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Robotont on Tartu Ülikooli tehnoloogiainstituudis välja töötatud avatud lähtekoodiga
robootika haridusplatvorm, mille liikumislahendus põhineb kolmel omnirattaga harjadega
alalisvoolumootoritel. Platvormi edasiarenduse käigus on kaalutud üleminekut harjavabadele
mootoritele. Käesoleva töö eesmärk on selle ülemineku jaoks juhtimise prototüübi arendamine.
Töö käigus uuriti harjavabade mootorite tööpõhimõtteid ja juhtimismeetodeid, valiti sobivad
mootorid ning disainiti kaks elektroonika prototüüpi koos mikrokontrolleri püsivaraga.
Valminud lahendus on anduripõhine siinusjuhtimissüsteem, mis põhineb SVPWM-il ning
kasutab tagasisideks absoluutset magnetkoodrit.

: T125 Automatiseerimine, robootika, control engineering; T455 Mootorid ja ajamid;
T170 Elektroonika

: harjavaba alalisvoolumootor, püsivara, robootika

Robotont is an open-source robotics education platform developed at the Institute of Technology,
University of Tartu, whose movement is based on three brushed DC motors with omnidirectional
wheels. As part of the platform’s further development, a transition to brushless motors has been
considered. The aim of this thesis is to develop a control prototype for this purpose. During the
work principles and control methods of brushless DC motors were studied, suitable motors were
selected and two electronics prototypes were designed alongside microcontroller firmware. The
resulting solution is a sensored sine-wave control system based on SVPWM, utilizing an absolute
magnetic rotary encoder for feedback.

: T125 Automation, robotics, control engineering; T455 Motors and propulsion systems;
T170 Electronics

: BLDC motor, firmware, robotics

2



�4�J�T�V�L�P�S�E

�3�F�T�¼�N�F�F���"�C�T�U�S�B�D�U ��

�+�P�P�O�J�T�U�F �M�P�F�U�F�M�V ��

�5�B�C�F�M�J�U�F �M�P�F�U�F�M�V ��

�-�¼�I�F�O�E�J�E�
 �L�P�O�T�U�B�O�E�J�E�
 �N�µ�J�T�U�F�E ��

�� �4�J�T�T�F�K�V�I�B�U�V�T ��

�� �,�J�S�K�B�O�E�V�T�F �¼�M�F�W�B�B�E�F ��

������ �"�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

������ �)�B�S�K�B�W�B�C�B �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �5�¶�¶�Q�µ�I�J�N�µ�U�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �5�S�B�Q�F�U�T�K�V�I�U�J�N�J�O�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �4�J�J�O�V�T�K�V�I�U�J�N�J�O�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �'�0�$ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �1�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O�J �N�F�F�U�P�E�J�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �3�V�V�N�W�F�L�U�P�S�J �N�P�E�V�M�F�F�S�J�N�J�O�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�� �3�P�C�P�U�P�O�U ����

������ �œ�M�F�W�B�B�E�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �.�J�L�S�P�L�P�O�U�S�P�M�M�F�S�J �Q�¼�T�J�W�B�S�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�� �&�F�T�N�¤�S�L �K�B �O�µ�V�E�F�E ����

�� �-�B�I�F�O�E�V�T ����

������ �.�P�P�U�P�S�J �W�B�M�J�L �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �&�T�J�N�F�O�F �Q�S�P�U�P�U�¼�¼�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �3�J�J�T�U�W�B�S�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �1�¼�T�J�W�B�S�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �5�V�W�B�T�U�B�U�V�E �Q�J�J�S�B�O�H�V�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �5�F�J�O�F �Q�S�P�U�P�U�¼�¼�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

��



���������� �3�J�J�T�U�W�B�S�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

���������� �1�¼�T�J�W�B�S�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�� �5�V�M�F�N�V�T�F�E ����

������ �0�Q�U�J�N�F�F�S�J�N�J�T�F �L�B�U�T�F�U�V�M�F�N�V�T�F�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �.�P�P�U�P�S�J�U�F �L�B�U�T�F�U�V�M�F�N�V�T�F�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�� �"�S�V�U�F�M�V ����

������ �-�B�I�F�O�E�V�T�F �I�J�O�E�B�N�J�O�F �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �&�E�B�T�J�O�F �B�S�F�O�E�V�T �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�� �,�P�L�L�V�W�µ�U�F ����

�7�J�J�U�F�E ����

�-�J�T�B�E ����

�-�J�I�U�M�J�U�T�F�O�U�T ����

��



�+�P�P�O�J�T�U�F �M�P�F�U�F�M�V

������ �-�J�I�U�T�V�T�U�B�U�V�E �	�B�
 �I�B�S�K�B�E�F�H�B �K�B �	�C�
 �I�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �T�J�T�F�N�J�O�F �F�I�J�U�V�T �<���> �� �� �� �� �� ��

������ �.�P�P�U�P�S�J �"�O�H�F�M �#�&�������� �W�B�T�U�V�F�M�F�L�U�S�J�N�P�P�U�P�S�K�µ�V �M�B�J�O�F�L�V�K�V �P�T�U�T�J�M�M�P�T�L�P�P�C�J�M �� �� �� �� ����

������ �,�P�M�N�F�G�B�B�T�J�M�J�O�F �Q�J�O�H�F�B�M�M�J�L�B �J�O�W�F�S�U�F�S �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �,�P�M�N�F�G�B�B�T�J�M�J�T�F �#�-�%�$ �N�P�P�U�P�S�J �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F �B�K�B�T�U�V�T�E�J�B�H�S�B�N�N�
 �N�J�T �O�¤�J�U�B�C

�)�B�M�M�J �B�O�E�V�S�J�U�F �W�¤�M�K�V�O�E�J�U�
 �G�B�B�T�J�E�F �7�&�.�+ �L�V�K�V �K�B �W�¤�M�K�V�O�E�Q�¶�¶�S�E�F�N�P�N�F�O�E�J �<�����> �� �� ����

������ �"�K�B�T�U�V�T�E�J�B�H�S�B�N�N �L�P�M�N�F�G�B�B�T�J�M�J�T�F �I�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �T�J�J�O�V�T�K�V�I�U�J�N�J�T�F�T�U�
 �N�J�T

�L�B�T�V�U�B�C �T�B�E�V�M�Q�S�P�P�J�M�J �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �7�µ�S�E�M�V�T �L�P�M�N�F �U�B�V�T�U�T�¼�T�U�F�F�N�J �W�B�I�F�M �O�J�O�H �T�B�B�E�V�E �W�¤�M�K�V�O�E�J�E �B�K�B�T �P�L�T�F�F�S�J�U�V�E

�T�B�H�F�E�V�T�F �L�P�S�S�B�M �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �)�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �W�¤�M�K�B�P�S�J�F�O�U�F�F�S�J�U�V�E �K�V�I�U�J�N�J�T�F �Q�M�P�L�L�T�L�F�F�N �� �� �� �� �� �� �� �� �� �� �� ����

������ �4�1�8�. �K�B �4�7�1�8�. �W�µ�S�E�M�V�T �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�������� �3�V�V�N�W�F�L�U�P�S�J �N�P�E�V�M�F�F�S�J�U�V�E �M�B�J�O�F�L�V�K�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

�������� �,�P�M�N�F�G�B�B�T�J�M�J�T�F �Q�J�O�H�M�F�B�M�M�J�L�B �J�O�W�F�S�U�F�S�J �W�µ�J�N�B�M�J�L�V�E �Q�J�O�H�F�W�F�L�U�P�S�J�E �<�����> �� �� �� �� �� �� ����

�������� �4�7�1�8�. �M�¼�M�J�U�V�T�N�V�T�U�F�S �T�F�L�U�P�S�J�U�F�T �*���7�* �	�B�
 �K�B �	�C�
 �T�F�L�U�P�S�J�T �* �<�����> �� �� �� �� �� �� �� �� �� ����

������ �3�P�C�P�U�P�O�E�J �	�B�
 ���� �W�F�S�T�J�P�P�O �	�C�
 ���� �W�F�S�T�J�P�P�O �	�D�
 ������ �W�F�S�T�J�P�P�O �	�E�
 ���� �H�F�O�F�S�B�U�T�J�P�P�O �<�����> ����

������ �3�P�C�P�U�P�O�E�J ������ �B�S�I�J�U�F�L�U�V�V�S�J �E�J�T�B�J�O �<���> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �&�T�J�N�F�T�F �Q�S�P�U�P�U�¼�¼�C�J �U�S�¼�L�L�Q�M�B�B�E�J ���% �W�B�B�E�F �,�J�$�B�E�J �L�F�T�L�L�P�O�O�B�T �K�B �L�P�L�L�V�K�P�P�E�F�U�V�E

�Q�M�B�B�U �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �5�F�J�T�F �Q�S�P�U�P�U�¼�¼�C�J �U�S�¼�L�L�Q�M�B�B�E�J ���% �W�B�B�E�F �,�J�$�B�E �L�F�T�L�L�P�O�O�B�T �K�B �L�P�L�L�V�K�P�P�E�F�U�V�E �Q�M�B�B�U ����

������ �5�F�J�T�F �Q�S�P�U�P�U�¼�¼�C�J �Q�¼�T�J�W�B�S�B �B�S�I�J�U�F�L�U�V�V�S�J �E�J�T�B�J�O �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �.�P�P�U�P�S�J �B�O�E�N�F�T�U�S�V�L�U�V�V�S�J�E�F �K�B �V�V�F�O�E�V�T�U�T�¼�L�M�J �Q�M�P�L�L�T�L�F�F�N �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �4�F�J�T�V�N�P�N�F�O�E�J �N�µ�µ�U�N�J�O�F �L�B�B�M�V�H�B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �1�S�P�U�P�U�¼�¼�Q �L�P�M�N�F �Q�¶�¶�S�M�F�W�B �N�P�P�U�P�S�J�H�B �F�S�J�O�F�W�B�U�F�M �L�J�J�S�V�T�U�F�M �� �� �� �� �� �� �� �� �� �� �� �� �� ����

��



�5�B�C�F�M�J�U�F �M�P�F�U�F�M�V

������ �5�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F �L�P�N�N�V�U�B�U�T�J�P�P�O�J �T�B�N�N�V�E �N�P�P�U�P�S�J �Q�¶�¶�S�M�F�N�J�T�F�L�T �Q�¤�S�J�Q�¤�F�W�B �<�����> ����

�������� �7�¤�M�K�V�O�E�W�F�L�U�P�S�J �B�T�V�L�P�I�B �U�J�O�H�J�N�V�T�F�E �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �3�P�C�P�U�P�O�E�J ������ �L�¤�T�V�T�U�J�L �<���>�
 �<�����> �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �5�S�J�H�P�O�P�N�F�F�U�S�J�B�G�V�O�L�U�T�J�P�P�O�J�E�F �K�B �V�K�V�L�P�N�B�B�S�J�U�N�F�F�U�J�L�B �W�µ�S�E�M�V�T �� �� �� �� �� �� �� �� �� �� ����

������ �,�P�P�E�S�J �M�V�H�F�N�J�T�F �K�B �N�P�P�U�P�S�J �V�V�F�O�E�V�T�F �Q�S�P�U�T�F�T�T�P�S�J�L�P�P�S�N�V�T �� �� �� �� �� �� �� �� �� �� �� �� ����

������ �.�P�P�U�P�S�J �U�¼�I�J�K�P�P�L�T�V �K�B �T�F�J�T�V�N�P�N�F�O�E�J �L�B�U�T�F�U�V�M�F�N�V�T�F�E �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

��



�-�¼�I�F�O�E�J�E�
 �L�P�O�T�U�B�O�E�J�E�
 �N�µ�J�T�U�F�E

�"�%�$���"�O�B�M�P�H �U�P �%�J�H�J�U�B�M �$�P�O�W�F�S�U�F�S�F�I�L �B�O�B�M�P�P�H���E�J�H�J�U�B�B�M�N�V�V�O�E�V�S

�#�-�%�$ �N�P�P�U�P�S���#�S�V�T�I�M�F�T�T �%�J�S�F�D�U �$�V�S�S�F�O�U �N�P�U�P�S�F�I�L �I�B�S�K�B�W�B�C�B �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S

�$�$�3�� �$�B�Q�U�V�S�F���$�P�N�Q�B�S�F �3�F�H�J�T�U�F�S�F�I�L �I�µ�J�W�F�����W�µ�S�E�M�V�T�S�F�H�J�T�U�F�S

�$�1�3�� �$�P�V�O�U �1�F�S �3�F�W�P�M�V�U�J�P�O�F�I�L �J�N�Q�V�M�T�T�J�E�F �B�S�W �U�¤�J�T�Q�¶�¶�S�E�F �L�P�I�U�B

�%�.�" �� �%�J�S�F�D�U �.�F�N�P�S�Z �"�D�D�F�T�T�F�I�L �P�U�T�F�N�¤�M�V�Q�¶�¶�S�E�V�T

�&�.�" �� �&�Y�Q�P�O�F�O�U�J�B�M �.�P�W�J�O�H �"�W�F�S�B�H�F�F�I�L �F�L�T�Q�P�O�F�O�U�T�J�B�B�M�O�F �M�J�C�J�T�F�W �L�F�T�L�N�J�O�F

�&�4�$�� �&�M�F�D�U�S�P�O�J�D �4�Q�F�F�E �$�P�O�U�S�P�M�M�F�S�F�I�L �F�M�F�L�U�S�P�P�O�J�M�J�O�F �L�J�J�S�V�T�F�L�P�O�U�S�P�M�M�F�S

�'�0�$ �� �'�J�F�M�E���0�S�J�F�O�U�F�E �$�P�O�U�S�P�M�F�I�L �W�¤�M�K�B�P�S�J�F�O�U�F�F�S�J�U�V�E �K�V�I�U�J�N�J�O�F

�'�1�6 �� �'�M�P�B�U�J�O�H���1�P�J�O�U �6�O�J�U�F�I�L �V�K�V�L�P�N�B�Q�M�P�L�L

�(�1�*�0�� �(�F�O�F�S�B�M���1�V�S�Q�P�T�F �*�O�Q�V�U���0�V�U�Q�V�U�F�I�L �N�J�U�N�F�P�U�T�U�B�S�C�F�M�J�O�F �T�J�T�F�O�E���W�¤�M�K�V�O�E

�)�"�- �� �)�B�S�E�X�B�S�F �"�C�T�U�S�B�D�U�J�P�O �-�B�Z�F�S�F�I�L �S�J�J�T�U�W�B�S�B �B�C�T�U�S�B�L�U�T�J�P�P�O�J �L�J�I�U

�)�'�* �� �)�J�H�I �'�S�F�R�V�F�O�D�Z �*�O�K�F�D�U�J�P�O�F�I�L �L�µ�S�H�T�B�H�F�E�V�T�T�J�H�O�B�B�M�J �M�J�T�B�N�J�O�F

�*2�$ �� �*�O�U�F�S���*�O�U�F�H�S�B�U�F�E �$�J�S�D�V�J�U�F�I�L �L�B�I�F�K�V�I�U�N�F�M�J�O�F �K�B�E�B���T�J�E�F�Q�S�P�U�P�L�P�M�M

�*�O�U�F�M �/�6�$�� �*�O�U�F�M �/�F�Y�U �6�O�J�U �P�G �$�P�N�Q�V�U�J�O�H�F�I�L �W�¤�J�L�F�T�F �W�P�S�N�J�G�B�L�U�P�S�J�H�B �B�S�W�V�U�J�
 �N�J�M�M�F �P�O �W�¤�M�K�B

�U�¶�¶�U�B�O�V�E �*�O�U�F�M

�-�%�0 �S�F�H�V�M�B�B�U�P�S���-�P�X���%�S�P�Q�P�V�U �S�F�H�V�M�B�B�U�P�S�F�I�L �N�B�E�B�M�B���L�B�E�V �S�F�H�V�M�B�B�U�P�S

�.�0�4�'�&�5 �� �.�F�U�B�M���0�Y�J�E�F���4�F�N�J�D�P�O�E�V�D�U�P�S �'�J�F�M�E���&�;�F�D�U �5�S�B�O�T�J�T�U�P�S�F�I�L

�N�F�U�B�M�M�J���P�L�T�J�J�E�J���Q�P�P�M�K�V�I�U���W�¤�M�K�B�U�S�B�O�T�J�T�U�P�S

�0�-�&�%���0�S�H�B�O�J�D �-�J�H�I�U �&�N�N�J�U�J�O�H �%�J�P�E�F�F�I�L �P�S�H�B�B�O�J�M�J�O�F �W�B�M�H�V�T�E�J�P�P�E

�1�* �S�F�H�V�M�B�B�U�P�S���1�S�P�Q�P�S�U�J�P�O�B�M���*�O�U�F�H�S�B�M �D�P�O�U�S�P�M�M�F�S�F�I�L �Q�S�P�Q�P�S�U�T�J�P�O�B�B�M���J�O�U�F�H�S�B�B�M�S�F�H�V�M�B�B�U�P�S

�1�*�% �S�F�H�V�M�B�B�U�P�S�� �1�S�P�Q�P�S�U�J�P�O�B�M���*�O�U�F�H�S�B�M���%�F�S�J�W�B�U�J�W�F �D�P�O�U�S�P�M�M�F�S�F�I�L

�Q�S�P�Q�P�S�U�T�J�P�O�B�B�M���J�O�U�F�H�S�B�B�M���E�J�G�F�S�F�O�U�T�J�B�B�M�S�F�H�V�M�B�B�U�P�S

�1�8�. �� �1�V�M�T�F �8�J�E�U�I �.�P�E�V�M�B�U�J�P�O�F�I�L �Q�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O

�3�0�4�� �3�P�C�P�U �0�Q�F�S�B�U�J�O�H �4�Z�T�U�F�N�F�I�L �S�P�C�P�U�J �P�Q�F�S�B�U�T�J�P�P�O�J�T�¼�T�U�F�F�N

�3�1�. �� �3�F�W�P�M�V�U�J�P�O�T �1�F�S �.�J�O�V�U�F�F�I�L �Q�¶�¶�S�F�U�F �B�S�W �N�J�O�V�U�J�T

�4�1�*�� �4�F�S�J�B�M �1�F�S�J�Q�I�F�S�B�M �*�O�U�F�S�G�B�D�F�F�I�L �T�¼�O�L�S�P�P�O�T�F �K�¤�S�K�F�T�U�J�L�T�V�I�U�M�V�T�F �M�J�J�E�F�T

�4�1�8�. �� �4�J�O�V�T�P�J�E�B�M �1�V�M�T�F �8�J�E�U�I �.�P�E�V�M�B�U�J�P�O�F�I�L �T�J�O�V�T�P�J�E�B�B�M�O�F �Q�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O

�4�7�1�8�. �� �4�Q�B�D�F �7�F�D�U�P�S �1�V�M�T�F �8�J�E�U�I �.�P�E�V�M�B�U�J�P�O�F�I�L �S�V�V�N�W�F�L�U�P�S�J �Q�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O

�6�4�#�� �6�O�J�W�F�S�T�B�M �4�F�S�J�B�M �#�V�T�F�I�L �V�O�J�W�F�S�T�B�B�M�O�F �K�B�E�B�T�J�J�O

�7�&�.�+�� �W�B�T�U�V�F�M�F�L�U�S�P�N�P�P�U�P�S�K�µ�V�E

�7�4�*�� �7�P�M�U�B�H�F �4�P�V�S�D�F �*�O�W�F�S�U�F�S�F�I�L �Q�J�O�H�F�B�M�M�J�L�B �J�O�W�F�S�U�F�S

��



���� �4�J�T�T�F�K�V�I�B�U�V�T

�5�¤�O�B�Q�¤�F�W�B �U�F�I�O�P�M�P�P�H�J�B �B�S�F�O�F�C �L�J�J�S�F�T�U�J �K�B �S�P�C�P�U�J�E �P�O �T�B�B�O�V�E �P�M�V�M�J�T�F�L�T �P�T�B�L�T �N�F�J�F �J�H�B�Q�¤�F�W�B�F�M�V�T�U��

�,�V�J �W�B�S�F�N �T�F�P�T�U�B�U�J �O�F�J�E �Q�F�B�N�J�T�F�M�U �U�¶�¶�T�U�V�T�U�P�P�U�N�J�T�F�H�B�
 �T�J�J�T �O�¼�¼�E �L�B�T�V�U�B�U�B�L�T�F �S�P�C�P�U�F�J�E �L�B

�U�F�S�W�J�T�I�P�J�V�T�
 �Q�µ�M�M�V�N�B�K�B�O�E�V�T�F�T�
 �U�S�B�O�T�Q�P�S�E�J�T�
 �M�P�H�J�T�U�J�L�B�L�F�T�L�V�T�U�F�T �K�B �U�F�F�O�J�O�E�V�T�F�T�� �3�P�C�P�U�J�U�F �W�B�T�U�V

�L�B�T�W�B�W�B �I�V�W�J �U�µ�U�U�V �T�V�V�S�F�O�F�C �L�B �W�B�K�B�E�V�T �U�B�S�L�W�B�S�B�B�S�F�O�E�B�K�B�U�F �K�¤�S�F�M�F�
 �L�F�T �M�P�P�W�B�E �K�B �B�S�F�O�E�B�W�B�E �O�F�O�E�F

�U�¶�¶�L�T �W�B�K�B�M�J�L�L�F �T�¼�T�U�F�F�N�F�� �4�F�M�M�F�L�T�
 �F�U �F�U�U�F �W�B�M�N�J�T�U�B�E�B �L�P�O�L�V�S�F�O�U�T�J�W�µ�J�N�F�M�J�T�J �T�Q�F�U�T�J�B�M�J�T�U�F�
 �P�O �5�B�S�U�V

�œ�M�J�L�P�P�M�J�T �N�J�U�N�F�J�E �Q�M�B�U�W�P�S�N�F �K�B �Q�S�P�K�F�L�U�F�� �œ�I�F�L�T �T�F�M�M�J�T�F�L�T �Q�M�B�U�W�P�S�N�J�L�T �P�O �U�F�I�O�P�M�P�P�H�J�B�J�O�T�U�J�U�V�V�E�J�T

�N�B�H�J�T�U�S�J�U�¶�¶ �S�B�B�N�F�T �W�B�M�N�J�O�V�E �3�P�C�P�U�P�O�U �<���>��

�3�P�C�P�U�P�O�U �P�O �B�W�B�U�V�E �M�¤�I�U�F�L�P�P�E�J�H�B �Q�M�B�U�W�P�S�N�
 �N�J�M�M�F �L�F�T�L�N�F�T �P�O �L�P�M�N�F �P�N�O�J�M�J�J�L�V�W�B �S�B�U�U�B�H�B

�N�P�C�J�J�M�O�F �S�P�C�P�U�� �1�M�B�U�W�P�S�N�J �K�V�I�J�C �*�O�U�F�M �/�6�$ �Q�B�S�E�B�B�S�W�V�U�J�
 �N�J�T �U�V�H�J�O�F�C �3�0�4 �U�B�S�L�W�B�S�B�S�B�B�N�J�T�U�J�L�V�M�F

�<���>�� �.�B�E�B�M�B �U�B�T�F�N�F �K�V�I�U�J�N�J�T�F �F�F�T�U �W�B�T�U�V�U�B�C �4�5�.�����'�� �Q�F�S�F�L�P�O�O�B �N�J�L�S�P�L�P�O�U�S�P�M�M�F�S�
 �N�J�T �W�µ�U�B�C

�W�B�T�U�V �Q�B�S�E�B�B�S�W�V�U�J �L�¤�T�V�E�
 �K�V�I�J�C �N�P�P�U�P�S�F�J�E�
 �W�B�M�H�V�T�M�B�I�F�O�E�V�T�U �K�B �0�-�&�% �F�L�S�B�B�O�J �O�J�O�H �T�B�B�E�B�C

�P�E�P�N�F�F�U�S�J�B �B�O�E�N�F�J�E �U�B�H�B�T�J�� �,�P�M�N�B�O�E�B �H�F�O�F�S�B�U�T�J�P�P�O�J �K�B�P�L�T �P�O �B�S�F�O�E�B�U�V�E �F�N�B�Q�M�B�B�U�
 �L�V�I�V �P�O

�L�P�P�O�E�B�U�V�E �L�P�H�V �W�B�K�B�M�J�L �F�M�F�L�U�S�P�P�O�J�L�B�� �7�F�S�T�J�P�P�O�J�T ������ �U�¤�J�F�O�E�B�U�J �N�J�L�S�P�L�P�O�U�S�P�M�M�F�S�J �Q�¼�T�J�W�B�S�B �L�J�I�J�M�J�T�F

�B�S�I�J�U�F�L�U�V�V�S�J�H�B �<���>�
 �Q�B�S�B�O�E�B�E�F�T �L�P�P�E�J �I�P�P�M�E�B�U�B�W�V�T�U �K�B �M�B�J�F�O�E�B�U�B�W�V�T�U��

�-�J�J�L�V�N�J�T�F�L�T �L�B�T�V�U�B�C �3�P�C�P�U�P�O�U �L�P�M�N�F �I�B�S�K�B�E�F�H�B �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�U�� �,�V�J�H�J �O�F�O�E�F �S�J�J�T�U�� �K�B

�U�B�S�L�W�B�S�B�M�J�O�F �K�V�I�U�J�N�J�O�F �P�O �T�V�I�U�F�M�J�T�F�M�U �M�J�I�U�O�F�
 �L�V�M�V�W�B�E �I�B�S�K�B�E �K�B �L�P�M�M�F�L�U�P�S�J �L�P�O�U�B�L�U�J�E �T�V�V�S�F

�L�P�P�S�N�V�T�F �O�J�O�H �Q�J�E�F�W�B �U�¶�¶ �L�P�S�S�B�M �L�J�J�S�F�T�U�J�� �)�B�S�K�B�W�B�C�B�E �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�E �Q�B�L�V�W�B�E �W�µ�S�S�F�M�E�F�T

�I�B�S�K�B�E�F�H�B �N�P�P�U�P�S�J�U�F�H�B �Q�B�S�F�N�B�U �F�G�F�L�U�J�J�W�T�V�T�U �K�B �Q�J�L�F�N�B�U �F�M�V�J�H�B�
 �N�J�T�U�µ�U�U�V �P�O �L�B�B�M�V�U�V�E �¼�M�F�N�J�O�F�L�V�U

�T�F�M�M�J�T�F�M�F �M�B�I�F�O�E�V�T�F�M�F�� �4�F�F �F�J �P�M�F �U�S�J�W�J�B�B�M�O�F �¼�M�F�T�B�O�O�F �O�J�O�H �I�µ�M�N�B�C �L�P�H�V �M�J�J�L�V�N�J�T�M�B�I�F�O�E�V�T�F

�W�¤�M�K�B�W�B�I�F�U�B�N�J�T�U �O�J�J �S�J�J�T�U�� �L�V�J �L�B �U�B�S�L�W�B�S�B�T��

�,�¤�F�T�P�M�F�W�B �U�¶�¶ �F�F�T�N�¤�S�L �P�O �B�O�B�M�¼�¼�T�J�E�B �I�B�S�K�B�W�B�C�B�E�F�M�F �N�P�P�U�P�S�J�U�F�M�F �¼�M�F�N�J�O�F�L�V �W�µ�J�N�B�M�V�T�J�
 �I�J�O�O�B�U�B

�T�F�M�M�F �F�F�M�J�T�F�J�E �K�B �Q�V�V�E�V�T�J �W�µ�S�S�F�M�E�F�T �P�M�F�N�B�T�P�M�F�W�B �M�B�I�F�O�E�V�T�F�H�B �O�J�O�H �B�S�F�O�E�B�E�B �Q�S�P�U�P�U�¼�¼�Q�
 �N�J�E�B �P�M�F�L�T

�W�µ�J�N�B�M�J�L �F�E�B�T�Q�J�E�J �3�P�C�P�U�P�O�E�J �Q�M�B�U�W�P�S�N�J�M�F �J�O�U�F�H�S�F�F�S�J�E�B��

��



���� �,�J�S�K�B�O�E�V�T�F �¼�M�F�W�B�B�E�F

������ �"�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�E
�&�M�F�L�U�S�J�N�P�P�U�P�S�J �U�¶�¶�Q�µ�I�J�N�µ�U�F �Q�µ�I�J�O�F�C �O�¤�I�U�V�T�F�M�
 �N�J�M�M�F �L�P�I�B�T�F�M�U �F�M�F�L�U�S�J�W�P�P�M�V �M�¤�C�J�W �K�V�I�J�T �U�F�L�J�U�B�C

�F�O�E�B �¼�N�C�F�S �N�B�H�O�F�U�W�¤�M�K�B �<���>�� �,�V�J �T�F�M�M�J�O�F �W�P�P�M�V�K�V�I�U �Q�B�J�L�O�F�C �W�¤�M�J�T�F�T �N�B�H�O�F�U�W�¤�M�K�B�T�
 �N�µ�K�V�C

�T�F�M�M�F�M�F �K�µ�V�E�� �4�F�E�B �P�N�B�E�V�T�U �L�J�S�K�F�M�E�B�C �"�N�Q�¨�S�F�•�J �T�F�B�E�V�T�
 �N�J�M�M�F �L�P�I�B�T�F�M�U �N�B�H�O�F�U�W�¤�M�K�B�T �B�T�V�W�B�M�F

�W�P�P�M�V�H�B �K�V�I�U�N�F�M�µ�J�H�V�M�F �N�µ�K�V�W �K�µ�V�E �P�O �W�µ�S�E�F�M�J�O�F �K�V�I�F�U �M�¤�C�J�W�B �W�P�P�M�V �U�V�H�F�W�V�T�F�H�B�� �+�V�I�U�N�F�M�µ�J�H�V

�K�B �Q�¼�T�J�N�B�H�O�F�U�J �N�B�H�O�F�U�W�¤�M�K�B�E�F �W�B�T�U�B�T�U�J�L�N�µ�K�V �U�V�M�F�N�V�T�F�O�B �U�F�L�J�C �F�M�F�L�U�S�J�N�P�P�U�P�S�J�T �Q�¶�¶�S�E�F�N�P�N�F�O�U�


�N�J�E�B �T�B�B�C �N�V�V�O�E�B�E�B �N�F�I�B�B�O�J�M�J�T�F�L�T �M�J�J�L�V�N�J�T�F�L�T�� �5�F�L�L�J�W�B �K�µ�V �T�V�V�S�V�T�U �P�O �W�µ�J�N�B�M�J�L �B�S�W�V�U�B�E�B

�W�B�M�F�N�J ������ �B�C�J�M��

� = � � � � ! � sin¹\ º �	�������


�&�M�F�L�U�S�J�N�P�P�U�P�S �L�P�P�T�O�F�C �L�B�I�F�T�U �Q�µ�I�J�P�T�B�T�U�� �S�P�P�U�P�S�J�T�U �K�B �T�U�B�B�U�P�S�J�T�U�� �4�U�B�B�U�P�S �P�O �T�U�B�U�T�J�P�O�B�B�S�O�F �P�T�B�
 �N�J�T

�U�F�L�J�U�B�C �S�P�P�U�P�S�J�M�F �W�B�K�B�M�J�L�V �N�B�H�O�F�U�W�¤�M�K�B �L�B�T �Q�¼�T�J�N�B�H�O�F�U�J �W�µ�J �N�¤�I�J�T�U�F �B�C�J�M �<���>�� �3�P�P�U�P�S �P�O �N�P�P�U�P�S�J

�Q�¶�¶�S�M�F�W �P�T�B�
 �N�J�T �N�V�V�O�E�B�C �F�M�F�L�U�S�J�F�O�F�S�H�J�B �N�F�I�B�B�O�J�M�J�T�F�L�T �M�J�J�L�V�N�J�T�F�L�T��

�.�P�P�U�P�S�J �Q�¶�¶�S�M�F�N�J�T�F �Q�µ�I�J�L�P�N�Q�P�O�F�O�E�J�L�T �P�O �N�¤�I�J�T�F�E�
 �N�J�T �Q�J�O�H�F�T�U�B�N�J�T�F�M �U�F�L�J�U�B�W�B�E �N�B�H�O�F�U�W�¤�M�K�B��

�3�P�P�U�P�S�J �N�B�H�O�F�U�Q�P�P�M�V�T�F�E �U�µ�N�C�V�W�B�E �T�U�B�B�U�P�S�J �Q�P�P�M�U �U�F�L�J�U�B�U�V�E �W�B�T�U�B�O�E�Q�P�P�M�V�T�U�F �Q�P�P�M�F�
 �Q�B�O�O�F�T

�S�P�P�U�P�S�J �Q�¶�¶�S�M�F�N�B�� �,�V�J �N�P�P�U�P�S �Q�¶�¶�S�M�F�C�
 �Q�J�O�H�F�T�U�B�U�B�L�T�F �N�¤�I�J�T�F�E �Q�J�E�F�W�B�M�U �F�S�J�O�F�W�B�T �K�¤�S�K�F�L�P�S�S�B�T�
 �O�J�J

�F�U �S�P�P�U�P�S�J �Q�P�P�M�U �U�F�L�J�U�B�U�V�E �N�B�H�O�F�U�Q�P�P�M�V�T�F�E �F�J �N�¶�¶�E�V�L�T �T�U�B�B�U�P�S�J �U�F�L�J�U�B�U�V�E �Q�P�P�M�V�T�U�F�T�U�� �4�F�E�B �S�P�P�U�P�S�J

�N�¤�I�J�T�U�F �W�¤�M�K�B �M�¼�M�J�U�B�N�J�T�U �O�J�N�F�U�B�U�B�L�T�F �L�P�N�N�V�U�B�U�T�J�P�P�O�J�L�T �<���>��

�4�µ�M�U�V�W�B�M�U �N�P�P�U�P�S�J �F�I�J�U�V�T�F�T�U �K�B �L�P�N�N�V�U�B�U�T�J�P�P�O�J �W�J�J�T�J�T�U �F�S�J�T�U�B�U�B�L�T�F �N�J�U�N�F�J�E �F�M�F�L�U�S�J�N�P�P�U�P�S�J �U�¼�¼�Q�F��

�,�¤�F�T�P�M�F�W�B �U�¶�¶ �S�B�B�N�F�T �W�B�B�E�F�M�E�B�L�T�F �L�B�I�U�F �Q�µ�I�J�M�J�T�U �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J �U�¼�¼�Q�J�
 �N�J�M�M�F�L�T �P�O �I�B�S�K�B�E�F�H�B

�K�B �I�B�S�K�B�W�B�C�B �	�#�-�%�$�
 �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�E��

�+�P�P�O�J�T ���������-�J�I�U�T�V�T�U�B�U�V�E �	�B�
 �I�B�S�K�B�E�F�H�B �K�B �	�C�
 �I�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �T�J�T�F�N�J�O�F �F�I�J�U�V�T �<���>

��



�)�B�S�K�B�E�F�H�B �N�P�P�U�P�S�J �L�P�N�N�V�U�B�U�T�J�P�P�O �U�P�J�N�V�C �N�F�I�B�B�O�J�M�J�T�F�M�U �	�W�U �K�P�P�O�J�T �������B�
�� �/�F�O�E�F �S�P�P�U�P�S�J�M

�Q�B�J�L�O�F�C �T�F�H�N�F�O�U�F�F�S�J�U�V�E �W�B�T�L�S�µ�O�H�B�T�
 �N�J�E�B �O�J�N�F�U�B�U�B�L�T�F �L�P�M�M�F�L�U�P�S�J�L�T�� �,�P�M�M�F�L�U�P�S�J�H�B �P�O �L�P�O�U�B�L�U�J�T

�T�¼�T�J�O�J�L�I�B�S�K�B�E�
 �N�J�T �W�µ�J�N�B�M�E�B�W�B�E �W�P�P�M�V �K�V�I�U�J�N�J�T�U �S�P�P�U�P�S�J�T�T�F �K�B �U�B�H�B�W�B�E �L�P�N�N�V�U�B�U�T�J�P�P�O�J�� �)�B�S�K�B�E

�M�P�P�W�B�E �F�M�F�L�U�S�J�M�J�T�F �L�P�O�U�B�L�U�J �L�P�M�M�F�L�U�P�S�J �F�S�J�O�F�W�B�U�F �T�F�H�N�F�O�U�J�E�F�H�B�
 �N�J�T �P�O �¼�I�F�O�E�B�U�V�E �T�F�M�M�J�T�F�M �N�P�F�M�


�N�J�T �W�µ�J�N�B�M�E�B�C �U�F�L�J�U�B�E�B �N�P�P�U�P�S�J�T �Q�¶�¶�S�M�F�W�B �N�B�H�O�F�U�W�¤�M�K�B �<���>�
 �<���>��

�)�B�S�K�B�E�F�H�B �N�P�P�U�P�S�J�E �P�O �K�V�I�U�J�N�J�T�T�¼�T�U�F�F�N�J �Q�P�P�M�F�T�U �W�¤�H�B �M�J�I�U�T�B�E�� �.�P�P�U�P�S�J �L�J�J�S�V�T �P�O �W�µ�S�E�F�M�J�O�F

�S�B�L�F�O�E�B�U�V�E �Q�J�O�H�F�M�F�� �%�J�H�J�U�B�B�M�M�P�P�H�J�L�B �K�V�I�U�J�N�J�T�F �Q�V�I�V�M �L�B�T�V�U�B�U�B�L�T�F �W�¤�M�K�V�O�E�Q�J�O�H�F �U�F�L�J�U�B�N�J�T�F�L�T

�Q�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O�J �	�1�8�.�
�� �4�F�M�M�F �L�B�T�V�U�B�N�J�T�F�M �N�P�P�U�P�S�J �N�¤�I�J�T�F�E �L�¤�J�U�V�W�B�E �N�B�E�B�M�Q�¤�¤�T �P�M�U�S�J�O�B

�O�J�O�H �Q�J�J�T�B�W�B�M�U �L�J�J�S�F �M�¼�M�J�U�V�T�T�B�H�F�E�V�T�F �L�P�S�S�B�M �S�B�L�F�O�E�B�U�V�E �Q�J�O�H�F �O�J�O�H �W�P�P�M �T�U�B�C�J�M�J�T�F�F�S�V�W�B�E �<���>�� �4�F�M�M�F

�N�P�P�U�P�S�J �U�¼�¼�C�J �Q�F�B�N�J�T�F�L�T �Q�V�V�E�V�T�F�L�T �P�O �N�F�I�I�B�B�O�J�M�J�O�F �L�V�M�V�N�J�O�F�
 �N�J�T �U�V�M�F�O�F�C �I�B�S�K�B�E�F �K�B �L�P�M�M�F�L�U�P�S�J

�L�P�O�U�B�L�U�J�T�U�
 �N�J�T �Q�J�J�S�B�C �N�P�P�U�P�S�J �U�¶�¶�J�H�B �K�B �I�µ�µ�S�E�V�N�J�T�L�B�P�E�F �U�µ�U�U�V �L�B �F�O�F�L�U�J�J�W�T�V�T�U �<���>��

�)�B�S�K�B�W�B�C�B�E �N�P�P�U�P�S�J�E �T�F�F�W�B�T�U�V �F�J �T�J�T�B�M�E�B �I�B�S�K�V �F�H�B �L�P�M�M�F�L�U�P�S�J�U �O�J�O�H �L�P�N�N�V�U�B�U�T�J�P�P�O �P�O �U�F�P�T�U�B�U�V�E

�F�M�F�L�U�S�P�P�O�J�L�B �Q�P�P�M�U�� �&�S�J�O�F�W�B�M�U �I�B�S�K�B�E�F�H�B �N�P�P�U�P�S�J�U�F�T�U �Q�B�J�L�O�F�W�B�E �I�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �Q�¼�T�J�N�B�H�O�F�U�J�E

�S�P�P�U�P�S�J�M �K�B �N�¤�I�J�T�F�E �T�U�B�B�U�P�S�J�M �	�W�U �K�P�P�O�J�T �������C�
�� �4�µ�M�U�V�W�B�M�U �N�¤�I�J�T�U�F �B�S�W�V�T�U �K�B�H�B�U�B�L�T�F �O�F�F�E �¼�I�F���
 �L�B�I�F��

�O�J�O�H �L�P�M�N�F�G�B�B�T�J�M�J�T�U�F�L�T��

�-�J�T�B�L�T �L�P�O�T�U�S�V�L�U�T�J�P�P�O�J�M�J�T�U�F�M�F �F�S�J�O�F�W�V�T�U�F�M�F �F�S�J�T�U�B�U�B�L�T�F �I�B�S�K�B�W�B�C�V �N�P�P�U�P�S�F�J�E �L�B �S�P�P�U�P�S�J

�Q�B�J�L�O�F�N�J�T�F �K�¤�S�H�J �T�J�T�F�N�J�T�F �	�J�O�S�V�O�O�F�S�
 �K�B �W�¤�M�J�T�F �S�P�P�U�P�S�J�H�B �	�P�V�U�S�V�O�O�F�S�
 �U�¼�¼�Q�J �N�P�P�U�P�S�J�U�F�L�T

�<���>�� �4�J�T�F�N�J�T�F �S�P�P�U�P�S�J�H�B �N�P�P�U�P�S�J�E �P�O �U�B�W�B�M�J�T�F�M�U �L�P�N�Q�B�L�U�T�F�N�B�E �O�J�O�H �T�V�V�E�B�W�B�E �T�B�B�W�V�U�B�E�B

�T�V�V�S�F�N�B�J�E �Q�¶�¶�S�M�F�N�J�T�L�J�J�S�V�T�J�
 �N�J�T�U�µ�U�U�V �L�B�T�V�U�B�U�B�L�T�F �O�F�J�E �T�B�H�F�E�B�N�J�O�J �S�B�L�F�O�E�V�T�U�F�T�
 �L�V�T �P�O �P�M�V�M�J�O�F

�T�V�V�S �L�J�J�S�V�T �K�B �W�¤�J�L�F �Q�¶�¶�S�E�F�N�P�N�F�O�U �	�O�U �W�F�O�U�J�M�B�B�U�P�S�J�E �W�µ�J �Q�V�N�C�B�E�
�� �7�¤�M�J�T�F �S�P�P�U�P�S�J�H�B �N�P�P�U�P�S�J�E

�T�F�F�W�B�T�U�V �Q�B�L�V�W�B�E �T�V�V�S�F�N�B�U �Q�¶�¶�S�E�F�N�P�N�F�O�U�J �N�B�E�B�M�B�N�B�U�F�M �L�J�J�S�V�T�U�F�M�
 �L�V�O�B �O�F�O�E�F �S�P�P�U�P�S�J �M�¤�C�J�N�µ�µ�U

�P�O �T�V�V�S�F�N �<���>�� �4�F�F�U�µ�U�U�V �P�O �O�F�F�E �M�F�W�J�O�V�E �O�¤�J�U�F�L�T �E�S�P�P�O�J�E�F�T �K�B �S�P�C�P�P�U�J�L�B�T�
 �L�V�T �P�O �W�B�K�B �T�V�V�S�U

�Q�¶�¶�S�E�F�N�P�N�F�O�U�J �J�M�N�B �U�¤�J�F�O�E�B�W�B �S�F�E�V�L�U�P�S�J�U�B��

�0�N�B �P�M�F�N�V�T�F�M�U �W�µ�J�C �F�M�F�L�U�S�J�N�P�P�U�P�S �U�P�J�N�J�E�B �L�B �F�M�F�L�U�S�J�H�F�O�F�S�B�B�U�P�S�J�O�B�
 �T�F�T�U �N�V�V�U�V�W�B �N�B�H�O�F�U�W�¤�M�K�B

�N�µ�K�V�M �J�O�E�V�U�T�F�F�S�J�U�B�L�T�F �T�V�M�F�U�V�E �L�P�O�U�V�V�S�J�T �F�M�F�L�U�S�J�W�P�P�M �<���>�� �)�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �Q�¶�¶�S�M�F�N�J�T�F�M �U�F�L�J�U�B�C

�J�H�B �N�¤�I�J�T �Q�J�O�H�F�
 �N�J�T �P�O �W�µ�S�E�F�M�J�O�F �O�V�S�L�L�J�J�S�V�T�F�H�B �O�J�O�H �T�V�V�O�B�M�U �W�B�T�U�V�Q�J�E�J�O�F �S�B�L�F�O�E�B�U�V�E �Q�J�O�H�F�M�F�


�N�J�E�B �O�J�N�F�U�B�U�B�L�T�F �W�B�T�U�V�F�M�F�L�U�S�J�N�P�P�U�P�S�K�µ�V�L�T�� �4�µ�M�U�V�W�B�M�U �N�¤�I�J�T�F �F�I�J�U�V�T�F�T�U �F�S�J�T�U�B�U�B�L�T�F �T�F�F�K�V�V�S�F�T

�F�S�J�O�F�W�B �L�V�K�V�H�B �7�&�.�+ �M�B�J�O�F�L�V�K�V�T�J�E�� �,�P�O�U�T�F�O�U�S�F�F�S�J�U�V�E �N�¤�I�J�T�U�F �L�P�S�S�B�M �P�O �T�F�F �U�B�W�B�M�J�T�F�M�U �M�¤�I�F�E�B�O�F

�U�S�B�Q�F�U�T�J�M�F �	�W�U �K�P�P�O�J�T �������
�
 �T�B�N�B�T �L�V�J �K�B�P�U�B�U�V�E �N�¤�I�J�T�U�F �Q�V�I�V�M �P�O �T�F�F �M�J�H�J�L�B�V�E�V �T�J�J�O�V�T�F�M�J�O�F

�<�����>�� �,�¤�F�T�P�M�F�W�B �U�¶�¶ �S�B�B�N�F�T �W�B�B�E�F�M�E�B�L�T�F �B�J�O�V�M�U �N�P�P�U�P�S�F�J�E �L�P�M�N�F �G�B�B�T�J�H�B �O�J�O�H �L�P�O�U�T�F�O�U�S�F�F�S�J�U�V�E

�F�I�J�U�V�T�F�H�B��

����



�+�P�P�O�J�T ���������.�P�P�U�P�S�J �"�O�H�F�M �#�&�������� �W�B�T�U�V�F�M�F�L�U�S�J�N�P�P�U�P�S�K�µ�V �M�B�J�O�F�L�V�K�V �P�T�U�T�J�M�M�P�T�L�P�P�C�J�M

�)�B�S�K�B�W�B�C�B�E�F �N�P�P�U�P�S�J�U�F �Q�F�B�N�J�T�U�F�L�T �F�F�M�J�T�U�F�L�T �P�O �O�F�O�E�F �L�µ�S�H�F�N �L�B�T�V�U�F�H�V�S �O�J�O�H �Q�J�L�F�N �U�¶�¶�J�H�B��

�-�J�T�B�L�T �W�µ�J�N�B�M�E�B�W�B�E �O�F�F�E �U�¤�Q�T�F�N�B�U �K�V�I�U�J�N�J�T�U �O�J�O�H �T�B�B�W�V�U�B�E�B �T�V�V�S�F�N�B�J�E �Q�¶�¶�S�M�F�N�J�T�L�J�J�S�V�T�J�


�N�J�T �N�V�V�E�B�C �O�F�F�E �T�P�C�J�W�B�L�T �S�B�L�F�O�E�V�T�U�F�T�
 �L�V�T �P�O �O�µ�V�U�B�W �L�µ�S�H�F �E�¼�O�B�B�N�J�M�J�T�V�T �K�B �U�¤�Q�T�V�T��

�4�B�N�B�T �O�F�O�E�F �Q�V�V�E�V�T�F�L�T �P�O �N�¤�S�L�J�N�J�T�W�¤�¤�S�T�F�M�U �L�F�F�S�V�L�B�N �K�V�I�U�J�N�J�T�T�¼�T�U�F�F�N�
 �N�J�T �O�µ�V�B�C �S�P�I�L�F�N

�B�S�W�V�U�V�T�S�F�T�T�V�S�T�T�F �O�J�O�H �T�¼�W�F�O�E�B�U�V�E �U�F�B�E�N�J�T�J �O�J�J �T�¼�T�U�F�F�N�J �E�J�T�B�J�O�J�N�J�T�F�M �L�V�J �L�B �S�B�L�F�O�E�B�N�J�T�F�M��

�,�F�F�S�V�L�B�T �K�V�I�U�J�N�J�T�M�P�P�H�J�L�B �W�µ�J�C �U�µ�T�U�B �T�¼�T�U�F�F�N�J �¼�M�E�J�T�U �N�B�L�T�V�N�V�T�U �O�J�O�H �B�S�F�O�E�V�T�B�K�B �Q�J�L�L�V�T�U �<���>��

������ �)�B�S�K�B�W�B�C�B �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S

���������� �5�¶�¶�Q�µ�I�J�N�µ�U�F
�#�-�%�$ �N�P�P�U�P�S �P�O �T�¼�O�L�S�P�P�O�N�P�P�U�P�S�J �B�M�B�N�U�¼�¼�Q�
 �N�J�T �U�¤�I�F�O�E�B�C�
 �F�U �N�P�P�U�P�S�J �S�P�P�U�P�S �Q�¶�¶�S�M�F�C �T�B�N�B

�T�B�H�F�E�V�T�F�H�B �O�B�H�V �T�U�B�B�U�P�S�J �U�F�L�J�U�B�U�V�E �N�B�H�O�F�U�W�¤�M�J�� �4�F�M�M�F �U�B�H�B�N�J�T�F�L�T �U�V�M�F�C �N�¤�I�J�T�U�F�T �U�F�L�J�U�B�E�B �T�P�C�J�W�B

�L�V�K�V �K�B �B�K�B�T�U�V�T�F�H�B �W�P�P�M �<�����>�� �"�M�B�M�J�T�W�P�P�M �K�V�I�J�U�B�L�T�F �I�B�S�K�B�W�B�C�B �N�P�P�U�P�S�J �N�¤�I�J�T�U�F�T�T�F �Q�J�O�H�F�B�M�M�J�L�B

�J�O�W�F�S�U�F�S�J �	�7�4�*�
 �L�B�V�E�V �<�����>�
 �N�J�T �P�O �U�P�P�E�V�E �W�¤�M�K�B �K�P�P�O�J�T�F�M ��������

�+�P�P�O�J�T ���������,�P�M�N�F�G�B�B�T�J�M�J�O�F �Q�J�O�H�F�B�M�M�J�L�B �J�O�W�F�S�U�F�S �<�����>

����



�1�J�O�H�F�B�M�M�J�L�B �J�O�W�F�S�U�F�S�J �U�S�B�O�T�J�T�U�P�S�F �K�V�I�J�U�B�L�T�F �U�B�W�B�M�J�T�F�M�U �Q�V�M�T�J�M�B�J�V�T�N�P�E�V�M�B�U�T�J�P�P�O�J �B�C�J�M��

�-�¼�M�J�U�V�T�T�B�H�F�E�V�T�F �T�V�V�S�F�O�E�B�N�J�O�F �U�B�H�B�C �L�¼�M�M �T�V�K�V�W�B�N�B �Q�¶�¶�S�E�F�N�P�N�F�O�E�J�
 �L�V�J�E �T�B�N�B�M �B�K�B�M �L�B�T�W�B�U�B�C

�M�¼�M�J�U�V�T�L�B�E�V�T�J�E�� �4�F�M�M�J�T�U�F �K�V�I�U�J�N�J�T�B�I�F�M�B�U�F �Q�V�I�V�M �P�O �P�M�V�M�J�O�F �W�¤�M�U�J�E�B �P�M�V�L�P�S�E�B�
 �L�V�T �T�B�N�B�B�F�H�T�F�M�U

�P�O �T�J�T�T�F �M�¼�M�J�U�B�U�V�E �O�J�J �¼�M�F�N�J�O�F �L�V�J �L�B �B�M�V�N�J�O�F �U�S�B�O�T�J�T�U�P�S�
 �L�V�O�B �T�F�F �U�F�L�J�U�B�C �P�U�T�F�¼�I�F�O�E�V�T�F �K�B

�Q�µ�I�K�V�T�U�B�C �W�¤�H�B �T�V�V�S�F �W�P�P�M�V�� �4�F�M�M�F �W�¤�M�U�J�N�J�T�F�L�T �M�J�T�B�U�B�L�T�F �M�¼�M�J�U�V�T�U�F �W�B�I�F�M�F �I�J�M�J�T�U�V�T�B�F�H �	�E�F�B�E �U�J�N�F�
�


�N�J�M�M�F �K�P�P�L�T�V�M �P�O �N�µ�M�F�N�B�E �U�S�B�O�T�J�T�U�P�S�J�E �W�¤�M�K�B �M�¼�M�J�U�B�U�V�E�� �)�J�M�J�T�U�V�T�B�F�H �S�F�B�M�J�T�F�F�S�J�U�B�L�T�F �L�B�T �E�S�B�J�W�F�S�J

�S�J�J�T�U�W�B�S�B�M�J�T�F �G�V�O�L�U�T�J�P�P�O�J�O�B �W�µ�J �K�V�I�U�T�F�B�E�N�F �Q�P�P�M�U��

�.�P�P�U�P�S�J�U�F �L�P�O�T�U�S�V�L�U�T�J�P�P�O�J�M�J�T�F�E �F�S�J�O�F�W�V�T�F�E�
 �O�B�H�V �F�F�M�O�F�W�B�M�U �L�¤�T�J�U�M�F�U�V�E�
 �Q�µ�I�K�V�T�U�B�W�B�E �F�S�J�O�F�W�B

�L�V�K�V�H�B �W�B�T�U�V�F�M�F�L�U�S�J�N�P�U�P�P�S�K�µ�V�� �,�V�J�H�J �N�µ�M�F�N�B�U �U�¼�¼�Q�J �N�P�P�U�P�S�F�J�E �P�O �W�µ�J�N�B�M�J�L �K�V�I�U�J�E�B �O�J�J

�T�J�J�O�V�T�F�M�J�T�F �L�V�J �L�B �U�S�B�Q�F�U�T�J�L�V�K�V�M�J�T�F �W�P�P�M�V�H�B�
 �T�B�B�W�V�U�B�U�B�L�T�F �Q�B�S�J�N �L�B�T�V�U�F�H�V�S �¼�M�E�K�V�I�V�M �T�J�J�T�
 �L�V�J

�K�V�I�U�J�N�J�T�T�U�S�B�U�F�F�H�J�B �W�B�T�U�B�C �N�P�P�U�P�S�J �7�&�.�+ �L�V�K�V�M�F��

�-�J�T�B�L�T �W�P�P�M�V�L�V�K�V �W�B�M�J�L�V�M�F �F�S�J�T�U�B�U�B�L�T�F �#�-�%�$ �N�P�P�U�P�S�J�U�F �K�V�I�U�J�N�J�T�F�M �L�B�I�U�F �Q�F�B�N�J�T�U �M�¤�I�F�O�F�N�J�T�U

�S�P�P�U�P�S�J �B�T�F�O�E�J �N�¤�¤�S�B�N�J�T�F�L�T�� �B�O�E�V�S�J�U�F�H�B �	�T�F�O�T�P�S�F�E�
 �K�B �B�O�E�V�S�J�U�F�U�B �	�T�F�O�T�P�S�M�F�T�T�
 �K�V�I�U�J�N�J�O�F��

�"�O�E�V�S�J�U�F�U�B �N�F�F�U�P�E�J�E �Q�µ�I�J�O�F�W�B�E �W�B�T�U�V�F�M�F�L�U�S�J�N�P�U�P�P�S�K�µ�V �W�µ�J �N�V�V�E�F �F�M�F�L�U�S�J�M�J�T�U�F �T�V�V�S�V�T�U�F �L�B�V�E�T�F�M

�I�J�O�E�B�N�J�T�F�M�
 �W�¤�I�F�O�E�B�E�F�T �T�¼�T�U�F�F�N�J �S�J�J�T�U�W�B�S�B�M�J�T�U �L�F�F�S�V�L�V�T�U �K�B �N�B�L�T�V�N�V�T�U�
 �L�V�J�E �T�F�B�E�F�T �T�V�V�S�F�N�B�E

�O�µ�V�E�F�E �T�J�H�O�B�B�M�J�U�¶�¶�U�M�V�T�F�M�F�� �.�B�E�B�M�B�U�F�M �Q�¶�¶�S�F�U�F�M �P�O �W�B�T�U�V�F�M�F�L�U�S�J�N�P�U�P�P�S�K�µ�V�E �B�H�B �W�¤�H�B �O�µ�S�L �K�B

�N�¼�S�B�U�V�O�E�M�J�L�
 �N�J�T �S�B�T�L�F�O�E�B�C �S�P�P�U�P�S�J �B�T�F�O�E�J �U�¤�Q�T�F�U �N�¤�¤�S�B�N�J�T�U�� �"�O�E�V�S�J�U�F�H�B �M�B�I�F�O�E�V�T�U�F�T �¼�M�F�U�B�U�B�L�T�F

�T�F�E�B �Q�S�P�C�M�F�F�N�J �L�B�T�V�U�B�E�F�T �S�P�P�U�P�S�J �B�T�F�O�E�J �U�V�W�B�T�U�B�N�J�T�F�L�T �O�¤�J�U�F�L�T �)�B�M�M�J �B�O�E�V�S�F�J�E �W�µ�J �L�P�P�E�S�F�J�E�


�W�µ�J�N�B�M�E�B�E�F�T �U�¤�Q�T�F�U �K�B �V�T�B�M�E�V�T�W�¤�¤�S�T�F�U �L�P�N�N�V�U�B�U�T�J�P�P�O�J �L�B �N�B�E�B�M�B�U�F�M �L�J�J�S�V�T�U�F�M �<�����>��

�.�P�P�U�P�S�J �K�V�I�U�J�N�J�T�F �L�P�O�U�F�L�T�U�J�T �P�O �P�M�V�M�J�O�F �F�S�J�T�U�B�E�B �N�F�I�B�B�O�J�M�J�T�J �K�B �F�M�F�L�U�S�J�M�J�T�J �L�S�B�B�E�F�� �.�F�I�B�B�O�J�M�J�O�F

�L�S�B�B�E �L�J�S�K�F�M�E�B�C �S�P�P�U�P�S�J �U�F�H�F�M�J�L�L�V �G�¼�¼�T�J�M�J�T�U �Q�¶�¶�S�E�F�O�V�S�L�B�
 �L�V�T �U�¤�J�T�Q�¶�¶�S�F �W�B�T�U�B�C ������ �N�F�I�B�B�O�J�M�J�T�F�M�F

�L�S�B�B�E�J�M�F �<�����>�� �&�M�F�L�U�S�J�M�J�O�F �L�S�B�B�E �L�J�S�K�F�M�E�B�C �O�V�S�L�B �¼�I�F �L�P�N�N�V�U�B�U�T�J�P�P�O�J�Q�F�S�J�P�P�E�J �S�B�B�N�F�T �O�J�O�H �O�F�O�E�F

�W�B�I�F�M�J�O�F �T�F�P�T �T�µ�M�U�V�C �S�P�P�U�P�S�J �Q�P�P�M�V�T�U�F �B�S�W�V�T�U �W�B�T�U�B�W�B�M�U �W�B�M�F�N�J�M�F ��������

\ 4;42=
%
2

� \ <42� �	�������


�/�¤�J�U�F�L�T �O�F�M�K�B�Q�P�P�M�V�T�F�M�J�T�F �N�P�P�U�P�S�J �Q�V�I�V�M �W�B�T�U�B�C �¼�L�T �N�F�I�B�B�O�J�M�J�O�F �U�¤�J�T�Q�¶�¶�S�F �L�B�I�F�M�F �F�M�F�L�U�S�J�M�J�T�F�M�F

�U�¤�J�T�U�T�¼�L�M�J�M�F �F�I�L ������ �F�M�F�L�U�S�J�M�J�T�F�M�F �L�S�B�B�E�J�M�F�� �&�M�F�L�U�S�J�M�J�T�U�F�M �L�S�B�B�E�J�E�F�M �Q�µ�I�J�O�F�W �L�¤�T�J�U�M�V�T �P�O �I�B�S�K�B�W�B�C�B

�N�P�P�U�P�S�J �K�V�I�U�J�N�J�T�F �T�F�J�T�V�L�P�I�B�M�U �P�M�V�M�J�O�F�
 �L�V�O�B �L�P�N�N�V�U�B�U�T�J�P�P�O �P�O �N�¤�¤�S�B�U�V�E �K�V�T�U �F�M�F�L�U�S�J�M�J�T�F

�O�V�S�H�B �B�M�V�T�F�M�� �4�F�F�U�µ�U�U�V �N�J�E�B �S�P�I�L�F�N �P�O �N�P�P�U�P�S�J�M �Q�P�P�M�V�T�F�Q�B�B�S�F�
 �T�F�E�B �T�V�V�S�F�N �P�O �F�M�F�L�U�S�J�M�J�T�F

�O�V�S�H�B �N�V�V�U�V�N�J�T�F �L�J�J�S�V�T �¼�I�F �N�F�I�B�B�O�J�M�J�T�F �Q�¶�¶�S�E�F �L�P�I�U�B�� �4�F�F �W�µ�J�N�B�M�E�B�C �U�F�P�T�U�B�E�B �U�J�I�F�E�B�N�B�U

�L�P�N�N�V�U�B�U�T�J�P�P�O�J�
 �Q�B�S�B�O�E�B�E�F�T �N�P�P�U�P�S�J �U�¶�¶ �T�V�K�V�W�V�T�� �4�B�N�B�T �L�B�B�T�O�F�C �T�F�M�M�F�H�B �L�B �T�V�V�S�F�N

�B�S�W�V�U�V�T�L�P�P�S�N�V�T �K�V�I�U�T�¼�T�U�F�F�N�J�M�F�
 �L�V�O�B �L�P�N�N�V�U�B�U�T�J�P�P�O�J �B�K�B�T�U�V�T�U �K�B �S�P�P�U�P�S�J �B�T�F�O�E�J�U �U�V�M�F�C �I�J�O�O�B�U�B

�O�J�O�H �V�V�F�O�E�B�E�B �T�V�V�S�F�N�B �T�B�H�F�E�V�T�F�H�B�� �&�E�B�T�Q�J�E�J �L�¤�F�T�P�M�F�W�B�T �U�¶�¶�T �F�F�M�E�B�U�B�L�T�F�
 �F�U �L�µ�J�L �O�V�S�H�B�¼�I�J�L�V�E

�P�O �B�O�U�V�E �F�M�F�L�U�S�J�O�V�S�L�B�E�F�T�
 �L�V�J �F�J �P�M�F �U�F�J�T�J�U�J �U�¤�Q�T�V�T�U�B�U�V�E��

����



���������� �5�S�B�Q�F�U�T�K�V�I�U�J�N�J�O�F
�5�S�B�Q�F�U�T�K�V�I�U�J�N�J�O�F �P�O �¼�L�T �M�J�I�U�T�B�N�B�J�E �L�P�N�N�V�U�B�U�T�J�P�P�O�J�N�F�F�U�P�E�F�J�E �I�B�S�K�B�W�B�C�B �B�M�B�M�J�T�W�P�P�M�V�N�P�P�U�P�S�J�U�F

�K�V�I�U�J�N�J�T�F�M�� �4�F�M�M�F �N�F�F�U�P�E�J �Q�V�I�V�M �S�B�L�F�O�E�B�U�B�L�T�F �N�P�P�U�P�S�J �G�B�B�T�J�E�F�M�F �L�V�V�F�B�T�U�N�F�M�J�T�F�T �K�¤�S�K�F�T�U�V�T�F�T

�������p �G�B�B�T�J�O�J�I�L�F�H�B �S�V�V�U�M�B�J�O�F�L�V�K�V�M�J�T�U �Q�J�O�H�F�U �	�W�U �K�P�P�O�J�T �������
�� �4�F�M�M�J�O�F �B�K�B�T�U�V�T �K�B �Q�J�O�H�F�L�V�K�V�O�E�V�T

�W�µ�J�N�B�M�E�B�C �F�G�F�L�U�J�J�W�T�F�M�U �L�B�T�V�U�B�E�B �U�S�B�Q�F�U�T�L�V�K�V�K�V�M�J�T�F �7�&�.�+���H�B �N�P�P�U�P�S�J �F�M�F�L�U�S�J�M�J�T�J �P�N�B�E�V�T�J�


�T�B�B�W�V�U�B�E�F�T �T�F�M�M�F�H�B �N�P�P�U�P�S�J �N�B�L�T�J�N�B�B�M�T�F �U�¶�¶�L�J�J�S�V�T�F �K�B �W�¤�M�K�V�O�E�W�µ�J�N�T�V�T�F�� �-�J�T�B�L�T �P�O �W�¤�J�L�T�F�N�B

�M�¼�M�J�U�V�T�B�S�W�V �U�µ�U�U�V �L�B �M�¼�M�J�U�V�T�L�B�P�E �W�µ�S�S�F�M�E�F�T �1�8�. �Q�µ�I�J�T�U�F �N�F�F�U�P�E�J�U�F�H�B �W�¤�J�L�T�F�N�B�E �<�����>�� �4�F�F�U�µ�U�U�V

�P�O �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�O�F �M�B�J�B�M�E�B�T�F�M�U �L�B�T�V�U�V�T�F�M �O�¤�J�U�F�L�T �F�M�F�L�U�S�P�P�O�J�M�J�T�U�F�T �L�J�J�S�V�T�F�L�P�O�U�S�P�M�M�F�S�J�U�F�T �	�&�4�$�
 �<���>�


�N�J�E�B �U�J�I�U�J �L�B�T�V�U�B�U�B�L�T�F �E�S�P�P�O�J�E�F �K�B �Q�S�P�Q�F�M�M�F�S�J�U�F�H�B �T�¼�T�U�F�F�N�J�E�F�T��

�+�P�P�O�J�T ���������,�P�M�N�F�G�B�B�T�J�M�J�T�F �#�-�%�$ �N�P�P�U�P�S�J �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F �B�K�B�T�U�V�T�E�J�B�H�S�B�N�N�
 �N�J�T �O�¤�J�U�B�C �)�B�M�M�J
�B�O�E�V�S�J�U�F �W�¤�M�K�V�O�E�J�U�
 �G�B�B�T�J�E�F �7�&�.�+ �L�V�K�V �K�B �W�¤�M�K�V�O�E�Q�¶�¶�S�E�F�N�P�N�F�O�E�J �<�����>

�,�µ�J�H�F �M�J�I�U�T�B�N �K�B �U�¶�¶�L�J�O�E�M�B�N �N�P�P�E�V�T �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�U �S�B�L�F�O�E�B�E�B �P�O �L�B�T�V�U�B�E�B �S�P�P�U�P�S�J �B�T�F�O�E�J

�U�B�H�B�T�J�E�F�U�� �1�B�M�K�V�E �N�P�P�U�P�S�J�E �U�B�S�O�J�U�B�L�T�F �L�P�P�T �)�B�M�M�J �B�O�E�V�S�J�U�F�H�B�� �*�H�B �B�O�E�V�S�J�F�M�F�N�F�O�U �B�O�O�B�C �E�J�H�J�U�B�B�M�T�F

�L�µ�S�H�F �T�J�H�O�B�B�M�J �Q�P�P�M�F �F�M�F�L�U�S�J�M�J�T�F �U�T�¼�L�T�J �K�P�P�L�T�V�M �	�������p�
 �K�B �N�B�E�B�M�B �T�J�H�O�B�B�M�J �¼�M�F�K�¤�¤�O�V�E �U�T�¼�L�M�J �K�P�P�L�T�V�M

����



�O�J�O�H �B�O�E�V�S�J �W�¤�M�K�V�O�E�J�E �P�O �����p �W�µ�S�S�B �O�J�I�L�F�T�� �4�F�M�M�J�O�F �L�P�O�P�H�V�S�B�U�T�J�P�P�O �M�P�P�C �� �F�S�J�O�F�W�B�U �P�M�F�L�V�U �O�J�O�H

�L�P�N�N�V�U�B�U�T�J�P�P�O �T�F�J�T�O�F�C �B�O�E�V�S�J�U�F �T�F�J�T�V�O�E�J �W�B�T�U�B�W�V�T�T�F �W�J�J�N�J�T�F�T �W�B�T�U�B�W�B �W�¤�M�K�V�O�E�T�F�J�T�V�O�E�J�H�B�
 �O�B�H�V

�P�O �U�P�P�E�V�E �U�B�C�F�M�J�T ��������

�5�B�C�F�M ���������5�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F �L�P�N�N�V�U�B�U�T�J�P�P�O�J �T�B�N�N�V�E �N�P�P�U�P�S�J �Q�¶�¶�S�M�F�N�J�T�F�L�T �Q�¤�S�J�Q�¤�F�W�B �<�����>

�4�B�N�N
�)�B�M�M�J �B�O�E�V�S�J �T�J�T�F�O�E�'�B�B�T�J �Q�J�O�H�F

�" �# �$ �6 �7 �8

�� �� �� �� ���7 �/�$ ���7

�� �� �� �� ���7 ���7 �/�$

�� �� �� �� �/�$ ���7 ���7

�� �� �� �� ���7 �/�$ ���7

�� �� �� �� ���7 ���7 �/�$

�� �� �� �� �/�$ ���7 ���7

�*�H�B �L�P�N�N�V�U�B�U�T�J�P�P�O�J�T�B�N�N�V �L�P�S�S�B�M �¼�I�F�O�E�B�U�B�L�T�F �¼�L�T �N�P�P�U�P�S�J �G�B�B�T�J�E�F�T�U �Q�P�T�J�U�J�J�W�T�F �U�P�J�U�F �L�M�F�N�N�J�H�B�


�U�F�J�O�F �O�F�H�B�U�J�J�W�T�F �U�P�J�U�F �L�M�F�N�N�J�H�B �O�J�O�H �L�P�M�N�B�T �K�¤�F�U�B�L�T�F �¼�I�F�O�E�B�N�B�U�B�� �"�O�E�V�S�J�U�F�U�B �K�V�I�U�J�N�J�T�F�M �T�B�B�C

�M�¼�M�J�U�V�T�T�J�H�O�B�B�M�J�O�B �L�B�T�V�U�B�E�B �Q�J�O�H�F�T�U�B�N�B�U�B �G�B�B�T�J �7�&�.�+ �T�J�H�O�B�B�M�J�� �+�P�P�O�J�T�F�M�U ������ �P�O �O�¤�I�B�
 �F�U �)�B�M�M�J

�B�O�E�V�S�J �W�¤�M�K�V�O�E �N�V�V�U�V�C �L�V�J �7�&�.�+ �W�B�T�U�B�W�B �G�B�B�T�J �T�V�I�U�F�T �¼�M�F�U�B�C �O�V�M�M�Q�V�O�L�U�J �	�[�F�S�P �D�S�P�T�T�J�O�H�
 �<�����>��

�1�S�B�L�U�J�L�B�T �F�J �U�P�J�N�V �T�F�F �U�¤�Q�T�F�M�U �T�B�N�B�M �B�K�B�M �O�J�O�H �W�J�J�W�J�U�V�T �U�V�M�F�C �L�P�N�Q�F�O�T�F�F�S�J�E�B �K�V�I�U�J�W�B �T�F�B�E�N�F �Q�P�P�M�U��

�"�O�E�V�S�J�U�F�U�B �K�V�I�U�J�N�J�T�F�T �U�V�M�F�C �N�F�F�M�F�T �Q�J�E�B�E�B�
 �F�U �W�B�T�U�V�F�M�F�L�U�S�J�N�P�P�U�P�S�K�µ�V�E �P�O �G�V�O�L�U�T�J�P�P�O

�O�V�S�L�L�J�J�S�V�T�F�T�U �W�B�T�U�B�W�B�M�U �W�B�M�F�N�J�M�F ������ �<�����>�� �,�V�O�B �N�P�P�U�P�S�J �W�B�M�N�J�T�U�B�N�J�T�F�M �K�¤�¤�W�B�E �F�M�F�L�U�S�J�M�J�T�F�E

�Q�B�S�B�N�F�F�U�S�J�E �L�P�O�T�U�B�O�U�T�F�U�F�L�T�
 �T�B�B�C �T�F�E�B �T�F�P�T�U �F�E�B�T�J �M�J�I�U�T�V�T�U�B�E�B �L�V�K�V�M�F ������ �<�����>��

4 / # ; A � � l �	�������


4 =  4 � l �	�������


�4�J�J�U �U�V�M�F�O�F�W�B�M�U �B�J�O�V�T �U�F�H�V�S�
 �N�J�T �N�µ�K�V�U�B�C �U�F�L�L�J�W�B�U �N�¤�I�J�T�U�F�T �Q�J�O�H�F�U �P�O �S�P�P�U�P�S�J �O�V�S�L�L�J�J�S�V�T�


�N�J�M�M�F �L�B�T�W�B�N�J�T�F�M �L�B�T�W�B�C �7�&�.�+ �Q�S�P�Q�P�S�U�T�J�P�O�B�B�M�T�F�M�U�� �1�J�J�T�B�W�B �O�V�S�L�L�J�J�S�V�T�F �L�P�S�S�B�M �P�O �W�µ�J�N�B�M�J�L

�T�F�E�B �M�¼�I�J�L�F�T�F �W�J�J�W�J�U�V�T�F�H�B �K�B �Q�J�J�T�B�W�B �U�¤�Q�T�V�T�F�H�B �L�B�T�V�U�B�E�B �S�P�P�U�P�S�J �B�T�F�O�E�J �N�¤�¤�S�B�N�J�T�F�L�T�� �4�F�M�M�J�T�F�E

�T�¼�T�U�F�F�N�J�E �F�J �T�V�V�E�B �T�J�J�T�L�J �V�T�B�M�E�V�T�W�¤�¤�S�T�F�M�U �N�P�P�U�P�S�J�U �N�B�E�B�M�B�U�F�M �L�J�J�S�V�T�U�F�M �Q�¶�¶�S�M�F�N�B �Q�B�O�O�B �N�B�E�B�M�B

�S�F�T�P�M�V�U�T�J�P�P�O�J �U�µ�U�U�V��

�,�P�O�T�U�B�O�U�T�F �Q�¶�¶�S�E�F�N�P�N�F�O�E�J �I�P�J�E�N�J�O�F �O�V�M�M�L�J�J�S�V�T�F�M �N�V�V�U�V�C �T�F�F�U�µ�U�U�V �Q�F�B�B�F�H�V �W�µ�J�N�B�U�V�L�T��

�7�B�M�F�N�J ������ �Q�µ�I�K�B�M �U�F�L�J�C �N�B�L�T�J�N�B�B�M�O�F �Q�¶�¶�S�E�F�N�P�N�F�O�U �T�J�J�T�
 �L�V�J �G�B�B�T�J�E�F �U�F�L�J�U�B�U�V�E

����



�F�M�F�L�U�S�P�N�B�H�O�F�U�J�M�J�O�F �W�¤�M�J �P�O �S�J�T�U�J �S�P�P�U�P�S�J �Q�¼�T�J�N�B�H�O�F�U�W�¤�M�K�B�H�B �F�I�L\ = 90°�� �œ�M�F�K�¤�¤�O�V�E �B�K�B�W�B�I�F�N�J�L�F�M

�U�F�L�J�U�B�C �G�B�B�T�J�E�F �W�P�P�M �S�P�P�U�P�S�J�M�F �B�J�O�V�M�U �P�T�B�M�J�T�U �U�µ�N�C�F�K�µ�V�E�V�
 �N�J�T �Q�µ�I�K�V�T�U�B�C �Q�¶�¶�S�E�F�N�P�N�F�O�E�J �M�B�J�O�F�U�V�T�U��

�,�J�S�K�F�M�E�B�U�V�E �F�G�F�L�U �U�F�L�J�U�B�C �L�V�V�M�E�B�W�B�U �L�µ�S�H�T�B�H�F�E�V�T�M�J�L�L�V �N�¼�S�B �O�J�O�H �N�V�V�E�B�C �T�F�M�M�F �K�V�I�U�J�N�J�T�N�F�F�U�P�E�J

�T�P�C�J�N�B�U�V�L�T �S�B�L�F�O�E�V�T�U�F�L�T�
 �L�V�T �P�O �W�B�K�B�M�J�L �T�V�K�V�W �E�¼�O�B�B�N�J�M�J�O�F �U�¶�¶��

���������� �4�J�J�O�V�T�K�V�I�U�J�N�J�O�F
�4�J�J�O�V�T�K�V�I�U�J�N�J�T�F �N�F�F�U�P�E�J �F�F�T�N�¤�S�L �P�O �¼�M�F�U�B�E�B �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F �Q�µ�I�J�M�J�T�F�E �Q�V�V�E�V�T�F�E�
 �W�µ�J�N�B�M�E�B�E�F�T

�1�8�. �B�C�J�M �G�B�B�T�J�Q�J�O�H�F �Q�J�E�F�W�B�U �K�B �T�V�K�V�W�B�U �N�P�E�V�M�F�F�S�J�N�J�T�U�� �&�S�J�O�F�W�B�M�U �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F�T�U�
 �L�V�T

�E�J�T�L�S�F�F�U�T�F�U�F �Q�J�O�H�F�U�B�T�F�N�F�U�F �B�C�J�M �P�O �W�µ�J�N�B�M�J�L �T�B�B�W�V�U�B�E�B �B�J�O�V�M�U �� �Q�J�O�H�F�W�F�L�U�P�S�J�U�
 �H�F�O�F�S�F�F�S�J�U�B�L�T�F

�T�J�J�O�V�T�K�V�I�U�J�N�J�T�F�M �G�B�B�T�J�E�F�T �M�J�H�J�L�B�V�E�V �T�J�J�O�V�T�L�V�K�V�M�J�T�F�E �W�P�P�M�V�E�� �4�F�M�M�F �U�V�M�F�N�V�T�F�O�B �N�P�P�E�V�T�U�V�C �Q�¶�¶�S�M�F�W

�N�B�H�O�F�U�W�¤�M�J �¼�I�U�M�B�T�F�N�B �B�N�Q�M�J�U�V�V�E�J�H�B�
 �N�J�T �W�¤�I�F�O�E�B�C �P�M�V�M�J�T�F�M�U �Q�¶�¶�S�E�F�N�P�N�F�O�E�J �M�B�J�O�F�U�V�T�U �<�����> �O�J�O�H

�T�F�M�M�F�H�B �L�B�B�T�O�F�W�B�U �N�F�I�B�B�O�J�M�J�T�U �W�J�C�S�B�U�T�J�P�P�O�J �K�B �B�L�V�T�U�J�M�J�T�U �N�¼�S�B��

�4�F�M�M�F �N�F�F�U�P�E�J �Q�V�V�E�V�T�U�F�L�T �P�O �W�¤�J�L�T�F�N �T�B�B�W�V�U�B�U�B�W �N�B�L�T�J�N�B�B�M�O�F �Q�¶�¶�S�M�F�N�J�T�L�J�J�S�V�T �O�J�O�H �T�V�V�S�F�N�B�E

�M�¼�M�J�U�V�T�L�B�P�E �K�B �T�F�M�M�F�T�U �U�V�M�F�O�F�W�B�M�U �N�B�E�B�M�B�N �L�B�T�V�U�F�H�V�S �<�����>�� �,�F�F�S�V�L�B�N�B�U�F �N�P�E�V�M�B�U�T�J�P�P�O�J�N�F�F�U�P�E�J�U�F

�L�B�T�V�U�B�N�J�T�F�M �T�V�V�S�F�O�F�C �M�J�T�B�L�T �L�B �B�S�W�V�U�V�T�M�J�L �L�F�F�S�V�L�V�T�
 �N�J�T �T�F�B�C �L�µ�S�H�F�N�B�E �O�µ�V�E�F�E �K�V�I�U�T�F�B�E�N�F

�S�J�J�T�U�W�B�S�B�M�F �K�B �B�S�F�O�E�B�N�J�T�F�M�F��

�4�J�J�O�V�T�K�V�I�U�J�N�J�T�F �L�P�S�S�B�M �P�O �S�P�P�U�P�S�J �B�T�F�O�E�J �U�¤�Q�O�F �N�¤�¤�S�B�N�J�O�F �L�S�J�J�U�J�M�J�T�F �U�¤�I�U�T�V�T�F�H�B�
 �F�U �U�B�H�B�E�B

�N�P�P�U�P�S�J�H�B �T�¼�O�L�S�P�O�J�T�F�F�S�J�U�V�E �W�P�P�M�V�M�B�J�O�F�L�V�K�V�E�F �H�F�O�F�S�F�F�S�J�N�J�O�F�� �)�B�M�M�J �F�G�F�L�U�J �B�O�E�V�S�J�U�F�H�B

�M�B�I�F�O�E�V�T�U�F�T �P�O �W�µ�J�N�B�M�J�L �N�B�E�B�M�B �F�S�B�M�E�V�T�W�µ�J�N�F�H�B �E�J�T�L�S�F�F�U�T�F�U �U�B�H�B�T�J�T�J�E�F�T�J�H�O�B�B�M�J �J�O�U�F�S�Q�P�M�F�F�S�J�E�B�


�N�µ�µ�U�F�T �¼�I�F �)�B�M�M�J �Q�F�S�J�P�P�E�J �L�F�T�U�V�T�U�� �4�F�M�M�J�T�F �M�¤�I�F�O�F�N�J�T�F �B�C�J�M �T�B�B�C �K�B�H�B�E�B �Q�F�S�J�P�P�E�J �W�¤�J�L�T�F�N�B�U�F�L�T

�B�K�B�W�B�I�F�N�J�L�F�L�T �O�J�O�H �T�F�F�M�¤�C�J �Q�B�S�B�O�E�B�E�B �B�T�F�O�E�J�I�J�O�O�B�O�H�V �U�¤�Q�T�V�T�U �<�����>�� �4�B�B�E�V�E �I�J�O�O�B�O�H�V �Q�µ�I�K�B�M

�P�O �W�µ�J�N�B�M�J�L �N�¤�¤�S�B�U�B �1�8�. �T�J�H�O�B�B�M�J�E�F �B�K�B�T�U�V�T �L�B�T �S�F�B�B�M�B�K�B�T �B�S�W�V�U�V�T�U�F �U�F�F�M �W�µ�J �L�B�T�V�U�B�E�B

�F�F�M�O�F�W�B�M�U �L�P�P�T�U�B�U�V�E �P�U�T�J�O�H�V�U�B�C�F�M�F�J�E�� �1�V�V�E�V�T�F�L�T �P�O �T�F�F�
 �F�U �N�P�P�U�P�S�J �Q�P�T�J�U�T�J�P�P�O�J �F�O�O�V�T�U�B�N�J�O�F �P�O

�L�¤�J�W�J�U�B�N�J�T�G�B�B�T�J�T �F�C�B�U�¤�Q�O�F�� �4�F�M�M�F �Q�S�P�C�M�F�F�N�J �W�¤�M�U�J�N�J�T�F�L�T �L�¤�J�W�J�U�B�U�B�L�T�F �N�P�P�U�P�S �U�S�B�Q�F�U�T�K�V�I�U�J�N�J�T�F�H�B
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�U�¤�Q�T�F�M�F �S�P�P�U�P�S�J �O�V�S�H�B�M�F�
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