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�)�L�J�X�U�D �������� �6�H�W�X�S���X�O �H�[�S�H�U�L�P�H�Q�W�D�O �F�D�U�H �D�U�D�W�� �S�O�D�V�D�U�H�D �V�H�Q�]�R�U�L�O�R�U
�3�,�5�� ���D�� �Y�H�G�H�U�H �G�L�Q �I�D� ���� ���E�� �Y�H�G�H�U�H �G�H �V�X�V �>�����@�� �� �� �� ����

�)�L�J�X�U�D �������� �$�U�K�L�W�H�F�W�X�U�D �V�L�V�W�H�P�X�O�X�L �G�H �V�X�S�U�D�Y�H�J�K�H�U�H �I�R�O�R�V�L�Q�G �V�H�Q��
�]�R�U�L �3�,�5 �S�H�Q�W�U�X �F�R�G�L�I�L�F�D�U�H�D �V�H�P�Q�D�O�X�O�X�L �X�O�W�U�D�V�R�Q�L�F �>�����@����

�)�L�J�X�U�D �������� �6�W�U�X�F�W�X�U�D �J�H�Q�H�U�D�O�� �D �P�L�F�U�R�I�R�Q�X�O�X�L �H�O�H�F�W�U�H�W �>�����@�� �� �� �� ����
�)�L�J�X�U�D �������� �$�U�K�L�W�H�F�W�X�U�D �V�L�V�W�H�P�X�O�X�L �G�H �G�H�W�H�F�W�D�U�H �D �F���G�H�U�L�O�R�U �F�X �R

�P�D�W�U�L�F�H �F�L�U�F�X�O�D�U�� �G�H �� �P�L�F�U�R�I�R�D�Q�H �>�������@���� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U �X�O�W�U�D�V�R�Q�L�F �S�L�H�]�R�H�O�H�F�W�U�L�F �>�����@���� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �0�R�G�X�O �G�H �R�S�H�U�D�U�H �R�S�X�V �D�O �X�Q�X�L �V�H�Q�]�R�U �X�O�W�U�D�V�R�Q�L�F �>�������@����
�)�L�J�X�U�D �������� �0�R�G�X�O �G�H �R�S�H�U�D�U�H �v�Q �G�L�I�X�]�L�H �D�O �X�Q�X�L �V�H�Q�]�R�U �X�O�W�U�D�V�R�Q�L�F

�>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �0�R�G�H�O �W�L�S�L�F �G�H �V�H�Q�V�L�E�L�O�L�W�D�W�H �S�H�Q�W�U�X �X�Q �V�H�Q�]�R�U �X�O�W�U�D�V�R��

�Q�L�F �P�R�Q�W�D�W �S�H �S�H�U�H�W�H �>�����@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �$�U�K�L�W�H�F�W�X�U�D �X�Q�X�L �V�L�V�W�H�P �G�H �D�O�H�U�W�D�U�H �ú�L �X�U�P���U�L�U�H �S�H�Q�W�U�X

�S�H�U�V�R�D�Q�H�O�H �Q�H�Y���]���W�R�D�U�H �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�W�k�Q�J�D�� �L�Q�W�H�U�S�U�H�W�k�Q�G �O�D �W�U�R�P�E�R�Q�� �'�U�H�D�S�W�D�� �L�Q�W�H�U�S�U�H��

�W�k�Q�G �O�D �W�U�R�P�E�R�V�R�Q�L�F �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �&�R�P�S�R�Q�H�Q�W�H�O�H �G�H �F�R�Q�W�U�R�O �D�O �V�X�Q�H�W�X�O�X�L �W�U�R�P�E�R�V�R�Q�L�F�X��

�O�X�L �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�W�U�X�F�W�X�U�D �P�H�F�D�Q�L�F�� �D �X�Q�X�L �D�F�F�H�O�H�U�R�P�H�W�U�X �P�R�Q�R�D�[�L�D�O

�>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �'�L�D�J�U�D�P�D �I�R�U� �H�O�R�U �F�D�U�H �D�F� �L�R�Q�H�D�]�� �D�V�X�S�U�D �F�R�U�S�X�O�X�L �D�F��

�F�H�O�H�U�R�P�H�W�U�X�O�X�L �>�����@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�F�K�L�P�E�D�U�H�D �F�D�S�D�F�L�W��� �L�L �G�D�W�R�U�L�W�� �V�F�K�L�P�E���U�L�L �G�L�V�W�D�Q� �H�L �G�L�Q��

�W�U�H �S�O���F�L �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �&�R�Q�G�H�Q�V�D�W�R�U �G�L�I�H�U�H�Q� �L�D�O �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �&�R�Q�I�L�J�X�U�D� �L�D �H�[�S�H�U�L�P�H�Q�W�D�O�� �D �V�L�V�W�H�P�X�O�X�L �G�H �P�R�Q�L�W�R�U�L��

�]�D�U�H �X�U�R�O�R�J�L�F�� �E�D�]�D�W �S�H �D�F�F�H�O�H�U�R�P�H�W�U�X �>�������@�� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �'�L�D�J�U�D�P�D���E�O�R�F �D �V�H�Q�]�R�U�X�O�X�L �6�K�D�U�S �>�������@�� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O �G�H �W�H�P�S�H�U�D�W�X�U�� �/�0���� �>�������@�� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O �6�7�3���� �S�H�Q�W�U�X �P���V�X�U�D�U�H�D �W�H�P�S�H�U�D�W�X�U�L�L �V�R�O�X��

�O�X�L �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O ���7�0 �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�R�Q�G�D �G�H �P���V�X�U�D�U�H �D �W�H�P�S�H�U�D�W�X�U�L�L �ú�L �X�P�L�G�L�W��� �L�L �V�R�O�X�O�X�L

�6�H�H�H�G �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O �G�H �X�P�L�G�L�W�D�W�H �6�S�D�U�N�I�X�Q �>�������@�� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �&�L�U�F�X�L�W�X�O �V�R�Q�G�H�O�R�U �G�H �P���V�X�U�D�U�H �D �X�P�L�G�L�W��� �L�L �V�R�O�X�O�X�L �>�������@����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O �0�/�� �7�K�H�W�D �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �6�H�Q�]�R�U�X�O �:�(�7 �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
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�)�L�J�X�U�D �������� �6�R�Q�G�D �3�5�� �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
�)�L�J�X�U�D �������� �7�H�Q�V�L�R�P�H�W�U�X �6�5 �,�U�U�R�P�H�W�H�U �>�������@�� �� �� �� �� �� �� �� �� �� �� �� ������

�)�L�J�X�U�D ������ �&�R�P�S�R�Q�H�Q�W�H�O�H �S�U�L�Q�F�L�S�D�O�H �D�O�H �X�Q�X�L �V�L�V�W�H�P �G�H �F�D�O�F�X�O�� �� ������
�)�L�J�X�U�D ������ �&�R�P�S�R�Q�H�Q�W�H�O�H �X�Q�X�L �P�L�F�U�R�F�R�Q�W�U�R�O�H�U�� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �3�L�Q�L �L�Q�W�U�D�U�H �Y�V�� �L�H�ú�L�U�H���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �3�U�H�G�L�Y�L�]�D�U�H�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �&�R�Q�H�F�W�D�U�H�D �V�H�U�L�D�O�� �D �G�R�X�� �S�O���F�L �G�H �G�H�]�Y�R�O�W�D�U�H �'�(�9�.�,�7��

�& �Y���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �3�D�F�K�H�W �G�H �G�D�W�H �v�Q �W�U�D�Q�V�P�L�V�L�D �V�H�U�L�D�O�� �>�������@�� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �3�D�ú�L�L �F�R�P�X�Q�L�F�D� �L�H�L �V�H�U�L�D�O�H �>�������@�� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �&�R�Q�H�F�W�D�U�H�D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �P�D�V�W�H�U �ú�L �D �F�H�O�X�L �V�O�D�Y�H �v�Q �F�R��

�P�X�Q�L�F�D� �L�D �6�3�, �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �&�R�Q�H�F�W�D�U�H�D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �P�D�V�W�H�U �ú�L �D �P�D�L �P�X�O�W�R�U �G�L�V��

�S�R�]�L�W�L�Y�H �V�O�D�Y�H �v�Q �F�R�P�X�Q�L�F�D� �L�D �6�3�, �>�������@�� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �5�H�J�L�V�W�U�H�O�H �S�H�Q�W�U�X �F�R�P�X�Q�L�F�D� �L�D �6�3�, �>�������@�� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �3�U�R�W�R�F�R�O�X�OI 2C �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �3�U�R�W�R�F�R�O�X�O �,���6 �>�������@�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �(�ú�D�Q�W�L�R�Q�D�U�H�D �V�H�P�Q�D�O�H�O�R�U �D�Q�D�O�R�J�L�F�H�� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �6�H�P�Q�D�O�X�O �F�X�D�Q�W�L�]�D�W �Y�V�� �V�H�P�Q�D�O�X�O �H�ú�D�Q�W�L�R�Q�D�W ���Q� ���� �0� ����

Umax = 1 �9��Umax = � 1 �9�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D �������� �6�H�P�Q�D�O�X�O �F�X�D�Q�W�L�]�D�W �Y�V�� �V�H�P�Q�D�O�X�O �H�ú�D�Q�W�L�R�Q�D�W ���Q� ���� �0� ����

Umax = 1 �9��Umax = 0 �9�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�)�L�J�X�U�D ������ �7�U�D�Q�V�P�L�V�L�D �V�H�P�Q�D�O�H�O�R�U �v�Q �F�R�P�X�Q�L�F�D� �L�L�O�H �I���U�� �I�L�U�� �� �� �� ������
�)�L�J�X�U�D ������ �3�D�W�U�X �G�L�Q�W�U�H �O�R�F�D� �L�L�O�H �S�R�V�L�E�L�O�H �D�O�H �X�Q�X�L �7�; �D�W�X�Q�F�L �F�k�Q�G

�V�H �F�X�Q�R�D�ú�W�H �5�6�6�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�)�L�J�X�U�D ������ �,�Q�I�O�X�H�Q� �D �I�D�F�W�R�U�X�O�X�L �G�H �v�P�S�U���ú�W�L�H�U�H�� �D �O���U�J�L�P�L�L �G�H �E�D�Q�G��

�ú�L �D �U�D�W�H�L �G�H �F�R�G �D�V�X�S�U�D �U�D�W�H�L �G�H �E�L�W �/�R�5�D�� �S�H �E�D�]�D �O���U��
�J�L�P�L�L �G�H �E�D�Q�G�� �D �P�R�G�X�O�X�O�X�L �/�R�5�D �6�H�P�W�H�F�K �6�;��������
�S�H�Q�W�U�X �F�D�U�H �%�:� �������������� �N�+�]�� �� �� �� �� �� �� �� �� �� �� �� �� ������
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�)�L�J�X�U�D �������� �(�Y�R�O�X� �L�D �Q�X�P���U�X�O�X�L �G�H �S�X�E�O�L�F�D� �L�L �v�Q �G�R�P�H�Q�L�X�O �,�Q�W�H�U�Q�H�W �R�I �7�K�L�Q�J�V �v�Q �S�H�U�L��
�R�D�G�D ������������������

�G�H �V�H�Q�]�R�U�L �Z�L�U�H�O�H�V�V�� �D�X �D�S���U�X�W �F�X�U�V�X�U�L �ú�L �D�S�O�L�F�D� �L�L ���O�D�E�R�U�D�W�R�U�� �S�U�R�L�H�F�W�� �G�H�G�L�F�D�W�H��
�Ì�Q �D�Q�L�L �D�Q�W�H�U�L�R�U�L�� �V�X�E�L�H�F�W�X�O�:�6�1 �V�H �F�R�Q�V�W�L�W�X�L�D �F�D �X�Q �F�D�S�L�W�R�O �D�Q�H�[�D�W �X�Q�X�L �F�X�U�V��
�v�Q �W�L�P�S �F�H�� �v�Q �S�U�H�]�H�Q�W�� �,�Q�W�H�U�Q�H�W�X�O�X�L �/�X�F�U�X�U�L�O�R�U �L �V�H �G�H�G�L�F�� �X�Q �F�X�U�V �v�Q�W�U�H�J�� �Ì�Q
�S�U�H�]�H�Q�W�� �v�Q �E�D�]�D �G�H �G�D�W�H �:�H�E �R�I �6�F�L�H�Q�F�H �H�[�L�V�W�� �������������� �U�H�I�H�U�L�Q� �H�� �F�D�U�H �P�H�Q� �L�R��
�Q�H�D�]�� �W�H�U�P�H�Q�X�O �G�H �,�Q�W�H�U�Q�H�W �R�I �7�K�L�Q�J�V ���Q�R�L�H�P�E�U�L�H ������������ �3�U�L�P�D �R�F�X�U�H�Q� �� �D �W�H�U��
�P�H�Q�X�O�X�L �v�Q �D�U�W�L�F�R�O�H�O�H �ú�W�L�L�Q� �L�I�L�F�H �L�Q�G�H�[�D�W�H �v�Q �D�F�H�D�V�W�� �E�D�]�� �G�H �G�D�W�H �D �I�R�V�W �v�Q ����������
�X�U�P�k�Q�G �F�D �v�Q �������� �Q�X�P���U�X�O �D�F�H�V�W�R�U�D �V�� �F�U�H�D�V�F�� �E�U�X�V�F �O�D ���� �G�H �D�U�W�L�F�R�O�H���� �D�ú�D
�F�X�P �L�O�X�V�W�U�H�D�]�� �)�L�J�X�U�D�������� �6�H �S�R�D�W�H �R�E�V�H�U�Y�D �X�Q �P�D�[�L�P �D�W�L�Q�V �v�Q ���������� �F�X �S�H�V�W�H
���� ������ �G�H �D�U�W�L�F�R�O�H �S�X�E�O�L�F�D�W�H�� �Ì�Q ���������� �O�D �G�D�W�D �L�Q�W�H�U�R�J���U�L�L �E�D�]�H�L �G�H �G�D�W�H�� �H�U�D�X
�S�H�V�W�H ���� ������ �G�H �D�U�W�L�F�R�O�H �S�X�E�O�L�F�D�W�H�� �G�D�U �D�F�H�V�W �O�X�F�U�X �S�R�D�W�H �I�L �P�R�W�L�Y�D�W �I�L�H �G�H �I�D�S��
�W�X�O �F�� �v�Q�F�� �V�X�Q�W �D�U�W�L�F�R�O�H �v�Q �D�ú�W�H�S�W�D�U�H�D �L�Q�G�H�[���U�L�L�� �I�L�H �G�H �H�[�L�V�W�H�Q� �D �X�Q�H�L �W�H�Q�G�L�Q� �H
�S�X�W�H�U�Q�L�F�H �G�H �D �U�D�P�L�I�L�F�D �D�F�H�V�W �F�R�Q�F�H�S�W�� �$�V�W�I�H�O�� �Y�R�P �v�Q�W�k�O�Q�L �v�Q �O�L�W�H�U�D�W�X�U�D �G�H �V�S�H��
�F�L�D�O�L�W�D�W�H �F�R�Q�F�H�S�W�H �G�H�U�L�Y�D�W�H�� �S�U�H�F�X�P�� �,�Q�W�H�U�Q�H�W�X�O �/�X�F�U�X�U�L�O�R�U �0�H�G�L�F�D�O�H �>���@�� �0�X��
�]�L�F�D�O�H �>���������@�� �0�D�U�L�W�L�P�H �>�����@�� �6�X�E�D�F�Y�D�W�L�Y�H �>�����@�� �5�R�E�R�W�L�F�H �>�����������@�� �,�Q�W�H�U�Q�H�W�X�O
�9�H�K�L�F�X�O�H�O�R�U �>�����@�� �9�H�K�L�F�X�O�H�O�R�U �$�X�W�R�Q�R�P�H �>�����@ �ú�L �D�O�W�H�O�H��

���K�W�W�S�V�������Z�Z�Z���Z�H�E�R�I�V�F�L�H�Q�F�H���F�R�P���Z�R�V���Z�R�V�F�F���V�X�P�P�D�U�\���������������D�������H���������H�I�H���E��������
���E���������G�F�F���F�����E���F���H���������U�H�O�H�Y�D�Q�F�H����
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�V�L�V�W�H�P�H �H�O�H�F�W�U�R�Q�L�F�H �S�H�Q�W�U�X �F�R�P�X�Q�L�F�D� �L�L�����,�R�7�R�I�H�U�� �V�R�O�X� �L�L �S�H�Q�W�U�X �D�S�U�R�D�S�H �R�U�L�F�H
�L�Q�G�X�V�W�U�L�H �>�����@�� �$�V�W�I�H�O�� �V�H �S�X�Q �E�D�]�H�O�H �G�H�]�Y�R�O�W���U�L�L �R�U�D�ú�H�O�R�U �L�Q�W�H�O�L�J�H�Q�W�H ���6�P�D�U�W �&�L��
�W�L�H�V���� �F�D�V�H�O�R�U �L�Q�W�H�O�L�J�H�Q�W�H ���6�P�D�U�W �+�R�P�H���� �D�J�U�L�F�X�O�W�X�U�L�L �L�Q�W�H�O�L�J�H�Q�W�H ���6�P�D�U�W �$�J�U�L��
�F�X�O�W�X�U�H�� �>�����@ �V�D�X �F�K�L�D�U �D �V�H�U�Y�L�F�L�L�O�R�U �P�H�G�L�F�D�O�H �ú�L �P�R�Q�L�W�R�U�L�]���U�L�L �V�W���U�L�L �S�D�F�L�H�Q� �L�O�R�U
�G�H �O�D �G�L�V�W�D�Q� �� �S�U�L�Q �F�H�H�D �F�H �S�R�D�U�W�� �Q�X�P�H�O�H �G�H �,�Q�W�H�U�Q�H�W �D�O �G�L�V�S�R�]�L�W�L�Y�H�O�R�U �P�H�G�L�F�D�O�H
���,�Q�W�H�U�Q�H�W �R�I �0�H�G�L�F�D�O �7�K�L�Q�J�V ���,�R�0�7����

�2�E�L�H�F�W�H�O�H�� �D�ú�D���Q�X�P�L�W�H�O�H �Ä�W�K�L�Q�J�V�´�� �v�Q�,�R�7�Q�X �D�X �R �G�H�I�L�Q�L� �L�H �V�W�U�L�F�W���� �F�L �L�Q�F�O�X�G
�R �Y�D�U�L�H�W�D�W�H �G�H �H�O�H�P�H�Q�W�H �V�D�X �G�L�V�S�R�]�L�W�L�Y�H �I�L�]�L�F�H�� �'�H�]�Y�R�O�W�D�U�H�D �X�Q�R�U �D�S�O�L�F�D� �L�L �F�D�U�H
�S�U�H�V�X�S�X�Q �L�Q�W�H�U�F�R�Q�H�F�W�D�U�H�D �D�F�H�V�W�R�U �R�E�L�H�F�W�H �L�P�S�O�L�F�� �Q�X�P�H�U�R�D�V�H �S�U�R�Y�R�F���U�L �>�����@��
�L�Q�W�H�U�R�S�H�U�D�E�L�O�L�W�D�W�H�D �G�L�V�S�R�]�L�W�L�Y�H�O�R�U�� �D�S�O�L�F�D� �L�L�O�R�U �ú�L �V�H�U�Y�L�F�L�L�O�R�U�� �V�R�O�X� �L�L �G�H �F�R�P�X��
�Q�L�F�D� �L�L �F�D�U�H �V�� �U���V�S�X�Q�G�� �F�H�U�L�Q� �H�O�R�U �G�H �H�I�L�F�L�H�Q� �� �H�Q�H�U�J�H�W�L�F���� �G�H �D�F�R�S�H�U�L�U�H �H�W�F����
�S�U�R�E�O�H�P�H �G�H �V�H�F�X�U�L�W�D�W�H �V�D�X �G�H �F�R�Q�I�L�G�H�Q� �L�D�O�L�W�D�W�H��

�Ì�Q �F�H�H�D �F�H �S�U�L�Y�H�ú�W�H �S�U�R�E�O�H�P�D �L�Q�W�H�U�R�S�H�U�D�E�L�O�L�W��� �L�L�� �V�R�I�W�Z�D�U�H���X�O �G�H �W�L�S �P�L�G�G�O�H��
�Z�D�U�H �S�R�D�W�H �I�D�F�L�O�L�W�D �G�H�]�Y�R�O�W�D�U�H�D �V�H�U�Y�L�F�L�L�O�R�U �ú�L �D�S�O�L�F�D� �L�L�O�R�U�� �R�I�H�U�L�Q�G �V�X�S�R�U�W �S�H�Q�W�U�X
�L�Q�W�H�J�U�D�U�H�D �G�L�Y�H�U�V�H�O�R�U �G�L�V�S�R�]�L�W�L�Y�H �D�O�H �X�W�L�O�L�]�D�W�R�U�L�O�R�U�� �D �H�F�K�L�S�D�P�H�Q�W�H�O�R�U �H�W�H�U�R�J�H�Q�H
�G�H �F�D�O�F�X�O �ú�L �F�R�P�X�Q�L�F�D� �L�L �>�����@��

�&�R�P�X�Q�L�F�D� �L�D �G�L�Q�W�U�H �P�X�O�W�L�W�X�G�L�Q�H�D �G�H �G�L�V�S�R�]�L�W�L�Y�H ���W�H�O�H�I�R�D�Q�H �L�Q�W�H�O�L�J�H�Q�W�H�� �W�D��
�E�O�H�W�H�� �V�H�Q�]�R�U�L�� �D�F�W�X�D�W�R�D�U�H�� �ú�L �V�H�U�Y�L�F�L�L�O�H �F�R�Q�H�[�H �W�U�H�E�X�L�H �V�� �I�L�H �S�R�V�L�E�L�O�� �v�Q �R�U�L�F�H
�P�R�P�H�Q�W�� �v�Q �R�U�L�F�H �O�R�F�� �D�X�W�R�Q�R�P �>�����@�� �7�H�K�Q�R�O�R�J�L�D �G�H �F�R�P�X�Q�L�F�D� �L�L �I�R�O�R�V�L�W�� �W�U�H��
�E�X�L�H �V�� �D�L�E�� �R �H�I�L�F�L�H�Q� �� �V�S�R�U�L�W�� �G�L�Q �S�X�Q�F�W�X�O �G�H �Y�H�G�H�U�H �D�O �F�R�Q�V�X�P�X�O�X�L �G�H �H�Q�H�U�J�L�H��
�v�Q�G�H�R�V�H�E�L �D�W�X�Q�F�L �F�k�Q�G �G�L�V�S�R�]�L�W�L�Y�H�O�H �V�X�Q�W �X�W�L�O�L�]�D�W�H �v�Q �O�R�F�X�U�L �J�U�H�X �D�F�F�H�V�L�E�L�O�H �V�D�X
�F�k�Q�G �U�H�V�X�U�V�H�O�H �G�H �H�Q�H�U�J�L�H �V�X�Q�W �O�L�P�L�W�D�W�H ���G�H �H�[�H�P�S�O�X�� �D�W�X�Q�F�L �F�k�Q�G �G�L�V�S�R�]�L�W�L�Y�H�O�H
�V�X�Q�W �D�O�L�P�H�Q�W�D�W�H �G�H �O�D �S�D�Q�R�X�U�L �V�R�O�D�U�H���� �'�H �D�V�H�P�H�Q�H�D�� �W�H�K�Q�R�O�R�J�L�D �G�H �F�R�P�X�Q�L�F�D� �L�L
�X�W�L�O�L�]�D�W�� �W�U�H�E�X�L�H �V�� �D�V�L�J�X�U�H �R �U�D�]�� �G�H �D�F�R�S�H�U�L�U�H �D�G�H�F�Y�D�W�� �F�D�]�X�O�X�L �G�H �X�W�L�O�L�]�D�U�H�� �F�D
�ú�L �U�D�W�D �G�H �W�U�D�Q�V�P�L�V�L�H �Q�H�F�H�V�D�U�� �W�U�D�Q�V�P�L�W�H�U�L�L �G�D�W�H�O�R�U �V�W�D�E�L�O�L�W�H �S�U�L�Q �U�H�V�S�H�F�W�L�Y�X�O �F�D�]
�G�H �X�W�L�O�L�]�D�U�H��

�(�F�R�V�L�V�W�H�P�X�O �,�R�7 �H�V�W�H �F�D�U�D�F�W�H�U�L�]�D�W �D�V�W�I�H�O��

�‡�G�L�V�S�R�]�L�W�L�Y�H�O�H �ú�L �V�L�V�W�H�P�H�O�H �,�R�7 �V�X�Q�W �D�P�S�O�D�V�D�W�H �v�Q�W�U���R �D�U�L�H �J�H�R�J�U�D�I�L�F�� �O�D�U�J����

�‡�P�H�G�L�L�O�H �v�Q �F�D�U�H �V�X�Q�W �D�P�S�O�D�V�D�W�H �S�R�W �I�L �G�H�V�F�K�L�V�H �ú�L �Q�H�F�R�Q�W�U�R�O�D�W�H��

�‡�U���V�S�k�Q�G�L�U�H�D �G�L�V�S�R�]�L�W�L�Y�H�O�R�U �ú�L �V�L�V�W�H�P�H�O�R�U �,�R�7 �v�Q �P�X�O�W�L�S�O�H �U�H�J�L�X�Q�L �G�L�I�H�U�L�W�H
�G�L�Q �S�X�Q�F�W �G�H �Y�H�G�H�U�H �D�G�P�L�Q�L�V�W�U�D�W�L�Y�� �F�X �P�H�F�D�Q�L�V�P�H�� �P�H�G�L�L�� �W�H�K�Q�R�O�R�J�L�L �ú�L
�S�U�R�F�H�V�H �G�L�I�H�U�L�W�H��

�‡�G�H�V�H�R�U�L�� �V�L�V�W�H�P�H�O�H �,�R�7 �G�H�S�L�Q�G �G�H �V�W�D�Q�G�D�U�G�H �S�U�R�S�U�L�H�W�D�U�H��

�‡�P�D�M�R�U�L�W�D�W�H�D �V�L�V�W�H�P�H�O�R�U �,�R�7 �Q�X �V�X�Q�W �F�R�Q�V�W�U�X�L�W�H �G�X�S�� �R �D�U�K�L�W�H�F�W�X�U�� �S�H �Q�L�Y�H��
�O�X�U�L �D�F�F�H�S�W�D�W�� �X�Q�D�Q�L�P�� �F�L �F�R�Q�V�W�L�W�X�L�H �X�Q �P�H�G�L�X �S�X�W�H�U�Q�L�F �I�U�D�J�P�H�Q�W�D�W��

�‡�G�L�V�S�R�]�L�W�L�Y�H�O�H �W�H�U�P�L�Q�D�O�H �I�R�O�R�V�H�V�F �P�R�G�H�O�H �G�L�I�H�U�L�W�H �G�H �D�G�U�H�V�D�U�H �ú�L �I�R�U�P�D�W�H
�H�W�H�U�R�J�H�Q�H �G�H �D�G�U�H�V�D�U�H�� �I�L�H�F�D�U�H �G�L�Q�W�U�H �D�F�H�V�W�H�D �I�L�L�Q�G �R�S�W�L�P�L�]�D�W�H �S�H�Q�W�U�X �R
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�)�L�J�X�U�D �������� �&�R�P�S�R�Q�H�Q�W�H�O�H �X�Q�X�L �Q�R�G �G�H �V�H�Q�]�R�U�L

�H�V�H�Q� �L�D�O�� �S�H�Q�W�U�X �F�D �V�H�P�Q�D�O�H�O�H �D�Q�D�O�R�J�L�F�H �D�O�H �D�F�H�V�W�R�U�D �V�� �I�L�H �F�R�Q�Y�H�U�W�L�W�H �v�Q �V�H�P��
�Q�D�O�H �G�L�J�L�W�D�O�H �F�H �S�R�D�W�H �I�L �L�Q�W�H�U�S�U�H�W�D�W�H�� �G�H �H�[�H�P�S�O�X�� �G�H �X�Q �P�L�F�U�R�F�R�Q�W�U�R�O�H�U�� �Ì�Q
�&�D�S�L�W�R�O�X�O���� �V�H �Y�R�U �G�L�V�F�X�W�D �P�D�L �v�Q �G�H�W�D�O�L�X �D�V�S�H�F�W�H�O�H �O�H�J�D�W�H �G�H �I�X�Q�F� �L�R�Q�D�U�H�D �ú�L
�X�W�L�O�L�]�D�U�H�D �V�H�Q�]�R�U�L�O�R�U��

�8�Q�L�W�D�W�H�D �G�H �D�F�K�L�]�L� �L�H �ú�L �S�U�R�F�H�V�D�U�H ���8�$�3�� �U�H�S�U�H�]�L�Q�W�� �X�Q �G�L�V�S�R�]�L�W�L�Y �G�H �F�D�O�F�X�O
�F�X �U�H�V�X�U�V�H�� �G�H �R�E�L�F�H�L�� �O�L�P�L�W�D�W�H�� �$�F�H�D�V�W�� �X�Q�L�W�D�W�H �S�R�D�W�H �D�Y�H�D �v�Q �F�R�P�S�R�Q�H�Q� �D �H�L
�X�Q �P�L�F�U�R�F�R�Q�W�U�R�O�H�U �� �F�X �H�O�H�P�H�Q�W�H �L�Q�W�H�J�U�D�W�H�� �D�ú�D �F�X�P �V�X�Q�W �F�R�Q�Y�H�U�W�R�D�U�H�O�H �D�Q�D�O�R�J��
�Q�X�P�H�U�L�F�H�� �'�H �D�V�H�P�H�Q�H�D�� �X�Q�L�W�D�W�H�D �G�H �D�F�K�L�]�L� �L�H �F�X�S�U�L�Q�G�H �L�Q�W�H�U�I�H� �H �G�H �F�R�P�X��
�Q�L�F�D� �L�H �S�U�H�F�X�P �F�H�D �V�H�U�L�D�O����I 2C ���L�Q�W�H�U�I�D� �� �v�Q�W�U�H �F�L�U�F�X�L�W�H �L�Q�W�H�J�U�D�W�H�����6�3�,���L�Q�W�H�U��
�I�D� �� �V�H�U�L�D�O�� �S�H�U�L�I�H�U�L�F������ �R�V�F�L�O�D�W�R�U�� �F�R�Q�H�F�W�R�U�8�6�%���P�D�J�L�V�W�U�D�O�� �V�H�U�L�D�O�� �X�Q�L�Y�H�U�V�D�O������
�P�H�P�R�U�L�H �ú���D��

�2 �D�O�W�� �F�D�W�H�J�R�U�L�H �G�H �X�Q�L�W��� �L �G�H �D�F�K�L�]�L� �L�H �ú�L �S�U�R�F�H�V�D�U�H �V�H �E�D�]�H�D�]�� �S�H �P�L�F�U�R��
�S�U�R�F�H�V�R�D�U�H�� �6�H �Y�R�U �G�H�W�D�O�L�D �D�V�S�H�F�W�H �O�H�J�D�W�H �G�H �X�Q�L�W��� �L�O�H �G�H �D�F�K�L�]�L� �L�H �ú�L �S�U�R�F�H�V�D�U�H
�v�Q �&�D�S�L�W�R�O�X�O����

�0�R�G�X�O�X�O �G�H �F�R�P�X�Q�L�F�D� �L�H �I���U�� �I�L�U �H�V�W�H �X�Q �H�P�L� ���W�R�U���U�H�F�H�S�W�R�U �F�D�U�H �D�U�H �U�R�O�X�O �G�H
�D �W�U�D�Q�V�P�L�W�H �G�D�W�H�O�H �D�F�K�L�]�L� �L�R�Q�D�W�H �G�H �O�D �V�H�Q�]�R�U�L �ú�L �S�U�R�F�H�V�D�W�H �G�H�8�$�3�F���W�U�H �D�O�W�H �G�L�V��
�S�R�]�L�W�L�Y�H �F�D�U�H �F�R�P�X�Q�L�F�� �S�U�L�Q �D�F�H�H�D�ú�L �W�H�K�Q�R�O�R�J�L�H�� �D�I�O�D�W�H �v�Q �U�D�]�D �V�D �G�H �D�F�R�S�H�U�L�U�H��
�'�H �D�V�H�P�H�Q�H�D�� �P�R�G�X�O�X�O �I���U�� �I�L�U �F�H �L�Q�W�U�� �v�Q �F�R�P�S�R�Q�H�Q� �D �Q�R�G�X�O�X�L �G�H �V�H�Q�]�R�U�L �S�R�D�W�H
�U�H�F�H�S� �L�R�Q�D �G�D�W�H�O�H �W�U�D�Q�V�P�L�V�H �G�H �Q�R�G�X�U�L�O�H �G�H �V�H�Q�]�R�U�L �G�L�Q �D�F�H�H�D�ú�L �U�H� �H�D�� �6�X�U�V�D �G�H
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�)�L�L�Q�G �X�Q �V�H�Q�]�R�U �S�D�V�L�Y�� �V�H�Q�]�R�U�X�O �S�D�V�L�Y �v�Q �L�Q�I�U�D�U�R�ú�X ���3�D�V�V�L�Y�H �,�Q�I�U�D�5�H�G���3�,�5��
�Q�X �H�P�L�W�H �H�Q�H�U�J�L�H�� �F�L �G�R�D�U �Ä�D�V�F�X�O�W���´ �P�H�G�L�X�O �S�H�Q�W�U�X �D �F�D�S�W�X�U�D �P�R�G�L�I�L�F���U�L�O�H �F�k�P��
�S�X�O�X�L �G�H �H�Q�H�U�J�L�H �S�H�Q�W�U�X �F�D�U�H �D �I�R�V�W �S�U�R�L�H�F�W�D�W�� �H�Q�H�U�J�L�D �W�H�U�P�L�F���� �'�H �D�F�H�H�D �W�U�H�E�X�L�H
�P�H�Q� �L�R�Q�D�W �F�� �3�,�5 �Q�X �P���V�R�D�U�� �H�Q�H�U�J�L�D �S�U�L�P�L�W���� �F�L �G�R�D�U �P�R�G�L�I�L�F���U�L�O�H �E�U�X�ú�W�H �D�O�H
�D�F�H�V�W�H�L�D�� �&�X �D�O�W�H �F�X�Y�L�Q�W�H�� �G�H�W�H�F�W�H�D�]�� �]�R�Q�H �F�D�O�G�H ���G�H �H�[�H�P�S�O�X�� �F�R�U�S�X�O �X�P�D�Q��
�F�D�U�H �V�X�Q�W �v�Q �F�R�Q�W�U�D�V�W �F�X �X�Q �I�X�Q�G�D�O �P�D�L �U�H�F�H �>�����������@��

�'�H�ú�L �R�U�L�F�H �R�E�L�H�F�W �F�X �R �W�H�P�S�H�U�D�W�X�U�� �P�D�L �P�D�U�H �G�H �� �. ���������������� �ž�&�� �H�P�L�W�H
�H�Q�H�U�J�L�H �W�H�U�P�L�F���� �V�H�Q�]�R�U�L�L�3�,�5�V�X�Q�W �S�U�R�L�H�F�W�D� �L �V�� �G�H�W�H�F�W�H�]�H �G�L�I�H�U�H�Q� �D �G�L�Q�W�U�H �R�U�L�F�H
�R�E�L�H�F�W �G�L�Q �P�H�G�L�X ���F�D�U�H �D �D�M�X�Q�V �G�H�M�D �O�D �W�H�P�S�H�U�D�W�X�U�D �P�H�G�L�X�O�X�L�� �ú�L �X�Q �F�R�U�S �Y�L�X �D
�F���U�X�L �W�H�P�S�H�U�D�W�X�U�� �Y�D�U�L�D�]�� �v�Q�W�U�H ���� �ú�L ���� �ž�& �>�����@��

�Ì�Q �R�S�W�R�H�O�H�F�W�U�R�Q�L�F���� �/�H�J�H�D �O�X�L �3�O�D�Q�F�N �D�U�D�W�� �F�X�P �V�H �S�R�D�W�H �G�H�W�H�U�P�L�Q�D �F�D�Q�W�L��
�W�D�W�H�D �G�H �H�Q�H�U�J�L�H �H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F�� �U�D�G�L�D�W�� �G�H �X�Q �F�R�U�S �Q�H�J�U�X �D�I�O�D�W �v�Q �H�F�K�L�O�L�E�U�X
�W�H�U�P�L�F ���(�F�X�D� �L�D����������
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� (! ) �H�V�W�H�� �G�H �D�V�H�P�H�Q�H�D�� �Q�X�P�L�W�� �G�H�Q�V�L�W�D�W�H�D �G�H �H�Q�H�U�J�L�H �U�D�G�L�D�Q�W�� �>�����@��
�Ì�Q �W�H�U�P�R�G�L�Q�D�P�L�F�D �F�O�D�V�L�F���� �D �I�R�V�W �S�R�V�L�E�L�O �V�� �V�H �G�H�P�R�Q�V�W�U�H�]�H �/�H�J�H�D �'�H�S�O�D��

�V���U�L�L �D �O�X�L �:�L�H�Q�� �$�F�H�D�V�W�D �D�I�L�U�P�� �F�� �O�X�Q�J�L�P�H�D �G�H �X�Q�G�� �F�R�U�H�V�S�X�Q�]���W�R�D�U�H �P�D�[�L��
�P�X�O�X�L �G�H�Q�V�L�W��� �L�L �G�H �H�Q�H�U�J�L�H �U�D�G�L�D�Q�W�� �H�V�W�H �L�Q�Y�H�U�V �S�U�R�S�R�U� �L�R�Q�D�O�� �F�X �W�H�P�S�H�U�D�W�X�U�D
�D�E�V�R�O�X�W�� �>�����������@�� �,�Q�L� �L�D�O�� �:�L�H�Q �Q�X �D �S�X�W�X�W �G�H�W�H�U�P�L�Q�D �Y�D�O�R�D�U�H�D �F�R�Q�V�W�D�Q�W���� �D�ú�D
�F�� �D �G�H�G�X�V �(�F�X�D� �L�D��������
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�'�X�S�� �G�H�U�L�Y�D�U�H�D� (! ) �v�Q �I�X�Q�F� �L�H �G�H! �ú�L �H�J�D�O�D�U�H�D �F�X �� ���S�H�Q�W�U�X �G�H�W�H�U�P�L�Q�D�U�H�D
�S�X�Q�F�W�H�O�R�U �H�[�W�U�H�P�H���� �V���D �S�X�W�X�W �F�R�Q�V�W�D�W�D �F��
 �S�R�D�W�H �I�L �G�H�V�F�U�L�V�� �S�U�L�Q �(�F�X�D� �L�D��������
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�3�U�L�Q �V�L�P�S�O�D �L�Q�W�U�R�G�X�F�H�U�H �D �F�R�Q�V�W�D�Q�W�H�O�R�U �E�L�Q�H �F�X�Q�R�V�F�X�W�H �v�Q �(�F�X�D� �L�D��������

�‡�Y�L�W�H�]�D �O�X�P�L�Q�L�L �v�Q �Y�L�Gc0 = 3 � 108 m/ s

�‡�F�R�Q�V�W�D�Q�W�D �O�X�L �3�O�D�Q�F�Nh = 6; 62� 10� 34 J � s

�‡�F�R�Q�V�W�D�Q�W�D �O�X�L �%�R�O�W�]�P�D�Q�QkB = 1; 38� 10� 23 J / K

�V�H �R�E� �L�Q�H �F��
 = 2 ; 898� 10� 3 K � m�� �3�U�L�Q �X�U�P�D�U�H�� �O�X�Q�J�L�P�H�D �G�H �X�Q�G��
���v�Q �P�L�F�U�R�P�H�W�U�L�� �D �X�Q�X�L �F�R�U�S �Q�H�J�U�X �D�Y�k�Q�G �R �D�Q�X�P�L�W�� �W�H�P�S�H�U�D�W�X�U�� �H�V�W�H �G�D�W�� �S�U�L�Q
�(�F�X�D� �L�D��������
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�)�R�O�R�V�L�Q�G �(�F�X�D� �L�D�������� �V�H �S�R�D�W�H �G�H�W�H�U�P�L�Q�D �G�R�P�H�Q�L�X�O �S�H�Q�W�U�X �O�X�Q�J�L�P�H�D �G�H
�X�Q�G�� �D�V�W�I�H�O �v�Q�F�k�W �V�� �F�X�S�U�L�Q�G�� �G�R�P�H�Q�L�X�O �G�H �W�H�P�S�H�U�D�W�X�U�� �S�H�Q�W�U�X �X�Q �F�R�U�S �Y�L�X��
�$�V�W�I�H�O�� �G�R�P�H�Q�L�X�O �G�H �W�H�P�S�H�U�D�W�X�U�� �H�[�S�U�L�P�D�W�� �v�Q �J�U�D�G�H �&�H�O�V�L�X�V�� ���������� �ž�&�� �F�R��
�U�H�V�S�X�Q�G�H �G�R�P�H�Q�L�X�O�X�L �G�H �W�H�P�S�H�U�D�W�X�U�L �.�H�O�Y�L�Q �������������� �.�� �$�F�H�D�V�W�D �v�Q�V�H�D�P�Q�� �R
�O�X�Q�J�L�P�H �G�H �X�Q�G�� �v�Q �L�Q�W�H�U�Y�D�O�X�O �����������������������m �� �F�D�U�H �H�V�W�H�� �v�Q�W�U���D�G�H�Y���U�� �v�Q �V�S�H�F��
�W�U�X�O �L�Q�I�U�D�U�R�ú�X ���������m ���� �P�P�� �>�����@��

�)�L�H�F�D�U�H �V�H�Q�]�R�U �D�U�H �X�Q �H�O�H�P�H�Q�W �G�H �G�H�W�H�F� �L�H �F�D�U�H �U���V�S�X�Q�G�H �O�D �X�Q �D�Q�X�P�L�W �W�L�S �G�H
�V�W�L�P�X�O�� �Ì�Q �F�D�]�X�O �V�H�Q�]�R�U�L�O�R�U �S�D�V�L�Y�L �v�Q �L�Q�I�U�D�U�R�ú�X�� �V�H �G�L�V�W�L�Q�J �W�U�H�L �W�L�S�X�U�L �G�H �H�O�H�P�H�Q�W�H
�G�H �G�H�W�H�F� �L�H��

�‡�E�R�O�R�P�H�W�U�X��

�‡�W�H�U�P�R�S�L�O����

�‡�H�O�H�P�H�Q�W �S�L�U�R�H�O�H�F�W�U�L�F �>�����@��

�%�R�O�R�P�H�W�U�X�O �ú�L �W�H�U�P�R�S�L�O�D �V�X�Q�W �U�D�U �X�W�L�O�L�]�D�W�H �S�H�Q�W�U�X �V�H�Q�]�R�U�L�L �S�D�V�L�Y�L �v�Q �L�Q�I�U�D��
�U�R�ú�X�� �'�H �D�F�H�H�D�� �V�H�F� �L�X�Q�H�D �Y�D �I�L �F�R�Q�F�H�Q�W�U�D�W�� �G�R�D�U �S�H �H�O�H�P�H�Q�W�X�O �S�L�U�R�H�O�H�F�W�U�L�F��

�(�O�H�P�H�Q�W�X�O �G�H �G�H�W�H�F� �L�H �S�L�U�R�H�O�H�F�W�U�L�F �V�H �E�D�]�H�D�]�� �S�H �I�H�Q�R�P�H�Q�X�O �S�L�U�R�H�O�H�F�W�U�L�F
�F�D�U�H �F�D�U�D�F�W�H�U�L�]�H�D�]�� �X�Q �P�D�W�H�U�L�D�O �D �F���U�X�L �S�R�O�D�U�L�]�D�U�H �V�H �P�R�G�L�I�L�F�� �D�W�X�Q�F�L �F�k�Q�G �W�H�P��
�S�H�U�D�W�X�U�D �V�D �V�H �V�F�K�L�P�E���� �Ì�Q �D�F�H�V�W �I�H�O�� �V�H �J�H�Q�H�U�H�D�]�� �R �W�H�Q�V�L�X�Q�H �W�H�P�S�R�U�D�U�� �F�D �U���V��
�S�X�Q�V �O�D �v�Q�F���O�]�L�U�H�D �P�D�W�H�U�L�D�O�X�O�X�L�� �D�G�L�F�� �D�W�X�Q�F�L �F�k�Q�G �X�Q �I�O�X�[ �G�H �H�Q�H�U�J�L�H �W�H�U�P�L�F��
�D�I�H�F�W�H�D�]�� �D�F�H�O �P�D�W�H�U�L�D�O �>�����@��

�(�O�H�P�H�Q�W�H�O�H �G�H �G�H�W�H�F� �L�H �V�H �E�D�]�H�D�]�� �S�H �S�H�O�L�F�X�O�H �S�L�U�R�H�O�H�F�W�U�L�F�H �F�D�U�H �D�F� �L�R�Q�H�D�]��
�F�D �G�L�H�O�H�F�W�U�L�F�H�� �v�Q�F���U�F�k�Q�G�X���V�H �D�W�X�Q�F�L �F�k�Q�G �U�D�G�L�D� �L�D �L�Q�I�U�D�U�R�ú�L�H �H�V�W�H �L�Q�F�L�G�H�Q�W�� �D�V�X��
�S�U�D �O�R�U�� �)�L�L�Q�G �F�R�Q�F�H�S�X�W �F�D �X�Q �F�R�Q�G�H�Q�V�D�W�R�U�� �H�O�H�P�H�Q�W�X�O �G�H �G�H�W�H�F� �L�H �D�U�H �G�R�X��
�S�O���F�L�� �X�Q�D �G�L�Q�W�U�H �H�O�H �U�H�D�O�L�]�D�W�� �G�L�Q �P�H�W�D�O�� �L�D�U �F�H�D�O�D�O�W�� �G�L�Q�W�U���X�Q �P�D�W�H�U�L�D�O �S�L�U�R�H��
�O�H�F�W�U�L�F�� �&�k�Q�G �U�D�G�L�D� �L�D �v�Q �V�S�H�F�W�U�X�O �L�Q�I�U�D�U�R�ú�X �D�M�X�Q�J�H �S�H �P�D�W�H�U�L�D�O�X�O �S�L�U�R�H�O�H�F�W�U�L�F��
�V�H�S�D�U�� �V�D�U�F�L�Q�L�O�H �ú�L �W�H�Q�V�L�X�Q�H�D �S�H �F�R�Q�G�H�Q�V�D�W�R�U�X�O �S�L�U�R�H�O�H�F�W�U�L�F �V�H �V�F�K�L�P�E�� �G�D�W�R�U�L�W��
�P�R�G�L�I�L�F���U�L�L �V�D�U�F�L�Q�L�L �F�D�U�H�� �O�D �U�k�Q�G�X�O �V���X�� �H�V�W�H �P�R�G�L�I�L�F�D�W�� �G�H �F�D�Q�W�L�W�D�W�H�D �G�H �U�D�G�L�D� �L�H
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�U�D�G�L�D� �L�H�L�� �>�����@

�Q�X �S�H�U�F�H�S�H �Q�L�F�L�R �D�F�W�L�Y�L�W�D�W�H �>�����@�� �3�H�U�V�R�D�Q�D �W�U�H�E�X�L�H �V�� �W�U�H�D�F�� �S�U�L�Q �I�D� �D �V�H�Q�]�R�U�X��
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�Q�L�W�R�U�L�]�D�U�H�D �S�H�U�V�R�D�Q�H�O�R�U �F�D�U�H �W�U�H�F �S�U�L�Q�W�U���X�Q �F�R�U�L�G�R�U�� �Ì�Q �D�F�H�V�W �V�F�R�S�� �D�X �S�O�D�V�D�W �v�Q
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�S�H�U�H� �L�L �R�S�X�ú�L�� �)�L�H�F�D�U�H �P�R�G�X�O �D �F�R�Q�V�W�D�W �G�L�Q �S�D�W�U�X �V�H�Q�]�R�U�L�3�,�5�� �D�ú�D �F�X�P �H�V�W�H
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�)�L�J�X�U�D ���������� ���D�� �'�L�D�J�U�D�P�D �R�U�L�H�Q�W���U�L�L �F�H�O�R�U �S�D�W�U�X �V�H�Q�]�R�U�L�3�,�5�� ���E�� �3�O�D�V�D�U�H�D �F�H�O�R�U �S�D�W�U�X
�V�H�Q�]�R�U�L�3�,�5�v�Q �I�L�H�F�D�U�H �G�L�Q�W�U�H �F�H�O�H �W�U�H�L �P�R�G�X�O�H�� ���F�� �6�F�K�H�P�D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �S�H�Q�W�U�X �G�H��
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�G�L�V�W�D�Q� �H �G�L�I�H�U�L�W�H ���D�S�U�R�D�S�H �G�H �X�Q�X�O �G�L�Q�W�U�H �V�H�Q�]�R�U�L�L �G�H �S�H �S�H�U�H� �L�L �R�S�X�ú�L�� �D�S�U�R�D�S�H �G�H
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�&�R�Q�I�L�J�X�U�D� �L�D �H�[�S�H�U�L�P�H�Q�W�D�O�� �H�V�W�H �S�U�H�]�H�Q�W�D�W�� �v�Q �)�L�J�X�U�D���������� �6���D�X �X�W�L�O�L�]�D�W
�X�Q �V�H�W �G�H �G�D�W�H �E�U�X�W�H �ú�L �X�Q �V�H�W �G�H �F�D�U�D�F�W�H�U�L�V�W�L�F�L �U�H�G�X�V�H �ú�L �I�L�H�F�D�U�H �V�H�Q�]�R�U �3�,�5 �D
�R�I�H�U�L�W �L�Q�I�R�U�P�D� �L�L �G�H�V�S�U�H �G�X�U�D�W�D �W�U�H�F�H�U�L�L�� �'�L�Q �V�H�W�X�O �G�H �G�D�W�H �E�U�X�W�H�� �F�R�O�H�F�W�D�W �G�H
�O�D �I�L�H�F�D�U�H �V�H�Q�]�R�U�3�,�5�G�L�Q �F�H�O�H �W�U�H�L �P�R�G�X�O�H�� �V���D �R�E� �L�Q�X�W �R �D�F�X�U�D�W�H� �H �P�D�L �P�D�U�H
�G�H ������ �S�H�Q�W�U�X �G�L�V�F�H�U�Q�H�U�H�D �v�Q�W�U�H �V�X�E�L�H�F� �L�� �L�G�H�Q�W�L�I�L�F�D�U�H�D �G�L�U�H�F� �L�H�L �ú�L �Y�L�W�H�]�H�L �G�H
�P�L�ú�F�D�U�H �ú�L �G�L�V�W�D�Q� �D �I�D� �� �G�H �V�H�Q�]�R�U�� �'�L�Q �V�H�W�X�O �G�H �F�D�U�D�F�W�H�U�L�V�W�L�F�L �U�H�G�X�V�H�� �D�F�X�U�D�W�H� �H�D
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�G�H�U�L�O�R�U�� �3�H �E�D�]�D �P�D�L �P�X�O�W�R�U �V�H�Q�]�R�U�L �S�D�V�L�Y�L �v�Q �L�Q�I�U�D�U�R�ú�X�� �V�H �S�R�W �L�P�S�O�H�P�H�Q�W�D
�V�L�V�W�H�P�H �G�H �O�R�F�X�L�Q� �H �D�V�L�V�W�D�W�H �L�Q�W�H�O�L�J�H�Q�W �S�H�Q�W�U�X �S�H�U�V�R�D�Q�H �v�Q �Y�k�U�V�W�� �V�D�X �F�X �G�L�]�D��
�E�L�O�L�W��� �L�� �$�X �I�R�V�W �S�U�R�S�X�V�H �Q�R�L �P�H�W�R�G�H �S�H�Q�W�U�X �G�H�W�H�F�W�D�U�H�D �F���G�H�U�L�L �X�Q�H�L �S�H�U�V�R�D�Q�H��
�8�Q�D �G�L�Q�W�U�H �D�F�H�V�W�H �P�H�W�R�G�H �D �I�R�O�R�V�L�W �G�R�L �V�H�Q�]�R�U�L �3�,�5 �v�Q�W�U���R �F�D�P�H�U���� �I�L�L�Q�G �S�U�R�S�X�V
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�I�R�U�P�D�U�H�D �F�R�P�S�O�H�[�� �Z�D�Y�H�O�H�W �V�L�Q�J�O�H���W�U�H�H�� �$�V�W�I�H�O�� �D �I�R�V�W �S�U�R�S�X�V �X�Q �D�O�J�R�U�L�W�P �G�H
�G�H�W�H�F�W�D�U�H �D �F���G�H�U�L�L�� �I�R�O�R�V�L�Q�G �V�H�Q�]�R�U�L�3�,�5�ú�L �V�H�Q�]�R�U�L �G�H �Y�L�E�U�D� �L�H �v�Q�W�U���X�Q �V�L�V�W�H�P
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�F�R�Q�F�H�S�X�W �S�H�Q�W�U�X �v�P�E�X�Q���W��� �L�U�H�D �F�D�O�L�W��� �L�L �Y�L�H� �L�L �S�H�U�V�R�D�Q�H�O�R�U �F�X �G�L�]�D�E�L�O�L�W��� �L �ú�L �D
�S�H�U�V�R�D�Q�H�O�R�U �v�Q �Y�k�U�V�W�� �S�H�Q�W�U�X �D �O�H �S�H�U�P�L�W�H �V�� �G�X�F�� �X�Q �V�W�L�O �G�H �Y�L�D� �� �L�Q�G�H�S�H�Q�G�H�Q�W
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�W�H�P�� �G�H�V�W�L�Q�D�W �G�H�W�H�F�W���U�L�L �S�U�H�]�H�Q� �H�L �L�Q�W�U�X�ú�L�O�R�U �v�Q �G�L�Y�H�U�V�H �F�O���G�L�U�L�� �6�H�Q�]�R�U�L�L�3�,�5
�D�X �I�R�V�W �S�O�D�V�D� �L �S�H �W�D�Y�D�Q �ú�L �D�X �I�R�V�W �I�R�O�R�V�L� �L �S�H�Q�W�U�X �F�R�G�L�I�L�F�D�U�H�D �V�H�P�Q�D�O�X�O�X�L �X�O�W�U�D��
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�I�R�V�W �I�R�O�R�V�L�W�� �S�H�Q�W�U�X �D �D�W�H�Q�X�D �S�U�R�E�O�H�P�D �L�Q�W�H�U�I�H�U�H�Q� �H�L �S�U�L�Q �F�U�R�V�V�W�D�O�N �v�Q�W�U�H �V�H�Q��
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�G�H�D�V�X�S�U�D �S�R�G�H�O�H�L�� �6�X�Q�H�W�X�O �D �I�R�V�W �v�Q�U�H�J�L�V�W�U�D�W �F�X �D�M�X�W�R�U�X�O �X�Q�H�L �S�O���F�L �G�H �D�F�K�L�]�L� �L�H
�G�H �G�D�W�H �G�H �O�D �1�D�W�L�R�Q�D�O �,�Q�V�W�U�X�P�H�Q�W�V�� �1�, ���������� �F�X �L�Q�W�U���U�L �D�Q�D�O�R�J�L�F�H �S�H �� �F�D�Q�D�O�H��
�/�R�F�D�O�L�]�D�U�H�D �ú�L �F�O�D�V�L�I�L�F�D�U�H�D �V�X�Q�H�W�X�O�X�L �v�Q�U�H�J�L�V�W�U�D�W �D�X �I�R�V�W �U�H�D�O�L�]�D�W�H �I�R�O�R�V�L�Q�G �0�D�W��
�O�D�E�� �(�[�S�H�U�L�P�H�Q�W�H�O�H �D�X �F�R�Q�V�W�D�W �v�Q �v�Q�U�H�J�L�V�W�U�D�U�H�D �X�Q�X�L �V�H�W �G�H �D�Q�W�U�H�Q�D�U�H �G�H ���� �G�H
�F���G�H�U�L �ú�L ���� �G�H �D�O�D�U�P�H �I�D�O�V�H ���F���G�H�U�H�D �G�H �F���U� �L �F�X �F�R�S�H�U� �L �P�R�L �ú�L �G�X�U�H �S�H �S�R�G�H�D��
�Y�R�U�E�L�U�H�� �W�D�V�W�D�U�H�� �V�X�Q�H�W �G�H �W�H�O�H�I�R�Q���� �X�U�P�D�W�H �G�H �D�S�O�L�F�D�U�H�D �D�O�J�R�U�L�W�P�X�O�X�L �S�H �X�Q �V�H�W
�G�H �W�H�V�W �G�H ���� �G�H �F���G�H�U�L �ú�L ������ �G�H �D�O�D�U�P�H �I�D�O�V�H�� �'�X�U�D�W�D �I�L�H�F���U�X�L �H�Y�H�Q�L�P�H�Q�W �D
�I�R�V�W �G�H ������ �V �ú�L �I�U�H�F�Y�H�Q� �D �G�H �H�ú�D�Q�W�L�R�Q�D�U�H �D �I�R�V�W �G�H ���� ������ �+�]�� �5�H�]�X�O�W�D�W�H�O�H �D�X
�F�R�Q�I�L�U�P�D�W �I�L�D�E�L�O�L�W�D�W�H�D �ú�L �U�R�E�X�V�W�H� �H�D �P�H�W�R�G�H�L �E�D�]�D�W�H �S�H �P�D�W�U�L�F�H�D �F�L�U�F�X�O�D�U�� �S�H�Q�W�U�X
�H�V�W�L�P�D�U�H�D �O�R�F�D� �L�H�L �V�X�Q�H�W�X�O�X�L �ú�L �D�X �R�I�H�U�L�W�� �G�H �D�V�H�P�H�Q�H�D�� �R �G�L�V�F�U�L�P�L�Q�D�U�H �F�R�U�H�F�W��
�v�Q�W�U�H �F���G�H�U�L�O�H �U�H�D�O�H �ú�L �V�X�Q�H�W�H�O�H �Q�R�Q���F���G�H�U�L �>�������@��

�$�O�W�H �V�R�O�X� �L�L �D�X �I�R�V�W�� �G�H �D�V�H�P�H�Q�H�D�� �S�U�R�S�X�V�H �S�H�Q�W�U�X �G�H�W�H�F�W�D�U�H�D �I�L�D�E�L�O�� �D �F����
�G�H�U�L�O�R�U �S�H�U�V�R�D�Q�H�O�R�U �v�Q �Y�k�U�V�W���� �v�Q�W�U���R �v�Q�F�H�U�F�D�U�H �G�H �D �U�H�G�X�F�H �O�D �P�L�Q�L�P�X�P �W�L�P�S�X�O
�G�H �V�D�O�Y�D�U�H�� �8�Q �D�V�W�I�H�O �G�H �V�L�V�W�H�P �V�H �E�D�]�H�D�]�� �S�H �G�H�W�H�F�W�D�U�H�D �S�U�L�Q �L�Q�W�H�U�P�H�G�L�X�O �Y�L��
�E�U�D� �L�L�O�R�U �S�R�G�H�O�H�L �ú�L �D�O �V�H�Q�]�R�U�L�O�R�U �D�F�X�V�W�L�F�L�� �$�X�W�R�U�L�L �D�X �G�H�]�Y�R�O�W�D�W �X�Q �D�O�J�R�U�L�W�P �G�H
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���� �N�+�]�� �3�U�L�Y�L�Q�G �O�D �S�U�R�S�U�L�H�W��� �L�O�H �ú�L �D�S�O�L�F�D� �L�L�O�H �P�D�W�H�U�L�D�O�H�O�R�U�� �Y�H�G�H�P �F�� �D�F�H�D�V�W�D
�H�V�W�H �F�D�U�D�F�W�H�U�L�V�W�L�F�D �X�Q�X�L �P�D�W�H�U�L�D�O �S�L�H�]�R�H�O�H�F�W�U�L�F �F�D�U�H �S�U�H�]�L�Q�W�� �ú�L �H�I�H�F�W�X�O �L�Q�Y�H�U�V
�D�O �S�L�H�]�R�H�O�H�F�W�U�L�F�L�W��� �L�L�� �$�V�W�I�H�O �G�H �P�D�W�H�U�L�D�O�H �V�X�Q�W�� �W�L�W�D�Q�D�W�X�O �G�H �E�D�U�L�X�� �W�L�W�D�Q�D�W�X�O �G�H
�S�O�X�P�E�� �]�L�U�F�R�Q�D�W�X�O �G�H �S�O�X�P�E ���3�E�=�U�2������ �F�X�D�U� �X�O�� �I�R�V�I�D�W�X�O �G�L�K�L�G�U�R�J�H�Q�D�W �G�H �D�P�R��
�Q�L�X ���1�+���+���3�2���� �H�W�F�� �>�������±�������@

�%�H�Q�H�I�L�F�L�L�Q�G �G�H �H�I�H�F�W�X�O �S�L�H�]�R�H�O�H�F�W�U�L�F �L�Q�Y�H�U�V�� �V�H�Q�]�R�U�X�O �S�U�R�G�X�F�H �L�P�S�X�O�V�X�U�L �G�H
�X�Q�G�H �X�O�W�U�D�V�R�Q�L�F�H �F�D�U�H �S�R�W �I�L �W�U�L�P�L�V�H �F���W�U�H �X�Q �F�R�U�S �S�U�L�Q �L�Q�W�H�U�P�H�G�L�X�O �H�P�L� ���W�R��
�U�X�O�X�L �V���X�� �&�k�Q�G �D�M�X�Q�J�H �O�D �V�X�S�U�D�I�D� �D �F�R�U�S�X�O�X�L�� �X�Q�G�D �V�H �U�H�I�O�H�F�W�� �ú�L �V�H �v�Q�W�R�D�U�F�H
�O�D �U�H�F�H�S�W�R�U�X�O �V�H�Q�]�R�U�X�O�X�L �X�O�W�U�D�V�R�Q�L�F�� �8�Q�G�D �U�H�F�H�S� �L�R�Q�D�W�� �H�V�W�H �F�R�Q�Y�H�U�W�L�W�� �v�Q�W�U���R
�W�H�Q�V�L�X�Q�H�� �3�H �E�D�]�D �G�L�I�H�U�H�Q� �H�O�R�U �G�L�Q�W�U�H �X�Q �V�H�Q�]�R�U �D�F�W�L�Y �ú�L �X�Q�X�O �S�D�V�L�Y�� �V�H �S�R�D�W�H
�F�R�Q�F�O�X�]�L�R�Q�D �F�� �V�H�Q�]�R�U�L�L �X�O�W�U�D�V�R�Q�L�F�L �V�X�Q�W �V�H�Q�]�R�U�L �D�F�W�L�Y�L �G�D�W�R�U�L�W�� �S�U�R�S�U�L�H�W��� �L�L �O�R�U
�G�H �D �V�H �F�R�P�S�R�U�W�D �D�W�k�W �F�D �V�H�Q�]�R�U �F�k�W �ú�L �F�D �D�F�W�X�D�W�R�U �>�����@�� �6�H �F�R�Q�V�L�G�H�U�� �X�Q �V�H�Q�]�R�U
�F�D�U�H �I�R�O�R�V�H�ú�W�H �X�Q �H�O�H�P�H�Q�W �V�H�Q�V�L�E�L�O �I�D�E�U�L�F�D�W �G�L�Q�W�U���X�Q �P�D�W�H�U�L�D�O �F�H�U�D�P�L�F �S�L�H�]�R��
�H�O�H�F�W�U�L�F �ú�L �R �G�L�D�I�U�D�J�P�� �P�H�W�D�O�L�F���� �)�L�J�X�U�D�������� �S�X�Q�H �v�Q �H�Y�L�G�H�Q� �� �I�X�Q�F� �L�R�Q�D�U�H�D
�G�X�D�O�� �D �V�H�Q�]�R�U�X�O�X�L��

�)�L�J�X�U�D ���������� �6�H�Q�]�R�U �X�O�W�U�D�V�R�Q�L�F �S�L�H�]�R�H�O�H�F�W�U�L�F �>�����@��

�7�H�Q�V�L�X�Q�H�D �G�H �L�Q�W�U�D�U�H �H�V�W�H �F�D�S�D�E�L�O�� �V�� �G�H�I�R�U�P�H�]�H �H�O�H�P�H�Q�W�X�O �S�L�H�]�R�F�H�U�D�P�L�F �ú�L
�D�F�H�V�W�D �U���V�S�X�Q�G�H �O�D �D�F�H�D�V�W�� �G�H�I�R�U�P�D�U�H �S�U�L�Q �J�H�Q�H�U�D�U�H�D �G�H �X�Q�G�H �X�O�W�U�D�V�R�Q�L�F�H �G�D�W�R��
�U�L�W�� �H�I�H�F�W�X�O�X�L �S�L�H�]�R�H�O�H�F�W�U�L�F �L�Q�Y�H�U�V�� �$�F�H�D�V�W�D �H�V�W�H �I�X�Q�F� �L�D �G�H �H�P�L� ���W�R�U �D �V�H�Q�]�R�U�X��
�O�X�L�� �8�Q�G�H�O�H �X�O�W�U�D�V�R�Q�L�F�H �F�D�U�H �Y�L�Q �S�H �H�O�H�P�H�Q�W�X�O �S�L�H�]�R�F�H�U�D�P�L�F�� �G�D�W�R�U�L�W�� �H�I�H�F�W�X�O�X�L
�G�L�U�H�F�W �D�O �S�L�H�]�R�H�O�H�F�W�U�L�F�L�W��� �L�L�� �G�H�W�H�U�P�L�Q�� �R �W�H�Q�V�L�X�Q�H �G�H �L�H�ú�L�U�H�� �G�H�P�R�Q�V�W�U�k�Q�G �D�V�W�I�H�O
�F�� �V�H�Q�]�R�U�X�O �D�U�H �ú�L �X�Q �P�R�G �G�H �R�S�H�U�D�U�H �F�D �U�H�F�H�S�W�R�U �>�������������@��
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�G�R�U�L�W �V�� �L�P�S�O�H�P�H�Q�W�H�]�H �X�Q �G�L�V�S�R�]�L�W�L�Y �F�D�S�D�E�L�O �V�� �G�H�W�H�F�W�H�]�H �S�U�H�]�H�Q� �D �X�Q�X�L �R�E�V��
�W�D�F�R�O �v�Q �F�D�O�H�D �S�H�U�V�R�D�Q�H�L �Q�H�Y���]���W�R�D�U�H�� �3�H�Q�W�U�X �D �D�W�L�Q�J�H �D�F�H�V�W �R�E�L�H�F�W�L�Y�� �D�X �I�R�V�W
�Q�H�F�H�V�D�U�L �V�H�Q�]�R�U�L �X�O�W�U�D�V�R�Q�L�F�L�� �6�L�V�W�H�P�X�O �F�X�S�U�L�Q�G�H�� �G�H �D�V�H�P�H�Q�H�D�� �X�Q �E�X�]�]�H�U �S�H�Q��
�W�U�X �D �D�O�H�U�W�D �S�H�U�V�R�D�Q�D �Q�H�Y���]���W�R�D�U�H �G�H �D�S�U�R�S�L�H�U�H�D �R�E�V�W�D�F�R�O�X�O�X�L�� �X�Q �*�3�6 �S�H�Q�W�U�X
�O�R�F�D�O�L�]�D�U�H�D �S�R�]�L� �L�H�L �S�H�U�V�R�D�Q�H�L �Q�H�Y���]���W�R�D�U�H �ú�L �X�Q �G�L�V�S�R�]�L�W�L�Y �*�6�0 �S�H�Q�W�U�X �W�U�L�P�L�W�H��
�U�H�D �G�H �6�0�6���X�U�L �F���W�U�H �U�X�G�H�O�H �S�H�U�V�R�D�Q�H�L �v�Q �F�D�]�X�O �v�Q �F�D�U�H �S�H�U�V�R�D�Q�D �H�V�W�H �v�Q �S�H�U�L�F�R�O��
�$�U�K�L�W�H�F�W�X�U�D �V�L�V�W�H�P�X�O�X�L �S�U�R�S�X�V �H�V�W�H �S�U�H�]�H�Q�W�D�W�� �v�Q �)�L�J�X�U�D���������>�������@��

�)�L�J�X�U�D ���������� �$�U�K�L�W�H�F�W�X�U�D �X�Q�X�L �V�L�V�W�H�P �G�H �D�O�H�U�W�D�U�H �ú�L �X�U�P���U�L�U�H �S�H�Q�W�U�X �S�H�U�V�R�D�Q�H�O�H �Q�H�Y����
�]���W�R�D�U�H �>�������@

�2 �D�O�W�� �D�S�O�L�F�D� �L�H �D �V�H�Q�]�R�U�L�O�R�U �X�O�W�U�D�V�R�Q�L�F�L �L�P�S�O�L�F�� �X�Q �Q�R�X �L�Q�V�W�U�X�P�H�Q�W �P�X�]�L�F�D�O
�G�L�J�L�W�D�O �Q�X�P�L�W �W�U�R�P�E�R�V�R�Q�L�F�� �2 �F�R�P�E�L�Q�D� �L�H �v�Q�W�U�H �X�Q �V�H�Q�]�R�U �X�O�W�U�D�V�R�Q�L�F �ú�L �X�Q �O�D��
�V�H�U �U�R�ú�X �S�H�U�P�L�W�H �L�Q�W�H�U�S�U�H�W�X�O�X�L �V�� �I�R�O�R�V�H�D�V�F�� �P�L�ú�F���U�L �D�V�H�P���Q���W�R�D�U�H �F�X �F�H�O�H �D�O�H
�X�Q�X�L �W�U�R�P�E�R�Q�L�V�W �F�D�U�H �V�F�K�L�P�E�� �W�R�Q�X�O ���Y�H�]�L �)�L�J�X�U�D������������ �S�U�L�Q �X�U�P�D�U�H�� �L�Q�W�H�U�S�U�H��
�W�X�O �W�U�R�P�E�R�V�R�Q�L�F �v�ú�L �P�L�ú�F�� �P�k�Q�D �v�Q�D�L�Q�W�H �ú�L �v�Q�D�S�R�L�� �G�H�ú�L �Q�X �H�[�L�V�W�� �X�Q �J�O�L�V�R�U �U�H�D�O
�v�Q �L�Q�V�W�U�X�P�H�Q�W�� �0�D�L �P�X�O�W�� �D�O� �L �V�H�Q�]�R�U�L �V�X�Q�W �I�R�O�R�V�L� �L �F�X �V�F�R�S�X�O �G�H �D �v�P�E�X�Q���W��� �L
�H�[�S�U�H�V�L�Y�L�W�D�W�H�D �P�X�]�L�F�D�O���� �D�F�H�V�W �O�X�F�U�X �I�L�L�Q�G �U�H�D�O�L�]�D�W �G�H �L�Q�W�H�U�S�U�H�W �S�U�L�Q �P�L�ú�F�D�U�H�D
�P�k�L�Q�L�O�R�U �S�H �v�Q�W�U�H�D�J�D �O�X�Q�J�L�P�H �D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �ú�L �S�U�L�Q �U�H�V�S�L�U�D� �L�H�� �&�H�U�F�H�W���W�R�U�L�L
�F�D�U�H �D�X �G�H�]�Y�R�O�W�D�W �D�F�H�V�W �S�U�R�W�R�W�L�S �D�X �V�W�X�G�L�D�W �ú�L �S�R�V�L�E�L�O�H�O�H �D�S�O�L�F�D� �L�L �D�O�H �D�F�H�V�W�X�L�D
�v�Q �D�O�W�H �G�R�P�H�Q�L�L �G�H�F�k�W �P�X�]�L�F�D�� �$�V�W�I�H�O�� �D�X �S�U�R�S�X�V �X�W�L�O�L�]�D�U�H�D �D�F�H�V�W�X�L �Q�R�X �L�Q�V�W�U�X��
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�P�H�Q�W �S�H�Q�W�U�X �S�H�U�V�R�D�Q�H�O�H �v�Q �Y�k�U�V�W�� �ú�L �S�H�Q�W�U�X �S�H�U�V�R�D�Q�H�O�H �F�X �G�L�]�D�E�L�O�L�W��� �L �F�D�U�H �Q�X
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�R �G�L�D�J�U�D�P�� �F�H �L�Q�F�O�X�G�H �I�R�U� �H�O�H �F�D�U�H �D�F� �L�R�Q�H�D�]�� �D�V�X�S�U�D �F�R�U�S�X�O�X�L �D�F�F�H�O�H�U�R�P�H�W�U�X��
�O�X�L �>�����@��

�)�L�J�X�U�D ���������� �'�L�D�J�U�D�P�D �I�R�U� �H�O�R�U �F�D�U�H �D�F� �L�R�Q�H�D�]�� �D�V�X�S�U�D �F�R�U�S�X�O�X�L �D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L �>�����@
��

�3�H�Q�W�U�X �D �G�H�G�X�F�H �H�F�X�D� �L�L�O�H �G�H �P�L�ú�F�D�U�H �ú�L �S�H�Q�W�U�X �D �G�H�P�R�Q�V�W�U�D �I�X�Q�F� �L�R�Q�D�U�H�D
�D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L�� �W�U�H�E�X�L�H �V�� �D�S�O�L�F���P �D �G�R�X�D �/�H�J�H �D �0�H�F�D�Q�L�F�L�L �D �O�X�L �1�H�Z�W�R�Q��
�F�R�Q�V�L�G�H�U�k�Q�G �I�L�H�F�D�U�H �P�D�V�� �F�D �X�Q �F�R�U�S �O�L�E�H�U�� �'�H �D�V�H�P�H�Q�H�D�� �D�P �S�U�H�V�X�S�X�V �F�� �I�L�H��
�F�D�U�H �G�L�Q�W�U�H �P�D�V�H�� �D�F�X�P �F�R�U�S�X�U�L �O�L�E�H�U�H�� �H�V�W�H �G�H�S�O�D�V�D�W�� �G�L�Q �S�R�]�L� �L�D �V�D �G�H �H�F�K�L�O�L��
�E�U�X �ú�L �F�� �I�R�U� �H�O�H �F�D�U�H �D�F� �L�R�Q�H�D�]�� �D�V�X�S�U�D �P�D�V�H�L �R �U�H�D�G�X�F �v�Q �S�R�]�L� �L�D �L�Q�L� �L�D�O�� �>�����@��
�$�S�O�L�F�k�Q�G �/�H�J�H�D �O�X�L �1�H�Z�W�R�Q �S�H�Q�W�U�X �V�W�U�X�F�W�X�U�D �G�L�Q �)�L�J�X�U�D���������� �R�E� �L�Q�H�P �(�F�X�D��
� �L�D����������

� kx � b
dx
dt

= Ma ������������

����



�&�$�3�,�7�2�/�8�/ ���� �1�,�9�(�/�8�/ �'�,�6�3�2�=�,�7�,�9�(�� �6�(�1�=�2�5�,

�X�Q�G�H �D�P �R�E�V�H�U�Y�D�W �F�� �P�D�V�D �V�H �P�L�ú�F�� �v�Q �G�L�U�H�F� �L�D �R�S�X�V�� �I�D� �� �G�H �F�H�D �D �I�R�U� �H�O�R�U �F�D�U�H
�D�F� �L�R�Q�H�D�]����

�'�H �D�V�H�P�H�Q�H�D�� �D�P �Q�R�W�D�W �F�Xa �D�F�F�H�O�H�U�D� �L�D �P�D�V�H�L �U�H�O�D�W�L�Y �O�D �3���P�k�Q�W ���(�F�X�D��
� �L�D������������ �(�V�W�H �G�L�I�H�U�H�Q� �D �G�L�Q�W�U�H �D�F�F�H�O�H�U�D� �L�D �P�D�V�H�L�� �D�G�L�F�� �G�H�U�L�Y�D�W�D �D �G�R�X�D �D �S�R�]�L��
� �L�H�L �V�D�O�H �v�Q �I�X�Q�F� �L�H �G�H �W�L�P�S�� �ú�L �D�F�F�H�O�H�U�D� �L�D �G�H �L�Q�W�U�D�U�H �D �F�D�U�F�D�V�H�L �D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L��

a =
d2x
dt2

�
d2y
dt2

(3:17) ������������

�Ì�Q�O�R�F�X�L�P �(�F�X�D� �L�D���������v�Q �(�F�X�D� �L�D���������ú�L �R�E� �L�Q�H�P �(�F�X�D� �L�D����������

� kx � b
dx
dt

= M
�

d2x
dt2

�
d2y
dt2

�
������������

�'�X�S�� �V�H�S�D�U�D�U�H�D �W�H�U�P�H�Q�L�O�R�U �v�Qx �ú�Ly�� �U�H�]�X�O�W�� �H�F�X�D� �L�D �G�H �P�L�ú�F�D�U�H �G�H �R�U�G�L�Q�X�O
���(�F�X�D� �L�D������������ �S�U�L�Q �F�D�U�H �H�V�W�H �S�R�V�L�E�L�O �V�� �R�E� �L�Q�H�P �R �I�R�U�P�� �R�V�F�L�O�D�W�R�U�L�H �S�H�Q�W�U�X
�V�H�P�Q�D�O�X�O �G�H �L�H�ú�L�U�H �D�O �D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L��

M
d2x
dt2

+ b
dx
dt

+ kx = M
d2y
dt2

������������

�)�U�H�F�Y�H�Q�W�� �V�H �G�R�U�H�ú�W�H �D�G�X�F�H�U�H�D �V�H�P�Q�D�O�X�O�X�L �G�H �L�H�ú�L�U�H �v�Q�W�U���R �V�W�D�U�H �F�U�L�W�L�F �D�P�R�U��
�W�L�]�D�W���� �$�F�H�V�W �O�X�F�U�X �H�V�W�H �S�R�V�L�E�L�O �D�W�X�Q�F�L �F�k�Q�G �F�R�H�I�L�F�L�H�Q�W�X�Ob �H�V�W�H �D�O�H�V �F�R�U�H�V�S�X�Q��
�]���W�R�U �>�����@��

�3�H�Q�W�U�X �U�H�]�R�O�Y�D�U�H�D �H�F�X�D� �L�H�L �I�L�Q�D�O�H �V�H �D�S�O�L�F�� �W�U�D�Q�V�I�R�U�P�D�W�D �/�D�S�O�D�F�H �(�F�X�D� �L�H�L����������
�0�D�L �P�X�O�W�� �S�H�Q�W�U�X �R�U�L�F�H �I�X�Q�F� �L�Hf �F���U�H�L�D �L �V�H �S�R�D�W�H �D�W�U�L�E�X�L �R �W�U�D�Q�V�I�R�U�P�D�U�H

�/�D�S�O�D�F�H�� �V�H �R�I�H�U�� �X�U�P���W�R�D�U�H�O�H �H�F�K�L�Y�D�O�H�Q� �H �G�L�Q �(�F�X�D� �L�D����������

f (t) ! F (s);
df
dt

! sF(s);
d2f
dt2

! s2F (s) ������������

�3�U�L�Q �D�S�O�L�F�D�U�H�D �W�U�D�Q�V�I�R�U�P�D�W�H�L �/�D�S�O�D�F�H �ú�L �D �H�F�K�L�Y�D�O�H�Q� �H�O�R�U�� �V�H �R�E� �L�Q�H �(�F�X�D��
� �L�D��������

Ms2X (s) + bsX(s) + kX (s) = MA (s) ������������

�G�L�Q �F�D�U�H �V�H �H�[�W�U�D�J�HX (s) �ú�L �V�H �R�E� �L�Q�H �(�F�X�D� �L�D����������

X (s) =
MA (s)

Ms2 + bs+ k
������������

�1�R�W�k�Q�G! 0 =
q

k
M �ú�L2�! 0 = b

M �ú�L �v�Q�O�R�F�X�L�Q�G �v�Q �(�F�X�D� �L�D���������� �V�H �R�E� �L�Q�H
�(�F�X�D� �L�D����������

����



�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

X (s) =
A(s)

s2 + 2�! 0s + ! 2
0

(3:22) ������������

�6�H �Q�R�W�H�D�]��G(s) = 1
s2+2 �! 0s+ ! 2

0
�ú�L �V�H �R�E� �L�Q�HX (s) = A(s)G(s)�� �$�S�O�L��

�F�k�Q�G �W�U�D�Q�V�I�R�U�P�D�W�D �/�D�S�O�D�F�H �L�Q�Y�H�U�V���� �V�H �R�E� �L�Q�H �V�R�O�X� �L�D �H�F�X�D� �L�H�L �G�H �P�L�ú�F�D�U�H ���(�F�X��
�D� �L�D������������

x(t) = L � 1 f G(s)A(s)g (3:23) ������������

�3�H �E�D�]�D �W�H�R�U�H�P�H�L �F�R�Q�Y�R�O�X� �L�H�L �V�H �R�E� �L�Q�H �(�F�X�D� �L�D����������

x(t) =
Z t

0
g(t � � )a(t)d� (3:24) ������������

�ú�L �V�H �R�E�V�H�U�Y�� �F��a(t) �U�H�S�U�H�]�L�Q�W�� �L�P�S�X�O�V�X�O �D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L �ú�L �F�� �H�V�W�H �G�H�S�H�Q�G�H�Q�W
�G�H �W�L�P�S��g(t) �H�V�W�H �W�U�D�Q�V�I�R�U�P�D�W�D �/�D�S�O�D�F�H �L�Q�Y�H�U�V�� �D �O�X�LG(s)��

�6�H �F�D�O�F�X�O�H�D�]�� �G�H�W�H�U�P�L�Q�D�Q�W�X�O �H�F�X�D� �L�H�Ls2 + 2�! 0s + ! 2
0 ���(�F�X�D� �L�D������������

� 0 = � 2! 2
0 � ! 2

0 = ! 2
0(� 2 � 1) (3:25) ������������

�6�R�O�X� �L�L�O�H �S�H�Q�W�U�X �Q�X�P�L�W�R�U�X�O �O�X�LG(s) �V�X�Q�Ws1;2 = � �! 0 � ! 0

p
� 2 � 1 �F�D�U�H

�S�U�H�]�L�Q�W�� �G�R�X�� �P�R�G�X�U�L �G�L�I�H�U�L�W�H��

�‡�P�R�G �V�X�E�D�P�R�U�W�L�]�D�W� < 1

�‡�P�R�G �V�X�S�U�D�D�P�R�U�W�L�]�D�W� > 1

�$�V�W�I�H�O�� �U�H�]�X�O�W�� �F��G(s) = A

s+ �! 0 � ! 0

p
� 2 � 1

+ B

s+ �! 0+ ! 0

p
� 2 � 1

�F�XA = 1

2! 0

p
� 2 � 1

�ú�LB = � 1

2! 0

p
� 2 � 1

��

�&�k�Q�G� < 1��� 0 �H�V�W�H �Q�H�J�D�W�L�Y �ú�L �S�R�O�L�L �V�X�Q�W �F�R�P�S�O�H�F�ú�L�� �'�H �D�V�H�P�H�Q�H�D��! �H�V�W�H
�U�H�D�O �G�D�F��! = ! 0

p
(1 � � 2)��

�6�H �R�E� �L�Q�H�� �D�V�W�I�H�O�� �(�F�X�D� �L�D����������

G(s) =
1

2! 0

p
� 2 � 1

 
1

s + �! 0 � ! 0

p
� 2 � 1

�
1

s + �! 0 + ! 0

p
� 2 � 1

!

������������
�Ì�Q�O�R�F�X�L�P! �ú�L �V�H �R�E� �L�Q�H�P �(�F�X�D� �L�D����������

G(s) =
1

2!

�
1

s + �! 0 � !
�

1
s + �! 0 + !

�
; ������������

����



�&�$�3�,�7�2�/�8�/ ���� �1�,�9�(�/�8�/ �'�,�6�3�2�=�,�7�,�9�(�� �6�(�1�=�2�5�,

�F�D�U�H �D�U�H �W�U�D�Q�V�I�R�U�P�D�U�H�D �/�D�S�O�D�F�H �L�Q�Y�H�U�V�� �G�L�Q �(�F�X�D� �L�D����������

g(t) =
1

2!

�
e� �! 0 t+ !t � e� �! 0 t � !t

�
������������

�'�D�U��

1
2!

�
e� �! 0 t+ !t � e� �! 0 t � !t

�
=

1
!

e� �! 0 t �
(e!t � e� !t )

2
=

1
!

e� �! 0 t �V�L�Q!t:

������������
�3�U�L�Q �X�U�P�D�U�H��

g(t) =
1
!

e� �! 0 t �V�L�Q!t ������������

�6�R�O�X� �L�D �I�L�Q�D�O�� �S�H�Q�W�U�X �P�R�G�X�O �V�X�E�D�P�R�U�W�L�]�D�W �H�V�W�H��

x(t) =
Z t

0

1
!

e� �! 0 (t � � ) �V�L�Q! (t � � )a(t)d� ������������

�'�D�F��� > 1��� 0�H�V�W�H �S�R�]�L�W�L�Y �ú�L �S�R�O�L�L �V�X�Q�W �U�H�D�O�L�� �v�Q �W�L�P�S �F�H! 0

p
(1 � � 2) �H�V�W�H

�F�R�P�S�O�H�[�� �D�G�L�F��! 0

p
(1 � � 2) = j! �� �3�U�L�Q �X�U�P�D�U�H��! = ! 0

p
(� 2 � 1)��

�(�F�X�D� �L�D���������G�H�Y�L�Q�H��

G(s) !
1

2!

�
e� �! 0 t+ j!t � e� �! 0 t � j!t

�
: ������������

�Ì�Q �D�F�H�D�V�W�� �V�L�W�X�D� �L�H��

1
2!

�
e� �! 0 t+ j!t � e� �! 0 t � j!t

�
=

1
!

e� �! 0 t �
(ej!t � e� j!t )

2
=

1
!

e� �! 0 t �V�L�Q�K!t

������������
�3�H�Q�W�U�X �P�R�G�X�O �V�X�S�U�D�D�P�R�U�W�L�]�D�W�� �V�R�O�X� �L�D �I�L�Q�D�O�� �H�V�W�H��

x(t) =
Z t

0

1
!

e� �! 0 (t � � ) �V�L�Q�K! (t � � )a(t)d� ������������

�$�F�H�V�W�H �H�F�X�D� �L�L �S�R�W �I�L �D�S�O�L�F�D�W�H �ú�L �D�Q�D�O�L�]�D�W�H �S�H�Q�W�U�X �G�L�I�H�U�L�W�H �L�Q�W�U���U�L �G�H �D�F�F�H�O�H�U�D��
� �L�H �D�O�H �F�R�U�S�X�O�X�L �D�F�F�H�O�H�U�R�P�H�W�U�X�O�X�L�� �'�D�F�� �E� �� �ú�L �Q�X �H�[�L�V�W�� �D�P�R�U�W�L�]�D�U�H�� �R�E� �L�Q�H�P
�F��� = 0 �ú�L! = ! 0�� �$�V�W�I�H�O�� �D�F�F�H�O�H�U�R�P�H�W�U�X�O �Q�H�D�P�R�U�W�L�]�D�W �S�U�R�G�X�F�H �V�H�P�Q�D�O�H �L�Q�I�L��
�Q�L�W �G�H �P�D�U�L�� �F�H�H�D �F�H �H�V�W�H �Q�H�G�R�U�L�W �>�������@�� �(�V�W�H �F�R�Q�Y�H�Q�D�E�L�O �V�� �D�Y�H�P �X�Q �F�R�H�I�L�F�L�H�Q�W
�G�H �D�P�R�U�W�L�]�D�U�H �I�L�Q�L�W��

�Ì�Q �F�H�H�D �F�H �S�U�L�Y�H�ú�W�H �I�U�H�F�Y�H�Q� �D �Q�D�W�X�U�D�O���� �S�H�Q�W�U�X �X�Q �G�L�V�S�R�]�L�W�L�Y �F�D�U�H �I�X�Q�F� �L�R��
�Q�H�D�]�� �F�R�U�H�F�W�� �D�F�H�D�V�W�D �W�U�H�E�X�L�H �V�� �I�L�H �X�Q�L�F���� �P�D�U�F�D�W�� �ú�L �X�ú�R�U �G�H �L�G�H�Q�W�L�I�L�F�D�W��

����







�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

�W�H�D �S�R�W �I�L �F�R�Q�V�L�G�H�U�D�W�H �S�O���F�L�O�H �X�Q�X�L �F�R�Q�G�H�Q�V�D�W�R�U �G�D�F�� �F�R�Q�V�L�G�H�U���P �F�� �X�Q�D �V�D�X
�D�P�E�H�O�H �V�X�Q�W �v�Q�F���U�F�D�W�H�� �2 �S�O�D�F�� �H�V�W�H �D�W�D�ú�D�W�� �O�D �P�D�V�D �G�H �S�U�R�E�� �ú�L �V�H �S�R�D�W�H �P�L�ú�F�D
�I���U�� �U�H�V�W�U�L�F� �L�L �v�Q �U�D�S�R�U�W �F�X �F�D�U�F�D�V�D�� �&�H�D�O�D�O�W�� �H�V�W�H �V�W�D� �L�R�Q�D�U�� �ú�L �H�V�W�H �F�R�Q�H�F�W�D�W�� �O�D
�F�D�U�F�D�V�� �>�������@��

�$�ú�D �F�X�P �D �I�R�V�W �H�Y�L�G�H�Q� �L�D�W�� �F�D�S�D�F�L�W�D�W�H�D �G�H�S�L�Q�G�H �G�H �G�L�V�W�D�Q� �D �G�L�Q�W�U�H �S�O���F�L �F�R�Q��
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�L�Q�I�R�U�P�D� �L�L�O�R�U �G�L�Q �D�F�F�H�O�H�U�R�P�H�W�U�H�O�H �0�(�0�6 �S�H �W�U�H�L �D�[�H�� �G�H�V�S�U�H �v�Q�F�O�L�Q�D�U�H�� �S�R�]�L� �L�H
�ú�L �I�R�U�P���� �'�L�Q �U�H�]�X�O�W�D�W�H�O�H �H�[�S�H�U�L�P�H�Q�W�D�O�H�� �R�D�P�H�Q�L�L �G�H �ú�W�L�L�Q� �� �D�X �F�R�Q�F�O�X�]�L�R�Q�D�W
�F�� �V�L�V�W�H�P�X�O �X�U�P���U�H�ú�W�H �F�X �V�X�F�F�H�V �v�Q �W�L�P�S �U�H�D�O �P�L�ú�F�D�U�H�D �F�D�W�H�W�H�U�X�O�X�L �)�R�O�H�\�� �F�X
�R �H�U�R�D�U�H �D�E�V�R�O�X�W�� �S�H�Q�W�U�X �P���V�X�U�D�U�H�D �V�W�D�W�L�F�� �P�D�L �P�L�F�� �G�H �������ƒ �v�Q �G�R�P�H�Q�L�X�O �G�H
�R�S�H�U�D�U�H �>�������@��

����











�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

�)�L�J�X�U�D ���������� �6�H�Q�]�R�U�X�O �G�H �W�H�P�S�H�U�D�W�X�U�� �/�0���� �>�������@

�)�L�J�X�U�D ���������� �6�H�Q�]�R�U�X�O �6�7�3���� �S�H�Q�W�U�X �P���V�X�U�D�U�H�D �W�H�P�S�H�U�D�W�X�U�L�L �V�R�O�X�O�X�L �>�������@

�6�H�Q�]�R�U�X�O ���7�0 �>�������@ ���)�L�J�X�U�D���������� �H�V�W�H �X�Q �V�H�Q�]�R�U �F�H �L�Q�W�H�J�U�H�D�]�� �F�H�O�H �G�R�X��
�W�L�S�X�U�L �G�H �P���V�X�U���W�R�U�L�� �W�H�P�S�H�U�D�W�X�U�D �ú�L �X�P�L�G�L�W�D�W�H�D �V�R�O�X�O�X�L�� �6�H�Q�]�R�U�X�O �G�H�W�H�U�P�L�Q��

�)�L�J�X�U�D ���������� �6�H�Q�]�R�U�X�O ���7�0 �>�������@

�F�R�Q� �L�Q�X�W�X�O �Y�R�O�X�P�H�W�U�L�F �G�H �D�S�� �S�U�L�Q �P���V�X�U�D�U�H�D �F�R�Q�V�W�D�Q�W�H�L �G�L�H�O�H�F�W�U�L�F�H �D �V�R�O�X�O�X�L��
�S�U�L�Q �D�Q�D�O�L�]�D�U�H�D �Y�D�U�L�D� �L�H�L �F�D�S�D�F�L�W��� �L�L �F�X �I�U�H�F�Y�H�Q� �D�� �$�F�X�U�D�W�H� �H�D �V�H�Q�]�R�U�X�O�X�L �H�V�W�H
�G�H�S�H�Q�G�H�Q�W�� �G�H �P�L�Q�L�P�L�]�D�U�H�D �H�I�H�F�W�H�O�R�U �W�H�[�W�X�U�D�O�H �ú�L �D�O�H �V�D�O�L�Q�L�W��� �L�L�� �S�U�L�Q �S�R�V�L�E�L�O�L��
�W��� �L�O�H �G�H �I�L�O�W�U�D�U�H �D �V�H�P�Q�D�O�X�O�X�L �>�������@�� �'�H �D�V�H�P�H�Q�H�D�� �H�V�W�H �G�L�V�S�R�Q�L�E�L�O�� �F�D�O�L�E�U�D��
�U�H�D �R�I�H�U�L�W�� �G�H �S�U�R�G�X�F���W�R�U�L �S�H�Q�W�U�X �V�R�O�X�U�L �P�L�Q�H�U�D�O�H�� �S�H�Q�W�U�X �S���P�k�Q�W �G�H �J�K�L�Y�H�F�H
�ú�L �F�R�P�S�R�V�W �ú�L �I�L�E�U�H �S�U�H�F�X�P �D�]�E�H�V�W �V�D�X �S�H�U�O�L�W �>�������@�� �6�H�Q�]�R�U�X�O �H�V�W�H �S�R�W�U�L�Y�L�W �D�W�k�W
�S�H�Q�W�U�X �S�O�D�V�D�U�H�D �S�H �W�H�U�H�Q�X�U�L�O�H �D�J�U�L�F�R�O�H�� �F�k�W �ú�L �v�Q �V�H�U�H�� �'�R�P�H�Q�L�X�O �G�H �P���V�X�U�D�U�H �D
�W�H�P�S�H�U�D�W�X�U�L�L �H�V�W�H ���±������ �������ƒ�&���� �3�H�Q�W�U�X �D �D�F�K�L�]�L� �L�R�Q�D �G�D�W�H�O�H�� �H�V�W�H �Q�H�F�H�V�D�U �X�Q �V�L�V��
�W�H�P �G�H �F�R�O�H�F�W�D�U�H �D �G�D�W�H�O�R�U ���Q���Q �G�D�W�D �O�R�J�J�H�U�� �(�P�������� �6�H�Q�]�R�U�X�O �S�R�D�W�H �F�R�P�X�Q�L�F�D
�V�H�U�L�D�O �V�D�X �S�U�L�Q �L�Q�W�H�U�I�D� �D �6�'�,��������

�6�R�Q�G�D �6�H�H�H�G ���)�L�J�X�U�D���������� �G�H �O�D �'�L�J�L���.�H�\ �>�������@ �X�W�L�O�L�]�H�D�]�� �V�H�Q�]�R�U�X�O �6�+�7����
�>�������@�� �$�F�H�V�W�D �H�V�W�H �X�Q �V�H�Q�]�R�U �G�L�J�L�W�D�O�� �H�I�L�F�L�H�Q�W �G�L�Q �S�X�Q�F�W�X�O �G�H �Y�H�G�H�U�H �D�O �F�R�Q�V�X��

����





�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

�)�L�J�X�U�D ���������� �6�H�Q�]�R�U�X�O �G�H �X�P�L�G�L�W�D�W�H �6�S�D�U�N�I�X�Q �>�������@

R =
l

�S
������������

�X�Q�G�HR �H�V�W�H �U�H�]�L�V�W�H�Q� �D��� = 1
� �H�V�W�H �F�R�Q�G�X�F�W�L�Y�L�W�D�W�H�D��l �ú�LS �V�X�Q�W �O�X�Q�J�L�P�H�D �ú�L��

�U�H�V�S�H�F�W�L�Y�� �D�U�L�D �V�H�F� �L�X�Q�L�L �W�U�D�Q�V�Y�H�U�V�D�O�H��
�&�L�U�F�X�L�W�X�O �V�R�Q�G�H�O�R�U �H�V�W�H �U�H�S�U�H�]�H�Q�W�D�W �v�Q �)�L�J�X�U�D���������� �6�H �S�R�D�W�H �R�E�V�H�U�Y�D �F�R�Q��

�I�L�J�X�U�D� �L�D �H�P�L�W�R�U �F�R�P�X�Q �D �W�U�D�Q�]�L�V�W�R�U�X�O�X�L ���1����������

�)�L�J�X�U�D ���������� �&�L�U�F�X�L�W�X�O �V�R�Q�G�H�O�R�U �G�H �P���V�X�U�D�U�H �D �X�P�L�G�L�W��� �L�L �V�R�O�X�O�X�L �>�������@

�5�H�]�L�V�W�H�Q� �D �O�D �F�D�S���W�X�O �S�U�R�E�H�L �S�R�D�W�H �Y�D�U�L�D �v�Q�W�U�H �� ���S�H�Q�W�U�X �F�D�]�X�O �Q�H�U�H�D�O�L�V�W �G�H
�������� �X�P�L�G�L�W�D�W�H �v�Q �V�R�O�� �ú�L �L�Q�I�L�Q�L�W ���S�H�Q�W�U�X �X�Q �V�R�O �F�R�P�S�O�H�W �X�V�F�D�W���� �9�D�U�L�D� �L�D �D�F�H�V�W�H�L
�U�H�]�L�V�W�H�Q� �H �Y�D �G�H�W�H�U�P�L�Q�D �R �P�R�G�L�I�L�F�D�U�H �D �W�H�Q�V�L�X�Q�L�L �G�H �S�R�O�D�U�L�]�D�U�H �G�L�U�H�F�W�� �F�H �Y�D �F�R�Q��
�G�X�F�H�� �O�D �U�k�Q�G�X�O �H�L�� �O�D �R �Y�D�U�L�D� �L�H �D �F�X�U�H�Q�W�X�O�X�L �G�L�Q �E�D�]�D �W�U�D�Q�]�L�V�W�R�U�X�O�X�L��I b�� �9�D�U�L�D� �L�D
�F�X�U�H�Q�W�X�O�X�L �G�L�Q �F�R�O�H�F�W�R�U ��I c�� �ú�L�� �U�H�V�S�H�F�W�L�Y�� �H�P�L�W�R�U ��I e���� �H�V�W�H �G�L�U�H�F�W �S�U�R�S�R�U� �L�R�Q�D�O��
�F�X �Y�D�O�R�D�U�H�D �F�X�U�H�Q�W�X�O�X�L �G�L�Q �E�D�]�� ���(�F�X�D� �L�L�O�H���������ú�L������������

I c = �I b ������������

I e = ( � + 1) I b ������������

����



�&�$�3�,�7�2�/�8�/ ���� �1�,�9�(�/�8�/ �'�,�6�3�2�=�,�7�,�9�(�� �6�(�1�=�2�5�,

�$�V�W�I�H�O�� �P�R�G�L�I�L�F�D�U�H�D �F�X�U�H�Q�W�X�O�X�L �G�L�Q �E�D�]�D �W�U�D�Q�]�L�V�W�R�U�X�O�X�L �Y�D �G�X�F�H �O�D �P�R�G�L�I�L��
�F�D�U�H�D �W�H�Q�V�L�X�Q�L�L �G�H �O�D �S�L�Q�X�O �6�,�*�� �W�H�Q�V�L�X�Q�H �F�H �G�H�S�L�Q�G�H �G�L�U�H�F�W �S�U�R�S�R�U� �L�R�Q�D�O �G�H �F�X��
�U�H�Q�W�X�O �G�H �H�P�L�W�R�U ���(�F�X�D� �L�D������������

VSIG = R1I e = R1(� + 1) I b ������������

�'�H�ú�L �V�H �P�H�Q� �L�R�Q�H�D�]�� �F�� �O�X�Q�J�L�P�H�D �ú�L �V�S�D� �L�H�U�H�D �G�L�Q�W�U�H �F�H�O�H �G�R�X�� �S�O���F�X� �H �F�D�U�H
�I�R�U�P�H�D�]�� �V�H�Q�]�R�U�X�O �Q�X �V�X�Q�W �Q�L�ú�W�H �Y�D�U�L�D�E�L�O�H �V�H�P�Q�L�I�L�F�D�W�L�Y�H �>�������@�� �V�H �U�H�F�R�P�D�Q�G��
�F�D �D�F�H�V�W�H�D �V�� �I�L�H �D�V�W�I�H�O �S�O�D�V�D�W�H �v�Q�F�k�W �V�� �Q�X �V�H �D�W�L�Q�J�� �D�F�F�L�G�H�Q�W�D�O ���O�D �D�S�U�R�[�L�P�D�W�L�Y
������ �F�P �X�Q�D �G�H �F�H�D�O�D�O�W������ �8�Q �Q�H�D�M�X�Q�V �H�V�W�H �G�H�W�H�U�P�L�Q�D�W �G�H �I�D�S�W�X�O �F�� �H�V�W�H �Q�H�F�H�V�D�U
�F�D �V�H�Q�]�R�U�X�O �V�� �I�L�H �F�D�O�L�E�U�D�W �S�H�Q�W�U�X �I�L�H�F�D�U�H �W�L�S �G�H �V�R�O �v�Q �S�D�U�W�H��

�6�H�Q�]�R�U�X�O �G�H �X�P�L�G�L�W�D�W�H �D �V�R�O�X�O�X�L �G�H �O�D �9�H�U�Q�L�H�U �>�������@ �P���V�R�D�U�� �F�R�Q� �L�Q�X�W�X�O �G�H
�D�S�� �D�O �V�R�O�X�O�X�L �S�H �E�D�]�D �F�D�S�D�F�L�W��� �L�L �H�O�H�F�W�U�L�F�H�� �8�P�L�G�L�W�D�W�H�D �V�R�O�X�O�X�L �L�Q�I�O�X�H�Q� �H�D�]��
�S�H�U�P�L�W�L�Y�L�W�D�W�H�D �G�L�H�O�H�F�W�U�L�F�� �D �D�F�H�V�W�X�L�D��" r �� �F�D�U�H�� �O�D �U�k�Q�G�X�O �H�L�� �L�Q�I�O�X�H�Q� �H�D�]�� �F�D�S�D��
�F�L�W�D�W�H�D �H�O�H�F�W�U�L�F�� ���F�I�� �(�F�X�D� �L�H�L������������

C =
"0" r S

d
������������

�'�R�P�H�Q�L�X�O �G�H �P���V�X�U�D�U�H �D �F�R�Q� �L�Q�X�W�X�O�X�L �Y�R�O�X�P�H�W�U�L�F �G�H �D�S�� �H�V�W�H �G�H �������� ���� �Ì�Q
�F�D�]�X�O �v�Q �F�D�U�H �V�H �U�H�D�O�L�]�H�D�]�� �F�D�O�L�E�U�D�U�H�D�� �G�R�P�H�Q�L�X�O �V�H �H�[�W�L�Q�G�H �O�D ���������� ���� �$�F�X��
�U�D�W�H� �H�D �H�V�W�H�� �G�H �R�E�L�F�H�L��� �� ���� �L�D�U �U�H�]�R�O�X� �L�D �W�L�S�L�F�� �H�V�W�H �G�H ������ ���� �6�H�Q�]�R�U�X�O �V�H
�D�O�L�P�H�Q�W�H�D�]�� �O�D �V�X�U�V�� �G�H �W�H�Q�V�L�X�Q�H �F�R�Q�W�L�Q�X�� �G�H �� �9�� �F�X �X�Q �F�X�U�H�Q�W �G�H �D�O�L�P�H�Q�W�D�U�H �G�H
�� �P�$�� �7�H�P�S�H�U�D�W�X�U�D �G�H �R�S�H�U�D�U�H �D �V�H�Q�]�R�U�X�O�X�L �H�V�W�H �v�Q�W�U�H ������ �ú�L ���� �J�U�D�G�H �&�H�O�V�L�X�V��

�6�H�Q�]�R�U�L�L �&�D�P�S�E�H�O�O �6�F�L�H�Q�W�L�I�L�F �&�6�������� �&�6������ �ú�L �&�6������ �>�������@ �P���V�R�D�U�� �F�R�Q� �L��
�Q�X�W�X�O �Y�R�O�X�P�H�W�U�L�F �G�H �D�S�� �D�O �X�Q�X�L �P�H�G�L�X �S�R�U�R�V ���G�L�Q �F�D�W�H�J�R�U�L�D �D�F�H�D�V�W�D �I���F�k�Q�G �S�D�U�W�H
�ú�L �V�R�O�X�U�L�O�H���� �'�L�Q�W�U�H �D�F�H�ú�W�L�D�� �&�6������ �ú�L �&�6������ �D�X �V�R�Q�G�H �G�H �O�X�Q�J�L�P�Hl = 30�F�P�� �L�D�U
�&�6������ �D�U�H �V�R�Q�G�H �G�H �O�X�Q�J�L�P�H �P�D�L �P�L�F���� ���� �F�P�� �&�6������ �ú�L �&�6������ �P���V�R�D�U���� �S�H
�O�k�Q�J�� �F�R�Q� �L�Q�X�W�X�O �Y�R�O�X�P�H�W�U�L�F �G�H �D�S���� �W�H�P�S�H�U�D�W�X�U�D �V�R�O�X�O�X�L�� �S�H�U�P�L�W�L�Y�L�W�D�W�H�D �G�L�H�O�H�F��
�W�U�L�F���� �F�R�Q�G�X�F�W�L�Y�L�W�D�W�H�D �H�O�H�F�W�U�L�F�� �D �V�R�O�X�O�X�L�� �F�X �R �D�F�X�U�D�W�H� �H �G�H� ���� �ú�L �F�X �S�U�H�F�L�]�L�H
�D �F�R�Q� �L�Q�X�W�X�O�X�L �Y�R�O�X�P�H�W�U�L�F �G�H �D�S�� �P�D�L �P�L�F�� �G�H ������������ �6�H�Q�]�R�U�L�L �V�H �D�O�L�P�H�Q�W�H�D�]��
�O�D �W�H�Q�V�L�X�Q�H�D �G�H ���� �9�� �v�Q�V�� �S�H�Q�W�U�X �&�6������ �ú�L �&�6������ �P�D�L �H�V�W�H �G�L�V�S�R�Q�L�E�L�O�� �ú�L �D�O�L��
�P�H�Q�W�D�U�H�D �O�D ���� ���� �ú�L ���� �9�� �F�X �X�Q �F�R�Q�V�X�P �G�H ������ ������ �U�H�V�S�H�F�W�L�Y ���� �P�$��

�6�H�Q�]�R�U�X�O �0�/�� �7�K�H�W�D ���)�L�J�X�U�D���������� �D�U�H �R �D�F�X�U�D�W�H� �H �G�H �� ���� �I�L�L�Q�G �O�L�G�H�U �v�Q
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�3�D�V�X�O �����/�D �Q�L�Y�H�O�X�O �W�U�D�Q�V�P�L� ���W�R�U�X�O�X�L ���7�;�'���� �S�H �O�k�Q�J�� �E�L� �L�L �G�H �G�D�W�H�� �V�H �D�G�D�X�J�� �E�L�W�X�O
�G�H �V�W�D�U�W�� �E�L�W�X�O �G�H �V�W�R�S�� �E�L�W�X�O �G�H �S�D�U�L�W�D�W�H ���R�S� �L�R�Q�D�O�� �S�H�Q�W�U�X �G�H�W�H�F� �L�D �G�H �H�U�R�U�L��
�ú�L �D�U�H �O�R�F �R �F�R�Q�Y�H�U�V�L�H �S�D�U�D�O�H�O �± �V�H�U�L�H �D �G�D�W�H�O�R�U��

�3�D�V�X�O �����6�H �W�U�D�Q�V�P�L�W �V�H�U�L�D�O �F�D�G�U�H�O�H �G�H �G�D�W�H �F���W�U�H �U�H�F�H�S�W�R�U ���5�;�'����

�3�D�V�X�O �����/�D �Q�L�Y�H�O�X�O �U�H�F�H�S�W�R�U�X�O�X�L ���5�;�'�� �V�H �G�H�W�H�F�W�H�D�]�� �E�L�W�X�O �G�H �V�W�D�U�W �ú�L �V�H �F�L�W�H�V�F
�G�D�W�H�O�H �F�X �R �U�D�W�� �G�H �W�U�D�Q�V�I�H�U ���G�H�Q�X�P�L�W�� �E�D�X�G �U�D�W�H �ú�L �H�[�S�U�L�P�D�W�� �v�Q �E�L� �L �S�H
�V�H�F�X�Q�G���� �E�S�V���� �I���F�k�Q�G�X���V�H �R �F�R�Q�Y�H�U�V�L�H �V�H�U�L�H �± �S�D�U�D�O�H�O �D �G�D�W�H�O�R�U�� �/�D �G�H��
�W�H�F� �L�D �E�L�W�X�O�X�L �G�H �V�W�R�S�� �V�H �R�S�U�H�V�F �W�U�D�Q�V�I�H�U�X�O �ú�L �F�R�Q�Y�H�U�V�L�D �>�������@��
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�)�L�J�X�U�D �������� �&�R�Q�H�F�W�D�U�H�D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �P�D�V�W�H�U �ú�L �D �F�H�O�X�L �V�O�D�Y�H �v�Q �F�R�P�X�Q�L�F�D� �L�D�6�3�,�>�������@

�&�R�P�X�Q�L�F�D� �L�D�6�3�,�V�H �E�D�]�H�D�]�� �S�H �W�U�D�Q�]�D�F� �L�L�� �D�G�L�F�� �S�H �L�Q�V�W�D�Q� �H �D�O�H �G�L�V�S�R�]�L��
�W�L�Y�X�O�X�L �G�H �W�L�S �P�D�V�W�H�U �S�U�L�Q �F�D�U�H �V�H �G�H�F�O�D�U�� �R �O�L�Q�L�H �G�H �V�H�O�H�F� �L�H �D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L
�V�O�D�Y�H�� �V�H �W�U�D�Q�V�I�H�U�� �G�D�W�H �F���W�U�H �ú�L �G�H �O�D �G�L�V�S�R�]�L�W�L�Y �ú�L �V�H �H�O�L�E�H�U�H�D�]�� �U�H�V�S�H�F�W�L�Y�D �O�L��
�Q�L�H�� �7�U�D�Q�]�D�F� �L�L�O�H�6�3�,�V�X�Q�W �D�W�R�P�L�F�H�� �Q�X �S�R�W �I�L �v�Q�W�U�H�U�X�S�W�H �G�H �D�O�W�H �W�U�D�Q�]�D�F� �L�L��

�'�L�V�S�R�]�L�W�L�Y�X�O �V�O�D�Y�H �V�H �V�H�O�H�F�W�H�D�]�� �S�U�L�Q �W�U�D�Q�V�P�L�W�H�U�H�D �G�H �F���W�U�H �P�D�V�W�H�U �D �X�Q�X�L
�V�H�P�Q�D�O �F�X �Q�L�Y�H�O �O�R�J�L�F �� �F���W�U�H �G�L�V�S�R�]�L�W�L�Y�X�O �G�R�U�L�W�� �3�H�Q�W�U�X �F�H�O�H�O�D�O�W�H �G�L�V�S�R�]�L�W�L�Y�H
�V�O�D�Y�H�� �V�H �Y�D �P�H�Q� �L�Q�H �V�H�P�Q�D�O�X�O �v�Q �Q�L�Y�H�O �O�R�J�L�F ���� �6�H�P�Q�D�O�H�O�H�0�2�6�,�� �0�,�6�2��
�6�&�/�.�V�X�Q�W �S�D�U�W�D�M�D�W�H �G�H �W�R�D�W�H �G�L�V�S�R�]�L�W�L�Y�H�O�H �V�O�D�Y�H ���)�L�J�X�U�D���������� �$�V�W�I�H�O�� �P�D�J�L�V��
�W�U�D�O�D�6�3�,�V�H �F�R�Q�V�W�L�W�X�L�H �G�L�Q �O�L�Q�L�L�O�H�0�2�6�,���0�,�6�2���6�&�/�. �ú�L �X�Q�D �V�D�X �P�D�L �P�X�O�W�H
�O�L�Q�L�L�&�6�>�������@��

�)�L�J�X�U�D �������� �&�R�Q�H�F�W�D�U�H�D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �P�D�V�W�H�U �ú�L �D �P�D�L �P�X�O�W�R�U �G�L�V�S�R�]�L�W�L�Y�H �V�O�D�Y�H �v�Q
�F�R�P�X�Q�L�F�D� �L�D�6�3�,�>�������@

�)�U�H�F�Y�H�Q� �D �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �P�D�V�W�H�U �S�R�D�W�H �I�L �P�D�L �P�L�F�� �V�D�X �H�J�D�O�� �G�H�F�k�W �I�U�H�F�Y�H�Q� �D
�G�L�V�S�R�]�L�W�L�Y�X�O�X�L �V�O�D�Y�H�� �L�D�U �W�U�D�Q�V�P�L�V�L�D �V�H �E�D�]�H�D�]�� �S�H �G�R�X�� �U�H�J�L�V�W�U�H �G�H �G�H�S�O�D�V�D�U�H��
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�I�D�V�W���� ������ �0�+�] ���P�R�G�X�O �G�H �P�D�U�H �Y�L�W�H�]���� �K�L�J�K���V�S�H�H�G���� �� �0�+�] ���P�R�G�X�O �X�O�W�U�D���U�D�S�L�G��
�X�O�W�U�D���I�D�V�W�� �>���������������@��

I 2C �Q�X �H�V�W�H �G�R�D�U �R �L�Q�W�H�U�I�D� ���� �F�L �G�H�I�L�Q�H�ú�W�H �ú�L �X�Q �S�U�R�W�R�F�R�O �F�H �S�H�U�P�L�W�H �F�R�P�X��
�Q�L�F�D� �L�D �G�L�Q�W�U�H �P�D�L �P�X�O�W�H �S�H�U�L�I�H�U�L�F�H �G�L�J�L�W�D�O�H�� �I�L�L�Q�G �U�H�F�R�P�D�Q�G�D�W �G�R�D�U �S�H �G�L�V�W�D�Q� �H
�V�F�X�U�W�H�� �V�L�P�L�O�D�U �F�X�6�3�,�� �/�D �I�H�O �F�D �ú�L�8�$�5�7�� �Q�H�F�H�V�L�W�� �G�R�D�U �G�R�X�� �I�L�U�H �S�H�Q�W�U�X �V�F�K�L�P��
�E�X�O �G�H �G�D�W�H�� �6�S�U�H �G�H�R�V�H�E�L�U�H �G�H�6�3�,�� �L�P�S�O�H�P�H�Q�W�D�U�H�D �K�D�U�G�Z�D�U�H �ú�L �V�R�I�W�Z�D�U�H �H�V�W�H
�P�D�L �F�R�P�S�O�H�[�����6�3�,�E�D�]�k�Q�G�X���V�H �S�H �U�H�J�L�V�W�U�H �G�H �G�H�S�O�D�V�D�U�H�� �G�D�U �H�V�W�H �P�D�L �I�D�F�L�O�� �G�H��
�F�k�W �v�Q �F�D�]�X�O�8�$�5�7�� �$�F�H�D�V�W�� �L�Q�W�H�U�I�D� �� �U�H�X�ú�H�ú�W�H�� �v�Q�V���� �V�� �H�O�L�P�L�Q�H �G�H�]�D�Y�D�Q�W�D�M�H�O�H
�8�$�5�7�� �F�X�P �V�X�Q�W �S�U�R�E�O�H�P�H�O�H �O�H�J�D�W�H �G�H �U�D�W�D �G�H �W�U�D�Q�V�P�L�V�L�H �G�L�I�H�U�L�W���� �V�X�U�S�O�X�V�X�O �G�H
�G�D�W�H ���E�L�W �G�H �V�W�R�S�� �S�D�U�L�W�D�W�H �H�W�F���� �F�D�U�H �G�H�W�H�U�P�L�Q�� �R �U�D�W�� �G�H �W�U�D�Q�V�P�L�V�L�H �V�F���]�X�W���� �G�D�U
�ú�L �F�R�Q�V�W�U�k�Q�J�H�U�H�D �O�H�J�D�W�� �G�H �Q�X�P���U�X�O �G�H �G�L�V�S�R�]�L�W�L�Y�H �F�D�U�H �S�R�W �F�R�P�X�Q�L�F�D �V�L�P�X�O��
�W�D�Q�� �Ì�Q �S�O�X�V�� �L�Q�W�H�U�I�D� �DI 2C �H�O�L�P�L�Q�� �O�L�P�L�W���U�L�O�H�6�3�,�� �F�X�P �V�X�Q�W �Q�X�P���U�X�O �G�H �S�L�Q�L
�Q�H�F�H�V�D�U�L �ú�L �F�R�Q�V�W�U�k�Q�J�H�U�H�D �G�H �D �D�Y�H�D �X�Q �V�L�Q�J�X�U �F�R�Q�W�U�R�O�H�U�� �G�H�R�D�U�H�F�H �S�H�U�P�L�W�H �F�R��
�P�X�Q�L�F�D� �L�D �F�X �P�D�L �P�X�O�W�H �F�R�Q�W�U�R�O�H�U�H �>�������@�� �3�H�Q�W�U�X �U�D�W�H�O�H �G�H �W�U�D�Q�V�P�L�V�L�H �D�O�H �F�H�O�R�U
�W�U�H�L �L�Q�W�H�U�I�H� �H�� �V�H �U�H�V�S�H�F�W�� �U�H�O�D� �L�D �G�L�Q �(�F�X�D� �L�D��������

RUART (230400bps) < R I 2C < R SP I (10 Mbps) ����������

�Ì�Q �F�R�P�X�Q�L�F�D� �L�DI 2C�� �G�L�V�S�R�]�L�W�L�Y�X�O �P�D�V�W�H�U �H�V�W�H �G�H�Q�X�P�L�W �F�R�Q�W�U�R�O�H�U�� �L�D�U �G�L�V�S�R��
�]�L�W�L�Y�X�O �V�O�D�Y�H �H�V�W�H �G�H�Q�X�P�L�W �S�H�U�L�I�H�U�L�F�� �H�[�L�V�W�k�Q�G �G�R�X�� �W�L�S�X�U�L �G�H �F�D�G�U�H ���)�L�J�X�U�D������������

���� �X�Q �F�D�G�U�X �G�H �D�G�U�H�V�H�� �X�Q�G�H �F�R�Q�W�U�R�O�H�U�X�O �L�Q�G�L�F�� �S�H�U�L�I�H�U�L�F�X�O �O�D �F�D�U�H �H�V�W�H �W�U�L�P�L�V
�P�H�V�D�M�X�O��

���� �X�Q�X�O �V�D�X �P�D�L �P�X�O�W�H �F�D�G�U�H �G�H �G�D�W�H �S�H �� �E�L� �L �W�U�D�Q�V�P�L�V�H �G�H �O�D �F�R�Q�W�U�R�O�H�U �O�D
�S�H�U�L�I�H�U�L�F �V�D�X �L�Q�Y�H�U�V��

�&�R�Q�G�L� �L�D �G�H �V�W�D�U�W �H�V�W�H �v�Q�G�H�S�O�L�Q�L�W�� �G�D�F�� �Q�L�Y�H�O�X�O �O�R�J�L�F �D�O �V�H�P�Q�D�O�X�O�X�L �6�'�$ �G�H��
�Y�L�Q�H �� �v�Q�D�L�Q�W�H�D �F�H�O�X�L �D�O �V�H�P�Q�D�O�X�O�X�L �G�H �V�L�Q�F�U�R�Q�L�]�D�U�H�� �Ì�Q�W�U���R �V�H�F�Y�H�Q� �� �G�H �F�R�P�X��
�Q�L�F�D� �L�L �,���&�� �D�G�U�H�V�D �H�V�W�H �S�U�L�P�D�� �I�L�H�F�D�U�H �G�L�V�S�R�]�L�W�L�YI 2C �D�Y�k�Q�G �R �D�V�W�I�H�O �G�H �D�G�U�H�V����
�%�L�W�X�O �: �W�U�D�Q�V�P�L�V �G�X�S�� �F�D�G�U�X�O �G�H �D�G�U�H�V�H �D�U�D�W�� �G�D�F�� �O�D �Q�L�Y�H�O�X�O �F�R�Q�W�U�R�O�H�U�X�O�X�L �V�H
�F�H�U ���Q�L�Y�H�O �O�R�J�L�F ���� �V�D�X �V�H �W�U�D�Q�V�P�L�W �G�D�W�H ���Q�L�Y�H�O �O�R�J�L�F ������ �3�H�Q�W�U�X �I�L�H�F�D�U�H �� �E�L� �L
�G�H �G�D�W�H�� �X�Q �E�L�W �V�X�S�O�L�P�H�Q�W�D�U �H�V�W�H �Q�H�F�H�V�D�U �S�H�Q�W�U�X �V�H�P�Q�D�O�L�]�D�U�H�D �$�&�.���1�$�&�.�� �v�Q
�F�D�]�X�O �S�U�R�F�H�V���U�L�L �F�H�U�H�U�L�L �V�D�X�� �G�L�Q �F�R�Q�W�U���� �D�O �O�L�S�V�H�L �G�H �U���V�S�X�Q�V �G�L�Q �S�D�U�W�H�D �S�H�U�L�I�H��
�U�L�F�X�O�X�L�� �'�X�S�� �F�H�L �� �E �G�H �G�D�W�H�� �G�L�V�S�R�]�L�W�L�Y�X�O �G�H �U�H�F�H�S� �L�H �W�U�H�E�X�L�H �V�� �D�G�X�F�� �O�L�Q�L�D
�6�'�$ �v�Q �Q�L�Y�H�O �O�R�J�L�F �� �v�Q�D�L�Q�W�H �G�H �D�O �����O�H�D �S�X�O�V �G�H �F�H�D�V�� �7�U�D�Q�V�P�L�V�L�D �F�D�G�U�H�O�R�U
�V�H �I�L�Q�D�O�L�]�H�D�]�� �D�W�X�Q�F�L �F�k�Q�G �Q�L�Y�H�O�X�O �O�R�J�L�F �D�O �V�H�P�Q�D�O�X�O�X�L �6�'�$ �G�H�Y�L�Q�H �� �v�Q�D�L�Q�W�H�D
�V�H�P�Q�D�O�X�O�X�L �G�H �V�L�Q�F�U�R�Q�L�]�D�U�H��

�'�D�W�H�O�H �V�X�Q�W �S�O�D�V�D�W�H �S�H �O�L�Q�L�D �6�'�$ �G�X�S�� �F�H �6�&�/ �D�M�X�Q�J�H �O�D �Q�L�Y�H�O �O�R�J�L�F �� �ú�L
�V�X�Q�W �H�ú�D�Q�W�L�R�Q�D�W�H �G�X�S�� �F�H �O�L�Q�L�D �6�&�/ �D�M�X�Q�J�H �O�D �Q�L�Y�H�O �O�R�J�L�F ���� �'�D�F�� �V�X�Q�W �P�D�L
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�)�L�J�X�U�D ���������� �3�U�R�W�R�F�R�O�X�O�,���6�>�������@

�'�D�W�H�O�H �V�X�Q�W �W�U�D�Q�V�P�L�V�H �S�H �I�U�R�Q�W �V�F���]���W�R�U�� �/�L�Q�L�D �:�6 �V�H �V�F�K�L�P�E�� �F�X �X�Q �F�L�F�O�X
�G�H �F�H�D�V �v�Q�D�L�Q�W�H �F�D�0�6�%�V�� �I�L�H �W�U�D�Q�V�P�L�V�� �D�V�W�I�H�O �F�� �U�H�F�H�S�W�R�U�X�O �D�U�H �W�L�P�S �V��
�V�W�R�F�K�H�]�H �F�X�Y�k�Q�W�X�O �D�Q�W�H�U�L�R�U ���Z�R�U�G�� �ú�L �V�� �ú�W�H�D�U�J�� �U�H�J�L�V�W�U�X�O �G�H �L�Q�W�U�D�U�H �S�H�Q�W�U�X
�F�X�Y�k�Q�W�X�O �X�U�P���W�R�U���0�6�%�H�V�W�H �W�U�L�P�L�V �D�W�X�Q�F�L �F�k�Q�G �6�&�. �V�H �V�F�K�L�P�E�� �G�X�S��
�P�R�G�L�I�L�F���U�L�O�H�:�6 ��

�)�L�H�F�D�U�H �F�R�Q�W�U�R�O�H�U�,���6�D�U�H �P�D�L �P�X�O�W�H �F�D�U�D�F�W�H�U�L�V�W�L�F�L �F�D�U�H �S�R�W �I�L �F�R�Q�I�L�J�X�U�D�W�H
�I�R�O�R�V�L�Q�G �G�U�L�Y�H�U�X�O�,���6�� �$�V�W�I�H�O�� �D�F�H�V�W�H�D �S�R�W �I�X�Q�F� �L�R�Q�D �F�D �P�D�V�W�H�U �V�D�X �V�O�D�Y�H �ú�L �S�R�W
�I�L �F�D�S�D�E�L�O�H �V�� �D�F� �L�R�Q�H�]�H �F�D �H�P�L� ���W�R�U �V�D�X �U�H�F�H�S�W�R�U�� �Ì�Q �S�O�X�V�� �H�[�L�V�W�� �X�Q �F�R�Q�W�U�R�O�H�U
�'�L�U�H�F�W �$�F�F�H�V�V �0�H�G�L�D ���'�0�$ �� �F�H �S�H�U�P�L�W�H �D�F�F�H�V�X�O �G�L�U�H�F�W �O�D �P�H�P�R�U�L�H �F�D�U�H �S�H�U��
�P�L�W�H �W�U�D�Q�V�P�L�W�H�U�H�D �I�O�X�[�X�U�L�O�R�U �G�H �G�D�W�H �I���U�� �D �I�L �Q�H�F�H�V�D�U �F�D �S�U�R�F�H�V�R�U�X�O �V�� �F�R�S�L�H�]�H
�I�L�H�F�D�U�H �H�ú�D�Q�W�L�R�Q �G�H �G�D�W�H��

�0�D�L �P�X�O�W�� �R�U�L�F�H �F�R�Q�W�U�R�O�H�U�,���6 �S�R�D�W�H �I�X�Q�F� �L�R�Q�D �v�Q �P�R�G�X�O �G�H �F�R�P�X�Q�L�F�D� �L�L
�V�H�P�L���G�X�S�O�H�[�� �$�V�W�I�H�O�� �G�D�F�� �V�H �F�R�P�E�L�Q�� �G�R�X�� �F�R�Q�W�U�R�O�H�U�H�� �V�H �S�R�D�W�H �V�W�D�E�L�O�L �R �F�R��
�P�X�Q�L�F�D� �L�H �I�X�O�O���G�X�S�O�H�[��

�(�6�3���� �F�R�Q� �L�Q�H �G�R�X�� �S�H�U�L�I�H�U�L�F�H �,���6 �F�H �S�R�W �I�L �F�R�Q�I�L�J�X�U�D�W�H �S�H�Q�W�U�X �D �D�Y�H�D �O�D
�L�Q�W�U�D�U�H �ú�L �L�H�ú�L�U�H �H�ú�D�Q�W�L�R�D�Q�H �G�H �G�D�W�H �S�U�L�Q �G�U�L�Y�H�U�X�O �,���6�� �(�[�L�V�W�� �X�U�P���W�R�D�U�H�D �S�R�V�L��
�E�L�O�L�W�D�W�H �G�H �F�R�Q�H�F�W�D�U�H��

�‡�6�H�U�L�D�O �&�O�R�F�N ���6�&�.�� � �*�3�,�2����

�‡�:�R�U�G �6�H�O�H�F�W ���:�6�� � �*�3�,�2����

�‡�6�H�U�L�D�O �'�D�W�D ���6�'�� � �*�3�,�2����

������
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�)�L�J�X�U�D ���������� �(�ú�D�Q�W�L�R�Q�D�U�H�D �V�H�P�Q�D�O�H�O�R�U �D�Q�D�O�R�J�L�F�H

�Ì�Q �H�W�D�S�D �G�H �F�X�D�Q�W�L�]�D�U�H�� �I�L�H�F�D�U�H �H�ú�D�Q�W�L�R�Q ���U�H�S�U�H�]�H�Q�W�D�W �F�D �X�Q �Q�X�P���U �U�H�D�O�� �H�V�W�H
�D�S�U�R�[�L�P�D�W �F�X �R �Y�D�O�R�D�U�H �G�L�Q�W�U���X�Q �V�H�W �G�H �Y�D�O�R�U�L �G�L�V�F�U�H�W�H �F�H �S�R�W �I�L �F�R�Q�Y�H�U�W�L�W�H �v�Q
�V�H�F�Y�H�Q� �H �E�L�Q�D�U�H�� �)�L�H�F�D�U�H �F�R�Q�Y�H�U�W�R�U �&�$�1 �S�R�D�W�H �I�D�F�H �F�R�Q�Y�H�U�V�L�D �S�H �X�Q �D�Q�X�P�L�W
�Q�X�P���U �G�H �E�L� �L�� �Q�� �1�X�P���U�X�O �G�H �Y�D�O�R�U�L �G�L�V�F�U�H�W�H ���Q�L�Y�H�O�X�U�L�� �V�S�H�F�L�I�L�F �X�Q�X�L �D�Q�X�P�L�W
�F�R�Q�Y�H�U�W�R�U �&�$�1 �H�V�W�HM = 2 n �� �,�Q�Y�H�U�V�� �V�H �S�R�D�W�H �G�H�W�H�U�P�L�Q�D �Q�X�P���U�X�O �G�H �E�L� �L �D�O
�X�Q�X�L �F�R�Q�Y�H�U�W�R�U �&�$�1 �F�X�Q�R�V�F�k�Q�G �Q�X�P���U�X�O �G�H �Q�L�Y�H�O�X�U�L �V�D�X �G�H �Y�D�O�R�U�L �G�L�V�F�U�H�W�H��
�D�S�O�L�F�k�Q�G �(�F�X�D� �L�D��������

n = log2M ����������

�3�D�V�X�O �G�H �F�X�D�Q�W�L�]�D�U�H �D�U�D�W�� �F�X�P �V�X�Q�W �P�D�S�D�W�H �Y�D�O�R�U�L�O�H �G�H �L�Q�W�U�D�U�H �ú�L �V�H �F�D�O�F�X��
�O�H�D�]�� �F�D �v�Q �(�F�X�D� �L�D��������

� =
Umax � Umin

M
����������

��
�/�X�k�Q�G �F�D �H�[�H�P�S�O�X �X�Q �&�$�1 �F�X �Q� �� �E�L� �L�� �R�E� �L�Q�H�PM = 2 3 = 8 �Q�L�Y�H�O�X�U�L��

�V�H�W�X�O �G�H �Y�D�O�R�U�L �G�L�V�F�U�H�W�H �I�L�L�Q�Gf 0; 1; 2; 3; 4; 5; 6; 7g�� �7�H�Q�V�L�X�Q�H�D �O�D �Y�k�U�I �D �V�H�P��
�Q�D�O�X�O�X�L �V�L�Q�X�V�R�L�G�D�O �H�ú�D�Q�W�L�R�Q�D�W �H�V�W�H �8� �� �9�� �R�I�I�V�H�W� ���� �7� �� �V��Ts = 0:05 �V ���)�L��
�J�X�U�D������������

�Ì�Q �D�F�H�V�W �F�D�]�� �S�D�V�X�O �G�H �F�X�D�Q�W�L�]�D�U�H �H�V�W�H� = Umax � Umin
M = 1V � (� 1V )

8 = 1
4V��

�$�V�W�I�H�O�� �Y�R�P �D�Y�H�D �L�Q�W�H�U�Y�D�O�H�O�H �L�O�X�V�W�U�D�W�H �v�Q �7�D�E�H�O�������� �'�X�S�� �H�W�D�S�D �G�H �F�X�D�Q�W�L�]�D�U�H��

������



�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

�)�L�J�X�U�D ���������� �6�H�P�Q�D�O�X�O �F�X�D�Q�W�L�]�D�W �Y�V�� �V�H�P�Q�D�O�X�O �H�ú�D�Q�W�L�R�Q�D�W ���Q� ���� �0� ����Umax = 1 �9��
Umax = � 1 �9��

�Q�L�Y�H�O�X�U�L�O�H �Y�R�U �I�L �F�R�G�D�W�H �S�H �Q �E�L� �L�� �D�V�W�I�H�O �S�H�Q�W�U�X �Q� ���� �Q�L�Y�H�O�X�O �� �Y�D �I�L�� �G�H �I�D�S�W��
�V�H�F�Y�H�Q� �D �������� �Q�L�Y�H�O�X�O �� �Y�D �I�L ������ �H�W�F��

�7�D�E�H�O�X�O �������� �,�Q�W�H�U�Y�D�O�H�O�H �G�H �W�H�Q�V�L�X�Q�L �ú�L �Q�L�Y�H�O�X�U�L�O�H �F�R�U�H�V�S�X�Q�]���W�R�D�U�H ���Q� ���� �0� ����U =
1 V ��� = 0 :25 V ��

�,�Q�W�H�U�Y�D�O�1�L�Y�H�O�&�R�G�D�U�H
�>�������������@ �� ������

�>�������� ���������� �� ������
�>���������� �������� �� ������
�>�������������� �� ������

�>������������ ���� �� ������
�>���������� ������������ �� ������
�>������������ ���������� �� ������
�>������ ������������ �� ������

�Ì�Q �)�L�J�X�U�D���������H�V�W�H �U�H�S�U�H�]�H�Q�W�D�W �V�H�P�Q�D�O�X�O �H�ú�D�Q�W�L�R�Q�D�W �ú�L �F�X�D�Q�W�L�]�D�W �F�k�Q�GUmax =
1 �9��Umin = 0 �9 �S�H�Q�W�U�X �Q � �� �E�� �3�D�V�X�O �G�H �F�X�D�Q�W�L�]�D�U�H �D �G�H�Y�H�Q�L�W� = 1

8 V��
�(�[�L�V�W���� �W�R�W�R�G�D�W���� �F�R�Q�F�H�S�W�X�O �G�H �W�H�Q�V�L�X�Q�H �G�H �U�H�I�H�U�L�Q� �� ��Vref ���� �$�F�H�D�V�W�D �U�H�S�U�H��

�]�L�Q�W�� �Y�D�O�R�D�U�H�D �P�D�[�L�P�� �S�H �F�D�U�H �X�Q �F�R�Q�Y�H�U�W�R�U �$�1 �R �S�R�D�W�H �F�R�Q�Y�H�U�W�L�� �Ì�Q �H�[�H�P�S�O�H�O�H
�D�Q�W�H�U�L�R�D�U�H�� �D�P �L�J�Q�R�U�D�W �R �D�V�W�I�H�O �G�H �O�L�P�L�W�D�U�H�� ���L�Q�k�Q�G �F�R�Q�W �G�H �W�H�Q�V�L�X�Q�H�D �G�H �U�H�I�H��

������
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�)�L�J�X�U�D �������� �7�U�D�Q�V�P�L�V�L�D �V�H�P�Q�D�O�H�O�R�U �v�Q �F�R�P�X�Q�L�F�D� �L�L�O�H �I���U�� �I�L�U

�3�H�Q�W�U�X �v�Q�F�H�S�X�W�� �H�V�W�H �V�X�I�L�F�L�H�Q�W �V�� �V�H �L�D �v�Q �F�R�Q�V�L�G�H�U�D�U�H �X�Q �P�R�G�H�O �V�L�P�S�O�L�I�L�F�D�W
�D�O �D�F�H�V�W�R�U �S�L�H�U�G�H�U�L �G�H �S�U�R�S�D�J�D�U�H�� �v�Q �F�D�U�H �S�L�H�U�G�H�U�L�O�H �G�H �S�U�R�S�D�J�D�U�H ���3�/�� �F�U�H�V�F
�F�X �S���W�U�D�W�X�O �G�L�V�W�D�Q� �H�L�� �$�V�W�I�H�O�� �S�X�W�H�U�H�D �V�H�P�Q�D�O�X�O�X�L �U�H�F�H�S� �L�R�Q�D�W �V�F�D�G�H �F�X �S���W�U�D�W�X�O
�G�L�V�W�D�Q� �H�L��

�Ì�Q �F�R�P�X�Q�L�F�D� �L�L�O�H �I���U�� �I�L�U�� �S�X�W�H�U�L�O�H �V�H �P���V�R�D�U�� �v�Q �Z�D� �L ���:�� �ú�L �V�X�E�P�X�O�W�L�S�O�L
�D�L �D�F�H�V�W�X�L�D �V�D�X �v�Q �G�H�F�L�E�H�O�L���P�L�O�L�Z�D� �L ���G�%�P�� �X�Q�L�W�D�W�H �G�H �P���V�X�U�� �I�R�O�R�V�L�W�� �v�Q �W�H�O�H��
�F�R�P�X�Q�L�F�D� �L�L�� �X�Q�G�H �G�%�P �D�U�H �F�D �U�H�I�H�U�L�Q� �� �R �S�X�W�H�U�H �G�H �� �P�:���� �'�L�V�S�R�]�L�W�L�Y�H�O�H �G�H
�F�R�P�X�Q�L�F�D� �L�L �I���U�� �I�L�U �D�X �F�D�S�D�F�L�W�D�W�H�D �G�H �D �G�H�W�H�U�P�L�Q�D �X�Q �S�D�U�D�P�H�W�U�X �Q�X�P�L�W �L�Q�G�L��
�F�D�W�R�U �G�H �S�X�W�H�U�H �D �V�H�P�Q�D�O�X�O�X�L �U�H�F�H�S� �L�R�Q�D�W ���5�H�F�H�L�Y�H�G �6�L�J�Q�D�O �6�W�U�H�Q�J�W�K �,�Q�G�L�F�D�W�R�U��
�5�6�6�,�� �F�D�U�H�� �v�Q �P�X�O�W�H �F�D�]�X�U�L�� �U�H�S�U�H�]�L�Q�W�� �R �P���V�X�U�� �D �Q�L�Y�H�O�X�O�X�L �G�H �S�X�W�H�U�H �D �V�H�P�Q�D��
�O�X�O�X�L �U�H�F�H�S� �L�R�Q�D�W�� �5�6�6�, �V�H �P���V�R�D�U�� �v�Q �G�%�P �ú�L �D�U�H �Y�D�O�R�U�L �Q�H�J�D�W�L�Y�H�� �L�D�U �R �Y�D�O�R�D�U�H
�P�D�L �D�S�U�R�S�L�D�W�� �G�H �� �Y�D �D�U���W�D �F�� �V�H�P�Q�D�O�X�O �U�H�F�H�S� �L�R�Q�D�W �H�V�W�H �P�D�L �S�X�W�H�U�Q�L�F �>�������@��
�'�H �H�[�H�P�S�O�X�� �X�Q �V�H�P�Q�D�O �U�H�F�H�S� �L�R�Q�D�W �F�XRSSI1 = � 69 �G�%�P �H�V�W�H �P�D�L �S�X�W�H�U�Q�L�F
�G�H�F�k�W �X�Q �V�H�P�Q�D�O �U�H�F�H�S��� �L�R�Q�D�W �F�XRSSI1 = � 89 �G�%�P �ú�L �S�X�W�H�P �F�R�Q�V�L�G�H�U�D �F��
�X�Q �U�H�F�H�S�W�R�URX 1 �F�D�U�H �U�H�F�H�S� �L�R�Q�H�D�]�� �F�XRSSI1 �H�V�W�H �P�D�L �D�S�U�R�D�S�H �G�H �7�; �G�H�F�k�W
�X�Q �U�H�F�H�S�W�R�URX 2 �F�D�U�H �U�H�F�H�S� �L�R�Q�H�D�]�� �F�XRSSI2�� �&�X �W�R�D�W�H �D�F�H�V�W�H�D�� �Q�X �V�H �S�R�D�W�H
�ú�W�L �v�Q �F�H �G�L�U�H�F� �L�H �I�D� �� �G�HRX 1 �V�D�XRX 2 �V�H �D�I�O�� �7�;�� �D�ú�D �F�X�P �V�H �S�R�D�W�H �D�U���W�D �v�Q
�)�L�J�X�U�D��������

�3�U�L�Q �L�Q�W�H�U�P�H�G�L�X�O �G�L�V�S�R�]�L�W�L�Y�H�O�R�U �G�H �F�R�P�X�Q�L�F�D� �L�L �I���U�� �I�L�U �V�H �S�R�W �W�U�D�Q�V�P�L�W�H �G�D�W�H
�D�W�k�W �W�L�P�S �F�k�W �D�F�H�V�W�H �G�L�V�S�R�]�L�W�L�Y�H �V�H �D�I�O�� �v�Q �G�R�P�H�Q�L�X�O���U�D�]�D �G�H �D�F�R�S�H�U�L�U�H �D �G�L�V�S�R��
�]�L�W�L�Y�X�O�X�L �F���W�U�H �F�D�U�H �V�H �G�R�U�H�ú�W�H �W�U�D�Q�V�P�L�W�H�U�H�D �U�H�V�S�H�F�W�L�Y�H�O�R�U �G�D�W�H�� �Ì�Q �D�F�H�V�W �F�D�]��
�Y�D�O�R�D�U�H�D �5�6�6�, �W�U�H�E�X�L�H �V�� �I�L�H �P�D�L �P�D�U�H �G�H�F�k�W �X�Q �S�U�D�J �V�S�H�F�L�I�L�F �G�L�V�S�R�]�L�W�L�Y�X�O�X�L �G�H
�U�H�F�H�S� �L�H�� �Q�X�P�L�W �V�H�Q�V�L�E�L�O�L�W�D�W�H�D �U�H�F�H�S�W�R�U�X�O�X�L �>�������@�� �$�F�H�D�V�W�D �U�H�S�U�H�]�L�Q�W�� �D�F�H�D �Y�D��
�O�R�D�U�H �P�L�Q�L�P�� �D �S�X�W�H�U�L�L �V�H�P�Q�D�O�X�O�X�L �U�H�F�H�S� �L�R�Q�D�W �S�H�Q�W�U�X �F�D�U�H �V�H �S�R�D�W�H �U�H�F�H�S� �L�R�Q�D
�F�R�U�H�F�W �X�Q �V�H�P�Q�D�O�� �)�L�H�F�D�U�H �P�R�G�X�O �G�H �F�R�P�X�Q�L�F�D� �L�L �D�U�H �R �V�H�Q�V�L�E�L�O�L�W�D�W�H �V�S�H�F�L�I�L�F����
�'�H �H�[�H�P�S�O�X�� �P�R�G�X�O�X�O �G�H �F�R�P�X�Q�L�F�D� �L�L �:�L���)�L �L�Q�W�H�J�U�D�W �v�Q �(�6�3���� �D�U�H �R �V�H�Q�V�L�E�L�O�L��
�W�D�W�H �G�H ������ �G�%�P�� �$�F�H�D�V�W�D �D�U�D�W�� �F���� �D�W�k�W �W�L�P�S �F�k�W �Y�D�O�R�D�U�H�D �5�6�6�, �H�V�W�H �P�D�L �P�D�U�H
�G�H�F�k�W ������ �G�%�P�� �5�; �S�R�D�W�H �U�H�F�H�S�W�D �F�R�U�H�F�W �V�H�P�Q�D�O�X�O �W�U�D�Q�V�P�L�V �G�H �7�;�� �Ì�Q �S�O�X�V��

������







�&�$�3�,�7�2�/�8�/ ���� �1�,�9�(�/�8�/ �&�2�1�(�&�7�,�9�,�7�$�7�(�� �7�(�+�1�2�/�2�*�,�, �'�(
�7�(�/�(�&�2�0�8�1�,�&�$���,�,

�Ì�Q �I�L�Q�D�O�� �S�H�Q�W�U�X �D �G�H�W�H�U�P�L�Q�D �U�D�W�D �G�H �E�L�W �v�Q �F�D�]�X�O �X�W�L�O�L�]���U�L�L �F�R�G�X�U�L�O�R�U �F�R�U�H�F��
�W�R�D�U�H �G�H �H�U�R�U�L�� �V�H �I�R�O�R�V�H�ú�W�H �(�F�X�D� �L�D��������

R0
B [b/ s] =

BW [Hz]
2SF [chip/ simbol]

� SF[b/ s] � CR ����������

�'�D�F�� �Y�D�O�R�D�U�H�D �%�: �H�V�W�H �P�D�U�H�� �H�Y�L�G�H�Q�W�� �Y�R�P �D�Y�H�D �R �Y�D�O�R�D�U�H �P�D�L �P�D�U�H �D �U�D�W�H�L �G�H
�E�L�W�� �G�D�U �V�H�Q�V�L�E�L�O�L�W�D�W�H�D �U�H�F�H�S�W�R�U�X�O�X�L �Y�D �I�L �D�I�H�F�W�D�W���� �Ì�Q �V�F�K�L�P�E�� �F�U�H�V�F�k�Q�G �I�D�F�W�R�U�X�O
�G�H �v�P�S�U���ú�W�L�H�U�H�� �S�X�W�H�P �D�Y�H�D �X�Q �G�R�P�H�Q�L�X �G�H �D�F�R�S�H�U�L�U�H �P�D�L �P�D�U�H �ú�L �R �O�H�J���W�X�U��
�P�D�L �I�L�D�E�L�O���� �G�D�U �F�X �G�H�]�D�Y�D�Q�W�D�M�X�O �F�� �U�D�W�D �G�H �E�L�W �Y�D �V�F���G�H�D �>�������@�� �'�H �D�V�H�P�H��
�Q�H�D�� �F�U�H�ú�W�H�U�H�D �Q�X�P���U�X�O�X�L �G�H �E�L� �L �U�H�G�X�Q�G�D�Q� �L �Y�D �G�X�F�H �O�D �V�F���G�H�U�H�D �U�D�W�H�L �G�H �E�L�W
���)�L�J�X�U�D����������

�)�L�J�X�U�D �������� �,�Q�I�O�X�H�Q� �D �I�D�F�W�R�U�X�O�X�L �G�H �v�P�S�U���ú�W�L�H�U�H�� �D �O���U�J�L�P�L�L �G�H �E�D�Q�G�� �ú�L �D �U�D�W�H�L �G�H �F�R�G
�D�V�X�S�U�D �U�D�W�H�L �G�H �E�L�W �/�R�5�D�� �S�H �E�D�]�D �O���U�J�L�P�L�L �G�H �E�D�Q�G�� �D �P�R�G�X�O�X�O�X�L �/�R�5�D �6�H�P�W�H�F�K
�6�;�������� �S�H�Q�W�U�X �F�D�U�H �%�:� �������������� �N�+�]

�0�R�G�X�O�D� �L�D�&�6�6�S���V�W�U�H�D�]�� �F�D�U�D�F�W�H�U�L�V�W�L�F�D �G�H �S�X�W�H�U�H �U�H�G�X�V�� �D �P�R�G�X�O�D� �L�H�L�)�6�.
���)�U�H�T�X�H�Q�F�\ �6�K�L�I�W �.�H�\�L�Q�J�� �0�R�G�X�O�D� �L�H �F�X �V�D�O�W �v�Q �I�D�]������ �G�D�U �U�H�X�ú�H�ú�W�H �V�� �F�U�H�D�V�F��
�D�U�L�D �G�H �D�F�R�S�H�U�L�U�H �>�������@ �ú�L �I�X�U�Q�L�]�H�D�]�� �R �F�R�P�X�Q�L�F�D� �L�H �E�L�G�L�U�H�F� �L�R�Q�D�O�� �>�������@�� �>�������@��

�)�X�Q�F� �L�R�Q�k�Q�G �v�Q �E�D�Q�G�D �G�H ������ �0�+�] �v�Q �(�X�U�R�S�D�� ������ �0�+�] �v�Q �$�P�H�U�L�F�D �G�H
�1�R�U�G �ú�L ������ �0�+�] �v�Q �$�V�L�D�� �/�R�5�D �H�V�W�H �F�D�U�D�F�W�H�U�L�]�D�W�� �G�H �R �U�D�W�� �U�H�G�X�V�� �D �G�D�W�H�O�R�U
������ �N�E�S�V �S�H�Q�W�U�XSF = 7 �ú�L �R �O���U�J�L�P�H �G�H �E�D�Q�G�� �D �F�D�Q�D�O�X�O�X�L �G�H ������ �N�+�] �ú�L �X�Q
�P�D�[�L�P �G�H ���� �N�E�S�V �D�W�X�Q�F�L �F�k�Q�G �V�H �X�W�L�O�L�]�H�D�]�� �P�R�G�X�O�D� �L�D�)�6�.���� �&�R�Q�I�R�U�P �6�L�O�Y�D
�ú�L �D�O� �L�L �>�������@�� �U�D�W�D �G�H �W�U�D�Q�V�P�L�V�L�H �Y�D�U�L�D�]�� �v�Q�W�U�H ������ �E�S�V �ú�L ���� �N�E�S�V�� �$�F�H�V�W �G�L�Q
�X�U�P�� �D�V�S�H�F�W �Q�X �U�H�S�U�H�]�L�Q�W�� �Q�H�D�S���U�D�W �X�Q �G�H�]�D�Y�D�Q�W�D�M�� �G�D�F�� �V�H �S�O�D�V�H�D�]�� �W�H�K�Q�R�O�R�J�L�D
�/�R�5�D �v�Q �F�R�Q�W�H�[�W�X�O �S�R�W�U�L�Y�L�W �ú�L �v�Q �F�D�G�U�X�O �V�F�H�Q�D�U�L�X�O�X�L �S�R�W�U�L�Y�L�W��

�'�X�S�� �F�X�P �V���D �P�H�Q� �L�R�Q�D�W �D�Q�W�H�U�L�R�U�� �/�R�5�D �D�U�H �R �D�U�L�H �G�H �D�F�R�S�H�U�L�U�H �P�D�U�H ���S�R�D�W�H
�G�H�S���ú�L �� �N�P �v�Q �]�R�Q�H�O�H �X�U�E�D�Q�H �>�����@�� ���� �N�P�� �>�������@ �V�D�X�� �F�D �v�Q �>�������@�� ���� �N�P �v�Q �]�R��
�Q�H�O�H �U�X�U�D�O�H���� �Ì�Q �W�L�P�S �F�H �U�D�W�D �G�H �H�U�R�D�U�H �S�H�Q�W�U�X �O�H�J���W�X�U�D �D�V�F�H�Q�G�H�Q�W�� �S�H�Q�W�U�X ������
�G�L�Q �W�L�P�S�X�O �D�O�R�F�D�W �F�R�P�X�Q�L�F�D� �L�H�L �����������W�L�O�H �X�S�O�L�Q�N �I�D�L�O�X�U�H �U�D�W�H�� �S�H�Q�W�U�X �X�W�L�O�L�]�D�W�R�U�L�L

������



�,�1�7�(�5�1�(�7 �2�) �7�+�,�1�*�6�� �'�,�6�3�2�=�,�7�,�9�( �ù�, �7�(�+�1�2�/�2�*�,�, �'�( �&�2�0�8�1�,�&�$���,�,

�/�R�5�D �v�Q �P�H�G�L�X�O �H�[�W�H�U�L�R�U �H�V�W�H �V�X�E ������ �v�Q �F�H�H�D �F�H �S�U�L�Y�H�ú�W�H �D�S�O�L�F�D� �L�L�O�H �G�H �L�Q�W�H�U�L�R�U��
�/�R�5�D �U�H�X�ú�H�ú�W�H �V�� �I�X�U�Q�L�]�H�]�H �D�F�R�S�H�U�L�U�H�D �ú�L �F�D�S�D�F�L�W�D�W�H�D �Q�H�F�H�V�D�U�H �>�������@�� �v�Q �>�������@
�I�L�L�Q�G �P�H�Q� �L�R�Q�D�W �F�� �R �V�L�Q�J�X�U�� �S�R�D�U�W�� �G�H �D�F�F�H�V �/�R�5�D �S�R�D�W�H �D�V�L�J�X�U�D �R �D�F�R�S�H�U�L�U�H
�S�H �R �V�X�S�U�D�I�D� �� �G�H ���� ������ �P�S �X�W�L�O�L�]�k�Q�G �X�Q �I�D�F�W�R�U �G�H �v�P�S�U���ú�W�L�H�U�HSF = 7�� �6�H�P��
�Q�D�O�H�O�H �/�R�5�D �G�H �E�D�Q�G�� �O�D�U�J�� �G�H�W�H�U�P�L�Q�� �U�H�]�L�V�W�H�Q� �D �O�D �L�Q�W�H�U�I�H�U�H�Q� �H �ú�L �I�D�F �G�L�I�L�F�L�O�H
�G�H�W�H�F� �L�D �V�D�X �E�U�X�L�D�M�X�O �>�������@��

�'�H �D�V�H�P�H�Q�H�D�� �S�H�Q�W�U�X �W�H�K�Q�R�O�R�J�L�D �/�R�5�D�� �U�D�W�D �G�H �G�D�W�H �S�R�D�W�H �Y�D�U�L�D �ú�L �P�D�L �P�X�O�W�H
�F�D�Q�D�O�H �S�R�W �V�� �F�R�H�[�L�V�W�H�� �$�F�H�V�W �O�X�F�U�X �H�V�W�H �S�R�V�L�E�L�O �G�H�R�D�U�H�F�H �L�Q�W�H�U�I�H�U�H�Q� �D �G�L�Q�W�U�H
�F�D�Q�D�O�H �H�V�W�H �Q�X�O�� �G�D�W�R�U�L�W�� �P�R�G�X�O�D� �L�H�L�&�6�6�X�W�L�O�L�]�D�W�H��

�'�H�ú�L �$�X�J�X�V�W�L�Q �ú�L �D�O� �L�L �D�I�L�U�P�� �v�Q �>�������@ �F���� �G�L�Q �S�X�Q�F�W�X�O �G�H �Y�H�G�H�U�H �D�O �F�R�O�L�]�L�X��
�Q�L�O�R�U�� �/�R�5�D �V�H �F�R�P�S�R�U�W�� �O�D �I�H�O �F�D�$�/�2�+�$�S�X�U�� �v�Q �>�������@ �D�X�W�R�U�L�L �D�X �G�H�P�R�Q�V�W�U�D�W
�V�X�S�H�U�L�R�U�L�W�D�W�H�D �F�R�P�X�Q�L�F�D� �L�L�O�R�U �/�R�5�D �v�Q �F�H�H�D �F�H �S�U�L�Y�H�ú�W�H �S�H�U�I�R�U�P�D�Q� �H�O�H �ú�L �V�F�D�O�D��
�E�L�O�L�W�D�W�H�D��

�/�R�5�D �S�H�U�P�L�W�H �F�R�P�S�H�Q�V�D�U�H�D �X�Q�X�L�5�6�=�U�H�G�X�V�� �G�H�R�D�U�H�F�H �W�U�D�Q�V�P�L�V�L�D �L�Q�I�R�U��
�P�D� �L�H�L �I���U�� �H�U�R�U�L �v�Q�W�U���X�Q �F�D�Q�D�O �U�D�G�L�R �F�X�5�6�=�U�H�G�X�V �ú�L �F�X �R �S�X�W�H�U�H �D �V�H�P�Q�D�O�X�O�X�L
�D�G�H�V�H�D �V�X�E �Q�L�Y�H�O�X�O �]�J�R�P�R�W�X�O�X�L ���F�D �v�Q �D�S�O�L�F�D� �L�L�O�H �G�H �V�S�H�F�W�U�X �v�P�S�U���ú�W�L�D�W�� �L�P�S�O�L�F��
�G�R�D�U �F�U�H�ú�W�H�U�H�D �O���U�J�L�P�L�L �G�H �E�D�Q�G�� �D �V�H�P�Q�D�O�X�O�X�L �>�������@�� �'�H �D�V�H�P�H�Q�H�D�� �v�Q �D�F�H�V�W
�F�D�]�� �D�W�X�Q�F�L �F�k�Q�G �V�H �I�R�O�R�V�H�ú�W�H �P�R�G�X�O�D� �L�D�&�6�6�� �Q�X �H�V�W�H �Q�H�F�H�V�D�U�� �Q�L�F�L�R �F�U�H�ú�W�H�U�H
�D �F�R�Q�V�X�P�X�O�X�L �G�H �S�X�W�H�U�H �S�H�Q�W�U�X �D �S�X�W�H�D �W�U�D�Q�V�P�L�W�H �O�D �R �G�L�V�W�D�Q� �� �P�D�L �P�D�U�H ���G�H
�H�[�H�P�S�O�X�� �v�Q �F�R�P�S�D�U�D� �L�H �F�X �P�R�G�X�O�D� �L�D�)�6�.����

�/�R�5�D �D�U�H �X�Q�H�O�H �D�Y�D�Q�W�D�M�H �I�D� �� �G�H �D�O�W�H �W�H�K�Q�R�O�R�J�L�L �I���U�� �I�L�U �V�L�P�L�O�D�U�H�� �P�D�L �D�O�H�V
�D�W�X�Q�F�L �F�k�Q�G �G�L�I�H�U�L�W�H�O�H �U�H� �H�O�H �G�H�]�Y�R�O�W�D�W�H �V�H �D�I�O�� �v�Q �L�P�H�G�L�D�W�D �D�S�U�R�S�L�H�U�H �X�Q�H�O�H �G�H
�D�O�W�H�O�H�� �'�D�F�� �D�O�W�H �U�H� �H�O�H �I���U�� �I�L�U �F�D�U�H �I�X�Q�F� �L�R�Q�H�D�]�� �v�Q �V�S�H�F�W�U�X�O �G�H �E�D�Q�G�� �Q�H�O�L��
�F�H�Q� �L�D�W �V�X�Q�W �H�[�S�X�V�H �L�Q�W�H�U�I�H�U�H�Q� �H�O�R�U�� �/�R�5�D �S�R�D�W�H �U�H�]�R�O�Y�D �D�F�H�D�V�W�� �S�U�R�E�O�H�P�� �X�W�L��
�O�L�]�k�Q�G �P�H�F�D�Q�L�V�P�X�O �G�H �G�H�W�H�F� �L�H �D �D�F�W�L�Y�L�W��� �L�L �F�D�Q�D�O�X�O�X�L ���&�$�'�� �&�K�D�Q�Q�H�O �$�F�W�L�Y�L�W�\
�'�H�W�H�F�W�L�R�Q���� �V�D�X �S�U�L�Q �V�H�W�D�U�H�D �I�D�F�W�R�U�X�O�X�L �G�H �v�P�S�U���ú�W�L�H�U�H�� �D �O���U�J�L�P�L�L �G�H �E�D�Q�G�� �ú�L
�D �S�X�W�H�U�L�L �G�H �W�U�D�Q�V�P�L�V�L�H �>�������@ �F�X �R �H�[�F�H�S� �L�H �V�H�P�Q�L�I�L�F�D�W�L�Y���� �L�Q�W�H�U�I�H�U�H�Q� �D �F�X �6�L�J��
�I�R�[�� �+�D�[�K�L�E�H�T�L�U�L �ú�L �D�O� �L�L �>�������@ �D�X �G�H�P�R�Q�V�W�U�D�W �F�� �6�L�J�I�R�[ �F�R�Q�G�X�F�H �O�D �R �F�U�H�ú�W�H�U�H
�F�X ������ �D �S�L�H�U�G�H�U�L�O�R�U �S�H �S�D�F�K�H�W�H �D�W�X�Q�F�L �F�k�Q�G �L�Q�W�H�U�I�H�U�H�Q� �D �V�H �S�U�R�G�X�F�H �v�Q �G�H�F�X�U�V�X�O
�L�Q�W�H�U�Y�D�O�X�O�X�L �G�H �W�L�P�S �G�H �S�U�H�D�P�E�X�O�� �(�L �D�X �F�R�P�S�D�U�D�W�� �G�H �D�V�H�P�H�Q�H�D�� �D�O�W�H �W�H�K�Q�R��
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