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Resumen

Estudio de caso para la optimización del
esquema de deslastre de carga en sistemas de
potencia con penetración de generación con
FNCER

n � 1



Abstract

Case study for the optimization of load shed-
ding load shedding scheme in power systems
with generation systems with penetration of
NCRE generation

n � 1
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�K�B�2�M�i�Q �/�2 �H�� �/�2�K���M�/�� �� �K�2�/�B���M�Q �v �H���`�;�Q �T�H���x�Q�- �/�2�#�B�/�Q �� �[�m�2 �H���b �+���`���+�i�2�`�Q�b�i�B�+���b �2�b�i���+�B�Q�M���H�2�b�-
�H�� �;�2�Q�;�`���7�Q�� �v �H���b �i�2�K�T�Q�`���/���b �+�H�B�K�€�i�B�+���b�- �2�M �2�b�i�� �2�b�+���H���- �+�m�2�M�i���M �+�Q�M �m�M �T�2�`�}�H �+�Q�M�Q�+�B�/�Q�X
�*���`���+�i�2�`�Q�b�i�B�+���b �/�2�K�Q�;�`�€�}�+���b �+�Q�K�Q �2�H �+�`�2�+�B�K�B�2�M�i�Q �T�Q�#�H���+�B�Q�M���H �i���K�#�B�û�M �?���+�2�M �T���`�i�2 �/�2 �2�b�i�2
�;�`�m�T�Q�X �a�B�M �2�K�#���`�;�Q�- �� �+�Q�`�i�Q �T�H���x�Q �b�2 �`�2�[�m�B�2�`�2�M �i�2�M�2�` �2�M �+�m�2�M�i�� �+���`���+�i�2�`�Q�b�i�B�+���b �;�2�Q�;�`�€�}�+���b �v
�/�2�K�Q�;�`�€�}�+���b ���/�B�+�B�Q�M���H�2�b �+�Q�K�Q �2�H �M�B�p�2�H �/�2 �B�M�;�`�2�b�Q�- �2�H �H�m�;���` �/�2 �`�2�b�B�/�2�M�+�B�� �U�m�`�#���M�Q �Q �`�m�`���H�V�-
�H�Q�b �i�B�2�K�T�Q�b �/�2 �/�2�b�T�H���x���K�B�2�M�i�Q�- �H�� ���+�+�2�b�B�#�B�H�B�/���/ �� �H�� �i�2�+�M�Q�H�Q�;�Q�� �Q �H�� �/�B�b�T�Q�M�B�#�B�H�B�/���/ �/�2 �7�m�2�M�i�2�b
���H�i�2�`�M���i�B�p���b �� �H�� �2�M�2�`�;�Q�� �2�H�û�+�i�`�B�+�� �T���`�� ���+�i�B�p�B�/���/�2�b �/�B���`�B���b�X �S�Q�` �2�D�2�K�T�H�Q�- �(�R�N�) �K�m�2�b�i�`���M �[�m�2
�ó�1�M �*�Q�H�Q�K�#�B�� �H�Q�b �?�Q�;���`�2�b �2�M �H�� �x�Q�M�� �`�m�`���H �2�K�T�H�2���M �m�M60 %�/�2 �:�G�S �+�Q�K�Q �+�Q�K�#�m�b�i�B�#�H�2 �T�`�B�M�@
�+�B�T���H �2�M �b�m�b ���+�i�B�p�B�/���/�2�b �/�2 �+�Q�+�+�B�¦�M �/�2 ���H�B�K�2�M�i�Q�b�- �K�B�2�M�i�`���b �[�m�2 �2�H77 % �/�2 �H�Q�b �?�Q�;���`�2�b �/�2 �H��
�x�Q�M�� �m�`�#���M�� �2�K�T�H�2�� �:�L�ô�X
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�G�� �K�2�i�Q�/�Q�H�Q�;�Q�� �T�`�Q�T�m�2�b�i�� �2�b�i�€ �2�M�K���`�+���/�� �2�M �H�� �Q�T�i�B�K�B�x���+�B�¦�M �/�2�H �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2 �/�2
�+���`�;�� �2�M �b�B�b�i�2�K���b �/�2 �T�Q�i�2�M�+�B�� �+�Q�M �T�2�M�2�i�`���+�B�¦�M �/�2 �;�2�M�2�`���+�B�¦�M �+�Q�M �7�m�2�M�i�2�b �M�Q �+�Q�M�p�2�M�+�B�Q�M���H�2�b
�/�2 �2�M�2�`�;�Q���b �`�2�M�Q�p���#�H�2�b �U�6�L�*�1�_�V�- �T�Q�` �H�Q �i���M�i�Q�- �2�H �K�Q�/�2�H�Q ���T�H�B�+���#�H�2 �/�2�#�2 �b�2�` �K�B�t�i�Q �U�7�m�2�M�i�2�b
�+�Q�M�p�2�M�+�B�Q�M���H�2�b �v �M�Q �+�Q�M�p�2�M�+�B�Q�M���H�2�b �`�2�M�Q�p���#�H�2�b�V�X ���H �B�;�m���H �[�m�2 �+�Q�M �H�Q�b �T�2�`�}�H�2�b �/�2 �/�2�K���M�/���- �H��
�;�2�M�2�`���+�B�¦�M �/�2�T�2�M�/�2 �/�2 �/�B�p�2�`�b���b �p���`�B���#�H�2�b �[�m�2 �/�2�#�2�M �b�2�` �i�2�M�B�/���b �2�M �+�m�2�M�i�� �T���`�� �[�m�2 �2�H �K�Q�/�2�H�Q
�`�2�T�`�2�b�2�M�i�2 �m�M �b�B�b�i�2�K�� �2�H�û�+�i�`�B�+�Q �`�2���H�X

�1�b�i���#�H�2�+�2�` �/�2 �7�Q�`�K�� ���/�2�+�m���/�� �H�Q�b ���D�m�b�i�2�b ���H �K�Q�/�2�H�Q �+�Q�M �6�L�*�1�_ �`�2�[�m�B�2�`�2�- �B�M�B�+�B���H�K�2�M�i�2�- �/�2
�m�M �+�Q�M�i�2�t�i�Q ���K�T�H�B�Q �/�2 �H�� �B�M�i�2�;�`���+�B�¦�M �/�2 �2�b�i�2 �i�B�T�Q �/�2 �7�m�2�M�i�2�b �2�M �/�B�7�2�`�2�M�i�2�b �b�B�b�i�2�K���b �2�H�û�+�i�`�B�@
�+�Q�b �v �b�m ���T�Q�`�i�2 �� �H�Q�b �T�`�Q�+�2�b�Q�b �/�2 �i�`���M�b�B�+�B�¦�M �2�M�2�`�;�û�i�B�+���X �*���b�Q�b �+�Q�K�Q �2�H �/�2 �H�� �2�M�2�`�;�Q�� �2�¦�H�B�+���-
�[�m�2 �2�b �m�M�� �/�2 �H���b �7�m�2�M�i�2�b �6�L�*�1�_ �+�Q�M �K���v�Q�` �T�`�2�b�2�M�+�B�� �v �+�`�2�+�B�K�B�2�M�i�Q �2�M �2�H �K�m�M�/�Q �+�Q�K�Q
�2�p�B�/�2�M�+�B�� �(�8�) �ó ���+�i�m���H�K�2�M�i�2 �+�m�2�M�i�� �+�Q�M �K�€�b �/�2 �9�y�y�:�q �B�M�b�i���H���/�Q�b �v �T�`�2�b�2�M�i�� �m�M �+�`�2�+�B�K�B�2�M�i�Q
�/�2 �+�2�`�+�� �/�2�H �k�y �W �T�Q�` ���¢�Q�ô�- �2�b �m�M �`�2�7�2�`�2�M�i�2 �B�K�T�Q�`�i���M�i�2 �T���`�� �2�b�i���#�H�2�+�2�` �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q ��
�M�B�p�2�H �/�2 �;�2�M�2�`���+�B�¦�M �[�m�2�- �2�t�i�2�M�/�B�/�Q �� �Q�i�`���b �7�m�2�M�i�2�b �v �/�B�`�2�+�+�B�Q�M���/�Q �T�Q�` �H�Q�b �K���`�+�Q�b �`�2�;�m�H���i�Q�`�B�Q�b
�v �H�Q�b �T�H���M�2�b �/�2 �/�2�b�+���`�#�Q�M�B�x���+�B�¦�M�- �b�Q�M �H�� �#���b�2 �7�m�M�/���K�2�M�i���H �/�2�H �K�Q�/�2�H�Q�X

�.�2�#�B�/�Q �� �[�m�2 �H�� �;�2�M�2�`���+�B�¦�M �2�b�i�€ �H�B�K�B�i���/�� �T�Q�` �H�� �/�B�b�T�Q�M�B�#�B�H�B�/���/ �/�2 �H�� �7�m�2�M�i�2�- �[�m�2 �2�M �2�H �+���b�Q �/�2
�6�L�*�1�_ �T�m�2�/�2�M �/�2�T�2�M�/�2�` �/�2 �+���`���+�i�2�`�Q�b�i�B�+���b �M�Q �+�Q�M�i�`�Q�H���#�H�2�b �+�Q�K�Q �2�H �+�H�B�K���- �b�2 �?���+�2 �M�2�+�2�b���`�B�Q
�2�b�i���#�H�2�+�2�` �2�H �+�Q�M�i�2�t�i�Q �T���`�i�B�+�m�H���` �[�m�2 �T�2�`�K�B�i�� �/�2�}�M�B�` �H���b �+���`���+�i�2�`�Q�b�i�B�+���b �/�2�H �K�Q�/�2�H�Q �� �2�K�T�H�2���`�X
�l�M �B�M�/�B�+���/�Q�` �B�K�T�Q�`�i���M�i�2 �2�M �2�b�i�2 �T�`�Q�+�2�b�Q �2�b �2�H �/�2 �>�Q�b�i�B�M�; �*���T���+�B�i�v �[�m�2�- �+�Q�K�Q �2�M�m�M�+�B�� �(�N�)
�ó�2�b�i���#�H�2�+�2 �2�H �H�Q�K�B�i�2 �K�€�t�B�K�Q �/�2 �T�2�M�2�i�`���+�B�¦�M �6�L�*�1�_ �[�m�2 �M�Q�b �T�2�`�K�B�i�� �+�m�K�T�H�B�` �+�Q�M �H�Q�b �Q�#�D�2�@
�i�B�p�Q�b �T�`�B�K���`�B�Q�b �2�M�7�Q�+���/�Q�b ���H �+�H�B�2�M�i�2�, �+�Q�M�}���#�B�H�B�/���/ �/�2�H �b�m�K�B�M�B�b�i�`�Q�- �+���H�B�/���/ �/�2 �i�2�M�b�B�¦�M �v �i���`�B�7���b�ô�X
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�i�`�2�b �T���b�Q�b�,
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�S���`�� �/�2�i�2�`�K�B�M���` �H�Q�b �i�B�T�Q�b �/�2 �6�L�*�1�_ �2�b �M�2�+�2�b���`�B�Q �/�2�}�M�B�` �b�B �2�H �K�Q�/�2�H�Q �� �B�K�T�H�2�K�2�M�i���` �+�Q�`�`�2�b�@
�T�Q�M�/�2 �� �m�M �2�b�i���/�Q ���+�i�m���H �Q �b�B�- �T�Q�` �2�H �+�Q�M�i�`���`�B�Q�- �b�2 �/�2�b�2�� �K�Q�/�2�H���` �#���b�€�M�/�Q�b�2 �2�M �T�`�Q�v�2�+�+�B�Q�M�2�b�-
���K�#�Q�b �+���b�Q�b �H�B�K�B�i���/�Q�b �T�Q�` �H�� �B�M�7�`���2�b�i�`�m�+�i�m�`���- �/�B�b�T�Q�M�B�#�B�H�B�/���/ �/�2 �`�2�+�m�`�b�Q�b �v �T�H���M�2�b �/�2 �/�2�b���@
�`�`�Q�H�H�Q �T���`�i�B�+�m�H���`�2�b�X �1�M �2�H �+���b�Q �/�2 �m�M �K�Q�/�2�H�Q �/�2 �2�b�i���/�Q ���+�i�m���H�- �H���b �6�L�*�1�_ �2�b�i�€�M �/�2�}�M�B�/���b
�T�Q�` �H�� �K���i�`�B�x �2�M�2�`�;�û�i�B�+�� �/�2�H �b�B�b�i�2�K���X �� �M�B�p�2�H �/�2 �T�`�Q�v�2�+�+�B�Q�M�2�b�- �T�m�2�/�2�M �T�`�2�b�2�M�i���`�b�2 �/�B�7�2�`�2�M�i�2�b
�?�Q�`�B�x�Q�M�i�2�b �i�2�K�T�Q�`���H�2�b�- ���b�Q �+�Q�K�Q �T�Q�b�B�#�B�H�B�/���/�2�b �/�2 ���m�K�2�M�i���` �m�M�Q �m �Q�i�`�Q �i�B�T�Q �/�2 �6�L�*�1�_�- �T�Q�`
�2�D�2�K�T�H�Q�- �2�M �H�� �6�B�;�m�`���k�@�k�(�R�3�) �M�Q�b �K�m�2�b�i�`�� �i�`�2�b �2�b�+�2�M���`�B�Q�b �+�Q�M �i�`�2�b �?�Q�`�B�x�Q�M�i�2�b �/�B�7�2�`�2�M�i�2�b �/�2
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�U�i�Q�K���/�Q �/�2 �6�B�;�m�`�� �d �/�2 �(�R�3�)�V



�R�9 �k �J�2�i�Q�/�Q�H�Q�;�Q��

�S���`�� �2�b�i�2 �+���b�Q �2�M �T���`�i�B�+�m�H���`�- �H�� �b�2�H�2�+�+�B�¦�M �/�2 �H�Q�b �i�B�T�Q�b �/�2 �6�L�*�1�_ �2�b�i�€ ���+�Q�i���/�� �� �H���b �7�m�2�M�i�2�b
�2�¦�H�B�+�� �v �b�Q�H���`�- �[�m�2 �b�Q�M �H���b �K�€�b �`�2�T�`�2�b�2�M�i���i�B�p���b �v �H���b �[�m�2 �i�B�2�M�2�M �m�M �K���v�Q�` �+�`�2�+�B�K�B�2�M�i�Q �T�`�Q�@
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�*�Q�M �H���b �6�L�*�1�_ �b�2�H�2�+�+�B�Q�M���/���b�- �2�b �B�K�T�Q�`�i���M�i�2 �/�2�}�M�B�` �2�H �T�Q�`�+�2�M�i���D�2 �/�2 �T�2�M�2�i�`���+�B�¦�M �2�M �2�H �b�B�b�@
�i�2�K�� �2�H�û�+�i�`�B�+�Q�X �S���`�� �2�b�i�Q �b�2 �2�b�i���#�H�2�+�2�M �/�Q�b �H�Q�K�B�i�2�b�, �2�H �H�Q�K�B�i�2 �B�M�7�2�`�B�Q�` �T���`�� �[�m�2 �H�� �T�2�M�2�i�`���+�B�¦�M
�6�L�*�1�_ �b�2�� �+�Q�M�b�B�/�2�`���/�� �b�B�;�M�B�}�+���i�B�p�� �T���`�� �2�H �b�B�b�i�2�K���- �T�Q�` �2�D�2�K�T�H�Q�- �2�M �H�� �6�B�;�m�`���k�@�k�(�R�3�)�- ��
�T���`�i�B�` �/�2�H ���¢�Q �k�y�9�y �H�Q�b �i�`�2�b �2�b�+�2�M���`�B�Q�b �+�m�2�M�i���M �+�Q�M �m�M �T�Q�`�+�2�M�i���D�2 ���+�m�K�m�H���/�Q �2�M�i�`�2 �7�m�2�M�i�2�b
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�2�b�i���` �/���/�Q �T�Q�` �2�H �>�Q�b�i�B�M�; �*���T���+�B�i�v�V �T���`�� �[�m�2 �2�H �b�B�b�i�2�K�� �b�2�� �+�Q�M�}���#�H�2 �v �p�B���#�H�2 �� �M�B�p�2�H �Q�T�2�@
�`���i�B�p�Q �v �2�+�Q�M�¦�K�B�+�Q�X

�G���b �+���`���+�i�2�`�Q�b�i�B�+���b �v �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�2 �H���b �6�L�*�1�_ �2�b�i���#�H�2�+�2�M �H�Q�b ���D�m�b�i�2�b �/�2�H �K�Q�/�2�H�Q �2�M
�/�Q�b �M�B�p�2�H�2�b �/�B�7�2�`�2�M�i�2�b�, �1�H �T�`�B�K�2�`�Q �2�b �� �M�B�p�2�H �/�2 �`�2�b�i�`�B�+�+�B�Q�M�2�b �Q�T�2�`���+�B�Q�M���H�2�b �U�[�m�2 �b�2 �/�2�i���H�H���`�€
�2�M �H�� �b�2�+�+�B�¦�M �k�X�k�X�9 �v �[�m�2 �/�2�T�2�M�/�2�M �/�2 �H�Q�b �T���`�€�K�2�i�`�Q�b �2�H�û�+�i�`�B�+�Q�b �/�2�H �b�B�b�i�2�K�� �v �/�2 �+�¦�K�Q �b�2 �p�2�M
���7�2�+�i���/�Q�b �T�Q�` �H�� �T�2�M�2�i�`���+�B�¦�M �/�2 �H���b �6�L�*�1�_�X �1�M�i�`�2 �H���b �T�`�B�M�+�B�T���H�2�b �`�2�b�i�`�B�+�+�B�Q�M�2�b �b�2 �/�2�b�i���+�� �H��
�b�Q�#�`�2�+���`�;���- �H�� �+�m���H �2�b �H�� �+�Q�K�T�Q�M�2�M�i�2 �T�`�B�M�+�B�T���H �/�2 �H�� �+�Q�M�i�B�M�;�2�M�+�B�� �[�m�2 �/�� �B�M�B�+�B�Q ���H �2�b�[�m�2�K�� �/�2
�/�2�b�H���b�i�`�2 �/�2 �+���`�;���X �1�M �b�2�;�m�M�/�Q �H�m�;���` �b�2 �2�M�+�m�2�M�i�`���M �H�Q�b �T�2�`�}�H�2�b �/�2 �;�2�M�2�`���+�B�¦�M�- �[�m�2 �b�2 �#���b���M
�2�M �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �?�B�b�i�¦�`�B�+�Q �/�2 �+���/�� �m�M�� �/�2 �H���b �7�m�2�M�i�2�b �b�2�H�2�+�+�B�Q�M���/���b�X

�G�Q�b �+�Q�K�T�Q�`�i���K�B�2�M�i�Q�b �/�2 �H���b �7�m�2�M�i�2�b �/�2 �;�2�M�2�`���+�B�¦�M �/�2 �2�M�2�`�;�Q���b �`�2�M�Q�p���#�H�2�b �b�2�H�2�+�+�B�Q�M���/���b �/�2�@
�T�2�M�/�2�M �2�M �;�`���M �K�2�/�B�/�� �/�2 �7���+�i�Q�`�2�b �+�H�B�K�€�i�B�+�Q�b�- �[�m�2 ���7�2�+�i���M �/�2 �7�Q�`�K�� �/�B�7�2�`�2�M�+�B���/�� �� �+���/�� �i�B�T�Q
�/�2 �;�2�M�2�`���+�B�¦�M�X �G�Q�b ���b�T�2�+�i�Q�b �+�Q�K�Q �p�2�H�Q�+�B�/���/�- �/�B�`�2�+�+�B�¦�M �v ���H�i�m�`�� �/�2 �p�B�2�M�i�Q �U�[�m�2 ���7�2�+�i���M �H��
�;�2�M�2�`���+�B�¦�M �2�¦�H�B�+���V �Q �M�m�#�Q�b�B�/���/�- �B�M�i�2�M�b�B�/���/ �/�2 �`���/�B���+�B�¦�M �b�Q�H���` �Q �H�H�m�p�B�� �U�[�m�2 ���7�2�+�i���M �H�� �;�2�M�2�`���@
�+�B�¦�M �b�Q�H���`�V�- �i���K�#�B�û�M �/�2�T�2�M�/�2�M �/�2 �H�� �H�Q�+���H�B�x���+�B�¦�M �U���H�i�m�`�� �b�Q�#�`�2 �2�H �M�B�p�2�H �/�2�H �K���`�- �H���i�B�i�m�/�- �€�`�2���b
�K�Q�M�i���¢�Q�b���b�- �+�Q�b�i�2�`���b�X�X�V�X ���/�B�+�B�Q�M���H�K�2�M�i�2�- �i���K�#�B�û�M �2�b�i�€�M �/�B�7�2�`�2�M�+�B���/�Q�b �T�Q�` �H�� �2�}�+�B�2�M�+�B�� �/�2 �H�Q�b
�;�2�M�2�`���/�Q�`�2�b�c �2�b �T�Q�` �2�b�i�� �`���x�¦�M �[�m�2 �H�Q�b �T�2�`�}�H�2�b �/�2 �;�2�M�2�`���+�B�¦�M �6�L�*�1�_ �b�2 �/�2�#�2�M �/�2�i�2�`�K�B�M���`
�/�2 �7�Q�`�K�� �B�M�/�B�p�B�/�m���H �v �2�M �H�� �K�B�b�K�� �2�b�+���H�� �/�2 �H�� �/�2�K���M�/���- �2�b �/�2�+�B�`�- �b�B �M�Q�b �`�2�K�B�i�B�K�Q�b ���H �+���b�Q
�2�t�T�m�2�b�i�Q �2�M �2�b�i�� �K�2�i�Q�/�Q�H�Q�;�Q���- �b�2 �/�2�#�2 �2�b�i���#�H�2�+�2�` �m�M �T�2�`�}�H �/�2 �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+�� �v �m�M�Q �b�Q�H���`�-
���K�#�Q�b ���+�Q�i���/�Q�b �� �m�M �/�Q���X

�1�t�B�b�i�2�M �/�B�7�2�`�2�M�i�2�b �7�Q�`�K���b �/�2 �T�`�2�/�2�+�B�` �v ���T�`�Q�t�B�K���` �H�Q�b �T�2�`�}�H�2�b �/�2 �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+�� �v �b�Q�H���`�-
�+�Q�K�Q �B�M�/�B�+�� �(�k�y�) �ô�G�Q�b �K�û�i�Q�/�Q�b �/�2 �T�`�2�p�B�b�B�¦�M �T�m�2�/�2�M �/�B�p�B�/�B�`�b�2 �2�M �K�û�i�Q�/�Q �7�Q�b�B�+�Q �v �K�û�i�Q�/�Q
�2�b�i���/�Q�b�i�B�+�Q�- �b�2�;�9�M �2�H �T�`�B�M�+�B�T�B�Q �/�2 �K�Q�/�2�H�B�x���+�B�¦�M�ô�X �G�� �K���v�Q�`�Q�� �2�K�T�H�2�� �K�û�i�Q�/�Q�b �2�b�i���/�Q�b�i�B�+�Q�b
�+�Q�M�p�2�M�+�B�Q�M���H�2�b�- �J���+�?�B�M�2 �G�2���`�M�B�M�; �Q �?�Q�#�`�B�/�Q�b�X �1�M�i�`�2 �H���b �2�b�i�`���i�2�;�B���b �?�Q�#�`�B�/���b �b�2 �?�� �/�2�K�Q�b�i�`���@
�/�Q �[�m�2�- �T���`�� ���M�€�H�B�b�B�b �/�2 �+�Q�`�i�Q �T�H���x�Q�- �2�H �K�Q�/�2�H�Q �*�L�L�@���"�B�G�a�h�J ���`�`�Q�D�� �`�2�b�m�H�i���/�Q�b �B�K�T�Q�`�i���M�i�2�b
�2�M �H�� �T�`�2�/�B�+�+�B�¦�M �/�2 �2�M�2�`�;�Q�� �b�Q�H���` �v �2�¦�H�B�+�� �(�R�)�X �P�i�`���b �2�b�i�`���i�2�;�B���b �+�Q�K�T�H�2�K�2�M�i���`�B���b �T���`�� �/�2�i�2�`�@
�K�B�M���` �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�2 �H�� �;�2�M�2�`���+�B�¦�M �b�Q�H���` �v �2�¦�H�B�+�� �b�Q�M �H�Q�b ���M�€�H�B�b�B�b �/�2 �+�Q�K�T�Q�`�i���K�B�2�M�i�Q�b
�?�B�b�i�¦�`�B�+�Q�b �v �b�2�`�B�2�b �/�2 �i�B�2�K�T�Q�- �+�Q�M �2�b�i�`���i�2�;�B���b �+�Q�K�Q ���_�A�J�� �[�m�2 �`�2�T�`�2�b�2�M�i���M �K�2�D�Q�`�2�b �`�2�b�m�H�@
�i���/�Q�b �T���`�� �2�b�+���H���b �/�2 �+�Q�`�i�Q �T�H���x�Q�- �+�Q�K�Q �K�m�2�b�i�`�� �(�k�k�) �2�M �H�� �b�B�;�m�B�2�M�i�2 �i���#�H�� �+�Q�K�T���`���i�B�p���,



�k�X�k �*�`�B�i�2�`�B�Q�b �/�2 �1�p���H�m���+�B�¦�M �R�8

�h���#�H�� �k�@�R�,�S�`�Q�M�¦�b�i�B�+�Q�b �/�2 �;�2�M�2�`���+�B�¦�M �/�2 �2�M�2�`�;�Q�� �b�Q�H���` �+�Q�M �+�m���i�`�Q �K�Q�/�2�H�Q�b �U�i�Q�K���/�Q �/�2 �h���#�H��
�8 �/�2 �(�k�k�)�V

�a�2�K���M�� �1�M�2�`�;�Q�� �_�2���H �S�`�Q�M�¦�b�i�B�+�Q �_�G�J �S�`�Q�M�¦�b�i�B�+�Q �_�L�� �S�`�Q�M�¦�b�i�B�+�Q ���_�A�J��
�9�3 �k�j�X�e�j �k�3�X�R�8 �j�y�X�R�j �k�8�X�y�9
�9�N �k�y�X�k�y �k�j�X�e�3 �k�k�X�9�3 �R�3�X�8�9
�8�y �k�R�X�N�k �k�d�X�j�e �k�e�X�y�k �k�k�X�N�d

�1�H �K�û�i�Q�/�Q �7�Q�b�B�+�Q �`�2�T�`�2�b�2�M�i�� �p�2�M�i���D���b �T�`�€�+�i�B�+���b �T���`�� �/�2�i�2�`�K�B�M���` �H�Q�b �T�2�`�}�H�2�b �/�2 �;�2�M�2�`���+�B�¦�M �b�B
�b�2 �i�B�2�M�2 �m�M �`�2�;�B�b�i�`�Q �B�K�T�Q�`�i���M�i�2 �/�2 �H���b �+���`���+�i�2�`�Q�b�i�B�+���b �i�2�K�T�Q�`���H�2�b�- �;�2�Q�;�`�€�}�+���b�- �+�H�B�K�€�i�B�+���b �v �/�2
�H�Q�+���H�B�x���+�B�¦�M �/�2 �H���b �;�`���M�D���b �/�2 �;�2�M�2�`���+�B�¦�M�X �S���`�� �2�H �+���b�Q �K�Q�/�2�H���/�Q �+�Q�K�Q �T�`�m�2�#�� �/�2 �H�� �K�2�i�Q�@
�/�Q�H�Q�;�Q�� �T�`�Q�T�m�2�b�i���- �b�2 �2�K�T�H�2�¦ �2�b�i�� �2�b�i�`���i�2�;�B�� �2�K�T�H�2���M�/�Q �+���`���+�i�2�`�Q�b�i�B�+���b �/�2 �;�`���M�D���b �b�Q�H���`�2�b �v
�2�¦�H�B�+���b �2�M �*�Q�H�Q�K�#�B���- �H�Q�b �T�2�`�}�H�2�b �2�¦�H�B�+�Q �v �b�Q�H���` �2�K�T�H�2���/�Q�b �T���`�� �2�H �K�Q�/�2�H���K�B�2�M�i�Q �b�2 �2�M�+�m�2�M�i�`���M
�/�2�i���H�H���/�Q�b �2�M �H�� �b�2�+�+�B�¦�M �j�X�j�X�k �v �j�X�j�X�R �`�2�b�T�2�+�i�B�p���K�2�M�i�2�X

�k�X�R�X�j�X �6�H�m�D�Q �/�2 �+���`�;���, �#���b�2 �+�Q�K�T���`���i�B�p�� �v �p�2�`�B�}�+���+�B�¦�M �/�2 �/�2�b�T���+�?�Q
�¦�T�i�B�K�Q

�S���`�� �i�2�M�2�` �m�M�� �#���b�2 �/�2 �`�2�7�2�`�2�M�+�B�� �b�2 �+�Q�`�`�2 �2�H �K�Q�/�2�H�Q ���D�m�b�i���/�Q �/�2 ���+�m�2�`�/�Q �+�Q�M �H�Q�b �+�`�B�i�2�`�B�Q�b �/�2
�/�2�K���M�/�� �v �;�2�M�2�`���+�B�¦�M�- �+�Q�M �i�Q�/�Q�b �H�Q�b �2�b�+�2�M���`�B�Q�b �T�Q�b�B�#�H�2�b�X �1�H �K�Q�/�2�H�Q �`�2�b�m�H�i���/�Q �b�2�`�€ �2�H �¦�T�i�B�K�Q
�T���`�� �/�2�b�T���+�?�Q �b�2�;�9�M �H�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q �2�M�m�M�+�B���/�� �� �+�Q�M�i�B�M�m���+�B�¦�M �v �/�2�b�+�`�B�i�� �2�M �H�� �b�2�+�+�B�¦�M
�k�X�k�X�j�,

m��n
g;f;�

X

i 2N

�
ai g2

i + bi gi + ci
�

�U�k�@�R�V

�l�M�� �p�2�x �b�2 �Q�#�i�B�2�M�2 �2�H �2�b�+�2�M���`�B�Q �¦�T�i�B�K�Q �/�2 �/�2�b�T���+�?�Q�- �b�2 �/�� �T���b�Q �� �H�� �b�B�;�m�B�2�M�i�2 �2�i���T�� �/�2 �H��
�K�2�i�Q�/�Q�H�Q�;�Q�� �ô�S�`�Q�+�2�b���K�B�2�M�i�Q �/�2 �/���i�Q�b�ô�- �[�m�2 �i�B�2�M�2 �+�Q�K�Q �Q�#�D�2�i�B�p�Q �p���H�B�/���` �i�Q�/�Q�b �H�Q�b �2�b�+�2�M���`�B�Q�b
�/�2 �+�Q�M�i�B�M�;�2�M�+�B�� �?���b�i�� �Q�#�i�2�M�2�` �m�M �2�b�+�2�M���`�B�Q �[�m�2 �+�m�K�T�H�� �+�Q�M �H�� �b�2�;�m�M�/�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q
�ô�.�2�b�H���b�i�`�2 �¥�T�i�B�K�Q �/�2 �*���`�;���ô�X

�k�X�k�X �*�`�B�i�2�`�B�Q�b �/�2 �1�p���H�m���+�B�¦�M

�G�Q�b �b�B�b�i�2�K���b �2�H�û�+�i�`�B�+�Q�b �+�Q�M �T�2�M�2�i�`���+�B�¦�M �/�2 �6�L�*�1�_ �`�2�T�`�2�b�2�M�i���M �m�M �`�2�i�Q �� �M�B�p�2�H �Q�T�2�`���+�B�Q�M���H
�/�2�#�B�/�Q �� �b�m�b �2�7�2�+�i�Q�b �M�2�;���i�B�p�Q�b �T���`�� �H�� �2�b�i���#�B�H�B�/���/�- �T�Q�i�2�M�+�B�� �v �#���H���M�+�2 �/�2 �H�� �`�2�/ �2�t�B�b�i�2�M�i�2�-
���H�;�m�M�Q�b �/�2 �2�H�H�Q�b�- �2�M�m�M�+�B���/�Q�b �T�Q�` �(�N�)�- �b�Q�M�,



�R�e �k �J�2�i�Q�/�Q�H�Q�;�Q��

�a�Q�#�`�2�+���`�;��

���m�K�2�M�i�Q �/�2 �T�û�`�/�B�/���b

�a�m�#�i�2�M�b�B�Q�M�2�b�f�a�Q�#�`�2�i�2�M�b�B�Q�M�2�b

�6�H�B�+�F�2�`�b

�.�2�b�#���H���M�+�2 �/�2 �i�2�M�b�B�¦�M

�A�M�b�2�`�+�B�¦�M �/�2 ���`�K�¦�M�B�+�Q�b �/�2 �#���D�� �7�`�2�+�m�2�M�+�B��

�.�2�#�B�/�Q �� �2�b�i�Q�- �2�b �M�2�+�2�b���`�B�Q �+�Q�M�i�2�K�T�H���`�H�Q�b �2�M�i�`�2 �H�Q�b �2�7�2�+�i�Q�b �T�`�Q�#���#�H�2�b �/�2 �H���b �+�Q�M�i�B�M�;�2�M�+�B���b
�U�*�`�B�i�2�`�B�Q�b �/�2 �*�Q�M�i�B�M�;�2�M�+�B���b�V ���b�Q �+�Q�K�Q �b�m �B�M�+�H�m�b�B�¦�M �2�M �H���b �_�2�b�i�`�B�+�+�B�Q�M�2�b �P�T�2�`���+�B�Q�M���H�2�b�- ���K�@
�#�Q�b �b�m�#�T�`�Q�+�2�b�Q�b �/�2 �H�Q�b �*�`�B�i�2�`�B�Q�b �/�2 �1�p���H�m���+�B�¦�M�- �/�Q�M�/�2 ���/�B�+�B�Q�M���H�K�2�M�i�2 �b�2 �/�2�}�M�2�M �H���b �6�m�M�+�B�Q�M�2�b
�P�#�D�2�i�B�p�Q �v �H�Q�b �S���`�€�K�2�i�`�Q�b �/�2 �1�p���H�m���+�B�¦�M�X

�� �+�Q�M�i�B�M�m���+�B�¦�M �b�2 �T�`�2�b�2�M�i���M �H�Q�b �+�m���i�`�Q �b�m�#�T�`�Q�+�2�b�Q�b �/�2�b�+�`�B�i�Q�b �/�2 �7�Q�`�K�� �K���i�2�K�€�i�B�+�� �Q�`�B�2�M�i���@
�/�Q�b �� �H�� �Q�T�i�B�K�B�x���+�B�¦�M �/�2�H �/�2�b�T���+�?�Q �2�+�Q�M�¦�K�B�+�Q�- �B�M�+�H�m�v�2�M�/�Q �H�� �T�2�M���H�B�x���+�B�¦�M �T�Q�` �/�2�b�H���b�i�`�2 �/�2
�+���`�;���X

�k�X�k�X�R�X �.�2�}�M�B�+�B�¦�M�, �S���`�€�K�2�i�`�Q �/�2 �2�p���H�m���+�B�¦�M

�G�Q�b �T���`�€�K�2�i�`�Q�b �/�2 �2�p���H�m���+�B�¦�M �T�2�`�K�B�i�B�`�€�M �p���H�B�/���` �b�B �2�H �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2 �/�2 �+���`�;�� �2�b �2�H
�¦�T�i�B�K�Q�X �S�Q�` �H�Q �i���M�i�Q�- �2�b�i���`�€�M �/�2�i�2�`�K�B�M���/�Q�b �T�Q�` �p���`�B���#�H�2�b �[�m�2 �/�2�}�M���M �H���b �7�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q�X
�G�� �T�`�B�K�2�`�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q �2�b �2�H �/�2�b�T���+�?�Q �¦�T�i�B�K�Q �/�2 �T�Q�i�2�M�+�B���- �[�m�2 �2�b�i�€ �/�2�}�M�B�/�� �T�Q�` �H���b
�p���`�B���#�H�2�b �/�2 �T�Q�i�2�M�+�B�� �;�2�M�2�`���/���- �€�M�;�m�H�Q �/�2 �7���b�2 �v �~�m�D�Q �/�2 �T�Q�i�2�M�+�B���X �G�� �b�2�;�m�M�/�� �7�m�M�+�B�¦�M �2�b �H��
�/�2 �/�2�b�H���b�i�`�2 �/�2 �+���`�;�� �¦�T�i�B�K�Q�- �T���`�� �2�b�i�2 �+���b�Q�- �H���b �p���`�B���#�H�2�b �/�2�i�2�`�K�B�M���M�i�2�b �b�Q�M �2�H �T�Q�`�+�2�M�i���D�2
�/�2 �+���`�;�� �/�2�b�H���b�i�`���/�� �v �2�H �~�m�D�Q �/�2 �T�Q�i�2�M�+�B���X

�G���b �b�B�;�m�B�2�M�i�2�b �b�Q�M �H���b �p���`�B���#�H�2�b �/�2 �/�2�+�B�b�B�¦�M �T���`�� �H�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q�,

gi �, �S�Q�i�2�M�+�B�� �;�2�M�2�`���/�� �2�H �M�Q�/�Qi

si 2 [0; 1]�, �S�Q�`�+�2�M�i���D�2 �/�2 �+���`�;�� �/�2�b�H���b�i�`���/�� �2�M �2�H �M�Q�/�Qi

f ij �, �6�H�m�D�Q �/�2 �T�Q�i�2�M�+�B�� �� �i�`���p�û�b �/�2 �H�� �H�Q�M�2��(i; j )

� i �, �•�M�;�m�H�Q �/�2 �7���b�2 �2�M �2�H �M�Q�/�Qi

���/�B�+�B�Q�M���H�K�2�M�i�2�- �b�2 �2�b�i���#�H�2�+�2�M �m�M�Q�b �T���`�€�K�2�i�`�Q�b �/�2 �2�M�i�`���/�� �[�m�2 ���+�Q�i���M �2�H �K�Q�/�2�H�Q �v �2�M�K���`�+���M
�H�� �2�p���H�m���+�B�¦�M�X �a�2 ���b�m�K�2�M �H���b �i�2�M�b�B�Q�M�2�b �2�M �R �T�m �v�� �[�m�2 �b�2 �2�K�T�H�2�� �~�m�D�Q �2�M �.�* �+�Q�K�Q �2�b�i�`���i�2�;�B��
�/�2 �b�B�K�T�H�B�}�+���+�B�¦�M �/�2�H �T�`�Q�+�2�b�Q�X

�G�Q�b �T���`�€�K�2�i�`�Q�b �/�2 �2�M�i�`���/�� �T���`�� �2�H �K�Q�/�2�H���K�B�2�M�i�Q �b�Q�M �H�Q�b �b�B�;�m�B�2�M�i�2�b�,



�k�X�k �*�`�B�i�2�`�B�Q�b �/�2 �1�p���H�m���+�B�¦�M �R�d

ai ; bi ; ci �, �*�Q�2�}�+�B�2�M�i�2�b �/�2 �H�� �7�m�M�+�B�¦�M �/�2 �+�Q�b�i�Q �/�2 �;�2�M�2�`���+�B�¦�M

di �, �.�2�K���M�/�� �2�M �2�H �M�Q�/�Qi

bij �, �a�m�b�+�2�T�i���M�+�B�� �/�2 �H�� �H�Q�M�2�� �2�M�i�`�2 �H�Q�b �M�Q�/�Q�bi �vj

gm��n
i ; gm�ax

i �, �G�Q�K�B�i�2�b �/�2 �;�2�M�2�`���+�B�¦�M

f m��n
ij ; f m�ax

ij �, �G�Q�K�B�i�2�b �/�2 �~�m�D�Q �2�M �H�� �H�Q�M�2��(i; j )

� m��n
i ; � m�ax

i �, �G�Q�K�B�i�2�b �/�2 �€�M�;�m�H�Q �/�2 �7���b�2

� �, �*�Q�2�}�+�B�2�M�i�2 �/�2 �T�2�M���H�B�x���+�B�¦�M �T�Q�` �/�2�b�H���b�i�`�2

�k�X�k�X�k�X �.�2�}�M�B�+�B�¦�M�, �*�`�B�i�2�`�B�Q�b �/�2 �+�Q�M�i�B�M�;�2�M�+�B��

�1�M �H�Q�b �+�`�B�i�2�`�B�Q�b �/�2 �K�Q�/�2�H���K�B�2�M�i�Q �2�M �2�H �b�m�#�T�`�Q�+�2�b�Q �/�2 �ó�6�H�m�D�Q �/�2 �+���`�;���, �#���b�2 �+�Q�K�T���`���i�B�p�� �v
�p�2�`�B�}�+���+�B�¦�M �/�2 �/�2�b�T���+�?�Q�ô �U�o�2�` �k�X�R�X�j�V �b�2 �2�b�i���#�H�2�+�B�¦ �m�M �2�b�+�2�M���`�B�Q �#���b�2 �/�2 �`�2�7�2�`�2�M�+�B�� �/�2�H �K�Q�@
�/�2�H�Q �Q�T�i�B�K�B�x���/�Q �+�m�v�Q �p���H�Q�` �/�2� �2�b �B�;�m���H �� �+�2�`�Q �v �i�Q�/�Q�b �H�Q�b �M�Q�/�Q�b �b�2 �2�M�+�m�2�M�i�`���M �+�Q�M�2�+�i���/�Q�b
�U�b�B�b�i�2�K�� �/�2 �H�� �7�Q�`�K��n�V�X

�G���b �+�Q�M�i�B�M�;�2�M�+�B���b �K�Q�/�2�H���/���b �+�Q�`�`�2�b�T�Q�M�/�2�M �� �7���H�H���b �/�2�H �i�B�T�Q(n � 1)�- �/�Q�M�/�2 �2�H ���H�;�Q�`�B�i�K�Q
�2�H�B�K�B�M�� �H�� �+�Q�M�2�t�B�¦�M �2�M�i�`�2 �/�Q�b �M�Q�/�Q�b �`�2�T�`�2�b�2�M�i���M�/�Q �H�� �T�û�`�/�B�/�� �/�2 �m�M�� �H�Q�M�2�� �Q �m�M �i�`���M�b�7�Q�`�K���@
�/�Q�` �/�2�H �+�Q�M�D�m�M�i�QL �/�2�H �b�B�b�i�2�K�� �2�H�û�+�i�`�B�+�Q �K�Q�/�2�H���/�Q�- �2�b �/�2�+�B�`�- �H�� �+�Q�M�i�B�M�;�2�M�+�B�� �b�B�K�m�H���/�� �#�m�b�+��
�`�2�T�`�2�b�2�M�i���` �m�M�� �b�Q�#�`�2�+���`�;�� �[�m�2 �B�M�+�B�i�2 �� �H�� �B�K�T�H�2�K�2�M�i���+�B�¦�M �/�2�H �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2 �/�2 �+���`�;���X

�k�X�k�X�j�X �6�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q

�G�� �K�2�i�Q�/�Q�H�Q�;�Q�� �T�`�Q�T�m�2�b�i�� �#�m�b�+�� �B�M�i�2�;�`���` �/�Q�b �7�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q �T���`�� �Q�#�i�2�M�2�` �m�M �2�b�[�m�2�K�� �/�2
�/�2�b�H���b�i�`�2 �¦�T�i�B�K�Q �[�m�2 �K�B�M�B�K�B�+�2 �2�H �+�Q�b�i�Q �/�2 �/�2�b�T���+�?�Q �v �H���b �+���`�;���b �/�2�b�H���b�i�`���/���b�X �G���b �7�m�M�+�B�Q�M�2�b
�b�Q�M ���/���T�i���+�B�¦�M �K�2�M�Q�b �`�2�b�i�`�B�+�i�B�p�� �[�m�2 �H�� �T�`�Q�T�m�2�b�i�� �2�M �(�\�)�- �v�� �[�m�2 �2�H �Q�#�D�2�i�B�p�Q �M�Q �2�b�i�€ �Q�`�B�2�M�i���/�Q
�� �+���`�;���b �2�[�m�B�i���i�B�p���b�X

�G�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q �2�K�T�H�2���/�� �T���`�� �H�� �`�2�T�`�2�b�2�M�i���+�B�¦�M �/�2�H �+�Q�b�i�Q �/�2�H �/�2�b�T���+�?�Q �/�2 �;�2�M�2�`���+�B�¦�M �2�b
�m�M�� �2�t�T�`�2�b�B�¦�M �+�m���/�`�€�i�B�+���- �+�Q�K�Q �b�2 �K�m�2�b�i�`�� �� �+�Q�M�i�B�M�m���+�B�¦�M�,

m��n
g;f;�

X

i 2N

�
ai g2

i + bi gi + ci
�

�U�k�@�k�V



�R�3 �k �J�2�i�Q�/�Q�H�Q�;�Q��

�J�B�2�M�i�`���b �[�m�2 �H�� �2�t�T�`�2�b�B�¦�M �[�m�2 �`�2�T�`�2�b�2�M�i�� �H�� �+���`�;�� �[�m�2 �b�2 �/�2�b�H���b�i�`�� �2�M �2�H �b�B�b�i�2�K�� �2�b�i�€ �/���/�� �T�Q�`�,

m��n
s

X

i 2N

si di �U�k�@�j�V

�6�B�M���H�K�2�M�i�2�- �T���`�� �B�M�i�2�;�`���` �H���b �7�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q �b�2 �B�M�+�H�m�v�2 �2�H �i�û�`�K�B�M�Q� �- �2�H �+�m���H �`�2�T�`�2�b�2�M�i��
�2�H �T�2�b�Q �/�2 �H�� �T�2�M���H�B�x���+�B�¦�M �T�Q�` �/�2�b�H���b�i�`�2 �/�2 �+���`�;�� �2�M �H�� �Q�T�i�B�K�B�x���+�B�¦�M �/�2�H �/�2�b�T���+�?�Q �2�+�Q�M�¦�K�B�+�Q�c
�/�2 �2�b�i�� �K���M�2�`���- �H�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q �� �Q�T�i�B�K�B�x���` �2�b �H�� �b�B�;�m�B�2�M�i�2�,

m��n
g;s;f;�

X

i 2N

�
ai g2

i + bi gi + ci
�

+ �
X

i 2N

si di �U�k�@�9�V

�k�X�k�X�9�X �_�2�b�i�`�B�+�+�B�Q�M�2�b �Q�T�2�`���+�B�Q�M���H�2�b

�G�� �7�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q �/�2�#�2 �+�m�K�T�H�B�` �+�Q�M �H���b �`�2�b�i�`�B�+�+�B�Q�M�2�b �B�K�T�m�2�b�i���b �[�m�2 �+�m�K�T�H���M �H�Q�b �+�`�B�i�2�`�B�Q�b
�/�2 �~�m�D�Q �/�2 �+���`�;�� �.�*�- �2�H �#���H���M�+�2 �M�Q�/���H �v �H�Q�b �H�Q�K�B�i�2�b �Q�T�2�`���i�B�p�Q�b �/�2 �T�Q�i�2�M�+�B���- �2�b�i���#�B�H�B�/���/ �v
�/�2�b�H���b�i�`�2 �/�2 �+���`�;���- �H�Q�b �+�m���H�2�b �b�2 �T�`�2�b�2�M�i���M �� �+�Q�M�i�B�M�m���+�B�¦�M�,

f ij = bij (� i � � j ) 8(i; j ) 2 L �U�k�@�8�V

gi = (1 � si )di +
X

j :( i;j )2L

f ij 8i 2 N �U�k�@�e�V

gm��n
i � gi � gm�ax

i 8i 2 N �U�k�@�d�V

f m��n
ij � f ij � f m�ax

ij 8(i; j ) 2 L �U�k�@�3�V

� m��n
i � � i � � m�ax

i 8i 2 N �U�k�@�N�V

0 � si � 1 8i 2 N �U�k�@�R�y�V

L �`�2�T�`�2�b�2�M�i�� �2�H �+�Q�M�D�m�M�i�Q �/�2 �H�Q�M�2���b �Q �i�`���M�b�7�Q�`�K���/�Q�`�2�b �[�m�2 �+�Q�M�2�+�i���M �� �+���/�� �m�M�Q �/�2 �H�Q�b
�M�Q�/�Q�b

N �`�2�T�`�2�b�2�M�i�� �2�H �+�Q�M�D�m�M�i�Q �/�2 �M�Q�/�Q�b �/�2�H �b�B�b�i�2�K��



�k�X�k �*�`�B�i�2�`�B�Q�b �/�2 �1�p���H�m���+�B�¦�M �R�N

�o���`�B���#�H�2�b �/�2 �/�2�+�B�b�B�¦�M�,

gi �, �S�Q�i�2�M�+�B�� �;�2�M�2�`���/�� �2�M �2�H �M�Q�/�Qi

si 2 [0; 1]�, �S�Q�`�+�2�M�i���D�2 �/�2 �+���`�;�� �/�2�b�H���b�i�`���/�� �2�M �2�H �M�Q�/�Qi

f ij �, �6�H�m�D�Q �/�2 �T�Q�i�2�M�+�B�� �2�M �H�� �H�Q�M�2��(i; j )

� i �, �•�M�;�m�H�Q �/�2 �7���b�2 �2�M �2�H �M�Q�/�Qi

�S���`�€�K�2�i�`�Q�b�,

ai ; bi ; ci �, �*�Q�2�}�+�B�2�M�i�2�b �/�2 �H�� �7�m�M�+�B�¦�M �/�2 �+�Q�b�i�Q �/�2 �;�2�M�2�`���+�B�¦�M

di �, �.�2�K���M�/�� �2�M �2�H �M�Q�/�Qi

bij �, �a�m�b�+�2�T�i���M�+�B�� �/�2 �H�� �H�Q�M�2�� �2�M�i�`�2 �H�Q�b �M�Q�/�Q�bi �vj

gm��n
i ; gm�ax

i �, �G�Q�K�B�i�2�b �/�2 �;�2�M�2�`���+�B�¦�M

f m��n
ij ; f m�ax

ij �, �G�Q�K�B�i�2�b �/�2 �~�m�D�Q �2�M �H�� �H�Q�M�2��(i; j )

� m��n
i ; � m�ax

i �, �G�Q�K�B�i�2�b �/�2 �€�M�;�m�H�Q �/�2 �7���b�2

� �, �*�Q�2�}�+�B�2�M�i�2 �/�2 �T�2�M���H�B�x���+�B�¦�M �T�Q�` �/�2�b�H���b�i�`�2

�6�m�M�+�B�¦�M �Q�#�D�2�i�B�p�Q�,

m��n
g;s;f;�

X

i 2N

�
ai g2

i + bi gi + ci
�

+ �
X

i 2N

si di �U�k�@�R�R�V

�_�2�b�i�`�B�+�+�B�Q�M�2�b�,

f ij = bij (� i � � j ) 8(i; j ) 2 L �U�k�@�R�k�V

gi = (1 � si )di +
X

j :( i;j )2L

f ij 8i 2 N �U�k�@�R�j�V

gm��n
i � gi � gm�ax

i 8i 2 N �U�k�@�R�9�V

f m��n
ij � f ij � f m�ax

ij 8(i; j ) 2 L �U�k�@�R�8�V

� m��n
i � � i � � m�ax

i 8i 2 N �U�k�@�R�e�V

0 � si � 1 8i 2 N �U�k�@�R�d�V

Ti � 100 % 8i 2 N �U�k�@�3�V

L i � 100 % 8i 2 N �U�k�@�N�V

0;9 �T�X�m� Vi � 1;1 �T�X�m 8i 2 N �U�k�@�R�y�V



�k�y �k �J�2�i�Q�/�Q�H�Q�;�Q��

�k�X�j�X �S�`�Q�+�2�b���K�B�2�M�i�Q �/�2 �.���i�Q�b

�1�H �T�`�Q�+�2�b���K�B�2�M�i�Q �/�2 �/���i�Q�b �T���`�i�2 �/�2 �m�M �K�Q�/�2�H�Q ���D�m�b�i���/�Q �v �+�m�2�M�i�� �+�Q�M �T���`�€�K�2�i�`�Q�b �/�2 �2�p���@
�H�m���+�B�¦�M�- �7�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q�- �`�2�b�i�`�B�+�+�B�Q�M�2�b �Q�T�2�`���+�B�Q�M���H�2�b �v �+�`�B�i�2�`�B�Q�b �/�2 �+�Q�M�i�B�M�;�2�M�+�B�� �/�2�}�M�B�/���b�X
�1�b�i���b �9�H�i�B�K���b �/�2�i�2�`�K�B�M���M �H�� �2�b�i�`���i�2�;�B�� �T���`�� �H�� �b�2�H�2�+�+�B�¦�M �/�2 �2�b�+�2�M���`�B�Q�b �� �2�p���H�m���`�X

�1�H �T�`�B�K�2�` �b�m�#�T�`�Q�+�2�b�Q �2�b �H�� �b�2�H�2�+�+�B�¦�M �/�2 �H�� �H�Q�M�2�� �� �/�2�b�+�Q�M�2�+�i���`�- �/�2 �2�b�i�2 �K�Q�/�Q�- �2�H �b�B�b�i�2�K�� �2�M�i�`��
�2�M �+�Q�M�i�B�M�;�2�M�+�B�� �v�� �[�m�2 �b�2 �p�m�2�H�p�2 �/�2 �H�� �7�Q�`�K��n � 1�X �l�M�� �p�2�x �b�2 �2�M�+�m�2�M�i�`�� �2�M �2�H �2�b�+�2�M���`�B�Q ��
�2�p���H�m���`�- �b�2 �+�Q�`�`�2 �m�M �~�m�D�Q �/�2 �+���`�;�� �v �b�2 �2�p���H�9�� �b�B �2�H �K�Q�/�2�H�Q �+�Q�M�p�2�`�;�2�c �b�B �M�Q�- �2�H ���H�;�Q�`�B�i�K�Q �+���H�+�m�H��
�H�� �K�Q�M�B�K�� �+���`�;�� �� �/�2�b�H���b�i�`���` �`�2�[�m�2�`�B�/�� �v �p�m�2�H�p�2 �� �+�Q�`�`�2�` �2�H �~�m�D�Q �?���b�i�� �[�m�2 �2�H �K�Q�/�2�H�Q �+�Q�M�p�2�`�D���X

�l�M�� �p�2�x �2�H �K�Q�/�2�H�Q �+�Q�M�p�2�`�;�2�- �b�2 �`�2���H�B�x�� �m�M �~�m�D�Q �/�2 �+���`�;�� �+�Q�M �H���b �7�m�M�+�B�Q�M�2�b �Q�#�D�2�i�B�p�Q �/�2 �/�2�b�@
�T���+�?�Q �v �/�2�b�H���b�i�`�2 �B�M�i�2�;�`���/�Q�b�- �b�2 �2�p���H�9�� �b�B �2�b �m�M �K�Q�/�2�H�Q �¦�T�i�B�K�Q�c �b�B �M�Q�- �b�2 �?���+�2 �m�M ���D�m�b�i�2 �/�2�H
�/�2�b�T���+�?�Q �v �b�2 �p�m�2�H�p�2 �� �+�Q�`�`�2�` �2�H �~�m�D�Q�- �2�b�i�2 �T�`�Q�+�2�b�Q �2�b �B�i�2�`���i�B�p�Q �v �b�Q�H�Q �i�2�`�K�B�M�� �?���b�i�� �[�m�2 �b�2
�2�M�+�m�2�M�i�`�� �2�H �K�Q�/�2�H�Q �¦�T�i�B�K�Q�X �l�M�� �p�2�x �?���H�H���/�Q�- �b�2 �`�2�;�B�b�i�`�� �2�M �H�� �#���b�2 �/�2 �/���i�Q�b �/�2 �K�Q�/�2�H�Q�b
�Q�T�i�B�K�B�x���/�Q�b �v �b�2 �`�2�T�B�i�2 �2�H �T�`�Q�+�2�b�Q �/�2 ���M�€�H�B�b�B�b �/�2 �/���i�Q�b �T���`�� �Q�i�`�Q �2�b�+�2�M���`�B�Q �/�2�H �b�B�b�i�2�K�� �/�2 �H��
�7�Q�`�K��n � 1�X

�G�� �B�i�2�`���+�B�¦�M �/�2 �2�b�+�2�M���`�B�Q�b �b�2 �?���+�2 �?���b�i�� �[�m�2 �b�2 �?���v���M �2�p���H�m���/�Q �i�Q�/�Q�b �H�Q�b �2�b�+�2�M���`�B�Q�b �/�2 �H��
�7�Q�`�K��n � 1�- �Q�#�i�2�M�B�2�M�/�Q ���H �}�M���H �/�2�H �T�`�Q�+�2�b�Q �m�M�� �#���b�2 �/�2 �/���i�Q�b �+�Q�M �i�Q�/�Q�b �H�Q�b �K�Q�/�2�H�Q�b �Q�T�i�B�@
�K�B�x���/�Q�b �U�o�2�` �6�B�;�m�`���k�@�j�V�X

�k�X�9�X �o���H�B�/���+�B�¦�M �/�2 �_�2�b�m�H�i���/�Q�b

�G�� �p���H�B�/���+�B�¦�M �/�2 �H�Q�b �`�2�b�m�H�i���/�Q�b �2�b�i�€ �/�B�p�B�/�B�/�� �2�M �/�Q�b �b�m�#�T�`�Q�+�2�b�Q�b�,

�*�Q�K�T���`���+�B�¦�M �/�2 �`�2�b�m�H�i���/�Q�b �/�2 �K�Q�/�2�H�Q�b �Q�T�i�B�K�B�x���/�Q�b�X

�o���H�B�/���+�B�¦�M �/�2 �p�B���#�B�H�B�/���/ �/�2 �H�Q�b �`�2�b�m�H�i���/�Q�b

�G�� �+�Q�K�T���`���+�B�¦�M �/�2 �`�2�b�m�H�i���/�Q�b �/�2 �K�Q�/�2�H�Q�b �Q�T�i�B�K�B�x���/�Q�b �b�2 �?���+�2 �� �T���`�i�B�` �/�2 �H�� �#���b�2 �/�2 �/���i�Q�b
�/�2 �`�2�;�B�b�i�`�Q�b �/�2 �K�Q�/�2�H�Q�b �Q�T�i�B�K�B�x���/�Q�b �v �/�2�H �K�Q�/�2�H�Q �#���b�2 �+�Q�K�T���`���i�B�p�Q �`�2�b�m�H�i���/�Q �/�2�H �~�m�D�Q �/�2
�+���`�;�� �`�2���H�B�x���/�Q ���H �K�Q�/�2�H�Q ���D�m�b�i���/�Q �+�Q�M �H�Q�b �+�`�B�i�2�`�B�Q�b �/�2 �K�Q�/�2�H���K�B�2�M�i�Q �v �2�p���H�m���+�B�¦�M �U�o�2�` �k�X�R�X�j�V�X

�G�� �p���H�B�/���+�B�¦�M �/�2 �p�B���#�B�H�B�/���/ �/�2 �H�Q�b �`�2�b�m�H�i���/�Q�b �2�b �m�M �T�`�Q�+�2�b�Q �/�2 �b�2�H�2�+�+�B�¦�M �[�m�2 �/�2�#�2 �b�2�` �`�2���@
�H�B�x���/�Q �T�Q�` �2�H �2�D�2�+�m�i���M�i�2 �/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q�� �v�� �[�m�2�- ���/�B�+�B�Q�M���H �� �H�Q�b �+�`�B�i�2�`�B�Q�b �/�2 �2�p���H�m���+�B�¦�M �v
�`�2�b�i�`�B�+�+�B�Q�M�2�b �v�� �2�b�i���#�H�2�+�B�/���b�- �2�b �M�2�+�2�b���`�B�Q �2�p���H�m���` �2�H �`�2�b�m�H�i���/�Q �2�M �2�H �+�Q�M�i�2�t�i�Q �2�M �2�H �+�m���H �b�2
�/�2�b���`�`�Q�H�H�� �2�H �K�Q�/�2�H�Q�X �*�Q�K�Q �`�2�b�m�H�i���/�Q �}�M���H �/�2 �H�� �p���H�B�/���+�B�¦�M �/�2 �`�2�b�m�H�i���/�Q�b �v �/�2 �H�� ���T�H�B�+���+�B�¦�M
�/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q���- �b�2 �Q�#�i�2�M�/�`�€ �m�M �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2 �Q�T�i�B�K�B�x���/�Q�X



�k�X�9 �o���H�B�/���+�B�¦�M �/�2 �_�2�b�m�H�i���/�Q�b �k�R

�6�B�;�m�`�� �k�@�j�,�J�2�i�Q�/�Q�H�Q�;�Q�� �/�2�i���H�H���/�� �T�`�Q�T�m�2�b�i�� �T���`�� �H�� �Q�T�i�B�K�B�x���+�B�¦�M �/�2�H �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2
�/�2 �+���`�;�� �2�M �b�B�b�i�2�K���b �/�2 �T�Q�i�2�M�+�B�� �+�Q�M �T�2�M�2�i�`���+�B�¦�M �/�2 �;�2�M�2�`���+�B�¦�M �+�Q�M �6�L�*�1�_



�k�k �k �J�2�i�Q�/�Q�H�Q�;�Q��

�k�X�8�X �G�B�K�B�i���+�B�Q�M�2�b �/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q��

�G�� �J�2�i�Q�/�Q�H�Q�;�Q�� �T�`�Q�T�m�2�b�i�� �T���`�� �H�� �Q�T�i�B�K�B�x���+�B�¦�M �/�2�H �2�b�[�m�2�K�� �/�2 �/�2�b�H���b�i�`�2 �/�2 �+���`�;�� �2�M �b�B�b�i�2�K���b
�/�2 �T�Q�i�2�M�+�B�� �+�Q�M �T�2�M�2�i�`���+�B�¦�M �/�2 �;�2�M�2�`���+�B�¦�M �+�Q�M �6�L�*�1�_�- �2�b�i�€ �H�B�K�B�i���/�� �2�M �b�m ���H�+���M�+�2 �/�2�#�B�/�Q
�� �p���`�B�Q�b �7���+�i�Q�`�2�b�- �2�M�H�B�b�i���/�Q�b �� �+�Q�M�i�B�M�m���+�B�¦�M�- �[�m�2 �/�2�#�2�M �b�2�` �i�2�M�B�/�Q�b �2�M �+�m�2�M�i�� ���H �K�Q�K�2�M�i�Q �/�2
�b�m �B�K�T�H�2�K�2�M�i���+�B�¦�M�X

�G�� �K�2�i�Q�/�Q�H�Q�;�Q�� �M�Q �2�p���H�9�� �2�H �K�Q�/�2�H�Q �#���b�2�- �T�Q�` �H�Q �i���M�i�Q�- �2�H �K�Q�/�2�H�Q �� �2�K�T�H�2���`�b�2 �/�2�#�2
�2�b�i���` �p���H�B�/���/�Q �T�`�2�p�B���K�2�M�i�2�X

�G�Q�b ���D�m�b�i�2�b �/�2�H �K�Q�/�2�H�Q �b�2 �?���+�2�M �+�Q�M �T�2�`�}�H�2�b �/�2 �/�2�K���M�/�� �v �;�2�M�2�`���+�B�¦�M�- �+�m�v�Q�b �+�`�B�i�2�`�B�Q�b �b�2
�+�Q�M�i�2�K�T�H���M �2�M �H�� �K�2�i�Q�/�Q�H�Q�;�Q���- �b�B�M �2�K�#���`�;�Q�- �H���b �2�b�i�`���i�2�;�B���b �2�K�T�H�2���/���b �T���`�� �2�b�i���#�H�2�+�2�`
�H�Q�b �T�2�`�}�H�2�b �/�2�T�2�M�/�2�M �/�2�H �2�D�2�+�m�i�Q�`�- �H�� �`�B�;�m�`�Q�b�B�/���/ �+�Q�M �H�� �[�m�2 �b�2 �2�b�i���#�H�2�x�+���M �/�2�i�2�`�K�B�M��
�H�� �2�7�2�+�i�B�p�B�/���/ �/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q��

�G�� �K�2�i�Q�/�Q�H�Q�;�Q�� �T�H���M�i�2�� �m�M �`�2�;�B�b�i�`�Q �/�2 �K�Q�/�2�H�Q�b �Q�T�i�B�K�B�x���/�Q�b �/�2 �H�Q�b �2�b�+�2�M���`�B�Q�b �[�m�2 �+�Q�M�@
�p�2�`�;�2�M�- �T�2�`�Q �M�Q �/�2 �H���b �`�2�b�i�`�B�+�+�B�Q�M�2�b �Q�T�2�`���+�B�Q�M���H�2�b �T�`�Q�/�m�+�i�Q �/�2 �H�� �M�Q �+�Q�M�p�2�`�;�2�M�+�B�� �/�2
�m�M �2�b�+�2�M���`�B�Q�X

�1�H �T�`�Q�+�2�b���K�B�2�M�i�Q �/�2 �/���i�Q�b �2�b�i�€ �2�M�7�Q�+���/�Q �2�M �/�2�b�H���b�i�`�2 �/�2 �+���`�;�� �T���`�� �+���b�Q�b �/�2 �+�Q�M�i�B�M�@
�;�2�M�+�B�� �T�Q�` �b�Q�#�`�2 �+���`�;�� �9�M�B�+���K�2�M�i�2 �2�M �b�B�b�i�2�K���b �/�2 �H�� �7�Q�`�K��n � 1�X

�G�� �K�2�i�Q�/�Q�H�Q�;�Q�� �b�2 �/�2�b���`�`�Q�H�H�¦ �+�Q�M �m�M �2�M�7�Q�[�m�2 �/�2 �T�2�M�2�i�`���+�B�¦�M �/�2 �;�2�M�2�`���+�B�¦�M �+�Q�M �6�L�*�1�_�-
�T�Q�` �H�Q �i���M�i�Q�- �2�H �K�Q�/�2�H�Q �/�2�#�2 �+�Q�M�i�2�M�2�` �m�M�� �+���M�i�B�/���/ �`�2�T�`�2�b�2�M�i���i�B�p�� �/�2 �2�b�i�2 �i�B�T�Q �/�2
�7�m�2�M�i�2�b�X

�1�M �b�Q�M�i�2�b�B�b�- �2�H �+���T�Q�i�m�H�Q ���#�Q�`�/�¦ �H�� �T�`�Q�T�m�2�b�i�� �K�2�i�Q�/�Q�H�¦�;�B�+�� �[�m�2 �Q�`�B�2�M�i�¦ �2�H �/�2�b���`�`�Q�H�H�Q �/�2�H �+���b�Q
�/�2 �2�b�i�m�/�B�Q�- �2�M �/�Q�M�/�2�- �/�2 �K���M�2�`�� �2�b�i�`�m�+�i�m�`���/���- �b�2 �2�b�i���#�H�2�+�B�2�`�Q�M �H�Q�b �+�`�B�i�2�`�B�Q�b �/�2 �K�Q�/�2�H���K�B�2�M�i�Q�-
�2�p���H�m���+�B�¦�M �v �H�Q�b �T�`�Q�+�2�/�B�K�B�2�M�i�Q�b �T���`�� �2�H ���M�€�H�B�b�B�b �/�2 �H�Q�b �/���i�Q�b �`�2�b�m�H�i���M�i�2�b�X �1�H �b�B�;�m�B�2�M�i�2 �+���T�Q�i�m�H�Q
�/�2�b�+�`�B�#�2 �� �/�2�i���H�H�2 �2�H �+���b�Q �/�2 �2�b�i�m�/�B�Q �[�m�2 �7�m�2 �b�2�H�2�+�+�B�Q�M���/�Q �+�Q�K�Q �B�M�b�m�K�Q �#���b�2 �T���`�� �H�� ���T�H�B�+���+�B�¦�M
�/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q�� �/�2�b�+�`�B�i�� �v �/�2 �2�b�i�� �K���M�2�`�� �2�p���H�m���` �H�� �2�7�2�+�i�B�p�B�/���/ �/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q�� �2�M �m�M
�2�M�i�Q�`�M�Q �+�Q�M�i�`�Q�H���/�Q�X



�j �.�2�b�+�`�B�T�+�B�¦�M �/�2�H �*���b�Q �/�2 �1�b�i�m�/�B�Q

�1�M �2�b�i�2 �+���T�Q�i�m�H�Q �b�2 �/�2�b�+�`�B�#�2 �2�H �+���b�Q �/�2 �2�b�i�m�/�B�Q �b�2�H�2�+�+�B�Q�M���/�Q �v �H�Q�b �K�Q�/�2�H�Q�b �K���i�2�K�€�i�B�+�Q�b �[�m�2
�b�2 �2�K�T�H�2���`�Q�M �T���`�� �2�H �/�2�b���`�`�Q�H�H�Q �/�2�H �2�b�i�m�/�B�Q�- �b�2 �T�`�2�b�2�M�i�� �H�� �i�Q�T�Q�H�Q�;�Q�� �/�2�H �b�B�b�i�2�K�� �2�H�û�+�i�`�B�+�Q�-
�K�Q�b�i�`���M�/�Q �H�� �+�Q�M�2�t�B�¦�M �/�2 �H�Q�b �M�Q�/�Q�b �/�2�H �b�B�b�i�2�K�� �� �i�`���p�û�b �/�2 �H���b �H�Q�M�2���b �v �i�`���M�b�7�Q�`�K���/�Q�`�2�b�X ���/�B�@
�+�B�Q�M���H�K�2�M�i�2�- �b�2 �2�b�i���#�H�2�+�2 �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�2 �H���b �7�m�2�M�i�2�b �v �+���`�;���b �/�2�H �b�B�b�i�2�K�� �/�2 �T�Q�i�2�M�+�B��
�� �i�`���p�û�b �/�2 �H���b �+�m�`�p���b �/�2 �/�2�K���M�/�� �v �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�2 �H�� �;�2�M�2�`���+�B�¦�M�- �i�2�M�B�2�M�/�Q �2�M �+�m�2�M�i��
�H�� �B�M�+�H�m�b�B�¦�M �/�2 �6�L�*�1�_�X

�1�H �b�B�b�i�2�K�� �2�H�û�+�i�`�B�+�Q �/�2�b�+�`�B�i�Q �2�M �2�b�i�2 �+���T�Q�i�m�H�Q �2�b �H�� �B�M�7�Q�`�K���+�B�¦�M �/�2 �2�M�i�`���/�� �[�m�2 �+�Q�M�b�i�B�i�m�v�2
�2�H �B�M�b�m�K�Q �#���b�2 �T���`�� �2�H �/�2�b���`�`�Q�H�H�Q �/�2 �H�� �K�2�i�Q�/�Q�H�Q�;�Q�� �T�H���M�i�2���/�� �T�`�2�p�B���K�2�M�i�2�X �G�� �+���`���+�i�2�`�B�@
�x���+�B�¦�M �/�2�H �K�Q�/�2�H�Q �2�K�T�H�2���/�Q �2�b �7�m�M�/���K�2�M�i���H�- �/�2�#�B�/�Q �� �[�m�2 �2�b�i���#�H�2�+�2 �H�� �B�M�i�2�`���+�+�B�¦�M �/�2 �H�Q�b
�+�Q�K�T�Q�M�2�M�i�2�b �T�`�B�M�+�B�T���H�2�b �/�2�H �b�B�b�i�2�K���X

�j�X�R�X �J�Q�/�2�H�Q �R�R�3 �L�Q�/�Q�b

�1�H �K�Q�/�2�H�Q �A�1�1�1 �/�2 �R�R�3 �M�Q�/�Q�b �2�b �m�M �K�Q�/�2�H�Q �/�2�b���`�`�Q�H�H���/�Q �2�M �R�N�e�k �2�M �H�Q�b �1�b�i���/�Q�b �l�M�B�/�Q�b�- �2�H
�+�m���H �?�� �b�B�/�Q ���K�T�H�B���K�2�M�i�2 �m�i�B�H�B�x���/�Q �T���`�� �2�b�i�m�/�B�Q�b �/�2 �b�B�b�i�2�K���b �/�2 �T�Q�i�2�M�+�B���X �G�� �p�2�`�b�B�¦�M �Q�`�B�;�B�@
�M���H �?�� �i�2�M�B�/�Q �p���`�B���+�B�Q�M�2�b �/�2 ���+�m�2�`�/�Q �� �H�Q�b �2�b�i�m�/�B�Q�b �v �K�Q�/�2�H�Q�b �[�m�2 �i�`���i���M �/�2 �`�2�T�`�2�b�2�M�i���` �H�Q�b
�+�Q�K�T�Q�`�i���K�B�2�M�i�Q�b �/�2 �B�M�i�2�`�û�b �T���`�� �H�Q�b �2�b�i�m�/�B�Q�b�X

�1�H �K�Q�/�2�H�Q �[�m�2 �b�2 �2�K�T�H�2�� �T���`�� �2�b�i�2 �2�b�i�m�/�B�Q �/�2 �+���b�Q �+�m�2�M�i�� �+�Q�M �R�R�3 �M�Q�/�Q�b�- �8�9 �;�2�M�2�`���/�Q�`�2�b�-
�R�3�e �H�Q�M�2���b �/�2 �i�`���M�b�K�B�b�B�¦�M �v �N�R �+���`�;���b�X �1�M �H�� �}�;�m�`���j�@�R�b�2 �K�m�2�b�i�`�� �m�M�� �`�2�T�`�2�b�2�M�i���+�B�¦�M �/�2�H
�/�B���;�`���K�� �m�M�B�}�H���` �/�2�H �b�B�b�i�2�K�� �/�2 �T�Q�i�2�M�+�B�� �/�2�b���`�`�Q�H�H���/�Q �2�M �H�� �l�M�B�p�2�`�b�B�/���/ �/�2 �A�H�H�B�M�Q�B�b �(�R�R�)�- �2�H
�+�m���H �i�Q�K���`�2�K�Q�b �+�Q�K�Q �#���b�2 �T���`�� �2�H �2�b�i�m�/�B�Q�X



�k�9 �j �.�2�b�+�`�B�T�+�B�¦�M �/�2�H �*���b�Q �/�2 �1�b�i�m�/�B�Q

�6�B�;�m�`�� �j�@�R�,�P�M�2�@�H�B�M�2 �.�B���;�`���K �Q�7 �A�1�1�1 �R�R�3�@�#�m�b �h�2�b�i �a�v�b�i�2�K �A�A�h �S�Q�r�2�` �:�`�Q�m�T�- �k�y�y�j �(�R�R�)

�j�X�k�X �*���`���+�i�2�`�B�x���+�B�¦�M �/�2 �H�� �.�2�K���M�/��

�S���`�� �2�H �K�Q�/�2�H���K�B�2�M�i�Q �/�2 �H�� �+���`�;���- �b�2 �b�2�+�i�Q�`�B�x�¦ �H�� �/�2�K���M�/�� �2�M �i�`�2�b �i�B�T�Q�b �/�2 �+���`�;���, �`�2�b�B�/�2�M�+�B���H�-
�+�Q�K�2�`�+�B���H �2 �B�M�/�m�b�i�`�B���H�- �/�2�#�B�/�Q �� �[�m�2 �i�B�2�M�2�M �m�M �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�B�7�2�`�2�M�i�2 �2�M �H���b �/�B�b�i�B�M�i���b
�7�`���M�D���b �?�Q�`���`�B���b�- �i���H �v �+�Q�K�Q �b�2 �K�m�2�b�i�`�� �2�M �H�� �}�;�m�`���j�@�k�X

�6�B�;�m�`�� �j�@�k�,�*�Q�K�T�Q�`�i���K�B�2�M�i�Q �T�`�Q�T�m�2�b�i�� �T���`�� �H�� �/�2�K���M�/�� �2�M �k�9 �? �T���`�� �H�Q�b �i�`�2�b �i�B�T�Q �/�2 �+���`�;��



�j�X�j �*���`���+�i�2�`�B�x���+�B�¦�M �/�2 �H�� �:�2�M�2�`���+�B�¦�M �k�8

�1�b�i�2 �i�B�T�Q �/�2 �K�Q�H�/�2���K�B�2�M�i�Q �/�B�M�€�K�B�+�Q �T�2�`�K�B�i�2 �`�2�~�2�D���` �m�M �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �`�2���H�B�b�i�� �/�2 �+�Q�M�b�m�@
�K�Q�b �/�2 �2�M�2�`�;�Q���X �G�� �i���#�H���j�@�R�K�m�2�b�i�`�� �H�Q�b �H�B�K�B�i�2�b �/�2 �T���`�i�B�+�B�T���+�B�¦�M �[�m�2 �b�2 �T�2�`�K�B�i�B�2�`�Q�M �2�M �2�H
�K�Q�/�2�H���K�B�2�M�i�Q�X

�h�B�T�Q �/�2 �l�b�m���`�B�Q�S�Q�`�+�2�M�i���D�2 �/�2 �S���`�i�B�+�B�T���+�B�¦�M
�_�2�b�B�/�2�M�+�B���H �y�X�j�9
�*�Q�K�2�`�+�B���H �y�X�k�8
�A�M�/�m�b�i�`�B���H �y�X�9�R

�h���#�H�� �j�@�R�,�G�Q�K�B�i�2�b �/�2 �T���`�i�B�+�B�T���+�B�¦�M �T�Q�` �i�B�T�Q �/�2 �m�b�m���`�B�Q

�S���`�� �2�H �+�€�H�+�m�H�Q �/�2 �H�� �T�Q�i�2�M�+�B�� �2�M �+���/�� �M�Q�/�Q �/�2�H �b�B�b�i�2�K�� �b�2 �2�K�T�H�2�¦Pdn = Pda � (c+0;5)�- �b�B�2�M�/�Q
Pdn �H�� �T�Q�i�2�M�+�B�� �M�m�2�p�� �/�2�H �M�Q�/�Q�-Pda �H�� �T�Q�i�2�M�+�B�� ���M�i�2�`�B�Q�` �/���/�� �T�Q�` �2�H �K�Q�/�2�H�Q �vc �H�� �+�m�`�p��
�/�2 �/�2�K���M�/�� �/�2 ���+�m�2�`�/�Q ���H �i�B�T�Q �/�2 �m�b�m���`�B�Q �b�2�H�2�+�+�B�Q�M���/�Q�X �S���`�� �2�H �2�b�i�m�/�B�Q �b�2 �b�2�H�2�+�+�B�Q�M���`�Q�M �/�2
�K���M�2�`�� ���H�2���i�Q�`�B���- �T�2�`�Q �[�m�2 �+�m�K�T�H�B�2�`���M �H�� ���T�`�Q�t�B�K���+�B�¦�M ���H �H�Q�K�B�i�2 �/�2 �T���`�i�B�+�B�T���+�B�¦�M �T�`�Q�T�m�2�b�i�Q�X

�j�X�j�X �*���`���+�i�2�`�B�x���+�B�¦�M �/�2 �H�� �:�2�M�2�`���+�B�¦�M

�*�Q�M �2�H �}�M �/�2 �`�2�T�`�2�b�2�M�i���` �2�H �+�Q�K�T�Q�`�i���K�B�2�M�i�Q �/�2 �H�� �;�2�M�2�`���+�B�¦�M �2�M �*�Q�H�Q�K�#�B�� �b�2 �2�K�T�H�2�� �m�M �K�Q�@
�/�2�H�Q �[�m�2 �`�2�T�`�2�b�2�M�i�� �[�m�2 �H�� �K���i�`�B�x �/�2 �;�2�M�2�`���+�B�¦�M �2�b�i�€ �+�Q�K�T�m�2�b�i�� �T�Q�` �2�H �d�8 �W �/�2 �H�� �;�2�M�2�`���+�B�¦�M
�?�B�/�`�€�m�H�B�+�� �+�Q�M�p�2�M�+�B�Q�M���H�- �2�H �R�y �W �/�2 �;�2�M�2�`���+�B�¦�M �i�û�`�K�B�+�� �� �#���b�2 �/�2 �+�Q�K�#�m�b�i�B�#�H�2�b �7�¦�b�B�H�2�b �U�/�B�û�@
�b�2�H�- �;���b �v �+���`�#�¦�M�V �u �2�H �R�8 �W �`�2�b�i���M�i�2 �`�2�T�`�2�b�2�M�i���`�€ �H���b �7�m�2�M�i�2�b �M�Q �+�Q�M�p�2�M�+�B�Q�M���H�2�b �/�2 �2�M�2�`�;�Q��
�U�T�`�B�M�+�B�T���H�K�2�M�i�2 �2�¦�H�B�+�� �v �b�Q�H���`�V�X

�j�X�j�X�R�X �:�2�M�2�`���+�B�¦�M �a�Q�H���`

�G�� �;�2�M�2�`���+�B�¦�M �b�Q�H���` �B�M�p�Q�H�m�+�`���/�� �2�M �2�H �K�Q�/�2�H�Q �7�m�2 �/�2�H �3 �W �/�2�H �i�Q�i���H �/�2 �H�� �;�2�M�2�`���+�B�¦�M�- �+�Q�M �2�H
�}�M �/�2 �K�Q�/�2�H���` �i�2�M�/�2�M�+�B�� �2�b�i�m�/�B���/���b �� �K�2�/�B���M�Q �T�H���x�Q �T���`�� �*�Q�H�Q�K�#�B���X �G�� �}�;�m�`���j�@�j�K�m�2�b�i�`��
�H�� �+�m�`�p�� �/�2 �;�2�M�2�`���+�B�¦�M �2�K�T�H�2���/�� �2�M �2�H �K�Q�/�2�H�Q�X

�6�B�;�m�`�� �j�@�j�,�*�Q�K�T�Q�`�i���K�B�2�M�i�Q �T�`�Q�T�m�2�b�i�Q �T���`�� �H�� �;�2�M�2�`���+�B�¦�M �b�Q�H���` �2�M �k�9 �?



�k�e �j �.�2�b�+�`�B�T�+�B�¦�M �/�2�H �*���b�Q �/�2 �1�b�i�m�/�B�Q

�S���`�� �2�H �/�2�b���`�`�Q�H�H�Q �/�2 �H�� �+�m�`�p�� �b�2 �2�K�T�H�2�¦ �2�H �T�2�`�}�H �/�2 �B�`�`���/�B���M�+�B�� �i�Q�T�B�+�Q �2�M �*�Q�H�Q�K�#�B�� �e�-�k �U�q�f�K2

�M�Q�`�K���H�B�x���/�Q�V �+�Q�M �H�� �b�B�;�m�B�2�M�i�2 �2�+�m���+�B�¦�M�,

�A�`�`���/�B���M�+�B��= m�ax
�

0; sin
�

(�?�Q�`��� 6)
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�a�2 �2�K�T�H�2�¦ �m�M�� �+�Q�M�p�2�`�b�B�¦�M �/�2 �B�`�`���/�B���M�+�B�� ���T�`�Q�t�B�K���/�� �� �T�Q�i�2�M�+�B�� �;�2�M�2�`���/�� �2�M �T�X�m�X�- �/�Q�M�/�2 �b�2
�b�m�T�Q�b�Q �m�M�� �2�}�+�B�2�M�+�B�� �/�2�H �b�B�b�i�2�K�� �/�2�H �3�y �W �2�M �+�Q�M�/�B�+�B�Q�M�2�b �B�/�2���H�2�b�X
P�T�m= � � �A�`�`���/�B���M�+�B��� P�M�Q�K�B�M���H

�j�X�j�X�k�X �:�2�M�2�`���+�B�¦�M �1�¦�H�B�+��

�S���`�� �2�H �K�Q�/�2�H���K�B�2�M�i�Q �/�2 �H�� �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+�� �b�2 �B�M�p�Q�H�m�+�`�¦ �+�Q�M �m�M�� �T���`�i�B�+�B�T���+�B�¦�M �/�2�H �d �W �/�2
�H�� �;�2�M�2�`���+�B�¦�M �/�2�H �b�B�b�i�2�K���- �T�`�2�b�2�M�i���M�/�Q �m�M�� �+�m�`�p�� �/�2 �/�2�b�T���+�?�Q �/�2 �2�M�2�`�;�Q�� �/�2 ���+�m�2�`�/�Q �� �H��
�}�;�m�`�� �j�X�j�X�k�X

�6�B�;�m�`�� �j�@�9�,�*�Q�K�T�Q�`�i���K�B�2�M�i�Q �T�`�Q�T�m�2�b�i�Q �T���`�� �H�� �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+�� �2�M �k�9 �?

�G�� �+�m�`�p�� �7�m�2 �+���H�+�m�H���/�� �/�2 ���+�m�2�`�/�Q �� �m�M �T�2�`�}�H �/�2 �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+�� �i�Q�T�B�+�Q �2�M �*�Q�H�Q�K�#�B���- �/���/�Q
�T�Q�` �o���`�B���+�B�¦�M �/�2�H �p�B�2�M�i�Q �2�M �2�H �/�Q�� �/�2�b�+�`�B�i�� �T�Q�` �H�� �b�B�;�m�B�2�M�i�2 �2�+�m���+�B�¦�M�,

v�T�m= 0;5 + 0;3 � sin
�

(�?�Q�`��� 3)
24

� 2�
�

�u �T�Q�` �H�� �b�B�;�m�B�2�M�i�2 �+�m�`�p�� �/�2 �;�2�M�2�`���+�B�¦�M �2�¦�H�B�+���- �H�� �+�m���H �2�b �/�2�T�2�M�/�B�2�M�i�2 �/�2�H �p�B�2�M�i�Q�,

v�T�m= m��n (1 ; m�ax (0 ; v�T�m))

�1�M �`�2�b�m�K�2�M�- �b�2 �T�`�2�b�2�M�i�¦ �H�� �+���`���+�i�2�`�B�x���+�B�¦�M �/�2�H �K�Q�/�2�H�Q �/�2�H �b�B�b�i�2�K�� �/�2 �T�Q�i�2�M�+�B�� �2�H�û�+�i�`�B�+�Q
�2�K�T�H�2���/�Q �T���`�� �2�H �2�b�i�m�/�B�Q�- �2�H �+�m���H �#�`�B�M�/�� �H�� �+�Q�M�i�2�t�i�m���H�B�x���+�B�¦�M �Q�T�2�`���+�B�Q�M���H �v �i�û�+�M�B�+�� �`�2�[�m�2�`�B�/��
�T���`�� �2�H �/�2�b���`�`�Q�H�H�Q �/�2�H �2�b�i�m�/�B�Q�X �S���`�i�B�2�M�/�Q �/�2 �2�b�i�� �#���b�2�- �2�M �2�H �b�B�;�m�B�2�M�i�2 �+���T�Q�i�m�H�Q �b�2 �/�2�}�M�2�M
�H�Q�b �T���`�€�K�2�i�`�Q�b �;�2�M�2�`���H�2�b ���b�Q�+�B���/�Q�b ���H �K�Q�/�2�H���K�B�2�M�i�Q �v �+�Q�M�}�;�m�`���+�B�¦�M �/�2�H ���H�;�Q�`�B�i�K�Q �T�`�Q�T�m�2�b�i�Q
�T���`�� �H�� �Q�T�i�B�K�B�x���+�B�¦�M�X



�9 �S���`�€�K�2�i�`�Q�b �:�2�M�2�`���H�2�b �/�2�H �1�b�i�m�/�B�Q
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