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�8�X�R�3 �t�@�+�Q�K�T�Q�M�2�M�i �Q�7 �B�M�b�i���M�i���M�2�Q�m�b �p�2�H�Q�+�B�i�v �+�Q�M�i�Q�m�`�b �Q�7 �_�:�k�- �k�.�6�k ���M�/

�j�.�a�k �B�M �i�?�2 �v�x�@�T�H���M�2 ���i �H�Q�+���i�B�Q�M�bx/ dmin = 30; 60; 90; 200 �r�?�2�`�2 �/���`�F

�#�H�m�2 �+�Q�H�Q�` �B�M�/�B�+���i�2�b �p�2�H�Q�+�B�i�v �@�y�X�8 ���M�/ �/���`�F �`�2�/ �+�Q�H�Q�` �B�M�/�B�+���i�2�b �p�2�H�Q�+�B�i�v

�R�X�8�X �G�B�;�?�i�2�` �+�Q�H�Q�`�b �B�M�/�B�+���i�2 �p���H�m�2�b �b�Q�K�2�r�?�2�`�2 �B�M �#�2�i�r�2�2�M�X �h�?�2 �p�2�H�Q�+�B�i�v

�+�Q�M�i�Q�m�` �b�M���T�b�?�Q�i�b ���`�2 �i���F�2�M ���i �i�?�2 �b�B�K�m�H���i�B�Q�M �i�B�K�2500T�X�X �X �X �X �X �X �X �X �d�R

�8�X�R�N �a�i�`�2���K�r�B�b�2 �K�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2 �Q�7 �� �T���b�b�B�p�2 �b�+���H���` �T�2�M�@

�+�B�H �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�2�p�2�M �/�B�z�2�`�2�M�i

�a�+�?�K�B�/�i �M�m�K�#�2�`�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �d�j

�8�X�k�y �a�i�`�2���K�r�B�b�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �b�+���H���` �/�B�z�m�b�B�Q�M �T�`�Q�}�H�2 �Q�7 �� �T���b�b�B�p�2 �b�+���H���`

�T�2�M�+�B�H �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�B�t �/�B�z�2�`�2�M�i

�i�m�`�#�m�H�2�M�+�2 �a�+�?�K�B�/�i �M�m�K�#�2�`�bSct �X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �d�8

�8�X�k�R �a�i�`�2���K�r�B�b�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �K�2���M �p�2�H�Q�+�B�i�v �B�M �;�`�2�2�M ���M�/ �_�J�a �p�2�H�Q�+�B�i�v

�~�m�+�i�m���i�B�Q�M�b �B�M �`�2�/ ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �7�Q�` �b�T���`�b�2 �;�`�B�/�b

�j�.�a�j ���M�/ �j�.�a�9�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �d�d

�t�B�B�B



�8�X�k�k �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i

�/�B�z�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2

�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H �B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X�X �X �X �X �X �X �d�N

�8�X�k�j �J�2���M �t�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y �- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b

�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �3�R

�8�X�k�9 �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �t�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�k

�8�X�k�8 �J�2���M �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i

�H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X�X �X �3�j

�8�X�k�e �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�j

�8�X�k�d �J�2���M �x�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b

�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �3�9

�8�X�k�3 �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �x�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�8

�8�X�k�N �J�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �+�2�M�i�2�`�H�B�M�2 �r�B�i�?

�2���+�? �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`Sct ���b �;�B�p�2�M �B�M �i�?�2

�H�2�;�2�M�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�8

�8�X�j�y �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�@

�M�2�H �+�2�M�i�2�`�H�B�M�2 �r�B�i�? �2���+�? �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�b

Sct ���b �;�B�p�2�M �B�M �i�?�2 �H�2�;�2�M�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�e

�8�X�j�R �o�Q�`�i�B�+�B�i�v �T�`�Q�}�H�2�b �Q�7 �7�Q�m�` �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2

�/�B�`�2�+�i�B�Q�M �B�M �i�?�2 �~�Q�r�X �h�?�2 �H�2�;�2�M�/ �b�?�Q�r�b �H�Q�+���i�B�Q�M �Q�7 �T�2�M�+�B�H�b ���H�Q�M�; �i�?�2

�b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �+�?���M�M�2�H ���H�Q�M�; �r�?�B�+�? �i�?�2 �p�Q�`�i�B�+�B�i�v �B�b �T�H�Q�i�i�2�/�X�3�e

�8�X�j�k �6�`�2�[�m�2�M�+�v �T�Q�r�2�` �b�T�2�+�i�`�m�K �Q�7 �i�?�2 �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b �/�2�b�+�`�B�#�2�/ �B�M

�i���#�H�2 �9�X�k �r�B�i�? �T�`�Q�#�2�b �`�2�+�Q�`�/�B�M�; �p�2�H�Q�+�B�i�vu(t) ���i �b�2�p�2�M �H�Q�+���i�B�Q�M�b ���H�Q�M�;

�i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�?�2�`�2x/ dmin = 13; 26; 39; 52; 65; 78; 91 �X �X �3�d

�t�B�p



�8�X�j�j �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i

�/�B�z�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2

�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H �B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X�X �X �X �X �X �X �3�3

�8�X�j�9 �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i

�/�B�z�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2

�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H �B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X�X �X �X �X �X �X �N�y

�8�X�j�8 �J�2���M �t�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y �- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b

�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �N�k

�8�X�j�e �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �t�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �N�j

�8�X�j�d �J�2���M �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i

�H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X�X �X �N�9

�8�X�j�3 �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �N�9

�8�X�j�N �J�2���M �x�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b

�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �N�8

�8�X�9�y �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �x�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4

�y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin =

150; 225; 300; 375; 450�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �N�e

�8�X�9�R �6�`�2�[�m�2�M�+�v �T�Q�r�2�` �b�T�2�+�i�`�m�K �Q�7 �i�?�2 �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b �Q�7 �+���b�2

�j �/�2�b�+�`�B�#�2�/ �B�M �i���#�H�2 �9�X�k �r�B�i�? �T�`�Q�#�2�b �`�2�+�Q�`�/�B�M�; �p�2�H�Q�+�B�i�vu(t) ���i

�b�2�p�2�M �H�Q�+���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�?�2�`�2x/ dmin =

13; 26; 39; 52; 65; 78; 91 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �N�e

�8�X�9�k �o�Q�`�i�B�+�B�i�v �T�`�Q�}�H�2�b �Q�7 �7�Q�m�` �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2

�/�B�`�2�+�i�B�Q�M �B�M �i�?�2 �~�Q�r�X �h�?�2 �H�2�;�2�M�/ �b�?�Q�r�b �H�Q�+���i�B�Q�M �Q�7 �T�2�M�+�B�H�b ���H�Q�M�; �i�?�2

�b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �+�?���M�M�2�H ���H�Q�M�; �r�?�B�+�? �i�?�2 �p�Q�`�i�B�+�B�i�v �B�b �T�H�Q�i�i�2�/�X�N�d

�8�X�9�j �J�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �+�2�M�i�2�`�H�B�M�2 �r�B�i�?

�2���+�? �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�b ���b �;�B�p�2�M �B�M �i�?�2 �H�2�;�2�M�/�X�N�3

�t�p



�8�X�9�9 �A�M�b�i���M�i���M�2�Q�m�b �T���b�b�B�p�2 �b�+���H���` �/�B�z�m�b�B�Q�M �T�`�Q�}�H�2 �b�?�Q�r�B�M�; �i�`���M�b�T�Q�`�i �Q�7 �i�?�2

�M�Q�`�K���H�B�x�2�/ �b�+���H���` ���i �i�B�K�2500T �r�B�i�? �`�2�/ �+�Q�H�Q�` �B�M�/�B�+���i�B�M�; �+�Q�M�+�2�M�i�`���i�B�Q�M

�Q�7 �y ���M�/ �`�2�/ �+�Q�H�Q�` �B�M�/�B�+���i�B�M�; �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �y�X�8 �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7

�i�?�2 �a�+�?�K�B�/�i �M�m�K�#�2�`Sc �B�M �i�?�2 �;�`�B�/ �j�.�a�9 �B�M �i�?�2 �t�x�@�T�H���M�2 ���i �v�4�y�X�X �X �X �N�N

�8�X�9�8 �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�@

�M�2�H �+�2�M�i�2�`�H�B�M�2 �r�B�i�? �2���+�? �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�b

Sc ���b �;�B�p�2�M �B�M �i�?�2 �H�2�;�2�M�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�y�y

�e�X�R �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�iK p/ �v � ���;���B�M�b�i �i�?�2 �`�K�b

�T���B�` �b�2�T���`���i�B�Q�M� l / � �7�`�Q�K �E�a �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(k) �

k� 5/3 ���M�/ �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �Q�7 �b�B�x�2Rk = 101�- ���M�/ �7�Q�` �/�B�z�2�`�2�M�i �a�i�Q�F�2�b

�M�m�K�#�2�`�b �#�2�i�r�2�2�MSt = 0:1 ���M�/50 ���b �B�M�/�B�+���i�2�/�X �U�6�Q�` �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7

�i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M �i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q �i�?�2

�r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b ���`�i�B�+�H�2�X�V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�9

�e�X�k �a�B�K�B�H���` �i�Q �6�B�;�X �R�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 102�X�X �X �X �X �X �X �R�R�8

�e�X�j �a�B�K�B�H���` �i�Q �6�B�;�X �R�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 103�X�X �X �X �X �X �X �R�R�e

�e�X�9 �a�B�K�B�H���` �i�Q �6�B�;�X �R�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 104�- ���M�/St

�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�d

�e�X�8 �a�B�K�B�H���` �i�Q �6�B�;�X �R�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 105�- ���M�/St

�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�3

�e�X�e �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�iK p/ �v � ���;���B�M�b�i �i�?�2 �`�K�b

�T���B�` �b�2�T���`���i�B�Q�M� l / � �7�`�Q�K �E�a �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(k) �

k� 1:72 ���M�/ �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �Q�7 �b�B�x�2Rk = 101�- ���M�/ �7�Q�` �/�B�z�2�`�2�M�i �a�i�Q�F�2�b

�M�m�K�#�2�`�b �#�2�i�r�2�2�MSt = 0:1 ���M�/50 ���b �B�M�/�B�+���i�2�/�X �U�6�Q�` �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7

�i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M �i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q �i�?�2

�r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b ���`�i�B�+�H�2�X�V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�N

�e�X�d �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 102�X�X �X �X �X �X �X �R�k�y

�e�X�3 �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 103�X�X �X �X �X �X �X �R�k�R

�e�X�N �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 104�- ���M�/St

�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�k

�t�p�B



�e�X�R�y �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 105�- ���M�/St

�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�j

�e�X�R�R �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�iK p/ �v � ���;���B�M�b�i �i�?�2

�`�K�b �T���B�` �b�2�T���`���i�B�Q�M� l / � �7�`�Q�K �E�a �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �2�M�2�`�;�v �b�T�2�+�i�`�m�K

E(k) � k� 5/3 �7�Q�` �/�B�z�2�`�2�M�i �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b ���b �B�M�/�B�+���i�2�/�- ���M�/ �7�Q�`

�a�i�Q�F�2�b �M�m�K�#�2�`�bSt = 1�X �U�6�Q�` �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�`

�B�M �i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q �i�?�2 �r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b

���`�i�B�+�H�2�X�V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�8

�e�X�R�k �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 2�X�X �X �X �X �X �X �X �X �X �X �X �R�k�e

�e�X�R�j �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 5�X�X �X �X �X �X �X �X �X �X �X �X �R�k�d

�e�X�R�9 �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 20�X�X �X �X �X �X �X �X �X �X �X �R�k�3

�e�X�R�8 �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 75�X�X �X �X �X �X �X �X �X �X �X �R�k�N

�e�X�R�e �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�`�Q�K �E�a �r�B�i�? �b�T�2�+�i�`�m�K �Q�7E(k) � k� 1:72�-

���M�/St = 75�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�j�y

�e�X�R�d �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �T���B�` �b�2�T���`���i�B�Q�M� c �r�?�2�`�2 �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�b ���;���B�M�b�i �i�?�2

�a�i�Q�F�2�b �M�m�K�#�2�`St�X �h�?�2 �+���b�2�b �7�Q�`E(k) � k� 5/3 ���M�/� k� 1:72 ���`�2 �b�?�Q�r�M�X

�G�B�M�2�b �Q�7 �b�H�Q�T�20:5 ���M�/1 ���`�2 �b�?�Q�r�M �7�Q�` �+�Q�K�T���`�B�b�Q�M�X �U�6�Q�` �B�M�i�2�`�T�`�2�i���i�B�Q�M

�Q�7 �i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M �i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q

�i�?�2 �r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b ���`�i�B�+�H�2�X�V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�j�R

�t�p�B�B
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���X �S���i�2�M�i �1�S �k�-�N�e�8�-�3�y�8 �"�R�- �U�k�y�R�d�V�)�- �Q�` �j�.�a �7�Q�` �b�?�Q�`�i�- �B�b �B�M�p�2�b�i�B�;���i�2�/ �m�b�B�M�; �.�B� �̀2�+�i

�L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M�b �U�.�L�a�V�X �A�M �i�?�2 �j�.�a �2���+�? �b�+���H�2 �B�M �� �U�i�v�T�B�+���H�H�v�V �7� �̀��+�i���H �;�`�B�/ �B�b

�?�2�H�/ �B�M �B�i�b �Q�r�M �+�Q�@�7� �̀��K�2 ���M�/ �B�b �b�2�T��� �̀��i�2�/ �7� �̀Q�K �i�?�2 �M�2�t�i �+�Q�@�7� �̀��K�2 �#�v �b�Q�K�2 �/�B�b�i���M�+�2

�B�M ���M �Q�p�2� �̀��H�H �+�Q�@�T�H���M���` ���`� �̀��M�;�2�K�2�M�i�X �h�?�B�b �2�t�T���M�/�b �i�?�2 �T��� �̀��K�2�i�2�` �b�T���+�2 �B�M �i�?�2 �j�.�a

���b �+�Q�K�T��� �̀2�/ �i�Q �k�. �~���i �7� �̀��+�i���H �;�`�B�/�b �U�k�.�6�V ���M�/ �+�H���b�b�B�+���H � �̀2�;�m�H���` �;�`�B�/�b �U�_�:�V�X �h�?�2

�Q�#�D�2�+�i�B�p�2 �B�b �i�?���i �i�?�2 �j�.�a �b�v�b�i�2�K �+�Q�m�H�/ �T� �̀Q�p�B�/�2 �#�2�i�i�2�` �+�Q�M�i� �̀Q�H �Q�7 �i�m�`�#�m�H�2�M�+�2 �i�?���M �T� �̀2�p�B�Q�m�b

�;�`�B�/�b�X �h�m�`�#�m�H�2�M�+�2 �+�?��� �̀��+�i�2�`�B�b�i�B�+�b �/�Q�r�M�b�i� �̀2���K �Q�7 ���H�H �i�?� �̀2�2 �;�`�B�/�b �T�H���+�2�/ �B�M �� �+�Q�M�/�m�B�i

�t�p�B�B�B



�r�B�i�? �T�2�`�B�Q�/�B�+ �r���H�H�b ���M�/ �B�M�~�Q�r ���M�/ �Q�m�i�~�Q�r �B�M �i�?�2 �b�i� �̀2���K�r�B�b�2 �/�B� �̀2�+�i�B�Q�M ��� �̀2 �+�Q�K�T��� �̀2�/

�7�Q�` �E�Q�H�K�Q�;�Q� �̀Q�p �b�+���H�2 �_�2�v�M�Q�H�/�b �M�m�K�#�2�`Re� = 300�X �h�?�2 �#�H�Q�+�F���;�2 � �̀��i�B�Q �U�b�Q�H�B�/�B�i�v�V �Q�7

�i�?�2 �_�: ���M�/ �k�.�6 �;�`�B�/�b �r���b� = 32�W�- �r�?�B�H�2 �B�M �i�?�2 �j�.�a �B�i �r���b �p���`�B�2�/�,� Max
3DS = 15�W�-

�k�9�W�- ���M�/ �j�k�W�X �o���`�B���i�B�Q�M�b �B�M �i�?�2 �Q� �̀/�2�`�B�M�; �Q�7 �i�?�2 �+�Q�@�7� �̀��K�2�b �B�M �i�?�2 �j�.�a �7�Q�` �i�?�2 �+���b�2�,

� Max
3DS = 32�W�r���b ���H�b�Q �B�M�p�2�b�i�B�;���i�2�/�X �>�Q�r�2�p�2�`�- �i�?�2 �b�2�T��� �̀��i�B�Q�M �/�B�b�i���M�+�2�b �#�2�i�r�2�2�M �i�?�2

�i�?� �̀2�2 �+�Q�@�7� �̀��K�2�b �r�2� �̀2 �F�2�T�i �+�Q�M�b�i���M�i �i�?� �̀Q�m�;�?�Q�m�i �i�?�B�b �r�Q�`�F�X �A�i �r���b �7�Q�m�M�/ �i�?���i�, �U�R�V �i�?�2

�j�.�a �;�2�M�2� �̀��i�2�b �K�m�+�? �?�B�;�?�2�` �T�2���F �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b�-I = u0/ Umean �- �i�?���M �i�?�2 �_�:

���M�/ �k�.�6 �7�Q�` �i�?�2 �b���K�2 �#�H�Q�+�F���;�2 � �̀��i�B�Q�X �U�k�V �j�.�a �r�B�i�?� Max
3DS = 24�W�B�b �+�H�Q�b�2�b�i �i�Q �i�?�2

�T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �k�.�6�X �U�j�V �h�?�2 �/�Q�r�M�b�i� �̀2���K �i�m�`�#�m�H�2�M�+�2 �+���M �#�2 �/�B�p�B�/�2�/ �B�M �i�Q �i�?� �̀2�2

� �̀2�;�B�Q�M�b�, �U���V �M�2���`�@�}�2�H�/ � �̀2�;�B�Q�M �+�H�Q�b�2 �i�Q �i�?�2 �;�`�B�/ �r�?�2� �̀2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�b �;�2�M�2� �̀��i�2�/�- �U�#�V

�i�?�2 �B�M�i�2�`�K�2�/�B���i�2 � �̀2�;�B�Q�M �r�?�2� �̀2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �/�2�+���v�b � �̀��T�B�/�H�v�- �U�+�V �i�?�2 �7���`�@�}�2�H�/ � �̀2�;�B�Q�M

�/�Q�r�M�b�i� �̀2���K �r�?�2� �̀2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�b �b�m�b�i���B�M�2�/ ���M�/ �2�p�2�M �B�M�+� �̀2���b�2�b ���H�Q�M�; �i�?�2

�+�?���M�M�2�H �+�2�M�i�2�`�H�B�M�2�X �U�9�V �h�?�2� �̀2 �2�t�B�b�i�b �� �+�2�M�i� �̀��H �+�Q� �̀2 � �̀2�;�B�Q�M ��� �̀Q�m�M�/ �i�?�2 �+�2�M�i�2�`�H�B�M�2 �r�?�B�+�?

�B�b ���T�T� �̀Q�t�B�K���i�2�H�v �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ �B�b�Q�i� �̀Q�T�B�+ �B�M �i�?�2 �7���`�@�}�2�H�/�X �U�8�V �h�?�2 �K���B�M �K�2�+�?���M�B�b�K

�i�?���i �b�m�b�i���B�M�b �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�M �i�?�2 �7���`�@�}�2�H�/ �B�b � �̀2�@�2�M�i� �̀��B�M�K�2�M�i �Q�7 �i�m�`�#�m�H�2�M�i

�~�m�B�/ �7� �̀Q�K �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �+�2�M�i� �̀��H �+�Q� �̀2 � �̀2�;�B�Q�M �B�M �i�Q �B�i�c �B�7 �i�?�2 � �̀��i�2 �Q�7 �2�M�i� �̀��B�M�K�2�M�i �B�b

�?�B�;�? �2�M�Q�m�;�? �i�?�2�M �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �K���v �B�M�+� �̀2���b�2 �/�Q�r�M�b�i� �̀2���K�X �U�e�V �h�?�2 �Q� �̀/�2�` �Q�7

���`� �̀��M�;�2�K�2�M�i �Q�7 �+�Q�@�7� �̀��K�2�b �B�M �i�?�2 �j�.�a �?���b �+�Q�K�T��� �̀��i�B�p�2�H�v �H�2�b�b �2�z�2�+�i �Q�M �i�?�2 �i�m�`�#�m�H�2�M�+�2

�B�M�i�2�M�b�B�i�B�2�b �i�?���M �+�?���M�;�2�b �B�M �#�H�Q�+�F���;�2 � �̀��i�B�Q�- �i�?�2 �+���b�2 �r�B�i�? �/�2�+� �̀2���b�B�M�; �b�+���H�2�b �U�i�?�2 �M���i�m� �̀��H

�+���b�2�V �T� �̀Q�/�m�+�2�b �i�?�2 �?�B�;�?�2�b�i �B�M�i�2�M�b�B�i�B�2�b�X �U�d�V �6�m�H�H�v �/�2�p�2�H�Q�T�2�/ �E�Q�H�K�Q�;�Q� �̀Q�p �b�T�2�+�i�`�m�K �r���b

�Q�#�b�2�`�p�2�/ �B�M �i�?�2 �j�.�a �b�v�b�i�2�K�b �r�B�i�? �#�H�Q�+�F���;�2 � �̀��i�B�Q �j�k�W�- �#�m�i �i�?�2 �#�2�b�i �b�T�2�+�i�`�m�K �r���b �B�M �i�?�2

�M���i�m� �̀��H �+���b�2�X �U�3�V �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �p�Q�`�i�B�+�B�i�v �B�M�i�2�M�b�B�i�vI ! (x) = k! 0k L/ Umean �b�?�Q�r�b

�K�m�+�? �H�2�b�b �p���`�B���i�B�Q�M �b�m�;�;�2�b�i�B�M�; �i�?���i �p�Q�`�i�B�+�B�i�v �;�2�M�2� �̀��i�B�Q�M �T�H���v�b �� � �̀2�H���i�B�p�2�H�v �r�2���F � �̀Q�H�2

�t�B�t



�B�M �j�.�a �b�v�b�i�2�K�b�X �U�N�V �S���b�b�B�p�2 �b�+���H���` �i� �̀��M�b�T�Q�`�i �r���b �B�M�p�2�b�i�B�;���i�2�/ �7�Q�` �/�B�z�2� �̀2�M�i �a�+�?�K�B�/�i

�M�m�K�#�2�`�b0:25 � Sc = � / D � 2�c �i�?�2 �Q�p�2� �̀��H�H �i� �̀2�M�/�b �B�M �b�+���H���` �~�m�+�i�m���i�B�Q�M�b �/�2�+���v �r�2� �̀2

�b�B�K�B�H���` �B�M ���H�H �j�.�a �b�v�b�i�2�K�b�X �A�M �� �b�2�+�Q�M�/ �T���`�i �Q�7 �i�?�B�b �b�i�m�/�v�- �� �M�2�r �i�?�2�Q�`�v �7�Q�` �i�m�`�#�m�H�2�M�i

�B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �B�M �i�?�2 �B�M�2�`�i�B���H �b�m�#� �̀��M�;�2 �r���b �T�Q�b�i�m�H���i�2�/ ���M�/ �B�M�p�2�b�i�B�;���i�2�/

�M�m�K�2�`�B�+���H�H�v �m�b�B�M�; �E�B�M�2�K���i�B�+ �a�B�K�m�H���i�B�Q�M�b �U�E�a�V �(�L�X ���X �J���H�B�F�- �S�G�Q�a �P�L�1�- �R�y�U�R�y�V�,

�2�y�R�3�N�N�R�d �U�k�y�R�d�V�)�X �h�?�2 �M�2�r �i�?�2�Q�`�v �B�b ���M �2�t�i�2�M�b�B�Q�M �Q�7 �i�?�2 �M�Q�M�@�H�Q�+���H �~�m�B�/ �T���`�i�B�+�H�2

�T���B�` �/�B�z�m�b�B�Q�M �i�?�2�Q�`�v�c �?�2� �̀2 �r�2 �T�Q�b�i�m�H���i�2 �i�?���i �7�Q�` ���H�H �a�i�Q�F�2�b �M�m�K�#�2�`�b�- �B�M �i�?�2 �H�B�K�B�i �Q�7

�?�2���p�v �T�Q�B�M�i �T���`�i�B�+�H�2�b � �̀2�H�2���b�2�/ �+�H�Q�b�2 �i�Q�;�2�i�?�2�` �B�M�b�B�/�2 �i�?�2 �B�M�2�`�i�B���H �b�m�#� �̀��M�;�2�- �r�B�i�? �Q�M�2�@�r���v

�+�Q�m�T�H�B�M�;�- �T���B�` �b�2�T��� �̀��i�B�Q�M �r�B�H�H �#�2 �#���H�H�B�b�i�B�+ �#�2�+���m�b�2 �i�?�2 �T���`�i�B�+�H�2 �F�B�M�2�i�B�+ �2�M�2� �̀;�v �/�Q�K�B�M���i�2�b

�Q�p�2�` �i�?�2 �b�K���H�H �b�+���H�2 �i�m�`�#�m�H�2�M�+�2 �2�M�2� �̀;�v�- ���M�/ �i�?�2 �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i �r�B�H�H �b�+���H�2

�H�B�F�2K p(l ) � l �r�?�2� �̀2l �B�b �i�?�2 �T���B�` �b�2�T��� �̀��i�B�Q�M �p���`�B���#�H�2�X ���b �i�?�2 �T���`�i�B�+�H�2 �T���B�` �b�2�T��� �̀��i�B�Q�M

�B�M�+� �̀2���b�2�b�- ���M�/ �B�7 �i�?�2 �b�m�#� �̀��M�;�2 �B�b �H��� �̀;�2 �2�M�Q�m�;�?�- �i�?�2 �T���B�` �/�B�z�m�b�B�Q�M �i� �̀��M�b�B�i�b �b�H�Q�r�H�v �i�Q�r��� �̀/�b

�i�?�2 �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M�-K p(l ) ! K f (l ) � l 
 �- �r�?�B�+�? �?���b �#�2�2�M �b�?�Q�r�M �i�Q �7�Q�H�H�Q�r �M�Q�M�@

�_�B�+�?��� �̀/�b�Q�M �b�+���H�B�M�; �H���r�b �#�2�+���m�b�2 �Q�7 �M�Q�M�@�H�Q�+���H �2�z�2�+�i�b �(�J���H�B�F�- �L�X ���X �S�G�Q�a �P�L�1 �U�k�y�R�3�V�)

�r�B�i�?
 > 4/3 �7�Q�` �E�Q�H�K�Q�;�Q� �̀Q�p �i�m�`�#�m�H�2�M�+�2�X �"�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �#���H���M�+�2 �Q�7 �K�Q�K�2�M�i�m�K

���M�/ �2�M�2� �̀;�B�2�b�- �i�?�2 �i� �̀��M�b�B�i�B�Q�M �H�2�M�;�i�? �b�+���H�2lc ���i �r�?�B�+�? �i�?�2 �#���H�H�B�b�i�B�+ � �̀2�;�B�K�2 �b�i���`�i�b �i�Q �i� �̀��M�b�B�i

�i�Q�r��� �̀/�b �i�?�2 �M�Q�M�@�#���H�H�B�b�i�B�+ � �̀2�;�B�K�2�b �b�+���H�2�b �H�B�F�2�-lc/ � � St0:5 �B�7St < 1�- ���M�/ �b�+���H�2�b �H�B�F�2

lc/ � � St1 �B�7St > 1�- �r�?�2� �̀2� �B�b �i�?�2 �E�Q�H�K�Q�;�Q� �̀Q�p �b�+���H�2�c �� �+� �̀Q�b�b�Q�p�2�` �#�2�i�r�2�2�M �i�?�2�b�2 �i�r�Q

�b�+���H�B�M�;�b �Q�+�+�m�`�b ���iSt = 1�X ���H�H �Q�7 �i�?�2 �T� �̀2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2 �M�2�r �i�?�2�Q�`�v �?���p�2 �#�2�2�M �+�Q�M�}�`�K�2�/

�M�m�K�2�`�B�+���H�H�v �m�b�B�M�; �E�a�X

�t�t
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�i�?�2 �B�M�/�m�b�i�`�B���H ���M�/ �2�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b �G�1�a �B�b �+�Q�M�b�B�/�2�`�2�/ �7���p�Q�`���#�H�2�X

�.�B�`�2�+�i �L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M �U�.�L�a�V �r���b �B�M�i�`�Q�/�m�+�2�/ �#�v �P�`�b�x���; ���M�/ �S���i�i�2�`�b�Q�M �B�M

�R�N�d�k �(�R�3�)�X �.�L�a �B�b �/�B�z�2�`�2�M�i �7�`�Q�K �G�1�a �B�M �i�?���i ���H�H �b�+���H�2�b ���`�2 �`�2�b�Q�H�p�2�/ �/�Q�r�M �i�Q �i�?�2

�b�K���H�H�2�b�i �;�`�B�/ �b�+���H�2�X �A�M �2�z�2�+�i �.�L�a �B�b �i�?�2 �2�t���+�i �b�Q�H�m�i�B�Q�M �Q�7 �L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M

�i�Q �� �;�B�p�2�M �`�2�b�Q�H�m�i�B�Q�M �(�R�N�)�X �A�i �B�b �K�Q�`�2 ���+�+�m�`���i�2 �i�?���M �_���L�a ���M�/ �G�1�a ���b �i�?�2�`�2 �B�b �M�Q

�K�Q�/�2�H�B�M�; �B�M�p�Q�H�p�2�/�X �.�L�a �B�b �#�2�B�M�; �2�t�i�2�M�b�B�p�2�H�v �m�b�2�/ ���b �� �#�2�M�+�?�K���`�F �7�Q�` �Q�i�?�2�` �i�m�`�#�m�H�2�M�+�2

�2�t�T�2�`�B�K�2�M�i�b ���M�/ �b�B�K�m�H���i�B�Q�M�b ���b �B�i �T�`�Q�/�m�+�2�b �2�t���+�i �b�Q�H�m�i�B�Q�M ���i �i�?�2 �;�`�B�/ �T�Q�B�M�i�b �(�k�y�)�X

���H�i�?�Q�m�;�? �.�L�a �B�b �?�B�;�?�H�v ���+�+�m�`���i�2 ���M�/ �b�B�K�T�H�2�- �B�i �B�b �M�Q�i ���T�T�H�B�+���#�H�2 �B�M �`�2���H �r�Q�`�H�/ �T�`�Q�#�H�2�K
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�b�Q�H�p�B�M�; �#�2�+���m�b�2 �B�i �`�2�[�m�B�`�2�b �p�2�`�v �?�B�;�? �+�Q�K�T�m�i�B�M�; �T�Q�r�2�` �r�?�B�+�? �+�Q�K�2�b ���i �?�B�;�? �+�Q�b�i�b ���M�/

�B�i �r�B�H�H �+�Q�M�i�B�M�m�2 �i�Q �#�2 �� �+�?���H�H�2�M�;�2 �B�M �i�?�2 �+�Q�K�B�M�; �v�2���`�b �(�R�)�X

�P�M�b���;�2�` �U�R�N�9�N�V �}�`�b�i �M�Q�i�2�/ �i�?�2 �M�2���` �b�B�M�;�m�H���` �~�Q�r �T���i�i�2�`�M �Q�7 �i�m�`�#�m�H�2�M�+�2 �(�k�R�)�X �S�B�Q�@

�M�2�2�`�B�M�; �r�Q�`�F�b �#�v �L�Q�p�B�F�Q�p �U�R�N�d�y�V�- �J���M�/�2�H�#�`�Q�i �U�R�N�d�9�V�- �6�`�B�b�+�?�- �a�m�H�2�K ���M�/ �L�2�H�F�B�M �U�R�N�d�3�V�-

�G�m�M�/�;�`�2�M �U�R�N�3�k�V�- �S���`�B�b�B ���M�/ �6�`�B�b�+�? �U�R�N�3�8�V �/�2���H�i �r�B�i�? �i�?�B�b �b�m�#�D�2�+�i �i�?�2�Q�`�2�i�B�+���H�H�v ���M�/

�i�?�2 �+�Q�K�K�Q�M �+�Q�M�+�H�m�b�B�Q�M �r���b �i�?���i �i�m�`�#�m�H�2�M�+�2 �B�b �K�m�H�i�B�b�+���H�2 �T�?�2�M�Q�K�2�M�Q�M ���M�/ �7�`���+�i���H

�H�B�F�2�- ���M�/ �r�B�i�?�Q�m�i ���M �ö���#�b�Q�H�m�i�2�ö �b�2�H�7 �b�B�K�B�H���`�B�i�v�X �h�?�2 �b���K�2 �Q�#�b�2�`�p���i�B�Q�M �r���b �M�m�K�2�`�B�+���H�H�v

�b�i�m�/�B�2�/ �#�v �6�`�B�b�+�? �U�R�N�N�8�V�- �>�m�M�i ���M�/ �o���b�b�B�H�B�+�Q�b �U�R�N�N�R�V�X �1�t�i�2�M�b�B�Q�M�b �Q�7 �i�?�Q�b�2 �`�2�b�m�H�i�b ���b

�K�m�H�i�B�7�`���+�i���H�b ���M�/ �K�m�H�i�B�b�T�B�`���H�b �r�2�`�2 �/�2�p�2�H�Q�T�2�/ �#�v �S�2�`�`�v�- �>�2�M�#�2�b�i ���M�/ �*�?�Q�M�; �U�R�N�3�e�V�X

�G�2�b�B�2�m�`�2 ���M�/ �J�+�*�Q�K�# �U�R�N�N�y�V�- �a�K�B�i�? ���M�/ �q�Q�Q�/�`�m�z �U�R�N�N�3�V ���M�/ �a���B�M�- �S���M�/�B�i ���M�/ �S���M�@

�/�B�i �U�R�N�N�3�V �K���/�2 �i�?�2 �K�Q�/�B�}�+���i�B�Q�M�b �i�?���i �2�M���#�H�2�/ �i�?�2 �b�+�B�2�M�i�B�b�i�b �i�Q �b�Q�H�p�2 �L���p�B�2�`�@�a�i�Q�F�2�b

�2�[�m���i�B�Q�M �/�B�`�2�+�i�H�v �(�8�)�X �*�H���b�b�B�+���H �_�2�;�m�H���` �;�`�B�/�b ���`�2 �+�`�Q�b�b �T���i�i�2�`�M�b �r�B�i�? �}�t�2�/ �H�2�M�;�i�?�-

�r�B�/�i�? ���M�/ �i�?�B�+�F�M�2�b�b �i�?���i �;�2�M�2�`���i�2 �i�m�`�#�m�H�2�M�+�2 �+�H�Q�b�2 �i�Q �i�?�2 �;�`�B�/ �(�k�k�)�X

�*���`���i�?�2�Q�/�Q�`�v �U�R�N�R�9�V ���M�/ �>�Q�m�b�/�Q�`�z �U�R�N�R�3�V �;���p�2 �B�/�2���b �Q�7 �M�Q�M�@�B�M�i�2�;�2�` �/�B�K�2�M�b�B�Q�M�b

�(�k�j�)�X �h�?�2 �+�Q�M�+�2�T�i �Q�7 �7�`���+�i���H�b �2�+�?�Q�2�/ �B�M �;�2�Q�K�2�i�`�B�+ �7�m�M�+�i�B�Q�M �i�?�2�Q�`�v �r�?�B�+�? �?���b �+�Q�M�i�`�B�#�m�i�2�/

�i�Q �K���M�v ���`�2���b �Q�7 �T�m�`�2 ���M�/ ���T�T�H�B�2�/ �K���i�?�2�K���i�B�+�b �r�B�i�? �i�?�2 �K�Q�b�i �`�2�+�2�M�i �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M

�b�Q�H�p�B�M�; �6�2�`�K���i�ö�b �H���b�i �i�?�2�Q�`�2�K�X �J���M�/�2�H�#�`�Q�i �U�R�N�d�y�V �/�2�p�2�H�Q�T�2�/ �i�?�2 �K���i�?�2�K���i�B�+�b �Q�7 �b�2�H�7�@

�b�B�K�B�H���` �7�`���+�i���H �;�2�Q�K�2�i�`�B�2�b�X �.�L�a �r���b �B�M�i�`�Q�/�m�+�2�/ �#�v �6�Q�t ���M�/ �G�B�H�v �U�R�N�d�k�V�- �P�`�x���; ���M�/

�S���i�i�2�`�b�Q�M �U�R�N�d�k�V �r�2�`�2 ���K�Q�M�; �i�?�2 �T�B�Q�M�2�2�`�b �B�M �m�b�B�M�; �.�L�a ���b �� �i�Q�Q�H �(�R�)�X �_�Q�;���H�H�Q �U�R�N�3�R�V

�B�K�T�`�Q�p�2�/ �i�?�2 �.�L�a �K�Q�/�2�H �i�Q �B�M�+�H�m�/�2 �?�Q�K�Q�;�2�M�B�2�i�v �B�M �B�i�X �_�Q�;���H�H�Q ���M�/ �J�Q�B�M �U�R�N�3�9�V �i�?�2�M

�m�b�2�/ �i�?�Q�b�2 �i�2�+�?�M�B�[�m�2�b �i�Q �b�i�m�/�v �M�2���` �r���H�H �#�2�?���p�B�Q�` �Q�7 �~�m�B�/ �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�X �E�B�K �2�i

���H�X �T�2�`�7�Q�`�K�2�/ �.�L�a �Q�7 �T�H���M�2 �+�?���M�M�2�H �7�Q�` �i�?�2 �}�`�b�i �i�B�K�2 �B�M �R�N�3�d�X �P�i�?�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M�b

�+���K�2 �7�`�Q�K �J�Q�B�M �U�R�N�3�d�V�- �E�`�B�b�i�Q�z�2�`�b�b�Q�M ���M�/ ���M�/�2�`�b�b�Q�M �U�R�N�N�j�V�- �a�m�K�B�i���M�B ���M�/ �E���b���;�B
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�U�R�N�N�8�V�- �L�2�p�2�b ���M�/ �J�Q�B�M �U�R�N�N�9�V�- �*�?�Q�B �2�i ���H�X ���M�/ �E���b���;�B �2�i ���H�X �U�R�N�N�k�V�X �"�`���/�b�?���r

�U�R�N�N�9�V �b���B�/ �i�?���i �T�2�`�?���T�b �i�?�2 �#�B�;�;�2�b�i �7���H�H���+�v ���#�Q�m�i �i�m�`�#�m�H�2�M�+�2 �B�b �i�?���i �B�i �+���M �#�2 �`�2�H�B���#�H�v

�/�2�b�+�`�B�#�2�/ �U�b�i���i�B�b�i�B�+���H�H�v�V �#�v �� �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �r�?�B�+�? �B�b �7���` �2���b�B�2�` �i�Q �b�Q�H�p�2 �i�?���M �i�?�2

�7�m�H�H �i�B�K�2�@�/�2�T�2�M�/�2�M�i �i�?�`�2�2�@�/�B�K�2�M�b�B�Q�M���H �L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M�b �(�8�)�X �6�2�B�2�`�2�B�b�2�M �2�i ���H�X

�U�R�N�3�R�V �b�i�m�/�B�2�/ �+�Q�K�T�`�2�b�b�B�#�H�2 �~�Q�r�b �m�b�B�M�; �.�L�a �7�Q�H�H�Q�r�2�/ �#�v �G�2�2 �2�i ���H�X �U�R�N�N�R�V�- �"�H���B�b�/�2�H�H

�2�i ���H�X �U�R�N�N�j�V�- �*�Q�H�2�K���M �2�i ���H�X �U�R�N�N�8�V ���M�/ �o�`�2�K���M �2�i ���H�X �U�R�N�N�e�V�X

�h�?�2 �m�b�2 �Q�7 �;�`�B�/�b ���b �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�Q�`�b �i�Q �B�M�p�2�b�i�B�;���i�2 �~�Q�r �+�?���`���+�i�2�`�B�b�i�B�+�b �7�Q�`

�#�2�i�i�2�` �m�M�/�2�`�b�i���M�/�B�M�; ���M�/ �i�2�b�i�B�M�; �B�b �+�Q�K�K�Q�M �T�H���+�2 �B�M �2�t�T�2�`�B�K�2�M�i���H �7�`���K�2�r�Q�`�F �(�k�)�X �A�M

�i�?�2 �R�N�3�y�ö�b �7�`���+�i���H �;�2�Q�K�2�i�`�v ���i�i�`���+�i�2�/ �i�?�2 ���i�i�2�M�i�B�Q�M �Q�7 �i�?�2 �~�m�B�/ �/�v�M���K�B�+�b �+�Q�K�K�m�M�B�i�v

���M�/ ���T�T�H�B�+���i�B�Q�M�b �r�2�`�2 �7�Q�m�M�/ �B�M �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�X �6�B�;�m�`�2�R�X�k�b�?�Q�r�b �b�Q�K�2

�2�t���K�T�H�2�b �Q�7 �i�?�2 �7�`���+�i���H �T���i�i�2�`�M�b �7�Q�m�M�/ �B�M �M���i�m�`�2�X

�6�B�;�m�`�2 �R�X�k�, �1�t���K�T�H�2�b �Q�7 �7�`���+�i���H�b �B�M �M���i�m�`�2 �U�H�2�7�i �i�Q �`�B�;�?�i�V ���M �B�+�2 �+�`�v�b�i���H�- �+�`���+�F�b �B�M �B�+�2�-
�H�2���p�2�b�- �#�`�Q�M�+�?�m�b�- �b�?�2�H�H�- �T�Q�H�H�2�M�- �#�`�Q�+�+�Q�H�B�- ���M�/ ���H�Q�2�X

�� �`�2�;�m�H���` �;�`�B�/ �U�b�2�2 �6�B�;�m�`�2�j�X�R�V �+���M �#�2 �+�Q�K�T�H�2�i�2�H�v �/�2�b�+�`�B�#�2�/ �#�v �B�i�b �K�2�b�? �b�B�x�2 ���M�/

�#�H�Q�+�F���;�2 �`���i�B�Q �r�?�2�`�2 ���b �7�`���+�i���H �;�`�B�/ �U�b�2�2 �6�B�;�m�`�2�j�X�k�V �`�2�[�m�B�`�2�b �K�Q�`�2 �T���`���K�2�i�2�`�b �7�Q�`
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�+�Q�K�T�H�2�i�2 �/�2�b�+�`�B�T�i�B�Q�M�X �Z�m�2�B�`�Q�b �2�i ���H�X �U�k�y�y�R�V �m�b�2�/ �7�`���+�i���H �;�`�B�/�b �i�Q �;�2�M�2�`���i�2 �i�m�`�#�m�H�2�M�+�2

�B�M �r�B�M�/ ���M�/ �r���i�2�` �i�m�M�M�2�H�b�X �a�i���B�+�m �2�i ���H�X �U�k�y�y�j�V �b�i�m�/�B�2�/ �i�?�2 �2�z�2�+�i �Q�7 �7�`���+�i���H �;�`�B�/�b �Q�M �i�?�2

�i�`���M�b�T�Q�`�i �Q�7 �b�+���H���`�b�X �1�t�T�2�`�B�K�2�M�i�b �Q�M �p���`�B�Q�m�b �7�`���+�i���H �;�`�B�/�b �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �#�v �>�m�`�b�i ���M�/

�o���b�b�B�H�B�+�Q�b �U�k�y�y�d�V �r�?�2�`�2 �i�?�2�v �b�?�Q�r�2�/ �i�?���i �7�`���+�i���H �b�[�m���`�2 �;�`�B�/�b �T�`�Q�/�m�+�2 �?�B�;�?�2�` ���p�2�`���;�2

�i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v ���b �+�Q�K�T���`�2�/ �i�Q �`�2�;�m�H���` �;�`�B�/�b ���M�/ �i�?�2 �`���i�2 �Q�7 �2�M�2�`�;�v �/�2�+���v �Q�7 �7�`���+�i���H

�;�`�B�/�b �/�Q�2�b �M�Q�i �7�Q�H�H�Q�r �i�?�2 �T�Q�r�2�` �H���r �/�2�+���v �Q�7 �`�2�;�m�H���` �;�`�B�/�b �X �a�2�Q�m�/ ���M�/ �o���b�b�B�H�B�+�Q�b

�U�k�y�y�d�V�- �a�i�`�2�b�B�M�;�- �2�i ���H�X �J���x�2�H�H�B�2�` ���M�/ �o���b�b�B�H�B�+�Q�b �U�k�y�R�y�V �T�2�`�7�Q�`�K�2�/ �2�t�T�2�`�B�K�2�M�i�b �Q�7

�b�B�K�B�H���` �M���i�m�`�2�X �.�B�b�+�2�i�i�B�- �2�i ���H�X�- �G���B�x�2�i ���M�/ �o���b�b�B�H�B�+�Q�b�- �o���H�2�M�i�2 ���M�/ �o���b�b�B�H�B�+�Q�b�- �U�k�y�R�R�V
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���#�H�2�b ���M�/ �7�Q�m�` �m�M�F�M�Q�r�M�b �r�?�B�+�? �i�Q�;�2�i�?�2�` �r�B�i�? �B�M�B�i�B���H �}�2�H�/�b ���M�/ ���T�T�`�Q�T�`�B���i�2 �#�Q�m�M�/���`�v

�+�Q�M�/�B�i�B�Q�M�b �+���M �#�2 �b�Q�H�p�2�/ �M�m�K�2�`�B�+���H�H�v�X

�1�m�H�2�` �2�[�m���i�B�Q�M�b ���`�2 �� �b�T�2�+�B���H �B�/�2���H �+���b�2 �Q�7 �L�a �2�[�m���i�B�Q�M�b �r�B�i�?� = 0 �K�2���M�B�M�;

�i�?�2 �~�m�B�/ �?���b �M�Q �p�B�b�+�Q�b�B�i�v�X �h�?�B�b �K���`�F�b �� �+�H�2���` �/�B�b�i�B�M�+�i�B�Q�M �#�2�i�r�2�2�M �� �~�m�B�/ �r�B�i�? �M�Q

�p�B�b�+�Q�b�B�i�v ���M�/ �� �~�m�B�/ �r�?�2�`�2 �p�B�b�+�Q�b�B�i�v ���T�T�`�Q���+�?�2�b �i�Q �x�2�`�Q�- �#�2�+���m�b�2 �i�?�2 �Q�`�/�2�` �Q�7 �i�?�2

�b�T���i�B���H �/�B�z�2�`�2�M�i�B���i�B�Q�M �B�b �`�2�/�m�+�2�/ �7�`�Q�K �b�2�+�Q�M�/ �Q�`�/�2�` �i�Q �}�`�b�i �Q�`�/�2�` �Q�M�H�v �r�?�2�M� = 0�X

�A�i �B�b �� �;�Q�Q�/ �B�/�2�� �i�Q �`�2�/�m�+�2 �i�?�2 �M�m�K�#�2�` �Q�7 �T���`���K�2�i�2�`�b �B�M �L�a �2�[�m���i�B�Q�M�b �#�v �M�Q�M�@

�R�j



�/�B�K�2�M�b�B�Q�M���H�B�x���i�B�Q�M�X �A�7L�- U ���M�/L / U ���`�2 �+�?���`���+�i�2�`�B�b�i�B�+ �H�2�M�;�i�?�- �p�2�H�Q�+�B�i�v ���M�/ �i�B�K�2

�b�+���H�2�b �`�2�b�T�2�+�i�B�p�2�H�v �i�?�2�M �U�k�X�R�V �B�b �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ ���b�,

@�m�

@t�
+ ( �m� � r � )�m� = �r � p� +

1
Re

r � 2�m� + f � �U�k�X�9�V

�r�?�2�`�2�m� = �m/ U�-t � = Ut/ L �-p� = p/ �U 2�-r � = Lr ���M�/ �_�2�v�M�Q�H�/�b �L�m�K�#�2�`

Re =
�UL

�
�U�k�X�8�V

Re �B�b �i�?�2 �`���i�B�Q �Q�7 �B�M�2�`�i�B���H �7�Q�`�+�2�b �i�Q �i�?�2 �p�B�b�+�Q�m�b �7�Q�`�+�2�b ���M�/ �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�- �B�M�2�`�i�B���H

�7�Q�`�+�2�b �/�Q�K�B�M���i�2 �p�B�b�+�Q�m�b �7�Q�`�+�2�b ���M�/ �i�?�m�b �i�m�`�#�m�H�2�M�i �~�Q�r�b ���`�2 �?�B�;�? �_�2�v�M�Q�H�/�b �M�m�K�#�2�`

�~�Q�r�b ���b �2�p�B�/�2�M�i �7�`�Q�K �i�?�2 �b�+���H�2�/ �L���p�B�2�`�@�a�i�Q�F�2�b �1�[�m���i�B�Q�M�b�X

���i �i�?�2 �2�M�/ �Q�7 �i�?�B�b �b�2�+�i�B�Q�M �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �K�2�M�i�B�Q�M �i�?���i �7�Q�` �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H

�L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M�b�- �H�Q�M�; �i�B�K�2 �2�t�B�b�i�2�M�+�2 �Q�7 �r�2���F �b�Q�H�m�i�B�Q�M �?���b �#�2�2�M �2�b�i���#�H�B�b�?�2�/

�#�m�i �m�M�B�[�m�2�M�2�b�b �?���b �M�Q�i �#�2�2�M �T�`�Q�p�2�M �m�T �i�B�H�H �M�Q�r �(�k�3�)�X �l�M�B�[�m�2�M�2�b�b �Q�7 �Q�M�H�v �b�?�Q�`�i �i�B�K�2

�b�i�`�Q�M�; �b�Q�H�m�i�B�Q�M �B�b �2�b�i���#�H�B�b�?�2�/ �#�m�i �i�?�2 �2�t�B�b�i�2�M�+�2 ���M�/ �m�M�B�[�m�2�M�2�b�b �Q�7 �`�2�;�m�H���` �b�Q�H�m�i�B�Q�M �i�Q

�i�?�2 �L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M�b �?���b �#�2�2�M ���M �m�M�b�Q�H�p�2�/ �K���i�?�2�K���i�B�+���H �T�`�Q�#�H�2�K �7�Q�` �Q�p�2�` ��

�+�2�M�i�m�`�v �(�k�3�)�X �>�Q�r�2�p�2�`�- �7�`�Q�K ���M ���T�T�H�B�+���i�B�Q�M �T�Q�B�M�i �Q�7 �p�B�2�r�- �i�?�2 �M�m�K�2�`�B�+���H �b�Q�H�m�i�B�Q�M �Q�7

�L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M�b �r�?�2�M �+�Q�K�T���`�2�/ �r�B�i�? �2�t�T�2�`�B�K�2�M�i���H �B�M�p�2�b�i�B�;���i�B�Q�M �?���b �2�b�i���#�@

�H�B�b�?�2�/ �i�?�2�b�2 �2�[�m���i�B�Q�M�b ���b �� �7�`�m�B�i�7�m�H ���T�T�`�Q���+�? �i�Q �~�m�B�/ �K�2�+�?���M�B�+���H �T�`�Q�#�H�2�K�b �Q�p�2�` �� �r�B�/�2

�`���M�;�2 �Q�7 �T���`���K�2�i�2�` �p���H�m�2�b ���M�/ �Q�p�2�` �� �r�B�/�2 �`���M�;�2 �Q�7 ���T�T�H�B�+���i�B�Q�M�b �7�`�Q�K ���2�`�Q�/�v�M���K�B�+�b

�i�Q �i�m�`�#�m�H�2�M�i �/�B�z�m�b�B�Q�M�X

�R�9



�k�X�j �_�2�v�M�Q�H�/�b �.�2�+�Q�K�T�Q�b�B�i�B�Q�M

�h�?�2 �`���M�/�Q�K �K�Q�i�B�Q�M �Q�7 �~�m�B�/ �K���b�b�2�b �Q�` �2�/�/�B�2�b �/�2�b�+�`�B�#�2�b �i�m�`�#�m�H�2�M�i �~�Q�r ���M�/ �i�?�2�`�2�7�Q�`�2

�� �b�i���i�B�b�i�B�+���H ���T�T�`�Q���+�? �i�Q �b�i�m�/�v �i�?�2 �T�?�2�M�Q�K�2�M�Q�M �r���b �B�M�2�p�B�i���#�H�2�X �_�2�v�M�Q�H�/�b �B�M�i�`�Q�/�m�+�2�/

�i�?�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�m�`�#�m�H�2�M�+�2 �p�2�H�Q�+�B�i�v �b�B�;�M���H �(�8�)�- �(�k�N�) �B�M�i�Q �B�i�b �K�2���M ���M�/ �~�m�+�i�m���i�B�M�;

�+�Q�K�T�Q�M�2�M�i�b �B�M �R�3�3�9 ���b

�m(�t; t) = U(�t) + �m0(�t; t); �U�k�X�e�V

�r�?�2�`�2U(�t) = �m(�t; t) �/�2�M�Q�i�2�b �i�?�2 �K�2���M �p�2�H�Q�+�B�i�v ���M�/�m0 = U � �m(�t; t) �B�b �i�?�2 �i�m�`�#�m�H�2�M�i

�~�m�+�i�m���i�B�Q�M �p�2�H�Q�+�B�i�v�X

�h�?�B�b �/�2�}�M�2�b�i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�vI �;�B�p�2�M �#�v�,

I =
k
U

�U�k�X�d�V

�r�?�2�`�2U �B�b �i�?�2 �K�2���M �p�2�H�Q�+�B�i�v ���M�/k �B�b �i�?�2�i�m�`�#�m�H�2�M�+�2 �F�B�M�2�i�B�+ �2�M�2�`�;�v �U�h�E�1�V�;�B�p�2�M

�#�v

k =

r
1
3

(u02
x + u02

y + u02
z ) �U�k�X�3�V

�r�?�2�`�2�m0 = hu0
x ; u0

y; u0
zi �X

�h�?�2�i�2�K�T�Q�`���H ���p�2�`���;�2�Q�7u(x; t ) �r�?�2�`�2x 2 
 � Rj �-j = 2; 3 ���M�/t > 0 �B�b �;�B�p�2�M

�#�v�,

�m= U(�t) = �H�B�K
T !1

1
T

Z t0+ T

t0

�m(�t; t) dt: �U�k�X�N�V

�r�?�2�`�2t0 > 0 �B�b �B�M�B�i�B���H �i�B�K�2�X

�R�8



�h�?�2�`�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�B�b �/�2�}�M�2�/ ���b�,

(u02)1/2 = �H�B�K
T !1

s
1
T

Z T

0
[�m0(�t; t)]2 dt; �U�k�X�R�y�V

���b �� �`�2�b�m�H�i �r�2 �;�2�i �� �b�B�;�M���H �i�?���i �b�?�Q�r�b �i�?�2 �/�2�p�B���i�B�Q�M �Q�7 �p�2�H�Q�+�B�i�v �7�`�Q�K �B�i�b �K�2���M ���i �/�2�b�B�`�2�/

�H�Q�+���i�B�Q�M�b �B�M �i�?�2 �/�Q�K���B�M�X

�a�Q�K�2�i�B�K�2�b�b�T���i�B���H ���p�2�`���;�B�M�;�B�b �M�2�2�/�2�/ �#���b�2�/ �Q�M �i�?�2 �T�?�v�b�B�+���H �`�2�[�m�B�`�2�K�2�M�i�b�X �a�T���@

�i�B���H ���p�2�`���;�2 ���i �i�B�K�2t �Q�7�m(�t; t) �B�b �/�2�M�Q�i�2�/ �#�v~�m�/�2�}�M�2�/ ���b�,

~�m(t) =
1

V


Z



�m(�t; t) d�t: �U�k�X�R�R�V

�r�?�2�`�2V
 �B�b �i�?�2 �p�Q�H�m�K�2 �Q�7 �i�?�2 �/�Q�K���B�M�X

�*�Q�M�b�B�/�2�` �� �b�2�[�m�2�M�+�2f �mj (�t; t)N
j =1 g �Q�7 �`�2���H�B�x���i�B�Q�M�b �Q�7�m(�t; t) �r�?�2�`�2�t 2 
 � R3 ���M�/

t 2 [0; T]�- �i�?�2�M �i�?�2�2�M�b�2�K�#�H�2 ���p�2�`���;�2h:i �B�b

h�m(�t; t)i =
1
N

NX

j =0

�mj (�t; t): �U�k�X�R�k�V

�1�M�b�2�K�#�H�2 ���p�2�`���;�2 �B�b �i�?�2 ���p�2�`���;�2 �Q�p�2�` �~�Q�r �`�2���H�B�x���i�B�Q�M�b �r�?�B�+�? �B�b �#���b�2�/ �Q�M �i�?�2 �T�`�Q�#�@

���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M ���T�T�`�Q���+�? �U�b�2�2 ���T�T�2�M�/�B�t �U���X�j�V�V�X �A�M �2�t�T�2�`�B�K�2�M�i�b �r�2 �/�Q �M�Q�i

�?���p�2 ���M �2�M�b�2�K�#�H�2 �Q�7 �p�2�H�Q�+�B�i�v �}�2�H�/ �`�2���H�B�x���i�B�Q�M�b ���M�/ �i�?�2�`�2�7�Q�`�2 �`�2�H�v �Q�M �h���v�H�Q�`�ö�b �6�`�Q�x�2�M

�6�B�2�H�/ �>�v�T�Q�i�?�2�b�B�b �;�B�p�2�M �B�M �1�[�m���i�B�Q�M �U�k�X�e�V �i�Q �+�Q�M�p�2�`�i �i�2�K�T�Q�`���H ���p�2�`���;�2�b �B�M�i�Q �b�T���i�B���H

�Q�M�2�b �(�j�y�)�X

�R�e



�k�X�9 �*�Q�`�`�2�H���i�B�Q�M�b ���M�/ �1�M�2�`�;�v �a�T�2�+�i�`�m�K

�G�2�iu 2 L2(0; T)�- �i�?�2�M �i�?�2���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M�Q�7 �� �b�i���i�B�Q�M���`�v �b�B�;�M���Hu �7�Q�`

� < T �B�b �/�2�}�M�2�/ ���b�,

Ru(� ) =
hu(t); u(t + � )i

ku(t)k2
: �U�k�X�R�j�V

�*���m�+�?�v�@�a�+�?�r���`�i�x �B�M�2�[�m���H�B�i�v �b�?�Q�r�b �i�?���ij Ru j� 1 �b�?�Q�r�B�M�; �i�?���i �i�?�2 �7�m�M�+�i�B�Q�M �B�b �M�Q�`�@

�K���H�B�x�2�/�X �h�?�2 �+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M �+���M �#�2 �m�b�2�/ �i�Q �/�2�}�M�2 ���M�B�M�i�2�;�`���H �i�B�K�2 �b�+���H�2�h

���b�,

�h =
Z 1

0
ru(� ) d� �U�k�X�R�9�V

�h�?�2 �i�B�K�2 �b�+���H�2 �`�2�7�2�`�b �i�Q �i�?�2 �i�B�K�2 �Q�p�2�` �r�?�B�+�? �i�?�2 �b�B�;�M���H �B�b �+�Q�`�`�2�H���i�2�/ �i�?�2�`�2�#�v �b�2�`�p�B�M�;

���b �� �i�v�T�2 �Q�7 �K�2�K�Q�`�v �Q�7 �i�?�2 �b�B�;�M���H�X

�6�Q�` �� �b�2�[�m�2�M�+�2 �Q�7 �b�i���i�B�b�i�B�+���H�H�v �b�i���i�B�Q�M���`�v �7�m�M�+�i�B�Q�M�bf uj (t)g � L2(0; T)�-�+�`�Q�b�b�+�Q�`�@

�`�2�H���i�B�Q�M�7�m�M�+�i�B�Q�M �B�b �/�2�}�M�2�/ ���b

Rjk (� ) = huj (t); uk(t + � )i : �U�k�X�R�8�V

�*�`�Q�b�b�+�Q�`�`�2�H���i�B�Q�M �B�b �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �i�?���i �`�2�T�`�2�b�2�M�i�b �?�Q�r �i�r�Q �/�B�z�2�`�2�M�i

�b�B�;�M���H�b ���`�2 �+�Q�`�`�2�H���i�2�/ �Q�p�2�` �i�B�K�2�X �h�?�2 �[�m���M�i�B�i�vRjk (0) = huj (t); uk(t)i �B�b �i�?�2 �_�2�v�M�Q�H�/�b

�b�i�`�2�b�b �r�?�B�+�? �B�b �i�?�2 �7�m�M�/���K�2�M�i���H �[�m���M�i�B�i�v �i�Q �K�Q�/�2�H �B�M �*�6�.�X

�*�Q�M�b�B�/�2�` �i�?�2 �6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K �T���B�` �7�Q�` �1�[�m���i�B�Q�M �U�k�X�R�8�V�,

� jk (! ) =
1

2�

Z 1

�1
e� iw� Rjk (� ) d� �U�k�X�R�e�V

�R�d



Rjk (� ) =
Z 1

�1
eiw� � jk (! ) d! �U�k�X�R�d�V

�A�7Rjk (� ) �`�2�T�`�2�b�2�M�i�b �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M �Q�7 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b�- �i�?�2�M �U�k�X�R�e�V

�7�Q�`� = 0 ���M�/j = k �r�2 �Q�#�i���B�M �i�m�`�#�m�H�2�M�+�2 �F�B�M�2�i�B�+ �2�M�2�`�;�v

k =
Z 1

0
� jj (! ) d! �U�k�X�R�3�V

�r�?�2�`�2k �B�b �7�Q�`�K���H�H�v �/�2�}�M�2�/ �B�M ���T�T�2�M�/�B�t �U���X�9�V�X �A�i �K�m�b�i �#�2 �M�Q�i�2�/ �i�?���i �?�2�`�2 �r�2 �?���p�2
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�� �~�m�B�/ �~�Q�r�b �i�?�`�Q�m�;�? �i�?�2 �b�[�m���`�2 �;���T�b�X �h�?�2�b�2 �;�`�B�/�b �?���p�2 �#�2�2�M �2�t�i�2�M�b�B�p�2�H�v �m�b�2�/ ���b

�#�2�M�+�?�K���`�F �2�t�T�2�`�B�K�2�M�i���H �K�2�i�?�Q�/ �7�Q�` �i�?�2 �b�i�m�/�v �Q�7 �?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�X

�*�Q�`�`�B�b�Q�M �U�R�N�e�j�V �(�8�) �b�?�Q�r�2�/ �i�?���i �i�m�`�#�m�H�2�M�+�2 �/�2�+���v�b ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�B�K�2 �U�Q�` �b�T���+�2

�i�?�`�Q�m�;�? �h���v�H�Q�`�b �?�v�T�Q�i�?�2�b�B�b�V �r�?�2�M �T�`�Q�/�m�+�2�/ �m�b�B�M�; �+�H���b�b�B�+���H �;�`�B�/�b�X �"�v �T�2�`�7�Q�`�K�B�M�; �2�t�@

�k�j



�T�2�`�B�K�2�M�i�b �Q�M �;�`�B�/�b�- �?�2 �+�Q�M�+�H�m�/�2�/ �i�?���i �i�?�2�`�2 �B�b �� �T�Q�r�2�` �H���r �/�2�+���v �Q�7 �i�m�`�#�m�H�2�M�+�2 �B�7

�i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �#���`�b �B�b �p�2�`�v �b�K���H�H ���b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �#���`�b�X �_�2�;�m�H���`

�;�`�B�/ �U�_�:�V �+���M �#�2 �+�Q�K�T�H�2�i�2�H�v �/�2�b�+�`�B�#�2�/ �#�v �B�i�b �i�?�B�+�F�M�2�b�bd ���M�/ �M�m�K�#�2�` �Q�7 �#���`�bN �X ���M

�B�K�T�Q�`�i���M�i �b�+���H�2 �Q�7 �_�: �B�b �i�?�2 �K�2�b�? �M�m�K�#�2�`M �/�2�}�M�2�/ ���b �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2

�+�2�M�i�2�`�b �Q�7 �i�r�Q �+�Q�M�b�2�+�m�i�B�p�2 �b�[�m���`�2�b �Q�7 �i�?�2 �;�`�B�/�X �"�H�Q�+�F���;�2 �`���i�B�Q� �B�b �i�?�2 �`���i�B�Q �#�2�i�r�2�2�M

���`�2���b �Q�7 �;�`�B�/ ���M�/ �+�?���M�M�2�H �+�`�Q�b�b �b�2�+�i�B�Q�M�X �A�7H 2 �B�b �i�?�2 ���`�2�� �Q�7 �+�`�Q�b�b�@�b�2�+�i�B�Q�M �Q�7 �� �b�[�m���`�2

�+�?���M�M�2�H �Q�7 �H�2�M�;�i�?H �- �i�?�2�MM = H / N �X �h�?�2�M �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �_�: �B�b �;�B�p�2�M �#�v

� RG = 1 � (1 �
d
M

)2: �U�j�X�R�V

�h�?�2 �T�2�`�B�K�2�i�2�`P �Q�7 �� �b�B�M�;�H�2 �b�[�m���`�2 �Q�7 �_�: �B�b4M (1 � d
M ) ���M�/ �i�?�2�`�2 ���`�2N 2 �b�[�m���`�2�b �B�M

�i�Q�i���H �b�Q

P = 4M
�

H
M

2� �
1 �

d
M

�
�U�j�X�k�V

�1�[�m���i�B�M�;d
M �B�M �1�[�m���i�B�Q�M �U�j�X�R�V ���M�/ �1�[�m���i�B�Q�M �U�j�X�k�V �r�2 �;�2�i ���M �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2 �K�2�b�?

�b�B�x�2 �Q�7 �_�: �/�2�}�M�2�/ �B�M �i�2�`�K�b �Q�7 �#�H�Q�+�F���;�2 �`���i�B�Q�- �+�?���M�M�2�H �r�B�/�i�? ���M�/ �T�2�`�B�K�2�i�2�` ���b

M =
4H 2

P

p
1 � � �U�j�X�j�V

�h�?�B�b �/�2�}�M�2�b �� �;�2�M�2�`���H�B�x�2�/ �K�2�b�? �b�B�x�2 �7�Q�` �K�m�H�i�B�@�b�+���H�2 �;�`�B�/�b�X �1�t�T�2�`�B�K�2�M�i�b �Q�M �_�: �(�R�y�)

�`�2�p�2���H �i�?���i �`�2�;�m�H���` �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �/�2�+���v�b �Q�p�2�` �i�?�2 �`�2�;�B�Q�Mx/ M � 20�X �J�2�b�?

�b�B�x�2 �B�b �� �b�+���H�2 �H�2�M�;�i�? �i�?���i �+�?���`���+�i�2�`�B�x�2�b �i�m�`�#�m�H�2�M�+�2 ���b �/�2�i���B�H�2�/ �B�M �i�?�2 �H���i�2�` �+�?���T�i�2�`�b�X

�k�9



�6�B�;�m�`�2 �j�X�R�, �*�H���b�b�B�+���H �`�2�;�m�H���` �;�`�B�/

�.�2�+���v �Q�7 �F�B�M�2�i�B�+ �2�M�2�`�;�v ���b �7�m�M�+�i�B�Q�M �Q�7 �i�B�K�2t �B�b �;�B�p�2�M �#�v �(�R�y�)

h�m2i = t � n �U�j�X�9�V

�l�b�B�M�; �h���v�H�Q�`�b �?�v�T�Q�i�?�2�b�B�b�- �r�2 �?���p�2

h�m2i = (
x � x0

M
)� n : �U�j�X�8�V

�r�?�2�`�2x0 �B�b �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �;�`�B�/ �B�M �i�?�2 �+�?���M�M�2�H�X �A�i �B�b �#�2�H�B�2�p�2�/ �i�?���i1 � n � 1:4

�7�Q�` �?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�- �?�Q�r�2�p�2�` �b�Q�K�2 �b�i�m�/�B�2�b �b�m�;�;�2�b�i �i�?���i �i�?�2 �/�2�+���v

�`���i�2 �;�Q�2�b �m�T �i�Qn = 2 �(�R�y�) �r�?�B�+�? �B�b �[�m�B�i�2 �7���` �7�`�Q�K �i�?�2 �2�b�i���#�H�B�b�?�2�/ �M�Q�`�K�X �h�?�2 �b���K�2

�b�i�m�/�B�2�b �?���p�2 �b�m�;�;�2�b�i�2�/ �i�?���i �i�?�B�b �/�2�+���v �B�b ���z�2�+�i�2�/ �#�v �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �#�m�i �7�Q�` �7�m�H�H�v

�/�2�p�2�H�Q�T�2�/ �i�m�`�#�m�H�2�M�i �~�Q�r�- �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �b�?�Q�m�H�/ �M�Q�i �#�2 �i�?�B�b �b�B�;�M�B�}�+���M�i ���+�+�Q�`�/�B�M�; �i�Q

�(�k�)�X �>�2�M�+�2 �i�?�B�b �B�b ���M�Q�i�?�2�` ���`�2�� �B�M �`�2�;�m�H���` �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �`�2�b�2���`�+�? �r�?�B�+�?

�k�8



�`�2�[�m�B�`�2�b �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M�X ���M�v �b�i�m�/�v �b�?�Q�r�B�M�; �K���`�F�2�/ �/�B�z�2�`�2�M�+�2 �7�`�Q�K �i�?�2 �+�H���b�b�B�+���H

�;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �+���b�2 �B�b �Q�7 �B�M�i�2�`�2�b�i �B�M �i�?�2 �b�+�B�2�M�i�B�}�+ �+�B�`�+�H�2�b�X

�j�X�k �6�`���+�i���H �:�`�B�/

�6�`���+�i���H �b�[�m���`�2 �;�`�B�/ �U�k�.�6�V �B�b �� �K�m�H�i�B�b�+���H�2 �;�`�B�/ �r�B�i�? �`�2�T�2���i�B�M�; �b�2�H�7�@�b�B�K�B�H���` �b�[�m���`�2 �7�`���+�i���H

�T���i�i�2�`�M ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�k�X �k�.�6 �/�B�b�T�H���v �� �?�B�;�?�2�` �T�2���F �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �Q�M

���p�2�`���;�2 ���b �+�Q�K�T���`�2�/ �i�Q �_�: �(�R�j�) �r�B�i�? �i�?�2 �b���K�2 �#�H�Q�+�F���;�2 �`���i�B�Q�X �h�?�B�b �B�b ���i�i�`�B�#�m�i�2�/ �i�Q

�i�?�2 �K�m�H�i�B�@�b�+���H�2 �M���i�m�`�2 �Q�7 �i�?�2 �7�`���+�i���H �;�`�B�/�b �r�?�B�+�? �`�2�b�2�K�#�2�H�b �i�?�2 �K�m�H�i�B�b�+���H�2 �M���i�m�`�2 �Q�7

�i�m�`�#�m�H�2�M�+�2�X �A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �/�2�}�M�2 �k�.�6 �B�M �i�2�`�K�b �Q�7 �#�H�Q�+�F���;�2 �`���i�B�Q ���M�/ �K�2�b�? �b�B�x�2

�#�2�+���m�b�2 �i�?�2�v ���z�2�+�i �T�?�v�b�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �~�Q�r�X �G�2�il j ���M�/dj �/�2�M�Q�i�2�- �`�2�b�T�2�+�i�B�p�2�H�v�-

�i�?�2 �H�2�M�;�i�? ���M�/ �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2j th �B�i�2�`���i�B�Q�M(0 � j � N � 1) �Q�7 �7�`���+�i���H �B�M �k�.�6�- �i�?�2�M

�k�.�6 �+���M �#�2 �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �H���`�;�2�b�i �H�2�M�;�i�?l0 ���M�/ �?�B�;�?�2�b�i �i�?�B�+�F�M�2�b�bd0 �Q�7 �i�?�2 �B�M�B�i�B���H

�T���i�i�2�`�M ���M�/ �i�?�2 �`���i�B�Q �Q�7 �H�2�M�;�i�?�bRl ���M�/ �i�?�B�+�F�M�2�b�b�2�bRd �/�2�}�M�2�/ ���b�-

Rj
l =

l j
l0

; �U�j�X�e�V

�r�?�2�`�2Rl �B�b �i�?�2 �`���i�B�Q �Q�7 �H�2�M�;�i�?�b �Q�7j th �i�Q �i�?�2 �K���t�B�K�m�K �H�2�M�;�i�?l0 �Q�7 �i�?�2 �7�`���+�i���H ���M�/

Rj
d =

dj

d0
: �U�j�X�d�V

Rd �B�b �i�?�2 �`���i�B�Q �Q�7 �i�?�B�+�F�M�2�b�b �Q�7j th �i�Q �i�?�2 �K���t�B�K�m�K �i�?�B�+�F�M�2�b�bd0 �Q�7 �i�?�2 �7�`���+�i���H�X �G�2�i

aj �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 �7�`���+�i���H �T���i�i�2�`�M�b �Q�M �i�?�2j th �7�`���+�i���H�- �i�?�2�M �B�M �+���b�2 �Q�7 �7�`���+�i���H �b�[�m���`�2

�;�`�B�/�b�-a = 4�X �6�Q�` �i�?�2�`�2 �i�Q �#�2 �M�Q �+�`�Q�b�b�B�M�; �Q�p�2�` �Q�7 �i�?�2 �7�`���+�i���H�bRl � 1/2 ���M�/Rd << 1�X

�k�e



�6�B�;�m�`�2 �j�X�k�, �6�H���i �7�`���+�i���H �b�[�m���`�2 �;�`�B�/

�h�?�2 �b�m�`�7���+�2 ���`�2�� �Q�7 �k�.�6 �B�b �i�?�2�M �;�B�p�2�M �#�v

A :=
N � 1X

j =0

aj +1 l j dj = a
N � 1X

j =0

l0d0(aRlRd) j : �U�j�X�3�V

�h�?�B�b �K�2���M�b �i�?���i �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �k�.�6 �B�b

� 2DF :=
al0d0

H 2

1 � (aRlRd)N

1 � aRlRd
: �U�j�X�N�V

�L�Q�i�2 �i�?���i �B�M �i�?�2 ���#�Q�p�2 �7�Q�`�K�m�H�� �r�?�B�+�? �B�b �;�2�M�2�`���H�H�v �m�b�2�/ �B�M �K�Q�b�i �2�t�T�2�`�B�K�2�M�i�b�- �i�?�2

�Q�p�2�`�H���T�T�B�M�; �Q�7 �#���`�b �B�b �M�Q�i �+�Q�M�b�B�/�2�`�2�/�- �?�2�M�+�2 �i�?�2 ���+�i�m���H �#�H�Q�+�F���;�2 �b�?�Q�m�H�/ �#�2 �b�H�B�;�?�i�H�v �H�2�b�b

�i�?���M �i�?�2 �p���H�m�2 �;�B�p�2�M �B�M �1�[�m���i�B�Q�M �U�j�X�N�V�X �h�?�2 �2�`�`�Q�` �+���M �#�2 �`�2�K�Q�p�2�/ �#�v �/�2�H�2�i�B�M�; ���H�H �i�?�2

�Q�p�2�`�H���T�b�- �i�?�2�M �i�?�2 �+�Q�`�`�2�+�i�2�/ ���`�2�� �Q�7 �k�.�6 �B�b

A2DF :=
N � 1X

j =0

aj
h
alj dj �

a
2

dj dj � 1

i
: �U�j�X�R�y�V

�h�?�2�M �+�Q�`�`�2�+�i�2�/ �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �7�`���+�i���H �;�`�B�/ �r�B�i�? �T���i�i�2�`�M�ba �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�MN

�H�2�M�;�i�? �`���i�B�QRl �- �i�?�B�+�F�M�2�b�b �`���i�B�QRd �+�`�Q�b�b�@�b�2�+�i�B�Q�M �H�2�M�;�i�? ���M�/ �r�B�/�i�?2l0 ���M�/ �H���`�;�2�b�i �H�2�M�;�i�?

�k�d



���M�/ �i�?�B�+�F�M�2�b�bl0 ���M�/d0 �B�b �;�B�p�2�M �#�v�-

� 2DF :=
ad0

4l2
0

�
l0

1 � (aRlRd)N

1 � aRlRd
�

d0

2Rd

1 � (aR2
d)N

1 � aR2
d

�
: �U�j�X�R�R�V

�6�`���+�i���H �/�B�K�2�M�b�B�Q�MD �B�b �i�?�2 �b�+���H�B�M�; �2�t�T�Q�M�2�M�i �Q�7 �7�`���+�i���H�b ���M�/ �B�b �/�2�}�M�2�/ ���b�-

D =
log(a)

log(1/ Rl )
: �U�j�X�R�k�V

�h�?�B�b �b�?�Q�r�b �i�?���i�- �7�Q�` �� �7�`���+�i���H �b�[�m���`�2 �;�`�B�/ �r�B�i�? �b�+���H�B�M�; �7���+�i�Q�`1/ Rl = 2�- �i�?�2 �7�`���+�i���H

�/�B�K�2�M�b�B�Q�MD = 2�X

�_�: �B�b �� �b�T�2�+�B���H �+���b�2 �Q�7 �k�.�6 �r�B�i�?a = Rl = Rd = 1�-l0 = H ���M�/d0 = d�X

�j�X�j �a�T���`�b�2 �J�m�H�i�B�b�+���H�2 �:�`�B�/�b

�� �`�2�+�2�M�i �B�M�M�Q�p���i�B�Q�M �B�M �K�m�H�i�B�@�b�+���H�2 �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �B�b �i�?�2 �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H

�b�T���`�b�2 �;�`�B�/ �U�j�.�a�V �(�k�d�)�X �h�?�2 �j�.�a �U�6�B�;�m�`�2�j�X�j�V �B�b �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 �k�.�6 ���b �2���+�? �K�m�H�i�B�@

�b�+���H�2 �B�i�2�`���i�B�Q�M �B�b �b�2�T���`���i�2�/ �B�M�i�Q �B�i�b �Q�r�M �T�H���M�2 �B�M �� �+�Q�@�T�H���M���` ���`�`���M�;�2�K�2�M�i�X �h�?�B�b �`�2�b�m�H�i�b

�B�M ���M �Q�p�2�`���H�H �`�2�/�m�+�i�B�Q�M �B�M �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �j�.�a ���b �+�Q�K�T���`�2�/ �i�Q �k�.�6 �Q�7 �i�?�2 �b���K�2

�T�`�Q�D�2�+�i�2�/ �b�m�`�7���+�2 ���`�2���X �J�Q�`�2�Q�p�2�`�- �� �M�2�r �T���`���K�2�i�2�` �B�b �B�M�i�`�Q�/�m�+�2�/ �B�M �j�.�a ���b �+�Q�K�T���`�2�/

�i�Q �k�.�6 �B�M �i�?�2 �7�Q�`�K �Q�7 �b�2�T���`���i�B�Q�M �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �+�Q�M�b�2�+�m�i�B�p�2 �+�Q�@�7�`���K�2�b�X

�h�?�2 �b�m�`�7���+�2 ���`�2�� �Q�7j th �B�i�2�`���i�B�Q�M �Q�7 �j�.�a �B�b �;�B�p�2�M �#�v

A j = aj +1 l j dj = al0d0(aRlRd) j : �U�j�X�R�j�V

�k�3



�6�B�;�m�`�2 �j�X�j�, �j�. �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/

�a�Q �i�?���i �i�?�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �j�.�a �B�b

� Max
3DS = Max N � 1

j =0 f
al0d0(aRlRd) j

H 2
g: �U�j�X�R�9�V

�L�Q�r �H�2�i �m�b �+�Q�K�T���`�2 �� �b�T�2�+�B���H �+���b�2 �Q�7 �j�.�a ���M�/ �k�.�6 �Q�7 �i�?�2 �b���K�2 �i�Q�i���H �b�m�`�7���+�2 ���`�2���b�X

���H�i�?�Q�m�;�? �i�?�2 �H�2�M�;�i�? ���M�/ �i�?�B�+�F�M�2�b�b �`���i�B�Q �Q�7 �K�m�H�i�B�@�b�+���H�2 �;�`�B�/�b �M�2�2�/ �M�Q�i �#�2 �2�[�m���H �#�m�i �7�Q�`

�i�?�2 �b���F�2 �Q�7 �b�B�K�T�H�B�+�B�i�v�- �H�2�iRl = Rd = r �7�Q�`r < 1 ���M�/ �M�m�K�#�2�` �Q�7 �;�`�B�/ �B�i�2�`���i�B�Q�M�bN = 3�X

�a�m�T�T�Q�b�2 �7�m�`�i�?�2�` �i�?���il0 = sH �7�Q�`s < 1 ���M�/d0 = w�X �h�?�2�M �i�?�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2

�`���i�B�Q �Q�7 �i�?�`�2�2 �7�`���+�i���H �B�i�2�`���i�B�Q�M �b�[�m���`�2 �;�`�B�/ �B�b

� 2DF = ( sw � w2)(4 + 16r 2 + 64r 4) � w2(8r + 32r 3): �U�j�X�R�8�V

�G�2�i� 1�- � 2 ���M�/� 3 �#�2 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�7 �i�?�2 �}�`�b�i�- �b�2�+�Q�M�/ ���M�/ �i�?�B�`�/ �7�`���+�i���H

�k�N



�B�i�2�`���i�B�Q�M�b �Q�7 �j�.�a�- �i�?�2�M

� 1 = 4( qw� w2); �U�j�X�R�e�V

� 2 = 4r 2� 1; �U�j�X�R�d�V

� 3 = 16r 4� 1: �U�j�X�R�3�V

�a�Q �i�?���i� Max
3DS = Max f � 1; � 2; � 3g�X

�*�H�2���`�H�v� Max
3DS � � 2DF �X

�6�B�;�m�`�2�b�j�X�9�b�?�Q�r �i�?�2 �p���`�B���i�B�Q�M �B�M �#�H�Q�+�F���;�2�b� ���b �7�m�M�+�i�B�Q�M �Q�7r �r�B�i�?w = 0:05 �7�Q�`

�+���b�2�bs = 0:5 ���M�/s = 0:7�X �A�i �+���M �#�2 �b�2�2�M �i�?���i �i�?�2 �Q�T�i�B�K���H �p���H�m�2 �Q�7 �H�2�M�;�i�? ���M�/ �i�?�B�+�F�M�2�b�b

�`���i�B�Q�M �B�br = 0:5 ���i �r�?�B�+�? �T�Q�B�M�i �r�2 �+���M �b�2�2 �i�?���i� j ���`�2 ���H�H �2�[�m���H ���M�/ �M�2���`�H�v �Q�M�2�@�i�?�B�`�/

�Q�7� 2DF �- �#�2�+���m�b�2� 1 = � 2 = � 3 = � ���M�/� 2DF = � 1 + � 2 + � 3 = 3� �_�2�H���i�B�p�2 �#�H�Q�+�F���;�2

�6�B�;�m�`�2 �j�X�9�, �"�H�Q�+�F���;�2 �`���i�B�Q� �p�b �b�+���H�B�M�; �`���i�B�Qr �Q�7 �j�.�a ���M�/ �k�.�6 �;�`�B�/�b �r�B�i�?w = 0:05
���M�/a = 0:5 �U�H�2�7�i�V ���M�/a = 0:7 �U�`�B�;�?�i�V�X

�j�y



�`���i�B�Q �7�`�Q�K �k�.�6 �i�Q �j�.�a �B�b �/�2�}�M�2�/ ���b

R(�; s; r ) =
� Max

3DS

� 2DF
: �U�j�X�R�N�V

�6�Q�` �2���+�? �b�2�T���`���i�2 �B�i�2�`���i�B�Q�M �Q�7 �K�m�H�i�B�@�b�+���H�2 �;�`�B�/�b�- �b�+���H�2 �#�v �b�+���H�2 �`�2�H���i�B�p�2 �#�H�Q�+�F���;�2

�`���i�B�Q �B�b �/�2�}�M�2�/ ���b

R1(�; s; r ) =
� 1

� 2DF
�U�j�X�k�y�V

R2(�; s; r ) =
� 2

� 2DF
�U�j�X�k�R�V

R3(�; s; r ) =
� 3

� 2DF
: �U�j�X�k�k�V

�A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �/�B�z�2�`�2�M�i �`�2�H���i�B�p�2 �#�H�Q�+�F���;�2�b �Q�7 �K�m�H�i�B�@�b�+���H�2 �;�`�B�/�b �B�b �/�B�b�T�H���v�2�/ �B�M �6�B�;�m�`�2

�j�X�8�X �_�2�H���i�B�p�2 �#�H�Q�+�F���;�2R ���b �� �7�m�M�+�i�B�Q�M �Q�7 �b�+���H�B�M�; �7���+�i�Q�`r ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�j�X�8�7�Q�`

w = 0:05 �r�B�i�?s = 0:5 ���M�/s = 0:7 �`�2�b�T�2�+�i�B�p�2�H�v�X �� �K�B�M�B�K�m�K �Q�7R� �+���M �#�2 �Q�#�b�2�`�p�2�/ ���i

r = 0:5�X �J�Q�`�2�Q�p�2�` �i�?�2 �b�Q�H�B�/�B�i�v �Q�7 �j�.�a �B�b �K�m�+�? �H�Q�r�2�` ���b �+�Q�K�T���`�2�/ �i�Q �k�.�6�- �7�Q�` �� �i�?�`�2�2

�;�2�M�2�`���i�B�Q�M �K�m�H�i�B�@�b�+���H�2 �;�`�B�/�- �i�?�2 �b�Q�H�B�/�B�i�v �Q�7 �j�.�a �B�b �Q�M�2 �i�?�B�`�/ �i�?�2 �b�Q�H�B�/�B�i�v �Q�7 �k�.�6 ���M�/

�i�?�B�b �B�b �Q�M�2 �Q�7 �i�?�2 �K���B�M �7�2���i�m�`�2�b �Q�7 �m�b�B�M�; �j�.�a �7�Q�` �i�m�`�#�m�H�2�M�+�2 �B�M�p�2�b�i�B�;���i�B�Q�M�X �q�2 �?���p�2

�b�2�2�M �b�Q �7���` �i�?���i �i�?�2 �Q�T�i�B�K���H �`�2�/�m�+�i�B�Q�M �Q�7 �`�2�H���i�B�p�2 �b�Q�H�B�/�B�i�v �Q�+�+�m�`�b �r�?�2�Mr = 0:5�X �h�?�2

�K���b�b �~�m�t �`���i�2M �i�?�`�Q�m�;�? �i�?�B�b �b�v�b�i�2�K �Q�7 �� �;�B�p�2�M �T�`�2�b�b�m�`�2 �/�`�Q�T �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/

���b�-

M = (1 � � )F (Re; �; U; �; l ) �U�j�X�k�j�V

�r�?�2�`�2F �B�b �b�Q�K�2 �7�m�M�+�i�B�Q�M �7�Q�` �2�t���K�T�H�2�- �T�`�Q�T�Q�i�B�Q�M���H �i�Q �i�?�2 �T�`�2�b�b�m�`�2 �/�`�Q�TF / Op�X

�l�b�m���H�H�vF �B�b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �T�`�2�b�b�m�`�2p�-� �i�?�2 �/�v�M���K�B�+ �p�B�b�+�Q�b�B�i�v�-� �i�?�2 �/�2�M�b�B�i�v�-U �i�?�2

�j�R



�6�B�;�m�`�2 �j�X�8�, �_�2�H���i�B�p�2 �b�Q�H�B�/�B�i�vR �p�b �b�+���H�B�M�; �`���i�B�Qr �Q�7 �j�.�a ���M�/ �k�.�6 �;�`�B�/�b �r�B�i�?w = 0:05
���M�/s = 0:5 �U�H�2�7�i�V ���M�/s = 0:7 �U�`�B�;�?�i�V�X

�K�2���M �p�2�H�Q�+�B�i�v ���M�/l �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+ �H�2�M�;�i�? �b�+���H�2 �r�B�i�? �_�2�v�M�Q�H�/�b �M�m�K�#�2�`Re �/�2�}�M�2�/

�B�M �i�?�2�b�2 �i�2�`�K�b�X �h�?�2 �`�2�H���i�B�p�2 �`���i�2 �Q�7 �B�M�+�`�2���b�2 �B�M �K���b�b �~�Q�r �7�`�Q�K �k�.�6 �i�Q �j�.�a �+���M �#�2

�/�2�}�M�2�/ ���b

f � (w; s; r) =
M 3DS

M 2DF
u

1 � � 3DS

1 � � 2DF
: �U�j�X�k�9�V

�a�B�K�B�H���`�H�v �7�Q�` �2���+�? �b�2�T���`���i�2 �B�i�2�`���i�B�Q�M�- �K���b�b �~�m�t �`���i�2 �B�b

f 1(w; s; r) =
1 � � 1

1 � � 2DF
�U�j�X�k�8�V

f 2(w; s; r) =
1 � � 2

1 � � 2DF
�U�j�X�k�e�V

f 2(w; s; r) =
1 � � 3

1 � � 2DF
: �U�j�X�k�d�V

�a�Q �i�?���i

f � u f 1 + f 2 + f 3: �U�j�X�k�3�V

�A�M �6�B�;�m�`�2�j�X�e�- �K���b�b �~�m�t �`���i�2�b �7�Q�`w = 0:05 �r�B�i�?s = 0:5 ���M�/s = 0:7 ���`�2 �T�H�Q�i�i�2�/

���;���B�M�b�ir �X �6�Q�`s = 0:5 ���M�/w = 0:05�- �j�.�a �b�?�Q�r�b ��21�W �B�M�+�`�2���b�2 �B�M �K���b�b �~�m�t ���b

�j�k



�6�B�;�m�`�2 �j�X�e�, �J���b�b �~�Q�r �`���i�2f �p�b �b�+���H�B�M�; �`���i�B�Qr �Q�7 �j�.�a ���M�/ �k�.�6 �;�`�B�/�b �r�B�i�?w = 0:05
���M�/s = 0:5 �U�H�2�7�i�V ���M�/s = 0:7 �U�`�B�;�?�i�V�X

�+�Q�K�T���`�2�/ �i�Q �k�.�6 �r�?�2�`�2���b �7�Q�`s = 0:7 �i�?�2�`�2 �B�b ��40�W �B�M�+�`�2�K�2�M�i�X ���H�i�?�Q�m�;�? �7�Q�` �H���`�;�2

�p���H�m�2�b �Q�7r �- �r�2 �b�2�2 �� �`���T�B�/ �B�M�+�`�2���b�2 �B�M �i�?�2 �K���b�b �~�m�t �`���i�2�- �r�2 �F�M�Q�r �i�?���i ���b1 � � ! 0

���M�/ �K���b�b �~�m�t �;�Q�2�b �i�Q �x�2�`�Q�X

�6�`�Q�K �� �i�?�2�Q�`�2�i�B�+���H �T�Q�B�M�i �Q�7 �p�B�2�r�- �j�.�a �;�`�B�/�b �/�B�b�T�H���v �H�Q�r�2�` �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q

���M�/ �?�B�;�?�2�` �K���b�b �~�m�t �`���i�2 �i�?���M �k�.�6 �;�`�B�/�b�X ���M�Q�i�?�2�` �B�K�T�Q�`�i���M�i �+�Q�M�+�H�m�b�B�Q�M �B�b �i�?���i

�i�?�2 �Q�T�i�B�K�m�K �b�+���H�B�M�; �p���H�m�2 �7�Q�` �H�2�M�;�i�? ���M�/ �i�?�B�+�F�M�2�b�b �B�b1/2�X �L�Q�r �i�?�2 �[�m�2�b�i�B�Q�M �B�b �?�Q�r

�i�?�2�b�2 �/�B�z�2�`�2�M�+�2�b �i�`���M�b�H���i�2 �B�M �i�?�2 �b�i�m�/�v �Q�7 �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �m�b�B�M�; �M�m�K�2�`�B�+���H

�b�B�K�m�H���i�B�Q�M�b �Q�7 ���+�i�m���H �i�m�`�#�m�H�2�M�i �~�Q�r�b�X

�j�j



�*�>���S�h�1�_ �9

�L�l�J�1�_�A�*���G �a�1�h�l�S

�A�M �i�?�B�b �+�?���T�i�2�`�- �+�Q�M�i�B�M�m�B�i�v ���M�/ �K�Q�K�2�M�i�m�K �2�[�m���i�B�Q�M�b ���`�2 �/�B�b�+�`�2�i�B�x�2�/ �Q�M �� �i�?�`�2�2 �/�B�@

�K�2�M�b�B�Q�M���H �+�m�#�B�+ �b�i�`�m�+�i�m�`�2�/ �K�2�b�? �m�b�B�M�; �}�M�B�i�2 �p�Q�H�m�K�2 �K�2�i�?�Q�/�X �L�m�K�2�`�B�+���H �i�2�+�?�M�B�[�m�2 �B�b

�/�B�b�+�m�b�b�2�/ �B�M �/�2�i���B�H ���M�/ �i�?�2 �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �/�2�b�+�`�B�#�2�/�X

�9�X�R �.�B�b�+�`�2�i�B�x���i�B�Q�M �Q�7 �L�a �1�[�m���i�B�Q�M�b

�*�Q�M�b�B�/�2�` �� �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H �/�Q�K���B�M
 � R3�X �h�?�2 �T�`�Q�#�H�2�K �+���M �#�2 �/�2�b�+�`�B�#�2�/ �m�b�B�M�;

�i�?�2 �7�Q�H�H�Q�r�B�M�; �b�v�b�i�2�K�X

8
>>>>>>>>>><

>>>>>>>>>>:

@�m
@t + r � �m�m= �r P + � � �m; �B�M
 � (0; T)

r � �m(�t; t) = 0 ; �B�M
 � (0; T)

�m(�t � �?; t) = �m(�t + �?; t); �Q�M@
 � (0; T)

�m(�t; 0) = u0(�t); �B�M


�U�9�X�R�V

�h�?�2 �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b�U�9�X�R�V �/�2�b�+�`�B�#�2�b �i�?�2 �K�Q�K�2�M�i�m�K ���M�/ �K���b�b �+�Q�M�b�2�`�p���i�B�Q�M �2�[�m���@

�i�B�Q�M�b �r�B�i�? �T�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b �B�M �H���i�2�`���H �/�B�`�2�+�i�B�Q�M ���M�/ ���M �B�M�B�i�B���H �B�M�~�Q�r �}�2�H�/

�j�9



�B�M �i�?�2 �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �/�2�b�+�`�B�#�B�M�; �L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���i�B�Q�M�b �7�Q�` �� �B�M�+�Q�K�T�`�2�b�b�B�#�H�2

�L�2�r�i�Q�M�B���M �~�m�B�/ �r�B�i�? �+�Q�M�b�i���M�i �/�v�M���K�B�+ �p�B�b�+�Q�b�B�i�v� �- �/�v�M���K�B�+ �T�`�2�b�b�m�`�2P = p/ � ���M�/

�p�2�H�Q�+�B�i�v �p�2�+�i�Q�`�m�X �h�?�2 �2�t���+�i �b�Q�H�m�i�B�Q�M �7�Q�` �i�?�2 ���#�Q�p�2 �T�`�Q�#�H�2�K �B�M �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H

�b�T���+�2 �Q�p�2�` ���H�H �i�B�K�2�b �B�b �+���H�H�2�/ �i�?�2 �H���b�i �m�M�b�Q�H�p�2�/ �T�`�Q�#�H�2�K �Q�7 �+�H���b�b�B�+���H �T�?�v�b�B�+�b�X �h�?�2 �M�m�@

�K�2�`�B�+���H �b�Q�H�m�i�B�Q�M �i�Q �i�?�2 ���#�Q�p�2 �T�`�Q�#�H�2�K �Q�7 �i�m�`�#�m�H�2�M�+�2 �r�B�H�H �#�2 �b�Q�H�p�2�/ �m�b�B�M�; �}�M�B�i�2 �p�Q�H�m�K�2

���T�T�`�Q���+�?�X

�*�Q�M�b�B�/�2�` �� �+�Q�H�H�Q�+���i�2�/ �K�2�b�? ���`�`���M�;�2�K�2�M�i �r�?�2�`�2 ���H�H �~�Q�r �p���`�B���#�H�2�b ���`�2 �`�2�+�Q�`�/�2�/ ���i

�i�?�2 �+�2�H�H �+�2�M�i�2�`�b�X �A�M �i�2�M�b�Q�`�B���H �M�Q�i���i�B�Q�M�- �i�?�2j th �K�Q�K�2�M�i�m�K �2�[�m���i�B�Q�M2 � j; k � 3 �+���M

�#�2 �r�`�B�i�i�2�M ���b
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+
@uj uk

@xk
= �
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@xj

+ �
@2uj

@xk@xk
+ f j �U�9�X�k�V

�A�M �i�?�2 ���#�Q�p�2 �2�[�m���i�B�Q�M �i�?�2 �}�`�b�i �i�2�`�K �B�b �+���H�H�2�/�m�M�b�i�2���/�v �i�2�`�K���b �B�i �`�2�T�`�2�b�2�M�i�b �`���i�2 �Q�7

�+�?���M�;�2 �Q�p�2�` �i�B�K�2�- �i�?�2 �b�2�+�Q�M�/ �i�2�`�K �B�b �i�?�2�+�Q�M�p�2�+�i�B�Q�M �i�2�`�K���M�/ �Q�M �i�?�2 �`�B�;�?�i �?���M�/ �b�B�/�2�-

�r�2 �?���p�2�T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�-�/�B�z�m�b�B�Q�M���M�/�#�Q�/�v �7�Q�`�+�B�M�;�i�2�`�K�b�X �h�2�M�b�Q�`���H �M�Q�i���i�B�Q�M

�B�b �m�b�2�/ �?�2�`�2�X �A�M�i�2�;�`���i�B�M�; �i�?�2 ���#�Q�p�2 �2�[�m���i�B�Q�M �Q�p�2�` �i�B�K�2 �B�M�i�2�`�p���H[t; t + 4 t] ���M�/ �+�Q�M�i�`�Q�H

�p�Q�H�m�K�2V �r�2 �;�2�i
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�
@uj
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dV dt
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�l�b�B�M�; �/�B�p�2�`�;�2�M�+�2 �i�?�2�Q�`�2�K �r�B�i�? �Q�m�i�r���`�/ �T�Q�B�M�i�B�M�; �m�M�B�i �p�2�+�i�Q�`n �Q�M �i�?�2 �b�m�`�7���+�2S �Q�7

�+�Q�M�i�`�Q�H �p�Q�H�m�K�2V
ZZZ

V
r � GdV =

ZZ

S
G � �MdS �U�9�X�9�V

�j�8



�Q�M �+�Q�M�p�2�+�i�B�Q�M�- �T�`�2�b�b�m�`�2 ���M�/ �/�B�z�m�b�B�Q�M �i�2�`�K�b ���M�/ �m�b�B�M�; �#���+�F�r���`�/ �1�m�H�2�` �i�B�K�2 �b�i�2�T�T�B�M�;

�i�2�+�?�M�B�[�m�2 �r�2 �?���p�2

uj � u(0)
j

� t
V +

ZZ

A
uj uknj dA = �

ZZ

A
Pnj dA +

ZZ

A
�

@uj
@xk

nkdA + f j V �U�9�X�8�V

�r�?�2�`�2u(0)
j �B�b �i�?�2 �T�`�2�p�B�Q�m�b �i�B�K�2 �b�i�2�T ���M�/ �#���+�F�r���`�/ �1�m�H�2�` �B�b �� �}�`�b�i �Q�`�/�2�` �B�K�T�H�B�+�B�i �i�2�+�?�@

�M�B�[�m�2 �r�?�2�`�2 �M�2�t�i �i�B�K�2 �b�i�2�T �B�b �b�Q�H�p�2�/ �m�b�B�M�; �i�?�2 �T�`�2�p�B�Q�m�b �Q�M�2�X ���b�b�m�K�B�M�; �i�?���i �i�?�2 �K�2�b�?

�B�b �+�m�#�Q�B�/ ���M�/ �i�?�2�`�2 �B�b �M�Q �#�Q�/�v �7�Q�`�+�2�- �i�?�2 �b�m�`�7���+�2 �B�M�i�2�;�`���H�b �+���M �#�2 �r�`�B�i�i�2�M ���b �b�m�K�K���i�B�Q�M

�Q�p�2�` �2���+�? �7���+�2�- �b�Q �i�?���i

uj � u(0)
j

� t
V +

X

k= nb

(uj uknkA) = �
X

k= nb

(Pnj A) +
X

k= nb
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�

@uj
@xk
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�

�U�9�X�e�V

�>�2�`�2 �i�?�2 �b�m�K �B�b �i���F�2�M �Q�p�2�` �2���+�? �M�2�B�;�?�#�Q�`�B�M�; �7���+�2 �i�Q �i�?�2j th �+�2�H�H �B�M �i�?�2 �/�Q�K���B�M�X �6�Q�` ��

�i�r�Q �/�B�K�2�M�b�B�Q�M���H �/�Q�K���B�M�- �i�?�2 �/�B�b�+�`�2�i�B�b�2�/ �t�@�K�Q�K�2�M�i�m�K �2�[�m���i�B�Q�M �r�B�i�? �+�2�H�H �+�2�M�i�2�`j ���M�/
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�r�?�2�`�2w�-e�-n�-s ���`�2 �i�?�2 �r�2�b�i �2���b�i �M�Q�`�i�? ���M�/ �b�Q�m�i�? �M�2�B�;�?�#�Q�` �;�`�B�/ �T�Q�B�M�i�b �Q�7 �i�?�2 �i�r�Q

�/�B�K�2�M�b�B�Q�M���H �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b ���M�/n1 = (1 ; 0)�-n2 = (0 ; 1)�-u1 = u ���M�/u2 = v�X

�S���`�i�B���H �/�2�`�B�p���i�B�p�2�b �+���M �#�2 �+���H�+�m�H���i�2�/ �m�b�B�M�; �b�Q�K�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �i�2�+�?�M�B�[�m�2�b�X �A�M �T�`���+�i�B�+�2�-

�}�M�B�i�2 �p�Q�H�m�K�2 �K�2�i�?�Q�/ �B�b �i�?�2 �+�H�Q�b�2�b�i �i�Q ���M �2�t���+�i �b�Q�H�m�i�B�Q�M ���i �i�?�2 �;�`�B�/ �T�Q�B�M�i�b �Q�7 �i�?�2
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�/�Q�K���B�M�X �>�Q�r�2�p�2�`�- �B�M�i�2�`�T�Q�H���i�B�Q�M�b�- �i�`�m�M�+���i�B�Q�M ���M�/ ���T�T�`�Q�t�B�K���i�B�Q�M�b �B�M�i�`�Q�/�m�+�2 �2�`�`�Q�`�b�X

�*�Q�M�i�B�M�m�B�i�v �2�[�m���i�B�Q�M �7�Q�` �L�2�r�i�Q�M�B���M�- �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 �~�m�B�/ �B�b �;�B�p�2�M �#�v

r � �m= 0 �U�9�X�3�V

�l�b�B�M�; �/�B�p�2�`�;�2�M�+�2 �i�?�2�Q�`�2�K �U�9�X�9�V �B�K�T�H�B�2�b

ZZZ

V
r � �mdV =

ZZ

S
�m� �MdS =

X

k= nb

uknkA = 0: �U�9�X�N�V

�h�?�B�b �K�2���M�b �i�?���i �i�?�2 �K���b�b �~�m�t �B�b �+�Q�M�b�2�`�p�2�/ �b�B�M�+�2 �i�?�2 ���K�Q�m�M�i �Q�7 �~�m�B�/ �2�M�i�2�`�B�M�; ���M�/

�H�2���p�B�M�; �i�?�`�Q�m�;�? �i�?�2 �+�2�H�H �7���+�2�b �B�b �#���H���M�+�2�/ �Q�m�i�X

�9�X�k �L�m�K�2�`�B�+���H �J�2�i�?�Q�/

�S�`�2�b�b�m�`�2 �A�K�T�H�B�+�B�i �a�T�H�B�i �P�T�2�`���i�Q�` ���H�;�Q�`�B�i�?�K �U�S�A�a�P�V �r���b �T�`�Q�T�Q�b�2�/ �B�M �R�N�3�e �#�v �A�b�b�� ���M�/

�B�i �`�2�[�m�B�`�2�b �H�2�b�b�2�` �+�Q�K�T�m�i�B�M�; �2�z�Q�`�i �i�?���M �K���M�v �b�B�K�B�H���` ���H�;�Q�`�B�i�?�K�b �i�Q �b�Q�H�p�2 �L���p�B�2�`�@�a�i�Q�F�2�b

�2�[�m���i�B�Q�M�b�X

�Ç �h�?�2 �2�[�m���i�B�Q�M �U�9�X�e�V �B�b �b�Q�H�p�2�/ �m�b�B�M�; �i�?�2 �B�M�B�i�B���H �p�2�H�Q�+�B�i�v�m(0) �- �T�`�2�b�b�m�`�2p ���M�/ �#�Q�m�M�/�@

���`�v �+�Q�M�/�B�i�B�Q�M�b �i�Q �;�2�i ���M �B�M�i�2�`�K�2�/�B���i�2 �p�2�H�Q�+�B�i�v �}�2�H�/�- �i�?�2 �T�`�2�b�b�m�`�2 �i�?�m�b �Q�#�i���B�M�2�/

�B�b �M�Q�i �+�Q�`�`�2�+�i�X ���b �K�2�M�i�B�Q�M�2�/ �#�2�7�Q�`�2 �r�2 �?���p�2 �m�b�2�/ �}�M�B�i�2 �p�Q�H�m�K�2 �/�B�b�+�`�2�i�B�b���i�B�Q�M�-

�i�?�2 �M�Q�M�@�H�B�M�2���`�B�i�v �B�b �`�2�K�Q�p�2�/ �#�v �m�b�B�M�;u
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j
@xk

= u
 � 1
k

@u
j
@xk

�r�?�2�`�2
 � 1 �`�2�T�`�2�b�2�M�i�b

�� �7�`���+�i�B�Q�M���H �i�B�K�2 �b�i�2�T�X �:���m�b�b �H�B�M�2���` �b�+�?�2�K�2 �B�b �m�b�2�/ �B�M �b�T���+�B���H �/�B�b�+�`�2�i�B�b���i�B�Q�M

���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �b�v�b�i�2�K �Q�7 �H�B�M�2���` �2�[�m���i�B�Q�M�b �B�b �b�Q�H�p�2�/ �m�b�B�M�; �#�B�+�Q�M�D�m�;���i�2 �;�`���/�B�2�M�i

�K�2�i�?�Q�/�X �h�?�2 �p�2�H�Q�+�B�i�v �i�?�m�b �Q�#�i���B�M�2�/ �B�b�m� �X �h�?�2 �T�`�2�b�b�m�`�2p� �K���v �Q�` �K���v �M�Q�i �#�2
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�+�Q�`�`�2�+�i�X

�Ç �a�B�M�+�2 �i�?�2 �p�2�H�Q�+�B�i�v ���M�/ �T�`�2�b�b�m�`�2 �}�2�H�/�b �Q�M �i�?�2 �T�`�2�p�B�Q�m�b �i�B�K�2 �b�i�2�T ���`�2 �F�M�Q�r�M�- �B�M

�K���i�`�B�t �7�Q�`�K�- �i�?�2 �K�Q�K�2�M�i�m�K �2�[�m���i�B�Q�M �+���M �#�2 �r�`�B�i�i�2�M ���b�-

a�m
P �mP = �>(�m) � r P �U�9�X�R�y�V

�r�?�2�`�2�>(�m) =
P

a�m
N �mN + � �̀X ���T�T�H�v�B�M�; �;�`���/�B�2�M�i ���M�/ �m�b�B�M�; �/�B�p�2�`�;�2�M�+�2 �7�`�2�2 �+�Q�M�@

�/�B�i�B�Q�M �Q�M �2�[�m���i�B�Q�M �U�9�X�R�y�V �r�2 �?���p�2 �i�?�2 �T�`�2�b�b�m�`�2 �2�[�m���i�B�Q�M�-

r �
�
(a�m

P )� 1r p
�

= r �
�
(a�m

P )� 1�>(�m)
�

: �U�9�X�R�R�V

�h�?�2 �i�2�`�K �Q�M �i�?�2 �`�B�;�?�i �?���M�/ �b�B�/�2 �`�2�T�`�2�b�2�M�i�b �i�?�2 �K���b�b �~�m�t �Q�M �2���+�? �+�2�H�H �7���+�2 ���M�/

�i�?�2 �2�[�m���i�B�Q�M �U�9�X�R�R�V �B�b �S�Q�B�b�b�Q�M �2�[�m���i�B�Q�M �7�Q�` �T�`�2�b�b�m�`�2�X �"�v �+���H�+�m�H���i�B�M�; �i�?�2 �~�m�t

�Q�M �`�B�;�?�i �?���M�/ �b�B�/�2 �Q�7 �i�?�2 �2�[�m���i�B�Q�M �U�9�X�R�R�V �r�2 �+���M �b�Q�H�p�2 �i�?�2 �`�2�b�m�H�i�B�M�; �T�Q�B�b�b�Q�M

�2�[�m���i�B�Q�M�X

�Ç �P�M�+�2 �i�?�2 �i�?�2 �2�[�m���i�B�Q�M �U�9�X�R�R�V �B�b �b�Q�H�p�2�/�- �r�2 �;�2�i �T�`�2�b�b�m�`�2 �+�Q�`�`�2�+�i�B�Q�Mp�� �i�Q �i�?�2 �L�a

�b�v�b�i�2�K�X �h�?�2 �T�`�2�b�b�m�`�2 �+�Q�`�`�2�+�i�B�Q�M �+���M �M�Q�r �#�2 �m�b�2�/ �i�Q �+�Q�`�`�2�+�i �i�?�2 �K���b�b �~�m�t�X

�Ç �.�2�}�M�2p0 = p�� � p� ���M�/�m0 = �m�� � �m� ���b �i�?�2 �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�b �7�Q�` �T�`�2�b�b�m�`�2

���M�/ �p�2�H�Q�+�B�i�v�X �L�Q�r �p�2�H�Q�+�B�i�v �B�b �+�Q�`�`�2�+�i�2�/ �#�v �m�b�B�M�;p�� ���b �i�?�2 �B�M�B�i�B���H �T�`�2�b�b�m�`�2 �B�M

�U�9�X�e�V �i�Q �+���H�+�m�H���i�2 �i�?�2 �+�Q�`�`�2�+�i�2�/�m�� �X �h�?�B�b �B�b �+���H�H�2�/ �i�?�2 �}�`�b�i �+�Q�`�`�2�+�i�Q�` �b�i�2�T�X �A�M

�S�A�a�P�- �b�2�+�Q�M�/ �+�Q�`�`�2�+�i�Q�` �b�i�2�T �B�b �`�2�+�Q�K�K�2�M�/�2�/ �(�j�R�)�X �h�?�2 �T�`�Q�+�2�/�m�`�2 �B�b �`�2�T�2���i�2�/

�m�M�i�B�H �T�`�2�b�+�`�B�#�2�/ �i�Q�H�2�`���M�+�2 �B�b ���+�?�B�2�p�2�/�X

�j�3



�Ç �h�?�2 �b���K�2 �T�`�Q�+�2�/�m�`�2 �B�b �`�2�T�2���i�2�/ �7�Q�` �2���+�? �i�B�K�2 �b�i�2�T�X

�h�?�2 �S�`�2�b�b�m�`�2 �A�K�T�H�B�+�B�i �a�T�H�B�i �P�T�2�`���i�Q�` �K�2�i�?�Q�/ �B�b �7���p�Q�`�2�/ �Q�p�2�` �Q�i�?�2�`�b �#�2�+���m�b�2 �Q�7 �B�i�b

�m�M�+�Q�M�/�B�i�B�Q�M���H �b�i���#�B�H�B�i�v �Q�p�2�` �+�Q�H�H�Q�+���i�2�/ �K�2�b�? �(�j�k�) ���b �r�2 �?���p�2 �m�b�2�/ �B�M �Q�m�` �r�Q�`�F�X �A�i ���H�b�Q

�T�2�`�K�B�i�b �� �H���`�;�2�` �i�B�K�2 �b�i�2�T ���M�/ �i�?�m�b �`�2�/�m�+�2�b �*�S�l �i�B�K�2�X

�9�X�j �.�B�`�2�+�i �L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M

�.�B�`�2�+�i �L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M �U�.�L�a�V �B�b �i�?�2 �M�m�K�2�`�B�+���H �b�Q�H�m�i�B�Q�M �Q�7 �L���p�B�2�`�@�a�i�Q�F�2�b �2�[�m���@

�i�B�Q�M�b �i�Q �b�i�m�/�v �i�m�`�#�m�H�2�M�+�2 �r�B�i�?�Q�m�i �K�Q�/�2�H�B�M�;�X �.�L�a �B�b �� �#�2�M�+�?�K���`�F �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7

�~�m�B�/ �~�Q�r �r�?�2�`�2 ���H�H �b�+���H�2�b �Q�7 �i�m�`�#�m�H�2�M�+�2 ���`�2 �`�2�b�Q�H�p�2�/ �m�T �i�Q �K���+�?�B�M�2 ���+�+�m�`���+�v�X �.�m�2 �i�Q

�i�?�2 �p�2�`�v �?�B�;�? �K�2�b�? �`�2�b�Q�H�m�i�B�Q�M �`�2�[�m�B�`�2�K�2�M�i �Q�7 �.�L�a�- �B�i �B�b �M�Q�i �v�2�i �7�2���b�B�#�H�2 �i�Q ���/�Q�T�i �i�?�B�b

�K�2�i�?�Q�/ �7�Q�` �B�M�/�m�b�i�`�B���H �T�m�`�T�Q�b�2�b ���b �7�Q�` �K���M�v �+�Q�K�B�M�; �v�2���`�b�- �2�p�2�M ���i �i�?�2 �+�m�`�`�2�M�i �`���i�2 �Q�7

�`�B�b�2 �B�M �+�Q�K�T�m�i���i�B�Q�M �T�Q�r�2�`�b�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �Q�7 �.�L�a �r�B�H�H �`�2�K���B�M ���M �m�M�`�2�b�Q�H�p�2�/

�B�b�b�m�2 �(�j�j�)�X

�E�Q�H�K�Q�;�Q�`�Q�p �K�B�+�`�Q�b�+���H�2� �/�2�}�M�2�/ �B�M �2�[�m���i�B�Q�M �U�k�X�k�d�V �B�b �i�?�2 �b�K���H�H�2�b�i �b�+���H�2 �i�?���i �?���b

�i�Q �#�2 �`�2�b�Q�H�p�2�/ �b�Q �i�?���i �7�Q�` �� �K�2�b�? �b�B�x�2h�-h < � �X �J�Q�`�2�Q�p�2�` �i�?�2 �`�2�b�Q�H�m�i�B�Q�MN � `/ h

�7�Q�` �i�?�2 �H���`�;�2�b�i �b�+���H�2�b �i�Q �`�2�K���B�M �r�B�i�?�B�M �i�?�2 �/�Q�K���B�M�- �r�?�2�`�2` �B�b �B�M�i�2�;�`���H �H�2�M�;�i�? �b�+���H�2 ���b

�/�2�}�M�2�/ �B�M �U�k�X�k�e�V�X �l�b�B�M�; �U�k�X�k�e�V ���M�/ �U�k�X�k�d�V �r�2 �?���p�2
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�h�?�B�b �B�K�T�H�B�2�b �i�?���i �7�Q�` �� �i�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H �+�m�#�B�+ �/�Q�K���B�MN 3 � Re9/4 �X �A�7N t �B�b �i�?�2

�M�m�K�#�2�` �Q�7 �i�B�K�2 �b�i�2�T�b ���M�/N t � N �#�2�+���m�b�2 �Q�7 �i�?�2 �+�Q�m�`���M�i �+�Q�M�/�B�i�B�Q�Mu� t
� x < 1�- �i�?�2�M

N 3N t � Re3�X �h�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �Q�T�2�`���i�B�Q�M�b �i�Q �T�2�`�7�Q�`�K �Q�M �� �+�m�#�B�+ �/�Q�K���B�M �r�B�i�?

�K�2�b�? �T�Q�B�M�i�bN ���M�/ �i�B�K�2 �b�i�2�T�bN t �;�`�Q�r�b �H�B�F�2Re3�X �*�Q�K�T�m�i���i�B�Q�M �T�Q�r�2�` �B�b �K�2���b�m�`�2�/ �B�M

�~�Q�T�b �r�?�B�+�? �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �~�Q���i�B�M�; �T�Q�B�M�i �Q�T�2�`���i�B�Q�M�b �T�2�` �b�2�+�Q�M�/�X �h�?�2�`�2�7�Q�`�2 �Q�M �� �H���`�;�2

�/�Q�K���B�M �b�m�+�? ���b ���i�K�Q�b�T�?�2�`�2 �Q�` �?�m�`�`�B�+���M�2 �2�i�+�X�- �r�?�2�`�2 �_�2�v�M�Q�H�/�b �M�m�K�#�2�` �B�b �p�2�`�v �?�B�;�?�- �B�i

�B�b �B�K�T�Q�b�b�B�#�H�2 �i�Q �m�b�2 �.�L�a �r�?�2�`�2���b �7�Q�` �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�- �B�i �B�b

�i�?�2 �B�/�2���H �i�Q�Q�H�X

�9�X�9 �a�B�K�m�H���i�B�Q�M �a�2�i�m�T

�6�H�Q�r �B�M �� �+�Q�M�/�m�B�i �m�M�/�2�` �i�?�2 �B�M�~�m�2�M�+�2 �Q�7 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b �B�b �B�M�p�2�b�i�B�;���i�2�/ �B�M �� �+�m�#�Q�B�/

�/�Q�K���B�M


 = f (x; y; z) � < 3j0 � x � T; � l0 � y; z � l0g: �U�9�X�R�9�V

�h�?�2 �M�m�K�2�`�B�+���H �b�2�i�m�T ���b �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M �?���b �#�2�2�M ���T�T�H�B�2�/ �B�M �i�?�2

�b�B�K�m�H���i�B�Q�M �b�2�i�m�T�X

�:�2�M�2�`���H �T�m�`�T�Q�b�2 �Q�T�2�M �b�Q�m�`�+�2 �*�6�. �T���+�F���;�2�b ���`�2 �`�Q�#�m�b�i ���M�/ �2�z�2�+�i�B�p�2 �7�Q�` �M�m�K�2�`�B�+���H

�b�B�K�m�H���i�B�Q�M �Q�7 �~�m�B�/ �~�Q�r �#�m�i �i�?�2 �+�?���H�H�2�M�;�2 �i�?���i �i�?�2�v ���`�2 �b�Q �7���` �m�M���#�H�2 �i�Q �K�2�2�i �B�b �i�?���i

�i�?�2�v �/�Q �M�Q�i �b�m�T�T�Q�`�i �� �p�2�`�v �?�B�;�? �`�2�b�Q�H�m�i�B�Q�M �K�2�b�? �r�?�B�+�? �B�M �Q�m�` �+���b�2 �B�b �2�b�b�2�M�i�B���H�X �q�2

�?���p�2 �m�b�2�/ �� �b�2�+�Q�M�/ �Q�`�/�2�` �}�M�B�i�2�@�p�Q�H�m�K�2 �/�B�b�+�`�2�i�B�b���i�B�Q�M �r�B�i�? �S�`�2�b�b�m�`�2 �A�K�T�H�B�+�B�i �a�T�H�B�i

�P�T�2�`���i�Q�` �U�S�A�a�P�V ���H�;�Q�`�B�i�?�K �i�Q �b�B�K�m�H���i�2 �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 �~�m�B�/ �~�Q�r�X �h�?�2 ���/�p���M�i���;�2 �Q�7

�9�y



�S�A�a�P ���H�;�Q�`�B�i�?�K �B�b �B�i�b �m�M�+�Q�M�/�B�i�B�Q�M���H �b�i���#�B�H�B�i�v �Q�M �+�Q�H�H�Q�+���i�2�/ �;�`�B�/�b �(�j�R�) ���M�/ �H���`�;�2�` �i�B�K�2

�b�i�2�T ���/�K�B�b�b�B�#�B�H�B�i�v�X �a�m�+�? �b�B�K�m�H���i�B�Q�M�b �T�`�Q�/�m�+�2 �i�2�`���@�#�B�i�2�b �Q�7 �/���i�� ���b �Q�m�i�T�m�i �r�?�B�+�? �B�b

�B�K�T�Q�b�b�B�#�H�2 �i�Q �p�B�b�m���H�B�x�2 �Q�M �� �M�Q�`�K���H �+�Q�K�T�m�i�2�` �Q�` �H���T�i�Q�T�X �S���`���H�H�2�H �S�v�i�?�Q�M �b�+�`�B�T�i �?���b

�i�Q �#�2 �m�b�2�/ �i�Q �p�B�b�m���H�B�x�2 �b�B�K�m�H���i�B�Q�M �Q�m�i�T�m�i�b �i�?�`�Q�m�;�? �S���`���p�B�2�r ���M�/ �T���`���H�H�2�H�H�B�x�2�/ �J���i�H���#

�+�Q�/�2�b �7�Q�` �b�Q�K�2 �T�H�Q�i�i�B�M�;�X �h�?�2 �B�/�2�� �B�b �i�Q �r�`�B�i�2 �� �`�Q�#�m�b�i ���H�;�Q�`�B�i�?�K �7�Q�` �B�M�+�Q�K�T�`�2�b�b�B�#�H�2

�~�Q�r �b�B�K�m�H���i�B�Q�M �Q�M �#�m�`�b�i�@�#�m�z�2�` �7�Q�` �.�Q�K���B�M �.�B�b�+�`�2�i�B�x���i�B�Q�M�- �L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M ���M�/

�S�Q�b�i�@�S�`�Q�+�2�b�b�B�M�; ���H�H�@�B�M�@�Q�M�2�X �.�2�i���B�H�b �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M ���`�2 ���b �7�Q�H�H�Q�r�b�,

�*���b�2 �R �*���b�2 �k
�S���`���K�2�i�2�`�b�_�:�R �k�.�6�R �j�.�a�R �_�:�k �k�.�6�k �j�.�a�k

� (�W) �j�k �j�k �R�8 �j�k �j�k �R�8
lx / dmin �9�e�y�X�3�9�e�y�X�3�9�e�y�X�3�8�d�e �8�d�e �8�d�e
l0/ dmin �R�R�8�X�k�8�d�X�e�8�d�X�e�R�R�8�X�k�8�d�X�e�8�d�X�e
l1/ dmin �@ �k�3�X�3�k�3�X�3 �@ �k�3�X�3�k�3�X�3
l2/ dmin �@ �R�9�X�9�R�9�X�9 �@ �R�9�X�9�R�9�X�9
d0/ dmin �k�X�e �3�X�8 �3�X�8 �k�X�e �3�X�8 �3�X�8
d1/ dmin �@ �k�X�N�R�8�k�X�N�R�8�@ �k�X�N�R�8�k�X�N�R�8
d2/ dmin �@ �R �R �@ �R �R
r1/ dmin �@ �@ �R�d �@ �@ �R�d
r2/ dmin �@ �@ �3�X�8 �@ �@ �3�X�8

�h���#�H�2 �9�X�R�, �.�2�i���B�H�b �Q�7 �;�`�B�/ �/�2�b�B�;�M�b �7�Q�` �i�r�Q �b�2�i�b �Q�7 �b�B�K�m�H���i�B�Q�M�b�X ���H�H �H�2�M�;�i�?�b ���`�2 �M�Q�`�K���H�B�x�2�/
�#�v �i�?�2 �b�K���H�H�2�b�i �#���` �i�?�B�+�F�M�2�b�bdmin �Q�7 �k�.�6�R�X �h�?�2�b�2 �;�`�B�/�b �p���`�v ���+�+�Q�`�/�B�M�; �i�Q �T���`���K�2�i�2�`�b
�b�m�+�? ���b �+�?���M�M�2�H �H�2�M�;�i�?dmin j �- �#�H�Q�+�F���;�2 �`���i�B�Q� �- �b�+���H�B�M�; �7���+�i�Q�`Rl = 0:5 ���M�/Rd = 0:343
���b �/�2�}�M�2�/ �B�M �2�[�m���i�B�Q�M �U�j�X�e�V

�Ç �h�?�2 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�B�M�; �;�`�B�/G �B�b �T�H���+�2�/ �b�H�B�;�?�i�H�v �/�Q�r�M�b�i�`�2���K �Q�7 �+�Q�M�/�m�B�i �i�Q

���p�Q�B�/ �b�T�m�`�B�Q�m�b �B�M�B�i�B���H �~�Q�r �}�2�H�/ �2�z�2�+�i�b�X �G�2�ix0 > 0 �#�2 �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �;�`�B�/

�B�M�b�B�/�2 �i�?�2 �/�Q�K���B�M
 �/�2�}�M�2�/ �B�M �U�9�X�R�9�V�X �J���i�?�2�K���i�B�+���H�H�v�- �i�?�2 �;�`�B�/G � 
 ���M�/ �7�Q�`

�� �+�2�H�Hb 2 
 �r�B�i�?b\ G 6= ; �- �i�?�2�MG = f b 2 
 jub = 0g �B�X�2�X �� �b�2�i �Q�7 �+�2�H�H�b �B�M �i�?�2

�/�Q�K���B�M �r�?�2�`�2 �M�Q�@�b�H�B�T �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M �B�b �B�K�T�Q�b�2�/ �b�Q �i�?���i �i�?�2 �;�`�B�/ ���+�i�b ���b ��

�#�H�Q�+�F���;�2 �B�M �i�?�2 �T���i�? �Q�7 �i�?�2 �~�Q�r�X

�9�R



�Ç �h���#�H�2�9�X�R�`�2�7�2�`�b �i�Q �� �b�2�i �Q�7 �b�B�K�m�H���i�B�Q�M�b �i�?���i �?���p�2 �#�2�2�M �+���`�`�B�2�/ �Q�m�i �i�Q �B�M�p�2�b�i�B�;���i�2

�;�`�B�/ �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�X �h�?�2 �i�?�`�2�2 �b�2�i �Q�7 �;�`�B�/�b ���`�2 �_�:�- �k�.�6 ���M�/ �j�.�a ���M�/

�i�?�2�`�2 ���`�2 �/�B�z�2�`�2�M�i �+���b�2�b �#���b�2�/ �Q�M �p���`�B�Q�m�b �T���`���K�2�i�2�`�b�X �h�?�2 �+���b�2�b ���`�2 �#���b�2�/ �Q�M �i�?�2

�#�H�Q�+�F���;�2 �`���i�B�Q� �Q�7 �i�?�2 �p���`�B�Q�m�b �;�`�B�/�b�X �*�Q�K�T���`�B�b�Q�M�b �K���/�2 �7�Q�` �i�?�2 �b���K�2 �T�`�Q�D�2�+�i�2�/

�#�H�Q�+�F���;�2�X �A�M �*���b�2 �R�- �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�?lx = 460:8dmin ���M�/ �7�Q�` ���H�H �Q�i�?�2�` �+���b�2�b

T = 576dmin �X �h�?�2 �+�?���M�M�2�H �r�B�/�i�?2l0 = 115:2 �7�Q�` ���H�H �+���b�2�b�X

�Ç �h�?�2 �/�Q���K�B�M �B�b �/�B�b�+�`�2�i�B�x�2�/ �m�b�B�M�; �}�M�B�i�2 �p�Q�H�m�K�2 �K�2�i�?�Q�/ �r�B�i�?� x = � y = � z =

0:2dmin �X �h�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �b�T���i�B���H �/�B�b�+�`�2�i�B�x���i�B�Q�M �+�2�H�H�b �B�M �*���b�2 �R �B�b2304�

576� 576���M�/ �7�Q�` ���H�H �Q�i�?�2�` �+���b�2�b�- �i�?�2 �M�m�K�#�2�` �Q�7 �+�2�H�H�b �B�b2880� 576� 576�X �h���#�H�2

�9�X�k�/�2�b�+�`�B�#�2�b �� �b�2�i �Q�7 �j�.�a �;�`�B�/�b �2�t�+�H�m�b�B�p�2�H�v �r�B�i�? �;�`�B�/�b �/�B�z�2�`�B�M�; �2�B�i�?�2�` �B�M �i�?�2�B�`

�#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�` �i�?�2 �Q�`�/�2�` �B�M �r�?�B�+�? �i�?�2 �+�Q�@�7�`���K�2�b ���`�2 ���`�`���M�;�2�/�X �a�B�M�+�2 �i�?�2

�M�m�K�#�2�` �Q�7 �T���`���K�2�i�`�B�+ �p���`�B���i�B�Q�M�b �i�Q �+�Q�M�b�B�/�2�` �B�b �H�B�K�B�i�H�2�b�b�- �i�?�2 �;�`�B�/ �b�2�T���`���i�B�Q�M�b

�?���p�2 �#�2�2�M �F�2�T�i �+�Q�M�b�i���M�i �B�M �i�?�B�b �r�Q�`�F ���ir1 = 17 dmin ���M�/r2 = 8:5 dmin �X

�Ç �h�?�2 �p���H�m�2�b �Q�7r2 ���M�/r2 �r�?�2�`�2 �+�?�Q�b�2�M �B�M �� �r���v �i�?���i �i�?�2 �r���F�2�b �;�2�M�2�`���i�2�/ �#�v �i�?�2

�M�2�t�i �+�Q�@�7�`���K�2 �B�M�i�2�`���+�i �r�B�i�? �i�?�2 �b�Q�H�B�/ �b�m�`�7���+�2 �Q�7 �i�?�2 �M�2�t�i �+�Q�@�7�`���K�2 ���M�/ �i�?�2�`�2�#�v

�/�B�b�`�m�T�i �i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/ �2�p�2�M �7�m�`�i�?�2�` �i�?���M �k�.�6 �;�`�B�/�b�X �� �T���`���K�2�i�`�B�+ �b�i�m�/�v �Q�M

�r���b �T�2�`�7�Q�`�K�2�/ �i�Q �b�2�2 �r�?���i �Q�T�i�B�K�m�K �T�Q�b�B�i�B�Q�M �Q�7r1 ���M�/r2 �b�?�Q�m�H�/ �#�2 �i���F�2�M�-

�?�Q�r�2�p�2�` �i�?�2 �p���H�m�2�b ���`�2 �M�Q�i �Q�T�i�B�K�m�K�X

�Ç �A�M �Q�`�/�2�` �i�Q �T�2�`�7�Q�`�K �.�L�a �Q�M �b�m�+�? �� �}�M�2 �K�2�b�?�- �i�?�2 �/�Q�K���B�M �B�b �/�2�+�Q�K�T�Q�b�2�/ �B�M�i�Q

�k�y�9�3 �+�H���b�b�2�b �r�?�2�`�2 �2���+�? �Q�7 �i�?�2�b�2 �+�H���b�b�2�b �B�b ���b�b�B�;�M�2�/ �i�Q �� �*�S�l �+�Q�`�2�X �a�Q �B�M �*���b�2

�R�- �k�y�9�3 �*�S�l �+�Q�`�2�b ���`�2 �m�b�2�/ �Q�M �>�S�* �7���+�B�H�B�i�v ���M�/ �B�M ���H�H �Q�i�?�2�` �+���b�2�b �k�j�e�y �*�S�l

�+�Q�`�2�b ���`�2 �m�b�2�/ �i�Q �T�2�`�7�Q�`�K �T���`���H�H�2�H �b�B�K�m�H���i�B�Q�M�b�X

�9�k



�Ç �S�`�Q�#�2�b ���M�/ �T�2�M�+�B�H�b ���`�2 �T�H���+�2�/ �B�M �T�H���+�2�b �Q�7 �B�M�i�2�`�2�b�i �i�Q �`�2�+�Q�`�/ �T�?�v�b�B�+���H �+�?���`���+�i�2�`�@

�B�b�i�B�+�b �Q�p�2�` �i�B�K�2�X �h�?�2 �T�`�Q�#�2�b �`�2�+�Q�`�/ �p���`�B�Q�m�b �~�Q�r �+�?���`���+�i�2�`�B�b�i�B�+�b �b�m�+�? ���b �p�2�H�Q�+�B�i�v�-

�;�`���/�B�2�M�i�b�- �T�`�2�b�b�m�`�2�- �p�Q�`�i�B�+�B�i�v�- �_�2�v�M�Q�H�/�b �b�i�`�2�b�b �i�2�M�b�Q�`�b ���M�/ �T���b�b�B�p�2 �b�+���H���`�b �2�i�+�X ��

�T�2�M�+�B�H �B�b �� �b�2�[�m�2�M�+�2 �Q�7 �T�`�Q�#�2�b �T�H���+�2�/ �B�M �i�?�2 �/�Q�K���B�M�X

�*���b�2 �j �U���V �*���b�2 �j �U�#�V
�S���`���K�2�i�2�`�b �j�.�a�j �j�.�a�9 �j�.�a�8 �j�.�a�e

� (�W) �k�8 �j�k �j�k �j�k
lx / dmin �8�d�e �8�d�e �8�d�e �8�d�e
l0/ dmin �8�d�X�e �8�d�X�e �8�d�X�e �8�d�X�e
l1/ dmin �k�3�X�3 �k�3�X�3 �k�3�X�3 �k�3�X�3
l2/ dmin �R�9�X�9 �R�9�X�9 �R�9�X�9 �R�9�X�9
d0/ dmin �R�9�X�9 �R�3�X�9 �R�3�X�9 �R�3�X�9
d1/ dmin �k�X�N�R�8 �k�X�N�R�8 �k�X�N�R�8 �k�X�N�R�8
d2/ dmin �R �R �R �R

�Q�`�/�2�` �U�#�vZ j �V Z0; Z1; Z2 Z0; Z1; Z2 Z1; Z0; Z2 Z2; Z1; Z0

r1/ dmin �R�d �R�d �R�d �R�d
r2/ dmin �3�X�8 �3�X�8 �3�X�8 �3�X�8

�h���#�H�2 �9�X�k�, �*���b�2 �j�U���V �Q�7 �+�Q�K�T���`�B�b�Q�M �Q�7 �;�`�B�/�b �p���`�v�B�M�; ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �#�H�Q�+�F���;�2 �`���@
�i�B�Q�X �*���b�2 �j�U�#�V �Q�7 �+�Q�K�T���`�B�b�Q�M �Q�7 �j�.�a �;�`�B�/�b �?���p�B�M�; �2�[�m���H �#�H�Q�+�F���;�2 �`���i�B�Q�b �#�m�i �/�B�z�2�`�2�M�i
���`�`���M�;�2�K�2�M�i �Q�7 �i�?�2 �b�T���`�b�2 �B�i�2�`���i�B�Q�M�bZ j �XZ j ���`�2 �/�2�}�M�2�/ �B�M �i�?�2 �}�;�m�`�2�b�9�X�R�+�X

�Ç �S���b�b�B�p�2 �b�+���H���`�b �i�`���M�b�T�Q�`�i �B�b �b�i�m�/�B�2�/ �#�v �b�Q�H�p�B�M�; �i�?�2 �+�Q�M�p�2�+�i�B�Q�M �/�B�z�m�b�B�Q�M �2�[�m���i�B�Q�M

@c
@t

+ r � (�mc) = r � (Dr c) �U�9�X�R�8�V

�r�?�2�`�2c �B�b �i�?�2 �b�+���H���` �#�2�B�M�; �i�`���M�b�T�Q�`�i�2�/�-�m�B�b �i�?�2 �~�Q�r �p�2�H�Q�+�B�i�v ���M�/D �B�b �i�?�2

�/�B�z�m�b�B�p�B�i�v �Q�7 �i�?�2 �b�+���H���`�X �a�+���H���` �i�`���M�b�T�Q�`�i �B�b ���M���H�Q�;�Q�m�b �i�Q �� �/�v�2 �Q�` �B�M�F �B�M �� �~�m�B�/

�i�Q �b�2�2 �?�Q�r �B�i �K�B�t�2�b�X

�Ç ���H�H �[�m���M�i�B�i�B�2�b ���`�2 �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �b�K���H�H�2�b�i �#���` �i�?�B�+�F�M�2�b�bd2 = dmin �Q�7 �i�?�2

�7�`���+�i���H �;�`�B�/ �U�k�.�6�V ���M�/ �� �i�B�K�2 �b�+���H�2 �#���b�2�/ �Q�Mdmin �B�b �/�2�}�M�2�/ �#�vdmin
U1

�r�?�2�`�2U1

�9�j



�U���VZ0 �U�#�VZ1

�U�+�VZ2

�6�B�;�m�`�2 �9�X�R�, �h�?�`�2�2 �/�B�z�2�`�2�M�i �7�`���+�i���H �B�i�2�`���i�B�Q�M�b �Q�7 �i�?�2 �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�X �1���+�? �B�i�2�`���@
�i�B�Q�M �B�b �b�2�T���`���i�2�/ �#�v �� �/�B�b�i���M�+�2r j ���M�/ �?�2�H�/ �B�M �B�i�b �Q�r�M �7�`���K�2 �B�M �i�?�2 �v�x�@�T�H���M�2 ���i �/�B�z�2�`�2�M�i
�H�Q�+���i�B�Q�M�b ���H�Q�M�; �i�?�2 �t�@���t�B�b�X
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�B�b �i�?�2 �B�M�~�Q�r �p�2�H�Q�+�B�i�v�X

�Ç �_�2�v�M�Q�H�/�b �M�m�K�#�2�`Redmin = dmin U1
� = 300 �r�?�2�`�2� �B�b �i�?�2 �/�v�M���K�B�+ �p�B�b�+�Q�b�B�i�v

�Q�7 �i�?�2 �~�m�B�/ ���M�/ �M�Q�`�K���H�B�x�2�/ �B�M�~�Q�r �p�2�H�Q�+�B�i�vU1 = 1�X ���H�H �i�?�2 �T���`���K�2�i�2�`�b �r�2�`�2

�+�?�Q�b�2�M �i�Q �K���i�+�? �i�?�2 �.�L�a �Q�7 �G�o�k�y�R�k �B�M �Q�`�/�2�` �i�Q �7���+�B�H�B�i���i�2 �i�?�2 �p���H�B�/���i�B�Q�M ���M�/ �i�?�2

�+�Q�K�T���`�B�b�Q�M �r�B�i�? �Q�m�` �Q�r�M �.�L�a�X

�Ç �h�Q�i���H �b�B�K�m�H���i�B�Q�M �i�B�K�2 �r���b �#���b�2�/ �Q�M �2�t�T�2�`�B�2�M�+�2 ���M�/ �H�B�i�2�`���i�m�`�2 �(�R�j�) �r�?�B�+�? �b�m�;�;�2�b�i�b

�i�?���i ���`�Q�m�M�/ �}�7�i�v �i�?�Q�m�b���M�/ �i�B�K�2�b �b�i�2�T�b ���`�2 �`�2�[�m�B�`�2�/ �i�Q �;�2�i �� �7�m�H�H�v �/�2�p�2�H�Q�T�2�/

�i�m�`�#�m�H�2�M�i �~�Q�r�X

�Ç �h�B�K�2 ���p�2�`���;�B�M�; �B�b �/�Q�M�2 �Q�p�2�` �i�?�2 �i�B�K�2 �r�?�2�M �i�?�2 �~�Q�r �B�b �7�m�H�H�v �/�2�p�2�H�Q�T�2�/�X �h�?�2 �i�B�K�2

�7�`�Q�K �j�8�ydmin / U1 �i�Q �e�8�ydmin / U1 �B�b �� �;�Q�Q�/ �b���K�T�H�2 �b�2�i �7�Q�` �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7

�i�m�`�#�m�H�2�M�+�2 �(�k�9�)�X �q�2 �i�Q�Q�F ���p�2�`���;�2�b �Q�p�2�` �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�b �b�i���`�i�B�M�; �7�`�Q�K �k�y�y

dmin / U1 ���M�/ �7�Q�m�M�/ �i�?���i �i�?�2 �p���`�B���i�B�Q�M �B�M �`�2�b�m�H�i�b ���`�2 �M�Q �K�Q�`�2 �i�?���M �8�W�X

�Ç �*�?���M�M�2�H �B�b �H�Q�M�; �2�M�Q�m�;�? �i�Q �2�b�i���#�H�B�b�? �i�m�`�#�m�H�2�M�+�2 �/�2�p�2�H�Q�T�2�/ ���H�H �i�?�2 �r���v �/�Q�r�M�@

�b�i�`�2���K ���M�/ �r�B�/�2 �2�M�Q�m�;�? �i�Q ���H�H�Q�r �;�2�M�2�`���i�B�Q�M �Q�7 �H���`�;�2 �b�+���H�2�b �7�`�Q�K �i�?�2 �K�2���M �~�Q�r�X

�h�?�2 �;�`�B�/�b �m�b�2�/ �B�M �i�?�B�b �b�i�m�/�v ���`�2 �+�?�Q�b�2�M �7�`�Q�K �H�B�i�2�`���i�m�`�2 �`�2�p�B�2�r�X �h�?�2�b�2 �b�i�m�/�B�2�b

�b�m�;�;�2�b�i �i�?���i �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? �b�?�Q�m�H�/ �#�2 ���i�H�2���b�i �R�y �i�B�K�2�b �i�?�2 �r�B�/�i�? �7�Q�` �?�Q�K�Q�;�2�M�2�B�i�v

���M�/ �B�b�Q�i�`�Q�T�v�- �#�m�i �i�?���i �r�Q�m�H�/ �#�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �p�2�`�v �2�t�T�2�M�b�B�p�2�X ���H�b�QD f = 2 �B�b

�i�?�2 �Q�T�i�B�K�m�K �7�`���+�i���H �/�B�K�2�M�b�B�Q�M ���M�/ �T�?�v�b�B�+���H�H�v ���+�+�m�`���i�2 �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �b�T���`�b�2 �;�`�B�/

�B�b �i�?�2 �K���t�B�K�m�K �Q�7 �#�H�Q�+�F���;�2 �Q�7 �i�?�2 �+�Q�@�7�`���K�2�b �`���i�?�2�` �i�?���M �i�?�2�B�` �b�m�K�X �J�Q�`�2�Q�p�2�`�- �i�Q

�`�2�b�Q�H�p�2 ���H�H �b�+���H�2�b �Q�7 �i�m�`�#�m�H�2�M�+�2�- �i�?�2 �b�B�K�m�H���i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �b�?�Q�m�H�/ �#�2 �}�p�2 �i�B�K�2�b �b�K���H�H�2�`

�i�?���M �b�K���H�H�2�b�i �#���` �i�?�B�+�F�M�2�b�b�X �h�?�B�b �B�K�T�H�B�2�b� x = � y = � z � dmin /5 �X �h�B�K�2 �b�i�2�T
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� t = 0:015dmin / U1 ���M�/ �i�?�2 �K�2�b�? �b�B�x�2� x = 0:2dmin �X �h�?�2 �~�Q�r �B�b �b�B�K�m�H���i�2�/ �7�Q�` �i�Q�i���H

�i�B�K�2 �Q�7800dmin / U1 �#�m�i �/�m�2 �i�Q �+�Q�K�T�m�i���i�B�Q�M �+�Q�b�i�b ���M�/ �b�i�Q�`���;�2 �H�B�K�B�i���i�B�Q�M�b �Q�M�H�v �j�y �7�m�H�H

�}�2�H�/ �b�M���T�b�?�Q�i�b ���`�2 �`�2�+�Q�`�/�2�/ �`���M�/�Q�K�H�v �Q�m�i �Q�7 �i�?�2 �i�Q�i���H �8�8 �i�?�Q�m�b���M�/ �~�Q�r �`�2���H�B�x���i�B�Q�M�b�X

�A�M�~�Q�r �p�2�H�Q�+�B�i�v �B�b �m�M�B�7�Q�`�KU1 �r�B�i�? �B�M�H�2�i �Q�m�i�H�2�i �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b ���H�Q�M�; �t�@���t�B�b ���M�/

�T�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b ���H�Q�M�; �v�@ ���M�/ �x�@���t�B�b�X �S�`�Q�#�2�b ���M�/ �T�2�M�+�B�H�b �r�2�`�2 ���H�b�Q �T�H���+�2�/

���i �B�K�T�Q�`�i���M�i �H�Q�+���i�B�Q�M�b �B�M �i�?�2 �+�?���M�M�2�H �i�Q �`�2�+�Q�`�/ �~�Q�r �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�p�2�` �i�?�2 �2�M�i�B�`�2

�b�B�K�m�H���i�B�Q�M �i�B�K�2 �`�2�b�m�H�i�B�M�; �B�M �� �7�2�r �i�2�`�� �#�B�i�2�b �Q�7 �b�B�K�m�H���i�B�Q�M �Q�m�i�T�m�i �`�2�[�m�B�`�B�M�; �?�2���p�v

�+�Q�K�T�m�i���i�B�Q�M �`�2�b�Q�m�`�+�2�b �7�Q�` �T�Q�b�i �T�`�Q�+�2�b�b�B�M�; �B�K���;�2�b�- �;�`���T�?�b ���M�/ �Q�i�?�2�` �+���H�+�m�H���i�B�Q�M�b�X ���H�H

�b�B�K�m�H���i�B�Q�M�b �r�2�`�2 �+���`�`�B�2�/ �Q�m�i �Q�M �i�?�2 �6���H�+�Q�M �>�B�;�? �S�2�`�7�Q�`�K���M�+�2 �*�Q�K�T�m�i�B�M�; �S�H���i�7�Q�`�K ���i

�E�B�M�; ���#�/�m�H�H���? �l�M�B�p�2�`�b�B�i�v �Q�7 �a�+�B�2�M�+�2 ���M�/ �h�2�+�?�M�Q�H�Q�;�v �E���l�a�h �a�?���?�2�2�M �A�A �>�S�*�X
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�*�>���S�h�1�_ �8

�_�1�a�l�G�h�a ���L�. �.�A�a�*�l�a�a�A�P�L

�8�X�R �*�Q�K�T���`�B�b�Q�M �Q�7 �_�:�R�- �k�.�6�R ���M�/ �j�.�a�R

�A�M �i�?�B�b �b�2�+�i�B�Q�M �i�?�`�2�2 �;�`�B�/�b�- �i�?�2 �+�H���b�b�B�+���H �`�2�;�m�H���` �;�`�B�/ �U�_�:�R�V �6�B�;�X�j�X�R�- �i�?�2 �~���i �7�`���+�i���H

�b�[�m���`�2 �;�`�B�/ �U�k�.�6�V �6�B�;�X�j�X�k���M�/ �i�?�2 �j�. �b�T���`�b�2 �;�`�B�/ �U�j�.�a�V �6�B�;�X�j�X�j���`�2 �B�M�p�2�b�i�B�;���i�2�/ �B�M ��

�+�?���M�M�2�H �~�Q�r �+�Q�M�}�;�m�`���i�B�Q�M�X �h�?�2 �T�m�`�T�Q�b�2 �B�b �i�Q �}�`�b�i�H�v�- �p���H�B�/���i�2 �i�?�2 �`�2�b�m�H�i�b �Q�7 �Q�m�` �/�B�`�2�+�i

�M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M ���;���B�M�b�i �i�?�Q�b�2 �Q�7 �G���B�x�2�i ���M�/ �o���b�b�B�H�H�B�+�Q�b �(�k�9�) ���M�/ �b�2�+�Q�M�/�H�v�- �i�Q

�+�Q�K�T���`�2 �i�?�Q�b�2 �`�2�b�m�H�i�b �r�B�i�? �i�?�2 �M�2�r �j�.�a �;�`�B�/�b�X ���b �r�2 �r�B�H�H �b�2�2�- �i�?�2�`�2 �B�b �� �H���`�;�2 �M�m�K�#�2�`

�Q�7 �+�Q�@�7�`���K�2 ���`�`���M�;�2�K�2�M�i�b ���M�/ �+�Q�@�7�`���K�2 �b�Q�H�B�/�B�i�B�2�b �Q�7 �i�?�2 �b���K�2 �K���t�B�K�m�K �b�Q�H�B�/�B�i�v ���M�/

�B�i �r�B�H�H �M�Q�i �#�2 �T�Q�b�b�B�#�H�2 �i�Q �+�Q�p�2�` ���H�H �i�?�2 �+���b�2�b �B�M �i�?�B�b �T�B�2�+�2 �Q�7 �r�Q�`�F�- �b�Q �r�2 �?���p�2 �b�2�H�2�+�i�2�/

�� �7�2�r �+���b�2�b �i�Q �#�2 �B�M�p�2�b�i�B�;���i�2�/ ���b ���M �B�M�B�i�B���H �+���b�2 �b�i�m�/�v �Q�7 �i�?�2 �j�.�a �;�`�B�/�b�X �h�?�B�b �b�2�+�i�B�Q�M

�/�2�b�+�`�B�#�2�b �b�B�K�m�H���i�B�Q�M �Q�7 �_�:�- �k�.�6 ���M�/ �j�.�a �;�`�B�/�b �?���p�B�M�; �2�[�m���H �2�z�2�+�i�B�p�2 �K�2�b�? �b�B�x�2�b ���M�/

�+�Q�K�T���`�2�b �i�?�2 �`�2�b�m�H�i�b �r�B�i�? �(�k�9�)�X �h�?�2 �+�?���M�M�2�H �B�b �� �+�Q�M�/�m�B�i �Q�7 �/�B�K�2�M�b�B�Q�M�bL x � L y � L z�-

�r�?�2�`�2L x / dmin = 460:8 ���M�/L y/ dmin = L z/ dmin = 115:2�X �h�?�2 �;�`�B�/ �B�b �T�H���+�2�/ ���i

x0/ dmin = 10 �B�M�b�B�/�2 �i�?�2 �+�?���M�M�2�H �i�Q ���p�Q�B�/ ���M�v �b�T�m�`�B�Q�m�b �2�z�2�+�i�b �7�`�Q�K �i�?�2 �B�M�B�i�B���H �~�Q�r

�}�2�H�/�X �h�?�2 �b�i�`�2���K�r�B�b�2 �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �i�?�`�2�2 �;�`�B�/�b �_�:�R�- �k�.�6�R ���M�/ �j�.�a�R �B�b2:4dmin �X
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�h�?�2 �B�M�~�Q�r �p�2�H�Q�+�B�i�v �B�b �� �m�M�B�7�Q�`�KU1 = 1 ���M�/ �B�M�B�i�B���H �p�2�H�Q�+�B�i�v �}�2�H�/ �B�b �b�2�i ���i(U1 ; 0; 0)

���i �i�?�2 �B�M�H�2�i �Q�7 �i�?�2 �+�?���M�M�2�H�- �r�?�B�+�? �v�B�2�H�/�b �� �_�2�v�M�Q�H�/�b �M�m�K�#�2�` �#���b�2�/ �Q�Mdmin �i�Q �#�2�-

Re =
U1 dmin

�
= 300: �U�8�X�R�V

�A�M�H�2�i�@�Q�m�i�H�2�i �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M �B�b �b�2�i �Q�M �i�?�2 �Q�m�i�H�2�i �#�Q�m�M�/���`�v �i�Q ���p�Q�B�/ ���M�v �`�2�p�2�`�b�2 �~�Q�r

�i�?���i �K�B�;�?�i �+���m�b�2 �i�?�2 �b�v�b�i�2�K �i�Q �p�B�Q�H���i�2 �K���b�b �+�Q�M�b�2�`�p���i�B�Q�M�X �h�?�2 �B�M�H�2�i�@�Q�m�i�H�2�i �#�Q�m�M�/���`�v

�+�Q�M�/�B�i�B�Q�M �B�b �� �i�v�T�2 �Q�7 �K�B�t�2�/ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M �r�?�B�+�? �?���b �� �b�r�B�i�+�? �r�?�2�`�2�#�v ���i �i�?�2

�Q�m�i�H�2�i �r�2 �?���p�2 �� �.�`�B�+�?�H�2�i �i�v�T�2 �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M �B�7 �i�?�2 �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�v �B�b �/�B�`�2�+�i�2�/

�B�M�i�Q �i�?�2 �+�?���M�M�2�H �#�m�i �B�i �b�r�B�i�+�?�2�b �i�Q �L�2�m�K���M�M �i�v�T�2 �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M �B�7 �i�?�2 �b�i�`�2���K�r�B�b�2

�p�2�H�Q�+�B�i�v �B�b �/�B�`�2�+�i�2�/ �Q�m�i �Q�7 �i�?�2 �+�?���M�M�2�H�X �S�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b ���`�2 ���T�T�H�B�2�/ ���i

�i�?�2 �r���H�H�b �B�M �i�?�2 �Q�i�?�2�` �i�r�Q �/�B�`�2�+�i�B�Q�M�b�X �"�H�Q�+�F���;�2 �`���i�B�Q� RG1 = � 2DF 1 = 32�W �r�?�2�`�2

���b� 3DS 1 = 15�W�X �h�?�2 �T���`���K�2�i�2�`�b �Q�7 �k�.�6�R ���`�2f l j ; dj g�X �A�M �j�.�a�R �;�`�B�/�b�- �i�?�2�`�2 ���`�2

���/�/�B�i�B�Q�M���H �T���`���K�2�i�2�`�br1 = x1� x0 ���M�/r2 = x2� x1 �r�?�B�+�? ���`�2 �i�?�2 �B�M�i�2�`�@�7�`���K�2 �/�B�b�i���M�+�2�b

�#�2�i�r�2�2�M �+�Q�M�b�2�+�m�i�B�p�2 �+�Q�@�7�`���K�2�b�- �K���F�B�M�; �B�i�b �T���`���K�2�i�2�` �b�T���+�2 �H���`�;�2�` �i�?���M �i�?���i �Q�7 �_�:�R

���M�/ �k�.�6�R�Xx j �B�b �i�?�2 �T�H���M�2 �Q�7j th �7�`���K�2 �B�M �j�.�a�R �Uj = 0; 1; 2�V �B�M �i�?�2 �+�?���M�M�2�H ���M�/ �i�?�2

�M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �/�B�b�i���M�+�2�b �#�2�i�r�2�2�M �i�?�2 �7�`���K�2�br1/ dmin = 17 ���M�/r2/ dmin = 8:5�X

�.�2�i���B�H�b �Q�7 �i�?�2 �;�`�B�/�b ���`�2 �;�B�p�2�M �B�M �h���#�H�2�9�X�R���M�/ �6�B�;�X�8�X�R�/�2�b�+�`�B�#�2�b �i�?�2 �j�. �b�T���`�b�2 �;�`�B�/ �B�M

�� �+�?���M�M�2�H �~�Q�r �+�Q�M�}�;�m�`���i�B�Q�M�X

�6�B�;�m�`�2�b�8�X�k�@�8�X�R�j�b�?�Q�r �+�Q�K�T���`�B�b�Q�M�b �Q�7 �i�m�`�#�m�H�2�M�+�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�#�i���B�M�2�/ �7�`�Q�K

�_�:�R�- �k�.�6�R�- ���M�/ �j�.�a�R �;�`�B�/�b �7�`�Q�K �.�L�a�X �h�?�2 �_�:�R ���M�/ �k�.�6�R �T�H�Q�i�b �K���i�+�? �i�?�2 �`�2�b�m�H�i�b

�Q�7 �G���x�B�2�i �� �o���b�b�B�H�B�+�Q�b �(�k�9�)�- �r�?�B�+�? �p���H�B�/���i�2�b �i�?�2 �+�m�`�`�2�M�i �.�L�a �7�Q�` �i�?�2�b�2 �+���H�+�m�H���i�B�Q�M�b

�#�2�+���m�b�2 �Q�m�` �T���`���K�2�i�2�` �p���H�m�2�b �?���p�2 �#�2�2�M �#���b�2�/ �m�T�Q�M �i�?�2 �b�B�K�m�H���i�B�Q�M�b �i�?���i �i�?�2�v �`���M�X
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�6�B�;�m�`�2 �8�X�R�, �j�.�a �;�`�B�/ �B�M �� �+�Q�M�/�m�B�i �r�?�2�`�2 �j�. �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/ �?���p�B�M�; �i�?�`�2�2 �7�`���K�2�b
�B�b �T�H���+�2�/ ���i �i�?�2 �B�M�H�2�i �Q�7 �i�?�2 �+�Q�M�/�m�B�i ���M�/ �i�?�2 ���`�`�Q�r�b �`�2�T�`�2�b�2�M�i �i�?�2 �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M
�B�M �r�?�B�+�? �i�?�2 �~�m�B�/ �B�b �~�Q�r�B�M�;�X

�_�2�b�m�H�i�b �7�`�Q�K �.�L�a �Q�7 �G���B�x�2�i �2�i�X���H�X �(�k�9�) �r�2�`�2 �p���H�B�/���i�2�/ ���;���B�M�b�i �2�t�T�2�`�B�K�2�M�i�b �Q�M �7�`���+�i���H

�;�`�B�/ �i�m�`�#�m�H�2�M�+�2 �;�B�p�2�M �B�M �>�m�`�b�i �2�i�X ���H�X �(�R�y�) �r�?�B�+�? ���/�/�b �i�Q �i�?�2 ���m�i�?�2�M�i�B�+�B�i�v �Q�7 �i�?�2 �.�L�a

�`�2�b�m�H�i�b �Q�7 �G���B�x�2�i �2�i�X ���H �U�k�y�R�k�V ���M�/ �i�?�2�`�2�7�Q�`�2�- ���H�b�Q �Q�m�` �r�Q�`�F�X

�6�B�;�m�`�2�b�8�X�k���-�8�X�k�#���M�/�8�X�k�+�b�?�Q�r �i�?�2 �T�H�Q�i�b �Q�7 �i�?�2 �b�i�`�2���K�r�B�b�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v

h(u0(x))2i 1/2 / U1 �r�?�2�`�2 �i�?�2 �K�2���M �B�b �i���F�2�M �Q�p�2�` �i�B�K�2�- ���M�/ �i�?�2 �b�i�`�2���K�r�B�b�2 �K�2���M �~�Q�r�-

U(x)/ U1 �- ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �_�:�R�- �k�.�6�R ���M�/ �j�.�a�R �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �p���H�m�2�b

�Q�7 �K�2���M �~�Q�r�b �B�M �i�?�2 �k�.�6�R ���M�/ �j�.�a�R ���`�2 �+�H�Q�b�2 �7�Q�` �K�Q�b�i �Q�7 �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�?�- ���M�/

�#�Q�i�? ���`�2 �b�B�;�M�B�}�+���M�i�H�v �?�B�;�?�2�` �i�?���M �B�M �i�?�2 �_�:�R �;�`�B�/�X �h�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �T�2���F�b ���i

x/ dmin u 10�- �/�B�2�b �b�H�Q�r�H�v �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �;�`�B�/ �B�M �_�:�R ���M�/ �/�B�2�b �/�Q�r�M �+�H�Q�b�2 �i�Q �i�?�2

�;�`�B�/ �#�m�i �b�m�b�i���B�M�b �i�B�H�H �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H�X �A�M �k�.�6�R�- �i�?�2 �B�M�i�2�M�b�B�i�v �B�M�+�`�2���b�2�b �+�H�Q�b�2

�i�Q �i�?�2 �;�`�B�/ �i�B�H�H �B�i �`�2���+�?�2�b �� �T�2���F ���`�Q�m�M�/x/ dmin u 180�- �r�?�B�+�? �r�2 �+���H�H �i�?�2 �T�`�Q�/�m�+�i�B�Q�M

�`�2�;�B�Q�M �#�m�i �7���`�i�?�2�` �/�Q�r�M�b�i�`�2���K �#�Q�i�? �_�:�R ���M�/ �k�.�6�R �/�2�+���v �/�Q�r�M �i�Q �� �H�Q�r �B�M�i�2�M�b�B�i�v�X

�A�M �j�.�a�R�- �i�?�2 �B�M�i�2�M�b�B�i�v �b�2�2�K�b �i�Q �#�2 �?���H�7 �i�?���i �Q�7 �k�.�6�R �r�?�B�+�? �B�b �m�M�/�2�`�b�i���M�/���#�H�2 ���b �i�?�2

�#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �j�.�a�R �B�b ���H�b�Q �?���H�7 �i�?���i �Q�7 �k�.�6�R�X

�6�B�;�m�`�2�b�8�X�j���-�8�X�j�#���M�/ �8�X�j�+�+�Q�K�T���`�2 �i�?�2 �b�i�`�2���K�r�B�b�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b
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�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�k�, �a�i�`�2���K�r�B�b�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v ���M�/ �i�B�K�2 ���p�2�`���;�2�/ �p�2�H�Q�+�B�i�v ���H�Q�M�;
�+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H�X

�8�y



h(u0)2i 1/2 / U1 ���H�Q�M�; �T�2�M�+�B�H�b �B�M �i�?�2 �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �+�?���M�M�2�H�- �b�i���`�i�B�M�; ���i

�p���`�B�Q�m�b(0; y; z) �H�Q�+���i�B�Q�M�b ���b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �/�B�z�2�`�2�M�i �+�Q�H�Q�`�b�X

�h�?�2 �T�2���F �B�M�i�2�M�b�B�i�B�2�b �B�M �i�?�2 �_�:�R �+���b�2 �Q�+�+�m�`�b �p�2�`�v �2���`�H�v �/�Q�r�M�b�i�`�2���K �#�m�i �i�?�2�M �/�B�2�b

�/�Q�r�M �`���T�B�/�H�v �U�T�Q�b�b�B�#�H�v �B�M�/�B�+���i�B�M�; �`���T�B�/ �K�B�t�B�M�;�V�X �h�?�2 �T�2���F �B�M�i�2�M�b�B�i�B�2�b �B�M �i�?�2 �k�.�6�R �B�b

�+�Q�K�T���`���#�H�2 �i�Q �_�:�R�- �#�m�i �i�?�2 �T�2���F�b �B�M �i�?�2 �j�.�a�R ���`�2 ���#�Q�m�i �8�y�W �H�Q�r�2�`�X �h�?�2 �H�Q�+���i�B�Q�M�b �Q�7

�i�?�2 �T�2���F�b �B�M �i�?�2 �k�.�6�R ���M�/ �j�.�a�R �Q�+�+�m�` ���i �b�B�K�B�H���` �H�Q�+���i�B�Q�M�b �#�2�i�r�2�2�Mx/ dmin = 25� 180�X

�6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �B�M�i�2�M�b�B�i�B�2�b �B�M �i�?�2 �k�.�6 ���M�/ �i�?�2 �j�.�a �B�b �b�m�b�i���B�M�2�/ �7�Q�` �K�m�+�? �H�Q�M�;�2�`

�/�Q�r�M�b�i�`�2���K �i�?���M �B�M �i�?�2 �_�:�R �� �B�M �i�?�2 �7�Q�`�K�2�` �i�r�Q �i�?�2 �B�M�i�2�M�b�B�i�B�2�b ���`�2 �b�i�B�H�H �b�B�;�M�B�}�+���M�i ���i

�i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H�X �"�m�i ���H�i�?�Q�m�;�? �i�?�2 �j�.�a�R �b�?�Q�r�b �H�Q�r�2�` �T�2���F �B�M�i�2�M�b�B�i�B�2�b�- �i�?�2 �H�2�p�2�H

�Q�7 �B�M�i�2�M�b�B�i�v �i�Q�r���`�/�b �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H ���7�i�2�`x/ dmin � 200 �B�b �Q�M�H�v �b�H�B�;�?�i�H�v �H�Q�r�2�`

�i�?���M �B�M �i�?�2 �k�.�6�R �� �i�?�B�b �B�b �`�2�K���`�F���#�H�2 �+�Q�M�b�B�/�2�`�B�M�; �i�?���i �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �B�M �i�?�2 �j�.�a�R

�B�b �R�8�W�- �r�?�B�+�? �B�b �?���H�7 �i�?���i �Q�7 �i�?�2 �k�.�6�R�X �A�M �7���+�i�- �i�?�2 �B�M�i�2�M�b�B�i�v �T�`�Q�}�H�2 �B�M �i�?�2 �k�.�6�R �B�b

�/�2�+�H�B�M�B�M�; �7���b�i�2�` �i�?���M �B�M �i�?�2 �j�.�a�- �b�Q �B�i �B�b �T�Q�b�b�B�#�H�2 �i�?���i �B�M �� �H�Q�M�;�2�` �+�?���M�M�2�H �i�?�2 �j�.�a�R

�K���v �v�2�i �b�?�Q�r �?�B�;�?�2�` �H�2�p�2�H �K�m�+�? �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K �� �i�?�B�b �r�B�H�H �#�2 �B�M�p�2�b�i�B�;���i�2�/ �B�M �i�?�2

�M�2�t�i �b�2�+�i�B�Q�M�X

�6�B�;�m�`�2�b�8�X�9�b�?�Q�r �i�?�2 �K�2���M �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�v�-U(y)/ U1 �- ���;���B�M�b�i �i�?�2 �i�`���M�b�p�2�`�b�2

�+�Q�Q�`�/�B�M���i�2�-y/ dmin �- �B�M �/�B�z�2�`�2�M�i �T�H���M�2�b �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H ���b �B�M�/�B�+���i�2�/ �#�v �i�?�2

�+�Q�H�Q�m�`�b�X �h�?�2 �_�:�R �K�2���M �~�Q�r �B�b �+�H�Q�b�2 �i�Q �m�M�B�i�v ���M�/ �M�2���`�H�v �~���i �7�Q�`x/ dmin > 150�X �h�?�2

�k�.�6�R �K�2���M �~�Q�r �b�?�Q�r�b �� �~���i �`�2�;�B�Q�M �r�B�i�?U(y)/ U1 � 1:2 �B�M �i�?�2 �+�2�M�i�`���H �T�Q�`�i�B�Q�M�- ���M�/

U(y)/ U1 � 0:85 �7�m�`�i�?�2�` �Q�m�i �7�`�Q�K �i�?�2 �+�2�M�i�2�` ���ix/ dmin � 150�X �h�?�B�b �T�`�Q�}�H�2 �i�?�2�M

�b�K�Q�Q�i�?�2�M�b �Q�m�i ���M�/ �/�2�+���v�b �i�Q �H�Q�r�2�` �T�2���F �p���H�m�2�b �7�Q�`x/ dmin > 150 �X �h�?�2 �j�.�a�R �T�`�Q�}�H�2

���i x/ dmin = 150 �B�b �M�2���`�H�v �~���i ���i �� �H�2�p�2�H �+�Q�K�T���`���#�H�2 �i�Q �i�?�2 �k�.�6�R ���iU(y)/ U1 � 1:1�-

�#�m�i �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K �/�2�p�2�H�Q�T�b �� �+�2�M�i�`���H �T�H���i�2���m �H�B�F�2 �i�?�2 �k�.�6�R �+���b�2 �i�?���i �~���i�i�2�M�b ���i

�8�R



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�j�, �a�i�`�2���K�r�B�b�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v ���H�Q�M�; �t�@���t�B�b �Q�7 �b�B�t �/�B�z�2�`�2�M�i �T�2�M�+�B�H�b
�B�M �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�b�X

�8�k



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�9�, �h�B�K�2 �K�2���M �Q�7 �t�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �7�`�Q�K
x/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�j



�i�?�2 �2�/�;�2�b �+�H�Q�b�2 �i�Q �m�M�B�i�v�X

�6�B�;�m�`�2�b�8�X�8�b�?�Q�r �i�?�2 �b�i�`�2���K�r�B�b�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�2�b�-h(u0)2i 1/2 / U1 ���;���B�M�b�i

y/ dmin �- �7�Q�` �i�?�2 �i�?�`�2�2 �;�`�B�/ �+���b�2�b�X �h�?�2 �_�:�R �B�b �2�b�b�2�M�i�B���H�H�v �~���i ���ix/ dmin = 150 ���`�Q�m�M�/

�3�W ���M�/ �i�?�2�M �/�2�+���v�B�M�; �i�Q�r���`�/�b �x�2�`�Q �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K�- ���M�/ �i�?�2 �k�.�6�R �b�i���`�i�b ���i �K�m�+�?

�?�B�;�?�2�` �B�M�i�2�M�b�B�i�v �Q�7 ���`�Q�m�M�/ �k�8�W ���M�/ �/�2�+���v�b �i�Q �� �M�2���`�H�v �~���i �R�y�W �#�v �i�?�2 �2�M�/ �Q�7 �i�?�2

�+�?���M�M�2�H�X �A�M �i�?�2 �j�.�a�R�- �i�?�2 �B�M�i�2�M�b�B�i�v ���p�2�`���;�2�b ���`�Q�m�M�/ �R�y�W �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �H�2�M�;�i�? �Q�7

�i�?�2 �+�?���M�M�2�H ���H�i�?�Q�m�;�? �B�i �B�b �K�m�+�? �K�Q�`�2 �T�2���F�2�/ �B�M �i�?�2 �+�2�M�i�2�` �i�?���M �B�M �i�?�2 �_�:�R �Q�` �i�?�2

�k�.�6�R �;�`�B�/�b�- �r�?�B�+�? �b�m�;�;�2�b�i�b �i�?���i �i�?�2 �i�m�`�#�m�H�2�M�+�2 ���+�i�B�p�B�i�v �B�b �K�Q�`�2 �+�Q�M�}�M�2�/ �r�B�i�?�B�M ��

�M���`�`�Q�r�2�` �+�2�M�i�`���H �`�2�;�B�Q�M�X

�6�B�;�m�`�2�b�8�X�e���M�/�8�X�d���`�2 �i�?�2 �i�`���M�b�p�2�`�b�2 �p�2�H�Q�+�B�i�v �+�Q�m�M�i�2�`�T���`�i�b �i�Q �6�B�;�X�8�X�9���M�/ �6�B�;�X�8�X�8

�`�2�b�T�2�+�i�B�p�2�H�v�-V(y)/ U1 ���M�/h(v0)2i 1/2 / U1 �- ���;���B�M�b�i �i�?�2 �i�`���M�b�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�-y/ dmin �-

�i���F�2�M �B�M �i�?�2 �b���K�2 �v�x�@�T�H���M�2�b ���b �#�2�7�Q�`�2�X �6�B�;�m�`�2�b�8�X�e�b�?�Q�r �i�?���i �K�2���M �v�@�p�2�H�Q�+�B�i�v �B�b

���H�K�Q�b�i ���H�r���v�b �M�2�;���i�B�p�2 �7�Q�` �k�.�6�R ���M�/ �j�.�a�R �+���b�2�X �6�B�;�m�`�2�8�X�d�b�?�Q�r �i�?���i �v�@�B�M�i�2�M�b�B�i�v �B�b

�?�B�;�?�2�b�i ���i �i�?�2 �+�2�M�i�2�` �B�M �k�.�6�R ���M�/ �H�Q�r�2�b�i ���i �i�?�2 �+�2�M�i�2�` �B�M �j�.�a�R�X

�6�B�;�m�`�2�b�8�X�3���M�/�8�X�N���`�2 �i�?�2 �p�2�`�i�B�+���H �p�2�H�Q�+�B�i�v �+�Q�m�M�i�2�`�T���`�i�b �i�Q�8�X�9���M�/�8�X�8�- �`�2�b�T�2�+�@

�i�B�p�2�H�v�-W(y)/ U1 ���M�/h(w0)2i 1/2 / U1 �- ���;���B�M�b�i �i�?�2 �i�`���M�b�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�-y/ dmin �- �i���F�2�M

���i �/�B�z�2�`�2�M�i �b�i���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H ���b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �+�Q�H�Q�m�`�b �B�M �i�?�2 �H�2�;�2�M�/�X

�6�B�;�m�`�2�8�X�9�-�8�X�e���M�/�8�X�3�b�?�Q�r �i�?���i �i�?�2 �K�2���M �p�2�H�Q�+�B�i�B�2�b �B�M �i�?�2 �H���i�2�`���H �/�B�`�2�+�i�B�Q�M�b ���`�2

�Q�M ���p�2�`���;�2 �+�H�Q�b�2 �i�Q �x�2�`�Q�X �h�?�B�b �B�b �2�t�+�2�T�i�2�/ �#�2�+���m�b�2 �i�?�2 �B�M�~�Q�r �B�b �b�i�`�2���K�r�B�b�2�X �>�Q�r�2�p�2�`�-

�i�?�2 �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �B�M �i�?�2 �H���i�2�`���H �/�B�`�2�+�i�B�Q�M�b�- ���M�/ ���H�b�Q

�B�M�8�X�j�- �B�M �i�?�2 �`�2�b�T�2�+�i�B�p�2 �;�`�B�/�b ���`�2 �M�Q�M�@�x�2�`�Q ���M�/ �Q�7 �+�Q�K�T���`���#�H�2 �K���;�M�B�i�m�/�2�- �B�M�/�B�+���i�B�M�;

�`�Q�m�;�?�H�v �B�b�Q�i�`�Q�T�B�+ �T�`�Q�/�m�+�i�B�Q�M �Q�7 �i�m�`�#�m�H�2�M�+�2 �2�M�2�`�;�v �B�M ���H�H �+���b�2�b�X

�6�B�;�m�`�2�8�X�R�y���- �8�X�R�y�#���M�/�8�X�R�y�+�b�?�Q�r �i�?�2 �i�m�`�#�m�H�2�M�+�2 �2�M�2�`�;�v �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�K

�8�9



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�8�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �t�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���i �}�p�2 �/�B�z�2�`�2�M�i
�H�Q�+���i�B�Q�M�b �7�`�Q�Kx/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�8



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�e�, �h�B�K�2 �K�2���M �Q�7 �v�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �7�`�Q�K
x/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�e



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�d�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �v�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b
�7�`�Q�Kx/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�d



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�3�, �h�B�K�2 �K�2���M �Q�7 �x�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �7�`�Q�K
x/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�3



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�N�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �x�@�+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b
�7�`�Q�Kx/ dmin = 150 �i�Qx/ dmin = 450 ���H�Q�M�; �v�@���t�B�b �r�?�2�`�2 �x�4�y�X

�8�N



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�R�y�, �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �S�Q�r�2�` �b�T�2�+�i�`�� �Q�7 �b�i�`�2���K�r�B�b�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �p�2�H�Q�+�B�i�v �~�m�+�@
�i�m���i�B�Q�M ���i �b�2�p�2�M �H�Q�+���i�B�Q�M�b �7�`�Q�Kx/ dmin = 13 �i�Qx/ dmin = 91�X

�e�y



���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �B�M �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �`�2�;�B�Q�M�X �h�?�2 �T�`�Q�#�2�b �r�2�`�2 �H�Q�+���i�2�/

���i �/�B�z�2�`�2�M�ixk / dmin �- �Uk = 1; 2; ::7�V �i�?���i �`�2�+�Q�`�/�2�/ �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�vu(xk ; t) �Q�7 �i�?�2

�~�Q�r �r�?�B�+�? �r�2�`�2 �+�Q�M�p�2�`�i�2�/ �B�M�i�Q �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�K �m�b�B�M�; �q�2�H�+�? �r�B�M�/�Q�r�X �1�[�m���i�B�Q�M

�U�k�X�k�k�V �B�b �m�b�2�/ �i�Q �+�Q�M�p�2�`�i �i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/ �B�M�i�Q �i�m�`�#�m�H�2�M�+�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�K ���b �2�t�T�H���B�M�2�/

�B�M �(�8�)�- �(�9�)�X �h���v�H�Q�`�ö�b �7�`�Q�x�2�M �}�2�H�/ �?�v�T�Q�i�?�2�b�B�b �B�b �i�?�2�M ���T�T�H�B�2�/ �i�Q �+�Q�M�p�2�`�i �i�?�2 �7�`�2�[�2�m�M�+�v

�b�T�2�+�i�`�� �B�M�i�Q �r���p�2�M�m�K�#�2�` �b�T�2�+�i�`�� ���b �B�i �B�K�T�H�B�2�b �i�?���i �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�KK � w/ U1

�r�?�2�`�2K �B�b �i�?�2 �r���p�2�M�m�K�#�2�` ���b �/�2�}�M�2�/ �B�M �2�[�m���i�B�Q�M �U�k�X�k�k�V�X �h�?�2 �`�2�b�m�H�i�b �Q�7�8�X�R�y�����M�/

�8�X�R�y�#�K���i�+�? �r�B�i�? �i�?�Q�b�2 �Q�7 �(�k�9�) ���M�/ �i�?�2�`�2�7�Q�`�2 �p���H�B�/���i�2 �i�?�2 ���+�+�m�`���+�v �Q�7 �Q�m�` �M�m�K�2�`�B�+���H

�b�B�K�m�H���i�B�Q�M�X�8�X�R�y�+�b�?�Q�r�b �H�Q�;�@�H�Q�; �Q�7 �i�m�`�#�m�H�2�M�+�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(K ) = � uu / U2
1 dmin

���;���B�M�b�iKd min (!d min / U1 ) �7�`�Q�K �j�.�a�R�X �h�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �i�m�`�#�m�H�2�M�+�2E � K � 5/3 �/�2�@

�p�2�H�Q�T�b �[�m�B�i�2 �2���`�H�v �B�M �_�:�R ���M�/ �Q�p�2�` �� �`���M�;�2 �Q�7 �b�+���H�2�b �B�M �i�?�2 �k�.�6�R�-K � 5/3 �b�T�2�+�i�`�m�K

�/�2�p�2�H�Q�T�b �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���Kx/ dmin > 90�X �"�m�i �B�M �j�.�a�R �i�?�2 �`���M�;�2 �Q�7K � 5/3 �b�T�2�+�i�`�m�K

�B�b �K�m�+�? �b�K���H�H�2�`�X �h�?�2 �b�T�B�F�2 �B�M �j�.�a�R ���i ���`�Q�m�M�/8� 10� 2 �+�Q�m�H�/ �#�2 �i�?�2 �`�2���b�Q�M �Q�7 �i�?�2 �i�m�`�@

�#�m�H�2�M�+�2 �+���m�b�2�/ �7�`�Q�K �i�?�2 �b�K���H�H�2�b�i �7�`���K�2 �B�M �j�.�a�R�X �*�H�2���`�H�v �j�.�a�R �/�2�H���v�b �i�?�2 �Q�M�b�2�i �Q�7 �7�m�H�H�v

�/�2�p�2�H�Q�T�2�/ �i�m�`�#�m�H�2�M�+�2 ���b �+�Q�K�T���`�2�/ �i�Q �_�:�R ���M�/ �k�.�6�R�X �k�.�6�R �+�H�2���`�H�v �7�Q�H�H�Q�r�b� 5/3 rd

�H���r ���i �i�?�2 �T�`�Q�#�2�b �7���`�i�?�2�b�i �7�`�Q�K �i�?�2 �;�`�B�/ ���M�/ �_�:�R �/�B�b�T�H���v�b �[�m�B�+�F �2�M�2�`�;�v �/�B�b�b�B�T���i�B�Q�M

���b �i�?�2�`�2 �B�b �M�Q �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �p���H�m�2�b �Q�7� uu �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H�X

�A�i �+���M �#�2 �+�Q�M�+�H�m�/�2�/ �i�?���i �B�M �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �`�2�;�B�Q�M�- �k�.�6�R ���M�/ �j�.�a�R �/�B�b�T�H���v �i�`�2�M�/�b

�i�Q�r���`�/�b �E�Q�H�K�Q�;�Q�`�Q�p �2�M�2�`�;�v �b�T�2�+�i�`�m�K �#�m�i �i�?�2 �K�2�+�?���M�B�b�K �7�Q�` �i�?�2 �2�M�2�`�;�v �+���b�+���/�2 �B�b

�M�Q�i �7�m�H�H�v ���T�T���`�2�M�i �(�k�N�)�- �(�8�)�- �(�R�R�)�X

�6�B�;�m�`�2�b�8�X�R�R�b�?�Q�r �i�?�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �p�Q�`�i�B�+�B�i�v(! 02(x))1/2 �T�`�Q�}�H�2�b �Q�7 �_�:�R�- �k�.�6�R

���M�/ �j�.�a�R �;�`�B�/�b �`�2�b�T�2�+�i�B�p�2�H�v�- ���H�Q�M�; �i�?�2 ���t�B���H �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �+�?���M�M�2�H�X �_�:�R �b�?�Q�r�b

�?�B�;�?�2�` �p�Q�`�i�B�+�B�i�v �B�M�i�2�M�b�B�i�v �r�?�B�+�? ���H�b�Q �/�2�+���v�b �p�2�`�v �7���b�i�X �h�?�2�Q�`�v �b�m�;�;�2�b�i�b �i�?���i �p�Q�`�i�2�t

�e�R



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�R�R�, �_�J�a �Q�7 �i�?�2 �b�i�`�2���K�r�B�b�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �p�Q�`�i�B�+�B�i�v ���H�Q�M�; �t�@���t�B�b ���i �b�B�t �/�B�z�2�`�2�M�i
�T�Q�B�M�i�b �B�M �i�?�2 �v�x�@�T�H���M�2 �b�?�Q�r�M �B�M �+�Q�H�Q�`�b �Q�M �i�?�2 �;�`�B�/ �H�2�;�2�M�/�X

�e�k



�i�m�#�2�b �T�H���v �p�B�i���H �`�Q�H�2 �B�M �2�M�2�`�;�v �i�`���M�b�7�2�` �B�M �i�m�`�#�m�H�2�M�+�2 �/�m�2 �i�Q �i�?�2�B�` �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �i�?�2

�K�2���M �~�Q�r ���M�/ �2���+�? �Q�i�?�2�` �(�k�N�)�X �>�Q�r�2�p�2�` �p�Q�`�i�B�+�2�b �#�v �i�?�2�K�b�2�H�p�2�b ���`�2 �M�Q�i �2�z�2�+�i�B�p�2 �B�M

�K�B�t�B�M�; �b�B�M�+�2 �i�?�2 �H�Q�+���H �K�Q�i�B�Q�M �B�b �H�B�F�2 �b�Q�H�B�/ �#�Q�/�v �`�Q�i���i�B�Q�M�X �h�?�2 �i�m�`�#�m�H�2�M�i �p�Q�`�i�B�+�B�i�v �T�`�Q�@

�/�m�+�i�B�Q�M ���M�/ �/�2�+���v �B�b �M�Q�i���#�H�v �/�B�z�2�`�2�M�i �B�M �i�?�2 �k�.�6�R ���M�/ �j�.�a�R�X �"�Q�i�? �b�?�Q�r �b�i���;�;�2�`�2�/

�Q�` �/�2�H���v�2�/ �T�2���F�b �/�Q�r�M�b�i�`�2���K �/�2�T�2�M�/�B�M�; �m�T�Q�M �i�?�2 �T�2�M�+�B�H �@ ���M �B�M�/�B�+���i�B�Q�M �Q�7 �B�M�?�Q�K�Q�@

�;�2�M�2�B�i�v�X ���H�i�?�Q�m�;�? �i�?�2 �H�Q�+���i�B�Q�M�b �Q�7 �i�?�2 �T�2���F�b �B�M �i�?�2 �k�.�6�R ���M�/ �j�.�a�R ���`�2 ���i �b�B�K�B�H���`

�v�x�@�T�H���M�2�b�- �i�?�2 �T�2���F�b �B�M �j�.�a�R ���`�2 ���#�Q�m�i �8�y�W �Q�7 �i�?���i �B�M �i�?�2 �k�.�6�R ���H�Q�M�; �K�Q�b�i �Q�7 �i�?�2

�T�2�M�+�B�H�b�X

�J�2���M �b�+���H���` �i�`���M�b�T�Q�`�i �T�`�Q�}�H�2�b �Q�7 �_�:�R�- �k�.�6�R ���M�/ �j�.�a�R ���`�2 �b�?�Q�r�M �B�M �6�B�;�X�8�X�R�k

�7�Q�` �� �`���M�;�2 �Q�7 �i�m�`�#�m�H�2�M�+�2 �a�+�?�K�B�/�i �M�m�K�#�2�`�bSct = � t
Dt �r�?�2�`�2� t = 1d3

min / U1 �B�b �i�?�2

�H�Q�+���H �2�/�/�v �p�B�b�+�Q�b�B�i�v ���M�/D t = 0:25; 0:5; 0:75; 1; 1:33; 2d3
min / U1 �B�b �i�?�2 �/�B�z�m�b�B�p�B�i�v�X �h�?�2

�T���b�b�B�p�2 �b�+���H���` �B�b �� �H�B�M�2 ���H�Q�M�; �i�?�2 �x�@���t�B�b �r�?�2�`�2x/ dmin = 5; y/ dmin = 0�- �r�B�i�? �B�M�B�i�B���H

�+�Q�M�+�2�M�i�`���i�B�Q�M �b�2�i �2�[�m���H �i�Q �m�M�B�i�v�X �h�?�2 �i�`�2�M�/�b �B�M ���H�H �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M�b �7�Q�` �/�B�z�2�`�2�M�i

Sct �p���H�m�2�b ���`�2 �p�2�`�v �b�B�K�B�H���` �[�m���M�i�B�i���i�B�p�2�H�v�- �r�B�i�? �i�?�2 �Q�M�H�v �2�t�+�2�T�i�B�Q�M �Q�7Sct = 0:5 ���i

�r�?�2�`�2 �?�B�;�?�2�` �B�M�i�2�M�b�B�i�v �+���M �#�2 �b�2�2�M �B�M �6�B�;�X�\�\�X

�_�J�a �b�+���H���` �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �+�2�M�i�2�`�H�B�M�2 �Q�7 �_�:�R�- �k�.�6�R ���M�/ �j�.�a�R �B�b �/�B�b�T�H���v�2�/

�B�M �6�B�;�X�8�X�R�j�7�Q�` �� �`���M�;�2 �Q�7 �i�m�`�#�m�H�2�M�+�2 �a�+�?�K�B�/�i �M�m�K�#�2�`�bSct = 0:5; 0:75; 1; 1:333; 2; 4�X

���b Sct �B�M�+�`�2���b�2�b�- �+�Q�M�+�2�M�i�`���i�B�Q�M �p���`�B���i�B�Q�M �Q�7 �b�+���H���` �/�2�+���v�b �b�i�2���/�B�H�v �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2

�+�?���M�M�2�H�X �6�Q�`Sct > 0:5 �i�?�2 �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M�b ���`�2 ���H�b�Q �[�m���H�B�i���i�B�p�2�H�v

�b�B�K�B�H���`�X �h�?�B�b �B�b ���M �B�M�/�B�+���i�Q�` �Q�7 �#�2�i�i�2�` �K�B�t�B�M�; ���M�/ �6�B�;�X�8�X�R�j�+�b�?�Q�r�b �?�Q�r �+�Q�M�+�2�M�i�`���i�B�Q�M

�B�M�i�2�M�b�B�i�v �`�B�b�2�b �i�?�`�Q�m�;�?�Q�m�i �7�Q�` ���H�H �p���`�B���i�B�Q�M�b �Q�7Sct �+�Q�M�b�B�b�i�2�M�i�H�v�X �h�?�B�b �B�b �2�[�m�B�p���H�2�M�i �Q�7 ��

�+�Q�M�+�2�M�i�`���i�2�/ �/�v�2 �#�2�B�M�; �T�H���+�2�/ �B�M �i�?�2 �~�m�B�/ ���i �i�?�2 �+�2�M�i�2�` ���M�/ �`�2�+�Q�`�/�B�M�; �i�?�2 �p���`�B���i�B�Q�M

�B�M �B�i�b �+�Q�M�+�2�M�i�`���i�B�Q�M ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H�X ���i �i�?�2 �2�M�/�- �i�?�2 �/�v�2 �r�B�H�H �?���p�2

�e�j



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�R�k�, �a�i�`�2���K�r�B�b�2 �K�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2 �Q�7 �� �T���b�b�B�p�2 �b�+���H���` �T�2�M�+�B�H
���H�Q�M�; �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�B�t �/�B�z�2�`�2�M�i �i�m�`�#�m�H�2�M�+�2 �b�+�?�K�B�/�i �M�m�K�#�2�`�bSct �X

�e�9



�U���V �_�:�R �U�#�V �k�.�6�R

�U�+�V �j�.�a�R

�6�B�;�m�`�2 �8�X�R�j�, �a�i�`�2���K�r�B�b�2 �_�J�a �~�m�+�i�m���i�B�Q�M�b �Q�7 �i�?�2 �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �� �T���b�b�B�p�2 �b�+���H���`
�T�2�M�+�B�H ���H�Q�M�; �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�B�t �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�bSct =
0:5; 0:75; 1; 1:333; 2; 4�X
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�/�B�b�b�Q�H�p�2�/ �B�M �j�.�a�R ���b �r�2�H�H ���b �B�i �r�Q�m�H�/ �B�M �i�?�2 �;�`�B�/�b �k�.�6�R ���M�/ �_�:�R �;�`�B�/�b �r�?�B�+�? �?���p�2

�� �K�m�+�? �?�B�;�?�2�` �#�H�Q�+�F���;�2 �`���i�B�Q �i�?���M �j�.�a�R�X �"�2�+���m�b�2 �Q�7 �i�?�2 �H���`�;�2 �T���`���K�2�i�2�` �b�T���+�2 �i�?���i

�j�.�a �;�`�B�/�b �Q�z�2�`�- �Q�M�2 �+���M �+�Q�p�2�` �� �p���b�i �`���M�;�2 �Q�7 �T���`���K�2�i�`�B�+ �b�i�m�/�B�2�b �Q�7 �i�m�`�#�m�H�2�M�+�2 �r�?�B�+�?
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�b�Q�K�2�r�?�2�`�2 �B�M �#�2�i�r�2�2�M�X �h�?�2 �p�2�H�Q�+�B�i�v �+�Q�M�i�Q�m�` �b�M���T�b�?�Q�i�b ���`�2 �i���F�2�M ���i �i�?�2 �b�B�K�m�H���i�B�Q�M
�i�B�K�2500T�X

�A�M �i�?�2 �}�;�m�`�2�8�X�R�3�r�2 �b�2�2 �B�M�b�i���M�i���M�2�Q�m�b �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�v �+�Q�K�T�Q�M�2�M�i �b�H�B�+�2�b �B�M �i�?�2

�v�x�@�T�H���M�2 ���i �H�Q�+���i�B�Q�M�bx/ dmin = 30; 60; 90; 200 �Q�7 �i�?�2 �+�Q�M�/�m�B�i�X ���ix/ dmin = 30�- �_�:�k�-

�b�?�Q�r�b ���H�K�Q�b�i �M�Q �`�2�p�2�`�b�2 �~�Q�r �m�M�H�B�F�2 �k�.�6�k ���M�/ �j�.�a�k �r�?�2�`�2 �/���`�F �#�H�m�2 �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�b

�d�R



�`�2�p�2�`�b�2 �~�Q�r�X ���ix/ dm in = 60�- �Q�M�H�v �k�.�6�k �b�?�Q�r�b �b�B�;�M�b �Q�7 �`�2�p�2�`�b�2 �~�Q�r �b�i�B�H�H �T�`�2�b�2�M�i

�r�?�2�`�2 ���b �B�M �_�:�k ���M�/ �j�.�a�k �i�?�2 �~�Q�r �B�b �/�B�`�2�+�i�2�/ ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M�X �h�?�2

�2�z�2�+�i �Q�7 �i�?�2 �;�`�B�/�b �B�b �p�B�b�B�#�H�2 �2�p�2�M ���ix/ dmin = 90 �B�M ���H�H �i�?�`�2�2 �;�`�B�/�b �#�m�i �k�.�6�k �b�?�Q�r�b �K�Q�`�2

�`���M�/�Q�K�M�2�b�b �r�?�B�+�? �B�M�/�B�+���i�2 �#�2�i�i�2�` �K�B�t�B�M�; �i�?���i �_�:�k ���M�/ �j�.�a�k ���M�/ �B�i �+���M �#�2 �b�2�2�M �i�?���i

�i�?�B�b �B�b �b�i�B�H�H �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �`�2�;�B�Q�M10 � x/ dmin � 180�Q�7 �i�?�2 �+�Q�M�/�m�B�i�X ���ix/ dmin = 200

�i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/ �?���b �?�Q�K�Q�;�2�M�B�x�2�/ �B�M ���H�H �i�?�`�2�2 �;�`�B�/�b�- �i�?�2 �+�Q�M�i�Q�m�`�b �Q�7 �k�.�6�k ���M�/ �j�.�a�k

���`�2 �p�2�`�v �b�B�K�B�H���` ���M�/ �B�M �_�:�k �M�Q �p���`�B���i�B�Q�M�b ���`�2 �p�B�b�B�#�H�2 �7�`�Q�K �i�?�B�b �T�Q�B�M�i �Q�M�X

���H�H �i�?�2 �T�H�Q�i�b �Q�7 �k�.�6�k ���M�/ �j�.�a�k �b�?�Q�r �b�i�`�Q�M�; �2�p�B�/�2�M�+�2 �Q�7 �2�M�i�`���B�M�K�2�M�i�X �1�M�i�`���B�M�K�2�M�i

�Q�+�+�m�`�b ���+�`�Q�b�b �i�?�2 �#�Q�m�M�/���`�v �Q�7 �i�r�Q �#�Q�/�B�2�b �Q�7 �~�Q�r�b�- �b�m�+�? ���b �B�M �i�?�2 �#�Q�m�M�/���`�v �Q�7 �D�2�i�b ���M�/

�r���F�2�b�X �a�r�B�`�H�B�M�; ���M�/ �~�m�+�i�m���i�B�M�; �K�Q�i�B�Q�M�b �`�2�;�m�H���`�H�v �2�M�;�m�H�7 �b�K���H�H �#�Q�/�B�2�b �Q�7 �~�m�B�/ �7�`�Q�K

�i�?�2 �Q�m�i�b�B�/�2 �i�Q �i�?�2 �B�M�b�B�/�2�X �A�M �6�B�;�X�8�X�R�3�B�i �+���M �#�2 �b�2�2�M �i�?���i ���H�i�?�Q�m�;�? �i�?�2 �i�m�`�#�m�H�2�M�+�2

���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �B�b �T�`�B�K���`�B�H�v �H�Q�r�- �#�m�i �B�i �B�b �#�2�B�M�; �+�Q�M�i�B�M�m�Q�m�b�H�v �b�r�2�T�i �7�`�Q�K ���`�Q�m�M�/

�i�?�2 �+�2�M�i�2�`�H�B�M�2 �B�M�i�Q �i�?�2 �+�2�M�i�2�`�X �h�?�m�b �B�i �B�b �� �K�2�+�?���M�B�b�K �r�?�B�+�? �K���B�M�i���B�M�b �i�?�2 �+�2�M�i�2�`�H�B�M�2

�i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �7�Q�` �b�Q �H�Q�M�; �/�Q�r�M�b�i�`�2���K�X �a�m�+�? �� �K�2�+�?���M�B�b�K �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �B�M �i�?�2

�+���b�2 �Q�7 �_�: �;�`�B�/�b �r�?�B�+�? ���`�2 �?�Q�K�Q�;�2�M�B�x�2�/ �p�2�`�v �2���`�H�v�X

�J�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �B�b �b�?�Q�r�M �B�M �6�B�;�X�8�X�R�N

�7�Q�` �� �`���M�;�2 �Q�7 �b�+�?�K�B�/�i �M�m�K�#�2�` �p���H�m�2�bSc = 0:5; 0:75; 1; 1:3; 2; 4 ���b �b�2�2�M �B�M �i�?�2 �H�2�;�2�M�/�X

�h�?�2 �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2�b �Q�7 �_�:�k�- �k�.�6�k ���M�/ �j�.�a�k ���`�2 �p�2�`�v �b�B�K�B�H���`�X �A�M�+�`�2���b�B�M�; �i�?�2

�H�2�M�;�i�? �Q�7 �+�?���M�M�2�H �?���b �M�Q �2�z�2�+�i �Q�M �i�?�2 �K�2���M �b�+���H���` �/�B�z�m�b�B�Q�M �B�M �i�?�2 �b�2�M�b�2 �i�?���i �i�?�2

�K�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �B�M �b�i�2���/�v �b�i���i�2 �B�b ���H�K�Q�b�i �+�Q�M�b�i���M�i ���H�H ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2

�Q�7 �i�?�2 �+�Q�M�/�m�B�i �7�Q�` ���H�H �p���`�B���i�B�Q�M�b �Q�7 �i�?�2 �i�m�`�m�#�H�2�M�i �b�+�?�K�B�/�i �M�m�K�#�2�` �2�t�+�2�T�i �r�?�2�M �a�+�?�K�B�/�i

�M�m�K�#�2�` �B�b0:5�X ���b �b�+�?�K�B�/�i �M�m�K�#�2�` �;�`�Q�r�b�- �/�B�z�m�b�B�p�B�i�v �B�b �`�2�/�m�+�2�/ ���M�/ �?�2�M�+�2 �i�?�2 �`���i�2

�Q�7 �B�M�+�`�2���b�2 �B�M �+�Q�M�+�2�M�i�`���i�B�Q�M ���b �� �7�m�M�+�i�B�Q�M �Q�7 �+�?���M�M�2�H �H�2�M�;�i�? �/�2�+�`�2���b�2�b �r�B�i�? �B�M�+�`�2���b�2

�d�k



�U���V �_�:�k �U�#�V �k�.�6�k

�U�+�V �j�.�a�k

�6�B�;�m�`�2 �8�X�R�N�, �a�i�`�2���K�r�B�b�2 �K�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2 �Q�7 �� �T���b�b�B�p�2 �b�+���H���` �T�2�M�+�B�H
�T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�2�p�2�M �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�b�X

�d�j



�B�M �b�+�?�K�B�/�i �M�m�K�#�2�`�X �h�?�B�b �B�M�/�B�+���i�2�b �i�?���i �b�i�2���/�v �b�i���i�2 �B�b �`�2���+�?�2�/ ���M�/ �i�?�2 �B�M�+�`�2���b�2 �B�M

�K�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M ���H�Q�M�; �i�?�2 ���t�B���H �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �~�Q�r �B�M�/�B�+���i�2�b �?�Q�K�Q�;�2�M�2�B�i�v

�7���`�i�?�2�b�i �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H�X �h�?�2 �K�2���M �b�+���H���` �T�`�Q�}�H�2 �Q�7 �j�.�a�k �H�B�2�b �b�Q�K�2�r�?�2�`�2

�#�2�i�r�2�2�M �i�?�Q�b�2 �Q�7 �_�:�k ���M�/ �k�.�6�k �r�B�i�? �_�:�k �?���p�B�M�; �i�?�2 �?�B�;�?�2�b�i �+�Q�M�+�2�M�i�`���i�B�Q�M�b �7�Q�H�@

�H�Q�r�2�/ �#�v �j�.�a�k�- �r�?�B�H�2 �k�.�6�k �/�B�b�T�H���v�b �b�H�B�;�?�i�H�v �H�Q�r�2�` �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �i�?�2 �T���b�b�B�p�2 �b�+���H���`

�/�Q�r�M�b�i�`�2���K�X

�_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M�b �B�M ���t�B���H �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �~�Q�r

�7�Q�` �_�:�k�- �k�.�6�k ���M�/ �j�.�a�k �B�b �b�?�Q�r�M �B�M �6�B�;�X�8�X�k�y�X �>�B�;�?�2�b�i �H�2�p�2�H�b �Q�7 �b�+���H���` �~�m�+�i�m���i�B�Q�M�b

���`�2 �b�2�2�M �B�M �_�:�k �r�?�2�M �b�+�?�K�B�/�i �M�m�K�#�2�` �B�b �p�2�`�v �b�K���H�H�X �"�m�i ���b �i�?�2 �i�m�`�#�m�H�2�M�+�2 �b�+�?�K�B�/�i

�M�m�K�#�2�` �;�`�Q�r�b�- �i�?�2 �b�+���H���` �~�m�+�i�m���i�B�Q�M�b �`�B�b�2 �B�M �k�.�6�k �;�`�B�/ ���b �r�2�H�H ���b �B�M �j�.�a�k�X �P�p�2�`���H�H�-

�i�?�2 �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M�b �/�2�+�`�2���b�2 �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H ���M�/ �#�2�+�Q�K�2 ���H�K�Q�b�i

�+�Q�M�b�i���M�i ���7�i�2�`x/ dmin = 450 �7�Q�` ���H�H �i�?�2 �;�`�B�/�b�X �6�`�Q�K �i�?�2 �;�`���T�?�b �B�i �+���M �#�2 �b�i���i�2�/ �i�?���i

�r�?�2�M �b�+�?�K�B�/�i �M�m�K�#�2�` �Q�7 �i�?�2 �T���b�b�B�p�2 �b�+���H���` �B�M�+�`�2���b�2�b�- �i�?�2 �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M�b

�`�B�b�2 �B�M �i�?�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �B�M�+�`�2���b�B�M�; �b�+�?�K�B�/�i �M�m�K�#�2�` �/�Q�2�b �M�Q�i

���z�2�+�i �i�?�2 �+�H���b�b�B�+���H �`�2�;�m�H���` �;�`�B�/ ���b �K�m�+�?�X ���M �Q�p�2�`���H�H �~���i �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2

�7�Q�` ���H�H �i�?�2 �;�`�B�/�b �B�M�/�B�+���i�2�b �?�Q�K�Q�;�2�M�2�B�i�v ���M�/ �+�Q�M�i�B�M�m�Q�m�b �K�B�t�B�M�; �Q�7 �i�?�2 �T���b�b�B�p�2 �b�+���H���`�X

�G�Q�r�2�b�i �p���H�m�2 �Q�7 �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M �B�b �Q�#�b�2�`�p�2�/ �7�Q�`Sc = 1 ���M�/ �?�B�;�?�2�b�i

�p���H�m�2 �B�b �Q�#�b�2�`�p�2�/ �7�Q�`Sc= 0:5�X

�d�9



�U���V �_�:�k �U�#�V �k�.�6�k

�U�+�V �j�.�a�k

�6�B�;�m�`�2 �8�X�k�y�, �a�i�`�2���K�r�B�b�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �b�+���H���` �/�B�z�m�b�B�Q�M �T�`�Q�}�H�2 �Q�7 �� �T���b�b�B�p�2 �b�+���H���`
�T�2�M�+�B�H �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �r�B�i�? �b�B�t �/�B�z�2�`�2�M�i �i�m�`�#�m�H�2�M�+�2
�a�+�?�K�B�/�i �M�m�K�#�2�`�bSct �X

�d�8



�8�X�j �*�Q�K�T���`�B�b�Q�M �Q�7 �j�.�a�k�- �j�.�a�j�- ���M�/ �j�.�a�9

�h�?�2 �j�.�a �;�`�B�/�b �T�Q�b�b�2�b�b �� �K�m�+�? �H���`�;�2�` �T���`���K�2�i�2�` �b�T���+�2 �i�?���M �k�. �7�`���+�i���H �;�`�B�/�b�X �h�?�2

�M�2�r �T���`���K�2�i�2�`�b �2�t�+�H�m�b�B�p�2 �i�Q �i�?�2 �j�.�a �;�`�B�/�b ���`�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q�b� Max
3DS =

Max f � 0; � 1; � 2g �r�?�2�`�2� j �ö�b ���`�2 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�7 �i�?�2j th �+�Q�@�7�`���K�2 �Q�7 �i�?�2 �j�.�a �;�`�B�/

�b�v�b�i�2�K�- �7�`���K�2 �b�2�T���`���i�B�Q�Mr j ���M�/ �Q�`�/�2�` �Q�7 �+�Q�@�7�`���K�2 ���`�`���M�;�2�K�2�M�iZ j �X �A�M �i�?�B�b �b�2�+�i�B�Q�M �i�?�2

�j�.�a �;�`�B�/�b �j�.�a�k�- �j�.�a�j ���M�/ �j�.�a�9 ���`�2 �+�Q�K�T���`�2�/ ���b �i�?�2 �;�`�B�/�b �?���p�2 �2�[�m���H �7�`���K�2 �b�2�T���`���i�B�Q�M

f r1 = 17dmin ; r2 = 8:5dmin g ���M�/ �i�?�2 �b���K�2 �Q�`�/�2�` �Q�7 �+�Q�@�7�`���K�2 ���`�`���M�;�2�K�2�M�iZ0; Z1; Z2

�#�m�i �/�B�z�2�`�2�M�i �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q�b�X �h�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�7 �j�.�a�k�- �j�.�a�j ���M�/ �j�.�a�9

���`�2 �R�8�W�- �k�9�W ���M�/ �j�k�W �`�2�b�T�2�+�i�B�p�2�H�v �r�?�B�+�? �B�b ���+�?�B�2�p�2�/ �#�v ���H�i�2�`�B�M�; �i�?�2 �i�?�B�+�F�M�2�b�bd0 �Q�7

�i�?�2 �}�`�b�i �+�Q�@�7�`���K�2 �Q�7 �2���+�? �Q�7 �i�?�2 �b�T���`�b�2 �;�`�B�/ �b�v�b�i�2�K�X �a�B�M�+�2 ���H�H �Q�i�?�2�` �T���`���K�2�i�2�`�b ���`�2

�i�?�2 �b���K�2�- �i�?�B�b �b�i�m�/�v �r�B�H�H �?�B�;�?�H�B�;�?�i �i�?�2 �2�z�2�+�i �Q�7 �p���`�B���i�B�Q�M �B�M �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�7 �i�?�2

�;�`�B�/�b�X �h�?�2 �b�2�i �Q�7 �b�B�K�m�H���i�B�Q�M�b �r���b ���H�b�Q �+�Q�M�/�m�+�i�2�/ �m�b�B�M�; �i�?�2 �`�Q�#�m�b�i �}�M�B�i�2 �p�Q�H�m�K�2 �#���b�2�/

�S�A�a�P ���H�;�Q�`�B�i�?�K �Q�M �E���l�a�h �a�?���?�2�2�M �>�S�* �2�M�p�B�`�Q�M�K�2�M�i �m�b�B�M�; �*�Y�Y �#���b�2�/ �i�Q�Q�H�#�Q�t�X ���b

�#�2�7�Q�`�2�- �T�`�Q�#�2�b ���M�/ �T�2�M�+�B�H�b �r�2�`�2 �T�H���+�2�/ �B�M �i�?�2 �+�?���M�M�2�H �i�Q �`�2�+�Q�`�/ �b�T���i�B���H ���M�/ �i�2�K�T�Q�`���H

�b�2�[�m�2�M�+�2�b �Q�7 �/���i�� �Q�p�2�` �� �i�B�K�2 �Q�p�2�` �r�?�B�+�? �i�?�2 �~�Q�r �`�2���+�?�2�/ �b�i�2���/�v �b�i���i�2�X �P�p�2�` �}�7�i�v

�i�?�Q�m�b���M�/ �i�B�K�2 �b�i�2�T�b �Q�7 �/���i�� �B�b �`�2�+�Q�`�/�2�/ ���M�/ ���i �i�?�2 �b���K�2 �i�B�K�2�- �+�Q�K�T�H�2�i�2 �b�M���T�b�?�Q�i�b

�Q�7 �i�?�2 �/�Q�K���B�M ���i �i�?�B�`�i�v �`���M�/�Q�K �T�Q�B�M�i�b �B�M �i�B�K�2 ���`�2 ���H�b�Q �b���p�2�/�X �.�m�2 �i�Q �H�B�K�B�i���i�B�Q�M�b �B�M

�/���i�� �b�i�Q�`���;�2�- �M�Q�i �2�p�2�`�v�i�?�B�M�; �+���M �#�2 �b���p�2�/ ���b �i�?�2 �/���i�� �;�2�M�2�`���i�2�/ �#�v �i�?�2�b�2 �b�B�K�m�H���i�B�Q�M�b

�B�b �p�2�`�v �H���`�;�2�X

�a�i���`�i�B�M�; �r�B�i�? �j�.�a�k ���b �Q�m�` �#���b�2 �+���b�2 �r�2 �B�M�+�`�2���b�2 �i�?�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7

�i�?�2 �M�2�r �;�`�B�/ �j�.�a�j �i�Q �k�9�W ���M�/ �2�p�2�M�i�m���H�H�v �`�2���+�? �j�.�a�9 �r�?�Q�b�2 �#�H�Q�+�F���;�2 �`���i�B�Q �B�b �j�k�W

�r�?�B�+�? �B�b �2�[�m���H �i�Q �i�?���i �Q�7 �i�?�2 �k�. �~���i �;�`�B�/�b �_�:�k ���M�/ �k�.�6�k�X �h�?�2�`�2 ���`�2 �K���M�v �r���v�b

�d�e



�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�R�, �a�i�`�2���K�r�B�b�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �K�2���M �p�2�H�Q�+�B�i�v �B�M �;�`�2�2�M ���M�/ �_�J�a �p�2�H�Q�+�B�i�v
�~�m�+�i�m���i�B�Q�M�b �B�M �`�2�/ ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �7�Q�` �b�T���`�b�2 �;�`�B�/�b �j�.�a�j ���M�/ �j�.�a�9�X

�i�Q �Q�#�i���B�M� Max
3DS ���M�/ ���H�H �i�?�2 �+���b�2�b �+���M�M�Q�i �#�2 �+�Q�p�2�`�2�/ �B�M �i�?�B�b �b�i�m�/�v�- �r�2 �?���p�2 �i�?�2�`�2�7�Q�`�2

�`�2�b�i�`�B�+�i�2�/ �Q�m�`�b�2�H�p�2�b �i�Q �K�B�M�B�K���H�B�b�i�B�+ �p���`�B���i�B�Q�M �B�M �i�?�2 �T���`���K�2�i�2�`�b�- �r�2 �b�2�H�2�+�i�2�/ �� �7�2�r

�+���b�2�b �p�i ���H�i�2�`�B�M�; �i�?�2 �i�?�B�+�F�M�2�b�bd0 �Q�7 �i�?�2 �H���`�;�2�b�i �+�Q�@�7�`���K�2�X �A�i �b�?�Q�m�H�/ �#�2 �M�Q�i�2�/ �i�?���i �B�i �B�b

�M�Q�i �M�2�+�2�b�b���`�v �i�Q �Q�M�H�v �+�?���M�;�2 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �Q�M�H�v �Q�M�2 �Q�7 �i�?�2 �i�?�`�2�2 �7�`���K�2�b�X �q�2

�+�Q�m�H�/ ���b �r�2�H�H �?���p�2 �+�?�Q�b�2�M �i�Q �K���F�2 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�b �Q�7 ���H�H �i�?�2 �7�`���K�2�b �2�[�m���H �#�m�i �i�?���i

�r�Q�m�H�/ �#�2 �� �+�Q�K�T�H�2�i�2�H�v �/�B�z�2�`�2�M�i �+�Q�K�T���`�B�b�Q�M �i�?���M �i�?�2 �Q�M�2 ���b �r�2 ���`�2 �/�Q�B�M�; �?�2�`�2 �r�B�i�?

�k�.�6�k ���M�/ �_�:�k�X �h�?�2 �B�K�K�2�M�b�2 �b�B�x�2 �Q�7 �i�?�2 �M�2�r �T���`���K�2�i�2�` �b�T���+�2 �i�?���i �i�?�2 �j�.�a �Q�z�2�`�b �B�b

�B�K�T�`���+�i�B�+���H �i�Q �#�2 �+�Q�p�2�`�2�/ �B�M �Q�M�2�X

�6�B�;�X�8�X�k�R�����M�/ �6�B�;�X�8�X�k�R�#�b�?�Q�r �K�2���M ���M�/ �_�J�a �p�2�H�Q�+�B�i�v �T�`�Q�}�H�2�b �7�`�Q�K �i�?�2 �j�.�a�j ���M�/

�j�.�a�9 �;�`�B�/�b ���M�/ �r�2 ���`�2 �+�Q�K�T���`�B�M�; �i�?�2�K �r�B�i�? �i�?�2 �T�`�Q�}�H�2�b �Q�7 �j�.�a�k ���M�/ �k�.�6�k ���b �;�B�p�2�M �B�M

�6�B�;�X�8�X�k�R�����M�/ �6�B�;�8�X�R�d�#�`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2�b�2 �`�2�b�m�H�i�b ���`�2 �`�2�K���`�F���#�H�2 ���b �j�.�a�j ���M�/ �j�.�a�9

�;�2�M�2�`���i�2 �?�B�;�?�2�` �T�2���F �B�M�i�2�M�b�B�i�B�2�b ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �;�`�B�/�b �i�?���M �7�`�Q�K �k�.�6�k

�d�d



�r�B�i�? �#�H�Q�+�F���;�2 �`���i�B�Q �j�k�W �r�?�B�+�? �B�b �i�?�2 �b���K�2 ���b �i�?���i �Q�7 �j�.�a�9�X �h�?�2 �B�M�i�2�M�b�B�i�v ���M�/ ���p�2�`���;�2

�p�2�H�Q�+�B�i�v �Q�7 �k�.�6�k �B�b �`�Q�m�;�?�H�v �+�Q�K�T���`���#�H�2 �i�Q �i�?���i �Q�7 �j�.�a�j�X �h�?�B�b �B�b �� �`�2�K���`�F���#�H�2 �`�2�/�m�+�i�B�Q�M

�B�M �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �7�`�Q�K �j�k�W �i�Q �k�9�W�X �A�7 �r�2 �+�Q�K�T���`�2 �i�?�2 �j�.�a�k �7�`�Q�K �}�;�m�`�2�8�X�j�9�r�B�i�?

�j�.�a�j ���M�/ �j�.�a�9 �7�`�Q�K �6�B�;�X�8�X�k�R�- �i�?�2 �K�2���M �~�Q�rU(�t) �/�2�p�2�H�Q�T�b �B�M �� �b�B�K�B�H���` �K���M�M�2�` �B�M

���H�H �i�?�2 �;�`�B�/�b�- �B�i �T�2���F�b ���`�Q�m�M�/x/ dmin u 30�X �h�?�2 �T�2���F �p���H�m�2 �B�M �i�?�2 �K�2���MU(�t)/ U1 ���M�/

�`�K�b �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�bh(u02)1/2 i / U1 �B�b �b�i�`�Q�M�;�H�v �/�2�T�2�M�/�2�M�i �Q�M� Max
3DS �X �h�?�2 �K�2���M

�p�2�H�Q�+�B�i�v �T�2���F�b ���iu 1:5; 1:8 ���M�/2:6 �B�M �i�?�2 �j�.�a�k�- �j�.�a�j ���M�/ �j�.�a�9 �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2

�`�K�b �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �T�2���F ���iu 1:0; 1:9 ���M�/4:3 �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �T�2���F �B�b �K�Q�b�i

�T�`�Q�M�Q�m�M�+�2�/ �B�M �j�.�a�9 ���M�/ �B�i �/�2�+���v�b �/�Q�r�M �i�Q ���`�Q�m�M�/12�W ���ix/ dmin u 200 ���M�/ �B�b �i�?�2�M

�b�m�b�i���B�M�2�/ ���i �i�?�B�b �H�2�p�2�H ���H�H �i�?�2 �r���v �/�Q�r�M �i�?�2 �+�?���M�M�2�H�X �h�?�2 �`�K�b �i�m�`�#�m�H�2�M�+�2 �T�2���F �B�M�i�2�M�b�B�i�v

�B�b ���`�Q�m�M�/ �i�?�2 �b���K�2 �H�Q�+���i�B�Q�Mx/ dmin u 150 ���M�/ �i�?�2 �T�2���F �B�M�i�2�M�b�B�i�v �B�M �k�.�6�k�U�j�k�W�V �B�b

���H�K�Q�b�i �2�[�m���H �i�Q �i�?���i �Q�7 �j�.�a�j�U�k�9�W�V�X �h�?�2 �T�2���F �B�M�i�2�M�b�B�i�v �B�M �j�.�a�9�U�j�k�W�V �B�b ���H�K�Q�b�i �R�9�j�W

�r�?�B�+�? �B�b �i�r�B�+�2 ���b �?�B�;�? ���b �i�?���i �Q�7 �k�.�6�k�U�j�k�W�V�- �i�?�2�M �B�i �/�2�+���v�b �/�Q�r�M �m�M�i�B�Hx/ dmin � 300

�r�?�2�`�2 �B�i �Q�b�+�B�H�H���i�2�b ���`�Q�m�M�/15�W �i�Q �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H�X

�*�Q�K�T���`�B�b�Q�M �#�2�i�r�2�2�M �i�?�2 �T�H�Q�i�b �Q�7 �j�.�a�k�- �j�.�a�j ���M�/ �j�.�a�9 �7�`�Q�K �6�B�;�X�8�X�k�k���M�/ �6�B�;�X�8�X�R�8

�b�?�Q�r�b �i�?���i �i�?�2 �_�J�a �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���`�2 �?�B�;�?�2�b�i �2�p�2�`�v�r�?�2�`�2 �B�M �i�?�2 �+���b�2 �Q�7 �j�.�a�9

�?���p�B�M�; �#�H�Q�+�F���;�2 �`���i�B�Q �j�k�W�X �h�?�2 �T�2���F �B�M�i�2�M�b�B�i�v �B�M �j�.�a�j�U�k�9�W�V �B�b �+�Q�K�T���`���#�H�2 �i�Q

�k�.�6�k�U�j�k�W�V �r�?�B�+�? �/�2�K�Q�M�b�i�`���i�2�b �i�?�2 �`�2�K���`�F���#�H�2 �2�z�2�+�i �Q�7 �i�?�2 �b�i���;�;�2�`�2�/ �+�Q�@�T�H���M���` �j�.�a

�;�`�B�/ ���`�`���M�;�2�K�2�M�i�X �h�?�2 �?�B�;�?�2�` �T�2���F �B�M�i�2�M�b�B�i�B�2�b �/�B�b�T�H���v�2�/ �#�v �j�.�a�j ���M�/ �j�.�a�9 ���b �+�Q�K�@

�T���`�2�/ �i�Q �k�.�6�k ���M�/ �j�.�a�k �B�b �?�B�;�?�2�` ���H�H ���+�`�Q�b�b �i�?�2 �v�x�@�T�H���M�2 ���M�/ �B�i �K���v �#�2 ���M �B�M�/�B�+���i�B�Q�M �Q�7

�?�B�;�?�2�` �i�m�`�#�m�H�2�M�+�2 �T�`�Q�/�m�+�i�B�Q�M�X �>�Q�r�2�p�2�` �i�?�2 �?�B�;�?�2�b�i �T�2���F �B�M�i�2�M�b�B�i�v �B�M �k�.�6�k ���M�/ �j�.�a�k

�r���b ���H�Q�M�; �i�?�2 �#�H�m�2 �T�2�M�+�B�H�- �r�?�2�`�2���b �B�M �j�.�a�j ���M�/ �j�.�a�9 �B�i �B�b ���H�Q�M�; �i�?�2 �K���;�2�M�i�� �T�2�M�+�B�H

�r�?�B�+�? �B�b �+�H�Q�b�2 �i�Q �i�?�2 �T�2�`�B�Q�/�B�+ �r���H�H �Q�7 �i�?�2 �+�?���M�M�2�H�X �P�i�?�2�`�r�B�b�2 �i�?�2 �i�`�2�M�/�b �B�M �i�?�2 �`�2�b�m�H�i�b

�d�3



�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�k�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i �/�B�7�@
�7�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H
�B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X

�Q�7 �j�.�a�j ���M�/ �j�.�a�9 ���`�2 �[�m���H�B�i���i�B�p�2�H�v �b�B�K�B�H���` �i�Q �i�?�2 �Q�M�2�b �b�2�2�M �B�M �j�.�a�k ���M�/ �k�.�6�k�X �q�2

�Q�#�b�2�`�p�2 �i�?�`�2�2 �T�?���b�2�b �Q�` �`�2�;�B�K�2�b �Q�7 �~�Q�r�X �h�?�2 �}�`�b�i�- �B�M �i�?�2 �M�2���` �}�2�H�/ �T�`�Q�/�m�+�i�B�Q�M �`�2�;�B�Q�M

�7�`�Q�K �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �;�`�B�/ �m�T �i�Qx/ dmin u 150�r�?�2�`�2 �i�m�`�#�m�H�2�M�+�2 �B�b �#�2�B�M�; �;�2�M�2�`���i�2�/�X

�h�?�2�M �i�?�2 �/�2�+���v �`�2�;�B�K�2150� x/ dmin � 300 �r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�b �/�B�b�b�B�T���i�B�M�; ���H�Q�M�;

�i�?�2 �+�2�M�i�2�`�H�B�M�2�X �6�B�M���H�H�v�- �B�M �i�?�2 �7���` �}�2�H�/�- �i�?�2 �b�H�Q�r �/�B�b�b�B�T���i�B�Q�M �`�2�;�B�Q�Mx/ dmin � 300�r�?�2�`�2

�r�2 �b�2�2 �� �p�2�`�v �b�H�Q�r �/�2�+���v �B�M �B�M�i�2�M�b�B�i�v�X �q�2 �b�2�2 �b�Q�K�2 �2�p�B�/�2�M�+�2 �Q�7 �B�M�i�2�M�b�B�i�v �`�B�b�B�M�; ���;���B�M

���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �B�M ���H�H �+���b�2�b �2�t�+�2�T�i �k�.�6�k �r�?�2�`�2 �i�?�2 �/�2�+���v �B�b �K�Q�`�2 �T�`�Q�M�Q�m�M�+�2�/�X �A�i

�+���M �#�2 �M�Q�i�B�+�2�/ �i�?���i �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �T�2���F�b �B�b �b�B�K�B�H���` �B�M ���H�H �j�.�a �+���b�2�b �r�?�B�+�? �B�b �T�`�Q�#���#�H�v

�/�m�2 �i�?�2 �T�Q�b�B�i�B�Q�M ���M�/ ���`�`���M�;�2�K�2�M�i �Q�7 �i�?�2 �7�`���K�2�bf Z0; Z1; Z2g ���M�/ �r�?�B�+�? �T�`�Q�#���#�H�v �;�2�M�@

�2�`���i�2�b �i�m�`�#�m�H�2�M�i �b�i�`�m�+�i�m�`�2�b �b�m�+�? ���b �r���F�2�b ���M�/ �p�Q�`�i�B�+�2�b �Q�7 �b�B�K�B�H���` �b�B�x�2 ���M�/ �2�t�i�2�M�i �#�m�i

�/�B�z�2�`�2�M�i �B�M�i�2�M�b�B�i�B�2�b�X

�h�?�2 �`�2�b�m�H�i�b �B�M�/�B�+���i�2 �i�?���i �i�?���i �i�?�2 �K���t�B�K�m�K �T�2�`�b�B�b�i�2�M�i �i�m�`�#�m�H�2�M�i �~�m�+�i�m���i�B�Q�M �B�M�i�2�M�@

�d�N



�b�B�i�v �B�b ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7 �i�?�2 �+�?���M�M�2�H �K�2���M�B�M�; �i�?���i �i�m�`�#�m�H�2�M�+�2 �+���M �#�2 �2�t�T�2�`�B�2�M�+�2�/

�K�Q�b�i �`�2���/�B�H�v ���i �i�?�2 �+�2�M�i�2�`�H�B�M�2�X �G�o�k�y�R�k �(�k�9�) �b�?�Q�r�b �+�Q�K�T���`�B�b�Q�M �Q�7 �/�B�z�2�`�2�M�i �#�H�Q�+�F���;�2

�`���i�B�Q�b �Q�7 �k�.�6 �;�`�B�/�b�X �q�2 �?���p�2 �+�Q�K�T���`�2�/ �k�.�6�k �7�`�Q�K �G�o�k�y�R�k �r�B�i�? �i�?�2 �j�.�a�j �;�`�B�/ �#�m�i

���M�Q�i�?�2�` �B�M�i�2�`�2�b�i�B�M�; �`�2�b�m�H�i �B�M �G�o�k�y�R�k �B�b �i�?�2 �;�`�B�/ �k�.�6�U�k�j�W�V �r�?�B�+�? �B�b �+�Q�K�T���`���#�H�2 �i�Q �i�?�2

�`�2�b�m�H�i�b �7�`�Q�K �j�.�a�k�U�R�8�W�V ���H�i�?�Q�m�;�? �b�Q�K�2 �Q�7 �i�?�2 �T�2���F �B�M�i�2�M�b�B�i�v �Q�7 �k�.�6�U�k�j�W�V �B�b �?�B�;�?�2�`

�i�?���M �j�.�a�k �#�m�i �K�m�+�? �H�Q�r�2�` �i�?���M �j�.�a�j �U�r�?�B�+�? �B�b �+�Q�K�T���`���#�H�2 �i�Q �k�.�6�k�U�j�k�W�V�V�X �h�?�2

�B�M�i�2�M�b�B�i�v �B�b �b�m�b�i���B�M�2�/ �K�Q�b�i ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �r�?�2�`�2 �r�2 �b�2�2 �� �T�2���F ���ix/ dmin u 150

���M�/ �i�?�2�M �i�?�2 �7���b�i �/�2�+���v �`�2�;�B�Q�M �m�T �i�Qx/ dmin u 300�- ���M�/ �i�?�2�M ���M �Q�b�+�B�H�H���i�B�Q�M �`�2�;�B�Q�M �B�M

�i�?�2 �7���` �}�2�H�/ �i�B�H�H �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H�X �j�.�a�9 �b�?�Q�r�b �?�B�;�?�2�` �T�2���F�b �b�m�b�i���B�M�2�/ �H�Q�M�;�2�` �i�?���M

�k�.�6�k ���M�/ �j�.�a�j �B�M ���H�H ���b�T�2�+�i�b�X �h�?�2 �b�B�;�M�B�}�+���M�+�2 �Q�7 �i�?�B�b �`�2�b�m�H�i �B�b �i�?���i �#�v ���/�D�m�b�i�B�M�; �i�?�2

�K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q� Max
3DS = Max f � 0; � 1; � 2g �B�M �i�?�2 �+�Q�T�H���M���` �;�`�B�/ ���`�`���M�;�2�K�2�M�i�-

�r�2 �+���M �B�K�T�`�Q�p�2 �+�Q�M�i�`�Q�H �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/ �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H �B�M ��

�j�.�a �;�`�B�/ �+�?���M�M�2�H �+�Q�M�}�;�m�`���i�B�Q�M�X �J�Q�`�2�Q�p�2�`�- �2�p�2�M �r�B�i�? �H�Q�r�2�` �#�H�Q�+�F���;�2 �`���i�B�Q�b�- �r�2 �b�i�B�H�H

�Q�#�i���B�M �?�B�;�? �T�2���F �B�M�i�2�M�b�B�i�v �r�?�B�+�? �+�Q�m�H�/ �#�2 ���/�p���M�i���;�2�Q�m�b �B�M �2�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b�X

�6�B�;�b�X�8�X�k�9�@�8�X�k�3�b�?�Q�r �i�?�2 �K�2���M �p�2�H�Q�+�B�i�v �T�`�Q�}�H�2�b ���M�/ �i�?�2 �`�K�b �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v

�T�`�Q�}�H�2�b ���H�Q�M�; �i�?�2 �v�@���t�B�b �U�x�4�y�V ���i �/�B�z�2�`�2�M�i �t�@�H�Q�+���i�B�Q�M�b�- �7�Q�` �`�2�b�T�2�+�i�B�p�2�H�v �i�?�2 �m�@�- �p�@ ���M�/

�r�@ �+�Q�K�T�Q�M�2�M�i�b �Q�7 �p�2�H�Q�+�B�i�v�- �2�X�;U(y)/ U1 ���M�/((u0(y))2)1/2/ U1 �2�i�+�X�- �7�`�Q�K �j�.�a�j ���M�/

�j�.�a�9 �;�`�B�/�b�X �6�B�;�b�X�8�X�k�N�@�8�X�j�y�b�?�Q�r �i�?�2 �K�2���M ���M�/ �`�K�b �+�Q�M�+�2�M�i�`���i�B�Q�M �T�`�Q�}�H�2�b ���H�Q�M�; �i�?�2

�+�2�M�i�2�`�H�B�M�2 �7�`�Q�K �i�?�2 �j�.�a�j ���M�/ �j�.�a�9 �;�`�B�/�b�X

�h�?�2 �K�2���M �p�2�H�Q�+�B�i�v �T�`�Q�}�H�2�b �B�M �6�B�;�X�8�X�k�j�- �8�X�k�8���M�/�8�X�k�d�b�?�Q�r �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M

�j�.�a�k�U�R�8�W�V ���M�/ �j�.�a�j�U�k�9�W�V �;�`�B�/ �i�m�`�#�m�H�2�M�+�2 �b�i���i�B�b�i�B�+�b�- ���H�i�?�Q�m�;�? �i�?�2 �j�.�a�j �;�`�B�/ �b�i���i�B�b�@

�i�B�+�b �T�Q�b�b�2�b �?�B�;�?�2�` �K�2���M �p�2�H�Q�+�B�i�v �i�?���M �j�.�a�k�X �a�B�K�B�H���`�H�v �6�B�;�b�X�8�X�k�9�-�8�X�k�e���M�/�8�X�k�3�b�?�Q�r

�?�B�;�?�2�` �`�K�b �~�m�+�i�m���i�B�Q�M�b �B�M �p�2�H�Q�+�B�i�v �i�?���M �j�.�a�k�X �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �`�K�b �p�2�H�Q�+�B�i�v

�3�y



�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�j�, �J�2���M �t�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y �- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b
�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X

�~�m�+�i�m���i�B�Q�M�b �Q�7 �j�.�a�k ���M�/ �j�.�a�j �B�b ���`�Q�m�M�/ �R�8�W�X

�h�?�2�`�2 �B�b �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�m�`�#�m�H�2�M�+�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �j�.�a�9 ���M�/ �k�.�6�k �;�`�B�/�b

�r�?�B�+�? �#�Q�i�? �T�Q�b�b�2�b �i�?�2 �b���K�2 �#�H�Q�+�F���;�2 �`���i�B�Q �U�j�k�W�V�- �#�m�i �i�?�2 �H�2�p�2�H�b �B�M �j�.�a�9 ���`�2 �K�m�+�?

�?�B�;�?�2�` ���b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �H�2�p�2�H�b �B�M �k�.�6�k�X �6�Q�` �2�t���K�T�H�2 �i�?�2 �+�2�M�i�`���H �T�2���F �B�M �6�B�;�b�X�8�X�k�j

���M�/�8�X�9�b�?�Q�r�b �i�?���i �i�?�2 �B�M �j�.�a�j �T�2���F �B�M�i�2�M�b�B�i�v �B�b ���`�Q�m�M�/U/ U1 u 1:7 �#�m�i �B�M �k�.�6�R

U/ U1 u 1:2�- ���M�/ �i�?�2 �`�K�b �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �+�2�M�i�`���H �T�H���i�2���m �B�M �6�B�;�X�8�X�8�7�Q�` �k�.�6�k �B�b

���`�Q�m�M�/ �k�8�W �r�?�2�`�2 ���b �7�Q�` �j�.�a�9 �B�M �6�B�;�X�8�X�k�9�- �B�i �B�b ���`�Q�m�M�/ �9�k�W�X �6�m�`�i�?�2�`�K�Q�`�2 �i�?�2 �`�2�b�m�H�i�b

�7�`�Q�K �k�.�6�k ���M�/ �j�.�a�9 �b�?�Q�r �� �T�`�Q�M�Q�m�M�+�2�/ �?�B�;�?�2�` �p�2�H�Q�+�B�i�v �+�2�M�i�`���H �`�2�;�B�Q�M ���`�Q�m�M�/ �i�?�2

�+�2�M�i�2�`�H�B�M�2 �@���H�K�Q�b�i �+�2�`�i���B�M�H�v �/�m�2 �i�Q �i�?�2 �H���+�F �Q�7 �Q�#�b�i���+�H�2 �B�M �i�?�2 �+�2�M�i�`���H �T���b�b���;�2 �`�2�;�B�Q�M �B�M

�i�?�2 �;�`�B�/�b�X �h�?�2�b�2 �;�`�B�/�b �b�?�Q�r �� �D�2�i�@�H�B�F�2 �b�i�`�m�+�i�m�`�2 �/�m�2 �i�Q �i�?�2 �B�M�+�`�2���b�2�/ �#�H�Q�+�F���;�2 �U�j�k�W�V�X

�h�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �T�`�Q�}�H�2�b �Q�7 �2���+�? �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b �B�M

�j�.�a�9 �B�M �i�?�2 �+�2�M�i�2�`�H�B�M�2 �`�2�;�B�Q�M ���`�2 �+�H�Q�b�2 �i�Q �9�y�W �b�?�Q�r�B�M�; �� �`�2�K���`�F���#�H�2 �/�2�;�`�2�2 �Q�7 �B�b�Q�i�`�Q�T�v�-

�2�p�2�M �?�B�;�?�2�` �i�?���M �k�.�6�R �r�?�2�`�2 �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�M�i�2�M�b�B�i�B�2�b �/�B�z�2�` �7�`�Q�K� 17�W �i�Q� 25�W�X

�3�R



�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�9�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �t�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2
�/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X

�6�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K�- �i�?�B�b �B�b�Q�i�`�Q�T�v �B�b �7���B�`�H�v �r�2�H�H �b�m�b�i���B�M�2�/ �B�M �i�?�2 �7���` �}�2�H�/ �2�p�2�M �i�?�Q�m�;�?

�i�?�2 �B�M�i�2�M�b�B�i�v �H�2�p�2�H �/�2�+���v�b �i�Q ���`�Q�m�M�/ �R�k�W ���M�/ �i�?�2 �+�2�M�i�`���H �`�2�;�B�Q�M �2�t�T���M�/�b ���+�`�Q�b�b �K�Q�b�i

�Q�7 �i�?�2 �H���i�2�`���H �/�B�`�2�+�i�B�Q�M�X

�h�?�2 �b�m�b�i���B�M�B�M�; �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �b�Q �7���` �/�Q�r�M�b�i�`�2���K�- �r�?�B�+�? �B�b ���H�b�Q

�B�b�Q�i�`�Q�T�B�+�- �b�m�;�;�2�b�i�b �i�?���i �i�?�2�`�2 �K�m�b�i �#�2 �� �K�2�+�?���M�B�b�K �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�B�b�X �h�?�2 �Q�M�H�v

���p���B�H���#�H�2 �K�2�+�?���M�B�b�K �B�b �`�2�@�2�M�i�`���B�M�K�2�M�i �Q�7 �i�m�`�#�m�H�2�M�i �~�m�B�/ �7�`�Q�K �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �+�2�M�i�`���H

�`�2�;�B�Q�M �B�M�i�Q �i�?�2 �+�2�M�i�`���H �`�2�;�B�Q�M�X �h�?�2�`�2 �r�B�H�H �#�2 �2�p�B�/�2�M�+�2 �Q�7 �i�?�B�b �r�?�2�M �r�2 �Q�#�b�2�`�p�2 �+�Q�M�i�Q�m�`

�T�H�Q�i�b �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/ ���M�/ �b�+���H���` �}�2�H�/ �H���i�2�` �B�M �i�?�B�b �r�Q�`�F�X

�h�?�2 �K�2���M ���M�/ �`�K�b �~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �b�+���H���` �}�2�H�/�b �b�?�Q�r �b�B�K�B�H���` �i�`�2�M�/�b �B�M ���H�H �k�.�6

���M�/ �j�.�a �+���b�2�b �2�t�+�2�T�i �7�Q�` �j�.�a�9 �B�M �r�?�B�+�? �i�?�2 �H�2�p�2�H �Q�7 �~�m�+�i�m���i�B�Q�M�b �B�M �+�Q�M�+�2�M�i�`���i�B�Q�M�b �B�b

�� �H�B�i�i�H�2 �?�B�;�?�2�` �i�?�`�Q�m�;�?�Q�m�i�X �h�?�B�b �K���v �#�2 �`�2�H���i�2�/ �i�Q �2�M�?���M�+�2�/ �`�2�@�2�M�i�`���B�M�K�2�M�i �Q�7 �b�+���H���`�b

�7�`�Q�K �b�m�`�`�Q�m�M�/�B�M�; �~�m�B�/ �r�?�B�+�? �b�m�b�i���B�M�b �#�Q�i�? �+�Q�M�+�2�M�i�`���i�B�Q�M ���M�/ �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b

���H�B�F�2�X ���b �b�m�+�? �r�2 �+���M�M�Q�i �/�`���r �}�`�K �+�Q�M�+�H�m�b�B�Q�M�b �Q�M �r�?�B�+�? �;�`�B�/ �?���b �#�2�i�i�2�` �K�B�t�B�M�;
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�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�8�, �J�2���M �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i
�H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X

�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�e�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �v�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2
�/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X
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�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�d�, �J�2���M �x�@�p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2 �/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b
�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X

�T�`�Q�T�2�`�i�B�2�b�X

�6�B�;�X�8�X�j�R�b�?�Q�r�b �i�?�2 �_�J�a �p�Q�`�B�i�B�+�B�i�v ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �;�B�p�2�M �#�v(! 02)1/2

�r�?�2�`�2! = r� �m0�X �6�B�;�X�8�X�j�R���B�b �7�`�Q�K �j�.�a�j ���M�/ �6�B�;�X�8�X�j�R�#�B�b �7�`�Q�K �j�.�a�9�- �r�2 �+���M �+�Q�K�T���`�2

�i�?�2�b�2 �r�B�i�? �i�?�2 �p�Q�`�i�B�+�B�i�v �B�M�i�2�M�b�B�i�B�2�b �7�`�Q�K �k�.�6�k ���M�/ �j�.�a�k �B�M �6�B�;�X�8�X�j�R�X �l�M�H�B�F�2 �i�m�`�#�m�H�2�M�+�2

�B�M�i�2�M�b�B�i�v�- �i�?�2 �_�J�a �p�Q�`�i�B�+�B�i�v �~�m�+�i�m���i�B�Q�M�b �/�Q �M�Q�i �p���`�v �� �;�`�2���i �/�2���H �#���b�B�+���H�H�v �R�y�@�9�y�W�-

�2�p�2�M �i�?�Q�m�;�? �i�?�2 �T�2���F �p�2�H�Q�+�B�i�v �B�M�i�2�M�b�B�i�B�2�b �/�B�z�2�` �#�v �K�m�+�? �K�Q�`�2 �@���`�Q�m�M�/ �j�y�@�N�y�W �B�M

�6�B�;�X�8�X�k�k�X �>�Q�r�2�p�2�` �i�?�2 �t�@�H�Q�+���i�B�Q�M�b �Q�7 �i�?�2 �T�2���F�b ���`�2 �i�?�2 �b���K�2 ���b �7�Q�` �i�?�2 �p�2�H�Q�+�B�i�v �T�2���F�b�X

���7�i�2�` �i�?�2 �T�2���F �p�Q�`�i�B�+�B�i�v �B�M�i�2�M�b�B�i�v �B�b ���i�i���B�M�2�/�- �i�?�2 �/�2�+���v �B�b �b�K�Q�Q�i�? ���M�/ �+�Q�M�i�B�M�m�Q�m�b �i�B�H�H

�i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H �i�Q �H�Q�r �p���H�m�2�b �Q�7 ���`�Q�m�M�/ �R�@�j�W�X

�h�?�2 �}�;�m�`�2�8�X�j�k�b�?�Q�r�b �i�?�2 �2�M�2�`�;�v �/�2�M�b�B�i�v �b�T�2�+�i�`�m�K�- �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �p�2�H�Q�+�B�i�v �i�B�K�2

�b�B�;�M���H�b ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2�- �m�b�B�M�; �h���v�H�Q�`�ö�b �7�`�Q�x�2�M �i�m�`�#�m�H�2�M�+�2 �?�v�T�Q�i�?�2�b�B�b�X �h�?�2 �`�2�b�m�H�i�b

���`�2 �T�H�Q�i�i�2�/ �B�M �i�?�2 �7�Q�`�K� uu / U2
1 dmin �- ���;���B�M�b�iwdmin / U1 �r�?�2�`�2w �B�b �i�?�2 �7�`�2�[�m�2�M�+�v�X �h�?�2

�}�;�m�`�2�8�X�j�k�b�?�Q�r�b �2�M�2�`�;�v �b�T�2�+�i�`�m�K�b �7�Q�` �j�.�a�j ���M�/ �j�.�a�9 �r�?�B�+�? ���`�2 �#�2�B�M�; �+�Q�K�T���`�2�/ �i�Q
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�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�3�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �x�@�p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �v�@���t�B�b ���i �x �4 �y�- ���i �}�p�2
�/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b �B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M ���ix/ dmin = 150; 225; 300; 375; 450�X

�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�k�N�, �J�2���M �b�+���H���` �+�Q�M�+�2�M�i�`���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �+�2�M�i�2�`�H�B�M�2 �r�B�i�? �2���+�?
�+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`Sct ���b �;�B�p�2�M �B�M �i�?�2 �H�2�;�2�M�/�X
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�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�j�y�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �Q�7 �+�Q�M�+�2�M�i�`���i�B�Q�M �~�m�+�i�m���i�B�Q�M �;�`���T�?�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H
�+�2�M�i�2�`�H�B�M�2 �r�B�i�? �2���+�? �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �/�B�z�2�`�2�M�i �a�+�?�K�B�/�i �M�m�K�#�2�`�bSct ���b �;�B�p�2�M �B�M �i�?�2
�H�2�;�2�M�/�X

�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�j�R�, �o�Q�`�i�B�+�B�i�v �T�`�Q�}�H�2�b �Q�7 �7�Q�m�` �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2
�/�B�`�2�+�i�B�Q�M �B�M �i�?�2 �~�Q�r�X �h�?�2 �H�2�;�2�M�/ �b�?�Q�r�b �H�Q�+���i�B�Q�M �Q�7 �T�2�M�+�B�H�b ���H�Q�M�; �i�?�2 �b�i�`�2���K�r�B�b�2
�/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �+�?���M�M�2�H ���H�Q�M�; �r�?�B�+�? �i�?�2 �p�Q�`�i�B�+�B�i�v �B�b �T�H�Q�i�i�2�/�X

�3�e



�U���V �j�.�a�j �U�#�V �j�.�a�9

�6�B�;�m�`�2 �8�X�j�k�, �6�`�2�[�m�2�M�+�v �T�Q�r�2�` �b�T�2�+�i�`�m�K �Q�7 �i�?�2 �b�T���`�b�2 �K�m�H�i�B�b�+���H�2 �;�`�B�/�b �/�2�b�+�`�B�#�2�/ �B�M
�i���#�H�2�9�X�k�r�B�i�? �T�`�Q�#�2�b �`�2�+�Q�`�/�B�M�; �p�2�H�Q�+�B�i�vu(t) ���i �b�2�p�2�M �H�Q�+���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7
�i�?�2 �+�?���M�M�2�H �r�?�2�`�2x/ dmin = 13; 26; 39; 52; 65; 78; 91

�X

�k�.�6�k ���M�/ �j�.�a�k �7�`�Q�K �}�;�m�`�2�b�8�X�R�y�#���M�/�8�X�R�y�+�X �q�2 �+�Q�K�T���`�2�/ �Q�m�` �`�2�b�m�H�i�b �Q�7 �2�M�2�`�;�v

�/�2�M�b�B�i�v �r�B�i�? �i�?�Q�b�2 �Q�7 �G�o�k�y�R�R �r�B�i�? �k�.�6�k�U�j�k�W�V ���M�/ �k�.�6�k�U�k�j�W�V ���M�/ �7�Q�m�M�/ �i�?���i �i�?�2

�j�.�a�j�U�k�9�W�V �b�T�2�+�i�`�� �b�;�B�r �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �i�m�`�#�m�H�2�M�+�2� K � 5/3 �Q�p�2�` �� �b�?�Q�`�i �`���M�;�2 ���i

�H�Q�r�2�` �r���p�2�M�m�K�#�2�`�b �Q�p�2�` ���#�Q�m�i1:5 �/�2�+���/�2�X �h�?�B�b �/�2�p�2�H�Q�T�b �2���`�H�v2� 10� 2 5 wdmin / U1 5

0:8�X �h�?�2�`�2 �B�b �� �b�K���H�H �T�2���F ���i� 0:8 ���M�/ ���i �?�B�;�?�2�` �r���p�2 �M�m�K�#�2�`�b �i�?�2 �b�T�2�+�i�`�m�K �/�2�+���v�b

�7���b�i�X �A�M �k�.�6�U�k�j�W�V �+���b�2 �i�?�2 �b�T�2�+�i�`�m�K �/�Q�2�b �M�Q�i ���i�i���B�M �� �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �i�m�`�#�m�H�2�M�+�2

K � 5/3 �X �A�M �j�.�a�9�U�j�k�W�V �+���b�2 ���M�/ �B�M �k�.�6�R�U�j�k�W�V �+���b�2 �r�2 �;���p�2 �+�Q�K�T���`���#�H�2 �7�m�H�H�v �/�2�p�2�H�Q�T�2�/

�i�m�`�#�m�H�2�M�+�2 �b�T�2�+�i�`���X �>�Q�r�2�p�2�`�- �j�.�a�9 ���i�i���B�M�b �i�?�B�b �K�m�+�? �7���b�i�2�` �i�?���M �B�M �k�.�6�R �+���b�2�, �7�`�Q�K

x/ dmin u 26 �B�M �j�.�a�9 ���M�/u 65 �B�M �k�.�6�R �+���b�2�- �D�m�b�i �m�M�/�2�` �i�r�Q �/�2�+���/�2�b�X �h�?�2 �T�`�2�b�2�M�+�2 �Q�7

�� �b�K���H�H �T�2���F �B�M �i�?�2 �j�.�a�9 �+���b�2 �K�B�;�?�i �#�2 �/�m�2 �i�Q �i�?�2 �p�Q�`�i�B�+�B�i�v �;�2�M�2�`���i�2�/ �#�v �i�?�2 �b�K���H�H�2�b�i

�7�`���K�2�b �Q�7 �i�?�B�+�F�M�2�b�bdmin = 1�X
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�U���V �j�.�a�8 �U�#�V �j�.�a�e

�6�B�;�m�`�2 �8�X�j�j�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i �/�B�7�@
�7�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H
�B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X

�8�X�9 �*�Q�K�T���`�B�b�Q�M �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e

�A�M �i�?�B�b �b�2�+�i�B�Q�M �i�?�2 �M�2�r �j�.�a �;�`�B�/�b ���`�2 �+�Q�K�T���`�2�/ �B�M �i�2�`�K�b �Q�7 �/�B�z�2�`�2�M�i �T���`���K�2�i�2�`�b ��

�+�?���M�M�2�H �Q�7 �/�B�K�2�M�b�B�Q�M�bL y = L z = 115:2dmin ���M�/L x = 576dmin �X �h�?�2 �K���t�B�K�m�K

�#�H�Q�+�F���;�2 �`���i�B�Q�b� Max
3DS = 32�W �7�Q�` �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e�X �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M

�j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e �B�b �i�?�2 �Q�`�/�2�` �B�M �r�?�B�+�? �i�?�2 �#�H�Q�+�F���;�2�b ���`�2 �T�H���+�2�/ ���b �2�p�B�/�2�M�i

�7�`�Q�K �i�?�2 �h���#�H�2�9�X�k�X �h�?�2 �K���B�M �T�m�`�T�Q�b�2 �Q�7 �i�?�B�b �b�i�m�/�v �B�b �i�Q �b�2�2 �i�?�2 �2�z�2�+�i �Q�7 �+�?���M�;�2�b �B�M

�Q�`�/�2�` �Q�7 �+�Q�@�7�`���K�2 ���`�`���M�;�2�K�2�M�i �Q�M �i�?�2 �~�Q�r �+�?���`���+�i�2�`�B�b�i�B�+�b �b�m�+�? ���b �B�M�i�2�M�b�B�i�v�- �p�Q�`�i�B�+�B�i�v�-

�+�Q�M�+�2�M�i�`���i�B�Q�M ���M�/ �K�2���M �p�2�H�Q�+�B�i�v�X

�6�B�;�X�8�X�j�j�b�?�Q�r�b �i�?�2 �`�K�b �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �Q�7 �i�?�2 �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�v �+�Q�K�T�Q�M�2�M�i

���H�Q�M�; �T�2�M�+�B�H�b �T���`���H�H�2�H �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2�- �b�B�K�B�H���` �i�Q �i�?�2 �T�`�2�p�B�Q�m�b �+���b�2�b�X �*���b�2�b �7�`�Q�K �j�.�a�8

���M�/ �j�.�a�e ���`�2 �b�?�Q�r�M �?�2�`�2�X �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e ���`�2 �`�2�@���`�`���M�;�2�K�2�M�i�b �Q�7 �i�?�2 �+�Q�@�7�`���K�2�b

f Z0; Z1; Z2g�X

�3�3



�j�.�a�9�,[x0; x1; x2] = [ Z0; Z1; Z2]

�j�.�a�8�,[x0; x1; x2] = [ Z2; Z0; Z1]

�j�.�a�e�,[x0; x1; x2] = [ Z1; Z2; Z0]

�h�?�m�b �B�M �j�.�a�e�- �i�?�2 �H���`�;�2�b�i �b�+���H�2Z0 �B�b �i�?�2 �i�?�B�`�/ �7�`���K�2 �/�Q�r�M�b�i�`�2���K�-x2 = Z0�X ���H�H �i�?�`�2�2

�Q�7 �i�?�2 �j�k�W �j�.�a �;�`�B�/�b ���#�Q�p�2 �T�`�Q�/�m�+�2 �T�2���F �B�M�i�2�M�b�B�i�B�2�b �r�?�B�+�? ���`�2 �;�2�M�2�`���H�H�v �?�B�;�?�2�` �i�?���M

�7�`�Q�K �i�?�2 �j�k�W �k�.�6�k �;�`�B�/�X �h�?�2 �j�.�a�9 �T�`�Q�/�m�+�2�b �i�?�2 �?�B�;�?�2�b�i �T�2���F�b �Q�7 ���M�v �;�`�B�/ �2�t���K�B�M�2�/

�?�2�`�2�X �h�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �T�2���F�b �b�?�B�7�i�b �b�H�B�;�?�i�H�v �/�Q�r�M�b�i�`�2���K �7�`�Q�K �j�.�a�9 �i�Q �j�.�a�8 �i�Q

�j�.�a�e �@���H�K�Q�b�i �+�2�`�i���B�M�H�v �/�m�2 �i�Q �i�?�2 �b�?�B�7�i �B�MZ0 �/�Q�r�M�b�i�`�2���K �r�?�B�+�? �B�M�/�B�+���i�2�b �i�?���i �i�?�2

�T�2���F �H�Q�+���i�B�Q�M �B�b �;�Q�p�2�`�M�2�/ �#�v �i�?�2 �H�Q�+���i�B�Q�M �Q�7Z0 �Q�7 �i�?�2 �H���`�;�2�b�i �7�`���+�i���H �b�+���H�2�X �h�?�B�b �B�M

�i�m�`�M �b�m�;�;�2�b�i�b �i�?���i �i�?�2 �T�2���F�b ���`�2 �� �K���M�B�7�2�b�i���i�B�Q�M �Q�7 �~�Q�r �b�i�`�m�+�i�m�`�2 �U�D�2�i�- �r���F�2�- �p�Q�`�i�2�t�V

�Q�7 �+�?���`���+�i�2�`�B�b�i�B�+ �b�B�x�2�X

�h�?�2 �T�m�`�T�H�2 �H�B�M�2 �+�H�Q�b�2 �i�Q �i�?�2 �/�Q�K���B�M �T�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v�- �b�?�Q�r�b �i�?�2 �?�B�;�?�2�b�i �T�2���F

�B�M �j�.�a�9�X �P�p�2�`���H�H�- �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �M�Q�i�2 �i�?���i �M�2���`�H�v ���H�H �i�?�2 �i�?�`�2�2 �j�k�W �j�.�a �;�`�B�/�b

�b�?�Q�r �?�B�;�?�2�` �T�2���F�b �i�?���M �k�.�6 �B�M�/�B�+���i�B�M�; �?�B�;�?�2�` �i�m�`�#�m�H�2�M�+�2 �2�M�2�`�;�v �B�M �i�?�2 �2�M�i�B�`�2 �+�`�Q�b�b�@

�b�2�+�i�B�Q�M���H �T�H���M�2�X �h�?�2�`�2 ���`�2 �}�M�2 �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e �;�`�B�/�b

�#�m�i �B�i �B�b �+�H�2���` �Q�p�2�`���H�H �i�?���i �i�?�2 �b�i���;�;�2�`�2�/ �+�Q�@�T�H���M���` ���`�`���M�;�2�K�2�M�i �Q�7 �i�?�2 �;�`�B�/�b �T�`�Q�/�m�+�2�b

�b�B�;�M�B�}�+���M�i�H�v �/�B�z�2�`�2�M�i �+�?���`���+�i�2�`�B�b�i�B�+�b �i�Q �k�.�6�k �r�B�i�? �;�2�M�2�`���H�H�v �?�B�;�?�2�` �T�2���F�b �B�M �B�M�i�2�M�@

�b�B�i�v�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �H�2�p�2�H �Q�7 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�b �b�m�b�i���B�M�2�/ �;�2�M�2�`���H�H�v ���i �?�B�;�?�2�`

�H�2�p�2�H �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K �i�?���M �B�M �k�.�6�k�X �6�B�;�X�8�X�j�9�b�?�Q�r�b �i�?�2 �+�2�M�i�2�`�H�B�M�2 �K�2���M ���M�/ �`�K�b

�i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �7�`�Q�K �j�.�a�8 ���M�/ �j�.�a�e�X �>�2�`�2 �i�?�2 �7���` �}�2�H�/ �B�M�i�2�M�b�B�i�v �b�2���K�b �i�Q �#�2

���+�i�m���H�H�v �B�M�+�`�2���b�B�M�; �/�Q�r�M�b�i�`�2���K �B�M �i�?�2 �7���` �}�2�H�/�X �h�?�B�b �B�b �b�Q�K�2�i�?�B�M�; �M�2�r �r�?�B�+�? �?���b �M�Q�i

�#�2�2�M �T�`�2�p�B�Q�m�b�H�v �Q�#�b�2�`�p�2�/ �B�M ���M�v �;�`�B�/ �b�v�b�i�2�K�X �h�?�2 �[�m�2�b�i�B�Q�M �B�b �r�?���i �K�2�+�?���M�B�b�K �+���m�b�2�b

�i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �i�Q �`�B�b�2 �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�?���M�M�2�H ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2�\
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�U���V �j�.�a�8 �U�#�V �j�.�a�e

�6�B�;�m�`�2 �8�X�j�9�, �_�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v �~�m�+�i�m���i�B�Q�M�b ���H�Q�M�; �i�?�2 �+�?���M�M�2�H �H�2�M�;�i�? ���i �/�B�7�@
�7�2�`�2�M�i �T�Q�B�M�i�b �Q�M �i�?�2 �;�`�B�/�X �1���+�? �;�`���T�? �B�b �+�Q�H�Q�`�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �T�2�M�+�B�H
�B�M �i�?�2 �v�x�@�T�H���M�2 ���b �b�?�Q�r�M �B�M �i�?�2 �H�2�;�2�M�/�X

�A�M �i�?�2 ���#�b�2�M�+�2 �Q�7 ���M�v �b�Q�m�`�+�2 �Q�7 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�B�Q�M�- �i�?�2 �Q�M�H�v �K�2�+�?���M�B�b�K �K�m�b�i

�#�2 �`�2�@�2�M�i�`���B�M�K�2�M�i �Q�7 �i�m�`�#�m�H�2�M�i �~�m�B�/ �7�`�Q�K �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �+�2�M�i�`���H �`�2�;�B�Q�M �i�Q�r���`�/�b �i�?�2

�+�2�M�i�`���H �`�2�;�B�Q�M�X �h�?�2�`�2 �B�b �2�p�B�/�2�M�+�2 �Q�7 �i�?�B�b �7�`�Q�K �i�?�2 �+�Q�M�i�Q�m�` �T�H�Q�i�b �Q�7 �p�2�H�Q�+�B�i�v ���M�/ �b�+���H���`�-

�i�Q �#�2 �T�`�2�b�2�M�i�2�/ �H���i�2�`�X

�*�Q�K�T���`�2�/ �i�Q �i�?�2 �7�`���+�i���H �;�`�B�/ �Q�7 �i�?�2 �b���K�2 �#�H�Q�+�F���;�2 �`���i�B�Q�- �i�?�2 �j�.�a�9�- �j�.�a�8 ���M�/

�j�.�a�e �/�B�b�T�H���v �K�m�+�? �?�B�;�?�2�` �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v ���M�/ �B�i �B�b �b�m�b�i���B�M�2�/ �H�Q�M�;�2�` �/�Q�r�M�b�i�`�2���K

���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 ���b �/�B�b�T�H���v�2�/ �#�v �i�?�2 �`�2�/ �+�m�`�p�2�b �B�M �}�;�m�`�2�8�X�j�j�X �h�?�2 �T�2���F �B�b �`�2���+�?�2�/

���i ���`�Q�m�M�/x/ dmin = 150 �B�M ���H�H �7�Q�m�` �+���b�2�b �r�?�B�+�? �B�b �B�M�i�2�`�2�b�i�B�M�; �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �/�B�z�2�`�2�M�i

�Q�`�/�2�` �Q�7 ���`�`���M�;�2�K�2�M�i�b �Q�7 �i�?�2 �;�`�B�/�b�X �>�Q�r�2�p�2�` �j�.�a�9 �b�?�Q�r�b �� �?�B�;�?�2�` ���p�2�`���;�2 �B�M�i�2�M�b�B�i�v

�B�M �b�i�`�2���K�r�B�b�2 �/�B�`�2�+�i�B�Q�M �r�?�B�+�? �B�b �m�M�/�2�`�b�i���M�/���#�H�2 ���b �B�M �j�.�a�9�- �i�?�2 �#�H�Q�+�F���;�2�b ���`�2 �T�H���+�2�/

�B�M �Q�`�/�2�` �Q�7 �/�2�b�+�2�M�/�B�M�; �#�H�Q�+���F�;�2 �`���i�B�Q�b �Q�7 �i�?�2 �7�`���+�i���H �B�i�2�`���i�B�Q�M�b �B�M ���;�`�2�2�K�2�M�i �r�B�i�? �i�?�2
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�i�?�2�Q�`�v �Q�7 �2�M�2�`�;�v �+���b�+���/�2�X �j�.�a�9 �b�?�Q�r�b �� �?�B�;�?�2�` �B�M�i�2�M�b�B�i�v �2�p�2�M ���H�Q�M�; �Q�i�?�2�` �T�2�M�+�B�H�b �B�M

�i�?�2 �+�?���M�M�2�H�X �A�M �j�.�a�8 ���M�/ �j�.�a�e�- �i�?�2 �T�2���F �B�b �b�?�B�7�i�2�/ �b�H�B�;�?�i�H�v �/�Q�r�M�b�i�`�2���K ���b �+�Q�K�T���`�2�/

�i�Q �j�.�a�j ���M�/ �j�.�a�9�X �h�?�2 �`�2���b�Q�M �B�b �#�2�+���m�b�2 �i�?�2 �K���B�M �+�Q�M�i�`�B�#�m�i�B�Q�M �i�Q �i�?�2 �B�M�i�2�M�b�B�i�v �b�2�2�K�b

�i�Q �#�2 �+�Q�K�B�M�; �7�`�Q�K �i�?�2 �i�?�B�+�F�2�b�i �;�`�B�/ �B�i�2�`���i�B�Q�M�X �>�Q�r�2�p�2�` �i�?�2 �T�2���F �/�Q�2�b �M�Q�i �b�2�2�K �i�Q �#�2

�#���b�2�/ �Q�M �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �i�?�2 �;�`�B�/�b ���b �7�Q�` �;�`�B�/ �r�B�i�? �#�H�Q�+�F���;�2 �`���i�B�Q �k�9�W�- �i�?�2 �T�2���F

�B�M�i�2�M�b�B�i�v �H�B�2�b ���i ���`�Q�m�M�/ �k�y�- �r�?�2�`�2 ���b �7�Q�` �Q�i�?�2�` �;�`�B�/�b �B�i �`�B�b�2�b �i�Q ���#�Q�m�i �9�y�X �A�M �7�`���+�i���H

�b�[�m���`�2 �;�`�B�/ �k�.�6�k�- �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �r���b �j�k�W ���M�/ �i�?�2 �T�2���F �B�M�i�2�M�b�B�i�v �r���b ���`�Q�m�M�/ �k�8�X

�h�?�B�b �/�B�z�2�`�2�M�+�2 �B�M �T�2���F �B�M�i�2�M�b�B�i�v �#�v �j�.�a �;�`�B�/�b �B�b �� �b�B�;�M�B�}�+���M�i �/�2�p�B���i�B�Q�M�X

�6�B�;�m�`�2�8�X�j�9�b�?�Q�r�b �T�2�`�+�2�M�i���;�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �p�2�H�Q�+�B�i�v ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 �Q�7

�i�?�2 �+�?���M�M�2�H �B�M �`�2�/ ���M�/ �K�2���M �p�2�H�Q�+�B�i�v �T�`�Q�}�H�2 �B�M �;�`�2�2�M �K�m�H�i�B�T�H�B�2�/ �#�v �� �7���+�i�Q�` �Q�7 �R�y�X

�J�2���M �p�2�H�Q�+�B�i�v �B�b ���H�b�Q �b�B�;�M�B�}�+���M�i�H�v �?�B�;�?�2�` �B�M �+���b�2 �Q�7 �;�`�B�/�b �?���p�B�M�; �#�H�Q�+�F���;�2 �`���i�B�Q �j�k�W�X

�h�?�2 ���p�2�`���;�2 �p�2�H�Q�+�B�i�v �b�m�b�i���B�M�b �H�Q�M�;�2�` �/�Q�r�M �i�?�2 �+�?���M�M�2�H �B�M �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e ���M�/

�#�2�+�Q�K�2�b �+�Q�M�b�i���M�i ���7�i�2�`x/ dmin = 300�X �q�2 �/�Q�M�Q�i �b�2�2 �� �7���H�H �B�M �i�?�2 ���p�2�`���;�2 �Q�` �`�Q�Q�i �K�2���M

�b�[�m���`�2 �p�2�H�Q�+�B�i�v �T�`�Q�}�H�2�b �r�?�B�+�? �K�2���M�b �i�?���i �i�m�`�#�m�H�2�M�+�2 �B�b �b�m�b�i���B�M�2�/ ���H�H �i�?�2 �r���v �/�Q�r�M

�i�?�2 �+�?���M�M�2�H�X �6�Q�` �� �T�Q�r�2�`�H���r �/�2�+���v �/�2�}�M�2�/ �#�v

u02

U1
= c

�
x

dmin

� � n

�U�8�X�k�V

�i�?�2 �p���H�m�2 �Q�7 �M �B�b �?�B�;�?�2�b�i �7�Q�` �j�.�a�e �B�M �i�?�2 �/�2�+���v �`�2�;�B�Q�Mn u 0:3 ���M�/ �b�K���H�H�2�b�i �B�M �i�?�2 �/�2�+���v

�`�2�;�B�Q�M �Q�7 �j�.�a�jn u 0:05�X �h�?�2 �/�2�+���v �`�2�;�B�Q�M �B�b ���H�r���v�b �B�M �i�?�2 �`���M�;�280 � x/ dmin � 250

�@�i�?�B�b �b�i�`�Q�M�;�H�v �b�m�;�;�2�b�i�b �i�?���i �� �H�Q�+���H �~�Q�r �b�i�`�m�+�i�m�`�2�- �b�m�+�? ���b �� �D�2�i �Q�` �r���F�2 �Q�` �p�Q�`�i�2�t �?���b

�7�Q�`�K�2�/ �r�?�B�+�? �/�2�T�2�M�/�b �Q�M�H�v �m�T�Q�M �i�?�2 �;�`�B�/ �b�B�x�2�X �h�?�2�`�2�7�Q�`�2 �i�?�2 �`���i�2 �Q�7 �/�2�+���v �B�b �?�B�;�?�2�`
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�7�Q�` �2�t���K�T�H�2�- �i�?�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �B�b�-� 3DS = Max f � 0; � 1; � 2g�- �#�m�i �#�2�+���m�b�2

� 2DF = � 0 + � 1 + � 2�- �i�?�2�M� 3DS << � 2DF �X �6�Q�` �2�t���K�T�H�2�- �B�M �i�?�2 �k�.�6 �b�[�m���`�2 �7�`���+�i���H �;�`�B�/

�i�?���i �G�o�k�y�R�k �B�M�p�2�b�i�B�;���i�2�/�- �r�2 �?���p�2� 2DF � 32�W�- ���M�/ �B�M �i�?�2 �+�Q�m�M�i�2�`�T���`�i �j�.�a �;�`�B�/ �r�2

�?���p�2� Max
3DS � 15�W�X �h�?�2 �`�2�/�m�+�i�B�Q�M �B�M �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �B�b �#�Q�m�M�/ �i�Q ���z�2�+�i �i�?�2

�i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/ �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �;�`�B�/�- ���M�/ �B�i �B�b �� �T���`�i �Q�7 �i�?�2 ���B�K �Q�7 �i�?�B�b �r�Q�`�F

�i�Q �B�M�p�2�b�i�B�;���i�2 �i�?�B�b �7�2���i�m�`�2�X

�6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �j�.�a �b�v�b�i�2�K �?���b �� �K�m�+�? �;�`�2���i�2�` �T���`���K�2�i�2�` �b�T���+�2 �i�?���M �i�?�2 �k�.�6 �Q�`

�_�: �b�v�b�i�2�K�b�- �#�2�+���m�b�2 �i�?�2�`�2 ���`�2 �b�2�p�2�`���H �M�2�r �T���`���K�2�i�2�`�b �B�M �i�?�2 �j�.�a �b�v�b�i�2�K�X �6�B�`�b�i�- �i�?�2�`�2

�B�b �i�?�2 �B�M�i�2�`�@�7�`���K�2 �b�T���+�B�M�; �#�2�i�r�2�2�M �b�m�+�+�2�b�b�B�p�2 �+�Q�@�7�`���K�2�b�-r1 = x1 � x0; r2 = x2 � x1�X

�a�2�+�Q�M�/�- �i�?�2 �+�Q�@�7�`���K�2 �b�2�if Z0; Z1; Z2g �T�Q�b�b�2�b�b�2�b �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �b�2�if � 0; � 1; � 2g�c

�b�Q �H�Q�M�; ���b �Q�M�2 �Q�7 �i�?�2� i �ö�b �B�b �2�[�m���H �i�Q� Max
3DS �- �b���v� 0�- �i�?�2�M �i�?�2 �Q�i�?�2�` �i�r�Q �+���M �i���F�2 ���`�#�B�i�`���`�v

�p���H�m�2�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q� max
3DS �- ���M�/ �i�?�B�b �T�`�Q�p�B�/�2�b�- �T�Q�i�2�M�i�B���H�H�v�- ���M �B�M�}�M�B�i�2 �M�m�K�#�2�` �Q�7

�j�.�a �b�v�b�i�2�K�b �7�Q�` �i�?�2 �b���K�2� max
3DS �X

�h�?�B�`�/�H�v�- �7�Q�` �2���+�? �+�?�Q�B�+�2 �Q�7 �i�?�2 �+�Q�@�7�`���K�2 �b�2�if Z0; Z1; Z2g�- �v�Q�m �+���M ���`�`���M�;�2 �i�?�2 �+�Q�@

�7�`���K�2�b �B�M ���M�v �Q�`�/�2�` �i�Q �Q�#�i���B�M �� �M�2�r �j�.�a �b�v�b�i�2�K�X �6�Q�` �2�t���K�T�H�2�- �b�r���T�T�B�M�; �i�?�2 �}�`�b�i ���M�/

�R�y�R



�b�2�+�Q�M�/ �7�`���K�2�b�- �r�2 �Q�#�i���B�Mf Z1; Z0; Z2g �- �r�B�i�? �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �b�2�if � 1; � 0; � 2g�X �A�M �i�?�2

�� �j�@�7�`���K�2 �b�v�b�i�2�K �i�?�2�`�2 ���`�23! �T�Q�b�b�B�#�H�2 ���`�`���M�;�2�K�2�M�i�b�X

���i �i�?�2 �+�m�`�`�2�M�i �i�B�K�2�- �i�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2�b�2 �T���`���K�2�i�2�`�b �B�b �b�Q�K�2�r�?���i ���/ �?�Q�+ �#�2�+���m�b�2 �M�Q

�T�`�2�p�B�Q�m�b �b�i�m�/�v �2�t�B�b�i�b �Q�M �i�?�2 �j�.�a �b�v�b�i�2�K�X �6�Q�` �i�?�B�b �b�i�m�/�v�- �r�2 �?���p�2 �+�?�Q�b�2�M �T���`���K�2�i�2�`�b

�p���H�m�2�b �Q�M ���M ���T�T�`�Q�t�B�K���i�2 �T�?�v�b�B�+���H �#���b�B�b�X �h�?�m�b�- �i�?�2 �B�M�i�2�`�@�7�`���K�2 �/�B�b�i���M�+�2�br1 ���M�/r2

�r�2�`�2 �+�?�Q�b�2�M �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�H�v �r�?�2�`�2 �r�2 �2�t�+�2�T�i �i�?���i �i�?�2 �r���F�2�b �7�`�Q�K �i�?�2 �m�T�b�i�`�2���K

�;�`�B�/ �r�Q�m�H�/ �B�M�i�2�`�b�2�+�i�X �h�?�2 �Q�`�/�2�`�B�M�; �Q�7 �i�?�2 �+�Q�@�7�`���K�2 �b�2�if Z0; Z1; Z2g �r���b �+�?�Q�b�2�M �i�Q �#�2

�i�?�2 �H���`�;�2�b�i �b�+���H�2 �}�`�b�iZ0�- �i�?�2�M �i�?�2 �M�2�t�i �b�+���H�2 �B�MZ1�- ���M�/ �i�?�2 �b�K���H�H�2�b�i �b�+���H�2 �r���b �B�M

Z2�X �h�?�2 �B�M�B�i�B���H �#�H�Q�+�F���;�2 �`���i�B�Q �b�2�if � 0; � 1; � 2g = f 15�W; 15�W; 15�Wg �r���b �i�?�2�M �Q�#�i���B�M�2�/

�/�B�`�2�+�i�H�v �7�`�Q�K �i�?�2 �k�.�6 �~���i �7�`���+�i���H ���7�i�2�` �b�2�T���`���i�B�M�; �2���+�? �b�+���H�2�X

�h�?�2 �K���B�M ���B�K �Q�7 �i�?�B�b �b�i�m�/�v �B�b �i�Q �#�2�;�B�M ���M �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/

�#�v �i�?�2 �/�B�z�2�`�2�M�i �j�.�a �;�`�B�/�b�X �E�2�v �[�m�2�b�i�B�Q�M�b ���`�2�- �?�Q�r �/�Q�2�b �i�?�2 �i�m�`�#�m�H�2�M�+�2 �+�Q�K�T���`�2 �i�Q

�i�?�2 �k�.�6 �b�v�b�i�2�K�\ �>�Q�r �/�Q �i�?�2 �/�B�z�2�`�2�M�i �T���`���K�2�i�2�`�b ���z�2�+�i �i�?�2 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/�\

�A�M �i�?�B�b �b�i�m�/�v �r�2 �?���p�2 �B�M�p�2�b�i�B�;���i�2�/ �i�?�2�b�2 �B�b�b�m�2�b �i�?�`�Q�m�;�? �2�t���K�B�M�B�M�; �i�?�2 �b�i���i�B�b�i�B�+�b �Q�7 �i�?�2

�;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�- ���M�/ �i�?�`�Q�m�;�? �+�Q�M�i�Q�m�` �p�B�b�m���H�B�x���i�B�Q�M�b �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/�b ���M�/

�/�B�z�m�b�B�M�; �b�+���H���` �}�2�H�/�b�X

�>�Q�r�2�p�2�`�- �m�b�B�M�; �.�L�a ���b �i�?�2 �M�m�K�2�`�B�+���H �K�2�i�?�Q�/ �Q�7 �B�M�p�2�b�i�B�;���i�B�Q�M �r�2 �+���M�M�Q�i �B�M�p�2�b�i�B�@

�;���i�2 �i�?�2 �7�m�H�H �`���M�;�2 �Q�7 �T���`���K�2�i�2�`�b�- �Q�` �2�p�2�M ���H�H �i�?�2 �M�2�r �T���`���K�2�i�2�`�b�- �#�2�+���m�b�2 �i�?�2 �.�L�a �B�b

�i�B�K�2 �+�Q�M�b�m�K�B�M�;�X �A�M �i�?�B�b �b�i�m�/�v �r�2 �?���p�2 �i�?�2�`�2�7�Q�`�2 �H�B�K�B�i�2�/ �i�?�2 �+���H�+�m�H���i�B�Q�M�b �i�Q �� �b�2�H�2�+�i

�M�m�K�#�2�` �Q�7 �+���b�2�b�X �h�?�B�b �?���b �;�B�p�2�M �m�b ���M �Q�p�2�`���H�H �p�B�2�r �Q�7 �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q �b�Q�K�2 �Q�7 �i�?�2

�T���`���K�2�i�2�`�b�- ���H�i�?�Q�m�;�? �Q�7 �+�Q�m�`�b�2 �K�Q�`�2 �Q�7 �i�?�2 �T���`���K�2�i�2�` �`���M�;�2�b �r�B�H�H �2�p�2�M�i�m���H�H�v �?���p�2 �i�Q

�#�2 �+���`�`�B�2�/ �Q�m�i �B�M �i�?�2 �7�m�i�m�`�2�X

�>�2�`�2�- �r�2 �?���p�2 �Q�T�i�2�/ �i�Q �B�M�p�2�b�i�B�;���i�2 �Q�M�H�v �i�?�2 �p���`�B���i�B�Q�M �Q�7 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �b�2�i

�R�y�k



f � 0; � 1; � 2g�- ���M�/ �i�?�2 �Q�`�/�2�` �Q�7 �i�?�2 �+�Q�@�7�`���K�2�bf Z0; Z1; Z2g�X �*�?���M�;�2�b �B�M �i�?�2 �B�M�i�2�`�@�7�`���K�2

�b�2�T���`���i�B�Q�M�b �?���p�2 �#�2�2�M �H�2�7�i �7�Q�` �7�m�i�m�`�2 �b�i�m�/�B�2�b�X �A�M ���H�H �i�?�2 �j�.�a �;�`�B�/�b �b�B�K�m�H���i�2�/ �?�2�`�2�- �r�2

�?���p�2 �F�2�T�ir1 = 17dmin ���M�/r2 = 8:5dmin �X

�G�o�k�y�R�k �r���b �+�?�Q�b�2�M ���b �i�?�2 �#���b�2 �+���b�2 �7�Q�` �Q�m�` �B�M�B�i�B���H �b�v�b�i�2�K�- �#�2�+���m�b�2 �G�o�k�y�R�k �B�M�@

�p�2�b�i�B�;���i�2�/ �i�?�2 �_�: ���M�/ �k�.�6 �i�?�`�Q�m�;�? �i�m�`�#�m�H�2�M�+�2 �b�i���i�B�b�i�B�+�b �B�M ��4 : 1 : 1 �+�?���M�M�2�H �r�B�i�?

�B�M�~�Q�r ���M�/ �Q�m�i�~�Q�r �+�Q�M�/�B�i�B�Q�M�b ���M�/ �T�2�`�B�Q�/�B�+ �r���H�H �+�Q�M�/�B�i�B�Q�M�b�X �A�M�B�i�B���H�H�v�- �r�2 �m�b�2�/ �i�?�B�b

�2�t���+�i �b�v�b�i�2�K ���b �� �+�Q�K�T���`���i�Q�`�- ���M�/ �r�2 �b�B�K�m�H���i�2�/ �i�?�2 �_�:�R�- �k�.�6�R ���M�/ �i�?�2 �j�.�a�R �;�`�B�/�b

�B�M �i�?�B�b �+�?���M�M�2�H�X �h�?�2 �_�:�R ���M�/ �k�.�6�R �U�r�?�B�+�? �?���p�2 �j�k�W �b�Q�H�B�/�B�i�v�V �`�2�b�m�H�i�b �r�2�`�2 �b�B�K�B�H���` �i�Q

�i�?�Q�b�2 �B�M �G�o�k�y�R�k�- �r�?�B�+�? �p���H�B�/���i�2�b �Q�m�` �+�m�`�`�2�M�i �.�L�a �+���H�+�m�H���i�B�Q�M�b�X

�>�Q�r�2�p�2�`�- �+�?���M�M�2�H�b �r�B�i�? ���b�T�2�+�i �`���i�B�Q �8�,�R�,�R �r�2�`�2 �H���i�2�` ���/�Q�T�i�2�/ �i�Q �b�2�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2

�/�2�p�2�H�Q�T�K�2�M�i �7�m�`�i�?�2�` �/�Q�r�M�b�i�`�2���K �� �_�:�k�- �k�.�6�k�- ���M�/ �j�.�a�k�X �h�?�2 �j�.�a�k �;�`�B�/�- �?���b �K���t�@

�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �R�8�W�X �h�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �i�Q �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q

�r���b �2�t���K�B�M�2�/ �#�v �+�?���M�;�2�b �i�Q �i�?�2 �H���`�;�2�b�i �b�+���H�2 �+�Q�@�7�`���K�2Z0�- �F�2�2�T�B�M�; ���H�H �Q�i�?�2�` �T���`���K�2�@

�i�2�`�b �i�?�2 �b���K�2�X �h�?�2 �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �#���`�b�-d0�- �r���b �B�M�+�`�2���b�2�/�- �b�Q �i�?���i �B�M �j�.�a�j �r�2 �?���p�2

� 3DS 3 = 24�W�- ���M�/ �B�M �i�?�2 �j�.�a�9 �r�2 �?���p�2�-� 3DS 4 = 32�W�X

�h�?�2�M�- �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �i�Q �i�?�2 �Q�`�/�2�`�B�M�; �Q�7 �i�?�2 �7�`���K�2�b �r���b �2�t���K�B�M�2�/�-

�b�i���`�i�B�M�; �7�`�Q�K �j�.�a�9 ���b �i�?�2 �#���b�2 �+���b�2�- �b�m�+�? �i�?���i �B�M �j�.�a�8 �r�2 �?���p�2 �i�?�2 �Q�`�/�2�`f Z1; Z2; Z0g

�i�?�m�bf � 0; � 1; � 2g = f 15�W; 15�W; 32�Wg�- ���M�/ �B�M �i�?�2 �j�.�a�e �r�2 �?���p�2 �i�?�2 �Q�`�/�2�`f Z2; Z0; Z1g

�i�?�m�bf � 0; � 1; � 2g = f 15�W; 32�W; 15�Wg�X �L�Q�i�2 �i�?���i �B�M �i�?�2 �j�.�a�9�- �j�.�a�8�- ���M�/ �j�.�a�e �r�2

�?���p�2� max
3DS = 32�W�X

�h�?�2 �`�2�b�m�H�i�b �b�?�Q�r �`�2�K���`�F���#�H�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �i�Q �i�?�2 �b�v�b�i�2�K �T���`���K�2�@

�i�2�`�b�- ���M�/ �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �i�m�`�#�m�H�2�M�+�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �;�2�M�2�`���i�2�/ �#�v �i�?�2 �j�.�a

���b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �_�2�;�m�H���` �:�`�B�/ �_�: ���M�/ �i�?�2 �~���i �7�`���+�i���H �;�`�B�/�b �k�.�6�X

�R�y�j



�h�?�2 �T�2���F �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �7�`�Q�K �i�?�2 �j�.�a�k �r�2�`�2 �K�m�+�? �H�Q�r�2�` �i�?���M �B�M �i�?�2 �_�:�R

���M�/ �k�.�6�R �2�b�T�2�+�B���H�H�v ���r���v �7�`�Q�K �i�?�2 �+�2�M�i�2�`�H�B�M�2 �B�M �i�?�2 �M�2���`�@�}�2�H�/ �`�2�;�B�Q�M �+�H�Q�b�2 �i�Q �i�?�2

�;�`�B�/�b�c �#�m�i �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �T�2�`�b�B�b�i�2�/ ���i �� �H�2�p�2�H �+�Q�K�T���`���#�H�2 �i�Q �i�?�2 �k�.�6 �7���`

�/�Q�r�M�b�i�`�2���K�X

�h�?�2 �T�2���F �B�M�i�2�M�b�B�i�B�2�b �;�2�M�2�`���i�2�/ �B�M �i�?�2 �j�.�a�9 �U�j�k�W�V �B�b �i�?�2 �?�B�;�?�2�b�i �v�2�i �Q�#�b�2�`�p�2�/ �B�M

���M�v �;�`�B�/ �b�v�b�i�2�K�- ���i �i�B�K�2�b �M�2���`�H�v �i�r�B�+�2 �i�?�2 �B�M�i�2�M�b�B�i�v �B�M �i�?�2 �k�.�6 �T�2���F�B�M�; ���i �K�Q�`�2 �i�?���M

�e�y�W ���r���v �7�`�Q�K �i�?�2 �+�2�M�i�2�`�H�B�M�2 �B�M �i�?�2 �M�2���`�@�}�2�H�/ �`�2�;�B�Q�M�X �6�m�`�i�?�2�`�K�Q�`�2�- �B�M �i�?�2 �i�m�`�#�m�H�2�M�+�2

�T�2�`�b�B�b�i�2�/ �7���` �/�Q�r�M�b�i�`�2���K ���i �� �?�B�;�? �H�2�p�2�H �Q�7 ���`�Q�m�M�/ �R�8�W �i�B�H�H �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���M�M�2�H�X �A�M

�7���+�i�- �B�M �i�?�2 �i�?�`�2�2 �j�k�W �j�.�a �;�`�B�/�b�- �B�M �i�?�2 �7���`�@�}�2�H�/ �`�2�;�B�Q�Mx > 300dmin �i�?�2 �K�2���M �~�Q�r

���M�/ �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2 ���+�i�m���H�H�v �B�M�+�`�2���b�2�/ �i�Q�r���`�/�b �i�?�2 �2�M�/

�Q�7 �i�?�2 �+�?���M�M�2�H�- �T�2�`�?���T�b �/�m�2 �i�Q �� �?�B�;�? �H�2�p�2�H �Q�7 �2�M�i�`���B�M�K�2�M�i�X

�h�?�2 �k�9�W �j�.�a�j �;�`�B�/ ���T�T�`�Q���+�?�2�/ �i�?�2 �T�`�Q�}�H�2�b �Q�#�b�2�`�p�2�/ �7�`�Q�K �i�?�2 �j�.�a�9�- ���H�i�?�Q�m�;�? �i�?�2

�T�2���F�b �r�2�`�2 �M�Q�i �b�Q �?�B�;�? �2�b�T�2�+�B���H�H�v ���H�Q�M�; �i�?�2 �+�2�M�i�2�`�H�B�M�2�- ���M�/ �i�?�2 �i�m�`�#�m�H�2�M�i �b�T�2�+�i�`�m�K �r���b

�M�Q�i �b�Q �r�2�H�H �/�2�p�2�H�Q�T�2�/�X �h�?�2 �b�B�;�M�B�}�+���M�+�2 �Q�7 �i�?�B�b �`�2�b�m�H�i �B�b �i�?���i �K�Q�b�i �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2

�b�i���i�B�b�i�B�+�b �7�`�Q�K �j�k�W �;�`�B�/�b �+���M �#�2 �K���i�+�?�2�/ �i�Q �7���B�` ���T�T�`�Q�t�B�K���i�B�Q�M �7�`�Q�K �� �k�9�W �j�.�a �;�`�B�/

�b�v�b�i�2�K�X �h�?�B�b �B�b �B�K�T�Q�`�i���M�i �B�M ���T�T�H�B�+���i�B�Q�M�b �r�?�2�`�2 �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q�- ���M�/ �i�?�2 ���b�b�Q�+�B���i�2�/

�K�2���M �T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�- �+���M �#�2 �`�2�/�m�+�2�/ �r�?�B�H�2 �`�2�i���B�M�B�M�; �K�Q�b�i �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2�X �h�?�2�`�2

�+�Q�m�H�/ �#�2 ���T�T�H�B�+���i�B�Q�M�b �r�?�2�`�2 �i�?�B�b �B�b ���M ���+�+�2�T�i���#�H�2 �i�`���/�2 �Q�z�X

�h�?�2 �i�m�`�#�m�H�2�M�+�2 ���H�b�Q �b�?�Q�r�2�/ �b�Q�K�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q �i�?�2 �Q�`�/�2�` �Q�7 ���`�`���M�;�2�K�2�M�i �Q�7 �i�?�2

�+�Q�@�7�`���K�2�b�- ���H�i�?�Q�m�;�? �i�?�2 �/�B�z�2�`�2�M�+�2�b �7�Q�` �i�?�2 �b���K�2 �#�H�Q�+�F���;�2 �`���i�B�Q �j�k�W �r���b �M�Q�i ���b �;�`�2���i

���b �#�2�i�r�2�2�M �+���b�2�b �r�B�i�? �/�B�z�2�`�2�M�i �#�H�Q�+�F���;�2 �`���i�B�Q�b�X �h�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �7�m�H�H�v �/�2�p�2�H�Q�T�2�/

�i�m�`�#�m�H�2�M�+�2 �r���b �#�2�b�i �B�M �i�?�2 �j�.�a�9 �;�`�B�/ �r�?�2�`�2 �i�?�2 �Q�`�/�2�` �Q�7 �+�Q�@�7�`���K�2�b �B�b �7�`�Q�K �H���`�;�2 �b�+���H�2�b

�i�Q �b�m�+�+�2�b�b�B�p�2�H�v �b�K���H�H�2�` ���M�/ �b�K���H�H�2�` �b�+���H�2�b�X �h�?�2 �Q�i�?�2�` �Q�`�/�2�`�B�M�;�b�- �B�M �j�.�a�8 ���M�/ �j�.�a�e�-
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�7�Q�` �i�?�2 �b���K�2 �K���t�B�K�m�K �#�H�Q�+�F���;�2 �`���i�B�Q �Q�7 �j�k�W �T�`�Q�/�m�+�2�/ �H�Q�r�2�` �i�?�2 �T�2���F �B�M�i�2�M�b�B�i�B�2�b

���M�/ �i�?�2 �i�m�`�#�m�H�2�M�+�2 �/�B�/ �M�Q�i �/�2�p�2�H�Q�T �b�m�+�? �� �+�H�2���` �@�8�f�j �b�T�2�+�i�`�m�K �Q�p�2�` �� �r�B�/�2 �`���M�;�2 �Q�7

�r���p�2�M�m�K�#�2�`�b�X

�P�p�2�`���H�H�- �i�?�2 �#�H�Q�+�F���;�2 �`���i�B�Q �r���b �i�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i �T���`���K�2�i�2�` �B�M �i�?�2 �+���b�2�b �i�?���i

�r�2 �B�M�p�2�b�i�B�;���i�2�/�X

�"�`�Q���/�H�v�- �i�?�2 �i�m�`�#�m�H�2�M�+�2 �/�Q�r�M�b�i�`�2���K �+���M �#�2 �/�B�p�B�/�2�/ �B�M �i�Q �i�?�`�2�2 �`�2�;�B�Q�M�b�X �6�B�`�b�i�-

�i�?�2 �M�2���`�@�;�`�B�/ �i�m�`�#�m�H�2�M�+�2 �T�`�Q�/�m�+�i�B�Q�M �`�2�;�B�Q�M �B�M �i�?�2 ���T�T�`�Q�t�B�K���i�2 �`���M�;�20 < x < 50dmin

�r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �`�B�b�2 �`���T�B�/�H�v �i�Q �i�?�2�B�` �T�2���F �p���H�m�2�b�X �h�?�B�b �B�b �7�Q�H�H�Q�r�b �#�v

�i�?�2 �K�B�/�@�`���M�;�2 �`�2�;�B�Q�M50 < x < 250 �r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b �/�2�+�`�2���b�2 �`���T�B�/�H�v�X

�6�B�M���H�H�v�- �i�?�2�`�2 �B�b �i�?�2 �7���`�@�}�2�H�/ �`���M�;�2x > 250dmin �r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 ���T�T�2���`�b �i�Q �#�2

�`�2���b�Q�M���#�H�v �r�2�H�H �K�B�t�2�/�- �i�?�Q�m�;�? �M�Q�i �2�M�i�B�`�2�H�v �?�Q�K�Q�;�2�M�2�Q�m�b�- ���M�/ �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v

���T�T�2���`�b �i�Q �#�2 �r�2�H�H �b�m�b�i���B�M�2�/�- ���i �H�2���b�i �+�H�Q�b�2 �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2�X

�h�?�2 �j�.�a �b�v�b�i�2�K�b ���`�2 �+�?���`���+�i�2�`�B�x�2�/ �#�v �� �+�2�M�i�`���H �+�Q�`�2 �`�2�;�B�Q�M �+�H�Q�b�2 �i�Q �i�?�2 �+�2�M�i�2�`�H�B�M�2

�r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�b �`�2���b�Q�M���#�H�2 �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ ���T�T�`�Q�t�B�K���i�2�H�v �b�i�2���/�v �B�M �i�?�2 �7���`�@

�}�2�H�/ �`�2�;�B�Q�M�X �>�Q�r�2�p�2�`�- �7���` �7�`�Q�K �i�?�2 �+�2�M�i�`���H �+�Q�`�2 �`�2�;�B�Q�M �B�M �i�?�2 �H���i�2�`���H �/�B�`�2�+�i�B�Q�M�b �i�?�2

�i�m�`�#�m�H�2�M�+�2 �/�B�2�b �/�Q�r�M�X �h�?�B�b �B�b �B�K�T�Q�`�i���M�i �7�Q�` �2�t�T�2�`�B�K�2�M�i�b �#�2�+���m�b�2 �B�M �i�?�2 �T���b�i�- �i�?�2

�_�: �;�`�B�/�b �?���p�2 �T�`�Q�/�m�+�2�/ �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2 �#�m�i

�Q�M�H�v �Q�p�2�` �� �p�2�`�v �b�?�Q�`�i �M�2���` �}�2�H�/ �`�2�;�B�Q�M�X �"�m�i �#�v �Q�T�i�B�K�B�x�B�M�; �i�?�2 �j�.�a �T���`���K�2�i�2�`�b�- �B�i

�K���v �#�2 �T�Q�b�b�B�#�H�2 �i�Q �T�`�Q�/�m�+�2 �� �+�Q�`�2 �`�2�;�B�Q�M �Q�p�2�` ���M �2�t�i�2�M�/�2�/ �`�2�;�B�Q�M �/�Q�r�M�b�i�`�2���K �i�?���i �B�b

�`�2���b�Q�M���#�H�v �?�Q�K�Q�;�2�M�2�Q�m�b�- �B�b�Q�i�`�Q�T�B�+�- ���M�/ �b�i�2���/�v�X �h�?�B�b �+�Q�m�H�/ ���H�H�Q�r �b�m�+�? �i�m�`�#�m�H�2�M�+�2 �i�Q

�#�2 �2�t���K�B�M�2�/ �K�Q�`�2 �2���b�B�H�v ���M�/ �;�`�2���i�2�` �/�2�i���B�H �i�?���M �B�M �i�?�2 �T���b�i�X

�A�M �p�B�2�r �Q�7 �i�?�2 �H�B�K�B�i�2�/ �M�m�K�#�2�` �Q�7 �+���H�+�m�H���i�B�Q�M�b �i�?���i �r�2 �?���p�2 �+���`�`�B�2�/ �Q�m�i�- �B�i �B�b �/�B�{�+�m�H�i

���i �i�?�B�b �b�i���;�2 �i�Q �/�`���r �/�2�}�M�B�i�B�p�2 �+�Q�M�+�H�m�b�B�Q�M�b �Q�M �i�?�2 �Q�p�2�`���H�H �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �j�.�a�X
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�>�Q�r�2�p�2�`�- �� �7�2�r �i�2�M�i���i�B�p�2 �B�/�2���b �+���M �#�2 �?�B�;�?�H�B�;�?�i�2�/ �7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X

�q�B�i�? �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �i�Q �b�v�b�i�2�K �T���`���K�2�i�2�`�b �b�Q �+�H�2���`�H�v �B�M �2�p�B�/�2�M�+�2�-

�B�i �B�b �+�`�B�i�B�+���H �i�Q �}�M�/ ���M�/ �m�M�/�2�`�b�i���M�/ �Q�T�i�B�K���H �H�B�K�B�i�B�M�; �+���b�2�b�- �b�m�+�? ���b �r�?�B�+�? �T���`���K�2�i�2�`

�`���M�;�2�b �r�B�H�H �T�`�Q�/�m�+�2 �i�?�2 �K�Q�b�i �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �7�Q�` �i�?�2 �K�B�M�B�K�m�K �T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�c

���M�/ �r�?���i �T���`���K�2�i�2�` �b�2�i�i�B�M�;�b �r�B�H�H �T�`�Q�/�m�+�2 �i�?�2 �#�2�b�i �?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2 �B�M �� �+�Q�`�2

�`�2�;�B�Q�M�\

�A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �`�2�H���i�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �b�i���i�B�b�i�B�+�b �B�M �i�?�2 �i�?�`�2�2 �`�2�;�B�Q�M�b �i�Q �i�?�2 �H�Q�+���H

�~�Q�r �b�i�`�m�+�i�m�`�2�b�X �6�Q�` �2�t���K�T�H�2�- �B�b �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �M�2���`�@�`�2�;�B�Q�M �/�B�`�2�+�i�H�v �`�2�H���i�2�/ �i�Q �i�?�2

�b�+���H�2 �Q�7 �i�?�2 �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2 �i�?���i ���`�B�b�2�- �Q�` �i�Q �i�?�2 �H�2�M�;�i�? �b�+���H�2 �Q�7 �r���F�2 �B�M�i�2�`���+�i�B�Q�M�b�\

�.�Q�2�b �i�?�2 �/�2�+���v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�M �i�?�2 �K�B�/�@�`�2�;�B�Q�M �7�Q�H�H�Q�r �� �T�Q�r�2�` �H���r

�/�2�+���v �H���r �� �B�7 �b�Q�- �i�?�2�M �r�?���i �B�b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �T�Q�r�2�` �H���r�\

���M�Q�i�?�2�` �[�m�2�b�i�B�Q�M�b �Q�7 �B�M�i�2�`�2�b�i�- �B�b �r�?���i �B�b �i�?�2 �K�2�+�?���M�B�b�K �i�?���i �b�m�b�i���B�M�b �i�?�2 �i�m�`�@

�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �7�Q�` �b�Q �H�Q�M�; ���i �b�m�+�? �� �?�B�;�? �H�2�p�2�H �/�Q�r�M�b�i�`�2���K �B�M �b�Q�K�2 �Q�7 �i�?�2 �j�.�a

�b�v�b�i�2�K�b�\

�8�X�e �*�Q�M�+�H�m�b�B�Q�M

�q�2 �?���p�2 �B�M�p�2�b�i�B�;���i�2�/�- �7�Q�` �i�?�2 �}�`�b�i �i�B�K�2�- �i�?�2 �M�2�r �j�. �b�T���`�b�2 �;�`�B�/ �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�Q�`

�U�j�.�a�V �r�?�B�+�? �B�b �� �b�v�b�i�2�K �Q�7 �+�Q�@�T�H���M���` ���`�`���M�;�2�K�2�M�i �Q�7 �;�`�B�/�b ���b �/�2�i���B�H�2�/ �B�M �(�k�d�)�X �h�?�2

�j�.�a �T�Q�b�b�2�b�b �� �K�m�+�? �#�B�;�;�2�` �T���`���K�2�i�2�` �b�T���+�2 �i�?���M �T�`�2�p�B�Q�m�b �;�`�B�/ �b�m�+�? ���b �i�?�2 �`�2�;�m�H���`

�;�`�B�/ �_�: ���M�/ �k�. �~���i �7�`���+�i���H �;�`�B�/ �k�.�6�X �h�?�2 �j�.�a �?���b �K�m�+�? �H�Q�r�2�` �K���t�B�K�m�K �#�H�Q�+�F���;�2

�`���i�B�Q�-� Max
3DS << � 2DF �- �i�?���M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �k�.�6 �;�`�B�/�X

�q�2 �?���p�2 �2�t���K�B�M�2�/ �i�m�`�#�m�H�2�M�+�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �;�2�M�2�`���i�2�/ �#�v �j�.�a �b�v�b�i�2�K�b �r�B�i�? �/�B�7�@

�R�y�e



�7�2�`�2�M�i� Max
3DS ���M�/ �r�B�i�? �/�B�z�2�`�2�M�i �Q�`�/�2�` �Q�7 �i�?�2 �+�Q�@�7�`���K�2�b[x0; x1; x2] = [ Z0; Z1; Z2] �2�i�+�X

�>�Q�r�2�p�2�`�- �B�M �i�?�B�b �b�i�m�/�v �r�2 �?���p�2 �F�2�T�i �i�?�2 �B�M�i�2�`�@�7�`���K�2 �/�B�b�i���M�+�2�b �m�M�+�?���M�;�2�/�-r1 = 17dmin �-

r2 = 8:5dmin �X

�A�M �b�m�K�K���`�v �r�2 �+���M �/�`���r �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�+�H�m�b�B�Q�M�b �7�`�Q�K �Q�m�` �M�m�K�2�`�B�+���H �B�M�p�2�b�i�B�;���@

�i�B�Q�M�X

�Ç �6�Q�` �j�.�a�k�-� Max
3DS = 15�W<< � 2DF = 32�W�- �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�B�2�b ���`�2 �K�m�+�?

�`�2�/�m�+�2�/ ���M�/ �i�?�2 �Q�M�b�2�i �Q�7 �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �i�m�`�#�m�H�2�M�+�2 �B�b �/�2�H���v�2�/ �b�B�;�M�B�}�+���M�i�H�v�X

�Ç �h�?�2 �j�.�a�j�-� Max
3DS = 24�W�- �B�b �i�?�2 �+�H�Q�b�2�b �i�Q �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �k�.�6�k �B�M �G�o�k�y�R�k�X

�Ç �h�?�2 �i�?�`�2�2 �+���b�2�b �r�B�i�?� Max
3DS = 32�W�@ �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e�@ �T�`�Q�/�m�+�2�/ �i�?�2 �?�B�;�?�2�b�i

�H�2�p�2�H �Q�7 �T�2���F �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �v�2�i �Q�#�b�2�`�p�2�/ �B�M �K�m�H�i�B�@�b�+���H�2 �;�`�B�/ �b�v�b�i�2�K�b�X

�Ç �6�m�H�H�v �/�2�p�2�H�Q�T�2�/ �E�Q�H�K�Q�;�Q�`�Q�p �b�T�2�+�i�`�m�KE � K � 5/3 �r���b �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �j�.�a�9

�b�v�b�i�2�K�X

�Ç �A�M �j�.�a�9�- �j�.�a�8 ���M�/ �j�.�a�e �b�v�b�i�2�K�b�- �� �+�2�M�i�`���H �+�Q�`�2 �`�2�;�B�Q�M ���`�Q�m�M�/ �i�?�2 �+�2�M�i�2�`�H�B�M�2

�B�b �Q�#�b�2�`�p�2�/ �r�?�2�`�2 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�b ���T�T�`�Q�t�B�K���i�2�H�v �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ �B�b�Q�i�`�Q�T�B�+�-

���M�/ �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�b �b�m�b�i���B�M�2�/ �/�Q�r�M�b�i�`�2���K �B�M�i�Q �i�?�2 �7���`�@�}�2�H�/�- ���M�/ �2�p�2�M

�B�M�+�`�2���b�2�b �K�Q�b�i �H�B�F�2�H�v �/�m�2 �i�Q �i�?�2 �`�2�@�2�M�i�`���B�M�K�2�M�i �Q�7 �i�m�`�#�m�H�2�M�i �~�m�B�/ �7�`�Q�K �i�?�2 �b�m�`�@

�`�Q�m�M�/ �`�2�;�B�Q�M�b�X �h�Q �Q�m�` �F�M�Q�r�H�2�/�;�2 �i�?�B�b �B�b �i�?�2 �}�`�b�i �i�B�K�2 �i�?���i �b�m�+�? �� �K�2�+�?���M�B�b�K �B�b

�B�/�2�M�i�B�}�2�/ �7�Q�` �b�m�b�i���B�M�2�/ �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �B�M �b�m�+�? �� �;�`�B�/ �b�v�b�i�2�K�X

�A�i �B�b �+�H�2���` �i�?���i�- �#�v ���/�D�m�b�i�B�M�; �/�B�z�2�`�2�M�i �b�v�b�i�2�K �T���`���K�2�i�2�`�b�- �r�2 �+���M ���/�D�m�b�i �i�?�2 �}�M�2

�/�2�i���B�H�b �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 �T�`�Q�/�m�+�2�/�X �h�?�B�b �+���M �#�2 �m�b�2�7�m�H �7�Q�` �+�Q�M�i�`�Q�H �Q�7 �i�m�`�#�m�H�2�M�+�2 �B�M

�T�`���+�i�B�+���H ���T�T�H�B�+���i�B�Q�M�b�X �6�Q�` �2�t���K�T�H�2 �i�?�2 �j�.�a�j �U�k�9�W�V �b�v�b�i�2�K �r���b �+�H�Q�b�2 �i�Q �i�?�2 �k�.�6

�R�y�d



�U�j�k�W�V �b�v�b�i�2�K�c �B�i �K���v �#�2 �T�Q�b�b�B�#�H�2 �i�Q �T�`�Q�/�m�+�2 �b�B�K�B�H���` �i�m�`�#�m�H�2�M�+�2 �#�m�i �r�B�i�? �H�Q�r�2�` ���T�T�H�B�2�/

�T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�X

�A�M �7�m�i�m�`�2 �r�2 �r�B�H�H �B�M�p�2�b�i�B�;���i�2 �j�.�a �7�m�`�i�?�2�` �7�Q�` ���/�D�m�b�i�K�2�M�i�b �B�M �p���`�B�Q�m�b �T���`���K�2�i�2�`�b

�2�b�T�2�+�B���H�H�v �B�M�i�2�`�@�7�`���K�2 �/�B�b�i���M�+�2�br1 ���M�/r2�X

�R�y�3



�*�>���S�h�1�_ �e

�h�l�_�"�l�G�1�L�h �A�L�1�_�h�A���G

�S���_�h�A�*�G�1 �S���A�_ �.�A�6�6�l�a�A�P�L

�A�i �?���b �`�2�+�2�M�i�H�v �#�2�2�M �b�?�Q�r�M �i�?���i �i�m�`�#�m�H�2�M�i �~�m�B�/ �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �B�b �;�Q�p�2�`�M�2�/

�#�v �H�Q�+���H ���M�/ �M�Q�M�@�H�Q�+���H �/�B�z�m�b�B�Q�M���H �T�`�Q�+�2�b�b�2�b �r�?�B�+�? �T�`�Q�/�m�+�2�b �M�Q�M�@�_�B�+�?���`�/�b�Q�M �/�B�z�m�b�B�Q�M

�`�2�;�B�K�2�b �B�M �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �(�L�X ���X �J���H�B�F�-�S�G�Q�a �P�L�1�- �R�j�U�R�y�V�, �2�y�k�y�k�N�9�y �U�k�y�R�3�V�)

�X �>�2�`�2�- �r�2 �2�t�i�2�M�/�2�/ �i�?�B�b �+�Q�M�+�2�T�i �i�Q �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M ���M�/ �b�?�Q�r �i�?���i �B�M

�;�2�M�2�`���H �i�?�B�b �H�2���/�b �i�Q �� �i�r�Q �T���`���K�2�i�2�` �7���K�B�H�v �Q�7 �`�2�;�B�K�2�b �B�M �r�?�B�+�? �i�?�2 �b�+���H�2 �/�2�T�2�M�/�2�M�i

�B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i�b�-K p�- ���`�2 �7�m�M�+�i�B�Q�M�b �Q�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �B�M�2�`�i�B���H

�b�m�#�`���M�;�2Rk �- ���M�/ �i�?�2 �a�i�Q�F�2�b�ö �M�m�K�#�2�`St�- �r�?�2�`�2l �B�b �i�?�2 �T���B�` �b�2�T���`���i�B�Q�M �p���`�B���#�H�2�X

�A�M�B�i�B���H�H�v �i�?�2 �`�2�H���i�B�p�2 �/�B�z�m�b�B�Q�M �B�b ���H�r���v�b �#���H�H�B�b�i�B�+ �#�2�+���m�b�2 �i�?�2 �B�M�2�`�i�B�� �/�Q�K�B�M���i�2�b �Q�p�2�`

�i�?�2 �i�m�`�#�m�H�2�M�i �2�M�2�`�;�B�2�b �B�M �i�?�2 �b�K���H�H�2�b�i �b�+���H�2�b�X �h�?�2 �/�B�z�m�b�B�Q�M �i�?�2�M �i�`���M�b�B�i�b �b�Q�r�H�v �Q�p�2�` ���M

�2�t�i�2�M�/�2�/ �`���M�;�2 �Q�7 �b�+���H�2�b �i�Q�r���`�/�b �i�?�2 �M�Q�M�@�_�B�+�?���`�/�b�Q�M �~�m�B�/ �T���`�i�B�+�H�2 �`�2�;�B�K�2�b�-K p ! K f �c

�2�t�+�2�T�i �B�7 �i�?�2 �a�i�Q�F�2�b �M�m�K�#�2�` �B�b �?�B�;�?�-St > R k �- �i�?�2�M �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b �T�2�`�b�B�b�i �i�?�`�Q�m�;�?

�i�?�2 �2�M�i�B�`�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�X �"�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �#���H���M�+�2 �Q�7 �K�Q�K�2�M�i�m�K ���M�/ �2�M�2�`�;�B�2�b�-

�R�y�N



�i�?�2 �i�`���M�b�B�i�B�Q�M �H�2�M�;�i�? �b�+���H�2lc ���i �r�?�B�+�? �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �b�i���`�i�b �i�Q �i�`���M�b�B�i �i�Q�r���`�/�b

�i�?�2 �M�Q�M�@�#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b �b�+���H�2�b �H�B�F�2�-lc/ � � St0:5 �B�7St < 1�- ���M�/ �b�+���H�2�b �H�B�F�2lc/ � � St1

�B�7St > 1�- �r�?�2�`�2� �B�b �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �b�+���H�2�c �� �+�`�Q�b�b�Q�p�2�` �#�2�i�r�2�2�M �i�?�2�b�2 �i�r�Q �b�+���H�B�M�;�b

�Q�+�+�m�`�b ���iSt = 1�X ���H�H �Q�7 �i�?�2�b�2 �i�?�2�Q�`�2�i�B�+���H �T�`�2�/�B�+�i�B�Q�M�b ���`�2 �+�Q�M�}�`�K�2�/ ���M�/ �Q�#�b�2�`�p�2�/ �m�b�B�M�;

�i�?�2 �E�B�M�2�K���i�B�+ �a�B�K�m�H���i�B�Q�M�b �U�E�a�V �(�_�X �>�X �E���`�B�+�?�M���M�-�S�?�v�b�X �6�H�m�B�/�b �R�j�- �k�k �U�R�N�d�y�V�c �L�X ���X

�J���H�B�F�-�S�G�Q�a �P�L�1�- �R�y�U�R�y�V�, �2�y�R�3�N�N�R�d �U�k�y�R�d�V�)�X

�e�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M

�h�?�2 �i�`���M�b�T�Q�`�i �Q�7 �T���`�i�B�+�H�2�b �i�?�`�Q�m�;�? �/�B�b�T�2�`�b�B�Q�M ���M�/ �+�Q�M�p�2�+�i�B�Q�M �B�b �Q�M�2 �Q�7 �i�?�2 �K���B�M �7�2���@

�i�m�`�2�b �Q�7 �i�m�`�#�m�H�2�M�i �~�Q�r�b�X �A�i �B�b �+�Q�K�K�Q�M �T�H���+�2 �B�M �M���i�m�`�2�- �7�`�Q�K �i�?�2 �K�Q�p�2�K�2�M�i �Q�7 �T���`�i�B�+�H�2

�H���/�2�M �/�m�b�i �b�i�Q�`�K�b�- �+�H�Q�m�/�b�- �?���B�H�- �b�M�Q�r�- ���M�/ �Q�i�?�2�` �7�Q�`�K�b �Q�7 �T�2�`�+�B�T�B�i���i�B�Q�M �i�Q �+�H�B�K���i�2

�K�Q�/�2�H�B�M�;�X �S�Q�H�H�m�i�B�Q�M �7�`�Q�K �b�Q�Q�i�- ���M�/ �T�H���b�i�B�+�b�- �B�M �i�?�2 ���i�K�Q�b�T�?�2�`�2 ���M�/ �Q�+�2���M�b ���`�2 �K�Q�b�i�H�v

�B�M �i�?�2 �7�Q�`�K �Q�7 �b�K���H�H �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b�- �b�Q�K�2�i�B�K�2�b �+�?�2�K�B�+���H�H�v �`�2���+�i�B�M�;�X �h�?�2 �/�B�b�T�2�`�b�B�Q�M

�Q�7 �T�Q�H�H�2�M�b ���M�/ �b�2�2�/�b �r�?�B�+�? ���`�2 �2�b�b�2�M�i�B���H �7�Q�` �H�B�7�2 ���`�2 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �r�?�B�+�? ���`�2 �+���`�`�B�2�/

�#�v �i�?�2 �r�B�M�/ ���M�/ �Q�+�2���M �+�m�`�`�2�M�i�b�X �h�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �i�`���M�b�T�Q�`�i ���H�b�Q �T�H���v�b ���M �B�K�T�Q�`�@

�i���M�i �`�Q�H�2 �B�M �K���M�v �2�M�;�B�M�2�2�`�B�M�; �b�v�b�i�2�K�b �r�?�2�`�2�p�2�` �i�m�`�#�m�H�2�M�+�2 �B�b �T�`�2�b�2�M�i�- �b�Q�K�2�i�B�K�2�b �B�M

�K�m�H�i�B�@�T�?���b�2 �i�m�`�#�m�H�2�M�i �b�v�b�i�2�K�b �b�m�+�? ���b �b�m�b�T�2�M�b�B�Q�M�b �Q�7 �/�`�Q�T�H�2�i�b�- �#�m�#�#�H�2�b�- ���M�/ �}�M�B�i�2�@�b�B�x�2

�T���`�i�B�+�H�2�b�- �(�j�e�)�- �(�j�d�)�- �(�j�3�)�- �(�j�N�)�- �(�9�y�)�- �(�9�R�)�X

�A�M�2�`�i�B���H �T���`�i�B�+�H�2�b �/�2�p�B���i�2 �7�`�Q�K �b�i�`�2���K�H�B�M�2�b �r�?�B�+�? �K���F�2�b �i�?�2�B�` �i�`���M�b�T�Q�`�i �/�B�{�+�m�H�i �i�Q

�K�Q�/�2�H�X �h�?�2 �i�`���M�b�T�Q�`�i �2�[�m���i�B�Q�M�b �i�?���i �/�2�b�+�`�B�#�2 �i�?�2 �K�Q�i�B�Q�M �Q�7 �B�M�/�B�p�B�/�m���H �B�M�2�`�i�B���H �T���`�@

�i�B�+�H�2�b �B�b �M�Q�i �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �v�2�i�- ���H�i�?�Q�m�;�? �b�B�K�T�H�B�}�2�/ �/�2�b�+�`�B�T�i�B�Q�M�b �B�M �b�T�2�+�B�}�+ �+�Q�M�i�2�t�i�b

�?���p�2 �#�2�2�M �T�`�Q�T�Q�b�2�/�- �7�Q�` �2�t���K�T�H�2 �#�v �J���t�2�v �� �_�B�H�2�v �(�9�k�) ���M�/ �_�2�2�F�b �(�9�j�)�X �6�m�`�i�?�2�`�K�Q�`�2�-

�R�R�y



�i�?�2 �b�m�b�T�2�M�/�2�/ �T���`�i�B�+�H�2�b �?���p�2 �/�`���;�- ���M�/ �}�M�B�i�2 �b�B�x�2�- ���M�/ �/�2�M�b�B�i�B�2�b �i�?���i ���`�2 �/�B�z�2�`�2�M�i

�7�`�Q�K �i�?���i �Q�7 �i�?�2 �+���`�`�B�2�` �~�m�B�/�- ���M�/ �i�?�2 �B�M�i�2�`���+�i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2 �T���`�i�B�+�H�2 ���M�/ �i�?�2 �m�M�@

�/�2�`�H�v�B�M�; �~�Q�r �b�i�`�m�+�i�m�`�2�b �T�H���v�b ���M �B�K�T�Q�`�i���M�i �`�Q�H�2 �B�M �i�?�2�B�` �K�Q�p�2�K�2�M�i�X �A�i �B�b �r�2�H�H �F�M�Q�r�M�-

�7�Q�` �B�M�b�i���M�+�2�- �i�?���i �?�2���p�v �T���`�i�B�+�H�2�b ���`�2 �2�t�T�2�H�H�2�/ �Q�m�i �Q�7 �p�Q�`�i�B�+���H �b�i�`�m�+�i�m�`�2�b�- �r�?�B�H�2 �H�B�;�?�i

�T���`�i�B�+�H�2�b �i�2�M�/ �i�Q �+�Q�M�+�2�M�i�`���i�2 �B�M �i�?�2�B�` �+�Q�`�2�b �H�2���/�B�M�; �i�Q �T�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���M�/

�i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �B�M�?�Q�K�Q�;�2�M�2�B�i�B�2�b �B�M �i�?�2 �T���`�i�B�+�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M �(�9�9�)�- �(�9�8�)�- �(�9�e�)�X

�h�?�2 �K�Q�i�B�Q�M �Q�7 �;�`�Q�m�T�b �Q�7 �T���`�i�B�+�H�2�b �B�b �B�K�T�Q�`�i���M�i �B�M �m�M�/�2�`�b�i���M�/�B�M�; �i�?�2 �+�H�m�b�i�2�`�B�M�; �Q�7

�T���`�i�B�+�H�2�b �B�M �i�Q �`�2�;�B�Q�M�b �Q�7 �T�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M�X �A�i �B�b �� �+�?���H�H�2�M�;�B�M�; �T�?�2�M�Q�K�2�M��

�+���m�b�2�/ �#�v �T���`�i�B�+�H�2�b�ö �B�M�i�2�`���+�i�B�Q�M�b �r�B�i�? �i�?�2 �~�m�B�/ �~�Q�r�- ���M�/ �?���b �#�2�2�M �i�?�2 �b�m�#�D�2�+�i �Q�7 ��

�;�`�2���i �M�m�K�#�2�` �Q�7 �`�2�b�2���`�+�? ���`�i�B�+�H�2�b �Q�7 �r�?�B�+�? �(�9�d�)�- �(�9�3�)�- �(�9�N�)�- �(�8�y�)�- �(�8�R�)�- �(�8�k�)�- �(�8�j�)�- �(�8�9�)�- �(�8�8�)�-

�(�8�e�)�- �(�8�d�)�- �(�8�3�)�- �(�8�N�)�- �(�e�y�) �B�b �� �b���K�T�H�2�X

�a�m�+�? �;�`�Q�m�T �/�B�b�T�2�`�b�B�Q�M �+���M �Q�7�i�2�M �#�2 �`�2�H���i�2�/ �i�Q �i�?�2 �`�2�H���i�B�p�2 �K�Q�i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b

�T���B�` �/�B�z�m�b�B�Q�M�X �A�M �R�N�k�e �_�B�+�?���`�/�b�Q�M �(�e�R�)�- �(�e�k�)�- �(�e�j�) �T�`�Q�T�Q�b�2�/ �� �i�?�2�Q�`�v �7�Q�` �i�m�`�#�m�H�2�M�i

�~�m�B�/ �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �#���b�2�/ �Q�M �� �H�Q�+���H�B�i�v �?�v�T�Q�i�?�2�b�B�b�X �>�Q�r�2�p�2�`�- �`�2�+�2�M�i�H�v �B�i �?���b

�#�2�2�M �b�?�Q�r�M �i�?���i �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M �B�b �B�M �7���+�i �;�Q�p�2�`�M�2�/ �#�v �#�Q�i�? �H�Q�+���H ���M�/ �M�Q�M�@�H�Q�+���H

�T�`�Q�+�2�b�b�2�b ���M�/ �i�?�B�b �H�2���/�b �i�Q �/�B�z�2�`�2�M�i�- �M�Q�M�@�_�B�+�?���`�/�b�Q�M�- �b�+���H�B�M�; �H���r�b �7�Q�` �i�?�2 �~�m�B�/ �T���B�`

�/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i �(�e�9�)�- �(�k�d�)�X

�h�?�2 �K���B�M �T�m�`�T�Q�b�2 �Q�7 �i�?�B�b ���`�i�B�+�H�2 �B�b �i�Q �B�M�p�2�b�i�B�;���i�2 �r�?�2�i�?�2�` �i�?�2 �T�`�B�M�+�B�T�H�2 �Q�7 �H�Q�+���H ���M�/

�M�Q�M�@�H�Q�+���H �/�B�z�m�b�B�Q�M���H �T�`�Q�+�2�b�b�2�b �+���M �#�2 �2�t�i�2�M�/�2�/ �i�Q �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M�- ���M�/

�i�Q �i�2�b�i �i�?�2 �M�2�r �i�?�2�Q�`�v �M�m�K�2�`�B�+���H�H�v �m�b�B�M�; �E�B�M�2�K���i�B�+ �a�B�K�m�H���i�B�Q�M�b �U�E�a�V �(�e�8�)�- �(�e�e�)�- �(�e�d�)�X

�A�M �a�2�+�i�B�Q�M �A�A�- �r�2 �b�m�K�K���`�B�2�b �~�m�B�/ �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �i�?�2�Q�`�v�X �A�M �a�2�+�i�B�Q�M �A�A�A�- �r�2

�/�2�p�2�H�Q�T �� �M�2�r �i�?�2�Q�`�v �7�Q�` �i�m�`�#�m�H�2�M�i �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �#���b�2�/ �Q�M �i�?�2 �B�/�2�� �Q�7 �H�Q�+���H ���M�/

�Q�7 �M�Q�M�@�H�Q�+���H �/�B�z�m�b�B�Q�M�H�� �T�`�Q�+�2�b�b�2�b�X �A�M �a�2�+�i�B�Q�M �A�o�- �r�2 �T�`�2�b�2�M�i �� �i�?�2�Q�`�v �7�Q�` �i�?�2 �b�+���H�B�M�;

�R�R�R



�Q�7 �i�?�2 �i�`���M�b�B�i�B�Q�M �b�+���H�2 �#�2�i�r�2�2�M �#���H�H�B�b�i�B�+ ���M�/ �M�Q�M�@�#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b�X �A�M �a�2�+�i�B�Q�M �o�- �r�2

�m�b�2 �E�a �i�Q �b�B�K�m�H���i�2 �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �i�`���D�2�+�i�Q�`�B�2�b �i�Q �i�2�b�i �i�?�2 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2 �M�2�r

�i�?�2�Q�`�v�X �h�?�2 �E�a �`�2�b�m�H�i�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M �o�A�X �q�2 �+�Q�M�+�H�m�/�2 �r�B�i�? �/�B�b�+�m�b�b�B�Q�M �Q�7

�i�?�2 �`�2�b�m�H�i�b �B�M �a�2�+�i�B�Q�M �o�A�A�X

���H�H �i�?�2 �T�H�Q�i�b �i�?���i �r�B�H�H �#�2 �T� �̀2�b�2�M�i�2�/ �?�2� �̀2 ��� �̀2 �B�M �+�Q�H�Q�`�X �6�Q�` �B�M�i�2�`�T� �̀2�i���i�B�Q�M �Q�7 �i�?�2

� �̀2�7�2� �̀2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M �i�?�2 �}�;�m� �̀2 �H�2�;�2�M�/�b�- �i�?�2 � �̀2���/�2�` �B�b � �̀2�7�2�`� �̀2�/ �i�Q �i�?�2 �r�2�# �p�2�`�b�B�Q�M �Q�7

�i�?�B�b ���`�i�B�+�H�2�X

�e�X�k �6�H�m�B�/ �S���`�i�B�+�H�2 �S���B�` �.�B�z�m�b�B�Q�M

�_�B�+�?���`�/�b�Q�M�ö�b �i�?�2�Q�`�v �Q�7 �T���B�` �/�B�z�m�b�B�Q�M �Q�7 �~�m�B�/ �T���`�i�B�+�H�2�b �r���b �#���b�2�/ �m�T�Q�M �i�?�2 �B�/�2�� �Q�7 �� �b�+���H�2

�/�2�T�2�M�/�2�M�i �T���B�` �/�B�z�m�b�B�p�B�i�v�-K f (l )�- �r�?�2�`�2l �B�b �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�r�Q �~�m�B�/ �T���`�i�B�+�H�2�b�-

���M�/ �Q�M �i�?�2 �H�Q�+���H�B�i�v �?�v�T�Q�i�?�2�b�B�b �r�?�B�+�? �b�i���i�2�b �i�?���i �Q�M�H�v �2�M�2�`�;�v �B�M �i�?�2 �i�m�`�#�m�H�2�M�i �b�+���H�2�b

�r�?�B�+�? ���`�2 �Q�7 �� �b�B�K�B�H���` �b�B�x�2 �i�Q �i�?�2 �T���B�` �b�2�T���`���i�B�Q�M �� �B�i�b�2�H�7 �B�b �2�z�2�+�i�B�p�2 �B�M �7�m�`�i�?�2�` �B�M�+�`�2���b�B�M�;

�i�?�2 �T���B�` �b�2�T���`���i�B�Q�M�X �h�?�B�b �v�B�2�H�/�b �i�?�2 �9�f�j�@�b�+���H�B�M�; �7�Q�` �i�?�2 �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i�-

K f (l ) � l4/3 �U�e�X�R�V

�P�#�m�F�?�Q�p �(�e�k�) �b�?�Q�r�2�/ �i�?���i �i�?�B�b �B�b �2�[�m�B�p���H�2�M�i �i�Q� 2
l = hl2i � t3 �F�M�Q�r�M ���b �i�?�2 �_�P�@t3�

�`�2�;�B�K�2�Xh�i �B�b �i�?�2 �2�M�b�2�K�#�H�2 ���p�2�`���;�2�X �A�M �i�?�2 �2�M�b�m�B�M�; �/�B�b�+�m�b�b�B�Q�M�b�- �r�2 �7�Q�H�H�Q�r �i�?�2 �m�b�m���H

�+�Q�M�p�2�M�i�B�Q�M �Q�7 �`�2�T�H���+�B�M�; �i�?�2 �b�+���H�B�M�; �Q�Ml �r�B�i�? �B�i�b �`�K�b �p���H�m�2�- �B�X�2�Xl � � l �X

�>�Q�r�2�p�2�`�- �`�2�+�2�M�i �b�i�m�/�B�2�b �B�M �i�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �(�e�d�)�- �(�e�9�)�- �(�k�d�) �?���b �b�?�Q�r�M

�i�?���i �#�Q�i�? �H�Q�+���H ���M�/ �M�Q�M�@�H�Q�+���H �T�`�Q�+�2�b�b�2�b �;�Q�p�2�`�M �i�m�`�#�m�H�2�M�i �T���B�` �/�B�z�m�b�B�Q�M�X �6�Q�` �;�2�M�2�`���H�B�b�2�/

�R�R�k



�2�M�2�`�;�v �b�T�2�+�i�`�m�K�-E(k) � k� p �-k1 < k � k� �-1 < p � 3�- �B�M �i�?�2 �H�B�K�B�i �Q�7 �p�2�`�v �H���`�;�2

�B�M�2�`�i�B���H �b�m�#�`���M�;�2�-Rk = k� / k1 ! 1 �- �i�?�2 �i�?�2�Q�`�v �T�`�2�/�B�+�i�b �i�?�2 �M�Q�M�@�_�B�+�?���`�/�b�Q�M �`�2�;�B�K�2�b�-

K f (l ) � � 

l ; (1 + p)/2 < 
 (p) < 2; ���bRk ! 1 �U�e�X�k�V

�r�?�2�`�2
 (p) �B�b �B�M�i�2�`�K�2�/�B���i�2 �#�2�i�r�2�2�M �i�?�2 �T�m�`�2�H�v �H�Q�+���H�-(1 + p)/2 �- ���M�/ �i�?�2 �T�m�`�2�H�v �M�Q�M�@

�H�Q�+���H�-2�- �H�B�K�B�i�b�X

�A�i �r���b ���H�b�Q �b�?�Q�r�M �i�?���i �� �b�2�+�Q�M�/ �M�Q�M�@�_�B�+�?���`�/�b�Q�M �[�m���b�B�@�H�Q�+���H �`�2�;�B�K�2 �2�t�B�b�i�b �7�Q�` �b�?�Q�`�i

�B�M�2�`�i�B���H �b�m�#�`���M�;�2�b�-Rk � 102�- �#�2�+���m�b�2 �i�?�2�M �i�?�2 �2�M�i�B�`�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�b �2�z�2�+�i�B�p�2�H�v

�H�Q�+���H �i�Q �i�?�2 �T���B�` �b�2�T���`���i�B�Q�M�-

K f (l ) � � 

l ; 
 (p) � (1 + p)/2 ; �7�Q�`1 � Rk � 1 �U�e�X�j�V

�E�B�M�2�K���i�B�+ �a�B�K�m�H���i�B�Q�M�b �U�E�a�V �?���b �p�2�`�B�}�2�/ ���H�H �Q�7 �i�?�2�b�2 �T�`�2�/�B�+�i�B�Q�M�b �(�k�d�)�X �6�Q�` �2�t���K�T�H�2�-

�B�i �r���b �7�Q�m�M�/ �i�?���i �7�Q�` �E�Q�H�K�Q�;�Q�`�Q�p �b�T�2�+�i�`�m�K�-E(k) � k� 5/3 �- �E�a �v�B�2�H�/�2�/�-

K f (l ) � � 1:525
l ; �7�Q�R̀k = 106: �U�e�X�9�V

���M�/�-

K f (l ) � � 4/3
l ; �7�Q�R̀k = 102 �U�e�X�8�V

�R�R�j



�6�B�;�m�`�2 �e�X�R�, �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�iK p/ �v � ���;���B�M�b�i �i�?�2 �`�K�b
�T���B�` �b�2�T���`���i�B�Q�M� l / � �7�`�Q�K �E�a �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(k) � k� 5/3 ���M�/
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�T���B�` �/�B�z�m�b�B�Q�M �B�M �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �7�Q�` �/�B�z�2�`�2�M�i �b�B�x�2�b �Q�7 �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 ���M�/

�B�M �i�?�2 �a�i�Q�F�2�b �/�`���; �H�B�K�B�i�X

�� �T���`�i�B�+�H�2 �i�`���D�2�+�i�Q�`�v �B�b �i�?�2�M �Q�#�i���B�M�2�/ �#�v �B�M�i�2�;�`���i�B�M�; �i�?�2 �+�Q�m�T�H�2�/ �T���`�i�B�+�H�2 �i���M�b�T�Q�`�i

�2�[�m���i�B�Q�M�b�-

d~x
dt

= ~v(t) �U�e�X�3�V

d~v
dt

= �
1
� p

(~v(t) � ~u(~x; t)) �U�e�X�N�V
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�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X

�r�?�2�`�2~u(~x; t) �B�b �i�?�2 �~�m�B�/ �p�2�H�Q�+�B�i�v ���i(~x; t)�- ���M�/~v(t) �B�b �i�?�2 �T���`�i�B�+�H�2 �p�2�H�Q�+�B�i�v ���i �i�?�2 �b���K�2

�H�Q�+���i�B�Q�M ���M�/ �i�B�K�2�- ���M�/� p �B�b �i�?�2 �T���`�i�B�+�H�2 �`�2�H���t���i�B�Q�M �i�B�K�2 �r�?�B�+�? ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �T���`�i�B�+�H�2

�B�M�2�`�i�B���X

�h�?�2 �;�H�Q�#���H �a�i�Q�F�2�b �M�m�K�#�2�`St �B�b �/�2�}�M�2�/ �i�Q �#�2�-

St =
� p

t �
�U�e�X�R�y�V

�r�?�2�`�2t � � " � 1/3 � 2/3 �B�b �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �i�B�K�2 �b�+���H�2 �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2�X" �B�b �i�?�2 �`���i�2 �Q�7

�2�M�2�`�;�v �/�B�b�b�B�T���i�B�Q�M �T�2�` �m�M�B�i �K���b�b�- ���M�/� �B�b �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �H�2�M�;�i�? �b�+���H�2�X

�� �H�Q�+���H �a�i�Q�F�2�ö�b �M�m�K�#�2�`St(l)�- �r�?�B�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �H�Q�+���H �b�2�T���`���i�B�Q�M�- �+���M ���H�b�Q �#�2

�/�2�}�M�2�/ ���b�-

St(l) =
� p

t l
�U�e�X�R�R�V
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�r�B�H�H ���b�b�m�K�2 �i�?���i �i�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �i�`���M�b�T�Q�`�i �+���M �#�2 �K�Q�/�2�H�H�2�/ �#�v �� �/�B�z�m�b�B�Q�M �2�[�m���i�B�Q�M�X
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�+�Q�M�b�B�/�2�` ���M �2�z�2�+�i�B�p�2 �T�Q�B�M�i �b�Q�m�`�+�2 �`�2�H�2���b�2 �Q�7 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b ���M�/ ���b�b�m�K�2 �i�?���i �B�M�2�`�i�B���H

�T���B�` �/�B�z�m�b�B�Q�M �+���M �#�2 �/�2�b�+�`�B�#�2�/ �#�v �� �/�B�z�m�b�B�Q�M �2�[�m���i�B�Q�M �r�B�i�? �� �b�+���H�2 �/�2�T�2�M�/�2�M�i �/�B�z�m�b�B�Q�M

�+�Q�2�{�+�B�2�M�iK p �U���H�b�Q �+���H�H�2�/ �i�?�2 �/�B�z�m�b�B�p�B�i�v�V�X

�A�M �i�?�2 �H�B�K�B�i �Q�7 �a�i�Q�F�2�ö�b �/�`���;�- �i�?�2 �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �U�e�X�3�V ���M�/ �U�e�X�N�V �/�2�b�+�`�B�#�2�b

�� �i�r�Q�@�T���`���K�2�i�2�` �7���K�B�H�v �Q�7 �/�B�z�m�b�B�Q�M �`�2�;�B�K�2�b �v�B�2�H�/�B�M�; �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i�-K p(l ) =

K p(l ; St; Rk)�- �r�?�2�`�2St ���M�/Rk ���`�2 �i�?�2 �;�Q�p�2�`�M�B�M�; �T���`���K�2�i�2�`�b�cRk �B�b �i�?�2 �b�B�x�2 �Q�7 �i�?�2
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Rk �
k�

k1
�U�e�X�R�k�V

�r�?�2�`�2 �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�b �B�M �i�?�2 �r���p�2�M�K�#�2�` �`���M�;�2�-k1 � k � k� �X

���M �2�z�2�+�i�B�p�2 �T�Q�B�M�i �b�Q�m�`�+�2 �`�2�H�2���b�2 �K�2���M�b �i�?���i �i�?�2 �B�M�B�i�B���H �b�2�T���`���i�B�Q�M �B�b �b�K���H�H �+�Q�K�T���`�2�/

�i�Q ���H�H �Q�i�?�2�` �H�2�M�;�i�? �b�+���H�2�b �B�M �i�?�2 �b�v�b�i�2�K�c �B�M ���T�T�H�B�+���i�B�Q�M�- �B�i �B�b �b�m�{�+�B�2�M�i �i�?���i �i�?�2 �B�M�B�i�B���H

�b�2�T���`���i�B�Q�M �B�b �2�[�m���H �i�Q �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �b�+���H�2�-l0 = � �X

���7�i�2�` �`�2�H�2���b�2�- �7�Q�` �b�K���H�H �b�2�T���`���i�B�Q�M�b ���M�/ �7�Q�` ���H�H �a�i�Q�F�2�b �M�m�K�#�2�`�bSt > 0 �i�?�2 �T���`�i�B�+�H�2

�B�M�2�`�i�B�� �b�?�Q�m�H�/ �/�Q�K�B�M���i�2 �Q�p�2�` �i�?�2 �b�K���H�H �b�+���H�2 �i�m�`�#�m�H�2�M�i �2�M�2�`�;�v�X �h�?�2 �K�Q�i�B�Q�M �`�2�K���B�M�b

�r�2�H�H �+�Q�`�`�2�H���i�2�/ �i�Q �B�i�b �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b�- ���M�/ �i�?�B�b �b�?�Q�m�H�/ �H�2���/ �i�Q �#���H�H�B�b�i�B�+ �`�2�H���i�B�p�2 �K�Q�i�B�Q�M

�R�R�N



�6�B�;�m�`�2 �e�X�d�, �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 102�X

���M�/ �� �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i �i�?���i �B�b �H�B�M�2���` �B�M �i�?�2 �b�2�T���`���i�B�Q�M�-

K p � � 1
l ; � l < � c: �U�e�X�R�j�V

���H�i�?�Q�m�;�? �i�?�B�b �`�2�H���i�B�Q�M�b�?�B�T �b�?�Q�m�H�/ �#�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7St ���M�/Rk �- �i�?�2 �H�2�M�;�i�? �b�+���H�2 �m�T

�i�Q �r�?�B�+�? �i�?�B�b �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �T�2�`�b�B�b�i�b �B�b �B�i�b�2�H�7 �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2�b�2 �i�r�Q �T���`���K�2�i�2�`�b�-

� c = � c(St; Rk)�X

�A�7Rk < � c/ � �i�?�2�M �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �r�B�H�H �T�2�`�b�B�b�i �i�?�`�Q�m�;�? �i�?�2 �2�M�i�B�`�2 �B�M�2�`�i�B���H

�b�m�#�`���M�;�2�X �q�2 �r�B�H�H �b�?�Q�r �H���i�2�` �i�?���i �i�?�B�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �+���b�2 �Q�7 �p�2�`�v �H���`�;�2 �B�M�2�`�i�B���-

St > R k �2�[�m���i�B�Q�M �U�e�X�k�8�V�- �r�?�2�M �i�?�2 �i�m�`�#�m�H�2�M�i �2�M�2�`�;�B�2�b ���`�2 �M�Q�i �b�i�`�Q�M�; �2�M�Q�m�;�? �i�Q �7�Q�`�+�2

�i�?�2 �T���`�i�B�+�H�2�b �i�Q �/�2�p�B���i�2 �7�`�Q�K �i�?�2�B�` �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b�X

�A�7Rk > � c/ � �- ���b �i�?�2 �a�i�Q�F�2�b �M�m�K�#�2�` �B�M�+�`�2���b�2�b �i�?�2�M �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �r�B�H�H �T�2�M�2�@

�i�`���i�2 �7�m�`�i�?�2�` �m�T �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �#�2�7�Q�`�2 �/�2�+�Q�`�`�2�H���i�B�M�; �r�B�i�? �B�i�b �B�M�B�i�B���H �+�Q�M�B�/�B�i�B�Q�M�b

���i �i�?�2 �i�`���M�b�B�i�B�Q�M �b�+���H�2� c�X ���7�i�2�` �i�?���i�- �i�?�2 �T���B�` �/�B�z�m�b�B�Q�M �r�B�H�H �i�?�2�M ���b�v�K�T�i�Q�i�2 �i�Q�r���`�/�b

�i�?�2 �~�m�B�/ �T���`�i�B�+�H�2 �T���B�` �`�2�;�B�K�2 �#�2�+���m�b�2 �i�?�2 �2�M�2�`�;�B�2�b �B�M �i�?�2 �H���`�;�2�` �B�M�2�`�i�B���H �b�+���H�2�b �#�2�;�B�M �i�Q

�R�k�y



�6�B�;�m�`�2 �e�X�3�, �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 103�X

�/�Q�K�B�M���i�2 �Q�p�2�` �i�?�2 �B�M�2�`�i�B�� �Q�7 �i�?�2 �T���`�i�B�+�H�2�b�X �q�?�2�i�?�2�` �i�?�B�b �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�b �[�m�B�+�F�H�v �Q�`

�b�H�Q�r�H�v�- ���M�/ �?�Q�r� c �b�+���H�2�b �r�B�i�?St ���`�2 �m�M�F�M�Q�r�M ���M�/ ���`�2 �[�m�2�b�i�B�Q�M�b �Q�7 �B�M�i�2�`�2�b�i �r�?�B�+�? �r�2

���/�/�`�2�b�b �#�2�H�Q�r�X �A�7 �i�?�2 �a�i�Q�F�2�b �M�m�K�#�2�` �B�b �b�K���H�H �2�M�Q�m�;�? �i�?�2 �/�B�z�m�b�B�Q�M �r�B�H�H ���i�i���B�M �i�Q �i�?�2

�[�m���b�B�@�H�Q�+���H �~�m�B�/ �T���`�i�B�+�H�2 �`�2�;�B�K�2�b�- �2�[�m���i�B�Q�M�b �U�e�X�8�V ���M�/ �U�e�X�d�V�X

�h�?�m�b�- �7�Q�`E(k) � k� 5/3 ���M�/ �b�?�Q�`�i �B�M�2�`�i�B���H �b�m�#�`���M�;�2�-Rk � 102�- �i�?�2 �M�2�r �i�?�2�Q�`�v

�T�`�2�/�B�+�i�b �i�?���i �T�`�Q�p�B�/�2�/St < R k �i�?�2�M�-

K p(l ) ! K f (l ) � � 1:34
l ; � l � � c; Rk � 1 �U�e�X�R�9�V

���M�/ �7�Q�` �H���`�;�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b �i�?�2 �/�B�z�m�b�B�Q�M �r�B�H�H ���b�v�K�T�i�Q�i�2 �i�Q�r���`�/�b �i�?�2 �M�Q�M�@�H�Q�+���H

�~�m�B�/ �T���i�B�+�H�2 �`�2�;�B�K�2�- �2�[�m���i�B�Q�M�b �U�e�X�9�V ���M�/ �U�e�X�e�V�-

K p(l ) ! K f (l ) � � 1:525
l ; � l � � c; Rk ! 1 �U�e�X�R�8�V

�R�k�R



�6�B�;�m�`�2 �e�X�N�, �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 104�- ���M�/St
�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X

�6�Q�` �i�?�2 �B�M�i�2�`�K�B�i�i�2�M�i �b�T�2�+�i�`�m�K�-E(k) � k� 1:72�- �i�?�2�b�2 �`�2�;�B�K�2�b ���`�2�- �`�2�b�T�2�+�i�B�p�2�H�v�-

K p(l ) ! K f (l ) � � 1:43
l ; � l � � c; Rk � 1 �U�e�X�R�e�V

���M�/�-

K p(l ) ! K f (l ) � � 1:556
l ; � l � � c; Rk ! 1 �U�e�X�R�d�V

���b �i�?�2 �a�i�Q�F�2�b�ö �M�m�K�#�2�` �B�M�+�`�2���b�2�b�-St ! Rk �r�2 �2�t�T�2�+�i �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �i�Q �T�2�M�2�@

�i�`���i�2 �7�m�`�i�?�2�` �B�M �i�Q �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �#�2�7�Q�`�2 �i�`���M�b�B�i�B�Q�M�X

�e�X�9 �h�`���M�b�B�i�B�Q�M �7�`�Q�K �#���H�H�B�b�i�B�+ �i�Q �B�M�2�`�i�B���H �b�+���H�B�M�;

���M �B�K�T�Q�`�i���M�i �[�m�2�b�i�B�Q�M �B�b�- ���i �r�?���i �b�2�T���`���i�B�Q�M ���7�i�2�` �`�2�H�2���b�2 �/�Q �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b

�i�`���M�b�B�i�B�Q�M �i�Q �i�?�2 �M�Q�M�@�#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b�\ �h�?�B�b �Q�+�+�m�`�b �r�?�2�M �i�?�2 �T���`�i�B�+�H�2 �T���B�` �`�2�H���i�B�p�2

�R�k�k



�6�B�;�m�`�2 �e�X�R�y�, �a�B�K�B�H���` �i�Q �6�B�;�X �e�- �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2Rk = 105�- ���M�/St
�#�2�i�r�2�2�M0:1 ���M�/75 ���b �B�M�/�B�+���i�2�/�X

�p�2�H�Q�+�B�i�v �/�2�+�Q�`�`�2�H���i�2�b �r�B�i�? �B�i�b �B�M�B�i�B���H �`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�v�X �h�?�B�b �i�B�K�2 �r�2 �+���H�H �i�?�2 �i�`���M�b�B�i�B�Q�M

�i�B�K�2�-tc�- ���M�/ �i�?�2 �H�2�M�;�i�? �b�+���H�2 ���i �r�?�B�+�? �i�?�B�b �Q�+�+�m�`�b �r�2 �+���H�H �i�?�2 �i�`���M�b�B�i�B�Q�M �b�+���H�2� c�X

�"�2�+ �2�i ���H �(�d�R�) �?���p�2 ���`�;�m�2�/ �Q�M �i�?�2 �#���b�B�b �Q�7 �H�Q�+���H�B�i�v �i�?���i �i�?�2 �i�`���M�b�B�i�B�Q�M �r�B�H�H �Q�+�+�m�`

�r�?�2�M �i�?�2 �H�Q�+���H �i�B�K�2 �b�+���H�2�b �Q�7 �i�m�`�#�m�H�2�M�+�2 ���M�/ �B�M�2�`�i�B�� ���`�2 �B�M �#���H���M�+�2�- �B�X�2�X �r�?�2�M �i�?�2 �H�Q�+���H

�a�i�Q�F�2�b �M�m�K�#�2�` �B�b �m�M�B�i�v�-St(� c) = 1 �- �r�?�B�+�? �Q�+�+�m�`�b �r�?�2�Mtc = � p�X �P�M �i�?�B�b �#���b�B�b�- �i�?�2�v

�Q�#�i���B�M �� �b�+���H�B�M�; �#�2�i�r�2�2�M �i�?�2� c ���M�/ �i�?�2 �a�i�Q�F�2�b �M�m�K�#�2�`St�-

� c

�
� St3/2 : �U�e�X�R�3�V

�>�Q�r�2�p�2�`�- �i�B�K�2 �b�+���H�2�b ���H�Q�M�2 �/�Q �M�Q�i �i���F�2 �B�M �i�Q ���+�+�Q�m�M�i �i�?�2 �K�Q�K�2�M�i�m�K �Q�` �2�M�2�`�;�v

�Q�7 �i�?�2 �T���`�i�B�+�H�2�b�X �S�?�v�b�B�+���H�H�v�- �7�Q�` �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �r�B�i�? �H���`�;�2 �a�i�Q�F�2�b �M�m�K�#�2�`�-St > 1�-

�r�2 �K�B�;�?�i �2�t�T�2�+�i �i�?���i �i�?�2�B�` �K�Q�K�2�K�i�m�K �r�B�H�H �+���m�b�2 �i�?�2�K �i�Q �ö�T�m�M�+�?�ö �i�?�2�B�` �r���v �i�?�`�Q�m�;�?

�i�?�2 �~�m�B�/ �~�Q�r �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2�X �A�7 �r�2 �K���F�2 �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2

�`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�vv(� c) �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �r�?�2�M� l = � c �b�+���H�2�b �H�B�F�2� � c/ � p�- ���M�/ �i�?���i

�R�k�j



�i�?�B�b �i���F�2�b �� �+�Q�M�b�i���M�i �p���H�m�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�m�`�#�m�H�2�M�+�2 �+�?���`���+�i�2�`�B�b�B�+�b�- �i�?�2�M �r�2 �Q�#�i���B�M

v(� c) �
� c

� p
� C; �7�Q�`St > 1: �U�e�X�R�N�V

�h�?�B�b �v�B�2�H�/�b�-

� c

�
�
� �

� �

� p
� C; �7�Q�`St > 1 �U�e�X�k�y�V

�Q�`
� c

�
� St; �7�Q�`St > 1: �U�e�X�k�R�V

�6�Q�` �b�K���H�H �a�i�Q�F�2�b �M�m�K�#�2�`�b�-St < 1�- �r�2 �K���F�2 �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�2 �B�M�2�`�i�B���H

�T���`�i�B�+�H�2 �T���B�` �r�B�H�H �#�2�?���p�2 �H�B�F�2 �~�m�B�/ �T���`�i�B�+�H�2 �T���B�`�b�c �i�?�m�b �i�?�2 �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i �r�B�H�H �#�2

���T�T�`�Q�t�B�K���i�2�H�v �i�?�2 �b���K�2 ���b �i�?�2 �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�B�+�B�2�M�i�- �H�2���/�B�M�; �i�Q�-

K p(� c) � K f (� c); �U�e�X�k�k�V

�Q�`
� 2

c

� p
�

� 2

t �
: �U�e�X�k�j�V

�h�?�B�b �H�2���/�b �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�+���H�B�M�;�-

� c

�
= St1/2 ; �7�Q�`St < 1: �U�e�X�k�9�V

�h�?�2 �i�r�Q �`�2�;�B�K�2�b �B�M �2�[�m���i�B�Q�M�b �U�e�X�k�R�V ���M�/ �2�[�m���i�B�Q�M �U�e�X�k�9�V ���`�2 �+�Q�B�M�+�B�/�2�M�i �r�?�2�MSt = 1�-

�r�?�2�`�2 �r�2 �+���M �2�t�T�2�+�i �� �+�`�Q�b�b�Q�p�2�` �B�M �i�?�2 �b�+���H�B�M�;�b�X

�L�Q�i�2 �i�?���i �i�?�2 ���b�b�m�K�T�i�B�Q�M �B�M �2�[�m���i�B�Q�M �U�e�X�k�k�V �B�b �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �H�B�M�2���` �#���H�H�B�b�i�B�+

�b�+���H�B�M�; ���M�/ �r�B�i�? �2�[�m���i�B�Q�M �U�e�X�R�N�V �#�2�+���m�b�2�-K p(� c) � � 2
c / � p � C� 1

c �X

�R�k�9



�6�B�;�m�`�2 �e�X�R�R�, �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�iK p/ �v � ���;���B�M�b�i �i�?�2 �`�K�b
�T���B�` �b�2�T���`���i�B�Q�M� l / � �7�`�Q�K �E�a �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(k) � k� 5/3 �7�Q�`
�/�B�z�2�`�2�M�i �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b ���b �B�M�/�B�+���i�2�/�- ���M�/ �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`�bSt = 1�X �U�6�Q�` �B�M�i�2�`�@
�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M �i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q �i�?�2
�r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b ���`�i�B�+�H�2�X�V

�6�Q�` �H���`�;�2 �a�i�Q�F�2�b �M�m�K�#�2�`�b�- �r�2 �+���M �Q�#�i���B�M ���M �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �a�i�Q�F�2�b �M�m�K�#�2�` �M�2�2�/�2�/

�7�Q�` �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2 �i�Q �T�2�M�2�i�`���i�2 �i�?�`�Q�m�;�? �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�- �#�v �+�Q�K�#�B�M�B�M�;Rk =

� c/ � �K�2�M�i�B�Q�M�2�/ �2���`�H�B�2�` �r�B�i�? �2�[�m���i�B�Q�M �U�e�X�k�R�V�X �h�Q�;�2�i�?�2�`�- �r�2 �}�M�/ �i�?���i �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2

�r�B�H�H �T�2�M�2�i�`���i�2 �i�?�`�Q�m�;�? �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�7�-

St > R k : �U�e�X�k�8�V

�e�X�8 �L�m�K�2�`�B�+���H �a�B�K�m�H���i�B�Q�M�b

�e�X�8�X�R �S�`�2�p�B�Q�m�b �r�Q�`�F�b

�h�?�2 �G���;�`���M�;�B���M �/�B�z�m�b�B�Q�M �K�Q�/�2�H �E�B�M�2�K���i�B�+ �a�B�K�m�H���i�B�Q�M�b �U�E�a�V �r���b �m�b�2�/ �i�Q �Q�#�i���B�M �i�?�2

�b�i���i�B�b�i�B�+�b �Q�7 �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M�X �E�a �B�b ���M �2�b�i���#�H�B�b�?�2�/ �K�2�i�?�Q�/�- ���M�/ �r�2 �`�2�7�2�` �i�?�2

�R�k�8



�6�B�;�m�`�2 �e�X�R�k�, �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 2�X

�`�2���/�2�` �i�Q �(�e�8�)�- �(�e�e�)�- �(�e�d�)�- �(�d�N�) �7�Q�` �/�2�i���B�H�b�X �>�2�`�2 �r�2 �;�B�p�2 �� �b�m�K�K���`�v �Q�7 �i�?�2 �K�2�i�?�Q�/�X

�A�M �E�a �Q�M�2 �b�T�2�+�B�}�2�b �i�?�2 �b�2�+�Q�M�/ �Q�`�/�2�` �1�m�H�2�`�B���M �b�i�`�m�+�i�m�`�2 �7�m�M�+�i�B�Q�M �i�?�`�Q�m�;�? �i�?�2 �T�Q�r�2�`

�b�T�2�+�i�`�m�KE(k) �r�?�B�+�? �+���M �i���F�2 ���M�v �7�Q�`�K�X �>�2�`�2 �r�2 �2�t���K�B�M�2 �E�Q�H�K�Q�;�Q�`�Q�p �i�m�`�#�m�H�2�M�+�2

�r�B�i�?E(k) � k� 5/3 �- ���M�/ ���H�b�Q �� �+���b�2 �Q�7 �B�M�i�2�`�K�B�i�i�2�M�i �i�m�`�#�m�H�2�M�+�2 �r�B�i�?E(k) � k� 1:72�X �E�a

�+���M �;�2�M�2�`���i�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b �H���`�;�2 �2�M�Q�m�;�? �i�Q �i�2�b�i �T���B�` �/�B�z�m�b�B�Q�M �b�+���H�B�M�; �H���r�b �Q�p�2�`

�2�t�i�2�M�/�2�/ �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b�X

�E�a �;�2�M�2�`���i�2�b �i�m�`�#�m�H�2�M�i�@�H�B�F�2 �M�Q�M�@�J���`�F�Q�p�B���M �T���`�i�B�+�H�2 �i�`���D�2�+�i�Q�`�B�2�b �#�v �`�2�H�2���b�B�M�; �T���`�@

�i�B�+�H�2�b �B�M �~�Q�r �}�2�H�/�b �r�?�B�+�? ���`�2 �T�`�2�b�+�`�B�#�2�/ ���b �b�m�K�b �Q�7 �2�M�2�`�;�v�@�r�2�B�;�?�i�2�/ �`���M�/�Q�K �6�Q�m�`�B�2�`

�K�Q�/�2�b�X �"�v �+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�2 �p�2�H�Q�+�B�i�v �}�2�H�/�b ���`�2 �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 ���M�/ �i�?�2 �2�M�2�`�;�v �B�b �/�B�b�@

�i�`�B�#�m�i�2�/ ���K�Q�M�; �i�?�2 �/�B�z�2�`�2�M�i �K�Q�/�2�b �#�v �� �T�`�2�b�+�`�B�#�2�/ �1�m�H�2�`�B���M �2�M�2�`�;�v �b�T�2�+�i�`�m�K�-E(k)�X

�h�?�2 �2�b�b�2�M�i�B���H �B�/�2�� �#�2�?�B�M�/ �E�a �B�b �i�?���i �i�?�2 �~�Q�r �b�i�`�m�+�i�m�`�2�b �B�M �B�i �@ �2�/�/�v�B�M�;�- �b�i�`���B�M�B�M�;�-

���M�/ �b�i�`�2���K�B�M�; �x�Q�M�2�b �@ ���`�2 �b�B�K�B�H���` �i�Q �i�?�Q�b�2 �Q�#�b�2�`�p�2�/ �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�b�- ���H�i�?�Q�m�;�? �M�Q�i

�T�`�2�+�B�b�2�H�v �i�?�2 �b���K�2�- �r�?�B�+�? �B�b �b�m�{�+�B�2�M�i �i�Q �;�2�M�2�`���i�2 �i�m�`�#�m�H�2�M�i�@�H�B�F�2 �T���`�i�B�+�H�2 �i�`���D�2�+�i�Q�`�B�2�b�X

�E�a �?���b �#�2�2�M �m�b�2�/ �i�Q �2�t���K�B�M�2 �b�B�M�;�H�2 �T���`�i�B�+�H�2 �/�B�z�m�b�B�Q�M �(�3�y�)�- �(�3�R�)�- ���M�/ �T���B�` �/�B�z�m�b�B�Q�M

�R�k�e



�6�B�;�m�`�2 �e�X�R�j�, �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 5�X

�(�e�e�)�- �(�3�k�)�- �(�3�j�)�- �(�k�8�)�- �(�3�9�)�- �(�e�9�)�- �(�k�d�)�X �E�a �?���b ���H�b�Q �#�2�2�M �m�b�2�/ �B�M �b�i�m�/�B�2�b �Q�7 �i�m�`�#�m�H�2�M�i

�/�B�z�m�b�B�Q�M �Q�7 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �(�j�y�)�- �(�3�8�)�X �J�2�M�2�;�m�x �� �_�2�2�F�b �(�j�y�) �7�Q�m�M�/ �i�?���i �i�?�2 �b�i���i�B�b�@

�i�B�+�b �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �b�2�;�`�2�;���i�B�Q�M �B�M �E�a �;�2�M�2�`���i�2�/ �~�Q�r �}�2�H�/�b �7�Q�` �b�i���i�B�b�i�B�+���H�H�v

�?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+ �~�Q�r �}�2�H�/�b ���`�2 �b�B�K�B�H���` �i�Q �i�?�Q�b�2 �;�2�M�2�`���i�2�/ �#�v �.�L�a�X

�E�a �T���B�` �/�B�z�m�b�B�Q�M �b�i���i�B�b�i�B�+�b �?���p�2 �#�2�2�M �7�Q�m�M�/ �i�Q �T�`�Q�/�m�+�2 �+�H�Q�b�2 ���;�`�2�2�K�2�M�i �r�B�i�? �.�L�a

���i �H�Q�r �_�2�v�M�Q�H�/�b �M�m�K�#�2�`�b�- �B�M�+�m�/�B�M�; �i�?�2 �~���i�M�2�b�b �7���+�i�Q�` �Q�7 �T���B�` �b�2�T���`���i�B�Q�M �(�k�8�)�X

�*�Q�M�+�2�`�M�b ���#�Q�m�i �E�a �?���b �#�2�2�M �2�t�T�`�2�b�b�2�/ �#�2�+���m�b�2 �B�i �T�`�Q�/�m�+�2�b �~�m�B�/ �T���`�i�B�+�H�2 �T���B�`

�/�B�z�m�b�B�Q�M �b�+���H�B�M�;�b �i�?���i ���`�2 �M�Q�i �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �_�B�+�?���`�/�b�Q�M�ö�b �9�f�j �H�Q�+���H�B�i�v �b�+���H�B�M�; �H���r�-

�(�3�e�)�- �(�3�9�)�- �(�3�d�)�X �A�i �?���b �#�2�2�M �b�T�2�+�m�H���i�2�/ �#�v �i�?�2�b�2 ���m�i�?�Q�`�b �i�?���i �i�?�B�b �B�b �#�2�+���m�b�2 �E�a �/�Q�2�b

�M�Q�i �T�Q�b�b�2�b�b �i�?�2 �+�Q�`�`�2�+�i �/�v�M���K�B�+���H �b�r�2�2�T�B�M�; �Q�7 �i�?�2 �b�K���H�H �B�M�2�`�i�B���H �b�+���H�2�b �#�v �i�?�2 �H���`�;�2

�+�Q�M�p�2�+�i�B�p�2 �b�+���H�2�b�- �H�2���/�B�M�; �i�Q �H���`�;�2�` �i�?���M �2�t�T�2�+�i�2�/ �T�Q�r�2�` �H���r �b�+���H�B�M�;�b �7�Q�` �i�?�2 �/�B�z�m�b�B�Q�M

�+�Q�2�{�+�B�2�M�i�X �>�Q�r�2�p�2�`�- �i�?�2�b�2 �+�Q�M�+�2�`�M�b �?���p�2 �#�2�2�M ���/�/�`�2�b�b�2�/ �B�M �(�e�d�) �r�?�2�`�2 �� �/�2�i���B�H�2�/

�M�m�K�2�`�B�+���H ���M���H�v�b�B�b �?���b �b�?�Q�r�M �i�?���i �b�m�+�? �2�`�`�Q�`�b ���`�2 �B�M �7���+�i �p�2�`�v �b�K���H�H ���M�/ �i�?�2�`�2�7�Q�`�2 �B�i

�B�b �i�?�2 �?�v�T�Q�i�?�2�b�B�b �Q�7 �H�Q�+���H�B�i�v �i�?���i �B�b �B�M �2�`�`�Q�` �M�Q�i �E�a�X

�R�k�d



�6�B�;�m�`�2 �e�X�R�9�, �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 20�X

�e�X�8�X�k �h�?�2 �E�a �p�2�H�Q�+�B�i�v �}�2�H�/�b ���M�/ �2�M�2�`�;�v �b�T�2�+�i�`��

���M �B�M�/�B�p�B�/�m���H �1�m�H�2�`�B���M �i�m�`�#�m�H�2�M�i �~�Q�r �}�2�H�/ �`�2���H�B�x���i�B�Q�M �B�M �E�a �B�b �;�2�M�2�`���i�2�/ ���b �� �i�`�m�M�+���i�2�/

�6�Q�m�`�B�2�` �b�2�`�B�2�b�-

�m(�t; t) =
P N k

n=1

�
(�� n � ���Fn ) �+�Q�b(�Fn � �t + ! n t)

+ ( �" n � ���Fn ) �b�B�M(�Fn � �t + ! n t)
�

�U�e�X�k�e�V

�r�?�2�`�2Nk �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�T�`�2�b�2�M�i���i�B�p�2 �r���p�2�M�m�K�#�2�`�b�- �i�v�T�B�+���H�H�v �?�m�M�/�`�2�/�b �7�Q�` �p�2�`�v

�H�Q�M�; �b�T�2�+�i�`���H �`���M�;�2�b�-Rk � 1�X�̂Fn �B�b �� �`���M�/�Q�K �m�M�B�i �p�2�+�i�Q�`�c�Fn = kn k̂n ���M�/kn = j�Fn j�X

�h�?�2 �+�Q�2�{�+�B�2�M�i�b�� n ���M�/�" n ���`�2 �+�?�Q�b�2�M �b�m�+�? �i�?���i �i�?�2�B�` �Q�`�B�2�M�i���i�B�Q�M�b ���`�2 �`���M�/�Q�K�H�v �/�B�b�@

�i�`�B�#�m�i�2�/ �B�M �b�T���+�2 ���M�/ �m�M�+�Q�`�`�2�H���i�2�/ �r�B�i�? ���M�v �Q�i�?�2�` �6�Q�m�`�B�2�` �+�Q�2�{�+�B�2�M�i �Q�` �r���p�2�M�m�K�#�2�`�-

���M�/ �i�?�2�B�` ���K�T�H�B�i�m�/�2�b ���`�2 �/�2�i�2�`�K�B�M�2�/ �#�vh�� 2
n i = h�" 2

n i / E(kn )dkn �- �r�?�2�`�2E(k) �B�b �i�?�2

�2�M�2�`�;�v �b�T�2�+�i�`�m�K �B�M �b�Q�K�2 �r���p�2�M�m�K�#�2�` �`���M�;�2k1 � k � k� �X �h�?�2 ���M�;�H�2�/ �#�`���+�F�2�i�bh�i

�/�2�M�Q�i�2�b �i�?�2 �2�M�b�2�K�#�H�2 ���p�2�`���;�2 �Q�p�2�` �b�T���+�2 ���M�/ �Q�p�2�` �K���M�v �`���M�/�Q�K �~�Q�r �}�2�H�/�b�X �h�?�2 ���b�b�Q�+�B�@

�R�k�3



�6�B�;�m�`�2 �e�X�R�8�, �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�`St = 75�X

���i�2�/ �7�`�2�[�m�2�M�+�B�2�b ���`�2 �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �2�/�/�v�@�i�m�`�M�Q�p�2�` �7�`�2�[�m�2�M�+�B�2�b�-! n = �
p

k3
nE(kn )�X

�h�?�2�`�2 �B�b �b�Q�K�2 �7�`�2�2�/�Q�K �B�M �i�?�2 �+�?�Q�B�+�2 �Q�7� �- �b�Q �H�Q�M�; ���b0 � � < 1�X �h�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �B�M

�2�[�m���i�B�Q�M �U�e�X�k�e�V �2�M�b�m�`�2�b �i�?���i �i�?�2 �6�Q�m�`�B�2�` �+�Q�2�{�+�B�2�M�i�b ���`�2 �M�Q�`�K���H �i�Q �i�?�2�B�` �r���p�2�p�2�+�i�Q�`

�r�?�B�+�? ���m�i�Q�K���i�B�+���H�H�v �2�M�b�m�`�2�b �B�M�+�Q�K�T�`�2�b�b�B�#�B�H�B�i�v �Q�7 �2���+�? �~�Q�r �`�2���H�B�x���i�B�Q�M�-r � �m= 0�X �h�?�2

�~�Q�r �}�2�H�/ �2�M�b�2�K�#�H�2 �;�2�M�2�`���i�2�/ �B�M �i�?�B�b �K���M�M�2�` �B�b �b�i���i�B�b�i�B�+���H�H�v �?�Q�K�Q�;�2�M�2�Q�m�b�- �B�b�Q�i�`�Q�T�B�+�-

���M�/ �b�i���i�B�Q�M���`�v�X

�h�?�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�KE(k) �+���M �#�2 �+�?�Q�b�2�M �7�`�2�2�H�v �r�B�i�?�B�M �� �}�M�B�i�2 �`���M�;�2 �Q�7 �b�+���H�2�b�- �2�p�2�M

�� �T�B�2�+�2�r�B�b�2 �+�Q�M�i�B�M�m�Q�m�b �b�T�2�+�i�`�m�K�- �Q�` ���M �B�b�Q�H���i�2�/ �b�B�M�;�H�2 �K�Q�/�2 ���`�2 �T�Q�b�b�B�#�H�2�X �h�Q �B�M�+�Q�`�T�Q�@

�`���i�2 �i�?�2 �2�z�2�+�i �Q�7 �H���`�;�2 �b�+���H�2 �b�r�2�2�T�B�M�; �Q�7 �i�?�2 �B�M�2�`�i�B���H �b�+���H�2�b �#�v �i�?�2 �2�M�2�`�;�v �+�Q�M�i���B�M�B�M�;

�b�+���H�2�b�- �i�?�2 �b�B�K�m�H���i�B�Q�M�b ���`�2 �+���`�`�B�2�/ �Q�m�i �B�M �i�?�2 �b�r�2�2�T�B�M�; �7�`���K�2 �Q�7 �`�2�7�2�`�2�M�+�2 �#�v �b�2�i�i�B�M�;

E(k) = 0 �B�M �i�?�2 �H���`�;�2�b�i �b�+���H�2�b�- �7�Q�`k < k 1 �(�e�d�)�X �q�2 �+�?�Q�Q�b�2 �i�?�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�K �B�M �i�?�2

�B�M�2�`�i�B���H �b�m�#�`���M�;�2 �i�Q �#�2�-

E(k) � k� p; k1 � k � k� �U�e�X�k�d�V
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�6�B�;�m�`�2 �e�X�R�e�, �a�B�K�B�H���` �i�Q �6�B�;�X �R�R �2�t�+�2�T�i �7�`�Q�K �E�a �r�B�i�? �b�T�2�+�i�`�m�K �Q�7E(k) � k� 1:72�- ���M�/
St = 75�X

�7�Q�`p = 5/3 ���M�/1:72�X �h�?�2 �b�T�2�+�i�`�m�K �B�b �M�Q�`�K���H�B�b�2�/ �b�m�+�? �i�?���i �i�?�2 �i�Q�i���H �2�M�2�`�;�v �B�b ���H�r���v�b

�2�[�m���H �i�Q�-
Rk�

k1
E(k)dk = 3/2 �X �h�?�2 �H���`�;�2�b�i �`�2�T�`�2�b�2�M�i�2�/ �b�+���H�2 �Q�7 �i�m�`�#�m�H�2�M�+�2 �B�b2� / k1 ���M�/

�b�K���H�H�2�b�i �B�b �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �K�B�+�`�Q�@�b�+���H�2� = 2� / k� �X

�� �T���`�i�B�+�H�2 �i�`���D�2�+�i�Q�`�v�-�t(t)�- �B�b �Q�#�i���B�M�2�/ �#�v �b�Q�H�p�B�M�; �2�[�m���i�B�Q�M�b �U�e�X�3�V ���M�/ �U�e�X�N�V �B�M �i�B�K�2�X

�S���B�`�b �Q�7 �i�`���D�2�+�i�Q�`�B�2�b ���`�2 �?���`�p�2�b�i�2�/ �7�`�Q�K �� �H���`�;�2 �2�M�b�2�K�#�H�2 �Q�7 �~�Q�r �`�2���H�B�x���i�B�Q�M�b ���M�/ �T���B�`

�b�i���i�B�b�i�B�+�b ���`�2 �i�?�2�M �Q�#�i���B�M�2�/ �7�`�Q�K �B�i �7�Q�` ���M���H�v�b�B�b�X

�e�X�e �_�2�b�m�H�i�b

�e�X�e�X�R �a�+���H�B�M�; �7�Q�`K p(l ; St; Rk)

�E�a �r���b �`�m�M �7�Q�` �i�r�Q �/�B�7�2�`�`�2�M�i �b�T�2�+�i�`���- �}�`�b�i �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �b�T�2�+�i�`�m�KE(k) � k� 5/3 �-

���M�/ �i�?�2�M �7�Q�` ���M �B�M�i�2�`�K�B�i�i�2�M�i �b�T�2�+�i�`�m�KE(k) � k� 1:72�X �� �T���`���K�2�i�`�B�+ �b�i�m�/�v �7�Q�` �� �r�B�/�2

�`���M�;�2 �Q�7 �a�i�Q�F�2�b �M�m�K�#�2�` ���M�/ �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b �r���b �+���`�`�B�2�/ �Q�m�i �7�Q�` �i�?�2 �i�r�Q �b�T�2�+�i�`���X

�1���+�? �`�m�M �+�Q�M�i���B�M�2�/ ���M �2�M�b�2�K�#�H�2 �Q�7 ���#�Q�m�i �j�y�-�y�y�y �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �T���B�` �i�`���D�2�+�i�Q�`�B�2�b�X
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�6�B�;�m�`�2 �e�X�R�d�, �G�Q�;�@�H�Q�; �Q�7 �i�?�2 �T���B�` �b�2�T���`���i�B�Q�M� c �r�?�2�`�2 �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�b ���;���B�M�b�i �i�?�2
�a�i�Q�F�2�b �M�m�K�#�2�`St�X �h�?�2 �+���b�2�b �7�Q�`E(k) � k� 5/3 ���M�/� k� 1:72 ���`�2 �b�?�Q�r�M�X �G�B�M�2�b �Q�7 �b�H�Q�T�2
0:5 ���M�/1 ���`�2 �b�?�Q�r�M �7�Q�` �+�Q�K�T���`�B�b�Q�M�X �U�6�Q�` �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �`�2�7�2�`�2�M�+�2�b �i�Q �+�Q�H�Q�` �B�M
�i�?�2 �}�;�m�`�2 �H�2�;�2�M�/�- �i�?�2 �`�2���/�2�` �B�b �`�2�7�2�`�`�2�/ �i�Q �i�?�2 �r�2�# �p�2�`�b�B�Q�M �Q�7 �i�?�B�b ���`�i�B�+�H�2�X�V

�6�B�;�X �R �b�?�Q�r�b �i�?�2 �H�Q�;�@�H�Q�; �T�H�Q�i �Q�7 �i�?�2 �B�M�2�`�i�B���H �T���B�` �/�B�z�m�b�B�Q�M �+�Q�2�{�+�B�2�M�i�-K p/ �v � �-

���;���B�M�b�i �i�?�2 �`�K�b �b�2�T���`���i�B�Q�M�-� l / � �- �7�Q�` �E�Q�H�K�Q�;�Q�`�Q�p �i�m�`�#�m�H�2�M�+�2E(k) � k� 5/3 �- ���M�/ �7�Q�`

���M �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2 �Q�7Rk = 101�c �+���b�2�b �7�Q�` �a�i�Q�F�2�b �M�m�K�#�2�` �7�`�Q�KSt = 0:1 �i�Q75

���`�2 �b�?�Q�r�M�X �6�B�;�b�X �k �i�Q �8 ���`�2 �b�B�K�B�H���` �i�Q �6�B�;�X �R �2�t�+�2�T�i �7�Q�` �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �b�B�x�2�b �Q�7�-

Rk = 102�-103�-104�- ���M�/105 �`�2�T�2�+�i�B�p�2�H�v�X

�A�M �i�?�2�b�2 �}�;�m�`�2�b�- �H�B�M�2�b �Q�7 �b�H�Q�T�21 ���`�2 �b�?�Q�r�M �7�Q�` �+�Q�K�T���`�B�b�Q�M �r�B�i�? �#���H�H�B�b�i�B�+ �K�Q�i�B�Q�M�- ���M�/

�H�B�M�2�b �Q�7 �b�H�Q�T�24/3 �B�b �b�?�Q�r�M �7�Q�` �+�Q�K�T���`�B�b�Q�M �r�B�i�? �i�?�2 �_�B�+�?���`�/�b�Q�M�ö�b �H�Q�+���H�B�i�v �?�v�T�Q�i�?�2�b�B�b�-

���M�/ �H�B�M�2�b �Q�7 �b�H�Q�T�21:525���`�2 �b�?�Q�r�M �i�Q �+�Q�K�T���`�2 �r�B�i�? �i�?�2 ���b�v�K�T�i�Q�i�B�+ �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M

�7�Q�` �H���`�;�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b �(�k�d�)�X

�h�?�2 �`�2�b�m�H�i�b �b�?�Q�r �B�M�B�i�B���H �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b�- �2�[�m���i�B�Q�M �U�e�X�R�j�V�- �B�M ���H�H �+���b�2�b�X �>�Q�r�2�p�2�`�-

�i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b �T�2�M�2�i�`���i�2 �7�m�`�i�?�2�` ���M�/ �7�m�`�i�?�2�` �B�M �i�Q �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 ���b �i�?�2

�a�i�Q�F�2�ö�b �M�m�K�#�2�` �B�M�+�`�2���b�2�b�X

�h�?�2St = 0:1 �+���b�2�b ���`�2 ���H�r���v�b �+�H�Q�b�2 �i�Q �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M�X
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�6�Q�` �p�2�`�v �H���`�;�2 �a�i�Q�F�2�b �M�m�K�#�2�`�b �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b �T�2�M�2�i�`���i�2 �i�?�`�Q�m�;�? �i�?�2 �2�M�i�B�`�2

�B�M�2�`�i�B���H �b�m�#�`���M�;�2�X

�A�M �6�B�;�X �R�- �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�b �i�Q�Q �b�?�Q�`�i�-Rk = 101�- �i�Q �Q�#�b�2�`�p�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2

�b�+���H�B�M�;�b�X

�A�M �6�B�;�b�X �k �i�Q �8�- ���7�i�2�` �i�?�2 �B�M�B�i�B���H �#���H�H�B�b�i�B�+ �T�2�`�B�Q�/�- �2�B�i�?�2�` �i�?�2 �[�m���b�B�@�H�Q�+���H �~�m�B�/ �T���B�`

�/�B�z�m�b�B�Q�M� � 1:34
l �B�b �Q�#�b�2�`�p�2�/ �7�Q�` �b�?�Q�`�i �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b ���M�/ �b�K���H�H �a�i�Q�F�2�b �M�m�K�#�2�`�-

�6�B�;�X �k�- �Q�` �B�i ���b�v�K�T�i�Q�i�2�b �i�Q �i�?�2 �~�m�B�/ �M�Q�M�@�H�Q�+���H �`�2�;�B�K�2 �B�7 �i�?�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�b �#�B�;

�2�M�Q�m�;�?�-K p ! K f � � 1:525
l ���bRk ! 1 �- �b�2�2 �(�e�d�)�- �(�e�9�)�X

�6�B�;�b�X �e �i�Q �R�y �7�Q�` �2�M�2�;�v �b�T�2�+�i�`�m�K �Q�7E(k) � k� 1:72 �b�?�Q�r �b�B�K�B�H���` �i�`�2�M�/�b �i�Q �6�B�;�b�X �R

�i�Q �8�X �G�B�M�2�b �Q�7 �b�H�Q�T�21�-1:43�- ���M�/1:556���`�2 �b�?�Q�r�M �i�Q �+�Q�K�T���`�2 �r�B�i�? �i�?�2 ���b�v�K�T�i�Q�i�B�+ �~�m�B�/

�T���B�` �/�B�z�m�b�B�Q�M �7�Q�` �H���`�;�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2�b �7�Q�` �i�?�B�b �b�T�2�+�i�`�m�K �(�k�d�)�X

�A�M�b�T�2�+�i�B�Q�M �Q�7 ���H�H �i�?�2 �T�H�Q�i�b �T�`�2�b�2�M�i�2�/ �?�2�`�2 �b�?�Q�r�b �i�?���i �i�?�2 �i�?�2 �#���H�H�B�b�i�B�+ �`�2�;�B�K�2�b

�T�2�M�2�i�`���i�2 �i�?�2 �2�M�i�B�`�2 �i�?�2 �2�M�i�B�`�2 �B�M�2�`�i�B���H �b�m�#�`���M�;�2 �B�7St > R k �- �i�Q �7���B�` ���T�T�`�Q�t�B�K���i�B�Q�M�-

�i�?�m�b �+�Q�M�}�`�K�B�M�; �i�?�2 �p���H�B�/�B�i�v �Q�7 �i�?�2 �T�`�2�/�B�+�i�B�Q�M �B�M �2�[�m�i�B�Q�M �U�e�X�k�8�V

�h�?�2 �`�2�b�m�H�i�b ���H�b�Q �b�?�Q�r �i�?���i �i�?�2 �i�`���M�b�B�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �#���H�H�B�b�i�B�+ ���M�/ �~�m�B�/ �T���B�` �/�B�7�@

�7�m�b�B�Q�M �`�2�;�B�K�2�b�- �B�7 �B�i �Q�+�+�m�`�b�- �i���F�2�b �T�H���+�2 �b�H�Q�r�H�v �Q�p�2�` ���M �2�t�i�2�M�/�2�/ �`���M�;�2 �Q�7 �b�+���H�2�b�X

�6�B�M���H�H�v�- �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �M�Q�i�2 �i�?���i �B�i �B�b ���T�T���`�2�M�i �7�`�Q�K �6�B�;�b�X �R�@�R�y �i�?���i �i�?�2 �B�M�2�`�i�B���H

�T���B�` �/�B�z�m�b�B�Q�M �B�b �B�M�B�i�B���H�H�v �7���b�i�2�` �i�?���M �~�m�B�/ �T���B�` �/�B�z�m�b�B�Q�M ���i �b�K���H�H �b�2�T���`���i�B�Q�M�b�- �#�m�i �i�?�B�b
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�#�2�;�B�M�b �i�Q �/�Q�K�B�M���i�2 ���i �H���`�;�2�` �b�2�T���`���i�B�Q�M�b �i�?�2 �B�M�2�`�i�B�� ���+�i�b �H�B�F�2 �� �/�`���; �Q�M �i�?�2 �T���`�i�B�+�H�2
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�e�X�e�X�k �a�+���H�B�M�; �7�Q�` �i�?�2 �i�`���M�b�B�i�B�Q�M �b�+���H�2� c
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�7�`�Q�M�i���H ���`�2�� �Q�7 �i�?�2 �K�Q�/�2�H�X �A�M �� �+�?���M�M�2�H �~�Q�r �2�M�p�B�`�Q�M�K�2�M�i�- �B�i �B�b �i�?�2 �b�m�`�7���+�2 ���`�2��

�Q�7 �i�?�2 �#�H�Q�+�F���;�2 �/�B�p�B�/�2�/ �#�v �i�?�2 �+�`�Q�b�b�@�b�2�+�i�B�Q�M���H ���`�2�� �Q�7 �i�?�2 �+�?���M�M�2�H�X

�9�k�X�"�Q�m�b�b�B�M�2�b�[ �?�v�T�Q�i�?�2�b�B�b�h�?�2 �"�Q�m�b�b�B�M�2�b�[ �?�v�T�Q�i�?�2�b�B�b �b�i���i�2�b �i�?���i �b�K���H�H�@�b�+���H�2 �i�m�`�@

�#�m�H�2�M�i �b�i�`�2�b�b �b�?�Q�m�H�/ �#�2 �H�B�M�2���`�H�v �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �K�2���M �b�i�`���B�M �`���i�2�b�X

�9�j�X�*�H�Q�b�m�`�2�h�2�`�K�b �b�m�+�? ���b �_�2�v�M�Q�H�/�b �b�i�`�2�b�b �B�M �_���L�a ���`�2 �b�m�+�? �i�?���i �i�?�2�`�2 �B�b �M�Q �r���v

�i�Q �`�2�K�Q�p�2 �i�?�2 �~�m�+�i�m���i�B�Q�M �7�`�Q�K �i�?�2 �_�2�v�M�Q�H�/�b ���p�2�`���;�2�/ �L���p�B�2�` �a�i�Q�F�2�b �1�[�m���i�B�Q�M�b

���M�/ �?�2�M�+�2 �`�2�[�m�B�`�2 �K�Q�/�2�H�B�M�; �i�Q �?���p�2 �� �b�Q�H�p���#�H�2 �b�v�b�i�2�K�X �h�?�B�b �B�b �+���H�H�2�/ �i�?�2 �T�`�Q�#�H�2�K

�Q�7 �+�H�Q�b�m�`�2�X

�R�9�R



�_�1�6�1�_�1�L�*�1�a

�(�R�) �C�X �J�X �J�+�.�Q�M�Q�m�;�?�- �ó�A�M�i�`�Q�/�m�+�i�Q�`�v �H�2�+�i�m�`�2�b �Q�M �i�m�`�#�m�H�2�M�+�2�, �T�?�v�b�B�+�b�- �K���i�?�2�K���i�B�+�b

���M�/ �K�Q�/�2�H�B�M�;�-�ô �k�y�y�d�X

�(�k�) �:�X �E�X �"���i�+�?�2�H�Q�`�-���M �B�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �~�m�B�/ �/�v�M���K�B�+�b�X �*���K�#�`�B�/�;�2 �m�M�B�p�2�`�b�B�i�v �T�`�2�b�b�-

�k�y�y�y�X

�(�j�) �G�X �S�`���M�/�i�H�-�h�?�2 �2�b�b�2�M�i�B���H�b �Q�7 �~�m�B�/ �/�v�M���K�B�+�b�X �"�H���+�F�B�2 �� �a�Q�M �G�B�K�B�i�2�/�- �R�N�e�j�X

�(�9�) �:�X �E�X �"���i�+�?�2�H�Q�`�-�h�?�2 �i�?�2�Q�`�v �Q�7 �?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2�X �*���K�#�`�B�/�;�2 �m�M�B�p�2�`�b�B�i�v

�T�`�2�b�b�- �R�N�8�j�X

�(�8�) �a�X �"�X �S�Q�T�2�- �ó�h�m�`�#�m�H�2�M�i �~�Q�r�b�-�ô �k�y�y�R�X

�(�e�) �P�X �E�X �:�X �h�B�2�i�D�2�M�b ���M�/ �G�X �S�`���M�/�i�H�-���T�T�H�B�2�/ �?�v�/� �̀Q�@���M�/ ���2� �̀Q�K�2�+�?���M�B�+�b�, �#���b�2�/ �Q�M

�H�2�+�i�m� �̀2�b �Q�7 �G�X �S� �̀��M�/�i�H�X �*�Q�m�`�B�2�` �*�Q�`�T�Q�`���i�B�Q�M�- �R�N�8�d�- �p�Q�H�X �k�X

�(�d�) �1�X �"�2�m�i�H�2�`�X �L�2�r �u�Q�`�F�, �J�+�:�`���r�@�>�B�H�H�- �R�N�N�9�- �p�Q�H�X �k�- �+�?�X �d�- �T�T�X �e�8�9���e�e�k�X

�(�3�) �C�X �L�2�H�b�Q�M�- �h�q�A �_�2�T�Q�`�i �e�e�e�f�R�N�N�N�- �C���M�X �R�N�N�N�- �`�2�[�m�B�`�2�/ �B�M�b�i�B�i�m�i�B�Q�M �K�B�b�b�B�M�;�X

�(�N�) �C�X �"�Q�Q�M�- �a�X �u�B�T�- �C�X �"�m�`�;�2�`�b�- �>�X �o���M �/�2 �>�m�H�b�i�- �a�X �*�?���M�/�`���b�2�F�?���`�- �6�X �*�?�2�M�-

�*�X �.�2 �G�Q�Q�`�2�- �.�X �6�`�2�M�F�2�H�- ���M�/ �"�X �a�K�B�i�-���M �B�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �~�m�B�/ �K�2�+�?���M�B�+�b�X �*���K�@

�#�`�B�/�;�2�, �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �R�N�3�3�X

�R�9�k



�(�R�y�) �.�X �>�m�`�b�i ���M�/ �C�X �o���b�b�B�H�B�+�Q�b�- �ó�a�+���H�B�M�;�b ���M�/ �/�2�+���v �Q�7 �7�`���+�i���H�@�;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�-�ô

�S�?�v�b�B�+�b �Q�7 �6�H�m�B�/�b�- �p�Q�H�X �R�N�- �M�Q�X �j�- �T�X �y�j�8�R�y�j�- �k�y�y�d�X

�(�R�R�) �_�X �C�X �>�2���`�b�i ���M�/ �S�X �G���p�Q�B�2�- �ó�.�2�+���v �Q�7 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/ �#�v �� �b�[�m���`�2�@�7�`���+�i���H�@

�2�H�2�K�2�M�i �;�`�B�/�-�ô�C�Q�m�`�M���H �Q�7 �6�H�m�B�/ �J�2�+�?���M�B�+�b�- �p�Q�H�X �d�9�R�- �T�T�X �8�e�d���8�3�9�- �k�y�R�9�X

�(�R�k�) �a�X �G���B�x�2�i�- �C�X �L�2�/�B�É�- ���M�/ �*�X �o���b�b�B�H�B�+�Q�b�- �ó�A�M�~�m�2�M�+�2 �Q�7 �i�?�2 �b�T���i�B���H �`�2�b�Q�H�m�i�B�Q�M �Q�M

�}�M�2�@�b�+���H�2 �7�2���i�m�`�2�b �B�M �/�M�b �Q�7 �i�m�`�#�m�H�2�M�+�2 �;�2�M�2�`���i�2�/ �#�v �� �b�B�M�;�H�2 �b�[�m���`�2 �;�`�B�/�-�ô�A�M�i�2�`�@

�M���i�B�Q�M���H �C�Q�m�`�M���H �Q�7 �*�Q�K�T�m�i���i�B�Q�M���H �6�H�m�B�/ �.�v�M���K�B�+�b�- �p�Q�H�X �k�N�- �M�Q�X �j�@�8�- �T�T�X �k�3�e���j�y�k�-

�k�y�R�8�X

�(�R�j�) �a�X �G���B�x�2�i�- �1�X �G���K�#���H�H���B�b�- ���M�/ �C�X �o���b�b�B�H�B�+�Q�b�- �ó�� �M�m�K�2�`�B�+���H �b�i�`���i�2�;�v �i�Q �+�Q�K�#�B�M�2 �?�B�;�?�@

�Q�`�/�2�` �b�+�?�2�K�2�b�- �+�Q�K�T�H�2�t �;�2�Q�K�2�i�`�v ���M�/ �T���`���H�H�2�H �+�Q�K�T�m�i�B�M�; �7�Q�` �?�B�;�? �`�2�b�Q�H�m�i�B�Q�M �/�M�b

�Q�7 �7�`���+�i���H �;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�-�ô�*�Q�K�T�m�i�2�`�b �� �6�H�m�B�/�b�- �p�Q�H�X �j�N�- �M�Q�X �j�- �T�T�X �9�d�R���9�3�9�-

�k�y�R�y�X

�(�R�9�) �J�X �o���M �.�v�F�2�-�S�2�`�i�m�`�#���i�B�Q�M �K�2�i�?�Q�/�b �B�M �~�m�B�/ �K�2�+�?���M�B�+�b�X ���+���/�2�K�B�+ �T�`�2�b�b �L�2�r

�u�Q�`�F�- �R�N�e�9�- �p�Q�H�X �R�j�e�X

�(�R�8�) �.�X �1�X �E�M�m�i�?�-�a�2�K�B�M�m�K�2�`�B�+���H ���H�;�Q�`�B�i�?�K�b�- �k�M�/ �2�/�X�- �b�2�`�X �h�?�2 ���`�i �Q�7 �*�Q�K�T�m�i�2�`

�S�`�Q�;�`���K�K�B�M�;�X �_�2���/�B�M�;�- �J���b�b���+�?�m�b�2�i�i�b�, ���/�/�B�b�Q�M�@�q�2�b�H�2�v�- �R�y �C���M�X �R�N�3�R�- �p�Q�H�X �k�-

�� �7�m�H�H �"�P�P�E �2�M�i�`�v�X

�(�R�e�) �C�X �*�X �E�M�p�i�?�- �ó�h�?�2 �T�`�Q�;�`���K�K�B�M�; �Q�7 �+�Q�K�T�m�i�2�` ���`�i�-�ô �o�2�`�M�B�2�` ���`�i �*�2�M�i�2�`�- �a�i���M�7�Q�`�/�-

�*���H�B�7�Q�`�M�B���- �6�2�#�X �R�N�3�3�- �� �7�m�H�H �"�P�P�E�G�1�h �2�M�i�`�v�X

�(�R�d�) �G�X �.���p�B�/�b�Q�M�-���M �B�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �i�m�`�#�m�H�2�M�+�2 �K�Q�/�2�H�b�- �R�N�N�d�X

�R�9�j



�(�R�3�) �*�X�@�u�X �*�?�Q�r�- �ó���M �B�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �+�Q�K�T�m�i���i�B�Q�M���H �~�m�B�/ �K�2�+�?���M�B�+�b�-�ô�L�2�r �u�Q�`�F�-

�C�Q�?�M �q�B�H�2�v ���M�/ �a�Q�M�b�- �A�M�+�X�- �R�N�d�N�X �9�y�3 �T�X�- �R�N�d�N�X

�(�R�N�) �>�X �o�2�`�b�i�2�2�; ���M�/ �q�X �J���H���H���b�2�F�2�`���- �ó�*�Q�K�T�m�i���i�B�Q�M���H �~�m�B�/ �/�v�M���K�B�+�b�-�ô�h�?�2 �}�M�B�i�2

�p�Q�H�m�K�2 �K�2�i�?�Q�/�- �R�N�N�8�X

�(�k�y�) �"�X �J���x�x�B ���M�/ �C�X �*�X �o���b�b�B�H�B�+�Q�b�- �ó�6�`���+�i���H�@�;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�-�ô�C�Q�m�`�M���H �Q�7 �6�H�m�B�/

�J�2�+�?���M�B�+�b�- �p�Q�H�X �8�y�k�- �T�T�X �e�8���3�d�- �k�y�y�9�X

�(�k�R�) �q�X �o�X �P�x ���M�/ �J�X �u���M�M���F���F�B�b�- �1�/�b�X�-�S� �̀Q�+�X �6�B�7�i�2�2�M�i�? ���M�M�m���H�- �b�2�`�X ���H�H ���*�J �*�Q�M�7�2�`�@

�2�M�+�2�b�- �M�Q�X �R�d�- ���*�J�X �"�Q�b�i�Q�M�, ���+���/�2�K�B�+ �S�`�2�b�b�- �J���`�X �R�N�3�j�- �� �7�m�H�H �S�_�P�*�1�1�.�A�L�:�a

�2�M�i�`�v�X

�(�k�k�) �q�X �*�?�Q�r ���M�/ �u�X �*�?�2�m�M�;�- �ó�*�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K�b �T�B�b�Q ���M�/ �b�B�K�T�H�2�` �7�Q�`

�b�Q�H�p�B�M�; �T�`�2�b�b�m�`�2�@�p�2�H�Q�+�B�i�v �H�B�M�F�2�/ �2�[�m���i�B�Q�M�b �B�M �b�B�K�m�H���i�B�M�; �+�Q�K�T���`�i�K�2�M�i���H �}�`�2�-�ô�L�m�@

�K�2�`�B�+���H �>�2���i �h� �̀��M�b�7�2�`�- �S���`�i �� ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �j�R�- �M�Q�X �R�- �T�T�X �3�d���R�R�k�- �R�N�N�d�X

�(�k�j�) �a�X �G���B�x�2�i ���M�/ �C�X �*�X �o���b�b�B�H�B�+�Q�b�- �ó�.�B�`�2�+�i �M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M �Q�7 �7�`���+�i���H�@�;�2�M�2�`���i�2�/

�i�m�`�#�m�H�2�M�+�2�-�ô �B�M�.�B� �̀2�+�i ���M�/ �G��� �̀;�2�@�1�/�/�v �a�B�K�m�H���i�B�Q�M �o�A�A�X �a�T�`�B�M�;�2�`�- �k�y�R�y�- �T�T�X �R�d���k�j�X

�(�k�9�) �����- �ó�.�M�b �Q�7 �7�`���+�i���H�@�;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2�-�ô�6�H�Q�r�- �i�m�`�#�m�H�2�M�+�2 ���M�/ �+�Q�K�#�m�b�i�B�Q�M�-

�p�Q�H�X �3�d�- �M�Q�X �9�- �T�T�X �e�d�j���d�y�8�- �k�y�R�R�X

�(�k�8�) �L�X ���X �J���H�B�F ���M�/ �C�X �*�X �o���b�b�B�H�B�+�Q�b�- �ó�� �H���;�`���M�;�B���M �K�Q�/�2�H �7�Q�` �i�m�`�#�m�H�2�M�i �/�B�b�T�2�`�b�B�Q�M

�r�B�i�? �i�m�`�#�m�H�2�M�i�@�H�B�F�2 �~�Q�r �b�i�`�m�+�i�m�`�2�, �+�Q�K�T���`�B�b�Q�M �r�B�i�? �/�B�`�2�+�i �M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M

�7�Q�` �i�r�Q�@�T���`�i�B�+�H�2 �b�i���i�B�b�i�B�+�b�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �R�R�- �T�T�X �R�8�d�k���R�8�3�y�- �R�N�N�N�X

�(�k�e�) �u�X �L���F���v���K���-�A�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �~�m�B�/ �K�2�+�?���M�B�+�b�X �"�m�i�i�2�`�r�Q�`�i�?�@�>�2�B�M�2�K���M�M�- �k�y�R�3�X

�R�9�9



�(�k�d�) �L�X ���X �J���H�B�F�- �ó�h�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M�, �L�m�K�2�B�+���H �b�B�K�m�H���i�B�Q�M�b�-�ô�S�G�Q�a

�P�L�1�- �p�Q�H�X �l�M�/�2�` �`�2�p�B�2�r�- �k�y�R�3�X

�(�k�3�) �*�X �G�X �6�2�z�2�`�K���M�- �ó�1�t�B�b�i�2�M�+�2 ���M�/ �b�K�Q�Q�i�?�M�2�b�b �Q�7 �i�?�2 �M���p�B�2�`�@�b�i�Q�F�2�b �2�[�m���i�B�Q�M�-�ô�h�?�2

�K�B�H�H�2�M�M�B�m�K �T�`�B�x�2 �T� �̀Q�#�H�2�K�b�- �p�Q�H�X �8�d�- �T�X �e�d�- �k�y�y�e�X

�(�k�N�) �:�X �E�X �"���i�+�?�2�H�Q�`�-�h�?�2 �h�?�2�Q�`�v �Q�7 �>�Q�K�Q�;�2�M�2�Q�m�b �h�m�`�#�m�H�2�M�+�2�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v

�S�`�2�b�b�- �R�N�8�j�X

�(�j�y�) �1�X �J�2�M�2�;�m�x ���M�/ �J�X �q�X �_�2�2�F�b�- �ó�a�i���i�B�b�i�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �T���`�i�B�+�H�2 �b�2�;�`�2�;���i�B�Q�M �B�M

�?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �e�3�e�- �T�T�X �j�j�3���j�8�R�- �k�y�R�R�X

�(�j�R�) �*�X �J�X �o�2�M�B�2�`�- �*�X �A�X �S���B�`�2�i�i�B�- �a�X �J�X �.���K�B���M�- ���M�/ �L�X �J�X �L�B�;�`�Q�- �ó�P�M �i�?�2 �b�i���#�B�H�B�i�v

���M���H�v�b�B�b �Q�7 �i�?�2 �T�B�b�Q ���H�;�Q�`�B�i�?�K �Q�M �+�Q�H�H�Q�+���i�2�/ �;�`�B�/�b�-�ô�*�Q�K�T�m�i�2�`�b �� �6�H�m�B�/�b�- �p�Q�H�X �R�9�d�-

�T�T�X �k�8���9�y�- �k�y�R�d�X

�(�j�k�) �A�X �.�2�K�B�`�/�ˆ�B�É�- �‡�X �G�B�H�2�F�- ���M�/ �J�X �S�2�`�B�É�- �ó�� �+�Q�H�H�Q�+���i�2�/ �}�M�B�i�2 �p�Q�H�m�K�2 �K�2�i�?�Q�/ �7�Q�`

�T�`�2�/�B�+�i�B�M�; �~�Q�r�b ���i ���H�H �b�T�2�2�/�b�-�ô�A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H �7�Q�` �L�m�K�2�`�B�+���H �J�2�i�?�Q�/�b �B�M

�6�H�m�B�/�b�- �p�Q�H�X �R�e�- �M�Q�X �R�k�- �T�T�X �R�y�k�N���R�y�8�y�- �R�N�N�j�X

�(�j�j�) �>�X �E���r���K�m�`���- �>�X ���#�2�- ���M�/ �E�X �a�?�B�M�;���B�- �ó�.�M�b �Q�7 �i�m�`�#�m�H�2�M�+�2 ���M�/ �?�2���i �i�`���M�b�T�Q�`�i

�B�M �� �+�?���M�M�2�H �~�Q�r �r�B�i�? �/�B�z�2�`�2�M�i �`�2�v�M�Q�H�/�b ���M�/ �T�`���M�/�i�H �M�m�K�#�2�`�b ���M�/ �#�Q�m�M�/���`�v

�+�Q�M�/�B�i�B�Q�M�b�-�ô�h�m�`�#�m�H�2�M�+�2�- �>�2���i ���M�/ �J���b�b �h� �̀��M�b�7�2�`�- �p�Q�H�X �j�- �T�T�X �R�8���j�k�- �k�y�y�y�X

�(�j�9�) �S�X �:�2�B�T�2�H�- �E�X �>�X �:�Q�?�- ���M�/ �_�X �S�X �G�B�M�/�b�i�2�/�i�- �ó�6�`���+�i���H�@�;�2�M�2�`���i�2�/ �i�m�`�#�m�H�2�M�+�2 �B�M

�Q�T�T�Q�b�2�/ �D�2�i �~�Q�r�b�-�ô�6�H�Q�r�- �i�m�`�#�m�H�2�M�+�2 ���M�/ �+�Q�K�#�m�b�i�B�Q�M�- �p�Q�H�X �3�8�- �M�Q�X �j�@�9�- �T�T�X �j�N�d��

�9�R�N�- �k�y�R�y�X

�R�9�8



�(�j�8�) �_�X �a�2�Q�m�/ ���M�/ �C�X �o���b�b�B�H�B�+�Q�b�- �ó�.�B�b�b�B�T���i�B�Q�M ���M�/ �/�2�+���v �Q�7 �7�`���+�i���H�@�;�2�M�2�`���i�2�/ �i�m�`�#�m�@

�H�2�M�+�2�-�ô�S�?�v�b�B�+�b �Q�7 �6�H�m�B�/�b�- �p�Q�H�X �R�N�- �M�Q�X �R�y�- �T�X �R�y�8�R�y�3�- �k�y�y�d�X

�(�j�e�) �_�X ���X �a�?���r�- �ó�S���`�i�B�+�H�2�@�i�m�`�#�m�H�2�M�+�2 �B�M�i�2�`���+�i�B�Q�M�b �B�M ���i�K�Q�b�T�?�2�`�B�+ �+�H�Q�m�/�b�-�ô���M�M�X �_�2�p�X

�6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �j�8�- �T�T�X �R�3�j���k�k�d�- �k�y�y�j�X

�(�j�d�) �:�X �6���H�F�Q�p�B�+�? ���M�/ ���X �S�m�K�B�`�- �ó�a�H�B�M�; �2�z�2�+�i �B�M �+�Q�H�H�B�b�B�Q�M �Q�7 �r���i�2�` �/�`�Q�T�H�2�i �B�M �i�m�`�#�m�H�2�M�i

�+�H�Q�m�/�b�-�ô�C�X ���i�K�X �a�+�B�X�- �p�Q�H�X �e�9�- �T�T�X �9�9�N�d���9�8�y�8�- �k�y�y�d�X

�(�j�3�) �.�X �G�X �1�X �*���H�x���p���`�B�M�B�- �J�X �E�2�`�b�+�?�2�` ���M�/ �6�X �h�Q�b�+�?�B�- �ó�.�B�K�2�M�b�B�Q�M���H�B�i�v ���M�/ �K�Q�`�T�?�Q�H�Q�;�v

�Q�7 �T���`�i�B�+�H�2 ���M�/ �#�m�#�#�H�2 �+�H�m�b�i�2�`�b �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �e�y�d�- �T�T�X

�R�j���R�9�- �k�y�y�3�X

�(�j�N�) �6�X �h�Q�b�+�?�B ���M�/ �1�X �"�Q�/�2�M�b�+�?���i�x�- �ó�G���;�`���M�;�B���M �T�`�Q�T�2�`�i�B�2�b �Q�7 �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�+�2�-�ô

���M�M�X �_�2�p�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �9�R�- �T�T�X �j�d�8���9�y�9�- �k�y�y�N�X

�(�9�y�) �J�X �a�X �J�X ���M�/ �E�X�@�*�X �"�2�`�;�K���M�M�X �.�Q�`�/�`�2�+�?�i�, �a�T�`�B�M�;�2�`�- �k�y�R�j�X

�(�9�R�) �J�X �q�X �_�2�2�F�b�- �ó�h�`���M�b�T�Q�`�i�- �K�B�t�B�M�; ���M�/ ���;�;�H�Q�K�2�`���i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�i

�~�Q�r�b�-�ô�6�H�Q�r �h�m�`�#�X �*�Q�K�#�m�b�i�X�- �p�Q�H�X �N�k�- �T�T�X �j���k�8�- �k�y�R�9�X

�(�9�k�) �J�X �_�X �J���t�2�v ���M�/ �C�X �_�X �_�B�H�2�v�- �ó�1�[�m���i�B�Q�M �Q�7 �K�Q�i�B�Q�M �7�Q�` �� �b�K���H�H �`�B�;�B�/ �b�Q�T�?�2�`�2 �B�M ��

�M�Q�M�@�m�M�B�7�Q�`�K �~�Q�r�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �k�e�- �T�X �3�3�j�- �R�N�3�j�X

�(�9�j�) �J�X �q�X �_�2�2�F�b�- �ó�P�M �� �F�B�M�2�i�B�+ �2�[�m���i�B�Q�M �7�Q�` �i�?�2 �i�`���M�b�T�Q�`�i �Q�7 �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�i

�~�Q�r�b�-�ô�S�?�v�b�X �6�H�m�B�/�b ���- �p�Q�H�X �j�- �T�X �9�9�e�- �R�N�N�R�X

�R�9�e



�(�9�9�) �L�X �J�X �Z�m�`�2�b�?�B�- �J�X �"�Q�m�`�;�Q�B�M�- �*�X �"���m�/�2�i�- ���M�/ ���X �*�X �u�X �:���;�M�2�- �ó�h�m�`�#�m�H�2�M�i �i�`���M�b�@

�T�Q�`�i �Q�7 �K���i�2�`�B���H �T���`�i�B�+�H�2�b�, ���M �2�t�T�2�`�B�K�2�M�i���H �b�i�m�/�v �Q�7 �}�M�B�i�2 �b�B�x�2 �2�z�2�+�i�b�-�ô�S�?�v�b�X

�_�2�p�X �G�2�i�i�X�- �p�Q�H�X �N�N�- �T�X �R�3�9�8�y�k�- �k�y�y�d�X

�(�9�8�) �J�X �*���T�Q�`���H�Q�M�B�- �6�X �h���K�T�B�2�`�B�- �6�X �h�`�Q�K�#�2�i�i�B�- ���M�/ �P�X �o�B�i�i�Q�`�B�- �ó�h�`���M�b�7�2�` �Q�7 �T���`�i�B�+�H�2�b

�B�M �M�Q�M�B�b�Q�i�`�Q�T�B�+ ���B�` �i�m�`�#�m�H�2�M�+�2�-�ô�C�X ���i�K�Q�b�X �a�+�B�X�- �p�Q�H�X �j�k�- �T�T�X �8�e�8���8�e�3�- �R�N�d�8�X

�(�9�e�) �J�X �q�X �_�2�2�F�b�- �ó�h�?�2 �i�`���M�b�T�Q�`�i �Q�7 �/�B�b�+�`�2�i�2 �T���`�i�B�+�H�2�b �B�M �B�M�?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2�-�ô

�C�X ���2� �̀Q�b�Q�H�X �a�+�B�X�- �p�Q�H�X �R�9�- �T�T�X �d�k�N���d�j�N�- �R�N�3�j�X

�(�9�d�) �E�X �.�X �a�[�m�B�`�2�b ���M�/ �C�X �E�X �1���i�Q�M�- �ó�S�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b �#�v �i�m�`�#�m�@

�H�2�M�+�2�-�ô�S�?�v�b�X �6�H�m�B�/�b ���- �p�Q�H�X �j�- �T�T�X �R�R�N�e���R�R�d�3�- �R�N�N�R�X

�(�9�3�) �G�X�@�S�X �q���M�; ���M�/ �_�X �J�X �J���t�2�v�- �ó�a�2�i�i�H�B�M�; �p�2�H�Q�+�B�i�v ���M�/ �+�Q�M�+�2�M�i�`���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7 �?�2���p�v �T���`�i�B�+�H�2�b �B�M �?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �k�8�e�-

�T�T�X �k�d���e�3�- �R�N�N�j�X

�(�9�N�) �a�X �a�m�M�/���`���K ���M�/ �G�X �_�X �*�Q�H�H�B�M�b�- �ó�*�Q�H�H�B�b�B�Q�M �b�i���i�B�b�i�B�+�b �B�M ���M �B�b�Q�i�`�Q�T�B�+ �T���`�i�B�+�H�2�@�H���/�2�M

�i�m�`�#�m�H�2�M�i �b�m�b�T�2�M�b�B�Q�M�X �T���`�i �R�X �/�B�`�2�+�i �M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M�b�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X

�j�j�8�- �T�T�X �d�8���R�y�N�- �R�N�N�d�X

�(�8�y�) �1�X �"���H�F�Q�p�b�F�v�- �:�X �6���H�F�Q�p�B�+�?�- ���M�/ ���X �6�Q�m�t�Q�M�- �ó�A�M�i�2�`�K�B�i�i�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �B�M�2�`�i�B���H

�T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�b�-�ô�S�?�v�b�X �_�2�p�X �G�2�i�i�X�- �p�Q�H�X �3�e�- �T�T�X �k�d�N�y���k�d�N�j�- �k�y�y�R�X

�(�8�R�) ���X ���H�B�b�2�/���- ���X �*���`�i�2�H�H�B�2�`�- �6�X �>���B�M���m�t�- ���M�/ �C�X �*�X �G���b�?�2�`���b�- �ó�1�z�2�+�i �Q�7 �T�`�2�7�2�`�2�M�i�B���H

�+�Q�M�+�2�M�i�`���i�B�Q�M �Q�M �i�?�2 �b�2�i�i�H�B�M�; �p�2�H�Q�+�B�i�v �Q�7 �?�2���p�v �T���`�i�B�+�H�2�b �B�M �?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+

�i�m�`�#�m�H�2�M�+�2�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �9�e�3�- �T�T�X �d�d���R�y�8�- �k�y�y�k�X

�R�9�d



�(�8�k�) �:�X �6���H�F�Q�p�B�+�? ���M�/ ���X �S�m�K�B�`�- �ó�A�M�i�2�`�K�B�i�i�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?�2���p�v �T���`�i�B�+�H�2�b �B�M ��

�i�m�`�#�m�H�2�M�i �~�Q�r�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �R�e�- �T�T�X �G�9�d���8�y�- �k�y�y�9�X

�(�8�j�) �P�X �a�B�K�Q�M�B�M�- �S�X �6�û�p�`�B�2�`�- ���M�/ �C�X �G���p�B�û�p�B�H�H�2�- �ó�P�M �i�?�2 �b�T���i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?�2���p�v�@

�T���`�i�B�+�H�2 �p�2�H�Q�+�B�i�B�2�b �B�M �i�m�`�#�m�H�2�M�i �~�Q�r�, �7�`�Q�K �+�Q�M�i�B�M�m�Q�m�b �}�2�H�/ �i�Q �T���`�i�B�+�m�H���i�2 �+�?���Q�b�-�ô

�C�X �h�m�`�#�m�H�2�M�+�2�- �p�Q�H�X �j�- �T�X �y�9�y�- �k�y�y�k�X

�(�8�9�) �E�X �.�m�M�+���M�- �"�X �J�X �a�X �¹�b�i�H�m�M�/�- ���M�/ �J�X �q�B�H�F�B�M�b�Q�M�- �ó�*�H�m�b�i�2�`�B�M�; �B�M �K�B�t�B�M�; �~�Q�r�b�-�ô

�S�?�v�b�X �_�2�p�X �G�2�i�i�X�- �p�Q�H�X �N�8�- �T�X �k�9�y�e�y�k�- �k�y�y�8�X

�(�8�8�) ���X �J�X �q�Q�Q�/�- �q�X �>�r���M�;�- ���M�/ �C�X �E�X �1���i�Q�M�- �ó�S�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b

�B�M �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�A�M�i�X �C�X �J�m�H�i�B�T�?���b�2 �6�H�Q�r�- �p�Q�H�X �j�R�- �T�T�X

�R�k�k�y���R�k�j�y�- �k�y�y�8�X

�(�8�e�) �h�X �1�H�T�2�`�B�M�- �L�X �E�H�2�2�Q�`�B�M�- �J�X ���X �G�B�#�2�`�K���M�- �o�X �a�X �G�ö�p�Q�p�- ���M�/ �A�X �_�Q�;���+�?�2�p�b�F�B�B�- �ó�*�H�m�b�@

�i�2�`�B�M�; �Q�7 ���2�`�Q�b�Q�H�b �B�M ���i�K�Q�b�T�?�2�`�B�+ �i�m�`�#�m�H�2�M�i �~�Q�r�-�ô�1�M�p�B� �̀Q�M�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �d�- �T�X

�R�d�j�- �k�y�y�d�X

�(�8�d�) �G�X �A�X �w���B�+�?�B�F ���M�/ �o�X �J�X ���H�B�T�+�?�2�M�F�Q�p�- �ó�_�2�}�M�2�K�2�M�i �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v

�7�m�M�+�i�B�Q�M �K�Q�/�2�H �7�Q�` �T�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 ���2�`�Q�b�Q�H �T���`�i�B�+�H�2�b �B�M �B�b�Q�i�`�Q�T�B�+ �i�m�`�@

�#�m�H�2�M�+�2�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �R�N�- �T�X �R�R�j�j�y�3�- �k�y�y�d�X

�(�8�3�) �1�X �q�X �a���r�- �_�X ���X �a�?���r�- �a�X ���v�v���H���b�Q�K���v���D�m�H���- �S�X �u�X �*�?�m���M�;�- ���M�/ ���X �:�v�H�7���b�Q�M�-

�ó�A�M�2�`�i�B���H �+�H�m�b�i�2�`�B�M�; �Q�7 �T���`�i�B�+�H�2�b �B�M �?�B�;�?�@�`�2�v�M�Q�H�/�b�@�M�m�K�#�2�` �i�m�`�#�m�H�2�M�+�2�-�ô�S�?�v�b�X �_�2�p�X

�G�2�i�i�X�- �p�Q�H�X �R�y�y�- �T�X �k�R�9�8�y�R�- �k�y�y�3�X

�R�9�3



�(�8�N�) �u�X ���K�K���` ���M�/ �J�X �_�2�2�F�b�- �ó���;�;�H�Q�K�2�`���i�B�Q�M �Q�7 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �B�M �� �`���M�/�Q�K �`�Q�@

�i���i�B�M�; �b�v�K�K�2�i�`�B�+ �b�i�`���B�M�B�M�; �~�Q�r�-�ô�A�M�i�X �C�X �J�m�H�i�B�T�?���b�2 �6�H�Q�r�- �p�Q�H�X �j�8�- �T�T�X �3�9�y���3�8�j�-

�k�y�y�N�X

�(�e�y�) �_�X �>�X ���X �A�D�x�2�`�K���M�b�- �J�X �q�X �_�2�2�F�b�- �1�X �J�2�M�2�;�m�x�- �J�X �S�B�+�+�B�Q�i�i�Q�- ���M�/ ���X �a�Q�H�B�/���i�B�-

�ó�J�2���b�m�`�B�M�; �b�2�;�`�2�;���i�B�Q�M �Q�7 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�+�2 �#�v �� �7�m�H�H �H���;�`���M�;�B���M

���T�T�`�Q���+�?�-�ô�S�?�v�b�X �6�H�m�B�/�b �1�- �p�Q�H�X �3�y�- �T�X �y�R�8�j�y�k�U�_�V�- �k�y�R�y�X

�(�e�R�) �G�X �6�X �_�B�+�?���`�/�b�Q�M�- �ó���i�K�Q�b�T�?�2�`�B�+ �/�B�z�m�b�B�Q�M �b�?�Q�r�M �Q�M �� �/�B�b�i���M�+�2�@�M�2�B�;�?�#�Q�m�` �;�`���T�?�-�ô

�S� �̀Q�+�X �_�Q�v�X �a�Q�+�X �G�Q�M�/�X ���- �p�Q�H�X �R�y�y�- �T�T�X �d�y�N���d�j�d�- �R�N�k�e�X

�(�e�k�) ���X �P�#�m�F�?�Q�p�- �ó�a�T�2�+�i�`���H �2�M�2�`�;�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �� �i�m�`�#�m�H�2�M�i �~�Q�r�-�ô�U�h� �̀��M�b�H���i�B�Q�M �,

�J�B�M�B�b�i�`�v �Q�7 �a�m�T�T�H�v�X �T�X �k�R �R�y�N�d�V�- �A�x�p�X ���F���/�X �s���m�F�X �a�a�a�_�X �a�2�`�X �:�2�Q�;�`�X �B �:�2�Q�D�x�-

�p�Q�H�X �8�- �T�T�X �9�8�j���9�e�e�- �R�N�9�R�X

�(�e�j�) �:�X �E�X �"���i�+�?�2�H�Q�`�- �ó�.�B�z�m�b�B�Q�M �B�M �� �}�2�H�/ �Q�7 �?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2�, �A�B�X �i�?�2 �`�2�H���i�B�p�2

�K�Q�i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b�-�ô�J���i�?�X �S� �̀Q�+�X �*���K�#�X �S�?�B�H�Q�b�X �a�Q�+�X�- �p�Q�H�X �9�3�U�k�V�- �T�T�X �j�9�8���j�e�k�-

�R�N�8�k�X

�(�e�9�) �L�X ���X �J���H�B�F�- �ó�h�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M�, �� �i�?�2�Q�`�v �#���b�2�/ �Q�M �H�Q�+���H ���M�/

�M�Q�M�@�H�Q�+���H �/�B�z�m�b�B�Q�M���H �T�`�Q�+�2�b�b�2�b�-�ô�S�G�Q�a �P�L�1�- �p�Q�H�X �R�j�U�R�y�V�- �T�X �2�y�k�y�k�N�9�y�- �k�y�R�3�X

�(�e�8�) �_�X �>�X �E�`���B�+�?�M���M�- �ó�.�B�z�m�b�B�Q�M �#�v �� �`���M�/�Q�K �p�2�H�Q�+�B�i�v �}�2�H�/�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �R�j�-

�T�T�X �k�k���j�R�- �R�N�d�y�X

�(�e�e�) �C�X �*�X �>�X �6�m�M�;�- �C�X �*�X �_�X �>�m�M�i�- �L�X ���X �J���H�B�F�- ���M�/ �_�X �C�X �S�2�`�F�B�M�b�- �ó�E�B�M�2�K���i�B�+ �b�B�K�m�@

�H���i�B�Q�M �Q�7 �?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2 �#�v �m�M�b�i�2���/�v �`���M�/�Q�K �7�Q�m�`�B�2�` �K�Q�/�2�b�-�ô�C�X �6�H�m�B�/

�J�2�+�?�X�- �p�Q�H�X �k�j�e�- �T�X �k�3�R�- �R�N�N�k�X

�R�9�N



�(�e�d�) �L�X ���X �J���H�B�F�- �ó�_�2�b�B�/�m���H �b�r�2�2�T�B�M�; �2�`�`�Q�`�b �B�M �i�m�`�#�m�H�2�M�i �T���`�i�B�+�H�2 �T���B�` �/�B�z�m�b�B�Q�M �B�M ��

�H���;�`���M�;�B���M �/�B�z�m�b�B�Q�M �K�Q�/�2�H�-�ô�S�G�Q�a �P�L�1�- �p�Q�H�X �R�y�U�R�y�V�- �T�X �2�y�R�3�N�N�R�d�- �k�y�R�d�X

�(�e�3�) �G�X �A�X �w���B�+�?�B�F ���M�/ �o�X �J�X ���H�B�T�+�?�2�M�F�Q�p�- �ó�S���B�` �/�B�b�T�2�`�b�B�Q�M ���M�/ �T�`�2�7�2�`�2�M�i�B���H �+�Q�M�+�2�M�@

�i�`���i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b �B�M �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�S�?�v�b�X �6�H�m�B�/�b�- �p�Q�H�X �R�8�- �T�T�X �R�d�d�e���R�d�3�d�-

�k�y�y�j�X

�(�e�N�) ���X �1�H�J���B�?�v ���M�/ �6�X �*�X �:�X ���X �L�B�+�Q�H�H�2���m�- �ó�A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�2 �/�B�b�T�2�`�b�B�Q�M �Q�7 �?�2���p�v�@

�T���`�i�B�+�H�2 �T���B�`�b ���M�/ �`�B�+�?���`�/�b�Q�M�ö�b �H���r �m�b�B�M�; �F�B�M�2�K���i�B�+ �b�B�K�m�H���i�B�Q�M�-�ô�S�?�v�b�X �_�2�p�X �1�-

�p�Q�H�X �d�R�- �T�X �y�9�e�j�y�d�- �k�y�y�8�X

�(�d�y�) �G�X �A�X �w���B�+�?�B�F ���M�/ �o�X �J�X ���H�B�T�+�?�2�M�F�Q�p�- �ó�a�i���i�B�b�i�B�+���H �K�Q�/�2�H�b �7�Q�` �T�`�2�/�B�+�i�B�M�; �T���B�`

�/�B�b�T�2�`�b�B�Q�M ���M�/ �T���`�i�B�+�H�2 �+�H�m�b�i�2�`�B�M�; �B�M �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2 ���M�/ �i�?�2�B�` ���T�T�H�B�+���i�B�Q�M�b�-�ô

�L�2�r �C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�- �p�Q�H�X �R�R�- �M�Q�X �R�y�- �T�X �R�y�j�y�R�3�- �k�y�y�N�X �(�P�M�H�B�M�2�)�X ���p���B�H���#�H�2�,

�?�i�i�T�,�f�f�b�i���+�F�b�X�B�Q�T�X�Q�`�;�f�R�j�e�d�@�k�e�j�y�f�R�R�f�B�4�R�y�f���4�R�y�j�y�R�3

�(�d�R�) �C�X �"�2�+�- �G�X �"�B�7�2�`���H�2�- ���X �G���M�Q�i�i�2�- ���X �a�+���;�H�B���`�B�M�B�- ���M�/ �6�X �h�Q�b�+�?�B�- �ó�h�m�`�#�m�H�2�M�i �T���B�`

�/�B�b�T�2�`�b�B�Q�M �Q�7 �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �e�9�8�- �T�T�X �9�N�d���8�k�3�- �k�y�R�y�X

�(�d�k�) �E�X �*�?���M�;�- �"�X �C�X �J���H�2�+�- ���M�/ �_�X ���X �a�?���r�- �ó�h�m�`�#�m�H�2�M�i �T���B�` �/�B�b�T�2�`�b�B�Q�M �B�M �i�?�2 �T�`�2�b�2�M�+�2

�Q�7 �;�`���p�B�i�v�-�ô�L�2�r �C�X �S�?�v�b�B�+�b�- �p�Q�H�X �R�d�U�j�V�- �T�X �y�j�j�y�R�y�- �k�y�R�8�X

�(�d�j�) ���X �.�X �"�`���;�;�- �S�X �C�X �A�`�2�H���M�/�- ���M�/ �G�X �_�X �*�Q�H�H�B�M�b�- �ó�6�Q�`�r���`�/ ���M�/ �#���+�F�r���`�/ �B�M �i�B�K�2

�/�B�b�T�2�`�b�B�Q�M �Q�7 �~�m�B�/ ���M�/ �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �B�M �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�S�?�v�b�X �Q�7 �6�H�m�B�/�b�-

�p�Q�H�X �k�3�U�R�V�- �k�y�R�e�X

�R�8�y
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�(�d�9�) ���X �.�X �"�`���;�;�- �ó���M���H�v�b�B�b �Q�7 �i�?�2 �7�Q�`�r���`�/ ���M�/ �#���+�F�r���`�/ �B�M �i�B�K�2 �T���B�`�@�b�2�T���`���i�B�Q�M

�T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�b �7�Q�` �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �B�M �B�b�Q�i�`�Q�T�B�+ �i�m�`�#�m�H�2�M�+�2�-�ô�C�X

�6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �3�j�y�- �T�X �e�j�R�N�k�- �k�y�R�d�X

�(�d�8�) �C�X �"�2�+�- �G�X �"�B�7�2�`���H�2�- �J�X �*�2�M�+�B�M�B�- ���X �G���M�Q�i�i�2�- ���M�/ �6�X �h�Q�b�+�?�B�- �ó�A�M�i�2�`�K�B�i�i�2�M�+�v �B�M �i�?�2

�p�2�H�Q�+�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?�2���p�v �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�+�2�-�ô�C�X �6�H�m�B�/ �J�2�+�?�X�- �p�Q�H�X �e�9�e�-

�T�T�X �8�k�d���8�j�e�- �k�y�R�y�X

�(�d�e�) �E�X �:�m�b�i���p�b�b�Q�M ���M�/ �"�X �J�2�?�H�B�;�- �ó�.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�B�2�b �B�M �i�m�`�#�m�H�2�M�i

���2�`�Q�b�Q�H�b�-�ô�S�?�v�b�X �_�2�p�X �1�- �p�Q�H�X �3�9�- �T�X �y�9�8�j�y�9�- �k�y�R�R�X

�(�d�d�) �E�X �:�m�b�i���p�b�b�Q�M�- �a�X �o���D�2�/�B�- ���M�/ �"�X �J�2�?�H�B�;�- �ó�*�H�m�b�i�2�`�B�M�; �Q�7 �T���`�i�B�+�H�2�b �7���H�H�B�M�; �B�M ��

�i�m�`�#�m�H�2�M�i �~�Q�r�-�ô�S�?�v�b�X �_�2�p�X �G�2�i�i�X�- �p�Q�H�X �R�R�k�- �T�X �k�R�9�8�y�R�- �k�y�R�9�X

�(�d�3�) ���X �.�X �"�`���;�; ���M�/ �G�X �_�X �*�Q�H�H�B�M�b�- �ó�L�2�r �B�M�b�B�;�?�i�b �7�`�Q�K �+�Q�K�T���`�B�M�; �b�i���i�B�b�i�B�+���H �i�?�2�Q�`�B�2�b

�7�Q�` �B�M�2�`�i�B���H �T���`�i�B�+�H�2�b �B�M �i�m�`�#�m�H�2�M�+�2�, �A�B�X �`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�B�2�b �Q�7 �T���`�i�B�+�H�2�b�-�ô�L�2�r �C�X

�S�?�v�b�B�+�b�- �p�Q�H�X �R�e�- �T�X �y�8�8�y�R�9�- �k�y�R�9�X

�(�d�N�) �a�X �J�X �l�b���K�� ���M�/ �L�X ���X �J���H�B�F�X �a�T�`�B�M�;�2�`�- �k�y�R�3�- �+�?�X �h�m�`�#�m�H�2�M�i �.�B�z�m�b�B�Q�M �Q�7 �A�M�2�`�i�B���H

�S���`�i�B�+�H�2 �S���B�`�b �b�m�+�? ���b �B�M �S�Q�H�H�2�M ���M�/ �a���M�/�b�i�Q�`�K�b�- �T�X �k�8�N�X

�(�3�y�) �*�X �h�m�`�7�m�b ���M�/ �C�X �*�X �_�X �>�m�M�i�X �"�2�`�H�B�M�- �>�2�B�/�2�H�#�2�`�;�, �a�T�`�B�M�;�2�`�- �R�N�3�d�- �+�?�X �� �b�i�Q�+�?���b�i�B�+

���M���H�v�b�B�b �Q�7 �i�?�2 �/�B�b�T�H���+�2�K�2�M�i�b �Q�7 �~�m�B�/ �2�H�2�K�2�M�i �B�M �B�M�?�Q�K�Q�;�2�M�2�Q�m�b �i�m�`�#�m�H�2�M�+�2 �m�b�B�M�;

�E�`���B�+�?�M���M�ö�b �K�2�i�?�Q�/ �Q�7 �`���M�/�Q�K �K�Q�/�2�b�- �T�T�X �R�N�R���k�y�j�X

�(�3�R�) �a�X �J�m�`�`���v�- �J�X �6�X �G�B�;�?�i�b�i�Q�M�2�- ���M�/ �a�X �h�m�H�H�B�b�- �ó�a�B�M�;�H�2�@�T���`�i�B�+�H�2 �H���;�`���M�;�B���M ���M�/ �b�i�`�m�+�@
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