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�Z�^�c�Z���C�Z�j�d�g�\�V�c�^�h�V�i�^�d�c���Y�Z�g���:�J�"�8�]�Z�"
�b�^�`�V�a�^�Z�c�\�Z�h�Z�i�o�\�Z�W�j�c�\�� �Y�V�g�h�i�Z�a�a�i�#��
�=�^�Z�g�W�Z�^�� �h�i�Z�]�i�� �Y�V�h�� �@�“�g�o�Z�a�� �G�:�6�8�=��
�[�“�g�� �Y�^�Z�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�� ��R�Z�\�^�h�i�g�V�i�^�"
�d�c���!�� �7�Z�l�Z�g�i�j�c�\�� ��E�k�V�a�j�V�i�^�d�c���� �j�c�Y��
�O�j�a�V�h�h�j�c�\�� ��A�j�i�]�d�g�^�h�V�i�^�d�c���� �k�d�c��
Ch�Z�b�^�`�V�a�^�Z�c�#��

�L�V�g�j�b���e�a�V�c�i���Y�^�Z���:�J���Z�^�c�Z���c�Z�j�Z���8�]�Z�b�^�"
�`�V�a�^�Z�c�\�Z�h�Z�i�o�\�Z�W�j�c�\���4
�>�c���Y�Z�g���:�J���Z�m�^�h�i�^�Z�g�Z�c���X�V�#���&�%�%�#�%�%�%���h�d��
�\�Z�c�V�c�c�i�Z�� �É�6�a�i�h�i�d�[�[�Z�¹�#�� �9�^�Z�h�Z�� �H�i�d�[�"
�[�Z�� �l�V�g�Z�c�� �W�Z�g�Z�^�i�h�� �k�d�g�� �H�Z�e�i�Z�b�W�Z�g��
�&�.�-�&���V�j�[���Y�Z�b���B�V�g�`�i�!���l�j�g�Y�Z�c���o�j�b��
�:�>�C�:�8�H�"�>�c�k�Z�c�i�V�g�� �\�Z�b�Z�a�Y�Z�i�� �j�c�Y��
�h�i�Z�a�a�Z�c�� �“�W�Z�g�� �.�.�� ���� �Y�Z�h�� �:�J�"�B�V�g�`�i�"
�k�d�a�j�b�Z�c�h�� �Y�V�g�#�� �C�j�g�� �&�)�&�� �Y�^�Z�h�Z�g��
�6�a�i�h�i�d�[�[�Z�� �l�j�g�Y�Z�c�� �Z�^�c�Z�g�� �h�n�h�i�Z�b�V�i�^�"
�h�X�]�Z�c�� �G�^�h�^�`�d�W�Z�l�Z�g�i�j�c�\�� �^�c�� �Y�Z�g�� �:�J��
�j�c�i�Z�g�o�d�\�Z�c�#���9�Z�b�\�Z�\�Z�c�“�W�Z�g���h�i�Z�]�Z�c��
�Y�^�Z���h�d���\�Z�c�V�c�c�i�Z�c���É�C�Z�j�h�i�d�[�[�Z�¹�#���9�V�h��
�h�^�c�Y�� �V�c�b�Z�a�Y�Z�e�Å���^�X�]�i�^�\�Z�� �H�i�d�[�[�Z�!�� �Y�^�Z��
�h�^�X�]�� �Z�g�h�i�� �h�Z�^�i�� �&�.�-�&�� �V�j�[�� �Y�Z�b�� �:�J�"
�B�V�g�`�i�� �W�Z�Ä���c�Y�Z�c�� �j�c�Y�� �k�d�g�� �Y�Z�g�� �K�Z�g�"
�b�V�g�`�i�j�c�\�� �Z�^�c�Z�b�� �j�b�[�V�c�\�g�Z�^�X�]�Z�c��
�I�Z�h�i�e�g�d�\�g�V�b�b���j�c�i�Z�g�o�d�\�Z�c���l�Z�g�Y�Z�c��
�b�j�h�h�i�Z�c�#���9�^�Z�h�Z���^�b���:�A�>�C�8�H�"�>�c�k�Z�c�"
�i�V�g�� �\�Z�a�^�h�i�Z�i�Z�c�� �X�V�#�� �(�#�%�%�%�� �C�Z�j�h�i�d�[�"
�[�Z�� �b�V�X�]�Z�c�� �V�W�Z�g�� �c�j�g�� �l�Z�c�^�\�Z�g�� �V�a�h��
�%�!�&�������Y�Z�h���:�J�"�B�V�g�`�i�k�d�a�j�b�Z�c�h���V�j�h�#��
�9�^�Z���W�Z�h�i�Z�]�Z�c�Y�Z���G�Z�\�j�a�V�i�^�d�c���l�j�g�Y�Z��
�_�V�]�g�Z�a�V�c�\�� �V�a�h�� �^�c�Z�[�[�Z�`�i�^�k�� �j�c�Y�� �^�c�c�d�"
�k�V�i�^�d�c�h�]�Z�b�b�Z�c�Y���`�g�^�i�^�h�^�Z�g�i�#��
�9�^�Z�� �:�J�"�@�d�b�b�^�h�h�^�d�c�� �l�^�a�a�� �Y�^�Z�� �9�Z�"
�Ä���o�^�i�Z�� �Y�Z�g�� �V�`�i�j�Z�a�a�Z�c�� �8�]�Z�b�^�`�V�a�^�Z�c�"
�\�Z�h�Z�i�o�\�Z�W�j�c�\�� �b�^�i�� �G�:�6�8�=�� �a�Ž�h�Z�c�#��
�G�:�6�8�=�� �h�i�Z�]�i�� �k�d�g�� �V�a�a�Z�b�� �[�“�g�� �Z�^�c��
�j�b�[�V�c�\�g�Z�^�X�]�Z�h�� �I�Z�h�i�"�� �j�c�Y�� �7�Z�l�Z�g�"
�i�j�c�\�h�e�g�d�\�g�V�b�b�!�� �^�c�� �Y�Z�b�� �^�c�h�W�Z�"
�h�d�c�Y�Z�g�Z���Y�^�Z���6�a�i�h�i�d�[�[�Z���^�b���;�d�`�j�h���h�i�Z�"
�]�Z�c�#���9�^�Z���:�J�"�@�d�b�b�^�h�h�^�d�c���l�^�a�a���b�^�i��
�G�:�6�8�=�� �k�d�g�� �V�a�a�Z�b�� �Y�Z�c�� �H�X�]�j�i�o�� �Y�Z�g��
�b�Z�c�h�X�]�a�^�X�]�Z�c���<�Z�h�j�c�Y�]�Z�^�i���j�c�Y���Y�Z�g��
�J�b�l�Z�a�i���l�Z�^�i�Z�g���V�j�h�W�V�j�Z�c���j�c�Y���Z�^�c�Z��
�h�^�X�]�Z�g�Z�g�Z���K�Z�g�l�Z�c�Y�j�c�\���k�d�c���H�i�d�[�[�Z�c��
�V�j�[���V�a�a�Z�c���H�i�j�[�Z�c���^�]�g�Z�h���A�Z�W�Z�c�h�l�Z�\�Z�h��
�Z�g�g�Z�^�X�]�Z�c�#��

�9�^�Z���G�Z�\�^�h�i�g�^�Z�g�j�c�\���j�c�i�Z�g���G�:�6�8�=
�H�i�Z�a�a�i�� �Z�^�c�� �=�Z�g�h�i�Z�a�a�Z�g�� �Z�^�c�Z�c�� �H�i�d�[�[�� �^�c��
�Z�^�c�Z�g�� �B�Z�c�\�Z�� �k�d�c�� �b�^�c�Y�Z�h�i�Z�c�h�� �Z�^�"
�c�Z�g�� �I�d�c�c�Z�� �e�g�d�� �?�V�]�g�� �]�Z�g�!�� �h�d�� �b�j�h�h��
�Z�g���Y�^�Z�h�Z�c���H�i�d�[�[���g�Z�\�^�h�i�g�^�Z�g�Z�c�#���:�W�Z�c�"
�h�d���b�j�h�h���Z�^�c���>�b�e�d�g�i�Z�j�g���Z�^�c�Z�c���H�i�d�[�[��
�g�Z�\�^�h�i�g�^�Z�g�Z�c�!�� �l�Z�c�c�� �Z�g�� �b�^�c�Y�Z�h�i�Z�c�h��
�Z�^�c�Z���I�d�c�c�Z���e�g�d���?�V�]�g���Y�V�k�d�c���^�c���Y�^�Z��
�:�J�� �^�b�e�d�g�i�^�Z�g�i�#�� �D�]�c�Z�� �G�Z�\�^�h�i�g�^�Z�"
�g�j�c�\�� �Y�V�g�[�� �c�V�X�]�� �>�c�`�g�V�[�i�i�g�Z�i�Z�c�� �k�d�c��
�G�:�6�8�=�� �Z�^�c�� �H�i�d�[�[�� �l�Z�Y�Z�g�� �]�Z�g�\�Z�"
�h�i�Z�a�a�i�� �c�d�X�]�� �^�c�� �Y�^�Z�� �:�J�� �Z�^�c�\�Z�[�“�]�g�i��
�l�Z�g�Y�Z�c�#���:�^�c�Z���C�Z�j�h�i�d�[�[�V�c�b�Z�a�Y�j�c�\��
�l�^�g�Y�� �V�a�h�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�� �j�c�i�Z�g�� �G�:�"
�6�8�=���W�Z�i�g�V�X�]�i�Z�i�#���6�a�i�h�i�d�[�[�Z���b�“�h�h�Z�c��
�o�j�c�~�X�]�h�i�� �k�d�g�g�Z�\�^�h�i�g�^�Z�g�i�� �l�Z�g�Y�Z�c�#��
�9�^�Z�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�� �Y�Z�g�� �6�a�i�h�i�d�[�[�Z�!��
�Y�^�Z�� �j�c�i�Z�g�� �G�:�6�8�=�� �_�Z�i�o�i�� �É�E�]�V�h�Z�"�^�c��
�H�i�d�[�[�Z�¹���]�Z�^�›�Z�c�!���b�j�h�h���Y�V�c�c���^�c�c�Z�g�"
�]�V�a�W�� �[�Z�h�i�\�Z�a�Z�\�i�Z�g�� �;�g�^�h�i�Z�c�� �Z�g�[�d�a�\�Z�c��
���h�^�Z�]�Z���6�W�W�#���#���9�^�Z���G�Z�\�^�h�i�g�^�Z�g�[�g�^�h�i�Z�c��
�d�g�^�Z�c�i�^�Z�g�Z�c�� �h�^�X�]�� �k�d�g�� �V�a�a�Z�b�� �V�c�� �Y�Z�g��
�e�g�d�Y�j�o�^�Z�g�i�Z�c�� �B�Z�c�\�Z�� �Y�Z�h�� �H�i�d�[�[�Z�h�#��
�>�b���O�j�\�Z���Z�^�c�Z�g���H�i�d�[�[�"�G�Z�\�^�h�i�g�^�Z�g�j�c�\��
�]�V�i�� �Y�Z�g�� �=�Z�g�h�i�Z�a�a�Z�g�� �j�b�[�V�c�\�g�Z�^�X�]�Z��
�9�V�i�Z�c�� �o�j�b�� �H�i�d�[�[�� �k�d�g�o�j�a�Z�\�Z�c�!�� �Y�^�Z��
�“�W�Z�g�l�^�Z�\�Z�c�Y���Y�j�g�X�]���Z�m�e�Z�g�^�b�Z�c�i�Z�a�a�Z��
�E�g�“�[�j�c�\�Z�c���o�j�� �Z�g�b�^�i�i�Z�a�c���h�^�c�Y�#���9�Z�g��
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�J�b�[�V�c�\�� �j�c�Y�� �Y�^�Z�� �@�d�b�e�a�Z�m�^�i�~�i�� �Y�Z�h��
�E�g�“�[�e�g�d�\�g�V�b�b�h�� �g�^�X�]�i�Z�c�� �h�^�X�]�� �k�d�g�"
�l�^�Z�\�Z�c�Y���c�V�X�]���Y�Z�g���H�i�d�[�[�b�Z�c�\�Z�!���Y�^�Z��
�Y�Z�g�� �E�g�d�Y�j�o�Z�c�i�� �]�Z�g�h�i�Z�a�a�i�� �W�o�l�#�� �Y�Z�g��
�>�b�e�d�g�i�Z�j�g���^�c���Y�^�Z���:�J���Z�^�c�[�“�]�g�i�#���9�^�Z��
�:�g�\�Z�W�c�^�h�h�Z���Y�^�Z�h�Z�g���I�Z�h�i�h���h�^�c�Y���o�j�h�V�b�"
�b�Z�c�� �b�^�i�� �l�Z�^�i�Z�g�Z�c�� �>�c�[�d�g�b�V�i�^�d�c�Z�c��
�o�j�b�� �H�i�d�[�[�� �j�c�Y�� �o�j�b�� �=�Z�g�h�i�Z�a�a�Z�g�� �^�c��
�;�d�g�b�� �Z�^�c�Z�h�� �I�Z�X�]�c�^�h�X�]�Z�c�� �9�d�h�h�^�Z�g�h��
�[�“�g�� �Y�^�Z�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�� �W�Z�^�� �Y�Z�g�� �:�J�"
�8�]�Z�b�^�`�V�a�^�Z�c�V�\�Z�c�i�j�g�� �^�c�� �=�Z�a�h�^�c�`�^��
�Z�^�c�o�j�g�Z�^�X�]�Z�c�#���;�“�g���H�i�d�[�[�Z�!���k�d�c���Y�Z�c�Z�c��
�Z�^�c���=�Z�g�h�i�Z�a�a�Z�g���d�Y�Z�g���>�b�e�d�g�i�Z�j�g���b�^�c�"
�Y�Z�h�i�Z�c�h���o�Z�]�c���I�d�c�c�Z�c���e�g�d���?�V�]�g���e�g�d�"
�Y�j�o�^�Z�g�i�� �W�o�l�#�� �^�b�e�d�g�i�^�Z�g�i�!�� �^�h�i�� �c�Z�W�Z�c��
�Y�Z�b���I�Z�X�]�c�^�h�X�]�Z�c���9�d�h�h�^�Z�g���c�d�X�]���Z�^�c��
�H�i�d�[�[�h�^�X�]�Z�g�]�Z�^�i�h�W�Z�g�^�X�]�i���o�j���“�W�Z�g�b�^�i�"
�i�Z�a�c�#���9�^�Z�h�Z�g���j�b�[�V�h�h�i���Z�^�c�Z���V�j�h�[�“�]�g�"
�a�^�X�]�Z�� �G�^�h�^�`�d�W�Z�j�g�i�Z�^�a�j�c�\�� �V�j�[�\�g�j�c�Y��
�Y�Z�g���H�i�d�[�[�Z�^�\�Z�c�h�X�]�V�[�i�Z�c���j�c�Y���Y�Z�g���:�m�"
�e�d�h�^�i�^�d�c���\�Z�\�Z�c�“�W�Z�g���Y�Z�b���H�i�d�[�[�#��
�7�Z�V�W�h�^�X�]�i�^�\�Z�c�� �b�Z�]�g�Z�g�Z�� �=�Z�g�h�i�Z�a�a�Z�g��
�W�o�l�#�� �:�J�"�>�b�e�d�g�i�Z�j�g�Z�� �Y�Z�c�� �\�a�Z�^�X�]�Z�c��
�H�i�d�[�[���o�j���g�Z�\�^�h�i�g�^�Z�g�Z�c�!���h�d���^�h�i���Z�^�c�Z���\�Z�"
�b�Z�^�c�h�V�b�Z�� �C�j�i�o�j�c�\�� �k�d�g�]�V�c�Y�Z�c�Z�g��
�I�Z�h�i�Y�V�i�Z�c�!���Y�^�Z���^�c�h�W�Z�h�d�c�Y�Z�g�Z���Y�j�g�X�]��
�L�^�g�W�Z�a�i�^�Z�g�k�Z�g�h�j�X�]�Z�� �Z�g�b�^�i�i�Z�a�i�� �l�j�g�"
�Y�Z�c�!�� �k�d�g�\�Z�h�Z�]�Z�c�#�� �O�l�Z�X�`�h�� �Z�^�c�Z�g��
�\�Z�b�Z�^�c�h�V�b�Z�c�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�� �l�^�g�Y��
�W�Z�V�W�h�^�X�]�i�^�\�i�!�� �Y�V�h�h�� �h�^�X�]�� �Y�^�Z�h�Z�� �=�Z�g�"
�h�i�Z�a�a�Z�g�� �W�o�l�#�� �>�b�e�d�g�i�Z�j�g�Z�� �o�j�� �Z�^�c�Z�b��
�@�d�c�h�d�g�i�^�j�b���o�j�h�V�b�b�Z�c�h�X�]�a�^�Z�›�Z�c�#

Start von 
REACH 
vorr. 2007 (?)

6 Jahre
2013 (?)

11 Jahre
2018 (?)

3 Jahre
2010 (?)

Registrierfristen für Phase-in Stoffe unter REACH

    1000 t/a und CMRs 
(Kat 1+2)     1t/a

>
=

>
=

100 bis < 1000 t/a

1 bis < 100 t/a

*entsprechend dem Vorschlag der EU-Kommision (2003).

�@�d�c�i�V�`�i�/
reachinfo_COHP@degussa.com

�G�:�6�8�=���W�Z�i�g�V�X�]�i�Z�i���H�i�d�[�[�Z���j�c�Y���Y�Z�"
�g�Z�c�� �K�Z�g�l�Z�c�Y�j�c�\�h�b�Ž�\�a�^�X�]�`�Z�^�i�Z�c��
�Z�c�i�a�V�c�\�� �Y�Z�h�� �\�Z�h�V�b�i�Z�c�� �H�i�d�[�[�"�A�Z�"
�W�Z�c�h�l�Z�\�Z�h�#���9�V�]�Z�g���[�d�g�Y�Z�g�i���G�:�6�8�=��
�V�j�X�]�� �Z�^�c�Z�� �^�c�i�Z�c�h�^�k�Z�� �@�d�b�b�j�c�^�"
�`�V�i�^�d�c�� �^�c�c�Z�g�]�V�a�W�� �Y�Z�g�� �A�^�Z�[�Z�g�`�Z�i�"
�i�Z�#���6�a�a�Z���K�Z�g�l�Z�c�Y�j�c�\�h�V�g�i�Z�c���Z�^�c�Z�h��
�H�i�d�[�[�Z�h�� �b�“�h�h�Z�c�� �Y�j�g�X�]�� �Y�^�Z�� �G�Z�\�^�h�"
�i�g�^�Z�g�j�c�\�� �V�W�\�Z�Y�Z�X�`�i�� �h�Z�^�c�#�� �H�^�c�Y��
�K�Z�g�l�Z�c�Y�j�c�\�Z�c���^�c�Y�j�h�i�g�^�Z�a�a�Z�g���d�Y�Z�g��
�\�Z�l�Z�g�W�a�^�X�]�Z�g���6�c�l�Z�c�Y�Z�g�!���Y�^�Z���H�i�d�[�"
�[�Z���o�#���7�#���o�j���;�d�g�b�j�a�^�Z�g�j�c�\�Z�c���d�Y�Z�g��
�:�g�o�Z�j�\�c�^�h�h�Z�c�� �l�Z�^�i�Z�g�k�Z�g�V�g�W�Z�^�i�Z�c�!��
�c�^�X�]�i���Y�j�g�X�]���Y�^�Z���G�Z�\�^�h�i�g�^�Z�g�j�c�\���V�W�"
�\�Z�Y�Z�X�`�i�!���h�d���]�V�W�Z�c���Y�^�Z���6�c�l�Z�c�Y�Z�g��
�Y�^�Z�� �B�Ž�\�a�^�X�]�`�Z�^�i�!�� �Y�Z�b�� �g�Z�\�^�h�i�g�^�Z�g�"
�e�Å���^�X�]�i�^�\�Z�c�� �H�i�d�[�[�]�Z�g�h�i�Z�a�a�Z�g�� �>�c�[�d�g�"
�b�V�i�^�d�c�Z�c�� �o�#�� �7�#�� �o�j�g�� �K�Z�g�l�Z�c�Y�j�c�\��
�o�j���b�Z�a�Y�Z�c�#���9�^�Z�h�Z���>�c�[�d�g�b�V�i�^�d�c�Z�c��
�l�Z�g�Y�Z�c���Y�V�c�c���7�Z�h�i�V�c�Y�i�Z�^�a���Y�Z�g���G�Z�"
�\�^�h�i�g�^�Z�g�j�c�\�#���7�Z�V�W�h�^�X�]�i�^�\�i���Y�Z�g���6�c�"
�l�Z�c�Y�Z�g�!���h�Z�^�c�Z���K�Z�g�l�Z�c�Y�j�c�\���Y�Z�b��
�H�i�d�[�[�]�Z�g�h�i�Z�a�a�Z�g�� �c�^�X�]�i�� �o�j�� �c�Z�c�c�Z�c�!��
�h�d���b�j�h�h���Z�g���[�“�g���h�Z�^�c�Z���K�Z�g�l�Z�c�Y�j�c�\��
�\�\�[�#�� �Z�^�c�Z�c�� �Z�^�\�Z�c�Z�c�� �H�i�d�[�[�h�^�X�]�Z�g�"
�]�Z�^�i�h�W�Z�g�^�X�]�i���Z�g�h�i�Z�a�a�Z�c�#

�E�d�a�n�b�Z�g�Z�� �b�“�h�h�Z�c�� �j�c�i�Z�g�� �G�:�6�8�=��
�c�^�X�]�i�� �g�Z�\�^�h�i�g�^�Z�g�i�� �l�Z�g�Y�Z�c�#�� �:�^�c�Z�� �G�Z�"
�\�^�h�i�g�^�Z�g�j�c�\�� �Y�Z�g�� �B�d�c�d�b�Z�g�Z�� �b�j�h�h��
�V�W�Z�g���Y�j�g�X�]���Y�Z�c���=�Z�g�h�i�Z�a�a�Z�g���W�o�l�#���>�b�"
�e�d�g�i�Z�j�g�� �Y�Z�g�� �B�d�c�d�b�Z�g�Z�� �Z�g�[�d�a�\�Z�c�#��
�9�Z�h�� �l�Z�^�i�Z�g�Z�c�� �h�^�Z�]�i�� �G�:�6�8�=�� �Y�Z�j�i�"
�a�^�X�]�� �Z�g�a�Z�^�X�]�i�Z�g�i�Z�� �G�Z�\�^�h�i�g�^�Z�g�j�c�\�Z�c��
�[�“�g�� �O�l�^�h�X�]�Z�c�e�g�d�Y�j�`�i�Z�� �k�d�g�#�� �C�Z�j��
�Z�c�i�l�^�X�`�Z�a�i�Z�� �H�i�d�[�[�Z�� �^�c�� �;�d�g�h�X�]�j�c�\��
�j�c�Y���:�c�i�l�^�X�`�a�j�c�\���h�^�c�Y���[�“�g���b�V�m�^�b�V�a��
�o�Z�]�c���?�V�]�g�Z���k�d�c���Y�Z�g���G�Z�\�^�h�i�g�^�Z�g�e�Å���^�X�]�i��
�W�Z�[�g�Z�^�i�#��

�9�V�h���7�Z�l�Z�g�i�j�c�\�h�"���j�c�Y���Y�V�h���O�j�a�V�h�h�j�c�\�h�"
�k�Z�g�[�V�]�g�Z�c���j�c�i�Z�g���G�:�6�8�=
�9�^�Z���7�Z�l�Z�g�i�j�c�\���l�^�g�Y���Y�j�g�X�]���Y�^�Z���7�Z�"
�]�Ž�g�Y�Z�c���Y�j�g�X�]�\�Z�[�“�]�g�i�#���B�V�c���j�c�i�Z�g�"
�h�X�]�Z�^�Y�Z�i���Y�^�Z���9�d�h�h�^�Z�g�W�Z�l�Z�g�i�j�c�\���k�d�c��
�Y�Z�g�� �H�i�d�[�[�W�Z�l�Z�g�i�j�c�\�#�� �>�b�� �G�V�]�b�Z�c��
�Y�Z�g���9�d�h�h�^�Z�g�W�Z�l�Z�g�i�j�c�\���e�g�“�[�Z�c���j�c�Y��
�W�Z�l�Z�g�i�Z�c���Y�^�Z���7�Z�]�Ž�g�Y�Z�c���Y�^�Z���Z�^�c�\�Z�"
�g�Z�^�X�]�i�Z�c�� �G�Z�\�^�h�i�g�^�Z�g�j�c�i�Z�g�a�V�\�Z�c�� �V�j�[��
�[�d�g�b�V�a�Z���K�d�a�a�h�i�~�c�Y�^�\�`�Z�^�i�#���L�Z�^�i�Z�g�]�^�c��
�c�Z�]�b�Z�c���Y�^�Z���7�Z�]�Ž�g�Y�Z�c���o�j���\�Z�e�a�V�c�"
�i�Z�c�� �j�b�[�V�c�\�g�Z�^�X�]�Z�g�Z�c�� �E�g�“�[�j�c�\�Z�c��
�H�i�Z�a�a�j�c�\�#���9�^�Z�h�Z���E�g�“�[�j�c�\�Z�c���l�Z�g�Y�Z�c��
�[�“�g���H�i�d�[�[�Z���k�Z�g�a�V�c�\�i�!���k�d�c���Y�Z�c�Z�c���b�^�c�"
�Y�Z�h�i�Z�c�h���&�%�%���I�d�c�c�Z�c���e�g�d���?�V�]�g���k�d�b��
�G�Z�\�^�h�i�g�^�Z�g�Z�c�Y�Z�c�� �]�Z�g�\�Z�h�i�Z�a�a�i�� �d�Y�Z�g��
�^�b�e�d�g�i�^�Z�g�i���l�Z�g�Y�Z�c�#
�<�Z�\�Z�c�h�i�V�c�Y�� �Y�Z�g�� �H�i�d�[�[�W�Z�l�Z�g�i�j�c�\��
�h�^�c�Y�� �^�c�h�W�Z�h�d�c�Y�Z�g�Z�� �H�i�d�[�[�Z�!�� �Y�^�Z�� �k�d�c��

�Y�Z�c�� �7�Z�]�Ž�g�Y�Z�c�� �V�a�h�� �W�Z�h�d�g�\�c�^�h�Z�g�g�Z�"
�\�Z�c�Y�� �V�c�\�Z�h�Z�]�Z�c�� �l�Z�g�Y�Z�c�#�� �9�^�Z�h�Z��
�H�i�d�[�[�Z���l�Z�g�Y�Z�c���Y�j�g�X�]���Y�^�Z���7�Z�]�Ž�g�Y�Z�c��
�Y�Z�g�� �B�^�i�\�a�^�Z�Y�h�h�i�V�V�i�Z�c�� �Z�^�c�Z�g�� �j�b�[�V�h�"
�h�Z�c�Y�Z�c���7�Z�l�Z�g�i�j�c�\���j�c�i�Z�g�o�d�\�Z�c�#���6�a�h��
�:�g�\�Z�W�c�^�h���Y�^�Z�h�Z�g���7�Z�l�Z�g�i�j�c�\���`�Ž�c�c�Z�c��
�Y�^�Z�h�Z���H�i�d�[�[�Z���<�Z�\�Z�c�h�i�V�c�Y���Y�Z�h���O�j�a�V�h�"
�h�j�c�\�h�k�Z�g�[�V�]�g�Z�c�h���l�Z�g�Y�Z�c�#
�9�^�Z�� �K�Z�g�l�Z�c�Y�j�c�\�� �k�d�c�� �H�i�d�[�[�Z�c�� �b�^�i��
�h�X�]�l�Z�g�l�^�Z�\�Z�c�Y�Z�g���L�^�g�`�j�c�\���V�j�[���Y�^�Z��
�b�Z�c�h�X�]�a�^�X�]�Z�� �<�Z�h�j�c�Y�]�Z�^�i�� �d�Y�Z�g�� �Y�^�Z��
�J�b�l�Z�a�i���j�c�i�Z�g�a�^�Z�\�i���Z�^�c�Z�g���O�j�a�V�h�h�j�c�\�#��
�9�^�Z�h�Z���H�i�d�[�[�Z���l�Z�g�Y�Z�c���^�c���Z�^�c�Z�g���A�^�h�i�Z��
�V�j�[�\�Z�[�“�]�g�i�#�� �K�d�g�� �Y�Z�g�� �K�Z�g�l�Z�c�Y�j�c�\��
�Y�^�Z�h�Z�g���H�i�d�[�[�Z���b�j�h�h���Z�^�c���O�j�a�V�h�h�j�c�\�h�"
�V�c�i�g�V�\�� �W�Z�^�� �Y�Z�g�� �:�J�"�8�]�Z�b�^�`�V�a�^�Z�c�"
�V�\�Z�c�i�j�g���\�Z�h�i�Z�a�a�i���l�Z�g�Y�Z�c�#���@�V�c�Y�^�Y�V�"
�i�Z�c���[�“�g���Y�^�Z���O�j�a�V�h�h�j�c�\���h�^�c�Y���k�d�g���V�a�a�Z�b��
�`�g�Z�W�h�Z�g�o�Z�j�\�Z�c�Y�Z�!���Z�g�W�\�j�i�k�Z�g�~�c�Y�Z�g�c�"
�Y�Z�� �j�c�Y�� �[�d�g�i�e�Å���V�c�o�j�c�\�h�\�Z�[�~�]�g�Y�Z�c�"
�Y�Z�� �H�i�d�[�[�Z�� �Y�Z�g�� �@�V�i�Z�\�d�g�^�Z�� �&�� �j�c�Y�� �'��
���8�B�G�"�H�i�d�[�[�Z���� �h�d�l�^�Z�� �H�i�d�[�[�Z�!�� �Y�^�Z��
�h�X�]�l�Z�g���V�W�W�V�j�W�V�g���h�^�c�Y���j�c�Y���h�^�X�]���^�b��
�@�Ž�g�e�Z�g�� �V�c�g�Z�^�X�]�Z�g�c�� �`�Ž�c�c�Z�c�� ���E�7�I�"��
�j�c�Y�� �k�E�k�7�"�H�i�d�[�[�Z���#�� �9�Z�h�� �L�Z�^�i�Z�g�Z�c��
�l�^�g�Y���Y�^�Z���K�Z�g�l�Z�c�Y�j�c�\���k�d�c���H�i�d�[�[�Z�c�!��

�Y�^�Z�� �]�d�g�b�d�c�~�]�c�a�^�X�]�Z�� �L�^�g�`�j�c�\�Z�c��
�W�Z�h�^�i�o�Z�c�!�� �Z�W�Z�c�[�V�a�a�h�� �Y�Z�g�� �O�j�a�V�h�h�j�c�\��
�j�c�i�Z�g�a�^�Z�\�Z�c�#��
�E�V�g�V�a�a�Z�a�� �o�j�b�� �O�j�a�V�h�h�j�c�\�h�k�Z�g�[�V�]�g�Z�c��
�Z�m�^�h�i�^�Z�g�i���c�d�X�]���Y�V�h���7�Z�h�X�]�g�~�c�`�j�c�\�h�"
�k�Z�g�[�V�]�g�Z�c�#�� �H�i�d�[�[�Z�!�� �Y�^�Z�� �@�V�c�Y�^�Y�V�i�Z�c��
�[�“�g�� �Y�V�h�� �7�Z�h�X�]�g�~�c�`�j�c�\�h�k�Z�g�[�V�]�g�Z�c�h��
�h�^�c�Y�!���l�Z�g���Y�Z�c���Z�W�Z�c�[�V�a�a�h���^�c���H�i�d�[�Å���^�h�i�Z�c��
�k�Z�g�Ž�[�[�Z�c�i�a�^�X�]�i�#���H�i�d�[�[�Z�!���Y�^�Z���Y�Z�b���7�Z�"
�h�X�]�g�~�c�`�j�c�\�h�k�Z�g�[�V�]�g�Z�c���j�c�i�Z�g�a�^�Z�\�Z�c�!��
�Y�“�g�[�Z�c�� �c�j�g�� �j�c�i�Z�g�� �7�Z�V�X�]�i�j�c�\�� �Y�Z�g��
�V�c�\�Z�\�Z�W�Z�c�Z�c���7�Z�h�X�]�g�~�c�`�j�c�\�Z�c���]�Z�g�"
�\�Z�h�i�Z�a�a�i���j�c�Y���k�Z�g�l�Z�c�Y�Z�i���l�Z�g�Y�Z�c�#��

�H�i�V�c�Y���Y�Z�g���9�^�h�`�j�h�h�^�d�c�Z�c���j�c�Y���V�`�i�j�Z�a�a�Z��
�H�X�]�g�^�i�i�Z���^�b���<�Z�h�Z�i�o�\�Z�W�j�c�\�h�k�Z�g�[�V�]�g�Z�c
�9�Z�g�� �Y�Z�g�o�Z�^�i�� �k�d�g�a�^�Z�\�Z�c�Y�Z�� �K�Z�g�d�g�Y�"
�c�j�c�\�h�Z�c�i�l�j�g�[�� �Y�Z�g�� �@�d�b�b�^�h�h�^�d�c��
�h�i�Z�a�a�i�� �Z�^�c�� �h�Z�]�g�� �W�“�g�d�`�g�V�i�^�h�X�]�Z�h�� �j�c�Y��
�l�Z�c�^�\�� �e�g�V�`�i�^�`�V�W�a�Z�h�� �<�Z�h�Z�i�o�Z�h�l�Z�g�`��
�Y�V�g�#���>�b���G�Z�\�^�h�i�g�^�Z�g�k�Z�g�[�V�]�g�Z�c���l�Z�g�Y�Z�c��
�j�b�[�V�c�\�g�Z�^�X�]�Z�� �j�c�Y�� �h�Z�]�g�� �`�d�h�i�Z�c�^�c�"
�i�Z�c�h�^�k�Z���E�g�“�[�j�c�\�Z�c���Y�Z�g���H�i�d�[�[�Z���\�Z�[�d�g�"
�Y�Z�g�i�#�� �9�^�Z�� �J�b�h�Z�i�o�j�c�\�� �k�d�c�� �G�:�6�8�=��
�l�^�g�Y�� �b�^�i�� �]�d�]�Z�b�� �W�“�g�d�`�g�V�i�^�h�X�]�Z�b��
�6�j�[�l�V�c�Y�� �h�d�l�^�Z�� �b�^�i�� �h�Z�]�g�� �]�d�]�Z�c��
�@�d�h�i�Z�c�� �k�Z�g�W�j�c�Y�Z�c�� �h�Z�^�c�#�� �O�j�� �Y�^�Z�h�Z�g��
�H�X�]�a�j�h�h�[�d�a�\�Z�g�j�c�\�� �`�V�b�Z�c�� �b�Z�]�g�Z�g�Z��
�H�i�j�Y�^�Z�c�!�� �Y�^�Z�� �h�^�X�]�� �b�^�i�� �Y�Z�c�� �@�d�h�i�Z�c��
�j�c�Y�� �Y�Z�g�� �e�g�V�`�i�^�h�X�]�Z�c�� �J�b�h�Z�i�o�j�c�\��
�k�d�c�� �G�:�6�8�=�� �W�Z�[�V�h�h�i�Z�c�#�� �:�^�c�� �h�^�\�c�^�"
�Ä���`�V�c�i�Z�g�� �L�Z�\�[�V�a�a�� �k�d�c�� �H�i�d�[�[�Z�c�� �^�h�i��
�o�j���W�Z�[�“�g�X�]�i�Z�c�!���l�Z�c�c���Z�^�c�Z���l�Z�^�i�Z�g�Z��
�=�Z�g�h�i�Z�a�a�j�c�\���Z�^�c�Z�h���H�i�d�[�[�Z�h���V�j�[�\�g�j�c�Y��
�]�d�]�Z�g���G�Z�\�^�h�i�g�^�Z�g�j�c�\�h�`�d�h�i�Z�c���j�c�l�^�g�i�"
�h�X�]�V�[�i�a�^�X�]���l�^�g�Y�#���9�j�g�X�]���Z�^�c�Z���b�Ž�\�a�^�"
�X�]�Z�� �G�Z�Y�j�`�i�^�d�c�� �Y�Z�h�� �H�i�d�[�[�e�d�g�i�[�d�a�^�d�h��
�^�h�i�� �Z�^�c�� �c�Z�\�V�i�^�k�Z�g�� �:�^�c�Å���j�h�h�� �V�j�[�� �Y�V�h��
�>�c�c�d�k�V�i�^�d�c�h�e�d�i�Z�c�o�^�V�a���j�c�Y���Y�V�b�^�i���Y�^�Z��
�L�Z�i�i�W�Z�l�Z�g�W�h�[�~�]�^�\�`�Z�^�i���Y�Z�g���\�Z�h�V�b�i�Z�c��
�:�J�"�>�c�Y�j�h�i�g�^�Z���o�j���Z�g�l�V�g�i�Z�c�#���9�^�Z���>�c�"
�Y�j�h�i�g�^�Z�� �h�e�g�^�X�]�i�� �h�^�X�]�� �^�c�� �^�c�i�Z�c�h�^�k�Z�c��
�9�^�h�`�j�h�h�^�d�c�Z�c�� �b�^�i�� �Y�Z�c�� �W�Z�i�Z�^�a�^�\�i�Z�c��
�:�J�"�<�g�Z�b�^�Z�c���Y�V�[�“�g���V�j�h�!���G�:�6�8�=���^�c�h�"
�W�Z�h�d�c�Y�Z�g�Z���[�“�g���`�a�Z�^�c�Z���j�c�Y���b�^�i�i�a�Z�g�Z��
�J�c�i�Z�g�c�Z�]�b�Z�c�� �e�g�V�`�i�^�`�V�W�a�Z�g�� �o�j�� �\�Z�"
�h�i�V�a�i�Z�c�#���O�^�Z�a���b�j�h�h���Z�h���h�Z�^�c�!���Z�^�c���a�Z�^�X�]�i��
�V�c�l�Z�c�Y�W�V�g�Z�h���H�n�h�i�Z�b���b�^�i���V�c�\�Z�b�Z�h�"
�h�Z�c�Z�c�� �6�c�[�d�g�Y�Z�g�j�c�\�Z�c�� �o�j�� �h�X�]�V�[�"
�[�Z�c�!�� �Y�V�h�� �Y�Z�c�� �<�g�j�c�Y�\�Z�Y�V�c�`�Z�c�� �k�d�c��
�G�:�6�8�=�!���Y�Z�c���j�b�[�V�h�h�Z�c�Y�Z�c���H�X�]�j�i�o��
�Y�Z�g���b�Z�c�h�X�]�a�^�X�]�Z�c���<�Z�h�j�c�Y�]�Z�^�i���j�c�Y��
�Y�Z�g�� �J�b�l�Z�a�i�!�� �o�j�b�� �:�g�[�d�a�\�� �W�g�^�c�\�i�!��
�d�]�c�Z���Y�^�Z���L�Z�i�i�W�Z�l�Z�g�W�h�[�~�]�^�\�`�Z�^�i���Y�Z�g��
�:�J�"�>�c�Y�j�h�i�g�^�Z���o�j���\�Z�[�~�]�g�Y�Z�c�#
�>�b���G�V�]�b�Z�c���Y�Z�g���Z�g�h�i�Z�c���A�Z�h�j�c�\���l�j�g�"
�Y�Z�c�� �k�d�b�� �:�J�"�E�V�g�a�V�b�Z�c�i�� �j�c�Y�� �k�d�b��
�:�J�"�B�^�c�^�h�i�Z�g�g�V�i���t�c�Y�Z�g�j�c�\�h�k�d�g�h�X�]�a�~�"
�\�Z���k�d�g�\�Z�a�Z�\�i�!���Y�^�Z���V�j�X�]���Z�g�h�i�Z���6�c�h�~�i�"
�o�Z���k�d�c���K�Z�g�W�Z�h�h�Z�g�j�c�\�Z�c���Z�c�i�]�V�a�i�Z�c�#��
�J�b���o�j���Z�^�c�Z�b���l�^�g�`�a�^�X�]���e�g�V�`�i�^�`�V�W�a�Z�c��
�G�:�6�8�=���o�j���\�Z�a�V�c�\�Z�c�!���^�h�i���V�W�Z�g���c�d�X�]��
�Z�g�]�Z�W�a�^�X�]�Z�g���9�^�h�`�j�h�h�^�d�c�h�W�Z�Y�V�g�[���k�d�g�"
�]�V�c�Y�Z�c�#���>�c���Y�^�Z�h�Z�b���?�V�]�g���Y�j�g�X�]�a�~�j�[�i��
�Y�V�h���<�Z�h�Z�i�o�Z�h�l�Z�g�`���h�Z�^�c�Z���o�l�Z�^�i�Z���A�Z�"
�h�j�c�\�#���B�V�c���\�Z�]�i���Y�Z�g�o�Z�^�i���Y�V�k�d�c���V�j�h�!��
�Y�V�h�h�� �G�:�6�8�=�� �^�b�� �Z�g�h�i�Z�c�� �=�V�a�W�_�V�]�g��
�'�%�%�,���^�c���@�g�V�[�i���i�g�^�i�i�#



�) �h�b�V�g�i���[�d�g�b�j�a�V�i�^�c�\�����_�d�j�g�c�V�a

�C�Z�j�Z���6�E�:�"�:�g�h�V�i�o�h�i�d�[�[�Z���V�a�h���9�^�h�e�Z�g�\�^�Z�g�V�Y�Y�^�i�^�k�Z���[�“�g���i�g�V�c�h�e�V�g�Z�c�i�Z���:�^�h�Z�c�d�m�^�Y�Z��
�j�c�Y���6�a�j�b�^�c�^�j�b�e�^�\�b�Z�c�i�Z

�:�^�c�Z�c���W�Z�h�d�c�Y�Z�g�Z�c���H�i�Z�a�a�Z�c�l�Z�g�i���]�V�i��
�Y�^�Z���B�Z�i�V�a�a�"�:�[�[�Z�`�i�"�A�V�X�`�^�Z�g�j�c�\�!���h�d�\�#��
�B�Z�i�V�a�a�^�X�h�!���^�c���Y�Z�g���6�j�i�d�b�d�W�^�a�^�c�Y�j�h�"
�i�g�^�Z�#���9�Z�g���W�Z�h�d�c�Y�Z�g�Z���:�[�[�Z�`�i���Z�c�i�[�V�a�"
�i�Z�i�� �h�^�X�]�� �j�b�h�d�� �l�^�g�`�j�c�\�h�k�d�a�a�Z�g�!�� �_�Z��
�W�Z�h�h�Z�g���h�^�X�]���Y�^�Z���6�a�j�b�^�c�^�j�b�"�;�a�V�`�Z�h��
�e�V�g�V�a�a�Z�a�� �o�j�g�� �A�V�X�`�d�W�Z�g�Å���~�X�]�Z�� �V�j�h�"
�g�^�X�]�i�Z�c�#�� �9�^�Z�h�Z�� �e�V�g�V�a�a�Z�a�Z�� �6�j�h�g�^�X�]�"
�i�j�c�\���l�^�g�Y���b�V�›�\�Z�W�a�^�X�]���Y�j�g�X�]���Y�Z�c��
�K�d�a�j�b�Z�c�h�X�]�g�j�b�e�[�� �j�c�Y�� �Y�V�h�� �6�W�"
�Y�j�c�h�i�k�Z�g�]�V�a�i�Z�c�� �Y�Z�h�� �A�V�X�`�Z�h�� �c�V�X�]��
�Y�Z�g���6�e�e�a�^�`�V�i�^�d�c���\�Z�h�i�Z�j�Z�g�i�#
�7�Z�^�� �l�~�h�h�g�^�\�Z�c�� �7�V�h�^�h�a�V�X�`�Z�c�� �c�Z�^�"
�\�Z�c�� �Z�^�c�^�\�Z�� �6�a�j�b�^�c�^�j�b�"�7�g�d�c�o�Z�c��

�o�j�b���<�V�h�Z�c�!���l�V�h���h�^�Z���o�j�b���I�Z�^�a���j�c�"
�W�g�V�j�X�]�W�V�g���b�V�X�]�i�#���9�^�Z���b�V�c�\�Z�a�c�Y�Z��
�H�i�V�W�^�a�^�i�~�i�� �l�^�g�Y�� �W�Z�h�d�c�Y�Z�g�h�� �^�c�� �Y�Z�c��
�k�Z�g�~�c�Y�Z�g�i�Z�c�� �d�e�i�^�h�X�]�Z�c�� �:�^�\�Z�c�"
�h�X�]�V�[�i�Z�c�� �Y�Z�j�i�a�^�X�]�#�� �B�^�i�� �=�^�a�[�Z�� �Y�Z�g��
�[�g�Z�^�Z�c���H�~�j�g�Z�\�g�j�e�e�Z���`�V�c�c���I�:�<�D�œ��
�9�^�h�e�Z�g�h�� �+�*�*�� �b�^�i�� �6�a�j�b�^�c�^�j�b�e�^�\�"
�b�Z�c�i�Z�c�� �g�Z�V�\�^�Z�g�Z�c�!�� �l�d�Y�j�g�X�]�� �Y�^�Z��
�D�W�Z�g�Å���~�X�]�Z�� �e�V�h�h�^�k�^�Z�g�i�� �l�^�g�Y�� �j�c�Y��
�Y�V�h���<�V�h�Z�c���k�d�c���7�g�d�c�o�Z�c���^�c���l�~�h�h�"
�g�^�\�Z�c���A�V�X�`�Z�c���j�c�i�Z�g�Y�g�“�X�`�i���l�Z�g�Y�Z�c��
�`�V�c�c�#
�9�^�Z�� �Y�j�g�X�]�� �I�:�<�D�œ�� �9�^�h�e�Z�g�h�� �+�*�*��
�]�d�b�d�\�Z�c�� �k�Z�g�i�Z�^�a�i�Z�c�� �j�c�Y�� �h�i�V�W�^�a�^�"

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�*���[�“�g��
�6�a�j�b�^�c�^�j�b�e�^�\�b�Z�c�i�Z

�6 �9 �9 �> �I �> �K �: �H

�I�g�d�i�o���Y�^�Z�h�Z�g���Y�g�V�h�i�^�h�X�]�Z�c���Ž�`�d�a�d�\�^�h�X�]�Z�c���E�g�d�W�a�Z�b�Z���j�c�Y��
�Y�Z�g���Y�V�b�^�i���k�Z�g�W�j�c�Y�Z�c�Z�c���\�Z�h�Z�i�o�\�Z�W�Z�g�^�h�X�]�Z�c���G�Z�\�j�a�^�Z�"
�g�j�c�\���\�Z�h�i�V�a�i�Z�i���h�^�X�]���Y�Z�g���6�j�h�i�V�j�h�X�]���k�d�c���C�d�c�n�a�e�]�Z�c�d�a�"
�Z�i�]�d�m�n�a�V�i�Z�c�� �^�c�� �j�c�^�k�Z�g�h�Z�a�a�Z�c�� �E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z�c��
�_�Z�Y�d�X�]�� �V�a�h�� �h�X�]�l�^�Z�g�^�\�� �j�c�Y�� �a�V�c�\�l�^�Z�g�^�\�!�� �Y�V���Z�h�� �W�^�h�a�V�c�\��
�`�V�j�b���a�Z�^�h�i�j�c�\�h�h�i�V�g�`�Z���:�g�h�V�i�o�e�g�d�Y�j�`�i�Z���\�^�W�i�#
�:�^�c�Z�� �W�Z�h�d�c�Y�Z�g�Z�� �=�Z�g�V�j�h�[�d�g�Y�Z�g�j�c�\�� �h�^�c�Y�� �Y�V�W�Z�^�� �E�^�\�"
�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���V�j�[���7�V�h�^�h���i�g�V�c�h�e�V�g�Z�c�i�Z�g���:�^�h�Z�c�d�m�^�Y�Z��
�j�c�Y���Y�Z�g���6�j�[�h�X�]�a�j�h�h���k�d�c���6�a�j�b�^�c�^�j�b�e�^�\�b�Z�c�i�Z�c�#

�C�d�c�n�a�e�]�Z�c�d�a�Z�i�]�d�m�n�a�V�i�Z���j�c�Y���^�d�c�^�h�X�]�Z���9�Z�g�^�k�V�i�Z
�6�W�W�^�a�Y�j�c�\�� �'�� �o�Z�^�\�i�� �Y�^�Z�� �c�^�X�]�i�^�d�c�^�h�X�]�Z�� �C�E�:�"�H�i�g�j�`�i�j�g��
�j�c�Y�� �Y�^�Z�� �Y�Z�h�� �Y�V�g�V�j�h�� �]�Z�g�\�Z�h�i�Z�a�a�i�Z�c�� �E�]�d�h�e�]�d�g�h�~�j�g�Z�"
�Z�h�i�Z�g�h�� �V�a�h�� �Z�^�c�Z�� �Y�Z�g�� �b�Ž�\�a�^�X�]�Z�c�� �V�c�^�d�c�^�h�X�]�Z�c�� �B�d�Y�^�Ä���"
�`�V�i�^�d�c�Z�c�#���7�Z�^�Y�Z���H�i�g�j�`�i�j�g�Z�c���l�Z�g�Y�Z�c���]�~�j�Ä���\���^�c���@�d�b�"
�W�^�c�V�i�^�d�c���Z�^�c�\�Z�h�Z�i�o�i�#
�B�^�i���Y�Z�b���7�Z�c�o�d�a�g�^�c�\���l�Z�^�h�i���Y�^�Z���C�E�:�"�H�i�g�j�`�i�j�g���Z�^�c�Z�c��
�Y�Z�j�i�a�^�X�]�Z�c���J�c�i�Z�g�h�X�]�^�Z�Y���o�j���Z�i�]�d�m�n�a�^�Z�g�i�Z�c���;�Z�i�i�h�~�j�g�Z�"
�V�a���`�d�]�d�a�Z�c�� �V�j�[�!�� �Y�Z�c�Z�c�� �Y�^�Z�h�Z�g�� �G�^�c�\�� �[�Z�]�a�i�#�� �9�Z�g�� �7�Z�c�"
�o�d�a�g�^�c�\���W�Z�Y�^�c�\�i���Y�^�Z���]�d�]�Z���6�[�Ä���c�^�i�~�i���o�j���]�n�Y�g�d�e�]�d�W�Z�c��
�E�^�\�b�Z�c�i���d�W�Z�g�Å���~�X�]�Z�c�!���l�V�h���Y�Z�c���Z�c�i�h�X�]�Z�^�Y�Z�c�Y�Z�c���K�d�g�"
�i�Z�^�a���^�b���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i���W�g�^�c�\�i�#���9�^�Z�h�Z���h�i�V�g�`�Z���K�Z�g�"
�V�c�`�Z�g�j�c�\���V�j�[���Y�Z�g���E�^�\�b�Z�c�i�d�W�Z�g�Å���~�X�]�Z���k�Z�g�]�^�c�Y�Z�g�i���Y�V�h��

�6�W�a�Ž�h�Z�c���Y�Z�h���9�^�h�e�Z�g�\�^�Z�g�V�Y�Y�^�i�^�k�Z�h���h�Z�a�W�h�i���c�V�X�]���O�j�\�V�W�Z��
�o�j���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�\�Z�c���7�V�h�^�h�a�V�X�`�Z�c�!���l�^�Z���6�a�`�n�Y�]�V�g�o�"
�a�V�X�`�Z�c�#���D�]�c�Z���Y�Z�c���7�Z�c�o�d�a�g�^�c�\���`�Ž�c�c�Z�c���;�Z�i�i�h�~�j�g�Z�Y�Z�g�^�"
�k�V�i�Z���Y�^�Z�h�Z���A�Z�^�h�i�j�c�\���c�^�X�]�i���Z�g�o�^�Z�a�Z�c�#

�H�i�g�j�`�i�j�g�Z�c���b�^�i���7�Z�c�o�d�a�g�^�c�\�!���V�W�Z�g���d�]�c�Z���G�^�h�^�`�Z�c
�B�^�i���=�^�a�[�Z���Y�Z�g���h�Z�]�g���k�^�Z�a�h�Z�^�i�^�\�Z�c���E�d�a�n�Z�i�]�Z�g�i�Z�X�]�c�d�a�d�\�^�Z��
�^�h�i���Z�h���b�^�i�i�a�Z�g�l�Z�^�a�Z���b�Ž�\�a�^�X�]�!���H�i�g�j�`�i�j�g�Z�c���o�j���Ä���c�Y�Z�c�!���Y�^�Z��
�Y�Z�b���<�g�j�c�Y�V�j�[�W�V�j���Y�Z�h���C�E�:���V�a�h���6�7�"�7�a�d�X�`�X�d�e�d�a�n�b�Z�g��
�b�^�i���7�Z�c�o�d�a�g�^�c�\���Z�c�i�h�e�g�Z�X�]�Z�c�!���V�W�Z�g���c�^�X�]�i���o�j���i�d�m�^�h�X�]�Z�c��
�6�W�W�V�j�e�g�d�j�`�i�Z�c���[�“�]�g�Z�c�#���H�d���h�^�c�Y���Y�^�Z�h�Z���d�]�c�Z���G�^�h�^�`�Z�c��
�[�“�g���Y�^�Z���J�b�l�Z�a�i���Z�^�c�h�Z�i�o�W�V�g�#
�C�V�X�]�� �J�b�h�Z�i�o�j�c�\�� �Z�^�c�Z�h�� �\�Z�Z�^�\�c�Z�i�Z�c�� �H�i�V�g�i�V�a�`�d�]�d�a�h��
�b�^�i�� �H�i�n�g�d�a�d�m�^�Y�� �j�c�Y�� �V�c�h�X�]�a�^�Z�›�Z�c�Y�Z�g�� �:�i�]�d�m�n�a�^�Z�g�j�c�\��
�Z�g�]�~�a�i���b�V�c���6�7�"�7�a�d�X�`�X�d�e�d�a�n�b�Z�g�Z�!���Y�^�Z���Y�Z�g���H�i�g�j�`�i�j�g��
�Y�Z�g���6�E�:�h���h�i�V�g�`���~�]�c�Z�a�c�!���V�W�Z�g���c�^�X�]�i���o�j���e�]�Z�c�d�a�^�h�X�]�Z�c��
�H�e�V�a�i�e�g�d�Y�j�`�i�Z�c���[�“�]�g�Z�c�P�-�R�#
�9�j�g�X�]���E�]�d�h�e�]�d�g�n�a�^�Z�g�j�c�\���`�Ž�c�c�Z�c���h�d�a�X�]�Z���H�i�g�j�`�i�j�g�Z�c��
�^�c���V�c�^�d�c�^�h�X�]�Z���9�Z�g�^�k�V�i�Z�!���l�^�Z���^�c���6�W�W�^�a�Y�j�c�\���(���\�Z�o�Z�^�\�i�!��
�“�W�Z�g�[�“�]�g�i���l�Z�g�Y�Z�c�#���7�Z�^���Y�^�Z�h�Z�c���H�i�g�j�`�i�j�g�Z�c���Z�c�i�h�i�Z�]�Z�c��
�`�Z�^�c�Z���j�b�l�Z�a�i�\�Z�[�~�]�g�Y�Z�c�Y�Z�c���6�W�W�V�j�e�g�d�Y�j�`�i�Z�#
�6�c�h�X�]�a�^�Z�›�Z�c�Y�� �l�^�g�Y�� �Y�Z�g�� �E�]�d�h�e�]�d�g�h�~�j�g�Z�Z�h�i�Z�g�� �c�Z�j�"
�i�g�V�a�^�h�^�Z�g�i���j�c�Y���o�j�g���Z�^�c�[�V�X�]�Z�g�Z�c���=�V�c�Y�]�V�W�j�c�\���^�c���Z�^�c�Z��

�<�Z�e�g�“�[�i�Z���G�Z�o�Z�e�i�j�g�Z�c
�I�V�W�Z�a�a�Z���&���o�Z�^�\�i���Y�^�Z���G�Z�o�Z�e�i�j�g�Z�c���Y�Z�g���b�^�i���C�E�:�����&�&���:�D����
�j�c�Y���Y�Z�b���c�Z�j�i�g�V�a�^�h�^�Z�g�i�Z�c���E�]�d�h�e�]�d�g�h�~�j�g�Z�Z�h�i�Z�g�����I�:�<�D�œ��
�9�^�h�e�Z�g�h���+�*�&�����]�Z�g�\�Z�h�i�Z�a�a�i�Z�c���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z�#

�6�W�W�#���+�/���H�i�V�W�^�a�^�i�~�i���Z�^�c�Z�h���:�[�[�Z�`�i�a�V�X�`�Z�h��

�b�^�i���I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�*�������������������������������������������������������d�]�c�Z���6�Y�Y�^�i�^�k

�I�V�W�Z�a�a�Z���)�/���7�Z�^�h�e�^�Z�a�g�Z�o�Z�e�i�j�g���[�“�g���Z�^�c�Z�c���6�a�j�b�^�c�^�j�b�"�6�j�[�h�X�]�a�j�h�h

�h�^�Z�g�i�Z�c���E�^�\�b�Z�c�i�Z���W�Z�l�^�g�`�Z�c���Z�^�c�Z�c��
�k�Z�g�W�Z�h�h�Z�g�i�Z�c���;�a�d�e�"�:�[�[�Z�`�i�#���L�Z�^�i�Z�g�"
�]�^�c�� �Z�g�b�Ž�\�a�^�X�]�i�� �I�:�<�D�œ�� �9�^�h�e�Z�g�h��
�+�*�*�� �Z�^�c�Z�c�� �h�X�]�Z�g�V�g�b�Z�c�� �7�g�d�c�o�Z�"
�V�j�[�h�X�]�a�j�h�h�� �j�c�Y�� �k�Z�g�]�^�c�Y�Z�g�i�� �Y�^�Z��
�G�Z�V�\�\�a�d�b�Z�g�V�i�^�d�c�� �Y�Z�g�� �:�[�[�Z�`�i�e�^�\�"

�b�Z�c�i�Z�#�� �:�h�� �a�V�h�h�Z�c�� �h�^�X�]�� �W�Z�h�d�c�Y�Z�g�h��
�a�V�\�Z�g�h�i�V�W�^�a�Z�� �l�~�h�h�g�^�\�Z�� �:�[�[�Z�`�i�a�V�X�`�Z��
�]�Z�g�h�i�Z�a�a�Z�c�#

�E�g�d�Y�j�`�i

�:�^�h�Z�c�d�m�^�Y
�g�d�i���E�G���&�%�&
���������������P���R

�:�^�h�Z�c�d�m�^�Y
�\�Z�a�W���E�N���)�'
���������������P���R

�L�V�h�h�Z�g�!���Y�Z�b�^�c���'�(�!�* ���'�.�!�,

�C�E�:���W�o�l�#��
�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�&���&�)�!�% ���&�'�!�-

�8�d�"�9�^�h�e�Z�g�\�^�Z�g�b�^�i�i�Z�a�� �� ���&�!�% �� �� ���&�!�%

�:�c�i�h�X�]�~�j�b�Z�g�!��
�h�^�a�^�X�d�c�[�g�Z� �̂� �� ���&�!�* �� �� ���&�!�*

�E�^�\�b�Z�c�i ���+�%�!�% ���*�*�!�%

�I�V�W�Z�a�a�Z���&�/���<�Z�e�g�“�[�i�Z���G�Z�o�Z�e�i�j�g�Z�c

�6�W�W�#���(�/���E�]�d�h�e�]�d�g�h�~�j�g�Z�Z�h�i�Z�g���Z�^�c�Z�h���h�i�n�g�d�a�d�m�^�Y�]�V�a�i�^�\�Z�c���E�d�a�n�Z�i�]�Z�g�h

�9�^�Z���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���l�j�g�Y�Z�c���^�c���Y�Z�g���E�Z�g�a�b�“�]�a�Z���\�Z�"
�[�Z�g�i�^�\�i�#�� �9�^�Z�� �@�d�c�o�Z�c�i�g�V�i�Z�� �l�j�g�Y�Z�c�� �[�“�g�� �Y�V�h�� �I�^�c�i�^�c�\�� �^�c��
�Z�^�c�Z�g���K�^�Z�a�o�V�]�a���k�d�c���l�~�h�h�g�^�\�Z�c���j�c�Y���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�"
�\�Z�c���A�V�X�`�Z�c���j�c�Y���;�V�g�W�Z�c���k�Z�g�l�Z�c�Y�Z�i�#���L�^�g���W�Z�h�X�]�g�~�c�`�Z�c��
�j�c�h���^�c�� �Y�Z�c���]�^�Z�g���Y�V�g�\�Z�h�i�Z�a�a�i�Z�c���:�g�\�Z�W�c�^�h�h�Z�c���V�j�[�� �Y�g�Z�^��
�l�Z�^�›�Z���7�V�h�^�h�[�V�g�W�Z�c�!���Y�^�Z���b�^�i���d�#���\�#���:�^�h�Z�c�d�m�^�Y�g�d�i�"���j�c�Y��
�:�^�h�Z�c�d�m�^�Y�\�Z�a�W�"�@�d�c�o�Z�c�i�g�V�i�Z�c���\�Z�i�Ž�c�i���l�j�g�Y�Z�c�/
�N�������A�V�c�\�Ž�a�V�a�`�n�Y�!���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�\�����6�a�`�n�Y���&��
�N�������A�V�c�\�Ž�a�V�a�`�n�Y�!���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�\�!���E�J�"�b�d�Y�^�Ä���o�^�Z�g�i��

���6�a�`�n�Y���'��
�N�������6�X�g�n�a�V�i�Y�^�h�e�Z�g�h�^�d�c�!���]�d�X�]�\�a�~�c�o�Z�c�Y

�;�d�g�i�h�Z�i�o�j�c�\���k�d�c���H�Z�^�i�Z���&

�6�W�W�#���'�/���C�^�X�]�i�^�d�c�^�h�X�]�Z���C�E�:�"�H�i�g�j�`�i�j�g���j�c�Y���Y�^�Z���Y�Z�h���Y�V�g�V�j�h���]�Z�g�\�Z�h�i�Z�a�a�i�Z�c���E�]�d�h�e�]�d�g�h�~�j�g�Z�Z�h�i�Z�g�h

�<�Z�l�^�X�]�i�h�"��

�6�a�j�b�^�c�^�j�b�"�E�V�h�i�Z�����+�*���������(�+�!�*

�7�j�i�n�a�\�a�n�X�d�a ���(�&�!�.

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�* �� �(�!�,

�l�V�h�h�Z�g�k�Z�g�Y�“�c�c�W�V�g�Z�g���E�d�a�n�Z�h�i�Z�g���'�,�!�%

�9�B�:�6�����&�%�%������ �� �%�!�.

�(�%���^�\�Z�� �l�~�h�h�g�^�\�Z�� �A�Ž�h�j�c�\�� �“�W�Z�g�"
�[�“�]�g�i�#���9�V�h���g�Z�h�j�a�i�^�Z�g�Z�c�Y�Z���E�g�d�Y�j�`�i��
�^�h�i���j�c�i�Z�g���Y�Z�b���C�V�b�Z�c���I�:�<�D�œ���9�^�h�"
�e�Z�g�h���+�*�&���Z�g�]�~�a�i�a�^�X�]�#

�:�g�\�Z�W�c�^�h�h�Z
�9�^�Z���A�Z�^�h�i�j�c�\�h�[�~�]�^�\�`�Z�^�i���Y�Z�h���Z�g�]�V�a�"
�i�Z�c�Z�c�� �E�g�d�Y�j�`�i�Z�h�� �l�j�g�Y�Z�� �b�^�i�� �k�^�Z�"
�a�Z�c�� �E�^�\�b�Z�c�i�Z�c�� �\�Z�e�g�“�[�i�#�� �9�^�Z�� �o�j�b��
�K�Z�g�\�a�Z�^�X�]�� �\�Z�e�g�“�[�i�Z�c�� �V�c�^�d�c�^�h�X�]�Z�c��
�C�E�:�"�E�g�d�Y�j�`�i�Z���l�Z�g�Y�Z�c���k�d�g���V�a�a�Z�b��
�[�“�g�� �V�c�d�g�\�V�c�^�h�X�]�Z�� �E�^�\�b�Z�c�i�Z�� �k�Z�g�"
�l�Z�c�Y�Z�i�#



�*�h�b�V�g�i���[�d�g�b�j�a�V�i�^�c�\�����_�d�j�g�c�V�a

�E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���[�“�g���'�@�"�E�J�G�"
�;�d�g�b�j�a�^�Z�g�j�c�\�Z�c
�9�^�Z���I�Z�X�]�c�d�a�d�\�^�Z���Y�Z�g���j�c�^�k�Z�g�h�Z�a�a�Z�c��
�E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z�� �Z�g�a�V�j�W�i�� �Y�^�Z��
�:�^�c�V�g�W�Z�^�i�j�c�\���k�d�c���l�~�h�h�g�^�\�Z�c���@�d�c�"
�o�Z�c�i�g�V�i�Z�c���^�c���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�W�V�h�^�Z�g�"
�i�Z���;�d�g�b�j�a�^�Z�g�j�c�\�Z�c�#���9�^�Z���<�g�Z�c�o�Z��
�^�h�i���_�Z�Y�d�X�]���W�Z�^���`�d�c�k�Z�c�i�^�d�c�Z�a�a�Z�c�!��
�'�"�@�d�b�e�d�c�Z�c�i�Z�c�"�E�J�G�"�;�d�g�b�j�"
�a�^�Z�g�j�c�\�Z�c���Z�g�g�Z�^�X�]�i�#���9�^�Z���j�c�^�k�Z�g�"
�h�Z�a�a�Z�c���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���h�^�c�Y��
�j�c�k�Z�g�i�g�~�\�a�^�X�]�#
�9�j�g�X�]�� �h�Z�^�c�Z�� �l�V�h�h�Z�g�[�g�Z�^�Z�� �;�d�g�b��
�W�^�Z�i�Z�i�� �I�:�<�D�œ�� �9�^�h�e�Z�g�h�� �+�*�*�� �]�^�Z�g��
�_�Z�Y�d�X�]���Y�^�Z���B�Ž�\�a�^�X�]�`�Z�^�i�!���a�Ž�h�j�c�\�h�"
�b�^�i�i�Z�a�W�V�h�^�Z�g�i�Z�!���W�^�c�Y�Z�b�^�i�i�Z�a�]�V�a�i�^�"
�\�Z���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���o�j�� �[�d�g�"
�b�j�a�^�Z�g�Z�c�!���Y�^�Z���l�^�Z���6�W�W�^�a�Y�j�c�\���,��
�o�Z�^�\�i�!���V�j�X�]���^�c���'�@�"�E�J�G�"�;�d�g�b�j�"
�a�^�Z�g�j�c�\�Z�c�� �Z�^�c�\�Z�h�Z�i�o�i�� �l�Z�g�Y�Z�c��
�`�Ž�c�c�Z�c�#

�h�Z�i�o�Z�c�#���H�^�Z���W�^�Z�i�Z�c���Z�^�c�Z���Y�Z�j�i�a�^�X�]��
�W�Z�h�h�Z�g�Z���E�Z�g�[�d�g�b�V�c�X�Z���V�a�h���V�c�Y�Z�"
�g�Z���C�E�:�"�6�a�i�Z�g�c�V�i�^�k�Z�c���j�c�Y���V�j�X�]��
�V�a�h���Y�^�Z���C�d�c�n�a�e�]�Z�c�d�a�Z�i�]�d�m�n�a�V�i�Z��
�h�Z�a�W�h�i�#��
�9�V�g�“�W�Z�g���]�^�c�V�j�h���W�^�Z�i�Z�i���I�:�<�D�œ��
�9�^�h�e�Z�g�h�� �+�*�*�� �V�a�h�� �c�Z�j�Z�h�i�Z�g�� �K�Z�g�"
�i�g�Z�i�Z�g�� �Y�^�Z�h�Z�g�� �E�g�d�Y�j�`�i�\�g�j�e�e�Z��
�l�Z�^�i�Z�g�Z���:�^�c�h�V�i�o�b�Ž�\�a�^�X�]�`�Z�^�i�Z�c�!��
�l�^�Z
�N�������Y�^�Z�� �=�Z�g�h�i�Z�a�a�j�c�\�� �k�d�c�� �j�c�^�"

�k�Z�g�h�Z�a�a�Z�c�� �@�d�c�o�Z�c�i�g�V�i�Z�c�� �b�^�i��
�i�g�V�c�h�e�V�g�Z�c�i�Z�c���:�^�h�Z�c�d�m�^�Y�Z�c�!

�N�������Y�Z�c���6�j�[�h�X�]�a�j�h�h���k�d�c���6�a�j�b�^�c�^�"
�j�b�"�7�g�d�c�o�Z�c���W�Z�^���\�a�Z�^�X�]�o�Z�^�i�^�"
�\�Z�g���K�Z�g�]�^�c�Y�Z�g�j�c�\���Y�Z�g���]�~�j�Ä���\��
�V�j�[�i�g�Z�i�Z�c�Y�Z�c���<�V�h�W�^�a�Y�j�c�\�!

�N�������Y�^�Z���K�Z�g�l�Z�c�Y�j�c�\���k�d�c���E�^�\���b�Z�c�i�"
�`�d�c�o�Z�c�i�g�V�i�Z�c���^�c���a�Ž�h�j�c�\�h�b�^�i�"
�i�Z�a�]�V�a�i�^�\�Z�c���'�@�"�E�J�G�"�A�V�X�`�[�d�g�"
�b�j�a�^�Z�g�j�c�\�Z�c�#

�Y�^�Z���B�Ž�\�a�^�X�]�`�Z�^�i�!���C�d�c�n�a�e�]�Z�c�d�a�"
�Z�i�]�d�m�n�a�V�i�Z�� �^�c�� �l�~�h�h�g�^�\�Z�c�� �J�c�^�"
�k�Z�g�h�V�a�e�V�h�i�Z�c�h�n�h�i�Z�b�Z�c�� �o�j�� �Z�g�"

�O�j�h�V�b�b�Z�c�[�V�h�h�j�c�\
�9�^�Z���c�Z�j�V�g�i�^�\�Z�c���h�i�n�g�d�a�d�m�^�Y�]�V�a�"
�i�^�\�Z�c���E�d�a�n�Z�i�]�Z�g�Y�Z�g�^�k�V�i�Z���W�^�Z�i�Z�c��

�6 �9 �9 �> �I �> �K �: �H

�A�^�i�Z�g�V�i�j�g�/
1  David Schmedding, Vickie L. Tatum, International Environ-

mental Conference & Exhibit 1998
2  H. Goossens, ATIPIC/NVVT (16.03.1999)
3 J. Bielmann, PPCJ 3 (1995), 17
4 APE Research Council
5  Charles A. Staples, John Weeks, Jerry F. Hall, Carter G Naylor, 
  Environmental Toxicology and Chemistry, Vol. 17 (1998), 2470 
6  Alison C. Nimrod, William H. Benson, Critical Reviews in 

Toxicology, 26(3) (1996), 335
7 Phänomen Farbe 4 (1999), 26
8  Kathrin Lehmann, Andreas Stüttgen, APE Alternativen für 

universelle Pigmentkonzentrate, Farbe & Lack 03/2001, S. 56 ff

�I�Z�X�]�c�^�h�X�]�Z�g���@�d�c�i�V�`�i�/
frank.kleinsteinberg@degussa.com 
www.tego.de

�G�]�Z�d�a�d�\�^�Z
�9�^�Z���K�^�h�`�d�h�^�i�~�i�h�e�g�d�Ä���a�Z���l�j�g�Y�Z�c���b�^�i�i�Z�a�h���E�a�V�i�i�Z�"�@�Z�\�Z�a�"
�<�Z�d�b�Z�i�g�^�Z���Z�g�b�^�i�i�Z�a�i�#
�9�Z�g�� �K�Z�g�\�a�Z�^�X�]�� �Y�Z�g�� �G�]�Z�d�a�d�\�^�Z�e�g�d�Ä���a�Z�� �Y�Z�g�� �c�V�X�]�� �Y�Z�g��
�G�Z�o�Z�e�i�j�g���^�c���I�V�W�Z�a�a�Z���&���]�Z�g�\�Z�h�i�Z�a�a�i�Z�c���@�d�c�o�Z�c�i�g�V�i�Z���^�c��
�6�W�W�^�a�Y�j�c�\�� �)�� �o�Z�^�\�i�� �Y�Z�j�i�a�^�X�]�� �Y�^�Z�� �W�Z�h�h�Z�g�Z�� �k�^�h�`�d�h�^�i�~�i�h�"
�h�Z�c�`�Z�c�Y�Z���L�^�g�`�j�c�\���Y�Z�g���c�Z�j�Z�c���H�i�g�j�`�i�j�g���\�Z�\�Z�c�“�W�Z�g��
�Y�Z�b���]�Z�g�`�Ž�b�b�a�^�X�]���Z�^�c�\�Z�h�Z�i�o�i�Z�c���C�E�:�#

�8�d�a�d�g�^�h�i�^�h�X�]�Z���L�Z�g�i�Z
�9�^�Z���l�Z�^�›�Z�c���7�V�h�^�h�[�V�g�W�Z�c���l�j�g�Y�Z�c���b�^�i���'���K�d�a�#�"�����E�V�h�i�Z��
���:�^�h�Z�c�d�m�^�Y�"�G�d�i���W�o�l�#���E�]�i�]�V�a�d�X�n�V�c�^�c�"�7�a�V�j�����\�Z�i�^�c�i�Z�i�!��
�b�^�i�� �Z�^�c�Z�b�� �&�*�%�� �¥�b�� �@�V�h�i�Z�c�g�V�`�Z�a�� �V�e�e�a�^�o�^�Z�g�i�� �j�c�Y�� �Z�^�c��
�I�Z�^�a�� �Y�Z�h�� �;�^�a�b�Z�h�� �o�j�g�� �7�Z�h�i�^�b�b�j�c�\�� �Y�Z�h�� �G�j�W�"�D�j�i�� �b�^�i��
�Y�Z�b���;�^�c�\�Z�g���c�V�X�]���6�c�i�g�d�X�`�c�j�c�\���V�j�h�\�Z�g�^�Z�W�Z�c�#

�:�g�h�i�Z�h���;�V�o�^�i
�9�Z�g���c�Z�j�i�g�V�a�^�h�^�Z�g�i�Z���E�]�d�h�e�]�d�g�h�~�j�g�Z�Z�h�i�Z�g�����I�:�<�D�œ���9�^�h�"
�e�Z�g�h�� �+�*�&���� �o�Z�^�\�i�� �c�Z�W�Z�c�� �Z�^�c�Z�g�� �Y�Z�j�i�a�^�X�]�� �g�Z�Y�j�o�^�Z�g�i�Z�c��
�K�^�h�`�d�h�^�i�~�i���Z�^�c�Z���Y�Z�j�i�a�^�X�]���k�Z�g�W�Z�h�h�Z�g�i�Z���;�V�g�W�h�i�~�g�`�Z�Z�c�i�"
�l�^�X�`�a�j�c�\�� �j�c�Y�� �Z�^�c�Z�� �h�^�\�c�^�Ä���`�V�c�i�Z�� �G�Z�Y�j�o�^�Z�g�j�c�\�� �Y�Z�h��
�G�j�W�"�D�j�i�#

�L�Z�^�i�Z�g�Z���:�c�i�l�^�X�`�a�j�c�\
�L�^�Z���b�^�i���Y�Z�c���C�E�:�h���l�V�g���Z�h���_�Z�Y�d�X�]���c�j�g���h�X�]�l�Z�g���b�Ž�\�"
�a�^�X�]�!���j�c�^�k�Z�g�h�Z�a�a�Z���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���V�j�[���7�V�h�^�h���k�d�c��
�i�g�V�c�h�e�V�g�Z�c�i�Z�c���:�^�h�Z�c�d�m�^�Y�Z�c���o�j���[�d�g�b�j�a�^�Z�g�Z�c�#���:�g�h�X�]�l�Z�"
�g�Z�c�Y���`�V�b���]�^�c�o�j�!���Y�V�h�h���Y�^�Z���l�~�h�h�g�^�\�Z���A�Ž�h�j�c�\���c�j�g���Z�^�c�Z�c��
�W�Z�Y�^�c�\�i�Z�c���:�^�c�h�V�i�o���^�c���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�W�V�h�^�Z�g�i�Z�c���;�d�g�b�j�"
�a�^�Z�g�j�c�\�Z�c���o�j�a�^�Z�›�#

�I�g�V�c�h�e�V�g�Z�c�i�Z���:�^�h�Z�c�d�m�^�Y�Z
�:�^�c�Z���L�Z�^�i�Z�g�Z�c�i�l�^�X�`�a�j�c�\���^�c�c�Z�g�]�V�a�W���Y�^�Z�h�Z�g��
�E�g�d�Y�j�`�i�`�a�V�h�h�Z�� �^�h�i�� �Z�^�c�� �E�g�d�Y�j�`�i�!�� �l�Z�a�X�]�Z�h��
�i�g�d�i�o���h�Z�^�c�Z�h���&�%�%���^�\�Z�c���L�^�g�`�h�i�d�[�[�\�Z�]�V�a�i�Z�h��
�Å���^�Z�›�[�~�]�^�\���j�c�Y���\�j�i���o�j���k�Z�g�V�g�W�Z�^�i�Z�c���^�h�i�#���:�h��
�^�h�i���j�c�i�Z�g���Y�Z�b���C�V�b�Z�c���I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�*��
�Z�g�]�~�a�i�a�^�X�]�#
�9�j�g�X�]���Y�^�Z���@�d�b�W�^�c�V�i�^�d�c���Y�^�Z�h�Z�h���E�g�d�Y�j�`�"
�i�Z�h�� �b�^�i�� �Y�Z�b�� �h�X�]�d�c�� �Z�g�l�~�]�c�i�Z�c�� �I�:�<�D�œ��
�9�^�h�e�Z�g�h�� �+�*�&�� �a�V�h�h�Z�c�� �h�^�X�]�� �c�j�c�� �V�j�X�]�� �E�^�\�"
�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z���V�j�[���7�V�h�^�h���i�g�V�c�h�e�V�g�Z�c�i�Z�g��
�:�^�h�Z�c�d�m�^�Y�Z���]�Z�g�h�i�Z�a�a�Z�c�!���Y�^�Z���^�c���l�~�h�h�g�^�\�Z�c��
�j�c�Y���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�\�Z�c���;�d�g�b�j�a�^�Z�g�j�c�"
�\�Z�c���o�j���h�Z�]�g���\�j�i�Z�g���I�g�V�c�h�e�V�g�Z�c�o���[�“�]�g�Z�c�#

�6�W�W�#���,�/���K�Z�g�i�g�~�\�a�^�X�]�`�Z�^�i���k�d�c���a�Ž�h�j�c�\�h�b�^�i�i�Z�a�]�V�a�i�^�\�Z�c���E�^�\�b�Z�c�i�`�d�c�o�Z�c�i�g�V�i�Z�c���b�^�i���'�@�"�E�J�G

�j�c�^�k�Z�g�h�Z�a�a�Z�h���@�d�c�o�Z�c�i�g�V�i
�a�Ž�h�j�c�\�h�b�^�i�i�Z�a�W�V�h�^�Z�g�i�Z�h���@�d�c�o�Z�c�i�g�V�i��
�V�j�[���7�V�h�^�h���I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�*
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Scherrate D (1/s)

�6�W�W�#���)�/���K�^�h�`�d�h�^�i�~�i�h�e�g�d�Ä�� �a�Z���k�d�c���:�^�h�Z�c�d�m�^�Y�"�G�d�i�"�@�d�c�o�Z�c�i�g�V�i�Z�c

�E�g�d�Y�j�`�i �6�a�`�n�Y���& �6�a�`�n�Y���' �6�X�g�n�a�V�i�!���]�d�X�]�\�a�~�c�o�Z�c�Y

�g�Z�a
�;�V�g�W�h�i�~�g�`�Z

�^�c����

�G�j�W�"�D�j�i
�å �:

�g�Z�a
�;�V�g�W�h�i�~�g�`�Z

�^�c����

�G�j�W�"�D�j�i
�å �:

�g�Z�a
�;�V�g�W�h�i�~�g�`�Z

�^�c����

�G�j�W�"�D�j�i
�å �:

�:�^�h�Z�c�d�m�^�Y�"�G�d�i���E�G���&�%�&

�C�E�: �&�%�% �%�!�, �&�%�% �%�!�, �&�%�% �%�!�'

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�&�&�&�% �%�!�+ �.�, �%�!�- �&�%�- �%�!�'

�:�^�h�Z�c�d�m�^�Y�"�<�Z�a�W���E�N���)�'

�C�E�: �&�%�% �&�!�* �&�%�% �%�!�, �&�%�% �%�!�-

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�&�&�&�' �%�!�' �&�%�, �%�!�+ �&�%�( �%�!�&

�<�Z�l�^�X�]�i�h�"��

�L�V�h�h�Z�g ���)�*�!�*

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�& ���&�)�!�*

�I�:�<�D�œ���9�^�h�e�Z�g�h���+�*�* �� �� ���)�!�*

�:�c�i�h�X�]�~�j�b�Z�g �� �� ���%�!�*

�I�g�V�c�h�e�V�g�Z�c�i�Z�h���:�^�h�Z�c�d�m�^�Y���(�*�!�%



�+ �h�b�V�g�i���[�d�g�b�j�a�V�i�^�c�\�����_�d�j�g�c�V�a

�E�j�a�k�Z�g�a�V�X�`�Z���b�^�i��
�k�Z�g�W�Z�h�h�Z�g�i�Z�b��
�:�^�\�Z�c�h�X�]�V�[�i�h�e�g�d�[�^�a

�8 �G �D �H �H �A �> �C �@ �: �G �H

�H�Z�^�i�� �:�^�c�[�“�]�g�j�c�\�� �Y�Z�g�� �E�j�a�k�Z�g�a�V�X�`�"
�W�Z�h�X�]�^�X�]�i�j�c�\�h�i�Z�X�]�c�d�a�d�\�^�Z�� �l�Z�g�Y�Z�c��
�[�“�g���Y�^�Z�h�Z�h���j�b�l�Z�a�i�[�g�Z�j�c�Y�a�^�X�]�Z �7�Z�"
�h�X�]�^�X�]�i�j�c�\�h�h�n�h�i�Z�b�� �h�i�Z�i�h�� �e�d�h�^�i�^�"
�k�Z�� �L�V�X�]�h�i�j�b�h�o�V�]�a�Z�c�� �k�Z�g�o�Z�^�X�]�"
�c�Z�i�#�� �L�j�g�Y�Z�c�� �&�.�-�%�� �l�Z�a�i�l�Z�^�i�� �Z�g�h�i��
�&�%�%���%�%�%���i�d���e�g�d�Y�j�o�^�Z�g�i�!���h�d���]�V�i���h�^�X�]��
�Y�^�Z�h�Z�� �B�Z�c�\�Z�� �^�c�� �'�%�%�*�� �V�j�[�� �“�W�Z�g��
�&���B�^�d�#���i�d���\�Z�h�i�Z�^�\�Z�g�i�#���:�c�i�h�e�g�Z�X�]�Z�c�Y��
�Y�Z�b�� �6�c�l�Z�c�Y�j�c�\�h�\�Z�W�^�Z�i�� �j�c�i�Z�g�"
�i�Z�^�a�i�� �b�V�c�� �Y�^�Z�� �E�j�a�k�Z�g�a�V�X�`�Z�� �^�c�� �Y�g�Z�^��
�@�a�V�h�h�Z�c�/�� �[�j�c�`�i�^�d�c�Z�a�a�Z�����]�d�]�Z���8�]�Z�"
�b�^�`�V�a�^�Z�c�"�$�A�Ž�h�Z�b�^�i�i�Z�a�W�Z�h�i�~�c�Y�^�\�"
�`�Z�^�i���!�� �6�j�›�Z�c�V�c�l�Z�c�Y�j�c�\�� ���]�d���]�Z��
�J�K�"�� �j�c�Y�� �L�Z�i�i�Z�g�W�Z�h�i�~�c�Y�^�\�`�Z�^�i����
�j�c�Y�� �>�c�c�Z�c�V�c�l�Z�c�Y�j�c�\�� ���V�a�a�\�Z�b�Z�^�"
�c�Z�� �:�^���\�Z�c�h�X�]�V�[�i�Z�c���#�� �E�j�a�k�Z�g�a�V�X�`�Z��
�[�“�g�� �>�c�c�Z�c�V�c�l�Z�c�Y�j�c�\�Z�c�� �W�V�h�^�Z�g�Z�c��
�W�Z�k�d�g�o�j�\�i�� �V�j�[�� �Y�Z�c�� �h�d�� �\�Z�c�V�c�c�i�Z�c��
�É�=�n�W�g�^�Y�h�¹�����:�e�d�m�n�"�E�d�a�n�Z�h�i�Z�g�"�=�V�g�o�"
�B�^�h�X�]�j�c�\�Z�c���!���l�V�h���h�^�X�]���]�V�j�e�i�h�~�X�]�"
�a�^�X�]�� �V�j�[�\�g�j�c�Y�� �Y�Z�g�� �V�j�h�g�Z�^�X�]�Z�c�Y�Z�c��
�:�^�\�Z�c�h�X�]�V�[�i�Z�c���j�c�Y���Y�Z�g���g�Z�X�]�i���\�“�c�h�"
�i�^�\�Z�c���G�d�]�h�i�d�[�[�e�g�Z�^�h�Z���[�“�g���Y�^�Z�h�Z�h���H�n�h�"
�i�Z�b�� �Z�g�`�a�~�g�i�#�� �;�“�g�� �6�j�›�Z�c�W�Z�h�X�]�^�X�]�"
�i�j�c�\�Z�c���`�d�b�b�Z�c���^�b���L�Z�h�Z�c�i�a�^�X�]�Z�c��
�Y�g�Z�^���k�Z�g�h�X�]�^�Z�Y�Z�c�Z���7�Z�h�X�]�^�X�]�i�j�c�\�h�"
�h�n�h�i�Z�b�Z���^�c���7�Z�i�g�V�X�]�i�/
�I�<�>�8�� ���I�g�^�\�a�n�X�^�Y�n�a�^�h�d�X�n�V�c�j�g�V�i���!��
�=�6�6�� ���=�n�Y�g�d�m�n�V�a�`�n�a�V�b�^�Y���� �j�c�Y��
�E�d�a�n�j�g�Z�i�]�V�c�Z�#�� �9�^�Z�� �B�V�g�`�i�V�c�i�Z�^�a�Z��
�Y�Z�g�� �k�Z�g�h�X�]�^�Z�Y�Z�c�Z�c�� �H�n�h�i�Z�b�Z�� �a�^�Z�"
�\�Z�c�� �W�Z�^�� �l�Z�a�i�l�Z�^�i�Z�g�� �7�Z�i�g�V�X�]�i�j�c�\��
�W�Z�^�� �*�-�� ���� �=�n�W�g�^�Y�!�� �&�%�� ���� �I�<�>�8�!��
�&�)�������=�6�6���j�c�Y���,�������E�d�a�n�j�g�Z�i�]�V�c�#��
�9�^�Z���k�Z�g�W�a�Z�^�W�Z�c�Y�Z�c���&�&�������k�Z�g�i�Z�^�a�Z�c��
�h�^�X�]���V�j�[���:�e�d�m�^�Y�]�V�g�o�"�����&�%���������j�c�Y��
�6�X�g�n�a�V�i�"�H�n�h�i�Z�b�Z�����&�������#
�>�b���;�V�a�a���k�d�c���=�n�W�g�^�Y�"���j�c�Y���I�<�>�8�"�H�n�h�"
�i�Z�b�Z�c���Z�g�[�d�a�\�i���Y�^�Z���K�Z�g�c�Z�i�o�j�c�\�h�g�Z�V�`�"
�i�^�d�c���o�l�^�h�X�]�Z�c���h�~�j�g�Z�[�j�c�`�i�^�d�c�V�a�^�h�^�Z�g�"
�i�Z�c���E�d�a�n�Z�h�i�Z�g�c���j�c�Y���:�e�d�m�n�\�g�j�e�e�Z�c�#��
�7�Z�^�� �=�n�W�g�^�Y�e�j�a�k�Z�g�c�� �`�d�b�b�Z�c�� �7�^�h�"
�e�]�Z�c�d�a�"�6�� �W�V�h�^�Z�g�Z�c�Y�Z�� �:�e�d�m�^�Y�]�V�g�"
�o�Z���o�j�b���:�^�c�h�V�i�o���j�c�Y���W�Z�^���Y�Z�c���I�<�>�8�"
�E�j�a�k�Z�g�c�� �^�h�i�� �Y�Z�g�� �=�~�g�i�Z�g�� �I�g�~�\�Z�g�� �Y�Z�g��
�g�Z�V�`�i�^�k�Z�c���:�e�d�m�n�\�g�j�e�e�Z�c�#���=�n�W�g�^�Y�"��
�l�^�Z�� �V�j�X�]�� �I�<�>�8�"�7�Z�h�X�]�^�X�]�i�j�c�\�Z�c��
�[�“�]�g�Z�c�� �o�j�� �7�Z�h�X�]�^�X�]�i�j�c�\�Z�c�� �b�^�i��
�Y�j�g�X�]�V�j�h���\�j�i�Z�c���:�^�\�Z�c�h�X�]�V�[�i�Z�c�!���Y�^�Z��
�V�W�Z�g���W�Z�o�“�\�a�^�X�]���H�j�W�h�i�g�V�i�h�X�]�j�i�o�l�^�g�"
�`�j�c�\�����@�d�g�g�d�h�^�d�c�h�h�X�]�j�i�o�����c�^�X�]�i�� �h�d��
�\�j�i���h�^�c�Y�!���l�V�h���]�^�c�\�Z�\�Z�c���b�^�i���E�d�a�n�j�"
�g�Z�i�]�V�c�� �d�Y�Z�g�� �V�j�X�]�� �g�Z�^�c�Z�c�� �:�e�d�m�^�Y�"
�]�V�g�o�"�H�n�h�i�Z�b�Z�c�� �Z�g�g�Z�^�X�]�i�� �l�Z�g�Y�Z�c��
�`�V�c�c�#�� �C�V�X�]�i�Z�^�a�^�\�� �[�“�g�� �Y�^�Z�� �W�Z�^�Y�Z�c��
�a�Z�i�o�i�\�Z�c�V�c�c�i�Z�c���^�h�i���_�Z�Y�d�X�]�!���Y�V�h�h���h�^�Z��
�i�Z�j�g�Z�g���V�a�h���=�n�W�g�^�Y�"���d�Y�Z�g���I�<�>�8�"�H�n�h�"
�i�Z�b�Z���h�^�c�Y�#
�L�^�a�a���b�V�c���_�Z�Y�d�X�]���W�Z�h�i�^�b�b�i�Z���A�V�X�`�"
�Z�^�\�Z�c�h�X�]�V�[�i�Z�c�� �l�^�Z�� �o�#�� �7�#�� �Y�^�Z�� �8�]�Z�"
�b�^�`�V�a�^�Z�c�W�Z�h�i�~�c�Y�^�\�`�Z�^�i���k�d�c���=�n�W�g�^�Y�"��
�j�c�Y�� �I�<�>�8�"�H�n�h�i�Z�b�Z�c�� �k�Z�g�W�Z�h�h�Z�g�c�!��
�h�d���^�h�i���Y�^�Z�h���b�Ž�\�a�^�X�]�!���d�]�c�Z���Y�V�h�h���Y�V�"
�Y�j�g�X�]�� �Z�^�c�Z�� �“�W�Z�g�b�~�›�^�\�Z�� �K�Z�g�i�Z�j�Z�"
�g�j�c�\���Y�Z�h���E�j�a�k�Z�g�a�V�X�`�Z�h���V�j�[�i�g�^�i�i�#���9�^�Z��
�:�^�\�Z�c�h�X�]�V�[�i�h�k�Z�g�W�Z�h�h�Z�g�j�c�\�� �Y�^�Z�h�Z�g��
�A�V�X�`���h�n�h�i�Z�b�Z���^�h�i���b�Ž�\�a�^�X�]�!���Y�V���h�^�Z���^�c��
�^�]�g�Z�b�� �e�d�a�n�b�Z�g�Z�c�� �C�Z�i�o�l�Z�g�`�� �“�W�Z�g��
�o�V�]�a�g�Z�^�X�]�Z���h�Z�`�j�c�Y�~�g�Z���D�=�"�<�g�j�e�e�Z�c��
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�6�W�W�#���(�/���J�K�"�6���@�j�g�o�W�Z�l�^�i�i�Z�g�j�c�\���k�d�c���E�J�G�"�b�d�Y�^�Ä�� �o�^�Z�g�i�Z�c���I�<�>�8�"
�E�j�a�k�Z�g�a�V�X�`�Z�c

�6�W�W�#���'�/���B�:�@�"�7�Z�h�i�~�c�Y�^�\�`�Z�^�i���k�d�c���E�J�G�"�b�d�Y�^�Ä�� �o�^�Z�g�i�Z�c���I�<�>�8�"�E�j�a�k�Z�g�a�V�X�`�Z�c

�k�Z�g�[�“�\�Z�c�!���Y�^�Z���[�“�g���Z�^�c�Z���o�j�h�~�i�o�a�^�X�]�Z��
�K�Z�g�c�Z�i�o�j�c�\���b�^�i���E�d�a�n�^�h�d�X�n�V�c�V�i�]�~�g�"
�i�Z�g�c���o�j�g���:�g�]�Ž�]�j�c�\���Y�Z�g���C�Z�i�o�l�Z�g�`�"
�Y�^�X�]�i�Z�� �\�Z�c�j�i�o�i�� �l�Z�g�Y�Z�c�� �`�Ž�c�c�Z�c�#��
�B�^�i�� �Y�^�Z�h�Z�b�� �6�g�i�^�`�Z�a�� �b�Ž�X�]�i�Z�c�� �l�^�g��
�o�Z�^�\�Z�c�!���l�^�Z���b�^�i�i�Z�a�h���O�j�\�V�W�Z���k�d�c���E�d�"
�a�n�j�g�Z�i�]�V�c�k�Z�g�c�Z�i�o�Z�g�c���Z�^�c�Z���K�Z�g�W�Z�h�"
�h�Z�g�j�c�\�� �W�Z�h�i�^�b�b�i�Z�g�� �:�^�\�Z�c�h�X�]�V�[�i�Z�c��
�^�c�� �=�n�W�g�^�Y�"�� �j�c�Y�� �I�<�>�8�"�H�n�h�i�Z�b�Z�c��
�Z�g�o�^�Z�a�i���l�Z�g�Y�Z�c���`�V�c�c�#

�B�d�Y�^�Ä���o�^�Z�g�i�Z���=�n�W�g�^�Y�"�E�j�a�k�Z�g�"�A�V�X�`�Z
�:�^�c�� �W�Z�Y�Z�j�i�Z�c�Y�Z�h�� �6�c�l�Z�c�Y�j�c�\�h�"
�\�Z�W�^�Z�i�� �[�“�g�� �=�n�W�g�^�Y�"�A�V�X�`�Z�� �^�h�i�� �Y�Z�g��
�7�Z�g�Z�^�X�]�� �k�d�c�� �=�V�j�h�]�V�a�i�h�\�Z�g�~�i�Z�c��
���L�V�h�X�]�b�V�h�X�]�^�c�Z�c�!�� �@�“�]�a�h�X�]�g�~�c�`�Z�!��
�<�Z�h�X�]�^�g�g�h�e�“�a�Z�g�!���B�^�`�g�d�l�Z�a�a�Z�c���j�h�l�#���#��
�7�Z�^���c�d�g�b�V�a�Z�b���<�Z�W�g�V�j�X�]���Y�^�Z�h�Z�g���<�Z�"
�g�~�i�h�X�]�V�[�i�Z�c�� �h�^�c�Y�� �Y�^�Z�� �7�Z�h�X�]�^�X�]�i�j�c�"
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�h�^�c�Y�#�� �9�Z�g�V�g�i�^�\�Z�� �H�X�]�j�i�o�V�c�h�i�g�^�X�]�Z��
�W�^�Z�i�Z�c���Z�^�c�Z�c���Z�m�o�Z�a�a�Z�c�i�Z�c���@�d�g�g�d�"
�h�^�d�c�h�h�X�]�j�i�o���j�c�Y���Y�V�h���^�c�h�W�Z�h�d�c�Y�Z�"
�g�Z�� �j�c�i�Z�g�� �]�V�g�i�Z�c�� �L�^�i�i�Z�g�j�c�\�h�W�Z�"
�Y�^�c�\�j�c�\�Z�c�#�� �9�^�Z�� �^�b�� �7�^�c�Y�Z�b�^�i�i�Z�a��
�Z�^�c�\�Z�h�X�]�a�d�h�h�Z�c�Z�c�� �O�^�c�`�"�E�V�g�i�^�`�Z�a��
�]�V�W�Z�c�� �Y�^�Z�� �;�j�c�`�i�^�d�c�� �Z�^�c�Z�g�� �Z�a�Z�`�"
�i�g�d�X�]�Z�b�^�h�X�]�Z�c�� �D�e�[�Z�g�Z�a�Z�`�i�g�d�Y�Z�#��
�9�V�h�� �]�V�i�� �o�j�g�� �;�d�a�\�Z�!�� �Y�V�h�h�� �h�d�\�V�g��
�Y�d�g�i�!���l�d���Y�^�Z���7�Z�h�X�]�^�X�]�i�j�c�\���Y�j�g�X�]��
�~�j�›�Z�g�Z���:�^�c�Å���“�h�h�Z���W�Z�h�X�]�~�Y�^�\�i���l�j�g�"
�Y�Z�!�� �c�d�X�]�� �Z�^�c�Z�� �\�j�i�Z�� �H�X�]�j�i�o�l�^�g�"
�`�j�c�\�� �\�Z�\�Z�W�Z�c�� �^�h�i�#�� �>�b�� �K�Z�g�\�a�Z�^�X�]��
�]�^�Z�g�o�j�� �o�Z�^�\�Z�c�� �]�Z�g�`�Ž�b�b�a�^�X�]�Z��
�H�X�]�j�i�o�V�c�h�i�g�^�X�]�Z���V�j�[���7�V�h�^�h���d�g�\�V�c�^�"
�h�X�]�Z�g���7�^�c�Y�Z�b�^�i�i�Z�a���W�Z�^���K�Z�g�a�Z�i�o�j�c�\��
�Y�Z�g���7�Z�h�X�]�^�X�]�i�j�c�\���h�i�V�g�`�Z���@�d�g�g�d�"
�h�^�d�c���V�c���Y�Z�g�_�Z�c�^�\�Z�c���H�i�Z�a�a�Z�!���V�c���Y�Z�g��
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�l�Z�^�i�Z�g�Z�h���e�d�h�^�i�^�k�Z�h���6�g�\�j�b�Z�c�i���[�“�g��
�9�:�<�6�A�6�C�œ���A�E���+�,�$�&�&�#���;�Z�g�c�Z�g���^�h�i��
�Y�V�h���Y�Z�`�d�g�V�i�^�k�Z���:�g�h�X�]�Z�^�c�j�c�\�h�W�^�a�Y��
�Y�Z�g�� �]�Z�g�\�Z�h�i�Z�a�a�i�Z�c�� �E�g�d�Y�j�`�i�Z�� �o�j��
�c�Z�c�c�Z�c�#�� �@�j�c�h�i�h�i�d�[�[�i�Z�^�a�Z�� �l�Z�g�Y�Z�c��
�b�Z�^�h�i�� �b�^�i�� �h�Z�]�g�� �Y�j�c�`�a�Z�c�� �@�j�c�h�i�"
�h�i�d�[�[�\�g�V�c�j�a�V�i�Z�c���\�Z�[�Z�g�i�^�\�i���j�c�Y���d�[�i��
�l�^�g�Y�� �g�Z�X�n�X�a�^�Z�g�i�Z�h�� �@�j�c�h�i�h�i�d�[�[�b�V�"
�i�Z�g�^�V�a�� �k�Z�g�l�Z�c�Y�Z�i�/�� �9�^�Z�� �W�Z�^�b�� �:�m�"
�i�g�j�Y�^�Z�g�Z�c���Z�c�i�h�i�Z�]�Z�c�Y�Z�c���h�^�X�]�i�W�V�"
�g�Z�c���;�a�^�Z�›�a�^�c�^�Z�c���`�Ž�c�c�Z�c���Y�V�Y�j�g�X�]��
�“�W�Z�g�Y�Z�X�`�i���l�Z�g�Y�Z�c�#��
�9�V�h���E�g�d�Y�j�`�i���`�V�c�c���^�b���7�Z�g�Z�^�X�]���k�d�c��
�B�Z�i�V�a�a�^�h�^�Z�g�j�c�\�Z�c�� �j�c�Y�� �V�j�X�]�� �^�c��
�I�^�Z�[�Y�g�j�X�`�[�V�g�W�Z�c���[�“�g���@�j�c�h�i�h�i�d�[�[�j�c�"
�i�Z�g�\�g�“�c�Y�Z���k�Z�g�l�Z�c�Y�Z�i���l�Z�g�Y�Z�c�#
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�,�h�b�V�g�i���[�d�g�b�j�a�V�i�^�c�\�����_�d�j�g�c�V�a

�9�^�Z�� �7�Z�l�^�i�i�Z�g�j�c�\�� �k�d�c�� �O�^�c�`�"�H�^�a�^�"
�`�V�i�"�;�V�g�W�Z�c���[�“�]�g�i���o�j�g���7�^�a�Y�j�c�\���k�d�c��
�8�V�g�W�d�c�V�i�Z�c�� �j�c�Y�� �V�c�Y�Z�g�Z�c�� �O�^�c�`�"
�H�V�a�o�Z�c�!�� �Y�^�Z�� �V�a�h�� �l�Z�^�i�Z�g�Z�� �7�V�g�g�^�Z�g�Z��
�o�j�h�~�i�o�a�^�X�]�Z�� �H�X�]�j�i�o�[�j�c�`�i�^�d�c�Z�c��
�V�j�h���“�W�Z�c�#�� �9�n�c�V�h�n�a�V�c�œ�� �)�%�� �^�h�i�� �Z�^�c��
�]�Z�g�k�d�g�g�V�\�Z�c�Y�Z�h���6�j�h�\�V�c�\�h�b�V�i�Z�g�^�"
�V�a���[�“�g���Y�^�Z���;�d�g�b�j�a�^�Z�g�j�c�\���Z�^�c�"���d�Y�Z�g��
�o�l�Z�^�`�d�b�e�d�c�Z�c�i�^�\�Z�g�� �O�^�c�`�h�i�V�j�W�"
�[�V�g�W�Z�c�#���9�^�Z�h�Z���`�Ž�c�c�Z�c���Z�c�i�l�Z�Y�Z�g��
�V�a�h�� �E�g�^�b�Z�g�� ���o�#�� �7�#�� �H�]�d�e�� �E�g�^�b�Z�g����
�d�Y�Z�g�� �V�a�h�� �9�Z�X�`�W�Z�h�X�]�^�X�]�i�j�c�\�� �[�“�g��
�Y�Z�c���h�X�]�l�Z�g�Z�c���@�d�g�g�d�h�^�d�c�h�h�X�]�j�i�o��
�k�Z�g�l�Z�c�Y�Z�i���l�Z�g�Y�Z�c�#���9�^�Z���H�X�]�^�X�]�i�"
�h�i�~�g�`�Z�c���`�Ž�c�c�Z�c���^�b���7�Z�g�Z�^�X�]���k�d�c��
�&�*���W�^�h���&�%�%���¥�b���k�V�g�^�^�Z�g�Z�c�#���9�^�Z���7�Z�"
�h�X�]�^�X�]�i�j�c�\�Z�c���o�Z�^�\�Z�c���h�^�X�]���~�j�›�Z�g�h�i��
�g�Z�h�^�h�i�Z�c�i�� �\�Z�\�Z�c�� �L�^�i�i�Z�g�j�c�\�h�Z�^�c�"
�Å���“�h�h�Z���l�^�Z���C�^�Z�Y�Z�g�h�X�]�a�V�\�!���I�Z�b�e�Z�"
�g�V�i�j�g�l�Z�X�]�h�Z�a�!���J�K�"�H�i�g�V�]�a�j�c�\���j�c�Y��
�\�Z�\�Z�c���Y�Z�c���6�W�W�V�j���Y�j�g�X�]���B�^�`�g�d�"
�d�g�\�V�c�^�h�b�Z�c�#���O�^�c�`�h�i�V�j�W�[�V�g�W�Z�c���V�j�[��
�7�V�h�^�h���9�n�c�V�h�n�a�V�c�œ���)�%���`�Ž�c�c�Z�c���b�^�i��
�Z�^�c�Z�b�� �]�d�]�Z�c�� �O�^�c�`�h�i�V�j�W�"�6�c�i�Z�^�a��
�\�Z�[�“�a�a�i���l�Z�g�Y�Z�c�#���9�V�h���7�^�c�Y�Z�b�^�i�i�Z�a��
�]�~�g�i�Z�i�� �Y�j�g�X�]�� �A�j�[�i�[�Z�j�X�]�i�^�\�`�Z�^�i��
�V�j�h���j�c�Y���W�^�a�Y�Z�i���Z�^�c���[�Z�h�i�Z�h�!���]�d�X�]�"
�k�Z�g�c�Z�i�o�i�Z�h�!�� �Y�g�Z�^�Y�^�b�Z�c�h�^�d�c�V�a�Z�h��
�H�^�������a�d�m�V�c�c�Z�i�o�l�Z�g�`�!�� �^�c�� �l�Z�a�X�]�Z�b��
�Y�^�Z�� �Z�^�c�\�Z�W�Z�i�i�Z�i�Z�c�� �O�^�c�`�"�E�V�g�i�^�`�Z�a��
�Y�j�g�X�]�� �X�]�Z�b�^�h�X�]�Z�� �7�^�c�Y�j�c�\�� �Ä���"
�m�^�Z�g�i�� �h�^�c�Y�#�� �9�^�Z�� �7�Z�h�X�]�^�X�]�i�j�c�\�Z�c��
�h�^�c�Y�� �]�V�g�i�� �j�c�Y�� �Z�m�i�g�Z�b�� �i�Z�b�e�Z�g�V�"
�i�j�g�W�Z�h�i�~�c�Y�^�\�#�� �I�Z�b�e�Z�g�V�i�j�g�W�Z�a�V�h�"
�i�j�c�\�Z�c���W�^�h���o�j���)�%�%���•�8���[�“�]�g�Z�c���o�j��
�`�Z�^�c�Z�g�a�Z�^�� �7�Z�Z�^�c�i�g�~�X�]�i�^�\�j�c�\�� �Y�Z�g��
�@�d�g�g�d�h�^�d�c�h�Z�^�\�Z�c�h�X�]�V�[�i�Z�c�#�� �6�j�X�]��
�Y�Z�g���@�d�c�i�V�`�i���b�^�i���`�d�g�g�d�h�^�k�Z�c���A�Ž�"
�h�Z�b�^�i�i�Z�a�c���l�^�Z���9�^�Z�h�Z�a���d�Y�Z�g���V�c�Y�Z�"
�g�Z�c���I�g�Z�^�W�h�i�d�[�[�Z�c���h�d�l�^�Z���@�Z�i�d�c�Z�c��
�j�c�Y�� �6�g�d�b�V�i�Z�c�� �W�Z�Z�^�c�Å���j�h�h�i�� �Y�^�Z��
�:�^�\�Z�c�h�X�]�V�[�i�Z�c���Y�Z�g���7�Z�h�X�]�^�X�]�i�j�c�\��
�c�^�X�]�i���c�Z�\�V�i�^�k�#
�O�^�c�`�"�H�^�a�^�`�V�i�"�;�V�g�W�Z�c�� �V�j�[�� �7�V�h�^�h��
�9�n�c�V�h�n�a�V�c�œ�� �)�%�� �l�Z�g�Y�Z�c�� �V�a�h�� �h�Z�]�g��
�a�Z�^���h�i�j�c�\�h�[�~�]�^�\�Z���@�d�g�g�d�h�^�d�c�h�h�X�]�j�i�o�"
�W�Z�h�X�]�^�X�]�i�j�c�\���Z�^�c�\�Z�h�Z�i�o�i�#���>�]�g���:�^�c�"
�h�V�i�o�h�e�Z�`�i�g�j�b�� �^�h�i�� �h�Z�]�g�� �k�^�Z�a�[�~�a�i�^�\�#��
�H�d���l�Z�g�Y�Z�c���W�Z�^�h�e�^�Z�a�h�l�Z�^�h�Z���H�i�V�]�a�"
�`�d�c�h�i�g�j�`�i�^�d�c�Z�c�� �^�b�� �=�V�[�Z�c�W�V�j�!��
�@�g�~�c�Z�!�� �A�V�\�Z�g�i�V�c�`�h�!�� �H�^�a�d�h�!�� �E�^�e�Z�"
�a�^�c�Z�h�!�� �H�i�V�]�a�`�d�c�h�i�g�j�`�i�^�d�c�Z�c�� �^�c��
�G�V�[�Ä���c�Z�g�^�Z�c�!�� �H�X�]�d�g�c�h�i�Z�^�c�Z�� �j�c�Y��
�6�W�\�V�h�h�n�h�i�Z�b�Z�� �k�d�g�i�Z�^�a�]�V�[�i�� �b�^�i��
�Y�^�Z�h�Z�c�� �7�Z�h�X�]�^�X�]�i�j�c�\�h�h�n�h�i�Z�b�Z�c��
�k�d�g�� �@�d�g�g�d�h�^�d�c�� �\�Z�h�X�]�“�i�o�i�#�� �6�j�X�]��
�^�b���H�X�]�^�[�[�h�W�V�j���l�Z�g�Y�Z�c���Y�^�Z�h�Z���7�Z�"
�h�X�]�^�X�]�i�j�c�\�Z�c�� �V�j�[�� �7�V�h�^�h�� �9�n�c�V�"
�h�n�a�V�c�œ���)�%���]�~�j�Ä���\���o�j�b���H�X�]�j�i�o���k�d�c��
�H�X�]�^�[�[�h�g�“�b�e�[�Z�c�� �^�b�� �>�c�c�Z�c�"�� �j�c�Y��
�6�j�›�Z�c�W�Z�g�Z�^�X�]���Z�^�c�\�Z�h�Z�i�o�i�#���J�c�i�Z�g��
�Y�Z�c���W�Z�h�d�c�Y�Z�g�h���]�V�g�i�Z�c���7�Z�Y�^�c�\�j�c�"
�\�Z�c�� �^�b�� �=�d�X�]�h�Z�Z�"�:�^�c�h�V�i�o�� �l�^�g�Y��
�Z�^�c�Z�� �X�V�#�� �&�*�"�_�~�]�g�^�\�Z�� �H�X�]�j�i�o�l�^�g�"
�`�j�c�\�� �Z�g�g�Z�^�X�]�i�#�� �J�c�i�Z�g�� �l�Z�c�^�\�Z�g��
�Z�m�i�g�Z�b�Z�c���7�Z�Y�^�c�\�j�c�\�Z�c���^�h�i���Z�^�c�Z��
�A�Z�W�Z�c�h�Y�V�j�Z�g�� �Y�Z�g�� �7�Z�h�X�]�^�X�]�i�j�c�\��
�k�d�c�� �'�%�� �·�� �(�%�� �?�V�]�g�Z�c�� �`�Z�^�c�Z�� �H�Z�a�"
�i�Z�c�]�Z�^�i�#�� �9�n�c�V�h�n�a�V�c�œ�� �)�%�� �^�h�i�� �Y�V�h��
�7�^�c�Y�Z�b�^�i�i�Z�a�� �Y�Z�g�� �L�V�]�a�� �o�j�g�� �;�d�g�"
�b�j�a�^�Z�g�j�c�\���W�Z�h�d�c�Y�Z�g�h���a�V�c�\�a�Z�W�^�\�Z�g��
�@�d�g�g�d�h�^�d�c�h�h�X�]�j�i�o�[�V�g�W�Z�c�#
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�E�^�\�b�Z�c�i�e�V�h�i�Z�c���d�j�i�h�d�j�g�X�Z�c
�B�Ž�\�a�^�X�]�`�Z�^�i�Z�c���Y�Z�g���6�W�i�Ž�c�j�c�\���k�d�c��
�;�V�g�W�Z�c���j�c�Y���A�V�X�`�Z�c�/��
�7�Z�^�b���6�W�i�Ž�c�Z�c���k�d�c���;�V�g�W�Z�c���j�c�Y���A�V�"
�X�`�Z�c�� �\�Z�]�i�� �Z�h�� �Y�V�g�j�b�!�� �Y�Z�c�� �e�V�h�h�Z�c�"
�Y�Z�c���;�V�g�W�i�d�c���Z�^�c�o�j�h�i�Z�a�a�Z�c�!���Y�#���]�#���Y�^�Z��
�6�c�e�V�h�h�j�c�\�� �Y�Z�g�� �A�V�X�`�Z�� �j�c�Y�� �;�V�g�W�Z�c��
�V�j�[���Z�^�c�Z���k�Z�g�Z�^�c�W�V�g�i�Z���G�Z�[�Z�g�Z�c�o�[�V�g�W�Z��
�W�o�l�#���C�d�g�b�#���9�V�h���6�W�i�Ž�c�Z�c���l�^�g�Y���c�^�X�]�i��
�c�j�g���^�c���Y�Z�g���;�V�g�W�Z�c�"���j�c�Y���A�V�X�`�^�c�Y�j�h�"
�i�g�^�Z�� �e�g�V�`�i�^�o�^�Z�g�i�!�� �h�d�c�Y�Z�g�c�� �V�j�X�]�� �^�c��
�V�c�Y�Z�g�Z�c�� �7�g�V�c�X�]�Z�c�� �l�^�Z�� �I�Z�m�i�^�a�!�� �A�Z�"
�Y�Z�g�!���9�g�j�X�`�[�V�g�W�Z�c���j�c�Y���h�d�\�V�g���^�c���Y�Z�g��
�@�j�c�h�i���j�c�Y���^�b���@�j�c�h�i�]�V�c�Y�l�Z�g�`�#

�7�Z�^�� �Y�Z�g�� �^�c�Y�j�h�i�g�^�Z�a�a�Z�c�� �6�W�i�Ž�c�j�c�\��
�k�d�c�� �;�V�g�W�Z�c�� �j�c�Y�� �A�V�X�`�Z�c�� �\�^�W�i�� �Z�h��
�Y�g�Z�^���B�Ž�\�a�^�X�]�`�Z�^�i�Z�c�!���Y�^�Z���\�Z�l�“�c�h�X�]�"
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