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

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

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

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

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

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

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

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

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

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

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�Z�a�j�Z�[�h�l�d�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z, �h�[�e�Z�^�Z�x�s�_�]�h�� �i�h�g�b�`�_�g�g�h�c��

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

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

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

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

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

�^�e�y���^�_�l�Z�e�_�c���Z�\�b�Z�p�b�h�g�g�h�c���l�_�o�g�b�d�b���k���i�h�\�u�r�_�g�g�h�c���g�Z�^�_�`�g�h�k�l�v�x���w�d�k�i�e�m�Z�l�Z�p�b�b��

�i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o���^�h�����������ƒ�K. 

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

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

�i�h�e�b�f�_�j�g�u�f���k�\�y�a�m�x�s�b�f���b���I�D�F���g�Z���b�o���h�k�g�h�\�_�� 

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

�i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z; 

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

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

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

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

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

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

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

�l�_�f�i�_�j�Z�l�m�j�Z�o���^�h�����������ƒ�K�� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�^�b�Z�i�Z�a�h�g�_�� �l�_�f�i�_�j�Z�l�m�j�� ���h�l�� �������^�h�� ������ �ƒ�K������ �Z�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �\�� �l�_�q�_�g�b�_ ���� �q�Z�k�h�\�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ������ �ƒ�K�� �k�i�h�k�h�[�k�l�\�m�_�l��

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

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

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

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

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

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

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

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

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

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

�n�Z�d�l�h�j�h�\�� �g�Z�� �f�b�d�j�h�k�l�j�m�d�l�m�j�m�� �b�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

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

�\�h�a�f�h�`�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �\�� �m�k�e�h�\�b�y�o�� �i�h�\�u�r�_�g�g�u�o��

�l�_�f�i�_�j�Z�l�m�j�����^�h�������� �ž�K)  �b���h�l�g�h�k�b�l�_�e�v�g�h�c���\�e�Z�`�g�h�k�l�b�� 

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

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

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

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

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

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

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

�n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. 

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

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

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

�\�h�a�^�_�c�k�l�\�b�y���\�g�_�r�g�b�o���n�Z�d�l�h�j�h�\�� 

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

�I�h�k�l�Z�g�h�\�d�Z�� �p�_�e�b�� �b�� �a�Z�^�Z�q�� �b�k�k�e�_�^�h�\�Z�g�b�y�����Z�g�Z�e�b�a�� �b�� �h�[�h�[�s�_�g�b�_�� �^�Z�g�g�u�o�� �\��

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

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

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

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

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

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

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

 

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

1. �H�i�j�_�^�_�e�_�g�u�� �h�i�l�b�f�Z�e�v�g�u�_�� �l�_�f�i�_�j�Z�l�m�j�g�h-�\�j�_�f�_�g�g�u�_�� �b��

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

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

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

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

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

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

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

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

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

�<�I�K-�������b���h�n�h�j�f�e�_�g�Z���k�e�_�^�m�x�s�Z�y���g�h�j�f�Z�l�b�\�g�Z�y���^�h�d�m�f�_�g�l�Z�p�b�y�� 

- �L�J������������������-�����������©�B�a�]�h�l�h�\�e�_�g�b�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-�����ª�� 

- �L�B������������-10-1370-�����������©�B�a�]�h�l�h�\�e�_�g�b�_���i�j�_�i�j�_�]�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b��

�<�I�K-�����ª; 

- �L�M����-595-10-1876-�����������©�I�j�_�i�j�_�]���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b �<�I�K-�����ª�� 

- �i�Z�k�i�h�j�l���‹�������������©�K�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b���<�I�K-�����ª. 

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

�k�l�_�d�e�h�i�e�Z�k�l�b�d�� �f�Z�j�d�b�� �<�I�K-72 �j�_�d�h�f�_�g�^�h�\�Z�g�� �^�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y��

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

4. �I�j�h�\�_�^�_�g�h�� �h�i�j�h�[�h�\�Z�g�b�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\�� �m�k�e�h�\�b�y�o��

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

�h�l�j�Z�k�e�b�� 

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

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

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

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

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

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

�n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�_�j�b�c�g�h��

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

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

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

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

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

�m�j�h�\�g�_�f �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�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�� �\��

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

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

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

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

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

�:�i�j�h�[�Z�p�b�y���j�Z�[�h�l�u: 

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

- �,�,�� �<�k�_�j�h�k�k�b�c�k�d�Z�y�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�I�h�e�b�f�_�j�g�u�_��

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

�i�h�d�h�e�_�g�b�y�ª�����F�h�k�d�\�Z���������������]�� 

- �<�k�_�j�h�k�k�b�c�k�d�Z�y�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�I�h�e�b�f�_�j�g�u�_��

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

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

- �,�,�,�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�G�h�\�u�_��

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

�b�g�g�h�\�Z�p�b�h�g�g�h�]�h���j�Z�a�\�b�l�b�y���w�d�h�g�h�f�b�d�b���J�h�k�k�b�b�ª�����F�h�k�d�\�Z���������������]�� 

�I�m�[�e�b�d�Z�p�b�b: 

�<�k�_�]�h�� �h�i�m�[�e�b�d�h�\�Z�g�h��33 �j�Z�[�h�l�u�� �\�� �i�_�q�Z�l�g�u�o�� �b�� �w�e�_�d�l�j�h�g�g�u�o�� �b�a�^�Z�g�b�y�o����

�b�a�� �g�b�o�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �^�b�k�k�_�j�l�Z�p�b�b�� �h�i�m�[�e�b�d�h�\�Z�g�h��8 �j�Z�[�h�l�� �\�� �j�_�p�_�g�a�b�j�m�_�f�u�o��

�`�m�j�g�Z�e�Z�o�����\�d�e�x�q�_�g�g�u�o���\���i�_�j�_�q�_�g�v���<�:�D�� 

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

�>�b�k�k�_�j�l�Z�p�b�h�g�g�Z�y�� �j�Z�[�h�l�Z�� �k�h�k�l�h�b�l�� �b�a�� �\�\�_�^�_�g�b�y����4-�o�� �]�e�Z�\���� �\�u�\�h�^�h�\����

�k�i�b�k�d�Z�� �b�k�i�h�e�v�a�h�\�Z�g�g�h�c�� �e�b�l�_�j�Z�l�m�j�u�� �b�a��117 �g�Z�b�f�_�g�h�\�Z�g�b�c�����i�j�b�e�h�`�_�g�b�c����

�k�h�^�_�j�`�b�l��48 �j�b�k�m�g�d�h�\, 26 �l�Z�[�e�b�p���� �b�a�e�h�`�_�g�Z�� �g�Z��142 �k�l�j�Z�g�b�p�Z�o��

�f�Z�r�b�g�h�i�b�k�g�h�]�h���l�_�d�k�l�Z�� 
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�=�E�:�<�:���������E�B�L�?�J�:�L�M�J�G�U�C���H�;�A�H�J 

 

1.1. �K�h�k�l�h�y�g�b�_���\�h�i�j�h�k�Z���b���k�m�s�_�k�l�\�m�x�s�b�_���i�j�h�[�e�_�f�u���g�Z�i�j�Z�\�e�_�g�b�y��

�b�k�k�e�_�^�h�\�Z�g�b�c 

 

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

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

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

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

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

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

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

�w�d�k�i�e�m�Z�l�Z�p�b�b���b���l�_�o�g�h�e�h�]�b�q�g�h�k�l�v���b�a�]�h�l�h�\�e�_�g�b�y���^�_�l�Z�e�_�c���b���l���^. [1-2]. 

�H�^�g�b�f�� �b�a�� �i�_�j�\�u�o�� �p�_�g�l�j�h�\���� �\�� �d�h�l�h�j�h�f�� �g�Z�q�Z�e�h�k�v�� �j�Z�a�\�b�l�b�_�� �I�D�F�� �\��

�h�l�_�q�_�k�l�\�_�g�g�h�f���f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�b, �y�\�e�y�_�l�k�y���G�B�P���©�D�m�j�q�Z�l�h�\�k�d�b�c���b�g�k�l�b�l�m�l�ª��- 

�<�B�:�F�� ���^�Z�e�_�_���± �<�B�:�F)���� �B�f�_�g�g�h�� �k�i�_�p�b�Z�e�b�k�l�u�� �w�l�h�]�h�� �b�g�k�l�b�l�m�l�Z�� �\�h���f�g�h�]�h�f��

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

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

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

�\�u�^�_�e�b�l�v���� �:�\�j�Z�k�b�g�Z�� �Y���>����- �j�h�^�h�g�Z�q�Z�e�v�g�b�d�Z�� �g�_�f�_�l�Z�e�e�b�q�_�k�d�h�]�h 

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

�\�i�_�j�\�u�_�� �g�Z�q�Z�e�h�k�v�� �i�j�b�f�_�g�_�g�b�_�� �^�_�e�v�l�Z�� �^�j�_�\�_�k�b�g�u���� �D�b�k�_�e�_�\�Z�� �;���:�����± 

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

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

�h�j�]�Z�g�b�a�h�\�Z�\�r�_�]�h���� �k�h�\�f�_�k�l�g�h�� �k�� �L�m�f�Z�g�h�\�u�f�� �:���L���� �b�� �I�_�j�h�\�u�f�� �;���<������ �\�� �<�B�:�F��

�g�h�\�h�_�� �g�Z�m�q�g�h�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �i�h�� �k�h�a�^�Z�g�b�x�� �I�D�F�� �g�Z�� �h�k�g�h�\�_�� �[�h�j�g�u�o�� �b��

�m�]�e�_�j�h�^�g�u�o���\�h�e�h�d�h�g�����g�_���b�f�_�x�s�b�o �\���l�h���\�j�_�f�y���Z�g�Z�e�h�]�h�\���\���K�K�K�J���>1]. 

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

�Z�\�b�Z�p�b�h�g�g�h�c���b���j�Z�d�_�l�g�h�c���l�_�o�g�b�d�b�����<���k�Z�f�h�e�_�l�Z�o���B�e-86, �F�b�=-29, �:�g-124, �K�m-27 
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�b�� �^�j�� �h�g�b�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �i�j�b�� �b�a�]�h�l�h�\�e�_�g�b�b�� �w�e�_�f�_�g�l�h�\�� �k�b�k�l�_�f�u��

�f�_�o�Z�g�b�a�Z�p�b�b���d�j�u�e�Z�����a�Z�e�b�a�h�\�����e�x�d�h�\���r�Z�k�k�b���b���^�j�� [3]. 

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

�i�j�h�\�h�^�b�e�b�k�v�� �j�Z�a�j�Z�[�h�l�d�b�� �\�� �\�_�j�l�h�e�_�l�h�k�l�j�h�b�l�_�e�v�g�u�o�� �D�;���F���E�����F�b�e�y�� �b �G���B�� 

�D�Z�f�h�\�Z��[3]. �J�_�a�m�e�v�l�Z�l�h�f�� �b�o�� �^�_�y�l�_�e�v�g�h�k�l�b�� �k�l�Z�e�b�� �b�a�\�_�k�l�g�u�_�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c��

�^�_�g�v�� �\�_�j�l�h�e�_�l�u�� �F�b-������ �b�� �D�Z-�������� �i�j�b�� �w�l�h�f�� �g�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h���\��

�e�h�i�Z�k�l�y�o �\�_�j�l�h�e�_�l�Z�o�� �D�Z�f�h�\�Z�� �I�D�F�� �i�j�b�f�_�g�y�e�b�k�v�� �m�`�_�� �\�� �l�_�q�_�g�b�_�� ������ �e�_�l�� �b�� �\��

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

�k�q�_�l���i�j�b�f�_�g�_�g�b�y���I�D�F���\���g�_�k�m�s�b�o���d�h�g�k�l�j�m�d�p�b�y�o [4,5,6]. 

�G�Z�b�[�h�e�_�_�� �r�b�j�h�d�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���i�_�j�\�h�g�Z�q�Z�e�v�g�h���i�h�e�m�q�b�e�b��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�b��- �I�D�F�� �g�Z�� �h�k�g�h�\�_�� �k�l�_�d�e�y�g�g�u�o�� �\�h�e�h�d�h�g�����<�u�k�h�d�Z�y��

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

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

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

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

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

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

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

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

�l�_�o�g�b�q�_�k�d�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b [7].  

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

�k�\�y�a�m�x�s�b�o�� �j�Z�k�l�\�h�j�g�h�]�h�� �l�b�i�Z�� �\���<�B�:�F�� �j�Z�a�j�Z�[�h�l�Z�g�� �r�b�j�h�d�b�c���Z�k�k�h�j�l�b�f�_�g�l 

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

�l�_�o�g�b�d�b���� �L�Z�d�� �j�Z�a�j�Z�[�h�l�d�Z�� �w�i�h�d�k�b�^�g�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �K�L-�����G���F����

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

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

�h�[�l�_�d�Z�l�_�e�_�c�� �J�E�K���� �k�l�\�h�j�h�d�� �r�Z�k�k�b�� �b�� �]�j�m�a�h�\�u�o�� �h�l�k�_�d�h�\���� �d�Z�i�h�l�h�\���� �K��

�i�j�b�f�_�g�_�g�b�_�f�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �K�L-�����G���F���� �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y�� �k�b�e�h�\�Z�y�� �i�Z�g�_�e�v��

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

�^�\�b�]�Z�l�_�e�y�� �I�K-�����:������ �W�i�h�d�k�b�^�g�u�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�b�� �f�Z�j�h�d�� �<�I�K-�������� �<�I�K-34 
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�i�j�b�f�_�g�y�x�l�k�y�� �i�j�b�� �b�a�]�h�l�h�\�e�_�g�b�b�� �h�[�r�b�\�h�d�� �l�j�_�o�k�e�h�c�g�u�o�� �i�Z�g�_�e�_�c���� �e�x�d�h�\����

�^�\�_�j�_�c���� �k�l�\�h�j�h�d���� �G�Z�� �h�k�g�h�\�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �b�a�]�h�l�Z�\�e�b�\�Z�_�l�k�y�� �d�h�`�m�o��

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

�I�K-�����:  [8]. 

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

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

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

�l�_�f�i�_�j�Z�l�m�j�h�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �^�h�� �����ƒ�K���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�k�y�� �g�b�a�d�b�f��

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

�:�I -�������i�h���i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�b [9].  

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

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

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

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

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

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

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

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

�j�Z�k�l�\�h�j�g�u�_���k�\�y�a�m�x�s�b�_���g�_���k�h�h�l�\�_�l�k�l�\�m�x�l���i�j�b�g�p�b�i�Z�f���A�_�e�_�g�h�c���o�b�f�b�b��[10]. 

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

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

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

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

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

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

�I�D�F�� �b�� �l�_�o�g�h�e�h�]�b�c�� �b�o�� �b�a�]�h�l�h�\�e�_�g�b�y�� �\�� �j�Z�f�d�Z�o�� �j�_�Z�e�b�a�Z�p�b�b�� �K�l�j�Z�l�_�]�b�q�_�k�d�b�o��

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

�����������]�h�^�Z [11].  

�<�� �<�B�:�F �j�Z�a�j�Z�[�h�l�Z�g�� �Z�k�k�h�j�l�b�f�_�g�l�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_��

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

�n�h�j�f�h�\�Z�g�b�y���� �l�_�f�� �k�Z�f�u�f�� �k�g�b�a�b�l�v�� �i�h�j�b�k�l�h�k�l�v�� �I�D�F�� �b�� �i�h�\�u�k�b�l�v�� �m�i�j�m�]�h-

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

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

�\�j�_�^�g�u�o���\�_�s�_�k�l�\�� 

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

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

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

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

�h�l�e�b�q�Z�x�s�_�]�h�k�y���h�l���g�h�f�b�g�Z�e�v�g�h�]�h���g�_���[�h�e�_�_���q�_�f���g�Z������ [12]. �K�e�_�^�m�_�l���h�l�f�_�l�b�l�v����

�q�l�h�� �k�h�a�^�Z�g�g�h�_�� �\�� �<�B�:�F �i�j�h�b�a�\�h�^�k�l�\�h�� �i�j�_�i�j�_�]�h�\�� �i�h�e�b�f�_�j�g�u�o��

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

�J�N, �k�_�j�l�b�n�b�p�b�j�h�\�Z�g�g�u�f���:�\�b�Z�p�b�h�g�g�u�f���j�_�]�b�k�l�j�h�f���F�:�D. 

�<�� �g�Z�k�l�h�y�s�_�_���\�j�_�f�y�� �\�� �<�B�:�F �j�Z�a�j�Z�[�h�l�Z�g�Z�� �p�_�e�Z�y�� �k�_�j�b�y�� �k�l�_�d�e�h- �b��

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

�k�\�y�a�m�x�s�_�]�h �<�K�W-������������ �<�D�M-25/SYT49S���� �<�D�M-28/SYT55,                              

�<�D�M-�������<�L�d�M-�������������� �<�D�M-39/�<�L�d�M-������������ �b�� �<�I�K-48/7781���� �d�h�l�h�j�u�_�� �\��

�g�Z�k�l�h�y�s�_�_���\�j�_�f�y���i�j�b�f�_�g�y�x�l�k�y���\���d�h�g�k�l�j�m�d�p�b�b���f�h�l�h�]�h�g�^�h�e�u���^�\�b�]�Z�l�_�e�y���I�>-14. 

�K�\�y�a�m�x�s�_�_�� �<�K�W-���������� �k�� �i�h�\�u�r�_�g�g�u�f�b�� �f�_�o�Z�g�b�q�_�k�d�b�f�b�� �b�� �^�_�n�h�j�f�Z�p�b�h�g�g�u�f�b��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���� �Z�� �l�Z�d�`�_�� �i�j�_�i�j�_�]�b�� �g�Z�� �_�]�h�� �h�k�g�h�\�_���� �� �h�[�_�k�i�_�q�b�\�Z�x�l��

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

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

�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o���n�Z�d�l�h�j�h�\��[13]. 

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

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

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

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

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

�i�h�\�u�r�_�g�g�u�o���l�_�f�i�_�j�Z�l�m�j�� 

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

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

�g�h�\�u�o�� �k�h�\�j�_�f�_�g�g�u�o�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �I�D�F���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �^�h�k�l�b�`�_�g�b�_��

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

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

�<�� �q�Z�k�l�g�h�k�l�b���� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �k�\�y�a�b�� �k�� �Z�d�l�b�\�g�u�f�� �j�Z�a�\�b�l�b�_�f��

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

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

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

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

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

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

�i�h�]�e�h�s�_�g�b�_�f�� �w�g�_�j�]�b�b�� �b�� �g�_�� �b�k�d�Z�`�Z�x�l�� �g�Z�i�j�Z�\�e�_�g�b�_�� �k�b�]�g�Z�e�Z�����<�� �k�h�\�j�_�f�_�g�g�u�o��

�d�h�f�i�e�_�d�k�Z�o���j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�u�o �k�l�Z�g�p�b�c (�J�E�K) �i�j�h�k�f�Z�l�j�b�\�Z�_�l�k�y�� �l�_�g�^�_�g�p�b�y�� �d��

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

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

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

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

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

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

�f�Z�l�_�j�b�Z�e�h�\�� 

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

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

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

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

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

�q�Z�k�l�h�l�Z�o�����\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���^�b�Z�i�Z�a�h�g���j�Z�k�r�b�j�b�e�k�y���^�h������10 �=�p�����>14]. 
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�<���[�h�e�v�r�b�g�k�l�\�_���k�h�\�j�_�f�_�g�g�u�o���Z�\�b�Z�p�b�h�g�g�u�o �^�\�b�]�Z�l�_�e�_�c �a�g�Z�q�b�l�_�e�v�g�h�_��

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

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

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

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

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

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

�j�Z�k�r�b�j�_�g�b�_�� �h�[�e�Z�k�l�_�c�� �i�j�b�f�_�g�_�g�b�y �I�D�F. �<�� �q�Z�k�l�g�h�k�l�b���� �^�e�y���b�a�]�h�l�h�\�e�_�g�b�y��

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

�i�_�j�k�i�_�d�l�b�\�g�h�]�h���^�\�m�o�d�h�g�l�m�j�g�h�]�h���^�\�b�]�Z�l�_�e�y  �I�>-35�����g�_�h�[�o�h�^�b�f�u���i�h�e�b�f�_�j�g�u�_��

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

���j�b�k�m�g�h�d��������  

 

�J�b�k���������± �K�o�_�f�Z���l�m�j�[�h�j�_�Z�d�l�b�\�g�h�]�h���Z�\�b�Z�p�b�h�g�g�h�]�h���^�\�b�]�Z�l�_�e�y  

 

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

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

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

 

1.�������<�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_���i�h�e�b�f�_�j�g�u�_���k�\�y�a�m�x�s�b�_���b���I�D�F���g�Z���b�o���h�k�g�h�\�_ 

 

�<�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �I�D�F���± �w�l�h�� �i�_�j�k�i�_�d�l�b�\�g�u�c���� �m�`�_�� �\�u�^�_�e�b�\�r�b�c�k�y��

�\�� �h�l�^�_�e�v�g�h�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �d�e�Z�k�k�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�� �h�k�g�h�\�_��
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�Z�j�f�b�j�m�x�s�b�o �g�Z�i�h�e�g�b�l�_�e�_�c�� �j�Z�a�e�b�q�g�u�o�� �l�_�d�k�l�b�e�v�g�u�o�� �n�h�j�f [15] �b�� �j�Z�a�g�u�o��

�d�e�Z�k�k�h�\���l�_�j�f�h�j�_�Z�d�l�b�\�g�u�o���i�h�e�b�f�_�j�g�u�o���k�\�y�a�m�x�s�b�o �± �p�b�Z�g�w�n�b�j�g�u�o�����P�W�� [16], 

�[�_�g�a�h�d�k�Z�a�b�g�h�\�u�o ���;�A�� [17], �n�_�g�h�e�n�h�j�f�Z�e�v�^�_�]�b�^�g�u�o ���N�N������ �[�b�k�f�Z�e�_�b�f�b�^�g�u�o 

���;�F�B�� [18, 19], �i�h�e�b�b�f�b�^�g�u�o ���I�B�� [20,21], �d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�o ���D�H�� [22] �b��

�n�l�Z�e�h�g�b�l�j�b�e�v�g�u�o ���N�G�� [23]���� �j�Z�[�h�l�h�k�i�h�k�h�[�g�u�o�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �k�\�u�r�_��    

200 �ƒ�K�� �b�� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �g�_�h�[�o�h�^�b�f�m�x�� �l�_�j�f�h�k�l�h�c�d�h�k�l�v���� �l���_���� �k�i�h�k�h�[�g�h�k�l�v��

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

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

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

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

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

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

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�����j�b�k�m�g�h�d 2). 

 

�J�b�k������ �± �H�k�g�h�\�g�u�_���d�e�Z�k�k�u���\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o���l�_�j�f�h�j�_�Z�d�l�b�\�g�u�o��
�i�h�e�b�f�_�j�g�u�o���k�\�y�a�m�x�s�b�o 

 

�I�_�j�\�u�_�� �j�Z�[�h�l�u�� �i�h�� �k�h�a�^�Z�g�b�x�� �I�D�F�� �k���j�Z�[�h�q�_�c�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �k�\�u�r�_����������������������

250 �ƒ�K���i�j�h�\�_�^�_�g�u���\���������� �± 1970-�o���]�]�����<���l�h���\�j�_�f�y���h�k�g�h�\�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�h��
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�k�h�a�^�Z�g�b�x�� �l�_�i�e�h�k�l�h�c�d�b�o�� �I�D�F�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �j�Z�k�l�\�h�j�g�u�o��

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

�g�_�d�h�l�h�j�u�_���\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �I�D�F�����j�Z�a�j�Z�[�h�l�Z�g�g�u�_���\���<�B�:�F�� 

 

�L�Z�[�e�b�p�Z�������± �<�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_���I�D�F�����j�Z�a�j�Z�[�h�l�Z�g�g�u�_���\���<�B�:�F 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�=�h�^��
�j�Z�a�j�Z-
�[�h�l�d�b 

�J�Z�[�h�q�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�ƒ�K 

�K�h�k�l�Z�\��
���g�Z�i�h�e�g�b�l�_�e�v/ 
�k�\�y�a�m�x�s�_�_) 

�H�[�e�Z�k�l�v�� 
�i�j�b�f�_�g�_�g�b�y 

�I�D�F���g�Z���h�k�g�h�\�_���i�h�e�b�p�b�Z�g�m�j�Z�l�g�u�o�����k�\�y�a�m�x�s�b�o 
�K�_�j�b�y��

�m�]�e�_�i�e�Z�k�l�b�d�h�\��
�<�D�M-27  

���<�D�M-�����E���b�� 
�<�D�M-�����L�J�� 

2011 �^�h�������� �ƒ�K���i�j�b��
�h�[�_�k�i�_�q�_�g�b�b��
�a�Z�s�b�l�u���h�l��
�\�e�Z�]�h�g�Z�k�u-

�s�_�g�b�y 

�h�^�g�h�g�Z�i�j�Z�\�e�_�g�g�Z
�y���m�]�e�_�j�h�^�g�Z�y��

�l�d�Z�g�v���k��
�i�h�\�_�j�o�g�h�k�l�g�h�c��

�i�e�h�l�g�h�k�l�v�x��
�i�h�j�y�^�d�Z�����������]���f2/  
�i�h�e�b�p�b�Z�g�m�j�Z�l�g�h�_��

�k�\�y�a�m�x�s�_�_�� 
�<�K�L-1208 

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

�`�_�g�g�u�o�� 

�M�]�e�_�i�e�Z�k�l�b�d��
�<�D�M-42 

2013 200 �ƒ�K �m�]�e�_�j�h�^�g�Z�y��
�j�Z�\�g�h�i�j�h�q�g�Z�y��

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

�i�h�\�_�j�o�g�h�k�l�g�h�c��
�i�e�h�l�g�h�k�l�v�x��

�i�h�j�y�^�d�Z�����������]���f2/  
�i�h�e�b�p�b�Z�g�m�j�Z�l�g�h�_��

�k�\�y�a�m�x�s�_�_�� 
�<�K�L-32 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�^�_�l�Z�e�_�c���b���Z�]�j�_�]�Z�l�h�\��

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

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

�l�h�f���q�b�k�e�_���w�e�_�f�_�g�l�h�\��
�d�h�g�k�l�j�m�d�p�b�b��

�i�u�e�_�a�Z�s�b�l�g�h�]�h��
�m�k�l�j�h�c�k�l�\�Z���b��

�i�_�j�_�o�h�^�g�h�]�h���d�Z�g�Z�e�Z��
�\�_�j�l�h�e�_�l�g�h�]�h��

�^�\�b�]�Z�l�_�e�y 
�K�l�_�d�e�h�i�e�Z�k�l�b�d��

�<�I�K-41 
2012 �^�h�������� �ƒ�K �k�l�_�d�e�h�l�d�Z�g�v��

�f�Z�j�d�b�� 
�L-�����������<�F�I��-4/ 

�i�h�e�b�p�b�Z�g�m�j�Z�l�g�h�_����
�k�\�y�a�m�x�s�_�_�� 

�<�K�P-14 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�^�_�l�Z�e�_�c��

�d�h�g�k�l�j�m�d�p�b�h�g�g�h�]�h���b��
�j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h��

�g�Z�a�g�Z�q�_�g�b�y��
�i�_�j�k�i�_�d�l�b�\�g�u�o��

�k�Z�f�h�e�_�l�h�\����
�w�d�k�i�e�m�Z�l�b�j�m�x�s�b�o�k�y��
�\�h���\�k�_�d�e�b�f�Z�l�b�q�_�k�d�b�o��

�m�k�e�h�\�b�y�o 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�=�h�^��
�j�Z�a�j�Z-
�[�h�l�d�b 

�J�Z�[�h�q�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�ƒ�K 

�K�h�k�l�Z�\��
(�g�Z�i�h�e�g�b�l�_�e�v����
�k�\�y�a�m�x�s�_�_) 

�H�[�e�Z�k�l�v�� 
�i�j�b�f�_�g�_�g�b�y 

�K�l�_�d�e�h�i�e�Z�k�l�b�d��
�<�I�K-47/7781 

2013 �^�h�������� �ƒ�K�����\��
�l�h�f���q�b�k�e�_��

�i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_�� 

160�ƒ�K���\��
�l�_�q�_�g�b�_�� 
2000 �q������ 

�k�l�_�d�e�h�l�d�Z�g�v��
�k�Z�l�b�g�h�\�h�]�h��
�i�e�_�l�_�g�b�y���k��

�i�h�\�_�j�o�g�h�k�l�g�h�c��
�i�e�h�l�g�h�k�l�v�x��

�i�h�j�y�^�d�Z�����������]���f2/  

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

�k�\�y�a�m�x�s�_�_ 
 �<�K�L-1208  

 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�k�e�Z�[�h���b��

�k�j�_�^�g�_�g�Z�]�j�m�`�_�g�g�u�o��
�Z�\�b�Z�p�b�h�g�g�u�o��
�d�h�g�k�l�j�m�d�p�b�c 

�M�]�e�_�i�e�Z�k�l�b�d��
�<�D�M-48 

2015 200 �ƒ�K �m�]�e�_�j�h� �̂g�Z�y��
�j�Z�\�g�h�i�j�h�q�g�Z�y���l�d�Z�g�v��
�k�Z�j� �̀_�\�h�]�h���i�e�_�l�_�g�b�y 

�k���i�h�\�_�j�o�g�h�k�l�g�h�c��
�i�e�h�l�g�h�k�l�v�x��

�i�h�j�y� �̂d�Z�����������]���f2 �b��
�i�h�e�b�p�b�Z�g�m�j�Z�l�g�h�_��

�k�\�y�a�m�x�s�_�_���� 
�<�K�L-1210 

 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�^�_�l�Z�e�_�c��

�d�h�g�k�l�j�m�d�p�b�h�g�g�h�]�h��
�g�Z�a�g�Z�q�_�g�b�y 

�W�e�_�d�l�j�h�i�j�h�\�h�^
�y�s�b�_���i�h�d�j�u�l�b�y��

�<�W�I-�����b�� 
�<�W�I-2 

2015 180 �ƒ�K �m�]�e�_�j�h�^�g�u�_��
�l�d�Z�g�b���k��

�i�h�\�_�j�o�g�h�k�l�g�h�c��
�i�e�h�l�g�h�k�l�v�x��

�i�h�j�y�^�d�Z�����������]���f2 
�b�����������]���f2 �b��

�i�h�e�b�p�b�Z�g�m�j�Z�l�g�h�_����
�k�\�y�a�m�x�s�_�_�� 

�<�K�P-14 

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

�k���i�Z�j�Z�f�_�l�j�Z�f�b�� 
�,� ���������d�:�����4���[�h�e�_�_�� 

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

�h�[�r�b�\�h�d���^�_�l�Z�e�_�c���b��
�Z�]�j�_�]�Z�l�h�\���b�a��

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

�\�g�_�r�g�b�c���d�h�g�l�m�j��
�i�e�Z�g�_�j�Z��

�i�_�j�k�i�_�d�l�b�\�g�u�o��
�b�a�^�_�e�b�c���:�L 

 
�M�]�e�_�i�e�Z�k�l�b�d��

�D�F�M-8 
1970-
1980 

�^�h�����������ƒ�K �m�]�e�_�j�h�^�g�Z�y���e�_�g�l�Z��
�W�E�M�J-�I����

�i�h�e�b�Z�f�b�g�h�b�f�b�^�g
�h�_���k�\�y�a�m�x�s�_�_�� 

�I�:�B�K-104  

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

�[�h�e�v�r�h�]�h��
�l�j�Z�g�k�i�h�j�l�g�h�]�h��

�k�Z�f�h�e�_�l�Z�����;�m�j�Z�g�ª 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�=�h�^��
�j�Z�a�j�Z-
�[�h�l�d�b 

�J�Z�[�h�q�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�ƒ�K 

�K�h�k�l�Z�\��
���g�Z�i�h�e�g�b�l�_�e�v����
�k�\�y�a�m�x�s�_�_�� 

�H�[�e�Z�k�l�v�� 
�i�j�b�f�_�g�_�g�b�y 

�I�D�F���g�Z���h�k�g�h�\�_���i�h�e�b�b�f�b�^�g�u�o���k�\�y�a�m�x�s�b�o 
�K�_�j�b�y��

�m�]�e�_�i�e�Z�k�l�b�d�h�\��
�D�F�M-2  

 

1970-
1980 

���������ƒ�K 
���d�j�Z�l�d�h-

�\�j�_�f�_�g�g�h���^�h�� 
���������ƒ�K�� 

�`�]�m�l�h�\�h�c���b��
�e�_�g�l�h�q�g�u�_��
�m�]�e�_�j�h�^�g�u�_��

�g�Z�i�h�e�g�b�l�_�e�b��������
�i�h�e�b�b�f�b�^�g�h�_��

�k�\�y�a�m�x�s�_�_���k�_�j�b�b�� 
�K�I-�����K 

 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�d�h�k�f�b�q�_�k�d�b�o��

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

�\�u�k�h�d�h�g�Z�]�j�m�`�_�g�g�u�o��
�=�L�>�� 

�K�L�I-�����k 1970-
1980 

���������ƒ�K �k�l�_�d�e�h�l�d�Z�g�v��
�f�Z�j�d�b�� 

�L-10-80/ 
�i�h�e�b�b�f�b�^�g�h�_��
�k�\�y�a�m�x�s�_�_�� 

�K�I-�����K 
 

�>�_�l�Z�e�b���b�g�l�_�j�v�_�j�Z����
�[�h�j�l�h�\�u�_���b���h�d�h�g�g�u�_��

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

�k�b�e�h�\�u�o���m�k�l�Z�g�h�\�h�d�� 
�i�Z�g�_�e�b��

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

�a�Z�s�b�l�g�u�_���d�h�`�m�o�b���b��
�w�d�j�Z�g�u���^�\�b�]�Z�l�_�e�_�c����

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

 �l�����i�� 
 

�K�L�I-�����D�� 1970-
1980 

���������ƒ�K �k�l�_�d�e�h�l�d�Z�g�v��
�f�Z�j�d�b�� 

�L-10-�������b����
�i�h�e�b�b�f�b�^�g�h�_��
�k�\�y�a�m�x�s�_�_�� 

�K�I-�����d 

�M�]�e�_�i�e�Z�k�l�b�d��
�<�D�M-21 

 

2011  ���������ƒ�K �m�]�e�_�j�h�^�g�Z�y��
�j�Z�\�g�h�i�j�h�q�g�Z�y��

�l�d�Z�g�v���k��
�i�h�\�_�j�o�g�h�k�l�g�h�c��

�i�e�h�l�g�h�k�l�v�x��
�i�h�j�y�^�d�Z�������������]���f2  

�����i�h�e�b�b�f�b�^�g�h�_��
�k�\�y�a�m�x�s�_�_�� 

�K�I-�����d 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�l�_�i�e�h�g�Z�]�j�m�`�_�g�g�u�o��

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

�k�Z�f�h�e�z�l�h�\����
�i�h�^�\�_�j�]�Z�x�s�b�o�k�y��

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

�^�\�b�]�Z�l�_�e�y 
 

 

 

 



19 
 

�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�=�h�^��
�j�Z�a�j�Z-
�[�h�l�d�b 

�J�Z�[�h�q�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�ƒ�K 

�K�h�k�l�Z�\��
���g�Z�i�h�e�g�b�l�_�e�v����
�k�\�y�a�m�x�s�_�_�� 

�H�[�e�Z�k�l�v�� 
�i�j�b�f�_�g�_�g�b�y 

�M�]�e�_�i�e�Z�k�l�b�d��
�<�D�M-14  

 

2006  ���������ƒ�K��
���d�j�Z�l�d�h�\�j�_�f�_

�g�g�h���± �^�h�� 
���������ƒ�K���� 

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

�b�q�_�k�d�h�_��
�k�\�y�a�m�x�s�_�_���B�I-5  

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y�����d�Z�d��
�\���k�h�q�_�l�Z�g�b�b���k�h��

�k�l�_�d�e�h�l�_�d�k�l�h�e�b�l�h�f��
�<�I�K-���������l�Z�d���b���[�_�a���g�_�]�h����

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

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

�r�b�j�h�d�h�o�h�j�^�g�u�o��
�j�Z�[�h�q�b�o�����k�l�Z�l�h�j�g�u�o��
�e�h�i�Z�l�h�d���b���^�j�m�]�b�o��

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

�^�\�b�]�Z�l�_�e�_�c 
 

�I�D�F���g�Z���h�k�g�h�\�_���n�l�Z�e�h�g�b�l�j�b�e�v�g�h�]�h���k�\�y�a�m�x�s�_�]�h 
�K�_�j�b�y��

�m�]�e�_�i�e�Z�k�l�b�d�h�\��
�<�D�M-38 

2013-
2014,  
2018  

���������ƒ�K 
���d�j�Z�l�d�h�\�j�_�f�_

�g�g�h���^�h�� 
���������ƒ�K�� 

�`�]�m�l�h�\�h�c����
�e�_�g�l�h�q�g�u�c����

�l�d�Z�g�u�c��
�m�]�e�_�j�h�^�g�u�_��

�g�Z�i�h�e�g�b�l�_�e�b����
�l�d�Z�g�Z�y���i�j�_�n�h�j�f�Z����
�n�l�Z�e�h�g�b�l�j�b�e�v�g�h�_��

�k�\�y�a�m�x�s�_�_�� 
�<�K�G-31 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�l�_�j�f�h�g�Z�]�j�m�`�_�g�g�u�o��

�^�_�l�Z�e�_�c���b���Z�]�j�_�]�Z�l�h�\���\��
�\�u�k�h�d�h- �b���k�j�_�^�g�_-

�g�Z�]�j�m�`�_�g�g�u�o���Z�\�b�Z-
�p�b�h�g�g�u�o���d�h�g�k�l�j�m�d�p�b�y�o��

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

�e�y�x�s�_�c���Z�i�i�Z�j�Z�l���=�L�>����
�i�Z�g�_�e�b���r�m�f�h�]�e�m�r�_�g�b�y��

�b���l���^������ 
 

�K�l�_�d�e�h�i�e�Z�k�l�b�d�b���g�Z���h�k�g�h�\�_���d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�o���k�\�y�a�m�x�s�b�o 
�K�D-���N�: 1965 - 

1975 
���������ƒ�K���± 2000 

�q�� 
���������ƒ�K���± 1000 

�q���� 
���������ƒ�K���± 10 

�f�b�g 

�D�\�Z�j�p�_�\�Z�y���l�d�Z�g�v�� 
�L�K-8/3-���������b 

�d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k
�d�h�_���k�\�y�a�m�x�s�_�_��          

�D-���N�: 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�^�_�l�Z�e�_�c��

�j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h��
�g�Z�a�g�Z�q�_�g�b�y��

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

�e�x�d�b�����\�k�l�Z�\�d�b���b���l���i������ 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�=�h�^��
�j�Z�a�j�Z-
�[�h�l�d�b 

�J�Z�[�h�q�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�ƒ�K 

�K�h�k�l�Z�\��
(�g�Z�i�h�e�g�b�l�_�e�v����
�k�\�y�a�m�x�s�_�_) 

�H�[�e�Z�k�l�v�� 
�i�j�b�f�_�g�_�g�b�y 

�K�D-���O�D 1965 - 
1975 

���������ƒ�K���± �����������q�� 
���������ƒ�K���± ���������q 

�D�j�_�f�g�_�a�_�f�g�Z�y��
�l�d�Z�g�v�� 

�D�L-11-�K������-�L�H���b 
�d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_
�k�d�h�_���k�\�y�a�m�x�s�_�_��

�D-���O 

�>�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�^�_�l�Z�e�_�c��

�j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h��
�g�Z�a�g�Z�q�_�g�b�y��

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

�e�x�d�b�����\�k�l�Z�\�d�b���b���l���i������ 
 

�K�D-101 1965 - 
1975 

���������ƒ�K���± �����q�� 
���������ƒ�K���± �����q 

�D�j�_�f�g�_�a�_�f�g�Z�y��
�l�d�Z�g�v�� 

�D�L-�������b 
�d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_
�k�d�h�_���k�\�y�a�m�x�s�_�_��

�D-101 
�<�I�K-52 2013 ���������ƒ�K���± �����������q �D�\�Z�j�p�_�\�Z�y���l�d�Z�g�v�� 

�L�K-8/3-�D-�L�H���b 
�d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_
�k�d�h�_���k�\�y�a�m�x�s�_�_��

�D-9-�����K 
 

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

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

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

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

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

�\�u�k�h�d�b�o �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\���b�a�^�_�e�b�y�o���>24]. �>�Z�e�_�_���\ �j�Z�[�h�l�_��

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

�k�\�y�a�m�x�s�b�o���b���I�D�F���g�Z���b�o���h�k�g�h�\�_�� 

 

�N�_�g�h�e�n�h�j�f�Z�e�v�^�_�]�b�^�g�u�_���k�\�y�a�m�x�s�b�_ 

�I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �I�D�F  �g�Z���h�k�g�h�\�_���n�_�g�h�e�n�h�j�f�Z�e�v�^�_�]�b�^�g�u�o���k�\�y�a�m�x�s�b�o��

�\���h�k�g�h�\�g�h�f���i�j�b�f�_�g�y�x�l �l�\�_�j�^�u�_���k�f�h�e�u���j�_�a�h�e�v�g�h�]�h���l�b�i�Z��[25]. �I�j�b���g�Z�]�j�_�\�Z�g�b�b��

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

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

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

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

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

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

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

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

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

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

���g�_���f�_�g�_�_������ �F�I �Z)�����L�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y���h�l�\�_�j�`�^�_�g�g�u�o���I�D�F���g�Z���h�k�g�h�\�_��

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

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

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

�k�h�_�^�b�g�_�g�g�u�o�� �d�h�j�h�l�d�b�f�b�� �f�h�k�l�b�d�Z�f�b-�]�j�m�i�i�Z�f�b��-�K�G2-���� �L�Z�d�Z�y�� �k�l�j�m�d�l�m�j�Z��

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

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

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

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

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

�k�h�k�l�Z�\�_�� �k�\�y�a�m�x�s�b�o���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �w�d�k�i�e�m�Z�l�Z�p�b�y���I�D�F �g�Z�� �h�k�g�h�\�_��

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

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

�m�o�m�^�r�_�g�b�x���^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���b���f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d [26]. 

 

�;�_�g�a�h�d�k�Z�a�b�g�h�\�u�_���k�\�y�a�m�x�s�b�_ 

�B�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �h�[�e�Z�k�l�b���k�\�h�c�k�l�\�� �i�h�e�b�[�_�g�a�h�d�k�Z�a�b�g�h�\�� �[�u�e�b�� �g�Z�q�Z�l�u���\��

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

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

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

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

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

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

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

�l�_�i�e�h�k�l�h�c�d�b�f �i�h�e�b�f�_�j�g�u�f���k�\�y�a�m�x�s�b�f [17, 27]. 

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

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

�i�j�h�f�u�r�e�_�g�g�h�k�l�b [28]. �>�h�k�l�h�b�g�k�l�\�Z�f�b�� �[�_�g�a�h�d�k�Z�a�b�g�h�\�u�o�� �k�\�y�a�m�x�s�b�o��

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

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

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

�\�h�^�h�i�h�]�e�h�s�_�g�b�_���� �k�l�h�c�d�h�k�l�v�� �d�� �o�b�f�b�q�_�k�d�b�� �Z�]�j�_�k�k�b�\�g�u�f�� �k�j�_�^�Z�f�� �b �M�N-

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

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

�f�h�g�h�f�_�j�Z�f�b�����g�Z�i�j�b�f�_�j�����w�i�h�d�k�b�^�g�u�f�b���k�f�h�e�Z�f�b����[29]. 

�B�a�� �\�k�_�o�� �\�h�a�f�h�`�g�u�o�� �[�_�g�a�h�d�k�Z�a�b�g�h�\�u�o�� �k�l�j�m�d�l�m�j�� ���j�b�k�m�g�h�d 3���� �^�e�y��

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

3,4-�^�b�]�b�^�j�h-���G-1,3-�[�_�g�a�h�d�k�Z�a�b�g�u�����j�b�k�m�g�h�d 3�Z�������l�Z�d���d�Z�d���l�h�e�v�d�h���h�g�b���k�i�h�k�h�[�g�u��

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

�[�_�g�a�h�d�k�Z�a�b�g�h�\�h�]�h���d�h�e�v�p�Z�����j�b�k�m�g�h�d 3) [17]. 

 

 

�J�b�k������ �± �B�a�h�f�_�j�g�u�_���k�l�j�m�d�l�m�j�u���[�_�g�a�h�d�k�Z�a�b�g�Z 

 

�J�b�k����3 �± �I�h�e�b�f�_�j�b�a�Z�p�b�y���[�_�g�a�h�d�k�Z�a�b�g�h�\���k���j�Z�k�d�j�u�l�b�_�f���h�d�k�Z�a�b�g�h�\�h�]�h���p�b�d�e�Z 
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�;�_�g�a�h�d�k�Z�a�b�g�u�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �d�Z�d�� �q�j�_�a�\�u�q�Z�c�g�h�� �i�_�j�k�i�_�d�l�b�\�g�u�c�� �d�e�Z�k�k��

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

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

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

�k�\�y�a�m�x�s�b�f�� 

 

�P�b�Z�g�w�n�b�j�g�u�_���k�\�y�a�m�x�s�b�_ 

�I�j�b�g�p�b�i�b�Z�e�v�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �k�\�y�a�m�x�s�b�o�� �g�Z�� �h�k�g�h�\�_�� �p�b�Z�g�w�n�b�j�g�u�o��

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

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

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

�i�h�\�u�r�_�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���>30]. 

�K�� �d�h�g�p�Z�� ��������-�o�� �]�]���� �k�f�h�e�u�� �p�b�Z�g�h�\�h�]�h�� �w�n�b�j�Z���� �Z�j�f�b�j�h�\�Z�g�g�u�_��

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

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

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

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

�i�j�b�f�_�g�_�g�b�x�����\���h�k�g�h�\�g�h�f���k�l�j�Z�g�Z�o���?�\�j�h�i�u���b���K�R�:���>31, 32, 33]. 

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

�f�_�o�Z�g�b�a�f�m�� �p�b�d�e�h�l�j�b�f�_�j�b�a�Z�p�b�b�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �p�b�Z�g�m�j�Z�l�g�u�o�� �p�b�d�e�h�\�� �>34�@���� �<��

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

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

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

�l�_�f�i�_�j�Z�l�m�j�h�c�� �i�e�Z�\�e�_�g�b�y�� �[�h�e�_�_�� �������� �ƒ�K���� �H�l�\�_�j�`�^�_�g�b�_�� �i�j�h�\�h�^�y�l�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� ������-�������� �ƒ�K���� �i�j�b�� �w�l�h�f�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �l�_�� �`�_�� �f�_�l�h�^�u��

�i�j�h�i�b�l�d�b���� �q�l�h�� �b�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y�� �w�i�h�d�k�b�^�g�u�o�� �k�f�h�e�� �>14�@���� �>�e�y�� �p�b�Z�g�w�n�b�j�g�u�o��

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

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

[35]. 
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�;�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�_���k�\�y�a�m�x�s�b�_ ���;�F�B�� 

�;�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�_�� �k�b�k�l�_�f�u���^�h�f�b�g�b�j�m�x�l�� �g�Z�^�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b��

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

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

�l�_�f�i�_�j�Z�l�m�j�Z�� �i�_�j�_�j�Z�[�h�l�d�b���� �G�_�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_�� �;�F�B�� �h�[�e�Z�^�Z�x�l�� �\�u�k�h�d�h�c��

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

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

�l�_�f�i�_�j�Z�l�m�j�Z�o�� �b�k�i�h�e�v�a�m�x�l�� �k�f�_�k�b�� �j�Z�a�e�b�q�g�u�o�� �;�F�B�� �b�� �Z�f�b�g�h�\�� �>35]. 

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_�� �;�F�B�� �k�\�y�a�m�x�s�b�_�� �i�h�a�\�h�e�y�x�l�� �i�h�e�m�q�Z�l�v�� �I�D�F��

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

�f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���� 

 �;�F�B�� �f�h�]�m�l�� �m�q�Z�k�l�\�h�\�Z�l�v�� �\�� �j�y�^�_�� �o�b�f�b�q�_�k�d�b�o�� �j�_�Z�d�p�b�c���� �g�Z�i�j�b�f�_�j����

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

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

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

�w�i�h�d�k�b�^�Z�f�b���� �K�i�h�k�h�[�g�h�k�l�v�� �;�F�B�� �d�� �l�Z�d�h�f�m�� �f�g�h�`�_�k�l�\�m�� �j�_�Z�d�p�b�c�� �i�j�b�\�_�e�Z�� �d��

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

�h�k�g�h�\�_�� �;�F�B�� �h�d�Z�a�Z�e�b�k�v�� �q�j�_�a�\�u�q�Z�c�g�h�� �o�j�m�i�d�b�f�b�� �b�� �i�h�w�l�h�f�m�� �g�Z�r�e�b�� �\�_�k�v�f�Z��

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

�;�F�B���Z�e�e�b�e�n�_�g�b�e�v�g�u�o���� �;�F�B���[�b�k�� ���i�j�h�i�_�g�b�e�n�_�g�h�d�k�b���� �k�h�i�h�e�b�f�_�j�h�\�� �h�[�j�Z�a�m�x�l��

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

�i�_�j�k�i�_�d�l�b�\�g�u�o�� �I�D�F���� �I�j�b�f�_�j�h�f�� �f�h�`�_�l�� �k�e�m�`�b�l�v�� �j�y�^�� �d�h�f�f�_�j�q�_�k�d�b�o��

�i�j�h�^�m�d�l�h�\�� �n�b�j�f�� �©�6�K�H�O�O���7�H�F�K�Q�R�F�K�H�P�L�H�ª�� �i�h�^�� �l�h�j�]�h�\�h�c�� �f�Z�j�d�h�c�� �&�2�0�3�,�0�,�'�(��

���������g�Z���h�k�g�h�\�_���k�h�i�h�e�b�f�_�j�h�\���;�F�B���k���[�b�k-���h-�i�j�h�i�_�g�b�e�n�_�g�h�d�k�b�����k�m�e�v�n�h�g�h�f���b�e�b��

�[�b�k-���h-�i�j�h�i�_�g�b�e�n�_�g�h�d�k�b�����[�_�g�a�h�n�_�g�h�g�h�f [36].  

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

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

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

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

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

�f�Z�j�d�b�� �.�H�U�L�P�L�G�� ���������± �h�d�h�e�h�� ������������ �b�� �g�b�a�d�b�f�� �m�j�h�\�g�_�f�� �l�j�_�s�b�g�h�k�l�h�c�d�h�k�l�b��

(G1c=50�±�������� �>�`���f2������ �>�e�y�� �m�k�l�j�Z�g�_�g�b�y�� �^�Z�g�g�u�o�� �g�_�^�h�k�l�Z�l�d�h�\ �[�u�e�b �j�Z�a�j�Z�[�h�l�Z�g�u��

�;�F�B-�k�\�y�a�m�x�s�b�_�� �\�l�h�j�h�]�h�� �b�� �l�j�_�l�v�_�]�h�� �i�h�d�h�e�_�g�b�y���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y��

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

�m�\�_�e�b�q�_�g�g�h�c���l�j�_�s�b�g�h�k�l�h�c�d�h�k�l�v�x�� (G1c �± �^�h�������������>�`���f2) [37,25].  

�B�a���I�D�F���g�Z���h�k�g�h�\�_���;�F�B-�k�\�y�a�m�x�s�b�o���\�u�i�h�e�g�_�g�u���w�e�_�f�_�g�l�u���d�h�g�k�l�j�m�d�p�b�b��

�b�k�l�j�_�[�b�l�_�e�y�� �)-22, �\�h�_�g�g�h-�l�j�Z�g�k�i�h�j�l�g�h�]�h�� �k�Z�f�h�e�_�l�Z�� �K-������ ���a�Z�^�g�y�y�� �k�l�\�h�j�d�Z��

�h�[�l�_�d�Z�l�_�e�y�����b���\�_�j�l�h�e�_�l�Z���%�H�O�O�����������d�h�g�k�l�j�m�d�p�b�b���o�\�h�k�l�h�\�h�]�h���h�i�_�j�_�g�b�y�������Z���l�Z�d�`�_��

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

Airbus[38�@���� �N�b�j�f�h�c�� �&�\�W�H�F�� �6�R�O�Y�D�\�� �*�U�R�X�S�� ���K�R�:���� �j�Z�a�j�Z�[�h�l�Z�g�u 

�[�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�_�� �k�\�y�a�m�x�s�b�_�� �&�\�F�R�P�Š�� ��������-���� �b�� �&�\�F�R�P�Š�� ��������-4RTM, 

�i�h�a�\�h�e�y�x�s�b�_�� �i�h�e�m�q�Z�l�v���I�D�F �d�Z�d�� �i�h�� �i�j�_�i�j�_�]�h�\�h�c�� ���i�j�_�i�j�_�]�b�� �f�Z�j�h�d�� �&�\�F�R�P�Š��

5250-4/IM7-6K-5HS���� �&�\�F�R�P�Š�� ��������-�����,�0������ �&�\�F�R�P�Š�� ��������-4/G40-�������� �b�� �l���� �i��������

�l�Z�d�� �b�� �i�h�� �[�_�k�i�j�_�i�j�_�]�h�\�h�c�� �l�_�o�g�h�e�h�]�b�b���� �N�b�j�f�Z �+�H�[�F�H�O�� ���K�R�:�����i�j�h�b�a�\�h�^�b�l 

�[�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�_�� �k�\�y�a�m�x�s�b�_�� �f�Z�j�h�d�� �+�H�[�3�O�\�Š�� �)�������� �b�� �+�H�[�3�O�\�Š�� �)������ [39]. 

�;�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�_���i�j�_�i�j�_�]�b���7�H�Q�D�[�Š�����n�b�j�f�Z���7�H�L�M�L�Q�����Y�i�h�g�b�y�����Z�j�l�b�d�m�e�h�\�����������b��

���������h�l�\�_�j�`�^�Z�x�l�k�y���i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o���������±270 �ƒ�K�����Z�j�l�b�d�m�e�h�\�����������b�����������± �i�j�b��

180 �ƒ�K���� �I�D�F�� �g�Z�� �b�o�� �h�k�g�h�\�_�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �\�u�k�h�d�h�c�� �l�j�_�s�b�g�h�k�l�h�c�d�h�k�l�v�x��

[40�@�� �b�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �k�l�_�d�e�h�\�Z�g�b�y�� �������� �ƒ�K [41�@���� �N�b�j�f�h�c�� �(�Y�R�Q�L�N�� ���=�_�j�f�Z�g�b�y����

�j�Z�a�j�Z�[�h�l�Z�g�Z�� �e�b�g�_�c�d�Z �[�b�k�f�Z�e�_�b�g�b�f�b�^�g�u�o�� �k�\�y�a�m�x�s�b�o�� �&�R�P�S�L�P�L�G�H�Š�� �g�Z�� �h�k�g�h�\�_��

�j�Z�a�e�b�q�g�u�o���b�k�o�h�^�g�u�o���d�h�f�i�h�g�_�g�l�h�\���g�Z���j�Z�[�h�q�m�x���l�_�f�i�_�j�Z�l�m�j�m���I�D�F���± �^�h�������� �ƒ�K 

[42]. 

�K�j�_�^�b���r�b�j�h�d�h�]�h�� �Z�k�k�h�j�l�b�f�_�g�l�Z �;�F�B���� �i�j�b�f�_�g�y�_�f�u�o�� �\�� �d�Z�q�_�k�l�\�_��

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

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

�\�u�i�m�s�_�g�g�h�]�h���n�b�j�f�h�c���©Rhone-Poulenc�ª���i�h�^���l�h�j�]�h�\�h�c���f�Z�j�d�h�c��Kerimid�Š. 
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�J�b�k. 4 �± �K�l�j�m�d�l�m�j�g�Z�y���n�h�j�f�m�e�Z���������¶-�[�b�k-�f�Z�e�_�b�g�b�f�b�^�h�^�b�n�_�g�b�e�f�_�l�Z�g�Z 

 

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

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

�l�_�f�i�_�j�Z�l�m�j�h�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �^�h�� ������ �ƒ�K�����F�Z�l�_�j�b�Z�e�u �g�Z�� �h�k�g�h�\�_�� �;�F�B-

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

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

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

�i�Z�g�_�e�_�c���i�h�e�Z���>43]. 

 

�D�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�_���k�\�y�a�m�x�s�b�_ 

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

�\�i�_�j�\�u�_�� �\�� �f�b�j�_�� �d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�_�� �i�h�e�b�f�_�j�u���± �i�h�e�b�h�j�]�Z�g�h�k�b�e�h�d�k�Z�g�u����

�H�l�d�j�u�l�b�_���D���:�����:�g�^�j�b�Z�g�h�\�u�f�� �k�i�h�k�h�[�g�h�k�l�b�� �Z�e�d�b�e- �b�� �Z�j�b�e�Z�e�d�k�b�k�b�e�Z�g�h�\�� �i�j�b��

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

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

�\�u�k�h�d�h�c���l�_�j�f�h�k�l�h�c�d�h�c�k�l�v�x�� 

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

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

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

[44]. �>�e�y�� �j�Z�a�j�m�r�_�g�b�y�� �f�Z�d�j�h�f�h�e�_�d�m�e�u�� �d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�h�]�h�� �i�h�e�b�f�_�j�Z��

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

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

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

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

���j�b�k�m�g�h�d����): 

 

�J�b�k����5 �± �K�l�j�h�_�g�b�_���d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�h�]�h���i�h�e�b�f�_�j�Z�����]�^�_ R - �h�j�]�Z�g�b�q�_�k�d�b�_��
�j�Z�^�b�d�Z�e�u 

 

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

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

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

�l�h�e�m�h�e�v�g�u�o�� �j�Z�k�l�\�h�j�h�\��[26, 45]. �< �k�h�k�l�Z�\�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���h�k�h�[�h���r�b�j�h�d�h�_��

�i�j�b�f�_�g�_�g�b�_���g�Z�r�e�b �i�h�e�b�f�_�l�b�e�n�_�g�b�e�k�b�e�h�d�k�Z�g�h�\�Z�y�� �k�f�h�e�Z�� �D�H-�������� �b��

�i�h�e�b�f�_�l�b�e�k�b�e�h�d�k�Z�g�h�\�Z�y���D-9 [46], �Z���l�Z�d�`�_���k�f�h�e�u���F-�������D-���L�����,�&-41 [44]�����K�f�h�e�Z��

�D-���� �\�u�i�m�k�d�Z�_�l�k�y�� �\�� �\�b�^�_�� �k�i�b�j�l�h�\�h�]�h�� �e�Z�d�Z���� �Z�� �k�f�h�e�Z�� �D�H-926 - �\�� �\�b�^�_��

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

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

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

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

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

�f�h�g�h�f�_�j�g�u�o���k�h�_�^�b�g�_�g�b�c���d�j�_�f�g�b�y���k���n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v�x���•�������l�b�i�Z���5�6�L�;3�����]�^�_��

R �± �Z�e�d�b�e���� �Z�j�b�e���� �O���± �o�e�h�j���� �Z�e�d�h�d�k�b- �b�e�b�� �Z�p�_�l�h�d�k�b�]�j�m�i�i�Z������ �i�j�b�� �g�h�j�f�Z�e�v�g�u�o��

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

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

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

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

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

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

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



28 
 

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

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

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

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

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

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

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

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

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

�<���<�B�:�F�� �j�Z�a�j�Z�[�h�l�Z�g�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �g�Z�� �h�k�g�h�\�_�� �d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�h�]�h��

�k�\�y�a�m�x�s�_�]�h�� �D-9-�����K���� �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�f�u�c�� �i�h�� �5�7�0�� �l�_�o�g�h�e�h�]�b�b���� �>�Z�g�g�h�_��

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

�g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v���� �q�l�h�� �i�j�h�p�_�k�k�� �5�7�0�� �n�h�j�f�h�\�Z�g�b�y�� �^�_�l�Z�e�_�c�� �b�a�� �I�D�F��

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

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

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

�\�u�^�_�j�`�b�\�Z�l�v���l�_�f�i�_�j�Z�l�m�j�m�����g�_�h�[�o�h�^�b�f�m�x���^�e�y���n�h�j�f�h�\�Z�g�b�y���I�D�F���� 

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

�d�h�f�i�h�a�b�p�b�h�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\�����L�Z�d�����n�b�j�f�Z��Barrday Composite Solutions ���K�R�:����

�j�_�d�e�Z�f�b�j�m�_�l�� �d�j�_�f�g�b�c�h�j�]�Z�g�b�q�_�k�d�b�c�� �i�j�_�i�j�_�]��LC 163 Silicon Prepreg [47]. 

�K�h�^�_�j�`�Z�g�b�_���k�f�h�e�u���\���i�j�_�i�j�_�]�_���������± 41 �������k�j�h�d���o�j�Z�g�_�g�b�y�������f�_�k�����i�j�b�������ƒ�K�����b��  

���� �f�_�k���� �i�j�b�� �f�b�g�m�k�� ��8 �ƒ�K���� �I�j�_�i�j�_�]�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�l�v�� �\��

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

177 �ƒ�K���� �h�l�\�_�j�`�^�_�g�b�_�f�� �i�j�b�� �w�l�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�� �l�_�q�_�g�b�_�� ������ �f�b�g���� �b��

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

�b�g�l�_�j�\�Z�e�_�� �l�_�f�i�_�j�Z�l�m�j�� ���������± 250 �ƒ�K�� �\�� �l�_�q�_�g�b�_�� ������ �q���� �K�l�_�d�e�h�i�e�Z�k�l�b�d�b�� �b�a��

�i�j�_�i�j�_�]�Z��LC 1������ �l�_�j�f�b�q�_�k�d�b�� �k�l�Z�[�b�e�v�g�u�� �i�j�b�� ������ �ƒ�K���� �b�f�_�x�l�� �g�b�a�d�h�_��

�\�h�^�h�i�h�]�e�h�s�_�g�b�_�� ������������ ���� �i�h�k�e�_�� ������ �q�� �i�h�]�j�m�`�_�g�b�y�� �\�� �\�h�^�m������ �g�b�a�d�b�_��

�^�b�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�h�l�_�j�b���� �K�l�_�d�e�h�i�e�Z�k�l�b�d�b�� �b�a�� �i�j�_�i�j�_�]�Z��LC �������� �f�h�]�m�l��

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



29 
 

�l�j�Z�g�k�n�h�j�f�Z�l�h�j�h�\���� �^�m�]�h�k�l�h�c�d�b�o�� �[�Z�j�v�_�j�g�u�o�� �m�k�l�j�h�c�k�l�\�Z�o�� �b�� �^�j���� �N�b�j�f�Z��Park 

Electrochemical Corp.(C�R�:���� �i�j�_�^�e�Z�]�Z�_�l��Nelcote�Š��S-860 Silicon Prepreg �g�Z��

�h�k�g�h�\�_�� �k�l�_�d�e�h�l�d�Z�g�b�� ��������-112NPH E-Glass �b�� �k�b�e�b�d�h�g�h�\�h�c�� �k�f�h�e�u�� �k�� �o�h�j�h�r�b�f��

�k�h�q�_�l�Z�g�b�_�f�� �l�_�j�f�h�k�l�h�c�d�h�k�l�b�� �b�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��[48]. �I�j�_�i�j�_�]��

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

�^�e�y���h�[�l�_�d�Z�l�_�e�_�c�� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

�N�l�Z�e�h�g�b�l�j�b�e�v�g�u�_���k�\�y�a�m�x�s�b�_  

�G�Z�q�b�g�Z�y �k������-70-�o���]�h�^�h�\���i�j�h�r�e�h�]�h���\�_�d�Z���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b���k�b�g�l�_�a�Z 

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

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

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

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

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

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

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



30 
 

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

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

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

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

[49, 50].  

�D�� �i�h�e�b�]�_�l�_�j�h�Z�j�b�e�_�g�Z�f�� �h�l�g�h�k�y�l�k�y�� �n�l�Z�e�h�g�b�l�j�b�e�u���� �d�h�l�h�j�u�_��

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

���l�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y���k�\�u�r�_�����������ƒ�K�����^�e�y���I�D�F��(�j�b�k�m�g�h�d�� 6). 
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�J�b�k. 6 �± �K�l�j�m�d�l�m�j�g�Z�y���n�h�j�f�m�e�Z���n�l�Z�e�h�g�b�l�j�b�e�Z 

 

�O�h�^�� �j�_�Z�d�p�b�b�� �i�h�e�b�f�_�j�b�a�Z�p�b�b�� �n�l�Z�e�h�g�b�l�j�b�e�h�\�� �k�m�s�_�k�l�\�_�g�g�h�� �a�Z�\�b�k�b�l�� �h�l��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�k�b�k�l�_�f�_�� �\�h�k�k�l�Z�g�h�\�b�l�_�e�_�c�� �>51]. �<�� �i�j�h�p�_�k�k�_�� �h�l�\�_�j�`�^�_�g�b�y�� �g�_�� �i�j�h�b�k�o�h�^�b�l��

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

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

�g�_�h�l�\�_�j�`�^�_�g�g�h�]�h�� �n�l�Z�e�h�g�b�l�j�b�e�v�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �g�Z�o�h�^�b�l�k�y�� �a�g�Z�q�b�l�_�e�v�g�h��

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

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

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

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

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

�w�d�a�h�l�_�j�f�b�q�_�k�d�b�f���w�n�n�_�d�l�h�f [52], �q�l�h���i�h�a�\�h�e�y�_�l���b�a�]�h�l�Z�\�e�b�\�Z�l�v���l�h�e�k�l�h�k�l�_�g�g�u�_��

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

�q�Z�k�l�h���g�Z�[�e�x�^�Z�_�f�h�]�h���i�j�b���n�h�j�f�h�\�Z�g�b�b���I�D�F���� 

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

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

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

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

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

�i�h�j�h�r�d�h�\���� �j�Z�k�i�e�Z�\�u�� �d�h�l�h�j�u�o �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o���\�u�r�_���������� �ƒ�K���b�f�_�x�l�� �g�b�a�d�m�x��

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

�i�_�j�_�j�Z�[�h�l�d�b���� �d�Z�d�� �i�j�h�i�b�l�d�Z�� �i�h�^�� �^�Z�\�e�_�g�b�_�f�� ���5�7�0���� �b�� �\�Z�d�m�m�f�g�Z�y�� �b�g�n�m�a�b�y��

���9�$�5�7�0�������L�Z�d�����d�h�f�i�Z�g�b�y���*�.�1���:�H�V�W�O�D�Q�G���$�H�U�R�V�S�D�F�H���,�Q�F�������K�R�:�����b�k�i�h�e�v�a�h�\�Z�e�Z��

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

�m�]�e�_�j�h�^�g�h�c���l�d�Z�g�b���i�m�l�_�f���i�j�h�i�b�l�d�b���i�h�^���^�Z�\�e�_�g�b�_�f���\���n�h�j�f�_�����5�7�0�����>53-54]. 

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

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

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

�n�h�j�f�h�\�Z�g�b�_���d�j�m�i�g�h�]�Z�[�Z�j�b�l�g�u�o���d�h�g�k�l�j�m�d�p�b�c���� 
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�<�� �j�Z�[�h�l�_��[55] �l�Z�d�`�_�� �[�u�e�Z���i�j�_�^�e�h�`�_�g�Z�� �[�_�a�i�j�_�i�j�_�]�h�\�Z�y�� �l�_�o�g�h�e�h�]�b�y��

�b�a�]�h�l�h�\�e�_�g�b�y���I�D�F �b�a���i�h�j�h�r�d�h�\�h�]�h���n�l�Z�e�h�g�b�l�j�b�e�v�g�h�]�h���k�\�y�a�m�x�s�_�]�h�����H�k�g�h�\�h�c��

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

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

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

�i�h�k�e�_�^�m�x�s�_�c�� �\�u�d�e�Z�^�d�h�c�� �k�e�h�z�\�� �\�� �i�Z�d�_�l�� �b�� �_�]�h�� �n�h�j�f�h�\�Z�g�b�_�f�� �\�� �i�j�_�k�k�_���� �D��

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

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

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

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

�k�e�h�`�g�h�i�j�h�n�b�e�v�g�u�o���d�h�g�k�l�j�m�d�p�b�c�� 

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

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

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

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

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

�l�_�o�g�h�e�h�]�b�b���� �K�\�y�a�m�x�s�b�_�� �g�Z�� �h�k�g�h�\�_�� �n�l�Z�e�h�g�b�l�j�b�e�h�\�� �j�Z�k�l�\�h�j�y�x�l�k�y�� �\��

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

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

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

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

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

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

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

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

�^�_�l�Z�e�_�c���� �q�l�h�� �\�e�_�q�_�l�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �h�[�t�z�f�g�h�c�� �^�h�e�b�� �i�h�j�b�k�l�h�k�l�b�� �\�� �I�D�F          

(6-8 %)���� �b�� �d�Z�d�� �k�e�_�^�k�l�\�b�_�� �d�� �k�g�b�`�_�g�b�x�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �b�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o��

�k�\�h�c�k�l�\���� 

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

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

�b�a�]�h�l�h�\�e�_�g�b�y���i�j�_�i�j�_�]�Z�� 

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

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

�i�h�e�_���k���i�h�k�e�_�^�m�x�s�b�f���_�]�h���h�i�e�Z�\�e�_�g�b�_�f [55]. �<���h�k�g�h�\�m���w�l�h�]�h���k�i�h�k�h�[�Z���i�h�e�h�`�_�g�h��

�w�e�_�d�l�j�h�]�j�Z�\�b�l�Z�p�b�h�g�g�h�_�� �g�Z�g�_�k�_�g�b�_�� �i�h�j�h�r�d�h�\���� �H�k�g�h�\�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f��

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

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

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

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

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

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

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

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

�k�^�_�j�`�b�\�Z�x�s�b�f�� �n�Z�d�l�h�j�h�f�� �r�b�j�h�d�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �I�D�F�� �g�Z�� �h�k�g�h�\�_��

�n�l�Z�e�h�g�b�l�j�b�e�h�\���y�\�e�y�_�l�k�y���b�o���\�u�k�h�d�Z�y���k�l�h�b�f�h�k�l�v���>56]. 

 

�I�h�e�b�b�f�b�^�g�u�_���k�\�y�a�m�x�s�b�_�� 

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

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

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

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

NR-150, LARC���� �\�� �d�Z�q�_�k�l�\�_�� �k�\�y�a�m�x�s�b�o�� �^�e�y�� �I�D�F���� �;�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �b��

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

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

�l�_�j�f�h�j�_�Z�d�l�b�\�g�u�_���i�h�e�b�b�f�b�^�u�����h�[�e�Z�^�Z�x�s�b�_���\�u�k�h�d�h�c���l�_�j�f�h�k�l�h�c�d�h�k�l�v�x���>57]. 

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

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

�j�_�Z�d�p�b�h�g�g�h�k�i�h�k�h�[�g�u�_�� �h�e�b�]�h�f�_�j�u���� �k�h�^�_�j�`�Z�s�b�_�� �b�f�b�^�g�u�_�� �p�b�d�e�u���� �G�Z�b�[�h�e�_�_��

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

�[�b�k�f�Z�e�_�b�g�b�f�b�^�u���b���w�g�^�h�f�_�l�b�e�_�g�l�_�l�j�Z�]�b�^�j�h�n�l�Z�e�b�f�b�^ [58, 59]. 

�K�\�y�a�m�x�s�b�_�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�b�f�b�^�h�\�� �i�h�a�\�h�e�y�x�l�� �k�h�a�^�Z�\�Z�l�v�� �I�D�F�� �k��

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

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

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

�j�Z�k�l�\�h�j�b�f�h�k�l�v�����;�h�e�v�r�b�g�k�l�\�h�� �i�h�e�b�b�f�b�^�h�\�� �b�g�_�j�l�g�u�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d��

�h�j�]�Z�g�b�q�_�k�d�b�f�� �j�Z�k�l�\�h�j�b�l�_�e�y�f, �f�Z�k�e�Z�f�� �b�� �d�� �j�Z�a�[�Z�\�e�_�g�g�u�f�� �d�b�k�e�h�l�Z�f���� �H�[�s�Z�y��

�n�h�j�f�m�e�Z���i�h�e�b�b�f�b�^�h�\���i�j�b�\�_�^�_�g�Z���g�Z���j�b�k�m�g�d�_��7: 

 

�J�b�k. 7 �± �H�[�s�Z�y���n�h�j�f�m�e�Z���i�h�e�b�b�f�b�^�h�\ 
 

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

�a�Z�f�_�k�l�b�l�_�e�b���� �l�h�]�^�Z�� �d�Z�d�� �j�Z�^�b�d�Z�e�� �5�� �^�h�e�`�_�g�� �k�h�^�_�j�`�Z�l�v�� �j�_�Z�d�p�b�h�g�g�h-�k�i�h�k�h�[�g�m�x��

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

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

�`�_�k�l�d�h�k�l�v�x�� �b�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �k�l�_�d�e�h�\�Z�g�b�y�� ���7g) [60, 61]. �G�Z�b�[�h�e�_�_��

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

�f�h�`�g�h���j�Z�a�^�_�e�b�l�v���g�Z���l�j�b���l�b�i�Z�� 

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

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

�d�h�l�h�j�Z�y�� �\�� �i�j�h�p�_�k�k�_�� �n�h�j�f�h�\�Z�g�b�y�� �I�D�F�� �h�l�\�_�j�`�^�Z�_�l�k�y�� �i�h��

�i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�f�m�� �f�_�o�Z�g�b�a�f�m���� �K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �I�D�F�� �g�Z�� �h�k�g�h�\�_��

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

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

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

(PETI-�i�h�e�b�b�f�b�^�u). �H�k�h�[�_�g�g�h�k�l�v�x�� �3�(�7�,�� �k�\�y�a�m�x�s�b�o�� �y�\�e�y�_�l�k�y�� �h�l�k�m�l�k�l�\�b�_��

�k�l�Z�^�b�b�� �b�f�b�^�b�a�Z�p�b�b�� �\�� �i�j�h�p�_�k�k�_�� �n�h�j�f�h�\�Z�g�b�y�� �I�D�F���� �Z�� �l�Z�d�`�_�� �\�h�a�f�h�`�g�h�k�l�v��

�i�j�b�f�_�g�_�g�b�y���b�g�`�_�d�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�c���i�h�e�m�q�_�g�b�y���I�D�F�����5�7�0�����5�)�,���b���^�j��)  

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

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

�h�[�j�Z�a�h�\�Z�g�b�y�� �h�e�b�]�h�f�_�j�Z�� ���3�0�5-�i�h�e�b�b�f�b�^�u������ �H�k�h�[�_�g�g�h�k�l�v�x�� �k�\�y�a�m�x�s�b�o��

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

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

�g�_�g�Z�k�u�s�_�g�g�u�o�� �d�h�g�p�_�\�u�o�� �]�j�m�i�i�� �g�Z�� �\�l�h�j�h�c�� �k�l�Z�^�b�b���� �;�h�e�v�r�b�g�k�l�\�h��

�i�j�b�f�_�g�y�_�f�u�o���\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���n�b�j�f�Z�f�b���3�U�D�W�W���	���:�K�L�W�Q�H�\���b���*�H�Q�H�U�D�O���(�O�H�F�W�U�L�F��

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

�i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c���f�h�^�b�n�b�d�Z�p�b�b���k�\�y�a�m�x�s�_�]�h���f�Z�j�d�b���3�0�5-���������1�$�6�:�����K�R�:����

[20]. 

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

�e�b�l�_�j�Z�l�m�j�_�� �i�h�^�� �l�h�j�]�h�\�h�c�� �f�Z�j�d�h�c��Thermid MC ���j�b�k�m�g�h�d�� ��)���� �k�h�k�l�Z�\�g�u�f�b��

�w�e�_�f�_�g�l�Z�f�b�� �d�h�l�h�j�u�o�� �y�\�e�y�x�l�k�y��1,2-�[�b�k-�����¶-�Z�f�b�g�h�n�_�g�h�d�k�b���� �[�_�g�a�h�e����

�^�b�Z�g�]�b�^�j�b�^���[�_�g�a�h�n�_�g�h�g�l�_�l�j�Z�d�Z�j�[�h�g�h�\�h�c���d�b�k�e�h�l�u �b����-�w�l�b�e�Z�g�b�e�b�g. 

 

�J�b�k. 8 �± �K�l�j�m�d�l�m�j�g�Z�y���n�h�j�f�m�e�Z��Thermid MC-600 

 

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

�p�_�e�h�c���k�_�j�b�b���h�e�b�]�h�b�f�b�^�h�\���f�Z�j�d�b��Thermid [62]. 

�N�h�j�i�h�e�b�f�_�j��Thermid MC-�������� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �i�j�b�]�h�l�h�\�e�_�g�b�y��

�i�j�_�i�j�_�]�h�\���� �A�Z�f�_�g�Z�� �\���k�h�k�l�Z�\�_��Thermid MC-�������� �^�b�Z�g�]�b�^�j�b�^�Z�� �;�A�N�� �g�Z�� ������-�[�b�k-
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(3,4-�^�b�d�Z�j�[�h�d�k�b�n�_�g�b�e���� �]�_�d�k�Z�n�l�h�j�i�j�h�i�Z�g�� ���^�b�Z�g�]�b�^�j�b�^�� ��F���� �i�h�\�u�r�Z�_�l��

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

�l�_�f�i�_�j�Z�l�m�j�u�� �i�e�Z�\�e�_�g�b�y��Thermid MC-�������� �k�� �������� �^�h�� ������ �ƒ�K�� �[�u�e�h�� �^�h�k�l�b�]�g�m�l�h��

�i�j�b�]�h�l�h�\�e�_�g�b�_�f���b�a�h�b�f�b�^�g�h�]�h���\�Z�j�b�Z�g�l�Z���F�K-600. 

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

�k�b�k�l�_�f�� �l�b�i�Z��Thermid �������� �h�k�m�s�_�k�l�\�e�y�x�l�� �i�j�h�i�b�l�d�h�c�� �Z�j�f�b�j�m�x�s�_�]�h��

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

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

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

�\�u�^�_�e�_�g�b�y�� �e�_�l�m�q�b�o�� �i�j�h�^�m�d�l�h�\�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ������-340 �ƒ�K���� �^�Z�\�e�_�g�b�b��        

���������� �F�I�Z���� �q�l�h�� �k�i�h�k�h�[�k�l�\�m�_�l�� �h�[�j�Z�a�h�\�Z�g�b�x�� �d�h�f�i�h�a�b�l�Z�� �k�� �g�b�a�d�h�c�� �i�h�j�b�k�l�h�k�l�v�x����

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

HT-S �i�h�d�Z�a�u�\�Z�x�l�� �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y�� �i�j�h�q�g�h�k�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�j�b��

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

316 �ƒ�K�� �k�h�k�l�Z�\�e�y�_�l�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� ���������� �=�I�Z�� �b�� ���������� �F�I�Z������ �H�^�g�Z�d�h�� �\�� �i�j�h�p�_�k�k�_��

�l�_�j�f�h�k�l�Z�j�_�g�b�y�� ������������ �q�� �i�j�b�� ������ �ƒ�K�����i�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b���i�j�b�� �b�a�]�b�[�_��

�m�f�_�g�v�r�Z�_�l�k�y�� �^�h�� ���������� �=�I�Z���� �G�_�k�f�h�l�j�y�� �g�Z���\�u�k�h�d�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�l�\�_�j�`�^�_�g�b�y�� 

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

�k�h�k�l�Z�\�b�e�������� �ƒ�K�� 

�H�^�g�Z�d�h���i�j�b�f�_�g�_�g�b�_��Thermid �F�K-�������� �\���d�Z�q�_�k�l�\�_���k�\�y�a�m�x�s�_�]�h�� �^�e�y�� �I�D�F��

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

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

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

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

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

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

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

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

�i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� ��������-350 �ƒ�K���� �i�j�_�l�_�j�i�_�\�Z�_�l�� �i�j�_�\�j�Z�s�_�g�b�_���� �h�[�j�Z�l�g�h�_��
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�j�_�Z�d�p�b�b�� �>�b�e�v�k�Z-�:�e�v�^�_�j�Z���� �W�l�h�l�� �i�j�h�p�_�k�k�� �[�u�e�� �i�h�e�h�`�_�g�� �\�� �h�k�g�h�\�m�� �i�h�e�m�q�_�g�b�y��

�i�h�e�b�b�f�b�^�h�\���k�_�j�b�b��P13N ���j�b�k�m�g�h�d����). 
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�J�b�k. 9 �± �K�l�j�m�d�l�m�j�g�Z�y���n�h�j�f�m�e�Z���i�h�e�b�b�f�b�^�h�\���k�_�j�b�b��P13N 

 

�>�e�y�� �i�h�e�b�b�f�b�^�h�\�� �k�_�j�b�b��P13N �h�[�j�Z�a�h�\�Z�g�b�_�� �h�e�b�]�h�b�f�b�^�g�u�o��

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

�j�_�a�m�e�v�l�Z�l�_�� �l�_�j�f�b�q�_�k�d�h�c�� �^�_�]�b�^�j�h�p�b�d�e�b�a�Z�p�b�b�� �Z�f�b�^�h�d�b�k�e�h�l�u���� �k�h�^�_�j�`�Z�s�_�c�� �w�l�b��

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

�\�u�k�h�d�h�d�b�i�y�s�b�o�� �j�Z�k�l�\�h�j�b�l�_�e�_�c�����I�j�b�f�_�j�h�f�� �y�\�e�y�_�l�k�y�� �k�\�y�a�m�x�s�_�_ P105AC, 

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

�k�\�y�a�m�x�s�_�]�h��P105AC �y�\�e�y�_�l�k�y�� �b�f�b�^�g�h�_�� �k�\�y�a�m�x�s�_�_ �:�I�B -���� �k��                            

M = (10.5 �± �������������o������2. 

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

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

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

�H�[�j�Z�a�h�\�Z�g�b�_��PMR-�i�h�e�b�b�f�b�^�h�\�� �i�j�h�b�k�o�h�^�b�l�� �b�a �f�h�g�h�f�_�j�h�\���� �d�h�l�h�j�u�_��

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

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

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

�b�k�o�h�^�g�h�]�h���h�e�b�]�h�f�_�j�Z�� 

�D��PMR-�i�h�e�b�b�f�b�^�Z�f�� �©�i�_�j�\�h�]�h�� �i�h�d�h�e�_�g�b�y�ª�� �h�l�g�h�k�y�l�� �k�\�y�a�m�x�s�_�_��PMR-15 

�g�Z�� �h�k�g�h�\�_�� �f�h�g�h�Z�e�d�b�e�h�\�h�]�h�� �w�n�b�j�Z�� ��-�g�h�j�[�h�j�g�_�g-2,3-�^�b�d�Z�j�[�h�g�h�\�h�c�� �d�b�k�e�h�l�u����

�^�b�f�_�l�b�e�h�\�]�h���w�n�b�j�Z���������¶���������¶-�[�_�g�a�h�n�_�g�h�g�l�_�l�j�Z�d�Z�j�[�h�g�h�\�h�c���d�b�k�e�h�l�u�����>�:�;�L�D�����b����
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�������¶-�^�b�Z�f�b�g�h�^�b�n�_�g�b�e�f�_�l�Z�g�����>�:�>�N�F�������I�D�F �g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���3�0�5-15, 

�h�[�e�Z�^�Z�x�l���\�u�k�h�d�b�f���m�j�h�\�g�_�f���b���k�l�Z�[�b�e�v�g�h�k�l�v�x���k�\�h�c�k�l�\�� [63]. 

�B�a�]�h�l�h�\�e�_�g�b�_�� �I�D�F�� �g�Z�� �h�k�g�h�\�_��PMR-�i�h�e�b�b�f�b�^�h�\�� �i�j�h�\�h�^�y�l��

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

�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���h�l�\�_�j�`�^�_�g�b�y���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������� �ƒ�K���k�h�k�l�Z�\�e�y�_�l��1-�����q���k��

�i�h�k�e�_�^�m�x�s�_�c���\�u�^�_�j�`�d�h�c���g�Z���\�h�a�^�m�o�_���i�j�b�������� �ƒ�K���\���l�_�q�_�g�b�_����-�������q [64]. 

�D�� �g�_�^�h�k�l�Z�l�d�Z�f �k�\�y�a�m�x�s�_�]�h�� �3�0�5-������ �h�l�g�h�k�b�l�k�y�� �g�Z�e�b�q�b�_�� �\�� �_�]�h�� �k�h�k�l�Z�\�_��

�^�b�Z�f�b�g�h�^�b�n�_�g�b�e�f�_�l�Z�g�Z�� ���>�:�>�N�F��. �W�l�h�� �\�_�s�_�k�l�\�h�� �h�d�Z�a�u�\�Z�_�l�� �k�b�e�v�g�h�_��

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

�g�Z�j�m�r�_�g�b�b���n�m�g�d�p�b�c���i�_�q�_�g�b�����M�i�j�Z�\�e�_�g�b�_���i�h���h�o�j�Z�g�_���l�j�m�^�Z���b���a�^�h�j�h�\�v�y�����2�6�+�$����

�K�R�:���� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�� �k�l�j�h�]�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �i�j�b�� �j�Z�[�h�l�_�� �k�� �>�:�>�N�F �\�� �i�j�h�p�_�k�k�_��

�b�a�]�h�l�h�\�e�_�g�b�y���d�h�f�i�h�a�b�p�b�h�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\���g�Z���h�k�g�h�\�_���3�0�5-15.  

�M�q�_�g�u�f�b�� �G�:�K�:�� �k�h�a�^�Z�g�Z�� �f�h�^�b�n�b�d�Z�p�b�y�� �k�\�y�a�m�x�s�_�]�h��                          

PMR-15 �± DMBZ-�������g�Z���h�k�g�h�\�_���������
-�^�b�f�_�l�b�e�[�_�g�a�b�^�b�g�Z�����d�h�l�h�j�Z�y���g�_���k�h�^�_�j�`�b�l���\��

�k�\�h�z�f�� �k�h�k�l�Z�\�_���>�:�>�N�F���� �i�h�d�Z�a�u�\�Z�_�l���[�h�e�_�_�� �\�u�k�h�d�b�_ �l�_�f�i�_�j�Z�l�m�j�m���k�l�_�d�e�h�\�Z�g�b�y 

�������ž�K�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��PMR-15 (Tg� �������� �ž�K���� �b���f�_�o�Z�g�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�Z�o���^�h�����������ž�K���� 

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

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

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

PMR-II  �k�� �\�u�k�h�d�b�f�b�� �i�j�h�q�g�h�k�l�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �^�h��

316 �ƒ�K�� �K�j�h�d�� �k�e�m�`�[�u�� �d�h�f�i�h�a�b�l�h�\�� �g�Z�� �h�k�g�h�\�_��PMR-II  �i�j�b�� ������ �ƒ�K�� �\�� ���� �j�Z�a�Z��

�[�h�e�v�r�_�����q�_�f���^�e�y���k�f�h�e�u���©�i�_�j�\�h�]�h���i�h�d�h�e�_�g�b�y�ª��PMR-15. 

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

�a�g�Z�q�b�l�_�e�v�g�h�� �^�h�j�h�`�_���� �q�_�f�� �g�Z�� �h�k�g�h�\�_�� �k�f�h�e��PMR-�������� �g�h�� �h�[�e�Z�^�Z�x�l�� �[�h�e�_�_��

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

�^�e�y�� �d�h�f�i�h�a�b�l�h�\��PMR-II  �i�j�b�� ������ �ƒ�K�� �k�h�o�j�Z�g�y�_�l�k�y�� �g�Z�� �m�j�h�\�g�_�� ����-38 �F�I�Z�� �\��

�l�_�q�_�g�b�_�������������q�����^�e�y��PMR-15 �± �g�_���[�h�e�_�_�����������q�� 

�K�\�y�a�m�x�s�b�_�� �l�b�i�Z��PMR (LARC-���������� �y�\�b�e�b�k�v�� �h�k�g�h�\�g�u�f�b�� �\�� �K�R�:�� �^�e�y��

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

�R�Z�l�l�e�ª, �h�[�s�_�_���m�f�_�g�v�r�_�g�b�_���f�Z�k�k�u���d�h�l�h�j�h�]�h���k�h�k�l�Z�\�e�y�e�h������������ 

�H�^�g�b�f�� �b�a�� �e�b�^�_�j�h�\�� �g�Z�� �j�u�g�d�_�� �I�D�F�� �g�Z�� �h�k�g�h�\�_�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o��

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

�i�j�b�f�_�g�y�x�l�k�y�� �n�b�j�f�Z�f�b��Boeing, Airbus���� �Z�� �l�Z�d�`�_�� �i�j�b�� �i�j�h�b�a�\�h�^�k�l�\�_�� �b�a�^�_�e�b�c��

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

�<���J�h�k�k�b�b���l�Z�d�`�_���j�Z�a�j�Z�[�h�l�Z�g�u���I�D�F �g�Z���h�k�g�h�\�_���i�h�e�b�b�f�b�^�g�u�o �k�\�y�a�m�x�s�b�o����

�<�� �<�B�:�F�� �j�Z�a�j�Z�[�h�l�Z�g�� �m�]�e�_�i�e�Z�k�l�b�d�� �f�Z�j�d�b�� �D�F�M-���� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h��

�I�:�B�K-�������� �b�� �m�]�e�_�j�h�^�g�h�c�� �e�_�g�l�u�� �W�E�M�J���� �>�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z��

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

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

�l�_�j�f�b�q�_�k�d�m�x�� �k�l�h�c�d�h�k�l�v�� �m�]�e�_�i�e�Z�k�l�b�d�Z�� �D�F�M-���� �i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �j�Z�[�h�q�_�c��

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

�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z [65]. �G�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �K�I-�����K �j�Z�a�j�Z�[�h�l�Z�g��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�� �K�L�I-�����k���� �h�[�e�Z�^�Z�x�s�b�c�� �\�u�k�h�d�b�f�b �l�_�j�f�h�k�l�h�c�d�h�k�l�v�x�� �b��

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

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

�H�k�g�h�\�g�u�f�b�� �g�_�^�h�k�l�Z�l�d�Z�f�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �K�L�I-�����k�� �y�\�e�y�x�l�k�y�� �g�b�a�d�b�_��

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

�i�h�\�u�r�_�g�g�Z�y�� �i�h�j�b�k�l�h�k�l�v���� �\�u�k�h�d�Z�y�� �������� �ƒ�K���� �l�_�f�i�_�j�Z�l�m�j�Z�� �n�h�j�f�h�\�Z�g�b�y����

�D�h�g�^�_�g�k�Z�p�b�h�g�g�u�c�� �o�Z�j�Z�d�l�_�j�� �h�l�\�_�j�`�^�_�g�b�y�� �k�\�y�a�m�x�s�_�]�h�� �K�I-�����K �y�\�e�y�_�l�k�y��

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

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

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

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

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

�i�h�\�u�r�_�g�g�u�_���l�_�f�i�_�j�Z�l�m�j�g�u�_���l�j�_�[�h�\�Z�g�b�y��[66, 67]. 

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

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

�k�l�b�f�m�e�b�j�h�\�Z�e�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�� �f�h�^�b�n�b�d�Z�p�b�b�� �i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h��
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�K�I-97�K �j�Z�a�e�b�q�g�u�f�b�� �f�h�g�h�f�_�j�g�u�f�b�� �b�� �h�e�b�]�h�f�_�j�g�u�f�b�� �k�h�_�^�b�g�_�g�b�y�f�b����

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

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

�b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�h�� �j�Z�a�j�Z�[�h�l�Z�g�h�� �k�\�y�a�m�x�s�_�_�� �K�I-�����D�� �k�� �d�h�g�_�q�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�h�c���h�l�\�_�j�`�^�_�g�b�y�������� �ƒ�K���� 

�G�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�b�o�� �K�I-�����K �b�� �K�I-�����D�� �\�� �<�B�:�F�� �[�u�e�� �j�Z�a�j�Z�[�h�l�Z�g��

�Z�k�k�h�j�l�b�f�_�g�l�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_�� �j�Z�a�e�b�q�g�u�o�� �g�Z�i�h�e�g�b�l�_�e�_�c���� �L-10-80, 

�L-10-�������� �L�K-8/3-�D-�L�H���� �L-�������I��-�������� �L-�������I��-�������� �D�L-11-�L�H�� �>�Z�g�g�u�_��

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

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

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

�w�e�_�d�l�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�u�o���m�k�l�j�h�c�k�l�\���b �l���i��  [68]. 

 �G�Z�� �h�k�g�h�\�_�� �h�l�_�q�_�k�l�\�_�g�g�u�o�� �k�\�y�a�m�x�s�b�o�� �k�_�j�b�b�� �:�I�B �[�u�e�b�� �i�h�e�m�q�_�g�u��

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

�g�b�a�d�h�c���i�h�j�b�k�l�h�k�l�v�x���b���^�e�b�l�_�e�v�g�h�c���j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�x���i�j�b����50-�������ƒ�K���� 

�>�e�y�� �i�h�e�m�q�_�g�b�y�� �m�]�e�_�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�b�o���:�I�B  

�b�a�]�h�l�Z�\�e�b�\�Z�e�b�� �i�j�_�i�j�_�]�b�� �i�j�h�i�b�l�d�h�c�� �m�]�e�_�j�h�^�g�h�c�� �l�d�Z�g�b�� �W�E�M�J-�I  �k�i�b�j�l�h�\�u�f��

�j�Z�k�l�\�h�j�h�f�� �b�e�b�� �j�Z�k�i�e�Z�\�h�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �G-�d�h�f�i�e�_�d�k�h�\�����I�j�_�^�_�e��

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

���������� �F�I�Z (20 �ƒ�K������ �^�b�g�Z�f�b�q�_�k�d�b�c�� �f�h�^�m�e�v�� �m�i�j�m�]�h�k�l�b�� �k�h�k�l�Z�\�e�y�e�� ��������-6000 

�F�I�Z�������� �ƒ�K����[25]. 

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

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

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

�<�I�K�������>�e�y���i�h�e�m�q�_�g�b�y���i�h�e�m-�<�I�K���b�k�i�h�e�v�a�m�x�l���^�\�Z�����b�e�b���[�h�e�_�_�����i�h�e�b�f�_�j�Z�����h�^�b�g��

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

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

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

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

�i�j�b�h�[�j�_�l�Z�_�l���k�\�h�c�k�l�\�Z���e�b�g�_�c�g�h�]�h���l�_�j�f�h�i�e�Z�k�l�Z���� 
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�I�h�e�m-�<�I�K�� �i�h�^�j�Z�a�^�_�e�y�x�l�� �g�Z�� �i�h�e�m-1-�<�I�K�� �b�� �i�h�e�m-2-�<�I�K�� �\�� �a�Z�\�b�k�b�f�h�k�l�b��

�h�l���l�h�]�h�����y�\�e�y�_�l�k�y���e�b�g�_�c�g�u�f���b�e�b���k�r�b�\�Z�x�s�b�f�k�y���i�_�j�\�u�c���d�h�f�i�h�g�_�g�l���k�f�_�k�b��[69],  

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

�e�b�g�_�c�g�h�]�h���l�_�j�f�h�i�e�Z�k�l�Z�����Z���l�_�j�f�h�i�e�Z�k�l���i�j�b�^�Z�_�l���]�b�[�d�h�k�l�v���k�b�k�l�_�f�_ [21]. 

�K�h�q�_�l�Z�g�b�_���l�_�i�e�h�k�l�h�c�d�h�k�l�b�����i�j�h�q�g�h�k�l�b���b���`�_�k�l�d�h�k�l�b���i�h�e�b�b�f�b�^�g�u�o���I�D�F 

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

�^�_�l�Z�e�_�c�� �b�� �m�a�e�h�\�� �=�L�>�� �k�Z�f�h�e�_�l�h�\���� �A�Z�f�_�g�Z�� �i�m�k�l�h�l�_�e�u�o�� �l�b�l�Z�g�h�\�u�o�� �e�h�i�Z�l�h�d��

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

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

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

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

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

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

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

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

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

�d�j�m�i�g�u�_���^�_�l�Z�e�b���Z�\�b�Z�p�b�h�g�g�u�o���^�\�b�]�Z�l�_�e�_�c���>58]. 

 

���������L�_�o�g�h�e�h�]�b�b���b�a�]�h�l�h�\�e�_�g�b�y���i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b �I�D�F �g�Z���b�o���h�k�g�h�\�_ 

�B�a�\�_�k�l�g�h [70 - 75] �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �l�_�o�g�h�e�h�]�b�c�� �k�h�\�f�_�s�_�g�b�y��

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

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

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

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

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

�b���l���^���� 

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

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

���9�$�5�7�0�����5�)�,�����5�7�0���b���l���^�������� 
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�K�j�_�^�b���©�^�b�j�_�d�l�b�\�g�u�o�ª���f�_�l�h�^�h�\���r�b�j�h�d�h�_���i�j�b�f�_�g�_�g�b�_���g�Z�r�e�Z���l�_�o�g�h�e�h�]�b�y��

�9�$�5�7�0���� �h�^�g�Z�d�h�� �i�j�b�� �^�Z�g�g�h�f�� �f�_�l�h�^�_ �k�e�h�`�g�h�� �h�k�m�s�_�k�l�\�e�y�l�v�� �d�h�g�l�j�h�e�v�� �i�h��

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

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

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

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

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

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

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

�i�j�b�f�_�g�y�x�l�� �f�_�l�h�^��RTM���� �H�^�g�Z�d�h�� �i�j�h�p�_�k�k�� �5�7�0���� �y�\�e�y�_�l�k�y  �^�h�j�h�]�h�k�l�h�y�s�b�f �b��

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

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

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

�b�a�]�h�l�h�\�e�_�g�b�b���^�_�l�Z�e�_�c���b�a���I�D�F���� 

�K�Z�f�u�f�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �k�i�h�k�h�[�h�f�� �b�a�]�h�l�h�\�e�_�g�b�y�� �I�D�F�� �y�\�e�y�_�l�k�y��

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

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

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

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

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

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

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

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

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

�k�\�h�c�k�l�\���h�l�\�_�j�`�^�z�g�g�h�]�h���d�h�f�i�h�a�b�l�Z���� 

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

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

�n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�f�� �k�\�h�c�k�l�\�Z�f���� �<�u�k�h�d�b�_�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�_��

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

�i�j�h�i�b�l�d�b�� 

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

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

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

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

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

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

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

�l�_�f�i�_�j�Z�l�m�j�u���� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�i�j�h�^�m�d�l�h�\���i�j�b���g�Z�]�j�_�\�_���\���i�j�h�p�_�k�k�_���h�l�\�_�j�`�^�_�g�b�y���I�D�F���i�j�b�\�h�^�b�l���d���k�d�h�i�e�_�g�b�x��

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

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

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

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

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

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

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

�>�Z�g�g�u�c�� �n�Z�d�l�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l�� �i�_�j�_�o�h�^�� �i�j�b�� �b�a�]�h�l�h�\�e�_�g�b�b�� �I�D�F�� �g�Z��

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

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

[71]. �D�h�g�l�j�h�e�v�� �j�_�h�e�h�]�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�\�y�a�m�x�s�_�]�h�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y��

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

�d�Z�e�Z�g�^�j�Z�o���i�j�h�i�b�l�h�q�g�h�c���f�Z�r�b�g�u��[8].  

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

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

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

�j�Z�k�l�\�h�j�b�l�_�e�v�� �b�� �k�i�h�k�h�[�g�h�]�h�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�l�v�k�y�� �i�h�� �i�j�_�i�j�_�]�h�\�h�c�� �l�_�o�g�h�e�h�]�b�b���� �K��

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

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

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

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

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

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

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

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

�L�_�o�g�h�e�h�]�b�y 
�b�a�]�h�l�h�\�e�_�g�b�_���i�j�_�i�j�_�]�Z 

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

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

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

�L�_�o�g�h�e�h�]�b�y��
�b�a�]�h�l�h�\�e�_�g�b�_���i�j�_�i�j�_�]�Z 

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

�J�Z�k�i�e�Z�\�g�Z�y��
���[�_�a�j�Z�k�l�\�h�j�g�Z�y�� 

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

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

 

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

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

�h�[�j�Z�a�h�\�Z�g�b�x���g�_�i�j�h�i�b�l�Z�g�g�u�o���m�q�Z�k�l�d�h�\ �\���g�Z�i�h�e�g�b�l�_�e�_ [70]. �I �j�b���b�a�]�h�l�h�\�e�_�g�b�b��

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

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

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

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

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

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

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

�g�Z�i�h�e�g�b�l�_�e�v��[72-73]. 

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

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

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

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

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

�i�j�_�k�k�h�\�Z�g�b�_ [74]. �D�j�Z�l�d�h�� �f�_�l�h�^�� �f�h�`�g�h�� �h�i�b�k�Z�l�v�� �k�e�_�^�m�x�s�_�c��

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

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

�i�h�\�u�r�_�g�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���n�h�j�f�b�j�m�x�l���d�h�g�_�q�g�h�_���b�a�^�_�e�b�_��[75]. 

�K�l�Z�g�^�Z�j�l�g�u�c���j�_�`�b�f���n�h�j�f�h�\�Z�g�b�y���I�D�F���g�Z���h�k�g�h�\�_���i�j�_�i�j�_�]�h�\���k�h�k�l�h�b�l���b�a��

�k�e�_�^�m�x�s�b�o���h�k�g�h�\�g�u�o���k�l�Z�^�b�c [76]: 

1.  �I�j�_�^�\�Z�j�b�l�_�e�v�g�u�c���i�j�h�]�j�_�\���k�e�h�_�\���i�j�_�i�j�_�]�Z���^�e�y���k�g�b�`�_�g�b�y���d�h�e�b�q�_�k�l�\�Z�� 

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

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

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

�d�h�g�_�q�g�h�]�h���b�a�^�_�e�b�y���� 

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

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

�h�i�l�b�f�Z�e�v�g�u�c �m�j�h�\�_�g�v���b�� �\�j�_�f�y�� �i�h�^�Z�q�b���b�a�[�u�l�h�q�g�h�]�h���^�Z�\�e�_�g�b�y��[76-78]. �<��

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

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

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

�^�Z�\�e�_�g�b�y�� 

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

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

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

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

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

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

�w�d�a�h�l�_�j�f�b�q�_�k�d�b�f���i�j�h�p�_�k�k�h�f���h�l�\�_�j�`�^�_�g�b�y�� 

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

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

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

�Z�\�l�h�d�e�Z�\�g�h�]�h���n�h�j�f�h�\�Z�g�b�y���� 

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

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

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

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

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

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

�j�Z�\�g�h�f�_�j�g�h�k�l�b���k�\�h�c�k�l�\���\���h�[�t�_�f�_���\�k�_�]�h���f�Z�l�_�j�b�Z�e�Z.  

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

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

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

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

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

�i�h�j�b�k�l�h�k�l�v��[79]. 

�D���^�h�k�l�h�b�g�k�l�\�Z�f���^�Z�g�g�h�]�h���f�_�l�h�^�Z���f�h�`�g�h���h�l�g�_�k�l�b���\�h�a�f�h�`�g�h�k�l�v���k�h�a�^�Z�\�Z�l�v��

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

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

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

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

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

�i�j�h�b�a�\�h�^�k�l�\�Z�� 

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

�:�g�Z�e�b�a�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �e�b�l�_�j�Z�l�m�j�u�� �i�h�d�Z�a�Z�e���� �q�l�h�� �\�� �g�Z�k�l�h�y�s�_�_��

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

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

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

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

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

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

�\���k�h�k�l�Z�\�_���b�k�i�h�e�v�a�m�_�f�u�o���k�\�y�a�m�x�s�b�o�� 

�K�j�_�^�b�� �I�D�F�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�u�o �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �k�\�u�r�_�� �������� �ƒ�K�� �g�Z��

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

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

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

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

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

�l�_�f�i�_�j�Z�l�m�j�g�h�f  �b�g�l�_�j�\�Z�e�_�� �I�j�b�� �w�l�h�f�� �a�Z �j�m�[�_�`�h�f�� �g�Z�b�[�h�e�_�_�� �r�b�j�h�d�h�_��

�i�j�b�f�_�g�_�g�b�_�� �g�Z�r�e�b�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �I�D�F���g�Z�� �h�k�g�h�\�_�� �i�h�e�b�b�f�b�^�h�\ 

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

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

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

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

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

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

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

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

�b�k�k�e�_�^�h�\�Z�g�b�c�� 
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�=�E�:�<�:���������H�;�T�?�D�L�U���B���F�?�L�H�>�U���B�K�K�E�?�>�H�<�:�G�B�Y 

 

�����������H�[�t�_�d�l�u���b�k�k�e�_�^�h�\�Z�g�b�c 

 

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

�i�h�e�b�b�f�b�^�g�h�_�� �k�\�y�a�m�x�s�_�_ �f�Z�j�d�b�� �<�K-������ ���L�M�� ��-595-12-1682-������������ �b��

�d�h�g�k�l�j�m�d�p�b�h�g�g�Z�y���k�l�_�d�e�h�l�d�Z�g�v �L-10-���������=�H�K�L������������-2001). 

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

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

�[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �K�L�I-�����k�� �g�Z�� �h�k�g�h�\�_��

�j�Z�k�l�\�h�j�g�h�]�h�� �i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �K�I-�����K�� ���L�M�� ��������-415-00209349-

�������������b���k�l�_�d�e�h�l�d�Z�g�b���L-10-���������L�M����������-002-775184434-2008). 

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

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

�h�l�j�Z�k�e�b �k�l�_�d�e�h�l�d�Z�g�v�� �k�Z�l�b�g�h�]�h�� �i�_�j�_�i�e�_�l�_�g�b�y�� �l�b�i�Z�� �L-������ �k�� �i�h�\�_�j�o�g�h�k�l�g�h�c��

�i�e�h�l�g�h�k�l�v�x�� �������� �“�� ������ �]���f2 �b�� �Z�d�l�b�\�g�u�f�b�� �a�Z�f�Z�k�e�b�\�Z�l�_�e�y�f�b�� �‹������ �b�� �‹���� [80]. 

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

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

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

�i�h�\�_�j�o�g�h�k�l�g�h-�Z�d�l�b�\�g�u�o�� �\�_�s�_�k�l�\�����G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�� �Z�d�l�b�\�g�u�o��

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

�Z�^�]�_�a�b�h�g�g�h�_�� �\�_�s�_�k�l�\�h�� �b�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z�� �k�l�_�d�e�h�g�b�l�_�c�� �g�Z��

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

�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �r�i�b�g�^�_�e�y�� ���r�i�b�g�^�_�e�v��CAP-S-�������� ���� �h�[���f�b�g������

�B�k�k�e�_�^�m�_�f�u�_�� �h�[�j�Z�a�p�u�� �k�\�y�a�m�x�s�_�]�h�� �g�Z�� �j�h�l�Z�p�b�h�g�g�h�f�� �\�b�k�d�h�a�b�f�_�l�j�_�� �&�$�3��

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

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

�w�e�_�d�l�j�b�q�_�k�d�b�c���i�h�^�h�]�j�_�\���k���l�h�q�g�h�k�l�v�x���i�h�^�^�_�j�`�Z�g�b�y���l�_�f�i�_�j�Z�l�m�j�u���“�������ƒ�K.  
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 �F�b�d�j�h�k�l�j�m�d�l�m�j�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y 

�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 

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

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

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

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

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

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

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

�l�j�Z�\�e�z�g�u�_���i�h�\�_�j�o�g�h�k�l�b���b�e�b���i�h�\�_�j�o�g�h�k�l�b���i�h�j�b�k�l�u�o���f�Z�l�_�j�b�Z�e�h�\�� 

�B�g�n�j�Z�d�j�Z�k�g�Z�y���k�i�_�d�l�j�h�k�d�h�i�b�y�� 

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

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

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

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

�b�a�e�m�q�_�g�b�y�� �i�j�h�b�k�o�h�^�b�l�� �b�a�f�_�g�_�g�b�_�� �d�h�e�_�[�Z�l�_�e�v�g�u�o�� ��100-������������ �k�f-1���� �b��

�\�j�Z�s�Z�l�_�e�v�g�u�o�� ���f�_�g�_�_�� �������� �k�f-1���� �k�h�k�l�h�y�g�b�c�� �f�h�e�_�d�m�e�u���� �<�� �o�h�^�_�� �i�j�h�\�_�^�_�g�b�y��

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

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

�h�l�\�_�j�`�^�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b�����K�i�_�d�l�j�u�� �a�Z�i�b�k�Z�g�u�� �g�Z���B�D-�k�i�_�d�l�j�h�f�_�l�j�_�� �)�U�R�Q�W�L�H�U��

(Perkin-�(�O�P�H�U���� �F�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�b�k�l�Z�\�d�b�� �g�Z�j�m�r�_�g�g�h�]�h �i�h�e�g�h�]�h��

�\�g�m�l�j�_�g�g�_�]�h���h�l�j�Z�`�_�g�b�y���3�,�.�(���\���^�b�Z�i�Z�a�h�g�_��������-�����������k�f-1 �k���j�Z�a�j�_�r�_�g�b�_�f�������k�f-1 

(Ge �± �d�j�b�k�l�Z�e�e�����d�h�e�b�q�_�k�l�\�h���k�d�Z�g�h�\���± 16). 

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

�=�h�j�x�q�_�k�l�v 

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

�=�H�K�L�� �J�� ����������-2017. �K�m�l�v�� �f�_�l�h�^�Z�� �k�h�k�l�h�b�l�� �\�� �^�_�c�k�l�\�b�b�� �i�e�Z�f�_�g�b�� �]�h�j�_�e�d�b�� �g�Z��

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

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

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

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

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

 

�H�]�g�_�k�l�h�c�d�h�k�l�v�����h�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�h�k�l�v 

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

�]�Z�a�h�\�h�c�� �]�h�j�_�e�d�b�� ��ISO 2685). �K�m�s�g�h�k�l�v�� �i�j�b�f�_�g�y�_�f�h�]�h�� �f�_�l�h�^�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\��

�\�h�a�^�_�c�k�l�\�b�b�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �i�e�Z�f�_�g�b�� �]�h�j�_�e�d�b �k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �������� (�“�������� �ƒ�K  

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

���d�h�g�k�l�j�m�d�l�b�\�g�h�]�h�� �w�e�_�f�_�g�l�Z������ �>�e�y�� �h�p�_�g�d�b�� �h�]�g�_�k�l�h�c�d�h�k�l�b�� �b��

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

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

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

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

 

�>�u�f�h�h�[�j�Z�a�h�\�Z�g�b�_�� 

�I�j�h�\�_�^�_�g�b�_���b�k�i�u�l�Z�g�b�y�� �i�j�h�\�h�^�b�e�h�k�v���\���k�h�h�l�\�_�l�k�l�\�b�b���k�� �=�H�K�L�������������±81. 

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

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

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

�a�Z�^�Z�g�g�h�c���b�g�l�_�g�k�b�\�g�h�k�l�b�����������d�<�l���f2). �B�k�i�u�l�Z�g�b�y���i�j�h�\�h�^�y�l���\���j�_�`�b�f�_���]�h�j�_�g�b�y��

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

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

4-�o-�f�b�g�m�l�g�u�c���i�_�j�b�h�^���b�k�i�u�l�Z�g�b�y���� 

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

�B�k�k�e�_�^�h�\�Z�g�b�_�� �k�l�h�c�d�h�k�l�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �d���\�h�a�^�_�c�k�l�\�b�x�� �\�g�_�r�g�b�o��

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

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

�d�Z�f�_�j�_�� �&�O�L�P�D�W�V �\�� �k�l�Z�p�b�h�g�Z�j�g�h�f�� �j�_�`�b�f�_�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �����ƒ�K�� �b 

�h�l�g�h�k�b�l�_�e�v�g�h�c���\�e�Z�`�g�h�k�l�b�����������k�h�]�e�Z�k�g�h���=�H�K�L 9.707-���������f�_�l�h�^���������K�l�h�c�d�h�k�l�v���d��



55 
 

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

�g�_�a�Z�s�b�s�_�g�g�u�f�b�� �l�h�j�p�Z�f�b�� �i�h�� �=�H�K�L�� ����������-������������ �B�k�i�u�l�Z�g�b�y �g�Z�� �\�h�a�^�_�c�k�l�\�b�_��

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

�k�l�Z�j�_�g�b�_�����i�j�h�\�h�^�b�e�b���k�h�]�e�Z�k�g�h �K�L�H����-595-20-101-2016. 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �k�l�h�c�d�h�k�l�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �d�� �\�h�a�^�_�c�k�l�\�b�x�� �\�g�_�r�g�b�o��

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

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

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

�k�h�]�e�Z�k�g�h�� �=�H�K�L�� ����������-�������� �H�[�j�Z�a�p�u�� �[�u�e�b�� �\�u�k�l�Z�\�e�_�g�u�� �g�Z�� �w�d�k�i�h�a�b�p�b�x�� �\��

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

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

�Z�l�f�h�k�n�_�j�h�c�� �]���� �F�h�k�d�\�Z���± �F�h�k�d�h�\�k�d�b�c�� �p�_�g�l�j�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �b�k�i�u�l�Z�g�b�c �G�B�P��

�©�D�m�j�q�Z�l�h�\�k�d�b�c�� �b�g�k�l�b�l�m�l�ª��- �<�B�:�F ���F�P�D�B��); �a�h�g�Z �m�f�_�j�_�g�g�h�]�h�� �d�e�b�f�Z�l�Z�� ���]����

�=�_�e�_�g�^�`�b�d���± �=�_�e�_�g�^�`�b�d�k�d�b�c�� �p�_�g�l�j�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �b�k�i�u�l�Z�g�b�c�� �b�f�_�g�b�� �=���� �<����

�:�d�b�f�h�\�Z���G�B�P���©�D�m�j�q�Z�l�h�\�k�d�b�c���b�g�k�l�b�l�m�l�ª��- �<�B�:�F ���=�P�D�B��). 

�B�k�k�e�_�^�h�\�Z�g�b�_���^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

�H�i�j�_�^�_�e�_�g�b�_���h�l�g�h�k�b�l�_�e�v�g�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���l�Z�g�]�_�g�k��

�m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v�� �i�j�b�� �q�Z�k�l�h�l�_�� ����10 �=�p�� �i�j�h�\�h�^�b�e�b�� �i�h�� �=�H�K�L�� �J��

8.623-������������ �Z�� �i�j�b�� �q�Z�k�l�h�l�_�� ����6 �=�p�� �i�h�� �f�_�l�h�^�b�d�_�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��                      

�=�H�K�L�� ����������-77. �M�^�_�e�v�g�h�_�� �i�h�\�_�j�o�g�h�k�l�g�h�_�� �b�� �h�[�t�_�f�g�h�_�� �w�e�_�d�l�j�b�q�_�k�d�h�_��

�k�h�i�j�h�l�b�\�e�_�g�b�_�� �h�i�j�_�^�_�e�y�e�b�� �i�h�� �=�H�K�L�� �J�� ����������-������ �i�j�b�� �g�Z�i�j�y�`�_�g�b�b�� �������� �<����

�\�j�_�f�y���i�j�b�e�h�`�_�g�b�y���g�Z�i�j�y�`�_�g�b�y���������k�����w�e�_�d�l�j�h�^���^�b�Z�f�_�l�j�h�f�����������f�f�� 
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�=�E�:�<�:��3. �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�:�Y���Q�:�K�L�V 

 

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

�i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z 

 

�<�� �h�l�_�q�_�k�l�\�_�g�g�h�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �r�b�j�h�d�h�_�� �i�j�b�f�_�g�_�g�b�_�� �g�Z�r�e�b��

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

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

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

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

�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �\�u�^�_�e�y�_�f�u�o�� �e�_�l�m�q�b�o�� �\�_�s�_�k�l�\�� ���^�h�� �������� [82]���� �<��

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

�K�I-�����K�� �b�f�_�x�l�� �\�u�k�h�d�m�x�� �i�h�j�b�k�l�h�k�l�v�� ���^�h�� ������������ �Z�� �l�Z�d�`�_�� �g�b�a�d�h�_�� �k�h�o�j�Z�g�_�g�b�_��

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

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

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

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

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

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

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

�i�h���k�h�^�_�j�`�Z�g�b�x���k�\�y�a�m�x�s�_�]�h���\���i�j�_�i�j�_�]�_.  

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

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

�j�Z�k�l�\�h�j�b�l�_�e�_�� 
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�J�b�k. 10 �± �K�o�_�f�Z���j�_�Z�d�p�b�b���h�l�\�_�j�`�^�_�g�b�y �k�\�y�a�m�x�s�_�]�h���f�Z�j�d�b���K�I-�����K 

 

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

�i�_�j�_�j�Z�[�h�l�d�b�� �i�h�e�b�f�_�j�g�u�o�� �d�h�f�i�h�a�b�p�b�h�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\���� �\�� �<�B�:�F �[�u�e�h��

�j�Z�a�j�Z�[�h�l�Z�g�h�� �j�Z�k�i�e�Z�\�g�h�_�� �k�\�y�a�m�x�s�_�_�� �i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h�� �l�b�i�Z�� �f�Z�j�d�b�� �<�K-51. 

�>�Z�g�g�h�_�� �k�\�y�a�m�x�s�_�_�� �i�h�a�\�h�e�y�_�l�� �j�_�Z�e�b�a�h�\�Z�l�v�� �j�Z�k�i�e�Z�\�g�m�x�� �l�_�o�g�h�e�h�]�b�x��

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

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

�Z�j�f�b�j�m�x�s�b�c�� �g�Z�i�h�e�g�b�l�_�e�v �k�� �f�b�g�b�f�Z�e�v�g�h�c�� �i�h�]�j�_�r�g�h�k�l�v�x�� ���“��2���� �f�Z�k�k�������� �Z��

�l�Z�d�`�_���w�d�h�e�h�]�b�q�g�h�k�l�v���b���\�u�k�h�d�m�x���d�m�e�v�l�m�j�m���i�j�h�b�a�\�h�^�k�l�\�Z���>85]. 

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

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

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

�d�h�f�i�h�g�_�g�l�h�\�� �^�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y���k�\�y�a�m�x�s�_�]�h�� �<�K-51 �m�q�b�l�u�\�Z�e�k�y�� �i�_�j�_�^�h�\�h�c��

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

�a�Z�j�m�[�_�`�g�u�o���h�j�]�Z�g�b�a�Z�p�b�c [86 - 87]. 



58 
 

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

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

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

�d�b�k�e�h�l�u�� ���“������������ �^�b�Z�f�b�g�h�^�b�n�_�g�b�e�f�_�l�Z�g�� ���“������������ �w�g�^�b�d�h�\�u�c�� �Z�g�]�b�^�j�b�^��

���“������������ �k�i�b�j�l�� �w�l�b�e�h�\�u�c�� �Z�[�k�h�e�x�l�b�j�h�\�Z�g�g�u�c�� ����������������[88]. �K�o�_�f�Z�� �j�_�Z�d�p�b�b��

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

 

�J�b�k. 11 �± �K�o�_�f�Z���j�_�Z�d�p�b�b���h�l�\�_�j�`�^�_�g�b�y �k�\�y�a�m�x�s�_�]�h���f�Z�j�d�b���<�K-51 

 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�_�Z�e�b�a�Z�p�b�b�� �j�Z�k�i�e�Z�\�g�h�c�� �n�h�j�f�u�� �k�\�y�a�m�x�s�_�]�h�� �f�Z�j�d�b�� �<�K-51 

�b�� �h�l�k�m�l�k�l�\�b�y�� �\���_�]�h���k�h�k�l�Z�\�_�� �j�Z�k�l�\�h�j�b�l�_�e�y���� �k�h�^�_�j�`�Z�g�b�_�� �k�m�o�h�]�h�� �\�_�s�_�k�l�\�Z�� �\��

�b�f�b�^�h�h�[�j�Z�a�m�x�s�_�c�� �k�f�_�k�b�� �d�h�f�i�h�g�_�g�l�h�\�� �g�Z�o�h�^�b�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� ����-100%. 

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

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

�k�j�Z�\�g�_�g�b�x���k���i�h�e�b�b�f�b�^�g�u�f���k�\�y�a�m�x�s�b�f���j�Z�k�l�\�h�j�g�h�]�h���l�b�i�Z���K�I-�����K��[89, 90].  
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�<���l�Z�[�e�b�p�_���� �i�j�b�\�_�^�_�g�u���k�j�Z�\�g�b�l�_�e�v�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���^�e�y���k�\�y�a�m�x�s�b�o��

�f�Z�j�h�d���K�I-�����K���b���<�K-51. 

 

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

�l�b�i�Z���K�I-�����K���b���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h �l�b�i�Z���<�K-51 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�J�Z�k�l�\�h�j�g�h�_���k�\�y�a�m�x�s�_�_��
�f�Z�j�d�b���K�I-�����K 

���i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�]�h��
�l�b�i�Z�� 

�J�Z�k�i�e�Z�\�g�h�_���k�\�y�a�m�x�s�_�_��
�f�Z�j�d�b���<�K-51 

���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h��
�l�b�i�Z�� 

�<�g�_�r�g�b�c���\�b�^ 
�<�y�a�d�Z�y���`�b�^�d�h�k�l�v���d�j�Z�k�g�h-

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

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

�f�_�o�Z�g�b�q�_�k�d�b�o��
�\�d�e�x�q�_�g�b�c 

�L�b�i���k�\�y�a�m�x�s�_�]�h �J�Z�k�l�\�h�j�g�h�_ �J�Z�k�i�e�Z�\�g�h�_ 

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

60 - 65 98 - 100 

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

�^�h�������f�_�k�� �g�_���f�_�g�_�_�������f�_�k�� 

�D�h�g�_�q�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z��
�h�l�\�_�j�`�^�_�g�b�y�����ƒ�K 350 320 

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

360 350 - 370 

�L�_�f�i�_�j�Z�l�m�j�Z�� �g�Z�q�Z�e�Z��
�b�g�l�_�g�k�b�\�g�h�c��
�l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c��
�^�_�k�l�j�m�d�p�b�b�������ƒ�K 

�k�\�u�r�_ 500 �k�\�u�r�_������0 

 

�I�h�f�b�f�h�� �w�l�h�]�h���� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�h�]�h�� �d�h�f�i�h�g�_�g�l�Z��

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

�k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�a�b�l�v�� �l�h�d�k�b�q�g�h�k�l�v�� �i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �<�K-�������� �L�Z�d�`�_��

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

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

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

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

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

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

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

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

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

�H�l�\�_�j�`�^�_�g�b�_�� �i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �<�K-5���� �y�\�e�y�_�l�k�y��

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

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

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

�b�f�b�^�h�i�e�Z�k�l�� 

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

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

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

�<�� �j�Z�[�h�l�_�� �i�h�d�Z�a�Z�g�h�� �>85�@���� �q�l�h�� �d�h�g�_�q�g�m�x�� �k�l�Z�^�b�x�� �n�h�j�f�h�\�Z�g�b�y��

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

�i�j�b�� �b�a�[�u�l�h�q�g�h�f�� �^�Z�\�e�_�g�b�b ���j�b�k�m�g�h�d�� ����)���� �b�g�Z�q�_�� �i�j�h�b�k�o�h�^�b�l�� �i�h�l�_�j�y��

�p�b�d�e�h�i�_�g�l�Z�^�b�_�g�Z���� �\�u�^�_�e�y�x�s�_�]�h�k�y�� �\�� �i�j�h�p�_�k�k�_�� �h�[�j�Z�l�g�h�c�� �j�_�Z�d�p�b�b�� �>�b�e�v�k�Z�±

�:�e�v�^�_�j�Z���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �m�f�_�g�v�r�_�g�b�x�� �k�l�_�i�_�g�b�� �k�r�b�\�d�b�� �b�� �a�g�Z�q�b�l�_�e�v�g�h�f�m��

�k�g�b�`�_�g�b�x���l�_�f�i�_�j�Z�l�m�j�u���k�l�_�d�e�h�\�Z�g�b�y�����Z���l�Z�d�`�_���i�h�\�u�r�_�g�b�x���i�h�j�b�k�l�h�k�l�b. 

 

�J�b�k. 12 �± �L�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y���h�l�\�_�j�`�^�_�g�g�h�c���f�Z�l�j�b�p�u���k�\�y�a�m�x�s�_�]�h���<�K-51 
�\���a�Z�\�b�k�b�f�h�k�l�b���h�l���m�k�e�h�\�b�c���n�h�j�f�h�\�Z�g�b�y���������± �h�l�\�_�j�`�^�_�g�b�_���\���k�\�h�[�h�^�g�h�f��

�k�h�k�l�h�y�g�b�b���������± �h�l�\�_�j�`�^�_�g�b�_���i�h�^���^�Z�\�e�_�g�b�_�f 
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 �L�Z�d�`�_���[�u�e�h���i�j�h�\�_�^�_�g�h���B�D-�k�i�_�d�l�j�h�k�d�h�i�b�q�_�k�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���h�[�j�Z�a�p�h�\��
�k�\�y�a�m�x�s�_�]�h�� �<�K-������ �\�� �b�k�o�h�^�g�h�f���b �h�l�\�_�j�`�^�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b���� �h�l�\�_�j�`�^�_�g�b�_��
�h�[�j�Z�a�p�h�\�� �i�j�h�\�h�^�b�e�h�k�v�� �i�j�b�� �Z�l�f�h�k�n�_�j�g�h�f�� �b�� �b�a�[�u�l�h�q�g�h�f�� �^�Z�\�e�_�g�b�b         
���j�b�k�m�g�h�d��������.  

 

 
 

�J�b�k�����������± �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�y���k�\�y�a�m�x�s�_�]�h���<�K-�������\���b�k�o�h�^�g�h�f���b �\���h�l�\�_�j�`�^�_�g�g�h�f��
�k�h�k�l�h�y�g�b�b: 1 �± �k�\�y�a�m�x�s�_�_���\���b�k�o�h�^�g�h�f���k�h�k�l�h�y�g�b�b���������± �h�l�\�_�j�`�^�_�g�g�h�_���k�\�y�a�m�x�s�_�_��

�i�j�b���Z�l�f�h�k�n�_�j�g�h�f���^�Z�\�e�_�g�b�b���������± �h�l�\�_�j�`�^�_�g�g�h�_���k�\�y�a�m�x�s�_�_���i�j�b���b�a�[�u�l�h�q�g�h�f��
�^�Z�\�e�_�g�b�b�� 

 
�<�� �B�D-�k�i�_�d�l�j�_�� �b�k�o�h�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h �<�K-51 �i�j�h�y�\�e�y�x�l�k�y��

�o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_�� �i�h�e�h�k�u�� �i�h�]�e�h�s�_�g�b�y�� �k�� �q�Z�k�l�h�l�h�c�� ���������� �b�� ���������� �k�f-1, 
�h�l�\�_�q�Z�x�s�b�_�� �\�Z�e�_�g�l�g�u�f�� �k�b�f�f�_�l�j�b�q�g�u�f�� �b�� �Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u�f�� �d�h�e�_�[�Z�g�b�y�f�� 
N�±H �k�\�y�a�b�� �\���±NH3

+ �]�j�m�i�i�_���� �\�Z�e�_�g�l�g�u�f�� �d�h�e�_�[�Z�g�b�y�f���±�H�G�� �k�\�y�a�_�c��
�Z�k�k�h�p�b�b�j�h�\�Z�g�g�u�o�� �d�Z�j�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i�� �\�� �h�[�e�Z�k�l�b�� ���������±330���� �k�f-1, 
�^�_�n�h�j�f�Z�p�b�h�g�g�u�f�� �d�h�e�_�[�Z�g�b�y�f��N�±H �k�\�y�a�b�� �\���±NH3

+ �]�j�m�i�i�_�� ���������� �b�� ���������� �k�f-1, 
�\�Z�e�_�g�l�g�u�f���k�b�f�f�_�l�j�b�q�g�u�f�� �b�� �Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u�f�� �d�h�e�_�[�Z�g�b�y�f �k�\�y�a�b�� �K�±�G�� �\��
�]�j�m�i�i�Z�o�� �K�G���� �K�G2 �b�� �K�G�� �]�j�m�i�i�Z�o�� �Z�j�h�f�Z�l�b�q�_�k�d�h�]�h�� �p�b�d�e�Z���� �\�Z�e�_�g�l�g�u�f��
�d�h�e�_�[�Z�g�b�y�f�� �K� �H�� �k�\�y�a�b�� �\�� �k�e�h�`�g�h�w�n�b�j�g�h�c�� �]�j�m�i�i�_�� �k�� �q�Z�k�l�h�l�h�c�� ���������� �k�f-1, 
�\�Z�e�_�g�l�g�u�f�� �d�h�e�_�[�Z�g�b�y�f�� �K�±�K�� �k�\�y�a�_�c�� �\�� �Z�j�h�f�Z�l�b�q�_�k�d�h�f�� �p�b�d�e�_�� ���������� �k�f-1, 
�i�e�h�k�d�b�f���^�_�n�h�j�f�Z�p�b�h�g�g�u�f���d�h�e�_�[�Z�g�b�y�f���k�\�y�a�_�c��N�±H �\���±NH3

+ �]�j�m�i�i�_���������������k�f-1, 
�\�Z�e�_�g�l�g�u�f�� �d�h�e�_�[�Z�g�b�y�f�� �k�\�y�a�_�c�� �K�±�H�±�K�� �\�� �k�e�h�`�g�u�o���w�n�b�j�Z�o�� �\�� �\�b�^�_�� �r�b�j�h�d�h�c��
�j�Z�k�s�_�i�e�_�g�g�h�c�� �i�h�e�h�k�u�� ������������ ���������� �b�� �i�h�e�h�k�u������������ �k�f-1. �G�Z�� �g�Z�e�b�q�b�_��
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �a�Z�f�_�k�l�b�l�_�e�_�c�� �\�� �Z�j�h�f�Z�l�b�q�_�k�d�b�o�� �p�b�d�e�Z�o�� �h�e�b�]�h�f�_�j�h�\��
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�m�d�Z�a�u�\�Z�x�l�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_�� �q�Z�k�l�h�l�u �i�h�]�e�h�s�_�g�b�y�� �\�g�_�i�e�h�k�d�h�k�l�g�u�o��
�d�h�e�_�[�Z�g�b�c���K�±�G���k�\�y�a�b�������������������������������b�����������k�f-1.  

�<�� �B�D-�k�i�_�d�l�j�Z�o�� �k�\�y�a�m�x�s�_�]�h�� �h�l�\�_�j�`�^�z�g�g�h�]�h�� �i�j�b�� �Z�l�f�h�k�n�_�j�g�h�f���b��
�b�a�[�u�l�h�q�g�h�f���^�Z�\�e�_�g�b�b�� �i�h�y�\�e�y�x�l�k�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_�� �i�h�e�h�k�u�� �i�h�]�e�h�s�_�g�b�y��
�h�l�\�_�q�Z�x�s�b�_�� �Z�k�b�f�f�_�l�j�b�q�g�u�f�� �b�� �k�b�f�f�_�l�j�b�q�g�u�f�� �\�Z�e�_�g�l�g�u�f�� �d�h�e�_�[�Z�g�b�y�f��
�]�j�m�i�i�u�� �K� �H�� �k�� �q�Z�k�l�h�l�h�c�� ���������� �b�� ���������� �k�f-1���� �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�f�� �\�Z�e�_�g�l�g�u�f��
�d�h�e�_�[�Z�g�b�y�f���K� �H���b���^�_�n�h�j�f�Z�p�b�h�g�g�u�f���d�h�e�_�[�Z�g�b�y�f���K�±�1���]�j�m�i�i���h�d�h�e�h�������������k�f-1. 

�I�_�j�_�o�h�^���h�e�b�]�h�f�_�j�g�h�]�h�� �Z�f�f�h�g�b�c�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �h�[�j�Z�a�h�\�Z�g�g�h�]�h 
�Z�j�h�f�Z�l�b�q�_�k�d�b�f���^�b�Z�f�b�g�h�f���b���^�b�w�l�b�e�h�\�u�f���w�n�b�j�h�f���l�_�l�j�Z�d�Z�j�[�h�g�h�\�h�c���d�b�k�e�h�l�u���\��
�i�j�h�p�_�k�k�_�� �l�_�j�f�b�q�_�k�d�h�]�h�� �i�j�_�\�j�Z�s�_�g�b�y�� �k�g�Z�q�Z�e�Z�� �\�� �Z�f�b�^���� �Z�� �a�Z�l�_�f�� �\�� �b�f�b�^����
�i�j�h�y�\�e�y�_�l�k�y���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���m�f�_�g�v�r�_�g�b�_�f���i�h�e�h�k�u���d�h�e�_�[�Z�g�b�c���K�±�H���k�\�y�a�b���k��
�q�Z�k�l�h�l�h�c�� ���������� �k�f-1 �\�� �]�j�m�i�i�_���±�K�H�H- ���d�Z�j�[�h�d�k�b�e�Z�l-�Z�g�b�h�g������ �i�j�Z�d�l�b�q�_�k�d�b��
�i�h�e�g�u�f���b�k�q�_�a�g�h�\�_�g�b�_�f���i�h�e�h�k�u���i�h�]�e�h�s�_�g�b�y���\�Z�e�_�g�l�g�u�o���d�h�e�_�[�Z�g�b�c���±�H�G���k�\�y�a�b��
2280�±���������� �k�f-1 �b�� �i�h�e�h�k�� ������������ ������������ ���������� �k�f-1 �\�Z�e�_�g�l�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �K�±�H�±�K��
�k�\�y�a�_�c���� �H�[�j�Z�a�h�\�Z�g�b�_�� �b�f�b�^�g�u�o�� �k�\�y�a�_�c�� �i�j�b�� �h�l�\�_�j�`�^�_�g�b�b�� �k�\�y�a�m�x�s�_�]�h�� �l�Z�d�`�_��
�i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �i�h�y�\�e�_�g�b�_�f�� �i�h�e�h�k�u�� �i�h�]�e�h�s�_�g�b�y�� ���������� �k�f-1���� �G�Z�� �d�h�g�\�_�j�k�b�x��
�^�\�h�c�g�u�o�� �k�\�y�a�_�c�� �m�d�Z�a�u�\�Z�_�l�� �m�f�_�g�v�r�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�h�c���i�h�e�h�k�u���i�h�]�e�h�s�_�g�b�y���\�Z�e�_�g�l�g�u�o���d�h�e�_�[�Z�g�b�c���^�\�h�c�g�h�c���k�\�y�a�b��
�K� �K�� �k�� �q�Z�k�l�h�l�h�c�� ���������� �k�f-1���� �i�j�h�y�\�e�y�x�s�_�_�k�y���g�Z�� �h�[�j�Z�a�p�Z�o�� �h�l�\�_�j�`�^�_�g�g�h�]�h��
�k�\�y�a�m�x�s�_�]�h���d�Z�d���i�j�b���Z�l�f�h�k�n�_�j�g�h�f�� �l�Z�d���b���i�j�b���b�a�[�u�l�h�q�g�h�f���^�Z�\�e�_�g�b�b.  

�<�� �k�e�m�q�Z�_�� �h�l�\�_�j�`�^�_�g�b�y�� �k�\�y�a�m�x�s�_�]�h�� �i�j�b�� �Z�l�f�h�k�n�_�j�g�h�f�� �^�Z�\�e�_�g�b�b����
�i�h�y�\�e�_�g�b�_�� �i�h�e�h�k�u�� ���������� �k�f-1 �\�Z�e�_�g�l�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �K� �H�� �k�\�y�a�b�� �h�[�m�k�e�h�\�e�_�g�h��
�h�[�j�Z�a�h�\�Z�g�b�_�f���p�b�d�e�b�q�_�k�d�h�]�h���f�Z�e�_�b�f�b�^�Z���\���m�k�e�h�\�b�y�o���j�_�l�j�h�^�b�_�g�h�\�h�]�h���j�Z�k�i�Z�^�Z���b��
�g�_�i�h�e�g�h�c���d�h�g�\�_�j�k�b�b���^�\�h�c�g�u�o���k�\�y�a�_�c���d�h�g�p�_�\�u�o���]�j�m�i�i���h�e�b�]�h�f�_�j�h�\�� �B�a�f�_�g�_�g�b�_ 

�o�Z�j�Z�d�l�_�j�Z�� �b�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�h�e�h�k�� �i�h�]�e�h�s�_�g�b�y�� �o�Z�j�Z�d�l�_�j�g�u�o��
� �̂e�y�� �\�g�_�i�e�h�k�d�h�k�l�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �k�\�y�a�b�� �K�±�G�� �\�� �Z�j�h�f�Z�l�b�q�_�k�d�b�o�� �p�b�d�e�Z�o�� �b��
�f�Z�y�l�g�b�d�h�\�u�o�� �d�h�e�_�[�Z�g�b�c�� �K�G2 �]�j�m�i�i�� �\�� �h�[�e�Z�k�l�b�� �������±�������� �k�f-1���� �i�j�_�`�^�_�� �\�k�_�]�h��
�i�h�e�h�k�� �������±���������� ���������� �������� �b�� �������� �k�f-1���� �k�\�y�a�Z�g�h�� �k�h�� �k�l�j�m�d�l�m�j�g�u�f�b�� �b�a�f�_�g�_�g�b�y�f�b��
�b�k�o�h�^�g�h�c�� �k�h�e�_�\�h�c�� �n�h�j�f�u�� �h�e�b�]�h�f�_�j�h�\�� �i�j�b�� �i�_�j�_�o�h�^�_�� �\�� �p�b�d�e�b�q�_�k�d�b�_�� �b�f�b�^�u��
�q�_�j�_�a�� �k�l�Z�^�b�x�� �h�[�j�Z�a�h�\�Z�g�b�y�� �Z�f�b�^�h�d�b�k�e�h�l�����K�j�Z�\�g�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�u�o��
�b�g�l�_�g�k�b�\�g�h�k�l�_�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�o�� �i�h�e�h�k�� �i�h�]�e�h�s�_�g�b�y�� �m�d�Z�a�Z�g�g�u�o��
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �]�j�m�i�i�� �k�\�y�a�m�x�s�_�]�h�� �h�l�\�_�j�`�^�_�g�g�h�]�h �i�j�b�� �Z�l�f�h�k�n�_�j�g�h�f���b��
�b�a�[�u�l�h�q�g�h�f���^�Z�\�e�_�g�b�b�����m�d�Z�a�u�\�Z�_�l���g�Z���[�h�e�_�_���\�u�k�h�d�m�x���d�h�g�\�_�j�k�b�x���h�e�b�]�h�f�_�j�h�\���\��
�m�k�e�h�\�b�y�o�� �h�l�\�_�j�`�^�_�g�b�y���i�j�b�� �b�a�[�u�l�h�q�g�h�f�� �^�Z�\�e�_�g�b�b [83, 84]. �I�h�e�m�q�_�g�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�� �i�j�h�\�_�^�_�g�b�y�� �j�_�`�b�f�Z��
�h�l�\�_�j�`�^�_�g�b�y���k�\�y�a�m�x�s�_�]�h���<�K-�������i�j�b���b�a�[�u�l�h�q�g�h�f���^�Z�\�e�_�g�b�b�� 
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�B�k�k�e�_�^�h�\�Z�g�b�y�� �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �h�l�\�_�j�`�^�_�g�g�h�c��
�f�Z�l�j�b�p�u���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h���<�K-�������i�h�d�Z�a�Z�e�b�����q�l�h���l�_�f�i�_�j�Z�l�m�j�Z���g�Z�q�Z�e�Z��
�b�g�l�_�g�k�b�\�g�h�c�� �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c�� �^�_�k�l�j�m�d�p�b�b�� �k�h�k�l�Z�\�e�y�_�l�� �������� �ƒ�K���� �i�h�l�_�j�y��
�f�Z�k�k�u���i�j�b�� ������ �ƒ�K�� �k�h�k�l�Z�\�e�y�_�l�� �������������J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�j�b�\�_�^�_�g�u�� �g�Z��
�j�b�k�m�g�d�_ 14 [85]. 

 

�J�b�k. 14 �± �L�_�f�i�_�j�Z�l�m�j�Z �g�Z�q�Z�e�Z �b�g�l�_�g�k�b�\�g�h�c �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c �^�_�k�l�j�m�d�p�b�b 
�h�l�\�_�j�`�^�_�g�g�h�c �f�Z�l�j�b�p�u �k�\�y�a�m�x�s�_�]�h �<�K-51  

 

�K�� �i�_�j�_�o�h�^�h�f �i�j�b�� �b�a�]�h�l�h�\�e�_�g�b�b�� �I�D�F�� �g�Z �i�h�e�b�f�_�j�g�u�_�� �k�\�y�a�m�x�s�b�_��

�j�Z�k�i�e�Z�\�g�h�]�h�� �l�b�i�Z���� �\�h�a�g�b�d�Z�_�l�� �i�j�h�[�e�_�f�Z�� �d�Z�q�_�k�l�\�_�g�g�h�c�� �i�j�h�i�b�l�d�b�� �Z�j�f�b�j�m�x�s�b�o��

�g�Z�i�h�e�g�b�l�_�e�_�c���� �l���d���� �\�� �k�\�y�a�b�� �k���i�h�\�u�r�_�g�b�_�f�� �\�y�a�d�h�k�l�b�� �k�\�y�a�m�x�s�_�]�h���q�b�k�e�h��

�\�h�a�^�m�r�g�u�o�� �\�d�e�x�q�_�g�b�c���� �l���_���� �g�_�� �i�j�h�i�b�l�Z�g�g�u�o�� �m�q�Z�k�l�d�h�\���� �\�h�a�j�Z�k�l�Z�_�l���� �>�e�y��

�j�_�r�_�g�b�y�� �^�Z�g�g�h�c�� �i�j�h�[�e�_�f�u�� �i�j�b�f�_�g�y�x�l�k�y�� �j�Z�a�e�b�q�g�u�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_��

�i�j�b�_�f�u�� �\�u�[�h�j�� �h�i�l�b�f�Z�e�v�g�h�c�� �\�y�a�d�h�k�l�b�� �k�\�y�a�m�x�s�_�]�h�� �b�� �k�d�h�j�h�k�l�b�� �i�j�h�i�b�l�d�b����

�i�_�j�_�]�b�[�u�� �g�Z�i�h�e�g�b�l�_�e�y�� �\�� �i�j�h�i�b�l�h�q�g�h�c�� �m�k�l�Z�g�h�\�d�_���� �h�l�`�b�f�� �k�\�y�a�m�x�s�_�]�h�� �q�_�j�_�a��

�d�Z�e�Z�g�^�j�u�� �b�� �^�j����[81]. �<�u�[�h�j�� �h�i�l�b�f�Z�e�v�g�h�c�� �\�y�a�d�h�k�l�b�� �i�h�e�b�f�_�j�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h��

�i�j�b�� �i�j�h�i�b�l�d�_�� �Z�j�f�b�j�m�x�s�_�]�h�� �g�Z�i�h�e�g�b�l�_�e�y�� �k�� �a�Z�^�Z�g�g�h�c�� �k�d�h�j�h�k�l�v�x�� �k�\�h�^�b�l�k�y�� �d��

�i�h�^�[�h�j�m�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �g�Z�]�j�_�\�Z�� �k�\�y�a�m�x�s�_�]�h�� �\�� �i�j�h�p�_�k�k�_��

�i�j�h�i�b�l�d�b���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �i�h�^�[�b�j�Z�x�l�� �l�Z�d�m�x�� �l�_�f�i�_�j�Z�l�m�j�m�� �g�Z�]�j�_�\�Z�l�_�e�v�g�u�o��

�w�e�_�f�_�g�l�h�\�� �i�j�h�i�b�l�h�q�g�h�c�� �m�k�l�Z�g�h�\�d�b���� �i�j�b�� �d�h�l�h�j�h�c���^�h�k�l�b�]�Z�_�l�k�y���^�h�k�l�Z�l�h�q�g�h��

�^�e�b�l�_�e�v�g�Z�y �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v�� �k�\�y�a�m�x�s�_�]�h�� �b�� �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�Z�y�� �_�]�h��

�\�y�a�d�h�k�l�v���^�e�y���h�k�m�s�_�k�l�\�e�_�g�b�y���i�j�h�i�b�l�d�b���Z�j�f�b�j�m�x�s�_�]�h���g�Z�i�h�e�g�b�l�_�e�y���k���a�Z�^�Z�g�g�h�c��

�k�d�h�j�h�k�l�v�x�� �J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�_�h�e�h�]�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�k�\�y�a�m�x�s�_�]�h���<�K-51 �i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�Z�o��������������. 
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�J�b�k. 15 �± �A�Z�\�b�k�b�f�h�k�l�v���\�y�a�d�h�k�l�b���h�[�j�Z�a�p�Z �k�\�y�a�m�x�s�_�]�h���<�K-51 �i�j�b��
�^�b�g�Z�f�b�q�_�k�d�h�f���g�Z�]�j�_�\�_ 

 

 

�J�b�k.16 �± �A�Z�\�b�k�b�f�h�k�l�v���\�y�a�d�h�k�l�b���h�[�j�Z�a�p�h�\���k�\�y�a�m�x�s�_�]�h���<�K-51 �i�j�b��
�b�a�h�l�_�j�f�b�q�_�k�d�h�f �g�Z�]�j�_�\�_ �i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o��������������������0 �ƒ�K 

 

�:�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�c�� �j�_�h�e�h�]�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�k�\�y�a�m�x�s�_�]�h�� �<�K-������ �i�h�d�Z�a�Z�e���� �q�l�h�� �g�Z�b�[�h�e�_�_�� �h�i�l�b�f�Z�e�v�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�y�a�d�h�k�l�b��
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�k�\�y�a�m�x�s�_�]�h�� �^�e�y���h�[�_�k�i�_�q�_�g�b�y�� �d�Z�q�_�k�l�\�_�g�g�h�c �i�j�h�i�b�l�d�b �Z�j�f�b�j�m�x�s�_�]�h 

�g�Z�i�h�e�g�b�l�_�e�y���g�Z�[�e�x�^�Z�x�l�k�y���\���b�g�l�_�j�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j������-�������ƒ�K�� 

 

3.2 �J�Z�a�j�Z�[�h�l�d�Z���l�_�o�g�h�e�h�]�b�b���b�a�]�h�l�h�\�e�_�g�b�y���i�j�_�i�j�_�]�Z���g�Z���h�k�g�h�\�_��

�j�Z�k�i�e�Z�\�g�h�]�h���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z���b��

�k�l�_�d�e�y�g�g�h�]�h���Z�j�f�b�j�m�x�s�_�]�h���g�Z�i�h�e�g�b�l�_�e�y 

 

3.2.1 �I�h�^�]�h�l�h�\�d�Z���b���b�k�k�e�_�^�h�\�Z�g�b�_���k�l�_�d�e�y�g�g�h�]�h���Z�j�f�b�j�m�x�s�_�]�h��

�g�Z�i�h�e�g�b�l�_�e�y 

 

�D�Z�d�� �b�a�\�_�k�l�g�h��[80], �^�e�y�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�]�h�� �j�_�]�m�e�b�j�h�\�Z�g�b�y�� �a�h�g�u��

�d�h�g�l�Z�d�l�Z���k�l�_�d�e�y�g�g�h�]�h���g�Z�i�h�e�g�b�l�_�e�y���k���i�h�e�b�f�_�j�g�u�f���k�\�y�a�m�x�s�b�f���g�Z���i�h�\�_�j�o�g�h�k�l�v��

�g�Z�i�h�e�g�b�l�_�e�y�� �g�Z�g�h�k�y�l�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �\�_�s�_�k�l�\�Z�� �j�Z�a�e�b�q�g�h�]�h�� �k�h�k�l�Z�\�Z�� �k��

�[�b�i�h�e�y�j�g�h�c���k�l�j�m�d�l�m�j�h�c���f�h�e�_�d�m�e���± �Z�d�l�b�\�g�u�_���a�Z�f�Z�k�e�b�\�Z�l�_�e�b�����Z�i�i�j�_�l�u��. 

 �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�u�[�j�Z�g�Z�� �l�d�Z�g�v�� �f�Z�j�d�b�� �L-10-�������� �\��

�d�h�l�h�j�h�c�� �\�� �d�Z�q�_�k�l�\�_�� �Z�i�i�j�_�l�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �k�b�e�Z�g�h�\�u�c�� �a�Z�f�Z�k�e�b�\�Z�l�_�e�v�� �‹�� ��������

�K�h�^�_�j�`�Z�g�b�_�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� �Z�i�i�j�_�l�Z�� �\�� �l�d�Z�g�b�� �i�h�� �g�h�j�f�Z�l�b�\�g�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b��

�i�j�h�b�a�\�h�^�b�l�_�e�y�� �g�_�� �f�_�g�_�_�� �������� ���� �f�Z�k�k���� �I�j�b�� �o�j�Z�g�_�g�b�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �\�h�e�h�d�h�g��

�g�Z�i�h�e�g�b�l�_�e�y���f�h�`�_�l���Z�[�k�h�j�[�b�j�h�\�Z�l�v�k�y���\�e�Z�]�Z���b�a���h�d�j�m�`�Z�x�s�_�]�h���\�h�a�^�m�o�Z�����i�h�w�l�h�f�m��

�i�_�j�_�^�� �i�j�h�i�b�l�d�h�c�� �g�Z�i�h�e�g�b�l�_�e�y�� �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�h�^�b�l�v�� �a�Z�f�_�j�� �h�k�l�Z�l�h�q�g�h�c��

�\�e�Z�`�g�h�k�l�b���b���i�j�b���g�_�h�[�o�h�^�b�f�h�k�l�b���i�j�h�\�h�^�b�l�v���©�k�m�r�d�m�ª���l�d�Z�g�b���� 

�R�b�j�h�d�h�� �i�j�b�f�_�g�y�_�f�u�f �k�i�h�k�h�[�h�f�� �i�h�^�]�h�l�h�\�d�b�� �g�Z�i�h�e�g�b�l�_�e�y�� �d�� �i�j�h�i�b�l�d�_��

�y�\�e�y�_�l�k�y�� �_�]�h�� �i�j�h�d�Z�e�b�\�Z�g�b�_�� �i�j�b�� �i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_. �H�^�g�Z�d�h�� �b�a�\�_�k�l�g�h����

�q�l�h�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �k�l�_�d�e�h�l�d�Z�g�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �\�u�r�_�� ���������h�K�� �f�h�`�_�l��

�i�j�b�\�_�k�l�b�� �d�� �_�z�� �j�Z�a�m�i�j�h�q�g�_�g�b�x [91]���� �D�j�h�f�_�� �l�h�]�h���� �i�j�b�� �m�d�Z�a�Z�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_��

�\�h�a�f�h�`�g�h���m�^�Z�e�_�g�b�_���Z�i�i�j�_�l�b�j�m�x�s�_�]�h�� �\�_�s�_�k�l�\�Z, �q�l�h�� �i�j�b�\�_�^�_�l�� �d�� �k�g�b�`�_�g�b�x��

�d�Z�q�_�k�l�\�Z �k�f�Z�q�b�\�Z�g�b�y���i�h�\�_�j�o�g�h�k�l�b���\�h�e�h�d�h�g���i�h�e�b�f�_�j�g�u�f���k�\�y�a�m�x�s�b�f�����Z���l�Z�d�`�_��

�m�o�m�^�r�_�g�b�x �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �g�Z�i�j�y�`�_�g�b�c�� �k�� �f�Z�l�j�b�p�u�� �g�Z�� �g�Z�i�h�e�g�b�l�_�e�v�� �b����

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����m�f�_�g�v�r�b�l�k�y���i�j�h�q�g�h�k�l�v���f�Z�l�_�j�b�Z�e�Z. 
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�K�� �p�_�e�v�x�� �\�u�[�h�j�Z�� �j�_�`�b�f�Z�� �i�h�^�]�h�l�h�\�d�b�� �g�Z�i�h�e�g�b�l�_�e�y�� �[�u�e�Z�� �h�i�j�_�^�_�e�_�g�Z��

�f�Z�k�k�h�\�Z�y�� �^�h�e�y�� �k�h�^�_�j�`�Z�g�b�y�� �Z�i�i�j�_�l�Z�� �\�� �L-10-14 �f�_�l�h�^�h�f �\�u�`�b�]�Z�g�b�y�� �\��

�f�m�n�_�e�v�g�h�c�� �i�_�q�b���� �D�Z�d�� �j�_�a�m�e�v�l�Z�l�� �m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���i�h�l�_�j�y�� �f�Z�k�k�u�� �k�l�_�d�e�h�l�d�Z�g�b��

�L-10-�������i�h�k�e�_���l�_�j�f�h�h�[�j�Z�[�h�l�d�_ �i�j�b�����������ž�K���± �������������f�Z�k�k�� 

�I�Z�j�Z�e�e�_�e�v�g�h�� �b�k�k�e�_�^�h�\�Z�g�h�� �b�a�f�_�g�_�g�b�_�� �f�Z�k�k�u���k�l�_�d�e�y�g�g�h�]�h���g�Z�i�h�e�g�b�l�_�e�y��

�i�j�b���b�a�h�l�_�j�f�b�q�_�k�d�b�o���\�u�^�_�j�`�d�Z�o���g�Z���l�_�f�i�_�j�Z�l�m�j�Z�o�������������������������������ž�K�����J�_�a�m�e�v�l�Z�l�u��

�b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�_������. 

 

 

 

�J�b�k. 17 �± �B�a�f�_�g�_�g�b�_ �f�Z�k�k�u �k�l�_�d�e�h�l�d�Z�g�b���L-10-14 �i�j�b �b�a�h�l�_�j�f�b�q�_�k�d�b�o 

�\�u�^�_�j�`�d�Z�o 

 

�I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���� �q�l�h���m�\�_�e�b�q�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u��

�l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� �b�g�l�_�g�k�b�n�b�p�b�j�m�_�l �i�j�h�p�_�k�k�� �m�^�Z�e�_�g�b�y�� �e�_�l�m�q�b�o�� �\�_�s�_�k�l�\�� �b�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� ���������h�K���^�Z�g�g�u�c�� �i�j�h�p�_�k�k�� �i�j�h�b�k�o�h�^�b�l�� �g�Z�b�[�h�e�_�_�� �Z�d�l�b�\�g�h���� �H�^�g�Z�d�h, 

�\�\�b�^�m �j�b�k�d�Z �m�^�Z�e�_�g�b�y�� �Z�i�i�j�_�l�b�j�m�x�s�_�]�h�� �\�_�s�_�k�l�\�Z�����[�u�e�Z�� �i�h�^�h�[�j�Z�g�Z��

�j�_�d�h�f�_�g�^�h�\�Z�g�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �k�m�r�d�b�� �g�Z�i�h�e�g�b�l�_�e�y��               

175 �“ 5 �h�K���\���l�_�q�_�g�b�_��10 �f�b�g�� 
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3.2.2 �H�l�j�Z�[�h�l�d�Z �i�Z�j�Z�f�_�l�j�h�\���l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z���b�a�]�h�l�h�\�e�_�g�b�y��

�i�j�_�i�j�_�]�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���j�Z�k�i�e�Z�\�g�h�]�h���i�h�e�b�b�f�b�^�g�h�]�h��

�k�\�y�a�m�x�s�_�]�h �f�Z�j�d�b���<�K-51 �i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z 

 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�h���� �i�_�j�_�^�� �b�a�]�h�l�h�\�e�_�g�b�_�f�� �i�j�_�i�j�_�]�Z���� �g�_�h�[�o�h�^�b�f�h��

�j�Z�k�k�q�b�l�Z�l�v�� �^�b�Z�i�Z�a�h�g�u�� �^�h�i�m�k�l�b�f�u�o�� �j�Z�a�[�j�h�k�h�\ �g�Z�g�h�k�Z�� �k�\�y�a�m�x�s�_�]�h�� �����Ô�Å�á�á�Æ�Ï �6�¤ ) 

�b�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �i�e�h�l�g�h�k�l�b�� �i�j�_�i�j�_�]�Z�� �����Ò�Ó�á�Æ�Ï �6�¤ ���� �k�� �m�q�_�l�h�f�� �\�h�a�f�h�`�g�h�]�h��

�j�Z�a�[�j�h�k�Z���i�h�\�_�j�o�g�h�k�l�g�h�c���i�e�h�l�g�h�k�l�b�� �Z�j�f�b�j�m�x�s�_�]�h���g�Z�i�h�e�g�b�l�_�e�y�������Ð�Ã�Ò�á�Æ�Ï �6�¤ ���� �b��

�\�u�[�j�Z�g�g�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �f�Z�k�k�h�\�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �k�\�y�a�m�x�s�_�]�h���� �Ô�Å�á��  �\�� �i�j�_�i�j�_�]�_��

�i�h���n�h�j�f�m�e�Z�f������������ 

 

�5�Ô�Å
L
�Ì�Ð�Ã�Ò
H�Æ�Ô�Å

�5�4�4�?�Æ�Ô�Å
  ;  �5�Ò�Ó= �5�Ð�Ã�Ò
E�5�Ô�Å      (1, 2) 

 

�<�� �j�y�^�_�� �k�e�m�q�Z�_�\���� �i�j�b�� �j�Z�k�q�_�l�_�� �^�h�i�m�k�l�b�f�u�o�� �j�Z�a�[�j�h�k�h�\���5�Ô�Å �g�_�� �m�q�b�l�u�\�Z�x�l��

�d�j�Z�c�g�b�_�� �]�j�Z�g�b�p�u�� �j�Z�a�[�j�h�k�Z���5�Ð�Ã�Ò���� �Z�� �m�q�b�l�u�\�Z�x�l�� �l�h�e�v�d�h�� �k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y���5�Ð�Ã�Ò. 

�L�Z�d�h�c�� �i�h�^�o�h�^�� �\�_�^�_�l�� �d�� �i�h�e�m�q�_�g�b�x�� �[�h�e�_�_�� �k�l�Z�[�b�e�v�g�u�o�� �\�_�k�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�i�j�_�i�j�_�]�h�\�� �b�� �d�� �k�g�b�`�_�g�b�x�� �^�h�i�m�k�l�b�f�u�o�� �j�Z�a�[�j�h�k�h�\�� ���5�Ô�Å �b���5�Ò�Ó���� �h�^�g�Z�d�h�� �\�� �k�e�m�q�Z�_��

�b�k�i�h�e�v�a�h�\�Z�g�b�y���\���i�j�h�p�_�k�k�_���b�a�]�h�l�h�\�e�_�g�b�y���i�j�_�i�j�_�]�Z���Z�j�f�b�j�m�x�s�_�]�h���g�Z�i�h�e�g�b�l�_�e�y��

�k�� �f�b�g�b�f�Z�e�v�g�h�c�� �b�e�b�� �f�Z�d�k�b�f�Z�e�v�g�h�c���5�Ð�Ã�Ò ��� �̂h�i�m�k�l�b�f�h�c�� �i�h�� �L�M�� �g�Z�� �Z�j�f�b�j�m�x�s�b�c��

�g�Z�i�h�e�g�b�l�_�e�v�������k�m�s�_�k�l�\�m�_�l���\�_�j�h�y�l�g�h�k�l�v���g�_���i�h�i�Z�^�Z�g�b�y���\���\�u�[�j�Z�g�g�u�_���^�b�Z�i�Z�a�h�g�u��

�a�g�Z�q�_�g�b�c���i�h���5�Ò�Ó.  

�J�_�a�m�e�v�l�Z�l�u�� �j�Z�k�q�_�l�h�\�� �^�b�Z�i�Z�a�h�g�h�\�� �a�g�Z�q�_�g�b�c�� �� �\�_�k�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�i�j�_�i�j�_�]�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �<�K-������ �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_��

4. �F�Z�k�k�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �k�\�y�a�m�x�s�_�]�h�� �\�� �i�j�_�i�j�_�]�_�� �[�u�e�h�� �\�u�[�j�Z�g�h���� �b�k�o�h�^�y�� �b�a��

�b�f�_�x�s�_�]�h�k�y�� �h�i�u�l�Z�� �i�h�� �i�j�b�f�_�g�_�g�b�x�� �j�Z�g�_�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �� �^�e�y��

�^�h�k�l�b�`�_�g�b�y�� �l�j�_�[�h�\�Z�g�b�c�� �i�h�� �l�h�e�s�b�g�_�� �f�h�g�h�k�e�h�y�� �b�� �k�h�^�_�j�`�Z�g�b�y�� �k�\�y�a�m�x�s�_�]�h�� �\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�_�� 
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�L�Z�[�e�b�p�Z�� �� �±  �J�Z�k�q�_�l�g�u�_�� �^�b�Z�i�Z�a�h�g�u�� �a�g�Z�q�_�g�b�c�� �\�_�k�h�\�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�i�j�_�i�j�_�]�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51 

 
�<�Z�j�b�Z�g�l�u�� 
�j�Z�k�q�_�l�Z 

�K�h�^�_�j�`�Z�g�b�_��
�k�\�y�a�m�x�s�_�]�h��
�\���i�j�_�i�j�_�]�_����

�/ �Ô�Å, % 

�I�h�\�_�j�o�g�h�k�l�g�Z
�y���i�e�h�l�g�h�k�l�v��
�k�l�_�d�e�h�l�d�Z�g�b����

�5�Ð�Ã�Ò�����]���f2 

�I�h�\�_�j�o�g�h�k�l�g�Z�y��
�i�e�h�l�g�h�k�l�v��

�i�e�_�g�d�b��
�k�\�y�a�m�x�s�_�]�h����

�Æ���f2 

�I�h�\�_�j�o�g�h�k�l�g�Z�y��
�i�e�h�l�g�h�k�l�v��

�i�j�_�i�j�_�]�Z�����5�Ò�Ó�á 
�]���f2 

�F�_�l�h�^�������� 
���k���m�q�_�l�h�f���f�b�g����
�b���f�Z�d�k����
�a�g�Z�q�_�g�b�c���5�Ð�Ã�Ò) 

44 
42 �± 46 

290 
275,5 �± 304,5 199,5 �± 259 476 �± 563 

�F�_�l�h�^������ 
���k���m�q�_�l�h�f��
�l�h�e�v�d�h��
�k�j�_�^�g�_�]�h��
�a�g�Z�q�_�g�b�y�5�Ð�Ã�Ò) 

44 
42 �± 46 

290 
275,5 �± 304,5 210 �± 247 500 �± 537 

�I�j�b�f�_�q�Z�g�b�_���± �\���q�b�k�e�b�l�_�e�_���i�j�b�\�_�^�_�g�h���k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_�����\���a�g�Z�f�_�g�Z�l�_�e�_���± �f�b�g�b�f�Z�e�v�g�h�_���b��
�f�Z�d�k�b�f�Z�e�v�g�h�_ 

  

�>�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z���� �d�h�l�h�j�u�c�� �k�� �^�h�\�_�j�b�l�_�e�v�g�h�c�� �\�_�j�h�y�l�g�h�k�l�v�x��

�[�m�^�_�l�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v�� �j�Z�k�q�_�l�g�u�f�� �^�b�Z�i�Z�a�h�g�Z�f���5�Ò�Ó���� �[�u�e�� �\�u�[�j�Z�g�� �f�_�l�h�^����

�m�q�b�l�u�\�Z�x�s�b�c�� �d�Z�d�� �f�b�g�b�f�Z�e�v�g�u�c���� �l�Z�d�� �b�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �\�h�a�f�h�`�g�u�c�� �\�Z�j�b�Z�g�l��

�a�g�Z�q�_�g�b�c���5�Ð�Ã�Ò. 

�L�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �i�j�h�p�_�k�k�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h�� �<�K-������ �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �k�e�_�^�m�x�s�_�f���� �g�Z�� �[�m�f�Z�`�g�m�x��

�l�_�o�g�h�e�h�]�b�q�_�k�d�m�x�� �i�h�^�e�h�`�d�m�� �g�Z�g�h�k�b�l�k�y�� �i�e�_�g�d�Z�� �k�\�y�a�m�x�s�_�]�h���� �i�h�k�e�_�� �q�_�]�h��

�k�h�\�f�_�s�_�g�g�u�c�� �k�� �i�e�_�g�d�h�c���k�\�y�a�m�x�s�_�]�h�� �g�Z�i�h�e�g�b�l�_�e�v�� �i�h�k�l�m�i�Z�_�l�� �g�Z��

�d�Z�e�b�[�j�m�x�s�b�_�� �m�k�l�j�h�c�k�l�\�Z�� �i�j�h�i�b�l�h�q�g�h�c�� �m�k�l�Z�g�h�\�d�b�� �k�� �h�i�l�b�f�Z�e�v�g�u�f�b��

�l�_�f�i�_�j�Z�l�m�j�Z�f�b�� �\�� �g�Z�]�j�_�\�Z�l�_�e�v�g�u�o�� �i�e�b�l�Z�o���� �d�Z�e�Z�g�^�j�Z�o���� �e�Z�f�b�g�Z�l�h�j�_���� �A�Z�a�h�j�u�� �\��

�e�Z�f�b�g�Z�l�h�j�Z�o���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �k�h�\�f�_�s�_�g�b�_�� ���i�j�b�d�Z�l�d�m���� �g�Z�i�h�e�g�b�l�_�e�y�� �k��

�[�m�f�Z�`�g�u�f�b���i�h�^�e�h�`�d�Z�f�b���b���i�h�e�b�w�l�b�e�_�g�h�\�h�c���a�Z�s�b�l�g�h�c���i�e�_�g�d�h�c�����j�Z�k�k�q�b�l�u�\�Z�e�b��

�b�k�o�h�^�y�� �b�a�� �l�h�e�s�b�g�� �i�j�_�i�j�_�]�Z���� �i�h�^�e�h�`�d�b�� �b�� �i�e�_�g�d�b���� �H�i�l�b�f�Z�e�v�g�u�_�� �a�Z�a�h�j�u�� �\��

�d�Z�e�Z�g�^�j�Z�o�� ���h�i�j�_�^�_�e�y�e�b�� �b�k�o�h�^�y�� �b�a�� �l�h�e�s�b�g�� �f�h�g�h�k�e�h�y�� �i�j�_�i�j�_�]�Z�� �k�� �m�q�_�l�h�f��

�l�h�e�s�b�g�� �i�h�^�e�h�`�d�b�� �b�� �i�h�e�b�w�l�b�e�_�g�h�\�h�c�� �i�e�_�g�d�b������ �h�[�_�k�i�_�q�b�\�Z�x�l�� �j�Z�\�g�h�f�_�j�g�h�_��

�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �k�\�y�a�m�x�s�_�]�h�� �\�� �i�j�_�i�j�_�]�_�� �b�� �d�Z�q�_�k�l�\�_�g�g�h�_�� �k�h�\�f�_�s�_�g�b�_�� �k��

�g�Z�i�h�e�g�b�l�_�e�_�f�� 
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�K�o�_�f�Z�� �i�j�h�i�b�l�h�q�g�h�c�� �m�k�l�Z�g�h�\�d�b�� �j�Z�k�i�e�Z�\�g�h�]�h�� �l�b�i�Z���� �g�Z�� �d�h�l�h�j�h�c��

�b�a�]�h�l�Z�\�e�b�\�Z�e�b���i�j�_�i�j�_�]�� �i�j�b�\�_�^�_�g�Z���g�Z���j�b�k�m�g�d�_��18. 

 

�J�b�k�� 18 �± �K�o�_�f�Z���i�j�h�i�b�l�h�q�g�h�c���m�k�l�Z�g�h�\�d�b���j�Z�k�i�e�Z�\�g�h�]�h���l�b�i�Z�� 

1 �± �i�b�l�Z�x�s�_�_���m�k�l�j�h�c�k�l�\�h���g�Z�i�h�e�g�b�l�_�e�y; 2 �± �m�a�e�u �m�k�l�j�h�c�k�l�\�Z �g�Z�g�_�k�_�g�b�y���k�\�y�a�m�x�s�_�]�h 

���d�h�m�l�_�j�u��; 3 �±  �m�a�_�e���i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h���g�Z�]�j�_�\�Z���g�Z�i�h�e�g�b�l�_�e�y; 4 �± �m�a�_�e���j�Z�\�g�h�f�_�j�g�h�]�h��

�j�Z�k�i�j�_�^�_�e�_�g�b�y���\�h�e�h�d�h�g���i�h���r�b�j�b�g�_�����d�h�e�e�b�f�Z�l�h�j��; 5 �± �\�_�j�o�g�_�_���b���g�b�`�g�_�_���j�Z�a�f�h�l�h�q�g�u�_��

�m�k�l�j�h�c�k�l�\�Z���[�m�f�Z�`�g�h�c���i�h�^�e�h�`�d�b����6,7,8,9 - �k�b�k�l�_�f�Z �b�a���e�Z�f�b�g�Z�l�h�j�h�\�����‹�������b���‹����������������

�d�Z�e�Z�g�^�j�h�\�����‹�������b���‹�����������������l�j�_�o���g�Z�]�j�_�\�Z�l�_�e�v�g�u�o���i�e�b�l�����������b���h�^�g�h�c���h�o�e�Z�`�^�Z�x�s�_�c��

�i�e�b�l�u�������������h�[�_�k�i�_�q�b�\�Z�x�s�b�o���d�Z�q�_�k�l�\�_�g�g�m�x���i�j�h�i�b�l�d�m���i�j�_�i�j�_�]�Z�� 10 - �i�j�b�_�f�g�u�_��

�m�k�l�j�h�c�k�l�\�Z���[�m�f�Z�`�g�h�c���i�h�^�e�h�`�d�b�� 11 �± �j�Z�a�f�h�l�h�q�g�u�_���m�k�l�j�h�c�k�l�\�Z���i�h�e�b�w�l�b�e�_�g�h�\�h�c��

�a�Z�s�b�l�g�h�c���i�e�_�g�d�b����12 �± �m�a�_�e���h�[�j�_�a�d�b���d�j�h�f�h�d���i�j�_�i�j�_�]�Z; 13 �± �i�j�b�_�f�g�h�_���m�k�l�j�h�c�k�l�\�h��

�i�j�_�i�j�_�]�Z. 

 

�I�j�b�� �h�l�j�Z�[�h�l�d�_�� �l�_�o�g�h�e�h�]�b�b�� �b�a�]�h�l�h�\�e�_�g�b�y���i�j�_�i�j�_�]�Z ���j�b�k�m�g�h�d�� ��9) 

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�b�f�b�^�g�h�]�h�� �j�Z�k�i�e�Z�\�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �f�Z�j�d�b��  

�<�K-������ �b�� �k�l�_�d�e�y�g�g�h�c�� �l�d�Z�g�b�� �f�Z�j�d�b���L-10-������ �[�u�e�b �i�h�^�h�[�j�Z�g�u �h�i�l�b�f�Z�e�v�g�u�_��

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u ���l�_�f�i�_�j�Z�l�m�j�Z�� �g�Z�g�h�k�y�s�b�o�� �\�Z�e�h�\ �d�h�m�l�_�j�h�\, 

�\�_�e�b�q�b�g�Z�� �a�Z�a�h�j�Z�� �f�_�`�^�m�� �g�Z�g�h�k�y�s�b�f�b�� �\�Z�e�Z�f�b���� �k�d�h�j�h�k�l�v���i�j�h�l�y�`�d�b��

�g�Z�i�h�e�g�b�l�_�e�y���� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�Z�e�h�\�� �d�Z�e�Z�g�^�j�h�\���� �l�_�f�i�_�j�Z�l�m�j�Z�� �g�Z�]�j�_�\�Z�l�_�e�v�g�u�o��

�k�l�h�e�h�\��. �M�k�l�Z�g�h�\�e�_�g�h���� �� �q�l�h���i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_���m�a�e�Z�� �g�Z�g�_�k�_�g�b�y �f�_�g�_�_�� �������ƒ�K 

�l�j�_�[�m�_�l�k�y�� �k�g�b�a�b�l�v�� �k�d�h�j�h�k�l�v�� �i�j�h�i�b�l�d�b���� �q�l�h�� �g�_�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h���� �Z�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �[�h�e�_�_�� �������ƒ�K �± �g�Z�q�b�g�Z�_�l�k�y�� �g�_�d�h�g�l�j�h�e�b�j�m�_�f�h�_�� �g�Z�j�Z�k�l�Z�g�b�_��

�\�y�a�d�h�k�l�b�� �j�Z�k�i�e�Z�\�Z�� �k�\�y�a�m�x�s�_�]�h�� �\�k�e�_�^�k�l�\�b�_�� �g�Z�q�b�g�Z�x�s�_�c�k�y�� �i�h�e�b�f�_�j�b�a�Z�p�b�b�� �b��
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�\�_�k�v���i�j�h�p�_�k�k���i�j�h�i�b�l�d�b���k�l�Z�g�h�\�b�l�k�y���d�j�Z�c�g�_���g�_�k�l�Z�[�b�e�v�g�u�f�����L�Z�d�`�_���m�k�l�Z�g�h�\�e�_�g�h����

�q�l�h�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �i�e�b�l�� �b�� �d�Z�e�Z�g�^�j�h�\�� �[�h�e�_�_�� ������ �ƒ�K�� �d�Z�q�_�k�l�\�h�� �i�j�h�i�b�l�d�b��

�g�Z�i�h�e�g�b�l�_�e�y�� �k�l�Z�g�h�\�b�l�k�y���g�_�j�Z�\�g�h�f�_�j�g�u�f�� ���\�b�a�m�Z�e�v�g�h���� �\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�_�� �g�Z��

�h�k�g�h�\�_�� �l�Z�d�h�]�h�� �i�j�_�i�j�_�]�Z���� �d�Z�d�� �i�j�Z�\�b�e�h���� �\�h�a�j�Z�k�l�Z�_�l�� �\�_�j�h�y�l�g�h�k�l�v�� �i�h�\�u�r�_�g�b�y��

�i�h�j�b�k�l�h�k�l�b�� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_���� �k�g�b�`�Z�x�l�k�y���f�_�o�Z�g�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b����

�;�h�e�_�_�� �\�u�k�h�d�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� ���\�u�r�_�� �������ƒ�K���� �\�u�a�\�Z�e�b�� �i�j�_�`�^�_�\�j�_�f�_�g�g�h�_��

�h�l�\�_�j�`�^�_�g�b�_���k�\�y�a�m�x�s�_�]�h���\���i�j�_�i�j�_�]�_�� 

 

�Z 
 

�[ 

�J�b�k. 19 �± �N�h�l�h�]�j�Z�n�b�b���l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�k�Z���b�a�]�h�l�h�\�e�_�g�b�y���i�j�_�i�j�_�]�Z���g�Z��
�h�k�g�h�\�_���j�Z�k�i�e�Z�\�g�h�]�h���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h���<�K-51: 

 �Z�����k�l�Z�^�b�y�����d�Z�e�Z�g�^�j�b�j�h�\�Z�g�b�y���k�\�y�a�m�x�s�_�]�h, 
�[�����k�h�\�f�_�s�_�g�b�_ �k�\�y�a�m�x�s�_�]�h���k�h���k�l�_�d�e�y�g�g�u�f���g�Z�i�h�e�g�b�l�_�e�_�f�� 

 
�I�j�b �i�j�h�i�b�l�d�_ �\���b�g�l�_�j�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j���g�Z���\�Z�e�Z�o���d�h�m�l�_�j�h�\������-�������ƒ�K���[�u�e�h��

�h�[�_�k�i�_�q�_�g�h�� �i�h�e�m�q�_�g�b�_�� �g�Z�b�[�h�e�_�_�� �d�Z�q�_�k�l�\�_�g�g�h�c�� �i�e�_�g�d�b�� �k�\�y�a�m�x�s�_�]�h�� �k��

�f�b�g�b�f�Z�e�v�g�u�f�b�� �j�Z�a�[�j�h�k�Z�f�b�� �i�h�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �i�e�h�l�g�h�k�l�b�� �>�Z�g�g�u�c�� �i�h�^�o�h�^��

�i�h�a�\�h�e�y�_�l���b�a�]�h�l�Z�\�e�b�\�Z�l�v���i�j�_�p�b�a�b�h�g�g�u�c���i�j�_�i�j�_�] �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���k���l�h�q�g�h�k�l�v�x��

�g�Z�g�h�k�Z���k�\�y�a�m�x�s�_�]�h���“�����f�Z�k�k�������� 

�J�Z�k�i�e�Z�\�g�Z�y�� �l�_�o�g�h�e�h�]�b�y�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z�� �g�Z�� �h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h��

�f�Z�j�d�b�� �<�K-������ �i�h�a�\�h�e�y�_�l�� �h�[�_�k�i�_�q�b�l�v�� �f�_�g�v�r�b�c�� �j�Z�a�[�j�h�k�� �h�[�t�_�f�g�h-�f�Z�k�k�h�\�u�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� ���l�h�q�g�h�k�l�v�� �g�Z�g�h�k�Z�� �k�\�y�a�m�x�s�_�]�h�� �� �“���� �f�Z�k�k�������� �i�h��

�k�j�Z�\�g�_�g�b�x�� �k�� �j�Z�k�l�\�h�j�g�h�c�� �l�_�o�g�h�e�h�]�b�_�c�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h�� �K�I-�����K�� ���l�h�q�g�h�k�l�v�� �g�Z�g�h�k�Z�� �k�\�y�a�m�x�s�_�]�h�� �“���� �f�Z�k�k����������

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�_�i�j�_�]�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�b�o�� �� �f�Z�j�h�d��

�K�I-�����K�� �b �<�K-������ �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ��. �<�g�_�r�g�b�c�� �\�b�^�� �i�j�_�i�j�_�]�h�\��
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�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���K�I-�����K���b���k�\�y�a�m�x�s�_�]�h���<�K-�������i�j�b�\�_�^�_�g�u��

�g�Z���j�b�k�m�g�d�_������. 

 

�L�Z�[�e�b�p�Z�� �� �± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�_�i�j�_�]�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h���K�I-�����K���b���<�K-51 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�I�j�_�i�j�_�]���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��
�g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h�� 

�K�I-�����K*  

�I�j�_�i�j�_�]���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��
�g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h��

�<�K-51**  
�I�h�\�_�j�o�g�h�k�l�g�Z�y��
�i�e�h�l�g�h�k�l�v���i�j�_�i�j�_�]�Z�����]���f2 

���������“������ ���������“������ 

�F�Z�k�k�h�\�Z�y���^�h�e�y��
�k�\�y�a�m�x�s�_�]�h���\���i�j�_�i�j�_�]�_����
�����f�Z�k�k 

�������“���� �������“���� 

�F�Z�k�k�h�\�Z�y���^�h�e�y���e�_�l�m�q�b�o��
�i�j�h�^�m�d�l�h�\���\���i�j�_�i�j�_�]�_��������
�f�Z�k�k 

8 - 11 - 

�
�a�g�Z�q�_�g�b�y���i�j�b�\�_�^�_�g�u���b�a���I�B����������������-2003; 
�
�
���a�g�Z�q�_�g�b�y���i�j�b�\�_�^�_�g�u���b�a���L�M��1-595-10-1876-2020 

 

 

 

                    �Z����              �[�� 

�J�b�k. 20 �± �<�g�_�r�g�b�c���\�b�^���i�j�_�i�j�_�]�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h��      
�K�I-�����K ���Z�����b���k�\�y�a�m�x�s�_�]�h���<�K-51 ���[�� 

 

3.3.  �B�k�k�e�_�^�h�\�Z�g�b�_���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���n�h�j�f�h�\�Z�g�b�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���j�Z�k�i�e�Z�\�g�h�]�h���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h��

�i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z 

 

�F�Z�d�k�b�f�Z�e�v�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �k�\�h�c�k�l�\�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u�� �\��

�d�h�f�i�h�a�b�p�b�h�g�g�u�o�� �f�Z�l�_�j�b�Z�e�Z�o�� �\�h�a�f�h�`�g�Z�� �i�j�b�� �m�k�e�h�\�b�b�� �h�[�_�k�i�_�q�_�g�b�y��
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�h�i�l�b�f�Z�e�v�g�h�c�� �Z�^�]�_�a�b�b�� �_�z�� �\�� �h�l�\�_�j�`�^�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b�� �d�� �Z�j�f�b�j�m�x�s�_�f�m��

�g�Z�i�h�e�g�b�l�_�e�x�����g�_�i�j�_�j�u�\�g�h�c���]�j�Z�g�b�p�_�c �j�Z�a�^�_�e�Z���i�h�e�b�f�_�j-�g�Z�i�h�e�g�b�l�_�e�v���� �Z�� �l�Z�d�`�_��

�\�u�k�h�d�h�c�� �k�l�_�i�_�g�b�� �_�_�� �f�h�g�h�e�b�l�g�h�k�l�b���� �H�k�g�h�\�g�u�_�� �f�b�d�j�h�k�l�j�m�d�l�m�j�g�u�_�� �^�_�n�_�d�l�u�� �\��

�i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�_�� �\�h�a�g�b�d�Z�x�l���� �d�Z�d�� �i�j�Z�\�b�e�h���� �\�� �i�j�h�p�_�k�k�_�� �j�_�Z�d�p�b�c��

�h�l�\�_�j�`�^�_�g�b�y�����Z���l�Z�d�`�_���\�k�e�_�^�k�l�\�b�_���h�[�t�_�f�g�h�c���m�k�Z�^�d�b�� 

�<�Z�`�g�h�c�� �a�Z�^�Z�q�_�c�� �g�Z���k�l�Z�^�b�b�� �b�a�]�h�l�h�\�e�_�g�b�y�� �I�D�F�� �y�\�e�y�_�l�k�y�� �\�u�[�h�j��

�g�Z�b�[�h�e�_�_�� �i�h�^�o�h�^�y�s�b�o�� �l�_�f�i�_�j�Z�l�m�j�g�h-�\�j�_�f�_�g�g�u�o�� �b�� �f�Z�g�h�f�_�l�j�b�q�_�k�d�b�o��

�i�Z�j�Z�f�_�l�j�h�\���l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�Z���h�l�\�_�j�`�^�_�g�b�y�����H�l���^�Z�g�g�u�o���i�Z�j�Z�f�_�l�j�h�\��

�a�Z�\�b�k�y�l���m�i�j�m�]�h-�i�j�h�q�g�h�k�l�g�u�_���� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�_�� �b�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_��

�k�\�h�c�k�l�\�Z���h�l�n�h�j�f�h�\�Z�g�g�u�o���I�D�F�� 

�>�e�y�� �i�h�^�[�h�j�Z�� �h�i�l�b�f�Z�e�v�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�g�h-�\�j�_�f�_�g�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��

�n�h�j�f�h�\�Z�g�b�y�� �I�D�F�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�l�k�y�� �f�_�l�h�^�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h-

�k�d�Z�g�b�j�m�x�s�_�c�� �d�Z�e�h�j�b�f�_�l�j�b�b�� ���>�K�D������ �J�_�Z�d�p�b�y�� �h�l�\�_�j�`�^�_�g�b�y�� �[�h�e�v�r�b�g�k�l�\�Z��

�l�_�j�f�h�j�_�Z�d�l�b�\�g�u�o�� �d�h�f�i�h�a�b�p�b�c�� �y�\�e�y�_�l�k�y�� �� �w�d�a�h�l�_�j�f�b�q�_�k�d�h�c�� �b�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y 

�b�a�f�_�g�_�g�b�_�f�� �w�g�l�Z�e�v�i�b�b���� �l���_���� �i�j�h�l�_�d�Z�_�l�� �k�� �\�u�^�_�e�_�g�b�_�f�� �h�i�j�_�^�_�e�z�g�g�h�]�h��

�d�h�e�b�q�_�k�l�\�Z�� �l�_�i�e�Z���� �I�j�b�� �g�Z�]�j�_�\�Z�g�b�b�� �b�k�k�e�_�^�m�_�f�h�]�h�� �h�[�j�Z�a�p�Z���l�_�j�f�h�]�j�Z�f�f�Z���>�K�D����

�i�j�_�^�k�l�Z�\�e�y�x�s�Z�y�� �k�h�[�h�c�� �l�_�f�i�_�j�Z�l�m�j�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v�� �k�d�h�j�h�k�l�b�� �l�_�i�e�h�\�h�]�h��

�i�h�l�h�d�Z���� �i�j�b�h�[�j�_�l�Z�_�l�� �n�h�j�f�m�� �i�b�d�Z�� �\�� �b�g�l�_�j�\�Z�e�_�� �l�_�f�i�_�j�Z�l�m�j�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

�o�b�f�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b���k�\�y�a�m�x�s�_�]�h���� 

�H�^�g�Z�d�h�� �k�i�_�p�b�n�b�d�Z�� �f�_�o�Z�g�b�a�f�Z�� �h�l�\�_�j�`�^�_�g�b�y�� �k�\�y�a�m�x�s�_�]�h�� �<�K-�������� �Z��

�b�f�_�g�g�h�� �\�u�^�_�e�_�g�b�_�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o�� �\�_�s�_�k�l�\�� �g�Z�� �i�_�j�\�h�c�� �k�l�Z�^�b�b��

�h�l�\�_�j�`�^�_�g�b�y�� �b�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �i�j�h�\�_�^�_�g�b�y�� �\�l�h�j�h�c�� �k�l�Z�^�b�b�� �h�l�\�_�j�`�^�_�g�b�y�� �i�h�^��

�^�Z�\�e�_�g�b�_�f���� �a�Z�l�j�m�^�g�y�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�Z�� �^�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���� �d�h�l�h�j�u�c�� �l�j�Z�^�b�p�b�h�g�g�h�� �i�j�b�f�_�g�y�_�l�k�y�� �i�j�b��

�b�k�k�e�_�^�h�\�Z�g�b�b�� �l�_�j�f�h�j�_�Z�d�l�b�\�g�u�o�� �d�h�f�i�h�a�b�p�b�c�� �i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h�� �l�b�i�Z����

�g�Z�i�j�b�f�_�j�� �w�i�h�d�k�b�^�g�u�o�� �k�\�y�a�m�x�s�b�o���� �G�Z�� �j�b�k�m�g�d�_��21 �i�j�b�\�_�^�_�g�u�� �� �d�j�b�\�u�_�� �>�K�D��

�Z�g�Z�e�b�a�Z�� �i�j�_�i�j�_�]�Z�� �g�Z�� �h�k�g�h�\�_�� �w�i�h�d�k�b�^�g�h�]�h�� ���^�e�y�� �i�j�b�f�_�j�Z�� �[�u�e�h�� �\�u�[�j�Z�g�h��

�k�\�y�a�m�x�s�_�_�� �W�>�L-69 ���j�b�k�m�g�h�d�� �����Z���� �b�� �i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �<�K-51 

���j�b�k�m�g�h�d�������[��.  
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�Z�� 

 

�[�� 

�J�b�k. 21 �± �D�j�b�\�u�_���>�K�D���i�j�_�i�j�_�]�Z���g�Z���h�k�g�h�\�_���w�i�h�d�k�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h�� 
�W�>�L-���������Z�����b���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h���<�K-���������[�� 

 

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �>�K�D�� �Z�g�Z�e�b�a�Z�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �^�Z�g�g�u�c�� �f�_�l�h�^��

�g�_�� �y�\�e�y�_�l�k�y�� �^�h�k�l�h�\�_�j�g�u�f�� �b�� �b�g�n�h�j�f�Z�l�b�\�g�u�f�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�g�h-

�\�j�_�f�_�g�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�Z�d�p�b�b�� �h�l�\�_�j�`�_�g�b�y�� �i�j�_�i�j�_�]�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z��

�h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51. 

�<���k�\�y�a�b�� �k�� �w�l�b�f�����^�e�y�� �i�h�^�[�h�j�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �n�h�j�f�h�\�Z�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z����

�l�Z�d�b�o�� �d�Z�d�� �l�_�f�i�_�j�Z�l�m�j�Z�� �b�� �\�j�_�f�y�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y���� �[�u�e�� �i�j�b�f�_�g�_�g�� �f�_�l�h�^�� �L�F�:��
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�^�e�y�� �h�i�j�_�^�_�e�_�g�b�y���\�j�_�f�_�g�b�� �]�_�e�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b���l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z��

�f�b�g�b�f�Z�e�v�g�h�c���\�y�a�d�h�k�l�b���j�Z�k�i�e�Z�\�Z���k�\�y�a�m�x�s�_�]�h���f�Z�j�d�b���<�K-51 �\���k�h�k�l�Z�\�_���i�j�_�i�j�_�]�Z��

���j�b�k�m�g�h�d��22). 

 

�J�b�k. 22 �± �D�j�b�\�Z�y���L�F�:���i�j�b���^�b�g�Z�f�b�q�_�k�d�h�f���g�Z�]�j�_�\�_���i�j�_�i�j�_�]�Z���g�Z���h�k�g�h�\�_��
�i�h�e�b�b�f�b�^�g�h�]�h�����k�\�y�a�m�x�s�_�]�h���f�Z�j�d�b���<�K-�������b���k�l�_�d�e�h�l�d�Z�g�b���L-10-14 

 

�B�a�� �^�Z�g�g�u�o�� �j�b�k�m�g�d�_��21 �\�b�^�g�h���� �q�l�h���]�_�e�_�h�[�j�Z�a�h�\�Z�g�b�_�� �k�\�y�a�m�x�s�_�]�h�� �f�Z�j�d�b��

�<�K-�������\���i�j�_�i�j�_�]�_���g�Z�[�e�x�^�Z�_�l�k�y���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���k�\�u�r�_�����������ž�K���� 

�H�i�u�l �\�_�^�m�s�b�o�� �a�Z�j�m�[�_�`�g�u�o���d�h�f�i�Z�g�b�c�� ��Cytec, Toray �b�� �^�j���� 

�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���� �q�l�h�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �m�j�h�\�g�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d 

�I�D�F�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�b�f�b�^�g�u�o�� �k�\�y�a�m�x�s�b�o�� �i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h�� �l�b�i�Z 

�g�_�h�[�o�h�^�b�f�u �\�u�k�h�d�b�_ �^�Z�\�e�_�g�b�_ �n�h�j�f�h�\�Z�g�b�y�� ���•�������� �F�I�Z���� �b �d�h�g�_�q�g�Z�y��

�l�_�f�i�_�j�Z�l�m�j�Z���h�l�\�_�j�`�^�_�g�b�y�����•��300 �ž�K) ���l�Z�[�e�b�p�Z��������[92]. 
 

�L�Z�[�e�b�p�Z 6 �± �I�Z�j�Z�f�_�l�j�u�� �n�h�j�f�h�\�Z�g�b�y���I�D�F �a�Z�j�m�[�_�`�g�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z 

�g�Z���h�k�g�h�\�_���i�h�e�b�b�f�b�^�g�u�o���k�\�y�a�m�x�s�b�o��[93 - 97] 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�L�_�o�g�h�e�h�]�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���n�h�j�f�h�\�Z�g�b�y 
�>�Z�\�e�_�g�b�_��
�n�h�j�f�h-
�\�Z�g�b�y�� 
�F�I�Z 

�L�_�f�i�_�j�Z�l�m�j�Z��
�i�h�^�Z�q�b��

�^�Z�\�e�_�g�b�y�����ž�K 

�D�h�g�_�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z�����b��

�\�j�_�f�y��
�n�h�j�f�h�\�Z�g�b�y 

�I�j�h�^�h�e�`�b�l
�_�e�v�g�h�k�l�v�n

�h�j�f�h-
�\�Z�g�b�y�����q 

�I�h�k�l�h�l�\�_-
�j�`�^�_�g�b�_ 

PMR-15 1,4  
 

218 316 �ž�K 
�������f�b�g 

5 316 �ž�K 
�����q 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�F�Z�j�d�Z��
�f�Z�l�_�j�b�Z�e�Z 

�L�_�o�g�h�e�h�]�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���n�h�j�f�h�\�Z�g�b�y 
�>�Z�\�e�_�g�b�_��
�n�h�j�f�h-
�\�Z�g�b�y����
�F�I�Z 

�L�_�f�i�_�j�Z�l�m�j�Z��
�i�h�^�Z�q�b��

�^�Z�\�e�_�g�b�y�����ž�K 

�D�h�g�_�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z����

�b���\�j�_�f�y��
�n�h�j�f�h�\�Z�g�b�y 

�I�j�h�^�h�e�`�b�l
�_�e�v�g�h�k�l�v�n

�h�j�f�h-
�\�Z�g�b�y�����q 

�L�_�j�f�h�h�[�j�Z
�[�h�l�d�Z 

RS-51 (AFRPE-
4/ AS4) 

1,4  280 371 �ž�K 
�����q 

10 400 �ž�K 
�����q 

�L�K890 
(900�G�L/�L650) 

1,4  
 

300 371 �ž�K 
�����q 

15 �g�_�l 

AVIMID �ŠR/ 
�L650-35 8�GS 

1,4 310 360 �ž�K 
�����q 

18 �g�_�l 

CYCOM�Š2237/
�L650-35 8�GS 

1,0-1,4  246 316 �ž�K 
���������q 

12 ���������ž�K���� 10 
�q 

R�J-46/ IM7 1,4 
 

246 316 �ž�K 
�����q 

8 �������ž�K 
�����q 

PETI-
�������?���L������-�����D 

1,5 
 

250 371 �ž�K 
�����q 

20 �g�_�l 

 

�L�Z�d���� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �\�u�r�_�b�a�e�h�`�_�g�g�h�]�h�� �b�� �k�� �m�q�_�l�h�f�� �j�_�a�m�e�v�l�Z�l�h�\��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �k�\�y�a�m�x�s�_�]�h�� �b�� �i�j�_�i�j�_�]�Z���� �Z�� �l�Z�d�`�_�� �k�o�_�f�u�� �h�[�j�Z�a�h�\�Z�g�b�y��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �i�h�e�b�f�_�j�g�h�c���k�_�l�d�b [98 - 101] �k�\�y�a�m�x�s�_�]�h�� �<�K-51           

���j�b�k�m�g�h�d��23������ �[�u�e�b���h�i�j�h�[�h�\�Z�g�u���j�Z�a�e�b�q�g�u�_�� �j�_�`�b�f�u�� �n�h�j�f�h�\�Z�g�b�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�_�l�h�^�Z�f�b���i�j�_�k�k�h�\�h�]�h���b���Z�\�l�h�d�e�Z�\�g�h�]�h���n�h�j�f�h�\�Z�g�b�y���� 

�x �j�_�`�b�f �‹�� 1 �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y���^�h�� �g�Z�q�Z�e�Z�� �i�j�h�p�_�k�k�Z��

�b�f�b�^�b�a�Z�p�b�b�����^�h 140 �£�K);  

�x �j�_�`�b�f���‹�� 2 �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y���i�h�k�e�_�� �h�d�h�g�q�Z�g�b�y��

�i�j�h�p�_�k�k�Z���b�f�b�^�b�a�Z�p�b�b�����^�h�����������ƒ�K);  

�x �j�_�`�b�f���‹�� 3 �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y �i�h�k�e�_�� �j�Z�k�i�e�Z�\�e�_�g�b�y 

�h�e�b�]�h�f�_�j�Z (�^�h�����������ƒ�K).  

�<�_�e�b�q�b�g�Z�� �b�a�[�u�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y�� �k�h�k�l�Z�\�e�y�e�Z�� �^�h�� �������� �F�I�Z���� �k�d�h�j�h�k�l�v��

�g�Z�]�j�_�\�Z�� ���� �ƒ�K���f�b�g�����I�j�b�� �w�l�h�f�� �i�j�b �i�j�h�\�_�^�_�g�b�b�� �Z�\�l�h�d�e�Z�\�g�h�]�h�� �n�h�j�f�h�\�Z�g�b�y���� �k��

�p�_�e�v�x�� �b�k�d�e�x�q�_�g�b�y�� �i�h�l�_�j�b�� �p�b�d�e�h�i�_�g�l�Z�^�b�_�g�Z���� �\�u�^�_�e�y�x�s�_�]�h�k�y�� �\�� �i�j�h�p�_�k�k�_��

�h�[�j�Z�l�g�h�c�� �j�_�Z�d�p�b�b�� �>�b�e�v�k�Z�±�:�e�v�^�_�j�Z�����i�h�k�e�_�� �i�h�^�Z�q�b�� �b�a�[�u�l�h�q�g�h�]�h�� �^�Z�\�e�_�g�b�y��

�g�_�h�[�o�h�^�b�f�h �h�l�k�h�_�^�b�g�b�l�v�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �i�Z�d�_�l�� �h�l�� �\�Z�d�m�m�f�g�h�]�h�� �g�Z�k�h�k�Z. 

�>�Z�g�g�u�c�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �i�j�b�_�f���k�i�h�k�h�[�k�l�\�m�_�l�� �m�\�_�e�b�q�_�g�b�x�� �k�l�_�i�_�g�b��

�d�h�g�\�_�j�k�b�b�����Z���l�Z�d�`�_���j�h�k�l�m���l�_�f�i�_�j�Z�l�m�j�u���k�l�_�d�e�h�\�Z�g�b�y �h�l�\�_�j�`�^�_�g�g�h�]�h���I�D�F�� 
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�J�b�k. 23 �± �K�o�_�f�Z���h�[�j�Z�a�h�\�Z�g�b�y���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���i�h�e�b�f�_�j�g�h�c���k�_�l�d�b��
�k�\�y�a�m�x�s�_�]�h���<�K-51 �k���m�d�Z�a�Z�g�b�_�f���i�j�_�^�e�h�`�_�g�g�u�o���j�_�`�b�f�h�\���n�h�j�f�h�\�Z�g�b�y 

 

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�� �i�j�h�\�_�^�_�g�� �Z�g�Z�e�b�a�� �\�e�b�y�g�b�y��

�l�_�o�g�h�e�h�]�b�b�� �n�h�j�f�h�\�Z�g�b�y�� �b�� �j�_�`�b�f�h�\�� �b�a�]�h�l�h�\�e�_�g�b�y�� �g�Z�� �d�h�f�i�e�_�d�k�� �n�b�a�b�q�_�k�d�b�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�����J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �n�b�a�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_��7 �b���g�Z���j�b�k�m�g�d�_��24. 

 

�L�Z�[�e�b�p�Z��7 �± �J�_�a�m�e�v�l�Z�l�u�� �h�i�j�_�^�_�e�_�g�b�y�� �n�b�a�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51 �b���k�l�_�d�e�h�l�d�Z�g�b���L-10-14 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�B�k�i�h�e�v�a�h�\�Z�g�g�Z�y���l�_�o�g�h�e�h�]�b�y �n�h�j�f�h�\�Z�g�b�y 

�I�j�_�k�k�h�\�h�_���n�h�j�f�h�\�Z�g�b�_ �:�\�l�h�d�e�Z�\�g�h�_���n�h�j�f�h�\�Z�g�b�_ 

�J�_�`�b�f �‹  1 
�K�h�^�_�j�`�Z�g�b�_��

�k�\�y�a�m�x�s�_�]�h��������
�f�Z�k�k�� 

24,95 
24,66 �± 25,30 

29,85 
29,74 �± 29,99 

�I�h�j�b�k�l�h�k�l�v������ 13,47 
13,05 �± 13,71 

6,05 
5,88 �± 6,64 

�L�h�e�s�b�g�Z��
�f�h�g�h�k�e�h�y�����f�f 

0,22 
0,21 �± 0,22 

0,22 
0,22 �± 0,22 

�J�_�`�b�f���‹���� 
�K�h�^�_�j�`�Z�g�b�_��

�k�\�y�a�m�x�s�_�]�h��������
�f�Z�k�k�� 

34,22 
34,04 �± 34,46 

25,35 
23,71 �± 26,06 

�I�h�j�b�k�l�h�k�l�v������ 
5,10 

3,90 �± 6,46 
10,20 

9,63 �± 10,66 
�L�h�e�s�b�g�Z��

�f�h�g�h�k�e�h�y�����f�f 
0,24 

0,24 �± 0,24 
0,21 

0,20 - 0,21 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u������ 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�B�k�i�h�e�v�a�h�\�Z�g�g�Z�y���l�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y 

�I�j�_�k�k�h�\�h�_���n�h�j�f�h�\�Z�g�b�_ �:�\�l�h�d�e�Z�\�g�h�_���n�h�j�f�h�\�Z�g�b�_ 

�J�_�`�b�f���‹���� 
�K�h�^�_�j�`�Z�g�b�_��

�k�\�y�a�m�x�s�_�]�h��������
�f�Z�k�k�� 

33,61 
32,80 �± 35,23 

31,21 
29,31 �± 32,41 

�I�h�j�b�k�l�h�k�l�v������ 
2,06 

1,74 �± 4,74 
2,33 

2,05 �± 2,47 
�L�h�e�s�b�g�Z��

�f�h�g�h�k�e�h�y�����f�f 
0,24 

0,24 �± 0,26 
0,21 

0,20 �± 0,22 
 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �n�b�a�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �f�h�`�g�h�� �g�Z�[�e�x�^�Z�l�v��

�i�j�y�f�m�x�� �a�Z�\�b�k�b�f�h�k�l�v�� �\�e�b�y�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y�� �g�Z�� �k�h�^�_�j�`�Z�g�b�_��

�k�\�y�a�m�x�s�_�]�h�� �\�� �h�[�j�Z�a�p�Z�o�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���� �b�a�]�h�l�h�\�e�_�g�g�u�o�� �k�i�h�k�h�[�h�f��

�i�j�_�k�k�h�\�Z�g�b�y���� �^�Z�`�_�� �i�j�b�� �m�k�e�h�\�b�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�u�k�h�d�h�]�h�� �m�j�h�\�g�y �^�Z�\�e�_�g�b�y��

�n�h�j�f�h�\�Z�g�b�y ���^�h�� �������� �F�I�Z�������q�l�h�� �i�j�b�� �i�_�j�\�h�c�� �h�p�_�g�d�_�� �^�h�e�`�g�h�� �k�i�h�k�h�[�k�l�\�h�\�Z�l�v��

�b�f�_�g�g�h�� �m�f�_�g�v�r�_�g�b�x�� �k�h�^�_�j�`�Z�g�b�y�� �k�\�y�a�m�x�s�_�]�h���� �>�Z�g�g�u�c�� �w�n�n�_�d�l�� �h�[�t�y�k�g�y�_�l�k�y��

�l�_�f���� �q�l�h�� �\�y�a�d�h�k�l�v�� �i�h�e�b�f�_�j�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �\�� �k�h�k�l�Z�\�_�� �a�Z�]�h�l�h�\�d�b�� �\�� �i�j�h�p�_�k�k�_��

�b�a�]�h�l�h�\�e�_�g�b�y�� �i�h�k�l�h�y�g�g�h�� �m�\�_�e�b�q�b�\�Z�_�l�k�y���� �k�g�b�`�Z�y�� �l�_�f�� �k�Z�f�u�f�� �l�_�d�m�q�_�k�l�v���� �Z��

�h�[�j�Z�a�m�x�s�b�c�k�y �h�[�e�h�c�� �\�h�d�j�m�]�� �a�Z�]�h�l�h�\�d�b�� �i�j�_�i�y�l�k�l�\�m�_�l�� �j�Z�k�l�_�d�Z�g�b�x��

�k�\�y�a�m�x�s�_�]�h���� �>�Z�g�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �g�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �^�e�y�� �h�[�j�Z�a�p�h�\����

�b�a�]�h�l�h�\�e�_�g�g�u�o���k�i�h�k�h�[�h�f���Z�\�l�h�d�e�Z�\�g�h�]�h���n�h�j�f�h�\�Z�g�b�y�����q�l�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�h��

�k�� �l�_�f���� �q�l�h�� �i�j�b�� �\�u�d�e�Z�^�d�_�� �a�Z�]�h�l�h�\�d�b�� �b�k�i�h�e�v�a�m�_�l�k�y�� �i�_�j�n�h�j�b�j�h�\�Z�g�g�Z�y�� �i�e�_�g�d�Z�� �b��

�^�j�_�g�Z�`�g�u�c�� �f�Z�l�_�j�b�Z�e���� �k�i�h�k�h�[�k�l�\�m�x�s�b�_�� �h�l�l�h�d�m �k�\�y�a�m�x�s�_�]�h�� �b�� �h�l�\�h�^�m��

�h�[�j�Z�a�m�x�s�b�o�k�y�� �e�_�l�m�q�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �i�h�� �\�k�_�c�� �i�h�\�_�j�o�g�h�k�l�b�� �a�Z�]�h�l�h�\�d�b�� �\��

�i�j�h�p�_�k�k�_���n�h�j�f�h�\�Z�g�b�y��  
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�J�b�k. 24 �± �<�e�b�y�g�b�_���l�_�o�g�h�e�h�]�b�b���b���i�Z�j�Z�f�_�l�j�h�\���n�h�j�f�h�\�Z�g�b�y���g�Z���i�h�j�b�k�l�h�k�l�v��

�h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51 �b���k�l�_�d�e�h�l�d�Z�g�b��        

�L-10-14 

 
�:�g�Z�e�b�a���j�_�a�m�e�v�l�Z�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y���i�h�j�b�k�l�h�k�l�b���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�^�_�f�h�g�k�l�j�b�j�m�_�l�� �e�b�g�_�c�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v���a�g�Z�q�_�g�b�c�� �i�h�j�b�k�l�h�k�l�b�� �h�l�� �j�_�`�b�f�Z��

�b�a�]�h�l�h�\�e�_�g�b�y�� �^�e�y�� �h�[�j�Z�a�p�h�\���h�l�n�h�j�f�h�\�Z�g�g�u�o�� �\�� �i�j�_�k�k�_���� �q�l�h�� �h�[�t�y�k�g�y�_�l�k�y��

�\�u�[�h�j�h�f�� �g�Z�b�[�h�e�_�_�� �h�i�l�b�f�Z�e�v�g�h�c�� �l�h�q�d�b�� �i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y���� �H�^�g�Z�d�h�� �^�e�y��

�Z�\�l�h�d�e�Z�\�g�h�]�h�� �n�h�j�f�h�\�Z�g�b�y���� �^�e�y�� �j�_�`�b�f�Z�� �‹ ���� �g�Z�[�e�x�^�Z�x�l�k�y�� �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y��

�i�h�j�b�k�l�h�k�l�b���� �L�Z�d�h�_�� �y�\�e�_�g�b�_�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �l�h�q�d�Z�� �i�h�^�Z�q�b��

�^�Z�\�e�_�g�b�y�� �\�� �^�Z�g�g�h�f�� �j�_�`�b�f�_�� �g�Z�o�h�^�b�l�k�y�� �\�� �h�[�e�Z�k�l�b�� �h�d�h�g�q�Z�g�b�y�� �i�j�h�p�_�k�k�Z��

�h�e�b�]�h�f�_�j�b�a�Z�p�b�b�����i�h�k�e�_���d�h�l�h�j�h�]�h���k�\�y�a�m�x�s�_�_���i�_�j�_�o�h�^�b�l���\���l�\�_�j�^�h�_���k�h�k�l�h�y�g�b�_���b��

�l�_�j�y�_�l���k�i�h�k�h�[�g�h�k�l�v���l�_�q�v���^�h���l�_�f�i�_�j�Z�l�m�j�u���j�Z�k�i�e�Z�\�e�_�g�b�y���h�e�b�]�h�f�_�j�Z���a���������ƒ�K�����<��

�k�\�y�a�b �k���w�l�b�f���\���i�j�h�p�_�k�k�_���n�h�j�f�h�\�Z�g�b�y���i�h���j�_�`�b�f�m���‹ �������\�h�a�f�h�`�g�h���©�a�Z�i�b�j�Z�g�b�_�ª��

�e�_�l�m�q�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �\�� �h�[�t�_�f�_�� �a�Z�]�h�l�h�\�d�b���� �>�h�i�h�e�g�b�l�_�e�v�g�h�� �d�� �m�d�Z�a�Z�g�g�h�f�m��

�g�_�h�[�o�h�^�b�f�h�� �^�h�[�Z�\�b�l�v���� �q�l�h�� �^�Z�\�e�_�g�b�_�� �\�� �Z�\�l�h�d�e�Z�\�_���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�j�_�k�k�h�f����

�i�h�^�Z�_�l�k�y�� �\�� �l�_�q�_�g�b�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b���� �q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �f�h�`�_�l��

�g�_�]�Z�l�b�\�g�h���\�e�b�y�l�v���g�Z���m�^�Z�e�_�g�b�_���e�_�l�m�q�b�o���d�h�f�i�h�g�_�g�l�h�\���b�a���a�h�g�u���j�_�Z�d�p�b�b�� 

�J�_�a�m�e�v�l�Z�l�u�� �\�e�b�y�g�b�y�� �l�_�o�g�h�e�h�]�b�c�� �n�h�j�f�h�\�Z�g�b�y�� �b�� �j�_�`�b�f�h�\�� �b�a�]�h�l�h�\�e�_�g�b�y��

�g�Z�� �f�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h���<�K-�������i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_��8 �b���j�b�k�m�g�d�Z�o���������b������. 
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�L�Z�[�e�b�p�Z��8 �± �J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51 �b���k�l�_�d�e�h�l�d�Z�g�b���L-10-14 

�i�j�b���j�Z�a�e�b�q�g�u�o���l�_�f�i�_�j�Z�l�m�j�Z�o 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�j�_�`�b�f�Z 

�J�_�`�b�f���‹�� 1 �J�_�`�b�f���‹�� 2 �J�_�`�b�f���‹�� 3 

�L�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y��- �i�j�_�k�k�h�\�Z�g�b�_ 
�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b���i�j�b���k�`�Z�l�b�b 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c 

�����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b�� �i�j�b��
�k�`�Z�l�b�b�����F�I�Z 

365,0 
295 - 490 

265,8 
240 - 295 

422,5 
410 - 580 

315,5 
290 - 360 

471,7 
455 - 500 

300,0 
273 - 317 

�D�h�w�n�����\�Z�j�b�Z�p�b�b 17,35 7,28 11,57 6,97 3,16 5,42 
�K�h�o�j���� �k�\�h�c�k�l�\����
% 72,80 73,51 63,60 

�L�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y��- �Z�\�l�h�d�e�Z�\�g�h�_ 
�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b���i�j�b���k�`�Z�l�b�b 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c 

�����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b�� �i�j�b��
�k�`�Z�l�b�b�����F�I�Z 

366,7 
330 - 420 

296,7 
285 �± 320 

284,2 
260 - 315 

194,2 
170 - 235 

450,0 
435 - 470 

329,2 
315 �± 345 

�D�h�w�n�����\�Z�j�b�Z�p�b�b 8,47 4,85 6,13 12,97 3,31 1,66 
�K�h�o�j���� �k�\�h�c�k�l�\����
% 80,91  68,33  73,15 

�L�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y��- �i�j�_�k�k�h�\�Z�g�b�_ 
�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b���i�j�b���f�_�`�k�e�h�_�\�h�f���k�^�\�b�]�_ 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c 

�����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b�� �i�j�b��
�k�^�\�b�]�_�����F�I�Z 

39,7 
38 - 42 

22,5 
21 �± 23 

46,7 
44 - 52 

29,2 
27 - 33 

50,7 
48 �± 53 

33,0 
30 �± 35 

�D�h�w�n�����\�Z�j�b�Z�p�b�b 3,46 6,13 5,49 7,33 3,81 2,0 
�K�h�o�j���� �k�\�h�c�k�l�\����
% 56,72 62,50 55,31 

�L�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y��- �Z�\�l�h�d�e�Z�\�g�h�_ 
�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b���i�j�b���k�^�\�b�]�_ 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c 

�����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K �����ƒ�K �������ƒ�K 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b�� �i�j�b��
�k�^�\�b�]�_�����F�I�Z 

37,7 
33 - 40 

23,7 
23 �± 25 

26,3 
24 - 29 

16,5 
15 - 17 

49,7 
47 �± 52 

35,0 
34 �± 37 

�D�h�w�n�����\�Z�j�b�Z�p�b�b 7,13 6,36 8,40 9,19 2,46 6,2 
�K�h�o�j���� �k�\�h�c�k�l�\, 
% 62,83 62,66 70,47 
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�J�b�k. 25 �± �<�e�b�y�g�b�_���l�_�o�g�h�e�h�]�b�b���n�h�j�f�h�\�Z�g�b�y���b���j�_�`�b�f�Z���b�a�]�h�l�h�\�e�_�g�b�y���g�Z���i�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b���i�j�b���k�`�Z�l�b�b���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-51 

 
�J�_�a�m�e�v�l�Z�l�u�� �h�i�j�_�^�_�e�_�g�b�_�� �i�j�_�^�_�e�Z�� �i�j�h�q�g�h�k�l�b�� �i�j�b �k�`�Z�l�b�b�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���� �b�a�]�h�l�h�\�e�_�g�g�u�o�� �i�h�� �j�Z�a�e�b�q�g�u�f�� �j�_�`�b�f�Z�f�� ���\�� �i�j�_�k�k�_�� �b�� �\��

�Z�\�l�h�d�e�Z�\�_������ �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �b�f�_�g�g�h�� �j�_�`�b�f�� ���� �k�� �l�_�f�i�_�j�Z�l�m�j�h�c��

�i�h�^�Z�q�b�� �^�Z�\�e�_�g�b�y���^�h�� �������� �ƒ�K���i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v�� �f�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y��

�i�j�h�q�g�h�k�l�b���\�g�_���a�Z�\�b�k�b�f�h�k�l�b���h�l���b�k�i�h�e�v�a�m�_�f�h�c���l�_�o�g�h�e�h�]�b�b�� 
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���-�*�<�/���&�������ï�î�ì���£�Á
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�J�b�k. 26 �± �<�e�b�y�g�b�_���l�_�o�g�h�e�h�]�b�b���n�h�j�f�h�\�Z�g�b�y���b���j�_�`�b�f�Z���b�a�]�h�l�h�\�e�_�g�b�y���g�Z���i�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b���i�j�b���f�_�`�k�e�h�_�\�h�f���k�^�\�b�]�_���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h���<�K-51 
 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �f�_�`�k�e�h�_�\�h�f�� �k�^�\�b�]�_��

�h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h�� �<�K-51���� �h�l�n�h�j�f�h�\�Z�g�g�h�]�h�� �i�h        

�l�j�_�f �j�_�`�b�f�Z�f�� �\�� �Z�\�l�h�d�e�Z�\�_�� �b�� �\�� �i�j�_�k�k�_���� �l�Z�d�`�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h            

�j�_�`�b�f���‹ �����i�h�a�\�h�e�y�_�l���^�h�k�l�b�]�Z�l�v���g�Z�b�[�h�e�v�r�b�o���a�g�Z�q�_�g�b�c���i�j�h�q�g�h�k�l�b�� 

�?�s�z�� �h�^�g�b�f�� �g�_�f�Z�e�h�\�Z�`�g�u�f�� �i�Z�j�Z�f�_�l�j�h�f�� �h�p�_�g�d�b�� �^�h�k�l�b�]�Z�_�f�u�o��

�i�h�d�Z�a�Z�l�_�e�_�c�� �i�j�h�q�g�h�k�l�b�� �y�\�e�y�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�� �\�Z�j�b�Z�p�b�b�� �^�e�y�� �b�k�k�e�_�^�m�_�f�u�o��

�\�u�[�h�j�h�d���� �B�a�� �l�Z�[�e�b�p�u��8 �\�b�^�g�h���� �q�l�h�� �^�e�y�� �j�_�`�b�f�Z�� �‹ ���� �d�h�w�n�n�b�p�b�_�g�l�� �\�Z�j�b�Z�p�b�b��

�^�e�y���j�Z�a�e�b�q�g�u�o���\�u�[�h�j�h�d���e�_�`�b�l���\���^�b�Z�i�Z�a�h�g�_�������������± �������������q�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h��

�\�u�k�h�d�h�c�� �k�o�h�^�b�f�h�k�l�b�� �i�h�e�m�q�Z�_�f�u�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�� �b�o�� �\�u�k�h�d�h�c��

�\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�b�� �\�� �^�Z�e�v�g�_�c�r�_�f���� �>�e�y�� �^�j�m�]�b�o�� �j�_�`�b�f�h�\�� �b�� �l�_�o�g�h�e�h�]�b�c��

�n�h�j�f�h�\�Z�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�u�� �\�Z�j�b�Z�p�b�b�� �b�f�_�x�l�� �[�h�e�v�r�b�_�� �j�Z�a�[�j�h�k�u�� �b�� �e�_�`�Z�l�� �\��
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�^�b�Z�i�Z�a�h�g�_�������������± ���������������q�l�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�h���k���\�u�k�h�d�h�c���g�_�h�^�g�h�j�h�^�g�h�k�l�v�x��

�k�l�j�m�d�l�m�j�u���b�a�]�h�l�h�\�e�_�g�g�u�o���h�[�j�Z�a�p�h�\���� 

�K�� �p�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�e�b�y�g�b�y�� �j�_�`�b�f�h�\�� �b�a�]�h�l�h�\�e�_�g�b�y�� �g�Z�� �k�l�j�m�d�l�m�j�m��

�h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �[�u�e�� �i�j�h�\�_�^�_�g�� �f�b�d�j�h�k�l�j�m�d�l�m�j�g�u�c�� �Z�g�Z�e�b�a�� �i�j�b��

�m�\�_�e�b�q�_�g�b�y�o�� �h�l�� �î�������� ���Z���� �[���� �\���� �^�h�� �î���������� ���]���� �^���� �_�������J�_�a�m�e�v�l�Z�l�u�� �i�j�b�\�_�^�_�g�u�� �g�Z��

�j�b�k�m�g�d�_��27.  

   

   

              �J�b�k. 27 �± �F�b�d�j�h�k�l�j�m�d�l�m�j�Z���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h���<�K-51�����b�a�]�h�l�h�\�e�_�g�g�u�o���i�h���j�_�`�b�f�Z�f���k���j�Z�a�e�b�q�g�h�c���l�_�f�i�_�j�Z�l�m�j�h�c��

�i�h�^�Z�q�_�c���^�Z�\�e�_�g�b�y:  ���Z�����]) �± �j�_�`�b�f���‹ ���������[�����)̂ �± �j�_�`�b�f���‹ ���������\, �_) �± �j�_�`�b�f���‹ 3. 

 
�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �f�b�d�j�h�k�l�j�m�d�l�m�j�u�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �<�K-51���� �b�a�]�h�l�h�\�e�_�g�g�u�o�� �i�h�� �j�Z�a�e�b�q�g�u�f��

�j�_�`�b�f�Z�f�����f�h�`�g�h���h�l�f�_�l�b�l�v���h�^�g�h�j�h�^�g�m�x���k�l�j�m�d�l�m�j�m���h�[�j�Z�a�p�h�\�����h�l�n�h�j�f�h�\�Z�g�g�u�o��

�i�h�� �j�_�`�b�f�m�� �‹ ������ �G�Z�� �j�b�k�m�g�d�Z�o 27 ���\���� �b�� ���_������ �g�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �Z�]�e�h�f�_�j�Z�p�b�c��

�k�\�y�a�m�x�s�_�]�h�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �\�h�e�h�d�g�Z���b�� �h�l�q�_�l�e�b�\�h�� �\�b�^�g�h���� �q�l�h�� �h�k�g�h�\�g�Z�y�� �f�Z�k�k�Z��

�i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u�� �j�Z�\�g�h�f�_�j�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�Z�� �\�� �f�_�`�\�h�e�h�d�h�g�g�h�f��

�Z �[

  �Z 
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�] �  ̂ �_ 
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�i�j�h�k�l�j�Z�g�k�l�\�_���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �g�Z�� �j�b�k�m�g�d�Z�o��27 ���Z���������[�� �b�� ���]�� �g�Z�[�e�x�^�Z�x�l�k�y��

�]�e�h�[�m�e�u�� �\�� �k�l�j�m�d�l�m�j�_�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u���� �j�Z�k�i�h�e�h�`�_�g�g�u�_�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b��

�Z�j�f�b�j�m�x�s�_�]�h�� �g�Z�i�h�e�g�b�l�_�e�y���� �q�l�h�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �l�h�f���� �q�l�h��

�n�h�j�f�b�j�h�\�Z�g�b�_���f�Z�l�j�b�p�u���i�j�h�b�k�o�h�^�b�l���\���i�_�j�b�h�^�����d�h�]�^�Z���i�j�b�e�Z�]�Z�_�f�h�_���^�Z�\�e�_�g�b�_���g�_��

�h�[�_�k�i�_�q�b�\�Z�_�l�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �k�\�y�a�m�x�s�_�]�h�� �\�� �h�[�t�_�f�_�� �g�Z�i�h�e�g�b�l�_�e�y���� �q�l�h�� �\��

�d�h�g�_�q�g�h�f�� �b�l�h�]�_�� �i�j�b�\�h�^�b�l�� �d�� �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b�� �k�l�j�m�d�l�m�j�u���� �g�Z�e�b�q�b�x�� �i�h�j�� �b��

�©�g�_�m�i�j�_�k�k�h�\�Z�g�g�u�o�ª�� �m�q�Z�k�l�d�h�\�� �\�� �h�[�t�_�f�_�� �h�[�j�Z�a�p�Z���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h�� �\�u�k�h�d�b�_��

�i�h�d�Z�a�Z�l�_�e�b�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �\�Z�j�b�Z�p�b�b���� �g�_�k�l�Z�[�b�e�v�g�u�_�� �k�\�h�c�k�l�\�Z�� �b�� �g�b�a�d�Z�y�� �b�o��

�\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v���� �[�h�e�_�_�� �g�b�a�d�h�_�� �k�h�o�j�Z�g�_�g�b�_�� �i�j�h�q�g�h�k�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d 

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z �y�\�e�y�x�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �\�u�[�j�Z�g�g�u�o�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o��

�i�Z�j�Z�f�_�l�j�h�\���i�_�j�_�j�Z�[�h�l�d�b���� �G�Z�� �j�b�k�m�g�d�_�� ��7 ���^���� �l�Z�d�`�_�� �f�h�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h��

�i�h�e�b�f�_�j�g�h�_���k�\�y�a�m�x�s�_�_���q�Z�k�l�b�q�g�h���h�l�k�m�l�k�l�\�m�_�l���\���f�_�`�\�h�e�h�d�h�g�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_ 

[98]. 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�_�g�g�u�o�� �j�Z�[�h�l�� �m�k�l�Z�g�h�\�e�_�g�h�� �\�e�b�y�g�b�_�� �j�_�`�b�f�h�\��

�n�h�j�f�h�\�Z�g�b�y �g�Z�� �d�h�f�i�e�_�d�k�� �k�\�h�c�k�l�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z�� �h�k�g�h�\�_�� �j�Z�k�i�e�Z�\�g�h�]�h��

�i�h�e�b�b�f�b�^�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �<�K-�������� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �j�_�`�b�f�� �‹ 3 �h�[�_�k�i�_�q�b�\�Z�_�l��

�[�h�e�_�_���h�^�g�h�j�h�^�g�m�x���b���j�Z�\�g�h�f�_�j�g�m�x���k�l�j�m�d�l�m�j�m���f�Z�l�_�j�b�Z�e�Z�����l�_�f���k�Z�f�u�f���i�h�a�\�h�e�y�y��

�^�h�k�l�b�]�Z�l�v�� �[�h�e�_�_�� �\�u�k�h�d�h�]�h�� �m�j�h�\�g�y�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �d�Z�d�� �i�j�b��

�d�h�f�g�Z�l�g�h�c�����l�Z�d���b���i�j�b���i�h�\�u�r�_�g�g�u�o���l�_�f�i�_�j�Z�l�m�j�Z�o�� 

�:�g�Z�e�b�a�� �e�b�l�_�j�Z�l�m�j�g�u�o�� �^�Z�g�g�u�o�� �\�� �h�[�e�Z�k�l�b�� �l�_�j�f�h�k�l�h�c�d�b�o���I�D�F 

�i�h�d�Z�a�u�\�Z�_�l�� �>92�@���� �q�l�h�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�����L�H�� �\�� �[�h�e�v�r�b�g�k�l�\�_��

�k�e�m�q�Z�_�\�� �i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x�� �l�_�j�f�h�k�l�h�c�d�h�k�l�b �f�Z�l�_�j�b�Z�e�h�\���� �\�� �l�h�f�� �q�b�k�e�_��

�i�j�h�b�k�o�h�^�y�l�� �j�_�e�Z�d�k�Z�p�b�h�g�g�u�_�� �i�j�h�p�_�k�k�k�u�� �b�� �m�f�_�g�v�r�_�g�b�_�� �\�g�m�l�j�_�g�g�b�o��

�g�Z�i�j�y�`�_�g�b�c�� �\�� �]�m�k�l�h�k�_�l�q�Z�l�u�o�� �i�h�e�b�f�_�j�Z�o���� ���<���k�\�y�a�b�� �k�� �\�u�r�_�b�a�e�h�`�_�g�g�u�f�� �[�u�e�h 

�i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�e�b�y�g�b�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �g�Z�� �l�_�i�e�h�n�b�a�b�q�_�k�d�b�_��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �<�K-51. �<�j�_�f�y��

�l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� �[�u�e�h�� �\�u�[�j�Z�g�h�� ���� �q�Z�k�Z�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_ �\�u�r�_�� �l�_�f�i�_�j�Z�l�m�j�u��

�k�l�_�d�e�h�\�Z�g�b�y�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u��- �������� �ƒ�K�� �J�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�_�g�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�Z�o����8 �± 30. 
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�J�b�k. 28 �± �A�Z�\�b�k�b�f�h�k�l�v���>�K�D-�d�j�b�\�u�o �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h��
�<�K-51 �h�l���l�_�j�f�h�[�j�Z�[�h�l�d�b 

 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �h�k�l�Z�l�h�q�g�u�o�� �l�_�i�e�h�\�u�o�� �w�n�n�_�d�l�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 

�g�Z�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�f�� �k�d�Z�g�b�j�m�x�s�_�f�� �d�Z�e�h�j�b�f�_�l�j�_�� �i�h�d�Z�a�Z�e�b���� �q�l�h��

�^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z�� �g�_�� �\�e�b�y�_�l�� �g�Z�� �i�j�h�p�_�k�k�u�� �^�h�h�l�\�_�j�`�^�_�g�b�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���b���k�l�_�i�_�g�v���d�h�g�\�_�j�k�b�b���k�h�k�l�Z�\�e�y�_�l���k�\�u�r�_���������� 

 

�J�b�k. 29 �± �A�Z�\�b�k�b�f�h�k�l�v �L�=�:-�d�j�b�\�u�o���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h��
�<�K-51 �h�l���l�_�j�f�h�h�[�j�Z�[�h�l�d�b 

 

�I�j�h�\�_�^�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �f�_�l�h�^�h�f�� �L�=�:�� �l�Z�d�`�_�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �l�_�f�i�_�j�Z�l�m�j�Z��

�g�Z�q�Z�e�Z�� �b�g�l�_�g�k�b�\�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �^�_�k�l�j�m�d�p�b�b�� �g�Z�o�h�^�b�l�k�y�� �\�� �j�Z�c�h�g�_�� �������� �ƒ�K�� �\�g�_��

�a�Z�\�b�k�b�f�h�k�l�b���h�l���i�j�b�f�_�g�_�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�h�c���l�_�j�f�h�h�[�j�Z�[�h�l�d�b�� 
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�Z�����l�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y�����������ƒ�K  �[�����l�_�f�i�_�j�Z�l�m�j�Z �k�l�_�d�e�h�\�Z�g�b�y�������� �ƒ�K 

 

�J�b�k. 30 �± �<�e�b�y�g�b�_���l�_�j�f�h�h�[�j�Z�[�h�l�d�b���g�Z���l�_�f�i�_�j�Z�l�m�j�m���k�l�_�d�e�h�\�Z�g�b�y���h�[�j�Z�a�p�h�\��
�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���k�\�y�a�m�x�s�_�]�h���<�K-���������Z��- �[�_�a���L�H�����[���± �k���L�H�� 

 

�:�g�Z�e�b�a�� �d�j�b�\�u�o�� �>�F�:�� �i�h�d�Z�a�Z�e���� �q�l�h�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���\��

�l�_�q�_�g�b�_ ���� �q�Z�k�h�\�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������ƒ�K �k�i�h�k�h�[�k�l�\�m�_�l�� �j�h�k�l�m �l�_�f�i�_�j�Z�l�m�j�u��

�k�l�_�d�e�h�\�Z�g�b�y���k�������� �^�h��356 �ƒ�K�����>�Z�g�g�u�c���w�n�n�_�d�l���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g���k���l�_�f�����q�l�h���i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �h�l�� �������� �^�h�� �������� �ƒ�K �i�j�h�b�k�o�h�^�b�l�� �h�l�\�_�j�`�^�_�g�b�_�� �i�h�� �d�h�g�p�_�\�u�f��

�w�g�^�b�d�h�\�u�f�� �]�j�m�i�i�Z�f�����w�g�^�b�d�h�\�u�c�� �p�b�d�e�� �j�Z�k�i�Z�^�Z�_�l�k�y�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f��

�f�Z�e�_�b�g�h�\�h�]�h���p�b�d�e�Z���b���i�_�g�l�Z�^�b�_�g�Z���>25, 92�@�����I�_�g�l�Z�^�b�_�g���o�b�f�b�q�_�k�d�b���\�k�l�j�Z�b�\�Z�_�l�k�y��

�\�� �k�l�j�m�d�l�m�j�m�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u���� �m�\�_�e�b�q�b�\�Z�y�� �d�h�e�b�q�_�k�l�\�h�� �l�_�j�f�b�q�_�k�d�b��

�i�j�h�q�g�u�o�� �p�b�d�e�h�\�� �b�� �m�a�e�h�\���� �h�[�j�Z�a�m�x�s�b�o�k�y�� �b�a�� �w�g�^�b�d�h�\�u�o�� �d�h�g�p�_�\�u�o�� �]�j�m�i�i���� �l�_�f��

�k�Z�f�u�f�� �i�h�\�u�r�Z�y�� �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�m�x�� �m�k�l�h�c�q�b�\�h�k�l�v�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u����

�\�u�j�Z�`�_�g�g�m�x���m�\�_�e�b�q�_�g�b�_�f���l�_�f�i�_�j�Z�l�m�j�u���k�l�_�d�e�h�\�Z�g�b�y�� 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z��

�l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y�� �j�_�d�h�f�_�g�^�Z�p�b�y�� �g�Z�� �b�a�]�h�l�h�\�e�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��                    

(�L�J�� ��������2841-2020)���� �j�Z�a�j�Z�[�h�l�Z�g�g�h�f�m�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�m�� �[�u�e�Z�� �i�j�b�k�\�h�_�g�Z�� �f�Z�j�d�Z  

�<�I�K-72. 
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3.4 �K�j�Z�\�g�_�g�b�_���b���Z�g�Z�e�b�a���k�\�h�c�k�l�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���g�Z���h�k�g�h�\�_��

�i�h�e�b�b�f�b�^�g�u�o���k�\�y�a�m�x�s�b�o���i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�]�h���b���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h��

�l�b�i�h�\ 

 

�J�Z�a�e�b�q�b�y���\���k�\�h�c�k�l�\�Z�o���i�h�e�b�b�f�b�^�g�u�o���k�\�y�a�m�x�s�b�o���i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�]�h��

�b���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z�����d�Z�d���[�u�e�h���i�h�d�Z�a�Z�g�h���\�u�r�_�����h�d�Z�a�u�\�Z�x�l���\�e�b�y�g�b�_���g�Z��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�_�i�j�_�]�Z���� �q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l�� �j�Z�a�e�b�q�b�_�� �\��

�d�h�f�i�e�_�d�k�_���n�b�a�b�q�_�k�d�b�o���k�\�h�c�k�l�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�����N�b�a�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�Z�j�h�d���K�L�I-�����k���b�����<�I�K-�������i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_��9. 

 

�L�Z�[�e�b�p�Z��9 �± �N�b�a�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �f�Z�j�h�d��    

�K�L�I-�����k �b���<�I�K-72 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�A�g�Z�q�_�g�b�y���k�\�h�c�k�l�\ 
�K�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b�� 

�K�L�I-�����k 
�K�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b��

�<�I�K-72 
�K�h�^�_�j�`�Z�g�b�_���k�\�y�a�m�x�s�_�]�h���\��
�k�l�_�d�e�h�i�e�Z�k�l�b�d�_���������f�Z�k�k 17 - 29 29 - 33 

�I�e�h�l�g�h�k�l�v�����]���k�f3 1,65 - 1,90 1,88 - 1,94 
�I�h�j�b�k�l�h�k�l�v������ 6 - 10 1 - 3 
�I�j�b�f�_�q�Z�g�b�_��- �a�g�Z�q�_�g�b�y���i�j�b�\�_�^�_�g�u���b�a���i�Z�k�i�h�j�l�Z���‹1147 �^�e�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���K�L�I-�����k���b���b�a��
�i�Z�k�i�h�j�l�Z�� �‹�� ���������� �^�e�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72���� �n�h�j�f�h�\�Z�g�b�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �K�L�I-�����k��
�i�j�h�\�h�^�b�e�h�k�v���i�h���I�B��1.2.337-2003. 

 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u��10���� �i�h�j�b�k�l�h�k�l�v�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b���K�L�I-�����k 

�g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�]�h�� �l�b�i�Z�� �f�h�`�_�l�� �^�h�k�l�b�]�Z�l�v��10 %, 

�q�l�h�� �[�h�e�_�_�� �q�_�f�� �\�� �^�\�Z�� �j�Z�a�Z�� �i�j�_�\�u�r�Z�_�l�� �Z�g�Z�e�h�]�b�q�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �^�e�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-72���� �b�� �d�Z�d�� �k�e�_�^�k�l�\�b�_���� �g�_�]�Z�l�b�\�g�h�� �k�d�Z�a�u�\�Z�_�l�k�y�� �g�Z��

�d�h�f�i�e�_�d�k���n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

�>�e�y���h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �b�a�]�h�l�h�\�e�_�g�g�u�o�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �[�u�e�h��

�i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �b�o�� �f�b�d�j�h�k�l�j�m�d�l�m�j�u�� �g�Z�� �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�f��

�d�h�f�i�e�_�d�k�_�� �n�b�j�f�u�� �©�/�H�L�F�D�ª�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b�� �î���������� �K�t�_�f�d�m�� �b�a�h�[�j�Z�`�_�g�b�c�� �\�_�e�b��

�i�j�b���i�h�f�h�s�b���p�b�n�j�h�\�h�c���d�Z�f�_�j�u���9�(�&-���������������f�_�]�Z�i�b�d�k�_�e�Z�������h�[�j�Z�[�h�l�d�m���b���Z�g�Z�e�b�a��

�k�g�b�f�d�h�\���i�j�h�\�h�^�b�e�b���b�k�i�h�e�v�a�m�y���i�j�h�]�j�Z�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_��Image Expert Pro 3x. 



87 
 

�G�Z�� �j�b�k�m�g�d�_��31 �i�j�_�^�k�l�Z�\�e�_�g�u�� �n�h�l�h�]�j�Z�n�b�b�� �f�b�d�j�h�k�l�j�m�d�l�m�j�u�� �h�[�j�Z�a�p�h�\ 

�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�����Z�����f�b�d�j�h�k�l�j�m�d�l�m�j�Z���h�[�j�Z�a�p�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���K�L�I-�����k, 

�[�����f�b�d�j�h�k�l�j�m�d�l�m�j�Z���h�[�j�Z�a�p�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-72. 

 

                                                          �Z�� 

 

                                                            �[�� 

�J�b�k. 31 �± �F�b�d�j�h�k�l�j�m�d�l�m�j�Z���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�Z�j�h�d��  
�K�L�I-�����k�����Z�����b���<�I�K-���������[�������î������ 
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�B�k�k�e�_�^�h�\�Z�g�b�_�� �f�b�d�j�h�k�l�j�m�d�l�m�j�u�� �h�[�j�Z�a�p�h�\�� �i�h�d�Z�a�Z�e�h���� �q�l�h�� �\�� �h�[�j�Z�a�p�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �K�L�I-�����k�� �h�[�g�Z�j�m�`�_�g�h�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �d�h�e�b�q�_�k�l�\�h��

�^�_�n�_�d�l�h�\�� �\�� �\�b�^�_�� �i�h�j�� ���j�b�k�m�g�h�d��31�Z������ �q�l�h�� �k�m�s�_�k�l�\�_�g�g�h�� �h�l�e�b�q�Z�_�l�k�y�� �h�l��

�d�h�e�b�q�_�k�l�\�Z�� �^�_�n�_�d�l�h�\�� �\�� �h�[�j�Z�a�p�_�� �b�a�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-72                

���j�b�k�m�g�h�d��31�[). 

�G�Z�e�b�q�b�_�� �i�h�j �h�d�Z�a�u�\�Z�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �\�e�b�y�g�b�_�� �g�Z���f�_�o�Z�g�b�q�_�k�d�b�_ 

�k�\�h�c�k�l�\�Z���I�D�F���� �m�f�_�g�v�r�Z�y�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�� �d�h�g�k�l�j�m�d�p�b�b���a�Z���k�q�_�l�� �k�g�b�`�_�g�b�y��

�k�h�i�j�h�l�b�\�e�_�g�b�y���b�a�]�b�[�Z�x�s�b�f�����k�`�b�f�Z�x�s�b�f���b���k�^�\�b�]�h�\�u�f���g�Z�]�j�m�a�d�Z�f��[102].  

�L�Z�d�`�_���[�u�e���i�j�h�\�_�^�_�g���f�b�d�j�h�k�l�j�m�d�l�m�j�g�u�c���Z�g�Z�e�b�a���k���i�j�b�f�_�g�_�g�b�_�f���f�_�l�h�^�Z��

�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�� �i�h�\�_�j�o�g�h�k�l�b�� �j�Z�k�k�e�h�_�g�b�y�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���K�L�I-�����k �b���<�I�K-�������i�h�k�e�_���b�k�i�u�l�Z�g�b�y���g�Z���k�`�Z�l�b�_���i�j�b������ �f �K�� 

 �I�j�b�� �i�h�^�]�h�l�h�\�d�_�� �d�� �f�b�d�j�h�k�l�j�m�d�l�m�j�g�u�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�� �h�[�j�Z�a�p�u��

�j�Z�k�k�e�Z�b�\�Z�e�b�k�v�� �f�_�`�^�m�� �k�e�h�y�f�b�� �l�d�Z�g�b�� �g�Z�� �^�\�_�� �q�Z�k�l�b�� �i�h�� �h�[�j�Z�a�h�\�Z�\�r�_�c�k�y��

�l�j�_�s�b�g�_�� �i�h�k�e�_�� �b�k�i�u�l�Z�g�b�y�� �g�Z�� �k�`�Z�l�b�_���� �>�Z�e�_�_�� �i�h�e�m�q�_�g�g�u�_�� �i�h�\�_�j�o�g�h�k�l�b��

�i�j�b�d�e�_�b�\�Z�e�b�k�v�� �l�h�d�h�i�j�h�\�h�^�y�s�b�f�� �d�e�_�_�f�� �� �d�� �k�i�_�p�b�Z�e�v�g�u�f�� �^�_�j�`�Z�l�_�e�y�f�� �^�e�y��

�k�d�Z�g�b�j�m�x�s�_�]�h�� �w�e�_�d�l�j�h�g�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z�� �b�� �k�m�r�b�e�b�k�v�� �i�j�b�� �d�h�f�g�Z�l�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�_�� �^�h�� �i�h�e�g�h�]�h�� �h�l�\�_�j�`�^�_�g�b�y�� �d�e�_�y���� �>�e�y�� �\�u�y�\�e�_�g�b�y�� �l�h�g�d�h�c��

�k�l�j�m�d�l�m�j�u���f�Z�l�_�j�b�Z�e�Z�����h�[�j�Z�a�_�p���i�h�^�\�_�j�]�Z�e�k�y���b�h�g�g�h-�i�e�Z�a�f�_�g�g�h�f�m���l�j�Z�\�e�_�g�b�x���\��

�\�Z�d�m�m�f�g�h�c�� �m�k�l�Z�g�h�\�d�_�� �-�)�&-���������� ���-�(�2�/������ �K�� �p�_�e�v�x�� �m�\�_�e�b�q�_�g�b�y��

�w�e�_�d�l�j�h�i�j�h�\�h�^�b�f�h�k�l�b���� �g�_�h�[�o�h�^�b�f�h�c�� �i�j�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �\��

�w�e�_�d�l�j�h�g�g�h�f�� �f�b�d�j�h�k�d�h�i�_���� �i�h�\�_�j�o�g�h�k�l�v�� �h�[�j�Z�a�p�h�\�� �f�_�l�Z�e�e�b�a�b�j�h�\�Z�e�Z�k�v�� �\��

�\�Z�d�m�m�f�g�h�c���m�k�l�Z�g�h�\�d�_���f�Z�]�g�_�l�j�h�g�g�h�]�h���j�Z�k�i�u�e�_�g�b�y�����4�������5���(�6���� 

�I�h�^�]�h�l�h�\�e�_�g�g�u�_�� �h�[�j�Z�a�p�u�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���K�L�I-�����k �b�� �<�I�K-72 

�b�k�k�e�_�^�h�\�Z�e�b�k�v�� �\�� �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�_�� �7�(�6�&�$�1�� �9�(�*�$�� ����

�;�0�8���\���j�_�`�b�f�_���\�l�h�j�b�q�g�u�o���w�e�_�d�l�j�h�g�h�\���i�j�b���m�\�_�e�b�q�_�g�b�y�o���h�l���î�����������^�h���î�������������� 

�J�_�a�m�e�v�l�Z�l�u�� �f�b�d�j�h�k�l�j�m�d�l�m�j�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�j�b�\�_�^�_�g�u�� �g�Z�� �j�b�k�m�g�d�Z�o  

�������b������.  
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�J�b�k. 32 �± �F�b�d�j�h�k�l�j�m�d�l�m�j�Z���i�h�\�_�j�o�g�h�k�l�b���j�Z�k�k�e�h�_�g�b�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���K�L�I-�����k����
�i�h�k�e�_���b�k�i�u�l�Z�g�b�y���g�Z���k�`�Z�l�b�_���i�j�b�������h�K�� 

�Z�����\�h�e�h�d�g�Z���b���g�_�h�^�g�h�j�h�^�g�Z�y���k�l�j�m�d�l�m�j�Z���f�Z�l�j�b�p�u�����î������������ 
�[�����i�e�_�g�d�Z���f�Z�l�j�b�p�u���g�Z���i�h�\�_�j�o�g�h�k�l�y�o���\�h�e�h�d�h�g�����î���������������\�����l�h���`�_�����î�������������� 

�]�����f�Z�l�j�b�p�Z���i�h�^���\�h�e�h�d�g�Z�f�b�����î���������� 
 

 

�J�b�k.33 �± �F�b�d�j�h�k�l�j�m�d�l�m�j�Z���i�h�\�_�j�o�g�h�k�l�b���j�Z�k�k�e�h�_�g�b�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72  
�i�h�k�e�_���b�k�i�u�l�Z�g�b�y���g�Z���k�`�Z�l�b�_���i�j�b���������f �K: 

�Z�����l�h�j�k�b�h�g�g�h�_���j�Z�a�j�m�r�_�g�b�_���f�Z�l�j�b�p�u���f�_�`�^�m���\�h�e�h�d�g�Z�f�b�����î�������������[�����l�h���`�_�����î�������������� 
�\�����]�j�Z�g�b�p�Z���j�Z�a�^�_�e�Z���\�h�e�h�d�g�h-�f�Z�l�j�b�p�Z�����î���������������]�����f�Z�l�j�b�p�Z���i�h�^���\�h�e�h�d�g�Z�f�b�����î���������� 

 

�Z �[ 

�\ �] 

�Z �[ 

�\ �] 
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�B�a�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�c�� �\�b�^�g�h���� �q�l�h�� �\�� �h�[�j�Z�a�p�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �K�L�I-�����k�� �i�j�h�b�k�o�h�^�b�l�� �g�_�i�h�e�g�h�_�� �k�h�\�f�_�s�_�g�b�_�� �d�h�f�i�h�g�_�g�l�h�\��

�j�Z�k�l�\�h�j�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� ���j�b�k�m�g�h�d 32 �Z������ �<�u�y�\�e�_�g�u�� �^�\�_�� �n�Z�a�u���� �k�i�e�h�r�g�Z�y�� �k��

�f�_�e�d�h�^�b�k�i�_�j�k�g�h�c�� �k�l�j�m�d�l�m�j�h�c�� �b�� �h�d�j�m�]�e�Z�y���� �d�h�l�h�j�Z�y�� �o�Z�h�l�b�q�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�Z�� �\��

�h�[�t�_�f�_�� �d�h�f�i�h�a�b�l�Z���� �J�Z�k�k�e�h�_�g�b�_�� �f�Z�l�_�j�b�Z�e�Z���� �\�� �h�k�g�h�\�g�h�f�� �i�j�h�o�h�^�b�l�� �i�h��

�Z�^�]�_�a�b�h�g�g�h�f�m�� �f�_�o�Z�g�b�a�f�m���� �� �l�h�� �_�k�l�v�� �i�h�� �]�j�Z�g�b�p�_�� �j�Z�a�^�_�e�Z�� �\�h�e�h�d�g�h-�f�Z�l�j�b�p�Z����

�I�h�e�b�f�_�j�g�Z�y�� �f�Z�l�j�b�p�Z�� �q�Z�k�l�b�q�g�h�� �a�Z�i�h�e�g�y�_�l�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �f�_�`�^�m�� �k�l�_�d�e�y�g�g�u�f�b��

�\�h�e�h�d�g�Z�f�b�� ���j�b�k����32 �[�� �\������ �G�Z�� �i�h�\�_�j�o�g�h�k�l�y�o�� �k�l�_�d�e�y�g�g�u�o�� �\�h�e�h�d�h�g�� �i�j�Z�d�l�b�q�_�k�d�b��

�h�l�k�m�l�k�l�\�m�_�l���i�h�e�b�f�_�j�g�Z�y���i�e�_�g�d�Z�� 

�J�Z�a�j�m�r�_�g�b�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z �<�I�K-������ �i�h�k�e�_�� �b�k�i�u�l�Z�g�b�y�� �g�Z�� �k�`�Z�l�b�_ 

�i�j�h�b�k�o�h�^�b�l�� �i�h�� �k�f�_�r�Z�g�g�h�f�m���l�b�i�m ���j�b�k�m�g�h�d 33������ �J�Z�k�i�e�Z�\�g�h�_�� �k�\�y�a�m�x�s�_�_��

�i�j�h�g�b�d�Z�_�l�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �f�_�`�^�m�� �k�l�_�d�e�y�g�g�u�f�b �\�h�e�h�d�g�Z�f�b�� �b�� �a�Z�i�h�e�g�y�_�l�� �_�]�h��

���j�b�k�m�g�h�d 33 �Z-�\������ �I�j�b�� �j�Z�a�j�m�r�_�g�b�b�� �d�h�f�i�h�a�b�l�Z�� �f�Z�l�j�b�p�Z�� �f�_�`�^�m�� �\�h�e�h�d�g�Z�f�b��

�n�j�Z�]�f�_�g�l�b�j�m�_�l�k�y���� �h�[�j�Z�a�m�y�� �j�Z�a�g�h�g�Z�i�j�Z�\�e�_�g�g�u�_�� �l�h�j�k�b�h�g�u�� �j�Z�a�e�b�q�g�h�]�h�� �j�Z�a�f�_�j�Z����

�F�b�d�j�h�n�Z�a�h�\�Z�y���k�l�j�m�d�l�m�j�Z���f�Z�l�j�b�p�u���h�^�g�h�j�h�^�g�Z�y���k���f�_�e�d�h�^�b�k�i�_�j�k�g�h�c���k�l�j�m�d�l�m�j�h�c������

���j�b�k�m�g�h�d 33 �]�����>103 - 105]. 

�F�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �f�Z�j�h�d���K�L�I-�����k�� �b��      

�<�I�K-72 �i�j�b���d�h�f�g�Z�l�g�h�c���b���i�h�\�u�r�_�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_����0.  
 

�L�Z�[�e�b�p�Z�� ��0 �±�F�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �f�Z�j�h�d��

�K�L�I-�����k���b���<�I�K-72  

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c�����ƒ�K 

�K�l�_�d�e�h�i�e�Z�k�l�b�d��
�f�Z�j�d�b���K�L�I-�����k 

�K�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b��
�<�I�K-72 

�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b��
�i�j�b�� �j�Z�k�l�y�`�_�g�b�b����
�F�I�Z 

20 336 
320-355 

500 
460 �± 540 

320 228 
150-290 

450 
420 �± 485 

�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b��
�i�j�b���k�`�Z�l�b�b�����F�I�Z 20 

177 
170-185 

420 
390 �± 490 

320 156 
130-200 

315 
260 �± 340 

�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b��
�i�j�b���b�a�]�b�[�_�����F�I�Z 20 572 

520-620 
815 

790 �± 840 

320 399 
335-435 

590 
570 �± 610 
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�I �h�� �j�_�a�m�e�v�l�Z�l�Z�f���f�_�o�Z�g�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c���i�j�b�\�_�^�_�g�g�u�o �\�� �l�Z�[�e�b�p�_��10 

�m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���k�l�_�d�e�h�i�e�Z�k�l�b�d�� �<�I�K-������ �\�� �k�e�_�^�k�l�\�b�_�� �f�_�g�v�r�_�]�h�� �d�h�e�b�q�_�k�l�\�Z 

�i�h�j�� �h�[�e�Z�^�Z�_�l�� �[�h�e�_�_�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �\��

�k�j�Z�\�g�_�g�b�b�� �k�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�f�� �K�L�I-97�k �d�Z�d�� �i�j�b�� �d�h�f�g�Z�l�g�h�c���� �l�Z�d�� �b�� �i�j�b��

�i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_���� �<�� �q�Z�k�l�g�h�k�l�b�����i�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b �i�j�b�� �b�a�]�b�[�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ƒ�K �\�u�r�_ �g�Z�� ���������� �Z��

�i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K �\�u�r�_���g�Z�������������q�_�f���m���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���K�L�I-97�k [107]. 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �i�h�k�e�_�� �\�u�^�_�j�`�d�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������ƒ�K�� �i�j�b�\�_�^�_�g�u�� �\��

�l�Z�[�e�b�p�_��11 �b�� �g�Z�� �j�b�k�m�g�d�_��34���� �J�Z�k�q�_�l�� �m�j�h�\�g�y�� �k�h�o�j�Z�g�_�g�b�y�� �i�j�h�q�g�h�k�l�b�� �\���^�Z�g�g�h�c��

�j�Z�[�h�l�_���i�j�h�\�h�^�b�e�k�y���i�h���k�j�_�^�g�b�f���a�g�Z�q�_�g�b�y�f�� 

 

�L�Z�[�e�b�p�Z�� ��1 �± �I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b �i�j�b�� �b�a�]�b�[�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b��

�<�I�K-72 �b���K�L�I-97�k �i�h�k�e�_���l�_�j�f�b�q�_�k�d�h�]�h���k�l�Z�j�_�g�b�y 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�<�j�_�f�y��
�w�d�k�i�h�a�b�p�b�b���i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� 
320 �f �K�����q 

�L���b�k�i�����ƒ�K �K�l�_�d�e�h�i�e�Z�k�l�b�d��
�f�Z�j�d�b �K�L�I-97�k 

�K�l�_�d�e�h�i�e�Z�k�l�b�d��
�f�Z�j�d�b�������<�I�K-72 

�A�g�Z�q�_�g�b�_�����F�I�Z 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b�� �i�j�b��
�b�a�]�b�[�_�����F�I�Z 

�\���b�k�o���� 
�k�h�k�l�h�y�g�b�b 

20 572 
520-620 

815 
790 �± 840 

320 399 
335-435 

590 
570 �± 610 

50 
20 400 

330 �± 460 
625 

590 �± 700 

320 
320 

285 - 350 
590 

550 �± 630 

100 
20 385 

320 - 430 
540 

500 �±580 

320 305 
250 - 330 

550 
530 �± 560 

200 
20 

305 
240 - 360 

560 
490 �± 600 

320 290 
250 - 315 

470 
430 �± 540 
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�J�b�k. 34 �± �K�h�o�j�Z�g�_�g�b�_ �i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b���i�j�b���b�a�]�b�[�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� 
�K�L�I-97�k �b���<�I�K-�������i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K 

 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�i�u�l�Z�g�b�c�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �<�I�K-72 �h�[�e�Z�^�Z�_�l 

�[�h�e�_�_�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f���k�h�o�j�Z�g�_�g�b�y�� �i�j�h�q�g�h�k�l�b���i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y��

�i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �������� �ƒ�K�� �\�� �l�_�q�_�g�b�_ �������� �q �\�� �k�j�Z�\�g�_�g�b�b�� �k�h��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�h�f �K�L�I -97�k���� �K�h�o�j�Z�g�_�g�b�_�� �m�j�h�\�g�y�� �i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������i�h�k�e�_���\�h�a�^�_�c�k�l�\�b�y���i�h�\�u�r�_�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�u�����������ƒ�K��

�\���l�_�q�_�g�b�_ ���������q���k�h�k�l�Z�\�e�y�_�l�����������i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c���������ƒ�K �b�����������i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� �������� �ƒ�K���� �i�j�b�� �w�l�h�f�� �m�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �K�L�I-97�k 

�k�h�k�l�Z�\�e�y�_�l���������b�������������k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�>�e�y�� �h�p�_�g�d�b�� �\�h�a�f�h�`�g�h�k�l�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�h�\�� �i�j�b��

�i�h�\�u�r�_�g�g�u�o���l�_�f�i�_�j�Z�l�m�j�Z�o�����\���l�h�f���q�b�k�e�_���\���m�k�e�h�\�b�y�o���i�h�\�u�r�_�g�g�h�c���\�e�Z�`�g�h�k�l�b����

�i�j�h�\�_�^�_�g�u���b�k�k�e�_�^�h�\�Z�g�b�y���l�_�f�i�_�j�Z�l�m�j�u���k�l�_�d�e�h�\�Z�g�b�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�_�l�h�^�h�f��

�>�F�:�����h�p�_�g�d�Z���\�h�^�h- �b���\�e�Z�]�h�i�h�]�e�h�s�_�g�b�y���� 

�G�Z�� �j�b�k�m�g�d�_��35 �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�� �l�_�f�i�_�j�Z�l�m�j�u��

�k�l�_�d�e�h�\�Z�g�b�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�Z�j�d�b���K�L�I-�����k���b���<�I�K-72. 
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�J�b�k. 35 �± �L�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���K�L�I-�����k�����Z�����b�� 
�<�I�K-���������[�� 

 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �l�_�f�i�_�j�Z�l�m�j�Z�� �k�l�_�d�e�h�\�Z�g�b�y�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\��

�f�Z�j�h�d�� �K�L�I-�����k�� �b�� �<�I�K-������ �k�h�k�l�Z�\�b�e�Z�� ������-357 �ƒ�K���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h��

�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b���^�Z�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\���i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o���^�h��������-320 �ƒ�K�� 

�G�Z���j�b�k�m�g�d�_��36 �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�c���i�h���h�p�_�g�d�_���\�e�Z�]�h- 

�b���\�h�^�h�i�h�]�e�h�s�_�g�b�y���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�Z�j�h�d���K�L�I-�����k���b���<�I�K-72. 

 

                                 �Z������������������������������������������������������������������������                         �[�� 

�J�b�k. 36 �± �D�j�b�\�u�_ �\�e�Z�]�h- ���Z�� �b���\�h� �̂h�i�h�]�e�h�s�_�g�b�y ���[�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\���f�Z�j�h�d 
�K�L�I-�����k���b���<�I�K-72 

 

�A�g�Z�q�_�g�b�y�� �\�e�Z�]�h- �b�� �\�h�^�h�i�h�]�e�h�s�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h�� �K�I-�����K�� �m�\�_�e�b�q�b�\�Z�x�l�k�y�� �j�Z�\�g�h�f�_�j�g�h�� �b�� �g�_�� �\�u�o�h�^�y�l�� �g�Z�� �i�e�Z�l�h�� �i�j�b��

�m�\�_�e�b�q�_�g�b�b���f�Z�k�k�u���^�h������������-�����������������\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\�����������k�m�l�������q�l�h���]�h�\�h�j�b�l��

�h���\�u�k�h�d�h�c���i�h�j�b�k�l�h�k�l�b���f�Z�l�_�j�b�Z�e�Z���� 

�A�g�Z�q�_�g�b�y�� �\�e�Z�]�h- �b�� �\�h�^�h�i�h�]�e�h�s�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h���<�K-�������l�Z�d�`�_���m�\�_�e�b�q�b�\�Z�x�l�k�y���j�Z�\�g�h�f�_�j�g�h���b���\�u�o�h�^�y�l���g�Z���i�e�Z�l�h���i�j�b��

�m�\�_�e�b�q�_�g�b�b���f�Z�k�k�u���h�d�h�e�h (1,35-2,19 %).  
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�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h���\�h�^�h�i�h�]�e�h�s�_�g�b�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h�� �K�I-�����K�� �i�h�q�l�b�� �\�� �������� �j�Z�a�Z�� �[�h�e�v�r�_���� �q�_�f�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h��   

�<�K-51.  

�G�Z���h�k�g�h�\�Z�g�b�b���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�c���b���h�p�_�g�d�b���\�e�Z�]�h- �b��

�\�h�^�h�i�h�]�e�h�s�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�b�f�b�^�g�u�o�� �k�\�y�a�m�x�s�b�o��

�j�Z�k�l�\�h�j�g�h�]�h�� �l�b�i�Z�� �K�I-�����K�� �b�� �j�Z�k�i�e�Z�\�g�h�]�h�� �l�b�i�Z�� �<�K-������ �\�� �l�_�q�_�g�b�_��3-�o �f�_�k�y�p�_�\ 

�m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �g�Z�� �h�k�g�h�\�_�� �j�Z�k�l�\�h�j�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� 

�K�I-�����K�� �[�h�e�_�_�� �q�m�\�k�l�\�b�l�_�e�_�g�� �d�� �\�h�a�^�_�c�k�l�\�b�x�� �\�e�Z�]�b�� �b�� �b�f�_�_�l�� �i�h�\�u�r�_�g�g�u�_��

�a�g�Z�q�_�g�b�y���\�e�Z�]�h�i�h�]�e�h�s�_�g�b�y������������ �������b���\�h�^�h�i�h�]�e�h�s�_�g�b�y������������ �������\���k�j�Z�\�g�_�g�b�b��

�k�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�f�� �g�Z�� �h�k�g�h�\�_�� �j�Z�k�i�e�Z�\�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �<�K-51 

���\�e�Z�]�h�i�h�]�e�h�s�_�g�b�_�� �k�h�k�l�Z�\�e�y�_�l�� �������� ������ �\�h�^�h�i�h�]�e�h�s�_�g�b�_���± 2,19 �������� �q�l�h��

�g�Z�i�j�y�f�m�x�� �k�\�y�a�Z�g�h�� �k�� �g�Z�e�b�q�b�_�f�� �i�h�j�� �b�� �i�m�k�l�h�l�� �\�� �f�Z�l�_�j�b�Z�e�_�� �g�Z�� �h�k�g�h�\�_��

�j�Z�k�l�\�h�j�g�h�]�h���k�\�y�a�m�x�s�_�]�h�����i�h�j�b�k�l�h�k�l�v���i�h�j�y�^�d�Z������������ 

 

 

3.5 �B�k�k�e�_�^�h�\�Z�g�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_��

�j�Z�k�i�e�Z�\�g�h�]�h���i�h�e�b�b�f�b�^�g�h�]�h���k�\�y�a�m�x�s�_�]�h���i�h�e�b�f�_�j�b�a�Z�p�b�h�g�g�h�]�h���l�b�i�Z 

 

3.5.1 �B�k�k�e�_�^�h�\�Z�g�b�_���f�_�o�Z�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z 

 

�H�^�g�h�c�� �b�a�� �\�Z�`�g�_�c�r�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\��

�w�d�k�i�e�m�Z�l�b�j�m�x�s�b�o�k�y�� �\�� �m�k�e�h�\�b�y�o���i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j���� �y�\�e�y�_�l�k�y��

�a�Z�\�b�k�b�f�h�k�l�v�� �b�o�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �h�l�� �l�_�f�i�_�j�Z�l�m�j�u���� �<�� �l�Z�[�e�b�p�_�� ��2 

�i�j�b�\�_�^�_�g�u�� �h�k�g�h�\�g�u�_���f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �\��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�k�i�u�l�Z�g�b�y���� �Z �g�Z �j�b�k�m�g�d�_�� ���� �i�h�d�Z�a�Z�g�Z��

�a�Z�\�b�k�b�f�h�k�l�v�� �k�h�o�j�Z�g�_�g�b�y�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �i�j�b�� �i�h�\�u�r�_�g�g�u�o��

�l�_�f�i�_�j�Z�l�m�j�Z�o�� �h�l�g�h�k�b�l�_�e�v�g�h���k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c�� �i�h�e�m�q�_�g�g�u�o�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��

�b�k�i�u�l�Z�g�b�y���������ž�K�� 
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�L�Z�[�e�b�p�Z�� ��2 �± �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b��

�<�I�K-�������i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c��-�����������������������������������������b���������� �ž�K�� 

�K�\�h�c�k�l�\�Z���� 
�g�Z�i�j�Z�\�e�_�g�b�_���i�j�b�e�h�`�_�g�b�y��

�g�Z�]�j�m�a�d�b�� 

�L�_�f�i�_�j�Z�l�m�j�Z���b�k�i�u�l�Z�g�b�c�����ž�K 
-60 20 280 320 345 

�I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b��
�i�j�b�� �j�Z�k�l�y�`�_�g�b�b����
�F�I�Z 

0 
 

530 
460 �± 560 

500 
460 �± 540 

450 
430 �± 490 

450 
420 �± 485 

460 
430 �± 500 

90 
 

350 
320 �± 390 

300 
275 �± 335 

295 
255 �± 320 

295 
285 �± 320 

285 
245 �± 320 

�F�h�^�m�e�v�� �m�i�j�m�]�h�k�l�b��
�i�j�b�� �j�Z�k�l�y�`�_�g�b�b����
�=�I�Z 

0 
 

28 
23 �± 30 

28 
23 �± 29 

23 
21 �± 26 

23 
21 �± 26 

22 
19 �± 24 

90 
 

21 
18 �± 22 

20 
19 �± 23 

17 
15 �± 19 

16 
14 �± 18 

14 
13 �± 15 

�I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b��
�i�j�b���k�`�Z�l�b�b�����F�I�Z�� 

0 
 

490 
450 �± 530 

420 
390 �± 490 

360 
335 �± 385 

315 
260 �± 340 

260 
235 �± 280 

90 
 

380 
345 �± 410 

370 
320 �± 410 

280 
250 �± 295 

250 
240 �± 275 

235 
210 �± 255 

�I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b��
�i�j�b���b�a�]�b�[�_�����F�I�Z 

0 
 

810 
770 �± 840 

815 
790 �± 840 

710 
660 �± 770 

590 
570 �± 610 

480 
455 �± 520 

�I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b��
�i�j�b�� �f�_�`�k�e�h�c�g�h�f��
�k�^�\�b�]�_�����F�I�Z 

0 
51 

45 �± 63 
48 

41 �± 53 
37 

33 �± 40 
34 

29 �± 36 
29 

27 �± 30 

 

 
 

�J�b�k�������� �± �A�Z�\�b�k�b�f�h�k�l�v���k�h�o�j�Z�g�_�g�b�y���f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-72 

�K�h�o�j�Z�g�_�g�b�_�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-72 

�i�h�k�e�_���\�h�a�^�_�c�k�l�\�b�y���h�l�j�b�p�Z�l�_�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�u���h�k�l�Z�_�l�k�y���g�Z���m�j�h�\�g�_���b�k�o�h�^�g�u�o��

�a�g�Z�q�_�g�b�c�� ���h�l�� ������ �^�h�� �������� �������� �Z�� �k�h�o�j�Z�g�_�g�b�_�� �k�\�h�c�k�l�\�� �i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y��

�i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�� ���������� �b�� �������� �ž�K���� �k�h�k�l�Z�\�e�y�_�l�� �\�� �k�j�_�^�g�_�f��70-������ ������ �q�l�h��
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�i�h�d�Z�a�u�\�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �_�]�h�� �i�j�b�f�_�g�_�g�b�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� �l�_�f�i�_�j�Z�l�m�j�� �h�l��-������ �^�h��

���������ž�K���� 

 

�������������B�k�k�e�_�^�h�\�Z�g�b�_���^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z 

 

�>�e�y�� �h�p�_�g�d�b�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\��

�w�e�_�f�_�g�l�Z�o�� �d�h�g�k�l�j�m�d�p�b�c�� �j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h �g�Z�a�g�Z�q�_�g�b�y���� �[�u�e�b�� �i�j�h�\�_�^�_�g�u��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �_�]�h���^�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�� �l�Z�g�]�_�g�k�Z �m�]�e�Z��

�^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���i�h�l�_�j�v��tg �/. 

�H�l�g�h�k�b�l�_�e�v�g�Z�y���^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y�� �i�j�h�g�b�p�Z�_�f�h�k�l�v���± �[�_�a�j�Z�a�f�_�j�g�Z�y��

�n�b�a�b�q�_�k�d�Z�y���\�_�e�b�q�b�g�Z�����o�Z�j�Z�d�l�_�j�b�a�m�x�s�Z�y���\�h���k�d�h�e�v�d�h���j�Z�a���k�b�e�Z���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�^�\�m�o�� �w�e�_�d�l�j�b�q�_�k�d�b�o�� �a�Z�j�y�^�h�\�� �\�� �^�b�w�e�_�d�l�j�b�d�_�� �f�_�g�v�r�_���� �q�_�f�� �\�� �\�Z�d�m�m�f�_����

�I�j�Z�d�l�b�q�_�k�d�h�_�� �i�j�b�f�_�g�_�g�b�_�� �a�g�Z�q�_�g�b�_�� �^�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�Z�o�h�^�b�l�� �i�j�b�� �j�Z�k�q�_�l�_�� �\�h�e�g�h�\�u�o�� �b�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o�� �k�h�i�j�h�l�b�\�e�_�g�b�c��

���b�f�i�_�^�Z�g�k�Z���� �e�b�g�b�c�� �i�_�j�_�^�Z�q�b���� �Z�� �l�Z�d�`�_�� �i�j�b�� �j�Z�k�q�_�l�_�� �l�h�e�s�b�g�� �j�Z�^�b�h�i�j�h�a�j�Z�q�g�u�o��

�h�[�l�_�d�Z�l�_�e�_�c�� �b�� �i�_�q�Z�l�g�u�o�� �i�e�Z�l�� �L�Z�g�]�_�g�k�� �m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v���� �l�Z�d�`�_��

�y�\�e�y�_�l�k�y�� �\�Z�`�g�u�f�� �w�e�_�d�l�j�b�q�_�k�d�b�f�� �i�Z�j�Z�f�_�l�j�h�f���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�f�� �i�h�l�_�j�b��

�f�h�s�g�h�k�l�b�� �\�� �^�b�w�e�_�d�l�j�b�d�_�� ���^�b�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�h�l�_�j�b���� �i�j�b�� �i�_�j�_�f�_�g�g�h�f��

�g�Z�i�j�y�`�_�g�b�b���� �Q�_�f�� �[�h�e�v�r�_�� �W�J �/���� �l�_�f�� �[�h�e�v�r�_�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�h�l�_�j�b���� �� �b��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �o�m�`�_�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�y�� �w�g�_�j�]�b�y�� �i�j�h�o�h�^�b�l�� �q�_�j�_�a�� �f�Z�l�_�j�b�Z�e����

�H�[�h�[�s�_�g�g�h���m�j�h�\�_�g�v �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\��

�j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h�� �g�Z�a�g�Z�q�_�g�b�y���i�j�b�f�_�g�y�_�f�u�o�� �\ �Z�\�b�Z�p�b�h�g�g�h�c��

�i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �i�j�b�\�_�^�_�g�u�� �\�� �j�Z�[�h�l�_�� �>108]. �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h��

�^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y�� �i�j�h�g�b�p�Z�_�f�h�k�l�v�� �b�� �l�Z�g�]�_�g�k�� �m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v���²  

�\�_�e�b�q�b�g�u�� �i�_�j�_�f�_�g�g�u�_�� �b�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �k�l�_�i�_�g�b�� �a�Z�\�b�k�y�l�� �h�l�� �q�Z�k�l�h�l�u��

�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h���i�h�e�y�����I�h�w�l�h�f�m���\�f�_�k�l�_���k�h���a�g�Z�q�_�g�b�y�f�b���^�Z�g�g�u�o���i�Z�j�Z�f�_�l�j�h�\��

�g�_�h�[�o�h�^�b�f�h���m�d�Z�a�u�\�Z�l�v���q�Z�k�l�h�l�m�����i�j�b���d�h�l�h�j�h�c���i�j�h�b�a�\�h�^�b�e�h�k�v���b�a�f�_�j�_�g�b�_�� 

�L�Z�d�`�_�� �\�Z�`�g�u�f�b�� �k�\�h�c�k�l�\�Z�f�b�� �y�\�e�y�x�l�k�y�� �m�^�_�e�v�g�h�_�� �i�h�\�_�j�o�g�h�k�l�g�h�_�� �b��

�m�^�_�e�v�g�h�_�� �h�[�t�_�f�g�h�_�� �w�e�_�d�l�j�b�q�_�k�d�b�_�� �k�h�i�j�h�l�b�\�e�_�g�b�y���� �H�l�� �b�o�� �\�_�e�b�q�b�g�u�� �a�Z�\�b�k�y�l��

�w�e�_�d�l�j�h�b�a�h�e�y�p�b�h�g�g�u�_�� �k�\�h�c�k�l�\�Z�� �f�Z�l�_�j�b�Z�e�h�\�� �b�� �k�i�h�k�h�[�g�h�k�l�v�� �g�Z�d�Z�i�e�b�\�Z�l�v�� �g�Z��
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�i�h�\�_�j�o�g�h�k�l�b�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�c�� �a�Z�j�y�^���� �q�l�h�� �\�Z�`�g�h���� �d�Z�d�� �^�e�y�� �g�Z�j�m�`�g�u�o��

�i�h�\�_�j�o�g�h�k�l�_�c���E�:�����l�Z�d���b���^�e�y���j�Z�a�e�b�q�g�u�o���^�_�l�Z�e�_�c���b���w�e�_�f�_�g�l�h�\�����j�Z�k�i�h�e�h�`�_�g�g�u�o��

�\�g�m�l�j�b�� �h�l�k�_�d�h�\�� �b�� �i�j�b�[�h�j�h�\�� �K�h�]�e�Z�k�g�h�� �=�H�K�L�� ����������-�������� �m�^�_�e�v�g�h�_�� �h�[�t�_�f�g�h�_��

�w�e�_�d�l�j�b�q�_�k�d�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �w�e�_�d�l�j�h�l�_�o�g�b�q�_�k�d�b�o�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�\ �^�h�e�`�g�h��

�k�h�k�l�Z�\�e�y�l�v�� �g�_�� �f�_�g�_�_�� ���Â1010 �H�f�Â�k�f���� �>�b�w�e�_�d�l�j�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_�������� 

 
�L�Z�[�e�b�p�Z������ �± �>�b�w�e�_�d�l�j�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72  

 

�G�Z�b�f�_�g�h�\�Z�g�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �L�_�f�i�_�j�Z�l�m�j�Z���b�k�i�u�l�Z�g�b�c�����������ƒ�K 

�L�Z�g�]�_�g�k���m�]�e�Z��
�^�b�w�e�_�d�l�j�b�q�_�k�d�b�o��
�i�h�l�_�j�v��tg �/  

106 �=�p 0,01 
0,01 �± 0,01 

1010 �=�p 0,02 
0,01 �± 0,02 

�>�b�w�e�_�d�l�j�b�q�_�k�d�Z�y��
�i�j�h�g�b�p�Z�_�f�h�k�l�v���0��
�i�j�b���q�Z�k�l�h�l�_ 
 

106 �=�p 4,51 
4,47 �± 4,55 

1010 �=�p 4,56 
4,53 �± 4,59 

�M�^�_�e�v�g�h�_���i�h�\�_�j�o�g�h�k�l�g�h�_��
�w�e�_�d�l�j�b�q�_�k�d�h�_���k�h�i�j�h�l�b�\�e�_�g�b�_�����H�f 

5,51 �Â 1014 

2,29 �Â 1014 �± 8,00 �Â 1014 
�M�^�_�e�v�g�h�_���h�[�t�_�f�g�h�_���w�e�_�d�l�j�b�q�_�k�d�h�_��
�k�h�i�j�h�l�b�\�e�_�g�b�_�����H�f�Â�k�f 

8,15 �Â 1014 

4,69 �Â 1014 �± 12,20 �Â 1014 
 
�I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y���^�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�� �l�Z�g�]�_�g�k�Z�� �m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �i�h�l�_�g�p�b�Z�e�v�g�h�c��

�\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\�� �d�Z�q�_�k�l�\�_�� �f�Z�l�_�j�b�Z�e�Z��

�j�Z�^�b�h�l�_�o�g�b�q�_�k�d�h�]�h�� �g�Z�a�g�Z�q�_�g�b�y���� �Z���m�j�h�\�_�g�v�� �m�^�_�e�v�g�h�]�h�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �b��

�h�[�t�z�f�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y��

�^�Z�g�g�h�]�h���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���^�e�y���b�a�]�h�l�h�\�e�_�g�b�y �w�e�_�d�l�j�h�b�a�h�e�y�p�b�h�g�g�u�o���^�_�l�Z�e�_�c�� 

�I�j�b�� �w�l�h�f���� �\�� �k�e�m�q�Z�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �k�h�k�l�Z�\�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z���h�k�g�h�\�_��

�k�\�y�a�m�x�s�_�]�h�� �<�K-������ �Z�j�f�b�j�m�x�s�_�]�h�� �g�Z�i�h�e�g�b�l�_�e�y �k�� �m�e�m�q�r�_�g�g�u�f�b��

�^�b�w�e�_�d�l�j�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���� �g�Z�i�j�b�f�_�j�� �g�Z�� �h�k�g�h�\�_�� �d�\�Z�j�p�_�\�u�o��

�\�h�e�h�d�h�g���� �f�h�]�m�l�� �[�u�l�v�� �^�h�k�l�b�]�g�m�l�u�� �[�h�e�_�_�� �\�u�k�h�d�b�_�� �j�Z�^�b�h�l�_�o�g�b�q�_�k�d�b�_��

�i�h�d�Z�a�Z�l�_�e�b���� �>�e�y���i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �h�p�_�g�d�b���\�h�a�f�h�`�g�h�]�h �m�j�h�\�g�y�� 

�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h     
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�<�K-������ �� �[�u�e�� �i�j�h�\�_�^�_�g���l�_�h�j�_�l�b�q�_�k�d�b�c �j�Z�k�q�_�l�� �^�Z�g�g�h�]�h�� �i�Z�j�Z�f�_�l�j�Z �h�k�g�h�\�Z�g�g�u�c��

�g�Z���l�_�h�j�b�b���k�f�_�k�_�c���H�� �<�b�g�_�j�Z��[106].  �K�h�]�e�Z�k�g�h���^�Z�g�g�h�c���l�_�h�j�b�b���^�b�w�e�_�d�l�j�b�q�_�k�d�b�_��

�k�\�h�c�k�l�\�Z���f�Z�l�_�j�b�Z�e�Z���a�Z�\�b�k�y�l���g�_���l�h�e�v�d�h���h�l���d�h�g�p�_�g�l�j�Z�p�b�b���d�h�f�i�h�g�_�g�l�h�\�����g�h���b���h�l��

�_�]�h���k�l�j�m�d�l�m�j�u�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �]�j�Z�g�b�p�� �j�Z�a�^�_�e�Z�� �d�h�f�i�h�g�_�g�l�h�\�� �\�� �k�b�e�h�\�h�f�� �i�h�e�_�� 

�I�j�b�� �w�l�h�f���� �\�� �m�k�e�h�\�b�y�o �d�h�]�^�Z�� �^�e�b�g�u�� �\�h�e�g�� �a�Z�f�_�l�g�h�� �i�j�_�\�u�r�Z�x�l�� �o�Z�j�Z�d�l�_�j�g�u�c��

�^�b�Z�f�_�l�j�� �Z�j�f�b�j�m�x�s�b�o�� �\�h�e�h�d�h�g���� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �f�h�`�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d��

�h�^�g�h�j�h�^�g�u�c���f�Z�l�_�j�b�Z�e���k���l�h�q�d�b���a�j�_�g�b�y���j�Z�^�b�h�l�_�o�g�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

  �G�Z�� �h�k�g�h�\�_�� �^�Z�g�g�u�o �l�_�h�j�_�l�b�q�_�k�d�b�o�� �i�h�k�l�m�e�Z�l�h�\���� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �[�u�e��

�i�j�_�^�k�l�Z�\�e�_�g���\�� �\�b�^�_�� �]�_�l�_�j�h�]�_�g�g�h�c�� �k�b�k�l�_�f�u���� �\�� �d�h�l�h�j�h�c�� �d�Z�`�^�u�c�� �d�h�f�i�h�g�_�g�l��

���k�e�h�c�����k�h�o�j�Z�g�y�_�l���k�\�h�b���b�g�^�b�\�b�^�m�Z�e�v�g�u�_���k�\�h�c�k�l�\�Z�� 

�K�h�]�e�Z�k�g�h�� �e�b�l�_�j�Z�l�m�j�g�u�f�� �^�Z�g�g�u�f�� �>26�@���� �j�Z�k�q�_�l�g�u�_ �a�g�Z�q�_�g�b�y�� �l�Z�g�]�_�g�k�Z��

�m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b�� �^�Z�g�g�u�f�b��

�a�g�Z�q�b�l�_�e�v�g�h�� �o�m�`�_���� �q�_�f�� �j�Z�k�q�_�l�g�u�_�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y��

�^�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�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �\�u�r�_�b�a�e�h�`�_�g�g�h�f�� �[�u�e�� �i�j�h�\�_�^�_�g�� �j�Z�k�q�_�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���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 ���l�b�i���k�l�_�d�e�h�\�h�e�h�d�g�Z��

�f�Z�j�d�b�� �?������ �Z�� �l�Z�d�`�_�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �k�\�y�a�m�x�s�_�]�h�� �<�K-������ �b��

�g�Z�i�h�e�g�b�l�_�e�y�� �k�� �m�e�m�q�r�_�g�g�u�f�b�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b��

���d�\�Z�j�p�_�\�h�_���\�h�e�h�d�g�h��. 

 �>�e�y�� �j�Z�k�q�_�l�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���i�j�b��

�w�e�_�d�l�j�b�q�_�k�d�h�f�� �i�h�e�_���� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�f�� �i�e�h�k�d�h�k�l�b�� �k�e�h�_�\���� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�n�h�j�f�m�e�Z�� 
�5

��

L

�Ï�Ð
���Ð


E
�Ï�Ï
���Ï

,      (3) 

�]�^�_���Ý - �^�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�h�f�i�h�a�b�p�b�b�����Ý�Ð �b���Ý�Ï  �± 

�^�b�w�e�_�d�l�j�b�q�_�k�d�b�_���i�j�h�g�b�p�Z�_�f�h�k�l�b���g�Z�i�h�e�g�b�l�_�e�y���b���f�Z�l�j�b�p�u����V �g �b��V �f - �h�[�t�_�f�g�h�_��

�k�h�^�_�j�`�Z�g�b�_���g�Z�i�h�e�g�b�l�_�e�y���b���f�Z�l�j�b�p�u���� 

 

�>�Z�g�g�u�_�� �i�h�� �^�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�e�h�d�h�g���b�� �i�h�e�b�b�f�b�^�g�h�c��

�f�Z�l�j�b�p�u�� �i�j�b�� �q�Z�k�l�h�l�_ 10 �=�=�p���\�a�y�l�u�� �b�a�� �h�l�d�j�u�l�u�o�� �b�k�l�h�q�g�b�d�h�\��[109] ���l�Z�[�e�b�p�Z��

14). �A�g�Z�q�_�g�b�_�f���h�[�t�_�f�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �g�Z�i�h�e�g�b�l�_�e�y�� �\���k�l�_�d�e�h�i�e�Z�k�l�b�d�_�� �^�e�y��
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�l�_�h�j�_�l�b�q�_�k�d�h�]�h�� �j�Z�k�q�_�l�Z�� �[�u�e�h�� �\�u�[�j�Z�g�h�� ����%, �q�l�h�� �g�Z�b�[�h�e�_�_�� �[�e�b�a�d�h�� �d��

�n�Z�d�l�b�q�_�k�d�h�f�m���a�g�Z�q�_�g�b�x���^�Z�g�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-

72. �K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�Z�g�g�Z�y �j�Z�k�q�_�l�g�Z�y �f�h�^�_�e�v�� �g�_�� �m�q�b�l�u�\�Z�_�l �g�Z�e�b�q�b�_��

�i�h�j�b�k�l�h�k�l�b�� 

 

�L�Z�[�e�b�p�Z�� ��4 �± �>�b�w�e�_�d�l�j�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �\�h�e�h�d�g�Z�� �b�� �i�h�e�b�b�f�b�^�g�h�c��

�i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u�� �b�� �j�_�a�m�e�v�l�Z�l�u�� �j�Z�k�q�_�l�Z�� �a�g�Z�q�_�g�b�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�� �^�e�y�� �[�_�k�i�h�j�b�k�l�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �k�� �h�[�t�_�f�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f��

�g�Z�i�h�e�g�b�l�_�e�y�������� 

�L�b�i���\�h�e�h�d�g�Z �Q�Z�k�l�h�l�Z 

�>�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�h�f�i�h�g�_�g�l�h�\ 

�>�b�w�e�_�d�l�j�b�q�_�k�d�Z�y��
�i�j�h�g�b�p�Z�_�f�h�k�l�v��
�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� 

�\�h�e�h�d�g�h �f�Z�l�j�b�p�Z �j�Z�k�q�_�l�� �w�d�k�i�� 
�F�Z�j�d�b���? 

10 �=�=�p 
6,32 3,2 4,39 4,56 

�D�\�Z�j�p�_�\�h�_ 3,8 3,2 3,50 - 
 

�K�j�Z�\�g�_�g�b�_�� �j�Z�k�q�_�l�g�u�o�� �a�g�Z�q�_�g�b�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�� �^�e�y��

�[�_�k�i�h�j�b�k�l�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �l�d�Z�g�_�c�� �b�a�� �\�h�e�h�d�h�g�� �f�Z�j�d�b�� �?�� �b��

�d�\�Z�j�p�_�\�u�o �i�j�b�\�_�^�_�g�h���g�Z���j�b�k�m�g�d�_����8. 

  

�J�b�k. 38 �± �K�j�Z�\�g�_�g�b�_���j�Z�k�q�_�l�g�u�o���a�g�Z�q�_�g�b�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��
�^�e�y���[�_�k�i�h�j�b�k�l�h�]�h���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���g�Z���h�k�g�h�\�_���l�d�Z�g�_�c �b�a���\�h�e�h�d�h�g���f�Z�j�d�b���?���b��

�d�\�Z�j�p�_�\�u�o 
 

4,56
4,39
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�B�a�� �^�Z�g�g�u�o�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �\�� �l�Z�[�e�b�p�_��14 �b�� �j�b�k�m�g�d�_ 37 �\�b�^�g�h���� �q�l�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y���Ý �^�e�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �k�h�]�e�Z�k�m�x�l�k�y�� �k��

�j�Z�k�q�_�l�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �^�e�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �k�l�_�d�e�h�l�d�Z�g�b�� �b�a��

�\�h�e�h�d�g�Z�� �f�Z�j�d�b�� �?��- �h�l�d�e�h�g�_�g�b�_�� �g�_�� �[�h�e�_�_�� �������� �J�Z�k�q�_�l�g�h�_�� �a�g�Z�q�_�g�b�_��

�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �g�Z�i�h�e�g�b�l�_�e�y�� �k��

�m�e�m�q�r�_�g�g�u�f�b�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� ���d�\�Z�j�p�_�\�h�_�� �\�h�e�h�d�g�h����

�k�h�k�l�Z�\�b�e�h�� ������������ �^�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �g�Z�� �������� �i�j�_�\�h�k�o�h�^�b�l�� �a�g�Z�q�_�g�b�y�� �^�e�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �g�Z���h�k�g�h�\�_���k�l�_�d�e�h�l�d�Z�g�b���b�a���\�h�e�h�d�g�Z���f�Z�j�d�b���?�� 

�I�h�e�m�q�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �i�h�d�Z�a�u�\�Z�x�l����

�\�h�a�f�h�`�g�h�k�l�v�� ���m�e�m�q�r�_�g�b�y���j�Z�^�b�h�l�_�o�g�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-72 �a�Z�� �k�q�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �g�Z�i�h�e�g�b�l�_�e�y�� �l�d�Z�g�b�� �g�Z�� �h�k�g�h�\�_��

�d�\�Z�j�p�_�\�u�o���\�h�e�h�d�h�g�� 

 

3.5.3 �B�k�k�e�_�^�h�\�Z�g�b�_���\�e�b�y�g�b�y���\�g�_�r�g�b�o���\�h�a�^�_�c�k�l�\�m�x�s�b�o���n�Z�d�l�h�j�h�\���g�Z��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z 

 

�H�^�g�b�f�� �b�a�� �\�Z�`�g�u�o�� �w�l�Z�i�h�\�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_���i�_�j�k�i�_�d�l�b�\�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\��

�y�\�e�y�_�l�k�y�� �i�j�h�\�_�^�_�g�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�e�b�y�g�b�y�� �g�Z�� �b�o�� �b�k�o�h�^�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�f�Z�d�k�b�f�Z�e�v�g�h�� �\�h�a�f�h�`�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �\�g�_�r�g�b�o�� �n�Z�d�l�h�j�h�\���� �d�h�l�h�j�u�_�� �f�h�]�m�l��

�\�h�a�^�_�c�k�l�\�h�\�Z�l�v�� �g�Z�� �f�Z�l�_�j�b�Z�e�� �\�� �i�j�h�p�_�k�k�_�� �`�b�a�g�_�g�g�h�]�h�� �p�b�d�e�Z�� �_�]�h�� �w�d�k�i�e�m�Z�l�Z�p�b�b��

[110 - 112]. 

�K�h�]�e�Z�k�g�h�� �=�H�K�L�� ����������-������ �\�g�_�r�g�b�c�� �\�h�a�^�_�c�k�l�\�m�x�s�b�c�� �n�Z�d�l�h�j�� ���<�<�N�����± 

�y�\�e�_�g�b�_���� �i�j�h�p�_�k�k�� �b�e�b�� �k�j�_�^�Z���� �\�g�_�r�g�b�_�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �b�a�^�_�e�b�x�� �b�e�b�� �_�]�h��

�k�h�k�l�Z�\�g�u�f�� �q�Z�k�l�y�f���� �d�h�l�h�j�u�_�� �\�u�a�u�\�Z�x�l�� �b�e�b�� �f�h�]�m�l�� �\�u�a�u�\�Z�l�v�� �h�]�j�Z�g�b�q�_�g�b�_�� �b�e�b��

�i�h�l�_�j�x���j�Z�[�h�l�h�k�i�h�k�h�[�g�h�]�h���k�h�k�l�h�y�g�b�y���b�a�^�_�e�b�y���\���i�j�h�p�_�k�k�_���w�d�k�i�e�m�Z�l�Z�p�b�b���� 

�<�<�N���h�d�Z�a�u�\�Z�x�l���k�m�s�_�k�l�\�_�g�g�h�_���\�e�b�y�g�b�_���g�Z���I�D�F�����i�j�b�\�h�^�y���d���e�h�d�Z�e�v�g�u�f��

�i�_�j�_�]�j�_�\�Z�f�� �b�� �k�h�a�^�Z�g�b�x�� �l�_�f�i�_�j�Z�l�m�j�g�u�o�� �]�j�Z�^�b�_�g�l�h�\�� �i�h�� �h�[�t�z�f�m���� �l�_�j�f�b�q�_�k�d�h�c��

�^�_�k�l�j�m�d�p�b�b���� �n�h�l�h�o�b�f�b�q�_�k�d�h�c�� �b�� �l�_�j�f�h�h�d�b�k�e�b�l�_�e�v�g�h�c�� �^�_�k�l�j�m�d�p�b�b�� �i�h�^��

�^�_�c�k�l�\�b�_�f�� �k�h�e�g�_�q�g�h�]�h�� �b�a�e�m�q�_�g�b�y���� �w�j�h�a�b�b�� �i�h�^�� �\�h�a�^�_�c�k�l�\�b�_�f�� �i�u�e�b���� �i�_�k�d�Z����

�\�_�l�j�Z���� �\�u�i�Z�^�Z�x�s�b�o�� �h�k�Z�^�d�h�\�� �b�� �l���� �^���� �G�Z�b�[�h�e�_�_�� �� �h�s�m�l�b�f�u�f�� �n�Z�d�l�h�j�h�f����
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�h�d�Z�a�u�\�Z�x�s�b�f���\�e�b�y�g�b�_���g�Z���k�\�h�c�k�l�\�Z���I�D�F�����y�\�e�y�_�l�k�y���k�h�j�[�b�j�m�_�f�Z�y���\�e�Z�]�Z�����;�h�e�_�_��

�������� �h�l�d�Z�a�Z�� �l�_�o�g�b�d�b�� �i�j�h�b�k�o�h�^�b�l�� �i�h�� �i�j�b�q�b�g�_�� �\�h�a�^�_�c�k�l�\�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �b��

�\�e�Z�`�g�h�k�l�b [113 - 115].  

�<�e�b�y�g�b�_�� �\�e�Z�]�b�� �g�Z�� �I�D�F�� �f�h�`�_�l�� �i�j�h�y�\�e�y�l�v�k�y�� �\�� �\�b�^�_�� �_�]�h�� �g�Z�[�m�o�Z�g�b�y��

�\�k�e�_�^�k�l�\�b�_�� �i�j�h�g�b�d�g�h�\�_�g�b�y�� �\�e�Z�]�b�� �\�� �f�Z�l�_�j�b�Z�e�� �i�h�� �]�j�Z�g�b�p�_�� �j�Z�a�^�_�e�Z�� �n�Z�a����

�G�Z�[�m�o�Z�g�b�_���f�Z�l�_�j�b�Z�e�Z���i�j�b�\�h�^�b�l���d���h�[�j�Z�a�h�\�Z�g�b�x���^�h�i�h�e�g�b�l�_�e�v�g�u�o���g�Z�i�j�y�`�_�g�b�c����

�q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �i�j�b�\�h�^�b�l�� �d�� �b�a�f�_�g�_�g�b�x�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �j�Z�a�f�_�j�h�\��

�d�h�g�k�l�j�m�d�p�b�b�� �b�� �h�[�j�Z�a�h�\�Z�g�b�x�� �^�_�n�_�d�l�h�\�� �\�� �\�b�^�_�� �l�j�_�s�b�g�� �b�� �j�Z�k�k�e�h�_�g�b�c���� �<�e�Z�]�Z��

�l�Z�d�`�_�� �i�j�b�\�h�^�b�l�� �d�� �k�g�b�`�_�g�b�x�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �b�� �l�_�f�i�_�j�Z�l�m�j�u��

�k�l�_�d�e�h�\�Z�g�b�y���I�D�F���a�Z���k�q�z�l���i�e�Z�k�l�b�n�b�p�b�j�m�x�s�_�]�h���^�_�c�k�l�\�b�y��[116].  

�I�h�f�b�f�h�� �^�_�k�l�j�m�d�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\���� �\�� �I�D�F�� �f�h�]�m�l�� �i�j�h�l�_�d�Z�l�v�� �i�j�h�p�_�k�k�u��

�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�y�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u���� �K�� �i�h�\�u�r�_�g�b�_�f�� �l�_�f�i�_�j�Z�l�m�j�u��

�m�\�_�e�b�q�b�\�Z�_�l�k�y�� �^�\�b�`�_�g�b�_�� �k�_�]�f�_�g�l�h�\�� �f�Z�d�j�h�f�h�e�_�d�m�e�u���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d��

�h�[�j�Z�a�h�\�Z�g�b�x���g�h�\�u�o���k�\�y�a�_�c���b���j�_�e�Z�d�k�Z�p�b�b���\�g�m�l�j�_�g�g�b�o���g�Z�i�j�y�`�_�g�b�c���� 

�H�p�_�g�d�Z�� �\�e�b�y�g�b�y�� �\�g�_�r�g�b�o�� �\�h�a�^�_�c�k�l�\�m�x�s�b�o�� �n�Z�d�l�h�j�h�\�� �g�Z�� �f�Z�l�_�j�b�Z�e��

�i�j�h�b�a�\�h�^�b�e�Z�k�v�� �i�m�l�z�f�� �k�j�Z�\�g�_�g�b�y�� �b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �i�h�e�m�q�_�g�g�u�o�� �^�h�� �w�d�k�i�h�a�b�p�b�b���� �k�h�� �a�g�Z�q�_�g�b�y�f�b���� �i�h�e�m�q�_�g�g�u�f�b��

�i�h�k�e�_�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�h�a�b�p�b�b ���l�Z�[�e�b�p�u�� ����-�������� �j�b�k�m�g�h�d�� ��9). �<�� �j�Z�[�h�l�_��

�b�k�k�e�_�^�h�\�Z�e�b�k�v���h�[�j�Z�a�p�u���k���g�_���a�Z�s�b�s�_�g�g�u�f�b���l�h�j�p�Z�f�b�� 

 

�L�Z�[�e�b�p�Z����5 �± �B�a�f�_�g�_�g�b�_���f�Z�k�k�u���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-72 

�i�h�k�e�_�����\�h�a�^�_�c�k�l�\�b�y���\�h�^�u�����\�e�Z�]�b���b���l�_�o�g�b�q�_�k�d�b�o���k�j�_�^���\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\ 

�G�Z�b�f�_�g�h�\�Z�g�b�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b����

�G�> 

�:�]�j�_�k�k�b�\�g�Z�y��
�k�j�_�^�Z 

�<�j�_�f�y���w�d�k�i�h�a�b�p�b�b�����k�m�l. 

1  5 10 20 30 60 90 

�B�a�f�_�g�_�g�b�_���f�Z�k�k�u��
�h�[�j�Z�a�p�Z������ 

�<�h�^�Z 0,57 1,14 1,36 1,71 2,00 2,25 2,27 

�<�e�Z�]�Z 0,31 0,69 0,77 0,99 1,13 1,34 1,36 

�F�Z�k�e�h�� 
�B�I�F-10 

0,61 0,78 0,87 0,9 0,98 0,98 1,01 

�L�h�i�e�b�\�h���L�K-1 0,71 1,16 1,26 1,24 1,46 1,47 1,51 
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�J�b�k. 39 �± �B�a�f�_�g�_�g�b�_���f�Z�k�k�u���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-�������i�h�k�e�_����
�\�h�a�^�_�c�k�l�\�b�y���\�h�^�u�����\�e�Z�]�b���b���l�_�o�g�b�q�_�k�d�b�o���k�j�_�^���\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\ 

 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �g�Z�b�[�h�e�_�_�� �k�m�s�_�k�l�\�_�g�g�h�_�� �b�a�f�_�g�_�g�b�_�� �f�Z�k�k�u�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������i�h�k�e�_���\�u�^�_�j�`�d�b���\���l�_�o�g�b�q�_�k�d�b�o���k�j�_�^�Z�o���i�j�h�b�k�o�h�^�b�l���\��

�l�_�q�_�g�b�_�� �i�_�j�\�u�o�� ������ �k�m�l�h�d�� �w�d�k�i�h�a�b�p�b�b���� �Z�� �d�� �k�j�h�d�m�� �w�d�k�i�h�a�b�p�b�b�� �\�� �l�_�q�_�g�b�_            

�������k�m�l�h�d���i�j�h�b�k�o�h�^�b�l���i�j�Z�d�l�b�q�_�k�d�b���i�h�e�g�h�_���g�Z�k�u�s�_�g�b�_���h�[�j�Z�a�p�h�\���� 

�L�Z�[�e�b�p�Z�� ��6 �± �K�\�h�c�k�l�\�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-������ �i�h�k�e�_��

�\�h�a�^�_�c�k�l�\�b�y���\�h�^�u���b���\�e�Z�]�b �\ �l�_�q�_�g�b�_�������f�_�k�y�p�Z�� 

�G�Z�b�f�_�g�h-
�\�Z�g�b�_��

�o�Z�j�Z�d�l�_-
�j�b�k�l�b�d�b 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c�� 

�ƒ�K 

�A�g�Z�q�_�g�b�_���^�h��
�w�d�k�i�h�a�b�p�b�b 

�<�h�a�^�_�c�k�l�\�b�_���\�e�Z�]�b �<�h�a�^�_�c�k�l�\�b�_���\�h�^�u 
�i�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b��
1 �f�_�k�y�p 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\�� 

% 

�i�h�k�e�_��
�w�d�k�i�h�a�b�p�b�b��

�����f�_�k�y�p 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\�� 

% 
�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b 
�i�j�b�� �b�a�]�b�[�_����
�F�I�Z 

20 
815 

790 �± 840 
830 

790 �± 860 101 
760 

740 �± 840 93 

320 
590 

570 �± 610 
630 

540 �± 680 106 
630 

500 �± 690 106 

 
�B�a�� �^�Z�g�g�u�o�� �l�Z�[�e�b�p�u�� ���� �\�b�^�g�h���� �q�l�h���i�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b �i�j�b�� �b�a�]�b�[�_���i�j�b��

�l�_�f�i�_�j�Z�l�m�j�Z�o �b�k�i�u�l�Z�g�b�c�� ���� �b�� ���������ž�K�� �i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y �\�h�^�u�� �b �\�e�Z�]�b�� �\��

�l�_�q�_�g�b�_������ �f�_�k�y�p�Z���h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-������ �h�k�l�Z�e�k�y �g�Z���m�j�h�\�g�_��

�b�k�o�h�^�g�u�o���a�g�Z�q�_�g�b�c�����^�h���\�h�a�^�_�c�k�l�\�b�y���� 
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�L�Z�[�e�b�p�Z�� ��7 �± �I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_ �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b��

�<�I�K-�������i�h�k�e�_���\�h�a�^�_�c�k�l�\�b�y���\�h�^�u���b���\�e�Z�]�b �\ �l�_�q�_�g�b�_�������f�_�k�y�p�_�\  

�G�Z�b�f�_�g�h�\�Z
�g�b�_��

�o�Z�j�Z�d�l�_�j�b�k
�l�b�d�b 

�L�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c�� 

�ƒ�K 

�A�g�Z�q�_�g�b�_���^�h��
�w�d�k�i�h�a�b�p�b�b 

�<�h�a�^�_�c�k�l�\�b�_���\�e�Z�]�b �<�h�a�^�_�c�k�l�\�b�_���\�h�^�u 
�i�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b��
�����f�_�k�y�p�Z 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\�� 

% 

�i�h�k�e�_��
�w�d�k�i�h�a�b�p�b�b��

3 �f�_�k�y�p�Z 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\�� 

% 
�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b 
�i�j�b��
�b�a�]�b�[�_����
�F�I�Z 

20 815 
790 �± 840 

750 
640 - 810 

92 
780 

710 �± 830 
95 

320 
590 

570 �± 610 
490 

440 �± 550 
83 

500 
490 �± 560 

84 

 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ž�K�� �i�h�k�e�_��

�\�h�a�^�_�c�k�l�\�b�y�� �\�e�Z�]�b���\�� �l�_�q�_�g�b�_�� ���� �f�_�k�y�p�_�\�� �k�h�k�l�Z�\�b�e�h�� ��2 ���� �h�l�g�h�k�b�l�_�e�v�g�h��

�b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c�� ���i�j�b�� �����ž�K�� �^�h�� �\�h�a�^�_�c�k�l�\�b�y������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c��

���������ž�K���± 83 �����h�l�g�h�k�b�l�_�e�v�g�h���a�g�Z�q�_�g�b�c�����i�j�b�����������ž�K���^�h���\�h�a�^�_�c�k�l�\�b�y������ 

�K�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�f�Z�j�d�b�� �<�I�K-������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ž�K�� �i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y�� �\�h�^�u���\ 

�l�_�q�_�g�b�_�� ���� �f�_�k�y�p�_�\�� �k�h�k�l�Z�\�b�e�h�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c�� ���i�j�b��

�����ž�K�� �^�h�� �\�h�a�^�_�c�k�l�\�b�y������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� �������� �ž�K���± 84 % 

�h�l�g�h�k�b�l�_�e�v�g�h���a�g�Z�q�_�g�b�c�����i�j�b�����������ž�K���^�h���\�h�a�^�_�c�k�l�\�b�y������ 

 
�L�Z�[�e�b�p�Z�� ��8 �± �I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b�� �� �i�j�b�� �b�a�]�b�[�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 

�i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c�������ž�K���i�h�k�e�_���\�h�a�^�_�c�k�l�\�b�y���l�_�o�g�b�q�_�k�d�b�o���`�b�^�d�h�k�l�_�c 

�\���l�_�q�_�g�b�_�������f�_�k�y�p�Z 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�B�k�o�h�^�g�h�_�� 
�a�g�Z�q�_�g�b�_���^�h��
�w�d�k�i�h�a�b�p�b�b 

�l�h�i�e�b�\�h���L�K-1 �f�Z�k�e�h���B�I�F-10 
�I�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b�� 
�����f�_�k�y�p 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\������ 

�I�h�k�e�_��
�w�d�k�i�h�a�b�p�b�b�� 

�����f�_�k�y�p 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\���� 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b �i�j�b��
�b�a�]�b�[�_�����F�I�Z 

815 
790 �± 840 

780 
700 �± 850 96 

790 
730 �± 900 97 

 

�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�h�o�j�Z�g�_�g�b�_ �i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�_�� �����ž�K �i�h�k�e�_�� ���� �f�_�k�y�p�Z�� �\�h�a�^�_�c�k�l�\�b�y�� �l�_�o�g�b�q�_�k�d�b�o��
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�`�b�^�d�h�k�l�_�c�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-�������� �k�h�k�l�Z�\�b�e�h���g�_�� �f�_�g�_�_�� ����% 

�h�l�g�h�k�b�l�_�e�v�g�h���b�k�o�h�^�g�u�o���a�g�Z�q�_�g�b�c�����i�j�b�������ž�K���^�h���\�h�a�^�_�c�k�l�\�b�y��. 

 

�L�Z�[�e�b�p�Z�� ��9 �± �I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 

�i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c������ �ž�K���i�h�k�e�_���\�h�a�^�_�c�k�l�\�b�y���l�_�o�g�b�q�_�k�d�b�o���`�b�^�d�h�k�l�_�c 

�\���l�_�q�_�g�b�_����-�o���f�_�k�y�p�_�\ 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�B�k�o�h�^�g�h�_��
�a�g�Z�q�_�g�b�_���^�h��
�w�d�k�i�h�a�b�p�b�b 

�l�h�i�e�b�\�h���L�K-1 �f�Z�k�e�h���B�I�F-10 
�I�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b�� 
�����f�_�k�y�p�Z 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\������ 

�I�h�k�e�_��
�w�d�k�i�h�a�b�p�b�b�� 

�����f�_�k�y�p�Z 

�k�h�o�j�Z�g�_�g�b�_ 
�k�\�h�c�k�l�\���� 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b �i�j�b��
�b�a�]�b�[�_�����F�I�Z 

815 
790 �± 840 

740 
720 �± 800 

90 
750 

730 �± 790 
92 

 
�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-������ �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ž�K�� �i�h�k�e�_��

�\�h�a�^�_�c�k�l�\�b�y���l�h�i�e�b�\�Z���L�K-1 �b���f�Z�k�e�Z���B�I�F-10 �\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\���k�h�k�l�Z�\�b�e�h���g�_��

�f�_�g�_�_�� ���� ���� �h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c�� ���i�j�b�� �����ž�K �^�h�� �\�h�a�^�_�c�k�l�\�b�y������

�I �j�h�\�_�^�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �f�Z�j�d�b�� �<�I�K-72 

�m�k�l�h�c�q�b�\���d���\�h�a�^�_�c�k�l�\�b�x���l�_�o�g�b�q�_�k�d�b�o���`�b�^�d�h�k�l�_�c�� 

�E�Z�[�h�j�Z�l�h�j�g�u�_�� �l�_�j�f�h�\�e�Z�`�g�h�k�l�g�u�_�� �b�k�i�u�l�Z�g�b�y�� �i�j�h�\�h�^�y�l�k�y�� �i�j�b��

�k�h�\�f�_�k�l�g�h�f�� �\�h�a�^�_�c�k�l�\�b�b�� �i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �\�e�Z�`�g�h�k�l�b���� �i�h��

�j�_�a�m�e�v�l�Z�l�Z�f�� �d�h�l�h�j�u�o�� �h�i�j�_�^�_�e�y�x�l�� �b�a�f�_�g�_�g�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �j�Z�a�e�b�q�g�u�o��

�k�\�h�c�k�l�\���� �h�i�j�_�^�_�e�y�x�s�b�o�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�� �b�a�^�_�e�b�c���� �L�Z�d�b�_�� �b�k�i�u�l�Z�g�b�y��

�a�Z�g�b�f�Z�x�l�� �k�m�s�_�k�l�\�_�g�g�h�� �f�_�g�v�r�_�_�� �\�j�_�f�y�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �g�Z�l�m�j�g�u�f�b��

�b�k�i�u�l�Z�g�b�y�f�b�� �b�� �i�h�a�\�h�e�y�x�l�� �i�j�h�\�h�^�b�l�v�� �k�j�Z�\�g�b�l�_�e�v�g�m�x�� �h�p�_�g�d�m�� �d�e�b�f�Z�l�b�q�_�k�d�h�c��

�k�l�h�c�d�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�����<�� �i�j�h�p�_�k�k�_�� �l�_�j�f �h�\�e�Z�`�g�h�k�l�g�h�]�h�� �k�l�Z�j�_�g�b�y�� �i�h�e�b�f�_�j�g�h�]�h��

�f�Z�l�_�j�b�Z�e�Z���\�e�Z�]�Z���f�h�`�_�l���\�k�l�m�i�Z�l�v���\���o�b�f�b�q�_�k�d�h�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���f�Z�l�_�j�b�Z�e�h�f��

���\�� �h�k�g�h�\�g�h�f�� �k�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�_�c�� �I�D�F������ �k�e�_�^�k�l�\�b�_�f�� �d�h�l�h�j�h�]�h�� �y�\�e�y�_�l�k�y��

�]�b�^�j�h�e�b�a�� �f�Z�d�j�h�f�h�e�_�d�m�e�� �b�� �\�h�a�f�h�`�g�u�_�� �i�h�k�e�_�^�m�x�s�b�_�� �j�_�Z�d�p�b�b�� �^�_�k�l�j�m�d�p�b�b����

�e�b�[�h�� �b�a�f�_�g�_�g�b�y�� �k�l�j�m�d�l�m�j�u�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u���� �q�l�h�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d��

�k�m�s�_�k�l�\�_�g�g�h�f�m���b�a�f�_�g�_�g�b�x���k�\�h�c�k�l�\���� 

�F�b�d�j�h�k�l�j�m�d�l�m�j�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��
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�<�I�K-������ �i�h�d�Z�a�Z�e�b���� �q�l�h�� �f�b�d�j�h�n�Z�a�h�\�Z�y�� �k�l�j�m�d�l�m�j�Z�� �i�h�e�b�b�f�b�^�g�h�c�� �f�Z�l�j�b�p�u��

�k�\�y�a�m�x�s�_�]�h���<�K-������ �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c�� �d�Z�f�_�j�_�� �\�� �l�_�q�_�g�b�_    

3-�o�� �f�_�k�y�p�_�\�� �i�j�_�l�_�j�i�_�\�Z�_�l�� �b�a�f�_�g�_�g�b�y���� �G�Z�� �j�b�k�m�g�d�_��40 �i�h�d�Z�a�Z�g�h�� �b�a�f�_�g�_�g�b�_��

�j�Z�a�f�_�j�h�\�� �Z�]�j�_�]�Z�l�h�\�� �^�b�k�i�_�j�k�g�u�o�� �q�Z�k�l�b�p�� ���k�\�_�l�e�u�_�� �m�q�Z�k�l�d�b���� �\�� �h�^�g�h�j�h�^�g�h�c��

�^�b�k�i�_�j�k�b�h�g�g�h�c���k�j�_�^�_�����l�_�f�g�h�_���i�h�e�_������ 

 

 

 

 

 

 

 �Z   �[  �\ 

�J�b�k������40 �± �F�b�d�j�h�n�Z�a�h�\�Z�y���k�l�j�m�d�l�m�j�Z���i�h�e�b�b�f�b�^�g�h�c���f�Z�l�j�b�p�u���\���k�h�k�l�Z�\�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-���������Z��- �b�k�o�h�^�g�u�c���h�[�j�Z�a�_�p�����[��- �i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\��

�l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���\���l�_�q�_�g�b�_����-�h�]�h���f�_�k�y�p�Z�����\��- �i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\��

�l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���\���l�_�q�_�g�b�_����-�o���f�_�k�y�p�_�\�������o��������0 

 

�J�Z�a�f�_�j�u�� �^�b�k�i�_�j�k�g�u�o�� �q�Z�k�l�b�p�� �\�� �f�b�d�j�h�n�Z�a�h�\�h�c�� �k�l�j�m�d�l�m�j�_�� �b�k�o�h�^�g�h�]�h��

�h�[�j�Z�a�p�Z���e�_�`�Z�l���\���b�g�l�_�j�\�Z�e�_���h�l������ �^�h�����������g�f���k�h���k�j�_�^�g�b�f���j�Z�a�f�_�j�h�f�����������g�f�����i�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b���\���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���\���l�_�q�_�g�b�_����-�h�]�h���f�_�k�y�p�Z���\���b�g�l�_�j�\�Z�e�_���h�l��

95 �^�h�� �������� �g�f�� �k�h�� �k�j�_�^�g�b�f�� �j�Z�a�f�_�j�h�f�� �������� �g�f���� �Z�� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\��

�l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���\���l�_�q�_�g�b�_����-�o���f�_�k�y�p�_�\���\���b�g�l�_�j�\�Z�e�_���h�l�����������^�h�����������g�f��

�k�h���k�j�_�^�g�b�f���j�Z�a�f�_�j�h�f�����������g�f�� 

�M�\�_�e�b�q�_�g�b�_�� �j�Z�a�f�_�j�h�\�� �^�b�k�i�_�j�k�g�u�o���q�Z�k�l�b�p���� �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �k�\�y�a�Z�g�h �k��

�i�j�h�p�_�k�k�Z�f�b�� �k�h�j�[�p�b�b�� �\�e�Z�]�b���� �I�j�b�� �w�l�h�f�� �k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �j�Z�a�g�b�p�Z�� �f�_�`�^�m��

�k�j�_�^�g�b�f�b�� �j�Z�a�f�_�j�Z�f�b�� �^�b�k�i�_�j�k�g�u�o�� �q�Z�k�l�b�p�� �\�� �f�b�d�j�h�n�Z�a�h�\�h�c�� �k�l�j�m�d�l�m�j�_�� �f�Z�l�j�b�p�u��

�i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �l�_�q�_�g�b�_�� ���� �b�� ���� �f�_�k�� �k�h�k�l�Z�\�e�y�_�l�� �a�� ���� ������ �B�a�� �w�l�h�]�h�� �f�h�`�g�h��

�k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �h�k�g�h�\�g�h�_�� �g�Z�k�u�s�_�g�b�_�� �f�h�e�_�d�m�e�Z�f�b�� �\�h�^�u�� �i�h�e�b�b�f�b�^�g�h�c��

�f�Z�l�j�b�p�u�� �i�j�h�b�k�o�h�^�b�l�� �\�� �l�_�q�_�g�b�_�� �i�_�j�\�h�]�h�� �f�_�k�y�p�Z�� �w�d�k�i�h�a�b�p�b�b�����J�_�a�m�e�v�l�Z�l�u��
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�l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 

�i�j�b�\�_�^�_�g�u���\�� �l�Z�[�e�b�p�_��20 �b���g�Z���j�b�k�m�g�d�Z�o������-42. 

 

�L�Z�[�e�b�p�Z��20 �± �K�\�h�c�k�l�\�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b�� �<�I�K-������ �i�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b���\���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c �d�Z�f�_�j�_������ �b������ �f�_�k�y�p�Z�� 

�G�Z�b�f�_�g�h�\�Z�g�b�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�L�_�f�i�_�j�Z- 
�l�m�j�Z�� 

�b�k�i�u�l�Z�g�b�c�� 
�ƒ�K 

�B�k�o�h� �̂g�u�_���a�g�Z�q�_�g�b�y��
�k�\�h�c�k�l�\�� 

��� �̂h���w�d�k�i�h�a�b�p�b�b�� 

�D�Z�f�_�j�Z���l�_�j�f�h�\�e�Z� �̀g�h�k�l�g�h�]�h��
�\�h�a� �̂_�c�k�l�\�b�y 

�J�_� �̀b�f���b�k�i�u�l�Z�g�b�y�����L��� �����������“���������ž�K���b�����M  
� �����������“���������� 

�i�h�k�e�_���w�d�k�i�h�a�b�p�b�b�� 
�����f�_�k�y�p�� 

�i�h�k�e�_���w�d�k�i�h�a�b�p�b�b�� 
�����f�_�k�y�p 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b �i�j�b��
�b�a�]�b�[�_�����F�I�Z 

20 815 
790 �± 840 

750 
700 �± 780 

780 
740 �± 850 

320 590 
570 �± 610 

580 
550 �± 630 

530 
470 �± 570 

�I�j�_�^�_�e��
�i�j�h�q�g�h�k�l�b���i�j�b��
�k� �̂\�b�]�_�����F�I�Z 

20 48 
41 �± 53 

43 
35 �± 46 

39 
33 �± 42 

320 
31 

27 �± 33 
27 

23 �± 30 
25 

21 �± 27 
�L�_�f�i�_�j�Z�l�m�j�Z��
�k�l�_�d�e�h�\�Z�g�b�y�����L�J�����ž�K - 

355 
354 �± 356 - 

374 
373 �± 374 

 

 

�J�b�k�������� �± �A�Z�\�b�k�b�f�h�k�l�v���k�h�o�j�Z�g�_�g�b�y���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b���i�j�b���b�a�]�b�[�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���������b��������

�f�_�k�y�p�Z�� 
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�J�b�k�������� �± �A�Z�\�b�k�b�f�h�k�l�v���k�h�o�j�Z�g�_�g�b�y���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b���i�j�b���k�^�\�b�]�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c���d�Z�f�_�j�_���������b��������

�f�_�k�y�p�Z�� 

 

�M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���k�h�o�j�Z�g�_�g�b�_���i�j�h�q�g�h�k�l�b �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-72 

�i�j�b�� �b�a�]�b�[�_���i�h�k�e�_�� ��-�o�� �f�_�k�y�p�_�\ �w�d�k�i�h�a�b�p�b�b�� �\���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c �d�Z�f�_�j�_��

�k�h�k�l�Z�\�b�e�h�� �������� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ƒ�K�� �b�� �������� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��

�b�k�i�u�l�Z�g�b�c�� �������� �ƒ�K,  �k�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �k�^�\�b�]�_�� �k�h�k�l�Z�\�b�e�h��

80%. �L�Z�d�`�_�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z�� �k�l�_�d�e�h�\�Z�g�b�y�� �h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b���\�� ���l�_�j�f�h�\�e�Z�`�g�h�k�l�g�h�c�� �d�Z�f�_�j�_��

�\�u�j�h�k�e�Z�� �� �g�Z�� ���� �ƒ�K���� �^�Z�g�g�u�c�� �w�n�n�_�d�l�� �� �f�h�`�_�l�� �[�u�l�v�� �h�[�h�k�g�h�\�Z�g�� �j�_�e�Z�d�k�Z�p�b�_�c��

�\�g�m�l�j�_�g�g�b�o�� �g�Z�i�j�y�`�_�g�b�c�� �\�k�e�_�^�k�l�\�b�_�� �i�e�Z�k�l�b�n�b�d�Z�p�b�b�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u��

�i�h�^���^�_�c�k�l�\�b�_�f���i�h�\�u�r�_�g�g�h�c���\�e�Z�`�g�h�k�l�b���b���l�_�f�i�_�j�Z�l�m�j�u���>110 - 115]. 

�H���^�e�b�l�_�e�v�g�h�k�l�b���w�d�k�i�e�m�Z�l�Z�p�b�b���f�Z�l�_�j�b�Z�e�Z���f�h�`�g�h���k�m�^�b�l�v���i�h���j�_�a�m�e�v�l�Z�l�Z�f��

�b�a�f�_�g�_�g�b�y���_�]�h �k�\�h�c�k�l�\�� �i�h�k�e�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �i�h�\�u�r�_�g�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�u�� �M�q�b�l�u�\�Z�y�� �h�`�b�^�Z�_�f�u�_�� �l�_�f�i�_�j�Z�l�m�j�g�h-�\�j�_�f�_�g�g�u�_�� �m�k�e�h�\�b�y��

�w�d�k�i�e�m�Z�l�Z�p�b�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �\�� �k�h�k�l�Z�\�_ �d�h�g�k�l�j�m�d�p�b�b�� �i�Z�g�_�e�_�c��

�]�Z�a�h�]�_�g�_�j�Z�l�h�j�Z�� �� �b �^�j�m�]�b�o�� �l�_�i�e�h�g�Z�]�j�m�`�_�g�g�u�o�� �w�e�_�f�_�g�l�Z�o�� �i�_�j�k�i�_�d�l�b�\�g�h�]�h��

�^�\�m�o�d�h�g�l�m�j�g�h�]�h�� �^�\�b�]�Z�l�_�e�y�� �� �I�>-�������� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �b�k�k�e�_�^�h�\�Z�g�b�y��

�\�h�a�^�_�c�k�l�\�b�y�� �i�h�\�u�r�_�g�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �������� �ƒ�K�� �\�� �l�_�q�_�g�b�_�� �������� �q�� �g�Z��

�f�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �f�Z�l�_�j�b�Z�e�Z���� �J�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�_�g�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b�\�_�^�_�g�u �\���l�Z�[�e�b�p�_���������b���g�Z �j�b�k�m�g�d�Z�o���������b������. 
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�L�Z�[�e�b�p�Z�� ��1 �± �I�j�_�^�_�e�� �i�j�h�q�g�h�k�l�b �i�j�b�� �b�a�]�b�[�_ �b�� �k�^�\�b�]�_ �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�f�Z�j�d�b���<�I�K-�������i�h�k�e�_���l�_�j�f�b�q�_�k�d�h�]�h���k�l�Z�j�_�g�b�y. 

�L���w�d�k�i.�����ƒ�K �<�j�_�f�y 
�w�d�k�i�h�a�b�p�b�b�������q 

�L���b�k�i., 
�ƒ�K 

�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b 
�i�j�b���b�a�]�b�[�_�����F�I�Z 

�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b 
�i�j�b���k�^�\�b�]�_�����F�I�Z 

- 0 
20 

815 
790 �± 840 

48 
44 �± 53 

320 
590 

570 �± 610 
31 

27 �± 33 

 
 

320 

50 
20 625 

590 �± 700 
43 

39 �± 48 

320 590 
550 �± 630 

29 
27 �± 32 

100 

20 540 
500 �±580 
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�J�b�k�� 43 �± �A�Z�\�b�k�b�f�h�k�l�v���k�h�o�j�Z�g�_�g�b�y���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b���i�j�b���b�a�]�b�[�_��
�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K 
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�J�b�k�������� �± �A�Z�\�b�k�b�f�h�k�l�v���k�h�o�j�Z�g�_�g�b�y���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b���i�j�b���k�^�\�b�]�_ 
�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K 

 

�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �k�h�o�j�Z�g�_�g�b�_ �i�j�_�^�_�e�Z �i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-�������i�h�k�e�_���l�_�j�f�b�q�_�k�d�h�]�h���k�l�Z�j�_�g�b�y���i�j�b���l�_�f�i�_�j�Z�l�m�j�_��

�������� �ž�K�� �\�� �l�_�q�_�g�b�_�� �������� �q�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c�� ������ �ž�K�� �k�h�k�l�Z�\�b�e�h�� ��8������ �Z��

�i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c�� �������� �ž�K�� �k�h�k�l�Z�\�b�e�h�� ���������� �i�j�b�� �w�l�h�f�� �k�h�o�j�Z�g�_�g�b�_ 

�i�j�_�^�_�e�Z �i�j�h�q�g�h�k�l�b�� �i�j�b�� �k�^�\�b�]�_�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ž�K�� �k�h�k�l�Z�\�b�e�h��

�����������Z���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c�����������ž�K���k�h�k�l�Z�\�b�e�h���������� 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�i�u�l�Z�g�b�c�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �f�Z�j�d�b�� �<�I�K-72 

�m�k�l�h�c�q�b�\�� �d�� �\�h�a�^�_�c�k�l�\�b�x�� �i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�� �b�� �j�Z�[�h�l�h�k�i�h�k�h�[�_�g�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_���i�e�x�k�����������ƒ�K���\���l�_�q�_�g�b�_ ���������q�� 

�>�e�y�� �f�Z�l�_�j�b�Z�e�h�\���� �i�e�Z�g�b�j�m�_�f�u�o�� �d�� �i�j�b�f�_�g�_�g�b�x�� �\�� �b�a�^�_�e�b�y�o��

�\�k�_�d�e�b�f�Z�l�b�q�_�k�d�h�]�h�� �b�k�i�h�e�g�_�g�b�y�� ���i�h�� �=�H�K�L�� ����������-���������� �h�l�k�m�l�k�l�\�b�_�� �i�j�y�f�u�o��

�^�Z�g�g�u�o�� �i�h�� �d�e�b�f�Z�l�b�q�_�k�d�h�c�� �k�l�h�c�d�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �j�Z�a�e�b�q�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o��

�a�h�g���g�_���i�h�a�\�h�e�y�_�l���]�Z�j�Z�g�l�b�j�h�\�Z�l�v���k�h�o�j�Z�g�y�_�f�h�k�l�v���k�\�h�c�k�l�\���f�Z�l�_�j�b�Z�e�Z���\���b�a�^�_�e�b�b���\��

�i�j�h�p�_�k�k�_�� �^�e�b�l�_�e�v�g�h�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �G�Z�b�[�h�e�_�_���h�[�t�_�f�g�m�x �b�g�n�h�j�f�Z�p�b�x�� �h��

�o�Z�j�Z�d�l�_�j�_���b�a�f�_�g�_�g�b�y���k�\�h�c�k�l�\���I�D�F���i�j�b���\�h�a�^�_�c�k�l�\�b�b���d�e�b�f�Z�l�b�q�_�k�d�b�o���n�Z�d�l�h�j�h�\��

�f�h�`�g�h�� �i�h�e�m�q�b�l�v�� �e�b�r�v�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�_�g�b�y�� �g�Z�l�m�j�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o��

�b�k�i�u�l�Z�g�b�c���� �B�a�\�_�k�l�g�h���� �q�l�h �i�j�b�� �k�h�\�f�_�k�l�g�h�f�� �\�h�a�^�_�c�k�l�\�b�b�� �l�Z�d�b�o�� �n�Z�d�l�h�j�h�\�� �d�Z�d��
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�i�h�\�u�r�_�g�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z���� �i�h�\�u�r�_�g�g�Z�y�� �\�e�Z�`�g�h�k�l�v���� �M�N-�b�a�e�m�q�_�g�b�_���� �\��

�i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�_�� �d�h�f�i�h�a�b�p�b�h�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �i�j�h�l�_�d�Z�_�l�� �d�h�f�i�e�_�d�k��

�k�e�h�`�g�u�o�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �i�j�b�\�h�^�y�s�b�o�� �d�� �e�h�d�Z�e�v�g�u�f��

�b�a�f�_�g�_�g�b�y�f�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� ���i�j�h�p�_�k�k�u�� �]�b�^�j�h�e�b�a�Z���� �l�_�j�f�b�q�_�k�d�h�]�h��

�h�d�b�k�e�_�g�b�y���� �n�h�l�h�o�b�f�b�q�_�k�d�h�c�� �i�h�e�b�f�_�j�b�a�Z�p�b�b������ �E�h�d�Z�e�v�g�u�_�� �b�a�f�_�g�_�g�b�y��

�o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �b�� �k�l�j�m�d�l�m�j�u�� �i�h�e�b�f�_�j�Z�� �i�j�b�\�h�^�b�l�� �d�� �i�h�y�\�e�_�g�b�x��

�f�b�d�j�h�h�[�e�Z�k�l�_�c���� �k�� �j�Z�a�e�b�q�g�u�f�b�� �f�_�o�Z�g�b�q�_�k�d�b�f�b�� �b�� �l�_�i�e�h�n�b�a�b�q�_�k�d�b�f�b��

�k�\�h�c�k�l�\�Z�f�b���� �F�_�`�^�m�� �f�b�d�j�h�h�[�e�Z�k�l�y�f�b�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z�� �\�h�a�g�b�d�Z�x�l��

�\�g�m�l�j�_�g�g�b�_�� �g�Z�i�j�y�`�_�g�b�y�� �d�h�l�h�j�u�_�� �i�j�b�\�h�^�y�l�� �d�� �i�h�y�\�e�_�g�b�x�� �f�b�d�j�h�l�j�_�s�b�g�� �g�Z��

�i�h�\�_�j�o�g�h�k�l�b �b�� �\�� �h�[�t�_�f�_ �f�Z�l�_�j�b�Z�e�Z���� �P�b�d�e�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u����

�i�j�b�\�h�^�y�l�� �d�� �j�Z�a�\�b�l�b�x�� �l�j�_�s�b�g���� �Z�� �\�_�l�_�j���� �i�u�e�v�� �b�� �^�h�`�^�v�� �\�u�a�u�\�Z�x�l�� �w�n�n�_�d�l�u��

�w�j�h�a�b�b�� �j�Z�k�l�j�_�k�d�Z�\�r�_�c�k�y�� �i�h�e�b�f�_�j�g�h�c�� �f�Z�l�j�b�p�u�� �k�� �i�h�\�_�j�o�g�h�k�l�b�� ���i�j�h�b�k�o�h�^�b�l��

�h�]�h�e�_�g�b�_�� �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�z�\���g�Z�i�h�e�g�b�l�_�e�y������ �\�k�e�_�^�k�l�\�b�_ �q�_�]�h�� �b�k�o�h�^�g�u�_��

�k�\�h�c�k�l�\�Z���f�Z�l�_�j�b�Z�e�Z���f�h�]�m�l���a�g�Z�q�b�l�_�e�v�g�h���b�a�f�_�g�b�l�v�k�y��[113].  

�D�Z�d�� �i�j�Z�\�b�e�h [114], �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �a�Z�d�e�x�q�_�g�b�y�� �h�� �d�e�b�f�Z�l�b�q�_�k�d�b�c��

�k�l�h�c�d�h�k�l�b�� �I�D�F�����i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �g�Z�l�m�j�g�h�c�� �w�d�k�i�h�a�b�p�b�b���^�h�e�`�g�Z��

�k�h�k�l�Z�\�e�y�l�v �g�_�� �f�_�g�_�_�� ���� �e�_�l���� �H�^�g�Z�d�h�� �d���f�h�f�_�g�l�m�� �g�Z�i�b�k�Z�g�b�y�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u��

�g�Z�l�m�j�g�Z�y�� �w�d�k�i�h�a�b�p�b�y�� �h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �k�h�k�l�Z�\�b�e�Z�� ���� �]�h�^����

�>�Z�g�g�u�c�� �i�_�j�b�h�^�� �w�d�k�i�h�a�b�p�b�b�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �d�� �g�Z�q�Z�e�v�g�h�c�� �k�l�Z�^�b�b�� �k�l�Z�j�_�g�b�y��

�f�Z�l�_�j�b�Z�e�Z�� �b�� �i�j�h�\�_�k�l�b�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x�� �h�p�_�g�d�m�� �_�]�h�� �d�e�b�f�Z�l�b�q�_�k�d�h�c��

�k�l�h�c�d�h�k�l�b���� �L�Z�d���� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�\�h�c�k�l�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��            

�<�I�K-������ �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �g�Z�� �h�l�d�j�u�l�u�o�� �Z�l�f�h�k�n�_�j�g�u�o�� �k�l�_�g�^�Z�o�� �i�h�^�� �m�]�e�h�f�� ������

�]�j�Z�^�m�k�h�\�� �d�� �]�h�j�b�a�h�g�l�m���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�� �=�P�D�B�� �b�� �F�P�D�B�� �K�j�_�^�g�_�]�h�^�h�\�u�_��

�d�e�b�f�Z�l�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �=�P�D�B�� �b�� �F�P�D�B���� �b�a�f�_�j�_�g�g�u�_��

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�f�b�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�f�b�� �d�h�f�i�e�_�d�k�Z�f�b���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

�l�Z�[�e�b�p�_ 22. 

�L�Z�[�e�b�p�Z���������± �K�j�_�^�g�_�]�h�^�h�\�u�_���i�h�d�Z�a�Z�l�_�e�b���d�e�b�f�Z�l�Z���=�P�D�B���b���F�P�D�B���>117]. 

�I�h�d�Z�a�Z�l�_�e�b �A�g�Z�q�_�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c 
�=�P�D�B �F�P�D�B 

�K�j�_�^�g�_�]�h�^�h�\�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�����ƒ�& 14,8 7,7 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e�b�p�u���� 

�I�h�d�Z�a�Z�l�_�e�b �A�g�Z�q�_�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c 
�=�P�D�B �F�P�D�B 

�K�j�_�^�g�_�f�Z�d�k�b�f�Z�e�v�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z��
�\�h�a�^�m�o�Z�����ƒ�& 24,8 10,9 

�K�j�_�^�g�_�f�b�g�b�f�Z�e�v�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z��
�\�h�a�^�m�o�Z�����ƒ�& 

5,0 4,5 

�=�h�^�h�\�h�_���k�m�f�f�Z�j�g�h�_���d�h�e�b�q�_�k�l�\�h��    
�h�k�Z�^�d�h�\�����f�f  665 486 

�=�h�^�h�\�h�_���k�m�f�f�Z�j�g�h�_���d�h�e�b�q�_�k�l�\�h��
�k�h�e�g�_�q�g�u�o���^�g�_�c 

275 91 

�=�h�^�h�\�Z�y���\�_�e�b�q�b�g�Z���k�m�f�f�Z�j�g�h�c���k�h�e�g�_�q�g�h�c��
�j�Z�^�b�Z�p�b�b�����F�>�`���f�ð 5070 4350 

�M�e�v�l�j�Z�n�b�h�e�_�l�h�\�Z�y�����M�N�����k�h�k�l�Z�\�e�y�x�s�Z�y��
�k�h�e�g�_�q�g�h�c���j�Z�^�b�Z�p�b�b�����F�>�`���f�ð 232 134 

�K�j�_�^�g�_�]�h�^�h�\�Z�y���k�d�h�j�h�k�l�v���\�_�l�j�Z�����f���k 3,5 1,5 
�=�h�^�h�\�h�_���d�h�e�b�q�_�k�l�\�h���^�g�_�c���k��
�h�l�j�b�p�Z�l�_�e�v�g�u�f�b���l�_�f�i�_�j�Z�l�m�j�Z�f�b 26 124 

 

�<�g�_�r�g�b�c�� �h�k�f�h�l�j�� �i�e�b�l�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b��

�i�h�d�Z�a�Z�e�� �j�Z�a�e�b�q�g�h�_���k�h�k�l�h�y�g�b�_�� �e�b�p�_�\�h�c�� �b�� �l�u�e�v�g�h�c�� �i�h�\�_�j�o�g�h�k�l�_�c���� �E�b�p�_�\�h�c��

�k�l�h�j�h�g�h�c�� �k�q�b�l�Z�e�Z�k�v�� �k�l�h�j�h�g�Z���� �h�[�j�Z�s�_�g�g�Z�y�� �d�� �k�h�e�g�p�m�� �i�j�b�� �w�d�k�i�h�g�b�j�h�\�Z�g�b�b�� �g�Z��

�Z�l�f�h�k�n�_�j�g�h�f�� �k�l�_�g�^�_���� �E�b�p�_�\�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �g�Z�� �\�k�_�o�� �i�e�b�l�Z�o�� �i�h�^�\�_�j�`�_�g�Z��

�b�a�f�_�g�_�g�b�y�f�� �]�h�j�Z�a�^�h�� �k�b�e�v�g�_�_���� �q�_�f�� �l�u�e�v�g�Z�y�� ���l�_�g�_�\�Z�y���� �k�l�h�j�h�g�Z���� �G�Z�� �e�b�p�_�\�h�c��

�k�l�h�j�h�g�_�� �\�� �[�h�e�v�r�_�c�� �k�l�_�i�_�g�b�� �g�Z�[�e�x�^�Z�x�l�k�y�� �w�j�h�a�b�h�g�g�u�_�� �i�h�\�j�_�`�^�_�g�b�y�� �b��

�^�_�]�j�Z�^�Z�p�b�y���i�h�e�b�f�_�j�g�h�c���f�Z�l�j�b�p�u�����d�Z�d���m���i�e�b�l�����g�Z�o�h�^�y�s�b�o�k�y���g�Z���w�d�k�i�h�a�b�p�b�b���g�Z��

�Z�l�f�h�k�n�_�j�g�u�o���k�l�_�g�^�Z�o���\���F�h�k�d�\�_�����l�Z�d���b���\���=�_�e�_�g�^�`�b�d�_�����<�g�_�r�g�b�c���\�b�^���i�e�b�l���I�D�F��

�i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���i�j�_�^�k�l�Z�\�e�_�g���g�Z���j�b�k�m�g�d�_ 45. 
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�J�b�k. 45 �± �<�g�_�r�g�b�c���\�b�^���i�e�b�l���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\ 
�F�P�D�B���b���=�P�D�B���\���l�_�q�_�g�b�_�������]�h�^�Z�����Z���±�F�P�D�B�����e�b�p�_�\�Z�y���k�l�h�j�h�g�Z�������[���± �=�P�D�B 

���e�b�p�_�\�Z�y���k�l�h�j�h�g�Z�������\���±�F�P�D�B�����l�_�g�_�\�Z�y���k�l�h�j�h�g�Z�������]���± �=�P�D�B�����l�_�g�_�\�Z�y���k�l�h�j�h�g�Z�� 
 

�L�Z�d�`�_�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_���f�b�d�j�h�k�l�j�m�d�l�m�j�u���h�[�j�Z�a�p�h�\��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z �<�I�K-72 �i�h�k�e�_�������]�h�^�Z���w�d�k�i�h�a�b�p�b�b���i�j�b���i�h�f�h�s�b���d�h�g�n�h�d�Z�e�v�g�h�]�h��

�k�d�Z�g�b�j�m�x�s�_�]�h�� �e�Z�a�_�j�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z�� �2�O�\�P�S�X�V�� �/�H�[�W�� �2�/�6������������ �J�_�a�m�e�v�l�Z�l�u��

�b�k�k�e�_�^�h�\�Z�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�m�g�d�_����6. 
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�J�b�k. 46 �± �F�b�d�j�h�n�h�l�h�]�j�Z�n�b�b���h�[�j�Z�a�p�h�\���i�h�\�_�j�o�g�h�k�l�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 
�i�h�k�e�_�������]�h�^�Z���w�d�k�i�h�g�b�j�h�\�Z�g�b�y���\���F�P�D�B�����Z�����\�����^�����`�����b���=�P�D�B�����[�����]�����_�����a�����k���e�b�p�_�\�h�c 

���Z�� �[�� �^�� �_�� �b���l�u�e�v�g�h�c ���\�� �]�� �` , �a)  �k�l�h�j�h�g�u���i�e�b�l 
 

�G�Z�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�y�o�� �q�_�l�d�h�� �\�b�^�g�u�� �f�b�d�j�h�l�j�_�s�b�g�u��

�i�h�e�b�f�_�j�g�h�c���f�Z�l�j�b�p�u�����\�h�a�g�b�d�r�b�_���d�Z�d���g�Z���e�b�p�_�\�h�c�����l�Z�d���b���g�Z���l�_�g�_�\�h�c���k�l�h�j�h�g�Z�o��

�h�[�j�Z�a�p�h�\�����G�Z���e�b�p�_�\�h�c���k�l�h�j�h�g�_���h�[�j�Z�a�p�h�\���g�Z�[�e�x�^�Z�_�l�k�y���h�]�h�e�_�g�b�_���Z�j�f�b�j�m�x�s�_�]�h��

�g�Z�i�h�e�g�b�l�_�e�y�����d�Z�d���g�Z���h�[�j�Z�a�p�Z�o���i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\���F�P�D�B�����j�b�k�m�g�h�d����6 �^�������l�Z�d��

�b�� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �=�P�D�B�����j�b�k�m�g�h�d��46 �_������ �K�m�s�_�k�l�\�_�g�g�u�o�� �j�Z�a�e�b�q�b�c�� �g�Z��

�m�q�Z�k�l�d�Z�o�� �k�� �h�]�h�e�b�\�r�b�f�k�y�� �g�Z�i�h�e�g�b�l�_�e�_�f�� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �=�P�D�B�� �b�� �F�P�D�B��

�g�_�� �g�Z�[�e�x�^�Z�_�l�k�y���� �G�Z�� �m�q�Z�k�l�d�Z�o�� �k�� �k�h�o�j�Z�g�b�\�r�_�c�k�y�� �f�Z�l�j�b�p�_�c���� �^�e�y�� �h�[�j�Z�a�p�h�\ 

�w�d�k�i�h�g�b�j�h�\�Z�\�r�b�o�k�y�� �\�� �=�P�D�B�� �g�Z�[�e�x�^�Z�_�l�k�y�� �[�h�e�_�_�� �k�m�s�_�k�l�\�_�g�g�Z�y�� �^�_�]�j�Z�^�Z�p�b�y��

�i�h�\�_�j�o�g�h�k�l�b�� �k�� �m�\�_�e�b�q�_�g�g�u�f�� �d�h�e�b�q�_�k�l�\�h�f�� �f�b�d�j�h�l�j�_�s�b�g�� �d�Z�d�� �k�� �e�b�p�_�\�h�c��

���j�b�k�m�g�h�d�� ���� �[������ �l�Z�d�� �b�� �k�� �l�_�g�_�\�h�c�����j�b�k�m�g�h�d��46 �]���� �k�l�h�j�h�g�u�� �h�[�j�Z�a�p�Z���� �G�Z�� �l�_�g�_�\�h�c��

�k�l�h�j�h�g�_�� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �=�P�D�B�����j�b�k�m�g�h�d�������� �a���� �h�]�h�e�_�g�b�_�� �g�Z�i�h�e�g�b�l�_�e�y��

�i�j�h�b�a�h�r�e�h�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�� �[�h�e�v�r�_�c�� �k�l�_�i�_�g�b���� �q�_�f�� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �F�P�D�B��
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���j�b�k�m�g�h�d��46 �` ). �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u���l�Z�d�`�_�� �i�h�^�l�\�_�j�`�^�Z�x�l�k�y�� �b��

�l�h�i�h�]�j�Z�n�b�q�_�k�d�b�f�b���f�h�^�_�e�y�f�b���i�h�\�_�j�o�g�h�k�l�b�����i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b���g�Z���j�b�k�m�g�d�_������.  
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�J�b�k. 47 �± �L�h�i�h�]�j�Z�n�b�q�_�k�d�Z�y���f�h�^�_�e�v���i�h�\�_�j�o�g�h�k�l�b���h�[�j�Z�a�p�h�\���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��
�<�I�K-72 �\���b�k�o�h�^�g�h�f���k�h�k�l�h�y�g�b�b�����Z���[�����b �i�h�k�e�_�������]�h�^�Z���w�d�k�i�h�g�b�j�h�\�Z�g�b�y���\���F�P�D�B��

(�\�� � �̂����b���=�P�D�B�����]�����_�� 
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�M�k�l�Z�g�h�\�e�_�g�h�� �q�l�h�� �Z�f�i�e�b�l�m�^�Z�� �f�_�`�^�m�� �f�b�g�b�f�Z�e�v�g�h�c�� �b�� �f�Z�d�k�b�f�Z�e�v�g�h�c��

�l�h�q�d�Z�f�b�� �i�h�\�_�j�o�g�h�k�l�b�� �g�Z�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�b�o�� �f�h�^�_�e�y�o �h�[�j�Z�a�p�h�\ �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-�������i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\���F�P�D�B���k�h�k�l�Z�\�e�y�_�l�����������f�d�f�����Z���i�h�k�e�_���w�d�k�i�h�a�b�p�b�b���\��

�=�P�D�B���k�h�k�l�Z�\�e�y�_�l�����������f�d�f.  

�J�_�a�m�e�v�l�Z�l�u�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��   

�<�I�K-�������i�h�k�e�_���g�Z�l�m�j�g�h�c���w�d�k�i�h�a�b�p�b�b���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_������. 

 

�L�Z�[�e�b�p�Z�� ���� �± �N�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-�������i�h�k�e�_���g�Z�l�m�j�g�h�c���w�d�k�i�h�a�b�p�b�b 

�G�Z�b�f�_�g�h�\�Z�g�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �L���b�k�i�� 
�ƒ�K 

�B�k�o�h�^�g�h�_��
�a�g�Z�q�_�g�b�_�� 

 

�����]�h�^ 
�F�P�D�B 

�����]�h�^ 
�=�P�D�B 

�I�e�h�l�g�h�k�l�v�����]���k�f3 20 1,91 1,86 1,82 
�L�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�\�Z�g�b�y�����ƒ�K - 359 362 341 
�I�j�_�^�_�e���i�j�h�q�g�h�k�l�b���i�j�b���b�a�]�b�[�_����
�F�I�Z 
 

20 815 
790 �± 840 

732 
680 �± 760 

786 
780 �± 800 

320 590 
570 �± 610 

550 
530 �± 570 

442 
405 �± 445 

�I�j�_�^�_�e �i�j�h�q�g�h�k�l�b���i�j�b���k�^�\�b�]�_����
�F�I�Z 

20 48 
45 �± 53 

50 
48 �± 52 

52 
49 �± 53 

320 31 
27 �± 33 

29 
29 �± 30 

26 
25 �± 27 

 

�B�a���^�Z�g�g�u�o�����i�j�b�\�_�^�z�g�g�u�o���\���l�Z�[�e�b�p�_��22 �\�b�^�g�h�����q�l�h���w�d�k�i�h�a�b�p�b�y���\���l�_�q�_�g�b�_��

���� �]�h�^�Z�� �g�Z�� �d�e�b�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�g�p�b�b�� �\�� �]���� �F�h�k�d�\�Z�� �g�_�� �h�d�Z�a�Z�e�Z�� �a�g�Z�q�b�l�_�e�v�g�h�]�h��

�\�e�b�y�g�b�y�� �g�Z�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72: 

�l�_�f�i�_�j�Z�l�m�j�Z�� �k�l�_�d�e�h�\�Z�g�b�y�� �k�h�o�j�Z�g�b�e�Z�k�v�� �g�Z�� �m�j�h�\�g�_�� �b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c������

�k�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �k�h�k�l�Z�\�b�e�h��89���� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��

�b�k�i�u�l�Z�g�b�c�� �������ƒ�K�� �b��93 % �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� �������� �ƒ�K�� �I �j�b�� �w�l�h�f��

�w�d�k�i�h�a�b�p�b�y �g�Z�� �d�e�b�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�g�p�b�b�� �� �\�� �]���� �=�_�e�_�g�^�`�b�d���h�d�Z�a�Z�e�Z���[�h�e�v�r�_�_ 

�\�e�b�y�g�b�_���g�Z���l�_�f�i�_�j�Z�l�m�j�m���k�l�_�d�e�h�\�Z�g�b�y���b���n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-�������� �l�_�f�i�_�j�Z�l�m�j�Z�� �k�l�_�d�e�h�\�Z�g�b�y�� �k�g�b�a�b�e�Z�k�v�� �g�Z�� ������ �ƒ�K���� �Z��

�k�h�o�j�Z�g�_�g�b�_���i�j�_�^�_�e�Z���i�j�h�q�g�h�k�l�b�� �i�j�b�� �b�a�]�b�[�_�� �k�h�k�l�Z�\�b�e�h��96 ���� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��

�b�k�i�u�l�Z�g�b�c�� ������ �ƒ�K�� �b��75% �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� �������� �ƒ�K. �I�j�_�^�_�e��
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�i�j�h�q�g�h�k�l�b �i�j�b�� �k�^�\�b�]�_�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�k�i�u�l�Z�g�b�c�� ������ �ƒ�K �k�h�o�j�Z�g�b�e�k�y �g�Z��

�m�j�h�\�g�_���b�k�o�h�^�g�u�o���a�g�Z�q�_�g�b�c�����Z���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���b�k�i�u�l�Z�g�b�c�����������ƒ�K���k�h�o�j�Z�g�_�g�b�_��

�k�h�k�l�Z�\�b�e�h�� �������� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �]���� �F�h�k�d�\�Z�� �b�� �������� �i�h�k�e�_�� �w�d�k�i�h�a�b�p�b�b�� �\�� �]����

�=�_�e�_�g�^�`�b�d�� 

�W�d�k�i�h�a�b�p�b�y�� �\�� �g�Z�l�m�j�g�u�o���d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o�� �\�� �l�_�q�_�g�b�_ ���� �]�h�^�Z��

�h�l�g�h�k�b�l�k�y�� �d�� �g�Z�q�Z�e�v�g�h�f�m�� �w�l�Z�i�m�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �b�a�f�_�g�_�g�b�y�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�f�Z�l�_�j�b�Z�e�Z�����l�_�f�� �g�_�� �f�_�g�_�_�� �k�h�i�h�k�l�Z�\�e�y�y �i�h�e�m�q�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �n�b�a�b�d�h-

�f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���h�[�j�Z�a�p�h�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 �i�h�k�e�_��

�w�d�k�i�h�a�b�p�b�b���\�� �F�P�D�B�� �b�� �=�P�D�B�� �k�� �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�y�f�b�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�b�f�b��

�f�h�^�_�e�y�f�b�� �i�h�\�_�j�o�g�h�k�l�b���f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�����q�l�h�� �g�Z�b�[�h�e�_�_�� �Z�]�j�_�k�k�b�\�g�h�_��

�\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �h�d�Z�a�u�\�Z�_�l�� �m�f�_�j�_�g�g�h�� �l�_�i�e�u�c�� �\�e�Z�`�g�u�c�� �d�e�b�f�Z�l����

�o�Z�j�Z�d�l�_�j�g�u�c�� �^�e�y�� �d�e�b�f�Z�l�b�q�_�k�d�h�c�� �i�e�h�s�Z�^�d�b�� �=�P�D�B���� �W�l�h�� �h�[�m�k�e�h�\�e�_�g�h��

�g�_�]�Z�l�b�\�g�u�f �\�e�b�y�g�b�_�f �k�h�e�g�_�q�g�h�c�� �j�Z�^�b�Z�p�b�b �b�� �M�N���k�h�k�l�Z�\�e�y�x�s�_�c�� �k�h�e�g�_�q�g�h�]�h��

�k�i�_�d�l�j�Z, �d�h�l�h�j�u�_ �\�� �]�h�j�Z�a�^�h�� �[�h�e�v�r�_�f�� �h�[�t�_�f�_���\�h�a�^�_�c�k�l�\�m�x�l �g�Z�� �h�[�j�Z�a�p�u��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���\���=�P�D�B�����i�h���k�j�Z�\�g�_�g�b�x���k���i�j�h�f�u�r�e�_�g�g�h�c���Z�l�f�h�k�n�_�j�h�c���F�P�D�B����

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�c�k�y�� �f�_�g�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �k�h�e�g�_�q�g�u�o�� �^�g�_�c�� �L�Z�d�`�_�� �[�h�e�v�r�_�_��

�d�h�e�b�q�_�k�l�\�h�� �Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^�d�h�\�� �\�� �=�P�D�B�� �m�k�b�e�b�\�Z�x�l���i�j�h�p�_�k�k�u�� �w�j�h�a�b�b��

�i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �k�e�h�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���a�Z �k�q�_�l �k�f�u�\�Z�� �i�j�h�^�m�d�l�h�\�� �^�_�k�l�j�m�d�p�b�b�� �k��

�i�h�\�_�j�o�g�h�k�l�b���f�Z�l�_�j�b�Z�e�Z. 

 

3.���������B�k�k�e�_�^�h�\�Z�g�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d���i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�b �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z 

�D���q�b�k�e�m���\�Z�`�g�u�o���d�j�b�l�_�j�b�_�\���w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o���k�\�h�c�k�l�\ �I�D�F���h�l�g�h�k�b�l�k�y��

�b�o���i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�v�� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�b�f�_�g�_�g�b�_�� �f�Z�l�_�j�b�Z�e�h�\�� �^�e�y��

�j�Z�a�e�b�q�g�u�o���l�b�i�h�\���Z�\�b�Z�p�b�h�g�g�h�c���l�_�o�g�b�d�b���j�_�]�e�Z�f�_�g�l�b�j�m�_�l�k�y���j�y�^�h�f���g�h�j�f���e�_�l�g�h�c��

�]�h�^�g�h�k�l�b�� �:�I -���������:�I-���������:�I-���������:�I-���������:�I-33. 

�>�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b���h�p�_�g�d�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�b��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �[�u�e�b�� �\�u�[�j�Z�g�u�� �l�j�_�[�h�\�Z�g�b�y���� �d�h�l�h�j�u�_��

�j�_�]�e�Z�f�_�g�l�b�j�m�x�l�k�y�� �g�h�j�f�Z�f�b�� �:�I-25 �^�e�y�� �i�j�b�f�_�g�_�g�b�y�� �\�� �k�Z�f�h�e�_�l�Z�o��

�l�j�Z�g�k�i�h�j�l�g�h�c�� �d�Z�l�_�]�h�j�b�b���� �Z�� �b�f�_�g�g�h���� �l�_�i�e�h�\�u�^�_�e�_�g�b�_���� �]�h�j�x�q�_�k�l�v�� �b��

�^�u�f�h�h�[�j�Z�a�h�\�Z�g�b�_���� �>�h�i�h�e�g�b�l�_�e�v�g�h���� �\�� �j�Z�f�d�Z�o���i�j�h�\�_�^�_�g�b�y�� �j�Z�[�h�l�u���[�u�e�b��
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�i�j�h�\�_�^�_�g�u�� �b�k�k�e�_�^�h�\�Z�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b�� �l�h�d�k�b�q�g�u�o�� �]�Z�a�h�\�� �i�j�b�� �]�h�j�_�g�b�b�� 

�d�b�k�e�h�j�h��̂g�h�]�h �b�g�^�_�d�k�Z �b���h�]�g�_�k�l�h�c�d�h�k�l�b�� ���h�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�h�k�l�b��. �J�_�a�m�e�v�l�Z�l�u��

�i�j�h�\�_�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�Z�o 24-26. 

 

�L�Z�[�e�b�p�Z�� ��4 �± �>�u�f�h�h�[�j�Z�a�h�\�Z�g�b�_���� �d�h�g�p�_�g�l�j�Z�p�b�y�� �l�h�d�k�b�q�g�u�o�� �]�Z�a�h�\�� �b��

�l�_�i�e�h�\�u�^�_�e�_�g�b�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-���������k�j�_�^�g�b�_���a�g�Z�q�_�g�b�y�� 

�L�h�e�s�b-
�g�Z���� 
�f�f  

�I�h�d�Z�a�Z�l�_�e�b���^�u�f�h�h�[�j�Z�a�h�\�Z�g�b�y �D�h�g�p�_�g�l�j�Z�p�b�y���l�h�d�k�b�q�g�u�o��
�]�Z�a�h�\ 

�I�h�d�Z�a�Z�l�_�e�b��
�l�_�i�e�h�\�u�^�_�e�_�g�b�y 

�J�_�`�b�f��
�b�k�i�u�l�Z-

�g�b�y�
 

�>2 �>4 �>�f�Z�d�k NOx, 
ppm 

HCN, 
ppm 

CO2, % 
�h�[�� 

�KO, 
�f�]���f3 

�f�Z�d�k�� �k�d�h�j�h�k�l�v��
�\�u�^�_�e�_�g�b�y��
�l�_�i�e�Z�����i�b�d������

�d�<�l���f2 

�h�[�s�_�_���d�h�e-
�\�h���l�_�i�e�Z���a�Z��

�i�_�j�\�u�_�� 
�����f�b�g�m�l�u����
�d�<�l�Â�f�b�g���f2 

1,00 �“ 
0,09 

�Z 1 3 6 

- 

28 22 
�[ 0 0 0,33 

1,94 �“��
0,04 

�Z 0 0,33 1 23 10 
�[ 0 0 0,33 

3,31 �“��
0,05 

�Z 0 0,66 0,66 5 0,5 0,1 200 26 2 
�[ 0,66 0,66 3 0 0 0,005 10 

�>�h�i�m�k�l�b�f�u�_���a�g�Z�q�_�g�b�y��
�i�h���:�I-�������i���������������� 

�g�_��
�[�h�e�_�_��
200 

- - 
�g�_���[�h�e�_�_������ 

�
���I�j�b�f�_�q�Z�g�b�_�����Z���± �]�h�j�_�g�b�_�����[���± �i�b�j�h�e�b�a. 
 

�L�Z�[�e�b�p�Z������ �± �=�h�j�x�q�_�k�l�v ���k�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���� 

�L�h�e�s�b�g�Z����
�f�f  

�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v��
�h�k�l�Z�l�h�q�g�h�]�h���]�h�j�_�g�b�y��

���l�e�_�g�b�y�������k 
�>�e�b�g�Z���h�[�m�]�e�b�\�Z�g�b�y�����f�f 

�I�j�h�^�h�e-
�`�b�l�_�e�v�g�h�k�l�v��

�]�h�j�_�g�b�y��
�d�Z�i�_�e�v�� 

�k 
 

�D�e�Z�k�k�b�n�b�d�Z�p�b�y 

�J�_�a�m-
�e�v�l�Z�l 

�L�j�_�[�h�\�Z�g�b�y�� 
�:�I -25 

�J�_�a�m�e�v-
�l�Z�l 

�L�j�_�[�h�\�Z�g�b�y�� 
�:�I -25 

�����������“ 0,09  3 �”������ 40  �”������ 0 �K�Z�f�h�a�Z�l�m�o�Z�x�s�b�c 
�����������“ 0,04 10 �”������ 30 �”�������� 0 �K�Z�f�h�a�Z�l�m�o�Z�x�s�b�c 
�����������“ 0,05 3 �”������ 10 �”�������� 0 �K�Z�f�h�a�Z�l�m�o�Z�x�s�b�c 
 

�L�Z�[�e�b�p�Z������ �± �H�]�g�_�k�l�h�c�d�h�k�l�v�����h�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�h�k�l�v 

�L�h�e�s�b�g�Z�����f�f 
�<�j�_�f�y���b�k�i�u�l�Z�g�b�c����
�f�b�g���l�_�f�i�_�j�Z�l�m�j�Z��
�b�k�i�u�l�Z�g�b�c�����ƒ�K 

�I�j�b�f�_�q�Z�g�b�_ 
�D�e�Z�k�k�b�n�b�d�Z�p�b�y��

�f�Z�l�_�j�b�Z�e�Z 

�����������“�������� 
5 / 1100 

�K�d�\�h�a�g�h�_��
�i�j�h�]�h�j�Z�g�b�_��
�h�l�k�m�l�k�l�\�m�_�l 

�H�]�g�_�k�l�h�c�d�b�c 
15 / 1100 �H�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�u�c 

�����������“�������� 
5 / 1100 �H�]�g�_�k�l�h�c�d�b�c 
15 / 1100 �H�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�u�c 

�����������“�������� 
5 / 1100 �H�]�g�_�k�l�h�c�d�b�c 
15 / 1100 �H�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�u�c 
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�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �� �g�Z�� �i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�v��

�m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���i�j�b���l�h�e�s�b�g�_�������������b�������f�f�� �i�h���i�h�d�Z�a�Z�l�_�e�y�f���^�u�f�h�h�[�j�Z�a�h�\�Z�g�b�_����

�l�_�i�e�h�\�u�^�_�e�_�g�b�_�� �b�� �]�h�j�x�q�_�k�l�v�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �f�Z�j�d�b�� �<�I�K-������ �m�^�h�\�e�_�l�\�h�j�y�_�l��

�l�j�_�[�h�\�Z�g�b�y�f���:�I-�������i�������������������L�Z�d�`�_���i�j�h�\�_�^�_�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�h�d�Z�a�Z�e�b�����q�l�h��

�k�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b���<�I�K-72 �y�\�e�y�_�l�k�y �h�]�g�_�g�_�i�j�h�g�b�p�Z�_�f�u�f���i�j�b���\�h�a�^�_�c�k�l�\�b�b��

�h�l�d�j�u�l�h�]�h�� �i�e�Z�f�_�g�b�� �]�h�j�_�e�d�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������� �ƒ�K�� �\�� �l�_�q�_�g�b�_ ������ �f�b�g�m�l����

�d�h�g�p�_�g�l�j�Z�p�b�y�� �j�_�]�b�k�l�j�b�j�m�_�f�u�o�� �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b�� �]�h�j�_�g�b�b�� �b��

�l�_�j�f�h�^�_�k�l�j�m�d�p�b�b �l�h�d�k�b�q�g�u�o�� �]�Z�a�h�\�� �f�b�g�b�f�Z�e�v�g�Z�����Z�� �\�u�k�h�d�h�_�� �a�g�Z�q�_�g�b�_��

�d�b�k�e�h�j�h�^�g�u�c�� �b�g�^�_�d�k�Z��(73%) �l�Z�d�`�_���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�h�`�Z�j�h�[�_�a�h�i�Z�k�g�h�k�l�b��

�^�Z�g�g�h�]�h���f�Z�l�_�j�b�Z�e�Z�� 
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�=�E�:�<�:��4�����I�J�:�D�L�B�Q�?�K�D�:�Y���J�?�:�E�B�A�:�P�B�Y���I�H�E�M�Q�?�G�G�U�O���<��
�J�:�;�H�L�?���J�?�A�M�E�V�L�:�L�H�< 

 

�G�Z�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �i�j�_�i�j�_�]�� �b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �g�Z�� �_�]�h�� �h�k�g�h�\�_�� �h�n�h�j�f�e�_�g�Z��

�g�h�j�f�Z�l�b�\�g�Z�y���^�h�d�m�f�_�g�l�Z�p�b�y�� 

�I�Z�k�i�h�j�l���g�Z���f�Z�l�_�j�b�Z�e�� 

�I�Z�k�i�h�j�l���‹�����������©�K�l�_�d�e�h�i�e�Z�k�l�b�d���f�Z�j�d�b���<�I�K-�����ª�� 

�L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���j�_�d�h�f�_�g�^�Z�p�b�y�� 

�L�B�� ����������-10-1370-���������� �©�B�a�]�h�l�h�\�e�_�g�b�_�� �i�j�_�i�j�_�]�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �f�Z�j�d�b��

�<�I�K-�����ª; 

�L�J 1.2.2841-�����������©�B�a�]�h�l�h�\�e�_�g�b�_���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-�����ª�� 

�L�_�o�g�b�q�_�k�d�b�_���m�k�e�h�\�b�y�� 

�L�M����-595-10-1876-�����������©�I�j�_�i�j�_�]���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���f�Z�j�d�b���<�I�K-�����ª�� 

�I�h�e�m�q�_�g�h�� �i�h�e�h�`�b�l�_�e�v�g�h�_���a�Z�d�e�x�q�_�g�b�_ �h�[�� �h�i�j�h�[�h�\�Z�g�b�b�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-72 �h�l���I�:�H�� �G�I�H�� �©�G�Z�m�d�Z�ª�� ���I�j�b�e�h�`�_�g�b�_�� �������� �<�� �j�Z�f�d�Z�o�� �i�j�h�\�_�^�_�g�b�y��

�h�i�j�h�[�h�\�Z�g�b�y���[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �b�k�i�u�l�Z�g�b�y�� �f�Z�d�_�l�g�h�]�h�� �h�[�j�Z�a�p�Z�� �Z�]�j�_�]�Z�l�Z����

�\�u�i�m�k�d�Z�_�f�h�]�h�� �I�:�H�� �G�I�H�� �©�G�Z�m�d�Z�ª���� �\�� �d�h�g�k�l�j�m�d�p�b�b�� �d�h�l�h�j�h�]�h�� �[�u�e�� �m�k�l�Z�g�h�\�e�_�g��

�w�e�_�d�l�j�h�b�a�h�e�y�p�b�h�g�g�u�c���h�[�j�Z�a�_�p�� �b�a�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-�������� �N�h�l�h�� �a�Z�]�h�l�h�\�d�b��

�w�e�_�d�l�j�h�b�a�h�e�y�p�b�h�g�g�h�c�� �\�k�l�Z�\�d�b�� �b�a�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �i�j�b�\�_�^�_�g�h�� �g�Z��

�j�b�k�m�g�d�_��48. 

 

�J�b�k. 48 �± �A�Z�]�h�l�h�\�d�Z���w�e�_�d�l�j�h�b�a�h�e�y�p�b�h�g�g�h�c���\�k�l�Z�\�d�b���b�a���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-72 
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�I�:�H���G�I�H���©�G�Z�m�d�Z�ª�� 

�<�� �H�D�;�� �K�m�o�h�]�h�� �I�:�H�� �©�H�:�D�ª�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_��

�^�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�� �l�Z�g�]�_�g�k�Z�� �m�]�e�Z�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�h�l�_�j�v����

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\�� �l�j�_�[�m�_�f�h�f�� �^�b�Z�i�Z�a�h�g�_�� �q�Z�k�l�h�l���� �I�h�� �j�_�a�m�e�v�l�Z�l�Z�f��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �m�k�l�Z�g�h�\�e�_�g�Z�� �k�h�i�h�k�l�Z�\�b�f�h�k�l�v�� �j�Z�^�b�h�l�_�o�g�b�q�_�k�d�b�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �i�j�b�� �k�j�Z�\�g�_�g�b�b�� �k�� �Z�g�Z�e�h�]�b�q�g�u�f�b��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �k�_�j�b�c�g�h�� �i�j�b�f�_�g�y�_�f�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-�����D�������� �I�h��

�j�_�a�m�e�v�l�Z�l�Z�f���i�j�h�\�_�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���H�D�;���K�m�o�h�]�h���I�:�H���©�H�:�D�ª�����k�h�k�l�Z�\�e�_�g��

�:�d�l�� �‹�I�G�L�J-48-1172-������ �h�l�� ���������������������� ���I�j�b�e�h�`�_�g�b�_�� ������ �I�j�b�� �w�l�h�f���� �j�Z�[�h�q�Z�y��

�l�_�f�i�_�j�Z�l�m�j�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���<�I�K-�������g�Z��145  �ƒ�K���\�u�r�_�����q�_�f���m���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��

�<�I�K-�����D�������� �q�l�h, �k�� �m�q�_�l�h�f�� �j�h�k�l�Z�� �l�_�f�i�_�j�Z�l�m�j�� �w�d�k�i�e�m�Z�l�Z�p�b�b���k�h�\�j�_�f�_�g�g�u�o��

�b�a�^�_�e�b�c�� �H�D�;�� �K�m�o�h�]�h, �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���i�_�j�k�i�_�d�l�b�\�g�h�k�l�b���^�Z�e�v�g�_�c�r�_�]�h��

�h�i�j�h�[�h�\�Z�g�b�y�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �\�� �k�h�k�l�Z�\�_�� �w�e�_�f�_�g�l�h�\��

�d�h�g�k�l�j�m�d�p�b�c�� 

�J�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�i�u�l�Z�g�b�c �g�Z�� �l�_�f�i�_�j�Z�l�m�j�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_��

�j�Z�k�d�Z�e�_�g�g�u�f���g�b�o�j�h�f�h�\�u�f���g�h�`�h�f���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K���\���l�_�q�_�g�b�_���������f�b�g�m�l��

�\�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �m�k�e�h�\�b�y�o�� �H�H�H�� �©�:�J�>�k�b�k�l�_�f�u�ª �i�h�d�Z�a�Z�e�b�� �k�h�h�l�\�_�l�k�l�\�b�_����

�i�j�_�^�t�y�\�e�y�_�f�u�f�� �l�j�_�[�h�\�Z�g�b�y�f�� �b�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\�� �d�Z�q�_�k�l�\�_�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �b�a�h�e�y�l�h�j�Z�� �\��

�d�h�g�k�l�j�m�d�p�b�b���l�_�j�f�h�m�k�Z�^�h�q�g�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y ���I�j�b�e�h�`�_�g�b�_�������� 

�L�Z�d�`�_���� �^�e�y�� �i�h�\�u�r�_�g�b�y�� �\�_�k�h�\�h�]�h�� �k�h�\�_�j�r�_�g�k�l�\�Z�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�o��

�l�_�i�e�h�g�Z�]�j�m�`�_�g�g�u�o�� �d�h�g�k�l�j�m�d�p�b�c�� �d�Z�i�h�l�h�\�� �b�� �w�d�j�Z�g�g�h-�\�u�o�e�h�i�g�u�o�� �m�k�l�j�h�c�k�l�\��

�k�b�e�h�\�h�c�� �m�k�l�Z�g�h�\�d�b�� �\�_�j�l�h�e�_�l�g�h�c�� �l�_�o�g�b�d�b�� �\�� �i�j�b�f�_�g�_�g�b�b���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z��������������������������

�<�I�K-������ �i�j�h�y�\�e�y�_�l�� �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�h�k�l�v�� �:�H�� �©�G�P�<�� �F�b�e�v�� �b�� �D�Z�f�h�\�ª��

���I�j�b�e�h�`�_�g�b�_�������� 
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1���� �H�i�j�_�^�_�e�_�g�u�� �h�i�l�b�f�Z�e�v�g�u�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �i�j�h�p�_�k�k�Z��

�b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�_�i�j�_�]�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z �<�I�K-72 (�l�_�f�i�_�j�Z�l�m�j�Z�� �g�Z�g�h�k�y�s�b�o��

�\�Z�e�h�\�� �d�h�m�l�_�j�h�\���� �\�_�e�b�q�b�g�Z�� �a�Z�a�h�j�Z�� �f�_�`�^�m�� �g�Z�g�h�k�y�s�b�f�b�� �\�Z�e�Z�f�b���� �k�d�h�j�h�k�l�v��

�i�j�h�l�y�`�d�b�� �g�Z�i�h�e�g�b�l�_�e�y���� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�Z�e�h�\�� �d�Z�e�Z�g�^�j�h�\���� �l�_�f�i�_�j�Z�l�m�j�Z��

�g�Z�]�j�_�\�Z�l�_�e�v�g�u�o�� �k�l�h�e�h�\������ �h�[�_�k�i�_�q�b�\�Z�x�s�b�_�� �b�a�]�h�l�h�\�e�_�g�b�_���i�h�e�m�n�Z�[�j�b�d�Z�l�Z���k��

�l�h�q�g�h�k�l�v�x�� �g�Z�g�h�k�Z�� �k�\�y�a�m�x�s�_�]�h�� �“ ���� �f�Z�k�k�������� �I�j�b�� �w�l�h�f�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

�h�i�l�b�f�Z�e�v�g�u�_���i�h�d�Z�a�Z�l�_�e�b���\�y�a�d�h�k�l�b���k�\�y�a�m�x�s�_�]�h���^�e�y���h�[�_�k�i�_�q�_�g�b�y���d�Z�q�_�k�l�\�_�g�g�h�c��

�i�j�h�i�b�l�d�b�� �Z�j�f�b�j�m�x�s�_�]�h�� �g�Z�i�h�e�g�b�l�_�e�y�� �g�Z�[�e�x�^�Z�x�l�k�y�� �\�� �b�g�l�_�j�\�Z�e�_�� �l�_�f�i�_�j�Z�l�m�j��

75-�������ƒ�K�� 

2. �I�h�d�Z�a�Z�g�h���� �q�l�h�� �^�e�y�� �^�h�k�l�b�`�_�g�b�y�� �[�h�e�_�_�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�b���d�h�g�\�_�j�k�b�b��

�^�\�h�c�g�u�o�� �k�\�y�a�_�c�� �d�h�g�p�_�\�u�o�� �]�j�m�i�i�� �h�e�b�]�h�f�_�j�h�\�� �i�j�h�p�_�k�k���i�h�e�b�f�_�j�b�a�Z�p�b�b��

�k�\�y�a�m�x�s�_�]�h�� �<�K-������ �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�h�^�b�l�v�� �i�j�b�� �b�a�[�u�l�h�q�g�h�f�� �^�Z�\�e�_�g�b�b�����<��

�k�e�m�q�Z�_���h�l�k�m�l�k�l�\�b�y�� �b�a�[�u�l�h�q�g�h�]�h�� �^�Z�\�e�_�g�b�y �g�Z�[�e�x�^�Z�_�l�k�y�� �k�g�b�`�_�g�b�_��

�l�_�f�i�_�j�Z�l�m�j�u�� �k�l�_�d�e�h�\�Z�g�b�y�� �h�l�\�_�j�`�^�_�g�g�h�c�� �f�Z�l�j�b�p�u���� �h�[�m�k�e�h�\�e�_�g�g�h�_ �i�h�l�_�j�_�c��

�p�b�d�e�h�i�_�g�l�Z�^�b�_�g�Z���� �\�u�^�_�e�y�x�s�_�]�h�k�y�� �\�� �i�j�h�p�_�k�k�_�� �h�[�j�Z�l�g�h�c�� �j�_�Z�d�p�b�b�� �>�b�e�v�k�Z�±

�:�e�v�^�_�j�Z. 

3. �B�k�k�e�_�^�h�\�Z�g�h�� �\�e�b�y�g�b�_�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�h�\�� �n�h�j�f�h�\�Z�g�b�y�� �g�Z�� �d�h�f�i�e�_�d�k��

�k�\�h�c�k�l�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-�������� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �i�j�b�� �i�h�^�Z�q�_�� �b�a�[�u�l�h�q�g�h�]�h��

�^�Z�\�e�_�g�b�y�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �k�\�u�r�_�� ���������ƒ�K���h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �h�^�g�h�j�h�^�g�Z�y�� �b��

�j�Z�\�g�h�f�_�j�g�Z�y�� �k�l�j�m�d�l�m�j�Z�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z���� �l�_�f�� �k�Z�f�u�f �i�h�a�\�h�e�y�y�� �^�h�k�l�b�q�v�� �[�h�e�_�_��

�\�u�k�h�d�b�c�� �m�j�h�\�_�g�v �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\ �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z �d�Z�d�� �i�j�b��

�d�h�f�g�Z�l�g�h�c���� �l�Z�d�� �b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �^�h�� �������� �ƒ�K�����L�Z�d�`�_�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h 

� �̂h�i�h�e�g�b�l�_�e�v�g�Z�y�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-72 �\�� �l�_�q�_�g�b�_ ���� �q�Z�k�h�\��

�i�j�b���l�_�f�i�_�j�Z�l�m�j�_�����������ƒ�K �k�i�h�k�h�[�k�l�\�m�_�l���i�h�\�u�r�_�g�b�x���l�_�f�i�_�j�Z�l�m�j�u���k�l�_�d�e�h�\�Z�g�b�y��

�k�����������^�h�������� �ƒ�K. 

4���� �J�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�� �<�I�K-������ �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �j�Z�g�_�_��

�j�Z�a�j�Z�[�h�l�Z�g�g�u�f�� �i�h�e�b�b�f�b�^�g�u�f�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�h�f �K�L�I-97�k �g�Z�� �h�k�g�h�\�_��

�j�Z�k�l�\�h�j�g�h�]�h�� �k�\�y�a�m�x�s�_�]�h�� �K�I-97�K �i�h�e�b�d�h�g�^�_�g�k�Z�p�b�h�g�g�h�]�h�� �l�b�i�Z�� �h�[�e�Z�^�Z�_�l�� �\�� ����
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6.  �I�h�d�Z�a�Z�g�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\��

�^�b�Z�i�Z�a�h�g�_���l�_�f�i�_�j�Z�l�m�j���h�l��-�������^�h�����������ž�K�����K�h�o�j�Z�g�_�g�b�_���h�k�g�h�\�g�u�o���f�_�o�Z�g�b�q�_�k�d�b�o��

�k�\�h�c�k�l�\�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y�� �h�l�j�b�p�Z�l�_�e�v�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�u�� (-������ �ž�K�����h�k�l�Z�_�l�k�y�� �g�Z�� �m�j�h�\�g�_�� �b�k�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c���� �Z�� �k�h�o�j�Z�g�_�g�b�_��

�k�\�h�c�k�l�\�� �i�h�k�e�_�� �\�h�a�^�_�c�k�l�\�b�y�� �i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�� ���������� �b�� �������� �ž�K����

�k�h�k�l�Z�\�e�y�_�l���\���k�j�_�^�g�_�f������-90 %. 

7. �<�� �j�Z�f�d�Z�o�� �i�j�h�\�_�^�_�g�b�y�� �h�[�s�_�c�� �d�\�Z�e�b�n�b�d�Z�p�b�b �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z������            

�<�I�K-72 �i�h�e�m�q�_�g���d�h�f�i�e�_�d�k�� �k�\�_�^�_�g�b�c�� �h�� �f�Z�l�_�j�b�Z�e�_���� �g�_�h�[�o�h�^�b�f�u�c�� �^�e�y�� �\�u�[�h�j�Z��

�f�Z�l�_�j�b�Z�e�Z�� �g�Z�� �k�l�Z�^�b�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �f�h�^�_�j�g�b�a�Z�p�b�b�� �b�a�^�_�e�b�c����

�m�k�l�Z�g�Z�\�e�b�\�Z�x�s�b�c���\�h�a�f�h�`�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���d�h�g�k�l�j�m�d�p�b�b���Z�\�b�Z�p�b�h�g�g�h�c���b��

�k�i�_�p�b�Z�e�v�g�h�c�� �l�_�o�g�b�d�b�� �b�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �i�_�j�_�^�� �j�Z�g�_�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�f�b��

�f�Z�l�_�j�b�Z�e�Z�f�b �k���m�d�Z�a�Z�g�b�_�f���h�[�e�Z�k�l�b �i�j�b�f�_�g�_�g�b�y��  

8���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �h�i�j�h�[�h�\�Z�g�b�y�� �\�� �I�:�H�� �G�I�H�� �©�G�Z�m�d�Z�ª�� �b���H�D�;��

�K�m�o�h�]�h�� �I�:�H�� �©�H�:�D�ª �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h���i�_�j�k�i�_�d�l�b�\�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y��

�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �k�l�_�d�e�h�i�e�Z�k�l�b�d�Z�� �<�I�K-������ �\�� �k�h�k�l�Z�\�_�� �l�_�i�e�h�g�Z�]�j�m�`�_�g�g�u�o��

�w�e�_�f�_�g�l�h�\���d�h�g�k�l�j�m�d�p�b�c���b�a�^�_�e�b�c���Z�\�b�Z�p�b�h�g�g�h�c �l�_�o�g�b�d�b�� 
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�I�D�F -  �i�h�e�b�f�_�j�g�u�c���d�h�f�i�h�a�b�p�b�h�g�g�u�c���f�Z�l�_�j�b�Z�e 

�D�B�� - �d�b�k�e�h�j�h�^�g�u�c���b�g�^�_�d�k�� 

PMR  - �S�R�O�\�P�H�U�L�]�D�E�O�H�� �P�R�Q�R�P�H�U�� �U�H�D�F�W�D�Q�W�� ���i�h�e�b�f�_�j�b�a�Z�p�b�y�� �f�h�g�h�f�_�j�g�u�o������

�j�_�Z�]�_�g�l�h�\���� 

VARTM - vacuum assist resin transfer molding (�\�Z�d�m�m�f�g�Z�y �b�g�n�m�a�b�y) 

RTM - resin transfer molding (�i�j�h�i�b�l�d�Z���i�h�^���^�Z�\�e�_�g�b�_�f) 

RFI - resin film Infusion ���i�j�h�i�b�l�d�Z�� �i�e�_�g�h�q�g�u�f�� �k�\�y�a�m�x�s�_�f�� �i�h�^��

�\�Z�d�m�m�f�h�f�� 

�;�F�B - �[�b�k�f�Z�e�_�b�f�b�^ 

�>�F�N�: - �^�b�f�_�l�b�e�n�h�j�f�Z�e�b�^ 

�F�I  - �f�_�l�b�e�i�b�j�j�h�e�b�^�h�g 

�=�L�> - �]�Z�a�h�l�m�j�[�b�g�g�u�c���^�\�b�]�Z�l�_�e�v 

�I�> - �i�_�j�k�i�_�d�l�b�\�g�u�c���^�\�b�]�Z�l�_�e�v 

�I�:�<  - �i�h�\�_�j�o�g�h�k�l�g�h-�Z�d�l�b�\�g�u�_���\�_�s�_�k�l�\�Z 

�>�F�: - �^�b�g�Z�f�b�q�_�k�d�b�c���f�_�o�Z�g�b�q�_�k�d�b�c���Z�g�Z�e�b�a 

�>�K�D - �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y���k�d�Z�g�b�j�m�x�s�Z�y���d�Z�e�h�j�b�f�_�l�j�b�y 

�L�=�: - �l�_�j�f�h�]�j�Z�\�b�f�_�l�j�b�q�_�k�d�b�c���Z�g�Z�e�b�a�� 

tg�/ - �l�Z�g�]�_�g�k���m�]�e�Z���^�b�w�e�_�d�l�j�b�q�_�k�d�b�o���i�h�l�_�j�v 

�B - �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���i�j�h�g�b�p�Z�_�f�h�k�l�v 

�M - �\�e�Z�`�g�h�k�l�v 

�L�� - �l�_�f�i�_�j�Z�l�m�j�Z 

�L�B - �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���b�g�k�l�j�m�d�p�b�y 

�L�J - �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���j�_�d�h�f�_�g�^�Z�p�b�y 

�L�M - �l�_�o�g�b�q�_�k�d�b�_���m�k�e�h�\�b�y 

�J�E�K - �j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�Z�y���k�l�Z�g�p�b�y 

�P�W - �p�b�Z�g�w�n�b�j�u 

�I�B - �i�h�e�b�b�f�b�^�u 
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�;�A - �[�_�g�a�h�d�k�Z�a�b�g�u 

�D�H - �d�j�_�f�g�_�h�j�]�Z�g�b�d�Z 

�N�G - �n�l�Z�e�h�g�b�l�j�b�e�u 

�N�N - �n�_�g�h�e�n�h�j�f�Z�e�v�^�_�]�b�^�u 

PETI - phenyl ethynil terminated imide (�h�e�b�]�h�b�f�b�^�u�� �k��

�j�_�Z�d�p�b�h�g�g�h�k�i�h�k�h�[�g�u�f�b���n�_�g�b�e�w�l�b�e�v�g�u�f�b���d�h�g�p�_�\�u�f�b���]�j�m�i�i�Z�f�b) 

�>�:�;�L�D�� - �^�b�Z�f�b�g�h�^�b�n�_�g�b�e�f�_�l�Z�g 

�D�F - �d�h�f�i�h�a�b�p�b�h�g�g�u�c���f�Z�l�_�j�b�Z�e 

�L�F�: - �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�b�c���Z�g�Z�e�b�a 

�B�D - �b�g�n�j�Z�d�j�Z�k�g�Z�y���k�i�_�d�l�j�h�k�d�h�i�b�y 

�Lmin - �f�b�g�b�f�Z�e�v�g�Z�y���]�h�^�h�\�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�� 

�Lmax - �f�Z�d�k�b�f�Z�e�v�g�Z�y���]�h�^�h�\�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z������ 

�L�k�j - �k�j�_�^�g�y�y���]�h�^�h�\�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�� 

�3�h�l�g - �k�j�_�^�g�_�]�h�^�h�\�Z�y���h�l�g�h�k�b�l�_�e�v�g�Z�y���\�e�Z�`�g�h�k�l�v���\�h�a�^�m�o�Z�� 

Q - �b�g�l�_�]�j�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���k�h�e�g�_�q�g�h�c���j�Z�^�b�Z�p�b�b���a�Z���]�h�^�� 

�L�H - �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z 

�B �g - �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���i�j�h�g�b�p�Z�_�f�h�k�l�v���g�Z�i�h�e�g�b�l�_�e�y�� 

�B �f  - �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���i�j�h�g�b�p�Z�_�f�h�k�l�v���f�Z�l�j�b�p�u 

V �g - �h�[�t�_�f�g�h�_���k�h�^�_�j�`�Z�g�b�_���g�Z�i�h�e�g�b�l�_�e�y�� 

V �f  - �h�[�t�_�f�g�h�_���k�h�^�_�j�`�Z�g�b�_���f�Z�l�j�b�p�u 

�L�b�k�i - �l�_�f�i�_�j�Z�l�m�j�Z���b�k�i�u�l�Z�g�b�c 

�:�I  - �Z�\�b�Z�p�b�h�g�g�u�_���i�j�Z�\�b�e�Z 

S�k�\ - �g�Z�g�h�k���k�\�y�a�m�x�s�_�]�h 

S�i�j - �i�h�\�_�j�o�g�h�k�l�g�Z�y���i�e�h�l�g�h�k�l�v���i�j�_�i�j�_�]�Z 

S�g�Z�i - �i�h�\�_�j�o�g�h�k�l�g�Z�y���i�e�h�l�g�h�k�l�v���Z�j�f�b�j�m�x�s�_�]�h���g�Z�i�h�e�g�b�l�_�e�y 

M �k�\ - �f�Z�k�k�h�\�h�_���k�h�^�_�j�`�Z�g�b�_���k�\�y�a�m�x�s�_�]�h 
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