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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�.�>�
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Eigenschaften der Mesophasen

Glas

Flüssigkristallines Glas

Plastischkristallines Glas

Konformativ-ungeordnetes Glas

Kristall

Konformativ-ungeordnete Kristalle

Plastische Kristalle

Flüssigkristalle

Schmelze

GasDampfphase

kondensierte

Phasen

zunehmend

fest

Glasübergänge:
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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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³Ì�x�*�Yº»³+·c�.�/Q¸¬c¢£¢£¢£¡£�c¡£�.�cº»�.³*³*¬c�c�,ÊY�Y��·c�.�Ù���*�Y H�.�cº»�.³*³*¬c�c��±�¡£�*·�·c¡£��Ñ¸�c³ÌÐCº»º»���x�*¡£��·c�.³
°"�.³*³*³ÌÐC³Ì�x�.º»³�­Q�Y�*�*¡£�Y¡£�.�Ì�r�
ß�¡£�c�,³*§-�c�.º,�a�x¡£³*§-�c�j�)�Q�*³Ì�x�.¢£¢£¬c�c�"·c�.³»°"�.³*³*­Q�Y¿\�M�.³��.¡£�c�.³��+¤cá � Ó �.�u¹�a�x�.³f·c�.� Ü �\�J�É�.���
­{¡£�oß�¢£º»�.�Õ¡£³Ì�¸¡£�"ªÀ c >�U®\�µ�Ù·��Q�*�Y�.³Ì�x�.¢£¢µ�r�O��¡£�)�c�.¬c�.�*�.� Ó �.�u¹�a�x�Ù·c�.� Ü ¡£�*º,���É�.�*­{¡£�oß�¢£º»�.�
êt��ÐC�*¡£³Õ�¸�+¤cái¬c�c·»��ÐC�*¡£³^��¡¦�Qº»�Y�c·¯�+¤cáÕë�¬c���x�.�*³*§-�c�.¡£·c�.�,³*¡£§-��ÊY�Yº$�+¤cá+�¸ÊY�Y�^�Q¢£¢£�.º©¡£�
·c�.���*�.�Y�.¢£¬c�c�Y³Ì�x�.§-�c�c¡£³*§-�c�.��ªÀ¬c³Ì��¹¬c�c�*¬c�c��¬c�c·�·c�.³¸°"�.³*³*­Q�Y¿\�M�Y H�.�Ì�x�.¡£¢£³.Ö\±²�.³Ì±²�.�Y�.�o�Q¬\�
�.¡£�
¤C§-�c�.º,��·c�.� Ü ¬c�c­��x¡£�Y�c³Ì±²�.¡£³*�)·c¡£�.³*�.� Ó �.�u¹�a�x��ÊY�.�*¶.¡£§-���x����±�¬c�*·c�Q�O���.��°"�.³*³*­Q�Y¿\��³Ì�x�.¢£¢µ���.¡û�
�c�)¡£³*�Y¿H�.�*¡£ H�Y¢£�ÀÑ¸º»�Y�. c¬c�c�¯��¹¬c��·c¡£�+°"�.³*³*¶.�.¢£¢£�.�j·��Q�.�c��¡£�+ÛH±�¡£³*§-�c�.�c�u¹�Q¬cº»��¶�±�¡£³*§-�c�.�"·c�.�
°"�.³*³*¶.�.¢£¢£�.�Ô¬c�c·Ô·c�.º °"�.³*³*­Q�Y¿\�À³*¡£�c·�º»¡µ�Ù�.¡£�c�.º4¤C¿�¹¬c¢£���Q³f H�r�Q¬\�M³*§-�c¢¦�Q�Q�rÖÉ¬cº �.¡£�c�, H���
³Ì�x¡£º»ºf�x�fª��xº»�Y³*¿c�
¹�Q�*���.¡£�c¶.¬c³Ì�x�.¢£¢£�.�>��¤{�-�Q�c·��Q�*·cºo¹�QäY¡£�,±²�.�*·c�.��·c¡£��ÛH±�¡£³*§-�c�.�c�u¹�Q¬cº»��º»¡µ�
¤{�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�

X-YZY\[^]#_\`Zacb¡¦�fp¦�ik��l�o�q�wyo X u@¹^�@wyn{��wyxz²N}Hx¨|���Nm�+rNu@¹#¯Nwyx@}H�5��wyx�x+rN���¨¬RQ6S�ÉN�<V[�NÉ�� <�]W�



®\�µ�Ù¥)�Y��ÊY�.���x¡£�Y�c�.¢£¢£�+�ÀÐC���Qº»¡£³*§-�c�Ù��¡µñU�.�*�.�c¶.­a�Q¢£�Y�*¡£º»���x�*¡£�¯ê[¤{�-�Q�c·��Q�*·��+¤cáÕë 5B�

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�
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¹�Q�Ì�x�.¡£¢£³.Ö{·c�.³
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º»¡£³*§-�c�.� Ó ¢¦�Q³Q¹¬c H�.�*���Q�c�Y³Ù�.�Ì�M�Y�*·c�.�Ì���.¡£�c�,�Y¬\�x�:¥)�.�c���x�c¡£³¯·c�.��ß�¡£�\ö�¬c³*³Ì�t�Q­��x�Y�*�.�i�Q¬\��·c¡£�
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³*§-�c�.� Ó ¢¦�Q³Ì�x�.º»¿H�.�x�a�x¬c�¯¡£³Ì���{¬c��·��Q�c�àºo¹�Y�Y¢£¡£§-�>Ö
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�.¡£���W¹�Q§-���x¡£�Q�)±�¡£�*·>�UªÀ¢£³)ªÀ¢µ�x�.�*���a�x¡µÊY��­a�Q�c�â H�.¡�·c�.�&� À ê þ ëg� Ý �.³Ì�x¡£º»º¯¬c�c�:·c¡£��ÒÀ�Q¢£ c³Ì�x¬\�M�.�C�
�*�.�Y�.¢É�Q�c�Y��±²�.�c·c���À±²�.�*·c�.�>�U���"·c¡£�.³*�.º Ü �Q¢£¢>¡£³Ì�¡� À ê þ ë²·c¬c�*§-�o·c¡£�+���Q¢£ H�Ù¤{�x¬\�M�.�c�
¹�Y�c�f·c�.³Ý ���x�x�Q�Y�.³� c¶�±+�c·c�.³����r�Q¢µ�x�.¡£¢£³^·c�.��­Q�Yº»¿c¢£��ã\�.�:éå¹�Q�*º»�.­a�Q¿��Q¶.¡µ�W¹�a�^ÊY�Y�*�Y�.�Y�. H�.��êM³*¡£�.�c�)¥+�W�
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Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂÂÂ ÂÂÂ ÂÂ ÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â
ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂ ÂÂ ÂÂ ÂÂÂÂ � �64\Ö 4 �Y�u®\Öµ�

1 ÷ � Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ ¨ ¨YÁCÖ ®�Á ®Y½\Ö 5

¤C¬cº»º»� � ¨Y¨C�YÖyÁ ®Y½Y®\Ö ü

ß�³É±�¡£�*·Ù¡£º@é��.¡µ�x�.�*�.�fÊY�Y�f�.¡£�c�.º©¨u�������Q³*�.��°"�C·c�.¢£¢{�Q¬c³*�Y�.���Q�c�Y�.�>�Q�)�Q³É�É�Y¢µÐCº»�.�É H�.³Ì�x�.���
�{¬c���Q¬c³À�Qº»�Y�*¿c�c�.��¬c�c·o­{�*¡£³Ì�-�Q¢£¢£¡£�c�.� Ý �.�*�.¡£§-�c�.�Ëº»¡µ��·c�.�¸º»�Y¢¦�Q�*�.�jéå¹�Q�*º»�.­a�Q¿��Q¶.¡µ�W¹�a� § ¿¯



5c� ® Ó �*¬c¿c¿H�.�{ H�.¡µ�x�x�Q�Y³*º»���x�c�C·c� ¾Yü

 c¶�±+� § µ¯ � Ý �.¡É�.¡£�c�.ºú¥)�*¡£³Ì�-�Q¢£¢£¡£�c¡µ�W¹�a�x³*�Y�x�Q·:ÊY�Y�Ë®��TI ­a�Q�c�o·c¡£�Ùº»�Y¢¦�Q�*�)éå¹�Q�*º»�.­a�Q¿��Q¶.¡µ�W¹�a�·c�.�¸���*�Y H�+���Q§-� Ó ¢£�.¡£§-�{¬c�c��ê 5c� ü�ë² H�.�*�.§-�c�c���À±²�.�*·c�.�>�
§ �9Ê  ¯ ê[¨Qü74�ë � ½ Á ®�� æ ¨Y¨C� Á Á   ê��.¢i½ Á ®��Yë æ ®Y½Y® Á ü � ¨7�Q® Á 5
¥)¦cê Æ`Ö�Ò ¢ ë ê 5c� ü�ë

��¬c�*§-��·c¡£�,°"�Y¢£º,�Q³*³*�»�.¡£�c�.�¯°"�Y�c�Yº»�.�*�.¡£�c�c�.¡µ�Ù¢�¹�Q³*³Ì�f³*¡£§-��·c¡£�»³*¿H�.¶.¡µò�³*§-�c�,éå¹�Q�*º»�.­a�Q¿��W�
¶.¡µ�W¹�a��·c�.�¸���*�Y H�+ H�.³Ì�x¡£º»º»�.�>�

§ �9Ê  ¯ ê[¨Qü74�ë ¦ Õ �9Ê   � ¨7�Q® Á 5B¦C�uü�¨ Á �2� � � Á 5{¨=¥)¦cêI© ¢ ë´� ê 5c�µ�u½�ë
ß�¡£�c� Ý �.�Q¹¬c§-­{³*¡£§-���x¡£�Y¬c�c��·c�.� ¼ �.º»¿H�.�x�a�x¬c�x�Q c�
¹�Q�c�Y¡£�Y­Q�.¡µ��·c�.�²éå¹�Q�*º»�.­a�Q¿��Q¶.¡µ�W¹�a�²���Q§-�j·c¡£���
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

totale cv

Gruppenschwingung cv

Kettenschwingung cv

gemessene

Wärmekapazität

Wärmekapazität von festem

Polyethylen

Cp

[J/(Kmol)]
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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�.�>�
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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
º,�QäY���Q¢µ�x¡£�Y�.�>Ö>�x�.§-�c�c¡£³*§-�c�.� Ü ¬c�c­��x¡£�Y�c³Ì�x�.¡£¢£�.��º»¡µ�f�Y¬\�x�.� Ó ¢£�.¡µ�x�.¡£�Y�.�c³*§-���a�Î�x�.�� H�.¡²�Y�.�*¡£�C�
�Y�.º ´ �.�*³*§-�c¢£�.¡£äf¡£�,·c�.� Ü �.¡£��±²�.�*­��x�.§-�c�c¡£­OÖc³*�u±�¡£�¸¡£ºç°��Q³*§-�c¡£�c�.�C��¬c�c· Ü �Q�c�*¶.�.¬c�Y ��Q¬»ÊY�.���
±²�.�c·c���r�
�Fß ¼ ¬c�c·à� Ý²¼ ³*¡£�c· ´ �.�Ì�x�*���x�.���.¡£�c�.� Ü ¬c�c­��x¡£�Y���Q¢£�Y�*¬c¿c¿H�QÖÉ§-���Q�x�Q­��x�.�*¡£³*¡£�.�*�.�Ô³*¡£§-�à�Q H�.�
·c¬c�*§-��¬c���x�.�*³*§-�c¡£�.·c¢£¡£§-�c���x�c�.�*º»¡£³*§-�c�Õ¬c�c·�º»�.§-���Q�c¡£³*§-�c�¸ß�¡£�Y�.�c³*§-���a�Î�x�.�>����¡£�.³*�² H�.¡£·c��°��W�
�x�.�*¡¦�Q¢£¡£�.�¯±�¬c�*·c�.���Q¬c³*�Y�.³*¬c§-���rÖC¬cº�·c�.�:ß�¡£�\ö�¬c³*³²·c�.�F­{¢£�.¡£�c�.�>Ö�³Ì�x�*¬c­��x¬c�*�.¢£¢£�.�:Ñ¸���x�.�*³*§-�c¡£���
·c�Ù�Q¬\�J·��Q³�­a�Q¢£�Y�*¡£º»���x�*¡£³*§-�c� ´ �.�*���Q¢µ�x�.�j·c¡£�.³*�.�� H�.¡£·c�.���É�Y¢µÐCº»�.�*�)¶.¬"¶.�.¡£�Y�.�>�
�^Ø+° ���a���.¡£�c���.¡£�\�t�Q§-�c�Ù¤{�x�*¬c­��x¬c�.�\ªÀ¢£³�¤{�x�*¬c­��x¬c�*�Y�*¬c¿c¿H�)¡£³Ì���.��¡£��·c�.���Y H�.���.�Ì±f¹�Q�c���x�.�
°��a�x�.�*¡¦�Q¢£¡£�.�»êM³*�u±�¡£�^ß�§.�Qö���ã�ë
¶.¬+ò��c·c�.�>�a�)�Q³J°��a�x�.�*¡¦�Q¢Y���a�É�c�Y�c�^¥)�*¡£³Ì�-�Q¢£¢£¡£�c¡µ�W¹�a�rÖ�·c¡£�� H�.¡£º
Ò¸�Yº»�Y¿H�Y¢µÐCº»�.�*¡£³x�a������±��[4Y½2I@ H���x�u¹�Q�Q�É¬c�c·f¶.�.¡£§-�c�c����³*¡£§-�f·c¬c�*§-�¯�c�Y�c� Ü �.³Ì�x¡£�Y­Q�.¡µ�rÖWÒ¯¹�Q�Ì�x�QÖ
¤{�x�.¡µò��Y­Q�.¡µ�rÖÉéå¹�Q�*º»���M�Y�*º¯ H�.³Ì�W¹�Q�c·c¡£�Y­Q�.¡µ�rÖÉªÀ c�*¡£�. \�M�.³Ì�x¡£�Y­Q�.¡µ�rÖÉ�c¡£�.·c�*¡£�Y�.�¯���.¡£ c¬c�c�Y³*­Q�C���»¶.¡û�
�.���Ù¬c�c·��Y�.�*¡£�c�Y�¯é��Q³*³*�.�x�Q¬\�M���Q�cº»�Q�
�^Ø+° ¡£³Ì�+�.¡£�ËÊY�.�* c�*�.¡µ�x���x�.�+�x�.§-�c�c¡£³*§-�c�.�+é��.�*­{³Ì�x�Qñ
 H�.³*�Y�c·c�.�*³���¹¬c��¤C§-�c���Q¿c¿C�^¬c�c·j���*�.³*³ÌÊY�.�* c¡£�c·c¬c�c�Y�.��¡£ºÏ°��Q³*§-�c¡£�c�.�C�F¬c�c· Ó �.�u¹�a�x�. ��Q¬:±�¡£�
Ó �.�
¹�Q¬c³*���x�.¡£¢£�QÖOÛ>�Q�c�c�u¹�Q·c�.�.ÖO«
�Q�Y�.�.ÖO°"¬\�*�x�.�*�>ÖO��¬cº»¿H�.���x�.¡£¢£�)¬c³Ì±+�O���j·c�.�¸ß�¢£�.­��x�*�Q�x�.§-�c�c¡£­
ò��c·c�����.�¸ªÀ�c³x�a�x¶f�Q¢£³���³*�Y¢¦�a�x�Y�.Ö�¡£��¥)¢£�.¡£�cº»�Q�x�Y�Ì�x�.¡£¢£�.�>Öc¤{�x�.§-­�ÊY�.�* c¡£�c·c¬c�c�Y�.�>�>ªÀ�c·c�.�*�fªÀ�C�
±²�.�c·c¬c�c�Y³*�Y�. c¡£���x�o­Q�Yº»º»�.�l�Q¬c³,·c�.º Ý �.�*�.¡£§-�l·c�.³ Ü �Q�c�*¶.�.¬c�a�¯¬c�c·�°�¹�Y H�.¢£ ��Q¬c³,³*�u±�¡£�



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

¡£�2·c�.� ´ �.�*¿��Q§-­{¬c�c�Y³*¡£�c·c¬c³Ì�x�*¡£��±�¡£�Ë H�.¡)ªÀ�.�*�Y³*�Y¢£·c�Y³*�.�>Ö Ó �Q³x�Qº»¿c¬c¢£�.��¬c�c· Ü �.¬c�.�*¶.�.¬c�a�
�-�Q�c­{³-C �Y�u¾FE[�
ß�§.�Qö���ão¡£³Ì�À�.¡£�Ëá²�Y¿H�Y¢µÐY�.³Ì�x�.�.ÖH·��Q³À c¡£�Y¢£�Y�Y¡£³*§-���Q c ��Q¬c ��Q�¸¡£³Ì�À¬c�c·i¹�Q�c�c¢£¡£§-�c�Ùº»�.§-���Q�c¡£³*§-�c�
ß�¡£�Y�.�c³*§-���a�Î�x�.�à±�¡£��·c¡£�j�É�Y¢µÐCº»�.�*�j�Q¬c³�·c�.� Ó �*¬c¿c¿H��·c�.� ¼ �.�*�.¿c���x���Q¢µ�x�j���a�rÖ�³*¡£§-�Þ�Q H�.�
·c¬c�*§-�Ô³*�.¡£�c�,�x�c�.�*º»¡£³*§-�c�.�iß�¡£�Y�.�c³*§-���a�Î�x�.�Í¹�Q�c�c¢£¡£§-��±�¡£�:�^Ø+°�ÊY�.�*�
¹�Q¢µ�r�Jß�³¯ H�.³Ì�x�.���»�Q¬c³
� Ý²¼ ¬c�c·"ªÀ·c¡£¿c¡£�c³u¹�Q¬c�*�)º»¡µ�Õ�.¡£�c�.º ÛU¬c³x�a�x¶)ÊY�Y�o¥)���*�x�.��ÊY�.�*¢�¹�Q�c�Y�.�*�.���C·c�.���gÊY�.�*¶�±²�.¡£�Y�.�.�
��� ¼ �Q H�.¢£¢£�fÁC�µ�f³*¡£�c·oß�¡£�Y�.�c³*§-���a�Î�x�.�o¬c�c·ËÒ¸�.�*³Ì�x�.¢£¢£�.�*·��a�x�.��·c¡£�.³*�.���É�Y¢µÐCº»�.�*�f�Q¬\�M�Y�.¢£¡£³Ì�x���r�
ß�¡£�c�À°"�Y¢£º,�Q³*³*�.�{ H�.³Ì�x¡£º»º¯¬c�c�)±�¬c�*·c�¸¡£��·c¡£�.³*�.�^ªÀ�* H�.¡µ�F�c¡£§-���^·c¬c�*§-�c�Y����¹¬c�c�Ì�r�\��¡£�²�M�.�c¢£�.�C�
·c�.��é��.�Ì�x����¹¬c��·c¡£� Ó ¢¦�Q³*¬cºf±��Q�c·c¢£¬c�c�Y³Ì�x�.º»¿H�.�x�a�x¬c�^��¹¬c�Õ�^Ø+° ¬c�c·"ß�§.�Qö���ãj³*¡£�c·� H�.¡U·c�.�
��¡£³*­{¬c³*³*¡£�Y�j·c�.����ã\¿H�.�*¡£º»�.���x�.¢£¢��Y��±²�Y�c�c�.�oß��*�Y�. c�c¡£³*³*�Ù¡£�j¥+�Q¿c¡µ�x�.¢�¾�¶.¬"ò��c·c�.�>�
ÊÀË Y�Ì�]^]#ÌUÇgf!h+i �����-�Q¡£¢£³�¶.¬cº ���*�Y H�.�cº,�a�x�.�*¡¦�Q¢
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Ü�Ý-Õ �Q½\�Y�
��¡£�+���*�Y H�.�j±�¬c�*·c�.�j�M�*�.¬c�c·c¢£¡£§-�c�.�Ì±²�.¡£³*�Ù¶.¬c� ´ �.�Ì��¹¬c�Y¬c�c�»�Y�.³Ì�x�.¢£¢µ��ÊY�Y�>�Ö¯8Ræ�×-õ ó ú=2®õ ë�ê�ñ õ�ú � /ÙØ0?�5�Ú 2¼ù¬ÛKÜ-ÝcøFæ�/ÑÚ � ÚÀõ�ú ê�ñ�ó øyôpõ ûE� ÷�õ éNñ$ê�ò$ó ï�ð û &Þ C�æ�Û�õ ûHûHë ûHí�� ) 5 ?�ß �¬à+é &�: ë íWêìó ð�ôpõ ûE� ÷�õ éNñ$ê�ò$ó ï�ð û &
ÏLKyJ vyxrfWQ�t�á qld&a � d&s­s­trml|
��º Ü �Y¢£�Y�.�c·c�.��±�¡£�*·Ô·c�.��ªÀ c¢¦�Q¬\�¸�.¡£�c�.��°"�.³*³*¬c�c��º»¡µ�¯·c�.º �Qº4���c³Ì�x¡µ�x¬\�¯ÊY�Y�*���Q�c·c�.�c�.�
�+¤cá �� H�.³*§-�c�*¡£�. H�.�>�^Ñ¸���x�.�*³*§-�c¡£�.·c�j·c�.���c�.¬c�.�*�.�l�É�.�*­{¡£�àß�¢£º»�.���+¤cáF� Ó �.�u¹�a�x�:³*¡£�c·i¡£�
·c�.� Ó �.���Q¬c¡£�Y­Q�.¡µ��¬c�c·Í H�.¡£º ¥+�Q¢£¡£ c�*¡£�.�*�.�l·c�.�"¥+�Q¢£�Y�*¡£º»���x�.�,�Q H�.�j�c¡£§-����±f¹�Q�c�*�.�c·Í·c�.�
°"�.³*³*¬c�c�i�M�.³Ì�x¶.¬c³Ì�x�.¢£¢£�.��¬c�c·�±²�.�*·c�.�Í�Q��·c�.���.���x³*¿c�*�.§-�c�.�c·c�.�S¤{�x�.¢£¢£�.�ÞÊY�.�*º»�.�*­��r�Õ��¡£�
ªÀ¬c³Ì±²�.�Ì�x¬c�c��·c�.�f°"�.³*³*�.�*�Y�. c�c¡£³*³*�:�.�Ì�M�Y¢£�Q�)º»¡µ�)·c�.�Ù¤C�Q�Î��±��Q�*�»·c�.� Ü ¡£�*º,�:�É�.�*­{¡£��ß�¢£º»�.�
��ÐC�*¡£³ ´ �.�*³*¡£�Y�"®\� 4\�



ÁC�y¨¯ªÀ c¢¦�Q¬\�J·c�.�À°"�.³*³*¬c�c� �Q®

��¡£�)¿c�x�Q­��x¡£³*§-�c�Ù��¬c�*§-�\��¹¬c�c�*¬c�c�»�.¡£�c�.�À°"�.³*³*¬c�c�, H�.³Ì�x�.�����Q¬c³Õ�M�Y¢£�Y�.�c·c�.�o¤C§-�c�*¡µ�*�x�.�>�

�$# ­�c p a,c@a,f`] o rsq a,f`r�a,c�â�a�g�g o rsqQ�H���{ H���x�*¡£�. c���Q�cº»�f·c�.³+¥+�Q¢£�Y�*¡£º»���x�.�*³.Öcé��Q�c¢É·c�.³�¶.¬
¬c���x�.�*³*¬c§-�c�.�c·c�.��°��a�x�.�*¡¦�Q¢£³.ÖJ���*�Y H�.��ÊY�Y�* H�.�*�.¡µ�x¬c�c�cÖF°��Q³*³*�.�{ H�.³Ì�x¡£º»º¯¬c�c�cÖ ´ �Y�* H���
�*�.¡µ�x¬c�c�i·c�.�"���*�Y H�.�C�,¬c�c·@�����M�.�*�.�c¶��x¡£�.�Y�.¢[Ö�é��Q�c¢)·c�.³ ¼ �.º»¿H�.�x�a�x¬c�*¿c�*�Y�Y�x�Qº»º»³.Ö
·c�.³�¤C¿�¹¬c¢£���Q³*�.³�³*�u±�¡£�+·c¡£�)¶.¬"·c�.�"��ã\¿H�.�*¡£º»�.���x�.¢£¢£�.��ÛH±²�.§-­Q�.�o¿��Q³*³*�.�c·c�¯¥�¹¬c�c¢£¬c�c�� ( m�kÒf p cef=a,c o rsqþ­[¦Ea,c nÐ p a,c6®§c no % o rsqþ¦Ea,cþÌ§a,d�®ba,c'm�] o ceÍ o r§¦ � rb]`_%m�k ®§f=a�Ê	m�kÒf p cef=a,c o rsq¦Ea�g i#a,c�nm�]¯a�g�$# a,ced�a�g�g�a,r�a,f`r�a,c ! o%p g,]6m�rs¥.d"f`] p a�Ê	m�rbrb]¯a,c(g¯®ba@¥ f É0g�h�_ba,c ' nm�ced�a�Ê	me®%m�¥ f`]	nm�]t�W¡£º Ü �Q¢û�
¢£�,�.¡£�c�.��°"�.³*³*¬c�c��¶.¬cº ÛH±²�.§-­Q�j·c�.�féå¹�Q�*º»�.­a�Q¿��Q¶.¡µ�W¹�a�x³* H�.³Ì�x¡£º»º¯¬c�c�j±²�.�*·c�.�Þ�Q¢£³
¥+�Q¢£¡£ c�*¡£�.�*³*¬c c³Ì�-�Q�c¶.�.�å°��a�x�.�*¡¦�Q¢£¡£�.�@ÊY�.�*º»�.³*³*�.�>ÖÙ·c�.�*�.�©³*¿H�.¶.¡µò�³*§-�c�iéå¹�Q�*º»�.­a�Q¿��W�
¶.¡µ�W¹�a�" H�.­a�Q�c����¡£³Ì�r�¸�)�Q³jº»�.¡£³Ì�jÊY�.�Ì±²�.�c·c���x�à°��a�x�.�*¡¦�Q¢)¡£³Ì�"³ÌÐC���x�c���x¡£³*§-�c�.��¤\�Q¿c�c¡£�
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