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

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

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

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

�F�Z�]�g�b�l�h�l�\�z�j�^�u�_�� �g�Z�g�h�q�Z�k�l�b�p�u�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �h�[�e�Z�^�Z�x�l��
�j�y�^�h�f�� �i�j�_�b�f�m�s�_�k�l�\�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�m�i�_�j�i�Z�j�Z�f�Z�]�g�b�l�g�u�f�b�� �q�Z�k�l�b�p�Z�f�b�� �\��
�g�_�d�h�l�h�j�u�o�� �h�[�e�Z�k�l�y�o �i�j�b�f�_�g�_�g�b�y���� �F�Z�]�g�b�l�h�l�\�z�j�^�u�_�� �q�Z�k�l�b�p�u�� �f�h�]�m�l�� �[�u�l�v��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �\�� �g�b�a�d�h�q�Z�k�l�h�l�g�h�c�� �]�b�i�_�j�l�_�j�f�b�b�� �\�k�e�_�^�k�l�\�b�_�� �[�h�e�v�r�b�o��
�]�b�k�l�_�j�_�a�b�k�g�u�o�� �i�h�l�_�j�v�� �b�� �[�h�e�v�r�h�]�h�� �m�^�_�e�v�g�h�]�h�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �i�h�]�e�h�s�_�g�b�y 
[1, 2]; �k�b�e�v�g�h�� �Z�g�b�a�h�l�j�h�i�g�Z�y�� �i�e�Z�k�l�b�g�q�Z�l�Z�y�� �n�h�j�f�Z�� �b�� �g�Z�e�b�q�b�_�� �h�^�g�h�c�� �h�k�b��
�e�_�]�d�h�]�h�� �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y�� �m�� �q�Z�k�l�b�p�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �i�j�b�\�h�^�y�l�� �d�� �g�Z�e�b�q�b�x��
�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �f�Z�]�g�b�l�h�h�i�l�b�q�_�k�d�h�]�h�� �w�n�n�_�d�l�Z���� �k�\�_�l�h�i�j�h�i�m�k�d�Z�g�b�_��
�d�h�e�e�h�b�^�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �a�Z�\�b�k�b�l�� �h�l�� �\�_�e�b�q�b�g�u�� �b�� �g�Z�i�j�Z�\�e�_�g�b�y�� �\�g�_�r�g�_�]�h��
�f�Z�]�g�b�l�g�h�]�h�� �i�h�e�y [3]���� �\�k�e�_�^�k�l�\�b�_�� �w�l�h�]�h�� �l�Z�d�b�_�� �d�h�e�e�h�b�^�u�� �f�h�]�m�l�� �[�u�l�v��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y�� �m�i�j�Z�\�e�_�g�b�y�� �k�\�_�l�h�\�u�f�b�� �i�h�l�h�d�Z�f�b���� �d�j�h�f�_�� �l�h�]�h����
�f�Z�]�g�b�l�h�l�\�z�j�^�u�_�� �q�Z�k�l�b�p�u�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �i�_�j�k�i�_�d�l�b�\�g�u�� �^�e�y��
�k�h�a�^�Z�g�b�y�� �m�k�l�j�h�c�k�l�\�� �f�Z�]�g�b�l�g�h�c�� �a�Z�i�b�k�b�� �\�u�k�h�d�h�c�� �i�e�h�l�g�h�k�l�b: �]�_�d�k�Z�n�_�j�j�b�l��
�h�[�e�Z�^�Z�_�l���]�h�j�Z�a�^�h���[�h�e�v�r�_�c���o�b�f�b�q�_�k�d�h�c���k�l�Z�[�b�e�v�g�h�k�l�v�x�����d�h�w�j�p�b�l�b�\�g�h�k�l�v�x�����Z��
�l�Z�d�`�_�� �q�Z�k�l�b�p�u�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �h�[�e�Z�^�Z�x�l�� �f�_�g�v�r�b�f�b�� �e�b�g�_�c�g�u�f�b�� �j�Z�a�f�_�j�Z�f�b 
[4, 5], �q�l�h���\���i�_�j�k�i�_�d�l�b�\�_���h�a�g�Z�q�Z�_�l���[�h�e�v�r�m�x���i�e�h�l�g�h�k�l�v���a�Z�i�b�k�b���b�g�n�h�j�f�Z�p�b�b��
���i�e�h�l�g�h�k�l�v�� �e�b�g�_�c�g�h�c�� �a�Z�i�b�k�b�� �g�Z�� �k�j�_�^�_�� �b�a �]�_�d�k�Z�n�_�j�j�b�l�g�u�o�� �q�Z�k�l�b�p�� �\��
2015 �]�h�^�m���^�h�k�l�b�]�e�Z  �=�[���^�x�c�f2 [6]). 

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



 
 

 

�g�Z�g�h�q�Z�k�l�b�p�� �j�Z�a�f�_�j�h�f�� �[�h�e�_�_�� �g�f�����d�h�e�e�h�b�^�g�u�_���j�Z�k�l�\�h�j�u�� �d�h�l�h�j�u�o���� �d�Z�d��
�[�u�e�h�� �h�l�f�_�q�_�g�h�� �\�u�r�_���� �f�h�]�m�l�� �h�[�e�Z�^�Z�l�v�� �g�h�\�u�f�b�� �b�g�l�_�j�_�k�g�u�f�b�� �b�� �i�h�e�_�a�g�u�f�b��
�k�\�h�c�k�l�\�Z�f�b���� �H�^�g�b�f�� �b�a�� �k�i�h�k�h�[�h�\�� �i�h�\�u�r�_�g�b�y�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �d�h�e�e�h�b�^�g�u�o��
�j�Z�k�l�\�h�j�h�\�� �y�\�e�y�_�l�k�y�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_�� �i�h�\�_�j�o�g�h�k�l�b�� �d�h�e�e�h�b�^�g�u�o�� �q�Z�k�l�b�p����
�d�h�l�h�j�h�_�� �i�j�b�\�h�^�b�l�� �d�� �k�g�b�`�_�g�b�x�� �f�Z�]�g�b�l�g�h�]�h�� �i�j�b�l�y�`�_�g�b�y���� �Z�� �l�Z�d�`�_���f�h�`�_�l��
�b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �^�e�y�� �i�j�b�^�Z�g�b�y�� �q�Z�k�l�b�p�Z�f�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o��
�k�\�h�c�k�l�\���� �G�Z�i�j�b�f�_�j���� �i�h�d�j�u�l�b�_�� �b�a�� �^�b�h�d�k�b�^�Z�� �d�j�_�f�g�b�y�� �l�j�Z�^�b�p�b�h�g�g�h��
�b�k�i�h�e�v�a�m�_�l�k�y���^�e�y���j�Z�a�e�b�q�g�u�o���[�b�h�f�_�^�b�p�b�g�k�d�b�o���i�j�b�e�h�`�_�g�b�c [7]. 
 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�I�j�b�]�h�l�h�\�e�_�g�b�_�� �d�h�e�e�h�b�^�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �h�k�m�s�_�k�l�\�e�y�e�b �i�h��
�f�_�l�h�^�b�d�_���� �h�i�b�k�Z�g�g�h�c�� �\�� �j�Z�[�h�l�Z�o [7, 8]���� �<�� �d�Z�q�_�k�l�\�_�� �i�j�_�^�r�_�k�l�\�_�g�g�b�d�Z��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �k�l�_�d�e�h�d�_�j�Z�f�b�d�m���� �k�h�^�_�j�`�Z�s�m�x�� �b�a�h�e�b�j�h�\�Z�g�g�u�_ �[�h�j�Z�l�g�h�c��
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�j�Z�k�l�\�h�j���i�h�^�\�_�j�]�Z�e�b �m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�_�� �\�� �l�_�q�_�g�b�_�� �f�b�g�m�l. 
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�j�Z�k�l�\�h�j�Z���^�h�\�h�^�b�e�b �^�h��  �f�e�� �^�h�[�Z�\�e�_�g�b�_�f�� �w�l�b�e�h�\�h�]�h�� �k�i�b�j�l�Z���� �^�e�y�� �k�h�a�^�Z�g�b�y��
�s�_�e�h�q�g�h�c�� �k�j�_�^�u�� �d�� �j�Z�k�l�\�h�j�m���^�h�[�Z�\�e�y�e�b  �j�Z�k�l�\�h�j�� �Z�f�f�b�Z�d�Z�� �h�[�t�z�f�h�f��

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

�H�[�j�Z�a�_�p��  �[�u�e�� �b�k�k�e�_�^�h�\�Z�g�� �k�� �i�h�f�h�s�v�x��
�i�j�h�k�\�_�q�b�\�Z�x�s�_�c�� �w�e�_�d�l�j�h�g�g�h�c�� �f�b�d�j�h�k�d�h�i�b�b�� ���k�f���� �j�b�k���� �������� �K�h�]�e�Z�k�g�h�� �I�W�F�� �\��
�i�h�j�h�r�d�_�� �k�h�^�_�j�`�Z�l�k�y�� �h�^�b�g�h�q�g�u�_�� �q�Z�k�l�b�p�u�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y����
�i�h�d�j�u�l�u�_�� �^�b�h�d�k�b�^�h�f�� �d�j�_�f�g�b�y�� ���k�n�_�j�b�q�_�k�d�b�_�� �q�Z�k�l�b�p�u �l�b�i�Z�� �©�y�^�j�h-
�h�[�h�e�h�q�d�Z�ª �^�b�Z�f�_�l�j�h�f��  �g�f���� 
 

  

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



 
 

 

�D�h�g�_�q�g�Z�y���k�b�k�l�_�f�Z  �i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���]�_�e�v���^�b�h�d�k�b�^�Z��
�d�j�_�f�g�b�y�� �k�� �j�Z�k�i�j�_�^�_�e�z�g�g�u�f�b�� �\�� �g�z�f�� �q�Z�k�l�b�p�Z�f�b�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y��
(�k�f�� �j�b�k�� 2 �e�_�\�u�c������ �I�h�k�e�_�� �m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �\�� �l�_�q�_�g�b�_�� �f�b�g�m�l��
�^�Z�g�g�Z�y�� �k�b�k�l�_�f�Z�� �i�j�_�\�j�Z�s�Z�_�l�k�y�� �\�� �i�j�h�a�j�Z�q�g�u�c�� �h�^�g�h�j�h�^�g�u�c�� �a�h�e�v  
(�k�f���� �j�b�k�� 2 �i�j�Z�\�u�c������ �d�h�l�h�j�u�c�� �h�k�l�Z�z�l�k�y�� �k�l�Z�[�b�e�_�g�� �\�� �l�_�q�_�g�b�_�� �g�_�k�d�h�e�v�d�b�o��
�k�m�l�h�d, �l���_�����g�_���i�j�h�y�\�e�y�_�l���i�j�b�a�g�Z�d�h�\���Z�]�j�_�]�Z�p�b�b���b���k�_�^�b�f�_�g�l�Z�p�b�b�� 
 

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

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

�^�e�y�� �d�h�l�h�j�h�]�h�� �b�a�f�_�j�_�g�u�� �f�Z�]�g�b�l�g�u�_�� �k�\�h�c�k�l�\�Z���� �K�h�]�e�Z�k�g�h�� �b�a�f�_�j�_�g�b�y�f��
(�k�f�� �j�b�k�� 3 �e�_�\�u�c), �\�u�k�m�r�_�g�g�u�c�� �]�_�e�v�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �f�Z�]�g�b�l�h�l�\�z�j�^�u�c��
�f�Z�l�_�j�b�Z�e�����g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v���g�Z�k�u�s�_�g�b�y���d�h�l�h�j�h�]�h���k�h�k�l�Z�\�e�y�_�l�� �w���f���_�����]�����Z��
�d�h�w�j�p�b�l�b�\�g�Z�y�� �k�b�e�Z�� �±  �W���� �K�h�i�h�k�l�Z�\�e�_�g�b�_�� �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b�� �g�Z�k�u�s�_�g�b�y��
�]�_�e�y���b���i�h�j�h�r�d�Z�����i�h�e�m�q�_�g�g�h�]�h���\�u�k�m�r�b�\�Z�g�b�_�f���d�h�e�e�h�b�^�g�h�]�h���j�Z�k�l�\�h�j�Z�� 
(�k�f���� �j�b�k�� 3 �i�j�Z�\�u�c)���� �i�h�a�\�h�e�y�_�l�� �h�i�j�_�^�_�e�b�l�v�� �k�h�^�_�j�`�Z�g�b�_�� �f�Z�]�g�b�l�g�h�c�� �n�Z�a�u�� �\��
�\�u�k�m�r�_�g�g�h�f���]�_�e�_�����h�g�h���k�h�k�l�Z�\�e�y�_�l�� �f�Z�k�k�h�\�u�o���i�j�h�p�_�g�l�Z�� 

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

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



 
 

 

  
�J�b�k���� ��. �F�Z�]�g�b�l�g�u�_�� �k�\�h�c�k�l�\�Z�� �i�h�j�h�r�d�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �\�u�k�m�r�b�\�Z�g�b�_�f�� �]�_�e�y��

 ���k�e�_�\�Z������ �b�� �q�Z�k�l�b�p�� ���k�i�j�Z�\�Z������ �I�h�j�h�r�h�d����  �W����

 �w���f���_�����]����  �w���f���_�����]���� �q�Z�k�l�b�p�u����  �W����  �w���f���_�����]����

 �w���f���_�����]�� 

 

  
�J�b�k���� ��. �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �q�Z�k�l�b�p�� �i�h�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�f�m�� �^�b�Z�f�_�l�j�m�� �� �g�f���� �b��

�^�a�_�l�Z-�i�h�l�_�g�p�b�Z�e�m����  �f�<���� �����\���a�h�e�b�� . 
 

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



 
 

 

  

  
�J�b�k���� ��. �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b�� �q�Z�k�l�b�p�� �a�h�e�y�� ���� �i�h�e�m�q�_�g�g�u�_�� �k�� �i�h�f�h�s�v�x��
�i�j�h�k�\�_�q�b�\�Z�x�s�_�]�h���w�e�_�d�l�j�h�g�g�h�]�h���f�b�d�j�h�k�d�h�i�Z�� 
 
�<�u�\�h�^�u 

�G�Z���i�j�b�f�_�j�_���i�h�d�j�u�l�b�y���^�b�h�d�k�b�^�h�f���d�j�_�f�g�b�y���i�h�d�Z�a�Z�g�Z���i�j�b�g�p�b�i�b�Z�e�v�g�Z�y��
�\�h�a�f�h�`�g�h�k�l�v�� �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�b�� �d�h�e�e�h�b�^�g�u�o�� �q�Z�k�l�b�p�� �]�_�d�k�Z�n�_�j�j�b�l�Z��
�k�l�j�h�g�p�b�y���� �i�h�e�m�q�_�g�u�� �k�l�j�m�d�l�m�j�Z�� �y�^�j�h-�h�[�h�e�h�q�d�Z�� �]�_�d�k�Z�n�_�j�j�b�l�#�h�d�k�b�^��
�d�j�_�f�g�b�y���� �]�_�e�_�h�[�j�Z�a�g�Z�y�� �k�l�j�m�d�l�m�j�Z���� �h�[�e�Z�^�Z�x�s�Z�y�� �n�_�j�j�h�f�Z�]�g�b�l�g�u�f�b��
�k�\�h�c�k�l�\�Z�f�b���� �Z�� �l�Z�d�`�_�� �k�l�Z�[�b�e�v�g�u�c�� �a�h�e�v���� �k�h�k�l�h�y�s�b�c�� �b�a�� �q�Z�k�l�b�p�� �]�_�d�k�Z�n�_�j�j�b�l�Z��
�k�l�j�h�g�p�b�y���� �i�h�d�j�u�l�u�o�� �^�b�h�d�k�b�^�h�f�� �d�j�_�f�g�b�y�� ���k�l�j�m�d�l�m�j�Z�� �l�b�i�Z�� �©�i�m�^�b�g�]�� �k��
�b�a�x�f�h�f�ª���� 
 
�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���i�h�^�^�_�j�`�d�_���]�j�Z�g�l�Z���J�N�N�B���‹��16-03-01052. 
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�:�g�g�h�l�Z�p�b�y�����I�j�h�\�_�^�_�g�g�h�_ �k�j�Z�\�g�b�l�_�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�h�e�v�l-�Z�f�i�_�j�g�h�c��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �d�h�g�l�Z�d�l�Z�� �f�_�l�Z�e�e-�f�_�l�Z�e�e�� �^�e�y�� �i�e�_�g�h�d�� �a�h�e�h�l�Z�� �b�� �k�_�j�_�[�j�Z�� �k�� �h�k�l�j�b�_�f�� �b�a��
�\�h�e�v�n�j�Z�f�Z�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h��
�g�_�h�[�o�h�^�b�f�h�k�l�b�� �l�s�Z�l�_�e�v�g�h�]�h�� �m�q�_�l�Z�� �i�Z�j�Z�f�_�l�j�h�\���� �\�e�b�y�x�s�b�o�� �g�Z�� �l�m�g�g�_�e�v�g�u�c�� �l�h�d���� �^�e�y��
�b�a�\�e�_�q�_�g�b�y���b�g�n�h�j�f�Z�p�b�b���h�[ �w�e�_�d�l�j�h�g�g�h�c���k�l�j�m�d�l�m�j�_���h�[�j�Z�a�p�Z�� 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �k�d�Z�g�b�j�m�x�s�Z�y�� �l�m�g�g�_�e�v�g�Z�y�� �f�b�d�j�h�k�d�h�i�b�y���� �a�h�e�h�l�Z���� �k�_�j�_�[�j�h���� �k�e�x�^�Z���� 
�\�h�e�v�l-�Z�f�i�_�j�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�����l�_�j�f�b�q�_�k�d�h�_���j�Z�k�r�b�j�_�g�b�_���h�k�l�j�b�y�� 
 

�G�Z�g�h�f�Z�l�_�j�b�Z�e�u�� �b�� �b�o�� �k�\�h�c�k�l�\�Z�� �i�j�b�\�e�_�d�Z�x�l�� �h�]�j�h�f�g�h�_�� �\�g�b�f�Z�g�b�_��
�\�k�e�_�^�k�l�\�b�_�� �b�o�� �r�b�j�h�d�h�]�h�� �i�j�Z�d�l�b�q�_�k�d�h�]�h�� �i�j�b�f�_�g�_�g�b�y���� �<�Z�`�g�_�c�r�b�f��
�i�Z�j�Z�f�_�l�j�h�f�� �l�h�g�d�b�o�� �i�e�z�g�h�d�� �f�_�l�Z�e�e�h�\�� �b�� �g�Z�g�h�q�Z�k�l�b�p�� �y�\�e�y�_�l�k�y�� �b�o��
�w�e�_�d�l�j�h�g�g�Z�y�� �k�l�j�m�d�l�m�j�Z���� �I�j�b�� �i�h�f�h�s�b�� �\�h�e�v�l-�Z�f�i�_�j�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 
�k�g�y�l�u�o�� �\�� �j�Z�a�e�b�q�g�u�o�� �l�h�q�d�Z�o�� �i�h�\�_�j�o�g�h�k�l�b���� �f�h�`�g�h �k�m�^�b�l�v�� �h�� �j�Z�k�i�j�_�^�_�e�_�g�b�b��
�j�Z�a�e�b�q�g�u�o�� �n�Z�a�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �d�h�f�i�h�a�b�l�g�u�o�� �k�l�j�m�d�l�m�j���� �b�k�k�e�_�^�h�\�Z�l�v��
�d�h�j�j�_�e�y�p�b�b�� �f�_�`�^�m�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �b�o�� �i�h�e�m�q�_�g�b�y�� �b��
�w�e�_�d�l�j�h�g�g�u�f�b�� �k�\�h�c�k�l�\�Z�f�b [1-4]. �D�j�h�f�_�� �l�h�]�h���� �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�� �h�[�m�k�e�h�\�e�_�g�Z�� �l�_�f���� �q�l�h�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �g�Z�g�h�q�Z�k�l�b�p�u�� �f�_�l�Z�e�e�h�\��
�\�\�h�^�y�l�k�y���\���Z�d�l�b�\�g�u�_���k�j�_�^�u���w�e�_�d�l�j�h�g�g�u�o���m�k�l�j�h�c�k�l�\��[5]. 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �g�Z�� �g�Z�g�h�l�_�o�g�h�e�h�]�b�q�_�k�d�h�f�� �d�h�f�i�e�_�d�k�_�� �©�M�F�D�:-�����*�ª��
�[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �k�j�Z�\�g�b�l�_�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�h�e�v�l-�Z�f�i�_�j�g�h�c��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�h�g�l�Z�d�l�Z�� �f�_�l�Z�e�e-�f�_�l�Z�e�e�� �^�e�y�� �i�e�_�g�h�d�� �a�h�e�h�l�Z�� �b�� �k�_�j�_�[�j�Z�� �k��
�h�k�l�j�b�_�f�� �b�a�� �\�h�e�v�n�j�Z�f�Z. �J�Z�g�_�_�� �h�l�^�_�e�v�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�^�h�[�g�h�]�h�� �j�h�^�Z��
�b�k�k�e�_�^�h�\�Z�g�b�c �g�Z�f�b�� �[�u�e�b �m�`�_�� �i�j�h�\�_�^�_�g�u �^�e�y�� �g�Z�g�h�i�h�d�j�u�l�b�c 
�©�a�h�e�h�l�h���k�e�x�^�Z�ª���� �©�k�_�j�_�[�j�h���k�e�x�^�Z�ª�� �b�� �h�i�m�[�e�b�d�h�\�Z�g�u�� �\�� �j�Z�[�h�l�Z�o�� �>6-15]. 
�H�^�g�Z�d�h�� �h�l�e�b�q�b�_�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �h�l�� �j�Z�[�h�l�u�� �>15�@�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h��
�\�e�b�y�g�b�_���\�j�_�f�_�g�g�h�]�h���n�Z�d�l�h�j�Z���g�Z���i�h�\�_�^�_�g�b�_���\�h�e�v�l-�Z�f�i�_�j�g�h�c���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�l�j�_�[�m�_�l�� �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �\�� �q�Z�k�l�g�h�k�l�b���� �i�j�h�\�_�^�_�g�b�_�� �Z�g�Z�e�b�a�Z��
�k�l�_�i�_�g�b�� �\�e�b�y�g�b�y�� �l�_�j�f�b�q�_�k�d�h�]�h�� �j�Z�k�r�b�j�_�g�b�y�� �h�k�l�j�b�y���� �k�\�h�_�\�j�_�f�_�g�g�h�_��
�h�[�g�Z�j�m�`�_�g�b�_�� �f�Z�k�k�h�i�_�j�_�g�h�k�Z�� �k�� �h�k�l�j�b�y�� �g�Z�� �h�[�j�Z�a�_�p, �Z�� �l�Z�d�`�_�� �i�h�y�\�e�_�g�b�y 
�h�d�k�b�^�g�u�o���i�e�_�g�h�d�� 

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

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



 
 

 

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

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

�b�k�i�Z�j�_�g�b�y���g�Z�i�u�e�y�_�f�u�o���f�_�l�Z�e�e�h�\, �k�h�k�l�Z�\�e�y�e�Z�� �:��  
�K�L�F�� �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �f�h�j�n�h�e�h�]�b�x�� �i�h�\�_�j�o�g�h�k�l�b��

�h�[�j�Z�a�p�Z���� �g�h�� �b�� �_�_�� �e�h�d�Z�e�v�g�m�x�� �w�e�_�d�l�j�h�g�g�m�x�� �k�l�j�m�d�l�m�j�m���� �I�h�e�m�q�Z�_�f�Z�y�� �b�a�� �w�l�b�o��
�^�Z�g�g�u�o���b�g�n�h�j�f�Z�p�b�y���h�[���w�e�_�d�l�j�h�g�g�h�c���k�l�j�m�d�l�m�j�_���h�[�j�Z�a�p�Z���f�h�`�_�l���[�u�l�v���k�b�e�v�g�h��
�b�k�d�Z�`�_�g�Z���\�e�b�y�g�b�_�f���j�Z�a�e�b�q�g�u�o���n�Z�d�l�h�j�h�\�����d�h�l�h�j�u�_���g�_���\�k�_�]�^�Z���f�h�`�g�h���m�q�_�k�l�v�� 
�G�Z�f�b���[�u�e�h���b�a�m�q�_�g�h���\�e�b�y�g�b�y���i�Z�j�Z�f�_�l�j�h�\���l�m�g�g�_�e�v�g�h�c���k�b�k�l�_�f�u���g�Z���\�b�^���<�:�O��
�g�Z�� �i�j�b�f�_�j�_�� �^�\�m�o�� �f�h�^�_�e�v�g�u�o�� �k�b�k�l�_�f�� �h�k�l�j�b�_�� ���\�h�e�v�n�j�Z�f���� �± �h�[�j�Z�a�_�p��
(�a�h�e�h�l�h���k�_�j�_�[�j�h �g�Z���i�h�^�e�h�`�d�_���b�a���k�e�x�^�u).  

�G�Z���j�b�k����1, 2 �i�j�b�\�_�^�_�g�u���j�_�a�m�e�v�l�Z�l�u���k�_�j�b�b���b�a�f�_�j�_�g�b�c���<�:�O�����k�^�_�e�Z�g�g�u�o��
�[�_�a�� �a�Z�f�_�g�u�� �h�k�l�j�b�y���� �Q�_�j�g�Z�y�� �d�j�b�\�Z�y���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �h�^�g�h�f�m�� �b�a�� �i�_�j�\�u�o��
�k�d�Z�g�h�\���� �h�d�Z�a�Z�e�Z�k�v�� �Z�k�b�f�f�_�l�j�b�q�g�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �a�g�Z�d�Z�� �g�Z�i�j�y�`�_�g�b�y���� �q�l�h��
�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �\�e�b�y�g�b�b�� �w�e�_�d�l�j�h�g�g�h�c�� �k�l�j�m�d�l�m�j�u�� �h�k�l�j�b�y���� �I�j�b��
�i�j�h�\�_�^�_�g�b�b�� �f�g�h�]�h�d�j�Z�l�g�u�o�� �b�a�f�_�j�_�g�b�c�� �k�� �h�^�g�b�f�� �b�� �l�_�f�� �`�_�� �h�k�l�j�b�_�f��
�a�Z�\�b�k�b�f�h�k�l�v���k�l�Z�g�h�\�b�l�k�y���k�b�f�f�_�l�j�b�q�g�h�c���h�l�g�h�k�b�l�_�e�v�g�h���a�g�Z�d�Z���g�Z�i�j�y�`�_�g�b�y �b �\��
�^�b�Z�i�Z�a�h�g�_�� �g�Z�i�j�y�`�_�g�b�c�� �w�< �w�l�h�� �h�k�h�[�_�g�g�h�� �a�Z�f�_�l�g�h�� �B�a�� �w�l�h�]�h�� �f�h�`�g�h��
�k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �w�e�_�d�l�j�h�g�g�Z�y�� �k�l�j�m�d�l�m�j�Z�� �h�k�l�j�b�y�� �b�a�f�_�g�b�e�Z�k�v���� �q�l�h�� �f�h�`�_�l��
�[�u�l�v�� �h�[�t�y�k�g�_�g�h�� �f�Z�k�k�h�i�_�j�_�g�h�k�h�f�� �k�� �h�[�j�Z�a�p�Z�� �g�Z�� �h�k�l�j�b�_���� �G�_�h�[�o�h�^�b�f�h��
�h�l�f�_�l�b�l�v���� �q�l�h�� �\�� �g�Z�b�[�h�e�_�_�� �h�[�s�_�f�� �k�e�m�q�Z�_�� �n�h�j�f�Z�� �l�m�g�g�_�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z��
�a�Z�\�b�k�b�l�� �h�l�� �j�Z�[�h�l�� �\�u�o�h�^�Z�� �b�a�� �f�Z�l�_�j�b�Z�e�h�\�� �h�[�j�Z�a�p�Z�� �b�� �h�k�l�j�b�y���� �i�j�b�e�h�`�_�g�g�h�]�h��
�g�Z�i�j�y�`�_�g�b�y���� �j�Z�k�k�l�h�y�g�b�y�� �f�_�`�^�m�� �w�e�_�d�l�j�h�^�Z�f�b���� �D�j�h�f�_�� �l�h�]�h���� �g�_�h�[�o�h�^�b�f�h��
�m�q�b�l�u�\�Z�l�v�� �i�h�l�_�g�p�b�Z�e�� �k�b�e�� �a�_�j�d�Z�e�v�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �d�h�l�h�j�u�c�� �f�h�`�_�l��
�i�j�b�\�h�^�b�l�v �d�� �j�Z�a�e�b�q�b�y�f�� �g�_�� �l�h�e�v�d�h�� �\�� �a�g�Z�q�_�g�b�y�o�� �l�m�g�g�_�e�v�g�h�]�h�� �l�h�d�Z���� �g�h�� �b�� �\��
�n�h�j�f�_���d�j�b�\�u�o [12].  

�I�j�b���w�l�h�f���Z�g�Z�e�b�a���<�:�O���i�h�d�Z�a�u�\�Z�_�l���k�m�s�_�k�l�\�h�\�Z�g�b�_���a�Z�i�j�_�s�_�g�g�h�c���a�h�g�u��
�l�h�e�v�d�h�� �m�� �h�[�j�Z�a�p�h�\�� �k�_�j�_�[�j�Z��(�w�l�h�� �]�h�\�h�j�b�l �h�� �g�Z�e�b�q�b�b�� �h�d�k�b�^�g�h�c�� �i�e�z�g�d�b�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�b)���� �r�b�j�b�g�Z�� �d�h�l�h�j�h�c�� �k�h�k�l�Z�\�e�y�_�l�� �i�h�j�y�^�d�Z�� �w�<�� �>19]. �<�� �d�Z�d�h�f-�l�h��
�k�f�u�k�e�_�� �g�Z�e�b�q�b�_�� �h�d�k�b�^�g�h�c�� �i�e�_�g�d�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �k�_�j�_�[�j�Z�� �Z�g�Z�e�h�]�b�q�g�h��
�g�Z�i�u�e�_�g�b�x�� �k�e�h�y�� �i�h�e�b�f�_�j�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �f�h�`�g�h�� �h�`�b�^�Z�l�v�� �i�j�h�y�\�e�_�g�b�y��
�h�k�h�[�_�g�g�h�k�l�_�c �\�� �i�h�\�_�^�_�g�b�b�� �\�h�e�v�l-�Z�f�i�_�j�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �h�i�b�k�Z�g�g�u�_�� �\��
�j�Z�[�h�l�_ [16]. �>�e�y�� �i�e�_�g�h�d�� �k�_�j�_�[�j�Z�� �b�a�f�_�g�_�g�b�_�� �<�:�O�� �k�h�� �\�j�_�f�_�g�_�f�� �i�j�h�b�k�o�h�^�b�l 
�[�h�e�_�_�� �i�e�Z�\�g�h�� �b�� �e�b�r�v�� �d�j�b�\�Z�y���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �g�Z�b�[�h�e�v�r�_�f�m�� �\�j�_�f�_�g�b��
�b�a�f�_�j�_�g�b�y�� �j�_�a�d�h���h�l�e�b�q�Z�_�l�k�y���i�j�b���i�h�e�h�`�b�l�_�e�v�g�u�o���g�Z�i�j�y�`�_�g�b�y�o ���k�f�����j�b�k��������. 
�>�e�y�� �a�h�e�h�l�Z�� �i�h�k�e�_�� �^�\�m�o�� �i�_�j�\�u�o�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �b�a�f�_�j�_�g�b�c�� �g�Z�[�e�x�^�Z�_�l�k�y��
�j�_�a�d�b�c�� �k�d�Z�q�h�d���g�Z�d�e�h�g�Z �]�j�Z�n�b�d�Z ���k�f���� �j�b�k���� �������� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h �j�_�a�d�h�f��
�m�\�_�e�b�q�_�g�b�b���k�h�i�j�h�l�b�\�e�_�g�b�y���l�m�g�g�_�e�v�g�h�]�h���d�h�g�l�Z�d�l�Z�����H�l�q�Z�k�l�b���w�l�h���f�h�`�_�l���[�u�l�v��
�k�\�y�a�Z�g�h�� �k�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�f�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z�� �d�j�m�i�g�u�o�� �Z�]�e�h�f�_�j�Z�l�h�\�� 
�^�e�y�� �d�h�l�h�j�u�o�� �d�j�b�\�u�_�� �<�:�O �i�j�b�� �i�h�e�h�`�b�l�_�e�v�g�h�f�� �g�Z�i�j�y�`�_�g�b�b �f�h�]�m�l�� �b�f�_�l�v��



 
 

 

�g�_�k�d�h�e�v�d�h�� �^�j�m�]�m�x�� �n�h�j�f�m�� �\�� �h�l�e�b�q�b�_�� �h�l�� �h�l�^�_�e�v�g�u�o�� �g�Z�g�h�q�Z�k�l�b�p�� �>17�@���� �<��
�q�Z�k�l�g�h�k�l�b���l�Z�d�b�_���Z�]�e�h�f�_�j�Z�l�u���h�[�g�Z�j�m�`�_�g�u���^�e�y �i�e�_�g�h�d���a�h�e�h�l�Z���\���j�Z�[�h�l�_���>18]. 
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�B�k�k�e�_�^�h�\�Z�g�b�_�� �<�:�O�� �d�h�g�l�Z�d�l�Z �f�_�l�Z�e�e-�f�_�l�Z�e�e�� �^�e�y�� �i�e�_�g�h�d�� �a�h�e�h�l�Z�� �b��
�k�_�j�_�[�j�Z�� �k�� �h�k�l�j�b�_�f�� �b�a�� �\�h�e�v�n�j�Z�f�Z�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��
�j�_�a�m�e�v�l�Z�l�u�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h �g�_�h�[�o�h�^�b�f�h�k�l�b�� �l�s�Z�l�_�e�v�g�h�]�h�� �m�q�_�l�Z��
�i�Z�j�Z�f�_�l�j�h�\�����\�e�b�y�x�s�b�o���g�Z���l�m�g�g�_�e�v�g�u�c���l�h�d�����^�e�y���b�a�\�e�_�q�_�g�b�y���b�g�n�h�j�f�Z�p�b�b���h�[��
�w�e�_�d�l�j�h�g�g�h�c�� �k�l�j�m�d�l�m�j�_�� �h�[�j�Z�a�p�Z���� �N�h�j�f�Z�� �l�m�g�g�_�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z�� �b�� �_�_��
�b�a�f�_�g�_�g�b�_���h�l���i�j�b�e�h�`�_�g�g�h�]�h���g�Z�i�j�y�`�_�g�b�y���h�d�Z�a�u�\�Z�_�l���k�m�s�_�k�l�\�_�g�g�h�_���\�e�b�y�g�b�_��
�g�Z�� �i�h�e�m�q�Z�_�f�u�_�� �\�� �K�L�F�� �^�Z�g�g�u�_���� �>�e�y�� �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��
�g�_�h�[�o�h�^�b�f�� �^�_�l�Z�e�v�g�u�c�� �m�q�_�l�� �i�j�h�a�j�Z�q�g�h�k�l�b�� �l�m�g�g�_�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z���� �I�j�b�q�_�f��
�g�Z�f�b�� �j�Z�g�_�_�� �i�h�d�Z�a�Z�g�h�� �\�� �j�Z�[�h�l�Z�o�� �>��1, 12, 15]���� �q�l�h�� �w�n�n�_�d�l�� �l�_�j�f�b�q�_�k�d�h�]�h��
�j�Z�k�r�b�j�_�g�b�y�� �h�k�l�j�b�y�� �h�d�Z�a�u�\�Z�_�l�� �k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �n�h�j�f�m�� �\�h�e�v�l-
�Z�f�i�_�j�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�b�k�l�_�f�u���^�Z�`�_���i�j�b���f�Z�e�u�o���i�h���k�j�Z�\�g�_�g�b�x���k���j�Z�[�h�l�h�c��
�\�u�o�h�^�Z���g�Z�i�j�y�`�_�g�b�y�o���k�f�_�s�_�g�b�y�� 

�H�l�f�_�l�b�f���� �q�l�h�� �b�a�f�_�g�_�g�b�_�� �^�e�b�g�u�� �h�k�l�j�b�y�� �i�j�h�b�k�o�h�^�b�l�� �\�� �h�k�g�h�\�g�h�f�� �a�Z��
�k�q�_�l�� �l�_�j�f�b�q�_�k�d�h�]�h�� �j�Z�k�r�b�j�_�g�b�y���� �I�j�b�q�_�f�� �\�d�e�Z�^�� �w�g�_�j�]�b�b�� �>�`�h�m�e�y-�E�_�g�p�Z��
�i�j�_�g�_�[�j�_�`�b�f�h�� �f�Z�e�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �\�d�e�Z�^�h�f�� �w�g�_�j�]�b�b�� �G�h�l�l�b�g�]�Z�f�Z���� �I�j�b�� �w�l�h�f��
�l�_�i�e�h�\�h�_�� �j�Z�k�r�b�j�_�g�b�_�� �h�k�l�j�b�y�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�� �\�_�e�b�q�b�g���� �k�j�Z�\�g�b�f�u�o�� �k��
�r�b�j�b�g�h�c�� �l�m�g�g�_�e�v�g�h�]�h�� �i�j�h�f�_�`�m�l�d�Z�� �b�� �\�h�a�f�h�`�g�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_��
�e�Z�\�b�g�h�h�[�j�Z�a�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �l�_�i�e�h�\�h�]�h�� �j�Z�k�r�b�j�_�g�b�y�� �h�k�l�j�b�y���� �i�j�b�\�h�^�y�s�_�]�h�� �d��
�\�h�a�g�b�d�g�h�\�_�g�b�x�� �d�h�g�l�Z�d�l�Z�� �f�_�`�^�m�� �h�k�l�j�b�_�f�� �a�h�g�^�Z�� �b�� �i�h�\�_�j�o�g�h�k�l�v�x�� �h�[�j�Z�a�p�Z����
�q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �^�Z�g�g�u�f�b�� �d�h�f�i�v�x�l�_�j�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y [20]. 
�H�i�j�_�^�_�e�_�g�g�u�f�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h�f�� �j�Z�a�\�b�\�Z�_�f�h�c�� �g�Z�f�b�� �l�_�h�j�b�b�� �f�h�]�m�l�� �k�e�m�`�b�l�v��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �>21�@���^�e�y�� �k�b�k�l�_�f�u�� �\�h�e�v�n�j�Z�f-
�a�h�e�h�l�h���� �J�_�a�m�e�v�l�Z�l�u��[21�@�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �d�Z�d�� �j�Z�k�q�_�l�m�� �[�_�a�� �m�q�_�l�Z�� �i�h�l�_�g�p�b�Z�e�Z��
�k�b�e�� �a�_�j�d�Z�e�v�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �l�Z�d �b�� �k�� �_�]�h�� �m�q�_�l�h�f���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�u�e�h��
�i�h�d�Z�a�Z�g�h���� �q�l�h�� �l�_�j�f�b�q�_�k�d�h�_�� �j�Z�k�r�b�j�_�g�b�_�� �h�k�l�j�b�y���� �k�\�y�a�Z�g�g�h�_�� �k�� �\�u�^�_�e�_�g�b�_�f 
�w�g�_�j�]�b�b �>�`�h�m�e�y-�E�_�g�p�Z���b���w�g�_�j�]�b�b���G�h�l�l�b�g�]�Z�f�Z���f�h�`�_�l���h�d�Z�a�u�\�Z�l�v���\�e�b�y�g�b�_���g�Z��
�<�:�O�� �l�m�g�g�_�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z���� �l���d���� �r�b�j�b�g�Z�� �a�Z�a�h�j�Z�� �a�Z�\�b�k�b�l�� �h�l�� �i�j�b�e�h�`�_�g�g�h�]�h��
�g�Z�i�j�y�`�_�g�b�y���� �:�� �l�Z�d�� �`�_�� �i�j�h�\�_�^�_�g�Z�� �d�h�e�b�q�_�k�l�\�_�g�g�Z�y�� �h�p�_�g�d�Z�� �k�l�_�i�_�g�b�� �\�e�b�y�g�b�y��
�g�Z���<�:�O�����h�i�b�k�Z�g�g�u�o���\�u�r�_���w�n�n�_�d�l�h�\. 
 
�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c�� �i�h�^�^�_�j�`�d�_�� �F�b�g�h�[�j�g�Z�m�d�b�� �\�� �j�Z�f�d�Z�o�� �\�u�i�h�e�g�_�g�b�y��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o���j�Z�[�h�l���\���k�n�_�j�_���g�Z�m�q�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b�����i�j�h�_�d�l���‹���������������������������.���� 
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�:�g�g�h�l�Z�p�b�y�� �J�Z�a�\�b�l���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c���\�Z�j�b�Z�g�l�� �w�e�_�d�l�j�h�g�g�h���± �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h �f�_�l�h�^�Z 
�j�Z�k�q�_�l�Z�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �\�d�e�Z�^�Z�� �\�� �f�_�`�n�Z�a�g�m�x�� �w�g�_�j�]�b�x�� �f�_�l�Z�e�e�h�\�� �g�Z�� �]�j�Z�g�b�p�_�� �k��
�g�_�i�h�e�y�j�g�u�f�b�� �h�j�]�Z�g�b�q�_�k�d�b�f�b�� �`�b�^�d�h�k�l�y�f�b���� �I�h�e�m�q�_�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h��
�\�d�e�Z�^�Z�� �\�� �f�_�`�n�Z�a�g�m�x�� �w�g�_�j�]�b�x  �b��  �h�l�� �h�j�b�_�g�l�Z�p�b�b�� �f�_�l�Z�e�e�b�q�_�k�d�h�]�h 
�d�j�b�k�l�Z�e�e�Z �b �h�l���^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�b���`�b�^�d�h�k�l�b�� 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �f�_�`�n�Z�a�g�Z�y�� �w�g�_�j�]�b�y���� �l�_�f�i�_�j�Z�l�m�j�g�u�c�� �\�d�e�Z�^���� �k�d�Z�g�^�b�c���� �l�b�l�Z�g����
�d�h�[�Z�e�v�l�����w�e�_�d�l�j�h�g�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�Z�y���l�_�h�j�b�y. 
 

�K�\�h�c�k�l�\�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �l�\�_�j�^�h�]�h�� �l�_�e�Z �b�]�j�Z�x�l�� �j�_�r�Z�x�s�m�x�� �j�h�e�v�� �\�h��
�f�g�h�]�b�o�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �b�� �i�j�b�j�h�^�g�u�o�� �i�j�h�p�_�k�k�Z�o���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f��
�h�i�j�_�^�_�e�_�g�b�_�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z�� �]�j�Z�g�b�p�Z�o�� �j�Z�a�^�_�e�Z�� �n�Z�a��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �[�h�e�v�r�h�c�� �b�g�l�_�j�_�k�� �D�h�e�b�q�_�k�l�\�h�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �b��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�k�\�y�s�_�g�g�u�o�� �\�e�b�y�g�b�x�� �j�Z�a�e�b�q�g�u�o��
�n�Z�d�l�h�j�h�\�� �g�Z�� �\�_�e�b�q�b�g�m�� �b�� �i�h�\�_�^�_�g�b�_�� �f�_�`�n�Z�a�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�f�_�l�Z�e�e�b�q�_�k�d�b�o�� �d�j�b�k�l�Z�e�e�h�\�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �k�� �d�Z�`�^�u�f�� �]�h�^�h�f [1]���� �H�^�g�Z�d�h��
�k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �b�a�m�q�_�g�Z�� �f�_�`�n�Z�a�g�Z�y�� �w�g�_�j�]�b�y�� �f�_�l�Z�e�e�h�\��
�g�Z���]�j�Z�g�b�p�_���k �h�j�]�Z�g�b�q�_�k�d�b�f�b���`�b�^�d�h�k�l�y�f�b���b���_�_���h�j�b�_�g�l�Z�p�b�h�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v��
[2-9]. �G�Z�� �h�k�g�h�\�_�� �w�e�_�d�l�j�h�g�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �l�_�h�j�b�b�� �i�j�h�\�_�^�_�g�u �j�Z�k�q�_�l�u��
�l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �f�_�l�Z�e�e�h�\, 
�i�h�e�m�q�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �o�h�j�h�r�h�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �h�i�u�l�g�u�f�b�� �^�Z�g�g�u�f�b�� �^�e�y��
�i�j�h�k�l�u�o���f�_�l�Z�e�e�h�\ [10].  

�<���^�Z�g�g�h�c���j�Z�[�h�l�_���\���j�Z�f�d�Z�o���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �\�Z�j�b�Z�g�l�Z �w�e�_�d�l�j�h�g�g�h-
�k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �l�_�h�j�b�b [2-9] �i�h�e�m�q�_�g �l�_�f�i�_�j�Z�l�m�j�g�u�c �\�d�e�Z�^�� �\�� �f�_�`�n�Z�a�g�m�x��
�w�g�_�j�]�b�x �d�j�b�k�l�Z�e�e�h�\�� �k�d�Z�g�^�b�y, -�l�b�l�Z�g�Z �b�� -�d�h�[�Z�e�v�l�Z �g�Z�� �]�j�Z�g�b�p�_�� �k��
�h�j�]�Z�g�b�q�_�k�d�b�f�b�� �`�b�^�d�h�k�l�y�f�b �h�l�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b �0 
�`�b�^�d�h�k�l�b. �J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �f�h�^�_�e�v�� �k�b�k�l�_�f�u�� �f�_�l�Z�e�e�� �± �h�j�]�Z�g�b�q�_�k�d�Z�y��
�`�b�^�d�h�k�l�v, �\�� �d�h�l�h�j�h�c�� �b�h�g�u�� �f�_�l�Z�e�e�Z�� �i�h�]�j�m�`�_�g�u�� �\�� �w�e�_�d�l�j�h�g�g�m�x�� �`�b�^�d�h�k�l�v����
�O�h�^�� �w�e�_�d�l�j�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �b�� �i�h�l�_�g�p�b�Z�e�Z�� �g�Z�� �i�e�h�k�d�h�c�� �]�j�Z�g�b�p�_�� �j�Z�a�^�_�e�Z��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y���]�j�Z�g�v���± �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���`�b�^�d�h�k�l�v���g�Z�o�h�^�b�l�k�y���b�a���j�_�r�_�g�b�y��
�m�j�Z�\�g�_�g�b�y�� �L�h�f�Z�k�Z-�N�_�j�f�b�� �k�� �m�q�_�l�h�f�� �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�h�c�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c��
�i�j�h�g�b�p�Z�_�f�h�k�l�b�� �h�j�]�Z�g�b�q�_�k�d�h�c�� �`�b�^�d�h�k�l�b���� �D�h�h�j�^�b�g�Z�l�g�Z�y�� �h�k�v�� �i�j�h�\�h�^�b�l�k�y��



 
 

 

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

�;�_�a�j�Z�a�f�_�j�g�u�c�� �i�h�l�_�g�p�b�Z�e, �h�i�j�_�^�_�e�y�x�s�b�c�� �o�h�^�� �i�h�l�_�g�p�b�Z�e�Z�� �b��
�w�e�_�d�l�j�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �g�Z�� �]�j�Z�g�b�p�_�� �f�_�l�Z�e�e�Z�� �k�� �h�j�]�Z�g�b�q�_�k�d�h�c�� �`�b�^�d�h�k�l�v�x, 
�^�e�y�� �\�g�m�l�j�_�g�g�_�c�� �b�� �\�g�_�r�g�_�c�� �h�[�e�Z�k�l�_�c�� �f�_�l�Z�e�e�Z�� �g�Z�� �]�j�Z�g�b�p�_�� �k�� �g�_�i�h�e�y�j�g�h�c��
�h�j�]�Z�g�b�q�_�k�d�h�c���`�b�^�d�h�k�l�v�x���i�h�e�m�q�_�g�u��[2] �\���\�b�^�_��  

  �i�j�b , (1) 

  �i�j�b , (2) 

�]�^�_��   �b  �± �[�_�a�j�Z�a�f�_�j�g�u�c�� �i�h�l�_�g�p�b�Z�e�� �g�Z��

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

�L�_�f�i�_�j�Z�l�m�j�g�u�c���\�d�e�Z�^���\���f�_�`�n�Z�a�g�m�x���w�g�_�j�]�b�x�����d�Z�d���b���\���i�h�\�_�j�o�g�h�k�l�g�m�x��
�w�g�_�j�]�b�x���>�����@�� �h�i�j�_�^�_�e�y�_�l�k�y���b�h�g�g�h�c���b���w�e�_�d�l�j�h�g�g�h�c���k�h�k�l�Z�\�e�y�x�s�b�f�b �f�_�l�Z�e�e�Z 
  (3) 
�B�h�g�g�Z�y���k�h�k�l�Z�\�e�y�x�s�Z�y 
  (4) 
�k�d�e�Z�^�u�\�Z�_�l�k�y�� �b�a�� �]�Z�j�f�h�g�b�q�_�k�d�h�c�� �b�� �Z�g�]�Z�j�f�h�g�b�q�_�k�d�h�c�� �q�Z�k�l�_�c. 
�K�\�h�[�h�^�g�Z�y�� �w�g�_�j�]�b�y�� �d�h�e�_�[�Z�l�_�e�v�g�h�]�h�� �^�\�b�`�_�g�b�y�� �b�h�g�h�\�� �f�_�l�Z�e�e�Z�� �i�j�b�� �k��
�m�q�_�l�h�f���Z�g�]�Z�j�f�h�g�b�q�g�h�k�l�b���h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_ 

  (5) 

�]�^�_ ;  �± �i�_�j�\�u�c�� �d�h�w�n�n�b�p�b�_�g�l��

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

 �± �l�_�f�i�_�j�Z�l�m�j�Z���>�_�[�Z�y,  �± �i�h�k�l�h�y�g�g�Z�y���;�h�e�v�p�f�Z�g�Z). 
�K�\�h�[�h�^�g�Z�y�� �w�g�_�j�]�b�y�� �d�h�e�_�[�Z�g�b�c�� �\��-�i�e�h�k�d�h�k�l�b�� �i�_�j�_�o�h�^�g�h�]�h�� �k�e�h�y��

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

  (6) 

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



 
 

 

  (7) 

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

  (8) 

�]�^�_��  �± �q�b�k�e�h���q�Z�k�l�b�p���g�Z  �f2 �]�j�Z�g�b���f�_�l�Z�e�e�b�q�_�k�d�h�]�h���d�j�b�k�l�Z�e�e�Z. 
�I�h�^�k�l�Z�\�e�y�y�� ��5���� �b�� ��6���� �\�� ��8���� �b�� �\�u�j�Z�`�Z�y��  �b��  �q�_�j�_�a��

�[�_�a�j�Z�a�f�_�j�g�u�_���i�h�l�_�g�p�b�Z�e�u�����������b�������� �i�h�e�m�q�b�f 

  (9) 

�<�u�i�h�e�g�b�\�� �g�_�k�e�h�`�g�h�_�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�_�� �b�� �i�j�b�g�y�\�� �\�h�� �\�g�b�f�Z�g�b�_��
�b�a�f�_�g�_�g�b�_�� �q�b�k�e�Z�� �q�Z�k�l�b�p�� �g�Z�� �f2 �i�h�\�_�j�o�g�h�k�l�b�� �\�k�e�_�^�k�l�\�b�_�� �j�Z�k�r�b�j�_�g�b�y��
�f�_�l�Z�e�e�Z���\���n�h�j�f�m�e�_��(9) �i�h�e�m�q�b�f���k�e�_�^�m�x�s�_�_���\�u�j�Z�`�_�g�b�_���^�e�y���l�_�f�i�_�j�Z�l�m�j�g�h�]�h 
�d�h�w�n�n�b�p�b�_�g�l�Z�� �f�_�`�n�Z�a�g�h�c�� �w�g�_�j�]�b�b �f�_�l�Z�e�e�Z�� �g�Z�� �]�j�Z�g�b�p�_�� �k���h�j�]�Z�g�b�q�_�k�d�h�c��
�`�b�^�d�h�k�l�v�x�����h�[�m�k�e�h�\�e�_�g�g�h�_���b�h�g�g�h�c���d�h�f�i�h�g�_�g�l�h�c���f�_�l�Z�e�e�Z 

  (10) 

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

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

  (11) 

�]�^�_��  �± �]�j�Z�g�b�q�g�Z�y���w�g�_�j�]�b�y���N�_�j�f�b�� 
�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �l�_�f�i�_�j�Z�l�m�j�g�h�_�� �j�Z�a�f�u�l�b�_�� �]�j�Z�g�b�p�u�� �N�_�j�f�b��

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

  (12) 

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

  (13) 

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



 
 

 

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

 . (14) 

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

  (15) 

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

 (16) 

�b�e�b�����\�\�b�^�m���l�h�]�h���q�l�h�� �b�� �����b�f�_�_�f�� 

  (17) 

�A�^�_�k�v�� �± �k�j�_�^�g�_�_�� �q�b�k�e�h�� �k�\�h�[�h�^�g�u�o���w�e�_�d�l�j�h�g�h�\�� �g�Z���Z�l�h�f�� �f�_�l�Z�e�e�Z,  �± 

�h�[�t�_�f�� �w�e�_�f�_�g�l�Z�j�g�h�]�h�� �r�Z�j�Z���� �I�j�h�b�a�\�_�^�y�� �j�Z�a�e�h�`�_�g�b�_�� �\�� �j�y�^�� �b��
�b�g�l�_�]�j�b�j�m�y������7�������g�Z�o�h�^�b�f���\�d�e�Z�^���\���l�_�f�i�_�j�Z�l�m�j�g�u�c���d�h�w�n�n�b�p�b�_�g�l �f�_�`�n�Z�a�g�h�c��
�w�g�_�j�]�b�b�����h�[�m�k�e�h�\�e�_�g�g�u�c���j�Z�a�f�u�l�b�_�f���m�j�h�\�g�y���N�_�j�f�b�� 

 (18) 

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

  (19) 

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



 
 

 

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

 �g�_�i�h�e�y�j�g�u�f�b���h�j�]�Z�g�b�q�_�k�d�b�f�b�� �`�b�^�d�h�k�l�y�f�b ���i�_�g�l�Z�g���� �]�_�d�k�Z�g���� �]�_�i�l�Z�g����
�h�d�l�Z�g���� �^�_�d�Z�g���� �g�h�g�Z�g���� �Q-�d�k�b�e�h�e���� �[�_�g�a�h�e���� �f-�d�k�b�e�h�e���� �l�h�e�m�h�e���� �h-�d�k�b�e�h�e�� �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_�� (�k�f�����j�b�k������-3). 
 

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

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



 
 

 

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

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

�L�_�f�i�_�j�Z�l�m�j�g�u�_�� �\�d�e�Z�^�u �h�l�j�b�p�Z�l�_�e�v�g�u �b �k �m�\�_�e�b�q�_�g�b�_�f��
�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b �h�j�]�Z�g�b�q�_�k�d�h�c�� �`�b�^�d�h�k�l�b �m�\�_�e�b�q�b�\�Z�x�l�k�y��
�i�h���f�h�^�m�e�x. 
 
�A�Z�d�e�x�q�_�g�b�_ 

1. �F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c�� �w�e�_�d�l�j�h�g�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �f�_�l�h�^�� �i�j�b�f�_�g�_�g��
�^�e�y�� �h�p�_�g�d�b�� �l�_�f�i�_�j�Z�l�m�j�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �f�_�`�n�Z�a�g�h�c�� �w�g�_�j�]�b�b�� �g�Z�� �]�j�Z�g�b�p�_��
�f�_�l�Z�e�e���± �h�j�]�Z�g�b�q�_�k�d�Z�y�� �`�b�^�d�h�k�l�v�� �k�� �m�q�_�l�h�f�� �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�h�c��
�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �`�b�^�d�h�k�l�b�� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �^�Z�g�g�u�c�� �f�_�l�h�^��
�i�h�a�\�h�e�y�_�l�� �m�k�l�Z�g�h�\�b�l�v�� �h�j�b�_�g�l�Z�p�b�h�g�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h��
�d�h�w�n�n�b�p�b�_�g�l�Z���f�_�`�n�Z�a�g�h�c���w�g�_�j�]�b�b�� 

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

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

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

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

�H�p�_�g�b�l�v�� �j�Z�a�f�_�j�g�u�_�� �w�n�n�_�d�l�u�� �j�Z�a�e�b�q�g�u�o�� �k�\�h�c�k�l�\�� �f�_�l�Z�e�e�h�\�� �b�� �b�o��
�k�i�e�Z�\�h�\���� �b�k�o�h�^�y�� �b�a���i�_�j�\�u�o���i�j�b�g�p�b�i�h�\�����^�h�k�l�Z�l�h�q�g�h���k�e�h�`�g�h���b�� �\�h�a�f�h�`�g�h�k�l�b��
�i�h�^�h�[�g�u�o���j�Z�k�q�_�l�h�\���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���h�]�j�Z�g�b�q�_�g�u���>���@�����I�j�b���o�Z�j�Z�d�l�_�j�g�u�o��
�j�Z�a�f�_�j�Z�o�� �g�Z�g�h�h�[�t�_�d�l�h�\���� �i�j�_�\�u�r�Z�x�s�b�o�� �g�f���� �h�i�b�k�Z�g�b�_�� �b�a�f�_�g�_�g�b�y��
�i�h�\�_�j�o�g�h�k�l�g�u�o�� �k�\�h�c�k�l�\�� �\�h�a�f�h�`�g�h�� �\�� �j�Z�f�d�Z�o�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �i�h�^�o�h�^�Z����
�B�f�_�g�g�h���i�j�b���l�Z�d�b�o���j�Z�a�f�_�j�Z�o���_�s�_���\�h�a�f�h�`�g�h���k���l�h�q�d�b���a�j�_�g�b�y���l�_�j�f�h�^�b�g�Z�f�b�d�b��
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�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �f�u�� �b�k�k�e�_�^�h�\�Z�e�b�� �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v��
�i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �k�i�e�Z�\�h�\ �a�h�e�h�l�h-�k�_�j�_�[�j�h�����m�j�Z�g-�g�b�h�[�b�c���� �>�Z�g�g�u�_ 
�k�i�e�Z�\�u�� �h�[�j�Z�a�m�x�l�� �g�_�i�j�_�j�u�\�g�u�c�� �j�y�^�� �l�\�_�j�^�u�o�� �j�Z�k�l�\�h�j�h�\���� �^�e�y�� �d�h�l�h�j�u�o��
�k�i�j�Z�\�_�^�e�b�\�h���i�j�Z�\�b�e�h���<�_�]�Z�j�^�Z���>8,9]. 

�>�e�y���j�Z�k�q�_�l�Z���w�g�_�j�]�b�b���k�\�y�a�b���k�i�e�Z�\�Z���g�Z�f�b���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�[�h�l�u���>10�@���[�u�e�Z��
�i�h�k�l�j�h�_�g�Z�� �k�e�_�^�m�x�s�Z�y�� �f�h�^�_�e�v�� �I�j�b�g�b�f�Z�e�h�k�v���� �q�l�h�� �d�j�b�k�l�Z�e�e�u�� �f�_�l�Z�e�e�Z-
�j�Z�k�l�\�h�j�b�l�_�e�y������ �k�h�^�_�j�`�Z�l�� �Z�l�h�f�h�\���� �q�b�k�e�h�� �\�g�_�r�g�b�o�� �w�e�_�d�l�j�h�g�h�\�� �\��
�d�h�l�h�j�u�o�� �j�Z�\�g�h������ �H�[�s�_�_�� �q�b�k�e�h�� �\�Z�e�_�g�l�g�u�o�� �w�e�_�d�l�j�h�g�h�\�� �\�� �d�j�b�k�l�Z�e�e�_�� �[�m�^�_�l��
�j�Z�\�g�h�� . �I�j�b�� �a�Z�f�_�s�_�g�b�b  �Z�l�h�f�h�\�� �f�_�l�Z�e�e�Z�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �l�Z�d�b�f�� �`�_��
�d�h�e�b�q�_�k�l�\�h�f��  �Z�l�h�f�h�\�� �\�l�h�j�h�]�h�� �d�h�f�i�h�g�_�g�l�Z�� �k�� �q�b�k�e�h�f�� �\�Z�e�_�g�l�g�u�o��
�w�e�_�d�l�j�h�g�h�\�������h�[�s�_�_���q�b�k�e�h���w�e�_�d�l�j�h�g�h�\���\���j�Z�k�l�\�h�j�_���i�j�b���l�h�f���`�_���d�h�e�b�q�_�k�l�\�_��



 
 

 

�Z�l�h�f�h�\�� �\�� �d�j�b�k�l�Z�e�e�_  �[�m�^�_�l�� �j�Z�\�g�h , �]�^�_��  �± �k�j�_�^�g�_�_�� �q�b�k�e�h��
�w�e�_�d�l�j�h�g�h�\���g�Z���Z�l�h�f���j�Z�k�l�\�h�j�Z�� 

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

  (1) 

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

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

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

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

  (2) 

�<�� �k�e�m�q�Z�_�� �h�[�j�Z�a�h�\�Z�g�b�y�� �b�^�_�Z�e�v�g�h�]�h�� �l�\�_�j�^�h�]�h�� �j�Z�k�l�\�h�j�Z�� �a�Z�f�_�s�_�g�b�y��
�w�g�_�j�]�b�y���k�\�y�a�b���\�u�j�Z�`�Z�_�l�k�y�� 
  (3) 

�L�_�i�e�h�l�Z���k�f�_�r�_�g�b�y���j�Z�k�l�\�h�j�Z�� 
  (4) 

�W�g�_�j�]�b�y���j�_�r�_�l�d�b�� 
  (5) 
�]�^�_�� �w�g�_�j�]�b�b�� �k�\�y�a�b�� �j�_�r�_�l�h�d�� �b��  �d�h�f�i�h�g�_�g�l�h�\��  �b��  
�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y�� �i�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�� �^�Z�g�g�u�f�� �l�_�i�e�h�l�u�� �k�m�[�e�b�f�Z�p�b�b�� �b��
�w�g�_�j�]�b�b���b�h�g�b�a�Z�p�b�b�� 



 
 

 

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

 
�J�b�k����1�����D�h�g�p�_�g�l�j�Z�p�b�h�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���w�g�_�j�]�b�b���k�\�y�a�b���k�i�e�Z�\�h�\�� �b�� . 
 

�J�Z�a�f�_�j�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �]�j�Z�g�_�c�� �d�j�b�k�l�Z�e�e�h�\��
�k�i�e�Z�\�h�\�� �g�Z�� �h�k�g�h�\�_�� �i�_�j�_�o�h�^�g�u�o�� �f�_�l�Z�e�e�h�\�� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �\�� �j�Z�f�d�Z�o��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h���w�e�_�d�l�j�h�g�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h���f�_�l�h�^�Z���>��1-13].  

�B�k�i�h�e�v�a�m�y�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �=�b�[�[�k�Z�� �^�e�y��
�i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �f�_�l�Z�e�e�Z�� �g�Z�� �]�j�Z�g�b�p�_�� �k�� �\�Z�d�m�m�f�h�f�� �>��1], 
�i�h�\�_�j�o�g�h�k�l�g�Z�y���w�g�_�j�]�b�y���]�j�Z�g�b�� �k�i�e�Z�\�Z���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�� 
  (6) 

�>�e�y�� �h�p�_�g�d�b�� �\�g�m�l�j�_�g�g�_�]�h���� �\�g�_�r�g�_�]�h�� �b�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �\�d�e�Z�^�h�\���� �Z��
�l�Z�d�`�_�� �h�k�p�b�e�e�y�p�b�h�g�g�h�c���� �^�b�k�i�_�j�k�b�h�g�g�h�c�� �b�� �i�h�e�y�j�b�a�Z�p�b�h�g�g�h�c�� �i�h�i�j�Z�\�h�d���� �f�u��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �\�u�j�Z�`�_�g�b�y���� �j�Z�g�_�_�� �i�h�e�m�q�_�g�g�u�_�� �\�� �j�Z�[�h�l�Z�o�� �>��1-13�@�� �^�e�y�� �k�e�m�q�Z�y��
�q�b�k�l�u�o���f�_�l�Z�e�e�h�\���� �L�Z�d�� �d�Z�d���[�h�e�v�r�b�g�k�l�\�h�� �k�i�e�Z�\�h�\���g�_�� �y�\�e�y�x�l�k�y�� �b�^�_�Z�e�v�g�u�f�b����
�w�g�_�j�]�b�x���k�\�y�a�b���j�_�r�_�l�d�b���f�u���j�Z�k�k�q�b�l�u�\�Z�e�b���k���m�q�_�l�h�f���\�u�j�Z�`�_�g�b�y���������� 

�A�Z�\�b�k�b�f�h�k�l�v�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �l�j�_�o�� �h�k�g�h�\�g�u�o�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o��
�]�j�Z�g�_�c�� �k�i�e�Z�\�h�\�� �h�l�� �Z�l�h�f�g�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �d�h�f�i�h�g�_�g�l�Z�� �g�_�e�b�g�_�c�g�Z��
(�k�f�� �j�b�k����2������ �I�j�b�� �m�\�_�e�b�q�_�g�b�b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �g�b�h�[�b�y�� �\�� �k�i�e�Z�\�_�� 
�a�g�Z�q�_�g�b�y�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �]�j�Z�g�_�c�� �m�\�_�e�b�q�b�\�Z�x�l�k�y�� �g�_�e�b�g�_�c�g�h���� �q�l�h��
�k�h�]�e�Z�k�m�_�l�k�y�� �k�� �b�a�f�_�g�_�g�b�_�f�� �w�g�_�j�]�b�b�� �k�\�y�a�b�� �k�i�e�Z�\�Z�� �i�j�b�� �b�a�f�_�g�_�g�b�b��



 
 

 

�d�h�g�p�_�g�l�j�Z�p�b�b���d�h�f�i�h�g�_�g�l�h�\�����k�f�� �j�b�k����2 �Z�������L�Z�d�Z�y���`�_���d�Z�j�l�b�g�Z���g�Z�[�e�x�^�Z�_�l�k�y���b��
�\���k�e�m�q�Z�_���k�i�e�Z�\�Z�� (�k�f�����j�b�k������ �[��. 
 

 
�Z�� 

 
�[�� 

�J�b�k����2���� �D�h�g�p�_�g�l�j�Z�p�b�h�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���i�h�\�_�j�o�g�h�k�l�g�h�c���w�g�_�j�]�b�b���l�h�g�d�b�o���i�e�_�g�h�d���k�i�e�Z�\�h�\��
 (�Z�����b��  (�[) �^�e�y���]�j�Z�g�b�� . 

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

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



 
 

 

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

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

2. �F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c�� �w�e�_�d�l�j�h�g�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �f�_�l�h�^�� �i�j�b�f�_�g�_�g��
�^�e�y�� �h�p�_�g�d�b�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b�� �l�h�g�d�b�o�� �i�e�_�g�h�d�� �k�i�e�Z�\�h�\�� �g�Z�� �h�k�g�h�\�_����
�i�_�j�_�o�h�^�g�u�o�� �f�_�l�Z�e�e�h�\���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �^�Z�g�g�u�c�� �f�_�l�h�^�� �Z�^�_�d�\�Z�l�g�h�� �i�_�j�_�^�Z�_�l��
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�D�e�x�q�_�\�u�_���k�e�h�\�Z�����d�h�g�l�Z�d�l�g�h�_���i�e�Z�\�e�_�g�b�_�����b�g�l�_�j�f�_�l�Z�e�e�b�^�u�����n�Z�a�h�h�[�j�Z�a�h�\�Z�g�b�_�����i�j�b�f�_�k�v�� 
 

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

�D�h�g�l�Z�d�l�g�h�_���i�e�Z�\�e�_�g�b�_ �f�_�^�b���b �Z�e�x�f�b�g�b�y�� �f�Z�j�d�b���:�F�=-2 �i�j�h�\�h�^�b�e�h�k�v 
�\�� �\�Z�d�m�m�f�_�� �I�Z�� �\�� �g�_�k�l�Z�p�b�h�g�Z�j�g�h-�^�b�n�n�m�a�b�h�g�g�h�f �b�� �d�h�g�\�_�d�p�b�h�g�g�h�f 
�j�_�`�b�f�Z�o �i�j�b���l�_�f�i�_�j�Z�l�m�j�_�� �\���l�_�q�_�g�b�_���\�j�_�f�_�g�b���h�l�� �f�b�g�m�l �^�h�� �q�Z�k�Z�� 

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

�G�Z���j�b�k. 1 �i�h�d�Z�a�Z�g���i�j�h�^�h�e�v�g�u�c�� �r�e�b�n�� �a�h�g�u���D�I�� ���i�h�k�e�_���l�j�Z�\�e�_�g�b�y,  
�k�\�_�j�o�m)  �k�� �:�F�=-���� �h�[�j�Z�a�h�\�Z�\�r�_�c�k�y�� �i�j�b�� �D�I�� �\�� �l�_�q�_�g�b�_�� �f�b�g�m�l, �g�Z��
�d�h�l�h�j�h�f�� �\�b�^�g�h���h�[�j�Z�a�h�\�Z�g�b�_�� �i�_�j�_�o�h�^�g�h�c�� �a�h�g�u�� ���� �f�_�`�^�m�� �a�h�g�h�c�� �� ���:�F�=-2) �b��
�f�_�^�v�x�����a�h�g�Z�����������l�h�e�s�b�g�Z���d�h�l�h�j�h�c���f�_�g�y�_�l�k�y���h�l�� �^�h��  �f�d�f��  

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



 
 

 

 
�J�b�k. 1�����N�h�l�h�]�j�Z�n�b�y���i�_�j�_�o�h�^�g�u�o���a�h�g���\���d�h�g�l�Z�d�l�_���f�_�^�b���k���:�F�=-2, . 
 
 

 
�J�b�k. 2. �N�h�l�h�]�j�Z�n�b�y���a�h�g�u������ . 
 

�?�k�e�b �D�I�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �[�h�e�_�_  �f�b�g�m�l, �i�e�Z�k�l�b�g�Z�� �i�j�h�i�Z�b�\�Z�_�l�k�y 
�g�Z�k�d�\�h�a�v�����A�h�g�Z�� �D�I�� �b�f�_�_�l�� �i�h�e�m�w�e�e�b�i�l�b�q�_�k�d�m�x�� �n�h�j�f�m, �f�_�`�^�m�� �w�l�h�c�� �a�h�g�h�c�� �b��
�f�_�^�v�x�� �h�[�j�Z�a�m�_�l�k�y�� �i�_�j�_�o�h�^�g�Z�y�� �a�h�g�Z 2 (�k�f�� �j�b�k. 3 �Z���� �l�h�e�s�b�g�h�c�� �h�l�� �^�h��

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

�b�g�l�_�j�f�_�l�Z�e�e�b�^�h�\��  �b�f�_�x�s�b�o�� �\�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�f�_�j�� �a �f�d�f 
(�k�f�� �j�b�k�� 3 �[��.  

�W�l�b�� �n�Z�a�u���� �n�h�j�f�b�j�m�y�k�v�� �g�Z�� �f�_�`�n�Z�a�g�h�c�� �]�j�Z�g�b�p�_�����:�F�=-������ �b��
�y�\�e�y�x�l�k�y���� �i�h-�\�b�^�b�f�h�f�m���� �i�j�b�q�b�g�h�c�� �h�o�j�m�i�q�b�\�Z�g�b�y�� �k�h�_�^�b�g�_�g�b�c��
�h�[�j�Z�a�h�\�Z�\�r�b�o�k�y���i�j�b���D�I�� 



 
 

 

�>�e�y�� �\�u�y�\�e�_�g�b�y�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �d�b�g�_�l�b�d�b�� �D�I�� �\�� �k�b�k�l�_�f�_�����:�F�=-2 
�g�Z�� �k�i�_�p�b�Z�e�v�g�h�� �i�j�b�]�h�l�h�\�e�_�g�g�u�o�� �h�[�j�Z�a�p�Z�o�� �b�a�m�q�Z�e�Z�k�v�� �l�h�e�s�b�g�Z�� �d�h�g�l�Z�d�l�g�h�c��
�i�j�h�k�e�h�c�d�b�� �h�l�� �\�j�_�f�_�g�b�� �D�I . �H�[�j�Z�a�p�u�� �j�Z�k�i�h�e�Z�]�Z�e�b�k�v�� �\�� �\�_�j�l�b�d�Z�e�v�g�h�f��
�i�h�e�h�`�_�g�b�b���� �k�\�_�j�o�m������ �k�g�b�a�m�� �:�F�=-���� ���d�h�g�\�_�d�p�b�h�g�g�u�c�� �j�_�`�b�f���� �b�� �g�Z�h�[�h�j�h�l��

 �\�g�b�a�m�� �b�� �:�F�=-���� �\�\�_�j�o�m�� ���^�b�n�n�m�a�b�h�g�g�u�c�� �j�_�`�b�f������ �G�Z�� �j�b�k. ���� �i�h�d�Z�a�Z�g�u��
�a�Z�\�b�k�b�f�h�k�l�b���d�\�Z�^�j�Z�l�Z���l�h�e�s�b�g�u���d�h�g�l�Z�d�l�g�h�c���i�j�h�k�e�h�c�d�b�� �h�l���\�j�_�f�_�g�b���D�I�� 
�^�e�y���^�\�m�o���j�_�`�b�f�h�\. 
 

   
�J�b�k. 3. �Z�� �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�y�� �i�_�j�_�o�h�^�g�h�c�� �a�h�g�u�� �f�_�`�^�m�� �f�_�^�v�x�� �b�� �:�F�=-2, ; 
�[�� �n�h�l�h�]�j�Z�n�b�y���f�b�d�j�h�i�b�j�Z�f�b�^�u���\���a�h�g�_����, . 
 

 
�J�b�k. 4. �± �A�Z�\�b�k�b�f�h�k�l�v�� �d�\�Z�^�j�Z�l�Z�� �l�h�e�s�b�g�u�� �d�h�g�l�Z�d�l�g�h�c�� �i�j�h�k�e�h�c�d�b  �\�� �k�b�k�l�_�f�_�� 

���:�F�=-2 �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�j�_�f�_�g�b��: 1 �± �f�_�^�v�� �\�� �k�b�k�l�_�f�_�� �k�\�_�j�o�m ���d�h�g�\�_�d�p�b�h�g�g�u�c��
�j�_�`�b�f��, 2 �± �f�_�^�v���k�g�b�a�m (�g�_�k�l�Z�p�b�h�g�Z�j�g�h-�^�b�n�n�m�a�b�h�g�g�u�c���j�_�`�b�f��. 

�Z 



 
 

 

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

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

�D�h�g�l�Z�d�l�g�h�_�� �i�e�Z�\�e�_�g�b�_�� �f�_�^�b�� �k�� �Z�e�x�f�b�g�b�_�f�� �f�Z�j�d�b�� �:�F�=-2 
�h�k�m�s�_�k�l�\�e�_�g�h�� �\�� �\�Z�d�m�m�f�_�� �I�Z �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �\ �g�_�k�l�Z�p�b�h�g�Z�j�g�h-
�^�b�n�n�m�a�b�h�g�g�h�f���b���d�h�g�\�_�d�p�b�h�g�g�h�f���j�_�`�b�f�Z�o. �M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���^�h�[�Z�\�d�b�� �\��
�Z�e�x�f�b�g�b�_�\�h�f�� �k�i�e�Z�\�_�� �:�F�=-2 �m�\�_�e�b�q�b�\�Z�x�l�� �k�d�h�j�h�k�l�v�� �D�I���� �I�h�d�Z�a�Z�g�h���� �q�l�h��
�d�b�g�_�l�b�d�Z�� �D�I�� �f�_�^�b�� �k�� �Z�e�x�f�b�g�b�_�f�� �f�Z�j�d�b�� �:�F�=-���� �i�h�^�q�b�g�y�_�l�k�y��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�b��~ , �l���_���� �i�j�h�l�_�d�Z�_�l�� �i�h�� �^�b�n�n�m�a�b�h�g�g�h�f�m�� �f�_�o�Z�g�b�a�f�m. 
�F�h�j�n�h�e�h�]�b�y�� �j�Z�a�e�h�f�Z�� �k�h�� �k�l�h�j�h�g�u�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �g�Z�e�b�q�b�_�f��
�b�g�l�_�j�f�_�l�Z�e�e�b�^�h�\���� �d�h�l�h�j�u�_�� �i�h-�\�b�^�b�f�h�f�m�� �h�o�j�m�i�q�b�\�Z�x�l�� �f�_�`�n�Z�a�g�m�x��
�]�j�Z�g�b�p�m���f�_�^�v-�Z�e�x�f�b�g�b�c�� 
 
�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b �n�b�g�Z�g�k�h�\�h�c �i�h�^�^�_�j�`�d�_���F�b�g�h�[�j�g�Z�m�d�b���J�N���i�j�h�_�d�l�������������������������D�� 
 

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

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

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �k�b�g�l�_�l�b�q�_�k�d�b�o�� �f�h�g�h�f�_�j�h�\�� �^�e�y�� �k�h�a�^�Z�g�b�y��
�f�Z�d�j�h�f�h�e�_�d�m�e���� �k�i�h�k�h�[�g�u�o�� �k�Z�f�h�h�j�]�Z�g�b�a�h�\�u�\�Z�l�v�k�y�� �\�� �d�Z�l�Z�e�b�l�b�q�_�k�d�b��
�Z�d�l�b�\�g�u�_�� �k�l�j�m�d�l�m�j�u�� ���k�b�g���w�g�a�b�f�u������ �i�h�a�\�h�e�b�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �i�h�\�u�k�b�l�v��
�k�l�Z�[�b�e�v�g�h�k�l�v�� �b�k�d�m�k�k�l�\�_�g�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\�� �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �i�h�� �k�\�h�_�c��
�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �k�b�g���w�g�a�b�f�u �k�f�h�]�m�l�� �d�h�g�d�m�j�b�j�h�\�Z�l�v���k��
�[�_�e�d�h�\�u�f�b�� �d�Z�l�Z�e�b�a�Z�l�h�j�Z�f�b���� �I�h�� �w�l�h�c�� �i�j�b�q�b�g�_, �j�Z�a�j�Z�[�h�l�d�Z�� �f�Z�d�j�h�f�h�e�_�d�m�e, 
�k�i�h�k�h�[�g�u�o�� �[�u�l�v�� �h�k�g�h�\�h�c�� �^�e�y�� �k�b�g�l�_�l�b�q�_�k�d�b�o�� �d�Z�l�Z�e�b�a�Z�l�h�j�h�\�� �b�� �f�_�l�h�^�h�\�� �b�o��
�i�h�e�m�q�_�g�b�y, �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�h�c�� �a�Z�^�Z�q�_�c���� �<�� �d�Z�q�_�k�l�\�_�� �i�_�j�k�i�_�d�l�b�\�g�u�o��
�k�b�g���w�g�a�b�f�h�\�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �l�Z�d �g�Z�a�u�\�Z�_�f�u�_�� �[�_�e�d�h�\�h�i�h�^�h�[�g�u�_ 
�k�h�i�h�e�b�f�_�j�u���� �k�b�g�l�_�a�� �d�h�l�h�j�u�o�� �\�i�_�j�\�u�_�� �[�u�e�� �i�j�_�^�e�h�`�_�g�� �\�� �l�_�h�j�_�l�b�q�_�k�d�b�o��
�j�Z�[�h�l�Z�o�� �:���J�� �O�h�o�e�h�\�Z�� �b�� �I���=�� �O�Z�e�Z�l�m�j�Z�� �>���� 2], �g�Z�� �h�k�g�h�\�_�� �d�h�g�p�_�i�p�b�b��
�d�h�g�n�h�j�f�Z�p�b�h�g�g�h-�a�Z�\�b�k�b�f�h�]�h �^�b�a�Z�c�g�Z. �K�� �i�h�f�h�s�v�x �w�l�h�c�� �f�_�l�h�^�h�e�h�]�b�b 
�m�^�Z�e�h�k�v�� �k�f�h�^�_�e�b�j�h�\�Z�l�v���� �Z�� �i�h�l�h�f�� �k�b�g�l�_�a�b�j�h�\�Z�l�v�� �[�_�e�d�h�\�h�i�h�^�h�[�g�u�_��
�k�h�i�h�e�b�f�_�j�u �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z�� �j�Z�^�b�d�Z�e�v�g�h�c�� �k�h�i�h�e�b�f�_�j�b�a�Z�p�b�b [3]. 



 
 

 

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

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

-�\�b�g�b�e�d�Z�i�j�h�e�Z�d�l�Z�f�Z�� ���<�D�E���� �b��-�\�b�g�b�e�b�f�b�^�Z�a�h�e�Z�� ���<�B������ �d�h�l�h�j�u�_��
�k�i�h�k�h�[�g�u�� �i�j�b�� �i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �h�[�j�Z�a�h�\�u�\�Z�l�v�� �]�e�h�[�m�e�y�j�g�u�_��
�g�Z�g�h�k�l�j�m�d�l�m�j�u�� �k�� �d�h�f�i�Z�d�l�g�u�f�� �]�b�^�j�h�n�h�[�g�u�f�� �y�^�j�h�f���� �w�d�j�Z�g�b�j�h�\�Z�g�g�u�f��
�]�b�^�j�h�n�b�e�v�g�h�c�� �d�h�j�h�g�h�c���� �g�Z�q�Z�l�u�o�� �\�� �j�Z�[�h�l�_�� �>���@���� �L�Z�d�b�_�� �h�[�t�_�d�l�u�� �f�h�]�m�l��
�k�e�m�`�b�l�v�� �f�h�^�_�e�v�g�u�f�b�� �i�j�h�l�h�l�b�i�Z�f�b�� �^�e�y�� �k�b�g���w�g�a�b�f�h�\�� �J�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �g�Z�f�b��
�d�h�f�i�v�x�l�_�j�g�Z�y�� �f�h�^�_�e�v�� �>������ ���@�� �\�h�k�i�j�h�b�a�\�h�^�b�l�� �h�k�g�h�\�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b��
�e�Z�[�h�j�Z�l�h�j�g�h�]�h���k�b�g�l�_�a�Z�����d�h�l�h�j�u�c���i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���h�k�m�s�_�k�l�\�e�y�l�v���\���o�h�^�_���^�\�m�o��
�w�l�Z�i�h�\�� �>���@���� ������ �i�h�e�m�q�_�g�b�_�� �i�h�e�b�<�D�E-�[�e�h�d�Z�� ���I�<�D�E������ ������ �i�j�b�k�h�_�^�b�g�_�g�b�_�� �d��
�I�<�D�E-�[�e�h�d�m�� �k�h�i�h�e�b�f�_�j�g�h�]�h�� �[�e�h�d�Z�� �b�a�� �I�<�D�E�� �b�� �i�h�e�b�<�B�� ���I�<�B������ �G�Z�f�� �m�`�_��
�m�^�Z�e�h�k�v�� �i�h�d�Z�a�Z�l�v���� �q�l�h�� �[�e�h�d�I�<�D�E-�I�<�B-�I�<�D�E-�k�h�i�h�e�b�f�_�j���� �k�h�k�l�h�y�s�b�c�� �b�a��

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

  
 

 �± -�\�b�g�b�e��
�d�Z�i�j�h�e�Z�d�l�Z�f�����<�D�E�� 

 �± 1-�\�b�g�b�e�b�f�b�^�Z�a�h�e�h�f��
(�<�B�� 

 �± �j�Z�k�l�\�h�j�b�l�_�e�v��
���>�b�f�_�l�b�e�n�h�j�f�Z�f�b�^���b�e�b���\�h�^�Z�� 

�J�b�k�����������H�k�g�h�\�g�u�_���d�h�f�i�h�g�_�g�l�u���f�h�^�_�e�b:  �± �]�b�^�j�h�n�h�[�g�u�c �f�h�g�h�f�_�j,  �± �]�b�^�j�h�n�b�e�v�g�u�c 
�f�h�g�h�f�_�j,  �± �j�Z�k�l�\�h�j�b�l�_�e�v �b���k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���b�f���d�j�m�i�g�h�a�_�j�g�b�k�l�u�_���q�Z�k�l�b�p�u. 
 

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

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



 
 

 

�D�Z�d���b���j�Z�g�_�_���>���@�����^�e�y���j�_�Z�e�b�a�Z�p�b�b���i�h�k�l�Z�\�e�_�g�g�h�c���a�Z�^�Z�q�b���f�u���b�k�i�h�e�v�a�m�_�f 
�d�j�m�i�g�h�a�_�j�g�b�k�l�m�x���d�h�f�i�v�x�l�_�j�g�m�x���f�h�^�_�e�v���g�Z���h�k�g�h�\�_���f�_�l�h�^�Z���^�b�k�k�b�i�Z�l�b�\�g�h�c��
�^�b�g�Z�f�b�d�b�� �q�Z�k�l�b�p�� ���>�>�Q���� �>���@���� �F�h�^�_�e�v�� �k�h�^�_�j�`�b�l�� �l�j�b�� �l�b�i�Z�� �q�Z�k�l�b�p���� �d�h�l�h�j�u�_��
�k�h�h�l�\�_�l�k�l�\�m�x�l�� �k�h�f�h�g�h�f�_�j�Z�f�� �<�D�E���� �<�B�� �b�� �f�h�e�_�d�m�e�Z�f�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �k�f����
�j�b�k�� 1. �>�b�Z�f�_�l�j���d�j�m�i�g�h�a�_�j�g�b�k�l�u�o���q�Z�k�l�b�p�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �����]�^�_�� 
�m�k�j�_�^�g�_�g�g�u�c���f�h�e�_�d�m�e�y�j�g�u�c���h�[�t�_�f���^�e�y���<�D�E���b���<�B�� 

�F�h�^�_�e�b�j�h�\�Z�g�b�_�� �k�b�g�l�_�a�Z��-�k�h�i�h�e�b�f�_�j�Z�� �i�j�h�b�k�o�h�^�b�l�� �\�� �m�k�e�h�\�b�y�o��
�©�o�h�j�h�r�_�]�h�ª�� �j�Z�k�l�\�h�j�b�l�_�e�y���� �d�h�l�h�j�u�f�� �y�\�e�y�_�l�k�y�� �^�b�f�_�l�b�e�n�h�j�f�Z�f�b�^ ���>�F�N�:��. 
�>�Z�e�v�g�_�c�r�b�c�� �d�h�e�e�Z�i�k�� �i�h�e�m�q�_�g�g�u�o�� �p�_�i�_�c�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\�� �m�k�e�h�\�b�y�o��
�©�i�e�h�o�h�]�h�ª�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �^�e�y�� �<�D�E�� �b�� �©�o�h�j�h�r�_�]�h�ª�� �^�e�y�� �<�B���� �A�g�Z�q�_�g�b�y��
�\�_�j�h�y�l�g�h�k�l�_�c�� �j�_�Z�d�p�b�c �k�h�i�h�e�b�f�_�j�b�a�Z�p�b�b���<�D�E���<�D�E , �<�D�E���<�B  �b��

�<�B���<�B  �^�e�y���<�D�E-�<�D�E�����<�D�E-�<�B �b���<�B-�<�B���\���>�F�N�:���[�u�e�b���\�u�[�j�Z�g�u���g�Z��
�h�k�g�h�\�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �h�i�j�_�^�_�e�_�g�g�u�o�� �d�h�g�k�l�Z�g�l  �b��  [9�@���� �A�g�Z�q�_�g�b�y��

�<�D�E���<�B�� , �<�D�E���>�F�N�:�� , �<�B���>�F�N�:��  �[�u�e�b�� �\�u�q�b�k�e�_�g�u���k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�Z�j�Z�f�_�l�j�h�\���j�Z�k�l�\�h�j�b�f�h�k�l�b���=�b�e�v�^�_�g�[�j�Z�g�l�Z �^�e�y���<�D�E�����<�B���b��
�>�F�N�:�� ���i�j�b��  [8�@������ �j�Z�k�k�q�b�l�Z�g�g�u�o �\�� �j�Z�f�d�Z�o�� �f�_�l�h�^�b�d�b�� �b�a�� �j�Z�[�h�l�u�� �>10]. 
�>�e�b�g�Z�� �j�_�[�j�Z�� �d�m�[�b�q�_�k�d�h�c�� �y�q�_�c�d�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �j�Z�\�g�Z������ �i�h�k�l�j�h�_�g�b�_��
�g�Z�q�Z�e�v�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �j�_�Z�d�p�b�h�g�g�h�c�� �k�f�_�k�b�� �k�h�f�h�g�h�f�_�j�h�\�� �<�D�E�� �b�� �<�B��
�i�j�h�\�h�^�b�e�h�k�v�� �i�h�k�j�_�^�k�l�\�h�f�� �a�Z�^�Z�g�b�y�� �k�e�m�q�Z�c�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�d�h�f�i�h�g�_�g�l�h�\. �L�Z�d�`�_�� �\�� �y�q�_�c�d�m�� �\�\�h�^�b�e�k�y�� �]�h�l�h�\�u�c�� �I�<�D�E-�[�e�h�d�� �b�a�� 
�f�h�g�h�f�_�j�h�\���� �H�[�t�_�f�g�Z�y�� �^�h�e�y�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �K�>�F�N�: �k�h�k�l�Z�\�e�y�e�Z�� % , 
�k�m�f�f�Z�j�g�Z�y�� �h�[�t�_�f�g�Z�y�� �^�h�e�y�� �k�h�f�h�g�h�f�_�j�h�\�� �K�<�D�E���K�<�B =  % ���� �H�k�g�h�\�g�u�f�b��
�i�Z�j�Z�f�_�l�j�Z�f�b�� �f�h�^�_�e�b�� �[�u�e�b�� �a�g�Z�q�_�g�b�_�� �b�� �^�h�e�y�� �<�B���K�<�B�����K�<�D�E�����K�<�B) �\��
�j�_�Z�d�p�b�h�g�g�h�c�� �k�f�_�k�b���� �A�g�Z�q�_�g�b�_�� �\�Z�j�v�b�j�h�\�Z�e�h�k�v���h�l�� �^�h�� ���� �h�l�� �^�h��  �b 
�h�l��  �^�h��  �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �^�e�y�� �p�_�i�_�c�� �k�� �q�b�k�e�h�f�� �f�h�g�h�f�_�j�h�\�� �b��

���� �>�h�e�y�� �<�B�� �\�� �k�e�m�q�Z�_��  �b�a�f�_�g�y�e�Z�k�v�� �\�� �^�b�Z�i�Z�a�h�g�_ �h�l��  �^�h��
���� �^�e�y��  ���� �I�h�e�m�q�Z�\�r�b�_�k�y�� �p�_�i�b�� �b�f�_�e�b�� �d�h�g�n�h�j�f�Z�p�b�x��

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

�g�_�i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�b�o�� �k�h�f�h�g�h�f�_�j�h�\ �g�Z�� �q�Z�k�l�b�p�u�� �j�Z�k�l�\�h�j�b�l�_�e�y���� �Z�� �a�g�Z�q�_�g�b�y��
�<�D�E���>�F�N�:���b�� �<�B���>�F�N�:���i�_�j�_�d�e�x�q�Z�e�b�k�v�� �g�Z���<�D�E���<�H�>�: �b �<�B���<�H�>�:���� �q�l�h��

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

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



 
 

 

 

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

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

�����Z���^�h�e�y���i�h�e�b�<�D�E-�[�e�h�d�Z���j�Z�\�g�Z���±  %. 



 
 

 

�<�� �o�h�^�_�� �^�Z�e�v�g�_�c�r�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �f�u�� �i�e�Z�g�b�j�m�_�f�� �\�u�i�h�e�g�b�l�v��
�^�_�l�Z�e�v�g�m�x�� �o�Z�j�Z�d�l�_�j�b�a�Z�p�b�x �i�h�e�m�q�_�g�g�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j �b�� �i�j�h�\�_�j�b�l�v�� �b�o��
�\�h�^�h�j�Z�k�l�\�h�j�b�f�h�k�l�v�� �k�� �i�h�f�h�s�v�x�� �b�a�m�q�_�g�b�y�� �Z�]�j�_�]�Z�l�b�\�g�u�o�� �k�\�h�c�k�l�\�� �\�� �j�Z�f�d�Z�o��
�>�>�Q �f�h�^�_�e�b�� �:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�h�a�\�h�e�b�l�� �m�l�h�q�g�b�l�v�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�j�b��
�\�u�[�h�j�_�� �i�Z�j�Z�f�_�l�j�h�\�� �^�e�y�� �e�Z�[�h�j�Z�l�h�j�g�h�]�h�� �k�b�g�l�_�a�Z��-�k�h�i�h�e�b�f�_�j�h�\����
�k�i�h�k�h�[�g�u�o���b�f�b�l�b�j�h�\�Z�l�v���h�k�g�h�\�g�u�_���n�m�g�d�p�b�b���n�_�j�f�_�g�l�h�\. 
 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �a�Z�� �k�q�_�l�� �]�j�Z�g�l�Z�� �J�h�k�k�b�c�k�d�h�]�h�� �g�Z�m�q�g�h�]�h�� �n�h�g�^�Z�� ���i�j�h�_�d�l�� 
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�f�_�l�Z�e�e�h�\���� �h�l�e�b�q�Z�x�s�b�o�k�y�� �l�b�i�h�f�� �^�b�Z�]�j�Z�f�f�� �k�h�k�l�h�y�g�b�y���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�h�_�^�b�g�_�g�b�_��
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�g�_�d�h�l�h�j�h�f�� �\�j�_�f�_�g�g�h�f�� �b�� �l�_�f�i�_�j�Z�l�m�j�g�h�f�� �b�g�l�_�j�\�Z�e�Z�o�� �o�Z�j�Z�d�l�_�j�g�u�o�� �^�e�y�� �d�Z�`�^�h�c�� �i�Z�j�u��
�f�_�l�Z�e�e�h�\�� �K���i�h�f�h�s�v�x���w�e�_�d�l�j�h�i�_�j�_�g�h�k�Z���>��-3] �m�^�Z�_�l�k�y���b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v �w�l�h�l���i�j�h�p�_�k�k�� 
�D�e�x�q�_�\�u�_���k�e�h�\�Z�����d�h�g�l�Z�d�l�g�h�_���i�e�Z�\�e�_�g�b�_�����w�e�_�d�l�j�h�i�_�j�_�g�h�k�����f�_�l�Z�e�e�u�����k�i�e�Z�\�u�����^�b�n�n�m�a�b�y����

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

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

. �F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�y���h�i�b�k�Z�g�Z���\���j�Z�[�h�l�Z�o��[6, 7].  
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�J�Z�k�k�f�h�l�j�b�f���k�b�k�l�_�f�m�������^�b�Z�]�j�Z�f�f�Z���k�h�k�l�h�y�g�b�y���d�h�l�h�j�h�c���i�j�b�\�_�^�_�g�Z��
�\ [8]. �K�b�k�l�_�f�Z�� , �k�h�^�_�j�`�b�l���^�\�Z���d�h�g�]�j�m�w�g�l�g�h���i�e�Z�\�y�s�b�o�k�y���b�g�l�_�j�f�_�l�Z�e�e�b�^�Z����

 �b�� , �l�_�f�i�_�j�Z�l�m�j�Z�� �i�e�Z�\�e�_�g�b�y�� �g�Z�b�g�b�a�r�_�c�� �w�\�l�_�d�l�b�d�b�� �k�h�h�l�\�_�l�k�l�\�m�_�l��
���� �>�Z�g�g�Z�y�� �k�b�k�l�_�f�Z�� �b�k�k�e�_�^�h�\�Z�g�Z�� �\�� �j�Z�[�h�l�Z�o�� �>5, 9, 10]. �I�h�d�Z�a�Z�g�h�� �q�l�h��

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

 �± �w�n�n�_�d�l�Z�� �\�� �k�b�k�l�_�f�_��, �i�j�b�� �g�Z�e�b�q�b�b �W�I. �I�j�b�� �i�j�h�\�_�^�_�g�b�b��
�w�d�k�i�_�j�b�f�_�g�l�Z���b�k�i�h�e�v�a�h�\�Z�e�b�k�v �f�_�l�Z�e�e�u���f�Z�j�h�d��  �b�� . �J�_�a�m�e�v�l�Z�l�u��
�i�j�b�\�_�^�_�g�u���\���L�Z�[�e�b�p�_ 1. 
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�<�� �k�e�m�q�Z�_�� �d�h�]�^�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �h�i�u�l�Z�� �[�u�e�Z�� �\�u�r�_�� �l�_�f�i�_�j�Z�l�m�j�u��
�w�\�l�_�d�l�b�d�b�� �l�h�d�� �i�j�h�i�m�k�d�Z�e�k�y�� �\�� �i�j�h�p�_�k�k�_�� �d�h�g�l�Z�d�l�g�h�]�h�� �i�e�Z�\�e�_�g�b�y�� �\�� �j�Z�a�g�u�o��
�g�Z�i�j�Z�\�e�_�g�b�y�o���� �q�_�j�_�a�� �h�^�g�m�� �i�Z�j�m�� �h�[�j�Z�a�p�h�\�� �l�h�d�� �g�_�� �i�j�h�o�h�^�b�e���� �J�_�a�m�e�v�l�Z�l�u��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b�\�_�^�_�g�u�� �g�Z�� �j�b�k. 1. �D�Z�d�� �\�b�^�g�h�� �b�a�� �]�j�Z�n�b�d�Z���� �i�j�b��
�i�j�h�o�h�`�^�_�g�b�b�� �l�h�d�Z�� �w�l�Z�� �a�Z�\�b�k�b�f�h�k�l�v�� �h�l�e�b�q�g�Z�� �h�l�� �i�Z�j�Z�[�h�e�b�q�_�k�d�h�c���� �:�g�Z�e�b�a��
�w�l�b�o �a�Z�\�b�k�b�f�h�k�l�_�c�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �d�j�b�l�_�j�b�b�� �i�h�� �W�I���� �i�j�_�^�e�h�`�_�g�g�u�_�� �\��
�j�Z�[�h�l�_���>�����@�����o�h�j�h�r�h���k�h�]�e�Z�k�m�_�l�k�y���k���w�d�k�i�_�j�b�f�_�g�l�h�f���� 
 
�K�b�k�l�_�f�Z���k���g�_�y�\�g�h���\�u�j�Z�`�_�g�g�h�c���w�\�l�_�d�l�b�d�h�c 

�J�Z�k�k�f�h�l�j�b�f���k�b�k�l�_�f�m�������^�b�Z�]�j�Z�f�f�Z���k�h�k�l�h�y�g�b�y���d�h�l�h�j�h�c���i�j�b�\�_�^�_�g�Z��
�g�Z�� �>8]. �K�b�k�l�_�f�Z��  �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �h�l�k�m�l�k�l�\�b�_�f�� �\�u�j�h�`�^�_�g�g�h�c��
�w�\�l�_�d�l�b�d�b. �G�Z�f�b���� �d�h�f�i�e�_�d�k�g�h�� �b�k�k�e�_�^�h�\�Z�g�� �i�j�h�p�_�k�k�� �k�h�_�^�b�g�_�g�b�y�� ���k�i�_�d�Z�g�b�y����
�k�b�k�l�_�f�� �w�\�l�_�d�l�b�q�_�k�d�h�]�h�� �l�b�i�Z���� �g�_�� �h�[�j�Z�a�m�x�s�b�o�� �o�b�f�b�q�_�k�d�b�_�� �k�h�_�^�b�g�_�g�b�y �Z��
�l�Z�d�`�_���[�_�a���\�u�j�h�`�^�_�g�g�h�c���w�\�l�_�d�l�b�d�b���k�b�k�l�_�f�u�� ���k�f�����L�Z�[�e�b�p�m 2). 
 
�L�Z�[�e�b�p�Z��2. �I�h�e�m�q�_�g�g�u�_���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���j�_�a�m�e�v�l�Z�l�u �^�e�y���k�b�k�l�_�f�u��  

 �I�e�h�l�g�h�k�l�v��
�l�h�d�Z�����:���f�f2 

  �J�_�a�m�e�v�l�Z�l 
�©-�ª �©���ª �©���ª 

154 0,5 

120 

600 

�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 
�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 
�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 

154 
�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 
�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 
�G�_���k�h�_�^�� �K�h�_�^�� �K�h�_�^�� 

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

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

�J�Z�k�k�f�h�l�j�b�f���k�b�k�l�_�f�m�������^�b�Z�]�j�Z�f�f�Z���k�h�k�l�h�y�g�b�y���d�h�l�h�j�h�c���i�j�b�\�_�^�_�g�Z��
�g�Z�� �>8]. �K�b�k�l�_�f�Z��  �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �h�l�k�m�l�k�l�\�b�_�f�� �w�\�l�_�d�l�b�d�b�� �g�Z��
�^�b�Z�]�j�Z�f�f�_���k�h�k�l�h�y�g�b�y ���k�f�����L�Z�[�e�b�p�m������. 

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

�K�b�k�l�_�f�Z�l�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�h�\�� �\�h�^�h�i�h�]�e�h�s�_�g�b�y�� �k�n�_�j�h-, 
�k�l�_�d�e�h- �b�� �m�]�e�_�i�e�Z�k�l�b�d�Z�f�b�� �k�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�_�c�� �i�h�d�Z�a�Z�e�b [1, 2]���� �q�l�h���\��
�j�Z�a�g�u�o�� �^�e�b�g�g�h�p�_�i�g�u�o�� �i�h�e�b�f�_�j�g�u�o�� �k�l�j�m�d�l�m�j�Z�o �i�h�� �f�_�j�_�� �^�h�k�l�b�`�_�g�b�y��
�g�Z�i�h�e�g�b�l�_�e�_�f�� �g�_�d�h�l�h�j�h�c�� �d�j�b�l�b�q�_�k�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �\�h�a�g�b�d�Z�x�l��
�j�_�\�_�j�k�b�\�g�u�_�� �i�j�h�p�_�k�k�u���� �d�h�l�h�j�u�_�� �k�h�i�j�h�\�h�`�^�Z�x�l�k�y�� �d�\�Z�a�b�i�_�j�b�h�^�b�q�_�k�d�b�f�b��
�b�a�f�_�g�_�g�b�y�f�b�� �k�e�m�`�_�[�g�u�o�� �k�\�h�c�k�l�\�� �d�h�f�i�h�a�b�l�Z���� �G�Z�i�j�b�f�_�j [3], 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�h�^�l�\�_�j�`�^�_�g�h�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �h�� �k�b�g�o�j�h�g�g�h�k�l�b��
�\�h�e�g�h�h�[�j�Z�a�g�u�o�� �b�a�f�_�g�_�g�b�c�� �i�j�h�q�g�h�k�l�b�� �b�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v, 
�h�[�m�k�e�h�\�e�_�g�g�u�o�� �_�^�b�g�u�f�� �b�k�l�h�q�g�b�d�h�f�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�� �b�k�q�_�a�g�h�\�_�g�b�y��
�i�h�e�y�j�g�u�o���f�h�e�_�d�m�e�y�j�g�u�o���]�j�m�i�i�����h�l�\�_�l�k�l�\�_�g�g�u�o���a�Z���b�a�f�_�g�_�g�b�_���f�_�o�Z�g�b�q�_�k�d�h�c��
�i�j�h�q�g�h�k�l�b���b���^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���i�h�l�_�j�v���\���k�\�y�a�m�x�s�_�f���� 

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

�H�[�j�Z�a�p�u �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v�� �b�a�� �\�u�k�h�d�h�g�Z�i�h�e�g�_�g�g�u�o�� ���^�h�� 
�m�]�e�_�j�h�^�g�u�o�� �\�h�e�h�d�h�g�� �M�J�:�E-�L�� �\�� �i�h�k�l�h�y�g�g�h�f�� �j�_�Z�d�p�b�h�g�g�h�f�� �h�[�t�_�f�_����
�d�h�f�i�h�a�b�l�h�\ �i�h�k�e�_ �\�Z�d�m�m�f�g�h�c�� �i�j�h�i�b�l�d�b�� �w�i�h�d�k�b�^�b�Z�g�h�\�h�c�� �k�f�h�e�h�c �W�>-22 �K�� 
�k�� �Z�f�b�g�g�u�f�� �h�l�\�_�j�^�b�l�_�e�_�f�� �H�K-1. �I�j�b�� �b�k�i�u�l�Z�g�b�y�o�� �h�i�j�_�^�_�e�y�e�b�k�v�� �h�k�g�h�\�g�u�_��



 
 

 

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

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

 �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �F�_�l�h�^�Z�f�b�� �f�Z�l�_�j�b�Z�e�h�]�j�Z�n�b�b�� �>4�@�� �b�k�k�e�_�^�h�\�Z�e�b�k�v 
�r�e�b�n�u�� �h�[�j�Z�a�p�h�\���� �^�e�y�� �d�h�l�h�j�u�o�� �h�[�t�_�f�g�Z�y�� �^�h�e�y�� �g�Z�i�h�e�g�b�l�_�e�y�� �f�_�g�y�e�Z�k�v���\��
�b�g�l�_�j�\�Z�e�_�� . �J�Z�k�k�f�h�l�j�_�g�b�_�� �r�e�b�n�h�\�� �i�j�h�b�a�\�h�^�b�e�h�k�v�� �k�� �i�h�f�h�s�v�x��
�w�e�_�d�l�j�h�g�g�h�]�h�� �j�Z�k�l�j�h�\�h�]�h�� �f�b�d�j�h�k�d�h�i�Z���©�L�_�k�d�Z�g�� �<�_�]�Z�ª �b�� �Z�l�h�f�g�h-�k�b�e�h�\�h�]�h��
�f�b�d�j�h�k�d�h�i�Z�� ���:�K�F�����©�K�h�e�\�_�j �3������ �I�j�h�ª1 �k�� �d�j�_�f�g�b�_�\�u�f�� �d�Z�g�l�b�e�_�\�_�j�h�f�� �b��
�a�h�g�^�h�f�� ���� �g�f���� �i�h�a�\�h�e�y�x�s�b�f�� �j�_�]�b�k�l�j�b�j�h�\�Z�l�v�� �l�h�i�h�]�j�Z�n�b�x�� �b�� �n�Z�a�h�\�u�c��
�d�h�g�l�j�Z�k�l�� ���k�^�\�b�]�� �\�� �Z�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�_�� �d�Z�g�l�b�e�_�\�_�j�Z����
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c���h�^�g�h�j�h�^�g�h�k�l�v���Z�^�]�_�a�b�h�g�g�u�o���k�\�h�c�k�l�\���f�Z�l�_�j�b�Z�e�Z). 

�W�e�_�d�l�j�h�g�g�h-�f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�_�� ���\�� �e�m�q�Z�o��SE �w�e�_�d�l�j�h�g�h�\���� �b�� �:�K�F��
�b�a�h�[�j�Z�`�_�g�b�y�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v�� �d�h�f�i�v�x�l�_�j�g�u�f�b�� �k�j�_�^�k�l�\�Z�f�b�� �k�� �i�h�f�h�s�v�x��
�i�j�h�]�j�Z�f�f�� �©�<�b�^�_�h�� �L�_�k�l�ª�� �b�� �©�N�j�Z�d�l�Z�e�ª�� �H�i�b�k�Z�g�b�_�� �i�j�h�]�j�Z�f�f�u�� �©�N�j�Z�d�l�Z�e�ª�� �k��
�Z�e�]�h�j�b�l�f�h�f���j�Z�k�q�_�l�h�\���i�j�b�\�_�^�_�g�h���\���>5]. 

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

���� �k�f�u�k�e�� �d�h�l�h�j�h�c�� �k�h�k�l�h�b�l�� �\�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �h�p�_�g�d�_�� �k�b�f�f�_�l�j�b�b�� �b��
�m�k�l�h�c�q�b�\�h�k�l�b���h�[�t�_�d�l�h�\���Z�g�Z�e�b�a�Z���� 
 
�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c 

�F�g�h�]�h�d�j�Z�l�g�h�� �i�j�h�\�_�j�_�g�g�u�f�b�� �h�i�u�l�Z�f�b��[6, 7] �g�Z�� �n�h�g�_�� �m�k�l�h�c�q�b�\�h�]�h��
�j�h�k�l�Z���n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���d�h�f�i�h�a�b�l�h�\�����i�e�h�l�g�h�k�l�b�������f�h�^�m�e�y��
�X�g�]�Z������ �i�j�h�q�g�h�k�l�b�� �b�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �Z�f�h�j�n�b�a�Z�p�b�b�� �k�\�y�a�m�x�s�_�]�h�� �[�u�e�b��
�a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �d�\�Z�a�b�i�_�j�b�h�^�b�q�_�k�d�b�_�� �h�k�p�b�e�e�y�p�b�b���� �a�Z�\�b�k�y�s�b�_�� �h�l�� �h�[�t�_�f�g�h�c��
�^�h�e�b�� �g�Z�i�h�e�g�b�l�_�e�y�� (�k�f���� �j�b�k�� 1). �L�_�g�^�_�g�p�b�y�� �\�h�a�j�Z�k�l�Z�g�b�y�� �n�b�a�b�q�_�k�d�b�o��
�\�_�e�b�q�b�g�� �e�h�]�b�q�g�h�� �h�[�t�y�k�g�y�e�Z�k�v�� �m�\�_�e�b�q�_�g�b�_�f�� �^�h�e�b�� �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b�� �\��
�k�\�y�a�m�x�s�_�f���� �N�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �i�h�e�m�q�Z�_�f�h�]�h�� �f�Z�l�_�j�b�Z�e�Z��
�©�h�l�k�e�_�`�b�\�Z�e�b�ª�� �k�l�_�i�_�g�v�� �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b�� �f�Z�l�j�b�p�u�� �\�� �\�b�^�_�� �\�h�a�j�Z�k�l�Z�x�s�_�]�h��
�©�l�j�_�g�^�Z�ª���� �q�l�h�� �g�_�� �i�j�h�l�b�\�h�j�_�q�b�l �^�Z�g�g�u�f�� �h�� �k�l�j�m�d�l�m�j�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o��
�^�e�b�g�g�h�p�_�i�g�u�o���i�h�e�b�f�_�j�h�\���i�j�b���l�_�j�f�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�_���>��-10]. 

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

                                                 
1 �W�d�k�i�_�j�b�f�_�g�l�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �:�K�F�� �\�u�i�h�e�g�_�g�u�� �\�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�f�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�f��
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�f���b�g�k�l�b�l�m�l�_�����l�_�o�g�b�q�_�k�d�h�f���m�g�b�\�_�j�k�b�l�_�l�_��. 



 
 

 

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

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

 

 

 

�J�b�k�� ���� �I�e�h�l�g�h�k�l�v������ �f�h�^�m�e�v�� �X�g�]�Z������ �i�j�h�q�g�h�k�l�v�� �d�h�f�i�h�a�b�l�Z�� �b�� �d�h�w�n�n�b�p�b�_�g�l��
�Z�f�h�j�n�b�a�Z�p�b�b���w�i�h�d�k�b�Z�l�b�g�g�h�c���f�Z�l�j�b�p�u�� �d�Z�d���n�m�g�d�p�b�y �h�[�t�_�f�g�h�c���^�h�e�b���g�Z�i�h�e�g�b�l�_�e�y��. 

 
�K�� �p�_�e�v�x�� �j�Z�a�^�_�e�_�g�b�y�� �©�l�j�_�g�^�Z�ª�� �b�� �d�h�e�_�[�Z�l�_�e�v�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �^�e�y��

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



 
 

 

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

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

���©�l�j�_�g�^�ª������ �\�u�q�b�k�e�_�g�g�Z�y�� �i�h�� �m�j�Z�\�g�_�g�b�y�f�� �e�b�g�_�c�g�h�c�� �j�_�]�j�_�k�k�b�b�� ���k�f���� �L�Z�[�e�b�p�m) 
�k�� �l�_�h�j�_�l�b�q�_�k�d�b�f�� �d�h�w�n�n�b�p�b�_�g�l�h�f�� �i�Z�j�g�h�c�� �d�h�j�j�_�e�y�p�b�b�� �g�_�� �f�_�g�_�_��. �<��
�b�g�l�_�j�\�Z�e�_�� �a�g�Z�q�_�g�b�c�� �h�[�t�_�f�g�h�c�� �^�h�e�b�� �g�Z�i�h�e�g�b�l�_�e�y�� 
�\�u�i�h�e�g�_�g�g�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �^�Z�g�g�u�o�� �i�h�a�\�h�e�b�e�h�� �\�� �q�_�j�_�^�h�\�Z�g�b�b��
�w�d�k�l�j�_�f�m�f�h�\�� ���©max�ª�� �b�� �©min�ª���� �h�[�g�Z�j�m�`�b�l�v�� �w�n�n�_�d�l�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y��
�f�_�o�Z�g�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� ��, , ���� �k�� �d�h�w�n�n�b�p�b�_�g�l�h�f�� �Z�f�h�j�n�b�a�Z�p�b�b�� 
(�k�f�� �j�b�k�� 2 �[������ �G�Z�i�j�b�f�_�j���� �g�Z�q�b�g�Z�y�� �k������ �i�h�e�h�`�_�g�b�y�� �n�b�a�b�q�_�k�d�b�o��
�w�d�k�l�j�_�f�m�f�h�\����, , �����b�a�f�_�g�y�e�b�k�v���k�b�g�n�Z�a�g�h�����Z���w�d�k�l�j�_�f�m�f�u���d�h�w�n�n�b�p�b�_�g�l�Z��
�Z�f�h�j�n�b�a�Z�p�b�b�� �± �Z�g�l�b�n�Z�a�g�h���� �f�Z�d�k�b�f�m�f�Z�f��, ,  �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b��
�f�b�g�b�f�m�f�u�� �b���g�Z�h�[�h�j�h�l�� 
 
�L�Z�[�e�b�p�Z�����M�j�Z�\�g�_�g�b�y���e�b�g�_�c�g�h�c���j�_�]�j�_�k�k�b�b���^�e�y���n�b�a�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���i�h�e�b�f�_�j�Z 

�K�\�h�c�k�l�\�Z���d�h�f�i�h�a�b�l�Z �M�j�Z�\�g�_�g�b�_ �e�b�g�_�c�g�h�c���j�_�]�j�_�k�k�b�b�����©�l�j�_�g�^�ª�� 
�I�e�h�l�g�h�k�l�v,   

�F�h�^�m�e�v �X�g�]�Z��   

�I�j�h�q�g�h�k�l�v,   

�D�h�w�n�n�b�p�b�_�g�l���Z�f�h�j�n�b�a�Z�p�b�b,   
  

 
 

 
�Z�� �[�� 

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

 



 
 

 

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

�A�Z�f�_�l�b�f���� �q�l�h�� �i�j�_�^�k�l�Z�\�e�y�_�f�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�i�u�l�Z�g�b�c�� �i�h�e�m�q�_�g�u��
�\�i�_�j�\�u�_�� �<�u�y�\�e�_�g�g�u�c�� �d�h�e�_�[�Z�l�_�e�v�g�u�c�� �w�n�n�_�d�l�� �©�j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�ª�� �n�b�a�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �b �k�l�_�i�_�g�b �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u��
�i�j�_�^�k�l�Z�\�b�e�h�k�v�� �e�h�]�b�q�g�u�f�� �k�\�y�a�Z�l�v�� �k�� �i�j�b�j�h�^�h�c�� �f�h�e�_�d�m�e�y�j�g�h�c�� �i�e�Z�k�l�b�q�g�h�k�l�b��
�k�\�y�a�m�x�s�_�]�h���� �I�j�h�q�g�h�k�l�v�� �b�� �i�e�Z�k�l�b�q�g�h�k�l�v�� �i�h�e�b�f�_�j�h�\�� �h�[�m�k�e�h�\�e�_�g�Z��
�d�h�\�Z�e�_�g�l�g�u�f�b���k�\�y�a�y�f�b�����^�e�b�g�Z���b���m�i�j�m�]�Z�y���w�g�_�j�]�b�y���d�h�l�h�j�u�o���i�j�b���^�_�n�h�j�f�Z�p�b�b��
�f�_�g�y�_�l�k�y�� �f�Z�e�h���� �g�h�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�Z�y�� �w�g�l�j�h�i�b�y�� �^�e�b�g�g�u�o�� �p�_�i�_�c�� �± 
�a�g�Z�q�b�l�_�e�v�g�h�� �a�Z�� �k�q�_�l�� �b�o�� �b�a�]�b�[�h�\�� �b�� �i�h�\�h�j�h�l�h�\�� �>11�@���� �I�j�b�� �\�u�k�h�d�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �g�Z�i�h�e�g�b�l�_�e�y�� �d�j�b�l�b�q�_�k�d�Z�y�� �b�k�d�j�b�\�e�_�g�g�h�k�l�v�� �f�h�e�_�d�m�e�y�j�g�u�o��
�p�_�i�_�c���f�h�`�_�l���i�j�b�\�_�k�l�b���d���j�Z�a�j�u�\�m���`�_�k�l�d�b�o���k�\�y�a�_�c�� 

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �i�j�b�� �l�_�j�f�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�_�� �d�h�f�i�h�a�b�l�Z�� �g�Z��
�o�Z�j�Z�d�l�_�j�� �i�j�h�p�_�k�k�Z�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �k�\�y�a�m�x�s�_�]�h�� �h�d�Z�`�_�l�� �\�e�b�y�g�b�_ �g�Z�e�b�q�b�_ 
�Z�d�l�b�\�g�u�o�� �p�_�g�l�j�h�\���� �g�Z�k�u�s�_�g�g�u�o�� �g�_�d�h�f�i�_�g�k�b�j�h�\�Z�g�g�u�f�b�� ���j�Z�a�h�j�\�Z�g�g�u�f�b����
�d�h�\�Z�e�_�g�l�g�u�f�b�� �k�\�y�a�y�f�b���� �d�h�l�h�j�u�_�� �h�[�j�Z�a�h�\�Z�e�b�k�v �\�� �f�_�k�l�Z�o �d�j�b�l�b�q�_�k�d�h�]�h 
�^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �k�l�_�k�g�_�g�b�y �^�e�b�g�g�h�p�_�i�g�h�c�� �f�h�e�_�d�m�e�y�j�g�h�c�� �k�l�j�m�d�l�m�j�u. 
�G�Z�d�h�i�e�_�g�b�_�� �Z�d�l�h�\�� �j�Z�a�j�u�\�Z �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �k�d�Z�`�_�l�k�y�� �g�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�b��
�e�h�d�Z�e�v�g�h�c���w�e�_�d�l�j�h�g�g�h�c���i�e�h�l�g�h�k�l�b�����d�b�g�_�l�b�d�_���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���f�Z�l�j�b�p�u���i�j�b��
�g�Z�]�j�_�\�_���b���a�g�Z�q�_�g�b�y�o���n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���d�h�f�i�h�a�b�l�Z. �M�q�Z�k�l�d�b��
�©�a�Z�k�\�_�l�d�b�ª���� �d�h�l�h�j�u�_�� �\�� �e�m�q�Z�o��SE �w�e�_�d�l�j�h�g�h�\�� �[�u�e�b�� �a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �g�Z��
�b�a�h�[�j�Z�`�_�g�b�y�o�� �r�e�b�n�h�\�� �h�[�j�Z�a�p�h�\�� �i�j�b�� �j�Z�a�g�u�o�� �h�i�l�b�q�_�k�d�b�o�� �m�\�_�e�b�q�_�g�b�y�o��
(�k�f�� �j�b�k�� 3), �i�h�^�l�\�_�j�`�^�Z�x�l�� �l�_�a�b�k���h �e�h�d�Z�e�v�g�h�c�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b 
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �h�q�Z�]�h�\�� �g�_�d�h�f�i�_�g�k�b�j�h�\�Z�g�g�h�]�h�� �a�Z�j�y�^�Z�� �b�e�b�� �w�e�_�d�l�j�h�g�g�h�c��
�i�e�h�l�g�h�k�l�b�� 

�J�_�a�m�e�v�l�Z�l�u�� �h�[�j�Z�[�h�l�d�b��SE �b�a�h�[�j�Z�`�_�g�b�c�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�� �i�j�_�^�_�e�Z�o��
�i�h�e�_�c�� �k�d�Z�g�b�j�h�\�Z�g�b�y���w�e�_�d�l�j�h�g�g�u�f�� �a�h�g�^�h�f���j�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�e�h�s�Z�^�_�c��
�m�q�Z�k�l�d�h�\�� �k�� �i�j�_�^�i�h�e�Z�]�Z�_�f�h�c�� �w�d�j�Z�g�b�a�Z�p�b�_�c�� �a�Z�j�y�^�h�\�� �\�� �p�_�e�h�f�� �f�h�g�h�l�h�g�g�h�� �k��
�f�Z�d�k�b�f�m�f�h�f���� �H�^�g�Z�d�h���� �i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �]�b�k�l�h�]�j�Z�f�f�� �k�� �\�u�[�h�j�h�f�� �b�a��
�k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �f�Z�k�k�b�\�h�\�� �l�Z�d�b�o�� �d�e�Z�k�k�h�\���� �d�h�l�h�j�u�_�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o��
�k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b�� �m�q�Z�k�l�d�Z�f�� �k�� �f�b�g�b�f�Z�e�v�g�u�f�b�� �i�e�h�s�Z�^�y�f�b���� �\�� �i�j�_�^�_�e�Z�o��
�h�k�g�h�\�g�u�o���f�Z�d�k�b�f�m�f�h�\���h�[�g�Z�j�m�`�b�\�Z�e�b�k�v���^�h�i�h�e�g�b�l�_�e�v�g�u�_���w�d�k�l�j�_�f�m�f�u�����>�W���� 
�G�Z�i�j�b�f�_�j���� �i�j�b�� �g�_�[�h�e�v�r�b�o�� �h�i�l�b�q�_�k�d�b�o�� �m�\�_�e�b�q�_�g�b�y�o�� �i�h�e�h�`�_�g�b�y�� �>�W��
�k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b��  �f�d�f2 �b�� �l���^���� �G�Z�� �f�_�g�v�r�_�c�� �i�e�h�s�Z�^�b�� �m�q�Z�k�l�d�Z��
�k�d�Z�g�b�j�h�\�Z�g�b�y�� �� �f�d�f2���� �l�Z�d�`�_�� �[�u�e�b�� �a�Z�f�_�l�g�u�� �>�W�� �i�j�b�� �f�d�f2 �b�� �l���^���� 
�B�� �l�h�e�v�d�h�� �i�j�b�� �[�h�e�v�r�h�f�� �h�i�l�b�q�_�k�d�h�f�� �m�\�_�e�b�q�_�g�b�b�� �\�� �i�j�_�^�_�e�Z�o�� �f�d�f2 
�\�u�y�\�e�_�g�� �h�^�b�g�� �f�Z�d�k�b�f�m�f�� �i�j�b�� �f�d�f2���� �d�h�l�h�j�h�f�m�� �k�h�h�l�\�_�l�k�l�\�m�_�l���i�e�h�s�Z�^�v��
�d�j�m�]�Z�� �k�� �j�Z�^�b�m�k�h�f��~  �f�d�f���� �I�h�e�m�q�_�g�g�Z�y�� �h�p�_�g�d�Z�� �e�b�r�v�� �\�� �j�Z�a�Z�� �i�j�_�\�u�r�Z�_�l��
�j�Z�a�f�_�j�� �a�Z�j�h�^�u�r�_�\�u�o�� �f�b�d�j�h�l�j�_�s�b�g�� ���a �f�d�f������ �d�h�l�h�j�u�_�� �h�[�j�Z�a�m�x�l�k�y�� �\��



 
 

 

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

  
 

   
�J�b�k�� 3. �<�� �e�m�q�Z�o��SE �w�e�_�d�l�j�h�g�h�\�� �b�a�h�[�j�Z�`�_�g�b�y�� �r�e�b�n�Z�� �h�[�j�Z�a�p�Z�� �k�� �i�j�b�� �j�Z�a�g�u�o��

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

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

�K�n�h�j�f�m�e�b�j�h�\�Z�g�g�h�f�m�� �i�j�_�^�i�h�e�h�`�_�g�b�x�� �g�_�� �i�j�h�l�b�\�h�j�_�q�Z�l�� �j�_�a�m�e�v�l�Z�l�u��
�j�Z�k�k�f�h�l�j�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�h�e�m�q�_�g�g�u�o�� �f�_�l�h�^�h�f�� �Z�l�h�f�g�h-�k�b�e�h�\�h�c��
�f�b�d�j�h�k�d�h�i�b�b�� ���:�K�F���� �i�j�b�� �k�d�Z�g�b�j�h�\�Z�g�b�b�� �r�e�b�n�h�\�� �l�_�o�� �`�_�� �h�[�j�Z�a�p�h�\�� �©max�ª�� �b��
�©min�ª���� �L�Z�d���� �g�Z�� �n�h�g�_�� �i�h�e�b�w�^�j�h�\�� �©�a�_�j�g�b�k�l�h�]�h�ª�� �k�l�j�h�_�g�b�y���� �i�j�b�k�m�l�k�l�\�m�x�s�_�]�h��
�\�h�� �\�k�_�o�� �b�k�k�e�_�^�h�\�Z�g�g�u�o�� �h�[�j�Z�a�p�Z�o���� �\�� �i�j�h�[�Z�o�� �©max�ª�� �h�l�q�_�l�e�b�\�h�� �\�b�^�g�u��
�\�u�k�l�m�i�Z�x�s�b�_�� �h�[�t�_�d�l�u�� �w�e�e�b�i�k�h�b�^�Z�e�v�g�h�]�h�� �\�b�^�Z�� �\�_�e�b�q�b�g�h�c�� �^�h�� �g�f����
�k�h�k�l�h�y�s�b�_�� �b�a�� �[�h�e�_�_�� �f�_�e�d�b�o�� �h�[�j�Z�a�h�\�Z�g�b�c�� �k�� �e�Z�l�_�j�Z�e�v�g�u�f�b�� �j�Z�a�f�_�j�Z�f�b��

 �g�f�����k�f�����j�b�k�� 4). 
�G�_�[�h�e�v�r�h�_�� ���a���� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_�� �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�m�d�Z�a�u�\�Z�_�l�� �g�Z�� �h�^�g�h�j�h�^�g�h�_�� �Z�^�]�_�a�b�h�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� �f�Z�l�_�j�b�Z�e�Z���� �G�Z��
�b�a�h�[�j�Z�`�_�g�b�y�o�� �n�Z�a�h�\�h�]�h�� �d�h�g�l�j�Z�k�l�Z�� �f�_�e�d�b�_�� �m�q�Z�k�l�d�b�� �[�_�e�h�]�h�� �p�\�_�l�Z�� �k�\�y�a�Z�g�u�� �k��
�Z�d�l�Z�f�b�� �e�h�d�Z�e�v�g�h�]�h�� �a�Z�p�_�i�e�_�g�b�y�� �a�h�g�^�Z�� �:�K�F�� �f�b�d�j�h�k�d�h�i�Z�� �h�� �\�u�k�l�m�i�u�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�y�o�� �r�e�b�n�h�\�� �\�h�� �\�j�_�f�y�� �k�d�Z�g�b�j�h�\�Z�g�b�y���� �G�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�h�\��
�©min�ª���f�b�d�j�h�j�_�e�v�_�n���[�h�e�_�_���j�Z�a�g�h�h�[�j�Z�a�_�g�� 
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 �]��  
�J�b�k�� 4. �L�h�i�h�]�j�Z�n�b�y���k���m�d�Z�a�Z�g�b�_�f���i�_�j�_�i�Z�^�h�\���\�u�k�h�l���>�f�d�f�@���\���i�h�e�m�l�h�g�h�\�h�c���]�j�Z�^�Z�p�b�b ���k�e�_�\�Z��. 
�N�Z�a�h�\�u�c�� �d�h�g�l�j�Z�k�l�� �k�� �m�d�Z�a�Z�g�b�_�f�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�� �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z��
�r�e�b�n�Z�o�� �h�[�j�Z�a�p�h�\�� �©max�ª�� �\�� �i�j�_�^�_�e�Z�o�� �m�q�Z�k�l�d�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y ���k�i�j�Z�\�Z��: �Z����  �f�d�f���� 
�[����  �f�d�f���b���\), �]����  �f�d�f�� 



 
 

 

 �Z��  

 �[)  
�J�b�k�� 5. �L�h�i�h�]�j�Z�n�b�y���k���m�d�Z�a�Z�g�b�_�f���i�_�j�_�i�Z�^�h�\���\�u�k�h�l���>�f�d�f�@���\���i�h�e�m�l�h�g�h�\�h�c���]�j�Z�^�Z�p�b�b (�k�e�_�\�Z��. 
�N�Z�a�h�\�u�c�� �d�h�g�l�j�Z�k�l�� �k�� �m�d�Z�a�Z�g�b�_�f�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�� �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z��
�r�e�b�n�Z�o�� �h�[�j�Z�a�p�h�\�� �©min�ª�� �\�� �i�j�_�^�_�e�Z�o�� �m�q�Z�k�l�d�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y ���k�i�j�Z�\�Z��: �Z����  �f�d�f, 
�[)  �f�d�f�� 
 

�G�Z�i�j�b�f�_�j�� ���k�f�� �j�b�k�� �������� �a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �]�j�m�i�i�u�� �j�Z�a�e�b�q�g�h�c�� �n�h�j�f�u��
�e�Z�l�_�j�Z�e�v�g�u�f���j�Z�a�f�_�j�h�f���^�h�������f�d�f�����k�h�k�l�h�y�s�b�_���b�a���[�h�e�_�_���f�_�e�d�b�o��(~  �g�f����
�h�[�t�_�d�l�h�\���� �<�� �i�j�_�^�_�e�Z�o�� �l�Z�d�b�o�� �]�j�m�i�i�� �k�d�Z�g�b�j�h�\�Z�g�b�_�� �\�� �j�_�`�b�f�_�� �n�Z�a�h�\�h�]�h��
�d�h�g�l�j�Z�k�l�Z���m�d�Z�a�Z�e�h���g�Z���h�^�g�h�j�h�^�g�h�k�l�v �Z�^�a�_�]�b�h�g�g�u�o���k�\�h�c�k�l�\���f�Z�l�_�j�b�Z�e�Z���i�h���\�k�_�c��
�i�h�\�_�j�o�g�h�k�l�b���� �G�Z�� �i�h�\�_�j�o�g�h�k�l�y�o�� �f�_�e�d�b�o�� �h�[�j�Z�a�h�\�Z�g�b�c�� �\�u�y�\�e�y�x�l�k�y�� �i�j�b�a�g�Z�d�b��
�g�Z�e�b�q�b�y�� �g�Z�g�h�h�[�t�_�f�h�\�� �h�d�j�m�]�e�h�]�h�� �\�b�^�Z�� �j�Z�a�f�_�j�h�f�� �g�f����
�d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �d�Z�d�� �k�e�_�^�u�� �f�h�e�_�d�m�e�y�j�g�u�o�� �[�e�h�[�h�\���� �I�h�� �^�Z�g�g�u�f�� �:�K�F��
�i�j�h�n�b�e�h�]�j�Z�f�f�� �\�� �^�b�Z�i�Z�a�h�g�_�� �a�h�g���k�d�Z�g�b�j�h�\�Z�g�b�y�� �h�l�� �^�h��  �g�f�� �h�l�g�h�r�_�g�b�_��
�k�j�_�^�g�b�o�� �j�Z�a�f�_�j�h�\�� �g�Z�g�h�h�[�t�_�f�h�\�� �i�h�k�l�h�y�g�g�h�� �a���� �q�l�h�� �o�Z�j�Z�d�l�_�j�g�h�� �i�j�b��
�k�l�j�m�d�l�m�j�g�u�o�� �b�a�f�_�g�_�g�b�y�o�� �k�� �d�\�Z�a�b�i�_�j�b�h�^�b�q�_�k�d�h�c�� �d�b�g�_�l�b�d�h�c���� �G�Z�� �m�q�Z�k�l�d�Z�o��
�©�g�Z�g�h�k�l�j�h�_�g�b�y�ª�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_�� �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�^�h�k�l�b�]�Z�_�l������ �>�Z�g�g�u�c�� �n�Z�d�l�� �l�b�i�b�q�_�g�� �^�e�y�� �k�j�_�^�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �n�b�a�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �I�j�b�� �d�h�f�i�v�x�l�_�j�g�h�c�� �h�[�j�Z�[�h�l�d�_�� �:�K�F��
�b�a�h�[�j�Z�`�_�g�b�c�� �k�� �i�h�e�m�q�_�g�b�_�f�� �b�o�� �q�_�j�g�h-�[�_�e�u�o�� �h�l�h�[�j�Z�`�_�g�b�c�� �i�m�l�_�f��
�i�j�b�f�_�g�_�g�b�y �h�^�g�h�]�h���b���^�\�m�o���i�h�j�h�]�h�\���[�b�g�Z�j�b�a�Z�p�b�b �[�u�e�h���m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���g�Z��
�r�e�b�n�Z�o���h�[�j�Z�a�p�h�\���©max�ª���g�Z���m�q�Z�k�l�d�Z�o���f�Z�k�r�l�Z�[�h�f���h�l�� �^�h��  �g�f���a�Z�f�_�l�g�u��



 
 

 

�h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �l�b�i�Z �k�� �h�l�g�h�r�_�g�b�_�� �e�b�g�_�c�g�u�o�� �j�Z�a�f�_�j�h�\�� �a, 
�a�Z�i�h�e�g�_�g�g�u�_�� �g�Z�g�h�h�[�t�_�d�l�Z�f�b�� �©�h�]�e�Z�`�_�g�g�h�]�h�ª�� �\�b�^�Z �b�� �h�l�k�l�h�y�s�b�f�b�� �^�j�m�]�� �h�l��
�^�j�m�]�Z���g�Z���j�Z�k�k�l�h�y�g�b�y �h�l��  �^�h��  �g�f (�k�f�����j�b�k�� 6). 
 

  
�J�b�k�� 6. �H�q�_�j�l�Z�g�b�y�� �d�h�g�l�m�j�h�\�� �g�Z�g�h�j�Z�a�f�_�j�g�u�o�� �h�[�t�_�d�l�h�\�� �g�Z�� �[�b�g�Z�j�g�u�o�� �h�l�h�[�j�Z�`�_�g�b�y�o��
�n�j�Z�]�f�_�g�l�h�\���b�a���i�h�e�m�l�h�g�h�\�u�o���:�K�F���b�a�h�[�j�Z�`�_�g�b�c���i�h�\�_�j�o�g�h�k�l�_�c���h�[�j�Z�a�p�h�\���©max�ª�����k�e�_�\�Z�����b��
�©min�ª�����k�i�j�Z�\�Z���� 
 

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

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

 �b  (�k�f�� �j�b�k�� 7). 
�;�e�b�a�d�b�_�� �i�h�� �\�_�e�b�q�b�g�_�� �^�Z�g�g�u�_�� �i�h�e�m�q�_�g�u�� �i�j�b�� �h�[�j�Z�[�h�l�d�_�� �:�K�F��

�b�a�h�[�j�Z�`�_�g�b�c�� �r�e�b�n�h�\�� �h�[�j�Z�a�p�h�\�� �©min�ª���� �G�Z�i�j�b�f�_�j���� �\�� �p�_�g�l�j�_�� �b�a�h�[�j�Z�`�_�g�b�c��
�w�e�e�b�i�k�h�b�^�Z�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� �\�� �i�j�_�^�_�e�Z�o�� �g�f�� �i�h�e�m�q�_�g�u�� �a�g�Z�q�_�g�b�y��
�f�m�e�v�l�b�n�j�Z�d�l�Z�e�v�g�u�o���i�Z�j�Z�f�_�l�j�h�\��  �b��  �l�Z�d�`�_���k��
�i�j�b�a�g�Z�d�Z�f�b���]�_�h�f�_�l�j�b�q�_�k�d�h�]�h���n�j�Z�d�l�Z�e�Z���k�������I�j�b���m�\�_�e�b�q�_�g�b�b���j�Z�a�f�_�j�h�\��
�h�[�t�_�d�l�h�\�� �Z�g�Z�e�b�a�Z�� �^�h�� �g�f�� �k�h�o�j�Z�g�y�x�l�k�y�� �i�j�b�a�g�Z�d�b�� �k�m�s�_�k�l�\�h�\�Z�g�b�y��
�]�_�h�f�_�l�j�b�q�_�k�d�h�]�h���n�j�Z�d�l�Z�e�Z���k�� �b���n�b�d�k�b�j�m�_�l�k�y���j�h�k�l���i�Z�j�Z�f�_�l�j�Z�� 
�^�h�� . �H�l�f�_�l�b�f���� �q�l�h �i�h�^�h�[�g�h�]�h�� �j�h�^�Z�� �k�l�j�m�d�l�m�j�u�� �a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �\��
�K�L�F���b�k�k�e�_�^�h�\�Z�g�b�y�o���i�e�_�g�h�d �a�h�e�h�l�Z���b���k�_�j�_�[�j�Z���g�Z���k�e�x�^�_��[12]. 



 
 

 

  
�J�b�k�� 7. �I�j�b�f�_�j�u�� �b�a�h�[�j�Z�`�_�g�b�c���� �^�h�d�m�f�_�g�l�b�j�h�\�Z�g�g�u�o�� �k�� �w�d�j�Z�g�Z�� �f�h�g�b�l�h�j�Z�� �I�D�� �W�<�F�� �i�j�b��
�h�[�j�Z�[�h�l�d�_���:�K�F���b�a�h�[�j�Z�`�_�g�b�c���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�u�� �©�N�j�Z�d�l�Z�e�ª���� �G�Z���w�d�j�Z�g�_���i�h�d�Z�a�Z�g�u����
�m�q�Z�k�l�h�d�� �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �i�h�e�m�l�h�g�h�\�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �_�]�h�� �[�b�g�Z�j�g�h�_�� �h�l�h�[�j�Z�`�_�g�b�_�� �b��
�i�h�j�h�]���[�b�g�Z�j�b�a�Z�p�b�b����Level�������k�i�_�d�l�j���J�_�g�v�b���j�Z�a�f�_�j�g�h�k�l�_�c�� �b���j�_�a�m�e�v�l�Z�l�u���\�u�q�b�k�e�_�g�b�c��

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

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

�N�b�a�b�q�_�k�d�h�c�� �f�h�^�_�e�v�x�� �h�q�Z�]�Z�� �f�h�]�m�l�� �k�e�m�`�b�l�v�� �[�e�h�[�u�� �f�h�g�h�f�_�j�h�\�� �>��3], 
�k�h�k�l�h�y�s�b�_�� �b�a�� �o�Z�h�l�b�q�_�k�d�b�� �i�_�j�_�i�e�_�l�_�g�g�u�o�� �^�e�b�g�g�h�p�_�i�g�u�o�� �f�h�e�_�d�m�e��
(�k�f�� �j�b�k�� 8 �Z���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�a�\�h�e�y�x�l�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h��
�i�j�h�p�_�k�k�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �\�u�k�h�d�h�g�Z�i�h�e�g�_�g�g�h�]�h�� �d�h�f�i�h�a�b�l�Z�� �j�_�Z�e�b�a�m�_�l�k�y��
�i�h�w�l�Z�i�g�h���� �I�j�_�^�k�l�Z�\�e�y�_�l�k�y���� �q�l�h�� �i�h�� �f�_�j�_�� �i�h�k�l�m�i�e�_�g�b�y�� �\�� �i�h�k�l�h�y�g�g�u�c��
�j�_�Z�d�p�b�h�g�g�u�c���h�[�t�_�f���g�Z�i�h�e�g�b�l�_�e�y�� �\���d�h�e�b�q�_�k�l�\�_���k�\�u�r�_�������b�g�b�p�b�Z�l�h�j�h�f��
�k�l�j�m�d�l�m�j�g�u�o���b�a�f�_�g�_�g�b�c���k�e�m�`�Z�l���f�_�k�l�Z���^�h�k�l�b�`�_�g�b�y���i�j�_�^�_�e�v�g�h�c���^�_�n�h�j�f�Z�p�b�b��
�f�h�e�_�d�m�e�y�j�g�u�o�� �p�_�i�_�c�� �b�� �j�Z�a�j�u�\�u�� �f�_�`�Z�l�h�f�g�u�o�� �k�\�y�a�_�c���� �d�Z�d�� �f�_�`�^�m�� �p�_�i�y�f�b����
�l�Z�d�� �b�� �[�e�h�[�Z�f�b�� �f�h�g�h�f�_�j�h�\�� ���k�f�� �j�b�k�� 8 �[������ �G�Z�� �w�l�h�c�� �k�l�Z�^�b�b�� �f�h�e�_�d�m�e�y�j�g�Z�y��
�k�j�_�^�Z�� �g�Z�o�h�^�b�l�k�y �\�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�� �g�_�j�Z�\�g�h�\�_�k�g�h�f�� �b�� �o�Z�h�l�b�q�_�k�d�h�f��
�k�h�k�l�h�y�g�b�b���� �I�h�^�� �\�h�a�^�_�c�k�l�\�b�_�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �d�Z�d�h�c-�l�h�� �f�h�f�_�g�l�� ���©min�ª����
�Z�d�l�b�\�b�j�m�_�l�k�y�� �i�j�h�p�_�k�k�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���� �d�h�l�h�j�u�c�� �g�Z�i�j�Z�\�e�_�g�g�h�� �j�Z�a�\�b�\�Z�_�l�k�y��
�b�a�g�m�l�j�b�� �g�Z�j�m�`�m�� �f�_�o�Z�g�b�a�f�h�f�� �i�_�j�d�h�e�y�p�b�b�� �k�� �\�h�a�f�h�`�g�u�f�� �k�Z�f�h�i�h�^�h�[�b�_�f 
( ). �<�� �^�Z�e�v�g�_�c�r�_�f�� ���k�f�� �j�b�k�� 8 �\-�^������ �i�h�� �f�_�j�_�� �g�Z�d�h�i�e�_�g�b�y��
�g�_�d�h�f�i�_�g�k�b�j�h�\�Z�g�g�u�o�� �f�_�`�Z�l�h�f�g�u�o�� �b�� �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o�� �k�\�y�a�_�c���� �k�h�a�^�Z�x�l�k�y��
�m�k�e�h�\�b�y�� �k�l�h�o�Z�k�l�b�q�_�k�d�h�]�h�� �^�b�n�n�m�a�b�h�g�g�h�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y�� �m�i�h�j�y�^�h�q�_�g�g�u�o��
�Z�]�j�_�]�Z�p�b�c�� �e�Z�f�_�e�e�y�j�g�h�]�h �l�b�i�Z�� ���©max�ª���� �i�m�l�_�f�� �k�h�q�_�l�Z�g�b�y�� �l�j�Z�g�k�e�y�p�b�h�g�g�u�o���b��
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�J�b�k�� 8. �I�j�_�^�i�h�e�Z�]�Z�_�f�Z�y�� �k�o�_�f�Z�� �i�h�w�l�Z�i�g�h�]�h�� �j�Z�a�\�b�l�b�y�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �k�\�y�a�m�x�s�_�]�h����
�Z�� �[�e�h�[�u���f�h�g�h�f�_�j�h�\�� �b�� �^�e�b�g�g�h�p�_�i�g�u�_�� �f�h�e�_�d�m�e�u���� �[�� �Z�d�l�u�� �j�Z�a�j�u�\�h�\�� �f�_�`�Z�l�h�f�g�u�o�� �b��
�f�_�`�f�h�e�_�d�m�e�y�j�g�u�o�� �k�\�y�a�_�c�� �\�� �f�_�k�l�Z�o�� �d�j�b�l�b�q�_�k�d�h�c�� �^�_�n�h�j�f�Z�p�b�b�� �p�_�i�_�c���� �\-�^�� �m�i�h�j�y�^�h�q�_�g�b�_��
�i�m�l�_�f�� �h�[�j�Z�a�h�\�Z�g�b�y�� �g�h�\�u�o�� �k�r�b�\�h�d�� ���K���� �k�� �\�h�a�f�h�`�g�u�f�� �m�q�Z�k�l�b�_�f�� �h�k�l�Z�l�d�h�\�� �w�i�h�d�k�b�^�g�u�o��
�]�j�m�i�i�����H�����b���l�_�l�j�Z�n�m�g�d�p�b�h�g�Z�e�v�g�u�o���Z�f�b�g�g�u�o���]�j�m�i�i����+). 
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�:�g�g�h�l�Z�p�b�y: �<�� �k�l�Z�l�v�_�� �j�Z�k�k�f�h�l�j�_�g�� �k�i�h�k�h�[�� �i�h�e�m�q�_�g�b�y �i�h�j�b�k�l�h�]�h�� �f�Z�l�_�j�b�Z�e�Z �b�a 
�Z�e�x�f�b�g�b�_�\�u�o�� �i�h�j�h�r�d�h�\, �^�h�i�b�j�h�\�Z�g�g�u�o�� �f�Z�e�u�f�b�� �^�h�[�Z�\�d�Z�f�b�� �[�Z�j�b�y�� �i�h�k�e�_�� �h�[�j�Z�[�h�l�d�b��
�\�h�^�h�c���� �B�a�m�q�_�g�u�� �i�j�h�q�g�h�k�l�g�u�_ �k�\�h�c�k�l�\�Z, �f�b�d�j�h�k�l�j�m�d�l�m�j�Z���� �m�^�_�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v��
�b�k�o�h�^�g�u�o���h�[�j�Z�a�p�h�\���b���i�h�e�m�q�_�g�g�u�o���i�j�h�^�m�d�l�h�\.  
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �i�h�j�h�r�h�d�� �Z�e�x�f�b�g�b�y���� �[�Z�j�b�c, �d�_�j�f�_�l�u, �m�^�_�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v, 
�f�b�d�j�h�l�\�_�j�^�h�k�l�v�����k�d�Z�g�b�j�m�x�s�Z�y���w�e�_�d�l�j�h�g�g�Z�y���f�b�d�j�h�k�d�h�i�b�y. 
 

�<�� �m�k�e�h�\�b�y�o�� �k�h�\�j�_�f�_�g�g�u�o�� �j�_�Z�e�b�c �j�Z�a�\�b�l�b�y�� �o�b�f�b�q�_�k�d�h�c��
�i�j�h�f�u�r�e�_�g�g�h�k�l�b���� �Z�� �\�� �q�Z�k�l�g�h�k�l�b�� �i�j�b�� �i�j�h�b�a�\�h�^�k�l�\�_�� �i�h�j�b�k�l�u�o�� �f�Z�l�_�j�b�Z�e�h�\-
�d�Z�l�Z�e�b�a�Z�l�h�j�h�\�����i�j�_�^�t�y�\�e�y�_�l�k�y���j�y�^���h�k�h�[�_�g�g�u�o���l�j�_�[�h�\�Z�g�b�c���d���k�\�h�c�k�l�\�Z�f���w�l�b�o��
�f�Z�l�_�j�b�Z�e�h�\���� �<�u�k�h�d�h�i�h�j�b�k�l�u�_�� �d�Z�l�Z�e�b�a�Z�l�h�j�u�� �^�h�e�`�g�u�� �h�[�_�k�i�_�q�b�\�Z�l�v��
�g�_�h�[�o�h�^�b�f�m�x�� �f�_�o�Z�g�b�q�_�k�d�m�x�� �i�j�h�q�g�h�k�l�v���� �k�i�_�p�b�n�b�q�_�k�d�b�_�� �o�b�f�b�q�_�k�d�b�_��
�k�\�h�c�k�l�\�Z���� �g�Z�i�j�b�f�_�j���� �h�g�b�� �^�h�e�`�g�u�� �h�[�e�Z�^�Z�l�v�� �o�b�f�b�q�_�k�d�h�c�� �b�� �l�_�j�f�b�q�_�k�d�h�c��
�m�k�l�h�c�q�b�\�h�k�l�v�x�� �\�� �m�k�e�h�\�b�y�o�� �j�_�Z�d�p�b�h�g�g�u�o�� �k�j�_�^ [1]. �I�_�j�k�i�_�d�l�b�\�u�� �j�Z�a�\�b�l�b�y��
�f�_�l�h�^�h�\�� �k�b�g�l�_�a�Z�� �g�h�\�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �h�i�j�_�^�_�e�y�x�l�k�y�� �b�o�� �i�j�h�k�l�h�l�h�c����
�]�b�[�d�h�k�l�v�x�����l�_�o�g�h�e�h�]�b�q�g�h�k�l�v�x���b���\�h�a�f�h�`�g�h�k�l�v�x���b�k�i�h�e�v�a�h�\�Z�g�b�y���g�_�^�h�j�h�]�b�o���b��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o�� �l�b�i�h�\�� �k�u�j�v�y [2]. �J�Z�a�j�Z�[�h�l�d�Z�� �g�h�\�u�o�� �\�u�k�h�d�h�i�h�j�b�k�l�u�o��
�f�Z�l�_�j�b�Z�e�h�\�� �b�^�_�l�� �\�� �j�Z�a�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�y�o���� �H�^�g�h�� �b�a�� �j�Z�a�\�b�\�Z�x�s�b�o�k�y��
�g�Z�i�j�Z�\�e�_�g�b�c���± �w�l�h���d�_�j�f�_�l�u�����D�_�j�f�_�l�u���y�\�e�y�x�l�k�y���d�h�f�i�h�a�b�l�g�u�f���f�Z�l�_�j�b�Z�e�h�f����
�k�h�^�_�j�`�Z�s�b�f�� �h�^�b�g�� �b�e�b�� �g�_�k�d�h�e�v�d�h�� �f�_�l�Z�e�e�h�\�� �\�� �d�h�f�[�b�g�Z�p�b�b�� �k�� �h�^�g�h�c�� �b�e�b��
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�F�b�d�j�h�l�\�_�j�^�h�k�l�v����

�_�^���l�\�� 
�b�k�o��  �b�k�o��  

 �M�>�I 14,2 1,14 107 55 
 �f�Z�k�k�� %  (�d) 1,3 0,25 71 48 
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�i�h�k�e�_�� �k�i�_�d�Z�g�b�y���� �i�j�h�b�k�o�h�^�b�l�� �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f��
�f�_�e�d�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���r�_�j�h�o�h�\�Z�l�h�c���i�h�\�_�j�o�g�h�k�l�b�� 
 

 
�J�b�k�� 2. �>�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_�� �d�j�b�\�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�[�t�_�f�Z�� �i�h�j�� �h�l�� �^�b�Z�f�_�l�j�Z �b�k�o�h�^�g�u�o��
�i�j�_�k�k�h�\�Z�g�g�u�o���h�[�j�Z�a�p�h�\: 1 �±  �M�>�I���� �� �±  �f�Z�k�k�� %  ���d��, 3 �± 

 �f�Z�k�k�� %  ���n���� 
 

   

   
�J�b�k������. �K�W�F���i�h�j�b�k�l�h�]�h���f�Z�l�_�j�b�Z�e�Z���i�h�k�e�_���i�j�h�d�Z�e�b�\�Z�g�b�y���g�Z���\�h�a�^�m�o�_���i�j�b��: 1 �±  
�M�>�I���� �� �±  �f�Z�k�k�� %  ���d������ �� �±  �f�Z�k�k�� %  ���n); �Z �± �b�k�o�h�^�g�u�c���� �[ �± �i�h�k�e�_��
�i�j�h�d�Z�e�b�\�Z�g�b�y. �M�\�_�e�b�q�_�g�b�_�� �j�Z�a�� 
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�:�g�g�h�l�Z�p�b�y�� �I�j�h�\�_�^�_�g�� �p�b�d�e�� �j�Z�[�h�l�� �i�h�� �k�h�a�^�Z�g�b�x�� �[�b�h�d�h�f�i�h�a�b�l�h�\�� �g�Z�� �h�k�g�h�\�_��
�\�u�k�h�d�h�i�h�j�b�k�l�h�]�h�� �l�b�l�Z�g�Z���� �i�h�d�j�u�l�h�]�h�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�f�� ���=�:�I���� �B�k�k�e�_�^�h�\�Z�g�u��
�h�k�h�[�_�g�g�h�k�l�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y�� �i�j�b�� �k�h�q�_�l�Z�g�b�b�� �f�_�l�h�^�Z�� �\�Z�d�m�m�f�g�h�]�h��
�b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y���b���l�_�j�f�b�q�_�k�d�h�]�h���h�l�`�b�]�Z���� �B�a�m�q�_�g�h���\�e�b�y�g�b�_���l�_�j�f�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�b���g�Z 
�Z�^�]�_�a�b�h�g�g�u�_���k�\�h�c�k�l�\�Z���[�b�h�i�h�d�j�u�l�b�y. 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �d�h�f�i�h�a�b�p�b�h�g�g�u�_�� �[�b�h�f�Z�l�_�j�b�Z�e�u���� �[�b�h�Z�d�l�b�\�g�u�_�� �i�h�d�j�u�l�b�y����
�l�_�j�f�b�q�_�k�d�Z�y�� �h�[�j�Z�[�h�l�d�Z���� �Z�^�]�_�a�b�h�g�g�Z�y�� �i�j�h�q�g�h�k�l�v���� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�� ���=�:�I������ �i�h�j�b�k�l�u�c��
�l�b�l�Z�g. 
 
�<�\�_�^�_�g�b�_ 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �[�h�e�v�r�h�_�� �\�g�b�f�Z�g�b�_�� �\�� �f�_�^�b�p�b�g�k�d�h�f��
�f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�b�� �m�^�_�e�y�_�l�k�y�� �k�h�a�^�Z�g�b�x�� �g�h�\�u�o�� �[�b�h�d�h�f�i�h�a�b�l�h�\�� �^�e�y��
�j�_�i�h�j�Z�l�b�\�g�h�c�� �j�_�]�_�g�_�j�Z�p�b�b�� �d�h�k�l�g�h�c�� �l�d�Z�g�b. �<�� �B�O�L�L�� �M�j�H�� �J�:�G�� �i�j�h�\�_�^�_�g��
�p�b�d�e�� �j�Z�[�h�l�� �i�h�� �k�h�a�^�Z�g�b�x�� �[�b�h�d�h�f�i�h�a�b�l�h�\�� �g�Z�� �h�k�g�h�\�_�� �\�u�k�h�d�h�i�h�j�b�k�l�u�o��
�y�q�_�b�k�l�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� ���<�I�Y�F������ �\�� �q�Z�k�l�g�h�k�l�b �l�b�l�Z�g�Z���� �d�h�l�h�j�u�c�� �l�j�Z�^�b�p�b�h�g�g�h��
�b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �f�_�^�b�p�b�g�_�� �^�e�y�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �b�f�i�e�Z�g�l�Z�l�h�\, �b���g�b�d�_�e�b�^�Z��
�l�b�l�Z�g�Z���� �I�j�h�\�_�^�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�a�\�h�e�b�e�b�� �\�u�[�j�Z�l�v �h�i�l�b�f�Z�e�v�g�u�c 
�f�_�l�h�^�� �g�Z�g�_�k�_�g�b�y�� �=�:�I�� �g�Z�� �<�I�Y�F ���\�Z�d�m�m�f�g�h�_ �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_), 
�h�[�_�k�i�_�q�b�\�Z�x�s�b�c �i�h�e�m�q�_�g�b�_���j�Z�\�g�h�f�_�j�g�h�]�h���b���i�j�h�q�g�h�]�h���i�h�d�j�u�l�b�y [1-3].  

�:�\�l�h�j�Z�f�b�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�h�\�u�r�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �\��
�i�j�h�p�_�k�k�_�� �g�Z�g�_�k�_�g�b�y�� �h�d�Z�a�u�\�Z�_�l�� �i�h�e�h�`�b�l�_�e�v�g�u�c�� �w�n�n�_�d�l�� �g�Z�� �i�h�e�g�h�l�m, 
�j�Z�\�g�h�f�_�j�g�h�k�l�v �b���d�Z�q�_�k�l�\�h�� �g�Z�g�_�k�_�g�b�y�� �i�h�d�j�u�l�b�y [4]. �<�� �j�y�^�_�� �k�e�m�q�Z�_�\�� �^�e�y��
�m�e�m�q�r�_�g�b�y�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�h�d�j�u�l�b�_�� �i�h�^�\�_�j�]�Z�x�l��
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d �b�a�f�_�g�_�g�b�x �_�]�h�� �k�l�j�m�d�l�m�j�u����
�m�^�Z�e�_�g�b�x �f�b�d�j�h�i�h�j�� �b�� �i�h�e�m�q�_�g�b�x �[�h�e�_�_�� �h�^�g�h�j�h�^�g�h�]�h�� �k�h�_�^�b�g�_�g�b�y�� �f�_�`�^�m��
�h�k�g�h�\�g�u�f���f�_�l�Z�e�e�h�f�����i�h�^�e�h�`�d�h�c�����b���i�h�d�j�u�l�b�_�f [5]. 

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

�< �d�Z�q�_�k�l�\�_���[�b�h�Z�d�l�b�\�g�h�]�h���i�h�d�j�u�l�b�y���\���j�Z�[�h�l�_���b�k�i�h�e�v�a�h�\�Z�e�b �k�m�k�i�_�g�a�b�x 
�=�:�I  [6]�����Z���\ �d�Z�q�_�k�l�\�_���f�Z�l�_�j�b�Z�e�Z���f�_�l�Z�e�e�b�q�_�k�d�h�]�h���d�Z�j�d�Z�k�Z���� �i�h�j�b�k�l�u�c���l�b�l�Z�g��



 
 

 

���i�h�j�b�k�l�h�k�l�v  %). �I�j�h�\�_�^�_�g�g�u�_�� �j�Z�g�_�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�� �\�e�b�y�g�b�b��
�i�h�j�b�k�l�h�k�l�b�� �l�b�l�Z�g�h�\�h�c�� �f�Z�l�j�b�p�u�� �g�Z�� �d�Z�q�_�k�l�\�h�� �i�h�d�j�u�l�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�i�h�j�b�k�l�h�k�l�v���l�b�l�Z�g�h�\�h�c���f�Z�l�j�b�p�u�� % �y�\�e�y�_�l�k�y���h�i�l�b�f�Z�e�v�g�h�c���^�e�y���i�h�e�m�q�_�g�b�y��
�j�Z�\�g�h�f�_�j�g�h�]�h���i�j�h�q�g�h�]�h���i�h�d�j�u�l�b�y��[4]. �N�h�j�f�b�j�h�\�Z�g�b�_���i�h�\�_�j�o�g�h�k�l�g�h�]�h���k�e�h�y��
�h�k�m�s�_�k�l�\�e�y�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�f �Z�\�l�h�j�Z�f�b�� �f�_�l�h�^�h�f�� �\�Z�d�m�m�f�g�h�]�h 
�b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y �\�� �l�j�b�� �k�l�Z�^�b�b���� �;�u�e�h�� �b�k�k�e�_�^�h�\�Z�g�h�� �l�j�b�� �j�_�`�b�f�Z��
�l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� �\�� �i�j�h�p�_�k�k�_�� �g�Z�g�_�k�_�g�b�y�� �i�h�d�j�u�l�b�y: 1 �± �h�l�`�b�]�� �i�h�k�e�_�� �i�_�j�\�h�c��
�k�l�Z�^�b�b�� �h�[�j�Z�[�h�l�d�b���� ���� �± �h�l�`�b�]�� �i�h�k�e�_�� �l�j�_�l�v�_�c�� �k�l�Z�^�b�b�� �h�[�j�Z�[�h�l�d�b���� ���� �± �h�l�`�b�]��
�i�h�k�e�_�� �d�Z�`�^�h�c�� �k�l�Z�^�b�b�� �h�[�j�Z�[�h�l�d�b�� �H�[�j�Z�a�_�p�� �l�b�l�Z�g�Z�� ���i�h�j�b�k�l�h�k�l�v�� %), 
�i�h�d�j�u�l�u�c �=�:�I , �g�_�� �i�h�^�\�_�j�]�Z�\�r�b�c�k�y �l�_�j�f�b�q�_�k�d�h�f�m �h�l�`�b�]�m���� �y�\�e�y�e�k�y��
�d�h�g�l�j�h�e�v�g�u�f��  

�H�[�j�Z�a�p�u�� �h�l�`�b�]�Z�e�b�� �g�Z�� �\�h�a�^�m�o�_�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�� �f�m�n�_�e�v�g�h�c��
�i�_�q�b��Nabertherm L9/11 �k�� �d�h�g�l�j�h�e�e�_�j�h�f��B 180 �i�j�b�� �k�d�h�j�h�k�l�b�� �g�Z�]�j�_�\�Z��

���f�b�g���� �h�o�e�Z�`�^�_�g�b�_�� �^�h�� �d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�j�h�\�h�^�b�e�b�� �k�� �i�_�q�v�x. 
�<�u�[�h�j�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�[�_�k�i�_�q�b�e �k�h�o�j�Z�g�_�g�b�_�� �[�b�h�Z�d�l�b�\�g�h�k�l�b�� �b�� �n�Z�a�h�\�h�]�h��
�k�h�k�l�Z�\�Z�� �=�:�I���� �i�h�e�m�q�_�g�g�h�]�h�� �h�k�Z�`�^�_�g�b�_�f�� �b�a�� �j�Z�k�l�\�h�j�h�\ [6], �k�d�e�h�g�g�h�]�h���d��
�q�Z�k�l�b�q�g�h�f�m���j�Z�a�e�h�`�_�g�b�x���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���a [7]. 

�I�j�h�q�g�h�k�l�v�� �k�p�_�i�e�_�g�b�y�� �=�:�I-�i�h�d�j�u�l�b�y�� �k�� �l�b�l�Z�g�h�\�h�c�� �f�Z�l�j�b�p�_�c��
�h�p�_�g�b�\�Z�e�b�� �f�_�l�h�^�h�f�� �p�_�g�l�j�h�[�_�`�g�h�]�h�� �h�l�j�u�\�Z�� ���p�_�g�l�j�b�n�m�]�Z��CM-6M, ELMI; 
�p�_�g�l�j�h�k�l�j�_�f�b�l�_�e�v�g�h�_�� �m�k�d�h�j�_�g�b�_  �f��c2). �H�p�_�g�d�Z �m�^�_�e�v�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b��
�h�[�j�Z�a�p�h�\���i�h�� �f�_�l�h�^�m�� �;�W�L�� �h�k�m�s�_�k�l�\�e�y�e�b �k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h��
�Z�g�Z�e�b�a�Z�l�h�j�Z�� �i�e�h�s�Z�^�b�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �i�h�j�b�k�l�h�k�l�b��Gemini VII 2390 V 1.03 
(V 1.03 t, Micromeritics). �I�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �b�k�k�e�_�^�m�_�f�u�_�� �h�[�j�Z�a�p�u��
�i�h�^�\�_�j�]�Z�e�b�k�v�� �^�_�]�Z�a�Z�p�b�b�� �i�j�b������ �\�j�_�f�y�� �\�u�^�_�j�`�d�b�� �q�Z�k��(Sample 
Degas System VacPrep 061, Micromeritics). �F�h�j�n�h�e�h�]�b�x�� �i�h�\�_�j�o�g�h�k�l�b��
�h�[�j�Z�a�p�h�\���� �i�h�d�j�u�l�u�o�� �=�:�I���� �b�a�m�q�Z�e�b�� �g�Z�� �k�d�Z�g�b�j�m�x�s�_�f�� �w�e�_�d�l�j�h�g�g�h�f��
�f�b�d�j�h�k�d�h�i�_��JSM-6390 LA ���-�(�2�/�����Y�i�h�g�b�y�������d�h�w�n�n�b�p�b�_�g�l���m�\�_�e�b�q�_�g�b�y���h�l�� 
�^�h �����j�Z�a�j�_�r�Z�x�s�Z�y���k�i�h�k�h�[�g�h�k�l�v�� �g�f���i�j�b��  �d�<. 
 
�J�_�a�m�e�v�l�Z�l�u���b���h�[�k�m�`�^�_�g�b�_ 

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

 �f�Z�k�k�� % (�k�h�]�e�Z�k�g�h�� �j�_�`�b�f�m�� ��);  �f�Z�k�k�� % (�k�h�]�e�Z�k�g�h�� �j�_�`�b�f�m�� ��); 
 �f�Z�k�k�� % (�k�h�]�e�Z�k�g�h�� �j�_�`�b�f�m�� �������� �I�j�b���l�h�c�� �`�_�� �d�j�Z�l�g�h�k�l�b�� �g�Z�g�_�k�_�g�b�y��

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



 
 

 

 

�J�b�k���� ������ �I�j�b�j�h�k�l�� �f�Z�k�k�u�� �i�h�d�j�u�l�b�y��
�i�j�b�� �g�Z�g�_�k�_�g�b�b�� �=�:�I�� �f�_�l�h�^�h�f��
�\�Z�d�m�m�f�g�h�]�h�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y�� �g�Z��
�i�h�j�b�k�l�u�c�� �l�b�l�Z�g�� �� %):  
1 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b��
�j�_�`�b�f�������� 
2 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b��
�j�_�`�b�f����;  
3 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b��
�j�_�`�b�f�������� 
4 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�[�_�a���l�_�j�f�h�h�[�j�Z�[�h�l�d�b���i�h�\�_�j�o�g�h�k�l�b�� 

 

  
  

  
�J�b�k����2���� �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b�� �i�h�d�j�u�l�b�y���� �g�Z�g�_�k�_�g�g�h�]�h �f�_�l�h�^�h�f�� �\�Z�d�m�m�f�g�h�]�h��
�b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�_�`�b�f�Z�� �g�Z�g�_�k�_�g�b�y: 1 �� �\�Z�d�m�m�f�g�h�_��
�b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_���� �[�_�a�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� �i�h�\�_�j�o�g�h�k�l�b; 2 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �j�_�`�b�f�� ��; 3 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �j�_�`�b�f��2; 4 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���i�h�\�_�j�o�g�h�k�l�b���j�_�`�b�f��3. 

2 1 

4 3 



 
 

 

�>�Z�g�g�u�_�� �k�d�Z�g�b�j�m�x�s�_�c�� �w�e�_�d�l�j�h�g�g�h�c�� �f�b�d�j�h�k�d�h�i�b�b �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l����
�q�l�h�� �l�_�j�f�b�q�_�k�d�b�c�� �h�l�`�b�]�� �i�j�b�\�h�^�b�l �d���j�Z�k�l�j�_�k�d�b�\�Z�g�b�x�� �b �h�l�k�e�Z�b�\�Z�g�b�x��
�[�b�h�Z�d�l�b�\�g�h�]�h�� �k�e�h�y�� �h�l�� �i�h�\�_�j�o�g�h�k�l�b�� �f�_�l�Z�e�e�Z�� ���k�f���� �j�b�k����2). �I�h�^�h�[�g�h�_��
�i�h�\�_�^�_�g�b�_�� �h�[�t�y�k�g�y�_�l�k�y�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f �\�� �[�b�h�d�h�f�i�h�a�b�l�_ �\�u�k�h�d�b�o��
�\�g�m�l�j�_�g�g�b�o�� �g�Z�i�j�y�`�_�g�b�c���� �\�u�a�\�Z�g�g�u�o�� �j�Z�a�e�b�q�b�_�f�� �d�h�w�n�n�b�p�b�_�g�l�h�\��
�l�_�j�f�b�q�_�k�d�h�]�h���j�Z�k�r�b�j�_�g�b�y���f�Z�l�_�j�b�Z�e�h�\���f�_�l�Z�e�e�b�q�_�k�d�h�c���f�Z�l�j�b�p�u���b���i�h�d�j�u�l�b�y��
[8, 9]. 

�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �b�a�f�_�g�_�g�b�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �j�_�`�b�f�Z �g�Z�g�_�k�_�g�b�y��
�i�h�d�j�u�l�b�y�� �h�d�Z�a�u�\�Z�_�l�� �\�e�b�y�g�b�_�� �g�Z�� �i�e�h�s�Z�^�v�� �m�^�_�e�v�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z, 
�i�j�b�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�_�� �i�j�h�b�k�o�h�^�b�l�� �k�g�b�`�_�g�b�_�� �_�_�� �\�_�e�b�q�b�g�u�� �^�h�� �f2���]�� ���i�h��
�j�_�`�b�f�m�� �������� �^�h�� �f2���]�� ���i�h�� �j�_�`�b�f�m�� �������� �^�h�� �f2���]�� ���i�h�� �j�_�`�b�f�m�� ������ �i�h��
�k�j�Z�\�g�_�g�b�x���k�� �f2���]���m���h�[�j�Z�a�p�Z���[�_�a���l�_�j�f�b�q�_�k�d�h�]�h���h�l�`�b�]�Z�� 

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

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

 

�J�b�k���� ������ �:�^�]�_�a�b�h�g�g�Z�y�� �i�j�h�q�g�h�k�l�v�� �=�:�I-
�i�h�d�j�u�l�b�y���� �g�Z�g�_�k�_�g�g�h�]�h�� �f�_�l�h�^�h�f��
�\�Z�d�m�m�f�g�h�]�h�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y�� �g�Z��
�i�h�j�b�k�l�u�c�� �l�b�l�Z�g�� �� ������ �\�� �a�Z�\�b�k�b�f�h�k�l�b��
�h�l���j�_�`�b�f�Z���g�Z�g�_�k�_�g�b�y���� 
1 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_���� �[�_�a��
�l�_�j�f�h�h�[�j�Z�[�h�l�d�b���i�h�\�_�j�o�g�h�k�l�b���� 
2 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���i�h�\�_�j�o�g�h�k�l�b���j�_�`�b�f����;  
3 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���i�h�\�_�j�o�g�h�k�l�b���j�_�`�b�f������ 
4 �� �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���i�h�\�_�j�o�g�h�k�l�b���j�_�`�b�f������ 

 
�A�Z�d�e�x�q�_�g�b�_ 

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

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

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



 
 

 

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

�<�u�k�h�d�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �i�h�� �\�y�a�d�h�k�l�g�h-�l�_�f�i�_�j�Z�l�m�j�g�u�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f��
�b�� �b�k�i�Z�j�y�_�f�h�k�l�b�� �k�m�s�_�k�l�\�_�g�g�h�� �h�]�j�Z�g�b�q�b�\�Z�x�l�� �\�u�[�h�j�� �^�b�k�i�_�j�k�b�h�g�g�h�c�� �k�j�_�^�u��
�^�e�y�� �f�Z�]�g�b�l�g�h�]�h�� �f�Z�k�e�Z���� �L�Z�d���� �g�Z�i�j�b�f�_�j���� �\�u�k�h�d�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �a�Z�k�l�u�\�Z�g�b�y��
�b�k�d�e�x�q�Z�_�l���\�h�a�f�h�`�g�h�k�l�v���i�j�b�f�_�g�_�g�b�y���m�]�e�_�\�h�^�h�j�h�^�g�u�o���f�Z�k�_�e���b��-�h�e�_�n�b�g�h�\����
�l�j�Z�^�b�p�b�h�g�g�h�� �b�k�i�h�e�v�a�m�_�f�u�o�� �\�� �d�Z�q�_�k�l�\�_�� �h�k�g�h�\�u�� �k�f�Z�a�h�q�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �<��
�o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�b�� �b�a�m�q�_�g�u�� �n�j�b�d�p�b�h�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�\�m�o��
�d�e�Z�k�k�h�\�� �k�b�g�l�_�l�b�q�_�k�d�b�o�� �f�Z�k�_�e���� �h�e�b�]�h�h�j�]�Z�g�h�k�b�e�h�d�k�Z�g�h�\�� �b�� �^�b�w�n�b�j�h�\����
�K�f�Z�a�h�q�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �h�e�b�]�h�h�j�]�Z�g�h�k�b�e�h�d�k�Z�g�h�\�� �h�i�j�_�^�_�e�y�e�Z�k�v�� �^�e�y��
�h�e�b�]�h�f�_�j�h�\�� �j�Z�a�e�b�q�g�h�c�� �k�l�j�m�d�l�m�j�u���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o�� �h�k�g�h�\�g�u�_�� �]�j�m�i�i�u��
�d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�o�� �`�b�^�d�h�k�l�_�c (�k�f���� �L�Z�[�e�b�p�m��1). �D�e�Z�k�k�� �^�b�w�n�b�j�h�\��
�i�j�_�^�k�l�Z�\�e�_�g���g�Z���i�j�b�f�_�j�_���^�b�h�d�l�b�e�h�\�h�]�h���w�n�b�j�Z���k�_�[�Z�p�b�g�h�\�h�c���d�b�k�e�h�l�u�����>�H�K������
�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �f�Z�j�d�b�� �h�e�b�]�h�k�b�e�h�d�k�Z�g�h�\�� �b�� �^�b�w�n�b�j�h�\�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�u�� �\��
�r�b�j�h�d�h�f�� �b�g�l�_�j�\�Z�e�_�� �l�_�f�i�_�j�Z�l�m�j���� �b�f�_�x�l�� �g�b�a�d�m�x�� �b�k�i�Z�j�y�_�f�h�k�l�v�� �b��
�d�h�j�j�h�a�b�h�g�g�h-�b�g�_�j�l�g�u���d���d�h�g�k�l�j�m�d�p�b�h�g�g�u�f���f�Z�l�_�j�b�Z�e�Z�f���b�e�b���d���[�h�e�v�r�b�g�k�l�\�m��
�b�a���g�b�o�� 

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

 �F�I�Z�� �i�h�d�Z�a�u�\�Z�_�l �f�Z�k�e�h�� �O�K-2-I�<�<���� �L�Z�d�b�_�� �\�u�k�h�d�b�_�� �n�j�b�d�p�b�h�g�g�u�_��
�k�\�h�c�k�l�\�Z�� �f�h�]�m�l�� �[�u�l�v�� �h�[�t�y�k�g�_�g�u�� �k�i�h�k�h�[�g�h�k�l�v�x�� �\�k�l�m�i�Z�l�v�� �\�� �o�b�f�b�q�_�k�d�m�x��
�j�_�Z�d�p�b�x���k���f�_�l�Z�e�e�h�f���Z�d�l�b�\�g�h�]�h���o�e�h�j�Z���n�_�g�b�e�v�g�h�]�h���y�^�j�Z���b���h�[�j�Z�a�h�\�Z�g�b�_�f���i�j�b��
�w�l�h�f���o�e�h�j�b�^�h�\���`�_�e�_�a�Z���i�j�_�^�h�l�\�j�Z�s�Z�x�s�b�o���a�Z�^�b�j�� 

�G�b�a�d�b�c�� �b�a�g�h�k�� �i�j�h�b�k�o�h�^�b�l���� �\�h�a�f�h�`�g�h�� �\�k�e�_�^�k�l�\�b�_�� �©�k�f�y�]�q�_�g�b�y�ª��
�j�_�`�b�f�Z�� �l�j�_�g�b�y���� �H�^�g�Z�d�h�� �i�j�b�� �y�j�d�h�� �\�u�j�Z�`�_�g�g�h�f�� �]�j�Z�g�b�q�g�h�f�� �l�j�_�g�b�b�� �g�Z�� �i�Z�j�_��
�k�l�Z�e�v-�k�l�Z�e�v���i�j�h�l�b�\�h�b�a�g�h�k�g�u�_���k�\�h�c�k�l�\�Z���O�K-2-�,�%�%���a�g�Z�q�b�l�_�e�v�g�h���o�m�`�_���^�j�m�]�b�o��
�`�b�^�d�h�k�l�_�c�����<���l�h���`�_���\�j�_�f�y���o�h�j�h�r�b�_���i�j�h�l�b�\�h�b�a�g�h�k�g�u�_���k�\�h�c�k�l�\�Z���b�f�_�x�l���i�j�b��
�\�u�k�h�d�b�o�� �d�h�g�l�Z�d�l�g�u�o�� �g�Z�]�j�m�a�d�Z�o�� �f�Z�k�e�Z�� �I�W�K-���� �b�� �>�H�K���� �?�k�e�b�� �\�u�k�h�d�Z�y��
�k�f�Z�a�h�q�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �O�K-2-���<�<�� �h�k�g�h�\�Z�g�Z�� �i�j�_�`�^�_�� �\�k�_�]�h�� �g�Z�� �o�b�f�b�q�_�k�d�h�f��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�b���� �l�h�� �g�b�a�d�b�c�� �b�a�g�h�k�� �m�� �>�H�K�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�Z�o�� �l�j�_�g�b�y��
�\�u�a�\�Z�g�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �i�j�h�q�g�u�o�� �Z�^�k�h�j�[�p�b�h�g�g�u�o�� �k�e�h�_�\���� �a�Z�s�b�s�Z�x�s�b�o��
�i�h�\�_�j�o�g�h�k�l�v���a�Z���k�q�_�l���n�b�a�b�q�_�k�d�h�c���Z�^�k�h�j�[�p�b�b�� 

�H�^�g�b�f�� �b�a�� �n�Z�d�l�h�j�h�\���� �l�Z�d�`�_�� �\�e�b�y�x�s�b�o�� �g�Z�� �k�g�b�`�_�g�b�_�� �b�a�g�h�k�Z�� �i�j�b��
�]�j�Z�g�b�q�g�h�f�� �l�j�_�g�b�b�� �y�\�e�y�_�l�k�y�� �^�Z�\�e�_�g�b�_�� �a�Z�l�\�_�j�^�_�\�Z�g�b�y���� �G�Z�b�[�h�e�_�_�� �\�u�k�h�d�h�_��
�^�Z�\�e�_�g�b�_���m���>�H�K���b���I�W�K-5 �± �h�d�h�e�h��  �F�I�Z�� 

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

�<�u�k�h�d�h�_�� �k�f�Z�a�h�q�g�h�_�� �^�_�c�k�l�\�b�_�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �n�l�h�j�k�h�^�_�j�`�Z�s�b�o��
�k�h�_�^�b�g�_�g�b�c���� �b�f�_�x�s�b�o�� �o�h�j�h�r�b�_�� �i�j�h�l�b�\�h�b�a�g�h�k�g�u�_�� �b�� �n�j�b�d�p�b�h�g�g�u�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� ���N�K-���������� �q�l�h�� �h�[�m�k�e�h�\�e�_�g�h�� �k�i�_�p�b�n�b�d�h�c�� �Z�^�k�h�j�[�p�b�b��
�h�e�b�]�h�f�_�l�b�e�n�l�h�j�k�b�e�h�d�k�Z�g�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �f�_�l�Z�e�e�h�\�� �b�� �h�[�j�Z�a�h�\�Z�g�b�_�f��
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�i�j�_�\�h�k�o�h�^�y�l���l�j�b�[�h�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���<�F-4. 
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�d�h�g�l�Z�d�l�g�u�o���^�Z�\�e�_�g�b�y�o���g�Z���i�Z�j�_���k�l�Z�e�v-�k�l�Z�e�v���\���d�Z�q�_�k�l�\�_���^�b�k�i�_�j�k�b�h�g�g�u�o���k�j�_�^����
�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�b�g�l�_�l�b�q�_�k�d�b�_���`�b�^�d�h�k�l�b�� �I�W�K-������ �N�K-55. 
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�I�h�e�m�q�_�g�g�Z�y�� �d�h�f�i�h�a�b�p�b�y�� �b�k�i�u�l�u�\�Z�e�Z�k�v�� �g�Z�� �f�Z�r�b�g�_�� �l�j�_�g�b�y�� �N�O�N�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �\�� �m�a�e�_�� �l�j�_�g�b�y������ �>�e�b�l�_�e�v�g�u�_�� �b�k�i�u�l�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�j�_�k�m�j�k�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�Z�k�e�Z�� �i�j�_�\�u�r�Z�_�l�� �q�Z�k�h�\���� �<�� �g�Z�q�Z�e�_�� �b�k�i�u�l�Z�g�b�c��
�d�h�w�n�n�b�p�b�_�g�l���l�j�_�g�b�y���b���b�a�g�h�k���k�h�k�l�Z�\�e�y�x�l���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �b���������������Ø9�����D��
�d�h�g�p�m�� �b�k�i�u�l�Z�g�b�c�� �� �q�Z�k�h�\���� �d�h�w�n�n�b�p�b�_�g�l�� �l�j�_�g�b�y�� �m�\�_�e�b�q�b�e�k�y�� �^�h��, 
�b�a�g�h�k���^�h�� . 
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�k�m�s�_�k�l�\�_�g�g�h�_�� �i�h�\�u�r�_�g�b�_�� �w�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��
�i�j�h�p�_�k�k�Z���a�Z���k�q�_�l���k�h�d�j�Z�s�_�g�b�y���\�j�_�f�_�g�b���l�_�j�f�h�h�[�j�Z�[�h�l�d�b���� 
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�:�g�g�h�l�Z�p�b�y�� �I�h�d�Z�a�Z�g�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �k�b�g�l�_�a�Z�� �m�]�e�_�j�h�^�g�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j��
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f���k�i�h�k�h�[�h�f�����h�k�g�h�\�Z�g�g�u�f���g�Z���j�Z�a�e�h�`�_�g�b�b���f�_�l�Z�g�Z���\���Z�j�]�h�g�h�\�h�c�����i�e�Z�a�f�_�� 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�����k�d�Z�g�b�j�m�x�s�Z�y�� �l�m�g�g�_�e�v�g�Z�y�� �f�b�d�j�h�k�d�h�i�b�y���� �w�e�_�d�l�j�h�g�g�Z�y�� �f�b�d�j�h�k�d�h�i�b�y, 
�<�Q-�i�e�Z�a�f�h�l�j�h�g�����m�]�e�_�j�h�^�g�u�_���f�Z�l�_�j�b�Z�e�u. 
 
�<�\�_�^�_�g�b�_ 

�I�j�b�� �j�Z�a�j�Z�[�h�l�d�_ �b�a�^�_�e�b�c �j�Z�d�_�l�g�h-�d�h�k�f�b�q�_�k�d�h�c�� �l�_�o�g�b�d�b�� ���J�D�L��, 
�h�k�h�[�m�x�� �j�h�e�v�� �b�]�j�Z�x�l �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �i�h�d�j�u�l�b�y, �m�^�h�\�e�_�l�\�h�j�y�x�s�b�_��
�l�j�_�[�h�\�Z�g�b�y�f�� �d �l�_�i�e�h�a�Z�s�b�l�_, �b�a�g�h�k�h�k�l�h�c�d�h�k�l�b���� �j�Z�^�b�Z�p�b�h�g�g�h�c�� �k�l�h�c�d�h�k�l�b, 
�d�h�j�j�h�a�b�h�g�g�h�c�� �k�l�h�c�d�h�k�l�b �b�� �i�j. �G�Z�g�_�k�_�g�b�_�� �i�h�d�j�u�l�b�c �i�h�a�\�h�e�y�_�l�� �\�� �r�b�j�h�d�b�o��
�i�j�_�^�_�e�Z�o�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�� �f�h�^�b�n�b�p�b�j�h�\�Z�l�v�� �i�h�\�_�j�o�g�h�k�l�g�u�_�� �k�\�h�c�k�l�\�Z��
�d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\���� �G�Z�b�[�h�e�_�_�� �b�g�l�_�j�_�k�g�u�o�� �k�\�h�c�k�l�\�� �f�Z�l�_�j�b�Z�e�h�\��
�^�h�[�b�\�Z�x�l�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �g�Z�g�_�k�_�g�b�y�� �g�Z�g�h�k�l�j�m�d�l�m�j�g�u�o�� �i�h�d�j�u�l�b�c���� �F�_�l�h�^�u 
�i�h�e�m�q�_�g�b�y �i�h�^�h�[�g�u�o�� �i�h�d�j�u�l�b�c �\�_�k�v�f�Z�� �f�g�h�]�h�h�[�j�Z�a�g�u���� �b �^�h�k�l�Z�l�h�q�g�h��
�o�h�j�h�r�h�� �i�j�b�f�_�g�b�f�u�� �d�� �m�`�_�� �]�h�l�h�\�u�f�� �b�a�^�_�e�b�y�f [1�@���� �<�h���f�g�h�]�b�o���j�Z�[�h�l�Z�o [2-4] 
�i�j�b�\�h�^�y�l�k�y�� �i�j�b�f�_�j�u�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �b�a�f�_�g�_�g�b�c�� �k�\�h�c�k�l�\�� �f�Z�l�_�j�b�Z�e�Z�� �i�h�k�e�_��
�n�h�j�f�b�j�h�\�Z�g�b�y �l�h�g�d�h�]�h���k�e�h�y���i�h�d�j�u�l�b�y. 

�<�_�k�v�f�Z�� �i�_�j�k�i�_�d�l�b�\�g�u�f�� �\�� �w�l�h�f�� �h�l�g�h�r�_�g�b�b�� �y�\�e�y�_�l�k�y��
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�c�� �k�i�h�k�h�[�� �k�b�g�l�_�a�Z�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���g�Z�]�j�_�\�Z���b���k�m�[�e�b�f�Z�p�b�b���b�e�b���j�Z�a�e�h�`�_�g�b�y���b�k�o�h�^�g�u�o���\�_�s�_�k�l�\��
�\�� �i�e�Z�a�f�_�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h�� �b�g�^�m�d�p�b�h�g�g�h�]�h�� �]�Z�a�h�\�h�]�h�� �j�Z�a�j�y�^�Z [5]. �<�� �j�Z�[�h�l�_ 
[6] �h�i�b�k�Z�g�u�� �f�_�l�h�^�b�d�b�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �i�h�e�m�q�_�g�b�x��
�g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\���b���i�h�d�j�u�l�b�c���\���<�Q-�i�e�Z�a�f�h�l�j�h�g�_.  

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



 
 

 

�^�Z�\�e�_�g�b�y�����w�g�_�j�]�h�\�d�e�Z�^�Z���b���j�Z�k�o�h�^�Z���i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h���]�Z�a�Z�� 
- �\�h�a�f�h�`�g�h�k�l�v�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�h�l�h�d�Z���� �b�k�i�h�e�v�a�m�y�� �j�Z�a�e�b�q�g�u�_��
�^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �m�k�l�j�h�c�k�l�\�Z�� ���k�h�i�e�Z���� �b�� �b�a�f�_�g�_�g�b�_�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�h�\�����j�Z�k�k�l�h�y�g�b�_���h�l���b�g�^�m�d�l�h�j�Z���^�h���k�Z�`�_�m�e�h�\�b�l�_�e�y���� 
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�<�� �<�Q-�i�e�Z�a�f�h�l�j�h�g�_�� �b�k�o�h�^�g�u�_�� �f�Z�l�_�j�b�Z�e�u ���\�� �\�b�^�_�� �i�h�j�h�r�d�h�\, 
�`�b�^�d�h�k�l�_�c�� �b�e�b�� �]�Z�a�h�\���� �i�h�^�f�_�r�b�\�Z�x�l�k�y�� �\�� �k�l�j�m�x�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h�� �]�Z�a�Z��
(�Z�j�]�h�g�Z���� �\�h�a�^�m�o�Z�������� �Z�a�h�l�Z�� �b���^�j.). �<���j�Z�a�j�y�^�g�h�c�� �d�Z�f�_�j�_�� �i�e�Z�a�f�h�l�j�h�g�Z��
�l�_�f�i�_�j�Z�l�m�j�Z�� �i�e�Z�a�f�u�� �^�h�k�l�b�]�Z�_�l�� �a���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �i�j�b�� �h�i�j�_�^�_�e�_�g�g�u�o��
�m�k�e�h�\�b�y�o�� �i�j�_�\�j�Z�l�b�l�v�� �\�� �i�Z�j�� �b�e�b�� �^�b�k�k�h�p�b�b�j�h�\�Z�l�v�� �e�x�[�h�_�� �\�\�h�^�b�f�h�_�� �\�� �g�_�_��
�\�_�s�_�k�l�\�h�� �I�j�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k���i�e�Z�a�f�h�c�����q�Z�k�l�b�p�u���m�]�e�_�j�h�^�Z�����b�e�b���^�j�m�]�h�]�h��
�\�_�s�_�k�l�\�Z���� �g�Z�]�j�_�\�Z�x�l�k�y�� �b�� �k�m�[�e�b�f�b�j�m�x�l�� �>���@���� �I�h�k�e�_�� �w�l�h�]�h���� �i�j�b�� �h�[�l�_�d�Z�g�b�b��
�i�h�^�e�h�`�d�b���k�l�j�m�z�c���i�e�Z�a�f�u���k���i�Z�j�Z�f�b���m�]�e�_�j�h�^�Z���i�j�h�b�k�o�h�^�b�l���b�o���d�h�g�^�_�g�k�Z�p�b�y���k��
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�d�h�l�h�j�u�c�� �k�� �j�Z�k�o�h�^�h�f�� �a �]/�k �q�_�j�_�a�� �i�h�j�h�r�d�h�\�u�c�� �i�b�l�Z�l�_�e�v��MPF-700 
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�J�b�k�� 2���� �K�g�b�f�d�b�� �i�h�\�_�j�o�g�h�k�l�b�� �m�]�e�_�j�h�^�h�k�h�^�_�j�`�Z�s�_�]�h�� �i�h�d�j�u�l�b�y���� �k�� �j�Z�a�f�_�j�h�f�� �k�l�h�j�h�g�u��
�k�g�b�f�d�Z�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�f:  
�Z����  �f�d�f�����h�i�l�b�q�_�k�d�b�c���f�b�d�j�h�k�d�h�i���F�F�M-3); 
�[����  �f�d�f�����j�Z�k�l�j�h�\�u�c���w�e�_�d�l�j�h�g�g�u�c���f�b�d�j�h�k�d�h�i��JEOL JSM-7600) 
�\����  �f�d�f�����j�Z�k�l�j�h�\�u�c���w�e�_�d�l�j�h�g�g�u�c���f�b�d�j�h�k�d�h�i��JEOL JSM-7600); 
�]����  �g�f�����j�Z�k�l�j�h�\�u�c���w�e�_�d�l�j�h�g�g�u�c���f�b�d�j�h�k�d�h�i��JEOL JSM-7600); 
� )̂  �g�f (�k�d�Z�g�b�j�m�x�s�b�c���l�m�g�g�_�e�v�g�u�c���f�b�d�j�h�k�d�h�i���M�F�D�:-02-�?); 
�_����  �g�f�����k�d�Z�g�b�j�m�x�s�b�c���l�m�g�g�_�e�v�g�u�c���f�b�d�j�h�k�d�h�i���M�F�D�:-02-�?). 
 

�H�k�Z�`�^�_�g�b�_ �i�Z�j�h�\�� �m�]�e�_�j�h�^�Z���� �i�h�e�m�q�Z�_�f�h�]�h�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�a�e�h�`�_�g�b�y��
�f�_�l�Z�g�Z�����h�k�m�s�_�k�l�\�e�y�e�h�k�v���g�Z���d�_�j�Z�f�b�q�_�k�d�b�_���d�h�e�v�p�Z���\�g�m�l�j�b���d�\�Z�j�p�_�\�h�c���l�j�m�[�d�b��
�j�Z�a�j�y�^�g�h�c�� �d�Z�f�_�j�u�� ���k�f���� �j�b�k�� 1). �;�u�e�h�� �\�u�i�h�e�g�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_��
�]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �i�h�e�m�q�_�g�g�h�c�� �k�l�j�m�d�l�m�j�u�� �j�Z�a�e�b�q�g�u�f�b��
�f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�f�b�� �f�_�l�h�^�Z�f�b�� ���h�i�l�b�q�_�k�d�b�f�� �f�b�d�j�h�k�d�h�i�h�f���F�F�M-3, 
�j�Z�k�l�j�h�\�u�f�� �w�e�_�d�l�j�h�g�g�u�f��JEOL JSM-7600 �b�� �k�d�Z�g�b�j�m�x�s�b�f�� �l�m�g�g�_�e�v�g�u�f��
�M�F�D�:-02-�?������ �i�j�b�� �w�l�h�f �g�Z�b�[�h�e�v�r�_�_�� �m�\�_�e�b�q�_�g�b�_�� �^�Z�z�l�� �k�d�Z�g�b�j�m�x�s�b�c��
�l�m�g�g�_�e�v�g�u�c�� �f�b�d�j�h�k�d�h�i���� �N�h�l�h�]�j�Z�n�b�b�� �i�h�\�_�j�o�g�h�k�l�b�� �m�]�e�_�j�h�^�h�k�h�^�_�j�`�Z�s�_�]�h��
�i�h�d�j�u�l�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k�� 2. �>�h�i�h�e�g�b�l�_�e�v�g�h �[�u�e�� �\�u�i�h�e�g�_�g��
�k�i�_�d�l�j�Z�e�v�g�u�c���Z�g�Z�e�b�a ���j�_�a�m�e�v�l�Z�l�u���j�Z�k�r�b�n�j�h�\�d�b���i�j�b�\�_�^�_�g�u���\���L�Z�[�e�b�p�_��1). 
 
�L�Z�[�e�b�p�Z���������K�i�_�d�l�j�Z�e�v�g�u�c���Z�g�Z�e�b�a���k�h�k�l�Z�\�Z���g�Z�g�_�k�z�g�g�h�]�h���i�h�d�j�u�l�b�y 

�W�e�_�f�_�g�l       
% 92,36 1,23 0,07 0,12 0,05 5,65 

�W�e�_�f�_�g�l        
% 0,05 0,03 0,07 0,08 0,08 0,20 0,02 

 
�<�u�\�h�^�u 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�h�\�_�^�_�g�g�u�o�� �\�� �<�Q-�i�e�Z�a�f�h�l�j�h�g�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\��
�i�h�d�Z�a�Z�g�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �k�b�g�l�_�a�Z�� �m�]�e�_�j�h�^�g�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j��



 
 

 

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

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

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

�;�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�c���k�i�b�k�h�d: 
 
1. �<�h�e�h�k�h�\�Z, �F���:�����B�k�k�e�_�^�h�\�Z�g�b�_�� �b�a�g�h�k�h�k�l�h�c�d�h�k�l�b�� �d�h�g�p�_�\�u�o�� �l�\�_�j�^�h�k�i�e�Z�\�g�u�o�� �n�j�_�a�� �k��
�g�Z�g�h�i�h�d�j�u�l�b�_�f�������F���:�����<�h�e�h�k�h�\�Z�����:���J�����F�Z�k�e�h�\ �������K�l�j�m�`�d�Z. �± 2012. �± �‹  30. �± C. 16-21. 
2. �>�j�_�k�\�b�g, �K���<�� �G�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y�� �i�e�Z�a�f�Z�� �F�g�h�]�h�l�h�f�g�u�c�� �k�_�j�b�Z�e�� ���� �K���<���� �>�j�_�k�\�b�g����
�:���:�����;�h�[�j�h�\�����<���F�����E�_�e�_�\�d�b�g���b���^�j�����± �G�h�\�h�k�b�[�b�j�k�d�����G�Z�m�d�Z�����K�b�[�b�j�k�d�h�_���h�l�^�_�e�_�g�b�_�����������������± 
�L�����������<�Q- �b���K�<�Q-�i�e�Z�a�f�h�l�j�h�g�u�����± ���������k�� 
3. �A�Z�e�h�]�b�g, �=���G�����B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�h�s�g�u�o�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o�� �b�g�^�m�d�p�b�h�g�g�u�o��
�i�e�Z�a�f�h�l�j�h�g�h�\�� �^�e�y�� �k�b�g�l�_�a�Z�� �m�]�e�_�j�h�^�g�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j / �=���G���� �A�Z�e�h�]�b�g���� �<���<���� �D�b�k�e�h�\����
�<���;�� �D�g�h�l�v�d�h���� �<���G���� �I�Z�j�n�_�g�h�\ // �G�Z�m�q�g�h�� �i�j�Z�d�l�b�q�_�k�d�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�G�Z�g�h�l�_�o�g�h�e�h�]�b�b-
�i�j�h�b�a�\�h�^�k�l�\�m�����������ª�����l�j�m�^�u���d�h�g�n�_�j�_�g�p�b�b�����N�j�y�a�b�g�h�����������g�h�y�[�j�y���± �����^�_�d�Z�[�j�y���������������� �± �F������
�D�h�g�p�_�j�g���©�G�Z�g�h�b�g�^�m�k�l�j�b�y�ª�����©�Y�g�m�k-�D�ª�����������������± �K��������-188. 
4. �I�Z�l���� ���������������� �J�h�k�k�b�c�k�d�Z�y�� �N�_�^�_�j�Z�p�b�y���� �F�I�D7 C01B31/02. �M�k�l�Z�g�h�\�d�Z�� �^�e�y��
�i�h�e�m�q�_�g�b�y�� �n�m�e�e�_�j�_�g�h�k�h�^�_�j�`�Z�s�_�c�� �k�Z�`�b / �<�e�Z�k�h�\�� �<���B������ �>�_�^�x�d�h�\�� �E���:������ �A�Z�e�h�]�b�g�� �=���G���� �b��
�^�j������ �a�Z�y�\�b�l�_�e�v�� �b�� �i�Z�l�_�g�l�h�h�[�e�Z�^�Z�l�_�e�v�� �N�=�M�I�� �©�P�G�B�B�f�Z�r�ª. �± �‹�� 2004101947/15���� �a�Z�y�\�e����
27.01.04�����h�i�m�[�e�����������������������������;�x�e�����‹������. �± 2 �k�� 
5. �A�Z�e�h�]�b�g���� �=���G�� �I�h�e�m�q�_�g�b�_�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �b�� �i�h�d�j�u�l�b�c�� �g�Z��
�\�u�k�h�d�h�q�Z�k�l�h�l�g�h�f�� �b�g�^�m�d�p�b�h�g�g�h�f�� �i�e�Z�a�f�h�l�j�h�g�_�� ���� �=���G���� �A�Z�e�h�]�b�g���� �F���B���� �A�b�f�b�g�Z����
�:���<�� �D�j�Z�k�b�e�v�g�b�d�h�\���b���^�j�����������I�_�j�k�i�_�d�l�b�\�g�u�_���f�Z�l�_�j�b�Z�e�u�����± 2011. �± �‹�����������± �K��������-24. 
6. �:�g�q�m�d�h�\, �D.�?. �G�Z�g�_�k�_�g�b�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�h�d�j�u�l�b�c�� �j�Z�a�e�b�q�g�h�]�h�� �g�Z�a�g�Z�q�_�g�b�y��
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �g�Z�� �b�g�^�m�d�p�b�h�g�g�h�f�� �i�e�Z�a�f�h�l�j�h�g�_ / �D.�?. �:�g�q�m�d�h�\ // 
�D�h�k�f�h�g�Z�\�l�b�d�Z���b���j�Z�d�_�l�h�k�l�j�h�_�g�b�_�����± 2014. �± �‹���������������± C. 150-155. 
7. �<�e�Z�k�h�\�� �<���B�����K�m�[�e�b�f�Z�p�b�y�� �q�Z�k�l�b�p�� �m�]�e�_�j�h�^�Z�� �\�� �i�e�Z�a�f�_�g�g�h�f�� �i�h�l�h�d�_���� �]�_�g�_�j�b�j�m�_�f�h�f�� �\��
�\�u�k�h�d�h�q�Z�k�l�h�l�g�h�f���b�g�^�m�d�p�b�h�g�g�h�f���i�e�Z�a�f�h�l�j�h�g�_�������<���B�����<�e�Z�k�h�\�����=���G�����A�Z�e�h�]�b�g�����:���E�����D�m�k�h�\��������
�@�m�j�g�Z�e���l�_�o�g�b�q�_�k�d�h�c���n�b�a�b�d�b�����± 2007. �± �L�������������± �‹���������± �K����30-37. 
8. �<�e�Z�k�h�\�� �<���B�����B�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o�� �b�g�^�m�d�p�b�h�g�g�u�o�� �i�e�Z�a�f�h�l�j�h�g�h�f�� �^�e�y��
�i�j�h�f�u�r�e�_�g�g�h�]�h���i�h�e�m�q�_�g�b�y���g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\���b���g�Z�g�_�k�_�g�b�y���i�h�d�j�u�l�b�c��
���� �<���B���� �<�e�Z�k�h�\���� �=���G���� �A�Z�e�h�]�b�g���� �:���<���� �D�j�Z�k�b�e�v�g�b�d�h�\���� �:���E���� �D�m�k�h�\���� �L���F���� �I�h�]�h�j�g�_�\�Z�� ������
�B�g�l�_�]�j�Z�e�����± 2009. �± �‹  1. �± �K��������-18. 
9. �:�g�q�m�d�h�\���� �D���?�� �K�b�g�l�_�a�� �m�]�e�_�j�h�^�g�u�o�� �e�m�d�h�\�b�q�g�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j�� �b�a�� �f�_�l�Z�g�Z�� �\��
�i�e�Z�a�f�_�g�g�h�f�� �i�h�l�h�d�_�� �b�g�^�m�d�p�b�h�g�g�h�]�h�� �i�e�Z�a�f�h�l�j�h�g�Z�� ���� �D���?���� �:�g�q�m�d�h�\���� �=���G���� �A�Z�e�h�]�b�g���� �:���<����
�D�j�Z�k�b�e�v�g�b�d�h�\�����F���X�����I�h�i�h�\�����;���:�����D�m�e�v�g�b�p�d�b�c���������I�b�k�v�f�Z���\���@�m�j�g�Z�e���l�_�o�g�b�q�_�k�d�h�c���n�b�a�b�d�b����
�± 2015. �± �L�� 41. �± �<�u�i�������������± �K��������-37. 



 
 

 

�M�>�D����������236.2 
�B�A�M�Q�?�G�B�?���N�:�A�H�H�;�J�:�A�H�<�:�G�B�Y 

�<���K�B�K�L�?�F�?��  
�:���<�����<�Z�k�b�e�v�_�\�� �:���=�� �N�_�^�h�j�h�\�k�d�b�c�����:���:�� �K�u�q�_�\�Z�� �E���:�����L�j�m�k�h�\�����?���H�����:�g�h�o�b�g�����I���?�����D�Z�a�b�g 

�N�=�;�H�M���<�H���©�F�h�k�d�h�\�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���b�f�����F���<�����E�h�f�h�g�h�k�h�\�Z�ª 
�����������������F�h�k�d�\�Z�����E�_�g�b�g�k�d�b�_���]�h�j�u�����^������ 

a.vasiliev@inorg.chem.msu.ru 
 
�:�g�g�h�l�Z�p�b�y�� �<���^�Z�g�g�h�c���j�Z�[�h�l�_���f�_�l�h�^�h�f���k�d�h�j�h�k�l�g�h�c���a�Z�d�Z�e�d�b���j�Z�k�i�e�Z�\�Z���i�h�e�m�q�_�g�u���h�d�k�b�^�u�_��
�k�l�_�d�e�Z���� �F�_�l�h�^�h�f�� �l�_�j�f�h�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �k�l�_�d�h�e�� �\�� �\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�h�c�� �Z�l�f�h�k�n�_�j�_�� �[�u�e�b��
�i�h�e�m�q�_�g�u�� �h�[�j�Z�a�p�u�� �k�l�_�d�e�h�d�_�j�Z�f�b�d�b���� �B�k�k�e�_�^�h�\�Z�g�� �n�Z�a�h�\�u�c�� �k�h�k�l�Z�\�� �b�� �f�Z�]�g�b�l�g�u�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�l�_�d�e�h�d�_�j�Z�f�b�d�b���k�h�^�_�j�`�Z�s�_�c��. 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �^�\�h�c�g�u�_�� �i�_�j�h�\�k�d�b�l�u���� �k�l�_�d�e�h�d�_�j�Z�f�b�d�Z���� �g�Z�g�h�d�h�f�i�h�a�b�l�u���� �f�Z�]�g�b�l�g�u�_��
�h�d�k�b�^�u�����f�Z�]�g�b�l�h�j�_�a�b�k�l�b�\�g�u�_���k�\�h�c�k�l�\�Z. 
 
�<�\�_�^�_�g�b�_ 
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�f�Z�]�g�b�l�g�h�]�h�� �i�h�e�y�� �b�� �h�`�b�^�Z�_�f�h�� �i�Z�j�Z�f�Z�]�g�b�l�g�u ���k�f���� �j�b�k���� �������� �F�Z�]�g�b�l�g�Z�y��
�\�h�k�i�j�b�b�f�q�b�\�h�k�l�v���k�h�k�l�Z�\�e�y�_�l  �^�e�y���h�[�j�Z�a�p�Z����-�����b��  �^�e�y���h�[�j�Z�a�p�Z��
1-2, �q�l�h���^�Z�z�l���a�g�Z�q�_�g�b�_���w�n�n�_�d�l�b�\�g�h�]�h���f�Z�]�g�b�l�g�h�]�h���f�h�f�_�g�l�Z���h�d�h�e�h�� ���;���g�Z��
�h�^�b�g�� �Z�l�h�f�� �f�Z�j�]�Z�g�p�Z�� ���k�� �m�q�_�l�h�f�� �^�b�Z�f�Z�]�g�b�l�g�u�o�� �\�d�e�Z�^�h�\�� �b�h�g�h�\������ �W�l�h 
�g�_�k�d�h�e�v�d�h���g�b�`�_���q�_�f���m��  (~  ���;�����b�e�b��  (~  ���;�������q�l�h���f�h�`�_�l���]�h�\�h�j�b�l�v��
�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�b�� �Z�g�l�b�n�_�j�j�h�f�Z�]�g�b�l�g�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �b�e�b���� �\��
�f�_�g�v�r�_�c���k�l�_�i�_�g�b����  �\���k�l�_�d�e�_�� 

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

���� �I�h�� �^�Z�g�g�u�f�� �J�N�:�� �\�� �h�[�j�Z�a�p�Z�o�� ��-1-�������� �b�� ��-1-�������� �i�j�b�k�m�l�k�l�\�m�x�l 
�n�Z�a�u�� , , ,  ���k�f���� �j�b�k���� �������� �D�j�h�f�_�� �l�h�]�h�� �g�Z��
�j�_�g�l�]�_�g�h�]�j�Z�f�f�Z�o�� �i�j�b�k�m�l�k�l�\�m�_�l�� �g�_�� �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�Z�y�� �n�Z�a�Z�� �b�� �\�b�^�g�h��
�Z�f�h�j�n�g�h�_���]�Z�e�h�����q�l�h���k�\�y�a�Z�g�h���k���g�Z�e�b�q�b�_�f���Z�f�h�j�n�g�h�c���n�Z�a�u���\���k�l�_�d�e�h�d�_�j�Z�f�b�d�_����
�K�� �m�\�_�e�b�q�_�g�b�_�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�l�`�b�]�Z�� �b�g�l�_�g�k�b�\�g�h�k�l�v���� �Z�� �\�f�_�k�l�b�� �k�� �g�b�f�b�� �b��
�k�h�^�_�j�`�Z�g�b�_�� �n�Z�a�u  �m�\�_�e�b�q�b�\�Z�_�l�k�y���� �Z�� �\�u�k�h�l�Z�� �Z�f�h�j�n�g�h�]�h�� �]�Z�e�h�� �b��



 
 

 

�k�h�^�_�j�`�Z�g�b�_��  �m�f�_�g�v�r�Z�_�l�k�y���� �H�^�g�Z�d�h�� �^�Z�`�_�� �^�e�y�� �h�[�j�Z�a�p�Z�� �i�h�e�m�q�_�g�g�h�]�h��
�h�l�`�b�]�h�f�� �i�j�b��  �o�Z�j�Z�d�l�_�j�g�h�� �g�Z�e�b�q�b�_�� �Z�f�h�j�n�g�h�c�� �n�Z�a�u���� �>�Z�e�v�g�_�c�r�_�_��
�m�\�_�e�b�q�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�l�`�b�]�Z�� �f�h�]�e�h�� �[�u�� �i�h�\�u�k�b�l�v�� �k�l�_�i�_�g�v��
�d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b�� �h�[�j�Z�a�p�h�\���� �g�h�� �i�j�b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�b�e�v�g�h�_��
�j�Z�a�f�y�]�q�_�g�b�_�� �h�[�j�Z�a�p�h�\�� �<�� �h�[�j�Z�a�p�Z�o�� ��-2-�������� �b�� 
1-2-�������� �g�Z�[�e�x�^�Z�_�l�k�y�� �Z�g�Z�e�h�]�b�q�g�Z�y�� �k�b�k�l�_�f�_�� ��-���� �l�_�g�^�_�g�p�b�y�� �m�\�_�e�b�q�_�g�b�y��
�k�h�^�_�j�`�Z�g�b�y��  �k���j�h�k�l�h�f���l�_�f�i�_�j�Z�l�m�j�u���h�l�`�b�]�Z���� 

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

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

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

���� �]�^�_��  �f�Z�k�k�h�\�Z�y�� �^�h�e�y�� �^�\�h�c�g�h�]�h��

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

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

�H�[�f�_�g�g�h-�k�\�y�a�Z�g�g�u�_�� �f�Z�]�g�b�l�u�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �g�Z�g�h�d�h�f�i�h�a�b�l�g�u�_��
�f�Z�l�_�j�b�Z�e�u���� �k�h�k�l�h�y�s�b�_�� �b�a�� �f�Z�]�g�b�l�h�f�y�]�d�h�c�� �b�� �f�Z�]�g�b�l�h�l�\�_�j�^�h�c�� �n�Z�a���� �d�h�l�h�j�u�_��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �f�_�`�^�m�� �k�h�[�h�c�� �i�h�k�j�_�^�k�l�\�h�f�� �f�Z�]�g�b�l�g�h�]�h�� �h�[�f�_�g�g�h�]�h��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y. �K�h�q�_�l�Z�g�b�_�� �\�u�k�h�d�h�c�� �d�h�w�j�p�b�l�b�\�g�h�c�� �k�b�e�u �f�Z�]�g�b�l�h�l�\�_�j�^�h�c��
�n�Z�a�u�� �b�� �[�h�e�v�r�h�]�h�� �f�Z�]�g�b�l�g�h�]�h�� �f�h�f�_�g�l�Z�� �f�Z�]�g�b�l�h�f�y�]�d�h�]�h�� �d�h�f�i�h�g�_�g�l�Z 
�i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x �f�Z�]�g�b�l�g�h�c�� �w�g�_�j�]�b�b �f�Z�l�_�j�b�Z�e�Z, �[�e�Z�]�h�^�Z�j�y�� �q�_�f�m 
�^�Z�g�g�u�_ �k�b�k�l�_�f�u�� �y�\�e�y�x�l�k�y�� �i�_�j�k�i�_�d�l�b�\�g�u�f�b�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �i�h�k�l�h�y�g�g�u�o��
�f�Z�]�g�b�l�h�\ [1-3]. �K�_�]�h�^�g�y���[�h�e�v�r�b�g�k�l�\�h���i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\���i�j�_�^�k�l�Z�\�e�y�x�l��
�k�h�[�h�c���b�g�l�_�j�f�_�l�Z�e�e�b�^�g�u�_���d�h�f�i�h�a�b�l�u �g�Z���h�k�g�h�\�_ �j�_�^�d�h�a�_�f�_�e�v�g�u�o���w�e�_�f�_�g�l�h�\. 
�W�l�h�� �^�_�e�Z�_�l�� �b�o�� �^�h�j�h�]�b�f�b�� �i�h�� �k�_�[�_�k�l�h�b�f�h�k�l�b�� �b�� �h�]�j�Z�g�b�q�b�\�Z�_�l �k�n�_�j�m�� �b�o��
�b�k�i�h�e�v�a�h�\�Z�g�b�y. �<�� �k�\�y�a�b �k �w�l�b�f �h�k�h�[�u�c�� �b�g�l�_�j�_�k�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �j�Z�a�j�Z�[�h�l�d�Z��
�f�_�l�h�^�b�d�� �k�b�g�l�_�a�Z�� �f�Z�]�g�b�l�g�u�o�� �d�h�f�i�h�a�b�l�h�\ �g�Z�� �h�k�g�h�\�_�� �r�b�j�h�d�h�^�h�k�l�m�i�g�u�o��
�o�b�f�b�q�_�k�d�b�� �b�� �l�_�j�f�b�q�_�k�d�b�� �[�h�e�_�_�� �m�k�l�h�c�q�b�\�u�o�� �k�h�_�^�b�g�_�g�b�c���� �d�� �d�h�l�h�j�u�f��
�h�l�g�h�k�y�l�k�y���h�d�k�b�^�g�u�_ �b�e�b���k�f�_�r�Z�g�g�u�_ �f�Z�l�_�j�b�Z�e�u [4]. 

�H�^�g�b�f�� �b�a�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �i�h�^�o�h�^�h�\�� �d�� �k�b�g�l�_�a�m �h�[�f�_�g�g�h-�k�\�y�a�Z�g�g�u�o��
�d�h�f�i�h�a�b�l�h�\ �g�Z���h�k�g�h�\�_ �h�d�k�b�^�g�h�]�h �k�h�_�^�b�g�_�g�b�y �y�\�e�y�_�l�k�y���k�h�a�^�Z�g�b�_ �Z�g�k�Z�f�[�e�_�c��
�q�Z�k�l�b�p�����k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o���i�h���l�b�i�m���y�^�j�h-�h�[�h�e�h�q�d�Z [4-6]�����<���l�Z�d�b�o���h�[�t�_�d�l�Z�o��
�\ �d�Z�q�_�k�l�\�_�� �f�Z�]�g�b�l�h�l�\�_�j�^�h�c�� �n�Z�a�u���� �d�Z�d�� �i�j�Z�\�b�e�h���� �\�u�k�l�m�i�Z�_�l�� �k�_�j�^�p�_�\�b�g�Z���� �Z��
�f�Z�]�g�b�l�h�f�y�]�d�h�c�� �± �i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�c �k�e�h�c �q�Z�k�l�b�p�u���� �G�_�^�Z�\�g�h�� �Z�\�l�h�j�Z�f�b��
�j�Z�[�h�l�u [7] �[�u�e�Z�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �k�b�g�l�_�a�Z�� �l�Z�d�b�o��
�f�Z�l�_�j�b�Z�e�h�\�� �i�m�l�_�f�� �f�Z�]�g�b�l�g�h�c�� �k�Z�f�h�k�[�h�j�d�b�� �g�Z�g�h�q�Z�k�l�b�p�� �b��
�k�m�[�f�b�d�j�h�g�g�u�o�� �q�Z�k�l�b�p�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �\�� �j�Z�k�l�\�h�j�_�� �w�l�b�e�_�g�]�e�b�d�h�e�y�� 
�;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �i�h�e�m�q�_�g�g�u�c�� �f�Z�l�_�j�b�Z�e�� �h�[�e�Z�^�Z�_�l�� �[�h�e�_�_�� �\�u�k�h�d�b�f�b��



 
 

 

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

 �f�Z�]�g�b�l�Z�o [8, 9]���� �H�^�g�b�f�� �b�a�� �\�h�a�f�h�`�g�u�o�� �m�e�m�q�r�_�g�b�c�� �k�\�h�c�k�l�\�� �^�Z�g�g�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�� �f�h�`�_�l�� �k�l�Z�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �f�Z�]�g�b�l�h�l�\�_�j�^�h�c�� �n�Z�a�u��
�]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�� �[�h�e�_�_�� �\�u�k�h�d�b�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �d�h�w�j�p�b�l�b�\�g�h�c �k�b�e�u �b��
�f�_�g�v�r�b�f���j�Z�a�f�_�j�h�f���d�j�b�k�l�Z�e�e�b�l�h�\.  

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �f�u�� �i�j�_�^�k�l�Z�\�e�y�_�f�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�c �h�i�b�k�Z�g�g�h�f�m�� �\��
�j�Z�[�h�l�_ [7] �f�_�l�h�^���i�h�e�m�q�_�g�b�y���d�h�f�i�h�a�b�l�h�\�����k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o���i�h���l�b�i�m���y�^�j�h-
�h�[�h�e�h�q�d�Z�� �<�� �d�Z�q�_�k�l�\�_�� �f�Z�]�g�b�l�h�l�\�_�j�^�h�c�� �n�Z�a�u �f�u�� �b�k�i�h�e�v�a�h�\�Z�e�b �]�_�d�k�Z�n�_�j�j�b�l 
�k�l�j�h�g�p�b�y �k�� �i�h�\�u�r�_�g�g�h�c�� �d�h�w�j�p�b�l�b�\�g�h�c�� �k�b�e�h�c�� �k�h�k�l�Z�\�Z������ �\�� �j�h�e�b��
�f�Z�]�g�b�l�h�f�y�]�d�h�c�� �n�Z�a�u �\�u�k�l�m�i�Z�e�b �g�Z�g�h�q�Z�k�l�b�p�u �d�h�[�Z�e�v�l�Z���� �i�h�k�d�h�e�v�d�m��
�f�_�l�Z�e�e�b�q�_�k�d�b�c�� �d�h�[�Z�e�v�l�� �h�[�e�Z�^�Z�_�l�� �\�u�k�h�d�b�f�� �f�Z�]�g�b�l�g�u�f�� �f�h�f�_�g�l�h�f�� �b�� �f�_�g�_�_��
�i�h�^�\�_�j�`�_�g���h�d�b�k�e�_�g�b�x���i�h���k�j�Z�\�g�_�g�b�x���k�� �k�i�e�Z�\�Z�f�b [11, 12]. 
 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�K�m�[�f�b�d�j�h�g�g�u�_���q�Z�k�l�b�p�u���]�_�d�k�Z�n�_�j�j�b�l�Z���k�l�j�h�g�p�b�y���k�h�k�l�Z�\�Z�� 
�i�h�e�m�q�Z�e�b �k�l�_�d�e�h�d�_�j�Z�f�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �i�h�� �f�_�l�h�^�b�d�_���� �h�i�b�k�Z�g�g�h�c�� �\�� �j�Z�[�h�l�_ 
[10]. �O�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\ �h�[�j�Z�a�p�Z�� �i�h�^�l�\�_�j�`�^�Z�e�b�� �f�_�l�h�^�h�f�� 
�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b�� �b�g�^�m�d�l�b�\�g�h-�k�\�y�a�Z�g�g�h�c�� �i�e�Z�a�f�u (�F�K-�B�K�I). �Q�Z�k�l�b�p�u��

 �] �^�b�k�i�_�j�]�b�j�h�\�Z�e�b �\��  �f�e�� �w�l�b�e�_�g�]�e�b�d�h�e�y�� �i�m�l�_�f��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �\�� �l�_�q�_�g�b�_�� �f�b�g�m�l�� �:�p�_�l�Z�l�� �g�Z�l�j�b�y  �]�� 
�]�b�^�j�h�d�k�b�^�� �g�Z�l�j�b�y  �] �b�� �]�_�d�k�Z�]�b�^�j�Z�l�Z�� �o�e�h�j�b�^�Z�� �d�h�[�Z�e�v�l�Z�� ��II)  �] 
�^�h�[�Z�\�e�y�e�b �\���i�h�e�m�q�_�g�g�m�x�� �^�b�k�i�_�j�k�b�x. �J�_�Z�d�p�b�h�g�g�m�x�� �k�f�_�k�v �g�Z�]�j�_�\�Z�e�b �^�h��

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

�I�h�e�m�q�_�g�g�u�c�� �i�h�j�h�r�h�d�� �b�k�k�e�_�^�h�\�Z�e�b�� �f�_�l�h�^�Z�f�b�� �j�_�g�l�]�_�g�h�n�Z�a�h�\�h�]�h��
�Z�g�Z�e�b�a�Z�� ���^�b�n�j�Z�d�l�h�f�_�l�j��Rigaku D-max 2500) �b �i�j�h�k�\�_�q�b�\�Z�x�s�_�c��
�w�e�_�d�l�j�h�g�g�h�c���f�b�d�j�h�k�d�h�i�b�b����Carl Zeiss Libra 200MC�������F�Z�]�g�b�l�g�u�_���b�a�f�_�j�_�g�b�y��
�q�Z�k�l�b�p�� �i�h�j�h�r�d�Z���� �a�Z�d�j�_�i�e�_�g�g�u�o�� �\�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�_�����i�j�h�\�h�^�b�e�b�� �g�Z��
�f�Z�]�g�b�l�h�f�_�l�j�_�� �l�b�i�Z�� �\�_�k�u�� �N�Z�j�Z�^�_�y�� �\�� �i�h�k�l�h�y�g�g�h�f�� �f�Z�]�g�b�l�g�h�f�� �i�h�e�_�� �k��
�g�Z�i�j�y�`�_�g�g�h�k�l�v�x���^�h�� �d�W��  



 
 

 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 
�G�Z�� �j�b�k. ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �j�_�g�l�]�_�g�h�]�j�Z�f�f�Z�� �i�h�j�h�r�d�h�\ �a�Z�f�_�s�_�g�g�h�]�h��

�]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �b�� �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h�� �d�h�f�i�h�a�b�l�Z���� �G�Z�� �h�[�h�b�o��
�^�b�n�j�Z�d�l�h�]�j�Z�f�f�Z�o �i�j�b�k�m�l�k�l�\�m�x�l�� �j�_�n�e�_�d�k�u�� �l�h�e�v�d�h�� �n�Z�a�u �k�h�� �k�l�j�m�d�l�m�j�h�c��
�]�_�d�k�Z�n�_�j�j�b�l�Z �F-�l�b�i�Z (COD 1008364). �I �b�d�b�� �k�f�_�s�_�g�u�� �\�� �k�l�h�j�h�g�m�� �[�h�e�v�r�b�o��
�m�]�e�h�\ �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�h�� �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�f�� �]�_�d�k�Z�n�_�j�j�b�l�h�f�� �k�l�j�h�g�p�b�y���� �W�l�h��
�k�\�y�a�Z�g�g�h�� �k���m�f�_�g�v�r�_�g�b�_�f�� �i�Z�j�Z�f�_�l�j�h�\�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �j�_�r�_�l�d�b�� �\��
�j�_�a�m�e�v�l�Z�l�_�� �q�Z�k�l�b�q�g�h�]�h�� �a�Z�f�_�s�_�g�b�y �`�_�e�_�a�Z�� �\�� �k�l�j�m�d�l�m�j�_�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �g�Z��
�Z�e�x�f�b�g�b�c�����G�Z���j�_�g�l�]�_�g�h�]�j�Z�f�f�_ �d�h�f�i�h�a�b�l�Z �i�h�f�b�f�h���i�b�d�h�\���n�Z�a�u��
�]�_�d�k�Z�n�_�j�j�b�l�Z���i�j�b�k�m�l�k�l�\�m�_�l �j�_�n�e�_�d�k���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���]�_�d�k�Z�]�h�g�Z�e�v�g�h�c 
�f�h�^�b�n�b�d�Z�p�b�b�� �d�h�[�Z�e�v�l�Z [11]���� �;�h�e�v�r�Z�y �r�b�j�b�g�Z�� �^�Z�g�g�h�]�h���i�b�d�Z�� �f�h�`�_�l��
�k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v���� �q�l�h �d�h�[�Z�e�v�l���g�Z�o�h�^�b�l�k�y �\�� �d�h�f�i�h�a�b�l�_�� �\�� �\�b�^�_���q�Z�k�l�b�p��
�g�Z�g�h�f�_�l�j�h�\�h�]�h �j�Z�a�f�_�j�Z [7]. 
 

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

�G�Z�� �j�b�k. 2 �Z�� �b�� �� �[�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �I�W�F�� �n�h�l�h�]�j�Z�n�b�b�� �q�Z�k�l�b�p�� �d�h�f�i�h�a�b�l�Z 
 �g�Z�� �j�b�k���� �� �\�� �± �d�Z�j�l�b�g�Z�� �w�e�_�d�l�j�h�g�g�h�c�� �^�b�n�j�Z�d�p�b�b�� �h�l��

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



 
 

 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �q�Z�k�l�b�p�_ �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y 
[13]. �I�h�f�b�f�h�� �w�l�h�]�h, �g�Z�� �b�a�h�[�j�Z�`�_�g�b�b, �a�Z�f�_�l�g�u �j�Z�a�f�u�l�u�_�� �d�h�e�v�p�Z����
�i�j�b�g�Z�^�e�_�`�Z�s�b�_ �q�Z�k�l�b�p�Z�f�� �d�h�[�Z�e�v�l�Z���� �i�h�d�j�u�\�Z�x�s�b�f�� �f�Z�]�g�b�l�h�l�\�_�j�^�m�x�� �n�Z�a�m. 
�I�h�k�e�_�^�g�b�c�� �\�u�\�h�^ �k�^�_�e�Z�g���b�a �Z�g�Z�e�b�a�Z�� �k�_�d�l�h�j�Z�� �j�Z�a�\�_�j�l�d�b�� �w�e�_�d�l�j�h�g�g�h�c��
�^�b�n�j�Z�d�p�b�b. �<�� �h�[�s�_�c�� �^�b�n�j�Z�d�p�b�h�g�g�h�c�� �d�Z�j�l�b�g�_�� �[�u�e�� �i�j�h�b�g�l�_�]�j�b�j�h�\�Z�g��
�k�_�d�l�h�j���� �g�_ �k�h�^�_�j�`�Z�s�b�c�� �j�_�n�e�_�d�k�h�\, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �n�Z�a�_�� �]�_�d�k�Z�n�_�j�j�b�l�Z����
�>�Z�e�_�_���g�Z���h�k�g�h�\�Z�g�b�b���q�b�k�e�_�g�g�h�c���i�j�h�b�a�\�h�^�g�h�c���k �a�Z�\�b�k�b�f�h�k�l�b���b�g�l�_�g�k�b�\�g�h�k�l�b��
�h�l�� �f�h�^�m�e�y�� �\�_�d�l�h�j�Z�� �h�[�j�Z�l�g�h�c�� �j�_�r�_�l�d�b�� �b�a�� �i�h�k�e�_�^�g�_�c�� �[�u�e�b�� �m�^�Z�e�_�g�u��
�m�q�Z�k�l�d�b, �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �i�j�b�g�Z�^�e�_�`�Z�s�b�_�� �j�_�n�e�_�d�k�Z�f���� �I�h�e�m�q�_�g�g�Z�y��
�a�Z�\�b�k�b�f�h�k�l�v�� �[�u�e�Z�� �Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�g�Z �k�l�_�i�_�g�g�h�c�� �n�m�g�d�p�b�_�c���� �I�h�e�m�q�_�g�g�Z�y��
�n�m�g�d�p�b�y �[�u�e�Z �i�j�b�g�y�l�Z�� �d�Z�d�� �h�i�b�k�u�\�Z�x�s�Z�y�� �n�h�g�h�\�m�x�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �g�Z��
�^�b�n�j�Z�d�p�b�h�g�g�h�c�� �d�Z�j�l�b�g�_�� �B�a�� �i�_�j�\�h�g�Z�q�Z�e�v�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�y��
�[�u�e�Z�� �\�u�q�l�_�g�Z�� �n�h�g�h�\�Z�y�� �b�g�l�_�g�k�b�\�g�h�k�l�v, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �a�g�Z�q�_�g�b�y�f��
�h�i�b�k�Z�g�g�h�c�� �\�u�r�_�� �n�m�g�d�p�b�b���� �J�_�a�m�e�v�l�b�j�m�x�s�Z�y �d�j�b�\�Z�y�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �g�Z��
�j�b�k�� 2 �\. �G�Z���b�a�h�[�j�Z�`�_�g�b�b �\�b�^�g�h�� �g�Z�e�b�q�b�_�� �^�\�m�o���j�Z�a�f�u�l�u�o���f�Z�d�k�b�f�m�f�h�\����
�d�Z�`�^�u�c�� �b�a�� �d�h�l�h�j�u�o �k�h�h�l�\�_�l�k�l�\�m�x�l���g�_�k�d�h�e�v�d�b�f���h�k�g�h�\�g�u�f��
�f�_�`�i�e�h�k�d�h�k�l�g�u�f���j�Z�k�k�l�h�y�g�b�y�f���]�_�d�k�Z�]�h�g�Z�e�v�g�h�c���f�h�^�b�n�b�d�Z�p�b�b���d�h�[�Z�e�v�l�Z [11]. 
�L�Z�d�� �`�_���i�j�b�k�m�l�k�l�\�b�_ �d�h�[�Z�e�v�l�Z�� �g�Z�� �q�Z�k�l�b�p�Z�o�� �[�u�e�h�� �i�h�^�l�\�_�j�`�^�_�g�h��
�k�i�_�d�l�j�h�k�d�h�i�b�_�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�o�� �i�h�l�_�j�v�� �w�g�_�j�]�b�b�� �w�e�_�d�l�j�h�g�Z�f�b��
���K�O�I�W�W). 

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

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

 

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

  
�Z �[ 

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

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

�G�Z�� �j�b�k. 3 �Z�� �i�j�_�^�k�l�Z�\�e�_�g�u�� -�d�j�b�\�u�_�� �g�Z�g�h�q�Z�k�l�b�p�� �d�h�[�Z�e�v�l�Z, 
�a�Z�f�_�s�_�g�g�h�]�h�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �b�� �i�h�e�m�q�_�g�g�h�]�h�� �g�Z�� �b�o�� �h�k�g�h�\�_��



 
 

 

�d�h�f�i�h�a�b�l�Z���� �Q�_�j�g�h�c�� �e�b�g�b�_�c�� �i�j�b�\�_�^�_�g�Z�� �f�Z�]�g�b�l�g�Z�y�� �d�j�b�\�Z�y�� �g�Z�g�h�q�Z�k�l�b�p��
�d�h�[�Z�e�v�l�Z�����i�h�e�m�q�_�g�g�u�o���i�h���\�u�r�_�h�i�b�k�Z�g�g�h�c���f�_�l�h�^�b�d�_���l�h�e�v�d�h���[�_�a���^�h�[�Z�\�e�_�g�b�y��
�q�Z�k�l�b�p�� ���� �G�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v�� �g�Z�k�u�s�_�g�b�y�� �k�h�k�l�Z�\�e�y�_�l�� �w���f���_�����]����
�d�h�w�j�p�b�l�b�\�g�Z�y�� �k�b�e�Z�� �[�e�b�a�d�Z�� �d�� �g�m�e�x���� �q�l�h�� �o�h�j�h�r�h�� �k�h�h�l�g�h�k�b�l�k�y�� �k��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �g�Z�g�h�q�Z�k�l�b�p�� �d�h�[�Z�e�v�l�Z�� �b�a�\�_�k�l�g�u�f�b�� �\�� �e�b�l�_�j�Z�l�m�j�_ [11]. 
�D�j�Z�k�g�h�c�� �e�b�g�b�_�c�� �h�[�h�a�g�Z�q�_�g�Z�� �i�_�l�e�y�� �]�b�k�l�_�j�_�a�b�k�Z�� �^�e�y�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h��
�i�h�e�m�q�_�g�g�h�]�h�� �i�h�j�h�r�d�Z�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�h�k�l�Z�\�Z�� �I�_�l�e�y��
�]�b�k�l�_�j�_�a�b�k�Z�� �b�f�_�_�l�� �n�h�j�f�m�� �o�Z�j�Z�d�l�_�j�g�m�x�� �^�e�y�� �f�Z�]�g�b�l�h�l�\�_�j�^�h�]�h�� �f�Z�l�_�j�b�Z�e�Z����
�D�h�w�j�p�b�l�b�\�g�Z�y�� �k�b�e�Z�� �k�h�k�l�Z�\�e�y�_�l�� �d�W���� �q�l�h�� �g�Z�� ���� �\�u�r�_���� �q�_�f�� �m�� �e�m�q�r�b�o��
�h�[�j�Z�a�p�h�\���g�_�a�Z�f�_�s�_�g�g�u�o���]�_�d�k�Z�n�_�j�j�b�l�h�\ [14]�����G�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v���g�Z�k�u�s�_�g�b�y��
�\�� �^�\�Z�� �j�Z�a�Z�� �[�h�e�v�r�_�� �h�k�l�Z�l�h�q�g�h�c�� �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b�� �b�� �k�h�k�l�Z�\�e�y�_�l�� �w���f���_���]����
�<�k�_���w�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[���h�^�g�h�^�h�f�_�g�g�h�k�l�b���q�Z�k�l�b�p��  [15]. 

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

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

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

-�d�j�b�\�u�_��  �b�� �d�h�f�i�h�a�b�l�Z �[�u�e�b�� �i�_�j�_�k�l�j�h�_�g�u�� �\�� �d�h�h�j�^�b�g�Z�l�u��
�f�Z�]�g�b�l�g�h�c�� �b�g�^�m�d�p�b�b�� �b�� �f�Z�]�g�b�l�g�h�]�h�� �i�h�e�y. �J�Z�k�k�f�h�l�j�_�g�b�_�� �\�l�h�j�h�]�h�� �d�\�Z�^�j�Z�g�l�Z 
�^�Z�g�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b (�k�f�� �j�b�k�� 3 �[�� �i�h�d�Z�a�Z�e�h���� �q�l�h �f �Z�d�k�b�f�Z�e�v�g�h�_�� �f�Z�]�g�b�l�g�h�_��
�i�j�h�b�a�\�_�^�_�g�b�_���d�h�f�i�h�a�b�l�Z���i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�Z�g�g�h�c�� �\�_�e�b�q�b�g�h�c�� �^�e�y��

 (  �F�=�k�W�����[�h�e�v�r�_���g�Z�� �����b���k�h�k�l�Z�\�e�y�_�l�� �F�=�k�W. 
 
�<�u�\�h�^�u 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_�� �[�u�e�Z�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v�� �k�b�g�l�_�a�Z 
�h�[�f�_�g�g�h-�k�\�y�a�Z�g�g�u�o�� �f�Z�]�g�b�l�g�u�o�� �d�h�f�i�h�a�b�l�h�\, �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �i�h�� �l�b�i�m��
�y�^�j�h-�h�[�h�e�h�q�d�Z���� �g�Z�� �h�k�g�h�\�_�� �]�_�d�k�Z�n�_�j�j�b�l�Z�� �k�l�j�h�g�p�b�y�� �k�h�k�l�Z�\�Z�� �b��
�g�Z�g�h�q�Z�k�l�b�p���d�h�[�Z�e�v�l�Z�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���i�h�e�m�q�_�g�g�u�c���d�h�f�i�h�a�b�l���k�h�k�l�h�b�l���b�a��
�q�Z�k�l�b�p�� �]�_�d�k�Z�n�_�j�j�b�l�Z���� �g�_�j�Z�\�g�h�f�_�j�g�h�� �i�h�d�j�u�l�u�o�� �g�Z�g�h�q�Z�k�l�b�p�Z�f�b�� �d�h�[�Z�e�v�l�Z�����b��
�b�f�_�_�l�� �[�h�e�_�_�� �\�u�k�h�d�m�x�� �h�k�l�Z�l�h�q�g�m�x�� �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v�� �b�� �[�h�e�_�_�� �\�u�k�h�d�h�_��
�a�g�Z�q�_�g�b�_��  �i�h���k�j�Z�\�g�_�g�b�x���k �b�k�o�h�^�g�h�c���f�Z�]�g�b�l�h�l�\�_�j�^�h�c���n�Z�a�h�c�� 
 
�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���i�h�^�^�_�j�`�d�_���]�j�Z�g�l�Z���J�N�N�B���‹������-03-04277. 
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�:�g�g�h�l�Z�p�b�y�����<�� �k�l�Z�l�v�_�� �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �d�\�Z�g�l�h�\�h-�o�b�f�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��
�d�e�Z�k�l�_�j�h�\�� �\�b�k�f�m�l-�k�m�j�v�f�Z�� . �J�Z�k�k�q�b�l�Z�g�u�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

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

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

�;�h�e�v�r�b�_�� �g�Z�^�_�`�^�u�� �g�Z�� �i�h�\�u�r�_�g�b�_�� �l�_�j�f�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �^�h�[�j�h�l�g�h�k�l�b����
�k�\�y�a�u�\�Z�x�l�� �k�� �k�h�a�^�Z�g�b�_�f�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �>���� 2]. 
�G�Z�g�h�j�Z�a�f�_�j�g�u�_�� �k�l�j�m�d�l�m�j�u�� �\�b�k�f�m�l�Z�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �g�_�k�h�f�g�_�g�g�u�c��
�i�j�Z�d�l�b�q�_�k�d�b�c�� �b�g�l�_�j�_�k�� �b�a-�a�Z�� �b�o�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �l�_�j�f�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �b��
�h�i�l�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\���� �B�k�i�h�e�v�a�m�y�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_���� �f�h�`�g�h��
�d�h�g�k�l�j�m�b�j�h�\�Z�l�v�� �f�Z�l�_�j�b�Z�e�u�� �g�Z�� �h�k�g�h�\�_�� �\�b�k�f�m�l�Z�� �k�� �a�Z�^�Z�g�g�u�f�� �w�e�_�d�l�j�h�g�g�u�f��
�w�g�_�j�]�_�l�b�q�_�k�d�b�f�� �k�i�_�d�l�j�h�f�� �b�� �l�j�_�[�m�_�f�u�f�b�� �n�b�a�b�q�_�k�d�b�f�b�� �k�\�h�c�k�l�\�Z�f�b���� �H�^�g�b�f��
�b�a�� �i�j�_�i�y�l�k�l�\�b�c�� �r�b�j�h�d�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �i�h�e�m�f�_�l�Z�e�e�Z�� �\�b�k�f�m�l�Z�� �\��
�l�_�j�f�h�w�e�_�d�l�j�b�q�_�k�l�\�_�� �y�\�e�y�_�l�k�y�� �k�e�Z�[�h�_�� �i�_�j�_�d�j�u�l�b�_�� �a�h�g�� �\�Z�e�_�g�l�g�h�c�� �b��
�i�j�h�\�h�^�b�f�h�k�l�b���� �>�e�y�� �k�m�s�_�k�l�\�_�g�g�h�]�h�� �j�h�k�l�Z�� �l�_�j�f�h�w�e�_�d�l�j�b�q�_�k�d�h�c��
�w�n�n�_�d�l�b�\�g�h�k�l�b���g�_�h�[�o�h�^�b�f�h���m�f�_�g�v�r�b�l�v���i�_�j�_�d�j�u�l�b�_���a�h�g���b�e�b���e�m�q�r�_���k�h�a�^�Z�l�v��
�w�g�_�j�]�_�l�b�q�_�k�d�m�x�� �s�_�e�v���� �l���_���� �i�_�j�_�\�_�k�l�b�� �\�b�k�f�m�l�� �\�� �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�_��
�k�h�k�l�h�y�g�b�_���� �W�l�h�� �\�h�a�f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�� �g�b�a�d�h�j�Z�a�f�_�j�g�u�o�� �k�l�j�m�d�l�m�j�Z�o�� �a�Z�� �k�q�_�l��
�j�Z�a�f�_�j�g�h�]�h���d�\�Z�g�l�h�\�Z�g�b�y�� 



 
 

 

�B�k�k�e�_�^�h�\�Z�l�v�� �k�\�h�c�k�l�\�Z�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �g�m�`�g�h�� �k��
�b�a�m�q�_�g�b�y�� �k�\�h�c�k�l�\�� �d�e�Z�k�l�_�j�h�\���� �B�a�m�q�_�g�b�_�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�b�g�l�_�j�_�k���� �d�Z�d�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c�� �g�Z�m�d�b���� �l�Z�d�� �b�� �i�j�Z�d�l�b�q�_�k�d�b�o��
�i�j�b�e�h�`�_�g�b�c�����K�\�h�c�k�l�\�Z���d�e�Z�k�l�_�j�h�\���f�h�]�m�l���a�g�Z�q�b�l�_�e�v�g�h���h�l�e�b�q�Z�l�v�k�y���h�l���n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�o���k�\�h�c�k�l�\���l�\�_�j�^�u�o���l�_�e�����`�b�^�d�h�k�l�_�c���b�e�b���]�Z�a�h�\�����i�h�k�l�j�h�_�g�g�u�o���b�a���l�_�o��
�`�_���b�k�o�h�^�g�u�o���Z�l�h�f�h�\���b���f�h�e�_�d�m�e�����q�l�h���i�h�a�\�h�e�y�_�l���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���b�o���d�Z�d���g�h�\�m�x��
�n�Z�a�m�� �\�_�s�_�k�l�\�Z���� �F�g�h�]�h�h�[�j�Z�a�b�_�� �k�\�h�c�k�l�\�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �h�i�j�_�^�_�e�y�_�l�k�y��
�j�Z�a�e�b�q�g�u�f�b�� �n�Z�d�l�h�j�Z�f�b�� �=�e�Z�\�g�u�f�� �n�Z�d�l�h�j�h�f�� �b�a�f�_�g�_�g�b�y�� �k�\�h�c�k�l�\�� �d�e�Z�k�l�_�j�Z��
�y�\�e�y�x�l�k�y�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �b�a�f�_�g�_�g�b�y�� �w�e�_�d�l�j�h�g�g�h�]�h�� �k�i�_�d�l�j�Z���� �G�Z�� �^�Z�g�g�u�c��
�f�h�f�_�g�l�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�l�j�m�d�l�m�j�u�� �b�� �k�\�h�c�k�l�\�� �d�e�Z�k�l�_�j�h�\��
�a�Z�^�Z�q�Z�� �\�_�k�v�f�Z�� �k�e�h�`�g�Z�y���� �I�h�w�l�h�f�m�� �_�^�b�g�k�l�\�_�g�g�u�f �f�_�l�h�^�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�y�\�e�y�_�l�k�y�� �q�b�k�e�_�g�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �K�h�a�^�Z�\�Z�y�� �d�h�f�i�e�_�d�k�� �^�Z�g�g�u�o�� �i�h��
�k�l�j�m�d�l�m�j�Z�f�� �b�� �w�g�_�j�]�b�y�f�� �d�e�Z�k�l�_�j�h�\���� �f�h�`�g�h�� �i�j�h�k�e�_�^�b�l�v�� �w�\�h�e�x�p�b�x��
�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h�� �k�i�_�d�l�j�Z�� �\�� �d�e�Z�k�l�_�j�Z�o���� �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �b�g�l�_�j�_�k��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�e�b�y�g�b�y�� �k�l�j�m�d�l�m�j�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �d�e�Z�k�l�_�j�Z��
�g�Z�� �r�b�j�b�g�m�� �a�Z�i�j�_�s�_�g�g�h�c�� �s�_�e�b���� �h�i�j�_�^�_�e�y�x�s�_�c�� �_�]�h�� �n�b�a�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z����
�P�_�e�v�x�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �b�a�m�q�_�g�b�_�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �\�b�k�f�m�l-�k�m�j�v�f�Z����
�m�k�l�Z�g�h�\�e�_�g�b�_�� �\�a�Z�b�f�h�k�\�y�a�b�� �f�_�`�^�m�� �k�l�j�m�d�l�m�j�h�c�� �d�e�Z�k�l�_�j�Z�� �b�� �_�]�h��
�w�g�_�j�]�_�l�b�q�_�k�d�b�f�� �k�i�_�d�l�j�h�f�� �k�� �i�_�j�k�i�_�d�l�b�\�h�c�� �k�h�a�^�Z�g�b�y�� �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�]�h��
�l�_�j�f�h�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �>�Z�g�g�Z�y�� �k�l�Z�l�v�y�� �y�\�e�y�_�l�k�y�� �i�j�h�^�h�e�`�_�g�b�_�f��
�j�Z�[�h�l�� �i�h�� �d�\�Z�g�l�h�\�h-�o�b�f�b�q�_�k�d�h�f�m�� �f�h�^�_�e�b�j�h�\�Z�g�b�x�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �g�Z�� �h�k�g�h�\�_��
�\�b�k�f�m�l�Z�� �>��-���@���� �J�Z�k�q�_�l�u�� �k�l�j�m�d�l�m�j�g�u�o�� �b�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�d�e�Z�k�l�_�j�h�\�� �\�b�k�f�m�l�Z�� �\�u�i�h�e�g�_�g�u�� �i�h�e�m�w�f�i�b�j�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �J�F������ �f�_�l�h�^�h�f��
�O�Z�j�l�j�b-�N�h�d�Z (HF)���� �Z�� �l�Z�d�`�_�� �\�� �j�Z�f�d�Z�o�� �l�_�h�j�b�b�� �n�m�g�d�p�b�h�g�Z�e�Z�� �i�e�h�l�g�h�k�l�b���� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �]�b�[�j�b�^�g�h�]�h�� �n�m�g�d�p�b�h�g�Z�e�Z�� �%���/�<�3���� �k�h�q�_�l�Z�x�s�b�f��
�l�j�_�o�i�Z�j�Z�f�_�l�j�h�\�u�c�� �h�[�f�_�g�g�u�c�� �n�m�g�d�p�b�h�g�Z�e�� �;�_�d�d�_�� �>���@�� �b�� �d�h�j�j�_�e�y�p�b�h�g�g�u�c��
�n�m�g�d�p�b�h�g�Z�e�� �E�b���� �Y�g�]�Z�� �b�� �I�Z�j�Z�� �>���@���� �B�k�i�h�e�v�a�h�\�Z�e�k�y�� �[�Z�a�b�k�g�u�c�� �g�Z�[�h�j�� 
CEP-121G �>���@���� �\�u�[�h�j�� �d�h�l�h�j�h�]�h�� �k�\�y�a�Z�g�� �k�� �i�j�b�j�h�^�h�c�� �b�k�k�e�_�^�m�_�f�h�]�h�� �w�e�_�f�_�g�l�Z����
�J�Z�k�q�_�l�u���i�j�h�\�_�^�_�g�u���\���i�j�h�]�j�Z�f�f�g�h�f���i�Z�d�_�l�_��Gaussian 03W [9].  

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v�� �d�e�Z�k�l�_�j�u�� �\�b�k�f�m�l�Z 
���� �]�^�_�� �± �d�h�e�b�q�_�k�l�\�h�� �Z�l�h�f�h�\�� �\�� �d�e�Z�k�l�_�j�_��. �I�h�k�d�h�e�v�d�m�� �f�Z�k�k�b�\�g�u�c��

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

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



 
 

 

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

 . �>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �g�Z�q�Z�e�v�g�u�o��
�m�k�e�h�\�b�c�� �a�Z�^�Z�\�Z�e�Z�k�v�� �h�i�l�b�f�Z�e�v�g�Z�y�� �]�_�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�l�j�m�d�l�m�j�Z�� �d�e�Z�k�l�_�j�Z����
�Z�g�Z�e�h�]�b�q�g�Z�y���d�e�Z�k�l�_�j�Z�f���\�b�k�f�m�l�Z�� �b��  (�k�f�����j�b�k�� 1).  
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�=�j�Z�n�b�q�_�k�d�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h�� �a�Z�a�h�j�Z�� �h�l�� �q�b�k�e�Z�� �Z�l�h�f�h�\��

�k�m�j�v�f�u�� �\�� �d�e�Z�k�l�_�j�_���� �i�h�e�m�q�_�g�g�u�_�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�g�u�o�� �j�Z�k�q�_�l�g�u�o�� �k�o�_�f��
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�� 2. �D�j�b�\�Z�y 1, �i�h�e�m�q�_�g�g�Z�y���i�h�e�m�w�f�i�b�j�b�q�_�k�d�b�f���f�_�l�h�^�h�f��
���J�F�������b�� �d�j�b�\�Z�y ������ �j�Z�k�k�q�b�l�Z�g�g�Z�y�� �f�_�l�h�^�h�f��HF �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �f�Z�e�u�_��
�d�e�Z�k�l�_�j�u��  �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �b�a�h�e�y�l�h�j�u���� �>�e�y�� �d�e�Z�k�l�_�j�h�\�� �[�h�]�Z�l�u�o��
�\�b�k�f�m�l�h�f�� �a�Z�\�b�k�b�f�h�k�l�b�� �a�Z�i�j�_�s�_�g�g�h�c�� �a�h�g�u���� �i�h�e�m�q�_�g�g�u�_�� �f�_�l�h�^�Z�f�b�� �J�F���� �b��
HF �g�_�k�d�h�e�v�d�h�� �h�l�e�b�q�g�u���� �<�� �h�[�e�Z�k�l�b�� �k�j�_�^�g�b�o�� �k�h�k�l�Z�\�h�\�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�h�q�l�b��
�b�^�_�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�_�g�g�h�_�� �b�� �d�h�e�b�q�_�k�l�\�_�g�g�h�_�� �k�h�h�l�\�_�l�k�l�\�b�_���� �K�h�� �k�l�h�j�h�g�u��
�k�m�j�v�f�u�� �i�j�h�k�e�_�`�b�\�Z�_�l�k�y�� �d�Z�q�_�k�l�\�_�g�g�Z�y�� �d�h�j�j�_�e�y�p�b�y�� �i�h�\�_�^�_�g�b�y�� �d�j�b�\�u�o���� �<��
�p�_�e�h�f�� �f�h�`�g�h�� �h�`�b�^�Z�l�v�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�� �[�Z�a�_�� �w�l�b�o��
�d�e�Z�k�l�_�j�h�\�� 

�I�_�j�_�o�h�^�� �d�� �[�h�e�v�r�b�f�� �d�e�Z�k�l�_�j�Z�f�� �\�b�k�f�m�l-�k�m�j�v�f�Z�� �i�j�b�\�h�^�b�l�� �d��
�m�f�_�g�v�r�_�g�b�x�� �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h�� �a�Z�a�h�j�Z�� �b�� �i�_�j�_�o�h�^�m�� �\�� �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�m�x��
�h�[�e�Z�k�l�v�����E�m�q�r�Z�y���d�h�j�j�_�e�y�p�b�y���f�_�`�^�m���j�Z�k�q�_�l�g�u�f�b���f�_�l�h�^�Z�f�b �J�F�� �b���O�Z�j�l�j�b-
�N�h�d�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �^�e�y�� �d�e�Z�k�l�_�j�h�\ ���� �A�Z�\�b�k�b�f�h�k�l�b�� �i�j�b�� �w�l�h�f��
�k�l�Z�g�h�\�y�l�k�y���[�h�e�_�_���f�h�g�h�l�h�g�g�u�_���b���k���f�_�g�v�r�b�f���j�Z�a�[�j�h�k�h�f���a�g�Z�q�_�g�b�c���w�g�_�j�]�b�b�����<��
�p�_�e�h�f�� �^�e�y�� �d�e�Z�k�l�_�j�Z  �g�Z�[�e�x�^�Z�_�l�k�y�� �l�_�g�^�_�g�p�b�y�� �\�h�a�j�Z�k�l�Z�g�b�y��



 
 

 

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

 
�J�b�k�� ������ �A�Z�\�b�k�b�f�h�k�l�v�� �r�b�j�b�g�u�� �a�Z�i�j�_�s�_�g�g�h�c�� �a�h�g�u�� �h�l�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �q�b�k�e�Z�� �Z�l�h�f�h�\��
�k�m�j�v�f�u�� �\�� �d�e�Z�k�l�_�j�_�� (�d�j�b�\�u�_��1, 2),  (�d�j�b�\�u�_��3, 4): 1, 3 �± �j�Z�k�q�_�l�� �f�_�l�h�^�h�f 
�J�F��; 2, 4 �± �f�_�l�h�^�h�f��HF. 
 
�<�u�\�h�^�u 

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

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



 
 

 

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

�;�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�c���k�i�b�k�h�d�� 
 
1. �G�Z�g�h�k�l�j�m�d�l�m�j�g�u�_�� �f�Z�l�_�j�b�Z�e�u�� ���� �i�h�^�� �j�_�^���� �J���� �O�Z�g�g�b�d�Z���� �:���� �O�b�e�e���� �i�_�j���� �k�� �Z�g�]�e����
�:���:�� �R�m�k�l�b�d�h�\�Z. - �F�������L�_�o�g�h�k�n�_�j�Z�����������������± ���������k�� 
2. Goldsmid, H.J. Bismuth �± the thermoelectric materials of the future? / H.J. Goldsmid // 
XXV International Conference on Thermoelectrics: Conference proceedings, Wien, Austria 
(6-10 August 2006). �± Wien, 2006. �± P. 5-10. 
3. �=�j�b�[�Z�g�h�\�� �?���G�� �D�\�Z�g�l�h�\�h-�o�b�f�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �d�e�Z�k�l�_�j�h�\�� �\�b�k�f�m�l�Z�� ����
�?���G�� �=�j�b�[�Z�g�h�\�����H�����B�����F�Z�j�d�h�\�����X�����<�����O�j�b�i�m�g�h�\���������N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���Z�k�i�_�d�l�u���b�a�m�q�_�g�b�y��
�d�e�Z�k�l�_�j�h�\���� �g�Z�g�h�k�l�j�m�d�l�m�j�� �b �g�Z�g�h�f�Z�l�_�j�b�Z�e�h�\���� �f�_�`�\�m�a���� �k�[���� �g�Z�m�q���� �l�j���� ���� �i�h�^�� �h�[�s�_�c��
�j�_�^�Z�d�p�b�_�c���<���F�����K�Z�f�k�h�g�h�\�Z�����G���X�����K�^�h�[�g�y�d�h�\�Z�����í���L�\�_�j�v�����L�\�_�j�����]�h�k�����m�g-�l������������������ �<�u�i����������
�� �K��������-32. 
4. �=�j�b�[�Z�g�h�\�� �?���G�� �D�h�]�^�Z�� �\�b�k�f�m�l�� �k�l�Z�g�h�\�b�l�k�y�� �i�h�e�m�f�_�l�Z�e�e�h�f�"�� ���� �?���G���� �=�j�b�[�Z�g�h�\����
�H���B�� �F�Z�j�d�h�\���� �X���<���� �O�j�b�i�m�g�h�\�� ������ �J�h�k�k�b�c�k�d�b�_�� �g�Z�g�h�l�_�o�g�h�e�h�]�b�b�����± 2011. �± �‹�� �� -10. �±  
�K��������-91. 
5. �=�j�b�[�Z�g�h�\�� �?���G�� �J�Z�k�q�_�l�� �d�e�Z�k�l�_�j�h�\�� �\�b�k�f�m�l�Z�� �d�\�Z�g�l�h�\�h-�o�b�f�b�q�_�k�d�b�f�b�� �f�_�l�h�^�Z�f�b�� ����
�?���G�� �=�j�b�[�Z�g�h�\���� �H���B���� �F�Z�j�d�h�\���� �X���<���� �O�j�b�i�m�g�h�\�� ������ �O�b�f�b�q�_�k�d�Z�y�� �n�b�a�b�d�Z�� �b�� �f�_�a�h�k�d�h�i�b�y������ 
2012. �� �L�������������� �‹���������� �K��������-46. 
6. Becke, A.D. Density-functional exchange-energy approximation with correct asymptotic 
behavior / A.D. Becke // Physical Review A. �± 1988. �± V. 38. �± I. 6. �± P. 3098-3100. 
7. Lee, C. Development of the Colle- Salvetti correlation-energy formula into a functional 
of the electron density / C. Lee, W. Yang, R.G. Parr // Physical Review B. �± 1988. �± V. 37. �± 
I. 2. �± P. 785-789. 
8. Stevens, W.J. Relativistic compact effective potentials and efficient shared-exponent 
basis sets for the third-, fourth-, and fifth-row atoms / W.J. Stevens, M. Krauss, H. Basch, 
P.G. Jasien // �&�D�Q�D�G�L�D�Q���-�R�X�U�Q�D�O���R�I���&�K�H�P�L�V�W�U�m. �± 1992. �± V. 70. �± �‹���������± P. 612-630. 
9. Frisch, M.J. Gaussian 03, Revision B-03 [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] / M.J. Frisch, 
G.W. Trucks, H.B. Schlegel et al. �± Gaussian, Inc., Pittsburgh PA, 2003. - �j�_� �̀b�f �^�h�k�l�m�i�Z: 
http://www.gaussian.com, �k�\�h�[�h�^�g�u�c. 
10. �=�j�b�[�Z�g�h�\�����?���G�� �F�h�^�_�e�b�j�h�\�Z�g�b�_���d�e�Z�k�l�_�j�h�\�� �����?���G�� �=�j�b�[�Z�g�h�\�����H�����B�����F�Z�j�d�h�\����

�X���� �<���� �O�j�b�i�m�g�h�\��// �N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �Z�k�i�_�d�l�u�� �b�a�m�q�_�g�b�y�� �d�e�Z�k�l�_�j�h�\���� �g�Z�g�h�k�l�j�m�d�l�m�j�� �b��
�g�Z�g�h�f�Z�l�_�j�b�Z�e�h�\���� �f�_�`�\�m�a���� �k�[���� �g�Z�m�q���� �l�j���� ���� �i�h�^�� �h�[�s�_�c�� �j�_�^�Z�d�p�b�_�c�� �<���F���� �K�Z�f�k�h�g�h�\�Z����
�G���X�� �K�^�h�[�g�y�d�h�\�Z�����í���L�\�_�j�v�����L�\�_�j�����]�h�k�����m�g-�l, 2014. �± �<�u�i�����������± �K�� 95-100. 
11. �=�j�Z�[�h�\���� �<���F�� �N�b�a�b�d�Z�� �i�h�e�m�f�_�l�Z�e�e�h�\�� �b�� �g�b�a�d�h�j�Z�a�f�_�j�g�u�o�� �k�l�j�m�d�l�m�j�� �g�Z�� �b�o�� �h�k�g�h�\�_����
�m�q�_�[�g�h�_�� �i�h�k�h�[�b�_�� ���� �<���F���� �=�j�Z�[�h�\���� �<���:���� �D�h�f�Z�j�h�\���� �B���B���� �O�m�^�y�d�h�\�Z���� �<���:���� �Y�d�h�\�e�_�\�Z���� �± �K�I�[������
�B�a�^-�\�h���J�=�I�M���b�f�� �:���B�����=�_�j�p�_�g�Z�����������������± 293 �k�� 



 
 

 

�M�>�D�������������������� 
�B�K�K�E�?�>�H�<�:�G�B�?���F�?�@�N�:�A�G�U�O���=�J�:�G�B�P �<���K�B�K�L�?�F�:�O 

 
�=���K�����=�j�b�]�h�j�d�b�g�Z1�����K���:�����O�m�[�_�`�h�\1�����B���<�����L�\�Z�m�j�b1�����H���=�����:�r�o�h�l�h�\2�����B���;�����:�r�o�h�l�h�\�Z2,  
�?���G�����D�h�a�u�j�_�\3�����<���;�����A�Z�Z�e�b�r�\�b�e�b4, M. Wilde5, D. Sekiba5, S. Ogura5, K. Fukutani5,  

�L���L�����F�Z�]�d�h�_�\1 

1�N�=�;�H�M���<�H���©�K�_�\�_�j�h-�H�k�_�l�b�g�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l �b�f�����D���E�����O�_�l�Z�]�m�j�h�\�Z�ª��
�����������������J�K�H-�:�e�Z�g�b�y�����]�����<�e�Z�^�b�d�Z�\�d�Z�a�����m�e�����<�Z�l�m�l�b�g�Z�����^����44-46 

2�N�=�;�H�M���<�H���©�D�Z�[�Z�j�^�b�g�h-�;�Z�e�d�Z�j�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l�� 
�b�f�����O���F�����;�_�j�[�_�d�h�\�Z�ª  

�����������������D�;�J�����G�Z�e�v�q�b�d�����m�e�����Q�_�j�g�u�r�_�\�k�d�h�]�h, �^����173 
3�N�=�;�H�M���<�H���©�K�_�\�_�j�h-�D�Z�\�d�Z�a�k�d�b�c���]�h�j�g�h-�f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�c���b�g�k�l�b�l�m�l�ª 

�����������������J�K�H-�:�e�Z�g�b�y�����<�e�Z�^�b�d�Z�\�d�Z�a�����m�e�����G�b�d�h�e�Z�_�\�Z�����^����44 
4�N�=�;�M�G���©�=�_�h�n�b�a�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l���<�G�P���J�:�G�ª, 

�����������������J�K�H-�:�e�Z�g�b�y�����<�e�Z�^�b�d�Z�\�d�Z�a�����m�e�����F�Z�j�d�m�k�Z�����^����22 
5The University of Tokyo, Institute of Industrial Science, Komaba, Meguro-ku,  

Tokyo 153-8505, Japan 
g_grigorkina101@mail.ru 

 
�:�g�g�h�l�Z�p�b�y�� �F�_�l�h�^�Z�f�b �j�_�g�l�]�_�g�h�\�k�d�h�c�� �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c�� �k�i�_�d�l�j�h�k�d�h�i�b�b���b��
�j�_�g�l�]�_�g�h�\�k�d�h�c�� �^�b�n�j�Z�d�p�b�b �b�k�k�e�_�^�h�\�Z�g�u�� �f�_�l�Z�e�e�h�h�d�k�b�^�g�u�_�� �k�b�k�l�_�f�u (  �b�� ), 
�i�h�d�j�u�l�u�_���l�h�g�d�b�f�b���i�e�_�g�d�Z�f�b���k�_�j�_�[�j�Z���b���a�h�e�h�l�Z �\���m�k�e�h�\�b�y�o���k�\�_�j�o�\�u�k�h�d�h�]�h���\�Z�d�m�m�f�Z. �>�e�y��
�b�a�m�q�_�g�g�u�o���k�b�k�l�_�f�� �g�Z�[�e�x�^�Z�e�h�k�v���\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �h�d�k�b�^�Z���g�Z���f�_�`�n�Z�a�g�h�c���]�j�Z�g�b�p�_���j�Z�a�^�_�e�Z��
�f�_�l�Z�e�e���h�d�k�b�^���� �G�_�a�g�Z�q�b�l�_�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �\�� �i�h�\�_�^�_�g�b�b�� �k�b�k�l�_�f�� �h�[�m�k�e�h�\�e�_�g�u��
�j�Z�a�e�b�q�b�_�f�� �\�� �w�e�_�d�l�j�h�g�g�h�f�� �k�l�j�h�_�g�b�b  �b�� ���� �Z�� �l�Z�d�`�_��  �b�� ���� �b�� �b�o��
�l�j�Z�g�k�n�h�j�f�Z�p�b�_�c �i�j�b���d�h�g�l�Z�d�l�_���g�Z���]�j�Z�g�b�p�_���f�_�l�Z�e�e���h�d�k�b�^�� 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �i�h�\�_�j�o�g�h�k�l�v���� �]�j�Z�g�b�p�Z���� �f�_�`�n�Z�a�g�u�c���� �h�d�k�b�^���� �f�_�l�Z�e�e���� �\�Z�d�m�m�f����
�^�b�n�j�Z�d�p�b�y�����n�h�l�h�w�e�_�d�l�j�h�g�g�Z�y�����k�i�_�d�l�j�h�k�d�h�i�b�y�����f�h�e�b�[�^�_�g�����l�b�l�Z�g�����a�h�e�h�l�h�����k�_�j�_�[�j�h 
 

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



 
 

 

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

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_ �f�_�l�h�^�Z�f�b �j�_�g�l�]�_�g�h�\�k�d�h�c�� �^�b�n�j�Z�d�p�b�b�� �b��
�j�_�g�l�]�_�g�h�\�k�d�h�c�� �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c�� �k�i�_�d�l�j�h�k�d�h�i�b�b ���J�N�W�K�� �k�� �b�h�g�g�u�f��
�i�j�h�n�b�e�b�j�h�\�Z�g�b�_�f �g�Z�� �k�h�\�j�_�f�_�g�g�h�f�� �k�i�_�d�l�j�h�f�_�l�j�_�� �©K-Alpha�ª Thermo 
Scientific �[�u�e�b�� �b�k�k�e�_�^�h�\�Z�g�u�� �f�_�l�Z�e�e�h�h�d�k�b�^�g�u�_�� �k�b�k�l�_�f�u����

. �N�h�j�f�b�j�h�\�Z�g�b�_�� �f�h�^�_�e�v�g�u�o�� �k�b�k�l�_�f��
�\�u�i�h�e�g�y�e�h�k�v�� �\�� �^�\�Z�� �w�l�Z�i�Z���� ���� �± �i�h�e�m�q�_�g�b�_�� �h�d�k�b�^�h�\�� �k �b�o �i�h�k�e�_�^�m�x�s�b�f��
�h�l�`�b�]�h�f���� ���� �± �l�_�j�f�b�q�_�k�d�h�_�� �g�Z�i�u�e�_�g�b�_ �Z�l�h�f�h�\�� �a�h�e�h�l�Z�� �b�� �k�_�j�_�[�j�Z�� �\�� �m�k�e�h�\�b�y�o��
�\�u�k�h�d�h�]�h�� �\�Z�d�m�m�f�Z�� �H�d�k�b�^�u�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �f�_�l�h�^�h�f�� �Z�g�h�^�g�h�]�h�� �h�d�b�k�e�_�g�b�y��
�l�b�l�Z�g�Z�� �b�� �f�h�e�b�[�^�_�g�Z���� �< �j�_�a�m�e�v�l�Z�l�_�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �h�[�j�Z�a�p�u�� �\�� �\�b�^�_�� �l�h�g�d�b�o��
�i�e�Z�k�l�b�g�h�d �h�d�k�b�^�Z�� �l�b�l�Z�g�Z�� �k�h�� �k�l�j�m�d�l�m�j�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�_�c�� �j�m�l�b�e�� �b��
�b�]�h�e�v�q�Z�l�u�_ �d�j�b�k�l�Z�e�e�u�� �h�d�k�b�^�Z�� �f�h�e�b�[�^�_�g�Z �k�h�� �k�l�_�i�_�g�v�x�� �h�d�b�k�e�_�g�b�y��VI. 
�K�l�j�m�d�l�m�j�Z�� �f�h�^�_�e�v�g�u�o�� �h�[�j�Z�a�p�h�\�� �[�u�e�Z�� �h�i�j�_�^�_�e�_�g�Z�� �f�_�l�h�^�h�f��
�j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �g�Z�� �^�b�n�j�Z�d�l�h�f�_�l�j�_�� �6�K�L�P�D�G�]�X�� �;�5�'-7000 
maxima. �G�Z�� �j�b�k�� ���� �i�j�b�\�_�^�_�g�u �^�b�n�j�Z�d�l�h�]�j�Z�f�f�u �h�d�k�b�^�Z�� �l�b�l�Z�g�Z�� �b�� �h�d�k�b�^�Z��
�f�h�e�b�[�^�_�g�Z���� �d�h�l�h�j�u�_�� �b�^�_�g�l�b�q�g�u�� �j�m�l�b�e�m  �b�� �[�Z�a�h�\�h�c�� �k�l�j�m�d�l�m�j�_��. 
�I�h�e�m�q�_�g�g�u�_���f�_�l�Z�e�e�h�h�d�k�b�^�g�u�_���i�h�^�e�h�`�d�b���h�l�`�b�]�Z�e�b�k�v���\���m�k�e�h�\�b�y�o���\�u�k�h�d�h�]�h��
�\�Z�d�m�m�f�Z�����^�Z�\�e�_�g�b�_���h�k�l�Z�l�h�q�g�u�o���]�Z�a�h�\�� �f�f���j�l���k�l�������i�j�b���l�_�f�i�_�j�Z�l�m�j�_��, 
�a�Z�l�_�f�� �h�q�b�s�Z�e�b�k�v�� �b�h�g�g�h�i�e�Z�a�f�_�g�g�h�c�� �i�m�r�d�h�c�� �k�� �m�k�d�h�j�y�x�s�b�f�� �i�h�l�_�g�p�b�Z�e�h�f��

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

 
�J�b�k. �������>�b�n�j�Z�d�l�h�]�j�Z�f�f�u  ���Z�� �b  ���[��. 
 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �i�h�\�_�j�o�g�h�k�l�b �b�� �f�_�`�n�Z�a�g�h�c��
�]�j�Z�g�b�p�u �i�h�e�m�q�_�g�g�u�o�� �f�h�^�_�e�v�g�u�o�� �h�[�j�Z�a�p�h�\ �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �f�_�l�h�^�� �b�h�g�g�h�]�h��
�i�j�h�n�b�e�b�j�h�\�Z�g�b�y�� �k�� �r�Z�]�h�f�� �l�j�Z�\�e�_�g�b�y�� �\�� �g�f���� �G�Z�� �j�b�k. ���� �i�j�_�^�k�l�Z�\�e�_�g�u��
�]�e�m�[�b�g�g�u�_�� �i�j�h�n�b�e�b   �^�e�y�� �k�b�k�l�_�f��  �b . �B�a�� �J�N�W-
�i�j�h�n�b�e�y�����i�j�b�\�_�^�_�g�g�h�]�h���g�Z���j�b�k������ �Z���^�e�y���k�b�k�l�_�f�u��  �\�b�^�g�h�����q�l�h���i�h���f�_�j�_��
�m�f�_�g�v�r�_�g�b�y�� �l�h�e�s�b�g�u�� �i�e�_�g�d�b�� �k�_�j�_�[�j�Z���� �\�i�e�h�l�v�� �^�h �f�_�`�n�Z�a�g�h�c�� �]�j�Z�g�b�p�u, 
�n�h�l�h�w�e�_�d�l�j�h�g�g�Z�y�� �e�b�g�b�y   �a�Z�f�_�l�g�h�� �f�_�g�y�_�l�k�y���� �B�a�f�_�g�_�g�b�y�� �i�j�h�y�\�e�y�x�l�k�y��
�d�Z�d�� �\�� �k�f�_�s�_�g�b�b���w�g�_�j�]�b�c�� �k�\�y�a�b���^�m�[�e�_�l�g�h�]�h�� �i�b�d�Z   �\�� �k�l�h�j�h�g�m���f�_�g�v�r�_�c��



 
 

 

�w�g�_�j�]�b�b���� �l�Z�d�� �b�� �\�� �b�a�f�_�g�_�g�b�b�� �n�h�j�f�u�� �b�� �k�h�h�l�g�h�r�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�_�c��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �d�h�f�i�h�g�_�g�l���� �>�e�y�� �w�l�h�c�� �f�_�`�n�Z�a�g�h�c�� �]�j�Z�g�b�p�u�� �k�i�_�d�l�j��  
�k�h�k�l�h�b�l�� �b�a�� �g�_�k�d�h�e�v�d�b�o�� �d�h�f�i�h�g�_�g�l���� �h�l�\�_�q�Z�x�s�b�o�� �j�Z�a�e�b�q�g�u�f�� �k�l�_�i�_�g�y�f��
�h�d�b�k�e�_�g�b�y�� �k���i�j�_�h�[�e�Z�^�Z�g�b�_�f���\�h�k�k�l�Z�g�h�\�e�_�g�g�u�o���b�h�g�h�\�� (�k�f�����j�b�k�� 3). 
 

 
�J�b�k. 2. �B�a�f�_�g�_�g�b�y�� �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c�� �e�b�g�b�b��  �\�� �i�j�h�p�_�k�k�_�� �b�h�g�g�h�]�h�� �l�j�Z�\�e�_�g�b�y �k��
�r�Z�]�h�f��  �g�f: �Z���� ; �[���� . 

 
�>�e�y�� �k�b�k�l�_�f�u��  (�k�f���� �j�b�k���� �� �[) �g�Z�[�e�x�^�Z�_�l�k�y�� �^�j�m�]�Z�y�� �d�Z�j�l�b�g�Z����

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

 
�J�b�k. 3. �D�h�f�i�h�g�_�g�l�u���J�N�W-�k�i�_�d�l�j�Z   �^�e�y . 
 

�B�a�� �j�b�k. 4 �Z���� �g�Z�� �d�h�l�h�j�h�f �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_ �^�e�y��
 �\�b�^�g�h���� �q�l�h�� �J�N�W-�i�j�h�n�b�e�b��   �i�j�_�l�_�j�i�_�\�Z�x�l�� �a�Z�f�_�l�g�u�_��

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



 
 

 

�g�Z���h�k�g�h�\�_���h�d�k�b�^�Z���l�b�l�Z�g�Z (�k�f�����j�b�k. 2 �Z)�����q�l�h���i�j�_�^�i�h�e�Z�]�Z�_�l���i�h�o�h�`�m�x �i�j�b�j�h�^�m��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�_�j�_�[�j�Z�� �k�� �i�h�^�e�h�`�d�Z�f�b�� �h�d�k�b�^�h�\ . �<�� �k�e�m�q�Z�_ �`�_ 

 �g�Z�[�e�x�^�Z�e�Z�k�v�� �d�Z�j�l�b�g�Z, �h�l�e�b�q�Z�x�s�Z�y�k�y�� �h�l . �G�_�k�f�h�l�j�y�� �g�Z��
�g�_�c�l�j�Z�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j�� �a�h�e�h�l�Z����-�n�h�l�h�w�e�_�d�l�j�h�g�g�u�_�� �e�b�g�b�b��
�f�_�l�Z�e�e�h�h�d�k�b�^�g�h�c�� �i�h�^�e�h�`�d�b�� �i�j�_�l�_�j�i�_�\�Z�x�l�� �a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�f�_�g�_�g�b�y��
(�k�f�� �j�b�k�� 4 �[���� �J�N�W-�e�b�g�b�y   �^�e�y���k�b�k�l�_�f�u��  �g�Z���]�j�Z�g�b�p�_���j�Z�a�^�_�e�Z��
�h�d�k�b�^-�f�_�l�Z�e�e�� �l�Z�d�`�_�� �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�Z�y: �g�Z�[�e�x�^�Z�x�l�k�y�� �d�h�f�i�h�g�_�g�l�u�� �k��
�j�Z�a�e�b�q�g�u�f�b���k�l�_�i�_�g�y�f�b���h�d�b�k�e�_�g�b�y�� �± , . 
 

  
�J�b�k�� 4���� �B�a�f�_�g�_�g�b�y�� �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c�� �e�b�g�b�b��  �\�� �i�j�h�p�_�k�k�_�� �b�h�g�g�h�]�h�� �l�j�Z�\�e�_�g�b�y�� �k��
�r�Z�]�h�f��  �g�f�����Z���� �����[���� . 
 

 
�J�b�k. 5�����J�N�W-�k�i�_�d�l�j   �b���_�]�h���d�h�f�i�h�g�_�g�l�u. 
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�f�h�`�g�h�� �k�\�y�a�Z�l�v�� �k�� �j�Z�a�g�u�f�� �o�Z�j�Z�d�l�_�j�h�f�� �k�l�_�i�_�g�b�� �a�Z�i�h�e�g�_�g�g�h�k�l�b��-�h�j�[�b�l�Z�e�_�c����



 
 

 

�;�h�e�v�r�_�]�h�� �j�Z�a�g�h�h�[�j�Z�a�b�y�� �h�k�h�[�_�g�g�h�k�l�_�c�� �k�e�_�^�m�_�l �h�`�b�^�Z�l�v�� �\�� �i�h�]�j�Z�g�b�q�g�h�f��
�k�e�m�q�Z�_���i�h�e�m�a�Z�k�_�e�_�g�g�h�c��-�h�[�h�e�h�q�d�b���o�Z�j�Z�d�l�_�j�g�h�c���^�e�y��Mo �����<���w�l�h�f���k�e�m�q�Z�_��
�©�[�Z�e�Z�g�k�b�j�h�\�d�Z�ª �g�Z�� �]�j�Z�g�b�� �^�h�g�h�j�g�u�o�� �b�� �Z�d�p�_�i�l�h�j�g�u�o�� �k�\�h�c�k�l�\�� �f�h�e�b�[�^�_�g�Z��
�i�j�b�\�h�^�y�l���d���[�h�e�_�_���j�Z�a�g�h�h�[�j�Z�a�g�h�f�m �g�Z�[�h�j�m���k�l�_�i�_�g�_�c���h�d�b�k�e�_�g�b�y��  
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�‹  RFMEFI57715X0196. 
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�:�g�g�h�l�Z�p�b�y�� �< �j�Z�[�h�l�_ �i�j�b�\�h�^�y�l�k�y�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�_�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�b�_�� �^�Z�g�g�u�_��
�i�h�\�_�j�o�g�h�k�l�b�� �k�b�g�l�_�a�b�j�m�_�f�u�o�� �[�b�h�d�h�f�i�h�a�b�l�h�\���� �k�� �p�_�e�v�x�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �b�o�� �^�e�y�� �k�h�a�^�Z�g�b�y��
�d�h�k�l�g�u�o�� �b�f�i�e�Z�g�l�Z�l�h�\���� �i�h�e�m�q�_�g�g�u�o �f�_�l�h�^�h�f �k�d�Z�g�b�j�m�x�s�_�c�� �w�e�_�d�l�j�h�g�g�h�c�� �f�b�d�j�h�k�d�h�i�b�b����
�<�� �d�Z�q�_�k�l�\�_�� �f�_�l�Z�e�e�b�q�_�k�d�h�c�� �f�Z�l�j�b�p�u�� �\�u�[�j�Z�g�� �l�b�l�Z�g�� �j�Z�a�e�b�q�g�h�c�� �i�h�j�b�k�l�h�k�l�b���� �[�b�h�Z�d�l�b�\�g�h�_��
�i�h�d�j�u�l�b�_���n�h�j�f�b�j�h�\�Z�e�h�k�v���j�Z�a�e�b�q�g�u�f�b���f�_�l�h�^�Z�f�b���b�a���\�h�^�g�h�c���k�m�k�i�_�g�a�b�b���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z����
�>�e�y�� �h�[�j�Z�a�p�h�\�� �k �g�Z�g�_�k�_�g�g�u�f �i�h�d�j�u�l�b�_�f �i�h�e�m�q�_�g�u - �b �i�h�k�l�j�h�_�g�u��-�b�a�h�[�j�Z�`�_�g�b�y 
�i�h�\�_�j�o�g�h�k�l�b �k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�u��Scan Master. 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �b�f�i�e�Z�g�l�Z�l���� �[�b�h�d�h�f�i�h�a�b�l�u���� �l�b�l�Z�g���� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�� ���=�:�I������-, 

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

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

�<�� �d�Z�q�_�k�l�\�_�� �f�Z�l�_�j�b�Z�e�Z�� �f�_�l�Z�e�e�b�q�_�k�d�h�]�h�� �d�Z�j�d�Z�k�Z�� �[�u�e�b�� �\�u�[�j�Z�g�u��
�d�h�f�i�Z�d�l�g�u�c�� �b�� �i�h�j�b�k�l�u�c�� �l�b�l�Z�g�� ���i�h�j�b�k�l�h�k�l�v�� %)���� �Z�� �\�� �d�Z�q�_�k�l�\�_��
�[�b�h�Z�d�l�b�\�g�h�]�h�� �i�h�d�j�u�l�b�y���± �k�m�k�i�_�g�a�b�y�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z���� �i�h�e�m�q�_�g�g�Z�y��
�h�k�Z�`�^�_�g�b�_�f�� �b�a�� �j�Z�k�l�\�h�j�h�\�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �i�Z�l�_�g�l�h�f [1]. �I�j�b�� �h�l�j�Z�[�h�l�d�_��
�k�i�h�k�h�[�Z���g�Z�g�_�k�_�g�b�y���i�h�d�j�u�l�b�y���=�:�I���k���p�_�e�v�x���k�h�o�j�Z�g�_�g�b�y���n�Z�a�h�\�h�]�h���k�h�k�l�Z�\�Z���b��
�[�b�h�e�h�]�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �s�Z�^�y�s�b�_�� �f�_�l�h�^�u�� ���\�Z�d�m�m�f�g�h�_��
�b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_���� �h�g�h�� �`�_���k�� �i�h�k�e�_�^�m�x�s�b�f�� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_�f����
�m�e�v�l�j�Z�a�\�m�d�h�\�Z�y�� �h�[�j�Z�[�h�l�d�Z��. �<�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�m�e�v�l�j�Z�a�\�m�d�h�\�m�x�� �\�Z�g�g�m���©�K�Z�i�n�b�j�� �������� �L�L�P�ª �b�� �p�_�g�l�j�b�n�m�]�m���K�F-���F���� �(�/�0�,. 
�F�h�j�n�h�e�h�]�b�x�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�h�\���� �i�h�d�j�u�l�u�o�� �=�:�I���� �b�a�m�q�Z�e�b�� �g�Z��



 
 

 

�k�d�Z�g�b�j�m�x�s�_�f�� �w�e�_�d�l�j�h�g�g�h�f�� �f�b�d�j�h�k�d�h�i�_�� ���K�W�F������ JSM-6390 LA (JEOL, 
�Y�i�h�g�b�y�� (�d�h�w�n�n�b�p�b�_�g�l�� �m�\�_�e�b�q�_�g�b�y�� �h�l�� �^�h�� ���� �j�Z�a�j�_�r�Z�x�s�Z�y��
�k�i�h�k�h�[�g�h�k�l�v�� �g�f�� �i�j�b��  �d�<). �>�e�y�� �i�h�e�m�q�_�g�b�y��-�b�a�h�[�j�Z�`�_�g�b�y����
�©�i�k�_�\�^�h�j�_�e�v�_�n�Z�ª���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���l�j�b���i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o���^�_�l�_�d�l�h�j�Z�����Z��
�k�b�]�g�Z�e�u�� �j�_�]�b�k�l�j�b�j�m�_�f�u�o�� �b�f�b�� �h�l�j�Z�`�_�g�g�u�o�� �w�e�_�d�l�j�h�g�h�\�� �i�j�b�� �\�u�q�b�l�Z�g�b�_�f��
�b�e�b�� �k�m�f�f�b�j�h�\�Z�g�b�_�f�� �n�h�j�f�b�j�m�x�l�� �j�_�a�m�e�v�l�b�j�m�x�s�b�c�� �k�b�]�g�Z�e���� �i�h�a�\�h�e�y�x�s�b�c��
�i�h�e�m�q�b�l�v�� �d�h�f�i�h�a�b�p�b�h�g�g�h�_�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�_�� �b�e�b�� �h�[�s�_�_�� �b�a�h�[�j�Z�`�_�g�b�_��
�j�_�e�v�_�n�Z�� -�b�a�h�[�j�Z�`�_�g�b�_�� �k�n�h�j�f�b�j�h�\�Z�g�h �b�a�� - �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�n�m�g�d�p�b�b�� (Create  by ) �i�j�h�]�j�Z�f�f�u��ScanMaster���� �m�i�j�Z�\�e�y�x�s�_�c��
�j�Z�[�h�l�h�c���k�d�Z�g�b�j�m�x�s�_�]�h���a�h�g�^�h�\�h�]�h���f�b�d�j�h�k�d�h�i�Z�����K�A�F����CMM-2000 AT [2]. 
 
�J�_�a�m�e�v�l�Z�l�u���b���h�[�k�m�`�^�_�g�b�_�� 

�:�g�Z�e�b�a�� �^�Z�g�g�u�o�� �i�h�� �^�h�a�b�j�h�\�Z�g�g�h�f�m�� �a�Z�i�h�e�g�_�g�b�x�� �=�:�I�� �i�h�j�h�\�h�]�h��
�i�j�h�k�l�j�Z�g�k�l�\�Z�� �f�_�l�Z�e�e�Z�� �i�h�a�\�h�e�y�_�l�� �\�u�[�j�Z�l�v�� �g�Z�b�e�m�q�r�b�c�� �i�h�� �k�h�j�[�p�b�h�g�g�u�f��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �b�a�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�j�Z�a�p�h�\�� �b�� �m�k�l�Z�g�h�\�b�l�v�� �g�Z�b�[�h�e�_�_��
�h�i�l�b�f�Z�e�v�g�u�c�� �f�_�l�h�^�� �g�Z�g�_�k�_�g�b�y�� �g�Z�� �g�_�]�h�� �[�b�h�Z�d�l�b�\�g�h�]�h�� �i�h�d�j�u�l�b�y����
�w�n�n�_�d�l�b�\�g�h�k�l�v�� �d�h�l�h�j�h�]�h���� �d�Z�d�� �\�u�y�k�g�b�e�h�k�v���� �g�_�� �a�Z�\�b�k�b�l�� �h�l�� �i�h�j�b�k�l�h�k�l�b��
�h�[�j�Z�a�p�Z���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �l�b�l�Z�g�� �k�� �i�h�j�b�k�l�h�k�l�v�x�� % �^�Z�_�l�� �i�j�b�j�h�k�l�� �f�Z�k�k�u��
�g�Z�� �i�y�l�h�c�� �k�l�Z�^�b�b�� �h�[�j�Z�[�h�l�d�b��  ���� ���^�e�y�� �k�j�Z�\�g�_�g�b�y�� �k�� ���� �f�_�l�h�^�Z��
�\�Z�d�m�m�f�g�h�]�h�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y�� ���� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_�� �b�� ���� �f�_�l�h�^�Z��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�b��. �D�Z�d�� �\�b�^�g�h���� �^�h�i�h�e�g�b�l�_�e�v�g�h�_��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_���� �Z�� �l�Z�d�`�_�� �l�_�j�f�b�q�_�k�d�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �g�_�� �m�\�_�e�b�q�b�\�Z�x�l�� �w�l�h�l��
�i�h�d�Z�a�Z�l�_�e�v�����I�j�b�f�_�g�_�g�b�_���m�e�v�l�j�Z�a�\�m�d�Z���i�j�b�\�h�^�b�l���d���[�u�k�l�j�h�f�m���j�h�k�l�m���k�e�h�y���=�:�I��
�g�Z�� �l�b�l�Z�g�h�\�h�c�� �i�h�^�e�h�`�d�_���� �g�h�� �l�h�e�v�d�h�� �\�g�Z�q�Z�e�_�� �h�[�j�Z�[�h�l�d�b���� �W�l�h�� �i�j�b�\�h�^�b�l�� �d��
�\�h�a�g�b�d�g�h�\�_�g�b�x���\���g�_�f���\�u�k�h�d�b�o���\�g�m�l�j�_�g�g�b�o���g�Z�i�j�y�`�_�g�b�c�����d�h�l�h�j�u�_���k�g�b�`�Z�x�l��
�Z�^�]�_�a�b�x�� �b�� �i�j�b�\�h�^�y�l�� �d�� �j�Z�k�l�j�_�k�d�b�\�Z�g�b�x�� �b�� �h�l�k�e�Z�b�\�Z�g�b�x�� �[�b�h�Z�d�l�b�\�g�h�]�h�� �k�e�h�y��
�h�l���i�h�\�_�j�o�g�h�k�l�b���f�Z�l�j�b�p�u (�k�f�����j�b�k������).  

�M�k�l�Z�g�h�\�e�_�g�h���l�Z�d�`�_���\�e�b�y�g�b�_���l�_�f�i�_�j�Z�l�m�j�g�h�]�h���j�_�`�b�f�Z���b���^�e�b�l�_�e�v�g�h�k�l�b��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �\�� �k�m�k�i�_�g�a�b�b�� �=�:�I �g�Z�� �j�Z�\�g�h�f�_�j�g�h�k�l�v�� �b�� �d�Z�q�_�k�l�\�h��
�i�h�d�j�u�l�b�y�� ���k�f���� �j�b�k���� �������� �M�\�_�e�b�q�_�g�b�_�� �\�j�_�f�_�g�b�� �h�[�j�Z�[�h�l�d�b�� �b�� �i�h�\�u�r�_�g�b�_��
�l�_�f�i�_�j�Z�l�m�j�u�� �^�h�� �i�j�b�\�h�^�b�l�� �d�� �[�h�e�_�_�� �j�Z�\�g�h�f�_�j�g�h�f�m�� �a�Z�i�h�e�g�_�g�b�x��
�i�h�j�b�k�l�h�]�h�� �l�b�l�Z�g�Z�� �k�m�k�i�_�g�a�b�_�c���� �I�j�b�j�h�k�l�� �f�Z�k�k�u�� �i�j�b�� �g�Z�]�j�_�\�_�� �b�� �^�e�b�l�_�e�v�g�h�c��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�_�� �g�Z�� �d�Z�`�^�h�c�� �k�l�Z�^�b�b�� �i�h�q�l�b�� �\�� �j�Z�a�Z�� �i�j�_�\�u�r�Z�_�l��
�i�h�d�Z�a�Z�l�_�e�v�� �^�e�y�� �i�j�h�p�_�k�k�Z�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�� �l�_�q�_�g�b�_�� �f�b�g�m�l��
(�k�f�� �j�b�k�� 3). �O�m�^�r�b�f�� �\�� �w�l�h�f�� �h�l�g�h�r�_�g�b�b�� �y�\�e�y�_�l�k�y�� �d�h�f�i�Z�d�l�g�u�c�� �l�b�l�Z�g�� �k��
�^�h�k�l�Z�l�h�q�g�h�� �l�h�e�k�l�u�f�� �k�e�h�_�f�� �=�:�I-�i�h�d�j�u�l�b�y���� �k�Z�f�h�i�j�h�b�a�\�h�e�v�g�h��
�j�Z�a�j�m�r�Z�x�s�b�f�k�y�� �b�� �h�l�k�e�Z�b�\�Z�x�s�b�f�k�y�� �g�Z�� �f�b�d�j�h�m�q�Z�k�l�d�Z�o�� �i�h�\�_�j�o�g�h�k�l�b�� �m�`�_�� �\��
�i�j�h�p�_�k�k�_�� �_�]�h�� �i�h�e�m�q�_�g�b�y���� �:�� �g�Z�b�e�m�q�r�b�f�� �[�u�e�� �l�b�l�Z�g�� �k�� �i�h�j�b�k�l�h�k�l�v�x�� %, 
�i�h�d�j�u�l�u�c�� �=�:�I�� �f�_�l�h�^�h�f�� �\�Z�d�m�m�f�g�h�]�h�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�f��
�j�Z�\�g�h�f�_�j�g�h�_���� �f�b�d�j�h�r�_�j�h�o�h�\�Z�l�h�_�� �b���� �k�m�^�y�� �i�h�� �\�u�k�h�d�b�f�� �Z�^�]�_�a�b�h�g�g�u�f��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�����i�j�h�q�g�h�_���i�h�d�j�u�l�b�_ [4]. 



 
 

 

 
�J�b�k�����������F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b���i�h�d�j�u�l�b�y�����g�Z�g�_�k�_�g�g�h�]�h �m�e�v�l�j�Z�a�\�m�d�h�\�h�c���i�j�h�i�b�l�d�h�c���l�b�l�Z�g�h�\�h�c��
�f�Z�l�j�b�p�u�� �\�� �k�m�k�i�_�g�a�b�b�� �=�:�I: 1 �� �d�h�f�i�Z�d�l�g�u�c�� �l�b�l�Z�g���� ������ �i�h�j�b�k�l�u�c�� �l�b�l�Z�g��(  %);  
3 �� �i�h�j�b�k�l�u�c���l�b�l�Z�g��(  %); 4 �� �i�h�j�b�k�l�u�c���l�b�l�Z�g��(  %). 
 

 
�J�b�k���� ������ �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b�� �i�h�d�j�u�l�b�y�� �g�Z�g�_�k�_�g�g�h�]�h�� �g�Z�� �l�b�l�Z�g�� �i�h�j�b�k�l�h�k�l�v�x�� %. �������� �b��

 % ���������m�e�v�l�j�Z�a�\�m�d�h�\�h�c���h�[�j�Z�[�h�l�d�h�c���i�j�b�� ,  �f�b�g�����Z�����b�� ,  �q�Z�k�����[��. 



 
 

 

  
�Z�� �[�� 

�J�b�k���� ������ �H�p�_�g�d�Z�� �a�Z�\�b�k�b�f�h�k�l�b�� �b�a�f�_�g�_�g�b�y�� �f�Z�k�k�u�� �h�[�j�Z�a�p�Z�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�l�m�i�_�g�q�Z�l�h�]�h��
�g�Z�k�u�s�_�g�b�y���k�m�k�i�_�g�a�b�_�c���=�:�I���h�l���j�_�`�b�f�Z���m�e�v�l�j�Z�a�\�m�d�h�\�h�c���h�[�j�Z�[�h�l�d�b�����Z�� �± �i�h�j�b�k�l�u�c���l�b�l�Z�g��
(  %�������[���± �i�h�j�b�k�l�u�c���l�b�l�Z�g���� %). 
 
 

 
�J�b�k���� ������-�\�b�a�m�Z�e�b�a�Z�p�b�y�� �j�_�e�v�_�n�Z�� �b�� �i�j�h�n�b�e�v�� �k�_�q�_�g�b�y�� �i�h�\�_�j�o�g�h�k�l�b�� �l�b�l�Z�g�Z���� �i�h�d�j�u�l�h�]�h��
�=�:�I���������� �i�h�d�j�u�l�b�_���g�Z���d�h�f�i�Z�d�l�g�h�f���l�b�l�Z�g�_���������� �i�h�d�j�u�l�b�_�����g�Z�g�_�k�_�g�g�h�_���g�Z���i�h�j�b�k�l�u�c���l�b�l�Z�g��
(  %�����f�_�l�h�^�h�f���\�Z�d�m�m�f�g�h�]�h���b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y���������� �i�h�d�j�u�l�b�_�����g�Z�g�_�k�_�g�g�h�_���g�Z���i�h�j�b�k�l�u�c��
�l�b�l�Z�g�� �� %���� �f�_�l�h�^�h�f�� �\�Z�d�m�m�f�g�h�]�h�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�y���� �^�h�i�h�e�g�_�g�g�h�_��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_�f���� ������ �i�h�d�j�u�l�b�_���� �i�h�e�m�q�_�g�g�h�_�� �m�e�v�l�j�Z�a�\�m�d�h�\�h�c�� �i�j�h�i�b�l�d�h�c�� �i�h�j�b�k�l�h�]�h��
�l�b�l�Z�g���� %�����k�m�k�i�_�g�a�b�_�c���=�:�I�� 



 
 

 

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

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

 % �b�� �f�_�l�h�^�� �g�Z�g�_�k�_�g�b�y�� �=�:�I-�i�h�d�j�u�l�b�y���± �\�Z�d�m�m�f�g�h�_�� �b�f�i�j�_�]�g�b�j�h�\�Z�g�b�_����
�i�h�d�Z�a�Z�g�Z���[�_�k�i�_�j�k�i�_�d�l�b�\�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �d�h�f�i�Z�d�l�g�h�]�h�� �l�b�l�Z�g�Z���^�e�y�� �w�l�h�c��
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�i�j�h�p�_�k�k�_�� �j�Z�k�q�_�l�h�\�� �i�j�h�\�h�^�b�e�b�� �i�h�e�g�m�x�� �h�i�l�b�f�b�a�Z�p�b�x�� �\�k�_�o�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�h�\�� �^�h�� �^�h�k�l�b�`�_�g�b�y�� �f�b�g�b�f�m�f�h�\�� �i�h�e�g�u�o�� �w�e�_�d�l�j�h�g�g�u�o�� �w�g�_�j�]�b�c����
�I�h�e�g�u�_���w�g�_�j�]�b�b���k�b�k�l�_�f�����\�u�q�b�k�e�_�g�g�u�_���f�_�l�h�^�h�f��DFT �^�e�y���k�h�_�^�b�g�_�g�b�c����1-27, 
33-60, 66-90������ �b�� �^�b�i�h�e�v�g�u�_�� �f�h�f�_�g�l�u�� �i�j�b�\�_�^�_�g�u�� �\���L�Z�[�e�b�p�_�� ��. 
�G�_�h�[�o�h�^�b�f�h�k�l�v�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�x�� �l�Z�d�h�]�h��
�j�h�^�Z�� �h�[�t�_�d�l�h�\�� ��33-95���� �h�[�m�k�e�h�\�e�_�g�Z�� �h�q�_�g�v�� �\�u�k�h�d�h�c�� �l�j�m�^�h�_�f�d�h�k�l�v�x����
�k�l�h�b�f�h�k�l�v�x���b���k�e�h�`�g�h�k�l�v�x���b�o���i�j�Z�d�l�b�q�_�k�d�h�c���j�_�Z�e�b�a�Z�p�b�b���>����]. 
 
�L�Z�[�e�b�p�Z�� ��. �I�h�e�g�u�_�� �w�g�_�j�]�b�b�� �k�b�k�l�_�f�� ��, �Z���_���f������ �b�� �^�b�i�h�e�v�g�u�_�� �f�h�f�_�g�l�u�� ��, �>�[����
�k�h�_�^�b�g�_�g�b�c����1-27, 33-60, 66-90) 

�‹  �? D �‹  �? D �‹  �? D 
1 -8856,1214270463 2,65 33 -30669,1181623784 2,70 60 �±37603,5699683134 33,45 
2 -21813,0447589198 0 34 -30669,1177885347 2,85 66 �±8962,8396251661 23,95 
3 -106,7003851739 0,32 35 -52482,1146781222 2,86 67 �±9321,5907735895 28,69 
4 -465,5302923213 8,42 36 -8962,8345685969 25,45 68 �±11427,5531477964 29,36 
5 -2571,4873906670 9,53 37 -9321,5894895556 29,00 69 �±15762,2920437995 29,34 
6 -6906,2411696398 9,90 38 -11427,5512332384 30,91 70 �±30077,8032497433 29,31 
7 -21221,7700714697 9,90 39 -15762,2901420093 30,81 71 �±9116,7065321625 22,47 
8 -260,5353049103 6,52 40 -30077,8009611907 32,81 72 �±9475,4572522998 27,27 
9 -619,3761608306 9,13 41 -9116,7004787050 24,90 73 �±11581,4195187956 27,93 
10 -2725,3373191808 10,37 42 -9475,4549427232 29,39 74 �±15916,1584277430 27,92 
11 -7060,0925727661 10,80 43 -11581,4168879763 30,45 75 �±30231,6696559565 27,87 
12 -21375,6214854562 10,86 44 -15916,1558151526 30,39 76 �±9552,5929851367 25,73 
13 -696,3995963709 7,68 45 -30231,6669873347 30,29 77 �±9911,3446251980 30,54 
14 -1055,2543501855 11,20 46 -9552,5880389659 27,83 78 �±12017,3069467332 31,20 
15 -3161,2207349841 12,94 47 -9911,3433900020 31,70 79 �±16352,0458006056 31,20 
16  -7495,9785289096 13,66 48 -12017,3052179759 33,31 80 �±30667,5570764563 31,16 
17  -21811,5088909353 14,02 49 -16352,0441674054 33,24 81 �±11884,1612747753 26,07 
18  -3027,9638343238 8,08 50 -30667,5553328017 33,08 82 �±12242,9129363436 30,80 
19  -3386,8216551602 11,92 51 -11884,1564051225 28,19 83 �±14348,8753114037 31,48 
20  -5492,7898598444 13,84 52 -12242,9118486122 31,91 84 �±18683,6142042227 31,48 
21  -9827,5483478994 14,67 53 -14348,8737122350 33,62 85 �±32999,1254017001 31,44 
22  -24143,0791829652 15,12 54 -18683,6126194163 33,54 86 �±16488,6067901779 26,18 
23  -7632,4087303342 8,78 55 -32999,1237959633 33,38 87 �±16847,3585920461 30,88 
24  -7991,2718587494 13,08 56 -16488,6021852884 28,29 88 �±18953,3209655871 31,57 
25  -10097,2437532871 15,06 57 -16847,3576448504 31,94 89 �±23288,0599040543 31,55 
26  -14432,0028264439 16,06 58 -18953,3195215634 33,71 90 �±37603,5714002469 31,46 
27  -28747,5341337105 16,72 59 -23288,0584824063 33,59  

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

�m�k�l�h�c�q�b�\�h�k�l�b�� �b�� �\�h�a�f�h�`�g�h�k�l�b�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�_�g�h�e�h�\�u�o��
�d�e�Z�k�l�_�j�h�\��  (34-65���� �b��

 (33-60, 66-90������ �j�Z�k�i�j�_�^�_�e�_�g�b�b�� �\�� �g�b�o��
�w�e�_�d�l�j�h�g�g�h�c���i�e�h�l�g�h�k�l�b�����B�a���^�Z�g�g�u�o���d�\�Z�g�l�h�\�h-�o�b�f�b�q�_�k�d�b�o���j�Z�k�q�_�l�h�\���k�e�_�^�m�_�l��
���k�f�����L�Z�[�e�b�p�m�����������q�l�h���w�g�_�j�]�b�y���\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �w�g�^�h�w�^�j�b�q�_�k�d�b�o���d�e�Z�k�l�_�j�h�\��
(32-56�������i�h�e�m�q�_�g�g�Z�y���i�h���n�h�j�f�m�e�_����I ): 



 
 

 

  (1) 

�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�Z�y�� �m�k�l�h�c�q�b�\�h�k�l�v�� �>����-�����@�� �w�g�^�h�w�^�j�b�q�_�k�d�b�o��
�[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�_�g�h�e�h�\�u�o�� �d�e�Z�k�l�_�j�g�u�o�� �k�b�k�l�_�f�� (37-40, 42-45, 47-50, 
52-55, 57-60, 67-70, 72-75, 77-80, 82-85, 87-90�����g�Z���a  �d�>�`���f�h�e�v���g�b�`�_����
�q�_�f�� �m�k�l�h�c�q�b�\�h�k�l�v�� �k�b�k�l�_�f���� �k�h�k�l�h�y�s�b�o�� �b�a�� �©�i�m�k�l�u�o�ª��
�[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�_�g�h�e�h�\�u�o�� �d�e�Z�k�l�_�j�h�\�� (1���� �b�� �b�a�h�e�b�j�h�\�Z�g�g�u�o��
�g�_�^�b�k�k�h�p�b�b�j�h�\�Z�g�g�u�o���f�h�e�_�d�m�e���]�Z�e�h�]�_�g�b�^�h�\���s�_�e�h�q�g�u�o���f�_�l�Z�e�e�h�\�� (4-7, 
9-12, 14-17, 19-22, 24-27).  
 
�L�Z�[�e�b�p�Z�� ��. �H�p�_�g�d�Z�� �w�g�_�j�]�b�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y  �w�g�^�h�w�^�j�b�q�_�k�d�b�o��

�[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�_�g�h�e�h�\�u�o�� �d�e�Z�k�l�_�j�h�\��  (33-60) 

�b��  (66-90) 
�‹  �����Z.�_���f��  

���O�Z�j�l�j�b�� 
, 

�d�>�`���f�h�e�v 

�‹  �����Z.�_���f��  
���O�Z�j�l�j�b�� 

, 
�d�>�`���f�h�e�v 

�‹  �����Z���_���f�� 
���O�Z�j�l�j�b�� 

, 
�d�>�`���f�h�e�v 

33 0,0480235877 126,09 51 -0,0711437524 -186,79 74 0.0555720694 145.90 
34 0,0483974314 127,07 52 0,0312335943 82,00 75 0.073256546 192.34 
35 0,0962667637 252,75 53 0,0375746557 98,65 76 �±0.0719617195 �±188.94 
36 -0,0127563767 -33,49 54 0,0571555294 150,06 77 0.0311520338 81.79 
37 0,062229812 163,38 55 0,0768140482 201,68 78  0.0352152972 92.46 
38 0,0575844749 151,19 56 -0,0720279079 -189,11 79 0.0541553503 142.18 
39 0,0724546768 190,23 57 0,0356409453 93,58 80 0.0732415253 192.30 
40 0,0905373253 237,71 58 0,04565877 119,88 81 �±0.0760134052 �±199.57 
41 -0,0437467484 -114,86 59 0,0657710839 172,68 82 0.0301458629 79.15 
42 0,0426451537 111,96 60 0,0855924434 224,72 83 0.035975487 94.45 
43 0,0418582508 109,90 66 -0,0178129459 -46,77 84 0.055570723 145.90 
44 0,0581846598 152,76 67  0,0609457781 160,01 85 0.0752083114 197.46 
45 0,0759251678 199,34 68  0,0556699169 146,16 86 �±0.0766327974 �±201.20 
46 -0,0670155487 -175,95 69  0,0705528866 185,24 87 0.0346937496 91.09 
47 0,0323872298 85,03 70  0,0882487727 231,70 88 0.0442147463 116.09 
48 0,0369440545 97,00 71 -0,0498002059 -130,75 89 0.0643494359 168.95 
49 0,0557885505 146,47 72 0,0403355771 105,90 90 0.0841605099 220.96 
50 0,0749851799 196,87 73  0,0392274315 102,99  

 
�>�e�y���n�l�h�j�b�^�h�\��  (36, 41, 46, 51, 56�����b��

 (66, 71, 76, 81, 86���� �i�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_��
�g�_�� �k�l�h�e�v�� �h�^�g�h�a�g�Z�q�g�u���� �q�l�h�� �k�\�y�a�Z�g�h�� �k�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �d�h�\�Z�e�_�g�l�g�u�o�� �k�\�y�a�_�c��

 �\�g�m�l�j�b�� �[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�g�h�e�h�\�u�o�� �k�n�_�j�� �w�l�b�o�� �k�h�_�^�b�g�_�g�b�c���� �B�o��
�m�k�l�h�c�q�b�\�h�k�l�v�� �h�d�Z�a�Z�e�Z�k�v�� �\�u�r�_�� �b�k�o�h�^�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �g�Z��
~  �d�>�`���f�h�e�v���� �M�k�l�h�c�q�b�\�h�k�l�v�� �b�a�h�f�_�j�g�u�o�� �k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�o��
�d�e�Z�k�l�_�j�g�u�o�� �k�b�k�l�_�f�� ��37-40, 42-45, 47-50, 52-55, 57-60���� �g�b�`�_�� �g�Z��
~  �d�>�`���f�h�e�v�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� ��67-70, 72-75, 77-80, 82-85, 87-90������ �Z��
�n�l�h�j�k�h�^�_�j�`�Z�s�b�o����36, 41, 46, 51, 56�����g�b�`�_���a  �d�>�`���f�h�e�v���i�h���k�j�Z�\�g�_�g�b�x��
�k�� ��66, 71, 76, 81, 86������ �J�Z�^�h�g�k�h�^�_�j�`�Z�s�b�_�� �d�e�Z�k�l�_�j�u�� ��33-35���� �g�Z��



 
 

 

~  �d�>�`���f�h�e�v�� �f�_�g�_�_�� �m�k�l�h�c�q�b�\�u���� �q�_�f�� �k�h�k�l�Z�\�e�y�x�s�b�_�� �b�o��
�b�a�h�e�b�j�h�\�Z�g�g�u�_���d�h�f�i�h�g�_�g�l�u����1, 2).  
 
�L�Z�[�e�b�p�Z����. �J�Z�^�b�m�k�u���b�h�g�h�\��M+, Hal�í �>�����������������@���b���b�o���Z�j�b�n�f�_�l�b�q�_�k�d�Z�y���k�m�f�f�Z����S�������g�f�
 

�J�Z�^�b�m�k���b�h�g�h�\�����g�f�� , 
 �b���b�o���k�m�f�f�Z����S) 

     
0,133 0,184 0,196 0,220 0,227 

 0,076 0,209 0,260 0,272 0,296 0,303 

 0,102 0,235 0,286 0,298 0,322 0,329 

 0,138 0,271 0,322 0,334 0,358 0,365 
 0,152 0,285 0,336 0,348 0,372 0,379 

 0,167 0,300 0,351 0,363 0,387 0,394 

 0,180 0,313 0,364 0,376 0,400 0,407 
*�<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u�c�� �j�Z�^�b�m�k�� �\�g�m�l�j�_�g�g�b�o�� �i�h�e�h�k�l�_�c�� �[�Z�d�f�b�g�k�l�_�j�n�m�e�e�_�j�_�g�h�e�Z�� ��1) �j�Z�\�_�g 

 �g�f�� 
�L�Z�[�e�b�p�Z����. �J�Z�k�q�_�l�u���f�_�l�h�^�h�f��DFT �^�e�b�g���k�\�y�a�_�c���\���k�h�e�y�o�� (3-32) , �g�f 

 
     

 0,166 0,219 0,236 0,260 0,273 

 0,197 0,241 0,256 0,280 0,293 

 0,240 0,283 0,298 0,322 0,337 

 0,259 0,301 0,315 0,340 0,355 

 0,279 0,321 0,353 0,361 0,378 

 0,322* 0,349* 0,364* 0,383* 0,395* 
*�>�e�b�g�u���k�\�y�a�_�c��  (28-32�������j�Z�k�k�q�b�l�Z�g�u���f�_�l�h�^�h�f���f�h�e�_�d�m�e�y�j�g�h�c���f�_�o�Z�g�b�d�b���>�����@�� 
�L�Z�[�e�b�p�Z����. �K�m�f�f�Z���Z�l�h�f�g�u�o���g�h�f�_�j�h�\���w�e�_�f�_�g�l�h�\���\���k�h�e�y�o�� (3-32)  

�‹   �‹   �‹   
3 12 4 20 5 38 
6 56 7 88 8 20 
9 28 10 46 11 64 
12 96 13 28 14 36 
15 54 16 72 17 104 
18 46 19 54 20 72 
21 90 22 122 23 64 
24 72 25 90 26 108 
27 140 28 96 29 104 
30 122 31 140 32 172 

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

�k�h�_�^�b�g�_�g�b�c�� ��36-65, 66-95���� �h�l�g�h�k�b�l�_�e�v�g�h�� �k�e�_�^�m�x�s�b�o�� �\�_�e�b�q�b�g����
�Z�j�b�n�f�_�l�b�q�_�k�d�h�c�� �k�m�f�f�u�� �\�o�h�^�y�s�b�o�� �\�� �b�o�� �k�h�k�l�Z�\�� �b�h�g�h�\�� ��, ���� �í��  ���k�f����
�L�Z�[�e�b�p�m�� �������� �j�Z�k�k�q�b�l�Z�g�g�u�o�� �f�_�l�h�^�h�f��DFT �^�e�b�g�� �k�\�y�a�_�c�� �\�� �k�h�e�y�o��  
(3-32)  ���k�f���� �L�Z�[�e�b�p�m�� ������ �b�� �Z�j�b�n�f�_�l�b�q�_�k�d�h�c�� �k�m�f�f�u�� �Z�l�h�f�g�u�o�� �g�h�f�_�j�h�\��
�\�o�h�^�y�s�b�o�� �\�� �b�o�� �k�h�k�l�Z�\�� �w�e�_�f�_�g�l�h�\�� ���k�f���� �L�Z�[�e�b�p�m�� ������ �>���@���� �I�m�l�_�f�� �i�j�y�f�h�c��
�w�d�k�l�j�Z�i�h�e�y�p�b�b�� �b�f�_�x�s�b�o�k�y�� �^�Z�g�g�u�o���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �\�� �L�Z�[�e�b�p�Z�o�� ��-���� �b�� �g�Z��



 
 

 

�j�b�k���� ��-������ �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �a�g�Z�q�_�g�b�c�� �^�e�y�� �^�e�b�g�� �k�\�y�a�_�c��  
(28-32������ �j�Z�k�k�q�b�l�Z�g�g�u�o�� �f�_�l�h�^�h�f�� �f�h�e�_�d�m�e�y�j�g�h�c�� �f�_�o�Z�g�b�d�b�� �>�����@�� ���k�f����
�L�Z�[�e�b�p�m �������� �[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �i�j�b�[�e�b�a�b�l�_�e�v�g�Z�y�� �h�p�_�g�d�Z�� �w�g�_�j�]�b�b��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �w�g�^�h�w�^�j�b�q�_�k�d�b�o���n�j�Z�g�p�b�c�k�h�^�_�j�`�Z�s�b�o���d�e�Z�k�l�_�j�h�\����61-65, 
91-95������ �i�h�e�m�q�_�g�g�u�o�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �w�d�k�l�j�Z�i�h�e�y�p�b�h�g�g�u�o�� �n�h�j�f�m�e�� 
(2-14�������k�f�����L�Z�[�e�b�p�m 6). 
 

 
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v�� �d�e�Z�k�l�_�j�h�\���h�l���k�m�f�f�u���b�h�g�g�u�o���j�Z�^�b�m�k�h�\��. 
 
�W�d�k�l�j�Z�i�h�e�y�p�b�h�g�g�u�_�� �f�g�h�]�h�q�e�_�g�u�� �^�e�y��(36, 41, 46, 51, 56, 61, 66, 71, 
76, 81, 86, 91): 
 , (2) 
�^�e�y��(39, 44, 49, 54, 59, 69, 74, 79, 84, 89):  
 , (3) 
�^�e�y��(40, 45, 50, 55, 60, 70, 75, 80, 85, 90): 
 , (4) 
�^�e�y��(37, 38, 42, 43, 47, 48, 52, 53, 57, 58):  
 . (5) 
 
�L�Z�[�e�b�p�Z���������H�p�_�g�d�Z���w�g�_�j�]�b�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���n�j�Z�g�p�b�c�k�h�^�_�j�`�Z�s�b�o���d�e�Z�k�l�_�j�h�\ 

�‹     

61, 91 -190.39; -181.13 -163.75; -143.87 45.8; 49.4 
62, 92 114.7 �± 191.6 116.98 �± 193.34 164.3 �± 582.6 
63, 93 119.03 �± 190.06 138.09 �± 211.76 127.01 �± 418.6 
64, 94 187.9 �± 228.04 169.09 �± 237.81 219.87 �± 438.85 
65, 95 204.26 �± 248.23 197.38 �± 258.02 �± 
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�W�d�k�l�j�Z�i�h�e�y�p�b�h�g�g�u�_�� �f�g�h�]�h�q�e�_�g�u�� �^�e�y��(37, 38, 42, 43, 47, 48, 52, 53, 
57, 58, 67, 68, 72, 73, 77, 78, 82, 83, 87, 88):  
 , (6) 
�^�e�y��(39, 44, 49, 54, 59, 69, 74, 79, 84, 89): 
 , (7) 
�^�e�y��(40, 45, 50, 55, 60, 70, 75, 80, 85, 90): 
 , (8) 
�^�e�y��(36, 41, 46, 51, 56, 61, 66, 71, 76, 81, 86, 91): 
 . (9) 
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�W�d�k�l�j�Z�i�h�e�y�p�b�h�g�g�u�_�� �f�g�h�]�h�q�e�_�g�u�� �^�e�y��(40, 45, 50, 55, 60, 70, 75, 80, 
85, 90): 
 , (10) 
�^�e�y (39, 44, 49, 54, 59, 69, 74, 79, 84, 89): 
 , (11) 
�^�e�y��(38, 43, 48, 53, 58, 68, 73, 78, 83, 88): 
 , (12) 
�^�e�y��(37, 42, 47, 52, 67, 72, 77, 82): 
 , (13) 
�^�e�y (36, 41, 46, 51, 56, 61, 66, 71, 76, 81, 86, 91): 
 . (14) 
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�\�u�a�u�\�Z�_�l�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �b�g�l�_�j�_�k���g�Z�m�q�g�h�]�h�� �k�h�h�[�s�_�k�l�\�Z���b�� �\�� �g�_�^�Z�\�g�b�o��
�j�Z�[�h�l�Z�o�� �>1-6�@�� �[�u�e�b �a�Z�l�j�h�g�m�l�u�� �\�h�i�j�h�k�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �b��
�l�_�h�j�_�l�b�q�_�k�d�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �m�]�e�_�\�h�^�h�j�h�^�g�u�o�� �k�f�Z�q�b�\�Z�x�s�b�o�� �i�e�_�g�h�d�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�b���\�h�^�u���b���\�h�^�g�u�o���j�Z�k�l�\�h�j�h�\. 

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



 
 

 

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

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

�D�Z�d���h�[�k�m�`�^�Z�e�h�k�v �\�u�r�_, �^�e�y�� �h�[�t�y�k�g�_�g�b�y�� �k�h�k�m�s�_�k�l�\�h�\�Z�g�b�y��
�g�Z�g�h�f�_�l�j�h�\�u�o�� �i�e�_�g�h�d�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o�� �Z�e�d�Z�g�h�\�� �g�Z�� �\�h�^�_�� �k�� �h�[�t�_�f�g�u�f�b��
�d�Z�i�e�y�f�b�����m�q�_�l�Z �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u�o�� �k�b�e�� �g�_�^�h�k�l�Z�l�h�q�g�h �b�� �l�j�_�[�m�_�l�k�y��
�i�j�b�\�e�_�d�Z�l�v �l�Z�d�`�_�� �b�� �^�j�m�]�b�_�� �i�h�\�_�j�o�g�h�k�l�g�u�_�� �k�b�e�u���� �I�j�_�^�k�l�Z�\�e�y�e�h�k�v��
�j�Z�a�m�f�g�u�f�� �k�\�y�a�Z�l�v�� �w�l�b�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �k�b�e�u�� �k�� �j�Z�k�l�\�h�j�b�f�h�k�l�v�x�� �\�h�^�u�� �\��
�Z�e�d�Z�g�Z�o�����G�_�k�f�h�l�j�y�� �g�Z�� �h�[�s�_�_�� �f�g�_�g�b�_�� �h�� �f�Z�e�h�f�� �d�h�e�b�q�_�k�l�\�_�� �\�h�^�u�� �\�� �`�b�^�d�b�o��
�m�]�e�_�\�h�^�h�j�h�^�Z�o���� �h�[�t�_�f�g�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y���i�h�k�e�_�^�g�b�o�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v�� �^�h�e�_�c��
�f�b�e�e�b�f�h�e�_�c��[7-10�@���� �;�h�e�_�_���l�h�]�h���� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�h�e�_�d�m�e�� �\�h�^�u, 
�j�Z�k�l�\�h�j�_�g�g�u�o�� �\�� �i�e�_�g�d�_, �k�� �]�j�Z�g�b�p�Z�f�b�� �i�e�_�g�d�b�� �a�Z�� �k�q�_�l���\�h�^�h�j�h�^�g�u�o�� �k�\�y�a�_�c, 
�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�o�� �b�� �^�b�k�i�_�j�k�b�h�g�g�u�o�� �k�b�e�� �i�j �b�\�h�^�y�l�� �d�� �^�Z�e�v�g�_�c�r�_�f�m��
�m�\�_�e�b�q�_�g�b�x�� �d�h�e�b�q�_�k�l�\�Z�� �\�h�^�u�� �\�� �i�e�_�g�d�Z�o�� �Z�e�d�Z�g�h�\���� �<�� �l�h�� �`�_�� �\�j�_�f�y����
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���^�Z�g�g�u�_���h�[���m�k�l�h�c�q�b�\�h�k�l�b���l�h�g�d�b�o���k�f�Z�q�b�\�Z�x�s�b�o���i�e�_�g�h�d��
�j�Z�k�l�\�h�j�h�\�� �k�� �g�_�i�h�e�y�j�g�u�f�� �j�Z�k�l�\�h�j�b�l�_�e�_�f�� �b�� �i�h�e�y�j�g�u�f�� �j�Z�k�l�\�h�j�_�g�g�u�f��
�\�_�s�_�k�l�\�h�f�� �i�h�d�Z�a�u�\�Z�x�l�� �\�u�k�h�d�m�x�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v���j�Z�\�g�h�\�_�k�g�h�c�� �l�h�e�s�b�g�u��
�d���i�j�b�k�m�l�k�l�\�b�x���i�h�e�y�j�g�u�o���f�h�e�_�d�m�e���>11-14]. 

�J�Z�g�_�_�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �[�u�e�h�� �j�Z�k�k�f�h�l�j�_�g�h �g�_�k�d�h�e�v�d�h�� �f�_�o�Z�g�b�a�f�h�\�� �k�b�e��
�b�a�h�[�j�Z�`�_�g�b�y���� �k�\�y�a�Z�g�g�u�o�� �k�� �i�h�e�y�j�b�a�Z�p�b�_�c�� �]�j�Z�g�b�q�g�u�o�� �n�Z�a��
�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�f�� �i�h�e�_�f�� �^�b�i�h�e�_�c. �L�Z�d�� �\�� �j�Z�[�h�l�Z�o [2, 15] �[�u�e�h�� �i�h�e�m�q�_�g�h��
�m�j�Z�\�g�_�g�b�_�� �^�e�y�� �j�Z�k�q�_�l�Z�� �b�a�[�u�l�h�q�g�h�c�� �k�\�h�[�h�^�g�h�c�� �w�g�_�j�]�b�b�� �i�e�_�g�d�b����
�\�d�e�x�q�Z�x�s�_�c �w�g�_�j�]�b�x�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �^�b�i�h�e�_�c�� �k���^�b�i�h�e�y�f�b�� �b�a�h�[�j�Z�`�_�g�b�c�� 
�<�� �j�Z�[�h�l�_�� �>���@���i�j�_�^�k�l�Z�\�e�_�g�� �i�h�^�o�h�^, �m�q�b�l�u�\�Z�x�s�b�c�� �i�h�e�y�j�b�a�Z�p�b�x�� �]�j�Z�g�b�p��
�i�e�_�g�d�b�� �a�Z�� �k�q�_�l�� �^�b�k�d�j�_�l�g�h�]�h�� �a�Z�j�y�`�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b �j�Z�a�^�_�e�Z�� �\�h�^�Z���f�Z�k�e�h���� �< 
�k�l�Z�l�v�_�� �>16�@�� �w�l�h�l�� �j�_�a�m�e�v�l�Z�l�� �[�u�e�� �i�j�b�f�_�g�_�g�� �^�e�y�� �j�Z�k�q�_�l�Z���b�a�[�u�l�h�q�g�h�c�� �w�g�_�j�]�b�b��
�i�e�_�g�d�b���� �k�\�y�a�Z�g�g�h�c�� �k�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f�� �^�b�i�h�e�_�c�� �f�h�e�_�d�m�e�� �\�h�^�u, 
�j�Z�k�l�\�h�j�_�g�g�u�o���\���i�e�_�g�d�_, �k���^�b�k�d�j�_�l�g�h �a�Z�j�y�`�_�g�g�h�c���]�j�Z�g�b�p�_�c. 

�I�h�e�g�Z�y �f�h�^�_�e�v���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���k�b�k�l�_�f�u (�k�f�����j�b�k�� 1���� �\�d�e�x�q�Z�_�l�� �\��
�k�_�[�y���� �i�e�_�g�d�m �g�_�i�h�e�y�j�g�h�c�� �`�b�^�d�h�k�l�b�� �k���^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�v�x�� 
�b�� �l�h�e�s�b�g�h�c������ �h�]�j�Z�g�b�q�_�g�g�m�x �^�\�m�f�y�� �i�h�e�m�[�_�k�d�h�g�_�q�g�u�f�b�� �k�j�_�^�Z�f�b�� �k��
�^�b�w�e�_�d�l�j�b�q�_�k�d�b�f�b�� �i�j�h�g�b�p�Z�_�f�h�k�l�y�f�b�� �b�� . �=�j�Z�g�b�p�u�� �i�e�_�g�d�b��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l���f�_�`�^�m���k�h�[�h�c���<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u�f�b���k�b�e�Z�f�b�� 

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



 
 

 

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

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

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

�>�e�y���\�h�^�u���b�e�b���j�Z�a�[�Z�\�e�_�g�g�h�]�h����-�����\�h�^�g�h�]�h���j�Z�k�l�\�h�j�Z���w�e�_�d�l�j�h�e�b�l�Z�����d�h�]�^�Z��
�h�[�j�Z�l�g�Z�y�� �^�_�[�Z�_�\�k�d�Z�y�� �^�e�b�g�Z�� �b�� , -�d�h�f�i�h�g�_�g�l�Z��
�g�Z�i�j�y�`�_�g�g�h�k�l�b  �\���i�j�h�b�a�\�h�e�v�g�h�c���l�h�q�d�_�� �i�e�_�g�d�b, �\�u�a�\�Z�g�g�Z�y���^�b�k�d�j�_�l�g�h��
�a�Z�j�y�`�_�g�g�h�c���]�j�Z�g�b�p�_�c���j�Z�a�^�_�e�Z, �f�h�`�_�l���[�u�l�v���a�Z�i�b�k�Z�g�Z���d�Z�d [16]: 

  (1) 



 
 

 

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

  �^�e�y ,  (2) 

  �^�e�y , (3) 

�]�^�_  �\���m�j�Z�\�g�_�g�b�y�o������) �b (3) �± �w�l�h���i�h�e�b�g�h�f���E�_�`�Z�g�^�j�Z��-�]�h���i�h�j�y�^�d�Z,  �± 
�k�j�_�^�g�_�_���j�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���a�Z�j�y�^�Z�f�b.  

�J�Z�k�q�_�l �j�Z�^�b�Z�e�v�g�h�c �d�h�f�i�h�g�_�g�l�u���g�Z�i�j�y�`�_�g�g�h�k�l�b �i�h�e�y �i�h�d�Z�a�Z�e�����q�l�h���i�h��
�Z�[�k�h�e�x�l�g�h�c�� �\�_�e�b�q�b�g�_�� �\�_�k�v�f�Z�� �f�Z�e�Z, �\�u�b�]�j�u�r�� �w�g�_�j�]�b�b���^�e�y�� �^�b�i�h�e�_�c, 
�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �i�h�� �i�h�e�x, �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_������ �b�� �n�Z�d�l�b�q�_�k�d�b����
�^�b�i�h�e�b�� �f�h�]�m�l�� �k�\�h�[�h�^�g�h�� �\�j�Z�s�Z�l�v�k�y���� �h�[�g�m�e�y�y�� �\�d�e�Z�^�� �w�g�_�j�]�b�b���� �k�\�y�a�Z�g�g�u�c�� �k��
�j�Z�^�b�Z�e�v�g�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�f�b�� �^�b�i�h�e�v�g�u�f�b�� �f�h�f�_�g�l�Z�f�b. �L�Z�d�b�f�� �h�[�j�Z�a�h�f����
�b�k�i�h�e�v�a�m�y�� �m�j�Z�\�g�_�g�b�y�� ��1), �f�h�`�g�h���j�Z�k�k�q�b�l�Z�l�v �\�d�e�Z�^�� �\�� �k�\�h�[�h�^�g�m�x��
�b�a�[�u�l�h�q�g�m�x�� �w�g�_�j�]�b�x�� �i�e�_�g�d�b���� �\�h�a�g�b�d�Z�x�s�b�c�� �\�� �k�b�e�m�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��
�j�Z�k�l�\�h�j�_�g�g�u�o���\���f�Z�k�e�_���i�h�e�y�j�g�u�o���f�h�e�_�d�m�e���k���^�b�k�d�j�_�l�g�h���a�Z�j�y�`�_�g�g�h�c���]�j�Z�g�b�p�_�c��
�\�h�^�Z-�Z�e�d�Z�g�� 
 ,  (4) 
�]�^�_��  �± �m�]�h�e�� �f�_�`�^�m�� �^�b�i�h�e�v�g�u�f�� �f�h�f�_�g�l�h�f�� �j�Z�k�l�\�h�j�_�g�g�h�c�� �f�h�e�_�d�m�e�u�� �b��
�\�_�j�l�b�d�Z�e�v�x�� 

�>�e�y�� �j�Z�k�q�_�l�Z�� �w�g�_�j�]�b�b�� �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c  
�f�_�`�^�m�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f�b�� �f�h�e�_�d�m�e�Z�f�b�� �\�h�^�u�� �b�� �n�Z�a�Z�f�b��2 �b�� 3, 
�h�]�j�Z�g�b�q�b�\�Z�x�s�b�f�b���i�e�_�g�d�m�����b�k�i�h�e�v�a�h�\�Z�e�h�k�v �\�u�j�Z�`�_�g�b�_���b�a���j�Z�[�h�l�u���>17]: 

   (5) 

�A�^�_�k�v�� �± �h�[�t�_�f���f�h�e�_�d�m�e�u���\�h�^�u,  �± �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���i�j�h�g�b�p�Z�_�f�h�k�l�v��
�d�Z�d�� �n�m�g�d�p�b�y�� �f�g�b�f�h�c�� �q�Z�k�l�h�l�u�� �^�e�y�� �\�h�^�u���� �± �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y��
�i�j�h�g�b�p�Z�_�f�h�k�l�v�� �d�Z�d�� �n�m�g�d�p�b�y�� �f�g�b�f�h�c�� �q�Z�k�l�h�l�u�� �^�e�y���Z�e�d�Z�g�Z�� , �\�h�^�u��

 �b�� �i�Z�j�Z�� ���� �Z�� �± �i�h�e�h�\�b�g�Z�� �l�h�e�s�b�g�u�� �f�h�g�h�k�e�h�y�� �\�h�^�u��(  �g�f 
[18]). 

�J�_�a�m�e�v�l�Z�l�u�� �f�h�e�_�d�m�e�y�j�g�h-�^�b�g�Z�f�b�q�_�k�d�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�h �k�l�j�m�d�l�m�j�_ 
�`�b�^�d�h�k�l�b���\�[�e�b�a�b���]�j�Z�g�b�p�u���\�h�^�Z-�m�]�e�_�\�h�^�h�j�h�^ [19] �i�h�d�Z�a�u�\�Z�x�l�����q�l�h���f�h�e�_�d�m�e�u��
�\�h�^�u�� �\�� �Z�e�d�Z�g�_�� �h�j�b�_�g�l�b�j�m�x�l�k�y�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�[�u�� �k�\�y�a�v�� �[�u�e�Z��
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z�� �]�j�Z�g�b�p�_���� �<�l�h�j�Z�y�� �k�\�y�a�v�� �f�h�`�_�l�� �k�\�h�[�h�^�g�h�� �\�j�Z�s�Z�l�v�k�y��



 
 

 

�h�l�g�h�k�b�l�_�e�v�g�h�� �i�_�j�\�h�c���� �L�Z�d�Z�y�� �d�h�g�n�b�]�m�j�Z�p�b�y�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �f�Z�d�k�b�f�m�f�m��
�w�g�_�j�]�b�b�� �\�h�^�h�j�h�^�g�h�c�� �k�\�y�a�b���� �k�h�k�l�Z�\�e�y�x�s�_�f�m������ �<�� �w�l�h�f�� �k�e�m�q�Z�_��
�i�h�e�g�u�c�� �^�b�i�h�e�v�g�u�c�� �f�h�f�_�g�l�� �f�h�e�_�d�m�e�� �\�h�^�u�� �k�h�k�l�Z�\�e�y�_�l�� �m�]�h�e�� �i�h�j�y�^�d�Z�� �d��
�g�h�j�f�Z�e�b�� �d�� �i�h�\�_�j�o�g�h�k�l�b���� �>�e�y�� �m�i�j�h�s�_�g�b�y�� �j�Z�k�q�_�l�h�\�� �f�u�� �i�j�_�^�k�l�Z�\�e�y�_�f�� �w�l�h�l��
�^�b�i�h�e�v�g�u�c�� �f�h�f�_�g�l�� �\�� �\�b�^�_�� �k�m�f�f�u�� �g�h�j�f�Z�e�v�g�h�]�h�� �b�� �i�Z�j�Z�e�e�_�e�v�g�h�]�h��
�i�h�\�_�j�o�g�h�k�l�b�� �f�h�f�_�g�l�h�\�� �K�h�]�e�Z�k�g�h�� �j�Z�[�h�l�_�� �>19�@���� �i�h�k�Z�^�h�q�g�Z�y�� �i�e�h�s�Z�^�v�� �g�Z��
�f�h�e�_�d�m�e�m�� �\�h�^�u, �Z�^�k�h�j�[�b�j�h�\�Z�g�g�m�x�� �g�Z�� �]�j�Z�g�b�p�_�� �\�h�^�Z���Z�e�d�Z�g, �k�h�k�l�Z�\�e�y�_�l��

 �g�f2. 
�D�Z�d���i�h�d�Z�a�Z�g�h���\���>3�@�����w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y���w�g�_�j�]�b�y���^�b�i�h�e�y���\���i�h�e�_���^�j�m�]�b�o��

�^�b�i�h�e�_�c���b���b�o���b�a�h�[�j�Z�`�_�g�b�c���f�h�`�_�l���[�u�l�v���a�Z�i�b�k�Z�g�Z���\���\�b�^�_�� 
 ,  (6) 
�]�^�_�� ,  �± �i�h�l�_�g�p�b�Z�e�v�g�u�_ �w�g�_�j�]�b�b�� �^�b�i�h�e�_�c���� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o��
�g�h�j�f�Z�e�v�g�h�� �b�� �i�Z�j�Z�e�e�_�e�v�g�h�� �i�h�\�_�j�o�g�h�k�l�b�� �\�� �i�h�e�_�� �b�o�� �k�h�[�k�l�\�_�g�g�u�o��
�b�a�h�[�j�Z�`�_�g�b�c���� �± �i�h�l�_�g�p�b�Z�e�v�g�Z�y�� �w�g�_�j�]�b�y�� �^�b�i�h�e�y�� �\�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�f��
�i�h�e�_�����k�h�a�^�Z�g�g�h�f�� �^�j�m�]�b�f�b�� �^�b�i�h�e�y�f�b���� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f�b�� �\�� �f�h�g�h�k�e�h�_�� �b�� �b�o��
�b�a�h�[�j�Z�`�_�g�b�y�f�b���� �>�e�y�� �j�Z�k�q�_�l�Z�� �w�l�b�o�� �w�g�_�j�]�b�c�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �\�u�j�Z�`�_�g�b�y�� �b�a��
�j�Z�[�h�l���>1, 3, 15]. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f, �^�e�y�� �k�\�h�[�h�^�g�h�c�� �w�g�_�j�]�b�b�� �k�f�Z�q�b�\�Z�x�s�_�c�� �i�e�_�g�d�b�� �f�u��
�b�f�_�_�f�� 
 ,  (7) 
�]�^�_  �± �w�g�_�j�]�b�y�� �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �]�j�Z�g�b�p�� �i�e�_�g�d�b 
�q�_�j�_�a�� �k�e�h�c�� �Z�e�d�Z�g�Z��  �± �q�b�k�e�h�� �f�h�e�_�d�m�e�� �\�h�^�u�� �g�Z�� �_�^�b�g�b�p�m�� �i�e�h�s�Z�^�b����
�Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�o���g�Z���]�j�Z�g�b�p�_���\�h�^�Z-�Z�e�d�Z�g��  �± �w�g�_�j�]�b�b���g�Z���h�^�b�g��
�^�b�i�h�e�v�� �h�l���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k��
�^�b�k�d�j�_�l�g�u�f�b�� �a�Z�j�y�^�Z�f�b�� �b�� �b�o�� �b�a�h�[�j�Z�`�_�g�b�y�f�b���� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �^�j�m�]�b�f�b�� �^�b�i�h�e�y�f�b�� �b�� �b�o�� �b�a�h�[�j�Z�`�_�g�b�y�f�b���� �\�h�^�h�j�h�^�g�h�c��
�k�\�y�a�b�� �f�_�`�^�m�� �f�h�e�_�d�m�e�h�c�� �b�� �\�h�^�g�h�c�� �i�h�^�e�h�`�d�h�c���� �b�� �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�h�]�h 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�h�e�_�d�m�e���\�h�^�u���k���n�Z�a�Z�f�b, �h�]�j�Z�g�b�q�b�\�Z�x�s�b�f�b���i�e�_�g�d�m�� 

�H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �m�j�Z�\�g�_�g�b�y�o�� ����)-(7���� �b�� �b�k�i�h�e�v�a�m�y�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�_��
�^�Z�g�g�u�_�� �^�e�y�� �\�h�^�u�� �b���i�_�g�l�Z�g�Z, �b�a�f�_�j�_�g�g�u�_ �\�� �>20�@���� �f�u���j�Z�k�k�q�b�l�Z�e�b �\�d�e�Z�^�u�� �h�l��
�j�Z�a�g�u�o�� �k�b�e�� �\�� �i�h�e�g�m�x�� �w�g�_�j�]�b�x�� �Z�^�k�h�j�[�p�b�b�� �^�e�y�� �f�h�e�_�d�m�e�u�� �\�h�^�u�� �\��
�j�Z�\�g�h�\�_�k�g�h�c���g�Z�k�u�s�_�g�g�h�c���\�h�^�h�c���i�e�_�g�d�_���i�_�g�l�Z�g�Z���g�Z���\�h�^�_�����k�f�����L�Z�[�e�b�p�m 1). 
 
�L�Z�[�e�b�p�Z�� ������ �<�d�e�Z�^�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �j�Z�a�g�u�o�� �l�b�i�h�\�� �\�� �b�a�[�u�l�h�q�g�m�x�� �w�g�_�j�]�b�x�� �^�b�i�h�e�y��
�f�h�e�_�d�m�e�u���\�h�^�u���\���j�Z�\�g�h�\�_�k�g�h�c���i�e�_�g�d�_���i�_�g�l�Z�g�Z���g�Z���\�h�^�_ 
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�W�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y�� �w�g�_�j�]�b�y�� �^�b�i�h�e�y�� �\�� �i�h�e�_�� �^�b�k�d�j�_�l�g�h�� �a�Z�j�y�`�_�g�g�h�c��
�]�j�Z�g�b�p�u���j�Z�a�^�_�e�Z�� �b �i�h�e�y�j�b�a�h�\�Z�g�g�u�o�� �]�j�Z�g�b�p�� �a�Z�\�b�k�b�l�� �h�l�� �\�a�Z�b�f�g�h�]�h��



 
 

 

�j�Z�k�i�h�e�h�`�_�g�b�y�� �w�l�h�]�h�� �^�b�i�h�e�y�� �b�� �[�e�b�`�Z�c�r�_�]�h�� �a�Z�j�y�^�Z�� ���k�f�����m�j�Z�\�g�_�g�b�y�� ��2)-(3)). 
�K�h�]�e�Z�k�g�h [21]���� �o�Z�j�Z�d�l�_�j�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�g�Z�y�� �i�e�h�l�g�h�k�l�v�� �a�Z�j�y�^�h�\�� �g�Z�� �]�j�Z�g�b�p�_��
�\�h�^�Z-�f�Z�k�e�h���k�h�k�l�Z�\�e�y�_�l �h�l��  �^�h��  �f�d�D�e���k�f2���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �h�^�g�h�f�m��
�]�b�^�j�h�d�k�b�^-�b�h�g�m���g�Z���d�Z�`�^�u�_�� �g�f2 �i�h�\�_�j�o�g�h�k�l�b (  �g�f�������L�Z�d�b�f���h�[�j�Z�a�h�f����
�i�e�h�l�g�h�k�l�v�� �^�b�i�h�e�_�c�� �\�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�f�� �f�h�g�h�k�e�h�_�� �a�g�Z�q�b�l�_�e�v�g�h�� �\�u�r�_��
�i�e�h�l�g�h�k�l�b�� �a�Z�j�y�^�h�\�����:�g�Z�e�b�a�� �m�j�Z�\�g�_�g�b�y�� �������� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �w�g�_�j�]�b�y��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �^�b�i�h�e�y�� �b�� �a�Z�j�y�^�h�\�� �f�Z�d�k�b�f�Z�e�v�g�Z ���i�h�� �Z�[�k�h�e�x�l�g�h�c�� �\�_�e�b�q�b�g�_�� 
�^�e�y�� ���� �H�^�g�Z�d�h�����^�Z�`�_�� �^�e�y�� �w�l�h�]�h �k�e�m�q�Z�y�� �h�g�Z�� �f�_�g�v�r�_�� �b�� �k�m�s�_�k�l�\�_�g�g�h��
�f�_�g�v�r�_�� ���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f, �[�h�e�v�p�f�Z�g�h�\�k�d�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�j�b�\�h�^�b�l�� �d��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�h�^�g�h�j�h�^�g�h�f�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �^�b�i�h�e�_�c�� �k�h�� �k�e�m�q�Z�c�g�u�f�b��
�j�Z�k�k�l�h�y�g�b�y�f�b�� �^�h�� �[�e�b�`�Z�c�r�b�o�� �a�Z�j�y�^�h�\���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �k�j�_�^�g�_�f�m��
�j�Z�k�k�l�h�y�g�b�x�� . �B�f�_�g�g�h�� �^�e�y�� �w�l�h�]�h�� �i�h�e�h�`�_�g�b�y�� �^�b�i�h�e�_�c�� �i�j�b�\�_�^�_�g�u��

�^�Z�g�g�u�_���\���L�Z�[�e�b�p�_������ 
 
�M�k�l�h�c�q�b�\�h�k�l�v���i�e�_�g�d�b �i�_�g�l�Z�g�Z���g�Z���\�h�^�_ 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �j�Z�\�g�h�\�_�k�g�h�c�� �l�h�e�s�b�g�u�� �i�e�_�g�d�b���� �f�u���b�k�i�h�e�v�a�h�\�Z�e�b��
�l�_�h�j�b�x�� �>�_�j�y�]�b�g�Z-�N�j�m�f�d�b�g�Z��[22]���� �M�k�l�h�c�q�b�\�h�k�l�v �i�e�_�g�d�b���h�i�j�_�^�_�e�y�_�l�k�y 
�i�h�\�_�^�_�g�b�_�f  �b�a�h�l�_�j�f�u�� �j�Z�k�d�e�b�g�b�\�Z�x�s�_�]�h�� �^�Z�\�e�_�g�b�y���� �B�k�o�h�^�y �b�a�� �m�j�Z�\�g�_�g�b�y 
(7������ �i�h�e�g�Z�y�� �\�_�e�b�q�b�g�Z���j�Z�k�d�e�b�g�b�\�Z�x�s�_�]�h �^�Z�\�e�_�g�b�y�� �f�h�`�_�l�� �[�u�l�v���j�Z�k�k�q�b�l�Z�g�Z 
�d�Z�d�� �k�m�f�f�Z�� �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�h�c���b�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�c�� �d�h�f�i�h�g�_�g�l�u�� 
�k�\�y�a�Z�g�g�h�c���k���k�b�e�Z�f�b���b�a�h�[�j�Z�`�_�g�b�y���j�Z�a�g�u�o���\�b�^�h�\�� 

 ,  (8) 

�]�^�_ �f�u���m�q�e�b  �i�j�b �j�Z�k�q�_�l�_ : 

   (9) 

�>�e�y�� �j�Z�a�e�b�q�g�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �\�h�^�u�� �\�� �i�_�g�l�Z�g�_�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u 
�b�a�h�l�_�j�f�u�� �j�Z�k�d�e�b�g�b�\�Z�x�s�_�]�h�� �^�Z�\�e�_�g�b�y��(�k�f�����j�b�k���� �������^�e�y�� �i�e�_�g�h�d �i�_�g�l�Z�g�Z���i�j�b 
�i�h�\�_�j�o�g�h�k�l�g�h�c�� �i�e�h�l�g�h�k�l�b�� �a�Z�j�y�^�Z�� �f�d�D�e���k�f2���� �o�Z�j�Z�d�l�_�j�g�h�c�� �^�e�y��
�]�j�Z�g�b�p�u���j�Z�a�^�_�e�Z���\�h�^�Z-�f�Z�k�e�h���>21]. 

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



 
 

 

 
�J�b�k���� ������ �B�a�h�l�_�j�f�u�� �j�Z�k�d�e�b�g�b�\�Z�x�s�_�]�h�� �^�Z�\�e�_�g�b�y�� �^�e�y�� �i�e�_�g�h�d�� �i�_�g�l�Z�g�Z�� �g�Z�� �\�h�^�_�� �^�e�y�� �j�Z�a�g�u�o��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �\�h�^�u�� �\�� �i�e�_�g�d�_�� 1 �±  ���d�h�g�p�_�g�l�j�Z�p�b�y�� �g�Z�k�u�s�_�g�b�y�� �h�[�t�_�f�g�h�]�h��

�j�Z�k�l�\�h�j�Z���� 2 �±  ���k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �j�Z�\�g�h�\�_�k�g�h�c�� �l�h�e�s�b�g�_�����±, 3 �± 

. 
 

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

�G�Z�� �h�k�g�h�\�_�� �j�Z�k�q�_�l�Z�� �b�a�h�l�_�j�f�� �i�h�e�g�h�]�h�� �j�Z�k�d�e�b�g�b�\�Z�x�s�_�]�h�� �^�Z�\�e�_�g�b�y�� �\��
�i�e�_�g�d�_ �k�l�Z�g�h�\�b�l�k�y�� �\�h�a�f�h�`�g�u�f���j�Z�k�k�q�b�l�Z�l�v �j�Z�\�g�h�\�_�k�g�m�x �l�h�e�s�b�g�m�� �i�e�_�g�d�b�� 
�i�_�g�l�Z�g�Z (�k�f�����j�b�k�� 3) �b�a���m�k�e�h�\�b�c���j�Z�\�g�h�\�_�k�b�y�������������b���m�k�l�h�c�q�b�\�h�k�l�b����������: 



 
 

 

 ,  (10) 
 .  (11) 

 �\���k�e�m�q�Z�_���k�h�k�m�s�_�k�l�\�h�\�Z�g�b�y���k���h�[�t�_�f�g�h�c���n�Z�a�h�c �j�Z�\�g�h��. 
�F�u�� �\�b�^�b�f���� �q�l�h���j�Z�\�g�h�\�_�k�g�Z�y�� �l�h�e�s�b�g�Z�� �i�e�_�g�d�b, �k�h�k�m�s�_�k�l�\�m�x�s�_�c�� �k��

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

�H�[�t�y�k�g�_�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �g�Z�[�e�x�^�Z�_�f�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c��
�k�f�Z�q�b�\�Z�g�b�y�� �\�h�^�u�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f�b�� �Z�e�d�Z�g�Z�f�b�� �l�j�_�[�m�_�l�� �i�j�b�\�e�_�q�_�g�b�y��
�^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �k�b�e, �i�h�f�b�f�h�� �k�b�e�� �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�Z�� �I�j�_�^�k�l�Z�\�e�y�e�h�k�v��
�j�Z�a�m�f�g�u�f�� �k�\�y�a�Z�l�v�� �w�l�b�� �k�b�e�u�� �k�� �g�Z�e�b�q�b�_�f�� �j�Z�k�l�\�h�j�_�g�g�h�c�� �\�h�^�u�� �\�� �i�e�_�g�d�_��
�Z�e�d�Z�g�Z, �d�h�l�h�j�Z�y���i�j�b�\�h�^�b�l���d �\�h�a�g�b�d�g�h�\�_�g�b�x �b�a�[�u�l�h�q�g�h�c���k�\�h�[�h�^�g�h�c���w�g�_�j�]�b�b��
�i�e�_�g�d�b���� �k�\�y�a�Z�g�g�h�c�� �k�� �k�b�e�Z�f�b�� �b�a�h�[�j�Z�`�_�g�b�y. �G�Z�[�e�x�^�Z�_�f�u�_�� �g�Z�f�b�� �w�n�n�_�d�l�u��
�y�\�e�y�x�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �^�b�k�d�j�_�l�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �a�Z�j�y�^�h�\�� �f�_�`�n�Z�a�g�h�c��
�]�j�Z�g�b�p�u�� �b�� �^�b�i�h�e�_�c�� �\�� �i�e�_�g�d�_�� �<�� �w�l�h�c�� �j�Z�[�h�l�_���� �g�Z�� �i�j�b�f�_�j�_�� �i�_�g�l�Z�g�Z�� �f�u 
�i�h�d�Z�a�Z�e�b, �q�l�h���k�b�e�u�� �b�a�h�[�j�Z�`�_�g�b�y �i�j�b�\�h�^�y�l�� �d �m�k�l�h�c�q�b�\�h�k�l�b�� �k�f�Z�q�b�\�Z�x�s�_�c��
�i�e�_�g�d�b�� �Z�e�d�Z�g�Z �g�Z�� �\�h�^�_. �D�j�h�f�_�� �l�h�]�h���� �Z�g�Z�e�b�a���a�Z�\�b�k�b�f�h�k�l�b�� �j�Z�\�g�h�\�_�k�g�h�c��
�l�h�e�s�b�g�u�� �i�e�_�g�d�b�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �\�h�^�u�� �i�h�d�Z�a�Z�e���� �q�l�h���f�Z�d�k�b�f�Z�e�v�g�h�_��
�a�g�Z�q�_�g�b�_���w�g�_�j�]�b�b���k�b�e���b�a�h�[�j�Z�`�_�g�b�y���k�h�h�l�\�_�l�k�l�\�m�_�l���l�Z�d�h�c���d�h�g�p�_�g�l�j�Z�p�b�b�����i�j�b��
�d�h�l�h�j�h�c���k�j�_�^�g�_�_���j�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���^�b�i�h�e�y�f�b���[�e�b�a�d�h���d���l�h�e�s�b�g�_ �i�e�_�g�d�b�� 
 
�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �i�j�b�� �i�h�^�^�_�j�`�d�_�� �I�j�h�]�j�Z�f�f�u�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��
�I�j�_�a�b�^�b�m�f�Z���J�:�G���©�N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���i�h�\�_�j�o�g�h�k�l�g�u�o���y�\�e�_�g�b�c�ª�� 
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�\�b�a�m�Z�e�b�a�Z�l�h�j�h�\���� �Z�� �l�Z�d�`�_�� �g�Z�� �h�k�g�h�\�_�� �]�j�Z�n�b�d�h�\�� �n�m�g�d�p�b�b�� �j�Z�^�b�Z�e�v�g�h�]�h��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�� �a�Z�\�b�k�b�f�h�k�l�b�� �i�h�l�_�g�p�b�Z�e�v�g�h�c�� �w�g�_�j�]�b�b�� �h�l�� �l�_�f�i�_�j�Z�l�m�j�u����
�K�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_�� �f�Z�e�u�o�� �f�_�l�Z�e�e�b�q�_�k�d�b�o�� �q�Z�k�l�b�p�� �b�a�� �`�b�^�d�h�c�� �n�Z�a�u��
�b�k�k�e�_�^�h�\�Z�e�h�k�v�� �i�h�� �e�b�g�b�b�� �i�h�k�l�h�y�g�g�h�c�� �w�g�_�j�]�b�b�� ���f�b�d�j�h�d�Z�g�h�g�b�q�_�k�d�b�c��
�Z�g�k�Z�f�[�e�v���� �k�� �i�h�f�h�s�v�x�� �l�_�j�f�h�k�l�Z�l�Z�� �:�g�^�_�j�k�_�g�Z�� �>���@���� �b�f�b�l�b�j�m�y �f�_�l�h�^�b�d�m��
�h�o�e�Z�`�^�_�g�b�y���g�Z�g�h�d�e�Z�k�l�_�j�h�\���k���j�Z�a�e�b�q�g�u�f�b���k�d�h�j�h�k�l�y�f�b�� 
 
�J�h�e�v�� �k�d�h�j�h�k�l�b�� �h�o�e�Z�`�^�_�g�b�y�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �b��  �i�j�b�� �i�j�h�p�_�k�k�Z�o��
�k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�g�b�y 

�K���i�h�f�h�s�v�x���d�h�f�i�v�x�l�_�j�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���b�f�b�l�b�j�h�\�Z�e�Z�k�v���f�_�l�h�^�b�d�Z��
�i�e�Z�\�g�h�]�h�� �h�o�e�Z�`�^�_�g�b�y�� �d�e�Z�k�l�_�j�h�\�� �b�a�� �j�Z�k�i�e�Z�\�e�_�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y  
�d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �k�� �g�_�d�h�l�h�j�u�f�b�� �n�b�d�k�b�j�h�\�Z�g�g�u�f�b��
�k�d�h�j�h�k�l�y�f�b�� �h�o�e�Z�`�^�_�g�b�y���� �F�h�^�_�e�b�j�m�_�f�Z�y�� �k�d�h�j�h�k�l�v�� �h�o�e�Z�`�^�_�g�b�y�� �g�_�k�d�h�e�v�d�h��
�i�j�_�\�u�r�Z�e�Z�� �l�m�� �k�d�h�j�h�k�l�v�� �h�l�\�h�^�Z�� �l�_�i�e�h�\�h�c�� �w�g�_�j�]�b�b���� �q�l�h�� �l�_�o�g�b�q�_�k�d�b�� �m�`�_��
�k�m�s�_�k�l�\�m�_�l�� �\�� �m�k�l�j�h�c�k�l�\�Z�o�� �i�Z�f�y�l�b�� �k�� �b�a�f�_�g�_�g�b�_�f�� �n�Z�a�h�\�h�]�h�� �k�h�k�l�h�y�g�b�y��
�g�h�k�b�l�_�e�y�����<���w�l�h�c���k�\�y�a�b���g�_�h�[�o�h�^�b�f�h���h�l�f�_�l�b�l�v�����q�l�h���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���y�q�_�_�d��
�i�Z�f�y�l�b���^�b�Z�f�_�l�j�h�f���^�h�� �g�f���\�f�_�k�l�h���b�f�_�x�s�b�o�k�y���k�_�c�q�Z�k���k���j�Z�a�f�_�j�h�f�� �g�f����
�l�_�f�i�� �h�o�e�Z�`�^�_�g�b�y�� �h�[�e�Z�k�l�b�� �3�&�0�� �i�Z�f�y�l�b�� �i�h�k�e�_�� �i�j�_�d�j�Z�s�_�g�b�y�� �\�h�a�^�_�c�k�l�\�b�y��
�e�Z�a�_�j�Z�����l�Z�d�`�_���[�m�^�_�l���\�u�r�_�� �D���k�� 

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



 
 

 

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

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

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

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



 
 

 

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�� �^�Z�g�g�u�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�y (�k�f���� �j�b�k���� ���� �g�Z�g�h�q�Z�k�l�b�p��
�o�b�f�b�q�_�k�d�b�� �q�b�k�l�u�o�� �i�Z�e�e�Z�^�b�y�� �b�� �i�e�Z�l�b�g�u�� �[�u�e�� �k�^�_�e�Z�g�� �\�u�\�h�^���� �q�l�h�� �b�o��
�i�j�b�f�_�g�b�f�h�k�l�v�� �^�e�y�� �o�j�Z�g�_�g�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �i�j�b�� �b�k�k�e�_�^�m�_�f�u�o�� �k�d�h�j�h�k�l�y�o��
�h�o�e�Z�`�^�_�g�b�y�� �h�i�j�Z�\�^�Z�g�Z�� �l�h�e�v�d�h�� �i�j�b�� �j�Z�a�f�_�j�_�� �y�q�_�c�d�b�� �k�\�u�r�_�� �g�f���� �G�b�`�_��
�w�l�h�]�h�� �j�Z�a�f�_�j�Z�� �i�j�b�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�b�o�� �k�d�h�j�h�k�l�y�o�� �h�o�e�Z�`�^�_�g�b�y�� �� �g�k����
�\�_�j�h�y�l�g�h�k�l�v�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �Z�f�h�j�n�g�h�c�� �k�l�j�m�d�l�m�j�u�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�Z�y���� �g�h��
�\�k�_���`�_�� �g�_�� %���� �<�� �k�e�m�q�Z�_�� �f�_�^�e�_�g�g�h�]�h���h�o�e�Z�`�^�_�g�b�y�� �b�a���j�Z�k�i�e�Z�\�Z�� �� �g�k����
�_�^�b�g�b�q�g�u�o�� �g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �^�Z�g�g�u�o�� �f�_�l�Z�e�e�h�\�� �l�h�e�v�d�h�� �i�j�b��  �g�f��
�g�Z�[�e�x�^�Z�_�l�k�y�� �q�_�l�d�h�_�� �h�[�j�Z�a�h�\�Z�g�b�_�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h�� �k�l�j�h�_�g�b�y�� �b�� �\�k�_�� �w�l�h�� �g�_��
�i�h�a�\�h�e�y�_�l�� �i�j�b�f�_�g�y�l�v�� �d�e�Z�k�l�_�j�u�� ( ) �\�� �j�h�e�b�� �w�g�_�j�]�h�g�_�a�Z�\�b�k�b�f�h�c�� �J�K�F��
�i�Z�f�y�l�b���i�j�b���f�_�g�v�r�b�o���j�Z�a�f�_�j�Z�o�����D�j�h�f�_���w�l�h�]�h�����i�j�h�\�_�^�_�g�g�u�c���Z�g�Z�e�b�a���i�h�d�Z�a�Z�e����
�q�l�h���g�Z�g�h�q�Z�k�l�b�p�u���i�e�Z�l�b�g�u���^�_�f�h�g�k�l�j�b�j�m�x�l���[�h�e�_�_���k�l�Z�[�b�e�v�g�h�_���j�Z�a�]�j�Z�g�b�q�_�g�b�_��
�Z�f�h�j�n�g�h�c���b���d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���n�Z�a���i�j�b���\�j�_�f�_�g�b���h�o�e�Z�`�^�_�g�b�y�� �g�k�� 
 
�:�g�Z�e�b�a���i�j�h�p�_�k�k�h�\���k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�g�b�y���g�Z�g�h�k�i�e�Z�\�Z�� 

�K�l�h�b�f�h�k�l�v�� �^�j�Z�]�h�p�_�g�g�u�o�� �f�_�l�Z�e�e�h�\���� �[�m�^�v�� �l�h�� �i�e�Z�l�b�g�Z�� �b�e�b�� �i�Z�e�e�Z�^�b�c����
�^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�Z���� �D�j�h�f�_�� �l�h�]�h���� �i�h�e�m�q�_�g�b�_�� �q�b�k�l�h�]�h�� �f�_�l�Z�e�e�Z�� �[�_�a�� �i�j�b�f�_�k�b��
�l�_�o�g�b�q�_�k�d�b�� �l�h�`�_�� �y�\�e�y�_�l�k�y�� �k�e�h�`�g�h�c�� �i�j�h�p�_�^�m�j�h�c���� �H�i�l�b�f�Z�e�v�g�u�f�� �\�Z�j�b�Z�g�l�h�f��
�^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �y�q�_�_�d�� �J�K�F�� �i�Z�f�y�l�b���� �i�h�� �g�Z�r�b�f�� �^�Z�g�g�u�f����
�y�\�e�y�_�l�k�y�� �i�e�Z�l�b�g�Z���� �g�h�� �b�� �i�Z�e�e�Z�^�b�c�� �^�Z�e�� �^�h�k�l�Z�l�h�q�g�h�� �o�h�j�h�r�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �\��
�k�j�Z�\�g�_�g�b�b�� �k�� �a�h�e�h�l�h�f���� �g�b�d�_�e�_�f�� �b�� �f�_�^�v�x�� �>6�@���� �D�j�h�f�_�� �l�h�]�h���� �j�u�g�h�q�g�Z�y��
�k�l�h�b�f�h�k�l�v���i�Z�e�e�Z�^�b�y���g�b�`�_���i�e�Z�l�b�g�u���g�Z�� %. �<���b�l�h�]�_���g�Z�f�b���[�u�e�Z���i�h�k�l�Z�\�e�_�g�Z��
�a�Z�^�Z�q�Z�� �i�h �Z�g�Z�e�b�a�m�� �i�j�b�f�_�g�b�f�h�k�l�b�� �k�i�e�Z�\�Z�� �k�� �j�Z�a�g�u�f�� �i�j�h�p�_�g�l�g�u�f��
�k�h�^�_�j�`�Z�g�b�_�f���\���g�_�f���Z�l�h�f�h�\���i�e�Z�l�b�g�u���\���j�h�e�b���y�q�_�_�d���J�K�F���i�Z�f�y�l�b�� 

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

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

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



 
 

 

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

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

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

 
�J�b�k�� 2���� �A�Z�\�b�k�b�f�h�k�l�v�� �\�_�j�h�y�l�g�h�k�l�b�� �i�h�y�\�e�_�g�b�y�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �b�� �Z�f�h�j�n�g�h�c�� �n�Z�a�� �h�l��
�\�j�_�f�_�g�b���h�o�e�Z�`�^�_�g�b�y���g�Z�g�h�k�i�e�Z�\�Z���3�G90Pt10 �j�Z�a�g�h�]�h���j�Z�a�f�_�j�Z. 
 

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

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



 
 

 

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

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

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

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

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

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



 
 

 

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

�h�k�g�h�\�_�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �k�b�e�v�g�h�c�� �k�\�y�a�b�� �7�%-�6�0�$�� �[�u�e�b��
�b�a�m�q�_�g�u�� �i�j�h�p�_�k�k�u�� �h�[�j�Z�a�h�\�Z�g�b�y�� �\�g�m�l�j�_�g�g�_�]�h�� �k�l�j�h�_�g�b�y�� �\�� �g�Z�g�h�d�e�Z�k�l�_�j�Z�o��
�i�e�Z�l�b�g�u���� �i�Z�e�e�Z�^�b�y�� �b�� �b�o�� �k�i�e�Z�\�Z�� �j�Z�a�e�b�q�g�h�]�h�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z���� �>�e�y��
�Z�g�Z�e�b�a�Z�� �i�h�^�h�[�g�u�o�� �i�j�h�p�_�k�k�h�\�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �[�_�k�k�l�j�m�d�l�m�j�g�u�_��
�d�e�Z�k�l�_�j�u���� �i�h�e�m�q�Z�_�f�u�_�� �i�j�b�� �i�e�Z�\�e�_�g�b�b�� �i�_�j�\�b�q�g�u�o�� �=�P�D�� �g�Z�g�h�q�Z�k�l�b�p����
�d�h�l�h�j�u�_�� �a�Z�l�_�f�� �i�h�^�\�_�j�]�Z�e�b�k�v�� �i�j�h�p�_�^�m�j�_�� �h�o�e�Z�`�^�_�g�b�y�� �d�� �d�h�f�g�Z�l�g�h�c��
�l�_�f�i�_�j�Z�l�m�j�_�� �k�h�� �k�d�h�j�h�k�l�y�f�b���� �l�b�i�b�q�g�u�f�b�� �^�e�y�� �a�Z�i�h�f�b�g�Z�x�s�b�o�� �m�k�l�j�h�c�k�l�\�� �k��
�b�a�f�_�g�_�g�b�_�f���n�Z�a�h�\�h�]�h���k�h�k�l�h�y�g�b�y���g�h�k�b�l�_�e�y���b�g�n�h�j�f�Z�p�b�b�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h��
�i�j�b�� �m�k�e�h�\�b�b�� �h�o�e�Z�`�^�_�g�b�y�� �b�a�� �`�b�^�d�h�c�� �n�Z�a�u�� �\�h�a�f�h�`�g�Z�� �j�_�Z�e�b�a�Z�p�b�y�� �j�Z�a�g�h�]�h��
�\�g�m�l�j�_�g�g�_�]�h�� �k�l�j�h�_�g�b�y�� �b�� �[�u�e�b�� �h�i�j�_�^�_�e�_�g�u�� �g�_�d�h�l�h�j�u�_�� �d�j�b�l�_�j�b�b�� �b�o��
�k�l�Z�[�b�e�v�g�h�k�l�b���� �<�� �o�h�^�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �\�_�k�v�f�Z�� �g�Z�]�e�y�^�g�h�� �i�j�h�k�e�_�`�b�\�Z�e�Z�k�v��
�j�h�e�v���j�Z�a�f�_�j�g�u�o���w�n�n�_�d�l�h�\���\���n�h�j�f�b�j�h�\�Z�g�b�b���k�l�j�m�d�l�m�j���d�e�Z�k�l�_�j�h�\�����l�Z�d���`�_���d�Z�d��
�b�� �k�d�h�j�h�k�l�b���� �k�� �d�h�l�h�j�h�c�� �i�j�h�b�k�o�h�^�b�e�� �h�l�\�h�^�� �l�_�i�e�Z�� �:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���i�h�d�Z�a�Z�e�����q�l�h���h�i�l�b�f�Z�e�v�g�u�f���f�Z�l�_�j�b�Z�e�h�f���\���d�Z�q�_�k�l�\�_���©�k�u�j�v�y�ª��
�^�e�y�� �w�e�_�f�_�g�l�h�\�� �i�Z�f�y�l�b���� �h�k�g�h�\�Z�g�g�h�c�� �g�Z�� �n�Z�a�h�\�u�o�� �i�_�j�_�o�h�^�Z�o���� �y�\�e�y�x�l�k�y��
�g�Z�g�h�d�e�Z�k�l�_�j�u�� �k�i�e�Z�\�Z�� �k��  ���� �k�h�^�_�j�`�Z�g�b�_�f�� �Z�l�h�f�h�\�� �i�e�Z�l�b�g�u�� �b��
�^�b�Z�f�_�l�j�h�f��  �g�f�����h�[�e�Z�^�Z�x�s�b�_ �^�h�k�l�Z�l�h�q�g�h�� �o�h�j�h�r�b�f�� �j�Z�a�]�j�Z�g�b�q�_�g�b�_�f��
�f�_�`�^�m�� �Z�f�h�j�n�g�u�f�� �b�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f�� �k�h�k�l�h�y�g�b�_�f�� �i�j�b�� �j�Z�a�g�u�o�� �k�d�h�j�h�k�l�y�o��
�h�o�e�Z�`�^�_�g�b�y���^�Z�`�_���i�j�b���f�Z�e�u�o���j�Z�a�f�_�j�Z�o�����q�l�h���g�_���g�Z�[�e�x�^�Z�e�h�k�v���k�l�h�e�v���h�q�_�\�b�^�g�h��
�i�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �g�Z�g�h�q�Z�k�l�b�p�� �o�b�f�b�q�_�k�d�b�� �q�b�k�l�u�o�� �i�e�Z�l�b�g�u�� �b�� �i�Z�e�e�Z�^�b�y����
�D�j�h�f�_�� �w�l�h�]�h���� �k�� �l�h�q�d�b���a�j�_�g�b�y���p�_�g�u���b���g�Z�^�_�`�g�h�k�l�b���i�j�b�� �w�d�k�i�e�m�Z�l�Z�p�b�b���\���j�h�e�b��
�J�K�F���w�e�_�f�_�g�l�h�\���i�Z�f�y�l�b���h�g�b���l�Z�d�`�_���y�\�e�y�x�l�k�y���g�Z�b�[�h�e�_�_���i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f�b�� 
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�:�g�g�h�l�Z�p�b�y�� �I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�h�� �h�i�l�b�q�_�k�d�h�_�� �i�j�h�i�m�k�d�Z�g�b�_ �l�h�g�d�h�k�e�h�c�g�h�c�� �y�q�_�c�d�b�� �k��
�i�h�]�e�h�s�Z�x�s�b�f�b�� �g�Z�g�h�q�Z�k�l�b�p�Z�f�b �\�� �i�h�e�_�� �]�Z�m�k�k�h�\�Z�� �i�m�q�d�Z�� �b�a�e�m�q�_�g�b�y���� �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y��
�f�h�^�m�e�y�p�b�y�� �i�j�h�i�m�k�d�Z�g�b�y�� �\�u�a�\�Z�g�Z�� �y�\�e�_�g�b�_�f�� �l�_�j�f�h�^�b�n�n�m�a�b�b�� ���w�n�n�_�d�l�� �K�h�j�_���� �d�h�l�h�j�h�_��
�b�g�^�m�p�b�j�m�_�l���b�a�f�_�g�_�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���i�h�]�e�h�s�Z�x�s�b�o���g�Z�g�h�q�Z�k�l�b�p.  
�D�e�x�q�_�\�u�_���k�e�h�\�Z�����k�Z�f�h�\�h�a�^�_�c�k�l�\�b�_���b�a�e�m�q�_�g�b�y���� �l�_�j�f�h�^�b�n�n�m�a�b�y���g�Z�g�h�q�Z�k�l�b�p, �g�_�e�b�g�_�c�g�h�_��
�i�h�]�e�h�s�_�g�b�_. 
 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �k�\�_�l�h�b�g�^�m�p�b�j�h�\�Z�g�g�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�u�o�� �i�h�l�h�d�h�\�� �\��
�^�\�m�o�d�h�f�i�h�g�_�g�l�g�u�o�� �`�b�^�d�h�k�l�y�o�� �Z�d�l�m�Z�e�v�g�h�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �g�_�e�b�g�_�c�g�h�c��
�h�i�l�b�d�b���� �h�i�l�b�q�_�k�d�h�c�� �^�b�Z�]�g�h�k�l�b�d�b �^�\�m�o�n�Z�a�g�u�o�� �k�j�_�^���� �Z�� �l�Z�d�`�_��
�g�Z�g�h�l�_�o�g�h�e�h�]�b�c�����<���j�y�^�_���j�Z�[�h�l���l�_�h�j�_�l�b�q�_�k�d�b���b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���b�a�m�q�Z�e�Z�k�v��
�k�\�_�l�h�b�g�^�m�p�b�j�h�\�Z�g�g�Z�y���l�_�j�f�h�^�b�n�n�m�a�b�y���\���^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�c���`�b�^�d�h�k�l�b [1-4]. 
�I�h�d�Z�a�Z�g�h���� �q�l�h�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b�� �d�h�f�i�h�g�_�g�l�� �\��
�g�_�h�^�g�h�j�h�^�g�h�f�� �k�\�_�l�h�\�h�f�� �i�h�e�_�� �i�j�b�\�h�^�b�l�� �d �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�m�� �b�a�f�_�g�_�g�b�x 
�h�i�l�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �k�j�_�^�u [3-6]. �<�� �k�e�m�q�Z�_�� �j�Z�a�e�b�q�Z�x�s�b�o�k�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\��
�i�h�]�e�h�s�_�g�b�y�� �d�h�f�i�h�g�_�g�l�� �b�a�f�_�g�_�g�b�_�� �b�o�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �i�j�b�\�h�^�b�l�� �l�Z�d�`�_�� �d��
�b�a�f�_�g�_�g�b�x�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �i�h�]�e�h�s�_�g�b�y�� �k�j�_�^�u�� ���i�j�h�k�\�_�l�e�_�g�b�x�� �b�e�b��
�i�h�l�_�f�g�_�g�b�x�������l�����_�����d���g�_�e�b�g�_�c�g�h�f�m���i�h�]�e�h�s�_�g�b�x���k�j�_�^�u���>7-10]. 

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

�J�Z�k�k�f�h�l�j�b�f�� �^�\�m�o�d�h�f�i�h�g�_�g�l�g�m�x�� �`�b�^�d�h�n�Z�a�g�m�x�� �k�j�_�^�m���� �d�h�w�n�n�b�p�b�_�g�l��
�i�h�]�e�h�s�_�g�b�y�� �d�h�l�h�j�h�c�� �p�_�e�b�d�h�f�� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�^�g�b�f�� �d�h�f�i�h�g�_�g�l�h�f�� �k��
�d�h�g�p�_�g�l�j�Z�p�b�_�c�� ( , �]�^�_��  �± �d�h�g�k�l�Z�g�l�Z���k�j�_�^�u�������I�m�k�l�v���k�j�_�^�Z��
�g�Z�o�h�^�b�l�k�y�� �\�� �l�h�g�d�h�c�� �d�x�\�_�l�_�� �l�h�e�s�b�g�h�c�� (�k�f���� �j�b�k����1������ �>�e�y��
�]�Z�m�k�k�h�\�Z�� �i�m�q�d�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�Z�^�Z�x�s�_�]�h�� �b�a�e�m�q�_�g�b�y�� �\��
�i�e�h�k�d�h�k�l�b�� �k�e�h�y�� ���� �]�^�_�� �± �j�Z�^�b�m�k�� �i�m�q�d�Z���� �± �j�Z�k�k�l�h�y�g�b�_�� �h�l��
�h�k�b���i�m�q�d�Z���� 

�K�b�k�l�_�f�m�� �[�Z�e�Z�g�k�g�u�o�� �m�j�Z�\�g�_�g�b�c�� �^�e�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �b�� �l�_�i�e�h�\�h�]�h��
�i�h�l�h�d�Z���a�Z�i�b�r�_�f���h�[�u�q�g�u�f���h�[�j�Z�a�h�f�� 
  (1) 

  (2) 
�]�^�_��  �± �m�^�_�e�v�g�u�_�� �l�_�i�e�h�_�f�d�h�k�l�v�� �b�� �i�e�h�l�g�h�k�l�v�� �k�j�_�^�u���� �± �l�_�f�i�_�j�Z�l�m�j�Z��
�k�j�_�^�u�� 



 
 

 

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

�L�_�i�e�h�\�h�c���b���d�h�g�p�_�g�l�j�Z�p�b�h�g�g�u�c���i�h�l�h�d�b�� �b��  �k�h�h�l�\�_�l�k�l�\�_�g�g�h �j�Z�\�g�u 
  (3) 
  (4) 
�]�^�_��  �± �d�h�w�n�n�b�p�b�_�g�l�� �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b�� �k�j�_�^�u���� �± �d�h�w�n�n�b�p�b�_�g�l��
�^�b�n�n�m�a�b�b���i�h�]�e�h�s�Z�x�s�b�o���q�Z�k�l�b�p���� �± �d�h�w�n�n�b�p�b�_�g�l���l�_�j�f�h�^�b�n�n�m�a�b�b�� 

�=�j�Z�g�b�q�g�u�_���m�k�e�h�\�b�y �a�Z�i�b�r�_�f���\���\�b�^�_ 
  (5) 
  (6) 
  (7) 
�]�^�_��  �± �d�h�w�n�n�b�p�b�_�g�l�� �d�h�g�\�_�d�l�b�\�g�h�]�h�� �l�_�i�e�h�h�[�f�_�g�Z�� �b�� �l�_�f�i�_�j�Z�l�m�j�Z��
�\�g�_�r�g�_�c�� �k�j�_�^�u �k�h�h�l�\�_�l�k�l�\�_�g�g�h, ;  �± �d�h�w�n�n�b�p�b�_�g�l�u��
�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�� �h�d�h�g�� �d�x�\�_�l�u�� �b�� �^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�c�� �k�j�_�^�u��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

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

�l�_�i�e�h�\�u�f�� �i�h�l�h�d�h�f���� �i�h�e�m�q�Z�_�f�� �b�a�� �h�^�g�h�f�_�j�g�m�x�� �l�_�i�e�h�\�m�x�� �a�Z�^�Z�q�m [11], 
�j�_�r�_�g�b�_���d�h�l�h�j�h�c�� 
  (8) 



 
 

 

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

�q�Z�k�l�b�p���� �>�e�y�� �l�h�e�s�b�g�� �k�e�h�y�� �f�h�`�_�f�� �i�j�_�g�_�[�j�_�q�v�� �b�a�f�_�g�_�g�b�_�f��
�l�_�f�i�_�j�Z�l�m�j�u���\���k�e�h�_���k�j�_�^�u���i�h���l�h�e�s�b�g�_���d�x�\�_�l�u���b���i�j�b�g�y�l�v���_�_���j�Z�\�g�h�c�������<��
�m�k�l�Z�g�h�\�b�\�r�_�f�k�y�� �j�_�`�b�f�_�� �� ���� �b�a�� ��3), (5���� �b�f�_�_�f�� �^�e�y��
�k�l�Z�p�b�h�g�Z�j�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b�� 

  (9) 

�]�^�_  �± �o�Z�j�Z�d�l�_�j�g�Z�y�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �©�g�Z�k�u�s�_�g�b�y�ª��,  �± 
�d�h�w�n�n�b�p�b�_�g�l���K�h�j�_. �>�e�y���i�j�h�a�j�Z�q�g�h�k�l�b �h�i�l�b�q�_�k�d�h�c���y�q�_�c�d�b���b�f�_�_�f�� 

  (10) 
�]�^�_��  �b��  �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�r�_�^�r�_�]�h�� �b�a�e�m�q�_�g�b�y�� �^�h�� �g�Z�q�Z�e�Z 
�l�_�j�f�h�^�b�n�n�m�a�b�b�� �b�� �i�h�k�e�_�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�I�h�e�m�q�_�g�g�u�_�� �\�u�j�Z�`�_�g�b�y�� �i�h�a�\�h�e�y�x�l�� �h�i�j�_�^�_�e�b�l�v�� �d�b�g�_�l�b�q�_�k�d�b�_��
�d�h�w�n�n�b�p�b�_�g�l�u�� �k�j�_�^�u�� �b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �h�� �i�Z�j�Z�f�_�l�j�Z�o��
�g�Z�\�_�^�_�g�g�h�]�h�� �b�a�e�m�q�_�g�b�_�f�� �i�j�h�k�\�_�l�e�_�g�b�y�� ���b�e�b�� �i�h�]�e�h�s�_�g�b�y�� �± �\�� �a�Z�\�b�k�b�f�h�k�l�b��
�h�l���a�g�Z�d�Z���d�h�w�n�n�b�p�b�_�g�l�Z ) [9-11]. 

�J�Z�k�k�f�h�l�j�_�g�g�Z�y�� �f�h�^�_�e�v�� �i�h�a�\�h�e�y�_�l�� �j�Z�k�k�q�b�l�Z�l�v �\�_�e�b�q�b�g�m 
�k�Z�f�h�b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �i�j�h�k�\�_�l�e�_�g�b�y�� �k�j�_�^�u�� �i�h�^�� �^�_�c�k�l�\�b�_�f��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �h�i�l�b�q�_�k�d�h�]�h�� �i�m�q�d�Z [11-16]���� �<�� �q�Z�k�l�g�h�k�l�b����
�k�Z�f�h�b�g�^�m�p�b�j�h�\�Z�g�g�m�x�����f�h�^�m�e�y�p�b�x���d�h�w�n�n�b�p�b�_�g�l�Z���i�h�]�e�h�s�_�g�b�y���g�_�h�[�o�h�^�b�f�h��
�m�q�b�l�u�\�Z�l�v�� �\�� �h�i�l�b�q�_�k�d�b�o�� �f�_�l�h�^�Z�o�� �^�b�Z�]�g�h�k�l�b�d�b �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o�� �k�j�_�^��
[12-14].  
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�d�h�g�l�Z�d�l�Z���l�\�_�j�^�u�o���l�_�e�� 
 
�E�h�d�Z�e�v�g�u�c���d�h�g�l�Z�d�l���r�Z�j-�i�e�h�k�d�h�k�l�v 

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

   (1) 

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

�j�Z�^�b�m�k�� �d�j�b�\�b�a�g�u�� �d�h�g�l�Z�d�l�b�j�m�x�s�b�o�� �l�_�e����,  �b��  �± �j�Z�^�b�m�k�u��

�d�h�g�l�Z�d�l�b�j�m�x�s�b�o�� �l�_�e����  �± �w�d�\�b�\�Z�e�_�g�l�g�u�c�� �f�h�^�m�e�v��

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

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



 
 

 

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

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

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

 
�J�b�k���� ������ �K�o�_�f�Z�� �d�h�g�l�Z�d�l�Z�� �r�Z�j-�i�e�h�k�d�h�k�l�v�� �i�j�b�� �g�Z�e�b�q�b�b�� �f�b�d�j�h- �b�e�b�� �g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b���� 
1 �± �d�h�g�l�m�j�g�Z�y�� �i�e�h�s�Z�^�v�� �d�h�g�l�Z�d�l�Z��, 2 �± �l�h�� �`�_�� �^�e�y�� �]�e�Z�^�d�b�o�� �l�_�e��, 3 �± �i�e�h�s�Z�^�d�b��

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

�n�b�a�b�q�_�k�d�m�x�� �i�e�h�s�Z�^�v���d�h�g�l�Z�d�l�Z�� 

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

�j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�[�h�l�u�� �>2�@���� �d�h�l�h�j�u�_�� �i�j�b�f�_�g�b�f�u�� �d�Z�d�� �d�� �f�b�d�j�h- �l�Z�d�� �b�� �d��
�g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b�� 

   (2) 
�]�^�_��  �± �d�h�g�l�m�j�g�Z�y�� �i�e�h�s�Z�^�v�� �d�h�g�l�Z�d�l�Z�� �]�e�Z�^�d�b�o�� �l�_�e���� �j�Z�k�k�q�b�l�Z�g�g�Z�y�� �i�h��
�n�h�j�f�m�e�_�� ���������� �± �[�_�a�j�Z�a�f�_�j�g�u�c�� �d�h�f�i�e�_�d�k�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �b��
�]�_�h�f�_�l�j�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\�� 

   (3) 



 
 

 

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

 
�J�b�k�����������I�j�h�n�b�e�v���g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b���i�h�\�_�j�o�g�h�k�l�b���d�h�g�p�_�\�h�c���f�_�j�u���^�e�b�g�u����mm �± �k�j�_�^�g�y�y��
�e�b�g�b�y���� �± �\�u�k�h�l�Z���k�e�h�y���g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b�� 

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

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

 �o�Z�j�Z�d�l�_�j�b�a�m�_�l���k�l�_�i�_�g�v���g�Z�]�j�m�`�_�g�g�h�k�l�b���d�h�g�l�Z�d�l�Z���� 

�N�b�a�b�q�_�k�d�m�x�� �i�e�h�s�Z�^�v�� �d�h�g�l�Z�d�l�Z�� �f�h�`�g�h�� �j�Z�k�k�q�b�l�Z�l�v�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�f�h�^�_�e�b���^�b�k�d�j�_�l�g�h�]�h���d�h�g�l�Z�d�l�Z���>3]: 

   (4) 

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

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

�<�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z�� �j�Z�k�k�f�h�l�j�b�f�� �d�h�g�l�Z�d�l�� �r�Z�j-�i�e�h�k�d�h�k�l�v�� �k�h��
�k�e�_�^�m�x�s�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���d�h�g�l�Z�d�l�b�j�m�x�s�b�o���^�_�l�Z�e�_�c�����J�Z�^�b�m�k���r�Z�j�h�\�h�c��



 
 

 

�^�_�l�Z�e�b�� �f�f�� �F�Z�l�_�j�b�Z�e�� �^�_�l�Z�e�_�c�� �± �\�u�k�h�d�h�e�_�]�b�j�h�\�Z�g�g�Z�y�� �k�l�Z�e�v���� �l�\�_�j�^�h�k�l�v��
�i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y�� �i�h�k�e�_�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� �g�_�� �f�_�g�_�_�� �=�I�Z����
�w�d�\�b�\�Z�e�_�g�l�g�u�c�� �f�h�^�m�e�v�� �m�i�j�m�]�h�k�l�b�� �I�Z���� �I�Z�j�Z�f�_�l�j�u��
�g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b���� �\�u�k�h�l�Z�� �g�_�j�h�\�g�h�k�l�_�c�� �g�f���� �k�j�_�^�g�b�c�� �j�Z�^�b�m�k��
�a�Z�d�j�m�]�e�_�g�b�y���\�_�j�r�b�g���g�_�j�h�\�g�h�k�l�_�c�� �g�f�����W�l�b���\�_�e�b�q�b�g�u �k�h�h�l�\�_�l�k�l�\�m�x�l��
�i�Z�j�Z�f�_�l�j�Z�f �g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b�� �j�_�Z�e�v�g�h�c�� �^�_�l�Z�e�b�� �± �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�c��
�d�h�g�p�_�\�h�c���f�_�j�u���^�e�b�g�u��(�b�a�\�_�k�l�g�h�c���l�Z�d�`�_���i�h�^���g�Z�a�\�Z�g�b�_�f���i�e�b�l�d�b���B�h�]�Z�g�k�h�g�Z), 
�b�a�f�_�j�_�g�g�u�f�� �k�� �i�h�f�h�s�v�x�� �Z�l�h�f�g�h�]�h�� �k�b�e�h�\�h�]�h�� �f�b�d�j�h�k�d�h�i�Z���� �L�b�i�b�q�g�u�c��
�i�j�h�n�b�e�v���g�Z�g�h�r�_�j�h�o�h�\�Z�l�h�k�l�b���l�Z�d�h�c���i�h�\�_�j�o�g�h�k�l�b���i�h�d�Z�a�Z�g���g�Z���j�b�k���������� 

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

�J�_�a�m�e�v�l�Z�l�u�� �j�Z�k�q�_�l�Z�� �i�e�h�s�Z�^�_�c�� �d�h�g�l�Z�d�l�Z�� �i�h�� �n�h�j�f�m�e�Z�f�� ������-(4) 
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������� 
 

 
�J�b�k���� ������ �I�e�h�s�Z�^�b�� �e�h�d�Z�e�v�g�h�]�h�� �d�h�g�l�Z�d�l�Z�� �r�Z�j�� �± �i�e�h�k�d�h�k�l�v���� ���� �± �d�h�g�l�m�j�g�Z�y�� �i�e�h�s�Z�^�v�� c 

�m�q�_�l�h�f�� �g�Z�g�h�l�h�i�h�]�j�Z�n�b�b���� �����± �d�h�g�l�m�j�g�Z�y�� �i�e�h�s�Z�^�v�� �[�_�a�� �m�q�_�l�Z�� �g�Z�g�h�l�h�i�h�]�j�Z�n�b�b�� ���i�h��

�=�_�j�p�m�����������± �n�b�a�b�q�_�k�d�Z�y���i�e�h�s�Z�^�v��. 
 

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



 
 

 

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

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

�;�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�c���k�i�b�k�h�d: 
 
1. �B�a�f�Z�c�e�h�\���� �<���<�� �H�� �n�Z�d�l�b�q�_�k�d�h�c�� �b�� �n�b�a�b�q�_�k�d�h�c�� �i�e�h�s�Z�^�y�o�� �^�b�k�d�j�_�l�g�h�]�h�� �d�h�g�l�Z�d�l�Z�� ����
�<���<���� �B�a�f�Z�c�e�h�\���� �F���<���� �G�h�\�h�k�_�e�h�\�Z�� ������ �F�_�o�Z�g�b�d�Z�� �b�� �n�b�a�b�d�Z�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �\��
�d�h�g�l�Z�d�l�_�� �l�\�_�j�^�u�o�� �l�_�e���� �^�_�l�Z�e�_�c�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �b�� �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y����
�f�_�`�\�m�a���� �k�[���� �g�Z�m�q���� �l�j���± �L�\�_�j�v���� �L�\�_�j�k�d�h�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �l�_�o�g�b�q�_�k�d�b�c�� �m�g�b�\�_�j�k�b�l�_�l����
2015. �± �<�u�i�����������± �K������-9. 
2. Demkin, N.B. Estimation of the deformation of rough spheres and cylinders in 
compression / N.B. Demkin, V.V. Izmailov, M.A. Korotkov // Wear. �± 1976. �± V. 39. �± �‹  1. 
�± �J. 63-82. 
3. �B�a�f�Z�c�e�h�\���� �<���<�� �D�h�g�l�Z�d�l�� �l�\�_�j�^�u�o�� �l�_�e�� �b�� �_�]�h�� �i�j�h�\�h�^�b�f�h�k�l�v���� �f�h�g�h�]�j�Z�n�b�y�� �� 
�<���<�� �B�a�f�Z�c�e�h�\�����F���<�����G�h�\�h�k�_�e�h�\�Z�����± �L�\�_�j�v�����L�=�L�M�����± 2010. �± ���������k�� 
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�:�g�g�h�l�Z�p�b�y�� �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �i�h�e�m�q�_�g�u �Z�f�h�j�n�g�u�_ �g�Z�g�h�i�h�j�h�r�d�b ���� �^�h�i�b�j�h�\�Z�g�g�u�_��

, �F�� �m�^�_�e�v�g�h�c���i�h�\�_�j�o�g�h�k�l�v�x�� �h�l�� �^�h��  �f2���] �k���i�h�f�h�s�v�x���b�k�i�Z�j�_�g�b�y���b�f�i�m�e�v�k�g�u�f��
�w�e�_�d�l�j�h�g�g�u�f�� �i�m�q�d�h�f �f�b�r�_�g�_�c �b�a���f�_�o�Z�g�b�q�_�k�d�b�o���k�f�_�k�_�c �Z�f�h�j�n�g�h�]�h���G�I�� �:�w�j�h�k�b�e�� 
(  �f2���]�����k���i�h�j�h�r�d�h�f��  (REO  %). �I�h�e�m�q�_�g�g�u�_���q�Z�k�l�b�p�u���b�f�_�x�l���f�Z�e�u�c���j�Z�a�f�_�j��
���f�_�g�_�_�� �g�f�����b���i�h�\�u�r�_�g�g�m�x���f�_�`�q�Z�k�l�b�q�g�m�x���i�h�j�b�k�l�h�k�l�v�����\�u�k�h�d�h�_���k�h�^�_�j�`�Z�g�b�_ �^�h�i�Z�g�l�Z-
�]�Z�^�h�e�b�g�b�y�����q�l�h���m�d�Z�a�u�\�Z�_�l���g�Z �\�h�a�f�h�` �g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �i�h�e�m�q�_�g�g�u�o���G�Q��  
�\ �d�Z�q�_�k�l�\�_���d�h�g�l�j�Z�k�l�g�h�]�h���Z�]�_�g�l�Z���^�e�y���f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c���\�b�a�m�Z�e�b�a�Z�p�b�b.  
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z���� �b�f�i�m�e�v�k�g�u�c�� �w�e�_�d�l�j�h�g�g�u�c�� �i�m�q�h�d���� �Z�f�h�j�n�g�h-�g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_��
�i�h�j�h�r�d�b . 
 

�<�u�k�h�d�Z�y�� �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �h�d�k�b�^�Z�� �d�j�_�f�g�b�y �b�� �i�Z�j�Z�f�Z�]�g�b�l�g�u�_��
�k�\�h�c�k�l�\�Z�� �h�d�k�b�^�Z�� �]�Z�^�h�e�b�g�b�y�� �k�h�a�^�Z�x�l�� �i�h�\�u�r�_�g�g�u�c �b�g�l�_�j�_�k �d�� �k�b�g�l�_�a�m�� �b�a��
�w�l�b�o�� �f�Z�l�_�j�b�Z�e�h�\�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �g�Z�g�h�q�Z�k�l�b�p ���G�Q������ �\�� �q�Z�k�l�g�h�k�l�b����
�d�h�g�l�j�Z�k�l�g�u�o���Z�]�_�g�l�h�\���^�e�y���f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c���\�b�a�m�Z�e�b�a�Z�p�b�b���>�������@�� �J�Z�g�_�_����
�k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z�� �b�k�i�Z�j�_�g�b�y�� �b�f�i�m�e�v�k�g�u�f �w�e�_�d�l�j�h�g�g�u�f�� �i�m�q�d�h�f��
���B�W�I���� �>���@�� �i�h�e�m�q�Z�e�b�� �g�Z�g�h�i�h�j�h�r�d�b�� ���G�I���� �b��  c �[�e�b�a�d�h�c�� �m�^�_�e�v�g�h�c��
�i�h�\�_�j�o�g�h�k�l�v�x����)�����h�d�h�e�h  �f2���]��[4,5]. �P�_�e�v���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�u���k�h�k�l�h�y�e�Z��
�\�� �k�b�g�l�_�a�_ �f�_�l�h�^�h�f�� �B�W�I�� �b�� �b�k�k�e�_�^�h�\�Z�g�b�b �k�\�h�c�k�l�\ �i�h�j�h�r�d�h�\�� �[�b�g�Z�j�g�h�c��
�k�b�k�l�_�f�u�� .  

�G�Z�� �m�k�l�Z�g�h�\�d�_���G�:�G�H�;�B�F-2 [3] �b�f�i�m�e�v�k�g�u�f�� �w�e�_�d�l�j�h�g�g�u�f��
�b�k�i�Z�j�_�g�b�_�f �\�� �\�Z�d�m�m�f�_�� ���h�k�l�Z�l�h�q�g�h�_�� �^�Z�\�e�_�g�b�_�� �I�Z���� �i�h�e�m�q�_�g�u �Z�f�h�j�n�g�h- 
�g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_�� �i�h�j�h�r�d�b�� �^�h�i�b�j�h�\�Z�g�g�h�]�h�� �]�Z�^�h�e�b�g�b�_�f . �G�I 
�h�k�Z�`�^�Z�e�b �g�Z�� �k�l�_�d�e�y�g�g�u�_ �g�_�h�o�e�Z�`�^�Z�_�f�u�_�� �i�h�^�e�h�`�d�b�� �[�h�e�v�r�h�c�� �i�e�h�s�Z�^�b, 
�j�Z�a�f�_�s�_�g�g�u�_���\�h�d�j�m�]���f�b�r�_�g�b���g�Z���j�Z�k�k�l�h�y�g�b�b�� �k�f�� 

�F�b�r�_�g�b�� �b�a�]�h�l�Z�\�e�b�\�Z�e�b �b�a �h�l�h�`�`�_�g�g�h�]�h�� �\�� �l�_�q�_�g�b�b�� �q�Z�k�h�\�� �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_��  �G�I��Aerosil 90 (Degussa) �b�� �f�b�d�j�h�g�g�h�]�h���i�h�j�h�r�d�Z�� 
( ���� �D�G�J���� �F�_�o�Z�g�b�q�_�k�d�b�_�� �k�f�_�k�b�� �i�h�j�h�r�d�h�\���\ �f�Z�k�k�h�\�u�o�� �i�j�h�i�h�j�p�b�y�o��

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

�J�_�`�b�f�� �b�k�i�Z�j�_�g�b�y�� �f�b�r�_�g�_�c �m�d�Z�a�Z�g �\�� �j�Z�[�h�l�_�� �>���@�� �K�[�h�j�� �G�I�� �k�h�� �k�l�_�d�h�e��
�k�h�k�l�Z�\�e�y�e ~  �]���� �I�h�e�m�q�_�g�g�u�_ �G�I���� �\ �h�l�e�b�q�b�_ �h�l�� �j�u�o�e�h�]�h �b �i�m�r�b�k�l�h�]�h��
�i�h�j�h�r�d�Z���$�H�U�R�V�L�O 90�����b�f�_�e�b���\�u�j�Z�`�_�g�g�m�x���\�h�e�h�d�g�b�k�l�m�x���k�l�j�m�d�l�m�j�m�� 



 
 

 

 �i�h�j�h�r�d�h�\ �h�i�j�_�^�_�e�y�e�Z�k�v�� �f�_�l�h�^�h�f�� �;�j�m�g�Z�m�w�j�Z-�W�f�f�_�l�Z-�L�_�e�e�_�j�Z �g�Z��
�m�k�l�Z�g�h�\�d�_ Micrometrics TriStar 3000. �L�_�j�f�h�]�j�Z�f�f�u�� �g�Z�]�j�_�\�Z���h�o�e�Z�`�^�_�g�b�y�� �b��
�f�Z�k�k-�k�i�_�d�l�j�u���a�Z�i�b�k�u�\�Z�e�b�k�v �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�h�\�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c��
�k�d�Z�g�b�j�m�x�s�_�c�� �d�Z�e�h�j�b�f�_�l�j�b�b�� ���>�K�D���� �b�� �l�_�j�f�h�]�j�Z�\�b�f�_�l�j�b�b�� ���7�=���� �g�Z��
�k�b�g�o�j�h�g�g�h�f�� �l�_�j�f�h�Z�g�Z�e�b�a�Z�l�h�j�_��STA-409-PC Luxx���� �k�h�\�f�_�s�_�g�g�h�f�� �k�� �f�Z�k�k-
�k�i�_�d�l�j�h�f�_�l�j�h�f��QMS-403C �n�b�j�f�u��NETZSCH �\�� �l�_�f�i�_�j�Z�l�m�j�g�h�f�� �^�b�Z�i�Z�a�h�g�_ 

. �F�h�j�n�h�e�h�]�b�y�� �b�� �j�Z�a�f�_�j �q�Z�k�l�b�p�� �G�I�� �b�a�m�q�Z�e�b�k�v �k�� �i�h�f�h�s�v�x��
�i�j�h�k�\�_�q�b�\�Z�x�s�_�c�� �w�e�_�d�l�j�h�g�g�h�c�� �f�b�d�j�h�k�d�h�i�b�b�� ���I�W�F���� �g�Z�� �f�b�d�j�h�k�d�h�i�_��
JEM2100���� �D�h�g�p�_�g�l�j�Z�p�b�b �]�Z�^�h�e�b�g�b�y ( ) �b�� �i�j�b�f�_�k�g�u�o�� �w�e�_�f�_�g�l�h�\�� ���`�_�e�_�a�Z��
( ) �b�� �m�]�e�_�j�h�^�Z ( )) �\ �h�[�j�Z�a�p�Z�o �h�i�j�_�^�_�e�y�e�Z�k�v �f�_�l�h�^�Z�f�b�� �j�_�g�l�]�_�g�h�\�k�d�h�]�h��
�w�g�_�j�]�h�^�b�k�i�_�j�k�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� ���J�W�>�:���� �g�Z�� �k�d�Z�g�b�j�m�x�s�_�f�� �w�e�_�d�l�j�h�g�g�h�f��
�f�b�d�j�h�k�d�h�i�_ LEO 98 �k�� �i�j�b�k�l�Z�\�d�h�c Oxford X-Ray Detector �b�� �f�Z�k�k-
�k�i�_�d�l�j�h�f�_�l�j�b�b�� �k�� �b�g�^�m�d�l�b�\�g�h-�k�\�y�a�Z�g�g�h�c�� �i�e�Z�a�f�h�c�� ���B�K�I���� �g�Z�� �k�i�_�d�l�j�h�f�_�l�j�_��
ELAN9000. �J�_�a�m�e�v�l�Z�l�u�� �b�a�f�_�j�_�g�b�y�� �b �^�Z�g�g�u�_�� �w�e�_�f�_�g�l�g�h�]�h�� �Z�g�Z�e�b�a�Z �G�I��
�q�b�k�l�h�]�h���b���^�h�i�b�j�h�\�Z�g�g�h�]�h�� �i�j�b�\�_�^�_�g�u���\���L�Z�[�e�b�p�_��1. 
 

�L�Z�[�e�b�p�Z�� ���� �M�^�_�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �]�Z�^�h�e�b�g�b�y�� �������� �`�_�e�_�a�Z�� ��) �b��

�m�]�e�_�j�h�^�Z���������\���G�I��  

�‹  
�K�h�k�l�Z�\ 
�f �b�r�_�g�b 

, 
�f2���] 

,

�f�Z�k�k������
(a�l������ 

, 

�f�Z�k�k������
(a�l������ 

, 

�f�Z�k�k������
(a�l������ 

, 

�f�Z�k�k���� 

1  155 [5] - 0;0,01;0,03 - - 

2  212 
0,31(0,04) 
0,32(0,04) 
0,29(0,03) 

0,15(0,05) 
0,09(0,03) 
0,07(0,03) 

4,81(7,56) 
6,61(10,29) 
4,16(6,59) 

1,35 

3  175 
0,78(0,04) 
2,56(0,29) 

0,00(0,00) 
0,00(0,00) 

13,8(20,57) 
8,42(13,54) 3,97 

4  199 
0,11(0,01) 
0,24(0,02) 
0,18(0,02) 

0,00(0,00) 
0,00(0,00) 
0,00(0,00) 

22,55(30,84) 
19,78(27,05) 
20,47(28,19) 

6,41 

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

�B�a���L�Z�[�e�b�p�u�������k�e�_�^�m�_�l�����q�l�h���^�h�i�b�j�h�\�Z�g�b�_���]�Z�^�h�e�b�g�b�_�f��  �i�j�b�\�h�^�b�l���d��
�g�_�f�h�g�h�l�h�g�g�h�f�m�� �b�a�f�_�g�_�g�b�x  �k�� �j�h�k�l�h�f�� �d�h�g�p�_�g�l�j�Z�p�b�b ���� �H�l�f�_�l�b�f 
�g�_�k�h�\�i�Z�^�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b  �i�h�� �^�Z�g�g�u�f�� �J�W�>�: �\ �G�I��  c 
�b�k�o�h�^�g�u�f�b �d�h�g�p�_�g�l�j�Z�p�b�y�f�b  �\�� �f�b�r�_�g�y�o���� �q�l�h, �h�l�q�Z�k�l�b, �f�h�`�_�l�� �[�u�l�v��
�k�\�y�a�Z�g�h�� �k�� �g�_�h�^�g�h�j�h�^�g�u�f�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�f�� �i�h�� �i�h�\�_�j�o�g�h�k�l�b�� �G�Q. 
�W�e�_�f�_�g�l�g�h�_���d�Z�j�l�b�j�h�\�Z�g�b�_���g�Z���i�j�b�k�l�Z�\�d�_��Oxford X-Ray Detector �i�h�^�l�\�_�j�^�b�e�h��
�g�_�]�h�f�h�]�_�g�g�h�_�� �j�Z�k�i�j�_�^�_�g�b�_�� �g�Z�� �h�l�^�_�e�v�g�u�o�� �m�q�Z�k�l�d�Z�o�� �h�[�j�Z�a�p�h�\�� ���a�^�_�k�v�� �g�_��
�i�h�d�Z�a�Z�g�h�������G�Q  �k�h �k�o�h�`�_�c �f�h�j�n�h�e�h�]�b�_�c [6] �l�Z�d�`�_�� �i�h�d�Z�a�u�\�Z�e�b��



 
 

 

�d�h�g�p�_�g�l�j�Z�p�b�h�g�g�m�x �g�_�h�^�g�h�j�h�^�g�h�k�l�v (�i�h�� �^�Z�g�g�u�f�� �J�W�>�: �\�� �l�_�f�g�u�o�� �h�[�e�Z�k�l�y�o 
���I�W�F���� �h�[�j�Z�a�p�Z��  �d�h�g�p�_�g�l�j�Z�p�b�y�� �^�h�k�l�b�]�Z�e�Z�� �Z�l�� ������ �Z�� �\��
�k�\�_�l�e�u�o �h�[�e�Z�k�l�y�o���[�u�e�Z���j�Z�\�g�Z �g�m�e�x). �H�^�g�Z�d�h�����w�e�_�f�_�g�l�g�u�c���Z�g�Z�e�b�a �i�h�j�h�r�d�h�\ 

 �f�_�l�h�^�h�f�� �B�K�I (�k�f���� �L�Z�[�e�b�p�m��1) �i�h�d�Z�a�Z�e �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_��
�k�h�]�e�Z�k�b�_���\���k�h�^�_�j�`�Z�g�b�b�� �\���i�h�e�m�q�_�g�g�u�o���G�I���b���f�b�r�_�g�y�o��  

�<�e�b�y�g�b�_�� �^�h�i�b�j�h�\�Z�g�b�y�� �]�Z�^�h�e�b�g�b�_�f�� �g�Z�� �f�h�j�n�h�e�h�]�b�x�� �G�I�� 

�b�a�m�q�Z�e�b �k�� �i�h�f�h�s�v�x�� �I�W�F (�k�f���� �j�b�k�� 1). �B�a�� �k�j�Z�\�g�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z��
�j�b�k�� 1 a �b�� �� b �\�b�^�g�h���� �q�l�h�� �i�j�b�� �k�h�i�h�k�l�Z�\�b�f�u�o�� �j�Z�a�f�_�j�Z�o�� �q�Z�k�l�b�p���� �q�Z�k�l�b�p�u�� �G�I��

 �k�i�_�q�_�g�u�� �k�e�Z�[�_�_���� �q�_�f�� �q�Z�k�l�b�p�u�� �G�I������ �I�j�b�� �[�y�e�v�r�_�f��
�m�\�_�e�b�q�_�g�b�b�����k�f�����j�b�k�� 1 c �b���� d�������j�Z�a�e�b�q�b�_���\���j�Z�a�f�_�j�Z�o���b���i�h�j�b�k�l�h�k�l�b���\���q�b�k�l�h�f��
�b���^�h�i�b�j�h�\�Z�g�g�h�f�� �k�l�Z�g�h�\�b�l�k�y���a�Z�f�_�l�g�_�_�����D�h�e�b�q�_�k�l�\�h���f�_�`�q�Z�k�l�b�q�g�u�o���i�h�j 
�j�Z�a�f�_�j�h�f�� �a �g�f�� �\���^�h�i�b�j�h�\�Z�g�g�h�f���h�[�j�Z�a�p�_�� �k�m�s�_�k�l�\�_�g�g�h���[�h�e�v�r�_���� �H�k�g�h�\�g�Z�y��
�^�h�e�y�� �G�Q��  �b�f�_�_�l�� �j�Z�a�f�_�j�� �� �g�f���� �h�^�g�Z�d�h�� �b�o�� �j�Z�a�f�_�j�� �g�_�f�g�h�]�h��
�[�h�e�v�r�_�� �j�Z�a�f�_�j�Z�� �G�Q�� �q�b�k�l�h�]�h��. �I�h�w�l�h�f�m���� �j�h�k�l�� �h�[�j�Z�a�p�h�\�� �G�I��

 �h�l�g�h�k�b�l�_�e�v�g�h�� �G�I�� �f�h�`�g�h�� �k�\�y�a�Z�l�v�� �k�� �m�\�_�e�b�q�_�g�b�_�f��
�f�_�`�q�Z�k�l�b�q�g�h�c�� �i�h�j�b�k�l�h�k�l�b�� �i�_�j�\�u�o���� �q�l�h���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �y�\�e�y�_�l�k�y��
�[�e�Z�]�h�i�j�b�y�l�g�u�f�� �n�Z�d�l�h�j�h�f�� �^�e�y�� �a�Z�i�h�e�g�_�g�b�y�� �i�h�j�� �e�_�d�Z�j�k�l�\�_�g�g�u�f�b�� �n�h�j�f�Z�f�b��
�b�e�b�� �f�Z�]�g�b�l�g�u�f�b�� �G�Q���� �L�_�g�^�_�g�p�b�y�� �d�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �i�j�h�l�y�`�_�g�g�u�o��
�i�_�j�_�f�u�q�_�d���^�e�b�g�h�c���[�h�e�_�_�� �g�f�� �f�_�`�^�m���G�Q��  �i�j�h�k�e�_�`�b�\�Z�_�l�k�y��
�g�Z�� �j�b�k�� 1 d �b�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �m�k�i�_�r�g�h�_�� �^�h�i�b�j�h�\�Z�g�b�_�� �]�Z�^�h�e�b�g�b�_�f�� �G�Q�� 
���k�d�e�h�g�g�h�k�l�v�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �i�_�j�_�f�u�q�_�d�� �f�_�`�^�m�� �G�Q�� �o�Z�j�Z�d�l�_�j�g�Z�� �b�f�_�g�g�h�� �^�e�y��
�G�Q��  �i�h�e�m�q�_�g�g�u�o���B�W�I���>���@�����b���h�l�k�m�l�k�l�\�m�_�l���m���G�Q�� [5]). 

�>�Z�g�g�u�_�� �I�W�F�� �Z�g�Z�e�b�a�Z�� ���k�f���� �j�b�k�� 1 b, 1 d���� �b�� �w�e�_�d�l�j�h�g�h�]�j�Z�n�b�b��
���k�f�� �\�k�l�Z�\�d�m�� �g�Z�� �j�b�k�� 1 d���� �i�h�^�l�\�_�j�^�b�e�b�� �Z�f�h�j�n�g�h�_�� �k�h�k�l�h�y�g�b�_�� �[�h�e�v�r�_�c�� �q�Z�k�l�b��
�G�I��  ���k�f���� �h�[�j�Z�a�_�p�� �‹���� �L�Z�[�e�b�p�u�� ������ �b�� �h�l�k�m�l�k�l�\�b�_�� �\�� �g�_�f��
�\�l�h�j�b�q�g�u�o���f�Z�]�g�b�l�g�u�o���n�Z�a���\���n�h�j�f�_���q�b�k�l�h�]�h���`�_�e�_�a�Z���b���_�]�h���h�d�k�b�^�h�\�����H�^�g�Z�d�h����
�\�� �h�[�j�Z�a�p�_�� �k�� �\�u�k�h�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �]�Z�^�h�e�b�g�b�y�� �� �f�Z�k�k�� ������ �i�h�y�\�e�_�g�b�_��
�\�l�h�j�b�q�g�h�c�� �n�Z�a�u�� �^�h�d�Z�a�u�\�Z�_�l�� �w�e�_�d�l�j�h�g�h�]�j�Z�f�f�Z�� �g�Z�� �j�b�k�� 1 f �b�� �k�g�b�f�h�d��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �g�Z�g�h�k�l�_�j�`�g�_�c�� �k�� �k�h�\�_�j�r�_�g�g�h�c�� �i�j�y�f�h�m�]�h�e�v�g�h�c�� �n�h�j�f�h�c����
�r�b�j�b�g�h�c���h�l�� �^�h��  �g�f���b���^�e�b�g�h�c���h�l���a �^�h��  �g�f���g�Z���j�b�k�� 1 e�����I�h�y�\�e�_�g�b�_��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �g�Z�g�h�k�l�_�j�`�g�_�c�� �k�j�_�^�b�� �Z�f�h�j�n�g�u�o�� �G�Q�� �y�\�g�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z��
�i�j�_�\�u�r�_�g�b�_�� �i�h�j�h�]�Z�� �j�Z�k�l�\�h�j�b�f�h�k�l�b�� �\�� �Z�f�h�j�n�g�h�f��  �\��
�k�b�e�v�g�h�^�h�i�b�j�h�\�Z�g�g�h�f���� �f�Z�k�k�� % �����h�[�j�Z�a�p�_�� 

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



 
 

 

  
 

  
 

  
 
�J�b�k���� ������TEM �k�g�b�f�d�b�� ���r�d�Z�e�Z�� �g�f���� (a���� �G�I�� ; (b���� �G�I��  ���h�[�j�Z�a�_�p�� �‹ 4 

�L�Z�[�e�b�p�u 1); TEM �k�g�b�f�d�b�� ���r�d�Z�e�Z�� �g�f���� (c���� �G�I�� ; (d���� �G�I��  ���h�[�j�Z�a�_�p�� �‹ 4 
�L�Z�[�e�b�p�u��1)���� �g�Z�� �\�k�l�Z�\�d�_�� �d�� ��d���� �i�h�d�Z�a�Z�g�Z�� �w�e�_�d�l�j�h�g�h�]�j�Z�f�f�Z�� �k�� �Z�f�h�j�n�g�h�]�h�� �m�q�Z�k�l�d�Z�� �h�[�j�Z�a�p�Z�� 
(e) c�g�b�f�h�d�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �g�Z�g�h�k�l�_�j�`�g�_�c�� �i�j�y�f�h�m�]�h�e�v�g�h�c�� �n�h�j�f�u�� �\�� �h�[�j�Z�a�p�_�� �‹ 4 
�L�Z�[�e�b�p�u 1�������I�����w�e�_�d�l�j�h�g�h�]�j�Z�f�f�Z���d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���n�Z�a�u���\��(e). 



 
 

 

�G�Z�� �j�b�k�� ���� �i�j�b�\�_�^�_�g�u�� �d�j�b�\�u�_�� �g�Z�]�j�_�\�Z�� �>�K�D-�L�=�� �b�� �d�j�b�\�u�_�� �f�Z�k�k-
�k�i�_�d�l�j�h�\�� �\�h�^�u�� �b��, �a�Z�i�b�k�Z�g�g�u�_�� �\�� �l�_�f�i�_�j�Z�l�m�j�g�h�f�� �b�g�l�_�j�\�Z�e�_�� 
�i�j�b���k�d�h�j�h�k�l�b���g�Z�]�j�_�\�Z�g�b�y��/�f�b�g���h�[�j�Z�a�p�Z���‹�����b�a���L�Z�[�e�b�p�u������ 
 

 
�J�b�k���� ��. �>�K�D-�L�=�� �d�j�b�\�u�_ �g�Z�]�j�_�\�Z�� �� ���f�b�g�� �b�� �f�Z�k�k-�k�i�_�d�l�j�u��  �b��  �\��
�l�_�f�i�_�j�Z�l�m�j�g�h�f�� �b�g�l�_�j�\�Z�e�_��  �Z�f�h�j�n�g�h-�g�Z�g�h�d�j�b�k�l�Z�e�b�q�_�k�d�h�]�h�� �i�h�j�h�r�d�Z 

. 
 

�L�_�f�i�_�j�Z�l�m�j�u�� �g�Z�q�Z�e�Z�� �b�� �d�h�g�p�Z�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �Z�f�h�j�n�g�h�c�� �n�j�Z�d�p�b�b��
�\�u�k�h�d�h�^�h�i�b�j�h�\�Z�g�g�h�]�h�� �h�[�j�Z�a�p�Z��%  (�k�f���� �j�b�k�� 2) �k�h�k�l�Z�\�e�y�x�l��
�h�d�h�e�h��  �b��  �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �b�� �i�j�Z�d�l�b�q�_�k�d�b�� �k�h�\�i�Z�^�Z�x�l�� �k 
�l�_�f�i�_�j�Z�l�m�j�Z�f�b���g�Z�q�Z�e�Z���d�h�g�p�Z���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���g�_�^�h�i�b�j�h�\�Z�g�g�h�]�h�� [5]. 

�M�[�u�e�v�� �f�Z�k�k�u�� �g�_�^�h�i�b�j�h�\�Z�g�g�h�]�h���G�I��  �i�j�b�� �g�Z�]�j�_�\�_ �^�h  
�k�h�k�l�Z�\�b�e�Z  �f�Z�k�k�� % [5]. �>�h�i�b�j�h�\�Z�g�b�_ �]�Z�^�h�e�b�g�b�_�f  �m�f�_�g�v�r�Z�_�l 
�i�h�q�l�b�� �\��2 �j�Z�a�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x�� �i�h�l�_�j�x�� �f�Z�k�k�u (  �f�Z�k�k�� %) �\���G�I��

%  (c�f���� �d�j�b�\�m�x �L�=�� �g�Z�� �j�b�k�� 2������ �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�[��
�m�f�_�g�v�r�_�g�b�b �]�b�^�j�h�n�b�e�v�g�h�k�l�b �G�I��  �\ �j�_�a�m�e�v�l�Z�l�_ �^�h�i�b�j�h�\�Z�g�b�y����
�B�g�l�_�j�_�k�g�h���� �q�l�h�� �i�h�k�e�_�^�m�x�s�b�c���� �a�Z�f�_�l�g�u�c�� �i�j�b�j�h�k�l�� �f�Z�k�k�u�� �h�[�j�Z�a�p�Z��
(  �f�Z�k�k�� %) �i�j�b�� �g�Z�]�j�_�\�Z�g�b�b�� �\�u�r�_�� �l�_�f�i�_�j�Z�l�m�j�u�� ���d�j�b�\�Z�y�� �L�=�� �g�Z��
�j�b�k�� �������m�f�_�g�v�r�b�e�k�y���\���l�j�b���j�Z�a�Z, �i�h���k�j�Z�\�g�_�g�b�x���k���Z�g�Z�e�h�]�b�q�g�u�f���j�h�k�l�h�f���f�Z�k�k�u��
�\ �g�_�^�h�i�b�j�h�\�Z�g�g�h�f�� �h�[�j�Z�a�p�_�� �� �f�Z�k�k�� %). �J�h�k�l�� �f�Z�k�k�u���G�I�� �q�b�k�l�h�]�h �b��
�^�h�i�b�j�h�\�Z�g�g�h�]�h �]�Z�^�h�e�b�g�b�_�f��  �f�h�`�g�h�� �k�\�y�a�Z�l�v�� �k�� �\�h�a�f�h�`�g�u�f��
�k�m�s�_�k�l�\�h�\�Z�g�b�_�f�� �d�b�k�e�h�j�h�^�g�u�o�� �\�Z�d�Z�g�k�b�c���\���i�h�e�m�q�_�g�g�u�o�� �B�W�I���G�I, �b�� �b�o��
�i�h�k�l�_�i�_�g�g�h�c���Z�g�g�b�]�b�e�y�p�b�_�c �i�j�b���g�Z�]�j�_�\�Z�g�b�b���\�u�r�_���l�_�f�i�_�j�Z�l�m�j�u��. 



 
 

 

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f�� �f�_�l�h�^�h�f�� �B�W�I �i�h�e�m�q�_�g�u �Z�f�h�j�n�g�h-
�g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_ �i�h�j�h�r�d�b , �h�[�e�Z�^�Z�x�s�b�_ �k�e�_�^�m�x�s�b�f�b��
�h�k�h�[�_�g�g�h�k�l�y�f�b: 

1) �\�� �h�k�g�h�\�g�h�f �i�h�j�h�r�d�b �k�h�k�l�h�y�l�� �b�a�� �Z�f�h�j�n�g�u�o�� �d�\�Z�a�b�k�n�_�j�b�q�_�k�d�b�o���G�Q 
�j�Z�a�f�_�j�h�f <  �g�f, �k�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�f�b�� �\�d�e�x�q�_�g�b�y�f�b�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o��
�g�Z�g�h�k�l�_�j�`�g�_�c���k���k�h�\�_�j�r�_�g�g�h�c���i�j�y�f�h�m�]�h�e�v�g�h�c���n�h�j�f�h�c�� 

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

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

 �\�� �k�j�Z�\�g�_�g�b�b �k�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b�� �l�_�f�i�_�j�Z�l�m�j�Z�f�b �G�I 
. 
4) �f�Z�d�k�b�f�Z�e�v�g�m�x�� �m�^�_�e�v�g�m�x�� �i�h�\�_�j�o�g�h�k�l�v�� �� �f2���]���� �b�f�_�_�l�� �h�[�j�Z�a�_�p�� �k��

�f�b�g�b�f�Z�e�v�g�h�c���d�h�g�p�_�g�l�j�Z�p�b�_�c���^�h�i�Z�g�l�Z���� �f�Z�k�k�� % ). 
 
�:�\�l�h�j�u���i�j�b�a�g�Z�l�_�e�v�g�u���k�h�l�j�m�^�g�b�d�Z�f���B�W�N���M�j�H���J�:�G�����f���g���k�����L���F�����>�_�f�b�g�h�c���a�Z���b�a�f�_�j�_�g�b�_��
�m�^�_�e�v�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �f���g���k���� �H���J�� �L�b�f�h�r�_�g�d�h�\�h�c�� �a�Z�� �J�W�>�:�� �h�[�j�Z�a�p�h�\�� �J�Z�[�h�l�Z��
�\�u�i�h�e�g�_�g�Z�� �\�� �j�Z�f�d�Z�o�� �l�_�f�u�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �a�Z�^�Z�g�b�y�� �‹�� ��������-2014-���������� �b �i�j�b 
�q�Z�k�l�b�q�g�h�c���i�h�^�^�_�j�`�d�_���J�N�N�B��(�i�j�h�_�d�l���‹������-08-01381). 
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�:�g�g�h�l�Z�p�b�y: �I�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�e�b�y�g�b�y�� �g�Z�]�j�_�\�Z�� �b��
�b�a�h�l�_�j�f�b�q�_�k�d�h�c�� �\�u�^�_�j�`�d�b�� �g�Z�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�v �\�� �k�i�_�p�b�Z�e�v�g�u�o�� �k�l�_�d�e�Z�o��

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

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

�i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o�� �h�l�� �^�h  �\�� �k�l�_�d�e�Z�o�� �h�[�j�Z�a�m�x�l�k�y��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_�� �n�Z�a�u, �j�Z�a�f�_�j�u�� �b�� �k�d�h�j�h�k�l�b�� �j�h�k�l�Z�� �d�h�l�h�j�u�o�� �a�Z�\�b�k�y�l�� �h�l��
�l�_�f�i�_�j�Z�l�m�j�u���b���\�j�_�f�_�g�b���b�a�h�l�_�j�f�b�q�_�k�d�h�c���\�u�^�_�j�`�d�b���h�[�j�Z�a�p�h�\���>2-5].  

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

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

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

 �b�� ���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �H�q�_�\�b�^�g�h���� �w�g�_�j�]�b�y�� �Z�d�l�b�\�Z�p�b�b�� �\��



 
 

 

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

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

 
�J�b�k���� ������ �A�Z�\�b�k�b�f�h�k�l�v�� �m�^�_�e�v�g�h�c�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �k�\�b�g�p�h�\�h-�k�b�e�b�d�Z�l�g�h�]�h�� �k�l�_�d�e�Z��

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

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



 
 

 

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

 
�J�b�k����2. �A�Z�\�b�k�b�f�h�k�l�v�� �m�^�_�e�v�g�h�c�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �k�\�b�g�p�h�\�h-�k�b�e�b�d�Z�l�g�h�]�h�� �k�l�_�d�e�Z��

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

 
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���m�^�_�e�v�g�h�c���w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b���[�h�j�Z�l�g�h-�[�Z�j�b�_�\�h�]�h���k�l�_�d�e�Z�� �h�l��
�\�j�_�f�_�g�b���\���i�j�h�p�_�k�k�_���g�Z�]�j�_�\�Z���b���b�a�h�l�_�j�f�b�q�_�k�d�h�c���\�u�^�_�j�`�d�_���i�j�b��). 
 

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



 
 

 

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

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�h�i�m�k�d�Z�g�b�_ �h�^�g�h�g�Z�i�j�Z�\�e�_�g�g�h�]�h �w�e�_�d�l�j�b�q�_�k�d�h�]�h��
�l�h�d�Z�� �q�_�j�_�a�� �h�[�j�Z�a�_�p�� �h�d�Z�a�u�\�Z�_�l�� �k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �k�l�j�m�d�l�m�j�m�� �b��
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[1, 2�@�� �b�� �f�h�s�g�u�_�� �b�h�g�g�u�_��[3] �i�m�q�d�b���� �i�e�Z�a�f�_�g�g�u�_�� �i�h�l�h�d�b�� �b�� �k�l�j�m�b�� �>4, 5]. 
�L�_�o�g�h�e�h�]�b�b���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �D�I�W���� �i�h�a�\�h�e�y�x�l�� �i�j�h�\�h�^�b�l�v��
�h�[�j�Z�[�h�l�d�m�� �f�Z�l�_�j�b�Z�e�Z�� �e�h�d�Z�e�v�g�h���� �l�h�e�v�d�h�� �\�� �l�_�o�� �f�_�k�l�Z�o���� �d�h�l�h�j�u�_��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �b�k�i�u�l�u�\�Z�x�l�� �w�d�k�l�j�_�f�Z�e�v�g�u�_�� �g�Z�]�j�m�a�d�b�� �\�� �i�j�h�p�_�k�k�_��



 
 

 

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

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

�<�� �d�Z�q�_�k�l�\�_�� �f�h�^�b�n�b�p�b�j�m�_�f�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �a�Z�d�Z�e�_�g�g�Z�y��
�k�l�Z�e�v��  ( ���� �\�_�k�� �������� �H�[�j�Z�a�p�u��
�b�f�_�e�b�� �n�h�j�f�m�� �r�Z�c�[�u�� �l�h�e�s�b�g�h�c�� �f�f�� �b�� �^�b�Z�f�_�l�j�h�f�� �f�f���� �N�h�j�f�b�j�h�\�Z�g�b�_��
�g�Z�g�h�k�l�j�m�d�l�m�j�g�u�o���� �g�Z�g�h�n�Z�a�g�u�o�� �i�h�\�_�j�o�g�h�k�l�g�h�� �e�_�]�b�j�h�\�Z�g�g�u�o�� �k�e�h�_�\�� �\�� �k�l�Z�e�b��
�h�k�m�s�_�k�l�\�e�y�e�b�� �h�[�e�m�q�_�g�b�_�f�� �h�[�j�Z�a�p�h�\�� �\�u�k�h�d�h�b�g�l�_�g�k�b�\�g�u�f�� �b�f�i�m�e�v�k�g�u�f��
�w�e�_�d�l�j�h�g�g�u�f�� �i�m�q�d�h�f�� �g�Z�� �m�k�l�Z�g�h�\�d�_�� �©�K�H�E�H�ª���� �I�Z�j�Z�f�_�l�j�u�� �h�[�e�m�q�_�g�b�y����
�w�g�_�j�]�b�y�� �w�e�_�d�l�j�h�g�h�\�� �d�w�<���� �i�e�h�l�g�h�k�l�v�� �w�g�_�j�]�b�b�� �i�m�q�d�Z�� �w�e�_�d�l�j�h�g�h�\��
( ) �>�`���k�f2���� �^�e�b�l�_�e�v�g�h�k�l�v�� �b�� �d�h�e�b�q�_�k�l�\�h�� �b�f�i�m�e�v�k�h�\�� �\�h�a�^�_�c�k�l�\�b�y��
( ) �f�d�k�� �b�� �� ) �b�f�i������ �q�Z�k�l�h�l�Z�� �k�e�_�^�h�\�Z�g�b�y�� �b�f�i�m�e�v�k�h�\�� �k-1; 
�h�[�e�m�q�_�g�b�_���i�j�h�\�h�^�b�e�b���\���Z�j�]�h�g�_���i�j�b���h�k�l�Z�l�h�q�g�h�f���^�Z�\�e�_�g�b�b�� �I�Z�����>�Z�g�g�u�c��
�j�_�`�b�f�� �h�[�_�k�i�_�q�b�\�Z�e�� �g�Z�]�j�_�\�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y�� �l�h�e�s�b�g�h�c�� �^�h�� �f�d�f�� �^�h��
�l�_�f�i�_�j�Z�l�m�j�u���i�e�Z�\�e�_�g�b�y���b���a�Z�d�Z�e�d�m���b�a���j�Z�k�i�e�Z�\�Z���k�h���k�d�h�j�h�k�l�y�f�b����) �D���k����
�B�k�k�e�_�^�h�\�Z�g�b�y�� �n�Z�a�h�\�h�]�h�� �b�� �w�e�_�f�_�g�l�g�h�]�h�� �k�h�k�l�Z�\�Z���� �^�_�n�_�d�l�g�h�c�� �k�m�[�k�l�j�m�d�l�m�j�u��
�i�h�\�_�j�o�g�h�k�l�g�h�]�h���k�e�h�y���h�k�m�s�_�k�l�\�e�y�e�b���f�_�l�h�^�Z�f�b���k�d�Z�g�b�j�m�x�s�_�c���b���w�e�_�d�l�j�h�g�g�h�c��
�^�b�n�j�Z�d�p�b�h�g�g�h�c�� �f�b�d�j�h�k�d�h�i�b�b���� �j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� ���]�_�h�f�_�l�j�b�y��
�;�j�_�]�]�Z-�;�j�_�g�l�Z�g�h�����±�b�a�e�m�q�_�g�b�_��. 
 
�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c���b���b�o���h�[�k�m�`�^�_�g�b�_ 

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



 
 

 

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

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

 �i�j�b�\�_�^�_�g�u���g�Z���j�b�k�� 1. 
 

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

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

�G�Z�� �j�b�k�� ���� �i�j�_�^�k�l�Z�\�e�_�g�h�� �b�a�h�l�_�j�f�b�q�_�k�d�h�_�� �k�_�q�_�g�b�_�� �\�� �l�j�h�c�g�h�c�� �k�b�k�l�_�f�_��
 �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��  [6, 7]���� �I�j�b�� �\�u�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o��

( ) �\�� �^�Z�g�g�h�c�� �k�b�k�l�_�f�_�� �k�m�s�_�k�l�\�m�x�l�� �r�b�j�h�d�b�_�� �h�[�e�Z�k�l�b�� �l�\�_�j�^�u�o��



 
 

 

�j�Z�k�l�\�h�j�h�\�� �g�Z�� �h�k�g�h�\�_���.-�n�Z�a�u�����j�Z�a�m�i�h�j�y�^�h�q�_�g�g�Z�y�� �n�Z�a�Z�� �g�Z�� �h�k�g�h�\�_�� �:����
�k�l�j�m�d�l�m�j�u���� �b���J-�n�Z�a�u�����j�Z�a�m�i�h�j�y�^�h�q�_�g�g�Z�y�� �n�Z�a�Z�� �g�Z�� �h�k�g�h�\�_�� �:���� �k�l�j�m�d�l�m�j�u������
�I�j�b�� �i�h�g�b�`�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�f�_�g�v�r�_�g�b�_�� �h�[�e�Z�k�l�_�c��
�]�h�f�h�]�_�g�g�h�k�l�b�� �h�^�g�h�n�Z�a�g�h�c�� �h�[�e�Z�k�l�b���J-�n�Z�a�u�� �a�Z�� �k�q�_�l�� �j�h�k�l�Z�� �h�[�e�Z�k�l�b��
�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �^�\�m�o�n�Z�a�g�u�o�� �h�[�e�Z�k�l�_�c�� ,  �b�� ���� �I�h�g�b�`�_�g�b�_��
�l�_�f�i�_�j�Z�l�m�j�u�� �l�Z�d�`�_�� �i�j�b�\�h�^�b�l�� �d�� �l�h�f�m���� �q�l�h�� �\�� �h�[�e�Z�k�l�b�� �w�d�\�b�Z�l�h�f�g�h�]�h�� �k�h�k�l�Z�\�Z��
�g�Z���k�l�h�j�h�g�_��  �b�a�h�l�_�j�f�b�q�_�k�d�h�]�h���l�j�_�m�]�h�e�v�g�b�d�Z���i�j�h�b�k�o�h�^�b�l���h�[�j�Z�a�h�\�Z�g�b�_��
�V-�n�Z�a�u���� �W�l�h�� �y�\�e�_�g�b�_�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �^�\�m�o�� �l�j�_�o�n�Z�a�g�u�o��
�h�[�e�Z�k�l�_�c���� �������^�\�m�o���^�\�m�o�n�Z�a�g�u�_���h�[�e�Z�k�l�_�c���������b���� ) (�k�f�����j�b�k�� 3). 
 
�K�b�k�l�_�f�Z��  

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

 
�J�b�k�� 2. �;�b�g�Z�j�g�u�_�� �^�b�Z�]�j�Z�f�f�u�� �k�b�k�l�_�f��, ,  [6] �b���b�a�h�l�_�j�f�b�q�_�k�d�h�_��
�k�_�q�_�g�b�_���l�j�h�c�g�h�c���k�b�k�l�_�f�u�� �i�j�b���l�_�f�i�_�j�Z�l�m�j�_��  [7]. 



 
 

 

 
�J�b�k�� 3. �B�a�h�l�_�j�f�b�q�_�k�d�b�_�� �k�_�q�_�g�b�y�� �i�j�b�� �j�Z�a�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �l�j�h�c�g�h�c�� �k�b�k�l�_�f�u��

; �Z �± ; �[ �±  [7]. 
 

�G�Z�� �^�b�Z�]�j�Z�f�f�_�� ���k�f���� �j�b�k�� 4) �i�j�b�\�_�^�_�g�h�� �i�y�l�v�� �i�h�\�_�j�o�g�h�k�l�_�c�� �e�b�d�\�b�^�m�k����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���h�[�j�Z�a�h�\�Z�g�b�x���i�y�l�b���n�Z�a���\���[�b�g�Z�j�g�u�o���k�b�k�l�_�f�Z�o����, , 

, �.-�n�_�j�j�b�l�Z���b���J-�Z�m�k�l�_�g�b�l�Z. �A�^�_�k�v���i�h�^���n�_�j�j�b�l�h�f���i�h�g�b�f�Z�_�l�k�y�� 
�b��  �l�\�_�j�^�u�_�� �j�Z�k�l�\�h�j�u�� �\�� �[�b�g�Z�j�g�h�c�� �k�b�k�l�_�f�_������ �i�h�k�d�h�e�v�d�m�� �w�l�b��
�^�\�Z�� �w�e�_�f�_�g�l�Z�� �� �b�� ) �\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �l�_�f�i�_�j�Z�l�m�j�g�h�c�� �h�[�e�Z�k�l�b��
�h�[�j�Z�a�m�x�l�� �l�\�_�j�^�u�_�� �j�Z�k�l�\�h�j�u�� �g�Z�� �h�k�g�h�\�_�� �H�P�D�� �j�_�r�_�l�d�b���� �\�� �[�b�g�Z�j�g�h�c��
�k�b�k�l�_�f�_�� . �G�Z�� �^�b�Z�]�j�Z�f�f�_�� ���k�f���� �j�b�k�� 3) �f�h�`�g�h�� �\�u�y�\�b�l�v�� �l�j�b��
�q�_�l�u�j�_�o�n�Z�a�g�u�o�� �h�[�e�Z�k�l�b���� ���� �± ; 2 �± ; 3 �± 

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

�>�b�Z�]�j�Z�f�f�Z�� �k�h�k�l�h�y�g�b�y�� �\�� �k�b�k�l�_�f�_�� (�k�f���� �j�b�k�� 5) �i�h�� �k�_�q�_�g�b�x��
�i�j�b�� �i�h�k�l�h�y�g�g�h�f�� �a�g�Z�q�_�g�b�b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �m�]�e�_�j�h�^�Z�� �\�_�k�� % 
���k�h�h�l�\�_�l�k�l�\�m�_�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �m�]�e�_�j�h�^�Z�� �\�� �k�l�Z�e�b������ �l�_�h�j�_�l�b�q�_�k�d�b��
�i�h�e�m�q�_�g�Z���\���>���@�����I�j�_�^�k�l�Z�\�e�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���i�h�a�\�h�e�y�x�l���h�i�j�_�^�_�e�b�l�v���h�[�e�Z�k�l�b��
�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �^�\�m�o�n�Z�a�g�u�o�� �b�� �l�j�_�o�n�Z�a�g�u�o�� �k�i�e�Z�\�h�\���� �:�g�Z�e�b�a�� �^�b�Z�]�j�Z�f�f�u��
�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �d�Z�j�[�b�^�� �y�\�e�y�_�l�k�y�� �[�h�e�_�_�� �k�l�Z�[�b�e�v�g�u�f���� �q�_�f�� �d�Z�j�[�b�^�u��

 �b�� ���� �b�� �b�f�_�_�l�� �f�_�k�l�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �[�h�e�_�_�� �i�j�h�l�y�`�_�g�g�u�o��
�^�\�m�o�n�Z�a�g�u�o�� �h�[�e�Z�k�l�_�c�� �G�Z�� �j�b�k�� ������ �Z�� �i�j�_�^�k�l�Z�\�e�_�g�h�� �b�a�h�l�_�j�f�b�q�_�k�d�h�_ �k�_�q�_�g�b�_ 
�l�j�h�c�g�h�c �k�b�k�l�_�f�u  �i�j�b �l�_�f�i�_�j�Z�l�m�j�_  (�Z) [9]���� �B�a��
�i�j�b�\�_�^�_�g�g�h�]�h�� �b�a�h�l�_�j�f�b�q�_�k�d�h�]�h�� �l�j�_�m�]�h�e�v�g�b�d�Z�� �\�b�^�g�h���� �q�l�h�� �h�[�e�Z�k�l�b 
�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �d�Z�j�[�b�^�h�\��,  �b��  �b�f�_�x�l�� �m�a�d�b�_�� �b�� �i�j�h�l�y�`�_�g�g�u�_��
�h�[�e�Z�k�l�b���]�h�f�h�]�_�g�g�h�k�l�b�����D�Z�j�[�b�^�u��,  �b��  �h�[�j�Z�a�h�\�Z�g�u���g�Z���h�k�g�h�\�_��

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



 
 

 

 
 

�J�b�k�� 4. �F�_�l�Z�k�l�Z�[�b�e�v�g�Z�y��  
�n�Z�a�h�\�Z�y�� �^�b�Z�]�j�Z�f�f�Z�� �\�� �h�[�e�Z�k�l�b��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �m�]�e�_�j�h�^�Z�� �f�_�g�_�_�� ���� �\�_�k�� %. 
�Q�_�j�g�u�_�� �e�b�g�b�b�� �g�Z�� �^�b�Z�]�j�Z�f�f�_�� �j�Z�a�^�_�e�y�x�l��
�h�[�e�Z�k�l�b�� �l�\�_�j�^�u�o�� �j�Z�k�l�\�h�j�h�\���� �H�^�g�Z�� �k�l�j�_�e�d�Z��
�g�Z�� �l�h�e�k�l�u�o�� �e�b�g�b�y�o�� �k�h�h�l�\�_�l�k�l�\�m�_�l��
�w�\�l�_�d�l�b�q�_�k�d�h�f�m�� �l�b�i�m�� �j�_�Z�d�p�b�b���� �>�\�_��
�k�l�j�_�e�d�b���g�Z���l�h�e�k�l�u�o���e�b�g�b�y�o���k�h�h�l�\�_�l�k�l�\�m�x�l��
�i�_�j�b�l�_�d�l�b�q�_�k�d�h�f�m�� �l�b�i�m�� �j�_�Z�d�p�b�b����
�I�m�g�d�l�b�j�g�u�_���e�b�g�b�b���k�h�h�l�\�_�l�k�l�\�m�x�l���e�b�g�b�y�f��
�k�h�e�b�^�m�k�Z���>8]. 

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

 �\�_�k�� % [7]. 

  
�J�b�k�� 6. �B�a�h�l�_�j�f�b�q�_�k�d�b�_ �k�_�q�_�g�b�y �l�j�h�c�g�u�o �k�b�k�l�_�f�u  �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 

 (�Z) [6] �b  �i�j�b  (�[) [10]. 
 

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

(�Z) (�[) 



 
 

 

�K�b�k�l�_�f�Z��  
�K�b�k�l�_�f�Z�����i�j�_�^�k�l�Z�\�e�_�g�g�Z�y�� �g�Z �j�b�k. 6 �[, �i�h�d�Z�a�u�\�Z�_�l �h�[�e�Z�k�l�b 

�k�m�s�_�k�l�\�h�\�Z�g�b�y �d�Z�j�[�b�^�h�\ ,  �b . �A�^�_�k�v�� �i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c��
�k�m�f�f�m�� �f�_�l�Z�e�e�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �b�� . �D�Z�j�[�b�^�u��  �b��  �b�f�_�x�l��
�m�a�d�b�_�� �h�[�e�Z�k�l�b�� �]�h�f�h�]�_�g�g�h�k�l�b�� �b�� �h�g�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �b�a�h�l�_�j�f�b�q�_�k�d�h�c��
�^�b�Z�]�j�Z�f�f�_�� �k�h�k�l�h�y�g�b�y�� �\�� �\�b�^�_�� �i�j�y�f�u�o�� �e�b�g�b�c���� �W�l�b�� �d�Z�j�[�b�^�u�� �h�[�j�Z�a�h�\�Z�g�u�� �g�Z��
�h�k�g�h�\�_��. �F�Z�d�k�b�f�Z�e�v�g�Z�y�� �j�Z�k�l�\�h�j�b�f�h�k�l�v�� �\�� �g�b�o�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��

 �^�h�k�l�b�]�Z�_�l�� ���� �b�� ���� �Z�l�� ���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�����D�Z�j�[�b�^��  �h�[�e�Z�^�Z�_�l��
�h�q�_�g�v���f�Z�e�h�c�����i�h�j�y�^�d�Z�� �Z�l�� %) �j�Z�k�l�\�h�j�b�f�h�k�l�v�x�� [10]. 
 
�K�b�k�l�_�f�Z��  

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

�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �\��-�m�]�e�m�� �g�Z�� �b�a�h�l�_�j�f�b�q�_�k�d�h�f�� �k�_�q�_�g�b�b�� �k�m�s�_�k�l�\�m�x�l�� �l�j�b��
�^�\�m�o�n�Z�a�g�u�_�� �h�[�e�Z�k�l�b��( ,  �b�� ) �b�� �h�^�g�Z�� �l�j�_�o�n�Z�a�g�Z�y�� �h�[�e�Z�k�l�v��
( ) [11]. �A�^�_�k�v�� �h�[�h�a�g�Z�q�_�g�Z���k�m�f�f�Z���f�_�l�Z�e�e�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\�� 
�b�� , �h�[�j�Z�a�m�x�s�b�o�� �d�Z�j�[�b�^�� �k�h�k�l�Z�\�Z������ �K�e�_�^�m�_�l�� �l�Z�d�`�_�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\��
�k�i�e�Z�\�Z�o  �i�j�b���\�u�k�h�d�b�o���^�Z�\�e�_�g�b�y�o���k�b�g�l�_�a�b�j�h�\�Z�g�u���d�Z�j�[�b�^�u�� �b��

�����d�h�l�h�j�u�_���y�\�e�y�x�l�k�y���f�_�l�Z�k�l�Z�[�b�e�v�g�u�f�b���>12]. 
 
�K�b�k�l�_�f�Z��  

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�u�i�h�e�g�_�g�g�u�c�� �d�j�Z�l�d�b�c�� �Z�g�Z�e�b�a�� �l�j�h�c�g�u�o�� �b�� �q�_�l�\�_�j�g�h�c��
�^�b�Z�]�j�Z�f�f�� �k�h�k�l�h�y�g�b�y�� �h�k�g�h�\�g�u�o�� �w�e�_�f�_�g�l�h�\�� �k�l�Z�e�b������ �i�h�d�Z�a�u�\�Z�_�l����
�q�l�h���\���j�Z�\�g�h�\�_�k�g�u�o���m�k�e�h�\�b�y�o���\���^�Z�g�g�u�o���f�Z�l�_�j�b�Z�e�Z�o���\�h�a�f�h�`�g�h���n�h�j�f�b�j�h�\�Z�g�b�_��
�g�_�� �l�h�e�v�d�h�� �l�\�_�j�^�u�o�� �j�Z�k�l�\�h�j�h�\�� �g�Z�� �h�k�g�h�\�_���.-�`�_�e�_�a�Z�� ���H�P�D�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y��
�j�_�r�_�l�d�Z���� �b���J-�`�_�e�_�a�Z�����=�P�D���d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y�� �j�_�r�_�l�d�Z������ �g�h���b���p�_�e�h�]�h�� �k�i�_�d�l�j�Z��
�d�Z�j�[�b�^�g�u�o�� �n�Z�a�� �k�e�h�`�g�h�]�h�� �w�e�_�f�_�g�l�g�h�]�h�� �k�h�k�l�Z�\�Z�� ��,  �b�� ���� �]�^�_��
�k�b�f�\�h�e�� �i�h�^�j�Z�a�m�f�_�\�Z�x�l�k�y���Z�l�h�f�u���f�_�l�Z�e�e�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\��,  �b�� ).  

�K�l�j�m�d�l�m�j�g�h-�n�Z�a�h�\�u�_���i�j�_�\�j�Z�s�_�g�b�y���\���k�l�Z�e�b�� �h�k�m�s�_�k�l�\�e�y�e�b����
�h�[�e�m�q�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �h�[�j�Z�a�p�h�\�� �b�g�l�_�g�k�b�\�g�u�f�� �w�e�_�d�l�j�h�g�g�u�f�� �i�m�q�d�h�f�� 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�j�b�� �^�e�b�l�_�e�v�g�h�k�l�b�� �b�f�i�m�e�v�k�Z�� �i�m�q�d�Z�� �w�e�_�d�l�j�h�g�h�\�� �f�d�k��
�g�Z�q�Z�e�v�g�Z�y�� �k�l�Z�^�b�y�� �i�e�Z�\�e�_�g�b�y�� ���\�u�]�e�Z�`�b�\�Z�g�b�_�� �i�h�\�_�j�o�g�h�k�l�b���� �i�h�\�_�j�o�g�h�k�l�g�h�]�h��
�k�e�h�y���n�b�d�k�b�j�m�_�l�k�y���i�j�b���i�e�h�l�g�h�k�l�b���w�g�_�j�]�b�b���i�m�q�d�Z���w�e�_�d�l�j�h�g�h�\�� �>�`���k�f2�����I�j�b��
�i�e�h�l�g�h�k�l�b�� �w�g�_�j�]�b�b�� �>�`���k�f2 �i�e�Z�\�b�l�k�y�� �i�h�\�_�j�o�g�h�k�l�g�u�c�� �k�e�h�c�� �l�h�e�s�b�g�h�c�� �^�h��

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



 
 

 

�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �b�a�f�_�g�y�x�l�k�y�� �\�� �i�j�_�^�_�e�Z�o�� �h�l�� �������� �^�h�� ������ �g�f���� �I�e�Z�\�e�_�g�b�_��
�i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y�� �i�j�b�\�h�^�b�l�� �d�� �i�h�e�g�h�f�m�� �j�Z�k�l�\�h�j�_�g�b�x�� �k�m�[�f�b�d�j�h�g�g�u�o��
�q�Z�k�l�b�p���d�Z�j�[�b�^�Z���l�b�i�Z�������i�j�b�k�m�l�k�l�\�m�x�s�b�o���\���k�l�Z�e�b���b�k�o�h�^�g�h�]�h���k�h�k�l�h�y�g�b�y��
(�k�f���� �j�b�k�� ������ �b�� �i�h�\�l�h�j�g�h�f�m�� �\�u�^�_�e�_�g�b�x�� �i�h�� �]�j�Z�g�b�p�Z�f�� �b�� �\�� �h�[�t�_�f�_�� �y�q�_�_�d�� �g�Z��
�^�b�k�e�h�d�Z�p�b�y�o���q�Z�k�l�b�p���d�Z�j�[�b�^�Z�� ���j�b�k�� 8 �[������ 
 

 
�J�b�k�����������B�a�h�l�_�j�b�q�_�k�d�h�_���k�_�q�_�g�b�_���l�j�h�c�g�h�c���k�b�k�l�_�f�u�� �i�j�b��  [11]. 
 

 
�J�b�k���� ������ �W�e�_�d�l�j�h�g�g�h-�f�b�d�j�h�k�d�h�i�b�q�_�k�d�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�l�j�m�d�l�m�j�u�� �k�l�Z�e�b��, 
�i�h�^�\�_�j�]�g�m�l�h�c�� �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c�� �h�[�j�Z�[�h�l�d�_�� �i�j�b�� �i�e�h�l�g�h�k�l�b�� �w�g�_�j�]�b�b�� �i�m�q�d�Z��
�w�e�_�d�l�j�h�g�h�\��  �>�`���k�f2 (  �f�d�k���� �b�f�i���������K�l�j�_�e�d�Z�f�b���m�d�Z�a�Z�g�u���q�Z�k�l�b�p�u���d�Z�j�[�b�^�Z���l�b�l�Z�g�Z�� 
 
�A�Z�d�e�x�q�_�g�b�_ 

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

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

�w�e�_�d�l�j�h�g�g�u�f���i�m�q�d�h�f�����I�h�d�Z�a�Z�g�h�����q�l�h���w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y���h�[�j�Z�[�h�l�d�Z���k�l�Z�e�b��
�\�� �j�_�`�b�f�_�� �i�e�Z�\�e�_�g�b�y�� �b�� �i�h�k�e�_�^�m�x�s�_�c�� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b��
�k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f�� �k�l�j�m�d�l�m�j�u�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y����
�a�Z�d�e�x�q�Z�x�s�_�f�k�y�� �������� �\�� �i�h�e�g�h�f�� �j�Z�k�l�\�h�j�_�g�b�b�� �q�Z�k�l�b�p�� �b�k�o�h�^�g�h�c�� �d�Z�j�[�b�^�g�h�c��
�n�Z�a�u���� �������� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �y�q�_�_�d�� �^�_�g�^�j�b�l�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b��
�k�m�[�f�b�d�j�h�g�g�u�o�� �j�Z�a�f�_�j�h�\���� �������� �\�� �i�h�\�l�h�j�g�h�f�� �\�u�^�_�e�_�g�b�b�� �g�Z�g�h�j�Z�a�f�_�j�g�u�o��
�q�Z�k�l�b�p���d�Z�j�[�b�^�g�h�c���n�Z�a�u�� 
 
�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���n�b�g�Z�g�k�h�\�h�c���i�h�^�^�_�j�`�d�_���J�N�N�B�����i�j�h�_�d�l���‹������-43-700659). 
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�:�g�g�h�l�Z�p�b�y�� �B�k�k�e�_�^�h�\�Z�g�u�� �i�j�h�p�_�k�k�u �^�b�n�n�m�a�b�b�� �s�_�e�h�q�g�h�]�h�� �f�_�l�Z�e�e�Z�� �\��
�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�c���i�e�_�g�d�_�� �\���m�k�e�h�\�b�y�o �f�h�^�m�e�y�p�b�b�� �i�h�l�h�d�Z���g�Z�l�j�b�y���g�Z�i�u�e�y�_�f�h�]�h��

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

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

�K�h�_�^�b�g�_�g�b�y�� �a�h�e�h�l�Z�� �k�h�� �s�_�e�h�q�g�u�f�b�� �f�_�l�Z�e�e�Z�f�b��  
���\�� �^�Z�e�v�g�_�c�r�_�f��) �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �r�b�j�h�d�h�a�h�g�g�u�_�� �i�h�e�m�i�j�h�\�h�^�g�b�d�b��
[1-8�@���� �I�j�b�� �w�l�h�f�� �k�\�y�a�v �a�h�e�h�l�Z�� �k�h �s�_�e�h�q�g�u�f�b �f�_�l�Z�e�e�Z�f�b �b�f�_�_�l��
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �b�h�g�g�u�c�� �o�Z�j�Z�d�l�_�j���� �]�^�_ �a�h�e�h�l�h�� �\�u�k�l�m�i�Z�_�l�� �\�� �j�h�e�b�� �Z�g�b�h�g�Z��
[9]. �J�Z�k�q�_�l�u [10-13] �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �k�h�_�^�b�g�_�g�b�y�� �i�j�_�^�k�l�Z�\�e�y�x�l��
�k�h�[�h�c�� �k�e�h�`�g�m�x�� �k�m�i�_�j�i�h�a�b�p�b�x�� �w�e�_�d�l�j�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b���� �j�Z�k�i�j�_�^�_�e�_�g�g�h�c��
�f�_�`�^�m�� �h�k�l�h�\�Z�f�b�� �Z�l�h�f�Z�f�b�� �a�h�e�h�l�Z�� �b�� �Z�l�h�f�Z�f�b�� �s�_�e�h�q�g�h�]�h�� �f�_�l�Z�e�e�Z ���S�F��. 
�G�Z�[�e�x�^�Z�_�l�k�y �b�a�[�u�l�h�d�� �w�e�_�d�l�j�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �\�[�e�b�a�b��, 
�d�h�f�i�_�g�k�b�j�m�_�f�u�c �^�_�n�b�p�b�l�h�f �w�e�_�d�l�j�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �h�d�h�e�h�� �Z�l�h�f�Z�� �g�Z�l�j�b�y����
�B�a�[�u�l�h�q�g�Z�y �w�e�_�d�l�j�h�g�g�Z�y �i�e�h�l�g�h�k�l�v �g�Z�� �Z�l�h�f�_�� �a�h�e�h�l�Z�� �a�Z�\�b�k�b�l�� �h�l��
�k�l�_�o�b�h�f�_�l�j�b�b���k�h�_�^�b�g�_�g�b�y�����h�g�Z���m�\�_�e�b�q�b�\�Z�_�l�k�y �k���m�\�_�e�b�q�_�g�b�_�f���q�b�k�e�Z���Z�l�h�f�h�\��
�S�F �\���k�h�_�^�b�g�_�g�b�b. �<�Z�e�_�g�l�g�Z�y���a�h�g�Z���i�h�e�m�i�j�h�\�h�^�g�b�d�Z���k�n�h�j�f�b�j�h�\�Z�g�Z��  
�b��   �k�h�k�l�h�y�g�b�y�f�b�� �W�l�b���j�Z�k�q�_�l�u���i�h�^�l�\�_�j�`�^�Z�x�l���b�h�g�g�u�c���o�Z�j�Z�d�l�_�j���k�\�y�a�b��
�\�� �i�h�e�m�i�j�h�\�h�^�g�b�d�_�� �b���m�d�Z�a�u�\�Z�x�l�� �g�Z�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �b�a�f�_�g�q�b�\�h�k�l�v��
�w�e�_�d�l�j�h�g�g�u�o�� �k�\�h�c�k�l�\�� �i�e�_�g�d�b �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b���S�F �\���g�_�c. 
�B�k�k�e�_�^�h�\�Z�g�b�y��[3-7] �l�_�j�f�b�q�_�k�d�h�c�� �^�_�k�h�j�[�p�b�b�� �b�h�g�h�\�� �i�j�b�� �g�Z�i�u�e�_�g�b�b�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�v �i�j�b���l�_�f�i�_�j�Z�l�m�j�_��  �i�e�_�g�d�b���Z�l�h�f�h�\���S�F �i�h�d�Z�a�Z�e�b, �q�l�h��
�h�k�g�h�\�g�u�f�� �f�_�o�Z�g�b�a�f�h�f���� �h�i�j�_�^�_�e�y�x�s�b�f�b�� �b�h�g�b�a�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z�� �i�e�_�g�d�b 

 �y�\�e�y�_�l�k�y�� �d�e�Z�k�k�b�q�_�k�d�Z�y�� �i�h�\�_�j�o�g�h�k�l�g�Z�y�� �b�h�g�b�a�Z�p�b�y�� ���I�B�� [14]. 
�H�l�e�b�q�b�_���I�B �s�_�e�h�q�g�u�o�� �f�_�l�Z�e�e�h�\�� �g�Z�� �i�e�_�g�d�_������ �h�l���I�B �g�Z�� �f�_�l�Z�e�e�Z�o�� �b��
�b�o�� �h�d�b�k�e�Z�o�� �k�\�y�a�u�\�Z�e�h�k�v�� �k�� �\�e�b�y�g�b�_�f�� �^�b�n�n�m�a�b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �f�_�`�^�m��
�i�h�\�_�j�o�g�h�k�l�v�x�� �b�� �h�[�t�_�f�h�f�� �i�e�_�g�d�b���� �B�k�k�e�_�^�h�\�Z�g�b�y�� �\�e�b�y�g�b�y�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h��
�i�h�e�y���g�Z���w�f�b�k�k�b�x���b�h�g�h�\���S�F���k���i�h�\�_�j�o�g�h�k�l�b���w�f�b�l�l�_�j�Z�� �i�h�d�Z�a�Z�e�b�����q�l�h, 
�\�h�a�f�h�`�g�h���� �h�l�e�b�q�b�y�� �k�\�y�a�Z�g�u�� �g�_�� �l�h�e�v�d�h�� �k�� �^�b�n�n�m�a�b�h�g�g�u�f�� �h�[�f�_�g�h�f���� �g�h�� �b�� �k��



 
 

 

�\�h�a�f�h�`�g�h�k�l�v�x�� �g�h�\�h�]�h�� �f�_�o�Z�g�b�a�f�Z�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �b�h�g�b�a�Z�p�b�b�� �q�Z�k�l�b�p���� �Z��
�b�f�_�g�g�h���k���b�h�g�b�a�Z�p�b�_�c���^�_�k�h�j�[�b�j�m�x�s�b�o�k�y���q�Z�k�l�b�p�� �\���i�j�h�p�_�k�k�_���g�_�c�l�j�Z�e�b�a�Z�p�b�b��
�^�u�j�h�d [15], �\�u�o�h�^�y�s�b�o �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �b�a�� �h�[�t�_�f�Z�� �i�e�_�g�d�b�� �i�h�^�� �^�_�c�k�l�\�b�_�f��
�\�g�_�r�g�_�]�h�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �i�h�e�y�� �<�� �j�Z�[�h�l�_�� �>15�@�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �g�_�e�v�a�y��
�h�i�b�k�u�\�Z�l�v�� �^�b�n�n�m�a�b�h�g�g�u�_�� �i�j�h�p�_�k�k�u�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �\�g�_�r�g�_�]�h��
�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �i�h�e�y�� �\�� �k�e�h�_�� �l�h�e�v�d�h�� �d�Z�d�� �^�\�b�`�_�g�b�_�� �b�h�g�h�\������ �g�h��
�l�Z�d�`�_�� �g�_�h�[�o�h�^�b�f�h �m�q�b�l�u�\�Z�l�v�� �^�\�b�`�_�g�b�_�� �^�u�j�h�d���� �H�i�b�k�Z�g�b�_ �^�b�n�n�m�a�b�h�g�g�u�o��
�i�j�h�p�_�k�k�h�\ �i�j�b�� �b�a�f�_�g�_�g�b�b�� �g�Z�i�j�y�`�_�g�g�h�k�l�b�� �i�j�b�e�h�`�_�g�g�h�]�h�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h��
�i�h�e�y�� �^�h�e�`�g�h�� �m�q�b�l�u�\�Z�l�v �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�e�h�l�g�h�k�l�b�� �i�h�e�h�`�b�l�_�e�v�g�u�o��
�a�Z�j�y�^�h�\��(�b�h�g�h�\ �b�� �^�u�j�h�d) �b�� �h�l�j�b�p�Z�l�_�e�v�g�u�o�� �a�Z�j�y�^�h�\���� �W�l�h�� �i�j�b�\�h�^�b�l�� �d�� �[�h�e�_�_��
�Z�^�_�d�\�Z�l�g�h�f�m�� �h�i�b�k�Z�g�b�x�� �i�j�h�p�_�k�k�h�\ �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �i�e�_�g�d�b �b �_�_��
�w�f�b�k�k�b�h�g�g�u�o���k�\�h�c�k�l�\.  

�G�Z�k�l�h�y�s�Z�y�� �j�Z�[�h�l�Z�� �i�j�h�^�h�e�`�Z�_�l�� �p�b�d�e�� �j�Z�[�h�l�� �i�h�� �b�k�k�e�_�^�h�\�Z�g�b�x��
�i�j�h�p�_�k�k�h�\���i�j�h�l�_�d�Z�x�s�b�o���\���g�Z�g�h�j�Z�a�f�_�j�g�u�o���i�e�_�g�d�Z�o���i�h�e�m�i�j�h�\�h�^�g�b�d�Z�� 
�i�j�b�� �\�u�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �>��-6, 15-19]. �H�k�g�h�\�g�h�c�� �a�Z�^�Z�q�_�c�� �w�l�h�c�� �j�Z�[�h�l�u��
�k�e�m�`�b�l�� �h�i�j�_�^�_�e�_�g�b�_�� �\�e�b�y�g�b�y�� �\�h�a�f�h�`�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �b�h�g�b�a�Z�p�b�b�� �q�Z�k�l�b�p��
�i�j�b�� �b�o�� �l�_�j�f�b�q�_�k�d�h�c�� �^�_�k�h�j�[�p�b�b�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�g�_�r�g�b�o�� �m�k�e�h�\�b�c���� �<��
�h�l�e�b�q�b�b�� �h�l�� �m�k�e�h�\�b�c�� �j�Z�[�h�l�u�� �>��5�@�� �g�Z�i�j�y�`�_�g�g�h�k�l�v�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �i�h�e�y���\��
�h�i�u�l�Z�o�� �[�u�e�Z�� �i�h�k�l�h�y�g�g�h�c���� �b�a�f�_�g�y�e�k�y�� �i�h�l�h�d�� �q�Z�k�l�b�p�� �g�Z�i�u�e�y�_�f�u�o �g�Z��
�i�h�\�_�j�o�g�h�k�l�v�� �± �f�_�l�h�^�� �f�h�^�m�e�y�p�b�b�� �i�h�l�h�d�Z���� �B�a�f�_�g�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�b�� �i�e�_�g�d�b�� �i�j�b�\�h�^�b�l�� �d�� �b�a�f�_�g�_�g�b�x�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �\��
�i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�c���h�[�e�Z�k�l�b���i�e�_�g�d�b�����q�l�h���\���k�\�h�x���h�q�_�j�_�^�v���f�h�`�_�l���i�j�b�\�h�^�b�l�v���d��
�b�a�f�_�g�_�g�b�x�� �w�e�_�d�l�j�h�g�g�h�c�� �k�l�j�m�d�l�m�j�u�� �i�h�e�m�i�j�h�\�h�^�g�b�d�Z�� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �d��
�b�a�f�_�g�_�g�b�x���w�f�b�k�k�b�h�g�g�u�o���b���^�b�n�n�m�a�b�h�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���i�e�_�g�d�b���\���p�_�e�h�f���� 

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

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

 �Z�l�h�f���k�_�d�Â�k�f2���� �L�Z�d�Z�y�� �f�_�l�h�^�b�d�Z�� �i�h�a�\�h�e�y�_�l�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�b�� �a�h�e�h�l�h�c�� �e�_�g�l�u���g�Z�g�h�j�Z�a�f�_�j�g�m�x �i�e�_�g�d�m��  �l�h�e�s�b�g�h�c��
�g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�d�h�\�� �Z�l�h�f�g�u�o�� �k�e�h�_�\�� �b�� �[�h�e�_�_���� �G�Z�� �g�Z�q�Z�e�v�g�u�o�� �k�l�Z�^�b�y�o 
�n�h�j�f�b�j�h�\�Z�g�b�y�� �k�e�h�y�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �h�[�j�Z�a�m�_�l�k�y�� �k�h�_�^�b�g�_�g�b�_�� �k��
�^�_�n�b�p�b�l�h�f�� ( ). �W�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y �n�Z�a�h�\�h�c�� �^�b�Z�]�j�Z�f�f�h�c�� �>20�@���� �b�a��
�d�h�l�h�j�h�c�� �k�e�_�^�m�_�l���� �q�l�h�� �i�j�b  �g�_�\�h�a�f�h�`�g�h�� �i�h�e�m�q�b�l�v�� �k�h�_�^�b�g�_�g�b�y�� �\��
�l�\�_�j�^�h�c�� �n�Z�a�_�� �k�� �[�h�e�v�r�b�f�� �k�h�^�_�j�`�Z�g�b�_�f������ �q�_�f�� �\�� . �I�h�e�m�q�_�g�g�Z�y��
�i�e�_�g�d�Z�� �h�[�e�Z�^�Z�_�l�� �\�u�k�h�d�h�c�� �l�_�j�f�b�q�_�k�d�h�c�� �k�l�Z�[�b�e�v�g�h�k�l�v�x�� �\�� �l�_�q�_�g�b�_�� �^�_�k�y�l�d�h�\��
�q�Z�k�h�\�� �i�j�b��  �i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �k�\�h�b�o�� �m�g�b�d�Z�e�v�g�u�o�� �n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�o���k�\�h�c�k�l�\�����D���w�f�b�l�l�_�j�m���f�h�`�g�h���[�u�e�h���i�j�b�d�e�Z�^�u�\�Z�l�v���w�e�_�d�l�j�b�q�_�k�d�h�_��
�i�h�e�_�� �k�� �g�Z�i�j�y�`�_�g�g�h�k�l�v�x�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �i�h�e�y�� �<���k�f. �G�Z�i�j�Z�\�e�_�g�b�_��
�\�_�d�l�h�j�Z�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �i�h�e�y�� �h�[�_�k�i�_�q�b�\�Z�e�h �j�_�`�b�f�� ���\�u�l�y�]�b�\�Z�g�b�y��



 
 

 

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

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �\�e�b�y�g�b�y�� �i�h�l�h�d�Z �Z�l�h�f�h�\��  �g�Z�� �w�f�b�k�k�b�h�g�g�u�_��
�k�\�h�c�k�l�\�Z�� �m�e�v�l�j�Z�l�h�g�d�h�c�� �i�e�_�g�d�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b �a�h�e�h�l�h�c�� �e�_�g�l�u����
�i�h�d�j�u�l�h�c�� �g�Z�g�h�j�Z�a�f�_�j�g�h�c�� �i�e�z�g�d�h�c�� �b�g�l�_�j�f�_�l�Z�e�e�b�^�Z , �g�Z�� �g�_�_��
�g�Z�i�j�Z�\�e�y�e�k�y�� �i�h�l�h�d�� �Z�l�h�f�h�\�� �g�_�� �[�h�e�_�_��  �Z�l�h�f/�k�_�d�Â�k�f2���� �d�h�l�h�j�u�c��
�i�_�j�_�d�j�u�\�Z�e�k�y�� �g�Z�� �\�j�_�f�_�g�Z�� �^�h�� �k���\�� �l�y�g�m�s�_�f�� �w�e�_�d�l�j�b�q�_�k�d�h�f�� �i�h�e�_��
�g�Z�i�j�y�`�z�g�g�h�k�l�v�x  �<���k�f �b�� �b�a�f�_�j�y�e�k�y�� �i�h�l�h�d�� �b�h�g�h�\�� �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�Z�o�� �\�� �^�b�Z�i�Z�a�h�g�_�� �h�l  �^�h . �G�Z�� �j�b�k�� ���� �i�j�_�^�k�l�Z�\�e�_�g�Z��
�o�Z�j�Z�d�l�_�j�g�Z�y�� �\�j�_�f�_�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���b�h�g�g�h�]�h�� �l�h�d�Z���g�Z�l�j�b�y���i�j�b�������<��
�f�h�f�_�g�l�� �\�j�_�f�_�g�b�� c �i�h�l�h�d���Z�l�h�f�h�\�� �g�Z���i�h�\�_�j�o�g�h�k�l�v�� �[�u�e���i�_�j�_�d�j�u�l���b��
�i�j�b�� �w�l�h�f�� �i�j�h�b�k�o�h�^�b�l�� �j�_�a�d�b�c�� �k�i�Z�^�� �l�h�d�� �^�h�� �\�j�_�f�_�g�b�� c���� �i�h�k�e�_�� �q�_�]�h�� �l�h�d��
�i�j�h�^�h�e�`�Z�_�l�� �k�i�Z�^�Z�l�v�� �^�h�k�l�Z�l�h�q�g�h�� �f�_�^�e�_�g�g�h���� �<�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� c 
�i�h�l�h�d�� �Z�l�h�f�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �[�u�e�� �h�l�d�j�u�l�� �b�� �i�j�b�� �w�l�h�f�� �i�j�h�b�k�o�h�^�b�l��
�j�_�a�d�b�c�� �j�h�k�l�� �l�h�d�Z�� �^�h�� �\�j�_�f�_�g�b�� c���� �i�h�k�e�_�� �q�_�]�h�� �l�h�d�� �i�j�h�^�h�e�`�Z�_�l�� �j�Z�k�l�b��
�^�h�k�l�Z�l�h�q�g�h���f�_�^�e�_�g�g�h�� 
 

 
�J�b�k������. �A�Z�\�b�k�b�f�h�k�l�v���l�h�d�Z���b�h�g�h�\�� �h�l���\�j�_�f�_�g�b���i�j�b���\�d�e�x�q�_�g�b�b���b���\�u�d�e�x�q�_�g�b�b���i�h�l�h�d�Z��
�Z�l�h�f�h�\��  �g�Z���i�h�\�_�j�o�g�h�k�l�v�� �i�j�b�� . 
 

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

   (1) 



 
 

 

�]�^�_�� �± �f�h�f�_�g�l���i�_�j�_�d�j�u�l�b�y���i�h�l�h�d�Z���Z�l�h�f�h�\�� �g�Z���i�h�\�_�j�o�g�h�k�l�v��  �± �f�h�f�_�g�l��
�h�l�d�j�u�l�b�y�� �i�h�l�h�d�Z�� �Z�l�h�f�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v���� ( ) �± �i�h�d�Z�a�Z�l�_�e�b��
�w�d�k�i�h�g�_�g�l���� �b�f�_�x�s�b�_�� �j�Z�a�f�_�j�g�h�k�l�v�� �\�j�_�f�_�g�b,  �± �d�h�g�k�l�Z�g�l�u�� 
�J�_�a�m�e�v�l�Z�l�u���h�[�j�Z�[�h�l�d�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�� 2. 
�J�Z�k�k�f�h�l�j�b�f�� �k�i�Z�^�Z�x�s�b�c�� �m�q�Z�k�l�h�d�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �I�j�b�� �g�b�a�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o  
( ) �a�Z�\�b�k�b�f�h�k�l�v�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�^�g�h�c�� �w�d�k�i�h�g�_�g�l�h�c����
�i�j�b�q�_�f�� �i�h�d�Z�a�Z�l�_�e�v�� �w�d�k�i�h�g�_�g�l�u�� �m�f�_�g�v�r�Z�_�l�k�y���� �<�l�h�j�Z�y�� ���©�f�_�^�e�_�g�g�Z�y�ª) 
�w�d�k�i�h�g�_�g�l�Z �i�h�y�\�e�y�_�l�k�y�� �i�j�b��  �b�� �_�_�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �i�j�Z�d�l�b�q�_�k�d�b��
�g�_�b�a�f�_�g�g�h�c���� �G�_�a�g�Z�q�b�l�_�e�v�g�u�c �j�h�k�l�� �i�h�d�Z�a�Z�l�_�e�y�� �i�_�j�\�h�c�� �w�d�k�i�h�g�_�g�l�u��
�i�j�h�b�k�o�h�^�b�l�� �i�j�b�� ���� �J�Z�k�k�f�h�l�j�b�f�� �\�h�a�j�Z�k�l�Z�x�s�b�c�� �m�q�Z�k�l�h�d�� �b�h�g�g�h�]�h��
�l�h�d�Z���� �I�j�b�� �g�b�a�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �a�Z�\�b�k�b�f�h�k�l�v�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �h�i�j�_�^�_�e�y�_�l�k�y��
�h�^�g�h�c�� �w�d�k�i�h�g�_�g�l�h�c���� �i�j�b�q�_�f�� �i�h�d�Z�a�Z�l�_�e�v�� �w�d�k�i�h�g�_�g�l�u�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�h�q�l�b��
�l�Z�d�`�_�� �d�Z�d�� �b�� �^�e�y�� �k�i�Z�^�Z�x�s�_�]�h�� �m�q�Z�k�l�d�Z���� �g�h�� �\�h�� �\�k�_�f�� �^�b�Z�i�Z�a�h�g�_�� �l�_�f�i�_�j�Z�l�m�j����
�<�l�h�j�Z�y�� ���©�f�_�^�e�_�g�g�Z�y�ª) �w�d�k�i�h�g�_�g�l�Z �i�h�y�\�e�y�_�l�k�y�� �i�j�b��  �b�� �h�g�Z��
�g�_�a�g�Z�q�b�l�_�e�v�g�h���\�h�a�j�Z�k�l�Z�_�l�� 
 

 
�J�b�k���� ��. �B�a�f�_�g�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���\�h�a�j�Z�k�l�Z�x�s�_�c�� �b���k�i�Z�^�Z�x�s�b�o���w�d�k�i�h�g�_�g�l�� �h�l�� �l�_�f�i�_�j�Z�l�m�j�u��

���� �|�� �± �k�h�h�l�\�_�l�k�l�\�m�_�l�� �j�h�k�l�m�� �l�h�d�Z���� �‘ �± �k�i�Z�^�m�� �l�h�d�Z (�k�i�e�h�r�g�u�_�� �k�b�f�\�h�e�u�� �± �i�_�j�\�Z�y��

�w�d�k�i�h�g�_�g�l�Z�����d�h�g�l�m�j�g�u�_���k�b�f�\�h�e�u �± �\�l�h�j�Z�y���w�d�k�i�h�g�_�g�l�Z). 
 

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



 
 

 

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

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

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

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

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

1. �M�f�_�g�v�r�_�g�b�x �d�h�g�p�_�g�l�j�Z�p�b�b  �g�Z�� �i�h�\�_�j�o�g�h�k�l�b, �\�� �h�k�g�h�\�g�h�f, �a�Z��
�k�q�_�l�� �^�_�k�h�j�[�p�b�b��, �\�u�o�h�^�m�� �b�a�� �h�[�t�_�f�Z�� �i�e�_�g�d�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v, 
�m�\�_�e�b�q�_�g�b�x�� �k�e�h�y�����Q�Z�k�l�v���Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�o���Z�l�h�f�h�\�� �k�e�_�l�Z�_�l���\���\�b�^�_  
�a�Z�� �k�q�_�l�� �b�h�g�b�a�Z�p�b�b�� �Z�l�h�f�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b���� �W�l�h �h�l�j�Z�`�Z�_�l�� �i�_�j�\�Z�y��
�k�i�Z�^�Z�x�s�Z�y���w�d�k�i�h�g�_�g�l�Z�� 

2. �<�u�o�h�^�m �b�h�g�h�\�� �b�a�� �k�e�h�y������ �H�^�g�Z�d�h���� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �q�b�k�e�Z��
�\�u�e�_�l�_�\�r�b�o�� �b�a���k�e�h�y��  �i�j�h�b�k�o�h�^�b�l �m�f�_�g�v�r�_�g�b�_ �q�b�k�e�Z�� �\���k�e�h�_��
�b�� �k�e�_�^�h�\�Z�l�_�e�v�g�h�� �d�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�x���!+(z) �b�� ���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d��
�m�f�_�g�v�r�_�g�b�x���!+(z) �\�[�e�b�a�b�� �i�h�\�_�j�o�g�h�k�l�b���� �\�i�e�h�l�v�� �^�h�� �g�h�\�h�]�h�� �k�l�Z�p�b�h�g�Z�j�g�h�]�h��
�k�h�k�l�h�y�g�b�y. �W�l�h�l�� �i�j�h�p�_�k�k�� �h�l�j�Z�`�Z�_�l�� �\�l�h�j�Z�y�� �k�i�Z�^�Z�x�s�Z�y�� �w�d�k�i�h�g�_�g�l�Z�� �G�Z�� �w�l�h�c��
�k�l�Z�^�b�b�� �i�h�l�h�d�� �k�e�_�l�Z�x�s�b�o�� �i�h�e�g�h�k�l�v�x�� �h�i�j�_�^�_�e�y�_�l�k�y�� �^�b�n�n�m�a�b�h�g�g�u�f��
�i�h�l�h�d�h�f�� ���� �\�� �l�h�f�� �q�b�k�e�_�� �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f�� �\�g�_�r�g�b�f�� �w�e�_�d�l�j�b�q�_�k�d�b�f��
�i�h�e�_�f�� 
�I�j�b�� �w�l�h�f���� �q�_�f�� �\�u�r�_�� �l�_�f�i�_�j�Z�l�m�j�Z���� �l�_�f�� �[�u�k�l�j�_�_�� �^�h�k�l�b�]�Z�_�l�k�y�� �g�h�\�h�_��
�j�Z�\�g�h�\�_�k�g�h�_�� �k�h�k�l�h�y�g�b�_�� �b��  �\�� �k�e�h�_ . �A�Z�� �\�j�_�f�y��  �k��
�i�j�h�b�k�o�h�^�b�l���m�k�l�Z�g�h�\�e�_�g�b�_�� �j�Z�\�g�h�\�_�k�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �b���!-(z) �\�� �k�e�h�_��

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

�H�l�d�j�u�l�b�_ �i�h�l�h�d�Z���Z�l�h�f�h�\�� �g�Z���i�e�_�g�d�m�� �i�j�b�\�h�^�b�l���d��  
1. �J�_�a�d�h�f�m �j�h�k�l�m �l�h�d�Z�� ���� �d�h�l�h�j�u�c�� �k�\�y�a�Z�g�� �k�� �l�_�f, �q�l�h���3 �k�e�h�y��

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



 
 

 

�b�h�g�b�a�Z�p�b�b�� �i�Z�^�Z�x�s�b�o�� �Z�l�h�f�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �i�h�� �f�_�o�Z�g�b�a�f�m��
�d�e�Z�k�k�b�q�_�k�d�h�c���I�B�����W�l�h���h�l�j�Z�`�Z�_�l �i�_�j�\�Z�y �\�h�a�j�Z�k�l�Z�x�s�Z�y���w�d�k�i�h�g�_�g�l�Z. 

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

�I�j�b�� �m�\�_�e�b�q�_�g�b�b �i�h�l�h�d�Z�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �^�h�� �i�h�j�h�]�h�\�h�c�� �h�[�e�Z�k�l�b��
�I�B�� �>�����@�� �a�Z�\�b�k�b�f�h�k�l�v  �i�j�b�� �i�_�j�_�d�j�u�l�b�b�� �i�h�l�h�d�Z�� �b�a�f�_�g�y�l�k�y�� �G�Z�� �j�b�k�� 3 
�i�j�b�\�_�^�_�g�u  �^�e�y�� �j�Z�a�g�u�o������ �L�Z�d, �_�k�e�b�� �i�j�b��   �g�_�� �b�a�f�_�g�b�e�Z�k�v 
�i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�h�d�Z�a�Z�g�g�h�c�� �g�Z�� �j�b�k�� 1���� �l�h�� �i�j�b�� �i�h�g�b�`�_�g�b�b  �^�h��  
�i�j�h�b�k�o�h�^�b�l���_�_���k�m�s�_�k�l�\�_�g�g�h�_���b�a�f�_�g�_�g�b�_�����I�_�j�\�b�q�g�h�_���i�Z�^�_�g�b�_���b�h�g�g�h�]�h���l�h�d�Z��
�b�� �h�[�j�Z�a�h�\�Z�g�b�_�� �e�h�d�Z�e�v�g�h�]�h�� �f�Z�d�k�b�f�m�f�Z�� �f�h�`�g�h�� �k�\�y�a�Z�l�v�� �k�� �l�_�f���� �q�l�h��
�g�Z�[�e�x�^�Z�_�l�k�y�� �d�h�g�d�m�j�_�g�p�b�y�� �^�\�m�o�� �i�j�h�p�_�k�k�h�\: �m�f�_�g�v�r�_�g�b�y�� �i�h�\�_�j�o�g�h�k�l�g�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �a�Z�� �k�q�_�l�� �_�]�h�� �l�_�j�f�b�q�_�k�d�h�c�� �^�_�k�h�j�[�p�b�b �i�h�k�e�_�� �i�_�j�_�d�j�u�l�b�y��
�i�h�l�h�d�Z �b�� �k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h�� �w�l�b�f�� �i�h�\�u�r�_�g�b�y�� �k�e�h�y�� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h����
�i�h�\�u�r�_�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���b�h�g�b�a�Z�p�b�b��. �I�j�b���^�Z�e�v�g�_�c�r�_�f���i�h�g�b�`�_�g�b�b�� 
�^�h  �\�_�e�b�q�b�g�Z�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �i�h�g�b�`�Z�_�l�k�y�� �b�� �b�a�f�_�g�y�_�l�k�y��
�n�h�j�f�Z�� �a�Z�\�b�k�b�f�h�k�l�b���� �I�j�b�� �w�l�h�f���� �i�_�j�_�d�j�u�l�b�_�� �i�h�l�h�d�Z�� �g�_�� �i�j�b�\�h�^�b�l�� �d��
�a�Z�f�_�l�g�h�f�m�� �b�a�f�_�g�_�g�b�x�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �^�e�b�l�_�e�v�g�h�_�� �\�j�_�f�y (�\�� �l�_�q�_�g�b�b�� �k�_�d). 
�M�q�b�l�u�\�Z�y�����q�l�h���i�_�j�_�d�j�u�l�b�_���i�h�l�h�d�Z�� �\�u�a�u�\�Z�_�l���b�a�f�_�g�_�g�b�_���i�h�\�_�j�o�g�h�k�l�g�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �b�� �j�Z�[�h�l�u�� �\�u�o�h�^�Z���� �f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h��
�e�b�f�b�l�b�j�m�x�s�b�f���f�_�o�Z�g�b�a�f�h�f���b�h�g�h�h�[�j�Z�a�h�\�Z�g�b�y���k�e�m�`�b�l���f�_�o�Z�g�b�a�f���h�l�e�b�q�g�u�c��
�h�l���I�B�����<���k�e�m�q�Z�_���I�B���S�F���g�Z���f�_�l�Z�e�e�Z�o���b���b�o���h�d�b�k�e�Z�o���\���i�h�j�h�]�h�\�h�c���h�[�e�Z�k�l�b�� 
�g�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�l�Z�p�b�h�g�Z�j�g�u�o�� �m�k�e�h�\�b�c���� �M�f�_�g�v�r�_�g�b�_�� �j�Z�[�h�l�u�� �\�u�o�h�^�Z�� �k��
�m�\�_�e�b�q�_�g�b�_�f���i�h�d�j�u�l�b�y���i�j�b�\�h�^�b�l���d���i�Z�^�_�g�b�x���b�h�g�g�h�]�h���l�h�d�Z���b���d���^�Z�e�v�g�_�c�r�_�f�m��
�j�h�k�l�m�� �i�h�d�j�u�l�b�y���� �d�h�l�h�j�h�_�� �\�e�_�q�_�l�� �^�Z�e�v�g�_�c�r�_�_�� �m�f�_�g�v�r�_�g�b�_�� �k�e�h�y�� �b�� �l���^���� �^�h��
�i�h�e�g�h�]�h�� �i�j�_�d�j�Z�s�_�g�b�y�� �b�h�g�b�a�Z�p�b�b�� �^�_�k�h�j�[�b�j�m�x�s�b�o�k�y�� �q�Z�k�l�b�p�� ���i�h�j�h�]�����>�s�v�?. 
�I�h�k�l�h�y�g�k�l�\�h�� �b�h�g�g�h�]�h�� �l�h�d�Z�� �i�h�k�e�_�� �i�_�j�_�d�j�u�l�b�y�� �i�h�l�h�d�Z�� �f�h�`�_�l��
�k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �l�h�f���� �q�l�h�� �i�j�b�� �i�h�d�j�u�l�b�_�� �i�h�\�_�j�o�g�h�k�l�b�� 
�\�_�e�b�d�h���� �Z�� �k�e�h�y�� �f�Z�e�Z�� �g�Z�k�l�h�e�v�d�h���� �q�l�h�� �f�_�o�Z�g�b�a�f�� �I�B�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_��
�j�_�Z�e�b�a�m�_�l�k�y���� �B�h�g�b�a�Z�p�b�y�� �q�Z�k�l�b�p�� �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �i�j�h�b�k�o�h�^�b�l�� �a�Z�� �k�q�_�l 
�g�_�c�l�j�Z�e�b�a�Z�p�b�b�� �^�u�j�d�b�� �\�Z�e�_�g�l�g�u�f�� �w�e�_�d�l�j�h�g�h�f�� �^�_�k�h�j�[�b�j�m�x�s�_�]�h�k�y�� �Z�l�h�f�Z�� 

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



 
 

 

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

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

 �g�Z���i�h�\�_�j�o�g�h�k�l�v���^�e�y���l�j�_�o���l�_�f�i�_�j�Z�l�m�j: 1 �± , 2 �± , 3 �± . 
 

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

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

�K�m�s�_�k�l�\�m�x�l�� �l�j�b�� �j�Z�a�e�b�q�g�u�o�� �f�_�o�Z�g�b�a�f�Z���� �m�q�Z�k�l�\�m�x�s�b�o�� �\�� �i�j�h�p�_�k�k�Z�o��
�n�h�j�f�b�j�h�\�Z�g�b�y�� �g�Z�g�h�q�Z�k�l�b�p�� �\�� �k�j�_�^�_�� �b�g�_�j�l�g�h�]�h�� �]�Z�a�Z���� �d�h�Z�]�m�e�y�p�b�y����
�d�h�Z�e�_�k�p�_�g�p�b�y�� �b�� �Z�]�j�_�]�Z�p�b�y�� �Z�l�h�f�h�\�� �g�Z�� �f�Z�e�h�f�� �d�e�Z�k�l�_�j�_-�a�Z�j�h�^�u�r�_���� �A�g�Z�g�b�_��
�i�j�_�h�[�e�Z�^�Z�x�s�_�]�h�� �f�_�o�Z�g�b�a�f�Z�� �b�� �h�k�h�[�_�g�g�h�k�l�_�c�� �d�Z�`�^�h�]�h�� �b�a�� �g�b�o���� �\�� �a�Z�^�Z�g�g�u�o��
�\�g�_�r�g�b�o���m�k�e�h�\�b�y�o�����i�h�a�\�h�e�y�_�l���m�i�j�Z�\�e�y�l�v���k�l�j�m�d�l�m�j�h�c���b���j�Z�a�f�_�j�h�f���q�Z�k�l�b�p�� �I�h��
�f�g�_�g�b�x�� �Z�\�l�h�j�h�\�� �>3�@�� �i�j�h�p�_�k�k�� �d�h�Z�e�_�k�p�_�g�p�b�b�� �^�\�m�o�� �g�Z�g�h�q�Z�k�l�b�p�� �f�h�`�_�l�� �[�u�l�v��
�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g���^�\�m�f�y���]�e�Z�\�g�u�f�b���k�l�Z�^�b�y�f�b�� 

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

   (1) 

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

2. �\�l�h�j�Z�y�� �n�Z�a�Z�� �± �b�k�q�_�a�g�h�\�_�g�b�_�� �f�Z�g�`�_�l�u �b�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �h�^�g�h�c��
�q�Z�k�l�b�p�u���� 

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

�B�a�f�_�j�_�g�b�_�� �^�\�m�]�j�Z�g�g�h�]�h�� �m�]�e�Z �f�Z�g�`�_�l�u�� �i�h�a�\�h�e�y�_�l�� �j�Z�k�k�q�b�l�u�\�Z�l�v 
�^�\�b�`�m�s�m�x�� �k�b�e�m �i�j�b�� �d�h�Z�e�_�k�p�_�g�p�b�b �b �h�i�j�_�^�_�e�y�_�l �g�Z�q�Z�e�h �m�d�j�m�i�g�_�g�b�y��
�q�Z�k�l�b�p���� �<�� �k�h�k�l�h�y�g�b�b�� �j�Z�\�g�h�\�_�k�b�y���� �\�u�j�Z�`�_�g�b�_�� �^�e�y�� �^�\�m�]�j�Z�g�g�h�]�h�� �m�]�e�Z �b�f�_�_�l��
�\�b�^�� 
   (2) 
�]�^�_��  �± �w�g�_�j�]�b�y���]�j�Z�g�b�p�u���d�j�b�k�l�Z�e�e�Z��  �± �i�h�\�_�j�o�g�h�k�l�g�Z�y���w�g�_�j�]�b�y�� 

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



 
 

 

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

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

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

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

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

4. �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h�i�u�l�d�Z�� �j�Z�k�i�h�a�g�Z�l�v�� �m�]�h�e���� �^�e�y�� �w�l�h�]�h�� �i�h�i�Z�j�g�h��
�\�u�[�b�j�Z�x�l�k�y�� �Z�l�h�f�u���� �b�� �q�_�j�_�a�� �g�b�o�� �i�j�h�\�h�^�y�l�k�y�� �i�j�y�f�u�_���� �i�h�^�� �d�h�l�h�j�u�f�b��
�h�d�Z�a�u�\�Z�x�l�k�y�� �\�k�_�� �Z�l�h�f�u���� �>�Z�e�_�_�� �\�u�q�b�k�e�y�_�l�k�y�� �m�]�h�e�� �f�_�`�^�m�� �i�j�y�f�u�f�b�� 
�i�j�h�o�h�^�y�s�b�f�b�� �g�Z�^�� �e�_�\�u�f�� �b�� �i�j�Z�\�u�f�� �d�e�Z�k�l�_�j�h�f�� �B�a-�a�Z�� �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�b��
�i�h�e�m�q�_�g�g�u�_���m�]�e�u���m�k�j�_�^�g�y�x�l�k�y; 

5. �i�j�h�b�a�\�h�^�b�l�k�y �i�h�\�h�j�h�l�� �d�e�Z�k�l�_�j�h�\�� �\�h�d�j�m�]�� �h�k�b�� �g�Z�� �g�_�d�h�l�h�j�u�c��
�m�]�h�e�� , �i�j�h�p�_�^�m�j�u����-4 �i�h�\�l�h�j�y�x�l�k�y���k�g�h�\�Z�����l�Z�d�b�f���h�[�j�Z�a�h�f�����g�Z�d�Z�i�e�b�\�Z�_�l�k�y��
�k�l�Z�l�b�k�l�b�d�Z �^�e�y���h�d�h�g�q�Z�l�_�e�v�g�h�c���h�p�_�g�d�b���m�]�e�Z�� 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �d�h�Z�e�_�k�p�_�g�p�b�b��
�g�Z�g�h�d�e�Z�k�l�_�j�h�\�� �f�_�l�Z�e�e�h�\�� �j�Z�a�e�b�q�g�h�]�h�� �j�Z�a�f�_�j�Z�� �g�Z�� �i�j�b�f�_�j�_�� �g�Z�g�h�q�Z�k�l�b�p��
�a�h�e�h�l�Z���� �k�_�j�_�[�j�Z�� �b�� �f�_�^�b�� ���\�� �l�h�f�� �q�b�k�e�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\��
�n�h�j�f�b�j�m�x�s�_�]�h�k�y�� �i�_�j�_�o�h�^�g�h�]�h�� �k�e�h�y�� �± �f�Z�g�`�_�l�u������ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �\��
�d�h�l�h�j�u�o�� �h�i�b�k�u�\�Z�_�l�k�y�� �f�g�h�]�h�q�Z�k�l�b�q�g�u�f�� �i�h�l�_�g�p�b�Z�e�h�f�� �=�m�i�l�Z�� �>5�@���� �[�u�e��
�i�j�b�f�_�g�_�g�� �f�_�l�h�^�� �F�h�g�l�_-�D�Z�j�e�h���� �>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �w�\�h�e�x�p�b�b�� �g�Z�g�h�q�Z�k�l�b�p��
�i�j�b�� �b�a�f�_�g�_�g�b�b�� �b�o�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �^�b�Z�f�_�l�j�Z�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �j�Z�k�q�_�l�g�Z�y��
�k�o�_�f�Z�����i�j�b�f�_�g�y�\�r�Z�y�k�y���g�Z�f�b���j�Z�g�_�_���>6-8�@�����i�h�k�l�j�h�_�g�g�Z�y���g�Z���h�k�g�h�\�_���Z�e�]�h�j�b�l�f�Z��
�F�_�l�j�h�i�h�e�b�k�Z���>9]. 

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

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



 
 

 

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

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

 
�J�b�k����2���� �:�g�Z�e�b�a�� �^�\�m�]�j�Z�g�g�h�]�h�� �m�]�e�Z�� �k�b�k�l�_�f�u�� �g�Z�g�h�q�Z�k�l�b�p  �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_  K. 

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

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

. �K�� �m�\�_�e�b�q�_�g�b�_�f�� �g�Z�q�Z�e�v�g�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �f�_�`�^�m�� �g�Z�g�h�q�Z�k�l�b�p�Z�f�b����
�m�\�_�e�b�q�b�\�Z�e�k�y �^�\�m�]�j�Z�g�g�u�c�� �m�]�h�e���� �Z�� �l�Z�d�`�_�� �m�\�_�e�b�q�b�\�Z�e�k�y �h�l�g�h�k�b�l�_�e�v�g�u�c��
�j�Z�a�f�_�j�� �f�Z�g�`�_�l�u�� �<�� �L�Z�[�e�b�p�Z�o 1-3 �i�j�_�^�k�l�Z�\�e�_�g�u�� �i�Z�j�Z�f�_�l�j�u �k�b�k�l�_�f �^�\�m�o 
�g�Z�g�h�q�Z�k�l�b�p �\���i�j�h�p�_�k�k�_���d�h�Z�e�_�k�p�_�g�p�b�b�� �B�a���i�j�h�\�_�^�_�g�g�h�]�h���Z�g�Z�e�b�a�Z���\�b�^�g�h�����q�l�h��
�k�� �j�h�k�l�h�f�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �j�Z�a�f�_�j�Z�� �f�Z�g�`�_�l�u�� �h�l�g�h�r�_�g�b�_�� �w�g�_�j�]�b�b�� �]�j�Z�g�b�p�u��
�d�j�b�k�l�Z�e�e�Z���d���i�h�\�_�j�o�g�h�k�l�g�h�c���w�g�_�j�]�b�b���m�f�_�g�v�r�Z�_�l�k�y�� 
 
�L�Z�[�e�b�p�Z���������J�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h�]�h���j�Z�a�f�_�j�Z���f�Z�g�`�_�l�u�����^�\�m�]�j�Z�g�g�h�]�h���m�]�e�Z���^�e�y��
�k�b�k�l�_�f�u  �\���h�d�j�_�k�l�g�h�k�l�b���l�_�f�i�_�j�Z�l�m�j�u���i�e�Z�\�e�_�g�b�y 

�<�_�e�b�q�b�g�Z  �g�f  �g�f  �g�f  �g�f 
 0,52 0,54 0,43 0,67 
 113 115 117 135 

 1,1 1,07 1,05 0,77 



 
 

 

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

�<�_�e�b�q�b�g�Z  �g�f  �g�f  �g�f  �g�f 
 0,6 0,61 0,64 0,68 
 118 120 142 144 

 1,03 0,99 0,65 0,62 
 
�L�Z�[�e�b�p�Z���������J�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h�]�h���j�Z�a�f�_�j�Z���f�Z�g�`�_�l�u�����^�\�m�]�j�Z�g�g�h�]�h���m�]�e�Z���^�e�y��
�k�b�k�l�_�f�u  �\���h�d�j�_�k�l�g�h�k�l�b���l�_�f�i�_�j�Z�l�m�j�u���i�e�Z�\�e�_�g�b�y 

�<�_�e�b�q�b�g�Z  �g�f  �g�f  �g�f  �g�f 
 0,55 0,56 0,61 0,64 
 113 114 117 122 

 1,1 1,08 1,05 0,97 
 

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

�h�[�h�a�g�Z�q�_�g�b�y���^�\�m�]�j�Z�g�g�u�o���m�]�e�h�\�� 
 

 
�J�b�k����3. �F�]�g�h�\�_�g�g�u�_�� �d�h�g�n�b�]�m�j�Z�p�b�b�� �k�b�k�l�_�f�u�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �g�Z�q�Z�e�v�g�u�o��
�j�Z�k�k�l�h�y�g�b�y�o���f�_�`�^�m���q�Z�k�l�b�p�Z�f�b�����Z���l�Z�d�`�_���j�_�a�m�e�v�l�Z�l���k�l�j�m�d�l�m�j�g�h�]�h���Z�g�Z�e�b�a�Z�����A�_�e�_�g�u�_���Z�l�h�f�u��
�± �=�P�D�����k�b�g�b�_���± �H�P�D�����d�j�Z�k�g�u�_���± �=�I�M�� 
 

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



 
 

 

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

 �h�^�g�h�c���b�a���g�Z�g�h�q�Z�k�l�b�p�����g�Z�[�e�x�^�Z�_�l�k�y���i�Z�^�_�g�b�_���w�g�_�j�]�b�b�����g�Z���j�Z�k�k�l�h�y�g�b�y�o����
�d�h�]�^�Z�� �d�h�Z�e�_�k�p�_�g�p�b�y�� �i�j�h�b�k�o�h�^�b�l�� �^�h�� �i�j�h�p�_�k�k�Z�� �i�e�Z�\�e�_�g�b�y���� �W�l�h�� �k�\�y�a�Z�g�h�� �k��
�i�h�y�\�e�_�g�b�_�f�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �^�_�n�_�d�l�h�\�� �b�� �d�Z�d�� �k�e�_�^�k�l�\�b�_�� �k�� �j�Z�a�j�m�r�_�g�b�_�f��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �j�_�r�_�l�d�b���� �Q�Z�s�_�� �\�k�_�]�h�� �w�l�h�l�� �i�j�h�p�_�k�k�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y��
�\�j�Z�s�_�g�b�_�f�� �h�^�g�h�c�� �b�a�� �g�Z�g�h�q�Z�k�l�b�p�� �b�e�b�� �k�b�k�l�_�f�u�� �\�� �p�_�e�h�f���� �<�� �l�Z�d�b�o�� �k�e�m�q�Z�y�o��
�h�[�j�Z�a�h�\�Z�g�b�_���f�Z�g�`�_�l�u���i�j�h�b�k�o�h�^�b�l���g�Z�f�g�h�]�h���[�u�k�l�j�_�_�����i�j�b���w�l�h�f���a�g�Z�q�b�l�_�e�v�g�h��
�m�\�_�e�b�q�b�\�Z�_�l�k�y���i�e�h�s�Z�^�v���d�h�g�l�Z�d�l�Z���g�Z�g�h�q�Z�k�l�b�p���b���^�\�m�o�]�j�Z�g�g�u�c���m�]�h�e�� �I�j�b�f�_�j��
�l�Z�d�h�]�h�� �i�h�\�_�^�_�g�b�y�� �q�Z�k�l�b�p�� �i�h�d�Z�a�Z�g�� �^�e�y�� �k�b�k�l�_�f�u�� �g�Z�g�h�q�Z�k�l�b�p�� �g�Z��
�j�b�k�m�g�d�_�� ������ �d�h�l�h�j�Z�y�� �b�k�k�e�_�^�h�\�Z�e�Z�k�v�� �g�Z�f�b�� �j�Z�g�_�_��[8]. �I�j�b�� �w�l�h�f�� �h�j�b�_�g�l�Z�p�b�y��
�j�_�r�_�l�d�b�� �g�_�� �\�e�b�y�_�l�� �g�Z�� �l�h���� �q�l�h�� �k�� �j�h�k�l�h�f�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �j�Z�a�f�_�j�Z�� �f�Z�g�`�_�l�u��
�h�l�g�h�r�_�g�b�_�� �w�g�_�j�]�b�b�� �]�j�Z�g�b�p�u�� �d�j�b�k�l�Z�e�e�Z�� �d�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �w�g�_�j�]�b�b��
�m�f�_�g�v�r�Z�_�l�k�y�� 
 

 
�J�b�k���� ������ �K�j�Z�\�g�_�g�b�_�� �^�\�m�]�j�Z�g�g�u�o�� �m�]�e�h�\�� �k�b�k�l�_�f�u�� �i�j�b�� �j�Z�a�e�b�q�g�h�c�� �h�j�b�_�g�l�Z�p�b�b��
�j�_�r�_�l�d�b�� �h�^�g�h�c�� �b�a�� �q�Z�k�l�b�p���� �G�Z�q�Z�e�v�g�h�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �q�Z�k�l�b�p�Z�f�b  �g�f�� �A�_�e�_�g�u�_��
�Z�l�h�f�u���± �=�P�D�����k�b�g�b�_���± �H�P�D�����d�j�Z�k�g�u�_���± �=�I�M�� 
 

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



 
 

 

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

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

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

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

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

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



 
 

 

GAUSSIAN 03 [2�@�� �f�_�l�h�^�h�f��B3LYP �\�� �[�Z�a�b�k�_�� ���� �<��
�d�Z�q�_�k�l�\�_�� �g�Z�q�Z�e�v�g�u�o�� �f�b�g�b�f�m�f�h�\ �i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �\�� �l�h�q�d�_  
�b�k�i�h�e�v�a�h�\�Z�g�u�� �j�Z�g�_�_�� �g�Z�c�^�_�g�g�u�_�� �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_�� �k�l�j�m�d�l�m�j�u�� �f�h�e�_�d�m�e 

���� �]�^�_��  [3�@���� �<�k�_�� �i�j�h�f�_�`�m�l�h�q�g�u�_�� �k�l�j�m�d�l�m�j�u�� �i�j�b��
�\�j�Z�s�_�g�b�y�o �k���h�^�g�h�c���©�a�Z�f�h�j�h�`�_�g�g�h�c�ª �k�l�_�i�_�g�v�x���k�\�h�[�h�^�u���i�h�e�m�q�_�g�u���k���r�Z�]�h�f��
�^�\�m�]�j�Z�g�g�h�]�h���m�]�e�Z��. �I�h�e�h�`�_�g�b�y���i�_�j�_�o�h�^�g�u�o �k�h�k�l�h�y�g�b�c (TS�����g�Z�c�^�_�g�u��
�k���i�h�f�h�s�v�x���i�j�h�p�_�^�m�j�u���4�6�7�����>4,5]. 

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

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

(�k�f���� �L�Z�[�e�b�p�u�� ���� 2). �:�i�i�j�h�d�k�b�f�Z�p�b�y�� �n�m�g�d�p�b�c������ �m�d�Z�a�Z�g�g�u�o�� �i�h�^��
�g�h�f�_�j�Z�f�b �‹  1-4 (�k�f�� �L�Z�[�e�b�p�m ���������[�u�e�Z���i�j�h�\�_�^�_�g�Z���j�y�^�h�f���N�m�j�v�_���������� 

   (1) 

�^�e�y���n�m�g�d�p�b�c�����m�d�Z�a�Z�g�g�u�o���i�h�^���g�h�f�_�j�Z�f�b���‹ 5-6 (�k�f�����L�Z�[�e�b�p�m ���������\���\�b�^�_���������� 

   (2) 

�n�m�g�d�p�b�b���‹ 7-8 �Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�e�b�k�v �j�y�^�h�f���������� 

   (3) 

�;�Z�j�v�_�j�u���\�k�_�o���\�j�Z�s�Z�l�_�e�v�g�u�o���i�_�j�_�o�h�^�h�\���m�d�Z�a�Z�g�u���\ �L�Z�[�e�b�p�_ 2. 
�L�Z�[�e�b�p�Z���������D�h�w�n�n�b�p�b�_�g�l�u���j�Z�a�e�h�`�_�g�b�y�� �\���j�y�^�u���N�m�j�v�_ (1)-(3) �\�� �����]�^�_��

�����\���d�>�`���f�h�e�v 
�<�j�Z�s�_�g�b�_���\�h�e�q�d�h�\�� 

�‹  �K�h�_�^�b�g�_�g�b�_        

1  8,115 -0,100 2,704 -6,565 0,326 0,090 0,068 

2  7,719 -1,990 1,991 -7,442 0,290 0,099 0,082 

3  8,063 -1,350 2,198 -7,368 0,302 0,083 0,070 

4  7,767 -1,925 2,179 -7,356 0,267 0,109 0,077 

�<�j�Z�s�_�g�b�_���\�h�e�q�d�h�\��  �\���f�h�e�_�d�m�e�Z�o��  �b��  

�‹  �K�h�_�^�b�g�_�g�b�_             

5  10,405 -3,975 11,613 0,257 0,262 -0,484 0,019 0,454 0,690 -0,944 0,192 -0,115 

6  11,501 -4,777 11,759 0,042 0,359 -0,613 0,141 0,770 -1,161 0,661 -0,112 0,096 
�<�j�Z�s�_�g�b�y���h�d�h�e�h���k�\�y�a�_�c��  �b��  

�‹  �K�h�_�^�b�g�_�g�b�_        

7  - 19,703 -9,011 12,467 -0,237 0,794 -0,910 

8  - 10,980 -4,601 13,786 -0,436 0,300 -0,393 


























































































































































































































































































































































































































































































































































