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Ñ*� � � Ï 2;¸*¢R�����B¤;�O�À¢¥§B¤1É2�O��¸*¢R���°��� �R��¦u¤_¼B¸B�x¤��}�}�1�}�1�}�}�1�}���1�}�1�}�}�1�}�1� × Î
Ñ*� � � Ó ³�� ©°¯��B��¤_± ���}�1�}�1�}�}�1�}�1�}���1�}�}�1�}�1�}�}�1�}���1�}�1�}�}�1�}�1� µ Ð µ

Ñ*� ´ É2¸B¯�¯p©O�.�°Ö8-w�°�B¦_��¸B±x���°�B± �}�1�}�}�1�}�1�}���1�}�}�1�}�1�}�}�1�}���1�}�1�}�}�1�}�1� µ°µ �

� ( $����
�&� ��� �&� �������� ��� 	����������������!#� ����% �#� �
¶ � µ � �T¢¥�R��¼B¸B¦\¢¥���°� �}�}�1���}�1�}�1�}�}�1�}�1�}���1�}�}�1�}�1�}�}�1�}���1�}�1�}�}�1�}�1� µ°µ Ñ
¶ � � Ò ��¡°�°�R�·¢¥§B¯���¦9É�¢R�R¸B¦\¢¥¸B�x¤ �}�1�}�}�1�}�1�}���1�}�}�1�}�1�}�}�1�}���1�}�1�}�}�1�}�1� µ°µÙ¶
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¢¥¸*�R©°��¦u�O¯p���°�B¤_�/¢R±)§*©°±)�x¤u¦_¤u���O¤u¼0¦_�°�B±x��¼B¤_�R©°»B��¤Á©O¢R¢R¤u�T¢¥���°�D��� �x¤u¦u¤_�T¢ �°¤_©°�R±_�b¿Ä§B��± ,�¤_��¼ ��±¾�O�
�B©°�²¢¥��¦u¸B��©°� ���T¢¥¤_�R¤u±²¢Ç���°� ¢¥§B¤9¼B¤u±x��¡°�+�i�d©°����Å/���*¼B±Ç�O���O¤u§B��¦u��¤u± % ¦u©°�x±uÖ*»*¸B±R¤_±uÖ*¢R�R©°���B±uÖ�©°���x¦u�x©O�y¢ÆÖ/±R§*���B±_Ö
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±x¢R�R¸B¦\¢¥¸B�x¤u±_Ö ��¤_©°¼B���B¡s¢¥� ����¡°§T¢R¤u�Ä¦u�O¯p���°�B¤_�/¢R±9©°�*¼)�°¤_§B��¦_��¤_± % ¼B�R�·�°¤u� ÖX©°¯��°�B¡¬�O¢R§B¤u�x±uÖ�»��)¤_�T�2���R�°���
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���8¢¥§*¤u±R¤)�R¤_¡°���°�*±p��� © ¦u�°�T¢¥�x�°����¤u¼ �e© �O�J� �4�B�x©°¦_¢R��¦u¤iÖw�°¤_�.� �O�y¢¥¤_� © ¯p��¼B¸B��©°�s¼B¤_±R��¡O�4¦u�O�B¦u¤_�*¢
��±1©°¼B�°�2¢¥¤u¼ Ö �®§B��¦g§ §*©°±�¢¥�?¤u�B±x¸B�R¤ ¢R§B©O¢uÖ^¼B¤u��¤u�*¼B���B¡%�O��¢¥§B¤ ��¯��B©°¦_¢��O¤u����¦u�·¢/� ©°�B¼
¢¥§*¤ Å/���B¤\¢¥��¦
¤u�*¤u�R¡O��¤u±_Ö��R¤_±R��¤u¦\¢¥���O¤u�(�°Öd¼B� � ¤_�R¤u�T¢l�*©°�x¢R±;�O� ¢¥§B¤_±R¤s¤_�B¤u�x¡��H©°»*±R�°�x�*¢¥���°�H¼B¤\�2��¦u¤_±l©°�R¤L©O¦_¢¥�·�q©O¢¥¤_¼��l� �
¨½��¡°¸B�R¤ µ � µ ¢R§B¤��°�*¢R��¯�©°�w�Ù�°¤_�R©°���Ç��¯��B©°¦\¢����°�x¦u¤��°¤_�R±x¸B±p¼*¤_���°�x¯p©O¢R���°��¦g§B©°�R©O¦_¢¥¤_�R��±x¢¥��¦u±s���°�L©Á�x©°���
�°¤_§B��¦_��¤+¼*¸B�R���B¡%©H���R�°�T¢R©°�w¦_�°������±R���°� ��±L±xÅO¤_¢R¦g§B¤u¼ Ö �®§B��¦g§��x¤� �¤_¦_¢R±L¢¥§B��±L�B¤u¦_¤u±x±R��¢/�����°�L©%¯��2¼B¸*��©°�
¦u�x©°±R§ ¼*¤u±R��¡°� ¦u�O�B¦u¤_�*¢s�O�Ä¢R§B¤ �°¤_§B��¦_��¤+»���¼ � ¤u�B¼B±_� Ò ¢L¢¥§B¤ »X¤_¡°���B�*���B¡ % ©°�B¼ ���°��±x¯p©°��� ��¯��B©°¦_¢
���°�x¦u¤u±_Ö½�x¤u±R��¤u¦\¢¥�·�°¤u�(� &}¤u�*¤u�R¡!�Á±R§B�°¸*��¼�»�¤�¼B��±x±R���*©O¢¥¤_¼ ¯�©°���*���H»��Á»B¸ � ¤_�R±�©O�B¼ ¦_�°¸B�B��¤u�x± �®�·¢¥§B�°¸2¢
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of the occupied zones
Start of deformation

Buffer and
coupler response

Buffer
activation

First crushing of the 
main vehicle body

Maximum impact
force without
any damage

damage of the occupied zones
Maximum impact force without

deformation in absorption zones
Energy dissipation owing to

Maximal amount of kinetic energy,
which may be dissipated before
damaging the occupied zones

for the main vehicle body
Required crushing resistance

Acceptable limit for crushing of
the occupied zones

Activation of energy absorption zones

Im
pa

ct
 f

or
ce

Deformation

¨½��¡°¸B�R¤ µ � µ Í 2;�*¢¥��¯p©O�*��¯��B©°¦\¢^���°�x¦u¤Ç�°¤_�R±x¸B±w¼B¤\���°�R¯�©O¢R���°�L¦g§*©°�R©°¦\¢¥¤_�R��±²¢¥��¦u± ���°� ©��R©°���*�°¤_§B��¦_��¤ % ���R�°¯
C -w���¤u�O�#©O�B¼?ºd©°¡O�B¤u©°¸ Ö µÙ×°×°´ F &

©°����¼B©°¯�©°¡°¤®¢¥�}¢¥§B¤��°¤u§*��¦u��¤9±²¢¥�R¸*¦_¢¥¸*�R¤O�Fºd©°�x¡°¤u�FÅ/���B¤\¢¥��¦�¤u�*¤u�R¡O��¤u±e©°�R¤�¢¥�1»X¤Â¼B��±x±R���*©O¢¥¤_¼ ���p¤u�B¤_�R¡��
©°»B±x�°�R�2¢¥���O�?ªu�O�B¤u±_Ö ��¼*¤u©°�����+§*©|�����B¡ ©p¦u�°�B±²¢¥©°�T¢;���O�R¦u¤}��¤\�°¤_� �Ù�°¤_�;©3�®��¼B¤}�R©°�B¡O¤1�O�^¼B¤_���°�x¯p©i¢¥���O�B±u�
� �s�°�x¼B¤u�^¢R�;¤���¦u��¤u�T¢¥�(�L�B�x�O¢¥¤_¦_¢^¢R§B¤Ä�B©°�²¢^�O��¢R§B¤Ç�R©O����¦u�°©°¦g§ �®§B��¦g§s��±^��¦u¦_¸B�B��¤u¼s»��L�B©O±R±R¤_�B¡°¤_�R±uÖ/¢¥§*¤
�R¤�)/¸B���x¤u¼?¦_�R¸B±x§B���*¡ �R¤_±R��±x¢¥©O�B¦u¤}�O�^¢R§B¤1¯�©°���+�°¤u§*��¦u��¤1»���¼ �¾¯L¸B±²¢9¯�©°�RÅi¤u¼B�(��¤ � ¦_¤u¤u¼H¢R§B¤}¦u�R¸*±R§B���B¡
���°�x¦u¤���¤\�°¤u�d�i� ¢R§B¤�¤u�B¤_�R¡��¾©°»*±R�°�x�*¢¥���°�¾ªu�°�B¤_± C -w���¤u�°�#©°�B¼#ºd©°¡°�B¤_©°¸�Ö µÙ×O×°´ F �

� �%©+±R��¯p����©°�®¯�©°�B�B¤_�uÖ Ò �B±x¤u��¯ C µÙ×°×T¶TF ���°���T¢¥±Â�°¸*¢9�R¤u¦_�°¯�¯p¤_�B¼B©O¢R���°�B±����°�Â¢R§B¤L¼B¤_±R��¡°�H�O� ¢¥§*¤
�°�*¢R��¯�©°�°¤_�B¤u�x¡���¼*��±R±x���B©i¢¥���O�}¯�©°�B©O¡°¤u¯�¤u�T¢ ���°�À©9¯��2¼B¤_�R�1¦u©°�À±x¢R�R¸B¦\¢¥¸B�x¤ �®��¢R§��x¤u±R��¤u¦\¢½¢R�9©Â���x�°�T¢¥©°�
��¯��B©°¦\¢Ä©°¡°©O���B±²¢®©��x��¡°��¼ �w©O����Í

� »�¤_¢/�e¤u¤_�pÐ �2Î9Å/¯+Ôq§�¦u�O������±R���°�1±x�X¤_¤u¼L¢R§B¤*�®§B�°��¤w¤_�B¤u�x¡���±x§B�°¸B��¼L»�¤w©°»B±x�°�R»�¤u¼s���L©9�x¤_�O¤u�R±x��»B��¤
�e©'� % ¤i� ¡B�*»+�+©°�B�B�(�2���B¡s§���¼B�R©°¸*����¦iÖ*�B�*¤u¸B¯�©O¢¥��¦l�°�Ç¤_��©°±²¢¥�°¯�¤u�x��¦9± ��±x¢¥¤_¯p± &��®�·¢¥§B�O¸*¢Ä¦u©O¸B±R���B¡
©°����¼*©°¯p©O¡°¤l�O�À¢¥§B¤�¦u©O��±²¢¥�x¸B¦_¢R¸B�R¤iÖ

� ���x�°¯ Î � µ�� Å/¯+Ôq§J¢R§B¤%Å/���B¤\¢¥��¦H¤u�B¤_�R¡���±R§B�°¸*��¼J»X¤%¼*��±R±x���B©i¢¥¤u¼������B��©O±x¢¥��¦u©°������¼B¤\���°�R¯����B¡
¤_�B¤u�x¡���©°»B±x�°�R�2¢¥���O�#¤_��¤_¯p¤_�/¢R±uÖ8�®§B��¦g§)©O�R¤�¤u©°±x���(�+¤ � ¦g§B©O�B¡°¤u©O»B��¤iÖ

� »�¤_¢/�e¤u¤_� µ � � µ Ó¬Å�¯ Ôi§?¢R§B¤L¦_©°�B©°¦_��¢/�)�O� ¢¥§B¤1¤u�B¤_�R¡��?©°»B±x�°�R�*¢R���°�)¤u��¤u¯�¤u�T¢¥± �®����� ���?¡°¤u�B¤_�R©°�
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»�¤�¤ � §B©°¸B±²¢¥¤_¼?©°�B¼¾¢¥§*¤����x�°�T¢¥©°� �B©°�x¢��O�À¢¥§*¤}±x��¼B¤l¯�¤u¯�»X¤_�R±��®����� ©°��±R�¬±x¢R©°�x¢Ä¢R��¼*¤_���°�x¯)Ö
� ©°»��Ù�°¤ µ Ó}Å�¯ Ôi§+¢R§B¤ �®§B�°��¤;±R��¼B¤;¯�¤u¯L»�¤u�x±Ç�O�d¢R§B¤;���R�°�T¢R©°� ¦g§B©O±R±R��± �®������¼*¤_���°�x¯ �B��©°±x¢R��¦u©O�����O�

ÃJ§B¤_�R¤u©O±^¢¥§B¤*,B�R±x¢½¢¥§B�x¤u¤Ç�x¤�)/¸B���x¤u¯�¤u�T¢¥± �x©O¢¥§*¤u�½¦_�°¯�¤w���R�°¯=¼B¤_¯p©O�B¼B±^�O��©O�L¤u©°± �L©°�*¼s���B¤ � ��¤u�*±R���O¤
�R¤_�B©°���}�i�w¢¥§*¤p¦_©°�1±²¢¥�x¸B¦_¢R¸B�R¤iÖ½¢¥§B¤�¤u�*¤u�R¡!� ©O»B±R�°�x�*¢¥���°� ©°�B¼ ¼B¤_���°�x¯p©i¢¥���O� ¦g§*©°�R©°¦\¢¥¤_�R��±²¢¥��¦u±}�O�Ç¢¥§*¤
���R�O�/¢R©°�½±x��¼B¤s¯�¤u¯�»X¤_�R±;©°�x¤s¤u±x±R¤u�T¢R��©°�½���O�;©°�Á¤��X¤u¦\¢¥���O¤s�2¦_¦u¸B�*©°�T¢1�*�R�O¢R¤u¦_¢R���°�%©i¢l§B��¡O§B¤u�;¦_�°������±x���°�
±R��¤u¤_¼B±u� Ò ¦u�R©O±R§��w�O�x¢¥§�� ¼B¤_±R��¡O� �O�F¢¥§*¤u±R¤��B�x��¯�©°�.�?±x¢¥�x¸B¦_¢R¸B�R©O� �B©°�x¢R± % ¢¥§*¤��Á©°��±R�¾§B©Ù�°¤¬¢¥�#¦u©°�x�.�
¢¥§*¤ ¯��O¢¥�°�_Ö ¤\¢¥¦i� &J¤u�B±x¸B�R¤_±L¢¥§B©O¢1©H��©°�R¡°¤¬©°¯��°¸B�T¢1�O�®¤u�*¤u�R¡!� ��±1¼*��±R±x���B©i¢¥¤u¼�»+� ¦_�°�T¢¥�R�O����¤_¼��B��©°±²�
¢¥��¦ ¼B¤\���°�R¯�©O¢R���°�B±}��� ¢¥§B¤ ���x�°�T¢¥©°�F©°�x¤u©H�O�Ä¢R§B¤ �O¤u§B��¦u��¤i�%� � �°�R¼*¤u��¢R�H¤u�B±x¸B�R¤�±x¸B¦g§8©H¦u�O�/¢R�R�°����¤_¼
¼B¤\���°�R¯�©O¢¥���°�#»X¤_§B©Ù�2���°¸B�_Ö §B�'�e¤_�°¤_�uÖ�¢R§B¤L���*¼B������¼*¸B©°�d�B©°�²¢¥±;�i�^¢¥§B¤1���R�°�T¢¥©O� ¦g§B©O±R±R��±;©°�x¤����?¡°¤u�B¤_�R©°�
¦u�O¯p���°±R¤_¼��O�;¢R§B����� �e©°����¤u¼�±x¢¥�x¸B¦_¢R¸B�R¤_± % �°��¤u�4©°�B¼�¦_���°±x¤u¼�±x¤u¦_¢R���°�*¤u¼4¢R¸B»B¸B��©°�p¯�¤u¯�»X¤_�R±uÖÄ¤\¢¥¦i� &�Ö
�®§B¤_�R¤?�*��©°±²¢¥��¦�¦_�°����©°�B±x���B¡ % �X�°±²¢¥»B¸*¦gÅ������B¡*Öw¦u�x¸B±R§*���B¡+&s��¤_©°¼B±s¢¥� ¤���¦_��¤u�T¢p¤u�B¤_�R¡���¼B��±R±x���B©O¢R���°�8���
�e¤u���d¼*¤�,��B¤_¼�Ö�����¦u©°����ª_¤u¼+�x¤u¡°���°�B±u�

Ò ± ©°�¬¤ � ©O¯p�B��¤ % �®§*¤u�R¤Ç¢R§B¤Ä©°»��Ù�°¤Ä¯�¤u�T¢¥���°�B¤u¼s¦_�°����©°�B±x¤Ç±R��¤u¤_¼p����¯���¢¥± ©°�x¤Ç©°���R¤u©O¼ ��¤ � ¦u¤u¤_¼B¤u¼0&\Ö
¨½��¡°¸B�R¤ µ � � ±x§B�'�®±s¢¥§B¤�©°���·�~©°��¸B¯����*��¸B¯ ±R�B©O¦u¤+���R©O¯p¤+�i��¢R§B¤ Ò ¸*¼B� Ò Î2� ¿Ä§B¤����x�°�T¢¥©°�e¦g§B©°±R±x��±s��±
©°�x�R©°�B¡O¤u¼8±R¸B¦g§ ¢¥§B©O¢¬¸*��¢R� Î%Å/¯ Ôi§ ¦_�°������±x���°� ±R��¤u¤u¼ ©%���R�°�T¢�»B¸B¯��X¤_�5�®��¢R§���¯p�*©°¦_¢¬©°»*±R�°�x»X¤_�
¼B��±R±R���B©O¢R¤u±9¢R§B¤LÅ/���B¤\¢¥��¦�¤u�*¤u�R¡!�$�®�·¢¥§B�°¸2¢;¼B©°¯�©°¡°���B¡ ©O�+�)±x¢R�R¸B¦\¢¥¸B�x©°�½�*©°�x¢R±u���Â�H¢R� � Ð Å/¯ Ôi§H¢¥§*¤
¤u�*¤u�R¡!�l��±d¼B��±R±x���B©O¢R¤u¼l»��l�B��©°±x¢R��¦^»*¸B¦gÅ/�����*¡��i�2©Ä¢R¸B»B¸B��©°��¦u�x¸B±R§1¤u��¤u¯�¤u�T¢Æ� �½¤_�R¯�©°�B¤_�/¢À¼B¤\���°�R¯�©O¢R���°�B±
�O�l¢R§B¤?���R�O�/¢R©°�9±x��¼B¤?¯p¤_¯L»X¤_� % ¤u±R±x¤u�T¢¥��©°���(��§B©Ù�2���B¡ ©
§B¤ � ©°¡°�°�B©O�9¦u�x�°±R±�� ±x¤u¦_¢R���°�0& �2¦_¦u¸B�+©i�y¢¥¤u�p©
¦u�O������±R���°� ±x�X¤_¤u¼#�O� � ÐLÅ�¯ Ôi§ C��½©°¤\��¡°¤u�#¤_¢�©°�V��Ö µÙ×°× Ï F &\� ³ �O¤u�)§B��¡°§*¤u�Ç¦_�R��¢R��¦_©°� ¦_�°������±R���°� ±x�X¤_¤u¼B±�©°�x¤
�R¤_�X�O�x¢¥¤_¼?���°�®¢¥§B¤1���R�°�T¢¥©O�À¦g§*©°±R±x��±;�O�½¢¥§B¤sËwÈ)Ã ÎTÓOÐO�VÖ0�®§B¤u�x¤L±R��¤u¦_��,�¦_©°���(�¾¼B¤u±x��¡°�B¤_¼?���R�O�/¢R©°�À±R��¼*¤
¯�¤u¯L»�¤u�x± �®�·¢¥§+��¦_¢R©°¡°�°�B©O��¦u�R�O±R±²�~±R¤_¦_¢¥���°�B±Ç©O�R¤9±²¢¥©O¢R¤u¼ ¢R��»�¤9©°»*��¤®¢¥��±x¸ �X¤u�Ç¦_�°����©°�B±R¤®±x�X¤_¤u¼B±Ç�i� ¸B�
¢¥� ´ ÐlÅ/¯+Ôq§ �®�·¢¥§B�O¸*¢F¤u±R±x¤u�T¢¥��©°���(�L¼B©O¯p©°¡O���B¡;¢R§B¤Ä���R�°�T¢¥©O��©°�R¤_©1�O��¢¥§*¤�¦_©°��C ��©°»�¤u�R��©O�B¼ ³ ��¦g§B���B¡O¤u�uÖ
µÙ×°× Ð F �

¿Ä§B¤¬�B�R©O¦_¢¥��¦u©°� ¼B¤u±x��¡°�%�i�F¢R§B¤s¤u�*¤u�R¡!�%©°»B±x�°�R�*¢R���°�%ª_�°�B¤_±l©O¢;¢¥§*¤L���R�°�T¢�©°�B¼%�x¤u©°�l¤_�B¼B±l�O�F¢¥§*¤
¤u�*¡°���B¤1�O�^¢R§B¤����R¤_�B¦g§%¿�« # � Ì=§B��¡O§H±R��¤u¤_¼H¢¥�R©O���?��±Â±x§B�'�®�%���?¨½��¡°¸*�R¤ µ � ´ �9¿Ä§B¤_±R¤L¦_�R©°±x§%ªu�°�B¤_±
% ©O�B¼�©°��±R��¢R§B¤?¤_�B¤u�x¡���©°»*±R�°�x�*¢¥���°�4ª_�°�B¤u±�©i¢ ¢¥§*¤)���R�O�/¢+©°�B¼��x¤u©°�p¤u�B¼B±��i�;¢¥§B¤?�B©°±R±x¤u�B¡O¤u��¦u©O�
±R¤\¢ &Ä©°�R¤�©°��±R��¦u�°¯����°±R¤_¼#¢R�p©�¡°�R¤_©O¢�¤ � ¢¥¤_�T¢;�O� ¢¥§B���2� �e©°����¤u¼+¢R¸B»B¸B��©°�®±x¢¥�x¸B¦_¢R¸B�R¤_±u�Ä�;¸*�R���*¡¬���x�°�T¢¥©°�
¦u�x©°±R§*¤u±Â¢R§B¤u±x¤�¦_�°¯p���°�B¤_�T¢¥±�©°�R¤�¢¥�p©°»B±R�O�R»)¢R§B¤}¤u±R±x¤u�T¢¥��©°�À�B©°�x¢��O� ¢¥§B¤}Å/���B¤\¢¥��¦1¤_�B¤u�x¡��¾»��)�*��©°±²¢¥��¦
»B¸B¦gÅ/�����B¡Á��� ©O��¤ ��¦u��¤_�T¢ÆÖ �O¤_¢�¦u�O�/¢R�R�°����¤_¼��w©'�°Öe»X¤\���°�R¤+¢R§B¤¾�R¤_¡°���°� ��¦u¦_¸B�B��¤u¼8»�� �B©°±x±R¤u�*¡°¤u�x±p��±
© �X¤u¦\¢¥¤u¼ �
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¨½��¡°¸B�R¤ µ � � Í Ò ¸B¼B� Ò Î*Í ©°��¸B¯����B��¸B¯ ¦g§B©°±R±x��± % ±x�B©°¦u¤}���R©°¯�¤l¦u�O�B¦u¤_�*¢ &Ä©°�B¼#�R¤_�B©°���Ä�i�½���R�O�/¢�¦g§B©O±R±R��±
¯�¤u¯L»�¤u�Ä©O�y¢R¤u� µ ÓLÅ/¯ Ôi§#���x�°�T¢¥©°� ��¯��B©°¦_¢ % ���R�O¯ C��½©°¤\��¡°¤u�)¤_¢�©°���·Ö µÆ×°× Ï F &

Energy absorption
elements

¨½��¡°¸B�R¤ µ � ´ Í ¿�« # � Ì}Íq¤_�B¤u�x¡��1©°»B±R�O�R�*¢R���°�}ªu�°�*¤u±^©O¢À¢¥§*¤e���R�O�/¢R©°�/©°�B¼1�R¤u©O�½¤u�*¼B±½�O�*¢¥§B¤e����¦u�°¯��O¢¥�·�°¤
% ���x�°¯ C -w���¤_�°��Ö µÙ×O×°´ F &



������� �������
	�� ���� ����� � ��� � � ¶

����� !���� �02 =�� #,�08$*,� =>/?� � *<���

¿Ä§B¤¬�B�x¤u±R¤_�T¢ �e�°�RÅ)©°��¯�±;©O¢��*�R�Ù����¼B���B¡�¦u�°�T¢R�R��»*¸*¢¥���°�B±9¢R�#©O� ¤ ��¦u��¤_�T¢ % ����¤O� ±R��¯��B����,�¤_¼�Ö »B¸2¢�±x¢¥�����
±R¸ �p¦_��¤_�/¢R���%©O¦u¦u¸*�R©O¢R¤'&9�/¸B¯�¤u�R��¦u©°�½©°�B©°�(�2±x��±;�i�F¢R§B¤¬¦u�°����©°�*±R¤��*�R��¦u¤u±x±1�i�F¢R§B����� �e©°����¤u¼H±²¢¥�R¸*¦_¢¥¸*�R¤u±_�
É�¢R©°�x¢R���B¡%���R�O¯A© ±x¸B�x�O¤�� �°��¢R§B¤#±x¢¥©i¢¥¤#�O�;�x¤u±R¤_©°�R¦g§ % ¦g§B©°�*¢R¤u� � &�¢¥§B¤¾¢¥§*¤u�°�x¤_¢¥��¦u©°�Ä���°¸*�B¼B©O¢R���°�B±
©°�x¤)±x¸B¯p¯�©°�x��ªu¤_¼8����¦g§B©°�*¢R¤u� ´ ��¿ � ¡°©°��� ¯��°�x¤#���B±R��¡°§T¢����T¢¥�Á¢¥§B¤#�B�x���B¦_���B��¤u±s�O�;¢R§B¤#¦u�R¸*±R§B���B¡
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Square profiles: sample SM1
Square profiles: sample SM2
Square profiles: sample SM3
Circular profile: sample CM1
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Sample S7: no constraints
Sample S8

0 20 40 60 80 100
0

20

40

60

80

C
om

pr
es

si
ve

 fo
rc

e 
[k

N
]

Loading velocity 1 mm/s

Sample S1
Sample S2
Sample S3

Sw��U'��!#� '�� � ��� 5'$'�f<'�(! � ��� &�5+W-C�!#���#� ��5+29&(��!#<+���."%5'!�� �?��$'!#�M�[/1�(���x/1��bO���



���������	��
����+����� �¢
������	� ��
 � �

0 20 40 60 80 100
Axial compression [mm]

0

20

40

60

80

C
om

pr
es

si
ve

 fo
rc

e 
[k

N
]

Loading velocity 8.4 mm/s

Sample C3
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r0=19.5 mm, h=1 mm, σy=509 N/mm
2

Experiment / Sample C3
Alexander model
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r0=19.5 mm, h=1 mm, σy=509 N/mm
2
, σu=563 N/mm

2

Experiment / Sample C3
Analytical model AMC1
Analytical model AMC2
Analytical model AMC3
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r0=19.5 mm, h=1 mm, σy=509 N/mm
2
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Experiment / Sample C3
Analytical model AMC4
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c=38.6 mm, h=1.4 mm, σy=306 N/mm
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Experiment / Sample S2
Analytical model AMS
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Circular cylinder: r0=19.5 mm, h=1 mm, lges=25 mm, 10 elements
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Circular cylinder: r0=19.5 mm, h=1 mm, lges=16 mm, 4 elements
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� A�z ��{ | K ~ A H�� KLI � � H	{&D �CI�K��"{&D D ����{ ~Dy B � A D D1{ ��~Dy�� ACB	y D ~
9�� " �(#"E ����( _�?�� �"� & _ ? � . ���D(�EF!X�,(I/1-"����2�- CD�"(��D(G�"����*F�)��(��D��,� &uR 24HF�D�����,HF� � � � *F�)-)#"���+J 2��"((�*^��CD���"!.�('D� & ���r-"� & ������-'�"!�!.-v2 � & �.����CP�GC�-"JK*F�"�)��()-"�`-+/T�,HF��*F�)-"*�-+(�� & �\EFJK�����.C��"![(�CtHF�DJb�_24�.��H�,H �+�I-+/��"�F�"! $ �,��CD�"!�! $MB �"()� & C�-"!.!��"* (���JK- & ��!�(�� �,H �_Jb- & ��!�-+/ � !.��*��"� & �D�G�"� & �,H ����2Q->�"CD���.N+�/1-"! & (UJb- & ��! -+/ � �.���7' B ��CtZ\���D�T�"! ? / -%�,HKC�-"!.!��"*F()�4Jb- & ��!.(�2Q�D��� & ��()C���� B � & �.�KCtH �"* �,�D� @ " ()��CP�,��-+�F(@�? 5�? � �+� & @n? 5�? ; % ?
� A B�y,D A�� � D1y � {&H�B�y\| � � C�C�-+� & �.�&#h�,-:�,HF��C�-"!.!��"* (���Jb- & ��!�-+/ � !��8*��"� & �D�O" ��HF�oZ\��� ��JK�+�,�.C�(U-+/24HF�.CtH_��([()Z+�P�,CtHF� & ��� " �(#"E ��� @�? � % �,H �5����,�D���F�+! ��� ���7# $�& �.(�(��.*F�+����-"�:C��"� B � & �DC�-"JK*^-"(�� & ����,-o��2�-*F�"�L�,( R -324�.�&#b��- B ��� & ���&#K�+��C�-"�FCD����,�)�+�,� & *F!.�"()����CGHF���3#"�G!���� ��(4�"� & C����)C�EFJ�/1���)����,�.�"!#(L�,���P�,CtHF�.�&#24�.��HF��� �,HF�e!���� �e��!.��JK����,( " (��D�0(��DCD����-"� @�? 5�? � % ? 9��j-"� & �D�i��-`*FE �h��HF��()�M�"(�()EFJK* �,�.-"�F(��.�\��-��,H �
� � � C�- & � R ��HF�I/1-"!�!.-324���&#�� & �"* ����-"�F(YH �vN+�:��- B �GJK� & � 0

1 5��D��� & ��-"� �"!u�"� & CDEF�)NO�+��EF���G���%�,� & �D/1-+��JK�+�,�.-"�F(5J�E ()� B � & ���"CP�,�.NO�+��� &#R � ? � ? �� 6�� R �� 6�� ?
1 � �X�,HF�.�0���"CtH'�D!���JK����4-"� ! $ �,HF�IH -�-"*M(L�,�)�"���M�)�+�,�D(YJ�EF()� B �����"Z+�D�>�.��,-_�"CDC�-"EF��Y/1-"�Q�DNO�"!XVEF�%�,���3#e�,HF�_�.��,���)�F�"!����F�D�7# $`& ��(�()��*F�%�,��-+� ?I� CDC�-"� & ���&#+! $"R �,HF�_�F-+��JK�"!��-'�� & ����,�D���F�"!����F�D�7# $& �.(�()��*F�+����-"�0/1-+�5�,HF�G(�H ��!�!u(���CP�,�.-"� E � & ����C�-+�F(�� & ���)�+�,�.-"� R ; � R ��( #"�XN"��� B$

; � 6 ��i9 �� 9 		 �i9 �� � � 		 6 ��� 9
				
��
�
				 6 		 �k � � 		 1 " _ ? ; _ %

24HF�D��� �� � � & ��� -+�,�D(U��HF�Y*FH $ (��.C��"!F�+� & �k � � ��HF�Y�F-"�)Jb�+!��('D� & HF-�-+*_()�,�)�"���_�)�+�,��/1-"�[�,H �Y(���CP�,�.-"�*^-"���� ?



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

� . K

0 5 10 15
Axial compression [mm]

0

0.2

0.4

0.6

0.8

1

1.2

F
a/

F
0 

[ ]

Sequential limit analysis
FE analysis (ABAQUS)

17.5 20 22.5 25 27.5 30
r−axis [mm]

0

4

8

12

16

20

z−
ax

is
 [m

m
]

Seqential limit analysis
FE analysis (ABAQUS)

Conical shell: r0=20 mm, h=1 mm, lges=20 mm, 10 elements
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Model of Alexander (Eq. (5.25))
SLA − Alexander model (2H=11.9 mm)
SLA (2H=13.6 mm)
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SLA − Alexander model
SLA

Circular cylinder: r0=19.5 mm, h=1 mm

2H=11.9 mm 2H=13.6 mm
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Model of Wierzbicki et al. 
SLA − Model of Wierzbicki et al.
SLA 
Experiment (Sample C4)
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Circular cylinder: r0=19.5 mm, h=1 mm, ∆=1.5h

SLA − Model of Wierbicki et al.

SLA

∆
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 HF�.(�JK� $ C����L�,�"�.�F! $'B �G�,���+C�� &�B �"CtZM�,-K�,HF�G/1�"CD���,H �+��24�X�,H -"�&#"-"�.�&# & �D/1-"�)Jb�%�,��-+�F(5�,HF�i���F�D�7# $& �.(�(��.*F�+����-"� B ��CD-"Jb�D( & -"Jb�.�F�+��� &`B$ Jb�D��� & ��-"� �"! B ��� & ���&# � �>/1�+CD�G24HF��CtH & � & �"!.���D� & $ CD-"JK�-"E �U/1�)-"J �,HF����� (�*^��CD����-"��-+/u�,HF�4(��DCD����-"�K/1-"��CD���"� & JK-"JK���� & ��(L�,��� B E ����-"�F(7()HF-324�0��� " �-#"EF��� _�? K ?
 HF�D(�� B �D� & ���3#:CD-"��,�)� B E ����-"� ( R HF-32��DN"�D� R �"���Y�"���D(�(��D��,���+! *F�"�)�T-+/���HF�4���F�D�7# $_& ��(�()��*F�%�,��-+���,�"Z%��������-K�+C�C�-+EF�� B$ ��HF�G�"�F�"! $ ����CD�"!�! $�B �"(�� & CD-"!�!.�"*F(��IJK- & ��! ?

� �DN+���)�"!�()�,� #"��(�-+/�-"�F�I�,-+���"!#CD��EF()HF���&#KC $ CD!��GC�-"�)���D(�*^-"� & �.�&#K��-_�,HF�G����. �F� & ��2�-e�"CP�,�.N+�I/1-"! & (C��)EF(�H ���&#��+�F�"! $ ()��(Q�+���o()HF-324�M���e��HF�o�)�(#"H� & ���)#+���"J -+/ " �(#"E ��� _ ? � . ?�� CD-"Jb* �"���.(�-"�b-+/#�,H �4. �F�"!& �P/1-"��JK�+�,�.-"�>()�,�%�,��(�/1-"����HF��-"�)�(#"�.�F�"!w�"� & �,HF�i��� .F�F� & C�-+!�!��+*F(��:Jb- & �D! "124HF��CtHc�.(o�"!.(�-b���FCD!�E & � &��� �,HF���)�(#"H� & ���)#+���"J % �)#"�"�.�c���PN"���+!�(o��HF�+���MCD-"�F()� & �D��� B !.�hJK���)� & �.-"�F�"!�(�H -"�)�����F�.�&#0��(�- B ���"���F� &24HF�D���,�"Z\�.�&#b�.��,-e�+C�C�-+EF��oJK���)� & �.-"�F�"!#(L�,�)�"���>���+����(�24�.�,H ���'�,HF�:��!.��JK����,( ?  HF��(�*FHF�D�F-"JK���F-"� RHF-32��DN"�D� R HF�"(4�"!.����� & $0B ���D� & �.(�CDEF(�()� & � B -3N"� ?
����� ��!#' ' % ������ � "M� ,.!#-�� � "#-

� JK� � -"� #"-+�"!u-+/	�,H �I*F���D(������()��E & $ 2��"(Y�,-_2�-"��Z0-+E �4�_*�-+(�(�� B !��I(L�,�)�+�,� # $ /1-"�Y�+�>� � C����D��2" � ? � ?(��.Jb* !��-.F� &:B E �7(L�,��!.!\(�E � C��.����,! $ �"CDC�EF�)�+�,� % �\EFJK�����.C��"!n�"�F�+! $ (��.([-+/ ��HF�5*F!.�"()����CTC�-"!.!��"*F()�Q*F�)-�CD��()(�-+/�,H ����V 2Q�"!.!�� & ()����EFCP�,EF�)��( ? � �X�,H_�)��#"�"� & �,-��,H ��(��G(��.J�EF!.�+�,�.-"�i��-�-"!n/1-"�[��HF�Y�+*����"!�C��)EF(�HF�.�&#G�"�F�"! $ (���(-+/��+*���( $ JbJK�D������Cb(�HF�D!�!.(_HF�"( B ������*F�)��()����,� & ���]��HF��(_CtH �"* �,�D� R 24HF��CtH��.( B �"()� & -"�]�,HF�ME *F*��D�B -"EF� & �,HF�D-"���DJ -+/5!.��JK�.�o�"�F�"! $ ()��(I�.�dCD-"J B �.�F�+�,�.-"�c24�.��Hd�+�d�.�FC��)��JK����,�"!7()-"!�E��,��-+� * ��-nC�� & EF��� ?
� �PN"���)�"!Y/1���+��EF���D(����FHF�D���D�\����-r��HF��(_Z\�.� & -+/o()��J�E !��+����-"�](L�,�)�+�,� # $ C�-+EF! &�B � & ��JK-"�F()�����+��� & " -+�JK� $eB �GCD-"�FC�!.E & � & % ?  HF�D(��h�.�FC�!.E & �+0

1 	 !��+()�,�.CG��*n�,�)��J�EFJ �"� &�B -"E � & ���3#e*F�)���FCD��*F!.��(4*F��-3Nn� & �h�e()-"EF� & ��HF��-+���D����CD�"! B �"(��.(�/1-+���,H �& ��. �F�X�,��-+�c-+/U(��.Jb* !��-.F� &#R �,HF-+E&#"HM#"�D�F���)�"![�\EFJK���)��C��+!�()��J�EF!.�+�,�.-"�'�,-n-"!�( R �DN+���r�./U!.�"�7#+� & �WV/1-"�)Jb�%�,��-+� *F��- B !��DJb(M�"�)�c�,- B � ()-"!.N+� & ? " -"�M-"� � * �"���"JK�D�����M!.-"� & �.�&#"(e��HF��()� JK� $sB �B �+(�� & -"�`��HF�_EF*F*^��� B -"EF� & ��HF��-"�)��J ? 5 -"����#"�D�F���)�"!�!�-+� & ���3#eC�-+� & �.����-"� ( R HF-32��DN+��� R �"�)�CD-"�N"��� �������! $ (�-+!.N"� & 24�X�,H`�,H �KJK-"�)� #"��� �����+!7Zn�.�F��JK�+����C��8*������DJ�EFJ *F�)���FCD��*F!.��*F���D(��D�\��� &�.�d()��CD����-"� ; ? ; " < ! ? "<; ? � _ %?%WR �"!.(�-'/1-"��JK���3#0�,HF���,HF�D-"���P�,�.C��"! B �"()��(I/1-"�G���-#"� & V�*F!.�"()����C .F�F�.����D!���JK����4CD- & �D(�* ��-"*^-"(�� & �.�M�,HF�G!��X�,�D���+��EF��� ?
1  HF�4CD-"�F(�� & ���)�+�,�.-"�_-+/ " /1�)��CD����-"� !���()( % CD-"��,�"CP�TC�-"JK*F!��.C��+����(�� ���.��HF������HF�4(�-"!.E �,�.-"�h/1-"�)Jb�+!���()J�F-+�5�,HF�GC�-+�\N+���?#"���FCD�����%�,�I-+/	�,HF�G�"!-#"-"�)�.�,H Jb�.C�*F�)- B !.��J �.�'�KJK� � -"�52�� $ ?
2 ��� Gt^`9n5A7#kHK<@aFc@z5A7:F\@8KC[_F %q4?G:46584iKC> '�Bq9<>?b:46GjD >?FHG:DC587y}r:IA9wv�4ib=FcbP^�L�5A7:F\KnGjKC>6L�5A4?kJKn>?>?L\^jKC@8FJb
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1 	 !��+()�,�.CUHF���&#+�T!.���F�D(�" -"� R JK-"����#"�D�F���)�"!�! $"Rv& ��()C�-"������\EF-"EF( & �D/1-+��JK�+�,�.-"�F( % JK� $GB �T�"CDC�-"EF���� &/1-"��24�X�,HF-+E �U/1EF� & �"JK������"! & � � CDEF!.������( ?  HF�.(72Q�"(T(�H -v24�K/1-"�7()���+�,�.-"�F�"� $ HF�.�&#"�4!��.�F��( ? � -"�nVCD����� ���&#c��HF�0C�-+�F(�� & ���)�+�,�.-"�]-+/�JK-vNn�.�&#�HF�.�&#"�0!.���F�D(h� & & �.����-"�F�+! & ��#"�)����(_-%/�/1�)��� & -"J " � ? � ?��HF�IN"��!.-�CD�.������(Y-%/[�,H �:JK-3Nn���&#�HF�.�&#"�G!��.�F��(524�X�,H'���D(�*^��CD���,-_�,H �iJK�+�,�D���.�"! % �"� & � &F& �X�,��-+�F�"!CD-"�F()�����"�.��5��!\EF�%�,��-+�F(5J�EF(L� B �o�"CP�,�.NO�+��� & ?  HF�I!��+�)�,�D��HF�3N+���,-��D� /1-"��CD�o�,H ��C�-"JK*F�+��� B �.!��X� $CD-"� & �X�,��-+�F(U�+����HF�o!.���F�D(U-+/ & �.(�C�-+�\�����\EF�X� $ " (��D��� ? # ? � � �����?' B �.CtZ\���"� & � B �)�"JK-v24�.C�' R � �/- ; � % ?� Z\�.�F��JK�+�,�.C & �D(�CD����*��,��-+� R 24HF�D���I�F-%�Y-"�F! $ CD-"��,�.�nE -"EF( B E �4�+!�(�- & ��()C�-"��,�.�\EF-"EF( & �D/1-"�)Jb�%V����-"�F(QJb� $bB ���+C�C�-+EF��,� & /1-"� R HF-32��DN"�D� R �"!.(�-��D�F(�EF�)��(Y�,H �+�Y���D!��+���.N+��! $ CD-"�"��()�IJb�D(�HF�D(YJb� $B �_�"*F*F!.��� & " �./TC�-+Jb*F�+��� & ��->�'CD-"�N"�������-"�F�+! " < �"� �"! $ (��.( % 24�X�,HF-"E��GJb�"�)Z+� & ! $ ��� & EFC��.�&#��HF�G�"C�CDEF���"C $ -+/	�,HF�G���D(�EF!X�,( ?
1  HF�o�"*F*F!.��C��%�,��-+�K-%/w� #"�D�F���)�"!��\EFJK���)��CD�"!�()-"!�E��,��-+�b�"!-#"-"�)�.�,H J -"*^���F(T�,HF��2Q� $ /1-+� & �D(�CD��� B V�.�&#��,HF�YCD-"�F(L�,�.��E �,�XN"� B ��H �vNn�.-"EF�7���_�O!\EF�X�,� #"�D�F���)�"! 2�� $ ? " -"�[��HF����V 2Q�+!�!�� & ()HF��!.!F()����EFCP�,EF�)��(��HF�G�"*F*F!.��C��%�,��-+�e-+/	�,HF�G�8* �+CD�F9�! $ EF()HF��� $ ���D! & (�EF�L/1�"C��GHF�+( B ���D� ()HF-324�>��- B �GHF�-#"HF! $ (�E �.�)V� B !�� R *F��-3Nn� & �.�&#��"�>��JK*�-"�L�,�"��Y�.�&#"�)� & �.����Y/1-"�Y�,HF� & ��. �F�X�,��-+�>-%/ B -+�,H>�"�>�"C�CDEF���%�,�G�"� & ��\EFJK���)��C��+!�! $ � � CD�������(��.J�EF!.�+�,�.-"�e�,-n-"! ? � �
1 * EF���,-h��HF�o�.�FC��)��JK����,�+!�()-"!�E ����-"�b()�����+����# $ HF�"� & ��� ���&# R Jb�%�,���)���"! (L�,�)�"����V ���+����()���F()�.���.Nn�.������(�"� & �PN"�D�i�.�F���L�,����/1-"��CD��(�C�-"E ! &IB �7�"C�CD-"EF��,� & /1-"�w�.�I�"�I�.�����)�+�,�XN"��2�� $ 24�.�,H -"E �#/1EF� & �"JK����,�"!& � � C�EF!X�,���D( ?
� !X�,HF-"E3#"HM�,HF�ICtHF-+(���� Jb�P�,HF- & -"!.-)# $ ��( !\EF�X�,�O#"�D�F���)�"! R �,HF�G*F�)-"*^-"(�� & CD-"JK*FE �,�%�,��-+�F�"!uJK- & ��!���K�.��(UC�EF�)�������N"���)(��.-"�0��(U()*��DC����+!��('D� & /1-"�UC��"�)� $ ���3#h-"E � & �P�,�"�.!�� & (L�,E & �.��(�-"�e�+*��.( $ JbJK�D�����.C B EFCtZ"V!��.�&#�*F�)-�CD��()(���(T-+/��+*���( $ JKJK�D�,�)��C�(�HF�D!�!�( ? � �X�,H���� #"�"� & ��-��,HF�.(7(���JhEF!��+����-"�:�,-n-"! R /1EF�)��HF���U�.Jb*F�)-3N"�PVJK����,(�JK� $ B �b- B �,�+���F� & � ? # ? B\$ C�-+�F(�� & ���)���&#cCtH �"�&#"�D(����a��HF�e()HF��!.!T��HF��CtZ\�F�D(�( & E �e�,-c* !��"(L�,��C& �P/1-"��JK�+�,�.-"�F( R �+!�!�-324�.�&#5�,HF��Jb�D��� & ��-"� �"!+(L�,���+���:���+����(��,-oCtH �"�&#"�U24�.��HF���:�"�h�D!��DJb�D�\� R -+�	��-��D�F� B !.�JK-vNn�.�&#����F(L�,��� & -+/�()���+�,�.-"�F�"� $ *F!.�"()����C�HF�.�&#"�G!��.�F��(Y�%����HF�G�F- & ��( ? 9 /[!��"�?#"���Y*F�)- B !.��JK(Y�"���I�,- B �(�-+!.N"� &#R ��HF���M�,H �IZn�.�F��JK�+����C & ��(�CD���.* �,�.-"�MEF(�� & /1-"�5C�-+�\N+����,�.-"�F�"!w� * �.( $ JKJb�P�,���.CF.F�F�.���I��!��DJb�D��,( R24HF�.CtH`��( B �+(�� & -"�`� - & �+! & � #"���D��(G-+/7/1�)��� & -"J �"� & �0!�-nC��"!	��� ()�,�D� & -+/U� #"!.- B �"!�Z\��� ��JK�+�,�.C & �WV(�CD���.* �,�.-"���"(�E (�� & HF�D��� R Jb� $iB �5� & NO�"��,�)#"�D-"EF( ?�� (��+!����D� & $ Jb�D��,��-+�F� & � B -3N"� R J�EF!.����*F�+���"JK�D�����!�-+� & ���3#"(�JK� $ CD-"�N"�D�F���D�\��! $_B �5CD-"�F(�� & ���)� &�B$ �)��(�-+�)�,�.�&#��,-���HF�5Z\��� ��JK�+�,�.CQ��*n������JhEFJ *F�)���FCD��*F!.� R< ! ? " ; ? � _ % ? 9��bCD-"� � EF�FCP�,�.-"�b24�X�,H��,HF�4*F�)-"*�-+(�� & Z\���F�DJb�+����CYJK- & ��!F�,H ��( & ��!.�.N+����(U�,H � #"�D�F���)�"!��-'�� &- B � �DCD���.N"�G/1EF�FCP�,�.-"�6" �,H � $ ��� #"���"�3#"���"�b/1EF�FCD����-"� & %

� " �� � 1 �� � 1 �� 9 1 �� 1 �� 1 �� 1�� � % 68VXW Y�Z � � � � S � � � � � " S � S %���� Jb�.� 1 " _ ? ; - %
2 �Jgh7:4i@�y 7:96B FHv<FHIJyEr:IAFJ@8;:[_FJ@�5A7jKw5l587:F��\46I�k�7:7:9 ��7}L�r`9n5A7:FJ@84i@ KnGmb 587:F#vC9CG � 4i@8FJ@uL}4?FH>ib k�9<Gjb=46584?9CG~yE;j@8FJb Bq9<I

b=FJI84?v}4?G:DP587:FlF,+:KCk�5 � >?L�;m@a7:4?G�L}4?FH>ib#kHI8465AFHIA469<GymKCI8F @8;:465AKC^:>?F Knr:r:IA9 +=4?[
Kw584?9<Gj@�Bq9<I�587jFP@87:FH>?>�@a58IA;jk�58;:IAF ;:Gjb:FHI\k�9CG @
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24HF�D��� ��HF��#"��� �����+!��('D� & ���D�"CD����-"��/1-"��CD�MN"��CP�,-"� � � CD-"��,�"�.�F(_�,HF� $ �w�)#"�)�"�&#"�M*F�+���"JK�D������( & /1-+��,H �h-"* ����JK�('D�+�,�.-"�'*F��- B !���J R /1-"��JK���3#b*F�+�)��-+/7�,HF�i(�-"!.E �,�.-"� ?  HF�:N"��CP�,-"�)���"! !\EF�"��,�X�,�.��( S �+� & S�"�)�:��HF�hCD-"���)��(�*^-"� & ���&# #"���F�D���"!.�('D� & N+��!.-�CD�.� $ EF�FZ\�F-324�F(I�+� & *F�)��()C���� B � &cB -"EF� & �+� $ C�-"� & �.����-"�F(
" 24H ��CtHK� ? # ? Jb� $ C�-"��,�+���_NO�"!�EF�D(�/1-"� ��nR �� �"� & ��c�+�7��HF� B -"E � & �"� $ �F- & ��( � �"� & N %WR ����()*��DCD���.N"�D! $ ?
� � �"� & S � R �"!�()-MEF(�� & �.� < ! ? " _ ? ; - %WR�& �D�F-+���K* ����()C��)� B � & ��*n�,�D���F�"!7!.-"� & (I�+� & �,HF�D���IEF�FZ\�F-324�Z\���F�DJb�%�,��CoC�-"EF�������* �"�)��( R ���D(�*^��CD���.N+��! $ ?

/ �"()� & -"�_(�E CtHK�o(�-"!.E �,�.-"��()�����+����# $+R HF-32��DN"�D� R �DN+�����IC�-"� �F��CP�,��-+��24�.�,Hi�,HF�5CD-"�N"�D�\����-"� �"! " <JK�D�,H - & (��D��JK(Q*^-"(�()� B !.� R 24HF���)��� $ *F�.C��"!.! $ ��HF��( $ ()�,�DJ��)��()*�-"� (�� " ��!��DJb�D��,�"!F/1-"�)C����"� & ()�,�  � ��(�( %��(��,- B � & �D������JK��� � & �"(Y��/1EF�FCP�,�.-"�M-+/ " ��� C����DJb�D��,(Y-+/ % �,H �I�F- & �"! & � #"���D��(4-+/�/1���D� & -+J ? � �X�,HF�.�(�E CtHq�j/1���+Jb�P2Q-"�)Z ��HF�r*F��-"*^-"()� & C�-"!.!��"* (��cJK- & ��!oCD-"EF! & � ? # ? B �`�+*F*F!��.� & �"(M��()*��DC����+!�EF(��D�& ��. �F� & �D!���JK���� R 24�.��H��,H � #"!�- B �"! & ��#+�����D(I-+/7/1���D� & -+J B ���.�&# #"�XN"��� B$ �,HF� & ��()*F!��"CD��JK������+� &��-%�,�+����-"�`�.�FC��)��JK����,(G�+�G�F- & �D( � �"� & N ?�� & �P�,�"�.!�� & �.�N"��(L�,�-#"�+�,�.-"�r-+/T�,HF��(�E �.�,� B ��!.�.� $ -+/�(�EFCtH�"�'�"*F* !���CD�+�,�.-"� R HF-32Q�PN"��� R �)��JK�"��� (Q�,- B � & -"�F� ?
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R:ADIL=bCUEDED[QyuO\=DxNGJAHISI�sHCF?LG6<>[]yuaDTcAHO\=PyuO]I^[\l�?^KWO]GcI^KcO]XU=����ZIL?^CUaDTWISR:OQGJA�GJADO]T�`�ILGcADXulDXU[\XFxFyvGcADISEH[\CUTpGJO\?
TWGcKcCUO]=bKcCiGJI^T�CUKcISxUO]}FI^=�O\=PCUlH}~CU=D?LIZe|XUK6I^CU?BAdO]GcI^KWCFGJO]XU=PTpGJILE�jUGJADIZO\=qGJILKc=DCU[uI^=HI^Kcxiy{lDO]TcTWO\EDCFGcO\XU=P`oCYy
k�INIL}~CU[\aHCFGJILl�O]=�C�TWGcKcCUO]xUAqGce|XUKpRZCUKWld`oCU=H=DI^KLjFR:O]GcADXUaHG�?LCUaDTcO]=Dx�=naD`�I^KcO]?^CU[HlDO]��?^aH[]GJO]I^T8lHaDIVGJX�GJAHI
CUEDEH[\O\?LCFGJO]XU=�XFenGcADO\T�yuO\IL[\l�?LKcO]GcI^KWO\XU=�����OQGJADO]=�CU=�I^[\CFTWGJXFED[\CUTpGJO]?4���!`�CFGcI^KcO]CU[~KcXUaHGcO\=DIij�ADXYRZIt}UI^KLjFGJAHI
ED[]CUTWGcO\?�TWGcKcCUO]=�O\=D?LKcI^`�I^=qGcT_CU=HlzGcADI��D=DCU[�E�XUTcOQGJO\XF=mXU=zGcADI�y�O]I^[]lzTWaDKWe|CF?^I�lDaDKcO]=DxdED[\CFTWGJO]?�[\XUCFlDO\=Dx
CUKWI�=HXFG�xUO]}FI^=�O\=�CUlH}~CU=D?LIFj�kDaHG�ADCY}UI�GJXzkwIdIL}~CU[]aDCFGcI^l*R:O]GJAHO\=2GJADId`�CFGJILKcO]CU[8KcXFaHGJO]=DIF�d�NADO]TPO]=
xUIL=DI^KWCU[HKWI^�naDO\KWI^T8GcADIVTcXF[\aHGcO\XU=PXFe6��C�TWILG�XFeJ��=DXF=D[\O]=DI^CUK6I^�naDCFGcO\XU=HT�e|XUK�ILCU?BAdO\=qGJILxUKcCiGJO\XF={E�XUO\=qG8CF=Dl
O]G:TWI^IL`oTNRSXUKWGcA�TpGJaDlHyuO]=DxoOQe$GJADI�Its�CU?tGv<>[QyuaDTcADO]=�TcaDKpe|CU?^I�?^CU=zCU[]TcX�k�I�a�GJO\[]O\�LI^l@e|XUKVGcADO\TNEDaHKcE�XUTcIij
CU=DlzE�XUTcTWO\kD[QymIL}FI^=rXF�wI^K:CUl�}iCF=nGcCUxUILT�CFT_?LXU`oEHCUKcILlzGcX�XiGJADILK^j `oXFKcI�CUEDEHKcX¡s�O\`�CFGJOQ}UI�e|aD[\[¢TcI^?tGJO]XU=
yuO\IL[\l�?^KcOQGJILKcO\CVe|XFK�TWADI^[][\TL���ZILTcO]lDI^T�GJADI�e|CU?LG$GcADCFG�TcaD?BA{C¤£c`�CFGcI^KcO]CU[U`�X�lHI^[\¥NO]T$O\=qGJILKcI^TpGJO]=Dx�e|KWXU`¦GJAHI
GJAHI^XUKWILGJO]?^CU[�E�XUO\=qG�Xie§}uO]ILR�j¢CF=2IL��?^O]I^=qG�O\`�ED[\IL`oIL=qGJCFGcO\XU=�?^XFaD[\lrCF[\TcX¤TcE�I^I^l*aDErGcADIb?LCU[\?LaD[\CFGcO\XU=
GJO]`oI�XFe��6�;kHCUTcILl2?^XU[][\CUEDTWIPCF=Dlr[\O]`oOQGN[\XFCUl!CU=HCU[]yuTcILTvCU=Hl�jwGcADI^KWILe|XUKWIFj¢k�I{Xie�EDKcCU?tGJO]?^CU[$O\=qGcI^KcILTWG^�
<>=@GJAHO\TV?BADCFEHGJILKNC�EwXUTWTcO]kD[\I_CU[\xUXFKcO]GcAD`�O\?NTWGcKcaD?tGJaDKWI�e|XUKZTWaD?BA�C{TWGJKWI^TWT�KWI^TWaD[]GcCU=qGN?^XU=HTWGJOQGJaHGcO]}FI�[\CYR
O\T_EDKcXFEwXUTWI^l2CU=Hl!GJADI{`oCUO]=!lDOQ��?^aD[QGJO\ILT_?LXU=D?LI^Kc=HI^l2R:O]GcA!GJADI{O\`�ED[\IL`oIL=nGcCFGJO]XU=�CUKcI{lDO\TW?^aDTWTcI^l*O]=
TcXF`oIdlDItGJCUO][¨�d�4}UI^=�GJADXFaDxUA*�©KcTpGPGcI^TWGPKcILTcaD[QGJT�CUKWI�IL=D?^XFaDKcCUxFO\=DxzTcXU`�IdEDKcXFkD[\IL`oT�KWI^`�CUO\=2GJXzk�I
TcXF[]}UILloGcX�`�CUhiI:GcADI:`oCiGJI^KWO\CU[H`oXulDI^[��DG�e|XUK4EDKcCF?LGJO]?^CU[©aHTcI:CU=Dl�jnGJAHI^KcIte|XUKcIijqGJADI:KcILTcaD[QGJT§EDKcILTcIL=nGcI^l
O\=mGcADO\TN?BADCFEHGJILK_`baHTWG:k�I�KWI^xUCFKclDILl�CUTNGcI^=qGJCFGcO]}FI�XF=D[]yF�

ªUªY«
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��O]=DO]GcI_IL[\I^`�I^=qGZTcADIL[\[we|XFKc`baD[]CFGJO]XU=DTLjnR:AHO\?BAmCUKWI�aDTcILl@e|XUKVIL[\CUTpGJXUED[]CUTWGcO\?:CU=DCF[]yuTcILT^jDO]=@xUI^=HI^KcCF[¢KcIL[]y
XU=�C:[\CYyUILKWR:O]TcI4GJKWI^CFGc`oIL=nG�XFeuED[]CUTWGcO\?LO]G>y�O]=�?^XU`{kDO\=DCiGJO\XF=vR:O]GcA�C:=naD`�I^KWO\?^CF[FGJADO]?Bhn=DI^TWT�O\=qGcI^xUKWCFGJO]XU=��
�NADO]T^j�ADXYRZIt}UI^KLj8`�I^CU=DT�GcADCFG�GJADIdIL[\CUTpGJXUED[]CUTWGcO\?�`�CFGJILKcO]CU[�k�I^ADCY}uO\XFaDK�ADCUT�GJX�kwI�IL}~CU[]aDCFGcI^l*CFG�C
=naD`bk�I^K�XFe�O]=qGJI^xFKcCFGcO\XU=�E�XUO\=qGcT�XY}FI^KdGJADI�GJADO]?Bhn=DI^TWT^�98v?L?^XUKWlDO\=HxU[]yFjSTWaD?BA0C�TcXU[]aHGJO]XU=�TWGcKcCFGcI^xFyFj
GJAHXUaDxUA*CU[][\XYR:O\=Dx¤`oXulDI^[]O\=Dx¤xUI^=DILKcCU[]O]G>y�CU=Dl*k�I^O\=HxzCFkD[\I{GcX�lDI^[]O]}UILK�C�ADO\xUA2CF?^?^aHKcCU?ty*XFeZKWI^TWaD[]GcT
� R:AHO\?BA�jnXFew?^XUaHKcTcIij�lHI^E�I^=DlDT§XU=�GJAHI�?BAHXUTcIL=¤=naD`bk�I^K�XFewO\=qGJILxUKcCiGJO\XF=�EwXUO]=qGJTB��jqO\T4?LXU`oEHaHGJCFGcO\XU=HCU[\[Qy
Its�E�I^=DTWO]}FIF���NADI^KWILe|XUKWIFjDIL[\IL`oIL=nG§e|XUKW`baD[\CiGJO\XF=DT^jqO]=�R:ADO]?BA@ED[]CUTWGcO\?^OQG>ydO\T�GJKWI^CFGcI^l¤lHO\KcIL?LGc[]ydO\=�GJILKc`�T
XFe$TpGJKcILTcTNCU=HlmTWGJKWCUO\=¤KcI^TWaD[]GcCU=qGN�naDCU=qGJOQGJO]I^T^j�ADCY}UI�k�I^IL=mEDKcXUE�XUTWI^l�O\=¤GcADI�EDCFTWG�� TcI^IvTcI^?tGJO]XU=;:��<:PXFe
GJAHI�[]O]GcI^KcCiGJaDKWI�XY}UI^Kp}uO\ILR_���

�NADI�CFEDED[\O]?^CFGcO\XU= XFebIL[\CUTpGJXUED[]CUTWGcO\?2TpGJKcILTcT�KcI^TWaD[]GcCU=qGz?^XU=DTpGJOQGJaHGcO]}UI�[\CYR:TLj�ADXYRZIt}UILK^j�O\=�xUI^=uf
I^KWCU[8KWI^TWGcKcO]?LGJTvkwXFGcA*`oXulDI^[]O\=Dx�xUIL=DI^KWCU[\OQG>y!CU=Hl�CF?^?^aHKcCU?tyU�=8_T�RZCFT�`oIL=nGcO\XU=HI^l2O\=rGcADIb[]O]GJILKcCFGcaDKcI
XY}UILKW}uO\ItR�jD`oXFTWGSTWGJKWI^TWTNKcI^TWaD[]GcCU=qGZyuO\IL[\lo?^KcOQGJILKcO\C�CUKWIvCUEDEHKcX¡s�O\`�CFGJI�kwIL?^CUaHTcIvGcADIvTWEDKcILCUlDO\=HxbXFe�GJAHI
ED[]CUTWGcO\?§�^XU=DINXY}FI^K�GcADIZGJAHO\?Bhn=DI^TWT�XFe©GJADIZTcADIL[\[HTWI^?tGJO\XF=bO\T8=HI^xU[]I^?LGcI^l�� ED[\CUTpGJO]?S[]O\`�O]G�yuO\IL[\l{e|aD=H?LGJO]XU=DTJ�
XUK�O]Tv?LXU=DTcO]lDI^KWI^l*XU=D[QyzO\=rCmTWO\`�ED[\OQ�©I^lzRZCYyrCF=DlrGJADI{lDI^KWO]}~CFGJO]XU=!XieSTWaD?BA2yuO\I^[]lr?^KWO]GcI^KcO]C@O\T_XFe GJIL=
kDCUTWI^l�XU=�C�TWEwIL?^OQ�©?:`oCFGcI^KWO\CU[�kwILADCY}�O]XUaDK:� IF� xD�qO\TWXFGJKWXUEDO\?ijUE�I^KWe|IL?LGc[]y�ED[]CUTWGcO\?¡�t��>_IL}FI^KpGJADIL[\I^TWT^jue|XUK4C
?^ILKWGcCUO\=b?L[\CUTWT8XFe EDKWXUkD[]I^`�T6GJAHIVCUEDED[]O\?LCFGJO]XU={XFe TpGJKWI^TcT4KWI^TWaD[]GcCU=qG4?^XU=HTWGJOQGJaHGcO]}FIV[\CYR:T8O]T�CUEDEHKcXUEDKWO\CFGcIFj
=DCU`�I^[QydED[\CFTWGJO]?v[]O\`�O]G4[]XUCUl¤CF=Dlm?^XU[][\CUEHTcI�CU=DCU[Qy�TWI^TVXie�GJADO]=�fgRSCU[\[]I^l�TWGcKcaD?tGJaDKWI^T^�S�ZIL?^CUaDTWI�e|XUK§TcaD?BA
EDKWXUkD[\IL`oT�GcADI¤xUXY}FI^Kc=HO\=Dx�ED[\CUTpGJO]?�k�I^AHC�}uO]XUaDK�?^CU=�j6O\=�xUI^=DILKcCU[�j6k�I�?^XU=DTWO\lDILKcILl�R:O]GcA�KcILCUTcXF=DCUkD[]I
CU?L?^aDKWCU?LyFj�GJAHI�CUEDED[]O\?LCFGJO]XU=dXFe�CUEDEHKcX¡s�O\`�CFGJI:e|aD[\[©TWI^?tGJO\XF=@?^XU=HTWGJOQGJaHGcO]}FIv[\CYR:TSO\T§CFGZ[]I^CUTpGVTWaDO]GcI^loe|XFK
�naDO\?Bh�EDKWI^[]O\`�O\=DCUKpy@CU=HCU[]yuTcILT_R:OQGJA!Co=naD`oILKcO]?^CU[�GJAHO\?Bhn=DI^TWT�O\=qGJILxUKcCiGJO\XF=zk�I^O]=Dx¤KWI^TWI^KW}FI^l2e|XUK:�©=DCU[
lDItGJCUO][\I^l*TpGJaDlDO]I^TL�o�©XUK�AHO\xUAD[QyrO]`oE�I^Kpe|I^?LGcO\XU=!TcI^=HTcO]GcO]}FIoTWADI^[][4TWGJKWaD?LGcaDKcILT^j6ADXYRZIt}UI^KLj�C�=naD`�I^KcO]?^CU[
GJAHO\?Bhn=DI^TWTbO\=qGcI^xUKWCFGJO]XU=*TcADXUaH[\l�k�IoaHTcI^l�O\=�CF=ny�?LCUTcIij�k�I^?^CFaDTcI@O]=�GcADO\T�?^CFTcI¤[]XUTcT�XFeNTpGJCUkHO\[\OQG>yrO]T
XFe GcI^=zCUTcTWX�?LO\CFGcI^lmR:O]GcA�GcADI�I^CUKW[]y¤[\XUTWT�Xie�TpGJO]�w=DILTcT:O\=DlHaD?^ILl�kqy £W�©kHKcItf¨yuO\I^[]lD¥;?A@ZKcO\Tp�©I^[]l�j ª�BCBCDFE �

<>=2GJADIbe|XU[][\XYR:O\=HxDjwCF=2CU[\xUXFKcO]GcAD`�O\?�TWGcKcaD?tGJaDKWIde|XFKvGJADI�lHIL�©=DOQGJO]XU=rXFe§CU=*I^[]CUTWGcXUED[]CUTWGcO\?{?LXU=DTpGJOQf
GJa�GJO]}FI�`�X�lDIL[wO]TVlDO]Tc?^aHTcTcILl�jDR:ADO]?BAmO\TZkHCUTcILlzXF=@GJADI�I�s�CU?LG:<>[Qy�aHTcADO]=¤yuO\I^[]l@?^KWO]GcI^KcO]XU=@EDKWI^TWI^=qGJILl�O]=
TcIL?LGcO\XU=HGH�AID�7@ZXF`oEDCFKcI^l�GcX�GJADINCUEHED[\O]?^CFGcO\XU=PXFe¢XiGJADILK8e|aD[\[�TcI^?tGJO]XU=byuO\I^[]l�?^KWO]GJILKcO]C�e|XUK8TcAHI^[\[]T^jFR:AHO\?BA
ADCY}UI�k�I^I^=�EDKWXUEwXFTcI^loO\=�GJAHI�[]O]GcI^KcCiGJaDKWIVCU=Dl�XFe GJIL=oKWI^[QybXU=�CUEDEDKWX¡sHO]`oCiGJO\XF=DT8XFe�GJADO]T8yuO\I^[]ldTcaDKpe|CU?^Iij
O]GcTVaDTWI�O]TNIts�E�I^?LGcI^l�GJXdlDIL[\O]}FI^KN`�XUKcIvCU?^?LaDKcCFGcI�KcILTcaD[QGJTKJVR:ADO][\I�KWILGJCFO\=DO]=DxbGJADILO\KVTpGJCFGcI^l�=naD`�I^KcO]?^CU[
IL��?LO\I^=H?LyU�z�NADO]T^j�AHX�RSIL}FI^KLj8�©KcTpGbKcIL�naDO\KWI^TPGcADCFGP=naD`oILKcO]?^CU[�TcXF[\aHGcO\XU=DT�`�CYy*kwI�XUkHGcCUO\=DILl�CFGPCU[][¨�
�NADIPEDKcILTcI^=qGcCFGJO]XU=�j GJADILKcILe|XFKcIFj�`�CUO\=D[Qy@O]=nGcI^=DlHT_GJXoEwXFO\=qG�XUaHG�GJADIPkDCUTcO]?PO]=DxUKWI^lDO]I^=qGJT:e|XUKNGJADI�e|XUKpf
LNMPO,QSRUTKVXW,Y[Z\WF]^MPQ_Y`W,WFZ\W�acbedUd\f\ZhgUiFZkjUYPlSi,TKm&W^nSiFZhn`oUZ\pcn_i,T\OFR\i7n_i,YqV$rsYeps]7lSO,QStuZ\v`Y[r<n_lSY`p<t,w�ZkV�xyYqZ\z,z,Q_Tk{�r<w�ZhnSY|]

m&r<nSi�Q_YeZ\lST\W}Zhx,psY�Z\v`v`O,Q~Z\vNV�xXV�nSiFY���jKZhW,TKj�V$rsYeps]�lSO,Q�tuZUvNY\oy���}����f����,bk�_o}n_i,Y^v`T\Q_QSY|l�zyT\WF],r<WFR�lSO,QStuZ\vNY7WFT\Q_w�Zhp�lPw�ZkV
]�r<�CY`Q�lSr<RUW,r<�}v`Z\W$nSpsVh�
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`baD[]CFGJO]XU=@XFe6CU=�IL��?LO\I^=qG�CU=DlzTWGcCUkD[]I�?^XU`�EDaHGcCFGJO]XU=DCU[wCU[\xUXFKcO]GcAD`zjnGcADCFG:O]TN?^CUEDCFkD[\I�XFe6ADCU=HlD[\O]=Dx�C
yuO\IL[\lmTcaHKWe|CU?LIFjDR:ADO]?BAz`�CYy@XU=H[]yokwI�TpGJCFGcI^lzO\=mEDCUKWCU`�ILGJKWO\?�e|XUKc`z�8�NADO]TN?^XU`�EDKcO]TcILTVGJADI�lDIt�©=DOQGJO\XF=
XFe6GJADI�TWyuTpGJI^`�XFe�I^�naDCFGcO\XU=HT:e|XFK:GcADI�ED[\CFTWGJO]?�?^XUKWKcIL?LGJO]XU=zTWGJILE�� O\=D?L[\aDlDO]=Dx�CU=zCUEDEDKWXUEDKWO\CFGcI�?BAHXUO\?LI
XFe6GJADIz£We|KWI^I^¥d}~CUKcO]CUkD[]I^TB��jHGJAHI�=naD`�I^KWO\?LCU[�GJKWI^CFGc`oIL=nG�XFe6E�XUO\=qGJT:CFG:GcADI�kwXUaH=DlDCUKpyUj©GJADI�lDIt�©=DOQGJO\XF=
XFe�GJADI�GcCU=DxUIL=nGcO\CU[¢TWGJOQ�¢=HI^TcT:`�CFGJKWOQswjDItGJ?F�

�NADI!EHKcXUE�XUTcILl ?LXU=DTWGcO]GcaHGJOQ}UI�`oXulDIL[NO\TdO\`�ED[\IL`oIL=qGJI^l O]=nGcX2GJADIz?^XU`�`�I^Kc?LO\CU[S�©=DO]GcI�I^[\IL`oIL=qG
?^XulDI 8���8 ��������� GcCU=DlDCFKclr}uO\C�GJADIbaHTcI^K_TcaDkHKcXUaHGcO\=DI �
	 ��> � j�C�£c`�CFGJILKcO\CF[�KcXUaHGcO\=DIL¥¤O]=nGcI^=DlHI^l
e|XUK�lDIt�©=DO\=Hx�GJAHIo?LXU=DTWGcO]GcaHGJOQ}UI�kwILADCY}�O]XUaDK�XFeVTWADI^[][\T�O\=*GJILKc`�TPXFeZxUI^=HI^KcCF[\O\�LI^l�TWGcKcI^TWTbCU=Dl�TWGcKcCUO]=
�naDCU=qGJOQGJO]I^T^���9�NADIre|XUKW`baD[]CFGJO]XU= XFe�GcADI2`oCiGJI^KWO\CU[:KWXUaHGJO]=DIrO]T@kDCUTWI^l;XU=0GJADI2aHTcI*XFe�?^XU=�WaDxUCFGcI
TWGcKcILTcT�CU=Dl*TWGcKcCUO]=�`�I^CFTcaDKWI^T���`�I^CUTWaDKcILl*O\=*Cm[\Xu?^CU[�j�XUKpGJADXU=HXUKc`�CU[�?^XuXUKclDO]=DCFGcI�TWyuTWGcI^`¤��CF=Dl*CU=
CUlDlHO]GJOQ}UIbTpGJKWCUO\=rKWCFGJI�lHI^?^XF`oE�XUTcOQGJO]XU=�j�CUT�xUI^=HI^KcCF[\[]yzaDTWI^l2e|XUK�xFI^XU`�ILGcKcO\?LCU[\[Qy�[\O]=DI^CUK�GJADILXUKWyF�{�©XUK
C2lDO]Tc?^aHTcTcO]XU=�XFeNGcADI@KcIL�naDO\KWI^`�I^=qGJTbe|XUK�GJADIo}iCF[\O\lHO]G>y*XFe�TcaH?BA C�e|XUKc`baH[\CFGcO\XU=*e|XUKbxUILXU`�ILGJKWO\?LCU[\[Qy
=DXU=H[\O\=HI^CUKZGcADI^XFKWymTWI^I�?BADCUEHGcI^K�GH�
8v?L?^XUKWlDO\=Dx�GcX�GcADI:EDKcILTcIL=nGcCFGJO]XU=�XFewGcADINIts�CU?tGZ<>[QyuaDTcADO]=�y�O]I^[]l�TcaDKpe|CU?^I:O\=dTWI^?LGcO\XU=HGH�AI�GJADI:CU[]xUXif

KcOQGJAD`�O\?_TWGcKcaD?tGJaDKWI�O]TVe|XUKc`{aD[\CFGcI^l@R:OQGJAm=DXUKW`oCF[\O\�LI^l@TpGJKWI^TcT�CU=Dl�TpGJKcCFO\=��naDCU=qGJOQGJO\ILT^�4<>=�8vEHEwIL=DlDOQs
�v� ª TWIL}FI^KcCF[6TpGJCFGcI^`�I^=qGJT:R:O]GcAzKWI^TWEwIL?LGvGcX�GJADI�lDIL�D=DO]GcO\XU=�XFe�GJADI�=DXUKW`oCF[\O\�LI^lm�naDCU=qGcO]GJO]I^TNCU=Hl�GJAHI
lDILEwIL=DlDI^=H?^O\ILT_k�ILG>RSI^IL=!EDAqyuTcO]?^CU[�CF=Dl�=DXUKc`�CU[]O\�^ILl¤}~CU[\aHI^TNCUKWI�TcaD`�`oCFKcO\�LI^l�j�GJXbR:ADO]?BA�OQGVR:O\[][¢k�I
KcIte|I^KWKcI^l�O\=mGJAHI�GcItsuG¡�§<>=�EHCUKWGcO\?^aH[\CUKLjHGJADI�KWILe|I^KWI^=D?LI{TpGJKcCFO\=����YjDR:ADO\?BA�RZCFT_[]ILe G:aD=DlHILGJILKc`�O\=DILl!O]=
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e|XUKVGcADI�?^XU`�EDO\[]CFGJO]XU=¤Xie6GcADI�xU[\XUkHCU[w�©=HO]GJI�IL[\I^`�I^=qG:IL�uaHCFGJO]XU=DT^�
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TcaHKWe|CU?LIF� 8_?^?LXUKclDO]=Dx*GJX*GJADO]T�TpGJKWCFGJILxFy�GJADIme|XU[][\XYR:O\=Hx � XYRZ?BADCFKWG@O]=D?^[]aDlDILTdGcADI�I^TWTcI^=qGcO\CU[:TWGcI^EDTLj
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nSiFY�l n_Q_Z\r<W�rsWFvNQ_Y`w"YeWUn~l[Z\QSY7]�YeW,Thn_Ye]�Z\lCB D�ZhWF]EBGF=rsWFl n_YeZU]�ThtIH D�Z\WF]�H�F0��Z\l&]�TUW,Y�r<W�lSYev n_rsT\W�f,� JX�~�
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ID���6I^KWe|XFKc` GcADI�ED[\CUTpGJO]?�?^XUKWKcI^?tGJXUKNTpGJILE���TWI^?tGJO\XF= D �<:�� ª �2
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���������	��
����������
�������
���������������� �"!"�����	#$���"�	#�%�� �&��' ª : +
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k�XFGJA 5 ��# J � 5o� � �6# J � � �6# J � � + CU=Dl
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CUKWI�`oItGd��TWI^I�TcIL?LGcO\XU= GH�AIn�t�P�ZIL?^CUaDTWIFj$ADXYRSIL}UILK^j$GJADI � X�R KcaD[]IbO\TvO\=D?L[\aDlDILl2CFG�TpGJCFGcI ��� ª j�GJAHI
ED[]CUTWGcO\?b?LXUKcKWI^?LGcXUK�TWGcI^E�j$xUOQ}UI^=�kqy2���nT^�§� D �<:U�vCU=Hl � D �cGq�tj�O]=*e|CF?LG�KcILEDKcILTcIL=nGcT{C�kDCU?BhqRSCUKcl���aD[\ILK
O\=qGcI^xUKWCFGJO]XU=0Tc?BAHI^`�IFjvR:ADO]?BA�j_e|XFKmCUTcTWX�?LO\CFGcI^l�ED[\CFTWGJO]?^OQG>yUj:O\T@CF[\TcX hn=DXYR:=;CUT@GJADI2?L[\XUTWI^TpG�E�XUO]=nG
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k�I¤aD=D?LXU=DlDOQGJO]XU=DCU[][]yrTpGJCUkH[\I¤EHKcXY}uO\lDILl�GJADIoI^[]CUTWGcO\?�KcI^xFO\XU=�O\TP?^XU=q}UI�swj4kDaHGbOQG{O]TPXF=D[]y*�©KWTWGbXFKclDILK
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0 �!&��$ � � � �� �� �� � � � � D � ªUª �� ��
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YNn	Z\p �co bedUd��Kg��
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TcaHKWe|CU?LIF�v�NAHI^KcIte|XUKcIij¢R:ADIL=r?^XU=HTcO\lHI^KcO]=Dx¤GcADI{=DXFKc`�CU[\OQG>y@KcaH[\IFj�CU=rCF[]GJILKc=DCiGJO]}FIPTpGJCFGcI^`�I^=qGve|XFK_GJAHI
CU[]xUXUKcOQGJAD`�O\?�I^[]CUTWGcXUED[]CUTWGcO\?vGcCU=DxUIL=nGcO\CU[¢`oCFGcKcO s@O]TNxUO]}FI^=�kqy
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�NADO]T�lDIL�D=DO]GcO\XU=�`oCYyzlDO\KWI^?tGJ[]yzk�IbIL}~CU[]aDCFGcI^lrXU=H?^I{GcADIbED[]CUTWGcO\?�TWGJKWCUO\=!O\=D?LKcI^`�I^=qGcT�CUKcIPXUkHGcCUO\=DILl
e|KcXF` GJAHI�KcILGcaDKc=�`�CUEDEDO]=DxbTpGJI^E'? KWI^xUCUKWlD[\ILTcTVR:ADItGJADILKNGJADI�yuO\IL[\l@e|aD=H?LGJO]XU=�O\TVxFO]}UIL=�O\=mO\`�ED[]O\?^OQG
XUKNO]=zEHCUKcCU`�ILGcKcO]?ve|XUKc`z�

<>=o?LXU=qGJKWCUTWG§GJX�GJAHI�CF[\xUXUKWO]GcAD`oO]?SXFK§?LXU=DTWO\TWGcI^=qGSTWGJOQ�¢=HI^TcT�`�CFGJKWOQswjFR:ADO]?BA¤CU?L?^XUaH=nGcT§e|XFK8GJADINe|CU?tG
GJAHCFG��©=DOQGJIPO\=DTpGJI^CFl2XFe�O\=H�D=DO]GcI^TcO]`oCF[�IL[\CUTpGJXUEH[\CUTpGJO\?�O\=H?^KcIL`oIL=qGJT�CUKWIb?^XF=DTcO]lDI^KWI^l�j�GcADIb?^XF=nGcO\=naDaD`
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GJCF=DxUI^=qGcO\CU[8TpGJOQ�¢=DILTcT�`oCiGJKcO s2O]T�XUkHGJCFO\=DILl�e|KWXU`%��� ��� D �AIqMq��kqy*XU`�O]GcGcO\=DxoGJADIdTcIL?^XU=Hl�lDILKcO]}~CFGcO]}FI
XFe$GJAHI�yuO]I^[\l@e|aH=D?LGcO\XU=�j�O¨� IF�DXF`oOQGcGJO]=DxPGcADI�?BADCU=HxUI^T�XFe$GJADI�xFKcCUlDO]I^=qG:XFe$GJAHI�yuO]I^[\l@e|aH=D?LGcO\XU=@R:OQGJADO]=
GJAHI@O\=D?LKcIL`oIL=nG^�r�©KcXF`%GJADI@lHI^KcOQ}~CFGJO]XU=�EHKcXu?^I^lHaDKcImTWhFILGc?BADI^l CUk�XY}UI¤OQG{e|XU[][\XYR:T^j$GJAHI^KcIte|XUKcIij8GJADCiG
GJAHI�TWGJKWaD?LGcaDKcI�XFe���� �$� D � «�ª �§CU=Dl�� D � « :U�BjDKWI^TcE�I^?tGJOQ}UI^[QyUj©KWI^`�CUO\=DTZaD=D?BADCU=HxUI^l'? GJAHI�CF[\xUXUKWO]GcAD`oO]?
I^[]CUTWGcO\?�TWGcO]�w=DI^TWT�`oCFGcKcO s ���^jwADXYRZIt}UI^KLj$O\T�TcO\`�ED[Qy�KcI^EH[\CU?LI^l2kqy�GcADIbIL[\CUTpGJO\?�TWGcO]�w=DI^TWT�`�CFGJKWOQs ���^j
xUOQ}UI^=zkqym��� �6� D �AI Gq�B�
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� �©XUK�GcADIoIt}~CU[\aDCiGJO\XF=�XieZGJAHI�CF[\xUXUKWO]GcAD`oO]?{IL[\CUTpGJO\?�TpGJOQ�¢=DILTcTP`oCFGcKcO s ����GJADIdTWI^?^XF=Dl�lDILKcO]}~Cif
GcO]}UILT�XFePGcADI*Its�CU?tG�<>[QyuaDTcADO]=;yuO]I^[\l TWaDKWe|CF?^I�CUKcI2=DILI^lDILl�� 8v=;CU=DCU[QyuGcO\?LCU[vlDILKcOQ}iCiGJO\XF=0XFe
� � 5�� � � � � � � � O\T^j¢ADXYRZIt}UI^KLj6TpGJO][\[�[]CU?BhnO\=DxH�{�©XUKvGcADI�?^aHKcKcIL=qGPO]`oEH[\I^`�I^=qGcCFGJO]XU=�j©GJADILKcIte|XUKcIijCP[\Xu?^CU[][]yP�uaHCUlDKcCiGJO\?�CUEDEHKcX¡s�O\`�CFGJO]XU=�e|XUK§GcADI:y�O]I^[]l¤TcaHKWe|CU?LIb��O]=!� � � � �gf>TcEHCU?^I¡��O]TSCUTWTcaD`�I^l¢j[]I^CUlDO]=DxbGJX

��� � B � ,�J� � � : � � � = � � � � =� � � � = : � � � = � D ,�J � � D � « Gq�

� 8�lDKWCYR:kDCU?Bh0XFe�GJAHI2lDI^KWO]}~CFGJO]XU= XFe�GJAHIrGJCU=DxFI^=qGJO]CU[�TWGcO]�w=DI^TWTm`oCiGJKcO s e|XFK@C�e|aD[\[_TcI^?tGJO]XU=
`�CFGJILKcO]CU[_KWXUaHGcO\=DIrO]T¤GJAHCFG���KWI^xUCUKWlD[\ILTcTmOQe�GJADI*?^XF=DTcO]TWGJIL=qG�XUK@GJADI2?LXU=qGJO]=uaHaD` GJCF=DxUI^=qGcO\CU[
`�CFGJKWOQs O]T@?^XU=H?^I^KW=DI^l©�@GcADIrXF� f>lHO\CUxUXF=DCU[:TcaDkH`oCFGcKcO]?^I^T¤CUKcIrO]=0xUIL=DI^KWCU[�=DXFG@TWyu`o`�ILGcKcO]?^CU[
� CU[]GcADXUaDxUArGcADIdTWGcO]�w=DI^TWT�`�CFGcKcOQs!O]GcTcIL[]eSO\TB�����©XUK�Its�CU`�ED[]IFj�e|XUK�GcADId?^XU=qGJO]=naDaD`%GJCF=DxUI^=qGcO\CU[
TpGJO]�w=DILTcT:`oCiGJKcO s � � �
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R:ADO]?BA�RZXFaD[\l�Xu?^?LaDKbCFGPGJADImk�XUaD=DlHCUKWy�XFeNGJAHI¤yuO\I^[]l�TcaHKWe|CU?LI*��kDaHG{GJADILKcI¤GcADIm`oCiGJKcO s ���
TWADXUaD[]l�It}UIL=�k�I^?^XF`oId�^ILKcXDj$TWI^I 8vEDE�I^=HlDOQs��_�<Gq���d�ZaDKWxUXYy�=HIoCU=Hl��SKcI^=H=DCU= ? ª�ByB GFC E AHC�}FI
CUKWxUaDILl�GJADCFGPGJADO]TbaD=DTpyu`o`�ILGcKWy�?^XU`�I^T{e|KWXU` O\=D?LXU`oEHCFGJO]kD[\IdCUTWTcaD`�EHGJO]XU=DTbKWI^xUCFKclDO]=Dx!GJAHI
KWI^[\CiGJO]}FI_`�CUxU=HO]GJaHlDI^T§XFe�GJAHIvI^[]CUTWGcO\?�CU=Dl@EH[\CUTpGJO\?�TWGcKcCUO]=¤O]=D?^KWI^`�I^=qGV?LXU`oE�XU=DIL=qGJT^�<J 0¤�NAHI^KcI�f
e|XUKWIFjFGcADINCUaHGcADXUKWT8EDKcXFEwXUTWI^ldC�lDOQ�¢ILKcI^=qG4TpGJKWCFGJILxFy{e|XUK6lDILGcI^KW`oO]=DO\=Dx_GJADIVGcCU=DxUIL=nGcO\CU[uTWGcO]�w=DI^TWT
`�CFGJKWOQswjwR:AHO\?BA�O\T�TWADXYR:=�GJXmlHI^[\OQ}UILK�KcI^TWaD[]GcT�R:ADO\?BA*CUKWI�?^XU`�EDCFGcO\kD[]IPR:OQGJA2GJADCiG�XFe§Cz`{aD[Qf
GcO\[\CYyFI^K�CU=DCU[Qy�TWO\TL���NADI¤`oCUO]=�lHIL�©?LO\I^=H?Ly�XFeNGJADILO\K�KcIt}�O]TcILl�lDI^KWO]}~CFGJO]XU= � R:ADO]?BA�O\TPxUO]}FI^=�O]=
8_EDEwIL=DlDO sm�v�cGq��jHADXYRSIL}UILK^j©O]TSGJAHCFGVXU=H[]ydGJADIv?^XU=qGJO]=naDaD` GcCU=DxUIL=qGJO\CF[�`�CFGcI^KcO]CU[ `oCiGJKcO s�`oCYy
k�IdXUkHGJCFO\=DILl�O]=*?^[\XFTcI^lufge|XUKW` ? e|XUK�C�xUI^=HI^KcCF[\O\�LCFGJO]XU=rGJX�lDItGJILKc`�O\=DI�GJAHI�?LXU=DTWO\TWGcI^=qG�GJCU=�f
xUIL=qGJO\CF[�`oCiGJI^KWO\CU[w`oCiGJKcO s@XF=DI�`baDTWG:KWI^TWXUKWG:GJXdC�=naD`oILKcO]?^CU[�O]=qGJI^xFKcCFGcO\XU=mEDKWX�?LI^lDaHKcIF�

(*)�� ����� + 	 %(.�


�©XUKZGcI^TWGcO\=DxbGcADI�`�CFGJILKcO\CF[�KWXUaHGcO\=DI�TWIL}FI^KcCF[�TcO\=HxU[\I�IL[\IL`oIL=nGZGJI^TpGJTNRSI^KcI�E�I^Kpe|XUKc`�I^l¢jHGJADI�KWI^TWaD[]GcTVXFe
R:ADO]?BA�CUKcISlDO\TW?^aDTWTcI^ldO]=PGJAHIV=DItsuG4TWI^?tGJO\XF=m��TWI^?LGcO\XU= D �<GH� ª ��� � I^TWaD[]GcT�e|XUK$GJADIV=naD`�I^KWO\?LCU[�TWO\`baH[\CFGcO\XU=
XFe$GJAHI���k�I^=DlHO\=Dx�lDXF`oO]=DCFGJILl �§?LXU[\[]CUEDTWIvk�I^ADCY}uO\XUaHKNXFe$C�TcO]`oED[Qy�TcaDEDE�XUKpGJI^l�ED[]CFGJIvaD=DlDILKNaD=DO]e|XFKc`
GJKWCU=DTp}UI^KWTcCU[�[\XFCUlDO\=Hx ?LXU=DlDOQGJO]XU=DT*� R:AHI^KcI�CU=DCU[QynGJO\?LCU[�aDEHEwILK�CU=Hl [\XYRSI^K�k�XUaD=DlDTze|XUKmGJADI*[]O\`�O]G
[\XFCUldCUKcI�CU[\TWXPCY}~CUO][\CUkD[]IY�6CFKcI:EDKcILTcIL=nGcI^lmCFe GcI^KpRZCUKWlDT�� TcIL?LGJO]XU= D �<G��s:U���4�©XUK�CU[\[�GJADILTcIvI�s�CU`oEH[\I^T�GJAHI
GJAHKcI^I�f>lDO]`oIL=DTcO]XU=DCU[FKcILGcaDKc=P`oCFEDEDO\=Hx�CF[\xUXUKWO]GcAD` � O\=�GJILKc`�T�Xie � � � ��RSCUT6CUEDED[]O\I^l¢��<>=PTcIL?LGJO]XU= D �<G��<GHj
�©=DCF[\[]yFjqKcILTcaD[QGJT§XFe�CP?^KcaHTcADO]=Dx{TWO\`baD[]CFGJO]XU=bXFe�CU=oC~sHO]CU[\[Qyb?LXU`oEHKcI^TWTcILl@Tc�naDCUKWI�GcaDk�I_CUKWI_TWADXYR:=���<>=
XUKWlDI^K�GcX�XUkHGcCUO\=P}iCF[\O\lPTcXU[]aHGJO]XU=DT$e|XUK�GcADO\T6=uaH`oILKcO\?LCU[\[Qy�TcIL=DTcOQGJO]}FIVEDKWXUkD[\IL` �|R:ADO\?BA¢jFe|XUK�CF=�O\=DOQGJO\CF[\[]y
TWGcKcCUO]xUAqG�GcaDkwIijqO\T8CF[\`�XUTWG6Its�?^[]aDTcOQ}UIL[]yb?LXU=H�©=HI^l�GJX�O]=DED[\CF=DIZ[]XUCUlDO]=Dxv?LXU=DlDOQGJO\XF=DTB��jiGJAHIN=uaH`oILKcO\?LCU[\[Qy
`�XUKcIoKcXUkDaHTWG�TWOQsnf>lDO]`oIL=DTcO]XU=DCU[^>�ILRNGJXF= ��� CUEDADTWXU= kDCUTcILl�KcItGJaDKW= `�CUEDEHO\=Dx�CU[\xUXFKcO]GcAD`9�|e|XUK{GJAHI
TcXF[\aHGcO\XU=mXFe�GJAHI�TpyuTWGJIL`�XFe�IL�naDCFGJO]XU=DT � J � � �� � � � �� � �W�SRZCFT_CUEHED[\O]I^l��

�©XUK�CU[\[8I�s�CU`oEH[\I^T�O]=D?^[]aDlDI^l*ADILKcIdGJADIde|XUaDK�=DXulDILl�TWADI^[][4I^[\IL`oIL=qGJT � I � EDKWX�}uO]lDI^l�kqy 8���8:f
� �
���!� GJCU=HlDCUKcl R:OQGJAmKcILlDaD?LI^lzO\=qGJILxUKcCFGcO\XU=oCU=DlmADXFaDKcxU[]CUTcTZ?^XU=qGJKWXU[wRSI^KWI�aDTcILl�jHR:ADO]?BAzCF[\[\XYR0e|XFK
�©=DOQGJId`�I^`bkDKWCU=DIdTWGcKcCUO]=DT�CU=Dl*GJADO]?Bhn=DI^TWT{?BADCU=HxUI^TL�@�ZIL?^CUaDTWIoGcADI � I � I^[]I^`�I^=qGJT�CUKWIFj$ADXYRZIt}UILK^j
L :1;,TUQ�Z t O,psp[lSYev n_rsT\W�w�ZKn_Y`Q_r�Zhp Q_T\O�n_r<WFY�ZhW rsW��}W,r<nSYelSrsw�Zhp:H~w"TKjUY`w"YeWUnJI�rsW l�nSQ_Yel_l�Q_YelSO,p<n_Z\WUn�l�zFZUvNY�rsW�RUY`W,YeQ_Z\p
]�TXYel	W,Thn�r<w"zFp<V n_iFZKn�v~iFZhW,RUYel&rsW�nSiFY^z,p�Z\l�nSr�v�l�nSQ~ZhrsW�Q_YelSO,p<n_Z\W$n_l&ZhQ_Y7Tht�n_i,Y�l_Zhw"Y�T\Q~]�YeQ�Tht w�ZhRUW,r<nSOF],Yho,r � Y\�}lSOFv~i
v~iFZ\W,R\Y|l[m&rspspCrsW�RUY`W,YeQ_Z\pyWFThn�xyY�l�w�Z\p<p���t TUQ�]�YNn~Zhrsp�lql�YeY a MPO,Q_R\TKVXW,Y�ZhWF]�MPQSYeW,WFZhW o bed\dUf\Zhg�� �
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TcAHI^CUK � I�sHO]kD[\IvTcADIL[\[\TLjDCU=*� I^[\CFTWGJO]?Y�§GcKcCU=HTW}UILKcTWIPTWADI^CUK:TpGJO]�w=DILTcTNADCUl�CU[]TcXbGcX�k�I�lDIt�©=DI^l¢�sJ ���CF[\aDILT
e|XUKvGcADO\TLj�kDaHG�CF[\TcX@e|XFKvGJADI{ADXUaDKWxU[\CUTWT�TWGcO]�w=DI^TWT�XFe�GJADI�IL[\I^`�I^=qGcT^j�`baDTpG¡j�GcADI^KWILe|XUKWIFj�k�IbEDKcXY}uO\lHI^l
Its�ED[]O\?LO]GJIL[]y!��TWI^I*?�� > � j ª�BCB � ? E ���
���� ��� 7 ��#��&-0��� -0� � �:#� � ��� ���
�NADIo��lDO]TcED[]CU?^IL`oIL=qG:lDKcOQ}UI^=©�NTWO\=DxF[\I�IL[\I^`�I^=qG:[]XUCUl�?^CUTWI^T�EDKcILTcIL=nGcI^lrO]=@GJADI�e|XU[][\XYR:O\=HxDj�CFKcI�

ª �:EDaHKcI�O\=DEH[\CU=DIv[\XUCUlHO\=Dx�� � � � ª � ' ) � + �c�tj
:��:EDaHKcI�kwIL=DlDO]=Dxz� � � � ª � ' � � + �W�tj
GH�:[]XUCUlDO]=Dx�CFGSxUI^=DILKcCU[ E�XUO\=qGcT§CiG§GcADI�kwXUaH=DlDCUKpydXFe¢GcADI�yuO]I^[\l�TcaHKWe|CU?LI{� ! � + j �*k�ILG>RSI^IL= + �<G B
CU=Hl + �AI « ��j

ID�:[]XUCUlDO]=Dx�CFGbxUIL=DI^KWCU[§EwXUO]=qGJT�C�RSCYy�e|KWXU`%GJAHI¤k�XUaD=DlDCFKWy�XFeVGcADI¤yuO\IL[\l�TcaDKpe|CU?^I2� �;kwItG>RZILI^=
f + �cI :{CU=Dlmf + � « GHj !rkwItG>RZILI^= + � + +U« CU=Dl + �<G « �t�

�NADI�O\=DEHaHG:lDCFGcCoCUTNRSI^[][�CUTNGJADI�k�XUaD=DlDCFKWym?LXU=DlDOQGJO\XF=DTNCUEDED[]O\ILl�e|XFKNI^CU?BA�[\XUCUl�?LCUTcI�CUKcI�TWaD`�`oCif
KcO]�^ILl@O\=@��CUkD[]I D �cGH� ��Cis�O\`baD` GcO\`�I_O]=D?^KWI^`�I^=qGJTVCFKcIvEHKcI^TW?^KWO\k�I^l�jD[]I^CUlHO\=Dx�GJXbC{GcXFGJCF[w=naD`bk�I^KSXFe
: + � [\XUCUl¤?^CUTWI ª �tj ª6+ + � [\XUCUl¤?^CUTWI^T�:{CU=Dl�Gq�§CU=Dl;: + + � [\XUCFl¤?^CFTcI In�§IL�naDCU[\[Qy¤TWEDCU?LI^lzO\=D?LKcI^`�I^=qGcT
e|XUK�GJADImO]=DlDO]}uO]lDaDCU[4GJILTWG�I�s�CU`oEH[\I^TL����O\xUaHKcI^T D � « GJX D � � TcAHX�R GJAHI@O\=qGJILKc=DCF[ZTcIL?LGcO\XU=�e|XUKW?^I@CF=Dl
`�XU`oIL=qG{EDKWXUxUKWI^TcTWO\XU=HTbIL}~CU[]aDCFGJILl�R:OQGJA�GcADI¤aDTWI^KbTWaDkDKWXUaHGJO]=DI ��	 �^> � CU=Dl�?LXU`oEHCUKcO]TcXU=DT�R:O]GcA
KcILTcaD[QGJT:k�I^O\=Hx�kHCUTcILl�XU=zCd=naD`oILKcO]?^CU[¢GcADO\?Bhn=DILTcT_O\=qGJILxUKcCFGcO\XU=¢�

�NADIdCUEDEDKWX¡sHO]`oCiGJO]}FIb?BADCUKWCU?LGcI^K�XFe§GJADIbe|aH[\[8TWI^?LGcO\XU=*`�CFGJILKcO]CU[6KWXUaHGcO\=DIij�R:ADI^KWI�XF=D[]y�e|XUK�EDaDKWI
O\=HED[\CU=HIb[\XUCFlDO\=Dx¤?^XU=DlHO]GJO]XU=DT�����O\xFaDKcI D � « �:GJADIdKcILTcaD[QGJT�XFe§GJAHI�=uaH`oILKcO\?LCU[�GcADO\?Bhn=DILTcT�O\=qGJILxUKcCFGcO\XU=
CUKWIm`oItG¡j§kwIL?^XU`�I^T�XUkq}uO\XFaDT�e|KcXU` GJADI�=naD`�I^KcO]?^CU[ZKcI^TWaD[]GcT^� � =DO\Cis�O]CU[Sk�I^=HlDO\=Dx ����O\xUaHKcI D � Mq�PO]T
?BADCUKWCU?LGcI^KWO\�^ILl�kqy�=DILxU[\IL?LGcO\=Dx!GcADI¤TWEDKcILCUlDO]=Dx2XFeNGJAHI¤ED[]CUTWGcO\?��^XU=DI¤X�}FI^KbGcADIoGcADO\?Bhn=DILTcT^j§O¨� IF�$GJAHI
`�CFGJILKcO\CF[8kwILADCY}UILTbI^[]CUTWGcO\?daDE�GcX�GcADIoE�XUO]=nG�R:ADILKcI�GJADIo`oXU`�I^=qG�?^CFEDCU?^OQG>y*XFeZGcADI¤TWADI^[][�TcI^?tGJO]XU=
O\T¤KcI^CF?BADI^l����NADI2=naD`�I^KWO\?^CF[_GJAHO\?Bhn=DI^TWTmO\=qGJILxUKcCiGJO\XF=�jNADXYRZIt}UILK^j�KWIL}UILCU[\T@GcADIrxUKWCUlDaDCF[vTWGcO]�w=DI^TWT
KcILlDaD?tGJO\XF=�Xie�GcADI:TcADIL[\[DTWI^?tGJO\XF=�lHaDIVGJX��©kDKWIVyuO\I^[]l�� � O\`�O\[\CFK�lHO]�wI^KcIL=D?^ILT4e|XUK8GJADINTWI^?tGJO\XF=de|XFKc?^INCF=Dl
`�XU`oIL=qGVEDKWXUxUKcILTcTWO\XU=DTZX�R:O]=Dx{GcX{GJADIb��CUEDEHKcX¡s�O\`�CFGJOQ}UIY�4CU=DCF[]ynGJO]?^CU[ CU=Dl@GcADI�=naD`�I^KWO\?^CF[�GcADO\?Bhn=DILTcT
O\=qGcI^xUKWCFGJO]XU=!?LCU=rCU[]TcX@k�IbTcILI^=2O]=2��O\xFaDKcILT D � D CU=Dl D � � e|XUKv[]XUCUl!?LCUTcILT G¤CU=Dl4IHj¢O¨� IF�S£ck�XUaD=DlHCUKWy
[\XFCUlDO\=HxU¥bCU=DlzxUIL=DI^KWCU[�[\XUCFlDO\=Dx{?^XU=DlHO]GJO]XU=DTL�
L ? ��W 4	M54767378�9 8$n~ZhWF]FZhQ~] nSiFY nSQ~ZhWFlSj\YeQ_lSY�lSi,YeZ\Q7l n_Q_Z\r<W}l�T\t�n_i,Y�l�iFYeZhQ��FY`{�r<xFp<Y�l�iFY`psp�l�Z\QSY ZhpsmqZkVXl	nSQ_YeZhnSY|] ZUl
psrsW,YeZ\Q[YepsZUl n_r�v	ZhW}]�veZhW,W,T\n�x}Y7O}l�Y|]�TUQ&O,zy]FZKnSY|]�m&rcn_i,rsW�n_i,Y7OFlSY`Q�lSO,x,Q_T\O�n_r<WFYh�
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UGENS
Numerical integration (5pt)

��O]xUaDKWI D � « 
 � O\=DxF[\I�IL[\I^`�I^=qG:GJILTWG�
§aH=DO\Cis�O]CU[wGcI^=DTWO\XU=
@ZXU=D?LI^Kc=HO\=Dx{GcADIv=naD`{kwILKSXFe�O]GJILKcCFGcO\XU=�TWGcI^EDT§e|XUK�GJADI_KcILGcaDKc=¤`oCUEHEDO\=Dx�CP`oCis�O]`baD`7XFe¢G>RZX{GcX

GJAHKcI^I:OQGJI^KWCFGJO]XU=DT8O]T�=DI^ILlDI^loO\=dxUI^=HI^KcCF[¨���NAHI�XF=D[]y�I�s�?^I^E�GJO\XF=oO]T8GJADIN�©KWTWG§I^[]CUTWGcXUED[\CFTWGJO]?VO\=H?^KcIL`oIL=qG
XFe�[]XUCUl!?LCUTcI�IHjwR:ADILKcI « OQGJI^KWCFGJO]XU=!TpGJILEDT�CUKWIbKcIL�uaHO\KcILlrGJX@KWILGcaDKc=2kDCF?Bh!XU=qGJXoGJADI{yuO]I^[\l!TcaDKpe|CU?^Ii�
� XU`�I*@� � fgGcO\`�IoKWI^lDaD?tGJO]XU=DT@� XFeNaDE�GJX : +�	 ��XYR:O\=DxzGJX!GcADI¤aHTcI@XFeZGJADI�e|aD[\[�TcIL?LGcO\XU=�`�CFGcI^KcO]CU[
KcXFaHGJO]=DI�CUKcI�CU[]TcX�XUkHTcI^Kp}UILl��sJ @
���� ��� �8#
��% " ��� -���� "&/��
���	� 7 � � �E-
�$7��*�
� "&������� +5-�/ �)�
8(TcO]`oED[Qy¤TWaDEDE�XUKWGcI^lzED[\CiGJIFjH[\XUCUlHI^l�kqy�C�aH=DO]e|XUKW` GcKcCU=DTp}UILKcTcCF[�[]XUCUl�bO]TN?^XU=DTWO\lDILKcILl!=DI�s�G^���NADI
ED[]CFGJIijHR:ADO\?BAzO\T:lDO]Tc?LKcILGcO\�LI^l�R:O]GJA ª :y:}I�e|XUaDKN=DXulDI^lzI^[]I^`�I^=qGJT�� TcI^IP��O]xUaDKcI D � ª6+ �tjDO]TNCUTcTWaD`oILlzGcX
ADCY}UI:C�TcO]lDI:[\IL=DxFGJA	�{XFe ª6+ + `o`�CU=Dl�C�GJAHO\?Bhn=DI^TWT���XFe[G�`�`z���NADI:`�CFGJILKcO\CF[�lDCiGJC�GJCUhiI^=de|XUK8GJAHI
?^XF`oEDa�GJCFGcO\XU=DT�CUKWI�
 �§XUaD=Dx  T_`oXulDaD[]aDT � ��: ª6+�+ + + > �i`�` �¡jwyuO]I^[\l�TWGcKcI^TWT ��� ��M + + > �i`o` �Yj��XFO\TcTWXU=5 TZKWCFGJO]X � � + � GH� 	 I^XF`oItGJKcO]?^CU[][]yP[\O]=DI^CUK4CFT§RSI^[][�CFTS=DXF=D[\O]=DI^CUK�CU=HCU[]yuTcILT§RSI^KWIvE�I^Kpe|XUKc`�I^l��� I^TcaH[]GJT:XFe�GJAHI�?LXU`�EDaHGJCiGJO\XF=DTVCUKWI�TWADXYR:=!O]=��6O\xUaDKWI^T D � B GJX D � ªUª �
L F @ i,Y�vNO,Q_QSYeW$n�rsw"z,psY`w"YeWUn~ZKn_r<TUW o i,TKmPY`jUY`Qeo rsl�rsW$nSY`W}]�Ye]�Q~ZKn_i,Y`Q�t T\Q�nSY|l n_rsW,R z,OFQSzyTUlSYel^nSiFZ\W t TUQ�z,Q_TKjXr�]�rsW,R Z
vNTUw"z,O�n~ZKnSrsTUWFZhpspsV�Y���v`r<YeW$nPvNT�]�Y\��,�i,Y`W H_n_O,W,rsW,R I7nSiFY�lST\OFQ_v`Y�vNT�]�Y7Z\z,z,Q_T\z,Q_r�ZKnSYepsVhohn_i,Y`Q_YNt TUQSY\o$t OFQ�n_i,Y`QqY���v`r<YeWFvNV
rsw"z,Q_TKj\Y`w"YeW$n_l veZhW�x}Y7Y`{XzyYevNnSY|]C�
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��CUkD[\I D �cG 
 � O\=DxU[]I:I^[\IL`oIL=qGSGcI^TWGcT�
4O]=DEDaHGSlDCFGcCDj�k�XUaD=HlDCUKWyd?LXU=DlDOQGJO]XU=DT_��CUEDEH[\O\ILloCFTv� [\O\=HI^CUKJ�4KWCU`�E
e|aD=D?tGJO]XU=DT:kwItG>RZILI^=��/� + CU=Dl��/� ª �

<>=DEDaHG ��CFGcC
�§XUaD=Dx  T:`�X�lDaH[\aDT 
 : ª6+�+ +�+ > �i`�` ���XUO]TcTWXU=5 T�KWCFGJO]X 
 + �<G
��O]I^[\lmTpGJKWI^TcT 
 M +�+ > �i`�` �
� O\lHI�[\I^=HxFGJA�� 
 ª6+ + `�`
� ADIL[\[¢GcADO\?Bhn=DILTcT 
 D `�` 1 2

43

1
2

3
l

l

�!CUxU=DOQGJaDlHI�XFe6GcADI�EDKcILTc?LKcO\k�I^lzk�XUaD=DlDCFKWym?LXU=DlDOQGJO\XF=DT
��� � ����� lDO]TcED[]CU?^IL`oIL=nG:O]=�� f>lHO\KcIL?LGcO\XU= ? `o` E j� � ����� KWXFGJCiGJO\XF=mCUkwXFaHG�� fgCis�O\T ? KWCUl E �� =DO]Cis�O\CU[¢GcI^=DTWO\XU= � =DO\C~sHO]CU[¢k�I^=HlDO\=Dx

>_XulDI ª : G I >�X�lDI ª : G I
� J + + � « + + � « � J + ? ? ?
� � + + ? ? � � + ? + ?
� 0 + ? ? ? � 0 + ? ? ?
� J + ? ? ? � J + ? ? ?
� � + ? ? ? � � + + � « + + � «
£J�ZXUaH=DlDCUKpy�¥d[]XUCUlDO]=Dx 	 IL=DI^KWCU[�[\XFCUlDO\=Hx
>_XulDI ª : G I >�X�lDI ª : G I
� J + + � « + + � « � J + ª � + + ª � +
� � + ? ? ? � � + + ? + � M
� 0 + ? ? ? � 0 + ? ? ?
� J + ? ? ? � J + ? ? + �cG
� � + + � ª + + � ª � � + + �<: + + �<:
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UGENS
Numerical integration (15pt)

�6O\xUaDKWI D � M 
 � O\=HxU[\I�IL[\IL`oIL=nG:GcI^TWG�
�aD=DO\C~sHO]CU[¢k�I^=HlDO\=Dx
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m11: UGENS
n11: NUM (15 int.pts.)
m11: NUM (15 int.pts.)

�6O\xUaDKWI D � D 
 � O]=DxU[\IvI^[\IL`oIL=qG�GcI^TpG�
�xUI^=HI^KcCF[:£ckwXFaD=DlDCUKpym[\XFCUlDO\=HxU¥
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n11: UGENS
n22: UGENS
n12: UGENS
NUM
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m11: UGENS
m22: UGENS
m12: UGENS
NUM

�6O\xUaDKWI D � � 
 � O]=DxU[\IvI^[\IL`oIL=qG�GcI^TpG�
�xUI^=HI^KcCF[�[\XUCUlHO\=Dxb?LXU=DlDOQGJO]XU=DT
�NADI�aD=DO]e|XFKc`�[]y�[\XUCFlDI^lmED[]CFGJI�O]TVC�G>yuEDO\?LCU[�Its�CU`�ED[\I�e|XFKVCz��k�I^=DlDO]=DxdlDXU`�O\=DCiGJI^l©�S[\O]`oOQGZCU=HCU[Qf

yuTcO]TvEDKWXUkD[\IL`�j©R:ADILKcIbCFEDEDKcX¡s�O\`�CFGcI�TWXU[\a�GJO\XF=DT�e|XFK�GcADI{aDEHEwILKvCU=Dl�[\XYRSI^Kvk�XUaD=HlDTvXFe�GJADIP?^KcOQGJO]?^CU[
?^XF[\[\CFEDTcIV[]XUCUldCUKWINC�}~CUO][\CUkH[\IF�$�NADI�?^XFKcKcILTcE�XU=DlDO]=Dx�}~CU[\aDILT4O\=D?L[\aDlHI^ldO\=���O]xUaDKcI D � B CUKWINGJCUhiI^=de|KcXU`
?A@ZADI^=�CU=Dl �_CU=¢j ª�B � �}E �
<gG{?LCU=�kwI�TcILI^=�e|KWXU`�GcADI�GcKcCU=HTW}UILKcTWCU[S[]XUCUl2}UILKcTWaDT{?LI^=qGJKWCU[�lDI � IL?LGcO\XU=�?^aDKp}UI^TPEDKcILTcIL=nGcI^l�O]=

��O]xUaDKcI D � B GcADCFGZe|XFKSxUILXU`�ILGJKWO\?LCU[\[Qyb[\O]=DI^CFK§CF=DCU[]yuTWO\T�GJADI_CUEDED[]O\?^CiGJO\XF=�Xie�GJADI�e|aD[\[ TcIL?LGcO\XU=@`�CFGcI^KcO]CU[
KcXFaHGJO]=DIv[]I^CUlDT§GJXbC{`oCUKWhFILlD[]y�I^CFKc[\O]I^K§CUEDEDKWXUCU?BA@GcX{GJADI_I^[]I^`�I^=qGJCUKpy¤aHEDEwILKVk�XUaD=Dl@TWXU[\a�GJO\XF=oGJAHCU=
GJAHI�KcI^TWaD[]GcT�kDCUTWI^l�XU=2Cm=naD`�I^KcO]?^CU[�GJADO]?Bhn=DI^TWT�O]=qGJI^xFKcCFGcO\XU=����©XUK_[\CUKWxUI^K_lDI � I^?LGcO\XU=HT^j$ADXYRZIt}UILK^j$C
?^[]XUTcIv?^XUKWKcI^TWEwXF=DlDI^=H?^I�XFe$GJADILTcI�?^aHKW}UILT:?^CU=mCU[]TcXbk�I�XUkDTWI^Kp}UI^l¢�§��OQGJA@KWI^TcE�I^?tG:GJX{GcADI�EwXFTcO]GcO\XU=oXFe
GJAHI�xFI^=DILKcCU[]O\�^ILldTWGJKWI^TWTZE�XUO\=qGJT4XF=�GcADI:Its�CU?LGS<>[]yuaDTWADO\=�yuO\IL[\ldTcaHKWe|CU?LIFjnGJADILTcI�CUKcIVe|XUK�xUILXU`�ILGJKWO\?LCU[\[Qy
[\O]=DI^CFK�CU=DCF[]yuTcO]T8?^XU=��©=DI^ldGJX�GcADINEwXFO\=qG � � � + j � � � � + j � � � ª jqO¨� IF�F=DX�`oIL`bkDKWCU=DINIL�wI^?tGJT�CUKWI
CU?tGJO]}~CFGcI^l��6�©XUK�xUI^XU`�ILGcKcO]?^CU[][]y_=DXU=D[]O\=DILCUK$CU=DCU[Qy�TWO\T§��CF=DlbCU[][qkwXUaH=DlDCUKpyP=HX�lDILT�GcXFGJCF[\[]y�?^XU=DTpGJKWCUO\=DILl
R:O]GcA¤KWI^TcE�I^?tGZGcXPGJAHI^O\K§lDO]TcED[]CU?^IL`oIL=nGSlDILxUKcILI^TZXie�e|KcILI^lDXU`¤�tjnADXYRSIL}FI^K^j©O]=�f>EH[\CU=DIVGcI^=DTWO\[]I�e|XUKW?^ILTZCUKWI
CU?tGJO]}~CFGcI^l O\`�`�I^lDO]CFGJIL[]yU�*�NADILTcIz`oIL`bkDKWCU=DI@It�¢IL?LGJT�CUKWImI^TcTWI^=qGJO]CU[\[Qy�KWI^TcE�XU=DTWO\kD[]I@GJADCiGdC2`baD?BA
TWGcO]�wI^K�TWyuTWGcI^`�KcILTcE�XU=DTWIbO\T:XUkDTWI^Kp}UI^l2O]=zGcADO\T�?^CFTcIF�"8_xUCUO]=�jDGJADIPKcILTcaD[QGJT:e|XUKNGJADIPaDTcILKvTcaHkDKcXUa�GJO\=HI
�
	 �^> � KWIL}UILCU[8C@TpGJOQ�¢ILKve|XUKc?LIP}FI^KcTWaDT�lDO\TWED[\CF?^I^`�I^=qGvkwILADCY}�O]XUaDKvGcADCU=rGcADIbKcILTcaD[QGJT�XFkHGJCUO]=DI^l!kny
=naD`�I^KcO]?^CU[4GcADO\?Bhn=DILTcTbO]=nGcI^xUKWCFGJO]XU= � R:ADO]?BA�`oCYy*CU[]TcX�kwIdGJKWCU?^ILl�kDCU?Bh*GJX�=DI^xU[]I^?tGJO\=Hx��©kDKWItf¨y�O]I^[]l
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R:O]GcADO\= GJADI�e|aD[\[�TcIL?LGJO]XU=0`�CFGJILKcO]CU[:KcXUaHGcO\=DI¡�t�;��O]GJA XU=DxUXUO]=Dx�EH[\CUTpGJO\?zlDIte|XUKc`�CFGJO]XU=DTLjVADXYRZIt}UILK^j
TcXF`oI�CUxFKcI^IL`oIL=qG_k�ILG>RSI^IL=!GJAHI�TWO\`baH[\CFGcO\XU=@?LaDKW}FI^T�kwIL?^XU`�I^TN}uO\TWO\kD[]I�CUxUCUO]=��

��O]GcA�KWI^TWEwIL?LG�GJX�GJADIdhnO\=DIL`oCiGJO\?{`oIL?BADCU=DO]Tc`%aD=HlDI^KW[]yuO\=Dx�GJAHI�CF=DCU[]ynGcO\?^CF[�aDEDE�I^K�k�XUaD=Dl�TcX~f
[\a�GJO\XF=�jSC�EqyuKcCU`�O\lDCF[V`oXulDI�XFevlDILe|XUKW`oCiGJO\XF=�j4R:O]GJA ED[]CUTWGcO\?�ADO\=HxUI�[\O\=HI^T�lDIt}UI^[]XUEDO]=Dx�CU[]XU=Dx2GJAHI
lDO]CUxUXU=DCF[\T�XFe§GJAHI�EH[\CFGcIFj$O\T�CUTWTcaD`�I^l¢�o�NADIdEDKWXUxUKWI^TcTWO\XU=�XFe§GJADI�ED[]CUTWGcO\?b�LXU=DIFj�TcAHX�R:=�O\=���O]xUaDKcI
D � ª6+ e|XUKNxUI^XF`oItGJKcO]?^CU[][]yo[\O]=DI^CUKZCU=DCU[Qy�TWO\TLj©CU[\TWX�TWADXYR:T_GcADO\TNe|XUKW`oCFGcO\XU=mXie�ED[]CUTWGcO\?�ADO]=DxUI�[\O]=DI^TV}FI^Kpy
?^[]I^CUKW[]yF��8�[\CUKWxUI^K4TWEDKcILCUlDO]=DxPXie¢GJAHI�EH[\CUTpGJO\?N�LXU=DILTv� CUxUCUO]=�k�I^O]=Dx�XUKcO]I^=qGJILloCF[\XU=Dx�GcADI:lDO\CUxFXU=DCU[]T8XFe
GJAHI{Tc�naDCFKcI{EH[\CFGcIY�NO\T�IL}uO\lDIL=qGve|XUK:GJADIPxUI^XF`oItGJKcO]?^CU[][]y¤=DXU=D[]O\=DILCUK:KcI^TWaD[]GcTb����O\xUaHKcI D � ªUª �t�N<>=!kwXFGcA
?^CFTcI^TLjH�©KWTWGVyuO\IL[\lDO]=Dx�O\=oGcADIv?LXUKc=HI^KVKWI^xUO]XU=DTZO]TS?LCUaDTWI^lmkqy¤[]CUKcxFI�G>R:O]TWGJO]=Dx{`�XU`�I^=qGJTSCU?LGcO\=Dx�GJADILKcIi�
@ZXU=D?LI^Kc=HO\=Dx@GcADIb?^XF=n}FI^KWxUI^=D?LIdkwILADCY}�O]XUaDK�Xie4GJADIbKWILGcaDKc=2`�CUEDEDO]=Dx¤TpGJILEre|XUK_GcADI^TWI�Its�CU`�ED[\ILT

XU=DI�GcXzGcADKcILI�OQGJILKcCFGcO\XU=2TpGJI^EHT{CUKWI�=HI^I^lHI^l�O]=*xUI^=DILKcCU[��d�NADI0@� � fgGJO]`oI�KWI^lDaH?LGJO]XU=DT�lDaDIdGJX�GJAHI
aDTWI�XFe�GJAHI_e|aD[][�TWI^?tGJO\XF=@`oCiGJI^KWO\CU[ KWXUaHGJO]=DI�CUKcI_CUkwXFaHG"GCG 	 e|XUKZxUILXU`�ILGJKWO\?LCU[\[Qyb[\O]=DI^CFK§CF=DCU[]yuTWO\TZCF=Dl
:C: 	 e|XFK�GcADIvxFI^XU`�ILGcKcO\?LCU[\[Qy{=HXU=D[\O]=DI^CFK§?LXU[\[]CUEDTWI�TWO\`baH[\CFGcO\XU=����ZIL?^CUaHTcIvGcADIv?BADXFTcI^=¤=uaH`bkwILKZXFe¢O\=�f
GJILxUKcCiGJO\XF=¤E�XUO\=qGJTSaDTcILlme|XUKSGcADI�=naD`�I^KcO]?^CU[ GJAHO\?Bhn=DI^TWTNO\=qGJILxUKcCiGJO\XF=¤O\TSKcCFGcADI^KSADO\xFA2� ª�« O\=qGJILxUKcCFGcO\XU=
E�XUO\=qGJT§RZILKcI�aDTWI^lmGJX{XUkHGJCFO\=@CbAHO\xUA@KWI^TWXU[\aHGcO\XU=oXFe$�©kDKWItfgyuO]I^[\lHO\=Dxn��jnADXYRZIt}UI^KLj©GJADI�=naD`�I^KWO\?LCU[wIt��f
?^O]I^=D?ty�O\`�EDKWX�}FI^`�I^=qGJT4R:O][\[�� CFG�[\ILCUTWG4R:OQGJAbGcADI:?^aDKWKcI^=qGSO\`�ED[\IL`oIL=qGJCFGcO\XU=PXFewGcADINaDTWI^K§TcaDkDKWXUaHGcO\=DI¡�
k�I�[]I^TWT�EHKcXU=DXFaD=D?^ILl�O]=�EDKcCU?tGJO]?^IF�

���� ��� � 
 ��/ -'35� �*�)(
�0#�� "&%</ 7�� �*/1�!� � �����
8vT�C:�©=DCU[qI�sHCF`oED[]I4GJADI§[\CUKWxUI4lDIte|XUKc`�CFGJO]XU=�ED[\CFTWGJO]?4?^XU[][\CUEHTcI4k�I^ADCY}uO\XUaHK�XieDCU=PCis�O\CU[][]y_?^XU`�EDKcILTcTWI^l
Tc�naDCFKcI�GJaDk�IdO\T�?LXU=DTWO\lDILKcI^l¢�d�ZI^?LCUaDTcIde|XUK�CF=�O]=DO]GcO\CU[][]ymTpGJKWCUO\xUAqG�?LXU[\aD`�=�j�AHX�RSIL}FI^KLj�GcADIz��xUIL=DI^K f
CU[]O\�^ILl ��O]=qGJI^KW=DCU[§TWGcKcI^TWTdTWGJCiGJI@lDaHKcO\=HxrCis�O\CU[§?^XF`oEDKWI^TWTcO\XF=�O\T{ILTcTWI^=qGJO]CU[\[Qy�KWI^TWGcKcO]?LGJILl�GJX2O]=DED[\CF=DItf
[\XFCUlDO\=Hx��|R:ADO\?BA¢j6e|XUK�GJADIde|aD[][4TcI^?tGJO]XU=�`�CFGJILKcO]CU[4KcXUa�GJO\=HIFj�O\T�?^KWO]GJO]?^CU[8e|KWXU`%GJAHIo=naD`�I^KWO\?^CF[§E�XUO]=nG
XFeS}�O]ILR�j�TcILI¤CUk�XY}UIY��j6R:OQGJA�`oC�WXFK�kwIL=DlDO\=Hx�?LXU=qGJKcO]kDaHGcO\XU=DT�XU=H[]y2lDIt}UIL[\XUEDO]=Dx�R:O]GJA�GJADIdXU=HxUXUO\=Hx
?^KWaDTcAHO\=Dx�EDKcXu?^ILTcTLj GcADO\TNI�s�CU`oEH[\I�O\TNCdTWI^KcO]XUaDTNGJILTWG:e|XUKVGcADI�EDKcXUE�XUTWI^l!`�CFGcI^KcO]CU[�KcXUaHGcO\=DIi�

�6aHkwI@xFI^XU`�ILGcKWy�CU=Dl�`oCFGcI^KWO\CU[4k�I^ADCY}uO\XFaDK{CUKWI¤xUOQ}UIL=�kqy&
dTWO\lDIo[\I^=HxFGJA�� �G � � M�`�`zj�RSCU[\[GJAHO\?Bhn=DI^TWT � � ª � I�`o`zjVyuO\IL[\l0TpGJKcILTcT ��� � G +�+ > �i`�` �Yj �§XUaD=Dx  Tm`�X�lHaD[\aDT � � : ª6+ + + +
> �~`o` �Yj ��XUO]TcTWXU=5 T6KWCFGJO]X � � + � GH�6�ZIL?^CUaDTWIZXU=H[]y�GcADI4e|XUKc`�CFGJO]XU=�XFeuGJADI��©KWTWG$e|XU[\l�XFeHC_EHKcXUxUKWI^TWTcO]}FI?^KWaDTcAHO\=Dx�EDKWX�?LI^TWT4O\T�?LXU=DTWO\lDILKcI^l��|R:O]GcADXUaHG6GJCUhnO\=Hx�O\=qGJXvCU?^?LXUaD=qG4O\=qGcI^Kc=HCU[H?LXU=qGJCU?tG��tjFC�GJaDk�IZ[]I^=DxFGcA
XFewM + `�`�O\T8CUTWTcaD`�I^l�e|XUK6GJADIVTWO\`baH[\CFGcO\XU=DTL�$�NADIN[\XYRSI^K4I^=Hl�Xie©GJADIVGcaDkwINO]T6GcXFGJCU[][]y��Hs�I^l¢�4�©XUK�GJAHI
aDEDE�I^KPI^=Dl�C�`oC~sHO]`oCF[8Cis�O\CU[�lDO]TcED[]CU?^IL`oIL=qG@� ª6+ `�`@��O\T�EDKWI^Tc?LKcO]kwILl�j8KcCF`oE�I^l�[\O\=HI^CUKW[]y2lDaHKcO\=Hx
GJAHImTWGJILE5? CU[][SXFGcADI^K�lHI^xUKWI^I^T�Xie�e|KWI^ILlDXU`"Xie�GcADI^TWImkwXFaD=DlDCUKpy�=DXulDILTbCUKcIm?LXU=DTpGJKcCFO\=DILl�GJX2k�I
�^ILKcXD� ��aDINGJX�GJADI:TWyu`�`oItGJKpy�XFewkwXFGcA�GcADI:xUI^XF`oItGJKWybCU=DldGJADI:[\XFCUlDO\=Hx�CU=Dl�kwXUaH=DlDCUKpy�?^XU=HlDO]GcO\XU=DT
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Square plate: side length a=100 mm, thickness h=3 mm, σy=600 N/mm
2

UGENS: geometrically linear
NUM: geometrically linear (15 int.pts.)
UGENS: geometrically nonlinear
NUM: geometrically nonlinear (15 int.pts.)

q
u
=24M0/a

2

q
l
=20M0/a

2

��O]xUaDKcID �B 

�=DO]e|XFKc`�[]yz[\XUCFlDI^l�j$TWO\`�ED[]y�TcaDEHEwXUKpGJILl�ED[]CFGJI
�?^XU`�EDCUKWO\TcXF=2XFeV[]XUCUlr}UILKcTWaDT{[]CFGJILKcCU[

lDI �I^?tGJO\XF=�?LaDKW}FI^T
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 � : � G « :�> �~`o` �

1
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3 1
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 � : � « :�> �i`o` �

1

2

3 1

2

3

 � : � M � � > �~`o` �

1

2

3 1
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3

 � : � �q« M > �i`o` �

1

2

3 1

2

3

 � G � + :}IH> �~`o` �

1

2

3 1

2

3

 � G � ª�B :�> �i`o` �

1

2

3 1

2

3

��O]xUaDKcI D � ª6+ 
 � =DOQe|XUKc`�[]y�[]XUCUlDILl�jUTcO]`oEH[]y�TcaDEHEwXUKpGJILl�EH[\CFGcI ? xUILXU`�ILGJKWO\?LCU[\[Qy�[\O]=DI^CUK 
$EDKcXUxFKcI^TWTcO]XU=
XFe�GJADI�ED[]CUTWGcO\?��LXU=DI���[]O\xUAqG ����� I^[\CFTWGJO]?FjDlHCUKch ����� I^[]CUTWGcXif>ED[]CUTWGcO\?�`�CFGcI^KcO]CU[¢TpGJCFGcIY�
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�� G � GUM > �i`�` �

1

2

3 1

2

3

 � I � + G :�> �i`o` �

1
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3 1
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 � I � D�+ IH> �~`o` �

1
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3 1
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 � « � G D M > �i`o` �

1
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3 1
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 � M � + I � > �~`o` �

1
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3 1
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 � M � D :�> �i`o` �

1
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3 1
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��O]xUaDKcI D � ªUª 
 � =DO]e|XUKW`o[Qy2[\XFCUlDI^l¢j�TcO]`oEH[]y2TWaDEDE�XUKWGcI^l�ED[]CFGJI ? xUILXU`�ILGJKWO\?LCU[\[Qy2=DXU=D[]O\=DILCUK�
{EDKcXif
xUKWI^TcTWO\XU=zXFe�GJADI�ED[]CUTWGcO\?��LXU=DI���[]O\xUAqG ����� I^[\CFTWGJO]?FjDlHCUKch ����� I^[]CUTWGcXif>ED[]CUTWGcO\?_`oCFGcI^KWO\CU[wTWGJCiGJIY�
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XU=D[Qy�XU=DIP�uaHCUKWGcI^K�XFe�GJADI�GJaDk�IbO\T�`�X�lDIL[\[]I^l�� R:O]GcA ª6��+ I^�naDCF[\[]y�TWEDCU?LI^l*I^[]I^`�I^=qGJTJ�t�_�ZaD?Bhn[\O]=Dx¤O]T
GJKWO\xUxFI^KcILl�kqy�O\=HO]GJO]CU[8O]`oE�I^Kpe|I^?LGcO\XU=HT^�¤<>=HO]GJO]CU[8CU=Hl��©=DCU[§����xFI^XU`�ILGcKWy*CUT�RZIL[\[�CUT�GJADIoKcILTcaD[QGJO\=Hx
Cis�O\CF[6[]XUCUl�}FI^KWTcaDT�?LXU`oEHKcI^TWTcO]XU=r?^aHKW}UILT���XUkHGcCUO\=HI^l!R:OQGJA!GcADIPe|aD[][6TWI^?tGJO\XF=r`oCiGJI^KWO\CU[$KWXUaHGJO]=DI{CF=Dl
R:O]GcA�Cr?LXU`�EDCUKcCFkD[\I�=naD`oILKcO]?^CU[4GJAHO\?Bhn=DI^TWT�O\=qGJILxUKcCiGJO\XF=�`�CFGJILKcO]CU[4`oXulDIL[ ��CUKcIoTcADXYR:=�O]=���O]xUaDKcI
D � ª :��

<gGV?LCU=¤k�IvTWI^I^=oe|KcXU`7GcADIv=naD`�I^KWO\?^CF[�KWI^TWaD[]GcTSGJAHCFGSGcADI�I^KcKWXUKcTS`oCFlDI_kqy�CUEDEH[]yuO\=Dx�GJAHI_e|aD[][©TcI^?�f
GJO]XU=�`oCFGcI^KWO\CU[U`�XulDI^[qKWI^`�CUO\=�KcCiGJADILK6TW`oCU[][ ?"XU=D[Qy�C_TW[\O\xFAnG�XY}UILKcILTWGJO]`oCiGJO\XF=�O]T6EHKcI^TWI^=qG8?LXU`�EDCUKcILl
GJX�GcADIPKWI^TWaD[]GcT�kHCUTcILl!XU=�C�=uaH`oILKcO\?LCU[¢GcADO\?Bhn=DILTcTvO]=qGJI^xFKcCFGcO\XU=����NADIPKWI^CUTWXU=�e|XUKVGJADO]T:xUX�XulmCUxUKWI^I�f
`�I^=qGN`�C�y¤?^ILKWGJCFO\=D[Qyok�I�GJKWCU?^ILl�kDCU?BhoGcX�GJADIve|CF?LGNGJAHCFGVGJAHI�?^XU[][\CUEDTWIvEDKWXUkD[]I^` O]=q}UI^TpGJO]xUCFGJILlmADI^KWI
O\T�ILTcTWI^=qGJO]CU[\[QyrKcILTWGcKcO\?tGJILl�GcXzEH[\CUTpGJO\?{lDILe|XUKW`oCiGJO\XF=DT���[]I^CUlHO\=Dx@GcX�GcADIbe|XUKW`oCFGcO\XU=!XFeZEH[\CUTpGJO\?{ADO\=DxFI
[\O]=DI^T§CU=DlmC{huO]=DI^`�CFGcO\?�?^XU[][\CUEDTWI_`�I^?BAHCU=DO\TW`�juKcILTcE�I^?tGJO]}FI^[QyD�����NADI^TWI�lDXU`�O\=DCU=qGSED[\CFTWGJO]?_lHILe|XUKW`oCif
GJO]XU=DTLj4ADXYRZIt}UI^KLjZCUKWI¤GJCFhFI^= O]=nGcX2CU?^?LXUaD=qGdkqy�GcADI@e|aD[\[§TcIL?LGcO\XU=�`�CFGJILKcO]CU[S`�XulDI^[ ? ?^XF=H�©Kc`�O\=Hx
GJAHI�O\=DOQGJO\CF[©TWGJCiGJI^`�I^=qGNGcADCFGVGcADI�CUEDEH[\O\?LCFGJO]XU=¤Xie6TWaD?BA�CU=mCUEDEHKcX¡s�O\`�CFGJOQ}UIv`�CFGcI^KcO]CU[�lDI^TW?^KcO]EHGJO]XU=@O]T
CUEDEHKcXUEDKWO\CFGcI�e|XUKVGJAHO\TVG>yuEwI�XFe�EDKcXFkD[\IL`oTL�

��O]GcA2KcI^TWEwIL?LG�GJX@GcADI�?^XF=n}FI^KWxUI^=D?LIok�I^AHC�}uO]XUaDK�XFe�GcADI�KcItGJaDKW=�`�CUEDEHO\=Dx@CF[\xUXUKWO]GcAD` � e|XUK_GJADO]T
Its�CU`�ED[]I{GJADI�TWOQsnf>lHO\`�I^=DTWO\XU=DCF[�e|XUKW`�O]=rGJILKc`�T�XFe � �� � CU=Hl � �� � O\=2?^XF`bkDO\=HCFGJO]XU=�R:OQGJA2C;>_ItRVf
GJXF= ��� CUEDADTWXU=�O\=qGJILxUKcCiGJO\XF=�Tc?BAHI^`�I@RZCUT�CFEDED[\O]I^l ��j8aDE�GcX2Cr`oC~sHO]`baD` =naD`bk�I^KbXie D O]GJILKcCFGcO\XU=
TWGcI^EDTNRSI^KWI�KWI^�naDO]KcI^lme|XUKZO\=�fgED[\CU=HIvlDXU`�O\=HCU=qGV[\XFCUlDO\=Hxb?^XU=HlDO]GcO\XU=DTLj�kHaHGN}~CU[\O]l@TcXU[]aHGJO]XU=DTS?^XUaD[]l�CU[Qf
RSC�yuT�kwI�XFkHGJCUO]=DI^l¢�^@ZXU=D?^ILKc=DO]=DxdGJADI�xU[]XUkDCU[�?^XU=q}FI^KcxFI^=D?LI{k�I^ADCY}uO\XUaHK^j©ADXYRSIL}UILK^j�TcXU`�I�EDKWXUkD[\IL`oT
CUKWXUTcI{e|XFK_}UILKWy�Tc`�CU[\[$O]`oE�I^Kpe|I^?LGcO\XU=HT^j R:ADI^KWIbGJADIbE�XUTpGJkDaD?Bhn[]O\=Dx@KWCU=DxUIP?^XUaH[\lr=DXiG�k�IbKcILCU?BADI^l*O]=
EDKWCU?LGcO\?^Ii�4�©XUK�GJADI_TcXU[]aHGJO]XU=oO]=D?^[]aDlDILl¤O\=¤��O\xFaDKcI D � ª :�CPKcI^[]CFGJOQ}UIL[]y�[]CUKcxUI�TcAHO]e GSXFe + � D `�` XUaHGcTcO\lHI
CU=Dl2O]=DTcO]lDI{e|KWXU` GJADI�E�I^Kpe|I^?LG�GcaDk�IbxUI^XF`oItGJKWyzRSCUT^j�GcADI^KWILe|XUKWIFj�CUEDEH[\O\ILlrXU=2XU=HIb?^O]Kc?^aH`�e|ILKcI^=qGcO\CU[
KcXYR Xie�=DXulDI^T§GJX�O\=DOQGJO]CFGJIZGcADIvEHKcXUxUKWI^TWTcO]}FI_kHaD?Bhn[\O\=Hx{`�X�lDI�� CUTS?LCU=¤k�I�TcI^IL=¤e|KcXF` GJADI_����`�X�lHI^[\T
O\=H?^[\aHlDI^l�O]=d��O\xUaHKcI D � ª :U���8�ZILTcO]lDI^T8GcADO\TLjUGJADINxU[]XUkDCU[u?^XF=n}FI^KWxUI^=D?LI_KWCFGJINXie�GcADINCU=DCF[]yuTcO]T8`baDTpG�CU[\TWX
k�I_TpGJCFGcI^loGcX{k�I_`�CUKWhFI^lH[]ydk�I^[\XYR GJADCFGSXFewGJADI�=naD`oILKcO]?^CU[©GJAHO\?Bhn=DI^TWTZO]=nGcI^xUKWCFGJO]XU=�`oCFGcI^KWO\CU[D`�XulDI^[
��It}UIL=@[\ILCUlDO\=Hx�GcXPCF=¤O\=H?^KcILCUTcI�O\=�?^XF`oEDa�GJO\=Hx�GcO\`�IY�����NADO]T^jnADXYRZIt}UILK^jDO]=DlDO\?LCFGJILT4GJADCFG§KWIL�©=DIL`oIL=qGJT
R:O]GcA¤KWI^TcE�I^?tGVGJXPGJADI_lDIL�©=HO]GJO]XU=¤Xie�GJADI�GJCU=HxUI^=qGJO]CU[�TWGJOQ�¢=HI^TcTS`oCiGJKcO s�e|XUK§GJADI�e|aD[\[ TcIL?LGcO\XU=@`�CFGcI^KcO]CU[
KcXFaHGJO]=DI¤TWADXUaD[]l�kwI¤?^XU=DTWO\lDILKcILl��*�©aDKWGcADI^KW`oXUKWIFj�GcADI@EDKWO\=D?LO\EDCF[§CFEDED[\O]?^CUkHO\[\OQG>yrXFe:C!ED[\CUTpGJO]?o[]O\`�O]G
yuO\IL[\l¤?LKcOQGJI^KWO\XU=de|XUK§ED[\CFTWGJO]?:O\=DTpGJCUkDO][\OQG>ybEDADIL=DXU`�I^=DC{TcADXUaH[\l@CU[]TcX�kwI_O\=q}UILTWGcO\xUCFGcI^l@O]=¤`�XUKcI:lDItGJCUO][¨�
�NADI*£cEHCUKcCU[][\IL[6Xu?^?LaDKcKWI^=D?LI^¥�XFe�GJADI�TWO\=DxFaD[\CUKWO]G>yzXFe�GJAHIbxU[\XFkDCU[�TWGJOQ�¢=HI^TcT�`�CFGJKWOQszO]=2?^XU`bkHO\=DCFGcO\XU=
R:O]GcA�GcADIPe|aD[][$TcI^?tGJO]XU=r`�CFGJILKcO\CF[�`oXulDI^[§�|R:ADO\?BArCF[\TcXoEDKcXY}uO\lHI^TvCoTcO]=DxUaD[]CUK_TpGJOQ�¢=DILTcT_?^XU=qGJKWO\kDa�GJO\XF=
e|XUKvGcADI�O\=qGcI^xUKWCFGJO]XU=2EwXFO\=qG�aD=HlDI^K�?^XF=DTcO]lDI^KWCFGJO]XU= �_`�O\xUAqGvkwI�C�`�C�WXUKv?LCUaDTWI�XieZ=naD`�I^KWO\?^CF[�lDOQ�df
?^aH[]GJO]I^TZe|XFKZGJADO]TZG>yuEwI�XFe�EDKWXUkD[]I^`�T^���ZIL?^CUaDTWI�?^XU[][\CUEDTWI�EDKWXUkD[\IL`oTLjHADXYRSIL}FI^K^j CUKWI�O\=mxUIL=DI^KWCU[�`�XUKcI
?^XF=n}FI^=DO]I^=qGJ[Qy�TcXF[]}UILl�R:OQGJA�I�sHEH[\O\?LO]G4?LX�lHI^T:� R:AHI^KcI:=DILO]GcADI^K4IL�uaHO\[\O]kDKcO]aD`(O]GcI^KcCiGJO\XF=DT8CUKWIVEwILKWe|XUKW`oILl
=DXUK§C�GJCU=DxFI^=qGJO]CU[ TWGJOQ�¢=HI^TcT§`�CFGJKWOQsdADCFT§GcXPk�IvEDKWXY}�O]lDI^l©�tjnGJADI�[\CFGWGJILK§EHKcXUkD[]I^`�T�?^XUaD[]loE�XUTWTcO\kH[]ydk�I
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Square tube: side length c=38.6 mm, wall thickness h=1.4 mm, yield stress σy=300 N/mm
2

UGENS
Numerical thickness integration

��O]xUaDKcI
D �ª :


8�s�O\CU[][]y?^XU`�EDKcILTcTWI^l�
Tc�naDCFKcI�GcaDkwI
0?^XF`oEDCFKcO\TWXU=;XFe�[\XFCUl

}FI^KcTWaDTr?LXU`oEHKcI^TWTcO]XU=
?^aHKW}UILT^j�O]=D?^[]aDlDO\=Hx�GcADIbO\=HO]GJO]CU[����;`�X�lDIL[$CU=Dl!GcADIblDIte|XUKc`�I^lrTpGJCFGcIbCFeGcI^KvCF=rCis�O\CU[$?LXU`oEHKcI^TWTcO]XU=
XFeª6+ `o`
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CY}UXUO]lDI^ldOQe�GcADINEDKWXUEwXFTcI^lde|aD[][HTcIL?LGcO\XU=d`�CFGJILKcO\CF[�KWXUaHGJO]=DIVO]T4aDTcILloO]=�?^XU`bkHO\=DCFGcO\XU=PR:O]GJAdCU=�I�s�ED[\O]?^O]G
GJO]`oIvO\=qGJILxUKcCFGcO\XU=mTW?BADI^`�IF�

(*)�� -�3 + + �=1������	�H. 5 % 342 6�. ' 
 . + �=1�� 


8�e|aD[][STWI^?LGcO\XU= `�CFGJILKcO]CU[�`oXulDI^[�j8R:ADO\?BA O]TbkDCUTWI^l XU=�GJAHImIts�CU?LG�<>[Qy�aHTcADO]=�y�O]I^[]l�?^KcOQGJILKcO\XF=�j�RSCUT
EDKWI^TcIL=qGJI^lzO\=oGJADO]TV?BADCUEHGcI^KL� ��CU=qy¤e|I^CiGJaDKWI^TV?LXU=DTcO]lDI^KWI^l�CUTVk�I^O]=DxbILTcTcIL=qGJO\CF[¢e|XUKSGcADI�lDIt�©=DO]GcO\XU=oXFe
k�XFGJAmC�=naD`�I^KWO\?^CF[\[]y�TpGJCUkD[]I�CU=DlmCd?LXU`oEHaHGJCFGcO\XU=HCU[\[Qy�IL��?^O]I^=qGNe|XUKW`baD[\CiGJO\XF=¤ADCY}UI�k�I^IL=�EDKcXUE�XUTWI^l
CU=Dl GJAHIz`�CUO]=�lDO]��?LaD[]GcO\I^T�?LXU=D?LI^Kc=HI^l R:OQGJA�GJAHIzO]`oEH[\I^`�I^=qGcCFGJO]XU=�ADCY}UIzk�I^I^= lDO]Tc?^aHTcTcILl�� �NADI
kDCUTWO\?mKWI^�naDO\KWI^`�I^=qGJTLjZE�XUO\=qGcI^l XUaHG�e|XUK�C*TWaD?^?LI^TcTpe|aD[�O\`�ED[\IL`oIL=nGcCFGJO]XU=�Xie_GcADI�`oCFGcI^KWO\CU[SKcXUaHGcO\=DI
� R:AHO\?BAzO\TNkDCUTWI^l�XU=�C�EHKcI^lHO\?LGcXUK � ?^XUKWKcI^?tGJXUK:TW?BADI^`�IY��j�CFKcI�

� �NADIvCUEDED[]O\?^CiGJO\XF=�Xie�CbkDCU?BhqRSCUKclm��aD[]I^KSO\=qGJILxUKcCFGcO\XU=�Tc?BAHI^`�Ive|XUK�GJADI_KcILGcaDKc=m`�CUEDEHO\=Dx�TWGcI^E
O]TNC�=HCFGJaDKWCU[�?BADXUO]?^I�k�I^?^CFaDTcI�XFe�GJADI�TcE�I^?LO]�©?�KWI^EDKWI^TcIL=qGJCFGcO\XU=zXFe�GJADI�yuO\IL[\l�TcaDKpe|CU?^Ii�

� �NADI:e|XUKW`baD[\CiGJO\XF=bXFe�GJADI:TcaHkDKcXUa�GJO\=HI�O]=�GJI^KW`oT�XFe¢lDIL}uO]CFGJXUKWO\?�� O¨� IF�UGcKcCU=DTpe|XUKc`�I^l©���uaHCU=qGJO]GcO\ILT
EDKWXY}�O]lDI^T�C ?^XF`oEDa�GJCFGcO\XU=DCF[\[]y It��?^O\IL=qG¡jvkHaHG���O\= EHCUKWGcTB�¤CU[]TcX�CU=�CU=DCF[]ynGJO]?^CU[][]y GJKWCU?LGcCUkD[\I
CU[]xUXUKWO]GJAH`oO]?_TpGJKcaH?LGJaHKcIF�

� � It}UILKcCU[wEwXUTWTcO]kD[\INe|XUKW`baD[\CiGJO\XF=DT8e|XUK§EwILKWe|XUKW`oO]=Dx�GJADI_KcILGcaDKc=¤`oCUEHEDO\=Dx�TWGcI^E@AHC�}FI�k�I^I^=¤EDKcXif
E�XUTcILl����8sHE�I^KWO\IL=D?^I�KcIt}UI^CF[\TNGJADCiG

 GcADI�TcOQsnfglDO\`�I^=DTWO\XU=HCU[_e|XUKW`baD[]CFGJO]XU=DT2� O\= GJILKc`�TzXie � �� � CU=Hl � �� � �mEHKcXY}uO\lDI*KcCiGJADILK
KWXUkDaDTpG:CU[\xFXUKcOQGJAD`�T^jqR:ADO]?BAzCFKcI�ILTcE�I^?^O]CU[\[Qy¤aHTcILe|aH[¢e|XUKVlDIt}UIL[\XUED`�I^=qG:CU=Hl@GJI^TpGJO]=Dx�EDaDK f
E�XUTWI^T2�|GJADI!��sHE�XUO]=nGoCU[]xUXUKcOQGJAD`zj§ADXYRZIt}UI^KLjvlDXuI^To=DXFG¤TcI^IL` GcX�XF�wI^KoCUlH}~CU=qGJCUxFI^T¤OQe
?LXU`�EDCUKcILlzGcX�GJADI >_ItRNGJXU= � � CUEHADTcXU=zTcXF[\aHGcO\XU=�EDKWX�?LI^lDaDKWIY���S�©XUKVGcADI^TWI�e|XFKc`baD[]CFGJO]XU=DT
GcADI�=uaH`oILKcO\?LCU[DlDOQ��?^aD[QGJO\ILT4`oCYy�ILTcTWI^=qGJO]CU[\[Qybk�I_?LXU=H�©=DILloGcX�GcADI�=DXU=D[]O\=DILCUK8k�I^ADCY}uO\XUaHK
Xie�GJAHI�yuO]I^[\lmTWaDKWe|CF?^IF�

 �©XUKoGJADI2lDIt�©=DOQGJO\XF=0XFe�C�=naD`oILKcO]?^CU[][]y IL��?LO\I^=qGzCU[]xUXUKcOQGJAD`9C�e|XFKc`baD[]CFGJO]XU= R:O]GJA(� C
`�O\=HO\`baD` =naD`bk�I^K�XFeB�{GcADKcILI!O\=HlDI^E�I^=DlHI^=qG@EDCFKcCU`�ILGcI^KcTdTWADXUaD[]l k�I�CUEHED[\O]I^l�� �NADI
e|XFKc`baD[]CFGJO]XU=rO]=rGJI^KW`oT�Xie§GcADIz��=DItR:[]y!O\=qGJKWX�lDaH?^I^l©�vO\=qGJILxUKcCU[6EDCUKWCU`oItGJILKcT � � � j � � � �CF=Dl � � � j$kDa�G�CU[\TWX�GcADI�EDKWXUEwXFTcI^l�CU[]xUXUKcOQGJAD`�O\?�TWGcKcaD?tGJaDKWI�e|XUK�GJADIdKWILGJaHKc=*`oCFEDEDO\=HxTpGJILE��|GJADIre|XFKc`baD[]CFGJO]XU= XFe�R:ADO\?BA�O]T¤?^[]XUTcIL[]y KcIL[\CFGcI^l GcX�TWGJCF=DlDCUKWl ED[\CUTpGJO]?^O]G>y CU[]xUXif
KWO]GcAD`oTJ�ZkwXiGJA�TcILI^` GJXdk�I�CFEDEDKcXFEDKcO]CFGJI�e|XUKNXFkHGJCUO]=DO\=Hx{GJADO]T:xUXUCU[��8<>=�?LXU=qGJKWCUTWG:GJXdGJAHI
TWOQsnf>lHO\`�I^=DTWO\XU=DCF[�e|XUKc`baH[\CFGcO\XU=�jHADXYRZIt}UI^KLj�KcILTWGcKcO\?tGJO]XU=DT^j©R:ADO]?BArCUKWIPO]`oE�XUTcILl�XF=nGcX¤GJAHI
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EHCUKcCU`�ILGcI^KWT^j4CUKWI¤=DXFGPe|aD[]�D[\[\ILl�O]lDI^=qGJO]?^CU[][]yF�z�NAHI^TcIm`{aDTWG^j8GJADILKcILe|XFKcIFj4CF[\TcX�kwIoGJCUhiI^=
O]=qGJXdCU?^?LXUaD=qG_O]e�CdxUI^=DILKcCU[�=naD`�I^KWO\?LCU[�TcXU[]aHGJO]XU=mTc?BAHI^`�I�O]TNCUEDED[]O\ILl��

� �NADIme|CU?tG�GJADCiG�GJADI�Its�CU?tG�<>[]yuaDTcAHO\=�yuO\I^[]l�?^KWO]GJILKcO]XU=�`oCYy�XU=D[]y�kwImTpGJCFGcI^l O\=�EDCFKcCU`�ILGcKcO\?
e|XUKW`�jHKcI^=HlDI^KWT_OQG:lDO]��?^aH[]GNGJXdIt�o?LO\IL=nGc[]ymE�I^Kpe|XUKc` GJADI�O\=HO]GJO]CU[�?BADI^?Bhme|XUKNyuO\IL[\lDO]=DxDjHkHaHG�CU[\TWX
GcX�XUkHGJCFO\=mCU?L?^aDKWCFGJI�TpGJCUKpGJO\=Hx{}~CU[\aDILTVe|XUKZGcADI�KcItGJaDKW=z`�CUEDEHO\=DxbCF[\xUXUKWO]GcAD`�� �_ILKcIijDADXYRZIt}UILK^j
GcADI�<g}iCF=DXY}@yuO\I^[]l�?^KcOQGJILKcO\XF=mADCUT:EDKcXY}FI^l�GcXdkwI�CUEDEH[\O\?LCUkD[]IF�

� � GcCUKWGcO\=DxN}~CU[]aDI^T$�naDO]GcIS?L[\XUTWI4GJX:GJADI§CU?LGcaDCU[qTpGJCFGcISCUKWI�XUkHGJCFO\=DILl�R:OQGJA�GJADI�EDKWXUEwXFTcI^lPTWGcKcCFGcI^xFyFj
k�I^O]=Dx�ILTcTWI^=qGJO]CU[4e|XUK�C�xUXuXul�?LXU=q}UI^KWxUI^=H?^I@k�I^ADCY}uO\XFaDK�XFeZGcADIoCFEDED[\O]I^l*=naD`�I^KcO]?^CU[4TWXU[\a�GJO\XF=
EDKWX�?LI^lDaHKcI^TL�

� � TcIbXFe�GJADIPCU[\xUXFKcO]GcAD`�O\?^CF[\[]y�?LXU=DTcO]TWGcI^=qG�GJCF=DxUI^=qGvTWGJOQ�¢=HI^TcT_`oCiGJKcO s � ��� O\T�C¤kDCUTWO\?PKcI^�naDO]KcI�f`�I^=qG$e|XUK�C�KcCUEDO]l�?^XU=q}UILKcxUIL=D?^ISkwILADCY}uO\XUaDK$XFeuGJAHISXY}UILKcCU[][qI^�naDO][\O\kHKcO\aH`;IL�naDCFGJO]XU=DTL��8 EDKcXFEwILK
lDIt�©=DOQGJO\XF=�e|XFK � ��� j©k�I^O]=DxdCUEDED[]O\?LCUkD[\I�e|XUK:aDTcI�R:OQGJA�GJADI�Its�CU?tG�<>[]yuaDTcAHO\=�y�O]I^[]lzTWaDKWe|CF?^IFj ADCFTCU[]TcXdk�I^I^=zEDKWXUEwXFTcI^l¢�

�NADIbGJILTWG�I�s�CU`oEH[\I^TvTcADXYR:=*O\=!GcADIb[]CUTWGvEDCUKWG�XFe4GJADO]Tv?BADCFEHGJILK�?^XU=H�DKc`�GJADCFGvGJADI{e|aH[\[�TcI^?tGJO]XU=
`�CFGJILKcO\CF[�KcXFaHGJO]=DIdO\T�CUEDEH[\O\?LCUkD[]Ibe|XUK�xUI^=HI^KcCF[��D=DO]GcI�IL[\IL`oIL=nG�CF=DCU[]yuTWI^T^j6ADCY}uO\=DxmGJAHIoE�XFGJIL=qGJO\CF[8XFe
`�CUKchiI^lD[QydTcE�I^I^lHO\=DxbaHE@I^[]CUTWGcXUED[\CFTWGJO]?�����?^CU[]?^aD[]CFGJO]XU=DT���OQe�?LXU`oEHCUKcILloGJX{CU=DCU[Qy�TWI^T§R:ADO\?BA@KWI^[QydXU=
C2=naD`�I^KcO]?^CU[§GJADO]?Bhn=DI^TWT�O]=qGJI^xFKcCFGcO\XU= ���2�NADO\T{?^XUaD[]l�?^[]I^CUKW[]y�kwImTWADXYR:= e|XFK{k�I^=DlDO]=Dx2lDXU`�O\=HCFGJILl
EDKWXUkD[\IL`oTLj§R:AHI^KcIz`�Cis�O\`�CU["@� � f¨GJO]`oImKWI^lDaD?tGJO]XU=DT�XFe�`�XUKcI@GcADCU= G + 	 AHC�}FI!k�I^IL= XUk�GJCUO]=DI^l��
�©XUK�O\=�fgED[\CU=HIPlDXF`oO]=DCFGJILl!CU=HCU[]yuTcILT^jwADXYRZIt}UI^KLj�GJADI{?^XU=q}UILKcxUIL=D?^I�k�I^AHC�}uO]XUaDKvXie4GJADIbKWILGcaDKc=r`�CUE�f
EDO]=Dx*CU[\xUXFKcO]GcAD` kwIL?^XU`�I^T�`oCFKchFILlD[]y�[\XYRZILKz��`�CUO\=D[Qy�?LCUaDTWI^l0kqy�GJAHIzTpGJKWXU=DxUILKo=DXF=D[\O]=DI^CUKWO]G>y�XFe
GJAHIPyuO\IL[\l!TWaDKWe|CF?^IY���
��I^=D?LIFj�It}UI^=2e|XUK�CU= £WXUEHGJO]`oO]�^ILlD¥dO\`�ED[\IL`oIL=nGcCFGJO]XU=�j©`�O\=DXFK�?LXU`�EDaHGJCiGJO\XF=DCU[
O\`�EDKWX�}FI^`�I^=qGJT§`baDTpGZk�I�Its�EwIL?LGcI^l@e|XUK§TcaD?BA¤[\XUCUl�?^CFTcI^TL��<>=¤CUlDlHO]GJO]XU=�jUGcADI_EHKcXUkD[]I^` XFe�CU=¤CUEHEDKcXif
EDKWO\CFGcIvGJKWI^CFGc`oIL=nGVXFe$GJADI�TW[\XUE�I�lDO]Tc?^XF=nGcO\=naDOQG>y@CFGVGcADI�E�XUO\=qG � � � ª KcI^`�CUO]=DTSGcX�kwI�TWXU[]}FI^l����NADO]T
O\TLj6AHX�RSIL}FI^KLj4Its�EwIL?LGcI^l�GJX�kwI�XU=DI�XFeVGcADI�I^TcTWI^=qGJO]CU[�GJCUTWhuT�e|XUK�EDKcXY}uO\lDO]=DxzC!EDKWCU?LGcO\?^CF[\[]y!aDTcILCUkD[]I
O\`�ED[]I^`�I^=qGJCFGcO\XU=¢julHI^[\OQ}UILKcO\=Hx�lHO\TWGcO\=D?tG�@� � fgGcO\`�I�TcCY}uO\=HxUTNe|XUKNCU[\[¢EwXUTWTcO]kD[\I�[]XUCUlDO]=Dxb?^XF=DlDO]GcO\XU=HT^�
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�NADIoTcaDk WIL?LG�XieZGJAHIoEDKWI^TWI^=qGbRSXUKch*O\T�GcX!EDKWX�}uO]lDIo?LXU=qGJKWO\kDaHGcO\XU=HT�GcXYRZCUKWlDT{CF=�IL��?LO\I^=qG{=uaH`oILKcOQf
?^CF[SCU=HCU[]yuTcO]TPXieNGJADIo?^XU[][\CUEDTWIoEHKcXu?^I^TWT�XFeVGcADO\=�f¨RZCF[\[\ILl�TpGJKWaD?LGcaDKcILT^� � GcCUKWGcO\=Dx�e|KcXU` CrTWaDKW}FILy�XU=
GJAHIoTpGJCFGcI¤XFeZKcI^TWI^CUKW?BA�GJADIdGJAHI^XUKWILGJO]?^CU[8e|XFaD=DlDCFGcO\XU=HTPaD=HlDI^KW[]yuO\=Dx�GJAHIoEDKWXUE�XUTcILl�CU[\xFXUKcOQGJAD`�T�CUKWI
TcaH`o`�CUKcO]�^ILl¤CFe GcI^KWRSCUKWlDT^�/��I^KcIijDk�I^TcO]lDI^TZ[\CUKWxUI_lHILe|XUKW`oCFGcO\XU=�?^XF=nGcO\=naDaD` `�I^?BADCU=HO\?^TSCU=Dl@EH[\CUTpGJO\?
ItsuGcKcI^`{aD` CU=HlmkwXUaH=DlDO\=Hx�EDKcO]=D?^O]ED[\ILT^juTcE�I^?^O]CU[¢IL`oEHADCUTcO]TVO\TZEDaHGNXU=@GcADI�lDILKcOQ}iCiGJO\XF=@CU=DlmlDILTc?LKcO\Euf
GJO]XU=�XFe�GJADI:I�sHCF?LGS<>[]yuaDTcAHO\=�yuO\I^[]ldTcaDKpe|CU?^IijuEHKcXY}uO\lDO]=Dx�CU=dO\`�EwXUKpGJCU=qG4O]=DxUKWI^lDO]I^=qG4e|XUK�GcADI:EDKcXUE�XUTWI^l
CU[]xUXUKcOQGJAD`�T^�S�NADO\T_ED[\CFTWGJO]?�[\O\`�O]GZy�O]I^[]l�?LKcO]GcI^KWO\XU=�� R:ADO]?BA!O\T�kDCUTWI^l2XU=�EwILKWe|IL?LGJ[Qy�ED[\CFTWGJO]?P`�CFGcI^KcO]CU[
k�I^ADCY}uO\XUaHKNXUkwItyuO\=Dx�GJAHI�}FXU= �!O\TWI^TNyuO\I^[]lm?^XU=HlDO]GcO\XU= �§EDKcXY}uO\lDILT:C�=naD`{kwILK�Xie�CUl�}iCF=nGcCUxUILXUaDTNe|I^Cif
GJaHKcI^TLj�KcIL=DlDILKcO\=Hx@GJADIPlDIL�©=HO]GJO]XU=rXFe�k�XFGcArCU?^?LaDKcCiGJIbCU=Hl2=uaH`oILKcO\?LCU[\[QymIL��?LO\I^=qG�TWO\`baD[]CFGJO]XU=mGJXuXU[\T
e|XUK�ED[]CUTWGcO\?:?^XU[][\CUEHTcI:CU=DCU[QyuTcO\T§E�XUTcTWO\kD[]IF�8�©XUK§Its�CU`�ED[]IFjnO\=qGJILKcCU?tGJO]XU=oIt�¢IL?LGcTZk�ILG>RSI^I^=@GcADIvlHO]�wI^KcIL=qG
TWGcKcILTcTVKWI^TcaH[]GJCF=nGSGJILKc`�TZO\=�TcAHI^[\[�TWGcKcaD?tGJaDKWI^TNCUKWI_CF?^?^XFaD=qGJI^l@e|XFKSCU=Hl¤GJADI_EwXYRSI^KVXie�O\=qGJILKc=DCF[ e|XFKc?^ILT
XFe�C���KWO\xUO]l�f>E�I^Kpe|I^?tGJ[]ydEH[\CUTpGJO\?¡�&>�O\KW?BADADXF��TcAHI^[\[¢TcI^?tGJO]XU=m`oCYyoIL}FI^=zkwI�XFkHGJCUO]=DI^lmO]=mCU=mIts�CU?tGNRZCYyF�
�©aDKWGcADI^KW`oXFKcIFj6lDaDI�GJX�GcADI�CUTcTWaD`oE�GJO\XF=DTPaH=DlDI^KW[]yuO\=Hx�GJAHI¤lDILKcO]}~CFGcO\XU=�XFeVGcADIdy�O]I^[]l�TcaHKWe|CU?LI¤O]G�O]T
e|aD[][]yb?LXU=DTWO\TWGcI^=qG§R:O]GJA�ED[]CUTWGcO\?NItsuGcKcI^`{aD` CU=Dl�kwXFaD=DlDO]=DxPEHKcO\=H?^O\EH[\I^TLjUR:ADI^KWI_OQG�`oCYy�O]=oEHCUKWGcO\?^aH[\CUK
k�I�aHGJO][\O]�^I^loO\=@?LXU`bkDO]=DCFGcO\XU=dR:O]GcA@hnO\=DIL`oCFGcO\?LTpf>XFKcO\IL=qGJI^loGJADILXUKcIL`oTLjHIF� xD�uGJADI ��CUKchiX�}oGJADILXUKcIL` XFK
GJAHI�aHEDEwILK:kwXUaH=DlzGcADI^XFKcI^` XFe�[]O\`�O]GSCU=DCU[QyuTcO\TL�

�6X*xUCFO\=�`�XUKcI@O]=DTcO]xUAqG�O\=qGcXrGJADImEDKWO\=D?LO\ED[]I^TbXie�GcADIm?^KWaDTcAHO\=Dx*EDADIL=DXU`�I^=DXF= O]=�C2=DItsuG�TWGcI^E
Its�E�I^KWO\`�I^=qGJCU[6KcILTcaD[QGJT�CUKWI�EDKcILTcI^=qGcI^l�CF=Dl2TcO]`oED[]O]�©ILlrCU=DCF[]ynGJO]?^CU[][]ymkDCFTcI^l�?^XF[\[\CFEDTcIP`oIL?BADCU=DO]Tc`�T
EDKWXUEwXFTcI^l�O\=2GcADI�[\OQGJI^KWCFGJaHKcIFj�R:AHO\?BA�lDI^TW?^KcO]kwI�GcADI��naDCUTcO]TWGcCFGJO]?�EDKcXUxFKcI^TWTcOQ}UI�kDaD?Bhn[\O]=Dx�EDKcXu?^ILTcT�XFe
?^O]Kc?LaD[\CUK�CF=Dl `{aD[]GcO\?^XFKc=DILKcI^l EDKWO\TW`oCFGcO\?@EHKcXF�©[]I^TLjSCUKWI�O\=q}UILTWGJO]xUCFGcI^l O\= TcXU`�I�lDILGcCUO\[���@ZXU`�EDCUKpf
O\TWXU=DTZR:OQGJA@I�s�EwILKcO\`�I^=qGcTVCU=Dl���� ?^XF`oEDa�GJCFGcO\XU=DT§TcAHX�R;GJAHCFGVGJAHI�CUkDO][\O]G>ybXFe�TcaD?BA�`�I^?BADCU=HO\Tc`�TSGcX
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