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�?�d�k�i�e�m�Z�l�Z�p�•�y�� �d�h�g�k�l�j�m�d�p�•�c�� �l�Z�� �h�[�e�Z�^�g�Z�g�g�y�� �\�� �i�h�l�h�p�•�� �j�•�^�b�g�b�� �g�Z�c�q�Z�k�l�•�r�_��

�k�m�i�j�h�\�h�^�`�m�}�l�v�k�y���d�Z�\�•�l�Z�p�•�}�x�����Y�\�b�s�_���d�Z�\�•�l�Z�p�•�€���i�h�e�y�]�Z�}���\ �m�l�\�h�j�_�g�g�•���j�h�a�j�b�\�•�\���k�m�p�•�e�v�g�h�k�l�•���± 
�i�Z�j�h�]�Z�a�h�\�b�o�� �i�m�o�b�j�•�\���± �m�� �l�b�o�� �^�•�e�y�g�d�Z�o�� �j�•�^�b�g�b���� �^�_�� �\�b�g�b�d�Z�}�� �a�g�Z�q�g�_�� �a�g�b�`�_�g�g�y�� �l�b�k�d�m�����L�Z�d����
�g�Z�i�j�b�d�e�Z�^���� �d�Z�\�•�l�Z�p�•�c�g�_�� �a�g�h�r�m�\�Z�g�g�y�� �}�� �j�h�a�i�h�\�k�x�^�`�_�g�b�f�� �y�\�b�s�_�f�� �g�Z�� �i�h�\�_�j�o�g�y�o�� �\�l�m�e�h�d�� �l�Z��
�[�e�h�d�•�\�� �p�b�e�•�g�^�j�•�\�� �\�b�k�h�d�h�h�[�h�j�h�l�g�b�o�� �^�b�a�_�e�•�\�� ���<�H�>������ �e�h�i�Z�l�y�o�� �]�•�^�j�h�l�m�j�[�•�g���� �e�h�i�Z�l�y�o�� �l�Z��
�g�Z�i�j�Z�\�e�y�x�q�b�o�� �g�Z�k�Z�^�d�Z�o�� �]�j�_�[�g�b�o�� �]�\�b�g�l�•�\���� �d�j�b�e�v�q�Z�l�d�Z�o�� �g�Z�k�h�k�•�\�� �^�e�y�� �i�_�j�_�d�Z�q�m�\�Z�g�g�y��
�l�_�i�e�h�g�h�k�•�€�\���m���j�_�Z�d�l�h�j�Z�o�����l�h�s�h�� 

�I�j�b���i�•�^�\�b�s�_�g�g�•���a�h�\�g�•�r�g�v�h�]�h���l�b�k�d�m���Z�[�h���i�j�b���i�_�j�_�f�•�s�_�g�g�•���i�m�o�b�j�y���\���h�[�e�Z�k�l�v���i�•�^�\�b�s�_�g�h�]�h��
�l�b�k�d�m�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �c�h�]�h�� �f�b�l�l�}�\�_�� �k�o�e�h�i�m�\�Z�g�g�y �a�� �m�l�\�h�j�_�g�g�y�f�� �d�m�f�m�e�y�l�b�\�g�b�o�� �k�l�j�m�f�_�g�•�\����
�J�m�c�g�m�\�Z�g�g�y�� �d�Z�\�•�l�Z�p�•�c�g�b�o�� �i�h�j�h�`�g�b�g�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �a�Z�� �q�Z�k�� �[�e�b�a�v�d�h�� ���������� �k���� �Z�� �r�\�b�^�d�•�k�l�v��
�d�m�f�m�e�y�l�b�\�g�b�o�� �k�l�j�m�f�_�g�•�\�� �i�j�b�� �p�v�h�f�m�� �f�h�`�_�� �^�h�k�y�]�Z�l�b�� �d�•�e�v�d�h�o�� �k�h�l�_�g�v�� �f�_�l�j�•�\�� �a�Z�� �k�_�d�m�g�^�m����
�D�Z�\�•�l�Z�p�•�c�g�_�� �a�g�h�r�m�\�Z�g�g�y�� �f�Z�}�� �i�h�j�•�\�g�y�g�h�� �k�d�e�Z�^�g�m�� �d�•�g�_�l�b�d�m�����y�d�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y��
�g�Z�y�\�g�•�k�l�x�� �i�h�q�Z�l�d�h�\�h�]�h�� �i�_�j�•�h�^�m���� �s�h�� �h�^�_�j�`�Z�\�� �g�Z�a�\�m�� �•�g�d�m�[�Z�p�•�c�g�h�]�h���� �G�Z�� �\�h�^�g�h�f�m��
�l�j�Z�g�k�i�h�j�l�•�� �d�Z�\�•�l�Z�p�•�c�g�_�� �a�g�h�r�m�\�Z�g�g�y�� �}�� �h�^�g�•�}�x�� �a�� �k�Z�f�b�o�� �j�h�a�i�h�\�k�x�^�`�_�g�b�o�� �i�j�b�q�b�g�� �j�_�f�h�g�l�m��
�k�m�^�g�h�\�b�o�� �^�\�b�]�m�g�•�\���� �s�h�� �i�h�l�j�_�[�m�}�� �^�h�k�e�•�^�`�_�g�g�y�� �c�h�]�h�� �a�Z�d�h�g�h�f�•�j�g�h�k�l�_�c���� �>�e�y�� �d�Z�\�•�l�Z�p�•�c�g�h�]�h��
�a�g�h�r�m�\�Z�g�g�y�� �o�Z�j�Z�d�l�_�j�g�h�x�� �j�b�k�h�x�� �}�� �g�Z�y�\�g�•�k�l�v�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m���� �l�h�[�l�h�� �i�_�j�•�h�^�m����
�i�j�h�l�y�]�h�f���y�d�h�]�h���\�l�j�Z�l�b���f�Z�l�_�j�•�Z�e�m���a���i�h�\�_�j�o�g�•�����y�d�Z���a�g�h�r�m�}�l�v�k�y�����i�j�Z�d�l�b�q�g�h���\�•�^�k�m�l�g�•�����I�•�k�e�y��
�a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �r�\�b�^�d�•�k�l�v�� �a�g�h�r�m�\�Z�g�g�y�� �a�[�•�e�v�r�m�}�l�v�k�y���� �^�h�k�y�]�Z�}��
�f�Z�d�k�b�f�m�f�m���� �Z �i�h�l�•�f���� �i�h�k�l�m�i�h�\�h�� �a�g�b�`�m�}�l�v�k�y�� �^�h�� �y�d�h�]�h�k�v�� �i�h�k�l�•�c�g�h�]�h�� �a�g�Z�q�_�g�g�y�� �Z�[�h��
�a�f�_�g�r�m�}�l�v�k�y���� �g�_�� �^�h�k�y�]�Z�x�q�b�� �k�l�Z�[�•�e�v�g�h�€�� �\�_�e�b�q�b�g�b���� �H�k�g�h�\�g�h�x�� �i�j�b�q�b�g�h�x�� �d�Z�\�•�l�Z�p�•�c�g�h�]�h��
�a�g�h�r�m�\�Z�g�g�y�� �]�j�_�[�g�b�o�� �]�\�b�g�l�•�\�� �}�� �g�_�k�l�Z�p�•�h�g�Z�j�g�b�c�� �o�Z�j�Z�d�l�_�j�� �d�Z�\�•�l�Z�p�•�€���� �H�^�g�Z�d���� �y�d�s�h�� �g�Z��
�]�j�_�[�g�h�f�m�� �]�\�b�g�l�•�� �\�h�^�h�l�h�g�Z�`�g�b�o�� �k�m�^�_�g �h�k�g�h�\�g�h�x�� �i�j�b�q�b�g�h�x�� �g�_�k�l�Z�p�•�h�g�Z�j�g�h�]�h�� �o�Z�j�Z�d�l�_�j�m��
�d�Z�\�•�l�Z�p�•�€�� �}�� �g�_�j�•�\�g�h�f�•�j�g�•�k�l�v�� �h�k�v�h�\�h�]�h�� �i�h�k�e�•�^�h�\�g�h�]�h�� �i�h�l�h�d�m�� �\�� �^�b�k�d�m���]�\�b�g�l�Z���� �l�h�� �g�Z�� �]�j�_�[�g�b�o��
�]�\�b�g�l�Z�o�� �k�m�^�_�g�� �g�Z�� �i�•�^�\�h�^�g�b�o�� �d�j�b�e�Z�o�� �i�j�b�q�b�g�h�x�� �g�_�k�l�Z�p�•�h�g�Z�j�g�h�k�l�•�� �}�� �i�h�y�\�Z�� �l�Z�g�]�_�g�p�•�Z�e�v�g�h�€��
�k�d�e�Z�^�h�\�h�€���i�h�l�h�d�m���\���^�b�k�d�m���]�\�b�g�l�Z�����s�h���a�f�•�g�x�}�l�v�k�y���i�j�h�l�y�]�h�f���h�[�h�j�h�l�m���e�h�i�Z�l�•���� 

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

�I�h�k�l�Z�g�h�\�d�Z�� �i�j�h�[�e�_�f�b�����D�Z�\�•�l�Z�p�•�c�g�_�� �a�g�h�r�m�\�Z�g�g�y�� ���D�A�����± �p�_�� �j�m�c�g�m�\�Z�g�g�y�� �i�h�\�_�j�o�g�•�� �\��
�i�h�l�h�p�•�� �j�•�^�b�g�b�� �i�j�b�� �^�•�€�� �k�l�j�m�f�_�g�•�\�� �l�Z�� �m�^�Z�j�g�b�o�� �o�\�b�e�v���� �s�h�� �m�l�\�h�j�x�x�l�v�k�y�� �i�j�b�� �k�o�e�h�i�m�\�Z�g�g�•��
�d�Z�\�•�l�Z�p�•�c�g�b�o�� �d�Z�\�_�j�g���� �D�A�� �}�� �j�h�a�i�h�\�k�x�^�`�_�g�b�f�� �y�\�b�s�_�f�� �g�Z�� �i�h�\�_�j�o�g�y�o�� �\�l�m�e�h�d�� �l�Z�� �[�e�h�d�•�\��
�p�b�e�•�g�^�j�•�\���\�b�k�h�d�h�h�[�h�j�h�l�g�b�o���^�b�a�_�e�•�\�����<�H�>�������e�h�i�Z�l�y�o���]�•�^�j�h�l�m�j�[�•�g�����e�h�i�Z�l�y�o���l�Z���g�Z�i�j�Z�\�e�y�x�q�b�o��
�g�Z�k�Z�^�d�Z�o���]�j�_�[�g�b�o���]�\�b�g�l�•�\�����d�j�b�e�v�q�Z�l�d�Z�o �g�Z�k�h�k�•�\���^�e�y���i�_�j�_�d�Z�q�m�\�Z�g�g�y���l�_�i�e�h�g�h�k�•�€�\���m���j�_�Z�d�l�h�j�Z�o����
�l�h�s�h�� 

�D�A�� �f�Z�}�� �i�h�j�•�\�g�y�g�h�� �k�d�e�Z�^�g�m�� �d�•�g�_�l�b�d�m���� �y�d�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �g�Z�y�\�g�•�k�l�x�� �i�h�q�Z�l�d�h�\�h�]�h��
�i�_�j�•�h�^�m���� �s�h�� �h�^�_�j�`�Z�\�� �g�Z�a�\�m�� �•�g�d�m�[�Z�p�•�c�g�h�]�h���� �1�g�d�m�[�Z�p�•�c�g�b�c�� �i�_�j�•�h�^�� �D�A���± �p�_�� �\�•�^�j�•�a�h�d�� �q�Z�k�m��
���i�•�k�e�y�� �i�h�q�Z�l�d�m�� �d�Z�\�•�l�Z�p�•�c�g�h�]�h�� �\�i�e�b�\�m���� �i�j�h�l�y�]�h�f�� �y�d�h�]�h�� �\�l�j�Z�l�b�� �f�Z�k�b�� �a�� �i�h�\�_�j�o�g�•�� �l�•�e�Z����
�i�•�^�^�Z�g�h�]�h�� �d�Z�\�•�l�Z�p�•�c�g�h�f�m�� �\�i�e�b�\�m���� �i�j�Z�d�l�b�q�g�h�� �\�•�^�k�m�l�g�•���� �I�j�h�l�y�]�h�f�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m��
�\�•�^�[�m�\�Z�}�l�v�k�y���g�Z�d�e�_�i�m�\�Z�g�g�y���i�h�\�_�j�o�g�_�\�b�o���r�Z�j�•�\���f�_�l�Z�e�m�����•���i�•�k�e�y���\�b�q�_�j�i�Z�g�g�y���f�_�l�Z�e�h�f���a�Z�i�Z�k�m��
�i�e�Z�k�l�b�q�g�h�k�l�•�����i�h�q�b�g�Z�}�l�v�k�y���m�l�\�h�j�_�g�g�y���l�j�•�s�b�g �a���g�Z�k�l�m�i�g�b�f���\�•�^�^�•�e�_�g�g�y�f���q�Z�k�l�h�d���a�g�h�r�m�\�Z�g�g�y�� 
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�G�Z�� �\�h�^�g�h�f�m�� �l�j�Z�g�k�i�h�j�l�•�� �D�A�� �}�� �h�^�g�•�}�x�� �a�� �k�Z�f�b�o�� �j�h�a�i�h�\�k�x�^�`�_�g�b�o�� �i�j�b�q�b�g�� �j�_�f�h�g�l�m��
�k�m�^�g�h�\�b�o���^�\�b�]�m�g�•�\�����s�h���i�h�l�j�_�[�m�}���^�h�k�e�•�^�`�_�g�g�y���c�h�]�h���a�Z�d�h�g�h�f�•�j�g�h�k�l�_�c�� 

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

�F�_�l�h�x���k�l�Z�l�l�•���}���^�h�k�e�•�^�`�_�g�g�y���a�Z�d�h�g�h�f�•�j�g�h�k�l�_�c���d�Z�\�•�l�Z�p�•�c�g�h�]�h���a�g�h�r�_�g�g�y�� 
�<�b�d�e�Z�^�� �h�k�g�h�\�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�����E�h�i�Z�l�•�� �]�j�_�[�g�b�o�� �]�\�b�g�l�•�\�� ���=�<������ �\�l�m�e�d�b�� �l�Z�� �[�e�h�d�b��

�p�b�e�•�g�^�j�•�\���<�H�>���}���l�b�i�h�\�b�f�b���_�e�_�f�_�g�l�Z�f�b���k�d�e�Z�^�h�\�h�€���k�m�^�g�h�\�h�€���_�g�_�j�]�_�l�b�q�g�h�€���m�k�l�Z�g�h�\�d�b�����K�?�M������
�y�d�•���i�•�^�^�Z�x�l�v�k�y �d�Z�\�•�l�Z�p�•�c�g�h�f�m���\�i�e�b�\�m�� 

�G�Z�� �e�h�i�Z�l�y�o�� �=�<�� �d�Z�\�•�l�Z�p�•�c�g�•�� �m�r�d�h�^�`�_�g�g�y�� �g�h�k�y�l�v�� �e�h�d�Z�e�v�g�b�c�� �o�Z�j�Z�d�l�_�j�� �•�� �f�Z�x�l�v�� �\�b�]�e�y�^��
�h�k�_�j�_�^�d�•�\�� �a�� �]�m�[�q�Z�l�h�x�� �l�_�d�k�l�m�j�h�x�� ���j�b�k�� �������� �A�Z�e�_�`�g�h�� �\�•�^�� �l�h�]�h���� �\�� �y�d�b�o�� �j�Z�c�h�g�Z�o�� �e�h�i�Z�l�•��
�\�b�g�b�d�Z�x�l�v�� �d�Z�\�•�l�Z�p�•�c�g�•�� �m�r�d�h�^�`�_�g�g�y���� �\�h�g�b�� �f�h�`�m�l�v�� �i�j�b�a�\�_�k�l�b�� �Z�[�h�� �^�h�� �a�g�b�`�_�g�g�y�� �f�•�p�g�h�k�l�•��
�e�h�i�Z�l�_�c�� �•���� �y�d�� �g�Z�k�e�•�^�h�d���� �^�h�� �Z�\�Z�j�•�c�g�h�€�� �k�b�l�m�Z�p�•�€�� �•�� �\�l�j�Z�l�b�� �k�m�^�g�h�f�� �o�h�^�m�� �Z�[�h�� �^�h�� �a�g�b�`�_�g�g�y�� �D�D�>��
�]�j�_�[�g�h�]�h���]�\�b�g�l�Z�����L�h�f�m���[�h�j�h�l�v�[�•���a���D�A���]�j�_�[�g�b�o���]�\�b�g�l�•�\���i�j�b�^�•�e�y�x�l�v���k�_�j�c�h�a�g�m���m�\�Z�]�m�� 

 

 
�J�b�k�m�g�h�d��1 �± �A�h�\�g�•�r�g�•�c���\�b�]�e�y�^���h�k�_�j�_�^�d�m���D�A���g�Z���e�h�i�Z�l�•���[�j�h�g�a�h�\�h�]�h���]�j�_�[�g�h�]�h���]�\�b�g�l�Z�� 

 
�M���<�H�>���D�A���q�Z�k�l�h���\�b�g�b�d�Z�}���g�Z���h�o�h�e�h�^�`�m�\�Z�e�v�g�b�o���i�h�\�_�j�o�g�y�o���[�e�h�d�•�\���l�Z���\�l�m�e�h�d���p�b�e�•�g�^�j�•�\��

���j�b�k�� ������ �\�g�Z�k�e�•�^�h�d�� �\�b�k�h�d�h�q�Z�k�l�h�l�g�h�€�� �\�•�[�j�Z�p�•�€�� �\�l�m�e�d�b�� �i�j�b�� �m�^�Z�j�Z�o�� �i�h�j�r�g�y�� �h�[�� �€�€�� �k�l�•�g�d�m�� �\��
�f�h�f�_�g�l���i�_�j�_�d�e�Z�^�d�b���i�h�j�r�g�y�����L�h�f�m���h�k�_�j�_�^�d�b���D�A���a�
�y�\�e�y�x�l�v�k�y���g�Z���i�h�\�_�j�o�g�•�����i�_�j�i�_�g�^�b�d�m�e�y�j�g�•�c��
�i�e�h�s�b�g�•���o�b�l�Z�g�g�y���i�h�j�r�g�y�� 

 

 
�J�b�k�m�g�h�d 2 �± �D�Z�\�•�l�Z�p�•�c�g�b�c���a�g�h�k���k�l�Z�e�_�\�h�€���\�l�m�e�d�b���p�b�e�•�g�^�j�Z�����Z�����•���[�e�h�d�m���p�b�e�•�g�^�j�•�\���•�a��

�k�b�e�m�f�•�g�m�����[�����^�b�a�_�e�y 
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�G�Z���a�Z�e�_�`�g�h�k�l�y�o���D�A���\�•�^���l�j�b�\�Z�e�h�k�l�•���d�Z�\�•�l�Z�p�•�c�g�h�]�h���\�i�e�b�\�m�����j�b�k�� �������f�h�`�g�Z���\�b�^�•�e�b�l�b���l�j�b��
�^�•�e�y�g�d�b���� �����± �•�g�d�m�[�Z�p�•�c�g�b�c�� �i�_�j�•�h�^��t�b�g�d �± �i�_�j�•�h�^���� �g�Z�� �y�d�h�f�m�� �\�l�j�Z�l�b�� �f�Z�k�b�� �a�j�Z�a�d�•�\�� �f�Z�e�•�� �Z�[�h��
�a�h�\�k�•�f�� �\�•�^�k�m�l�g�•���� �����± �i�_�j�•�h�^�� �f�Z�d�k�b�f�Z�e�v�g�h�€�� �r�\�b�^�d�h�k�l�•�� �a�g�h�r�m�\�Z�g�g�y���� �d�h�e�b�� �r�\�b�^�d�•�k�l�v��
�a�g�h�r�m�\�Z�g�g�y�� �^�h�k�y�]�Z�}�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�g�y�� �l�Z�� �����± �i�_�j�•�h�^�� �a�Z�]�Z�k�Z�x�q�h�€�� �r�\�b�^�d�h�k�l�•��
�a�g�h�r�m�\�Z�g�g�y�� 

�G�Z�y�\�g�•�k�l�v���•�g�d�m�[�Z�p�•�c�g�h�]�h���i�_�j�•�h�^�m�����l�h�[�l�h���i�h�q�Z�l�d�h�\�h�]�h���\�•�^�j�•�a�d�Z���q�Z�k�m�����d�h�e�b���\�l�j�Z�l�b���f�Z�k�b��
�a�� �i�h�\�_�j�o�g�•�� �l�•�e�Z���� �i�•�^�^�Z�g�h�]�h�� �d�Z�\�•�l�Z�p�•�c�g�h�f�m�� �\�i�e�b�\�m���� �i�j�Z�d�l�b�q�g�h�� �\�•�^�k�m�l�g�•���± �\�•�^�f�•�g�g�Z�� �j�b�k�Z�� �D�A��
�f�_�l�Z�e�•�\���� �I�•�k�e�y�� �a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �r�\�b�^�d�•�k�l�v�� �a�g�h�r�m�\�Z�g�g�y�� �r�\�b�^�d�h�� �a�j�h�k�l�Z�}����
�^�h�k�y�]�Z�}�� �f�Z�d�k�b�f�m�f�m���� �Z�� �i�h�l�•�f���� �m���a�Z�e�_�`�g�h�k�l�•�� �\�•�^�� �m�f�h�\���d�Z�\�•�l�Z�p�•�c�g�h�]�h���\�i�e�b�\�m���� �Z�[�h���a�g�b�`�m�}�l�v�k�y��
�^�h���y�d�h�]�h�k�v���i�h�k�l�•�c�g�h�]�h���a�g�Z�q�_�g�g�y���� �Z�[�h���i�j�h�^�h�\�`�m�}���a�f�_�g�r�m�\�Z�l�b�k�y���� �g�_���^�h�k�y�]�Z�x�q�b���k�l�Z�[�•�e�v�g�h�]�h��
�a�g�Z�q�_�g�g�y�� 

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

 

�]�h�^

�]�h�^
 

�J�b�k�m�g�h�d 3 �± �A�Z�e�_�`�g�h�k�l�•���f�Z�d�k�b�f�Z�e�v�g�h�€���]�e�b�[�b�g�b���h�k�_�j�_�^�d�•�\���D�A���\�•�^���l�j�b�\�Z�e�h�k�l�•��
�_�d�k�i�e�m�Z�l�Z�p�•�€���=�<  ���Z�����a�Z���^�Z�g�b�f�b���>���@���l�Z���\�l�j�Z�l���f�Z�k�b���a�j�Z�a�d�Z���a���[�j�h�g�a�b���;�j�Z���@���G���E���i�j�b��

�\�b�i�j�h�[�m�\�Z�g�g�y�o���m���f�h�j�k�v�d�•�c���\�h�^�•���g�Z���m�e�v�l�j�Z�a�\�m�d�h�\�h�f�m���F�K�<���i�j�b���Z�f�i�e�•�l�m�^�•���d�h�e�b�\�Z�g�v���l�h�j�p�y��
�d�h�g�p�_�g�l�j�Z�l�h�j�Z���������f�d�f�����[�� 

 



���•�}�¦�”�•�¦ �”�‚�˜�•�•�•�•�~�¦�§, �}�‡�‘�•�“�‹ 1(12), 2021 
  

 
 

 

8 

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

�F�_�l�h�^�b�d�Z���h�p�•�g�d�b���•�g�d�m�[�Z�p�•�c�g�h�]�h���i�_�j�•�h�^�m���i�h�\�b�g�g�Z���a�Z�^�h�\�h�e�v�g�y�l�b���^�\�h�f���m�f�h�\�Z�f���� 
�Z�����h�^�g�h�a�g�Z�q�g�h�k�l�•���h�l�j�b�f�Z�g�h�]�h���j�_�a�m�e�v�l�Z�l�m�� 
�[�����\�•�^�i�h�\�•�^�g�h�k�l�•���f�h�f�_�g�l�m���a�f�•�g�b���\�_�^�m�q�b�o���f�_�o�Z�g�•�a�f�•�\���a�g�h�r�m�\�Z�g�g�y���� 
�M�� �i�j�Z�d�l�b�p�•�� �^�h�k�e�•�^�`�_�g�g�y�� �D�A�� �a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �g�Z�c�q�Z�k�l�•�r�_��

�\�b�a�g�Z�q�Z�x�l�v���^�\�h�f�Z���k�i�h�k�h�[�Z�f�b���� 
�������i�h���f�h�f�_�g�l�m���^�h�k�y�]�g�_�g�g�y���a�g�h�r�m�\�Z�g�g�y���\�b�a�g�Z�q�_�g�h�€���\�_�e�b�q�b�g�b���� 
2) �i�h�� �l�h�q�p�•�� �i�_�j�_�l�b�g�Z�g�g�y�� �i�j�y�f�•�c���� �h�l�j�b�f�Z�g�h�€�� �_�d�k�l�j�Z�i�h�e�y�p�•�}�x�� �i�j�y�f�h�e�•�g�•�c�g�h�€�� �^�•�e�y�g�d�b��

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

�I�_�j�r�b�c���k�i�h�k�•�[���a�Z�k�l�h�k�h�\�m�}�l�v�k�y���^�h�k�l�Z�l�g�v�h���j�•�^�d�h�����h�k�d�•�e�v�d�b���\�•�g���g�_���l�•�e�v�d�b���g�_���i�j�b�\�
�y�a�Z�g�b�c��
�^�h���h�k�h�[�e�b�\�h�k�l�_�c���d�•�g�_�l�b�d�b���D�A�����Z�e�_���c���^�Z�}���g�_�h�^�g�h�a�g�Z�q�g�m���h�p�•�g�d�m�����:�^�`�_�����a�Z�e�_�`�g�h���\�•�^���l�h�]�h�����y�d�m��
�\�_�e�b�q�b�g�m���a�g�h�r�m�\�Z�g�g�y���± �Z���p�_���q�Z�k�l�h���\�b�a�g�Z�q�Z�}�l�v�k�y���f�h�`�e�b�\�•�k�l�x���a�Z�k�h�[�•�\���\�b�f�•�j�m���± �i�j�b�c�g�y�l�b���a�Z��
�\�•�^�i�h�\�•�^�g�_�� �a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m���� �l�j�b�\�Z�e�•�k�l�v�� �h�k�l�Z�g�g�v�h�]�h�� �f�h�`�_�� �a�f�•�g�x�\�Z�l�b�k�y�� �\��
�d�•�e�v�d�Z�� �j�Z�a�•�\���� �D�j�•�f�� �p�v�h�]�h���� �•�k�l�h�l�g�Z�� �i�h�f�b�e�d�Z�� �f�h�`�_�� �[�m�l�b�� �\�b�d�e�b�d�Z�g�Z�� �\�i�e�b�\�h�f�� �k�m�i�m�l�g�•�o�� �y�\�b�s��
�•�g�r�h�€�� �i�j�b�j�h�^�b���� �g�•�`�� �d�Z�\�•�l�Z�p�•�c�g�_�� �a�g�h�r�m�\�Z�g�g�y���� �>�h�� �l�Z�d�b�o�� �y�\�b�s���� �g�Z�k�Z�f�i�_�j�_�^���� �\�•�^�g�h�k�b�l�v�k�y��
�_�e�_�d�l�j�h�o�•�f�•�q�g�Z�� �d�h�j�h�a�•�y���± �m�� �p�v�h�f�m�� �\�b�i�Z�^�d�m�� �\�l�j�Z�l�b�� �f�Z�k�b�� �a�j�Z�a�d�•�\�� �a�� �\�m�]�e�_�p�_�\�b�o�� �l�Z��
�g�b�a�v�d�h�e�_�]�h�\�Z�g�b�o���k�l�Z�e�_�c���f�h�`�m�l�v���j�_�}�k�l�j�m�\�Z�l�b�k�y���a���i�_�j�r�b�o���o�\�b�e�b�g���\�b�i�j�h�[�m�\�Z�g�g�y�� 

�>�j�m�]�b�c���k�i�h�k�•�[���i�h�a�[�Z�\�e�_�g�b�c���g�_�h�^�g�h�a�g�Z�q�g�h�k�l�•���± �_�d�k�l�j�Z�i�h�e�x�\�Z�l�b���i�j�y�f�h�e�•�g�•�c�g�m���^�•�e�y�g�d�m��
�g�Z�� �d�j�b�\�•�c�� �³�a�g�h�k�´���± �³�q�Z�k�´���� �s�h�� �\�•�^�i�h�\�•�^�Z�}�� �f�Z�d�k�b�f�Z�e�v�g�h�€�� �r�\�b�^�d�h�k�l�•�� �a�g�h�r�m�\�Z�g�g�y���� �f�h�`�g�Z��
�l�•�e�v�d�b�� �}�^�b�g�b�f�� �q�b�g�h�f�� ���^�b�\���� �^�h�l�b�q�g�m�� ������ �j�b�k���� �������� �:�e�_�� �h�p�•�g�d�Z�� �\�b�o�h�^�b�l�v�� �m�f�h�\�g�h�x���� �h�k�d�•�e�v�d�b��
�l�h�q�d�Z�� �a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m���� �h�l�j�b�f�Z�g�h�]�h�� �l�Z�d�b�f�� �q�b�g�h�f���� �g�_�� �\�•�^�h�[�j�Z�`�Z�}�� �a�f�•�g�m��
�f�_�o�Z�g�•�a�f�•�\�� �Z�[�h�� �d�•�g�_�l�b�d�b�� �a�g�h�r�m�\�Z�g�g�y���� �Z�� �€�€�� �i�h�e�h�`�_�g�g�y�� �[�Z�]�Z�l�h�� �\�� �q�h�f�m�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �n�h�j�f�b��
�d�j�b�\�h�€�� �³�a�g�h�k�´���± �³�q�Z�k�´���� �Z�� �l�Z�d�h�`���� �y�d�� �•�� �\�� �i�_�j�r�h�f�m�� �k�i�h�k�h�[�•���� �\�•�^�� �_�e�_�d�l�j�h�o�•�f�•�q�g�h�€�� �d�h�j�h�a�•�€�� �l�Z 
�•�g�r�b�o�� �n�Z�d�l�h�j�•�\���� �D�j�•�f�� �l�h�]�h���� �^�e�y�� �j�_�Z�e�•�a�Z�p�•�€�� �p�v�h�]�h�� �k�i�h�k�h�[�m�� �g�_�h�[�o�•�^�g�h�� �j�h�a�l�Z�r�h�\�m�\�Z�l�b�� �\�k�•�}�€��
�d�j�b�\�b�c�� �³�a�g�h�k�´���± �³�q�Z�k�´���� �Z�e�_�� �i�j�b�� �\�•�^�h�f�•�c�� �a�Z�e�_�`�g�h�k�l�•�� �a�g�h�r�m�\�Z�g�g�y�� �\�•�^�� �q�Z�k�m�� �\�b�a�g�Z�q�_�g�g�y��
�•�g�d�m�[�Z�p�•�c�g�h�]�h���i�_�j�•�h�^�m���k�l�Z�}���g�_���i�h�l�j�•�[�g�b�f�� 

�J�h�a�d�j�b�}�f�h���h�k�h�[�e�b�\�h�k�l�•���d�Z�\�•�l�Z�p�•�c�g�h�]�h���a�g�h�r�m�\�Z�g�g�y���^�_�l�Z�e�_�c���k�m�^�g�h�\�h�]�h���h�[�e�Z�^�g�Z�g�g�y�� 
�D�Z�\�•�l�Z�p�•�c�g�_���a�g�h�r�m�\�Z�g�g�y���]�j�_�[�g�b�o���]�\�b�g�l�•�\�����=�=�������D�A���=�=���a�m�k�l�j�•�q�Z�x�l�v�k�y���y�d���g�Z���l�b�o�h�o�•�^�g�b�o��

�l�j�Z�g�k�i�h�j�l�g�b�o���k�m�^�g�Z�o���\�_�e�b�d�h�€���\�h�^�h�l�h�g�g�Z�`�g�h�k�l�•�����l�Z�d���•���g�Z���r�\�b�^�d�h�o�•�^�g�b�o���k�m�^�g�Z�o�����y�d���i�j�b�d�e�Z�^����
�k�m�^�g�Z�o���g�Z���i�•�^�\�h�^�g�b�o���d�j�b�e�Z�o�����K�I�D�������>�h�k�\�•�^���_�d�k�i�e�m�Z�l�Z�p�•�€���i�h�d�Z�a�m�}�����s�h���g�Z���[�j�h�g�a�h�\�b�o���=�<���K�I�D��
�h�k�_�j�_�^�d�b�� �D�A�� �\�b�g�b�d�Z�x�l�v�� �i�•�k�e�y�� �d�h�`�g�h�€�� �g�Z�\�•�]�Z�p�•�€���� �Z�� �g�Z�� �f�h�j�k�v�d�b�o�� �l�j�Z�g�k�i�h�j�l�g�b�o�� �k�m�^�g�Z�o�� �D�A��
�i�•�^�^�Z�x�l�v�k�y���^�\�b�]�m�g�b���d�h�`�g�h�]�h���q�_�l�\�_�j�l�h�]�h���k�m�^�g�Z�� 

�H�k�g�h�\�g�Z�� �i�j�b�q�b�g�Z�� �D�A�� �k�m�^�g�h�\�b�o�� �j�m�r�•�€�\���± �g�_�k�l�Z�p�•�h�g�Z�j�g�b�c�� �o�Z�j�Z�d�l�_�j�� �d�Z�\�•�l�Z�p�•�€�� �e�h�i�Z�l�_�c����
�s�h�� �\�b�d�e�b�d�Z�g�h�� �g�_�j�•�\�g�h�f�•�j�g�•�k�l�x�� �i�h�l�h�d�m�� �j�•�^�b�g�b�� �\�� �^�b�k�d�m�� �]�\�b�g�l�Z���� �H�^�g�Z�d�� �i�j�b�q�b�g�Z��
�g�_�j�•�\�g�h�f�•�j�g�h�k�l�•���g�Z���\�h�^�h�l�h�g�Z�`�g�b�o���k�m�^�g�Z�o���l�Z���g�Z���K�I�D���}���j�•�a�g�h�x�� 

�G�Z���\�h�^�h�l�h�g�Z�`�g�b�o���k�m�^�g�Z�o���i�•�^���q�Z�k���j�m�o�m���k�m�^�g�Z���a�Z���c�h�]�h���d�h�j�f�h�x���\�b�g�b�d�Z�}���i�h�l�•�d���j�•�^�b�g�b���\��
�g�Z�i�j�y�f�d�m�� �j�m�o�m�� �k�m�^�g�Z���± �i�h�i�m�l�g�b�c�� �i�h�l�•�d���� �<�_�d�l�h�j�� �r�\�b�^�d�h�k�l�•�� �i�h�i�m�l�g�h�]�h�� �i�h�l�h�d�m�� �f�h�`�g�Z��
�j�h�a�^�•�e�b�l�b�� �g�Z�� �l�j�b�� �k�d�e�Z�^�h�\�•���� �j�Z�^�•�Z�e�v�g�m���� �l�Z�g�]�_�g�p�•�Z�e�v�g�m�� �l�Z�� �Z�d�k�•�Z�e�v�g�m�� ���h�k�v�h�\�m������ �R�\�b�^�d�•�k�l�v��Va 
�h�k�v�h�\�h�]�h�� �i�h�i�m�l�g�h�]�h�� �i�h�l�h�d�m�� �^�h�k�y�]�Z�}�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�g�y��Vamax  �m�� �^�•�Z�f�_�l�j�Z�e�v�g�•�c��
�i�e�h�s�b�g�•���k�m�^�g�Z�����l�Z���j�•�a�d�h���a�f�_�g�r�m�}�l�v�k�y���^�h���f�•�g�•�f�Z�e�v�g�h�]�h���a�g�Z�q�_�g�g�y��Vamin �^�h���[�h�j�l�•�\�����G�Z���j�b�k�� 4�Z��
�i�h�d�Z�a�Z�g�h���a�f�•�g�Z�� �d�h�_�n�•�p�•�}�g�l�Z�� �%�[�� �Z�d�k�•�Z�e�v�g�h�]�h���i�h�[�•�`�g�h�]�h�� �i�h�l�h�d�m�� �\�� �^�b�k�d�m�� �=�=�� �h�^�g�h�]�\�b�g�l�h�\�h�]�h��
�\�h�^�h�l�h�g�Z�`�g�h�]�h���k�m�^�g�Z�� 

�Y�d�� �\�b�^�g�h�� �a�� �j�b�k���� ������ �d�•�g�p�_�\�•�� �i�_�j�_�l�b�g�b�� �e�h�i�Z�l�_�c�� �i�j�Z�p�x�x�l�v�� �m�� �i�h�l�h�p�•�� �g�Z�c�[�•�e�v�r�h�€��
�g�_�j�•�\�g�h�f�•�j�g�h�k�l�•�����G�Z�c�\�b�s�Z���c�f�h�\�•�j�g�•�k�l�v���\�b�g�b�d�g�_�g�g�y���d�Z�\�•�l�Z�p�•�€���\�•�^�i�h�\�•�^�Z�}���i�h�e�h�`�_�g�g�x���e�h�i�Z�l�•��
�m�� �\�_�j�o�g�v�h�f�m�� �\�_�j�l�b�d�Z�e�v�g�h�f�m�� �i�h�e�h�`�_�g�g�•���� �m�� �p�v�h�f�m�� �i�h�e�h�`�_�g�g�•�� �r�\�b�^�d�•�k�l�v�� �Z�d�k�•�Z�e�v�g�h�]�h��
�i�h�i�m�l�g�h�]�h�� �i�h�l�h�d�m�� �^�h�k�y�]�Z�}�� �g�Z�c�[�•�e�v�r�h�]�h�� �a�g�Z�q�_�g�g�y��Vamax���� �Z�� �h�l�`�_�� �c�� �d�m�l�� �Z�l�Z�d�b�� �i�j�b�c�f�Z�}��
�f�Z�d�k�b�f�Z�e�v�g�_���a�g�Z�q�_�g�g�y���.�P�D�[.  
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�\�_�j �o�g�}���\�_�j �l�b�d�Z�e�v�g�_���i�h�e�h�`�_�g�g�y

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

 
�J�b�k�m�g�h�d 4 �± �I�h�e�_ �d�h�_�n�•�p�•�}�g�l�Z���h�k�v�h�\�h�€���k�d�e�Z�^�h�\�h�€���i�h�i�m�l�g�h�]�h���i�h�l�h�d�m���\���^�b�k�d�m���]�j�_�[�g�h�]�h��

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

 
�Y�d�s�h�� �d�Z�\�•�l�Z�p�•�y�� �\�b�g�b�d�Z�}���� �l�h�� �D�D�� �i�j�_�^�k�l�Z�\�e�y�}�l�v�k�y�� �\�b�[�m�o�h�\�b�f�� �h�[�j�Z�a�h�f�� �i�j�b��

�i�j�h�o�h�^�`�_�g�g�•�� �e�h�i�Z�l�x�� �\�_�j�o�g�v�h�]�h�� �\�_�j�l�b�d�Z�e�v�g�h�]�h�� �i�h�e�h�`�_�g�g�y�� �•�� �f�b�l�l�}�\�h�� �k�o�e�h�i�m�}�l�v�k�y�� ���p�•�e�d�h�f��
�Z�[�h�� �q�Z�k�l�d�h�\�h���� �i�j�b�� �\�b�^�Z�e�_�g�g�•�� �e�h�i�Z�l�•�� �\�•�^�� �a�h�g�b�� �a�� �f�Z�d�k�b�f�Z�e�v�g�h�x�� �r�\�b�^�d�•�k�l�x�� �h�k�v�h�\�h�]�h��
�i�h�[�•�`�g�h�]�h���i�h�l�h�d�m���\���i�h�e�h�`�_�g�g�y���a���f�•�g�•�f�Z�e�v�g�b�f���a�g�Z�q�_�g�g�y�f���.�P�L�Q �d�m�l�Z���Z�l�Z�d�b�����L�h�f�m���e�h�i�Z�l�•���=�=��
�\�h�^�h�l�h�g�Z�`�g�b�o�� �k�m�^�_�g�� �\�� �h�k�g�h�\�g�h�f�m�� �f�Z�x�l�v�� �d�Z�\�•�l�Z�p�•�c�g�•�� �m�r�d�h�^�`�_�g�g�y�� �d�•�g�p�_�\�b�o�� �i�_�j�_�l�b�g�•�\��
�e�h�i�Z�l�_�c�����Y�d���i�j�Z�\�b�e�h�����d�h�j�_�g�_�\�Z���l�Z���i�_�j�b�n�_�j�•�c�g�Z���_�j�h�a�•�y���\���l�Z�d�h�f�m���\�b�i�Z�^�d�m���a�m�k�l�j�•�q�Z�}�l�v�k�y���^�m�`�_��
�j�•�^�d�h���� �M�� �j�h�[�h�l�•�� �>���@���i�h�d�Z�a�Z�g�h���� �s�h�� �a�[�•�e�v�r�_�g�g�y���r�h�j�k�l�d�h�k�l�•�� �i�h�\�_�j�o�g�•�� �e�h�i�Z�l�_�c�� �i�j�b�a�\�h�^�b�l�v�� �^�h��
�•�k�l�h�l�g�h�]�h�� �a�[�•�e�v�r�_�g�g�y�� �d�h�_�n�•�p�•�}�g�l�m�� �f�h�f�_�g�l�m�� �•�� �a�f�_�g�r�_�g�g�x�� �d�h�_�n�•�p�•�}�g�l�Z�� �m�i�h�j�Z�� �]�j�_�[�g�h�]�h��
�]�\�b�g�l�Z���� �i�j�b�� �p�v�h�f�m�� �g�Z�c�[�•�e�v�r�b�c�� �\�i�e�b�\�� �g�Z�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �=�=�� �j�h�[�b�l�v��
�a�[�•�e�v�r�_�g�g�y�� �r�h�j�k�l�d�h�k�l�•�� �d�•�g�p�_�\�b�o�� �j�Z�c�h�g�•�\�� �e�h�i�Z�l���� �j�h�a�l�Z�r�h�\�Z�g�b�o�� �g�Z�� �\�•�^�g�h�k�g�b�o�� �j�Z�^�•�m�k�Z�o���N�D��= 
���������«��,0 [3]. 

�G�Z�� �\�•�^�f�•�g�m�� �\�•�^�� �\�h�^�h�l�h�g�Z�`�g�b�o�� �k�m�^�_�g���� �=�=�� �K�I�D�� �i�j�Z�p�x�x�l�v�� �m�� �d�h�k�h�f�m�� �i�h�l�h�p�•�� �\�g�Z�k�e�•�^�h�d��
�g�Z�o�b�e�m�� �e�•�g�•�€�� �\�Z�e�h�i�j�h�\�h�^�m�� �^�h�� �i�e�h�s�b�g�b�� �d�h�g�k�l�j�m�d�l�b�\�g�h�€�� �\�Z�l�_�j�e�•�g�•�€���i�•�^�� �d�m�l�h�f�� ����-150���� �A�Z�� �p�•�}�€��
�i�j�b�q�b�g�b�� �r�\�b�^�d�•�k�l�v�� �i�h�l�h�d�m���� �y�d�b�c�� �g�Z�[�•�]�Z�}�� �g�Z�� �]�\�b�g�l���� �•�� �^�h�j�•�\�g�x�}�� �r�\�b�^�d�h�k�l�•���í�& �k�m�^�g�Z����
�j�h�a�d�e�Z�^�Z�}�l�v�k�y�� �g�Z�� �^�\�•�� �k�d�e�Z�^�h�\�•���� �h�k�v�h�\�m���í�&�h�k�� �j�•�\�g�h�[�•�`�g�m�� �h�k�•�� �]�j�_�[�g�h�]�h�� �\�Z�e�Z���� �•�� �l�Z�g�]�_�g�p�•�Z�e�v�g�m��
�í�&�2�����j�h�a�l�Z�r�h�\�Z�g�m���\���i�e�h�s�b�g�•���h�[�_�j�l�Z�g�g�y���=�=�����j�b�k�����������>���@�� 

�L�Z�d�b�f���q�b�g�h�f�����y�d�s�h���g�Z���=�=���\�h�^�h�l�h�g�Z�`�g�b�o���k�m�^�•�\���h�k�g�h�\�g�h�x���i�j�b�q�b�g�h�x���g�_�k�l�Z�p�•�h�g�Z�j�g�h�]�h��
�o�Z�j�Z�d�l�_�j�m���d�Z�\�•�l�Z�p�•�€���}���g�_�j�•�\�g�h�f�•�j�g�•�k�l�v���h�k�v�h�\�h�]�h���i�h�i�m�l�g�v�h�]�h���i�h�l�h�d�m���\���^�b�k�d�m���]�\�b�g�l�Z�����l�h���g�Z���=�=��
�K�I�D���± �p�_���i�h�y�\�Z���l�Z�g�]�_�g�p�•�Z�e�v�g�h�]�h�€���k�d�e�Z�^�h�\�h�€���i�h�l�h�d�m���\���^�b�k�d�m���]�\�b�g�l�Z�� 

�<�b�j�•�r�m�\�Z�l�b�� �i�j�h�[�e�_�f�m�� �D�A�� �=�=�� �d�h�g�k�l�j�m�d�l�b�\�g�b�f�b�� �a�Z�o�h�^�Z�f�b�� �\�� �[�•�e�v�r�h�k�l�•�� �\�b�i�Z�^�d�•�\�� �g�_��
�f�h�`�e�b�\�h�����H�k�g�h�\�g�b�c���r�e�y�o���€�€���\�b�j�•�r�_�g�g�y���i�h�e�y�]�Z�}���m���]�Z�e�m�a�•���f�Z�l�_�j�•�Z�e�h�a�g�Z�\�k�l�\�Z�����m���j�Z�f�d�Z�o���y�d�h�]�h��
�\�b�f�Z�]�Z�}�l�v�k�y�� �g�_�� �l�•�e�v�d�b�� �k�l�\�h�j�_�g�g�y�� �d�Z�\�•�l�Z�p�•�c�g�h�k�l�•�c�d�b�o�� �f�Z�l�_�j�•�Z�e�•�\���� �Z�e�_�� �c�� �^�h�k�l�h�\�•�j�g�Z�� �h�p�•�g�d�Z��
���i�j�h�]�g�h�a�m�\�Z�g�g�y���� �d�Z�\�•�l�Z�p�•�c�g�h�€�� �a�g�h�k�h�k�l�•�c�d�h�k�l�•�� �y�d�� �k�Z�f�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� �i�j�b�� �\�b�i�j�h�[�m�\�Z�g�g�•�� �€�o�� �g�Z��
�e�Z�[�h�j�Z�l�h�j�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o���� �l�Z�d�� �•�� �e�h�i�Z�l�_�c�� �=�=���� �\�b�]�h�l�h�\�e�_�g�b�o�� �a �p�b�o�� �f�Z�l�_�j�•�Z�e�•�\���� �\�� �m�f�h�\�Z�o��
�_�d�k�i�e�m�Z�l�Z�p�•�€���� 
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�I �h�e�h�` �_�g�g�y���1

�I �h�e�h�` �_�g�g�y���1�1

�D�m�l ���Z�l �Z�d�b

�D�m�l ���Z�l �Z�d�b

 
�J�b�k�m�g�h�d 5 �± �J�h�a�i�h�^�•�e���r�\�b�^�d�h�k�l�_�c���m���^�b�k�d�m���]�j�_�[�g�h�]�h���]�\�b�g�l�Z���k�m�^�g�Z���g�Z���i�•�^�\�•�^�g�b�o���d�j�b�e�Z�o 
 
�D�Z�\�•�l�Z�p�•�c�g�_���a�g�h�r�m�\�Z�g�g�y���\�l�m�e�h�d���p�b�e�•�g�^�j�•�\���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\�� 
�D�A�� �}�� �j�h�a�i�h�\�k�x�^�`�_�g�b�f�� �\�b�^�h�f�� �i�h�r�d�h�^�`�_�g�v�� �h�o�h�e�h�^�`�m�\�Z�g�b�o�� �\�h�^�h�x�� �i�h�\�_�j�o�h�g�v�� �\�l�m�e�h�d��

�l�Z���[�e�h�d�•�\���p�b�e�•�g�^�j�•�\���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\���� 
�I�j�b�q�b�g�h�x�� �a�g�h�r�m�\�Z�g�g�y�� �}�� �\�•�[�j�Z�p�•�€�� �k�l�•�g�h�d�� �\�l�m�e�h�d���� �s�h�� �\�b�g�b�d�Z�x�l�v�� �i�j�b�� �m�^�Z�j�Z�o�� �i�h�j�r�g�y��

�i�h���\�l�m�e�p�•���\���f�h�f�_�g�l���c�h�]�h���i�_�j�_�d�e�Z�^�d�b�����s�h���i�j�b�\�h�^�y�l�v���^�h���\�b�g�b�d�g�_�g�g�y���\�•�[�j�Z�p�•�c�g�h�€���d�Z�\�•�l�Z�p�•�€���\��
�h�o�h�e�h�^�g�•�c�� �j�•�^�b�g�•���� �L�Z�d�����g�Z�i�j�b�d�e�Z�^���� �d�Z�\�•�l�Z�p�•�c�g�_�� �j�m�c�g�m�\�Z�g�g�y�� �q�Z�k�l�h�� �\�•�^�[�m�\�Z�e�b�k�y�� �\�� �^�\�b�]�m�g�Z�o��
���>���� ���j�b�k�� �������� �m�� �j�_�a�m�e�v�l�Z�l�•�� �q�h�]�h�� �\�l�m�e�d�b�� �€�o�� �p�b�e�•�g�^�j�•�\�� �\�b�o�h�^�b�e�b�� �a�� �e�Z�^�m�� �\�`�_�� �i�•�k�e�y�� �� 500-
2 300 �]�h�^�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �i�j�b�� �f�h�l�h�j�_�k�m�j�k�•�� ���� 000 �]�h�^���� �M�� �^�b�a�_�e�y�o�� ���>�����F���� �m�k�l�Z�g�h�\�e�_�g�b�o�� �g�Z��
�\�_�e�b�d�b�o�� �f�h�j�k�v�d�b�o�� �j�b�[�Z�e�v�k�v�d�b�o�� �l�j�Z�m�e�_�j�Z�o���� �D�A�� �\�b�g�b�d�Z�\�� �g�Z�� �k�_�j�_�^�g�•�o�� �q�Z�k�l�b�g�Z�o�� �[�•�q�g�b�o��
�i�h�\�_�j�o�h�g�v���\�l�m�e�h�d�����a�h�g�b���a�g�h�r�m�\�Z�g�g�y���f�Z�e�b���j�h�a�f�•�j�b���������o���� �f�f���l�Z���]�e�b�[�b�g�m���^�h������ �f�f�����M���p�b�o��
�`�_�� �^�b�a�_�e�y�o�� �g�_�h�^�g�h�j�Z�a�h�\�h�� �j�_�}�k�l�j�m�\�Z�e�b�� �D�A�� �[�e�h�d�•�\�� �p�b�e�•�g�^�j�•�\���� �Q�_�j�_�a�� �D�A�� �\�l�m�e�d�b�� �p�b�e�•�g�^�j�•�\��
�^�\�b�]�m�g�•�\�� ���G�N�>�����M�� �g�_�j�•�^�d�h�� �i�j�b�o�h�^�b�e�h�k�y�� �a�Z�f�•�g�y�l�b�� �\�`�_�� �i�•�k�e�y�� �i�j�b�[�e�b�a�g�h�� ���� 000 �]�h�^��
�_�d�k�i�e�m�Z�l�Z�p�•�€���� �l�h�^�•�� �y�d�� �j�_�k�m�j�k�� �\�l�m�e�h�d���� �j�h�a�j�Z�o�h�\�Z�g�b�c�� �a�Z�� �r�\�b�^�d�•�k�l�x�� �a�g�h�r�m�\�Z�g�g�y�� �€�o�� �i�h�\�_�j�o�g�•��
�l�_�j�l�y�� �± ���^�a�_�j�d�Z�e�Z�����± �^�h�j�•�\�g�x�}�� �i�j�b�[�e�b�a�g�h�� ���� 000 �]�h�^�� �L�_�h�j�_�l�b�q�g�h�f�m�� �l�Z��
�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m�� �^�h�k�e�•�^�`�_�g�g�x�� �D�A�� �\�h�^�h�h�o�h�e�h�^�`�m�x�q�b�o�� �i�h�\�_�j�o�h�g�v �\�l�m�e�h�d�� �p�b�e�•�g�^�j�•�\��
�^�\�b�]�m�g�•�\�� �\�g�m�l�j�•�r�g�v�h�]�h�� �a�]�h�j�y�g�g�y�� �\�� �^�Z�g�b�c�� �q�Z�k�� �i�j�b�^�•�e�y�x�l�v�� �k�_�j�c�h�a�g�m�� �m�\�Z�]�m���� �A�[�•�e�v�r�_�g�g�y��
�q�Z�k�l�h�l�b���h�[�_�j�l�Z�g�g�y���d�h�e�•�g�q�Z�l�h�]�h���\�Z�e�Z���•���a�f�_�g�r�_�g�g�y���f�Z�k�b���•���]�Z�[�Z�j�b�l�•�\���k�m�q�Z�k�g�b�o���^�\�b�]�m�g�•�\���\�_�^�_��
�^�h���a�f�_�g�r�_�g�g�y���l�h�\�s�b�g�b���\�l�m�e�d�b�����s�h���i�h�f�•�l�g�h���a�[�•�e�v�r�m�}���r�\�b�^�d�•�k�l�v���€�€���d�h�e�b�\�Z�e�v�g�h�]�h���j�m�o�m�����•�����y�d��
�g�Z�k�e�•�^�h�d���� �i�•�^�\�b�s�m�}�� �•�f�h�\�•�j�g�•�k�l�v�� �\�b�g�b�d�g�_�g�g�y�� �d�Z�\�•�l�Z�p�•�c�g�h�]�h�� �j�m�c�g�m�\�Z�g�g�y���� �P�_�� �^�h�a�\�h�e�y�}��
�k�l�\�_�j�^�`�m�\�Z�l�b�����s�h���i�j�h�[�e�_�f�Z���D�A���\�h�^�h�h�o�h�e�h�^�`�m�x�q�b�o���i�h�\�_�j�o�h�g�v���\�l�m�e�h�d���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\�� �m��
�g�Z�c�[�e�b�`�q�•�c���i�_�j�k�i�_�d�l�b�\�•���a�Z�e�b�r�b�l�v�k�y���Z�d�l�m�Z�e�v�g�h�€���� 
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�J�b�k�m�g�h�d 6 �± �D�Z�\�•�l�Z�p�•�c�g�_���a�g�h�r�m�\�Z�g�g�y���[�e�h�d�m���p�b�e�•�g�^�j�•�\�����Z�����•���\�l�m�e�d�b���p�b�e�•�g�^�j�Z�����[�����^�b�a�_�e�y��

���>���� 
 
�1�k�g�m�x�l�v���j�•�a�g�•���g�Z�i�j�y�f�d�b���[�h�j�h�l�v�[�b���a���D�A���\�l�m�e�h�d���p�b�e�•�g�^�j�•�\���^�b�a�_�e�•�\�����a�h�d�j�_�f�Z�����^�h�^�Z�\�Z�g�g�y��

�\�� �h�o�h�e�h�^�`�m�\�Z�e�v�g�m�� �j�•�^�b�g�m�� ���H�J���� �j�•�a�g�b�o�� �i�j�b�k�Z�^�h�d���� �o�•�f�•�d�h-�l�_�j�f�•�q�g�Z�� �h�[�j�h�[�d�Z�� �\�l�m�e�h�d����
�g�Z�g�_�k�_�g�g�y���g�Z���€�o���i�h�\�_�j�o�g�x���j�•�a�g�h�]�h���l�b�i�m���i�h�d�j�b�l�l�y�����J�_�Z�e�•�a�Z�p�•�y���a�Z�a�g�Z�q�_�g�b�o���g�Z�i�j�y�f�d�•�\���f�Z�}���g�Z��
�m�\�Z�a�•�� �l�j�m�^�h�f�•�k�l�d�•�� �e�Z�[�h�j�Z�l�h�j�g�•�� �•�k�i�b�l�b�� �f�Z�l�_�j�•�Z�e�•�\�� �\�l�m�e�h�d�� �g�Z�� �D�A���� �Y�d�� �[�m�e�h�� �a�Z�a�g�Z�q�_�g�h�� �\�b�s�_����
�\�•�^�^�•�e�_�g�g�y�� �f�Z�l�_�j�•�Z�e�m�� �a�� �i�h�\�_�j�o�g�•���� �i�•�^�^�Z�g�h�€�� �d�Z�\�•�l�Z�p�•�c�g�h�f�m�� �\�i�e�b�\�m���� �\�•�^�[�m�\�Z�}�l�v�k�y�� �i�•�k�e�y��
�a�Z�d�•�g�q�_�g�g�y�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �I�j�h�l�y�]�h�f�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �g�Z�d�e�_�i��
�i�h�\�_�j�o�g�_�\�h�]�h���r�Z�j�m�����•���i�•�k�e�y���l�h�]�h�����y�d���a�Z�i�Z�k���i�e�Z�k�l�b�q�g�h�k�l�•���f�_�l�Z�e�m���i�h�\�_�j�o�g�_�\�h�]�h���r�Z�j�m���a�g�b�d�g�_����
�i�h�q�b�g�Z�}�l�v�k�y�� �m�l�\�h�j�_�g�g�y�� �f�•�d�j�h�l�j�•�s�b�g���� �Z���� �i�•�k�e�y�� �€�o�� �a�e�b�l�l�y���� �\�•�^�^�•�e�_�g�g�y�� �q�Z�k�l�h�d�� �a�g�h�r�m�\�Z�g�g�y����
�r�\�b�^�d�•�k�l�v�� �\�l�j�Z�l�� �f�Z�k�b�� �r�\�b�^�d�h�� �a�j�h�k�l�Z�}�� �•�� �^�h�k�y�]�Z�}�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�g�y���� �I�j�b��
�i�h�j�•�\�g�y�e�v�g�b�o�� �\�b�i�j�h�[�m�\�Z�g�g�y�o�� �\�Z�`�e�b�\�h�� �g�Z�^�•�c�g�h�� �\�b�a�g�Z�q�Z�l�b�� �k�Z�f�_�� �l�j�b�\�Z�e�•�k�l�v�� �•�g�d�m�[�Z�p�•�c�g�h�]�h��
�i�_�j�•�h�^�m���� �l�h�f�m�� �s�h�� �i�j�h�p�_�k�b�� �g�Z�d�h�i�b�q�_�g�g�y�� �m�r�d�h�^�`�_�g�v�� �i�j�h�l�y�]�h�f�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m��
�\�b�a�g�Z�q�Z�x�l�v�� �d�•�g�_�l�b�d�m�� �g�Z�k�l�m�i�g�h�]�h�� �i�j�h�p�_�k�m�� �\�•�^�^�•�e�_�g�g�y�� �i�j�h�^�m�d�l�•�\�� �a�g�h�r�m�\�Z�g�g�y���� �•�� �\�•�^��
�l�j�b�\�Z�e�h�k�l�•���•�g�d�m�[�Z�p�•�c�g�h�]�h���i�_�j�•�h�^�m���a�Z�e�_�`�b�l�v���r�\�b�^�d�•�k�l�v���a�g�h�r�m�\�Z�g�g�y�� 

�<�b�k�g�h�\�d�b�����D�A�� �}�� �Z�d�l�m�Z�e�v�g�h�x�� �i�j�h�[�e�_�f�h�x�� �g�Z�� �\�h�^�g�h�f�m�� �l�j�Z�g�k�i�h�j�l�•���� �C�h�f�m�� �i�•�^�^�Z�x�l�v�k�y��
�l�Z�d�•���\�•�^�i�h�\�•�^�Z�e�v�g�•���^�_�l�Z�e�•���k�m�^�g�h�\�h�]�h���h�[�e�Z�^�g�Z�g�g�y���y�d���=�=�����g�Z�k�Z�^�d�b�����\�l�m�e�d�b���p�b�e�•�g�^�j�•�\���l�Z���[�e�h�d�b��
�k�m�^�g�h�\�b�o���>�<�A�����^�_�l�Z�e�•���i�Z�e�b�\�g�h�€���Z�i�Z�j�Z�l�m�j�b���� 

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

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

�H�k�g�h�\�g�h�x���i�j�b�q�b�g�h�x���D�A���=�=���}���g�_�k�l�Z�p�•�h�g�Z�j�g�b�c���o�Z�j�Z�d�l�_�j���d�Z�\�•�l�Z�p�•�€�����H�^�g�Z�d�����y�d�s�h���g�Z���=�=��
�\�h�^�h�l�h�g�Z�`�g�b�o�� �k�m�^�_�g�� �h�k�g�h�\�g�h�x�� �i�j�b�q�b�g�h�x�� �g�_�k�l�Z�p�•�h�g�Z�j�g�h�]�h�� �o�Z�j�Z�d�l�_�j�m�� �d�Z�\�•�l�Z�p�•�€��
�\�b�y�\�e�y�}�l�v�k�y���g�_�j�•�\�g�h�f�•�j�g�•�k�l�v���h�k�v�h�\�h�]�h���i�h�k�e�•�^�h�\�g�h�]�h���i�h�l�h�d�m���\���^�b�k�d�m���]�\�b�g�l�Z�����l�h���g�Z���=�=���K�I�D��
�i�j�b�q�b�g�Z�� �g�_�k�l�Z�p�•�h�g�Z�j�g�h�k�l�•�� �d�j�b�}�l�v�k�y�� �m�� �i�h�y�\�•�� �l�Z�g�]�_�g�p�•�Z�e�v�g�h�€�� �k�d�e�Z�^�h�\�h�€�� �i�h�l�h�d�m�� �\�� �^�b�k�d�m��
�]�\�b�g�l�Z�����s�h���a�f�•�g�x�}�l�v�k�y���i�j�h�l�y�]�h�f���h�[�h�j�h�l�m���e�h�i�Z�l�•��  

 
�E�1�L�?�J�:�L�M�J�: 

 
1. �P�\�_�l�d�h�\�� �X���G������ �=�h�j�[�Z�q�_�g�d�h�� �?���H���� �B�k�i�u�l�Z�g�b�_�� �k�l�Z�e�_�c�� �g�Z�� �d�Z�\�b�l�Z�p�b�h�g�g�h�_��

�b�a�g�Z�r�b�\�Z�g�b�_�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �f�_�l�h�^�Z�� �b�a�f�_�j�_�g�b�y�� �i�j�h�n�b�e�y�� �i�h�\�_�j�o�g�h�k�l�b�����A�Z�\�h�^�k�d�Z�y��
�e�Z�[�h�j�Z�l�h�j�b�y. �>�b�Z�]�g�h�k�l�b�d�Z���f�Z�l�_�j�b�Z�e�h�\�����������������L�������������‹���������K���������±58.  

2. �P�\�_�l�d�h�\�� �X���G���� �D�Z�\�b�l�Z�p�b�h�g�g�h�_�� �b�a�g�Z�r�b�\�Z�g�b�_�� �f�_�l�Z�e�e�h�\�� �b�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �K�I�[���� ����
�K�I�[�=�I�M�������������������������k���� 
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Operation of structures and equipment in the fluid flow is often accompanied by cavitation. 
The phenomenon of cavitation is the formation of discontinuities of continuity - vapor-gas 
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bubbles - in those areas of the liquid where there is a significant decrease in pressure. For 
example, cavitation wear is a common phenomenon on the surfaces of bushings and cylinder 
blocks of high-speed diesel engines (VOD), blades of turbines, blades and guide nozzles of 
propellers, impellers of pumps for pumping coolants in reactors, and so on. 

When the external pressure increases or when the blister moves to the area of increased 
pressure, it collapses instantly with the formation of cumulative jets. The destruction of 
cavitation cavities takes about 0.001 s, and the speed of cumulative jets can reach several 
hundred meters per second. Cavitation wear has a relatively complex kinetics, which is 
characterized by the presence of the initial period, called the incubation period. In water 
transport, cavitation wear is one of the most common causes of repair of marine engines, which 
requires a study of its patterns. A characteristic feature of cavitation wear is the presence of an 
incubation period, ie a period during which the loss of material from the surface to be worn is 
practically absent. At the end of the incubation period, the wear rate increases, reaches a 
maximum, and then gradually decreases to a constant value or decreases without reaching a 
stable value. The main cause of cavitation wear of propellers is the non-stationary nature of 
cavitation. However, if on the propeller of watercraft the main reason for the non-stationary 
nature of cavitation is the uneven axial sequential flow in the propeller disk, then on the 
propellers of hydrofoils the cause of nonstationarity is the appearance of a tangential component 
of the flow in the propeller disk. 

Key words: incubation period, materials science, sea transport, cavitation wear, wear rate. 
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�y�a�d�m���i�•�^���q�Z�k���e�b�o�Z���•���^�e�y��
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�i�h�k�e�m�]�b�� �l�Z�� �i�j�h�i�h�a�b�p�•�€�� �^�e�y�� �f�h�j�k�v�d�h�]�h�� �j�m�o�h�f�h�]�h�� �k�m�i�m�l�g�b�d�h�\�h�]�h�� �a�\�
�y�a�d�m�� �g�Z�^�Z�x�l�v�k�y��
�k�b�k�l�_�f�Z�f�b�� �&�R�V�S�D�V-�6�D�U�V�D�W�� �•�� �,�Q�P�D�U�V�D�W���� �I�j�b�� �p�v�h�f�m�� �&�R�V�S�D�V-�6�D�U�V�D�W�� �i�j�b�a�g�Z�q�_�g�Z�� �l�•�e�v�d�b�� �^�e�y��
�^�h�^�Z�l�d�•�\�� �i�h�r�m�d�m�� �•�� �j�y�l�m�\�Z�g�g�y�� ���6�$�5������ �l�h�[�l�h�� �^�e�y���g�Z�^�Z�g�g�y�� �k�b�]�g�Z�e�•�\�� �e�b�o�Z�� �•�� �\�b�a�g�Z�q�_�g�g�y�� �f�•�k�p�y��
�j�h�a�l�Z�r�m�\�Z�g�g�y���f�h�j�k�v�d�b�o���k�m�^�_�g�����M���k�\�h�x���q�_�j�]�m���k�b�k�l�_�f�Z���,�Q�P�D�U�V�D�W���[�m�e�Z���}�^�b�g�h�x���k�m�i�m�l�g�b�d�h�\�h�x��
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�k�b�k�l�_�f�h�x�� �^�e�y�� �a�Z�[�_�a�i�_�q�_�g�g�y�� �•�g�r�b�o�� �n�m�g�d�p�•�c�� �a�\�
�y�a�d�m�� �*�0�'�6�6���� �l�Z�d�b�o�� �y�d�� �i�h�r�b�j�_�g�g�y��
�•�g�n�h�j�f�Z�p�•�€���a���[�_�a�i�_�d�b���g�Z���f�h�j�•�����0�6�,�����•���•�g�r�b�o���j�•�a�g�b�o���a�Z�]�Z�e�v�g�b�o���d�h�f�m�g�•�d�Z�p�•�c���� 

�M�� �*�0�'�6�6�� �K�\�•�l�h�\�b�c�� �h�d�_�Z�g�� �j�h�a�[�b�l�b�c�� �g�Z�� ���� �f�h�j�k�v�d�b�o�� �j�Z�c�h�g�b���� �:������ �:������ �:���� �•�� �:������
�;�_�a�i�h�k�_�j�_�^�g�v�h�� �f�h�j�k�v�d�h�€�� �j�Z�c�h�g�� �:���� �m�� �*�0�'�6�6�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �y�d�� �a�h�g�Z�� �i�h�d�j�b�l�l�y��
�]�_�h�k�l�Z�p�•�h�g�Z�j�g�b�o���k�m�i�m�l�g�b�d�•�\�����l�h�[�l�h���k�m�i�m�l�g�b�d�•�\���,�Q�P�D�U�V�D�W�����a�Z���\�b�g�y�l�d�h�f���f�h�j�k�v�d�b�o���j�Z�c�h�g�•�\���:����
�•�� �:������ �y�d�•�� �\�b�a�g�Z�q�Z�x�l�v�k�y�� �h�o�h�i�e�_�g�g�y�f�� �j�Z�^�•�h�k�b�]�g�Z�e�•�\�� �g�Z�a�_�f�g�b�o�� �[�_�j�_�]�h�\�b�o�� �j�Z�^�•�h�k�l�Z�g�p�•�c�� �>���@����
�J�Z�c�h�g�� �:������ �p�_�� �q�Z�k�l�b�g�Z�� �K�\�•�l�h�\�h�]�h�� �h�d�_�Z�g�m���� �s�h�� �a�Z�e�b�r�b�e�Z�k�y���� �a�Z�� �\�b�g�y�l�d�h�f�� �f�h�j�k�v�d�b�o�� �j�Z�c�h�g�•�\��
�:������ �:���� �•�� �:���� �*�0�'�6�6�����G�Z���^�Z�g�b�c���q�Z�k���g�Z���]�_�h�k�l�Z�p�•�h�g�Z�j�g�•�c���h�j�[�•�l�•�� �a�g�Z�o�h�^�y�l�v�k�y���j�•�a�g�•�� �i�h�d�h�e�•�g�g�y��
�^�•�x�q�b�o�� �k�m�i�m�l�g�b�d�•�\�� �,�Q�P�D�U�V�D�W�� �•�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �i�h�_�l�Z�i�g�b�c�� �i�_�j�_�o�•�^�� �g�Z�� �k�m�i�m�l�g�b�d�b�� �g�h�\�h�]�h��
�i�h�d�h�e�•�g�g�y���\���j�Z�f�d�Z�o���\�•�^�i�h�\�•�^�g�h�€���i�j�h�]�j�Z�f�b���i�_�j�_�h�k�g�Z�s�_�g�g�y���k�m�i�m�l�g�b�d�•�\���,�Q�P�D�U�V�D�W���� 

�H�^�g�b�f�� �a�� �g�Z�i�j�y�f�d�•�\�� �j�h�a�\�b�l�d�m�� �*�0�'�6�6�� �^�h�� ���������� �j�h�d�m�� �>���@�� �}���� �\�� �i�_�j�r�m�� �q�_�j�]�m���� �g�Z�^�Z�g�g�y��
�g�h�\�b�o�� �k�m�i�m�l�g�b�d�h�\�b�o�� �i�h�k�e�m�]�� �>���@���� �P�•�� �g�h�\�•�� �k�m�i�m�l�g�b�d�h�\�•�� �i�h�k�e�m�]�b�� �*�0�'�6�6�� �\�b�a�g�Z�q�Z�x�l�v��
�f�h�^�_�j�g�•�a�Z�p�•�x�� �•�k�g�m�x�q�b�o�� �k�m�i�m�l�g�b�d�h�\�b�o�� �k�b�k�l�_�f���� �a�h�d�j�_�f�Z�� �,�Q�P�D�U�V�D�W���� �Z�� �l�Z�d�h�`�� �\�i�j�h�\�Z�^�`�_�g�g�y�� �•��
�i�j�b�c�g�y�l�l�y�� �g�h�\�b�o�� �k�m�i�m�l�g�b�d�h�\�b�o�� �k�b�k�l�_�f�� �\�� �y�d�h�k�l�•�� �i�h�k�l�Z�q�Z�e�v�g�b�d�•�\�� �d�h�f�m�g�•�d�Z�p�•�c�g�b�o��
�i�j�h�i�h�a�b�p�•�c�����g�Z�i�j�b�d�e�Z�^�����k�b�k�l�_�f�b���,�U�L�G�L�X�P�� 

�F�_�l�Z�� �k�l�Z�l�l�•�����:�g�Z�e�•�a�� �a�f�•�g�� �\�� �*�0�'�6�6�� �\�� �j�_�a�m�e�v�l�Z�l�b�� �i�_�j�_�h�k�g�Z�s�_�g�g�y�� �l�Z�� �a�Z�i�j�h�\�Z�^�`�_�g�g�y��
�g�h�\�b�o�� �k�m�i�m�l�g�b�d�•�\�� �\�� �k�b�k�l�_�f�•�� �,�Q�P�D�U�V�D�W���� �Z�� �l�Z�d�h�`�� �\�� �j�_�a�m�e�v�l�Z�l�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �f�h�`�e�b�\�h�k�l�_�c��
�g�h�\�h�€���k�m�i�m�l�g�b�d�h�\�h�€���k�b�k�l�_�f�b���,�U�L�G�L�X�P�� 

�<�b�d�e�Z�^���h�k�g�h�\�g�h�]�h���f�Z�l�_�j�•�Z�e�m�����A�������������j�h�d�m���d�h�f�i�Z�g�•�y���,�Q�P�D�U�V�D�W���a�^�•�c�k�g�b�e�Z���i�_�j�_�\�_�^�_�g�g�y��
�k�\�h�€�o���i�h�k�e�m�]�����\�d�e�x�q�Z�x�q�b���i�h�k�e�m�]�b�����i�h�\�
�y�a�Z�g�•���a���*�0�'�6�6�����g�Z���k�m�i�m�l�g�b�d�b���g�h�\�h�]�h���i�h�d�h�e�•�g�g�y���>���@����
�<���j�Z�f�d�Z�o���*�0�'�6�6���^�Z�g�b�c���i�_�j�_�o�•�^���[�m�\���\�b�d�h�g�Z�g�b�c���\���q�h�l�b�j�b���_�l�Z�i�b���i�_�j�_�h�k�g�Z�s�_�g�g�y���l�Z���f�•�]�j�Z�p�•�€��
���j�b�k���������� 

- �i�_�j�r�b�f�� �_�l�Z�i�h�f�� �\�� �i�j�h�p�_�k�•�� �i�_�j�_�h�k�g�Z�s�_�g�g�y�� �,�Q�P�D�U�V�D�W�� �\�� �j�Z�f�d�Z�o�� �*�0�'�6�6�� �[�m�e�h��
�i�_�j�_�\�_�^�_�g�g�y���k�m�i�m�l�g�b�d�h�\�b�o���i�h�k�e�m�]���,�Q�P�D�U�V�D�W���\���a�h�g�•���i�h�d�j�b�l�l�y���$�2�5-W 3-�]�h���i�h�d�h�e�•�g�g�y�����)�����g�Z��
�k�m�i�m�l�g�b�d�b���$�0�(�5����-�]�h���i�h�d�h�e�•�g�g�y�����)���� 

- �^�j�m�]�b�f�� �_�l�Z�i�h�f�� �[�m�e�h�� �i�_�j�_�h�k�g�Z�s�_�g�g�y�� �k�m�i�m�l�g�b�d�h�\�b�o�� �k�e�m�`�[�� ��-�]�h�� �i�h�d�h�e�•�g�g�y��
�,�Q�P�D�U�V�D�W�� �\�� �a�h�g�•�� �i�h�d�j�b�l�l�y�� �3�2�5�� �•�a�� �k�m�i�m�l�g�b�d�•�\�� ���)���� �g�Z�� �k�m�i�m�l�g�b�d�� �,�Q�P�D�U�V�D�W�� �$�V�L�D�� ����Pacific 4-�]�h��
�i�h�d�h�e�•�g�g�y�����)���� 

- �l�j�_�l�•�f�� �_�l�Z�i�h�f�� �[�m�e�Z�� �a�Z�f�•�g�Z�� �k�m�i�m�l�g�b�d�Z�� �,�Q�P�D�U�V�D�W�� �$�2�5-E 3-�]�h�� �i�h�d�h�e�•�g�g�y�� ���)���� �g�Z��
�k�m�i�m�l�g�b�d����-�]�h���i�h�d�h�e�•�g�g�y���,�Q�P�D�U�V�D�W���$�2�5-�:�����)�������>�Z�g�b�c���k�m�i�m�l�g�b�d����-�]�h���i�h�d�h�e�•�g�g�y���a�Z�e�b�r�b�\�k�y��
�}�^�b�g�b�f���^�•�x�q�b�f���k�m�i�m�l�g�b�d�h�f���l�j�_�l�v�h�]�h���i�h�d�h�e�•�g�g�y�� 

- �q�_�l�\�_�j�l�b�f�� �_�l�Z�i�h�f�� �[�m�\�� �i�_�j�_�g�_�k�_�g�g�y�� �k�m�i�m�l�g�b�d�h�\�b�o�� �i�h�k�e�m�]�� ��-�]�h�� �i�h�d�h�e�•�g�g�y��
�,�Q�P�D�U�V�D�W���,�2�5�����)�����g�Z���k�m�i�m�l�g�b�d�b���,�Q�P�D�U�V�D�W���(�0�(�$����-�]�h���i�h�d�h�e�•�g�g�y���$�)���� 

 

    
�Z�����$�2�5-W �[�����$�2�5-E �\�����,�2�5 �]�����3�2�5 

 
�J�b�k�m�g�h�d 1 �± �I�_�j�_�f�•�s�_�g�g�y���a�h�g���i�h�d�j�b�l�l�y���$�2�5-W, AOR-�(�����,�2�5���•���3�2�5���\���j�_�a�m�e�v�l�Z�l�•��

�i�_�j�_�h�k�g�Z�s�_�g�g�y 
 

�L�Z�d�b�f���q�b�g�h�f�����a�h�g�b���i�h�d�j�b�l�l�y���$�2�5-W, AOR-�(�����,�2�5���•���3�2�5�����j�b�k�����������[�m�e�b���i�_�j�_�f�•�s�_�g�•���g�Z��
�a�Z�o�•�^�� �i�•�k�e�y�� �i�j�h�p�_�k�m�� �f�•�]�j�Z�p�•�€���� �I�j�b�� �p�v�h�f�m���� �a�]�•�^�g�h�� �a�� �*�0�'�6�6���� �f�h�j�k�v�d�b�c�� �j�Z�c�h�g�� �:���� �[�m�\��
�\�b�a�g�Z�q�_�g�b�c���a�h�g�h�x���^�•�€���]�_�h�k�l�Z�p�•�h�g�Z�j�g�b�o���k�m�i�m�l�g�b�d�•�\���,�Q�P�D�U�V�D�W�����a�Z���\�b�g�y�l�d�h�f���f�h�j�k�v�d�b�o���j�Z�c�h�g�•�\��
�:���� �•�� �:�������� �M�� �p�v�h�f�m�� �j�Z�c�h�g�•�� �k�m�^�g�Z�� �f�h�`�m�l�v�� �[�m�l�b�� �h�k�g�Z�s�_�g�•�� �k�o�\�Z�e�_�g�b�f�b�� �*�0�'�6�6�� �k�m�^�g�h�\�b�f�b��
�k�l�Z�g�p�•�y�f�b�� ���6�(�6���� �,�Q�P�D�U�V�D�W���� �y�d�•�� �i�j�_�^�k�l�Z�\�e�y�x�l�v�� �k�h�[�h�x�� �k�l�Z�g�p�•�€�� �g�Z�� �h�k�g�h�\�•�� �k�l�Z�g�^�Z�j�l�•�\�� �^�e�y��
�i�_�j�_�^�Z�q�•�� �^�Z�g�b�o�� �,�Q�P�D�U�V�D�W-�&���� �,�Q�P�D�U�V�D�W�� �)�O�H�H�W�� ������ �•�� �i�j�b�c�f�Z�q�Z�� �(�Q�K�D�Q�F�H�G�� �*�U�R�X�S�� �&�D�O�O�� ���(�*�&������ �y�d�b�c��
�•�g�l�_�]�j�h�\�Z�g�b�c�� �\�� �,�Q�P�D�U�V�D�W-�&�� �6�(�6�� �^�e�y �f�•�`�g�Z�j�h�^�g�h�€�� �k�e�m�`�[�b�� �6�D�I�H�W�\�1�(�7���� �I�•�k�e�y�� �i�j�h�\�_�^�_�g�h�]�h��
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�i�_�j�_�f�•�s�_�g�g�y�� �k�m�i�m�l�g�b�d�•�\�� �g�Z�a�\�b�� �•�� �Z�[�j�_�\�•�Z�l�m�j�b�� �h�d�_�Z�g�•�q�g�b�o�� �j�_�]�•�h�g�•�\�� �a�Z�e�b�r�b�e�b�k�y�� �d�h�e�b�r�g�•�f�b��
�i�j�b���\�b�d�h�j�b�k�l�Z�g�g�•���6�(�6�����H�k�d�•�e�v�d�b���a�h�g�Z���i�h�d�j�b�l�l�y���d�h�`�g�h�]�h���h�d�_�Z�g�•�q�g�h�]�h���j�_�]�•�h�g�m���[�m�e�Z���a�f�•�g�_�g�Z����
SES Inmarsat-�&���f�h�`�m�l�v���[�m�l�b���i�h�a�Z���a�h�g�h�x���^�•�€���k�m�i�m�l�g�b�d�Z�����g�Z���y�d�h�f�m���\�h�g�b���[�m�e�b���a�Z�j�_�}�k�l�j�h�\�Z�g�•����
�<�� �p�v�h�f�m�� �\�b�i�Z�^�d�m�� �a�Z�l�\�_�j�^�`�_�g�•�� �*�0�'�6�6�� �l�_�j�f�•�g�Z�e�b�� �6�(�6�� �,�Q�P�D�U�V�D�W-�&�� �i�h�\�b�g�g�•�� �a�Z�[�_�a�i�_�q�m�\�Z�l�b��
�k�b�]�g�Z�e���l�j�b�\�h�]�b���•���\�b�f�Z�]�Z�l�b���j�m�q�g�h�]�h���\�o�h�^�m���\���k�b�k�l�_�f�m���h�i�_�j�Z�l�h�j�Z�����D�j�•�f���l�h�]�h�����y�d���•���^�h���h�i�b�k�Z�g�b�o��
�\�b�s�_�� �i�_�j�_�o�h�^�•�\���� �6�(�6�� �,�Q�P�D�U�V�D�W-�&�� �a�Z�\�`�^�b�� �\�•�^�i�j�Z�\�e�y�x�l�v�� �k�b�]�g�Z�e�b�� �e�b�o�Z���� �g�_�a�Z�e�_�`�g�h�� �\�•�^�� �l�h�]�h����
�q�b�� �a�g�Z�o�h�^�y�l�v�k�y�� �\�h�g�b�� �\�� �h�d�_�Z�g�•�q�g�h�f�m�� �j�_�]�•�h�g�•�� �q�b�� �g�•���� �L�h�[�l�h���� �\�•�^�i�j�Z�\�d�Z�� �k�b�]�g�Z�e�•�\�� �e�b�o�Z�� �g�_��
�a�f�•�g�b�e�Z�k�y���•���g�_���[�m�e�Z���i�h�j�m�r�_�g�Z���i�j�h�p�_�k�h�f���f�•�]�j�Z�p�•�€���g�•���^�e�y���,�Q�P�D�U�V�D�W-�&�����g�•���^�e�y���,�Q�P�D�U�V�D�W���)�O�H�H�W��������
�6�(�6�����K�i�h�\�•�s�_�g�g�y���i�j�h���e�b�o�h���y�d���•���j�Z�g�•�r�_���i�j�b�c�f�Z�x�l�v�k�y���•���h�[�j�h�[�e�y�x�l�v�k�y���g�Z�a�_�f�g�b�f�b���k�l�Z�g�p�•�y�f�b��
���/�(�6���� �\�� �d�h�`�g�h�f�m�� �h�d�_�Z�g�•�q�g�h�f�m�� �j�_�]�•�h�g�•�� �•�� �Z�\�l�h�f�Z�l�b�q�g�h�� �i�_�j�_�k�b�e�Z�x�l�v�k�y�� �a�� �g�Z�c�\�b�s�b�f��
�i�j�•�h�j�b�l�_�l�h�f���\���\�•�^�i�h�\�•�^�g�b�c���f�h�j�k�v�d�b�c���j�y�l�m�\�Z�e�v�g�h-�d�h�h�j�^�b�g�Z�p�•�c�g�b�c���p�_�g�l�j�����0�5�&�&���� 

�A�Z�e�_�`�g�h�� �\�•�^�� �l�b�i�m�� �6�(�6�� �,�Q�P�D�U�V�D�W�� �)�O�H�H�W�� �������� �^�e�y�� �y�d�h�]�h�� �g�_�� �i�h�l�j�•�[�g�h�� �\�o�•�^�� �Z�[�h�� �\�b�o�•�^�� �•�a��
�k�b�k�l�_�f�b���� �y�d�� �^�e�y�� �6�(�6�� �,�Q�P�D�U�V�D�W-�&���� �•�g�r�b�c�� �j�_�]�•�h�g�� �h�d�_�Z�g�m�� �f�h�`�_�� �[�m�l�b�� �h�[�j�Z�g�b�c�� �Z�\�l�h�f�Z�l�b�q�g�h����
�H�^�g�Z�d�����y�d�s�h���f�•�k�p�_���j�h�a�l�Z�r�m�\�Z�g�g�y���k�m�i�m�l�g�b�d�Z����-�]�h���i�h�d�h�e�•�g�g�y���g�_�\�•�^�h�f�h���^�_�y�d�b�f���6�(�6���,�Q�P�D�U�V�D�W��
�)�O�H�H�W�� �������� �g�_�h�[�o�•�^�g�h�� �\�b�d�h�g�Z�l�b�� �l�Z�d�� �a�\�Z�g�b�c�� �i�j�h�l�h�d�h�e�� �i�h�r�m�d�m���� �i�•�^�� �q�Z�k�� �y�d�h�]�h�� �6�(�6�� �k�d�Z�g�m�}��
�g�Z�c�k�b�e�v�g�•�r�b�c�� �k�m�i�m�l�g�b�d�h�\�b�c�� �k�b�]�g�Z�e���� �D�j�•�f�� �l�h�]�h���� �s�h�� �\�� �q�Z�k�l�b�g�•�� �i�h�k�e�m�]�� �,�Q�P�D�U�V�D�W�� �)�O�H�H�W�� ��������
�i�j�h�l�h�d�h�e�� �i�•�^�� �g�Z�a�\�h�x�� �0�R�E�L�O�H�� �3�D�F�N�H�W�� �'�D�W�D�� �6�H�U�Y�L�F�H�� ���0�3�'�6������ �y�d�b�c�� �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �^�e�y��
�h�[�f�•�g�m���^�Z�g�b�f�b�����[�•�e�v�r�_���g�_���^�h�k�l�m�i�g�b�c���^�e�y���i�_�j�_�h�k�g�Z�s�_�g�•�c���k�m�i�m�l�g�b�d�h�\�h�€���k�b�k�l�_�f�b�� 

�I�j�b�� �p�v�h�f�m�� �i�_�j�_�o�•�^�� �g�_�� �\�i�e�b�g�m�\�� �g�Z�� �i�j�b�c�h�f�� �0�6�,�� �q�_�j�_�a�� �f�•�`�g�Z�j�h�^�g�m�� �k�e�m�`�[�m�� �f�h�\�e�_�g�g�y��
�6�D�I�H�W�\�1�(�7�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �[�h�j�l�h�\�h�]�h�� �i�j�b�c�f�Z�q�Z�� �(�*�&���� �H�^�g�Z�d�� �i�h�k�l�Z�q�Z�e�v�g�b�d�b�� �•�g�n�h�j�f�Z�p�•�€��
�6�D�I�H�W�\�1�(�7���� �l�Z�d�•�� �y�d�� �d�h�h�j�^�b�g�Z�l�h�j�b�� �1�$�9�$�5�(�$���� �k�e�m�`�[�b�� �\�b�^�Z�q�•�� �0�(�7�$�5�(�$�� �•�� �0�5�&�&���� �y�d�•��
�l�j�Z�g�k�e�x�x�l�v�� �i�h�\�•�^�h�f�e�_�g�g�y�� �(�*�&�� �q�_�j�_�a�� �/�(�6���� �i�h�\�b�g�g�•�� �]�Z�j�Z�g�l�m�\�Z�l�b���� �s�h�� �i�h�\�•�^�h�f�e�_�g�g�y�� �0�6�,��
�l�j�Z�g�k�e�x�\�Z�l�b�f�m�l�v�k�y���q�_�j�_�a���\�•�^�i�h�\�•�^�g�b�c���k�m�i�m�l�g�b�d���\���€�o���a�h�g�b���\�•�^�i�h�\�•�^�Z�e�v�g�h�k�l�•�� 

�<�� �y�d�h�k�l�•�� �Z�e�v�l�_�j�g�Z�l�b�\�b�� �[�m�^�v�� �y�d�b�c�� �k�_�j�l�b�n�•�d�h�\�Z�g�b�c�� �d�h�j�b�k�l�m�\�Z�q�� �6�D�I�H�W�\�1�(�7�� �f�h�`�_��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �g�Z�k�l�m�i�g�_�� �i�h�d�h�e�•�g�g�y�� �m�� �\�b�]�e�y�^�•�� �i�h�k�e�m�]�b�� �6�D�I�H�W�\�1�(�7�� �,�,���� �y�d�Z�� �g�_�� �\�b�f�Z�]�Z�}��
�\�l�j�m�q�Z�g�g�y�� �h�i�_�j�Z�l�h�j�Z���� �6�D�I�H�W�\�1�(�7�� �,�,�� �}�� �m�^�h�k�d�h�g�Z�e�_�g�g�y�f�� �•�k�g�m�x�q�h�€�� �k�e�m�`�[�b�� �6�D�I�H�W�\�1�(�7���� �y�d�Z��
�a�Z�[�_�a�i�_�q�m�}�� �a�j�m�q�g�b�c�� �•�� �•�g�l�_�j�Z�d�l�b�\�g�b�c�� �\�_�[-�•�g�l�_�j�n�_�c�k�� �^�e�y�� �i�h�k�l�Z�q�Z�e�v�g�b�d�•�\�� �0�6�,���� �^�h�a�\�h�e�y�}��
�h�^�g�h�q�Z�k�g�h�� �k�l�\�h�j�x�\�Z�l�b�� �•�� �i�_�j�_�^�Z�\�Z�l�b�� �i�h�\�•�^�h�f�e�_�g�g�y�� �0�6�,�� �q�_�j�_�a�� �i�j�b�c�f�Z�q�� �(�*�&�� �,�Q�P�D�U�V�D�W-�&���� �Z��
�l�Z�d�h�`�� �g�h�\�m�� �f�h�j�k�v�d�m�� �k�m�i�m�l�g�b�d�h�\�m�� �k�e�m�`�[�m�� �i�•�^�� �g�Z�a�\�h�x�� �,�Q�P�D�U�V�D�W�� �)�O�H�H�W�� �6�D�I�H�W�\���� �,�Q�P�D�U�V�D�W�� �)�O�H�H�W��
�6�D�I�H�W�\�� �h�a�g�Z�f�_�g�m�\�Z�\�� �k�h�[�h�x�� �i�h�\�h�j�h�l�g�b�c�� �f�h�f�_�g�l�� �\�� �a�Z�[�_�a�i�_�q�_�g�g�•�� �[�_�a�i�_�d�b�� �g�Z�� �f�h�j�•���� �,�Q�P�D�U�V�D�W��
�f�h�^�_�j�g�•�a�m�\�Z�\�� �*�0�'�6�6���� �s�h�[�� �a�g�Z�q�g�h�� �i�•�^�\�b�s�b�l�b�� �[�_�a�i�_�d�m�� �^�_�k�y�l�d�•�\�� �l�b�k�y�q�� �d�h�j�b�k�l�m�\�Z�q�•�\��
�)�O�H�H�W�%�U�R�D�G�E�D�Q�G�� �•�� �)�O�H�H�W�� �2�Q�H���� �A�Z�l�\�_�j�^�`�_�g�b�c�� �,�0�2���� �)�O�H�H�W�� �6�D�I�H�W�\��- �p�_�� �f�h�j�k�v�d�Z�� �k�e�m�`�[�Z�� �i�_�j�_�^�Z�q�•��
�^�Z�g�b�o���� �y�d�Z�� �i�•�^�l�j�b�f�m�}�� �\�•�^�i�h�\�•�^�g�•�k�l�v�� �*�0�'�6�6�� �^�e�y�� �i�_�j�_�^�Z�q�•�� �]�h�e�h�k�m�� �•�� �^�Z�g�b�o�� �\�� �j�Z�a�•�� �e�b�o�Z���� �Z��
�l�Z�d�h�`���^�e�y���a�\�
�y�a�d�m���\���l�_�j�f�•�g�h�\�h�f�m���i�h�j�y�^�d�m���•���^�e�y���a�Z�[�_�a�i�_�q�_�g�g�y���[�_�a�i�_�d�b�����I�h�}�^�g�Z�g�g�y���l�_�j�f�•�g�Z�e�m��
�[�_�a�i�_�d�b�� �g�Z�� �f�h�j�•�� ���0�6�7���� �a�� �•�k�g�m�x�q�b�f�b�� �k�e�m�`�[�Z�f�b�� �i�_�j�_�^�Z�q�•�� �^�Z�g�b�o�� �)�O�H�H�W�%�U�R�D�G�E�D�Q�G�� �Z�[�h�� �)�O�H�H�W��
�2�Q�H�� �f�h�`�g�Z�� �j�h�a�]�e�y�^�Z�l�b�� �y�d�� �g�Z�c�[�•�e�v�r�� �a�g�Z�q�g�_�� �^�h�k�y�]�g�_�g�g�y�� �\�� �h�[�e�Z�k�l�•�� �[�_�a�i�_�d�b�� �g�Z�� �f�h�j�•�� �^�e�y��
�g�h�\�h�]�h���i�h�d�h�e�•�g�g�y���k�b�k�l�_�f���,�Q�P�D�U�V�D�W���>���@�� 

�>�h���d�•�g�p�y�������������j�h�d�m���[�m�e�h���j�h�a�]�h�j�g�m�l�h���g�h�\�m���k�m�i�m�l�g�b�d�h�\�m���k�b�k�l�_�f�m���,�U�L�G�L�X�P���^�e�y���g�Z�^�Z�g�g�y��
�i�h�k�e�m�]���f�h�[�•�e�v�g�h�]�h���k�m�i�m�l�g�b�d�h�\�h�]�h���a�\�
�y�a�d�m���\���*�0�'�6�6���>���@�����D�h�f�i�Z�g�•�y���,�U�L�G�L�X�P���&�R�P�P�X�Q�L�F�D�W�L�R�Q�V��
Inc. - �\�k�_�k�\�•�l�g�•�c�� �h�i�_�j�Z�l�h�j�� �k�m�i�m�l�g�b�d�h�\�h�]�h�� �l�_�e�_�n�h�g�g�h�]�h�� �a�\�
�y�a�d�m���� �s�h�� �i�j�Z�p�x�}�� �g�Z�� �[�Z�a�•��
�h�j�[�•�l�Z�e�v�g�h�]�h���m�]�j�m�i�m�\�Z�g�g�y���,�U�L�G�L�X�P���6�D�W�H�O�O�L�W�H���a���������g�b�a�v�d�h�h�j�[�•�l�Z�e�v�g�b�o���k�m�i�m�l�g�b�d�•�\�����g�_���j�Z�o�m�x�q�b��
�j�_�a�_�j�\�g�b�o������ �<�e�Z�k�g�b�d�h�f�� �m�]�j�m�i�h�\�Z�g�g�y�� �k�m�i�m�l�g�b�d�•�\�� �}�� �,�U�L�G�L�X�P�� �&�R�P�P�X�Q�L�F�D�W�L�R�Q�V�� �,�Q�F������ �\�h�g�Z�� �`��
�a�Z�c�f�Z�}�l�v�k�y�� �\�b�j�h�[�g�b�p�l�\�h�f�� �d�e�•�}�g�l�k�v�d�h�]�h�� �h�[�e�Z�^�g�Z�g�g�y���� �A�h�g�Z�� �h�o�h�i�e�_�g�g�y�� �,�U�L�G�L�X�P�� �k�l�Z�g�h�\�b�l�v��
���������� �i�e�Z�g�_�l�b���� �p�_�� �}�^�b�g�Z�� �l�_�e�_�d�h�f�m�g�•�d�Z�p�•�c�g�Z�� �d�h�f�i�Z�g�•�y���� �y�d�Z�� �h�o�h�i�e�x�}�� �d�h�`�_�g�� �d�\�Z�^�j�Z�l�g�b�c��
�k�Z�g�l�b�f�_�l�j���i�h�\�_�j�o�g�•���A�_�f�e�•�����\�•�^���i�h�e�x�k�Z���^�h���i�h�e�x�k�Z�����[�_�a���i�j�h�\�Z�e�•�\���•���a�Z�a�h�j�•�\�� 

Iridium - �}�^�b�g�Z���f�h�[�•�e�v�g�Z���k�m�i�m�l�g�b�d�h�\�Z���k�b�k�l�_�f�Z���� �\�� �y�d�•�c���\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y���i�_�j�_�o�j�_�k�g�h-
�i�h�\�
�y�a�Z�g�Z�� �k�m�i�m�l�g�b�d�h�\�Z�� �k�b�k�l�_�f�Z���� �<�� �j�_�a�m�e�v�l�Z�l�•�� �\�•�^�� �f�h�[�•�e�v�g�h�]�h�� �a�_�f�g�h�€�� �k�l�Z�g�p�•�€�� �g�_�� �i�h�l�j�•�[�g�h����
�s�h�[�� �\�h�g�Z�� �i�_�j�_�[�m�\�Z�e�Z�� �\�� �l�h�f�m�� �`�� �k�m�i�m�l�g�b�d�h�\�h�f�m�� �i�h�d�j�b�l�l�•���� �s�h�� �•�� �g�Z�a�_�f�g�b�c�� �k�_�]�f�_�g�l���� �s�h�[��
�\�k�l�Z�g�h�\�b�l�b�� �a�
�}�^�g�Z�g�g�y���� �L�Z�d�_�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �a�Z�[�_�a�i�_�q�m�}�� �i�h�\�g�•�k�l�x�� �]�e�h�[�Z�e�v�g�_�� �h�o�h�i�e�_�g�g�y�� �•��
�j�h�[�h�l�m�����D�h�`�_�g���^�•�x�q�b�c���k�m�i�m�l�g�b�d���f�Z�}���a�Z�]�Z�e�v�g�m���a�h�g�m���i�h�d�j�b�l�l�y���g�Z���i�h�\�_�j�o�g�•���A�_�f�e�•���^�•�Z�f�_�l�j�h�f��
�i�j�b�[�e�b�a�g�h�� ���������� �d�f���� �D�j�•�f�� �l�h�]�h���� �d�h�`�_�g�� �k�m�i�m�l�g�b�d�� �f�h�`�_�� �n�h�j�f�m�\�Z�l�b�� ������ �l�h�q�d�h�\�b�o�� �i�j�h�f�_�g�•�\��
���k�e�•�^�•�\�������d�h�`�_�g���a���y�d�b�o���i�h�d�j�b�\�Z�}���i�h�\�_�j�o�g�x���A�_�f�e�•���^�•�Z�f�_�l�j�h�f���i�j�b�[�e�b�a�g�h�����������d�f�� 
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�M�� �y�d�h�k�l�•�� �k�m�i�m�l�g�b�d�h�\�h�]�h�� �j�•�r�_�g�g�y�� �^�e�y�� �a�\�
�y�a�d�m�� �\�� �,�U�L�G�L�X�P�� �*�0�'�6�6�� �\�� �j�Z�a�•�� �e�b�o�Z�� �•��
�a�Z�[�_�a�i�_�q�_�g�g�y�� �[�_�a�i�_�d�b �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �k�b�k�l�_�f�Z�� �/�D�U�V�� �7�K�U�D�Q�H�� �/�7-���������6���� �<�b�a�g�Z�g�Z�� �,�0�2�� �•��
�d�h�g�\�_�g�p�•�}�x�� �6�2�/�$�6���� �,�U�L�G�L�X�P�� �*�0�'�6�6�� �j�h�a�]�e�y�^�Z�}�l�v�k�y�� �y�d�� �Z�e�v�l�_�j�g�Z�l�b�\�Z�� �,�Q�P�D�U�V�D�W-�&���� �y�d�Z��
�i�j�h�i�h�g�m�}���]�e�h�[�Z�e�v�g�_���i�h�d�j�b�l�l�y���l�Z���\�[�m�^�h�\�Z�g�m���k�b�k�l�_�f�m���[�_�a�i�_�d�b�� 

�K�b�k�l�_�f�Z���/�D�U�V���7�K�U�D�Q�H���/�7-���������6���j�_�Z�e�•�a�m�}���g�Z�k�l�m�i�g�•���h�k�g�h�\�g�•���n�m�g�d�p�•�€�� 
- �����������]�e�h�[�Z�e�v�g�_���i�h�d�j�b�l�l�y���*�0�'�6�6�����f�h�j�k�v�d�•���j�Z�c�h�g�b���\�•�^���$�����^�h���$������ 
- �i�_�j�_�^�Z�q�m���k�b�]�g�Z�e�•�\���•���]�h�e�h�k�h�\�b�o���i�h�\�•�^�h�f�e�_�g�v���e�b�o�Z���l�Z���[�_�a�i�_�d�b�� 
- �i�_�j�_�^�Z�q�m���•�g�n�h�j�f�Z�p�•�€���a���[�_�a�i�_�d�b���g�Z���f�h�j�•�����0�6�,���� 
- �i�_�j�_�^�Z�q�m���a�Z�]�Z�e�v�g�b�o���i�h�\�•�^�h�f�e�_�g�v�� 
- �i�•�^�l�j�b�f�d�m���k�b�k�l�_�f�b���h�i�h�\�•�s�_�g�g�y���i�j�h���[�_�a�i�_�d�m���k�m�^�g�Z�����6�6�$�6�� 
- �i�•�^�l�j�b�f�d�m���m�i�j�Z�\�e�•�g�g�y���i�h�i�_�j�_�^�`�_�g�g�y�f�b���f�h�k�l�•�\�����%�$�0�����l�Z���•�g�� 
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Daki O. A., Ivanenko V.M.,  Fedunov V.M., Cheban V.I. 
ANALYSIS OF CHANGES IN THE GLOBAL MARITIME COMMUNICATION 
SYSTEM DURING DISASTERS AND TO ENSURE THE SAFETY OF NAVIGATION  

The paper analyzes the changes in the Global Maritime Distress and Safety System (GMDSS) 
based on the development of Inmarsat system capabilities using new satellites and the new 
Iridium system. Until recently, the only representative of the diverse range of satellite services 
and offerings for maritime mobile satellite communications in GMDSS was the Inmarsat satellite 
system. In 2018, Inmarsat switched to next-generation satellites to provide better satellite 
services and applications for GMDSS, and by the end of 2020, a new Iridium satellite system 
was deployed to provide mobile satellite services in GMDSS. The paper directly considers both 
the capabilities of the Inmarsat system based on new satellites and the capabilities of the new 
Iridium system within GMDSS. Therefore, the introduction and recognition of the new satellite 
system as a GMDSS service provider is a significant achievement that ended the monopoly of the 
Inmarsat system as the sole provider of GMDSS satellite services. In the long run, this will 
create healthy competition in the provision of satellite communications to shipping companies 
around the world. For example, the Inmarsat system has already improved its satellite services 
by replacing the older generation satellites and introducing a new service called Fleet Safety. 

It is noted that when considering the functional requirements of GMDSS for the Iridium 
satellite system, it should be borne in mind that the nature of the coverage area of Iridium 
orbital satellites in combination with their intersatellite transmission ensures that each vessel 
equipped with SES Iridium will still be able to transmit signals. disaster and receive MSI or SAR 
messages even if the satellite fails. In addition to global Iridium coverage, this is the second very 
important difference compared to the Inmarsat satellite system. Also, the introduction of these 
new GMDSS satellite services will reduce the use of terrestrial communication systems. 

Key words: Global Maritime Distress and Safety System, Inmarsat, Iridium, satellite, service, 
communication, safety of navigation, distress, sea vessel. 
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�Z�j�o�•�l�_�d�l�m�j�Z�� �_�d�k�i�_�j�l�g�h�€�� �k�b�k�l�_�f�b�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �l�Z�� �€�€�� �k�d�e�Z�^�h�\�•��
�d�h�f�i�h�g�_�g�l�b���� �Z �k�Z�f�_���� �[�e�h�d�� �i�j�Z�\�b�e���� �\�b�\�_�^�_�g�g�y���� �i�j�b�\�_�^�_�g�g�y�� �l�b�i�m���� �^�_�n�Z�a�a�•�n�•�d�Z�p�•�€�� �l�Z��
�n�Z�a�a�•�n�•�d�Z�p�•�€���� �H�d�j�_�f�h�� �^�h�k�e�•�^�`�m�}�l�v�k�y�� �h�k�l�Z�g�g�•�c�� �[�e�h�d���� �c�h�]�h�� �_�l�Z�i�b�� �\�b�d�h�g�Z�g�g�y�� �l�Z�� �i�j�h�p�_�k��
�j�_�Z�e�•�a�Z�p�•�€���� �<�� �y�d�h�k�l�•�� �k�m�^�g�h�\�b�o�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�h�d�� �j�h�a�]�e�y�^�Z�x�l�v�k�y�� �m�k�l�Z�g�h�\�d�b���� �y�d�•��
�\�b�d�h�j�b�k�l�h�\�m�x�l�v���\���y�d�h�k�l�•���o�h�e�h�^�h�Z�]�_�g�l�m���Z�f�•�Z�d�����M���k�\�h�x���q�_�j�]�m�����c�h�]�h���\�b�d�h�j�b�k�l�Z�g�g�y���i�h�l�j�_�[�m�}��
�a�Z�[�_�a�i�_�q�_�g�g�y�� �i�•�^�\�b�s�_�g�b�o�� �a�Z�o�h�^�•�\�� �[�_�a�i�_�d�b�� �g�Z�� �k�m�^�g�•���� �I�j�b�� �p�v�h�f�m�� �k�Z�f�� �i�j�h�p�_�k�� �^�•�y�e�v�g�h�k�l�•��
�h�i�_�j�Z�l�h�j�Z�� �a�� �d�h�g�l�j�h�e�x�� �k�l�Z�g�m�� �o�h�e�h�^�b�e�v�g�h�€�� �m�k�l�Z�g�h�\�d�b�� �g�Z�� �k�m�^�g�•�� �i�j�_�^�k�l�Z�\�e�y�}�� �k�h�[�h�x��
�Z�e�]�h�j�b�l�f�� �h�p�•�g�d�b���� �\�� �h�k�g�h�\�g�h�f�m���� �y�d�•�k�g�h�€�� �•�g�n�h�j�f�Z�p�•�€���� �I�•�k�e�y�� �h�p�•�g�d�b�� �y�d�•�k�g�h�€�� �•�g�n�h�j�f�Z�p�•�€��
�i�j�h�i�h�g�m�}�l�v�k�y�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �g�_�q�•�l�d�•�� �i�j�h�^�m�d�p�•�c�g�•�� �f�h�^�_�e�•���� �M�� �a�\�¶�y�a�d�m�� �a�� �l�b�f���� �s�h�� �i�j�b��
�j�h�[�h�l�•�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�h�d�� �f�h�`�m�l�v�� �\�b�g�b�d�Z�l�b�� �^�_�y�d�•�� �Z�\�Z�j�•�c�g�•�� �k�b�l�m�Z�p�•�€���� �y�d�•�� �g�_��
�i�j�b�\�h�^�y�l�v�� �^�h�� �\�•�^�d�e�x�q�_�g�g�y�� �d�h�f�i�j�_�k�h�j�•�\�� �k�b�k�l�_�f�h�x�� �a�Z�o�b�k�g�h�€�� �Z�\�l�h�f�Z�l�b�d�b���� �^�h�p�•�e�v�g�h��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �_�d�k�i�_�j�l�g�m�� �k�b�k�l�_�f�m�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �\�•�^�i�h�\�•�^�g�h�]�h��
�d�e�Z�k�m���g�Z���k�m�^�g�h�\�b�o���o�h�e�h�^�b�e�v�g�b�o���m�k�l�Z�g�h�\�d�Z�o�����M���j�h�[�h�l�•���[�_�a�i�h�k�_�j�_�^�g�v�h���g�Z�\�_�^�_�g�h���Z�j�o�•�l�_�d�l�m�j�m��
�g�_�q�•�l�d�h�€�� �_�d�k�i�_�j�l�g�h�€�� �k�b�k�l�_�f�b�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �g�Z�� �k�m�^�g�h�\�b�o�� �o�h�e�h�^�b�e�v�g�b�o��
�m�k�l�Z�g�h�\�d�Z�o�� �i�j�b�� �n�h�j�f�Z�e�v�g�h�f�m�� �j�h�a�]�e�y�^�Z�g�•�� �g�_�q�•�l�d�b�o�� �f�g�h�`�b�g���� �L�Z�d�h�`�� �j�h�a�]�e�y�^�Z�x�l�v�k�y�� �^�\�Z��
�h�k�g�h�\�g�b�o�� �k�i�h�k�h�[�b�� �n�h�j�f�Z�e�v�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�g�y���� �\�_�j�l�b�d�Z�e�v�g�h�]�h�� �l�Z�� �o�\�b�e�y�k�l�h�]�h�� �a�j�•�a�m���� �A��
�f�_�l�h�x���n�h�j�f�Z�e�•�a�Z�p�•�€���a�Z�^�Z�q�•���j�h�a�i�•�a�g�Z�\�Z�g�g�y���Z�\�Z�j�•�c�g�b�o���k�b�l�m�Z�p�•�c���m���j�h�[�h�l�•���\�b�d�h�j�b�k�l�h�\�m�x�l�v�k�y��
�•�g�l�_�j�\�Z�e�v�g�•�� �g�_�q�•�l�d�•�� �f�g�h�`�b�g�b�� �^�j�m�]�h�]�h�� �l�b�i�m�� �l�Z�� �•�g�l�_�j�\�Z�e�v�g�•�� �g�_�q�•�l�d�•�� �e�h�]�•�q�g�•�� �k�b�k�l�_�f�b��
�^�j�m�]�h�]�h�� �l�b�i�m���� �1�g�l�_�j�\�Z�e�v�g�•�� �g�_�q�•�l�d�•�� �f�g�h�`�b�g�b�� �^�j�m�]�h�]�h�� �l�b�i�m���� �a�� �h�^�g�h�]�h�� �[�h�d�m���� �a�Z�[�_�a�i�_�q�m�x�l�v��
�n�h�j�f�Z�e�•�a�Z�p�•�x�� �[�•�e�v�r�h�€�� �d�•�e�v�d�h�k�l�•�� �^�h�^�Z�l�d�h�\�b�o�� �k�l�m�i�_�g�•�\�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•�� �m�� �i�h�j�•�\�g�y�g�g�•�� �a��
�d�e�Z�k�b�q�g�b�f�b�� �g�_�q�•�l�d�b�f�b�� �f�g�h�`�b�g�Z�f�b�� �i�_�j�r�h�]�h�� �l�b�i�m���� �A�� �•�g�r�h�]�h�� �[�h�d�m���� �\�h�g�b�� �}�� �l�Z�d�b�f�b���� �s�h��
�j�_�Z�e�•�a�m�x�l�v�k�y���� �i�j�b�� �j�h�a�j�h�[�p�•�� �g�_�q�•�l�d�b�o�� �e�h�]�•�q�g�b�o�� �k�b�k�l�_�f�� �•�� �f�Z�x�l�v�� �f�_�g�r�m�� �h�[�q�b�k�e�x�\�Z�e�v�g�m��
�k�d�e�Z�^�g�•�k�l�v���m���i�h�j�•�\�g�y�g�g�•���a���g�_�q�•�l�d�b�f�b���f�g�h�`�b�g�Z�f�b���^�j�m�]�h�]�h���l�b�i�m������������ 

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

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

�y�d�h�k�l�•���o�h�e�h�^�h�Z�]�_�g�l�m���\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y���Z�f�•�Z�d�����M���k�\�h�x���q�_�j�]�m�����\�b�d�h�j�b�k�l�Z�g�g�y���Z�f�•�Z�d�m���i�h�l�j�_�[�m�} 
�a�Z�[�_�a�i�_�q�_�g�g�y�� �i�•�^�\�b�s�_�g�b�o�� �a�Z�o�h�^�•�\�� �[�_�a�i�_�d�b�� �g�Z�� �k�m�^�g�•���� �I�j�b�� �p�v�h�f�m�� �k�Z�f�� �i�j�h�p�_�k�� �^�•�y�e�v�g�h�k�l�•��
�h�i�_�j�Z�l�h�j�Z���a���d�h�g�l�j�h�e�x���k�l�Z�g�m���o�h�e�h�^�b�e�v�g�h�€���m�k�l�Z�g�h�\�d�b���g�Z���k�m�^�g�•���i�j�_�^�k�l�Z�\�e�y�}���k�h�[�h�x���Z�e�]�h�j�b�l�f��
�h�p�•�g�d�b�����\���h�k�g�h�\�g�h�f�m�����y�d�•�k�g�h�€���•�g�n�h�j�f�Z�p�•�€ [1-3].  

�M�� �a�\�¶�y�a�d�m�� �a�� �l�b�f���� �s�h�� �i�j�b�� �j�h�[�h�l�•�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�h�d�� �f�h�`�m�l�v�� �\�b�g�b�d�Z�l�b�� �^�_�y�d�•��
�Z�\�Z�j�•�c�g�•�� �k�b�l�m�Z�p�•�€���� �y�d�•�� �g�_�� �i�j�b�\�h�^�y�l�v�� �^�h�� �\�•�^�d�e�x�q�_�g�g�y�� �d�h�f�i�j�_�k�h�j�•�\�� �k�b�k�l�_�f�h�x�� �a�Z�o�b�k�g�h�€��
�Z�\�l�h�f�Z�l�b�d�b���� �^�h�p�•�e�v�g�h�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �_�d�k�i�_�j�l�g�m�� �k�b�k�l�_�f�m�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o��
�k�b�l�m�Z�p�•�c���\�•�^�i�h�\�•�^�g�h�]�h���d�e�Z�k�m���g�Z���k�m�^�g�h�\�b�o���o�h�e�h�^�b�e�v�g�b�o���m�k�l�Z�g�h�\�d�Z�o��[4].  

�>�h�� �l�Z�d�b�o�� �k�b�l�m�Z�p�•�c�� �f�h�`�m�l�v���� �g�Z�i�j�b�d�e�Z�^���� �\�•�^�g�h�k�b�l�b�k�y�� �\�h�e�h�]�b�c�� �o�•�^�� �d�h�f�i�j�_�k�h�j�•�\����
�i�h�g�b�`�_�g�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �f�Z�k�l�b�e�Z���� �i�•�^�\�b�s�_�g�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�^�b���� �s�h�� �h�o�h�e�h�^�`�m�}�� �p�b�e�•�g�^�j�b��
�d�h�f�i�j�_�k�h�j�m���� �\�b�k�h�d�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�k�f�h�d�l�m�\�Z�g�g�y���� �i�•�^�\�b�s�_�g�b�c�� �g�Z�]�j�•�\�� �h�d�j�_�f�b�o�� �\�m�a�e�•�\��
�d�h�f�i�j�_�k�h�j�Z���� �i�h�y�\�e�_�g�g�y���k�l�h�j�h�g�g�•�o���r�m�f�•�\�� �l�Z���k�l�m�d�•�\���� �\�b�l�•�d���f�Z�k�e�Z���q�_�j�_�a���k�Z�e�v�g�b�d���d�h�f�i�j�_�k�h�j�Z��
�Z�[�h���f�Z�k�e�h�g�Z�k�h�k�����i�•�^�\�b�s�_�g�Z���\�•�[�j�Z�p�•�y���d�h�f�i�j�_�k�h�j�Z���l�Z���•�g�����>���@�� 
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�:�g�Z�e�•�a�� �h�k�l�Z�g�g�•�o�� �^�h�k�e�•�^�`�_�g�v�� �•�� �i�m�[�e�•�d�Z�p�•�c���� �J�h�a�j�h�[�d�Z�� �k�m�q�Z�k�g�b�o�� �_�d�k�i�_�j�l�g�b�o�� �k�b�k�l�_�f��
�[�Z�a�m�}�l�v�k�y�� �g�Z�� �j�h�[�h�l�Z�o�� �\�q�_�g�b�o���� �y�d�•�� �a�j�h�[�b�e�b�� �\�Z�]�h�f�b�c�� �\�g�_�k�h�d�� �m�� �j�h�a�\�b�l�h�d�� �l�_�h�j�•�€�� �i�j�b�c�g�y�l�l�y��
�j�•�r�_�g�v�� �l�Z�� �j�h�a�j�h�[�d�m�� �f�_�l�h�^�•�\�� �\�b�j�•�r�_�g�g�y�� �i�j�b�d�e�Z�^�g�b�o�� �a�Z�\�^�Z�g�v�����:���?�� �:�e�l�m�g�b�g����
�F���<�� �K�_�f�m�o�b�g [5], �L���:�� �=�Z�\�j�b�e�h�\�Z �>���@���� �<���<�� �I�h�^�•�g�h�\�k�v�d�b�c���� �/���<�� �I�h�i�h�\���� �<���F�� �<�Z�]�•�g����
�>���:�� �I�h�k�i�_�e�h�\ [7]. 

�J�h�[�h�l�b�� �:���<�� �:�[�a�Z�e�h�\�Z�����<���N�� �R�m�j�r�_�\�Z���� �J���J�� �@�_�^�m�g�h�\�Z [1-���@���� �<���1�� �>�f�b�l�j�•�}�\�Z����
�<���:�� �D�Z�l�_�g�•�g�Z �>���@���� �<���:�� �E�h�]�•�g�h�\�k�v�d�h�]�h���� �<���:�� �F�b�o�Z�e�v�k�v�d�h�]�h���� �K���G�� �G�_�d�j�Z�k�h�\�Z����
�<���=�� �I�_�r�_�o�h�g�h�\�Z���� �:���1�� �J�h�^�•�h�g�h�\�Z���� �:���?�� �K�Z�a�h�g�h�\�Z���� �:���;�� �N�•�e�•�f�h�g�h�\�Z �>�����@�� �i�j�b�k�\�y�q�_�g�•��
�^�h�k�e�•�^�`�_�g�g�y�f�� �i�h�[�m�^�h�\�b�� �k�b�k�l�_�f�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �g�Z�� �k�m�^�g�h�\�b�o��
�o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �i�j�h�^�m�d�p�•�c�g�b�o�� �f�h�^�_�e�_�c�� �l�Z�� �g�_�q�•�l�d�b�o�� �e�h�]�•�q�g�b�o��
�k�b�k�l�_�f���i�_�j�r�h�]�h���l�b�i�m�� 

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

�<�b�d�e�Z�^�� �h�k�g�h�\�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m���� �<�b�o�h�^�y�q�b�� �a�� �Z�g�Z�e�•�a�m�� �^�•�y�e�v�g�h�k�l�•�� �h�i�_�j�Z�l�h�j�Z�� �i�j�b�� �h�p�•�g�p�•��
�Z�\�Z�j�•�c�g�h�€�� �k�b�l�m�Z�p�•�€�� �g�Z�� �k�m�^�g�h�\�b�o�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o���� �\�� �y�d�h�k�l�•�� �[�Z�a�h�\�h�€�� �f�h�^�_�e�•�� �^�e�y��
�_�d�k�i�_�j�l�g�h�€�� �k�b�k�l�_�f�b�� �i�j�h�i�h�g�m�}�l�v�k�y�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �g�_�q�•�l�d�•�� �i�j�h�^�m�d�p�•�c�g�•�� �f�h�^�_�e�•�� �>���@���� �I�j�b��
�p�v�h�f�m���� �a�� �f�_�l�h�x�� �n�h�j�f�Z�e�•�a�Z�p�•�€�� �a�Z�^�Z�q�•�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �i�j�h�i�h�g�m�}�l�v�k�y��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �•�g�l�_�j�\�Z�e�v�g�•�� �g�_�q�•�l�d�•�� �f�g�h�`�b�g�b�� �^�j�m�]�h�]�h�� �l�b�i�m�� ���1�G�F�L������ �l�Z�� �•�g�l�_�j�\�Z�e�v�g�•��
�g�_�q�•�l�d�•�� �e�h�]�•�q�g�•�� �k�b�k�l�_�f�b�� �^�j�m�]�h�]�h�� �l�b�i�m�� ���1�G�E�K�L�������� �<�•�^�i�h�\�•�^�g�•�� �1�G�F�L������ �a�� �h�^�g�h�]�h�� �[�h�d�m����
�a�Z�[�_�a�i�_�q�m�x�l�v�� �n�h�j�f�Z�e�•�a�Z�p�•�x�� �[�•�e�v�r�h�€�� �d�•�e�v�d�h�k�l�•�� �^�h�^�Z�l�d�h�\�b�o�� �k�l�m�i�_�g�•�\�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•�� �m��
�i�h�j�•�\�g�y�g�g�•�� �a�� �d�e�Z�k�b�q�g�b�f�b�� �g�_�q�•�l�d�b�f�b�� �f�g�h�`�b�g�Z�f�b�� �i�_�j�r�h�]�h�� �l�b�i�m�� ���G�F�L�������� �A�� �•�g�r�h�]�h�� �[�h�d�m����
�\�h�g�b�� �}�� �l�Z�d�b�f�b���� �s�h�� �j�_�Z�e�•�a�m�x�l�v�k�y�� �i�j�b�� �j�h�a�j�h�[�p�•�� �g�_�q�•�l�d�b�o�� �e�h�]�•�q�g�b�o�� �k�b�k�l�_�f�� �•�� �f�Z�x�l�v�� �f�_�g�r�m��
�h�[�q�b�k�e�x�\�Z�e�v�g�m���k�d�e�Z�^�g�•�k�l�v�����m���i�h�j�•�\�g�y�g�g�•���a���g�_�q�•�l�d�b�f�b���f�g�h�`�b�g�Z�f�b���^�j�m�]�h�]�h���l�b�i�m�����G�F�L������ 

�N�h�j�f�Z�e�v�g�h�� �i�•�^�� �1�G�F�L���� �j�h�a�m�f�•�l�b�f�_�f�h�� �g�_�q�•�l�d�m�� �f�g�h�`�b�g�m�� �l�b�i�m�� ������ �q�b�€�� �\�k�•�� �\�l�h�j�b�g�g�•��
�k�l�m�i�_�g�•��� �̂v�:�—�; � �J�E
é�:�š�á�—�; �^�h�j�•�\�g�x�x�l�v���������•���y�d�_���i�j�_�^�k�l�Z�\�e�y�}�l�v�k�y�� 

�± �m���j�Z�a�•���[�_�a�i�_�j�_�j�\�g�b�o�����g�_�k�d�•�g�q�_�g�g�b�o�������•���
�v�����y�d���>�� - 15]: 
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é
L 
² 
±
�5

�:�v�á�s�;
�s

�v

�á �—�Ð�
�v �C�� 
L �>�r�á�s�?�á�Ò�š�Ð��, (1) 

�Z�[�h 

��
é
L 
³
�H
±

�-
�k�k
�I

�v

�v

�á �—�Ð�
�v �C�� 
L �>�r�á�s�?�á�Ò�š�Ð��; (2) 

�± �m���j�Z�a�•���^�b�k�d�j�_�l�g�b�o�����d�•�g�p�_�\�b�o�������•���
�v �y�d�� 
 

��
é
L 
Ï

d
Í

�s
�—�g

�Q�`

�g�@�5

h

�š�h

�R

�h�@�5

�á�Ñ�—�Ð�
�v �C�� 
L �>�r�á�s�?�á�Ò�š�Ð�� (3) 

�Z�[�h���y�d���f�g�h�`�b�g�Z�� 
 

��
é
L 
[
k�:�š�á�—�;�á�s
o���Ê�š�Ð���á�Ê�—�Ð�
�v �C�� 
L �>�r�á�s�?
_, (4) 
 

�^�_���š �± �i�_�j�\�b�g�g�Z���a�f�•�g�g�Z���š�Ð��; 
�� �± �m�g�•�\�_�j�k�Z�e�v�g�Z���f�g�h�`�b�g�Z���h�[�
�}�d�l�•�\���i�j�_�^�f�_�l�g�h�€���h�[�e�Z�k�l�•�� 
�— �± �\�l�h�j�b�g�g�Z���a�f�•�g�g�Z���—�Ð�
�v; 
�
�v �± �i�_�j�\�b�g�g�Z���i�j�b�g�Z�e�_�`�g�•�k�l�v���
�v �C�� ; 
��  �± �h�[�e�Z�k�l�v���\�b�a�g�Z�q�_�g�g�y���i�_�j�\�b�g�g�h�€���i�j�b�g�Z�e�_�`�g�h�k�l�•���� 
L �>�r�á�Ò�s�?; 
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� �̂v�:�—�; � �J�E
é�:�š�á�—�; �± �\�l�h�j�b�g�g�b�c���k�l�m�i�•�g�v�����s�h���^�h�j�•�\�g�x�}������ 
�<�•�^�h�f�•���^�\�Z�� �h�k�g�h�\�g�•�� �k�i�h�k�h�[�b�� �n�h�j�f�Z�e�v�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�g�y�� �1�G�F�L�����± �k�i�h�k�h�[�Z�f�b��

�\�_�j�l�b�d�Z�e�v�g�h�]�h�� �Z�[�h�� �o�\�b�e�y�k�l�h�]�h�� �a�j�•�a�m�� �>��-�����@���� �G�Z�� �i�j�Z�d�l�b�p�•�� �j�_�Z�e�•�a�h�\�Z�g�b�c�� �^�j�m�]�b�c�� �k�i�h�k�•�[��
�i�j�_�^�k�l�Z�\�e�_�g�g�y�� �1�G�F�L���� �g�Z�� �h�k�g�h�\�•�� �a�Z�c�f�Z�g�h�€�� �i�e�h�s�•�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•���� �H�[�
�}�^�g�Z�g�g�y�� �\�k�•�o��
�i�_�j�\�b�g�g�b�o�� �i�j�b�g�Z�e�_�`�g�h�k�l�_�c�� �1�G�F�L���� �g�Z�a�b�\�Z�}�l�v�k�y�� �a�Z�c�f�Z�g�h�x�� �i�e�h�s�_�x�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•��
(footprint of uncertainty (�	���� �������•���i�j�_�^�k�l�Z�\�e�y�}�l�v�k�y���y�d���>��-15]: 

 

�� �� �� �� �> �@�^ �`, ; 0,1x x
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(5) 

 
�<�b�a�g�Z�q�_�g�g�y���	����  �^�e�y���1�G�F�L�����•���a�Z�]�Z�e�v�g�b�o���G�F�L�����k�i�•�\�i�Z�^�Z�}�����I�j�h�l�_���^�e�y���1�G�F�L�����a�Z�c�f�Z�g�Z��

�i�e�h�s�Z�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•�� �f�Z�}�� �h�k�h�[�e�b�\�_�� �a�g�Z�q�_�g�g�y���� �P�_�� �i�h�\�
�y�a�Z�g�h�� �a�� �l�b�f���� �s�h���� �h�k�d�•�e�v�d�b�� �\�l�h�j�b�g�g�•��
�k�l�m�i�_�g�•�� �1�G�F�L���� �g�_�� �i�_�j�_�^�Z�x�l�v�� �g�h�\�h�€�� �•�g�n�h�j�f�Z�p�•�€�� �i�j�h�� �^�h�^�Z�l�d�h�\�•�� �k�l�m�i�_�g�•�� �g�_�\�b�a�g�Z�q�_�g�h�k�l�•���� �l�h��
�f�h�`�g�Z���\�\�Z�`�Z�l�b�����s�h���	����  �}���a�Z�d�•�g�q�_�g�b�f���h�i�b�k�h�f���1�G�F�L���� 

�>�e�y���1�G�F�L�����i�_�j�\�b�g�g�m���i�j�b�g�Z�e�_�`�g�•�k�l�v���f�h�`�g�Z���i�j�_�^�k�l�Z�\�b�l�b���y�d���>��-15] 
 

�
�v 
L 
d�J
$�E
é�:�š�;�á�J
�Ç
�E
é�:�š�;
h, (6) 

 
�^�_���J
$�E
é�:�š�; �± �a�g�Z�q�_�g�g�y�� �\�_�j�o�g�v�h�€�� �n�m�g�d�p�•�€�� �i�j�b�g�Z�e�_�`�g�h�k�l�•�� ���X�S�S�H�U�� �P�H�P�E�H�U�V�K�L�S�� �I�X�Q�F�W�L�R�Q������ �s�h��
�i�h�a�g�Z�q�Z�}�l�v�k�y�������	 
k��
é
o �Z�[�h�J
$�E
é; 

�J
�Ç
�E
é�:�š�; �± �a�g�Z�q�_�g�g�y�� �g�b�`�g�v�h�€�� �n�m�g�d�p�•�€�� �i�j�b�g�Z�e�_�`�g�h�k�l�•�� ���O�R�Z�H�U�� �P�H�P�E�H�U�V�K�L�S�� �I�X�Q�F�W�L�R�Q������ �s�h��

�i�h�a�g�Z�q�Z�}�l�v�k�y������ �	
k��
é
o �Z�[�h�J
�Ç
�E
é. 

�I�j�_�^�k�l�Z�\�b�f�h���	����  �^�e�y���1�G�F�L�����m���l�Z�d�h�f�m���\�b�]�e�y�^�•�� 
 

�	���� 
k��
é
o
L �ë 
d�J
$�E
é�:�š�;�á�J
�Ç
�E
é�:�š�;
h�Ê�v�Ð�\ 
L 
\
l�š�á
d�J
$�E
é�:�š�;�á�J

�Ç
�E
é�:�š�;
h
p
 .̀ (7) 

 
�L�Z�d�b�f�� �q�b�g�h�f�����	���� �^�e�y�� �1�G�F�L���� �f�h�`�g�Z�� �l�Z�d�h�`�� �j�h�a�]�e�y�^�Z�l�b�� �y�d�� �g�_�q�•�l�d�m�� �f�g�h�`�b�g�m����

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

�<�� �y�d�h�k�l�•�� �[�Z�a�h�\�h�€�� �f�_�l�h�^�b�d�b�� �i�h�[�m�^�h�\�b�� �g�_�q�•�l�d�b�o�� �i�j�h�^�m�d�p�•�c�g�b�o�� �i�j�Z�\�b�e�� �i�j�h�i�h�g�m�}�l�v�k�y��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �f�_�l�h�^�b�d�m���� �j�h�a�j�h�[�e�_�g�m�� �\�� �j�h�[�h�l�•�� �>���@���� �Z�e�_�� �g�Z�� �h�k�g�h�\�•�� �1�G�F�L������ �K�m�l�g�•�k�l�v��
�f�h�^�b�n�•�d�h�\�Z�g�h�€�� �f�_�l�h�^�b�d�b�� �i�h�e�y�]�Z�}�� �m�� �l�Z�d�h�f�m���� �N�h�j�f�m�x�l�v�k�y�� �i�j�Z�\�b�e�Z���� �\�•�^�i�h�\�•�^�g�•�� �Z�\�Z�j�•�c�g�•�c��
�k�b�l�m�Z�p�•�€���� �F�h�`�e�b�\�•�� �g�_�[�_�a�i�_�q�g�•�� �j�_�`�b�f�b�� �g�Z�� �k�m�^�g�h�\�b�o�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o���� �i�h�\�
�y�a�Z�g�•�� �a��
�i�h�j�m�r�_�g�g�y�f�� �g�h�j�f�Z�e�v�g�b�o�� �m�f�h�\�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �Z�[�h�� �\�b�o�h�^�h�f�� �a�� �e�Z�^�m�� �h�d�j�_�f�b�o�� �\�m�a�e�•�\�� �Z�[�h��
�^�_�l�Z�e�_�c�� �o�h�e�h�^�b�e�v�g�b�o�� �f�Z�r�b�g���� �\�\�Z�`�Z�x�l�v���� �y�d���i�j�Z�\�b�e�h���� �a�Z�a�^�Z�e�_�]�•�^�v�� �\�•�^�h�f�b�f�b���� �I�j�b�e�Z�^�b��
�Z�\�l�h�f�Z�l�b�q�g�h�]�h�� �a�Z�o�b�k�l�m�� �k�i�j�b�c�f�Z�x�l�v�� �d�h�g�l�j�h�e�v�h�\�Z�g�•�� �l�_�o�g�h�e�h�]�•�q�g�•�� �\�_�e�b�q�b�g�b�� ���l�_�f�i�_�j�Z�l�m�j�b����
�l�b�k�d�m�� �l�Z�� �•�g������ �•�� �i�j�b�� �^�h�k�y�]�g�_�g�g�•�� �g�b�f�b�� �]�j�Z�g�b�q�g�h���^�h�i�m�k�l�b�f�b�o�� �a�g�Z�q�_�g�v�� �\�b�j�h�[�e�y�x�l�v�� �Z�\�Z�j�•�c�g�b�c��
�k�b�]�g�Z�e�����>�e�y���l�Z�d�b�o���k�b�l�m�Z�p�•�c���k�l�\�h�j�x�}�l�v�k�y���h�d�j�_�f�_���i�j�Z�\�b�e�h���l�Z�d�h�]�h���\�b�]�e�y�^�m�� 

�®�Í�Ü�Ñ���ž�Ã�Ó�Ã�Ï�È�Õ�Ó���g���Õ�Ã���Ã�Ä�Ñ���ž�Ã�Ó�Ã�Ï�È�Õ�Ó�g�>�5���å 
L �™�Ó�Ë�Õ�Ë�Ú�Ð�Ë�Ì�á�Õ�Ñ��� �Ë�Õ�Ö�Ã�Ù�ê�â��
L���•�  �h, (8) 
�Z�[�h���n�h�j�f�Z�e�v�g�h���m���l�_�j�f�•�g�Z�o���1�G�F�L�� 
 

�� �ã���	�Ò�>�5�Ò�‹�•�Ò�=�5 �Ò������ �Ò�Ò�ä�ä�ä�Ò������ �Ò�>�l �Ò�‹�•�Ò�=�l �Ò�������� �Ò�>�l �>�5 
L �…�h
�n, (9) 

 
�^�_���>�5 �± �g�Z�c�f�_�g�m�\�Z�g�g�y�� �\�o�•�^�g�h�€�� �e�•�g�]�\�•�k�l�b�q�g�h�€�� �a�f�•�g�g�h�€�� ���E�A������ �s�h�� �a�Z�^�Z�}�l�v�k�y�� �d�h�j�l�_�`�_�f��
�Ã�>�g�á���g�á�� �g�á�� �g�Ä, �‹
L �s�á�ä�ä�ä�á�• �•���• �± �d�•�e�v�d�•�k�l�v���\�o�•�^�g�b�o���E�A���� 

���g
L 
[�×�=�g 
_ �± �f�g�h�`�b�g�Z�� �a�g�Z�q�_�g�v�� ���l�_�j�f�•�\���� �\�o�•�^�g�h�€�� �E�A�� �i�j�Z�\�b�e�Z���� ���� �d�h�`�g�_�� �a�� �y�d�b�o�� �}��
�g�Z�c�f�_�g�m�\�Z�g�g�y�f���g�_�q�•�l�d�h�€���a�f�•�g�g�h�€�����G�A�����^�e�y���h�i�b�k�m���a�g�Z�q�_�g�v���i�Z�j�Z�f�_�l�j�•�\���� 
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�� �g �± �h�[�e�Z�k�l�v���a�g�Z�q�_�g�v���G�A�����g�Z�c�f�_�g�m�\�Z�g�g�y���y�d�b�o���\�o�h�^�y�l�v���\�����g; 
�� �g �± �k�_�f�Z�g�l�b�q�g�Z�� �i�j�h�p�_�^�m�j�Z���� �s�h�� �k�l�Z�\�b�l�v�� �m�� �\�•�^�i�h�\�•�^�g�•�k�l�v�� �a�g�Z�q�_�g�g�x�� �E�A�� �g�_�q�•�l�d�m��

�f�g�h�`�b�g�m���� �K�b�g�l�Z�d�k�b�q�g�Z�� �i�j�h�p�_�^�m�j�Z�� �]�_�g�_�j�m�\�Z�g�g�y�� �g�h�\�b�o�� �a�g�Z�q�_�g�v�� �^�e�y�� �E�A���
 �g �g�_��
�\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y���� �h�k�d�•�e�v�d�b�� �\�k�•�� �a�g�Z�q�_�g�g�y�� �E�A�� �m�� �j�Z�f�d�Z�o�� �i�j�h�i�h�g�h�\�Z�g�h�]�h�� �i�•�^�o�h�^�m��
�\�b�a�g�Z�q�Z�x�l�v�k�y���g�Z���_�l�Z�i�•���n�h�j�f�m�\�Z�g�g�y���[�Z�a�b���i�j�Z�\�b�e�� 

�=�g �± �a�g�Z�q�_�g�g�y�� �l�_�j�f�Z�� �\�o�•�^�g�h�€�� �E�A�� �m�� �\�b�]�e�y�^�•�� �g�Z�c�f�_�g�m�\�Z�g�g�y�� �G�A���� �s�h�� �a�Z�^�Z�}�l�v�k�y�� �d�h�j�l�_�`�_�f��
�Ã�=�g�á�� �g�á��
é�Ä, �‹
L �s�á�ä�ä�ä�á�•, ��
é�C�� �g;  

��
é
L �<�×�š�á�J�E
é�:�š�;�×�= �± �1�G�F�L���� �g�Z�� �f�g�h�`�b�g�•�� �g���� �s�h�� �h�i�b�k�m�}�� �f�h�`�e�b�\�•�� �a�g�Z�q�_�g�g�y���� �y�d�•�� �f�h�`�_��
�i�j�b�c�f�Z�l�b���G�A���=�g�Ð���g;  

�>�l �>�5 �± �g�Z�c�f�_�g�m�\�Z�g�g�y���\�b�o�•�^�g�h�€���E�A�����s�h���a�Z�^�Z�}�l�v�k�y���d�h�j�l�_�`�_�f���Ã�>�l �>�5�á���l �>�5�á���á�� �l �>�5�Ä;  
�� �± �h�[�e�Z�k�l�v���a�g�Z�q�_�g�v���l�_�j�f�•�\�����g�Z�c�f�_�g�m�\�Z�g�g�y���y�d�b�o���\�o�h�^�y�l�v���\�����l �>�5;  
�� �l �>�5 �± �k�_�f�Z�g�l�b�q�g�Z���i�j�h�p�_�^�m�j�Z�����s�h���k�l�Z�\�b�l�v���m���\�•�^�i�h�\�•�^�g�•�k�l�v���a�g�Z�q�_�g�g�x���E�A���h�^�g�h�l�h�q�d�h�\�m��

�g�_�q�•�l�d�m���f�g�h�`�b�g�m���� 
�…�h

�n �± �a�g�Z�q�_�g�g�y�� �l�_�j�f�Z�� �\�b�o�•�^�g�b�c�� �E�A�� �m�� �\�b�]�e�y�^�•�� �g�Z�c�f�_�g�m�\�Z�g�g�y�� �Z�[�h�� �g�h�f�_�j�Z�� �d�e�Z�k�m�� �a��

�f�g�h�`�b�g�b���� �n 
L �D�×�…�h
�n�E, �Œ
L �s�á�ä�ä�ä�á�• , �•  �± �d�•�e�v�d�•�k�l�v���d�e�Z�k�•�\�����i�•�^�d�e�Z�k�•�\�����Z�\�Z�j�•�c�g�b�o���k�b�l�m�Z�p�•�c�� 

 
�L�Z�[�e�b�p�y�������± �I�j�b�d�e�Z�^�b���i�j�Z�\�b�e�����y�d�•���h�p�•�g�x�x�l�v���k�b�l�m�Z�p�•�x 

�‹  �M�f�h�\�Z �K�b�l�m�Z�p�•�y �H�a�g�Z�d�Z���g�_�k�i�j�Z�\�g�h�k�l�• 

1 kTv 
�Z�\�Z�j�•�c�g�Z���k�b�l�m�Z�p�•�y��
���:�K�� �<�h�e�h�]�b�c���o�•�^���d�h�f�i�j�_�k�h�j�Z 

2 kTn �:�K �<�b�k�h�d�Z���l�_�f�i�_�j�Z�l�m�j�Z���g�Z�]�g�•�l�Z�g�g�y 
3 �O�7�Y�l�Z�O�7�Q �i�h�i�_�j�_�^�g�y���:�K�����I�:�K�� �<�h�e�h�]�b�c���o�•�^���d�h�f�i�j�_�k�h�j�Z 

4 �K�3�Y�l�Z�K�,�H �I�:�K�� 
�<�b�k�h�d�b�c���l�b�k�d���\�k�f�h�d�l�m�\�Z�g�g�y���•��
�i�_�j�_�\�Z�g�l�Z�`�_�g�g�y���_�e�_�d�l�j�h�^�\�b�]�m�g�Z��
�d�h�f�i�j�_�k�h�j�Z 

5 �K�7�S�R�l�Z�O�3�Y�Q �\�•�^�f�h�\�Z �<�b�k�h�d�Z���l�_�f�i�_�j�Z�l�m�j�Z���i�_�j�_�h�o�h�e�h�^�`�_�g�g�y���•��
�g�b�a�v�d�b�c���l�b�k�d���\�h�^�y�g�h�]�h���g�Z�k�h�k�Z 

6 �K�7�N�l�Z���K�7�Z���� �\�•�^�f�h�\�Z 
�<�b�k�h�d�Z���l�_�f�i�_�j�Z�l�m�j�Z���d�h�g�^�_�g�k�Z�p�•�€���•���\�b�k�h�d�Z��
�l�_�f�i�_�j�Z�l�m�j�Z���\�h�^�b�����s�h���\�b�o�h�^�b�l�v���a��
�d�h�g�^�_�g�k�Z�l�h�j�Z 

 
�L�Z�[�e�b�p�y�������± �I�j�Z�\�b�e�Z�����s�h���\�b�a�g�Z�q�Z�x�l�v���i�j�b�q�b�g�b���^�e�y���Z�\�Z�j�•�c�g�b�o���k�b�l�m�Z�p�•�c���©�\�h�e�h�]�b�c���o�•�^��

�d�h�f�i�j�_�k�h�j�Z�ª 
�‹  �M�f�h�\�Z �I�j�b�q�b�g�Z 
1 �O�7�Y�l�Z�O�7�Q �G�_�i�j�Z�\�b�e�v�g�_���j�_�]�m�e�x�\�Z�g�g�y���i�h�^�Z�q�•���o�h�e�h�^�h�Z�]�_�g�l�m���m���P�J���Z�[�h���I�K 
2 �O�7�Y�l�Z�O�7�Q �G�Z�^�e�b�r�h�d���o�h�e�h�^�h�Z�]�_�g�l�m���\���k�b�k�l�_�f�• 
3 �O�7�Y�l�Z�O�7�Q �H�[�j�h�k�l�Z�g�g�y���k�g�•�]�h�\�h�x���r�m�[�h�x���[�Z�l�Z�j�_�c���d�Z�f�_�j 
4 �O�7�Y�l�Z�O�7�Q �J�•�a�d�_���a�[�•�e�v�r�_�g�g�y���l�_�i�e�h�i�j�b�l�h�d�•�\���m���d�Z�f�_�j�m 
5 �O�7�Y�l�Z�O�7�Q�l�Z�K�+�F �G�_�i�j�Z�\�b�e�v�g�_���j�_�]�m�e�x�\�Z�g�g�y���i�h�^�Z�q�•���o�h�e�h�^�h�Z�]�_�g�l�m���m���P�J 
6 �O�7�Y���l�Z���O�7�Q���l�Z���K�+�S�V �G�_�i�j�Z�\�b�e�v�g�_���j�_�]�m�e�x�\�Z�g�g�y���i�h�^�Z�q�•���o�h�e�h�^�h�Z�]�_�g�l�m���m���I�K 
7 �O�7�Y�l�Z�K�3�Y�l�Z���K�,�H �G�_�i�j�Z�\�b�e�v�g�_���j�_�]�m�e�x�\�Z�g�g�y���i�h�^�Z�q�•���o�h�e�h�^�h�Z�]�_�g�l�m���m���P�J���Z�[�h���I�K 
8 �O�7�Y���l�Z���K�3�Y���l�Z���K�,�H �J�•�a�d�_���a�[�•�e�v�r�_�g�g�y���l�_�i�e�h�i�j�b�l�h�d�•�\���m���d�Z�f�_�j�m 
9 �O�7�Q���l�Z���K�3�Y���l�Z���K�,�H �G�_�i�j�Z�\�b�e�v�g�_���j�_�]�m�e�x�\�Z�g�g�y���i�h�^�Z�q�•�o���h�e�h�^�h�Z�]�_�g�l�m���m���P�J���Z�[�h���I�K 
10 �O�7�Q�l�Z�K�3�Y�l�Z���K�,�H �J�•�a�d�_���a�[�•�e�v�r�_�g�g�y���l�_�i�e�h�i�j�b�l�h�d�•�\���m���d�Z�f�_�j�m 

 
�M���j�_�a�m�e�v�l�Z�l�•���i�j�h�\�_�^�_�g�b�o���^�h�k�e�•�^�`�_�g�v���m���j�h�[�h�l�•���>���@���[�m�e�Z���j�h�a�j�h�[�e�_�g�Z���k�l�j�m�d�l�m�j�Z���g�_�q�•�l�d�b�o��

�i�j�h�^�m�d�p�•�c�g�b�o���i�j�Z�\�b�e�����Y�d���i�j�b�d�e�Z�^���m���l�Z�[�e���������g�Z�\�_�^�_�g�•���^�_�y�d�•���i�j�Z�\�b�e�Z���h�p�•�g�d�b���k�b�l�m�Z�p�•�€�����M���l�Z�[�e����
�����\�d�Z�a�Z�g�•���i�j�Z�\�b�e�Z���\�b�a�g�Z�q�_�g�g�y���i�j�b�q�b�g�b���^�e�y���Z�\�Z�j�•�c�g�h�€���k�b�l�m�Z�p�•�€���©�\�h�e�h�]�b�c���o�•�^���d�h�f�i�j�_�k�h�j�Z�ª�����M��
�k�l�h�\�i�p�•�� �©�M�f�h�\�Z�ª���� �N���± �d�j�b�l�b�q�g�_�� �a�g�Z�q�_�g�g�y�� �i�Z�j�Z�f�_�l�j�Z���� �K���± �\�b�k�h�d�_ �a�g�Z�q�_�g�g�y�� �i�Z�j�Z�f�_�l�j�Z���� �O���± 
�g�b�a�v�d�_�� �a�g�Z�q�_�g�g�y�� �i�Z�j�Z�f�_�l�j�Z���� �i�h�a�g�Z�q�_�g�g�y�� �a�f�•�g�g�b�o�� �j�h�a�r�b�n�j�h�\�Z�g�•�� �m�� �l�Z�[�e���� ������ �<�h�e�h�]�b�f�� �o�h�^�h�f��
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�g�Z�a�b�\�Z�x�l�v���j�_�`�b�f�����i�j�b���y�d�h�f�m���m���d�h�f�i�j�_�k�h�j���j�Z�a�h�f���a���i�Z�j�h�x�����s�h���\�•�^�k�f�h�d�l�m�}�l�v�k�y���a���\�b�i�Z�j�g�b�d�Z����
�q�Z�k�l�d�h�\�h���i�h�l�j�Z�i�e�y�}���j�•�^�d�b�c���o�h�e�h�^�h�Z�]�_�g�l�����:�g�Z�e�•�a���k�l�Z�l�b�k�l�b�q�g�b�o���^�Z�g�b�o���i�h�d�Z�a�m�}�����s�h���h�k�g�h�\�g�h�x��
�i�j�b�q�b�g�h�x�� �Z�\�Z�j�•�c�� �m�� �k�m�^�g�h�\�b�o�� �o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o�� ���i�j�b�[�e�b�a�g�h�� �������� �Z�\�Z�j�•�c���� �}��
�g�_�i�j�Z�\�b�e�v�g�•�� �^�•�€�� �h�[�k�e�m�]�h�\�m�x�q�h�]�h�� �i�_�j�k�h�g�Z�e�m���� �s�h�� �l�y�]�g�m�l�v�� �a�Z�� �k�h�[�h�x�� �]�•�^�j�Z�\�e�•�q�g�•�� �m�^�Z�j�b�� �\��
�d�h�f�i�j�_�k�h�j�Z�o���� �y�d�•�� �}�� �g�Z�k�e�•�^�d�h�f�� �\�h�e�h�]�h�]�h�� �o�h�^�m�� �d�h�f�i�j�_�k�h�j�Z���� �L�h�f�m�� �j�Z�g�g�}�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �•��
�a�Z�i�h�[�•�]�Z�g�g�y���l�Z�d�b�o���k�b�l�m�Z�p�•�c���^�h�a�\�h�e�b�l�v���a�g�Z�q�g�h���k�d�h�j�h�l�b�l�b���d�•�e�v�d�•�k�l�v���Z�\�Z�j�•�c�� 

 
�L�Z�[�e�b�p�y�������± �I�h�a�g�Z�q�_�g�g�y���E�A���\���m�f�h�\�Z�o���i�j�Z�\�b�e 

�‹  �A�f�•�g�g�Z �H�i�b�k 
1 Tv �I�_�j�_�]�j�•�\���g�Z���\�k�f�h�d�l�m�\�Z�g�g�•���m���d�h�f�i�j�_�k�h�j�����ƒ�K 
2 Tn �L�_�f�i�_�j�Z�l�m�j�Z���g�Z�]�g�•�l�Z�g�g�y���d�h�f�i�j�_�k�h�j�Z�����ƒ�K 
3 Hc �J�•�\�_�g�v���Z�f�•�Z�d�m���m���p�b�j�d�m�e�y�p�•�c�g�h�f�m���j�_�k�b�\�_�j�•�����P�J�������f�f 
4 Hps �J�•�\�_�g�v���Z�f�•�Z�d�m���m���i�j�h�f�•�`�g�h�f�m���k�h�k�m�^�•�����I�K�������f�f 
5 v  �L�b�k�d���\�k�f�h�d�l�m�\�Z�g�g�y���d�h�f�i�j�_�k�h�j�Z�����F�I�Z 
6 Ie �K�b�e�Z���k�l�j�m�f�m���\���_�e�_�d�l�j�h�^�\�b�]�m�g�•���d�h�f�i�j�_�k�h�j�Z�����: 

7 Tk �J�•�a�g�b�p�y���f�•�`���l�_�f�i�_�j�Z�l�m�j�h�x���d�h�g�^�_�g�k�Z�p�•�€���\���d�h�g�^�_�g�k�Z�l�h�j�•�����D�>�����•��
�l�_�f�i�_�j�Z�l�m�j�h�x���\�•�^�o�h�^�b�l�v���\�h�^�b�����ƒ�K 

8 Tpo �J�•�a�g�b�p�y���f�•�`���l�_�f�i�_�j�Z�l�m�j�h�x���i�_�j�_�h�o�h�e�h�^�`�_�g�g�y���i�•�k�e�y��
�i�_�j�_�h�o�h�e�h�^�`�m�\�Z�q�Z�����I�H�����•���l�_�f�i�_�j�Z�l�m�j�h�x���\�h�^�b�����s�h���i�h�k�l�m�i�Z�}�����ƒ�K�� 

9 Pvn �L�b�k�d���\�h�^�y�g�h�]�h���g�Z�k�h�k�Z�����F�I�Z 
10 Tw2 �G�Z�]�j�•�\�Z�g�g�y���\�h�^�b���\���d�h�g�^�_�g�k�Z�l�h�j�•�����ƒ�K 

 
�I�j�b�d�e�Z�^�b��FOU�����y�d�•���j�h�a�d�j�b�\�Z�x�l�v���\�•�^�i�h�\�•�^�g�•���a�g�Z�q�_�g�g�y���E�I�� �©�I�_�j�_�]�j�•�\���g�Z���\�k�f�h�d�l�m�\�Z�g�g�•��

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

 

 
�J�b�k�m�g�h�d���� �± �I�j�b�d�e�Z�^���a�Z�c�f�Z�g�b�o���i�e�h�s���g�_�\�b�a�g�Z�q�_�g�h�k�l�•���l�_�j�f�•�\���\�o�•�^�g�h�€���E�A���©�I�_�j�_�]�j�•�\���g�Z��

�\�k�f�h�d�l�m�\�Z�g�g�•���\���d�h�f�i�j�_�k�h�j�ª�� 
 

 
�J�b�k�m�g�h�d���� �± �I�j�b�d�e�Z�^���a�Z�c�f�Z�g�b�o���i�e�h�s���g�_�\�b�a�g�Z�q�_�g�h�k�l�•���l�_�j�f�•�\���\�o�•�^�g�h�€���E�A �©�J�•�\�_�g�v��

�Z�f�•�Z�d�m���\���p�b�j�d�m�e�y�p�•�c�g�h�f�m���j�_�k�b�\�_�j�•�ª 
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�:�j�o�•�l�_�d�l�m�j�Z�� �_�d�k�i�_�j�l�g�h�€�� �k�b�k�l�_�f�b�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y�� �Z�\�Z�j�•�c�g�b�o�� �k�b�l�m�Z�p�•�c�� �g�Z�� �k�m�^�g�h�\�b�o��
�o�h�e�h�^�b�e�v�g�b�o�� �m�k�l�Z�g�h�\�d�Z�o�� �g�Z�� �h�k�g�h�\�•�� �G�E�K�1�L���� �g�Z�\�_�^�_�g�Z�� �g�Z�� �j�b�k�� ������ �<�h�g�Z�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �l�Z�d�b�o��
�d�h�f�i�h�g�_�g�l�•�\���� �[�Z�a�b�� �i�j�Z�\�b�e�� ���U�X�O�H�E�D�V�H������ �[�e�h�d�m�� �n�Z�a�a�•�n�•�d�Z�p�•�€�� ���I�X�]�]�L�I�L�H�U������ �[�e�h�d�m�� �\�b�\�_�^�_�g�g�y��
���L�Q�I�H�U�H�Q�F�H������ �[�e�h�d�m�� �i�j�b�\�_�^�_�g�g�y�� �l�b�i�m�� ���W�\�S�H-�U�H�G�X�F�H�U������ �[�e�h�d�m�� �^�_�n�Z�a�a�•�n�b�d�Z�p�•�€�� ���G�H�I�X�]�]�L�I�L�H�U������
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Daki O. A., Yakusevych Yu.H., Tryshyn V.V., Lihanenko V.V. 
FUZZY EXPERT RECOGNITION SYSTEM OF EMERGENCY SITUATIONS ON A 
SHIP REFRIGERATION PLANT  

The article considers the problem of automation of emergency recognition processes on ship 
refrigeration units using an expert system; architecture of the expert system of recognition of 
emergency situations and its constituent components, namely: block of rules, derivation, 
reduction of type, dephasification and phasing. The last block is investigated separately: its 
stages of execution and process of realization. As ship refrigeration units are considered 
installations that use ammonia as a refrigerant. In turn, its use requires increased security 
measures on board. In this case, the process of the operator to monitor the condition of the 
refrigeration unit on the ship is an algorithm for assessing, mainly, qualitative information. After 
evaluating the quality information, it is proposed to use fuzzy production models. Due to the fact 
that the operation of refrigeration systems may cause some emergencies that do not lead to the 
shutdown of the compressors by the protective automation system, it is advisable to use an 
expert emergency recognition system of the appropriate class on ship refrigeration systems. The 
paper directly presents the architecture of the fuzzy expert system of emergency recognition on 
ship refrigeration units in the formal consideration of fuzzy sets. There are also two main ways 
of formal representation: vertical and wavy section. In order to formalize the problem of 
emergency recognition, interval fuzzy sets of the second type and interval fuzzy logic systems of 
the second type are used in the work. Interval fuzzy sets of the second type, on the one hand, 
provide the formalization of a larger number of additional degrees of uncertainty compared to the 
classical fuzzy sets of the first type. On the other hand, they are feasible in the development of 
fuzzy logic systems and have less computational complexity compared to fuzzy sets of the 
second type. 

Keywords: fuzzy sets, expert system, ship refrigeration unit, emergency situation, expert 
system architecture. 
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�i�j�Z�\�Z�� 

�H�l�`�_�����F�•�`�g�Z�j�h�^�g�_���f�h�j�k�v�d�_���i�j�Z�\�h���f�h�`�g�Z���\�b�a�g�Z�q�b�l�b�����y�d���]�Z�e�m�a�v���F�•�`�g�Z�j�h�^�g�h�]�h���i�j�Z�\�Z����
�y�d�Z�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �k�m�d�m�i�g�•�k�l�x�� �h�[�h�\�¶�y�a�d�h�\�b�o�� �x�j�b�^�b�q�g�b�o�� �i�j�b�g�p�b�i�•�\�� �•�� �g�h�j�f�� ���^�h�]�h�\�•�j�g�b�o�� �l�Z��
�a�\�b�q�Z�}�\�b�o������ �y�d�•�� �j�_�]�e�Z�f�_�g�l�m�x�l�v�� �i�j�Z�\�h�\�b�c�� �k�l�Z�l�m�k�� �•�� �j�_�`�b�f�� �f�h�j�k�v�d�b�o���i�j�h�k�l�h�j�•�\�� �•�� �j�_�]�m�e�x�x�l�v��
�\�•�^�g�h�k�b�g�b�� �f�•�`�� �k�m�[�¶�}�d�l�Z�f�b�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �s�h�^�h�� �^�h�k�e�•�^�`�_�g�g�y�� �l�Z�� �\�b�d�h�j�b�k�l�Z�g�g�y��
�i�h�l�_�g�p�•�Z�e�m���K�\�•�l�h�\�h�]�h���h�d�_�Z�g�m���g�Z���a�Z�k�Z�^�Z�o���€�o���i�h�\�g�h�€���j�•�\�g�h�k�l�•���l�Z���^�h�[�j�h�\�•�e�v�g�h�k�l�•���>�������k���������@�� 
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�;�•�e�v�r�•�k�l�v�� �\�q�_�g�b�o�� �i�h�]�h�^�`�m�}�l�v�k�y�� �a�� �l�_�a�h�x�� �i�j�h�� �l�_���� �s�h�� �k�m�q�Z�k�g�_���F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_��
�i�j�Z�\�h���� �y�d�� �h�d�j�_�f�Z�� �]�Z�e�m�a�v�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �\�b�g�b�d�e�Z�� �i�•�k�e�y�� �j�Z�l�b�n�•�d�Z�p�•�€�� �q�h�l�b�j�v�h�o��
�F�•�`�g�Z�j�h�^�g�b�o���@�_�g�_�\�k�v�d�b�o���d�h�g�\�_�g�p�•�c���a���f�h�j�k�v�d�h�]�h���i�j�Z�\�Z�����y�d�•���[�m�e�b���i�j�b�c�g�y�l�•���\���d�\�•�l�g�•�������������j����
�g�Z�� �1�� �D�h�g�n�_�j�_�g�p�•�€�� �H�H�G�� �a�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z���� �P�_���� �a�h�d�j�_�f�Z���� ������ �d�h�g�\�_�g�p�•�y�� �i�j�h�� �l�_�j�b�l�h�j�•�Z�e�v�g�_��
�f�h�j�_���l�Z���i�j�b�e�_�]�e�m���l�_�j�b�l�h�j�•�x�����������d�h�g�\�_�g�p�•�y���i�j�h���\�•�^�d�j�b�l�_���f�h�j�_�����������d�h�g�\�_�g�p�•�y���i�j�h���j�b�[�Z�e�v�k�l�\�h��
�l�Z�� �h�o�h�j�h�g�m�� �[�•�h�j�_�k�m�j�k�•�\�� �\�•�^�d�j�b�l�h�]�h�� �f�h�j�y���� ������ �d�h�g�\�_�g�p�•�y�� �i�j�h�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�b�c�� �r�_�e�v�n���� ������
�n�Z�d�m�e�v�l�Z�l�b�\�g�b�c���i�j�h�l�h�d�h�e�����y�d�b�c���j�_�]�e�Z�f�_�g�l�m�\�Z�\���i�j�h�p�_�^�m�j�m���\�b�j�•�r�_�g�g�y���k�i�h�j�•�\�����I�_�j�_�j�Z�o�h�\�Z�g�•��
�\�b�s�_���^�h�d�m�f�_�g�l�b���k�l�Z�e�b���h�k�g�h�\�h�x���f�•�`�g�Z�j�h�^�g�h�]�h���f�h�j�k�v�d�h�]�h���i�j�Z�\�Z��[�������k����������-160]. 

�K�m�k�i�•�e�v�g�•�� �\�•�^�g�h�k�b�g�b���� �y�d�•�� �j�_�]�m�e�x�x�l�v�k�y�� �g�h�j�f�Z�f�b�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z����
�f�Z�x�l�v���k�d�e�Z�^�g�m���k�l�j�m�d�l�m�j�m�����>�h���€�o���k�l�j�m�d�l�m�j�g�b�o���_�e�_�f�_�g�l�•�\���\�o�h�^�y�l�v�����k�m�[�¶�}�d�l�b�����h�[�¶�}�d�l�b���l�Z���a�f�•�k�l��
�i�j�Z�\�h�\�•�^�g�h�k�b�g���� 

�>�h�� �k�m�[�¶�}�d�l�g�h�]�h�� �k�d�e�Z�^�m�� �\�o�h�^�y�l�v�� �^�_�j�`�Z�\�b�� �l�Z�� �f�•�`�g�Z�j�h�^�g�•�� �h�j�]�Z�g�•�a�Z�p�•�€���� �d�h�f�_�j�p�•�c�g�•�� �l�Z��
�g�_�d�h�f�_�j�p�•�c�g�•�� �h�j�]�Z�g�•�a�Z�p�•�€�� �g�Z�p�•�h�g�Z�e�v�g�b�o�� �i�j�Z�\�h�\�b�o�� �k�b�k�l�_�f���� �•�g�^�b�\�•�^�m�Z�e�v�g�•�� �k�m�[�¶�}�d�l�b�� ���\�k�•���� �o�l�h��
�o�h�q�� �y�d�h�k�v�� �a�Z�^�•�y�g�b�c�� �\�� �i�j�h�p�_�k�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �\�h�^�� �•�� �j�_�k�m�j�k�g�h�€�� �k�i�j�h�f�h�`�g�h�k�l�•�� �K�\�•�l�h�\�h�]�h��
�h�d�_�Z�g�m������ �F�•�`�^�_�j�`�Z�\�g�•�� �\�•�^�g�h�k�b�g�b�� �m�k�d�e�Z�^�g�x�x�l�v�k�y�� �l�b�f���� �s�h�� �d�h�`�_�g�� �k�m�[�¶�}�d�l�� �\�•�^�g�h�k�b�l�v�k�y�� �^�h��
�j�•�a�g�b�o���i�j�Z�\�h�\�b�o���k�b�k�l�_�f���� 

�A�Z�� �i�_�\�g�b�o�� �m�f�h�\�� �k�m�[�¶�}�d�l�Z�f�b�� �i�j�Z�\�Z�� �f�h�`�m�l�v�� �\�b�k�l�m�i�Z�l�b�� �^�_�j�`�Z�\�h�i�h�^�•�[�g�•�� �m�l�\�h�j�_�g�g�y�� �l�Z��
�g�Z�p�•�h�g�Z�e�v�g�h-�\�b�a�\�h�e�v�g�•�� �j�m�o�b���� �K�m�[�¶�}�d�l�Z�f�b�� �f�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �l�Z�d�h�`�� �f�h�`�m�l�v�� �[�m�l�b��
�f�•�`�g�Z�j�h�^�g�•�� �•�g�k�l�b�l�m�p�•�€���± �f�•�`�g�Z�j�h�^�g�•�� �h�j�]�Z�g�b���� �>�h�� �€�o�� �q�b�k�e�Z�� �\�o�h�^�y�l�v���� �f�•�`�g�Z�j�h�^�g�•�� �k�m�^�b����
�f�•�`�g�Z�j�h�^�g�•���Z�j�[�•�l�j�Z�`�•�����k�e�•�^�q�•���l�Z���•�g�r�•���d�h�f�•�k�•�€�����<�h�g�b���k�l�\�h�j�x�x�l�v�k�y���a�Z���a�]�h�^�h�x���k�l�h�j�•�g�����^�_�j�`�Z�\����
�l�Z�� �i�•�^�i�h�j�y�^�d�h�\�m�x�l�v�k�y�� �m�� �k�\�h�€�c�� �^�•�y�e�v�g�h�k�l�•�� �f�•�`�g�Z�j�h�^�g�h-�i�j�Z�\�h�\�b�f�� �g�h�j�f�Z�f���� �H�k�h�[�e�b�\�b�f��
�k�m�[�¶�}�d�l�h�f�� �f�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �\�b�k�l�m�i�Z�}�� �g�Z�j�h�^���� �L�Z�d���� �a�]�•�^�g�h�� �a�� �i�j�b�g�p�b�i�h�f�� �j�•�\�g�h�i�j�Z�\�¶�y�� �l�Z��
�k�Z�f�h�\�b�a�g�Z�q�_�g�g�y�� �g�Z�j�h�^�•�\���± �\�k�•�� �g�Z�j�h�^�b�� �[�_�a�� �[�m�^�v-�y�d�h�]�h�� �\�l�j�m�q�Z�g�g�y�� �a�a�h�\�g�•�� �f�Z�x�l�v�� �i�j�Z�\�h��
�k�Z�f�h�k�l�•�c�g�h�� �\�b�a�g�Z�q�Z�l�b�� �k�\�•�c�� �i�h�e�•�l�b�q�g�b�c�� �k�l�Z�l�m�k�� �l�Z�� �\�•�e�v�g�h�� �j�h�a�\�b�\�Z�l�b�� �k�h�p�•�Z�e�v�g�m���� �_�d�h�g�h�f�•�q�g�m��
�l�Z�� �d�m�e�v�l�m�j�g�m�� �k�n�_�j�b���� �D�h�`�g�Z�� �^�_�j�`�Z�\�Z�� �i�h�\�b�g�g�Z�� �i�h�\�Z�`�Z�l�b�� �p�_�� �i�j�Z�\�h���� �L�h�f�m�� �q�_�j�_�a�� �k�b�k�l�_�f�m��
�f�•�`�g�Z�j�h�^�g�b�o�� �^�h�]�h�\�h�j�•�\�� �\�k�•�� �^�_�j�`�Z�\�b�� �a�h�[�h�\�¶�y�a�m�x�l�v�� �m�� �k�\�h�}�f�m�� �\�g�m�l�j�•�r�g�v�h�f�m�� �i�h�j�y�^�d�m��
�i�h�\�Z�`�Z�l�b�� �i�j�Z�\�Z�� �•�g�h�a�_�f�g�b�o�� �n�•�a�b�q�g�b�o�� �l�Z�� �x�j�b�^�b�q�g�b�o�� �h�k�•�[���� �\�k�•�o�� �h�k�•�[�� �a�� �•�g�r�b�o�� �d�j�Z�€�g���� �y�d�•��
�a�g�Z�o�h�^�y�l�v�k�y�� �g�Z�� �€�o�� �l�_�j�b�l�h�j�•�€���� �Z�� �l�Z�d�h�`�� �k�m�k�i�•�e�v�g�b�o�� ���g�_�^�_�j�`�Z�\�g�b�o���� �h�j�]�Z�g�•�a�Z�p�•�c���� �a�h�d�j�_�f�Z����
�i�j�h�n�k�i�•�e�h�d���� 

�K�m�[�¶�}�d�l�b�� �f�•�`�g�Z�j�h�^�g�h�]�h�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z���� �y�d�•�� �\�� �i�j�h�p�_�k�•�� �^�•�y�e�v�g�h�k�l�•�� �\�� �K�\�•�l�h�\�h�f�m��
�h�d�_�Z�g�•���� �i�h�\�¶�y�a�Z�g�•�� �a�� �i�j�Z�\�Z�f�b�� �l�Z�� �h�[�h�\�¶�y�a�d�Z�f�b�� �•�g�r�b�o�� �k�m�[�¶�}�d�l�•�\�� �i�j�Z�\�h�\�•�^�g�h�k�b�g���� �i�h�\�b�g�g�•��
�^�h�l�j�b�f�m�\�Z�l�b�k�y�� �g�_�� �e�b�r�_�� �a�Z�]�Z�e�v�g�b�o�� �g�h�j�f�� �•�� �i�j�b�g�p�b�i�•�\�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z���� �Z�� �c��
�i�j�Z�\�b�e���F�•�`�g�Z�j�h�^�g�h�]�h���i�j�Z�\�Z���\���p�•�e�h�f�m�����a�h�d�j�_�f�Z�����K�l�Z�l�m�l�m���H�H�G�� 

�H�l�`�_���� �k�m�[�¶�}�d�l�b�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z���± �p�_�� �k�l�h�j�h�g�b�� �f�•�`�g�Z�j�h�^�g�b�o�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g����
�y�d�•�� �g�Z�^�•�e�_�g�•�� �g�h�j�f�Z�f�b�� �f�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z���� �k�m�[�¶�}�d�l�b�\�g�b�f�b�� �� �i�j�Z�\�Z�f�b�� �l�Z�� �h�[�h�\�¶�y�a�d�Z�f�b���� �2�o��
�o�Z�j�Z�d�l�_�j�b�a�m�}�� �\�a�Z�}�f�g�Z�� �g�_�a�Z�e�_�`�g�•�k�l�v�� �l�Z�� �g�_�� �i�•�^�i�h�j�y�^�d�h�\�Z�g�•�k�l�v�� �[�m�^�v-�y�d�•�c�� �\�e�Z�^�•���� �F�_�l�h�^�h�f��
�f�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�h�\�h�]�h�� �j�_�]�m�e�x�\�Z�g�g�y�� �}�� �m�d�e�Z�^�Z�g�g�y�� �a�]�h�^�b�� �f�•�`�� �m�k�•�f�Z�� �x�j�b�^�b�q�g�h��
�g�_�a�Z�e�_�`�g�b�f�b�� �k�m�[�¶�}�d�l�Z�f�b�� �f�•�`�g�Z�j�h�^�g�b�o�� �\�•�^�g�h�k�b�g�� �s�h�^�h�� �a�f�•�k�l�m�� �\�k�l�Z�g�h�\�e�_�g�b�o�� �g�h�j�f�� �l�Z��
�g�Z�^�Z�g�g�y���€�f���x�j�b�^�b�q�g�h�€���k�b�e�b���>�������k�������������������k��������-28]. 

�H�[�¶�}�d�l�Z�f�b�� �f�•�`�g�Z�p�•�h�g�Z�e�v�g�b�o�� �\�•�^�g�h�k�b�g�� �\�� �d�h�g�l�_�d�k�l�•�� �\�b�\�q�_�g�g�y�� �F�•�`�g�Z�j�h�^�g�h�]�h��
�f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z�� �}���� �i�j�Z�\�h�\�b�c�� �j�_�`�b�f�� �l�Z�� �k�l�Z�l�m�k�� �j�•�a�g�b�o�� �d�Z�l�_�]�h�j�•�c�� �f�h�j�k�v�d�h�]�h�� �i�j�h�k�l�h�j�m���� �€�o��
�^�_�e�•�f�•�l�Z�p�•�y���� �i�_�j�_�\�_�a�_�g�g�y�� �\�Z�g�l�Z�`�•�\�� �•�� �i�Z�k�Z�`�b�j�•�\���� �i�j�h�\�_�^�_�g�g�y�� �[�m�d�k�b�j�m�\�Z�g�g�y���� �j�h�a�j�h�[�d�Z��
�j�_�k�m�j�k�g�h�]�h���i�h�l�_�g�p�•�Z�e�m���f�h�j�k�v�d�h�]�h���^�g�Z�����\�_�^�_�g�g�y���j�b�[�g�h�]�h���i�j�h�f�b�k�e�m���l�h�s�h�����1�g�r�b�f�b���k�e�h�\�Z�f�b����
�p�_�� �\�k�_�� �l�_���� �g�Z�� �s�h�� �k�i�j�y�f�h�\�Z�g�Z�� �^�•�y�e�v�g�•�k�l�v�� �k�m�[�¶�}�d�l�•�\�� �•�� �s�h�� �}�� �i�j�_�^�f�_�l�h�f�� �€�o�� �•�g�l�_�j�_�k�•�\�� �\�� �i�j�h�p�_�k�•��
�\�b�d�h�j�b�k�l�Z�g�g�y���K�\�•�l�h�\�h�]�h���h�d�_�Z�g�m�� 

�A�f�•�k�l���i�j�Z�\�h�\�•�^�g�h�k�b�g���i�h�e�y�]�Z�}�����y�d���\���k�m�[�¶�}�d�l�b�\�g�b�o���i�j�Z�\�Z�o���•���h�[�h�\�¶�y�a�d�Z�o�����l�Z�d���•���\���j�_�Z�e�v�g�b�o��
�^�•�y�o���m�k�•�o���m�q�Z�k�g�b�d�•�\���m���k�n�_�j�•���\�b�d�h�j�b�k�l�Z�g�g�y���f�h�j�k�v�d�h�]�h���i�j�h�k�l�h�j�m���l�Z���j�_�k�m�j�k�g�h�€���[�Z�a�b���K�\�•�l�h�\�h�]�h��
�h�d�_�Z�g�m���� �2�o�� �j�•�a�g�h�f�Z�g�•�l�g�•�k�l�v�� �a�Z�e�_�`�b�l�v�� �y�d�� �\�•�^�� �\�b�^�m�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g���� �\�� �y�d�b�o�� �a�Z�^�•�y�g�b�c��
�k�m�[�¶�}�d�l�� ���i�j�b�\�Z�l�g�•�� �Z�[�h�� �i�m�[�e�•�q�g�•���� �\�g�m�l�j�•�r�g�v�h�^�_�j�`�Z�\�g�•�� �Z�[�h�� �f�•�`�g�Z�j�h�^�g�•������ �l�Z�d�� �•�� �\�•�^�� �k�Z�f�h�]�h��
�h�[�¶�}�d�l�m���p�•�}�€���\�a�Z�}�f�h�^�•�€���� 

�L�Z�d�_�� �k�d�e�Z�^�g�_�� �k�l�j�m�d�l�m�j�m�\�Z�g�g�y�� �a�m�f�h�\�b�e�h�� �n�h�j�f�m�\�Z�g�g�y�� �k�d�e�Z�^�g�h�€�� �k�b�k�l�_�f�b�� �x�j�b�^�b�q�g�b�o��
�g�h�j�f���� �G�_�h�[�o�•�^�g�•�k�l�v���€�€���n�m�g�d�p�•�h�g�m�\�Z�g�g�y���� �a���h�^�g�h�]�h���[�h�d�m���� �a�m�f�h�\�e�x�}�l�v�k�y���k�Z�f�b�f�b�� �k�m�k�i�•�e�v�g�b�f�b��
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�\�•�^�g�h�k�b�g�Z�f�b�� �y�d�•�� �\�b�g�b�d�e�b�� �\�� �i�j�h�p�_�k�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �i�h�l�m�`�g�h�k�l�_�c�� �K�\�•�l�h�\�h�]�h�� �h�d�_�Z�g�m���� �Z�� �a��
�•�g�r�h�]�h���± �g�_�h�[�o�•�^�g�•�k�l�x���€�o���j�_�]�m�e�x�\�Z�g�g�y �>�������k��������-12]. 

�F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h�� �y�d�� �h�d�j�_�f�Z�� �k�d�e�Z�^�h�\�Z�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �f�Z�}�� �g�b�a�d�m��
�h�k�h�[�e�b�\�h�k�l�_�c�����O�Z�j�Z�d�l�_�j�g�b�f�b���j�b�k�Z�f�b���p�•�}�€���]�Z�e�m�a�•���}�� 

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

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

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

�j�_�]�m�e�x�\�Z�g�g�y�� 
- �f�•�`�g�Z�j�h�^�g�b�c���o�Z�j�Z�d�l�_�j��[�������k��������]. 
�Y�d�� �d�h�`�g�Z�� �k�d�e�Z�^�g�Z�� �k�b�k�l�_�f�Z�� �F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �i�•�^�k�b�k�l�_�f�� 

�<�q�_�g�•���\�b�^�•�e�y�x�l�v���l�j�b���h�k�g�h�\�g�b�o���d�h�f�i�h�g�_�g�l�b���F�•�`�g�Z�j�h�^�g�h�]�h���f�h�j�k�v�d�h�]�h���i�j�Z�\�Z�� 
1) �\�g�m�l�j�•�r�g�v�h�^�_�j�`�Z�\�g�_�����g�Z�p�•�h�g�Z�e�v�g�_�����f�h�j�k�v�d�_���i�j�Z�\�h �± �f�Z�}���o�Z�j�Z�d�l�_�j���d�h�f�i�e�_�d�k�g�h�€��

�]�Z�e�m�a�•���� �y�d�Z�� �‰�j�m�g�l�m�}�l�v�k�y�� �g�Z�� �g�h�j�f�Z�o�� �j�•�a�g�b�o�� �]�Z�e�m�a�_�c�� �\�g�m�l�j�•�r�g�v�h�^�_�j�`�Z�\�g�h�]�h�� �i�j�Z�\�Z���� �y�d�•��
�h�[�¶�}�^�g�Z�g�•���k�i�•�e�v�g�•�k�l�x���i�j�_�^�f�_�l�Z���i�j�Z�\�h�\�h�]�h���j�_�]�m�e�x�\�Z�g�g�y�����Z���k�Z�f�_���± �d�h�j�b�k�l�m�\�Z�g�g�y���f�h�j�_�f���\���l�h�c��
�q�b���•�g�r�•�c���n�h�j�f�•�� 

2) �f�•�`�g�Z�j�h�^�g�_���f�h�j�k�v�d�_���i�m�[�e�•�q�g�_���i�j�Z�\�h �± �p�_���]�Z�e�m�a�v���f�•�`�g�Z�j�h�^�g�h�]�h���i�j�Z�\�Z�����h�[�¶�}�d�l�h�f��
�y�d�h�€�� �}�� �d�h�f�i�e�_�d�k�� �f�•�`�g�Z�j�h�^�g�b�o�� �\�•�^�g�h�k�b�g�� �\�� �i�b�l�Z�g�g�y�o�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �� �K�\�•�l�h�\�h�]�h�� �h�d�_�Z�g�m����
�I�h�\�¶�y�a�Z�g�_�� �a�� �f�•�`�^�_�j�`�Z�\�g�b�f�b�� �\�•�^�g�h�k�b�g�Z�f�b���� �M�]�h�^�b�� �l�Z�� �^�h�]�h�\�h�j�b���� �m�d�e�Z�^�_�g�•�� �f�•�`�� �^�_�j�`�Z�\�Z�f�b��
�s�h�^�h���j�_�]�m�e�x�\�Z�g�g�y���f�h�j�k�v�d�b�o���\�•�^�g�h�k�b�g�� 

3) �f�•�`�g�Z�j�h�^�g�_���f�h�j�k�v�d�_���i�j�b�\�Z�l�g�_���i�j�Z�\�h �± �p�_���h�^�g�Z���a���]�Z�e�m�a�_�c���F�•�`�g�Z�j�h�^�g�h�]�h���i�j�Z�\�Z����
�y�d�Z�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �i�j�Z�\�h�\�b�o�� �g�h�j�f���� �y�d�•�� �j�_�]�m�e�x�x�l�v�� �\�•�^�g�h�k�b�g�b�� �f�•�`�� �x�j�b�^�b�q�g�b�f�b�� �h�k�h�[�Z�f�b��
���h�j�]�Z�g�•�a�Z�p�•�y�f�b���� �l�Z�� �n�•�a�b�q�g�b�f�b�� �h�k�h�[�Z�f�b�� ���]�j�h�f�Z�^�y�g�Z�f�b������ �i�_�j�_�\�Z�`�g�h���� �\�� �i�b�l�Z�g�g�y�o��
�l�h�j�]�•�\�_�e�v�g�h�]�h�� �k�m�^�g�h�i�e�Z�\�k�l�\�Z���� �P�_�c�� �\�b�^�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z�� �f�Z�}�� �]�j�h�f�Z�^�y�g�k�v�d�h-�i�j�Z�\�h�\�b�c��
�o�Z�j�Z�d�l�_�j�� �l�Z�� �\�b�f�Z�]�Z�}�� �\�d�e�x�q�_�g�g�y�� �©�•�g�h�a�_�f�g�h�]�h�� �_�e�_�f�_�g�l�m�ª���� �<�� �i�_�j�r�m�� �q�_�j�]�m�� �f�h�\�Z�� �c�^�_�� �i�j�h��
�f�Z�c�g�h�\�•���\�•�^�g�h�k�b�g�b�����y�d�•���i�h�\�¶�y�a�Z�g�•���a���f�h�j�k�v�d�b�f�b���i�_�j�_�\�_�a�_�g�g�y�f�b �>�������k������-�������������k�������������������k���������@�� 

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

 �=�h�e�h�\�g�b�f�� �i�b�l�Z�g�g�y�f�� �j�_�]�m�e�x�\�Z�g�g�y�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g�� �m�� �f�h�j�k�v�d�h�f�m�� �i�j�Z�\�•�� �}��
�l�h�j�]�•�\�_�e�v�g�_���f�h�j�_�i�e�Z�\�k�l�\�h�����H�k�g�h�\�g�b�f���a�Z�\�^�Z�g�g�y�f���y�d�h�]�h���}���\�b�d�h�j�b�k�l�Z�g�g�y���K�\�•�l�h�\�h�]�h���h�d�_�Z�g�m���a��
�f�_�l�h�x�� �i�_�j�_�k�m�\�Z�g�g�y�� �l�j�Z�g�k�i�h�j�l�m�\�Z�g�g�y���� �g�Z�m�d�h�\�b�o���� �]�h�k�i�h�^�Z�j�k�v�d�b�o�� �l�Z�� �•�g�r�b�o�� �p�•�e�_�c���� �H�l�`�_����
�f�h�j�k�v�d�_�� �i�j�Z�\�h�� �j�_�]�m�e�x�}�� �i�j�Z�\�h�\�•�^�g�h�k�b�g�b���� �y�d�•�� �k�l�h�k�m�x�l�v�k�y�� �i�j�Z�\�h�\�h�]�h�� �i�h�e�h�`�_�g�g�y��
�l�h�j�]�•�\�_�e�v�g�h�]�h�� �k�m�^�g�Z�� �l�Z�� �k�m�i�m�l�g�•�� �i�j�Z�\�h�\�•�^�g�h�k�b�g�b���� �y�d�•�� �i�h�\�¶�y�a�Z�g�•�� �a�� �l�h�j�]�•�\�_�e�v�g�b�f��
�f�h�j�_�i�e�Z�\�k�l�\�h�f�� ���k�m�^�g�h�i�e�Z�\�k�l�\�h�f������ �i�j�Z�\�h�� �\�e�Z�k�g�h�k�l�•�� �g�Z�� �k�m�^�g�h���� �i�j�Z�\�h�\�b�c�� �k�l�Z�l�m�k�� �d�Z�i�•�l�Z�g�Z�� �l�Z��
�_�d�•�i�Z�`�Z���� �[�_�a�i�_�d�Z�� �k�m�^�_�g�� �i�•�^�� �q�Z�k�� �f�h�j�_�i�e�Z�\�k�l�\�Z���� �a�•�l�d�g�_�g�g�y�� �k�m�^�_�g���� �Z�\�Z�j�•�c�g�•�� �k�b�l�m�Z�p�•�€�� �l�h�s�h������
�H�^�g�b�f�� �a�� �p�_�g�l�j�Z�e�v�g�b�o�� �i�b�l�Z�g�v�� �l�Z�d�b�o�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g�� �}�� �f�h�j�k�v�d�•�� �i�_�j�_�\�_�a�_�g�g�y�� �\�Z�g�l�Z�`�•�\����
�i�Z�k�Z�`�b�j�•�\���•���[�Z�]�Z�`�m�����k�l�j�Z�o�m�\�Z�g�g�y���l�Z���n�j�Z�o�l�m�\�Z�g�g�y���k�m�^�_�g�����\�•�^�i�h�\�•�^�Z�e�v�g�•�k�l�v���k�l�h�j�•�g�����i�h�a�h�\�b���l�Z��
�i�j�_�l�_�g�a�•�€ �>�������k��������-11]. 

�I�_�j�\�b�g�g�b�f�� �_�e�_�f�_�g�l�h�f�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z���� �y�d�� �h�d�j�_�f�h�€�� �]�Z�e�m�a�•�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z���� �}��
�g�h�j�f�b�� �� ���a�� �e�Z�l�b�g����norma �± �i�j�Z�\�b�e�h���� �a�j�Z�a�h�d���� �d�h�g�d�j�_�l�g�_�� �j�h�a�i�h�j�y�^�`�_�g�g�y������ �F�h�j�k�v�d�_�� �i�j�Z�\�h��
�k�d�e�Z�^�Z�x�l�v�� �k�Z�f�_�� �x�j�b�^�b�q�g�•�� �g�h�j�f�b���± �a�Z�d�j�•�i�e�_�g�•�� �\�� �i�j�Z�\�h�\�h�f�m�� �i�h�e�•�� �h�[�h�\�¶�y�a�d�h�\�•�� �i�j�Z�\�b�e�Z��
�i�h�\�_�^�•�g�d�b�����g�_���\�b�d�h�g�Z�g�g�y���y�d�b�o���l�y�]�g�_���a�Z���k�h�[�h�x���i�j�Z�\�h�\�m���\�•�^�i�h�\�•�^�Z�e�v�g�•�k�l�v�� 

 �<�� �a�Z�e�_�`�g�h�k�l�•�� �\�•�^�� �o�Z�j�Z�d�l�_�j�m�� �j�_�]�m�e�x�\�Z�g�g�y�� �k�m�k�i�•�e�v�g�b�o�� �\�•�^�g�h�k�b�g�� �i�j�Z�\�h�\�•�� �g�h�j�f�b��
�i�h�^�•�e�y�x�l�v�k�y�� �g�Z�����•�f�i�_�j�Z�l�b�\�g�• �l�Z���^�b�k�i�h�a�b�l�b�\�g�•���� �<�h�g�b�� �}�� �h�[�h�\�¶�y�a�d�h�\�b�f�b�� �^�e�y�� �\�k�•�o�� �k�m�[�¶�}�d�l�•�\��
�i�j�Z�\�h�\�•�^�g�h�k�b�g���� �>�e�y�� �•�f�i�_�j�Z�l�b�\�g�b�o�� �g�h�j�f�� �i�j�b�l�Z�f�Z�g�g�Z�� �d�Z�l�_�]�h�j�b�q�g�Z�� �n�h�j�f�Z���� �y�d�Z�� �\�b�d�e�x�q�Z�}��
�f�h�`�e�b�\�•�k�l�v���\�•�^�o�b�e�_�g�g�y���\�•�^���\�k�l�Z�g�h�\�e�_�g�b�o���i�j�Z�\�b�e�����G�Z���\�•�^�f�•�g�g�m���\�•�^���g�b�o�����^�b�k�i�h�a�b�l�b�\�g�•���g�h�j�f�b��
�g�Z�^�Z�x�l�v�� �m�q�Z�k�g�b�d�Z�f�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g�� �f�h�`�e�b�\�•�k�l�v�� �\�j�_�]�m�e�x�\�Z�l�b�� �k�i�•�j�g�•�� �i�b�l�Z�g�g�y��
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�k�Z�f�h�k�l�•�c�g�h���� �g�Z�� �\�e�Z�k�g�b�c�� �j�h�a�k�m�^���� �h�[�j�Z�\�r�b�� �h�i�l�b�f�Z�e�v�g�b�c�� �^�e�y�� �\�k�•�o�� �m�q�Z�k�g�b�d�•�\�� �\�Z�j�•�Z�g�l��
�i�h�\�_�^�•�g�d�b���� �M�� �l�h�f�m�� �\�b�i�Z�^�d�m���� �d�h�e�b�� �k�m�[�¶�}�d�l�b�� �g�_�� �^�h�k�y�]�e�b�� �a�]�h�^�b�� �\�� �^�•�x�� �\�k�l�m�i�Z�}�� �i�j�Z�\�b�e�h����
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�\�g�m�l�j�•�r�g�v�h�^�_�j�`�Z�\�g�b�f�b���� �L�Z�d�•�� �g�h�j�f�b�� �j�_�]�m�e�x�x�l�v�� �\�•�^�g�h�k�b�g�b�� �f�•�`�� �k�m�[�¶�}�d�l�Z�f�b�� �i�j�b�� �g�Z�y�\�g�h�k�l�•��
�^�h�^�Z�l�d�h�\�b�o���n�Z�d�l�•�\���a�Z���y�d�b�o���^�•�}���k�i�_�p�•�Z�e�v�g�_�����Z���g�_���a�Z�]�Z�e�v�g�_���i�j�Z�\�h�� 

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

�S�h�^�h���F�•�`�g�Z�j�h�^�g�h�]�h���f�h�j�k�v�d�h�]�h���i�j�b�\�Z�l�g�h�]�h���i�j�Z�\�Z�����l�h���\�h�g�h�����d�j�•�f���a�Z�]�Z�e�v�g�h�i�j�b�c�g�y�l�b�o��
�i�j�b�g�p�b�i�•�\���� �h�i�_�j�m�}�� �k�i�_�p�•�Z�e�v�g�b�f�� �i�j�b�g�p�b�i�h�f���± �Z�\�l�h�g�h�f�•�€�� �l�Z�� �\�h�e�•�� �k�l�h�j�•�g���� �<�•�g�� �i�_�j�_�^�[�Z�q�Z�}��
�k�l�\�h�j�_�g�g�y�� �k�i�_�p�•�Z�e�v�g�h�]�h�� �•�g�k�l�b�l�m�l�m���� �y�d�b�c�� �h�[�¶�}�^�g�m�}�� �g�h�j�f�b���� �y�d�•�� �j�_�]�m�e�x�x�l�v�� �i�b�l�Z�g�g�y���� �s�h��
�\�b�g�b�d�Z�x�l�v���i�•�^���q�Z�k���m�d�e�Z�^�Z�g�g�y���m�q�Z�k�g�b�d�Z�f�b���^�h�]�h�\�h�j�m���a�]�h�^�b���s�h�^�h���i�j�Z�\�h�\�h�]�h���j�_�]�m�e�x�\�Z�g�g�y���€�o��
�i�j�Z�\�h�\�•�^�g�h�k�b�g������ 

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

�D�h�e�•�a�•�c�g�•�� �g�h�j�f�b �a�Z�k�l�h�k�h�\�m�x�l�v�k�y�� �m�� �l�h�f�m�� �\�b�i�Z�^�d�m���� �d�h�e�b�� �g�Z�� �j�_�]�m�e�x�\�Z�g�g�y�� �i�j�Z�\�h�\�b�o��
�\�•�^�g�h�k�b�g���g�Z���f�h�j�k�v�d�h�f�m���i�j�h�k�l�h�j�•�� �f�h�`�m�l�v���i�j�_�l�_�g�^�m�\�Z�l�b���i�j�Z�\�h�\�•�� �f�h�^�_�e�•�� �^�_�d�•�e�v�d�h�o���^�_�j�`�Z�\���•��
�g�_�h�[�o�•�^�g�h�� �\�b�j�•�r�b�l�b�� �p�_�� �i�j�h�l�b�j�•�q�q�y���� �J�h�a�j�•�a�g�y�x�l�v���g�Z�p�•�h�g�Z�e�v�g�h-�i�j�Z�\�h�\�• �l�Z���f�•�`�g�Z�j�h�^�g�h-
�i�j�Z�\�h�\�• �d�h�e�•�a�•�c�g�•���g�h�j�f�b�����2�o���j�•�a�g�b�p�y���i�j�h�y�\�e�y�}�l�v�k�y���y�d���m���k�n�_�j�•���^�•�€�����l�Z�d���•���\���k�n�_�j�•���a�Z�k�l�h�k�m�\�Z�g�g�y����
�K�n�_�j�Z�� �^�•�€�� �h�k�l�Z�g�g�•�o�� �r�b�j�r�Z�� �q�_�j�_�a�� �l�_���� �s�h�� �€�f�� �i�•�^�i�h�j�y�^�d�h�\�m�x�l�v�k�y�� �\�k�•�� �m�q�Z�k�g�b�d�b�� �f�•�`�g�Z�j�h�^�g�b�o��
�^�h�]�h�\�h�j�•�\���� �>�h�� �l�h�]�h�� �`�� �d�h�e�•�a�•�c�g�•�� �g�h�j�f�� �f�h�`�m�l�v�� �i�h�^�•�e�y�l�b�k�y�� �g�Z�����^�b�k�i�h�a�b�l�b�\�g�•�����i�_�j�_�^�[�Z�q�Z�x�l�v��
�Z�\�l�h�g�h�f�•�x�� �\�h�e�•�� �i�j�b�� �m�d�e�Z�^�Z�g�g�•�� �^�h�]�h�\�h�j�•�\�������•�f�i�_�j�Z�l�b�\�g�•�����g�_�� �^�h�i�m�k�d�Z�x�l�v�� �\�•�^�o�b�e�_�g�v�� �\�•�^��
�\�k�l�Z�g�h�\�e�_�g�b�o�� �g�h�j�f���� �l�Z���\�•�^�g�h�k�g�h-�•�f�i�_�j�Z�l�b�\�g�• ���\�•�^�o�b�e�_�g�g�y�� �\�•�^�� �g�h�j�f�� �^�h�i�m�k�d�Z�}�l�v�k�y�� �m�� �j�Z�a�•��
�j�Z�g�•�r�_���a�Z�l�\�_�j�^�`�_�g�b�o���m�f�h�\���� 

�D�h�e�•�a�•�c�g�•�� �g�h�j�f�b�� �l�Z�d�h�`�� �f�h�`�m�l�v�� �i�h�^�•�e�y�l�b�k�y�� �g�Z���� �������h�^�g�h�k�l�h�j�h�g�g�• �± �i�_�j�_�^�[�Z�q�Z�x�l�v��
�a�Z�k�l�h�k�m�\�Z�g�g�y���e�b�r�_���h�^�g�h�]�h�����a�Z�a�\�b�q�Z�c�����h�k�h�[�b�k�l�h�]�h���i�j�Z�\�Z����������������������������������������������    2) �^�\�h�k�l�h�j�h�g�g�•���± 
�\�k�l�Z�g�h�\�e�x�x�l�v�� �f�_�`�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �y�d�� �g�Z�p�•�h�g�Z�e�v�g�h�]�h���� �l�Z�d�� �f�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z���� �>�e�y��
�\�b�j�•�r�_�g�g�y���g�Z�c�k�d�e�Z�^�g�•�r�b�o���k�i�•�j�g�b�o���i�b�l�Z�g�v���a�Z�k�l�h�k�h�\�m�x�l�v���^�h�^�Z�l�d�h�\�•�����k�m�[�k�b�^�•�Z�j�g�•�����d�h�e�•�a�•�c�g�•��
�g�h�j�f�b���� 

�A�� �h�]�e�y�^�m�� �g�Z�� �\�b�s�_�� �\�d�Z�a�Z�g�_�� �f�h�`�g�Z�� �k�l�\�_�j�^�`�m�\�Z�l�b���� �s�h�� �f�•�`�g�Z�j�h�^�g�Z�� �m�g�•�n�•�d�Z�p�•�y��
�g�h�j�f�Z�l�b�\�g�h-�i�j�Z�\�h�\�h�€�� �[�Z�a�b�� �s�h�^�h�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �K�\�•�l�h�\�h�]�h�� �h�d�_�Z�g�m�� �^�h�a�\�h�e�y�}�� �e�•�d�\�•�^�m�\�Z�l�b��
�\�•�^�f�•�g�g�h�k�l�•���� �y�d�•�� �•�k�g�m�x�l�v�� �\�� �i�j�Z�\�h�\�h�f�m�� �j�_�]�m�e�x�\�Z�g�g�•�� �]�j�h�f�Z�^�y�g�k�v�d�h-�i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g�� �\��
�d�h�`�g�•�c���^�_�j�`�Z�\�•�����Z���l�Z�d�h�`���k�l�\�h�j�b�l�b���i�_�j�_�^�m�f�h�\�b���^�e�y���}�^�b�g�h�€���i�j�Z�\�h�\�h�€���i�j�Z�d�l�b�d�b�����<�•�^�i�h�\�•�^�g�h���c��
�j�h�a�\�b�l�d�m���_�d�h�g�h�f�•�q�g�b�o���a�\�¶�y�a�d�•�\���f�•�`���k�m�[�¶�}�d�l�Z�f�b���j�•�a�g�b�o���^�_�j�`�Z�\ �>�������k���������������������k��������-58]. 

�<�b�k�g�h�\�d�b�����F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h�� �}�� �]�Z�e�m�a�a�x�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z���� �y�d�Z��
�i�j�_�^�k�l�Z�\�e�_�g�Z�� �k�b�k�l�_�f�h�x�� �i�j�Z�\�h�\�b�o�� �g�h�j�f�� �l�Z�� �i�j�b�g�p�b�i�•�\���� �y�d�•�� �k�i�j�y�f�h�\�Z�g�•�� �g�Z�� �d�h�g�l�j�h�e�v�� �a�Z��
�^�•�y�e�v�g�•�k�l�x�� �k�m�[�¶�}�d�l�•�\�� �i�j�Z�\�h�\�b�o�� �\�•�^�g�h�k�b�g�� �\�� �k�n�_�j�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �\�h�^�� �l�Z�� �j�_�k�m�j�k�g�b�o��
�f�h�`�e�b�\�h�k�l�_�c�� �K�\�•�l�h�\�h�]�h�� �h�d�_�Z�g�m���� �F�h�j�k�v�d�_�� �i�j�Z�\�h�� �a�Z�d�j�•�i�e�x�}�� �i�j�Z�\�Z�� �l�Z�� �h�[�h�\�¶�y�a�d�b�� �\�k�•�o��
�m�q�Z�k�g�b�d�•�\�� �f�h�j�k�v�d�h�€�� �^�•�y�e�v�g�h�k�l�•���� �g�Z�d�e�Z�^�Z�}�� �g�Z�� �g�b�o�� �\�•�^�i�h�\�•�^�Z�e�v�g�•�k�l�v�� �a�Z�� �i�h�j�m�r�_�g�g�y��
�g�h�j�f�Z�l�b�\�g�h-�i�j�Z�\�h�\�b�o�� �g�h�j�f���� �F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h�� �^�h�l�j�b�f�m�}�l�v�k�y�� �h�k�g�h�\�g�b�o��
�i�h�e�h�`�_�g�v���� �i�j�b�g�p�b�i�•�\�� �l�Z�� �g�h�j�f�� �F�•�`�g�Z�j�h�^�g�h�]�h�� �i�j�Z�\�Z�� �l�Z�� �l�•�k�g�h�� �\�a�Z�}�f�h�i�h�\�¶�y�a�Z�g�_�� �a�� �c�h�]�h��
�•�g�r�b�f�b���]�Z�e�m�a�y�f�b�����<�h�g�h���i�h�^�•�e�y�}�l�v�k�y���g�Z���^�_�d�•�e�v�d�Z���i�•�^�k�b�k�l�_�f�����y�d�•���\�a�Z�}�f�h�i�h�\�¶�y�a�Z�g�•���f�•�`���k�h�[�h�x����
�H�k�g�h�\�g�Z�� �i�j�h�[�e�_�f�Z�� �g�Z�^�� �\�b�j�•�r�_�g�g�y�f�� �y�d�h�€�� �a�h�k�_�j�_�^�`�_�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h �± �p�_�� �a�Z�[�_�a�i�_�q�_�g�g�y��
�n�m�g�d�p�•�h�g�m�\�Z�g�g�y���l�h�j�]�•�\�_�e�v�g�h�]�h���f�h�j�_�i�e�Z�\�k�l�\�Z���� 
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�H�k�g�h�\�g�b�f�b�� �k�m�[�¶�}�d�l�Z�f�b�� �f�h�j�k�v�d�h�]�h�� �i�j�Z�\�Z�� �\�b�k�l�m�i�Z�x�l�v�� �^�_�j�`�Z�\�b�� �l�Z�� �f�•�`�g�Z�j�h�^�g�•��
�h�j�]�Z�g�•�a�Z�p�•�€���� �[�h�� �k�Z�f�_�� �\�h�g�b�� �}�� �j�_�Z�e�v�g�b�f�b�� �m�q�Z�k�g�b�d�Z�f�b�� �i�j�Z�\�h�\�•�^�g�h�k�b�g�� �\�� �i�j�h�p�_�k�•�� �_�d�k�i�e�m�Z�l�Z�p�•�€��
�f�h�j�k�v�d�h�]�h�� �i�j�h�k�l�h�j�m���� �F�•�`�g�Z�j�h�^�g�_�� �f�h�j�k�v�d�_�� �i�j�Z�\�h�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �\�_�e�b�d�h�]�h�� �i�_�j�_�e�•�d�m��
�x�j�b�^�b�q�g�b�o�� �g�h�j�f���� �y�d�•�� �\�•�^�j�•�a�g�y�x�l�v�k�y�� �a�Z�� �n�h�j�f�h�x�� �l�Z�� �a�f�•�k�l�h�\�b�f�� �g�Z�i�h�\�g�_�g�g�y�f�� ���•�f�i�_�j�Z�l�b�\�g�•����
�^�b�k�i�h�a�b�l�b�\�g�•�����f�Z�l�_�j�•�Z�e�v�g�•�����i�j�h�p�_�k�m�Z�e�v�g�•�����g�h�j�f�b���a�Z�]�Z�e�v�g�h�€���l�Z���f�•�k�p�_�\�h�€���^�•�€�����^�h�d�m�f�_�g�l�Z�e�v�g�•���l�Z��
�g�_�n�•�d�k�h�\�Z�g�•���� �m�g�•�\�_�j�k�Z�e�v�g�•���� �e�h�d�Z�e�v�g�•���� �g�Z�p�•�h�g�Z�e�v�g�•���� �j�_�]�•�h�g�Z�e�v�g�•���� �a�Z�]�Z�e�v�g�•���� �k�i�_�p�•�Z�e�v�g�•����
�d�h�e�•�a�•�c�g�•���l�Z���•�g������ 
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ESSENCE AND NORMS OF INTERNATIONAL MARITIME LAW  

Each state pursues its own interests in ensuring the economic, social, political and cultural 
development of its people. Given this fact, the international community is trying to create the 
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necessary conditions to maintain a balance between the countries of the world, to ensure their 
peaceful coexistence and rational use of the resource base of our planet, in particular, the 
oceans. The development of the most acceptable norms for the implementation of these tasks is 
carried out by the relevant competent world organizations, as well as by each state individually. 
The set of these norms, in the context of using the potential of maritime space, is International 
Maritime Law. 

The article reveals the content and essence of International Maritime Law as a separate 
branch of International Law, identifies its specific features, structural components, principles 
and norms. Definitions such as "International law", "International maritime law", "norms of 
international maritime law", "subjects of international law", "objects of international maritime 
law" are defined. Outlined functions of the main types of International Maritime Law (national 
maritime law, international public maritime law, private international maritime law). The 
complex system of legal norms that regulate the relations between the subjects of maritime 
affairs is analyzed. 

 It is established that the most important issue of legal relations in International Maritime 
Law is merchant shipping, which is an important factor in the process of economic development, 
both of individual states and the world economic system as a whole. Understanding the essence 
of International Maritime Law is important for seafarers. Because knowledge of the basic 
provisions, principles and norms of this legal field is the key to safe navigation and protection of 
the resources of the oceans, as well as an indicator of the legal competence of all persons 
involved in maritime affairs. 

Key words: International law, International maritime law, maritime space, principles of 
international maritime law, subjects of international maritime law, norms of international 
maritime law. 
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�a�Z�[�j�m�^�g�x�x�q�b�o�� �j�_�q�h�\�b�g�� �i�j�Z�p�x�x�q�b�f�� �^�b�a�_�e�_�f�� �}�� �h�^�g�•�}�x�� �a�� �g�Z�c�\�Z�`�e�b�\�•�r�b�o�� �a�Z�\�^�Z�g�v��
�^�b�a�_�e�_�[�m�^�m�\�Z�g�g�y���� �\�•�^�� �j�•�r�_�g�g�y�� �y�d�h�]�h�� �a�Z�e�_�`�b�l�v�� �k�l�Z�g�� �a�^�h�j�h�\�
�y�� �e�x�^�b�g�b�� �•�� �a�[�_�j�_�`�_�g�g�y��
�g�Z�\�d�h�e�b�r�g�v�h�]�h�� �k�_�j�_�^�h�\�b�s�Z���� �H�l�`�_���� �^�h�k�e�•�^�`�_�g�g�y�� �f�_�l�h�^�•�\�� �a�f�_�g�r�_�g�g�y�� �\�b�l�j�Z�l�� �i�Z�e�b�\�Z��
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�k�m�^�g�h�\�b�f�b�� �^�b�a�_�e�y�f�b�� �a�� �f�_�l�h�x�� �d�h�f�i�e�_�d�k�g�h�]�h�� �i�h�d�j�Z�s�_�g�g�y�� �_�g�_�j�]�_�l�b�q�g�b�o�� �l�Z�� �_�d�h�e�h�]�•�q�g�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\���}���Z�d�l�m�Z�e�v�g�b�f�b�� 

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

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

�<�b�d�e�Z�^���h�k�g�h�\�g�h�]�h���f�Z�l�_�j�•�Z�e�m�����I�h�d�Z�a�g�b�d�h�f���_�g�_�j�]�_�l�b�q�g�h�€���_�n�_�d�l�b�\�g�h�k�l�•���k�m�^�g�h�\�b�o��
�^�b�a�_�e�v�g�b�o���_�g�_�j�]�_�l�b�q�g�b�o���m�k�l�Z�g�h�\�h�d���}���i�b�l�h�f�Z���_�n�_�d�l�b�\�g�Z���\�b�l�j�Z�l�Z���i�Z�e�b�\�Z�� 

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

�K�m�q�Z�k�g�Z�� �Z�i�Z�j�Z�l�m�j�Z���� �y�d�Z�� �i�h�^�Z�}�� �i�Z�e�b�\�h�� �^�h�� �l�j�Z�g�k�i�h�j�l�g�b�o�� �^�b�a�_�e�•�\���� �}�� �^�m�`�_�� �k�d�e�Z�^�g�b�f�� �•��
�\�b�k�h�d�h�l�_�o�g�h�e�h�]�•�q�g�b�f�� �h�[�e�Z�^�g�Z�g�g�y�f���� �M�� �k�m�q�Z�k�g�b�o�� �^�b�a�_�e�y�o�� �d�•�e�v�d�•�k�l�v�� �\�m�a�e�•�\�� �l�Z�� �Z�]�j�_�]�Z�l�•�\����
�\�b�j�h�[�e�_�g�b�o�� �\�� �M�d�j�Z�€�g�•���� �g�_�� �i�_�j�_�\�b�s�m�}��10-������ ������ �I�j�b�� �p�v�h�f�m�� �q�Z�k�l�d�Z�� �•�f�i�h�j�l�g�b�o��
�d�h�f�i�e�_�d�l�m�x�q�b�o�� �a�[�•�e�v�r�b�e�Z�k�y�� �^�h�� ����-������ ������ �>�h�� �g�b�o���� �m�� �i�_�j�r�m�� �q�_�j�]�m���� �^�h�� �g�b�o�� �\�•�^�g�h�k�y�l�v�k�y��
�Z�i�Z�j�Z�l�m�j�Z�� �^�e�y�� �i�h�^�Z�q�•�� �i�Z�e�b�\�Z���� �Z�]�j�_�]�Z�l�b�� �g�Z�^�^�m�\�Z�g�g�y�� �•�� �k�b�k�l�_�f�b�� �m�i�j�Z�\�e�•�g�g�y���� �L�h�f�m�� �Z�g�Z�e�•�a��
�f�_�l�h�^�•�\�� �h�[�f�_�`�b�f�h�� �l�•�e�v�d�b�� �h�[�e�Z�k�l�x�� �m�^�h�k�d�h�g�Z�e�x�\�Z�g�g�y�� �i�j�h�p�_�k�•�\���k�m�f�•�r�h�m�l�\�h�j�_�g�g�y�� �l�Z��
�a�]�h�j�y�g�g�y�� 

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

 

�M� �̂h�k�d�h�g�Z�e�_�g�g�y���i�j �h�p�_�k�m���k�m�f �•�r �h�m�l�\�h�j �_�g�g�y

1. �I �•� �̂\�b�s�_�g�g�y���l�b�k�d�m��
�\�i�h�j �k�d�m�\�Z�g�g�y���i�Z�e�b�\�Z

2. �<�b�d�h�j �b�k�l�Z�g�g�y��
�]�Z�a�h�\�b�o���i�j �b�k�Z� �̂h�d

3. �A�Z�d�j �m�q�m�\�Z�g�g�y��
�i�h�\�•�l�j �y�g�h�]�h���a�Z�j �y� �̂m

4. �A�Z�k�l�h�k�m�\�Z�g�g�y��
�f �Z�]�g�•�l�g�h�]�h���l�Z��

�_�e�_�d�l�j �b�q�g�h�]�h���i�h�e�•�\

 
�J�b�k�m�g�h�d 1 �± �F�_�l�h�^�b���m�^�h�k�d�h�g�Z�e�_�g�g�y���i�j�h�p�_�k�m���k�m�f�•�r�h�m�l�\�h�j�_�g�g�y 

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

�^�b�a�_�e�•�\�� �i�j�•�h�j�b�l�_�l�g�b�f�� �g�Z�i�j�y�f�d�h�f�� �m�^�h�k�d�h�g�Z�e�_�g�g�y�� �i�j�h�p�_�k�m�� �k�m�f�•�r�h�m�l�\�h�j�_�g�g�y�� �}�� �g�Z�i�j�y�f�h�d��
�a�[�•�e�v�r�_�g�g�y�� �l�b�k�d�m�� �\�i�h�j�k�d�m�\�Z�g�g�y�� �i�Z�e�b�\�Z�� �^�h�� ������-300 �F�I�Z�� �>1�@���� �P�_�� �a�Z�[�_�a�i�_�q�m�}�� �[�•�e�v�r�� �i�h�\�g�_�� �•��
�k�\�h�}�q�Z�k�g�_�� �a�]�h�j�y�g�g�y�� �i�Z�e�b�\�Z�� �i�j�b�� �h�^�g�h�q�Z�k�g�h�f�m�� �a�g�b�`�_�g�g�•�� �d�•�e�v�d�h�k�l�•�� �\�b�d�b�^�•�\�� �r�d�•�^�e�b�\�b�o��
�j�_�q�h�\�b�g���m���Z�l�f�h�k�n�_�j�m�� 

�I�j�Z�d�l�b�q�g�Z�� �j�_�Z�e�•�a�Z�p�•�y�� �\�b�k�h�d�h�]�h�� �l�b�k�d�m�� �\�i�h�j�k�d�m�\�Z�g�g�y�� �i�Z�e�b�\�Z�� �a�^�•�c�k�g�x�}�l�v�k�y�� �a�Z��
�^�h�i�h�f�h�]�h�x�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �Z�d�m�f�m�e�y�l�h�j�g�b�o�� �k�b�k�l�_�f�� �i�h�k�l�•�c�g�h�]�h�� �l�b�k�d�m�� �l�b�i�m�� �&�R�P�P�R�Q�� �U�D�•�O���� �>�e�y��
�m�i�j�Z�\�e�•�g�g�y�� �i�h�^�Z�q�_�x�� �i�Z�e�b�\�Z�� �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �k�i�_�p�•�Z�e�v�g�b�c�� �d�h�g�l�j�h�e�_�j���� �y�d�b�c�� �i�h�^�Z�}��
�d�_�j�m�x�q�b�c�� �k�b�]�g�Z�e�� �g�Z�� �_�e�_�d�l�j�h�f�Z�]�g�•�l�g�•�� �Z�[�h�� �i�
�}�a�h�_�e�_�d�l�j�b�q�g�•�� �n�h�j�k�m�g�d�b���� �I�_�j�_�\�Z�]�h�x�� �l�Z�d�b�o��
�k�b�k�l�_�f�� �}�� �f�h�`�e�b�\�•�k�l�v�� �]�g�m�q�d�h�]�h�� �d�_�j�m�\�Z�g�g�y�� �g�Z�� �[�m�^�v-�y�d�h�f�m�� �j�_�`�b�f�•�� �j�h�[�h�l�b�� �^�b�a�_�e�y�� �i�h�q�Z�l�d�h�f��
�\�i�h�j�k�d�m�\�Z�g�g�y�����l�j�b�\�Z�e�•�k�l�x�����n�Z�a�Z�f�b���l�Z���n�h�j�f�h�x���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���i�Z�e�b�\�h�i�h�^�Z�q�b���>2]. 
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�?�e�_�d�l�j�h�g�g�_�� �m�i�j�Z�\�e�•�g�g�y�� �^�Z�}�� �f�h�`�e�b�\�•�k�l�v�� �a�^�•�c�k�g�_�g�g�y�� �j�_�`�b�f�•�\�� �i�•�e�h�l�g�h�]�h�� �l�Z��
�[�Z�]�Z�l�h�k�l�m�i�_�g�_�\�h�]�h���\�i�h�j�k�d�m�\�Z�g�g�y�����I�_�j�_�j�b�\�q�Z�k�l�_���\�i�h�j�k�d�m�\�Z�g�g�y���j�m�c�g�m�}���p�_�g�l�j�Z�e�v�g�m���q�Z�k�l�b�g�m��
�i�Z�e�b�\�g�h�]�h�� �k�l�j�m�f�_�g�y���� �i�h�d�j�Z�s�m�}�� �h�[�
�}�f�g�_�� �k�m�f�•�r�h�m�l�\�h�j�_�g�g�y�� �l�Z�� �k�i�j�b�y�}�� �a�f�_�g�r�_�g�g�x�� �\�b�l�j�Z�l�b��
�i�Z�e�b�\�Z�� 

�G�Z�i�j�b�d�e�Z�^���� �Z�d�m�f�m�e�y�l�h�j�g�Z�� �k�b�k�l�_�f�Z�� �l�j�_�l�v�h�]�h�� �i�h�d�h�e�•�g�g�y�� �&�5�6�1������ �j�h�a�j�h�[�e�_�g�Z�� �n�•�j�f�h�x��
�%�R�V�F�K���� �i�j�b�� �l�b�k�d�m�� �\�i�h�j�k�d�m�\�Z�g�g�y�� �i�Z�e�b�\�Z�� ������-220 �F�I�Z���� �a�^�Z�l�g�Z�� �k�n�h�j�f�m�\�Z�l�b�� �a�Z�� �h�^�b�g���p�b�d�e�� �^�h��
�k�_�f�b�� �\�i�h�j�k�d�m�\�Z�g�v�� �>3�@���� �H�^�g�Z�d�� �g�_�h�[�o�•�^�g�h�� �\�•�^�a�g�Z�q�b�l�b���� �s�h�� �[�Z�]�Z�l�h�k�l�m�i�_�g�_�\�_�� �\�i�h�j�k�d�m�\�Z�g�g�y��
�g�_�f�b�g�m�q�_�� �i�j�b�\�h�^�b�l�v�� �^�h�� �•�g�l�_�g�k�b�\�g�h�]�h�� �a�g�h�k�m�� �]�h�e�d�b�� �j�h�a�i�b�e�x�\�Z�q�Z�� �m�� �a�\�
�y�a�d�m�� �a�•�� �a�[�•�e�v�r�_�g�g�y�f��
�d�•�e�v�d�h�k�l�•���€�€���i�h�k�Z�^�h�d���g�Z���]�g�•�a�^�h���a�Z���h�^�g�m���p�b�d�e�h�\�m���i�h�^�Z�q�m�� 

�J�h�a�j�h�[�d�Z�� �l�Z�� �\�b�j�h�[�g�b�p�l�\�h�� �i�Z�e�b�\�g�b�o�� �k�b�k�l�_�f�� �\�b�k�h�d�h�]�h�� �l�b�k�d�m�� �\�b�f�Z�]�Z�}�� �a�g�Z�q�g�b�o��
�n�•�g�Z�g�k�h�\�b�o���\�b�l�j�Z�l���l�Z���q�Z�k�m �g�Z���i�j�h�\�_�^�_�g�g�y���g�Z�m�d�h�\�h-�^�h�k�e�•�^�g�b�o�����^�h�k�e�•�^�g�h-�d�h�g�k�l�j�m�d�l�h�j�k�v�d�b�o���•��
�^�h�\�h�^�h�q�g�b�o�� �j�h�[�•�l���� �1�k�g�m�x�l�v�� �l�Z�d�h�`�� �l�j�m�^�g�h�s�•���� �i�h�\�
�y�a�Z�g�•�� �a�� �i�h�^�h�e�Z�g�g�y�f�� �i�Z�l�_�g�l�g�h�]�h�� �a�Z�o�b�k�l�m��
�m�`�_���\�•�^�h�f�b�o���a�Z�d�h�j�^�h�g�g�b�o���d�h�g�k�l�j�m�d�p�•�c�� 

�F�_�l�h�^�b�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �]�Z�a�h�\�b�o�� �i�j�b�k�Z�^�h�d�� �^�h�� �i�Z�e�b�\�Z�� �:�g�Z�e�•�a�� �h�i�m�[�e�•�d�h�\�Z�g�b�o��
�j�_�a�m�e�v�l�Z�l�•�\�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�b�o�� �^�h�k�e�•�^�`�_�g�v�� �k�\�•�^�q�b�l�v���� �s�h�� �i�h�i�_�j�_�^�g�}�� �g�Z�k�b�q�_�g�g�y�� �i�Z�e�b�\�Z��
�i�h�\�•�l�j�y�f���a�f�_�g�r�m�}���d�h�g�p�_�g�l�j�Z�p�•�x���j�•�^�d�h�€���n�Z�a�b���\���p�_�g�l�j�Z�e�v�g�•�c���q�Z�k�l�b�g�•���k�l�j�m�f�_�g�y�����j�h�a�[�Z�\�e�y�}���€�€��
�h�d�b�k�e�x�\�Z�q�_�f�� �•�� �a�[�•�e�v�r�m�}�� �i�h�i�_�j�_�q�g�b�c�� �i�_�j�_�g�h�k�� �d�j�Z�i�e�b�g�g�h�€�� �k�m�k�i�_�g�a�•�€�� �>���@���� �M�k�•�� �p�•�� �n�Z�d�l�h�j�b��
�k�i�j�b�y�x�l�v���i�h�d�j�Z�s�_�g�g�x���i�j�h�p�_�k�•�\���k�m�f�•�r�h�m�l�\�h�j�_�g�g�y���•���a�]�h�j�y�g�g�y�� 

�H�^�g�Z�d���i�j�b�k�m�l�g�•�k�l�v���]�Z�a�m���\���i�Z�e�b�\�•���\�i�e�b�\�Z�}���g�Z���k�l�b�k�d�Z�e�v�g�•�k�l�v���j�•�^�b�g�b���•���k�i�h�l�\�h�j�x�}���a�Z�d�h�g��
�i�Z�e�b�\�h�i�h�^�Z�q�•���� �D�j�•�f�� �p�v�h�]�h���� �^�e�y�� �\�\�_�^�_�g�g�y�� �]�Z�a�h�\�h�€�� �i�j�b�k�Z�^�d�b�� �\�� �i�Z�e�b�\�h�� �i�h�l�j�•�[�g�Z�� �‰�j�m�g�l�h�\�g�Z��
�f�h�^�_�j�g�•�a�Z�p�•�y���i�Z�e�b�\�g�h�€���Z�i�Z�j�Z�l�m�j�b���c���^�b�a�_�e�y���\ �p�•�e�h�f�m���� �G�Z�i�j�b�d�e�Z�^�����^�e�y���^�h�^�Z�\�Z�g�g�y���^�h���i�Z�e�b�\�Z��
�]�Z�a�h�\�h�€�� �Z�[�h�� �i�Z�j�h�\�h�€�� �i�j�b�k�Z�^�d�b�� �\�� �j�h�a�i�b�e�x�\�Z�q�•�� ���i�g�_�\�f�Z�l�b�q�g�_�� �Z�[�h�� �i�Z�j�h�\�_�� �j�h�a�i�b�e�x�\�Z�g�g�y����
�g�_�h�[�o�•�^�g�Z�� �g�Z�y�\�g�•�k�l�v�� �d�h�f�i�j�_�k�h�j�Z�� �Z�[�h�� �i�Z�j�h�\�h�]�h�� �d�h�l�e�Z�� �\�b�k�h�d�h�]�h�� �l�b�k�d�m���� �L�h�f�m�� �i�j�b�c�g�y�l�h��
�\�\�Z�`�Z�l�b�����s�h���i�j�Z�d�l�b�q�g�Z���j�_�Z�e�•�a�Z�p�•�y���p�b�o���f�_�l�h�^�•�\���_�d�h�g�h�f�•�q�g�h���g�_�^�h�p�•�e�v�g�Z�� 

�F�_�l�h�^�b�� �a�Z�d�j�m�q�_�g�g�y�� �i�h�\�•�l�j�y�g�h�]�h�� �a�Z�j�y�^�m�� �<�•�^�h�f�h���� �s�h�� �h�k�g�h�\�g�b�f�� �g�_�^�h�e�•�d�h�f��
�k�l�j�m�f�b�g�g�h�]�h�� �k�m�f�•�r�h�m�l�\�h�j�_�g�g�y�� �\�� �^�b�a�_�e�•�� �}�� �g�_�j�•�\�g�h�f�•�j�g�•�k�l�v�� �j�h�a�i�h�^�•�e�m�� �d�j�Z�i�e�•�� �i�Z�e�b�\�Z�� �a�Z��
�h�[�¶�}�f�h�f�� �d�Z�f�_�j�b�� �a�]�h�j�y�g�g�y�� �c�� �i�_�j�_�\�b�s�_�g�g�y�� �a�[�Z�]�Z�q�_�g�g�y�� �p�_�g�l�j�Z�e�v�g�h�€�� �q�Z�k�l�b�g�b�� �k�l�j�m�f�_�g�y��
�i�Z�e�b�\�h�f���>���� 6, 7]. 

�>�e�y�� �\�b�j�•�\�g�x�\�Z�g�g�y�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �d�j�Z�i�e�•�� �i�Z�e�b�\�Z�� �i�h�� �h�[�¶�}�f�m�� �d�Z�f�_�j�b�� �a�]�h�j�y�g�g�y��
�a�Z�k�l�h�k�h�\�m�}�l�v�k�y�� �h�k�v�h�\�_�� �a�Z�d�j�m�q�_�g�g�y�� �i�h�\�•�l�j�y�g�h�]�h�� �a�Z�j�y�^�m���� �s�h�� �a�^�•�c�k�g�x�}�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x��
�k�i�_�p�•�Z�e�v�g�b�o���]�\�b�g�l�h�\�b�o���•���l�Z�g�]�_�g�p�•�Z�e�v�g�b�o���d�Z�g�Z�e�•�\�����j�h�a�l�Z�r�h�\�Z�g�b�o���m���d�j�b�r�p�•���p�b�e�•�g�^�j�Z���>���������@�� 

�M�� �f�Z�e�h�j�h�a�f�•�j�g�b�o�� �^�b�a�_�e�y�o�� �a�� �g�Z�i�•�\�j�h�a�^�•�e�_�g�b�f�b�� �d�Z�f�_�j�Z�f�b�� �a�]�h�j�y�g�g�y�� �^�h�^�Z�l�d�h�\�b�c�� �j�m�o��
�i�h�\�•�l�j�y���a�^�•�c�k�g�x�}�l�v�k�y���a�Z���^�h�i�h�f�h�]�h�x���\�b�^�Z�\�e�x�\�Z�g�g�y���c�h�]�h���a���g�Z�^�i�h�j�r�g�_�\�h�]�h���a�Z�a�h�j�m���>10]. 

�G�_�^�h�e�•�d�h�f�� �i�_�j�r�h�]�h�� �k�i�h�k�h�[�m�� �}�� �i�•�^�\�b�s�_�g�g�y�� �h�i�h�j�m�� �j�m�o�m�� �i�h�\�•�l�j�y�� �g�Z�� �\�i�m�k�d�m�� �•�� �a�g�Z�q�g�_��
�\�b�j�h�^�`�_�g�g�y���\�b�o�j�h�\�h�]�h���j�m�o�m���^�h���d�•�g�p�y���k�l�b�k�d�m���� �Y�d���i�h�d�Z�a�Z�e�b���j�_�a�m�e�v�l�Z�l�b���_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�b�o��
�^�h�k�e�•�^�`�_�g�v���� �i�j�h�\�_�^�_�g�b�o�� �F���K�� �O�h�\�Z�o�h�f���� �h�k�v�h�\�_�� �a�Z�d�j�m�q�_�g�g�y�� �i�h�\�•�l�j�y�� �g�Z�� �l�Z�d�l�•�� �g�Z�i�h�\�g�_�g�g�y��
�i�h�f�•�l�g�h�]�h���\�i�e�b�\�m���g�Z���i�j�h�p�_�k���k�m�f�•�r�h�m�l�\�h�j�_�g�g�y���g�_���j�h�[�e�y�l�v���>11]. 

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

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

�F�_�l�h�^�b�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �f�Z�]�g�•�l�g�h�]�h�� �l�Z�� �_�e�_�d�l�j�b�q�g�h�]�h�� �i�h�e�y�����A�Z�� �g�Z�y�\�g�b�f�b��
�\�•�^�h�f�h�k�l�y�f�b���� �h�[�j�h�[�d�Z�� �j�h�a�i�b�e�_�g�h�]�h�� �i�Z�e�b�\�Z�� �f�Z�]�g�•�l�g�b�f�� �•�� �_�e�_�d�l�j�b�q�g�b�f�� �i�h�e�_�f�� �i�h�d�j�Z�s�m�}��
�i�j�h�p�_�k�� �k�l�j�m�f�b�g�g�h�]�h�� �k�m�f�•�r�h�m�l�\�h�j�_�g�g�y���� �H�^�g�Z�d�� �i�j�Z�d�l�b�q�g�_�� �a�^�•�c�k�g�_�g�g�y�� �p�b�o�� �f�_�l�h�^�•�\�� �\�i�e�b�\�m��
�g�Z�� �i�Z�e�b�\�g�b�c�� �k�l�j�m�f�•�g�v�� �\�� �m�f�h�\�Z�o�� �d�Z�f�_�j�b�� �a�]�h�j�y�g�g�y�� �j�_�Z�e�v�g�h�]�h�� �^�b�a�_�e�y�� �}�� �^�h�k�b�l�v�� �k�d�e�Z�^�g�b�f��
�l�_�o�g�•�q�g�b�f���a�Z�\�^�Z�g�g�y�f���•���l�h�f�m���\�h�g�h���g�_���a�g�Z�c�r�e�h���i�j�Z�d�l�b�q�g�h�]�h���a�Z�k�l�h�k�m�\�Z�g�g�y���>13]. 
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�F�_�l�h�^�b���m�^�h�k�d�h�g�Z�e�_�g�g�y���i�j�h�p�_�k�m���a�]�h�j�y�g�g�y�� 
�I�j�h�p�_�k���a�]�h�j�y�g�g�y���}���h�k�g�h�\�h�x���j�h�[�h�q�h�]�h���i�j�h�p�_�k�m���•���\�i�e�b�\�Z�}���g�Z���_�g�_�j�]�_�l�b�q�g�•���l�Z���_�d�h�e�h�]�•�q�g�•��

�i�h�d�Z�a�g�b�d�b���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\�����C�h�]�h���\�b�\�q�_�g�g�x���a�Z�\�`�^�b���i�j�b�^�•�e�y�e�Z�k�y���^�m�`�_���\�_�e�b�d�Z���m�\�Z�]�Z���>�����@�� 
�>�e�y�� �Z�g�Z�e�•�a�m�� �i�j�h�p�_�k�m�� �a�]�h�j�y�g�g�y�� �\�� �^�b�a�_�e�•�� �k�d�h�j�b�k�l�Z�}�f�h�k�y�� �\�•�^�h�f�h�x�� �f�h�^�_�e�e�x���� �s�h��

�a�Z�i�j�h�i�h�g�h�\�Z�g�Z���:���B�� �L�h�e�r�b�g�b�f �>�����@�����<�•�^�i�h�\�•�^�g�h���^�h���g�_�€�����p�_�c���i�j�h�p�_�k���m�f�h�\�g�h���i�j�_�^�k�l�Z�\�e�_�g�b�c��
�m���\�b�]�e�y�^�•���q�h�l�b�j�v�h�o���k�d�e�Z�^�h�\�b�o�� 

�������i�_�j�•�h�^���a�Z�l�j�b�f�d�b���a�Z�i�Z�e�_�g�g�y�� 
�������i�_�j�•�h�^���d�•�g�_�l�b�q�g�h�]�h���]�h�j�•�g�g�y�� 
�������i�_�j�•�h�^���^�b�n�m�a�•�c�g�h�]�h���]�h�j�•�g�g�y�� 
�������i�_�j�•�h�^���^�h�]�h�j�Z�g�g�y�� 
�H�k�g�h�\�g�b�f���i�_�j�•�h�^�h�f�����s�h���\�i�e�b�\�Z�}���g�Z���i�j�h�p�_�k���l�_�i�e�h�\�b�^�•�e�_�g�g�y�����}���l�j�_�l�•�c���i�_�j�•�h�^���± �i�_�j�•�h�^��

�^�b�n�m�a�•�c�g�h�]�h�� �]�h�j�•�g�g�y���� �M�� �p�v�h�f�m�� �i�_�j�•�h�^�•�� �r�\�b�^�d�•�k�l�v�� �]�h�j�•�g�g�y�� �d�j�Z�i�e�•�� �j�h�a�i�b�e�_�g�h�]�h�� �i�Z�e�b�\�Z��
�h�[�f�_�`�_�g�Z�� ���e�•�f�•�l�h�\�Z�g�Z���� �r�\�b�^�d�•�k�l�x�� �c�h�]�h�� �\�b�i�Z�j�m�� �•�� �r�\�b�^�d�•�k�l�x�� �^�b�n�m�a�•�€�� �i�Z�j�b�� �i�Z�e�b�\�Z�� �l�Z��
�i�h�\�•�l�j�y�� 

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

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

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

�\�m�]�e�_�\�h�^�g�b�o���i�Z�e�b�\�����\�h�^�g�x���l�Z���•�g���� 
- �\�i�e�b�\�m�� �d�h�j�h�g�g�h�]�h�� �j�h�a�j�y�^�m�� �g�Z�� �i�h�\�•�l�j�y�g�b�c�� �a�Z�j�y�^���� �s�h�� �a�^�•�c�k�g�x�}�l�v�k�y�� �\��

�m�k�f�h�d�l�m�\�Z�e�v�g�h�f�m���d�h�e�_�d�l�h�j�•���>13]; 
- �a�Z�k�l�h�k�m�\�Z�g�g�y���i�e�Z�a�f�h�\�h�]�h���a�Z�i�Z�e�x�\�Z�g�g�y���>17]; 
- �\�b�d�h�j�b�k�l�Z�g�g�y���j�Z�^�•�h�Z�d�l�b�\�g�b�o���•�a�h�l�h�i�•�\�� 
- �^�h�^�Z�l�d�h�\�_���a�[�m�^�`�_�g�g�y���j�h�[�h�q�h�]�h���l�•�e�Z���\���d�Z�f�_�j�•���a�]�h�j�y�g�g�y���^�b�a�_�e�y���>7]. 
�K�_�j�_�^�� �i�_�j�_�j�Z�o�h�\�Z�g�b�o�� �k�i�h�k�h�[�•�\�� �k�d�h�j�h�q�_�g�g�y�� �i�_�j�•�h�^�m�� �^�b�n�m�a�•�c�g�h�]�h�� �a�]�h�j�y�g�g�y�� �g�Z�c�[�•�e�v�r��

�_�n�_�d�l�b�\�g�b�f�b�� �}�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �i�j�b�k�Z�^�d�b�� �\�h�^�b�� �^�h�� �i�Z�e�b�\�Z�� �m�� �\�b�]�e�y�^�•�� �\�h�^�h�i�Z�e�b�\�g�b�o�� �_�f�m�e�v�k�•�c��
���<�I�?�����l�Z �^�h�^�Z�l�d�h�\�_���a�[�m�^�`�_�g�g�y���j�h�[�h�q�h�]�h���l�•�e�Z�� 

�G�Z�y�\�g�•�� �^�Z�g�•�� �s�h�^�h�� �\�b�l�j�Z�l�b�� �i�Z�e�b�\�Z�� �i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �<�I�?�� �}�� �g�_�h�^�g�h�a�g�Z�q�g�b�f�b�� �•��
�k�m�i�_�j�_�q�e�b�\�b�f�b���� �<�� �h�^�g�b�o�� �\�b�i�Z�^�d�Z�o�� �\�b�l�j�Z�l�Z�� �i�Z�e�b�\�Z�� �a�[�•�e�v�r�m�}�l�v�k�y�� �>18�@�� �Z�[�h�� �g�_�� �a�f�•�g�x�}�l�v�k�y��
[19�@���� �<�� �•�g�r�b�o�� �\�b�i�Z�^�d�Z�o�� �f�Z�}�� �f�•�k�p�_�� �_�d�h�g�h�f�•�y�� �i�Z�e�b�\�Z�� �\�� �•�g�l�_�j�\�Z�e�•�� �\�•�^������ �^�h�� �������� �>20�@���� �J�h�a�d�b�^��
�g�Z�\�_�^�_�g�b�o�� �m�� �^�`�_�j�_�e�Z�o�� �\�•�^�h�f�h�k�l�_�c�� �s�h�^�h�� �\�b�l�j�Z�l�b�� �i�Z�e�b�\�Z�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �f�g�h�`�b�g�h�x�� �j�•�a�g�b�o��
�n�Z�d�l�h�j�•�\���� �h�k�h�[�e�b�\�h�k�l�•�� �d�h�g�k�l�j�m�d�p�•�€�� �l�Z�� �l�_�o�g�•�q�g�b�c�� �k�l�Z�g�� �^�b�a�_�e�y���� �j�_�`�b�f�b�� �j�h�[�h�l�b�� �k�h�j�l�� �i�Z�e�b�\�Z��
�l�Z�� �•�g���� �>�h�\�_�^�_�g�h���� �s�h���� �y�d�� �i�j�Z�\�b�e�h���� �i�j�b�� �^�h�\�_�^�_�g�h�f�m�� �j�h�[�h�q�h�f�m�� �i�j�h�p�_�k�•���� �l�_�o�g�•�q�g�h�� �k�i�j�Z�\�g�h�f�m��
�^�b�a�_�e�•���� �s�h�� �i�j�Z�p�x�}�� �g�Z�� �\�b�k�h�d�h�y�d�•�k�g�h�f�m�� �^�b�a�_�e�v�g�h�f�m�� �i�Z�e�b�\�•���� �_�d�h�g�h�f�•�€�� �i�Z�e�b�\�Z�� �i�j�b�� �j�h�[�h�l�•�� �g�Z��
�_�f�m�e�v�k�•�€���h�q�•�d�m�\�Z�l�b���g�_���k�e�•�^���>21]. 

�L�h�f�m���a�Z�k�l�h�k�m�\�Z�g�g�y���<�I�?���}���g�Z�c�[�•�e�v�r���^�h�p�•�e�v�g�b�f���i�j�b���_�d�k�i�e�m�Z�l�Z�p�•�€���k�m�^�g�h�\�b�o���^�b�a�_�e�•�\���g�Z��
�\�Z�`�d�b�o���c���^�_�r�_�\�b�o���k�h�j�l�Z�o���i�Z�e�b�\�Z�����P�•���k�h�j�l�b �i�Z�e�b�\�Z���r�b�j�h�d�h���\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y���g�Z���f�h�j�k�v�d�h�f�m��
�n�e�h�l�•�� �a�� �f�_�l�h�x�� �h�^�_�j�`�Z�g�g�y�� �^�h�^�Z�l�d�h�\�h�]�h�� �i�j�b�[�m�l�d�m�� �\�•�^�� �j�•�a�g�b�p�•�� �p�•�g�b�� �\�� ������-���� �j�Z�a�b�� �f�•�`��
�^�b�a�_�e�v�g�b�f���•���\�Z�`�d�b�f���i�Z�e�b�\�h�f�� 

�1�g�r�•�� �k�i�h�k�h�[�b�� �f�h�`�g�Z�� �\�\�Z�`�Z�l�b�� �^�j�m�]�h�j�y�^�g�b�f�b���� �I�j�b�� �^�h�\�_�^�_�g�h�f�m�� �j�h�[�h�q�h�f�m�� �i�j�h�p�_�k�•�� �l�Z��
�i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �\�b�k�h�d�h�y�d�•�k�g�h�]�h�� �^�b�a�_�e�v�g�h�]�h�� �i�Z�e�b�\�Z�� �€�o�� �_�n�_�d�l�b�\�g�•�k�l�v�� �g�_�a�g�Z�q�g�Z���� �D�j�•�f��
�p�v�h�]�h���� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �j�Z�^�•�h�Z�d�l�b�\�g�b�o�� �•�a�h�l�h�i�•�\���� �y�d�•�� �g�Z�g�h�k�y�l�v�k�y�� �g�Z�� �k�l�•�g�d�b�� �d�Z�f�_�j�b�� �a�]�h�j�y�g�g�y����
�k�l�Z�g�h�\�e�y�l�v�� �\�_�e�b�d�m�� �g�_�[�_�a�i�_�d�m�� �^�e�y�� �a�^�h�j�h�\�
�y�� �i�_�j�k�h�g�Z�e�m���� �y�d�b�c�� �h�[�k�e�m�]�h�\�m�}�� �^�b�a�_�e�v�� �c�� �k�m�^�g�h�� �\��
�p�•�e�h�f�m�����L�h�f�m���€�o���i�j�Z�d�l�b�q�g�_���\�b�d�h�j�b�k�l�Z�g�g�y���a�Z�[�h�j�h�g�_�g�_�� 

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

�K�d�h�j�h�q�_�g�g�y�� �l�j�_�l�v�h�]�h�� �•�� �q�_�l�\�_�j�l�h�]�h�� �i�_�j�•�h�^�m�� �f�h�`�g�Z�� �^�h�k�y�]�l�b�� �a�Z�� �^�h�i�h�f�h�]�h�x��
�•�g�l�_�g�k�b�n�•�d�Z�p�•�€�� �i�j�h�p�_�k�m�� �l�_�i�e�h�f�Z�k�h�h�[�f�•�g�m�� �f�•�`�� �d�j�Z�i�e�y�f�b�� �i�Z�e�b�\�Z�� �l�Z�� �g�Z�]�j�•�l�b�f�� �]�Z�a�h�\�b�f��
�k�_�j�_�^�h�\�b�s�_�f�� 
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�>�e�y�� �j�•�r�_�g�g�y�� �p�v�h�]�h�� �a�Z�\�^�Z�g�g�y�� �^�h�k�b�l�v�� �_�n�_�d�l�b�\�g�b�f�� �}�� �k�i�h�k�•�[�� �^�h�^�Z�l�d�h�\�h�]�h�� �a�[�m�^�`�_�g�g�y��
���l�m�j�[�m�e�•�a�Z�p�•�€�����j�h�[�h�q�h�]�h���l�•�e�Z�� 

�>�h�^�Z�l�d�h�\�_�� �a�[�m�^�`�_�g�g�y�� ���l�m�j�[�m�e�•�a�Z�p�•�y���� �]�Z�a�h�\�h�]�h�� �k�_�j�_�^�h�\�b�s�Z�� �a�^�Z�l�g�_�� �a�[�•�e�v�r�b�l�b��
�r�\�b�^�d�•�k�l�v���i�j�h�]�j�•�\�m���•���\�b�i�Z�j�m���d�j�Z�i�_�e�v���j�h�a�i�b�e�_�g�h�]�h���i�Z�e�b�\�Z. 

�<�•�^�h�f�h���� �s�h�� �a�[�m�j�_�g�b�c�� �j�m�o�� �i�h�\�•�l�j�y�g�h�]�h�� �a�Z�j�y�^�m�� �\�� �a�Z�]�Z�e�v�g�h�f�m�� �\�b�i�Z�^�d�m�� �f�h�`�g�Z��
�i�j�_�^�k�l�Z�\�b�l�b�� �m�� �\�b�^�•�� �k�m�f�b�� �^�\�h�o�� �k�d�e�Z�^�h�\�b�o���± �h�k�_�j�_�^�g�_�g�h�]�h�� �l�Z�� �i�m�e�v�k�Z�p�•�c�g�h�]�h���� �M�� �j�_�a�m�e�v�l�Z�l�•��
�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�b�o�� �^�h�k�e�•�^�`�_�g�v�� �>�����@�� �[�m�e�h�� �\�b�a�g�Z�q�_�g�h���� �s�h�� �i�m�e�v�k�Z�p�•�c�g�Z�� �k�d�e�Z�^�h�\�h�]�h�� �j�m�o�m��
�i�h�\�•�l�j�y�g�h�]�h���i�h�l�h�d�m �\���p�b�e�•�g�^�j�•���^�b�a�_�e�y���k�d�e�Z�^�Z�}���\�•�^���������^�h�����������\�•�^���k�_�j�_�^�g�v�h�€���r�\�b�^�d�h�k�l�•�� 

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

�G�Z�� �j�b�k�� ���� �g�Z�\�_�^�_�g�Z�� �^�b�g�Z�f�•�d�Z�� �a�f�•�g�b�� �j�h�a�f�•�j�m�� �d�j�Z�i�e�•�� �^�b�a�_�e�v�g�h�]�h���i�Z�e�b�\�Z�� �\�� �q�Z�k�•�� �i�j�b��
�\�b�i�Z�j�h�\�m�\�Z�g�g�•�� �i�j�b�� �Z�l�f�h�k�n�_�j�g�h�f�m�� �l�b�k�d�m�� �\�� �k�i�h�d�•�c�g�h�f�m�� �l�Z�� �i�m�e�v�k�m�x�q�h�f�m�� �i�h�\�•�l�j�y�g�h�f�m��
�k�_�j�_�^�h�\�b�s�•���i�j�b���l�_�f�i�_�j�Z�l�m�j�•���k�_�j�_�^�h�\�b�s�Z�����������ƒ�K���l�Z���q�Z�k�l�h�l�•���i�m�e�v�k�Z�p�•�c�����������=�p�� 

 

 
�J�b�k�m�g�h�d 2 �± �>�b�g�Z�f�•�d�Z���a�f�•�g�b���j�h�a�f�•�j�m���d�j�Z�i�e�•���^�b�a�_�e�v�g�h�]�h���i�Z�e�b�\�Z���i�j�b���]�h�j�•�g�g�•���\��

�k�i�h�d�•�c�g�h�f�m �l�Z���h�[�m�j�_�g�h�f�m���i�h�\�•�l�j�y�g�h�f�m���k�_�j�_�^�h�\�b�s�•�� 
d1 �± �^�•�Z�f�_�l�j���d�j�Z�i�e�•����d0 �± �^�•�Z�f�_�l�j���k�d�e�y�g�h�€���d�m�e�•�����g�Z���y�d�m���\�•�r�Z�e�Z�k�v���d�j�Z�i�e�y���� 
�2���± �q�Z�k���������± �•�g�l�_�g�k�b�\�g�•�k�l�v���i�m�e�v�k�Z�p�•�c���^�h�j�•�\�g�x�}�������� �^�;���������± 134 �^�;���� 
3 �±122 �^�;���������± �g�_�a�[�m�j�_�g�_���i�h�\�•�l�j�y�g�_���k�_�j�_�^�h�\�b�s�_�� 
 

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

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

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

�<���<�� �I�b�k�q�Z�g�_�g�d�h���a�Z�i�j�h�i�h�g�m�\�Z�\���•�g�l�_�g�k�b�n�•�d�m�\�Z�l�b���i�j�h�p�_�k���a�]�h�j�y�g�g�y���j�h�a�i�b�e�_�g�h�]�h���i�Z�e�b�\�Z��
�k�l�j�m�f�_�g�_�f���k�l�b�k�g�m�l�h�]�h���i�h�\�•�l�j�y�����s�h���i�h�^�Z�\�Z�\�k�y���\�•�^���d�h�f�i�j�_�k�h�j�Z���i�j�b���j�m�k�•���i�h�j�r�g�y���\�•�^���\�_�j�o�g�v�h�€��
���<�F�L�����^�h���g�b�`�g�v�h�€���f�_�j�l�\�h�€���l�h�q�d�b�����G�F�L�������<�b�d�h�j�b�k�l�Z�g�g�y���p�v�h�]�h���k�i�h�k�h�[�m���a�[�•�e�v�r�b�e�h���k�_�j�_�^�g�•�c��
�•�g�^�b�d�Z�l�h�j�g�b�c�� �l�b�k�d�� �g�Z�� �������� �i�j�b�� �a�[�_�j�_�`�_�g�g�•�� �i�b�l�h�f�h�€�� �\�b�l�j�Z�l�b�� �i�Z�e�b�\�Z�� �>�����@���� �H�^�g�Z�d��
�a�Z�i�j�h�i�h�g�h�\�Z�g�Z�� �d�h�g�k�l�j�m�d�p�•�y�� ���]�Z�a�h�\�h�]�h�� �d�h�f�i�j�_�k�h�j�Z���� �\�b�y�\�b�e�Z�k�y�� �g�_�g�Z�^�•�c�g�h�x���� �Z�� �\�l�j�Z�l�b��
�i�h�l�m�`�g�h�k�l�•���g�Z���k�l�b�k�d���i�h�\�•�l�j�y���i�_�j�_�d�j�b�\�Z�e�b���h�l�j�b�f�Z�g�b�c���i�h�a�b�l�b�\�g�b�c���_�n�_�d�l�� 
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�M�� �a�\�
�y�a�d�m �a�� �l�b�f���� �s�h�� �\�b�l�j�Z�l�b�� �_�g�_�j�]�•�€�� �g�Z�� �i�h�^�Z�q�m�� �\�� �p�b�e�•�g�^�j�� �j�•�^�b�g�b���� ���a�Z�� �•�g�r�b�o�� �j�•�\�g�b�o��
�m�f�h�\�������f�_�g�r�_���\�b�l�j�Z�l���_�g�_�j�]�•�€���g�Z���i�h�^�Z�q�m���]�Z�a�m���K���:�� �D�Z�e�Z�r�g�b�d�h�\�b�f���l�Z���<���1�� �D�\�y�l�d�h�\�k�v�d�b�f���[�m�e�h��
�a�Z�i�j�h�i�h�g�h�\�Z�g�h���\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b���^�e�y���^�h�^�Z�l�d�h�\�h�]�h���a�[�m�j�x�\�Z�g�g�y���i�h�\�•�l�j�y�g�h�]�h���a�Z�j�y�^�m���\���d�Z�f�_�j�•��
�a�]�h�j�y�g�g�y���k�l�j�m�f�•�g�v���\�h�^�b���>�����@�����M���j�_�a�m�e�v�l�Z�l�•�����g�Z���g�h�f�•�g�Z�e�v�g�h�f�m���j�_�`�b�f�•���j�h�[�h�l�b���^�b�a�_�e�y�����i�b�l�h�f�Z��
�_�n�_�d�l�b�\�g�Z�� �\�b�l�j�Z�l�Z�� �i�Z�e�b�\�Z�� �k�d�h�j�h�l�b�\�k�y�� �g�Z�� ������ �]�����d�<�l�®�]�h�^������ �P�_�c�� �k�i�h�k�•�[�� �l�Z�d�h�`�� �g�_�� �a�g�Z�c�r�h�\��
�i�j�Z�d�l�b�q�g�h�]�h���a�Z�k�l�h�k�m�\�Z�g�g�y���m���a�\�
�y�a�d�m���a���m�k�d�e�Z�^�g�_�g�g�y�f���d�h�g�k�l�j�m�d�p�•�€���^�b�a�_�e�y�� 

�<���F�� �G�Z�]�b�[�•�g�� �>�����@�� �g�Z�� �k�m�^�g�h�\�h�f�m�� �^�b�a�_�e�•�� ���Q ������������ �^�e�y�� �^�h�^�Z�l�d�h�\�h�]�h�� �a�[�m�j�x�\�Z�g�g�y��
�j�h�[�h�q�h�]�h�� �l�•�e�Z�� �\�� �d�Z�f�_�j�•�� �a�]�h�j�y�g�g�y�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�\�� �k�i�_�p�•�Z�e�v�g�m�� �i�_�j�_�^�d�Z�f�_�j�m-�a�Z�\�b�o�j�x�\�Z�q����
�H�k�g�h�\�g�Z�� �q�Z�k�l�b�g�Z�� �i�Z�e�b�\�Z�� ���[�e�b�a�v�d�h�� �������� �\�•�^�� �p�b�d�e�h�\�h�€�� �i�h�^�Z�q�•���� �i�h�^�Z�\�Z�e�Z�k�y�� �q�_�j�_�a�� �r�l�Z�l�g�m��
�n�h�j�k�m�g�d�m�� �\�� �d�Z�f�_�j�m�� �a�]�h�j�y�g�g�y���� �Z�� �q�Z�k�l�b�g�Z���� �y�d�Z�� �a�Z�e�b�r�b�e�Z�k�y���� �i�h�^�Z�\�Z�e�Z�k�y�� �\�� �i�_�j�_�^�d�Z�f�_�j�m-
�a�Z�\�b�o�j�x�\�Z�q���� �H�l�j�b�f�Z�g�•�� �\�� �i�_�j�_�^�d�Z�f�_�j�•�� �i�j�h�^�m�d�l�b�� �a�]�h�j�y�g�g�y�� �i�h�� �k�i�h�e�m�q�g�h�f�m�� �d�Z�g�Z�e�m��
�g�Z�i�j�Z�\�e�y�e�b�k�y���\���h�k�g�h�\�g�m���d�Z�f�_�j�m���a�]�h�j�y�g�g�y�� 

�>�h�k�e�•�^�`�_�g�g�y�� �l�Z�d�h�€�� �d�h�g�k�l�j�m�d�p�•�€�� �i�h�d�Z�a�Z�e�b���� �s�h�� �i�j�b�� �j�h�[�h�l�•�� �g�Z�� �^�b�a�_�e�v�g�h�f�m�� �i�Z�e�b�\�•��
�i�b�l�h�f�Z���_�n�_�d�l�b�\�g�Z���\�b�l�j�Z�l�Z���i�Z�e�b�\�Z���a�f�_�g�r�b�e�Z�k�y���g�Z����-7 �]�����d���k�����]�h�^�������Z���i�j�b���j�h�[�h�l�•���g�Z���\�Z�`�d�h�f�m��
�i�Z�e�b�\�•���a�f�_�g�r�b�e�Z�k�y���g�Z���������]�����d���k�����]�h�^������ 

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

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

�F�_�l�h�^�b���a�f�_�g�r�_�g�g�y���l�_�i�e�h�\�b�o���\�l�j�Z�l . 
�I�•�^�\�b�s�b�l�b�� �_�n�_�d�l�b�\�g�•�k�l�v�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �l�_�i�e�h�l�b�� �l�Z�� �•�g�^�b�d�Z�l�h�j�g�b�c�� �D�D�>�� �f�h�`�g�Z�� �a�Z��

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

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

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

�g�_�h�[�o�•�^�g�h�� �i�•�^�l�j�b�f�m�\�Z�l�b�� �l�b�k�d�� ��������-0,40 �F�I�Z���� �P�_�� �i�j�b�a�\�h�^�b�l�v�� �^�h�� �m�k�d�e�Z�^�g�_�g�g�y�� �d�h�g�k�l�j�m�d�p�•�€��
�^�b�a�_�e�y�� 

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

�J�_�a�m�e�v�l�Z�l�b���� �h�l�j�b�f�Z�g�•�� �i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �l�_�i�e�h�•�a�h�e�y�p�•�c�g�b�o�� �i�h�d�j�b�l�v�� �^�_�g�p�y�� �i�h�j�r�g�y���� �}��
�g�_�h�^�g�h�a�g�Z�q�g�b�f�b���� �;�Z�]�Z�l�h�� �\�� �q�h�f�m�� �\�h�g�b�� �\�b�a�g�Z�q�Z�x�l�v�k�y�� �h�k�h�[�e�b�\�h�k�l�y�f�b�� �d�h�g�k�l�j�m�d�p�•�€�� �^�b�a�_�e�y����
�i�Z�e�b�\�g�h�€���Z�i�Z�j�Z�l�m�j�b�����d�Z�f�_�j�b���a�]�h�j�y�g�g�y�����\�e�Z�k�l�b�\�h�k�l�y�f�b���f�Z�l�_�j�•�Z�e�m�����y�d�b�c���g�Z�g�h�k�b�l�v�k�y���g�Z���^�_�g�p�_��
�i�h�j�r�g�y�� 

�G�Z�i�j�b�d�e�Z�^���� �m�� �^�b�a�_�e�•�\�� �a�� �g�Z�^�^�m�\�Z�g�g�y�f�� �g�Z�\�•�l�v�� �i�j�b�� �\�b�k�h�d�b�o�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�o��
�\�b�d�h�j�b�k�l�Z�g�g�y�� �d�_�j�Z�f�•�q�g�h�]�h�� �l�_�i�e�h�•�a�h�e�y�p�•�c�g�h�]�h�� �i�h�d�j�b�l�l�y�� �^�_�g�p�y�� �i�h�j�r�g�y�� �g�_�� �i�j�b�a�\�h�^�b�l�v�� �^�h��
�a�[�•�e�v�r�_�g�g�y���i�b�l�h�f�h�€�� �_�n�_�d�l�b�\�g�h�€�� �\�b�l�j�Z�l�b�� �i�Z�e�b�\�Z���� �>�\�b�]�m�g�� �i�j�Z�p�x�}�� �f�
�y�d�r�_�� �l�Z�� �_�d�h�g�h�f�•�q�g�•�r�_����
�G�Z���g�h�f�•�g�Z�e�v�g�h�f�m���j�_�`�b�f�•���j�h�[�h�l�b���i�b�l�h�f�Z���_�n�_�d�l�b�\�g�Z���\�b�l�j�Z�l�Z���i�Z�e�b�\�Z���a�f�_�g�r�m�}�l�v�k�y���g�Z����-5%, 
�Z���g�Z���q�Z�k�l�d�h�\�b�o���j�_�`�b�f�Z�o���± �g�Z����-12% [25]. 

�A�Z�� �•�g�r�b�f�b�� �\�•�^�h�f�h�k�l�y�f�b���� �l�_�i�e�h�•�a�h�e�y�p�•�c�g�•�� �i�h�d�j�b�l�l�y�� �f�h�`�m�l�v�� �i�j�b�\�_�k�l�b�� �^�h �i�•�^�\�b�s�_�g�g�y��
�l�_�f�i�_�j�Z�l�m�j�b�� �i�h�\�•�l�j�y�g�h�]�h�� �a�Z�j�y�^�m�� �g�Z�i�j�b�d�•�g�p�•�� �l�Z�d�l�m�� �g�Z�i�h�\�g�_�g�g�y���� �a�f�_�g�r�_�g�g�y�� �d�h�_�n�•�p�•�}�g�l�Z��
�g�Z�^�e�b�r�d�m�� �i�h�\�•�l�j�y���� �k�d�h�j�h�q�_�g�g�x�� �i�_�j�•�h�^�m�� �a�Z�l�j�b�f�d�b�� �a�Z�i�Z�e�_�g�g�y�� �l�Z�� �a�[�•�e�v�r�_�g�g�y�� �i�_�j�•�h�^�m��
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�^�b�n�m�a�•�c�g�h�]�h�� �]�h�j�•�g�g�y�� �>�����@���� �M�� �j�_�a�m�e�v�l�Z�l�•�� �l�_�f�i�_�j�Z�l�m�j�Z�� �<�=�� �f�h�`�_�� �i�•�^�\�b�s�b�l�b�k�y���� �Z�� �\�b�l�j�Z�l�Z��
�i�Z�e�b�\�Z���a�[�•�e�v�r�b�l�b�k�y�� 

�L�Z�d�b�f�� �q�b�g�h�f���� �f�h�`�g�Z�� �a�j�h�[�b�l�b�� �\�b�k�g�h�\�h�d���� �s�h�� �m�� �a�\�
�y�a�d�m�� �•�a�� �k�m�i�_�j�_�q�e�b�\�•�k�l�x�� �g�Z�y�\�g�b�o��
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25. �K�_�e�b�\�_�j�k�l�h�\���<���F�������;�j�Z�k�e�Z�\�k�d�b�c���F���B�����W�d�h�g�h�f�b�y���l�h�i�e�b�\�Z���g�Z���j�_�q�g�h�f���n�e�h�l�_�����F�h�k�d�\�Z��
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Shtrybets V.V., Voichenko T.O., Bairamova O.V.,  Tkachenko V .V. 
METHODS TO REDUCE FUEL CONSUMPTIONS WITH MARINE DIESELS  

Energy is one of the foundations of the existence and development of human civilization. Due 
to their energy efficiency, diesel engines have now supplanted other types of power plants on 
river and sea vessels, and in the foreseeable future they will maintain a dominant position. Thus, 
the article defines that one of the promising ways to reduce fuel consumption is to reduce heat 
loss in the cooling system. The restraining factor in the use of insulated combustion chambers is 
the phenomenon of additional heating of the air charge from the walls of the combustion 
chamber. It is proposed to compensate for the negative consequences associated with an 
increase in the temperature of the air charge in the heat-insulating combustion chambers by 
using additional perturbation of the air charge. The most effective ways to improve the workflow 
are: 

- reducing the size of a drop of fuel; 
- intensification of the process of blowing a drop of fuel with a gaseous medium. 
The first direction is carried out by increasing the injection pressure, and the second method - 

by additional perturbation of the air charge in the combustion chamber. 
The main methods of improving the mixture formation process are described: increasing the 

fuel injection pressure, increasing the fuel injection pressure, applying gas additives to the fuel, 
twisting the air charge, using magnetic and electric fields, improving the combustion process, 
reducing heat loss. The first method has its types, namely: increasing the fuel injection pressure, 
the use of gas additives, twisting the air charge, the use of magnetic and electric fields. A brief 
description of each of them is given. The graphs for some research methods and determining the 
essence of each of the above are considered. 

Emphasis is placed on the fact that it is possible to compensate for the negative consequences 
associated with the increase in the temperature of the air charge in the heat-insulating 
combustion chambers by using additional perturbation of the air charge. 

Key words: fuel consumption, energy efficiency, fuel preparation, marine diesels, fuel 
reduction, process intensification. 
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�I �j�h�\�_�^�_�g�b�c�� �Z�g�Z�e�•�a�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� �^�h�a�\�h�e�b�\�� �a�j�h�[�b�l�b�� �\�b�k�g�h�\�h�d�� �i�j�h�� �j�y�^��
�Z�d�l�m�Z�e�v�g�b�o�� �g�Z�m�d�h�\�h-�l�_�o�g�•�q�g�b�o�� �a�Z�\�^�Z�g�v���� �j�h�a�\�¶�y�a�Z�g�g�y�� �y�d�b�o�� �g�_�h�[�o�•�^�g�h�� �^�e�y�� �i�•�^�\�b�s�_�g�g�y��
�_�n�_�d�l�b�\�g�h�k�l�•���l�Z���g�Z�^�•�c�g�h�k�l�•���n�m�g�d�p�•�h�g�m�\�Z�g�g�y���l�Z�d�b�o���l�m�j�[�h�\�Z�g�b�o���^�\�b�]�m�g�•�\���� 

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

�I�h�k�l�Z�g�h�\�d�Z�� �i�j�h�[�e�_�f�b�����G�Z�� �l�_�i�_�j�•�r�g�•�c�� �q�Z�k�� �\�� �m�k�v�h�f�m�� �k�\�•�l�•�� �r�b�j�h�d�_�� �j�h�a�i�h�\�k�x�^�`�_�g�g�y��
�h�l�j�b�f�Z�e�b���f�Z�e�•���d�h�j�Z�[�e�•�����d�Z�l�_�j�b�������y�d�•���\�•�^�g�h�k�y�l�v�k�y���^�h���d�e�Z�k�m���\�b�k�h�d�h�r�\�b�^�d�•�k�g�b�o���l�Z���i�j�b�a�g�Z�q�_�g�•, 
�y�d�� �i�j�Z�\�b�e�h���� �^�e�y�� �\�b�d�h�g�Z�g�g�y�� �k�i�_�p�•�Z�e�v�g�b�o�� �a�Z�\�^�Z�g�v�� �c�� �•�g�^�b�\�•�^�m�Z�e�v�g�h�]�h�� �d�h�j�b�k�l�m�\�Z�g�g�y����
�H�k�h�[�e�b�\�•�k�l�x�� �\�b�k�h�d�h�r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� ���<�R�K���� �}�� �r�\�b�^�d�•�k�l�v�� �i�h�g�Z�^�� ���� �\�m�a�e�•�\�� �•��
�\�h�^�h�l�h�g�g�Z�`�g�•�k�l�v���^�h������ �l�h�g�g�� 

�>�\�h�o�\�Z�e�v�g�b�c�� �i�j�h�i�m�e�v�k�b�\�g�b�c�� �d�h�f�i�e�_�d�k�� ���I�D���� �l�Z�d�b�o�� �k�m�^�_�g�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �^�\�h�o��
�\�b�k�h�d�h�h�[�h�j�h�l�g�b�o�� ���<�H�>���� �]�h�e�h�\�g�b�o�� �^�\�b�]�m�g�•�\�� ���=�>���� �k�m�f�Z�j�g�h�x�� �i�h�l�m�`�g�•�k�l�x�� �^�h�� �������� �d�<�l����
�j�_�\�_�j�k�•�\-�j�_�^�m�d�l�h�j�•�\���� �l�h�j�k�•�h�g�g�b�o�� �\�Z�e�•�\�� �•�a�� �i�j�b�\�h�^�Z�f�b�� �:�j�g�_�k�h�g�Z�� �a�� �q�Z�k�l�d�h�\�h�� �a�Z�g�m�j�_�g�b�f�b��
�]�\�b�g�l�Z�f�b�� ���Q�A�=���� �n�•�d�k�h�\�Z�g�h�]�h�� �d�j�h�d�m���� �H�k�g�h�\�g�•�� �j�_�`�b�f�b�� �j�m�o�m�� �l�Z�d�h�]�h�� �l�b�i�m�� �k�m�^�_�g����
�\�h�^�h�l�h�g�Z�`�g�b�c�����<�J�����l�Z���]�e�•�k�m�x�q�b�c�����=�J���� 
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�i�h�\�¶�y�a�Z�g�•���a���d�h�g�k�l�j�m�d�l�b�\�g�b�f�b���h�k�h�[�e�b�\�h�k�l�y�f�b���I�D�����Z���l�Z�d�h�`���i�h�f�b�e�d�h�\�b�f�b���^�•�y�f�b���_�d�•�i�Z�`�•�\�����P�_��
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�<�b�g�b�d�Z�x�q�•�� �\�•�^�f�h�\�b���i�j�b�a�\�h�^�y�l�v���^�h���a�g�b�`�_�g�g�y���[�_�a�i�_�d�b���f�h�j�_�i�e�Z�\�Z�g�g�y���� �i�j�h�k�l�h�x���k�m�^�_�g����
�Z���l�Z�d�h�`���^�h���a�g�Z�q�g�b�o���\�b�l�j�Z�l�� �k�m�^�g�h�\�e�Z�k�g�b�d�•�\�� �g�Z���€�o���j�_�f�h�g�l���� �H�l�`�_���Z�d�l�m�Z�e�v�g�b�f�� �}�� �^�h�k�e�•�^�`�_�g�g�y��
�i�j�b�q�b�g���\�b�g�b�d�g�_�g�g�y���g�_�k�i�j�Z�\�g�h�k�l�_�c���l�Z���a�Z�[�_�a�i�_�q�_�g�g�y���d�h�f�i�e�_�d�k�m���l�_�o�g�•�q�g�b�o���l�Z���h�j�]�Z�g�•�a�Z�p�•�c�g�h-
�f�_�l�h�^�b�q�g�b�o���a�Z�o�h�^�•�\���^�e�y���€�o���i�h�i�_�j�_�^�`�_�g�g�y���Z�[�h���f�•�g�•�f�•�a�Z�p�•�€���� 

�:�g�Z�e�•�a�� �h�k�Z�l�g�g�•�o�� �^�h�k�e�•�^�`�_�g�v�� �•�� �i�m�[�e�•�d�Z�p�•�c�����?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•�� �l�Z�� �l�_�h�j�_�l�b�q�g�•��
�^�h�k�e�•�^�`�_�g�g�y���� �i�j�b�k�\�y�q�_�g�•�� �j�_�`�b�f�Z�f�� �j�h�[�h�l�b�� �c�� �\�b�a�g�Z�q�_�g�g�x�� �h�k�g�h�\�g�b�o�� �i�h�d�Z�a�g�b�d�•�\�� �j�h�[�h�l�b��
�k�m�^�g�h�\�b�o�� �^�b�a�_�e�v�g�b�o�� �_�g�_�j�]�_�l�b�q�g�b�o�� �m�k�l�Z�g�h�\�h�d�� �\�� �_�d�k�i�e�m�Z�l�Z�p�•�€���� �i�j�h�\�h�^�y�l�v�k�y�� �\�� �j�•�a�g�b�o��
�g�Z�m�d�h�\�h-�^�h�k�e�•�^�g�b�o�� �h�j�]�Z�g�•�a�Z�p�•�y�o���� �<�G�A�� �y�d�� �\�� �M�d�j�Z�€�g�•���� �l�Z�d�� �•�� �a�Z�� �d�h�j�^�h�g�h�f���� �G�Z�� �^�Z�g�b�c�� �q�Z�k��
�i�j�Z�d�l�b�q�g�h�� �\�•�^�k�m�l�g�•�� �g�Z�m�d�h�\�h�� �h�[�‰�j�m�g�l�h�\�Z�g�•�� �l�_�o�g�•�q�g�•�� �j�•�r�_�g�g�y�� �l�Z�� �h�j�]�Z�g�•�a�Z�p�•�c�g�h-�f�_�l�h�^�b�q�g�•��
�a�Z�o�h�^�b���� �k�i�j�y�f�h�\�Z�g�•�� �g�Z�� �i�•�^�\�b�s�_�g�g�y�� �_�n�_�d�l�b�\�g�h�k�l�•�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �i�j�h�i�m�e�v�k�b�\�g�b�o�� �d�h�f�i�e�_�d�k�•�\��
�r�\�b�^�d�•�k�g�b�o���k�m�^�_�g���•�a���Q�A�=���g�Z���j�•�a�g�b�o���j�_�`�b�f�Z�o���j�h�[�h�l�b�����<�i�j�h�\�Z�^�`�_�g�g�y�f���_�n�_�d�l�b�\�g�b�o���f�_�l�h�^�•�\��
�l�Z�� �a�Z�k�h�[�•�\�� �h�p�•�g�d�b�� �k�l�Z�g�m�� �k�m�^�g�h�\�b�o�� �l�_�o�g�•�q�g�b�o�� �a�Z�k�h�[�•�\�� ���K�L�K������ �a�Z�\�^�Z�g�g�y�f�b�� �g�Z�^�•�c�g�h�k�l�•�� �l�Z��
�[�_�a�i�_�q�g�h�€�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �_�e�_�f�_�g�l�•�\�� �k�m�^�g�h�\�b�o�� �_�g�_�j�]�_�l�b�q�g�b�o�� �m�k�l�Z�g�h�\�h�d�� ���K�?�M���� �k�m�^�_�g��
�a�Z�c�f�Z�e�b�k�y�� �H���=�� �:�g�l�m�r�_�\���� �:���F�� �;�Z�k�•�g���� �?���K�� �=�h�e�m�[���� �G���>�� �D�Z�j�Z�q�m�g���� �D���F�� �D�m�e�•�d�h�\����
�H���H�� �D�h�e�h�f�•�_�p�v�����?���A�� �F�Z�^�h�j�k�v�d�b�c�����?���E�� �F�b�r�b�g�k�v�d�b�c�����<���1�� �I�h�i�d�h�\�����<���1�� �R�\�}�}�\���l�Z���•�g�� 

�:�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�`�_�j�_�e�� �^�e�y�� �I�D�� �r�\�b�^�d�•�k�g�b�o�� �k�m�^�•�\�� �•�a�� �Q�A�=�� �i�h�d�Z�a�Z�\���� �s�h��
�j�_�d�h�f�_�g�^�Z�p�•�y�f�� �s�h�^�h�� �h�j�]�Z�g�•�a�Z�p�•�€�� �l�Z�� �m�i�j�Z�\�e�•�g�g�y�� �[�_�a�i�_�q�g�h�x�� �_�d�k�i�e�m�Z�l�Z�p�•�}�x�� �l�Z�d�h�]�h�� �l�b�i�m��
�k�m�^�_�g���^�h�k�l�Z�l�g�y���m�\�Z�]�Z���g�_���i�j�b�^�•�e�y�}�l�v�k�y�� 

�F�_�l�Z�� �k�l�Z�l�l�• �i�h�e�y�]�Z�}�� �m�� �^�h�k�e�•�^�`�_�g�g�•�� �h�k�g�h�\�g�b�o�� �g�_�k�i�j�Z�\�g�h�k�l�_�c�� �i�j�h�i�m�e�v�k�b�\�g�b�o��
�d�h�f�i�e�_�d�k�•�\�� �\�b�k�h�d�h�r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� �^�e�y �i�h�^�Z�e�v�r�h�]�h�� �\�b�j�h�[�e�_�g�g�y�� �h�[�‰�j�m�g�l�h�\�Z�g�b�o��
�j�_�d�h�f�_�g�^�Z�p�•�c���s�h�^�h���€�o���m�k�m�g�_�g�g�y�� 

�<�b�d�e�Z�^�� �h�k�g�h�\�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�����K�m�^�g�Z�� �a�� �Q�A�=�� �h�l�j�b�f�Z�e�b�� �r�b�j�h�d�_�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �y�d�� �^�e�y��
�\�b�d�h�g�Z�g�g�y�� �k�i�_�p�•�Z�e�v�g�b�o�� �a�Z�\�^�Z�g�v�� ���i�Z�l�j�m�e�x�\�Z�g�g�y���� �h�o�h�j�h�g�Z�� �^�_�j�`�Z�\�g�h�]�h�� �d�h�j�^�h�g�m���� �i�h�r�m�d��
�[�j�Z�d�h�g�v�}�j�•�\�������l�Z�d���•���^�e�y���i�Z�k�Z�`�b�j�k�v�d�b�o���i�_�j�_�\�_�a�_�g�v�����>�h���k�d�e�Z�^�m���l�Z�d�b�o���k�m�^�_�g���f�h�`�m�l�v���\�o�h�^�b�l�b����
�^�\�Z�� �<�H�>�� �9-�h�[�j�Z�a�g�b�o�� �=�>�� ���0�7�8���� �k�m�f�Z�j�g�h�x�� �i�h�l�m�`�g�•�k�l�x�� �^�h�� �������� �d�<�l������ �j�_�\�_�j�k�b-�j�_�^�m�d�l�h�j�b��
���=�)������ �l�h�j�k�•�h�g�g�•�� �\�Z�e�b�� ���&�(�1�7�$�'�1�6�&���� �•�� �i�j�b�\�h�^�b�� �:�j�g�_�k�h�g�Z�� ���7�Z�•�Q�� �'�•�V�F���� ���K�R�:���� �a�� �Q�A�=��
�n�•�d�k�h�\�Z�g�h�]�h���d�j�h�d�m�����5�R�O�O�D�������R�\�_�c�p�Z�j�•�y�������j�b�k��������. 

 
�J�b�k�m�g�h�d�� 1 �± �H�k�g�h�\�g�•���n�m�g�d�p�•�h�g�Z�e�v�g�•���\�m�a�e�b���i�j�h�i�m�e�v�k�b�\�g�h�]�h���d�h�f�i�e�_�d�k�m���r�\�b�^�d�•�k�g�b�o��

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

4 �± �l�h�j�k�•�h�g�g�b�c���\�Z�e���������± �d�Z�j�^�Z�g�g�Z���f�m�n�l�Z���������± �k�n�_�j�h�r�Z�j�g�b�j���������± �d�h�j�i�m�k�����l�j�Z�g�_�p�v��
�k�m�^�g�Z�����������± �]�•�^�j�h�p�b�e�•�g�^�j���������± �]�j�_�[�g�b�c���\�Z�e�����������± �]�j�_�[�g�b�c���]�\�b�g�l 

 
�H�k�h�[�e�b�\�•�k�l�x�� �l�Z�d�b�o�� �k�m�^�_�g�� �}�� �^�\�Z�� �j�_�`�b�f�b�� �j�m�o�m���� �<�b�o�•�^�� �k�m�^�g�Z�� �g�Z�� �=�J�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �i�j�b��

�^�h�k�y�]�g�_�g�g�•���g�_�h�[�o�•�^�g�b�o���i�Z�j�Z�f�_�l�j�•�\���j�m�o�m���l�Z���a�f�•�g�b���i�h�e�h�`�_�g�g�y���d�m�l�Z���m�k�l�Z�g�h�\�d�b���Q�A�=�� 
�=�h�e�h�\�g�b�c�� �^�\�b�]�m�g�� ���0�7�8���� �����9���������� �F���� ���j�b�k�� ������ �k�m�^�g�h�\�b�c���� �q�h�l�b�j�b�l�Z�d�l�g�b�c�� �^�b�a�_�e�v�g�b�c��

�^�\�b�]�m�g�� �a�� ���j�_�]�•�k�l�j�h�\�b�f���� �g�Z�^�^�m�\�h�f�� �l�Z�� �g�h�f�•�g�Z�e�v�g�h�x�� �i�h�l�m�`�g�•�k�l�x�� �������� �d�<�l���� �G�h�f�•�g�Z�e�v�g�Z��
�q�Z�k�l�h�l�Z�� �h�[�_�j�l�Z�g�g�y�� �d�h�e�•�g�q�Z�l�h�]�h�� �\�Z�e�Z�� �k�d�e�Z�^�Z�}�� �������� �o�\-1���� �H�i�l�b�f�•�a�h�\�Z�g�•�� �n�Z�a�b�� �i�h�^�Z�q�•��
�^�b�a�_�e�v�g�h�]�h���i�Z�e�b�\�Z���k�l�h�k�h�\�g�h���^�h���d�h�`�g�h�]�h���j�_�`�b�f�m���c�h�]�h���j�h�[�h�l�b���>���@�����H�k�h�[�e�b�\�•�k�l�x���j�_�]�•�k�l�j�h�\�h�€��
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�k�b�k�l�_�f�b�� �g�Z�^�^�m�\�m�� �a�� �^�\�h�f�Z�� �l�m�j�[�h�d�h�f�i�j�_�k�h�j�Z�f�b�� ���L�D���� ���j�b�k�� ������ �}�� �j�h�[�h�l�Z�� �h�^�g�h�]�h�� �L�D�� �m�� �a�h�g�•��
�a�g�b�`�_�g�b�o�� �g�Z�\�Z�g�l�Z�`�_�g�v�� �l�Z�� �i�•�^�d�e�x�q�_�g�g�y�� �^�j�m�]�h�]�h�� �L�D�� �m�� �a�h�g�•�� �i�•�^�\�b�s�_�g�b�o�� �g�Z�\�Z�g�l�Z�`�_�g�v�� �=�>����
�I�•�^�d�e�x�q�_�g�g�y���^�j�m�]�h�]�h���L�D���a�^�•�c�k�g�x�}�l�v�k�y���_�e�_�d�l�j�h�g�g�h�x���k�b�k�l�_�f�h�x���m�i�j�Z�\�e�•�g�g�y���^�\�b�]�m�g�h�f�� 

 

 
�J�b�k�m�g�h�d 2 �± �N�h�l�h���]�h�e�h�\�g�h�]�h���^�\�b�]�m�g�Z�����0�7�8���������9�����������0���� 

���g�Z���k�l�_�g�^�•���a�Z�\�h�^�m���\�b�]�h�l�h�\�e�x�\�Z�q�Z�� 
 
�J�_�^�m�d�l�h�j�� ���=�)���� ���������� ���j�b�k�� 4 �Z���� �j�_�\�_�j�k�b�\�g�b�c���� �<�_�^�m�q�b�c�� �\�Z�e�� �j�_�^�m�d�l�h�j�Z�� �i�j�b�\�h�^�b�l�v�k�y�� �\��

�h�[�_�j�l�Z�g�g�y�� �\�•�^�� �d�h�e�•�g�q�Z�l�h�]�h�� �\�Z�e�Z�� �=�>�� �q�_�j�_�a�� �_�e�Z�k�l�b�q�g�m�� �f�m�n�l�m���� �I�_�j�_�^�Z�l�h�q�g�_���\�•�^�g�h�r�_�g�g�y��
�j�_�^�m�d�l�h�j�Z�� ������������ �>���@���� �J�_�\�_�j�k�m�\�Z�g�g�y�� �a�^�•�c�k�g�x�}�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �^�b�k�d�h�\�b�o�� �f�m�n�l�� �i�_�j�_�^�g�v�h�]�h��
�o�h�^�m�����I�O�����l�Z���a�Z�^�g�v�h�]�h���o�h�^�m�����A�O�������d�_�j�h�\�Z�g�b�o���]�•�^�j�h�k�b�k�l�_�f�Z�f�b�����G�Z���\�_�^�m�q�h�f�m���\�Z�e�m���j�_�^�m�d�l�h�j�Z��
�\�k�l�Z�g�h�\�e�_�g�•���g�Z�k�h�k�b���k�b�k�l�_�f�b���]�•�^�j�Z�\�e�•�d�b���i�j�b�\�h�^�m���:�j�g�_�k�h�g�Z�� 

�L�h�j�k�•�h�g�g�b�c�� �\�Z�e�� ���&�(�1�7�$�'�1�6�&-�&�'�� �������� ���j�b�k�� 4 �[���� �d�h�f�i�_�g�k�m�}�� �\�b�g�b�d�Z�x�q�•�� �\�� �k�b�k�l�_�f�•��
�h�[�_�j�l�Z�e�v�g�•���d�h�e�b�\�Z�g�g�y���l�Z���h�k�v�h�\�•���i�_�j�_�f�•�s�_�g�g�y���>���@�� 

 

 
�J�b�k�m�g�h�d 3 �±�L�m�j�[�h�d�h�f�i�j�_�k�h�j�b���^�\�b�]�m�g�Z 

 

 
�Z�������������������������������������������������������������������������������[�� 

�J�b�k�m�g�h�d 4 �± �J�_�\�_�j�k���± �j�_�^�m�d�l�h�j�����Z�����l�Z���l�h�j�k�•�h�g�g�b�c���\�Z�e�����[�� 
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�I�j�b�\�h�^�b�� �:�j�g�_�k�h�g�Z�� ���j�b�k�� ������ �\�b�]�h�l�h�\�e�y�}�� �n�•�j�f�Z�� ���7�Z�•�Q�� �'�•�V�F���� ���K�R�:������ �<�k�l�Z�g�h�\�e�_�g�•�� �g�Z��
�k�m�^�g�Z�o�� �i�j�b�\�h�^�b�� �:�j�g�_�k�h�g�Z�� �i�j�_�^�k�l�Z�\�e�y�x�l�v�� �k�h�[�h�x�� �g�_�j�m�o�h�f�b�c�� �d�h�j�i�m�k���� �s�h�� �d�j�•�i�b�l�v�k�y��
�n�e�Z�g�p�_�f�� �^�h�� �l�j�Z�g�p�y�� �k�m�^�g�Z���� �J�m�o�h�f�m�� �q�Z�k�l�b�g�Z�� �i�j�b�\�h�^�m�� �a�
�}�^�g�Z�g�Z�� �a�� �g�_�j�m�o�h�f�h�€�� �a�Z�� �^�h�i�h�f�h�]�h�x��
�i�h�\�h�j�h�l�g�m�� �r�Z�j�g�•�j�Z�� �l�Z�� �k�b�k�l�_�f�b�� �]�•�^�j�h�p�b�e�•�g�^�j�•�\�� ���j�b�k�� �������� �I�j�b�\�h�^�b�� �a�Z�[�_�a�i�_�q�m�x�l�v�� �a�f�•�g�m��
�^�_�n�_�j�_�g�l�Z���l�Z���d�_�j�m�\�Z�g�g�y���g�Z�i�j�y�f�d�h�f���j�m�o�m���k�m�^�g�Z���a�Z���d�m�j�k�h�f���>���@�� 

 

 
�J�b�k�m�g�h�d 5 �± �I�j�b�\�h�^�b���:�j�g�_�k�h�g�Z 

 

 
�J�b�k�m�g�h�d 6 �± �D�h�g�k�l�j�m�d�p�•�y���i�j�b�\�h�^�m���:�j�g�_�k�h�g�Z���>���@�� 

1 �± �\�o�•�^�g�b�c���\�Z�e���������± �m�i�h�j�g�b�c���r�Z�j�g�•�j���]�•�^�j�h�p�b�e�•�g�^�j�Z���������± �]�•�^�j�h�p�b�e�•�g�^�j �i�h�\�h�j�h�l�m���������± 
�]�•�^�j�h�p�b�e�•�g�^�j���g�Z�o�b�e�m���������± �a�Z�o�b�k�g�b�c���q�h�o�h�e���������± �i�h�i�_�j�_�q�d�Z���� 

7 �± �i�h�\�h�j�h�l�g�Z���^�_�c�^�\�m�^�g�Z���l�j�m�[�Z���������± �]�j�_�[�g�b�c���\�Z�e���������± �h�i�h�j�g�b�c���i�•�^�r�b�i�g�b�d���� 
10 �± �i�e�Z�\�g�b�d�������������������± �h�i�h�j�g�b�c���i�•�^�r�b�i�g�b�d�����������± �d�Z�j�^�Z�g�g�Z���f�m�n�l�Z 

 
�Q�Z�k�l�d�h�\�h���a�Z�g�m�j�_�g�•���]�j�_�[�g�•���]�\�b�g�l�b���± �r�_�k�l�b�e�h�i�Z�l�_�\�•�����n�•�d�k�h�\�Z�g�h�]�h���d�j�h�d�m���>���@�����>���@�����A�Z�\�^�y�d�b��

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

�Y�d�s�h���l�_�o�g�•�q�g�_���h�[�k�e�m�]�h�\�m�\�Z�g�g�y���l�Z���j�_�f�h�g�l���=�>���•�a���j�_�\�_�j�k�Z�f�b-�j�_�^�m�d�l�h�j�Z�f�b���\�b�d�h�g�m�}�l�v�k�y��
�n�Z�o�•�\�p�y�f�b �n�•�j�f�b-�\�b�j�h�[�g�b�d�Z���� �l�h�� �h�[�k�e�m�]�h�\�m�\�Z�g�g�y�� �l�Z�� �d�h�g�l�j�h�e�v�� �l�_�o�g�•�q�g�h�]�h�� �k�l�Z�g�m�� ���L�K����
�i�j�b�\�h�^�m���:�j�g�_�k�h�g�Z���i�j�h�\�h�^�b�l�v�k�y���k�b�e�Z�f�b���_�d�•�i�Z�`�Z���a�Z���_�d�k�i�e�m�Z�l�Z�p�•�c�g�b�f�b���•�g�k�l�j�m�d�p�•�y�f�b�����\���y�d�b�o��
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�i�h�d�Z�a�g�b�d�b���L�K���\�b�d�e�Z�^�_�g�•���g�_�i�h�\�g�h���•�����g�Z�c�q�Z�k�l�•�r�_�����a�\�h�^�y�l�v�k�y���^�h���h�i�b�k�m���j�_�]�e�Z�f�_�g�l�g�b�o���j�h�[�•�l�����M��
�^�h�d�m�f�_�g�l�Z�o�� �D�e�Z�k�b�n�•�d�Z�p�•�c�g�b�o�� �K�m�k�i�•�e�v�k�l�\���� �g�Z�i�j�b�d�e�Z�^���� �\�b�f�h�]�b�� �^�h�� �p�v�h�]�h�� �l�b�i�m�� �k�b�k�l�_�f�b��
�Z�d�l�b�\�g�h�]�h�� �m�i�j�Z�\�e�•�g�g�y�� �k�m�^�g�h�f�� ���K�:�M�K���� �g�_�� �a�g�Z�o�h�^�y�l�v�� �g�Z�e�_�`�g�h�]�h�� �\�•�^�h�[�j�Z�`�_�g�g�y���� �Z�� �f�_�l�h�^�b��
�d�h�g�l�j�h�e�x���€�o���l�_�o�g�•�q�g�h�]�h���k�l�Z�g�m���g�_���j�h�a�j�h�[�e�_�g�•�����>���������@�� 

�D�j�•�f�� �n�•�j�f�b�� ���7�Z�•�Q�� �'�•�V�F������ �i�j�b�\�h�^�b�� �:�j�g�_�k�h�g�Z�� �\�b�j�h�[�e�y�x�l�v�� �c�� �•�g�r�• �d�h�f�i�Z�g�•�€���� �G�Z��
�j�b�k�m�g�d�Z�o�� ������ ���� �g�Z�\�_�^�_�g�Z�� �d�h�g�k�l�j�m�d�p�•�y�� �i�j�b�\�h�^�•�\�� ���0�•�Q�•�5�H�[���� �l�Z�� ���6�H�D�5�H�[������ �\�b�j�h�[�g�b�p�l�\�h�f�� �y�d�b�o��
�a�Z�c�f�Z�}�l�v�k�y�� �n�•�j�f�Z�� �=�)�� ���G�•�f�_�q�q�b�g�Z���� �>������ �����@���� �<�•�^�f�•�g�g�•�k�l�v�� �i�j�b�\�h�^�•�\�� ���0�•�Q�•�5�H�[���� �\�•�^�� �i�j�b�\�h�^�•�\��
���7�Z�•�Q�� �'�•�V�F���� �i�h�e�y�]�Z�}�� �\�� �m�k�l�Z�g�h�\�p�•�� �]�•�^�j�h�p�b�e�•�g�^�j�•�\�� �i�h�\�h�j�h�l�m���� �s�h�� �d�j�•�i�e�y�l�v�k�y�� �^�h�� �l�j�Z�g�p�y��
�r�\�b�^�d�•�k�g�h�]�h�� �k�m�^�g�Z�� �f�•�`�� �]�j�_�[�g�b�f�b�� �\�Z�e�Z�f�b���� �>�e�y�� �i�h�d�j�Z�s�_�g�g�y�� �_�d�k�i�e�m�Z�l�Z�p�•�c�g�b�o�� �y�d�h�k�l�_�c��
�j�h�a�j�h�[�g�b�d�Z�f�b���[�m�e�Z���i�j�b�^�•�e�_�g�Z���m�\�Z�]�Z���h�i�l�b�f�Z�e�v�g�h�f�m���m�i�j�Z�\�e�•�g�g�x���k�m�^�g�h�f���i�j�b���f�Z�g�_�\�j�m�\�Z�g�g�•����
�M���i�j�b�\�h�^�Z�o�����6�H�D�5�H�[�����i�•�^�c�h�f���l�Z���i�h�\�h�j�h�l���]�j�_�[�g�b�o���\�Z�e�•�\���a�^�•�c�k�g�x�}���h�^�b�g���]�•�^�j�h�p�b�e�•�g�^�j���>�����@�� 

 

 
�J�b�k�m�g�h�d 7 �± �D�h�g�k�l�j�m�d�p�•�y���i�j�b�\�h�^�m���©�0�L�Q�L�5�H�[�ª���>���@ 

 

 
�J�b�k�m�g�h�d 8 �± �I�j�b�\�•�^���©�6�H�D�5�H�[�ª���>�����@ 

 
�G�Z�� �j�b�k�� ���� �i�j�_�^�k�l�Z�\�e�_�g�b�c�� �I�D�� �a�� �Z�\�l�h�f�Z�l�b�q�g�h�x�� �^�b�n�_�j�_�g�l�h�\�d�h�x�� ���$�X�W�R�W�U�•�P�P�����± 

���0�D�U�•�W�X�Q�H������ �C�h�]�h�� �d�h�f�i�h�g�_�g�l�b�� ���=�>���� �j�_�\�_�j�k-�j�_�^�m�d�l�h�j���� �j�m�r�•�c���� �k�b�k�l�_�f�Z�� �d�h�g�l�j�h�e�x�� �l�Z��
�d�_�j�m�\�Z�g�g�y���� �h�[�
�}�^�g�Z�g�•�� �\�� �h�^�b�g�� �^�\�h�o�\�Z�e�v�g�b�c�� �d�h�f�i�e�_�d�k���� �D�h�j�i�m�k�� �i�j�b�\�h�^�m�� �d�j�•�i�b�l�v�k�y�� �n�e�Z�g�p�_�f��
�^�h���l�j�Z�g�p�y���k�m�^�g�Z�����Z���c�h�]�h���j�m�o�e�b�\�Z���q�Z�k�l�b�g�Z���i�•�^�\�•�r�m�}�l�v�k�y���^�h���l�j�Z�g�p�y���k�b�k�l�_�f�h�x���]�•�^�j�h�p�b�e�•�g�^�j�•�\����
�s�h�� �^�h�a�\�h�e�y�}�� �i�h�\�_�j�l�Z�l�b�� �\�Z�e�b�� �m�� �\�_�j�l�b�d�Z�e�v�g�•�c�� �i�e�h�s�b�g�•�� �\�� �f�_�`�Z�o�� �^�h�� �����ƒ���� �h�i�l�b�f�•�a�m�x�q�b��
�a�Z�]�e�b�[�e�_�g�g�y�� �Q�A�=���� �•�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�•�c�� �i�e�h�s�b�g�•�� �^�h�� �����ƒ�� �^�e�y�� �d�_�j�m�\�Z�g�g�y�� �d�m�j�k�h�f�� �k�m�^�g�Z�� �>�����@����
�J�h�a�j�h�[�e�_�g�Z�� �k�b�k�l�_�f�Z�� �d�_�j�m�\�Z�g�g�y�� �Z�\�l�h�f�Z�l�b�q�g�h�� �\�b�a�g�Z�q�Z�}�� �h�i�l�b�f�Z�e�v�g�•�� �d�m�l�b�� �a�Z�]�e�b�[�e�_�g�g�y�� �i�j�b��
�a�Z�^�Z�g�h�f�m���j�_�`�b�f�•���j�h�[�h�l�b���I�D�����=�•�^�j�h�p�b�e�•�g�^�j�b���g�Z�o�b�e�m���•���i�h�\�h�j�h�l�m���j�h�a�l�Z�r�h�\�m�x�l�v�k�y���m�k�_�j�_�^�b�g�•��
�d�h�j�i�m�k�Z���k�m�^�g�Z�� 
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�J�b�k�m�g�h�d 9 �± �I�j�h�i�m�e�v�k�b�\�g�b�c���d�h�f�i�e�_�d�k���©�0�D�U�L�W�X�Q�H�ª���>�����@ 

 
�G�Z�� �\�•�^�f�•�g�m�� �\�•�^�� �I�D�� ���0�D�U�•�W�X�Q�H������ �g�Z�� �i�j�b�\�h�^�•�� �:�j�g�_�k�h�g�Z�� �n�•�j�f�b�� ���7�Z�•�Q�� �'�•�V�F���� �d�_�j�m�\�Z�g�g�y��

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

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

�G�_�^�h�e�•�d�b���i�j�b�\�h�^�m���:�j�g�_�k�h�g�Z�� 
- �\�b�k�h�d�Z���\�Z�j�l�•�k�l�v���•���d�h�r�l�h�\�g�b�c���j�_�f�h�g�l�� 
- �i�•�^�\�b�s�_�g�Z���\�•�[�j�Z�p�•�y�� 
- �h�[�f�_�`�_�g�b�c���j�_�`�b�f���f�Z�d�k�b�f�Z�e�v�g�h�]�h���g�Z�\�Z�g�l�Z�`�_�g�g�y�� 
- �g�_�[�_�a�i�_�d�Z���i�h�e�h�f�h�d���^�_�l�Z�e�_�c���i�j�b�\�h�^�m���i�j�b���r�\�Z�j�l�m�\�Z�g�g�y�o�� 
- �g�b�a�v�d�Z���_�n�_�d�l�b�\�g�•�k�l�v���j�m�o�m���k�m�^�g�Z���g�Z���A�O�� 
�G�Z���[�Z�a�•�� ��-�l�b���k�m�^�_�g���•�a���Q�A�=���� �s�h���_�d�k�i�e�m�Z�l�m�x�l�v�k�y���\�� �>�g�•�i�j�h�\�h-�Q�h�j�g�h�f�h�j�k�v�d�h�f�m���[�Z�k�_�c�g�•����

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

�>�Z�g�•�� �a�Z�� �q�Z�k�h�f�� �j�h�[�h�l�b�� �=�>�� �g�Z�� �j�•�a�g�b�o�� �j�_�`�b�f�Z�o�� �i�j�b�\�h�^�y�l�v�k�y�� �g�Z�� �d�j�m�]�h�\�•�c�� �^�•�Z�]�j�Z�f�•��
���j�b�k�� ���������� �H�k�g�h�\�g�•�� �j�_�`�b�f�b�� �j�h�[�h�l�b�� �=�>�� �\�•�^�� ���������� �^�h�� �������� �o�\-1 �k�d�e�Z�^�Z�x�l�v�� �[�e�b�a�v�d�h�� �������� �\�•�^��
�a�Z�]�Z�e�v�g�h�]�h�� �q�Z�k�m�� �j�h�[�h�l�b�� �^�\�b�]�m�g�•�\���� �L�j�b�\�Z�e�•�k�l�v�� �a�Z�\�Z�g�l�Z�`�_�g�h�k�l�•�� �k�m�^�_�g�� �m�� �e�•�l�g�•�c�� �i�_�j�•�h�^��
�i�j�Z�d�l�b�q�g�h���\���� �j�Z�a�b���i�_�j�_�\�b�s�m�}���a�Z�\�Z�g�l�Z�`�_�g�•�k�l�v���m���a�b�f�h�\�b�c���i�_�j�•�h�^�����s�h���i�h�\�¶�y�a�Z�g�h���a���h�k�g�h�\�g�b�f��
�j�_�`�b�f�h�f���€�o���j�h�[�h�l�b�� 
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�J�b�k�m�g�h�d 10 �± �K�_�j�_�^�g�v�h�j�•�q�g�•���g�Z�i�j�Z�p�x�\�Z�g�g�y���=�>���\���_�d�k�i�e�m�Z�l�Z�p�•�€ 

 
 

�=�e�•�k�m�x�q�b�c��
�j �_�`�b�f

�<�h� �̂h�l�h�g�Z�`�g�b�c��
�j �_�`�b�f

�Q�Z�k�l�h�l�Z���h�[�_�j �l�•�\��
�o�\-1

 
�J�b�k�m�g�h�d 11 �± �Q�Z�k���_�d�k�i�e�m�Z�l�Z�p�•�€���=�>���g�Z���j�•�a�g�b�o���j�_�`�b�f�Z�o���j�h�[�h�l�b 

 
�>�e�y�� �Z�g�Z�e�•�a�m�� �\�•�^�f�h�\�� �l�Z�� �g�_�k�i�j�Z�\�g�h�k�l�_�c�� �I�D�� �•�a�� �Q�A�=�� �\�b�^�•�e�_�g�•�� �h�k�g�h�\�g�_�� �n�m�g�d�p�•�h�g�Z�e�v�g�•��

�\�m�a�e�b�����^�b�\�� �j�b�k�� ���������d�h�j�i�m�k���k�m�^�g�Z�������������]�h�e�h�\�g�b�c���^�\�b�]�m�g�������������j�_�\�_�j�k-�j�_�^�m�d�l�h�j�������������_�e�Z�k�l�b�q�g�Z��
�f�m�n�l�Z�� ���������� �l�h�j�k�•�h�g�g�b�c�� �\�Z�e�� ���������� �d�Z�j�^�Z�g�g�Z�� �f�m�n�l�Z�� ���������� �h�i�h�j�g�h-�a�Z�\�a�y�l�b�c�� �i�•�^�r�b�i�g�b�d�� ����������
�]�j�_�[�g�b�c�� �\�Z�e�� ���������� �]�j�_�[�g�b�c�� �]�\�b�g�l�� �������� �k�b�k�l�_�f�Z�� �]�•�^�j�h�m�i�j�Z�\�e�•�g�g�y�� ������������ �<�� �l�Z�[�e�b�p�• ���� �g�Z�\�_�^�_�g�•��
�o�Z�j�Z�d�l�_�j�g�•���\�•�^�f�h�\�b���•���g�_�k�i�j�Z�\�g�h�k�l�•���h�k�g�h�\�g�b�o���n�m�g�d�p�•�h�g�Z�e�v�g�b�o���\�m�a�e�•�\���I�D���r�\�b�^�d�•�k�g�b�o���k�m�^�_�g��
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�•�a�� �Q�A�=�� �a�Z�� �� �j�h�d�•�\�� �_�d�k�i�e�m�Z�l�Z�p�•�€���� �>�`�_�j�_�e�Z�f�b�� �•�g�n�h�j�f�Z�p�•�€�� �k�e�m�`�b�e�b���� �n�h�j�f�m�e�y�j�b�� �l�_�o�g�•�q�g�h�]�h��
�k�l�Z�g�m�����\�Z�o�l�h�\�•���`�m�j�g�Z�e�b���l�Z���`�m�j�g�Z�e�b���l�_�o�g�•�q�g�b�o���a�Z�k�h�[�•�\�� 

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

�<�m�a�e�b���l�Z��
�_�e�_�f�_�g�l�b���k�m�^�g�Z 

�G�_�k�i�j�Z
�\�g�h�k�l�•��

% 

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

�‹  
�‹��  �‹��  �‹��  �‹��  �‹��  �‹�[  

�E�[ �I�[  �E�[ �I�[  �E�[ �I�[  �E�[ �I�[  �E�[ �I�[  �E�[ �I�[  �E�[ �I�[  
1 �D�h�j�i�m�k���k�m�^�g�Z 4           1 1 1 1 
2 �=�@ 2  1            1 
3 �J�_�\�_�j�k-�j�_�^�m�d�l�h�j                
4 �?�e�Z�k�l�b�q�g�Z���f�m�n�l�Z 6   1 1    1     1 2 
5 �L�h�j�k�•�h�g�g�b�c���\�Z�e 14 1  1   1   1 1 1 1 4 3 

 
�J�h�a�]�e�y�g�m�l�•���\�b�s�_���g�_�k�i�j�Z�\�g�h�k�l�•���•���\�•�^�f�h�\�b���I�D���•�a���Q�A�=���i�j�_�^�k�l�Z�\�e�_�g�•���m���\�b�]�e�y�^�•���^�•�Z�]�j�Z�f�b��

�1�k�•�d�Z�\�b�����j�b�k������������ 

�G�_�k�i�j �Z�\�g�•�k�l�v���k�m� �̂g�Z

�D�h�j �i�m�k���k�m� �̂g�Z �L�j �•�s�b�g�b���\���l�j �Z�g�p�•��
�k�m� �̂g�Z

�D�h�j �i�m�k���k�m� �̂g�Z
�I �h�j �m�r �_�g�g�y��

�f �_�o�Z�g�•�q�g�h�€���f �•�p�g�h�k�l�•��
�f �Z�l�_�j �•�Z�e�•�\

�J�_� �̂m�d�l�h�j �H�[�j �b�\���_�e�Z�k�l�b�q�g�h�€��
�f �m�n�l�b

�=�j �_�[�g�b�c���\�Z�e
�I �h�r �d�h� �̂` �_�g�g�y��

�m�i�h�j �g�h�]�h��
�i�•� �̂r �b�i�g�b�d�Z

�K�n�_�j �h�r �Z�j �g�•�j
�I �h�r �d�h� �̂` �_�g�g�y��

�a�Z�o�b�k�g�h�]�h���q�h�o�e�Z
�K�b�k�l�_�f �Z��

�]�•� �̂j �Z�\�e�•�d�b

�<�b�l�•�d�Z�g�g�y���f �Z�k�l�b�e�Z��
�q�_�j �_�a���m�s�•�e�v�g�_�g�g�y��

�]�•� �̂j �h�p�b�e�•�g� �̂j �•�\

�H�[�j �b�\���]�•� �̂j �Z�\�e�•�q�g�b�o��
�r �e�Z�g�]�•�\

�I �h�k�e�Z�[�e�_�g�g�y��
�d�j �•�i�e�_�g�v��

�]�•� �̂j �h�p�b�e�•�g� �̂j �•�\

�I �j �h�f �•�` �g�b�c���\�Z�e
�I �h�j �m�r �_�g�g�y���p�_�g�l�j �m�\�Z�g�g�y��

�l�h�j �k�•�h�g�g�h�]�h���\�Z�e�Z���a��
�]�j �_�[�g�b�f

�=�j �_�[�g�b�c���]�\�b�g�l�I �h�r �d�h� �̂` �_�g�g�y���e�h�i�Z�l�_�c

 
�J�b�k�m�g�h�d 12 �± �>�•�Z�]�j�Z�f�Z���1�k�•�d�Z�\�b���g�_�k�i�j�Z�\�g�h�k�l�•���k�m�^�g�Z 

 
�G�_�k�i�j�Z�\�g�h�k�l�•���I�D���•�a���Q�A�=�����l�j�•�s�b�g�b���g�Z���l�j�Z�g�p�•���k�m�^�g�Z�����i�j�h�l�•�d�Z�g�g�y���f�Z�k�l�b�e�Z�����\�b�g�b�d�Z�x�l�v���m��

�]�Z�j�Z�g�l�•�c�g�b�c���i�_�j�•�h�^���•���}���j�_�a�m�e�v�l�Z�l�h�f���j�h�[�h�l�b���=�>���g�Z���i�•�^�\�b�s�_�g�b�o���g�Z�\�Z�g�l�Z�`�_�g�g�y�o���q�_�j�_�a���\�i�e�b�\��
�\�•�[�j�Z�p�•�€�� �_�e�_�f�_�g�l�•�\�� �I�D�� �•�a�� �Q�A�=���� �<�•�^�f�h�\�b�� �i�j�b�a�\�_�e�b�� �^�h�� �i�j�h�k�l�h�€�\�� �k�m�^�_�g�� �•�� �a�g�Z�q�g�b�o�� �\�b�l�j�Z�l�� �g�Z��
�j�_�f�h�g�l���� �G�Z�� �`�Z�e�v���� �g�Z�� �k�m�^�g�Z�o�� �•�a�� �Q�A�=�� �d�h�g�l�j�h�e�v�� �l�Z�� �h�p�•�g�d�Z�� �l�_�o�g�•�q�g�h�]�h�� �k�l�Z�g�m�� �I�D�� �f�_�l�h�^�Z�f�b��
�[�_�a�j�h�a�[�•�j�g�h�€���^�•�Z�]�g�h�k�l�b�d�b���\���_�d�k�i�e�m�Z�l�Z�p�•�€���g�_���i�j�h�\�h�^�b�l�v�k�y�� 
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�<�b�k�g�h�\�d�b�����I�•�^�k�m�f�d�h�f�� �^�Z�g�h�€�� �j�h�[�h�l�b�� �}�� �^�h�k�e�•�^�`�_�g�g�y�� �h�k�g�h�\�g�b�o�� �g�_�k�i�j�Z�\�g�h�k�l�_�c��
�i�j�h�i�m�e�v�k�b�\�g�h�]�h�� �d�h�f�i�e�_�d�k�m�� �\�b�k�h�d�h�r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� �a�� �q�Z�k�l�d�h�\�h�� �a�Z�g�m�j�_�g�b�f�b�� �]�\�b�g�l�Z�f�b����
�I�j�h�\�_�^�_�g�b�c�� �Z�g�Z�e�•�a�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� �^�h�a�\�h�e�b�\�� �a�j�h�[�b�l�b�� �\�b�k�g�h�\�h�d�� �i�j�h�� �j�y�^��
�Z�d�l�m�Z�e�v�g�b�o�� �g�Z�m�d�h�\�h-�l�_�o�g�•�q�g�b�o�� �a�Z�\�^�Z�g�v���� �j�h�a�\�¶�y�a�Z�g�g�y�� �y�d�b�o�� �g�_�h�[�o�•�^�g�h�� �^�e�y�� �i�•�^�\�b�s�_�g�g�y��
�_�n�_�d�l�b�\�g�h�k�l�•���l�Z���g�Z�^�•�c�g�h�k�l�•���n�m�g�d�p�•�h�g�m�\�Z�g�g�y���l�Z�d�b�o���l�m�j�[�h�\�Z�g�b�o���^�\�b�]�m�g�•�\���� 

�G�Z�i�j�y�f�d�Z�f�b�� �i�h�^�Z�e�v�r�b�o�� �^�h�k�e�•�^�`�_�g�v�� �}�� �j�h�a�j�h�[�d�Z���f�_�l�h�^�b�d�b�� �s�h�^�h�� �i�•�^�\�b�s�_�g�g�y��
�_�n�_�d�l�b�\�g�h�k�l�•�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �r�\�b�^�d�•�k�g�b�o�� �k�m�^�_�g�� �•�a�� �Q�A�=�� �g�Z�� �h�k�g�h�\�•�� �d�h�g�l�j�h�e�x�� �i�Z�j�Z�f�_�l�j�•�\�� �I�D����
�y�d�Z���^�h�a�\�h�e�b�l�v�� 

- �h�p�•�g�x�\�Z�l�b���k�l�Z�g���_�e�_�f�_�g�l�•�\���I�D�� 
- �i�h�i�_�j�_�^�`�Z�l�b���g�_�k�i�j�Z�\�g�h�k�l�•���I�D���•�a���Q�A�=�� 
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�j�m�o�m�� �©�\�b�[�m�o�h�\�h�]�h�ª�� �o�Z�j�Z�d�l�_�j�m���� �I�•�^�� �q�Z�k�� �r�\�b�^�d�•�k�g�h-�k�b�e�h�\�b�o�� �a�^�•�[�g�h�k�l�_�c�� �r�b�j�h�d�h��
�\�b�d�h�j�b�k�l�h�\�m�x�l�v�� �f�_�l�h�^�� �i�h�\�l�h�j�g�h�� �i�j�h�]�j�_�k�m�x�q�h�€�� �\�i�j�Z�\�b���� �<�� �^�Z�g�h�f�m�� �\�b�i�Z�^�d�m�� �f�Z�d�k�b�f�Z�e�v�g�_��
�k�b�e�h�\�_�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�� �k�l�\�h�j�x�}�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �i�_�j�_�f�•�s�_�g�g�y�� �y�d�h�]�h�k�v�� �g�_�]�j�Z�g�b�q�g�h�]�h��
�g�Z�\�Z�g�l�Z�`�_�g�g�y���a���g�Z�c�\�b�s�h�x���r�\�b�^�d�•�k�l�x�� 

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

�D�h�h�j�^�b�g�Z�p�•�c�g�Z�� �\�b�l�j�b�\�Z�e�•�k�l�v�� �j�h�a�\�b�\�Z�}�l�v�k�y�� �i�j�b�� �g�_�h�^�g�h�j�Z�a�h�\�h�f�m�� �i�h�\�l�h�j�_�g�g�•�� �l�_�o�g�•�q�g�h��
�k�d�e�Z�^�g�b�o�� �^�•�c���� �H�k�g�h�\�g�b�f�b�� �h�k�h�[�e�b�\�h�k�l�y�f�b�� �\�i�j�Z�\���� �k�i�j�y�f�h�\�Z�g�b�o�� �g�Z�� �j�h�a�\�b�l�h�d�� �d�h�h�j�^�b�g�Z�p�•�€���� �}��
�€�o���g�h�\�b�a�g�Z�����g�_�l�j�Z�^�b�p�•�c�g�•�k�l�v�����k�d�e�Z�^�g�•�k�l�v�����f�h�`�e�b�\�•�k�l�v���j�•�a�g�h�f�Z�g�•�l�g�b�o���•���g�_�k�i�h�^�•�\�Z�g�b�o���j�•�r�_�g�v��
�j�m�o�h�\�b�o���a�Z�\�^�Z�g�v�� 

�D�j�•�f���l�h�]�h�����\�b�l�j�b�\�Z�e�•�k�l�v���f�h�`�g�Z���^�•�e�b�l�b���g�Z���k�l�Z�l�b�q�g�m���•���^�b�g�Z�f�•�q�g�m�����K�l�Z�l�b�q�g�Z���± �a�^�Z�l�g�•�k�l�v��
�^�h�� �l�j�b�\�Z�e�h�]�h�� �i�•�^�l�j�b�f�Z�g�g�y�� �l�•�e�Z�� �\�� �h�^�g�•�c�� �•�� �l�•�c�� �`�_�� �i�h�a�•���� �>�b�g�Z�f�•�q�g�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y��
�\�b�d�h�g�Z�g�g�y�f���\�Z�`�d�b�o���f�
�y�a�h�\�b�o���\�i�j�Z�\���\���i�h�f�•�j�g�h�f�m���l�_�f�i�•�����Z�e�_���l�j�b�\�Z�e�b�c���q�Z�k���� 
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�H�i�l�b�f�Z�e�v�g�b�c�� �r�e�y�o�� �i�h�d�j�Z�s�_�g�g�y�� �n�•�a�b�q�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �k�l�m�^�_�g�l�•�\�� �f�h�j�k�v�d�b�o��
�k�i�_�p�•�Z�e�v�g�h�k�l�_�c�� �i�h�e�y�]�Z�}�� �m�� �j�h�a�\�b�l�d�m�� �k�i�h�q�Z�l�d�m�� �a�Z�]�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•���� �Z�� �i�h�l�•�f���� �g�Z�� �€�€�� �[�Z�a�•���± 
�k�i�_�p�•�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•���� �L�h�[�l�h�� �g�Z�� �i�_�j�r�b�o�� �_�l�Z�i�Z�o�� �l�j�_�g�m�\�Z�g�g�y�� �k�i�h�q�Z�l�d�m�� �j�h�a�\�b�\�Z�x�l�v�k�y��
�Z�_�j�h�[�g�•���� �Z�� �\�`�_�� �i�h�l�•�f���±�Z�g�Z�_�j�h�[�g�•�� �f�h�`�e�b�\�h�k�l�•�� �h�j�]�Z�g�•�a�f�m���� �<�^�h�k�d�h�g�Z�e�_�g�g�y�� �Z�_�j�h�[�g�b�o��
�f�h�`�e�b�\�h�k�l�_�c�� �i�_�j�_�^�[�Z�q�Z�}�� �a�[�•�e�v�r�_�g�g�y�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�i�h�`�b�\�Z�g�g�y�� �d�b�k�g�x�� �•�� �j�h�a�\�b�l�h�d��
�a�^�Z�l�g�h�k�l�•�� �i�•�^�l�j�b�f�m�\�Z�l�b�� �c�h�]�h�� �l�j�b�\�Z�e�b�c�� �q�Z�k���� �Z�� �l�Z�d�h�`�� �a�[�•�e�v�r�_�g�g�y�� �r�\�b�^�d�h�k�l�•�� �j�h�a�]�h�j�l�Z�g�g�y��
�^�b�o�Z�e�v�g�b�o�� �i�j�h�p�_�k�•�\�� �^�h�� �f�Z�d�k�b�f�Z�e�v�g�b�o�� �\�_�e�b�q�b�g���� �>�e�y�� �i�h�k�b�e�_�g�g�y�� �Z�g�Z�_�j�h�[�g�b�o�� �f�h�`�e�b�\�h�k�l�_�c��
�g�_�h�[�o�•�^�g�Z�� �Z�d�l�b�\�•�a�Z�p�•�y�� �^�\�h�o�� �h�k�g�h�\�g�b�o�� �r�e�y�o�•�\�� �_�g�_�j�]�h�a�Z�[�_�a�i�_�q�_�g�g�y�� �\�•�^�i�h�\�•�^�g�h�€�� �j�h�[�h�l�b����
�a�[�•�e�v�r�_�g�g�y�� �d�•�e�v�d�h�k�l�•�� �f�Z�d�j�h�_�g�_�j�]�_�l�b�q�g�b�o�� �k�i�h�e�m�d�� �m�� �f�¶�y�a�Z�o�� ���Z�e�Z�d�l�Z�l�g�b�o�� �f�h�`�e�b�\�h�k�l�_�c���� �l�Z��
�\�^�h�k�d�h�g�Z�e�_�g�g�y���^�•�€���]�e�•�d�h�e�•�l�b�q�g�h�]�h���f�_�o�Z�g�•�a�f�m�����e�Z�d�l�Z�l�g�b�o���f�h�`�e�b�\�h�k�l�_�c���� 

�>�e�y�� �\�^�h�k�d�h�g�Z�e�_�g�g�y�� �n�m�g�d�p�•�€�� �a�h�\�g�•�r�g�v�h�]�h�� �^�b�o�Z�g�g�y�� �d�h�j�b�k�g�h�� �a�Z�k�l�h�k�h�\�m�\�Z�l�b�� �k�i�_�p�•�Z�e�v�g�•��
�\�i�j�Z�\�b�� ���l�Z�d�� �a�\�Z�g�Z�� �©�^�b�o�Z�e�v�g�Z�� �]�•�f�g�Z�k�l�b�d�Z�ª������ �I�•�^�[�•�j�� �l�Z�� �i�j�Z�\�b�e�Z�� �\�b�d�h�g�Z�g�g�y�� �p�b�o�� �\�i�j�Z�\��
�a�Z�e�_�`�Z�l�v�� �\�•�^�� �€�o�� �d�h�g�d�j�_�l�g�h�€�� �k�i�j�y�f�h�\�Z�g�h�k�l�•���� �L�Z�d���� �^�e�y�� �a�[�•�e�v�r�_�g�g�y�� �k�b�e�b�� �^�b�o�Z�e�v�g�b�o�� �f�
�y�a�•�\��
�\�b�d�h�j�b�k�l�h�\�m�x�l�v�� �\�b�^�b�o�b�� �m�� �\�h�^�m���� �Z�d�l�b�\�g�_�� �^�b�o�Z�g�g�y�� �m�� �g�_�a�j�m�q�g�b�o�� �k�l�Z�l�b�q�g�b�o�� �i�h�e�h�`�_�g�g�y�o����
�^�b�o�Z�g�g�y���\���f�Z�k�p�•�����^�b�o�Z�g�g�y���a���i�_�j�_�[�b�g�l�h�\�Z�g�h�x���_�e�Z�k�l�b�q�g�b�f�b���[�b�g�l�Z�f�b���]�j�m�^�g�h�x���d�e�•�l�d�h�x���•���l�����i������
�^�e�y�� �i�•�^�\�b�s�_�g�g�y�� �f�Z�d�k�b�f�Z�e�v�g�h�€�� �e�_�]�_�g�_�\�h�€�� �\�_�g�l�b�e�y�p�•�€�� �•�� �j�m�o�e�b�\�h�k�l�•�� �]�j�m�^�g�h�€�� �d�e�•�l�d�b��- �q�Z�k�l�_�� �•��
�]�e�b�[�h�d�_�� �^�b�o�Z�g�g�y�� �a�� �j�•�a�g�h�x�� �•�g�l�_�g�k�b�\�g�•�k�l�x���� �Z�`�� �^�h�� �f�Z�d�k�b�f�Z�e�v�g�h�€���� �^�e�y�� �a�[�•�e�v�r�_�g�g�y�� �}�f�g�h�k�l�•��
�e�_�]�_�g�v��- �i�h�\�•�e�v�g�_�� �]�e�b�[�h�d�_�� �^�b�o�Z�g�g�y�� �a�� �f�Z�d�k�b�f�Z�e�v�g�h�x�� �Z�f�i�e�•�l�m�^�h�x�� �^�b�o�Z�e�v�g�b�o�� �j�m�o�•�\���� �<�k�•��
�\�i�j�Z�\�b�� �^�e�y�� �^�b�o�Z�e�v�g�h�]�h�� �Z�i�Z�j�Z�l�m���� �s�h�� �i�h�\�
�y�a�Z�g�•�� �a�� �Z�d�l�b�\�•�a�Z�p�•�}�x�� �^�b�o�Z�g�g�y���� �d�j�Z�s�_�� �j�h�[�b�l�b�� �g�_�� �\��
�k�i�h�d�h�€�����Z���i�j�b���e�_�]�d�h�f�m���n�•�a�b�q�g�h�f�m���g�Z�\�Z�g�l�Z�`�_�g�g�•�� 

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

�N�Z�d�l�h�j�b�����\�•�^���y�d�b�o���a�Z�e�_�`�b�l�v���j�•�\�_�g�v���i�j�h�y�\�m���•���j�h�a�\�b�l�d�m���k�i�_�p�•�Z�e�v�g�h�€���\�b�l�j�b�\�Z�e�h�k�l�•���>�������F����
79]:  

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

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

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

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

�f�
�y�a�•�\������ 
- �d�h�h�j�^�b�g�Z�p�•�c�g�•���a�^�•�[�g�h�k�l�•�����l�h�[�l�h���l�h�q�g�•�k�l�v���j�m�o�•�\������ 
- �k�b�e�h�\�•���y�d�h�k�l�•���•���j�h�a�\�b�l�h�d���•�g�r�b�o���j�m�o�h�\�b�o���a�^�•�[�g�h�k�l�_�c�� 
�I�_�j�_�^�m�f�h�\�h�x�� �j�h�a�\�b�l�d�m�� �k�i�_�p�•�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �j�•�a�g�h�]�h�� �l�b�i�m�� �}�� �a�[�•�e�v�r�_�g�g�y��

�Z�_�j�h�[�g�b�o�� �f�h�`�e�b�\�h�k�l�_�c�� �a�Z�\�^�y�d�b�� �j�h�a�\�b�l�d�m�� �a�Z�]�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•���� �y�d�Z�� �]�j�Z�}�� �•�k�l�h�l�g�m�� �j�h�e�v�� �\��
�h�i�l�b�f�•�a�Z�p�•�€���`�b�l�l�}�^�•�y�e�v�g�h�k�l�•���l�Z���a�^�h�j�h�\�
�y���e�x�^�b�g�b�>�������F���������@�� 

�H�l�`�_���� �k�l�m�^�_�g�l�b�� �f�h�j�k�v�d�b�o�� �A�<�H�� �i�h�l�j�_�[�m�x�l�v�� �j�h�a�\�b�l�d�m�� �y�d�� �a�Z�]�Z�e�v�g�h�€���� �l�Z�d�� �•�� �k�i�_�p�•�Z�e�v�g�h�€��
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�\�b�d�e�b�d�Z�x�l�v�� �j�•�a�g�h�f�Z�g�•�l�g�•�� �j�_�n�e�_�d�l�h�j�g�•�� �j�_�Z�d�p�•�€�� �a�Z�]�Z�e�v�g�h�]�h�� �•�� �f�•�k�p�_�\�h�]�h�� �o�Z�j�Z�d�l�_�j�m�� �a��
�n�m�g�d�p�•�h�g�Z�e�v�g�b�f�b���i�h�j�m�r�_�g�g�y�f�b���g�_���l�•�e�v�d�b���\���f�•�k�p�y�o�����i�•�^�^�Z�g�b�o���h�o�h�e�h�^�`�_�g�g�x�����Z�e�_�c���h�d�j�_�f�b�o��
�q�Z�k�l�b�g�Z�o�� �l�•�e�Z���� �G�Z�i�j�b�d�e�Z�^���� �h�o�h�e�h�^�`�_�g�g�y�� �g�•�]�� �\�b�d�e�b�d�Z�}�� �a�g�b�`�_�g�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �k�e�b�a�h�\�b�o��
�h�[�h�e�h�g�h�d�� �g�h�k�Z���� �]�h�j�e�Z���� �s�h�� �f�h�`�_�� �k�i�j�b�q�b�g�b�l�b�� �g�_�`�b�l�v���� �d�Z�r�_�e�v���� �Z�g�]�•�g�m�� �\�g�Z�k�e�•�^�h�d�� �a�g�b�`�_�g�g�y��
�h�i�•�j�g�h�k�l�•�� �h�j�]�Z�g�•�a�f�m�� �^�h�� �i�Z�l�h�]�_�g�g�b�o�� �f�•�d�j�h�[�•�\���� �J�•�a�d�•�� �\�i�e�b�\�b�� �o�h�e�h�^�m�� �\�b�d�e�b�d�Z�x�l�v�� �l�Z�d�h�`��
�h�o�h�e�h�^�`�_�g�g�y�� �i�_�j�b�n�_�j�b�q�g�b�o�� �g�_�j�\�•�\���� �f�
�y�a�•�\�� �•�� �a�\�¶�y�a�d�h�\�h�k�m�]�e�h�[�g�h�]�h�� �Z�i�Z�j�Z�l�m���� �I�e�Z�k�l�b�q�g�•�k�l�v�� �•��
�k�d�h�j�h�q�m�\�Z�e�v�g�Z���k�i�j�h�f�h�`�g�•�k�l�v���f�¶�y�a�•�\�� �•�� �a�\�¶�y�a�h�d���i�j�b���j�h�[�h�l�•�� �m���o�h�e�h�^�•�� �a�f�_�g�r�m�x�l�v�k�y���� �s�h���f�h�`�_��
�i�j�b�a�\�_�k�l�b���^�h���l�j�Z�\�f�Z�l�b�q�g�b�o���m�r�d�h�^�`�_�g�v�� 

�<�b�l�j�b�\�Z�e�•�k�l�v���^�h���\�b�k�h�d�h�€���l�_�f�i�_�j�Z�l�m�j�b���^�h�k�y�]�Z�}�l�v�k�y���a�Z���^�h�i�h�f�h�]�h�x���n�•�a�b�q�g�b�o���\�i�j�Z�\�����s�h��
�k�m�i�j�h�\�h�^�`�m�x�l�v�k�y�� �a�g�Z�q�g�b�f�� �l�_�i�e�h�m�l�\�h�j�_�g�g�y�f�� ���[�•�]�� �g�Z�� �^�h�\�]�•�� �^�b�k�l�Z�g�p�•�€���� �]�j�Z�� �m�� �n�m�l�[�h�e����
�[�Z�k�d�_�l�[�h�e������ �Z�� �l�Z�d�h�`�� �r�e�y�o�h�f�� �\�b�d�h�g�Z�g�g�y�� �\�i�j�Z�\�� �a�Z�� �m�f�h�\�� �\�b�k�h�d�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �c�� �m�l�j�m�^�g�_�g�h�€��
�l�_�i�e�h�\�•�^�^�Z�q�•�� ���o�h�^�v�[�Z���� �[�•�]���� �k�i�h�j�l�b�\�g�•�� �•�]�j�b�� �a�� �f�¶�y�q�_�f�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� �����ƒ�K�� �•�� �[�•�e�v�r�_���� �Z�[�h�� �l�_�`��
�k�Z�f�_���� �Z�e�_�� �m�� �l�_�i�e�h�f�m�� �l�j�_�g�m�\�Z�e�v�g�h�f�m�� �Z�[�h�� �i�h�\�•�l�j�h�g�_�i�j�h�g�b�d�g�h�f�m�� �d�h�k�l�x�f�•������ �<�b�l�j�b�\�Z�e�•�k�l�v�� �^�h��
�g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�� �^�h�k�y�]�Z�}�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �n�•�a�b�q�g�b�o�� �\�i�j�Z�\���� �\�b�d�h�g�m�\�Z�g�b�o�� �a�Z�� �m�f�h�\��
�g�b�a�v�d�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �m�� �i�h�e�_�]�r�_�g�h�f�m�� �h�^�y�a�•���� �?�n�_�d�l�b�\�g�b�f�� �a�Z�k�h�[�h�f�� �}�� �f�•�k�p�_�\�_�� �•�� �a�Z�]�Z�e�v�g�_��
�a�Z�]�Z�j�l�h�\�m�\�Z�g�g�y�� �o�h�e�h�^�g�b�f�� �i�h�\�•�l�j�y�f�� �•�� �\�h�^�h�x�� ���h�[�l�b�j�Z�g�g�y���� �h�[�e�b�\�Z�g�g�y���� �o�h�e�h�^�g�b�c�� �^�m�r������
�<�b�l�j�b�\�Z�e�•�k�l�v�� �^�h�� �j�•�a�d�b�o�� �d�h�e�b�\�Z�g�v�� �l�_�f�i�_�j�Z�l�m�j�b�� �^�h�k�y�]�Z�}�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �\�i�j�Z�\����
�\�b�d�h�g�m�\�Z�g�b�o���a�Z���l�Z�d�b�o���m�f�h�\�����n�•�a�b�q�g�•���\�i�j�Z�\�b���\�a�b�f�d�m���\�b�d�h�g�m�x�l�v�k�y���m���i�h�f�_�r�d�Z�g�g�•�����Z���i�h�l�•�f���g�Z��
�\�•�^�d�j�b�l�h�f�m���i�h�\�•�l�j�•�����•���g�Z�\�i�Z�d�b�����\�i�j�Z�\�b���\�b�d�h�g�m�x�l�v�k�y���g�Z���k�h�g�p�•���c���m���a�Z�l�•�g�d�m�����•�g�l�_�g�k�b�\�g�b�c���[�•�]���g�Z��
�k�h�g�p�•�� �q�_�j�]�m�}�l�v�k�y�� �a�� �i�h�\�•�e�v�g�h�x�� �o�h�^�v�[�h�x�� �m�� �a�Z�l�•�g�d�m���� �=�Z�j�g�b�c�� �_�n�_�d�l�� �^�Z�}�� �a�Z�k�l�h�k�m�\�Z�g�g�y��
�d�h�g�l�j�Z�k�l�g�h�]�h�� �^�m�r�m���� �D�j�•�f�� �l�h�]�h���� �^�e�y�� �\�b�o�h�\�Z�g�g�y�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �^�h�� �g�b�a�v�d�b�o�� �•�� �\�b�k�h�d�b�o��
�l�_�f�i�_�j�Z�l�m�j���� �j�•�a�d�b�o�� �€�€�� �d�h�e�b�\�Z�g�v�� �J���L���� �J�Z�}�\�k�v�d�b�c�� �j�_�d�h�f�_�g�^�m�}�� �\�b�d�h�g�m�\�Z�l�b�� �l�Z�d�•�� �\�i�j�Z�\�b�� �•��
�f�_�l�h�^�b�q�g�•���i�j�b�c�h�f�b���� 

�������I�j�h�\�_�^�_�g�g�y���a�Z�g�y�l�v���g�Z���\�•�^�d�j�b�l�h�f�m���i�h�\�•�l�j�•���m�o�h�e�h�^�g�m���i�h�j�m���j�h�d�m���\���e�_�]�d�h�f�m���h�^�y�a�•��- 30-
�������o�\���� 

�������I�j�h�\�_�^�_�g�g�y���a�Z�g�y�l�v���g�Z���\�•�^�d�j�b�l�h�f�m���i�h�\�•�l�j�•���a�Z���\�b�k�h�d�h�€���l�_�f�i�_�j�Z�l�m�j�b���^�h���������o�\���� 
������ �I�j�h�\�_�^�_�g�g�y�� �a�Z�g�y�l�v�� �\�� �m�f�h�\�Z�o�� �j�•�a�d�h�]�h�� �q�_�j�]�m�\�Z�g�g�y�� �l�_�f�i�_�j�Z�l�m�j���� �I�_�j�r�b�c�� �\�Z�j�•�Z�g�l����

�a�Z�g�y�l�l�y�� �i�h�q�b�g�Z�}�l�v�k�y�� �\�� �a�Z�e�•�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� ����-�����ž�� �K�� �•�a�� �i�•�^�\�b�s�_�g�h�x�� �•�g�l�_�g�k�b�\�g�•�k�l�x���� �i�h�l�•�f��
�r�\�b�^�d�h���i�_�j�_�g�h�k�b�l�v�k�y���g�Z���\�•�^�d�j�b�l�_���i�h�\�•�l�j�y���•���i�j�h�\�h�^�b�l�v�k�y���a�Z���l�_�f�i�_�j�Z�l�m�j�b����-�����ž���K���•���g�b�`�q�_���a��
�g�_�\�_�e�b�d�h�x�� �•�g�l�_�g�k�b�\�g�•�k�l�x���� �>�j�m�]�b�c�� �\�Z�j�•�Z�g�l���� �n�•�a�b�q�g�•�� �\�i�j�Z�\�b�� �i�•�^�\�b�s�_�g�h�€�� �•�g�l�_�g�k�b�\�g�h�k�l�•��
�\�b�d�h�g�m�x�l�v�k�y�� �g�Z�� �k�h�g�p�•���� �i�h�l�•�f�� �]�j�m�i�Z�� �i�_�j�_�o�h�^�b�l�v�� �m�� �a�Z�l�•�g�h�d���� �^�_�� �\�b�d�h�g�m�}�� �g�_�\�_�e�b�d�m�� �d�•�e�v�d�•�k�l�v��
�\�i�j�Z�\���•�a���f�Z�e�h�x���•�g�l�_�g�k�b�\�g�•�k�l�x������-�����i�_�j�_�o�h�^�b���� 

������ �L�j�b�\�Z�e�_�� �\�b�d�h�g�Z�g�g�y�� �\�i�j�Z�\�� �•�a�� �i�•�^�\�b�s�_�g�h�x�� �•�g�l�_�g�k�b�\�g�•�k�l�x�� �a�Z�� �m�f�h�\�� �m�l�j�m�^�g�_�g�h�€��
�l�_�i�e�h�\�•�^�^�Z�q�•���� �G�Z�i�j�b�d�e�Z�^���� �i�j�h�[�•�]�l�b�� �m�� �j�•�\�g�h�f�•�j�g�h�f�m�� �l�_�f�i�•�� ��-���� �d�f�� �m�� �l�_�i�e�h�f�m�� �k�i�h�j�l�b�\�g�h�f�m��
�d�h�k�l�x�f�•���� 

������ �;�•�]���� �s�h�� �q�_�j�]�m�}�l�v�k�y�� �a�� �o�h�^�v�[�h�x���� �a�Z�� �g�b�a�v�d�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �i�h�\�•�l�j�y���� �i�j�h�[�•�]�l�b�� ���������� �f�� �a��
�i�•�^�\�b�s�_�g�h�x�� �•�g�l�_�g�k�b�\�g�•�k�l�x���� �i�_�j�_�c�l�b�� �g�Z�� �d�j�h�d���� �i�j�h�c�l�b�� �i�h�\�•�e�v�g�h�� ������-�������� �f���� �a�g�h�\�m�� �i�j�h�[�•�]�l�b��
�����������f���•���a�g�h�\�m���i�_�j�_�c�l�b���g�Z���d�j�h�d���•���l���^�����<�b�d�h�g�m�\�Z�l�b����-�����k�_�j�•�€���� 

�������F�_�l�Z�g�g�y���k�g�•�`�h�d���m���p�•�e�v���]�h�e�b�f�b���j�m�d�Z�f�b��- 5-�������o�\���� 
�������=�•�^�j�h�i�j�h�p�_�^�m�j�b�����h�[�e�b�\�Z�g�g�y���\�h�^�h�x��- 1-�����o�\�� 
�K�Z�f�_�� �l�Z�d�•�� �\�i�j�Z�\�b�� �f�h�`�m�l�v�� �i�j�b�\�q�b�l�b�� �k�l�m�^�_�g�l�•�\�� �^�h�� �j�h�[�h�l�b�� �m�� �j�•�a�g�b�o�� �d�e�•�f�Z�l�b�q�g�b�o��

�m�f�h�\�Z�o�����l�Z���k�n�h�j�f�m�\�Z�l�b���\�b�l�j�b�\�Z�e�•�k�l�v���^�h���j�•�a�g�b�o���l�_�f�i�_�j�Z�l�m�j�g�b�o���j�_�`�b�f�•�\�� 
�<�b�k�g�h�\�d�b�����<�b�l�j�b�\�Z�e�•�k�l�v���± �a�^�•�[�g�•�k�l�v�� �i�j�h�l�b�k�l�h�y�l�b�� �\�l�h�f�•���� �s�h�� �\�b�d�e�b�d�Z�g�Z�� �f�¶�y�a�h�\�h�x��

�^�•�y�e�v�g�•�k�l�x���A�Z�]�Z�e�v�g�Z�� �\�b�l�j�b�\�Z�e�•�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�}�� �k�h�[�h�x�� �[�Z�a�h�\�m�� �a�^�Z�l�g�•�k�l�v��
�k�_�j�_�^�g�v�h�k�l�Z�l�b�k�l�b�q�g�h�€�� �e�x�^�b�g�b�� �[�_�a�� �a�g�Z�q�g�b�o�� �h�[�f�_�`�_�g�v�� �m�� �q�Z�k�•�� �\�b�d�h�g�m�\�Z�l�b�� �j�h�[�h�l�m�� �i�h�f�•�j�g�h�€��
�•�g�l�_�g�k�b�\�g�h�k�l�•�� �i�j�b�� �^�h�k�b�l�v�� �i�h�\�g�h�f�m�� �a�Z�e�m�q�_�g�g�•�� �[�•�e�v�r�h�k�l�•�� �n�m�g�d�p�•�c�� �h�j�]�Z�g�•�a�f�m���� �2�€�� �s�_��
�g�Z�a�b�\�Z�x�l�v���Z�_�j�h�[�g�h�x���\�b�l�j�b�\�Z�e�•�k�l�x 
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�N�h�j�f�m�\�Z�g�g�y�� �a�Z�]�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �a�Z�[�_�a�i�_�q�m�}�l�v�k�y�� �l�j�b�\�Z�e�b�f�� �\�b�d�h�g�Z�g�g�y�f�� �i�_�\�g�h�€��
�n�•�a�b�q�g�h�€�� �j�h�[�h�l�b�� �\�� �j�_�`�b�f�•�� �i�h�f�•�j�g�h�]�h�� �•�� �a�g�Z�q�g�h�]�h�� �g�Z�i�j�m�`�_�g�g�y���� �G�Z�c�d�j�Z�s�b�f�� �a�Z�k�h�[�h�f��
�\�b�o�h�\�Z�g�g�y�� �a�Z�]�Z�e�v�g�h�€�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �}���� �[�•�]�� �g�Z�� �k�_�j�_�^�g�•�� �•�� �^�h�\�]�•�� �^�b�k�l�Z�g�p�•�€���� �o�h�^�v�[�Z���� �[�•�]�� �g�Z��
�d�h�\�a�Z�g�Z�o���� �o�h�^�v�[�Z�� �g�Z�� �e�b�`�Z�o���� �\�_�k�e�m�\�Z�g�g�y���� �i�e�Z�\�Z�g�g�y���� �l�m�j�b�k�l�b�q�g�•�� �i�h�o�h�^�b���� �k�b�k�l�_�f�Z�l�b�q�g�•��
�a�Z�g�y�l�l�y���n�m�l�[�h�e�h�f�����[�Z�k�d�_�l�[�h�e�h�f�����\�h�e�_�c�[�h�e�h�f�� 

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

�N�h�j�f�m�\�Z�g�g�y�� �\�b�l�j�b�\�Z�e�h�k�l�•�� �^�h�� �g�_�k�i�j�b�y�l�e�b�\�b�o�� �f�_�l�_�h�j�h�e�h�]�•�q�g�b�o�� �q�b�g�g�b�d�•�\�� �^�h�k�y�]�Z�}�l�v�k�y��
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Bairamova O.V., Shvaika M.O., Kudrytska D.O. 
DEVELOPMENT OF ENDURANCE OF STUDENTS OF TH E MARINE DIRECTION: 
THEORETICAL AND METHODOLOGICAL ASPECT  

In the presented work the attention to necessity of development of endurance of students for 
the further effective work on sea transport is actualized. It is emphasized that the duration of 
time and quality of work performance without reducing its efficiency depends on the level of 
endurance development. The component structure of endurance, its types, namely general and 
special are investigated. The main characteristics of the types of special endurance are given: 
power, speed-power, speed, coordination. Statistical and dynamic endurance were characterized 
by certain features that are components of differences in their comparative characteristics. The 
optimal ways to improve the physical endurance of students of marine specialties, which 
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consisted in the development of first general endurance, and then special. As each of them meets, 
they meet certain criteria that are interrelated. After all, it is with such a consistent process that 
you can achieve the most effective results. To improve the functions of external respiration, the 
following exercises are described (so-called "breathing exercises"): frequent and deep breathing 
with varying intensity, active breathing in uncomfortable statistical positions, breathing in a 
mask, breathing with bandaged elastic bandages on the chest, etc. However, in the process of 
developing physical endurance should be borne in mind that in most professional activities, 
future sailors must show it in different states of the body - with high efficiency of functional 
systems, as well as during progressive fatigue, even in its most severe manifestations. This must 
be taken into account in the process of planning the development of a particular type of 
endurance. For example, the factors that determine the level of manifestation of special 
endurance and development are: general endurance; the level of use of resources of 
intramuscular energy sources; volitional qualities that are of particular importance. 

Key words: endurance, types of endurance, physical exercises for endurance development, 
physical training of future sailors, general and special endurance. 
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�d�h�f�i�_�l�_�g�l�g�h�k�l�•�� �f�h�j�y�d�•�\���� �<�h�g�Z���[�Z�a�m�}�l�v�k�y���g�Z���a�g�Z�g�g�y�o���� �g�Z�\�b�q�d�Z�o���•�� �\�f�•�g�g�y�o���� �y�d�•�� �h�l�j�b�f�Z�g�•�� �i�•�^��
�q�Z�k���g�Z�\�q�Z�g�g�y���m���k�_�j�_�^�g�•�c���r�d�h�e�•�����Z�e�_���g�b�f�b���g�_���\�b�q�_�j�i�m�}�l�v�k�y�����h�[�h�\�¶�y�a�d�h�\�h���i�•�^�\�b�s�m�x�q�b���j�•�\�_�g�v��
�\�h�e�h�^�•�g�g�y�� �a�Z�]�Z�e�v�g�h�\�`�b�\�Z�g�h�x�� �f�h�\�h�x���� �\�d�e�x�q�Z�x�q�b�� �h�\�h�e�h�^�•�g�g�y�� �i�j�h�n�_�k�•�c�g�h�x�� �e�_�d�k�b�d�h�x�� �l�Z��
�h�k�h�[�e�b�\�h�k�l�y�f�b�� �k�i�•�e�d�m�\�Z�g�g�y�� �\�� �f�h�j�•���� �h�o�h�i�e�x�x�q�b�� �h�k�h�[�b�k�l�•�k�g�_�� �k�l�Z�\�e�_�g�g�y�� �^�h�� �g�b�o�� �e�x�^�b�g�b���� �Z��
�l�Z�d�h�`�� �©�€�€�� �^�h�k�\�•�^���� �y�d�b�c�� �^�Z�}�� �a�f�h�]�m�� �©�\�i�e�_�k�l�b�ª�� �p�•�� �a�g�Z�g�g�y�� �\���l�_���� �s�h�� �\�h�g�Z�� �\�`�_�� �a�g�Z�e�Z���� �l�Z�� �€�€��
�k�i�j�h�f�h�`�g�•�k�l�v�� �a�[�Z�]�g�m�l�b�� �`�b�l�l�}�\�m�� �k�b�l�m�Z�p�•�x���� �m�� �y�d�•�c�� �\�h�g�Z�� �a�f�h�`�_�� �€�o�� �a�Z�k�l�h�k�m�\�Z�l�b�ª�� �>�������� �k���� �����@����
�;�•�e�v�r�� �l�h�]�h���� �k�Z�f�_�� �Z�g�]�e�h�f�h�\�g�Z�� �d�h�f�m�g�•�d�Z�l�b�\�g�Z�� �d�h�f�i�_�l�_�g�l�g�•�k�l�v�� �^�Z�}�� �a�f�h�]�m�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b��
�•�g�h�a�_�f�g�m���f�h�\�m���y�d���a�Z�k�•�[���f�•�`�d�m�e�v�l�m�j�g�h�]�h���k�i�•�e�d�m�\�Z�g�g�y�����y�d���•�g�k�l�j�m�f�_�g�l���m���^�•�Z�e�h�a�•���d�m�e�v�l�m�j�����s�h���}��
�`�b�l�l�}�\�h�� �g�_�h�[�o�•�^�g�h�x�� �m�f�h�\�h�x�� �l�Z�� �\�b�f�h�]�h�x�� �d�h�g�\�_�g�p�•�c�g�b�o�� �^�h�d�m�f�_�g�l�•�\�� �m�� �f�•�`�g�Z�j�h�^�g�b�o����
�[�Z�]�Z�l�h�g�Z�p�•�h�g�Z�e�v�g�b�o�����j�_�e�•�]�•�c�g�h���l�Z���d�m�e�v�l�m�j�g�h���j�•�a�g�h�j�•�^�g�b�o���_�d�•�i�Z�`�Z�o�� 

�K���� �D�h�a�Z�d�� �\�b�a�g�Z�q�Z�}�� �i�j�h�n�_�k�•�c�g�m�� �d�h�f�m�g�•�d�Z�l�b�\�g�m�� �d�h�f�i�_�l�_�g�l�g�•�k�l�v�� �f�Z�c�[�m�l�g�•�o�� �n�Z�o�•�\�p�•�\��
�f�h�j�k�v�d�h�]�h�� �n�e�h�l�m�� �y�d�� �k�n�h�j�f�h�\�Z�g�m�� �\�� �i�j�h�p�_�k�•�� �g�Z�\�q�Z�g�g�y�� �•�g�h�a�_�f�g�h�€�� �f�h�\�b�� �a�^�Z�l�g�•�k�l�v�� �\�•�e�v�g�h�� �•��
�Z�^�_�d�\�Z�l�g�h�� �^�h�� �m�f�h�\�� �k�h�p�•�Z�e�v�g�h-�j�h�e�v�h�\�b�o�� �k�b�l�m�Z�p�•�c�� �i�j�h�n�_�k�•�c�g�h�€�� �^�•�y�e�v�g�h�k�l�•�� �j�h�a�m�f�•�l�b�� �c��
�a�m�f�h�\�e�x�\�Z�l�b���\�•�^�i�h�\�•�^�g�•���f�h�\�e�_�g�g�}�\�•���\�b�k�e�h�\�e�x�\�Z�g�g�y���a�]�•�^�g�h���a���l�_�h�j�_�l�b�q�g�b�f�b���i�h�e�h�`�_�g�g�y�f�b���•��
�a�g�Z�g�g�y�f�b���� �s�h�� �\�b�d�h�g�m�x�l�v�� �•�g�n�h�j�f�Z�p�•�c�g�h-�d�h�f�m�g�•�d�Z�l�b�\�g�m�� �n�m�g�d�p�•�x���� �Z�� �l�Z�d�h�`�� �i�j�Z�d�l�b�q�g�•��
�\�f�•�g�g�y�� �l�Z�� �g�Z�\�b�q�d�b���� �y�d�•�� �a�Z�[�_�a�i�_�q�m�x�l�v�� �i�_�j�p�_�i�l�b�\�g�h-�d�h�f�m�g�•�d�Z�l�b�\�g�m�� �l�Z�� �•�g�l�_�j�Z�d�p�•�c�g�h-
�d�h�f�m�g�•�d�Z�l�b�\�g�m���n�m�g�d�p�•�€���k�i�•�e�d�m�\�Z�g�g�y���a�Z���^�h�i�h�f�h�]�h�x���a�Z�k�h�[�•�\���•�g�h�a�_�f�g�h�€���f�h�\�b���>�������k���������@�� 

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

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

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

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

�I�j�b���\�b�d�h�g�Z�g�g�•���g�Z�k�l�m�i�g�b�o���h�i�_�j�Z�p�•�c�����r�\�Z�j�l�m�\�Z�g�g�y�����[�m�d�k�b�j�m�\�Z�g�g�y�����i�h�k�l�Z�g�h�\�d�Z���g�Z���y�d�•�j����
�e�h�p�f�Z�g�k�v�d�Z���i�j�h�\�h�^�d�Z�����\�Z�g�l�Z�`�g�•���h�i�_�j�Z�p�•�€�����i�j�h�\�_�^�_�g�g�y���g�Z�\�q�Z�e�v�g�b�o���l�j�b�\�h�]���l�Z���•�g�����\�•�g���i�h�\�b�g�_�g��
�a�g�Z�l�b�� �•�� �a�Z�k�l�h�k�h�\�m�\�Z�l�b�� �k�l�Z�g�^�Z�j�l�g�•�� �n�j�Z�a�b�� �^�e�y�� �k�i�•�e�d�m�\�Z�g�g�y�� �g�Z�� �f�h�j�•�� �Z�g�]�e�•�c�k�v�d�h�x�� �f�h�\�h�x, 
�j�h�a�j�h�[�e�_�g�•���•���i�j�b�c�g�y�l�•���1�F�H���� 

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

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

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

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

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

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

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

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

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

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

�>�h�� �l�h�]�h�� �`���� �l�Z�d�•�� �n�Z�d�l�h�j�b���� �y�d�� �h�[�f�_�`�_�g�b�c�� �i�j�h�k�l�•�j���� �\�l�h�f�Z�� �\�•�^�� �\�Z�`�d�h�€�� �j�h�[�h�l�b���� �i�h�]�h�^�g�•��
�m�f�h�\�b���� �d�m�e�v�l�m�j�g�•�� �\�•�^�f�•�g�g�h�k�l�•�� �q�e�_�g�•�\�� �d�h�f�Z�g�^�b��- �i�j�_�^�k�l�Z�\�g�b�d�•�\�� �j�•�a�g�b�o�� �d�j�Z�€�g���� �\�•�^�k�m�l�g�•�k�l�v��
�f�h�`�e�b�\�h�k�l�•�� �k�i�•�e�d�m�\�Z�l�b�k�y�� �j�•�^�g�h�x�� �f�h�\�h�x���� �Z�^�`�_���� �a�Z�a�\�b�q�Z�c���� �k�d�e�Z�^�� �k�m�q�Z�k�g�b�o�� �k�m�^�g�h�\�b�o��
�_�d�•�i�Z�`�•�\�� �[�Z�]�Z�l�h�g�Z�p�•�h�g�Z�e�v�g�b�c���� �h�[�f�_�`�_�g�•�� �f�h�`�e�b�\�h�k�l�•�� �k�i�•�e�d�m�\�Z�g�g�y�� �•�a�� �j�•�^�g�b�f�b�� �l�Z�� �^�j�m�a�y�f�b�� �•��
�l���i�����a�\�h�^�b�l�v���^�h���f�•�g�•�f�m�f�m���c�f�h�\�•�j�g�•�k�l�v���k�l�\�h�j�_�g�g�y���]�Z�j�g�h�€���k�h�p�•�Z�e�v�g�h�€���k�i�•�e�v�g�h�k�l�•���•���i�h�a�b�l�b�\�g�h�]�h��
�j�h�[�h�q�h�]�h�� �d�e�•�f�Z�l�m�� �\�� �[�Z�]�Z�l�h�g�Z�p�•�h�g�Z�e�v�g�b�o�� �_�d�•�i�Z�`�Z�o���� �Z�e�_�� �p�_�� �^�m�`�_�� �g�_�h�[�o�•�^�g�•�� �m�f�h�\�b��
�i�j�h�n�_�k�•�c�g�h�]�h���d�h�f�Z�g�^�g�h�]�h���\�b�d�h�g�Z�g�g�y���j�h�[�h�l�b���l�Z���d�h�f�n�h�j�l�g�h�]�h���k�i�•�\�•�k�g�m�\�Z�g�g�y���_�d�•�i�Z�`�m�����K�Z�f�_��
�l�h�f�m���� �f�Z�c�[�m�l�g�v�h�f�m�� �f�h�j�y�d�m�� �g�_�h�[�o�•�^�g�h�� �h�\�h�e�h�^�•�l�b�� �g�_�� �e�b�r�_�� �i�j�h�n�_�k�•�c�g�h�x�� �j�h�a�f�h�\�g�h�x�� �l�Z��
�i�b�k�v�f�h�\�h�x�� �Z�g�]�e�•�c�k�v�d�h�x���� �Z�e�_�� �\�f�•�l�b�� �d�h�g�l�Z�d�l�m�\�Z�l�b���� �m�a�]�h�^�`�_�g�h�� �\�a�Z�}�f�h�^�•�y�l�b�� �a�� �•�g�r�b�f�b��
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�q�e�_�g�Z�f�b�� �_�d�•�i�Z�`�m�� �g�Z�� �i�h�[�m�l�h�\�h�f�m�� �j�•�\�g�•���� �\�b�j�•�r�m�\�Z�l�b�� �d�h�g�n�e�•�d�l�b�� �•�� �i�•�^�l�j�b�f�m�\�Z�l�b�� �\�b�k�h�d�b�c��
�j�•�\�_�g�v���a�]�m�j�l�h�\�Z�g�h�k�l�•���k�m�^�g�h�\�h�€���d�h�f�Z�g�^�b�� 

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

�?�n�_�d�l�b�\�g�Z�� �d�h�f�m�g�•�d�Z�l�b�\�g�Z�� �\�a�Z�}�f�h�^�•�y�� �•�� �\�a�Z�}�f�h�j�h�a�m�f�•�g�g�y�� �g�Z�� �Z�g�]�e�•�c�k�v�d�•�c�� �f�h�\�•�� �f�h�`�e�b�\�•��
�l�•�e�v�d�b���� �y�d�s�h�� �a�g�Z�g�g�y�� �j�h�a�f�h�\�g�b�o�� �e�_�d�k�b�q�g�b�o�� �l�Z�� �]�j�Z�f�Z�l�b�q�g�b�o�� �_�e�_�f�_�g�l�•�\�� �•�� �d�m�e�v�l�m�j�g�h�]�h�� �d�h�^�m��
�i�j�Z�\�b�e�v�g�h�� �•�g�l�_�j�i�j�_�l�m�}�� �i�h�\�•�^�h�f�e�_�g�g�y�� �•�� �j�h�a�m�f�•�g�g�y�� �c�h�]�h�� �k�f�b�k�e�h�\�h�]�h�� �a�g�Z�q�_�g�g�y���� �>�Z�g�Z�� �m�f�h�\�Z��
�\�b�a�g�Z�q�Z�}�����g�Z�k�d�•�e�v�d�b���_�n�_�d�l�b�\�g�h�x���}���d�h�f�m�g�•�d�Z�p�•�y�����Z�^�`�_���_�n�_�d�l�b�\�g�Z���d�h�f�m�g�•�d�Z�p�•�y���i�_�j�_�^�[�Z�q�Z�}���y�d��
�k�f�b�k�e�h�\�b�c�� �a�f�•�k�l�� �\�b�k�e�h�\�e�x�\�Z�g�v���� �l�Z�d�� �•�� �n�h�j�f�m�� �•�g�l�_�j�i�j�_�l�Z�p�•�€���� �J�h�a�f�h�\�g�Z�� �f�h�\�Z�� �Z�g�]�e�•�c�k�v�d�h�x��
�f�h�`�_�� �[�m�l�b�� �^�h�k�b�l�v�� �k�i�h�g�l�Z�g�g�h�x���� �k�Z�f�Z�� �\�b�f�h�\�Z�� �m�� �j�•�a�g�b�o�� �i�j�_�^�k�l�Z�\�g�b�d�•�\�� �_�d�•�i�Z�`�m�� �f�h�`�_��
�\�•�^�j�•�a�g�y�l�b�k�y�����}���l�Z�d�h�`���k�i�_�p�b�n�•�d�Z���©�i�j�h�]�e�Z�l�m�\�Z�g�g�y�ª���h�d�j�_�f�b�o���a�Z�d�•�g�q�_�g�v�����Z�j�l�b�d�e�•�\�����[�m�d�\���l�h�s�h����
�•���\�k�_���p�_���l�Z�d�h�`���m�l�j�m�^�g�x�}���€�€���k�i�j�b�c�g�y�l�l�y�� 

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

�K�i�_�p�b�n�•�d�Z�� �a�f�•�k�l�m�� �g�Z�\�q�Z�g�g�y�� �Z�g�]�e�h�f�h�\�g�h�]�h�� �k�i�•�e�d�m�\�Z�g�g�y�� �f�Z�c�[�m�l�g�•�o�� �f�h�j�y�d�•�\�� �i�h�e�y�]�Z�}�� �\��
�c�h�]�h���\�•�^�i�h�\�•�^�g�h�k�l�•���d�h�g�l�_�d�k�l�m���f�Z�c�[�m�l�g�v�h�€���i�j�h�n�_�k�•�c�g�h�€���^�•�y�e�v�g�h�k�l�•���n�Z�o�•�\�p�y�����y�d�Z���f�Z�}���g�Z���m�\�Z�a�•��
�h�i�_�j�Z�l�h�j�k�v�d�m���� �l�_�o�g�•�d�h-�_�d�k�i�e�m�Z�l�Z�p�•�c�g�m���� �h�j�]�Z�g�•�a�Z�p�•�c�g�m���� �_�d�h�g�h�f�•�d�h-�]�h�k�i�h�^�Z�j�k�v�d�m����
�d�h�f�_�j�p�•�c�g�m�� �l�Z�� �i�h�[�m�l�h�\�m�� �^�•�y�e�v�g�•�k�l�v���� �I�•�^�� �q�Z�k�� �i�j�h�n�_�k�•�c�g�h�� �h�j�•�}�g�l�h�\�Z�g�h�]�h�� �k�i�•�e�d�m�\�Z�g�g�y��
�f�Z�c�[�m�l�g�•�� �n�Z�o�•�\�p�•�� �f�h�j�k�v�d�b�o�� �k�i�_�p�•�Z�e�v�g�h�k�l�_�c�� �i�h�\�b�g�g�•�� �\�f�•�l�b�� �h�i�_�j�m�\�Z�l�b�� �i�h�g�y�l�l�y�f�b�� �a�� �m�k�•�o��
�a�Z�a�g�Z�q�_�g�b�o���h�[�e�Z�k�l�_�c�����L�h�f�m���e�•�g�]�\�•�k�l�b�q�g�b�c���d�h�f�i�h�g�_�g�l���i�h�\�b�g�_�g���\�d�e�x�q�Z�l�b�� 

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

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

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

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