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�)�R�Z�O�H�U���%�H�Z�H�J�X�Q�J �P�L�W �V�L�F�K�� �,�Q �$�E�E�L�O�G�X�Q�J �� �O�L�Q�N�V �L�V�W �G�D�V �Y�H�U�Z�H�Q�G�H�W�H �3�U�R�I�L�O �X�Q�G �G�L�H �X�Q�W�H�U�V�X�F�K�W�H�Q �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�l�J�H

�G�D�U�J�H�V�W�H�O�O�W��

�$�E�E�L�O�G�X�Q�J ���� �.�O�D�S�S�H�Q�S�R�V�L�W�L�R�Q �I�•�U �H�L�Q�J�H�I�D�K�U�H�Q�H
�.�O�D�S�S�H�� �6�W�D�U�W�� �X�Q�G �/�D�Q�G�H�V�W�H�O�O�X�Q�J��

�$�E�E�L�O�G�X�Q�J ���� �0�H�V�K�W�R�S�R�O�R�J�L�H �I�•�U �5�$�1�6���6�L�P�X�O�D�W�L�R�Q�H�Q
�P�L�W �$�N�W�X�D�W�R�U�V�F�K�H�L�E�H��

�$�X�V�J�H�K�H�Q�G �Y�R�Q �G�H�U �1�$�&�$ ���������� �3�U�R�I�L�O�J�H�R�P�H�W�U�L�H �G�H�V �Y�R�U�O�L�H�J�H�Q�G�H�Q �3�U�R�I�L�O�V�H�J�P�H�Q�W�V �Z�X�U�G�H �H�L�Q�H �6�L�P�X�O�D�W�L�R�Q�V�P�H�W�K�R��

�G�H �D�X�I�J�H�E�D�X�W�� �6�L�H �E�H�V�W�H�K�W �D�X�V �H�L�Q�H�P �9�H�U�Q�H�W�]�X�Q�J�V�F�R�G�H�� �G�H�U �G�L�H �3�U�R�I�L�O�J�H�R�P�H�W�U�L�H �H�L�Q�O�l�G�W �X�Q�G �P�L�W ������ �3�X�Q�N�W�H�Q ���+�D�X�S�W��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



U1 40m/ s �)�U�H�L�H �$�Q�V�W�U�|�P�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W

� 1 1:225kg/ m3 �'�L�F�K�W�H

T1 288:15 �ƒK �7�H�P�S�H�U�D�W�X�U

Ma1 0:118 �0�D�F�K�]�D�K�O

Re 2:27� 106 �5�H�\�Q�R�O�G�V�]�D�K�O

�7�D�E�H�O�O�H ���� �6�W�U�|�P�X�Q�J�V�E�H�G�L�Q�J�X�Q�J�H�Q �I�•�U �G�L�H �5�$�1�6 �5�H�F�K�Q�X�Q�J�H�Q��

�H�O�H�P�H�Q�W�� �E�]�Z�� ������ �3�X�Q�N�W�H�Q ���)�R�Z�O�H�U�N�O�D�S�S�H�� �G�L�V�N�U�H�W�L�V�L�H�U�W�� �,�Q �Z�D�Q�G�Q�R�U�P�D�O�H�U �5�L�F�K�W�X�Q�J �L�V�W �G�L�H �$�X�I�O�|�V�X�Q�Jy+ � 1�� �'�D�V

�1�H�W�] �Z�L�U�G �P�L�W ������ �3�X�Q�N�W�H�Q �L�Q �G�H�U �6�S�D�Q�Q�Z�H�L�W�Hb = 700 �P�P �H�[�W�U�X�G�L�H�U�W�� �'�H�U �3�U�R�S�H�O�O�H�U �Z�L�U�G �L�Q �G�L�H�V�H�P �7�H�L�O �G�H�U �$�Q�D��

�O�\�V�H �D�O�V �$�N�W�X�D�W�R�U�V�F�K�H�L�E�H �P�R�G�H�O�O�L�H�U�W�� �%�L�V �]�X�P �'���I�|�U�P�L�J�H�Q �)�H�U�Q�I�H�O�G�U�D�Q�G �P�L�W100� c �$�E�V�W�D�Q�G �Z�L�U�G �G�D�V �E�L�V �K�L�H�U�K�L�Q

�V�W�U�X�N�W�X�U�L�H�U�W�H �%�O�R�F�N�Q�H�W�] �D�O�V �7�H�W�U�D�H�G�H�U�Q�H�W�] �I�R�U�W�J�H�I�•�K�U�W�� �'�L�H �J�H�H�L�J�Q�H�W�H �1�H�]�W�D�X�I�O�|�V�X�Q�J �Z�X�U�G�H �L�W�H�U�D�W�L�Y �G�X�U�F�K �$�Q�S�D�V�V�X�Q�J

�G�H�V �2�E�H�U�I�O�l�F�K�H�Q�Q�H�W�]�H�V �J�H�I�X�Q�G�H�Q�� �'�L�H�V�H�V ���' �5�$�1�6 �6�H�W�X�S �L�V�W �*�U�X�Q�G�O�D�J�H �G�H�U �Q�X�P�H�U�L�V�F�K�H�Q �6�W�X�G�L�H�Q �L�Q �,�Q�3�$�+��

�:�H�L�W�H�U�K�L�Q �Z�X�U�G�H �G�L�H �6�H�Q�V�L�W�L�Y�L�W�l�W �G�H�U �5�$�1�6 �/�|�V�X�Q�J �E�H�]�•�J�O�L�F�K �G�H�V �7�X�U�E�X�O�H�Q�]�P�R�G�H�O�O�V �X�Q�W�H�U�V�X�F�K�W�� �Z�R�E�H�L �G�D�V �6�S�D�O�D�U�W��

�$�O�P�D�U�D�V �7�X�U�E�X�O�H�Q�]�P�R�G�H�O�O �P�L�W �5�R�W�D�W�L�R�Q�V�N�R�U�U�H�N�W�X�U �L�Q �G�H�U �1�H�J�D�W�L�Y�I�R�U�P�X�O�L�H�U�X�Q�J �G�H�Q �E�H�V�W�H�Q �.�R�P�S�U�R�P�L�V�V �D�X�V �4�X�D�O�L�W�l�W

�X�Q�G �$�X�I�Z�D�Q�G �H�U�]�L�H�O�W�H�� �'�L�H �6�W�U�|�P�X�Q�J�V�E�H�G�L�Q�J�X�Q�J�H�Q �V�L�Q�G �L�Q �7�D�E�H�O�O�H �� �]�X�V�D�P�P�H�Q�J�H�I�D�V�V�W��

�9�R�U�D�U�E�H�L�W�H�Q �]�X�U �3�U�R�I�L�O�P�R�G�L�I�L�N�D�W�L�R�Q

�$�X�I �H�L�Q�H�P ���' �3�U�R�I�L�O�V�F�K�Q�L�W�W �Z�X�U�G�H�Q �L�P �(�X�O�H�U���*�U�H�Q�]�V�F�K�L�F�K�W�O�|�V�H�U �0�6�(�6 �3�U�R�I�L�O�P�R�G�L�I�L�N�D�W�L�R�Q�H�Q �X�Q�W�H�U�V�X�F�K�W�� �'�L�H�V �G�L�H�Q�W

�D�O�V �9�R�U�D�U�E�H�L�W �I�•�U �G�L�H �$�X�V�O�H�J�X�Q�J �G�H�U �P�R�G�L�I�L�]�L�H�U�W�H�Q �)�R�Z�O�H�U �.�O�D�S�S�H �L�Q �$�3 ������������ �'�L�H �0�6�(�6 �8�Q�W�H�U�V�X�F�K�X�Q�J �K�D�W �]�X�P

�=�L�H�O�� �Y�R�U �G�H�P �'�H�V�L�J�Q �H�L�Q�H�U �N�R�P�S�O�H�[�H�Q ���' �*�H�R�P�H�W�U�L�H �H�L�Q�H�Q �J�•�Q�V�W�L�J�H�Q �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�D�J �H�U�P�L�W�W�H�O�Q��

�0�L�W�K�L�O�I�H �H�L�Q�H�U �P�R�G�L�I�L�]�L�H�U�W�H�Q �9�H�U�V�L�R�Q �G�H�V �J�U�D�G�L�H�Q�W�H�Q�E�D�V�L�H�U�W�H�Q �2�S�W�L�P�L�H�U�H�U�V �/�,�1�'�2�3�� �Z�L�U�G �G�L�H �E�H�]�•�J�O�L�F�K �X�Q�W�H�U�V�F�K�L�H�G��

�O�L�F�K�H�U �=�L�H�O�I�X�Q�N�W�L�R�Q�H�Q �E�H�V�W�H �.�O�D�S�S�H�Q�V�W�H�O�O�X�Q�J �J�H�I�X�Q�G�H�Q�� �'�L�H �)�U�H�L�K�H�L�W�V�J�U�D�G�H �V�L�Q�G �G�H�U �.�O�D�S�S�H�Q�Z�L�Q�N�H�O�� �G�L�H �6�F�K�D�U�Q�L�H�U��

�O�L�Q�L�H �G�H�U �.�O�D�S�S�H�� �V�R�Z�L�H �G�H�U �$�Q�V�W�H�O�O�Z�L�Q�N�H�O�� �$�O�V �.�R�V�W�H�Q�I�X�Q�N�W�L�R�Q�H�Q �Z�X�U�G�H�Q �G�L�H �6�W�H�L�J�]�D�K�OC3
L / C2

D �X�Q�G �G�L�H �*�O�H�L�W�]�D�K�O

CL / CD �E�H�W�U�D�F�K�W�H�W�� �(�U�V�W�H�U�H �V�W�H�O�O�W �E�H�L �3�U�R�S�H�O�O�H�U�I�O�X�J�]�H�X�J�H�Q �G�H�Q �)�O�X�J�]�X�V�W�D�Q�G �P�L�W �G�H�P �J�U�|�‰�W�H�Q �/�H�L�V�W�X�Q�J�V�•�E�H�U�V�F�K�X�V�V

�X�Q�G �V�R�P�L�W �G�H�P �V�F�K�Q�H�O�O�V�W�H�Q �6�W�H�L�J�H�Q �E�H�L �Y�H�U�I�•�J�E�D�U�H�U �/�H�L�V�W�X�Q�J �G�D�U��

�'�L�H �M�H�Z�H�L�O�L�J�H�Q �2�S�W�L�P�D �Z�H�U�G�H�Q �G�D�Q�Q �•�E�H�U �H�L�Q�H�Q �J�U�R�‰�H�Q �$�Q�V�W�H�O�O�Z�L�Q�N�H�O�E�H�U�H�L�F�K �J�H�U�H�F�K�Q�H�W�� �'�L�H �(�U�J�H�E�Q�L�V�V�H �V�L�Q�G �L�Q

�$�E�E�L�O�G�X�Q�J �� �Y�H�U�J�O�L�F�K�H�Q�� �'�L�H �3�X�Q�N�W�H �D�X�I �G�H�Q �3�R�O�D�U�H�Q�� �D�X�I �G�H�Q�H�Q �G�D�V �M�H�Z�H�L�O�L�J�H �0�D�[�L�P�X�P �H�U�U�H�L�F�K�W �Z�R�U�G�H�Q �L�V�W�� �V�L�Q�G �P�L�W

�6�W�H�U�Q�H�Q �P�D�U�N�L�H�U�W�� �8�P �G�L�H �9�H�U�E�H�V�V�H�U�X�Q�J �J�H�J�H�Q�•�E�H�U �G�H�P �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �Y�R�Q� F lap = 20�ƒ �G�H�X�W�O�L�F�K �]�X �P�D�F�K�H�Q�� �Z�L�U�G

�I�•�U �G�L�H�V�H�Q �5�H�I�H�U�H�Q�]�N�O�D�S�S�H�Q�Z�L�Q�N�H�O �H�E�H�Q�I�D�O�O�V �G�H�U �3�X�Q�N�W �D�X�I �G�H�U �3�R�O�D�U�H�Q �E�H�V�W�L�P�P�W�� �E�H�L �G�H�PCL / CD �R�G�H�UC3
L / C2

D

�P�D�[�L�P�D�O �V�L�Q�G�� �,�Q �G�L�H�V�H�U �6�W�X�G�L�H �]�H�L�J�W�H �V�L�F�K�� �G�D�V�V �G�H�U �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �L�Q �%�H�]�X�J �D�X�I �G�L�H �*�O�H�L�W�]�D�K�O �E�H�U�H�L�W�V �R�S�W�L�P�D�O

�Z�D�U�� �%�H�L �G�H�U �6�W�H�L�J�]�D�K�O �V�L�Q�G �9�H�U�E�H�V�V�H�U�X�Q�J�H�Q �X�P4:5�� �H�U�]�L�H�O�W �Z�R�U�G�H�Q�� �'�L�H �2�S�W�L�P�D �Z�H�U�G�H�Q �E�H�L �G�H�X�W�O�L�F�K �D�Q�G�H�U�H�Q

�.�O�D�S�S�H�Q�Z�L�Q�N�H�O�Q �X�Q�G �$�Q�V�W�H�O�O�Z�L�Q�N�H�O�Q �D�O�V �L�Q �G�H�U �5�H�I�H�U�H�Q�]�O�|�V�X�Q�J �H�U�]�L�H�O�W��

�'�D�V �J�H�U�L�Q�J�H �9�H�U�E�H�V�V�H�U�X�Q�J�V�S�R�W�H�Q�W�L�D�O �]�H�L�J�W�� �G�D�V�V �G�H�U �Y�R�U�D�E �J�H�Z�l�K�O�W�H �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �E�H�U�H�L�W�V �H�L�Q�H �D�X�V�U�H�L�F�K�H�Q�G �J�X�W�H

�.�R�Q�I�L�J�X�U�D�W�L�R�Q �G�D�U�V�W�H�O�O�W�� �'�L�H �V�S�l�W�H�U�H �0�R�G�L�I�L�N�D�W�L�R�Q �G�H�U �.�O�D�S�S�H �L�Q ���' �K�D�W �E�H�L� F lap �H�L�Q�H�Q �D�X�V�U�H�L�F�K�H�Q�G �J�X�W�H�Q �6�W�D�U�W��

�S�X�Q�N�W��

�:�H�U�G�H�Q �G�L�H �5�D�Q�G�E�H�G�L�Q�J�X�Q�J�H�Q �I�•�U �G�L�H �.�O�D�S�S�H�Q�S�R�V�L�W�L�R�Q �J�H�O�R�F�N�H�U�W�� �G�D�V �K�H�L�‰�W �O�l�V�V�W �P�D�Q �G�H�Q �2�S�W�L�P�L�H�U�H�U �G�L�H �)�U�H�L�K�H�L�W

�*�D�S�� �2�Y�H�U�O�D�S �X�Q�G �G�H�Q �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �I�U�H�L �]�X �Z�l�K�O�H�Q�� �L�V�W �H�L�Q�H �P�R�G�H�U�D�W �E�H�V�V�H�U�H �*�O�H�L�W�]�D�K�O �Y�R�QL/ D = 105:82

�H�U�U�H�L�F�K�E�D�U�� �'�L�H�V �K�D�W �N�H�L�Q�H �5�H�O�H�Y�D�Q�] �I�•�U �G�D�V �Y�R�U�O�L�H�J�H�Q�G�H �:�L�Q�G�N�D�Q�D�O�P�R�G�H�O�� �G�D �K�L�H�U �G�L�H �6�F�K�D�U�Q�L�H�U�O�L�Q�H �I�H�V�W�V�W�H�K�W�� �'�D�V

�9�H�U�E�H�V�V�H�U�X�Q�J�V�S�R�W�H�Q�W�L�D�O �Y�R�Q �H�W�Z�D �� �*�O�H�L�W�]�D�K�O�S�X�Q�N�W�H�Q �X�Q�W�H�U�V�W�U�H�L�F�K�W �H�U�Q�H�X�W�� �G�D�V �G�L�H �5�H�I�H�U�H�Q�]���.�O�D�S�S�H�Q�S�R�V�L�W�L�R�Q �E�H�L

� = 20�ƒ �E�H�U�H�L�W�V �H�L�Q �D�G�l�T�X�D�W�H�U �6�W�D�U�W�S�X�Q�N�W �I�•�U �I�R�O�J�H�Q�G�H �$�Q�S�D�V�V�X�Q�J�H�Q �L�V�W��

�0�L�W �G�L�H�V�H�P �:�L�V�V�H�Q �•�E�H�U �G�D�V �2�S�W�L�P�L�H�U�X�Q�J�V�S�R�W�H�Q�W�L�D�O �G�H�U �.�O�D�S�S�H �E�H�L �(�L�Q�K�D�O�W�X�Q�J �G�H�U �.�O�D�S�S�H�Q�N�L�Q�H�P�D�W�L�N �X�Q�G �3�U�R�I�L�O��

�J�H�R�P�H�W�U�L�H �Z�L�U�G �Q�X�Q �G�L�H �6�H�Q�V�L�W�L�Y�L�W�l�W �D�X�I �$�Q�S�D�V�V�X�Q�J�H�Q �G�H�V �3�U�R�I�L�O�V �X�Q�W�H�U�V�X�F�K�W�� �'�L�H�V �K�D�W �]�X�P �=�Z�H�F�N �D�X�V�]�X�Z�l�K�O�H�Q��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



�$�E�E�L�O�G�X�Q�J ���� �0�6�(�6 �3�R�O�D�U�H�Q �G�H�V �)�O�•�J�H�O�S�U�R�I�L�O�V �X�Q�G �J�H�I�X�Q�G�H�Q�H �2�S�W�L�P�D �D�X�V �/�,�1�'�2�3��

�7�D�E�H�O�O�H ���� �3�D�U�D�P�H�W�H�U �G�H�U �R�S�W�L�P�L�H�U�W�H�Q �.�O�D�S�S�H�Q�V�W�H�O�O�X�Q�J�H�Q��

�&�R�H�I�I�L�F�L�H�Q�W �D�W �R�S�W�L�P�X�P�5�H�I�H�U�H�Q�F�H� �Z = 20 � �2�S�W�L�P�L�V�H�G� w

�I�R�UL / D �I�R�UL 3/ D 2 �I�R�UL / D �I�R�UL 3/ D 2

� ���������� ���������� ���������� ����������

� 20� 20� 22:936� 23:977�

CD �������������� �������������� �������������� ��������������

CL ������������ ������������ ������������ ������������

�/���' ���������� ���������� ���������� ����������
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�L�Q �Z�H�O�F�K�H�P �%�H�U�H�L�F�K �G�H�V �)�O�•�J�H�O�V �H�L�Q�H �*�H�R�P�H�W�U�L�H�D�Q�S�D�V�V�X�Q�J �L�P �:�L�Q�G�N�D�Q�D�O �]�L�H�O�I�•�K�U�H�Q�G �L�V�W�� �*�H�R�P�H�W�U�L�H�l�Q�G�H�U�X�Q�J�H�Q

�D�Q �G�H�U �9�R�U�G�H�U�N�D�Q�W�H �G�H�V �3�U�R�I�L�O�V �X�Q�G �L�Q �G�H�U �.�O�D�S�S�H�Q�V�W�H�O�O�X�Q�J �N�|�Q�Q�H�Q �P�L�W �0�6�(�6 �V�F�K�Q�H�O�O �D�X�V�J�H�Z�H�U�W�H�W �Z�H�U�G�H�Q�� �+�L�H�U�]�X

�Z�X�U�G�H�Q �G�L�H �Y�R�U�G�H�U�H�Q15�� �G�H�U �)�O�•�J�H�O�Q�D�V�H �D�O�V �'�U�R�R�S���1�R�V�H �D�X�V�J�H�V�F�K�O�D�J�H�Q�� �'�H�U �5�R�W�D�W�L�R�Q�V�S�X�Q�N�W �Z�L�U�G �D�X�I �G�H�U �.�R�Q�W�X�U

�G�H�U �8�Q�W�H�U�V�H�L�W�H �J�H�Z�l�K�O�W�� �V�R�G�D�V�V �G�R�U�W �H�L�Q �.�Q�L�F�N �H�Q�W�V�W�H�K�W�� �'�L�H �Q�D�F�K �G�H�U �5�R�W�D�W�L�R�Q �Y�H�U�E�O�H�L�E�H�Q�G�H �/�•�F�N�H �D�X�I �G�H�U �2�E�H�U�V�H�L�W�H

�Z�L�U�G �P�L�W �H�L�Q�H�P �N�R�Q�W�X�U�V�W�H�W�L�J�H�Q �6�S�O�L�Q�H �J�H�V�F�K�O�R�V�V�H�Q��

�'�L�H �+�L�Q�W�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q �G�D�J�H�J�H�Q �L�V�W �P�L�W �+�L�Q�E�O�L�F�N �D�X�I �G�H�Q �(�L�Q�E�D�X �L�P �:�L�Q�G�N�D�Q�D�O �Z�L�H �I�R�O�J�W �J�H�Z�l�K�O�W�� �8�P �G�L�H

�3�U�R�I�L�O�J�H�E�X�Q�J �G�H�U �.�O�D�S�S�H �Q�L�F�K�W �P�R�G�L�I�L�]�L�H�U�H�Q�� �Z�L�U�G �Q�H�E�H�Q �G�H�U �6�F�K�D�U�Q�L�H�U�O�L�Q�L�H �G�H�U �.�O�D�S�S�H �H�L�Q�H �Z�H�L�W�H�U�H �5�R�W�D�W�L�R�Q �•�E�H�U�O�D��

�J�H�U�W�� �'�H�U �3�X�Q�N�W �G�L�H�V�H�U �•�E�H�U�O�D�J�H�U�W�H�Q �5�R�W�D�W�L�R�Q �H�U�J�L�E�W �V�L�F�K �D�X�V �]�Z�H�L �h�E�H�U�O�H�J�X�Q�J�H�Q�� �(�L�Q�H�U�V�H�L�W�V �V�R�O�O �G�H�U �6�S�D�O�W �]�Z�L�V�F�K�H�Q

�+�D�X�S�W�I�O�•�J�H�O �X�Q�G �.�O�D�S�S�H�Q�R�E�H�U�V�H�L�W�H �Q�L�F�K�W �V�L�J�Q�L�I�L�N�D�Q�W �G�X�U�F�K �G�L�H �5�R�W�D�W�L�R�Q �Y�H�U�l�Q�G�H�U�W �Z�H�U�G�H�Q�� �'�D�V �V�W�H�O�O�W �V�L�F�K�H�U�� �G�D�V�V

�G�L�H �.�O�D�S�S�H�Q�S�R�V�L�W�L�R�Q �Q�R�F�K �G�L�H �D�Q�J�H�V�W�U�H�E�W�H �D�H�U�R�G�\�Q�D�P�L�V�F�K�H �:�L�U�N�X�Q�J �K�D�W�� �$�Q�G�H�U�H�U�V�H�L�W�V �V�L�Q�G �G�L�H �I�•�U �G�L�H �5�R�W�D�W�L�R�Q �E�H��

�Q�|�W�L�J�W�H�Q �.�U�l�I�W�H �X�Q�G �0�R�P�H�Q�W�H �N�O�H�L�Q �]�X �K�D�O�W�H�Q�� �X�P �H�L�Q�H �.�L�Q�H�P�D�W�L�N �L�P �L�Q�Q�H�U�H�Q �G�H�U �.�O�D�S�S�H �•�E�H�U�K�D�X�S�W �P�|�J�O�L�F�K �]�X

�P�D�F�K�H�Q�� �%�H�L�G�H �$�U�J�X�P�H�Q�W�H �I�•�K�U�H�Q �D�X�I �H�L�Q�H�Q �5�R�W�D�W�L�R�Q�V�S�X�Q�N�W �X�Q�J�H�I�l�K�U �L�P �'�U�X�F�N�S�X�Q�N�W �G�H�U �.�O�D�S�S�H�� �G�L�U�H�N�W �X�Q�W�H�U�K�D�O�E

�G�H�U �+�L�Q�W�H�U�N�D�Q�W�H �G�H�V �+�D�X�S�W�I�O�•�J�H�O�Vx r / c = 0 :77146;zr / c = 0 :00503��

�'�L�H �3�R�O�D�U�H�Q �G�L�H�V�H�U ���' �*�H�R�P�H�W�U�L�H�P�R�G�L�I�L�N�D�W�L�R�Q�H�Q �D�Q �9�R�U�G�H�U�� �X�Q�G �+�L�Q�W�H�U�N�D�Q�W�H �V�L�Q�G �L�Q �$�E�E�L�O�G�X�Q�J �� �J�H�]�H�L�J�W�� �(�L�Q

�S�R�V�L�W�L�Y�H�U �:�H�U�W �E�H�]�H�L�F�K�Q�H�W �G�D�E�H�L �H�L�Q�H�Q �Z�|�O�E�X�Q�J�V�H�U�K�|�K�H�Q�G�H�Q �$�X�V�V�F�K�O�D�J�� �'�H�X�W�O�L�F�K �V�L�F�K�W�E�D�U �Z�L�U�G�� �G�D�V�V �H�L�Q�H �9�R�U�G�H�U��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



�$�E�E�L�O�G�X�Q�J ���� �.�O�D�S�S�H�Q�S�R�V�L�W�L�R�Q �G�H�U �2�S�W�L�P�D��

�$�E�E�L�O�G�X�Q�J ���� �9�R�U�G�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q �G�H�U
�'�U�R�R�S���1�R�V�H��

�$�E�E�L�O�G�X�Q�J ���� �h�E�H�U�O�D�J�H�U�W�H �5�R�W�D�W�L�R�Q �G�H�U �)�R�Z�O�H�U�N�O�D�S�S�H
�X�P �.�O�D�S�S�H�Q�K�R�O�P��

�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q �J�H�P�l�‰ �G�H�U �3�U�R�I�L�O�W�K�H�R�U�L�H �N�H�L�Q�H�Q �(�L�Q�I�O�X�V�V �D�X�I �G�H�Q �O�L�Q�H�D�U�H�Q �7�H�L�O �G�H�U �$�X�I�W�U�L�H�E�V�S�R�O�D�U�H �K�D�W�� �,�P �*�H��

�J�H�Q�V�D�W�] �G�D�]�X �P�R�G�L�I�L�]�L�H�U�W �H�L�Q�H �5�R�W�D�W�L�R�Q �G�H�U �.�O�D�S�S�H �X�P �G�H�Q �J�H�Z�l�K�O�W�H�Q �3�X�Q�N�W �G�H�Q �$�X�I�W�U�L�H�E �X�P@CL / @�rot = 0 :065

�V�\�P�P�H�W�U�L�V�F�K �X�P �G�L�H �5�H�I�H�U�H�Q�]�J�H�R�P�H�W�U�L�H��

�,�P �+�R�F�K�D�X�I�W�U�L�H�E�V�I�D�O�O �L�V�W �Z�L�H �]�X �H�U�Z�D�U�W�H�Q �H�U�N�H�Q�Q�E�D�U�� �G�D�V�V �H�L�Q�H �Z�|�O�E�X�Q�J�V�H�U�K�|�K�H�Q�G�H �+�L�Q�W�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q� max

�U�H�G�X�]�L�H�U�W�� �Z�R�K�L�Q �J�H�J�H�Q �H�L�Q �Z�|�O�E�X�Q�J�V�H�U�K�|�K�H�Q�G�H�U �$�X�V�V�F�K�O�D�J �G�H�U �9�R�U�G�H�U�N�D�Q�W�H� max �Y�H�U�J�U�|�‰�H�U�W�� �,�P �(�U�J�H�E�Q�L�V �L�V�W �M�H��

�G�R�F�K �]�X �H�U�N�H�Q�Q�H�Q�� �G�D�V�V �H�L�Q�H �'�U�R�R�S���1�R�V�H �N�D�X�P �(�L�Q�I�O�X�V�V �D�X�I �G�H�Q �$�X�I�W�U�L�H�E �L�P �O�L�Q�H�D�U�H�Q �%�H�U�H�L�F�K �G�H�U �$�Q�V�W�H�O�O�Z�L�Q�N�H�O��

�N�X�U�Y�H �K�D�W�� �,�P �+�L�Q�E�O�L�F�N �D�X�I �G�L�H �3�U�R�M�H�N�W�]�L�H�O�H �H�U�V�F�K�H�L�Q�W �H�V �G�D�K�H�U �Z�L�U�N�V�D�P�H�U�� �+�L�Q�W�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q�H�Q �D�P �)�O�•�J�H�O

�G�X�U�F�K�]�X�I�•�K�U�H�Q�� �G�D �G�L�H�V�H �L�P �*�H�J�H�Q�V�D�W�] �]�X �9�R�U�G�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q�H�Q �H�L�Q�H�Q �G�L�U�H�N�W�H�Q �(�L�Q�I�O�X�V�V �D�X�I �G�L�H �=�L�U�N�X�O�D�W�L�R�Q

�G�H�V �3�U�R�I�L�O�V �K�D�E�H�Q��

�$�E�E�L�O�G�X�Q�J ���� �$�X�I�W�U�L�H�E�V�N�X�U�Y�H �I�•�U �9�R�U�G�H�U�� �X�Q�G �+�L�Q�W�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q�H�Q��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



�.�O�D�S�S�H�Q�V�H�J�P�H�Q�W�L�H�U�X�Q�J �L�Q ���'

�*�H�P�l�‰ �G�H�Q �(�U�J�H�E�Q�L�V�V�H�Q �G�H�U �9�R�U�V�W�X�G�L�H�� �G�D�V�V �H�L�Q�H �+�L�Q�W�H�U�N�D�Q�W�H�Q�P�R�G�L�I�L�N�D�W�L�R�Q �Q�R�W�Z�H�Q�G�L�J �L�V�W �X�P �L�P �O�L�Q�H�D�U�H�Q �%�H�U�H�L�F�K

�G�H�U �$�X�I�W�U�L�H�E�V�N�X�U�Y�H �E�H�L �J�O�H�L�F�K�H�P �$�Q�V�W�H�O�O�Z�L�Q�N�H�O �H�L�Q�H�Q �(�I�I�H�N�W �]�X �K�D�E�H�Q�� �Z�L�U�G �G�D�V �.�R�Q�]�H�S�W �Q�X�Q �D�X�I �G�L�H ���' �5�$�1�6

�6�L�P�X�O�D�W�L�R�Q �P�L�W �$�N�W�X�D�W�R�U�V�F�K�H�L�E�H �D�Q�J�H�Z�D�Q�G�W�� �(�V �Z�L�U�G �]�X�Q�l�F�K�V�W �E�H�V�F�K�U�L�H�E�H�Q�� �Z�D�V �G�H�U �D�Q�J�H�V�W�U�H�E�W�H �(�I�I�H�N�W �G�H�U �0�R�G�L��

�I�L�N�D�W�L�R�Q �E�H�]�•�J�O�L�F�K �G�H�U �V�S�D�Q�Q�Z�H�L�W�L�J�H�Q �$�X�I�W�U�L�H�E�V�Y�H�U�W�H�L�O�X�Q�J �L�V�W�� �$�X�I�E�D�X�H�Q�G �G�D�U�D�X�I �Z�L�U�G �H�L�Q�H �0�|�J�O�L�F�K�N�H�L�W �K�H�U�D�X�V�J�H��

�D�U�E�H�L�W�H�W�� �G�L�H �V�R�Z�R�K�O �L�Q �6�L�P�X�O�D�W�L�R�Q�H�Q �D�O�V �D�X�F�K �H�[�S�H�U�L�P�H�Q�W�H�O�O �X�P�J�H�V�H�W�]�W �Z�H�U�G�H�Q �N�D�Q�Q�� �'�D�V �H�U�U�H�F�K�Q�H�W�H �3�R�W�H�Q�W�L�D�O �G�H�U

�G�U�H�L�G�L�P�H�Q�V�L�R�Q�D�O�H�Q �0�R�G�L�I�L�N�D�W�L�R�Q �Z�L�U�G �D�E�V�F�K�O�L�H�‰�H�Q�G �T�X�D�Q�W�L�I�L�]�L�H�U�W �X�Q�G �H�L�Q�J�H�R�U�G�Q�H�W��

�'�D�V �Q�X�P�H�U�L�V�F�K�H �6�H�W�X�S �I�•�U �)�O�•�J�H�O���3�U�R�S�H�O�O�H�U �(�L�Q�K�H�L�W�H�Q �Z�X�U�G�H �R�E�H�Q �H�U�O�l�X�W�H�U�W�� �8�P �H�L�Q�H�Q �X�Q�H�Q�G�O�L�F�K�H�Q �)�O�•�J�H�O �P�L�W

�J�O�H�L�F�K�V�L�Q�Q�L�J �U�R�W�L�H�U�H�Q�G�H�Q �3�U�R�S�H�O�O�H�U�Q �]�X �U�H�S�U�l�V�H�Q�W�L�H�U�H�Q�� �Z�H�U�G�H�Q �G�L�H �O�L�Q�N�H �X�Q�G �U�H�F�K�W�H �*�U�H�Q�]�I�O�l�F�K�H �G�H�U �'�|�P�D�Q�H �D�O�V

�S�H�U�L�R�G�L�V�F�K�H �5�l�Q�G�H�U �G�H�I�L�Q�L�H�U�W�� �,�P �3�U�R�S�H�O�O�H�U�Q�D�F�K�O�D�X�I �H�U�J�L�E�W �V�L�F�K �H�L�Q�H �E�H�V�F�K�O�H�X�Q�L�J�W�H �6�W�U�D�K�O�V�W�U�|�P�X�Q�J�� �G�L�H �P�L�W �G�H�P

�'�U�D�O�O �G�H�V �3�U�R�S�H�O�O�H�U�V �•�E�H�U�O�D�J�H�U�W �Z�L�U�G�� �,�P �%�H�U�H�L�F�K �K�L�Q�W�H�U �G�H�P �D�X�I�Z�l�U�W�V �U�R�W�L�H�U�H�Q�G�H�Q �%�O�D�W�W �L�V�W �G�H�U �O�R�N�D�O�H �$�Q�V�W�H�O�O�Z�L�Q�N�H�O

�H�U�K�|�K�W�� �K�L�Q�W�H�U �G�H�P �D�E�Z�l�U�W�V �U�R�W�L�H�U�H�Q�G�H�Q �%�O�D�W�W �L�V�W �H�U �N�O�H�L�Q�H�U�� �,�Q �G�H�U �)�R�O�J�H �Z�L�U�G �G�H�U �/�X�I�W�N�U�D�I�W�Y�H�N�W�R�U �L�P �$�X�I�Z�L�Q�G�E�H��

�U�H�L�F�K �Q�D�F�K �Y�R�U�Q�H �J�H�G�U�H�K�W�� �H�V �H�Q�W�V�W�H�K�W �H�L�Q�H �6�F�K�X�E�N�R�P�S�R�Q�H�Q�W�H�� �G�L�H �G�H�P �3�U�R�I�L�O�Z�L�G�H�U�V�W�D�Q�G �H�Q�W�J�H�J�H�Q �Z�L�U�N�W�� �$�E�E�L�O�G�X�Q�J

�� �Y�H�U�G�H�X�W�O�L�F�K�W �G�H�Q �(�I�I�H�N�W�� �'�H�U �O�R�N�D�O�H �$�X�I�W�U�L�H�E�V�E�H�L�Z�H�U�W�� �E�O�D�X�� �L�V�W �L�P �%�H�U�H�L�F�K �G�H�V �D�X�I�Z�l�U�W�V �U�R�W�L�H�U�H�Q�G�H�Q �%�O�D�W�W�V ��y > 0��

�J�U�|�‰�H�U�� �G�X�U�F�K �G�D�V �Y�R�U�Z�l�U�W�V �.�L�S�S�H�Q �G�H�U �U�H�V�X�O�W�L�H�U�H�Q�G�H�Q �/�X�I�W�N�U�D�I�W �L�V�W �L�Q �G�L�H�V�H�P �%�H�U�H�L�F�K �G�H�U �:�L�G�H�U�V�W�D�Q�G ���U�R�W�� �Y�H�U�P�L�Q��

�G�H�U�W��

�'�L�H�V�H�P �J�•�Q�V�W�L�J�H�Q �(�I�I�H�N�W �G�H�V �3�U�R�S�H�O�O�H�U�V �D�X�I �G�H�Q �)�O�•�J�H�O �Z�L�U�N�W �G�H�U �J�H�J�H�Q�W�H�L�O�L�J�H �(�I�I�H�N�W �L�P �%�H�U�H�L�F�K �G�H�V �D�E�Z�l�U�W�V �U�R��

�W�L�H�U�H�Q�G�H�P �%�O�D�W�W�H�V ��y < 0�� �H�Q�W�J�H�J�H�Q�� �'�D �M�H�G�R�F�K �G�H�U �U�H�V�X�O�W�L�H�U�H�Q�G�H �/�X�I�W�N�U�D�I�W�Y�H�N�W�R�U �K�L�H�U �D�X�I�J�U�X�Q�G �G�H�V �J�H�U�L�Q�J�H�U�H�P

�$�Q�V�W�H�O�O�Z�L�Q�N�H�O�V �N�O�H�L�Q�H�U �L�V�W�� �•�E�H�U�Z�L�H�J�W �G�H�U �S�R�V�L�W�L�Y�H �(�I�I�H�N�W�� �'�H�Q �E�H�V�F�K�U�L�H�E�H�Q�H�Q �0�H�F�K�D�Q�L�V�P�X�V �Q�H�Q�Q�H�Q �Z�L�U �I�R�O�J�H�Q�G

�'�U�D�O�O���5�•�F�N�J�H�Z�L�Q�Q�X�Q�J�� �(�U �L�V�W �X�P�V�R �J�U�|�‰�H�U�� �M�H �X�Q�J�O�H�L�F�K�H�U �G�L�H �/�X�I�W�N�U�D�I�W �D�X�I �O�L�Q�N�H�U �X�Q�G �U�H�F�K�W�H�U �6�H�L�W�H �G�H�V �3�U�R�S�H�O�O�H�U �L�V�W��

�'�H�P �H�Q�W�J�H�J�H�Q �V�W�H�K�W �G�L�H �7�D�W�V�D�F�K�H�� �G�D�V �P�L�W �M�H�G�H�U �=�L�U�N�X�O�D�W�L�R�Q�V�l�Q�G�H�U�X�Q�J �H�Q�W�O�D�Q�J �G�H�U �6�S�D�Q�Q�Z�H�L�W�H �H�L�Q �L�Q�G�X�]�L�H�U�W�H�U �:�L��

�G�H�U�V�W�D�Q�G �H�L�Q�K�H�U�J�H�K�W�� �6�R�O�O �D�O�V�R �H�L�Q�H �L�Q�V�J�H�V�D�P�W �J�•�Q�V�W�L�J�H �$�X�I�W�U�L�H�E�V�Y�H�U�W�H�L�O�X�Q�J �G�X�U�F�K �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�l�J�H �H�L�Q�J�H�V�W�H�O�O�W

�Z�H�U�G�H�Q�� �P�X�V�V �E�H�L�G�H�V �� �L�Q�G�X�]�L�H�U�W�H�U �:�L�G�H�U�V�W�D�Q�G�V�]�X�Z�D�F�K�V �X�Q�G �'�U�D�O�O���5�•�F�N�J�H�Z�L�Q�Q�X�Q�J �� �E�H�U�•�F�N�V�L�F�K�W�L�J�W �Z�H�U�G�H�Q�� �,�Q �G�H�U

�5�$�1�6 �/�|�V�X�Q�J �N�D�Q�Q �R�K�Q�H �Z�H�L�W�H�U�H�V �N�H�L�Q�H �8�Q�W�H�U�V�F�K�H�L�G�X�Q�J �G�H�U �M�H�Z�H�L�O�L�J�H�Q �$�Q�W�H�L�O�H �J�H�P�D�F�K�W �Z�H�U�G�H�Q�� �V�L�H �Z�H�U�G�H�Q �L�Q�W�H��

�J�U�D�O �E�H�W�U�D�F�K�W�H�W��

�$�E�E�L�O�G�X�Q�J ���� �6�S�D�Q�Q�Z�H�L�W�L�J�H �$�X�I�W�U�L�H�E�V�� �X�Q�G
�:�L�G�H�U�V�W�D�Q�G�V�Y�H�U�W�H�L�O�X�Q�J �D�P �'�3 �)�O�•�J�H�O�V�H�J�P�H�Q�W��

�$�E�E�L�O�G�X�Q�J ������ �'�H�W�D�L�O�D�Q�V�L�F�K�W �G�H�U �J�H�W�H�L�O�W�H�Q
�)�R�Z�O�H�U�N�O�D�S�S�H �]�X�U �'�U�D�O�O�U�•�F�N�J�H�Z�L�Q�Q�X�Q�J��

�'�H�U �P�D�U�N�D�Q�W�H �8�Q�W�H�U�V�F�K�L�H�G �]�Z�L�V�F�K�H�Q �$�X�I�� �X�Q�G �$�E�Z�L�Q�G�E�H�U�H�L�F�K �V�X�J�J�H�U�L�H�U�W�� �G�D�V�V �V�L�F�K �G�X�U�F�K �G�L�H �$�Q�S�D�V�V�X�Q�J �G�H�V �3�U�R�I�L�O�V

���L���H�� �G�H�V �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�D�J�V�� �D�Q �G�L�H �E�H�L�G�H�Q �%�H�U�H�L�F�K�H �H�L�Q �9�R�U�W�H�L�O �H�U�]�L�H�O�H�Q �O�l�V�V�W�� �(�E�H�Q �G�L�H�V �Z�L�U�G �P�L�W �G�H�P �Q�X�P�H�U�L�V�F�K�H�Q

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



�$�E�E�L�O�G�X�Q�J ������ �9�L�V�X�D�O�L�V�L�H�U�X�Q�J �G�H�U �H�L�Q�I�D�F�K �J�H�W�H�L�O�W�H�Q �.�O�D�S�S�H �I�•�U �X�Q�W�H�U�V�F�K�L�H�G�O�L�F�K�H �6�S�U�H�L�]�Z�L�Q�N�H�O��

�6�H�W�X�S �J�H�S�U�•�I�W�� �+�L�H�U�I�•�U �Z�L�U�G �G�H�U �D�X�W�R�P�D�W�L�V�F�K�H �9�H�U�Q�H�W�]�X�Q�J�V�F�R�G�H �G�D�K�L�Q�J�H�K�H�Q�G �D�Q�J�H�S�D�V�V�W�� �G�D�V�V �H�U �L�Q �G�H�Uy = 0 �(�E�H�Q�H

�G�L�H �.�O�D�S�S�H �V�S�D�O�W�H�W�� �$�X�I �G�H�U �H�L�Q�H�Q �6�H�L�W�H �Z�L�U�G �G�L�H �.�O�D�S�S�H �E�H�]�•�J�O�L�F�K �G�H�V �]�X�V�l�W�]�O�L�F�K�H�Q �5�R�W�D�W�L�R�Q�V�S�X�Q�N�W �S�R�V�L�W�L�Y �X�Q�G

�D�X�I �G�H�U �D�Q�G�H�U�H�Q �6�H�L�W�H �X�P �G�H�Q�V�H�O�E�H�Q �Q�H�J�D�W�L�Y�H�Q �:�H�U�W �D�X�V�J�H�V�F�K�O�D�J�H�Q�� �(�V �H�U�J�L�E�W �V�L�F�K �H�L�Q �:�L�Q�N�H�O� split �� �Z�H�O�F�K�H�U �G�H�Q

�8�Q�W�H�U�V�F�K�L�H�G �L�P �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �G�H�U �O�L�Q�N�H�Q �X�Q�G �U�H�F�K�W�H�Q �.�O�D�S�S�H�Q�K�l�O�I�W�H �E�H�]�H�L�F�K�Q�H�W�� �(�L�Q �S�R�V�L�W�L�Y�H�U �:�L�Q�N�H�O� split �L�V�W

�E�H�]�•�J�O�L�F�K �G�H�U �5�R�W�D�W�L�R�Q�V�U�L�F�K�W�X�Q�J �G�H�I�L�Q�L�H�U�W �� �S�R�V�L�W�L�Y �P�H�L�Q�W �H�L�Q�H�Q �J�U�|�‰�H�U�H�Q �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�D�J �L�P �$�X�I�Z�L�Q�G�E�H�U�H�L�F�K �G�H�V

�3�U�R�S�H�O�O�H�U�V��

�,�Q �$�E�E�L�O�G�X�Q�J ���� �V�L�Q�G �G�L�H �:�L�G�H�U�V�W�D�Q�G�V�Y�R�U�W�H�L�O�H �G�X�U�F�K �G�L�H �J�H�W�H�L�O�W�H �.�O�D�S�S�H �J�H�J�H�Q�•�E�H�U �G�H�U �G�X�U�F�K�J�H�K�H�Q�G�H�Q �.�O�D�S�S�H �G�D�U��

�J�H�V�W�H�O�O�W�� �0�L�W �:�L�G�H�U�V�W�D�Q�G�V�H�L�Q�V�S�D�U�X�Q�J ���G�X�U�F�K �'�U�D�O�O���5�•�F�N�J�H�Z�L�Q�Q�X�Q�J �R�G�H�U �5�H�G�X�N�W�L�R�Q �G�H�V �L�Q�G�X�]�L�H�U�W�H�P �:�L�G�H�U�V�W�D�Q�G�V�� �L�V�W

�I�•�U� split < 0 �]�X �U�H�F�K�Q�H�Q�� �'�D�V �H�Q�W�V�S�U�L�F�K�W �H�L�Q�H�P �J�U�|�‰�H�U�H�Q �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�D�J �L�P �%�H�U�H�L�F�K �G�H�V �$�X�I�Z�l�U�W�V �U�R�W�L�H�U�H�Q�G�H�P

�3�U�R�S�H�O�O�H�U�� �'�L�H�V �Y�H�U�V�W�l�U�N�W �G�L�H �8�Q�J�O�H�L�F�K�I�|�U�P�L�J�N�H�L�W �G�H�U �V�S�D�Q�Q�Z�H�L�W�L�J�H�Q �$�X�I�W�U�L�H�E�V�Y�H�U�W�H�L�O�X�Q�J �J�H�J�H�Q�•�E�H�U �G�H�U �G�X�U�F�K�J�H��

�K�H�Q�G�H�Q �.�O�D�S�S�H �� �G�H�U �(�I�I�H�N�W �G�H�U �'�U�D�O�O���5�•�F�N�J�H�Z�L�Q�Q�X�Q�J �•�E�H�U�Z�L�H�J�W �G�H�P�Q�D�F�K��

�'�D�V �(�L�Q�V�S�D�U�S�R�W�H�Q�W�L�D�O �L�P �:�L�G�H�U�V�W�D�Q�G �L�V�W �M�H�G�R�F�K �P�L�W �H�W�Z�D� 1 �� �H�K�H�U �J�H�U�L�Q�J�� �:�H�U�G�H�Q �G�L�H �X�Q�W�H�U�V�F�K�L�H�G�O�L�F�K�H�Q �.�O�D�S�S�H�Q��

�6�S�U�H�L�]�Z�L�Q�N�H�O �E�H�L �D�Q�G�H�U�H�Q �$�X�I�W�U�L�H�E�V�E�H�L�Z�H�U�W�H�Q �X�Q�W�H�U�V�X�F�K�W ���$�E�E�L�O�G�X�Q�J �������� �V�W�H�O�O�W �V�L�F�K �K�H�U�D�X�V�� �G�D�V�V �G�L�H �J�U�|�‰�W�H�Q �(�L�Q��

�V�S�D�U�X�Q�J�H�Q �E�H�L �G�H�Q �J�U�|�‰�W�H�Q �$�X�I�W�U�L�H�E�V�E�H�L�Z�H�U�W�H�Q �]�X �E�H�R�E�D�F�K�W�H�Q �V�L�Q�G��

�'�L�H �(�U�J�H�E�Q�L�V�V�H �G�H�U �J�H�W�H�L�O�W�H�Q �.�O�D�S�S�H �]�X�U �:�L�G�H�U�V�W�D�Q�G�V�U�H�G�X�N�W�L�R�Q �D�Q �H�L�Q�H�P �X�Q�H�Q�G�O�L�F�K �S�H�U�L�R�G�L�V�F�K�H�Q �'�3���)�O�•�J�H�O �O�D�V�V�H�Q

�V�L�F�K �Z�L�H �I�R�O�J�W �]�X�V�D�P�P�H�Q�I�D�V�V�H�Q�� �(�L�Q�H �]�L�U�N�X�O�D�W�L�R�Q�V�H�U�K�|�K�H�Q�G�H �0�D�‰�Q�D�K�P�H �D�P �)�O�•�J�H�O �L�P �$�X�I�Z�L�Q�G�E�H�U�H�L�F�K �K�L�Q�W�H�U �G�H�P

�3�U�R�S�H�O�O�H�U �I�•�K�U�W �]�X �H�L�Q�H�U �V�W�l�U�N�H�U�H�Q �'�U�D�O�O���5�•�F�N�J�H�Z�L�Q�Q�X�Q�J �X�Q�G �G�H�V�K�D�O�E �]�X �H�L�Q�H�U ���N�O�H�L�Q�H�Q�� �5�H�G�X�N�W�L�R�Q �G�H�V �:�L�G�H�U�V�W�D�Q�G�V��

�'�L�H �0�D�‰�Q�D�K�P�H �L�V�W �M�H�G�R�F�K �Q�L�F�K�W �Z�L�U�N�V�D�P �J�H�Q�X�J �X�P �G�H�Q �$�X�I�Z�D�Q�G �]�X �U�H�F�K�W�I�H�U�W�L�J�H�Q �X�Q�G �Z�L�U�G �G�D�K�H�U �L�P �)�R�O�J�H�Q�G�H�Q

�H�U�Z�H�L�W�H�U�W��

�$�E�E�L�O�G�X�Q�J ������ �:�L�G�H�U�V�W�D�Q�G�V�Y�R�U�W�H�L�O�H �G�X�U�F�K
�.�O�D�S�S�H�Q�V�S�U�H�L�]�X�Q�J �X�Q�G �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�D�J��

�$�E�E�L�O�G�X�Q�J ������ �:�L�G�H�U�V�W�D�Q�G�V�Y�R�U�W�H�L�O�H �G�X�U�F�K
�.�O�D�S�S�H�Q�V�S�U�H�L�]�X�Q�J �I�•�U �X�Q�W�H�U�V�F�K�L�H�G�O�L�F�K�H

�$�X�I�W�U�L�H�E�V�E�H�L�Z�H�U�W�H��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ��



�$�E�E�L�O�G�X�Q�J ������ �3�H�U�L�R�G�L�V�F�K�H�V �'�3 �)�O�•�J�H�O�V�H�J�P�H�Q�W �P�L�W �����I�D�F�K �J�H�W�H�L�O�W�H�U �)�R�Z�O�H�U�N�O�D�S�S�H��

�%�D�\�H�V�L�V�F�K�H �2�S�W�L�P�L�H�U�X�Q�J �Y�R�Q �� �.�O�D�S�S�H�Q�V�H�J�P�H�Q�W�H�Q

�8�P �H�L�Q�H �Z�H�L�W�H�U�H �$�Q�S�D�V�V�X�Q�J �G�H�U �.�O�D�S�S�H�Q�J�H�R�P�H�W�U�L�H �D�Q �G�L�H �,�Q�W�H�U�D�N�W�L�R�Q �P�L�W �G�H�P �3�U�R�S�H�O�O�H�U�V�W�U�D�K�O �]�X �H�U�]�L�H�O�H�Q�� �Z�X�U��

�G�H �D�E�V�F�K�O�L�H�‰�H�Q�G �G�L�H �+�R�F�K�D�X�I�W�U�L�H�E�V�N�O�D�S�S�H �L�Q �D�F�K�W �V�S�D�Q�Q�Z�H�L�W�L�J�H �6�H�J�P�H�Q�W�H �J�H�W�H�L�O�W �X�Q�G �P�L�W�K�L�O�I�H �H�L�Q�H�V �E�D�\�H�V�¶�V�F�K�H�Q

�2�S�W�L�P�L�H�U�X�Q�J�V�Y�H�U�I�D�K�U�H�Q�V �G�L�H �E�H�V�W�P�|�J�O�L�F�K�H �/�|�V�X�Q�J �I�•�U �G�L�H �D�F�K�W �H�L�Q�]�H�O�Q�H�Q �.�O�D�S�S�H�Q�D�X�V�V�F�K�O�l�J�H �H�U�P�L�W�W�H�O�W��

�0�H�W�K�R�G�L�V�F�K �Z�X�U�G�H �K�L�H�U�I�•�U �G�L�H �9�H�U�Q�H�W�]�X�Q�J �L�Q �H�L�Q�H�P �&�K�L�P�H�U�D���6�H�W�X�S �D�X�I�J�H�E�D�X�W�� �G���K�� �M�H�G�H�V �H�L�Q�]�H�O�Q�H �G�H�U �D�F�K�W �.�O�D�S��

�S�H�Q�V�H�J�P�H�Q�W�H�� �V�R�Z�L�H �G�H�U �7�U�D�J�I�O�•�J�H�O �P�L�W �G�H�P �3�U�R�S�H�O�O�H�U�� �Z�X�U�G�H �V�H�S�D�U�D�W �Y�H�U�Q�H�W�]�W �X�Q�G �G�L�H�V�H �Q�H�X�Q �1�H�W�]�H �N�|�Q�Q�H�Q �G�D�Q�Q

�Y�R�U �H�L�Q�H�U �6�W�U�|�P�X�Q�J�V�O�|�V�X�Q�J �]�X�H�L�Q�D�Q�G�H�U �S�R�V�L�W�L�R�Q�L�H�U�W �Z�H�U�G�H�Q�� �'�L�H�V �H�U�O�D�X�E�W �H�L�Q�H �U�H�O�D�W�L�Y �Y�D�U�L�D�E�O�H �*�H�R�P�H�W�U�L�H�� �R�K�Q�H �D�E�H�U

�I�•�U �M�H�G�H�Q �=�Z�L�V�F�K�H�Q�V�F�K�U�L�W�W �G�H�Q �1�H�W�]�J�H�Q�H�U�D�W�R�U �D�X�I�U�X�I�H�Q �]�X �P�•�V�V�H�Q��

�'�L�H �E�D�\�H�V�¶�V�F�K�H �2�S�W�L�P�L�H�U�X�Q�J �K�D�W �D�O�V �)�U�H�L�K�H�L�W�V�J�U�D�G�H �G�L�H �D�F�K�W �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �X�Q�G �D�O�V �=�L�H�O�I�X�Q�N�W�L�R�Q �G�H�Q �:�L�G�H�U�V�W�D�Q�G�V��

�E�H�L�Z�H�U�W �G�H�U �J�H�V�D�P�W�H�Q �.�R�Q�I�L�J�X�U�D�W�L�R�Q�� �6�L�H �V�F�K�l�W�]�W �P�L�W�K�L�O�I�H �H�L�Q�H�U �5�H�J�U�H�V�V�L�R�Q �D�X�V �H�L�Q�H�P �D�Q�I�l�Q�J�O�L�F�K�H�Q �6�D�W�] �D�Q ���� �]�X�I�l�O��

�O�L�J �J�H�Z�l�K�O�W�H�Q �.�O�D�S�S�H�Q�Z�L�Q�N�H�O���.�R�P�E�L�Q�D�W�L�R�Q�H�Q �H�L�Q�H �R�S�W�L�P�D�O�H �/�|�V�X�Q�J �X�Q�G �V�W�D�U�W�H�W �I�•�U �G�L�H�V�H �H�L�Q�H �5�$�1�6���6�L�P�X�O�D�W�L�R�Q��

�'�D�V �(�U�J�H�E�Q�L�V �Z�L�U�G �L�Q �G�H�Q �'�D�W�H�Q�V�D�W�] �D�X�I�J�H�J�R�P�P�H�Q �X�Q�G �V�R �Z�L�U�G �N�R�Q�W�L�Q�X�L�H�U�O�L�F�K �G�L�H �%�D�V�L�V �I�•�U �G�L�H �6�F�K�l�W�]�X�Q�J �Y�H�U�J�U�|��

�‰�H�U�W �X�Q�G �G�D�P�L�W �G�D�V �(�U�J�H�E�Q�L�V �G�H�U �6�F�K�l�W�]�X�Q�J �Y�H�U�E�H�V�V�H�U�W��

�7�D�E�H�O�O�H ���� �h�E�H�U�V�L�F�K�W �G�H�U �.�O�D�S�S�H�Q�S�D�U�D�P�H�W�H�U �D�X�V �G�H�P �2�S�W�L�P�L�H�U�H�U �X�Q�G �:�L�G�H�U�V�W�D�Q�G�V�E�H�L�Z�H�U�W �D�X�V �5�$�1�6��

�5�X�Q �1�R��� 1 � 2 � 3 � 4 � 5 � 6 � 7 � 8 CD �*�3�5 CD �5�$�1�6

�U�H�I�� �� �� �� �� �� �� �� �� �� ������������
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������ �������� �������� �������� �������� �������� ������ ������ ������ ������������ ������������

������ �������� �������� �������� �������� �������� ������ ������ ������ ������������ ������������

������ �������� �������� �������� �������� �������� ������ ������ ������ ������������ ������������

������ �������� �������� �������� �������� ������ ������ ������ ������ ������������ ������������

������ �������� �������� �������� �������� ������ ������ ������ ������ ������������ ������������

�)�L�W�W�H�V�W�������� �������� �������� �������� ������ ������ ������ ������ �� ������������

�.�R�Q�N�U�H�W �Z�X�U�G�H�Q �L�Q �G�H�U �2�S�W�L�P�L�H�U�X�Q�J �K�L�H�U ������ �H�L�Q�]�H�O�Q�H �6�L�P�X�O�D�W�L�R�Q�H�Q �D�X�V�J�H�I�•�K�U�W�� �E�L�V �G�L�H �/�|�V�X�Q�J �N�R�Q�Y�H�U�J�L�H�U�W �Z�D�U��

�G���K�� �G�D�V �2�S�W�L�P�X�P �J�H�I�X�Q�G�H�Q �Z�D�U�� �7�D�E�H�O�O�H �� �]�H�L�J�W �E�H�L�V�S�L�H�O�K�D�I�W �G�L�H �O�H�W�]�W�H�Q �I�•�Q�I �6�F�K�U�L�W�W�H �X�Q�G �G�L�H �=�H�L�O�H �Ä�)�L�W�W�H�V�W�³ �]�H�L�J�W

�G�L�H �.�R�Q�I�L�J�X�U�D�W�L�R�Q�� �G�L�H �G�L�H �5�H�J�U�H�V�V�L�R�Q �W�K�H�R�U�H�W�L�V�F�K �D�O�V �Q�l�F�K�V�W�H�V �D�X�V�Z�l�K�O�H�Q �Z�•�U�G�H�� �+�L�H�U �L�V�W �.�R�Q�Y�H�U�J�H�Q�] �H�U�U�H�L�F�K�W��

�G�D �G�L�H �L�Q �G�H�U �3�U�R�J�Q�R�V�H �H�U�Z�D�U�W�H�W�H �:�L�G�H�U�V�W�D�Q�G�V�Y�H�U�U�L�Q�J�H�U�X�Q�J �Q�X�U �Q�R�F�K �P�D�U�J�L�Q�D�O �J�H�J�H�Q�•�E�H�U �G�H�Q �E�H�U�H�L�W�V �Y�H�U�L�I�L�]�L�H�U�W�H�Q

�.�R�Q�I�L�J�X�U�D�W�L�R�Q�H�Q �L�V�W��

�'�L�H �Y�R�U�J�H�V�W�H�O�O�W�H�Q �(�U�J�H�E�Q�L�V�V�H �V�L�Q�G �L�Q �]�Z�H�L �6�F�K�Z�H�U�S�X�Q�N�W�E�H�U�H�L�F�K�H �X�Q�W�H�U�W�H�L�O�W�� �(�U�V�W�H�Q�V �Z�L�U�G �G�L�H �H�U�]�L�H�O�W�H �9�H�U�E�H�V�V�H�U�X�Q�J

�G�H�U �R�S�W�L�P�L�H�U�W�H�Q �.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J �J�H�J�H�Q�•�E�H�U �G�H�U �H�L�Q�I�D�F�K�H�Q �.�O�D�S�S�H �G�L�V�N�X�W�L�H�U�W�� �=�X�V�l�W�]�O�L�F�K �Z�L�U�G �H�L�Q�H �$�Q�D�O�\�V�H �G�H�V

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ����



�7�D�E�H�O�O�H ���� �*�H�V�D�P�W�H �:�L�G�H�U�V�W�D�Q�G�V�U�H�G�X�]�L�H�U�X�Q�J �X�Q�G �6�\�V�W�H�P�H�I�I�L�]�L�H�Q�]�V�W�H�L�J�H�U�X�Q�J �G�H�U �R�S�W�L�P�L�H�U�W�H�Q
�.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J

�,�' CD � CD � sys � � sys

�� ������������ ������ �� ���������� ������ ��

�)�L�W�W�H�V�W������������ �������� �� ���������� �������� ��

�6�W�U�|�P�X�Q�J�V�I�H�O�G�V �I�•�U �G�L�H�V�H �E�H�V�W�H �.�O�D�S�S�H�Q�J�H�R�P�H�W�U�L�H �G�X�U�F�K�J�H�I�•�K�U�W��

�7�D�E�H�O�O�H �� �I�D�V�V�W �G�L�H �2�S�W�L�P�L�H�U�X�Q�J�V�H�U�J�H�E�Q�L�V�V�H �]�X�V�D�P�P�H�Q�� �'�D �G�H�U �$�X�I�W�U�L�H�E �D�X�ICL = 1 :6 �J�H�W�U�L�P�P�W �X�Q�G �G�H�U �6�F�K�X�E �E�H�L

CT = 0 :22 �J�H�K�D�O�W�H�Q �Z�L�U�G�� �Z�L�U�G �G�L�H �(�I�I�L�]�L�H�Q�] �G�H�V �'�3���$�E�V�F�K�Q�L�W�W�V �Y�R�P �:�L�G�H�U�V�W�D�Q�G�V�E�H�L�Z�H�U�W �G�R�P�L�Q�L�H�U�W�� �)�•�U �G�L�H �E�H�V�W�H

�.�R�P�E�L�Q�D�W�L�R�Q �G�H�U �D�F�K�W �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �Z�L�U�GCD �X�P �P�H�K�U �D�O�V5�� �Y�H�U�U�L�Q�J�H�U�W�� �'�L�H �(�L�Q�V�S�D�U�X�Q�J �L�P �:�L�G�H�U�V�W�D�Q�G �O�l�V�V�W �V�L�F�K

�D�X�F�K �G�X�U�F�K �G�L�H �6�\�V�W�H�P�H�I�I�L�]�L�H�Q�] �E�H�Z�H�U�W�H�Q�� �G�L�H �D�O�V �1�H�W�W�R�S�U�R�S�X�O�V�L�R�Q�V�H�I�I�L�]�L�H�Q�] �I�R�U�P�X�O�L�H�U�W �L�V�W�� �Z�R�E�H�L �G�H�U �:�L�G�H�U�V�W�D�Q�G

�Y�R�P �3�U�R�S�H�O�O�H�U�V�F�K�X�E �D�E�J�H�]�R�J�H�Q �Z�L�U�G��

� sys =
(T � D ) � U1

P
������

�'�L�H �3�U�R�S�H�O�O�H�U�H�I�I�L�]�L�H�Q�] �L�V�W �I�•�U �E�H�L�G�H �.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J�H�Q�� �5�H�I�H�U�H�Q�] �X�Q�G �R�S�W�L�P�L�H�U�W��� = 0 :723�� �'�L�H�V�H �b�K�Q�O�L�F�K�N�H�L�W

�L�V�W �J�H�Z�•�Q�V�F�K�W �X�Q�G �U�H�V�X�O�W�L�H�U�W �G�D�U�D�X�V�� �G�D�V�V �G�H�U �P�L�W�W�O�H�U�H �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �J�H�Q�D�X �G�H�U �5�H�I�H�U�H�Q�]���.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J �I�•�U

�G�H�Q �6�W�D�U�W �H�Q�W�V�S�U�L�F�K�W�� �'�D �P�D�Q �V�L�F�K �L�P �O�L�Q�H�D�U�H�Q �%�H�W�U�L�H�E�V�E�H�U�H�L�F�K �E�H�I�L�Q�G�H�W�� �L�V�W �G�L�H �J�O�R�E�D�O�H �6�W�U�R�P�D�X�I�Z�L�U�N�X�Q�J �G�H�V �)�O�•��

�J�H�O�V �D�X�I �G�H�Q �3�U�R�S�H�O�O�H�U �V�R�P�L�W �E�H�L �G�H�P�V�H�O�E�H�Q �$�X�I�W�U�L�H�E �L�G�H�Q�W�L�V�F�K�� �:�H�Q�Q �P�D�Q �G�H�Q �)�O�•�J�H�O�Z�L�G�H�U�V�W�D�Q�G �L�Q �G�L�H �(�I�I�L�]�L�H�Q�]

�H�L�Q�E�H�]�L�H�K�W�� �V�L�Q�N�W �G�L�H�V�H �D�X�I� sys = 0 :642�I�•�U �G�L�H �X�Q�Y�H�U�l�Q�G�H�U�W�H �.�O�D�S�S�H�� �D�E�H�U �Q�X�U �D�X�I� sys = 0 :646�I�•�U �G�L�H �R�S�W�L�P�L�H�U�W�H

�(�L�Q�V�W�H�O�O�X�Q�J�� �$�X�I�J�U�X�Q�G �G�H�V �J�U�R�‰�H�Q �6�F�K�X�E�•�E�H�U�V�F�K�X�V�V�H�V �G�L�H�V�H�U �)�O�•�J�H�O�� �X�Q�G �3�U�R�S�H�O�O�H�U�N�R�P�E�L�Q�D�W�L�R�Q �L�V�W �G�H�U �*�H�Z�L�Q�Q �D�Q

�6�\�V�W�H�P�H�I�I�L�]�L�H�Q�] �J�H�U�L�Q�J�H�U �D�O�V �G�H�U �:�L�G�H�U�V�W�D�Q�G�V�J�H�Z�L�Q�Q��

�'�L�H �J�H�I�X�Q�G�H�Q�H �.�O�D�S�S�H�Q�Z�L�Q�N�H�O�N�R�P�E�L�Q�D�W�L�R�Q �L�V�W �V�R�Z�R�K�O �L�Q �%�H�]�X�J �D�X�I �:�L�G�H�U�V�W�D�Q�G�V�U�H�G�X�N�W�L�R�Q�� �D�O�V �D�X�F�K �J�H�J�H�Q�•�E�H�U �J�H��

�U�L�Q�J�H�Q �$�E�Z�H�L�F�K�X�Q�J�H�Q �Y�R�P �2�S�W�L�P�X�P �H�L�Q �U�R�E�X�V�W�H�V �(�U�J�H�E�Q�L�V�� �'�L�H �5�R�E�X�V�W�K�H�L�W �O�l�V�V�W �L�Q �G�H�Q �O�H�W�]�W�H�Q �� �,�W�H�U�D�W�L�R�Q�H�Q �L�Q

�7�D�E�H�O�O�H �� �H�U�N�H�Q�Q�H�Q�� �$�O�O�H �.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J�H�Q �]�H�L�J�H�Q �l�K�Q�O�L�F�K�H �:�L�G�H�U�V�W�D�Q�G�V�Y�H�U�E�H�V�V�H�U�X�Q�J�H�Q �Z�L�H �G�L�H �J�H�Z�l�K�O�W�H �I�L�W��

�W�H�V�W �(�L�Q�V�W�H�O�O�X�Q�J�� �Z�H�L�V�H�Q �M�H�G�R�F�K �O�H�L�F�K�W �X�Q�W�H�U�V�F�K�L�H�G�O�L�F�K�H �(�L�Q�]�H�O�Z�L�Q�N�H�O �D�X�I�� �'�L�H �Y�R�U�J�H�V�F�K�O�D�J�H�Q�H�Q �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �V�L�Q�G

�Q�D�K�H�]�X �S�X�Q�N�W�V�\�P�P�H�W�U�L�V�F�K �]�X�P �)�O�•�J�H�O�P�L�W�W�H�O�S�X�Q�N�W�� �P�L�W �]�X�V�l�W�]�O�L�F�K�H�U �$�E�Z�l�U�W�V�Y�H�U�V�W�H�O�O�X�Q�J ������ �L�P �$�X�I�Z�L�Q�G�E�H�U�H�L�F�K �G�H�V

�3�U�R�S�H�O�O�H�U�V� 5:::� 8 �X�Q�G �H�L�Q�H�U �9�H�U�U�L�Q�J�H�U�X�Q�J �G�H�V �.�O�D�S�S�H�Q�Z�L�Q�N�H�O�V �L�P �$�E�Z�L�Q�G�E�H�U�H�L�F�K�� �,�P �0�L�W�W�H�O �O�L�H�J�H�Q �G�L�H �J�U�|�‰�W�H�Q

�.�O�D�S�S�H�Q�D�E�Z�H�L�F�K�X�Q�J�H�Q �L�P �%�H�U�H�L�F�K �L�Q�Q�H�U�K�D�O�E �G�H�U �3�U�R�S�H�O�O�H�U�V�S�L�W�]�H� 3 �X�Q�G� 6�� �'�R�U�W �L�V�W �G�L�H �)�O�•�J�H�O�E�H�O�D�V�W�X�Q�J �G�H�V �3�U�R��

�S�H�O�O�H�U�V �D�P �J�U�|�‰�W�H�Q��

�=�X�U �,�Q�W�H�U�S�U�H�W�D�W�L�R�Q �L�V�W �L�Q �$�E�E�L�O�G�X�Q�J ���� �G�L�H �:�L�U�E�H�O�V�W�l�U�N�H! x �L�Q �H�L�Q�H�U �(�E�H�Q�H �V�W�U�R�P�D�E�Z�l�U�W�V �G�H�V �)�O�•�J�H�O�V �E�H�Lx = 1m

�Y�L�V�X�D�O�L�V�L�H�U�W�� �'�L�H �(�E�H�Q�H �L�V�W �V�R �J�H�Z�l�K�O�W�� �G�D�V�V �G�H�U �D�E�J�H�O�H�Q�N�W�H �3�U�R�S�H�O�O�H�U�V�W�U�D�K�O �Y�R�O�O�V�W�l�Q�G�L�J �H�U�I�D�V�V�W �Z�L�U�G��

�6�R�Z�R�K�O �G�L�H �5�H�I�H�U�H�Q�]�� �D�O�V �D�X�F�K �G�L�H �R�S�W�L�P�L�H�U�W�H �.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J �]�H�L�J�H�Q �G�L�H �Y�R�P �3�U�R�S�H�O�O�H�U �D�X�I �G�H�Q �6�W�U�D�K�O �•�E�H�U�W�U�D��

�J�H�Q�H �:�L�U�E�H�O�V�W�l�U�N�H �G�H�X�W�O�L�F�K�� �'�L�H �P�L�W�W�O�H�U�H �:�L�U�E�H�O�V�W�l�U�N�H �L�V�W �L�Q �E�H�L�G�H�Q �)�l�O�O�H�Q �Q�H�J�D�W�L�Y �X�Q�G �Y�H�U�G�H�X�W�O�L�F�K�W �G�L�H �J�H�J�H�Q �G�H�Q

�8�K�U�]�H�L�J�H�U�V�L�Q�Q �J�H�U�L�F�K�W�H�W�H �5�R�W�D�W�L�R�Q �G�H�U �6�W�U�|�P�X�Q�J�� �h�E�H�U�U�D�V�F�K�H�Q�G �L�V�W �M�H�G�R�F�K�� �G�D�V�V �G�L�H �P�L�W�W�O�H�U�H �:�L�U�E�H�O�V�W�l�U�N�H �I�•�U �G�L�H

�R�S�W�L�P�L�H�U�W�H �.�O�D�S�S�H�Q�H�L�Q�V�W�H�O�O�X�Q�J �E�H�W�U�D�J�V�P�l�‰�L�J �J�U�|�‰�H�U �L�V�W ��! x c/ U = � 0:00102���� �,�Q �G�H�U �G�D�U�J�H�V�W�H�O�O�W�H�Q �(�E�H�Q�H �E�H�W�U�l�J�W

�G�L�H �P�L�W�W�O�H�U�H �:�L�U�E�H�O�V�W�l�U�N�H �I�•�U �G�L�H �H�L�Q�I�D�F�K�H �.�O�D�S�S�H �Q�X�U! x c/ U = � 0:000848�� �'�L�H�V �Z�L�G�H�U�V�S�U�L�F�K�W �G�H�U �(�U�Z�D�U�W�X�Q�J�� �G�D�V�V

�G�H�U �:�L�U�E�H�O �L�Q �H�L�Q�H�U �(�L�Q�V�W�H�O�O�X�Q�J �P�L�W �Y�H�U�J�U�|�‰�H�U�W�H�U �.�O�D�S�S�H�Q�Y�H�U�V�W�H�O�O�X�Q�J �L�P �$�X�I�Z�L�Q�G�E�H�U�H�L�F�K �G�H�V �3�U�R�S�H�O�O�H�U�V �U�H�G�X�]�L�H�U�W

�Z�•�U�G�H�� �L�Q�G�H�P �G�H�P �$�X�I�Z�L�Q�G �G�H�V �3�U�R�S�H�O�O�H�U�V �P�L�W �H�L�Q�H�P �$�E�Z�L�Q�G �G�H�V �)�O�•�J�H�O�V �H�Q�W�J�H�J�H�Q�J�H�Z�L�U�N�W �Z�L�U�G�� �9�L�H�O�P�H�K�U �G�H�X�W�H�W

�G�L�H�V �G�D�U�D�X�I �K�L�Q�� �G�D�V�V �G�X�U�F�K �G�L�H �.�O�D�S�S�H�Q�V�H�J�P�H�Q�W�L�H�U�X�Q�J �]�X�V�l�W�]�O�L�F�K�H �:�L�U�E�H�O�V�W�l�U�N�H �H�L�Q�J�H�E�U�D�F�K�W �Z�L�U�G��

�'�L�H�V�H�U �•�E�H�U�U�D�V�F�K�H�Q�G�H �%�H�I�X�Q�G �Z�L�U�G �D�X�F�K �G�X�U�F�K �G�L�H �$�Q�D�O�\�V�H �G�H�U �N�L�Q�H�W�L�V�F�K�H�Q �(�Q�H�U�J�L�H �L�Q �G�H�U �$�X�V�Z�H�U�W�H�H�E�H�Q�H �E�H�V�W�l�W�L�J�W��

�'�X�U�F�K �6�X�E�W�U�D�N�W�L�R�Q �G�H�U �G�X�U�F�K�V�F�K�Q�L�W�W�O�L�F�K�H�Q �4�X�H�U�� �X�Q�G �9�H�U�W�L�N�D�O�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�Wv0 = v � v �X�Q�Gw0 = w � w �Z�L�U�G �G�L�H

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ����



�*�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�V�V�W�|�U�X�Q�J �L�Q �G�H�U �(�E�H�Q�H �•�E�H�U �G�H�Q �0�L�W�W�H�O�Z�H�U�W �E�H�U�H�F�K�Q�H�W�� �'�H�U �3�U�R�S�H�O�O�H�U �H�U�]�H�X�J�W �G�X�U�F�K �V�H�L�Q�H�Q �:�L�U�E�H�O

�*�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�H�Q�� �G�L�H �L�Q �$�E�E�L�O�G�X�Q�J ���� �]�X �V�H�K�H�Q �L�V�W�� �,�Q �G�L�H�V�H�U �$�Q�V�L�F�K�W�� �Y�R�Q �K�L�Q�W�H�Q �Q�D�F�K �Y�R�U�Q�H �E�O�L�F�N�H�Q�G�� �G�U�H�K�H�Q

�V�L�F�K �G�L�H �3�U�R�S�H�O�O�H�U �J�H�J�H�Q �G�H�Q �8�K�U�]�H�L�J�H�U�V�L�Q�Q�� �=�X�V�l�W�]�O�L�F�K �]�X�P �(�L�Q�I�O�X�V�V �G�H�V �3�U�R�S�H�O�O�H�U�V �V�L�H�K�W �P�D�Q �G�H�X�W�O�L�F�K�� �G�D�V�V �G�L�H

�/�•�F�N�H �]�Z�L�V�F�K�H�Q �G�H�Q �.�O�D�S�S�H�Q�V�H�J�P�H�Q�W�H�Q �H�E�H�Q�I�D�O�O�V �6�W�|�U�X�Q�J�H�Q �L�Q �G�H�U �(�E�H�Q�H �Y�H�U�X�U�V�D�F�K�W�� �(�V �V�F�K�H�L�Q�W�� �D�O�V �Z�•�U�G�H�Q �G�L�H

�9�D�U�L�D�W�L�R�Q�H�Q �G�H�U �.�O�D�S�S�H�Q�Z�L�Q�N�H�O �]�X�V�l�W�]�O�L�F�K�H �7�U�D�Q�V�Y�H�U�V�D�O�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�H�Q �L�P �=�H�Q�W�U�X�P �Y�H�U�X�U�V�D�F�K�H�Q��

�=�X�V�D�P�P�H�Q�I�D�V�V�H�Q�G �L�V�W �G�L�H �(�U�Z�D�U�W�X�Q�J�� �G�D�V�V �H�L�Q �D�X�I �:�L�G�H�U�V�W�D�Q�G �R�S�W�L�P�L�H�U�W�H�U �)�O�•�J�H�O�D�E�V�F�K�Q�L�W�W �Z�H�Q�L�J�H�U �:�L�U�E�H�O�V�W�l�U�N�H

�X�Q�G �*�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�V�V�W�|�U�X�Q�J�H�Q �L�Q �G�H�U �(�E�H�Q�H �D�X�I�Z�H�L�V�W�� �Q�D�F�K �X�Q�V�H�U�H�Q �%�H�R�E�D�F�K�W�X�Q�J�H�Q �Q�L�F�K�W �]�X�W�U�H�I�I�H�Q�G��

�$�E�E�L�O�G�X�Q�J ������ �8�Q�W�H�U�V�X�F�K�X�Q�J�V�H�E�H�Q�H �I�•�U �G�L�H �:�L�U�E�H�O�D�Q�D�O�\�V�H

�$�E�E�L�O�G�X�Q�J ������ �1�R�U�P�D�O�L�V�L�H�U�W�H �:�L�U�E�H�O�V�W�l�U�N�H �I�•�U �G�H�Q
�5�H�I�H�U�H�Q�]�I�D�O�O

�$�E�E�L�O�G�X�Q�J ������ �1�R�U�P�D�O�L�V�L�H�U�W�H �:�L�U�E�H�O�V�W�l�U�N�H �I�•�U �G�H�Q
�R�S�W�L�P�L�H�U�W�H�Q �)�D�O�O

�'�X�U�F�K �J�H�]�L�H�O�W�H�Q �G�L�I�I�H�U�H�Q�]�L�H�U�W�H�Q �$�X�V�V�F�K�O�D�J �H�L�Q�H�U �D�F�K�W�I�D�F�K �J�H�W�H�L�O�W�H �)�R�Z�O�H�U�N�O�D�S�S�H �O�l�V�V�W �V�L�F�K �G�H�U �)�O�•�J�H�O�Z�L�G�H�U�V�W�D�Q�G

�E�H�L �H�L�Q�H�P �$�X�I�W�U�L�H�E�V�E�H�L�Z�H�U�W �Y�R�QCA = 1 :6 �X�P5�� �U�H�G�X�]�L�H�U�H�Q�� �%�H�]�L�H�K�W �P�D�Q �G�L�H�V�H �:�L�G�H�U�V�W�D�Q�G�V�H�L�Q�V�S�D�U�X�Q�J �L�Q �G�H�Q

�6�\�V�W�H�P�Z�L�U�N�X�Q�J�V�J�U�D�G �H�L�Q�� �Y�H�U�E�O�H�L�E�W �H�L�Q�H �9�H�U�E�H�V�V�H�U�X�Q�J �X�P �H�W�Z�D1����

�'�D�V �9�H�U�E�H�V�V�H�U�X�Q�J�V�S�R�W�H�Q�]�L�D�O �G�H�V �6�H�J�P�H�Q�W�V �D�X�V �3�U�R�S�H�O�O�H�U �X�Q�G �)�O�•�J�H�O �Z�L�U�G �L�Q �$�U�E�H�L�W�V�S�D�N�H�W ���������� �L�P �:�L�Q�G�N�D�Q�D�O �Y�H�U��

�P�H�V�V�H�Q�� �'�L�H �]�X �H�U�Z�D�U�W�H�Q�G�H�Q �(�L�Q�V�S�D�U�X�Q�J�H�Q �O�L�H�J�H�Q �M�H�G�R�F�K �D�Q �G�H�U �*�U�H�Q�]�H �G�H�V �D�X�I�O�|�V�E�D�U�H�Q �:�L�G�H�U�V�W�D�Q�G�V�� �6�F�K�X�E �X�Q�G

�:�H�O�O�H�Q�O�H�L�V�W�X�Q�J��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ����



�$�E�E�L�O�G�X�Q�J ������ �1�R�U�P�D�O�L�V�L�H�U�W�H�U
�6�W�|�U�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�V�E�H�W�U�D�J �I�•�U �G�H�Q �5�H�I�H�U�H�Q�]�I�D�O�O

�$�E�E�L�O�G�X�Q�J ������ �1�R�U�P�D�O�L�V�L�H�U�W�H�U
�6�W�|�U�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W�V�E�H�W�U�D�J �I�•�U �G�H�Q �R�S�W�L�P�L�H�U�W�H�Q �)�D�O�O

���������� �0�H�W�K�R�G�H�Q�D�X�I�E�D�X �	 �$�Q�D�O�\�V�H �3�U�R�S���3�U�R�S

�'�L�H �$�X�V�O�H�J�X�Q�J �G�H�U �3�U�R�S�H�O�O�H�U�J�H�R�P�H�W�U�L�H �H�U�I�R�O�J�W �P�L�W�W�H�O�V �G�H�V �,�)�$�6���7�R�R�O�V �5�$�3�,�'�� �'�L�H�V�H�V �E�D�V�L�H�U�W �D�X�I �G�H�U �%�(�0�7��

�0�H�W�K�R�G�H �Q�D�F�K �$�G�N�L�Q�V �X�Q�G �/�L�H�E�H�F�N�� �=�X�Q�l�F�K�V�W �Z�H�U�G�H�Q �D�X�V �G�H�P �Y�R�U�D�Q�J�H�J�D�Q�J�H�Q�H�Q �3�U�R�M�H�N�W �&�,�&�/�2�3 �G�L�H �5�D�Q�G�E�H��

�G�L�Q�J�X�Q�J�H�Q �I�H�V�W�J�H�O�H�J�W�� �G�L�H �I�•�U �G�L�H �$�X�V�O�H�J�X�Q�J �Q�R�W�Z�H�Q�G�L�J �V�L�Q�G�� �'�L�H�V�H �V�L�Q�G �L�Q �7�D�E�H�O�O�H �� �]�X�V�D�P�P�H�Q�J�H�I�D�V�V�W

�7�D�E�H�O�O�H ���� �5�D�Q�G�E�H�G�L�Q�J�X�Q�J�H�Q �X�Q�G �%�H�W�U�L�H�E�V�S�X�Q�N�W�H �I�•�U �G�H�Q �3�U�R�S�H�O�O�H�U�H�Q�W�Z�X�U�I

�0�D�[�L�P�D�O�H �6�W�U�|�P�X�Q�J�V�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�WU�P�D�[= 55 �P/ �V �:�L�Q�G�N�D�Q�D�O �L�Q�N�O�� �0�R�G�H�O�O

�0�D�[�L�P�D�O�H �'�U�H�K�]�D�K�O n�P�D�[= 7000 �5�3�0 �0�R�W�R�U�J�U�H�Q�]�H

�0�D�[�L�P�D�O�H �/�H�L�V�W�X�Q�J P�P�D�[= 35 �N�: �0�R�W�R�U�J�U�H�Q�]�H

�0�D�[�L�P�D�O�H�V �'�U�H�K�P�R�P�H�Q�WQ�P�D�[= 50 �1�P �0�R�W�R�U�J�U�H�Q�]�H

�3�U�R�S�H�O�O�H�U�J�H�R�P�H�W�U�L�HD tip = 0 ;6�P

Dhub = 0 ;18�P

Nblades = 6

�0�D�[�L�P�D�O�H�U �6�F�K�X�E T�P�D�[= 500 �1 �6�W�U�X�N�W�X�U�J�U�H�Q�]�H�Q

�'�H�I�L�Q�L�W�L�R�Q �G�H�U �%�H�W�U�L�H�E�V�S�X�Q�N�W�H

�%�H�W�U�L�H�E�V�S�X�Q�N�W �� J1 = 0 ;65

�%�H�W�U�L�H�E�V�S�X�Q�N�W �� J2 = 0 ;91

�'�D �G�L�H �/�H�L�V�W�X�Q�J�V�H�O�H�N�W�U�R�Q�L�N �V�R�Z�L�H �G�H�U �U�H�V�W�O�L�F�K�H �6�W�U�X�N�W�X�U�W�H�L�O �D�X�V �G�H�P �H�[�L�V�W�L�H�U�H�Q�G�H�Q �:�L�Q�G�N�D�Q�D�O�D�X�I�E�D�X �D�X�V �&�,�&�/�2�3

�•�E�H�U�Q�R�P�P�H�Q �Z�H�U�G�H�Q�� �E�H�J�U�H�Q�]�H�Q �G�H�U �(�O�H�N�W�U�R�P�R�W�R�U �X�Q�G �G�L�H �)�H�V�W�L�J�N�H�L�W �G�H�U �+�D�U�G�Z�D�U�H �G�L�H �P�|�J�O�L�F�K�H�Q �%�H�W�U�L�H�E�V�S�X�Q�N��

�W�H�� �8�P �H�L�Q�H �9�H�U�J�O�H�L�F�K�E�D�U�N�H�L�W �G�H�U �(�U�J�H�E�Q�L�V�V�H �]�X �J�H�Z�l�K�U�O�H�L�V�W�H�Q �X�Q�G �D�X�I �G�L�H�V�H�Q �D�X�I�E�D�X�H�Q �]�X �N�|�Q�Q�H�Q�� �E�H�V�L�W�]�H�Q �G�L�H

�3�U�R�S�H�O�O�H�U �G�H�Q �J�O�H�L�F�K�H�Q �'�X�U�F�K�P�H�V�V�H�U �X�Q�G �G�L�H �J�O�H�L�F�K�H �$�Q�]�D�K�O �D�Q �%�O�l�W�W�H�U�Q�� �'�D �H�V �V�L�F�K �X�P �H�L�Q�H�Q �:�L�Q�G�N�D�Q�D�O�Y�H�U�V�X�F�K

�K�D�Q�G�H�O�W�� �Z�X�U�G�H�Q �I�•�U �G�L�H �$�X�V�O�H�J�X�Q�J �G�L�H �=�X�V�W�U�|�P�E�H�G�L�Q�J�X�Q�J�H�Q �Q�D�F�K �,�6�$���$�W�P�R�V�S�K�l�U�H �E�H�L0�P �+�|�K�H �J�H�Z�l�K�O�W�� �9�R�U�V�W�X��

�G�L�H�Q �K�D�E�H�Q �J�H�]�H�L�J�W�� �G�D�V�V �Y�H�U�V�F�K�L�H�G�H�Q�H �3�U�R�I�L�O�H �H�Q�W�O�D�Q�J �G�H�U �6�S�D�Q�Q�Z�H�L�W�H �G�H�U �3�U�R�S�H�O�O�H�U�E�O�l�W�W�H�U �Q�L�F�K�W �]�Z�D�Q�J�V�O�l�X�I�L�J �H�L�Q�H

�S�R�V�L�W�L�Y�H �$�X�V�Z�L�U�N�X�Q�J �D�X�I �G�L�H �3�H�U�I�R�U�P�D�Q�F�H �K�D�E�H�Q�� �G�D �h�E�H�U�J�D�Q�J�V�E�H�U�H�L�F�K�H �]�Z�L�V�F�K�H�Q �G�H�Q �3�U�R�I�L�O�H�Q �H�L�Q�H �$�E�Z�H�L�F�K�X�Q�J

�Y�R�Q �G�H�U �$�X�V�O�H�J�X�Q�J�V�J�H�R�P�H�W�U�L�H �Y�H�U�X�U�V�D�F�K�H�Q �N�|�Q�Q�H�Q�� �'�D�K�H�U �Z�X�U�G�H �I�•�U �G�D�V �J�H�V�D�P�W�H �%�O�D�W�W �G�D�V �0�+���������3�U�R�I�L�O �J�H�Q�X�W�]�W��

�$�O�V �$�X�V�O�H�J�X�Q�J�V�S�X�Q�N�W �Z�X�U�G�H �G�H�U �&�,�&�/�2�3���%�H�W�U�L�H�E�V�S�X�Q�N�WJ1 �P�L�W �H�L�Q�H�U �'�U�H�K�]�D�K�O �Y�R�Qn = 6160 �5�3�0 �X�Q�G �H�L�Q�H�U �$�Q��

�V�W�U�|�P�J�H�V�F�K�Z�L�Q�G�L�J�N�H�L�W �Y�R�QU1 = 40 �P/ �V �J�H�Z�l�K�O�W�� �$�E�E�L�O�G�X�Q�J ���� �]�H�L�J�W�� �G�D�V�V �V�R �E�H�L�G�H �%�H�W�U�L�H�E�V�S�X�Q�N�W�HJ1 �X�Q�GJ2

�P�L�W �G�L�H�V�H�P �%�O�D�W�W �H�U�U�H�L�F�K�W �Z�H�U�G�H�Q �N�|�Q�Q�H�Q��

�(�L�Q�J�H�K�H�Q�G�H �'�D�U�V�W�H�O�O�X�Q�J ����



�$�E�E�L�O�G�X�Q�J ������ �.�H�Q�Q�I�H�O�G �I�•�U �(�Q�W�Z�X�U�I�V�S�X�Q�N�WJ1

�7�D�E�H�O�O�H ���� �%�H�W�U�L�H�E�V�S�X�Q�N�W�H
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