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�Y�������M�.�*�.���r� ���*�Q�������.� �����c�c�c���Q c¡£¢[��¤H�O¥+�Q H�.¢¦�Q§
¨C�������M�.�*�.���x¡£�>� �F�©���.� �����c�c�c���Q c¡£¢[�\ªf�O«�¬cQ�
®\�������M�.�*�.���r� ���*�Q�������.� �����c�c�c���Q c¡£¢[�c�¯�O°"��±²�.³
´ �Y�*³*¡µ�x¶)·c�.�¸���Q¹¬\�M¬c�c�Y³*Q�Yº»º»¡£³*³*¡£�Y�>� ���*�Q�������.� �����c�c�c���Q c¡£¢[�c«��H¤C§-�{¬c¢£¶.�
¼ �Q��·c�.�¸���*�Yº»�Q�x¡£�Y�>�c½Y¾\�cªÀ¿c�*¡£¢
¨Q½Y½�Á
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��¡£��ÊY�Y�*¢£¡£�.�Y�.�c·c�ËªÀ�* H�.¡µ���.���x³Ì�-�Q�c·2±f¹�Q�c�*�.�c·Íº»�.¡£�c�.� ¼ ¹�a�x¡£�YQ�.¡µ�j�Q¢£³,±�¡£³*³*�.�c³*§-���a�Î�x¢£¡£§-�c�
°"¡µ�-�Q�* H�.¡µ�x�.�*¡£�j�QºÏ���c³Ì�x¡µ�x¬\����¹¬c� ¼ �c�.�*º»�C·\ÐC���Qº»¡£,·c�.�¸Ñ¸�c¡µÊY�.�*³*¡µ�W¹�a�¸ÒÀ�Q�c�c�uÊY�.�.�
Ó �Q�c¶:�c�.�*¶.¢£¡£§-�Ô H�.·��Q�cQ��¡£§-�Ôº»¡£§-�� H�.¡ÕÒ¸�.�*�*�i���*�Q�������.� �����c�c�É���Q c¡£¢[��¤H��¥+�Q H�.¢¦�Q§QÖÉ·c�.º
�.�c�.º,�Q¢£¡£�Y�.�»«��.¡µ�x�.��·c�.³^���c³Ì�x¡µ�x¬\�x³.Ö���¹¬c�F·c¡£���M�*�.¬c�c·c¢£¡£§-�c�¸Ñ¸���x�.�*³Ì�Y¹¬\�x¶.¬c�c�¯¬c�c·,·c¡£�¸°�¹�Y�Y¢£¡£§-�C�
Q�.¡µ�¸¶.¬c�¸���*�Yº»�Q�x¡£�Y�>�
°"�.¡£�� H�.³*�Y�c·c�.�*�.�²�)�Q�cf�Y�.���²�Q�»Ò¸�.�*�*�,���.� �����c�c��×\�C×\�{¤C§-�c�u¹�Y·c�.�.Ö{·c�.º$·��Qº,�Q¢£¡£�Y�.��Ø� H�.���
¡£�c�Y�.�c¡£�.¬c�>·c�.³
���c³Ì�x¡µ�x¬\�x³.Ör·c�.�
·c¡£�.³*��ªÀ�* H�.¡µ�
�Q�c�*�.�Q�x��¬c�c·Ù¶.¬²Ú*�.·c�.ºSÛU�.¡µ�x¿c¬c�c��
Q�Y�c³Ì�x�*¬c��x¡µÊ
¬c�c·j±²�Y�c¢µ±²�Y¢£¢£�.�c·j H�.�Y¢£�.¡µ�x���x�Q�
Ü �x�Q¬��F�Ï���.� �����c�c�����Q c¡£¢[�Uªf�É«�¬cQ�,·��Q�cQ�»¡£§-�� H�.³*�Y�c·c�.�*³f�c�.�*¶.¢£¡£§-����¹¬c�+·c¡£���M�*�.¬c�c·c¢£¡£§-�c�
Ý �.�Y¢£�.¡µ�x¬c�c��¡£�Þ·c�.�:ß��c·c¿c���Q³*�o·c�.����¡£³*³*�.�Ì�-�a�x¡£�Y�à¬c�c·Þ��¹¬c�,·c¡£��¥)�Y�*���M�.�*�.���x¡£�c�c�.���Q�* H�.¡µ�r�
Ø��c�c�+³*¡£�)±f¹�Q�*�+·c¡£�)ªÀ�* H�.¡µ��¡£�j¡£�c�*�.�ÉÚ*���x¶.¡£�Y�.� Ü �Y�*ºÏ�c¡£§-���¸ºo¹�Y�Y¢£¡£§-�:�Y��±²�.³*�.�>�
Ò¸�.�*�*�Þ���*�Q���^áÀ�^¤C§-�c¡£§-Ô·��Q�cQ�"¡£§-�i��¹¬c��·c¡£�jß��*ºo¹�Y�Y¢£¡£§-�{¬c�c�â·c�.�»��¬c�*§-�\��¹¬c�c�*¬c�c���.¡£�c¡£�Y�.�
¡£�o·c¡£�.³*�.�)ªÀ�* H�.¡µ��·��Q�*�Y�.³Ì�x�.¢£¢µ�x�.�ËßJã\¿H�.�*¡£º»�.���x�Q�
¤C�.¡£�c�¯ªÀ�c�*�.�Y¬c�c�Y�.�â¬c�c·â·c�.��ªÀ¬c³Ì�-�Q¬c³*§-�
º»¡µ�Ù³*�.¡£�c�.�à°"¡µ�-�Q�* H�.¡µ�x�.�*�â±f¹�Q�c�*�.�c·Ôº»�.¡£�c�.�ÙªÀ¬\�M�.���x���Q¢µ�x�,¡£��³*�.¡£�c�.� Ü �Y�*³*§-�{¬c�c�Y³*�Y�*¬c¿c¿H�
±��Q�*�.�Ô¹�Q¬cäY�.�*³Ì�¸¡£�c³*¿c¡£�*¡£�.�*�.�c·>�
Ò¸�.�*�*�����*�Q���^���.� �����c�c�F���Q c¡£¢[�F�¯�²°"��±²�.³�·��Q�cQ�o¡£§-�à��¹¬c�»·c¡£� ¹Ñ¸ H�.�*���Q�cº»��·c�.³:¥)�Y�*���M���
�x�a�x�.³�·c¡£�.³*�.��ªÀ�* H�.¡µ�r�
Ò¸�.�*�*�����*�Q�������.� �����c�c�U���Q c¡£¢[�>«��
¤C§-�{¬c¢£¶.�»·��Q�cQ��¡£§-�Ë��¹¬c�)·c¡£� ¹Ñ¸ H�.�*���Q�cº»��·c�.³ ´ �Y�*³*¡µ�x¶.�.³
·c�.�¸���Q¹¬\�M¬c�c�Y³*Q�Yº»º»¡£³*³*¡£�Y�>�
ß�¡£�c�.�� H�.³*�Y�c·c�.�*�.�à�)�Q�c�ºo¹�Y§-���x�,¡£§-�Ô�Q¢£¢£�.�Ô°"¡µ�-�Q�* H�.¡µ�x�.�*�>Ö
�.�c�.º,�Q¢£¡£�Y�.��¥)�Y¢£¢£�.�Y�.��¬c�c·
±�¡£³*³*�.�c³*§-���a�Î�x¢£¡£§-�c�.�åÒ¸¡£¢µ�M³*{�u¹�a�Î�x�.�n·c�.³Ë���c³Ì�x¡µ�x¬\�x³o��¹¬c� ¼ �c�.�*º»�C·\ÐC���Qº»¡£OÖ¸³*�u±�¡£��º»�.¡£�c�.�
¤{�x¬c·c¡£�.���Q�* H�.¡µ�x�.�*�æ¬c�c·ç��¡£¿c¢£�Yº,�Q�c·c�.�>ÖÙ·c¡£��º»¡£§-�� H�.¡�º»�.¡£�c�.ºè���*�WÚ*�.��à¬c���x�.�*³Ì�Y¹¬\�x¶��
���Q H�.�>ÖQ�Q¬c³*³*¿c�*�.§-�c�.�>�Q���¯¬c���x�.�*³*§-�c¡£�.·c¢£¡£§-�c�.�JªÀ�Ì�J¬c�c·fé��.¡£³*�^���Q H�.�f³*¡£�²�Q¢£¢£�F¶.¬cº Ó �.¢£¡£�c�Y�.�
·c¡£�.³*�.��ªÀ�* H�.¡µ�² H�.¡£�Y���x�x�Q�Y�.�>�C���c³* H�.³*�Y�c·c�.�*�+ H�.·��Q�cQ�)¡£§-�:º»¡£§-�, H�.¡ Ü �x�Q¬:��¡£¿c¢[� �����c�c�Hê Ü Ò�ë
�¯�cªÀ¢£�x�Q¬c����¹¬c��·c¡£�+¥)�Y�*�*�.��x¬c��·c�.³�³*§-�c�*¡µ�Î�x¢£¡£§-�c�.� ¼ �.¡£¢£³Õ·c�.��ªÀ�* H�.¡µ�r�
Ý �.·��Q�cQ�.�,ºo¹�Y§-���x�Õ¡£§-��º»¡£§-���Q¬c§-�» H�.¡cº»�.¡£�c�.��ß�¢µ�x�.�*��¬c�c· Ü �*�.¬c�c·c�.�>Ö�·c¡£��º»¡£�J·c¡£�Õ���Q�c¶.�
ÛU�.¡µ��¶.¬c�À¤C�.¡µ�x�)³Ì�-�Q�c·c�.�>�
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��¡£�âªÀ¬c³*¢£�.�Y¬c�c�cÖÀ¤C¡£º¯¬c¢¦�a�x¡£�Y�l¬c�c· ¹Ñ¸ H�.�Ì±��Q§-�{¬c�c�lÊY�Y�ð���*�Y¶.�.³*³*�.�ð·c�.��¥)¬c�c³Ì�x³Ì�x�QñHÊY�.���
�Q�* H�.¡µ�x¬c�c���.�Ì�M�Y�*·c�.�Ì��¥)�.�c���x�c¡£³�¹¬c H�.�Ë·c¡£� ´ �Y�*�O¹�Q�c�Y�QÖ�·c¡£��±f¹�Q�c�*�.�c·å·c�.�o�x�c�.�*º»¡£³*§-�c�.�
Ý �r�Q�c³*¿c�*¬c§-�{¬c�c�Þ³Ì�-�a�*�*ò��c·c�.�>��Ñ¸º�·c¡£�.³*�Ë H�.³*§-�c�*�.¡£ H�.�Í¶.¬2U¹�Y�c�c�.�>Ö²±�¡£�*·� H�.¡)�É�Y¢µÐCº»���
�*�.�"·c¡£�)¢£�.¡£³Ì�x¬c�c�Y³*Q�Yº»¿H�.�c³*¡£�.�*�.�c·c�Ù·\ÐC���Qº»¡£³*§-�c�Ù��¡µñU�.�*�.�c¶.a�Q¢£�Y�*¡£º»���x�*¡£�¸�.¡£�c�Y�.³*���x¶��r�
ß�¡£�{ c¢£¡£§-Q�i¡£�©·c�.�$ÛU¬c³x�Qº»º»�.�c���Q�c�Í¶�±�¡£³*§-�c�.�æ¤{�x�*¬c��x¬c�â¬c�c·åa�Q¢£�Y�*¡£³*§-�c�.�©³*�u±�¡£�i·c�.�
�*�.³*¬c¢µ�x¡£�.�*�.�c·c�.�9º»�.§-���Q�c¡£³*§-�c�.�óß�¡£�Y�.�c³*§-���a�Î�x�.�ô�.�*ºo¹�Y�Y¢£¡£§-���8·c¡£��éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�r�
���*�Y¶.�.³*³*�QÖ, H�.¡�·c�.�c�.�Ï±f¹�Q�c�*�.�c·Ï·c�.�i�x�c�.�*º»¡£³*§-�c�.� Ý �.���Q�c·c¢£¬c�c�©·c�.�Þ���*�Y H��éå¹�Q�*º»�
�M�*�.¡£�Y�.³*���x¶����C·c�.�²¶.¬c�Y����¹¬c�c�Ì��±�¡£�*·>ÖC�.�*³*§-��±²�.�*�.�"·c¡£� Ý �.³Ì�x¡£º»º¯¬c�c�f·c�.�²õQ±��Q�c�*�.�cõ¯éå¹�Q�*º»���
a�Q¿��Q¶.¡µ�W¹�a�r�>ß�¡£�\ö�¬c³*³Ì�t�Q��x�Y�*�.���Q¬\�^·c¡£�»°"�.³*³*¬c�c�"¬c�c·â·c¡£�»°"�.³*³*�Y�.���Q¬c¡£�YQ�.¡µ�+±�¡£�¯¿c�*�Y H�.�C�
³*¿H�.¶.¡µò�³*§-�c�lß�¡£�Y�.�c³*§-���a�Î�x�.�>Ö¯°"�.³*³*¿c�*�Y�Y�x�Qº»º"ÖÙ°"�.³*³*³*¡£�Y���Q¢¦�Q¬\�M H�.�*�.¡µ�x¬c�c�Í³*¡£�c· ¼ �c�.º»�.�
�.¡£�c�.�Õ�Y�*�YäY�.��ªÀ�c¶r�Q�c¢U±�¡£³*³*�.�c³*§-���a�Î�x¢£¡£§-�c�.�¸��¡£³*{¬c³*³*¡£�Y�c�.�>��Ò¸¡£¢µ�M�*�.¡£§-�:³*¡£�c·j·��Q H�.¡>ß��*Q�.�c���Ì�
�c¡£³*³*�"�Q¬c³»÷{¬��Q³*¡£¡£³*�Q�x�c�.�*º»�.�Þ°"�.³*³*¬c�c�Y�.�l¬c�c·l°"�.³*³*¬c�c�Y�.�lº»¡µ���c�Y�c�.�lÒ¸�.¡£¶.�x�a�x�.�S¹¬c H�.�
�u½Y½�¥Ùøaº»¡£�>�
�)�Q³²a�Q¢£�Y�*¡£³*§-�c� ´ �.�*���Q¢µ�x�.�»ÊY�Y�j�É�Y¢µÐY���x��ÐC¢£�.���x�.�*�.¿c���x���Q¢¦�a�fêt�Fß ¼ ë�Öc�É�Y¢µÐC c¬\�x��ÐC¢£�.���x�.�*�.¿c�C�
�x���Q¢¦�a��êt� Ý²¼ ë�Ö��É�Y¢µÐY�rãCÐCº»���x��ÐC¢£�.�Þêt�^Ø+°oë¸¬c�c·�ß�§.�Qö���ãâ�Q¢£³ Ü ¬c�c��x¡£�Y�o·c�.���.¡£�c�Y�. c�x�Q§-�C�
�x�.�Í�x�c�.�*º»¡£³*§-�c�.� ´ �Y�*�Y�.³*§-�c¡£§-���x��¡£³Ì�"º»¡µ�*�x�.¢£³��.¡£�c�.³j¢£�.¡£³Ì�x¬c�c�Y³*Q�Yº»¿H�.�c³*¡£�.�*�.�c·c�.�n·\ÐC���W�
º»¡£³*§-�c�.�n��¡µñU�.�*�.�c¶.a�Q¢£�Y�*¡£º»���x�.�*³:¬c���x�.�*³*¬c§-���o±²�Y�*·c�.�>�¸Ò¸¡£�.�* H�.¡�±�¡£�*·Í·c�.��ß�¡£�\ö�¬c³*³"·c�.�
���*�Y H�.�\ÊY�Y�* H�.�*�.¡µ�x¬c�c�cÖ�·c�.�»��¬c�*§-�\��¹¬c�c�*¬c�c��·c�.����ã\¿H�.�*¡£º»�.���x�.¢£¢£�.�àÑ¸���x�.�*³*¬c§-�{¬c�c�Y�.�l¬c�c·
¡£�c³* H�.³*�Y�c·c�.�*��·c�.³ ¼ �.º»¿H�.�*�c³��Q¬\�O·c¡£�^éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�É·c¡£�.³*�.�J�x�.¡£¢£{�*¡£³Ì�-�Q¢£¢£¡£�c�.�+�É�Y¢µÐCº»�.�*�
�Q¬\�M�Y�.¶.�.¡£�Q�r�c��¡£� ¼ �.º»¿H�.�*¶.�.¡µ�x�.�j H���x�*¬c�Y�.��ÊY�Y��¨fº»¡£�: c¡£³��W¨Q½¯º»¡£�>Ö{ÊY�Y�Ì±�¡£�.�Y�.�c·"®Y½¯º»¡£�>Ö
 H�.¡ ¼ �.º»¿H�.�x�a�x¬c�*�.�"���Q�c�+·c�.º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�� c¡£³Õ¶.¬cºù¤C§-�cº»�.¢£¶. H�.�*�.¡£§-�>�
°"¡µ�ÙÛU¬c���Q�cº»�¯·c�.�+�Q¬\�M�Y�.�c�Yº»º»�.�c�.�Ëé��Q³*³*�.�*º»�.�c�Y�¯ÊY�.�*º»¡£�c·c�.�*�â³*¡£§-�â¡£ºúªÀ¢£¢£�Y�.º»�.¡£�c�.�
Ü �.³Ì�x¡£�YQ�.¡µ��¬c�c·�Ò¯¹�Q�Ì�x�QÖH±f¹�Q�c�*�.�c·â³*¡£§-�â·c¡£��Û�¹�Q�c¡£�YQ�.¡µ�Àº»�.¡£³Ì���.�*�
¹�Y���r����¡£�f·c¬c�*§-�c�Y����¹¬c�c�Ì�x�
¤{�x¬c·c¡£�Õ���a�F�Y�.¶.�.¡£�Q�rÖY·��Q³*³^�É�Y¢µÐCº»�.�*�QÖY·c¡£��¶.¬»�.¡£�c�.� Ó �*¬c¿c¿H��±�¡£���Fß ¼ ¬c�c·»� Ý²¼ �Y�.�
¹�Y�*�.�>Ö
 H�.¡É�.¡£�c�.ºù{¢£�.¡£�c�.�*�.�Ë¥)�*¡£³Ì�-�Q¢£¢£¡£�c¡µ�W¹�a�x³*�Y�x�Q·:º»�.�c��é��Q³*³*�.�� c¶�±+� Ü �.¬c§-���x¡£�YQ�.¡µ�)�Q¬\�M�c�.�cº»�.�
U¹�Y�c�c�.�>�
��¡£� Ý �Q³*¡£³*¢£¡£�c¡£�.��±f¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�j±�¡£�*·n·c¬c�*§-�ð�.¡£�SÛH±²�.¡û��¬c�c·n�.¡£�ð���*�.¡£¿c���Q³*�.�cº»�C·c�.¢£¢
 H�.³Ì�x¡£º»ºf�r�F��¡£� ¼ �.º»¿H�.�x�a�x¬c�x�Q c�
¹�Q�c�Y¡£�YQ�.¡µ�»·c�.�,¥)�*¡£³Ì�-�Q¢£¢£¡£�c¡µ�W¹�a�Ù±�¬c�*·c��¡£�à·c�.�»��¹¬c�»·c¡£�.³*�
ÛH±²�.{Q�»�.����±�¡£§-Q�.¢µ�x�.��°��a�x¢¦�Q C�����Y¬\�x¡£�c�Ù H�.�Q¹¬c§-{³*¡£§-���x¡£�Q�r�ÉÛU¬c� Ý �.³Ì�x¡£º»º¯¬c�c�:·c�.³)ªÀ���x�.¡£¢£³
·c�.�� H��±²�.�Y¢£¡£§-�C���Qº»�Y�*¿c�c�.�à�����Q³*�"·c�.³��x�.¡£¢£{�*¡£³Ì�-�Q¢£¢£¡£�c�.���É�Y¢µÐCº»�.�*³�±�¬c�*·c���Q¬c§-� ¼ �.º»¿H���
�x�a�x¬c�*º»�C·c¬c¢£¡£�.�Ì�x�o�ÀÐC���Qº»¡£³*§-�c�Ë��¡µñU�.�*�.�c¶.a�Q¢£�Y�*¡£º»���x�*¡£��ê ¼ °��+¤cáÕë:¡£º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³��
 H�.�*�.¡£§-�©�.¡£�c�Y�.³*���x¶��r�Ù�)�Q³â¥)�*¡£³Ì�-�Q¢£¢£¡£³x�a�x¡£�Y�c³ÌÊY�.�*���Q¢µ�x�.�ÍÊY�Y�$�^Ø+°5¡£³Ì�â·c¬c�*§-�å¡£³*�Q�x�c�.�*º»�
¥)�*¡£³Ì�-�Q¢£¢£¡£³x�a�x¡£�Y��ÊY�Y�@�WÁQ¾� c¡£³j�WÁQü�ý-áç�.�*º»¡µ�*�x�.¢µ��±²�Y�*·c�.�>�²��¡£��°"�.³*³*�.�*�Y�. c�c¡£³*³*�o±²�.�*·c�.�
º»¡µ��«�¡µ�x�.�x�a�x¬c�Ì±²�.�Ì�x�.�jÊY�Y�"·c�.��ª ¼ Ò¸ª)¤����)�a�x�.�{ ��Q�c:ÊY�.�*�Y¢£¡£§-�c�.�>�
þ�ÿ���� ÃcÇ����Oí	�	
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Eigenschaften der Mesophasen

Glas

Flüssigkristallines Glas

Plastischkristallines Glas

Konformativ-ungeordnetes Glas
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Konformativ-ungeordnete Kristalle

Plastische Kristalle

Flüssigkristalle
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GasDampfphase
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fest

Glasübergänge:

)/(

11

KmolJ

Cp »D

(pro bewegliche

„Einheit“)

Phasenübergänge

1. Ordnung:

POC SSSn

fusionS

D+D+D

=D )(

(n = Anzahl der „Einheiten“)

)/(

in

KmolJ

SD

127 -=D CS

konformative

Entropie

pro „Einheit“

5020 -=D OS

Entropie der

Ausrichtung

pro Molekül

147 -=D PS

Entropie der
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quasi-isotherm (60 s / 1.0 K)
standard-DSC   (10 K / min)
berechnet          (w = 44%)

MDSC von TA Instruments Inc.
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PET - aus der Schmelze kristallisiert

Wärmekapazität der Schmelze

Wärmekapazität des Kristalls
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�.�c·c���¯¬c�c·�·c¡£�»�Y�.º»�.³*³*�.�c�,éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�Ù�.���x³*¿c�*¡£§-����·��Q�c��·c�.� Ý �Q³*¡£³*¢£¡£�c¡£�.��±f¹�Q�*º»���
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¥)���*�x�.��·c¬c�*§-�Ô·c�.�i¥)�*¡£³Ì�-�Q¢£¢�³*�.�c{�*�.§-����¶.¬cº4«
�Qº»�.¢£¢£�.�c³Ì�-�Q¿H�.¢�¶.¬� H�.�Y ��Q§-���x�.�>� Ý �.¡²�É�a�
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¤{�x¡£§-{³Ì�x�Qñ�¡£�c�.�Ì�x¡£³*¡£�.�Ì�r�)Q¯¹�Q�c�.�*�.³:¹¬c H�.��·��Q³)¤C¿�¹¬c¢£���Q³��Q¢£³Àß�¡£�\ö�¬c³*³Ì�t�Q��x�Y�)�Q¬\��·c¡£��°"�.³*³*¬c�c�
¡£³Ì��¡£º©¥+�Q¿c¡µ�x�.¢cÁC�y¨C�µ��¬c�c·�¬c���x�.�FÁC� ®�¶.¬��.���x�c�.�cº»�.�>����¡£�²ß�¡£���x�*¡µ�*�x³u¹�QñU�{¬c�c�Y�.��·c�.³F¤C¿�¹¬c¢£���W�
³*�.³² H��ò��c·c�.�,³*¡£§-�,¬c���x�.�*���Q¢£ »·c�.��°"�.³*³*¶.�.¢£¢£�.�>�\���.�FªÀ¬c³Ì�x�*¡µ�*�^¡£³Ì�^�Q¢£³F¶.¬c³x�Qº»º»�.�c�
¹�Q�c�Y�.�c·c�
Q¸¬\�)¡£º °"�.³*³*Q�Y¿\�M�Y H�.�Ì�x�.¡£¢F�Q¬c³*�Y����¹¬c�c�Ì�r�
ÛH±�¡£³*§-�c�.�â·c�.��°"�.³*³*¶.�.¢£¢£�.�â¬c�c·â·c�.º0°"�.³*³*Q�Y¿\�
 H��ò��c·c�.��³*¡£§-��¤C§-�{¬\�x¶.�*¡£�c�Y�QÖO·c¡£��·c¡£�)º»�.§-���Q�c¡£³*§-�"�.º»¿\ò��c·c¢£¡£§-�c�.�j�.¢£�.��x�*¡£³*§-�c�.�ËÛU¬c¢£�.¡µ�x¬c�C�
�Y�.�f¶.¬Ù·c�.��°"�.³*³*¶.�.¢£¢£�.�¯³*§-��¹¬\�x¶.�.�>�Q�)�Q³J°"�.³*³*Q�Y¿\�M¬c���x�.�Ì�x�.¡£¢\³Ì�x�.���À¹¬c H�.�
�.¡£�c�²¥)�Y¿c¿H�.¢£¿c¢¦�a�*�x�
º»¡µ�+�.¡£�c�.º ¥�¹¬c�c¢£Q�Y¿\��¡£�â�x�c�.�*º»¡£³*§-�c�.�Ô¥)�Y���-�Q��r�J°"¡µ�fÒ¸¡£¢µ�M���.¡£�c�.�Ù���.�Y�.¢£¬c�c�"¬c�c·��.¡£�c�.³
��ãC�x�.�*�c�.�l¥�¹¬c�c¢£³ÌÐC³Ì�x�.º»³oêM³*¡£�.�c�"¥+�Q¿c¡µ�x�.¢ÕÁC�y¨C�µ�WëÙ±�¡£�*·à·��Q³,°"�.³*³*Q�Y¿\�M¬c���x�.�Ì�x�.¡£¢À�Q¬\�À�.¡£�c�.�
�.¡£�c³Ì�x�.¢£¢£ ��Q�*�.�jQ�Y�c³Ì�-�Q���x�.� ¼ �.º»¿H�.�x�a�x¬c���Y�.���Q¢µ�x�.�>�
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Messsystemabdeckung ( Pt )

Probenbehälter ( Al )
Probenkörper

Temperaturmessung ( Pt )
Messsystembeheizung ( Pt )

Elektrische Zuleitung

Maßstab: ( 10 x 10 ) mm
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ÛH±�¡£³*§-�c�.�Ô·c�.º ¤{ÐC³Ì�x�.º"ÖÉ H�.³Ì�x�.�c�.�c·à�Q¬c³�°"�.³*³��+¬c�c·i¥�¹¬c�c¢£Q�Y¿\��Ö
¬c�c·Ô·c�.º «
�Q H�Y�*�x�Q¬cº
³*¡£�c·:ß�¢£�.º»�.���x�À¶.¬c�^éå¹�Q�*º»�.¡£³*�Y¢£¡£�.�*¬c�c�Ù�Q�c�Y�.�Y�*·c�c���r�\ß�¡£�»ÊY�Y�*�Y�.�Y�. H�.�c�.³ ¼ �.º»¿H�.�x�a�x¬c�*¿c�*�a�
�Y�x�Qº»ºù±�¡£�*·â·c¬c�*§-���.¡£�c�»°"�.³*³*³ÌÐC³Ì�x�.ºf�x�.º»¿H�.�x�a�x¬c�*�*�.�Y�.¢£¬c�c�o�*�r�Q¢£¡£³*¡£�.�Ì�r�U��¡£�.³*�����.�Y�.¢£¬c�c�
 H�.³Ì�x�.�����Q¬c³�¶�±²�.¡É�Q¢µ�x�.�*�c¡£�.�*�.�c·"�Q�* H�.¡µ�x�.�c·c�.�����.�Y�.¢£{�*�.¡£³*�.�>�� ·c�.º °"¡µ�*�x�.¢µ±²�.�Ì�x�*�.�Y�.¢£{�*�.¡£³.Ö
·c�.�¯·��a��¹¬c�Ù³*�Y�*�Q�rÖÉ·��Q³*³¯ H�.¡£·c��°"�.³*³*¶.�.¢£¢£�.�Ô·c�.º ¼ �.º��

¿H�.�x�a�x¬c�*¿c�*�Y�Y�x�Qº»º �M�Y¢£�Y�.�>ÖO¡£�c·c�.ºú¡£�c�c�.��Ú*��±²�.¡£¢£³À·c¡£�f�Y¢£�.¡£§-�c�f«��.¡£³Ì�x¬c�c�:¶.¬c�Y����¹¬c�c�Ì�
±�¡£�*·j¬c�c·



5�¾ ®»°"�.³*³*º»���x�c�C·c�.��¶.¬c�Õéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�x³* H�.³Ì�x¡£º»º¯¬c�c�

� ·c�.ºð��¡µñU�.�*�.�c¶.�*�.�Y�.¢£{�*�.¡£³.Ö.·c�.��·c¡£� Ó ¢£�.¡£§-�c�c�.¡µ��·c�.� ¼ �.º»¿H�.�x�a�x¬c�*�.�+·c�.�É°"�.³*³*³ÌÐC³Ì�x�.º»�
 H��±�¡£�*Q�.��³*�Y¢£¢[�

ß�¡£�c�n¿c�*¡£�c¶.¡£¿c¡£�.¢£¢£��é2¡£�*{¬c�c�Y³Ì±²�.¡£³*�S·c�.�2°"�.³*³*³ÌÐC³Ì�x�.ºf�x�.º»¿H�.�x�a�x¬c�*�*�.�Y�.¢£¬c�c�Ï¡£³Ì�l¡£� ·c�.�
ªÀ�* H�.¡µ�ÕÊY�Y�"ªÀ·��Qº»¡£���x¶¨C ÁQ®FE� H�.³*§-�c�*¡£�. H�.�>�
ß�¡£�c¡£�Y�f·c�.��±�¡£§-���x¡£�Y³Ì�x�.�c��ß�¡£�\ö�¬c³*³Ì�t�Q��x�Y�*�.��·c�.�Ù°"�.³*³*¬c�c�"³*¡£�c·â·c¡£��ß�¡£��±��Y�Q�Y�¯·c�.�+���*�a�
 H�.�>ÖY·c¡£�ÕÒ¸�.¡£¶.�x�a�x�QÖY·c¡£��¤C¿�¹¬c¢£���Q³x�Q�Ì�rÖQ�C·c�.�É��³Ì�x�*�Yº"ÖQ·c¡£�Õ���*�Y H�.��ÊY�Y�* H�.���Q�c·c¢£¬c�c�cÖ�·c¡£��¤{�-�Q�Ì�Ì�
 c¶�±+�aß��c·\�x�.º»¿H�.�x�a�x¬c�.Öu·c�.� ¼ ¡£�.�Y�.¢�¬c�c·Ù·c¡£�F�����M�.�*�.�c¶.³*¬c c³Ì�-�Q�c¶Q�Q��ºð¥+�Q¿c¡µ�x�.¢{ÁC� ®Õ³*¡£�c·Ù·c¡£�.³*�
¿H�Q�x�.�c¶.¡£�.¢£¢£�.� Ü �.�c¢£�.�*÷{¬c�.¢£¢£�.�» H�.³*§-�c�*¡£�. H�.�>�c°"¡µ�*�x¢£�.�Ì±²�.¡£¢£�Õ³*¡£�c·,·c¬c�*§-�Q¸�Y�*º»�.�»¬c�c·���¡£§-���Ì�
¢£¡£�c¡£�.��·c¡£�À���*�Y H�.��ÊY�Y�* H�.���Q�c·c¢£¬c�c�cÖ\·��Q³�¥+�Q¢£¡£ c�*¡£�.�*�.��·c�.� Ó �.�u¹�a�x�À¬c�c·,·c¡£�À��¬c�*§-�\��¹¬c�c�*¬c�c�
·c�.��°"�.³*³*¬c�c�Y�.���c�Y�*º»¡£�.�Ì�¸C 3�Ö�3�Ö�3�Ö[¨Y¨CÖ*�7�CÖ,4Y½FE[�{��¡£�Õ·c�.¬\�x³*§-�c�.�`Q¸�Y�*º»�.�, H�.³x�Q�Y�.�>Ö{·��Q³*³^·c¡£�
é2¡£�.·c�.�*���Q H�+ÊY�Y�o�.�c·c�Q�x�c�.�*º»�.�Ëß�ñU�.��x�.�o¡£�"¿H�Y³*¡µ�x¡µÊY�.�¸ªÀ§-�c³*�.�c�*¡£§-���x¬c�c���.�Ì�M�Y¢£�Y�.�"º¯¬c³*³.Ö
±f¹�Q�c�*�.�c·"·c¡£���Ì¤cØ¸�F¬c�c·"ª)¤ ¼ °���Q¸�Y�*º»�.�j·��Q³ÕªÀ¬\�M¶.�.¡£§-�c�c�.�jÊY�Y�j�.�c·c�Q�x�c�.�*º»�.�"ß�ñU�.��x�.�
¡£�¯�c�.���a�x¡µÊY�.��ªÀ§-�c³*�.�c�*¡£§-���x¬c�c�ÙÊY�Y�*³*§-�c�*�.¡£ H�.�>�Y����·c¡£�.³*�.��ªÀ�* H�.¡µ�J±²�.�*·c�.�»·c¡£�²�.�c·c�Q�x�c�.�*º»�.�
���*�Y¶.�.³*³*��¡£�Ù¿H�Y³*¡µ�x¡µÊY�.�ÉªÀ§-�c³*�.�c�*¡£§-���x¬c�c�)·��Q�*�Y�.³Ì�x�.¢£¢µ�r�u���¯����QàßcQi�Ì¤cØ@�Y�u®�Á7�u�-��C ¨Y¨HE{¡£³Ì�J H�.¡
·c�.�)����ò��c¡µ�x¡£�Y�jÊY�Y�Ë�.�c·c�Q�x�c�.�*º»�.�Ë¬c�c·Ë��ã\�Q�x�c�.�*º»�.�â�É�r�Q{³+�Q¬c³*·c�Q¹¬c§-{¢£¡£§-�Ë�c¡£�c�Y��±�¡£�.³*�.�>Ö
·��Q³*³����Q§-�à·c�.�»¥)�Y��ÊY�.���x¡£�Y�à·c�.� ¼ �c�.�*º»�C·\ÐC���Qº»¡£��.¡£�c���c�.���a�x¡µÊY�"ß����x���Q¢£¿c¡£��¹�Q�c·c�.�*¬c�c�
 H�.¡J��ã\�Q�x�c�.�*º»�.�â���r�Q��x¡£�Y�c�.�o�C·c�.�)Ñ¸ºf±��Q�c·c¢£¬c�c�Y�.�o¶.¬oÊY�.�*¶.�.¡£§-�c�c�.��¡£³Ì��¬c�c·Ë·c¡£�¯��¡£§-�C�
�x¬c�c�Y�.�"��ã\�Q�x�c�.�*º ¬c�c·Oøa�C·c�.���.�c·c�Q�x�c�.�*ºù�Q�j·c�.�¸�+¤cáF��¥)¬c�ÌÊY�Ù�Q�c¶.¬c�Y�. H�.��³*¡£�c·>�
���+ªÀ c >�u®\� ®Õ¡£³Ì��·��Q³��.�*³Ì�x�FªÀ¬\�M�c�.¡£¶.�.�+�.¡£�c�.�
�Fß ¼ �����*�Y H�F·��Q�*�Y�.³Ì�x�.¢£¢µ�r�.ß�³�±²�.�*·c�.� Ó ¢¦�Q³Q¹¬c H�.���
���Q�c�cÖ����.{�*¡£³Ì�-�Q¢£¢£¡£³x�a�x¡£�Y�"¬c�c·�¤C§-�cº»�.¢£¶.�.��·c���x�.��x¡£�.�Ì�r����¡£������QÕ���c�Y�*º»�Y�.�*�.§-���x� Ý �.¶.�.¡£§-�C�
�{¬c�c�»·c¡£�.³*�.� ´ �Y�*�O¹�Q�c�Y��±�¬c�*·c�Ù¡£º ¥+�Q¿c¡µ�x�.¢��+�.�*¢�¹�Q¬\�x�.�Ì�r�
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ÛU¡£�.¢�·c¡£�.³*�.�)ªÀ�* H�.¡µ�+¡£³Ì�+�.³+�c¡£§-���Ùº»�.³*³Ì�x�.§-�c�c¡£³*§-�c�:Ñ¸��ÊY�Y¢£¢£Q�Yº»º»�.�c�c�.¡µ�x�.�â¶.¬�¢£�Ya�Q¢£¡£³*¡£�.�*�.�
¬c�c·@¶.¬@·c¡£³*{¬\�x¡£�.�*�.�>Ö�³*�Y�c·c�.�*�@ºo¹�Y�Y¢£¡£§-�c³Ì�j�Y�.���Q¬c��°"�.³*³*¬c�c�Y�.�ðº»¡µ��·c�.�jÊY�Y�*���Q�c·c�.�c�.�
°"�.³*³Ì�x�.§-�c�c¡£j¶.¬��.�*¶.¡£�.¢£�.�>��Q¯¹�Q�c�.�*�+���\�M�Y�*º,�a�x¡£�Y�Ô¹¬c H�.��·c¡£�)º»�.³*³Ì�x�.§-�c�c¡£³*§-�c�¯ªÀ¬c³Ì��¹¬c�c�*¬c�c�cÖ
·c�.���Y�.�u¹�a�x�.³*¿H�.¶.¡µò�³*§-�c�.� Ü �.�c¢£�.�*÷{¬c�.¢£¢£�.��¬c�c·,°�¹�Y�Y¢£¡£§-�cQ�.¡µ�x�.��¶.¬c� ´ �.�* H�.³*³*�.�*¬c�c�Ù·c�.�^°"�.³*³��
�Y�.���Q¬c¡£�YQ�.¡µ�Ù¡£³Ì�¯¥+�Q¿c¡µ�x�.¢^ÁC� ®"¬c�c·�·c�.�¯��¡£³*³*�.�Ì�-�a�x¡£�Y�c³*§-�c�*¡µ�Î�+ÊY�Y��ªÀ·��Qº»¡£���x¶¡C ÁQ®FE^¶.¬��.���Ì�
�c�.�cº»�.�>�
��¡£�o°"�.³*³*¬c�c�Y�.��±�¬c�*·c�.��º»¡µ�»�.¡£�c�.�:Ò¸�.¡£¶.�x�a�x�"ÊY�Y�n�u½�¥Ùøaº»¡£�à·c¬c�*§-�c�Y����¹¬c�c�Ì�r�����l¢£���x¶��
�x�.�ÙÛU�.¡µ���.�*�
¹�Y���+³*¡£§-�Ë·c¡£�¯ªÀ�c¶r�Q�c¢�·c�.� ´ �.�u¹�QñU�.���x¢£¡£§-�{¬c�c�Y�.��¹¬c H�.�+°"�.³*³*¬c�c�Y�.��º»¡µ���c�Y�c�.�
Ò¸�.¡£¶.�x�a�x�Q�Y���.�J¬c�*³*¿c�Q¹¬c�Y¢£¡£§-�c��ÛU¬c³Ì�-�Q�c·�·c�.�F���*�Y H��³*�Y¢£¢{±f¹�Q�c�*�.�c·�·c�.�F°"�.³*³*¬c�c�Ù�c¡£§-���� H�.¡£�C�
ö�¬c³*³Ì��±²�.�*·c�.�j¬c�c·�¬cºç���*�Y¶.�.³*³*�){¡£�c���x¡£³*§-�c�.�âQÀ�a�x¬c�.Ö{±�¡£��¥+�Q¢µ�x{�*¡£³Ì�-�Q¢£¢£¡£³x�a�x¡£�Y�>Öa¶.¬�¬c���x�.���
·c�Q¹¬c§-Q�.�>ÖY�.¡£�c��Ñ¸º»�Y�*���Q�c¡£³x�a�x¡£�Y�)¡£�f·c�.�����*�Y H�²¶.¬fÊY�.�*�c¡£�c·c�.�*�>ÖQ�.¡£�c�^{¬c�*¶.� ´ �.�*³*¬c§-�c³*·��Q¬c�.�
�C·c�.�²�c�.�*³Ì�x�.¢£¢£¬c�c�Y³*���Q�c� Ý �.·c¡£�c�Y¬c�c�Y�.�:¶.¬:�.�*¶.¡£�.¢£�.�>�CªÀ¬\�
³*�Y¢£§-�c��ªÀ��±²�.�c·c¬c�c�Y�.�j±�¬c�*·c��¡£�
·c¡£�.³*�.��ªÀ�* H�.¡µ�ÕÊY�.�*¶.¡£§-���x���r�
��¡£�»ªÀ �±²�.³*�.�c�c�.¡µ��ÊY�Y� Q¸�Y�*º»�.����¹¬c�¯°"�.³*³*¬c�c�Y�.�iº»¡µ�Ù�c�Y�c�.�iÒ¸�.¡£¶.�x�a�x�.��¡£³Ì�¯�.¡£� Ó �*¬c�c·
��¹¬c��·c¡£� Ó �*�.�c¶.�.�"·c¡£�.³*�.��ªÀ��±²�.�c·c¬c�c�c�HªÀ�c·c�.�*�+±�¡£§-���x¡£�Y� QÀ�Q§-���x�.¡£¢£�)³*¡£�c·>�
� ·c¡£�)�c�Y�c�.� ¼ �.º»¿H�.�x�a�x¬c�*�Y�x�Q·c¡£�.���x�.�j¡£��·c�.�¸���*�Y H�+¬c�c·j·c¡£�)·��Q·c¬c�*§-�"�*�.³*¬c¢µ�x¡£�.�*�.�c·c�
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��º �¸�Q�cº»�.��·c�.�ÙÊY�Y�*¢£¡£�.�Y�.�c·c�.��ªÀ�* H�.¡µ�Ù±�¬c�*·c�:·c¡£�»ªÀ¬c³Ì±²�.�Ì�x¬c�c�â·c�.� ¼ °��+¤cáF��ßJã\¿H�.�*¡û�
º»�.���x�i���Q§-�©·c�.�âªÀ¬c³Ì±²�.�Ì�x�.�*�Y¬\�x¡£�c�iÊY�Y��¤C§-���r±²� C ü74\ÖQüYüFE¯ÊY�Y¢£¢£ c�x�Q§-���r�)��¡£� ¼ °��+¤cáF�
ßJã\¿H�.�*¡£º»�.���x�¯±�¬c�*·c�.�âÊY�Y�Ì±�¡£�.�Y�.�c·â¡£º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³* H�.�*�.¡£§-�Ë·c¬c�*§-�c�Y����¹¬c�c�Ì�r�
�)�Q³ÀÊY�Y�
é���ÐY�.��C ¨Q¾FE��.����±�¡£§-Q�.¢µ�x��ªÀ¬c³Ì±²�.�Ì�x¬c�c�Y³*¿c�*�Y�Y�x�Qº»º"Ö>·��Q³��.¡£�c�.�âªÀ c¶.¬c�j·c�.�+«��.�.�*º»�.³*³*¬c�c�
ÊY�Yºú¿H�.�*¡£�C·c¡£³*§-�c�.��éå¹�Q�*º»�.³Ì�x�*�Yº ÊY�Y�*³*¡£�.���rÖH±�¬c�*·c�¯�c¡£�.���Q¬\�M�Y�.�Y�*¡µñU�.�>�]QÀ�Q§-�o·c¡£�.³*�.�+°"���
�x�c�C·c�"±²�.�*·c�.�2·c¡£��ªÀº»¿c¢£¡µ�x¬c·c�"·c�.³,éå¹�Q�*º»�.³Ì�x�*�Yº»³,¬c�c·�·c¡£�"·c�.��Ò¸�.¡£¶.�x�a�x�� H�.³Ì�x¡£º»ºf�r�
ªÀ�c³*§-�c¢£¡£�.äY�.�c·�U¹�Y�c�c�.�j�Q¬c³²·c¡£�.³*�.���)�a�x�.�:·c�.� Ý ���x�x�Q�¯·c�.�²Q�Yº»¿c¢£��ã\�.�,éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�
¬c�c·�·c�.�������Q³*�.��±�¡£�cQ�.¢�¶�±�¡£³*§-�c�.��éå¹�Q�*º»�.³Ì�x�*�YºS¬c�c·�Ò¸�.¡£¶.�x�a�x�² c¶�±+�Q·c�.�����r�Q¢û�U¬c�c·���º,�W�
�Y¡£�
¹�Q�Ì�x�.¡£¢U·c�.��Q�Yº»¿c¢£��ã\�.�jéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�Õ�.�*�*�.§-�c�c���¸±²�.�*·c�.�>�
��º Ü �Y¢£�Y�.�c·c�.�ç±�¡£�*·Ï·c¡£�@ªÀ¬c³Ì±²�.�Ì�x¬c�c��·c�.��°"�.³*³*�Y�u¹�YäY�.� ¡£º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³* H�.�*�.¡£§-�
�.�*¢�¹�Q¬\�x�.�Ì�r�����i·c¡£�.³*�.��ªÀ�* H�.¡µ�¯±²�.�*·c�.�Þ�{¬c���.¡£�c¡£�Y�»±²�.�c¡£�Y� ¼ °��+¤cáF�Ì°"�.³*³*¬c�c�Y�.�l·c¡£³*³*{¬C�
�x¡£�.�Ì�rÖa³*�)·��Q³*³��Q¬\�O�.¡£�c�Õ�Q¬c³Ì��¹¬c�c�*¢£¡£§-�c� Ý �.³*§-�c�*�.¡£ c¬c�c�+·c�.��Ò¸¡£���x�.�*�Y�Q¹¬c�c·c�²ÊY�.�*¶.¡£§-���x���F±�¬c�*·c�Q�
Q¯¹�Q�c�.�*�.³)¶.¬c�Ù°"�.³*³*¬c�c�Y³*·c¬c�*§-�\��¹¬c�c�*¬c�c��¬c�c· Ó �.�u¹�a�x�.a�Q¢£¡£ c�*¡£�.�*¬c�c�»¡£³Ì�¨C ¨Q¾\Ö*ü�¨HEJ¶.¬Ë�.���x�c�.�C�
º»�.�>�
��¡£� ¼ °��+¤cáF��ßJã\¿H�.�*¡£º»�.���x�i�Y�. H�.�©·c¡£��ªÀ����±²�Y�Ì��·c�.�����*�Y H�i�Q¬\�,¶�±²�.¡�¬c���Q c�
¹�Q�c�Y¡£�Y�
¤{�W¹�Y�*¬c�c�Y�.�Ù±�¡£�.·c�.�.�W��¡£��ªÀ����±²�Y�Ì���Q¬\�c·c¡£� ¼ �.º»¿H�.�x�a�x¬c�u¹�Q�c·c�.�*¬c�c�À¡£³Ì��� ¯R»½¼*»½¾�¿ �a¤C¡£��¡£³Ì�

¹¬c�c¢û�
 c¶�±+�O�c�.¡£¶.�x�a�x�.���Q c�
¹�Q�c�Y¡£�c�c��¡£�)ªÀ����±²�Y�Ì�À�Q¬\�J·c¡£�)¿H�.�*¡£�C·c¡£³*§-�c�ÙÒ¸�.¡£¶.�x�a�x�.�
¹�Q�c·c�.�*¬c�c�»¡£³Ì��¡£�
� �¯ ¶.¬,ò��c·c�.�>ÖC³*¡£�¸¡£³Ì�F�M�*�.÷{¬c�.�c¶r�Q c�
¹�Q�c�Y¡£�c�c°"�.³*³*¬c�c�Y�.��¡£º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³* H�.�*�.¡£§-��ÊY�.�x�Q�C�³*§-���Q¬c¢£¡£§-�c�.��·c¡£�.³*�»·c�.¬\�x¢£¡£§-�c�.��Ñ¸���x�.�*³*§-�c¡£�.·c�£C 5�ü\Ö-ÁQ¾\Ö.�u½Y½FE[�����.�Ù��º,�Q�Y¡£�
¹�Q�Ì�x�.¡£¢J·c�.�ÙQ�Yº��
¢£��ã\�.�"éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�[�&Â Â¯ ±�¡£�*·"¡£º Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³* H�.�*�.¡£§-�"·c¬c�*§-�o�.¡£�c�.�o�É�r�Qj·��Q�*�Y���³Ì�x�.¢£¢µ�r�C��¡£����¹¬c�²·c�.� Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�f§-���Q�x�Q��x�.�*¡£³Ì�x¡£³*§-�c�+¤{�x¬\�M�À¡£³Ì�� H�.¡H·c�.�²�x�Q�-�Q¢£�.�»éå¹�Q�*º»���
a�Q¿��Q¶.¡µ�W¹�a� � ¯R»½¼*»½¾�¿ ¬c�c·�·c�.º0���r�Q¢µ�x�.¡£¢J·c�.�+Q�Yº»¿c¢£��ã\�.�âéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a� �&Â¯ ¶.¬âò��c·c�.�>�Ý �.¡£·c�â¤{�x¬\�M�.�2³*¡£�c·Í�Q¬\�Ù·c�.� ¼ �.º»¿H�.�x�a�x¬c�*³*a�Q¢¦��ÊY�.�*³*���x¶��r���)�Q³,±�¡£�*·�·c¬c�*§-�Í·c¡£�o¬c���x�.���
³*§-�c¡£�.·c¢£¡£§-�c�.��ÛU�.¡µ�x³*a�Q¢£�.�+·c�.�
¶.¬c�Y�.�
¹�Y�*¡£�Y�.�¯¤{�W¹�Y�*¬c�c�Y�.�f�c�.�ÌÊY�Y�*�Y�.�*¬\�M�.�>� Ý �.¡£º@�x�c�.�*º»¡£³*§-�c�.�
Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�� H�.³Ì�x¡£º»ºf��·c¡£�Ë¥�¹¬c�c¢û�� c¶�±+�Õ·c¡£�ËÒ¸�.¡£¶.�x�a�x� õ æ ¬c�c·2 H�.¡£º�·\ÐC���Qº»¡£³*§-�c�.�
Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�»·c¡£�¯°"�C·c¬c¢¦�a�x¡£�Y�c³*¿H�.�*¡£�C·c�)·c�.� ¼ �.º»¿H�.�x�a�x¬c�*³Ì�W¹�Y�*¬c�c� ä ¯ ê ä ¯�� ¨ ê þ ¼ � ëÕ·c¡£�«
�Q�Y��·c�.³ Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³.�r���.�>��¹¬c�
·c¡£�.³*�.³É���
¹�Q�c�Yº»�.�Ù§-���Q�x�Q��x�.�*¡£³Ì�x¡£³*§-�c�^ß�¡£�\�M�*¡£�.�ÌÊY�Y�*���Q�c�
±�¡£�*·l·c¬c�*§-� � ¯R»½¼*»½¾�¿ êI��ë�±�¡£�.·c�.�*�Y�.�Y�. H�.��¬c�c·2�
¹�Q�c�Q�,ÊY�Y��·c�.� ¼ �.º»¿H�.�x�a�x¬c�u¹�Q�c·c�.�*¬c�c�Y³��
�x�a�x�+�Q � À ê õ æ ë������.��·c¬c�*§-�"·c¡£��Q�Yº»¿c¢£��ã\��éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�� H�.³*§-�c�*¡£�. H�.�c�+·\ÐC���Qº»¡£³*§-�c�Ó ¢¦�Q³Q¹¬c H�.�*���Q�c���
¹�Q�c�Q��ÊY�Y�"·c�.� Ü �*�.÷{¬c�.�c¶ � À ê þ ë��Q >�
��¡£��Q�Y��ÊY�.���x¡£�Y�c�.¢£¢£�ÙÒ¸�.¡£¶.�x�a�x� õ � �
¹�Q�c�Q�ÕÊY�Y�"·c�.��¡£�c��¶.¬c�Y�.�Y�*·c�c���x�.� Ü �*�.÷{¬c�.�c¶Ù¡£º Ó ¢¦�Q³��
¹¬c H�.�*���Q�c�Y³* H�.�*�.¡£§-� þ ���Q§-��·c�.� Ü ¢£¬c��x¬��a�x¡£�Y�c³Ì�x�c�.�Y�*¡£�ÀÊY�Y�����Y���x�DC ®FEÉ�Q DC ¨CÖÌ¨Q¾\Ö-�u½\�WE[�
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��¡£�:º»¡µ�*�x¢£�.�*� ¼ �.º»¿H�.�x�a�x¬c�Ìö�¬c��x¬��a�x¡£�Y��±�¡£�*·iº,�QäY�Y�. c¢£¡£§-��·c¬c�*§-�à·c¡£��¥)�Y�c³Ì�-�Q���x� Û ¬c�c·ú �Ô§-���Q�x�Q��x�.�*¡£³*¡£�.�Ì�r� Ó ¢£�.¡£§-�{¬c�c�¯êt®\� ®\�WëHÊY�.�*�.¡£�c¡£�Q�É·c¡£�^ÛU�.¡µ�x³*a�Q¢£�.�+ÊY�Yºð·\ÐC���Qº»¡£³*§-�c�.� Ó ¢¦�Q³��
¹¬c H�.�*���Q�c�Y³Õê ô �����*�Y¶.�.³*³-ë
¬c�c·¯·c�.ºð�x�c�.�*º»¡£³*§-�c�.� Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�¯êtß�¡£�\�M�*¡£�.�*¿c�*�Y¶.�.³*³-ë��Y¤C�Yº»¡µ�
¡£³Ì� ú �i·c¡£�*�.����Q¬c³É·c�.����¡£³*¿H�.�*³*¡£�Y�c³*¶.�Y�c�²·c�.³J·\ÐC���Qº»¡£³*§-�c�.� Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³É¬c�c·¯·c�.� Ý �*�.¡û�
�x� Í ��·c�.³Ùß�¡£�\�M�*¡£�.�ÌÊY�Y�*���Q�c�Y³)¶.¬��.�*�*�.§-�c�.�°C ¨7�CÖ-ÁQ¾FE[�>����·c�.�+ªÀ�* H�.¡µ�x³*�Y�*¬c¿c¿H�¯ÊY�Y�Ô¤C§-�c¡£§-



Á64 ®»°"�.³*³*º»���x�c�C·c�.��¶.¬c�Õéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�x³* H�.³Ì�x¡£º»º¯¬c�c�
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±²�Y�*·c�.�>�����»�Q�c·c�.�*�.�,«�¡µ�x�.�x�a�x¬c�*÷{¬c�.¢£¢£�.�f±�¡£�Õ¡£����¬c c¢£¡£a�a�x¡£�Y�c�.�fÊY�Y�»Ò¸¬\�x§-�c¡£�c³*�Y�»¬c�c·,°"¡µ�Ì�
�Q�* H�.¡µ�x�.�*�DC 5�¾\Ö-�u½�¨HEU±²�.¡£§-�c�.�o·c¡£�.³*�)é��.�Ì�x�Ù�Q >�
��¡£�Ù³*�,�Y�.���Q�c���x�¯õQò���x¡µÊY�.õ ¼ �.º»¿H�.�x�a�x¬c�¡� K a�Q�c�Ë�Q¢£³��x�c�.�*º»¡£³*§-�c� Ó ¢¦�Q³Ì�x�.º»¿H�.�x�a�x¬c�Õ·c�.�
¼ °��+¤cáF�� c¶�±+��¤{�-�Q�c·��Q�*·2�+¤cáF�Ì°"�.³*³*¬c�c�Y�.�Í H���x�x�Q§-���x����±²�.�*·c�.�³C ®65cÖa�u½Y®\Öa�u½65GE[� ¹Ñ¸ H�.�
·c¡£�:���.�Y�.¢^·c�.� Ü ¢�¹�Q§-�c�.�c�Y¢£�.¡£§-�c�c�.¡µ�UC �u½Y®\Ör�u½65GE²¡£³Ì�Ü� K  H�.�*�.§-�c�.�{ ��Q�.���)�Q H�.¡^¡£³Ì�f·c¡£�»é��Q�c¢
·c�.�À�Y H�.�*�.��¬c�c·o¬c���x�.�*�.� ¼ �.º»¿H�.�x�a�x¬c�*�Y�*�.�c¶.�f³*�,¶.¬��x�*��ñU�.�>ÖH·��Q³*³¸·c¡£� ¼ �Q�c�Y�.���x�.�o�Y H�.���
 c¶�±+�J¬c���x�.�*���Q¢£ Ô·c�.³ ¹Ñ¸ H�.�*���Q�c�Y³*¡£���x�.�ÌÊQ�Q¢£¢£³Ù·c¡£� ¼ �.º»¿H�.�x�a�x¬c�x�Q c�
¹�Q�c�Y¡£�YQ�.¡µ�f·c�.�féå¹�Q�*º»���
a�Q¿��Q¶.¡µ�W¹�a��¡£�"·c�.� Ü ¢*¹¬c³*³*¡£�YQ�.¡µ�[� ¯´¿ êI��ë�¬c�c·�¡£º Ó ¢¦�Q³*¶.¬c³Ì�-�Q�c· � ¯ÄÀ êI��ëÕ�Q¬c³*�*�.¡£§-�c�.�c·o�Y�.���Q¬
±�¡£�.·c�.�*�Y�. H�.�>� Ü �Y¢£�Y�.�c·c��ªÀ c�
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���.���Y�. c¡£¢£·c���x�^°"¡µ�*�x�.¢µ±²�.�Ì�É�Q¬c³
·c�.�+ò���x¡µÊY�.� ¼ �.º»¿H�.�x�a�x¬c�*�.�Ù·c�.�É¥�¹¬c�c¢û�O¬c�c·fÒ¸�.¡£¶.º»�.³*³*¬c�c�
�.�*�Y¡£ \�j·c¡£�Ë�c�.¡£¶.�x�a�x�.���Q c�
¹�Q�c�Y¡£�Y� Ó ¢¦�Q³Ì�x�.º»¿H�.�x�a�x¬c�.���)�Q³��Y¡£¢µ�� H�.¡� H���x�x�Q�Y³*ºo¹�QäY¡£�Ô�Y¢£�.¡£§-�
�Y�*�YäY�.� ¼ �.º»¿H�.�x�a�x¬c�ÌÊY�.�*³*§-�c¡£�. c¬c�c�à H�.¡£º ¥�¹¬c�c¢£�.��¬c�c·2Ò¸�.¡£¶.�.�³C 4\�WE[����¡£��¥+�Q¢£¡£ c�*¡£�.�*¬c�c�
·c�.���Q�c�Y��±²�.�c·c���x�.�Þ¥+�Q¢£�Y�*¡£º»���x�.�Ù¡£³Ì���Q¬\�¸�.¡£�c�:¶.¬à½ ¢ ¦ ÆJö × ��ãC�x�x�Q¿H�Y¢£¡£�.�Ì�x�:Ò¸�.¡£¶��+ c¶�±+�
¥�¹¬c�c¢£�x�a�x��·c¬c�*§-�c¶.¬\��¹¬c�c�*�.�>�O��º Ó ¢£�.¡£§-�c�Y��±�¡£§-���Õa�Q�c�j·c�.� ´ �.�*¢¦�Q¬\�É·c�.³Õ��º,�Q�Y¡£�
¹�Q�Ì�x�.¡£¢£³.Ö{·c�.³
�����Q³*�.��±�¡£�cQ�.¢£³F·c�.��Q�Yº»¿c¢£��ã\�.�¯éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a��¬c�c·�·c¡£�²ªÀ c¢£�.¡µ�x¬c�c� Å � § �¯ � ¦ Å �à¡£���Y¬\�x�.�Q¯¹�Q�c�.�*¬c�c�»·c¬c�*§-���.¡£�c� Ó �Q¬c³*³���¥)¬c�ÌÊY�+±�¡£�.·c�.�*�Y�.�Y�. H�.�"±²�.�*·c�.�>�
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� �.���x³*¿c�*¡£§-���+·c�.� Ü ¢�¹�Q§-�c�f¬c���x�.��·c�.� Ó �Q¬c³*³���¥)¬c�ÌÊY�¯¬c�c·l� Ü ·c¡£�Ù¶.¬cº °��Wã\¡£º,�Q¢µ±²�.�Ì�À·c�.�
Ó �Q¬c³*³���¥)¬c�ÌÊY�+�Y�.�
¹�Y�*¡£�Y� ¼ �.º»¿H�.�x�a�x¬c�ÙêI� Ü ¬c�c·J� À ê þ ë^³*¡£�c·j¡£·c�.���x¡£³*§-�Oë�� ú �@¡£³Ì�Õ�Y¢£�.¡£§-�:·c�.�
���Q¢£ H�.����¡£³*¿H�.�*³*¡£�Y�c³* c�*�.¡µ�x��·c�.� Ó �Q¬c³*³���¥)¬c�ÌÊY�Ë H�.¡�¾Y½¨I ·c�.³j°��Wã\¡£º,�Q¢µ±²�.�Ì�x�.³£C ¨HE[�^ªÀ¢£³
·\ÐC���Qº»¡£³*§-�c� Ó ¢¦�Q³Ì�x�.º»¿H�.�x�a�x¬c�,a�Q�c�l¡£�lªÀ���Q¢£�Y�Y¡£�"¶.¬�·c�.�2ªÀ¬c³Ì±²�.�Ì�x�.�*�Y¬\�x¡£�c�.�Í�Q�c·c�.�*�.�
·\ÐC���Qº»¡£³*§-�c�.��°"�.³*³ÌÊY�.�Ì�t�Q�c�*�.�j·c¡£� ¼ �.º»¿H�.�x�a�x¬c�*¢¦�Q�Y�Õ·c�.³��É�r�Q{º,�Wã\¡£º¯¬cº»³�ÊY�Y� § Â Â¯  c¶�±+� ú µ�Q�c�Y�.�c�Yº»º»�.��±²�.�*·c�.�±C ¨Q¾FE[�
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·c�.³¸��º,�Q�Y¡£�
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³*�.�"°"���x�c�C·c�Ë¡£³Ì��º»¡µ�,�.¡£�c�.�jß��*�
¹�Y�{¬c�c�i·c�.�:�*�.¢¦�a�x¡µÊY�.��ªÀ �±²�.¡£§-�{¬c�c�à¶�±�¡£³*§-�c�.�Í��ã\¿H�.�*¡û�
º»�.���x�.¢£¢£�.�@¬c�c·nÊY�Y�*�c�.�*�Y�.³x�Q�Q�x�.�ðé��.�Ì�x�.�nÊY�.�* c¬c�c·c�.�>� Ü ¹¬c��·c¡£��éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�"·c�.�
¤C§-�cº»�.¢£¶.�:a�Q�c��±²�.�Y�.�à·c�.�fÊY�.�x�Q¢£¢£�Y�.º»�.¡£�c�.�Ì�x�.� ´ �Y�*���Q H�,·c�.��¤{�x�.¡£�Y¬c�c�Ë·c�.� ¹ªÀ�c·c�.�*¬c�c�
·c�.�féå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�¯º»¡µ�f·c�.� ¼ �.º»¿H�.�x�a�x¬c�¯·c¡£�.³*�:ªÀ �±²�.¡£§-�{¬c�c��®Y½�I0�C·c�.�¯º»�.�c�f H���
�x�x�Q�Y�.�>�H��¡£�)éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a��¡£ºÏ�M�.³Ì�x�.�âÛU¬c³Ì�-�Q�c·"±�¡£�*·�¡£º Ó �.�Y�.�c³x�a�x¶f·��Q¶.¬�º»¡µ���.¡£�c�.�
�*�.¢¦�a�x¡µÊY�.�ËªÀ �±²�.¡£§-�{¬c�c�"ÊY�Y��Á>I ÊY�Y�*�c�.�*�Y�.³x�Q�Q�r��ªÀ�c���Q�c·â·c�.³*³*�.��¡£³Ì�+·c¡£�.³*�»°"���x�c�C·c��¡£�
·c¡£�.³*�.º��Q¢£¢£�Y�.º»�.¡£�c�.� Ü �Q¢£¢C�{¬c�F·��Q�c�»�Q�c¶.¬�±²�.�c·c�.�>Ö{±²�.�c�,Q�.¡£�c����ã\¿H�.�*¡£º»�.���x�.¢£¢\�Y��±²�Y�c�c�.�
�)�a�x�.��ÊY�Y�*���Q�c·c�.���C·c�.���{¬c��³*§-��±²�.�À¶.¬"�Y��±�¡£�c�c�.�"³*¡£�c·>�
ß�¡£�c�Àß��Ì±²�.¡µ�x�.�*¬c�c�f·c¡£�.³*�.� Ý �.�*�.§-�c�{¬c�c�Y³*�*�Y¬\�x¡£�c�À¡£³Ì�FÊY�Y�,é�¬c�c·c�.�*¢£¡£§-�»¡£ºæ×Y�Q�c�*�Ù�uü7474¨C �u¾FE
�.�x�Q�* H�.¡µ�x���:±²�Y�*·c�.�>�Õß������a��·c¡£� ¼ �.º»¿H�.�x�a�x¬c�x�Q c�
¹�Q�c�Y¡£�YQ�.¡µ�:·c�.�:éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�,·c�.�
ö�¹¬c³*³*¡£�Y�.�������Q³*����¹¬c�)¬c���x�.�*³*§-�c¡£�.·c¢£¡£§-�c�,¤{�x�*¬c��x¬c�*�Y�*¬c¿c¿H�.��¡£�â¢£¡£�c�r�Q�*�.��°��Q{�*�Yº»�Y¢£�.
¹¬c¢£�.�
 H�.³Ì�x¡£º»ºf�r�cß�¡£�c�)�-�Q H�.¢£¢¦�Q�*¡£³*§-�c�)�)�Q�*³Ì�x�.¢£¢£¬c�c��·c¡£�.³*�.�¸ß��*�Y�. c�c¡£³*³*�Ù¡£³Ì�-C ¨C�WE�¶.¬"�.���x�c�.�cº»�.�>�

§ µ¯ êI��ë � § µ¯ ê[¨Qü74�ëWC �   ® æ �u½ ¼ È êI�£¢i¨Qü74�ë�E ��§ µ¯ ê[¨Qü74�ëWC ½ Á �u½Y¾   ® æ �u½ ¼ È �·E ê 5c�µ�Y�Wë
§ ¿¯ êI��ë ��§ ¿¯ ê[¨Qü74�ëWC �   � Á ¨ æ �u½ ¼ È êI�£¢à¨Qü74�ë�E � § ¿¯ ê[¨Qü74�ëWC ½ Á ¾65   � Á ¨ æ �u½ ¼ È �·E ê 5c�µ�W¨Yë

Ý �Q³*¡£�.�*�.�c·,�Q¬\�H·c�.�^«^¹�Y§-�c�.�Ì�x�c�.�Y�*¡£�Õ·c�.� Ü ¢*¹¬c³*³*¡£�YQ�.¡µ�x�.�����a��é�¬c�c·c�.�*¢£¡£§-�¡C ¾FEO�Q�c�Y�.�c�Yº»º»�.�>Ö
·��Q³*³+·c¡£����¡µñU�.�*�.�c¶ § ¿¯ ¢ § µ¯  H�.¡�·c�.� Ó ¢¦�Q³*¬cºf±��Q�c·c¢£¬c�c�Y³Ì�x�.º»¿H�.�x�a�x¬c�¸��¹¬c�)�.¡£�c�»¤{�x�*¬c��x¬c����.¡£�c�c�.¡µ�ÙQ�Y�c³Ì�-�Q���¯³*�.¡£��º¯¬c³*³.�É����·c¡£�.³*�.º Ü �Q¢£¢J±�¡£�*·�·c¡£�:¤{�x�*¬c��x¬c�*�.¡£�c�c�.¡µ�¯�Q¢£³+·c�.�Ù{¢£�.¡£�C�
³Ì�x� ¼ �.¡£¢²�.¡£�c�.³»°"�Y¢£�.
¹¬c¢£³��Q�c�Y�.³*�.�c�.�>ÖF·c�.��³*¡£§-�à�Q¢£³¯�.¡£�c�jß�¡£�c�c�.¡µ��¡£�Ô���c�c�.�c�*�Q�-�a�x¡£�Y�Ô H���
±²�.�Q�r�À�)�Q H�.¡)��ã\¡£³Ì�x¡£�.�*�.�@õY{¢£�.¡£�c�.õà¬c�c·nõY�Y�*�YäY�.õl¤{�x�*¬c��x¬c�*�.¡£�c�c�.¡µ�x�.�>�¸��¡£�â�.�*³Ì�x�.�æêÎ±�¡£�
Ø ¢ Á áÕØ+Ø ¢ Á á�Ò £ ë:±²�.¡£³*�.�n�.¡£�c� ¹ªÀ�c·c�.�*¬c�c��·c�.�"º»�Y¢¦�Q�*�.�2éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�"¬cº �Y�YÖ ®
×�øcêt¥)º»�Y¢Îë��Q¬\��Ö{·c¡£�¸¶�±²�.¡µ�x�.��êÎ±�¡£��áÌË�Ò � ¢ Á áÌË�Ò � Ø ¢�ë�ÊY�.�*¬c�*³x�Q§-�c�.�"�.¡£�c�À¶�±²�.¡û���C·c�.�²·c�*�.¡û�º,�Q¢>³*�»�Y�*�YäY� ¹ªÀ�c·c�.�*¬c�c�c�
ß��*�Y�. c�c¡£³*³*��·c�.� Ý �.�*�.§-�c�{¬c�c�Y�.�»�Q�c���Q�c·¯·c�.� Ó �*¬c¿c¿H�.�{ H�.¡µ�x�x�Q�Y³*º»���x�c�C·c�F��¹¬c�J·c¡£�^¡£�¯·c¡£�.³*�.�
ªÀ�* H�.¡µ�Õ¬c���x�.�*³*¬c§-���x�.�â�É�Y¢µÐCº»�.�*�)³*¡£�c·�¡£º ¥+�Q¿c¡µ�x�.¢>¾\�yÁ��Q¬\�M�Y�.¢£¡£³Ì�x���r� ¼ �*�Q�x¶)¡£�c�*�.�Õß�¡£�\�t�Q§-�C�
�c�.¡µ�Ù¡£³Ì�+·c¡£�.³*�,°"���x�c�C·c�»�c¡£§-���Ù¶.¬�¬c���x�.�*³*§-�
¹�a�x¶.�.�>��¤C¡£�����a�Ù�.¡£�c���.º»¿c¡£�*¡£³*§-�c�KQÀ�a�x¬c�.Ö�·c¡£�
·c¬c�*§-�j�.¡£�c¡£�Y�¸�M¬c�c·��Qº»�.���-�Q¢£�)���.�Y�.¢£�:±�¡£��·c¡£��ªÀ��±²�.�c·c¬c�c�»·c�.�ÕªÀ�c³u¹�a�x¶.��ÊY�Y�"���. �ÐY�)¬c�c·
ß�¡£�c³Ì�x�.¡£�7C �u¾FE� H�.¡>�x¡£���M�.� ¼ �.º»¿H�.�x�a�x¬c�*�.�>ÖOß��*�Y�. c�c¡£³*³*�Ùº»¡µ���.¡£�c�.���Q{¶.�.¿\�-�Q c¢£�.�oÑ¸�c�Y�.���Q¬C�
¡£�YQ�.¡µ�J¢£¡£���M�.�*�>�W��¡£�^��·c�.�²ÊY�Y�¯·c�.� Ó �*¬c¿c¿H�.�{ H�.¡µ�x�u¹�Q�Y�.�¯ c¡£¢£·c���J�Q¬c§-��·c¡£� Ó �*¬c�c·c¢¦�Q�Y�^¶.¬c� Ý ���
�*�.§-�c�{¬c�c�,·c�.��¡£��·c¡£�.³*�.��ªÀ�* H�.¡µ��ÊY�.�Ì±²�.�c·c���x�.�â«�¡µ�x�.�x�a�x¬c�Ì±²�.�Ì�x�)��¹¬c�Õ·c¡£�Àéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�



�Q½ 5,°"�C·c�.¢£¢µÊY�Y�*³Ì�x�.¢£¢£¬c�c�Y�.�j¶.¬c�Õéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a���x�.¡£¢£{�*¡£³Ì�-�Q¢£¢£¡£�c�.�^�É�Y¢µÐCº»�.�*�

���Q§-�,·c�.�^ª ¼ Ò¸ª)¤����)�a�x�.�{ ��Q�c¡C �Q¾FE[�{Ñ¸���x�.� Ý �.�Q¹¬c§-{³*¡£§-���x¡£�Y¬c�c�¯·c�.�FÊY�.�*³*§-�c¡£�.·c�.�c�.��ªÀ�Ì�x�.�
ÊY�Y� ´ ¡£ c�x�a�x¡£�Y�c�.��¬c�c·����Q�-�a�x¡£�Y�c�.��·c�.�+°"�Y¢£�.
¹¬c¢£�¯¬c�c·Ë·c�.�Ù¤{�x�*¬c��x¬c�*�Y�*¬c¿c¿H�.�>Ö>·c�.��ªÀ�C�
±²�.�c·c¬c�c�,·c�.� Ü ¬c�c��x¡£�Y��ÊY�Y�����. �ÐY�Ù¬c�c·"·c�.� Ó ¢£�.¡£§-�{¬c�c��ÊY�Y� ¼ �Q�x�Q³*�uÊj¶.¬c� Ý �.�*�.§-�c�{¬c�c�
·c�.� ´ ¡£ c�x�a�x¡£�Y�c�.�Ë·c�.³Ù¤CQ�.¢£���*�x³+·c�.³Ù�É�Y¢µÐCº»�.�*º»�Y¢£�.
¹¬c¢£³.ÖH¢�¹�Q³*³Ì�)³*¡£§-�â·c¡£�féå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�
·c¡£�.³*�.�¸¤{�x�QñU�) H�.³Ì�x¡£º»º»�.�>�\��¡£� Ó �.���Q¬c¡£�YQ�.¡µ�Õ H���x�u¹�Q�Q��®DI���¹¬c�Õ·c¡£�Àéå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a��·c�.³
Ü �.³Ì�x³Ì�x�QñU�.³É¬c�c·�Á0IÍ��¹¬c�
·c¡£��éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�
·c�.� Ü ¢*¹¬c³*³*¡£�YQ�.¡µ�r�u��¡£��ª ¼ Ò¸ª)¤����)�a�x�.�{ ��Q�c
�.���x�
¹�Q¢µ�)�Q¬c§-�oé��.�Ì�x�Ù��¹¬c�À·c¡£� ¼ �Q�x�Q³*�uÊ����J�Q�x�Qº»���x�.�À¬c�c·o���\�M�Y�*º,�a�x¡£�Y�c�.�Þ¹¬c H�.�À·c¡£��¤{�x�*¬cY�
�x¬c�*�Y�*¬c¿c¿H�.�"¬c�c·"·c¡£�+ªÀ�c¶r�Q�c¢�·c�.�ÀÛU¬c³Ì�W¹�Q�c·c�+·c�.� ´ ¡£ c�x�a�x¡£�Y�c�.��·c�.³�°"�Y¢£�.
¹¬c¢£³*Q�.¢£���*�x³.�
ß�¡£�c��ÛU¬c³x�Qº»º»�.�c³Ì�x�.¢£¢£¬c�c�¸·c�.�
ÊY�.�*³*§-�c¡£�.·c�.�c�.��ªÀ�Ì�x�.�¯·c�.�
éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�
��¹¬c�J�É�Y¢µÐY���x��Ð��
¢£�.��¬c�c·j�Q¢£¡£¿c���a�x¡£³*§-�c���É�Y¢µÐY�rã\¡£·c�)¡£� Ü �Y�*ºæÊY�Y� Ü �.³Ì�x³Ì�x�QñU�.�j¡£³Ì�ÕªÀ c >�C5c�yÁf¶.¬j�.���x�c�.�cº»�.�>�

totale cp
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Á���¬c�*§-�\��¹¬c�c�*¬c�c�,·c�.�À°"�.³*³*¬c�c�Y�.� �C�

Í Î ,3:z4=�36�e,��3:º,��/. `3*;: _ *;252V,��/.1*r�

��º$�M�Y¢£�Y�.�c·c�.�,¥+�Q¿c¡µ�x�.¢c±�¡£�*·»·c�.�^��ã\¿H�.�*¡£º»�.���x�.¢£¢£��Ò¸¡£���x�.�*�Y�*¬c�c·,·c¡£�.³*�.�FªÀ�* H�.¡µ�^·c¡£³*{¬\�x¡£�.�Ì�r�
Q¸�. H�.�o·c�.�o¬c���x�.�*³*¬c§-���x�.��°��a�x�.�*¡¦�Q¢£¡£�.��±�¡£�*·�·c¡£�Ù��¬c�*§-�\��¹¬c�c�*¬c�c�:·c�.�)°"�.³*³*¬c�c�Y�.�â�
¹�Q�c�.�
�.�*¢�¹�Q¬\�x�.�Ì�rÖH³*�u±�¡£�¯�.¡£�c� Ü �.�c¢£�.�x�Q���Q¢µÐC³*�ÙÊY�Y�*�Y�.�c�Yº»º»�.�>� Ý �.¡J·c�.�)��¬c�*§-�\��¹¬c�c�*¬c�c��·c�.�+°"�.³��
³*¬c�c�Y�.�"±�¬c�*·c�.��·c¡£�+�Q��x¬c�.¢£¢£�.�"����QÕ��Q¸�Y�*º»�.��¬c�c·o¤{�-�Q�c·��Q�*·c³¸ H�r�Q§-���x���ºC ¨Y¨CÖ��7�HE[�
ß�¡£�c¡£�Y�¯°"�.³*³*¬c�c�Y�.�â±�¬c�*·c�.�Ë¡£�o·c�.��ªÀ�* H�.¡µ�x³*�Y�*¬c¿c¿H�ÙÊY�Y�âÒ¸�.�*�*�â���*�Q���>áÀ��¤C§-�c¡£§-"·c¬c�*§-�C�
�Y����¹¬c�c�Ì�r�����.�Õ�Y�u¹�YäQ�x� ¼ �.¡£¢U·c�.��ªÀ¬c³Ì±²�.�Ì�x¬c�c�Y�.��³Ì�-�Qº»ºf��ÊY�Y�"·c�.º �QºÏ���c³Ì�x¡µ�x¬\�Õ��¹¬c� ¼ �c�.���
º»�C·\ÐC���Qº»¡£�ÊY�Y�*���Q�c·c�.�c�.�,¥+�Q¢£�Y�*¡£º»���x�.�É�+¤cáO�À·c�.� Ü ¡£�*º,�¸�É�.�*{¡£�»ß�¢£º»�.�.ÖW±²�.³*���Q¢£ �³*¡£§-�
·c¡£�)�Q¬c³Ì��¹¬c�c�*¢£¡£§-�c� Ý �.³*§-�c�*�.¡£ c¬c�c�»¬c�c· Ü �.�c¢£�.�* H���x�x�Q§-���x¬c�c��ÊY�Y���Q¢£¢£�.ºç�Q¬\�J·c¡£��º»¡µ��·c¡£�.³*�.º
Ó �.�u¹�a��·c¬c�*§-�c�Y����¹¬c�c�Ì�x�.�â°"�.³*³*¬c�c�Y�.�o H�.¶.¡£�.�c�.�>�

ÏLKNM F mUPd&acstrikjUPd � QVPd&achWQ�f:hSd&m

ÛU¬c� Ý �.³Ì�x¡£º»º¯¬c�c�Ô·c�.�:éå¹�Q�*º»�.a�Q¿��Q¶.¡µ�W¹�a�,�x�.¡£¢£{�*¡£³Ì�-�Q¢£¢£¡£�c�.�»�É�Y¢µÐCº»�.�*�o±�¬c�*·c�.�2�M�Y¢£�Y�.�c·c�
¤{�x�QñU�»�Q¬c³*�Y�.³*¬c§-���r�J�Fß ¼ ÖÉ� Ý²¼ ÖÉ�^Ø+° ¬c�c·�ß�§.�Qö���ãU�ÉªÀ¢£¢£��°��a�x�.�*¡¦�Q¢£¡£�.�Ë¢£¡£�.�Y�.�Ë¡£� Ó �x�W�
�{¬c¢¦�a�*�M�Y�*ºçÊY�Y�.�
�Fß ¼ ¡£³Ì�²�.¡£�»�Y¬\�² H�.a�Q�c���x�.³�¬c�c·»±²�.¡µ�^ÊY�.�* c�*�.¡µ�x���x�.³Õ�É�Y¢µÐCº»�.�.Ö�·��Q³²�.¡£�c�¸�Y¬\�²�Q¬c³*�Y�.¿c�u¹�Q�Q�x�
Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³*³Ì�x¬\�M�����Q§-��±²�.¡£³Ì�r��ß�³Õ{�*¡£³Ì�-�Q¢£¢£¡£³*¡£�.�Ì�F�c¡£§-���Õ³*��³*§-�c�c�.¢£¢��Q¬c³�¬c�c·��.³Õ³*¡£�c·:Q�.¡û�
�c�: H�.³*�Y�c·c�.�*³��c�Y�c�.�iªÀ c
¹¬c�c¢£�x�a�x�.�Ô H�.¡£º ªÀ¬\�M¿c�u¹�Q�Y�.�Ô·c�.�f�x�c�.�*º»¡£³*§-�c�.� ´ �Y�*�Y�.³*§-�c¡£§-���x�
�c�Q��±²�.�c·c¡£�c�Jß�³¯a�Q�c��º»�.�c�*º,�Q¢£³Ù�Q¬\�M�Y�.³*§-�cº»�Y¢£¶.�.��¬c�c·i�Q c�Y�.
¹¬c�c¢µ�Ù±²�.�*·c�.�i�Y�c�c�,·��Q H�.¡
³Ì�x�*¬c��x¬c�*�.¢£¢£� ´ �.�u¹�Q�c·c�.�*¬c�c�Y�.��¬c�c·Oøa�C·c�.�¸ÛU�.�*³*���x¶.¬c�c�,¶.¬"�.�Ì�t�Q�c�*�.�>�
�Fß ¼ ±�¡£�*·"³*�.¡µ�¸·c�.�"��¹¬c�\�M¶.¡£�Y�.�À×Y�Q�c�*�.��º»¡µ�Õ�Y�*�YäY�.º �Q��±²�.�c·c¬c�c�Y³Ì�x�.§-�c�c¡£³*§-�c�.��¬c�c·"±�¡£�Ì�Ì�
³*§-���a�Î�x¢£¡£§-�c�.�nß��Ì�M�Y¢£�i¿c�*�C·c¬c¶.¡£�.�Ì�r��ß�³"±�¡£�*·Í¬>� �\��¶.¬c��Ò¸�.�*³Ì�x�.¢£¢£¬c�c�iÊY�Y� ´ �.�*¿��Q§-{¬c�c�Y�.�>Ö
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