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

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

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

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

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

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

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

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

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

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

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

OPC-�j�_�r�_�g�b�c1, �b�f�_�x�s�b�o�� �a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�_�_�� �k�e�h�`�g�u�_�� �\�o�h�^�g�u�_�� �b�� �\�u�o�h�^�g�u�_��

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

                                                             
1 OPC �± Optical Proximity Correction �b�e�b���d�h�j�j�_�d�p�b�y���h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b�����I�h�^��OPC-
�j�_�r�_�g�b�_�f���i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y���k�h�\�h�d�m�i�g�h�k�l�v���f�h�^�_�e�_�c�����Z�e�]�h�j�b�l�f�h�\���b���i�j�h�]�j�Z�f�f�g�u�o���k�j�_�^�k�l�\��
�^�e�y���b�o���i�j�b�f�_�g�_�g�b�y�����i�h�a�\�h�e�y�x�s�b�o���j�_�Z�e�b�a�h�\�u�\�Z�l�v���d�h�j�j�_�d�p�b�x���h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b 
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�\�u�q�b�k�e�b�l�_�e�v�g�u�f�� �j�_�k�m�j�k�Z�f���� �W�l�h�� �\�e�_�q�_�l�� �a�Z�� �k�h�[�h�c�� �i�h�y�\�e�_�g�b�_�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o��

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

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

�i�j�h�p�_�k�k�Z�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �N�R���� �H�k�h�[�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v��

�\�u�[�j�Z�g�g�h�]�h �2�3�K-�j�_�r�_�g�b�y�� �h�d�Z�a�u�\�Z�x�l�� �h�i�l�b�q�_�k�d�b�_ �f�h�^�_�e�b���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ 

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

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

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

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

�H�r�b�[�d�b���� �^�h�i�m�s�_�g�g�u�_�� �i�j�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �N�R���� �g�_�]�Z�l�b�\�g�h��

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

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

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

�p�_�e�h�f�� �b�� �w�l�Z�i�Z�� �b�a�]�h�l�h�\�e�_�g�b�y�� �d�h�f�i�e�_�d�l�Z�� �n�h�l�h�r�Z�[�e�h�g�h�\�� �\�� �q�Z�k�l�g�h�k�l�b���� �I�h�w�l�h�f�m��

�\�h�i�j�h�k���i�h�\�u�r�_�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�h�p�_�k�k�Z���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���N�R���\���m�k�e�h�\�b�y�o��

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

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

�h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b�� 

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

�i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y�����l�Z�d�b�_���d�Z�d���0�H�Q�W�R�U���*�U�D�S�K�L�F�V, Cadence �b�e�b���6�\�Q�R�S�V�\�V��

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

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

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

�a�Z�d�h�g�q�_�g�g�u�_�� �j�_�Z�e�b�a�Z�p�b�b��OPC-�j�_�r�_�g�b�c���� �i�j�b�f�_�g�y�_�f�u�_�� �g�Z���f�Z�k�d�r�h�i�Z�o �b��

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

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

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

�f�_�l�h�^�b�d���j�Z�a�j�Z�[�h�l�d�b �b�� �i�j�b�f�_�g�_�g�b�y��OPC-�j�_�r�_�g�b�c���� �K�b�e�v�g�Z�y��

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

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

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

�e�b�l�_�j�Z�l�m�j�_���� �W�l�b�� �n�Z�d�l�h�j�u�� �d�j�Z�c�g�_�� �g�_�]�Z�l�b�\�g�h�� �k�d�Z�a�u�\�Z�x�l�k�y�� �g�Z�� �j�Z�a�\�b�l�b�b��

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

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

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

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

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

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

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

�Z�d�l�m�Z�e�v�g�h�c���b���k�\�h�_�\�j�_�f�_�g�g�h�c�� 

�P�_�e�v���^�b�k�k�_�j�l�Z�p�b�b 

�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�� �\�� �j�Z�a�j�Z�[�h�l�d�_�� �g�Z�m�q�g�h-

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

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

�k�e�h�_�\�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z���K�;�B�K�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f�����g�Z�� �i�j�b�f�_�j�_��

�a�Z�l�\�h�j�g�h�]�h���k�e�h�y��. 

�H�k�g�h�\�g�u�_���a�Z�^�Z�q�b���b�k�k�e�_�^�h�\�Z�g�b�y 

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

�a�Z�^�Z�q�b�� 

1. �I�j�h�\�_�k�l�b�� �Z�g�Z�e�b�a�� �k�h�\�j�_�f�_�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �f�_�l�h�^�h�\�� �i�h�\�u�r�_�g�b�y��

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

�h�k�g�h�\�g�u�o���K�:�I�J�����b�k�i�h�e�v�a�m�_�f�u�o���\���^�Z�g�g�h�c���h�[�e�Z�k�l�b; 

2. �G�Z�� �h�k�g�h�\�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b��

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

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

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

�g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �k�l�j�m�d�l�m�j�� ���6�5�$�)���± Sub-

Resolution Assist Features); 

�x  �b�k�k�e�_�^�h�\�Z�l�v�� �\�d�e�Z�^�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �\�� �h�[�s�m�x��

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

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

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

3. �J�Z�a�j�Z�[�h�l�Z�l�v���N�R���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c�� �^�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h��

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

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

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

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

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

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

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

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

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

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

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

7. �J�Z�a�j�Z�[�h�l�Z�l�v���f�_�l�h�^���h�i�l�b�f�Z�e�v�g�h�c���g�Z�k�l�j�h�c�d�b���i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z����

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

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

 

�F�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y 

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

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

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

�f�b�d�j�h�k�d�h�i�b�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�\���� �Z�� �l�Z�d�`�_�� �i�j�b��

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

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

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

 

 

�G�Z�m�q�g�Z�y���g�h�\�b�a�g�Z �j�Z�[�h�l�u 

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

�g�Z�m�q�g�h�c���g�h�\�b�a�g�h�c�� 

1. �<�i�_�j�\�u�_�� �^�e�y�� �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �d�Z�e�b�[�j�h�\�d�b��

�d�h�f�i�Z�d�l�g�h�c�� �f�h�^�_�e�b�� �d�h�g�l�m�j�Z�� �N�J�F�� �i�j�b�f�_�g�z�g�� �d�e�Z�k�l�_�j�g�u�c�� �Z�g�Z�e�b�a��

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

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

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

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

�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �w�\�h�e�x�p�b�b���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�c�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �b�k�o�h�^�g�u�f��

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

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

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

�<�� �d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �l�b�i�h�\�h�c�� �2�3�&-�j�_�p�_�i�l���� �i�j�b�f�_�g�y�_�f�u�c�� �\��

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

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

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

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

�d�h�g�n�b�]�m�j�Z�p�b�_�c�� 

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

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

�m�g�b�\�_�j�k�Z�e�v�g�u�c���f�_�l�h�^���k�h�k�l�Z�\�e�_�g�b�y���r�Z�[�e�h�g�g�h�c���k�i�_�p�b�n�b�d�Z�p�b�b�� 
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4. �<�i�_�j�\�u�_�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �b�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �f�_�l�h�^�h�e�h�]�b�y�� �k�h�a�^�Z�g�b�y�� �2�3�&-

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

�i�_�j�_�o�h�^�_���d���k�e�_�^�m�x�s�b�f���i�j�h�_�d�l�g�u�f���g�h�j�f�Z�f���l�_�o�g�h�e�h�]�b�b���i�j�h�b�a�\�h�^�k�l�\�Z���K�;�B�K�� 

5. �K�� �i�j�b�f�_�g�_�g�b�_�f�� �f�h�^�_�j�g�b�a�b�j�h�\�Z�g�g�h�c�� �f�_�l�h�^�b�d�b�� �d�Z�e�b�[�j�h�\�d�b��

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

�N�J�F���^�e�y���a�Z�l�\�h�j�g�h�]�h���k�e�h�y���g�Z���j�Z�a�e�b�q�g�u�o���g�Z�[�h�j�Z�o���d�Z�e�b�[�j�h�\�h�q�g�u�o���^�Z�g�g�u�o�����q�l�h��

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

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

�^�Z�g�g�u�o�� �f�_�l�h�^�h�f�� �N-�k�j�_�^�g�b�o���� �I�j�b�� �w�l�h�f�� �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�Z�y�� �h�r�b�[�d�Z��

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

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

6.  �<�i�_�j�\�u�_�� �j�Z�a�j�Z�[�h�l�Z�g�h�� �i�j�h�]�j�Z�f�f�g�h�_�� �k�j�_�^�k�l�\�h�� �©�2�3�&�� �2�S�W�L�P�L�]�H�U�ª����

�i�h�a�\�h�e�y�x�s�_�_���\�u�i�h�e�g�y�l�v���g�Z�k�l�j�h�c�d�m���2�3�&-�j�_�p�_�i�l�Z���k���i�h�f�h�s�v�x���i�j�_�^�e�h�`�_�g�g�h�]�h��

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

�j�Z�a�j�Z�[�h�l�d�b���2�3�&-�j�_�r�_�g�b�y���� 

 

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

1. �G�Z�� �h�k�g�h�\�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �©�i�h�e�g�h�]�h�ª��

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

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

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

�g�h�j�f���������g�f; 

2. �J�Z�a�j�Z�[�h�l�Z�g�� �b�� �b�a�]�h�l�h�\�e�_�g���m�g�b�\�_�j�k�Z�e�v�g�u�c���d�Z�e�b�[�j�h�\�h�q�g�u�c��

�n�h�l�h�r�Z�[�e�h�g�� �©�/�,�7�+�2����-�����ª���� �\�d�e�x�q�Z�x�s�b�c���\�� �k�\�h�c���k�h�k�l�Z�\���j�y�^���l�h�i�h�e�h�]�b�q�_�k�d�b�o��

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

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�h�^�_�e�b�� �9�7������ �Z�� �l�Z�d�`�_�� �^�e�y�� �i�j�h�\�_�j�d�b�� �i�j�Z�\�b�e�� �j�Z�k�k�l�Z�g�h�\�d�b��

�k�l�j�m�d�l�m�j�� �6�5�$�)�� �g�Z�� �h�^�b�g�h�q�g�u�o�� �b�� �i�_�j�b�h�^�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�Z�o�� �l�h�i�h�e�h�]�b�b����

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

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

�i�j�h�p�_�k�k�h�\���i�j�h�_�d�l�g�u�o���g�h�j�f���^�h �������g�f; 



 14 
 

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

�i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z�� �$�6�0�/�� �3�$�6�� �������������������&���� �l�j�_�[�m�_�f�u�o�� �i�j�b��

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

�k�l�j�m�d�l�m�j�� �6�5�$�)�� �[�u�e�h�� �i�j�_�^�e�h�`�_�g�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�h�^�_�e�b�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h��

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

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

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

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

�G�Z�� �h�k�g�h�\�_�� �i�j�_�^�e�h�`�_�g�g�h�c�� �f�h�^�_�e�b�� �k�� �m�q�_�l�h�f�� �m�k�e�h�\�b�c�� �b�� �h�k�h�[�_�g�g�h�k�l�_�c��

�i�j�h�p�_�k�k�Z�� �:�H�� ���F�b�d�j�h�g���� �j�Z�k�k�q�b�l�Z�g�u�� �i�Z�j�Z�f�_�l�j�u�� �h�i�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z��

�$�6�0�/�� �3�$�6�� �������������������&�� ���1�$�� � �� ������������ �1in � �� ������������ �1out � �� ������������ �.�� � �� �����ƒ������

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

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

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���l�h�i�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j���6�5�$�)�����\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u������ 

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

�h�k�g�h�\�g�u�f�b���e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l�����������g�f���^�h�����������g�f�� 

�x �Z��� ���������g�f�����V��� �����������g�f���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l�����������g�f���b���[�h�e�_�_�� 

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

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

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

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

�6�5�$�)���� �J�_�a�m�e�v�l�Z�l�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b��

�^�Z�g�g�u�f�b; 

4.  �J�Z�a�j�Z�[�h�l�Z�g�h���i�j�h�]�j�Z�f�f�g�h�_�� �k�j�_�^�k�l�\�h �©OPC_Optimizer�ª, 

�i�h�a�\�h�e�y�x�s�_�_�� �\�u�i�h�e�g�y�l�v�� �h�i�l�b�f�Z�e�v�g�m�x�� �g�Z�k�l�j�h�c�d�m�� �2�3�&-�j�_�p�_�i�l�Z�� �k�� �i�h�f�h�s�v�x��

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

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

�a�Z�^�Z�q�b�� �\�� �j�Z�f�d�Z�o�� �j�Z�a�j�Z�[�h�l�d�b�� �2�3�&-�j�_�r�_�g�b�y�� �G�Z�� �i�j�h�]�j�Z�f�f�g�u�c�� �i�j�h�^�m�d�l��

�©OPC_Optimizer�ª�� �i�h�e�m�q�_�g�h���K�\�b�^�_�l�_�e�v�k�l�\�h�� �J�N�� �h�[�� �h�n�b�p�b�Z�e�v�g�h�c�� �j�_�]�b�k�l�j�Z�p�b�b��

�i�j�h�]�j�Z�f�f�u���^�e�y���W�<�F ���I�j�b�e�h�`�_�g�b�_��6). 
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�>�h�k�l�h�\�_�j�g�h�k�l�v���j�_�a�m�e�v�l�Z�l�h�\ 

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

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

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

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

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

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

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

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

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

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

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

�j�_�a�m�e�v�l�Z�l�Z�f�b�� �b�k�i�u�l�Z�g�b�c���� �Z�� �l�Z�d�`�_�� �w�d�k�i�_�j�l�b�a�h�c�� �i�j�h�\�_�^�_�g�g�u�o�� �G�B�H�D�J��

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

 

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

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

�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�c�� �i�j�h�p�_�k�k�� �:�H���©�G�B�B�F�W�ª�� �b���:�H�� �©�F�b�d�j�h�g�ª���� �[�u�e�b��

�b�k�i�h�e�v�a�h�\�Z�g�u���i�j�b���i�j�h�\�_�^�_�g�b�b���j�y�^�Z���G�B�H�D�J�����Z���l�Z�d�`�_���b�k�i�h�e�v�a�m�x�l�k�y���\���m�q�_�[�g�h�f��

�i�j�h�p�_�k�k�_�� �G�H�M�� �>�I�H���©�P�H�J�D�� �G�B�B�F�W�ª���� �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b���Z�d�l�Z�f�b ���I�j�b�e�h�`�_�g�b�_��6). 

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

1. �F�h�^�_�e�v�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z�� �^�e�y�� �j�Z�k�q�_�l�Z�� �i�Z�j�Z�f�_�l�j�h�\��

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

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� ���6�5�$�)������ �h�k�g�h�\�Z�g�g�Z�y�� �g�Z�� �Z�g�Z�e�b�a�_��

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

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

�j�b�k�m�g�d�Z���\���j�_�a�b�k�l�_ ���©�y�d�h�j�g�h�c���k�l�j�m�d�l�m�j�_�ª��. 

2. �I�Z�j�Z�f�_�l�j�u�� �h�i�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z��ASML PAS 5500/1150C 

(NA = ������������ �1in = ������������ �1out = ������������ �. = �����ƒ������ �h�i�l�b�f�Z�e�v�g�u�_�� �i�j�b�� �e�b�l�h�]�j�Z�n�b�b��

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

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

���N�R���� �\�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�m�x�� �i�h�]�j�_�r�g�h�k�l�v�����i�h�a�\�h�e�b�\�r�b�_ �k�h�k�l�Z�\�b�l�v�� �h�p�_�g�h�q�g�m�x��

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

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

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

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

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

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

5. �H�k�g�h�\�g�u�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �[�Z�a�h�\�h�c�� �i�j�h�p�_�^�m�j�_�� �j�Z�k�k�l�Z�g�h�\�d�b�� �k�l�j�m�d�l�m�j��

�6�5�$�)���^�e�y���a�Z�l�\�h�j�g�h�]�h���k�e�h�y���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�� 

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

�d�h�g�l�m�j�Z���N�J�F �b���h�i�j�_�^�_�e�_�g�b�x���i�j�h�p�_�k�k�g�u�o���h�d�h�g��SRAF; 

7���� �:�e�]�h�j�b�l�f�� �h�i�l�b�f�b�a�Z�p�b�b�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�p�_�i�l�Z�� �d�h�j�j�_�d�p�b�b�� �h�i�l�b�q�_�k�d�h�c��

�[�e�b�a�h�k�l�b���g�Z���h�k�g�h�\�_���f�_�l�h�^�Z���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c���w�\�h�e�x�p�b�b. 

8. �I�j�h�]�j�Z�f�f�g�u�c�� �i�j�h�^�m�d�l���� �i�h�a�\�h�e�y�x�s�b�c�� �\�u�i�h�e�g�b�l�v�� �g�Z�k�l�j�h�c�d�m�� �2�3�&-

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

�h�i�l�b�f�b�a�Z�p�b�h�g�g�u�_���a�Z�^�Z�q�b���\���j�Z�f�d�Z�o���j�Z�a�j�Z�[�h�l�d�b���2�3�&-�j�_�r�_�g�b�y. 

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

�h�[�k�m�`�^�Z�e�b�k�v���g�Z���k�e�_�^�m�x�s�b�o���g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�b�o���d�h�g�n�_�j�_�g�p�b�y�o �b���k�_�f�b�g�Z�j�Z�o: 

�x �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �n�h�j�m�f�� �©�F�b�d�j�h�w�e�_�d�l�j�h�g�b�d�Z-���������ª���� ��-�y�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y��

�g�Z�m�q�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�W�e�_�d�l�j�h�g�g�Z�y���d�h�f�i�h�g�_�g�l�g�Z�y�� �[�Z�a�Z�� �b��

�f�b�d�j�h�w�e�_�d�l�j�h�g�g�u�_���f�h�^�m�e�b�ª�����:�e�m�r�l�Z�������������]�� 
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�x 61-�y�� �<�k�_�j�h�k�k�b�c�k�d�Z�y�� �g�Z�m�q�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �F�N�L�B���� �©�W�e�_�d�l�j�h�g�b�d�Z����

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

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

�e�b�l�h�]�j�Z�n�b�b�ª�����F�h�k�d�\�Z�������������]�� 

�x XV�,�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �i�h�� �]�h�e�h�]�j�Z�n�b�b�� �b�� �i�j�b�d�e�Z�^�g�u�f��

�h�i�l�b�q�_�k�d�b�f���l�_�o�g�h�e�h�]�b�y�f�����K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�������������]�� 

�x �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �n�h�j�m�f�� �©�F�b�d�j�h�w�e�_�d�l�j�h�g�b�d�Z-���������ª���� �R�d�h�e�Z�� �f�h�e�h�^�u�o��

�m�q�_�g�u�o�����=�m�j�a�m�n�������������]�� 

�x �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �n�h�j�m�f�� �©�F�b�d�j�h�w�e�_�d�l�j�h�g�b�d�Z-���������ª���� ��-�y�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y��

�g�Z�m�q�g�Z�y���d�h�g�n�_�j�_�g�p�b�y�� �©�W�e�_�d�l�j�h�g�g�Z�y�� �d�h�f�i�h�g�_�g�l�g�Z�y�� �[�Z�a�Z�� �b��

�f�b�d�j�h�w�e�_�d�l�j�h�g�g�u�_���f�h�^�m�e�b�ª�����:�e�m�r�l�Z�������������]�� 

�x �,�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �\��

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

�x 62-�y�� �<�k�_�j�h�k�k�b�c�k�d�Z�y�� �g�Z�m�q�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �F�N�L�B���� �©�W�e�_�d�l�j�h�g�b�d�Z����

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

�x �,�;���F�_�`�^�m�g�Z�j�h�^�g�Z�y���d�h�g�n�_�j�_�g�p�b�y���i�h���n�h�l�h�g�b�d�_���b���b�g�n�h�j�f�Z�p�b�h�g�g�h�c���h�i�l�b�d�_����

�F�h�k�d�\�Z�����G�B�Y�M���F�B�N�B�������������]�� 

�x �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �n�h�j�m�f�� �©�F�b�d�j�h�w�e�_�d�l�j�h�g�b�d�Z-���������ª���� ��-�y�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y��

�g�Z�m�q�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�W�e�_�d�l�j�h�g�g�Z�y�� �d�h�f�i�h�g�_�g�l�g�Z�y���[�Z�a�Z�� �b��

�f�b�d�j�h�w�e�_�d�l�j�h�g�g�u�_���f�h�^�m�e�b�ª�����Y�e�l�Z�������������]�� 

�x �;�,�,�,�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�D�j�_�f�g�b�c-���������ª�� �b�� �;�,�,�� �R�d�h�e�Z��

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

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

�k�l�j�m�d�l�m�j���b���i�j�b�[�h�j�h�\���g�Z���_�]�h���h�k�g�h�\�_�����=�m�j�a�m�n�����������]�� 

�x �;�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y���d�h�g�n�_�j�_�g�p�b�y���i�h���n�h�l�h�g�b�d�_���b���b�g�n�h�j�f�Z�p�b�h�g�g�h�c���h�i�l�b�d�_����

�F�h�k�d�\�Z�����G�B�Y�M���F�B�N�B����������1�]�� 

�I�m�[�e�b�d�Z�p�b�b �j�Z�[�h�l�u 

�I�h�� �l�_�f�_�� �^�b�k�k�_�j�l�Z�p�b�b�� �h�i�m�[�e�b�d�h�\�Z�g�h��28 �g�Z�m�q�g�u�o�� �j�Z�[�h�l���� �\�� �l�h�f�� �q�b�k�e�_��14 

�j�Z�[�h�l�� �h�i�m�[�e�b�d�h�\�Z�g�u�� �\�� �`�m�j�g�Z�e�Z�o���� �\�o�h�^�y�s�b�o�� �\�� �i�_�j�_�q�_�g�v�� �b�a�^�Z�g�b�c����
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�j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o�� �<�:�D�� �F�b�g�h�[�j�g�Z�m�d�b�� �J�N�� �^�e�y�� �h�i�m�[�e�b�d�h�\�Z�g�b�y�� �h�k�g�h�\�g�u�o��

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

�d�Z�g�^�b�^�Z�l�Z���g�Z�m�d�� 

�K�l�j�m�d�l�m�j�Z���b���h�[�t�_�f���j�Z�[�h�l�u 

�>�b�k�k�_�j�l�Z�p�b�y�� �k�h�k�l�h�b�l�� �b�a �\�\�_�^�_�g�b�y����4 �]�e�Z�\�����a�Z�d�e�x�q�_�g�b�y���� �k�i�b�k�d�Z��

�b�k�i�h�e�v�a�h�\�Z�g�g�u�o�� �b�k�l�h�q�g�b�d�h�\�����\�d�e�x�q�Z�x�s�_�]�h 112 �g�Z�b�f�_�g�h�\�Z�g�b�c, �b��

�i�j�b�e�h�`�_�g�b�c���� �H�[�s�b�c�� �h�[�t�_�f�� �j�Z�[�h�l�u 205 �k�l�j�Z�g�b�p���� �b�a�� �d�h�l�h�j�u�o�� �h�k�g�h�\�g�Z�y�� �q�Z�k�l�v��

�k�h�k�l�Z�\�e�y�_�l��186 �k�l�j�Z�g�b�p�����\�d�e�x�q�Z�y 44 �b�e�e�x�k�l�j�Z�p�b�b���b��21 �l�Z�[�e�b�p�m�����i�j�b�e�h�`�_�g�b�y 

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

�b�k�i�h�e�v�a�h�\�Z�g�g�u�_�� �i�j�b�� �©�i�h�e�g�h�f�ª�� �f�h�^�_�e�b�j�h�\�Z�g�b�b �n�h�j�f�b�j�h�\�Z�g�b�y�� �N�J�F����

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

�j�Z�k�k�l�Z�g�h�\�d�b��SRAF �^�e�y�� �K�:�I�J��Mentor Graphics Calibre, �Z�� �l�Z�d�`�_ �Z�d�l�u���h�[��

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

�i�j�h�]�j�Z�f�f�g�u�c���i�j�h�^�m�d�l���©OPC Optimizer�ª.  

 

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

�N�R���± �n�h�l�h�r�Z�[�e�h�g�� 

�N�J�F���± �n�h�l�h�j�_�a�b�k�l�b�\�g�Z�y���f�Z�k�d�Z�� 

�M�B���± �m�i�j�Z�\�e�y�x�s�Z�y���b�g�n�h�j�f�Z�p�b�y�� 

SRAF �± Sub-Resolution Assist Feature ���g�_�i�j�h�j�Z�[�Z�l�u�\�Z�_�f�u�c���\���j�_�a�b�k�l�_���w�e�_�f�_�g�l��

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

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

RBSRAF �± Rule Based Sub-Resolution Assist Feature ���k�l�j�m�d�l�m�j�u��SRAF�����n�h�j�f�Z��

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

�i�j�Z�\�b�e������ 

MBSRAF �± Model Based Sub-Resolution Assist Feature ���k�l�j�m�d�l�m�j�u��SRAF, 

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

�f�h�^�_�e�b�j�h�\�Z�g�b�y���� 



 19 
 

EPE �± Edge Placement Error ���h�r�b�[�d�Z���k�f�_�s�_�g�b�y���i�h�e�h�`�_�g�b�y���d�j�Z�y���j�Z�k�q�_�l�g�h�c��

�N�J�F���h�l�g�h�k�b�l�_�e�v�g�h���g�h�f�b�g�Z�e�Z���� 

�=�M�N���± �©�]�e�m�[�h�d�b�c���m�e�v�l�j�Z�n�b�h�e�_�l�ª�����d�Z�d���i�j�Z�\�b�e�h�����\���n�h�l�h�e�b�l�h�]�j�Z�n�b�b����

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

�W�M�N���± �©�w�d�k�l�j�_�f�Z�e�v�g�u�c���m�e�v�l�j�Z�n�b�h�e�_�l�ª�����b�a�e�m�q�_�g�b�_���^�b�Z�i�Z�a�h�g�Z���^�e�b�g���\�h�e�g��

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

�b�k�l�h�q�g�b�d�b���k���^�e�b�g�h�c���\�h�e�g�u���� = 13,5 �g�f���� 

POR �± Process of Record ���i�j�h�p�_�k�k�u�����b�k�i�h�e�v�a�m�_�f�u�_���\���l�j�Z�^�b�p�b�h�g�g�h�c����

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

�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o���b�a�^�_�e�b�c���� 

SMO �± Source-Mask Optimisation ���k�h�\�f�_�k�l�g�Z�y���k���l�h�i�h�e�h�]�b�q�_�k�d�h�c���d�h�j�j�_�d�p�b�_�c��

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

OPC �± Optical Proximity Correction ���d�h�j�j�_�d�p�b�y���h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b���± 

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

�i�j�_�l�_�j�i�_�\�Z�_�f�u�_���j�b�k�m�g�d�h�f���i�j�b���i�_�j�_�g�h�k�_���k���N�R���\���k�e�h�c���j�_�a�b�k�l�Z���g�Z��

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

MBOPC �± Model Based Optical Proximity Correction ���d�h�j�j�_�d�p�b�y���h�i�l�b�q�_�k�d�h�c��

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

RBOPC �± Rule Based Optical Proximity Correction ���d�h�j�j�_�d�p�b�y���h�i�l�b�q�_�k�d�h�c��

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

ILT �± Inverse Lithography Technique ���d�h�f�i�_�g�k�b�j�m�x�s�Z�y���^�b�n�j�Z�d�p�b�h�g�g�u�_��

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

�j�_�r�_�g�b�y���h�[�j�Z�l�g�h�c���a�Z�^�Z�q�b���n�h�j�f�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�y���� 

�>�H�W���± �^�b�n�j�Z�d�p�b�h�g�g�u�c���h�i�l�b�q�_�k�d�b�c���w�e�_�f�_�g�l�� 

EL �± Exposure Lattitude ���j�Z�a�[�j�h�k���^�h�a�u���� 

DOF �± Depth of Focus ���]�e�m�[�b�g�Z���n�h�d�m�k�b�j�h�\�d�b���� 

ILS �±Intensity Log-Slope ���e�h�]�Z�j�b�n�f�b�q�_�k�d�Z�y���d�j�m�l�b�a�g�Z���b�g�l�_�g�k�b�\�g�h�k�l�b���� 

NILS �± Normalized Image Log-Slope ���g�h�j�f�b�j�h�\�Z�g�g�Z�y���e�h�]�Z�j�b�n�f�b�q�_�k�d�Z�y��

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

BIM �± Binary Intensive Mask (�[�b�g�Z�j�g�u�c �n�h�l�h�r�Z�[�e�h�g); 
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AAPSM �± Alternating aperture phase shift mask (�n�h�l�h�r�Z�[�e�h�g �k �q�_�j�_�^�h�\�Z�g�b�_�f 

�n�Z�a�u); 

EAPSM �± Embedded attenuated phase shift mask (�h�k�e�Z�[�e�y�x�s�b�c �n�Z�a�h�\�u�c 

�n�h�l�h�r�Z�[�e�h�g); 

MEEF �± Mask Error Enhancement Factor (�n�Z�d�l�h�j �m�k�b�e�_�g�b�y �h�r�b�[�d�b �g�Z �N�R); 

�D�E�J���± �D�j�b�l�b�q�_�k�d�b�c���e�b�g�_�c�g�u�c���j�Z�a�f�_�j�� 

�F�L�L���± Mean-to-Target �± �j�Z�a�g�h�k�l�v���m�k�j�_�^�g�_�g�g�h�]�h���a�g�Z�q�_�g�b�y���d�Z�d�h�c-�e�b�[�h��

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

DP/MP �± Double/Multiple Patterning ���^�\�h�c�g�h�_���f�g�h�]�h�d�j�Z�l�g�h�_���\�i�_�q�Z�l�u�\�Z�g�b�_������ 

SOCS �± Sum of Coherent Sourses ���f�_�l�h�^���k�m�f�f�u���d�h�]�_�j�_�g�l�g�u�o���b�k�l�h�q�g�b�d�h�\������ 

MRC �± Mask Rule Check ���i�j�h�\�_�j�d�Z���l�h�i�h�e�h�]�b�b���N�R���g�Z���m�^�h�\�e�_�l�\�h�j�_�g�b�_��

�i�j�Z�\�b�e�Z�f���j�Z�a�f�_�s�_�g�b�y���w�e�_�f�_�g�l�h�\���j�b�k�m�g�d�Z���g�Z���n�h�l�h�r�Z�[�e�h�g�_�� 
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�=�e�Z�\�Z���������K�H�<�J�?�F�?�G�G�H�?���K�H�K�L�H�Y�G�B�?���B���L�?�G�>�?�G�P�B�B���J�:�A�<�B�L�B�Y��

�F�?�L�H�>�H�<���D�H�J�J�?�D�P�B�B���W�N�N�?�D�L�H�<���H�I�L�B�Q�?�K�D�H�C���;�E�B�A�H�K�L�B���<��

�I�J�H�?�D�P�B�H�G�G�H�C���N�H�L�H�E�B�L�H�=�J�:�N�B�B 

1.1�����I�h�^�o�h�^�u���d���i�h�\�u�r�_�g�b�x���j�Z�a�j�_�r�Z�x�s�_�c���k�i�h�k�h�[�g�h�k�l�b���i�j�h�_�d�p�b�h�g�g�h�c��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b  

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

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

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

�l�_�h�j�b�b���n�h�j�f�b�j�h�\�Z�g�b�y���b�a�h�[�j�Z�`�_�g�b�y���k�h�h�l�g�h�r�_�g�b�y�f�b [1]:  
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�]�^�_���� �± �^�e�b�g�Z�� �\�h�e�g�u�� �w�d�k�i�h�g�b�j�m�x�s�_�]�h�� �b�a�e�m�q�_�g�b�y�����TsinnNA�  �± �q�b�k�e�h�\�Z�y��

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

�± �k�f�����J�b�k��1.1). �I�j�b�[�e�b�`�_�g�g�Z�y�� �q�Z�k�l�v�� �k�h�h�l�g�h�r�_�g�b�y�� ������������ �i�h�e�m�q�_�g�Z�� �b�a��

�i�j�_�^�i�h�e�h�`�_�g�b�y���� �q�l�h��n = ���� �b NA < 0,8 ���©�k�m�o�h�c�ª�� �h�[�t�_�d�l�b�\���� �i�Z�j�Z�d�k�b�Z�e�v�g�h�_��

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

�k�i�h�k�h�[�g�h�k�l�b�� �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f�� �d�h�w�n�n�b�p�b�_�g�l��k1 �j�Z�\�_�g�� �������� [2]. �<�� �g�_�d�h�l�h�j�u�o��

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

�k�b�k�l�_�f���i�j�b�g�b�f�Z�_�l�k�y��k1 = k2 = 0,5. 

�G�Z�� �i�j�Z�d�l�b�d�_�� �j�Z�a�j�_�r�Z�x�s�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �b�� �]�e�m�[�b�g�Z�� �n�h�d�m�k�Z��

�h�i�j�_�^�_�e�y�x�l�k�y�� �g�_�� �l�h�e�v�d�h�� �i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�h�c���� �g�h�� �b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b��

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

�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�m�x���i�e�Z�k�l�b�g�m���j�b�k�m�g�d�Z��[3]�����I�h�w�l�h�f�m���a�g�Z�q�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�h�\��

k1, k2 �b��k3 �\���^�Z�g�g�h�f �k�e�m�q�Z�_�� �h�l�e�b�q�g�u�� �h�l�� �d�e�Z�k�k�b�q�_�k�d�b�o �b�� �a�Z�\�b�k�y�l�� �h�l���j�y�^�Z 

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���n�Z�d�l�h�j�h�\. 
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�D�Z�d�� �\�b�^�g�h�� �b�a�� �k�h�h�l�g�h�r�_�g�b�y (1.1)���� �m�f�_�g�v�r�_�g�b�_��F �f�h�`�_�l�� �[�u�l�v��

�^�h�k�l�b�]�g�m�l�h���d�h�f�[�b�g�Z�p�b�_�c���l�j�_�o �j�Z�a�g�u�o �k�i�h�k�h�[�h�\ [4] �± �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

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

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

�f�b�g�b�f�m�f�m�� �a�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z��k1, �d�h�l�h�j�h�_ �i�j�b�� �i�j�b�f�_�g�_�g�b�b�� �j�y�^�Z��

�f�_�l�h�^�h�\�� �f�h�`�_�l�� �[�u�l�v�� �^�h�\�_�^�_�g�h�� �^�h�� ����3 ���b�� �^�Z�`�_�� �f�_�g�_�_������ �o�h�l�y�� �b�� �k���g�_�d�h�l�h�j�u�f�b��

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

�I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �i�_�j�\�u�o�� �^�\�m�o�� �k�i�h�k�h�[�h�\�� �\�u�b�]�j�u�r�� �\�� �j�Z�a�j�_�r�Z�x�s�_�c��

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

�\�e�_�q�_�l�� �i�j�h�b�]�j�u�r�� �\�� �]�e�m�[�b�g�_�� �n�h�d�m�k�Z���� �L�j�_�l�b�c�� �k�i�h�k�h�[�� ���f�b�g�b�f�b�a�Z�p�b�y��k1)���� �d�Z�d��

�i�j�Z�\�b�e�h�� �i�j�b�\�h�^�b�l �d�� �h�^�g�h�\�j�_�f�_�g�g�h�f�m�� �\�u�b�]�j�u�r�m�� �i�h�� �h�[�h�b�f�� �i�Z�j�Z�f�_�l�j�Z�f��[5], 

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

�n�h�l�h�r�Z�[�e�h�g�Z�f �b�� �b�o�� �d�h�g�l�j�h�e�x���� �i�h�k�d�h�e�v�d�m�� �k�� �i�h�g�b�`�_�g�b�_�f��k1 �j�Z�k�l�_�l�� �l���g����

�©�n�Z�d�l�h�j�� �m�k�b�e�_�g�b�y�� �h�r�b�[�d�b�� �g�Z�� �N�R�ª�� �b�e�b��MEEF (Mask Error Enhancement 

Factor) [6]���� �<�_�e�b�q�b�g�Z��MEEF �\�u�j�Z�`�Z�_�l �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �i�j�h�p�_�k�k�Z�� �d�� �h�r�b�[�d�_��

�j�b�k�m�g�d�Z�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g�_�� �b���h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d �' CD�i�e�Z�k�l�b�g�Z /(�' CD�r�Z�[�e�h�g/M)���� �]�^�_��

CD �± �h�l�j�Z�[�Z�l�u�\�Z�_�f�u�c���d�j�b�l�b�q�_�k�d�b�c�� �e�b�g�_�c�g�u�c���j�Z�a�f�_�j�� �w�e�_�f�_�g�l�Z ���b�e�b�� �D�E�J��, 

M �± �d�h�w�n�n�b�p�b�_�g�l�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �m�k�l�Z�g�h�\�d�b�� �>�Z�e�_�_��

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

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b���[�m�^�m�l���h�i�b�k�Z�g�u���[�h�e�_�_���i�h�^�j�h�[�g�h. 

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

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

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

�\�h�e�g���� 

�± 365 �g�f���± i-�e�b�g�b�y���k�i�_�d�l�j�Z���j�l�m�l�b�����b�k�i�h�e�v�a�m�_�f�Z�y���g�Z���g�_�d�j�b�l�b�q�g�u�o���k�e�h�y�o��

�e�b�l�h�]�j�Z�n�b�b���� �e�b�[�h�� �\�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�Z�o�� �k��F �• 250 �g�f���� �\�� �d�Z�q�_�k�l�\�_��

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

�b�e�b���Z�j�]�h�g�h�\�u�_���e�Z�a�_�j�u�� 
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�± 248 �g�f�� �± �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�c�� �©�]�e�m�[�h�d�b�c�� �m�e�v�l�j�Z�n�b�h�e�_�l�ª (�=�M�N), 

�i�j�b�f�_�g�y�x�l�k�y��KrF �w�d�k�b�f�_�j�g�u�_���e�Z�a�_�j�u�� 

�± 193 �g�f���± �=�M�N�����i�j�b�f�_�g�y�x�l�k�y��ArF �w�d�k�b�f�_�j�g�u�_���e�Z�a�_�j�u�� 

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

�b�k�l�h�q�g�b�d�b�� �b�a�e�m�q�_�g�b�y�� �g�Z�� �^�e�b�g�Z�o�� �\�h�e�g�� ������ �g�f���� ������ �g�f���� ������ �g�f�� �b�� �������� �g�f [7]) 

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

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

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

�g�h�\�h�]�h�� �i�j�_�p�b�a�b�h�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �<�� �h�i�l�b�q�_�k�d�h�c�� �e�b�l�h�]�j�Z�n�b�b�� �g�Z���M�N-

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

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

���b�a�e�m�q�_�g�b�_�� �w�d�k�b�f�_�j�g�u�o�� �)2 �e�Z�a�_�j�h�\���� �h�g�h�� �g�_�� �h�[�e�Z�^�Z�_�l�� �i�j�b�_�f�e�_�f�u�f��

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

�j�Z�[�h�l�Z�x�s�_�]�h���g�Z���^�e�b�g�_���\�h�e�g�u��157 �g�f ���h�k�g�h�\�g�u�_���j�Z�[�h�l�u���i�j�b�r�e�b�k�v���g�Z���g�Z�q�Z�e�h��

2000-�o�� �]�]����, �h�k�g�h�\�g�h�c�� �m�i�h�j�� �[�u�e�� �k�^�_�e�Z�g�� �g�Z���i�j�b�f�_�g�_�g�b�_ �n�e�x�h�j�b�^�Z�� �d�Z�e�v�p�b�y�� �\��

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

�k�� �b�a�]�h�l�h�\�e�_�g�b�_�f�� �^�h�k�l�Z�l�h�q�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �\�u�k�h�d�h�q�b�k�l�h�]�h�� �&�D�)2 �b��

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

�f�Z�l�_�j�b�Z�e�m���� �<�� �b�l�h�]�_�� �\�u�b�]�j�u�r�� �\��F �\ �k�j�Z�\�g�_�g�b�b �k�� �b�f�f�_�j�k�b�h�g�g�h�c�� �e�b�l�h�]�j�Z�n�b�_�c��

�g�Z�� �^�e�b�g�_�� �\�h�e�g�u�� ������ �g�f�� ���k�f���� �^�Z�e�_�_���� �[�u�e�� �i�j�b�a�g�Z�g�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�f [8]���� �b��

�j�Z�[�h�l�u���[�u�e�b���i�j�_�d�j�Z�s�_�g�u. 

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

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

�m�e�v�l�j�Z�n�b�h�e�_�l�_�ª (EUV �b�e�b�� �W�M�N���� �>�e�y�� �w�l�h�]�h�� �b�a�e�m�q�_�g�b�y�� ���� = 13,5 �g�f����

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

�k�b�k�l�_�f���W�M�N-�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d�� ���\ �l���q�� �n�h�l�h�r�Z�[�e�h�g�u���� �f�h�]�m�l�� �[�u�l�v��

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

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

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

�k�h�a�^�Z�g�b�_���k�l�Z�[�b�e�v�g�h�]�h���b�k�l�h�q�g�b�d�Z�� �b�a�e�m�q�_�g�b�y���^�h�k�l�Z�l�h�q�g�h�c�� �f�h�s�g�h�k�l�b���� �Z�� �l�Z�d�`�_��
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�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���j�_�a�b�k�l�h�\ [9, 10, 11]. �B�a�]�h�l�h�\�e�_�g�b�_���h�i�l�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\���b��

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

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

��� 13,5 �g�f���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���[�j�w�]�]�h�\�k�d�h�_���a�_�j�d�Z�e�h���b�a������-�������i�Z�j���l�h�g�d�b�o���k�e�h�_�\��

�f�_�l�Z�e�e�b�q�_�k�d�h�]�h�� �f�h�e�b�[�^�_�g�Z�� ���F�h���� �l�h�e�s�b�g�h�c�� �� �g�f�� �b�� �Z�f�h�j�n�g�h�]�h�� �d�j�_�f�g�b�y�� ���6�L����

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

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

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

0,2 �g�f �����1��. �I�j�b�� �w�l�b�o�� �m�k�e�h�\�b�y�o�� �h�l�j�Z�`�Z�x�s�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �a�_�j�d�Z�e�Z�� �k�h�k�l�Z�\�e�y�_�l��

�\�_�e�b�q�b�g�m�� ����-�������� �^�e�y�� �^�e�b�g�u�� �\�h�e�g�u�� �������� �g�f��[12] �k�� �i�j�b�_�f�e�_�f�u�f�� �m�j�h�\�g�_�f��

�k�i�_�d�e-�r�m�f�Z��[13, 14].  

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

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

�w�d�k�l�j�_�f�Z�e�v�g�h�]�h�� �m�e�v�l�j�Z�n�b�h�e�_�l�Z���� �j�_�r�_�g�u�����W�M�N-�m�k�l�Z�g�h�\�d�b�� �\�u�i�m�k�d�Z�x�l�k�y��

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

�k�l�h�b�f�h�k�l�v���d�Z�d���k�Z�f�h�c���l�_�o�g�b�d�b�����l�Z�d���b���_�_���h�[�k�e�m�`�b�\�Z�g�b�y.  

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

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

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

�w�l�b�f���i�_�j�_�o�h�^�h�f�� 

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

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

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

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

�^�e�y���i�h�\�u�r�_�g�b�y���k�l�_�i�_�g�b���b�g�l�_�]�j�Z�p�b�b���w�e�_�f�_�g�l�h�\���B�K. 

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

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

�h�[�t�_�d�l�b�\�h�f�� �b�� �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�c���i�e�Z�k�l�b�g�h�c�� ���J�b�k�� 1.1�Z���� �^�e�y �i�h�e�m�q�_�g�b�y�� 
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�J�b�k��������1�����D���h�[�t�y�k�g�_�g�b�x���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y���\�u�k�h�d�h�Z�i�_�j�l�m�j�g�u�o���i�j�h�_�d�p�b�h�g�g�u�o��
�b�f�f�_�j�k�b�h�g�g�u�o���h�[�t�_�d�l�b�\�h�\: 

�Z) �k�o�_�f�Z���j�_�Z�e�b�a�Z�p�b�b���f�_�l�h�^�Z���`�b�^�d�h�k�l�g�h�c���b�f�f�_�j�k�b�b; 

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

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

�m�e�m�q�r�Z�_�l���j�Z�a�j�_�r�Z�x�s�m�x���k�i�h�k�h�[�g�h�k�l�v [16] �b�����d�j�h�f�_���l�h�]�h�� �i�h�a�\�h�e�y�_�l���\�u�b�]�j�Z�l�v��

�\���]�e�m�[�b�g�_���n�h�d�m�k�Z���\���k�j�Z�\�g�_�g�b�b���k���©�k�m�o�b�f�b�ª���h�[�t�_�d�l�b�\�Z�f�b [3]. 

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

�q�_�j�_�a�� �k�e�h�b�k�l�m�x�� �k�j�_�^�m��(�J�b�k�� 1.1�[) �\�_�e�b�q�b�g�Z�� iin �Tsin  �h�k�l�Z�_�l�k�y�� �i�h�k�l�h�y�g�g�h�c����

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

�h�[�t�_�d�l�b�\�Z�h�[�t�_�d�l�b�\�ZnNA �Tsin� � � �k�j�_�^�u�k�j�_�^�un �Tsin �j�_�a�b�k�l�Z�j�_�a�b�k�l�Zn �Tsin  �h�i�j�_�^�_�e�y�_�l�k�y��

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

�k�j�_�^�Z-�j�_�a�b�k�l�ª (�J�b�k�� 1.1�\������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�e�y�� �^�h�k�l�b�`�_�g�b�y�� �a�g�Z�q�_�g�b�y��NA > 1 

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

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

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

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

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

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

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

�m�]�e�Z�� �k�o�h�`�^�_�g�b�y�� �n�h�j�f�b�j�m�x�s�b�o�� �b�a�h�[�j�Z�`�_�g�b�_���]�Z�j�f�h�g�b�d [3] ���k�f���� �k�h�h�l�g�h�r�_�g�b�_��

(1.2)). 

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

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

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

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

�h�[�j�Z�a�h�\�Z�g�b�_�� �f�_�e�d�b�o�� �i�m�a�u�j�v�d�h�\�� �b�e�b�� �\�u�s�_�e�Z�q�b�\�Z�g�b�_�� �j�_�a�b�k�l�Z [17]. �I�h�� �k�m�l�b����

�i�j�b�f�_�g�_�g�b�_�� �b�f�f�_�j�k�b�b�� �\�� �d�h�f�i�e�_�d�k�_�� �k�� �f�_�l�h�^�b�d�Z�f�b�� �f�b�g�b�f�b�a�Z�p�b�b��k1 �g�Z�� �^�e�b�g�_��

�\�h�e�g�u���� = 193 �g�f �h�k�l�Z�\�e�y�_�l�� �e�b�l�h�]�j�Z�n�b�b�� �\�� �w�d�k�l�j�_�f�Z�e�v�g�h�f�� �m�e�v�l�j�Z�n�b�h�e�_�l�_��

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

�i�j�h�j�Z�[�Z�l�u�\�Z�_�f�u�o���w�e�_�f�_�g�l�h�\ (< 20 �g�f���� 

�K�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �W�M�N�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �m�k�l�Z�g�h�\�h�d�� �\�� �k�l�h�j�h�g�m��

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

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

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

�i�h�l�_�g�p�b�Z�e�� �m�\�_�e�b�q�_�g�b�y��NA �^�h�� �a�g�Z�q�_�g�b�y 0,55 [18]���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �W�M�N��

�i�j�h�_�d�p�b�h�g�g�u�_�� �k�b�k�l�_�f�u���� �k�m�s�_�k�l�\�h�\�Z�\�r�b�_�� �\���d�h�g�p�_��2000-�o �]�h��̂h�\���� �b�f�_�e�b��

�a�g�Z�q�_�g�b�_��NA = 0,25. 

1.1.3. �L�_�o�g�b�q�_�k�d�b�_���i�j�b�_�f�u�����g�Z�i�j�Z�\�e�_�g�g�u�_���g�Z���f�b�g�b�f�b�a�Z�p�b�x���a�g�Z�q�_�g�b�y 

�d�h�w�n�n�b�p�b�_�g�l�Z k1 

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

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�j�b�_�f�u���� �g�Z�i�j�Z�\�e�_�g�g�u�_�� �g�Z���m�f�_�g�v�r�_�g�b�_��k1���� �d�Z�d�� �i�j�Z�\�b�e�h����

�b�f�_�g�m�_�l�k�y�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �l�_�j�f�b�g�h�f�� �©RET�ª�� ���5�H�V�R�O�X�W�L�R�Q�� �(�Q�K�D�Q�F�H�P�H�Q�W��

Techniques)�����F�_�l�h�^�b�d�b��RET �\�d�e�x�q�Z�x�l���\���k�_�[�y: 

�x �b�k�i�h�e�v�a�h�\�Z�g�b�_���\�g�_�h�k�_�\�h�]�h���h�k�\�_�s�_�g�b�y���n�h�l�h�r�Z�[�e�h�g�Z [19]; 

�x �\�\�_�^�_�g�b�_���n�Z�a�h�\�u�o���w�e�_�f�_�g�l�h�\���g�Z���n�h�l�h�r�Z�[�e�h�g�_ [20, 21, 22, 23]; 

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

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

�©�w�n�n�_�d�l�h�\���h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b�ª�� 

�D�h�j�j�_�d�l�g�h�_�� �i�j�b�f�_�g�_�g�b�_��RET �g�_�\�h�a�f�h�`�g�h�� �[�_�a�� �h�k�m�s�_�k�l�\�e�_�g�b�y��

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

�\�o�h�^�y�s�b�o���\���d�j�m�]���a�Z�^�Z�q���\�u�q�b�k�e�b�l�_�e�v�g�h�c���e�b�l�h�]�j�Z�n�b�b [24, 25, 26].  

�D�Z�d�� �m�`�_�� �h�l�f�_�q�Z�e�h�k�v���� �i�j�h�p�_�^�m�j�u�� �f�b�g�b�f�b�a�Z�p�b�b��k1���� �d�Z�d�� �i�j�Z�\�b�e�h����

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

�]�e�m�[�b�g�_�� �n�h�d�m�k�Z. �H�k�g�h�\�g�u�f�� �d�j�b�l�_�j�b�_�f���w�n�n�_�d�l�b�\�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y��RET 

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

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

�©�^�h�a�Z-�^�_�n�h�d�m�k�b�j�h�\�d�Z�ª���� �m�^�h�\�e�_�l�\�h�j�y�x�s�_�c�� �m�k�e�h�\�b�y�f�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c��

�i�j�h�i�_�q�Z�l�d�b �i�j�b���^�h�i�m�k�l�b�f�h�f���j�Z�a�[�j�h�k�_���^�h�a�u. 

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

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

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

�K�m�s�_�k�l�\�m�_�l���l�j�b���\�b�^�Z���l�Z�d�b�o���l�j�_�[�h�\�Z�g�b�c�� 

�x �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c�� �d�j�b�l�b�q�_�k�d�b�c�� �e�b�g�_�c�g�u�c�� �j�Z�a�f�_�j��

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

�i�j�Z�\�b�e�h�����“���������h�l���g�h�f�b�g�Z�e�Z���D�E�J���� 

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

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

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

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

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

�i�h�k�l�w�d�k�i�h�a�b�p�b�h�g�g�h�c���h�[�j�Z�[�h�l�d�b���j�_�a�b�k�l�Z���g�_���[�h�e�_�_��������. 

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

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

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

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

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

�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y���\���i�j�h�p�_�k�k�_���f�h�^�_�e�b�j�h�\�Z�g�b�y��[27]. 

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

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

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

�^�h�a�u (�J�b�k���� ����2�Z). �E�b�l�h�]�j�Z�n�b�q�_�k�d�Z�y���]�e�m�[�b�g�Z�� �n�h�d�m�k�Z (�©Depth of Focus�ª���b�e�b��

DOF���� �w�d�\�b�\�Z�e�_�g�l�g�Z�� �r�b�j�b�g�_���h�d�g�Z�� �i�j�h�p�_�k�k�Z �i�h�� �h�k�b�� �^�_�n�h�d�m�k�b�j�h�\�d�b�� �i�j�b��

�n�b�d�k�b�j�h�\�Z�g�g�h�f�� �j�Z�a�[�j�h�k�_�� �^�h�a�u (�©Exposure Latitude �ª�� �b�e�b��EL) [3]. �G�Z��

�J�b�k�� 1.2�[�� �i�j�b�\�_�^�_�g�u�� �i�j�b�f�_�j�u�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �b�� �w�e�e�b�i�l�b�q�_�k�d�h�]�h�� �h�d�h�g��

�i�j�h�p�_�k�k�Z �\���d�h�h�j�^�b�g�Z�l�Z�o���©DOF-EL�ª�����©�]�e�m�[�b�g�Z���n�h�d�m�k�Z-�j�Z�a�[�j�h�k���^�h�a�u�ª��.  

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

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

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

  



 29 
 

 
�Z�� 

 
�[�� 

�J�b�k��������2. �I�h�k�l�j�h�_�g�b�_���i�j�y�f�h�m�]�h�e�v�g�h�]�h���b���w�e�e�b�i�l�b�q�_�k�d�h�]�h���h�d�h�g���i�j�h�p�_�k�k�Z�����^�e�y��
�i�_�j�b�h�^�b�q�_�k�d�b�o���e�b�g�b�c) �\���d�h�h�j�^�b�g�Z�l�Z�o���©�^�_�n�h�d�m�k�b�j�h�\�d�Z-�^�h�a�Z�ª���b���©DOF-EL�ª  
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�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �h�^�g�Z�d�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �w�d�h�g�h�f�b�l�� �\�j�_�f�y�� �b��

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

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

�i�j�h�p�_�k�k�g�h�f���f�h�^�_�e�b�j�h�\�Z�g�b�b��[27]. 

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

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

�i�Z�j�Z�f�_�l�j�h�\���� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�f���D�E�J���i�j�h�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h��

�w�e�_�f�_�g�l�Z�� ���b�a�f�_�j�y�_�l�k�y�� �g�Z�� �i�e�Z�k�l�b�g�_������ �^�h�i�m�k�d�h�f�� �g�Z�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c�� �D�E�J�� �b��

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

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

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

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�l���g�h�f�b�g�Z�e�m���� 

1.1.3.1. �<�g�_�h�k�_�\�h�_���h�k�\�_�s�_�g�b�_���n�h�l�h�r�Z�[�e�h�g�Z 

�D�Z�d�� �b�a�\�_�k�l�g�h���� �[�b�g�Z�j�g�u�c�� �n�h�l�h�r�Z�[�e�h�g���� �k�h�^�_�j�`�Z�s�b�c�� �]�j�m�i�i�m��

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

�h�k�\�_�s�_�g�b�b�� �g�h�j�f�Z�e�v�g�h�� �i�Z�^�Z�x�s�_�c�� �i�e�h�k�d�h�c�� �7�(-�\�h�e�g�h�c�� �^�e�b�g�u���� ���h�k�_�\�h�_��

�l�h�q�_�q�g�h�_�� �h�k�\�_�s�_�g�b�_�� �n�h�j�f�b�j�m�_�l�� �^�b�n�j�Z�d�p�b�h�g�g�m�x�� �d�Z�j�l�b�g�m�� �^�b�k�d�j�_�l�g�u�o��

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

�j�Z�k�k�l�h�y�g�b�_���� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�_��p/1 ���� �<�� �k�b�e�m�� �d�h�g�_�q�g�u�o�� �j�Z�a�f�_�j�h�\�� �h�[�t�_�d�l�b�\�Z��

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

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

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

(�J�b�k�� 1.3�Z������ �b �\�� �w�l�h�f�� �k�e�m�q�Z�_���g�h�j�f�b�j�h�\�Z�g�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b �\��

�i�e�h�k�d�h�k�l�b���b�a�h�[�j�Z�`�_�g�b�y���^�Z�_�l�k�y���k�e�_�^�m�x�s�b�f���\�u�j�Z�`�_�g�b�_�f��[3]: 

)./2(cos
4

)/2cos(
2

4
1

)( 2
2

pxpxxI �S
�S

�S
�S

�����   (1.3)  

  



 31 
 

 
�Z�� 
 

 
 
 
 

 
�\�� 
 

 
�[�� 
 

�J�b�k��������3. �D���h�[�t�y�k�g�_�g�b�x���l�_�o�g�b�d�b���\�g�_�h�k�_�\�h�]�h���h�k�\�_�s�_�g�b�y���n�h�l�h�r�Z�[�e�h�g�Z: 

�Z�����l�h�q�_�q�g�u�c���b�k�l�h�q�g�b�d�����h�k�_�\�h�_���b���\�g�_�h�k�_�\�h�_���h�k�\�_�s�_�g�b�_���n�h�l�h�r�Z�[�e�h�g�Z; 

�[�����h�k�\�_�s�_�g�b�_���n�h�l�h�r�Z�[�e�h�g�Z���i�j�h�l�y�`�_�g�g�u�f���b�k�l�h�q�g�b�d�h�f; 

�\�����g�_�d�h�l�h�j�u�_���\�b�^�u���i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�o���i�j�h�l�y�`�_�g�g�u�o���b�k�l�h�q�g�b�d�h�\   
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�I�_�j�\�u�c�� �q�e�_�g�� �i�j�Z�\�h�c�� �q�Z�k�l�b�� �\��(1.3) �k�h�h�l�\�_�l�k�l�\�m�_�l�� �j�Z�\�g�h�f�_�j�g�h�c��

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

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

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

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

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

�h�[�t�_�d�l�b�\�Z���j�Z�\�g�Z���_�^�b�g�b�p�_�� 

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y�� �q�Z�k�l�h�l�Z�� �h�l�k�_�q�d�b�� �“��-�i�h�j�y�^�d�h�\�� �^�b�n�j�Z�d�p�b�b����

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

�1�$�������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �[�b�g�Z�j�g�h�]�h�� �n�h�l�h�r�Z�[�e�h�g�Z�� �k�� �h�k�_�\�u�f��

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

�e�b�g�b�c�� �g�_�� �f�h�`�_�l�� �[�u�l�v�� �f�_�g�_�_�������1�$���� �i�h�k�d�h�e�v�d�m���i�j�b�� �m�f�_�g�v�r�_�g�b�b�� �i�_�j�b�h�^�Z�� �^�h��

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

�\�g�_�h�k�_�\�h�]�h�� �l�h�q�_�q�g�h�]�h�� �h�k�\�_�s�_�g�b�y �i�h�a�\�h�e�y�_�l�� �^�h�[�b�l�v�k�y�� �i�h�i�Z�^�Z�g�b�y�� �\�� �h�[�t�_�d�l�b�\��

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

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

�\�g�_�h�k�_�\�h�_�� �h�k�\�_�s�_�g�b�_���i�h�a�\�h�e�y�_�l�� �\�_�j�g�m�l�v�� �b�a�h�[�j�Z�`�_�g�b�_���� �i�m�k�l�v�� �b�� �a�Z�� �k�q�_�l��

�g�_�d�h�l�h�j�h�c���i�h�l�_�j�b���_�]�h���d�h�g�l�j�Z�k�l�Z�� 

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

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

�q�Z�k�l�h�l�� �d�h�g�_�q�g�m�x�� �h�[�e�Z�k�l�v��(�J�b�k�� 1.4�[)���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �n�h�j�f�b�j�h�\�Z�l�v�� �\�� �k�e�h�_��

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

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

�\���k�e�m�q�Z�_���b�k�i�h�e�v�a�h�\�Z�g�b�y���h�k�_�\�h�]�h���l�h�q�_�q�g�h�]�h���h�k�\�_�s�_�g�b�y [19, 28]. 

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

�y�\�e�y�_�l�k�y���n�h�j�f�Z���^�b�k�d�Z�����L�Z�d�h�c���h�k�\�_�l�b�l�_�e�v���h�[�u�q�g�h���b�f�_�g�m�_�l�k�y���©Conventional�ª���b��

�o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���i�Z�j�Z�f�_�l�j�h�f�� 

,
sin

�h�[�t�_�d�l�b�\�Z�Z�i�_�j�l�m�j�u�^�b�Z�f�_�l�j

�b�k�l�h�q�g�b�d�Z�^�b�Z�f�_�l�j

NA
n �h�k�\� � 

�T
�V   (1.4) 
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�]�^�_���h�k�\�T  �± �m�]�h�e���k�\�_�l�h�\�h�]�h���d�h�g�m�k�Z���^�b�n�j�Z�d�p�b�h�g�g�h�]�h���i�h�j�y�^�d�Z��(�J�b�k�� 1.3�[). 

�H�k�g�h�\�g�h�c�� �g�_�^�h�k�l�Z�l�h�d�� �l�Z�d�h�]�h�� �h�k�\�_�l�b�l�_�e�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h����

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

�a�g�Z�q�b�l�_�e�v�g�Z�y�� �q�Z�k�l�v�� �i�e�h�s�Z�^�b�� �b�k�l�h�q�g�b�d�Z�� ���i�h�d�Z�a�Z�g�Z�� �g�Z���J�b�k�� 1.3�[ �d�j�Z�k�g�u�f��

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

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

�i�_�j�_�^�Z�\�Z�_�f�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��[29]�����L�Z�d���i�h�y�\�b�e�b�k�v���i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�_���b�k�l�h�q�g�b�d�b��

�k�e�h�`�g�h�c���n�h�j�f�u�����i�j�b�a�\�Z�g�g�u�_���\���d�Z�d�h�c-�l�h���f�_�j�_���b�k�i�j�Z�\�b�l�v���w�l�m���i�j�h�[�e�_�f�m�����L�Z�d�b�_��

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

�d�h�e�v�p�_�\�h�c�� �b�k�l�h�q�g�b�d�� ���b�e�b�� �©Annular �ª���� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �1�\�g�_�r �b��

�1�\�g�m�l�j (�^�Z�e�_�_���± �1out �b���1in)���� �G�_�d�h�l�h�j�u�_�� �[�h�e�_�_�� �k�e�h�`�g�u�_�� �i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�_��

�b�k�l�h�q�g�b�d�b���i�j�b�\�_�^�_�g�u���g�Z���J�b�k�� 1.3�\.  

�=�e�Z�\�g�u�c�� �g�_�^�h�k�l�Z�l�h�d�� �l�Z�d�b�o�� �h�k�\�_�l�b�l�_�e�_�c�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �h�g�b��

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

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

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

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

�d�h�l�h�j�u�o�� �\�g�_�h�k�_�\�h�_�� �h�k�\�_�s�_�g�b�_�� �\�h�h�[�s�_�� �g�_�� �h�d�Z�a�u�\�Z�_�l�� �a�Z�f�_�l�g�h�]�h�� �\�e�b�y�g�b�y��[3]. 

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

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

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

Pitches�ª���� 

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

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

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

�^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �w�e�_�f�_�g�l�u�� ���l�Z�d�� �g�Z�a�u�\�Z�_�f�u�_�� �©SRAF�ª���± Sub-Resolution Assist 

Features������ �g�_�� �i�j�h�j�Z�[�Z�l�u�\�Z�_�f�u�_�� �\�� �j�_�a�b�k�l�_�� �\�� �k�b�e�m�� �k�\�h�_�]�h�� �g�_�[�h�e�v�r�h�]�h�� �j�Z�a�f�_�j�Z����

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

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

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

�f�Z�k�d�h�c���± �l���g���� �©�f�g�h�]�h�d�j�Z�l�g�h�_�� �\�i�_�q�Z�l�u�\�Z�g�b�_�ª��[30, 31, 32])���� �< �w�l�h�f�� �k�e�m�q�Z�_��

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

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

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

�i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h���b�k�l�h�q�g�b�d�Z2. �<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �i�h�^�h�[�g�u�c�� �i�h�^�o�h�^��

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

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

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

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

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

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

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

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

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

�©SMO�ª �± Source-Mask Optimisation������ �i�h�a�\�h�e�y�y�� �^�h�[�b�l�v�k�y �a�g�Z�q�b�l�_�e�v�g�h�]�h��

�m�\�_�e�b�q�_�g�b�y���]�e�m�[�b�g�u���n�h�d�m�k�Z��[33] ���J�b�k�� 1.4�\).  

�G�Z���J�b�k�� 1.4�Z���b�a�h�[�j�Z�`�_�g�� �k�d�Z�g�_�j�� �7�:�,�1�6�&�$�1�� �1�;�7�����������&�L�� ��ASML), 

�k�h�^�_�j�`�Z�s�b�c�� �k�b�k�l�_�f�m�� �h�k�\�_�s�_�g�b�y�� �i�j�h�b�a�\�h�e�v�g�h�c�� �n�h�j�f�u�� �©FlexRay�ª��[34] �g�Z��

�h�k�g�h�\�_�� �f�b�d�j�h�a�_�j�d�Z�e�v�g�h�]�h�� �f�h�^�m�e�y�l�h�j�Z�� ���J�b�k�� 1.4�[). �F�h�^�m�e�y�l�h�j�� �\�u�k�l�m�i�Z�_�l�� �\��

�j�h�e�b�� �h�l�j�Z�`�Z�l�_�e�v�g�h�]�h�� �^�b�n�j�Z�d�p�b�h�g�g�h�]�h�� �h�i�l�b�q�_�k�d�h�]�h�� �w�e�_�f�_�g�l�Z�� ���>�H�W������

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

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

�E�b�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �m�k�l�Z�g�h�\�d�b�� �n�b�j�f�u��Nikon ���Y�i�h�g�b�y����[35]���� �g�Z�i�j�b�f�_�j����

�b�f�f�_�j�k�b�h�g�g�u�c��ArF �k�d�Z�g�_�j�� �1�6�5-�6�������'���� �l�Z�d�`�_�� �d�h�f�i�e�_�d�l�m�x�l�k�y�� �i�h�^�h�[�g�u�f�b�� 

  

                                                             
2 �F�_�l�h�^���f�g�h�]�h�d�j�Z�l�g�h�c���w�d�k�i�h�a�b�p�b�b�����b �l�Z�d�`�_���f�g�h�]�h�d�j�Z�l�g�h�]�h���\�i�_�q�Z�l�u�\�Z�g�b�y�����\���g�_�d�h�l�h�j�u�o��
�j�Z�[�h�l�Z�o���h�l�g�h�k�y�l���d���i�h�g�b�`�Z�x�s�b�f���d�h�w�n�n�b�p�b�_�g�l��k1 �l�_�o�g�b�d�Z�f��RET�����h�^�g�Z�d�h���i�h���k�\�h�_�c���k�m�l�b �h�g���d��
�g�b�f���g�_���h�l�g�h�k�b�l�k�y�����i�h�k�d�h�e�v�d�m���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���q�b�k�l�h���l�_�o�g�h�e�h�]�b�q�_�k�d�b�c���i�j�b�_�f�����g�_��
�m�\�_�e�b�q�b�\�Z�x�s�b�c���j�Z�a�j�_�r�Z�x�s�m�x���k�i�h�k�h�[�g�h�k�l�v���i�j�h�_�d�p�b�h�g�g�h�c���n�h�l�h�e�b�l�h�]�j�Z�n�b�b���d�Z�d���l�Z�d�h�\�m�x 
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�J�b�k��������4. �H�k�\�_�l�b�l�_�e�b���i�j�h�b�a�\�h�e�v�g�h�c���n�h�j�f�u���g�Z���^�b�n�j�Z�d�p�b�h�g�g�u�o���w�e�_�f�_�g�l�Z�o: 

�Z�����k�d�Z�g�_�j���7�Z�L�Q�V�F�D�Q���1�;�7�����������&�L�� �h�k�g�Z�s�_�g�g�u�c���h�k�\�_�l�b�l�_�e�_�f���i�j�h�b�a�\�h�e�v�g�h�c��
�n�h�j�f�u���©FlexRay�ª [34] �g�Z���h�k�g�h�\�_���f�b�d�j�h�a�_�j�d�Z�e�v�g�h�]�h���f�h�^�m�e�y�l�h�j�Z; 

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

�\�����w�e�e�b�i�l�b�q�_�k�d�b�_���h�d�g�Z���i�j�h�p�_�k�k�Z���\���d�h�h�j�^�b�g�Z�l�Z�o���©�]�e�m�[�b�g�Z���n�h�d�m�k�Z-�j�Z�a�[�j�h�k��
�^�h�a�u�ª�i�j�b���e�b�l�h�]�j�Z�n�b�b �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���l�j�Z�^�b�p�b�h�g�g�h�]�h���i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h��
�h�k�\�_�l�b�l�_�e�y���b���h�k�\�_�l�b�l�_�e�y���i�j�h�b�a�\�h�e�v�g�h�c���n�h�j�f�u�����h�i�l�b�f�b�a�b�j�h�\�Z�g�g�h�]�h��
�k�h�\�f�_�k�l�g�h���k���l�h�i�h�e�h�]�b�_�c [33]�����i�j�b���\�k�_�o���i�j�h�q�b�o���h�^�b�g�Z�d�h�\�u�o���m�k�e�h�\�b�y�o  
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�k�b�k�l�_�f�Z�f�b�� �h�k�\�_�s�_�g�b�y�� �n�h�l�h�r�Z�[�e�h�g�Z���� �l���g���� �©IIU �ª���± Intelligent Illuminator Unit 

[36, 37].  

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

�q�b�k�e�_���� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�o�� �b�k�l�h�q�g�b�d�h�\�� �l�b�i�Z�� �©Dipole�ª����

�©Quasar�ª�� �©Quadrupole�ª���b���l���i�������i�j�h�i�m�k�d�Z�x�s�b�o���n�Z�a�h�\�u�o���>�H�W�����\�k�l�j�Z�b�\�Z�_�f�u�o���\��

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

�n�h�j�f�b�j�h�\�Z�g�b�y�� �i�j�h�b�a�\�h�e�v�g�h�c�� �n�h�j�f�u�� �h�k�\�_�l�b�l�_�e�y��[38]. �I�j�h�i�m�k�d�Z�x�s�b�_��

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

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

�g�h�����h�q�_�\�b�^�g�h�� �g�_���b�f�_�x�l���\�h�a�f�h�`�g�h�k�l�b���h�i�_�j�Z�l�b�\�g�h�c���i�_�j�_�k�l�j�h�c�d�b. 

1.1.3.2. �I�j�b�f�_�g�_�g�b�_���n�Z�a�h�k�^�\�b�]�Z�x�s�b�o���n�h�l�h�r�Z�[�e�h�g�h�\ 

�N�h�l�h�r�Z�[�e�h�g�u���k���q�_�j�_�^�h�\�Z�g�b�_�f���n�Z�a�u����AAPSM) 

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

�J�b�k�� 1.3�[���[�b�g�Z�j�g�u�c���N�R����BIM �± Binary Intensive Mask), �g�h���h�l�e�b�q�Z�x�s�b�c�k�y���h�l��

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

�i�j�h�a�j�Z�q�g�Z�y�� �\�k�l�Z�\�d�Z�����\�j�Z�s�Z�x�s�Z�y �n�Z�a�m�� �b�a�e�m�q�_�g�b�y�� �g�Z�� �������ƒ�� ���J�b�k�� 1.5�Z������ �W�l�h 

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

�n�h�l�h�r�Z�[�e�h�g�Z���g�Z���]�e�m�[�b�g�m�����������Q-���������L�Z�d�h�c���l�b�i���N�R �g�Z�a�u�\�Z�_�l�k�y���©�n�h�l�h�r�Z�[�e�h�g���k��

�q�_�j�_�^�h�\�Z�g�b�_�f���n�Z�a�u�ª���b�e�b��AAPSM (Alternating aperture phase shift mask).  

�>�h�i�m�k�l�b�f���� �q�l�h��w �± �r�b�j�b�g�Z�� �k�\�_�l�e�h�]�h�� �i�j�h�f�_�`�m�l�d�Z�� �f�_�`�^�m�� �e�b�g�b�y�f�b����

�>�b�n�j�Z�d�p�b�h�g�g�Z�y�� �d�Z�j�l�b�g�Z �h�l�� �l�Z�d�h�c�� �j�_�r�_�l�d�b �f�h�`�_�l���j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y�� �d�Z�d 

�k�m�i�_�j�i�h�a�b�p�b�y�� �d�Z�j�l�b�g�� �h�l�� �^�\�m�o�� �j�_�r�_�l�h�d�� �k�� �i�_�j�b�h�^�h�f��2p���� �k�^�\�b�g�m�l�u�o�� �^�j�m�]��

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

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

�i�j�b�q�b�g�_���k�^�\�b�]�Z���n�Z�a�u���g�Z���������ƒ���� 

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

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

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

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���q�Z�k�l�h�l���[�m�^�_�l���\�u�]�e�y�^�_�l�v���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f��[3]: 
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�F�b�g�b�f�Z�e�v�g�u�c���j�Z�a�j�_�r�Z�_�f�u�c���i�_�j�b�h�^���e�b�g�b�c���[�m�^�_�l�� �\�� �w�l�h�f���k�e�m�q�Z�_���j�Z�\�_�g��

�����������1�$�����L�Z�d�b�f���h�[�j�Z�a�h�f�����b�k�i�h�e�v�a�h�\�Z�g�b�_���n�h�l�h�r�Z�[�e�h�g�h�\���k���q�_�j�_�^�h�\�Z�g�b�_�f���n�Z�a�u��

�i�j�b�\�h�^�b�l���� �d�Z�d���b���i�j�b�� �\�g�_�h�k�_�\�h�f���h�k�\�_�s�_�g�b�b���� �d���^�\�m�o�i�m�q�d�h�\�h�f�m���n�h�j�f�b�j�h�\�Z�g�b�x��

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

�]�e�m�[�b�g�m�� �n�h�d�m�k�Z���� �D�j�h�f�_�� �l�h�]�h���� �n�h�j�f�b�j�m�x�s�b�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �i�m�q�d�b�� �b�f�_�x�l��

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

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

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

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

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

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

�n�h�j�f�b�j�m�_�l�k�y���l�_�f�g�Z�y���e�b�g�b�y���k���r�b�j�b�g�h�c �h�d�h�e�h���������������1�$�� 

�G�Z�� �w�l�h�f�� �i�j�b�g�p�b�i�_�� �j�Z�[�h�l�Z�x�l �l���g���� ���[�_�k�o�j�h�f�h�\�u�_�� �n�h�l�h�r�Z�[�e�h�g�u������

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

�H�^�g�Z�d�h���� �\�� �k�b�e�m�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�o�� �©�n�Z�a�h�\�u�o�� �d�h�g�n�e�b�d�l�h�\�ª��[3, 9] (�J�b�k�� 1.5�[�� 
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�J�b�k��������5. �N�h�l�h�r�Z�[�e�h�g�u���k���q�_�j�_�^�m�x�s�_�c�k�y���n�Z�a�h�c�����$�$�3�6�0��: 

�Z�� �^�\�m�o�e�m�q�_�\�h�_���n�h�j�f�b�j�h�\�Z�g�b�_���b�a�h�[�j�Z�`�_�g�b�y; 

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

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

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

�[�b�g�Z�j�g�u�f�b�� �n�h�l�h�r�Z�[�e�h�g�Z�f�b���� �a�Z�^�Z�q�Z�� �d�h�l�h�j�u�o�� �k�h�k�l�h�b�l�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b��

�d�j�m�i�g�u�o�� �b�e�b�� �m�^�Z�e�_�g�b�b�� �e�b�r�g�b�o�� �w�e�_�f�_�g�l�h�\�� �j�b�k�m�g�d�Z ���f�_�l�h�^�� �F�3�6�0 �± 

Complementary Phase Shifting Mask) [21, 39, 40]. 

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

�l�j�m�^�g�h�k�l�_�c�� 

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

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

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

2) �b�g�k�i�_�d�p�b�y�� �b�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �^�_�n�_�d�l�h�\���� �\�h�a�g�b�d�Z�x�s�b�o�� �g�Z��

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

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

�k�e�h�`�g�h���b���^�h�j�h�]�h; 

3) �d�h�g�l�j�h�e�v���n�Z�a�u���g�Z���n�Z�a�h�k�^�\�b�]�Z�x�s�b�o���m�q�Z�k�l�d�Z�o���a�Z�l�j�m�^�g�_�g; 

4) �j�Z�k�k�_�y�g�b�_���k�\�_�l�Z���g�Z���]�j�Z�g�b�p�Z�o���n�Z�a�h�k�^�\�b�]�Z�x�s�b�o���h�[�e�Z�k�l�_�c���i�j�b�\�h�^�b�l���d��

�^�_�]�j�Z�^�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y. 

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

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

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

�D�j�h�f�_�� �l�h�]�h���� �b�o�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �h�i�j�Z�\�^�Z�g�h�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �g�Z�b�[�h�e�_�_��

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

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

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

�l�Z�d�h�]�h���l�b�i�Z���d�j�Z�c�g�_���g�_�\�_�e�b�d�Z�����_�^�b�g�b�p�u���i�j�h�p�_�g�l�h�\�� [21, 41, 42]. 

�H�k�e�Z�[�e�y�x�s�b�_���n�Z�a�h�\�u�_���n�h�l�h�r�Z�[�e�h�g�u����EAPSM) 

�>�j�m�]�h�c�� �i�h�^�o�h�^�� �d�� �k�h�a�^�Z�g�b�x�� �l���g���� �©�h�k�e�Z�[�e�y�x�s�b�o�ª�� �n�Z�a�h�k�^�\�b�]�Z�x�s�b�o��

�n�h�l�h�r�Z�[�e�h�g�h�\���b�e�b��EAPSM (Embedded attenuated phase shift mask) �k�h�k�l�h�b�l�� �\��

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

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

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

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

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

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

�&�U�2���� �&�U�2�+���� �0�R�6�L�2���� �0�R�6�L���� �0�R�6�L�2�1���� �D�h�w�n�n�b�p�b�_�g�l�� �i�j�h�i�m�k�d�Z�g�b�y�� �k�e�h�z�\�� �g�Z��

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

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

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

�N�Z�a�h�k�^�\�b�]�Z�x�s�b�_�� �w�e�_�f�_�g�l�u�� �l�Z�d�h�]�h�� �l�b�i�Z�� �k�q�b�l�Z�x�l�k�y�� �©�k�e�Z�[�u�f�b�ª [21]���� �h�^�g�Z�d�h��

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

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

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

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

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

�g�Z�� �k�h�k�l�Z�\�e�y�x�s�b�_���� �H�k�e�Z�[�e�y�x�s�b�_�� �n�Z�a�h�k�^�\�b�]�Z�x�s�b�_�� �n�h�l�h�r�Z�[�e�h�g�u��

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

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

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

�B�k�i�h�e�v�a�h�\�Z�g�b�_��EAPSM �i�h�^�l�\�_�j�^�b�e�h�� �k�\�h�x���p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v �d�Z�d�� �^�e�y��

�������� �g�f���� �l�Z�d�� �b�� �^�e�y�� �������� �g�f�� �e�b�l�h�]�j�Z�n�b�b���� �L�Z�d�b�_�� �r�Z�[�e�h�g�u�� �b�f�_�x�l�� �g�Z�b�e�m�q�r�_�_��

�k�h�h�l�g�h�r�_�g�b�_�� �p�_�g�Z���w�n�n�_�d�l�b�\�g�h�k�l�v���� �h�[�e�Z�^�Z�x�l�� �\�u�k�h�d�h�c�� �l�_�o�g�h�e�h�]�b�q�g�h�k�l�v�x����

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

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

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

�b�g�l�_�g�k�b�\�g�h�k�l�b �b�e�b��NILS (Normalized Intensity Log-Slope������ �h�i�j�_�^�_�e�y�_�f�Z�y 

�\�u�j�Z�`�_�g�b�_�f ,
)(ln

dx
Id

w
dx
dI

I
w

NILS � �  �]�^�_��w �± �o�Z�j�Z�d�l�_�j�g�Z�y�� �\�_�e�b�q�b�g�Z��

�k�l�j�m�d�l�m�j�u�����Z���i�j�h�b�a�\�h�^�g�Z�y���[�_�j�_�l�k�y���g�Z���_�_���]�j�Z�g�b�p�_��  
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�J�b�k��������6. �K�j�Z�\�g�_�g�b�_���b�g�l�_�g�k�b�\�g�h�k�l�b���^�b�n�j�Z�d�p�b�h�g�g�u�o���i�h�j�y�^�d�h�\�����a�Z�\�b�k�b�f�h�k�l�b��
�1�,�/�6���h�l���\�_�e�b�q�b�g�u���^�_�n�h�d�m�k�Z���b���i�j�h�n�b�e�y���g�h�j�f�b�j�h�\�Z�g�g�h�c���b�g�l�_�g�k�b�\�g�h�k�l�b��
�\�h�a�^�m�r�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���^�e�y���k�e�m�q�Z�y���[�b�g�Z�j�g�h�]�h���n�h�l�h�r�Z�[�e�h�g�Z���b��
�h�k�e�Z�[�e�y�x�s�_�]�h���n�Z�a�h�k�^�\�b�]�Z�x�s�_�]�h���n�h�l�h�r�Z�[�e�h�g�Z���k���\�j�Z�s�_�g�b�_�f���n�Z�a�u���������ƒ���b��
�i�j�h�i�m�k�d�Z�g�b�_�f�����������]�j�m�i�i�h�\�Z�y���e�b�g�_�c�q�Z�l�Z�y���k�l�j�m�d�l�m�j�Z���k���r�b�j�b�g�h�c���e�b�g�b�b�����������g�f��
�b���i�_�j�b�h�^�h�f�����������g�f�����^�e�b�g�Z���\�h�e�g�u�����������g�f�����1�$��� �������������h�k�\�_�l�b�l�_�e�v���&�R�Q�Y�H�Q�W�L�R�Q�D�O����
�1� ������������  
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�G�Z���J�b�k�� 1.6 �k�o�_�f�Z�l�b�q�_�k�d�b�� �b�a�h�[�j�Z�`�_�g�Z�� �^�b�n�j�Z�d�p�b�h�g�g�Z�y�� �d�Z�j�l�b�g�Z����

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

�n�Z�a�h�k�^�\�b�]�Z�x�s�_�f�� �r�Z�[�e�h�g�_�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �[�b�g�Z�j�g�u�f�� �r�Z�[�e�h�g�h�f���� �<�b�^�g�h���� �q�l�h 

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

�r�Z�[�e�h�g�h�f���� �Z�� ��-�_�� �b�� ��-�_���± �[�y�e�v�r�m�x���� �G�Z���w�l�h�f�� �`�_�� �j�b�k�m�g�d�_�� �i�h�d�Z�a�Z�g�u��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �g�Z�� �i�e�Z�k�l�b�g�_�����<�b�^�g�h���� �q�l�h 

NILS �\�h�a�j�Z�k�l�Z�_�l�����Z�����\�� �k�b�e�m�� �i�h�j�h�]�h�\�h�]�h�� �o�Z�j�Z�d�l�_�j�Z�� �a�Z�k�\�_�l�d�b�� �j�_�a�b�k�l�Z, 

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

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

�m�\�_�e�b�q�_�g�b�x���]�e�m�[�b�g�u���n�h�d�m�k�Z [21, 39].  

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

�r�Z�[�e�h�g�u�� �b�f�_�x�l�� �b�� �g�_�d�h�l�h�j�u�_�� �g�_�^�h�k�l�Z�l�d�b�����<�h�a�f�h�`�_�g���� �g�Z�i�j�b�f�_�j�� �w�n�n�_�d�l��

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

�l�_�f�g�u�o �w�e�_�f�_�g�l�h�\���� �l�Z�d�� �d�Z�d�� �Z�f�i�e�b�l�m�^�Z�� �\�� �g�b�o�� �[�h�e�v�r�_�� �g�m�e�y���� �W�l�h�� �g�Z�d�e�Z�^�u�\�Z�_�l��

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

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

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

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

�k���q�_�j�_�^�m�x�s�_�c�k�y���n�Z�a�h�c�� 

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

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

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

�[�e�b�a�h�k�l�b�ª ���h�[�s�_�i�j�b�g�y�l�Z�y�� �Z�g�]�e�h�y�a�u�q�g�Z�y�� �Z�[�[�j�_�\�b�Z�l�m�j�Z��OPC �± Optical 

Proximity Correction) �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c���f�h�s�g�u�c�� �k�i�h�k�h�[���i�h�\�u�r�_�g�b�y��

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

�i�j�h�_�d�p�b�h�g�g�h�c���n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� 
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�©�W�n�n�_�d�l�� �[�e�b�a�h�k�l�b�ª �± �l�_�j�f�b�g���� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�� �h�l�g�h�k�b�\�r�b�c�k�y�� �d��

�w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�h�c�� �e�b�l�h�]�j�Z�n�b�b��[43] �b�� �h�[�h�a�g�Z�q�Z�x�s�b�c�� �g�_�`�_�e�Z�l�_�e�v�g�u�_��

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

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

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

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

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

�i�m�q�d�Z: �� ��22
2

exp
1

�D
�D

r�� ���� �]�^�_���. �± �^�b�Z�f�_�l�j�� �i�_�j�\�b�q�g�h�]�h�� �w�e�_�d�l�j�h�g�g�h�]�h�� �i�m�q�d�Z����

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

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

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

�=�Z�m�k�k�Z���� �� ��22
2

exp �E
�E
�K

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

�w�e�_�d�l�j�h�g�h�\���� �Z���� �± �h�l�g�h�k�b�l�_�e�v�g�u�c�� �\�d�e�Z�^�� �h�[�j�Z�l�g�h�� �j�Z�k�k�_�y�g�g�u�o�� �w�e�_�d�l�j�h�g�h�\�� �\��

�i�h�]�e�h�s�_�g�g�m�x���^�h�a�m��(�J�b�k�� 1.7�Z).  

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

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

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

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

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

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

�m�k�i�_�r�g�h���j�Z�a�\�b�\�Z�x�l�k�y���m�`�_���^�h�k�l�Z�l�h�q�g�h���^�h�e�]�h�_���\�j�_�f�y��[44, 45]. 

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

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

�w�n�n�_�d�l�Z�f�b���©�h�i�l�b�q�_�k�d�h�c�� �[�e�b�a�h�k�l�b�ª �i�h�� �Z�g�Z�e�h�]�b�b�� �k�� �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�h�c��

�e�b�l�h�]�j�Z�n�b�_�c�����h�^�g�Z�d�h���b�f�_�x�l���b�g�m�x �i�j�b�j�h�^�m ���^�b�n�j�Z�d�p�b�h�g�g�m�x���� 

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

�h�]�j�Z�g�b�q�_�g�g�h�k�l�v�x�� �Z�i�_�j�l�m�j�u�� �i�j�h�_�d�p�b�h�g�g�h�]�h�� �h�[�t�_�d�l�b�\�Z���� �i�j�b�\�h�^�b�l�� �d�� 
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�J�b�k����1.7. 

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

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �i�j�h�i�m�k�d�Z�g�b�y�� �n�h�l�h�r�Z�[�e�h�g�Z�� �^�Z�_�l�� �k�b�g�m�k�h�b�^�Z�e�v�g�h�_��

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

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

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

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

�i�h�j�h�]�h�\�h�]�h���o�Z�j�Z�d�l�_�j�Z���_�_���n�h�j�f�b�j�h�\�Z�g�b�y. 

�L�Z�d�b�o�� �b�k�d�Z�`�_�g�b�c�� �k�m�s�_�k�l�\�m�_�l�� �p�_�e�h�_�� �k�_�f�_�c�k�l�\�h���± �w�l�h���k�h�d�j�Z�s�_�g�b�_�� �b��

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

(�J�b�k�� 1.7�[�������;�h�j�v�[�Z���k���^�b�n�j�Z�d�p�b�h�g�g�u�f�b���b�k�d�Z�`�_�g�b�y�f�b���k�h�k�l�h�b�l���\���m�i�j�_�`�^�Z�x�s�_�c��

�d�h�j�j�_�d�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �N�R���� �Z�� �l�Z�d�`�_ �\ �^�h�[�Z�\�e�_�g�b�b�� �\�� �r�Z�[�e�h�g�g�m�x��

�l�h�i�h�e�h�]�b�x�� �k�i�_�p�b�Z�e�v�g�u�o�� �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �w�e�_�f�_�g�l�h�\��

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

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

�I�h�^�o�h�^�h�\�� �d�� �j�_�Z�e�b�a�Z�p�b�b�� �d�h�j�j�_�d�p�b�b �w�n�n�_�d�l�h�\ �h�i�l�b�q�_�k�d�h�c�� �[�e�b�a�h�k�l�b�� �\��

�g�Z�k�l�h�y�s�_�_���\�j�_�f�y���k�m�s�_�k�l�\�m�_�l���l�j�b�� 

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

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

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

�j�_�a�m�e�v�l�Z�l�h�\�� �n�b�a�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y (�J�b�k����1.���Z������ �G�Z�� �h�k�g�h�\�_�� �m�d�Z�a�Z�g�g�u�o��

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

�i�j�h�b�a�\�h�^�y�l�k�y�� �^�h�[�Z�\�e�_�g�b�_�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �w�e�_�f�_�g�l�h�\�� ��RBSRAF �± Rule 

Based Sub-Resolution As�V�L�V�W�� �)�H�D�W�X�U�H�V�����b���l�h�i�h�e�h�]�b�q�_�k�d�Z�y���d�h�j�j�_�d�p�b�y����RBOPC �± 

�5�X�O�H�� �%�D�V�H�G�� �2�S�W�L�F�D�O�� �3�U�R�[�L�P�L�W�\�� �&�R�U�U�H�F�W�L�R�Q������ �L�Z�d�h�c�� �f�_�l�h�^�� �y�\�e�y�_�l�k�y�� �h�l�g�h�k�b�l�_�e�v�g�h��

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

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

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

�b�k�i�h�e�v�a�m�_�l�k�y �g�Z�� �g�_�d�j�b�l�b�q�g�u�o�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�e�h�y�o�����D��RBOPC �h�l�g�h�k�y�l�k�y��

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

�n�b�]�m�j�Z�f�b�����f�b�g�b�f�b�a�b�j�m�x�s�b�f�b���w�n�n�_�d�l�u���k�d�j�m�]�e�_�g�b�y���m�]�e�h�\, [7] (�J�b�k����1.���[).  
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�J�b�k����1.8. �B�e�e�x�k�l�j�Z�p�b�y���f�_�l�h�^�b�d�b ���Z�����b���h�k�g�h�\�g�u�o���\�b�^�h�\�����[�����l�h�i�h�e�h�]�b�q�_�k�d�h�c��
�d�h�j�j�_�d�p�b�b���g�Z���h�k�g�h�\�_���i�j�Z�\�b�e  
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�G�Z�b�[�h�e�_�_�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�f�u�c�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �i�h�^�o�h�^�� �d 

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

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

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

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b���� �W�l�h�� �i�j�_�`�^�_�� �\�k�_�]�h�� �f�_�l�h�^��MBOPC (Model Based 

Optical Proximity Correction���� �d�h�j�j�_�d�p�b�y�� �h�i�l�b�q�_�k�d�h�c�� �[�e�b�a�h�k�l�b�� �g�Z�� �h�k�g�h�\�_��

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

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

�d�h�e�b�q�_�k�l�\�Z���k�e�h�`�g�u�o���\�u�q�b�k�e�_�g�b�c�� 

�L�b�i�h�\�Z�y�� �k�o�_�f�Z�� �j�Z�[�h�l�u�� �0�%�2�3�&�� �i�h�d�Z�a�Z�g�Z�� �g�Z���J�b�k����1.���Z���� �L�h�i�h�e�h�]�b�y��

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

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

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

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

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

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

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

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

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

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

�]�j�Z�g�b�p�u�� �N�J�F �k�� �b�k�o�h�^�g�u�f�� �l�h�i�h�e�h�]�b�q�_�k�d�b�f�� �j�b�k�m�g�d�h�f�� ���l���g����EPE �± Edge 

Placement Error).  

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

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

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

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

�i�j�h�k�q�b�l�Z�g�Z���\�k�y���l�h�i�h�e�h�]�b�y���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���k�e�h�y. 

OPC-�j�_�p�_�i�l �\�d�e�x�q�Z�_�l���\���k�_�[�y�� 

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

�b�o���j�Z�k�i�h�e�h�`�_�g�b�y�� 

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

�\�u�q�b�k�e�_�g�b�y���a�g�Z�q�_�g�b�y���(�3�(�� 

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

�f�h�^�_�e�b�j�h�\�Z�g�b�y�� 

�‡���a�Z�^�Z�g�b�_���d�h�e�b�q�_�k�l�\�Z���p�b�d�e�h�\���f�h�^�_�e�b�j�h�\�Z�g�b�y���b���\�_�e�b�q�b�g�u���k�f�_�s�_�g�b�y��

�n�j�Z�]�f�_�g�l�h�\�� 

�L�j�_�l�b�c�� �i�h�^�o�h�^���± ILT  (Inverse Lithography Technique���� �i�h�^�j�Z�a�m�f�_�\�Z�_�l��

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

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

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

[46]���� �>�e�y�� �i�h�e�m�q�_�g�b�y�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�c�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �l�h�i�h�e�h�]�b�b��

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

�g�Z�b�[�h�e�_�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���_�f�m�� �[�b�g�Z�j�g�u�c�� �\�b�^�� ���J�b�k����1.���\������ �B�f�i�m�e�v�k�g�u�c��

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

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

�J�b�k����1.���\���� �]�_�g�_�j�Z�p�b�y�� �a�Z�\�b�k�y�s�b�o�� �h�l�� �n�h�j�f�u�� �h�k�\�_�l�b�l�_�e�y�� �k�e�h�`�g�u�o��MBSRAF 

(Model Based Sub-Resolution Assist Features) [47]. 

�>�Z�g�g�u�c�� �i�h�^�o�h�^���\�� �k�h�q�_�l�Z�g�b�b�� �k�� �\�g�_�h�k�_�\�u�f�� �h�k�\�_�s�_�g�b�_�f�� �b��

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

�i�h�l�_�g�p�b�Z�e�� �m�f�_�g�v�r�_�g�b�y��k1���� �K�e�_�^�m�_�l���� �\�i�j�h�q�_�f���� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b��

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

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

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

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

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

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

�i�j�b�f�_�j�_���J�b�k����������.   
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�J�b�k����1.9. �H�k�g�h�\�g�u�_���i�h�^�o�h�^�u �d���j�_�Z�e�b�a�Z�p�b�b���d�h�j�j�_�d�p�b�b���w�n�n�_�d�l�Z �h�i�l�b�q�_�k�d�h�c��
�[�e�b�a�h�k�l�b �g�Z���h�k�g�h�\�_���f�h�^�_�e�b�j�h�\�Z�g�b�y���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z: 

�Z) �l�b�i�h�\�Z�y���k�o�_�f�Z���j�Z�[�h�l�u���Z�e�]�h�j�b�l�f�Z��MBOPC �k���^�h�[�Z�\�e�_�g�b�_�f��RBSRAF; 
�[�� �n�h�j�f�b�j�h�\�Z�g�b�_���l�h�i�h�e�h�]�b�b �h�^�b�g�h�q�g�h�]�h�� �d�h�g�l�Z�d�l�g�h�]�h�� �h�d�g�Z�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g�_��
�f�_�l�h�^�h�f��ILT [47]���� �n�h�j�f�Z�� �h�k�\�_�l�b�l�_�e�y���± �i�j�h�f�_�`�m�l�h�q�g�h�_�� �i�h�e�m�l�h�g�h�\�h�_��
�b�a�h�[�j�Z�`�_�g�b�_���± �h�d�h�g�q�Z�l�_�e�v�g�h�_���[�b�g�Z�j�b�a�h�\�Z�g�g�h�_���b�a�h�[�j�Z�`�_�g�b�_ �g�Z���N�R  
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�<�� �k�e�m�q�Z�_�� �h�l�k�m�l�k�l�\�b�y�� �d�Z�d�h�c�� �e�b�[�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b��

(�J�b�k�����������Z���� �i�j�b�� �n�b�d�k�b�j�h�\�Z�g�g�u�o�� �^�h�a�_�� �b�� �D�E�J�� �g�Z�� �N�R�� �������� �g�f���� �j�Z�a�f�_�j��

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

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

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

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

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

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

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

�i�_�j�b�h�^�h�\���� �A�Z���h�[�j�Z�a�h�\�Z�g�b�_ �\�� �d�h�h�j�^�b�g�Z�l�Z�o�� �©�n�h�d�m�k-�^�h�a�Z�ª�� �h�[�e�Z�k�l�b��

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

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

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

�i�h���h�k�b���^�h�a�u���± �d�h�j�j�_�d�p�b�y���j�b�k�m�g�d�Z���g�Z���N�R�����>�e�y���h�^�b�g�h�q�g�u�o�����d�j�Z�_�\�u�o���b���e�x�[�u�o��

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

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

�w�e�_�f�_�g�l�u��(SRAF).  

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

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

�n�h�l�h�r�Z�[�e�h�g�g�h�c���a�Z�]�h�l�h�\�d�b�����^�h�i�m�k�d�b���g�Z���D�E�J���g�Z���N�R���b���^�j�m�]�b�_���i�Z�j�Z�f�_�l�j�u����[48, 

49, 50, 51]�����W�l�h�l���\�h�i�j�h�k���[�m�^�_�l���i�h�^�j�h�[�g�h���j�Z�k�k�f�h�l�j�_�g���^�Z�e�_�_���\���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_��

���i.2.4). 

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

�g�Z���f�b�g�b�f�b�a�Z�p�b�x���l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h���d�h�w�n�n�b�p�b�_�g�l�Z��k1, �g�_�e�v�a�y���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���\��

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

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

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

�a�g�Z�q�_�g�b�y��k1 �§�������������b�e�b���^�Z�`�_���f�_�g�_�_�������q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l�� �m�j�h�\�g�x���l�_�o�g�h�e�h�]�b�b��������

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

�\�h�e�g�u�����������g�f���k���b�f�f�_�j�k�b�h�g�u�f���h�[�t�_�d�l�b�\�h�f���k���q�b�k�e�h�\�h�c���Z�i�_�j�l�m�j�h�c���1�$��� ������������  
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�J�b�k����1.10. �B�e�e�x�k�l�j�Z�p�b�y���h�k�g�h�\�g�h�]�h���i�j�b�g�p�b�i�Z���d�h�j�j�_�d�p�b�b���w�n�n�_�d�l�Z���h�i�l�b�q�_�k�d�h�c��
�[�e�b�a�h�k�l�b���g�Z���i�j�b�f�_�j�_���]�j�m�i�i�h�\�u�o���e�b�g�b�c (�[�_�a���m�q�_�l�Z���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y): 

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

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

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

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b  

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

�f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�h�p�_�k�k�Z�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b�� ���N�J�F������ �W�l�h��

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

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

�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h���d�h�w�n�n�b�p�b�_�g�l�Z��k1�����j�_�Z�e�b�a�m�_�l�k�y���\���^�\�m�o���\�b�^�Z�o [27, 52, 53]: 

�± �l���g�����©�i�h�e�g�h�_�ª�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �h�k�g�h�\�Z�g�g�h�_�� �g�Z�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o��

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

�©�i�j�h�p�_�k�k�g�u�o�ª�� �K�:�I�J  (KLA  Prolith, GenISys Lab, Panoramic Hyperlith �b�� �^�j����, 

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

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b��[54]���� �b�� �m�q�b�l�u�\�Z�_�l�� �k�� �l�h�c�� �b�e�b�� �b�g�h�c�� �k�l�_�i�_�g�v�x�� �l�h�q�g�h�k�l�b�� �\�k�_��

�w�l�Z�i�u�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �N�J�F��(�J�b�k����1.1���Z) �± �h�l�� �g�Z�g�_�k�_�g�b�y�� �i�e�_�g�h�d�� �j�_�a�b�k�l�b�\�g�h�]�h��

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

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

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

���_�^�b�g�b�p�u���b�e�b���^�_�k�y�l�d�b���f�d�f�������J�b�k����1.1���[)�����<���i�j�h�p�_�k�k�_���i�h�e�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y��

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

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

�i�j�h�n�b�e�y�� �N�J�F�� �i�h�a�\�h�e�y�_�l�� �i�j�h�]�g�h�a�b�j�h�\�Z�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �k�l�h�y�q�b�o�� �\�h�e�g����

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

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

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

�i�j�h�p�_�k�k�Z [55, 56]. �I�h�e�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���i�j�b�f�_�g�y�_�l�k�y �i�j�b�� �g�Z�k�l�j�h�c�d�_��

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

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

�w�e�_�f�_�g�l�h�\����SRAF) [57]�����i�j�Z�\�b�e���\�\�_�^�_�g�b�y���n�Z�a�h�\�h�]�h���k�^�\�b�]�Z��[21, 22, 23, 58].  
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�J�b�k����1.11. �F�h�^�_�e�b�j�h�\�Z�g�b�_���n�h�j�f�b�j�h�\�Z�g�b�y���N�J�F�� 

�Z�����i�j�h�p�_�k�k���n�h�j�f�b�j�h�\�Z�g�b�y���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�Z�k�d�b�� 
�[�����j�Z�k�q�_�l���l�j�_�o�f�_�j�g�h�c���d�h�g�n�b�]�m�j�Z�p�b�b���N�J�F���i�j�b���i�h�f�h�s�b���©�i�h�e�g�h�]�h�ª��
�f�h�^�_�e�b�j�h�\�Z�g�b�y�����h�k�g�h�\�Z�g�g�h�]�h���g�Z���n�b�a�b�q�_�k�d�b�o���i�j�b�g�p�b�i�Z�o�����K�:�I�J���.�/�$���3�U�R�O�L�W�K���� 
�\�����j�Z�k�q�_�l���d�h�g�l�m�j�Z���N�J�F���i�j�b���i�h�f�h�s�b���d�h�f�i�Z�d�l�g�u�o���f�h�^�_�e�_�c�����K�:�I�J���0�H�Q�W�R�U��
Graphics Calibre)   
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�<�� �i�j�h�p�_�k�k�_�� �j�Z�a�j�Z�[�h�l�d�b�� �g�h�\�u�o�� �f�h�^�b�n�b�d�Z�p�b�c�� �n�h�l�h�j�_�a�b�k�l�Z�� �l�Z�d�h�c�� �\�b�^��

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

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

�d�h�f�i�h�a�b�p�b�b�� 

�± �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�h-�w�f�i�b�j�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �^�Z�x�s�_�_��

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

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

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

�l�Z�d�`�_�� �©�d�h�f�i�Z�d�l�g�u�f�b�ª��[59, 60] (�J�b�k����1.11�\������ �W�l�h�l�� �\�b�^�� �f�h�^�_�e�b�j�h�\�Z�g�b�y 

�j�_�Z�e�b�a�h�\�Z�g���\���l�Z�d���g�Z�a�u�\�Z�_�f�u�o���©�d�h�g�k�l�j�m�d�l�h�j�k�d�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�ª���K�:�I�J �b���i�h��

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

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

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

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

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

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

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

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

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

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

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

�H�k�g�h�\�g�u�_�� �k�m�s�_�k�l�\�m�x�s�b�_�� �g�Z�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �d�h�f�f�_�j�q�_�k�d�b�_��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�_���K�:�I�J���j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���\���i��1.4 �g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�u. 

 

1.2���������F�_�l�h�^�u���j�Z�k�q�_�l�Z���h�i�l�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y 

�<�� �l�b�i�h�\�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �m�k�l�Z�g�h�\�d�_�� �h�k�\�_�s�_�g�b�_�� �r�Z�[�e�h�g�Z��

�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�h�� �k�o�_�f�_�� �D�z�e�_�j�Z�����.�|�K�O�H�U�� �L�O�O�X�P�L�Q�D�W�L�R�Q������ �\�� �d�h�l�h�j�h�c�� �d�h�g�^�_�g�k�h�j��

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

�i�j�h�_�d�p�b�h�g�g�h�]�h�� �h�[�t�_�d�l�b�\�Z��[2, 3, 61]���� �F�_�`�^�m�� �h�k�\�_�l�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�h�c�� �b��
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�i�j�h�_�d�p�b�h�g�g�u�f�� �h�[�t�_�d�l�b�\�h�f�� �i�h�f�_�s�Z�_�l�k�y�� �n�h�l�h�r�Z�[�e�h�g���� �g�Z�� �w�e�_�f�_�g�l�Z�o�� �d�h�l�h�j�h�]�h��

�i�j�h�o�h�^�y�s�b�c�� �k�\�_�l�� �i�j�_�l�_�j�i�_�\�Z�_�l�� �^�b�n�j�Z�d�p�b�x (�k�f������ �g�Z�i�j�b�f�_�j�����J�b�k�� 1.3). 

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

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

�\�u�j�Z�`�Z�_�f�h�_���^�\�m�f�_�j�g�h�c���n�m�g�d�p�b�_�c��),( yxI . 

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

�I�h�^�o�h�^�� �:�[�[�_���b�e�b���i�h�^�o�h�^���b�g�l�_�]�j�b�j�h�\�Z�g�b�y���i�h���b�k�l�h�q�g�b�d�m��[2, 3] �k�h�k�l�h�b�l�� �\�� �l�h�f����

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�_���_�f�m�� �b�a�h�[�j�Z�`�_�g�b�_�����<�l�h�j�h�c�� �i�h�^�o�h�^�� ���O�h�i�d�b�g�k�Z����[62] 

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

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

�h�k�\�_�l�b�l�_�e�y���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �m�j�Z�\�g�_�g�b�_�� ��1.16���� �y�\�e�y�_�l�k�y�� �\�Z�j�b�Z�g�l�h�f 

�n�h�j�f�m�e�b�j�h�\�d�b���:�[�[�_�����\�u�j�Z�`�_�g�g�u�f �\���\�b�^�_���k�\�_�j�l�h�d�� 

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

�d�h�g�_�q�g�h�f N:  

�+�:�T�; 
L 
Í �ã�á���ö�á�:�T�;�ê�P�à �:�T�;���6�ä

�Ç

�á�@�5

 (1.17) 

�M�\�_�e�b�q�_�g�b�_ N �i�j�b�\�h�^�b�l���d���i�h�\�u�r�_�g�b�x �l�h�q�g�h�k�l�b���j�Z�k�q�_�l�Z���� 

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

�b�k�l�h�q�g�b�d�h�\�� ��Sum of Coherent Sourses �± SOCS) [63]. �D�e�x�q�_�\�u�f�� �f�h�f�_�g�l�h�f��

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

�f�b�g�b�f�b�a�b�j�h�\�Z�l�v �1�� �k�� �k�h�o�j�Z�g�_�g�b�_�f�� �i�j�b�_�f�e�_�f�h�c�� �l�h�q�g�h�k�l�b���� �I�h�k�d�h�e�v�d�m�� �g�h�\�u�c��

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

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

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

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

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

�\�g�_�k�_�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�h�c���n�Z�a�h�\�h�c���h�r�b�[�d�b �\���n�m�g�d�p�b�x���a�j�Z�q�d�Z [3]:  
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�J�b�k����1.12.  �<�u�j�Z�`�_�g�b�_���g�_�d�h�l�h�j�u�o���Z�[�_�j�j�Z�p�b�c���q�_�j�_�a���i�h�e�b�g�h�f�u���P�_�j�g�b�d�_��[64] 
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�2
k���B�ë�á�B�ì 
o
L �2�4
k���B�ë�á�B�ì 
o�A
�6���Ü�Ð�:�� �á�%�;, (1.18) 

�]�^�_��P0(fx,fy) �± �b�^�_�Z�e�v�g�Z�y�� �n�m�g�d�p�b�y�� �a�j�Z�q�d�Z���� �Z W(�!,�Ë) �± �n�m�g�d�p�b�y�� �\�h�e�g�h�\�h�c��

�Z�[�_�j�j�Z�p�b�b���� �d�h�l�h�j�m�x�� �m�^�h�[�g�h�� �\�u�j�Z�`�Z�l�v�� �\�� �l���g���� �©�i�h�e�b�g�h�f�Z�o�� �P�_�j�g�b�d�_�ª��[2, 64] 

�k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 

�9 �:�é�á�ö�; 
L 
Í 
Í �?�à�á

�á

�à �@�4

�4�á
�à �:�é�;�…�‘�•���:�I�ö �;

�ã

�á�@�4


E
Í 
Í �O�à�á

�á

�à �@�4

�4�á
�à �:�é�;�•�‹�•���:�I�ö �;

�ã

�á�@�4

�ä (1.19) 

�A�^�_�k�v���4�á
�à 
L���Ã

�:�?�5�;�Ö�:�á�?�Þ�;�è

�Þ�5�@
�Ù�6�Ø

�.
�?�Þ�A�è�@

�Ù�7�Ø
�.

�?�Þ�A�è

�:�á�?�à �;���6
�Þ�@�4 �é�á�?�6�Þ, �Z�� �d�h�h�j�^�b�g�Z�l�u���\�� �i�e�h�k�d�h�k�l�b��

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

�B�ë 
L
�0�#

�ã
�é�?�K�O�ö�á�B�ì 
L

�0�#

�ã
�é�O�E�J�ö�ä (1.20) 

�G�Z���J�b�k�� 1.������ �i�j�b�\�_�^�_�g�u�� �i�j�b�f�_�j�u�� �l�h�]�h���� �d�Z�d�� �g�_�d�h�l�h�j�u�_�� �Z�[�_�j�j�Z�p�b�b��

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

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

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

�Ô�6�4
L
�Ü�0�#�6

�v�ã
�ä (1.21) 

�<���k�e�m�q�Z�_���k�^�\�b�]�Z �n�h�l�h�r�Z�[�e�h�g�Z: 

�Ô�6�4
L
�Ü�£�§ �0�#�6

�v�ã�/ �6 �ä (1.22) 

�A�^�_�k�v���/���b���/�N�R���± �k�h�h�l�\�_�l�k�l�\�_�g�g�h���k�^�\�b�]���i�e�Z�k�l�b�g�u���b���n�h�l�h�r�Z�[�e�h�g�Z���h�l�g�h�k�b�l�_�e�v�g�h��

�h�i�l�b�f�Z�e�v�g�h�c�� �i�h�a�b�p�b�b�� �i�h�� �n�h�d�m�k�m, M �± �d�h�w�n�n�b�p�b�_�g�l�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y��

�i�j�h�_�d�p�b�h�g�g�h�]�h���h�[�t�_�d�l�b�\�Z�� 

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

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

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

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

),()(),( zIxIzxI SI�        (1.23) 

�]�^�_�� )(xI I  �± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �©�\�h�a�^�m�r�g�h�]�h�ª�� �b�a�h�[�j�Z�`�_�g�b�y���� �h�i�j�_�^�_�e�_�g�g�Z�y����

�g�Z�i�j�b�f�_�j���� �f�_�l�h�^�h�f���:�[�[�_�� �b�e�b���O�h�i�d�b�g�k�Z���� �Z��)(zI S  �± �j�Z�k�i�j�_�^�_�e�_�g�b�_��
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�b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�h�� �l�h�e�s�b�g�_�� �i�e�_�g�d�b���� �j�Z�k�k�q�b�l�u�\�Z�_�f�h�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�k�h�h�l�g�h�r�_�g�b�c���N�j�_�g�_�e�y��[2, 3] �\���i�j�_�^�i�h�e�h�`�_�g�b�b���g�h�j�f�Z�e�v�g�h�]�h���i�Z�^�_�g�b�y���i�e�h�k�d�h�c��

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

�b�k�i�h�e�v�a�h�\�Z�g�h�� �>�b�e�e�h�f�� �\�� ���������� �]�h�^�m�� �\��[65] �i�j�b�� �\�u�\�h�^�_ �m�j�Z�\�g�_�g�b�c����

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

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

�q�b�k�e�h�\�u�o���Z�i�_�j�l�m�j�����[�h�e�_�_���l�h�q�g�u�_���f�h�^�_�e�b���h�i�b�k�Z�g�u���\��[3]. 

�J�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�h�� �l�h�e�s�b�g�_�� �i�e�_�g�d�b�� �q�Z�k�l�h�� �b�f�_�_�l��

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

�\�h�e�g���� �I�j�b�f�_�g�_�g�b�_�� �Z�g�l�b�h�l�j�Z�`�Z�x�s�b�o�� �k�e�h�_�\�� ��BARC �± Bottom Anti-Reflecting 

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

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

1.2.2�����I�j�b�f�_�g�_�g�b�_���©�d�h�f�i�Z�d�l�g�u�o�ª���f�h�^�_�e�_�c���i�j�b���j�Z�k�q�_�l�_���d�h�g�l�m�j�Z���N�J�F��

�^�e�y���i�h�e�g�h�j�Z�a�f�_�j�g�h�c���l�h�i�h�e�h�]�b�b���b�a�^�_�e�b�y  

�H�k�g�h�\�g�h�_���i�j�_�^�g�Z�a�g�Z�q�_�g�b�_�� �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�h-�w�f�i�b�j�b�q�_�k�d�h�]�h��

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

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

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

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

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

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

�f�_�l�h�^�h�f���O�h�i�d�b�g�k�Z�� 

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

�n�h�j�f�b�j�h�\�Z�g�b�y�� �N�J�F���� �\�� �l�h�f�� �q�b�k�e�_ �^�e�y�� �a�Z�^�Z�q�� �i�j�h�p�_�k�k�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y����

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

�h�k�\�_�l�b�l�_�e�y��[19] �b�e�b�� �w�d�k�i�j�_�k�k-�h�p�_�g�d�Z�� �i�e�h�s�Z�^�b�� �h�d�g�Z�� �i�j�h�p�_�k�k�Z [66]���� �h�i�b�j�Z�y�k�v��

�i�h���k�m�l�b���e�b�r�v���g�Z���j�Z�k�k�q�b�l�Z�g�g�h�_���^�\�m�f�_�j�g�h�_���h�i�l�b�q�_�k�d�h�_���b�a�h�[�j�Z�`�_�g�b�_��  
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�J�b�k����1.13.  

�Z) �k�o�_�f�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y��VT5; 
�[�����i�j�b�f�_�j���l�_�k�l�h�\�h�c���d�Z�e�b�[�j�h�\�h�q�g�h�c���f�Z�l�j�b�p�u�����m�i�j�h�s�_�g�g�h�c�������i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�c��
�^�e�y���d�Z�e�b�[�j�h�\�d�b���d�h�f�i�Z�d�l�g�u�o���f�h�^�_�e�_�c���n�h�j�f�b�j�h�\�Z�g�b�y���N�J�F 
  



 63 
 

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

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

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

�g�h�j�f�� �^�h�� ������ �g�f�� �\�d�e�x�q�b�l�_�e�v�g�h�� �y�\�e�y�_�l�k�y�� �f�h�^�_�e�v��VT5 (Variable Threshold 5), 

�j�_�Z�e�b�a�h�\�Z�g�g�Z�y���\ �K�:�I�J Mentor Graphics Calibre. 

�F�h�^�_�e�v�� �9�7���� �y�\�e�y�_�l�k�y�� �j�_�a�m�e�v�l�Z�l�h�f�� �j�Z�a�\�b�l�b�y�� �[�h�e�_�_�� �i�j�h�k�l�u�o�� �f�h�^�_�e�_�c��

�i�_�j�_�f�_�g�g�h�]�h�� �i�h�j�h�]�Z���� �l�Z�d�b�o�� �d�Z�d�� �9�7�5�� �b�� �9�7�5�( [67]���� �b�� �n�m�g�d�p�b�h�g�b�j�m�_�l�� �i�h��

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

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

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

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

�j�Z�\�g�Z�� �a�g�Z�q�_�g�b�x���� �g�Z�a�u�\�Z�_�f�h�f�m �©�h�i�h�j�g�u�f�ª�� �i�h�j�h�]�h�f�� ��reference threshold). 

�I�h�e�h�`�_�g�b�_�� �k�l�_�g�d�b�� �n�h�l�h�j�_�a�b�k�l�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �q�_�j�_�a�� �a�g�Z�q�_�g�b�_�� �i�h�j�h�]�Z�� �L����

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

�b�a�h�[�j�Z�`�_�g�b�y��T = T (Imax, Imin, dI/dx, dI2/dx2) �\�� �d�h�g�l�j�h�e�v�g�h�c�� �l�h�q�d�_��(�J�b�k��1.13�Z). 

�A�^�_�k�v��Imax�± �f�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b����Imin �± �f�b�g�b�f�Z�e�v�g�h�_��

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

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

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

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

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

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

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

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

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

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

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

�d�h�f�i�h�g�_�g�l���n�h�l�h�j�_�a�b�k�l�Z���b���w�n�n�_�d�l�u���l�j�Z�\�e�_�g�b�y��[68].  

�<���j�Z�[�h�l�Z�o��[60, 69]�����Z���l�Z�d�`�_���\��[70] �h�[�h�k�g�h�\�u�\�Z�_�l�k�y���i�j�b�f�_�g�_�g�b�_���f�h�^�_�e�_�c��

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

�l�Z�d�b�o���f�h�^�_�e�_�c�� 

�D�Z�e�b�[�j�h�\�d�Z�� �f�h�^�_�e�b�� �k�\�h�^�b�l�k�y�� �d�� �h�i�j�_�^�_�e�_�g�b�x�� �d�h�w�n�n�b�p�b�_�g�l�h�\��

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

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

(�J�b�k����3�[������ �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �f�Z�d�k�b�f�Z�e�v�g�h�� �\�h�a�f�h�`�g�u�c�� �h�o�\�Z�l�� �i�j�h�k�l�j�Z�g�k�l�\�Z��

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

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

 ,T �D
�Dqa�  ������������������
k��
l
n�� 

�]�^�_��a�. (�. � �������«�� m) �± �d�h�w�n�n�b�p�b�_�g�l�u���i�h�e�b�g�h�f�Z�����d�h�l�h�j�u�_���l�j�_�[�m�_�l�k�y���g�Z�c�l�b����q�. �±

 �q�e�_�g�u�� �i�h�e�b�g�h�f�Z����m �± �d�h�e�b�q�_�k�l�\�h�� �q�e�_�g�h�\�� �i�h�e�b�g�h�f�Z���� �A�^�_�k�v�� �b�� �^�Z�e�_�_ �\��

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

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

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

�d�h�w�n�n�b�p�b�_�g�l�h�\��a ���y�\�e�y�x�s�m�x�k�y�� �i�_�j�_�h�i�j�_�^�_�e�_�g�g�h�c, �i�h�k�d�h�e�v�d�m, �d�Z�d�� �i�j�Z�\�b�e�h����

n > m): 

,kk Tqa � �E
�E  ������������������������������������������������������������
k��
l
o�� 

�]�^�_��k � �� �����«�� n, �i�h�j�h�]��Tk  �h�i�j�_�^�_�e�y�_�l�k�y�� �b�a �b�a�f�_�j�_�g�b�y �D�E�J�� �\�� �n�h�l�h�j�_�a�b�k�l�_�� �^�e�y��

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

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

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

k
k

k
k qTqqa �D�D
�E

�E � ����������������������������������������������������������������������������������������
k��
l
p�� 

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

�\�u�j�Z�`�Z�_�f�u�f�b���^�b�Z�]�h�g�Z�e�v�g�h�c���f�Z�l�j�b�p�_�c 
k
kW : 

kk
ki

kk
ki qWTqWqa �D�D

�E
�E � ��������������������������������������������������������������������������������
k��
l
q�� 

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

�_�k�l�v���_�]�h���g�_�\�y�a�d�Z���m�q�b�l�u�\�Z�_�l�k�y���k���[�h�e�v�r�b�f���\�_�k�h�f). 
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�K�h�h�l�g�h�r�_�g�b�_��(1.26) �b�f�_�g�m�_�l�k�y�� �g�h�j�f�Z�e�v�g�h�c�� �k�b�k�l�_�f�h�c�� �e�b�g�_�c�g�u�o��

�Z�e�]�_�[�j�Z�b�q�_�k�d�b�o�� �m�j�Z�\�g�_�g�b�c�� �^�e�y��(1.25) �b���i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�b�k�l�_�f�m�� �k��

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

k qq �D
�E�E

�D � Q ���� �d�h�l�h�j�Z�y���� �h�^�g�Z�d�h�����\�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\��

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

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

�h�j�l�h�]�h�g�Z�e�v�g�u�o���\�_�d�l�h�j�h�\ �f�Z�l�j�b�p�u��
�E
�DQ : 

i
iba �E�E �Q� ������������������������������������������������������������������������������������������������������
k��
l
r�� 

�I�h�^�k�l�Z�\�e�y�y����1.28�����\����1.26�����b���i�j�b�g�b�f�Z�y���\�h���\�g�b�f�Z�g�b�_�����q�l�h��
i
j

j
j

i �Q�O�Q�D
�D � jQ , 

�i�h�e�m�q�b�f�� 

i
i
i

i
k

kqT
a �D

�E
�E

�D �Q
�O

�Q
� ������������������������������������������������������������������������������������������
k��
l
s�� 

�A�^�_�k�v��
i
i�O �± �k�h�[�k�l�\�_�g�g�u�_���q�b�k�e�Z �f�Z�l�j�b�p�u Q. 

�D�Z�d���\�b�^�g�h�����\���\�u�j�Z�`�_�g�b�b���^�e�y���d�h�w�n�n�b�p�b�_�g�l�h�\��a�. �i�j�b�k�m�l�k�l�\�m�_�l���h�i�_�j�Z�p�b�y��

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

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

�f�h�^�_�e�b�� �>�e�y�� �b�k�d�e�x�q�_�g�b�y�� �w�l�h�c�� �i�j�h�[�e�_�f�u�� �\�� �j�Z�a�e�h�`�_�g�b�b�� ��1.28���� �b�k�i�h�e�v�a�m�x�l�k�y��

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

�k�h�[�k�l�\�_�g�g�u�o���q�b�k�_�e 
i
i�O �\�u�i�h�e�g�y�_�l�k�y���m�k�e�h�\�b�_ 

K1
1

�!
�O
�Oi

i
������������������������������������������������������������������������������������������������������
k��
m
j�� 

�]�^�_��
1
1�O �± �g�Z�b�[�h�e�v�r�_�_���k�h�[�k�l�\�_�g�g�h�_���q�b�k�e�h �f�Z�l�j�b�p�u��Q, K �± �\�_�e�b�q�b�g�Z�����h�[�j�Z�l�g�Z�y��

H-�q�b�k�e�m�� �h�[�m�k�e�h�\�e�_�g�g�h�k�l�b���f�Z�l�j�b�p�u��Q [71] �i�h�k�e�_�� �b�k�d�e�x�q�_�g�b�y�� �b�a��

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

�m�k�e�h�\�b�y��(1.30) �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�b�l�v�� �f�h�^�_�e�v�� �k�� �h�i�l�b�f�Z�e�v�g�u�f�b��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���l�h�q�g�h�k�l�b���b���k�l�Z�[�b�e�v�g�h�k�l�b��  
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�J�b�k����1.14. �A�Z�\�b�k�b�f�h�k�l�v��RRMSpred �h�l��K�����i�h�k�q�b�l�Z�g�g�Z�y �^�e�y���f�g�h�`�_�k�l�\�Z���b�a����������
�l�_�k�l�h�\�h�c���k�l�j�m�d�l�m�j�u���^�e�y���k�e�h�y���f�_�^�g�h�c���f�_�l�Z�e�e�b�a�Z�p�b�b���k���p�_�g�l�j�Z�e�v�g�u�f���a�g�Z�q�_�g�b�_�f��
�D�E�J�����������g�f [70]�����F�h�^�_�e�v���d�h�g�l�m�j�Z���N�J�F���± VT5 c 17-�x���q�e�_�g�Z�f�b���i�h�e�b�g�h�f�Z��
(1.24�������F�b�g�b�f�m�f��RRMSpred �i�j�b�o�h�^�b�l�k�y���g�Z��K=10-4�����q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l��
�j�Z�a�e�h�`�_�g�b�x���j�_�r�_�g�b�y���g�h�j�f�Z�e�v�g�h�c���k�b�k�l�_�f�u����1.26�����i�h��12-�l�b���k�h�[�k�l�\�_�g�g�u�f��
�\�_�d�l�h�j�Z�f���f�Z�l�j�b�p�u��Q  
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�A�g�Z�q�_�g�b�_�� �d�j�b�l�_�j�b�y��K �h�i�j�_�^�_�e�y�_�l�k�y�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �D�Z�e�b�[�j�h�\�h�q�g�h�_��

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

�i�h�� �d�Z�`�^�h�f�m�� �b�a�� �d�h�l�h�j�u�o�� �i�j�h�b�a�\�h�^�b�l�k�y�� �d�Z�e�b�[�j�h�\�d�Z�� �f�h�^�_�e�b��VT5���� �D�Z�`�^�h�_�� �b�a��

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

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

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

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

ie  �± �a�g�Z�q�_�g�b�_�� �g�Z��

�i�h�^�f�g�h�`�_�k�l�\�_��j �K�D�H���f�h�^�_�e�b�����k�f�������g�Z�i�j�b�f�_�j�����n-�e�m�������������������h�l�d�Z�e�b�[�j�h�\�Z�g�g�h�c���g�Z��

�i�h�^�f�g�h�`�_�k�l�\�_��i�����I�h�k�e�_���w�l�h�]�h���\�u�q�b�k�e�y�_�l�k�y���a�g�Z�q�_�g�b�_���l���g�����©�K�D�H���i�j�_�^�k�d�Z�a�Z�g�b�y�ª��

RRMSpred �i�h���k�h�h�l�g�h�r�_�g�b�x 

1/ ����� leeRRMS j
j

i
jpred ������������������������������������������������������������������������
k��
m
k�� 

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

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

�^�\�Z�� �i�h�^�f�g�h�`�_�k�l�\�Z����
22

2
1
2

21
1

2
1 )()( eeeeRRMSpred ������� . �Q�_�f�� �f�_�g�v�r�_��

�a�g�Z�q�_�g�b�_ RRMSpred���� �l�_�f�� �[�h�e�_�_�� �f�h�^�_�e�v�� �Z�^�_�d�\�Z�l�g�Z���� �k�l�Z�[�b�e�v�g�Z�� �b�� �k�i�h�k�h�[�g�Z��

�i�j�_�^�k�d�Z�a�u�\�Z�l�v�� �d�h�g�l�m�j�� �N�J�F�� �g�Z�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�Z�o���� �g�_�� �\�o�h�^�y�s�b�o�� �\��

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

�©�e�b�r�g�b�_�ª�� �k�h�[�k�l�\�_�g�g�u�_�� �\�_�d�l�h�j�u���� �l�h�� �a�g�Z�q�_�g�b�y��
2
1e �b��

1
2e �\�h�a�j�Z�k�l�Z�x�l���� �q�l�h��

�i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x��RRMSpred. �G�Z �J�b�k����1.14 �i�h�d�Z�a�Z�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v��

RRMSpred �h�l��K �b�a��[70], �i�h�k�q�b�l�Z�g�g�Z�y �^�e�y���f�g�h�`�_�k�l�\�Z���b�a�����������l�_�k�l�h�\�h�c���k�l�j�m�d�l�m�j�u��

�^�e�y���k�e�h�y���f�_�^�g�h�c���f�_�l�Z�e�e�b�a�Z�p�b�b���k���p�_�g�l�j�Z�e�v�g�u�f���a�g�Z�q�_�g�b�_�f���D�E�J���������� �g�f[70]���� �<��

�j�Z�[�h�l�_��[70] �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �f�h�^�_�e�v VT5 c 17-�x�� �q�e�_�g�Z�f�b�� �i�h�e�b�g�h�f�Z�� ��1.24). 

�F�b�g�b�f�m�f��RRMSpred �i�j�b�o�h�^�b�l�k�y�� �g�Z��K=10-4���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �j�Z�a�e�h�`�_�g�b�x��

�j�_�r�_�g�b�y�� �g�h�j�f�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� ��1.26���� �i�h�� ����-�l�b�� �k�h�[�k�l�\�_�g�g�u�f�� �\�_�d�l�h�j�Z�f��

�f�Z�l�j�b�p�u��Q. 
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1.3. �L�j�_�[�h�\�Z�g�b�y���d���i�Z�j�Z�f�_�l�j�Z�f���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���h�i�_�j�Z�p�b�c  

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

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

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

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

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

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

�m�j�h�\�g�_�� �j�Z�a�\�h�^�d�b���>�H�A�M�� ���'�5�$�0���������� �S�L�W�F�K����[72]���� �<���i�h�k�e�_�^�g�b�_���]�h�^�u���h�d�h�e�h����������

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

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

���������g�f���b���[�h�e�_�_��[73]. 

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

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

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

�^�h�i�m�k�d�b�� �g�Z�� �^�_�n�h�d�m�k�b�j�h�\�d�m�� ���]�e�m�[�b�g�Z �n�h�d�m�k�Z�� �b�e�b�� �r�b�j�b�g�Z�� �h�d�g�Z�� �i�j�h�p�_�k�k�Z������ �g�Z��

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

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

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

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

�\�b�^�u��RET [21, 26, 29, 74, 75] �k�\�_�^�_�g�u���\���L�Z�[�e�b�p�_����.  

�L�Z�[�e�b�p�Z�� �� �k�h�k�l�Z�\�e�_�g�Z�� �g�Z�� �h�k�g�h�\�_�� �f�Z�l�_�j�b�Z�e�h�\��ITRS �b�� �,�6�0�,��[76, 77, 78, 

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

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

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

�d�j�b�l�b�q�_�k�d�b�o���k�e�h�_�\���l�h�c���b�e�b���b�g�h�c���l�_�o�g�h�e�h�]�b�b. 

 



 69 
 

�L�Z�[�e�b�p�Z���������L�b�i�h�\�u�_���l�j�_�[�h�\�Z�g�b�y���d���h�k�g�h�\�g�u�f���i�Z�j�Z�f�_�l�j�Z�f���i�j�h�p�_�k�k�Z���i�j�h�_�d�p�b�h�g�g�h�c���n�h�l�h�e�b�l�h�]�j�Z�n�b�b���^�e�y���d�j�b�l�b�q�_�k�d�b�o���k�e�h�_�\��
�l�_�o�g�h�e�h�]�b�c���j�y�^�Z���i�j�h�_�d�l�g�u�o���g�h�j�f���i�h���^�Z�g�g�u�f��ITRS3 �b��ISMI4 

�I�j�h�_�d�l�g�u�_���g�h�j�f�u�����'�5�$�0��
�ò���S�L�W�F�K�������g�f 250 180 130 90 65 45 32 28 

�>�e�b�g�Z���\�h�e�g�u���e�b�l�h�]�j�Z�n�b�b����
�g�f 

365 248 248 193 248 193 193 193 193 193 193 

�D�h�w�n�����f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y ���î ���î ���î ���î ���î ���î ���î ���î ���î ���î ���î 
�L�b�i�h�\�h�_���a�g�Z�q�_�g�b�_��NA 0,6 0,55 0,65 0,6 0,8 0,7 0,8 0,9 1,2 1,2 1,35 

�B�f�f�_�j�k�b�y - - - - - - - - �^�Z �^�Z �^�Z 

�I�j�b�f�_�g�y�_�f�u�_��RET  
OAI, 

MBOPC, 
SRAF 

OAI, 
RBOPC 

OAI, 
MBOPC, 
SRAF, 
PSM 

RBOPC 

OAI, 
MBOPC, 
SRAF, 
PSM 

OAI, 
MBOPC, 
SRAF, 
(PSM) 

OAI, 
MBOPC, 
SRAF,  
PSM 

OAI, 
MBOPC, 
SRAF,  
PSM 

OAI, 
MBOPC, 
SRAF,  
PSM 

OAI, 
MBOPC, 
MBSRAF,  

PSM 

SMO, 
MBOPC/ILT, 

MBSRAF,  
PSM 

�I�h�e�y�j�b�a�h�\�Z�g�g�u�c��
�h�k�\�_�l�b�l�_�e�v 

- - - - - - - - - �^�Z �^�Z 

�>�\�h�c�g�Z�y��
�w�d�k�i�h�a�b�p�b�y���^�\�h�c�g�h�_��

�\�i�_�q�Z�l�u�\�Z�g�b�_ 
- - - - - - - - �^�Z �^�Z �^�Z 

�=�e�m�[�b�g�Z���n�h�d�m�k�Z���i�h���i�h�e�x��
�d�j�b�k�l�Z�e�e�Z�����g�f 

>1000 >1000 >650 >650 >600 >500 >400 >200 >200 >150 >150 

�G�h�f�b�g�Z�e�v�g�u�c���d�j�b�l�b�q�_�k�d�b�c��
�e�b�g�_�c�g�u�c���j�Z�a�f�_�j�����D�E�J�������g�f 

250 250 180 180 150 100 85 65 41 31 28 

�>�h�i�m�k�d���g�Z���D�E�J�������1�����g�f 25 25 18 18 11 11 8 6,5 4,7 3,3 2,8 
�>�b�Z�i�Z�a�h�g���^�h�a���^�e�y��

�b�k�i�h�e�v�a�m�_�f�u�o���j�_�a�b�k�l�h�\����
�f�>�`���k�f2 

�������·������ �����·���� �����·���� �����·���� �����·���� �����·���� �����·���� �����·���� �����·���� �����·���� �����·���� 

�E�b�l�h�]�j�Z�n�b�q�_�k�d�Z�y���l�h�q�g�h�k�l�v��
�k�h�\�f�_�s�_�g�b�y�������1�����g�f 

71 71 50 50 40 40 25 18 10 6,4 5,7 

                                                             
3 International Technology Roadmap for Semiconductors �± �F�_�`�^�m�g�Z�j�h�^�g�u�c���i�e�Z�g-�i�j�h�]�g�h�a���i�h���j�Z�a�\�b�l�b�x���i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c���l�_�o�g�h�e�h�]�b�b���± �g�Z�[�h�j��
�^�h�d�m�f�_�g�l�h�\�����i�_�j�b�h�^�b�q�_�k�d�b���\�u�i�m�k�d�Z�\�r�b�c�k�y���k�������������]�����i�h�������������]�����k�h�h�[�s�_�k�l�\�h�f���w�d�k�i�_�j�l�h�\��SIA (Semiconductor Industry Association�����b�a���K�R�:����
�?�\�j�h�i�u�����Y�i�h�g�b�b�����X�`�g�h�c���D�h�j�_�b���b���L�Z�c�\�Z�g�y�����h�o�\�Z�l�u�\�Z�x�s�b�c���b�k�q�_�j�i�u�\�Z�x�s�_�_���d�h�e�b�q�_�k�l�\�h���i�h�d�Z�a�Z�l�_�e�_�c���j�Z�a�\�b�l�b�y���i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�c��
�l�_�o�g�h�e�h�]�b�b�����\���l�h�f���q�b�k�e�_���l�_�o�g�h�e�h�]�b�b���e�b�l�h�]�j�Z�n�b�b�����K�������������]�h�^�Z���n�m�g�d�p�b�b���,�7�5�6���i�_�j�_�r�e�b���d���,�5�'�6���²   International Roadmap for Devices and Systems 
�± �F�_�`�^�m�g�Z�j�h�^�g�h�f�m���i�e�Z�g�m-�i�j�h�]�g�h�a�m���^�e�y���m�k�l�j�h�c�k�l�\���b���k�b�k�l�_�f�����k�m�s�_�k�l�\�m�x�s�_�f�m���i�h�^���w�]�b�^�h�c���,�(�(�(���i�h���g�Z�k�l�h�y�s�_�_���\�j�_�f�y�� 
4 International SEMATECH Manufacturing Initiative �± �^�h�q�_�j�g�y�y���h�j�Z�]�g�b�a�Z�p�b�y��SEMATECH �± �g�_�d�h�f�f�_�j�q�_�k�d�h�]�h���d�h�g�k�h�j�p�b�m�f�Z���\�_�^�m�s�b�o���f�b�j�h�\�u�o��
�i�j�_�^�i�j�b�y�l�b�c���i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�c���i�j�h�f�u�r�e�_�g�g�h�k�l�b�����\����������-�����������]�h�^�Z�o���i�j�h�\�h�^�b�\�r�_�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b���i�j�h�b�a�\�h�^�k�l�\�Z���b�g�l�_�]�j�Z�e�v�g�u�o��
�f�b�d�j�h�k�o�_�f���b���\�g�_�^�j�y�\�r�_�]�h���g�h�\�u�_���l�_�o�g�h�e�h�]�b�b���\���i�j�h�b�a�\�h�^�k�l�\�h�� 
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1.4. �K�h�\�j�_�f�_�g�g�u�_���d�h�f�f�_�j�q�_�k�d�b�_���K�:�I�J�����b�k�i�h�e�v�a�m�_�f�u�_���^�e�y��

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

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

�n�h�l�h�r�Z�[�e�h�g�h�\  

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

�g�Z�i�j�Z�\�e�_�g�b�y�o [54]���� �^�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �d�h�l�h�j�u�o�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��

�K�:�I�J.  

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

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

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

�g�Z�a�u�\�Z�_�f�u�o�� �©�i�j�h�p�_�k�k�g�u�o�ª�� �K�:�I�J�� ���k�f�����L�Z�[�e�b�p�m�� �������� �j�_�Z�e�b�a�m�x�s�b�o�� �i�h�f�b�f�h��

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

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

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

�L�Z�[�e�b�p�Z���� �± �I�j�h�p�_�k�k�g�u�_���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�_���K�:�I�J 
�K�:�I�J �I�j�h�b�a�\�h�^�b�l�_�e�v URL 

Sentaurus Litho Synopsys https://www.synopsys.com/silicon.html 
ProlithTM KLA -Tencor https://www.kla-

tencor.com/products/chip-
manufacturing/patterning-

simulation.html 
HyperLithTM Panoramic 

Technology 
http://panoramictech.com/ 

LAB  GenISys https://www.genisys-gmbh.com 
 

�<�� �i�j�h�p�_�k�k�g�u�o�� �K�:�I�J�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �f�h�^�_�e�b�j�m�x�l�k�y�� �i�j�h�p�_�k�k�u��

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

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

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

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

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

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

�d�h�j�j�_�d�l�g�u�o���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���j�_�`�b�f�h�\���n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� 
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�L�Z�d�� �g�Z�a�u�\�Z�_�f�u�_�� �©�d�h�g�k�l�j�m�d�l�h�j�k�d�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�ª�� �K�:�I�J �i�j�_�^�k�l�Z�\�e�y�x�l��

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

�f�h�^�m�e�_�c�� �b�� �h�i�_�j�b�j�m�x�s�b�_���\�_�k�v�f�Z�� �d�j�m�i�g�u�f�b �h�[�t�_�f�Z�f�b�� �b�g�n�h�j�f�Z�p�b�b���� �H�g�b��

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

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

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

�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�f�i�h�g�h�\�d�b�� �n�h�l�h�r�Z�[�e�h�g�Z���� �Z�g�Z�e�b�a�Z��

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

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

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

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

�j�Z�k�q�_�l�Z���d�h�g�l�m�j�Z���N�J�F�� �\�� �k�j�Z�\�g�_�g�b�b���k���©�i�j�h�p�_�k�k�g�u�f�b�ª [54]���� �h�^�g�Z�d�h���l�h�q�g�h�k�l�v�� �\��

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

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

�k�e�m�q�Z�y�o���f�h�]�m�l���[�u�l�v���i�h�e�m�q�_�g�u���i�j�b���i�h�f�h�s�b���i�j�h�p�_�k�k�g�u�o���K�:�I�J�� 

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

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b�� �h�i�p�b�y�f�b�� �i�j�h�]�j�Z�f�f�g�u�o�� �i�j�h�^�m�d�l�h�\�� �6�\�Q�R�S�V�\�V�� �&�$�7�6�� �b��

Mentor Graphics Calibre.  

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

�h�l�� �d�h�f�i�Z�g�b�c�� �6�\�Q�R�S�V�\�V�� �b�� �0�H�Q�W�R�U�� �*�U�D�S�K�L�F�V���j�Z�a�g�u�f�� �m�j�h�\�g�y�f�� �l�_�o�g�h�e�h�]�b�b. 

�D�h�f�i�Z�g�b�y�� �&�D�G�H�Q�F�H�� �l�Z�d�`�_�� �\�u�i�m�k�l�b�e�Z�� �e�b�g�_�c�d�m���i�j�h�]�j�Z�f�f�g�u�o�� �i�j�h�^�m�d�l�h�\�� �^�e�y��

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

�g�Z�b�f�_�g�v�r�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���k�j�_�^�b���j�Z�a�j�Z�[�h�l�q�b�d�h�\���2�3�&�� 

�K�j�_�^�k�l�\�Z�� �6�\�Q�R�S�V�\�V�� �&�$�7�6�� �b�f�_�x�l�� �[�h�e�_�_�� �]�b�[�d�b�_�� �g�Z�k�l�j�h�c�d�b�� �^�e�y��

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

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

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

�i�j�b�f�_�g�_�g�b�y�� �k�d�j�b�i�l�h�\���� �<���L�Z�[�e�b�p�Z�o�� ������ ���� �b�� �� �i�j�_�^�k�l�Z�\�e�_�g�h�� �d�j�Z�l�d�h�_�� �h�i�b�k�Z�g�b�_��
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�g�Z�a�g�Z�q�_�g�b�y���i�j�h�]�j�Z�f�f�g�u�o���f�h�^�m�e�_�c���0�H�Q�W�R�U���*�U�D�S�K�L�F�V���&�D�O�L�E�U�H�����6�\�Q�R�S�V�\�V���&�$�7�6���b��

�&�D�G�H�Q�F�H�����k�\�y�a�Z�g�g�u�o���k���i�h�^�]�h�l�h�\�d�h�c���2�3�&�� 

 

 

�L�Z�[�e�b�p�Z���� �± �H�[�e�Z�k�l�b���i�j�b�f�_�g�_�g�b�y���f�h�^�m�e�_�c���0�H�Q�W�R�U���*�U�D�S�K�L�F�V���&�D�O�L�E�U�H�� 

�F�h�^�m�e�v���K�:�I�J 
�M�j�h�\�_�g�v���l�_�o�g�h�e�h�]�b�b 
���������g�f ���������g�f �������g�f �������g�f �������g�f 

�;�Z�a�h�\�u�_���h�i�_�j�Z�p�b�b + + + + + 
DRC + + + + + 
LVS + + + + + 
Parasitic Extraction + + + + + 
DFM   + + + 
LFD    + + 
SRAF  + + + + 
Multi Patterning     + 
TDOPC rule based + + + + + 
MBOPC sparse  + + + + 
MBOPC dense     + 
Post OPC verification  + + + + 
 

 
 
 
 
�L�Z�[�e�b�p�Z��4 �± �H�[�e�Z�k�l�b���i�j�b�f�_�g�_�g�b�y���f�h�^�m�e�_�c���6�\�Q�R�S�V�\�V���&�$�7�6�� 

�F�h�^�m�e�v���K�:�I�J 
�M�j�h�\�_�g�v���l�_�o�g�h�e�h�]�b�b 
���������g�f ���������g�f �������g�f �������g�f �������g�f 

�;�Z�a�h�\�u�_���h�i�_�j�Z�p�b�b + + + + + 
Proteus Pipeline Framework  + + + + 
Proteus DPT     + 
Proteus MBAF   + + + 
Proteus LRC  + + + + 
TCAD MS Progen  + + + + 
Proteus MetroKit  + + + + 
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�L�Z�[�e�b�p�Z��5 �± �H�i�b�k�Z�g�b�_���f�h�^�m�e�_�c���&�D�O�L�E�U�H���^�e�y���i�j�h�\�_�^�_�g�b�y���2�3�&�� 
�F�h�^�m�e�v���K�:�I�J �G�Z�a�g�Z�q�_�g�b�_ 

Calibre WorkBench 

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

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

Calibre LFD 

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

Calibre TDOPC �K�b�k�l�_�f�Z���d�h�j�j�_�d�p�b�b���r�b�j�b�g�u���b���h�d�h�g�q�Z�g�b�y���e�b�g�b�c�� 

Calibre OPCpro 
�I�h�e�g�h�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y���k�b�k�l�_�f�Z���h�i�l�b�q�_�k�d�h�c��
�d�h�j�j�_�d�p�b�b���^�e�y���m�\�_�e�b�q�_�g�b�y���\�u�o�h�^�Z���]�h�^�g�u�o����
�I�h�^�^�_�j�`�b�\�Z�_�l��sparse-�j�_�`�b�f���j�Z�[�h�l�u�� 

Calibre nmOPC 
�I�h�e�g�h�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y���k�b�k�l�_�f�Z���h�i�l�b�q�_�k�d�h�c��
�d�h�j�j�_�d�p�b�b���^�e�y���m�\�_�e�b�q�_�g�b�y���\�u�o�h�^�Z���]�h�^�g�u�o����
�I�h�^�^�_�j�`�b�\�Z�_�l���G�H�Q�V�H-�j�_�`�b�f���j�Z�[�h�l�u�� 

Calibre PRINTImage �K�b�k�l�_�f�Z���i�h�k�l-OPC �\�_�j�b�n�b�d�Z�p�b�b���\��sparse-�j�_�`�b�f�_���^�e�y��
�f�h�^�_�e�_�c���l�b�i�Z��VTR/VTRE/VT5 

Caibre OPCverify �K�b�k�l�_�f�Z���i�h�k�l-OPC �\�_�j�b�n�b�d�Z�p�b�b���\��dense-�j�_�`�b�f�_���^�e�y��
�f�h�^�_�e�_�c���l�b�i�Z��CM1/PLM 
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�L�Z�[�e�b�p�Z��6 �± �H�i�b�k�Z�g�b�_���f�h�^�m�e�_�c���6�\�Q�R�S�V�\�V���&�$�7�6���^�e�y���j�_�Z�e�b�a�Z�p�b�b���2�3�&�� 
�F�h�^�m�e�v���K�:�I�J �G�Z�a�g�Z�q�_�g�b�_ 
CATS-Synthesis 
Module 

RBOPC 

CATS Manuf. Rules 
Checking 

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

Proteus LRC Base 

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

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

Proteus PipeLine 
Framework 

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

Proteus DPT Base 
�B�g�k�l�j�m�f�_�g�l���^�e�y���i�h�^�]�h�l�h�\�d�b���n�h�l�h�r�Z�[�e�h�g�h�\���\���j�_�`�b�f�_��
multi patterning.  

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

TCAD MS Progen, 
OPC Mod Gen 

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

Proteus MetroKit 

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

 

�L�Z�[�e�b�p�Z��7 �± �H�i�b�k�Z�g�b�_���f�h�^�m�e�_�c���&�D�G�H�Q�F�H���^�e�y���j�_�Z�e�b�a�Z�p�b�b���2�3�&�� 

�F�h�^�m�e�v���K�:�I�J �G�Z�a�g�Z�q�_�g�b�_ 

LVS 

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

Process Proximity 
Compensation 

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

Litho Physical 
Analyzer 

�I�h�b�k�d���b���b�k�i�j�Z�\�e�_�g�b�_���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���h�i�Z�k�g�u�o���l�h�q�_�d��
�^�e�y���i�h�\�u�r�_�g�b�y���\�u�o�h�^�Z���]�h�^�g�u�o�� 
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�I�H�K�L�:�G�H�<�D�:���A�:�>�:�Q���B�K�K�E�?�>�H�<�:�G�B�Y  

�>�e�y���^�h�k�l�b�`�_�g�b�y�� �p�_�e�b �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c�� �j�Z�[�h�l�u���� �Z�� �b�f�_�g�g�h�� �^�e�y��

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

�a�Z�l�\�h�j�g�h�]�h�� �k�e�h�y�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �K�;�B�K �i�j�h�_�d�l�g�u�o�� �g�h�j�f��65 �g�f����

�g�_�h�[�o�h�^�b�f�h���j�_�r�b�l�v���k�e�_�^�m�x�s�b�_���g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�b�_���a�Z�^�Z�q�b�� 

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

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

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

�m�k�l�Z�g�h�\�d�b�� 

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

�g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���k�l�j�m�d�l�m�j����SRAF); 

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

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

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

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

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

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

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

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

�h�k�g�h�\�g�u�o���i�Z�j�Z�f�_�l�j�h�\���b�k�i�h�e�v�a�m�_�f�u�o���6�5�$�). 

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

�d�Z�e�b�[�j�h�\�d�b �d�h�f�i�Z�d�l�g�h�c���f�h�^�_�e�b��VT5 �n�h�j�f�b�j�h�\�Z�g�b�y���d�h�g�l�m�j�Z���N�J�F. 

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

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

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

�l�h�i�h�e�h�]�b�x���N�R�����j�Z�a�j�Z�[�h�l�Z�l�v���[�Z�a�h�\�m�x���i�j�h�p�_�^�m�j�m���j�Z�k�k�l�Z�g�h�\�d�b���k�l�j�m�d�l�m�j���6�5�$�)��

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

- �J�Z�a�j�Z�[�h�l�Z�l�v�� �f�_�l�h�^�� �h�i�l�b�f�Z�e�v�g�h�c�� �g�Z�k�l�j�h�c�d�b�� �i�Z�j�Z�f�_�l�j�h�\�� �2�3�&-�j�_�p�_�i�l�Z����

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

�a�Z�l�\�h�j�g�h�]�h���k�e�h�y���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f. 
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�=�e�Z�\�Z���������F�H�>�?�E�B�J�H�<�:�G�B�?���I�J�H�P�?�K�K�H�<���I�J�H�?�D�P�B�H�G�G�H�C 

�N�H�L�H�E�B�L�H�=�J�:�N�B�B���I�J�B���J�:�A�J�:�;�H�L�D�?��OPC-�J�?�R�?�G�B�C���B��

�I�J�H�?�D�L�B�J�H�<�:�G�B�B���N�R  

�J�_�Z�e�b�a�Z�p�b�y�� �g�_�h�[�o�h�^�b�f�u�o�� �5�(�7 �\�� �q�Z�k�l�b���� �d�Z�k�Z�x�s�_�c�k�y�� �j�Z�a�j�Z�[�h�l�q�b�d�h�\��

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

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

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

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

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

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

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

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

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

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

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

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\ SRAF���� �Z�� �l�Z�d�`�_���\�u�j�Z�[�h�l�d�Z��

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

�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�� 

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

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

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

�l�_�o�g�h�e�h�]�b�b �i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f (�k�f�����L�Z�[�e����). 

���������B�k�o�h�^�g�u�_���^�Z�g�g�u�_  

�<���L�Z�[�e�b�p�_��8 �i�j�b�\�h�^�y�l�k�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���b�f�_�x�s�_�]�h�k�y���\���j�Z�k�i�h�j�y�`�_�g�b�b��

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

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

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

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

SRAF.  
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�L�Z�[�e�b�p�Z��8. �H�k�g�h�\�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���b�k�i�h�e�v�a�m�_�f�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y��
�w�d�k�i�h�g�b�j�h�\�Z�g�b�y �b���i�_�j�_�^�Z�\�Z�_�f�h�]�h���j�b�k�m�g�d�Z���a�Z�l�\�h�j�g�h�]�h���k�e�h�y���^�e�y���l�_�o�g�h�e�h�]�b�b��
�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f 

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

�H�k�g�h�\�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
ASML PAS 5500/1150C  (�J�b�k. �<.1) 
�I�j�h�_�d�p�b�h�g�g�Z�y���k�b�k�l�_�f�Z�� 
����� �����������g�f�� 
NA � ���������·��������; 
�J�Z�a�f�_�j���d�Z�^�j�Z���������f�f�î�����f�f�� 
�D�h�w�n�n�b�p�b�_�g�l���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y����M=4 
�H�k�\�_�l�b�l�_�e�v�� 
�©Conventional�ª 

 

�1min = 0,33 
�1max = 0,88 

�©Annular�ª 

 

�1in = 0,16�·0,64 
�1out = 0,40�·0,85 

�H�i�p�b�h�g�Z�e�v�g�h���± �i�j�b�f�_�g�_�g�b�_�� �>�H�W�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�h�k�\�_�l�b�l�_�e�y���k�e�h�`�g�h�c�� �n�h�j�f�u (�©Dipole�ª, �©Quasar�ª �b�� �l���^��), 
�^�h�k�l�m�i�g�h���^�e�y���b�k�l�h�q�g�b�d�Z�� �©Quasar�ª�����.�� � �� �����ƒ���� �.�� � �� �����ƒ�����1in �b 
�1out �± �l�_���`�_�����q�l�h���b���\���©Annular�ª 

�K�h�\�f�_�s�_�g�b�_: 
OLTool-to-Tool  = 20 �g�f; 
OLTool-to-Itself  = 12 �g�f 
�H�i�p�b�h�g�Z�e�v�g�h���± �\�h�a�f�h�`�g�h�k�l�v�� �m�e�m�q�r�_�g�b�y��OLTool-to-Itself  �^�h 
10 �g�f 

�N�J�F5 

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

�D�E�J 8�����g�f �g�Z���i�e�Z�k�l�b�g�_ 

�I�_�j�b�h�^��
�]�j�m�i�i�h�\�u�o���e�b�g�b�c 

19���·���������g�f �g�Z���i�e�Z�k�l�b�g�_ 

�=�e�m�[�b�g�Z���n�h�d�m�k�Z �•���������g�f����EL=10%, �û�D�E�J��� �“10%) 

�L�b�i���N�R 
EAPSM�����d�h�^�b�j�m�_�f�u�c���w�e�_�f�_�g�l���± �l�_�f�g�u�c�����d�h�w�n����
�i�j�h�i�m�k�d�Z�g�b�y��t = 0,06; �m�]�h�e���k�^�\�b�]�Z���n�Z�a�u���3��� ���������ƒ 

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

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

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

�i�j�b�f�_�g�_�g�b�y��RET, �j�_�Z�e�b�a�m�_�f�u�f���� �d�Z�d�� �i�j�Z�\�b�e�h���� �g�Z�� �h�k�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �\�h�a�^�m�r�g�h�]�h��

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

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

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

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

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

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

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

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

�D�E�J�� �\�� �j�_�a�b�k�l�_ ���g�_�h�[�y�a�Z�l�_�e�v�g�h�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �D�E�J�� �g�Z�� �N�R �k�� �m�q�_�l�h�f��

�f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���± �k�f�����J�b�k���������Z)���� �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �w�l�h�� �i�_�j�b�h�^�b�q�_�k�d�b�c��

�]�j�m�i�i�h�\�h�c���w�e�_�f�_�g�l �l�b�i�Z���©�e�b�g�b�y�ª���l�_�f�g�h�]�h���l�h�g�Z���k���r�b�j�b�g�h�c��320 �g�f���b���i�_�j�b�h�^�h�f��

76���� �g�f�� �g�Z�� �N�R ���k�� �m�q�_�l�h�f�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y������ �i�j�b�� �w�l�h�f�� �p�_�e�_�\�h�c�� �j�Z�a�f�_�j��

�k�l�j�m�d�l�m�j�u�� �\�� �N�J�F �± 80 �g�f���� �B�k�o�h�^�y�� �b�a�� �w�l�b�o�� �m�k�e�h�\�b�c�� �h�i�j�_�^�_�e�y�_�l�k�y�� �i�h�j�h�]��

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �g�h�f�b�g�Z�e�v�g�h�c�� �^�h�a�_�� �e�b�l�h�]�j�Z�n�b�b�����I �j�b�� �j�Z�k�q�_�l�_�� �h�[�e�Z�k�l�_�c��

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

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

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

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

�D�E�J�� �\�� �j�_�a�b�k�l�_�� �a�Z�^�Z�g�g�u�f�� �^�h�i�m�k�d�Z�f�� ���k�f�� �L�Z�[�e�b�p�u 8 �b 9). �H�[�e�Z�k�l�b��

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

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

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

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

�l�h�i�h�e�h�]�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b���\�� �p�_�e�y�o�� �\�u�\�_�^�_�g�b�y���p�_�g�l�j�h�\���h�[�e�Z�k�l�_�c�� �b�o�� 
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�J�b�k����2.1. 

�Z) �b�k�i�h�e�v�a�h�\�Z�g�b�_���©�y�d�h�j�g�u�o�ª���w�e�_�f�_�g�l�h�\���l�h�i�h�e�h�]�b�b���^�e�y���d�Z�e�b�[�j�h�\�d�b��
�m�i�j�h�s�_�g�g�h�c���f�h�^�_�e�b���d�h�g�l�j�m�j�Z���N�J�F���k �i�h�k�l�h�y�g�g�u�f �i�h�j�h�]�h�f���i�h���b�g�l�_�g�k�b�\�g�h�k�l�b��
�\�h�a�^�m�r�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y; 
�[�����a�Z�\�b�k�b�f�h�k�l�v��DOF �h�l���1in �b���1out �^�e�y�� �h�k�\�_�l�b�l�_�e�y�� �l�b�i�Z�� �©Quasar�ª (�. = 30�ƒ) �^�e�y��
�©�y�d�h�j�g�h�c�ª�� �k�l�j�m�d�l�m�j�u (�i�_�j�b�h�^�b�q�_�k�d�b�c�� �]�j�m�i�i�h�\�h�c�� �w�e�_�f�_�g�l�� �l�b�i�Z�� �©�e�b�g�b�y�ª��
�l�_�f�g�h�]�h���l�h�g�Z���k���r�b�j�b�g�h�c����2���� �g�f�� �b���i�_�j�b�h�^�h�f���������� �g�f�� �g�Z�� �N�R, �p�_�e�_�\�h�c�� �j�Z�a�f�_�j��
�k�l�j�m�d�l�m�j�u�� �\�� �N�J�F���± ������ �g�f)���� �i�h�e�m�q�_�g�g�Z�y�� �\�� �j�Z�f�d�Z�o�� �m�i�j�h�s�_�g�g�h�c�� �f�h�^�_�e�b��
�d�h�g�l�j�m�j�Z�� �N�J�F�� �k���i�h�k�l�h�y�g�g�u�f���i�h�j�h�]�h�f�� �i�h�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �\�h�a�^�m�r�g�h�]�h��
�b�a�h�[�j�Z�`�_�g�b�y�� 
�\�����a�Z�\�b�k�b�f�h�k�l�v��NILS �h�l�� �^�_�n�h�d�m�k�b�j�h�\�d�b�� �^�e�y���©�y�d�h�j�g�h�c�ª�� �k�l�j�m�d�l�m�j�u �i�j�b��
�b�k�i�h�e�v�a�h�\�Z�g�b�b���h�k�\�_�l�b�l�_�e�y�� �l�b�i�Z�� �©Quasar�ª���i�j�b���1in = 0,60 �b���1out = ���������� �^�e�y��
�j�Z�a�g�u�o�� �a�g�Z�q�_�g�b�c�� �.. �>�e�y�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �r�b�j�b�g�u�� �i�j�h�p�_�k�k�g�u�o�� �h�d�h�g��

�f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g���b�g�l�_�]�j�Z�e�v�g�u�c���i�Z�j�Z�f�_�l�j���³
��

� 
max

max

)(
F

F

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

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

�h�[�j�Z�a�h�f�� �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�]�h �h�[�s�_�]�h�� �h�d�g�Z�� �i�j�h�p�_�k�k�Z�� ���J�b�k�� ���������[, 

�J�b�k��������). �I�Z�j�Z�f�_�l�j�u�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �g�Z�o�h�`�^�_�g�b�x��

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

�L�Z�[�e�b�p�Z���������H�k�g�h�\�g�u�_���i�Z�j�Z�f�_�l�j�u���\�u�q�b�k�e�b�l�_�e�v�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���i�h�^�[�h�j�m��
�h�i�l�b�f�Z�e�v�g�u�o���g�Z�k�l�j�h�_�d���i�j�h�_�d�p�b�h�g�g�h�c���k�b�k�l�_�f�u���k�d�Z�g�_�j�Z��
ASML PAS 5500/1150C �^�e�y���e�b�l�h�]�j�Z�n�b�b �a�Z�l�\�h�j�g�h�]�h���k�e�h�y���l�_�o�g�h�e�h�]�b�b��
�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f 

�L�b�i���f�h�^�_�e�b�j�h�\�Z�g�b�y �Z�g�Z�e�b�a���\�h�a�^�m�r�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y 

�I�j�h�_�d�p�b�h�g�g�Z�y���k�b�k�l�_�f�Z 

����� �����������g�f����NA = 0,75; M = �������l�b�i�u���h�k�\�_�l�b�l�_�e�y��
�©Annular�ª, �©Quasar�ª; �1in = 0,16�·0,64, �1out = 
0,40�·0,85; �^�e�y���©Quasar�ª���a�g�Z�q�_�g�b�y���m�]�e�Z���.���������ƒ����
�����ƒ���b�������ƒ�����i�h�e�y�j�b�a�Z�p�b�y���h�k�\�_�l�b�l�_�e�y���g�_��
�m�q�b�l�u�\�Z�_�l�k�y 

�N�R 
EAPSM: t = 0,06; �3��� ���������ƒ, �d�h�^�b�j�m�_�f�u�c��
�w�e�_�f�_�g�l���l�_�f�g�u�c�����i�j�b�[�e�b�`�_�g�b�_���D�b�j�o�]�h�n�Z 

�L�h�i�h�e�h�]�b�y �g�Z���N�R 
�\�_�j�l�b�d�Z�e�v�g�u�_���b���]�h�j�b�a�h�g�l�Z�e�v�g�u�_���]�j�m�i�i�h�\�u�_��
�e�b�g�_�c�q�Z�l�u�_���k�l�j�m�d�l�m�j�u 
�D�E�J�� l � �����������g�f�����i�_�j�b�h�^����p � ���������·�����������g�f 

�©�Y�d�h�j�g�u�c�ª��
�l�h�i�h�e�h�]�b�q�_�k�d�b�c���w�e�_�f�_�g�l 

�D�E�J �g�Z���N�R: l � �����������g�f�����i�_�j�b�h�^ �g�Z���N�R: p = 760 
�g�f�����D�E�J���\���j�_�a�b�k�l�_: �������g�f 

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

�
��� �������������� 

�H�d�g�h���i�j�h�p�_�k�k�Z �w�e�e�b�i�l�b�q�_�k�d�h�_�����û�
  =10%, �û�D�E�J��� �“10% 
 

�D�Z�d�� �b�a�\�_�k�l�g�h���� �h�k�\�_�l�b�l�_�e�v�� �l�b�i�Z�� �©Conventional�ª �g�_�� �i�h�a�\�h�e�y�_�l�� �^�h�k�l�b�q�v��

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

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

�i�_�j�b�h�^�Z [80]���� �^�_�f�h�g�k�l�j�b�j�m�y���l���g���� �©Forbidden Pitches�ª�� ���h�i�j�_�^�_�e�_�g�g�u�_���a�g�Z�q�_�g�b�y��

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

�n�h�d�m�k�Z��[3] �\�� �k�b�e�m�� �i�Z�j�Z�a�b�l�g�h�c�� �a�Z�k�\�_�l�d�b�� �h�l�� �g�_�a�Z�^�_�c�k�l�\�h�\�Z�g�g�u�o�� �\��

�n�h�j�f�b�j�h�\�Z�g�b�b���i�h�e�_�a�g�h�]�h���k�b�]�g�Z�e�Z���m�q�Z�k�l�d�h�\���b�k�l�h�q�g�b�d�Z���± �k�f�����J�b�k��������). �I�h�w�l�h�f�m��

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

�©Quasar�ª.   
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�J�b�k����2.2. �I�h�^�[�h�j���h�i�l�b�f�Z�e�v�g�h�c���n�h�j�f�u���h�k�\�_�l�b�l�_�e�y�� 

�Z) �j�_�a�m�e�v�l�Z�l�u���\�u�q�b�k�e�b�l�_�e�v�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���j�Z�k�q�_�l�m���a�Z�\�b�k�b�f�h�k�l�b��
�]�e�m�[�b�g�u���n�h�d�m�k�Z���h�l���i�_�j�b�h�^�Z���e�b�g�b�c���^�e�y���j�Z�a�g�u�o���n�h�j�f���h�k�\�_�l�b�l�_�e�y (�i�_�j�b�h�^��
�m�d�Z�a�Z�g���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u); 
�[�����j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �h�k�\�_�l�b�l�_�e�y�� �l�b�i�Z�� �©Quasar�ª�� �k�� �i�Z�j�Z�f�_�l�j�Z�f�b��
�1in = 0,60, �1out = 0,85, �. = �����ƒ  
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�I�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�� �\�h�a�f�h�`�g�h�c�� �q�b�k�e�h�\�h�c���Z�i�_�j�l�m�j�_���i�j�h�_�d�p�b�h�g�g�h�]�h��

�h�[�t�_�d�l�b�\�Z��NA = 0,75 �^�e�y�� �©�y�d�h�j�g�h�c�ª�� �l�h�i�h�e�h�]�b�q�_�k�d�h�c�� �k�l�j�m�d�l�m�j�u���[�u�e�b��

�i�j�b�a�g�Z�g�u�� �h�i�l�b�f�Z�e�v�g�u�f�b �a�g�Z�q�_�g�b�y���1in = 0,60 �b�� �1out = 0,85 (�J�b�k��2.1�[��. 

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

�b�f�_�x�s�_�c�� �k�Z�f�u�c�� �f�Z�e�u�c�� �i�_�j�b�h�^�� �b�a�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���� �h�d�Z�a�Z�e�h�k�v���. = 40�ƒ6 

(�J�b�k��2.1�\������ �A�^�_�k�v�� �^�e�y�� �k�j�Z�\�g�_�g�b�y�� �h�d�h�g�� �i�j�h�p�_�k�k�Z�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �b�g�l�_�]�j�Z�e�v�g�u�c��

�i�Z�j�Z�f�_�l�j �³
��

� 
max

max

)(
F

F

dffNILSA  [66, 81]���� �b�f�_�x�s�b�c �j�Z�a�f�_�j�g�h�k�l�v�� �^�e�b�g�u�� �b���\��

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

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

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h��NILS [3]). 

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

�[�u�e�Z�� �j�Z�k�k�q�b�l�Z�g�Z�� �]�e�m�[�b�g�Z�� �n�h�d�m�k�Z�� �h�i�b�k�Z�g�g�u�f�� �\�u�r�_�� �f�_�l�h�^�h�f��(�J�b�k�� �������Z). 

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

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

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

�B�k�l�h�q�g�b�d�� �l�b�i�Z�� �©Quasar�ª �k�� �i�Z�j�Z�f�_�l�j�Z�f�b���1in = 0,60, �1out = 0,85, �. = �����ƒ��

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

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

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

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

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

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

�©Quasar�ª �k�� �i�Z�j�Z�f�_�l�j�Z�f�b���1in = 0,60, �1out = 0,85, �. = �����ƒ��(�J�b�k�� �������[). �< �p�_�e�y�o��

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

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

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

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

                                                             
6 �K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���^�e�y���©�y�d�h�j�g�h�c�ª���l�h�i�h�e�h�]�b�q�_�k�d�h�c���k�l�j�m�d�l�m�j�u���b�k�l�h�q�g�b�d���l�b�i�Z��
�©Annular�ª �^�Z�_�l���_�s�_���[�y�e�v�r�m�x���]�e�m�[�b�g�m���n�h�d�m�k�Z�����k�f�����J�b�k���������Z�� 
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�J�b�k����2.3. �>�e�y���h�k�\�_�l�b�l�_�e�y���l�b�i�Z���©Quasar�ª���k���i�Z�j�Z�f�_�l�j�Z�f�b���1in = 0,60, �1out = 0,85, �. = �����ƒ: 

�Z) �a�Z�\�b�k�b�f�h�k�l�v���]�e�m�[�b�g�u���n�h�d�m�k�Z���h�l���i�_�j�b�h�^�Z���e�b�g�b�c�����\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u��; 
�[�����k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�c���D�E�J���e�b�g�b�c���g�Z���N�R���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���i�_�j�b�h�^�Z�����\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u)  
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2.3. �I�j�_�^�\�Z�j�b�l�_�e�v�g�h�_���h�i�j�_�^�_�e�_�g�b�_���i�Z�j�Z�f�_�l�j�h�\���g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o��

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���k�l�j�m�d�l�m�j�����6�5�$�)�� 

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

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

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

�^�j�m�]�b�o�� �n�b�]�m�j��. �D�j�h�f�_�� �l�h�]�h���� �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�_�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_�� �w�e�_�f�_�g�l�u��

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

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

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

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

�^�b�Z�i�Z�a�h�g�_���^�h�a���b���^�_�n�h�d�m�k�b�j�h�\�h�d���� 

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

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

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

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

�L�Z�[�e�b�p�m 9). �<�� �j�Z�f�d�Z�o�� �b�k�i�h�e�v�a�m�_�f�h�c�� �f�h�^�_�e�b�� �[�u�e�h�� �i�j�b�g�y�l�h��

�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f�� �h�l�g�h�r�_�g�b�_���h�l�g�h�k�b�l�_�e�v�g�h�c���b�g�l�_�g�k�b�\�g�h�k�l�b��SRAF �d��

�i�h�j�h�]�m���a�������·��������(�J�b�k���������[). 

�>�e�y �b�a�h�e�b�j�h�\�Z�g�g�u�o�� �e�b�g�b�c���g�h�f�b�g�Z�e�h�f�� ������ �g�f�� �\�� �f�Z�k�r�l�Z�[�_�� �i�e�Z�k�l�b�g�u, 

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

�h�p�_�g�d�b�� �]�e�m�[�b�g�u�� �n�h�d�m�k�Z�� �b�� �\�_�e�b�q�b�g�u�� �h�l�g�h�r�_�g�b�y��ISRAF/�
  �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�r�b�j�b�g�u�� �w�e�_�f�_�g�l�Z��SRAF w���� �Z�� �l�Z�d�`�_�� �k�m�f�f�u�� �r�b�j�b�g�u�� �w�e�_�f�_�g�l�Z��SRAF �b�� �_�]�h��

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

�©�i�_�j�b�h�^�Z�ª7 SRAF (�J�b�k�� ����4). �B�a�� �i�h�e�m�q�_�g�g�u�o�� �]�j�Z�n�b�d�h�\�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �\�b�^�g�h����

�q�l�h�� �i�j�b�_�f�e�_�f�h�c�� �i�h�� �a�g�Z�q�_�g�b�x��ISRAF/�
�� �r�b�j�b�g�h�c��SRAF (�^�e�y�� �b�a�h�e�b�j�h�\�Z�g�g�h�c��

�e�b�g�b�b) �f�h�`�_�l���k�q�b�l�Z�l�v�k�y��w = 36 �g�f�����Z���f�Z�d�k�b�f�Z�e�v�g�Z�y���]�e�m�[�b�g�Z���n�h�d�m�k�Z�����a���������g�f����

�^�h�k�l�b�]�Z�_�l�k�y���i�j�b��w+s = 216 �g�f ���\�k�_���\�_�e�b�q�b�g�u���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u���� 

�J�Z�k�q�_�l���i�h�d�Z�a�Z�e�����q�l�h���^�e�y���^�Z�g�g�h�c���a�Z�^�Z�q�b���i�h�^�h�[�g�h�_���j�Z�a�f�_�s�_�g�b�_��SRAF  

                                                             
7 �K�e�h�\�h���©�i�_�j�b�h�^�ª���\�a�y�l�h���\���d�Z�\�u�q�d�b�����i�h�k�d�h�e�v�d�m���\���k�e�m�q�Z�_���h�^�g�h�]�h���w�e�_�f�_�g�l�Z��SRAF �l�j�m�^�g�h��
�]�h�\�h�j�b�l�v���h���_�]�h���i�_�j�b�h�^�_ 
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�J�b�k����2.4. �>�e�y���b�a�h�e�b�j�h�\�Z�g�g�h�c���e�b�g�b�b, 1 SRAF �k���d�Z�`�^�h�c���k�l�h�j�h�g�u, �f�Z�k�r�l�Z�[���i�e�Z�k�l�b�g�u�����h�k�\�_�l�b�l�_�e�v���©Quasar�ª�� 
�1in = 0,60, �1out = 0,85, �. = �����ƒ�� 

�Z) �a�Z�\�b�k�b�f�h�k�l�v���]�e�m�[�b�g�u���n�h�d�m�k�Z���h�l���©�i�_�j�b�h�^�Z�ª SRAF (w+s); 
�[�����a�Z�\�b�k�b�f�h�k�l�v��ISRAF/�
  �h�l���©�i�_�j�b�h�^�Z�ª��SRAF (w+s) 
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�J�b�k����2.5. �J�Z�k�q�_�l�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���]�e�m�[�b�g�u���n�h�d�m�k�Z���h�l���i�_�j�b�h�^�Z���]�j�m�i�i�h�\�u�o��
�e�b�g�b�c���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u���i�h�k�e�_���i�j�b�f�_�g�_�g�b�y��SRAF 
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�i�j�b�_�f�e�_�f�h�� �\�� �i�j�b�f�_�g�_�g�b�b�� �d�� �e�b�g�b�y�f�� �k�� �i�_�j�b�h�^�h�f�� �h�l�� ��6���� �g�f�� �b�� �[�h�e�_�_���� �>�e�y��

�^�b�Z�i�Z�a�h�g�Z �i�_�j�b�h�^�h�\�� �h�l�� �������� �g�f�� �^�h�� ��6���� �g�f�� �i�j�b�f�_�g�y�e�b�k�v�� �w�e�_�f�_�g�l�u��SRAF �k��

w = 28 �g�f�� �j�Z�k�i�h�e�h�`�_�g�g�u�_�� �i�h�� �h�^�g�h�f�m�� �\�� �p�_�g�l�j�Z�o �i�j�h�f�_�`�m�l�d�h�\ �f�_�`�^�m��

�h�k�g�h�\�g�u�f�b���e�b�g�b�y�f�b�����>�e�y���e�b�g�b�c���k���i�_�j�b�h�^�h�f���f�_�g�_�_�����������g�f���w�e�_�f�_�g�l�u��SRAF �g�_��

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

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

�i�j�b�f�_�g�_�g�b�b��SRAF �i�j�b�\�_�^�_�g�Z���g�Z���J�b�k������5. 

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

�i�j�b�f�_�g�_�g�b�y��SRAF �\���d�h�f�i�e�_�d�k�_���k���\�g�_�h�k�_�\�u�f���h�k�\�_�s�_�g�b�_�f (�©Quasar�ª�����1in = 0,60, 

�1out = 0,85, �. = �����ƒ) �i�h�a�\�h�e�y�_�l�� �^�h�k�l�b�q�v�� �]�e�m�[�b�g�u�� �n�h�d�m�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c��

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

�k�l�j�m�d�l�m�j�� 
 

2.4. �J�Z�a�j�Z�[�h�l�d�Z���k�i�_�p�b�n�b�d�Z�p�b�b �g�Z���N�R 

�K�h�a�^�Z�g�b�_�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �d�h�f�i�e�_�d�l�� �N�R�� �y�\�e�y�_�l�k�y���� �d�Z�d�� �i�j�Z�\�b�e�h����

�a�Z�\�_�j�r�Z�x�s�_�c�� �k�l�Z�^�b�_�c�� �j�Z�a�j�Z�[�h�l�d�b�� �l�_�o�g�h�e�h�]�b�b�� �b�a�]�h�l�h�\�e�_�g�b�y��

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

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

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

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

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

�b�a�]�h�l�h�\�e�_�g�b�x�� 

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

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

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

2.4.1. �H�k�g�h�\�g�u�_���l�j�_�[�h�\�Z�g�b�y�����k�h�^�_�j�`�Z�s�b�_�k�y���\���k�i�_�p�b�n�b�d�Z�p�b�b���g�Z��

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

�i�j�h�_�d�l�g�u�o���g�h�j�f 

�K�i�_�p�b�n�b�d�Z�p�b�y���g�Z �N�R���\�d�e�x�q�Z�_�l���\���k�_�[�y���k�e�_�^�m�x�s�b�_���\�b�^�u���l�j�_�[�h�\�Z�g�b�c: 
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1) �l�j�_�[�h�\�Z�g�b�y�� �d�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �a�Z�]�h�l�h�\�d�_�� �b�e�b�� �l���g����

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

2) �l�j�_�[�h�\�Z�g�b�y�� �d�� �d�Z�q�_�k�l�\�m�� �j�b�k�m�g�d�Z ���^�h�i�m�k�d�b�� �g�Z�� �l�h�q�g�h�k�l�v��

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

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

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

4) �l�j�_�[�h�\�Z�g�b�y���d���^�_�n�_�d�l�g�h�k�l�b���n�h�l�h�r�Z�[�e�h�g�Z; 

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

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

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

�f�b�g�b�f�Z�e�v�g�u�o�� �l�_�f�g�h�]�h�� �b�� �k�\�_�l�e�h�]�h�� �w�e�_�f�_�g�l�Z�� �g�Z�� �N�R���� �d�h�l�h�j�u�_�� �f�h�]�m�l�� �[�u�l�v��

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

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

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

�>�Z�e�_�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �i�Z�j�Z�f�_�l�j�Z�f�� �N�R���� �i�_�j�_�q�b�k�e�_�g�g�u�_�� �\�� �i�m�g�d�l�Z�o�� ��-4, 

�[�m�^�m�l���j�Z�k�k�f�h�l�j�_�g�u���[�h�e�_�_���i�h�^�j�h�[�g�h. 
 

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

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

�g�_�i�e�h�k�d�h�k�l�g�h�k�l�b�� 

�D�e�Z�k�k�b�n�b�d�Z�p�b�y���i�j�b�f�_�g�y�_�f�u�o���i�h�^�e�h�`�_�d���h�i�b�k�Z�g�Z���\���k�l�Z�g�^�Z�j�l�_���6�(�0�,���3����

[82]. �L�b�i�h�\�u�_�� �]�Z�[�Z�j�b�l�g�u�_�� �j�Z�a�f�_�j�u�� �i�h�^�e�h�`�d�b�� �������[�������o���������� �f�f�� ������������ �i�h��

SEMI P1) �± �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �[�h�e�v�r�b�g�k�l�\�_�� �k�h�\�j�_�f�_�g�g�u�o�� �i�j�h�f�u�r�e�_�g�g�u�o��

�m�k�l�Z�g�h�\�h�d���i�j�h�_�d�p�b�h�g�g�h�c���n�h�l�h�e�b�l�h�]�j�Z�n�b�b�����$�6�0�/�����1�L�N�R�Q���� 

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

�6�(�0�,�� �3������ �i�h�g�b�f�Z�_�l�k�y�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �i�_�j�_�i�Z�^�� �\�u�k�h�l�� �i�h�� �d�h�g�l�j�h�e�b�j�m�_�f�h�c��

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

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

�n�Z�a�h�\�u�o���r�Z�[�e�h�g�h�\�����g�h�j�f�b�j�m�_�l�k�y���k�h�h�l�\�_�l�k�l�\�_�g�g�h���k�l�Z�g�^�Z�j�l�Z�f�b���6�(�0�,���3����[83] �b��

SEMI P29 [84]. 
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�H�[�u�q�g�h�� �\�� �k�i�_�p�b�n�b�d�Z�p�b�b���� �g�Z�i�j�Z�\�e�y�_�f�h�c�� �g�Z�� �f�Z�k�d�r�h�i ���i�j�_�^�i�j�b�y�l�b�_-

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

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

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

�b�e�b���n�Z�a�h�k�^�\�b�]�Z�x�s�b�c����\ 
 

�������L�j�_�[�h�\�Z�g�b�y���d���d�Z�q�_�k�l�\�m���j�b�k�m�g�d�Z���\�d�e�x�q�Z�x�l���\���k�_�[�y�� 

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

�n�h�l�h�r�Z�[�e�h�g�Z�������©Registration�ª); 

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

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

�d�h�f�i�h�g�_�g�l�Z�f�b���± �F�L�L (Mean-to-Target �± �_�m�k�j�_�^�g�_�g�g�h�_�� �a�g�Z�q�_�g�b�_�� �b�a�f�_�j�_�g�g�h�c��

�g�Z�� �N�R�� �r�b�j�b�g�u�� �d�h�g�l�j�h�e�v�g�u�o�� �k�l�j�m�d�l�m�j��- �g�h�f�b�g�Z�e�_���� �b�����1 ���h�k�l�Z�l�h�q�g�Z�y��

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

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

�i�h�e�x���N�R�����D�h�e�b�q�_�k�l�\�h���d�h�g�l�j�h�e�v�g�u�o���w�e�_�f�_�g�l�h�\���k�h�k�l�Z�\�e�y�_�l���h�l������-���������r�l�� �B�e�b��

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

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

�g�Z�� �b�a�h�e�b�j�h�\�Z�g�g�u�o���� �l�Z�d�� �b�� �g�Z�� �]�j�m�i�i�h�\�u�o�� �k�l�j�m�d�l�m�j�Z�o���� �G�h�f�b�g�Z�e�v�g�u�c�� �e�b�g�_�c�g�u�c��

�j�Z�a�f�_�j�� �d�h�g�l�j�h�e�v�g�h�c�� �k�l�j�m�d�l�m�j�u�� �d�Z�d�� �i�j�Z�\�b�e�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �j�Z�a�f�_�j�m��

�f�b�g�b�f�Z�e�v�g�h�]�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �w�e�_�f�_�g�l�Z�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g�_����

�i�j�h�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �g�Z�� �i�e�Z�k�l�b�g�_�� �\�� �i�j�h�p�_�k�k�_�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b���� �<�� �k�e�m�q�Z�_��

�g�_�\�h�a�f�h�`�g�h�k�l�b�� �j�Z�a�f�_�s�_�g�b�y�� �d�h�g�l�j�h�e�v�g�u�o�� �k�l�j�m�d�l�m�j�� �\�� �i�h�e�_�� �n�h�l�h�r�Z�[�e�h�g�Z��

�d�h�g�l�j�h�e�v���i�j�h�b�a�\�h�^�b�l�k�y���i�h���a�Z�j�Z�g�_�_���m�d�Z�a�Z�g�g�u�f���w�e�_�f�_�g�l�Z�f���l�h�i�h�e�h�]�b�b���b�a�^�_�e�b�y�� 
 

�������L�j�_�[�h�\�Z�g�b�y���d���n�Z�a�h�\�h�f�m���k�e�h�x 

�L�j�_�[�h�\�Z�g�b�y���� �i�j�_�^�t�y�\�e�y�_�f�u�_�� �d�� �d�h�w�n�n�b�p�b�_�g�l�m�� �i�j�h�i�m�k�d�Z�g�b�y�� �n�Z�a�h�\�h�]�h��

�k�e�h�y�� �b�� �m�]�e�m�� �k�^�\�b�]�Z�� �n�Z�a�u�� �^�e�y�� �i�h�e�m�l�h�g�h�\�u�o�� �n�Z�a�h�k�^�\�b�]�Z�x�s�b�o�� �n�h�l�h�r�Z�[�e�h�g�h�\��

�m�d�Z�a�u�\�Z�x�l�k�y�� �h�l�^�_�e�v�g�h�� �h�l�� �l�j�_�[�h�\�Z�g�b�c�� �d�� �n�h�l�h�[�e�Z�g�d�m���� �i�h�k�d�h�e�v�d�m�� �b�l�h�]�h�\�u�_��

�i�Z�j�Z�f�_�l�j�u�� �n�Z�a�h�\�u�o�� �k�e�h�_�\�� �g�Z�o�h�^�y�l�k�y�� �\�� �l�_�k�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�_�o�g�h�e�h�]�b�b��



 90 
 

�b�a�]�h�l�h�\�e�_�g�b�y�� �n�h�l�h�r�Z�[�e�h�g�Z�� �b�� �^�h�e�`�g�u�� �d�h�g�l�j�h�e�b�j�h�\�Z�l�v�k�y�� �\�� �i�j�h�p�_�k�k�_�� �_�]�h��

�i�j�h�b�a�\�h�^�k�l�\�Z���� 

�<���[�h�e�v�r�b�g�k�l�\�_���k�e�m�q�Z�_�\���\���k�i�_�p�b�n�b�d�Z�p�b�b���g�Z���N�R���m�d�Z�a�u�\�Z�x�l�k�y�� 

�x �g�h�f�b�g�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �m�]�e�Z�� �\�j�Z�s�_�g�b�y�� �n�Z�a�u�� �g�Z�� �j�Z�[�h�q�_�c�� �^�e�b�g�_�� �\�h�e�g�u��

���d�Z�d���i�j�Z�\�b�e�h�����������ƒ���� 

�x �F�b�k�l�_�f�Z�l�b�q�_�k�d�Z�y���d�h�f�i�h�g�_�g�l�Z���^�h�i�m�k�d�Z���g�Z���k�^�\�b�]���n�Z�a�u����MTT); 

�x �h�k�l�Z�l�h�q�g�Z�y���d�h�f�i�h�g�_�g�l�Z���^�h�i�m�k�d�Z���g�Z���k�^�\�b�]���n�Z�a�u���b�e�b���h�^�g�h�j�h�^�g�h�k�l�v�������1���� 

�x �i�j�h�i�m�k�d�Z�g�b�_�� �n�Z�a�h�k�^�\�b�]�Z�x�s�_�]�h�� �k�e�h�y�� �i�h�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �g�Z�� �^�e�b�g�_��

�\�h�e�g�u���j�Z�[�h�q�_�]�h���b�a�e�m�q�_�g�b�y�����g�h�f�b�g�Z�e�����d�Z�d���i�j�Z�\�b�e�h�����������b�e�b���������� 

�x �k�b�k�l�_�f�Z�l�b�q�_�k�d�Z�y�� �d�h�f�i�h�g�_�g�l�Z�� �^�h�i�m�k�d�Z�� �g�Z�� �i�j�h�i�m�k�d�Z�g�b�_��

�n�Z�a�h�k�^�\�b�]�Z�x�s�_�]�h���k�e�h�y���i�h���b�g�l�_�g�k�b�\�g�h�k�l�b����MTT); 

�x �h�k�l�Z�l�h�q�g�Z�y�� �d�h�f�i�h�g�_�g�l�Z�� �^�h�i�m�k�d�Z�� �g�Z�� �i�j�h�i�m�k�d�Z�g�b�_�� �n�Z�a�h�k�^�\�b�]�Z�x�s�_�]�h��

�k�e�h�y���i�h���b�g�l�_�g�k�b�\�g�h�k�l�b�������1���� 

�D�h�g�l�j�h�e�v�� �i�j�h�i�m�k�d�Z�g�b�y�� �b�� �n�Z�a�h�\�h�]�h�� �k�^�\�b�]�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �g�Z��

�b�a�]�h�l�h�\�e�_�g�g�h�f���n�h�l�h�r�Z�[�e�h�g�_���\������-100 ���b�e�b���[�h�e�_�_�����l�h�q�d�Z�o [85, 86].  
 

�������L�j�_�[�h�\�Z�g�b�y���d���^�_�n�_�d�l�g�h�k�l�b���N�R 

�>�_�n�_�d�l�� �n�h�l�h�r�Z�[�e�h�g�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d�� �g�_�d�h�l�h�j�h�_�� �e�h�d�Z�e�v�g�h�_��

�g�_�k�h�h�l�\�_�l�k�l�\�b�_�� �f�_�`�^�m�� �m�i�j�Z�\�e�y�x�s�_�c�� �b�g�n�h�j�f�Z�p�b�_�c�� ���r�Z�[�e�h�g�g�h�c�� �l�h�i�h�e�h�]�b�_�c����

�b���k�n�h�j�f�b�j�h�\�Z�g�g�u�f���j�b�k�m�g�d�h�f���N�R�����D�Z�d���i�j�Z�\�b�e�h�����w�l�h���\�u�j�u�\���b�e�b�����g�Z�h�[�h�j�h�l�����± 

�^�h�i�h�e�g�_�g�b�_�� �\ �f�Z�k�d�b�j�m�x�s�_�f�� �i�h�d�j�u�l�b�b���� �<�_�e�b�q�b�g�Z�� �d�j�b�l�b�q�g�h�]�h�� �^�_�n�_�d�l�Z�� �l�_�k�g�h��

�k�\�y�a�Z�g�Z�� �k�� �]�j�m�i�i�h�c�� �d�Z�q�_�k�l�\�Z�� �N�R���� �<�h�a�f�h�`�g�u�_�� �\�b�^�u�� �^�_�n�_�d�l�h�\�� �N�R��

�d�e�Z�k�k�b�n�b�p�b�j�m�x�l�k�y�� �k�l�Z�g�^�Z�j�l�h�f�� �6�(�0�,�� �3������[87]���� �<�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �N�R��

�h�[�u�q�g�h�� �m�d�Z�a�u�\�Z�_�l�k�y�� �j�Z�a�f�_�j�� �g�_�^�h�i�m�k�l�b�f�h�]�h�� �^�_�n�_�d�l�Z���� �R�Z�[�e�h�g���� �k�h�^�_�j�`�Z�s�b�c��

�^�_�n�_�d�l�u�� �j�Z�a�f�_�j�h�f�� �[�h�e�_�_�� �m�d�Z�a�Z�g�g�h�]�h���� �k�q�b�l�Z�_�l�k�y�� �g�_�]�h�^�g�u�f���� �i�h�k�d�h�e�v�d�m��

�h�[�m�k�e�h�\�e�_�g�g�u�_�� �b�f�� �l���g���� �©�i�h�\�l�h�j�y�x�s�b�_�k�y�� �^�_�n�_�d�l�u�ª�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b�� �\��

�d�h�g�_�q�g�h�f���b�l�h�]�_���^�_�e�Z�x�l���b�a�^�_�e�b�_���g�_�j�Z�[�h�l�h�k�i�h�k�h�[�g�u�f�����<���^�Z�g�g�h�c���j�Z�[�h�l�_���j�Z�a�f�_�j��

�g�_�^�h�i�m�k�l�b�f�h�]�h�� �^�_�n�_�d�l�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d�� �a�D�E�J���������� �b�e�b�� �`�_�� �d�\�Z�^�j�Z�l�g�u�c��

�d�h�j�_�g�v�� �b�a�� �i�e�h�s�Z�^�b�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �i�j�h�i�_�q�Z�l�u�\�Z�_�f�h�]�h�� �w�e�_�f�_�g�l�Z���� �i�h�^�h�[�g�h��
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�l�h�f�m���� �d�Z�d�� �w�l�h�� �k�^�_�e�Z�g�h�� �\�� �,�7�5�6���� �L�Z�d���� �^�e�y�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f��

�j�Z�a�f�_�j���g�_�^�h�i�m�k�l�b�f�h�]�h���^�_�n�_�d�l�Z���g�Z���N�R���k�h�k�l�Z�\�e�y�_�l���\�_�e�b�q�b�g�m���i�h�j�y�^�d�Z���������g�f�� 

 

2.4.2. �N�h�j�f�b�j�h�\�Z�g�b�_���^�h�i�m�k�d�h�\���g�Z���i�Z�j�Z�f�_�l�j�u���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o��

�h�i�_�j�Z�p�b�c�����<�d�e�Z�^���n�h�l�h�r�Z�[�e�h�g�g�h�c���k�h�k�l�Z�\�e�y�x�s�_�c 

�>�h�i�m�k�d�b�� �g�Z�� �i�Z�j�Z�f�_�l�j�u�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �h�i�_�j�Z�p�b�c�� �h�q�_�\�b�^�g�h��

�n�h�j�f�b�j�m�x�l�k�y���b�a�� �f�g�h�]�b�o�� �d�h�f�i�h�g�_�g�l���� �k�\�y�a�Z�g�g�u�o�� �k�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b��

�h�[�h�j�m�^�h�\�Z�g�b�y�� �b�� �b�k�i�h�e�v�a�m�_�f�u�o�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �i�h�]�j�_�r�g�h�k�l�y�f�b��

�r�Z�[�e�h�g�Z�� �b�� �l���^���� �H�k�g�h�\�g�h�c�� �b�^�_�_�c�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �f�_�l�h�^�Z�� �j�Z�a�j�Z�[�h�l�d�b��

�k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g�� �y�\�e�y�_�l�k�y�� �Z�g�Z�e�b�a�� �\�d�e�Z�^�Z�� �h�k�g�h�\�g�u�o��

�k�h�k�l�Z�\�e�y�x�s�b�o���\�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �^�h�i�m�k�d�b�� ���b�e�b�� �[�x�^�`�_�l�u���� �k�� �i�h�k�e�_�^�m�x�s�b�f��

�h�i�j�_�^�_�e�_�g�b�_�f�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �\�� �i�j�_�^�i�h�e�h�`�_�g�b�b���� �q�l�h��

�h�k�l�Z�e�v�g�u�_�� �d�h�f�i�h�g�_�g�l�u�� �y�\�e�y�x�l�k�y�� �b�a�\�_�k�l�g�u�f�b�� ���\�� �q�Z�k�l�g�h�k�l�b���� �b�a�� �\�u�i�m�k�d�Z�_�f�u�o��

�i�h�k�l�Z�\�s�b�d�Z�f�b���k�i�_�p�b�n�b�d�Z�p�b�c���g�Z���h�[�h�j�m�^�h�\�Z�g�b�_�����f�Z�l�_�j�b�Z�e�u���b���l���^������ 

 

2.4.2.1. �L�h�q�g�h�k�l�v���k�h�\�f�_�s�_�g�b�y 

�B�k�l�h�q�g�b�d�b�� �\�h�a�f�h�`�g�u�o�� �h�r�b�[�h�d�� �k�h�\�f�_�s�_�g�b�y�� �\�� �i�j�h�_�d�p�b�h�g�g�h�c��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b���i�h�^�j�h�[�g�h���h�i�b�k�Z�g�u���\���j�Z�[�h�l�Z�o [88, 89]�����M�d�j�m�i�g�_�g�g�h���h�k�g�h�\�g�u�_��

�k�h�k�l�Z�\�e�y�x�s�b�_�� �^�h�i�m�k�l�b�f�h�c�� �k�m�f�f�Z�j�g�h�c�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �i�h�]�j�_�r�g�h�k�l�b��

�k�h�\�f�_�s�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���J�b�k����2.6�Z. �H�g�b���^�_�e�y�l�k�y���g�Z���^�\�_���q�Z�k�l�b���� �\�g�h�k�b�f�u�_��

�m�k�e�h�\�g�h�c�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �m�k�l�Z�g�h�\�d�h�c�� ���\�d�e�x�q�Z�y�� �l�j�_�d������ �n�h�j�f�b�j�m�x�s�_�c��

�n�h�l�h�j�_�a�b�k�l�b�\�g�m�x�� �f�Z�k�d�m�� �g�Z�� �d�j�_�f�g�b�_�\�h�c�� �i�e�Z�k�l�b�g�_���� �b�� �\�u�a�\�Z�g�g�u�_�� �h�r�b�[�d�h�c��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �w�e�_�f�_�g�l�h�\�� �g�Z�� �b�k�i�h�e�v�a�m�_�f�u�o�� �n�h�l�h�r�Z�[�e�h�g�Z�o���� �I�j�_�^�i�h�e�Z�]�Z�y���� �q�l�h��

�k�h�\�f�_�s�_�g�b�_���b���w�d�k�i�h�g�b�j�h�\�Z�g�b�_���n�h�l�h�j�_�a�b�k�l�Z���i�j�h�b�k�o�h�^�b�l���g�Z���m�k�l�Z�g�h�\�d�Z�o���h�^�g�h�c��

�f�h�^�_�e�b���� �\�h�a�f�h�`�g�h�� �k�q�b�l�Z�l�v���� �q�l�h�� �i�h�]�j�_�r�g�h�k�l�v���� �k�\�y�a�Z�g�g�Z�y�� �k�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c��

�m�k�l�Z�g�h�\�d�h�c���� �j�Z�\�g�Z�� �l���g���� �©�^�h�i�m�k�d�m�� �g�Z�� �k�h�\�f�_�s�_�g�b�_�� �h�l�� �m�k�l�Z�g�h�\�d�b�� �d�� �m�k�l�Z�g�h�\�d�_�ª��

(OLTool-to-Tool) �± �\�_�e�b�q�b�g�_���� �\�d�e�x�q�Z�_�f�h�c�� �i�j�h�b�a�\�h�^�b�l�_�e�y�f�b�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �\��

�k�l�Z�g�^�Z�j�l�g�u�_�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �m�k�l�Z�g�h�\�d�b�� �i�j�h�_�d�p�b�h�g�g�h�c�� �e�b�l�h�]�j�Z�n�b�b���� �>�e�y��

�j�Z�k�q�_�l�Z�� �^�h�i�m�k�l�b�f�h�c�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �i�h�]�j�_�r�g�h�k�l�b���k�h�\�f�_�s�_�g�b�y�� ��OL)  
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�J�b�k����2.6. 

�Z) �h�k�g�h�\�g�u�_���k�h�k�l�Z�\�e�y�x�s�b�_���^�h�i�m�k�l�b�f�h�c���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c���i�h�]�j�_�r�g�h�k�l�b��
�k�h�\�f�_�s�_�g�b�y; 
�[���� �h�k�g�h�\�g�u�_�� �\�b�^�u�� �h�l�d�e�h�g�_�g�b�c�� �g�Z�� �N�R���� �\�u�a�u�\�Z�x�s�b�o���m�o�m�^�r�_�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z  
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�n�h�l�h�r�Z�[�e�h�g�g�Z�y�� �d�h�f�i�h�g�_�g�l�Z�� �i�h�]�j�_�r�g�h�k�l�b��(OLPhotomask���� �\�� �k�b�e�m�� �_�_��

�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z�� �e�b�g�_�c�g�h�� �i�j�b�[�Z�\�e�y�_�l�k�y�� �d�� �^�h�i�m�k�d�m�� �g�Z��

�k�h�\�f�_�s�_�g�b�_���h�l���m�k�l�Z�g�h�\�d�b���d���m�k�l�Z�g�h�\�d�_�� 

�<�� �k�e�m�q�Z�_�� �i�j�h�k�l�h�]�h�� �k�h�\�f�_�s�_�g�b�y�� �^�\�m�o�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�e�h�_�\��

�n�h�l�h�r�Z�[�e�h�g�g�Z�y���d�h�f�i�h�g�_�g�l�Z���i�h�]�j�_�r�g�h�k�l�b���k�h�\�f�_�s�_�g�b�y���j�Z�\�g�Z��[90]: 

M
R

rOLPhotomask )1(2 ��� ,    (2.1) 

�]�^�_��R �± �l�h�q�g�h�k�l�v�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �����1���� �\�� �f�Z�k�r�l�Z�[�_��

�n�h�l�h�r�Z�[�e�h�g�Z�� ���n�b�]�m�j�b�j�m�x�s�Z�y�� �\�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �d�Z�d��

�©Registration�ª������M �± �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�_�f���k�e�m�q�Z�_��M = 4), 
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����

����
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i
i

i
ii
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RRRR
r

22 )22()11(

)22)(11(
 �±    (2.2) 

�e�b�g�_�c�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b�� �h�r�b�[�d�b�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o��

�w�e�_�f�_�g�l�h�\�� �n�h�l�h�r�Z�[�e�h�g�h�\�� �k�h�\�f�_�s�Z�_�f�u�o�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�e�h�_�\����R1i �b��R2i �± 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �h�r�b�[�d�b�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���n�h�l�h�r�Z�[�e�h�g�h�\���\��i-�c���d�h�g�l�j�h�e�b�j�m�_�f�h�c���l�h�q�d�_�� 

�I�j �Z�d�l�b�d�Z���i�h�d�Z�a�u�\�Z�_�l���� �q�l�h���^�e�y���n�h�l�h�r�Z�[�e�h�g�h�\���� �b�a�]�h�l�h�\�e�_�g�g�u�o�� �\�� �h�^�g�h�c��

�i�Z�j�l�b�b�� �g�Z�� �f�Z�k�d�r�h�i�_�� �k�� �o�h�j�h�r�h�� �g�Z�e�Z�`�_�g�g�u�f�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�� �i�j�h�p�_�k�k�h�f����

�d�h�w�n�n�b�p�b�_�g�l��r �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�� �a�g�Z�q�_�g�b�y�� �������·������������ �b�����k�l�Z�e�h�� �[�u�l�v����

�e�b�l�h�]�j�Z�n�b�q�_�k�d�Z�y�� �i�h�]�j�_�r�g�h�k�l�v�� �k�h�\�f�_�s�_�g�b�y�� �\�u�j�Z�`�Z�_�l�k�y�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f��

���i�j�b��r = 0,65): 

4
83,0

R
OLOL TooltoTool ���| ����  .   (2.3) 

�< �i�j�_�^�i�h�e�h�`�_�g�b�b���� �q�l�h�� �w�d�k�i�h�g�b�j�h�\�Z�g�b�_�� �d�j�b�l�b�q�_�k�d�b�o�� �k�e�h�_�\�� �\�_�^�_�l�k�y�� �g�Z�� �h�^�g�h�c��

�m�k�l�Z�g�h�\�d�_���� �\�f�_�k�l�h�� �i�Z�j�Z�f�_�l�j�Z��OLTool-to-Tool �b�k�i�h�e�v�a�m�_�l�k�y��OLTool-to-Itself ���� �q�l�h��

�i�h�a�\�h�e�y�_�l�� �h�k�e�Z�[�b�l�v�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �\�_�e�b�q�b�g�_�� �h�r�b�[�d�b�� �j�Z�k�i�h�e�h�`�_�g�b�y 

�l�h�i�h�e�h�]�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\���g�Z���n�h�l�h�r�Z�[�e�h�g�_�� 

�<�� �k�e�m�q�Z�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �b�k�i�h�e�v�a�m�x�s�b�o�� �h�i�_�j�Z�p�b�b��

�^�\�h�c�g�h�]�h�� �w�d�k�i�h�g�b�j�h�\�Z�g�b�y�� �b�e�b�� �^�\�h�c�g�h�]�h�� �\�i�_�q�Z�l�u�\�Z�g�b�y�� �k�� �`�_�k�l�d�h�c�� �f�Z�k�d�h�c����
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�d�h�]�^�Z���^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���h�^�g�h�]�h���i�j�b�[�h�j�g�h�]�h���k�e�h�y���b�k�i�h�e�v�a�m�x�l�k�y���^�\�_���h�i�_�j�Z�p�b�b��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b���� �\�� �j�Z�f�d�Z�o�� �d�Z�`�^�h�c�� �b�a�� �d�h�l�h�j�u�o�� �i�j�h�b�a�\�h�^�b�l�k�y�� �k�h�\�f�_�s�_�g�b�_�� �d��

�g�_�d�h�_�f�m�� �©�g�m�e�_�\�h�f�m�ª�� �k�e�h�x���� �\�u�j�Z�`�_�g�b�_�� �^�e�y�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �d�h�f�i�h�g�_�g�l�u��

�i�h�]�j�_�r�g�h�k�l�b���k�h�\�f�_�s�_�g�b�y���i�j�b�g�b�f�Z�_�l���\�b�^�� 

M
R

rrOLPhotomask 20102 ����� ,         (2.4) 

�]�^�_��r10 �b��r20 �± �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �e�b�g�_�c�g�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �d�h�j�j�_�e�y�p�b�b�� �h�r�b�[�d�b��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �n�h�l�h�r�Z�[�e�h�g�h�\���� �n�h�j�f�b�j�m�x�s�b�o��

�d�h�f�i�h�a�b�p�b�h�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �i�j�b�� �h�i�_�j�Z�p�b�b�� �^�\�h�c�g�h�c�� �w�d�k�i�h�a�b�p�b�b�� �b�e�b��

�^�\�h�c�g�h�]�h�� �\�i�_�q�Z�l�u�\�Z�g�b�y���� �h�l�g�h�k�b�l�_�e�v�g�h�� �n�h�l�h�r�Z�[�e�h�g�Z���� �h�l�\�_�q�Z�x�s�_�]�h�� �a�Z��

�©�g�m�e�_�\�h�c�ª�� �k�e�h�c���� �I�j�b��r10=0,65, r20=�������� �b�� �\�� �i�j�_�^�i�h�e�h�`�_�g�b�b�� �l�h�]�h���� �q�l�h�� �h�[�_��

�e�b�l�h�]�j�Z�n�b�b�� �i�j�h�b�a�\�h�^�y�l�k�y�� �g�Z�� �h�^�g�h�c�� �b�� �l�h�c�� �`�_�� �m�k�l�Z�g�h�\�d�_���� �\�_�e�b�q�b�g�Z��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c���i�h�]�j�_�r�g�h�k�l�b���k�h�\�f�_�s�_�g�b�y���[�m�^�_�l���j�Z�\�g�Z�� 

4
92,0

R
OLOL ItselftoToolDP ���| ���� .         (2.5) 

�K�h�h�l�g�h�r�_�g�b�y��(2.������ �b�� ��2.5) �i�h�a�\�h�e�y�x�l�� �a�g�Z�y�� �\�_�e�b�q�b�g�m�� �h�[�s�_�c��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �i�h�]�j�_�r�g�h�k�l�b�� �k�h�\�f�_�s�_�g�b�y�� �b�� �i�h�]�j�_�r�g�h�k�l�b�� �k�h�\�f�_�s�_�g�b�y��

�b�k�i�h�e�v�a�m�_�f�h�c�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �m�k�l�Z�g�h�\�d�b�� �h�p�_�g�b�l�v�� �l�j�_�[�m�_�f�m�x�� �l�h�q�g�h�k�l�v��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �w�e�_�f�_�g�l�h�\�� �l�h�i�h�e�h�]�b�b�� �n�h�l�h�r�Z�[�e�h�g�Z���� �<�� �q�Z�k�l�g�h�k�l�b���� �^�e�y��

�l�_�o�g�h�e�h�]�b�b�� �m�j�h�\�g�y�� ������ �g�f�� �l�j�_�[�m�_�f�h�_�� �a�g�Z�q�_�g�b�_��R �k�h�k�l�Z�\�b�l�� ���� �g�f�� �\��

�i�j�_�^�i�h�e�h�`�_�g�b�b�� �l�h�]�h���� �q�l�h��OLTool-to-Tool = 15 �g�f�� �b��r = ������������ �b�� ������ �g�f�� �i�j�b��      

OLTool-to-Tool = �������g�f���b��r = 0. 

 

2.4�������������L�j�_�[�h�\�Z�g�b�y���d���]�e�m�[�b�g�_���n�h�d�m�k�Z���b���^�h�i�m�k�d�Z�f���g�Z��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c���D�E�J 

�G�Z���J�b�k����2.7�[ �i�h�d�Z�a�Z�g�u�� �h�k�g�h�\�g�u�_�� �\�b�^�u�� �h�l�d�e�h�g�_�g�b�c�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g�_����

�\�u�a�u�\�Z�x�s�b�o���i�h�l�_�j�x���d�Z�q�_�k�l�\�Z���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z�����<���i�_�j�\�m�x���h�q�_�j�_�^�v��

�w�l�h���h�r�b�[�d�Z���d�j�b�l�b�q�_�k�d�h�]�h���e�b�g�_�c�g�h�]�h���j�Z�a�f�_�j�Z���g�Z���r�Z�[�e�h�g�_���/l�����d�h�l�h�j�m�x�����d�Z�d���m�`�_��

�m�d�Z�a�u�\�Z�e�h�k�v���j�Z�g�_�_�����\���i�j�_�^�i�h�e�h�`�_�g�b�b���_�_���j�Z�k�i�j�_�^�_�e�_�g�b�y���i�h���]�Z�m�k�k�h�\�h�f�m���a�Z�d�h�g�m��

�^�_�e�y�l���g�Z���^�\�_���d�h�f�i�h�g�_�g�l�u�� 
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llMTTl �G�G �V�G 3��� ,            (2.6) 

�]�^�_�� 
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llMTT ��� ��� 
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�G ,    (2.7) 
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33 �G�V .    (2.8) 

�A�^�_�k�v��N �± �h�[�s�_�_�� �d�h�e�b�q�_�k�l�\�h�� �d�h�g�l�j�h�e�v�g�u�o�� �k�l�j�m�d�l�m�j����i �± �g�h�f�_�j�� �d�h�g�l�j�h�e�v�g�h�c��

�k�l�j�m�d�l�m�j�u����l i �± �b�a�f�_�j�_�g�g�u�c�� �j�Z�a�f�_�j�� �g�Z��i-�c�� �d�h�g�l�j�h�e�v�g�h�c�� �k�l�j�m�d�l�m�j�_��

�n�h�l�h�r�Z�[�e�h�g�Z����ln �± �g�h�f�b�g�Z�e�v�g�u�c���j�Z�a�f�_�j���d�h�g�l�j�h�e�v�g�h�c���k�l�j�m�d�l�m�j�u�� 

�<�_�e�b�q�b�g�Z��MTT�/�O �h�l�j�Z�`�Z�_�l�� �h�[�s�m�x�� ���k�b�k�l�_�f�Z�l�b�q�_�k�d�m�x���� �q�Z�k�l�v�� �h�r�b�[�d�b��

�D�E�J�� �i�h�� �\�k�_�c�� �i�e�h�s�Z�^�b�� �N�R�� ���l�h�q�g�_�_���� �i�h�� �\�k�_�f�� �d�h�g�l�j�h�e�v�g�u�f�� �k�l�j�m�d�l�m�j�Z�f�����± 

�p�_�g�l�j�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���� �Z�� ���1�/�O 
 
�o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �j�Z�a�[�j�h�k�� �b�a�f�_�j�_�g�g�u�o�� �a�g�Z�q�_�g�b�c��l i 

�h�l�g�h�k�b�l�_�e�v�g�h���p�_�g�l�j�Z���j�Z�k�i�j�_�^�_�e�_�g�b�y�����L�Z�d�b�f���h�[�j�Z�a�h�f�����a�g�Z�q�_�g�b�_��MTT�/�O �h�l�\�_�q�Z�_�l��

�a�Z�� �i�h�e�h�`�_�g�b�_�� �p�_�g�l�j�Z�� �k�m�f�f�Z�j�g�h�]�h�� �h�d�g�Z�� �i�j�h�p�_�k�k�Z�� �i�h�� �h�k�b�� �^�h�a�u���� �Z�� ���1�/�O �± �a�Z�� �_�]�h��

�i�e�h�s�Z�^�v���d�Z�d���j�_�a�m�e�v�l�Z�l���i�_�j�_�d�j�u�l�b�y���h�[�e�Z�k�l�_�c���m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c���i�j�h�i�_�q�Z�l�d�b��

�\�k�_�o�� �k�l�j�m�d�l�m�j���� �i�_�j�_�g�h�k�b�f�u�o�� �\�� �j�_�a�b�k�l�� �\�� �i�j�h�p�_�k�k�_�� �i�j�h�_�d�p�b�h�g�g�h�c��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b (�J�b�k����2.���[). 

�I�j�b���h�^�g�h�\�j�_�f�_�g�g�h�f���m�f�_�g�v�r�_�g�b�b���r�b�j�b�g�u���\�k�_�o���d�h�g�l�j�h�e�v�g�u�o���k�l�j�m�d�l�m�j��

�b�f�_�_�l�k�y�� �g�_�d�h�l�h�j�h�_�� �_�_�� �f�b�g�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_���� �i�j�b�� �d�h�l�h�j�h�f�� �g�_�� �k�m�s�_�k�l�\�m�_�l��

�h�d�g�Z���i�j�h�p�_�k�k�Z���k���l�j�_�[�m�_�f�u�f���j�Z�a�[�j�h�k�h�f���^�h�a�u�����g�Z�i�j�b�f�_�j�����������������i�h�k�d�h�e�v�d�m���i�j�b��

�m�f�_�g�v�r�_�g�b�b�� �j�Z�a�f�_�j�h�\�� �j�b�k�m�g�d�Z�� �g�Z�� �N�R�� �h�[�e�Z�k�l�v�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c��

�i�j�h�i�_�q�Z�l�d�b�����i�h�f�b�f�h���k�f�_�s�_�g�b�y���\�g�b�a���\�^�h�e�v���h�k�b���^�h�a�u�����i�j�_�l�_�j�i�_�\�Z�_�l���b�a�f�_�g�_�g�b�_��

�n�h�j�f�u�� ���J�b�k����2.7�Z������ �E�b�f�b�l�� �h�^�g�h�\�j�_�f�_�g�g�h�]�h�� �m�\�_�e�b�q�_�g�b�y�� �d�h�g�l�j�h�e�v�g�u�o��

�w�e�_�f�_�g�l�h�\�� �N�R�� �l�_�k�g�h�� �k�\�y�a�Z�g�� �k�� �\�_�j�o�g�_�c8 �]�j�Z�g�b�p�_�c�� �^�b�Z�i�Z�a�h�g�Z�� �^�h�a��

�b�k�i�h�e�v�a�m�_�f�h�]�h���j�_�a�b�k�l�Z�����k�f�����L�Z�[�e������.  

                                                             
8 �A�^�_�k�v�����d�Z�d���b���\�u�r�_�����b�^�_�l���j�_�q�v���h���j�b�k�m�g�d�_���k���l�_�f�g�u�f���l�h�g�h�f���d�h�^�b�j�m�_�f�h�]�h���w�e�_�f�_�g�l�Z�����D�Z�d��
�i�j�Z�\�b�e�h�����w�l�h���l�h�i�h�e�h�]�b�y���Z�d�l�b�\�g�u�o���h�[�e�Z�k�l�_�c�����a�Z�l�\�h�j�g�h�]�h���k�e�h�y�����Z�e�x�f�b�g�b�_�\�h�c���f�_�l�Z�e�e�b�a�Z�p�b�b����
�<���k�e�m�q�Z�_���j�b�k�m�g�d�Z���k�h���k�\�_�l�e�u�f���l�h�g�h�f���d�h�^�b�j�m�_�f�h�]�h���w�e�_�f�_�g�l�Z�����d�h�g�l�Z�d�l�u�����i�_�j�_�o�h�^�g�u�_��
�h�l�\�_�j�k�l�b�y�����f�_�^�g�Z�y���f�_�l�Z�e�e�b�a�Z�p�b�y�����k�b�l�m�Z�p�b�y���i�j�y�f�h���i�j�h�l�b�\�h�i�h�e�h�`�g�Z�� 
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�Z�� 

�[�� 
�J�b�k����2.7. 

�Z) �k�f�_�s�_�g�b�_���h�[�e�Z�k�l�b���m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c���i�j�h�i�_�q�Z�l�d�b���k���h�^�g�h�\�j�_�f�_�g�g�u�f��
�k�m�`�_�g�b�_�f���i�h���h�k�b���^�h�a�u���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���\�_�e�b�q�b�g�u���/�O���\���f�Z�k�r�l�Z�[�_���r�Z�[�e�h�g�Z���i�j�b��
�m�f�_�g�v�r�_�g�b�b���j�Z�a�f�_�j�Z���i�_�j�b�h�^�b�q�_�k�d�h�c���d�h�g�l�j�h�e�v�g�h�c���k�l�j�m�d�l�m�j�u���k���i�_�j�b�h�^�h�f���S��� ��
���������g�f���b���r�b�j�b�g�h�c���l�_�f�g�h�c���e�b�g�b�b�����g�h�f�b�g�Z�e�� l � �����������g�f�����L�j�_�[�m�_�f�u�c��
�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c���D�E�J���± �������g�f���“���������d�h�w�n�n�b�p�b�_�g�l���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���0��� ����; 
 
�[�����j�Z�k�o�h�`�^�_�g�b�_�� �h�[�e�Z�k�l�_�c���m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c�� �i�j�h�i�_�q�Z�l�d�b���� �h�[�m�k�e�h�\�e�_�g�g�h�_��
�g�_�i�e�h�k�d�h�k�l�g�h�k�l�v�x�� �i�h�^�e�h�`�d�b�� �N�R�� �b�� �d�h�g�_�q�g�h�c�� �h�^�g�h�j�h�^�g�h�k�l�v�x�� �����1�/�O���� �h�r�b�[�d�b��
�D�E�J���g�Z���N�R���^�e�y���i�_�j�b�h�^�b�q�_�k�d�b�o���d�h�g�l�j�h�e�v�g�u�o���k�l�j�m�d�l�m�j���k���i�_�j�b�h�^�h�f���S��� �����������g�f��
�b���r�b�j�b�g�h�c���l�_�f�g�h�c���e�b�g�b�b�����g�h�f�b�g�Z�e����l = ���������g�f�����L�j�_�[�m�_�f�u�c���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c��
�D�E�J���± �������g�f���“���������0��� ����  
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�G�_�i�e�h�k�d�h�k�l�g�h�k�l�v�� �N�R���/h �i�j�b�\�h�^�b�l�� �d�� �j�Z�k�o�h�`�^�_�g�b�x�� �h�[�e�Z�k�l�_�c��

�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�c�� �i�j�h�i�_�q�Z�l�d�b�� �i�h�� �h�k�b�� �^�_�n�h�d�m�k�b�j�h�\�d�b�� ���J�b�k����2.���[���� �b���� �d�Z�d��

�k�e�_�^�k�l�\�b�_�����m�f�_�g�v�r�_�g�b�x���r�b�j�b�g�u���h�d�g�Z���i�j�h�p�_�k�k�Z�� 

�>�e�y�� �k�h�k�l�Z�\�e�_�g�b�y�� �h�p�_�g�h�q�g�h�c�� �n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �\�� �q�Z�k�l�b��

�l�j�_�[�h�\�Z�g�b�c�� �d�� �g�_�i�e�h�k�d�h�k�l�g�h�k�l�b�� �i�h�^�e�h�`�d�b�� �N�R�� �b�� �^�h�i�m�k�d�Z�f�� �g�Z�� �d�j�b�l�b�q�_�k�d�b�c��

�e�b�g�_�c�g�u�c�� �j�Z�a�f�_�j�� �g�Z�� �N�R���[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �k�_�j�b�y �f�g�h�]�h�n�Z�d�l�h�j�g�u�o��

�\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �j�_�Z�e�b�a�m�x�s�b�o�� �f�h�^�_�e�b�j�h�\�Z�g�b�_��

�n�h�j�f�b�j�h�\�Z�g�b�y�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b�� �h�^�b�g�h�q�g�u�o�� �b�� �]�j�m�i�i�h�\�u�o�� �e�b�g�_�c�q�Z�l�u�o��

�k�l�j�m�d�l�m�j�� �^�e�y�� �g�_�d�h�l�h�j�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �\�_�e�b�q�b�g�� �^�h�a�u�� �b�� �^�_�n�h�d�m�k�b�j�h�\�d�b�����k��

�Z�g�Z�e�b�a�h�f�� �r�b�j�b�g�u �k�m�f�f�Z�j�g�h�]�h�� �h�d�g�Z�� �i�j�h�p�_�k�k�Z�� �i�j�b�� �\�Z�j�v�b�j�m�_�f�u�o�� �n�Z�d�l�h�j�Z�o 

MTT�/�O�������1�/�O �b���/h�����I�h���i�j�b�q�b�g�_���l�h�]�h�����q�l�h���k�l�_�i�_�g�v���\�e�b�y�g�b�y���h�r�b�[�h�d���n�Z�a�u��EAPSM-

�r�Z�[�e�h�g�h�\���g�Z���d�Z�q�_�k�l�\�h���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z���a�g�Z�q�b�l�_�e�v�g�h���g�b�`�_�����b�o���m�q�_�l��

�i�j�h�b�a�\�h�^�b�e�k�y �h�l�^�_�e�v�g�h�� 

�I�Z�j�Z�f�_�l�j�u���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�j�b�\�_�^�_�g�u���\���L�Z�[�e�b�p�_������. 

�D�h�j�j�_�d�l�g�u�c���i�h�^�[�h�j�� �i�Z�j�Z�f�_�l�j�h�\���h�k�\�_�l�b�l�_�e�y���b���n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h���k�l�_�d�Z��

�y�\�e�y�_�l�k�y�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�c�� �a�Z�^�Z�q�_�c���� �f�_�l�h�^�u�� �j�_�r�_�g�b�y�� �d�h�l�h�j�h�c�� �h�[�k�m�`�^�Z�e�b�k�v�� �\��

�i�j�_�^�u�^�m�s�b�o�� �j�Z�a�^�_�e�Z�o�� �^�Z�g�g�h�c�� �]�e�Z�\�u�� �b�� �\�� �j�Z�[�h�l�Z�o��[19, 55]. �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v�� �b�a�h�e�b�j�h�\�Z�g�g�u�_�� �b�� �]�j�m�i�i�h�\�u�_�� �e�b�g�b�b�� �h�^�g�h�]�h�� �g�Z�i�j�Z�\�e�_�g�b�y����

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���l�j�_�[�h�\�Z�g�b�y�f���b�a���L�Z�[�e�b�p�u���� �h�l�g�h�k�b�l�_�e�v�g�h���l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��

�i�j�h�p�_�k�k�Z�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f���� �i�h�w�l�h�f�m�� �[�u�e�� �\�u�[�j�Z�g�� �l�b�i�� �h�k�\�_�l�b�l�_�e�y��

�©Dipole�ª, �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�c�� �i�h�^�� �e�b�g�b�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �i�_�j�b�h�^�Z����

�B�k�i�h�e�v�a�h�\�Z�e�h�k�v �©�i�h�e�g�h�_�ª�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���n�h�j�f�b�j�h�\�Z�g�b�y�� �N�J�F �\�� �K�:�I�J��

�©S-Litho�ª. �I�Z�j�Z�f�_�l�j�u�� �j�_�a�b�k�l�Z�����g�_�h�[�o�h�^�b�f�u�_ �i�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �a�Z�k�\�_�l�d�b����

�l�_�j�f�h�h�[�j�Z�[�h�l�h�d���b���i�j�h�y�\�e�_�g�b�y�����i�j�b�\�_�^�_�g�u���\���I�j�b�e�h�`�_�g�b�b 1. 

�<��ITRS [79] �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���h�[�m�k�e�h�\�e�_�g�g�u�c���n�h�l�h�r�Z�[�e�h�g�h�f���\�d�e�Z�^��

�\�� �^�h�i�m�k�d�� �g�Z�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c�� �D�E�J���� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� ���������� �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_��

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v �^�h�i�m�s�_�g�b�_���� �q�l�h�� �\�d�e�Z�^�u�� �n�h�l�h�r�Z�[�e�h�g�Z�� �b�� �m�k�l�Z�g�h�\�h�d��

�w�d�k�i�h�g�b�j�h�\�Z�g�b�y�� �b�� �h�[�j�Z�[�h�l�d�b�� �j�Z�\�g�u���� �i�h�w�l�h�f�m�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�h�\�h�^�b�e�h�k�v �\��

�i�j�_�^�i�h�e�h�`�_�g�b�b���“�������^�h�i�m�k�d�Z���g�Z���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�c���D�E�J���� 
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�L�Z�[�e�b�p�Z��10. �I�Z�j�Z�f�_�l�j�u���\�u�q�b�k�e�b�l�_�e�v�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���h�i�j�_�^�_�e�_�g�b�x���l�j�_�[�h�\�Z�g�b�c���d���^�h�i�m�k�d�Z�f���g�Z���D�E�J���b��
�g�_�i�e�h�k�d�h�k�l�g�h�k�l�v���N�R���d�j�b�l�b�q�_�k�d�b�o���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�e�h�_�\���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f  

�L�_�k�l�h�\�u�_���j�b�k�m�g�d�b �N�h�l�h�j�_�a�b�k�l�b�\�g�u�c���k�l�_�d �I�j�h�_�d�p�b�h�g�g�Z�y��
�k�b�k�l�_�f�Z 

�L�j�_�[�h�\�Z�g�b�y���d��
�n-�j���f�Z�k�d�_ 

�=�j�m�i�i�h�\�u�_���e�b�g�b�b�� 

 
ldense � �����������g�f����p � �����������g�f. 

�H�^�b�g�h�q�g�u�_���e�b�g�b�b�� 

 
l iso = 280 �g�f; w = 80 �g�f;  
s1 = 340 �g�f; s2 = 380 �g�f. 
 
�>�e�y���l�_�f�g�u�o���w�e�_�f�_�g�l�h�\�� 
�d�h�w�n�����i�j�h�i�m�k�d�Z�g�b�y��t = 0,06 
�m�]�h�e���k�^�\�b�]�Z���n�Z�a�u���3��� ���������ƒ 

�F�Z�l�_�j�b�Z�e �L�h�e�s�b�g�Z n k 

����� �����������g�f�� 
NA = 0,88; 

M=4; 
�H�k�\�_�l�b�l�_�e�v�� 

 
�1�\�g�_�r = 0,85; 
�1�\�g�m�l�j = 0,75; 

�.��� �������ƒ 

�D�E�J��� ���������g�f�“������ 
DOF �•�����������g�f�� 

EL = 7% 

�N�h�l�h�j�_�a�b�k�l ���������g�f 1,75 0,005 

BARC �������g�f 1,82 0,34 

�D�j�_�f�g�b�c - 0,88 2,78 
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�G�Z�� �J�b�k�� 2.8. �b�a�h�[�j�Z�`�_�g�h�� �k�m�f�f�Z�j�g�h�_�� �h�d�g�h�� �i�j�h�p�_�k�k�Z�� �^�e�y��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �h�^�b�g�h�q�g�u�o�� �b�� �]�j�m�i�i�h�\�u�o�� �k�l�j�m�d�l�m�j���� �Z�� �l�Z�d�`�_��

�m�^�h�\�e�_�l�\�h�j�y�x�s�Z�y�� �i�j�b�\�_�^�_�g�g�u�f�� �\���L�Z�[�e�b�p�_ 10 �m�k�e�h�\�b�y�f�� �h�[�e�Z�k�l�v�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� �\�Z�j�v�b�j�m�_�f�u�o�� �n�Z�d�l�h�j�h�\ MTT�/�O���� ���1�/�O �b���/h���� �d�h�l�h�j�Z�y�� �\�� �i�_�j�\�h�f��

�i�j�b�[�e�b�`�_�g�b�b���h�i�b�k�u�\�Z�_�l�k�y���g�_�j�Z�\�_�g�k�l�\�h�f�� 

1
3
3

000

�d����
h
h

MTT
MTT ll

�G
�G

�V
�V �G�G

,       (2.9) 

�]�^�_��MTT0���� ���10 �b���/h0 �± �f�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �d�Z�`�^�h�]�h�� �b�a�� �\�Z�j�v�b�j�m�_�f�u�o��

�n�Z�d�l�h�j�h�\���i�j�b���j�Z�\�g�u�o���g�m�e�x���h�k�l�Z�e�v�g�u�o�� 

�>�e�y�� �i�j�b�[�e�b�`�_�g�g�h�c�� �h�p�_�g�d�b�� �^�h�i�m�k�d�h�\�� �g�Z�� �D�E�J �g�Z�� �N�R �b��

�g�_�i�e�h�k�d�h�k�l�g�h�k�l�v���^�h�k�l�Z�l�h�q�g�h���h�i�j�_�^�_�e�b�l�v���l�j�b���m�d�Z�a�Z�g�g�u�o���i�Z�j�Z�f�_�l�j�Z���b���\�u�[�j�Z�l�v��

�g�Z�b�[�h�e�_�_���i�h�^�o�h�^�y�s�m�x���l�h�q�d�m���\���h�[�e�Z�k�l�b���^�h�i�m�k�l�b�f�u�o���a�g�Z�q�_�g�b�c��MTT�/�O�������1�/�O �b���/h. 

�H�p�_�g�d�Z�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�\�_�^�_�g�g�u�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\��

�i�h�d�Z�a�u�\�Z�_�l�����q�l�h��MTT0�����§���������g�f�������10 �§ 6,5 �g�f�����/h0 �§�����������g�f�����L�Z�d�b�f���h�[�j�Z�a�h�f�����^�e�y��

�l�_�o�g�h�e�h�]�b�b�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f�� �i�j�b�_�f�e�_�f�u�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �^�h�i�m�k�d�h�\�� �g�Z��

�D�E�J�� �b�� �g�_�i�e�h�k�d�h�k�l�g�h�k�l�v�� �N�R�� �f�h�]�m�l�� �k�q�b�l�Z�l�v�k�y����MTT�/�O, �” 5 �g�f���� ���1�/�O �” 2,7 �g�f����

�/h �” 250 �g�f���� �q�l�h�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �g�_�d�h�l�h�j�h�_�� �k�o�h�^�k�l�\�h�� �k�� �^�Z�g�g�u�f�b����

�i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b���\��ITRS-2007 [79] (�k�f�����L�Z�[�e������)�����K�l�h�e�v���g�b�a�d�h�_���a�g�Z�q�_�g�b�_�����1�/�O 

�h�[�m�k�e�h�\�e�_�g�h�� �l�_�f���� �q�l�h�� �\�� �k�h�k�l�Z�\�_�� �l�_�k�l�h�\�u�o�� �j�b�k�m�g�d�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v��

�h�^�b�g�h�q�g�u�_���e�b�g�b�b�� 

 

2.4�������������L�j�_�[�h�\�Z�g�b�y���d���n�Z�a�h�\�h�f�m���k�e�h�x���N�R 

�I�j�b�\�_�^�_�g�g�u�_���\��ITRS �l�j�_�[�h�\�Z�g�b�y���d���i�Z�j�Z�f�_�l�j�Z�f���n�Z�a�h�k�^�\�b�]�Z�x�s�_�]�h���k�e�h�y��

EAPSM �r�Z�[�e�h�g�h�\�� ���L�Z�[�e��11���� �f�_�g�y�x�l�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f��

�l�_�o�g�h�e�h�]�b�b�� �h�q�_�g�v�� �g�_�a�g�Z�q�b�l�_�e�v�g�h���� �<�� �j�Z�[�h�l�Z�o��[91, 92] �i�h�^�j�h�[�g�h�� �b�a�m�q�_�g��

�f�_�o�Z�g�b�a�f���\�e�b�y�g�b�y���i�h�]�j�_�r�g�h�k�l�_�c���n�Z�a�u���b���d�h�w�n�n�b�p�b�_�g�l�Z���i�j�h�i�m�k�d�Z�g�b�y��EAPSM 

�r�Z�[�e�h�g�h�\�� �g�Z�� �d�Z�q�_�k�l�\�h�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �H�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �i�j�b��

�\�h�a�j�Z�k�l�Z�g�b�b�� �q�b�k�e�h�\�h�c�� �Z�i�_�j�l�m�j�u�� �\�e�b�y�g�b�_�� �n�Z�a�h�\�h�c�� �h�r�b�[�d�b�� �m�f�_�g�v�r�Z�_�l�k�y���� �b��

�i�j�_�^�e�Z�]�Z�x�l�k�y�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �n�Z�a�h�\�u�f�� �k�e�h�y�f�� �^�e�y�� �N�R�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f����

�������g�f���b���������g�f�����a�g�Z�q�b�l�_�e�v�g�h���h�k�e�Z�[�e�_�g�g�u�_���i�h���k�j�Z�\�g�_�g�b�x���k���l�j�_�[�h�\�Z�g�b�y�f�b��ITRS.   
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�J�b�k. 2.8. �K�m�f�f�Z�j�g�h�_���h�d�g�h���i�j�h�p�_�k�k�Z�����Z�����^�e�y���l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j���b�a���L�Z�[�e��10 �b��
�h�[�e�Z�k�l�v���^�h�i�m�k�l�b�f�u�o���a�g�Z�q�_�g�b�c���n�Z�d�l�h�j�h�\��MTT�/�O�������1�/�O �b���/h ���[�������g�_���i�j�b�\�h�^�y�s�b�o���d��
�g�Z�j�m�r�_�g�b�x���l�j�_�[�h�\�Z�g�b�c���d���e�b�l�h�]�j�Z�n�b�q�_�k�d�h�f�m���D�E�J  
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�L�Z�[�e�b�p�Z��11�����L�j�_�[�h�\�Z�g�b�y���,�7�5�6���d���n�Z�a�h�\�h�f�m���k�e�h�x���(�$�3�6�0-�r�Z�[�e�h�g�h�\�� 

�I�j�h�_�d�l�g�u�_��
�g�h�j�f�u�����g�f 

�>�h�i�m�k�d���g�Z���d�h�w�n����
�i�j�h�i�m�k�d�Z�g�b�y��

(MTT �����������p�_�e�_�\�h�]�h��
�a�g�Z�q�_�g�b�y 

�>�h�i�m�k�d���g�Z���d�h�w�n����
�i�j�h�i�m�k�d�Z�g�b�y�������1), % 
�p�_�e�_�\�h�]�h���a�g�Z�q�_�g�b�y 

�>�h�i�m�k�d���g�Z���h�r�b�[�d�m��
�k�^�\�b�]�Z���n�Z�a�u��

(MTT �����ƒ 

�>�h�i�m�k�d���g�Z���h�r�b�[�d�m��
�k�^�\�b�]�Z���n�Z�a�u�������1�����ƒ 

180-130 5 4 4  
90 5 4 3  
65 4 4 3  

45-28 4 3 3 3 
 

 
�L�Z�[�e�b�p�Z����2�����L�b�i�h�\�Z�y���h�p�_�g�h�q�g�Z�y���k�i�_�p�b�n�b�d�Z�p�b�y���g�Z���N�R���d�j�b�l�b�q�_�k�d�b�o���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�e�h�_�\���^�e�y���l�_�o�g�h�e�h�]�b�b��
�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�����k�h�k�l�Z�\�e�_�g�g�Z�y���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h���\���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_���f�_�l�h�^�Z, �\��
�k�j�Z�\�g�_�g�b�b���k���^�Z�g�g�u�f�b��ITRS-2007 [79] 

 
�L�h�q�g�h�k�l�v��

�j�Z�k�i�h�e�h�`�_-
�g�b�y��

�w�e�_�f�_�g�l�h�\��
�l�h�i�h�e�h�]�b�b��
�N�R�����g�f 

�>�h�i�m�k�d���g�Z���D�E�J 

�G�_�i�e�h�k-
�d�h�k�l�g�h�k�l�v��
�i�h�^�e�h�`�d�b��
�N�R�����g�f 

�J�Z�a�f�_�j 
�g�_�^�h�i�m-
�k�l�b�f�h�]�h��

�^�_�n�_�d�l�Z���g�Z��
�N�R�����g�f 

�L�j�_�[�h�\�Z�g�b�y���d���n�Z�a�h�\�h�f�m���k�e�h�x��EAPSM9 
�G�h�f����

�j�Z�a�f�_�j��
�k�l�j�m�d-
�l�m�j�u��
�D�E�J����
�g�f 

�F�L�L����
�g�f 

3�1, 
�g�f 

�M�]�h�e��
�k�^�\�b�]�Z��
�n�Z�a�u����

�g�h�f�b�g�Z�e����
�ƒ 

�D�h�w�n����
�i�j�h�i�m�k�d�Z-

�g�b�y����
�g�h�f�b�g�Z�e����

% 

�>�h�i�m�k�d���g�Z��
�d�h�w�n����

�i�j�h�i�m�k�d�Z-
�g�b�y����MTT ), 

�����g�h�f�� 

�>�h�i�m�k�d��
�g�Z���d�h�w�n����
�i�j�h�i�m�k-
�d�Z�g�b�y��
(3�1), % 

�g�h�f�� 

�>�h�i�m�k�d��
�g�Z��

�h�r�b�[�d�m��
�k�^�\�b�]�Z��
�n�Z�a�u��

(MTT �����ƒ 

�j�Z�k�q�_�l 9 
260 

5 2,7 250 50 
180 0,6 4 4 3 ITRS-

2007 7,8 5,2 2,6(iso) 250 52 

 

                                                             
9 �>�e�y���g�h�j�f�b�j�h�\�Z�g�b�y���i�Z�j�Z�f�_�l�j�h�\ �n�Z�a�h�\�h�]�h���k�e�h�y���\���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_���b�k�i�h�e�v�a�h�\�Z�e�b�k�v���j�_�d�h�f�_�g�^�Z�p�b�b��ITRS-2007 
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�L�_�f�� �g�_�� �f�_�g�_�_�����i�j�b�� �k�h�k�l�Z�\�e�_�g�b�b�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z��EAPSM �r�Z�[�e�h�g�u��

�j�_�d�h�f�_�g�^�m�_�l�k�y���b�k�i�h�e�v�a�h�\�Z�l�v���l�j�_�[�h�\�Z�g�b�y��ITRS. �<���^�Z�e�v�g�_�c�r�_�f���h�g�b���f�h�]�m�l���[�u�l�v��

�h�k�e�Z�[�e�_�g�u���\���i�j�h�p�_�k�k�_���k�h�]�e�Z�k�h�\�Z�g�b�y���k�i�_�p�b�n�b�d�Z�p�b�b���k���i�j�h�b�a�\�h�^�b�l�_�e�_�f���N�R. 

 

2.4.3. �L�b�i�h�\�Z�y���h�p�_�g�h�q�g�Z�y���k�i�_�p�b�n�b�d�Z�p�b�y���g�Z���N�R���d�j�b�l�b�q�_�k�d�b�o��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�e�h�_�\���^�e�y���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f 

�<�� �L�Z�[�e����2 �k�\�_�^�_�g�u�� �h�k�g�h�\�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �N�R��

�d�j�b�l�b�q�_�k�d�b�o���e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�e�h�_�\���i�j�h�_�d�l�g�u�o���g�h�j�f�������� �g�f�����h�i�j�_�^�_�e�_�g�g�u�_���k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h���f�_�l�h�^�Z�� 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h���\�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �g�_�� �m�q�b�l�u�\�Z�e�k�y �j�y�^�� �n�Z�d�l�h�j�h�\����

�\�h�h�[�s�_�� �]�h�\�h�j�y���� �h�d�Z�a�u�\�Z�x�s�b�o�� �g�_�d�h�l�h�j�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �d�Z�q�_�k�l�\�h��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �G�Z�i�j�b�f�_�j���� �a�^�_�k�v�� �g�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v�� �\�d�e�Z�^�u�� �\��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �^�h�i�m�k�d�b�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �l�h�e�s�b�g�u�� �a�Z�s�b�l�g�h�c�� �i�e�_�g�d�b��

���i�_�e�e�b�d�e�Z������ �[�e�b�d�h�\�� �g�Z�� �]�j�Z�g�y�o�� �N�R���� �Z�[�_�j�j�Z�p�b�c�� �i�j�h�_�d�p�b�h�g�g�h�]�h�� �h�[�t�_�d�l�b�\�Z����

�h�r�b�[�h�d�� �p�_�g�l�j�b�j�h�\�Z�g�b�y�� �h�k�\�_�l�b�l�_�e�y���� �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��

�b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�� �l���^���� �L�_�f�� �g�_�� �f�_�g�_�_���� �i�j�_�^�e�h�`�_�g�g�u�c�� �f�_�l�h�^�� �i�h�a�\�h�e�y�_�l��

�i�j�h�b�a�\�_�k�l�b�� �\�i�h�e�g�_�� �Z�^�_�d�\�Z�l�g�m�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�\��

�n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �h�k�g�h�\�_�� �a�Z�j�Z�g�_�_�� �b�a�\�_�k�l�g�u�o�� �l�j�_�[�h�\�Z�g�b�c�� �d��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�f���i�j�h�p�_�k�k�Z�f��  
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�<�u�\�h�^�u���i�h���=�e�Z�\�_���� 

1. �>�e�y�� �j�Z�k�q�_�l�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z��

ASML PAS 5500/1150C���� �l�j�_�[�m�_�f�u�o�� �i�j�b�� �e�b�l�h�]�j�Z�n�b�b�� �a�Z�l�\�h�j�g�u�o�� �k�e�h�_�\��

�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�����Z���l�Z�d�`�_���i�Z�j�Z�f�_�l�j�h�\���k�l�j�m�d�l�m�j��SRAF �[�u�e�h���i�j�_�^�e�h�`�_�g�h��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �m�i�j�h�s�_�g�g�h�c�� �f�h�^�_�e�b�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �h�k�g�h�\�Z�g�g�h�c��

�g�Z�� �Z�g�Z�e�b�a�_�� �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �h�k�g�h�\�g�u�o�� �l�b�i�h�\�� �]�j�m�i�i�h�\�u�o�� �e�b�g�b�c����

�b�k�i�h�e�v�a�m�_�f�u�o�� �\�� �a�Z�l�\�h�j�g�u�o�� �k�e�h�y�o�� �m�d�Z�a�Z�g�g�u�o�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f���� �b��

�d�Z�e�b�[�j�m�x�s�_�c�k�y�� �g�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\�e�_�g�g�u�c�� �f�b�g�b�f�Z�e�v�g�u�c��

�h�l�j�Z�[�Z�l�u�\�Z�_�f�u�c���i�h�e�m�i�_�j�b�h�^���j�b�k�m�g�d�Z���\���j�_�a�b�k�l�_�����l���g�������y�d�h�j�g�m�x�����k�l�j�m�d�l�m�j�m���� 

2. �G�Z�� �h�k�g�h�\�_�� �i�j�_�^�e�h�`�_�g�g�h�c�� �f�h�^�_�e�b�� �k�� �m�q�_�l�h�f�� �m�k�e�h�\�b�c�� �b��

�h�k�h�[�_�g�g�h�k�l�_�c�� �i�j�h�p�_�k�k�Z���:�H�� ���F�b�d�j�h�g���� �j�Z�k�k�q�b�l�Z�g�u�� �i�Z�j�Z�f�_�l�j�u�� �h�i�l�b�q�_�k�d�h�c��

�k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z��ASML PAS 5500/1150C (NA = 0,75; �1in = 0,60, �1out = 0,85, 

�. = �����ƒ������ �h�i�l�b�f�Z�e�v�g�u�_�� �i�j�b�� �e�b�l�h�]�j�Z�n�b�b�� �a�Z�l�\�h�j�g�h�]�h�� �k�e�h�y�� �l�_�o�g�h�e�h�]�b�b��

�i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�� 

3. �K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�_�^�e�h�`�_�g�g�h�c�� �f�h�^�_�e�b���i�j�_�^�\�Z�j�b�l�_�e�v�g�h��

�h�i�j�_�^�_�e�_�g�u�� �i�Z�j�Z�f�_�l�j�u�� �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o��

�l�h�i�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j��SRAF ���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u):  

�x w = 28 �g�f���� �j�Z�k�i�h�e�h�`�_�g�b�_�� �\�� �p�_�g�l�j�Z�o�� �i�j�h�f�_�`�m�l�d�h�\�� �f�_�`�^�m��

�h�k�g�h�\�g�u�f�b���e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l�������� �g�f���^�h�������� �g�f; 

�x w = 36 �g�f����s = 180 �g�f���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l�������� �g�f���b���[�h�e�_�_. 

�I �j�b�f�_�g�_�g�b�_���m�d�Z�a�Z�g�g�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �k�l�j�m�d�l�m�j���i�j�b�� �h�i�l�b�f�Z�e�v�g�u�o��

�g�Z�k�l�j�h�c�d�Z�o �h�i�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �k�d�Z�g�_�j�Z�� �i�h�a�\�h�e�y�_�l ���k�h�]�e�Z�k�g�h�� �b�k�i�h�e�v�a�m�_�f�h�c��

�f�h�^�_�e�b�� �^�h�k�l�b�q�v�� �]�e�m�[�b�g�u�� �n�h�d�m�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� �[�h�e�_�_�� ��������

�g�f�� �^�e�y���a�Z�l�\�h�j�g�h�]�h�� �k�e�h�y �k�� �b�k�d�e�x�q�_�g�b�_�f�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�h�i�_�q�Z�l�d�b�� �w�e�_�f�_�g�l�h�\��

SRAF. 

4. �I�h�k�j�_�^�k�l�\�h�f �©�i�h�e�g�h�]�h�ª �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� �i�j�h�\�_�^�_�g�� �Z�g�Z�e�b�a �\�d�e�Z�^�Z���^�h�i�m�k�d�h�\���g�Z�� �i�Z�j�Z�f�_�l�j�u���N�R �\��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�m�x���i�h�]�j�_�r�g�h�k�l�v���� �q�l�h�� �i�h�a�\�h�e�b�e�h �k�h�k�l�Z�\�b�l�v���h�p�_�g�h�q�g�m�x��

�k�i�_�p�b�n�b�d�Z�p�b�x���g�Z���N�R���a�Z�l�\�h�j�g�h�]�h���k�e�h�y���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f. 
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�=�e�Z�\�Z���������J�:�A�J�:�;�H�L�D�:���I�J�H�P�?�>�M�J���J�:�K�K�L�:�G�H�<�D�B��SRAF �B 

�D�:�E�B�;�J�H�<�D�:���D�H�F�I�:�D�L�G�U�O���F�H�>�?�E�?�C���N�H�J�F�B�J�H�<�:�G�B�Y��

�D�H�G�L�M�J�:���N�H�L�H�J�?�A�B�K�L�B�<�G�H�C���F�:�K�D�B 

�<�� �k�h�k�l�Z�\�_�� �j�Z�[�h�l�� �i�h�� �k�h�a�^�Z�g�b�x��OPC-�j�_�r�_�g�b�y�� �^�e�y�� �d�j�b�l�b�q�_�k�d�b�o�� �k�e�h�_�\��

�l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f���j�Z�a�j�Z�[�h�l�d�Z���i�j�h�p�_�^�m�j���j�Z�k�k�l�Z�g�h�\�d�b��SRAF �b��

�d�Z�e�b�[�j�h�\�d�Z�� �d�h�f�i�Z�d�l�g�u�o�� �f�h�^�_�e�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �N�J�F�� �y�\�e�y�x�l�k�y��

�\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�f�b�� �w�l�Z�i�Z�f�b���� �h�k�g�h�\�Z�g�g�u�f�b�� �g�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �i�h�� �i�j�h�i�_�q�Z�l�d�_��

�k�i�_�p�b�Z�e�v�g�u�o�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� �\�� �m�k�e�h�\�b�y�o�� �j�_�Z�e�v�g�h�]�h�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��

�i�j�h�p�_�k�k�Z���� �G�Z�� �h�k�g�h�\�_�� �j�_�a�m�e�v�l�Z�l�h�\���d�h�f�i�e�_�d�k�Z���i�j�h�\�h�^�b�f�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\ �b��

�b�a�f�_�j�_�g�b�c���i�j�b�g�b�f�Z�x�l�k�y���j�_�r�_�g�b�y���h���i�j�b�]�h�^�g�h�k�l�b���l�_�o���b�e�b���b�g�u�o���d�h�g�n�b�]�m�j�Z�p�b�c��

�g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o�� �k�l�j�m�d�l�m�j, �Z�� �l�Z�d�`�_�� �g�Z�k�l�j�Z�b�\�Z�x�l�k�y��

�d�h�f�i�Z�d�l�g�u�_�� �f�h�^�_�e�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �N�J�F���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_�� �^�e�y��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �i�j�h�p�_�k�k�_�� �d�h�j�j�_�d�p�b�b�� �w�n�n�_�d�l�h�\�� �h�i�l�b�q�_�k�d�h�c�� �[�e�b�a�h�k�l�b�� �g�Z��

�i�h�e�g�h�j�Z�a�f�_�j�g�h�c���l�h�i�h�e�h�]�b�b���b�a�^�_�e�b�y�� 

�<�� �g�Z�k�l�h�y�s�_�c���]�e�Z�\�_ �h�i�b�k�u�\�Z�_�l�k�y�� �j�Z�a�j�Z�[�h�l�d�Z�� �i�j�h�p�_�^�m�j�u�� �j�Z�a�f�_�s�_�g�b�y��

SRAF �b���d�Z�e�b�[�j�h�\�d�Z�� �h�i�l�b�q�_�k�d�b�o���b�� �n�h�l�h�j�_�a�b�k�l�b�\�g�u�o�� �d�h�f�i�Z�d�l�g�u�o�� �f�h�^�_�e�_�c����

�j�_�Z�e�b�a�h�\�Z�g�g�u�o�� �\�� �K�:�I�J Mentor Graphics Calibre, �\�� �i�j�b�f�_�g�_�g�b�b�� �d���a�Z�l�\�h�j�g�u�f��

�k�e�h�y�f �K�;�B�K���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f�� 

3.1. �J�Z�a�j�Z�[�h�l�d�Z���d�Z�e�b�[�j�h�\�h�q�g�h�]�h �n�h�l�h�r�Z�[�e�h�g�Z �b���b�a�]�h�l�h�\�e�_�g�b�_���l�_�k�l�h�\�u�o��

�k�l�j�m�d�l�m�j 

�<�� �d�Z�q�_�k�l�\�_���d�Z�e�b�[�j�h�\�h�q�g�u�o �y�q�_�_�d�� �^�e�y���g�Z�k�l�j�h�c�d�b���i�Z�j�Z�f�_�l�j�h�\��

�h�i�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �b���d�Z�e�b�[�j�h�\�d�b���d�h�f�i�Z�d�l�g�u�o�� �f�h�^�_�e�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y��

�d�h�g�l�m�j�Z�� �N�J�F �b�k�i�h�e�v�a�m�x�l�k�y�� �f�Z�l�j�b�p�u���� �k�h�^�_�j�`�Z�s�b�_���[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h��

�l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �n�b�]�m�j���� �h�l�j�Z�`�Z�x�s�b�o�� �j�Z�a�g�h�h�[�j�Z�a�g�u�_ �d�h�g�n�b�]�m�j�Z�p�b�b �j�b�k�m�g�d�Z, 

�\�k�l�j�_�q�Z�x�s�b�_�k�y�� �\�� �j�_�Z�e�v�g�h�f�� �^�b�a�Z�c�g�_�����;�h�e�v�r�m�x�� �q�Z�k�l�v�� �w�l�h�]�h�� �g�Z�[�h�j�Z�� �n�b�]�m�j��

�k�h�k�l�Z�\�e�y�x�l�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�_�� �©�i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�_�� �l�_�k�l�h�\�u�_�� �i�Z�l�l�_�j�g�u�ª���� �g�_��

�b�f�_�x�s�b�_�� �k�o�_�f�h�l�_�o�g�b�q�_�k�d�h�c�� �n�m�g�d�p�b�b���� �g�h�� �i�h�a�\�h�e�y�x�s�b�_���b�f�b�l�b�j�h�\�Z�l�v��

�n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �w�e�_�f�_�g�l�u�� �^�b�a�Z�c�g�Z. �I�j�b�f�_�j�� �i�j�h�k�l�_�c�r�_�c�� �l�_�k�l�h�\�h�c�� �y�q�_�c�d�b 
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�i�j�_�^�k�l�Z�\�e�_�g�� �g�Z���J�b�k�����������[���� �K�h�\�j�_�f�_�g�g�u�_�� �K�:�I�J�� �b�f�_�x�l�� �\�h�a�f�h�`�g�h�k�l�v��

�]�_�g�_�j�Z�p�b�b�� �l�Z�d�b�o�� �f�Z�l�j�b�p �d�Z�d�� �k�� �i�h�f�h�s�v�x�� �\�g�m�l�j�_�g�g�b�o�� �k�p�_�g�Z�j�b�_�\���� �l�Z�d�� �b�� �g�Z��

�h�k�g�h�\�_���k�d�j�b�i�l�h�\�h�]�h���h�i�b�k�Z�g�b�y�����i�h�^�]�h�l�h�\�e�_�g�g�h�]�h���j�Z�a�j�Z�[�h�l�q�b�d�h�f���2�3�&�� 

�<�� �p�_�e�y�o�� �g�Z�k�l�j�h�c�d�b�� �b�� �d�Z�e�b�[�j�h�\�d�b�� �h�i�l�b�q�_�k�d�h�c�� �b�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c��

�f�h�^�_�e�_�c���� �g�_�h�[�o�h�^�b�f�u�o�� �^�e�y�� �j�Z�k�q�_�l�Z�� �l�h�i�h�e�h�]�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b���a�Z�l�\�h�j�g�h�]�h��

�k�e�h�y, �Z�� �l�Z�d�`�_�� �^�e�y�� �m�l�h�q�g�_�g�b�y�� �i�j�Z�\�b�e�� �j�Z�k�k�l�Z�g�h�\�d�b�� �k�l�j�m�d�l�m�j��SRAF, �[�u�e��

�j�Z�a�j�Z�[�h�l�Z�g���d�Z�e�b�[�j�h�\�h�q�g�u�c �N�R���©LITHO90-65�ª���� �\�d�e�x�q�Z�x�s�b�c���\�� �k�\�h�c�� �k�h�k�l�Z�\��

�j�y�^���l�h�i�h�e�h�]�b�q�_�k�d�b�o �f�h�^�m�e�_�c�� �\�� �q�Z�k�l�g�h�k�l�b, �f�h�^�m�e�b�� �©DENSE_LINES�ª, 

�©PULLBACKS�ª�� (�J�b�k������1), �\�Z�e�b�^�Z�p�b�h�g�g�u�c�� �f�h�^�m�e�v���©SLOTS�ª�� (�J�b�k������2) �b��

�f�h�^�m�e�v�� �©SRAF_TEST�ª (�J�b�k������3)���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c�� �^�e�y���i�j�h�\�_�j�d�b �i�j�Z�\�b�e 

�j�Z�k�k�l�Z�g�h�\�d�b��SRAF �g�Z���h�^�b�g�h�q�g�u�o���b���i�_�j�b�h�^�b�q�_�k�d�b�o���w�e�_�f�_�g�l�Z�o���l�h�i�h�e�h�]�b�b�� 

�L�h�i�h�e�h�]�b�y�� �f�h�^�m�e�y �©DENSE_LINES�ª (�J�b�k������1�Z�����i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�f�Z�l�j�b�p�m�����k�h�^�_�j�`�Z�s�m�x���h�d�h�e�h������������ �i�_�j�b�h�^�b�q�_�k�d�b�o (�©pitch�ª) �b���b�a�h�e�b�j�h�\�Z�g�g�u�o��

(�©iso�ª) �e�b�g�_�c�q�Z�l�u�o�� �k�l�j�m�d�l�m�j���� �R�b�j�b�g�Z�� �h�^�b�g�h�q�g�u�o�� �e�b�g�b�c�� �\�Z�j�v�b�j�m�_�l�k�y�� �\��

�^�b�Z�i�Z�a�h�g�_�������·���������g�f���k���r�Z�]�h�f�������g�f�����H�k�g�h�\�g�Z�y���f�Z�k�k�Z���b�a�f�_�j�b�l�_�e�v�g�u�o���k�l�j�m�d�l�m�j��

�f�h�^�m�e�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �g�Z�[�h�j�u�� �i�_�j�b�h�^�b�q�_�k�d�b�o�� �e�b�g�b�c�� �r�b�j�b�g�h�c�� �����·��������

�g�f�� �k�� �r�Z�]�h�f�� ���� �g�f���� �I�_�j�b�h�^���e�b�g�b�c���\�Z�j�v�b�j�m�_�l�k�y�� �k�� �r�Z�]�h�f�� ���� �g�f�� �\�� �^�b�Z�i�Z�a�h�g�_��

�������·���������� �g�f�� �^�e�y�� �e�b�g�b�c�� �r�b�j�b�g�h�c�� �^�h���������� �g�f�� �\�d�e�x�q�b�l�_�e�v�g�h���� �>�e�y�� �h�k�l�Z�e�v�g�u�o��

�k�l�j�m�d�l�m�j�� �i�_�j�b�h�^�� �\�Z�j�v�b�j�m�_�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� ��l+10���·10������ �g�f�� �k�� �r�Z�]�h�f�� ���� �g�f (l �± 

�r�b�j�b�g�Z�� �e�b�g�b�b������ �B�a�f�_�j�b�l�_�e�v�g�u�_�� �k�l�j�m�d�l�m�j�u�� �q�_�j�_�^�m�x�l�k�y �k�h�� �\�k�l�Z�\�d�Z�f�b�� �^�e�y��

�[�m�d�\�_�g�g�u�o�� �h�[�h�a�g�Z�q�_�g�b�c�� �k�l�h�e�[�p�h�\�� �b�� �f�Z�j�d�_�j�Z�f�b�� �^�e�y�� �k�d�Z�g�b�j�m�x�s�_�]�h��

�w�e�_�d�l�j�h�g�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z�� �J�Z�a�f�_�j���f�h�^�m�e�y �k�h�k�l�Z�\�e�y�_�l���������î������ �f�d�f�� �<�k�_��

�j�Z�a�f�_�j�u�� �i�j�b�\�_�^�_�g�u�� �\�� �f�Z�k�r�l�Z�[�_�� �i�e�Z�k�l�b�g�u�� �F�h�^�m�e�v �©DENSE_LINES�ª 

�i�j�b�k�m�l�k�l�\�m�_�l�� �\�� �k�h�k�l�Z�\�_�� �N�R���©LITHO90-�����ª �\�� �i�j�y�f�h�f�� �b�� �b�g�\�_�j�l�b�j�h�\�Z�g�g�h�f��

�\�Z�j�b�Z�g�l�Z�o�� 

�L�h�i�h�e�h�]�b�y�� �f�h�^�m�e�y �©PULLBACKS�ª (�J�b�k������1�[���� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�f�Z�l�j�b�p�m���� �k�h�^�_�j�`�Z�s�m�x��200 �k�l�j�m�d�l�m�j�� �l�b�i�Z���©�\�k�l�j�_�q�g�u�_�� �e�b�g�b�b�� �k�� �a�Z�a�h�j�h�f�ª 

(�©lineend�ª, �©dense_lineend�ª)���� �R�b�j�b�g�Z�� �e�b�g�b�c�� �\�Z�j�v�b�j�m�_�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� �����·��������

�g�f���k���r�Z�]�h�f�������g�f�����F�h�^�m�e�v���k�h�^�_�j�`�b�l���i�_�j�b�h�^�b�q�_�k�d�b�_���b�a�f�_�j�b�l�_�e�v�g�u�_���k�l�j�m�d�l�m�j�u��

(dense_lineend) �k���k�h�h�l�g�h�r�_�g�b�y�f�b���©�r�b�j�b�g�Z���a�Z�a�h�j���\�k�l�j�_�q�g�u�c���a�Z�a�h�j�ª����������������1:2:1,  
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�J�b�k����3.1. �N�R���©LITHO90-�����ª�����d�Z�e�b�[�j�h�\�h�q�g�u�_���l�h�i�h�e�h�]�b�q�_�k�d�b�_���f�h�^�m�e�b�� 
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_���^�e�y���g�Z�k�l�j�h�c�d�b���b���d�Z�e�b�[�j�h�\�d�b���h�i�l�b�q�_�k�d�h�c���b���j�_�a�b�k�l�b�\�g�h�c��
�f�h�^�_�e�_�c�� 

�Z) �f�h�^�m�e�v �©DENSE_LINES�ª�� 
 
�[) �f�h�^�m�e�v �©PULLBACKS�ª  
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1:1:2 �b�� ������������ �i�h�� ������ �r�l���� �d�Z�`�^�h�]�h�� �\�b�^�Z���� �Z�� �l�Z�d�`�_�� �b�a�h�e�b�j�h�\�Z�g�g�u�_��(lineend) �k��

�k�h�h�l�g�h�r�_�g�b�y�f�b���©�r�b�j�b�g�Z���\�k�l�j�_�q�g�u�c �a�Z�a�h�j�ª�����������b�����������i�h���������r�l���� 

�B�a�f�_�j�b�l�_�e�v�g�u�_�� �k�l�j�m�d�l�m�j�u�� �q�_�j�_�^�m�x�l�k�y �k�� �f�Z�j�d�_�j�Z�f�b�� �^�e�y��

�k�d�Z�g�b�j�m�x�s�_�]�h�� �w�e�_�d�l�j�h�g�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z�����J�Z�a�f�_�j���f�h�^�m�e�y �k�h�k�l�Z�\�e�y�_�l��

�������î���� �f�d�f�� �<�k�_�� �j�Z�a�f�_�j�u�� �i�j�b�\�_�^�_�g�u�� �\�� �f�Z�k�r�l�Z�[�_�� �i�e�Z�k�l�b�g�u�� �F�h�^�m�e�v��

�©PULLBACKS�ª �i�j�b�k�m�l�k�l�\�m�_�l�� �\�� �k�h�k�l�Z�\�_�� �N�R���©LITHO90-�����ª �\�� �i�j�y�f�h�f�� �b��

�b�g�\�_�j�l�b�j�h�\�Z�g�g�h�f���\�Z�j�b�Z�g�l�Z�o�� 

�F�h�^�m�e�v�� �©SRAF_TEST�ª (�J�b�k������2) �i�j�_�^�k�l�Z�\�e�_�g�� �\�� �\�b�^�_�� �f�Z�l�j�b�p�u�� �b�a��

�h�^�b�g�h�q�g�u�o�� �b�� �i�_�j�b�h�^�b�q�_�k�d�b�o�� �e�b�g�_�c�q�Z�l�u�o���l�_�k�l�h�\�u�o �k�l�j�m�d�l�m�j���� �R�b�j�b�g�Z��

�h�k�g�h�\�g�u�o���e�b�g�b�c�� �\�k�_�o���k�l�j�m�d�l�m�j���k�h�k�l�Z�\�e�y�_�l�� ������ �g�f���� �I�_�j�b�h�^���e�b�g�b�c���\�Z�j�v�b�j�m�_�l�k�y��

�\���^�b�Z�i�Z�a�h�g�_��34���·58�����g�f���k���r�Z�]�h�f��6�����g�f�����\���d�Z�`�^�h�c �k�l�j�h�d�_���i�_�j�b�h�^ �g�_���f�_�g�y�_�l�k�y��. 

�H�^�b�g�h�q�g�u�_�� �k�l�j�m�d�l�m�j�u �b�� �i�_�j�b�h�^�b�q�_�k�d�b�_�� �k�l�j�m�d�l�m�j�u�� �k�� �i�_�j�b�h�^�h�f�� �������� �g�f 

�k�h�^�_�j�`�Z�l�� �w�e�_�f�_�g�l�u��SRAF �k�� �d�Z�`�^�h�c�� �k�l�h�j�h�g�u�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u���k��

�r�b�j�b�g�Z�f�b�����\�Z�j�v�b�j�m�_�f�u�f�b���\���^�b�Z�i�Z�a�h�g�_�������·�������g�f���k���r�Z�]�h�f�������g�f �b���j�Z�k�k�l�h�y�g�b�_�f��

�^�h�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u���� �\�Z�j�v�b�j�m�_�f�u�f�� �\�� �^�b�Z�i�Z�a�h�g�_��100�·220 �g�f�� �k�� �r�Z�]�h�f��

40 �g�f. �H�k�l�Z�e�v�g�u�_�� �i�_�j�b�h�^�b�q�_�k�d�b�_�� �k�l�j�m�d�l�m�j�u�� �k�h�^�_�j�`�Z�l �\�� �k�_�j�_�^�b�g�_�� �d�Z�`�^�h�]�h��

�i�j�h�f�_�`�m�l�d�Z �i�h���h�^�g�h�f�m���w�e�_�f�_�g�l�m��SRAF �k���r�b�j�b�g�h�c�����\�Z�j�v�b�j�m�_�f�h�c���\���^�b�Z�i�Z�a�h�g�_��

�����·������ �g�f�� �k�� �r�Z�]�h�f�� ���� �g�f. �J�Z�a�f�_�j���f�h�^�m�e�y �k�h�k�l�Z�\�e�y�_�l�� �������î93 �f�d�f���� �L�_�k�l�h�\�u�_��

�k�l�j�m�d�l�m�j�u���q�_�j�_�^�m�x�l�k�y���k�h���\�k�l�Z�\�d�Z�f�b���^�e�y���[�m�d�\�_�g�g�u�o���h�[�h�a�g�Z�q�_�g�b�c���k�l�h�e�[�p�h�\�����Z��

�l�Z�d�`�_���f�Z�j�d�_�j�Z�f�b���^�e�y���k�d�Z�g�b�j�m�x�s�_�]�h���w�e�_�d�l�j�h�g�g�h�]�h���f�b�d�j�h�k�d�h�i�Z. �<�k�_���j�Z�a�f�_�j�u��

�i�j�b�\�_�^�_�g�u�� �\�� �f�Z�k�r�l�Z�[�_�� �i�e�Z�k�l�b�g�u�� �>�Z�g�g�u�c�� �f�h�^�m�e�v�� �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y��

�m�l�h�q�g�_�g�b�y�� �i�j�Z�\�b�e �j�Z�k�k�l�Z�g�h�\�d�b�� �6�5�$�)�� �d�Z�d�� �^�e�y�� �b�a�h�e�b�j�h�\�Z�g�g�u�o�����l�Z�d�� �b��

�i�_�j�b�h�^�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j�� �D�j�h�f�_�� �l�h�]�h���� �f�h�^�m�e�v�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�� �i�j�b��

�d�Z�e�b�[�j�h�\�d�_���h�i�l�b�q�_�k�d�h�c���b���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�_�c�� 

�F�h�^�m�e�v�� �©SLOTS�ª (�J�b�k������3) �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �f�Z�l�j�b�p�m�� �^�\�m�f�_�j�g�u�o��

�\�Z�e�b�^�Z�p�b�h�g�g�u�o �k�l�j�m�d�l�m�j���l�b�i�Z���©�r�b�g�Z���\���a�Z�a�h�j�_�ª�����R�b�j�b�g�Z���r�b�g�u��l �\�Z�j�v�b�j�m�_�l�k�y��

�\���^�b�Z�i�Z�a�h�g�_�������·1�������g�f���k���r�Z�]�h�f�������g�f�����R�b�j�b�g�Z���a�Z�a�h�j�Z���\�Z�j�v�b�j�m�_�l�k�y���\���^�b�Z�i�Z�a�h�g�_��

l�·��l+���������� �g�f �k�� �r�Z�]�h�f�� ���� �g�f���� �<�k�_�]�h�� �f�h�^�m�e�v�� �k�h�^�_�j�`�b�l�� ���������� �k�l�j�m�d�l�m�j�����J�Z�a�f�_�j��

�f�h�^�m�e�y �k�h�k�l�Z�\�e�y�_�l���������î������ �f�d�f���� �L�_�k�l�h�\�u�_�� �k�l�j�m�d�l�m�j�u�� �q�_�j�_�^�m�x�l�k�y�� �k�h��

�\�k�l�Z�\�d�Z�f�b���^�e�y���[�m�d�\�_�g�g�u�o���h�[�h�a�g�Z�q�_�g�b�c��  
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�J�b�k����3.2. �N�R���©LITHO90-�����ª�����l�h�i�h�e�h�]�b�q�_�k�d�b�c���f�h�^�m�e�v���©SRAF_TEST�ª, 
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y���h�l�j�Z�[�h�l�d�b���f�_�l�h�^�b�d���j�Z�k�k�l�Z�g�h�\�d�b���k�l�j�m�d�l�m�j��SRAF �g�Z��
�h�^�b�g�h�q�g�u�o���b���i�_�j�b�h�^�b�q�_�k�d�b�o���w�e�_�f�_�g�l�Z�o���l�h�i�h�e�h�]�b�b�����F�h�`�_�l���l�Z�d�`�_��
�b�k�i�h�e�v�a�h�\�Z�l�v�k�y���i�j�b���g�Z�k�l�j�h�c�d�_���b���d�Z�e�b�[�j�h�\�d�_���h�i�l�b�q�_�k�d�h�c���b���j�_�a�b�k�l�b�\�g�h�c��
�f�h�^�_�e�_�c   
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�J�b�k����3.3. �N�R���©LITHO90-�����ª�����l�h�i�h�e�h�]�b�q�_�k�d�b�c���f�h�^�m�e�v���©SLOTS�ª, 
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y���\�Z�e�b�^�Z�p�b�b���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�b  
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�k�l�h�e�[�p�h�\���� �Z�� �l�Z�d�`�_�� �f�Z�j�d�_�j�Z�f�b���^�e�y�� �k�d�Z�g�b�j�m�x�s�_�]�h�� �w�e�_�d�l�j�h�g�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z. 

�<�k�_���j�Z�a�f�_�j�u���i�j�b�\�_�^�_�g�u���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u�� 

 

 

�K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���N�R�� �©LITHO90-�����ª, �\�u�i�h�e�g�_�g�g�h�]�h �i�h��

�k�h�k�l�Z�\�e�_�g�g�h�c�� �\�� �j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� ���i�������������k�i�_�p�b�n�b�d�Z�p�b�b�����[�u�e�b��

�i�j�h�b�a�\�_�^�_�g�u�� �i�j�h�i�_�q�Z�l�d�b���g�Z �k�d�Z�g�_�j�_ ASML PAS 5500/1150C �k�� �g�Z�k�l�j�h�c�d�Z�f�b����

�h�i�j�_�^�_�e�_�g�g�u�f�b���\�u�r�_�� ���k�f���� �i�������������� �H�i�l�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h��

�k�l�_�d�Z�� �i�j�b�\�_�^�_�g�u���\�� �L�Z�[�e�b�p�_ 13���� �W�d�k�i�h�a�b�p�b�b�� �i�j�h�b�a�\�h�^�b�e�b�k�v �g�Z��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�h�c���©�p�_�g�l�j�Z�e�v�g�h�c�ª �^�h�a�_�����h�i�l�b�f�Z�e�v�g�h�c �^�e�y��

�i�j�h�j�Z�[�h�l�d�b�� �©�y�d�h�j�g�h�]�h�ª�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �w�e�_�f�_�g�l�Z �������� �f�>�`���k�f2), �Z�� �l�Z�d�`�_�� �k��

�\�Z�j�b�Z�p�b�_�c���^�h�a�u���\���^�b�Z�i�Z�a�h�g�_���“������  �k���r�Z�]�h�f��5% �h�l�g�h�k�b�l�_�e�v�g�h���©�p�_�g�l�j�Z�e�v�g�h�]�h�ª 

�a�g�Z�q�_�g�b�y �b���^�_�n�h�d�m�k�b�j�h�\�d�b���\���^�b�Z�i�Z�a�h�g�_���“���������g�f���k���r�Z�]�h�f���������g�f���h�l�g�h�k�b�l�_�e�v�g�h��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �g�Z�k�l�j�h�_�g�g�h�]�h�� �©�g�m�e�y�ª. �B�a�f�_�j�_�g�b�y�� �e�b�g�_�c�g�u�o�� �j�Z�a�f�_�j�h�\��

�l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j���i�j�h�b�a�\�h�^�b�e�b�k�v���g�Z CD-SEM �©Hitachi CS���������ª. 

�L�Z�[�e�b�p�Z����3. �H�i�l�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h���k�l�_�d�Z (�i�j�b����� ���������g�f) 
 �D�h�w�n�����i�j�_�e�h�f�e�_�g�b�y����n �D�h�w�n�����i�h�]�e�h�s�_�g�b�y����k �L�h�e�s�b�g�Z����t (�g�f)  

�N�h�l�h�j�_�a�b�k�l 1,698 0,023 185 �g�f 
BARC 1,82 0,34 75 �g�f 
�I�h�^�e�h�`�d�Z 1,6 3,97 - 
 

3.2. �I�j�h�\�_�j�d�Z���b���d�h�j�j�_�d�p�b�y���j�_�d�h�f�_�g�^�Z�p�b�c���d���i�Z�j�Z�f�_�l�j�Z�f SRAF �i�h��

�j�_�a�m�e�v�l�Z�l�Z�f���i�j�h�i�_�q�Z�l�d�b���l�_�k�l�h�\�h�]�h���f�h�^�m�e�y���©�6�5�$�)�B�7�(�6�7�ª 

�G�Z�� �w�l�Z�i�_�� �i�_�j�\�h�g�Z�q�Z�e�v�g�h�]�h�� �i�h�^�[�h�j�Z�� �h�i�l�b�f�Z�e�v�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��

�g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���k�l�j�m�d�l�m�j��SRAF ���i���������� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v��

�i�j�b�[�e�b�`�_�g�g�u�_�� �f�h�^�_�e�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b �i�h��

�i�h�k�l�h�y�g�g�h�f�m�� �i�h�j�h�]�m�� �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �J�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_��

�l�Z�d�b�f���f�_�l�h�^�h�f�����l�j�_�[�m�x�l���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���i�j�h�\�_�j�d�b���b�����i�j�b���g�_�h�[�o�h�^�b�f�h�k�l�b����

�^�Z�e�v�g�_�c�r�_�c���d�h�j�j�_�d�p�b�b���� 



 111 
 

�<�� �i�j�h�p�_�k�k�_�� �i�j�h�\�_�j�d�b�� �b�� �d�h�j�j�_�d�l�b�j�h�\�d�b�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �d�� �i�Z�j�Z�f�_�l�j�Z�f��

SRAF �b�k�k�e�_�^�h�\�Z�e�b�k�v���k�l�j�m�d�l�m�j�u���f�h�^�m�e�y���©SRAF_TEST�ª (�J�b�k������2�������i�h�e�m�q�_�g�g�u�_��

�i�j�b���i�j�h�i�_�q�Z�l�d�Z�o���N�R���©LITHO90-�����ª�����h�i�b�k�Z�g�g�u�o���\�u�r�_ ���i����������.  

�G�Z���J�b�k������4-3.6 �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �\��

�\�b�^�_�� �i�j�h�p�_�k�k�g�u�o�� �h�d�h�g��SRAF �\�� �d�h�h�j�^�b�g�Z�l�Z�o�� �©�^�_�n�h�d�m�k�b�j�h�\�d�Z-�^�h�a�Z�ª�� �^�e�y��

�g�_�d�h�l�h�j�u�o���k�l�j�m�d�l�m�j���f�h�^�m�e�y���©SRAF_TEST�ª. 

�K�b�l�m�Z�p�b�y�����i�j�b�� �d�h�l�h�j�h�c���k�l�j�m�d�l�m�j�Z��SRAF �h�k�l�Z�\�e�y�_�l�� �k�e�_�^�u�� �i�j�b��

�i�j�h�i�_�q�Z�l�d�_�� �\�� �j�_�a�b�k�l�_�� �b�e�b�� �i�j�h�i�_�q�Z�l�u�\�Z�_�l�k�y���i�h�e�g�h�k�l�v�x���� �k�q�b�l�Z�_�l�k�y��

�g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� ���J�b�k������4�Z������ �I�j�b�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�o�� �k�e�_�^�Z�o��

SRAF �\�� �j�_�a�b�k�l�_�� �j�_�a�m�e�v�l�Z�l�� �f�h�`�_�l�� �k�q�b�l�Z�l�v�k�y�� �i�j�b�_�f�e�_�f�u�f�� �i�h�� �i�j�b�q�b�g�_�� �b�o��

�i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h���g�_�[�h�e�v�r�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �^�Z�e�v�g�_�c�r�b�c�� �i�j�h�p�_�k�k�� �l�j�Z�\�e�_�g�b�y��

�i�h�e�b�d�j�_�f�g�b�y10. 

�D�Z�d�� �m�`�_�� �m�d�Z�a�u�\�Z�e�h�k�v�� �j�Z�g�_�_���� �\�k�_�� �k�l�j�m�d�l�m�j�u�� �\�� �b�k�k�e�_�^�m�_�f�h�f�� �f�h�^�m�e�_��

�i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c�� �e�b�g�b�b�� ���b�a�h�e�b�j�h�\�Z�g�g�u�_�� �b�e�b�� �i�_�j�b�h�^�b�q�_�k�d�b�_���� �r�b�j�b�g�h�c��

80 �g�f���� �I�j�b�� �Z�g�Z�e�b�a�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v��

�h�l�^�_�e�v�g�h�� �e�b�g�b�b�� �k�� �i�_�j�b�h�^�h�f�� �������·520 �g�f�� �b�� �h�^�g�b�f�� �w�e�_�f�_�g�l�h�f��SRAF �\�� �p�_�g�l�j�_��

�a�Z�a�h�j�Z�� ���J�b�k������4�[������ �e�b�g�b�b�� �k�� �i�_�j�b�h�^�h�f�� �������� �g�f�� �b�� �h�^�g�b�f�� �w�e�_�f�_�g�l�h�f��SRAF �g�Z 

�d�Z�`�^�m�x�� �k�l�h�j�h�g�m�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u�� ���J�b�k������5������ �Z�� �l�Z�d�`�_�� �b�a�h�e�b�j�h�\�Z�g�g�u�_��

�e�b�g�b�b (�J�b�k������6). 

�I�j�b�� �i�h�^�[�h�j�_�� �h�i�l�b�f�Z�e�v�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��SRAF �g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v��

�j�y�^���i�j�h�l�b�\�h�j�_�q�Z�s�b�o���^�j�m�]���^�j�m�]�m���l�j�_�[�h�\�Z�g�b�c�����g�Z�o�h�^�y���f�_�`�^�m���g�b�f�b���\�h�a�f�h�`�g�u�c��

�d�h�f�i�j�h�f�b�k�k�����L�Z�d�����g�Z�i�j�b�f�_�j�����m�\�_�e�b�q�_�g�b�_���r�b�j�b�g�u���k�l�j�m�d�l�m�j�u��SRAF �i�h�\�u�r�Z�_�l��

�_�_�� �\�d�e�Z�^�� �\�� �j�Z�k�r�b�j�_�g�b�_�� �i�j�h�p�_�k�k�g�h�]�h�� �h�d�g�Z�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u��[93]���� �h�^�g�Z�d�h��

�i�j�b�\�h�^�b�l���d���k�m�`�_�g�b�x���i�j�h�p�_�k�k�g�h�]�h���h�d�g�Z���k�Z�f�h�c���k�l�j�m�d�l�m�j�u��SRAF ���m�f�_�g�v�r�Z�_�l�k�y��

�^�b�Z�i�Z�a�h�g�� �a�g�Z�q�_�g�b�c�� �^�h�a�u�� �b�� �^�_�n�h�d�m�k�b�j�h�\�d�b���� �i�j�b�� �d�h�l�h�j�u�o�� �k�l�j�m�d�l�m�j�u��SRAF �g�_��

�i�j�h�j�Z�[�Z�l�u�\�Z�x�l�k�y���\���j�_�a�b�k�l�_�������I�h�o�h�`�Z�y���k�b�l�m�Z�p�b�y���\�h�a�g�b�d�Z�_�l���i�j�b���m�f�_�g�v�r�_�g�b�b�� 

  

                                                             
10 �K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���g�Z���^�Z�g�g�h�c���k�l�Z�^�b�b���b�k�k�e�_�^�h�\�Z�g�b�y���w�d�k�i�_�j�b�f�_�g�l�u���i�h���l�j�Z�\�e�_�g�b�x��
�i�h�e�b�d�j�_�f�g�b�y���g�_���i�j�h�\�h�^�b�e�b�k�v�����Z���k�e�h�b���n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h �k�l�_�d�Z �g�Z�g�h�k�b�e�b�k�v �g�Z���©�]�h�e�u�_�ª��
�d�j�_�f�g�b�_�\�u�_�����������f�f���i�e�Z�k�l�b�g�u 
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�Z) 
 

w = 24�g�f p=340�g�f 

 

w = 32�g�f p=340�g�f 

 

w = 40�g�f p=340�g�f 

 
w = 24�g�f p=400�g�f 

 

w = 32�g�f p=400�g�f 

 

w = 40�g�f p=400�g�f 

 
w = 24�g�f p=460�g�f 

 

w = 32�g�f p=460�g�f 

 

w = 40�g�f p=460�g�f 

 
w = 24�g�f p=520�g�f 

 

w = 32�g�f p=520�g�f 

�[) 

w = 40�g�f p=520�g�f 

 
�J�b�k����3.4. �J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z �i�h���i�j�h�\�_�j�d�_���i�_�j�\�h�g�Z�q�Z�e�v�g�u�o��
�j�_�d�h�f�_�g�^�Z�p�b�c���d���i�Z�j�Z�f�_�l�j�Z�f��SRAF ���h�k�g�h�\�g�Z�y���k�l�j�m�d�l�m�j�Z���± �i�_�j�b�h�^�b�q�_�k�d�b�_��
�e�b�g�b�b���k���r�b�j�b�g�h�c���������g�f���b���i�_�j�b�h�^�h�f���������·���������g�f��������SRAF �\���p�_�g�l�j�_���a�Z�a�h�j�Z �± 
�l���g�����©�i�h�e�m-SRAF�ª):  

�Z�����h�k�g�h�\�g�Z�y���k�l�j�m�d�l�m�j�Z���± �i�_�j�b�h�^�b�q�_�k�d�b�_ �e�b�g�b�b���k���r�b�j�b�g�h�c���������g�f���b���i�_�j�b�h�^�h�f��
���������g�f��������SRAF w = 40 �g�f���\���p�_�g�l�j�_���a�Z�a�h�j�Z�����g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c��
�j�_�a�m�e�v�l�Z�l (�ûE=-5% �g�h�f�������ûF=-100�g�f�������i�j�b�_�f�e�_�f�u�c���j�_�a�m�e�v�l�Z�l�����ûE=+5% �g�h�f������
�ûF=-100�g�f�������m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�c���j�_�a�m�e�v�l�Z�l�����ûE=+5% �g�h�f���� �ûF=0�g�f); 
�[) �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���h�i�j�_�^�_�e�_�g�g�u�_���i�j�h�p�_�k�k�g�u�_���h�d�g�Z��SRAF  
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w = 24�g�f, s = 100 �g�f, p=580�g�f 

 

w = 32�g�f, s = 100 �g�f, p=580�g�f 

 

w = 40�g�f, s = 100 �g�f, p=580�g�f 

 
w = 24�g�f, s = 140 �g�f, p=580�g�f 

 

w = 32�g�f, s = 140 �g�f, p=580�g�f 

 

w = 40�g�f, s = 140 �g�f, p=580�g�f 

 
w = 24�g�f, s = 180 �g�f, p=580�g�f 

 

w = 32�g�f, s = 180 �g�f, p=580�g�f 

 

w = 40�g�f, s = 180 �g�f, p=580�g�f 

 
w = 24�g�f, s = 220 �g�f, p=580�g�f 

 

  

 
 

�J�b�k����3.5. �J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z �i�h���i�j�h�\�_�j�d�_���i�_�j�\�h�g�Z�q�Z�e�v�g�u�o��
�j�_�d�h�f�_�g�^�Z�p�b�c���d���i�Z�j�Z�f�_�l�j�Z�f��SRAF (�h�k�g�h�\�g�Z�y���k�l�j�m�d�l�m�j�Z���± �i�_�j�b�h�^�b�q�_�k�d�b�_��
�e�b�g�b�b���k���r�b�j�b�g�h�c���������g�f���b���i�_�j�b�h�^�h�f��580 �g�f�����i�h������SRAF �k���d�Z�`�^�h�c���k�l�h�j�h�g�u��
�e�b�g�b�b���h�k�g�h�\�g�h�c���k�l�j�m�d�l�m�j�u): �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���h�i�j�_�^�_�e�_�g�g�u�_���i�j�h�p�_�k�k�g�u�_��
�h�d�g�Z��SRAF   
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w = 24�g�f, s = 100 �g�f, iso 

 

w = 32�g�f, s = 100 �g�f, iso 

 

w = 40�g�f, s = 100 �g�f, iso 

 
w = 24�g�f, s = 140 �g�f, iso 

 

w = 32�g�f, s = 140 �g�f, iso 

 

w = 40�g�f, s = 140 �g�f, iso 

 
w = 24�g�f, s = 180 �g�f, iso 

 

w = 32�g�f, s = 180 �g�f, iso 

 

w = 40�g�f, s = 180 �g�f, iso 

 

w = 24�g�f, s = 220 �g�f, iso 

 

w = 32�g�f, s = 220 �g�f, iso 

 

w = 40�g�f, s = 220 �g�f, iso 

 
 

 

 

�J�b�k����3.6. �J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z �i�h���i�j�h�\�_�j�d�_���i�_�j�\�h�g�Z�q�Z�e�v�g�u�o��
�j�_�d�h�f�_�g�^�Z�p�b�c���d���i�Z�j�Z�f�_�l�j�Z�f��SRAF (�h�k�g�h�\�g�Z�y���k�l�j�m�d�l�m�j�Z���± �b�a�h�e�b�j�h�\�Z�g�g�u�_��
�e�b�g�b�b���r�b�j�b�g�h�c���������g�f�����i�h������SRAF �k���d�Z�`�^�h�c���k�l�h�j�h�g�u���e�b�g�b�b���h�k�g�h�\�g�h�c��
�k�l�j�m�d�l�m�j�u): �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���h�i�j�_�^�_�e�_�g�g�u�_���i�j�h�p�_�k�k�g�u�_���h�d�g�Z��SRAF   
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�j�Z�k�k�l�h�y�g�b�c�� �h�l�� �k�l�j�m�d�l�m�j�u��SRAF �^�h�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u���� �b�e�b�� �j�Z�k�k�l�h�y�g�b�c��

�f�_�`�^�m���k�h�k�_�^�g�b�f�b���k�l�j�m�d�l�m�j�Z�f�b��SRAF (�J�b�k������5). 

�:�g�Z�e�b�a���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���i�j�h�i�_�q�Z�l�d�b���l�_�k�l�h�\�h�]�h���f�h�^�m�e�y��

�©SRAF_TEST�ª �i�h�a�\�h�e�b�e�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �b�� �^�h�i�h�e�g�b�l�v�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_��

�j�Z�g�_�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �i�Z�j�Z�f�_�l�j�Z�f���g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o��

�l�h�i�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j���6�5�$�) �k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 

�x w = 24 �g�f���� �j�Z�k�i�h�e�h�`�_�g�b�_�� �\�� �p�_�g�l�j�Z�o�� �i�j�h�f�_�`�m�l�d�h�\�� �f�_�`�^�m�� �h�k�g�h�\�g�u�f�b��

�e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�Z���e�b�g�b�c���h�l�������� �g�f���^�h����20 �g�f�� 

�x w = 32 �g�f���� �j�Z�k�i�h�e�h�`�_�g�b�_�� �\�� �p�_�g�l�j�Z�o�� �i�j�h�f�_�`�m�l�d�h�\�� �f�_�`�^�m�� �h�k�g�h�\�g�u�f�b��

�e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�Z���e�b�g�b�c���h�l�������� �g�f���^�h�������� �g�f�� 

�x w = 24 �g�f����s = 120 �g�f���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l����80 �g�f���^�h�������� �g�f�� 

�x w = 32 �g�f����s = 140 �g�f���± �^�e�y���j�Z�k�k�l�h�y�g�b�c���f�_�`�^�m���h�k�g�h�\�g�u�f�b���k�l�j�m�d�l�m�j�Z�f�b��

�h�l��540 �^�h��620 �g�f; 

�x w = 36 �g�f����s = 180 �g�f���± �^�e�y���j�Z�k�k�l�h�y�g�b�c���f�_�`�^�m���h�k�g�h�\�g�u�f�b���k�l�j�m�d�l�m�j�Z�f�b��

�h�l�������� �g�f���b���[�h�e�_�_�����Z���l�Z�d�`�_���^�e�y���d�j�Z�_�\�u�o���k�l�j�m�d�l�m�j�� 

�x �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �w�e�_�f�_�g�l�h�f��SRAF �b�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�h�c���� �Z�� �l�Z�d�`�_��

�f�_�`�^�m�� �k�h�k�_�^�g�b�f�b�� �w�e�_�f�_�g�l�Z�f�b��SRAF �g�_�� �^�h�e�`�g�h�� �[�u�l�v�� �f�_�g�_�_ ������ �g�f�� ���\��

�q�Z�k�l�g�h�k�l�b�����i�h�k�e�_���i�j�h�\�_�^�_�g�b�y���i�j�h�p�_�^�m�j�u��OPC) 

�x �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �r�b�j�b�g�Z���w�e�_�f�_�g�l�Z�� �h�k�g�h�\�g�h�c�� �l�h�i�h�e�h�]�b�b���� �^�e�y�� �d�h�l�h�j�h�]�h��

�k�l�Z�\�b�l�k�y���6�5�$�), �± ���������g�f�� 

�<�k�_���j�Z�a�f�_�j�u���\���i�����������i�j�b�\�_�^�_�g�u���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u�� 

�Y�\�e�y�_�l�k�y�� �p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� �i�h�\�l�h�j�g�h�_�� �i�j�h�\�_�^�_�g�b�_�� �h�i�b�k�Z�g�g�h�]�h��

�w�d�k�i�_�j�b�f�_�g�l�Z���g�Z���w�i�b�l�Z�d�k�b�Z�e�v�g�u�o���k�l�j�m�d�l�m�j�Z�o���� �b�f�b�l�b�j�m�x�s�b�o���a�Z�l�\�h�j�g�u�c���k�e�h�c 

(�i�h�e�b�d�j�_�f�g�b�c �g�Z�� �b�a�h�e�y�l�h�j�_)���� �k�� �^�Z�e�v�g�_�c�r�b�f�� �b�k�k�e�_�^�h�\�Z�g�b�_�f�� �h�[�j�Z�a�p�h�\�� �i�h�k�e�_��

�i�j�h�p�_�k�k�Z���l�j�Z�\�e�_�g�b�y���i�h�e�b�d�j�_�f�g�b�y�� 

�K�l�j�m�d�l�m�j�u�� �l�_�k�l�h�\�h�]�h�� �f�h�^�m�e�y �©SRAF_TEST�ª���� �i�h�d�Z�a�u�\�Z�x�s�b�_��

�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �^�b�Z�i�Z�a�h�g�Z�o�� �^�h�a�u�� �b��

�^�_�n�h�d�m�k�b�j�h�\�d�b���� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �m�q�_�k�l�v�� �i�j�b�� �d�Z�e�b�[�j�h�\�d�_�� �i�h�e�m�w�f�i�b�j�b�q�_�k�d�h�c��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�b��VT5. 
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3.3. �G�Z�k�l�j�h�c�d�Z���h�i�l�b�q�_�k�d�h�c���b���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c �f�h�^�_�e�_�c 

3.3.1. �G�Z�k�l�j�h�c�d�Z���h�i�l�b�q�_�k�d�h�c���f�h�^�_�e�b 

�>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b �\�� �i�e�h�k�d�h�k�l�b��

�i�e�Z�k�l�b�g�u�� �^�h�e�`�g�Z�� �[�u�l�v�� �d�h�j�j�_�d�l�g�h�� �g�Z�k�l�j�h�_�g�Z �f�h�^�_�e�v�� �h�i�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �m�k�l�Z�g�h�\�d�b���� �G�Z�k�l�j�h�c�d�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �m�d�Z�a�Z�g�b�b�� �j�y�^�Z��

�i�Z�j�Z�f�_�l�j�h�\�� �i�j�h�p�_�k�k�Z�� �h�i�j�_�^�_�e�_�g�g�u�o�� �j�Z�g�_�_�� �g�Z�� �w�l�Z�i�_�� �i�h�^�[�h�j�Z�� �h�i�l�b�f�Z�e�v�g�u�o��

�g�Z�k�l�j�h�_�d�� �i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u ���k�f���� �i�������������� �Z�� �l�Z�d�`�_�� �i�Z�j�Z�f�_�l�j�h�\�� �k�Z�f�h�c��

�f�h�^�_�e�b�����h�l���d�h�l�h�j�u�o���a�Z�\�b�k�b�l���k�d�h�j�h�k�l�v���b���l�h�q�g�h�k�l�v���j�Z�k�q�_�l�Z. 

1. �I�Z�j�Z�f�_�l�j�u �i�j�h�_�d�p�b�h�g�g�h�c �k�b�k�l�_�f�u���� �>�Z�g�g�u�c���g�Z�[�h�j�� �i�Z�j�Z�f�_�l�j�h�\��

�h�l�g�h�k�b�l�k�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �d�� �i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�_�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c��

�m�k�l�Z�g�h�\�d�b���b���\�d�e�x�q�Z�_�l���\���k�_�[�y: 

�‡ �^�e�b�g�m �\�h�e�g�u���w�d�k�i�h�g�b�j�m�x�s�_�]�h���b�a�e�m�q�_�g�b�y�� 

�‡ �q�b�k�e�h�\�m�x �Z�i�_�j�l�m�j�m �b�k�l�h�q�g�b�d�Z���b�a�e�m�q�_�g�b�y�� 

�‡ �i�h�d�Z�a�Z�l�_�e�v�� �i�j�_�e�h�f�e�_�g�b�y�� �k�j�_�^�u�� ���^�Z�g�g�u�c�� �i�Z�j�Z�f�_�l�j�� �b�k�i�h�e�v�a�m�_�l�k�y��

�i�j�b���g�Z�k�l�j�h�c�d�_���h�i�l�b�q�_�k�d�h�c���f�h�^�_�e�b���m�k�l�Z�g�h�\�d�b���k���b�f�f�_�j�k�b�h�g�g�h�c���k�j�_�^�h�c���� 

2. �N�h�j�f�Z �b�k�l�h�q�g�b�d�Z�� �b�a�e�m�q�_�g�b�y���� �G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b��

�y�\�e�y�x�l�k�y���^�b�k�d�h�\�Z�y�����d�h�e�v�p�_�\�Z�y����Annular)�����^�b�i�h�e�v�g�Z�y �b �d�\�Z�^�j�m�i�h�e�v�g�Z�y (Quasar) 

�n�h�j�f�u�� �b�k�l�h�q�g�b�d�Z (�J�b�k���������\)���� �D�j�h�f�_�� �l�h�]�h�����^�h�e�`�_�g�� �[�u�l�v�� �h�i�j�_�^�_�e�_�g���l�b�i 

�i�j�_�^�k�l�Z�\�e�_�g�b�y�� �b�k�l�h�q�g�b�d�Z�� �b�a�e�m�q�_�g�b�y���� �<�� �K�:�I�J�� �0�H�Q�W�R�U�� �*�U�D�S�K�L�F�V��Calibre 

�^�h�k�l�m�i�g�u �k�e�_�^�m�x�s�b�_���l�b�i�u �i�j�_�^�k�l�Z�\�e�_�g�b�y���b�k�l�h�q�g�b�d�Z���b�a�e�m�q�_�g�b�y (�J�b�k������7�Z��: 

�‡ SHARP �± �f�h�^�_�e�v�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �b�k�l�h�q�g�b�d�Z�� �\�� �d�Z�q�_�k�l�\�_��

�k�l�m�i�_�g�q�Z�l�h�c�� �n�m�g�d�p�b�b�� �k�� �j�_�a�d�b�f�b�� �i�_�j�_�o�h�^�Z�f�b�� �f�_�`�^�m�� �k�\�_�l�e�u�f�b�� �b�� �l�_�f�g�u�f�b��

�h�[�e�Z�k�l�y�f�b���b�k�l�h�q�g�b�d�Z�� 

�‡ ERF �± �f�h�^�_�e�v�����\���d�h�l�h�j�h�c���b�k�l�h�q�g�b�d���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���n�m�g�d�p�b�x���k��

�i�h�k�l�_�i�_�g�g�u�f�� �i�_�j�_�o�h�^�h�f�� �f�_�`�^�m�� �k�\�_�l�e�u�f�b�� �b�� �l�_�f�g�u�f�b�� �h�[�e�Z�k�l�y�f�b ���o�Z�j�Z�d�l�_�j��

�i�_�j�_�o�h�^�Z�� �h�i�b�k�u�\�Z�_�l�k�y�� �n�m�g�d�p�b�_�c�� �h�r�b�[�h�d��erf������ �>�e�y�� �l�b�i�Z��ERF �g�_�h�[�o�h�^�b�f�h��

�m�d�Z�a�Z�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �j�Z�a�f�u�l�b�y�� �d�j�Z�_�\�� �b�k�l�h�q�g�b�d�Z (�J�b�k���������[������ �\�� �q�Z�k�l�g�h�k�l�b���� �^�e�y��

�b�k�l�h�q�g�b�d�Z��Quasar �^�h�k�l�m�i�g�u���i�Z�j�Z�f�_�l�j�u��dsigma_in, dsigma_out �b��dillumangle; 
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�J�b�k����3.7. �I�j�_�^�k�l�Z�\�e�_�g�b�_���b�k�l�h�q�g�b�d�h�\���b�a�e�m�q�_�g�b�y �\���K�:�I�J Mentor Graphics 
Calibre:  

�Z) �l�b�i�u �i�j�_�^�k�l�Z�\�e�_�g�b�y���b�k�l�h�q�g�b�d�Z���b�a�e�m�q�_�g�b�y; 
�[�����k�f�u�k�e���i�Z�j�Z�f�_�l�j�h�\���j�Z�a�f�u�l�b�y���d�j�Z�_�\���b�k�l�h�q�g�b�d�Z���l�b�i�Z��ERF  
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�‡ MAP �± �f�h�^�_�e�v���� �\�� �d�h�l�h�j�h�c�� �b�k�l�h�q�g�b�d�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�� �n�h�j�f�_��

�d�Z�j�l�u���k���a�Z�^�Z�g�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���b�g�l�_�g�k�b�\�g�h�k�l�b�� 

�I�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�_�d�l�h�j�g�h�c���f�h�^�_�e�b���\�u�k�h�d�h�Z�i�_�j�l�m�j�g�u�o�� �h�i�l�b�q�_�k�d�b�o��

�k�b�k�l�_�f�� ���d�j�b�l�b�q�g�h �i�j�b�� NA>0,8���� �g�_�h�[�o�h�^�b�f���l�Z�d�`�_�� �m�q�_�l�� �i�h�e�y�j�b�a�Z�p�b�b��

�b�k�l�h�q�g�b�d�Z�� 

3. �I�Z�j�Z�f�_�l�j�u���� �k�\�y�a�Z�g�g�u�_�� �k�� �n�h�d�m�k�b�j�h�\�d�h�c. �H�[�u�q�g�h �\ �K�:�I�J 

Mentor Graphics Calibre �b�k�i�h�e�v�a�m�x�l�k�y�� �^�\�Z�� �i�Z�j�Z�f�_�l�j�Z���� �©beamfocus�ª �b��

�©def_start�ª (�J�b�k����.8�Z)���� �I�Z�j�Z�f�_�l�j�� �©beamfocus�ª �k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�h�e�h�`�_�g�b�x��

�i�e�h�k�d�h�k�l�b�� �g�Z�b�e�m�q�r�_�c�� �n�h�d�m�k�b�j�h�\�d�b�� �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h��

�i�h�\�_�j�o�g�h�k�l�b�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h�� �k�l�_�d�Z���� �G�Z �J�b�k����.8�[ �i�h�d�Z�a�Z�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v��

�i�j�h�n�b�e�y�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �\�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �i�e�_�g�d�_�� �h�l��

�i�h�e�h�`�_�g�b�y�� �i�e�h�k�d�h�k�l�b�� �n�h�d�m�k�b�j�h�\�d�b �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�����I�Z�j�Z�f�_�l�j��

�©def_start�ª�� �l�Z�d�`�_�� �h�l�k�q�b�l�u�\�Z�_�l�k�y�� �h�l�� �i�h�\�_�j�o�g�h�k�l�b�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h�� �k�l�_�d�Z���� �g�h��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�e�h�k�d�h�k�l�b�� �n�h�d�m�k�b�j�h�\�d�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�� �m�q�_�l�h�f��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h���k�l�_�d�Z�����I�Z�j�Z�f�_�l�j�u�� �©beamfocus�ª �b�� �©def_start�ª���h�i�j�_�^�_�e�y�x�l�k�y��

�\�� �i�j�h�p�_�k�k�_�� �d�Z�e�b�[�j�h�\�d�b�� �h�i�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b���� �d�h�l�h�j�Z�y�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h��

�j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�i�_�q�Z�l�h�d�� �d�Z�e�b�[�j�h�\�h�q�g�u�o�� �f�Z�l�j�b�p�� ���i������������ �g�Z�� �e�b�l�h�]�j�Z�n�b�q�_�k�d�h�c��

�m�k�l�Z�g�h�\�d�_�� �k�� �d�h�j�j�_�d�l�g�h�� �g�Z�k�l�j�h�_�g�g�u�f�� �©�g�m�e�_�f�� �n�h�d�m�k�Z�ª��[94] �\�� �m�k�e�h�\�b�y�o����

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �e�b�l�h�]�j�Z�n�b�b�� �^�Z�g�g�h�]�h�� �k�e�h�y. �I�j�b�� �d�Z�e�b�[�j�h�\�d�_�� �h�i�l�b�q�_�k�d�h�c��

�f�h�^�_�e�b�� �j�Z�k�q�_�l�� �d�h�g�l�m�j�Z�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h��

�i�h�k�l�h�y�g�g�h�f�m���i�h�j�h�]�m���\�h�a�^�m�r�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��[68]. 

4. �I�Z�j�Z�f�_�l�j�u �h�i�l�b�q�_�k�d�b�o�� �y�^�_�j. �H�i�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b�� �\���K�:�I�J 

�&�D�O�L�E�U�H�� �b�k�i�h�e�v�a�m�x�l���i�j�b�[�e�b�`�_�g�b�_�� �k�m�f�f�u �d�h�]�_�j�_�g�l�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� ���6�2�&�6������

�>�Z�g�g�h�_���i�j�b�[�e�b�`�_�g�b�_���b�k�i�h�e�v�a�m�_�l���d�h�g�_�q�g�h�_ �q�b�k�e�h���y�^�_�j ���k�f�����=�e������. �M�\�_�e�b�q�_�g�b�_��

�q�b�k�e�Z���y�^�_�j���i�h�\�u�r�Z�_�l���d�Z�d �l�h�q�g�h�k�l�v���f�h�^�_�e�b�����l�Z�d���b���\�j�_�f�y���\�u�q�b�k�e�_�g�b�y�� 

�I�h�f�b�f�h�� �l�h�q�g�h�k�l�b�� �b�� �[�u�k�l�j�h�^�_�c�k�l�\�b�y�� �f�h�^�_�e�b���� �h�^�g�b�f�� �b�a �g�Z�b�[�h�e�_�_ 

�\�Z�`�g�u�o�� �m�k�e�h�\�b�c�� �\�u�[�h�j�Z�� �d�h�e�b�q�_�k�l�\�Z�� �y�^�_�j�� �y�\�e�y�_�l�k�y �o�Z�j�Z�d�l�_�j�� �k�b�f�f�_�l�j�b�b��

�b�k�l�h�q�g�b�d�Z�� �b�a�e�m�q�_�g�b�y���� �<�� �K�:�I�J��Calibre �n�m�g�d�p�b�y �N�H�U�Q�V�\�P�� �\�h�a�\�j�Z�s�Z�_�l��

�a�Z�d�e�x�q�_�g�b�_�� �h�� �k�h�k�l�h�y�g�b�b�� �k�b�f�f�_�l�j�b�b�� �y�^�j�Z�� �\�� �\�b�^�_�� �m�i�h�j�y�^�h�q�_�g�g�h�]�h�� �g�Z�[�h�j�Z 

  



 119 
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�J�b�k����3.8. �I�Z�j�Z�f�_�l�j�u���n�h�d�m�k�b�j�h�\�d�b���\���h�i�l�b�q�_�k�d�h�c���f�h�^�_�e�b���K�:�I�J Mentor 
Graphics Calibre:  

�Z) �d���h�[�t�y�k�g�_�g�b�x���n�b�a�b�q�_�k�d�h�]�h���k�f�u�k�e�Z���i�Z�j�Z�f�_�l�j�h�\��beamfocus �b��def_start; 
�[�����a�Z�\�b�k�b�f�h�k�l�v���i�j�h�n�b�e�y���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b���\���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c��
�i�e�_�g�d�_���h�l���i�h�e�h�`�_�g�b�y���i�e�h�k�d�h�k�l�b���n�h�d�m�k�b�j�h�\�d�b���\�h�a�^�m�r�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��  
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�Z) 
 

 
�[) 
 

�J�b�k����3.9. �G�Z�k�l�j�h�c�d�Z���i�Z�j�Z�f�_�l�j�h�\���y�^�_�j��SOCS �\���K�:�I�J��Mentor Graphics Calibre: 

�Z) �\�e�b�y�g�b�_ �h�[�m�k�e�h�\�e�_�g�g�h�c���d�h�e�b�q�_�k�l�\�h�f���y�^�_�j��SOCS �Z�k�k�b�f�_�l�j�b�q�g�h�k�l�b��
�f�h�^�_�e�b�j�m�_�f�h�]�h���b�k�l�h�q�g�b�d�Z���g�Z���a�g�Z�q�_�g�b�_��EPE �^�e�y���k�l�j�m�d�l�m�j���j�Z�a�g�h�c���h�j�b�_�g�l�Z�p�b�b; 
�[) �\�u�\�h�^���d�h�f�Z�g�^�u���N�H�U�Q�V�\�P���h���k�b�f�f�_�l�j�b�q�g�h�k�l�b���b�k�l�h�q�g�b�d�Z���b�a�e�m�q�_�g�b�y   
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�i�Z�j (�J�b�k��3.9)�����Z���l�Z�d�`�_ �i�j�h�\�_�j�y�_�l���f�h�^�_�e�v���g�Z���h�l�j�Z�`�_�g�b�_���i�h���h�k�b���;�����h�l�j�Z�`�_�g�b�_���i�h��

�h�k�b�� �<�� �b�� �k�b�f�f�_�l�j�b�x���\�j�Z�s�_�g�b�y�� �g�Z�� ������ �]�j�Z�^�m�k�h�\�����<�� �i�j�_�^�i�h�e�h�`�_�g�b�b���� �q�l�h��

�h�i�l�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �b�f�_�_�l�� �w�l�b�� �k�b�f�f�_�l�j�b�b���� �]�_�g�_�j�b�j�m�_�f�Z�y�� �f�h�^�_�e�v�� �^�h�e�`�g�Z��

�b�f�_�l�v���l�m���`�_���k�b�f�f�_�l�j�b�x���� 

�<�u�o�h�^�g�u�_�� �a�g�Z�q�_�g�b�y�� �N�H�U�Q�V�\�P�� �h�l�h�[�j�Z�`�Z�x�l�k�y�� �\�� �h�d�g�_�� �d�h�g�k�h�e�b���� �?�k�e�b��

�i�h�k�e�_�^�g�_�_�� �y�^�j�h�� �Z�k�b�f�f�_�l�j�b�q�g�h�� ���a�g�Z�q�_�g�b�_�� �j�Z�\�g�h�� ���������d�h�e�b�q�_�k�l�\�h�� �y�^�_�j��

�g�_�h�[�o�h�^�b�f�h�� �m�\�_�e�b�q�b�\�Z�l�v�� �b�e�b�� �m�f�_�g�v�r�Z�l�v���� �i�h�d�Z�� �\�u�\�h�^�� �N�H�U�Q�V�\�P�� �^�e�y�� �k�Z�f�h�]�h��

�\�u�k�h�d�h�]�h�� �y�^�j�Z�� �g�_�� �[�m�^�_�l�� �k�b�f�f�_�l�j�b�q�g�u�f�� ���a�g�Z�q�_�g�b�_�� �j�Z�\�g�h�� ���������K�_�l�d�Z���y�^�j�Z��

�h�i�j�_�^�_�e�y�_�l���k�l�_�i�_�g�v���^�_�l�Z�e�b�a�Z�p�b�b���\�u�q�b�k�e�_�g�b�c���y�^�j�Z�� 

5. �A�g�Z�q�_�g�b�_�� �l���g���� �©�h�i�l�b�q�_�k�d�h�]�h�� �^�b�Z�f�_�l�j�Z�ª���� �I�h�^�� �w�l�h�c�� �\�_�e�b�q�b�g�h�c��

�i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y���j�Z�a�f�_�j�� �h�[�e�Z�k�l�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���©�\�e�b�y�g�b�y�ª 

�l�h�i�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j���^�j�m�]���g�Z���^�j�m�]�Z�����<�a�Z�b�f�h�^�_�c�k�l�\�b�_���f�_�`�^�m���[�e�b�`�Z�c�r�b�f�b��

�j�_�[�j�Z�f�b���\�h�a�f�h�`�g�h���� �d�h�]�^�Z���j�_�[�j�Z���j�Z�a�^�_�e�_�g�u���j�Z�k�k�l�h�y�g�b�_�f���f�_�g�v�r�_���h�i�l�b�q�_�k�d�h�]�h��

�^�b�Z�f�_�l�j�Z�� 

�A�g�Z�q�_�g�b�_�� �h�i�l�b�q�_�k�d�h�]�h�� �^�b�Z�f�_�l�j�Z�� �f�h�`�g�h�� �i�j�b�[�e�b�`�_�g�g�h�� �h�p�_�g�b�l�v��

�k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �<�� �h�[�s�_�f�� �k�e�m�q�Z�_���j�Z�a�f�_�j�� �f�b�g�b�f�Z�e�v�g�h�]�h���i�h�e�m�i�_�j�b�h�^�Z, 

�d�h�l�h�j�u�c���f�h�`�_�l�� �[�u�l�v���h�l�h�[�j�Z�`�_�g���h�i�l�b�q�_�k�d�h�c���k�b�k�l�_�f�h�c�����i�h���i�h�j�y�^�d�m�� �\�_�e�b�q�b�g�u��

�w�d�\�b�\�Z�e�_�g�l�_�g �������1�$�����������1max������ �]�^�_���1max �± �f�Z�d�k�b�f�Z�e�v�g�u�c�� �g�h�j�f�b�j�h�\�Z�g�g�u�c��

�j�Z�^�b�m�k�� �b�k�l�h�q�g�b�d�Z�� �h�k�\�_�s�_�g�b�y�� �k�� �g�_�g�m�e�_�\�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�v�x���� �H�i�l�b�q�_�k�d�b�c��

�^�b�Z�f�_�l�j�� �f�h�^�_�e�b���2�3�&���^�h�e�`�_�g���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���h�[�e�Z�k�l�b���� �d�h�l�h�j�Z�y���i�j�b�f�_�j�g�h���g�Z��

�i�h�j�y�^�h�d�� �[�h�e�v�r�_�� �f�b�g�b�f�Z�e�v�g�h�]�h���\�h�k�i�j�h�b�a�\�h�^�b�f�h�]�h�� �h�i�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c��

�h�[�t�_�d�l�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�� �m�q�_�l�h�f �\�g�_�h�k�_�\�h�]�h�� �h�k�\�_�s�_�g�b�y �h�p�_�g�d�m���\�_�e�b�q�b�g�u��

�h�i�l�b�q�_�k�d�h�]�h�� �^�b�Z�f�_�l�j�Z�� �f�h�`�g�h���i�j�h�b�a�\�_�k�l�b���� �b�k�i�h�e�v�a�m�y�� �k�e�_�^�m�x�s�_�_��

�k�h�h�l�g�h�r�_�g�b�_: 

�1�&
L �s�r�®
�@

�ã
�0�#�A

�:�s
E�ê�à�Ô�ë�;
�ä (3.1) 

�H�l�� �i�j�Z�\�b�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �h�i�l�b�q�_�k�d�h�]�h�� �^�b�Z�f�_�l�j�Z�� �a�Z�\�b�k�b�l��

�l�h�q�g�h�k�l�v���b���k�l�Z�[�b�e�v�g�h�k�l�v���f�h�^�_�e�b��[60]. 
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6. �H�i�l�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���k�e�h�_�\���n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h���k�l�_�d�Z.  

�L�h�q�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �h�[�� �h�i�l�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�Z�o���k�e�h�_�\��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�]�h�� �k�l�_�d�Z, �Z�� �b�f�_�g�g�h �a�g�Z�q�_�g�b�y���l�h�e�s�b�g���� �d�h�w�n�n�b�p�b�_�g�l�u��

�i�j�_�e�h�f�e�_�g�b�y�� �b���d�h�w�n�n�b�p�b�_�g�l�u���i�h�]�e�h�s�_�g�b�y�����k�f�����L�Z�[�e������), �a�g�Z�q�b�l�_�e�v�g�h��

�m�e�m�q�r�Z�_�l�� �l�h�q�g�h�k�l�v�� �f�h�^�_�e�b���� �i�h�k�d�h�e�v�d�m�� �^�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �Z�^�_�d�\�Z�l�g�h��

�j�Z�k�k�q�b�l�Z�l�v�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �\�� �i�e�_�g�d�_�� �j�_�a�b�k�l�Z�� �\���a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�i�h�e�h�`�_�g�b�y�� �i�e�h�k�d�h�k�l�b�� �n�h�d�m�k�b�j�h�\�d�b�� �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y. �I�j�b��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�_�d�l�h�j�g�h�c�� �h�i�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �a�Z�^�Z�g�b�_�� �b�g�n�h�j�f�Z�p�b�b�� �h��

�i�Z�j�Z�f�_�l�j�Z�o���k�l�_�d�Z���y�\�e�y�_�l�k�y���h�[�y�a�Z�l�_�e�v�g�u�f. 

�>�e�y�� �i�h�b�k�d�Z�� �h�i�l�b�f�Z�e�v�g�u�o���a�g�Z�q�_�g�b�c���i�Z�j�Z�f�_�l�j�h�\�� �©beamfocus�ª, 

�©def_start�ª �b���^�j�� �[�u�e�Z �i�j�h�\�_�^�_�g�Z���d�Z�e�b�[�j�h�\�d�Z���h�i�l�b�q�_�k�d�h�c���f�h�^�_�e�b���g�Z �©�i�j�y�f�u�o�ª��

�b�� �b�g�\�_�j�l�b�j�h�\�Z�g�g�u�o �l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j�Z�o�� �l�b�i�Z�� �©pitch�ª, �©lineend�ª, 

�©dense_lineend�ª. �<�k�_�]�h�� �b�k�i�h�e�v�a�h�\�Z�e�h�k�v��500 �k�l�j�m�d�l�m�j���� �b�a�� �g�b�o���d�Z�e�b�[�j�h�\�d�Z��

�i�j�h�\�h�^�b�e�Z�k�v���g�Z��400 �k�l�j�m�d�l�m�j�Z�o���� �Z��100 �k�l�j�m�d�l�m�j���i�j�_�^�g�Z�a�g�Z�q�Z�e�b�k�v �^�e�y��

�\�Z�e�b�^�Z�p�b�b. �>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �N�J�F�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �f�h�^�_�e�v�� �k��

�i�h�k�l�h�y�g�g�u�f�� �i�h�j�h�]�h�f���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �g�h�f�b�g�Z�e�v�g�h�f�m�� �a�g�Z�q�_�g�b�x�� �^�h�a�u�� �^�e�y��

�g�Z�b�e�m�q�r�_�c���i�j�h�j�Z�[�h�l�d�b�� �©�y�d�h�j�g�h�]�h�ª���w�e�_�f�_�g�l�Z���l�h�i�h�e�h�]�b�b�� ���
��� �� �����������������D�E�J���g�Z��

�N�R����l � �����������g�f�����i�_�j�b�h�^���g�Z���N�R�����S��� �����������g�f�����D�E�J���\���j�_�a�b�k�l�_�����������g�f �± �k�f�����i����������.  

�I�h�b�k�d�� �h�i�l�b�f�Z�e�v�g�u�o���a�g�Z�q�_�g�b�c�� �m�d�Z�a�Z�g�g�u�o���i�Z�j�Z�f�_�l�j�h�\�� �i�j�h�b�a�\�h�^�b�e�k�y��

�f�_�l�h�^�h�f�� �i�h�e�g�h�]�h�� �i�_�j�_�[�h�j�Z���� �F�b�g�b�f�b�a�b�j�h�\�Z�e�Z�k�v�� �\�a�\�_�r�_�g�g�Z�y��

�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�Z�y���h�r�b�[�d�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y [68]: 
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�]�^�_�� �k�m�f�f�b�j�h�\�Z�g�b�_�� �i�j�h�b�a�\�h�^�b�l�k�y���d�Z�d���i�h�� �l�_�k�l�h�\�u�f�� �k�l�j�m�d�l�m�j�Z�f (j), �l�Z�d�� �b�� �i�h��

�m�k�e�h�\�b�y�f�� �i�j�h�p�_�k�k�Z (i), PCWi �± �\�_�k�h�\�h�c�� �d�h�w�n�n�b�p�b�_�g�l��i-�o�� �m�k�e�h�\�b�c��

�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z�� ���g�Z�i�j�b�f�_�j���� �^�e�y�� �l�_�o�� �b�e�b�� �b�g�u�o�� �a�g�Z�q�_�g�b�c��

�^�_�n�h�d�m�k�b�j�h�\�d�b������Wi,j �± �\�_�k�h�\�h�c�� �d�h�w�n�n�b�p�b�_�g�l��j-�c�� �l�_�k�l�h�\�h�c�� �k�l�j�m�d�l�m�j�u�� �^�e�y��i-�o��

�m�k�e�h�\�b�c���i�j�h�p�_�k�k�Z���� 
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�K�m�s�_�k�l�\�m�_�l�� �j�y�^�� �k�i�h�k�h�[�h�\�� �i�h�^�[�h�j�Z�� �\�_�k�h�\�u�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\��PCWi �b��

Wi,j [59]���� �<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �\�_�k�h�\�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j��

�i�h�^�[�b�j�Z�e�b�k�v���f�_�l�h�^�h�f���w�d�k�i�_�j�l�g�u�o���h�p�_�g�h�d�� 

�F�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_��errRrmsCD �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�e�b�[�j�h�\�d�b��

�h�i�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�h�k�l�h�y�g�g�h�]�h�� �i�h�j�h�]�Z�� �k�h�k�l�Z�\�b�e�h��10,058 

�g�f���� �A�g�Z�q�_�g�b�_��errRrms �g�Z�� �\�_�j�b�n�b�d�Z�p�b�h�g�g�h�f�� �f�g�h�`�_�k�l�\�_�� �k�h�k�l�Z�\�b�e�h��13���������� �g�f, 

�q�l�h�� �[�u�e�h���i�j�b�a�g�Z�g�h�� �i�j�b�_�f�e�_�f�u�f���� �H�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �h�i�l�b�q�_�k�d�h�c 

�f�h�^�_�e�b�� �i�j�b�\�_�^�_�g�u�� �\���L�Z�[�e�b�p�_�� �������� �K�d�j�b�i�l�� �h�i�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �^�e�y�� �K�:�I�J��

Mentor Graphics Calibre �i�j�b�\�_�^�_�g���\���I�j�b�e�h�`�_�g�b�b����. 

�L�Z�[�e�b�p�Z����4. �I �Z�j�Z�f�_�l�j�u���h�i�l�b�q�_�k�d�h�c���f�h�^�_�e�b �i�h�k�e�_���h�i�l�b�f�b�a�Z�p�b�b 
�>�e�b�g�Z���\�h�e�g�u 193 �g�f 
�D�h�w�n�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y 4 
NA 0,75 
�H�k�\�_�l�b�l�_�e�v Quasar 
�1�\�g�_�r 0,85 
�1�\�g�m�l�j 0,60 
�. �����ƒ 
�û�1�\�g�_�r 0,019 
�û�1�\�g�m�l�j 0,012 
�û�. 0,011 
n�N�J 1,698 
k�N�J 0,023 
t�N�J 185 �g�f 
nBARC 1,82 
kBARC 0,34 
tBARC �������g�f 
n�i�h�^�e�h�`�d�b 1,6 
k�i�h�^�e�h�`�d�b 3,97 
�<�b�^���f�h�^�_�e�b �\�_�d�l�h�j�g�Z�y 
�H�i�l�b�q�_�k�d�b�c���^�b�Z�f�_�l�j 1,31�����f�d�f 
�Q�b�k�e�h���y�^�_�j��SOCS 11 
�J�Z�a�j�_�r�_�g�b�_���k�_�l�d�b���y�^�_�j��SOCS 0,007 
�A�g�Z�q�_�g�b�_���i�Z�j�Z�f�_�l�j�Z���©beamfocus�ª 0,091 �f�d�f 
�A�g�Z�q�_�g�b�_���i�Z�j�Z�f�_�l�j�Z���©def_start�ª 0,11 �f�d�f 
�D�h�e�b�q�_�k�l�\�h���m�j�h�\�g�_�c���^�_�n�h�d�m�k�b�j�h�\�d�b 1 
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3.3���������K�[�h�j���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o, �d�Z�e�b�[�j�h�\�d�Z �b���\�Z�e�b�^�Z�p�b�y 

�©�d�h�f�i�Z�d�l�g�h�c�ª �f�h�^�_�e�b (VT5�����n�h�j�f�b�j�h�\�Z�g�b�y���d�h�g�l�m�j�Z��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�Z�k�d�b 

�<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_���j�_�r�Z�e�Z�k�v�� �a�Z�^�Z�q�Z�� �i�h�^�[�h�j�Z�� �d�h�w�n�n�b�p�b�_�g�l�h�\��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�b�����i�j�_�^�k�l�Z�\�e�_�g�g�h�c���\���\�b�^�_���i�h�e�b�g�h�f�Z�� 

rSlopeFactoaFactorIaSlopeIaFactorIa

SlopeIaIIaFactoraSlopea

IaIaFactoraSlopeaIaIaa
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�]�^�_��T �± �i�h�j�h�]�h�\�h�_���a�g�Z�q�_�g�b�_���b�g�l�_�g�k�b�\�g�h�k�l�b���h�k�\�_�s�_�g�b�y���^�e�y���n�h�l�h�j�_�a�b�k�l�Z����Imax�± 

�f�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b����Imin �± �f�b�g�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_��

�b�g�l�_�g�k�b�\�g�h�k�l�b����Slope �± �a�g�Z�q�_�g�b�_���i�_�j�\�h�c���i�j�h�b�a�\�h�^�g�h�c���b�g�l�_�g�k�b�\�g�h�k�l�b���\���l�h�q�d�_��

�j�Z�a�f�_�s�_�g�b�y�� �j�_�[�j�Z�� �n�j�Z�]�f�_�g�l�Z�� �\�� �l�h�i�h�e�h�]�b�q�_�k�d�h�f�� �j�b�k�m�g�d�_����Factor �± �a�g�Z�q�_�g�b�_��

�\�l�h�j�h�c�� �i�j�h�b�a�\�h�^�g�h�c���b�g�l�_�g�k�b�\�g�h�k�l�b���\�� �l�h�q�d�_�� �j�Z�a�f�_�s�_�g�b�y�� �j�_�[�j�Z�� �n�j�Z�]�f�_�g�l�Z�� �\��

�l�h�i�h�e�h�]�b�q�_�k�d�h�f���j�b�k�m�g�d�_ ���k�f. �J�b�k����������), a0���«��a34 ���\�k�_�]�h���������r�l�������± �d�Z�e�b�[�j�m�_�f�u�_��

�d�h�w�n�n�b�p�b�_�g�l�u���n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�b�� �Y�^�j�Z���k�\�_�j�l�d�b���g�_���b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� 

�G�Z�b�[�h�e�_�_�� �^�e�b�l�_�e�v�g�u�f�� �w�l�Z�i�h�f�� �\�� �i�j�h�p�_�^�m�j�_�� �d�Z�e�b�[�j�h�\�d�b���d�h�f�i�Z�d�l�g�u�o 

�f�h�^�_�e�_�c���n�h�j�f�b�j�h�\�Z�g�b�y���d�h�g�l�m�j�Z�� �N�J�F �y�\�e�y�_�l�k�y�� �k�[�h�j�� �b�a�f�_�j�_�g�b�c���� �<�� �k�e�m�q�Z�_��

�g�_�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o�� �b�a�f�_�j�_�g�b�c�� �k�[�h�j�� �^�Z�g�g�u�o�� �f�h�`�_�l�� �a�Z�g�b�f�Z�l�v�� �^�_�k�y�l�d�b��

�q�Z�k�h�\���� �q�l�h�� �k�m�s�_�k�l�\�_�g�g�h�� �a�Z�^�_�j�`�b�\�Z�_�l�� �\�j�_�f�y�� �j�Z�a�j�Z�[�h�l�d�b�� �2�3�&�� �f�h�^�_�e�b�� �b�� �2�3�&��

�j�_�r�_�g�b�y�� �\�� �p�_�e�h�f���� �G�_�h�[�o�h�^�b�f�h�k�l�v�� �k�g�b�`�_�g�b�y�� �d�h�e�b�q�_�k�l�\�Z�� �b�a�f�_�j�_�g�b�c�� �k�l�Z�\�b�l��

�a�Z�^�Z�q�m�� �h�i�j�_�^�_�e�_�g�b�y���h�i�l�b�f�Z�e�v�g�h�]�h�� �g�Z�[�h�j�Z���i�h�^�e�_�`�Z�s�b�o�� �b�a�f�_�j�_�g�b�x���k�l�j�m�d�l�m�j����

�H�i�l�b�f�Z�e�v�g�Z�y�� �\�u�[�h�j�d�Z�� �^�h�e�`�g�Z�� �f�Z�d�k�b�f�Z�e�v�g�h�� �h�o�\�Z�l�u�\�Z�l�v�� �i�j�h�k�l�j�Z�g�k�l�\�h��

�i�Z�j�Z�f�_�l�j�h�\�� �h�i�l�b�q�_�k�d�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���g�Z�b�f�_�g�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f �l�_�k�l�h�\�u�o��

�k�l�j�m�d�l�m�j, �^�h�k�l�Z�l�h�q�g�u�f �^�e�y�� �Z�^�_�d�\�Z�l�g�h�c�� �d�Z�e�b�[�j�h�\�d�b���d�h�f�i�Z�d�l�g�h�c�� �f�h�^�_�e�b��

�n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �N�J�F. �P�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�h�� �h�i�j�_�^�_�e�_�g�b�_��

�f�b�g�b�f�Z�e�v�g�h�]�h���d�h�e�b�q�_�k�l�\�Z���k�l�j�m�d�l�m�j�����h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h���i�j�b�_�f�e�_�f�m�x���l�h�q�g�h�k�l�v��

�f�h�^�_�e�b���� �d�h�l�h�j�Z�y�� �h�p�_�g�b�\�Z�e�Z�k�v �j�_�a�m�e�v�l�Z�l�Z�f�b�� �b�a�f�_�j�_�g�b�c�� �k�l�j�m�d�l�m�j 

�\�_�j�b�n�b�d�Z�p�b�h�g�g�h�]�h���f�g�h�`�_�k�l�\�Z�����g�_���b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y���i�j�b���d�Z�e�b�[�j�h�\�d�_. 
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�< �d�Z�q�_�k�l�\�_�� �\�_�j�b�n�b�d�Z�p�b�h�g�g�h�]�h�� �f�g�h�`�_�k�l�\�Z�� �\�u�[�b�j�Z�e�h�k�v�� ������ �^�\�m�f�_�j�g�u�o��

�l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� �b�a�� �f�h�^�m�e�y �©SLOTS�ª���� �^�e�y�� �d�h�l�h�j�u�o�� �b�a��SEM-�k�g�b�f�d�h�\�� �[�u�e�b��

�w�d�k�l�j�Z�]�b�j�h�\�Z�g�u�� �d�h�g�l�m�j�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�h�^�m�e�y��SEMCal �K�:�I�J��Mentor 

Graphics Calibre, �i�h�k�e�_���q�_�]�h���^�e�y���d�Z�`�^�h�c���k�l�j�m�d�l�m�j�u���\��5-�l�b���l�h�q�d�Z�o���i�h�e�m�q�_�g�g�h�]�h��

�d�h�g�l�m�j�Z�� �b�a�f�_�j�y�e�h�k�v�� �a�g�Z�q�_�g�b�_��EPEMeas. �I�h�f�b�f�h�� �w�l�h�]�h���� �l�Z�d�b�f�� �`�_�� �h�[�j�Z�a�h�f�� �^�e�y��

�i�j�h�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h�� �d�h�g�l�m�j�Z�� �N�J�F�� �l�h�c�� �`�_�� �k�l�j�m�d�l�m�j�u�� �b�a�f�_�j�y�e�h�k�v�� �a�g�Z�q�_�g�b�_��

EPESim. �< �w�l�h�f�� �k�e�m�q�Z�_�� �\�a�\�_�r�_�g�g�Z�y�� �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�Z�y�� �h�r�b�[�d�Z��

�f�h�^�_�e�b�j�h�\�Z�g�b�y���h�i�j�_�^�_�e�y�_�l�k�y �k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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�A�^�_�k�v�� �k�m�f�f�b�j�h�\�Z�g�b�_�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h���l�h�q�d�Z�f�� �b�a�f�_�j�_�g�b�y�� ��j���� �d�Z�`�^�h�c��

�k�l�j�m�d�l�m�j�u���� �Z�� �i�h�l�h�f���± �i�h�� �i�h�j�y�^�d�h�\�u�f�� �g�h�f�_�j�Z�f�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� ��i), SWi �± 

�\�_�k�h�\�h�c���d�h�w�n�n�b�p�b�_�g�l��i-�c���l�_�k�l�h�\�h�c���k�l�j�m�d�l�m�j�u, PWi,j �± �\�_�k�h�\�h�c���d�h�w�n�n�b�p�b�_�g�l��j-

�]�h���b�a�f�_�j�_�g�b�y��i-�c���l�_�k�l�h�\�h�c���k�l�j�m�d�l�m�j�u�� 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �l�h�q�g�h�k�l�b�� �h�l�d�Z�e�b�[�j�h�\�Z�g�g�h�c�� �f�h�^�_�e�b���\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_��

�k�e�m�`�b�e�h�� �a�g�Z�q�_�g�b�_ errRrmsEPE �k�� �\�_�k�h�\�u�f�b�� �d�h�w�n�n�b�p�b�_�g�l�Z�f�b���� �h�i�j�_�^�_�e�y�_�f�u�f�b��

�f�_�l�h�^�h�f���w�d�k�i�_�j�l�g�u�o�� �h�p�_�g�h�d���� �g�Z�� �\�_�j�b�n�b�d�Z�p�b�h�g�g�h�f�� �f�g�h�`�_�k�l�\�_�� �l�_�k�l�h�\�u�o 

�k�l�j�m�d�l�m�j. 

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �n�h�j�f�b�j�h�\�Z�e�b�k�v�� �j�Z�a�e�b�q�g�u�_�� �g�Z�[�h�j�u�� �^�Z�g�g�u�o����

�\�d�e�x�q�Z�x�s�b�_�� �h�l�� ������ �^�h�� ���������d�Z�e�b�[�j�h�\�h�q�g�u�o���k�l�j�m�d�l�m�j�� �k�� �r�Z�]�h�f�� ���������I�j�b�� �h�l�[�h�j�_��

�l�h�q�_�d�� �g�_�h�[�o�h�^�b�f�h�� �h�[�_�k�i�_�q�b�l�v�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �h�o�\�Z�l�� �h�[�e�Z�k�l�b�� �i�j�h�k�l�j�Z�g�k�l�\�Z 

�i�Z�j�Z�f�_�l�j�h�\�� �\�h�a�^�m�r�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �I�j�h�\�_�k�l�b�� �l�Z�d�m�x�� �n�b�e�v�l�j�Z�p�b�x��

�i�h�a�\�h�e�y�_�l�� �d�e�Z�k�l�_�j�g�u�c���Z�g�Z�e�b�a�����l�h�q�d�b���i�j�h�k�l�j�Z�g�k�l�\�Z���]�j�m�i�i�b�j�m�x�l�k�y���\���d�e�Z�k�l�_�j�u����

�\�� �d�Z�`�^�h�f�� �b�a�� �d�h�l�h�j�u�o�� �]�_�h�f�_�l�j�b�q�_�k�d�b�� �\�u�[�b�j�Z�_�l�k�y�� �h�^�g�Z�� �l�h�q�d�Z-�p�_�g�l�j�h�b�^��

(�J�b�k��3.1���Z) [52, 95], �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �d�h�l�h�j�h�c�� �l�_�k�l�h�\�Z�y�� �k�l�j�m�d�l�m�j�Z�� �b��

�m�q�b�l�u�\�Z�_�l�k�y���i�j�b���d�Z�e�b�[�j�h�\�d�_. 
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�[) 
 

�J�b�k����3.10. �D�Z�e�b�[�j�h�\�d�Z���b���\�_�j�b�n�b�d�Z�p�b�y���f�h�^�_�e�b��VT5:  

�Z) �d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �l�h�q�_�d�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �i�Z�j�Z�f�_�l�j�h�\�� �b�a�h�[�j�Z�`�_�g�b�y (�l�h�q�d�Z��
�k�h�h�l�\�_�l�k�l�\�m�_�l���h�^�g�h�c���l�_�k�l�h�\�h�c���k�l�j�m�d�l�m�j�_); 
�[�����a�Z�\�b�k�b�f�h�k�l�v��errRrmsEPE �f�h�^�_�e�b VT5 �g�Z���\�_�j�b�n�b�d�Z�p�b�h�g�g�h�f���f�g�h�`�_�k�l�\�_���h�l��
�q�b�k�e�Z���k�l�j�m�d�l�m�j���d�Z�e�b�[�j�h�\�h�q�g�u�o���\�u�[�h�j�h�d�����k�n�h�j�f�b�j�h�\�Z�g�g�u�o���i�h�k�j�_�^�k�l�\�h�f��
�d�e�Z�k�l�_�j�b�a�Z�p�b�b���f�g�h�`�_�k�l�\�Z �i�Z�j�Z�f�_�l�j�h�\���b�a�h�[�j�Z�`�_�g�b�y���f�_�l�h�^�h�f��k-�k�j�_�^�g�b�o   
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�J�b�k����3.11. �D�Z�e�b�[�j�h�\�d�Z���b���\�_�j�b�n�b�d�Z�p�b�y���f�h�^�_�e�b��VT5:  

�Z) �j�Z�a�e�b�q�b�_�� �f�_�`�^�m�� �b�a�f�_�j�_�g�g�u�f�b�� �b�� �i�j�h�f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b���e�b�g�_�c�g�u�f�b��
�j�Z�a�f�_�j�Z�f�b �l�_�k�l�h�\�u�o �k�l�j�m�d�l�m�j �d�Z�e�b�[�j�h�\�h�q�g�h�]�h�� �f�g�h�`�_�k�l�\�Z�� ��CDSim-CDMeas, 
�\�u�[�h�j�d�Z���± 1�������k�l�j�m�d�l�m�j��; 
�[�����i�j�h�f�h�^�_�e�b�j�h�\�Z�g�g�u�c���d�h�g�l�m�j���\�_�j�b�n�b�d�Z�p�b�h�g�g�h�c���k�l�j�m�d�l�m�j�u���\���j�_�a�b�k�l�_����
�g�Z�e�h�`�_�g�g�u�c���g�Z��SEM-�k�g�b�f�h�d���w�l�h�c���`�_���k�l�j�m�d�l�m�j�u (slot, l/s �± 80�g�f/80�g�f������
�d�Z�e�b�[�j�h�\�d�Z���f�h�^�_�e�b���i�h�����������k�l�j�m�d�l�m�j�Z�f����errRrmsEPE = 7,57 �g�f�� 
�\�����i�j�h�f�h�^�_�e�b�j�h�\�Z�g�g�u�c���d�h�g�l�m�j���\�_�j�b�n�b�d�Z�p�b�h�g�g�h�c���k�l�j�m�d�l�m�j�u���\���j�_�a�b�k�l�_����
�g�Z�e�h�`�_�g�g�u�c���g�Z��SEM-�k�g�b�f�h�d���w�l�h�c���`�_���k�l�j�m�d�l�m�j�u����slot, l/s �± 80�g�f/80�g�f������
�d�Z�e�b�[�j�h�\�d�Z���f�h�^�_�e�b���i�h��320 �k�l�j�m�d�l�m�j�Z�f����errRrmsEPE = 1,46 �g�f  
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�L�Z�[�e�b�p�Z�� ��5. �A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\ �f�h�^�_�e�b��VT5, �h�i�b�k�u�\�Z�_�f�h�c��
�i�h�e�b�g�h�f�h�f (3.3) �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �k�d�j�b�i�l�_�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�h�^�_�e�b��
�K�:�I�J��Mentor Graphics Calibre���� �D�Z�e�b�[�j�h�\�d�Z�� �i�h�� �������� �l�_�k�l�h�\�u�f�� �k�l�j�m�d�l�m�j�Z�f 
(�\�u�[�h�j�d�Z���i�j�b���i�h�f�h�s�b���d�e�Z�k�l�_�j�b�a�Z�p�b�b���f�_�l�h�^�h�f��k-�k�j�_�^�g�b�o) 

�D�h�w�n�n�b�p�b�_�g�l �A�g�Z�q�_�g�b�_ 
a0 0,508245 
a1 -0,0978258 
a2 0,124958 
a3 0,046329 
a4 0,00152032 
a11 -0,118414 
a22 0,0985023 
a23 0,000987581 
a24 -0,0171112 
a12 -0,0712726 
a13 0,046749 
a14 0,00238269 
a23 -0,0254777 
a24 -0,0182512 
a34 -0,00156329 

 

�>�e�y���d�Z�`�^�h�]�h���b�a���k�n�h�j�f�b�j�h�\�Z�g�g�u�o���g�Z�[�h�j�h�\���^�Z�g�g�u�o���[�u�e�Z���h�l�d�Z�e�b�[�j�h�\�Z�g�Z��

�f�h�^�_�e�v���9�7���� �b�� �b�k�k�e�_�^�h�\�Z�g�u �_�z�� �l�h�q�g�h�k�l�v �b�� �k�l�Z�[�b�e�v�g�h�k�l�v�� �f�_�l�h�^�h�f����

�i�j�b�\�_�^�_�g�g�u�f�� �\��[70] (�k�f�� �i������������)���� �J�_�a�m�e�v�l�Z�l�� �i�j�_�^�k�l�Z�\�e�_�g�� �g�Z���J�b�k��3.10�[. �b��

�J�b�k��������1. 

�D�Z�d�� �b�� �h�`�b�^�Z�e�h�k�v���� �g�Z�[�h�j�u���� �k�h�k�l�h�y�s�b�_�� �b�a�� ������ �b�� ������ �k�l�j�m�d�l�m�j���� �^�Z�x�l��

�h�r�b�[�d�m �[�h�e�_�_�� ���� �g�f���� �d�h�l�h�j�Z�y�� �f�h�g�h�l�h�g�g�h�� �m�f�_�g�v�r�Z�_�l�k�y�� �k�� �m�\�_�e�b�q�_�g�b�_�f��

�d�h�e�b�q�_�k�l�\�Z �d�Z�e�b�[�j�h�\�h�q�g�u�o �b�a�f�_�j�_�g�b�c�����G�Z�q�b�g�Z�y�� �k�� �������� �a�Z�^�_�c�k�l�\�h�\�Z�g�g�u�o��

�d�Z�e�b�[�j�h�\�h�q�g�u�o���k�l�j�m�d�l�m�j�� �k�i�Z�^���h�l�d�e�h�g�_�g�b�y�� �m�f�_�g�v�r�Z�_�l�k�y���b���\�u�o�h�^�b�l�� �i�h�q�l�b���g�Z��

�i�h�k�l�h�y�g�g�u�c�� �m�j�h�\�_�g�v�� ����5 �g�f���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �h�i�l�b�f�Z�e�v�g�u�f�� �\�Z�j�b�Z�g�l�h�f��

�y�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_���^�e�y���d�Z�e�b�[�j�h�\�d�b���h�l�����������^�h�����������l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j���i�j�b��

�m�k�e�h�\�b�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �\�u�[�h�j�d�b���i�j�b�� �i�h�f�h�s�b �d�e�Z�k�l�_�j�g�h�]�h�� �Z�g�Z�e�b�a�Z ���f�_�l�h�^��k-

�k�j�_�^�g�b�o�� [27, 52, 53, 96]. 

�K�d�j�b�i�l�� �f�h�^�_�e�b��VT5���� �h�l�d�Z�e�b�[�j�h�\�Z�g�g�h�c�� �i�h�� �������� �l�_�k�l�h�\�u�f�� �k�l�j�m�d�l�m�j�Z�f����

�i�j�b�\�_�^�_�g�� �\���I�j�b�e�h�`�_�g�b�b�� ��. �A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\ a0���«��a34 �i�j�b�\�_�^�_�g�u�� �\��

�L�Z�[�e�b�p�_�� ����. �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�� �q�b�k�e�Z�� �f�Z�l�j�b�p�u��
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�g�h�j�f�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�o�� �m�j�Z�\�g�_�g�b�c��(1.26) �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��

�d�h�w�n�n�b�p�b�_�g�l�h�\��a0���«��a34 �k�h�k�l�Z�\�b�e�h�����f�b�g = 0,000816453 �i�j�b�� ��1-�l�b�� �q�e�_�g�Z�o��

�j�Z�a�e�h�`�_�g�b�y �b�a�� ����-�l�b�� �\�h�a�f�h�`�g�u�o���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h���f�b�g�b�f�Z�e�v�g�h�f�m��

�a�g�Z�q�_�g�b�x��RRMSpred � �����������g�f. 

 

3.4�����J�Z�a�j�Z�[�h�l�d�Z���[�Z�a�h�\�h�c���i�j�h�p�_�^�m�j�u���j�Z�k�k�l�Z�g�h�\�d�b���g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o��

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���w�e�_�f�_�g�l�h�\�����6�5�$�)�� 

�A�Z�^�Z�q�Z�� �j�Z�a�j�Z�[�h�l�d�b�� �i�j�h�p�_�^�m�j�u�� �j�Z�k�k�l�Z�g�h�\�d�b��SRAF �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�K�:�I�J�� Mentor Graphics Calibre (�b�g�k�l�j�m�f�_�g�l��OPCsbar [97]) �k�\�h�^�b�l�k�y�� �d��

�k�h�k�l�Z�\�e�_�g�b�x�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �d�h�^�Z�� �g�Z�� �y�a�u�d�_��SVRF (Standard Verification Rule 

Format [98])���� �k�h�^�_�j�`�Z�s�_�]�h�� �i�Z�j�Z�f�_�l�j�u�� �b�k�i�h�e�v�a�m�_�f�u�o�� �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o��

�k�l�j�m�d�l�m�j���b���d�h�f�Z�g�^�u�����h�i�b�k�u�\�Z�x�s�b�_���i�j�h�p�_�k�k���b�o���j�Z�k�k�l�Z�g�h�\�d�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l��

�]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���Z�g�Z�e�b�a�b�j�m�_�f�h�c �l�h�i�h�e�h�]�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b 

[57]. �I�h�� �k�m�l�b���� �i�j�h�p�_�k�k�� �j�Z�a�f�_�s�_�g�b�y��SRAF �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�l�h�i�h�e�h�]�b�q�_�k�d�m�x���d�h�j�j�_�d�p�b�x �g�Z�� �h�k�g�h�\�_�� �i�j�Z�\�b�e�� ���\�h �\�k�y�d�h�f�� �k�e�m�q�Z�_�����^�e�y��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���\���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_ �i�j�h�_�d�l�g�u�o���g�h�j�f���l�_�o�g�h�e�h�]�b�b���� 

�I�Z�j�Z�f�_�l�j�u��SRAF �b�� �i�j�Z�\�b�e�Z�� �b�o�� �j�Z�a�f�_�s�_�g�b�y�� �h�i�j�_�^�_�e�y�x�l�k�y�� �i�h 

�j�_�a�m�e�v�l�Z�l�Z�f���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�j�h�p�_�k�k�Z���i�j�h�_�d�p�b�h�g�g�h�c���n�h�l�h�e�b�l�h�]�j�Z�n�b�b�����i��������������

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �i�j�h�i�_�q�Z�l�d�_�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� ���i�������������� �Z�� �l�Z�d�`�_�� �i�j�Z�\�b�e��

MRC (Mask Rule Check), �n�h�j�f�m�e�b�j�m�_�f�u�o, �\���q�Z�k�l�g�h�k�l�b�� �g�Z���h�k�g�h�\�_���l�j�_�[�h�\�Z�g�b�c��

�n�h�l�h�r�Z�[�e�h�g�g�h�c�� �k�i�_�p�b�n�b�d�Z�p�b�b�� ���i�������������� �D�j�h�f�_�� �l�h�]�h���� �k�m�s�_�k�l�\�m�_�l�� �\�h�a�f�h�`�g�h�k�l�v��

�\�u�^�_�e�_�g�b�y�� �i�j�b�h�j�b�l�_�l�g�u�o���w�e�_�f�_�g�l�h�\ SRAF, �g�Z�i�j�b�f�_�j�����h�l�g�h�k�y�s�b�o�k�y�� �d��

�a�Z�l�\�h�j�g�u�f�� �m�a�e�Z�f�� �k�o�_�f�u, �± �^�e�y�� �w�l�h�]�h�� �g�_�h�[�o�h�^�b�f�� �m�q�_�l�� �l�h�i�h�e�h�]�b�b���^�\�m�o��

�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�e�h�_�\���� �i�h�e�b�d�j�_�f�g�b�y�� �b �Z�d�l�b�\�g�u�o�� �h�[�e�Z�k�l�_�c���� �G�Z�� �h�k�g�h�\�_��

�m�d�Z�a�Z�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�l�k�y���[�Z�a�h�\�Z�y�� �i�j�h�p�_�^�m�j�Z �j�Z�k�k�l�Z�g�h�\�d�b��

�w�e�_�f�_�g�l�h�\��SRAF, �d�h�l�h�j�Z�y�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �f�h�`�_�l�� �[�u�l�v�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�Z�� �k��

�m�q�_�l�h�f�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�j�h�b�a�\�h�^�b�f�u�o�� �b�a�^�_�e�b�c�� �b�e�b��

�b�k�i�h�e�v�a�m�_�f�u�o���\���b�o���k�h�k�l�Z�\�_���[�b�[�e�b�h�l�_�q�g�u�o���w�e�_�f�_�g�l�h�\�� 
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�I�j�h�p�_�^�m�j�Z�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �k�e�h�y��SRAF �f�h�`�_�l�� �[�u�l�v�� �j�Z�a�^�_�e�_�g�Z �g�Z�� �l�j�b��

�w�l�Z�i�Z: 

1) �a�Z�^�Z�g�b�_�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o��

�w�e�_�f�_�g�l�h�\ �b�� �l�h�i�h�e�h�]�b�b�� �h�k�g�h�\�g�u�o�� �k�e�h�_�\���� �g�_�h�[�o�h�^�b�f�u�o�� �^�e�y��

�m�k�i�_�r�g�h�]�h���j�Z�a�f�_�s�_�g�b�y��SRAF (�k�h�a�^�Z�g�b�_���i�j�Z�\�b�e); 

2) �j�Z�k�k�l�Z�g�h�\�d�Z�� �w�e�_�f�_�g�l�h�\��SRAF �k�h�]�e�Z�k�g�h���k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�f 

�i�j�Z�\�b�e�Z�f�� 

3) �©�h�q�b�k�l�d�Z�ª�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �k�e�h�y��SRAF �h�l�� �n�j�Z�]�f�_�g�l�h�\���� �k�i�h�k�h�[�g�u�o��

�g�_�[�e�Z�]�h�i�j�b�y�l�g�h�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�_�a�m�e�v�l�Z�l�� �i�j�h�_�d�p�b�h�g�g�h�c��

�n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� 

�>�Z�e�_�_���m�d�Z�a�Z�g�g�Z�y���i�j�h�p�_�^�m�j�Z���h�i�b�k�u�\�Z�_�l�k�y �[�h�e�_�_���^�_�l�Z�e�v�g�h�� 

3.4.1. �H�i�j�_��̂_�e�_�g�b�_���i�_�j�\�h�g�Z�q�Z�e�v�g�u�o���i�j�b�g�p�b�i�h�\ �j�Z�a�f�_�s�_�g�b�y��

�w�e�_�f�_�g�l�h�\��SRAF 

�H�[�u�q�g�h�� �i�h�^�� �i�j�Z�\�b�e�Z�f�b�� �j�Z�k�k�l�Z�g�h�\�d�b�� �6�5�$�)�� �i�h�g�b�f�Z�_�l�k�y�� �g�_�d�h�l�h�j�u�c��

�g�Z�[�h�j�� �a�g�Z�q�_�g�b�c�� �b�� �^�b�Z�i�Z�a�h�g�h�\���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �o�Z�j�Z�d�l�_�j�g�u�f�� �j�Z�a�f�_�j�Z�f����

�d�h�l�h�j�u�_�� �f�h�`�g�h�� �\�k�l�j�_�l�b�l�v�� �\�� �l�h�i�h�e�h�]�b�b���� �<�� �k�e�m�q�Z�_�� �h�[�j�Z�[�h�l�d�b�� �h�^�g�h�f�_�j�g�h�c��

�l�h�i�h�e�h�]�b�b���o�Z�j�Z�d�l�_�j�g�u�f�b���j�Z�a�f�_�j�Z�f�b���y�\�e�y�x�l�k�y: 

�x �j�Z�a�f�_�j�u�� �i�j�h�f�_�`�m�l�d�h�\���f�_�`�^�m�� �k�l�j�m�d�l�m�j�Z�f�b���� �\�� �d�h�l�h�j�u�_�� �^�h�e�`�g�u��

�k�l�Z�\�b�l�v�k�y���6�5�$�)�� 

�x �r�b�j�b�g�u���k�l�j�m�d�l�m�j�����^�e�y���d�h�l�h�j�u�o���^�h�e�`�g�u���k�l�Z�\�b�l�v�k�y���6�5�$�)�� 

�x �r�b�j�b�g�u���w�e�_�f�_�g�l�h�\���6�5�$�); 

�x �i�h�e�h�`�_�g�b�_���w�e�_�f�_�g�l�Z��SRAF (�j�Z�k�k�l�h�y�g�b�_���h�l���d�j�Z�y���h�k�g�h�\�g�h�c���k�l�j�m�d�l�m�j�u). 

�I�_�j�_�q�b�k�e�_�g�g�u�_�� �j�Z�a�f�_�j�u�� �[�u�e�b�� �h�i�j�_�^�_�e�_�g�u�� �j�Z�g�_�_�� �g�Z�� �w�l�Z�i�Z�o��

�f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b�� ���i������������ �b��

�w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���i�j�h�i�_�q�Z�l�d�_���l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j�����i�������������� 

3.4.2. �>�h�i�h�e�g�b�l�_�e�v�g�u�_���l�h�i�h�e�h�]�b�q�_�k�d�b���h�[�m�k�e�h�\�e�_�g�g�u�_���h�]�j�Z�g�b�q�_�g�b�y 

�J�_�Z�e�v�g�u�_�� �l�h�i�h�e�h�]�b�b�� �g�_���y�\�e�y�x�l�k�y�� �h�^�g�h�f�_�j�g�u�f�b���� �i�h�w�l�h�f�m�� �g�Z�[�h�j 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �h�i�b�k�u�\�Z�x�s�b�o�� �j�Z�k�k�l�Z�g�h�\�d�m��SRAF, �\�d�e�x�q�Z�_�l�� �j�y�^��

�^�h�i�h�e�g�b�l�_�e�v�g�u�o���h�]�j�Z�g�b�q�_�g�b�c�� 



 131 
 

�D�Z�d�� �m�`�_���h�l�f�_�q�Z�e�h�k�v�� �\�u�r�_�����6�5�$�)�� �^�h�e�`�g�u�� �b�f�_�l�v�� �^�h�k�l�Z�l�h�q�g�h�� �f�Z�e�m�x��

�r�b�j�b�g�m�����q�l�h�[�u���g�_���i�j�h�i�_�q�Z�l�u�\�Z�l�v�k�y �\���j�_�a�b�k�l�_�����K���^�j�m�]�h�c���k�l�h�j�h�g�u�����q�_�f���[�h�e�v�r�_��

�r �b�j�b�g�Z���w�e�_�f�_�g�l�h�\���6�5�$�)�����l�_�f���w�n�n�_�d�l�b�\�g�_�_���h�g�b���\�u�i�h�e�g�y�x�l���k�\�h�x���n�m�g�d�p�b�x���i�h��

�j�Z�k�r�b�j�_�g�b�x�� �i�j�h�p�_�k�k�g�h�]�h�� �h�d�g�Z�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�u���� �W�l�b�� �^�\�Z��

�i�j�h�l�b�\�h�j�_�q�Z�s�b�o�� �^�j�m�]�� �^�j�m�]�m�� �l�j�_�[�h�\�Z�g�b�y���i�j�b�\�h�^�y�l�� �d�� �g�_�h�[�o�h�^�b�f�h�k�l�b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �i�h�b�k�d�Z�� �h�i�l�b�f�Z�e�v�g�u�o�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\��

�b�k�i�h�e�v�a�m�_�f�u�o��SRAF�����L�Z�d�h�c���i�h�b�k�d�����d�Z�d���i�j�Z�\�b�e�h�����i�j�h�b�a�\�h�^�b�l�k�y���k���i�j�b�f�_�g�_�g�b�_�f��

�i�j�h�i�_�q�Z�l�h�d���h�^�g�h�f�_�j�g�u�o���l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j�����i�������������b���g�_���^�Z�_�l �b�k�q�_�j�i�u�\�Z�x�s�b�c��

�h�l�\�_�l���g�Z���\�h�i�j�h�k���h���i�j�h�i�_�q�Z�l�u�\�Z�_�f�h�k�l�b �\���j�_�a�b�k�l�_���w�e�_�f�_�g�l�h�\ SRAF �\���^�\�m�f�_�j�g�h�c��

�l�h�i�h�e�h�]�b�b���� �\�� �q�Z�k�l�g�h�k�l�b���� �i�h�� �i�j�b�q�b�g�_���h�]�j�Z�g�b�q�_�g�g�h�k�l�b�� �q�b�k�e�Z�� �a�Z�d�e�Z�^�u�\�Z�_�f�u�o��

�\�Z�j�b�Z�g�l�h�\���l�_�k�l�h�\�u�o���i�Z�l�l�_�j�g�h�\�� 

�F�h�^�_�e�b�j�h�\�Z�g�b�_�� �d�h�g�l�m�j�Z�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�Z�k�d�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�d�h�f�i�Z�d�l�g�u�o�� �f�h�^�_�e�_�c���i�h�a�\�h�e�y�_�l �k�� �^�h�k�l�Z�l�h�q�g�h�c�� �l�h�q�g�h�k�l�v�x���i�j�h�]�g�h�a�b�j�h�\�Z�l�v��

�i�j�h�i�_�q�Z�l�u�\�Z�_�f�h�k�l�v �i�j�Z�d�l�b�q�_�k�d�b�� �e�x�[�u�o�� �d�h�g�n�b�]�m�j�Z�p�b�c�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o��

�w�e�_�f�_�g�l�h�\�� ���i�j�b�� �m�k�e�h�\�b�b�� �d�h�j�j�_�d�l�g�h�c�� �g�Z�k�l�j�h�c�d�b�� �b�� �d�Z�e�b�[�j�h�\�d�b�� �b�k�i�h�e�v�a�m�_�f�u�o��

�f�h�^�_�e�_�c��. 

�G�b�`�_�� �h�i�b�k�Z�g�u�� �h�k�g�h�\�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b���� �k�\�y�a�Z�g�g�u�_�� �k�� �j�Z�a�f�_�s�_�g�b�_�f��

SRAF �\�� �j�_�Z�e�v�g�u�o�� �l�h�i�h�e�h�]�b�y�o�� �b�� �i�j�b�\�h�^�y�s�b�_�� �d�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �\�\�_�^�_�g�b�y��

�^�h�i�h�e�g�b�l�_�e�v�g�u�o���h�]�j�Z�g�b�q�_�g�b�c���g�Z���b�o���]�_�h�f�_�l�j�b�x [57, 99, 100]. 

1. �M�]�e�h�\�u�_���b���i�_�j�_�k�_�d�Z�x�s�b�_�k�y��SRAF 

�G�Z���J�b�k��������2�Z �i�h�d�Z�a�Z�g�u �j�_�a�m�e�v�l�Z�l�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �n�h�l�h�j�_�a�b�k�l�g�h�c��

�f�Z�k�d�b�� �^�e�y���l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �k�� �m�]�e�h�\�u�f�b��SRAF ���r�b�j�b�g�Z��

�p�_�g�l�j�Z�e�v�g�h�c�� �k�l�j�m�d�l�m�j�u��80 �g�f������ �J�_�a�m�e�v�l�Z�l�u�� �[�u�e�b�� �i�h�e�m�q�_�g�u���^�e�y�� �g�m�e�_�\�h�]�h��

�a�g�Z�q�_�g�b�y �^�_�n�h�d�m�k�b�j�h�\�d�b���k���i�h�f�h�s�v�x�� �K�:�I�J�� �&�D�O�L�E�U�H�� �g�Z�� �h�k�g�h�\�_���f�h�^�_�e�b��VT5 

�n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�g�l�m�j�Z�� �N�J�F���� �h�l�d�Z�e�b�[�j�h�\�Z�g�g�h�c�� �\�� �i���������������� �R�b�j�b�g�Z��SRAF 

�k�h�k�l�Z�\�e�y�_�l�� ������ �g�f���� �F�h�^�_�e�v�� �i�j�_�^�k�d�Z�a�u�\�Z�_�l�� �i�j�h�j�Z�[�h�l�d�m�� �\�� �j�_�a�b�k�l�_�� �f�_�k�l��

�i�_�j�_�k�_�q�_�g�b�y�� �b�� �[�e�b�a�d�h�]�h�� �i�j�b�f�u�d�Z�g�b�y��SRAF���� �i�h�w�l�h�f�m�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y��

�p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� �a�Z�i�j�_�l�� �g�Z�� �i�_�j�_�k�_�q�_�g�b�_ �g�_�i�j�h�i�_�q�Z�l�u�\�Z�_�f�u�o�� �k�l�j�m�d�l�m�j�� �b��

�m�l�h�q�g�_�g�b�_�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �\�h�a�f�h�`�g�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �f�_�`�^�m���m�]�e�Z�f�b��
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�i�j�b�f�u�d�Z�x�s�b�o��SRAF �d�Z�d�� �i�Z�j�Z�f�_�l�j�Z���� �g�_�h�[�o�h�^�b�f�h�]�h�� �^�e�y�� �m�q�_�l�Z�� �i�j�b �b�o 

�j�Z�k�k�l�Z�g�h�\�d�_�� 

2. �H�[�j�Z�[�h�l�d�Z �d�h�g�p�h�\���e�b�g�b�c 

�D�Z�d�� �b�a�\�_�k�l�g�h���� �i�j�b�� �i�j�h�i�_�q�Z�l�d�_�� �e�b�g�b�c�� �\�� �k�b�e�m�� �w�n�n�_�d�l�h�\�� �[�e�b�a�h�k�l�b��

�i�j�h�b�k�o�h�^�b�l�� �m�d�h�j�Z�q�b�\�Z�g�b�_�� �b�� �k�d�j�m�]�e�_�g�b�_�� �b�o�� �d�h�g�p�h�\���� �F�b�g�b�f�b�a�b�j�h�\�Z�g�l�v�� �w�l�h�l��

�w�n�n�_�d�l���i�h�a�\�h�e�y�_�l���d�h�j�j�_�d�p�b�y���w�n�n�_�d�l�h�\���h�i�l�b�q�_�k�d�h�c���[�e�b�a�h�k�l�b�����h�^�g�Z�d�h���i�h�f�_�o�h�c��

�^�e�y�� �w�l�h�c�� �h�i�_�j�Z�p�b�b�� �f�h�]�m�l�� �k�l�Z�l�v�� �l�h�i�h�e�h�]�b�q�_�k�d�b�_�� �w�e�_�f�_�g�l�u��SRAF (�J�b�k��������2�[��. 

�>�e�y�� �b�k�d�e�x�q�_�g�b�y�� �g�_�]�Z�l�b�\�g�h�]�h�� �\�e�b�y�g�b�y��SRAF �g�Z�� �h�i�_�j�Z�p�b�x�� �l�h�i�h�e�h�]�b�q�_�k�d�h�c��

�d�h�j�j�_�d�p�b�b�� �d�h�g�p�h�\�� �e�b�g�b�c�� �^�h�k�l�Z�l�h�q�g�h�� �\�\�_�k�l�b�� �i�Z�j�Z�f�_�l�j���� �g�Z�d�e�Z�^�u�\�Z�x�s�b�c��

�h�]�j�Z�g�b�q�_�g�b�_�� �g�Z�� �f�b�g�b�f�Z�e�v�g�h�_�� �j�Z�k�k�l�h�y�g�b�_�� �h�l�� �d�h�g�p�h�\�� �e�b�g�b�c�� �h�k�g�h�\�g�h�c��

�l�h�i�h�e�h�]�b�b���^�h���g�Z�q�Z�e�Z���w�e�_�f�_�g�l�Z��SRAF. 

3. �H�[�j�Z�[�h�l�d�Z �©�k�d�h�e�h�\�ª���f�_�`�^�m���d�Z�k�Z�x�s�b�f�b�k�y �w�e�_�f�_�g�l�Z�f�b��SRAF 

�H�k�g�h�\�g�Z�y�� �i�j�h�[�e�_�f�Z���a�^�_�k�v�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �a�Z�l�j�m�^�g�_�g�g�h�c�� �b�g�k�i�_�d�p�b�b 

�^�Z�g�g�h�]�h�� �m�q�Z�k�l�d�Z�� �l�h�i�h�e�h�]�b�b��[101]. �K�m�s�_�k�l�\�m�_�l�� �^�\�Z�� �\�Z�j�b�Z�g�l�Z�� �h�[�j�Z�[�h�l�d�b��

�©�k�d�h�e�h�\�ª�� �f�_�`�^�m�� �^�\�m�f�y�� �i�j�b�f�u�d�Z�x�s�b�f�b�� �w�e�_�f�_�g�l�Z�f�b��SRAF (�J�b�k��������2�\): 

�k�h�a�^�Z�g�b�_�� �i�h�e�g�h�p�_�g�g�h�]�h�� �©�a�b�]�a�Z�]�Z�ª�� �e�b�[�h�� �k�b�f�f�_�l�j�b�q�g�Z�y�� �h�[�j�_�a�d�Z�� �g�Z�� �©�k�d�h�e�_�ª 

�i�m�l�_�f�� �a�Z�^�Z�g�b�y�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �f�_�`�^�m��SRAF ���d�Z�d�� �\�� �k�e�m�q�Z�_�� �k 

�m�]�e�h�\�u�f�b�� �b�� �i�_�j�_�k�_�d�Z�x�s�b�f�b�k�y��SRAF). �<�l�h�j�h�c�� �k�i�h�k�h�[�� �[�h�e�_�_�� �i�j�_�^�i�h�q�l�b�l�_�e�_�g��

�b���i�h�a�\�h�e�y�_�l���b�k�d�e�x�q�b�l�v���\�h�a�f�h�`�g�h�k�l�v���i�j�h�i�_�q�Z�l�d�b��SRAF�����g�h���f�h�`�_�l���i�j�b�\�_�k�l�b���d��

�g�_�h�^�g�h�j�h�^�g�h�k�l�b���j�Z�a�f�_�j�Z���h�k�g�h�\�g�h�c���k�l�j�m�d�l�m�j�u�� 

4. �K�e�b�y�g�b�_���\�k�l�j�_�q�g�u�o���k�h�\�f�_�s�_�g�g�u�o��SRAF 

�>�e�y�� �\�k�l�j�_�q�g�u�o�� �k�h�\�f�_�s�_�g�g�u�o��SRAF (�J�b�k������1���Z���� �f�h�`�_�l�� �[�u�l�v�� �a�Z�^�Z�g�h��

�f�b�g�b�f�Z�e�v�g�h�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �d�h�g�p�Z�f�b�� �w�e�_�f�_�g�l�h�\���� �<�� �k�e�m�q�Z�_�� �_�k�e�b�� �w�l�h��

�j�Z�k�k�l�h�y�g�b�_�� �f�_�g�_�_�� �a�Z�^�Z�g�g�h�]�h���� �w�e�_�f�_�g�l�u��SRAF �h�[�t�_�^�b�g�y�x�l�k�y�� �^�j�m�]�� �k�� �^�j�m�]�h�f����

�?�k�e�b�� �w�l�h�l�� �i�j�h�p�_�k�k�� �\�j�_�^�_�g�� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �d�h�g�p�h�\�� �e�b�g�b�c���� �l�h�� �\�� �w�l�h�f�� �k�e�m�q�Z�_��

�f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�Z���i�j�b�h�j�b�l�_�a�Z�p�b�y���l�_�o���b�e�b���b�g�u�o���m�q�Z�k�l�d�h�\���l�h�i�h�e�h�]�b�b�� 

5. �H�]�j�Z�g�b�q�_�g�b�y��MRC 

�H�k�g�h�\�g�Z�y�� �i�j�h�\�_�j�d�Z���� �h�k�m�s�_�k�l�\�e�y�_�f�Z�y�� �\�� �i�j�h�p�_�k�k�_��MRC, �± �i�j�h�\�_�j�d�Z�� �g�Z��

�f�b�g�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j�� �b�� �i�e�h�s�Z�^�v�� �d�h�^�b�j�m�_�f�u�o�� �w�e�_�f�_�g�l�h�\�� �l�h�i�h�e�h�]�b�b���� 
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�J�b�k����3.12. �H�k�h�[�_�g�g�h�k�l�b���j�Z�a�f�_�s�_�g�b�y���w�e�_�f�_�g�l�h�\��SRAF �\���j�_�Z�e�v�g�u�o���l�h�i�h�e�h�]�b�y�o: 

�Z) �m�]�e�h�\�u�_��SRAF�����i�j�h�j�Z�[�h�l�d�Z���m�]�e�h�\���\���j�_�a�b�k�l�_; 
�[�����h�[�j�Z�[�h�l�d�Z���d�h�g�p�h�\���e�b�g�b�c�� 
�\���� �\�Z�j�b�Z�g�l�u�� �h�[�j�Z�[�h�l�d�b�� �©�k�d�h�e�h�\�ª�� �f�_�`�^�m�� �d�Z�k�Z�x�s�b�f�b�k�y�� �w�e�_�f�_�g�l�Z�f�b��SRAF: 
�n�h�j�f�b�j�h�\�Z�g�b�_���©�a�b�]�a�Z�]�Z�ª���b���k�b�f�f�_�l�j�b�q�g�Z�y���h�[�j�_�a�d�Z 
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�O�Z�j�Z�d�l�_�j�g�u�_���j�Z�a�f�_�j�u���� �b�k�i�h�e�v�a�m�_�f�u�_���i�j�b���^�Z�g�g�h�c���i�j�h�\�_�j�d�_���� �h�i�j�_�^�_�e�y�x�l�k�y���b�a��

�k�i�_�p�b�n�b�d�Z�p�b�b�� �g�Z�� �n�h�l�h�r�Z�[�e�h�g���� �D�Z�d�� �i�j�Z�\�b�e�h���� �f�b�g�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j��

�l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �w�e�_�f�_�g�l�Z�� �^�h�e�`�_�g���� �d�Z�d�� �f�b�g�b�f�m�f���� �g�Z�� �i�h�j�y�^�h�d�� �i�j�_�\�u�r�Z�l�v��

�\�_�e�b�q�b�g�m���k�m�f�f�Z�j�g�h�]�h���^�h�i�m�k�d�Z���g�Z���j�Z�a�f�_�j���i�j�h�i�_�q�Z�l�u�\�Z�_�f�h�]�h���w�e�_�f�_�g�l�Z���g�Z���N�R��

���k�f�� �i�������������� �<�� �l�h�f�� �`�_�� �k�h�h�l�g�h�r�_�g�b�b�� �^�h�e�`�g�u�� �g�Z�o�h�^�b�l�v�k�y�� �i�e�h�s�Z�^�b��

�f�b�g�b�f�Z�e�v�g�h�]�h���d�h�^�b�j�m�_�f�h�]�h���w�e�_�f�_�g�l�Z���b���f�Z�d�k�b�f�Z�e�v�g�h�]�h���^�h�i�m�k�l�b�f�h�]�h���^�_�n�_�d�l�Z��

�l�h�i�h�e�h�]�b�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�� �j�Z�k�k�l�Z�g�h�\�d�_�� �^�h�e�`�g�u�� �[�u�l�v�� �a�Z�^�Z�g�u��

�]�_�h�f�_�l�j�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �\�h�a�f�h�`�g�h�]�h�� �w�e�_�f�_�g�l�Z��SRAF �± �i�h��

�f�_�g�v�r�_�c�� �f�_�j�_���� �_�]�h�� �^�e�b�g�Z�� ���J�b�k��������3�Z������ �J�Z�a�m�f�_�_�l�k�y���� �r�b�j�b�g�Z�� �b�k�i�h�e�v�a�m�_�f�u�o��

SRAF �^�h�e�`�g�Z�� �k�� �a�Z�i�Z�k�h�f�� �m�^�h�\�e�_�l�\�h�j�y�l�v�� �l�j�_�[�h�\�Z�g�b�x��MRC �d�� �j�Z�a�f�_�j�m��

�f�b�g�b�f�Z�e�v�g�h�]�h���w�e�_�f�_�g�l�Z���g�Z���N�R�� 

�< �i�j�h�p�_�k�k�_��MRC���� �d�j�h�f�_�� �l�h�]�h�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�j�h�\�_�j�d�Z�� �g�Z���[�e�b�a�h�k�l�v��

�k�l�h�j�h�g�� �w�e�_�f�_�g�l�h�\�� �l�h�i�h�e�h�]�b�b�� �^�j�m�]�� �d�� �^�j�m�]�m�����I�j�Z�\�b�e�Z�� �j�Z�k�k�l�Z�g�h�\�d�b��SRAF 

�^�h�e�`�g�u���b�a�g�Z�q�Z�e�v�g�h���m�q�b�l�u�\�Z�l�v���w�l�b���l�j�_�[�h�\�Z�g�b�y�����\���k�e�m�q�Z�_���i�h�y�\�e�_�g�b�y���i�h�^�h�[�g�u�o��

�h�r�b�[�h�d���h�g�b���^�h�e�`�g�u���m�k�l�j�Z�g�y�l�v�k�y���\ �i�j�h�p�_�k�k�_���©�h�q�b�k�l�d�b�ª���i�h�k�j�_�^�k�l�\�h�f���h�[�j�_�a�d�b��

�l�h�]�h��SRAF�����d�h�g�_�p���d�h�l�h�j�h�]�h���\�u�a�u�\�Z�_�l���h�r�b�[�d�m�����J�b�k��������3�[). 

 

 

3.4.3. �H�k�g�h�\�g�u�_���i�Z�j�Z�f�_�l�j�u���[�Z�a�h�\�h�c���i�j�h�p�_�^�m�j�u���j�Z�k�k�l�Z�g�h�\�d�b���k�l�j�m�d�l�m�j��

SRAF �^�e�y���^�\�m�f�_�j�g�h�c���l�h�i�h�e�h�]�b�b���a�Z�l�\�h�j�g�h�]�h���k�e�h�y�� 

�K�� �m�q�_�l�h�f �b�a�e�h�`�_�g�g�u�o�� �k�h�h�[�j�Z�`�_�g�b�c���� �Z�� �l�Z�d�`�_�� �j�_�a�m�e�v�l�Z�l�h�\ 

�f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b���� �j�_�a�m�e�v�l�Z�l�h�\ 

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �i�j�h�i�_�q�Z�l�d�_�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� ���i���������� �b�� �h�p�_�g�h�d 

�h�]�j�Z�g�b�q�_�g�b�c���� �g�Z�d�e�Z�^�u�\�Z�_�f�u�o���i�j�Z�\�b�e�Z�f�b��MRC���� �[�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �h�k�g�h�\�g�u�_��

�l�j�_�[�h�\�Z�g�b�y���d���[�Z�a�h�\�h�c���i�j�h�p�_�^�m�j�_ �j�Z�k�k�l�Z�g�h�\�d�b���k�l�j�m�d�l�m�j��SRAF �^�e�y���a�Z�l�\�h�j�g�h�]�h��

�k�e�h�y�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�_�d�l�g�u�o�� �g�h�j�f�� ������ �g�f�� ���k�f�����L�Z�[�e�b�p�m�� ���������� �K�d�j�b�i�l�� �[�Z�a�h�\�h�c��

�i�j�h�p�_�^�m�j�u�� �j�Z�k�k�l�Z�g�h�\�d�b��SRAF �g�Z�� �y�a�u�d�_��SVRF �^�e�y�� �K�:�I�J��Mentor Graphics 

Calibre (�b�g�k�l�j�m�f�_�g�l��OPCSbar) �i�j�b�\�_�^�_�g���\���I�j�b�e�h�`�_�g�b�b����.   
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�J�b�k����3.13. �H�k�h�[�_�g�g�h�k�l�b���j�Z�a�f�_�s�_�g�b�y���w�e�_�f�_�g�l�h�\��SRAF �\���j�_�Z�e�v�g�u�o���l�h�i�h�e�h�]�b�y�o: 

�Z) �k�e�b�y�g�b�_���\�k�l�j�_�q�g�u�o���k�h�\�f�_�s�_�g�g�u�o��SRAF; 
�[�����m�^�h�\�e�_�l�\�h�j�_�g�b�_���l�j�_�[�h�\�Z�g�b�y�f��MRC�����h�[�j�_�a�d�Z SRAF�����j�Z�k�i�h�e�h�`�_�g�g�u�o���[�e�b�a�d�h��
�^�j�m�]���d���^�j�m�]�m���b���d���w�e�_�f�_�g�l�Z�f���h�k�g�h�\�g�h�c���l�h�i�h�e�h�]�b�b 
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�L�Z�[�e�b�p�Z����6. �H�k�g�h�\�g�u�_���l�j�_�[�h�\�Z�g�b�y���d���[�Z�a�h�\�h�c���i�j�h�p�_�^�m�j�_���j�Z�k�k�l�Z�g�h�\�d�b���k�l�j�m�d�l�m�j��
�6�5�$�)���^�e�y���^�\�m�f�_�j�g�h�c���l�h�i�h�e�h�]�b�b���a�Z�l�\�h�j�g�h�]�h���k�e�h�y���l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f��
������ �g�f���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �g�Z�� �h�k�g�h�\�_���f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c��
�n�h�l�h�e�b�l�h�]�j�Z�n�b�b���� �w�d�k�i�_�j�b�f�_�g�l�h�\���i�h�� �i�j�h�i�_�q�Z�l�d�_�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� �b�� �i�j�Z�\�b�e��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y���N�R ���j�Z�a�f�_�j�u �\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u�� 

�I�j�Z�\�b�e�h �A�g�Z�q�_�g�b�_ 
�h�k�g�h�\�g�u�_���i�j�Z�\�b�e�Z���j�Z�k�k�l�Z�g�h�\�d�b 

�^�e�y���a�Z�a�h�j�Z���������·���������g�f �Z��� ���������g�f��������SRAF �\���p�_�g�l�j�_ 
�^�e�y���a�Z�a�h�j�Z���������·���������g�f �Z��� ���������g�f��������SRAF �\���p�_�g�l�j�_ 
�^�e�y���a�Z�a�h�j�Z���������·���������g�f �Z��� ���������g�f�����V��� �����������g�f 
�^�e�y���a�Z�a�h�j�Z���������·���������g�f �Z��� ���������g�f�����V��� �����������g�f 
�^�e�y���a�Z�a�h�j�Z���[�h�e�_�_�����������g�f �Z��� ���������g�f�����V��� �����������g�f 

�^�h�i�h�e�g�b�l�_�e�v�g�u�_���l�j�_�[�h�\�Z�g�b�y���d���o�Z�j�Z�d�l�_�j�g�u�f���j�Z�a�f�_�j�Z�f 
�f�b�g�����j�Z�a�f�_�j���j�_�[�j�Z���n�b�]�m�j�u���h�k�g�����l�h�i�h�e�h�]�b�b�����^�e�y��
�d�h�l�h�j�h�c���k�l�Z�\�b�l�k�y��SRAF  

30�����g�f 

�f�Z�d�k�����r�b�j�b�g�Z���n�b�]�m�j�u�����^�e�y���d�h�l�h�j�h�c���k�l�Z�\�b�l�k�y��
SRAF 

���������g�f 

�f�b�g�����a�Z�a�h�j���f�_�`�^�m �m�]�e�h�f��SRAF �b���j�_�[�j�h�f���n�b�]�m�j�u 
�h�k�g�����l�h�i�h�e�h�]�b�b 

8�����g�f 

�f�b�g�����a�Z�a�h�j���f�_�`�^�m���m�]�e�h�f��SRAF �b���m�]�e�h�f���n�b�]�m�j�u��
�h�k�g�����l�h�i�h�e�h�]�b�b 

���������g�f 

�f�b�g�����a�Z�a�h�j���f�_�`�^�m���m�]�e�Z�f�b���i�j�b�f�u�d�Z�x�s�b�o��SRAF 9�����g�f 
�f�b�g�����a�Z�a�h�j���f�_�`�^�m���m�]�e�Z�f�b���b���j�_�[�j�Z�f�b��
�i�j�b�f�u�d�Z�x�s�b�o��SRAF 

7�����g�f 

�f�b�g�����a�Z�a�h�j���f�_�`�^�m���i�Z�j�Z�e�e�_�e�v�g�u�f�b��SRAF �������g�f 
�f�b�g�����^�e�b�g�Z��SRAF 140 �g�f 
�f �b�g�����j�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���d�h�g�p�Z�f�b���\�k�l�j�_�q�g�u�o��
�k�h�\�f�_�s�_�g�g�u�o��SRAF�����g�_�h�[�o�h�^�b�f�h�_���^�e�y���k�e�b�y�g�b�y 

���������g�f 

�i�_�j�_�k�_�q�_�g�b�y���b���m�]�e�h�\�u�_��SRAF �a�Z�i�j�_�s�_�g�u 
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�<�u�\�h�^�u���i�h���=�e�Z�\�_���� 

1. �J�Z�a�j�Z�[�h�l�Z�g�Z�� �l�h�i�h�e�h�]�b�q�_�k�d�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �^�e�y �d�Z�e�b�[�j�h�\�h�q�g�h�]�h��

�n�h�l�h�r�Z�[�e�h�g�Z�� �©�/�,�7�+�2����-�����ª�� �\�d�e�x�q�Z�x�s�Z�y �\�� �k�\�h�c�� �k�h�k�l�Z�\�� �j�y�^�� �f�h�^�m�e�_�c����

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o�� �^�e�y�� �d�Z�e�b�[�j�h�\�d�b�� �h�i�l�b�q�_�k�d�h�c�� �b�� �d�h�f�i�Z�d�l�g�h�c��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�h�^�_�e�b�� �9�7������ �Z�� �l�Z�d�`�_�� �^�e�y�� �i�j�h�\�_�j�d�b�� �i�j�Z�\�b�e�� �j�Z�k�k�l�Z�g�h�\�d�b��

�k�l�j�m�d�l�m�j���6�5�$�)���g�Z���h�^�b�g�h�q�g�u�o���b���i�_�j�b�h�^�b�q�_�k�d�b�o���w�e�_�f�_�g�l�Z�o���l�h�i�h�e�h�]�b�b. 

2. �K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�h�l�h�r�Z�[�e�h�g�Z �©LITHO90-�����ª���� �b�a�]�h�l�h�\�e�_�g�g�h�]�h��

�\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �k�h�k�l�Z�\�e�_�g�g�h�c �\�� �j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �k�i�_�p�b�n�b�d�Z�p�b�_�c, 

�g�Z�� �k�d�Z�g�_�j�_�� �$�6�0�/�� �3�$�6�� �������������������&�� �[�u�e�b�� �i�j�h�b�a�\�_�^�_�g�u�� �i�j�h�i�_�q�Z�l�d�b�� �h�k�g�h�\�g�u�o��

�l�_�k�l�h�\�u�o�� �b�� �d�Z�e�b�[�j�h�\�h�q�g�u�o�� �f�h�^�m�e�_�c�� �k�� �g�Z�k�l�j�h�c�d�Z�f�b�� �i�j�h�_�d�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u����

�h�i�j�_�^�_�e�_�g�g�u�f�b�� �\�� �j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u���� �k�� �i�h�k�e�_�^�m�x�s�b�f�b�� �b�a�f�_�j�_�g�b�y�f�b��

�e�b�g�_�c�g�u�o�� �j�Z�a�f�_�j�h�\�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j���� �W�d�k�i�h�a�b�p�b�b�� �i�j�h�b�a�\�h�^�b�e�b�k�v�� �g�Z��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�h�c�� �©�p�_�g�l�j�Z�e�v�g�h�c�ª�� �^�h�a�_���� �h�i�l�b�f�Z�e�v�g�h�c�� �^�e�y��

�i�j�h�j�Z�[�h�l�d�b�� �©�y�d�h�j�g�h�]�h�ª�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �w�e�_�f�_�g�l�Z�� �������� �f�>�`���k�f2������ �Z�� �l�Z�d�`�_�� �k��

�\�Z�j�b�Z�p�b�_�c �^�h�a�u���\���^�b�Z�i�Z�a�h�g�_���“���������k���r�Z�]�h�f���������h�l�g�h�k�b�l�_�e�v�g�h���©�p�_�g�l�j�Z�e�v�g�h�]�h�ª��

�a�g�Z�q�_�g�b�y���b���^�_�n�h�d�m�k�b�j�h�\�d�b���\���^�b�Z�i�Z�a�h�g�_���“���������g�f���k���r�Z�]�h�f���������g�f���h�l�g�h�k�b�l�_�e�v�g�h��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h���g�Z�k�l�j�h�_�g�g�h�]�h���©�g�m�e�y�ª�� 

3. �:�g�Z�e�b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �i�j�h�p�_�k�k�g�u�o�� �h�d�h�g��SRAF, 

�i�h�k�l�j�h�_�g�g�u�o�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�i�_�q�Z�l�h�d�� �f�h�^�m�e�y���©�6�5�$�)�B�7�(�6�7�ª���n�h�l�h�r�Z�[�e�h�g�Z 

�©�/�,�7�+�2����-�����ª �i�h�a�\�h�e�b�e���k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �b�� �^�h�i�h�e�g�b�l�v�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_��

�j�Z�g�_�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �i�Z�j�Z�f�_�l�j�Z�f�� �6�5�$�)�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f ���\�k�_�� �j�Z�a�f�_�j�u��

�i�j�b�\�_�^�_�g�u���\���f�Z�k�r�l�Z�[�_���i�e�Z�k�l�b�g�u��: 

�x �Z�� � �� ������ �g�f���� �j�Z�k�i�h�e�h�`�_�g�b�_�� �\�� �p�_�g�l�j�Z�o�� �i�j�h�f�_�`�m�l�d�h�\�� �f�_�`�^�m�� �h�k�g�h�\�g�u�f�b��

�e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�Z���e�b�g�b�c���h�l�����������g�f���^�h�����������g�f�� 

�x �Z�� � �� ������ �g�f���� �j�Z�k�i�h�e�h�`�_�g�b�_�� �\�� �p�_�g�l�j�Z�o�� �i�j�h�f�_�`�m�l�d�h�\�� �f�_�`�^�m�� �h�k�g�h�\�g�u�f�b��

�e�b�g�b�y�f�b���± �^�e�y���i�_�j�b�h�^�Z���e�b�g�b�c���h�l�����������g�f���^�h�����������g�f�� 

�x �Z��� ���������g�f�����V��� �����������g�f���± �^�e�y���i�_�j�b�h�^�h�\���e�b�g�b�c���h�l�����������g�f���^�h�����������g�f�� 

�x �Z��� ���������g�f�����V��� �����������g�f���± �^�e�y���j�Z�k�k�l�h�y�g�b�c���f�_�`�^�m���h�k�g�h�\�g�u�f�b���k�l�j�m�d�l�m�j�Z�f�b��

�h�l�����������^�h�����������g�f�� 
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�x �Z��� ���������g�f�����V��� �����������g�f���± �^�e�y���j�Z�k�k�l�h�y�g�b�c���f�_�`�^�m���h�k�g�h�\�g�u�f�b���k�l�j�m�d�l�m�j�Z�f�b��

�h�l�����������g�f���b���[�h�e�_�_�����Z���l�Z�d�`�_���^�e�y���d�j�Z�_�\�u�o���k�l�j�m�d�l�m�j�� 

�x �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �w�e�_�f�_�g�l�h�f�� �6�5�$�)�� �b�� �h�k�g�h�\�g�h�c�� �k�l�j�m�d�l�m�j�h�c���� �Z�� �l�Z�d�`�_��

�f�_�`�^�m�� �k�h�k�_�^�g�b�f�b�� �w�e�_�f�_�g�l�Z�f�b�� �6�5�$�)�� �g�_�� �^�h�e�`�g�h�� �[�u�l�v�� �f�_�g�_�_�� ������ �g�f�� ���\��

�q�Z�k�l�g�h�k�l�b�����i�h�k�e�_���i�j�h�\�_�^�_�g�b�y���i�j�h�p�_�^�m�j�u���2�3�&��; 

�x �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �r�b�j�b�g�Z�� �w�e�_�f�_�g�l�Z�� �h�k�g�h�\�g�h�c�� �l�h�i�h�e�h�]�b�b���� �^�e�y�� �d�h�l�h�j�h�]�h��

�k�l�Z�\�b�l�k�y��SRAF �± ���������g�f�� 

4. �K�l�j�m�d�l�m�j�u�� �l�_�k�l�h�\�h�]�h�� �f�h�^�m�e�y�� �©�6�5�$�)�B�7�(�6�7�ª���� �i�h�d�Z�a�u�\�Z�x�s�b�_��

�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �^�b�Z�i�Z�a�h�g�Z�o�� �^�h�a�u�� �b��

�^�_�n�h�d�m�k�b�j�h�\�d�b���� �j�_�d�h�f�_�g�^�h�\�Z�g�h �m�q�_�k�l�v�� �i�j�b�� �d�Z�e�b�[�j�h�\�d�_�� �i�h�e�m�w�f�i�b�j�b�q�_�k�d�h�c��

�n�h�l�h�j�_�a�b�k�l�b�\�g�h�c���f�h�^�_�e�b���9�7��. 

5. �K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�i�_�q�Z�l�h�d�� �©�i�j�y�f�u�o�ª�� �b��

�b�g�\�_�j�l�b�j�h�\�Z�g�g�u�o�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j�� �l�b�i�Z�� �©�S�L�W�F�K�ª���� �©�O�L�Q�H�H�Q�G�ª�� �b��

�©�G�H�Q�V�H�B�O�L�Q�H�H�Q�G�ª �f�h�^�m�e�_�c�� �©�'�(�1�6�(�B�/�,�1�(�6�ª�� �b�� �©�3�8�/�/�%�$�&�.�6�ª���n�h�l�h�r�Z�[�e�h�g�Z��

�©�/�,�7�+�2����-�����ª�� �h�l�d�Z�e�b�[�j�h�\�Z�g�Z�� �h�i�l�b�q�_�k�d�Z�y�� �f�h�^�_�e�v���� �>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�d�h�g�l�m�j�Z�� �N�J�F�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �f�h�^�_�e�v�� �k�� �i�h�k�l�h�y�g�g�u�f�� �i�h�j�h�]�h�f����

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���g�h�f�b�g�Z�e�v�g�h�f�m���a�g�Z�q�_�g�b�x���^�h�a�u���^�e�y���g�Z�b�e�m�q�r�_�c���i�j�h�j�Z�[�h�l�d�b��

�©�y�d�h�j�g�h�]�h�ª���w�e�_�f�_�g�l�Z���l�h�i�h�e�h�]�b�b�����
��� �������������������D�E�J���g�Z���N�R�����O��� �����������g�f�����i�_�j�b�h�^��

�g�Z�� �N�R���� �S�� � �� �������� �g�f���� �D�E�J�� �\�� �j�_�a�b�k�l�_���� ������ �g�f���± �k�f���� �=�e���������� �I�h�b�k�d�� �h�i�l�b�f�Z�e�v�g�u�o��

�i�Z�j�Z�f�_�l�j�h�\�� �i�j�h�b�a�\�h�^�b�e�k�y�� �f�_�l�h�^�h�f�� �i�h�e�g�h�]�h�� �i�_�j�_�[�h�j�Z���� �F�Z�d�k�b�f�Z�e�v�g�h�_��

�a�g�Z�q�_�g�b�_��errRrmsCD �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�e�b�[�j�h�\�d�b�� �h�i�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�h�k�l�h�y�g�g�h�]�h�� �i�h�j�h�]�Z�� �k�h�k�l�Z�\�b�e�h�� �������������� �g�f���� �A�g�Z�q�_�g�b�_�� �H�U�U�5�U�P�V��

�g�Z���\�_�j�b�n�b�d�Z�p�b�h�g�g�h�f���f�g�h�`�_�k�l�\�_���k�h�k�l�Z�\�b�e�h�����������������g�f�� 

6. �K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�i�_�q�Z�l�h�d�� �l�_�k�l�h�\�u�o�� �k�l�j�m�d�l�m�j��

�l�b�i�Z�� �©�S�L�W�F�K�ª���� �©�O�L�Q�H�H�Q�G�ª�� �b�� �©�G�H�Q�V�H�B�O�L�Q�H�H�Q�G�ª�� �f�h�^�m�e�_�c�� �©�'�(�1�6�(�B�/�,�1�(�6�ª�� �b��

�©�3�8�/�/�%�$�&�.�6�ª�� �n�h�l�h�r�Z�[�e�h�g�Z�� �©�/�,�7�+�2����-�����ª�� �h�l�d�Z�e�b�[�j�h�\�Z�g�Z�� �h�i�l�b�q�_�k�d�Z�y��

�f�h�^�_�e�v�� �9�7������ �b�k�k�e�_�^�h�\�Z�g�u�� �_�_�� �l�h�q�g�h�k�l�v�� �b�� �k�l�Z�[�b�e�v�g�h�k�l�v���� �>�e�y�� �\�_�j�b�n�b�d�Z�p�b�b��

�j�_�a�m�e�v�l�Z�l�h�\�� �d�Z�e�b�[�j�h�\�d�b�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �l�_�k�l�h�\�u�_�� �k�l�j�m�d�l�m�j�u�� �f�h�^�m�e�y��

�©�6�/�2�7�6�ª���� �D�Z�e�b�[�j�h�\�h�q�g�Z�y�� �\�u�[�h�j�d�Z�� �n�h�j�f�b�j�h�\�Z�e�Z�k�v�� �f�_�l�h�^�h�f�� �d�e�Z�k�l�_�j�g�h�]�h��

�Z�g�Z�e�b�a�Z�� ���N-�k�j�_�^�g�b�o���� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �i�Z�j�Z�f�_�l�j�h�\�� �h�i�l�b�q�_�k�d�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��
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�b�k�i�h�e�v�a�m�_�f�u�o�� �d�Z�e�b�[�j�h�\�h�q�g�u�o�� �k�l�j�m�d�l�m�j���� �I�j�b�� �h�i�l�b�f�Z�e�v�g�h�f�� �q�b�k�e�_��

�d�Z�e�b�[�j�h�\�h�q�g�u�o���k�l�j�m�d�l�m�j�����������·�����������a�g�Z�q�_�g�b�_��errRrmsEPE �g�Z���\�_�j�b�n�b�d�Z�p�b�h�g�g�h�f��

�f�g�h�`�_�k�l�\�_�� �k�h�k�l�Z�\�b�e�h�� �������� �g�f���� �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�� �q�b�k�e�Z��

�f�Z�l�j�b�p�u�� �g�h�j�f�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�o�� �m�j�Z�\�g�_�g�b�c�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��

�d�h�w�n�n�b�p�b�_�g�l�h�\�� �f�h�^�_�e�b�� �9�7���� �k�h�k�l�Z�\�b�e�h�����f�b�g = 0,000906753 �i�j�b�� ����-�l�b�� �q�e�_�g�Z�o��

�j�Z�a�e�h�`�_�g�b�y�� �b�a�� ����-�l�b�� �\�h�a�f�h�`�g�u�o���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�h�\�m�_�l�� �f�b�g�b�f�Z�e�v�g�h�f�m��

�a�g�Z�q�_�g�b�x��RRMSpred � �����������g�f�� 

7. �>�e�y�� �^�\�m�f�_�j�g�u�o�� �l�h�i�h�e�h�]�b�c�� �k�� �m�q�_�l�h�f���j�_�a�m�e�v�l�Z�l�h�\�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�i�j�h�p�_�k�k�Z�� �i�j�h�_�d�p�b�h�g�g�h�c�� �n�h�l�h�e�b�l�h�]�j�Z�n�b�b���� �j�_�a�m�e�v�l�Z�l�h�\�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h��

�i�j�h�i�_�q�Z�l�d�_���l�_�k�l�h�\�u�o���k�l�j�m�d�l�m�j���f�h�^�m�e�y���©�6�5�$�)�B�7�(�6�7�ª �b���h�p�_�g�h�d���h�]�j�Z�g�b�q�_�g�b�c����

�g�Z�d�e�Z�^�u�\�Z�_�f�u�o�� �i�j�Z�\�b�e�Z�f�b�� �0�5�&���� �[�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �h�k�g�h�\�g�u�_�� �l�j�_�[�h�\�Z�g�b�y�� �d��

�[�Z�a�h�\�h�c�� �i�j�h�p�_�^�m�j�_�� �j�Z�k�k�l�Z�g�h�\�d�b�� �k�l�j�m�d�l�m�j�� �6�5�$�)�� �^�e�y�� �a�Z�l�\�h�j�g�h�]�h�� �k�e�h�y��

�l�_�o�g�h�e�h�]�b�b���i�j�h�_�d�l�g�u�o���g�h�j�f���������g�f. 
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�=�e�Z�\�Z��4. �H�I�L�B�F�B�A�:�P�B�Y��OPC-�J�?�P�?�I�L�: �>�E�Y���D�J�B�L�B�Q�?�K�D�B�O��

�K�E�H�?�< �K�;�B�K���I�J�H�?�D�L�G�U�O���G�H�J�F���������g�f 

4.1. �H�k�g�h�\�g�u�_���g�Z�k�l�j�Z�b�\�Z�_�f�u�_���i�Z�j�Z�f�_�l�j�u���2�3�&-�j�_�p�_�i�l�Z 

�J�_�p�_�i�l�� �d�h�j�j�_�d�p�b�b�� �w�n�n�_�d�l�h�\�� �h�i�l�b�q�_�k�d�h�c�� �[�e�b�a�h�k�l�b�� �i�j�Z�d�l�b�q�_�k�d�b�� �\��

�e�x�[�h�f���k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�f�� �K�:�I�J�� �j�_�Z�e�b�a�m�_�l�k�y�� �\�� �\�b�^�_�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�h�]�h��

�n�Z�c�e�Z���� �k�h�^�_�j�`�Z�s�_�]�h �a�g�Z�q�_�g�b�y�� �g�_�k�d�h�e�v�d�b�o�� �^�_�k�y�l�d�h�\�� �i�Z�j�Z�f�_�l�j�h�\����

�h�i�j�_�^�_�e�y�x�s�b�o�� �k�o�_�f�m�� �n�j�Z�]�f�_�g�l�Z�p�b�b�� �l�h�i�h�e�h�]�b�b���� �h�k�h�[�_�g�g�h�k�l�b�� �i�j�h�p�_�^�m�j�u��

�k�f�_�s�_�g�b�y�� �n�j�Z�]�f�_�g�l�h�\�� �b���^�j�m�]�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�p�_�k�k�Z�� �d�h�j�j�_�d�p�b�b��

�l�h�i�h�e�h�]�b�b���� �<���L�Z�[�e�b�p�_�� ���� �i�_�j�_�q�b�k�e�_�g�u�� �h�k�g�h�\�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �2�3�&-�j�_�p�_�i�l�Z�� �\��

�K�:�I�J��Mentor Graphics Calibre�����d�h�l�h�j�u�_���h�[�u�q�g�h���i�h�^�\�_�j�]�Z�x�l�k�y���g�Z�k�l�j�h�c�d�_�� 
 

�L�Z�[�e�b�p�Z�� �������� �H�k�g�h�\�g�u�_�� �i�Z�j�Z�f�_�l�j�u��OPC-�j�_�p�_�i�l�Z�� �\�� �K�:�I�J��Mentor Graphics 
Calibre�����i�h�^�\�_�j�]�Z�x�s�b�_�k�y���g�Z�k�l�j�h�c�d�_ 

�I�Z�j�Z�f�_�l�j �H�i�b�k�Z�g�b�_���i�Z�j�Z�f�_�l�j�Z 
iterations �H�^�b�g�� �b�a�� �d�e�x�q�_�\�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�p�_�i�l�Z���� �h�i�j�_�^�_�e�y�x�s�b�c����

�d�h�e�b�q�_�k�l�\�h�� �p�b�d�e�h�\�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �k�� �i�h�k�e�_�^�m�x�s�b�f�� �k�f�_�s�_�g�b�_�f��
�n�j�Z�]�f�_�g�l�h�\���� �;�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �b�l�_�j�Z�p�b�c�� �i�j�b�\�h�^�b�l�� �d�� �[�h�e�_�_��
�Z�]�j�_�k�k�b�\�g�h�c�� �d�h�j�j�_�d�p�b�b���l�h�i�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j���� �q�l�h�� �i�h�a�\�h�e�y�_�l��
�i�h�\�u�k�b�l�v�� �l�h�q�g�h�k�l�v�� �\�h�k�i�j�h�b�a�\�_�^�_�g�b�y�� �d�h�g�l�m�j�Z�� �l�h�i�h�e�h�]�b�b�� �g�Z��
�i�e�Z�k�l�b�g�_�����<���l�h���`�_���\�j�_�f�y�����f�_�g�v�r�_�_���a�g�Z�q�_�g�b�_���i�Z�j�Z�f�_�l�j�Z���k�h�d�j�Z�s�Z�_�l��
�\�j�_�f�_�g�g�u�_�� �a�Z�l�j�Z�l�u�� �g�Z�� �i�j�h�\�_�^�_�g�b�_�� �d�h�j�j�_�d�p�b�b���� �>�h�i�m�k�l�b�f�h�_��
�a�g�Z�q�_�g�b�_���± �p�_�e�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����·5 

concavecorn1 
�«  
concavecornN 

�I �Z�j�Z�f�_�l�j�u���� �d�h�g�l�j�h�e�b�j�m�x�s�b�_��
�d�h�e�b�q�_�k�l�\�h�� �b�� �j�Z�a�f�_�j�� �k�_�]�f�_�g�l�h�\�� �^�e�y��
�\�g�m�l�j�_�g�g�b�o�� �m�]�e�h�\�� �i�j�b�� �n�j�Z�]�f�_�g�l�Z�p�b�b��
�\�� �h�[�e�Z�k�l�y�o�� �\�a�Z�b�f�g�h�]�h�� �\�e�b�y�g�b�y��
�l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j����
�>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± 
�\�_�s�_�k�l�\�_�g�g�h�_�� �q�b�k�e�h�� �\�� �^�b�Z�i�Z�a�h�g�_��
0,08�·�������������f�d�f  

cornedge1 
�«  
cornedgeN 

�I �Z�j�Z�f�_�l�j�u���� �d�h�g�l�j�h�e�b�j�m�x�s�b�_��
�d�h�e�b�q�_�k�l�\�h�� �b�� �j�Z�a�f�_�j�� �k�_�]�f�_�g�l�h�\�� �^�e�y��
�\�g�_�r�g�b�o�� �m�]�e�h�\�� �i�j�b�� �n�j�Z�]�f�_�g�l�Z�p�b�b�� �\��
�h�[�e�Z�k�l�y�o�� �\�a�Z�b�f�h�\�e�b�y�g�b�y��
�l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j����
�>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���±  
�\�_�s�_�k�l�\�_�g�g�h�_�� �q�b�k�e�h�� �\�� �^�b�Z�i�Z�a�h�g�_ 
0,08�·�������������f�d�f  
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�L�Z�[�e�b�p�Z����7 ���i�j�h�^�h�e�`�_�g�b�_�� 
�I�Z�j�Z�f�_�l�j �H�i�b�k�Z�g�b�_���i�Z�j�Z�f�_�l�j�Z 

inter_ripplelen �I �Z�j�Z�f�_�l�j���� �h�i�j�_�^�_�e�y�x�s�b�c�� �^�e�b�g�m�� �h�^�b�g�h�q�g�h�]�h�� �j�_�[�j�Z�� �n�j�Z�]�f�_�g�l�Z����
�>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± �\�_�s�_�k�l�\�_�g�g�h�_�� �q�b�k�e�h�� �\�� �^�b�Z�i�Z�a�h�g�_��
0,08�·�������������f�d�f 

inter_num �I�Z�j�Z�f�_�l�j���� �h�i�j�_�^�_�e�y�x�s�b�c�� �d�h�e�b�q�_�k�l�\�h�� �l�h�q�_�d�� �n�j�Z�]�f�_�g�l�Z�p�b�b����
�d�h�l�h�j�u�_�� �k�h�a�^�Z�x�l�k�y�� �i�h�� �h�[�_�� �k�l�h�j�h�g�u�� �h�l�� �d�h�g�p�_�\�h�]�h�� �m�q�Z�k�l�d�Z�� �e�b�g�b�b��
�g�Z�q�b�g�Z�y�� �k�� �g�m�e�_�\�h�c�� �l�h�q�d�b���� �>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± �p�_�e�h�_�� �q�b�k�e�h�� �\��
�^�b�Z�i�Z�a�h�g�_�� �h�l�� ���� �^�h�� ������ �A�g�Z�q�_�g�b�_�� �i�h�� �m�f�h�e�q�Z�g�b�x���± 0,5 ��/(NA 
inter_ripplelen) 

inter_distance �I�Z�j�Z�f�_�l�j���� �h�i�j�_�^�_�e�y�x�s�b�c�� �f�Z�d�k�b�f�Z�e�v�g�m�x�� �^�b�k�l�Z�g�p�b�x�� �f�_�`�^�m��
�k�l�j�m�d�l�m�j�Z�f�b���� �i�j�b�� �d�h�l�h�j�h�c�� �g�_�h�[�o�h�^�b�f�h�� �\�u�i�h�e�g�b�l�v�� �n�j�Z�]�f�_�g�l�Z�p�b�x����
�>�h�i�m�k�l�b�f�h�_���a�g�Z�q�_�g�b�_���± �\�_�s�_�k�l�\�_�g�g�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_���������·������������
�f�d�f�����A�g�Z�q�_�g�b�_���i�h���m�f�h�e�q�Z�g�b�x���± �������������1�$ 

inter_shield �I�Z�j�Z�f�_�l�j�����h�i�j�_�^�_�e�y�x�s�b�c���f�b�g�b�f�Z�e�v�g�h�_�����d�h�e�b�q�_�k�l�\�h��
�[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�o���j�_�[�_�j�����i�j�b���g�Z�e�b�q�b�b���d�h�l�h�j�u�o��
�g�_�h�[�o�h�^�b�f�h�k�l�v�����\�u�i�h�e�g�_�g�b�y���n�j�Z�]�f�_�g�l�Z�p�b�b���h�l�k�m�l�k�l�\�m�_�l����
�>�h�i�m�k�l�b�f�h�_���a�g�Z�q�_�g�b�_���± �p�_�e�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����·�� 

lineEndLength �I�Z�j�Z�f�_�l�j�����a�Z�^�Z�x�s�b�c���d�j�b�l�_�j�b�c�����i�j�b�g�Z�^�e�_�`�g�h�k�l�b���j�_�[�j�Z���d��
�d�h�g�p�_�\�h�f�m���m�q�Z�k�l�d�m���e�b�g�b�b�����J�_�[�j�Z���l�Z�d�h�]�h���l�b�i�Z���i�h�^�\�_�j�]�Z�x�l�k�y��
�k�i�_�p�b�n�b�q�_�k�d�h�c���n�j�Z�]�f�_�g�l�Z�p�b�b�����>�h�i�m�k�l�b�f�h�_���a�g�Z�q�_�g�b�_���± 
�\�_�s�_�k�l�\�_�g�g�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����������·�����������f�d�f 

site_num �I�Z�j�Z�f�_�l�j�����h�i�j�_�^�_�e�y�x�s�b�c���d�h�e�b�q�_�k�l�\�h���d�h�g�l�j�h�e�v�g�u�o���l�h�q�_�d���^�e�y��
�b�a�f�_�j�_�g�b�y���\�_�e�b�q�b�g�u��EPE �\���a�Z�^�Z�g�g�u�o���d�h�g�l�j�h�e�v�g�u�o���h�[�e�Z�k�l�y�o��
�n�j�Z�]�f�_�g�l�Z�����>�h�i�m�k�l�b�f�h�_���a�g�Z�q�_�g�b�_���± �p�_�e�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����·������
�A�g�Z�q�_�g�b�_���i�h���m�f�h�e�q�Z�g�b�x���a�Z�\�b�k�b�l���h�l���a�Z�^�Z�g�g�h�]�h���l�b�i�Z���d�h�g�l�j�h�e�v�g�h�c��
�h�[�e�Z�k�l�b 

site_center �I�Z�j�Z�f�_�l�j���� �h�i�j�_�^�_�e�y�x�s�b�c�� �i�Z�j�Z�f�_�l�j�u�� �\�u�j�Z�\�g�b�\�Z�g�b�y�� �d�h�g�l�j�h�e�v�g�u�o��
�l�h�q�_�d�� �h�l�g�h�k�b�l�_�e�v�g�h�� �j�_�[�j�Z�� �n�j�Z�]�f�_�g�l�Z���� �� �>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± 
�p�_�e�h�_�� �q�b�k�e�h�� �\�� �^�b�Z�i�Z�a�h�g�_�� ���·���� ���g�_�� �f�h�`�_�l�� �i�j�_�\�u�r�Z�l�v�� �a�g�Z�q�_�g�b�_��
site_num) 

 
stepsize �I�Z�j�Z�f�_�l�j�����h�i�j�_�^�_�e�y�x�s�b�c���f�b�g�b�f�Z�e�v�g�m�x���^�b�k�l�Z�g�p�b�x�����g�Z���d�h�l�h�j�m�x��

�f�h�`�_�l���[�u�l�v���k�f�_�s�_�g�h���j�_�[�j�h���n�j�Z�]�f�_�g�l�Z���\���j�Z�f�d�Z�o���h�^�g�h�c���b�l�_�j�Z�p�b�b����
�B�k�i�h�e�v�a�m�_�l�k�y���\���d�Z�q�_�k�l�\�_���f�g�h�`�b�l�_�e�y���i�j�b���h�i�j�_�^�_�e�_�g�b�b���\�_�e�b�q�b�g�u��
�k�f�_�s�_�g�b�y���j�_�[�j�Z���g�Z���[�Z�a�_���i�h�e�m�q�_�g�g�h�]�h���i�h���j�_�a�m�e�v�l�Z�l�Z�f��
�f�h�^�_�e�b�j�h�\�Z�g�b�y�����a�g�Z�q�_�g�b�y���\�_�e�b�q�b�g�u���(�3�(�����>�h�i�m�k�l�b�f�h�_���a�g�Z�q�_�g�b�_���± 
�\�_�s�_�k�l�\�_�g�g�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�������������·�����������f�d�f 
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�L�Z�[�e�b�p�Z����7 ���i�j�h�^�h�e�`�_�g�b�_�� 
�I�Z�j�Z�f�_�l�j �H�i�b�k�Z�g�b�_���i�Z�j�Z�f�_�l�j�Z 

lea �I �Z�j�Z�f�_�l�j���� �b�k�i�h�e�v�a�m�_�f�u�c�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �k�_�]�f�_�g�l�h�\�� �j�_�[�_�j��
�g�Z�� �k�f�_�`�g�u�o�� �\�g�m�l�j�_�g�g�b�o�� �m�]�e�Z�o�� �d�h�g�p�_�\�u�o�� �m�q�Z�k�l�d�h�\�� �e�b�g�b�c����
�d�h�l�h�j�u�_�� �^�h�e�`�g�u�� �i�h�^�\�_�j�]�Z�l�v�k�y�� �k�i�_�p�b�n�b�q�_�k�d�h�c��
�n�j�Z�]�f�_�g�l�Z�p�b�b���� �A�Z�^�Z�_�l�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �\�_�j�r�b�g�Z�f�b��
�k�_�]�f�_�g�l�h�\�� �^�e�y�� �l�Z�d�b�o�� �h�[�e�Z�k�l�_�c���� �>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± 
�\�_�s�_�k�l�\�_�g�g�h�_ �q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����������·�������������f�d�f 

sea �I�Z�j�Z�f�_�l�j���� �b�k�i�h�e�v�a�m�_�f�u�c�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �k�_�]�f�_�g�l�h�\�� �j�_�[�_�j��
�g�Z�� �k�f�_�`�g�u�o�� �\�g�_�r�g�b�o�� �m�]�e�Z�o�� �d�h�g�p�_�\�u�o�� �m�q�Z�k�l�d�h�\�� �h�l�k�l�m�i�h�\����
�d�h�l�h�j�u�_�� �^�h�e�`�g�u�� �i�h�^�\�_�j�]�Z�l�v�k�y�� �k�i�_�p�b�n�b�q�_�k�d�h�c��
�n�j�Z�]�f�_�g�l�Z�p�b�b���� �A�Z�^�Z�_�l�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �\�_�j�r�b�g�Z�f�b��
�k�_�]�f�_�g�l�h�\�� �^�e�y���l�Z�d�b�o�� �h�[�e�Z�k�l�_�c���� �>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± 
�\�_�s�_�k�l�\�_�g�g�h�_���q�b�k�e�h���\���^�b�Z�i�Z�a�h�g�_�����������·�������������f�d�f 
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�«  
OPC_FEEDBACK_N 
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�b�k�i�h�e�v�a�m�_�f�h�]�h�� �i�j�b�� �\�u�q�b�k�e�_�g�b�b�� �\�_�e�b�q�b�g�u�� �k�f�_�s�_�g�b�y�� �j�_�[�j�Z��
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�a�g�Z�q�_�g�b�y�� �\�_�e�b�q�b�g�u�� �(�3�(���� �I�h�a�\�h�e�y�_�l�� �a�Z�^�Z�l�v�� �j�Z�a�e�b�q�g�u�_��
�a�g�Z�q�_�g�b�y�� �f�g�h�`�b�l�_�e�y�� �^�e�y�� �j�Z�a�g�u�o�� �b�l�_�j�Z�p�b�c���� �q�l�h�� �f�h�`�_�l��
�i�h�\�u�k�b�l�v�� �k�l�Z�[�b�e�v�g�h�k�l�v�� �i�j�h�p�_�k�k�Z�� �d�h�j�j�_�d�p�b�b�� �b�� �k�g�b�a�b�l�v��
�d�h�e�b�q�_�k�l�\�h�� �g�_�h�[�o�h�^�b�f�u�o�� �b�l�_�j�Z�p�b�c�� �k�f�_�s�_�g�b�y�� �n�j�Z�]�f�_�g�l�h�\����
�D�Z�d�� �i�j�Z�\�b�e�h���� �g�Z�q�Z�e�v�g�u�_�� �b�l�_�j�Z�p�b�b�� �l�j�_�[�m�x�l�� �f�_�g�v�r�_�]�h��
�a�g�Z�q�_�g�b�y���f�g�h�`�b�l�_�e�y���q�_�f�� �a�Z�d�e�x�q�b�l�_�e�v�g�u�_�����l���d�����b�a�g�Z�q�Z�e�v�g�h�_��
�a�g�Z�q�_�g�b�_���h�r�b�[�d�b���(�3�(���f�h�`�_�l���[�u�l�v���h�q�_�g�v���\�_�e�b�d�h�����L�j�_�[�m�_�f�h�_��
�d�h�e�b�q�_�k�l�\�h�� �i�_�j�_�f�_�g�g�u�o�� �j�Z�\�g�y�_�l�k�y�� �d�h�e�b�q�_�k�l�\�m�� �b�l�_�j�Z�p�b�c����
�>�h�i�m�k�l�b�f�h�_�� �a�g�Z�q�_�g�b�_���± �\�_�s�_�k�l�\�_�g�g�h�_�� �q�b�k�e�h�� �\�� �^�b�Z�i�Z�a�h�g�_���± 
���·�����f�d�f 

 
�I�h���i�j�b�q�b�g�_���[�h�e�v�r�h�c���j�Z�a�f�_�j�g�h�k�l�b���\�_�d�l�h�j�Z���i�Z�j�Z�f�_�l�j�h�\���2�3�&-�j�_�p�_�i�l�Z���b��

�b�o�� �\�a�Z�b�f�h�k�\�y�a�b���� �^�e�y�� �b�o�� �g�Z�k�l�j�h�c�d�b�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �i�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�b�d�� �b��
�Z�e�]�h�j�b�l�f�h�\���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �h�i�l�b�f�b�a�Z�p�b�b [102, 103, 104]. 

 

4.2. �:�e�]�h�j�b�l�f���g�Z�k�l�j�h�c�d�b���i�Z�j�Z�f�_�l�j�h�\���2�3�&-�j�_�p�_�i�l�Z���g�Z���h�k�g�h�\�_��

�h�i�l�b�f�b�a�Z�p�b�h�g�g�u�o���f�_�l�h�^�h�\ 

4.2.1. �N�h�j�f�Z�e�b�a�Z�p�b�y���a�Z�^�Z�q�b���h�i�l�b�f�Z�e�v�g�h�]�h���\�u�[�h�j�Z���i�Z�j�Z�f�_�l�j�h�\���2�3�&-

�j�_�p�_�i�l�Z 

�N�h�j�f�m�e�b�j�h�\�d�Z���a�Z�^�Z�q�b 

�D�Z�d�� �m�i�h�f�b�g�Z�e�h�k�v�� �\�u�r�_����OPC-�j�_�p�_�i�l�� �f�h�`�_�l���h�i�j�_�^�_�e�_�g�g�u�c�� �g�Z�[�h�j��

�i�Z�j�Z�f�_�l�j�h�\���� �A�g�Z�q�_�g�b�_�� �d�Z�`�^�h�]�h�� �b�a�� �g�b�o�� �a�Z�^�Z�_�l�k�y�� �\�_�s�_�k�l�\�_�g�g�u�f�� �b�e�b�� �p�_�e�u�f��
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�q�b�k�e�h�f�� �\�� �g�_�d�h�l�h�j�h�f�� �^�b�Z�i�Z�a�h�g�_���� �<�u�^�_�e�b�f��n �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z����

�d�h�l�h�j�u�_�� �[�m�^�m�l�� �i�h�^�\�_�j�]�Z�l�v�k�y���g�Z�k�l�j�h�c�d�_���� �I�m�k�l�v���T�Ü �± �a�g�Z�q�_�g�b�_��i-�]�h��

�h�i�l�b�f�b�a�b�j�m�_�f�h�]�h�� �i�Z�j�Z�f�_�l�j�Z���� �l�h�]�^�Z�� �� �g�Z�[�h�j�� �m�i�j�Z�\�e�y�_�f�u�o�� �i�_�j�_�f�_�g�g�u�o����

�i�j�_�^�k�l�Z�\�e�y�x�s�b�c�� �k�h�[�h�c�� �d�h�f�[�b�g�Z�p�b�x�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�p�_�i�l�Z���� �f�h�`�_�l��

�[�u�l�v�� �a�Z�^�Z�g�� �d�Z�d�� �\�_�d�l�h�j���T�&
L �:�T�5�á�T�6�á�å �á�T�á�;���� �d�h�l�h�j�u�c���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �y�\�e�y�_�l�k�y��

�w�e�_�f�_�g�l�h�f���f�g�h�`�_�k�l�\�Z���^�h�i�m�k�l�b�f�u�o���j�_�r�_�g�b�c��X �± �g�_�d�h�l�h�j�h�]�h���i�h�^�f�g�h�`�_�k�l�\�Z��n-

�f�_�j�g�h�]�h���?�\�d�e�b�^�h�\�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z���� �B�k�o�h�^�y���b�a���p�_�e�b���a�Z�^�Z�q�b���� �\�� �j�h�e�b���d�j�b�l�_�j�b�y��

�h�i�l�b�f�Z�e�v�g�h�k�l�b�� �^�e�y�� �k�j�Z�\�g�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b�� �j�Z�a�e�b�q�g�u�o�� �d�h�f�[�b�g�Z�p�b�c�� ���p�_�e�_�\�Z�y��

�n�m�g�d�p�b�y�����\�u�k�l�m�i�Z�_�l�� �i�h�d�Z�a�Z�l�_�e�v�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�_�p�_�i�l�Z���(�:�T�&�;���� �;�h�e�_�_��

�i�h�^�j�h�[�g�h���k�i�h�k�h�[�u���\�u�q�b�k�e�_�g�b�y���a�g�Z�q�_�g�b�c���w�l�h�]�h���i�h�d�Z�a�Z�l�_�e�y���b�����k�h�h�l�\�_�l�k�l�\�_�g�g�h����

�\�b�^���p�_�e�_�\�h�c���n�m�g�d�p�b�b���[�m�^�m�l���j�Z�k�k�f�h�l�j�_�g�u���g�b�`�_�� 

�?�^�b�g�k�l�\�_�g�g�u�f�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �\�� �j�Z�f�d�Z�o�� �a�Z�^�Z�q�b�� �h�i�l�b�f�b�a�Z�p�b�b��OPC-

�j�_�p�_�i�l�Z�� �y�\�e�y�_�l�k�y�� �h�[�e�Z�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �_�]�h�� �i�Z�j�Z�f�_�l�j�h�\���� �I�m�k�l�v���=�Ü �b��

�>�Ü �± �g�b�`�g�y�y�� �b�� �\�_�j�o�g�y�y�� �]�j�Z�g�b�p�Z�� �^�b�Z�i�Z�a�h�g�Z�� �^�h�i�m�k�l�b�f�u�o�� �a�g�Z�q�_�g�b�c��i-�]�h��

�i�Z�j�Z�f�_�l�j�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����<���w�l�h�f���k�e�m�q�Z�_���f�g�h�`�_�k�l�\�h���^�h�i�m�k�l�b�f�u�o���j�_�r�_�g�b�c��X 

�h�i�j�_�^�_�e�y�_�l�k�y���k�b�k�l�_�f�h�c���g�_�j�Z�\�_�g�k�l�\���\�b�^�Z���=�Ü
Q�T�Ü
Q�>�Ü. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �a�Z�^�Z�q�Z���g�Z�k�l�j�h�c�d�b OPC-�j�_�p�_�i�l�Z�� �f�h�`�_�l�� �[�u�l�v��

�i�j�_�^�k�l�Z�\�e�_�g�Z���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����g�_�h�[�o�h�^�b�f�h���g�Z�c�l�b���l�Z�d�h�c���\�_�d�l�h�j���a�g�Z�q�_�g�b�c��

�i�Z�j�Z�f�_�l�j�h�\�� �j�_�p�_�i�l�Z���T�&���� �d�h�l�h�j�u�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �f�b�g�b�f�Z�e�v�g�h�_�� ���f�Z�d�k�b�f�Z�e�v�g�h�_����

�a�g�Z�q�_�g�b�_���n�m�g�d�p�b�b���h�p�_�g�d�b���w�n�n�_�d�l�b�\�g�h�k�l�b���j�_�p�_�i�l�Z��F(x�����k���m�q�_�l�h�f �h�]�j�Z�g�b�q�_�g�b�c��

�h�[�e�Z�k�l�b���^�h�i�m�k�l�b�f�u�o���j�_�r�_�g�b�c��X. 

�(�:�T�&�; �\ �I�E�J �:�(�:�T�&�; �\ �I�=�T) 

�T�&
L �:�T�5�á�T�6�á�å �á�T�á�; 

�T�&�Ð�: , �: �Ð�' �á 


^

�=�5 
Q�T�5 
Q�>�5
�=�6 
Q�T�6 
Q�>�6

�å
�=�á 
Q�T�á 
Q�>�á

 

 

(4.1) 

�]�^�_���(�:�T�&�; �± �n�m�g�d�p�b�y�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z, �T�& �± �\�_�d�l�h�j��

�h�i�l�b�f�b�a�b�j�m�_�f�u�o�� �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z, �: �± �f�g�h�`�_�k�l�\�h�� �^�h�i�m�k�l�b�f�u�o��

�a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z, �' �á �± n-�f�_�j�g�h�_�� �_�\�d�e�b�^�h�\�h�� �i�j�h�k�l�j�Z�g�k�l�\�h, 

�T�5�á �å �á �T�á �± �a�g�Z�q�_�g�b�y���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z, �=�5�á�å �á �=�á �± 

�f�b�g�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z�� 
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�>�5�á�å �á �>�á �± �f�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\��

OPC-�j�_�p�_�i�l�Z����n �± �d�h�e�b�q�_�k�l�\�h���h�i�l�b�f�b�a�b�j�m�_�f�u�o���i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z�� 

�>�e�y�� �a�Z�\�_�j�r�_�g�b�y�� �n�h�j�f�Z�e�b�a�Z�p�b�b�� �a�Z�^�Z�q�b���h�i�l�b�f�Z�e�v�g�h�]�h�� �\�u�[�h�j�Z 

�i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z�� �g�_�h�[�o�h�^�b�f�h�� �h�i�j�_�^�_�e�b�l�v�k�y�� �k�� �\�b�^�h�f�� �p�_�e�_�\�h�c��

�n�m�g�d�p�b�b�� 

 

�H�p�_�g�d�Z���w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z���g�Z���h�k�g�h�\�_���Z�g�Z�e�b�a�Z��

�j�Z�k�i�j�_�^�_�e�_�g�b�y���\�_�e�b�q�b�g�u���h�r�b�[�d�b���j�Z�a�f�_�s�_�g�b�y���k�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h��

�d�h�g�l�m�j�Z���N�J�F����EPE_RMS) 

�G�Z�� �w�l�Z�i�_�� �n�j�Z�]�f�_�g�l�Z�p�b�b�� �l�h�i�h�e�h�]�b�b�� �^�e�y�� �d�Z�`�^�h�]�h�� �n�j�Z�]�f�_�g�l�Z�� �a�Z�^�Z�_�l�k�y��

�d�h�g�l�j�h�e�v�g�Z�y�� �l�h�q�d�Z���� �\�� �d�h�l�h�j�h�c�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �i�j�h�b�k�o�h�^�b�l�� �\�u�q�b�k�e�_�g�b�_��

�a�g�Z�q�_�g�b�y��EPE���� �h�i�j�_�^�_�e�y�x�s�_�]�h�� �\�_�e�b�q�b�g�m�� �k�f�_�s�_�g�b�y�� �j�_�[�j�Z�� �n�j�Z�]�f�_�g�l�Z����

�h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�h�]�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h�� �d�h�g�l�m�j�Z�� �g�Z�� �w�l�h�f�� �m�q�Z�k�l�d�_����

�H�k�h�[�_�g�g�h�k�l�b���j�Z�a�f�_�s�_�g�b�y�� �d�h�g�l�j�h�e�v�g�u�o�� �l�h�q�_�d�� �b�� �f�_�l�h�^�� �b�a�f�_�j�_�g�b�c��

�h�i�j�_�^�_�e�y�_�l�k�y���h�l�^�_�e�v�g�u�f�b���i�Z�j�Z�f�_�l�j�Z�f�b��OPC-�j�_�p�_�i�l�Z�� 

�I�j�b�f�_�g�_�g�b�_�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �i�j�h�]�j�Z�f�f�g�u�o�� �k�j�_�^�k�l�\���� �g�Z�i�j�b�f�_�j����

�i�j�h�]�j�Z�f�f�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �i�e�Z�l�n�h�j�f�u��Calibre, �i�h�a�\�h�e�y�_�l�� �k�m�s�_�k�l�\�_�g�g�h��

�m�i�j�h�k�l�b�l�v�� �i�j�h�p�_�k�k�� �b�a�f�_�j�_�g�b�y�����<�k�l�j�h�_�g�g�u�c�� �y�a�u�d SVRF �b�� �\�u�q�b�k�e�b�l�_�e�v�g�h�_��

�y�^�j�h��Calibre-nmDRC �i�h�a�\�h�e�y�x�l�� �i�h�k�l�j�h�b�l�v�� �]�b�k�l�h�]�j�Z�f�f�m�� �i�e�h�l�g�h�k�l�b��

�j�Z�k�i�j�_�^�_�e�_�g�b�y��EPE���� �i�h�e�m�q�_�g�g�m�x�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���d�h�g�l�m�j�Z�� �N�J�F 

�^�e�y�� �a�Z�^�Z�g�g�h�c�� �l�h�i�h�e�h�]�b�b���� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�c�� �k�� �i�h�f�h�s�v�x�� �\�u�[�j�Z�g�g�h�c��

�d�h�f�[�b�g�Z�p�b�b�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z���� �I�j�b�f�_�j�� �l�Z�d�h�]�h��

�j�Z�k�i�j�_�^�_�e�_�g�b�y���i�h�d�Z�a�Z�g���g�Z���J�b�k��4�����Z. 

�H�k�g�h�\�g�Z�y���a�Z�^�Z�q�Z���i�j�b���Z�g�Z�e�b�a�_���i�h�e�m�q�_�g�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y���a�Z�d�e�x�q�Z�_�l�k�y��

�g�_���k�l�h�e�v�d�h���\���h�i�j�_�^�_�e�_�g�b�b���i�j�_�^�_�e�v�g�u�o���a�g�Z�q�_�g�b�y���h�l�d�e�h�g�_�g�b�y���l�h�i�h�e�h�]�b�q�_�k�d�h�]�h��

�d�h�g�l�m�j�Z�� �h�l�� �b�k�o�h�^�g�h�]�h�� �j�b�k�m�g�d�Z���� �k�d�h�e�v�d�h�� �\�� �h�p�_�g�d�_�� �k�l�_�i�_�g�b�� �j�Z�k�k�_�b�\�Z�g�b�y��

�a�g�Z�q�_�g�b�c�� �\�_�e�b�q�b�g�u��EPE���� �I�j�b�� �w�l�h�f���� �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �g�Z�^�_�`�g�h�k�l�v�� �b�� �l�h�q�g�h�k�l�v��

�d�h�j�j�_�d�p�b�b�� �l�h�i�h�e�h�]�b�b�� �f�h�`�_�l�� �[�u�l�v�� �^�h�k�l�b�]�g�m�l�Z�� �\�� �l�h�f�� �k�e�m�q�Z�_���� �d�h�]�^�Z�� �a�g�Z�q�_�g�b�y��

�k�f�_�s�_�g�b�y���n�j�Z�]�f�_�g�l�h�\���f�Z�d�k�b�f�Z�e�v�g�h���[�e�b�a�d�b���d���g�m�e�x�� 



 145 
 

�B�k�o�h�^�y���b�a���w�l�b�o���k�h�h�[�j�Z�`�_�g�b�c�����^�e�y���h�p�_�g�d�b���w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z��

�i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_�� �h�l�d�e�h�g�_�g�b�_�� �\�_�e�b�q�b�g�u��EPE 

�h�l���g�m�e�y�� 

�( 
L 
©
�s

�G

Í �'�2�' �Ü

���6

�Þ

�Ü�@�5

�á (4.2) 

�]�^�_��k �± �d�h�e�b�q�_�k�l�\�h�� �n�j�Z�]�f�_�g�l�h�\���� �k�n�h�j�f�b�j�h�\�Z�g�g�u�o�� �g�Z�� �w�l�Z�i�_�� �n�j�Z�]�f�_�g�l�Z�p�b�b��

�l�h�i�h�e�h�]�b�b�����'�2�' �Ü �± �a�g�Z�q�_�g�b�_��EPE �^�e�y��i-�]�h���n�j�Z�]�f�_�g�l�Z�� 

�H�q�_�\�b�^�g�h���� �q�l�h�� �i�j�b�� �i�j�b�f�_�g�_�g�b�b�� �h�i�b�k�Z�g�g�h�]�h�� �i�h�^�o�h�^�Z���� �[�h�e�_�_��

�w�n�n�_�d�l�b�\�g�Z�y�� �d�h�f�[�b�g�Z�p�b�y�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�p�_�i�l�Z�� �[�m�^�_�l�� �^�Z�\�Z�l�v��

�f�_�g�v�r�_�_���a�g�Z�q�_�g�b�_���p�_�e�_�\�h�c���n�m�g�d�p�b�b�����k�e�_�^�h�\�Z�l�_�e�v�g�h�����h�i�l�b�f�b�a�Z�p�b�h�g�g�Z�y���a�Z�^�Z�q�Z��

�i�h�^�j�Z�a�m�f�_�\�Z�_�l���_�_���f�b�g�b�f�b�a�Z�p�b�x. 

 

�H�p�_�g�d�Z���w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z �g�Z���h�k�g�h�\�_���\�u�q�b�k�e�_�g�b�y��

�i �e�h�s�Z�^�b���k�f�_�s�_�g�b�y �d�h�g�l�m�j�Z �N�J�F �h�l�g�h�k�b�l�_�e�v�g�h���b�k�o�h�^�g�h�]�h��

�l�h�i�h�e�h�]�b�q�_�k�d�h�]�h���j�b�k�m�g�d�Z�������6�4�8�$�5�(�� 

�<�� �d�Z�q�_�k�l�\�_�� �Z�e�v�l�_�j�g�Z�l�b�\�u�� �h�p�_�g�d�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �2�3�&-�j�_�p�_�i�l�Z��

�i�h�k�j�_�^�k�l�\�h�f�� �Z�g�Z�e�b�a�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�_�e�b�q�b�g�u�� �(�3�(�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �i�h�^�o�h�^�� �g�Z��

�h�k�g�h�\�_�� �\�u�q�b�k�e�_�g�b�y�� �i�e�h�s�Z�^�b�� �n�b�]�m�j�u���� �h�i�b�k�u�\�Z�x�s�_�c�� �k�f�_�s�_�g�b�_��

�k�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h�� �d�h�g�l�m�j�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�h�]�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h��

�j�b�k�m�g�d�Z�����I�j�h�p�_�k�k���n�h�j�f�b�j�h�\�Z�g�b�y���l�Z�d�h�c���n�b�]�m�j�u���i�h�d�Z�a�Z�g���g�Z���J�b�k��4.1�[. 

�B�k�o�h�^�g�Z�y�� �l�h�i�h�e�h�]�b�y�� �i�h�^�\�_�j�]�Z�_�l�k�y�� �d�h�j�j�_�d�p�b�b�� �k�� �i�j�b�f�_�g�_�g�b�_�f��

�h�i�l�b�f�b�a�b�j�h�\�Z�g�g�h�]�h OPC-�j�_�p�_�i�l�Z���� �i�h�k�e�_�� �q�_�]�h�� �\�u�i�h�e�g�y�_�l�k�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�_ 

�d�h�g�l�m�j�Z�� �N�J�F���� �>�Z�e�_�_���� �i�h�k�j�_�^�k�l�\�h�f�� �\�u�q�b�l�Z�g�b�y�� �b�k�o�h�^�g�h�]�h�� �l�h�i�h�e�h�]�b�q�_�k�d�h�]�h��

�k�e�h�y�� �b�a�� �i�h�e�m�q�_�g�g�h�]�h�� �\���j�_�a�m�e�v�l�Z�l�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �n�h�j�f�b�j�m�_�l�k�y�� �n�b�]�m�j�Z��

�k�f�_�s�_�g�b�y���� �i�j�_�^�k�l�Z�\�e�y�x�s�Z�y�� �k�h�[�h�c�� �k�h�\�h�d�m�i�g�h�k�l�v�� �f�g�h�]�h�m�]�h�e�v�g�b�d�h�\���� �i�e�h�s�Z�^�v��

�d�h�l�h�j�u�o�� �\�u�q�b�k�e�y�_�l�k�y �k�� �i�j�b�f�_�g�_�g�b�_�f�� �n�h�j�f�m�e�u�� �=�Z�m�k�k�Z�� ���n�h�j�f�m�e�Z�� �a�_�f�e�_�f�_�j�Z��

�b�e�b���n�h�j�f�m�e�Z���r�g�m�j�h�\�Z�g�b�y�� [105]: 
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�J�b�k��4.1. �D�j�b�l�_�j�b�c���h�i�l�b�f�Z�e�v�g�h�k�l�b���i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z: 

�Z) EPE_RMS�����i�h���n�m�g�d�p�b�b���j�Z�k�i�j�_�^�_�e�_�g�b�y��EPE �\���j�_�a�m�e�v�l�Z�l�_���f�h�^�_�e�b�j�h�\�Z�g�b�y�� 
�[����SQUARE: �i�h�� �n�b�]�m�j�_�� �k�f�_�s�_�g�b�y�� �f�h�^�_�e�b�j�m�_�f�h�]�h�� �d�h�g�l�m�j�Z�� �h�l�g�h�k�b�l�_�e�v�g�h��
�b�k�o�h�^�g�h�]�h���l�h�i�h�e�h�]�b�q�_�k�d�h�]�h���j�b�k�m�g�d�Z  
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�( 
L
�s
�t


Í �n
Í �T�Ü�á�Ý�U�Ü�á�Ý�>�5 
E�T�Ü�á�Þ�U�Ü�á�5 
F 
Í �T�Ü�á�Ý�>�5�U�Ü�á�Ý
F �T�Ü�á�5�U�Ü�á�Þ

�Þ�?�5

�Ý�@�5

�Þ�?�5

�Ý�@�5

�n

�á

�Ü�@�5

�á (4.3) 

�]�^�_��n �± �h�[�s�_�_�� �d�h�e�b�q�_�k�l�\�h�� �f�g�h�]�h�m�]�h�e�v�g�b�d�h�\����k �± �d�h�e�b�q�_�k�l�\�h�� �\�_�j�r�b�g��i-�]�h��

�f�g�h�]�h�m�]�h�e�v�g�b�d�Z�����T�Ü�á�Ý�á�U�Ü�á�Ý �± �d�h�h�j�^�b�g�Z�l�u���\�_�j�r�b�g��i-�]�h���f�g�h�]�h�m�]�h�e�v�g�b�d�Z�� 

�D�Z�d�� �b���i�j�b �h�p�_�g�d�_ �w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z�� �i�h�k�j�_�^�k�l�\�h�f�� �Z�g�Z�e�b�a�Z��

�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�_�e�b�q�b�g�u��EPE���� �\�� �f�_�l�h�^�_�� �g�Z�� �h�k�g�h�\�_�� �\�u�q�b�k�e�_�g�b�y�� �i�e�h�s�Z�^�b 

�k�f�_�s�_�g�b�y�� �k�f�h�^�_�e�b�j�h�\�Z�g�g�h�]�h�� �d�h�g�l�m�j�Z�� �[�h�e�v�r�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �d�h�j�j�_�d�p�b�b��

�^�h�k�l�b�]�Z�_�l�k�y���i�j�b���m�f�_�g�v�r�_�g�b�b���a�g�Z�q�_�g�b�y���p�_�e�_�\�h�c���n�m�g�d�p�b�b�� 

 

4.2.2. �<�u�[�h�j���f�_�l�h�^�Z���h�i�l�b�f�b�a�Z�p�b�b 

�: �g�Z�e�b�a�b�j�m�y�� �i�h�k�l�Z�g�h�\�d�m�� �a�Z�^�Z�q�b���h�i�l�b�f�Z�e�v�g�h�c�� �g�Z�k�l�j�h�c�d�b OPC-�j�_�p�_�i�l�Z��

�f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �h�g�Z�� �h�l�g�h�k�b�l�k�y�� �d�� �d�e�Z�k�k�m�� �1�3-�l�j�m�^�g�u�o�� �a�Z�^�Z�q [106]. 

�I�j�b�� �w�l�h�f�� �h�l�k�m�l�k�l�\�b�_�� �d�Z�d�h�c-�e�b�[�h�� �b�g�n�h�j�f�Z�p�b�b�� �h�� �\�b�^�_�� �p�_�e�_�\�h�c�� �n�m�g�d�p�b�b�� �g�_��

�i�h�a�\�h�e�y�_�l�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �h�� �_�_�� �o�Z�j�Z�d�l�_�j�_�� �b�� �k�\�h�c�k�l�\�Z�o����

�>�h�i�h�e�g�b�l�_�e�v�g�m�x�� �k�e�h�`�g�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �[�h�e�v�r�Z�y�� �j�Z�a�f�_�j�g�h�k�l�v�� �\�_�d�l�h�j�Z��

�j�_�r�_�g�b�y���� �<�\�b�^�m�� �l�h�]�h���� �q�l�h�� �i�j�b�f�_�g�_�g�b�_�� �d�e�Z�k�k�b�q�_�k�d�b�o�� �q�b�k�e�_�g�g�u�o�� �f�_�l�h�^�h�\��

�i�h�b�k�d�Z�� �w�d�k�l�j�_�f�m�f�Z���i�h�e�b�w�d�k�l�j�_�f�Z�e�v�g�u�o�� �n�m�g�d�p�b�c�� �k�h�� �k�e�h�`�g�u�f�� �j�_�e�v�_�n�h�f��

�i�h�\�_�j�o�g�h�k�l�_�c�� �m�j�h�\�g�y�� �k�l�Z�g�h�\�b�l�k�y�� �f�Z�e�h�w�n�n�_�d�l�b�\�g�u�f���� �\�u�[�h�j�� �f�_�l�h�^�Z��

�h�i�l�b�f�b�a�Z�p�b�b�� �h�]�j�Z�g�b�q�_�g�� �d�e�Z�k�k�h�f�� �i�j�b�[�e�b�`�_�g�g�u�o�� �f�_�l�h�^�h�\�� �]�e�h�[�Z�e�v�g�h�c��

�h�i�l�b�f�b�a�Z�p�b�b���� �d�h�l�h�j�u�_�� �i�h�a�\�h�e�y�x�l�� �g�Z�c�l�b�� �j�_�r�_�g�b�_�� �©�\�u�k�h�d�h�]�h�� �d�Z�q�_�k�l�\�Z�ª�� �a�Z��

�i�j�b�_�f�e�_�f�h�_�� �\�j�_�f�y���� �G�Z�b�[�h�e�v�r�m�x�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v�� �k�j�_�^�b�� �g�b�o�� �i�h�e�m�q�b�e�b��

�f�_�l�Z�w�\�j�b�k�l�b�q�_�k�d�b�_���f�_�l�h�^�u���h�i�l�b�f�b�a�Z�p�b�b�����d�h�l�h�j�u�_���h�k�g�h�\�Z�g�u���g�Z���b�g�l�m�b�l�b�\�g�u�o��

�i�h�^�o�h�^�Z�o�� �b�� �i�h�a�\�h�e�y�x�l�� �g�Z�c�l�b���m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_ �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �[�_�a 

�k�l�j�h�]�h�]�h �^�h�d�Z�a�Z�l�_�e�v�k�l�\�Z�� �d�h�j�j�_�d�l�g�h�k�l�b�� �i�j�b�f�_�g�y�_�f�u�o�� �i�j�h�p�_�^�m�j�� �b��

�h�i�l�b�f�Z�e�v�g�h�k�l�b�� �i�h�e�m�q�Z�_�f�h�]�h�� �j�_�a�m�e�v�l�Z�l�Z [107]. �H�^�g�b�f�� �b�a�� �l�Z�d�b�o�� �f�_�l�h�^�h�\��

�y�\�e�y�_�l�k�y�� �f�_�l�h�^�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �w�\�h�e�x�p�b�b���� �\�u�[�j�Z�g�g�u�c�� �^�e�y�� �j�_�r�_�g�b�y��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �a�Z�^�Z�q�b�� �d�Z�d�� �g�Z�b�[�h�e�_�_�� �i�h�e�g�h�� �m�^�h�\�e�_�l�\�h�j�y�x�s�b�c�� �_�_��

�l�j�_�[�h�\�Z�g�b�y�f���� 
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�F�_�l�h�^�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �w�\�h�e�x�p�b�b��[108] �h�l�g�h�k�b�l�k�y�� �d�� �f�_�l�h�^�Z�f��

�f�g�h�]�h�f�_�j�g�h�c�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �h�i�l�b�f�b�a�Z�p�b�b�� �b���y�\�e�y�_�l�k�y�� �k�l�h�o�Z�k�l�b�q�_�k�d�b�f���� �W�l�h��

�i�j�y�f�h�c�� �f�_�l�h�^�� �h�i�l�b�f�b�a�Z�p�b�b���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c�� �^�e�y�� �g�Z�o�h�`�^�_�g�b�y�� �f�b�g�b�f�m�f�Z��

���f�Z�d�k�b�f�m�f�Z�����g�_�^�b�n�n�_�j�_�g�p�b�j�m�_�f�u�o�����g�_�e�b�g�_�c�g�u�o�����f�m�e�v�l�b�f�h�^�Z�e�v�g�u�o���n�m�g�d�p�b�c 

�h�l�� �f�g�h�]�b�o�� �i�_�j�_�f�_�g�g�u�o���� �:�e�]�h�j�b�l�f �f�_�l�h�^�Z���i�j�h�k�l�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �b�� �e�_�]�d�h��

�i�h�^�^�Z�_�l�k�y���j�Z�k�i�Z�j�Z�e�e�_�e�b�\�Z�g�b�x���i�j�b���j�_�Z�e�b�a�Z�p�b�b���g�Z���W�<�F. 

�<���h�[�s�_�f���\�b�^�_���Z�e�]�h�j�b�l�f���f�_�l�h�^�Z���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c���w�\�h�e�x�p�b�b���k�h�k�l�h�b�l��

�b�a���k�e�_�^�m�x�s�b�o���r�Z�]�h�\�� 

1. �B�g�b�p�b�Z�e�b�a�Z�p�b�y �g�Z�q�Z�e�v�g�h�c�� �i�h�i�m�e�y�p�b�b�� �b�� �h�p�_�g�d�Z��

�i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b���h�k�h�[�_�c�� 

2. �F�m�l�Z�p�b�y �± �]�_�g�_�j�Z�p�b�y�� �f�m�l�Z�g�l�g�u�o�� �h�k�h�[�_�c�� �i�m�l�_�f�� �d�h�f�[�b�g�Z�p�b�b�� �]�_�g�h�\��

�l�j�_�o���j�Z�a�e�b�q�g�u�o���h�k�h�[�_�c���i�j�_�^�u�^�m�s�_�]�h���i�h�d�h�e�_�g�b�y�� 

3. �K�d�j�_�s�b�\�Z�g�b�_ �f�m�l�Z�g�l�g�h�c���h�k�h�[�b���k���[�Z�a�h�\�h�c���i�m�l�_�f���a�Z�f�_�s�_�g�b�y���]�_�g�h�\�� 

4. �K�_�e�_�d�p�b�y �± �h�p�_�g�d�Z�� �i�j�h�[�g�u�o�� �h�k�h�[�_�c�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �g�h�\�h�c��

�i�h�i�m�e�y�p�b�b���b�a���g�Z�b�[�h�e�_�_���i�j�b�k�i�h�k�h�[�e�_�g�g�u�o���h�k�h�[�_�c�� 

�J�Z�k�k�f�h�l�j�b�f���h�k�g�h�\�g�u�_���r�Z�]�b���Z�e�]�h�j�b�l�f�Z���[�h�e�_�_���i�h�^�j�h�[�g�h�� 

�B�g�b�p�b�Z�e�b�a�Z�p�b�y���� �<�� �d�Z�q�_�k�l�\�_�� �g�Z�q�Z�e�v�g�h�c�� �i�h�i�m�e�y�p�b�b�� �\�u�[�b�j�Z�_�l�k�y��

�k�e�m�q�Z�c�g�u�c���g�Z�[�h�j���b�a��N �\�_�d�l�h�j�h�\���b�a���i�j�h�k�l�j�Z�g�k�l�\�Z���4�á. �J�Z�k�i�j�_�^�_�e�_�g�b�_���b�k�o�h�^�g�h�c��

�i�h�i�m�e�y�p�b�b�� �^�h�e�`�g�h�� �\�u�[�b�j�Z�l�v�k�y�� �b�k�o�h�^�y�� �b�a�� �h�k�h�[�_�g�g�h�k�l�_�c�� �j�_�r�Z�_�f�h�c��

�h�i�l�b�f�b�a�Z�p�b�h�g�g�h�c�� �a�Z�^�Z�q�b���� �D�Z�d�� �i�j�Z�\�b�e�h���� �b�k�i�h�e�v�a�m�_�l�k�y�� �\�u�[�h�j�d�Z�� �b�a��n-�f�_�j�g�h�]�h��

�j�Z�\�g�h�f�_�j�g�h�]�h���b�e�b���g�h�j�f�Z�e�v�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y���k���a�Z�^�Z�g�g�u�f�b���f�Z�l�_�f�Z�l�b�q�_�k�d�b�f��

�h�`�b�^�Z�g�b�_�f���b���^�b�k�i�_�j�k�b�_�c��[108]. 

�F�m�l�Z�p�b�y���� �K�i�_�p�b�n�b�d�Z�� �h�i�_�j�Z�l�h�j�Z�� �f�m�l�Z�p�b�b�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a��

�o�Z�j�Z�d�l�_�j�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �f�_�l�h�^�Z���� �>�e�y�� �d�Z�`�^�h�]�h�� �q�e�_�g�Z���: �4 �i�h�i�m�e�y�p�b�b��

�\�u�[�b�j�Z�_�l�k�y�� �l�j�h�c�d�Z�� �h�l�e�b�q�g�u�o�� �h�l���: �4 �b�� �^�j�m�]�� �h�l�� �^�j�m�]�Z�� �h�k�h�[�_�c��A, B �b��C���� �I�h�k�e�_��

�w�l�h�]�h���� �i�h�k�j�_�^�k�l�\�h�f�� �i�j�b�f�_�g�_�g�b�y�� �\�_�d�l�h�j�g�u�o�� �h�i�_�j�Z�p�b�c�� �k�e�h�`�_�g�b�y�� �b�� �\�u�q�b�l�Z�g�b�y��

�o�j�h�f�h�k�h�f�� �\�u�[�j�Z�g�g�u�o�� �h�k�h�[�_�c���� �Z�� �l�Z�d�`�_�� �k�� �m�q�_�l�h�f�� �i�Z�j�Z�f�_�l�j�Z�� �Z�e�]�h�j�b�l�f�Z��F, 

�h�i�j�_�^�_�e�y�x�s�b�f���k�b�e�m���f�m�l�Z�p�b�b�����n�h�j�f�b�j�m�_�l�k�y���f�m�l�Z�g�l�g�Z�y���h�k�h�[�v���:�5:  

�:�5 
L �#
E�(�:�$
F �%�;. (4.4) 
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�L�Z�d�b�f���h�[�j�Z�a�h�f�����^�e�y���j�Z�k�i�j�_�^�_�e�_�g�g�h�c���\���i�j�h�k�l�j�Z�g�k�l�\�_���i�h�b�k�d�Z���i�h�i�m�e�y�p�b�b��

�f�m�l�Z�p�b�b���[�m�^�m�l���a�g�Z�q�b�l�_�e�v�g�h���[�h�e�v�r�_�����q�_�f���d�h�]�^�Z���Z�e�]�h�j�b�l�f���k�h�c�^�_�l�k�y���d���h�[�e�Z�k�l�y�f��

�k���\�u�k�h�d�h�c���i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�v�x�����I�j�b�f�_�j���]�_�g�_�j�Z�p�b�b���f�m�l�Z�g�l�g�h�c���h�k�h�[�b���i�h�d�Z�a�Z�g��

�g�Z���J�b�k��4.2�Z. �L�Z�d�h�c�� �i�h�^�o�h�^�� �i�j�b�\�h�^�b�l�� �d�� �l�h�f�m���� �q�l�h �\�� �d�Z�q�_�k�l�\�_�� �b�k�l�h�q�g�b�d�Z�� �r�m�f�Z��

�b�k�i�h�e�v�a�m�_�l�k�y�� �g�_�� �\�g�_�r�g�b�c�� �]�_�g�_�j�Z�l�h�j�� �k�e�m�q�Z�c�g�u�o�� �q�b�k�_�e���� �Z�� �©�\�g�m�l�j�_�g�g�b�c�ª����

�j�_�Z�e�b�a�h�\�Z�g�g�u�c�� �d�Z�d�� �j�Z�a�g�h�k�l�v�� �f�_�`�^�m�� �k�e�m�q�Z�c�g�h�� �\�u�[�j�Z�g�g�u�f�b�� �\�_�d�l�h�j�Z�f�b��

�l�_�d�m�s�_�c���i�h�i�m�e�y�p�b�b���� �l���_���� �\�_�e�b�q�b�g�Z���f�m�l�Z�p�b�b���a�Z�\�b�k�b�l�� �h�l�� �a�Z�d�h�g�Z���j�Z�k�i�j�_�^�_�e�_�g�b�y��

�l�h�q�_�d�� ���h�k�h�[�_�c�� �i�h�i�m�e�y�p�b�b���� �g�Z�� �l�_�d�m�s�_�f�� �r�Z�]�_�� �b�� �d�h�j�j�_�d�l�b�j�m�_�l�k�y�� �i�h�� �f�_�j�_��

�e�h�d�Z�e�b�a�Z�p�b�b�� �i�h�b�k�d�Z���� �L�Z�d�h�c�� �\�b�^�� �Z�^�Z�i�l�b�\�g�h�c�� �f�m�l�Z�p�b�b�� �i�h�a�\�h�e�y�_�l�� �Z�e�]�h�j�b�l�f�m��

�^�b�g�Z�f�b�q�_�k�d�b�� �f�h�^�_�e�b�j�h�\�Z�l�v�� �h�k�h�[�_�g�g�h�k�l�b�� �j�_�e�v�_�n�Z�� �h�i�l�b�f�b�a�b�j�m�_�f�h�c�� �n�m�g�d�p�b�b����

�i�h�^�k�l�j�Z�b�\�Z�y���i�h�^���g�b�o���j�Z�k�i�j�_�^�_�e�_�g�b�_���©�\�k�l�j�h�_�g�g�h�]�h�ª���b�k�l�h�q�g�b�d�Z���r�m�f�Z�� 

�K�d�j�_�s�b�\�Z�g�b�_�����I�h�k�e�_���a�Z�\�_�j�r�_�g�b�y���f�m�l�Z�p�b�b���\�u�i�h�e�g�y�_�l�k�y���k�d�j�_�s�b�\�Z�g�b�_��

�b�k�o�h�^�g�h�c�� �h�k�h�[�b�� �i�h�i�m�e�y�p�b�b���: �4 �b�� �f�m�l�Z�g�l�g�h�c�� �h�k�h�[�b���:�5, �k�� �m�q�_�l�h�f�� �\�_�j�h�y�l�g�h�k�l�b����

�k�d�j�_�s�b�\�Z�g�b�y��P�����a�g�Z�q�_�g�b�_���d�h�l�h�j�h�c���a�Z�^�Z�_�l�k�y���\���d�Z�q�_�k�l�\�_���i�Z�j�Z�f�_�l�j�Z���Z�e�]�h�j�b�l�f�Z�����<��

�j�_�a�m�e�v�l�Z�l�_�� �n�h�j�f�b�j�m�_�l�k�y�� �i�j�h�[�g�Z�y�� �h�k�h�[�v���: �6, �d�Z�`�^�u�c�� �]�_�g�� �d�h�l�h�j�h�c�� �f�h�`�_�l��

�g�Z�k�e�_�^�h�\�Z�l�v�k�y���e�b�[�h���h�l���b�k�o�h�^�g�h�c�����e�b�[�h���h�l���f�m�l�Z�g�l�g�h�c���h�k�h�[�_�c��  

�T�6�Ü
L 
\
�T�4�Ü�á�Ò�Ó�Ë���G
P �2
�T�5�Ü�á�Ò�Ó�Ë���G
Q�2�á 

(4.5) 

�]�^�_���T�4�Ü �± i-�u�c���]�_�g���b�k�o�h�^�g�h�c���h�k�h�[�b�����T�5�Ü �± i-�u�c���]�_�g���f�m�l�Z�g�l�g�h�c���h�k�h�[�b�����T�6�Ü �± i-�u�c��

�]�_�g�� �i�j�h�[�g�h�c�� �h�k�h�[�b����P �± �\�_�j�h�y�l�g�h�k�l�v�� �k�d�j�_�s�b�\�Z�g�b�y����k �± �a�g�Z�q�_�g�b�_�� �k�e�m�q�Z�c�g�h�c��

�\�_�e�b�q�b�g�u���k���j�Z�\�g�h�f�_�j�g�u�f���j�Z�k�i�j�_�^�_�e�_�g�b�_�f���g�Z���b�g�l�_�j�\�Z�e�_���>���������@�� 

�K�_�e�_�d�p�b�y���� �I�h�k�e�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�j�h�[�g�h�c�� �h�k�h�[�b���: �6 �i�j�h�b�a�\�h�^�b�l�k�y��

�h�p�_�g�d�Z�� �_�_�� �i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b�� �b�� �k�j�Z�\�g�_�g�b�_�� �i�h�e�m�q�_�g�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �k��

�i�h�d�Z�a�Z�l�_�e�_�f�� �i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b�� �b�k�o�h�^�g�h�c�� �h�k�h�[�b���: �4. �<�� �g�h�\�m�x�� �i�h�i�m�e�y�p�b�x��

�i�h�i�Z�^�Z�_�l�� �h�k�h�[�v�� �k�� �g�Z�b�e�m�q�r�b�f�� �a�g�Z�q�_�g�b�_�f�� �p�_�e�_�\�h�c�� �n�m�g�d�p�b�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�Z�e�]�h�j�b�l�f���h�[�_�k�i�_�q�b�\�Z�_�l���g�_�b�a�f�_�g�g�h�k�l�v���j�Z�a�f�_�j�Z���i�h�i�m�e�y�p�b�b���\���i�j�h�p�_�k�k�_���j�Z�[�h�l�u�� 

 

�D�� �h�k�g�h�\�g�u�f�� �i�Z�j�Z�f�_�l�j�Z�f�� �f�_�l�h�^�Z�� �>�W�� �h�l�g�h�k�y�l�k�y�� �j�Z�a�f�_�j�� �i�h�i�m�e�y�p�b�b��N, 

�k�b�e�Z�� �f�m�l�Z�p�b�b��F �b�� �\�_�j�h�y�l�g�h�k�l�v�� �k�d�j�_�s�b�\�Z�g�b�y��P���� �<�u�[�h�j�� �d�h�f�[�b�g�Z�p�b�b�� �b�o��

�a�g�Z�q�_�g�b�c���a�Z�\�b�k�b�l���h�l���h�k�h�[�_�g�g�h�k�l�_�c���d�h�g�d�j�_�l�g�h�c���h�i�l�b�f�b�a�Z�p�b�h�g�g�h�c���a�Z�^�Z�q�b�����L�_�f��  
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�Z) 
 

 
�[) 

�J�b�k��4.2. �H�i�l�b�f�b�a�Z�p�b�y���f�_�l�h�^�h�f���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c���w�\�h�e�x�p�b�b: 

�Z) �]�_�g�_�j�Z�p�b�y���f�m�l�Z�g�l�g�h�c���h�k�h�[�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���h�k�h�[�_�c��A, B, C; 
�[�����j�Z�k�i�j�_�^�_�e�_�g�b�_�� �l�h�q�_�d�� �l�_�k�l�h�\�h�c�� �n�m�g�d�p�b�b�� �J�h�a�_�g�[�j�h�d�Z�� �\�� �i�j�h�p�_�k�k�_�� �j�Z�[�h�l�u��
�Z�e�]�h�j�b�l�f�Z�� �>�W [109]: 1 �± �b�k�o�h�^�g�h�_���� �����± �i�h�k�e�_�� ������ �b�l�_�j�Z�p�b�c���� �����± �i�h�k�e�_�� ������
�b�l�_�j�Z�p�b�c���������± �i�h�k�e�_���������b�l�_�j�Z�p�b�c��  
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�g�_�� �f�_�g�_�_���� �f�h�`�g�h�� �k�n�h�j�f�m�e�b�j�h�\�Z�l�v�� �g�_�d�h�l�h�j�u�_�� �h�[�s�b�_�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�h��

�d�Z�e�b�[�j�h�\�d�_�� �b�o���a�g�Z�q�_�g�b�c���� �d�h�l�h�j�u�_�� �i�h�a�\�h�e�y�l�� �i�h�\�u�k�b�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v�� �j�Z�[�h�l�u��

�Z�e�]�h�j�b�l�f�Z�� 

�J�Z�a�f�_�j�� �i�h�i�m�e�y�p�b�b��N �f�h�`�_�l�� �[�u�l�v�� �a�Z�^�Z�g�� �p�_�e�u�f�� �q�b�k�e�h�f�� �\�� �^�b�Z�i�Z�a�h�g�_��

[4, �’������ �G�b�`�g�y�y�� �]�j�Z�g�b�p�Z�� �^�b�Z�i�Z�a�h�g�Z�� �h�[�m�k�e�h�\�e�_�g�Z�� �k�i�_�p�b�n�b�d�h�c�� �h�i�_�j�Z�l�h�j�Z��

�f�m�l�Z�p�b�b���� �I�j�b�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�h�f�� �j�Z�a�f�_�j�_�� �i�h�i�m�e�y�p�b�b�� �Z�e�]�h�j�b�l�f��

�g�Z�i�h�f�b�g�Z�_�l�� �e�h�d�Z�e�v�g�u�c�� �i�h�b�k�d���� �\�� �l�h�� �`�_�� �\�j�_�f�y�� �i�j�b�� �[�h�e�v�r�b�o�� �a�g�Z�q�_�g�b�y�o��N 

�\�h�a�j�Z�k�l�Z�x�l�� �\�u�q�b�k�e�b�l�_�e�v�g�u�_�� �b�� �\�j�_�f�_�g�g�u�_�� �a�Z�l�j�Z�l�u���� �D�Z�d�� �i�j�Z�\�b�e�h����

�j�_�d�h�f�_�g�^�m�_�l�k�y�� �\�u�[�b�j�Z�l�v�� �a�g�Z�q�_�g�b�_���0 
L �3 �®�J���� �]�^�_���w
Q�3 
Q�s�r���� �Z��n �± �j�Z�a�f�_�j��

�]�_�g�h�l�b�i�Z���h�k�h�[�b�����l���_�����d�h�e�b�q�_�k�l�\�h���h�i�l�b�f�b�a�b�j�m�_�f�u�o���i�Z�j�Z�f�_�l�j�h�\�� 

�K�b�e�Z�� �f�m�l�Z�p�b�b��F �a�Z�^�Z�_�l�k�y�� �\�_�s�_�k�l�\�_�g�g�u�f�� �q�b�k�e�h�f�� �\�� �^�b�Z�i�Z�a�h�g�_�� �������� ���@����

�;�h�e�_�_�� �\�u�k�h�d�h�_�� �a�g�Z�q�_�g�b�_�� �j�Z�k�r�b�j�y�_�l�� �h�[�e�Z�k�l�v�� �i�h�b�k�d�Z���� �^�_�e�Z�_�l�� �_�]�h�� �[�h�e�_�_��

�k�e�m�q�Z�c�g�u�f���� �f�_�g�v�r�_�_�� �a�g�Z�q�_�g�b�_�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �w�n�n�_�d�l�b�\�g�h�_�� �m�l�h�q�g�_�g�b�_��

�e�h�d�Z�e�v�g�h�]�h�� �j�_�r�_�g�b�y���� �<�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �g�Z�q�b�g�Z�l�v�� �k��

�f�_�g�v�r�b�o���a�g�Z�q�_�g�b�c�����i�h�k�l�_�i�_�g�g�h���m�\�_�e�b�q�b�\�Z�y���k�b�e�m���f�m�l�Z�p�b�b�����\���k�e�m�q�Z�_���[�u�k�l�j�h�]�h��

�\�u�j�h�`�^�_�g�b�y���i�h�i�m�e�y�p�b�b�� 

�<�_�j�h�y�l�g�h�k�l�v�� �k�d�j�_�s�b�\�Z�g�b�y��P �f�h�`�_�l�� �b�a�f�_�g�y�l�v�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� �������� ���@����

�A�g�Z�q�_�g�b�y�� �[�e�b�a�d�b�_�� �d�� �_�^�b�g�b�p�_�� �i�j�b�[�e�b�`�Z�x�l�� �i�h�b�k�d�� �d�� �k�e�m�q�Z�c�g�h�f�m���� �f�_�g�v�r�b�_��

�a�g�Z�q�_�g�b�y���^�_�e�Z�x�l���_�]�h���[�h�e�_�_���d�h�g�\�_�j�]�_�g�l�g�u�f�����H�[�u�q�g�h���j�_�d�h�f�_�g�^�m�_�l�k�y���g�Z�q�b�g�Z�l�v��

�k�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�h�e�v�r�b�o�� �a�g�Z�q�_�g�b�c���� �q�l�h�[�u�� �i�j�h�\�_�j�b�l�v�� �\�h�a�f�h�`�g�h�k�l�v�� �[�u�k�l�j�h�]�h��

�i�h�e�m�q�_�g�b�y�� �j�_�r�_�g�b�y���� �a�Z�l�_�f�� �k�e�_�^�m�_�l�� �m�f�_�g�v�r�Z�l�v�� �\�_�j�h�y�l�g�h�k�l�v�� �k�d�j�_�s�b�\�Z�g�b�y����

�f�b�g�b�f�b�a�b�j�m�y���l�Z�d�b�f���h�[�j�Z�a�h�f���b�a�f�_�g�q�b�\�h�k�l�v���i�h�i�m�e�y�p�b�b�� 

 

�:�e�]�h�j�b�l�f�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �w�\�h�e�x�p�b�b�� �g�_�� �l�h�e�v�d�h�� �g�Z�k�e�_�^�m�_�l��

�d�e�Z�k�k�h�\�u�_�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �f�_�l�Z�w�\�j�b�k�l�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�����g�Z�i�j�b�f�_�j�� 

�]�_�g�_�l�b�q�_�k�d�b�o�� �Z�e�]�h�j�b�l�f�h�\���� �g�h�� �b�� �h�[�e�Z�^�Z�_�l�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�f�b�� �h�k�h�[�_�g�g�h�k�l�y�f�b����

�d�h�l�h�j�u�_�� �i�h�a�\�h�e�y�x�l�� �^�h�[�b�\�Z�l�v�k�y�� �\�u�k�h�d�h�c�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �i�h�b�k�d�Z�� �©�o�h�j�h�r�_�]�h�ª��

�j�_�r�_�g�b�y�� �^�e�y�� �f�g�h�]�b�o�� �h�i�l�b�f�b�a�Z�p�b�h�g�g�u�o�� �a�Z�^�Z�q���� �D�� �h�k�g�h�\�g�u�f�� �i�j�_�b�f�m�s�_�k�l�\�Z�f��

�f�_�l�h�^�Z���f�h�`�g�h���h�l�g�_�k�l�b [109]: 
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�x �h�l�k�m�l�k�l�\�b�_���h�]�j�Z�g�b�q�_�g�b�c���� �k�\�y�a�Z�g�g�u�o�� �k�� �\�b�^�h�f�� �p�_�e�_�\�h�c�� �n�m�g�d�p�b�b��

���^�b�n�n�_�j�_�g�p�b�j�m�_�f�h�k�l�v���� �e�b�g�_�c�g�h�k�l�v���� �m�g�b�f�h�^�Z�e�v�g�h�k�l�v�� �b�� �j�Z�a�f�_�j�g�h�k�l�v�x��

�\�_�d�l�h�j�Z���Z�j�]�m�f�_�g�l�h�\�� 

�x �h�l�k�m�l�k�l�\�b�_���g�_�h�[�o�h�^�b�f�h�k�l�b���d�h�^�b�j�h�\�Z�g�b�y���i�_�j�_�f�_�g�g�u�o�� 

�x �k�i�h�k�h�[�g�h�k�l�v���^�b�g�Z�f�b�q�_�k�d�b���f�h�^�_�e�b�j�h�\�Z�l�v���h�k�h�[�_�g�g�h�k�l�b���j�_�e�v�_�n�Z���p�_�e�_�\�h�c��

�n�m�g�d�p�b�b�� 

�x �i�j �h�k�l�h�l�Z�� �j�_�Z�e�b�a�Z�p�b�b�� �b�� �\�h�a�f�h�`�g�h�k�l�b���w�n�n�_�d�l�b�\�g�h�c���i�Z�j�Z�e�e�_�e�b�a�Z�p�b�b��

�\�u�q�b�k�e�_�g�b�c�� 

�H�^�g�Z�� �b�o�� �]�e�Z�\�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �f�_�l�h�^�Z���� �Z�� �b�f�_�g�g�h�� �_�]�h�� �k�i�h�k�h�[�g�h�k�l�v��

�[�u�k�l�j�h�� �i�j�h�o�h�^�b�l�v�� �\�u�l�y�g�m�l�u�_�� �h�\�j�Z�]�b�� �j�Z�a�e�b�q�g�h�c�� �n�h�j�f�u�� �b�� �h�[�_�k�i�_�q�b�\�Z�l�v��

�w�n�n�_�d�l�b�\�g�h�k�l�v���i�h�b�k�d�Z���^�Z�`�_���\���k�e�m�q�Z�_���k�e�h�`�g�h�]�h���j�_�e�v�_�n�Z, �i�h�d�Z�a�Z�g�Z���g�Z���i�j�b�f�_�j�_��

�h�i�l�b�f�b�a�Z�p�b�b�� �l�_�k�l�h�\�h�c�� �n�m�g�d�p�b�b�� �J�h�a�_�g�[�j�h�d�Z�� �h�l�� �^�\�m�o�� �i�_�j�_�f�_�g�g�u�o [109] 

�B�:�T�á�U�; 
L �s�r�r�:�U
F �T�6�;�6 
E�:�s
F �T�;�6, �r 
Q�T�á�U
Q�t, �d�h�l�h�j�Z�y�� �b�f�_�_�l�� �]�e�h�[�Z�e�v�g�u�c��

�f�b�g�b�f�m�f���\���l�h�q�d�_���B�:�s�á�s�; 
L �r�����J�_�a�m�e�v�l�Z�l���i�j�b�f�_�g�_�g�b�y���Z�e�]�h�j�b�l�f�Z���i�j�b���a�Z�i�m�k�d�_���k��

�i�Z�j�Z�f�_�l�j�Z�f�b��N = 200, P = 0.7, F � �����������i�j�b�\�_�^�_�g���g�Z���J�b�k��4.2�[. 

�:�g�Z�e�b�a�� �o�Z�j�Z�d�l�_�j�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �f�_�l�h�^�Z�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c��

�w�\�h�e�x�p�b�b�� �i�h�d�Z�a�u�\�Z�_�l�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �_�]�h�� �\�� �m�k�e�h�\�b�y�o��

�g�_�^�h�k�l�Z�l�h�q�g�h�k�l�b���b�g�n�h�j�f�Z�p�b�b���h���\�b�^�_���b�� �k�\�h�c�k�l�\�Z�o���p�_�e�_�\�h�c���n�m�g�d�p�b�b�����i�h�w�l�h�f�m 

�[�u�e�h���i�j�b�g�y�l�h���j�_�r�_�g�b�_���h���_�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�b �\���h�k�g�h�\�_���Z�e�]�h�j�b�l�f�Z���h�i�l�b�f�Z�e�v�g�h�c��

�g�Z�k�l�j�h�c�d�b���i�Z�j�Z�f�_�l�j�h�\ OPC-�j�_�p�_�i�l�Z�� 
 

4.2.3. �K�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���h�i�l�b�f�Z�e�v�g�h�]�h���\�u�[�h�j�Z���i�Z�j�Z�f�_�l�j�h�\���2�3�&-

�j�_�p�_�i�l�Z 

�H�[�h�[�s�_�g�g�Z�y���k�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���h�i�l�b�f�Z�e�v�g�h�c���g�Z�k�l�j�h�c�d�b���2�3�&-�j�_�p�_�i�l�Z���k��

�i�j�b�f�_�g�_�g�b�_�f���f�_�l�h�^�Z���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c���w�\�h�e�x�p�b�b���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���J�b�k�� 4.3. 

�<�� �d�Z�q�_�k�l�\�_�� �h�k�h�[�b�� �i�h�i�m�e�y�p�b�b�� �\�u�k�l�m�i�Z�_�l�� �d�h�f�[�b�g�Z�p�b�y�� �a�g�Z�q�_�g�b�c��

�d�Z�e�b�[�j�m�_�f�u�o�� �i�Z�j�Z�f�_�l�j�h�\��OPC-�j�_�p�_�i�l�Z���� �d�Z�`�^�h�_�� �b�a�� �d�h�l�h�j�u�o�� �h�i�j�_�^�_�e�y�_�l�� �h�^�b�g�� 
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�J�b�k��4.3. �H�[�h�[�s�_�g�g�Z�y���k�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���h�i�l�b�f�Z�e�v�g�h�c���g�Z�k�l�j�h�c�d�b���2�3�&-�j�_�p�_�i�l�Z��  
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�J�b�k����4.4. �K�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���h�p�_�g�d�b���i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b���h�k�h�[�b���i�h�i�m�e�y�p�b�b��  
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�b�a�� �]�_�g�h�\�� �h�k�h�[�b���� �J�Z�[�h�l�Z�� �Z�e�]�h�j�b�l�f�Z�� �i�j�_�j�u�\�Z�_�l�k�y�� �d�h�]�^�Z�� �\�u�i�h�e�g�_�g�� �h�^�b�g�� �b�a��

�a�Z�^�Z�g�g�u�o���d�j�b�l�_�j�b�_�\���h�k�l�Z�g�h�\�d�b�� 

�x �g�Z�o�h�`�^�_�g�b�_���h�i�l�b�f�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y���k���a�Z�^�Z�g�g�h�c���l�h�q�g�h�k�l�v�x�� 

�x �i�j�_�\�u�r�_�g�b�_���e�b�f�b�l�Z���g�Z���d�h�e�b�q�_�k�l�\�h���i�h�d�h�e�_�g�b�c�� 

�x �i�j�_�\�u�r�_�g�b�_���e�b�f�b�l�Z���g�Z���\�j�_�f�y���f�h�^�_�e�b�j�h�\�Z�g�b�y�� 

�x �i�j�_�\�u�r�_�g�b�_�� �e�b�f�b�l�Z�� �g�Z�� �d�h�e�b�q�_�k�l�\�h�� �\�u�q�b�k�e�_�g�b�c�� �p�_�e�_�\�h�c��

�n�m�g�d�p�b�b�� 

�x �i�j�_�\�u�r�_�g�b�_�� �e�b�f�b�l�Z���g�Z�� �q�b�k�e�h���i�h�i�u�l�h�d�� �m�e�m�q�r�_�g�b�y�� �a�g�Z�q�_�g�b�y��

�p�_�e�_�\�h�c���n�m�g�d�p�b�b�� 

�x �^�_�]�j�Z�^�Z�p�b�y���i�h�i�m�e�y�p�b�b�� 

�I�h�^���h�p�_�g�d�h�c���i�h�i�m�e�y�p�b�b���i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y���Z�g�Z�e�b�a���i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b �h�k�h�[�_�c����

�l���_���� �\�u�q�b�k�e�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�y�� �w�n�n�_�d�l�b�\�g�h�k�l�b��OPC-�j�_�p�_�i�l�Z�� �^�e�y 

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �d�h�f�[�b�g�Z�p�b�b�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\���� �K�o�_�f�Z�� �Z�e�]�h�j�b�l�f�Z��

�h�p�_�g�d�b���i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b���h�k�h�[�b���i�h�d�Z�a�Z�g�Z���g�Z���J�b�k����4.4. 

�:�e�]�h�j�b�l�f�� �b�k�i�h�e�v�a�m�_�l�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b��

OPC-�j�_�p�_�i�l�Z���� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �d�h�l�h�j�u�o�� �i�j�b�f�_�g�y�x�l�k�y�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_��

�i�j�h�]�j�Z�f�f�g�u�_�� �f�h�^�m�e�b�� �i�e�Z�l�n�h�j�f�u�� �&�D�O�L�E�U�H���� �\�u�i�h�e�g�y�x�s�b�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_����

�i�h�^�]�h�l�h�\�d�m�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �b�� �]�_�g�_�j�Z�p�b�x�� �i�j�h�f�_�`�m�l�h�q�g�u�o��

�l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �n�Z�c�e�h�\���� �Z�� �l�Z�d�`�_�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�_�� �k�d�j�b�i�l�u����

�h�[�j�Z�[�Z�l�u�\�Z�x�s�b�_���j�_�a�m�e�v�l�Z�l�u���b���i�j�h�b�a�\�h�^�y�s�b�_���\�u�q�b�k�e�_�g�b�_���p�_�e�_�\�h�c���n�m�g�d�p�b�b. 

 

4.3. �H�i�j�_�^�_�e�_�g�b�_���h�i�l�b�f�Z�e�v�g�u�o���i�Z�j�Z�f�_�l�j�h�\���2�3�&-�j�_�p�_�i�l�Z���\��

�k�h�h�l�\�_�l�k�l�\�b�b���k���j�Z�a�j�Z�[�h�l�Z�g�g�u�f���Z�e�]�h�j�b�l�f�h�f 

 

�F�_�l�h�^�b�d�Z �g�Z�k�l�j�h�c�d�b OPC-�j�_�p�_�i�l�Z�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h��

�Z�e�]�h�j�b�l�f�Z���j�Z�a�^�_�e�y�_�l�k�y���g�Z���l�j�b���w�l�Z�i�Z: 

�‡ �i�h�^�]�h�l�h�\�d�Z �\�o�h�^�g�u�o���^�Z�g�g�u�o�� 

�‡ �h�i�l�b�f�b�a�Z�p�b�y �a�g�Z�q�_�g�b�c���i�Z�j�Z�f�_�l�j�h�\���j�_�p�_�i�l�Z�� 

�‡ �h�p�_�g�d�Z �w�n�n�_�d�l�b�\�g�h�k�l�b���i�h�e�m�q�_�g�g�h�]�h���j�_�p�_�i�l�Z�� 



 156 
 

�G�Z�� �w�l�Z�i�_�� �i�h�^�]�h�l�h�\�d�b���\�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �[�u�e�Z�� �i�j�h�b�a�\�_�^�_�g�Z�� �g�Z�k�l�j�h�c�d�Z��

�h�i�l�b�q�_�k�d�h�c�� �b�� �n�h�l�h�j�_�a�b�k�l�b�\�g�h�c�� �f�h�^�_�e�_�c�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i������������ �d�j�h�f�_�� �l�h�]�h����

�[�u�e���k�n�h�j�f�b�j�h�\�Z�g���d�h�f�i�e�_�d�l���l�_�k�l�h�\�u�o���l�h�i�h�e�h�]�b�c�� 

�L�_�k�l�h�\�u�c�� �d�h�f�i�e�_�d�l���l�h�i�h�e�h�]�b�c���b�k�i�h�e�v�a�m�_�l�k�y�� �d�Z�d�� �^�e�y�� �i�h�e�m�q�_�g�b�y��

�m�g�b�\�_�j�k�Z�e�v�g�h�]�h�� �h�l�d�Z�e�b�[�j�h�\�Z�g�g�h�]�h�� �2�3�&-�j�_�p�_�i�l�Z���� �l�Z�d�� �b�� �^�e�y �h�[�h�k�g�h�\�Z�g�b�y��

�p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b���_�]�h���i�j�b�f�_�g�_�g�b�y���^�e�y���l�h�i�h�e�h�]�b�c���k���j�Z�a�e�b�q�g�h�c���d�h�g�n�b�]�m�j�Z�p�b�_�c��

�k�l�j�m�d�l�m�j���� �i�h�w�l�h�f�m���h�g �^�h�e�`�_�g���h�l�j�Z�`�Z�l�v�� �j�Z�a�g�h�h�[�j�Z�a�b�_���i�j�b�f�_�g�y�_�f�u�o�� �\�� �j�Z�f�d�Z�o��

�a�Z�^�Z�g�g�h�]�h�� �l�_�o�i�j�h�p�_�k�k�Z�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �j�_�r�_�g�b�c�����I�h�� �i�j�b�q�b�g�_ �[�h�e�v�r�h�]�h��

�j�Z�a�g�h�h�[�j�Z�a�b�y�� �d�h�g�n�b�]�m�j�Z�p�b�c�� �i�j�b�f�_�g�y�_�f�u�o�� �l�h�i�h�e�h�]�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j�� �b��

�f�Z�e�h�i�j�_�^�k�d�Z�a�m�_�f�h�]�h�� �o�Z�j�Z�d�l�_�j�Z�� �i�h�k�l�j�h�_�g�b�y�� �j�_�Z�e�v�g�h�c�� �l�h�i�h�e�h�]�b�b���� �g�Z�b�[�h�e�_�_��

�i�_�j�k�i�_�d�l�b�\�g�h�� �\�u�]�e�y�^�b�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �l�_�k�l�h�\�h�]�h�� �d�h�f�i�e�_�d�l�Z�� �l�h�i�h�e�h�]�b�c��

�k�e�m�q�Z�c�g�h�c���d�h�g�n�b�]�m�j�Z�p�b�b (�J�b�k�� 4.5�[��. 

�H�k�g�h�\�g�u�f�b�� �l�j�_�[�h�\�Z�g�b�y�f�b�� �d�� �l�h�i�h�e�h�]�b�b�� �k�e�m�q�Z�c�g�h�c�� �d�h�g�n�b�]�m�j�Z�p�b�b��

�y�\�e�y�x�l�k�y��[110]: 

�x �f�Z�d�k�b�f�Z�e�v�g�h�_���j�Z�a�g�h�h�[�j�Z�a�b�_���k�l�j�m�d�l�m�j�� 

�x �\�Z�j�b�Z�l�b�\�g�h�k�l�v���i�Z�j�Z�f�_�l�j�h�\�����h�i�j�_�^�_�e�y�x�s�b�o���^�b�a�Z�c�g���k�l�j�m�d�l�m�j�� 

�x �b�f�b�l�Z�p�b�y���j�_�Z�e�b�k�l�b�q�g�h�]�h���^�b�a�Z�c�g�Z���l�h�i�h�e�h�]�b�b�� 

�x �k�h�h�l�\�_�l�k�l�\�b�_���i�j�Z�\�b�e�Z�f���i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� 

�>�e�y�� �m�^�h�\�e�_�l�\�h�j�_�g�b�y�� �l�j�_�[�h�\�Z�g�b�y�f���� �i�j�_�^�t�y�\�e�y�_�f�u�f�� �d�� �l�h�i�h�e�h�]�b�b��

�k�e�m�q�Z�c�g�h�c�� �d�h�g�n�b�]�m�j�Z�p�b�b���� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �n�h�j�f�b�j�h�\�Z�l�v���_�_ �b�a�� �w�e�_�f�_�g�l�Z�j�g�u�o��

�[�e�h�d�h�\���� �h�l�j�Z�`�Z�x�s�b�o�� �h�k�g�h�\�g�u�_�� �k�l�j�m�d�l�m�j�g�u�_�� �_�^�b�g�b�p�u�� �j�_�Z�e�v�g�h�]�h�� �^�b�a�Z�c�g�Z 

[111, 112]���� �F�h�`�g�h�� �\�u�^�_�e�b�l�v�� �����\�b�^�h�\�� �w�e�_�f�_�g�l�Z�j�g�u�o�� �[�e�h�d�h�\�� ���J�b�k�� 4.5�Z������

�D�Z�`�^�h�f�m�� �[�e�h�d�m�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�Z�j�Z�f�_�l�j�� �m�]�e�Z�� �i�h�\�h�j�h�l�Z�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y��

�g�Z�b�[�h�e�_�_���i�h�e�g�h�]�h���g�Z�[�h�j�Z���k�l�j�m�d�l�m�j�� 

�J�Z�a�f�_�j���[�e�h�d�Z���h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_��Pitch = Width+Space�����]�^�_��Width 

�± �f�b�g�b�f�Z�e�v�g�u�c�� �j�Z�a�f�_�j�� �w�e�_�f�_�g�l�Z�� �\�� �\�u�[�j�Z�g�g�h�f�� �k�e�h�_���� �Z��Space �± �f�b�g�b�f�Z�e�v�g�h�_��

�j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �w�e�_�f�_�g�l�Z�f�b�� �\�� �\�u�[�j�Z�g�g�h�f�� �k�e�h�_���� �k�h�]�e�Z�k�g�h�� �i�j�Z�\�b�e�Z�f��

�i�j�h�_�d�l�b�j�h�\�Z�g�b�y����Pitch �h�i�j�_�^�_�e�y�_�l�� �j�Z�a�f�_�j�� �w�e�_�f�_�g�l�Z�j�g�h�]�h�� �[�e�h�d�Z���� �Z��Width 

�a�Z�^�Z�_�l���r�b�j�b�g�m���l�h�i�h�e�h�]�b�q�_�k�d�h�c���k�l�j�m�d�l�m�j�u���\�g�m�l�j�b���w�e�_�f�_�g�l�Z�j�g�h�]�h���[�e�h�d�Z��  
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�Z) 
 

 
�[) 

�J�b�k����4.5. �L�_�k�l�h�\�u�_���l�h�i�h�e�h�]�b�b���k�e�m�q�Z�c�g�h�c���d�h�g�n�b�]�m�j�Z�p�b�b: 

�Z) �w�e�_�f�_�g�l�Z�j�g�u�_���[�e�h�d�b���� �b�k�i�h�e�v�a�m�_�f�u�_���i�j�b���i�h�k�l�j�h�_�g�b�b�� �l�h�i�h�e�h�]�b�b���k�e�m�q�Z�c�g�h�c��
�d�h�g�n�b�]�m�j�Z�p�b�b; 
�[�����d�h�f�i�e�_�d�l���l�_�k�l�h�\�u�o���l�h�i�h�e�h�]�b�c���^�e�y���h�i�l�b�f�b�a�Z�p�b�b���i�Z�j�Z�f�_�l�j�h�\���2�3�&-�j�_�p�_�i�l�Z   


































































