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�<�<�?�>�?�G�B�? 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�\�b�^�h�\�� �`�b�^�d�h�]�h���m�]�e�_�\�h�^�h�j�h�^�g�h�]�h�� �l�h�i�e�b�\�Z�� �\�� �©�k�Z�`�_�i�Z�j�h�\�h�f�ª�� �j�_�`�b�f�_ [1, 2]. 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�j�h�\�_�^�_�g�g�u�_�� �\�� �B�L�� �K�H�� �J�:�G�� �g�Z�� �h�j�b�]�b�g�Z�e�v�g�u�o��

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

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

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

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

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

�\�u�k�h�d�h�j�_�Z�d�p�b�h�g�g�u�_���G2 �b���K�H�����n�h�j�f�b�j�m�_�l�k�y���\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c���n�Z�d�_�e���k���g�b�a�d�b�f��

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

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

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

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

�j�Z�a�e�b�q�g�u�o���\�b�^�h�\���l�h�i�e�b�\�Z���� 

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

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

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

(�h�[�t�_�d�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y). �P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_�� �\�e�b�y�g�b�y��

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

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

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

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

�a�Z�^�Z�q�b: 

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

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

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

�\�h�^�y�g�h�]�h���i�Z�j�Z���b�e�b���\�h�a�^�m�o�Z�� 

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

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

�i�Z�j�Z�f�_�l�j�h�\�� 

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

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

���K�H���b���1�2�[�����i�j�b���j�Z�a�e�b�q�g�u�o���i�Z�j�Z�f�_�l�j�Z�o���i�h�^�Z�\�Z�_�f�h�]�h���i�h�l�h�d�Z���i�Z�j�Z���b���\�h�a�^�m�o�Z�� 
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- �h�[�h�k�g�h�\�Z�g�b�_�� �k�i�h�k�h�[�Z�� �m�i�j�Z�\�e�_�g�b�y�� �w�d�h�e�h�]�b�q�_�k�d�b�f�b�� �i�h�d�Z�a�Z�l�_�e�y�f�b�� �]�h�j�_�g�b�y��

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

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

�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o���h�l�o�h�^�h�\�� 

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

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

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

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

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

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

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

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

�j�_�r�_�g�b�c�� 

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

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

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

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

�b���w�d�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�g�Z�� �[�_�k�d�h�g�l�Z�d�l�g�h�f���f�_�l�h�^�_�� �p�b�n�j�h�\�h�c�� �l�j�Z�k�k�_�j�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� ���S�D�U�W�L�F�O�H�� �L�P�D�J�H��

�Y�H�O�R�F�L�P�H�W�U�\���� �3�,�9������ �J�Z�k�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� �j�Z�a�e�b�q�g�u�o�� �h�[�j�Z�a�p�h�\��

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

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

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

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

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

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

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

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

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

�g�h�\�u�_���l�_�o�g�b�q�_�k�d�b�_���j�_�r�_�g�b�y�� 

�G�Z���a�Z�s�b�l�m���\�u�g�h�k�y�l�k�y�� 

1. �J�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �g�h�\�u�_�� �l�_�o�g�b�q�_�k�d�b�_�� �j�_�r�_�g�b�y���� �i�j�b�f�_�g�_�g�g�u�_�� �i�j�b��

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

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

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

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

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

3. �A�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �\�e�b�y�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y�� �j�Z�k�o�h�^�h�\�� �i�Z�j�Z�� �b�� �l�h�i�e�b�\�Z����

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

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

�k���i�h�^�Z�q�_�c���g�Z�]�j�_�l�h�]�h���\�h�a�^�m�o�Z�� 

5. �H�[�h�k�g�h�\�Z�g�b�_�� �k�i�h�k�h�[�Z�� �m�i�j�Z�\�e�_�g�b�y�� �]�h�j�_�g�b�_�f�� �`�b�^�d�b�o�� �m�]�e�_�\�h�^�h�j�h�^�h�\��

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

�w�d�h�e�h�]�b�q�_�k�d�b���[�_�a�h�i�Z�k�g�h�]�h �k�`�b�]�Z�g�b�y�� 

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

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

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

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

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

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

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

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

�f�_�`�^�m�g�Z�j�h�^�g�u�o�� �d�h�g�n�_�j�_�g�p�b�y�o���� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �©�K�l�m�^�_�g�l�� �b�� �g�Z�m�q�g�h-

�l�_�o�g�b�q�_�k�d�b�c�� �i�j�h�]�j�_�k�k�ª�� ���G�h�\�h�k�b�[�b�j�k�d���� ������������ �������������� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �g�Z�m�q�g�h-

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

�w�g�_�j�]�_�l�b�q�_�k�d�b�o���l�_�o�g�h�e�h�]�b�c�ª�����L�h�f�k�d�����������������,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�\�P�S�R�V�L�X�P���R�Q���$�W�P�R�V�S�K�H�U�L�F��

�D�Q�G���2�F�H�D�Q�� �2�S�W�L�F�V�� ���G�h�\�h�k�b�[�b�j�k�d���� �������������� �J�h�k�k�b�c�k�d�h�c�� �g�Z�p�b�h�g�Z�e�v�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �i�h��

�l�_�i�e�h�h�[�f�_�g�m�� ���F�h�k�d�\�Z���� ������������ �������������� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �©�K�b�[�b�j�k�d�b�c��

�l�_�i�e�h�n�b�a�b�q�_�k�d�b�c�� �k�_�f�b�g�Z�j�ª�� ���G�h�\�h�k�b�[�b�j�k�d���� ������������ �������������� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �r�d�h�e�_-

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

�]�b�^�j�h-�]�Z�a�h�^�b�g�Z�f�b�d�b�ª�� ���G�h�\�h�k�b�[�b�j�k�d���� ������������ �������������� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b �k��

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

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

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

�©�F�b�g�k�d�b�c�� �f�_�`�^�m�g�Z�j�h�^�g�u�c�� �n�h�j�m�f�� �i�h�� �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�m�ª�� ���F�b�g�k�d���� ������6), 

�<�k�_�j�h�k�k�b�c�k�d�h�c���r�d�h�e�_-�d�h�g�n�_�j�_�g�p�b�b���k���f�_�`�^�m�g�Z�j�h�^�g�u�f���m�q�Z�k�l�b�_�f���©�O�b�f�b�y���b���n�b�a�b�d�Z��

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

�]�b�^�j�h�^�b�g�Z�f�b�d�Z�ª�� ���Y�e�l�Z���� ������������ �������������� �R�d�h�e�_-�k�_�f�b�g�Z�j�_�� �f�h�e�h�^�u�o�� �m�q�_�g�u�o �b��

�k�i�_�p�b�Z�e�b�k�l�h�\�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �Z�d�Z�^�_�f�b�d�Z�� �J�:�G�� �:���B���� �E�_�h�g�l�v�_�\�Z�� �©�I�j�h�[�e�_�f�u��

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

�I�_�l�_�j�[�m�j�]���� �������������� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b��

�©�I�_�j�k�i�_�d�l�b�\�u�� �j�Z�a�\�b�l�b�y�� �g�h�\�u�o�� �l�_�o�g�h�e�h�]�b�c�� �\�� �w�g�_�j�]�_�l�b�d�_�� �J�h�k�k�b�b�ª�� ���F�h�k�d�\�Z���� ��������������

International Seminar on Flame Structure ���G�h�\�h�k�b�[�b�j�k�d������������������International School of 

Young Scientists �©Interfacial Phenomena and Heat Transfer�ª�����G�h�\�h�k�b�[�b�j�k�d���������������� 

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

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

�j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o���<�:�D�����i�h�e�m�q�_�g�h�������i�Z�l�_�g�l�Z���J�N�� 

�K�l�j�m�d�l�m�j�Z�� �b�� �h�[�t�_�f�� �^�b�k�k�_�j�l�Z�p�b�b�� �>�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���� �l�j�z�o�� �]�e�Z�\���� �a�Z�d�e�x�q�_�g�b�y���� �k�i�b�k�d�Z�� �e�b�l�_�j�Z�l�m�j�u�� �b�a�� �������� �g�Z�b�f�_�g�h�\�Z�g�b�c����3 

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

�\�d�e�x�q�Z�y��41 �j�b�k�m�g�h�d, 7 �l�Z�[�e�b�p�� 

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

�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �i�h�^�� �g�Z�m�q�g�u�f�� �j�m�d�h�\�h�^�k�l�\�h�f�� �^���n��-�f���g���� �R�Z�j�u�i�h�\�Z�� �H���<����

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

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

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

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

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

�i�h�e�m�q�_�g�u���b�f���e�b�q�g�h�� 
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�=�E�:�<�:����  �K�H�<�J�?�F�?�G�G�H�?���K�H�K�L�H�Y�G�B�?���I�J�H�;�E�?�F�U 

1.1. �H�;�S�B�?���K�<�?�>�?�G�B�Y 

1.1.1. �=�h�j�_�g�b�_�����h�k�g�h�\�g�u�_���i�h�g�y�l�b�y 

�=�h�j�_�g�b�_���± �k�e�h�`�g�u�c�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�c�� �i�j�h�p�_�k�k���� �d�h�l�h�j�u�c�� �b�a�m�q�Z�_�l�k�y��

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

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

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

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

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

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

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

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

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

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

- �]�h�f�h�]�_�g�g�h�_���]�h�j�_�g�b�_���]�Z�a�h�h�[�j�Z�a�g�u�o���k�f�_�k�_�c�� 

- �]�_�l�_�j�h�]�_�g�g�h�_�� �]�h�j�_�g�b�_�� �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�]�h�� �]�h�j�x�q�_�]�h�� �\�� �Z�l�f�h�k�n�_�j�_��

�h�d�b�k�e�b�l�_�e�y�� 

- �j�Z�a�e�h�`�_�g�b�_���d�h�g�^�_�g�k�b�j�h�\�Z�g�g�u�o���\�a�j�u�\�q�Z�l�u�o���\�_�s�_�k�l�\�� 

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

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

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

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

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

�m�^�Z�j�g�h-�\�h�e�g�h�\�h�c���f�_�o�Z�g�b�a�f�u���� 

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

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

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

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

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

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

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

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

�j�_�]�m�e�b�j�m�_�l�k�y���>���@�� 

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

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

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

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

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

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

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

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

�k�b�k�l�_�f�u���>���@�� �B�^�_�Z�e�v�g�u�f���k�q�b�l�Z�_�l�k�y���k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�c���k�h�k�l�Z�\���± �k�h�k�l�Z�\���l�h�i�e�b�\�g�h�c��

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

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

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

���G2 + O2 �:  ���G2�H���²  �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�f�_�k�v���� ���G2 + �H2 �:  2H2O + �G2 �²  �[�h�]�Z�l�Z�y��

�k�f�_�k�v�� ���G2 �\�� �b�a�[�u�l�d�_������ �K�G4 + ���H2 �:  ���G2�H + �K�H2 + �H2 �²  �[�_�^�g�Z�y�� �k�f�_�k�v�� ���H2 �\��

�b�a�[�u�l�d�_������ 

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

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

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

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

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

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

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

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

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

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

�d�h�g�p�_�g�l�j�Z�p�b�y���i�h�^�Z�\�Z�_�f�h�]�h���\���a�h�g�m���j�_�Z�d�p�b�b���\�h�^�y�g�h�]�h���i�Z�j�Z�����A�Z�^�Z�\�Z�y���w�l�b���i�Z�j�Z�f�_�l�j�u����

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

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

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

�w�d�h�e�h�]�b�q�_�k�d�Z�y���[�_�a�h�i�Z�k�g�h�k�l�v���� 

1.1.2. �K�i�_�p�b�n�b�d�Z���]�h�j�_�g�b�y���`�b�^�d�h�]�h���m�]�e�_�\�h�^�h�j�h�^�g�h�]�h���l�h�i�e�b�\�Z 

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

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

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

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

�j�Z�a�e�h�`�_�g�b�_�f�������k�f�_�k�_�h�[�j�Z�a�h�\�Z�g�b�_���\�� �]�Z�a�h�\�h�c�� �n�Z�a�_���� �\�h�k�i�e�Z�f�_�g�_�g�b�_�� �b���k�]�h�j�Z�g�b�_��

�]�h�j�x�q�_�c���k�f�_�k�b��[9, 10].  

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

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

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

�b�k�i�Z�j�_�g�b�y. �F�Z�k�k�h�\�Z�y�� �k�d�h�j�h�k�l�v�� �]�h�j�_�g�b�y���� �h�l�g�_�k�_�g�g�Z�y�� �d �n�j�h�g�l�m�� �i�e�Z�f�_�g�b, �^�e�y��

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

�y�\�e�y�_�l�k�y�� �i�h�k�l�h�y�g�g�h�c�� �\�_�e�b�q�b�g�h�c�� �>�����@�����D�Z�d�� �i�j�Z�\�b�e�h���� �k�l�Z�^�b�y�� �b�k�i�Z�j�_�g�b�y���± �k�Z�f�Z�y��

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

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

�l�Z�d�h�]�h �j�_�`�b�f�Z �]�h�j�_�g�b�y���o�Z�j�Z�d�l�_�j�_�g �[�h�e�v�r�h�c���o�b�f�b�q�_�k�d�b�c���g�_�^�h�`�h�]���>��1�@�����g�Z�i�j�b�f�_�j����

�^�e�y���d�_�j�h�k�b�g�Z���± 17,7% [10].  
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�O�h�^�� �l�_�j�f�b�q�_�k�d�h�]�h�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �b�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h�� �h�d�b�k�e�_�g�b�y�� �i�Z�j�h�\��

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

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

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

�]�j�m�i�i�m�� �K�G���� �g�Z�i�j�b�f�_�j�� �K�G3�K�G2�H�G���� �b�� �Z�e�v�^�_�]�b�^�h�\���²  �m�]�e�_�\�h�^�h�j�h�^�g�u�o�� �k�h�_�^�b�g�_�g�b�c����

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y���g�Z�e�b�q�b�_�f���Z�e�v�^�_�]�b�^�g�h�c���]�j�m�i�i�u���K�G�H�����g�Z�i�j�b�f�_�j���K�G3�K�G�H�����I�j�b��

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

�h�[�j�Z�a�h�\�Z�g�b�_�f���i�j�h�k�l�_�c�r�b�o���k�h�_�^�b�g�_�g�b�c���>6, 10]:  

2 2 4 2CH CH OH CH CO H�o �� �� , 

3 4CH CHO CH CO� o � �. 

�I�j�b�� �w�l�h�f�����d�j�h�f�_�� �l�_�j�f�b�q�_�k�d�b�� �m�k�l�h�c�q�b�\�u�o�� �\�_�s�_�k�l�\�� ���K�H�� �b��H2������ �h�[�j�Z�a�m�_�l�k�y�� �f�_�l�Z�g����

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

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

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

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

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

�m�]�e�_�j�h�^�Z���b���\�h�^�h�j�h�^�Z���>�����@ 

2�K �+ �& ������ �+n m n m� o � � , 

2 2�K �+ �& �+ �& �+n m n x m yx y � � � ��o �� �� . 

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

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

2 2 2 2CH CH OH O 2HCHO H O�� �l �� , 

3 2 2CH CHO O HCHO CO H O�� �l �� �� . 

�>�Z�e�v�g�_�c�r�_�_�� �h�d�b�k�e�_�g�b�_�� �b�� �l�_�j�f�b�q�_�k�d�h�_�� �j�Z�a�e�h�`�_�g�b�_�� �n�h�j�f�Z�e�v�^�_�]�b�^�Z�� �g�_��

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

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

�]�Z�a�Z���b���\�h�^�u���>���@�� 

2HCHO CO H� o � �, 
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2 2 2HCHO O CO H O�� �l ��  

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

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

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

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

�i�j�h�p�_�k�k�m���]�h�j�_�g�b�y���>�����@�� 

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

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

�`�b�^�d�h�]�h���l�h�i�e�b�\�Z���\���j�_�a�m�e�v�l�Z�l�_���j�_�Z�d�p�b�b���k���d�b�k�e�h�j�h�^�h�f���\���]�h�j�x�q�b�c���]�Z�a�����k�f�_�k�v���K�H�����G2 

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

�]�Z�a�����b�e�b���^�e�y���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���p�_�e�_�c�����l�_�o�g�h�e�h�]�b�q�_�k�d�b�c���]�Z�a�������<���h�k�g�h�\�_���]�Z�a�b�n�b�d�Z�p�b�b��

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

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

�i�Z�j�h�f���k���p�_�e�v�x���i�h�e�m�q�_�g�b�y���]�h�j�x�q�b�o���]�Z�a�h�\���>����, 13]. 

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

�h�i�b�k�u�\�Z�_�l�k�y���k�e�_�^�m�x�s�b�f�b���j�_�Z�d�p�b�y�f�b���>����, 15]: 

2 2C O CO 97,7�d�d�Z�e�� �l ��  

22C O 2CO 58,9�d�d�Z�e�� �l ��  

2 2CO O 2CO 136,4�d�d�Z�e�� �l ��  

2CO C 2CO 41,2�d�d�Z�e�� �l ��  

2 2C H O CO H 28,4�d�d�Z�e�� �l �� ��  

2 2 2C 2H O CO 2H 18,0�d�d�Z�e�� �l �� ��  

2 2 22H O 2H O 115,6�d�d�Z�e�� �l ��  

2 2 2CO H O CO H 9,8�d�d�Z�e�� �l �� ��  

2 4C 2H CH 18,2�d�d�Z�e�� �l ��  

4 2 2CH H O CO 3H 49,3�d�d�Z�e�� �l �� ��  
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4 2 2CH CO 2CO 2H 59,3�d�d�Z�e�� �l �� ��  

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

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

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

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

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

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

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

�\���^�u�f�h�\�u�o���]�Z�a�Z�o�����[�_�a�^�u�f�g�h�_���]�h�j�_�g�b�_�����>����, 19]. 

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

�k�l�Z�^�b�b���� �g�Z�� �i�_�j�\�h�c�� �k�l�Z�^�b�b���± �i�j�b�� �g�Z�]�j�_�\�_�� �`�b�^�d�h�]�h�� �l�h�i�e�b�\�Z���± �i�j�h�b�k�o�h�^�b�l�� �_�]�h��

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

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

�f�_�k�l�h�� �d�h�g�\�_�j�k�b�y���m�]�e�_�\�h�^�h�j�h�^�h�\ �b�� �]�Z�a�b�n�b�d�Z�p�b�y�� �m�]�e�_�j�h�^�Z���>�������������@���� �K�e�_�^�h�\�Z�l�_�e�v�g�h����

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

�j�_�Z�d�p�b�b�����q�l�h���b���i�j�b���]�Z�a�b�n�b�d�Z�p�b�b���l�\�_�j�^�h�]�h���l�h�i�e�b�\�Z���>�����@�� 

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

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

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

�]�Z�a�b�n�b�d�Z�p�b�b�� �`�b�^�d�b�o�� �l�h�i�e�b�\�� �h�[�u�q�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �k�i�h�k�h�[�u�� �K���K���5���� �b��

�H���1���,���$���*���?���*��I. �D �g�_�i�j�_�j�u�\�g�u�f  �h�l�g�h�k�y�l�k�y �i�j�h�p�_�k�k�� �N�Z�m�a�_�j�Z�±�F�h�g�l�_�d�Z�l�b�g�b����

�k�i�h�k�h�[���D�h�i�i�_�j�k�Z�±�L�h�l�p�_�d�Z�����k�i�h�k�h�[���7�H�[�D�F�R�����i�j�h�p�_�k�k���6�K�H�O�O���b���^�j����[14�±16].  

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

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

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

�b�o�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��[21, �����@���� �H�^�g�Z�d�h �_�]�h�� �j�_�Z�e�b�a�Z�p�b�y���� �d�Z�d�� �i�j�Z�\�b�e�h���� �k�h�i�j�y�`�_�g�Z�� �k��

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

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

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

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

�i�Z�j�Z���\���a�h�g�m���j�_�Z�d�p�b�b�� 

1.2. �<�E�B�Y�G�B�?���<�H�>�Y�G�H�=�H���I�:�J�:���G�:���=�H�J�?�G�B�? �M�=�E�?�<�H�>�H�J�H�>�H�< 

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

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

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

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

�\�h��̂g�h-�l�h�i�e�b�\�g�u�o�� �w�f�m�e�v�k�b�c�����D�Z�d�� �h�l�f�_�q�Z�_�l�k�y�� �\�� �j�Z�[�h�l�_�� �>�����@�����^�h�� �k�_�j�_�^�b�g�u��XX �\�_�d�Z��

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

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

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

�h�d�k�b�^�h�\���Z�a�h�l�Z���Y���;�����A�_�e�v�^�h�\�b�q�_�f���>�����@, �\���^�h�i�h�e�g�_�g�b�_���d���m�`�_���j�Z�g�_�_���k�m�s�_�k�l�\�h�\�Z�\�r�b�f��

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

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

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

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

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

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

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

�g�Z�� �h�[�b�e�b�_�� �j�Z�[�h�l���� �i�j�Z�d�l�b�q�_�k�d�b�� �^�h�� �d�h�g�p�Z�� ��0-�o�� �]�h�^�h�\�� �^�\�Z�^�p�Z�l�h�]�h�� �k�l�h�e�_�l�b�y�� �h�g�b����

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

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

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

�i�j�h�l�_�d�Z�x�s�b�o���i�j�h�p�_�k�k�h�\. 



16 

 

1.2.1. �<�e�b�y�g�b�_���g�Z���^�_�l�h�g�Z�p�b�x 

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

�\�e�b�y�g�b�y�� �\�h�^�u�� �g�Z�� �i�h�^�Z�\�e�_�g�b�_�� �^�_�l�h�g�Z�p�b�b�����J�Z�g�_�_�� �k�q�b�l�Z�e�h�k�v���� �q�l�h���i�j�_�^�h�l�\�j�Z�s�_�g�b�_��

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

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

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

�b�k�i�Z�j�_�g�b�y���^�Z�`�_�� �������� �h�l���h�[�t�_�f�Z�� �k�f�_�k�b�� �m�c�^�_�l�� �g�_�� �[�h�e�_�_�� ������ �h�l�� �k�m�f�f�Z�j�g�h�]�h��

�l�_�i�e�h�\�u�^�_�e�_�g�b�y���� �q�l�h�� �g�_�� �i�h�a�\�h�e�b�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �k�g�b�a�b�l�v�� �i�h�j�h�]�� �^�_�l�h�g�Z�p�b�b [23]. 

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

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

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

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

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

�\�h�k�i�e�Z�f�_�g�_�g�b�y [23]. 

1.2.2. �K�g�b�`�_�g�b�_���\�j�_�^�g�u�o���\�u�[�j�h�k�h�\���i�j�b���]�h�j�_�g�b�b 

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

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

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

�w�n�n�_�d�l�b�\�g�h�]�h�� �f�_�l�h�^�Z�� �k�g�b�`�_�g�b�y�� �w�f�b�k�k�b�b �h�d�k�b�^�h�\�� �Z�a�h�l�Z�� �>26-33], �g�Z�j�y�^�m�� �k��

�f�_�l�h�^�Z�f�b���j�_�p�b�j�d�m�e�y�p�b�b���h�l�j�Z�[�h�l�Z�g�g�u�o���]�Z�a�h�\���>34-36�@�����\���d�h�l�h�j�u�o���l�Z�d�`�_���k�h�^�_�j�`�Z�l�k�y��

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

�i�j�h�p�_�k�k���k�`�b�]�Z�g�b�y�����d�Z�d���h�l�f�_�q�Z�_�l�k�y���\���j�Z�[�h�l�_���>37�@�����i�h���[�h�e�v�r�_�c���q�Z�k�l�b���b�k�k�e�_�^�h�\�Z�l�_�e�b��

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

�k�f�_�k�b�� �©�[�Z�e�e�Z�k�l�g�u�f�b�ª�� �]�Z�a�Z�f�b���� �l�Z�d�b�f�b�� �d�Z�d�� �K�H2 �b��N2���� �\�k�e�_�^�k�l�\�b�_ �q�_�]�h���i�h�g�b�`�Z�_�l�k�y��

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

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

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

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

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

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

�\�h�^�h�j�h�^�h-�\�h�a�^�m�r�g�h�c�� �k�f�_�k�b�� �>��0�@���� �d�h�l�h�j�Z�y�� �f�h�`�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �\�� �[�_�k�i�e�Z�f�_�g�g�u�o��

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

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

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

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

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

2 2H + O   M  HO  M�� � ��  

�k���h�[�j�Z�a�h�\�Z�g�b�_�f���f�_�g�_�_���Z�d�l�b�\�g�h�]�h���i�h���k�j�Z�\�g�_�g�b�x���k���\�h�^�h�j�h�^�h�f���j�Z�^�b�d�Z�e�Z���G�H2�����L�Z�d�b�f��

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

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

2H + O = OH + O, 

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

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

�m�]�e�_�d�b�k�e�u�f�� �]�Z�a�h�f���� �b�� �k�\�y�a�u�\�Z�x�l�� �w�l�h�� �k�� �l�_�f���� �q�l�h�� �i�j�b�� �^�h�[�Z�\�e�_�g�b�b�� �K�H2 �\�� �j�Z�a�\�b�l�b�b��

�p�_�i�b���m�\�_�e�b�q�b�\�Z�_�l�k�y���\�d�e�Z�^���j�_�Z�d�p�b�b�� 

2CO  + H = CO + OH, 

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

�i�h�e�m�q�_�g�b�_�f  �f�_�g�_�_���Z�d�l�b�\�g�u�o���d�h�f�i�h�g�_�g�l�h�\��CO �b��OH.  

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

�b���\�h�^�y�g�h�]�h���i�Z�j�Z [29, 30, 38-41�@���l�Z�d�`�_���h�l�f�_�q�Z�_�l�k�y���k�g�b�`�_�g�b�_���\�u�[�j�h�k�h�\��NOx�����D�j�h�f�_��

�l�h�]�h���� �\�� �>38, 42, 43�@���m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b���j�Z�a�[�Z�\�e�_�g�b�y�� �]�h�j�x�q�_�c�� �k�f�_�k�b��

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

�b�� �h�[�m�k�e�Z�\�e�b�\�Z�x�l�� �k�g�b�`�_�g�b�_�� �w�f�b�k�k�b�b��NOx���� �D�� �l�h�f�m�� �`�_�� �i�j�b�� �^�h�[�Z�\�e�_�g�b�b�� �\�h�^�u��

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

�l�Z�d���b���^�e�y���\�h�^�h�j�h�^�g�u�o���k�f�_�k�_�c���>��0�@�����<���j�Z�[�h�l�_���>38�@���h�l�f�_�q�Z�_�l�k�y�����q�l�h���\�e�b�y�g�b�_���\�h�^�u���g�Z��

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

�l�h�i�e�b�\�g�h-�\�h�a�^�m�r�g�h�_�� �k�h�h�l�g�h�r�_�g�b�_���� �<�� �l�h�� �`�_�� �\�j�_�f�y���� �\�� �>27�@�� �m�d�Z�a�u�\�Z�x�l�� �g�Z�� �l�h���� �q�l�h��

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

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

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

�i�j�h�l�_�d�Z�g�b�y�� �i�j�h�p�_�k�k�Z���� �<�� �j�Z�[�h�l�_�� �>37�@�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�h�p�_�k�k�Z��

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

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

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

�d�h�f�i�h�g�_�g�l�Z�f�b�� �i�e�Z�f�_�g�b���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �k�d�h�j�h�k�l�v�� �i�e�Z�f�_�g�b�� �k�� �n�b�d�l�b�\�g�u�f�� �G2�H��

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

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

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

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

�l�h�]�h���� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �i�j�b�� �^�h�[�Z�\�e�_�g�b�b�� �G2�H�� �\�� �l�h�i�e�b�\�g�m�x�� �k�f�_�k�v�� �g�Z�[�e�x�^�Z�_�l�k�y��

�k�g�b�`�_�g�b�_�� �g�_�� �l�h�e�v�d�h�� �\�u�[�j�h�k�h�\��NOx �i�h �k�j�Z�\�g�_�g�b�x�� �k�� �i�j�h�k�l�u�f�� �]�h�j�_�g�b�_�f�� �f�_�l�Z�g�h-

�\�h�a�^�m�r�g�h�c���k�f�_�k�b�����g�h �l�Z�d�`�_���g�_�d�h�l�h�j�h�_���k�g�b�`�_�g�b�_���K�H���b���m�\�_�e�b�q�_�g�b�_���k�h�^�_�j�`�Z�g�b�y��H2 

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

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

�j�Z�[�h�l�_���>44�@���h�l�f�_�q�Z�x�l�����q�l�h���h�k�g�h�\�g�h�c �\�d�e�Z�^���\�h�^�u���h�k�m�s�_�k�l�\�e�y�_�l�k�y���q�_�j�_�a���j�_�Z�d�p�b�x 

2H O + O  OH OH�  � �. 

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

�j�_�Z�d�p�b�b�� �>30] 2 2H O  + M  HO M�� � �� . �<�� �k�b�e�m�� �i�j�h�l�_�d�Z�g�b�y�� �w�l�b�o�� �^�\�m�o�� �j�_�Z�d�p�b�c, 

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

�h�d�b�k�e�_�g�b�y�� �f�_�l�Z�g�Z��4 3CH  O   CH  OH�� � ��  �b�� �\�h�^�h�j�h�^�Z�� �\�� �j�_�Z�d�p�b�b��

2H  O    OH O�� � �� , �\�k�e�_�^�k�l�\�b�_ �q�_�]�h�� �b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �\�e�b�y�g�b�_�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�i�e�Z�f�_�g�b�� �\�� �p�_�e�h�f���� �H�^�g�Z�d�h���k�h�]�e�Z�k�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�x �d�h�g�p�_�g�l�j�Z�p�b�c H, O �b��OH, 

�i�j�h�\�_�^�_�g�g�h�f �m �\�� �>26�@���� �i�j�b�� �i�h�\�u�r�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �h�[�e�Z�k�l�b�� �]�h�j�_�g�b�y�� �a�Z�� �k�q�_�l�� �_�_��

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

�g�Z�[�e�x�^�Z�_�l�k�y�� �k�g�b�`�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�c��H �b��O �i�h�q�l�b�� �\���^�\�Z �j�Z�a�Z�� �b�� �i�h�\�u�r�_�g�b�_��

�k�h�^�_�j�`�Z�g�b�y���j�Z�^�b�d�Z�e�Z��OH. 

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

�d�h�f�i�h�g�_�g�l�h�\�� �]�h�j�_�g�b�y�� �f�_�l�Z�g�Z�� �\�� �j�Z�[�h�l�_�� �>45�@�� �b�k�k�e�_�^�h�\�Z�g�h �h�d�b�k�e�_�g�b�_�� �Z�p�_�l�b�e�_�g�Z�� �\��

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

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

�j�Z�^�b�d�Z�e�h�\ OH �\���j�_�a�m�e�v�l�Z�l�_���j�_�Z�d�p�b�b��2 2H O  H  OH H�� � �� . 

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

[43, 46, 47�@���� �j�Z�k�k�f�Z�l�j�b�\�Z�y �k�`�b�]�Z�g�b�_�� �w�l�b�e�_�g�h-�\�h�a�^�m�r�g�h�c���� �i�j�h�i�b�e�_�g�h-�\�h�a�^�m�r�g�h�c�� �b��

�i�j�h�i�Z�g�h-�\�h�a�^�m�r�g�h�c�� �k�f�_�k�_�c�� �\�� �i�j�b�k�m�l�k�l�\�b�b�� �\�h�^�u���� �W�l�b�e�_�g�� �b�� �i�j�h�i�b�e�_�g�� �b�g�l�_�j�_�k�g�u��

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

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

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

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

�l�h�i�e�b�\�g�h�c�� �k�f�_�k�b���� �D�j�h�f�_�� �l�h�]�h���� �^�e�y�� �w�l�b�e�_�g�h-�\�h�a�^�m�r�g�h�c���� �i�j�h�i�b�e�_�g�h-�\�h�a�^�m�r�g�h�c �b��

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

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

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

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

�L�_�f���g�_���f�_�g�_�_�����i�j�b���k�`�b�]�Z�g�b�b���k�b�g�l�_�a���]�Z�a�Z����H2 �b��CO�����\���]�Z�a�h�\�h�c���l�m�j�[�b�g�_���>28�@���\��

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

�h�d�k�b�^�Z���Z�a�h�l�Z���i�h���k�j�Z�\�g�_�g�b�x���k���K�H2 �b��N2�����H�^�g�Z�d�h���Z�\�l�h�j�u���h�l�f�_�q�Z�x�l�����q�l�h���j�Z�a�[�Z�\�e�_�g�b�_��

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

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

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

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

�h�k�l�Z�e�v�g�u�_�� �j�Z�a�[�Z�\�b�l�_�e�b���� �g�Z�j�m�r�Z�y�� �m�k�e�h�\�b�y�� �i�j�h�l�_�d�Z�g�b�y�� �j�_�Z�d�p�b�b�� �b�� �k�g�b�`�Z�y�� �i�h�e�g�h�l�m��
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�k�]�h�j�Z�g�b�y�� �k�b�g�l�_�a�� �]�Z�a�Z���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �j�Z�a�[�Z�\�e�_�g�b�_�� �k�f�_�k�b��CO2 �b��N2. 

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

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

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

�k�b�g�l�_�a���]�Z�a�Z���h�l�f�_�q�Z�_�l�k�y���l�Z�d�`�_ �\���j�Z�[�h�l�_���>48]  

�< �j�Z�[�h�l�_ [49] �i�j�b�\�_�^�_�g�u�� �^�Z�g�g�u�_�� �h�� �k�g�b�`�_�g�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z��NOx �i�j�b��

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

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

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

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

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

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

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

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

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

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

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

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

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

�h�^�g�h�\�j�_�f�_�g�g�h�� �k�� �w�l�b�f�� �i�h�\�u�r�Z�_�l�k�y���k�h�^�_�j�`�Z�g�b�_ CO (�k�� �h�i�j�_�^�_�e�_�g�g�h�]�h���m�j�h�\�g�y��

�j�Z�k�o�h�^�Z �i�Z�j�Z).  

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

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

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

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

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

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

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

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

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

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

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

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

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

�f�h�^�_�e�b�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� ���a������ �d�<�l���� �\�� �j�Z�[�h�l�_�� �>���@, �i�h�d�Z�a�Z�e�b���� �q�l�h�� �i�j�b��

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

�d�h�g�p�_�g�l�j�Z�p�b�y�� �K�H�� �\�� �i�j�h�^�m�d�l�Z�o�� �]�h�j�_�g�b�y�� �g�b�`�_�� �g�Z �^�\�Z�� �i�h�j�y�^�d�Z���� �d�h�g�p�_�g�l�j�Z�p�b�y�� �1O 

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

�i�j�h�b�a�\�h�^�k�l�\�Z���\�_�^�m�s�_�c���\���w�l�h�c���k�n�_�j�_���n�b�j�f�u���:�H�L�V�K�D�X�S�W�����=�_�j�f�Z�g�b�y�������I�j�b���k�`�b�]�Z�g�b�b��

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

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

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

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

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

�h�[�e�Z�k�l�b�� �[�u�e�h�� �a�Z�n�b�d�k�b�j�h�\�Z�g�h�� �g�Z�e�b�q�b�_�� �\�� �n�Z�d�_�e�_�� �H�G-�j�Z�^�b�d�Z�e�Z���� �G�Z�� �h�k�g�h�\�_��

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

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

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

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

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

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

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

�:�e�v�l�_�j�g�Z�l�b�\�g�u�_���f�_�l�h�^�u 

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

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

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

�K�q�b�l�Z�_�l�k�y���� �q�l�h�� �1�2x �± �]�e�Z�\�g�u�c�� �a�Z�]�j�y�a�g�b�l�_�e�v�� �\�h�a�^�m�o�Z���� �l�Z�d�� �d�Z�d�� �y�\�e�y�_�l�k�y��
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�i�_�j�\�h�i�j�b�q�b�g�h�c�� �f�g�h�]�b�o�� �\�_�k�h�f�u�o�� �w�d�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�[�e�_�f���� �n�h�l�h�o�b�f�b�q�_�k�d�b�c�� �k�f�h�]����

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

�h�d�Z�a�u�\�Z�x�l���g�_�]�Z�l�b�\�g�h�_���\�e�b�y�g�b�_���g�Z���a�^�h�j�h�\�v�_���q�_�e�h�\�_�d�Z [35]. 

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

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

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

�\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� ���K�G�D�<���� �b�� �k�_�e�_�d�l�b�\�g�h�]�h�� �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� ���K�D�<����

[50�@���� �F�_�l�h�^�u�� �K�G�D�<�� �b�f�_�x�l�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �K�D�<�� �\�\�b�^�m�� �f�_�g�v�r�b�o��

�a�Z�l�j�Z�l�� �g�Z�� �j�_�Z�e�b�a�Z�p�b�x�� �K�G�D�<�� �i�j�h�p�_�k�k�h�\���� �b�a-�a�Z�� �h�l�k�m�l�k�l�\�b�y�� �d�Z�l�Z�e�b�a�Z�l�h�j�Z�� �b��

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

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

�\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �h�d�k�b�^�h�\�� �Z�a�h�l�Z�� �k�� �Z�f�b�g�h�k�h�^�_�j�`�Z�s�b�f�b�� �\�h�k�k�l�Z�g�h�\�b�l�_�e�y�f�b�� �>51�@���� �G�Z��

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

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

�Z�� �l�Z�d�`�_�� �l�j�_�[�m�x�s�b�c�� �l�h�q�g�u�o�� �f�_�l�h�^�h�\�� �^�h�a�b�j�h�\�Z�g�b�y�� �b�� �d�h�g�l�j�h�e�y�� �>��2], �Z�f�f�b�Z�d���\��

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

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

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

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

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

�K�_�e�_�d�l�b�\�g�h�_�� �d�Z�l�Z�e�b�l�b�q�_�k�d�h�_�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �j�Z�[�h�l�Z�_�l�� �i�h�� �k�o�h�`�_�f�m�� �k�� �K�G�D�<��

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

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

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

�\�u�k�h�d�Z�y�� �\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v �\�� �h�l�g�h�r�_�g�b�b NOx���� �f�Z�e�u�c�� �\�_�k�� �g�b�a�d�h�_��

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

�\�u�k�h�d�Z�y�� �f�_�o�Z�g�b�q�_�k�d�Z�y�� �k�l�Z�[�b�e�v�g�h�k�l�v�� �>53�@���� �L�Z�d�`�_�� �l�j�_�[�m�_�l�k�y�� �k�l�h�c�d�h�k�l�v�� �d��

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

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

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

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

�y�\�e�y�_�l�k�y�� �k�`�b�]�Z�g�b�_�� �l�h�i�e�b�\�Z�� �k�� �f�Z�e�u�f�b�� �b�a�[�u�l�d�Z�f�b�� �\�h�a�^�m�o�Z���� �>54]. �B�a�[�u�l�h�d�� �\�h�a�^�m�o�Z��

���������� �·���������� �k�q�b�l�Z�_�l�k�y�� �g�Z�b�[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�u�f���� �f�Z�d�k�b�f�m�f�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �1�2x 

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

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

�l�_�f�i�_�j�Z�l�m�j�h�c���� �q�l�h���� �k�h�]�e�Z�k�g�h�� �f�_�o�Z�g�b�a�f�m�� �A�_�e�v�^�h�\�b�q�Z�� �>24�@���� �b���i�j�b�\�h�^�b�l�� �d��

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

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

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

�h�j�]�Z�g�b�a�Z�p�b�b���a�h�g���]�h�j�_�g�b�y���� 

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

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

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

�f�_�g�v�r�_�f�� �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�]�h ���h�d�h�e�h�� �������·��������)���� �Z�� �h�k�l�Z�e�v�g�h�_�� �g�_�h�[�o�h�^�b�f�h�_��

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

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

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

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

�h�[�j�Z�a�h�\�Z�g�b�y�� �l�_�j�f�b�q�_�k�d�b�o���1�2x�����L�_�o�g�h�e�h�]�b�y���^�h�k�l�Z�l�h�q�g�h���^�_�r�_�\�Z �b���i�j�b���i�j�Z�\�b�e�v�g�h�c��

�j�_�Z�e�b�a�Z�p�b�b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �k�g�b�`�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b NOx �g�Z�� ����-50% [54�@���� �H�^�g�Z�d�h��

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

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

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

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

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

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

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

�\�e�b�y�g�b�y���g�Z���l�_�i�e�h�\�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�`�b�]�Z�g�b�y���>55�@���y�\�e�y�_�l�k�y���f�_�l�h�^���j�_�p�b�j�d�m�e�y�p�b�b��

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

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

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

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

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

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

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

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

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

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

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

�\�h�^�u�� �\�� �a�h�g�m�� �]�h�j�_�g�b�y �h�k�l�Z�_�l�k�y�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �b�a�m�q�_�g�g�u�f���� �G�Z�i�j�b�f�_�j���� �^�e�y�� �6�7�,�*��

�p�b�d�e�Z���>55�@���i�Z�j���i�h�^�Z�_�l�k�y���\���d�h�j�_�g�v���n�Z�d�_�e�Z���]�h�j�_�g�b�y���b�����d�Z�d���k�q�b�l�Z�_�l�k�y�����\�u�k�l�m�i�Z�_�l���l�Z�f���\��

�d�Z�q�_�k�l�\�_�� �[�Z�e�e�Z�k�l�Z���� �H�^�g�Z�d�h�� �\�� �j�Z�[�h�l�_�� �>56�@�� �h�l�f�_�q�Z�x�l���� �q�l�h�� �i�h�^�Z�\�Z�_�f�u�c�� �\�� �d�h�j�_�g�v��

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

�l�_�f�i�_�j�Z�l�m�j�m���b���1�2x�����g�h���b���k�f�_�s�Z�_�l���j�Z�\�g�h�\�_�k�b�_���\���j�_�Z�d�p�b�b���h�d�b�k�e�_�g�b�y���K�H  

2 2 2�K�H�������G �2�� ���&�2 �����+� . 

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

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

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

�k�f�_�k�b. �I�j�b�g�p�b�i�b�Z�e�v�g�u�f�� �j�_�r�_�g�b�_�f�� �w�l�h�c�� �i�j�h�[�e�_�f�u�� �f�h�]�e�h�� �[�u�� �k�e�m�`�b�l�v��

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

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

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

�\�h�^�u���b�e�b �\�h�^�y�g�h�]�h���i�Z�j�Z �\���a�h�g�m���]�h�j�_�g�b�y. 
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1.2.3. �I�h�^�Z�\�e�_�g�b�_���h�[�j�Z�a�h�\�Z�g�b�y���k�Z�`�b 

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

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

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

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

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

�h�d�k�b�^�Z�� �m�]�e�_�j�h�^�Z���� �i�h�\�u�r�Z�y�� �i�h�e�g�h�l�m���k�]�h�j�Z�g�b�y�� �l�h�i�e�b�\�Z [23�@���� �H�^�g�Z�d�h�� �\�� �m�k�e�h�\�b�y�o��

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

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

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

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

�\�u�[�j�h�k�h�\���^�j�m�]�b�o���\�j�_�^�g�u�o���\�_�s�_�k�l�\���� 

�I�j�b���b�a�m�q�_�g�b�b���i�e�Z�f�_�g���w�l�b�e�_�g�h-�\�h�a�^�m�r�g�h�c���b���i�j�h�i�Z�g�h-�\�h�a�^�m�r�g�h�c���k�f�_�k�_�c���>43] 

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

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

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

�Z�p�_�l�b�e�_�g�� �>�����@���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �d�Z�d���h�l�f�_�q�_�g�h�� �\�u�r�_���� �^�h�[�Z�\�e�_�g�b�_�� �i�Z�j�Z��

�h�[�_�k�i�_�q�b�\�Z�_�l���m�\�_�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b�� �j�Z�^�b�d�Z�e�h�\�� �H�G���� �d�h�l�h�j�u�_�� �j�_�Z�]�b�j�m�x�l�� �k��

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

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

�k�Z�`�_�h�[�j�Z�a�h�\�Z�g�b�_. 

�<�� �j�Z�[�h�l�_�� �>57�@�� �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_�� �j�Z�a�[�Z�\�b�l�_�e�_�c�� �g�Z���i�j�h�p�_�k�k���h�[�j�Z�a�h�\�Z�g�b�y��

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

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

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

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

�y�\�e�y�_�l�k�y�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^�� �l�h�i�e�b�\�Z�� �>58�@���� �Q�_�f�� �[�e�b�`�_�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^�� �d�� �l�Z�d��

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

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

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h��OH-�j�Z�^�b�d�Z�e�Z�f�b�� �>59, 60�@���� �I�h�w�l�h�f�m�� �i�j�b�� �k�`�b�]�Z�g�b�b��

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

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

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

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

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

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

�:�\�l�h�j�u���j�Z�[�h�l�u���>61�@���h�l�f�_�q�Z�x�l�����q�l�h���i�j�b �^�h�[�Z�\�e�_�g�b�b���\�h�^�u���\���h�[�e�Z�k�l�v���]�h�j�_�g�b�y��

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

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

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

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

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

�j�Z�[�h�l�u�� �>57�@�� �k�q�b�l�Z�x�l���� �q�l�h�� �\�h�^�Z�� �g�_�� �h�d�Z�a�u�\�Z�_�l�� �o�b�f�b�q�_�k�d�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �l�_�g�^�_�g�p�b�x��

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

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

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

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

�k�l�j�m�d�l�m�j�h�c �l�h�i�e�b�\�Z�� 

1.2.4. �<�h�^�g�h-�l�h�i�e�b�\�g�u�_ �w�f�m�e�v�k�b�b 

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

�O�O�� �\�_�d�Z���� �H�k�g�h�\�g�h�_�� �\�g�b�f�Z�g�b�_�� �m�^�_�e�y�e�h�k�v�� �k�h�a�^�Z�g�b�x�� �\�h�^�g�h-�[�_�g�a�b�g�h�\�u�o���w�f�m�e�v�k�b�c��

[62, �����@���� �Z�� �\�� �i�h�k�e�_�^�m�x�s�_�f�� �b�� �\�h�^�g�h-�m�]�h�e�v�g�u�o�� �k�m�k�i�_�g�a�b�c [64, 65]. �H�l�f�_�q�_�g�h���� �q�l�h��

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

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

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

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

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

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

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

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

�h�l�g�h�r�_�g�b�b���k�g�b�`�_�g�b�y �\�j�_�^�g�u�o���\�u�[�j�h�k�h�\���>66]. 

�<�� �j�Z�[�h�l�Z�o�� �>67-71] �b�k�k�e�_�^�h�\�Z�g�h �k�`�b�]�Z�g�b�_�� �\�h�^�g�h-�^�b�a�_�e�v�g�h�c�� �w�f�m�e�v�k�b�b�� �\��

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

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

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

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

(�^�Z�\�e�_�g�b�_���b���l�_�f�i�_�j�Z�l�m�j�Z��. 

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

�\�u�[�j�h�k�u��NOx �b���k�Z�`�b��[72, �����@�����Z���l�Z�d�`�_���j�Z�k�o�h�^���l�h�i�e�b�\�Z���a�Z���k�q�_�l���[�h�e�_�_���d�Z�q�_�k�l�\�_�g�g�h�]�h��

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

�\�k�e�_�^�k�l�\�b�_ �q�_�]�h�� �k�g�b�`�Z�_�l�k�y���i�j�h�b�a�\�h�^�k�l�\�h �©�l�_�j�f�b�q�_�k�d�b�o�ª�� �h�d�k�b�^�h�\�� �Z�a�h�l�Z [70, 71]. 

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

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

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

�k�h�^�_�j�`�Z�g�b�_ NOx �\�� �i�j�h�^�m�d�l�Z�o�� �k�]�h�j�Z�g�b�y [67], �_�k�e�b���h�k�g�h�\�g�h�c�� �\�d�e�Z�^�� �\�g�h�k�b�l 

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

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

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

�w�f�m�e�v�k�b�b, �g�_�a�Z�\�b�k�b�f�h�� �h�l�� �k�h�^�_�j�`�Z�g�b�y�� �Z�a�h�l�Z�� �\�� �l�h�i�e�b�\�_ [74]. �L�Z�d�`�_�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

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

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

�a�g�Z�q�b�l�_�e�v�g�h�_���k�g�b�`�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y��NOx �\�� �i�j�h�^�m�d�l�Z�o�� �k�]�h�j�Z�g�b�y��[67]. 

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

�d�Z�i�_�e�v�� �\�h�^�u�� �>��3, 75, 76]���� �d�h�l�h�j�u�_�� �i�j�b�� �j�_�a�d�h�f�� �g�Z�]�j�_�\�_�� �\�� �i�e�Z�f�_�g�b �k�i�h�k�h�[�k�l�\�m�x�l��
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�h�d�b�k�e�_�g�b�x �m�]�e�_�j�h�^�Z���� �\�� �l�h�f�� �q�b�k�e�_, �a�Z�� �k�q�_�l�� �\�d�e�Z�^�Z�� �\�h�^�u�� �\�� �h�[�j�Z�a�h�\�Z�g�b�_��

�^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �j�Z�^�b�d�Z�e�h�\��OH [71]. �I �j�b�� �k�`�b�]�Z�g�b�b�� �w�f�m�e�v�k�b�c���� �k�h�^�_�j�`�Z�s�b�o�� �\�h�^�m����

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

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

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

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

�l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g���b�� �i�j�h�p�_�k�k�u�� �k�f�_�r�_�g�b�y�� �l�h�i�e�b�\�Z�� �b�� �h�d�b�k�e�b�l�_�e�y [23]. �I�j�b�� �]�h�j�_�g�b�b��

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

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

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

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

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

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

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

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

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

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

�\�u�[�j�h�k�u NOx �b��CO [78, 79]. �I�j�b�� �w�l�h�f���k�h�a�^�Z�g�b�_�� �d�Z�q�_�k�l�\�_�g�g�h�c�� �f�b�d�j�h�w�f�m�e�v�k�b�b��

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

�w�d�h�g�h�f�b�q�_�k�d�b���g�_���p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� 

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

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

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

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

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

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

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

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

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

�j�Z�a�e�b�q�g�u�o���\�b�^�h�\���l�h�i�e�b�\�Z�� 

1.3. �F�?�L�H�>�U �B�K�K�E�?�>�H�<�:�G�B�Y���I�J�H�P�?�K�K�H�<���=�H�J�?�G�B�Y 

1.3.1. �K�d�h�j�h�k�l�v���b���k�l�j�m�d�l�m�j�Z���i�h�l�h�d�Z 

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

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

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

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

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

�f�_�l�h�^�Z�f�� �b�a�f�_�j�_�g�b�y�� �k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z�� �>���@���� �H�k�g�h�\�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f�� �w�l�h�]�h�� �f�_�l�h�^�Z��

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

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

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

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

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

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

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

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

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

�i�h�l�h�d�Z�� 

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

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

�± �E�>�:�����p�b�n�j�h�\�Z�y���l�j�Z�k�k�_�j�g�Z�y �\�b�a�m�Z�e�b�a�Z�p�b�y���± PIV �b���b�o���f�h�^�b�n�b�d�Z�p�b�b�����H�k�g�h�\�g�u�f�b��

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

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

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

�^�h�i�e�_�j�h�\�k�d�b�_�� �Z�g�_�f�h�f�_�l�j�u�� ���b�a�f�_�j�b�l�_�e�v�g�u�_�� �E�>�:-�k�b�k�l�_�f�u���� �>�����@���� �<�� �h�k�g�h�\�_�� �f�_�l�h�^�Z��

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

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

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

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

�l�h���j�_�]�b�k�l�j�b�j�m�_�l�k�y���j�Z�a�g�h�k�l�v���q�Z�k�l�h�l���e�Z�a�_�j�g�h�]�h���b���j�Z�k�k�_�y�g�g�h�]�h���b�a�e�m�q�_�g�b�c���>�����@�����F�_�l�h�^��

�E�>�:���m�k�i�_�r�g�h���i�j�b�f�_�g�y�_�l�k�y���\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���Z�w�j�h�^�b�g�Z�f�b�d�_���b���]�b�^�j�h�^�b�g�Z�f�b�d�_����

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

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

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

�d�b�e�h�f�_�l�j�h�\�� �h�l�� �m�k�l�Z�g�h�\�d�b���� �J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�_�� �k�o�_�f�u�� �E�>�:���� �k�o�_�f�Z�� �k�� �h�i�h�j�g�u�f��

�i�m�q�d�h�f���� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �b�� �b�g�\�_�j�k�g�h-�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �>�����@���� �D��

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

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

�i�h�]�j�_�r�g�h�k�l�v�� �b�a�f�_�j�_�g�b�c���� �G�_�^�h�k�l�Z�l�d�h�f�� �f�_�l�h�^�Z�� �E�>�:�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �h�g��

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

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

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

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

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

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

�F�_�l�h�^���p�b�n�j�h�\�h�c���l�j�Z�k�k�_�j�g�h�c���\�b�a�m�Z�e�b�a�Z�p�b�b����particle image velocimetry, PIV) �± 

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

�k�d�h�j�h�k�l�b�� �\�� �i�h�l�h�d�Z�o�� �>82�@���� �B�a�f�_�j�_�g�b�_�� �©�f�]�g�h�\�_�g�g�h�]�h�ª�� �i�h�e�y�� �k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z�� �\��

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

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

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

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

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

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

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

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

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

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

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

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

�1�G���<�$�*���e�Z�a�_�j�u�����L�Z�d�b�_���e�Z�a�_�j�u���b�f�_�x�l���f�Z�e�m�x���^�e�b�l�_�e�v�g�h�k�l�v���b�f�i�m�e�v�k�Z�����a 4�±10 �g�k�����b��

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

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

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

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

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

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

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

�H�^�g�b�f�� �b�a���h�k�g�h�\�g�u�o���w�e�_�f�_�g�l�h�\�� �f�_�l�h�^�Z���3�,�9�� �y�\�e�y�_�l�k�y���h�[�j�Z�[�h�l�d�Z���i�h�e�m�q�_�g�g�u�o��

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

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

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

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

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

�d�h�j�j�_�e�y�p�b�h�g�g�Z�y�� �n�m�g�d�p�b�y�� �k�^�\�b�]�h�\�� �q�Z�k�l�b�p�� �>82�@���� �K�m�s�g�h�k�l�v�� �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h��

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

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

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

�w�e�_�f�_�g�l�Z�j�g�u�_�� �h�[�e�Z�k�l�b�� ���j�Z�k�q�_�l�g�u�_�� �h�[�e�Z�k�l�b���� �j�Z�a�f�_�j�h�f��x yd d�u ���� �B�g�l�_�g�k�b�\�g�h�k�l�v��

�h�l�j�Z�`�_�g�g�h�]�h�� �h�l���q�Z�k�l�b�p���b�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�h�]�h�� �d�Z�f�_�j�h�c���k�\�_�l�Z���f�h�`�g�h���i�j�_�^�k�l�Z�\�b�l�v��
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�^�b�k�d�j�_�l�g�h�c�� �n�m�g�d�p�b�_�c�� �^�\�m�o�� �i�_�j�_�f�_�g�g�u�o��x �b��y: I1 (x, y���� �b��I2 (x, y���� �^�e�y�� �i�_�j�\�h�]�h�� �b��

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

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

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

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

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

�\�u�^�_�e�_�g�g�u�c���f�Z�d�k�b�f�m�f���g�Z���n�h�g�_���r�m�f�Z�� 

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

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

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

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

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

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

�g�Z�� �d�h�l�h�j�m�x�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �\�e�b�y�x�l�� �k�e�_�^�m�x�s�b�_�� �n�Z�d�l�h�j�u��[83]: �e�h�d�Z�e�v�g�u�_��

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

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

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

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

�b�a�f�_�j�_�g�b�c���g�_���i�j�_�\�u�r�Z�_�l��������. 

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

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

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

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

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

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

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

[84, 85�@���� �D�Z�d�� �b�� �f�b�d�j�h�d�Z�i�e�b���� �l�\�_�j�^�u�_�� �q�Z�k�l�b�p�u�� �l�h�`�_�� �\�g�h�k�y�l�k�y�� �\�� �i�h�l�h�d�� ���\��

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

�k�i�_�p�b�Z�e�v�g�u�o���m�k�l�j�h�c�k�l�\�� 
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1.3.2. �L�_�f�i�_�j�Z�l�m�j�Z���i�e�Z�f�_�g�b 

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

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

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

�k�m�s�_�k�l�\�_�g�g�h�c�� �g�_�j�Z�\�g�h�\�_�k�g�h�k�l�b�� �i�j�h�p�_�k�k�h�\���� �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �w�g�_�j�]�b�b�� �i�j�b�� �]�h�j�_�g�b�b��

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

�j�Z�a�e�b�q�g�u�f�b�� �k�l�_�i�_�g�y�f�b�� �k�\�h�[�h�^�u�� �>86�@���� �I�e�Z�f�_�g�Z�� �k�h�^�_�j�`�Z�l�� �l�Z�d�b�_�� �Z�d�l�b�\�g�u�_��

�\�_�s�_�k�l�\�Z�����d�Z�d���j�Z�^�b�d�Z�e�u���H�G���b���K�G�����d�h�l�h�j�u�_���f�h�]�m�l���\�k�l�m�i�Z�l�v���\���o�b�f�b�q�_�k�d�b�_���j�_�Z�d�p�b�b��

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

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

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

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

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

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

�q�Z�k�l�g�h�k�l�b�� �h�d�k�b�^�h�\ �Z�a�h�l�Z���� �>�e�y�� �w�l�h�]�h���� �g�Z�i�j�b�f�_�j���� �\�� �>87�@�� �^�e�y�� �]�h�j�_�e�h�q�g�u�o�� �m�k�l�j�h�c�k�l�\ 

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

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

�w�d�j�Z�g�Z�f�b���� �f�_�l�h�^�� �^�\�m�o�� �L�W�L���� �h�l�e�b�q�Z�x�s�b�o�k�y�� �^�b�Z�f�_�l�j�h�f�� �j�Z�[�h�q�b�o�� �d�h�g�p�h�\����

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

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

�i�e�Z�l�b�g�h�j�h�^�b�c-�i�e�Z�l�b�g�h�j�h�^�b�_�\�u�_�����i�e�Z�l�b�g�h�j�h�^�b�_�\�u�_���� �o�j�h�f�_�e�v-�Z�e�x�f�_�e�_�\�u�_��

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

�d�h�l�h�j�u�o�� �^�h�e�`�g�u�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v�� �>88�@���� �<�u�[�h�j�� �l�b�i�Z�� �l�_�j�f�h�i�Z�j�u�� �b�� �^�b�Z�f�_�l�j��
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�m�k�l�j�h�c�k�l�\���� �d�Z�e�h�j�b�f�_�l�j�u�� �j�Z�a�e�b�q�g�h�]�h�� �l�b�i�Z���� �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�u�� �b�� �^�j�m�]�b�_�� �i�j�b�[�h�j�u����

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

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

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

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

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

�b�k�i�u�l�Z�g�b�c���� �h�i�b�k�Z�g�g�Z�y�� �\�� �>�������@�����=�h�j�_�e�h�q�g�h�_�� �m�k�l�j�h�c�k�l�\�h�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �\�� �d�Z�f�_�j�m��

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

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

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

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

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

�l�_�q�_�g�b�_�� ������ �f�b�g�� �g�_�� �b�a�f�_�g�_�g�b�y���g�_�� �i�j�_�\�u�r�Z�x�l�� 2% �i�h�� �l�_�i�e�h�\�h�c�� �f�h�s�g�h�k�l�b���� ���ƒ�K�� �i�h��

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

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

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

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

�\�h�^�h�j�h�^�Z���� �d�b�k�e�h�j�h�^�Z���� �k�_�j�u�� �b�� �a�h�e�u�� �>113-118�@���� �\�u�q�b�k�e�y�x�l�k�y�� �g�_�h�[�o�h�^�b�f�u�_��

�i�Z�j�Z�f�_�l�j�u�� 

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

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

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

�k�b�k�l�_�f���m�d�Z�a�Z�g�u�� �\ [119], �i�j�b�q�_�f �h�l�[�h�j�� �i�j�h�[�u���^�h�e�`�_�g���i�j�h�b�a�\�h�^�b�l�v�k�y �\�^�Z�e�b���h�l��

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

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

�^�_�c�k�l�\�b�y���d�h�l�h�j�h�]�h���f�h�`�_�l���[�u�l�v���h�k�g�h�\�Z�g���g�Z���i�j�b�f�_�g�_�g�b�b���k�e�_�^�m�x�s�b�o���f�_�l�h�^�h�\���>��20-

122�@���� �i�Z�j�Z�f�Z�]�g�_�l�b�a�f�� �b�� �w�e�_�d�l�j�h�o�b�f�b�y�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �H2; 

�w�e�_�d�l�j�h�o�b�f�b�y�� �b�� �B�D�� �Z�[�k�h�j�[�p�b�h�g�g�Z�y�� �k�i�_�d�l�j�h�k�d�h�i�b�y���± �^�e�y�� �K�H���� �B�D�� �Z�[�k�h�j�[�p�b�h�g�g�Z�y��

�k�i�_�d�l�j�h�k�d�h�i�b�y���± �^�e�y�� �K�H2���� �o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�y���� �g�_�^�b�k�i�_�j�k�b�h�g�g�Z�y�� �B�D�� �b�� �M�D 

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

�^�e�y��NOx���� �i�h�]�e�h�s�_�g�b�_�� �\�� �B�D�� �b�� �\�� �M�N�� �h�[�e�Z�k�l�y�o�� �k�i�_�d�l�j�Z���� �n�e�m�h�j�_�k�p�_�g�p�b�y�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���M�N���b�a�e�m�q�_�g�b�y�����b�g�l�_�j�n�_�j�h�f�_�l�j�b�y�����d�h�g�^�m�d�l�h�f�_�l�j�b�y���± �^�e�y��S�H2. 
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�< �b�l�h�]�_ �i�h�e�m�q�_�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�f�u�r�e�_�g�g�h�c�� �]�h�j�_�e�d�b�� �^�e�y�� �k�`�b�]�Z�g�b�y��

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

�l�j�_�[�h�\�Z�g�b�y�f, �j�_�]�e�Z�f�_�g�l�b�j�h�\�Z�g�g�u�f�� �>��23]: �d�h�w�n�n�b�p�b�_�g�l�� �b�a�[�u�l�d�Z�� �\�h�a�^�m�o�Z�� �g�_��

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

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

�r�d�Z�e�_�� �;�Z�o�Z�j�Z�o�Z���� �Z�� �m�� �]�h�j�_�e�h�d�� �f�h�s�g�h�k�l�v�x�� �k�\�u�r�_�� �������� �F�<�l�� �b�� �i�j�b�� �j�Z�[�h�l�_�� �g�Z�� �e�_�]�d�b�o��

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

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

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

�\�u�[�j�h�k�Z�f���f�h�g�h�h�d�k�b�^�Z�� �m�]�e�_�j�h�^�Z�� �b�� �h�d�k�b�^�h�\ �Z�a�h�l�Z�� �>��24-126], �w�l�b���h�]�j�Z�g�b�q�_�g�b�y�� �^�e�y��

�`�b�^�d�h�l�h�i�e�b�\�g�u�o���]�h�j�_�e�h�d �i�j�b�\�_�^�_�g�u���\ �l�Z�[�e�b�p�_ 1. 

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

�h�[�t�_�f�g�m�x�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �k�h�^�_�j�`�Z�g�b�y��SO2 �\���i�j�h�^�m�d�l�Z�o�� �k�]�h�j�Z�g�b�y���� �<�� �l�h�� �`�_�� �\�j�_�f�y����

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

�l�h�i�e�b�\�Z [127, 128], �q�_�f �b���h�]�j�Z�g�b�q�b�\�Z�_�l�k�y���k�h�^�_�j�`�Z�g�b�_ �^�b�h�d�k�b�^�Z���k�_�j�u���\���i�j�h�^�m�d�l�Z�o��

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

�^�h�� �������� �l���q�� �i�Z�j�Z�����k�h�^�_�j�`�Z�g�b�_��SO2 �h�]�j�Z�g�b�q�_�g�h�� �i�j�_�^�_�e�v�g�u�f�� �m�j�h�\�g�_�f������������ �f�]���f3 

[129]. 

 

�L�Z�[�e�b�p�Z���������I�j�_�^�_�e�v�g�h�_���k�h�^�_�j�`�Z�g�b�_���&�2���b���1�2x �\���k�m�o�b�o���g�_�j�Z�a�[�Z�\�e�_�g�g�u�o�� 

�i�j�h��̂m�d�l�Z�o���k�]�h�j�Z�g�b�y���^�e�y���d�h�l�e�h�\���j�Z�a�e�b�q�g�h�]�h���l�b�i�Z���b���f�h�s�g�h�k�l�b���>��24-126]. 

�L�b�i���d�h�l�e�Z �<�b�^���l�h�i�e�b�\�Z 
�I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v��

�d�h�l�e�Z 
�K�H���f�]���f3 NOx �f�]���f3 

�H�l�h�i�b�l�_�e�v�g�u�c �E�_�]�d�h�_���`�b�^�d�h�_ �L�_�i�e�h���^�h�����������F�<�l 115 229 

�H�l�h�i�b�l�_�e�v�g�u�c �E�_�]�d�h�_���`�b�^�d�h�_ �L�_�i�e�h�����������± �����F�<�l 250 300 

�H�l�h�i�b�l�_�e�v�g�u�c �E�_�]�d�h�_���`�b�^�d�h�_ �L�_�i�e�h�������± ���������F�<�l 200 300 

�H�l�h�i�b�l�_�e�v�g�u�c �F�Z�a�m�l �L�_�i�e�h�����������± ���������F�<�l 250 300 

�I�Z�j�h�\�h�c �E�_�]�d�h�_���`�b�^�d�h�_ �I�Z�j���f�_�g�_�_�������l���q 115 230 

�I�Z�j�h�\�h�c �F�Z�a�m�l �I�Z�j���f�_�g�_�_�������l���q 200 490 
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1.4. �K�H�<�J�?�F�?�G�G�U�?���=�H�J�?�E�H�Q�G�U�?���M�K�L�J�H�C�K�L�<�:�� 

�G�:���@�B�>�D�H�F���L�H�I�E�B�<�? 

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

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

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

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

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

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

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

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

�r�e�Z�d�h�h�l�e�h�`�_�g�b�y�����d�h�d�k�h�\�Z�g�b�y �b���l���i����. 

�<���q�Z�k�l�g�h�k�l�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�b���� �j�Z�[�h�l�Z�x�s�b�_ �\�� �^�Z�g�g�h�c�� �h�[�e�Z�k�l�b�����[�h�e�v�r�h�_��

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

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

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

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

[130-�������@���� �<�� �d�Z�`�^�h�f�� �k�e�m�q�Z�_ �i�j�_�^�e�h�`�_�g�� �k�\�h�c���� �m�g�b�d�Z�e�v�g�u�c�� �k�i�h�k�h�[�� �]�Z�a�b�n�b�d�Z�p�b�b��

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

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

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

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

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

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

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

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

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

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

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

�K�m�s�_�k�l�\�m�x�l���b�a�h�[�j�_�l�_�g�b�y���>��50�@�����d�h�l�h�j�u�_���h�[�_�k�i�_�q�b�\�Z�x�l���k�g�b�`�_�g�b�_ �\�u�[�j�h�k�h�\ 

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

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

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

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

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

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

�d�Z�`�^�h�c���k�l�m�i�_�g�b�� 

�<�� �>��51�@�� �i�j�_�^�e�h�`�_�g�h �m�k�l�j�h�c�k�l�\�h���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�_�� �^�e�y�� �]�Z�a�h�\�u�o�� �l�m�j�[�b�g����

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

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

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

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

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

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

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

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

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

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

�m�k�l�j�h�c�k�l�\�Z. 

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

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

�l�_�o�g�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\. �G�Z�i�j�b�f�_�j���� �\�� �>��52�@�� �b�k�i�h�e�v�a�m�_�l�k�y�� �d�h�j�j�h�a�b�h�g�g�h-

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

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

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

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

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

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

�j�Z�a�h�]�j�_�\�m���l�h�i�e�b�\�Z�� 

�G�Z�� �h�[�s�_�f�� �n�h�g�_�� �f�h�`�g�h�� �h�l�f�_�l�b�l�v�� �b�a�h�[�j�_�l�_�g�b�y�� �>������2, 153-155], 

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

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

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

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

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

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

�j�Z�a�e�h�`�_�g�b�y�� �l�h�i�e�b�\�Z���� �b�k�i�h�e�v�a�m�_�f�h�c�� �\�h�� �f�g�h�]�b�o �i�Z�l�_�g�l�Z�o�����D�j�h�f�_�� �l�h�]�h���� �\�� �>��53-155] 

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

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

�b�k�l�h�q�g�b�d�h�\���w�g�_�j�]�b�b. �<���]�h�j�_�e�h�q�g�h�f���m�k�l�j�h�c�k�l�\�_���j�_�Z�e�b�a�m�_�l�k�y���b�g�l�_�g�k�b�\�g�h�_���k�`�b�]�Z�g�b�_ 

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

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

�m�k�l�j�h�c�k�l�\�h���� 

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

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

�]�h�j�_�e�h�q�g�h�_�� �m�k�l�j�h�c�k�l�\�h�� �b�k�i�Z�j�b�l�_�e�v�g�h�]�h�� �l�b�i�Z��[154]�����i�h�^�j�h�[�g�h�_���h�i�b�k�Z�g�b�_�� �d�h�l�h�j�h�]�h��

�i�j�b�\�_�^�_�g�h���\���j�Z�a�^�_�e�_���������������� 
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�=�E�:�<�:���� �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�:�Y���M�K�L�:�G�H�<�D�:�� 

�B���F�?�L�H�>�B�D�B���B�A�F�?�J�?�G�B�C 

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

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

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

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

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

2.1. �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�C���K�L�?�G�> 

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

�l�_�i�e�h�h�[�f�_�g�Z�� �B�L�� �K�H�� �J�:�G ���k�f���� �j�b�k�m�g�h�d�� �������� �h�k�g�Z�s�_�g�g�u�f���Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c��

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

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

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

PIV-�k�b�k�l�_�f�h�c�� �©�I�h�e�b�k�ª���� �i�j�h�l�h�q�g�u�f�� �d�Z�e�h�j�b�f�_�l�j�h�f�����d�h�g�l�j�h�e�v�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�f��

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

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

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

�\�_�g�l�b�e�y�p�b�b�����k���\�u�l�y�`�g�u�f �\�_�g�l�b�e�y�l�h�j�h�f: 1,5 �d�<�l������������ �h�[���f�b�g���� 

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

�g�Z�k�h�k�h�f���� �f�Z�k�k�Z�� �]�h�j�x�q�_�]�h�� �d�h�g�l�j�h�e�b�j�m�_�l�k�y�� �i�j�b�� �i�h�f�h�s�b�� �w�e�_�d�l�j�h�g�g�u�o �\�_�k�h�\�� �$�F�R�P��

PC-100W-�����+�����i�j�_�^�_�e���^�h�i�m�k�d�Z�_�f�h�c���i�h�]�j�_�r�g�h�k�l�b�������]�������>�e�y���\�u�k�h�d�h�\�y�a�d�h�]�h���l�h�i�e�b�\�Z��

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

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

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

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

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

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

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

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

�d�h�g�l�j�h�e�v�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�o���i�j�b�[�h�j�h�\���������± �d�h�f�i�v�x�l�_�j�����������± �l�h�i�e�b�\�h�i�j�h�\�h�^���� 

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

1 �± �l�h�i�e�b�\�g�u�c���[�Z�d���������± �w�e�_�d�l�j�h�g�g�u�_���\�_�k�u���������± �k�b�k�l�_�f�Z���i�h�^�h�]�j�_�\�Z���l�h�i�e�b�\�Z���� 

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

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

�d�h�f�i�v�x�l�_�j���������± �e�b�g�b�y���i�h�^�Z�q�b �l�h�i�e�b�\�Z�� 10 �± �e�b�g�b�y���m�i�j�Z�\�e�_�g�b�y���m�k�l�j�h�c�k�l�\�Z�f�b���� 

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

�l�h�i�e�b�\�Z�� 

 

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

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

�i�h�l�j�_�[�e�y�_�f�Z�y�� �f�h�s�g�h�k�l�v�� �������� �d�<�l�� ���k�f���� �I�j�b�e�h�`�_�g�b�_�� �:�� �>�������@���� �i�h�a�\�h�e�y�x�s�b�c �g�Z��

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

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

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

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

0,�����f���k���l�h�e�s�b�g�h�c���k�l�_�g�d�b�������f�f�����<�g�m�l�j�b���l�j�m�[�u���m�k�l�Z�g�h�\�e�_�g���l�j�m�[�q�Z�l�u�c �w�e�_�d�l�j�b�q�_�k�d�b�c��

�g�Z�]�j�_�\�Z�l�_�e�v�� �8-�h�[�j�Z�a�g�h�c�� �n�h�j�f�u�� ���f�Z�d�k�b�f�Z�e�v�g�Z�y�� �f�h�s�g�h�k�l�v�� �������� �<�l������ �I�j�h�k�l�j�Z�g�k�l�\�h��

�f�_�`�^�m���g�Z�]�j�_�\�Z�l�_�e�_�f���b���k�l�_�g�d�h�c �l�j�m�[�u���a�Z�i�h�e�g�_�g�h���i�_�j�b�d�e�Z�a�h�f���'�0-�����^�e�y���m�\�_�e�b�q�_�g�b�y��

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

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

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

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

2 �± �l�j�m�[�q�Z�l�u�_���w�e�_�d�l�j�b�q�_�k�d�b�_���g�Z�]�j�_�\�Z�l�_�e�b�����L�W�G�u������3 �± �f�_�k�l�Z���m�k�l�Z�g�h�\�d�b���^�Z�l�q�b�d�h�\ 

�l�_�f�i�_�j�Z�l�m�j�u���������± �d�e�_�f�f�u���i�b�l�Z�g�b�y���L�W�G�h�\���������± �i�h�^�Z�q�Z���i�b�l�Z�l�_�e�v�g�h�c���\�h�^�u���� 

6 �± �\�u�o�h�^���i�Z�j�Z�� 

 

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

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

�b�a�f�_�j�y�_�l�k�y�� �i�j�b�� �i�h�f�h�s�b�� �o�j�h�f�_�e�v-�Z�e�x�f�_�e�_�\�h�c �l�_�j�f�h�i�Z�j�u �l�b�i�Z�� �.���� �j�Z�k�i�h�e�h�`�_�g�g�h�c 

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

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

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

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

�^�h�� �������� �e���q���� �f�Z�k�k�Z�� �\�h�^�u�� �d�h�g�l�j�h�e�b�j�m�_�l�k�y�� �i�j�b�� �i�h�f�h�s�b�� �w�e�_�d�l�j�h�g�g�u�o�� �\�_�k�h�\�� �$�F�R�P���3�&-

100W-���� ���i�j�_�^�_�e���^�h�i�m�k�d�Z�_�f�h�c�� �i�h�]�j�_�r�g�h�k�l�b�� �������� �]������ �M�i�j�Z�\�e�_�g�b�_���b�� �a�Z�i�b�k�v�� �^�Z�g�g�u�o���k�h��

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

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

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

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

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

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

�k�`�Z�l�h�]�h�� �\�h�a�^�m�o�Z���� �b�� �j�h�l�Z�f�_�l�j�Z�� �i�h�k�l�h�y�g�g�h�]�h �i�_�j�_�i�Z�^�Z�� �^�Z�\�e�_�g�b�y��Dwyer rma-21-ssv 

���^�b�Z�i�Z�a�h�g���b�a�f�_�j�_�g�b�y���b���j�_�]�m�e�b�j�h�\�Z�g�b�y���j�Z�k�o�h�^�Z����-10 �e���f�b�g�����f�Z�d�k�b�f�Z�e�v�g�h�_���^�Z�\�e�_�g�b�_��
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0,7 �F�I�Z���� ���k�f���� �j�b�k�m�g�h�d�� ���������G�Z�]�j�_�\�� �\�h�a�^�m�o�Z���i�j�h�b�k�o�h�^�b�l�� �\ �w�e�_�d�l�j�b�q�_�k�d�h�f��

�i�Z�j�h�]�_�g�_�j�Z�l�h�j�_. 

 

 

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

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

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

�l�_�f�i�_�j�Z�l�m�j�u���i�Z�j�Z���������± �[�e�h�d���m�i�j�Z�\�e�_�g�b�y, 8 �± �i�_�j�k�h�g�Z�e�v�g�u�c���d�h�f�i�v�x�l�_�j���������± �e�b�g�b�y��

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

11 �± �e�b�g�b�y���m�i�j�Z�\�e�_�g�b�y���m�k�l�j�h�c�k�l�\�Z�f�b�� 12 �± �k�b�]�g�Z�e�v�g�Z�y���e�b�g�b�y�������� �± �e�b�g�b�y���h�[�f�_�g�Z��

�^�Z�g�g�u�f�b�����������±�i�h�^�Z�q�Z���i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z�� 

 

 

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

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

�\�h�a�^�m�o�Z���d���n�h�j�k�m�g�d�_���]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z. 

 

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

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

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

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

�:�� �b�f�_�g�g�h�� 2 1 1 2 2 1Q Q PT PT� , �]�^�_ Q1 �± �g�Z�[�e�x�^�Z�_�f�h�_�� �i�h�d�Z�a�Z�g�b�_����Q2 �± �k�l�Z�g�^�Z�j�l�g�u�c��

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

P1 �± �^�Z�\�e�_�g�b�_���g�Z���\�u�o�h�^�_���b�a���j�h�l�Z�f�_�l�j�Z����P2 �± �k�l�Z�g�^�Z�j�l�g�h�_���^�Z�\�e�_�g�b�_�������������������� �F�I�Z������

T1 �± �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�� �g�Z�� �\�u�o�h�^�_�� �b�a�� �j�h�l�Z�f�_�l�j�Z����T2 �± �k�l�Z�g�^�Z�j�l�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z��

(293,15 K). 

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

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

�b�k�i�Z�j�b�l�_�e�v�g�h�]�h���l�b�i�Z�����j�Z�a�j�Z�[�h�l�Z�g�g�u�o���\���B�L���K�H���J�:�G�����©�:�\�l�h�g�h�f�g�u�_�ª���=�M �i�h�a�\�h�e�y�x�l 

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

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

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

�i�Z�j�Z�f�_�l�j�u���i�h�l�h�d�Z���i�Z�j�Z���\���r�b�j�h�d�h�f���^�b�Z�i�Z�a�h�g�_�����\���h�l�e�b�q�b�_���h�l���©�Z�\�l�h�g�h�f�g�u�o�ª���=�M�������H�[�Z��

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

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

�k���j�_�]�m�e�b�j�m�_�f�u�f�b���j�Z�k�o�h�^�h�f���b���l�_�f�i�_�j�Z�l�m�j�h�c���� 

2.1.1. �:�\�l�h�g�h�f�g�h�_���]�h�j�_�e�h�q�g�h�_���m�k�l�j�h�c�k�l�\�h 

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

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

�[�Z�q�d�Z-�b�k�i�Z�j�b�l�_�e�y�� �a������ �k�f3 �>�������@���� �d�h�l�h�j�h�_ �g�_�i�j�_�j�u�\�g�h�� �j�Z�[�h�l�Z�_�l�� �g�Z�� �^�b�a�_�e�v�g�h�f��

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

0,���·��,0 �F�I�Z���� �\�j�_�f�y���g�_�i�j�_�j�u�\�g�h�c �j�Z�[�h�l�u�� �\�� �Z�\�l�h�g�h�f�g�h�f�� �j�_�`�b�f�_���± �^�h�� �� �q����[157, 

158]. �J�Z�k�o�h�^�� �l�h�i�e�b�\�Z�� �k�h�k�l�Z�\�e�y�_�l�� ��,���·0,8 �d�]���q�Z�k�����K�j�_�^�g�b�c�� �j�Z�k�o�h�^�� �i�Z�j�Z�� �k�h�k�l�Z�\�e�y�_�l��

~0,25 �d�]���q�����<�j�_�f�y�� �j�Z�[�h�l�u���m�k�l�j�h�c�k�l�\�Z �h�]�j�Z�g�b�q�_�g�h�� �a�Z�i�Z�k�h�f�� �\�h�^�u�� �J�Z�a�f�_�j�u��

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



47 

 

�W�e�_�f�_�g�l�u�� �b�a�]�h�l�h�\�e�_�g�u�� �b�a�� �k�l�Z�e�b�� �f�Z�j�d�b�� �����O�����G�����L�����I�j�b�g�p�b�i�b�Z�e�v�g�Z�y�� �k�o�_�f�Z��

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

  

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

�m�]�e�_�\�h�^�h�j�h�^�h�\����1 �± �d�h�j�i�m�k���������± �i�Z�j�h�]�_�g�_�j�Z�l�h�j���������± �[�Z�q�h�d-�b�k�i�Z�j�b�l�_�e�v���� 

4 �± �i�Z�j�h�k�_�i�Z�j�Z�l�h�j���������± �i�Z�j�h�i�_�j�_�]�j�_�\�Z�l�_�e�v���������± �n�h�j�k�m�g�d�Z������-9 �± �l�j�m�[�d�b-

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

13 �± �p�b�e�b�g�^�j�b�q�_�k�d�b�c���d�h�`�m�o�����������± �l�h�i�d�Z�����������± �h�l�\�_�j�k�l�b�y-�\�h�a�^�m�o�h�\�h�^�u��  

16 �± �a�Z�k�e�h�g�d�Z�����������± �l�h�i�e�b�\�h�i�j�h�\�h�^�����������± �l�h�i�e�b�\�h�i�j�b�_�f�g�b�d. 

 

�=�h�j�_�e�h�q�g�h�_�� �m�k�l�j�h�c�k�l�\�h�� �k�h�k�l�h�b�l�� �b�a�� �k�e�_�^�m�x�s�b�o�� �h�k�g�h�\�g�u�o�� �w�e�_�f�_�g�l�h�\����

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

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

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

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

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

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

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

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

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

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

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

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

�j�_�]�m�e�b�j�m�_�f�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b. 

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

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

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

�G�Z�k�u�s�_�g�g�u�c�� �\�h�^�y�g�h�c�� �i�Z�j, �i�j�h�o�h�^�y �i�Z�j�h�k�_�i�Z�j�Z�l�h�j�� �b�� �i�Z�j�h�i�_�j�_�]�j�_�\�Z�l�_�e�v, 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�\�� �[�Z�q�d�_-�b�k�i�Z�j�b�l�_�e�_�� �^�Z�\�e�_�g�b�y��~0,7 �F�I�Z�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y���k�l�Z�p�b�h�g�Z�j�g�u�c���j�_�`�b�f��

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

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

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

�k�Z�`�b���� 
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�Z�� �[�� 

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

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

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

 

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

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

�m�k�l�j�h�c�k�l�\�h���^�e�b�l�_�e�v�g�h�]�h�� �^�_�c�k�l�\�b�y ���f�h�s�g�h�k�l�v�x�� �^�h��25 �d�<�l���� �k�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�f��

�n�Z�d�_�e�h�f��[159] �b���i�m�k�d�h�\�h�_ �]�h�j�_�e�h�q�g�h�_ �m�k�l�j�h�c�k�l�\�h (�f�h�s�g�h�k�l�v�x��~3 �d�<�l) [160]���� �g�Z��

�d�h�l�h�j�u�_�� �i�h�e�m�q�_�g�u�� �i�Z�l�_�g�l�u ���k�f���� �I�j�b�e�h�`�_�g�b�_�� �:������ �J�Z�a�j�Z�[�h�l�Z�g�g�u�_���l�_�o�g�b�q�_�k�d�b�_��

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

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

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

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

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

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

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

 

�M�\�_�e�b�q�_�g�b�_�� �f�h�s�g�h�k�l�b�� �b�� �\�j�_�f�_�g�b�� �j�Z�[�h�l�u���Z�\�l�h�g�h�f�g�h�]�h�� �]�h�j�_�e�h�q�g�h�]�h��

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

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

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

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

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

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

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

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

�M�\�_�e�b�q�_�g�g�u�c �h�[�t�_�f���[�Z�q�d�Z-�b�k�i�Z�j�b�l�_�e�y �l�j�_�[�m�_�l�� �[�h�e�v�r�_�]�h �d�h�e�b�q�_�k�l�\�Z�� �l�_�i�e�Z 

�^�e�y���i�h�^�g�y�l�b�y���^�Z�\�e�_�g�b�y���i�j�b���a�Z�i�m�k�d�_���m�k�l�j�h�c�k�l�\�Z. �<���k�b�e�m���h�k�h�[�_�g�g�h�k�l�_�c���d�h�g�k�l�j�m�d�p�b�b��

�i�h�^�\�h�^���l�_�i�e�Z���m�^�h�[�g�_�_���h�k�m�s�_�k�l�\�e�y�l�v���k�\�_�j�o�m�����K���m�q�_�l�h�f���w�l�h�]�h���j�Z�a�j�Z�[�h�l�Z�g�h���i�m�k�d�h�\�h�_��

�]�h�j�_�e�h�q�g�h�_�� �m�k�l�j�h�c�k�l�\�h�����H�g�h�� �l�h�`�_ �Z�\�l�h�g�h�f�g�h�_�����g�h �b�f�_�_�l���m�f�_�g�v�r�_�g�g�u�c �h�[�t�_�f��

�[�Z�q�d�Z-�b�k�i�Z�j�b�l�_�e�y�����k�m�f�f�Z�j�g�h�_���\�j�_�f�y���a�Z�i�m�k�d�Z���m�k�l�j�h�c�k�l�\�Z���k�h�k�l�Z�\�e�y�_�l���g�_���[�h�e�_�_���i�y�l�b 

�f�b�g�m�l�����I�j�b���w�l�h�f���i�Z�j�h�\�Z�y���n�h�j�k�m�g�d�Z���h�j�b�_�g�l�b�j�h�\�Z�g�Z���l�Z�d�����q�l�h���k�l�j�m�y���i�Z�j�Z �n�h�j�f�b�j�m�_�l 

�n�Z�d�_�e���� �g�Z�i�j�Z�\�e�_�g�g�u�c�� �\�g�b�a�����M�k�l�Z�g�Z�\�e�b�\�Z�_�f�h�_�� �k�\�_�j�o�m���� �i�m�k�d�h�\�h�_�� �m�k�l�j�h�c�k�l�\�h��

  

�Z�� �[�� 
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�i�h�a�\�h�e�y�_�l���[�u�k�l�j�h���g�Z�]�j�_�l�v���\�h�^�m���\���[�Z�q�d�_-�b�k�i�Z�j�b�l�_�e�_ �]�h�j�_�e�d�b���^�e�b�l�_�e�v�g�h�]�h���^�_�c�k�l�\�b�y 

�b���i�h�\�u�k�b�l�v�� �\�� �g�_�f�� �^�Z�\�e�_�g�b�_�� �i�Z�j�Z���� �q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �h�[�e�_�]�q�Z�_�l�� �a�Z�i�m�k�d�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z�� �^�e�b�l�_�e�v�g�h�]�h�� �^�_�c�k�l�\�b�y�� �I �h�e�m�q�_�g�g�u�_ �i�Z�l�_�g�l�u�� �g�Z�� �b�a�h�[�j�_�l�_�g�b�y��

�b�k�i�h�e�v�a�m�x�l�k�y�� �H�H�H�� �©�A�b�H-�D�H�L�W�K�ª�� ���]�h�j���� �G�h�\�h�k�b�[�b�j�k�d���� �i�h�� �e�b�p�_�g�a�b�h�g�g�h�f�m 

�^�h�]�h�\�h�j�m ���k�f�����I�j�b�e�h�`�_�g�b�_���;���� 

2.1.2. �=�h�j�_�e�h�q�g�h�_���m�k�l�j�h�c�k�l�\�h�� 

�k���i�j�b�g�m�^�b�l�_�e�v�g�h�c �i�h�^�Z�q�_�c���i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z 

�>�j�m�]�h�c�� �\�b�^�� �b�k�i�h�e�v�a�m�_�f�u�o�� �\�� �j�Z�[�h�l�_ �`�b�^�d�h�l�h�i�e�b�\�g�u�o���]�h�j�_�e�h�q�g�u�o �m�k�l�j�h�c�k�l�\��

�b�k�i�Z�j�b�l�_�e�v�g�h�]�h�� �l�b�i�Z���i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�� �\�g�_�r�g�x�x�� �]�_�g�_�j�Z�p�b�x�� �b�� �i�j�b�g�m�^�b�l�_�e�v�g�m�x��

�j�_�]�m�e�b�j�m�_�f�m�x�� �i�h�^�Z�q�m�� �i�Z�j�Z�����B�o�� �h�k�g�h�\�g�u�f�b�� �w�e�_�f�_�g�l�Z�f�b�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z��

�y�\�e�y�x�l�k�y���� �p�b�e�b�g�^�j�b�q�_�k�d�b�c�� �d�h�j�i�m�k���� �l�h�i�h�q�g�Z�y�� �d�Z�f�_�j�Z�� �k�� �n�h�j�d�Z�f�_�j�h�c���� �i�Z�j�h�\�u�_��

�n�h�j�k�m�g�d�b�����d�Z�f�_�j�Z���]�Z�a�h�]�_�g�_�j�Z�p�b�b���b���\�u�o�h�^�g�h�_���k�h�i�e�h���>��61�±164]�����k�f�����j�b�k�m�g�h�d����.  

�<�k�_ �w�e�_�f�_�g�l�u�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �\�u�i�h�e�g�_�g�u�� �b�a�� �g�_�j�`�Z�\�_�x�s�_�c�� �k�l�Z�e�b 

�f�Z�j�d�b�� �����O�����G�����L���� �<�g�_�r�g�b�c�� �^�b�f�_�l�j�� �l�h�i�h�q�g�h�c�� �d�Z�f�_�j�u�� ������ �f�f���� �\�g�m�l�j�_�g�g�b�c��

�^�b�Z�f�_�l�j�� �d�Z�f�_�j�u�� �]�Z�a�h�]�_�g�_�j�Z�p�b�b�� ���� �f�f���� �\�u�k�h�l�Z�� ������ �f�f���� �^�b�Z�f�_�l�j�� �\�u�o�h�^�g�h�]�h��

�h�l�\�_�j�k�l�b�y�� ���� �f�f���� �D�h�g�k�l�j�m�d�p�b�_�c�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �i�j�_�^�m�k�f�h�l�j�_�g��

�_�k�l�_�k�l�\�_�g�g�u�c�� �i�j�b�l�h�d�� �\�h�a�^�m�o�Z�� �b�a���Z�l�f�h�k�n�_�j�u�� �\�� �a�h�g�m�� �j�_�Z�d�p�b�b���± �q�_�j�_�a�� �h�l�\�_�j�k�l�b�y�� �\��

�g�b�`�g�_�c�� �q�Z�k�l�b�� �l�h�i�h�q�g�h�c�� �d�Z�f�_�j�u�����>�\�_�� �i�Z�j�h�\�u�_�� �n�h�j�k�m�g�d�b�� ���m�]�h�e�� �j�Z�k�d�j�u�l�b�y�� �����ƒ����

�\�u�o�h�^�g�h�c�� �^�b�Z�f�_�l�j�� ����5 �f�f������ �k�h�_�^�b�g�_�g�g�u�_�� �k���\�g�_�r�g�b�f  �i�Z�j�h�]�_�g�_�j�Z�l�h�j�h�f�� 

�m�k�l�Z�g�h�\�e�_�g�u�� �k�h�h�k�g�h�� �g�Z�^�� �l�h�i�h�q�g�h�c�� �d�Z�f�_�j�h�c�� �m�� �h�k�g�h�\�Z�g�b�y�� �d�Z�f�_�j�u�� �]�Z�a�h�]�_�g�_�j�Z�p�b�b�� �b 

�h�j�b�_�g�l�b�j�h�\�Z�g�u���\�_�j�l�b�d�Z�e�v�g�h���� �G�b�`�g�y�y���n�h�j�k�m�g�d�Z���g�Z�i�j�Z�\�e�_�g�Z�� �\�g�b�a���� �\�� �n�h�j�d�Z�f�_�j�m�� ���k��

�\�g�m�l�j�_�g�g�_�c�� �i�h�e�h�k�l�v�x�� �\�� �\�b�^�_�� �i�h�e�m�k�n�_�j�u�� �b�� �d�h�g�m�k�g�u�f�� �\�u�o�h�^�h�f������ �j�Z�k�i�h�e�h�`�_�g�g�m�x��

�g�Z�� �^�g�_�� �l�h�i�h�q�g�h�c�� �d�Z�f�_�j�u�� �i�h�� �p�_�g�l�j�m�� �b���i�j�_�^�g�Z�a�g�Z�q�_�g�g�m�x�� �^�e�y�� �l�h�j�f�h�`�_�g�b�y�� �i�h�l�h�d�Z��

�i�Z�j�Z�� �[�_�a�� �i�j�y�f�h�]�h�� �d�h�g�l�Z�d�l�Z�� �k�� �`�b�^�d�b�f���l�h�i�e�b�\�h�f���� �H�k�g�h�\�g�h�_�� �i�j�_�^�g�Z�a�g�Z�q�_�g�b�_�� �w�l�h�c��

�k�l�j�m�b�� �i�Z�j�Z���± �i�h�\�u�r�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �w�e�_�f�_�g�l�h�\�� �l�h�i�d�b�� �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y 

�d�h�d�k�h�\�Z�g�b�y �i�h�\�_�j�o�g�h�k�l�_�c �b�� �b�g�l�_�g�k�b�n�b�d�Z�p�b�b�� �b�k�i�Z�j�_�g�b�y. �<�l�h�j�Z�y �n�h�j�k�m�g�d�Z��

�g�Z�i�j�Z�\�e�_�g�Z���\�\�_�j�o���± �\���d�Z�f�_�j�m���]�Z�a�h�]�_�g�_�j�Z�p�b�b�� 
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�J�b�k�m�g�h�d��9. �I�j�b�f�_�j���b�k�i�h�e�v�a�m�_�f�h�]�h���`�b�^�d�h�l�h�i�e�b�\�g�h�]�h���]�h�j�_�e�h�q�g�h�]�h �m�k�l�j�h�c�k�l�\�Z 

�b�k�i�Z�j�b�l�_�e�v�g�h�]�h���l�b�i�Z �k���\�g�_�r�g�_�c���]�_�g�_�j�Z�p�b�_�c �i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z���� 

�Z�����\�g�_�r�g�b�c���\�b�^�����[�����k�o�_�f�Z�� 1 �± �d�h�j�i�m�k���������± �f�_�k�l�h���i�h�^�Z�q�b���i�Z�j�Z���������± �l�h�i�d�Z���� 

4 �± �n�h�j�d�Z�f�_�j�Z���������± �i�Z�j�h�\�Z�y���n�h�j�k�m�g�d�Z������ �± �d�Z�f�_�j�Z���]�Z�a�h�]�_�g�_�j�Z�p�b�b���������± �\�u�o�h�^�g�h�_��

�k�h�i�e�h���������± �\�h�a�^�m�o�h�\�h�^�u���������± �l�h�i�e�b�\�h�i�j�h�\�h�^������0 �± �l�h�i�e�b�\�h�i�j�b�_�f�g�b�d�� 

 

�M�k�l�j�h�c�k�l�\�h�� �j�Z�[�h�l�Z�_�l�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �g�Z�k�h�k�� �i�h�^�Z�_�l�� �\�h�^�m�� �k�� �a�Z�^�Z�g�g�u�f��

�j�Z�k�o�h�^�h�f�� �\�� �i�h�^�d�e�x�q�_�g�g�u�c�� �d�� �m�k�l�j�h�c�k�l�\�m�� �b�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �g�Z�]�j�_�l�u�c��

�i�Z�j�h�]�_�g�_�j�Z�l�h�j���� �b�a�� �d�h�l�h�j�h�]�h�� �i�Z�j�� �i�h�k�l�m�i�Z�_�l�� �\�� �]�h�j�_�e�h�q�g�h�_�� �m�k�l�j�h�c�k�l�\�h�� �b�� �g�Z�]�j�_�\�Z�_�l 

�_�]�h�� �w�e�_�f�_�g�l�u���� �I�h�k�e�_�� �w�l�h�]�h���q�_�j�_�a���l�h�i�e�b�\�h�i�j�b�_�f�g�b�d���i�h���l�h�i�e�b�\�h�i�j�h�\�h�^�m �l�h�i�e�b�\�h���k��

�a�Z�^�Z�g�g�u�f�� �j�Z�k�o�h�^�h�f �i�h�^�Z�_�l�k�y �\�� �l�h�i�d�m �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z���� �I�h�^�`�b�]�Z�g�b�_��

�b�k�i�Z�j�y�x�s�_�]�h�k�y�� �l�h�i�e�b�\�Z�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\�g�_�r�g�_�c�� �]�Z�a�h�\�h�c���]�h�j�_�e�d�h�c�� �q�_�j�_�a��

�h�l�\�_�j�k�l�b�y�� �\�� �g�b�`�g�_�c���q�Z�k�l�b�� �l�h�i�h�q�g�h�c�� �d�Z�f�_�j�u���� �<�� �l�_�q�_�g�b�_�� �l�j�z�o �f�b�g�m�l���i�j�h�b�k�o�h�^�b�l 

�\�u�o�h�^���g�Z���k�l�Z�p�b�h�g�Z�j�g�u�c���j�_�`�b�f���j�Z�[�h�l�u �]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z. 
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�J�b�k�m�g�h�d��10�����K�o�_�f�Z���j�Z�[�h�l�u���]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z. 

 

�K�o�_�f�Z�� �i�j�h�p�_�k�k�Z�� �k�`�b�]�Z�g�b�y�� �\�� �^�Z�g�g�h�f�� �]�h�j�_�e�h�q�g�h�f�� �m�k�l�j�h�c�k�l�\�_���Z�g�Z�e�h�]�b�q�g�Z��

�h�i�b�k�Z�g�g�h�c���\�u�r�_�� �^�e�y�� �e�Z�[�h�j�Z�l�h�j�g�h�]�h�� �h�[�j�Z�a�p�Z�� �Z�\�l�h�g�h�f�g�h�]�h�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���� �:�� �b�f�_�g�g�h���� �b�k�i�Z�j�y�x�s�b�_�k�y�� �d�h�f�i�h�g�_�g�l�u�� �l�h�i�e�b�\�Z�� �\�h�k�i�e�Z�f�_�g�y�x�l�k�y�� �\��

�l�h�i�h�q�g�h�c�� �d�Z�f�_�j�_�����d�h�f�i�h�g�_�g�l�u�� �k�f�_�k�b �i�h�k�l�m�i�Z�x�l�� �\�� �d�Z�f�_�j�m�� �]�Z�a�h�]�_�g�_�j�Z�p�b�b���� �i�j�b��

�i�_�j�_�f�_�r�b�\�Z�g�b�b�� �k�� �g�Z�i�j�Z�\�e�_�g�g�h�c�� �\�\�_�j�o�� �k�l�j�m�_�c�� �i�_�j�_�]�j�_�l�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z��

�i�j�h�b�k�o�h�^�b�l�� �]�Z�a�b�n�b�d�Z�p�b�y�� �i�j�h�^�m�d�l�h�\�� �l�_�j�f�b�q�_�k�d�h�]�h�� �j�Z�a�e�h�`�_�g�b�y�� �b�� �g�_�i�h�e�g�h�]�h��

�k�]�h�j�Z�g�b�y���l�h�i�e�b�\�Z�����H�[�j�Z�a�m�x�s�Z�y�k�y���]�h�j�x�q�Z�y���k�f�_�k�v���\�h�^�h�j�h�^�Z���b���f�h�g�h�h�d�k�b�^�Z���m�]�e�_�j�h�^�Z 

�^�h�]�h�j�Z�_�l���\�h���\�g�_�r�g�_�f �n�Z�d�_�e�_�����k�f�_�r�b�\�Z�y�k�v���k���\�h�a�^�m�o�h�f ���k�f�����j�b�k�m�g�h�d��10). 

2.2. �F�?�L�H�>�B�D�B���B�A�F�?�J�?�G�B�Y 

2.2.1. �F�_�l�h�^�b�d�Z���b�a�f�_�j�_�g�b�y���k�d�h�j�h�k�l�b���i�h�l�h�d�Z���\���n�Z�d�_�e�_ 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�l�j�m�d�l�m�j�u �i�h�l�h�d�Z�� �\�� �n�Z�d�_�e�_�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���i�j�b���]�h�j�_�g�b�b���`�b�^�d�h�]�h���m�]�e�_�\�h�^�h�j�h�^�g�h�]�h���l�h�i�e�b�\�Z���k �i�h�^�Z�q�_�c �i�_�j�_�]�j�_�l�h�]�h��

�\�h�^�y�g�h�]�h���i�Z�j�Z���\���a�h�g�m���]�h�j�_�g�b�y���i�j�h�\�_�^�_�g�h���g�Z���h�k�g�h�\�_���h�i�l�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �b�a�f�_�j�_�g�b�y��

�k�d�h�j�h�k�l�b��(PIV)���� �j�_�Z�e�b�a�h�\�Z�g�g�h�]�h�� �\���^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�c���b�a�f�_�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�_��

�©�I�h�e�b�k�ª�����j�Z�a�j�Z�[�h�l�Z�g�g�h�c���\���B�L���K�H���J�:�G ���k�f�����j�b�k�m�g�h�d����1) [157]. �M�d�Z�a�Z�g�g�Z�y���k�b�k�l�_�f�Z 



54 

 

�\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y���� �^�\�h�c�g�h�c�� �b�f�i�m�e�v�k�g�u�c�� �1�G���<�$�*�� �e�Z�a�_�j�� �4�X�D�Q�W�H�O�(�9�*�� �k�� �w�g�_�j�]�b�_�c�� �\��

�b�f�i�m�e�v�k�_�������� �f�>�`�����^�e�b�g�Z���\�h�e�g�u�������� �g�f�����q�Z�k�l�h�l�Z���^�h������ �=�p�����^�e�b�l�_�e�v�g�h�k�l�v���b�f�i�m�e�v�k�Z��

10 �g�k������ �h�[�t�_�d�l�b�\�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �e�Z�a�_�j�g�h�]�h�� �g�h�`�Z�����p�b�n�j�h�\�Z�y�� �d�Z�f�_�j�Z�� �<�b�^�_�h�k�d�Z�g��

���������� �k�� �j�Z�a�j�_�r�_�g�b�_�f�� ���������u���������� �i�b�d�k�_�e�_�c���� �d�Z�^�j�h�\�Z�y�� �q�Z�k�l�h�l�Z�� ������ �=�p�� ���d�h�l�h�j�Z�y�� �b��

�h�i�j�_�^�_�e�y�_�l�� �f�Z�d�k�b�f�Z�e�v�g�m�x�� �q�Z�k�l�h�l�m�� �b�a�f�_�j�_�g�b�c �i�j�b�� �^�h�k�l�Z�l�h�q�g�h�c���k�d�h�j�h�k�l�b �a�Z�i�b�k�b��

�^�Z�g�g�u�o�� �\�� �I�A�M�� �d�h�f�i�v�x�l�_�j�Z������ �r�b�j�h�d�h�m�]�h�e�v�g�u�c�� �h�[�t�_�d�l�b�\�� �1�L�N�N�R�U�� �����P�P�� �)���������� �'��

���^�b�Z�f�_�l�j�� ���� �f�f������ �k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�c�� �i�j�h�p�_�k�k�h�j���� �i�_�j�k�h�g�Z�e�v�g�u�c�� �d�h�f�i�v�x�l�_�j�� �k��

�i�j�h�]�j�Z�f�f�g�u�f�� �h�[�_�k�i�_�q�_�g�b�_�f��ActualFlow. �>�e�y�� �i�h�^�Z�\�e�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�c�� �y�j�d�h�k�l�b��

�n�Z�d�_�e�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �h�i�l�b�q�_�k�d�b�_�� �k�\�_�l�h�n�b�e�v�l�j�u�� ���������r10 �g�f������ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��

�m�k�l�Z�g�h�\�e�_�g�g�u�_���g�Z���h�[�t�_�d�l�b�\��  

�<�u�k�h�d�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�l�h�d�Z�� �b�� �k�i�_�p�b�n�b�d�Z �b�k�i�h�e�v�a�m�_�f�u�o���`�b�^�d�h�l�h�i�e�b�\�g�u�o��

�]�h�j�_�e�h�q�g�u�o�� �m�k�l�j�h�c�k�l�\ �b�k�i�Z�j�b�l�_�e�v�g�h�]�h�� �l�b�i�Z�� �h�k�e�h�`�g�y�x�l�� �\�u�[�h�j�� �l�j�Z�k�k�_�j�h�\�� �b�� �b�o��

�i�h�^�Z�q�m�� �\�� �k�j�_�^�m�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y PIV-�b�a�f�_�j�_�g�b�c���� �K�l�Z�g�^�Z�j�l�g�u�_�����l�\�_�j�^�u�_�����l�j�Z�k�k�_�j�u��

�b���f�_�l�h�^�u �a�Z�k�_�\�Z���i�h�l�h�d�Z���a�^�_�k�v �g�_���i�h�^�o�h�^�y�l�����i�h�k�d�h�e�v�d�m���\���^�Z�g�g�h�f���k�e�m�q�Z�_���l�j�Z�k�k�_�j�u �g�_��

�f�h�]�m�l���[�u�l�v���\�\�_�^�_�g�u���\���n�Z�d�_�e���k���i�h�l�h�d�h�f���i�Z�j�Z���b�e�b���\�h�a�^�m�o�Z�����d�Z�d���b���g�_���f�h�]�m�l���i�_�j�_�c�l�b���\��

�]�Z�a�h�\�m�x���k�j�_�^�m�����[�m�^�m�q�b���^�h�[�Z�\�e�_�g�u���d���`�b�^�d�h�f�m���l�h�i�e�b�\�m�����D�j�h�f�_���l�h�]�h�����\�Z�`�g�h�����q�l�h�[�u 

�i�j�b�� �^�b�Z�]�g�h�k�l�b�d�_�� �j�_�Z�]�b�j�m�x�s�_�]�h�� �i�h�l�h�d�Z�� �l�j�Z�k�k�_�j�u�� �[�u�e�b�� �o�b�f�b�q�_�k�d�b�� �b�g�_�j�l�g�u�� �b��

�k�l�Z�[�b�e�v�g�u.  

 

 

�J�b�k�m�g�h�d����1. �M�k�l�Z�g�h�\�d�Z�����h�k�g�Z�s�_�g�g�Z�y��PIV-�k�b�k�l�_�f�h�c�� 

�^�e�y���b�a�f�_�j�_�g�b�y���i�h�e�y���k�d�h�j�h�k�l�b���\���n�Z�d�_�e�_. 

 

�E�Z�a�_�j

�D�Z�f�_�j�Z

�=�h�j�_�e�h�q�g�h�_

�m�k�l�j�h�c�k�l�\�h



55 

 

�G�Z�c�l�b���j�_�r�_�g�b�_���w�l�h�c���i�j�h�[�e�_�f�u���m�^�Z�e�h�k�v���^�h�[�Z�\�e�_�g�b�_�f �k�b�e�b�d�h�g�h�\�h�]�h���f�Z�k�e�Z���\��

�`�b�^�d�h�_�� �l�h�i�e�b�\�h���� �<�h�� �\�j�_�f�y�� �i�j�h�\�_�^�_�g�b�y�� �b�a�f�_�j�_�g�b�c �k�b�e�b�d�h�g�h�\�h�_�� �f�Z�k�e�h�� �f�Z�j�d�b��

�I�F�K-���� �i�h�^�Z�\�Z�e�h�k�v���q�_�j�_�a�� �\�h�a�^�m�o�h�\�h�^�u �r�i�j�b�p�_�f���\�� �l�h�i�e�b�\�h���� �g�Z�o�h�^�y�s�_�_�k�y �\�� �l�h�i�d�_��

�]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z. �K�b�e�b�d�h�g�h�\�h�_ �f�Z�k�e�h ���b�f�_�x�s�_�_ �l�_�f�i�_�j�Z�l�m�j�m�� �d�b�i�_�g�b�y��

�a�������ƒ�K�����b�k�i�Z�j�y�e�h�k�v�� �\�f�_�k�l�_���k�� �l�h�i�e�b�\�h�f���� �b�� �\�� �j�_�a�m�e�v�l�Z�l�_���\ �a�h�g�_�� �]�h�j�_�g�b�y��

�h�[�j�Z�a�h�\�u�\�Z�e�b�k�v���l�\�_�j�^�u�_���f�b�d�j�h�q�Z�k�l�b�p�u���^�b�h�d�k�b�^�Z���d�j�_�f�g�b�y�����d�h�l�h�j�u�_���h�[�_�k�i�_�q�b�\�Z�e�b 

�a�Z�k�_�\�� �i�h�l�h�d�Z�� �l�j�Z�k�k�_�j�Z�f�b���� �i�h�^�o�h�^�y�s�b�f�b�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �3�,�9-�b�a�f�_�j�_�g�b�c����

�>�h�k�l�h�b�g�k�l�\�h�f�� �i�j�b�f�_�g�y�_�f�h�c�� �f�_�l�h�^�b�d�b�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �^�h�[�Z�\�e�_�g�b�_�� �\�� �l�h�i�e�b�\�h��

�g�_�[�h�e�v�r�h�]�h���d�h�e�b�q�_�k�l�\�Z���k�b�e�b�d�h�g�h�\�h�]�h���f�Z�k�e�Z�����^�h��50 �]���g�Z���� �d�]���l�h�i�e�b�\�Z) �g�_���\�e�b�y�_�l���g�Z��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�p�_�k�k�Z�� �]�h�j�_�g�b�y�� ���\�� �h�l�e�b�q�b�_���� �g�Z�i�j�b�f�_�j���� �h�l�� �`�_�e�_�a�h�k�h�^�_�j�`�Z�s�b�o��

�k�h�_�^�b�g�_�g�b�c������ �>�Z�g�g�h�_�� �j�_�r�_�g�b�_���h�d�Z�a�Z�e�h�k�v �g�_�� �l�h�e�v�d�h�� �i�j�h�k�l�u�f���� �g�h�� �b�� �w�n�n�_�d�l�b�\�g�u�f����

�k�b�e�b�d�h�g�h�\�h�_�� �f�Z�k�e�h�� �o�h�j�h�r�h�� �j�Z�k�l�\�h�j�y�_�l�k�y�� �\�� �`�b�^�d�b�o�� �m�]�e�_�\�h�^�h�j�h�^�Z�o���� �i�j�b�� �g�b�a�d�h�c��

�d�h�g�p�_�g�l�j�Z�p�b�b�� �g�_�� �h�d�Z�a�u�\�Z�_�l�� �a�Z�f�_�l�g�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �i�j�h�p�_�k�k�� �]�h�j�_�g�b�y���� �b�f�_�_�l��

�h�l�g�h�k�b�l�_�e�v�g�h�� �g�b�a�d�m�x�� �k�l�h�b�f�h�k�l�v���� �g�_�� �l�h�d�k�b�q�g�h�� �b�� �g�_�� �i�j�b�\�h�^�b�l�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x��

�l�h�d�k�b�q�g�u�o�� �i�j�h�^�m�d�l�h�\�� �\�� �n�Z�d�_�e�_���� �Z�� �h�[�j�Z�a�m�x�s�b�_�k�y�� �q�Z�k�l�b�p�u�� �b�f�_�x�l�� �j�Z�a�f�_�j�u��

(~1 �f�d�f������ �h�l�\�_�q�Z�x�s�b�_�� �l�j�_�[�h�\�Z�g�b�y�f�� �f�_�l�h�^�Z�� �3�,�9���� �G�b�a�d�Z�y�� �b�g�_�j�p�b�h�g�g�h�k�l�v���w�l�b�o��

�q�Z�k�l�b�p���b���o�h�j�h�r�Z�y �j�Z�a�e�b�q�b�f�h�k�l�v�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o���i�h�a�\�h�e�y�x�l�� �k���^�h�k�l�Z�l�h�q�g�h�c 

�l�h�q�g�h�k�l�v�x���h�i�j�_�^�_�e�y�l�v���b�o���i�_�j�_�f�_�s�_�g�b�y �b���b�a�f�_�j�y�l�v���k�d�h�j�h�k�l�v���i�h�l�h�d�Z���k �o�Z�j�Z�d�l�_�j�g�h�c 

�f�_�l�h�^�Z��PIV �i�h�]�j�_�r�g�h�k�l�v�x �\���i�j�_�^�_�e�Z�o��10 %. 

2.2.2. �F�_�l�h�^�b�d�Z���b�a�f�_�j�_�g�b�y���l�_�f�i�_�j�Z�l�m�j�u 

�>�e�y�� �b�a�f�_�j�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�f�� �n�Z�d�_�e�_�� �\��

�b�k�i�h�e�v�a�m�_�f�u�o�� �]�h�j�_�e�h�q�g�u�o�� �m�k�l�j�h�c�k�l�\�Z�o�� �>��63-165�@�� �[�u�e�Z�� �\�u�[�j�Z�g�Z�� �i�e�Z�l�b�g�h�j�h�^�b�c-

�i�e�Z�l�b�g�h�j�h�^�b�_�\�Z�y�� �l�_�j�f�h�i�Z�j�Z �l�b�i�Z�� �%�� �i�j�h�b�a�\�h�^�k�l�\�Z �H�:�H �G�I�I�� �©�W�l�Z�e�h�g�ª�� ���3�W-30%, 

Rh / Pt-�������� �5�K������ �^�b�Z�i�Z�a�h�g�� �������±1600�q�&�� ���d�j�Z�l�d�h�\�j�_�f�_�g�g�h�� �^�h�� ���������q�&������ �^�b�Z�f�_�l�j��

�i�j�h�\�h�e�h�d�b�� ����5 �f�f���� �^�e�b�g�Z�� �l�_�j�f�h�w�e�_�d�l�j�h�^�h�\�� ���� �k�f�� ���k�f���� �j�b�k�m�g�h�d�� ��2)���� �o�Z�j�Z�d�l�_�j�g�h�_��

�\�j�_�f�y�� �j�_�e�Z�d�k�Z�p�b�b�� �� �k���� �L�_�j�f�h�i�Z�j�Z�� �b�f�_�_�l�� �I-�h�[�j�Z�a�g�m�x���n�h�j�f�m���� �Z�� �j�Z�[�h�q�b�c�� �k�i�Z�c��

�j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �i�h�k�_�j�_�^�b�g�_�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�]�h�� �h�l�j�_�a�d�Z�� �[�m�d�\�u�� �I���� �L�_�j�f�h�w�e�_�d�l�j�h�^�u��
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�a�Z�s�b�s�_�g�u���]�Z�a�h�g�_�i�j�h�g�b�p�Z�_�f�u�f���d�_�j�Z�f�b�q�_�k�d�b�f���q�_�o�e�h�f��TRA-116316 (Al2O3 �����������^�h��

1900�q�K�����k���^�b�Z�f�_�l�j�h�f���� �f�f���� 

 

 

 

 

 

�Z�� �[�� �\�� 

�J�b�k�m�g�h�d�����������H�[�s�b�c���\�b�^���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h���k�l�_�g�^�Z���k���D�I�M���b���l�_�j�f�h�i�Z�j�h�c�����Z������

�h�[�s�b�c���\�b�^���m�k�l�j�h�c�k�l�\�Z���^�e�y���l�_�j�f�h�i�Z�j�g�u�o���b�a�f�_�j�_�g�b�c�����[�������k�o�_�f�Z���i�_�j�_�f�_�s�_�g�b�y��

�l�_�j�f�h�i�Z�j�u�����\��. 

 

�B�a�f�_�j�_�g�b�y�� �i�j�h�\�h�^�y�l�k�y�� �\�� �i�e�h�k�d�h�k�l�b�� �k�b�f�f�_�l�j�b�b�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z����

�J�Z�[�h�q�b�c�� �d�h�g�_�p�� �l�_�j�f�h�i�Z�j�u�� �i�h�f�_�s�Z�_�l�k�y�� �\�� �j�Z�a�e�b�q�g�u�_�� �l�h�q�d�b�� �\�g�m�l�j�b�� �n�Z�d�_�e�Z��

���k�h�]�e�Z�k�g�h�� �i�e�Z�g�m���� �i�j�b�� �i�h�f�h�s�b�� �d�h�h�j�^�b�g�Z�l�g�h-�i�_�j�_�f�_�s�Z�x�s�_�]�h �m�k�l�j�h�c�k�l�\�Z�� ���D�I�M��, 

�r�Z�]���h�l�����f �f �����K�b�]�g�Z�e���k���l�_�j�f�h�i�Z�j�u���q�_�j�_�a���:�P�I��LTR114 (24 �[�b�l�Z������ �d�=�p�����i�h�k�l�m�i�Z�_�l���g�Z��

�d�h�f�i�v�x�l�_�j���� �:�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�c�� �k�[�h�j�� �^�Z�g�g�u�o���� �\�b�a�m�Z�e�b�a�Z�p�b�y���� �i�_�j�\�b�q�g�Z�y��

�h�[�j�Z�[�h�l�d�Z�� �b�� �k�h�o�j�Z�g�_�g�b�_�� �h�k�m�s�_�k�l�\�e�y�x�l�k�y�� �\�� �i�j�h�]�j�Z�f�f�_��Automatized Thermocouple 

Measurements���� �H�k�g�h�\�g�h�_�� �g�Z�a�g�Z�q�_�g�b�_ �^�Z�g�g�h�c�� �i�j�h�]�j�Z�f�f�u���� �k�b�g�o�j�h�g�b�a�Z�p�b�y�� �D�I�M�� �b��

�:�P�I���� �m�i�j�Z�\�e�_�g�b�_�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�f�� �i�_�j�_�f�_�s�_�g�b�_�f�� �b�a�f�_�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u����

�\�b�a�m�Z�e�b�a�Z�p�b�y�� �k�b�]�g�Z�e�h�\�� �\�� �Z�[�k�h�e�x�l�g�u�o�� �\�_�e�b�q�b�g�Z�o�� �\�� �f�h�f�_�g�l�� �b�a�f�_�j�_�g�b�c����

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�c�� �g�_�i�j�_�j�u�\�g�u�c�� �k�[�h�j�� �b�� �k�h�o�j�Z�g�_�g�b�_�� �^�Z�g�g�u�o�� �\�� �n�Z�c�e����

�h�^�g�h�\�j�_�f�_�g�g�u�c�� �k�b�g�o�j�h�g�b�a�b�j�h�\�Z�g�g�u�c�� �a�Z�i�m�k�d�� �g�_�k�d�h�e�v�d�b�o�� �d�Z�g�Z�e�h�\���� �I�h�k�e�_�^�m�x�s�Z�y��

�\�b�a�m�Z�e�b�a�Z�p�b�y���^�Z�g�g�u�o���\�u�i�h�e�g�y�_�l�k�y���g�Z���d�h�f�i�v�x�l�_�j�_�� 
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�>�Z�g�g�Z�y�� �f�_�l�h�^�b�d�Z�� �b�f�_�_�l�� �j�y�^���b�k�l�h�q�g�b�d�h�\���i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�c���� �H�^�g�Z�� �b�a��

�g�b�o �± �w�l�h�� �\�e�b�y�g�b�_�� �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �j�_�Z�d�p�b�b�� �\�k�e�_�^�k�l�\�b�_�� �k�i�h�k�h�[�g�h�k�l�b���i�e�Z�l�b�g�h�\�u�o 

�f�_�l�Z�e�e�h�\ �d�� �Z�[�k�h�j�[�p�b�b�� �]�Z�a�h�\�� ���\�� �q�Z�k�l�g�h�k�l�b�� �H2���� �G2) [90�@���� �L�Z�d�`�_�� �k�e�_�^�m�_�l�� �m�q�b�l�u�\�Z�l�v��

�b�a�e�m�q�_�g�b�_�� �i�j�h�\�h�^�y�s�b�o�� �w�e�_�f�_�g�l�h�\�� �i�j�b�� �b�o�� �i�h�f�_�s�_�g�b�b�� �\�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x��

�a�h�g�m���� �<�� �j�Z�[�h�l�_�� �>166�@���i�h�d�Z�a�Z�g�h���� �q�l�h�� �^�Z�g�g�u�_���� �i�h�e�m�q�_�g�g�u�_�� �i�j�b�� �i�h�f�h�s�b�� �l�_�j�f�h�i�Z�j���� �\��

�i�e�Z�f�_�g�b���f�h�]�m�l���h�l�e�b�q�Z�l�v�k�y���h�l���j�_�a�m�e�v�l�Z�l�h�\���j�Z�k�q�_�l�h�\���g�Z���\�_�e�b�q�b�g�m��~���������.�����H�k�g�h�\�g�h�c��

�i�j�b�q�b�g�h�c�� �h�l�d�e�h�g�_�g�b�y�� �Z�\�l�h�j�u�� �k�q�b�l�Z�x�l�� �l�_�i�e�h�\�h�_�� �b�a�e�m�q�_�g�b�_�� �l�_�j�f�h�i�Z�j�u �\��

�h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m���� �i�j�b�� �m�q�_�l�_�� �d�h�l�h�j�h�]�h�� �j�_�a�m�e�v�l�Z�l�u���b�a�f�_�j�_�g�b�c���i�j�b�[�e�b�`�Z�x�l�k�y�� �d��

�j�Z�k�q�_�l�g�u�f�����>�e�y���h�p�_�g�d�b���i�h�]�j�_�r�g�h�k�l�b�����k�\�y�a�Z�g�g�h�c���k���b�a�e�m�q�_�g�b�_�f�����\���j�Z�[�h�l�_���>167�@���^�e�y��

�d�j�m�]�e�u�o���l�_�j�f�h�i�Z�j���j�_�d�h�f�_�g�^�m�_�l�k�y���b�k�i�h�e�v�a�h�\�Z�l�v���k�e�_�^�m�x�s�m�x���n�h�j�f�m�e�m���� 

�� ��1 43 4 41,25 cT d T V�' � �H�V �K �U �O, 

�]�^�_��cT  �± �l�_�f�i�_�j�Z�l�m�j�Z���l�_�j�f�h�k�i�Z�y�����H �± �k�l�_�i�_�g�v���q�_�j�g�h�l�u���l�_�j�f�h�i�Z�j�u�����V �± �i�h�k�l�h�y�g�g�Z�y��

�K�l�_�n�Z�g�Z-�;�h�e�v�p�f�Z�g�Z����d �± �^�b�Z�f�_�l�j�� �l�_�j�f�h�i�Z�j�u�����O���� ���� �± �d�h�w�n�n�b�p�b�_�g�l�u��

�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b���b���\�y�a�d�h�k�l�b���]�Z�a�Z�����!����V �± �i�e�h�l�g�h�k�l�v���b���k�d�h�j�h�k�l�v���]�Z�a�Z�� 

�<���j�Z�[�h�l�_���>167�@���^�e�y���m�q�_�l�Z���i�h�i�j�Z�\�d�b���g�Z���b�a�e�m�q�_�g�b�_���i�j�h�\�h�^�y�s�b�o���w�e�_�f�_�g�l�h�\���\�k�_��

�i�Z�j�Z�f�_�l�j�u�� �g�_�k�m�s�_�c�� �n�Z�a�u�� �[�_�j�m�l�� �^�e�y�� �\�h�a�^�m�o�Z�� �\�k�e�_�^�k�l�\�b�_�� �k�e�h�`�g�h�k�l�b�� �h�p�_�g�d�b��

�i�Z�j�Z�f�_�l�j�h�\���^�e�y���f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�h�c���k�f�_�k�b �\���i�e�Z�f�_�g�b�����I�h�w�l�h�f�m�����b�k�i�h�e�v�a�m�y���O���������b���! 

�^�e�y�� �\�h�a�^�m�o�Z���� �k�� �m�q�z�l�h�f�� �b�o�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�_�f�i�_�j�Z�l�m�j�u [168], �i�h�e�m�q�b�f�� �\�_�e�b�q�b�g�m��

�i�h�i�j�Z�\�d�b �g�Z���m�j�h�\�g�_ 5%. 

�D�j�h�f�_�� �l�h�]�h���� �k�m�s�_�k�l�\�m�_�l�� �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�Z�y�� �i�h�]�j�_�r�g�h�k�l�v�� �^�Z�l�q�b�d�Z���� �d�h�l�h�j�Z�y��

�k�h�k�l�Z�\�e�y�_�l�� �i�h�� �i�Z�k�i�h�j�l�m���r0,5% [88�@���� �I�h�]�j�_�r�g�h�k�l�v�� �`�_�� �i�j�b�_�f�g�b�d�Z�� �^�Z�g�g�u�o�� ���r�m�f��

�:�P�I�� �i�j�b�� �q�Z�k�l�h�l�_�� ���� �=�p���k�h�k�l�Z�\�e�y�_�l�� ������ �f�d�<���� �i�j�b�� �q�Z�k�l�h�l�_�� ������ �=�p���± �h�d�h�e�h������ �f�d�<����

�>�e�y���\�u�i�h�e�g�y�_�f�u�o���b�a�f�_�j�_�g�b�c���w�l�h���h�a�g�Z�q�Z�_�l���i�j�b�[�h�j�g�m�x���i�h�]�j�_�r�g�h�k�l�v���a�����������.�����b�e�b���a��

���������������h�l���o�Z�j�Z�d�l�_�j�g�h�c���b�a�f�_�j�y�_�f�h�c���l�_�f�i�_�j�Z�l�m�j�u������ 

�G�_�k�f�h�l�j�y�� �g�Z�� �[�h�e�v�r�h�_�� �q�b�k�e�h�� �n�Z�d�l�h�j�h�\���� �\�e�b�y�x�s�b�o�� �g�Z�� �^�h�k�l�h�\�_�j�g�h�k�l�v��

�j�_�a�m�e�v�l�Z�l�h�\���� �k�q�b�l�Z�_�l�k�y���� �q�l�h�� �h�k�g�h�\�g�h�c�� �\�d�e�Z�^�� �\�� �i�h�]�j�_�r�g�h�k�l�v�� �b�a�f�_�j�_�g�b�c��

�l�_�f�i�_�j�Z�l�m�j�u �\�g�h�k�y�l�� �b�a�e�m�q�_�g�b�_�� �i�j�h�\�h�^�y�s�b�o�� �w�e�_�f�_�g�l�h�\�� �b�� �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�Z�y��

�i�h�]�j�_�r�g�h�k�l�v���^�Z�l�q�b�d�Z�����o�h�l�y���^�h�k�l�h�\�_�j�g�h �h�p�_�g�b�l�v���i�h�]�j�_�r�g�h�k�l�v���i�j�b�_�f�g�b�d�Z���^�Z�g�g�u�o���b��
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�\�e�b�y�g�b�_�� �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �j�_�Z�d�p�b�b���± �\�_�k�v�f�Z���k�e�h�`�g�h. �I �h�i�j�Z�\�d�Z�� �g�Z�� �o�h�e�h�^�g�u�c�� �k�i�Z�c��

�l�_�j�f�h�i�Z�j�u�����d�h�l�h�j�u�c���g�Z�o�h�^�b�l�k�y���i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_�����g�_���\�\�h�^�b�l�k�y, �l�Z�d���d�Z�d��

�b�a�f�_�g�_�g�b�_�� �k�b�]�g�Z�e�Z�� �i�j�b�� �g�b�a�d�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �o�h�e�h�^�g�h�]�h�� �k�i�Z�y�� �g�_�k�m�s�_�k�l�\�_�g�g�h�� �^�e�y��

�\�u�[�j�Z�g�g�h�]�h���l�b�i�Z���l�_�j�f�h�i�Z�j�����f�Z�e�u�c���\�d�e�Z�^���\���L�W�>�K�����>88�@�������k�f�����j�b�k�m�g�h�d����3). 

�G�Z�j�y�^�m�� �k�� �w�l�b�f�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y���l�_�f�i�_�j�Z�l�m�j�g�u�o�� �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c 

�b�a�f�_�j�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�e�Z�f�_�g�b�� �l�Z�d�`�_�� �h�k�m�s�_�k�l�\�e�y�e�b�k�v�� �i�j�b�� �i�h�f�h�s�b��

�l�_�i�e�h�\�b�a�b�h�g�g�g�h�c�� �d�Z�f�_�j�u�� �n�b�j�f�u��FLIR �k�_�j�b�b��JADE J530SB ���k�f���� �j�b�k�m�g�h�d�� ��4) 

�k�h�\�f�_�k�l�g�h�� �k�� �k�h�l�j�m�^�g�b�d�Z�f�b�� �d�Z�n�_�^�j�u�� �N�<�F���L�h�f�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h��

�m�g�b�\�_�j�k�b�l�_�l�Z�� �>��60�±162, 169�@���� �>�Z�g�g�u�c�� �i�j�b�[�h�j�� �b�f�_�_�l�� �r�b�j�h�d�b�c�� �^�b�Z�i�Z�a�h�g��

�i�Z�j�Z�f�_�l�j�h�\���� �q�Z�k�l�h�l�Z�� �k�t�_�f�d�b�� �f�h�`�_�l�� �m�k�l�Z�g�Z�\�e�b�\�Z�l�v�k�y �h�l�� ������ �=�p�����k���j�Z�a�j�_�r�_�g�b�_�f  

�d�Z�^�j�Z�� �������o�������� �i�b�d�k�_�e�_�c) �^�h�� ���� �d�=�p��(�k�� �j�Z�a�j�_�r�_�g�b�_�f�� ������ �o ���� �i�b�d�k�_�e�_�c)���� �d�Z�f�_�j�Z��

�i�h�a�\�h�e�y�_�l�� �j�Z�[�h�l�Z�l�v�� �k�� �b�g�n�j�Z�d�j�Z�k�g�u�f�� �b�a�e�m�q�_�g�b�_�f�� �\�� �^�b�Z�i�Z�a�h�g�_�� �������±5 �f�d�f���� �q�l�h 

�k�h�h�l�\�_�l�k�l�\�m�_�l���^�e�b�g�Z�f�� �\�h�e�g���b�a�e�m�q�_�g�b�y�� �i�j�h�^�m�d�l�h�\�� �]�h�j�_�g�b�y�� ���G2�H, CO2, CO �b�� �^�j��������

�D�Z�f�_�j�Z�� �m�d�h�f�i�e�_�d�l�h�\�Z�g�Z�� �k�\�_�l�h�n�b�e�v�l�j�Z�f�b�� �k�� �^�e�b�g�h�c�� �\�h�e�g�u�� �i�j�h�i�m�k�d�Z�g�b�y�� �������±2,7, 

2,64�±3,25, 3,1�±3,3, 3,7�±3,9, 4,0�±�������� �f�d�f�����K�h�]�e�Z�k�g�h �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�j�h�b�a�\�h�^�b�l�_�e�y�� 

�^�e�y�� �b�a�f�_�j�_�g�b�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�u�r�_�� �������� K �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �k�\�_�l�h�n�b�e�v�l�j�� 

2,5�±2,7 �f�d�f.  

 

�J�b�k�m�g�h�d����3�����A�Z�\�b�k�b�f�h�k�l�v���L�W�>�K���l�_�j�f�h�i�Z�j�u���l�b�i�Z���%���h�l���l�_�f�i�_�j�Z�l�m�j�u. 
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�J�b�k�m�g�h�d����4�����N�h�l�h�]�j�Z�n�b�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h���k�l�_�g�^�Z�� 

�k���l�_�i�e�h�\�b�a�h�j�h�f��FLIR JADE J530SB. 

 

�>�e�y���h�i�j�_�^�_�e�_�g�b�y���w�n�n�_�d�l�b�\�g�h�]�h���d�h�w�n�n�b�p�b�_�g�l�Z���b�a�e�m�q�_�g�b�y �0 �h�^�g�h�\�j�_�f�_�g�g�h���k��

�b�a�f�_�j�_�g�b�y�f�b�� �l�_�i�e�h�\�b�a�h�j�h�f�� �\�� �d�h�g�l�j�h�e�v�g�u�o���l�h�q�d�Z�o���j�_�]�b�k�l�j�b�j�h�\�Z�e�Z�k�v���l�_�f�i�_�j�Z�l�m�j�Z��

�k�� �i�h�f�h�s�v�x�� �i�e�Z�l�b�g�h�j�h�^�b�c-�i�e�Z�l�b�g�h�j�h�^�b�_�\�h�c�� �l�_�j�f�h�i�Z�j�u�� �l�b�i�Z�� �%�� ���������«���������ƒ�K���� �k��

�^�b�Z�f�_�l�j�h�f�� �l�_�j�f�h�w�e�_�d�l�j�h�^�h�\�� ����5 �f�f ���� �G�Z�� �i�h�e�m�q�_�g�g�h�c�� �k�j�_�^�g�_�c�� �i�h�� �\�j�_�f�_�g�b 

�l�_�j�f�h�]�j�Z�f�f�_���h�i�j�_�^�_�e�y�e�Z�k�v���a�g�Z�q�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u���\���h�[�e�Z�k�l�b���j�Z�k�i�h�e�h�`�_�g�b�y���k�i�Z�y�� 

2.2.3. �F�_�l�h�^�b�d�Z���b�a�f�_�j�_�g�b�y���l�_�i�e�h�\�u�^�_�e�_�g�b�y 

�H�p�_�g�d�Z�� �w�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�b�� �b�k�k�e�_�^�m�_�f�h�]�h�� �k�i�h�k�h�[�Z�� �k�`�b�]�Z�g�b�y�� �`�b�^�d�b�o��

�m�]�e�_�\�h�^�h�j�h�^�h�\���� �i�h�e�g�h�l�u�� �k�]�h�j�Z�g�b�y�� �l�h�i�e�b�\�Z�� �f�h�`�_�l�� �h�i�b�j�Z�l�v�k�y�� �g�Z�� �b�a�f�_�j�_�g�b�_��

�d�h�e�b�q�_�k�l�\�Z�� �l�_�i�e�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �h�l�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y [163�±165]���� �>�e�y�� �w�l�h�]�h�� �[�u�e��

�k�h�a�^�Z�g���i�j�h�l�h�q�g�u�c���d�Z�e�h�j�b�f�_�l�j�����k�f�����j�b�k�m�g�h�d����5).  

�D�Z�e�h�j�b�f�_�l�j�� �k�h�k�l�h�b�l�� �b�a�� �i�y�l�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �k�h�_�^�b�g�_�g�g�u�o�� �k�_�d�p�b�c�� ���h�[�s�Z�y��

�^�e�b�g�Z�� ���� �f������ �D�Z�`�^�Z�y�� �k�_�d�p�b�y�� �k�h�k�l�h�b�l�� �b�a�� �^�\�m�o �d�h�Z�d�k�b�Z�e�v�g�u�o�� �k�l�Z�e�v�g�u�o�� �l�j�m�[��

���l�h�e�s�b�g�Z���k�l�_�g�h�d���� �f�f�������<�g�m�l�j�_�g�g�b�c���d�Z�g�Z�e�����k���^�b�Z�f�_�l�j�h�f������ �f�f�����i�j�_�^�g�Z�a�g�Z�q�_�g���^�e�y��

�i�h�l�h�d�Z���\�h�a�^�m�o�Z���b���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y�����Z���d�h�e�v�p�_�\�h�c���d�Z�g�Z�e�����k���r�b�j�b�g�h�c������ �f�f�����± �^�e�y��

�i�h�^�Z�q�b�� �l�_�i�e�h�g�h�k�b�l�_�e�y�� ���\�h�^�u������ �<�� �\�_�j�o�g�b�o�� �d�h�e�_�g�Z�o�� �m�k�l�Z�g�h�\�e�_�g�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�_��

�\�h�a�^�m�o�h�h�l�\�h�^�q�b�d�b�� �b�a�� �d�h�e�v�p�_�\�h�]�h�� �d�Z�g�Z�e�Z�� �b�� �i�Z�l�j�m�[�d�b�� �d�� �\�g�m�l�j�_�g�g�_�f�m�� �d�Z�g�Z�e�m�� �^�e�y��
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�m�k�l�Z�g�h�\�d�b�� �b�a�f�_�j�b�l�_�e�v�g�u�o�� �i�j�b�[�h�j�h�\���� �<�� �g�b�`�g�b�o�� �d�h�e�_�g�Z�o�� �m�k�l�Z�g�h�\�e�_�g�u�� �d�j�Z�g�u�� �^�e�y��

�k�e�b�\�Z�� �l�_�i�e�h�g�h�k�b�l�_�e�y���� �Z�� �l�Z�d�`�_�� �i�j�h�[�d�b�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �d�h�g�^�_�g�k�Z�l�Z�� �b�a�� �\�g�m�l�j�_�g�g�_�]�h��

�d�Z�g�Z�e�Z���� �<�g�_�r�g�y�y�� �i�h�\�_�j�o�g�h�k�l�v�� �i�h�d�j�u�l�Z�� �l�_�i�e�h�b�a�h�e�b�j�m�x�s�b�f�� �f�Z�l�_�j�b�Z�e�h�f��

�©�l�_�j�f�h�n�e�_�d�k�ª�����D�Z�e�h�j�b�f�_�l�j���h�k�g�Z�s�_�g���g�_�h�[�o�h�^�b�f�u�f�b���b�a�f�_�j�b�l�_�e�v�g�u�f�b���i�j�b�[�h�j�Z�f�b�� 

 

 

�J�b�k�m�g�h�d����5�����K�o�_�f�Z���i�j�h�l�h�q�g�h�]�h���d�Z�e�h�j�b�f�_�l�j�Z���������± �g�Z�i�j�Z�\�e�_�g�b�_���^�\�b�`�_�g�b�y��

�l�_�i�e�h�g�h�k�b�l�_�e�y���������± �\�h�^�h�g�Z�]�j�_�\�Z�l�_�e�v���������± �r�Z�j�h�\�h�c���d�j�Z�g���������± �n�b�e�v�l�j���k�_�l�q�Z�l�u�c���� 

5 �± �j�Z�k�o�h�^�h�f�_�j���������± �p�b�n�j�h�\�h�c���^�Z�l�q�b�d���^�Z�\�e�_�g�b�y���������± �f�Z�g�h�f�_�l�j���������± �n�l�h�j�h�i�e�Z�k�l�h�\�Z�y��

�l�_�j�f�h�j�Z�a�\�y�a�d�Z���������± �l�_�j�f�h�i�Z�j�Z���o�j�h�f�_�e�v-�Z�e�x�f�_�e�_�\�Z�y�����������± �f�_�^�g�Z�y���l�j�m�[�d�Z���� 

11 �± �g�Z�i�j�Z�\�e�_�g�b�_���^�\�b�`�_�g�b�y���m�o�h�^�y�s�b�o���]�Z�a�h�\�����������± �i�j�h�[�d�b���^�e�y���k�e�b�\�Z���d�h�g�^�_�g�k�Z�l�Z�� 

�b�a���\�g�m�l�j�_�g�g�b�o���l�j�m�[�����������± �d�e�Z�i�Z�g���\�h�a�^�m�o�h�h�l�\�h�^�Z�����������± �i�Z�l�j�m�[�d�b���^�e�y���\�\�h�^�Z��

�b�a�f�_�j�b�l�_�e�v�g�u�o���a�h�g�^�h�\���\�h���\�g�m�l�j�_�g�g�b�_���l�j�m�[�u�����������± �i�j�_�^�h�o�j�Z�g�b�l�_�e�v�g�u�c���d�e�Z�i�Z�g���� 

16 �± �d�h�g�l�j�h�e�v�g�u�c���j�Z�k�o�h�^�h�f�_�j�����������± �]�h�j�_�e�h�q�g�h�_���m�k�l�j�h�c�k�l�\�h. 
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�D�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�_���b�a�f�_�j�_�g�b�y���l�_�i�e�h�\�h�c���w�g�_�j�]�b�b�����i�h�e�m�q�Z�_�f�h�c���h�l���i�j�h�^�m�d�l�h�\��

�k�]�h�j�Z�g�b�y���� �i�j�h�\�h�^�b�e�b�k�v�� �i�j�b�� �m�k�l�Z�g�h�\�e�_�g�b�b�� �k�l�Z�p�b�h�g�Z�j�g�h�]�h�� �l�_�i�e�h�\�h�]�h�� �j�_�`�b�f�Z�� �\��

�d�Z�e�h�j�b�f�_�l�j�_���� �D�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v���j�Z�a�g�h�k�l�v�� �l�_�f�i�_�j�Z�l�m�j�u�� �l�_�i�e�h�g�h�k�b�l�_�e�y���g�Z���\�o�h�^�_�� �b��

�\�u�o�h�^�_�� �d�Z�e�h�j�b�f�_�l�j�Z���� �h�[�t�_�f�g�u�c�� �j�Z�k�o�h�^�� �l�_�i�e�h�g�h�k�b�l�_�e�y�� �b�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^��

�l�h�i�e�b�\�Z���� �<�h�^�Z�� �b�a�� �p�_�g�l�j�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �]�h�j�h�^�k�d�h�]�h�� �\�h�^�h�k�g�Z�[�`�_�g�b�y�� �i�h�^�Z�_�l�k�y�� �\��

�d�Z�e�h�j�b�f�_�l�j�� �q�_�j�_�a���i�j�h�l�h�q�g�u�c�� �\�h�^�h�g�Z�]�j�_�\�Z�l�_�e�v�� �k�� �g�Z�q�Z�e�v�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�h�c���� �j�Z�\�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�_�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� ��Ta �| �����ƒ�K������ �I�h�l�h�d�b�� �\�h�^�u�� �b�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y��

�b�f�_�x�l�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�_�� �g�Z�i�j�Z�\�e�_�g�b�y���� �L�_�f�i�_�j�Z�l�m�j�Z�� �\�h�^�u�� �g�Z�� �\�o�h�^�_�� �d�Z�e�h�j�b�f�_�l�j�Z��

�b�a�f�_�j�y�e�Z�k�v�� �k�� �i�h�f�h�s�v�x�� �o�j�h�f�_�e�v-�Z�e�x�f�_�e�_�\�u�o�� �l�_�j�f�h�i�Z�j�� ���‡ 0,2 �f�f������ �L�_�j�f�h�i�Z�j�u��

�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v���g�Z���b�a�h�e�b�j�h�\�Z�g�g�m�x���d�h�g�^�_�g�k�Z�l�h�j�g�h�c���[�m�f�Z�]�h�c���i�h�\�_�j�o�g�h�k�l�v���f�_�^�g�u�o��

�l�j�m�[�h�d���� �i�h�� �d�h�l�h�j�u�f�� �i�j�h�o�h�^�b�e�� �l�_�i�e�h�g�h�k�b�l�_�e�v���� �B�a�f�_�j�b�l�_�e�v�g�u�_�� �a�h�g�u�� �[�u�e�b��

�l�_�i�e�h�b�a�h�e�b�j�h�\�Z�g�u���h�l���d�h�j�i�m�k�Z���d�Z�e�h�j�b�f�_�l�j�Z���i�j�b���i�h�f�h�s�b���n�l�h�j�h�i�e�Z�k�l�h�\�u�o���\�k�l�Z�\�h�d����

�K�\�h�[�h�^�g�u�_�� �d�h�g�p�u�� �l�_�j�f�h�i�Z�j�� �i�h�f�_�s�Z�e�b�k�v�� �\�� �`�b�^�d�h�k�l�g�u�c�� �l�_�j�f�h�k�l�Z�l�� �<�L������

�i�j�h�b�a�\�h�^�k�l�\�Z�� �d�h�f�i�Z�g�b�b�� �©�L�_�j�f�w�d�k�ª���� �]�^�_���i�h�^�^�_�j�`�b�\�Z�e�Z�k�v�� �i�h�k�l�h�y�g�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z��

30�ƒ�K���� �H�[�t�_�f�g�u�c�� �j�Z�k�o�h�^�� �\�h�^�u�� �j�_�]�m�e�b�j�h�\�Z�e�k�y�� �d�j�Z�g�h�f�� �g�Z�� �\�o�h�^�_�� �\�� �d�Z�e�h�j�b�f�_�l�j�� �b��

�j�_�]�b�k�l�j�b�j�h�\�Z�e�k�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�h�^�h�k�q�_�l�q�b�d�Z�� �k�� �b�f�i�m�e�v�k�g�u�f�� �\�u�o�h�^�h�f �<�K�O�^-

������ ���i�j�_�^�_�e�u���h�l�g�h�k�b�l�_�e�v�g�h�c�� �i�h�]�j�_�r�g�h�k�l�b�� �� ������ �p�_�g�Z���h�^�g�h�]�h�� �b�f�i�m�e�v�k�Z���� �e������ �<�u�\�h�^��

�k�b�]�g�Z�e�h�\�� �g�Z�� �d�h�f�i�v�x�l�_�j�� �h�k�m�s�_�k�l�\�e�y�e�k�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �:�P�I�� �/�7�5���������� �K�[�h�j��

�^�Z�g�g�u�o���� �b�o�� �\�b�a�m�Z�e�b�a�Z�p�b�y�� �b�� �w�d�k�i�h�j�l�� �i�j�h�b�a�\�h�^�b�e�b�k�v�� �\�� �i�j�h�]�j�Z�f�f�_�� �/�*�U�D�S�K������

�H�[�t�_�f�g�u�c���j�Z�k�o�h�^���b���l�_�f�i�_�j�Z�l�m�j�Z���]�Z�a�h�\�����\�u�o�h�^�y�s�b�o���b�a���d�Z�e�h�j�b�f�_�l�j�Z�����h�i�j�_�^�_�e�y�e�b�k�v��

�k�� �i�h�f�h�s�v�x�� �l�_�j�f�h�Z�g�_�f�h�f�_�l�j�Z��TESTO ���������� ���i�h�]�j�_�r�g�h�k�l�v�� �b�a�f�_�j�_�g�b�y�� �k�d�h�j�h�k�l�b��

�r(0,03 �f���k�� ���� �� ���� �h�l�� �b�a�f�_�j�_�g�g�h�]�h�� �a�g�Z�q�_�g�b�y������ �l�_�f�i�_�j�Z�l�m�j�u���r0,5�ƒ�K������ �N�Z�d�_�e��

�]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �\�\�h�^�b�e�k�y�� �\�h�� �\�g�m�l�j�_�g�g�b�c�� �d�Z�g�Z�e�� �d�Z�e�h�j�b�f�_�l�j�Z�� �i�j�b��

�j�Z�\�_�g�k�l�\�_���l�_�f�i�_�j�Z�l�m�j�u���\�h�^�u���g�Z���\�o�h�^�_���b���g�Z���\�u�o�h�^�_���d�Z�e�h�j�b�f�_�l�j�Z�����B�a�f�_�j�_�g�b�_���l�_�i�e�Z��

�i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���i�j�h�b�a�\�h�^�b�e�h�k�v���i�h�k�e�_���m�k�l�Z�g�h�\�e�_�g�b�y���k�l�Z�p�b�h�g�Z�j�g�h�]�h���l�_�i�e�h�\�h�]�h��

�j�_�`�b�f�Z�� �\�� �d�Z�e�h�j�b�f�_�l�j�_�� ���o�Z�j�Z�d�l�_�j�g�h�_�� �\�j�_�f�y�� �l�_�i�e�h�\�h�c�� �j�_�e�Z�d�k�Z�p�b�b�� �k�h�k�l�Z�\�e�y�_�l��

~ 12,5 �f�b�g������ 

�F�_�l�h�^�b�d�Z�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �b�a�f�_�j�_�g�b�_�� �l�_�i�e�Z�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y�� �k�� �l�h�q�g�h�k�l�v�x��

�^�h�� �l�_�i�e�h�\�u�o�� �i�h�l�_�j�v���� �k�\�y�a�Z�g�g�u�o�� �k�� �b�a�[�u�l�h�q�g�h�c�� �l�_�i�e�h�l�h�c�� �m�o�h�^�y�s�b�o�� �]�Z�a�h�\�� ���a�Z�� �k�q�_�l��
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�l�h�]�h���� �q�l�h�� �b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�� �g�Z�� ���±4 K �\�u�r�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u��aT ). 

�I�j�b�� �w�l�h�f �i�j�h�^�m�d�l�u�� �k�]�h�j�Z�g�b�y���� �i�h�i�Z�^�Z�x�s�b�_���\���d�Z�e�h�j�b�f�_�l�j�����k�h�^�_�j�`�Z�l���g�_�� �\�k�_�� �l�_�i�e�h����

�\�u�^�_�e�y�x�s�_�_�k�y�� �i�j�b�� �k�]�h�j�Z�g�b�b�� �l�h�i�e�b�\�Z���� �i�h�k�d�h�e�v�d�m�� �q�Z�k�l�v�� �l�_�i�e�Z�� �i�_�j�_�^�Z�_�l�k�y�� �\��

�h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m�� ���l�_�i�e�h�h�l�^�Z�q�Z�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z������

�K�m�f�f�Z�j�g�Z�y�� �h�p�_�g�d�Z�� �w�l�b�o�� �i�h�l�_�j�v�� �l�_�i�e�Z�� ���\�� �j�Z�k�q�_�l�_�� �g�Z 1 �d�]�� �l�h�i�e�b�\�Z���� �k�h�k�l�Z�\�e�y�_�l�� �g�_��

�[�h�e�_�_ 1 �����h�l���\�u�k�r�_�c���l�_�i�e�h�l�\�h�j�g�h�c���k�i�h�k�h�[�g�h�k�l�b���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z������,9 �F�>�`���d�]�� 

�H�k�g�h�\�g�h�c�� �\�d�e�Z�^�� �\�� �i�h�]�j�_�r�g�h�k�l�v�� �f�_�l�h�^�b�d�b�� �\�g�h�k�b�l�� �^�b�k�d�j�_�l�g�h�k�l�v�� �b�f�i�m�e�v�k�h�\��

�i�j�b�[�h�j�Z���� �j�_�]�b�k�l�j�b�j�m�x�s�_�]�h�� �j�Z�k�o�h�^�� �l�_�i�e�h�g�h�k�b�l�_�e�y�� �a 2 %. �H�p�_�g�d�Z �i�h�]�j�_�r�g�h�k�l�b �h�l��

�h�k�l�Z�e�v�g�u�o�� �i�j�b�[�h�j�h�\���� �Z���l�Z�d�`�_���a�Z�� �k�q�_�l �l�_�i�e�h�\�u�o�� �i�h�l�_�j�v���� �k�\�y�a�Z�g�g�u�o�� �k�� �b�a�[�u�l�h�q�g�h�c��

�l�_�i�e�h�l�h�c�� �m�o�h�^�y�s�b�o�� �]�Z�a�h�\�� �b�� �l�_�i�e�h�h�l�^�Z�q�_�c�� �k�� �d�h�j�i�m�k�Z�� �]�h�j�_�e�h�q�g�u�o�� �m�k�l�j�h�c�k�l�\����

�i�j�_�\�u�r�Z�_�l 1 ������ �L�_�f�� �k�Z�f�u�f���� �k�m�f�f�Z�j�g�m�x �h�l�g�h�k�b�l�_�e�v�g�m�x �i�h�]�j�_�r�g�h�k�l�v��

�h�i�j�_�^�_�e�_�g�b�y�� �a�g�Z�q�_�g�b�c �l�_�i�e�h�\�u�^�_�e�_�g�b�y��(q) �b�� �l�_�i�e�h�\�h�c�� �f�h�s�g�h�k�l�b (W) �k�e�_�^�m�_�l��

�h�p�_�g�b�l�v���g�Z���m�j�h�\�g�_���^�h���� %. 

2.2.4. �F�_�l�h�^�b�d�Z���]�Z�a�h�\�h�]�h���Z�g�Z�e�b�a�Z���k�h�k�l�Z�\�Z���m�o�h�^�y�s�b�o���]�Z�a�h�\ 

�>�e�y�� �b�a�f�_�j�_�g�b�y�� �]�Z�a�h�\�h�]�h�� �k�h�k�l�Z�\�Z�� �m�o�h�^�y�s�b�o�� �]�Z�a�h�\�� �\�� �k�e�m�q�Z�_�� �k�`�b�]�Z�g�b�y��

�^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �\�� �Z�\�l�h�g�h�f�g�h�f�� �]�h�j�_�e�h�q�g�h�f�� �m�k�l�j�h�c�k�l�\�_�� �b�k�i�h�e�v�a�h�\�Z�e�k�y��

�]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�� �©�L�?�K�L-���ª [165]. �>�Z�g�g�u�c�� �i�j�b�[�h�j�� �i�h�a�\�h�e�y�_�l�� �b�a�f�_�j�y�l�v�� �l�Z�d�b�_��

�d�h�f�i�h�g�_�g�l�u�� �d�Z�d��O2 ���^�h�� ���� % �h�[��������H2 ���^�h�� ���� % �h�[��������CO ���^�h�� ���� % �h�[��������CO2 ���^�h��

30 % �h�[�������� �K�G4 ���^�h�� ���� % �h�[��������NO ���^�h�� �������� ppm), NO2���� ���^�h�� ������ ppm������ �<�� �i�j�b�[�h�j�_��

�j�_�Z�e�b�a�h�\�Z�g�u�� �k�e�_�^�m�x�s�b�_�� �f�_�l�h�^�u�� �Z�g�Z�e�b�a�Z���� �K�G4���� �K�H���� �K�H2 �b�a�f�_�j�y�x�l�k�y�� �h�i�l�b�d�h-

�Z�[�k�h�j�[�p�b�h�g�g�u�f�� �f�_�l�h�^�h�f���� �H2, NO, NO2 �± �w�e�_�d�l�j�h�o�b�f�b�q�_�k�d�b�f���� �G2 �± 

�i�h�e�y�j�h�]�j�Z�n�b�q�_�k�d�b�f�� �>�Z�g�g�u�_�� �k�� �i�j�b�[�h�j�Z�� �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v�� �d�h�f�i�v�x�l�_�j�h�f�� �\��

�j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�����<�j�_�f�y�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �i�h�d�Z�a�Z�g�b�c�� �k�h�^�_�j�`�Z�g�b�y�� �]�Z�a�h�\�� �\�� �i�j�h�[�_���� �k����

�I�j�_�^�_�e�� �^�h�i�m�k�d�Z�_�f�h�c�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �i�h�]�j�_�r�g�h�k�l�b���i�h�d�Z�a�Z�g�b�c�� �i�j�b�[�h�j�Z���r 5 ������ �^�e�y��

�f�_�l�Z�g�Z���r 10 �������^�e�y���\�h�^�h�j�h�^�Z���r 1,5 %.  

�G�Z�j�y�^�m�� �k�� �m�d�Z�a�Z�g�g�u�f�� �i�j�b�[�h�j�h�f���� �^�e�y���h�i�j�_�^�_�e�_�g�b�y �k�h�k�l�Z�\�Z�� �i�j�h�^�m�d�l�h�\��

�k�]�h�j�Z�g�b�y�� �i�j�b�f�_�g�y�e�k�y���]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j��TESTO 350 [163, 164]���� �l�Z�d�`�_��

�m�^�h�\�e�_�l�\�h�j�y�x�s�b�c�� �k�l�Z�g�^�Z�j�l�Z�f [119] �b�� �i�h�a�\�h�e�y�x�s�b�c���b�a�f�_�j�y�l�v�� �k�h�^�_�j�`�Z�g�b�_��
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�h�k�g�h�\�g�u�o���d�h�f�i�h�g�_�g�l�h�\: O2 ���^�h����5 % �h�[��������CO ���^�h�������� ppm), CO2 ���^�h������ % �h�[��������NO 

���^�h�� ������ ppm), NO2���� ���^�h�� ������ ppm���� �b��SO2 ���^�h�� �������� ppm������ �<�� �i�j�b�[�h�j�_�� �j�_�Z�e�b�a�h�\�Z�g�u��

�k�e�_�^�m�x�s�b�_���f�_�l�h�^�u���Z�g�Z�e�b�a�Z�����K�H2 �b�a�f�_�j�y�_�l�k�y���b�g�n�j�Z�d�j�Z�k�g�u�f���f�_�l�h�^�h�f�����H2, CO, NO, 

NO2, SO2 �± �w�e�_�d�l�j�h�o�b�f�b�q�_�k�d�b�f���� �I�h�e�m�q�_�g�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �h�� �k�h�^�_�j�`�Z�g�b�b�� �\�_�s�_�k�l�\��

�i�_�j�_�^�Z�_�l�k�y �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �g�Z�� �i�_�j�k�h�g�Z�e�v�g�u�c�� �d�h�f�i�v�x�l�_�j�� �^�e�y�� �_�_�� �a�Z�i�b�k�b�� �b��

�^�Z�e�v�g�_�c�r�_�]�h�� �Z�g�Z�e�b�a�Z���� �<�j�_�f�y�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �i�h�d�Z�a�Z�g�b�c�� �k�h�^�_�j�`�Z�g�b�y�� �]�Z�a�h�\�� �\�� �i�j�h�[�_��

1 �k�����I�j�_�^�_�e���^�h�i�m�k�d�Z�_�f�h�c���h�l�g�h�k�b�l�_�e�v�g�h�c���i�h�]�j�_�r�g�h�k�l�b���i�h�d�Z�a�Z�g�b�c �i�j�b�[�h�j�Z���� %. 

�F�_�l�h�^�b�d�Z���b�a�f�_�j�_�g�b�y���]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�h�f���a�Z�d�e�x�q�Z�_�l�k�y���\���k�e�_�^�m�x�s�_�f���± �l�Z�d���d�Z�d��

�\���b�k�i�h�e�v�a�m�_�f�u�o���]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z�o���g�_���i�j�_�^�m�k�f�h�l�j�_�g���Z�g�Z�e�b�a���©�]�h�j�y�q�b�o�ª���]�Z�a�h�\�����l�h���\�k�_��

�i�j�h�\�h�^�b�f�u�_�� �b�a�f�_�j�_�g�b�y�� ���a�Z�[�h�j�� �i�j�h�[�u���� �h�k�m�s�_�k�l�\�e�y�x�l�k�y�� �g�Z�� �\�u�o�h�^�_�� �b�a�� �i�j�h�l�h�q�g�h�]�h��

�d�Z�e�h�j�b�f�_�l�j�Z�����]�^�_���l�_�f�i�_�j�Z�l�m�j�Z���^�u�f�h�\�u�o���]�Z�a�h�\���[�e�b�a�d�Z���d���l�_�f�i�_�j�Z�l�m�j�_���h�d�j�m�`�Z�x�s�_�c��

�k�j�_�^�u�� ���k�f���� �j�b�k�m�g�h�d�� ��6������ �L�_�f�� �k�Z�f�u�f���� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�h�k�l�Z�\�Z�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y��

�i�j�h�\�h�^�b�e�b�k�v���h�^�g�h�\�j�_�f�_�g�g�h���k���b�a�f�_�j�_�g�b�y�f�b���i�h�e�m�q�_�g�g�h�]�h���h�l���g�b�o���d�h�e�b�q�_�k�l�\�Z���l�_�i�e�Z. 

�>�Z�g�g�u�_�����i�h�e�m�q�_�g�g�u�_���k���i�h�f�h�s�v�x���]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z�����h���k�h�^�_�j�`�Z�g�b�b���l�h�d�k�b�q�g�u�o��

�\�_�s�_�k�l�\�� �\�� �i�j�h�^�m�d�l�Z�o���k�]�h�j�Z�g�b�y���g�Z���\�u�o�h�^�_�� �b�a���i�j�h�l�h�q�g�h�]�h���d�Z�e�h�j�b�f�_�l�j�Z�� �f�h�]�m�l�� �[�u�l�v��

�b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �k�h�\�j�_�f�_�g�g�u�f�b�� �l�j�_�[�h�\�Z�g�b�y�f�b�� �b��

�g�h�j�f�Z�l�b�\�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���� �G�Z�i�j�b�f�_�j���� �^�e�y�� �k�j�Z�\�g�_�g�b�y�� �k��

�l�j�_�[�h�\�Z�g�b�y�f�b��[124] �j�_�a�m�e�v�l�Z�l�u�����i�j�_�^�k�l�Z�\�e�_�g�g�u�_���\��[ppm]�����^�h�k�l�Z�l�h�q�g�h���i�_�j�_�k�q�b�l�Z�l�v��

�g�Z �f�Z�k�k�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �\�_�s�_�k�l�\�Z�� �\���k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�f �h�[�t�_�f�_ �k�m�o�b�o�� �i�j�h�^�m�d�l�h�\��

�k�]�h�j�Z�g�b�y�� �i�j�b�� �k�`�b�]�Z�g�b�b�� �� �d�]�� �l�h�i�e�b�\�Z [�f�]���f3]���� �Z�� �^�e�y�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �k��[170] �± �g�Z 

�f�Z�k�k�h�\�h�_���k�h�^�_�j�`�Z�g�b�_���\�_�s�_�k�l�\�Z�����h�l�g�_�k�_�g�g�h�_���d���d�h�e�b�q�_�k�l�\�m���\�u�^�_�e�b�\�r�_�c�k�y���l�_�i�e�h�\�h�c��

�w�g�_�j�]�b�b���i�j�b���k�`�b�]�Z�g�b�b���� �d�]���l�h�i�e�b�\�Z [�f�]���d�<�l �q]�����K�l�h�b�l���h�l�f�_�l�b�l�v�����q�l�h���\�k�_���\�_�e�b�q�b�g�u��

�e�_�]�d�h�� �i�_�j�_�k�q�b�l�u�\�Z�x�l�k�y�� �^�e�y�� �g�h�j�f�Z�e�v�g�u�o�� �m�k�e�h�\�b�c�� �b���d�h�w�n�n�b�p�b�_�g�l�Z�� �b�a�[�u�l�d�Z��

�\�h�a�^�m�o�Z���j�Z�\�g�h�]�h���� �i�h���n�h�j�f�m�e�_ [112]:  
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�]�^�_ [O2] �± �k�h�^�_�j�`�Z�g�b�_�� �d�b�k�e�h�j�h�^�Z�� �\�� �m�o�h�^�y�s�b�o�� �]�Z�a�Z�o���� �M�f�g�h�`�b�\�� �i�h�e�m�q�_�g�g�h�_��

�a�g�Z�q�_�g�b�_�� �g�Z�� �i�e�h�l�g�h�k�l�v�� �b�k�k�e�_�^�m�_�f�h�]�h�� �]�Z�a�Z���� �i�h�e�m�q�b�f�� �l�j�_�[�m�_�f�m�x�� �i�h�� �^�h�d�m�f�_�g�l�m��

�j�Z�a�f�_�j�g�h�k�l�v�� 
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 ,     (2) 

�]�^�_���!x �± �i�e�h�l�g�h�k�l�v�� �]�Z�a�Z��x �i�j�b�� �g�h�j�f�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o�� �d�]���f3 (�!x �^�e�y�� �1�2x �k�q�b�l�Z�_�l�k�y��

�j�Z�\�g�u�f������������ �d�]���f3�����l�Z�d���d�Z�d���^�Z�g�g�h�_���\�_�s�_�k�l�\�h���i�_�j�_�k�q�b�l�u�\�Z�_�l�k�y���i�h���i�Z�j�Z�f�_�l�j�Z�f��NO2 

[124, 170]). 

 

 

�J�b�k�m�g�h�d����6�����J�Z�k�i�h�e�h�`�_�g�b�_���a�h�g�^�Z���]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z���g�Z���d�Z�e�h�j�b�f�_�l�j�_. 

 

�I �_�j�_�k�q�_�l���a�g�Z�q�_�g�b�c���b�a���>�S�S�P�@���\���>�f�]/�d�<�l �q] �\�h�a�f�h�`�g�h���i�h���n�h�j�f�m�e�_��[170]: 
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�]�^�_��Vd.g. �± �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�c���h�[�t�_�f���k�m�o�b�o���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���i�j�b���k�`�b�]�Z�g�b�b���� �d�]��

�l�h�i�e�b�\�Z�����f3���d�]�� �G �± �g�b�a�r�Z�y���m�^�_�e�v�g�Z�y���l�_�i�e�h�l�Z���k�]�h�j�Z�g�b�y���l�h�i�e�b�\�Z�����d�<�l �q���d�]���� 

�G�_�� �m�q�b�l�u�\�Z�y�� �f�Z�e�u�c�� �\�d�e�Z�^�� �\�� �k�m�f�f�Z�j�g�u�c�� �h�[�t�_�f�� �k�m�o�b�o�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y��

�d�h�f�i�h�g�_�g�l�h�\, �i�h�e�m�q�Z�_�f�u�o�� �b�a�� �k�h�^�_�j�`�Z�s�b�o�k�y�� �\�� �l�h�i�e�b�\�_�� �Z�a�h�l�Z���� �k�_�j�u�� �b�� �d�b�k�e�h�j�h�^�Z����

�i�h�e�m�q�Z�_�f��Vd.g. �d�Z�d���� 

2

2

H
. .

H
0,79

2

0,21

f f

c
d g

atm

C

RT
V

P

� § � ·
��� ¨ � ¸� ¨ � ¸� P � P� © � ¹�  ,      (4) 

�]�^�_���Kf �± �f�Z�k�k�h�\�Z�y�� �^�h�e�y�� �m�]�e�_�j�h�^�Z�� �\�� �l�h�i�e�b�\�_���� �d�]����H2f  �± �f�Z�k�k�h�\�Z�y�� �^�h�e�y�� �\�h�^�h�j�h�^�Z�� �\��

�l�h�i�e�b�\�_���� �d�]�� ��x �± �f�h�e�y�j�g�Z�y�� �f�Z�k�k�Z�� �]�Z�a�Z��x���� �d�]���f�h�e�v����R �± �]�Z�a�h�\�Z�y�� �i�h�k�l�h�y�g�g�Z�y����T �±
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 �l�_�f�i�_�j�Z�l�m�j�Z���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���i�j�b���g�h�j�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o����K (T = 273 K); Patm �±

 �Z�l�f�h�k�n�_�j�g�h�_���^�Z�\�e�_�g�b�y���^�e�y���g�h�j�f�Z�e�v�g�u�o���m�k�e�h�\�b�c�����I�Z����Patm = 101325 �I�Z������ 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�^�k�l�Z�\�e�y�y���j�_�a�m�e�v�l�Z�l�u���m�j�Z�\�g�_�g�b�y�����������\�����������b���m�f�g�h�`�Z�y���_�]�h���g�Z��

�a�g�Z�q�_�g�b�_���g�b�a�r�_�c �m�^�_�e�v�g�h�c �l�_�i�e�h�l�u �k�]�h�j�Z�g�b�y�� �l�h�i�e�b�\�Z �G���� �e�b�[�h���m�f�g�h�`�Z�y�� �������� �g�Z��

�k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�c�� �h�[�t�_�f�� �k�m�o�b�o�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y�� �i�j�b�� �k�`�b�]�Z�g�b�b�� �� �d�]�� �l�h�i�e�b�\�Z��

Vd.g.���� �e�_�]�d�h�� �l�Z�d�`�_�� �i�_�j�_�k�q�b�l�Z�l�v�� �i�h�d�Z�a�Z�g�b�y�� �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z�� �b�a��[ppm] �\ �f�Z�k�k�h�\�h�_ 

�k�h�^�_�j�`�Z�g�b�_���\�_�s�_�k�l�\�Z���g�Z���d�h�e�b�q�_�k�l�\�h���k�]�h�j�_�\�r�_�]�h �l�h�i�e�b�\�Z [�]���d�]]: 

�> �@�> �@ �> �@ . .
2

21
�f�] �d�] �S�S�P

21 O x d gV
� § � ·

�  � U� ¨ � ¸� ¨ � ¸��� © � ¹
     (5) 
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�=�E�:�<�:���� �J�?�A�M�E�V�L�:�L�U���W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�O��

�B�K�K�E�?�>�H�<�:�G�B�C���B���B�O���:�G�:�E�B�A 

�I�j�h�\�_�^�_�g�u�� �b�k�k�e�_�^�h�\�Z�g�b�y���]�h�j�_�g�b�y �`�b�^�d�b�o�� �m�]�e�_�\�h�^�h�j�h�^�h�\�� �\�� �j�Z�a�e�b�q�g�u�o��

�e�Z�[�h�j�Z�l�h�j�g�u�o���h�[�j�Z�a�p�Z�o���]�h�j�_�e�h�q�g�u�o���m�k�l�j�h�c�k�l�\�����^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���\���Z�\�l�h�g�h�f�g�h�f��

�]�h�j�_�e�h�q�g�h�f���m�k�l�j�h�c�k�l�\�_�����^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���b���h�l�j�Z�[�h�l�Z�g�g�h�]�h���f�Z�r�b�g�g�h�]�h���f�Z�k�e�Z���\��

�]�h�j�_�e�h�q�g�h�f�� �m�k�l�j�h�c�k�l�\�_�� �k�� �i�j�b�g�m�^�b�l�_�e�v�g�h�� �i�h�^�Z�q�_�c�� �i�_�j�_�]�j�_�l�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z����

�O�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\���b�k�i�h�e�v�a�m�_�f�u�o���\�b�^�h�\���]�h�j�x�q�_�]�h �i�j�b�\�_�^�_�g �\���I�j�b�e�h�`�_�g�b�b���<. 

3.1. �=�H�J�?�G�B�?���>�B�A�?�E�V�G�H�=�H���L�H�I�E�B�<�: 

�<���:�<�L�H�G�H�F�G�H�F �=�H�J�?�E�H�Q�G�H�F �M�K�L�J�H�C�K�L�<�? 

�=�h�j�_�g�b�_ �^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���\���e�Z�[�h�j�Z�l�h�j�g�h�f���h�[�j�Z�a�p�_���Z�\�l�h�g�h�f�g�h�]�h���]�h�j�_�e�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���b�a�m�q�Z�e�h�k�v�� �\�� �k�l�Z�p�b�h�g�Z�j�g�h�f�� �j�_�`�b�f�_���� �\�� �d�h�l�h�j�h�f���j�Z�k�o�h�^�� �l�h�i�e�b�\�Z��

�k�h�k�l�Z�\�e�y�e����,������ �d�]���q�����h�l�g�h�k�b�l�_�e�v�g�u�c�� �f�Z�k�k�h�\�u�c���j�Z�k�o�h�^�� �i�Z�j�Z�����h�l�g�h�r�_�g�b�_�� �f�Z�k�k�h�\�h�]�h��

�j�Z�k�o�h�^�Z���i�Z�j�Z���d���j�Z�k�o�h�^�m���l�h�i�e�b�\�Z�����± 0,4 �d�]���q�����^�Z�\�e�_�g�b�_���\���[�Z�q�d�_-�i�Z�j�h�]�_�g�_�j�Z�l�h�j�_���± 0,7 

�F�I�Z�� �l�_�f�i�_�j�Z�l�m�j�Z���i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z���a400�ƒ�K�� 

3.1.1. �K�d�h�j�h�k�l�v���b���k�l�j�m�d�l�m�j�Z���i�h�l�h�d�Z 

�K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�c�� �3�,�9-�k�b�k�l�_�f�u���©�I�H�E�B�K�ª���i�h�e�m�q�_�g�u��

�^�Z�g�g�u�_�� �h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f �j�Z�k�i�j�_�^�_�e�_�g�b�b �k�d�h�j�h�k�l�b�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h 

�l�m�j�[�m�e�_�g�l�g�h�]�h�� �i�h�l�h�d�Z���\�� �a�Z�^�Z�g�g�u�o�� �k�_�q�_�g�b�y�o���\�g�_�r�g�_�]�h�� �n�Z�d�_�e�Z�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���i�j�b���m�k�l�Z�g�h�\�b�\�r�_�f�k�y���j�_�`�b�f�_���]�h�j�_�g�b�y���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���>157].  

�G�Z�� �j�b�k�m�g�d�_�� ��7 �\ �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z���i�j�_�^�k�l�Z�\�e�_�g�h��PIV-�b�a�h�[�j�Z�`�_�g�b�_�� �h�[�e�Z�d�Z��

�q�Z�k�l�b�p�� ���d�h�g�l�j�Z�k�l�g�h�k�l�v�� �b�a�h�[�j�Z�`�_�g�b�y�� �k�i�_�p�b�Z�e�v�g�h�� �b�a�f�_�g�_�g�Z������ �H�d�j�m�`�Z�x�s�b�c�� �\�h�a�^�m�o��

�k�h�^�_�j�`�b�l�� �f�b�d�j�h�d�Z�i�e�b�� �`�b�^�d�h�k�l�b�� �g�Z�� �h�k�g�h�\�_�� �]�e�b�p�_�j�b�g�Z�� ���l�m�f�Z�g������ �Z�� �\�u�o�h�^�y�s�b�c�� �b�a��

�]�h�j�_�e�d�b�� �i�h�l�h�d�� ���n�Z�d�_�e���� �k�h�^�_�j�`�b�l�� �l�\�_�j�^�u�_�� �q�Z�k�l�b�p�u�� �h�d�k�b�^�Z�� �d�j�_�f�g�b�y���� �<�b�^�g�h���� �q�l�h��
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�l�\�_�j�^�u�_���q�Z�k�l�b�p�u���e�m�q�r�_���j�Z�k�k�_�b�\�Z�x�l���i�Z�^�Z�x�s�_�_���b�a�e�m�q�_�g�b�_�����\�u�]�e�y�^�y�l���y�j�q�_���g�Z��PIV-

�b�a�h�[�j�Z�`�_�g�b�y�o���� 

 

  

�J�b�k�m�g�h�d����7�����L�\�_�j�^�u�_���q�Z�k�l�b�p�u�����h�[�j�Z�a�h�\�Z�g�g�u�_���\���j�_�a�m�e�v�l�Z�l�_���b�k�i�Z�j�_�g�b�y��

�k�b�e�b�d�h�g�h�\�h�]�h���f�Z�k�e�Z�����\���n�Z�d�_�e�_�������b���Z�w�j�h�a�h�e�v�����\���h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_�� 

 

�Y�j�d�h�k�l�v�� �b�a�e�m�q�_�g�b�y���n�Z�d�_�e�Z�� �h�q�_�g�v�� �\�u�k�h�d�Z���b�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b���p�b�n�j�h�\�h�c��

�d�Z�f�_�j�u�� �<�b�^�_�h�k�d�Z�g�� �������� (�\�j�_�f�y�� �w�d�k�i�h�a�b�p�b�b��128 �f�k�� �k�h�� �k�\�_�l�h�\�u�f�b �n�b�e�v�l�j�Z�f�b 

(�i�h�e�h�k�Z �i�j�h�i�m�k�d�Z�g�b�y�� ������ �r 10 �g�f) �i�j�h�b�k�o�h�^�b�l �e�h�d�Z�e�v�g�h�_ �a�Z�k�\�_�q�b�\�Z�g�b�_�� �d�Z�^�j�h�\���� �<��

�k�\�y�a�b�� �k�� �w�l�b�f��PIV-�b�a�f�_�j�_�g�b�y�� �i�j�h�\�_�^�_�g�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c��

�d�Z�f�_�j�u��PCO.1200hs���� �b�f�_�x�s�_�c�� �f�b�g�b�f�Z�e�v�g�h�_�� �\�j�_�f�y�� �w�d�k�i�h�a�b�p�b�b�� �i�_�j�\�h�]�h�� �d�Z�^�j�Z��

50 �g�k�� ���\�j�_�f�y�� �w�d�k�i�h�a�b�p�b�b�� �\�l�h�j�h�]�h�� �d�Z�^�j�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�j�_�f�_�g�_�f�� �a�Z�i�b�k�b�� �^�Z�g�g�u�o�� �k��

�i�_�j�\�h�]�h�� �d�Z�^�j�Z�� �b�� �k�h�k�l�Z�\�e�y�_�l��~2 �f�k���� �i�j�b�� �q�Z�k�l�h�l�_�� �^�h�� ������ �=�p�� �b�� �f�Z�d�k�b�f �Z�e�v�g�h�f��

�j�Z�a�j�_�r�_�g�b�b�� ���������u������������ �Q�Z�k�l�h�l�Z�� �k�t�_�f�d�b�� �[�u�e�Z�� �h�]�j�Z�g�b�q�_�g�Z�� �q�Z�k�l�h�l�h�c�� �e�Z�a�_�j�Z�� ���� �=�p�� 

�K�h�[�k�l�\�_�g�g�Z�y���h�i�_�j�Z�l�b�\�g�Z�y���i�Z�f�y�l�v���\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c���d�Z�f�_�j�u���± 4 �=�[�� 

�W�d�k�i�_�j�b�f�_�g�l�� �a�Z�i�m�k�d�Z�e�k�y�� �\�� �i�j�h�]�j�Z�f�f�_��ActualFlow���� �a�Z�^�Z�\�Z�e�b�k�v�� �k�e�_�^�m�x�s�b�_��

�i�Z�j�Z�f�_�l�j�u���� �a�Z�^�_�j�`�d�Z�� �f�_�`�^�m�� �i�Z�j�h�c�� �d�Z�^�j�h�\�� ����0 �f�d�k�� �^�e�y�� �j�Z�k�q�_�l�g�h�c�� �y�q�_�c�d�b�� �����u64 

�i�b�d�k.���� �\�j�_�f�y�� �f�_�`�^�m�� �i�Z�j�Z�f�b�� �d�Z�^�j�h�\��70 �f�k ���i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �q�Z�k�l�h�l�_�� �e�Z�a�_�j�Z��

15 �=�p������ �M�i�j�Z�\�e�_�g�b�_�� �d�Z�f�_�j�h�c��PCO.1200hs �b�� �k�[�h�j�� �b�g�n�h�j�f�Z�p�b�b�� �i�j�h�b�k�o�h�^�b�e�b�� �\��

�i�j�h�]�j�Z�f�f�_��CamWare���� �G�Z�� �d�Z�f�_�j�m�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�k�y�� �h�[�t�_�d�l�b�\��Nikkor 28mm F/2.8 D. 
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�>�b�Z�n�j�Z�]�f �_�g�g�h�_�� �q�b�k�e�h�� �i�h�^�[�b�j�Z�e�h�k�v�� �i�h�� �y�j�d�h�k�l�b �k�g�b�f�d�h�\�� �b�� �k�h�k�l�Z�\�e�y�e�h�� ���������� �G�Z��

�h�[�t�_�d�l�b�\�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�k�y�� �h�^�b�g�� �h�i�l�b�q�_�k�d�b�c�� �n�b�e�v�l�j��L.O.T.-Oriel �k�� �i�h�e�h�k�h�c��

�i�j�h�i�m�k�d�Z�g�b�y�� ������ �r 10 �g�f���� �I�h�k�e�_�� �i�j�h�\�_�^�_�g�b�y�� �k�_�j�b�b�� �b�a�f�_�j�_�g�b�c�� �^�Z�g�g�u�_�� �k�� �d�Z�f�_�j�u��

�k�h�o�j�Z�g�y�e�b�k�v���g�Z���d�h�f�i�v�x�l�_�j�_�����i�h�k�e�_���q�_�]�h���b�f�i�h�j�l�b�j�h�\�Z�e�b�k�v���\���i�j�h�]�j�Z�f�f�m��ActualFlow 

�b�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���� �>�e�y�� �h�[�j�Z�[�h�l�d�b�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �b�l�_�j�Z�p�b�h�g�g�u�c��

�d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�u�c�� �Z�e�]�h�j�b�l�f�� �j�Z�k�q�z�l�Z�� �i�h�e�_�c�� �k�d�h�j�h�k�l�b�� �k�� �j�Z�a�[�b�_�g�b�_�f�� �j�Z�k�q�z�l�g�h�c��

�h�[�e�Z�k�l�b���g�Z���y�q�_�c�d�b���j�Z�a�f�_�j�h�f�������o�������i�b�d�k. �k���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f���i�_�j�_�d�j�u�l�b�_�f���\������������

���F�Z�k�r�l�Z�[�g�u�c���d�h�w�n�n�b�p�b�_�g�l���k�h�k�l�Z�\�b�e����,222). 

�G�Z���j�b�k�m�g�d�Z�o����8-20 �i�j�_�^�k�l�Z�\�e�_�g�u���j�_�a�m�e�v�l�Z�l�u�����i�h�e�m�q�_�g�g�u�_���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c���d�Z�f�_�j�u�����F�]�g�h�\�_�g�g�u�_���j�Z�k�i�j�_�^�_�e�_�g�b�y���k�d�h�j�h�k�l�b�����k�f�����j�b�k�m�g�h�d��19) 

�^�_�f�h�g�k�l�j�b�j�m�x�l�� �k�e�h�`�g�m�x�� �g�_�k�l�Z�p�b�h�g�Z�j�g�m�x�� �k�l�j�m�d�l�m�j�m�� �i�h�l�h�d�Z�� �\�� �l�m�j�[�m�e�_�g�l�g�h�f��

�n�Z�d�_�e�_�� 

 

 

�J�b�k�m�g�h�d����8. PIV-�n�h�l�h�]�j�Z�n�b�y���i�h�l�h�d�Z. 

 

�<���h�l�k�m�l�k�l�\�b�_�� �a�Z�d�j�m�l�d�b�� �i�h�l�h�d�Z�� �h�k�j�_�^�g�_�g�g�Z�y�� �\�h�� �\�j�_�f�_�g�b�� �k�l�j�m�d�l�m�j�Z�� �l�_�q�_�g�b�y��

�[�e�b�a�d�Z���d���h�k�_�k�b�f�f�_�l�j�b�q�g�h�c�����b���b�a�f�_�j�_�g�b�_���^�\�m�o���d�h�f�i�h�g�_�g�l���k�d�h�j�h�k�l�b (�j�Z�^�b�Z�e�v�g�h�c���b��
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�Z�d�k�b�Z�e�v�g�h�c) �k�� �i�h�f�h�s�v�x�� ��D PIV-�k�b�k�l�_�f�u �h�[�_�k�i�_�q�b�\�Z�_�l�� �^�h�k�l�Z�l�h�q�g�h���i�h�e�g�m�x��

�b�g�n�h�j�f�Z�p�b�x �h���i�h�e�_���k�d�h�j�h�k�l�b�� 

 

     

�J�b�k�m�g�h�d��19�����F�]�g�h�\�_�g�g�u�_���i�h�e�y���k�d�h�j�h�k�l�b���\���i�e�h�k�d�h�k�l�b���h�k�b���]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���\���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_���f�h�f�_�g�l�u���\�j�_�f�_�g�b���k���b�g�l�_�j�\�Z�e�h�f������ �f�k��

���p�\�_�l�h�\�Z�y���r�d�Z�e�Z���h�[�h�a�g�Z�q�Z�_�l �f�h�^�m�e�v���k�j�_�^�g�_�c���k�d�h�j�h�k�l�b��. 

�J�b�k�m�g�h�d����0�����<�_�d�l�h�j�g�h�_���i�h�e�_���k�j�_�^�g�_�c���i�h���\�j�_�f�_�g�b���k�d�h�j�h�k�l�b���i�h�l�h�d�Z�����Z������ 

�j�Z�k�i�j�_�^�_�e�_�g�b�_���Z�d�k�b�Z�e�v�g�h�c���d�h�f�i�h�g�_�g�l�u���k�j�_�^�g�_�c���k�d�h�j�h�k�l�b�����[�������j�Z�k�i�j�_�^�_�e�_�g�b�_��

�i�m�e�v�k�Z�p�b�c���k�d�h�j�h�k�l�b���\���n�Z�d�_�e�_���± �h�l�g�h�k�b�l�_�e�v�g�h�_���k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_���h�l�d�e�h�g�_�g�b�_��

�Z�d�k�b�Z�e�v�g�h�c���d�h�f�i�h�g�_�g�l�u���k�d�h�j�h�k�l�b�����\������d = 26 �f�f  �± �^�b�Z�f�_�l�j���\�u�o�h�^�g�h�]�h  

�h�l�\�_�j�k�l�b�y �]�h�j�_�e�d�b. 

 

�G�Z�� �j�b�k�m�g�d�_�� ����-�Z�� �i�j�_�^�k�l�Z�\�e�_�g�� �o�Z�j�Z�d�l�_�j�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �b�a�f�_�j�_�g�b�y��

�j�Z�k�i�j�_�^�_�e�_�g�b�y���k�j�_�^�g�_�c���i�h���\�j�_�f�_�g�b�������������j�_�Z�e�b�a�Z�p�b�c�����k�d�h�j�h�k�l�b���i�h�l�h�d�Z���\���i�e�h�k�d�h�k�l�b��

   

�Z�� �[�� �\�� 
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�k�b�f�f�_�l�j�b�b�� �n�Z�d�_�e�Z�� ��r �± �j�Z�^�b�m�k������ �G�Z�� �j�b�k�m�g�d�_�� ����-�[�� �i�j�b�\�_�^�_�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�_��

�Z�d�k�b�Z�e�v�g�h�c�� �d�h�f�i�h�g�_�g�l�u�� �k�d�h�j�h�k�l�b���� �<�b�^�g�h���� �q�l�h�� �\�� �h�l�e�b�q�b�_�� �h�l�� �o�b�f�b�q�_�k�d�b�� �b�g�_�j�l�g�h�c��

�a�Z�l�h�i�e�_�g�g�h�c�� �k�l�j�m�b���� �a�Z�\�b�k�b�f�h�k�l�v�� �Z�d�k�b�Z�e�v�g�h�c�� �d�h�f�i�h�g�_�g�l�u�� �k�j�_�^�g�_�c�� �k�d�h�j�h�k�l�b�� �h�l��

�i�j�h�^�h�e�v�g�h�c���d�h�h�j�^�b�g�Z�l�u��x �h�d�Z�a�u�\�Z�_�l�k�y�� �g�_�f�h�g�h�l�h�g�g�h�c���� �_�_�� �a�g�Z�q�_�g�b�_�� �^�h�k�l�b�]�Z�_�l��

�f�Z�d�k�b�f�m�f�Z�����a���� �f���k�����g�Z���h�k�b���n�Z�d�_�e�Z���g�Z���g�_�d�h�l�h�j�h�f���j�Z�k�k�l�h�y�g�b�b���h�l���k�j�_�a�Z���]�h�j�_�e�d�b�����G�Z��

�j�b�k�m�g�d�_������-�\���i�j�_�^�k�l�Z�\�e�_�g�h���j�Z�k�i�j�_�^�_�e�_�g�b�_���h�l�g�h�k�b�l�_�e�v�g�h�]�h���k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�]�h��

�h�l�d�e�h�g�_�g�b�y�� �Z�d�k�b�Z�e�v�g�h�c�� �d�h�f�i�h�g�_�g�l�u�� �k�d�h�j�h�k�l�b���� �G�Z�b�[�h�e�_�_�� �k�b�e�v�g�u�_�� �h�l�g�h�k�b�l�_�e�v�g�u�_��

�i�m�e�v�k�Z�p�b�b�� �k�d�h�j�h�k�l�b�� �g�Z�[�e�x�^�Z�x�l�k�y�� �g�Z�� �i�_�j�b�n�_�j�b�b�� �n�Z�d�_�e�Z���� �]�^�_�� �h�g�b�� �^�h�k�l�b�]�Z�x�l��

�m�j�h�\�g�y���k�j�_�^�g�_�c���k�d�h�j�h�k�l�b���i�h�l�h�d�Z�� 

3.1.2. �L�_�f�i�_�j�Z�l�m�j�Z���n�Z�d�_�e�Z 

�I �j�b���i�j�h�\�_�^�_�g�b�b���l�_�j�f�h�i�Z�j�g�u�o���b���l�_�i�e�h�\�b�a�b�h�g�g�u�o���b�a�f�_�j�_�g�b�c���j�Z�k�i�j�_�^�_�e�_�g�b�y��

�l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �\�b�^�b�f�Z�y�� �\�u�k�h�l�Z�� �i�m�e�v�k�b�j�m�x�s�_�]�h��

�n�Z�d�_�e�Z���k�h�k�l�Z�\�e�y�e�Z�������±20 �k�f���>��58]. �K���m�q�_�l�h�f���l�h�]�h�����q�l�h���\�j�_�f�y���g�_�i�j�_�j�u�\�g�h�c���j�Z�[�h�l�u��

�Z�\�l�h�g�h�f�g�h�]�h�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �k�h�k�l�Z�\�e�y�_�l���^�h��50 �f�b�g���� �k�m�f�f�Z�j�g�h�_�� �\�j�_�f�y��

�b�a�f�_�j�_�g�b�c�� �[�u�e�h���h�]�j�Z�g�b�q�_�g�h���� �I�h�w�l�h�f�m���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�c�� �r�Z�]�� �k�_�l�d�b�� �a�Z�^�Z�\�Z�e�k�y�� �i�h��

�]�h�j�b�a�h�g�l�Z�e�b���� �f�f�����i�h���\�_�j�l�b�d�Z�e�b���������f�f�����j�Z�a�f�_�j���b�a�f�_�j�b�l�_�e�v�g�h�c���h�[�e�Z�k�l�b�������u200 �f�f����

�b���k�� �m�q�_�l�h�f�� �k�b�f�f�_�l�j�b�b �b�a�f�_�j�_�g�b�y �i�j �h�\�h�^�b�e�b�k�v���l�h�e�v�d�h���\���i�h�e�h�\�b�g�_ �i�j�h�^�h�e�v�g�h�]�h��

�k�_�q�_�g�b�y���n�Z�d�_�e�Z�����<�j�_�f�y���i�_�j�_�f�_�s�_�g�b�y���D�I�M���i�j�b���l�Z�d�h�f���i�e�Z�g�_���k�h�k�l�Z�\�e�y�e�h���h�d�h�e�h���� �k����

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�Z�y�� �g�_�h�[�o�h�^�b�f�Z�y�� �a�Z�^�_�j�`�d�Z�� ���i�j�b�� �i�_�j�_�f�_�s�_�g�b�b�� �b�a�� �h�^�g�h�c��

�l�h�q�d�b���\���^�j�m�]�m�x�����g�Z���g�Z�]�j�_�\���b�e�b���h�k�l�u�\�Z�g�b�_���l�_�j�f�h�i�Z�j�u���a�Z�^�Z�\�Z�e�Z�k�v���j�Z�\�g�h�c 7 �k�����\�j�_�f�y��

�b�a�f�_�j�_�g�b�y���\���l�h�q�d�_���k�h�k�l�Z�\�e�y�e�h������ �k�����q�Z�k�l�h�l�Z���b�a�f�_�j�_�g�b�c�������� �=�p�� 

�J�_�a�m�e�v�l�Z�l�u �l�_�j�f�h�i�Z�j�g�u�o�� �b�a�f�_�j�_�g�b�c�� ���k�f���� �j�b�k�m�g�d�b 21, 22���� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h��

�h�[�e�Z�k�l�v�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� ���a���������ƒ�K���� �g�Z�o�h�^�b�l�k�y�� �g�Z�� �j�Z�k�k�l�h�y�g�b�b�� �h�d�h�e�h��

0,1 �f���h�l���k�j�_�a�Z���]�h�j�_�e�d�b�����<�[�e�b�a�b���\�u�o�h�^�Z���b�a �]�h�j�_�e�d�b���©�k�]�e�Z�`�_�g�g�u�_�ª���b�a�h�l�_�j�f�u���b�f�_�x�l��

�k�o�h�^�y�s�m�x�k�y���n�h�j�f�m ���k�f���� �j�b�k�m�g�h�d�� ����-�[������ �o�Z�j�Z�d�l�_�j�g�m�x �^�e�y�� �^�b�n�n�m�a�b�h�g�g�h�]�h�� �j�_�`�b�f�Z��

�]�h�j�_�g�b�y���� �W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �l�h�f���� �q�l�h���\�u�o�h�^�y�s�b�c�� �b�a�� �]�h�j�_�e�d�b�� �i�h�l�h�d�� �k�h�^�_�j�`�b�l��

�a�g�Z�q�b�l�_�e�v�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �g�_�i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�b�o �]�h�j�x�q�b�o �d�h�f�i�h�g�_�g�l�h�\���� �d�h�l�h�j�u�_��

�k�]�h�j�Z�x�l �\�h���\�g�_�r�g�_�f���n�Z�d�_�e�_���i�h���f�_�j�_���i�_�j�_�f�_�r�b�\�Z�g�b�y���k �h�d�j�m�`�Z�x�s�b�f���\�h�a�^�m�o�h�f. �A�Z��
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�k�q�_�l�� �w�l�h�]�h�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�l�h�d�Z���\�h�a�j�Z�k�l�Z�_�l �g�Z�� �������� �]�j�Z�^�m�k�h�\�� �>�b�g�Z�f�b�d�Z��

�l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� �h�a�g�Z�q�Z�_�l�� �l�Z�d�`�_���� �q�l�h���i�j�h�p�_�k�k�u���\�g�m�l�j�b�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z���i�j�h�l�_�d�Z�x�l�� �\�� �m�k�e�h�\�b�y�o���g�_�^�h�k�l�Z�l�d�Z �h�d�b�k�e�b�l�_�e�y�����;�h�e�_�_�� �l�z�f�g�Z�y�� �h�[�e�Z�k�l�v��

�\�[�e�b�a�b�� �k�j�_�a�Z�� �]�h�j�_�e�d�b�� �g�Z�� �n�h�l�h�]�j�Z�n�b�b�� �n�Z�d�_�e�Z�� ���k�f�����j�b�k�m�g�h�d�� ��2-�[�� �k�h�h�l�\�_�l�k�l�\�m�_�l��

�\�u�o�h�^�y�s�_�f�m���i�h�l�h�d�m�����]�h�j�_�g�b�_���\���d�h�l�h�j�h�f���Z�d�l�b�\�b�a�b�j�m�_�l�k�y���l�h�e�v�d�h���i�h�k�e�_���i�h�k�l�m�i�e�_�g�b�y��

�h�d�b�k�e�b�l�_�e�y���b�a���Z�l�f�h�k�n�_�j�u.  

 

   

�Z�� �[�� �\�� 

�J�b�k�m�g�h�d�� ��1���� �J�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�j�_�^�g�_�c�� �\�h�� �\�j�_�f�_�g�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� ���Z������

�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �k�j�_�^�g�_�c�� �\�h�� �\�j�_�f�_�g�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� 

�k�h���©�k�]�e�Z�`�b�\�Z�g�b�_�f�ª�����[�������k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�]�h���h�l�d�e�h�g�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u�����\��. 

 

�J�b�k�m�g�h�d�� ������ �i�h�a�\�h�e�y�_�l�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�h�i�h�k�l�Z�\�b�l�v�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��

�l�_�f�i�_�j�Z�l�m�j�u�� �b�� �k�d�h�j�h�k�l�b�� �\�� �n�Z�d�_�e�_���� �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�]�h��

�h�l�d�e�h�g�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u���� �i�h�d�Z�a�Z�g�g�h�_�� �g�Z�� �j�b�k�m�g�d�_��21-�\, �b�f�_�_�l�� �f�Z�d�k�b�f�m�f�u�� �g�Z��

�i�_�j�b�n�_�j�b�b�� �n�Z�d�_�e�Z���� �]�^�_���l�Z�d�`�_���g�Z�[�e�x�^�Z�x�l�k�y�� �g�Z�b�[�h�e�_�_�� �k�b�e�v�g�u�_�� �h�l�g�h�k�b�l�_�e�v�g�u�_��

�i�m�e�v�k�Z�p�b�b���k�d�h�j�h�k�l�b�� ���k�f���� �j�b�k�m�g�h�d�� ����-�\���� �\�� �l�h�f�� �q�b�k�e�_�� �\�k�e�_�^�k�l�\�b�_�� �g�_�m�k�l�h�c�q�b�\�h�k�l�b��

�k�^�\�b�]�h�\�h�]�h�� �l�_�q�_�g�b�y���g�Z �]�j�Z�g�b�p�_�� �k�l�j�m�b���b�� �b�g�l�_�g�k�b�\�g�h�]�h�� �i�_�j�_�f�_�r�b�\�Z�g�b�y�� �i�j�h�^�m�d�l�h�\��

�k�]�h�j�Z�g�b�y���k���h�d�j�m�`�Z�x�s�b�f���\�h�a�^�m�o�h�f��  
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�Z�� �[�� �\�� 

�J�b�k�m�g�h�d����2�����J�Z�k�i�j�_�^�_�e�_�g�b�_ �k�j�_�^�g�_�c���\�h���\�j�_�f�_�g�b���l�_�f�i�_�j�Z�l�m�j�u���\���n�Z�d�_�e�_�����Z������

�n�h�l�h�]�j�Z�n�b�y���n�Z�d�_�e�Z�����[�������Z�d�k�b�Z�e�v�g�Z�y �d�h�f�i�h�g�_�g�l�Z �k�j�_�^�g�_�c���k�d�h�j�h�k�l�b�����\��. 

 

�J�b�k�m�g�h�d����3�����F�]�g�h�\�_�g�g�u�_���i�h�e�y���l�_�f�i�_�j�Z�l�m�j�u���\���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_  

�f�h�f�_�g�l�u���\�j�_�f�_�g�b���k���b�g�l�_�j�\�Z�e�h�f��5,6 �f�d�k�� 

 

�<���h�l�e�b�q�b�_���h�l���j�Z�k�i�j�_�^�_�e�_�g�b�y���k�d�h�j�h�k�l�b���g�Z���k�j�_�a�_���]�h�j�_�e�d�b���k���f�Z�d�k�b�f�m�f�h�f���g�Z���h�k�b��

�i�h�l�h�d�Z�� ���k�f���� �j�b�k�m�g�h�d�� ����-�Z���[������ �a�Z�\�b�k�b�f�h�k�l�v�� �l�_�f�i�_�j�Z�l�m�j�u�� �h�l�� �j�Z�^�b�m�k�Z�� �g�Z�� �\�u�o�h�^�_�� �b�a��

�d�Z�f�_�j�u���k�]�h�j�Z�g�b�y���y�\�e�y�_�l�k�y���g�_�f�h�g�h�l�h�g�g�h�c�����k�f�����j�b�k�m�g�h�d������-�Z�������d�h�Z�d�k�b�Z�e�v�g�u�_���a�h�g�u���k��

�l�_�f�i�_�j�Z�l�m�j�h�c�� �h�d�h�e�h�� ���������ƒ�K�� �g�Z�o�h�^�y�l�k�y�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �i�h�l�h�d�Z�� �b�� �\�[�e�b�a�b��

�]�j�Z�g�b�p���]�h�j�e�h�\�b�g�u���� �Z�� �f�_�`�^�m���w�l�b�f�b�� �]�h�j�y�q�b�f�b�� �a�h�g�Z�f�b�� �i�h�l�h�d�� �b�f�_�_�l�� �l�_�f�i�_�j�Z�l�m�j�m���g�Z��
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100�±2������ �]�j�Z�^�m�k�h�\�� �g�b�`�_���� �G�_�f�h�g�h�l�h�g�g�h�k�l�v�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �\��

�j�Z�^�b�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �k�h�o�j�Z�g�y�_�l�k�y�� �\�g�b�a�� �i�h�� �i�h�l�h�d�m�� �^�h�� �j�Z�k�k�l�h�y�g�b�y�� �a���� �f�f�� �h�l��

�k�j�_�a�Z�� �]�h�j�_�e�d�b���� �L�Z�d�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u���� �i�h-�\�b�^�b�f�h�f�m���� �y�\�e�y�_�l�k�y��

�k�e�_�^�k�l�\�b�_�f�� �g�_�h�^�g�h�j�h�^�g�h�]�h�� �i�h�� �j�Z�^�b�m�k�m�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �i�h�l�h�d�Z�� �\��

�p�b�e�b�g�^�j�b�q�_�k�d�h�c�� �d�Z�f�_�j�_�� �k�]�h�j�Z�g�b�y�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �\�� �g�_�f�� �d�h�Z�d�k�b�Z�e�v�g�u�o�� �a�h�g����

�j�Z�a�e�b�q�Z�x�s�b�o�k�y���i�h���o�b�f�b�q�_�k�d�b�f���i�j�h�p�_�k�k�Z�f�� 

�I�j�b�� �b�a�f�_�j�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�g�_�r�g�_�]�h�� �n�Z�d�_�e�Z�� �Z�\�l�h�g�h�f�g�h�]�h�� �]�h�j�_�e�h�q�g�h�]�h��

�m�k�l�j�h�c�k�l�\�Z�� �l�_�i�e�h�\�b�a�h�j�h�f�� �k�t�_�f�d�Z�� �\�u�i�h�e�g�y�e�Z�k�v�� �i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�f�� �^�h�i�m�k�l�b�f�h�f��

�j�Z�a�j�_�r�_�g�b�b�� �d�Z�^�j�Z�� �������o������ �i�b�d�k. �i�j�b�� �q�Z�k�l�h�l�_�� ������ �=�p�����<�j�_�f�y�� �\�u�^�_�j�`�d�b�� �d�Z�^�j�Z��

�k�h�k�l�Z�\�e�y�e�h�� ���� �f�d�k���� �W�n�n�_�d�l�b�\�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �b�a�e�m�q�_�g�b�y�� �[�u�e�� �j�Z�\�_�g�� ��,2. 

�H�[�j�Z�[�h�l�d�Z�� �i�h�e�m�q�_�g�g�u�o�� �l�_�j�f�h�]�j�Z�f�f�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �\�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�c��

�i�j�h�]�j�Z�f�f�_��Altair���� �F�]�g�h�\�_�g�g�u�_�� �i�h�e�y�� �l�_�f�i�_�j�Z�l�m�j�u �\�� �l�m�j�[�m�e�_�g�l�g�h�f�� �n�Z�d�_�e�_��

�i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k�m�g�d�_�� ��3���� �h�g�b�� �d�Z�q�_�k�l�\�_�g�g�h�� �k�h�]�e�Z�k�m�x�l�k�y�� �k��PIV-�d�Z�j�l�b�g�Z�f�b����

�i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b�� �g�Z�� �j�b�k�m�g�d�_��19, �b�� �^�_�f�h�g�k�l�j�b�j�m�x�l���k�e�h�`�g�m�x�� �g�_�k�l�Z�p�b�h�g�Z�j�g�m�x��

�k�l�j�m�d�l�m�j�m���l�m�j�[�m�e�_�g�l�g�h�]�h���n�Z�d�_�e�Z.  

3.1.3. �L�_�i�e�h�\�u�^�_�e�_�g�b�_ 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y���l�_�i�e�h�\�u�^�_�e�_�g�b�y�� �\�� �i�j�h�l�h�q�g�h�f  �d�Z�e�h�j�b�f�_�l�j�_���b�a�f�_�j�_�g�b�y��

�j�Z�k�o�h�^�Z�� �b�� �l�_�f�i�_�j�Z�l�m�j�u�� �l�_�i�e�h�g�h�k�b�l�_�e�y�� �i�j�h�\�h�^�b�e�b�k�v�� �\�� �l�_�q�_�g�b�_�� �a 30 �f�b�g�� �i�h�k�e�_��

�m�k�l�Z�g�h�\�e�_�g�b�y���k�l�Z�p�b�h�g�Z�j�g�h�]�h�� �l�_�i�e�h�\�h�]�h�� �j�_�`�b�f�Z���� �K�[�h�j�� �^�Z�g�g�u�o�� �h�k�m�s�_�k�l�\�e�y�e�k�y�� �k��

�q�Z�k�l�h�l�h�c�� �� �=�p�� �>��65]. �K�d�h�j�h�k�l�v �b�� �l�_�f�i�_�j�Z�l�m�j�Z �\�u�o�h�^�y�s�b�o�� �b�a�� �d�Z�e�h�j�b�f�_�l�j�Z�� �]�Z�a�h�\��

�k�h�k�l�Z�\�e�y�e�b��1,3 �f���k���� ����,9�ƒ�K, �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �>�Z�\�e�_�g�b�_�� �\�� �d�Z�e�h�j�b�f�_�l�j�_�� �� �Z�l�f����

�k�j�_�^�g�b�c���h�[�t�_�f�g�u�c���j�Z�k�o�h�^���l�_�i�e�h�g�h�k�b�l�_�e�y��G �| 282 �e���q�� 

�D�h�e�b�q�_�k�l�\�h���l�_�i�e�Z��Q ���>�`�������i�h�e�m�q�_�g�g�h�]�h���h�l���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���\���d�Z�e�h�j�b�f�_�l�j�_��

�a�Z���h�i�j�_�^�_�e�_�g�g�h�_���\�j�_�f�y�����j�Z�\�g�h���j�Z�a�g�h�k�l�b���a�g�Z�q�_�g�b�c �l�_�i�e�h�\�h�c���w�g�_�j�]�b�b���\�h�^�u���g�Z���\�u�o�h�^�_��

(Q2) �b���g�Z���\�o�h�^�_����Q1�����d�Z�e�h�j�b�f�_�l�j�Z�����a�Z���g�m�e�_�\�h�c���m�j�h�\�_�g�v���i�j�b�g�y�l�Z���l�_�i�e�h�\�Z�y���w�g�_�j�]�b�y���i�j�b��

T = Ta):  

�� �� �� ��2 1
1 1

N N

n n
Q Q Q�  � �� ¦ � ¦, 
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�]�^�_�� �� ��
i

a

T

i i i
T

Q G c T dT� �W �U�³ ���� �b�g�^�_�d�k��i = 1, ���� �m�d�Z�a�u�\�Z�_�l�� �i�Z�j�Z�f�_�l�j�u�� �g�Z�� �\�o�h�^�_�� �b�� �g�Z�� �\�u�o�h�^�_��

�d�Z�e�h�j�b�f�_�l�j�Z���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h����G, �U (T), c (T) �± �h�[�t�_�f�g�u�c���j�Z�k�o�h�^�� ���f3���k������ �i�e�h�l�g�h�k�l�v��

���d�]���f3�����b���m�^�_�e�v�g�Z�y���l�_�i�e�h�_�f�d�h�k�l�v���l�_�i�e�h�g�h�k�b�l�_�e�y�����>�`�����d�]���q�K)); T �± �l�_�f�i�_�j�Z�l�m�j�Z�����q�K); 

Ta = 22,7 �q�K �± �l�_�f�i�_�j�Z�l�m�j�Z�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �b�g�^�_�d�k��n �h�a�g�Z�q�Z�_�l�� �i�h�j�y�^�d�h�\�u�c��

�g�h�f�_�j�� �b�a�f�_�j�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �j�Z�k�o�h�^�Z�� �l�_�i�e�h�g�h�k�b�l�_�e�y����N �± �d�h�e�b�q�_�k�l�\�h��

�b�a�f�_�j�_�g�b�c�����W �± �b�g�l�_�j�\�Z�e�� �\�j�_�f�_�g�b�� �f�_�`�^�m�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b����

�W = 0,2 c�����\�j�_�f�y���h�i�j�_�^�_�e�_�g�b�y��Q �k�h�k�l�Z�\�e�y�_�l���WN=1500 c.  

�I�h�k�d�h�e�v�d�m���^�h���g�Z�q�Z�e�Z���d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�o���b�a�f�_�j�_�g�b�c���\�h�^�Z���\���[�Z�q�d�_-�b�k�i�Z�j�b�l�_�e�_��

�[�u�e�Z�� �g�Z�]�j�_�l�Z�� �^�h�� �l�_�f�i�_�j�Z�l�m�j�u�� �d�b�i�_�g�b�y�� �i�j�b�� �i�h�\�u�r�_�g�g�h�f�� �^�Z�\�e�_�g�b�b���� �l�h�� �b�a��

�i�h�e�m�q�_�g�g�h�]�h�� �a�g�Z�q�_�g�b�y��Q �k�e�_�^�m�_�l�� �h�l�g�y�l�v�� �d�h�e�b�q�_�k�l�\�h�� �l�_�i�e�Z���� �a�Z�i�Z�k�_�g�g�h�]�h�� �\�h�^�h�c����

�i�h�k�l�m�i�Z�x�s�_�c�� �\�� �a�h�g�m�� �j�_�Z�d�p�b�b��Q Nc TF�� � �W �' ���� �a�^�_�k�v��F �± �k�j�_�^�g�b�c�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^��

�i�h�^�Z�\�Z�_�f�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z����T� ' � ��h�l�e�b�q�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �d�b�i�_�g�b�y�� �\�h�^�u�� �\�� �[�Z�q�d�_-

�b�k�i�Z�j�b�l�_�e�_���h�l��aT  ���^�e�y���m�k�e�h�\�b�c���w�d�k�i�_�j�b�f�_�g�l�Z��0,8%Q Q�� �| �������<���b�l�h�]�_���h�i�j�_�^�_�e�y�e�b�k�v��

�l�_�i�e�h�\�Z�y���f�h�s�g�h�k�l�v���� ��W Q Q N��� �� �W  �b���m�^�_�e�v�g�h�_���d�h�e�b�q�_�k�l�\�h���l�_�i�e�Z�����i�h�e�m�q�_�g�g�h�]�h���h�l��

�i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���� �d�]���l�h�i�e�b�\�Z�� fq W F� .  

�G�Z�� �j�b�k�m�g�d�_�� ��4 �i�j�_�^�k�l�Z�\�e�_�g�Z�� �o�Z�j�Z�d�l�_�j�g�Z�y�� �\�j�_�f�_�g�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �l�_�i�e�h�\�h�c��

�w�g�_�j�]�b�b���� �i�_�j�_�g�h�k�b�f�h�c�� �l�_�i�e�h�g�h�k�b�l�_�e�_�f�� �a�Z�� �b�g�l�_�j�\�Z�e�� �\�j�_�f�_�g�b���W �f�_�`�^�m��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b���� �g�Z�� �\�o�h�^�_�� ��1Q ���� �b�� �g�Z�� �\�u�o�h�^�_�� ��2Q ���� �d�Z�e�h�j�b�f�_�l�j�Z����

�K�j�_�^�g�y�y���k�d�h�j�h�k�l�v���i�h�l�h�d�Z���l�_�i�e�h�g�h�k�b�l�_�e�y���a 1,6 �k�f���k�����l���_�����l�_�i�e�h�g�h�k�b�l�_�e�v���g�Z�o�h�^�b�l�k�y���\��

�d�Z�e�h�j�b�f�_�l�j�_�� �\�� �l�_�q�_�g�b�_�� �������� �f�b�g���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �o�Z�j�Z�d�l�_�j�g�h�f�m�� �\�j�_�f�_�g�b��

�l�_�i�e�h�\�h�c���j�_�e�Z�d�k�Z�p�b�b���d�Z�e�h�j�b�f�_�l�j�Z���g�Z���]�j�Z�n�b�d�_���� ��2Q t  ���k�f�� �j�b�k�m�g�h�d����4�������<�b�^�g�h�����q�l�h��

�n�e�m�d�l�m�Z�p�b�b 2Q  �k�m�s�_�k�l�\�_�g�g�h�� �\�h�a�j�Z�k�l�Z�x�l�� �\�� �i�_�j�b�h�^�� �\�\�h�^�Z�� �l�_�i�e�Z�� �\�� �d�Z�e�h�j�b�f�_�l�j��

���k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_���h�l�d�e�h�g�_�g�b�_���k�h�k�l�Z�\�e�y�_�l���a���� �>�`�������G�_�k�l�Z�p�b�h�g�Z�j�g�h�k�l�v���n�Z�d�_�e�Z��

�g�_���\�e�b�y�_�l���g�Z���w�l�b���n�e�m�d�l�m�Z�p�b�b�����Z�g�Z�e�b�a���k�i�_�d�l�j�Z���i�m�e�v�k�Z�p�b�c���n�Z�d�_�e�Z�� �j�_�]�b�k�l�j�b�j�m�_�f�u�o��

�k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�a�Z�l�h�j�Z�� �r�m�f�Z�� ���%�U�X�H�O�	�.�Ma�H�U���� �^�b�Z�i�Z�a�h�g�� �^�Z�\�e�_�g�b�y�� �^�h�� ���������� �d�I�Z����

�q�Z�k�l�h�l�Z�� �b�a�f�_�j�_�g�b�c�� ���±20000 �=�p���� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �������� �f�<���I�Z������ �\�u�y�\�b�e��
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�o�Z�j�Z�d�l�_�j�g�m�x�� �q�Z�k�l�h�l�m�� �a������ �=�p�� ���k�f���� �j�b�k�m�g�h�d�� ��5������ �d�h�l�h�j�Z�y�� �g�Z�f�g�h�]�h�� �\�u�r�_�� �q�Z�k�l�h�l�u��

�b�a�f�_�j�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\���l�_�i�e�h�g�h�k�b�l�_�e�y���b���o�Z�j�Z�d�l�_�j�g�h�c���q�Z�k�l�h�l�u���n�e�m�d�l�m�Z�p�b�c���� ��2Q t .  

 

 

�J�b�k�m�g�h�d����4�����O�Z�j�Z�d�l�_�j�g�Z�y���\�j�_�f�_�g�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���l�_�i�e�h�\�h�c���w�g�_�j�]�b�b�����i�_�j�_�g�h�k�b�f�h�c��

�l�_�i�e�h�g�h�k�b�l�_�e�_�f���a�Z���b�g�l�_�j�\�Z�e���\�j�_�f�_�g�b���f�_�`�^�m���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b���b�a�f�_�j�_�g�b�y�f�b��

�W=0,2 �k�����g�Z���\�o�h�^�_����Q1�����b���g�Z���\�u�o�h�^�_����Q2�����d�Z�e�h�j�b�f�_�l�j�Z������ �± �i�_�j�b�h�^���^�h���\�\�h�^�Z���n�Z�d�_�e�Z�� 

�\���d�Z�e�h�j�b�f�_�l�j������ �± �i�_�j�b�h�^���h�i�j�_�^�_�e�_�g�b�y��q �i�j�b���k�l�Z�p�b�h�g�Z�j�g�h�f���l�_�i�e�h�\�h�f���j�_�`�b�f�_�� 

�\���d�Z�e�h�j�b�f�_�l�j�_. 

 

 

�J�b�k�m�g�h�d����5�����O�Z�j�Z�d�l�_�j�g�u�c���k�i�_�d�l�j���i�m�e�v�k�Z�p�b�c���^�Z�\�e�_�g�b�y���\���n�Z�d�_�e�_. 

 

�M�d�Z�a�Z�g�g�u�_�� �h�l�d�e�h�g�_�g�b�y�� ��Q2)n �h�l�� �k�j�_�^�g�_�]�h�� �a�g�Z�q�_�g�b�y�� �g�_�� �y�\�e�y�x�l�k�y �k�e�_�^�k�l�\�b�_�f��

�k�e�m�q�Z�c�g�h�c�� �i�h�]�j�_�r�g�h�k�l�b�� �b�a�f�_�j�_�g�b�c���� �O�Z�j�Z�d�l�_�j�g�u�c�� �i�_�j�b�h�^�� �w�l�b�o�� �d�h�e�_�[�Z�g�b�c��

�k�h�k�l�Z�\�e�y�_�l�� �a 5�± 10 �k���� �B�o�� �h�k�g�h�\�g�h�c�� �i�j�b�q�b�g�h�c�� �k�e�m�`�b�l�� �g�_�k�l�Z�p�b�h�g�Z�j�g�u�c��

���o�Z�h�l�b�q�_�k�d�b�c�����o�Z�j�Z�d�l�_�j���i�_�j�_�g�h�k�Z���l�_�i�e�Z���\���m�k�e�h�\�b�y�o���d�h�g�\�_�d�l�b�\�g�h�c���g�_�m�k�l�h�c�q�b�\�h�k�l�b��
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�g�_�h�^�g�h�j�h�^�g�h���g�Z�]�j�_�l�h�]�h���i�h�l�h�d�Z���l�_�i�e�h�g�h�k�b�l�_�e�y���\���d�Z�g�Z�e�_���k�e�h�`�g�h�c���n�h�j�f�u�����;�_�a �\�\�h�^�Z��

�l�_�i�e�Z�� �\�� �d�Z�e�h�j�b�f�_�l�j�� �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_�� �h�l�d�e�h�g�_�g�b�_�� �h�l�� �k�j�_�^�g�_�]�h�� �a�g�Z�q�_�g�b�y��2Q  

�i�h�g�b�`�Z�_�l�k�y�� �^�h�� �m�j�h�\�g�y�� �a���� �>�`�� ���i�j�b�� �w�l�h�f�� �k�i�_�d�l�j�� �d�h�e�_�[�Z�g�b�c�� �[�e�b�a�h�d�� �d��

�h�^�g�h�j�h�^�g�h�f�m������ �W�l�b�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�_�� �n�e�m�d�l�m�Z�p�b�b�� �k�\�y�a�Z�g�u�� �k �\�h�a�f�h�`�g�u�f�b��

�k�e�m�q�Z�c�g�u�f�b�� �b�a�f�_�g�_�g�b�y�f�b���i�Z�j�Z�f�_�l�j�h�\�� �i�h�l�h�d�Z�� �l�_�i�e�h�g�h�k�b�l�_�e�y���� �Z�� �l�Z�d�`�_�� �k��

�k�h�\�h�d�m�i�g�h�c�� �k�e�m�q�Z�c�g�h�c�� �i�h�]�j�_�r�g�h�k�l�v�x�� �d�h�g�l�j�h�e�v�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�o�� �i�j�b�[�h�j�h�\���� �L�_�f��

�k�Z�f�u�f�����h�l�g�h�k�b�l�_�e�v�g�Z�y���k�e�m�q�Z�c�g�Z�y���i�h�]�j�_�r�g�h�k�l�v���h�i�j�_�^�_�e�_�g�b�y���j�Z�a�g�h�k�l�b���> �@2 1Q Q��  �g�_��

�i�j�_�\�u�r�Z�_�l���r0,6 %: �> �@2 1 n
Q Q�� = (1570 �r 10) �>�`���� �I�j�b�� �i�h�^�]�h�l�h�\�d�_�� �d�� �i�j�h�\�_�^�_�g�b�x��

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �[�u�e�b�� �i�j�_�^�i�j�b�g�y�l�u�� �g�_�h�[�o�h�^�b�f�u�_�� �f�_�j�u�� �^�e�y�� �b�k�d�e�x�q�_�g�b�y��

�\�h�a�f�h�`�g�h�c�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�c�� �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�h�c�� �i�h�]�j�_�r�g�h�k�l�b�� ���l�Z�j�b�j�h�\�d�Z��

�l�_�j�f�h�i�Z�j�u���� �j�Z�k�o�h�^�h�f�_�j�Z������ �H�k�g�h�\�g�Z�y�� �i�h�]�j�_�r�g�h�k�l�v�� �a 2 % �f �h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�Z�� �k��

�^�b�k�d�j�_�l�g�h�k�l�v�x���b�f�i�m�e�v�k�h�\�� �i�j�b�[�h�j�Z���� �j�_�]�b�k�l�j�b�j�m�x�s�_�]�h�� �j�Z�k�o�h�^�� �l�_�i�e�h�g�h�k�b�l�_�e�y����

�F�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �\�� �p�_�e�h�f�� �b�k�i�h�e�v�a�m�_�f�Z�y�� �f�_�l�h�^�b�d�Z�� �h�[�_�k�i�_�q�b�\�Z�_�l��

�h�i�j�_�^�_�e�_�g�b�_�� �a�g�Z�q�_�g�b�c �l�_�i�e�h�\�u�^�_�e�_�g�b�y���\�� �j�Z�k�q�_�l�_�� �g�Z�� �� �d�]�� �l�h�i�e�b�\�Z (q) �b �l�_�i�e�h�\�h�c��

�f�h�s�g�h�k�l�b����W) �k���h�l�g�h�k�b�l�_�e�v�g�h�c���i�h�]�j�_�r�g�h�k�l�v�x���\���i�j�_�^�_�e�Z�o���r 2,6 %.  

�<�� �b�l�h�]�_�� �i�h�e�m�q�b�f�� �a�g�Z�q�_�g�b�y�� �^�e�y��q �b��W: 43,6 �r 1,1 �F�>�`�� �g�Z�� �� �d�]�� �k�]�h�j�Z�x�s�_�]�h��

�^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���b������9 �r0,2 �d�<�l�����K���m�q�_�l�h�f���i�h�l�_�j�v���a �������l�_�i�e�Z�����k�h�]�e�Z�k�g�h���h�p�_�g�d�_����

�i�j�b�\�_�^�_�g�g�h�c�� �\�� �j�Z�a�^�_�e�_�� �������������� �i�h�e�m�q�_�g�g�h�_�� �a�g�Z�q�_�g�b�_�� �\�� �i�j�_�^�_�e�Z�o�� �i�h�]�j�_�r�g�h�k�l�b��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �\�u�k�r�_�c�� �l�_�i�e�h�l�\�h�j�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z���� �q�l�h��

�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���\�u�k�h�d�h�c���i�h�e�g�h�l�_���k�]�h�j�Z�g�b�y���l�h�i�e�b�\�Z���\���b�k�k�e�_�^�m�_�f�h�f���j�_�`�b�f�_�� 

�>�e�y���k�j�Z�\�g�_�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���j�Z�[�h�l�u���Z�\�l�h�g�h�f�g�h�]�h���]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z����

�l�Z�d�`�_�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�_ �l�_�i�e�h�\�u�^�_�e�_�g�b�y�� �b�� �]�Z�a�h�\�h�]�h�� �k�h�k�l�Z�\�Z �]�h�j�_�g�b�y��

�^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �i�j�b���i�h�^�Z�q�_�� �\�h�a�^�m�o�Z���� �\�f�_�k�l�h�� �i�Z�j�Z���� �>�e�y�� �w�l�h�]�h�� �d�� �a�Z�e�b�\�g�h�c��

�]�h�j�e�h�\�b�g�_�� �[�Z�q�d�Z-�b�k�i�Z�j�b�l�_�e�y�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �[�u�e�Z�� �i�h�^�d�e�x�q�_�g�Z�� �k�b�k�l�_�f�Z��

�i�h�^�Z�q�b�� �k�`�Z�l�h�]�h�� �\�h�a�^�m�o�Z�����K�j�Z�\�g�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �\�� �j�_�`�b�f�Z�o�� �]�h�j�_�g�b�y�� �k �i�h�^�Z�q�_�c��

�i�Z�j�Z�� �b�� �\�h�a�^�m�o�Z�� �i�j�h�b�a�\�h�^�b�e�h�k�v�� �i�j�b�� �k�h�i�h�k�l�Z�\�b�f�u�o�� �a�g�Z�q�_�g�b�y�o��W ���k�� �m�q�_�l�h�f��

�i�h�]�j�_�r�g�h�k�l�b������ �I�j�b�� �w�l�h�f�� �^�Z�\�e�_�g�b�_�� �\�� �[�Z�q�d�_-�b�k�i�Z�j�b�l�_�e�_�� �k�� �\�h�a�^�m�o�h�f���k�h�k�l�Z�\�b�e�h 0,5 

�F�I�Z. �M�f�_�g�v�r�_�g�b�_ �j�Z�k�o�h�^�Z �\�h�a�^�m�o�Z �i�j�b�\�h�^�b�e�h �d �k�m�s�_�k�l�\�_�g�g�h�f�m �g�_�^�h�`�h�]�m 
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�l�h�i�e�b�\�Z (�i�j�h�^�m�d�l�u �k�h�^�_�j�`�Z�e�b �a�g�Z�q�b�l�_�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �k�Z�`�b), �Z �i�j�b �i�h�\�u�r�_�g�b�b 

�j�Z�k�o�h�^�Z �\�h�a�^�m�o�Z �]�h�j�_�g�b�_ �k�l�Z�g�h�\�b�e�h�k�v �g�_�k�l�Z�[�b�e�v�g�u�f (�\�_�j�h�y�l�g�Z�y �i�j�b�q�b�g�Z �²  

�i�h�g�b�`�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �d�Z�g�Z�e�_ �]�h�j�_�e�h�q�g�h�]�h �m�k�l�j�h�c�k�l�\�Z������ �>�e�y�� �^�Z�g�g�u�o�� �m�k�e�h�\�b�c��

�j�Z�k�o�h�^�� �\�h�a�^�m�o�Z�� �k�h�k�l�Z�\�b�e�� ��,33 �d�]���q���� �I�h�e�m�q�_�g�g�u�_�� �a�g�Z�q�_�g�b�y��q �b��W �i�j�b�� �j�Z�[�h�l�_��

�]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �\�� �l�Z�d�h�f�� �j�_�`�b�f�_�� �k�h�k�l�Z�\�b�e�b����41,4 �r 1,1 �F�>�`�� �g�Z�� �� �d�]��

�k�]�h�j�Z�x�s�_�]�h���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���b�������� �r0,2 �d�<�l. 

3.1.4. �K�h�k�l�Z�\���m�o�h�^�y�s�b�o���]�Z�a�h�\ 

�:�g�Z�e�b�a�� �k�h�k�l�Z�\�Z�� �m�o�h�^�y�s�b�o�� �]�Z�a�h�\�� �i�j�b�� �k�`�b�]�Z�g�b�b�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z��

�h�k�m�s�_�k�l�\�e�y�e�k�y�� �k�h�\�f�_�k�l�g�h�� �k�� �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�f�b���b�a�f�_�j�_�g�b�y�f �b�� �>165�@���� �i�h�w�l�h�f�m��

�m�k�e�h�\�b�y�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �Z�g�Z�e�h�]�b�q�g�u���� �I�h�� �i�h�e�m�q�_�g�g�u�f �g�Z��

�]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�_�� �^�Z�g�g�u�f�� �i�j�h�b�a�\�h�^�b�e�k�y�� �i�_�j�_�j�Z�k�q�_�l�� �k�h�^�_�j�`�Z�g�b�y�� �\�j�_�^�g�u�o�� �\�_�s�_�k�l�\��

�b�a���b�o�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h���h�[�t�_�f�Z �\�� �i�j�h�^�m�d�l�Z�o�� �k�]�h�j�Z�g�b�y���\�� �f�Z�k�k�m���� �i�j�h�b�a�\�h�^�b�f�m�x�� �i�j�b��

�k�]�h�j�Z�g�b�b��1 �d�]���l�h�i�e�b�\�Z �i�h���n�h�j�f�m�e�_�������������k�f�����i�� 2.2.4).  

�J�_�a�m�e�v�l�Z�l�u�� �b�a�f�_�j�_�g�b�c�� �b�� �j�Z�k�q�_�l�h�\�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ���� �^�e�y���j�_�`�b�f�h�\��

�k�`�b�]�Z�g�b�y�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �k�� �i�h�^�Z�q�_�c�� �\�� �a�h�g�m�� �j�_�Z�d�p�b�b�� �k�l�j�m�b�� �i�_�j�_�]�j�_�l�h�]�h��

�\�h�^�y�g�h�]�h���i�Z�j�Z���b���\�h�a�^�m�r�g�h�c���k�l�j�m�b���� 

�H�[�h�a�g�Z�q�_�g�b�y���\���l�Z�[�e�b�p�_���������� �± �h�l�g�h�k�b�l�_�e�v�g�u�c���f�Z�k�k�h�\�u�c���j�Z�k�o�h�^ �i�h�^�Z�\�Z�_�f�h�]�h��

�\�h�^�y�g�h�]�h�� �i�Z�j�Z�� �b�e�b�� �k�`�Z�l�h�]�h�� �\�h�a�^�m�o�Z (�� = F / Ff, F �± �k�j�_�^�g�b�c�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^��

�i�h�^�Z�\�Z�_�f�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z�� �b�e�b�� �k�`�Z�l�h�]�h�� �\�h�a�^�m�o�Z), Ff �± �k�j�_�^�g�b�c�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^��

�l�h�i�e�b�\�Z����q �± �d�h�e�b�q�_�k�l�\�h���l�_�i�e�Z�����i�h�e�m�q�_�g�g�h�]�h���h�l���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y���\���d�Z�e�h�j�b�f�_�l�j�_��

�\�� �j�Z�k�q�_�l�_�� �g�Z 1 �d�]�� �l�h�i�e�b�\�Z����W �± �k�j�_�^�g�y�y�� �l�_�i�e�h�\�Z�y �f�h�s�g�h�k�l�v����Gfg �± �k�j�_�^�g�b�c��

�h�[�t�_�f�g�u�c���j�Z�k�o�h�^���]�Z�a�h�h�[�j�Z�a�g�u�o���i�j�h�^�m�d�l�h�\���k�]�h�j�Z�g�b�y�� 
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�L�Z�[�e�b�p�Z���������J�_�a�m�e�v�l�Z�l�u���d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�o���b�a�f�_�j�_�g�b�c���b���]�Z�a�h�\�h�]�h���Z�g�Z�e�b�a�Z. 

�J�_�`�b�f��
�]�h�j�_�g�b�y �� q,  

�F�>�`���d�] 
W, 
�d�<�l 

Gfg, 
�f3���q 

�K�h�^�_�j�`�Z�g�b�_���\�_�s�_�k�l�\���\���]�Z�a�h-�h�[�j�Z�a�g�u�o��
�i�j�h�^�m�d�l�Z�o���k�]�h�j�Z�g�b�y 

O2 CO2 CO NOx 

�k���i�h�^�Z�q�_�c��
�i�Z�j�Z 0,4 43,6 7,9 17,8 

�����h�[�� ppm 

12,5 
�“����1 

6,4 
�“����6 

20�“�� 17�“6 
�]�������d�]���l�h�i�e�b�\�Z 

0,6 0,9 

�k���i�h�^�Z�q�_�c��
�\�h�a�^�m�o�Z 

0,5 41,4 7,5 17 

�����h�[�� ppm 

12,1 
�“����9 

6,7 
�“����5 

�����“�� �����“�� 
�]�������d�]���l�h�i�e�b�\�Z 

1,5 1,1 
 

�J�_�a�m�e�v�l�Z�l�u�� �]�Z�a�h�\�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�h�d�Z�a�Z�e�b�����q�l�h�� �k�h�^�_�j�`�Z�g�b�_�� �l�h�d�k�b�q�g�u�o��

�d�h�f�i�h�g�_�g�l�h�\�� ��CO �b��NOx���� �\�� �m�o�h�^�y�s�b�o�� �]�Z�a�Z�o�� �a�g�Z�q�b�l�_�e�v�g�h�� �g�b�`�_�� �m�j�h�\�g�y�� �i�j�_�^�_�e�v�g�h��

�^�h�i�m�k�l�b�f�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�c���� �I�j�b�f�_�q�Z�l�_�e�v�g�h���� �q�l�h�� �i�j�b�� �k�`�b�]�Z�g�b�b�� �^�b�a�_�e�v�g�h�]�h��

�l�h�i�e�b�\�Z�� �\�� �j�_�`�b�f�_���k�h�� �k�l�j�m�_�c �\�h�a�^�m�o�Z�� �d�h�e�b�q�_�k�l�\�h�� �h�d�k�b�^�Z�� �Z�a�h�l�Z�����k�h�^�_�j�`�Z�s�_�]�h�k�y�� �\��

�i�j�h�^�m�d�l�Z�o�� �k�]�h�j�Z�g�b�y���� �g�Z��20�±30 ���� �i�j�_�\�u�r�Z�_�l�� �^�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �\�� �j�_�`�b�f�_�� �k��

�i�h�^�Z�q�_�c�� �i�Z�j�Z�� ���^�e�y�� �h�^�b�g�Z�d�h�\�h�c�� �f�Z�k�k�u�� �k�]�h�j�Z�x�s�_�]�h�� �l�h�i�e�b�\�Z������ �<�_�j�h�y�l�g�h����

�o�Z�j�Z�d�l�_�j�g�u�_���^�e�y���j�Z�a�g�u�o���j�_�`�b�f�h�\���h�k�h�[�_�g�g�h�k�l�b���g�_�h�^�g�h�j�h�^�g�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��

�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �k�f�_�k�b�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �d�b�k�e�h�j�h�^�Z�� �\�� �d�Z�g�Z�e�_��

�]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z���f�h�]�m�l���[�u�l�v���i�j�b�q�b�g�h�c���k�m�s�_�k�l�\�_�g�g�h�]�h���j�Z�a�e�b�q�b�y���k�d�h�j�h�k�l�_�c��

�h�[�j�Z�a�h�\�Z�g�b�y���h�d�k�b�^�h�\�� �Z�a�h�l�Z���� �;�h�e�_�_�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �y�\�e�y�_�l�k�y�� �j�Z�a�e�b�q�b�_�� �b�k�k�e�_�^�m�_�f�u�o��

�j�_�`�b�f�h�\�� �i�h�� �k�h�^�_�j�`�Z�g�b�x��CO �\�� �m�o�h�^�y�s�b�o�� �]�Z�a�Z�o���� �\�� �j�_�`�b�f�_�� �k�`�b�]�Z�g�b�y�� �l�h�i�e�b�\�Z�� �k��

�i�Z�j�h�\�h�c�� �k�l�j�m�_�c�� �d�h�e�b�q�_�k�l�\�h�� �K�H�� �g�Z�� �� �d�]�� �l�h�i�e�b�\�Z�� �h�d�Z�a�u�\�Z�_�l�k�y���\�� �������� �j�Z�a�Z �g�b�`�_����

�<�h�a�f�h�`�g�h�_�� �h�[�t�y�k�g�_�g�b�_�� �w�l�h�]�h�� �w�n�n�_�d�l�Z�� �k�\�y�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �i�h�^�Z�q�Z�� �i�Z�j�Z��

�h�[�_�k�i�_�q�b�\�Z�_�l�� �\�� �d�Z�g�Z�e�_�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �[�h�e�_�_�� �\�u�k�h�d�h�_�� �k�h�^�_�j�`�Z�g�b�_ 

�d�b�k�e�h�j�h� �̂Z���� �g�Z�o�h�^�y�s�_�]�h�k�y�� �\�� �g�_�^�h�k�l�Z�l�d�_���� �q�l�h���m�k�d�h�j�y�_�l�� �^�h�h�d�b�k�e�_�g�b�_�� �K�H�� ���i�h��

�k�j�Z�\�g�_�g�b�x�� �k�� �j�_�`�b�f�h�f�� �k�� �\�h�a�^�m�r�g�h�c�� �k�l�j�m�_�c������ �;�h�e�_�_�� �i�h�e�g�h�_�� �h�[�h�k�g�h�\�Z�g�b�_�� �i�j�b�q�b�g 

�i�h�g�b�`�_�g�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �l�h�d�k�b�q�g�u�o�� �i�j�h�^�m�d�l�h�\�� �k�]�h�j�Z�g�b�y�� �\�� �j�_�`�b�f�_�� �k�� �i�Z�j�h�\�h�c��

�k�l�j�m�_�c�� �l�j�_�[�m�_�l�� �^�_�l�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �g�Z�� �h�k�g�h�\�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�k�h�\�h�d�m�i�g�h�k�l�b���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�� 
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3.2. �=�H�J�?�G�B�?���@�B�>�D�B�O���M�=�E�?�<�H�>�H�J�H�>�H�<���<���=�H�J�?�E�H�Q�G�H�F �M�K�L�J�H�C�K�L�<�?  

�K���I�J�B�G�M�>�B�L�?�E�V�G�H�C �I�H�>�:�Q�?�C���I�?�J�?�=�J�?�L�H�=�H���<�H�>�Y�G�H�=�H���I�:�J�: 

3.2.1. �=�h�j�_�g�b�_ �^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z 

�B�a�m�q�_�g�b�_���]�h�j�_�g�b�y �^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���b���h�l�j�Z�[�h�l�Z�g�g�h�]�h���f�Z�r�b�g�g�h�]�h���f�Z�k�e�Z���\��

�e�Z�[�h�j�Z�l�h�j�g�h�f�� �h�[�j�Z�a�p�_�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �k�� �i�j�b�g�m�^�b�l�_�e�v�g�h�c �i�h�^�Z�q�_�c��

�i�_�j�_�]�j�_�l�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z�� �i�j�h�\�h�^�b�e�h�k�v�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�g�u�o�� �i�Z�j�Z�f�_�l�j�Z�o: 

�h�l�g�h�k�b�l�_�e�v�g�u�c�� �f�Z�k�k�h�\�u�c�� �j�Z�k�o�h�^�� �i�Z�j�Z �J = F / Ff �b�a�f�_�g�y�e�k�y�� �h�l�� ��,���� �^�h�� ��,���� �i�j�b��

�n�b�d�k�b�j�h�\�Z�g�g�h�f�� �k�j�_�^�g�_�f�� �a�g�Z�q�_�g�b�b��Ff = 0,8 �d�]���q �^�e�y�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z��[164] �b��

Ff = 0,7 �d�]���q �^�e�y�� �h�l�j�Z�[�h�l�Z�g�g�h�]�h�� �f�Z�r�b�g�g�h�]�h�� �f�Z�k�e�Z [163] ���h�l�d�e�h�g�_�g�b�y�� �h�l���a�Z�^�Z�g�g�u�o��

�k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c���j�Z�k�o�h�^�h�\���± �\���i�j�_�^�_�e�Z�o���r5 �����^�e�y���i�Z�j�Z���b���r2,5 �����^�e�y���l�h�i�e�b�\�Z�������>�e�y��

�d�Z�`�^�h�]�h�� �a�g�Z�q�_�g�b�y�� �i�Z�j�Z�f�_�l�j�Z���J �\�Z�j�v�b�j�h�\�Z�e�Z�k�v�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�_�j�_�]�j�_�l�h�]�h�� �i�Z�j�Z �\��

�^�b�Z�i�Z�a�h�g�_��150�±550 �q�K�� �k�� �r�Z�]�h�f�� �h�d�h�e�h�� ������ �q�K���� �>�Z�\�e�_�g�b�_�� �i�Z�j�Z �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�a�g�Z�q�_�g�b�c���J �b��Ts �k�h�k�l�Z�\�e�y�e�h�� �h�l�� ��,������ �^�h�� ��,9 �F�I�Z���� �i�_�j�_�]�j�_�\�� �i�Z�j�Z��Ts �± Tb �^�h�k�l�b�]�Z�e��

400 �q�K�����J�_�`�b�f�g�u�_���i�Z�j�Z�f�_�l�j�u���i�j�b�\�_�^�_�g�u���\���L�Z�[�e�b�p�_�������� 

 

�L�Z�[�e�b�p�Z���������A�g�Z�q�_�g�b�y���j�_�`�b�f�g�u�o �i�Z�j�Z�f�_�l�j�h�\�� 

�i�j�b���b�k�k�e�_�^�h�\�Z�g�b�b���]�h�j�_�g�b�y �^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z��(Ff = 0.8 �d�]���q���� 

�� Ts , �ƒ�K P, �d�I�Z Ts �± Tb, �ƒ�K 

0,3 

170 150 59 

261 165 146 

355 164 240 

440 193 319 

548 200 425 

0,5 

151 188 31 

250 288 115 

354 354 214 

451 302 314 
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552 321 414 

0,8 

157 391 15 

259 391 117 

357 416 213 

454 449 309 

554 460 408 

1,0 

156 503 9 

261 527 112 

349 576 198 

448 594 296 

552 618 399 

1,3 

175 600 23 

268 630 114 

366 652 210 

454 695 296 

563 710 403 

1,5 

155 786 �±10 

271 836 102 

377 894 203 

452 890 279 

561 912 386 

 

�N�h�l�h�]�j�Z�n�b�b�� �\�g�_�r�g�_�]�h�� �n�Z�d�_�e�Z�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�h�\�� �j�Z�[�h�l�u�� �m�k�l�j�h�c�k�l�\�Z��

���i�j�b���h�^�b�g�Z�d�h�\�h�c���l�_�f�i�_�j�Z�l�m�j�_���i�Z�j�Z��Ts = (260�r10) �q�K �b���j�Z�a�e�b�q�g�u�o���a�g�Z�q�_�g�b�y�o��F) �i�j�b��

�k�`�b�]�Z�g�b�b�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z���i�j�b�\�_�^�_�g�u�� �g�Z�� �j�b�k�m�g�d�_�� ��6-�Z�����G�Z�� �j�b�k����26-�[��

�i�j�_�^�k�l�Z�\�e�_�g�Z���d�Z�j�l�Z�� �j�_�`�b�f�h�\���� �i�h�k�l�j�h�_�g�g�Z�y�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�a�f�_�j�_�g�b�c���� �I�h�d�Z�a�Z�g�h����

�q�l�h�� �\ �^�b�Z�i�Z�a�h�g�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�Z�j�Z��150�±550 �q�K���i�j�b��0,3 < �J < �������� �g�Z�[�e�x�^�Z�_�l�k�y��

�j�_�`�b�f���b�g�l�_�g�k�b�\�g�h�]�h���m�k�l�h�c�q�b�\�h�]�h���]�h�j�_�g�b�y�����h�[�e�Z�k�l�v��II  �g�Z���j�b�k�m�g�d�_��26-�[������ 
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�J = 0,2 �J = 0,3 �J = 0,5 �J = 0,8 �J = 1,0 �J = 1,3 

(a) 

 

���[�� 

�J�b�k�m�g�h�d����6. �N�h�l�h�]�j�Z�n�b�b���n�Z�d�_�e�Z �i�j�b���k�`�b�]�Z�g�b�b���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z �i�j�b���j�Z�a�g�h�f��

�j�Z�k�o�h�^�_���i�Z�j�Z�����Z�����b���d�Z�j�l�Z���j�_�`�b�f�h�\�����[�������K�b�f�\�h�e�Z�f�b���† �h�l�f�_�q�_�g�u���j�_�`�b�f�u����

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���n�h�l�h�]�j�Z�n�b�y�f���i�e�Z�f�_�g�b���i�j�b���j�Z�a�g�h�f���h�l�g�h�k�b�l�_�e�v�g�h�f���j�Z�k�o�h�^�_���i�Z�j�Z��

(�J�����i�j�b��Ts = (260�r10) �q�K����Ff = 0,8 �d�]���q�����J�_�`�b�f�u���]�h�j�_�g�b�y����I �± �i�e�Z�f�y���k���\�u�k�h�d�b�f��

�k�h�^�_�j�`�Z�g�b�_�f���k�Z�`�b����II  �± �m�k�l�h�c�q�b�\�h�_���]�h�j�_�g�b�_����III  �± �k�j�u�\���i�e�Z�f�_�g�b�� 

 

�I�j�b���J < �������� �n�h�j�f�b�j�m�_�l�k�y�� �i�e�Z�f�y�� �k�� �\�u�k�h�d�b�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �k�Z�`�b���� �l�h�i�e�b�\�h��

�k�]�h�j�Z�_�l�� �g�_�� �i�h�e�g�h�k�l�v�x�� ���h�[�e�Z�k�l�v��I �g�Z�� �j�b�k�m�g�d�_��26-�[������ �Z�� �i�j�b���J > �������� �g�Z�[�e�x�^�Z�_�l�k�y��

�g�_�k�l�Z�[�b�e�v�g�h�k�l�v�� �\�h�k�i�e�Z�f�_�g�_�g�b�y�� �l�h�i�e�b�\�Z�����± �i�h�\�u�r�_�g�b�_�� �j�Z�k�o�h�^�Z�� �i�Z�j�Z�� �i�j�b�\�h�^�b�l�� �d��
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�k�j�u�\�m�� �]�h�j�_�g�b�y�� ���h�[�e�Z�k�l�v��III  �g�Z�� �j�b�k�m�g�d�_��26-�[���� �I�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �i�Z�j�Z�� �g�b�`�_�� �������q�K��

�i�Z�j�� �g�_�� �[�u�e�� �i�_�j�_�]�j�_�l�u�f�����k�l�j�m�y�� �i�Z�j�Z�� �k�h�^�_�j�`�Z�e�Z�� �d�Z�i�e�b�� �b���\�h�k�i�e�Z�f�_�g�_�g�b�_�� �[�u�e�h��

�g�_�k�l�Z�[�b�e�v�g�u�f���� �J�_�`�b�f�u�� �i�j�b Ts > 550 �q�K�� �g�_�� �b�k�k�e�_�^�h�\�Z�e�b�k�v���� �i�h�k�d�h�e�v�d�m��

�h�[�h�j�m�^�h�\�Z�g�b�_���g�_���j�Z�k�k�q�b�l�Z�g�h���g�Z���l�Z�d�b�_���i�Z�j�Z�f�_�l�j�u���i�Z�j�Z�� 

�N�Z�d�_�e���b�f�_�_�l�� �y�j�d�h-�`�_�e�l�u�c�� �p�\�_�l���� �_�]�h�� �^�e�b�g�Z��L ���o�Z�j�Z�d�l�_�j�g�u�c�� �i�j�h�^�h�e�v�g�u�c��

�j�Z�a�f�_�j�� �k�\�_�l�y�s�_�c�k�y�� �a�h�g�u�����\�� �d�Z�`�^�h�f�� �j�_�`�b�f�_�� �b�a�f�_�j�y�e�Z�k�v�� �\�b�a�m�Z�e�v�g�h�� �i�h�� �k�_�j�b�b��

�n�h�l�h�]�j�Z�n�b�c�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_�� �f�h�f�_�g�l�u�� �\�j�_�f�_�g�b���� �K�j�_�^�g�y�y�� �i�h�� �\�j�_�f�_�g�b�� �^�e�b�g�Z��

�n�Z�d�_�e�Z���b�a�f�_�g�y�_�l�k�y�� �h�l�� ��,������ �^�h�� ��,1 �f�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b���J �h�l�� ��,���� �^�h�� ��,���� ���k�f���� �j�b�k�m�g�h�d��

27������ �K�� �j�h�k�l�h�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�Z�j�Z�� �i�j�b�� �n�b�d�k�b�j�h�\�Z�g�g�h�f�� �a�g�Z�q�_�g�b�b���J �^�e�b�g�Z�� �n�Z�d�_�e�Z��

�m�f�_�g�v�r�Z�_�l�k�y�� �b�� �k�l�j�_�f�b�l�k�y�� �d�� �i�h�k�l�h�y�g�g�h�f�m�� �a�g�Z�q�_�g�b�x���� �>�Z�g�g�u�_�� �^�e�y���k�e�m�q�Z�y���J = 0,5, 

�i�j�_�^�k�l�Z�\�e�_�g�g�u�_���g�Z���j�b�k�m�g�d�_����7�����i�h�d�Z�a�u�\�Z�x�l�����q�l�h���i�j�b��Ts > 350 �q�K���^�e�b�g�Z���n�Z�d�_�e�Z���g�_��

�a�Z�\�b�k�b�l���h�l���l�_�f�i�_�j�Z�l�m�j�u���i�Z�j�Z���b���i�j�b�[�e�b�a�b�l�_�e�v�g�h���j�Z�\�g�Z�������� �f�f�� 

 

 

�J�b�k�m�g�h�d����7�����O�Z�j�Z�d�l�_�j�g�Z�y���^�e�b�g�Z���\�g�_�r�g�_�]�h���n�Z�d�_�e�Z���]�h�j�_�e�d�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���J �b��Ts: 

1 �± L (�J�����i�j�b��Ts = (260�r10) �q�K; 2 �± L (Ts�����i�j�b���J = 0,5. 

 

�L�_�f�i�_�j�Z�l�m�j�Z���n�Z�d�_�e�Z 

�L�_�j�f�h�i�Z�j�g�u�_�� �b�a�f�_�j�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z��

�i�j�h�\�h�^�b�e�b�k�v�� �\�^�h�e�v�� �h�k�b�� �k�b�f�f�_�l�j�b�b���n�Z�d�_�e�Z�� �^�h�� ������ �f�f�� ���i�j�_�^�_�e�� �i�_�j�_�f�_�s�_�g�b�y�� �D�I�M��

�i�h���\�_�j�l�b�d�Z�e�b�����k���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f���r�Z�]�h�f������ �f�f���>164�@�����<�j�_�f�y���i�_�j�_�f �_�s�_�g�b�y���D�I�M��
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�\�� �l�Z�d�h�f�� �k�e�m�q�Z�_�� �k�h�k�l�Z�\�e�y�e�h�� �h�d�h�e�h�� �� �k���� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�Z�y�� �g�_�h�[�o�h�^�b�f�Z�y��

�a�Z�^�_�j�`�d�Z�� ���i�j�b�� �i�_�j�_�f�_�s�_�g�b�b�� �b�a�� �h�^�g�h�c�� �l�h�q�d�b�� �\�� �^�j�m�]�m�x���� �g�Z�� �g�Z�]�j�_�\�� �b�e�b�� �h�k�l�u�\�Z�g�b�_��

�l�_�j�f�h�i�Z�j�u�� �a�Z�^�Z�\�Z�e�Z�k�v�� �j�Z�\�g�h�c�� �� �k���� �\�j�_�f�y�� �b�a�f�_�j�_�g�b�y�� �\�� �l�h�q�d�_�� �k�h�k�l�Z�\�e�y�e�h�� ���� �k����

�q�Z�k�l�h�l�Z���b�a�f�_�j�_�g�b�c����00 �=�p�� 

�J�_�a�m�e�v�l�Z�l�u�� �l�_�j�f�h�i�Z�j�g�u�o�� �b�a�f�_�j�_�g�b�c�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k�m�g�d�_�� ��8 

���j�Z�k�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�g�_�r�g�_�]�h�� �n�Z�d�_�e�Z�� �\�^�h�e�v�� �h�k�b�� �]�h�j�_�e�d�b�� �i�j�b�� �j�Z�a�e�b�q�g�u�o��

�a�g�Z�q�_�g�b�y�o��Ts �b���J������ �:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �f�Z�d�k�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_��

�l�_�f�i�_�j�Z�l�m�j�u�� �^�h�k�l�b�]�Z�_�l�� ���������ƒ�K�� ���\�� �j�_�`�b�f�_ �k�� �\�u�k�h�d�b�f�� �j�Z�k�o�h�^�h�f�� �i�Z�j�Z�����J = 1,3) �b��

�i�h�g�b�`�Z�_�l�k�y�� �^�h�� ���������ƒ�K�� �k�� �m�f�_�g�v�r�_�g�b�_�f���J �^�h�� ��,���� ���j�b�k�m�g�h�d�� ��8-�Z������ �I�h�� �f�_�j�_��

�m�\�_�e�b�q�_�g�b�y���J �b���m�f�_�g�v�r�_�g�b�y���^�e�b�g�u���n�Z�d�_�e�Z���h�[�e�Z�k�l�v���k���f�Z�d�k�b�f�Z�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�h�c��

�i�j�b�[�e�b�`�Z�_�l�k�y�� �d�� �k�j�_�a�m�� �]�h�j�_�e�d�b�� ���j�b�k�m�g�h�d�� ��8-�Z������ �I�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �j�Z�k�o�h�^�h�f����

�l�_�f�i�_�j�Z�l�m�j�Z���i�Z�j�Z���k�e�Z�[�_�_���\�e�b�y�_�l���g�Z���j�Z�k�i�j�_�^�_�e�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���\���n�Z�d�_�e�_�����j�b�k�m�g�h�d��

28-�[�����b���g�Z���^�e�b�g�m���n�Z�d�_�e�Z�����j�b�k�m�g�h�d����7�������]�j�Z�g�b�p�Z���k�\�_�l�y�s�_�c�k�y���a�h�g�u���^�e�y���b�k�k�e�_�^�m�_�f�u�o��

�j�_�`�b�f�h�\���k�h�h�l�\�_�l�k�l�\�m�_�l���k�j�_�^�g�_�c���l�_�f�i�_�j�Z�l�m�j�_���a�������ƒ�K���� 

 

  

���Z�� ���[�� 

�J�b�k�m�g�h�d����8�����J�Z�k�i�j�_�^�_�e�_�g�b�_���k�j�_�^�g�_�c���\�h���\�j�_�f �_�g�b���l�_�f�i�_�j�Z�l�m�j�u���\�h���\�g�_�r�g�_�f���n�Z�d�_�e�_��

�\�^�h�e�v���\�_�j�l�b�d�Z�e�v�g�h�c���h�k�b���]�h�j�_�e�d�b�������Z�����i�j�b���j�Z�a�e�b�q�g�h�f���h�l�g�h�k�b�l�_�e�v�g�h�f���j�Z�k�o�h�^�_��

�i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z����Ts = (250�r10)�q�K�������[�����i�j�b���j�Z�a�e�b�q�g�h�c���l�_�f�i�_�j�Z�l�m�j�_��

�i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z�����J = 0,5. 
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�I�j�b�� �l�_�i�e�h�\�b�a�b�h�g�g�u�o���b�a�f�_�j�_�g�b�y�o �l�_�f�i�_�j�Z�l�m�j�u�� �\�g�_�r�g�_�]�h�� �n�Z�d�_�e�Z��

�]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �k�� �i�j�b�g�m�^�b�l�_�e�v�g�h�c�� �i�h�^�Z�q�_�c�� �i�_�j�_�]�j�_�l�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z 

�k�t�_�f�d�Z�� �\�u�i�h�e�g�y�e�Z�k�v�� �i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�f�� �^�h�i�m�k�l�b�f�h�f�� �j�Z�a�j�_�r�_�g�b�b�� �d�Z�^�j�Z��

�������o������ �i�b�d�k. �i�j�b�� �q�Z�k�l�h�l�_�� ������ �=�p�����<�j�_�f�y�� �\�u�^�_�j�`�d�b�� �d�Z�^�j�Z�� �k�h�k�l�Z�\�e�y�e�h�� ���� �f�d�k����

�H�[�j�Z�[�h�l�d�Z�� �i�h�e�m�q�_�g�g�u�o�� �l�_�j�f�h�]�j�Z�f�f�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �\�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�c��

�i�j�h�]�j�Z�f�f�_��Altair. 

�G�Z���j�b�k�m�g�d�_��29 �i�h�d�Z�a�Z�g�u���i�h�e�y���k�j�_�^�g�_�c���i�h���\�j�_�f�_�g�b���l�_�f�i�_�j�Z�l�m�j�u���\�h���\�g�_�r�g�_�f��

�n�Z�d�_�e�_���]�h�j�_�e�h�q�g�h�]�h���m�k�l�j�h�c�k�l�\�Z���^�e�y���j�Z�a�e�b�q�g�u�o���j�Z�k�o�h�^�h�\���i�Z�j�Z���i�j�b��Ts = (250�r10) C 

[161]���� �I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �l�_�j�f�h�]�j�Z�f�f�u�� �^�_�f�h�g�k�l�j�b�j�m�x�l �k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_ 

�j�Z�k�o�h�^�Z���i�h�^�Z�\�Z�_�f�h�]�h���i�Z�j�Z���g�Z���j�Z�k�i�j�_�^�_�e�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���\�h���\�g�_�r�g�_�f���n�Z�d�_�e�_�� 

 

     

�J = 0,3 �J = 0,5 �J = 0,8 �J = 1,0 �J = 1,3 

�J�b�k�m�g�h�d��29�����L�_�j�f�h�]�j�Z�f�f�u���n�Z�d�_�e�Z���^�e�y���j�Z�a�e�b�q�g�u�o���j�Z�k�o�h�^�h�\���i�Z�j�Z�� 

���i�j�b���i�h�k�l�h�y�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���i�Z�j�Z��Ts = (250�r10) C). 

 

�B�a�� �j�b�k�m�g�d�Z��29 �l�Z�d�`�_�� �\�b�^�g�h���� �q�l�h �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�� �n�Z�d�_�e�_��

�m�\�_�e�b�q�b�\�Z�_�l�k�y�� �k�� �j�h�k�l�h�f���J���� �I�j�b�� �w�l�h�f�� �i�j�h�^�h�e�v�g�u�c�� �j�Z�a�f�_�j�� �k�\�_�l�y�s�_�c�k�y�� �a�h�g�u��

�h�d�Z�a�u�\�Z�_�l�k�y���m�f�_�g�v�r�Z�_�l�k�y ���k�f���� �j�b�k�m�g�h�d��27������ �F�Z�d�k�b�f�Z�e�v�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�� �n�Z�d�_�e�_��

�\�h�a�j�Z�k�l�Z�_�l���k���m�\�_�e�b�q�_�g�b�_�f���l�_�f�i�_�j�Z�l�m�j�u���i�Z�j�Z ���j�b�k�m�g�h�d��28�������<���j�_�`�b�f�Z�o���k���\�u�k�h�d�b�f�b 

�a�g�Z�q�_�g�b�y�f�b �i�Z�j�Z�f�_�l�j�Z���J �l�_�f�i�_�j�Z�l�m�j�u�� �n�Z�d�_�e�Z���f�h�g�h�l�h�g�g�h�� �i�h�g�b�`�Z�_�l�k�y �i�h�� �f�_�j�_��

�m�^�Z�e�_�g�b�y�� �h�l�� �k�j�_�a�Z�� �]�h�j�_�e�d�b���� �I�j�b���J �d 1,0 �a�Z�\�b�k�b�f�h�k�l�v�� �g�_�f�h�g�h�l�h�g�g�Z�y���� �b���f�Z�d�k�b�f�m�f��



85 

 

�l�_�f�i�_�j�Z�l�m�j�u�� �g�Z�[�e�x�^�Z�_�l�k�y�� �g�Z�� �g�_�d�h�l�h�j�h�f�� �j�Z�k�k�l�h�y�g�b�b�� �h�l�� �k�j�_�a�Z�� �]�h�j�_�e�d�b���� �q�l�h��

�k�\�b� �̂_�l�_�e�v�k�l�\�m�_�l���h���g�_�i�h�e�g�h�f���k�]�h�j�Z�g�b�b���k�f�_�k�b���^�h���\�u�o�h�^�Z���\���Z�l�f�h�k�n�_�j�m�� 

�L�Z�d�`�_���[�u�e�Z���m�k�l�Z�g�h�\�e�_�g�Z���a�Z�\�b�k�b�f�h�k�l�v���d�h�w�n�n�b�p�b�_�g�l�Z���b�a�e�m�q�_�g�b�y���i�e�Z�f�_�g�b ���0�� 

�h�l���j�Z�k�o�h�^�Z���i�h�^�Z�\�Z�_�f�h�]�h���i�Z�j�Z�����j�b�k�m�g�h�d�������������a�g�Z�q�_�g�b�_���0 �m�f�_�g�v�r�Z�_�l�k�y���k���m�\�_�e�b�q�_�g�b�_�f��

�i�Z�j�Z�f�_�l�j�Z���J�����A�Z�\�b�k�b�f�h�k�l�v���f�Z�d�k�b�f�Z�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�u���n�Z�d�_�e�Z��(Tmax) �h�l���i�Z�j�Z�f�_�l�j�Z���J 

�l�Z�d�`�_���h�d�Z�a�u�\�Z�_�l�k�y���e�b�g�_�c�g�h�c�����g�h��Tmax �m�\�_�e�b�q�b�\�Z�_�l�k�y���k���j�h�k�l�h�f���J.  

 

 

�J�b�k�m�g�h�d�����������A�Z�\�b�k�b�f�h�k�l�b���w�n�n�_�d�l�b�\�g�h�]�h���d�h�w�n�n�b�p�b�_�g�l�Z���b�a�e�m�q�_�g�b�y���i�e�Z�f�_�g�b�����”)  

�b���f�Z�d�k�b�f�Z�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�u�����x �����\�h���\�g�_�r�g�_�f���n�Z�d�_�e�_���h�l���i�Z�j�Z�f�_�l�j�Z���J, 

Ts = (250�r10) C. 

 

�L�_�j�f�h�i�Z�j�g�u�f���f�_�l�h�^�h�f���b�a�f�_�j�_�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �n�Z�d�_�e�_�� �^�e�y��

�j�_�`�b�f�Z �]�h�j�_�g�b�y�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z���k�� �i�h�^�Z�q�_�c���\�h�a�^�m�r�g�h�c�� �k�l�j�m�b�� ���\�f�_�k�l�h�� �i�Z�j�Z��. 

�>�e�y�� �w�l�h�]�h�� �d�� �f�_�k�l�m�� �i�h�^�Z�q�b�� �i�Z�j�Z�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �q�_�j�_�a�� �w�e�_�d�l�j�b�q�_�k�d�b�c��

�i�Z�j�h�]�_�g�_�j�Z�l�h�j�� �\�f�_�k�l�h�� �i�b�l�Z�l�_�e�v�g�h�c�� �\�h�^�u�� �[�u�e�Z�� �i�h�^�d�e�x�q�_�g�Z�� �k�b�k�l�_�f�Z�� �i�h�^�Z�q�b��

�k�`�Z�l�h�]�h�� �\�h�a�^�m�o�Z���� �I�j�b�� �w�l�h�f�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�h�a�^�m�o�Z�� �k�h�k�l�Z�\�e�y�e�Z��Tair = (250�r10)�q�K�� �G�Z��

�j�b�k�m�g�d�_�� ���� �i�h�d�Z�a�Z�g�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�j�_�^�g�_�c�� �i�h�� �\�j�_�f�_�g�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�^�h�e�v�� �h�k�b��

�\�g�_�r�g�_�]�h���n�Z�d�_�e�Z���i�j�b���j�Z�a�e�b�q�g�h�f���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z���� 

�<�b�^�g�h���� �q�l�h���� �d�Z�d�� �b�� �\�� �k�e�m�q�Z�_ �k�� �i�h�^�Z�q�_�c�� �i�_�j�_�]�j�_�l�h�]�h�� �i�Z�j�Z���� �k�� �m�\�_�e�b�q�_�g�b�_�f��

�j�Z�k�o�h�^�Z�� �\�h�a�^�m�o�Z�� �i�h�\�u�r�Z�_�l�k�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �n�Z�d�_�e�Z�� �b�� �h�[�e�Z�k�l�v�� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c��

�l�_�f�i�_�j�Z�l�m�j�h�c�� �k�f�_�s�Z�_�l�k�y�� �d�� �k�j�_�a�m�� �]�h�j�_�e�d�b���� �i�j�b�� �w�l�h�f���^�e�b�g�Z �n�Z�d�_�e�Z�� �m�f�_�g�v�r�Z�_�l�k�y, 

�f�Z�d�k�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���^�h�k�l�b�]�Z�_�l�����������ž�K�� 
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�J�b�k�m�g�h�d������. �J�Z�k�i�j�_�^�_�e�_�g�b�_���k�j�_�^�g�_�c���\�h���\�j�_�f�_�g�b���l�_�f�i�_�j�Z�l�m�j�u���\�^�h�e�v���h�k�b���\�g�_�r�g�_�]�h��

�n�Z�d�_�e�Z���i�j�b���]�h�j�_�g�b�b �^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���i�j�b���j�Z�a�e�b�q�g�h�f���h�l�g�h�k�b�l�_�e�v�g�h�f���j�Z�k�o�h�^�_��

�\�h�a�^�m�o�Z���J (Tair = 250�q�K���� 

 

�J�b�k�m�g�h�d��32�����L�_�j�f�h�]�j�Z�f�f�u���n�Z�d�_�e�Z���^�e�y���j�Z�a�e�b�q�g�u�o���j�Z�k�o�h�^�h�\���\�h�a�^�m�o�Z  

���i�j�b���i�h�k�l�h�y�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�_��Tair = (250�r10) C). 

 

�G�Z���j�b�k�m�g�d�_��32 �i�h�d�Z�a�Z�g�u���i�h�e�y���k�j�_�^�g�_�c���i�h���\�j�_�f�_�g�b���l�_�f�i�_�j�Z�l�m�j�u���\�h���\�g�_�r�g�_�f��

�n�Z�d�_�e�_�� �]�h�j�_�e�h�q�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �j�Z�k�o�h�^�h�\�� �\�h�a�^�m�o�Z�� �i�j�b 

Tair = (250�r10) C [162]. �D�Z�d�� �b�� �l�_�j�f�h�i�Z�j�g�u�_�� �b�a�f�_�j�_�g�b�y�����l�_�j�f�h�]�j�Z�f�f�u 

� �̂_�f�h�g�k�l�j�b�j�m�x�l���k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_ �j�Z�k�o�h�^�Z�� �i�h�^�Z�\�Z�_�f�h�]�h���\�h�a�^�m�o�Z �g�Z��

�j�Z�k�i�j�_�^�_�e�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���\�h���\�g�_�r�g�_�f���n�Z�d�_�e�_�� 

 

   
�J = 0,7 �J = 0,9 �J = 1,1 
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�L�_�i�e�h�\�u�^�_�e�_�g�b�_ 

�H�i�j�_�^�_�e�_�g�b�_���l�_�i�e�h�\�u�^�_�e�_�g�b�y�� �b�� �l�_�i�e�h�\�h�c�� �f�h�s�g�h�k�l�b�� �i�j�b�� �]�h�j�_�g�b�b�� �`�b�^�d�h�]�h��

�l�h�i�e�b�\�Z���\�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �i�j�y�f�h�l�h�q�g�h�f�� �b�k�i�Z�j�b�l�_�e�v�g�h�f�� �]�h�j�_�e�h�q�g�h�f�� �m�k�l�j�h�c�k�l�\�_�� �k��

�j�_�]�m�e�b�j�m�_�f�h�c�� �i�j�b�g�m�^�b�l�_�e�v�g�h�c�� �i�h�^�Z�q�_�c�� �\�� �a�h�g�m�� �]�h�j�_�g�b�y�� �k�l�j�m�b�� �i�_�j�_�]�j�_�l�h�]�h��

�\�h�^�y�g�h�]�h�� �i�Z�j�Z���± �\�� �f�_�l�h�^�b�q�_�k�d�h�f�� �h�l�g�h�r�_�g�b�b�� �Z�g�Z�e�h�]�b�q�g�Z �b�k�k�e�_�^�h�\�Z�g�b�x����

�i�j�h�\�_�^�_�g�g�h�f�m�� �g�Z�� �Z�\�l�h�g�h�f�g�h�f�� �]�h�j�_�e�h�q�g�h�f�� �m�k�l�j�h�c�k�l�\�_�� ���k�f���� �i�� ���������������� �k���l�_�f��

�^�h�i�h�e�g�_�g�b�_�f�����q�l�h���\���^�Z�g�g�h�f���k�e�m�q�Z�_���b�a��Q �\�u�q�b�l�Z�e�Z�k�v���w�g�_�j�]�b�y���i�Z�j�Z��Q0�����i�h�e�m�q�_�g�g�Z�y���\��

�i�Z�j�h�]�_�g�_�j�Z�l�h�j�_�� �b�� �\�u�^�_�e�y�_�f�Z�y�� �a�Z�l�_�f�� �i�j�b�� �h�o�e�Z�`�^�_�g�b�b�� �b�� �d�h�g�^�_�g�k�Z�p�b�b���i�Z�j�Z���\��

�d�Z�e�h�j�b�f�_�l�j�_ [164]:  
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�]�^�_��cs �± �m�^�_�e�v�g�Z�y���l�_�i�e�h�z�f�d�h�k�l�v���i�Z�j�Z�����>�`�����d�]���q�K)); F �± �f�Z�k�k�h�\�u�c���j�Z�k�o�h�^���i�Z�j�Z�����d�]���k������

Ts �± �l�_�f�i�_�j�Z�l�m�j�Z���i�Z�j�Z�� ���q�K); Tb (P) �± �l�_�f�i�_�j�Z�l�m�j�Z�� �d�b�i�_�g�b�y�� �\�h�^�u�� ���q�K���� �\��

�i�Z�j�h�]�_�g�_�j�Z�l�h�j�_�� �i�j�b�� �^�Z�\�e�_�g�b�b��P ���I�Z�������� (�Lb) �± �m�^�_�e�v�g�Z�y�� �l�_�i�e�h�l�Z�� �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y��

���>�`���d�]������ �H�l�g�h�r�_�g�b�_��Q0 / Q �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�Z�o���k�h�k�l�Z�\�e�y�e�h�� �h�l�� ���� �^�h�� ���� %. 

�J�_�a�m�e�v�l�Z�l�u�� �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b���]�h�j�_�g�b�b �k�� �i�h�^�Z�q�_�c�� �k�l�j�m�b��

�i�_�j�_�]�j�_�l�h�]�h�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z���i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k�m�g�d�_�� ���� �\�� �n�h�j�f�_�� �a�Z�\�b�k�b�f�h�k�l�b��

�m�^�_�e�v�g�h�]�h���l�_�i�e�h�\�u�^�_�e�_�g�b�y���h�l���h�l�g�h�k�b�l�_�e�v�g�h�]�h���j�Z�k�o�h�^�Z���i�Z�j�Z�����J�����b���_�]�h���l�_�f�i�_�j�Z�l�m�j�u��

(Ts������ �G�Z�� �j�b�k�m�g�d�_�� ��4 �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 �j�_�`�b�f�Z �k�`�b�]�Z�g�b�y��

�^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �\�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �i�j�y�f�h�l�h�q�g�h�f�� �b�k�i�Z�j�b�l�_�e�v�g�h�f�� �]�h�j�_�e�h�q�g�h�f��

�m�k�l�j�h�c�k�l�\�_�� �k�� �j�_�]�m�e�b�j�m�_�f�h�c�� �i�j�b�g�m�^�b�l�_�e�v�g�h�c�� �i�h�^�Z�q�_�c�� �\�� �a�h�g�m�� �]�h�j�_�g�b�y�� �k�l�j�m�b��

�g�Z�]�j�_�l�h�]�h���\�h�a�^�m�o�Z (�\�f�_�k�l�h���i�_�j�_�]�j�_�l�h�]�h���\�h�^�y�g�h�]�h���i�Z�j�Z). 

 












