Z�g�b�p�_�� �h�[�j�Z�a�m�x�l�� �_�^�b�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �í��

�d�h�e�e�Z�`���� 

�;�e�Z�]�h�^�Z�j�y�� �^�h�k�l�m�i�g�h�k�l�b�� �n�h�l�h�d�Z�f�_�j���� �a�Z�q�Z�k�l�m�x�� �i�h�e�v�a�h�\�Z�l�_�e�b�� �_�`�_�^�g�_�\�g�h��

�k�g�b�f�Z�x�l�� �^�_�k�y�l�d�b�� �b�� �^�Z�`�_�� �k�h�l�g�b�� �n�h�l�h�]�j�Z�n�b�c���� �<�� �q�Z�k�l�g�h�k�l�b���� �w�l�h���i�j�h�b�k�o�h�^�b�l�� �\��

�i�m�l�_�r�_�k�l�\�b�y�o���� �i�j�b�� �i�h�k�_�s�_�g�b�b�� �j�Z�a�\�e�_�d�Z�l�_�e�v�g�u�o�� �f�_�j�h�i�j�b�y�l�b�c���� �\�� �f�h�f�_�g�l�u��

�i�Z�f�y�l�g�u�o�� �k�h�[�u�l�b�c �b�� �l�h�f�m�� �i�h�^�h�[�g�h�_���� �I�j�b�� �`�_�e�Z�g�b�b�� �g�Z�i�_�q�Z�l�Z�l�v�� �g�_�k�d�h�e�v�d�h��

�n�h�l�h�]�j�Z�n�b�c�� �^�e�y�� �Z�e�v�[�h�f�Z�� �b�e�b�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �n�h�l�h�d�g�b�]�m�� �i�h�e�v�a�h�\�Z�l�_�e�b�� �\�u�g�m�`�^ �_�g�u��

�l�j�Z�l�b�l�v�� �q�Z�k�u�� �^�e�y���\�u�[�h�j�Z���b�a�h�[�j�Z�`�_�g�b�c�� �b�a���[�h�e�v�r�h�c�� �d�h�e�e�_�d�p�b�b �b���j�Z�a�f�_�s�_�g�b�y�� �b�o�� �g�Z��

�k�l�j�Z�g�b�p�Z�o���� �<�� �h�l�e�b�q�b�_�� �h�l�� �\�k�l�Z�\�d�b�� �\�� �Z�e�v�[�h�f�� �m�`�_�� �g�Z�i�_�q�Z�l�Z�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c��

�n�b�d�k�b�j�h�\�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z, �d�Z�d �[�u�e�h�� �\�� �^�h�p�b�n�j�h�\�m�x�� �w�i�h�o�m���� �i�j�b�� �k�h�a�^�Z�g�b�b�� �k�l�j�Z�g�b�p��

�p�b�n�j�h�\�h�c�� �n�h�l�h�d�g�b�]�b�� �l�j�_�[�m�_�l�k�y �m�k�l�Z�g�Z�\�e�b�\�Z�l�v�� �j�Z�a�f�_�j�� �d�Z�`�^�h�]�h�� �^�h�[�Z�\�e�y�_�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �\�h�a�g�b�d�Z�_�l �a�Z�^�Z�q�Z�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �J�Z�a�j�Z�[�h�l�d�Z�� �k�i�h�k�h�[�h�\���� �d�h�l�h�j�u�_�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �n�h�l�h�Z�e�v�[�h�f�Z �b�a��

�[�h�e�v�r�h�]�h�� �g�Z�[�h�j�Z�� �n�h�l�h�]�j�Z�n�b�c �i�h�f�h�]�Z�x�l�� �i�h�e�v�a�h�\�Z�l�_�e�x�� �k�m�s�_�k�l�\�_�g�g�h�� �k�h�d�j�Z�l�b�l�v��

�\�j�_�f�y, �y�\�e�y�_�l�k�y���Z�d�l�m�Z�e�v�g�h�c���� 

�;�_�a�m�k�e�h�\�g�h���� �q�_�e�h�\�_�d�� �h�k�m�s�_�k�l�\�e�y�_�l�� �\�u�[�h�j �b�a�h�[�j�Z�`�_�g�b�c �b�� �b�o�� �j�Z�a�f�_�s�_�g�b�_, 

�b�k�o�h�^�y�� �b�a�� �i�e�h�o�h�� �n�h�j�f�Z�e�b�a�m�_�f�u�o�� �n�Z�d�l�h�j�h�\���� �q�Z�k�l�h�� �g�Z�� �w�f�h�p�b�h�g�Z�e�v�g�h�f�� �m�j�h�\�g�_�� �b�� �k��

�m�q�z�l�h�f�� �e�b�q�g�u�o�� �i�j�_�^�i�h�q�l�_�g�b�c���� �L�_�f�� �g�_�� �f�_�g�_�_���� �f�h�`�g�h�� �k�n�h�j�f�m�e�b�j�h�\�Z�l�v�� �j�y�^��

�i�j�b�g�p�b�i�h�\���� �l�h�� �_�k�l�v�� �j�m�d�h�\�h�^�y�s�b�o �i�h�e�h�`�_�g�b�c�� �b�� �m�k�l�Z�g�h�\�h�d��[3], �g�Z�� �h�k�g�h�\�_�� �d�h�l�h�j�u�o 

�j�_�Z�e�b�a�m�x�l�k�y �f�_�l�h�^�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �h�l�[�h�j�Z �b�� �j�Z�a�f�_�s�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c �k��

�h�i�j�_�^�_�e�_�g�b�_�f�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �k�i�h�k�h�[�g�u�_���a�g�Z�q�b�l�_�e�v�g�h�� �m�k�d�h�j�b�l�v��

�k�h�a�^�Z�g�b�_�� �n�h�l�h�Z�e�v�[�h�f�h�\.   
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7.1. �<�u�[�h�j���n�h�l�h�]�j�Z�n�b�c���b�a���d�h�e�e�_�d�p�b�b 

�K�m�s�_�k�l�\�m�x�s�b�_�� �k�i�h�k�h�[�u 

�:�e�]�h�j�b�l�f�u���\�u�[�h�j�Z���0�ã �b�a�h�[�j�Z�`�_�g�b�c���b�a���g�Z�[�h�j�Z�����k�h�k�l�h�y�s�_�]�h���b�a���0�æ �n�h�l�h�]�j�Z�n�b�c����

�]�^�_���0�æ�( �0 �ã, �h�[�k�m�`�^�Z�_�l�k�y�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �d�Z�d�� �^�e�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �n�h�j�f�b�j�h�\�Z�g�b�y��

�i�_�q�Z�l�Z�_�f�u�o�� �b�e�b�� �w�e�_�d�l�j�h�g�g�u�o�� �n�h�l�h�Z�e�v�[�h�f�h�\���� �l�Z�d�� �b�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �w�e�_�f�_�g�l�h�\��

�b�g�l�_�j�n�_�c�k�Z���i�h�e�v�a�h�\�Z�l�_�e�y���^�e�y���i�j�h�k�f�h�l�j�Z���[�h�e�v�r�b�o���n�h�l�h�d�h�e�e�_�d�p�b�c���g�Z���w�d�j�Z�g�_���I�D���b�e�b��

�f�h�[�b�e�v�g�u�o�� �m�k�l�j�h�c�k�l�\�����;�h�e�v�r�b�g�k�l�\�h�� �k�m�s�_�k�l�\�m�x�s�b�o�� �k�i�h�k�h�[�h�\���\�u�[�h�j�Z���h�k�g�h�\�Z�g�u�� �g�Z��

�d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �b���j�Z�g�`�b�j�h�\�Z�g�b�b���b�a�h�[�j�Z�`�_�g�b�c���i�h���g�_�d�h�l�h�j�h�f�m���g�Z�[�h�j�m���i�j�b�a�g�Z�d�h�\. �D�Z�d��

�i�j�Z�\�b�e�h�� �n�h�l�h�Z�e�v�[�h�f�u�� �i�j�b�a�\�Z�g�u�� �k�h�o�j�Z�g�b�l�v�� �i�Z�f�y�l�v�� �h�[�� �h�i�j�_�^�_�e�z�g�g�u�o���k�h�[�u�l�b�y�o��

�`�b�a�g�b���� �n�h�l�h�]�j�Z�n�b�b�� �\�� �g�b�o�� �q�Z�k�l�h�� �j�Z�k�i�h�e�Z�]�Z�x�l�� �\�� �i�h�j�y�^�d�_�� �[�e�b�a�d�h�f�� �d��

�o�j�h�g�h�e�h�]�b�q�_�k�d�h�f�m�� �<�� �Z�g�]�e�h�y�a�u�q�g�h�c�� �e�b�l�_�j�Z�l�m�j�_�� �l�Z�d�h�c�� �i�h�^�o�h�^�� �d�� �k�h�k�l�Z�\�e�_�g�b�x��

�n�h�l�h�Z�e�v�[�h�f�h�\���g�Z�a�u�\�Z�x�l�� �©�i�h�\�_�k�l�\�h�\�Z�g�b�_�f» (storytelling) [317]. �J�Z�a�m�f�g�u�f���k�i�h�k�h�[�h�f��

�h�i�j�_�^�_�e�_�g�b�y �g�_�k�d�h�e�v�d�b�o�� �n�h�l�h�]�j�Z�n�b�c���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�� �\�k�x���d�h�e�e�_�d�p�b�x���� �y�\�e�y�_�l�k�y��

�d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �i�h�� �\�j�_�f�_�g�b�� �k�t�z�f�d�b�� �b�� �\�u�[�h�j�� �i�h�� �h�^�g�h�f�m�� �b�a�h�[�j�Z�`�_�g�b�x�� �b�a�� �d�Z�`�^�h�]�h��

�d�e�Z�k�l�_�j�Z��[318-320].  �B�g�h�]�^�Z�� �b�k�i�h�e�v�a�m�x�l�k�y�� �b�g�u�_�� �i�h�^�o�h�^�u���� �g�Z�i�j�b�f�_�j�� �\ [321] 

�d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h���d�h�h�j�^�b�g�Z�l�Z�f���k�t�z�f�d�b�����_�k�e�b���h�g�b���^�h�k�l�m�i�g�u�� �b�a��EXIF.   

�J�y�^�� �j�Z�[�h�l�� �h�l�f�_�q�Z�_�l���� �q�l�h�� �g�_�h�[�o�h�^�b�f�h�� �\�u�[�b�j�Z�l�v�� �l�h�e�v�d�h�� �d�Z�q�_�k�l�\�_�g�g�u�_��

�n�h�l�h�]�j�Z�n�b�b�����i�h�w�l�h�f�m���p�_�e�_�k�h�h�[�j�Z�a�g�h�� �^�h���d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �b�k�d�e�x�q�b�l�v�� �b�a���j�Z�k�k�f�h�l�j�_�g�b�y��

�b�k�i�h�j�q�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �\�� �q�Z�k�l�g�h�k�l�b�� �j�Z�a�f�u�l�u�_���� �k�e�Z�[�h�d�h�g�l�j�Z�k�l�g�u�_����

�i�_�j�_�k�\�_�q�_�g�g�u�_ (overexposed�����b���g�_�^�h�k�\�_�q�_�g�g�u�_ (underexposed) [322, 323].    

�B�a �d�e�Z�k�l�_�j�Z �\�u�[�b�j�Z�_�l�k�y �g�Z�b�[�h�e�_�_ «�b�g�l�_�j�_�k�g�h�_» �b�a�h�[�j�Z�`�_�g�b�_�� 

«�B�g�l�_�j�_�k�g�h�k�l�v» �\ �e�b�l�_�j�Z�l�m�j�_ �n�h�j�f�m�e�b�j�m�_�l�k�y �j�Z�a�e�b�q�g�u�f �h�[�j�Z�a�h�f, �g�h �[�h�e�v�r�b�g�k�l�\�h 

�Z�\�l�h�j�h�\ �i�h�e�Z�]�Z�x�l���� �q�l�h�� �n�h�l�h�]�j�Z�n�b�b���� �g�Z�� �d�h�l�h�j�u�o�� �_�k�l�v�� �e�b�p�Z�� �e�x�^�_�c��[324]���� �h�k�h�[�_�g�g�h��

�m�e�u�[�Z�x�s�b�o�k�y��[318] �i�j�_�^�k�l�Z�\�e�y�x�l�� �g�Z�b�[�h�e�v�r�b�c�� �b�g�l�_�j�_�k���� �< �d�h�f�[�b�g�Z�p�b�b �k 

�d�h�e�b�q�_�k�l�\�h�f �^�_�l�_�d�l�b�j�h�\�Z�g�g�u�o �e�b�p �q�Z�k�l�h �b�k�i�h�e�v�a�m�x�l�k�y �i�j�b�a�g�Z�d�b, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �d�j�Z�k�h�q�g�h�k�l�v (colorfulness) �b �g�Z�k�u�s�_�g�g�h�k�l�v �n�h�l�h�]�j�Z�n�b�c, �l�Z�d �d�Z�d 

�d�j�Z�k�h�q�g�h�_ �n�h�l�h �i�j�b �m�k�e�h�\�b�b �k�o�h�^�k�l�\�Z �d�h�f�i�h�a�b�p�b�b���� �d�Z�d�� �i�j�Z�\�b�e�h���� �[�h�e�_�_��
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�i�j�b�\�e�_�d�Z�l�_�e�v�g�h���� �B�g�h�]�^�Z�� �^�h�[�Z�\�e�y�x�l�k�y���i�j�h�\�_�j�d�Z���©�k�o�h�^�k�l�\�Z» (similarity) �h�l�[�b�j�Z�_�f�u�o��

�b�a�h�[�j�Z�`�_�g�b�c���� �q�l�h�[�u�� �b�k�d�e�x�q�b�l�v�� �\�u�[�h�j�� �i�j�Z�d�l�b�q�_�k�d�b�� �b�^�_�g�l�b�q�g�u�o�� ��near-duplicate) 

�d�Z�^�j�h�\��  �G�Z�i�j�b�f�_�j, �\ [324] �h�p�_�g�d�h�c �d�j�Z�k�h�q�g�h�k�l�b �y�\�e�y�_�l�k�y �w�g�l�j�h�i�b�y �^�\�m�f�_�j�g�h�c 

�]�b�k�l�h�]�j�Z�f�f�u �p�\�_�l�h�\�u�o �d�Z�g�Z�e�h�\ ab �i�b�d�k�_�e�_�c �b�a�h�[�j�Z�`�_�g�b�y �\ �p�\�_�l�h�\�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ 

La*b*  [8]���� �Z�� �h�p�_�g�d�h�c�� �k�o�h�^�k�l�\�Z �í�� �k�m�f�f�Z�� �Z�[�k�h�e�x�l�g�u�o�� �j�Z�a�g�h�k�l�_�c�� �l�j�z�o�f�_�j�g�u�o 

�]�b�k�l�h�]�j�Z�f�f���\��La*b* .     

�?�s�z�� �h�^�g�b�f�� �i�h�^�o�h�^�h�f�� �^�e�y�� �\�u�[�h�j�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�a�� �d�e�Z�k�l�_�j�Z�� �y�\�e�y�_�l�k�y��

�j�Z�g�`�b�j�h�\�Z�g�b�_�� �n�h�l�h�]�j�Z�n�b�c�� �i�h�� �b�o�� �w�k�l�_�l�b�q�_�k�d�h�c�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�b��[325]. 

�G�_�k�d�h�e�v�d�h�� �e�_�l���g�Z�a�Z�^���[�u�e�b �k�h�[�j�Z�g�u���b �j�Z�a�f�_�q�_�g�u���g�Z�[�h�j�u���n�h�l�h�]�j�Z�n�b�c���k���l�h�q�d�b���a�j�_�g�b�y��

�h�p�_�g�d�b�� �b�o�� �w�k�l�_�l�b�d�b���� �a�Z�l�_�f�� �g�Z�� �w�l�b�o�� �g�Z�[�h�j�Z�o�� �h�[�m�q�Z�e�b�k�v �]�e�m�[�h�d�b�_�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b 

[326]���� �H�^�g�Z�d�h���� �w�d�k�i�_�j�b�f�_�g�l�u���� �i�j�h�\�_�^�z�g�g�u�_�� �\�� �j�Z�[�h�l�_ [327], �i�h�d�Z�a�Z�e�b���� �q�l�h��

�i�j�b�f�_�g�_�g�b�_�� �l�Z�d�b�o �k�_�l�_�c���^�e�y���h�l�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c���i�j�b���k�h�a�^�Z�g�b�b�� �n�h�l�h�Z�e�v�[�h�f�h�\���k�e�Z�[�h��

�d�h�j�j�_�e�b�j�m�_�l���k���j�_�a�m�e�v�l�Z�l�Z�f�b�� �q�_�e�h�\�_�d�Z�� 

�I�j�b�g�p�b�i�u �\�u�[�h�j�Z �n�h�l�h�]�j�Z�n�b�c �b�a �g�Z�[�h�j�Z 

�H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �Z�g�Z�e�b�a�_�� �e�b�l�_�j�Z�l�m�j�u�� �b�� �e�b�q�g�u�o�� �g�Z�[�e�x�^�_�g�b�y�o, �i�j�_�^�e�Z�]�Z�_�l�k�y 

�n�h�j�f�b�j�h�\�Z�l�v�� �©�j�Z�k�k�d�Z�a�u�\�Z�x�s�m�x �b�k�l�h�j�b�x» �n�h�l�h�d�g�b�]�m���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b��[328] 

�h�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �[�h�e�_�_�� �������� �i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�Z�e�v�[�h�f�h�\�� �k�h�^�_�j�`�Z�l�� �n�h�l�h�]�j�Z�n�b�b����

�k�g�y�l�u�_���g�_�k�d�h�e�v�d�b�f�b�� �d�Z�f�_�j�Z�f�b�����W�l�h���h�[�t�y�k�g�y�_�l�k�y���l�_�f�����q�l�h���q�Z�k�l�h���\���i�m�l�_�r�_�k�l�\�b�y�o�� �b�e�b��

�g�Z���i�Z�f�y�l�g�u�o���f�_�j�h�i�j�b�y�l�b�y�o���k�t�z�f�d�m���\�_�^�m�l���g�_�k�d�h�e�v�d�h�� �q�_�e�h�\�_�d�����I�j�b���g�Z�e�b�q�b�b���\���g�Z�[�h�j�_��

�n�h�l�h�]�j�Z�n�b�c���� �k�g�y�l�u�o�� �j�Z�a�g�u�f�b�� �n�h�l�h�d�Z�f�_�j�Z�f�b���� �`�_�e�Z�l�_�e�v�g�h�� �h�[�_�k�i�_�q�b�l�v�� �\�� �q�b�k�e�_��

�h�l�h�[�j�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�j�b�k�m�l�k�l�\�b�_�� �d�Z�^�j�h�\�� �k�h �\�k�_�o�� �d�Z�f�_�j���� �P�_�e�_�k�h�h�[�j�Z�a�g�h��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �b�k�d�e�x�q�b�l�v�� �g�_�d�Z�q�_�k�l�\�_�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b, �h�l�[�b�j�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �k��

�e�b�p�Z�f�b�� �e�x�^�_�c�� �b���h�k�h�[�_�g�g�h�k�l�y�f�b�����i�j�b�\�e�_�d�Z�x�s�b�f�b�� �\�g�b�f�Z�g�b�_�� 

�I�j�_�^�e�Z�]�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_�� �i�j�b�g�p�b�i�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���\�u�[�h�j�Z �n�h�l�h�]�j�Z�n�b�c���b�a��

�d�h�e�e�_�d�p�b�b�� �^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���n�h�l�h�d�g�b�]�b [329-334]:  

1. �h�p�_�g�d�Z�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�� �b�k�d�e�x�q�_�g�b�_�� �b�a�� �^�Z�e�v�g�_�c�r�_�]�h�� �j�Z�k�k�f�h�l�j�_�g�b�y��

�g�_�d�Z�q�_�k�l�\�_�g�g�u�o; 

2. �d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �\���^�\�m�f�_�j�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_��«�\�j�_�f�y �k�t�z�f�d�b �± �g�h�f�_�j���d�Z�f�_�j�u»; 
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3. �\�u�[�h�j�� �h�^�g�h�c�� �n�h�l�h�]�j�Z�n�b�b�� �b�a�� �d�e�Z�k�l�_�j�Z�� �i�m�l�z�f�� �j�Z�g�`�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�c�� �k��

�i�h�f�h�s�v�x���i�h�k�l�j�h�_�g�b�y���d�Z�j�l�u���a�g�Z�q�b�f�h�k�l�b�� �b���^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p�� 

�H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���n�h�l�h�]�j�Z�n�b�c 

�I�j�b�� �h�p�_�g�d�_���d�Z�q�_�k�l�\�Z�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �^�_�l�_�d�l�b�j�h�\�Z�l�v:  

�x �j�Z�a�f�u�l�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�����k�i�h�k�h�[���h�i�b�k�Z�g�� �\���j�Z�a�^�_�e�_�� ������������;  

�x �d�Z�^�j�u�����i�h�\�j�_�`�^�z�g�g�u�_�� �d�h�g�l�j�h�\�u�f���k�\�_�l�h�f�����k�i�h�k�h�[���h�i�b�k�Z�g�� �\���j�Z�a�^�_�e�_��������������;  

�x �k�e�Z�[�h�d�h�g�l�j�Z�k�l�g�u�_�� �n�h�l�h�]�j�Z�n�b�b���� �^�e�y�� �d�h�l�h�j�u�o�� �j�Z�a�g�h�k�l�v�� ������ �b�� ���� �i�_�j�p�_�g�l�b�e�_�c��

�]�b�k�l�h�]�j�Z�f�f�u�� �y�j�d�h�k�l�b���f�_�g�v�r�_���i�h�j�h�]�Z��Tc;  

�x �b�a�h�[�j�Z�`�_�g�b�y�����b�f�_�x�s�b�_�� �a�Z�f�_�l�g�u�_�� �Z�j�l�_�n�Z�d�l�u�� �k�`�Z�l�b�y��JPEG;  

�x �n�h�l�h�]�j�Z�n�b�b���k���\�u�k�h�d�b�f���m�j�h�\�g�_�f���r�m�f�Z��  

�B�a�h�[�j�Z�`�_�g�b�y���� �b�k�i�h�j�q�_�g�g�u�_��JPEG �k�`�Z�l�b�_�f���� �h�i�j�_�^�_�e�y�x�l�k�y�� �k�� �i�h�f�h�s�v�x��

�Z�g�Z�e�b�a�Z�� �l�Z�[�e�b�p�u�� �d�\�Z�g�l�h�\�Z�g�b�y���M�����i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�c�� �^�e�y���d�Z�g�Z�e�Z�� �y�j�d�h�k�l�b [335]���� �L�Z�d�Z�y��

�l�Z�[�e�b�p�Z�� �_�k�l�v�� �\�� �a�Z�]�h�e�h�\�d�_��JPEG �n�Z�c�e�Z���� �I�h�� �a�g�Z�q�_�g�b�y�f�� �w�e�_�f�_�g�l�h�\�� �e�_�\�h�]�h�� �\�_�j�o�g�_�]�h��

�m�]�e�Z�� �l�Z�[�e�b�p�u�� �d�\�Z�g�l�h�\�Z�g�b�y���M �\�u�q�b�k�e�y�_�l�k�y�� �i�Z�j�Z�f�_�l�j���3�Ã: 
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(7.1) 

�?�k�e�b���3�Ã
O �6�Ê�����l�h���Z�j�l�_�n�Z�d�l�u��JPEG �k�`�Z�l�b�y���k�b�e�v�g�h�� �a�Z�f�_�l�g�u�����<��[332] �i�j�b�\�_�^�_�g�u��

�j�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �\���o�h�^�_���d�h�l�h�j�h�]�h���h�i�j�_�^�_�e�_�g�h���6�Ê 
L �x�á�w. 

�<�� �e�b�l�_�j�Z�l�m�j�_�� �h�i�b�k�Z�g �Z�e�]�h�j�b�l�f�� �h�p�_�g�d�b�� �m�j�h�\�g�y�� �r�m�f�Z���� �d�Z�d�� �g�Z�b�f�_�g�v�r�_�]�h��

�k�h�[�k�l�\�_�g�g�h�]�h���a�g�Z�q�_�g�b�y���� �f�Z�l�j�b�p�u���d�h�\�Z�j�b�Z�p�b�b�����i�h�k�l�j�h�_�g�g�h�c���^�e�y���a�g�Z�q�_�g�b�c���i�b�d�k�_�e�_�c��

�[�e�h�d�Z�� �b�a�h�[�j�Z�`�_�g�b�y [336]���� �G�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h�� �w�l�h�l�� �Z�e�]�h�j�b�l�f�� �l�_�h�j�_�l�b�q�_�k�d�b��

�h�[�h�k�g�h�\�Z�g���l�h�e�v�d�h �^�e�y���Z�^�^�b�l�b�\�g�h�]�h�� �[�_�e�h�]�h���]�Z�m�k�k�h�\�Z�� �r�m�f�Z�����:�;�=�R������ �g�Z���i�j�Z�d�l�b�d�_�� �h�g��

�i�j�b�f�_�g�b�f���b���^�e�y���n�h�l�h�]�j�Z�n�b�c�����f�h�^�_�e�v���r�m�f�Z���d�h�l�h�j�u�o���h�l�e�b�q�Z�_�l�k�y���h�l���:�;�=�R��[209]. �>�e�y��

�b�a�h�[�j�Z�`�_�g�b�c�� �k�� �]�e�m�[�b�g�h�c�� �p�\�_�l�Z�� ���� �[�b�l�� �g�Z�� �d�Z�g�Z�e�� �b�� �j�Z�a�f�_�j�Z�� �[�e�h�d�Z�� ���� �g�Z�� ���� �i�b�d�k�_�e�_�c���\��

�o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �h�i�j�_�^�_�e�_�g�h�� �q�l�h���� �_�k�e�b�� �a�g�Z�q�_�g�b�_ �f�b�g�b�f�Z�e�v�g�h�]�h�� �k�h�[�k�l�\�_�g�g�h�]�h��

�a�g�Z�q�_�g�b�y���f�Z�l�j�b�p�u �� > 100�����l�h���n�h�l�h�]�j�Z�n�b�y���b�f�_�_�l���\�u�k�h�d�b�c���m�j�h�\�_�g�v���r�m�f�Z�������>�e�y���l�Z�d�h�]�h��

�[�e�h�d�Z���j�Z�a�f�_�j���f�Z�l�j�b�p�u���d�h�\�Z�j�b�Z�p�b�b�� �������g�Z�������� 
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�M�f�g�h�`�_�g�b�_���f�Z�l�j�b�p������-�j�Z�a�j�y�^�g�u�o���q�b�k�_�e���k���i�h�f�h�s�v�x������-�j�Z�a�j�y�^�g�u�o���\�_�d�l�h�j�g�u�o��

�h�i�_�j�Z�p�b�c 

�:�e�]�h�j�b�l�f���h�p�_�g�d�b�� �m�j�h�\�g�y���r�m�f�Z���l�j�_�[�m�_�l�k�y���j�_�Z�e�b�a�h�\�Z�l�v�� �g�Z��DSP, �b�k�i�h�e�v�a�m�_�f�h�f��

�\�� �k�b�k�l�_�f�_�� �g�Z�� �d�j�b�k�l�Z�e�e�_�� �F�N�I. �K�e�h�`�g�h�k�l�v�� �^�Z�g�g�h�c�� �a�Z�^�Z�q�b�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�c��DSP ���h�k�g�h�\�Z�g�� �g�Z�� �y�^�j�_��Tensilica IVP) �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y���j�Z�[�h�l�u���k��

�p�_�e�h�q�b�k�e�_�g�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �i�b�d�k�_�e�_�c�� �b �g�_�� �b�f�_�_�l�� �b�g�k�l�j�m�d�p�b�c�� �h�[�j�Z�[�h�l�d�b��

�^�_�c�k�l�\�b�l�_�e�v�g�u�o�� �q�b�k�_�e���k���i�e�Z�\�Z�x�s�_�c�� �l�h�q�d�h�c����DSP �b�f�_�_�l��32-�j�Z�a�j�y�^�g�u�_�� �k�d�Z�e�y�j�g�u�_�� �b 

16-�j�Z�a�j�y�^�g�u�_���\�_�d�l�h�j�g�u�_ (single instruction multiple data, SIMD) �h�i�_�j�Z�p�b�b���^�e�y���p�_�e�u�o��

�q�b�k�_�e���� �\�� �\�_�d�l�h�j�g�u�o�� �j�_�]�b�k�l�j�Z�o�� �i�h�f�_�s�Z�_�l�k�y�� �l�j�b�^�p�Z�l�v�� �^�\�Z 16-�j�Z�a�j�y�^�g�u�o�� �a�g�Z�q�_�g�b�y����

�H�p�_�g�d�m�� �m�j�h�\�g�y���r�m�f�Z���^�e�y���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �j�Z�a�f�_�j�Z���f�Z�l�j�b�p�����g�_�k�d�h�e�v�d�h 

�^�_�k�y�l�d�h�\���g�Z���g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\) �f�h�`�g�h���\�u�i�h�e�g�y�l�v�� �\���Z�j�b�n�f�_�l�b�d�_�� �k���n�b�d�k�b�j�h�\�Z�g�g�h�c��

�l�h�q�d�h�c��[97]���� �]�^�_�� �q�b�k�e�Z�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �n�h�j�f�Z�l�_�� �������������� �l�h�� �_�k�l�v�� ������ �k�l�Z�j�r�b�o�� �[�b�l��

�i�j�_�^�k�l�Z�\�e�y�x�l�� �p�_�e�m�x�� �q�Z�k�l�v�� �q�b�k�e�Z�� �k�h�� �a�g�Z�d�h�f���� �Z�� �f�e�Z�^�r�b�_�� ���� �[�b�l �± �^�j�h�[�g�m�x�� �q�Z�k�l�v��

�q�b�k�e�Z���� 

�I�j�_�^�e�Z�]�Z�_�l�k�y �Z�e�]�h�j�b�l�f�� �m�f�g�h�`�_�g�b�y�� �i�j�y�f�h�m�]�h�e�v�g�u�o�� �f�Z�l�j�b�p�� ����-�j�Z�a�j�y�^�g�u�o��

�q�b�k�_�e���k���n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c���k���i�h�f�h�s�v�x������-�j�Z�a�j�y�^�g�u�o���\�_�d�l�h�j�g�u�o���h�i�_�j�Z�p�b�c��[337, 

338]. �J�Z�k�k�f�h�l�j�b�f�� �k�g�Z�q�Z�e�Z�� �k�i�h�k�h�[�� �m�f�g�h�`�_�g�b�y��n-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �k�� �i�h�f�h�s�v�x��n/2-

�j�Z�a�j�y�^�g�u�o�� �h�i�_�j�Z�p�b�c���� �Z�� �a�Z�l�_�f�� �h�[�h�[�s�b�f�� �_�]�h�� �^�e�y�� �f�Z�l�j�b�p �q�b�k�_�e�� �k�� �n�b�d�k�b�j�h�\�Z�g�g�h�c��

�l�h�q�d�h�c���� 

�K�h�]�e�Z�k�g�h�� �Z�e�]�h�j�b�l�f�m �m�f�g�h�`�_�g�b�y���D�Z�j�Z�p�m�[�u�� �>�������@: 

�Q�R
L �t�á�Q�Á�R�Á 
E �t�á���6�:�Q�Á�R�Å
E �Q�Å�R�Á�; 
E �Q�Å�R�Å�á (7.2) 

�]�^�_���Q�Á �í �k�l�Z�j�r�Z�y���b�e�b���g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�Z�y���i�h�e�h�\�b�g�Z �[�_�a�a�g�Z�d�h�\�h�]�h���p�_�e�h�]�h���q�b�k�e�Z���Q; �Q�Å 

�í �f�e�Z�^�r�Z�y���b�e�b���g�Z�b�f�_�g�_�_���a�g�Z�q�b�f�Z�y���i�h�e�h�\�b�g�Z���Q; �Z�g�Z�e�h�]�b�q�g�h���R�Á �b���R�Å �i�h�e�h�\�b�g�u���q�b�k�e�Z��

�R. 

�<��[340] �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���k�e�_�^�m�x�s�b�_�� �k�i�h�k�h�[�u���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���[�_�a�a�g�Z�d�h�\�h�]�h��

�m�f�g�h�`�_�g�b�y�� �g�Z���a�g�Z�d�h�\�u�_�� �h�i�_�j�Z�g�^�u: 
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1. �I�h�e�m�q�b�l�v�� �Z�[�k�h�e�x�l�g�u�_�� �a�g�Z�q�_�g�b�y�� �d�Z�`�^�h�]�h�� �f�g�h�`�b�l�_�e�y���� �\�u�i�h�e�g�b�l�v�� �[�_�a�a�g�Z�d�h�\�h�_��

�m�f�g�h�`�_�g�b�_���� �Z�� �a�Z�l�_�f�� �b�a�f�_�g�b�l�v�� �a�g�Z�d�� �j�_�a�m�e�v�l�Z�l�Z���� �_�k�e�b�� �a�g�Z�d�b�� �f�g�h�`�b�l�_�e�_�c��

�j�Z�a�e�b�q�Z�x�l�k�y. 

2. �<�� �n�h�j�f�m�e�_�� ������������ �i�j�b�� �m�f�g�h�`�_�g�b�b�� �k�l�Z�j�r�b�o�� �i�h�e�h�\�b�g�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �h�i�_�j�Z�p�b�x��

�m�f�g�h�`�_�g�b�y �a�g�Z�d�h�\�h�]�h�� �g�Z�� �a�g�Z�d�h�\�h�_ �q�b�k�_�e, �i�j�b�� �m�f�g�h�`�_�g�b�b�� �k�l�Z�j�r�b�o�� �i�h�e�h�\�b�g�� �g�Z��

�f�e�Z�^�r�b�_�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �h�i�_�j�Z�p�b�x�� �m�f�g�h�`�_�g�b�y �a�g�Z�d�h�\�h�]�h�� �g�Z���[�_�a�a�g�Z�d�h�\�h�_�� �q�b�k�_�e���k��

�i�h�k�e�_�^�m�x�s�b�f�� �i�j�b�f�_�g�_�g�b�_�f�� �h�i�_�j�Z�p�b�b�� �a�g�Z�d�h�\�h�]�h�� �j�Z�k�r�b�j�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z���� �i�j�b��

�m�f�g�h�`�_�g�b�b�� �f�e�Z�^�r�b�o���i�h�e�h�\�b�g���^�j�m�]���g�Z���^�j�m�]�Z���b�k�i�h�e�v�a�h�\�Z�l�v�� �h�i�_�j�Z�p�b�x���m�f�g�h�`�_�g�b�y��

�[�_�a�a�g�Z�d�h�\�u�o�� �q�b�k�_�e�� 

3. �<�u�i�h�e�g�b�l�v�� �[�_�a�a�g�Z�d�h�\�h�_�� �m�f�g�h�`�_�g�b�_���� �Z�� �a�Z�l�_�f�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �_�]�h�� �j�_�a�m�e�v�l�Z�l 

�k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �Q�b�k�e�h�� �k�h�� �a�g�Z�d�h�f���Q �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d�� �[�_�a�a�g�Z�d�h�\�h�_��

�Q+�t�á�Q�á�?�5, �]�^�_���Q�á�?�5 �± �_�^�b�g�b�p�Z���� �_�k�e�b���Q �h�l�j�b�p�Z�l�_�e�v�g�h, �b�� �g�h�e�v���� �_�k�e�b���Q 

�g�_�h�l�j�b�p�Z�l�_�e�v�g�h���� �:�g�Z�e�h�]�b�q�g�h���R �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d���R+�t�á�R�á�?�5. �L�h�]�^�Z�� �b�o��

�i�j�h�b�a�\�_�^�_�g�b�_: 

�:�Q 
E �t�á�Q�á�?�5�;�:�R 
E �t�á�R�á�?�5�; 
L �Q�R
E �t�á�:�R�Q�á�?�5
E �Q�R�á�?�5�; 
E �t�6�á�Q�á�?�5�R�á�?�5�ä (7.3) 

�>�e�y�� �i�h�e�m�q�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z�� �a�g�Z�d�h�\�h�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y�� �p�_�e�u�o�� �q�b�k�_�e���Q�R �l�j�_�[�m�_�l�k�y��

�\�u�q�_�k�l�v�� �b�a�� �j�_�a�m�e�v�l�Z�l�Z�� �[�_�a�a�g�Z�d�h�\�h�]�h�� �m�f�g�h�`�_�g�b�y�� �\�l�h�j�h�_�� �b�� �l�j�_�l�v�_�� �k�e�Z�]�Z�_�f�u�_��

�i�j�Z�\�h�c���q�Z�k�l�b���n�h�j�f�m�e�u�������������� 

�I�m�k�l�v�� �f�Z�l�j�b�p�u���# �b���$ �k�h�^�_�j�`�Z�l�� ����-�j�Z�a�j�y�^�g�u�_�� �q�b�k�e�Z���� �<�� �k�e�m�q�Z�_�� �f�Z�l�j�b�p����

�k�h�^�_�j�`�Z�s�b�o�� �p�_�e�u�_ �q�b�k�e�Z �[�_�a�� �a�g�Z�d�Z, �^�e�y�� �m�f�g�h�`�_�g�b�y�� �i�j�b�f�_�g�b�f�Z�� �n�h�j�f�m�e�Z�� ����������. 

�L�j�_�[�m�_�l�k�y�� �m�q�_�k�l�v���� �q�l�h���\�� �j�_�a�m�e�v�l�Z�l�_ �m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p�� ����-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e��

�i�h�e�m�q�Z�_�l�k�y�� �f�Z�l�j�b�p�Z �k�� �q�b�k�e�Z�f�b�� �j�Z�a�j�y�^�g�h�k�l�b�� �[�h�e�_�_�� �������� �<�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f��DSP 

�j�_�a�m�e�v�l�Z�l�� �m�f�g�h�`�_�g�b�y�� �k�� �i�h�f�h�s�v�x��SIMD �h�i�_�j�Z�p�b�c�� �i�h�f�_�s�Z�_�l�k�y�� �\��48-�j�Z�a�j�y�^�g�u�_��

�j�_�]�b�k�l�j�u.  

�B�a�� �i�_�j�_�q�b�k�e�_�g�g�u�o�� �\�u�r�_�� �l�j�z�o�� �k�i�h�k�h�[�h�\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �[�_�a�a�g�Z�d�h�\�h�]�h��

�m�f�g�h�`�_�g�b�y�� �\�� �a�g�Z�d�h�\�h�_�� �i�_�j�\�u�c�� �g�_�i�j�b�f�_�g�b�f�� �^�e�y�� �m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p���� �\�l�h�j�h�c�� �g�_��

�f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�� �^�e�y�� �^�Z�g�g�h�]�h DSP �i�h�� �i�j�b�q�b�g�_�� �h�l�k�m�l�k�l�\�b�y�� �g�_�h�[�o�h�^�b�f�h�c��

�\�_�d�l�h�j�g�h�c�� �h�i�_�j�Z�p�b�b�� �j�Z�k�r�b�j�_�g�b�y�� �a�g�Z�d�Z���� �l�j�_�l�b�c�� �k�i�h�k�h�[�� �i�j�b�f�_�g�b�f���� �N�h�j�f�b�j�m�x�l�k�y��
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�f�Z�l�j�b�p�u�����&�=, �&�> �b���5, �w�e�_�f�_�g�l�u�� �d�h�l�h�j�u�o �k�h�h�l�\�_�l�k�l�\�m�x�l�� �\�l�h�j�h�f�m�����k�m�f�f�Z���\���k�d�h�[�d�Z�o����

�b���l�j�_�l�v�_�f�m�� �k�e�Z�]�Z�_�f�u�f�� �i�j�Z�\�h�c���q�Z�k�l�b���n�h�j�f�m�e�u������������: 

�&�=�:�E�á �F�; 
L 
\
�$�:�E�á �F�;�á �#�:�E�á �F�; 
O �r�á

�r�á���������������������������������������b�g�Z�q�_�á
 

 

(7.4) 

�&�>�:�E�á �F�; 
L 
\
�#�:�E�á �F�;�á �$�:�E�á �F�; 
O �r�á

�r�á���������������������������������������b�g�Z�q�_�á
 

 

(7.5) 

�5�:�E�á �F�; 
L 
\
�s�á �#�:�E�á �F�; 
O �r�� �è ���$�:�E�á �F�; 
O �r�á
�r�á�������������������������������������������������������������������������������������������b�g�Z�q�_�ä

 
 

(7.6) 

�F�Z�l�j�b�p�u���&�= �b �&�>, �]�^�_���a�g�Z�q�_�g�b�y���k�h�]�e�Z�k�g�h�� �n�h�j�f�m�e�_�����������^�e�y��n=32 �k�^�\�b�g�m�l�u �g�Z��

������ �j�Z�a�j�y�^�Z�� �\�e�_�\�h���� �b�� �f�Z�l�j�b�p�Z �5, �]�^�_�� �a�g�Z�q�_�g�b�y�� �k�^�\�b�g�m�l�u�� �g�Z�� ������ �j�Z�a�j�y�^�Z�� �\�e�_�\�h����

�\�u�q�b�l�Z�x�l�k�y�� �b�a�� �j�_�a�m�e�v�l�Z�l�Z�� �m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p���# �b�� �$ �q�b�k�_�e���� �d�h�l�h�j�u�_��

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �d�Z�d�� �[�_�a�a�g�Z�d�h�\�u�_���� �<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �������������i�j�b�� �m�f�g�h�`�_�g�b�b�� �f�Z�l�j�b�p��

16-�[�b�l�g�u�o�� �q�b�k�_�e���#�Á�$�Å �b �#�Å�$�Á �a�g�Z�q�_�g�b�y�� ����-�[�b�l�g�h�]�h�� �j�_�a�m�e�v�l�Z�l�Z�� �^�h�e�`�g�u�� �[�u�l�v��

�k�^�\�b�g�m�l�u�� �\�e�_�\�h�� �g�Z�� ������ �j�Z�a�j�y�^�h�\�����]�^�_�� ���#�Á �b���$�Á �k�h�k�l�Z�\�e�_�g�u�� �b�a�� �k�l�Z�j�r�b�o�� ������ �j�Z�a�j�y�^�h�\��

�q�b�k�_�e���b�a���f�Z�l�j�b�p���# �b���$ �k�h�h�l�\�_�l�k�l�\�_�g�g�h�����#�Å �b���$�Å �k�h�k�l�Z�\�e�_�g�u�� �b�a���k�l�Z�j�r�b�o���������j�Z�a�j�y�^�h�\��

�q�b�k�_�e. �I�j�b���m�f�g�h�`�_�g�b�b���f�Z�l�j�b�p������-�[�b�l�g�u�o�� �q�b�k�_�e���#�Á�$�Á �a�g�Z�q�_�g�b�y���j�_�a�m�e�v�l�Z�l�Z�� �^�h�e�`�g�u��

�[�u�l�v���k�^�\�b�g�m�l�u�� �\�e�_�\�h���g�Z��32 �j�Z�a�j�y�^�Z���� 

 

 
�J�b�k�m�g�h�d 7.1 �± �h�i�_�j�Z�p�b�b���g�Z�^���f�Z�l�j�b�p�Z�f�b������-�j�Z�a�j�y�^�g�u�o���q�b�k�_�e���i�j�b���m�f�g�h�`�_�g�b�b���f�Z�l�j�b�p������-

�j�Z�a�j�y�^�g�u�o���p�_�e�u�o���q�b�k�_�e���k�h���a�g�Z�d�h�f. 
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�J�b�k�m�g�h�d�� ���������b�e�e�x�k�l�j�b�j�m�_�l�� �m�f�g�h�`�_�g�b�_���f�Z�l�j�b�p������-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e���k�h���a�g�Z�d�h�f��

�k���i�h�f�h�s�v�x������-�[�b�l�g�u�o�� �h�i�_�j�Z�p�b�c�����<���\�_�j�o�g�_�c�� �q�Z�k�l�b���j�b�k�m�g�d�Z���h�l�f�_�q�_�g�u���^�b�Z�i�Z�a�h�g�u�� �i�h��

������ �[�b�l�����\���d�h�l�h�j�u�o���j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �d�h�f�i�h�g�_�g�l�u���� �b�a�� �d�h�l�h�j�u�o���n�h�j�f�b�j�m�_�l�k�y�� �j�_�a�m�e�v�l�Z�l��

�m�f�g�h�`�_�g�b�y���� ���<�� �e�_�\�h�c�� �q�Z�k�l�b���j�b�k�m�g�d�Z�� �h�l�f�_�q�_�g�u���h�i�_�j�Z�p�b�b�� �k�e�h�`�_�g�b�y�� �b�e�b���\�u�q�b�l�Z�g�b�y����

�i�j�b�f�_�g�y�_�f�u�_�� �d�� �w�l�b�f�� �d�h�f�i�h�g�_�g�l�Z�f�� �M�� �f�Z�l�j�b�p�� �����±�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� ����-�j�Z�a�j�y�^�g�u�_��

�k�e�h�\�Z���h�[�h�a�g�Z�q�_�g�u�� �g�b�`�g�b�f�b�� �b�g�^�_�d�k�Z�f�b��H �± �k�l�Z�j�r�_�_����M �± �k�j�_�^�g�_�_�� �b��L �± �f�e�Z�^�r�_�_�����<��

�i�j�y�f�h�m�]�h�e�v�g�m�x�� �j�Z�f�d�m�� �g�Z�� �j�b�k�m�g�d�_�� �������� �a�Z�d�e�x�q�_�g�u��16-�[�b�l�g�u�_�� �k�e�h�\�Z���� �b�k�i�h�e�v�a�m�_�f�u�_��

�^�e�y���\�u�q�b�k�e�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z�� �\���n�h�j�f�Z�l�_�������������� �q�b�k�_�e���k���n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c�����F�h�`�g�h��

�g�_�� �\�u�q�b�k�e�y�l�v�� �k�e�Z�]�Z�_�f�u�_�� �a�Z�� �i�j�_�^�_�e�Z�f�b�� �j�Z�f�d�b���� �q�l�h�� �\�_�^�z�l�� �d�� �m�k�d�h�j�_�g�b�x�� �j�Z�[�h�l�u��

�i�j�h�]�j�Z�f�f�u���� �h�^�g�Z�d�h�� �d�h�g�l�j�h�e�v�� �a�Z�� �h�l�k�m�l�k�l�\�b�_�f�� �i�_�j�_�i�h�e�g�_�g�b�y���b�� �d�h�j�j�_�d�l�g�h�k�l�v�x��

�\�u�q�b�k�e�_�g�b�c�� �e�h�`�b�l�k�y���g�Z���i�j�h�]�j�Z�f�f�b�k�l�Z�� 

�I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��SIMD �b�g�k�l�j�m�d�p�b�c �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f�� �y�\�e�y�_�l�k�y��

�j�_�Z�e�b�a�Z�p�b�y�� �f�Z�l�j�b�q�g�h�]�h�� �m�f�g�h�`�_�g�b�y�� �g�_�� �k�� �i�h�f�h�s�v�x�� �k�d�Z�e�y�j�g�h�]�h�� ��dot �b�e�b��inner 

product�����i�j�h�b�a�\�_�^�_�g�b�y�� �\�_�d�l�h�j�h�\���� �Z�� �q�_�j�_�a�� �l�_�g�a�h�j�g�h�_�� �i�j�h�b�a�\�_�^�_�g�b�_�� �\�_�d�l�h�j�h�\�� ���W�H�Q�V�R�U��

�b�e�b�� �R�X�W�H�U�� �S�U�R�G�X�F�W������ �l�Z�d�� �d�Z�d�� �i�j�b�� �w�l�h�f�� �j�_�]�b�k�l�j�u�� �a�Z�i�h�e�g�y�x�l�k�y�� �w�e�_�f�_�g�l�Z�f�b�� �f�Z�l�j�b�p����

�e�_�`�Z�s�b�f�b�� �\���i�Z�f�y�l�b���h�^�b�g���a�Z���^�j�m�]�b�f �L�_�g�a�h�j�g�h�_�� �i�j�h�b�a�\�_�^�_�g�b�_�� �\�_�d�l�h�j�Z-�k�l�h�e�[�p�Z��a �g�Z��

�\�_�d�l�h�j���k�l�j�h�d�m��b �h�[�j�Z�a�m�x�l���f�Z�l�j�b�p�m: 


n

�=�5
�=�6
�­

�=�à


r �T �:�>�5 �>�6 �® �>�á�; 
L 
n

�=�5�>�5 �=�5�>�6 �® �=�5�>�á
�=�6�>�5 �=�6�>�6 �® �=�6�>�á

�­ �­ �° �­
�=�à �>�5 �=�à �>�6 �® �=�à �>�á


r�á 

 

(7.7) 

�I�j�b�� �i�_�j�_�f�g�h�`�_�g�b�b�� �f�Z�l�j�b�p�� �e�_�\�u�c�� �f�g�h�`�b�l�_�e�v�� �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d��

�\�_�d�l�h�j-�k�l�j�h�d�m���� �k�h�k�l�h�y�s�m�x�� �b�a�� �\�_�d�l�h�j�h�\�� �k�l�h�e�[�p�h�\���� �Z �f�Z�l�j�b�p�m�� �± �i�j�Z�\�u�c�� �f�g�h�`�b�l�_�e�v��

�d�Z�d�� �\�_�d�l�h�j-�k�l�h�e�[�_�p���� �k�h�k�l�h�y�s�b�c�� �b�a���\�_�d�l�h�j�h�\-�k�l�j�h�d�����L�h�]�^�Z���f�Z�l�j�b�q�g�h�_�� �i�j�h�b�a�\�_�^�_�g�b�_��

�_�k�l�v���k�m�f�f�Z���j�_�a�m�e�v�l�Z�l�h�\�� �l�_�g�a�h�j�g�u�o�� �i�j�h�b�a�\�_�^�_�g�b�c��i-�o �\�_�d�l�h�j�h�\ �f�g�h�`�b�l�_�e�_�c: 

�:�=�&�5 �=�&�6 �® �=�&�á�;

�É

�È
�Ç

�>�,�&�5
�>�,�&�6
�­

�>�,�&�á�Ì

�Ë
�Ê


L 
Í �=�&�Ü�T �>�,�&�Ü

�á

�Ü�@�5

�ä 

 

(7.8) 
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�K�o�_�f�Z�� �m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p��32-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �k�� �n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c�� �k��

�i�h�f�h�s�v�x���h�i�_�j�Z�p�b�c�� �g�Z�^���f�Z�l�j�b�p�Z�f�b�� ����-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �i�j�b�\�_�^�_�g�Z�� �g�Z���j�b�k�m�g�d�_�� ����������

�;�e�h�d�b��Split �\�u�i�h�e�g�y�x�l�� �^�_�d�h�f�i�h�a�b�p�b�x�� �f�Z�l�j�b�p�� ����-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �g�Z�� �f�Z�l�j�b�p�u��

�f�e�Z�^�r�b�o�� �b�� �k�l�Z�j�r�b�o�� ����-�j�Z�a�j�y�^�g�u�o�� �k�e�h�\���� �;�e�h�d�b��Mul �\�u�i�h�e�g�y�x�l�� �f�Z�l�j�b�q�g�h�_��

�i�_�j�_�f�g�h�`�_�g�b�_���^�e�y���f�Z�l�j�b�p������-�j�Z�a�j�y�^�g�u�o���q�b�k�_�e����BAdd �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y���a�Z�i�h�e�g�_�g�b�y��

�f�Z�l�j�b�p���&�= �b���&�> �\���a�Z�\�b�k�b�f�h�k�l�b���h�l���a�g�Z�d�Z���a�g�Z�q�_�g�b�c�� �\���f�Z�l�j�b�p�Z�o���# �b���$ �b���k�m�f�f�b�j�h�\�Z�g�b�y��

�&�=, �&�>�����J�_�a�m�e�v�l�Z�l�u�� �m�f�g�h�`�_�g�b�y���#�Á�$�Å �b �#�Å�$�Á �k�m�f�f�b�j�m�x�l�k�y�� �\���[�e�h�d�_��Add. �<�� �[�e�h�d�Z�o��

ShiftAdd �b��ShiftSub �i�j�h�b�k�o�h�^�b�l�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �k�e�h�`�_�g�b�_�� �b�� �\�u�q�b�l�Z�g�b�_�� �f�Z�l�j�b�p����

�q�b�k�e�Z�� �\�� �d�h�l�h�j�u�o�� �k�^�\�b�g�m�l�u�� �\�� �i�h�a�b�p�b�b���� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �b�k�i�h�e�v�a�m�_�f�h�]�h�� �n�h�j�f�Z�l�Z��

�q�b�k�_�e�� �k�� �n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c�� �>�e�y�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �i�e�Z�l�n�h�j�f���� �b�f�_�x�s�b�o��

�g�_�k�d�h�e�v�d�h��DSP���� �[�e�h�d�b�����j�Z�k�i�h�e�h�`�_�g�g�u�_�� �g�Z���h�^�g�h�f���m�j�h�\�g�_, �g�_�� �a�Z�\�b�k�y�l�� �^�j�m�]�� �h�l���^�j�m�]�Z��

�b���f�h�]�m�l���\�u�i�h�e�g�y�l�v�k�y�� �i�Z�j�Z�e�e�_�e�v�g�h��  

 

 
�J�b�k�m�g�h�d 7.2 �± �K�o�_�f�Z���m�f�g�h�`�_�g�b�y���f�Z�l�j�b�p������-�j�Z�a�j�y�^�g�u�o���q�b�k�_�e���k���n�b�d�k�b�j�h�\�Z�g�g�h�c���l�h�q�d�h�c���k��

�i�h�f�h�s�v�x���h�i�_�j�Z�p�b�c���g�Z�^���f�Z�l�j�b�p�Z�f�b������-�j�Z�a�j�y�^�g�u�o���q�b�k�_�e. 
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�G�Z�� �j�b�k�m�g�d�_�� �������� �i�h�d�Z�a�Z�g�u�� �a�Z�\�b�k�b�f�h�k�l�b�� �\�j�_�f�_�g�b�� �m�f�g�h�`�_�g�b�y �d�\�Z�^�j�Z�l�g�u�o��

�f�Z�l�j�b�p�� ����-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �k�� �n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c �h�l�� �j�Z�a�f�_�j�Z�� �f�Z�l�j�b�p��N �^�e�y��

�k�e�_�^�m�x�s�b�o�� �k�i�h�k�h�[�h�\: �i�m�l�z�f�� �k�d�Z�e�y�j�g�h�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y�� �\�_�d�l�h�j�h�\���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

32-�j�Z�a�j�y�^�g�u�o�� �k�d�Z�e�y�j�g�u�o�� �b�g�k�l�j�m�d�p�b�c DSP; �k�� �i�h�f�h�s�v�x�� �l�_�g�a�h�j�g�h�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y��

�\�_�d�l�h�j�h�\�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� ����-�j�Z�a�j�y�^�g�u�o�� �k�d�Z�e�y�j�g�u�o�� �h�i�_�j�Z�p�b�c; �Z�e�]�h�j�b�l�f�h�f��

�R�l�j�Z�k�k�_�g�Z��[341] �k�� �i�h�f�h�s�v�x������-�j�Z�a�j�y�^�g�u�o�� �k�d�Z�e�y�j�g�u�o�� �b�g�k�l�j�m�d�p�b�c; �i�j�_�^�e�Z�]�Z�_�f�u�f��

�k�i�h�k�h�[�h�f�� �k�� �i�h�f�h�s�v�x�� ����-�j�Z�a�j�y�^�g�u�o�� �\�_�d�l�h�j�g�u�o�� �b�g�k�l�j�m�d�p�b�c. �G�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h��

�Z�k�b�f�i�l�h�l�b�q�_�k�d�Z�y�� �k�e�h�`�g�h�k�l�v�� �Z�e�]�h�j�b�l�f�Z�� �R�l�j�Z�k�k�_�g�Z�� �b�� �j�y�^�Z��«�[�u�k�l�j�u�o» �Z�e�]�h�j�b�l�f�h�\��

�m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p���� �g�Z�i�j�b�f�_�j��[342], �g�b�`�_���� �q�_�f���k�e�h�`�g�h�k�l�v�� �m�f�g�h�`�_�g�b�y�� �k�� �i�h�f�h�s�v�x��

�k�d�Z�e�y�j�g�h�]�h�� �b�� �l�_�g�a�h�j�g�h�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y�� �\�_�d�l�h�j�h�\���� �g�Z�� �i�j�Z�d�l�b�d�_�� �l�Z�d�b�_�� �Z�e�]�h�j�b�l�f�u��

�w�n�n�_�d�l�b�\�g�u�� �l�h�e�v�d�h�� �^�e�y�� �f�Z�l�j�b�p�� �j�Z�a�f�_�j�Z�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\�� �l�u�k�y�q�� �g�Z�� �g�_�k�d�h�e�v�d�h��

�^�_�k�y�l�d�h�\���l�u�k�y�q���b���[�h�e�_�_���� 

 

 
�J�b�k�m�g�h�d 7.3 �± �<�j�_�f�y �j�Z�[�h�l�u �j�Z�a�e�b�q�g�u�o���k�i�h�k�h�[�h�\���m�f�g�h�`�_�g�b�y �d�\�Z�^�j�Z�l�g�u�o���f�Z�l�j�b�p������-�j�Z�a�j�y�^�g�u�o��

�q�b�k�_�e���k���n�b�d�k�b�j�h�\�Z�g�g�h�c���l�h�q�d�h�c �\���a�Z�\�b�k�b�f�h�k�l�b���h�l���j�Z�a�f�_�j�Z���f�Z�l�j�b�p. 
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N32-�[�b�l�g�u�_���k�d�Z�e�y�j�g�u�_���b�g�k�l�j�m�d�p�b�b�����k�d�Z�e�y�j�g�h�_���i�j�h�b�a�\�_�^�_�g�b�_���\�_�d�l�h�j�h�\��

32-�[�b�l�g�u�_���k�d�Z�e�y�j�g�u�_���b�g�k�l�j�m�d�p�b�b�����l�_�g�a�h�j�g�h�_���i�j�h�b�a�\�_�^�_�g�b�_���\�_�d�l�h�j�h�\��

32-�[�b�l�g�u�_���k�d�Z�e�y�j�g�u�_���b�g�k�l�j�m�d�p�b�b�����Z�e�]�h�j�b�l�f���R�l�j�Z�k�k�_�g�Z��

16-�j�Z�a�j�y�^�g�u�_���\�_�d�l�h�j�g�u�_���b�g�k�l�j�m�d�p�b�b�����i�j�_�^�e�Z�]�Z�_�f�u�c��
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�>�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �j�Z�a�f�_�j�h�\�� �f�Z�l�j�b�p�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �Z�e�]�h�j�b�l�f��

�[�u�k�l�j�_�_�� �q�_�f�� �j�_�Z�e�b�a�Z�p�b�b �k�� �i�h�f�h�s�v�x�� ����-�j�Z�a�j�y�^�g�u�o�� �k�d�Z�e�y�j�g�u�o�� �h�i�_�j�Z�p�b�c�� �'�6�3���� �<��

�q�Z�k�l�g�h�k�l�b���� �^�e�y�� �f�Z�l�j�b�p�� �j�Z�a�f�_�j�Z�� ������ �g�Z�� ������ �h�g�� �[�u�k�l�j�_�_�� �[�h�e�_�_�� �q�_�f �\�� ���� �j�Z�a���� �:�e�]�h�j�b�l�f��

�h�[�h�[�s�Z�_�l�k�y���^�e�y���m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p��n-�j�Z�a�j�y�^�g�u�o���p�_�e�u�o�� �k�h���a�g�Z�d�h�f���k���i�h�f�h�s�v�x��n/2-

�j�Z�a�j�y�^�g�u�o���\�_�d�l�h�j�g�u�o���h�i�_�j�Z�p�b�c�����I�h���Z�g�Z�e�h�]�b�b �k���h�i�b�k�Z�g�g�u�f���\���^�Z�g�g�h�f���j�Z�a�^�_�e�_ �f�h�`�g�h��

�k�n�h�j�f�m�e�b�j�h�\�Z�l�v�� �k�i�h�k�h�[�u �m�f�g�h�`�_�g�b�y�� �f�Z�l�j�b�p��n-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �k�� �i�h�f�h�s�v�x��n/4- 

n/8-�j�Z�a�j�y�^�g�u�o�� �h�i�_�j�Z�p�b�c���� 

�D�e�Z�k�l�_�j�b�a�Z�p�b�y 

�Q�l�h�[�u�� �i�j�h�k�l�j�Z�g�k�l�\�h �©�\�j�_�f�y�� �k�t�z�f�d�b�� �± �g�h�f�_�j�� �d�Z�f�_�j�u�ª �[�u�e�h�� �f�_�l�j�b�q�_�k�d�b�f��

�g�_�h�[�o�h�^�b�f�h�� �e�b�[�h�� �h�i�j�_�^�_�e�b�l�v�� �^�e�y�� �g�_�]�h�� �k�i�_�p�b�Z�e�v�g�m�x�� �n�m�g�d�p�b�x�� �j�Z�k�k�l�h�y�g�b�y���� �e�b�[�h��

�b�k�i�h�e�v�a�h�\�Z�l�v�� �h�^�b�g�Z�d�h�\�u�_�� �_�^�b�g�b�p�u�� �b�a�f�_�j�_�g�b�y�� �i�h�� �h�k�y�f���� �q�l�h�� �i�h�a�\�h�e�b�l�� �i�j�b�f�_�g�y�l�v��

�b�a�\�_�k�l�g�u�_�� �n�m�g�d�p�b�b�� �j�Z�k�k�l�h�y�g�b�y���� �g�Z�i�j�b�f�_�j�� �_�\�d�e�b�^�h�\�h���� �I�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�b�f�_�g�b�l�v��

�\�l�h�j�h�c�� �\�Z�j�b�Z�g�l: �\�j�_�f�y�� �k�t�z�f�d�b�� �m�d�Z�a�u�\�Z�l�v�� �\�� �k�_�d�m�g�^�Z�o���� �Z�� �i�h�� �h�k�b�� �©�g�h�f�_�j�� �d�Z�f�_�j�u�ª��

�m�k�l�Z�g�h�\�b�l�v�� �r�Z�]���* �Ö �\���_�^�b�g�b�p�Z�o�� �\�j�_�f�_�g�b�����d�Z�d���i�h�d�Z�a�Z�g�h���g�Z���j�b�k�m�g�d�_�� ����4: 

  �* �Ö
L
�Þ�Î�Å�ß
�Ç�Û

�á 
 

(7.9) 

�]�^�_�� ���.�ç �± �j�Z�a�g�b�p�Z�� �\�h�� �\�j�_�f�_�g�b�� �f�_�`�^�m�� �k�Z�f�u�f�� �^�Z�\�g�b�f�� �b�� �k�Z�f�u�f�� �g�h�\�u�f�� �k�g�b�f�d�Z�f�b�� �\��

�d�h�e�e�_�d�p�b�b; �0�ã �í �d�h�e�b�q�_�k�l�\�h���h�l�[�b�j�Z�_�f�u�o���n�h�l�h�]�j�Z�n�b�c; �d�h�w�n�n�b�p�b�_�g�l���G�Ö�Ð �>�r�á �0�ã�?.  

�I�j�b���G�Ö
L �r �d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �\�u�i�h�e�g�y�_�l�k�y�� �l�h�e�v�d�h�� �i�h�� �\�j�_�f�_�g�b���� �i�j�b���G�Ö
L �0�ã 

�d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y���l�h�e�v�d�h���i�h���f�h�^�_�e�b���d�Z�f�_�j�u�����i�j�h�f�_�`�m�l�h�q�g�u�_���a�g�Z�q�_�g�b�y��

�G�Ö �i�h�a�\�h�e�y�x�l�� �j�_�]�m�e�b�j�h�\�Z�l�v�� �i�h�\�_�^�_�g�b�_�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b �f�_�`�^�m�� �w�l�b�f�b�� �^�\�m�f�y��

�d�j�Z�c�g�b�f�b�� �k�e�m�q�Z�y�f�b, �j�_�d�h�f�_�g�^�m�_�l�k�y���G�Ö = 2. 

�?�k�e�b�� �\���g�_�d�h�l�h�j�u�c�� �i�j�h�f�_�`�m�l�h�d���\�j�_�f�_�g�b���[�u�e�h���k�g�y�l�h���[�h�e�v�r�_���n�h�l�h�]�j�Z�n�b�c�����q�_�f��

�\���^�j�m�]�b�_�� �i�_�j�b�h�^�u�����l�h���f�h�`�g�h���i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h���\���w�l�h�l���f�h�f�_�g�l���i�j�h�b�k�o�h�^�b�e�h�� �g�_�q�l�h��

�b�g�l�_�j�_�k�g�h�_���� �b�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �b�a�� �w�l�h�]�h�� �i�j�h�f�_�`�m�l�d�Z�� �h�l�h�[�j�Z�l�v�� �[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h��

�n�h�l�h�]�j�Z�n�b�c���� �I�h�w�l�h�f�m�� �^�e�y�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�b�f�_�g�b�l�v�� �Z�e�]�h�j�b�l�f��

�k�_�j�_�^�b�g�g�h�]�h�� �k�_�q�_�g�b�y�� ��median-cut) [343], �b�k�i�h�e�v�a�m�_�f�u�c�� �^�e�y�� �i�h�^�[�h�j�Z�� �i�Z�e�b�l�j�u����

�\�d�e�x�q�Z�x�s�_�c�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\�� �p�\�_�l�h�\���� �b�a�� �l�u�k�y�q���� �i�j�b�k�m�l�k�l�\�m�x�s�b�o�� �\��
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�b�a�h�[�j�Z�`�_�g�b�b�����W�l�h�l���Z�e�]�h�j�b�l�f���h�[�_�k�i�_�q�b�\�Z�_�l���i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �h�^�b�g�Z�d�h�\�h�_���d�h�e�b�q�_�k�l�\�h��

�l�h�q�_�d�� �\�� �d�e�Z�k�l�_�j�Z�o���� �[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �d�e�Z�k�l�_�j�h�\�� �h�[�j�Z�a�m�_�l�k�y�� �\�� �f�_�k�l�Z�o�� �i�e�h�l�g�h�]�h��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�q�_�d���b���f�_�g�v�r�_�_�� �\���f�_�k�l�Z�o�����]�^�_���l�h�q�d�b���j�Z�a�j�_�`�_�g�u�� 

 

 
�J�b�k�m�g�h�d 7.4 �± �>�\�m�f�_�j�g�h�_���i�j�h�k�l�j�Z�g�k�l�\�h���©�\�j�_�f�y- �g�h�f�_�j���d�Z�f�_�j�u�ª���^�e�y���d�e�Z�k�l�_�j�b�a�Z�p�b�b���n�h�l�h�]�j�Z�n�b�c. 

 

�J�Z�g�`�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�c 

�J�Z�g�`�b�j�h�\�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �i�j�_�^�_�e�Z�o�� �d�e�Z�k�l�_�j�Z�� �^�e�y�� �\�u�[�h�j�Z�� �h�^�g�h�]�h�� �k��

�g�Z�b�[�h�e�v�r�b�f�� �j�Z�g�]�h�f�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �a�Z�� �k�q�z�l�� �i�h�k�l�j�h�_�g�b�y�� �d�Z�j�l�u�� �a�g�Z�q�b�f�h�k�l�b�� ��saliency 

map���� �b�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p. �>�e�y�� �j�_�r�_�g�b�y�� �h�[�_�b�o�� �a�Z�^�Z�q�� �k�m�s�_�k�l�\�m�_�l�� �f�g�h�`�_�k�l�\�h��

�f�_�l�h�^�h�\���� �d�h�l�h�j�u�_�� �k�m�s�_�k�l�\�_�g�g�h�� �j�Z�a�e�b�q�Z�x�l�k�y�� �\�u�q�b�k�e�b�l�_�e�v�g�h�c���k�e�h�`�g�h�k�l�v�x�� �b��

�h�[�t�z�f�h�f���i�h�l�j�_�[�e�y�_�f�h�c���i�Z�f�y�l�b�����<���j�Z�a�^�_�e�_�����������[�u�e�h���h�l�f�_�q�_�g�h�����q�l�h���Z�e�]�h�j�b�l�f���<�b�h�e�u-

�>�`�h�g�k�Z��[261] �k�� �f�h�^�b�n�b�d�Z�p�b�y�f�b�� �b�a��[309] �f�h�`�_�l�� �[�u�l�v�� �w�n�n�_�d�l�b�\�g�h�� �j�_�Z�e�b�a�h�\�Z�g�� �g�Z��

�\�k�l�j�h�_�g�g�u�o�� �i�e�Z�l�n�h�j�f�Z�o���� �D�e�Z�k�k�b�q�_�k�d�b�c�� �k�i�h�k�h�[�� �i�h�k�l�j�h�_�g�b�y�� �d�Z�j�l�u�� �a�g�Z�q�b�f�h�k�l�b����

�h�i�b�k�Z�g�g�u�c�� �\��[344]�����h�k�g�h�\�Z�g���g�Z���f�h�^�_�e�b���j�Z�g�g�_�]�h�� ��preattentive) �a�j�_�g�b�y�����H�g���g�_���l�j�_�[�m�_�l��

�a�g�Z�q�b�l�_�e�v�g�u�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �a�Z�l�j�Z�l �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �j�Z�a�m�f�g�u�_��

�b�g�l�_�j�i�j�_�l�b�j�m�_�f�u�c�� �j�_�a�m�e�v�l�Z�l�u���� �I�j�b�f�_�j�� �d�Z�j�l�u���a�g�Z�q�b�f�h�k�l�b���i�h�d�Z�a�Z�g�� �g�Z���j�b�k�m�g�d�_�� ����5. 

�;�_�a�� �h�]�j�Z�g�b�q�_�g�b�y�� �h�[�s�g�h�k�l�b���� �i�m�k�l�v�� �k�i�h�k�h�[�h�f�� �b�a��[344] �^�e�y�� �n�h�l�h�]�j�Z�n�b�b��

�i�h�k�l�j�h�_�g�Z�� �d�Z�j�l�Z�� �a�g�Z�q�b�f�h�k�l�b���+�æ���� �G�Z���+�æ �i�h�^�Z�\�e�y�x�l�k�y�� �i�b�d�k�_�e�b���� �a�g�Z�q�_�g�b�_�� �\�� �d�h�l�h�j�u�o��

�g�_�\�_�e�b�d�h���� �q�l�h�[�u���l�Z�d�b�_���i�b�d�k�_�e�b�� �g�_���m�q�Z�k�l�\�h�\�Z�e�b�� �\���\�u�q�b�k�e�_�g�b�b�� �j�Z�g�]�Z���n�h�l�h�]�j�Z�n�b�b: 

�<�j�_�f�y

�D�Z�f�_�j�u

1

4
3
2

Lt

Hc
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�+�"�æ�:�N�á �?�; 
L �J
�+�æ�:�N�á �?�;�á �+�æ�:�N�á �?�; 
R �r�á�t�w�•�ƒ�š

�Ê�:�å�á�Ö�;
�+�æ�:�N�á �?�;�á

�r�á���������������������������������������������������������������������������������������������������������������Ë�Ð�Ã�Ú�È�ä
 

 

(7.10) 

 

 
a) 

 
b) 

�J�b�k�m�g�h�d 7.5 �± a) �n�h�l�h�]�j�Z�n�b�y; b) �d�Z�j�l�Z���a�g�Z�q�b�f�h�k�l�b. 

 

�J�Z�g�]���4 �b�a�h�[�j�Z�`�_�g�b�y���� �l���_���� �\�_�e�b�q�b�g�Z�� �i�h�� �d�h�l�h�j�h�c���\�u�i�h�e�g�y�_�l�k�y�� �j�Z�g�`�b�j�h�\�Z�g�b�_�� 

�\�u�q�b�k�e�y�_�l�k�y�� �i�h���n�h�j�f�m�e�_: 

�4 
L �S�Ù�0�Ù
�Ô�Ñ
E

�s

�9�*

Í 
Í �+�" �æ�:�N�á �?�;�á

�Ð�?�5

�Ö�@�4

�Á�?�5

�å�@�4

 

 

(7.11) 

�]�^�_���9�á �* �± �j�Z�a�f�_�j�u�� �d�Z�j�l�u�� �a�g�Z�q�b�f�h�k�l�b���+�"�æ; �0�Ù �± �d�h�e�b�q�_�k�l�\�h�� �h�[�g�Z�j�m�`�_�g�g�u�o�� �g�Z��

�n�h�l�h�]�j�Z�n�b�b���e�b�p; �S�Ù �b���=�Ù �± �d�h�w�n�n�b�p�b�_�g�l�u��  

�A�g�Z�q�_�g�b�_ �S�Ù � �� ������ �b���=�Ù
L �r�á�w �g�Z�c�^�_�g�u �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �\�� �d�h�l�h�j�h�f��54 

�b�a�h�[�j�Z�`�_�g�b�y�� ���g�Z�� ������ �[�u�e�b�� �e�b�p�Z�� �e�x�^�_�c�� �j�Z�g�`�b�j�h�\�Z�e�b�k�v�� �Z�\�l�h�j�h�f �w�l�b�o�� �n�h�l�h�]�j�Z�n�b�c, 

�^�Z�e�_�_�� �f�Z�d�k�b�f�b�a�b�j�h�\�Z�e�k�y�� �d�h�w�n�n�b�p�b�_�g�l�� �j�Z�g�]�h�\�h�c�� �d�h�j�j�_�e�y�p�b�b�� �K�i�b�j�f�_�g�Z�� �f�_�`�^�m��

�j�_�a�m�e�v�l�Z�l�Z�f�b�� �j�Z�g�`�b�j�h�\�Z�g�b�y�� �q�_�e�h�\�_�d�h�f���b���i�h���n�h�j�f�m�e�_ (7.11).  

�J�_�a�m�e�v�l�Z�l�u 

�>�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �\�u�[�h�j�Z��

�n�h�l�h�]�j�Z�n�b�c�� �[�u�e�� �i�j�h�\�_�^�z�g�� �k�e�_�^�m�x�s�b�c�� �w�d�k�i�_�j�b�f�_�g�l [332]���� �I�y�l�b �i�h�e�v�a�h�\�Z�l�_�e�y�f��

�[�u�e�h�� �i�j�_�^�e�h�`�_�g�h�� �i�j�_�^�h�k�l�Z�\�b�l�v�� �g�Z�[�h�j�u�� �b�a�� ������ �n�h�l�h�]�j�Z�n�b�c�����k�g�y�l�u�o�� �i�h�^�j�y�^�� �[�_�a��

�d�Z�d�h�]�h-�e�b�[�h�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h�� �h�l�[�h�j�Z�� �b�� �h�l�g�h�k�y�s�b�o�k�y�� �d�� �g�_�d�h�_�f�m�� �h�i�j�_�^�_�e�z�g�g�h�f�m��

�k�h�[�u�l�b�x���� �>�Z�e�_�_�� �b�a�� ������ �n�h�l�h�]�j�Z�n�b�c�� �\�u�[�b�j�Z�e�h�k�v�� ������ �k�� �i�h�f�h�s�v�x�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h��
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�f�_�l�h�^�Z�����k�i�h�k�h�[�h�f���b�a��[324] �b���i�m�l�z�f�� �k�e�m�q�Z�c�g�h�]�h�� �\�u�[�h�j�Z�����:�\�l�h�j�u���n�h�l�h�]�j�Z�n�b�c�� �l�Z�d�`�_��

�[�u�e�b���b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u�� �\�u�[�j�Z�l�v���������b�a�h�[�j�Z�`�_�g�b�c�����d�h�l�h�j�u�_�����i�h���b�o���f�g�_�g�b�x�����f�h�]�e�b���[�u��

�\�h�c�l�b���\���n�h�l�h�Z�e�v�[�h�f. �D�j�h�f�_���l�h�]�h�����d�Z�`�^�u�c���i�h�e�v�a�h�\�Z�l�_�e�v�� �^�e�y���k�\�h�_�]�h���g�Z�[�h�j�Z���j�Z�a�^�_�e�b�e��

�h�k�l�Z�\�r�b�_�k�y�� ������ �b�a�h�[�j�Z�`�_�g�b�c �g�Z�� �^�\�_�� �]�j�m�i�i�u�� �©�i�j�b�_�f�e�_�f�h» �^�e�y�� �\�d�e�x�q�_�g�b�y�� �\��

�n�h�l�h�d�g�b�]�m�� �b �©�g�_�i�j�b�_�f�e�_�f�h�ª���� �J�_�a�m�e�v�l�Z�l�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ������. 

�G�Z�b�[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �k�h�\�i�Z�^�_�g�b�c�� �j�_�a�m�e�v�l�Z�l�h�\�� �\�u�[�h�j�Z�� �k���q�_�e�h�\�_�d�h�f�� �h�[�_�k�i�_�q�b�e��

�i�j�_�^�e�Z�]�Z�_�f�u�c�� �f�_�l�h�^���� �l�Z�d�`�_�� �m�� �g�_�]�h�� �g�Z�b�f�_�g�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �h�l�h�[�j�Z�g�g�u�o��

�n�h�l�h�]�j�Z�n�b�c���� �d�h�l�h�j�u�_�� �h�p�_�g�_�g�u�� �d�Z�d�� �©�g�_�i�j�b�_�f�e�_�f�u�_�ª���� �K�i�h�k�h�[�� �b�a��[324] 

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �j�_�a�m�e�v�l�Z�l�u�� �a�Z�f�_�l�g�h�� �e�m�q�r�_�� �k�e�m�q�Z�c�g�h�]�h�� �\�u�[�h�j�Z���� �g�h�� �m�k�l�m�i�Z�_�l��

�i�j�_�^�e�Z�]�Z�_�f�h�f�m�� �i�h���d�h�e�b�q�_�k�l�\�m�� �k�h�\�i�Z�^�_�g�b�c�� �k���j�_�a�m�e�v�l�Z�l�Z�f�b���j�m�q�g�h�]�h���\�u�[�h�j�Z���� 

 

�L�Z�[�e�b�p�Z�� ���������K�j�Z�\�g�_�g�b�_�� �k�i�h�k�h�[�h�\���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���\�u�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c. 

�K�i�h�k�h�[ �H�p�_�g�d�Z �G�Z�[�h�j���� �G�Z�[�h�j���� �G�Z�[�h�j���� �G�Z�[�h�j���� �G�Z�[�h�j���� �K�m�f�f�Z 
 

�K�e�m�q�Z�c�g�u�c 

�\�u�[�h�j 

�K�h�\�i�Z�^�Z�_�l 2 2 3 4 4 15 

�I�j�b�_�f�e�_�f�h 5 5 4 2 5 21 

�G�_�i�j�b�_�f�e�_�f�h 3 3 3 4 1 14 

 

�K�i�h�k�h�[���b�a��

[324] 

�K�h�\�i�Z�^�Z�_�l 2 2 2 6 5 17 

�I�j�b�_�f�e�_�f�h 6 7 7 0 4 24 

�G�_�i�j�b�_�f�e�_�f�h 2 1 1 4 1 9 

 

�I�j�_�^�e�Z�]�Z�_�f�u�c 

�K�h�\�i�Z�^�Z�_�l 6 5 6 5 7 29 

�I�j�b�_�f�e�_�f�h 3 4 4 4 2 17 

�G�_�i�j�b�_�f�e�_�f�h 1 1 0 1 1 4 

 

�J�Z�k�k�f�h�l�j�b�f�� �i�h�^�j�h�[�g�_�_�� �g�Z�[�h�j�� ���� �b�a�� �l�Z�[�e�b�p�u�� �������� �b�� �i�j�h�^�_�f�h�g�k�l�j�b�j�m�_�f���� �d�Z�d��

�h�k�m�s�_�k�l�\�e�y�e�k�y�� �\�u�[�h�j���b�a�h�[�j�Z�`�_�g�b�c�� �i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f�����G�Z�[�h�j�� �k�h�k�l�h�b�l���b�a�� ������

�n�h�l�h�]�j�Z�n�b�c�� �i�h�k�_�s�_�g�b�y�� �a�h�h�i�Z�j�d�Z���� �K�t�z�f�d�Z�� �\�u�i�h�e�g�y�e�Z�k�v�� �^�\�m�f�y�� �d�Z�f�_�j�Z�f�b����

�B�a�h�[�j�Z�`�_�g�b�y�� �i�h�d�Z�a�Z�g�u�� �g�Z�� �j�b�k�m�g�d�_�� �������� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �©�\�j�_�f�y�� �k�t�z�f�d�b��- �d�Z�f�_�j�Z�ª����

�I�h�^�� �d�Z�`�^�h�c�� �n�h�l�h�]�j�Z�n�b�_�c�� �m�d�Z�a�Z�g�� �_�z�� �g�h�f�_�j���� �Q�_�l�u�j�_�� �n�h�l�h�]�j�Z�n�b�b�� �h�d�Z�a�Z�e�b�k�v��

�g�_�q�z�l�d�b�f�b�� �b���[�u�e�b���b�k�d�e�x�q�_�g�u�� �b�a���j�Z�k�k�f�h�l�j�_�g�b�y�����G�Z�� �j�b�k�m�g�d�_�� ���������l�Z�d�b�_���b�a�h�[�j�Z�`�_�g�b�y��

�i�_�j�_�q�z�j�d�g�m�l�u�� �d�j�Z�k�g�u�f���� �I�h�e�m�q�b�\�r�b�_�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� ������ �d�e�Z�k�l�_�j�h�\��
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�h�[�\�_�^�_�g�u�� �k�b�g�_�c�� �i�m�g�d�l�b�j�g�h�c�� �e�b�g�b�_�c���� �<�u�[�j�Z�g�g�u�_�� �b�a�� �d�e�Z�k�l�_�j�h�\�� �n�h�l�h�]�j�Z�n�b�b��

�h�[�\�_�^�_�g�u���d�j�Z�k�g�h�c���i�m�g�d�l�b�j�g�h�c�� �e�b�g�b�_�c�� 

 
�J�b�k�m�g�h�d 7.6 �± �B�e�e�x�k�l�j�Z�p�b�y���\�u�[�h�j�Z���n�h�l�h�]�j�Z�n�b�c���b�a���g�Z�[�h�j�Z���i�j�_�^�e�Z�]�Z�_�f�u�f���k�i�h�k�h�[�h�f. 

 

�J�_�a�m�e�v�l�Z�l�� �h�l�[�h�j�Z�� �k�h�\�i�Z�e�� �k�� �\�u�[�h�j�h�f�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �^�e�y�� ���� �n�h�l�h�]�j�Z�n�b�c: �w�l�h��

�b�a�h�[�j�Z�`�_�g�b�y�� �k�� �g�h�f�_�j�Z�f�b��1, 8, 10, 21, 28, 30���� �<�u�[�h�j�� ���� �n�h�l�h�]�j�Z�n�b�c�� �i�h�e�v�a�h�\�Z�l�_�e�v��

�i�h�k�q�b�l�Z�e�� �i�j�b�_�f�e�_�f�u�f: 13, 16, 22. �H�^�g�h�� �b�a�h�[�j�Z�`�_�g�b�_�� ���g�h�f�_�j�� ������ �h�l�f�_�q�_�g�h, �d�Z�d��

�©�g�_�i�j�b�_�f�e�_�f�h�_�ª�� �^�e�y���\�d�e�x�q�_�g�b�y�� �\���n�h�l�h�Z�e�v�[�h�f���� 

�G�Z�� �j�b�k�m�g�d�_�� �������� �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �\�u�[�h�j�Z�� ������ �b�a�h�[�j�Z�`�_�g�b�c�� �b�a�� �g�Z�[�h�j�Z�� ����

�g�_�k�d�h�e�v�d�b�f�b �k�i�h�k�h�[�Z�f�b�����K�i�h�k�h�[�h�f���b�a��[324] �b���k�e�m�q�Z�c�g�u�f�� �\�u�[�h�j�h�f���[�u�e�b�� �h�l�h�[�j�Z�g�u��

�\�� �l�h�f�� �q�b�k�e�_�� �g�_�q�z�l�d�b�_�� �n�h�l�h�]�j�Z�n�b�b���� �d�h�l�h�j�u�_�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �h�l�f�_�l�b�e�� �d�Z�d��

�©�g�_�i�j�b�_�f�e�_�f�u�_�ª�� �^�e�y���\�d�e�x�q�_�g�b�y�� �\���n�h�l�h�Z�e�v�[�h�f���� 
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a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d 7.7 �± �<�u�[�j�Z�g�g�u�_���n�h�l�h�]�j�Z�n�b�b: a) �i�j�_�^�e�Z�]�Z�_�f�u�f���f�_�l�h�^�h�f; b) �k�i�h�k�h�[ �b�a��[324]; c) 

�k�e�m�q�Z�c�g�u�f���h�[�j�Z�a�h�f. 
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7.2. �J�Z�a�f�_�s�_�g�b�_ �n�h�l�h�]�j�Z�n�b�c���g�Z���k�l�j�Z�g�b�p�_ 

�K�m�s�_�k�l�\�m�x�s�b�_�� �k�i�h�k�h�[�u 

�R�b�j�h�d�h�� �b�a�\�_�k�l�g�u�� �a�Z�^�Z�q�b�� �^�\�m�f�_�j�g�h�c�� �b�� �l�j�z�o�f�_�j�g�h�c�� �m�i�Z�d�h�\�d�b�� �b�� �j�Z�a�f�_�s�_�g�b�y����

�l�Z�d�b�_�� �d�Z�d�� �m�i�Z�d�h�\�d�Z�� �\�� �d�h�g�l�_�c�g�_�j�u���� �m�i�Z�d�h�\�d�Z�� �\ �i�h�e�h�k�m���� �m�d�e�Z�^�d�Z�� �j�x�d�a�Z�d�Z����

�i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �j�Z�k�d�j�h�y/�j�Z�a�j�_�a�Z�g�b�y�� �a�Z�]�h�l�h�\�h�d��[345, 346]. �G�_�k�f�h�l�j�y�� �g�Z�� �i�h�o�h�`�b�_��

�n�h�j�f�m�e�b�j�h�\�d�b�� �w�l�b�o�� �a�Z�^�Z�q���� �k�m�s�_�k�l�\�m�x�s�b�_�� �f�_�l�h�^�u�� �b�o�� �j�_�r�_�g�b�y�� �i�j�b�f�_�g�b�f�u�� �^�e�y��

�j�Z�a�f�_�s�_�g�b�y�� �l�h�e�v�d�h�� �h�[�t�_�d�l�h�\���n�b�d�k�b�j�h�\�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z�� �b�� �g�_�� �i�h�a�\�h�e�y�x�l�� �\�u�q�b�k�e�y�l�v 

�j�Z�a�f�_�j���b�a�h�[�j�Z�`�_�g�b�c�� �g�Z �k�l�j�Z�g�b�p�_���� �� 

�I�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �n�h�l�h�d�g�b�]���� �d�Z�d�� �i�j�Z�\�b�e�h���� �b�k�i�h�e�v�a�m�_�l��

�g�Z�[�h�j�� �r�Z�[�e�h�g�h�\�� �^�e�y�� �j�Z�a�f�_�s�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c��[317]. �B�g�h�]�^�Z�� �i�h�e�v�a�h�\�Z�l�_�e�x��

�i�h�d�Z�a�u�\�Z�_�l�k�y�� �g�_�k�d�h�e�v�d�b�o�� �\�Z�j�b�Z�g�l�h�\���j�Z�a�f�_�s�_�g�b�y���b���i�j�_�^�e�h�`�_�g�b�x���\�u�[�j�Z�l�v���g�Z�b�[�h�e�_�_��

�i�h�g�j�Z�\�b�\�r�b�c�k�y�����?�k�e�b�� �k�h�h�l�g�h�r�_�g�b�_���k�l�h�j�h�g���n�h�l�h�]�j�Z�n�b�c���b���i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o�� �^�e�y���g�b�o��

�i�h�a�b�p�b�c�� �\�� �r�Z�[�e�h�g�_�� �k�m�s�_�k�l�\�_�g�g�h�� �j�Z�a�e�b�q�Z�_�l�k�y���� �l�h�� �e�b�[�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �h�[�j�_�a�Z�x�l�k�y����

�i�j�b���w�l�h�f���f�h�`�_�l���i�h�k�l�j�Z�^�Z�l�v���b�o���d�h�f�i�h�a�b�p�b�y�����e�b�[�h���b�a�f�_�g�y�x�l�k�y���j�Z�a�f�_�j�u���i�h�a�b�p�b�c�����q�l�h��

�f�h�`�_�l���i�j�b�\�_�k�l�b�� �d���q�Z�k�l�b�q�g�h�f�m���i�_�j�_�d�j�u�l�b�x�� �b�a�h�[�j�Z�`�_�g�b�c������ 

�B�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �d�h�f�i�Z�g�b�b��HP �i�j�_�^�e�h�`�_�g���Z�e�]�h�j�b�l�f��BRIC (blocked recursive 

image composition) �^�e�y���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���j�Z�a�f�_�s�_�g�b�y���n�h�l�h�]�j�Z�n�b�c���g�Z���k�l�j�Z�g�b�p�_��[347, 

348]���� �<�� �w�l�h�f���k�i�h�k�h�[�_���^�e�y���a�Z�^�Z�g�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�c�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �\�k�_��

�\�h�a�f�h�`�g�u�_�� �k�o�_�f�u�� �j�Z�a�f�_�s�_�g�b�y���� �a�Z�^�Z�\�Z�_�f�u�_�� �\�� �\�b�^�_�� �[�b�g�Z�j�g�u�o�� �^�_�j�_�\�v�_�\���� �D�Z�`�^�h�_��

�^�_�j�_�\�h���k�l�j�h�b�l�k�y���j�_�d�m�j�k�b�\�g�h�� �i�m�l�z�f���j�Z�a�[�b�_�g�b�y���i�h�i�h�e�Z�f���^�h�k�l�m�i�g�h�c �^�e�y���j�Z�a�f�_�s�_�g�b�y��

�i�j�y�f�h�m�]�h�e�v�g�h�c�� �h�[�e�Z�k�l�b �i�h�� �\�_�j�l�b�d�Z�e�b�� �b�e�b�� �]�h�j�b�a�h�g�l�Z�e�b���� �>�e�y�� �d�Z�`�^�h�c�� �k�o�_�f�u��

�j�Z�a�f�_�s�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y �b�a�h�[�j�Z�`�_�g�b�c �\�u�q�b�k�e�y�x�l�k�y�� �i�m�l�z�f��

�j�_�r�_�g�b�y�� �h�^�g�h�c�� �b�a�� �^�\�m�o�� �k�b�k�l�_�f�� �m�j�Z�\�g�_�g�b�c: �\�� �i�_�j�\�h�c�� �b�a�� �g�b�o�� �k�m�f�f�u �r�b�j�b�g��

�b�a�h�[�j�Z�`�_�g�b�c���� �m�f�g�h�`�_�g�g�u�_�� �g�Z�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �j�Z�\�g�u�� �r�b�j�b�g�_��

�k�l�j�Z�g�b�p�u; �\�h�� �\�l�h�j�h�c �k�m�f�f�u�� �\�u�k�h�l�� �b�a�h�[�j�Z�`�_�g�b�c���� �m�f�g�h�`�_�g�g�u�_�� �g�Z�� �d�h�w�n�n�b�p�b�_�g�l�u��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �j�Z�\�g�u�� �\�u�k�h�l�_�� �k�l�j�Z�g�b�p�u. �L�Z�d�`�_�� �\�� �k�b�k�l�_�f�Z�o�� �m�j�Z�\�g�_�g�b�y��

�m�q�b�l�u�\�Z�_�l�k�y�� �\�_�e�b�q�b�g�Z�� �i�j�h�f�_�`�m�l�d�Z���f�_�`�^�m���n�h�l�h�]�j�Z�n�b�y�f�b�����B�a���\�k�_�o���\�h�a�f�h�`�g�u�o���k�o�_�f��
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�j�Z�a�f�_�s�_�g�b�y�� �k�� �\�u�[�b�j�Z�_�l�k�y�� �l�Z���� �i�j�b�� �d�h�l�h�j�h�c �i�e�h�s�Z�^�v�� �k�\�h�[�h�^�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z �g�Z��

�k�l�j�Z�g�b�p�_�� �f�b�g�b�f�Z�e�v�g�Z. �J�Z�a�f�_�s�z�g�g�u�_�� �n�h�l�h�]�j�Z�n�b�b�� �\�k�_�]�^�Z�� �i�h�e�g�h�k�l�v�x�� �a�Z�i�h�e�g�y�x�l��

�i�j�y�f�h�m�]�h�e�v�g�m�x�� �h�[�e�Z�k�l�v�����[�_�a���m�q�z�l�Z�� �n�b�d�k�b�j�h�\�Z�g�g�h�]�h�� �i�j�h�f�_�`�m�l�d�Z���f�_�`�^�m���g�b�f�b���� 

�<�� �g�_�d�h�l�h�j�u�o�� �k�e�m�q�Z�y�o�� �i�j�b�� �j�_�r�_�g�b�b�� �k�b�k�l�_�f�u�� �m�j�Z�\�g�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�u��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �f�h�]�m�l�� �i�h�e�m�q�Z�l�v�k�y�� �h�l�j�b�p�Z�l�_�e�v�g�u�f�b���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �k�o�_�f�Z��

�j�Z�a�f�_�s�_�g�b�y�� �g�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���� �B�g�h�]�^�Z�� �b�k�d�e�x�q�Z�x�l�k�y�� �b�a�� �j�Z�k�k�f�h�l�j�_�g�b�y�� �\�k�_��

�\�h�a�f�h�`�g�u�_���k�o�_�f�u�����b �j�Z�a�f�_�s�_�g�b�_���g�_���f�h�`�_�l���[�u�l�v���\�u�i�h�e�g�_�g�h�� �<���l�Z�d�h�f �k�e�m�q�Z�_���Z�\�l�h�j�u��

BRIC �j�_�d�h�f�_�g�^�m�x�l�� �b�a�f�_�g�b�l�v�� �j�Z�a�f�_�j�u�� �n�h�l�h�]�j�Z�n�b�c�� �b�� �k�l�j�Z�g�b�p�u�� �b�e�b���\�_�e�b�q�b�g�m��

�i�j�h�f�_�`�m�l�d�Z�� �f�_�`�^�m�� �n�h�l�h�]�j�Z�n�b�y�f�b���� �i�h�k�e�_�� �q�_�]�h�� �a�Z�i�m�k�l�b�l�v�� �Z�e�]�h�j�b�l�f�� �j�Z�a�f�_�s�_�g�b�y��

�a�Z�g�h�\�h.  

 

 
�J�b�k�m�g�h�d 7.8 �± �I�j�b�f�_�j���j�Z�a�f�_�s�_�g�b�y���n�h�l�h�]�j�Z�n�b�c���Z�e�]�h�j�b�l�f�h�f��BRIC. 

 
   �?�s�z�� �h�^�g�b�f�� �g�_�^�h�k�l�Z�l�d�h�f��BRIC �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�a�f�_�s�_�g�b�y��

�j�Z�a�f�_�j�u���n�h�l�h�]�j�Z�n�b�c�� �g�Z���k�l�j�Z�g�b�p�_�� �f�h�]�m�l�� �k�b�e�v�g�h�� �h�l�e�b�q�Z�l�v�k�y�� �^�j�m�]�� �h�l���^�j�m�]�Z�����q�l�h�����d�Z�d��

�i�j�Z�\�b�e�h���� �g�_�`�_�e�Z�l�_�e�v�g�h�� �G�Z�� �j�b�k�m�g�d�_�� ����8 �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �j�Z�a�f�_�s�_�g�b�y�� �Z�e�]�h�j�b�l�f�h�f��

BRIC �l�j�z�o�� �n�h�l�h�]�j�Z�n�b�c�� �g�Z�� �k�l�j�Z�g�b�p�_�� �j�Z�a�f�_�j�Z��A4 �\�� �Z�e�v�[�h�f�g�h�c�� �h�j�b�_�g�l�Z�p�b�b. 

�N�h�l�h�]�j�Z�n�b�y�����j�Z�a�f�_�s�z�g�g�Z�y���\���i�j�Z�\�h�f���g�b�`�g�_�f���m�]�e�m�����i�h�e�m�q�b�e�Z�k�v�� �k�e�b�r�d�h�f���f�Z�e�_�g�v�d�h�c����

�g�Z���k�l�j�Z�g�b�p�_�� �h�g�Z���\���g�_�k�d�h�e�v�d�h�� �j�Z�a���f�_�g�v�r�_���� �q�_�f���^�\�Z �^�j�m�]�b�o �b�a�h�[�j�Z�`�_�g�b�y. 

�G�_�k�f�h�l�j�y���g�Z���i�_�j�_�q�b�k�e�_�g�g�u�_�� �g�_�^�h�k�l�Z�l�d�b�����j�_�a�m�e�v�l�Z�l�u�� �j�Z�a�f�_�s�_�g�b�y���Z�e�]�h�j�b�l�f�h�f��

BRIC���� �d�Z�d���i�j�Z�\�b�e�h�� �g�j�Z�\�y�l�k�y���f�g�h�]�b�f �i�h�e�v�a�h�\�Z�l�_�e�y�f���� �<�� �q�Z�k�l�g�h�k�l�b���� �h�l�f�_�q�Z�_�l�k�y�����q�l�h��
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�d�h�f�i�Z�d�l�g�h�_���j�Z�a�f�_�s�_�g�b�_�� �\���i�h�e�g�h�k�l�v�x�� �a�Z�i�h�e�g�_�g�g�h�c�� �b�a�h�[�j�Z�`�_�g�b�y�f�b���i�j�y�f�h�m�]�h�e�v�g�h�c��

�h�[�e�Z�k�l�b���\�u�]�e�y�^�b�l�� �]�Z�j�f�h�g�b�q�g�h [347]. 

�I�j�b�g�p�b�i�� �j�Z�a�f�_�s�_�g�b�y���n�h�l�h�]�j�Z�n�b�c 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �g�_�� �h�]�j�Z�g�b�q�b�\�Z�l�v�k�y�� �k�o�_�f�Z�f�b�� �j�Z�a�f�_�s�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z��

�k�l�j�Z�g�b�p�_���� �d�h�l�h�j�u�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\��BRIC���� �Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �\�k�_�� �\�h�a�f�h�`�g�u�_��

�\�Z�j�b�Z�g�l�u���� �h�i�j�_�^�_�e�y�l�v�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �i�m�l�z�f��

�f�b�g�b�f�b�a�Z�p�b�b�� �k�\�h�[�h�^�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �g�Z�� �k�l�j�Z�g�b�p�_�� �b�� �j�Z�a�g�h�k�l�b�� �j�Z�a�f�_�j�h�\��

�j�Z�a�f�_�s�z�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c [349, 350]. �G�Z�� �j�b�k�m�g�d�_�� ����9 �i�h�d�Z�a�Z�g�u�� �\�k�_�� �\�h�a�f�h�`�g�u�_��

�k�o�_�f�u�� �j�Z�a�f�_�s�_�g�b�y�� �g�Z�� �k�l�j�Z�g�b�p�_�� �l�j�z�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �[�_�a�� �m�q�z�l�Z�� �i�_�j�_�k�l�Z�g�h�\�h�d��

�b�a�h�[�j�Z�`�_�g�b�c�� �f�_�k�l�Z�f�b�� 

 

 
�J�b�k�m�g�h�d 7.9 �± �<�Z�j�b�Z�g�l�u���k�o�_�f���j�Z�a�f�_�s�_�g�b�y���^�e�y����-�o���b�a�h�[�j�Z�`�_�g�b�c. 

 

�A�Z�f�_�l�b�f���� �q�l�h�� �l�j�_�[�h�\�Z�g�b�_�� �f�b�g�b�f�b�a�Z�p�b�b�� �g�_�a�Z�i�h�e�g�_�g�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �g�Z��

�k�l�j�Z�g�b�p�_ �g�_�h�[�o�h�^�b�f�h �^�e�y�� �g�Z�o�h�`�^�_�g�b�y�� �h�i�l�b�f�Z�e�v�g�h�c�� �k�o�_�f�u�� �j�Z�a�f�_�s�_�g�b�y�� �b��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �_�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c���� �g�h�� �g�_��

�h�]�j�Z�g�b�q�b�\�Z�_�l�� �j�Z�a�f�_�s�_�g�b�_�� �l�h�e�v�d�h�� �\���\�b�^�_�� �i�e�h�l�g�h�c�� �m�d�e�Z�^�d�b��«�i�e�b�l�d�h�c» (tile)���� �>�Z�e�_�_��

�f�h�`�g�h���^�h�i�h�e�g�b�l�_�e�v�g�h �m�f�g�h�`�b�l�v �i�h�e�m�q�_�g�g�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �g�Z��

�q�b�k�e�h���f�_�g�v�r�_�� �_�^�b�g�b�p�u�� �^�e�y �m�f�_�g�v�r�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�c���� �q�l�h���h�[�_�k�i�_�q�b�l �i�j�h�f�_�`�m�l�d�b 

�f�_�`�^�m�� �n�h�l�h�]�j�Z�n�b�y�f�b�� �g�Z�� �k�l�j�Z�g�b�p�_. �B�e�b, �g�Z�h�[�h�j�h�l, �m�f�g�h�`�b�l�v�� �g�Z�� �q�b�k�e�h�� �[�h�e�v�r�_��

�_�^�b�g�b�p�u�� �^�e�y���m�\�_�e�b�q�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�c���� �q�l�h���i�j�b�\�_�^�z�l���d���k�h�a�^�Z�g�b�x �i�j�b�f�_�j�g�h���j�Z�\�g�u�o��

�i�h�e�h�k �i�_�j�_�d�j�u�l�b�c�� �i�j�b���n�h�j�f�b�j�h�\�Z�g�b�b���d�h�e�e�Z�`�Z�� 

 �?�k�e�b�� �g�_�l�� �i�_�j�_�d�j�u�l�b�c�� �b�a�h�[�j�Z�`�_�g�b�c, �b�� �h�g�b�� �a�Z�g�b�f�Z�x�l�� �\�k�x�� �k�l�j�Z�g�b�p�m���� �l�h��

�b�f�_�_�l�k�y�� �y�\�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �f�_�`�^�m�� �j�Z�a�f�_�j�Z�f�b�� �n�h�l�h�]�j�Z�n�b�c �b�� �j�Z�a�f�_�j�h�f�� �k�l�j�Z�g�b�p�u����

1
2
3

1 32
3

2
1

1
2

31
2

3

3
2

1



272 
 

 
 
 

�J�Z�k�k�f�h�l�j�b�f���k�o�_�f�m���j�Z�a�f�_�s�_�g�b�y�����i�h�d�Z�a�Z�g�g�m�x�� �\���e�_�\�h�f���g�b�`�g�_�f���m�]�e�m�� �j�b�k�m�g�d�Z�� ����9�����>�e�y��

�g�_�z���k�i�j�Z�\�_�^�e�b�\�Z�� �k�e�_�^�m�x�s�Z�y�� �k�b�k�l�_�f�Z���m�j�Z�\�g�_�g�b�c:  


^

�9�Ö
L �ì�5�9�5 
E �ì�6�9�6�á
�9�Ö
L �ì�6�9�6
E �ì�7�9�7�á
�* �Ö
L �ì�5�*�5
E �ì�7�* �7�á������
�* �Ö
L �ì�6�* �6�á����������������������������������

 

 

(7.12) 

�]�^�_���9�Ü �± �r�b�j�b�g�Z��i-�]�h���b�a�h�[�j�Z�`�_�g�b�y; �* �Ü �± �\�u�k�h�l�Z��i-�]�h���b�a�h�[�j�Z�`�_�g�b�y; �ì�Ü�� �í���d�h�w�n�n�b�p�b�_�g�l 

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y��i-�]�h���b�a�h�[�j�Z�`�_�g�b�y; �9�k �± �r�b�j�b�g�Z���k�l�j�Z�g�b�p�u; �* �Ö �± �\�u�k�h�l�Z���k�l�j�Z�g�b�p�u�� 

�:�g�Z�e�h�]�b�q�g�u�_�� �k�b�k�l�_�f�u�� �m�j�Z�\�g�_�g�b�c�� �f�h�`�g�h�� �g�Z�i�b�k�Z�l�v�� �^�e�y�� �e�x�[�h�c�� �k�o�_�f�u��

�j�Z�a�f�_�s�_�g�b�y�����<��BRIC �Z�g�Z�e�b�l�b�q�_�k�d�b�� �j�_�r�Z�x�l�k�y���i�h�^�h�[�g�u�_�� �m�j�Z�\�g�_�g�b�y�� �^�e�y���r�b�j�b�g���b�e�b��

�\�u�k�h�l���� �g�h���ì�Ü �f�h�]�m�l�� �i�h�e�m�q�Z�l�v�k�y�� �h�l�j�b�p�Z�l�_�e�v�g�u�f�b���� �q�l�h�� �g�_�^�h�i�m�k�l�b�f�h�����<�� [350] 

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�d�Z�l�v�� �j�_�r�_�g�b�_�� �\�k�_�c �k�b�k�l�_�f�u�� �m�j�Z�\�g�_�g�b�c �Z�g�Z�e�h�]�b�q�g�u�o�� ������������ �k��

�i�h�f�h�s�v�x�� �F�G�D���� �f�b�g�b�f�b�a�b�j�m�y�� �k�m�f�f�Z�j�g�m�x�� �i�e�h�s�Z�^�v�� �i�m�k�l�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �b��

�i�_�j�_�d�j�u�l�b�c���� �g�h�� �l�Z�d�h�c�� �k�i�h�k�h�[�� �l�Z�d�`�_�� �g�_�� �b�k�d�e�x�q�Z�_�l�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �h�l�j�b�p�Z�l�_�e�v�g�u�o 

�ì�Ü. �I�j�_�^�e�Z�]�Z�_�l�k�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �h�]�j�Z�g�b�q�_�g�g�u�c�� �^�b�Z�i�Z�a�h�g�� �i�h�e�h�`�b�l�_�e�v�g�u�o�� �a�g�Z�q�_�g�b�c��

�ì�Ü �b�� �j�_�r�Z�l�v�� �a�Z�^�Z�q�m�� �f�b�g�b�f�b�a�Z�p�b�b�� �g�_�a�Z�g�y�l�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �g�Z���k�l�j�Z�g�b�p�_, �i�j�b�� �w�l�h�f��

�r�l�j�Z�n�h�\�Z�l�v�� �a�Z�� �i�_�j�_�d�j�u�l�b�y�� �n�h�l�h�]�j�Z�n�b�c�� �b�� �j�Z�a�g�b�p�m�� �\�� �j�Z�a�f�_�j�Z�o�� �j�Z�a�f�_�s�z�g�g�u�o��

�b�a�h�[�j�Z�`�_�g�b�c.  

�<���h�[�s�_�f���\�b�^�_���k�b�k�l�_�f�u�� �m�j�Z�\�g�_�g�b�c �Z�g�Z�e�h�]�b�q�g�u�o�� ������12) �f�h�`�g�h���a�Z�i�b�k�Z�l�v�� �d�Z�d: 

�C�Ö
L �)�ì�á (7.13) 

�]�^�_���)  �± �f�Z�l�j�b�p�Z�� �j�Z�a�f�_�j�h�\�� ���r�b�j�b�g�� �b�� �\�u�k�h�l���� �b�a�h�[�j�Z�`�_�g�b�c; �ì �± �\�_�d�l�h�j-�k�l�h�e�[�_�p 

�d�h�w�n�n�b�p�b�_�g�l�h�\�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �d�h�e�b�q�_�k�l�\�h�� �w�e�_�f�_�g�l�h�\�� �d�h�l�h�j�h�]�h�� �j�Z�\�g�h�� �q�b�k�e�m��

�j�Z�a�f�_�s�Z�_�f�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��n; �C�Ö �± �\�_�d�l�h�j-�k�l�h�e�[�_�p���j�Z�a�f�_�j�h�\���k�l�j�Z�g�b�p�u����i-�c���w�e�_�f�_�g�l��

�d�h�l�h�j�h�]�h���9�k�����_�k�e�b�� �\��i-�c���k�l�j�h�d�_���)  �j�Z�k�i�h�e�h�`�_�g�u�� �a�g�Z�q�_�g�b�y�� �r�b�j�b�g�� �b�a�h�[�j�Z�`�_�g�b�c���� �b�e�b��

i-�c�� �w�e�_�f�_�g�l�� �d�h�l�h�j�h�]�h���* �k���� �_�k�e�b�� �\��i-�c�� �k�l�j�h�d�_���)  �j�Z�k�i�h�e�h�`�_�g�u�� �a�g�Z�q�_�g�b�y�� �\�u�k�h�l�� 

�G�Z�i�j�b�f�_�j���� �^�e�y���m�j�Z�\�g�_�g�b�c�� ������12�����i�h�e�m�q�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_���C�Ö �b���) : 

�C�Ö
L 
f

�9�k
�9�k
�* �k
�* �k


j �á �) 
L 
f

�9�5
�r

�9�6
�9�6

�r
�9�7

�*�5
�r

�r
�* �6

�* �7
�r


j�ä 

 

(7.14) 
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�H�]�j�Z�g�b�q�b�f���^�b�Z�i�Z�a�h�g�� �b�a�f�_�g�_�g�b�y���ì�Ü �h�l���ì�à�Ü�á �^�h���ì�à�Ô�ë: 

�ì�à�Ü�á
L �r�á�t
�9�k�* �k

�J�Ã �9�Ü�* �Ü
�á
�Ü�@�5

�á �����ì�à�Ô�ë
L �t
�J�9�k�* �k

�Ã �9�Ü�* �Ü
�á
�Ü�@�5

�á 
 

(7.15) 

�H�[�h�a�g�Z�q�b�f��d �j�Z�a�g�h�k�l�v���\�_�d�l�h�j�h�\���C�Ö �b���)�ì:  

�@ 
L �C�Ö
F �)�ì�ä (7.16) 

 �A�g�Z�q�_�g�b�y���@�Ü<0 �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h �i�_�j�_�d�j�u�l�b�b �b�a�h�[�j�Z�`�_�g�b�c���� �L�Z�d�b�_���k�b�l�m�Z�p�b�b��

�r�l�j�Z�n�m�x�l�k�y���i�m�l�z�f�� �i�j�b�k�\�h�_�g�b�y���@�Ü �a�g�Z�q�_�g�b�y�� �[�h�e�v�r�_���i�e�h�s�Z�^�b���k�l�j�Z�g�b�p�u: 

�@�Ü
L 
\
�9�k�* �k
E ���@�Ü���á �@�Ü�� 
O �r
�@�Ü�á�����������������������������������������b�g�Z�q�_�ä (7.17) 

�F�b�g�b�f�b�a�Z�p�b�y�� �k�m�f�f�u���@�Ü �^�e�y���ì�Ü�ó�>�ì�à�Ü�á�á �ì�à�Ô�ë�? �i�h�a�\�h�e�y�_�l�� �g�Z�c�l�b�� �d�h�w�n�n�b�p�b�_�g�l�u��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� �i�j�b�� �d�h�l�h�j�u�o�� �i�e�h�s�Z�^�v�� �g�_�a�Z�g�y�l�h�]�h�� �g�Z�� �k�l�j�Z�g�b�p�_�� �i�j�h�k�l�j�Z�g�k�l�\�Z��

�f�b�g�b�f�Z�e�v�g�Z. �H�^�g�Z�d�h�� �l�Z�d�h�c�� �i�h�^�o�h�^ �q�Z�k�l�h�� �\�_�^�z�l�� �d�� �j�_�r�_�g�b�x���� �i�j�b�� �d�h�l�h�j�h�f��

�k�m�s�_�k�l�\�_�g�g�h�� �h�l�e�b�q�Z�_�l�k�y�� �j�Z�a�f�_�j�� �b�a�h�[�j�Z�`�_�g�b�c���� �j�Z�a�f�_�s�z�g�g�u�o�� �g�Z�� �k�l�j�Z�g�b�p�_���� �Q�l�h�[�u��

�b�a�[�_�`�Z�l�v �w�l�h�]�h, �i�j�_�^�e�Z�]�Z�_�l�k�y�� �\�� �f�b�g�b�f�b�a�b�j�m�_�f�m�x�� �n�m�g�d�p�b�x�� �^�h�[�Z�\�b�l�v�� �k�m�f�f�m��

�Z�[�k�h�e�x�l�g�u�o�� �a�g�Z�q�_�g�b�c�� �j�Z�a�g�h�k�l�b�� �i�e�h�s�Z�^�_�c�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z���k�l�j�Z�g�b�p�_. �L�Z�d�b�f��

�h�[�j�Z�a�h�f�����i�h�e�m�q�Z�_�f���k�e�_�^�m�x�s�m�x�� �f�b�g�b�f�b�a�b�j�m�_�f�m�x�� �n�m�g�d�p�b�x �B�æ �^�e�y���k�o�_�f�u��s:  

�B�æ
L 
Í �@�Ü

�á

�Ü�@�5


E
�t�ñ

�J�:�J 
F �s�;

Í 
Í ���9 �Ü�* �Ü�ì�Ü

�6
F �9�Ý�*�Ý�ì�Ý
�6��

���Ô�"�>���Ø�Ô�Ù�á���Ø�Ì�ã�?
�1�Û�Û�Û�Û�Û�Û�Û�Û�Û�. �I�E�J

�á

�Ý�@�Ü�>�5

�á�?�5

�Ü�@�5

�á 

 

(7.18) 

�]�^�_���ñ �± �d�h�w�n�n�b�p�b�_�g�l���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�]�h�� �j�_�]�m�e�b�j�m�_�l�k�y�� �\�e�b�y�g�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �d��

�f�b�g�b�f�Z�e�v�g�h�c�� �j�Z�a�g�h�k�l�b���j�Z�a�f�_�j�h�\���b�a�h�[�j�Z�`�_�g�b�c���� �j�Z�a�f�_�s�z�g�g�u�o�� �g�Z���k�l�j�Z�g�b�p�_���� 

�N�m�g�d�p�b�y���B�æ �g�_�� �y�\�e�y�_�l�k�y�� �\�u�i�m�d�e�h�c���� �>�e�y�� �_�z�� �f�b�g�b�f�b�a�Z�p�b�b �i�j�b�f�_�g�y�_�l�k�y 

�Z�e�]�h�j�b�l�f�� �j�h�y�� �q�Z�k�l�b�p [351]. �B�a�� �\�k�_�o�� �k�o�_�f��s �\�u�[�b�j�Z�_�l�k�y�� �l�Z���� �^�e�y�� �d�h�l�h�j�h�c���B�æ 

�f�b�g�b�f�Z�e�v�g�Z�� 

�I�j�b�� �m�\�_�e�b�q�_�g�b�b��n �q�b�k�e�h�� �k�o�_�f���j�Z�k�l�z�l���n�Z�d�l�h�j�b�Z�e�v�g�h. �G�Z�� �k�l�j�Z�g�b�p�_��A4 �h�[�u�q�g�h��

�j�Z�a�f�_�s�Z�x�l�� �h�l�������^�h�������b�a�h�[�j�Z�`�_�g�b�c. �G�Z�� �\�k�l�j�h�_�g�g�h�c�� �i�e�Z�l�n�h�j�f�_�� �F�N�I�� �\�j�_�f�y���i�h�b�k�d�Z��

�h�i�l�b�f�Z�e�v�g�h�c���B�æ �^�e�y��n=6 �k�h�k�l�Z�\�b�e�h�� �h�d�h�e�h�� ���� �k�����Z�� �^�e�y��n=���� �m�`�_�� �[�h�e�_�_�� �������� �k. �I�h�w�l�h�f�m��

�^�e�y��n �[�h�e�v�r�_�� ���� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �i�h�^�f�g�h�`�_�k�l�\�h�� �\�h�a�f�h�`�g�u�o�� �k�o�_�f�� �j�Z�a�f�_�s�_�g�b�y����

�d�h�l�h�j�h�_���\�u�[�b�j�Z�_�l�k�y�� �k�e�m�q�Z�c�g�u�f�� �h�[�j�Z�a�h�f���� 
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�I�j�b�f�_�j�u���j�Z�a�f�_�s�_�g�b�y 

�G�Z�� �j�b�k�m�g�d�_�� ���������i�h�d�Z�a�Z�g�u �i�j�b�f�_�j�u �j�Z�a�f�_�s�_�g�b�y���l�j�z�o���n�h�l�h�]�j�Z�n�b�c���g�Z���k�l�j�Z�g�b�p�_��

�j�Z�a�f�_�j�Z��A4 �\���Z�e�v�[�h�f�g�h�c�� �h�j�b�_�g�l�Z�p�b�b. �I�j�b�� �m�k�l�Z�g�h�\�d�_�� �\���n�h�j�f�m�e�_�����������������i�Z�j�Z�f�_�l�j�Z���ñ 

= 0,�����j�Z�a�f�_�j�u���j�Z�a�f�_�s�z�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c���i�j�b�f�_�j�g�h���j�Z�\�g�u�����j�b�k�m�g�h�d������10a). �?�k�e�b�� ���ñ 

= ������ �l�h�� �h�^�g�Z�� �b�a�� �n�h�l�h�]�j�Z�n�b�c�� �[�h�e�v�r�_�� �^�\�m�o�� �^�j�m�]�b�o���� �g�h�� �k�l�j�Z�g�b�p�Z�� �i�h�q�l�b�� �i�h�e�g�h�k�l�v�x��

�a�Z�i�h�e�g�_�g�Z�� ���j�b�k�m�g�h�d�� ����10b).  �<�h�� �\�l�h�j�h�f�� �k�e�m�q�Z�_�� �i�e�h�s�Z�^�v���� �a�Z�g�y�l�Z�y�� �n�h�l�h�]�j�Z�n�b�y�f�b����

�\�u�r�_�����q�_�f���h�[�_�k�i�_�q�b�\�Z�_�l�� �Z�e�]�h�j�b�l�f��BRIC �^�e�y���w�l�b�o���`�_���b�a�h�[�j�Z�`�_�g�b�c�� ���j�b�k�m�g�h�d�� ����8).        

 

 
a) 

 
b) 

�J�b�k�m�g�h�d 7.10 �± �I�j�b�f�_�j�u���j�Z�a�f�_�s�_�g�b�y���i�j�_�^�e�h�`�_�g�g�u�f���k�i�h�k�h�[�h�f: a) �i�Z�j�Z�f�_�l�j���ñ = 0,1; b) �ñ = 0. 

 

�M�q�b�l�u�\�Z�y�����q�l�h���i�h�e�v�a�h�\�Z�l�_�e�b�� �b�f�_�x�l���j�Z�a�g�u�_���i�j�_�^�i�h�q�l�_�g�b�y�����p�_�e�_�k�h�h�[�j�Z�a�g�h���i�j�b��

�j�_�Z�e�b�a�Z�p�b�b���� �i�h�� �d�j�Z�c�g�_�c�� �f�_�j�_�� �\�� �i�j�b�d�e�Z�^�g�h�f�� �I�H�� �^�e�y�� �I�D���� �i�j�_�^�h�k�l�Z�\�e�y�l�v�� �\�u�[�h�j�� �b�a��

�g�_�k�d�h�e�v�d�b�o�� �\�Z�j�b�Z�g�l�h�\�� �j�Z�a�f�_�s�_�g�b�y���� �\�d�e�x�q�Z�y�� �k�n�h�j�f�b�j�h�\�Z�g�g�h�_�� �Z�e�]�h�j�b�l�f�h�f��BRIC, 

�_�k�e�b�� �k�� �i�h�f�h�s�v�x��BRIC �^�e�y�� �^�Z�g�g�u�o�� �j�Z�a�f�_�j�h�\���k�l�j�Z�g�b�p�u�� �b�� �n�h�l�h�]�j�Z�n�b�c�� �j�Z�a�f�_�s�_�g�b�_��

�\�h�a�f�h�`�g�h���� 

7.3. �N�h�j�f�b�j�h�\�Z�g�b�_ �d�h�e�e�Z�`�Z 

�L�b�i�u �d�h�e�e�Z�`�_�c 

�<�� �[�h�e�v�r�b�g�k�l�\�_�� �i�m�[�e�b�d�Z�p�b�c�� �h�i�b�k�u�\�Z�x�l�� �Z�e�]�h�j�b�l�f�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��

�k�h�a�^�Z�g�b�y���d�h�e�e�Z�`�_�c �h�^�g�h�]�h���b�a���k�e�_�^�m�x�s�b�o�� �l�b�i�h�\: 
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�x �\�� �\�b�^�_ �j�Z�k�i�h�e�h�`�_�g�b�y �©�i�e�b�l�d�h�c�ª (tiled)���� �]�^�_�� �n�h�l�h�]�j�Z�n�b�b�� �d�Z�k�Z�x�l�k�y�� �^�j�m�]�� �^�j�m�]�Z 

[352-354] (�k�f���� �j�b�k�m�g�h�d�� ����11a); �^�e�y�� �k�h�a�^�Z�g�b�y�� �l�Z�d�b�o�� �d�h�e�e�Z�`�_�c���� �d�Z�d�� �i�j�Z�\�b�e�h����

�b�k�i�h�e�v�a�m�x�l�k�y�� �j�Z�a�e�b�q�g�u�_�� �f�h�^�b�n�b�d�Z�p�b�b�� �Z�e�]�h�j�b�l�f�Z��BRIC, �q�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c����

�d�h�l�h�j�u�_���g�_���m�^�h�\�e�_�l�\�h�j�y�x�l���m�k�e�h�\�b�x�� �\�i�b�k�u�\�Z�g�b�y�� �\���i�j�y�f�h�m�]�h�e�v�g�b�d���� �h�[�j�_�a�Z�x�l; 

�x �\���\�b�^�_���i�h�\�z�j�g�m�l�u�o�� �g�Z�� �g�_�[�h�e�v�r�h�c�� �m�]�h�e�� �h�l�g�h�k�b�l�_�e�v�g�h�� �]�h�j�b�a�h�g�l�Z�e�b�� �b�a�h�[�j�Z�`�_�g�b�c 

[355, 356]���� �k�h�a�^�Z�z�l�k�y�� �\�i�_�q�Z�l�e�_�g�b�_�� �e�_�`�Z�s�b�o�� �g�Z�� �k�l�h�e�_�� �b�� �q�Z�k�l�b�q�g�h��

�i�_�j�_�d�j�u�\�Z�x�s�b�o�k�y�� �n�h�l�h�]�j�Z�n�b�c (�k�f�����j�b�k�m�g�h�d�� ����11b); �\�b�^�b�f�Z�y���q�Z�k�l�v�� �n�h�l�h�]�j�Z�n�b�b��

�h�i�j�_�^�_�e�y�_�l�k�y���k���i�h�f�h�s�v�x���i�h�k�l�j�h�_�g�b�y���d�Z�j�l�u���a�g�Z�q�b�f�h�k�l�b; 

�x �\�� �\�b�^�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�� �i�_�j�_�d�j�u�l�b�_�f���� �f�_�`�^�m�� �d�h�l�h�j�u�f�b�� �h�[�_�k�i�_�q�_�g�� �i�e�Z�\�g�u�c��

�i�_�j�_�o�h�^��(�i�_�j�_�l�_�d�Z�g�b�_) �h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �^�j�m�]�h�_��[324, 357] (�k�f���� �j�b�k�m�g�h�d��

7.11c); �^�e�y�� �k�h�\�f�_�s�_�g�b�y�� �i�_�j�_�d�j�u�\�Z�x�s�b�o�k�y�� �q�Z�k�l�_�c�� �b�a�h�[�j�Z�`�_�g�b�y�� �l�Z�d�`�_�� �q�Z�k�l�h��

�b�k�i�h�e�v�a�m�_�l�k�y�� �d�Z�j�l�Z���a�g�Z�q�b�f�h�k�l�b�� 

 

 
a) 

 
b) 

 
c) 

�J�b�k�m�g�h�d 7.11 �± �<�Z�j�b�Z�g�l�u���d�h�e�e�Z�`�_�c: a) �j�Z�k�i�h�e�h�`�_�g�b�_���©�i�e�b�l�d�h�c�ª; b) �i�h�\�z�j�g�m�l�u�_���b�a�h�[�j�Z�`�_�g�b�y; c) 

�i�e�Z�\�g�u�_���i�_�j�_�o�h�^�u���f�_�`�^�m���n�h�l�h�]�j�Z�n�b�y�f�b. 

 

�B�g�u�_�� �l�b�i�u�� �d�h�e�e�Z�`�_�c�� �n�h�j�f�b�j�m�x�l�k�y�� �j�_�^�d�h���� �<��[358] �g�_�[�h�e�v�r�b�_�� �n�h�l�h�]�j�Z�n�b�b��

�j�Z�a�f�_�s�Z�x�l�k�y �g�Z�� �g�_�a�g�Z�q�b�f�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�y. �<��[359] �d�h�e�e�Z�`�� �k�l�j�h�b�l�k�y�� �b�a 

�[�h�e�v�r�h�]�h���d�h�e�b�q�_�k�l�\�Z�� �n�j�Z�]�f�_�g�l�h�\���n�h�l�h�]�j�Z�n�b�c�� �i�j�h�b�a�\�h�e�v�g�h�c���n�h�j�f�u���� 

�:�e�]�h�j�b�l�f�� �k�h�a�^�Z�g�b�y���i�e�Z�\�g�h�]�h���i�_�j�_�o�h�^�Z���f�_�`�^�m���b�a�h�[�j�Z�`�_�g�b�y�f�b 

�<��[349] �i�j�h�\�h�^�b�e�k�y���h�i�j�h�k���i�h�e�v�a�h�\�Z�l�_�e�_�c�� �h���i�j�_�^�i�h�q�l�b�l�_�e�v�g�h�f�� �l�b�i�_���d�h�e�e�Z�`�Z����

�;�h�e�v�r�b�g�k�l�\�h���m�q�Z�k�l�g�b�d�h�\�� �h�i�j�h�k�Z���h�l�f�_�l�b�e�h���d�h�e�e�Z�`�b���k���i�e�Z�\�g�u�f�b�� �i�_�j�_�o�h�^�Z�f�b���f�_�`�^�m��

�n�h�l�h�]�j�Z�n�b�y�f�b���d�Z�d���g�Z�b�[�h�e�_�_�� �b�g�l�_�j�_�k�g�u�_���� 
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�B�a�h�[�j�Z�`�_�g�b�y�� �j�Z�a�f�_�s�Z�x�l�k�y�� �g�Z�� �k�l�j�Z�g�b�p�_�� �k�� �i�h�f�h�s�v�x�� �k�i�h�k�h�[�Z���� �h�i�b�k�Z�g�g�h�]�h�� �\��

�j�Z�a�^�_�e�_�� ���������� �A�Z�l�_�f�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �m�\�_�e�b�q�b�\�Z�x�l�k�y���� �q�l�h�[�u��

�h�[�_�k�i�_�q�b�l�v�� �h�l�k�m�l�k�l�\�b�_�� �g�_�a�Z�i�h�e�g�_�g�g�u�o�� �n�j�Z�]�f�_�g�l�h�\�� �b�� �q�Z�k�l�b�q�g�h�_�� �i�_�j�_�d�j�u�l�b�_��

�b�a�h�[�j�Z�`�_�g�b�c���� �>�e�y�� �k�h�a�^�Z�g�b�y�� �\�� �h�[�e�Z�k�l�b�� �i�_�j�_�d�j�u�l�b�c�� �i�e�Z�\�g�h�]�h �i�_�j�_�o�h��̂Z���f�_�`�^�m��

�b�a�h�[�j�Z�`�_�g�b�y�f�b �i�j�_�^�e�Z�]�Z�_�l�k�y�� �\�u�q�b�k�e�b�l�_�e�v�g�h�� �i�j�h�k�l�h�c���b���d�h�f�i�Z�d�l�g�u�c�� �Z�e�]�h�j�b�l�f������    

�I�m�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y���+�5 �b���+�6 �q�Z�k�l�b�q�g�h���i�_�j�_�d�j�u�\�Z�x�l�k�y�� �i�h���\�_�j�l�b�d�Z�e�v�g�h�c�� �k�l�h�j�h�g�_��

�d�Z�d�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ����12. �H�[�h�a�g�Z�q�b�f���+�Ù�5 �b���+�Ù�6 �i�_�j�_�d�j�u�\�Z�x�s�b�_�k�y�� �q�Z�k�l�b��

�b�a�h�[�j�Z�`�_�g�b�c���+�5 �b���+�6 �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �<�\�_�^�_�f�� �k�b�k�l�_�f�m�� �d�h�h�j�^�b�g�Z�l���� �g�Z�q�Z�e�h�� �d�h�l�h�j�h�c��

�g�Z�o�h�^�b�l�k�y�� �\�� �e�_�\�h�f�� �g�b�`�g�_�f�� �m�]�e�m�� �h�[�e�Z�k�l�b�� �i�_�j�_�d�j�u�l�b�y���� �h�k�v���o �g�Z�i�j�Z�\�e�_�g�Z��

�]�h�j�b�a�h�g�l�Z�e�v�g�h���� �h�k�v��y �g�Z�i�j�Z�\�e�_�g�Z�� �\�_�j�l�b�d�Z�e�v�g�h�� �H�[�h�a�g�Z�q�b�f��xmax �b��ymax �r�b�j�b�g�m�� �b��

�\�u�k�h�l�m�� �h�[�e�Z�k�l�b�� �i�_�j�_�d�j�u�l�b�y���+�â. �G�_�h�[�o�h�^�b�f�h�� �\�� �h�[�e�Z�k�l�b �i�_�j�_�d�j�u�l�b�y���+�â �i�h�e�m�q�b�l�v��

�i�e�Z�\�g�u�c�� �i�_�j�_�o�h�^���f�_�`�^�m���b�a�h�[�j�Z�`�_�g�b�y�f�b���� 

 
�J�b�k�m�g�h�d 7.12 �± �H�[�h�a�g�Z�q�_�g�b�y���\���h�[�e�Z�k�l�b���i�_�j�_�d�j�u�l�b�y���^�\�m�o�� �b�a�h�[�j�Z�`�_�g�b�c. 

 

�G�Z�� �i�_�j�\�h�f���w�l�Z�i�_���b�a�h�[�j�Z�`�_�g�b�y���+�Ù�5 �b���+�Ù�6 �j�Z�a�f�u�\�Z�x�l�k�y�� �k���i�h�f�h�s�v�x���N�G�Q: 

�+�•�Ù�5
L �C�Ô�Û �+�Ù�5�á (7.19) 

�+�•�Ù�6
L �C�Ô�Û �+�Ù�6�ä (7.20) 

�A�Z�l�_�f���j�Z�a�f�u�l�u�_�� �q�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c���+�•�Ù�5 �b���+�•�Ù�6 �k�f�_�r�b�\�Z�x�l�k�y�� �k���b�k�o�h�^�g�u�f�b���+�Ù�5 

�b���+�Ù�6 �i�h���Z�e�v�n�Z-�n�m�g�d�p�b�b���Ù�æ�l�Z�d�����q�l�h�[�u���m���q�Z�k�l�b�� �e�_�\�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���+�5 �[�u�e�Z�� �j�Z�a�f�u�l�Z��

�h�[�e�Z�k�l�v�� �k�i�j�Z�\�Z�����Z���m���q�Z�k�l�b���i�j�Z�\�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���+�5 �[�u�e�Z�� �j�Z�a�f�u�l�Z���h�[�e�Z�k�l�v���k�e�_�\�Z:   

�+�•�•�Ù�5�:�T�á �U�; 
L �Ù�æ�:�T�;�+
�•
�Ù�5�:�T�á �U�; 
E �:�s 
F �Ù�æ�:�T�;�;�+�Ù�5�:�T�á �U�;�á (7.21) 

1I 2I

max
y

maxx0

I

y

x
I f1

I f2
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�+�•�•�Ù�6�:�T�á �U�; 
L �:�s 
F �Ù�æ�:�T�;�;�+
�•
�Ù�6�:�T�á �U�; 
E �Ù�æ�:�T�;�+�Ù�6�:�T�á �U�;�á (7.22) 

�]�^�_�� �n�m�g�d�p�b�y���Ù�æ �k�e�_�]�d�Z�� �f�_�g�y�_�l�� �k�\�h�c�� �\�b�^�� �^�e�y�� �d�Z�`�^�h�c�� �i�Z�j�u�� �k�f�_�r�b�\�Z�_�f�u�o��

�b�a�h�[�j�Z�`�_�g�b�c�� �a�Z���k�q�z�l���i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �i�Z�j�Z�f�_�l�j�Z���Ú �Ð �>�r�á�u�?:   

�Ù�æ�:�T�; 
L
�t �ë�:�-�6
��;


F �s

�T�k�_�v
�ä 

 

(7.23) 

�B�a�h�[�j�Z�`�_�g�b�_�� �\�� �h�[�e�Z�k�l�b�� �i�_�j�_�d�j�u�l�b�y���+�â �h�[�j�Z�a�m�_�l�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�f�_�r�b�\�Z�g�b�y��

�+�•�•�Ù�5 �b���+�•�•�Ù�6 �k�� �i�h�f�h�s�v�x�� �Z�e�v�n�Z-�d�Z�g�Z�e�Z���Ù�Ù���� �d�h�l�h�j�u�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �n�b�]�m�j�g�m�x�� �\�� �\�b�^�_��

�k�i�e�Z�c�g�Z�� �]�j�Z�g�b�p�m�� �f�_�`�^�m���k�f�_�r�b�\�Z�_�f�u�f�b�� �b�a�h�[�j�Z�`�_�g�b�y�f�b: 

�+�â�:�T�á �U�; 
L �Ù�Ù�:�T�á �U�;�+�•�•�Ù�5
E �:�s 
F �Ù�Ù�:�T�á �U�;�;�+�•�•�Ù�6�á (7.24) 

�]�^�_�� 

�Ù�Ù�:�T�á �U�; 
L �� 
\
�s�á �T 
Q �5�Ö�å�:�T�á �U�;�á
�r�á�����������������������������������������������b�g�Z�q�_�á

 (7.25) 

�]�^�_ �5�Ö�å�:�T�á �U�; �± �k�h�k�l�Z�\�g�Z�y�� �d�m�[�b�q�_�k�d�Z�y�� �d�j�b�\�Z�y�� �D�w�l�f�m�e�Z-�J�h�f�Z��[8] �k�l�j�h�b�l�k�y�� �i�h���l�h�q�d�Z�f 

�2�Ü�á �E 
L �r�ä �ä �0�ã�ã   

�2�4 
L �:�r�â ���r�;�á �2�5 
L �:�r�á�w�T�k�_�v�â ���r�;�á �� 

�2�Ç�Û�?�5 
L �:�r�á�w�T�k�_�v�á �U�k�_�v�;�á �2�Ç�Û

L �:�r�á �U�k�_�v�;�á  

�2�Ü�ë
L �r�á�t�w�T�k�_�v
E �í�:�r�á�w�T�k�_�v�;�á �2�Ü�ì
L �2�:�Ü�?�5�;�ì 
E �r�á�r�w�*�U�k�_�v
E �R�:�r�á�r�w�*�U�k�_�v�;�á 

 

(7.26) 

�]�^�_��H �± �\�u�k�h�l�Z�� �k�f�_�r�b�\�Z�_�f�u�o�� �b�a�h�[�j�Z�`�_�g�b�c; �n�m�g�d�p�b�y���í�:�T�; �\�h�a�\�j�Z�s�Z�_�l��

�i�k�_�\�^�h�k�e�m�q�Z�c�g�h�_�� �q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�� �h�l�������^�h��x. 

�<�� �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�f�� �\�b�^�_�� �^�e�y�� �i�Z�j�Z�f�_�l�j�Z��t �w�e�_�f�_�g�l�Z�j�g�u�_ �d�m�[�b�q�_�k�d�b�_ �d�j�b�\�u�_ 

�D�w�l�f�m�e�Z-�J�h�f�Z�����b�a���d�h�l�h�j�u�o���k�h�k�l�h�b�l���k�h�k�l�Z�\�g�Z�y�� �d�j�b�\�Z�y�� �a�Z�^�Z�x�l�k�y���m�j�Z�\�g�_�g�b�_�f: 

�5�Ö�å�:�P�; 
L
�s

�t
�>�P�7 �P�6 �P �s�?
f


F�s �u 
F�u �s
�t 
F�w �v 
F�s


F�s �r �s �r
�r �t �r �r


j 
f

�2�Ü�?�6
�2�Ü�?�5
�2�Ü

�2�Ü�>�5


j�ä 

 

(7.27) 

�J�b�k�m�g�h�d�� ������3 �b�e�e�x�k�l�j�b�j�m�_�l�� �w�l�Z�i�u�� �k�h�a�^�Z�g�b�y�� �i�e�Z�\�g�h�]�h�� �i�_�j�_�o�h�^�Z�� �f�_�`�^�m��

�b�a�h�[�j�Z�`�_�g�b�y�f�b���� �A�Z�� �k�q�z�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\ �h�[�e�Z�k�l�b��

�i�_�j�_�d�j�u�l�b�y�� �j�Z�a�e�b�q�g�u�o�� �i�Z�j���b�a�h�[�j�Z�`�_�g�b�c�� �h�l�e�b�q�Z�x�l�k�y���^�j�m�]���h�l���^�j�m�]�Z���� 
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�J�b�k�m�g�h�d 7.13 �± �B�e�e�x�k�l�j�Z�p�b�y���Z�e�]�h�j�b�l�f�Z���k�h�a�^�Z�g�b�y���i�e�Z�\�g�h�]�h���i�_�j�_�o�h�^�Z���f�_�`�^�m���b�a�h�[�j�Z�`�_�g�b�y�f�b. 

 

�N�h�j�f�m�e�u�� ���k��������9 �i�h�� ����22 �b�� ����24���� �i�j�b�f�_�g�y�x�l�k�y�� �^�e�y���d�Z�`�^�h�]�h�� �b�a��RGB �d�Z�g�Z�e�h�\��

�b�a�h�[�j�Z�`�_�g�b�y���� �I�e�Z�\�g�u�c�� �i�_�j�_�o�h�^�� �f�_�`�^�m�� �i�_�j�_�d�j�u�\�Z�x�s�b�f�b�k�y�� �i�h�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c��

�k�l�h�j�h�g�_���b�a�h�[�j�Z�`�_�g�b�y�f�b�� �k�h�a�^�Z�z�l�k�y���Z�g�Z�e�h�]�b�q�g�h���� �� 

�J�_�a�m�e�v�l�Z�l�u 

�>�e�y �k�j�Z�\�g�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �k�i�h�k�h�[�h�\�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �n�h�j�f�b�j�h�\�Z�g�b�y��

�d�h�e�e�Z�`�_�c�� �^�e�y�������g�Z�[�h�j�h�\�����k�h�^�_�j�`�Z�s�b�o�� �����b�e�b�� �����n�h�l�h�]�j�Z�n�b�c�����[�u�e�b�� �k�h�a�^�Z�g�u�� �d�h�e�e�Z�`�b��

�\�u�d�e�Z�^�u�\�Z�g�b�_�f �©�i�e�b�l�d�h�c�ª��[353]���� �k�� �i�h�\�h�j�h�l�Z�f�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �Z�e�]�h�j�b�l�f�h�f��Picture 

collage [355]���� �k�� �i�e�Z�\�g�u�f�b�� �i�_�j�_�o�h�^�Z�f�b�� �Z�e�]�h�j�b�l�f�h�f��AutoCollage [324] �b��

�i�j�_�^�e�Z�]�Z�_�f�u�f�� �k�i�h�k�h�[�h�f. �;�u�e�� �i�j�h�\�_�^�z�g���h�i�j�h�k�����\���d�h�l�h�j�h�f���m�q�Z�k�l�\�h�\�Z�e�h��22 �q�_�e�h�\�_�d�Z. 

�M�q�Z�k�l�g�b�d�b�� �h�i�j�h�k�Z�� �[�u�e�b �i�j�h�b�g�k�l�j�m�d�l�b�j�h�\�Z�g�u �^�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �i�y�l�b�� �g�Z�[�h�j�h�\��

�n�h�l�h�]�j�Z�n�b�c���j�Z�g�`�b�j�h�\�Z�l�v���i�y�l�v���d�h�e�e�Z�`�_�c �\���i�h�j�y�^�d�_���m�[�u�\�Z�g�b�y���b�o���i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�b��

�^�e�y�� �i�h�e�v�a�h�\�Z�l�_�e�y���� �I�h�f�b�f�h�� �d�h�e�e�Z�`�_�c�� �b�g�l�_�j�\�v�x�b�j�m�_�f�u�_�� �\�b�^�_�e�b�� �b�k�o�h�^�g�u�_��

�n�h�l�h�]�j�Z�n�b�b���� �b�� �b�f�� �j�_�d�h�f�_�g�^�h�\�Z�e�h�k�v�� �h�[�j�Z�s�Z�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z�� �m�o�m�^�r�_�g�b�_�� �b�o��

�d�h�f�i�h�a�b�p�b�b�� �\�� �k�b�e�m�� �h�[�j�_�a�Z�g�b�y�� �b�e�b�� �i�_�j�_�d�j�u�l�b�y�� �q�Z�k�l�_�c�� �n�h�l�h�]�j�Z�n�b�c���� �M�q�Z�k�l�g�b�d�b��

�h�i�j�h�k�Z �g�_���[�u�e�b�� �b�g�n�h�j�f�b�j�h�\�Z�g�u�� �h�[���b�k�i�h�e�v�a�h�\�Z�g�g�u�o�� �k�i�h�k�h�[�Z�o�� �k�h�a�^�Z�g�b�y�� �d�h�e�e�Z�`�_�c. 

�K�Z�f�u�c�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�u�c �d�h�e�e�Z�` �i�h�e�m�q�Z�e�� �h�p�_�g�d�m���'  �\��4 �[�Z�e�e�Z���� �k�e�_�^�m�x�s�b�c 3�����b���l�Z�d��

�^�Z�e�_�_���^�h�������� 

�L�Z�[�e�b�p�Z��7.2 �k�h�^�_�j�`�b�l�� �h�p�_�g�d�b���'
$���� �m�k�j�_�^�g�z�g�g�u�_�� �i�h�� �\�k�_�f�� �m�q�Z�k�l�\�h�\�Z�\�r�b�f���\��

�h�i�j�h�k�_ �b���i�y�l�b���g�Z�[�h�j�Z�f���n�h�l�h�]�j�Z�n�b�c���� �I�j�_�^�e�Z�]�Z�_�f�u�c�� �k�i�h�k�h�[���b�f�_�_�l���k�Z�f�m�x �\�u�k�h�d�m�x 

�k�j�_�^�g�x�x�� �h�p�_�g�d�m���� �M�q�Z�k�l�\�h�\�Z�\�r�b�f�b�� �\���h�i�j�h�k�_�� �[�u�e�h�� �h�l�f�_�q�_�g�h���� �q�l�h���h�g���h�[�_�k�i�_�q�b�\�Z�_�l��
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�<�u�\�h�^�u���i�h���k�_�^�v�f�h�c���]�e�Z�\�_ 

�I�j�_�^�e�h�`�_�g�u�� �i�j�b�g�p�b�i�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �\�u�[�h�j�Z�� �b���j�Z�a�f�_�s�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c��

�^�e�y�� �]�_�g�_�j�Z�p�b�b�� �d�h�e�e�Z�`�Z�� �b�� �k�l�j�Z�g�b�p�u�� �n�h�l�h�d�g�b�]�b. �<�u�[�h�j�� �\�u�i�h�e�g�y�_�l�k�y�� �i�m�l�z�f��

�b�k�d�e�x�q�_�g�b�y�� �g�_�d�Z�q�_�k�l�\�_�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c���� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�� �b�o��

�j�Z�g�`�b�j�h�\�Z�g�b�y���k���i�h�f�h�s�v�x���i�h�k�l�j�h�_�g�b�y���d�Z�j�l�u���a�g�Z�q�b�f�h�k�l�b �b���^�_�l�_�d�l�b�j�h�\�Z�g�b�y�� �e�b�p���� 

�>�e�y���j�_�Z�e�b�a�Z�p�b�b�� �Z�e�]�h�j�b�l�f�Z�� �[�_�a�j�_�n�_�j�_�g�k�g�h�c�� �h�p�_�g�d�b�� �m�j�h�\�g�y �r�m�f�Z�� �i�j�_�^�e�h�`�_�g��

�k�i�h�k�h�[�� �i�_�j�_�f�g�h�`�_�g�b�y�� �i�j�y�f�h�m�]�h�e�v�g�u�o�� �f�Z�l�j�b�p�� ����-�j�Z�a�j�y�^�g�u�o�� �q�b�k�_�e�� �k��

�n�b�d�k�b�j�h�\�Z�g�g�h�c�� �l�h�q�d�h�c�� �k�� �i�h�f�h�s�v�x�� ����-�j�Z�a�j�y�^�g�u�o�� �\�_�d�l�h�j�g�u�o�� �b�g�k�l�j�m�d�p�b�c�� �W�l�h�l��
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�A�Z�d�e�x�q�_�g�b�_ 

�>�b�k�k�_�j�l�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �g�Z�m�q�g�h-�d�\�Z�e�b�n�b�d�Z�p�b�h�g�g�h�c�� �j�Z�[�h�l�h�c�� �\�� �d�h�l�h�j�h�c��

�b�a�e�h�`�_�g�u �g�h�\�u�_ �g�Z�m�q�g�h���h�[�h�k�g�h�\�Z�g�g�u�_ �l�_�o�g�b�q�_�k�d�b�_ �b���h�j�]�Z�g�b�a�Z�p�b�h�g�g�u�_ �j�_�r�_�g�b�y �i�h��

�j�Z�a�j�Z�[�h�l�d�_�� �f�_�l�h�^�h�\�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �^�e�y�� �k�b�k�l�_�f�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �i�_�q�Z�l�b����
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�i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� ������ �i�Z�l�_�g�l�h�f�� �g�Z�� �b�a�h�[�j�_�l�_�g�b�_���� �\�u�^�Z�g�g�u�f�� �N�_�^�_�j�Z�e�v�g�h�c�� �k�e�m�`�[�h�c�� �i�h��
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�>�h�k�l�b�]�g�m�l�Z�� �p�_�e�v�� �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y: �j�Z�a�j�Z�[�h�l�Z�g�� �b�� �\�g�_�^�j�z�g��

�d�h�f�i�e�_�d�k �b�a�� �[�h�e�_�_�� �q�_�f�� ������ �j�_�`�b�f�h�\�� �j�Z�[�h�l�u���� �m�^�h�\�e�_�l�\�h�j�y�x�s�b�o�� �l�j�_�[�h�\�Z�g�b�y�f�� �d��

�d�Z�q�_�k�l�\�m�� �b�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �h�]�j�Z�g�b�q�_�g�b�c�����g�Z�d�e�Z�^�u�\�Z�_�f�u�o��

�Z�i�i�Z�j�Z�l�g�u�f�� �h�[�_�k�i�_�q�_�g�b�_�f�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�j�b�g�l�_�j�h�\���� �q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h��

�m�e�m�q�r�Z�_�l�� �i�h�l�j�_�[�b�l�_�e�v�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f���k�d�Z�g�b�j�h�\�Z�g�b�y�� �b��

�i�_�q�Z�l�b�� 
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�i�h�e�m�q�_�g�u�� �k�e�_�^�m�x�s�b�_�� �j�_�a�m�e�v�l�Z�l�u���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �q�Z�k�l�g�u�f�� �g�Z�m�q�g�u�f�� �b��

�i�j�b�d�e�Z�^�g�u�f�� �a�Z�^�Z�q�Z�f: 

1. �I�j�_�^�e�h�`�_�g�Z�� �h�j�b�]�b�g�Z�e�v�g�Z�y�� �k�i�b�j�Z�e�v�g�Z�y�� �f�_�l�h�^�h�e�h�]�b�y �G�B�J�� �i�j�b�� �k�h�a�^�Z�g�b�b��

�j�_�r�_�g�b�c�� �^�e�y�� �F�N�I���� �h�k�g�h�\�Z�g�g�Z�y�� �g�Z�� �Z�g�Z�e�b�a�_�� �b�� �m�i�j�Z�\�e�_�g�b�b�� �j�b�k�d�Z�f�b���� �<�i�_�j�\�u�_��

�\�u�y�\�e�_�g�u�� �b�� �j�Z�g�`�b�j�h�\�Z�g�u�� �i�h�� �\�Z�`�g�h�k�l�b�� �n�Z�d�l�h�j�u���� �d�h�l�h�j�u�_�� �i�j�_�i�y�l�k�l�\�m�x�l��

�j�_�Z�e�b�a�Z�p�b�b�� �j�_�a�m�e�v�l�Z�l�Z�� �G�B�J�� �\�� �i�j�h�^�m�d�l�_���� �G�Z�� �k�l�Z�^�b�b�� �G�B�J�� �^�Z�g�g�u�_�� �n�Z�d�l�h�j�u�� �f�h�`�g�h��

�j�Z�k�k�f�Z�l�j�b�\�Z�l�v���d�Z�d���j�b�k�d�b�����B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�h�e�h�]�b�b���i�h�a�\�h�e�b�e�h���\�������j�Z�a�Z���i�h�\�u�k�b�l�v��

�d�h�e�b�q�_�k�l�\�h���j�_�a�m�e�v�l�Z�l�h�\�� �G�B�J�� �\�g�_�^�j�y�_�f�u�o�� �\���k�b�k�l�_�f�g�h�_�� �b�e�b�� �\�k�l�j�h�_�g�g�h�_���I�H���F�N�I��  

2. �I�j�_�^�e�h�`�_�g�Z�� �f�_�l�h�^�b�d�Z�� ���k�h�\�h�d�m�i�g�h�k�l�v�� �f�_�l�h�^�h�\�� �b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �b�o��

�i�j�b�f�_�g�_�g�b�y���� �j�_�`�b�f�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �d�h�l�h�j�Z�y�� �\�d�e�x�q�Z�_�l�� �w�l�Z�i�u�� �m�k�l�j�Z�g�_�g�b�y��
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�h�k�g�h�\�g�u�o�� �^�_�n�_�d�l�h�\�� �k�d�Z�g�b�j�h�\�Z�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c, �i�j�h�\�_�^�_�g�b�_�� �k�_�]�f�_�g�l�Z�p�b�b����

�k�h�o�j�Z�g�_�g�b�_ �b�a�h�[�j�Z�`�_�g�b�y�� �\�� �f�_�l�Z�n�Z�c�e���� �I�j�_�^�e�h�`�_�g�u�� �k�i�h�k�h�[�u�� �h�p�_�g�d�b�� �b���d�h�j�j�_�d�p�b�b��

�k�d�h�k�Z�� �[�_�a�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �^�h�i�h�e�g�b�l�_�e�v�g�h�c�� �i�Z�f�y�l�b���� �i�h�^�Z�\�e�_�g�b�y�� �i�_�q�Z�l�g�h�]�h�� �j�Z�k�l�j�Z����

�m�e�m�q�r�_�g�b�y�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�j�Z�k�l�Z���� �k�_�]�f�_�g�l�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �h�[�e�Z�k�l�b�� �n�h�g�Z����

�l�_�d�k�l�Z�� �b���d�Z�j�l�b�g�h�d�����G�Z�� �h�k�g�h�\�_���f�_�l�h�^�b�d�b���j�Z�a�j�Z�[�h�l�Z�g�u�� �g�h�\�u�_���j�_�`�b�f�u: 

�x �k�d�Z�g�b�j�h�\�Z�g�b�y�� �b�� �k�h�o�j�Z�g�_�g�b�y�� �^�h�d�m�f�_�g�l�Z�� �\�� �3�'�)�� �k�� �\�_�d�l�h�j�b�a�Z�p�b�_�c�� �d�h�g�l�m�j�h�\��

�k�b�f�\�h�e�h�\�����j�_�`�b�f���h�[�_�k�i�_�q�b�\�Z�_�l���^�\�Z���p�b�d�e�Z���i�h�\�l�h�j�g�h�c���i�_�q�Z�l�b���b���k�d�Z�g�b�j�h�\�Z�g�b�y�� �[�_�a��

�k�m�s�_�k�l�\�_�g�g�h�c�� �i�h�l�_�j�b���d�Z�q�_�k�l�\�Z���j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �l�_�d�k�l�Z���� �i�j�b���k�o�h�^�g�h�f���\�b�a�m�Z�e�v�g�h�f��

�d�Z�q�_�k�l�\�_�� �j�_�`�b�f�� �k�h�a�^�Z�z�l�� �n�Z�c�e�� �g�Z�b�f�_�g�v�r�_�]�h�� �j�Z�a�f�_�j�Z���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�k�m�s�_�k�l�\�m�x�s�b�f�b �k�i�h�k�h�[�Z�f�b;  

�x �d�h�i�b�j�h�\�Z�g�b�y�� �^�\�m�o�k�l�h�j�h�g�g�b�o�� �d�Z�j�l�h�q�_�d�� �g�Z�� �h�^�g�m���k�l�j�Z�g�b�p�m�� �k���b�k�i�j�Z�\�e�_�g�b�_�f�� �k�d�h�k�Z��

�b���b�^�_�g�l�b�q�g�h�c�� �h�j�b�_�g�l�Z�p�b�_�c�� �h�[�_�b�o���k�l�h�j�h�g���� �^�e�y�������������d�Z�j�l�h�q�_�d�����k�l�h�j�h�g�u���d�h�l�h�j�u�o��

�j�Z�a�\�z�j�g�m�l�u�� �h�l�g�h�k�b�l�_�e�v�g�h�� �^�j�m�]���^�j�m�]�Z���g�Z�����������]�j�Z�^�m�k�h�\�����h�j�b�_�g�l�Z�p�b�y�� �h�i�j�_�^�_�e�y�_�l�k�y��

�b���b�k�i�j�Z�\�e�y�_�l�k�y�� 

3. �K�n�h�j�f�m�e�b�j�h�\�Z�g�� �i�h�^�o�h�^�� �d�� �j�_�Z�e�b�a�Z�p�b�b�� �k�i�_�p�b�Z�e�v�g�u�o�� �j�_�`�b�f�h�\�� �i�_�q�Z�l�b�� �i�m�l�z�f��

�e�h�d�Z�e�v�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b�� �d�h�^�Z�� �i�j�h�p�_�k�k�h�j�Z�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �H�i�j�_�^�_�e�_�g�u��

�f�h�^�m�e�b�� �\���i�j�h�p�_�k�k�h�j�_�� �j�Z�k�l�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�c��Postscript �^�e�y���\�k�l�j�Z�b�\�Z�g�b�y�� �j�_�`�b�f�h�\��

�i�_�q�Z�l�b�� �\�� �k�m�s�_�k�l�\�m�x�s�_�_�� �i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �m�k�l�j�h�c�k�l�\�� �i�_�q�Z�l�b���� �G�Z�� �h�k�g�h�\�_��

�i�h�^�o�h�^�Z���\�h���\�k�l�j�h�_�g�g�h�_���I�H���k�m�s�_�k�l�\�m�x�s�b�o�� �m�k�l�j�h�c�k�l�\���i�_�q�Z�l�b���^�h�[�Z�\�e�_�g�u���k�e�_�^�m�x�s�b�_��

�g�h�\�u�_���n�m�g�d�p�b�b: 

�x �j�_�`�b�f�� �i�_�q�Z�l�b�� �f�b�d�j�h�l�_�d�k�l�Z���� �i�h�a�\�h�e�y�x�s�b�c�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �©�g�Z���e�_�l�m�ª��

�]�_�g�_�j�b�j�h�\�Z�l�v�� �f�b�d�j�h�k�b�f�\�h�e�u�� �j�Z�a�f�_�j�h�f�� �h�d�h�e�h�� ���� �l�b�i�h�]�j�Z�n�k�d�h�]�h�� �i�m�g�d�l�Z�� �^�e�y��

�r�b�j�h�d�h�]�h���g�Z�[�h�j�Z���y�a�u�d�h�\���[�_�a���b�k�i�h�e�v�a�h�\�Z�g�b�y�� �k�i�_�p�b�Z�e�v�g�u�o�� �r�j�b�n�l�h�\�����^�h�[�Z�\�e�_�g�b�_��

�g�Z���k�l�j�Z�g�b�p�m���f�b�d�j�h�l�_�d�k�l�Z���m�\�_�e�b�q�b�\�Z�_�l�� �\�j�_�f�y���i�_�q�Z�l�b���g�Z�������������k�����q�l�h���g�_�a�Z�f�_�l�g�h���^�e�y��

�i�h�e�v�a�h�\�Z�l�_�e�y;  

�x �j�_�`�b�f���w�d�h�g�h�f�b�q�g�h�c���i�_�q�Z�l�b���� �i�h�a�\�h�e�y�x�s�b�c�� �k�h�d�j�Z�l�b�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�j�Z�k�d�b�� �g�Z��

���������������b���h�[�_�k�i�_�q�b�\�Z�x�s�b�c�� �e�m�q�r�_�_���\�b�a�m�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h���k�b�f�\�h�e�h�\���i�h���k�j�Z�\�g�_�g�b�x��

�k���Z�e�v�l�_�j�g�Z�l�b�\�g�u�f�b�� �k�i�h�k�h�[�Z�f�b; 
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�x �j�_�`�b�f���q�_�j�g�h�\�h�c���i�_�q�Z�l�b�����\���d�h�l�h�j�h�f���d�Z�j�l�b�g�d�b�� �i�j�_�h�[�j�Z�a�m�x�l�k�y���\���p�\�_�l�g�u�_�� �w�k�d�b�a�u����

�i�j�b���w�l�h�f���w�d�h�g�h�f�b�l�k�y���^�h�������������l�h�g�_�j�Z�����Z���\�j�_�f�y���j�Z�[�h�l�u���j�_�`�b�f�Z���i�j�_�\�u�r�Z�_�l �\�j�_�f�y��

�h�[�u�q�g�h�c���i�_�q�Z�l�b�� �e�b�r�v���g�Z������������; 

�x �j�_�`�b�f�� �^�h�[�Z�\�e�_�g�b�y�� �g�Z�� �k�l�j�Z�g�b�p�m�� �k�d�j�u�l�u�o�� �p�b�n�j�h�\�u�o�� �\�h�^�y�g�u�o�� �a�g�Z�d�h�\�� �^�e�y��

�k�h�o�j�Z�g�_�g�b�y�� �b�^�_�g�l�b�n�b�d�Z�p�b�h�g�g�h�]�h�� �d�h�^�Z�� �m�k�l�j�h�c�k�l�\�Z���� �a�Z�� �k�q�z�l���f�g�h�]�h�d�j�Z�l�g�h�]�h��

�^�m�[�e�b�j�h�\�Z�g�b�y�� �b�g�n�h�j�f�Z�p�b�b���k�i�h�k�h�[���i�h�a�\�h�e�y�_�l���b�a�\�e�_�q�v�� �k�d�j�u�l�m�x�� �b�g�n�h�j�f�Z�p�b�x���b�a��

�d�h�i�b�b���b���i�h�e�h�\�b�g�u�� �k�l�j�Z�g�b�p�u.  

4. �I�j�_�^�e�h�`�_�g�� �i�h�^�o�h�^�� �d�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �h�p�_�g�d�_�� �b�� �m�e�m�q�r�_�g�b�x���d�Z�q�_�k�l�\�Z��

�i�_�q�Z�l�Z�_�f�u�o�� �n�h�l�h�]�j�Z�n�b�c���� �m�q�b�l�u�\�Z�x�s�b�c�� �j�Z�a�f�_�j�u�� �[�m�f�Z�`�g�h�]�h�� �h�l�i�_�q�Z�l�d�Z����

�j�Z�a�j�_�r�_�g�b�_�� �b�� �l�_�o�g�h�e�h�]�b�x�� �i�_�q�Z�l�b���� �g�Z�� �h�k�g�h�\�_�� �i�h�^�o�h�^�Z�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �g�h�\�u�_�� �f�_�l�h�^�u��

�h�p�_�g�d�b���b���i�h�\�u�r�_�g�b�y���j�_�a�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y�����^�_�l�_�d�l�b�j�h�\�Z�g�b�y���b���d�h�j�j�_�d�p�b�b���©�d�j�Z�k�g�u�o��

�]�e�Z�a�ª���� �h�p�_�g�d�b�� �b�� �m�e�m�q�r�_�g�b�y�� �a�Z�l�_�f�g�z�g�g�u�o�� �h�[�e�Z�k�l�_�c���� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�z�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �f�_�l�h�^�u���i�j�_�\�h�k�o�h�^�y�l�� �k�m�s�_�k�l�\�m�x�s�b�_���� �i�h�a�\�h�e�y�x�l�� �i�h��

�f�_�g�v�r�_�c���f�_�j�_���\���������j�Z�a���k�h�d�j�Z�l�b�l�v���\�j�_�f�y���i�h�^�]�h�l�h�\�d�b���n�h�l�h�]�j�Z�n�b�c���d���i�_�q�Z�l�b�����i�h�\�u�k�b�l�v��

�d�Z�q�_�k�l�\�h�� �g�Z�i�_�q�Z�l�Z�g�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �i�j�_�^�h�l�\�j�Z�l�b�l�v�� �i�_�q�Z�l�v�� �[�h�e�_�_�� �i�h�e�h�\�b�g�u��

�b�k�i�h�j�q�_�g�g�u�o�� �n�h�l�h�]�j�Z�n�b�c. 

5. �I�j�_�^�e�h�`�_�g�Z�� �]�j�m�i�i�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �b�o�� �i�j�b�f�_�g�_�g�b�y��

�^�e�y�� �b�a�f�_�g�_�g�b�y�� �j�Z�a�f�_�j�h�\�� �b�� �k�h�h�l�g�h�r�_�g�b�y�� �k�l�h�j�h�g�� �^�h�d�m�f�_�g�l�h�\�� �b�� �n�h�l�h�]�j�Z�n�b�c�� �[�_�a��

�f�h�^�b�n�b�d�Z�p�b�b �h�k�g�h�\�g�u�o�� �k�f�u�k�e�h�\�u�o�� �w�e�_�f�_�g�l�h�\�� �b�a�h�[�j�Z�`�_�g�b�y���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�_�^�h�k�l�Z�\�e�y�x�l�� �g�h�\�u�_�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b���d�h�i�b�j�h�\�Z�g�b�b�� �^�h�d�m�f�_�g�l�h�\��

�k���b�a�f�_�g�_�g�b�_�f�� �j�Z�a�f�_�j�Z���[�m�f�Z�]�b�� �b���i�_�q�Z�l�b�� �n�h�l�h�]�j�Z�n�b�c�� �[�_�a���i�h�e�_�c���� �i�j�_�^�e�h�`�_�g�u�� �g�h�\�u�_��

�Z�e�]�h�j�b�l�f�u���^�e�y���i�_�j�_�n�h�j�f�Z�l�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�c���a�Z���k�q�z�l���m�^�Z�e�_�g�b�y���b�e�b���^�h�[�Z�\�e�_�g�b�y��

�f�Z�e�h�a�Z�f�_�l�g�u�o�� �m�q�Z�k�l�d�h�\���� �^�h�i�h�e�g�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�b�f�f�_�l�j�b�q�g�h�� �h�l�j�Z�`�_�g�g�u�f�b��

�i�h�e�h�k�Z�f�b�� �b���h�[�j�_�a�Z�g�b�y�� �i�h�e�h�k�� �k�� �^�\�m�o�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�o�� �k�l�h�j�h�g�����]�^�_�� �j�Z�a�f�_�j�u�� �i�h�e�h�k��

�\�u�[�b�j�Z�x�l�k�y�� �i�m�l�z�f�� �h�p�_�g�d�b�� �a�Z�f�_�l�g�h�k�l�b�� �h�l�j�Z�`�_�g�b�y���� �i�j�b�f�_�g�_�g�b�_�� �i�j�_�^�e�h�`�_�g�g�u�o��

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �i�h�a�\�h�e�y�_�l �b�a�[�_�`�Z�l�v�� �a�Z�f�_�l�g�u�o�� �b�k�d�Z�`�_�g�b�c�� �^�e�y�� �[�h�e�_�_�� �q�_�f�� ����������

�n�h�l�h�]�j�Z�n�b�c�����d�h�l�h�j�u�_���m�o�m�^�r�Z�e�b�k�v�� �i�j�b���i�_�q�Z�l�b���[�_�a���i�h�e�_�c. 
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6. �I�j�_�^�e�h�`�_�g�u�� �i�j�b�g�p�b�i�u�� �\�u�[�h�j�Z�� �b�� �j�Z�a�f�_�s�_�g�b�y�� �n�h�l�h�]�j�Z�n�b�c�� �^�e�y��

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���]�_�g�_�j�Z�p�b�b�� �d�h�e�e�Z�`�Z���b���k�l�j�Z�g�b�p�u�� �n�h�l�h�d�g�b�]�b�����]�^�_���\�u�[�h�j���\�u�i�h�e�g�y�_�l�k�y��

�i�m�l�z�f�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �d�Z�q�_�k�l�\�_�g�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �b�� �b�o�� �j�Z�g�`�b�j�h�\�Z�g�b�y�� �k�� �i�h�f�h�s�v�x��

�d�Z�j�l�u�� �a�g�Z�q�b�f�h�k�l�b�����i�j�b���j�Z�a�f�_�s�_�g�b�b�� �j�_�r�Z�_�l�k�y���a�Z�^�Z�q�Z���h�i�l�b�f�b�a�Z�p�b�b���� �\���o�h�^�_���d�h�l�h�j�h�c��

�h�i�j�_�^�_�e�y�x�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c���� �g�Z�� �h�k�g�h�\�_��

�i�j�_�^�e�h�`�_�g�g�u�o�� �i�j�b�g�p�b�i�h�\�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �g�h�\�u�_�� �f�_�l�h�^�u�� �\�u�[�h�j�Z�� �n�h�l�h�]�j�Z�n�b�c�� �b��

�n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�e�e�Z�`�Z���� �d�h�l�h�j�u�_�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�z�g�g�u�o�� �h�i�j�h�k�h�\ 

�i�j�_�\�h�k�o�h�^�y�l���k�m�s�_�k�l�\�m�x�s�b�_.  

 

 

�;�e�Z�]�h�^�Z�j�g�h�k�l�b�� �:�\�l�h�j�� �]�e�m�[�h�d�h�� �i�j�b�a�g�Z�l�_�e�_�g�� �g�Z�m�q�g�h�f�m�� �d�h�g�k�m�e�v�l�Z�g�l�m��

�B���:�� �F�Z�l�\�_�_�\�m�� �a�Z���i�e�h�^�h�l�\�h�j�g�u�_���h�[�k�m�`�^�_�g�b�y���j�Z�[�h�l�u�����:�\�l�h�j���[�e�Z�]�h�^�Z�j�_�g���d�h�e�e�_�]�Z�f�� �b��

�k�h�Z�\�l�h�j�Z�f�����h�k�h�[�_�g�g�h���B���<���� �D�m�j�b�e�b�g�m���� �F���G���� �J�u�q�Z�]�h�\�m�����?���<���� �L�h�e�k�l�h�c�����K���X�����Y�d�h�\�e�_�\�m����

�B���J���� �:�e�b�d�[�_�j�h�\�m���� �F���:���� �?�]�h�j�h�\�h�c, �?���<���� �I�h�l�Z�i�h�\�h�c���� �:���F���� �<�b�e�v�d�b�g�m. �H�]�j�h�f�g�h�_��

�k�i�Z�k�b�[�h���k�_�f�v�_�� �b���j�h�^�b�l�_�e�y�f���a�Z���i�h�^�^�_�j�`�d�m�� 
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�K�i�b�k�h�d���k�h�d�j�Z�s�_�g�b�c���b���h�[�h�a�g�Z�q�_�g�b�c 

�:�;�=�R�� �± �Z�^�^�b�l�b�\�g�u�c�� �[�_�e�u�c�� �]�Z�m�k�k�h�\�� �r�m�f 

�B�K�H�� �± �f�_�`�^�m�g�Z�j�h�^�g�Z�y���h�j�]�Z�g�b�a�Z�p�b�y�� �i�h���k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b 

�I�D�� �± �i�_�j�k�h�g�Z�e�v�g�u�c�� �d�h�f�i�v�x�l�_�j 

�I�H�� �± �i�j�h�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_�� 

�F�:�B�� �± �f�_�l�h�^���Z�g�Z�e�b�a�Z�� �b�_�j�Z�j�o�b�c 

�F�D�H �± �f�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�f�b�k�k�b�y���i�h���h�k�\�_�s�_�g�b�x  

�F�G�D�� �± �f�_�l�h�^���g�Z�b�f�_�g�v�r�b�o�� �d�\�Z�^�j�Z�l�h�\�� 

�F�N�I�� �± �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�c�� �i�j�b�g�l�_�j 

�F�N�M�� �± �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�_�� �m�k�l�j�h�c�k�l�\�h 

�G�B�J �± �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y�� �j�Z�[�h�l�Z 

�H�D�J �± �h�i�u�l�g�h-�d�h�g�k�l�j�m�d�l�h�j�k�d�Z�y�� �j�Z�[�h�l�Z 

�H�K �± �h�i�_�j�Z�p�b�h�g�g�Z�y�� �k�b�k�l�_�f�Z 

�L�A �± �l�_�o�g�b�q�_�k�d�h�_�� �a�Z�^�Z�g�b�_ 

�N�<�Q �± �n�b�e�v�l�j�� �\�_�j�o�g�b�o�� �q�Z�k�l�h�l 

�N�G�Q �± �n�b�e�v�l�j���g�b�`�g�b�o�� �q�Z�k�l�h�l 

�P�<�A �± �p�b�n�j�h�\�h�c �\�h�^�y�g�h�c �a�g�Z�d  

3D �± three dimensional 

ADF �± automatic document feeder 

AHP �± analytic hierarchy process 

AIO �± all-in-one 

ASIC �± application-specific integrated circuit 

AUC �± area under curve 

bpp �± bits per pixel 

BRIC �± blocked recursive image composition 

CART �± classification and regression tree 

CIE �± �f�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�f�b�k�k�b�y �i�h �h�k�\�_�s�_�g�b�x  

CMY �± cyan, magenta, yellow  
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CMYK �± cyan, magenta, yellow, black  

DLA �± document layout analysis 

DOG �± difference of Gaussians  

DSS �± digital sharpness scale 

dpi �± dots per inch 

DSP �± digital signal processor 

EFTP �± effective throughput 

ESAT �± estimated saturated throughput 

EXIF �± exchangeable image file format 

FN �± false negative  

FP �± false positive  

FSOT �± first set out time 

GRNN �± general regression neural network 

HDF �± hardware-friendly descreening 

HDR �± high dynamic range 

HPGL �± Hewlett-Packard graphics language 

HSV �± hue, saturation, value 

ICDAR �± International conference on document analysis and recognition 

ID card �± identification card 

in-place �± �h�[�h�a�g�Z�q�_�g�b�_ �Z�e�]�h�j�b�l�f�Z, �j�Z�[�h�l�Z�x�s�_�]�h �[�_�a �\�u�^�_�e�_�g�b�y �i�Z�f�y�l�b 

in-situ �± �h�[�h�a�g�Z�q�_�g�b�_���Z�e�]�h�j�b�l�f�Z���� �j�Z�[�h�l�Z�x�s�_�]�h���[�_�a���\�u�^�_�e�_�g�b�y�� �i�Z�f�y�l�b 

ISO �± international standard organization 

JFIF �± JPEG file interchange format 

JPEG �± Joint Photographic Experts Group 

kb - kilobyte 

LED �± light-emitting diode 

MAE �± mean absolute error 

MedAE �± median absolute error 
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MFD �± multifunctional device  

MFP �± multifunctional printer 

MIC �± machine identification code 

MOS �± mean opinion score 

MRC �± mixed raster content 

MSE �± mean squared error 

MSR �± multiscale Retinex 

OCR �± optical character recognition 

PDF �± portable document format 

PS �± Postscript 

RGB �± red, green, blue 

RIP �± raster image processor 

ROC �± receiver operating characteristic 

SDR �± standard dynamic range 

SoC �± system-on-chip 

SOHO �± small office/home office 

SIMD �± single instruction multiple data 

TWAIN �± �^�j�Z�c�\�_�j �k�d�Z�g�b�j�h�\�Z�g�b�y (�w�l�h���g�_���Z�[�[�j�_�\�b�Z�l�m�j�Z) 

USB �± universal serial bus 

XPS �± XML paper specification 
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