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¦�¨y�+��¯°�y��µ���¢_£_¯°¹²¹:£��n��¥[��¦q¨y¢�¦�¨[�[¯°£_£�¢_£���¹²«����q��£_¥[�

Tave
¨<��£��[��¯d��©É��¹²«����q��£_¥[�'���m¸[��� ì'µ�������ú§¦�¨y�

­@¯°��¸m¸y���[�Ì¸�¥[��¦�¨Ì�k�§º°¶·���y¸[�Ûv[¥[�[�h£_¯d�§��¸[����¬(��¯°£'��¥y¢_¶·��¸��_¡y¦q�h£��

T (0, t) = Tave + A0 sinω t ,
ßs¿��½¿5à

­®�§µ���¯
T (0, t)

¸�¯d��©z��¹²«(���q��£_¥[�@¯°�ù¸[���@©8¯d�R�s� Âí¸ ¼gß§�8�h¸[���y�§µ�������ú§¦�¨y�Cà ��ºd¢Úvy¥[�[�h£_¯d�§�m¸[��� ¬(��¯°£ Ç¯d¢_£��
Tave

µ(��ü���¯d¦q¨[�y��£'¸�¯d�+¹²¯°£_£_ºd�����:©É��¹²«����q��£_¥[�����m¸[���äì'µ�������ú§¦�¨y��ßk¢���­@¯d�:¸[��¢"�D�����yºd¢^à8¥[�y¸
A0¸�¯d�äU'¹²«[º°¯°£_¥y¸[��¸[���@©É��¹²«����q��£_¥[��¢�¦�¨h­ ���[�U¥[�[¶4���ù¸[����ì'µ(������ú§¦q¨y�Zßk¸[����� ������¯d¦q¨g�·�§¹/ î�Xh�¯°¹:¥[¹

�h¸[�����·�§¹� �¯°�[¯°¹:¥[¹ ü�¥[�m¹²¯°£_£_ºd�������Ñ©z��¹²«(���q��£_¥[�^àR�
ω
¯d¢_£m¸�¯d�|#'�§¸�¯ÿ��º �k���º~�¥y���[ü�ß

2π
¹���º:¸[���

£q��£�¢qú§¦�¨[º°¯d¦q¨y���@v[���º~h¥y���[üXàR��Þ�¹ëv<��º°ºd��¸[���@©z��¶·��¢T�����_¯ÿ��£_¯d�§�ù¯d¢_£8¸�¯d���ð���_¯d�U¸[�À��À���¼�¼-¢¼ßs¿���ªh£_¥[�y¸[���]à-�
��ºd¢���¯d¢_£

ω = 2π/86400 = 7.27 × 10−5 s−1 �
�'¯d��¢q����ºd��¯d¦�¨h¥[�[¶Ì¯d¢_£+¸�¯d��#'���y¸�µ���¸�¯°�[¶�¥[�[¶ù�k¡[� Â}¸ ¼���U'¥y¢:���_¡[�y¸[����¸[���¼�5������¯°���Û�§¦�¨h¥[�[¶�­@¯°��¸
���[¶·���y�§¹²¹Á���(�U¸y�§¢q¢O¸�¯d�"©z��¹²«(���q��£_¥[�8¯°�Á¥[�y���y¸�º°¯d¦q¨y���@©8¯d�R�k�iß

z = ∞ àð�·�§�y¢�£q����£ ¥[�y¸Á¶�ºd��¯d¦�¨ Tave¯d¢_£��]Y'��£�����¸�¯d��¢����­�5���_¨<ú�º°£_�[¯d¢�¢����î¯d¢_£�¸�¯d�-©z��¹²«(���q��£_¥[��¯°�î��¯°�y���'µ���º°¯d��µ[¯°¶·���ý©8¯d�R�k� Â ��µ(���y¢q� ��¯°�y�ªh¯°��¥y¢E�k¥[�[�h£_¯d�§�~¸[���'¬(��¯°£��

T (z, t) = Tave + Az sin[ω t + φ(z)] ,
ßs¿����5à

­®�§µ���¯
Az

¸�¯d��U'¹²«[º°¯°£_¥y¸[�²¯°��¸[���n©8¯d�R�s� Â ¯d¢_£�� Az ¥[�y¸ φ(z)
¢�¯°�y¸���µ[¨<ú��[¶�¯°¶x�·�§� Â �w��µ����+�[¯d¦�¨h£�·�§� Ç �

ø�¯°��¸�¸�¯d��qPk�¢_¥[�[¶@�·�§����ºd��¯d¦q¨�¥[�[¶ý¿��½¿4¯°��¸�¯d�Á��¯p�A��������£_¯ÿ��º°¶�ºd��¯d¦�¨h¥[�[¶�¿��°»²¢_¥[µy¢_£_¯°£_¥[¯d���_£��É­®�§µ���¯
κ¸�¯d�+£_¨y���_¹²¯d¢�¦�¨y�-��¯p�(¥y¢_¯��U¯°£qú�£@¯d¢_£��U�k¡[¨[�_£"¸y�§¢@ü�¥ù�s�§º°¶·���y¸[����q(k�¢�¥[�[¶y�

T (z, t) = Tave + A0[sin(ω t − z/d)]e−z/d .
ßs¿�� �
à

�'¯d�'±"�§�y¢_£q���h£�� Á ¯d¢_£®¸�¯d�'¦�¨<���q���U£����_¯d¢_£_¯d¢�¦q¨y�'©8¯d�R�s��� »4îAËm1XÖ-Ã
½
¾A¿-Ç§ºÔ¸:ÖL¸ ¶·���<���[�h£���¯°�6¸[���®¸�¯d� U"¹²«[º°¯pm£_¥y¸[�n¸[���"©É��¹²«����q��£_¥[����¥��5¸[����»8ï ¸ mÛ£�����©z��¯°ºÉ¸[����U'¹²«[º°¯°£_¥y¸[�-���m¸[���äì'µ�������ú§¦�¨y� A0
��µ[�[¯°¹²¹-£��
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U"µ[µ[¯°ºd¸�¥[�[¶m¿��°»���ÞØ¸[����º°¯d¢_¯d���_£��-ü���¯°£_º°¯d¦�¨y�n�O���_¯ÿ��£_¯d�§�ý¸[����©É��¹²«����q��£_¥[��¯°¹!�8�U¸[���Ì�k¡[���·����¢�¦q¨[¯d��¸[���y�
©8¯d�R�k���w�7¤5¢�¯d¢_£�ü�¥�µ����§¦�¨h£����(�D¸y�§¢�¢�¹²¯°£²¸[����©8¯d�R�s�4¸y�§¢� î�Xh�¯°¹:¥[¹ ¸[����©z��¹²«(���q��£_¥[�²¶·��¸yú�¹²«��k£
¥[�y¸4�k�§�_£�¢q¦�¨[����¯°£����y¸m¹²¯°£'¸[���'¬(��¯°£��·����¢�¦�¨y�§µ����Ì­@¯°��¸A�7�®¯°ºd¸h~h¥y��º°ºd���3�'¯°º°ºd��º¹ßE»������5àR�

�'¯d���+ú�¹²«���¥[�[¶·¢_£_¯d�R�s�m¯d¢�£²�k�§º°¶·���y¸[���_¹���´·��� ¹²¯°£�¸[����£_¨y���_¹²¯d¢�¦�¨y���û¤D¯°¶·���y¢q¦�¨<�g�k£���� ¸[��¢~� �U¸[���y¢
¥[�y¸m¸[����v[���º~h¥y���[ü:¸[���"©z��¹²«(���q��£_¥[��¢�¦q¨�­8���[�h¥[�[¶·���ý­@¯d���s�§º°¶�£��·���_µ[¥[�y¸[���w�

d =

√
2 k

C ω
=

√
2κ

ω
.

ßs¿���"5à

Þ�����¯°�y���Dµ(��º°¯d��µ[¯°¶·���Á©8¯d�R�s�®¯d¢_£D¸�¯d�ÚU'¹²«[º°¯°£_¥y¸[�@¸[���D©É��¹²«����q��£_¥[��¢�¦�¨h­ ���[�U¥[�[¶
Az

¥[¹M��¯°�y���Jv����h£��§�
ez/d

�Uºd��¯°�y���:��ºd¢
A0

¥[�y¸ýü�¥y¢qú�£_ü�º°¯d¦�¨��-hU¯d¢_£_¯d���_£n��¯°�y���D¨<�§¢������·����¢q¦�¨[¯d��µ[¥[�[¶çßs��ºd¢��ù��¯°�y� ¬(��¯°£T�·���_ü�k�m
¶·���_¥[�[¶�¸[��¢8©z��¹²«(���q��£_¥[�_¹��Xh�¯°¹:¥[¹Á¢^à-�<¸�¯d�"¶�ºd��¯d¦q¨ − z

d

¯d¢�£sßk¢_¯d��¨y�äU'µ[µ[¯°ºd¸�¥[�[¶²¿��°»CàR�U��¯d� U'µ[�<��¨[¹Á�
¸[���äU'¹²«[º°¯°£_¥y¸[�:¥[�y¸~¸�¯d�Ó�5���_¶��&k§´·���_¥[�[¶4¸[�����D¨<�§¢����
�·����¢�¦�¨[¯d��µ[¥[�[¶Ì¹²¯°£'¸[����©8¯d�R�k��¢_¯°�y¸m£ 	h«[¯d¢q¦�¨y�
�D¨<ú��y�§¹Á���y�nµ���¯É¸[�����5�§�q��¥y¢�¢q��¶·�:��¯°�y��� «(���_¯d�U¸�¯d¢�¦q¨y����©É��¹²«����q��£_¥[�_­®��º°ºd�-¯°¹S�8�U¸[���w�
�����ð«[¨�	�¢_¯°����º°¯d¢�¦�¨y� ���_¥[�y¸:�k¡[�ð¸�¯d� �+ú�¹²«���¥[�[¶�¥[�y¸�¸y�§¢+�5���_ü�k§¶·���_�²¸[���D©É��¹²«����q��£_¥[�_­®��º°ºd� ¹²¯°£ð¸[���
©8¯d�R�k��¯d¢_£+¸[������¸y�§¢�¢+��¯°�y��µ(��¢�£_¯°¹²¹:£��² ~���[¶·�n�·�§�~øûú��_¹Á�²����£_ºÿ���[¶m¸[��¢�ø���¶·��¢+¸[���+øûú��_¹Á����¥y¢�m
µ[����¯°£_¥[�[¶Ì��µy¢��§�_µ[¯d���_£+�h¸[���'������¯°¶·��¢q��£_ü�£�­@¯°��¸��(­ ���[�î¸�¯d��©z��¹²«(���q��£_¥[�n¸[��¢�ºd��¯°£����y¸[���=�8�h¸[���y¢�ü�¥�m
����¢_«(���U£_¯��·�²��µ[�[¯°¹²¹:£��w��¯d�²�+ú�¹²«��k¥[�[¶·¢_£_¯d�R�k��¯d¢�£�¥[¹²¶·���·��¨[�_£+«[���§«��§�_£_¯d�§�<��º5ü�¥[�Àv[���º~h¥y���[ü@ßk¢_¯d��¨y�
��ºd��¯d¦�¨h¥[�[¶4¿���"5àR�3ÞØ���s�§º°¶·��¸[��¢�¢����m¨<ú��[¶�£�¢_¯d�+¸�¯°�����h£��·�§�Ì¸[���"�ð���_¯d�h¸[�-¸[���"µ���£_�q�§¦�¨�£���£����î©É��¹²«����q�Xm
£_¥[��¢�¦�¨h­ ���[�U¥[�[¶6��µw����¯d���+ú�¹²«��k¥[�[¶·¢_£_¯d�R�s��¸[���r7�ú�¨[�_º°¯d¦�¨y�����O���_¯ÿ��£_¯d�§�ù¯d¢�£ √

365 = 19
mÛ¹���ºA¶��&k§´·���

��ºd¢ ¸�¯d�n¸[��� £qú�¶�º°¯d¦q¨y���@�O���_¯ÿ��£_¯d�§�Ì¯°¹ ¢q��º°µ(���x�8�U¸[���w�
ø�¯°��¸m��¯°�ù­@¯°º°º°�U¡[�_º°¯d¦�¨y���su'¥[º°º°«[¥[�[�h£

t0
¯°�m¸[����¬(��¯°£�¢_����ºÿ�²��¯°�[¶·�R�k¡[¨[�_£��[­@¯°��¸���ºd��¯d¦q¨�¥[�[¶ù¿�� �²ü�¥w�
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T (z, t) = Tave + A0[sin(ω t + φ0 − z/d)]/ez/d .
ßs¿��½À5à

�'¯d�:±"�§�y¢_£q���h£��~ß
φ0 = −φ t0

à®­@¯°��¸»� Ñ�Ò�¿�¸-½�Ù�å�½�¿-ÇÔÒA½]Ça¸ ¶·���<���[�h£���'¯d�ß7�ú�¨[�_º°¯d¦�¨y�s�O���_¯ÿ��£_¯d�§��¸[����� �U¸[����£���¹²«����q��£_¥[���y¸�¯d��µ[¯d¢8¯°�ùµ���£_�qú§¦�¨h£_º°¯d¦�¨y�:©8¯d�R�s���ù����¯d¦�¨h£����·���_¥[��m
¢q�§¦�¨h£ U'µ�­®��¯d¦q¨�¥[�[¶·��� �·�§�Ì¸[�����·������¯°���Û�§¦�¨h£����­U'�[�<��¨[¹Á���y¸y�§¢�¢"¸�¯d�+£qú�¶�º°¯d¦�¨y�-�'¥[��¦q¨y¢�¦�¨[�[¯°£_£�¢�£���¹nm
«(���q��£_¥[��¸�¯d��¶�ºd��¯d¦q¨y� ��¡[����º°ºd� ©8¯d�R�s���|��¯°�y��¢��D�����yºd¢�¯d¢_£��z�����·�§¹-µ[¯°�[¯d���_£��6¤e�����U£�¸[���m7�ú�¨[�_º°¯d¦�¨y���
¥[�y¸ £qú�¶�º°¯d¦q¨y�����O���_¯ÿ��£_¯d�§�ù¸[���l�8�U¸[����£���¹²«����q��£_¥[�@�§���[�4¸�¥[��¦�¨4�s�§º°¶·���y¸[�n��ºd��¯d¦�¨h¥[�[¶���¥y¢_¶·��¸��_¡y¦��U£
­®����¸[���w�

T (z, t) = Tave,y + Ay[sin(ωyt + φy − z/dy)]/ez/dy

+Ad[sin(ωdt + φd − z/dd)]/e
z/dd ,

­®�§µ���¯y¸�¯d��Þ��y¸�¯°ü���¢�	-¥[�y¸²¸�¸�¯d�&7�ú�¨[�_º°¯d¦�¨y�@µ���ü�¯d��¨�¥[�[¶·¢�­®��¯d¢��@£qú�¶�º°¯d¦q¨y� ©É��¹²«����q��£_¥[�_­®��º°ºd���6µ���ü���¯d¦�¨�m
�y���w��© ú�¶�º°¯d¦q¨y��¬]	h�Uºd���~¢�¯°�y¸���ºd¢��4��ºd¢��h¥[�_ü�ü���¯°£_¯°¶·�i�8����¯°���y¥y¢�¢_¥[�[¶·���(��¡[µ����_ºÿ��¶·���_£ �·�§¹ð7�ú�¨[�_º°¯d¦�¨y���
¬]	h�Uº°¥y¢���ü�¥mµ���£_�q�§¦�¨h£����w�
U"�h­®���y¸�¥[�[¶·¢_µ���¯d¢_«[¯d��ºd�-­®����¸[���Ì¯°���y�°»nµ(��¨<���y¸[��º°£��

¥*t�¥ KMC�%3vz���"C�� G ���

ªU¦�¨[�y���Á¯d¢�£:��¯°��¢���¨[�:¢����y¢�¯°µ[ºd��¢ÀY"�h£�����¢_¥y¦�¨h¥[�[¶·¢_¹���£����_¯ÿ��ºÛ�OªU��¯°�y� ªh£_�_¥[�U£_¥[�:¯d¢_£n¢q��¨[�n¯°�y¢_£q��µ[¯°º5¥[�y¸
¸y��¨y���-�k¡[��¶·���_¯°�[¶·¢_£��¾Ç"�y¸[���_¥[�[¶·��� �����Ûú�º°º°¯°¶y�ð©8¨y���_¹²¯d¢q¦�¨y�ù¤D¯°¶·���y¢�¦q¨<�g��£���� ¢�¯°�y¸�­@¯d¦q¨�£_¯°¶·�ù±+���[��m
¶��&k§´·��� ¸[��¢®ªU¦q¨[�y����¢���¸y��¨y���5­@¯°��¸ ��¥��(¯°¨[���@¹Jk§¶�º°¯d¦q¨y¢_£O¶·���<��¥y� �8��¢_£_¯°¹²¹:¥[�[¶-¶����§´·���Áø����_£5¶·��ºd��¶�£��
�®¯d¢�¨y���_¯°¶·�n ���£_¨y�U¸[���m¢_¯°�y¸ù£���¯°º°­ ��¯d¢��n¢_£q���_� �s��¨[ºd���_µ(��¨<�g�k£���£��y¸y��µ���¯w¸[���Ì ���¢q¢_¹Á��£_¨y�h¸[���m���k£_¹���ºd¢
�h¯d��º��·�§�m¸[����Y'¹²¶·��µ[¥[�[¶·¢�¢_£_�_¥[�U£_¥[� µ���¢�¦�¨<ú§¸�¯°¶�£ ­@¯°��¸��[¸�¯d��¹���´�¶·��µ[º°¯d¦q¨y���~¤5¯°���y¥y¢�¢"��¥��ð¸y�§¢"©É��¹nm
«(���q��£_¥[�E�s��ºd¸�¨<��£��P�5�§����º°ºd��¹þµ(��¯ ¸[���Ó�8��¢_£_¯°¹²¹:¥[�[¶î¸[���:øûú��_¹Á��ºd��¯°£E�Ûú�¨[¯°¶��·��¯°£�¢�¯°�y¸�¶����§´·��Y"�y¢_¯pm
¦�¨y���_¨y��¯°£������·�§�_¨<���y¸[���=ßE»��½¿��½¿5àR�
�8��¯�¸[����¹Á��¯d¢_£����4¡[µ[º°¯d¦q¨y�����5���E�Û��¨[�����6­@¯°��¸ ��¯°�y�� ~��£����_¯ÿ��º°«[���§µ��
����£_�y�§¹²¹Á���~¥[�y¸Ì���y¢�¦�¨[º°¯d��´·���y¸Ì¯°¹SqÉ��µ��§�"¸�¯d�+øûú��_¹Á��ºd��¯°£E�sú�¨[¯°¶��·��¯°£'µ(��¢�£_¯°¹²¹:£��<¤O¢@­ ú�����7E��¸[�U¦�¨
µ(��¢�¢q�����<¸�¯d���D���§µ(��¸�¯°�����U£'¯°�~¯°¨[�������<��£_¡[�_º°¯d¦�¨y���=Y'¹²¶·��µ[¥[�[¶6ü�¥~¥[��£�����¢�¥y¦�¨y���ý¥[�y¸��[¯d¦�¨�£+¯°¹«qÉ�Xm
µ(�§����­ ��¸�¯d�¼#'���y¸�µ���¸�¯°�[¶�¥[�[¶·���@�5k§º°º°¯°¶6���y¸[����¢"¢_¯°�y¸A�
ªU¦�¨[�y���Á¥[�y¸�¤D¯d¢n�_¡y¦q�·����¯°¹²¹Á���n¹Á��¨[�n¯°�y¢�����¢_¯d¦q¨�£E�s��ºd¸�¸[���Ûvy�§��¢q¦�¨�¥[�[¶3�zü�¥[¹ ��¯°�y����­ ��¶·����¸[���
���R�s��¨[�����¤ß�ü�¥[¹ �8��¯d¢_«[¯d��ºeqÉ��­@¯°�y���]à�¥[�y¸îü�¥[¹ ���y¸[����������¥���¶��_¥[�y¸î¯°¨[�����ÀU'���sú�º°º°¯°¶��·��¯°£��k¡[�+©É��¹nm
«(���q��£_¥[�qú��y¸[���_¥[�[¶·���|¯°���k�§º°¶·��¸[��¢:±�º°¯°¹���­8���y¸[��ºd¢��ð�'¯d�Á£_¨y���_¹²¯d¢�¦�¨y� ¤D¯°¶·���y¢�¦�¨<�g�k£���� �·�§��¤D¯d¢n¥[�y¸
ªU¦�¨[�y���nü�¥ù�·���[�y���(�<­@¯°��¸m¸y��¨y��� ¯°¹²¹Á��� ­@¯d¦q¨�£_¯°¶·�����
¤D¯°�y��µ(��¢q�§�y¸[������U"�h­®���y¸�¥[�[¶m¯d¢_£+¸�¯d�nqÉ��­@¯°�y�����k�§��¢�¦q¨�¥[�[¶y�ð��¯d�-¶����§´·���+�R�s��¨[�s�·�§�|qÉ��­@¯°�y������¡[�



¢��òñ(�0i )(l&j�)�,�132�6 )+*
6913%|l(%��¤,�138/'(%(6:.C8/'(1�� 132(�o.�,(�ot�t�1 ¿��

¸�¯d�Ú�8���5k§º°�·���_¥[�[¶n¸[���eU'º°«(�����h¸[���o�·���_¶�ºd��¯d¦�¨hµ<�������¹#'��¶�¯d�§�y����µ���¶��_¡[�y¸[��£D¸[����¶����§´·���nv<�§��¢�¦�¨h¥[�[¶·¢�m
��¥���­8���y¸��5¸[���²ü�¥[¹ �8��¯d¢_«[¯d��º@¯°� ¸[��� ªU¦�¨h­®��¯°üî��¹ ¤D¯d¸�¶·���3k�¢�¢_¯d¢�¦q¨y���zÞØ�y¢_£_¯°£_¥[£��k¡[�ÁªU¦q¨[�y���-m-¥[�y¸
qÉ��­@¯°�y�����s�§��¢�¦�¨h¥[�[¶�µ(��£_�_¯d��µ����Á­@¯°��¸A�5qÉ��­@¯°�y���6���h£�¢_£���¨y����µ����·�§�_ü�¥[¶�£5¯°�6ªU¦q¨[�y���R�k��ºd¸[���_�(�h¯°�Á¸[���y���
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üë��¨[º°����¯d¦�¨y�=ßk©É��¢�£�m�àØ¹Á��¢�¢_¥[�[¶·��� ¸�¥[��¦�¨[¶·�R�k¡[¨[�_£��D¸�¯d����µ������s��º°ºd¢�µ���¢_£_¯°¹²¹:£��ù¬�¯d��ºd�4���E��¡[º°ºd��� ¢��§º°º°£����w�
�'¯d��¢q��¬�¯d��ºd���w¸�¯d�Á ~��¢�¢_¥[�[¶·���ý¥[�y¸�¸[��������¤5�_¶·��µ[�[¯d¢�¢��²­ ����¸[����¯°¹ ¤D�_¶·��µ[�[¯d¢_£���¯°ºsßk±n��«[¯°£���º��ù¥[�y¸
"5à µ(��¢q¦�¨[�_¯d��µ����m¥[�y¸m¸�¯d¢_�U¥[£_¯d���_£��
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Þ��:¸�¯d��¢q��¹Ñ±n��«[¯°£���º�­ ����¸[���-¸[���+U'¥��kµ<��¥(��¸�¯d�D������¢_£���º°º°¥[�[¶"¥[�y¸n¸y�§¢z ���¢q¢T�·���E�s��¨[�����-¸[��¢É¤QT�©PU+ªU¤�m
 ���¢�¢q¢T	U¢�£���¹Á¢¹ß�¯°¹3­®��¯°£��������Á��ºd¢z ~��¢�¢�¢&	U¢_£���¹Ñµ(��ü���¯d¦q¨[�y��£^àÉ¢q��­@¯d� ¸�¯d�O¸y��ü�¥[¶·��¨3k§�_¯°¶·���8����¥[£_ü�����¢����k£�m
­ ����� µ(��¢q¦�¨[�_¯d��µ����w��¬�¯d��º�¸[����U"�_µ���¯°£É­8���7��¢C�ë��¯°���·�§¹²«[ºd��£_£���¢7¥[�y¸���¥[£q���_�·��¢D©8¨y���_¹���ºpm� ~��¢�¢�¢T	�¢_£���¹
��¡[�O¸[���~vy��ºd¸[��¯°�y¢q��£_ü"¯°� ¸[���4�����ë­@¯d¢�¢����y¢�¦q¨<�g��£���� ü�¥�����£Ø­@¯d¦��·��º°�(��¸y�§¢®��¥y¢®©8¨y���_¹���ºd¢��§�y¸[���(�h¤5ºd����m
£_���§�[¯°����ªh£_���§¹Ó�·����¢��§�_¶�¥[�[¶6¥[�y¸�ªU����£Ø­ �����:µ(��¢_£���¨h£��
ø�¯d�îµ�������¯°£�¢m¯°�P¸[���Ì¤5¯°�[ºd��¯°£_¥[�[¶����_­ ú�¨[�h£��"¯d¢�£m¸y�§¢ù¯°�P¸�¯d��¢����@U'�_µ(��¯°£��·�§�_¶·��¢�£���º°º°£���¤QT�©PU+ªU¤�m
 ���¢�¢q¢T	U¢�£���¹ ��¯°� ¿�1]º:½�Ióå�J ¸[��¢®¤®ª�U�ma#'��¥[¹��Û��¨[�_£��-h�«(���_¯°¹Á���h£���¢  �Y��DY+ª(��ÞØ� ¸[���Ú#'��¥[¹��Û��¨[�_£®¶�¯°º°£
��¢®��¥y¢O±'��¢_£����[¶��_¡[�y¸[���(�U¸y�§¢ ����­@¯d¦q¨�£8��¯°�y��¢® ~��¢�¢_¶·���qú�£���¢5¢q�+¶·���_¯°�[¶:­@¯d�"¹Jk§¶�º°¯d¦�¨�ü�¥ ¨<��º°£����w��U'¥��
¸[���"¤D��¸[�n¯d¢�£ ¸�¯d��¢ �[¯d¦�¨h£"ü�­@¯°�[¶·���y¸Ì�3k§£_¯°¶3ê[ü�­ ����¢��§º°º°£��n¸y�§¢��+���qú�£'��¥y¦�¨mºd��¯d¦q¨�£ä�·�§�Ì��¯°�y���"�ð����¢��§�
ü�¥�£_�q���y¢_«��§�_£_¯d�������|¢���¯°�(�É��¯°�[¯°¶·�Áü�¥y¢qú�£_ü�º°¯d¦q¨y�4���q��¹²¹v¢_«[¯d��ºd����¸y��µ���¯(7_��¸[�h¦q¨��·��¯°�y�Z#'�§º°ºd���PU'¥y¦�¨
¹:¥y¢�¢�¢_¯d¦q¨î¸�¯d�²ªU�§�y¸[���[¯d¦�¨h£+­@¯d����¥��®¸[��¹Î±'�§¹Á��£�����¢���º°µy¢_£_£qú�£_¯°¶6¯°�î¸[��� Y'��£����_¶��_¥[�y¸î¨<ú�¹²¹Á���_�
ßk¢_¯d��¨y�:¤D¯°�[ºd��¯°£_¥[�[¶
à-�(¸y����¥��5¸[����¤D��¸[�:¸�¯d�:¹Á��¯d¢_£����� ~��¢�¢_¶·��µ[¯d��£��:ü�¥[¶�ú��[¶�º°¯d¦�¨î¢_¯°�y¸A�<��¯d�n¤Dºd���U£_����m
�[¯°�²¹:¥y¢�¢_£��'��µ(�����Û��º°ºd¢®�y��¥�¶·��¢_£q��º°£���£ ­®����¸[���(êU¢��:¢q�§º°ºd���Á�k¡[�O¸�¯d�"¶·��«[ºÿ���h£�����U'��­ ���y¸�¥[�[¶·���ù¯°� ¸[���
������­@¯d¢�¢q���y¢�¦�¨<�g�k£�����«[���ù ~��¢�¢�¢T	�¢_£���¹$µ[¯d¢�ü�¥­�U¯d���+©8¨y���_¹���ºd¢��§�y¸[����¶�ºd��¯d¦q¨[ü���¯°£_¯°¶mµ���£_�_¯d��µ(���ý¥[�y¸
¶·��¶·��µ(���y�����Û��º°ºd¢®��¥y¦q¨²¶����[ü���u'��£_ü�­ ���_�·� ¢��§ºd¦q¨y���®ª
	U¢_£���¹Á�@��¯°�[¶·��¢q��£_ü�£5­®����¸[���w�·�+�§¢Oª
	�¢_£���¹�¢��§º°º°£��
¸y��µ(��¯A�s�§º°¶·���y¸[���m£���¦q¨[�[¯d¢�¦�¨y��� U"���s�§��¸[���_¥[�[¶·���m¶·���h¡[¶·���w�
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� ºd��¯d¦�¨h£"£_�q���y¢_«��§�_£q��µ���ºÔ�
� ���§µ[¥y¢_£ ¶·��¶·���Ìø���£_£�������¯°���y¡y¢�¢����
� ��¯°�y¢���£_ü�µ<���'¯°�m��¯°�y��¹ ¶����§´·����©z��¹²«(���q��£_¥[�_µ�������¯d¦�¨(�
� ��¯°���Û�§¦�¨:¯°�-¸[���P�����y¸�¨<��µ[¥[�[¶3�g¶·���_¯°�[¶·���z ~��¢�¢q��¥��k­ ���y¸��ë��¯°���s�§¦q¨y���z¥[�y¸n¸y��¹²¯°£zü���¯°£�¢_«<�������y¸[���
U'¥���µ<��¥(�

� ¨y�§¨y�ÀU'¥��7k�¢_¥[�[¶Á¯°�x�·���_£_¯°����ºd����#"¯d¦�¨�£_¥[�[¶3�
� ¨y�§¨y�n ~��¢�¢_¶·���<��¥[¯°¶��·��¯°£��
� ¶·���_¯°�[¶·��ªh£&k§�_¥[�[¶ ¸[��¢@ü�¥m¥[��£�����¢�¥y¦�¨y���y¸[���î ���¸�¯°¥[¹Á¢��y�·��¯°�y�+¶����§´��qú�¥[¹²¯°¶·��¬(����¢_£&k§�_¥[�[¶3�
� ¶·���_¯°�[¶·���"øûú��_¹Á�-�y¥y¢�¢"¯°���·���_£_¯°�§��ºd����#"¯d¦�¨h£_¥[�[¶3�
� ­®���[¯°¶~�5���_�§��µ���º°¥[�[¶y�

\ �]�Ûé���ö[ógç

� �+��£����y���E�s�§¢q¢_¥[�[¶·¢�¢����k£�­8��������¸�¯d�+��¯°�y�+�·�§¹²«[ºd��£_£���ªh£���¥y���_¥[�[¶ ¸�¥[��¦q¨Ì��¯°�y�����6G ���_ºÿ��¥[µ[£��
� ��¥[£��§¹���£_¯d¢�¦q¨y�-�+��£����<����¦�¨[¯��U¯d���_¥[�[¶6¯°�m��¯°�y���"�+��£�����µ<���[�/�
� ­®��¯°£���¢�£_¶·��¨y���y¸~��¥[£��§¹���£_¯d¢�¦q¨y�ÛU'¥y¢_­®���_£_¥[�[¶6¸[����#"�§¨y¸y��£����(�
� ��¯d¢_¥<��º°¯d¢_¯d���_¥[�[¶�¸[���" ~��¢�¢�¸y��£����Ì¥[�y¸ù¸[���"¸y���q��¥y¢'��µ[¶·��ºd��¯°£���£����~¤D�_¶·��µ[�[¯d¢�¢����
� ­®��¯°£���¢�£_¶·��¨y���y¸~��¥[£��§¹���£_¯d¢�¦q¨y�:�D���§£��§�·�§º°º°¯d���_¥[�[¶y�
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���§¢�¤D�y¸[���_¶·��µ[�[¯d¢�¯d¢_£���¯°�m�s���_£_¯°¶·��¢�©8¨y���_¹���ºd¢��§�y¸[����m�±"�§¹²«[ºd��£_£�¢T	�¢_£���¹ µ���¢_£���¨y���y¸î��¥y¢'¸�����¯ð¤D¯°��m
¨y��¯°£����jßk¢_¯d��¨y�ÀU'µ[µ[¯°ºd¸�¥[�[¶~���°»Cà-�y¸�¯d�+¯°�m¸[���m�k�§º°¶·���y¸[���­Y"�h£����_�§��«[¯°£���º°��µ(��¢�¦q¨[�_¯d��µ(���Ì­®����¸[���w�

� N òzç�ó§ì�ö3O�è��(ïP�ðçhï ß�µ[¯d¢wü�¥Û�h¯d���w«[���'¤Dºd���U£_���§�[¯°��ma�8�Lh7à�¹²¯°£�7E��­ ��¯°ºd¢®»�À@©z��¹²«(���q��£_¥[��¢q���y¢��§�����
� V Ofç
W�é�óX�(ïzê:W ü�¥[��ªh£���¥y���_¥[�[¶6¸[���  ���¢q¢_¥[�[¶·���m¥[�y¸m�+��£����y¢_«���¯d¦�¨y���_¥[�[¶
� \ �7�Ûé^�-ö[ó�ç ü�¥[�'����£����y���E�Û�§¢�¢_¥[�[¶�¥[�y¸gmÛµ(�����_µ���¯°£_¥[�[¶

©8¨y���_¹���ºd¢��§�y¸[���ß�¹��Xh����²«[����¤Dºd���h£_���§�[¯°�3à ¤Dºd���U£_���§�[¯°�

±n��µ���ºpmOµ[ü�­n�3vy¥[�[�
�·���_µ[¯°�y¸�¥[�[¶

�ßG ü�¥[�'ªh£���¥y���_¥[�[¶

U"µ[µ[¯°ºd¸�¥[�[¶n���°»��5U"¥��kµ<��¥�¸[��¢®¤QT�©+U�ªU¤em� ���¢�¢q¢T	U¢�£���¹Á¢��·³·� ��¯°�y� µ[¯d¢D�U¯d���O©8¨y���_¹���ºd¢��§�y¸[���6��k§�[�y���
«[���n¤Dºd���U£_���§�[¯°��ma�8�Lh ���[¶·��¢q¦�¨[ºd��¢�¢�����­®����¸[���w����¯d���5���_µ[¯°�y¸�¥[�[¶-ü�¥[¹ �6G ���E�s�§º°¶�£5¡[µ����5¸�¯d� ¢����_¯d��º°ºd�
ªU¦�¨[�[¯°£_£�¢_£���º°ºd�-�h¸[��� ¡[µ���� ��¯°�y�Àv[¥[�[���·���_µ[¯°�y¸�¥[�[¶y�
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ó:tus 2=F-�71A!B% C�H�� ��,-�D�

�D����¤Dºd���h£_���§�[¯°�
ma�8�Lh6�5k§�[�y���6µ[¯d¢ ü�¥��h¯d���8©8¨y���_¹���ºd¢��§�y¸[���ù¶�ºd��¯d¦q¨[ü���¯°£_¯°¶²µ(��£_�_¯d��µ����4­®����¸[���w��³·��¸[�
©8¨y���_¹���ºd¢��§�y¸[��¯d¢�£n�h�<��«[«

40 cm
ºÿ���[¶Ì¥[�y¸�¹²¯°£ »�À4º°¯°�y�����-¥[��£�������¯°�<���y¸[���Á���[¶·���§��¸��y��£���� £��§����m

¯d¸y��ºd��� ø�¯d¸[����¢�£q���y¸[¢����y¢��§����� µ���¢_£_¡y¦��U£��7­®��ºd¦q¨y����ºd¢Á©z��¹²«(���q��£_¥[��¢q���y¢��§����� ¥[�y¸ ��ºd¢²µ���¨y��¯°ü�µ<�����
¤Dºd��¹Á����£��ýü�¥[���8��¢_£_¯°¹²¹-¥[�[¶ ¸[���6øûú��_¹Á��ºd��¯°£E�Ûú�¨[¯°¶��·��¯°£m¶·����¥[£_ü�£m­ ����¸[���w�@��¯d�~¸[��£q��¯°º°º°¯d���_£��|�8�-m
¢�¦�¨[����¯°µ[¥[�[¶6¸[����ªU���y¢��§�����m¥[�y¸ù¯°¨[����� �'����¢_£���º°º°¥[�[¶Á�k�§º°¶�£@¯°�Ì±n��«[¯°£���ºo���½¿��
���§¢: ���¢�¢�«[�_¯°�[ü�¯°«�¸[���-ªU�§�y¸[����µ<�§¢_¯d���_£���¥��8¸[���n ~��¢�¢_¥[�[¶Ì¸[���+£_�q���y¢&�·����¢q��ºd����±'�§¹²«(�§�y���h£���¸[��¢
ø ú��_¹Á�-�y¥y¢�¢q��¢nµ���ü�¡[¶�º°¯d¦�¨�¸[���ÓqÉú��[¶·¢q�§¦�¨y¢q� ¸[����ªU�§�y¸[���z¤D¯°��øûú��_¹Á�-�y¥y¢�¢n¯°�[�y���_¨<��º°µ|¸[����ªU�§�y¸[�
­@¯°�_�h£+¸[���+ ���£_¨y�U¸[������£_¶·��¶·����¥[�y¸~¹-¥y¢�¢+¸[��¢_­®��¶·���ý¹²¯°�[¯°¹²¯d���_£:­®����¸[���w��ÞØ�y¢_¶·��¢q��¹:£�­@¥[��¸[�²¸�¯d�
¤D¯°¶·����­8ú��_¹Á��ºd��¯°£E�sú�¨[¯°¶��·��¯°£n¸[����qÉú��[¶·¢
�§¦�¨y¢��n¸[���'ªU�§�y¸[�+¢q��­®��¯°£@­@¯d�+¹Jk§¶�º°¯d¦q¨x�·���_¹²¯°�y¸[���_£��[¯°�y¸[��¹
¶·���_¯°�[¶²­ ú��_¹Á��ºd��¯°£E�Ûú�¨[¯°¶·�: î��£����_¯ÿ��º°¯d����Ý ¢���­ �§¨[º���¡[�@¸�¯d�:ªU���y¢��§�����Ì��ºd¢ ��¥y¦q¨4��¡[�@¸�¯d�nªU�§�y¸[�+¢���º°µy¢_£
Ýî��¯°�[¶·��¢���£_ü�£�­@¥[��¸[���w�ð����ü�¥|­@¥[��¸[���|ü�¥[¹v��¯°�y��� ��¡[�[���yº°¹Á¢����y¢��§����� ¶·����¥[£_ü�£��7¸[�������|ø ú��_¹Á�-m
�§��«<��ü�¯°£qú�£ ¯°¹S�5���_¶�ºd��¯d¦�¨Ìü�¥ û ¸�¯d¦��·����ü�ªU���y¢��§�����Ì����¸�¥[ü�¯d���_£"¯d¢_£��[�+�§¸�¥[��¦�¨Ìº°¯d��¶�£"¸�¯d�-����¢q��¹-£_¹��§¢�¢��
¸[��¢®µ����3k§£_¯°¶�£����4 ���£q��º°ºd¢ µ���¯<¥[��£����

3 g
«[���²ªU�§�y¸[���[¬�¥[¹ ���y¸[�������4­@¥[��¸[�'��¯°�y� �5���_�_¯°�[¶·���_¥[�[¶Á¸[���

¤D¯°¶·����­8ú��_¹Á��ºd��¯°£E�sú�¨[¯°¶��·��¯°£n¸�¥[��¦q¨�¸�¯d�ÀU'¥y¢_­ ��¨[ºP�·�§�Ì¢�¦�¨[ºd��¦q¨�£'­ ú��_¹Á��ºd��¯°£����y¸[��¹Î ~��£����_¯ÿ��ºw��¡[� ¸�¯d�
U"¥[´·���[¨h¡[º°ºd�ù¸[���²ªU���y¢��§�����=���_����¯d¦q¨�£��Oªh¯d� µ(��¢_£���¨h£Á��¥y¢-��¯°�y��¹I��ºÿ�§¢E�Û�§¢����_�·�§¹²«���¢_¯°£�¹²¯°£�¤D«��Lh�¯d¸�m
¨<���_ü·�(�����sU"¥[´·���y¸�¥[��¦q¨[¹Á��¢�¢����+¸[���:ªU�§�y¸[�:µ���£_�qú�¶�£

10 mm
�<­ �§µ(��¯D¸�¯d�-ø����y¸[¢_£qú��_�·��¸[���ä# k§¨[���

1 mm
µ(��£_�qú�¶�£��y¢q�²¸y�§¢�¢ ¸[��� ¯°�[�y�����n��¥[��¦q¨[¹Á��¢�¢����

8 mm
��¥y¢_¹��§¦�¨h£��

�'¯d�4 ~��£_¨y�h¸[�4¸[��¢�U'��µ[�_¯°�[¶·���y¢Á¸[����ªU���y¢��§����� ¯°¹ ÞØ�[�y���_� ¸[����# k§¨[���6¢q¦�¨y��¯°��£²ü�¥[�<ú§¦q¨y¢_£²¥[�[¶·�-m
­¹k§¨[�[º°¯d¦�¨w������¹ ¶·��­ ú�¨[º°£����� î��£����_¯ÿ��ºw­@¯°��¸ù¢�����¯°�ù����¦q¨�£"¨y�§¨y���@ø ¯d¸[����¢_£q���y¸4�k¡[� ¸�¯d�¼U'µ���¡[¨[�_¥[�[¶
¸[���-øûú��_¹Á���<�§¦q¨ ��¥[´·���|¶·��µ��§£����w�ð��¯d��¢��  ���£_¨y�U¸[� ¯d¢_£-��¯°�|±"�§¹²«[���§¹²¯d¢�¢�ü�­@¯d¢�¦q¨y���=¸[����£_¨y����m
¹²¯d¢�¦�¨y���û¤��A���h£���� ¥[�y¸ ¸[��� �'����¢_£���º°º°¥[�[¶·¢�¹Jk§¶�º°¯d¦�¨[�·��¯°£����w��u���µ���� ¸[���6£_¨y���_¹²¯d¢�¦�¨y����U'�U£_¯��h¯°£qú�£
¯d¢_£�¸�¯d��ªU�§�y¸[�²��¥y¦�¨î¶·��­@¯d¢�¢����~¹Á��¦�¨<���[¯d¢�¦q¨y���=�8�����y¢_«[�_¥y¦�¨h¥[�[¶·������¥y¢_¶·��¢���£_ü�£��A¬�­ ����­®����¸[���ý¸�¯d�
ªU�§�y¸[���ù�[¯d¦�¨�£"­@¯d�'µ���¯ IÍ9ùõ:9 \ ¯°�ù¸[���g�8�U¸[���4¶·��¨<ú�¹²¹Á���_£���7E��¸[�U¦�¨4­ ����¸[���m¢_¯d��¯°�4¸y�§¢8ü�¥4¥[��m
£�����¢_¥y¦�¨y���y¸[�4 î��£����_¯ÿ��º®¶·��¸��_¡y¦q�h£�¥[�y¸ ��¥[´·��� ���[¶·��µ[�q�§¦q¨�£��ù��¡[�[���yº°¹nm ªU���y¢��§�����=­@¡[��¸[��� ¸y��µ(��¯
¥[��­®��¯°¶·���_º°¯d¦q¨ µ���¢�¦�¨<ú§¸�¯°¶�£����8��¯��8��£_�q�§¦�¨�£_¥[�[¶���¯°�y��¢-¹Jk§¶�º°¯d¦q¨y���Ü~h¥<����£_¯°£q��£_¯��·��� u��§¦�¨�£���¯°ºd¢�¸�¥[��¦�¨
¸�¯d�'�Dºÿ��£_ü�¯d���_¥[�[¶Á¸[���"ªU���y¢��§�����4¯°¹ëÞ��[�y���_�6¥[��£������8���_¡y¦���¢_¯d¦q¨�£_¯°¶�¥[�[¶�¸[��¢Ú�5���_¨<ú�º°£_�[¯d¢�¢���¢8ü�­@¯d¢q¦�¨y���
ø����y¸[¢_£qú��_�·�4¥[�y¸�qÉú��[¶·�ù¸[����ªU���y¢��§�����(�ðü���¯°¶�£Á¢_¯d¦�¨(�7¸y�§¢�¢�¸�¯d��¢��g�@��¥�­ ��¯d¢��4��¥[�Á��¯°�y�6¹²¯°�[¯°¹���ºd�
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µ<��¨[�y���w�l�5�§�ù¥[�y¸ ­ ú�¨[�����y¸P¸[��¢ ¿�1]Ã�ÇÐÇa¸�Ä m��D���§ü���¢q¢���¢ù­@¯°��¸ ¸y�§¢�ªh¥[µy¢_£_�q��£m��¥��k¶·��¨y��¯°ü�£m¥[�y¸û��¥��
í=<?>
0@3A3:BC6C*

�5ñ�ï�ö#$ �ED­ÿ�ñóò@
§üGF�õ���ñ�ï



ñ(�£¢��¤r�17%(.8�o2�13% �h¾

vy�§º°¯d�+¹²¯°£�ªU���y¢q�§�����

ªU¦q¨�¥[£_ü��s�§º°¯d�

vy�§º°¯d�n¹²¯°£ ±�ºd��µ(���

��ºÿ�§¢_�s�§¢����_�&k§¨[�����7U"¥[´·���y¸�¥[��¦q¨[¹Á��¢�¢����
10 mm

��ø����y¸[¢_£qú��_�·�
1 mm

U'µ[µ[¯°ºd¸�¥[�[¶���� ¾U� á ÒA½]ÁA·eºÐÏ-Ñ m ªh£_�_¥[�h£_¥[�"¸[���'¸�����¯É±n��«[£��§��mavy�§º°¯d���~¯°�m¸[������ºÿ�§¢E�Û�§¢�����ma#�k§¨[�����

120 ◦C
¶·��¨<��º°£����w�/U'µy¢�¦�¨[º°¯d��´·���y¸~­@¯°��¸~¸�¯d�-±n��«[£��§��mavy�§º°¯d��¹²¯°£�¸[����ªU���y¢��§�����îµ(��¯

100 ◦C
���î¸[���

qA¥���£ ��¡[�"¿��²µ[¯d¢�¿�ÀÁªh£_¥[�y¸[���~��¥y¢_¶·��¨y��¯°ü�£��
���§¢�����¢�¯°¶�� ­@¥[��¸[�m¢��î¶·��­8ú�¨[º°£��O¸y�§¢�¢Á¸�¯d�~����¢q��¹:£_¹Á���[¶·��¸[��¢²µ�����¥[£_ü�£�����±�¥[«��s����¢Á¹Jk§¶�º°¯d¦q¨y¢_£
¶·���_¯°�[¶ý¯d¢_£gßk¢�¯d� µ���£_�qú�¶�£²¦�¯°��¦��

1.5 g
à-�D¥[¹ ¸[���|øûú��_¹Á�-�y¥y¢�¢²���h£_ºÿ���[¶�¸[���nqÉ��¯°£����_µ<��¨[�y��� ¢��~¶·�-m

�_¯°�[¶ ­@¯d�-¹Jk§¶�º°¯d¦�¨îü�¥~¨<��º°£����w�(�+�§¢ä����¥[«[£_«[���§µ[ºd��¹Îµ���¯°¹yU'¥��kµ[�_¯°�[¶·���î¸[��¢� ~��£q��º°ºd¢'­8������¢C����¯°�y�
¶·����¯°¶��y��£��¹#'��¯°¨y�����k�§º°¶·� ¸[���z ~��£q��º°ºd¢�¦�¨[¯d¦q¨�£����²¯°��¸[���Ó�8������¯d¦�¨y����ü�¥À�y�y¸[���(�g­®��¢_¯d¦�¨�¸�¯d�O��¡[�[���yº°¹nm
¢�¦�¨[¯d¦q¨�£ ��¥y¢®©8¯°£q���6¹²¯°£8¸[��¹ û ¸�¯d¦��·����ü�±�¥[«��s�����yº°¹ ��¥��É¸[���®±n��«[£��§��mavy�§º°¯d��¡[µ�����¢�¦�¨[�y��¯d¸[��£�����¯d��¢���¢
�D���§µ[ºd��¹ ­@¥[��¸[�ù¶·��º k�¢_£��7¯°�y¸[��¹ ¸y��ü�­@¯d¢q¦�¨y���[º°¯d��¶·���y¸ ��¡[�[���yº°¹nm�±�¥[«��s���T�·���_�hºd��¯d¸�¥[�[¶·��� �·�§� ¸[���
�§µ(�������~¥[�y¸m¥[�h£���������ªU��¯°£�����¥��O¸y�§¢'©8¯°£q���ý��¥��k¶·��µ[�q�§¦�¨�£�­@¥[��¸[���w����¯d�:±'�§��£q���U£�¢_£���º°ºd���ý¸[���+ªU����m
¢��§�����m¢_¯°�y¸6µ(��¢q�§�y¸[����¢8�h�_¯°£_¯d¢�¦q¨ù¥[�y¸4­@¥[��¸[���Ì¢���¶����§´�­@¯d��¹Jk§¶�º°¯d¦�¨m¶·��­8ú�¨[º°£��[¥[¹ ��¯°�xU'µ[µ[����¦�¨y���
�h¸[����ú�¨[�[º°¯d¦�¨y��¢�ü�¥R�·���_¨[¯°�y¸[���_�w�ð�+��ü�¥|­@¥[��¸[� ��¯°�y�ùªh£����_���s�§�_¹ �k¡[�-¸[��� ±"�§�h£q���h£�¶·��­ ú�¨[º°£��7¸[���
¢_¯d¦�¨ù¯°�ù��¯°�y��¹ ±�����¯d¢8¹²¯°£@��¯°�y��¹ ��¥[��¦�¨[¹Á��¢�¢������·�§�

2− 4 mm
ßs��µ[¨<ú��[¶�¯°¶J�·�§�ù¸[���'ªU���y¢��§�_¶��&k§´·�Cà

µ(�-�y�y¸[��£Óßk¢�¯d��¨y�ÀU"µ[µ[¯°ºd¸�¥[�[¶������5àR�
£ ï/�ðó�êkïzñ<çUï �ðç�ó~�(�]Okê�ç�öyï¤�ðê�ç�H�ïðïÉçUï��-öyï+�¤�ðç�óx�gO�ö[è���ö[èëç�óC�uêíà(òÉó�ç
¤D¯°�y��� ¸[��� ��¥��k­®���y¸�¯°¶·¢�£�����U'�_µ(��¯°£�¢q¢�¦�¨[�_¯°£_£��Ìµ(��¯"¸[���~�'����¢_£���º°º°¥[�[¶|¸[����©8¨y���_¹���ºd¢��§�y¸[��� ¯d¢_£Á¸y�§¢
U"�hµ[�_¯°�[¶·����¸[����vy�§º°¯d�8¯°�[�y���_¨<��º°µ�¸[���®¢�¦�¨[¹���ºd���Z# k§¨[�������+��µ(��¯�­®����¸[���6¸�¯d�@¸�����¯�ªU¦�¨[¯d¦q¨�£����6¶�ºd��¯d¦�¨�m
¹�ú�´�¯°¶:¥[��£���� �·�§�y¢_£q���h£���¹����_¥y¦������ ¸�¯d��ÞØ�[�y����­ ���y¸6¸[���8��ºÿ�§¢E�s�§¢q����ma#�k§¨[���@¶·���Uºd��µ[£���³·��¸[� #�k§¨[���
¹²¯°£ ��¯°�y��¹ ªU¦�¨[¯d¦�¨h£������·���_µ[¥[�y¸ý��¥y¢@¸�����¯w±n��«[£��§��mavy�§º°¯d���m­@¯°��¸4ü�­@¯d¢q¦�¨y���mü�­ ��¯zªh¯°º°¯°�·�§�y¢�¦�¨[ºÿú�¥y¦q¨y���



��� dn)&e76 ,�13*»ñ(g��s)+.	��13.X.C.�
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U"µ[µ[¯°ºd¸�¥[�[¶ ��������ªU¦q¨y��¹���ü���¯d¦�¨[��¥[�[¶ ¸[���~��¥��k¶·��¸y��¹²«���£����M ���£q��º°ºd¢q¦�¨[¯d¦�¨h£�������¥���¸[���Ì¹²¯°£_£_ºd�������
±n��«[£��§��mavy�§º°¯d� ß�º°¯°�[��¢^à+¥[�y¸R�·���_¶��&k§´·���_£���U'¥����<��¨[¹Á�4��¯°�y��¢²±'�§��£q���U£�¢²¹²¯°£²��¯°�y���nU'�y¢�¦q¨[º°¥y¢�¢�¢_£���ºpm
ºd� ��¯°�y��¢�ø ¯d¸[����¢_£q���y¸[¢�ß�����¦�¨h£�¢^àR�D¤5¢�¹:¥y¢�¢²��� ¸�¯d��¢���� ªh£���º°ºd���=��¯°������¦q¨�£²¶����§´·���²±�¥[«��k���_£_���§«��s���
µ(���h¥[£_ü�£�­ ����¸[���(�A¸y�6¸�¯d�-±n���h£�����¸[���+ªU���y¢��§�_ü���º°ºd������¥��k¶��_¥[�y¸î¸[��¢s� k§¨y���h¥[��£�����¢�¦q¨[¯d��¸[¢n¯°¹B ~�Xm
£����_¯ÿ��ºÉ¢����y¢_¯°µ[ºd�n�5¥[�[�h£��n¸y����¢�£���º°ºd���w�

«[ºÿ��£_ü�¯d���_£���¤D¯°�y���®­@¯°��¸�¸y��µ���¯y¯°�[�y���_¨<��º°µ ¸[���Ú#�k§¨[���"���[¶·��µ[�q�§¦q¨�£ ¥[�y¸Á¸[��� ���y¸[�����"­@¯°��¸��·�§� ��¥[´·���
¡[µ(��� ¸�¯d�+¶·��¢
��¹:£��À# k§¨[����¶·��¢_£_¡[º°«[£Óßk¢_¯d��¨y�ÀU'µ[µ[¯°ºd¸�¥[�[¶~�����5àR�y��¯d�+¢_¯d¦q¨ùü�­@¯d¢�¦�¨y���~¸[���~ªU¦�¨[ºÿú�¥y¦q¨y���
¥[�y¸n¯°¹��5�§º°¥[¹Á����¸[���+#�k§¨[���5µ(�-�y�y¸�º°¯d¦q¨y�¹qA¥��k£w­@¯°��¸���µ[¶·��«[¥[¹²«[£��g�+���<�§¦�¨-­@¯°��¸:¸�¯d�8ªU�§�y¸[�D¯°�-��¯°�y�
±n��¹²¹Á���O¶·��ºd��¶�£��·¯°� ¸[���O©É��¹²«����q��£_¥[�®¥[�y¸��'�_¥y¦q�²����¶·��º°µ<���®¢_¯°�y¸A���'¯d�"±n��¹²¹Á���O­@¯°��¸²¹²¯°£5¶��§¢_�§k§��m
¹²¯°¶·��¹Mªh£_¯d¦���¢_£�����¹²¯°£É��¯°�y��¹ ���_¥y¦q�ä�·�§�

200 psi−400 psi
µ(��ü�¯d��¨h¥[�[¶·¢_­®��¯d¢q�

13.79 bar−27.58 barµ(�R�k¡[º°º°£@¥[�y¸m��¥��
180 ◦C− 200 ◦C

��¥��k¶·��¨y��¯°ü�£���u��§¦�¨Ì��¯°�y���'ªh£_¥[�y¸[�+¯d¢�£8¸[����U@¦��T	Uºpm�±�ºd��µ����'��¥y¢_¶·�-m
¨<ú��_£���£ ¥[�y¸m¸�¯d�Àvy�§º°¯d�+�k��¢_£@¹²¯°£ ¸[���"ø����y¸m¸[����#�k§¨[���s�·���_µ[¥[�y¸[����ßÛ������¶·�§��¦�üL	U� ¸LÇÚÒAÍ Ü »������5àR�

U"µ[µ[¯°ºd¸�¥[�[¶@�������ÉªU¦q¨y��¹���£_¯d¢�¦�¨y�JU'�y¢_¯d¦q¨�£:¸[��¢s�5���E�Û��¨[�����y¢�ü�¥[¹ U"�hµ[�_¯°�[¶·����¸[���Àvy�§º°¯d�Á���ý¸�¯d�nÞ���m
�y���y¢���¯°£��n¸[������ºÿ�§¢_�s�§¢�����ma# k§¨[�����
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Frw��rw�� Ij<�ÙØÖÔ`®ã5<(Ü�Ö�âÉ×�z5Úyãîà áOÚyã�E�<AÙa>�âÉ×6z5Ú<×

�5�§¹þ�D�_¯°�[ü�¯°«|¨y���:¶�ºd��¯d¦q¨y���|¸�¯d�4ªU���y¢��§������¸[����¨<���y¸[��ºd¢_¡[µ[º°¯d¦�¨y���=�5©+»�¼�¼��z��¥[��¸y�§¢�¢n¨[¯d���_µ���¯®¸�¯d�
ø�¯d¸[����¢_£qú��y¸[� µ���¯

0 ◦C
�[¯d¦q¨�£

100 Ω
µ(��£_�q��¶·���(�§¢��§�y¸[���_�(����µ[¨<ú��[¶�¯°¶¼�·�§�²¸[���O���&k§´·�®¸[��¢�7_��­®��¯°º°¯°¶·���

ªU���y¢��§��¢��[ü�­@¯d¢�¦q¨y���
70 Ω

¥[�y¸
110 Ω

º°¯d��¶·���w�
�'¯d�ä#"�§¨y¸y��£����4­ ����¸[���6¯°��U��:G�m�¤D¯°�[¨y��¯°£����=ß £ �<��ºd�§¶Am H ¯°¶�¯°£q��ºpmKJn¨<���[¶·���^à@¶·��¹Á��¢�¢����6¥[�y¸ ¹-¡y¢�¢����
ü�¥[�<ú§¦�¨y¢_£'¯°�ùø�¯d¸[����¢_£qú��y¸[�n¥[¹²¶·��­ ���y¸[��º°£�­®����¸[���(�[¥[¹*¸y���q��¥y¢����y¢�¦�¨[º°¯d��´·���y¸�©É��¹²«����q��£_¥[�����Ìü�¥
µ(������¦q¨[�y���w���+��ü�¥m¹-¡y¢�¢�����¸�¯d��ªU���y¢��§�����Ì����º°¯°µ[�_¯d���_£"­ ����¸[���w�]vð¡[�"¸�¯d�n©z��¹²«(���q��£_¥[�q��µ[¨<ú��[¶�¯°¶��·��¯°£
¸[��¢�ªU���y¢��§�_­@¯d¸[����¢_£q���y¸[¢²­@¯°��¸|­@¯d�6µ(��¯@¸[��� ¨<���y¸[��ºd¢_¡[µ[º°¯d¦q¨y��� �5©É¢���¯°�y��U'«[«[���Lh�¯°¹���£_¯d�§� ���[¶·�-m
�y�§¹²¹Á���(�É¡[µ����-¸�¯d� ¸y���[��¸[���:ø ¯d¸[����¢_£q���y¸0Ac  E�¡ ��¯°�y��¢F7_��¸[��¢�ªU���y¢��§��¢-µ�������¦�¨[�y��£�­@¯°��¸zßk¢_¯d��¨y�
��ºd��¯d¦�¨h¥[�[¶~»��½¿5àR�
Y"¹J��¥[� ¸�¯d���7���q��¹Á��£����

R0
¥[�y¸ ¿ ü�¥�µ���¢_£_¯°¹²¹Á���(�®­®����¸[���û¸�¯d�~ªU�§�y¸[��� ¯°����¯°�y���4±n��¹²¹Á���ß�¹Jk§¶�º°¯d¦�¨y¢_£ º°¥��k£�¸�¯d¦�¨h£��y¥[¹ ¢_£&k§�����y¸[�:¤D¯°���y¡y¢�¢���ü�¥��·���_¹Á��¯d¸[���]à@«[ºÿ��£_ü�¯d���_£��y¸[�������m©É��¹²«����q��£_¥[�"���-m

¶·��º°µ<���²¯d¢_£�¥[�y¸ �·�§��£_���§º°º°¯d���_£Á­@¯°��¸A�D��¯d�ÌªU�§�y¸[�4¹²¯°£²¸[����ªU���y¢��§�����=­@¯°��¸ ��¥�����¯°�y��¹ £_¨y���_¹²¯d¢q¦�¨
¢�¦�¨[ºd��¦q¨�£"ºd��¯°£����y¸[���� ~��£����_¯ÿ��ºw¶·��ºÿ��¶·���_£"¥[�y¸ù¸�¯d��ø�¯d¸[����¢_£qú��y¸[�~ß�¯°�xU'�:G�mÛø����_£����]à8�·�§�h£_¯°��¥[¯d���_º°¯d¦q¨
µ(��¢_£_¯°¹²¹-£��<�7���q��º°ºd��ºð¸y��ü�¥�­®����¸[���~¸�¯d�:©É��¹²«����q��£_¥[�����~ü�¥[�"±"�§�h£_���§º°ºd�-¹²¯°£_£���ºd¢"¹²¯°�y¸[��¢_£����y¢'ü�­®��¯pm
���:�5©+»�¼�¼=ß�¯°� ◦C à'¶·��¹Á��¢�¢q���(�w¸�¯d��������¥y¢_¶·��­8ú�¨[º°£���� ªh£���º°ºd��������¸[����ªU�§�y¸[�²«[ºÿ��£_ü�¯d���_£:­ ����¸[���w������[�4­ ����¸[���47_��­®��¯°ºd¢8ü�­ ��¯A ���¢�¢�¥[�[¶·���6¸�¥[��¦q¨[¶·�R��¡[¨[�_£��<ªh¯d�'­®����¸[���ù¯°¹��k�§º°¶·���y¸[���m��ºd¢l����¯°ü�mð¥[�y¸
±�¡[¨[º°üL	h�Uº°¥y¢8µ(��ü���¯d¦q¨[�y��£��3�8��¯°¹é�'��¯°ü�üL	U�hº°¥y¢ ­@¯°��¸4¸�¯d��±n��¹²¹Á�����·�§�m¸[���8¯°�6¯°¨[�l�·�§�_¨y���_��¢�¦q¨y���y¸[���
©É��¹²«����q��£_¥[�-��¥��®¥[�[¶·�R�Ûú�¨[�

60 ◦C
���_¨[¯°£_ü�£+¥[�y¸~µ���¯°¹Î±�¡[¨[º°üL	h�Uº°¥y¢n��¥�� ¦�¯°��¦�� −60 ◦C

��µ[¶·���U¡[¨[º°£
ßk¸�¯d� ¤D�y¸�£���¹²«����q��£_¥[�®¯d¢_£O��µ[¨<ú��[¶�¯°¶Ó�·�§¹ ¶·��­8ú�¨[º°£����  ~�h¸[��º°º<¸[���®±n��¹²¹Á�����h��¥y¦�¨ ¶·���_¯°�[¶·����� ø�����m
£��"��ºd¢5¸�¯d� �§µ����Á¶·���<���[��£����4¢_¯°�y¸���¥y¢�����¯d¦�¨y���y¸7àR��Þ ¢_£5¸�¯d�@¶·��­8ú�¨[º°£��'¤5�y¸�£���¹²«(���q��£_¥[�8���_����¯d¦�¨h£���­@¯°��¸
¸�¯d�6±n��¹²¹Á���Á��µ[¶·��¢�¦q¨<��º°£���£²¥[�y¸ ¸�¯d� ±n��¹²¹Á�����U¡[¨[º°£�����¢�«(���U£_¯��·� ���_­8ú��_¹:£Á¢_¯d¦q¨ «<�§¢�¢_¯��ý­@¯d��¸[���
µ[¯d¢nü�¥[�ÛU'¥y¢_¶����[¶·¢_£���¹²«����q��£_¥[���É�+�ù¸�¯d� ±n��¹²¹Á���:¹²¯°£_£���ºd¢:��¯°�y��¢Û�5����£_¯°ºÿ��£��§��¢²��¥��@¯°¨[���*7_��­®��¯°º°¯°¶·�
©É��¹²«����q��£_¥[�n¶·��µ[�q�§¦�¨h£:­@¯°��¸���¶�¯°µ[£n��¢+��¯°�y��qA¥��k£_ü�¯°�_�h¥[ºÿ��£_¯d�§��¯°�ý¸[���n±n��¹²¹Á�����w¸�¯d��¥[�y���_­@¡[�y¢�¦�¨h£
¯d¢_£ ¥[�y¸Ì¢�¯d¦�¨Ì¢_£&k§�����y¸~��¥��5¸�¯d�: ~��¢�¢_¥[�[¶ ��¥y¢_­@¯°�_�U£��3U'¥y¢"¸�¯d��¢���¹Î���_¥[�y¸ù­@¯°��¸Ì�[¯d¦�¨�£�¸[���'©z��¯°ºz¸[���
 ���¢�¢�¥[�[¶-ü�¥[�l�8��¢_£_¯°¹²¹:¥[�[¶Á¸[���@�7���q��¹Á��£����@¶·��­ ú�¨[º°£���¯°�4¸[��¹/¸�¯d��±n��¹²¹Á���"��¥��z¸�¯d�'¶·��­@¡[�y¢�¦�¨h£��
¤D�y¸�£���¹²«(���q��£_¥[�²¶·��µ[�q�§¦q¨�£²­@¯°��¸��ð¢��§�y¸[���_� ¸[���-«<�§¢�¢�¯��·� ©z��¯°ºÔ�z­8ú�¨[�����y¸ ¸[��¹v¢_¯d¦q¨|¸�¯d�6±n��¹²¹Á���
­@¯d��¸[������¥��"¸�¯d�ZU'¥y¢_¶����[¶·¢_£���¹²«����q��£_¥[����µ[�U¡[¨[º°£:µ���ü�¯d��¨�¥[�[¶·¢�­®��¯d¢��4���_­ ú��_¹-£��7�'¯d��¢q�Á�D¨<�§¢�����µ(�-m
�3k§£_¯°¶·��� ¹Á��¨[�������+ªh£_¥[�y¸[���4¥[�y¸Áµ[¯d��£����4¢��:¸�¯d�' �k§¶�º°¯d¦q¨[�·��¯°£��U ~��¢�¢_­ ���_£��"¹²¯°£®¨[¯°�[����¯d¦�¨y���y¸6¶����§´·���
ü���¯°£_º°¯d¦�¨y���4�'¯d¦q¨�£���¥[�y¸¤U'�[üë��¨[º���¥��kü�¥[�y��¨[¹Á���w�¹U'¥y¢Á¸[����¶·��­®�§�[�y��� ����£�����­®����¸[��� ¸y���[��¸�¯d�
¶·��¢_¥y¦�¨h£������7���q��¹Á��£����

R0
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� ��¯d�:¶·��­ �§�[�y���y�����ð���q��¹Á��£����+­ ����¸[���î¯°����¯°�y������¡[�¨7E��¸[��ªU�§�y¸[��¦�¨<���q���U£����_¯d¢_£_¯d¢�¦�¨y�����+��£���¯
¶·��¢_«���¯d¦�¨y���_£ ß§� ��¯d¢�«[¯d��º ¢_¯d��¨y�m©z��µ���º°ºd�@���°»CàR�®ªU�î�5k§�[�y����¸y���[� µ(��¯  ~��¢�¢_¥[�[¶·���=¶·��­ �§�[�y�-m
�y�s#"�§¨y¸y��£����ù¯°�ù©É��¹²«����q��£_¥[�����m¥[¹²¶·������¦q¨[�y��£ ­®����¸[���jß:�5���E�Û��¨[�����m¢_¯d��¨y�sU'µy¢�¦�¨[�[¯°£_£�����"5àR�
��¯d��¢���¢s�5���E�Û��¨[�����ý­@¯°��¸Ì�k¡[��µ(��¯d¸[��©É��¹²«����q��£_¥[�_üL	U�hºd����¸�¥[��¦q¨[¶·�R��¡[¨[�_£:¥[�y¸~¸�¯d��ø����_£��Á����m
¢�¦q¨[º°¯d��´·���y¸î¶·��¹²¯°£_£���º°£��A�'¯d�iU'µ�­®��¯d¦q¨�¥[�[¶·����ü�­@¯d¢�¦�¨y����¸[���îµ���¯d¸[���ý¬]	U�hºd���îº°¯d��¶·���îµ���¯z¹��Xm
h�¯°¹���º

0.08 Ω
��¡[�8¸�¯d��ø�¯d¸[����¢�£qú��y¸[�'¥[�y¸6µ���¯�¹��Xh�¯°¹���º

3.7 × 10−5 K−
�k¡[�8¸�¯d�"ø����_£���¸[��¢

ø ¯d¸[����¢_£q���y¸[¢_£���¹²«����q��£_¥[�_�·�h���Áü�¯d���h£���� ¿ �

ªU���y¢��§�Óß§u'��� à
R0

ß
Ω
à ¿ ß K−1 à

» ����� ��¼�� ¼��½¼�¼�¿�¿��
¿ ��"�� ¾�¾A� ¼��½¼�¼�¿�¿�À
� ¾§¼�� ����" ¼��½¼�¼�¿�¿��
� À��y������¼ ¼��½¼�¼�¿�¿·¾
" ¾A����"�À·¾ ¼��½¼�¼�¿�»��
À À���� ¾§À�� ¼��½¼�¼�¿�¿��
¾ À·¾U������À ¼��½¼�¼�¿�¿��
� ¾A������À�¿ ¼��½¼�¼�¿�¼��
� �����°»���� ¼��½¼�¼�¿�¼��
»�¼ ���y� �h¾A� ¼��½¼�¼�¿�¼��
»�» ��À�� ��À�� ¼��½¼�¼�¿�¼�»
»�¿ �������·¾�¾ ¼��½¼�¼�¿�¿�¿
»�� À���� ��À�� ¼��½¼�¼�¿�¿�À
»�� À�����"�"�� ¼��½¼�¼�¿�¿�"
»�" À·¾U����»�� ¼��½¼�¼�¿�¿·¾
»�À À��y�½À��y» ¼��½¼�¼�¿�¿��

©z��µ���º°ºd�Ó���°»��y±n��º°¯°µ[�q��£_¯d�§�y¢_«<���q��¹Á��£�����¸[���"©8¨y���_¹���ºd¢��§�y¸[�-©@�O¼�»��
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Frw��rw9F LýÙsÜ�ÚyãhÝO×5Þ+>'�®ã·â��[Ú7>A>·zOÚyãNMðÚ<×¹>�âwã·Ú<×
ø�¯d��µ���¯A���y¸[��������ªU���y¢q�§�����Ì��¥y¦�¨(�yú��y¸[���_£ ¢_¯d¦q¨m¸[��� ø ¯d¸[����¢_£q���y¸ù¸[���@��¯°�[ü���º°�y���~ªU���y¢��§�����ù¯°�ù¸[���
©8¨y���_¹���ºd¢��§�y¸[��¹²¯°£�¸[���:¬(��¯°£�¶·���_¯°�[¶§��¡[¶�¯°¶y��Y'��¢q�§¦q¨y���Ì�k¡[��¸�¯d��¢q��¢ û U'º°£����_��ü�¸[���+ªU���y¢q�§�����~¯d¢�£�¸�¯d�
©z��£�¢q�§¦q¨y���®¸y�§¢�¢�¢_¯d¦�¨  ~��£q��º°ºd���·���qú��y¸[���_�(�O­®���[��¢�¯d�ùü�¥[¹ �8��¯d¢_«[¯d��º"¸[���Zqw¥���£ ��¥y¢�¶·��¢���£_ü�£�¢_¯°�y¸A�
U"¥y¦q¨ ¸�¥[��¦�¨ ¢_£qú��y¸�¯°¶·��¢��8��¨y��¯°ü����=¶·��¨�£���¥���¸�¯d�ù�+��¥y����¹²¯°�[¯°¹���º  î��£����_¯ÿ��º��·���_ºd�§�����(�7­ �§¢�¢_¯d¦�¨
��¥y¦�¨|¯°����¯°�y���4Ç'�y¸[���_¥[�[¶î¸[��¢:ø ¯d¸[����¢_£q���y¸[¢�ú�¥[´·���_£��PY'¹þ��¯°�y�Áµ���¢_£_¹Jk§¶�º°¯d¦q¨y�ù�+���<��¥[¯°¶��·��¯°£�¸[���
©É��¹²«����q��£_¥[�_¹Á��¢�¢_¥[�[¶·��� ü�¥ ���_ºÿ���[¶·���(�D­@¥[��¸[����¸�¯d�ÌªU�§�y¸[��������¶·��º°¹�ú�´�¯°¶��·�§��£_���§º°º°¯d���_£6¥[�y¸=�y��¥
�§��º°¯°µ[�_¯d���_£��7³·�ùú�º°£����²¸�¯d�mªU���y¢��§�����=¢_¯°�y¸��z¸[��¢�£��~¢�£q��µ[¯°ºd����µ[ºd��¯°µ���� ¯°¨[���4�ð���q��¹Á��£������7ø�����¸[��� ¸�¯d�
µ(��¯A­@¯d��¸[���_¨y�§º°£����î±n��º°¯°µ[�q��£_¯d�§�y¢_¹Á��¢�¢_¥[�[¶·����¶·��­®�§�[�y���y���î�+��£����x�·���_¶�º°¯d¦�¨y���(�(¢���ü���¯°¶�£"¢_¯d¦q¨(�y¸y�§¢�¢
¸�¯d�"Ç'�y¸[���_¥[�[¶·���ý¯°�ý¸[���îø�¯d¸[����¢_£qú��y¸[����¸[���-ªU���y¢q�§�����~¹²¯°�[¯°¹���º5¢�¯°�y¸A�Aªh¯d��º°¯d��¶·���ý¹��Xh�¯°¹���º7µ(��¯
0.6 %

���+�²¸�¯d�:Ç'�y¸[���_¥[�[¶·���Ì��¥[�"¹²¯°�[¯°¹���ºd���~¤D¯°���y¥y¢q¢'��¥��D¸�¯d�ÀY"¹²����¦q¨[��¥[�[¶6�k¡[� ¸�¯d�n ���¢q¢�¸y��£����
¨<��µ(���(�[����¯d¦q¨�£���¢"��¥y¢��[¸�¯d�-ªU�§�y¸[���Ì��£Ø­ � ��º°ºd�Û�8Ý��� ~�§�<��£��+ü�¥[� ±"�§�h£_���§º°ºd�:�y��¥mü�¥ù����º°¯°µ[�_¯d�������w�

ó:t�ó ��C��7��&<1�� �-���

�'¯d��¤Dºd���U£_���§�[¯°�î¸[��¢+ ���¢�¢q¢T	U¢�£���¹Á¢'¸�¯d���h£nü�¥[¹Î��¯°�y���ýü�¥[�nªh£���¥y���_¥[�[¶�¸[���� ~��¢�¢_¥[�[¶·���î¥[�y¸îü�¥[¹
���y¸[�������mü�¥[�'ªh«(��¯d¦q¨y���_¥[�[¶ ¸[���  ~��¢�¢�¸y��£����w�[�D����¤Dºd���h£_���§�[¯°�
ma�8�Lhù�5k§�[�y���mµ[¯d¢@ü�¥��U¯d��� ©8¨y���_¹���ºpm
¢��§�y¸[���î¶�ºd��¯d¦�¨[ü���¯°£_¯°¶Ìµ���¸�¯d����£+­ ����¸[���(�A¸�¯d�nU"�y¢�¦q¨[º°¡y¢�¢���¸y�g�k¡[�+µ(�-�y�y¸[���ý¢_¯d¦q¨����î��¯°�y���:ªU��¯°£��²¸[���
� ��h ßk¢_¯d��¨y�¼U'µ[µ[¯°ºd¸�¥[�[¶Z���°»��5àR�[�+�§¢�U"¥[´·���[¹���£����_¯ÿ��ºÉ¯d¢_£  ~��£q��º°º�ßk î��£����_¯ÿ��º(#�ìäqÉ¤6G ¤5±²»�À�¿5à-�y¸�¯d�
U"µ[¹Á��¢�¢�¥[�[¶·���Ì¸[�����8�Lhùµ���£_�q��¶·���

34 × cm18× cm10 cm
ß�¯°�[�Uº°¥y¢_¯��·�À�����y¸�¶��_¯p�Úà ¥[�y¸m¸y�§¢'�+�-m

­@¯d¦�¨�£
5 kg

ß�¯°�[�hºÛ��U'�h�U¥y¢^àR����¯d�n�-hy���h£����xU'µ[¹Á��¢�¢_¥[�[¶·���Ì¢�¯°�y¸ù¸[���m£���¦�¨[�[¯d¢�¦q¨y���ý¬(��¯d¦q¨[��¥[�[¶·���~¯°¹
U"�[¨<���[¶Áü�¥�����£_�y��¨[¹Á���w�
vz¡[�®¸�¯d�'ªh£_���§¹Û�·����¢��§�_¶�¥[�[¶�¢_¯°�y¸�¯°��¸[���®¤Dºd���h£_���§�[¯°�
ma�8�Lh�¢���¦q¨y¢�� ºd��¯pmaU'�h�U¥y¢D¥[��£����_¶·��µ[�q�§¦q¨�£Àßk¢_¯d��¨y�
U"µ[µ[¯°ºd¸�¥[�[¶����°»��
à-��¸�¯d� ��¢®���_¹Jk§¶�º°¯d¦�¨y���(�[��µ[¨<ú��[¶�¯°¶i�·�§� ¸[��¹  ~��¢�¢_«[���§¶��q��¹²¹�¹Á��¨[�������"©ð��¶·�"ºÿ���[¶
ü�¥�¹Á��¢�¢����w�A¤D¯°�y�  ���¢q¢_¥[�[¶ù¡[µ(���¼����ªh£_¥[�y¸[����¹²¯°£:��¯°�y����ªU�§�y¸[�Á¹²¯°£:��¯°�y���ÛU'µ[£q�§¢_£_�q��£����·�§�j��¼
ªU���h¥[�y¸[���~µ(��¯ð¸[���'�·�§�h£_¯°��¥[¯d���_º°¯d¦q¨ý�<�§¦�¨y��¯°�<���y¸[���:��º°ºd�²ªU���y¢��§������µ���¨y��¯°ü�£"­ ����¸[���(�(¥[¹$¸�¯d�:ø ú���m
¹Á��ºd��¯°£E�sú�¨[¯°¶��·��¯°£Dü�¥�µ(��¢�£_¯°¹²¹:£����(��¯d¢_£ð«[���§µ[ºd��¹²ºd��¢7¹Jk§¶�º°¯d¦�¨w��¬�¥[¹ qÉ�§¸[���²�h¸[���z��¡[�7 ~��¢�¢_¥[�[¶·���(�gµ(��¯
¸[���y���~��¯°�y�-�-hU£����_�y�²ªh£_���§¹Û�·����¢��§�_¶�¥[�[¶ù¹Jk§¶�º°¯d¦q¨�¯d¢�£��3�·���E�k¡[¶�£�¸�¯d�Ó� ��hm¡[µ(������¯°�

230 V
mau'��£_ü�£���¯°ºÛ�

U"¥[´·����¸[��¹v�§���[�|¸�¯d��¤Dºd���U£_���§�[¯°����¥y¦q¨�¡[µ����-�-h�£����_�y�~�@��£_£����_¯d���|µ(��£_�_¯d��µ�����­ ����¸[���(�Éµ���¯d¢_«[¯d��ºd¢�m
­®��¯d¢��+¹²¯°£'��¯°�y����U"¥[£��§µ<��£_£����_¯d�:¹²¯°£

12 V
�

�'¯d�=�5���_µ[¯°�y¸�¥[�[¶�ü�¥[¹��ßG$­@¯°��¸Ñ���h£�­®��¸[���ý¸�¥[��¦q¨ ��¯°�y��±n��µ���º��·���_µ[¯°�y¸�¥[�[¶�¹²¯°£�¸[���Ì¢����_¯d��º°ºd���
ªU¦�¨[�[¯°£_£�¢_£���º°ºd� ß§#�ª�¿���¿5àÁ�U¸[���6¸�¥[��¦q¨û¸�¯d��v[¥[�[���·���_µ[¯°�y¸�¥[�[¶=������º°¯d¢_¯d���_£��8�+��ü�¥�µ���¢_¯°£_ü�£4¸�¯d��¤5ºd����m
£_���§�[¯°�î��¯°�y��U'��£����[�y�­ß§U"µ[µ[¯°ºd¸�¥[�[¶­���°»��5à�¥[�y¸�����¸[��� #'��¦�¨[�y���n­@¯°��¸ý��¯°���-h�£����_�y���:¤D¹²«��Ûú��[¶·���
���[¶·��¢�¦�¨[ºd��¢�¢q���Rß§U'µ[µ[¯°ºd¸�¥[�[¶~���°»�"5àR�



ñ(�òñ(��O *�1��+,�2��o%(6�� "�"

£ ï(é�çUïzïzç

¥ ê�ô§ò(é�è�çhïzè��<ó
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U"µ[µ[¯°ºd¸�¥[�[¶z���°»����@¤5ºd���h£_���§�[¯°�û¸[��¢ù¤QT�©PU+ªU¤�m� ~��¢�¢�¢T	�¢_£���¹Á¢ù­@¯d�ý¢_¯d�~�k¡[�ù¸�¯d�î¯°�P¸�¯d��¢����xU'�_µ(��¯°£
µ(��¢�¦q¨[�_¯d��µ(���y�: ���¢�¢�¥[�[¶·���m¶·����¥[£_ü�£'­@¥[��¸[���
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¬�¥y¢qú�£_ü�º°¯d¦�¨��·���E�k¡[¶�£ ¸�¯d��¤Dºd���h£_���§�[¯°�6¡[µ���� ��¯°�y���xqA¯d¦q¨�£�¢����y¢q�§�Óßk¢_¯d��¨y�sU"µ[µ[¯°ºd¸�¥[�[¶Z���°»��5à-��¸[��� ��¯°�y���
~�¥<��º°¯°£q��£_¯��·���@�'¯°��­ ��¯d¢'��¥��7¸�¯d��­ ú�¨[�����y¸m¸[���  ~��¢�¢_¥[�[¶n�·�§�_¨y���_��¢�¦q¨y���y¸[�Û����º°º°¯°¶��·��¯°£�¢�¢_¯°£_¥<��£_¯d�§�mº°¯d�-m
�k���_£Ûßk¢_¯d��¨y�+©ð��µ(��º°ºd�Ó���½¿5àR�[�'¯d��¢8�����[�ùµ���¯w¸[����Þ��h£����_«[����£q��£_¯d�§��¸[��� �+��£����ù¨[¯°º ������¯d¦q¨Ì¢���¯°�w�<ªh¯°�y¸ù¸�¯d�
ø���£_£����_µ(��¸�¯°�[¶�¥[�[¶·���î�[¯d¦�¨h£�µ(�������[��£��<­®��¯°º7¸[��� �8����¥[£_ü�����µ���¯É¸[���' ~��¢�¢_¥[�[¶ �[¯d¦�¨�£�ü�¥[¶·��¶·���~­ �����
�5k§�[�y����¹²¯°£s�"¯°º �s�n¸[�����+��£�����¸[��¢äqA¯d¦�¨h£�¢����y¢��§��¢¼# ¡y¦q�U¢q¦�¨[º°¡y¢�¢��:¶·��ü��§¶·����­ ����¸[���(�(ü�¥[¹!�8��¯d¢_«[¯d��ºÔ�
�§µ~ªU¦�¨h­ ���[�U¥[�[¶·����¯°�Ì¸[��� ©z��¹²«(���q��£_¥[��¸�¥[��¦�¨@�§���_¯°¯d�������y¸[�Ó� ��­Úk§º°�h¥[�[¶~�·���_¥[��¢q�§¦�¨h£"­@¥[��¸[���w�
ª�ú�¹:£_º°¯d¦�¨y�²ªh�U¯°ü�ü����m¥[�y¸�ªU¦�¨<��º°£_«[ºÿú��y�-¸[���"¤Dºd���U£_���§�[¯°�ù¢_¯°�y¸ù¯°¹wU'�[¨<���[¶�¸[����U'�_µ(��¯°£@ü�¥��y�y¸[���w�

U"µ[µ[¯°ºd¸�¥[�[¶|���°»��y�P� º°¯d¦��ý¯°�|¸�¯d�Á¶·�Lk����y��£���¤Dºd���U£_���§�[¯°�
ma� ��h ß:�·�§��¸[��¹þ¤D¯°�y¢���£_ü���� ¸[���:����¢�£_º°¯d¦�¨y���
�8��¥[£���¯°ºd�Cà@¹²¯°£ ¢���¦�¨y¢ U"�U�U¥y¢8ü�¥[��ªh£_���§¹Û�·����¢��§�_¶�¥[�[¶y�

#�ª�¿���¿ ªU¦�¨[�[¯°£_£�¢_£���º°ºd�:ü�¥[¹*�6G

U'��£����[�y�

U"µ[µ[¯°ºd¸�¥[�[¶����°»�"��y¤D¹²«��Ûú��[¶·����ma� ��h~��¹w#"��¦q¨[�y��� �k¡[� ¸�¯d�¼v[¥[�[�h�k���_�
�·���_µ[¯°�y¸�¥[�[¶6ü�¥[� ¤5ºd���h£_���§�[¯°���
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¥ ê�ô�ò(é�èëçhïzè��<ó
�'¯d�" ���¢�¢�­®���_£��@¸[��¢�qw¯d¦�¨�£�¢q���y¢��§��¢®¢�¯°�y¸²��¯°�[¨y��¯°£����[ºd��¢O¥[�y¸��5k§�[�y���4��ºd¢5 ~��´��k¡[�5¸�¯d���·�§�_¨y���_��¢�¦q¨y����m
¸[�Ó����º°º°¯°¶��·��¯°£�­ ú�¨[�����y¸ý¸[���� ���¢�¢�¥[�[¶6¸�¯d���y���w����¯d�:�<�§¦q¨y¢_£���¨y���y¸[�²©z��µ���º°ºd��¶�¯°µ[£¼# ¯d¦�¨h£�­ ���_£�����¡[�
¸�¯d�ÀU"�[ü���¯°¶·����¸[��¢�qA¯d¦�¨h£�¢����y¢��§��¢��
¶·��¹Á��¢�¢q���y��� ø����_£ qA¯d¦q¨�£�¢_¯°£_¥<��£_¯d�§�
»�"XmØ¿�" ��µy¢��§º°¥[£"¸�¥[�[�·��º
"�¼�¼Xmq»�¼�¼�¼ ¹²¯°£_£���º°¨y��º°ºÔ�y¯°¹wqz��µ(�§���[¹²¯°£'����¦q�·���[º°¯d¦�¨h£
»�¼�¼�¼Xm "�¼�¼�¼ ¹²¯°£_£���º°¨y��º°ºÔ�y¯°¹wqz��µ(�§� µ���¯w©z��¶·��¢�º°¯d¦�¨�£���¯°¹ ø���ºd¸ùµ���¯w¢��§�[�[¯°¶·���mø���£_£����
»�¼�¼�¼�¼XmØ¿�¼�¼�¼�¼ ¢���¨[�@¨y��º°ºÔ�[µ���¯w��¯°�[¶·��¢�¦q¨<��º°£���£���¹!qA¯d¦q¨�£'¯°¹SqÉ��µ��§���y¢��§�[�[¯°¶

©z��µ���º°ºd�Û���½¿��3#"¯d¦�¨h£�­®���_£��:�k¡[�"¸�¯d�¼U"�[ü���¯°¶·�:¸[��¢�qA¯d¦�¨h£�¢����y¢��§��¢��
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�'¯d�n¯°�Ì¸[���"¤Dºd���U£_���§�[¯°�4¶·��¢_«(��¯d¦q¨y���_£����~�+��£����m­ ����¸[���~��¥��5¸[���Ì�6G ¡[µ(���_£_�q��¶·����¥[�y¸ù¯°¹SU+ªhGÚÞ&ÞÔm
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���e¼NÞ�ûb¹�ºNûbÞ[q]¬`ç�þ:Ù!q[#:çaÿHûbÞeý`��¸Rü"�o¹HºNû)&�½7Þ���#
¹Hû)��¼NÞ��8ûb¹E*s·Aý<G+��ºNûb¹ÁýX·��MºNûbÞÑ�ÑÞ
�oü�ü�Ý�ÿN·RÝ�ÿ,�MýX·��MºNûb¹Hûb¹5ºNûbÞ�^Åç�e��*��&�¶N¸l��¼Hû)��¼NÞ��8ûb¹E*�¾

ß ù�º#ù����2ù���à�¸|³�±`á��uâ?³,±}³!µOã�³,µ�ã�äp� �åü^ýN³,µ=ÁvýN³�±�û	º1À���»�µO¸|³�·|µO¸¯Â�Á%Ã�Ä�Ä
�u·RûÛþM¼Hü��sûbÞ��e¼N¹N½�
�ûb·A½*����º1�oü�ü�ºT·Rû?��¶Hü"�o¸A¼Z��ûb¹Ðþu¶��sûb·RÝ�ÿ�¼N¹N½8ûb¹.
h�+·Rü�Ý�ÿHûb¹mºNûb¹Ð¶Bûb·RºNûb¹���û|ü�ü�ü�µ�ü���ûbý�ûb¹
ü�ûbÿNÞ�½8ûbÞe·A¹N½)üe·A¹Hº?¾oÙ�·Rûa¸A·Rûb½8ûb¹�·AýV�5·�����ûb¸�¶�ûb·

0.14 ◦C
���NÞ4ºNûb¹XG+��ºNûb¹�ýX·��4ºNûbÞÛ�ÑÞ
�oü�ü�Ý�ÿN·RÝ�ÿ��Û¼N¹Hºm¶�ûb·

0.22 ◦C
���NÞÓºNûb¹�G+��ºNûb¹f�oÿN¹HûM�ÑÞ
�oü�ü�Ý�ÿN·RÝ�ÿ���&	üe·RûbÿHû�åN��¶�ûb¸A¸Rûa1H¾�e�*�¾*����üe·RÝ�ÿ�ºT·Rû|neû$�iûb·A¸A·A½8ûb¹'Ù�ûb¹Hü"�oÞ�ûb¹

¹N·RÝ�ÿ���û�æZ�� !�X·A¹�ºNûb¹Hü�ûb¸A¶�ûb¹�åa·Rû�� ûb¹}¶Bû�����¹HºNûb¹�¼N¹Hº���¼Z�8ûbÞ�ºNûbý ¹1��Ý�ÿÒý�ûbÿNÞ�ûbÞ�û�Ýbýª���o¹Hûb·A¹���¹HºNûbÞ
���7üe·��e·��o¹N·RûbÞ��g�g��Þ�ûb¹d�Tüe·A¹Hº�ºT·Rû|ü�ûM½8ûbÞe·A¹N½8ûb¹'þu¶��sûb·RÝ�ÿ�¼N¹N½8ûb¹�ûb·A¹�Gaû$�sûb·Rüsº1�}���NÞ��,�+·Rû�
|¼Z�8ûbÞe¸l&oü�ü�·A½�ºT·Rû
¹Hûb¼Hûb¹�åaÿHûbÞeý`��¸Rü"�o¹HºNûb¹��NÞe·A¹Z
|·��N·Rûb¸A¸7��¼N¹Z !�e·��o¹N·RûbÞ�ûb¹�¾
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�oü�ü�Ý�ÿN·RÝ�ÿ�� ^4å á`èXÙ F �T¾�eb1 F e7¾��76
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h�+·Rü�Ý�ÿHûb¹�åaÿHûbÞeý`��¸Rü"�o¹HºNû)¼N¹Hº�^4å�e��*�T¾

¿�³,±}²�Àu³��<ü^ý ��»�µ�éÆêZ±�ëm³,À�³,ìuí�î6ê1ï|ì�²�à�³,ìuíI·|µO¸ �.»7¸|³,µNî6³!·Oð\ï�í�³
þM¹Hü�Ý�ÿN¸A·Rû$�8ûb¹Hºk�iûbÞ�ºNûb¹�ºT·Rû0��¹HºNûbÞ�ûb¹�½8ûbý�û|ü�ü�ûb¹Hûb¹��_����ûb¹ÁýX·��+·A¹�ºT·Rû�ñ ¹���ûbÞ��NÞ�û$�
���e·��o¹�ûb·A¹_¶�û$
��o½8ûb¹d�
¼Ný þM¶Nÿ�&�¹N½7·A½* 8ûb·���ûb¹­
h�+·Rü�Ý�ÿHûb¹¥å�ûbý%��ûbÞ
���e¼NÞ��uG+��ºNûb¹��	ûb¼HÝ�ÿ���û«¼N¹Hº'ò/&�Þeý�ûb¸Rûb·��(��&�ÿN·A½* 8ûb·���¹��oÝ�ÿ�#

|¼��iûb·Rü�ûb¹�¾g���	
|¼NÞ'�Bûb·��rºNûbÞ¡�5û|ü�üe¼N¹N½8ûb¹ ºT·Rû��N¼N¹Z ,�e·��o¹xºNû|ü�GsûbÿHûb·�
�ûb¹Hü�ºNûbÞ�Ù�ûb¹Hü"�oÞ�ûb¹����NÞrºT·Rû
q]¬Wå¿þ�Ù!q]#JÙ!�o¹HºNûb¹À¹1��Ý�ÿ5¹N·RÝ�ÿ��_
|¼NÞ�´ÓûbÞ(���N½7¼N¹N½'ü��
��¹Hº7���+¼NÞ�ºNû�ºT·Rû�ò'&�Þeý�ûb¸Rûb·��(�)&�ÿN·A½* 8ûb·�����¼Hü�ºNûb¹
å�ûbý%��ûbÞ
���e¼NÞ�ûb¹«ýX·��)Úu·A¸c�	û�ûb·A¹Hû|ü0����ºNûb¸A¸Rü0���o¹ ; ü"�¶�+·RÝ$
�& á*�*�7á8*Ñ¶�û|ü��e·AýXý���¾7�5·��)ºT·Rû|ü�ûbý¾����ºNûb¸A¸
 \��¹N¹m��¼Hü)ºNûb¹�å�ûbý%��ûbÞ
���e¼NÞ�ûb¹d��·AÿNÞ�ûbÞ�q4¹,�6�+·RÝ
 �¸A¼N¹N½�¼N¹Hº:�iûb·���ûbÞ�ûb¹Å^|��Þ
��ý�û$��ûbÞe¹x&��+·Rû�ºT·Rû�ýX·A¹Hû�#
Þ
��¸��o½7·Rü�Ý�ÿHû��E¼Hü
��ýXý�ûb¹Hü�û$��
|¼N¹N½ÀºNû|ü�G+��ºNûb¹Hü���¼Hü.^4Þ"�o¶�ûb¹E*mºT·Rû`ò'&�Þeý�ûb¸Rûb·��(�)&�ÿN·A½* 8ûb·��Xýf��ºNûb¸A¸A·RûbÞ��
�iûbÞ�ºNûb¹�¾BÚM·RûbÞ(���NÞ��+¼NÞ�ºNûb¹9ºT·Rû)ýX·��ÑºNûb¹�¹Hûb¼Hûb¹�åaÿHûbÞeý`��¸Rü
�o¹HºNûb¹�½8ûbý�û|ü�ü�ûb¹Hûb¹�å¿ûbý%�BûbÞ
���e¼NÞ�ûb¹9ü"��#
�+·RûsºT·RûaºNûbÞ]^4å�e��*�Ñ½8ûb¹�¼Z��
h��¾*�u·Rûg�Ñ·cb�ûbÞ�ûb¹Z
�ûb¹%
h�+·Rü�Ý�ÿHûb¹�ºNûb¹%q4Þe½8ûb¶N¹N·Rü�ü�ûb¹�ºNûbÞÕ¼N¹���ûbÞ�ü�Ý�ÿN·Rû|ºT¸A·RÝ�ÿHûb¹
å�ûbý%��ûbÞ
���e¼NÞeý�û|ü�üeý�û$�eÿ1��ºNûb¹�¸l��½8ûb¹r¶�ûb·Bý`��·cæ�·Aý`��¸

0.2 W m−1 K−1 &��8ûbÞe½7¸Rûb·RÝ�ÿHû:þu¶N¶N·A¸RºT¼N¹N½ke*eM·A¹
����Þ�Ý$
�û$�Iü� �·Eó$ôgõ\��ö�& á*�*��1�*e*�¾1�Ñ·Rû�åa·Rû��	ûb¹Z�NÞ"��2H¸RûÐºNûbÞ�ò/&�Þeý�ûb¸Rûb·��(��&�ÿN·A½* 8ûb·��uüe·A¹HºÁü"�
��¶N·A¸?¼N¹Hºj�\��Þe·A·Rû�#
Þ�ûb¹�¸Rûb·RÝ�ÿ,�u·A¹�ºNûb¹��o¶�ûbÞ(-�&oÝ�ÿHûb¹N¹���ÿHûb¹àÙ�Ý�ÿN·RÝ�ÿ���ûb¹��+&�ÿNÞ�ûb¹Hº5ºNûbÞW�_��¼HûbÞÑºNû|ü�q]æ!��ûbÞe·Aý�ûb¹���û|üX&	üe·RûbÿHû
þM¶N¶N·A¸RºT¼N¹N½`e*eI·A¹f����Þ�Ý$
�û$�Iü� �·|ó$ô[õ\��ö�& á*�*��1�*e*�¾_þM¼HüÓºNûbÞÓ3�·���ûbÞ
���e¼NÞÛ·Rü��4¶�û$ \��¹N¹,���8º1�oü�üÓºT·Rû�ò/&�Þeý�û�#
¸Rûb·��(�)&�ÿN·A½* 8ûb·��Mü"�
��Þ� `���o¹�ºNûbÞ��Hûb¼HÝ�ÿ���ûÐºNû|üMGg��ºNûb¹Hü���¶Nÿ�&�¹N½*��¾HÏu·AýXý��IºT·Rû|ü�û_
|¼d�NûbÞeÿ1÷oÿ,�Müe·RÝ�ÿ���¼HÝ�ÿ
ºT·Rû+ò/&�Þeý�ûb¸Rûb·��(��&�ÿN·A½* 8ûb·��Ó¼N¹Hº�¼NýX½8û$ 8ûbÿNÞ���¾��Ñ·Rû|ü�ûbÞ]q[b?û$ !�4·Rü���·A¹�ºNûb¹f�_����ûb¹X½7¼Z��¹��oÝ�ÿ��iûb·Rü�¶���Þi¼N¹Hº
�+·AÞ�º���¹���¼Hüe½8û$�+&�ÿN¸���ûb¹5Gaûb·Rü��N·Rûb¸Rûb¹�·A¹�ºNûb¹�þu¶N¶N·A¸RºT¼N¹N½8ûb¹�1H¾�e�áX¼N¹HºÁ1H¾�e���½8û$
�ûb·A½*��¾
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¶N·Rüme�6�1�*'ºT¼NÞ�Ý�ÿN½8û����NÿNÞ���¾_��û|ü�üe½8ûb¶N·Rû$�a�+��Þ5º1�oüa��û|ûbÞ�ûb·Rü�ºNû|ü5���o¹N½8ü(� n(�oÞ�ºNûb¹ ·A¹ ºNûbÞ5Ï_&�ÿHûÀºNûbÞ
���o¸RºNû$�iûbµ,#JÙ,�
���e·��o¹�·A¹�ÏMµ,#$#M¸Rû|ü�¼N¹Hº���¼��uÙ,�N·���
|¶BûbÞe½8ûb¹�¾[�Ñ·Rû`��û|ü�ü�ü"�
���e·��o¹m�+¼NÞ�ºNûr¶Bûb·sºNûb¹à���!�oÞ(#
ºT·A¹�����ûb¹�r F ¾ F ÔXÏ�è!e�áT¾[á7Ô\q��Z
h�+·Rü�Ý�ÿHûb¹5ºNûb¹�ñ!¹Hü�ûb¸A¹5�:ûbÞ�º&%�µ��X¼N¹Hº5Gs¸��oý�ü��eÞ
��¹HºTÿ���¸��'%�µ��p·A¹Hü��
��¸A¸A·RûbÞ����
½7¼Z�Xá*�*��ý ���o¹}ºNûbÞ%ñ!¹Hü�ûb¸I�:ûbÞ�º&%�µ��9ûb¹��(� ûbÞe¹���&	üe·RûbÿHû'þM¶N¶N·A¸RºT¼N¹N½,1H¾�eb1�*�¾]�|�NÞXºNûb¹��5û|ü�ü®��¼���¶���¼
�+¼NÞ�ºNû�ûb·A¹Hûf�Õ¸l&oÝ�ÿHû`��¼��+ºNûbý q4·Rü.��¼Hüe½8û$�g&�ÿN¸����|��¼��aºNûbÞ)ºT·Rû�Ù�Ý�ÿN¹Hû|û�-�&oÝ�ÿHû�ûb¶�ûb¹À¼N¹Hº9¼N¹N½8û|ü��"÷oÞ��
�g��Þ�¾
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þM¶N¶N·A¸RºT¼N¹N½�1H¾�eb1HÖs�0��Þ���û����oýí���o¹N½8ü�� n��oÞ�ºNûb¹xýX·���ºNûbÞj^N�7ü�·��e·��o¹xºNûbÞj��û|ü�ü�ü��
���e·��o¹ &u�$��û��oüe¼NÞ�û�#
ý�ûb¹��Iüe·���û®��*Û¼N¹HºÁºNûbÞNneû$�iûb·A¸A·A½8ûb¹9�ÑÞ�ûb¹Z
�ûb¹�ºNû|ü��5û|ûbÞ�ûb·Rü�û|ü+
|¼'Gaûb½7·A¹N¹Á¼N¹Hºkq4¹HºNû:ºNûbÞ���û|ü�üe¼N¹N½8ûb¹
&	ÏM·RÝh�o¸l��¼Hü�ó$ôgõ*��ö¿& á*�*�*�8*e*�¾

( ³,þ�þ�º1·Nî6´|º1·

�u·Rû��5û|ü�ü�ü��
���e·��o¹ ýX·��9ü
&�ýi�e¸A·RÝ�ÿHûb¹V�5û|ü�üe½8ûbÞ
&���ûb¹ ·Rü"��·A¹ þu¶N¶N·A¸RºT¼N¹N½
1H¾�e�6Òº1��Þe½8û|ü���ûb¸A¸���¾ÑÏÑûb¶Bûb¹
ºNûb¹�å¿ûbý%�BûbÞ
���e¼NÞ��NÞ"��2H¸Rûb¹	�+¼NÞ�ºNûb¹�ý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHû%^|��Þ
��ý�û$��ûbÞ:¶�û|ü��e·AýXý���¾�����
|¼5½8ûbÿ1÷oÞ���ûb¹,ºT·Rû
¸l��¹N½\#u¼N¹Hº: �¼NÞ�
h�iûb¸A¸A·A½8ûÁÙ,�eÞ
��ÿN¸A¼N¹N½�&���ûbÞeÞ�û|ü��eÞe·Rü�Ý�ÿHûr¼N¹HºÀü"�o¸l��Þ�û�Ù,�eÞ
��ÿN¸A¼N¹N½�*��ÕºT·Rû%ò
·A¹HºT½8û|ü�Ý�ÿ,�+·A¹�#
ºT·A½* 8ûb·��I¼N¹HºI½_Þe·RÝ�ÿ,�e¼N¹N½1��ºT·Rû:3?¼����(�	ûb¼HÝ�ÿ��e·A½* 8ûb·��u¼N¹HºI½���ûbý%�BûbÞ
���e¼NÞ��EºT·Rû:þM¸A¶�û|ºZ��¼N¹HºÁºT·Rû:Gsû|ü�Ý�ÿ����(#
�e¼N¹N½H¾��E¼Hü
&���
|¸A·RÝ�ÿ`�+¼NÞ�ºNûb¹`�
&�½7¸A·RÝ�ÿ�ûb·A¹Hû�)Mûb·AÿHû����o¹�½7¸l��
|·��o¸��o½7·Rü�Ý�ÿHûb¹�Ù,�
��¹Hº1��Þ�ºTý�û|ü�üe¼N¹N½8ûb¹�·A¹

1 m
#

þM¶Hü��
&�¹HºNûb¹àûb¹��e¸l��¹N½9ûb·A¹Hû|ü
50 m

¸l��¹N½8ûb¹�å¿û|ü����NÞ"��2H¸iºT¼NÞ�Ý�ÿN½8û����NÿNÞ���¾ÕGaû|ü��e·AýXý��i�+¼NÞ�ºNûb¹�Ù�Ý�ÿN¹Hû|û�#
ÿ1÷oÿHû*��Ù�Ý�ÿN¹Hû|û�� ûb¼HÝ�ÿ,��û*��Ù�Ý�ÿN¹Hû|û|ºT·RÝ�ÿ���û:¼N¹Hºr��Þe·Rü��
��¸A¸Rü��eÞe¼Z !�e¼NÞ�¾_þu¹p¹Hûb¼N¹Iå|��½8ûb¹I�+¼NÞ�ºNûb¹k��¼Z�8ûbÞ�ºNûbý
q4·Rü� 8ûbÞe¹Hû�ûb¹,�e¹1�oýXý�ûb¹d�E��¹ÒºNûb¹Hûb¹¯å�ûbý%��ûbÞ
���e¼NÞ(#m¼N¹Hº Ù���¸A·A¹N·��
&���ü��NÞ"��2H¸Rû5¶�û|ü��e·AýXý��f�+¼NÞ�ºNûb¹�¾Eñ!¹
ºT·Rû|ü�ûbÞMþuÞe¶Bûb·����sûbÞ�ºNûb¹���¼Z�8ûbÞuºNûb¹�å�ûbý%��ûbÞ
���e¼NÞ�ûb¹�¹_¼NÞuºT·Rû0
|¼Hü
��ýXý�ûb¹N½8û��)�oü�ü���ûb¹�q4Þe½8ûb¶N¹N·Rü�ü�ûÐºNûbÞ
ý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHûb¹:������ûb¹a�+·Rû|ºNûbÞe½8ûb½8ûb¶�ûb¹d�EºT·Rû���¼Hü����NÿNÞe¸A·RÝ�ÿHûb¹�q4Þe½8ûb¶N¹N·Rü�ü�û)¼N¹Hº�Gaû|ü�Ý�ÿNÞ�ûb·A¶N¼N¹N½8ûb¹
ºNûbÞÑþ��Z����Þ
���e¼NÞ�ûb¹,üe·A¹Hº5Ïu·RÝh�o¸l��¼Hü%ó$ô�õ\��ö!* á*�*�*�8*�
|¼�ûb¹��e¹HûbÿNý�ûb¹�¾7�Ñ·Rûmý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHû%��û|ü�ü�ü��
�}#
�e·��o¹k�+¼NÞ�ºNû��N¶BûbÞIûb·A¹Hûbýy¼N¹N½8û|ü"�"÷oÞ���ûb¹9Ù,���HÝ" �Ù�Ý�ÿN¹Hû|ûh�o¶�ûbÞ(-�&oÝ�ÿHûm·A¹Hü��
��¸A¸A·RûbÞ���¾1�Ñ·Rû���û|ü�üe¼N¹N½8ûb¹�ºNûbÞ
å�ûbý%��ûbÞ
���e¼NÞ��NÞ"��2H¸Rû�·Aý Ù�Ý�ÿN¹Hû|û�¶Bû$
|·Rûbÿ�¼N¹N½8ü��iûb·Rü�û`q4·Rü��+¼NÞ�ºNûb¹,·A¹ÀºNûbÞ:ºT·AÞ�û$ ,��ûb¹ ; ýX½8ûb¶N¼N¹N½�ºNûbÞ
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�5û|ü�ü�ü��
���e·��o¹«ºT¼NÞ�Ý�ÿN½8û����NÿNÞ���¾|qÓü0�+¼NÞ�ºNûrûb·A¹Hû�Ù,��ûb¸A¸Rû�½8û$�+&�ÿN¸�����ºT·Rûp·A¹«ûb·A¹Hûbý ���oý%�:û|ü��
&�¹N½8ûpºNûbÞ
ý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHûb¹���û|ü�ü�ü��
���e·��o¹�¹N·RÝ�ÿ,�f��¶N½8û|ü�Ý�ÿ�������û$��ûb¹�GaûbÞ�ûb·RÝ�ÿ�¸l��½1�¿¼Ný ºT·Rû¡q4Þe½8ûb¶N¹N·Rü�ü�û�¹N·RÝ�ÿ��

|¼��8ûbÞ(��&�¸Rü�Ý�ÿHûb¹�¾7�_�oü:6*�¡��û$��ûbÞÑ¸l��¹N½8û�å¿û|ü����NÞ"��2H¸4¶Bû�����¹Hº9üe·RÝ�ÿ,û$�©�g�¡
�ûbÿN¹:�5û$��ûbÞ:ûb¹,�(�	ûbÞe¹,���o�iûb·��
½8ûb¹_¼N½1��¼Ný ºT·Rû:-u¶BûbÞ(-�&oÝ�ÿHû����NÞsºT·Rû���û|ü�üe¼N¹N½8ûb¹p¹N·RÝ�ÿ��+
|¼¡
�ûbÞ�ü��"÷oÞ�ûb¹r¼N¹HºrºNûb¹N¹1��Ý�ÿ'¹���ÿr½8ûb¹�¼N½���¹
ºNûbÞ��5û|ü�ü�ü��
���e·��o¹d�T¼Ný<ûb·A¹ÁÞ�û$�NÞ
&oü�ûb¹,�
���e·��8û|ü�Gi·A¸Rºj
|¼�¸A·Rû��	ûbÞe¹�¾

ò
·A¹HºT½8û|ü�Ý�ÿ,�)¾�� ½_Þe·RÝ�ÿ,�e¼N¹N½Á¼N¹Hº�3?¼����(�	ûb¼HÝ�ÿ��e·A½* 8ûb·��

þM¶Hü�Ý�ÿ������e¼N¹N½

q4·A¹�#Û¼N¹HºÁþu¼Hü�ü��eÞ
��ÿN¸A¼N¹N½
^|�7üe·��e·��o¹5ºNûbÞ�åaÿHûbÞeý`��¸Rü"�o¹HºNûb¹*�ÿN·A¹,��ûbÞMºNûbÞM��·Rü���û�*

þM¶N¶N·A¸RºT¼N¹N½'1H¾�e�6TÖ��5û|ü�ü�ü��
���e·��o¹5ýX·��Ñý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHûb¹m�5û|ü�üe½8ûbÞ
&���ûb¹5¼N¹Hº�ºNûb¹�åaÿHûbÞeý`��¸Rü"�o¹HºNûb¹�¾
�u·Rû��5û|ü�ü�½7Þ"÷\�8û*�NºT·Rû:ýX·��IºNûb¹���ûbÞ
&���ûb¹�¶�û|ü��e·AýXýi���+¼NÞ�ºNû*�N·Rü��[neû$�iûb·A¸RüW��¹N½8ûb½8ûb¶Bûb¹�¾
�E¼Hü
&���
|¸A·RÝ�ÿk
|¼'ºNûbÞgq4¬Wå¿þ�Ù!q[#6åaÿHûbÞeý`��¸Rü
�o¹HºNû��+¼NÞ�ºNûb¹a��¼HÝ�ÿ'ýX·��E
�ûbÿN¹�ÿ���¹HºNûb¸Rü��N¶N¸A·RÝ�ÿHûb¹�^4å�e��*�*�
�8ûbÞe½7¸Rûb·RÝ�ÿHûb¹HºNûWå�ûbý%��ûbÞ
���e¼NÞ��NÞ"��2H¸Rûu¶�û|ü��e·AýXýi��¾�����
|¼f�+¼NÞ�ºNûb¹rºT·Rûa¶�ûb·RºNûb¹`��û|ü�ü�üeµTü���ûbý�ûa·A¹�ûb·A¹Hûbý
þM¶Hü��
��¹Hº����o¹

30 cm
·A¹Hü"�
��¸A¸A·RûbÞ���¾��Ñ·Rû���û|ü�ü��sûbÞ���ûÐºNûbÞI¶�ûb·RºNûb¹�´ÓûbÞ(����ÿNÞ�ûb¹�ü
�o¸A¸���ûb¹�¹N·RÝ�ÿ,�uý�ûbÿNÞ_��¸Rü

1− 2 ◦C
���o¹Hûb·A¹���¹HºNûbÞW��¶��iûb·RÝ�ÿHûb¹d�Eº1��ýX·��uºT·Rû_òÀûbÞ���û)ºNûbÞ+¹Hûb¼Hûb¹aåaÿHûbÞeý`��¸Rü"�o¹HºNûi��¸Rü�
|¼Z�8ûbÞe¸l&oü�üe·A½

½8ûb¸���ûb¹a �÷o¹N¹Hûb¹�¾

ò ·AÞ�º
ºNûbÞÁþM¼��	¶���¼
ºNûbÞ�¶�ûb·RºNûb¹
´ÓûbÞ(����ÿNÞ�ûb¹/
|¼NÞ¡å¿ûbý%�BûbÞ
���e¼NÞeý�û|ü�üe¼N¹N½��8ûbÞe½7¸A·RÝ�ÿHûb¹+*	þu¶N¶N·A¸RºT¼N¹N½
1H¾�e�Ô8*��4�+·AÞ�º�ºT·AÞ�û$ !�pºNûb¼Z�e¸A·RÝ�ÿd�E�E�oÞe·A¹
ûb·A¹HûbÞrºNûbÞ�´4�oÞ���ûb·A¸Rû5ºNûbÞ`q]¬_å�þ:Ù!q[#6åaÿHûbÞeý`��¸Rü"�o¹HºNûb¹z¸A·Rûb½*��¾
�E¼NÞ�ñ!¹Hü��
��¸A¸l���e·��o¹j�+¼NÞ�ºNû:ºT·Rû�q]¬_å�þ:Ù!q[#JÙ!�o¹HºNû:¸Rû|ºT·A½7¸A·RÝ�ÿ�ü�ûb¹Z �Þ�û|Ý�ÿ,�I·A¹ÁºNûb¹�Ù�Ý�ÿN¹Hû|û:½8û|ü���û|Ý
 ,�+¼N¹Hº
�g��Þrº1��ýX·��r¶BûbÞ�ûb·��`
|¼NÞ`�5û|ü�üe¼N¹N½H¾4���oü�¼NýX½8ûb¶�ûb¹HºNû�������ûbÞe·l��¸��+¼NÞ�ºNû� \��¼Ný 
�ûbÞ�ü"�"÷oÞ���¼N¹HºÒºNûbÞ
Ù�Ý�ÿN¹Hû|ûMü�Ý�ÿN¸��7ü�ü4ýX·��iºNûbÞsÙ!�o¹HºNû���¶�¾*�|�NÞÛºT·Rû�^4å�e��*�*�0�+¼NÞ�ºNûIûb·A¹p3d��Ý�ÿ�½8ûb½7Þ
��¶�ûb¹�¼N¹Hº�ºNûbÞaÙ�Ý�ÿN¹Hû|û
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þM¶N¶N·A¸RºT¼N¹N½)1H¾�e�ÔTÖ*ñ ¹Hü��
��¸A¸l���e·��o¹�ºNûbÞ4å¿ûbý%�BûbÞ
���e¼NÞ�ü�ûb¹Hü
�oÞ�ûb¹�¾_3?·A¹Z Tü4·Aý Gs·A¸RºXºT·Rû�^4å�e��*�*���7Þ�û|Ý�ÿ,��üÛºT·Rû
q]¬Wå¿þ�Ù!q]#6åaÿHûbÞeý`��¸Rü"�o¹HºNû,*	ºT·RûmÙ!�o¹HºNû��+¼NÞ�ºNû:¹��oÝ�ÿ�þM¼��	¹���ÿNý�û)ºT·Rû|ü�û|ü��1�\�"�7üI¹1��Ý�ÿ�¼NýX½8û|ü�û$��
h� *�¾

��¹N½8û|ü�Ý�ÿN¹N·�����ûb¹d�?¼Ný�ºT·Rû�Ù�ûb¹Hü"�oÞ�ûb¹:
|¼9·A¹Hü��
��¸A¸A·RûbÞ�ûb¹�¾O�_�oü���¼Hüe½8ûbÿ1�o¶�ûb¹HûX3d��Ý�ÿ:�+¼NÞ�ºNû��+·Rû|ºNûbÞ:ýX·��
Ù�Ý�ÿN¹Hû|û0�8ûbÞ(���N¸A¸���¾��Ñ·Rû|ü�û��5û$�eÿ1��ºNû:¶N·AÞe½*�I¶�ûbÞ�ûb·���ü��HûbÿN¸RûbÞ�Ü�¼Hûb¸A¸Rûb¹����NÞIºT·Rû0��û|ü�üe¼N¹N½8ûb¹-*	üe·RûbÿHûfe7¾�e7¾[á��
e7¾[áT¾[áp¼N¹Hº,áT¾[á8*�¾ ; ý¢ ��o¹Hü��
��¹,��ûXþM¶Hü"�
&�¹HºNûi
h�+·Rü�Ý�ÿHûb¹,ºNûb¹«Ù�ûb¹Hü"�oÞ�ûb¹�
|¼�½8û$�+&�ÿNÞe¸Rûb·Rü���ûb¹d�o�+¼NÞ�ºNûb¹
ºT·Rû0^4å�e��*�*�f��¶�ºNûbýòºTÞe·�����ûb¹�åN��½pºNûbÞ��5û|ü�ü�¼N¹N½8ûb¹���¼���ûb·A¹HûbýòGiÞ�û$���I2Zæ�·RûbÞ���¾
þM¼��	½7Þe¼N¹Hº ºNû|üI�E�o¸� 8ûb¹N¸��7ü�ûb¹ ¼N¹Hº
ü�ûbÿNÞrü
�o¹N¹N·A½8ûb¹¯òÀû$����ûbÞ�ü'ü�Ý�ÿNýf�o¸�
�ºT·Rû9Ù�Ý�ÿN¹Hû|û|ü�Ý�ÿN¹N·RÝ�ÿ���¹��oÝ�ÿ
¼N¹HºX¹��oÝ�ÿd��ü"�:º1�oü�üÛºT·RûÑÙ�ûb¹Hü"�oÞ�ûb¹�¶�ûb·RºNûbÞsÙ�µ�ü"��ûbý�û+·AýXý�ûbÞ?�sûb·���ûbÞg��¼HüÓºNûbý �8ûbÞe¶N¸A·Rûb¶�ûb¹Hûbý Ù�Ý�ÿN¹Hû|û
ÿHûbÞ
��¼HüeÞ
��½*��ûb¹�¾ ; ý ºT·Rû|ü�û|ü4�h�NÞ�ûb·Rü�Ý�ÿNý�ûb¸�
�ûb¹!�_
|¼I�8ûbÞeÿN·A¹HºNûbÞe¹d�!�+¼NÞ�ºNûb¹'ºT·Rû�^4å�e��*�*�mýX·��eÿN·A¸c�	ûÑûb·A¹Hû|ü
 �¸Rûb·A¹Hûb¹d�NýX·��Iþu¸A¼��)�o¸A·Rû�¶Bû$ �¸Rûb¶Z��ûb¹�^[���Z�Bº1�oÝ�ÿHû|üW��¶N½8û|ü�Ý�ÿ�������û$��¾��Ñ·Rû|ü��8ûbÞeÞe·A¹N½8ûbÞ���û�
h�g��ÞMº1�oü+�h�NÞ�ûb·c#
ü�Ý�ÿNý�ûb¸�
�ûb¹!���Óÿ����I��¶�ûbÞ�üe·RÝ�ÿHûbÞe¸A·RÝ�ÿ'��¼HÝ�ÿÒºT·Rûa��û|ü�ü��sûbÞ���ûÁ¶�û|ûb·A¹�-H¼Hü�ü���¾ ; ý ºT·Rûa��û|ü�üe¼N¹N½8ûb¹ÒºNûb¹
½8ûb½8ûb¶Bûb¹Hûb¹àÙ�Ý�ÿN¹Hû|û$�8ûbÞeÿ�&�¸��e¹N·Rü�ü�ûb¹Å��¹Z
|¼Z���oü�ü�ûb¹,¼N¹Hº9ºT·Rû�½8û|ü
��ý���ûpÙ!�o¹HºNûb¹N¸l&�¹N½8ûXýf÷o½7¸A·RÝ�ÿHü��0 ��oý�#
�N¸Rû$���¡��¼Hü�
|¼N¹�¼Z��
�ûb¹d�E�+¼NÞ�ºNû5ºT·Rû�^|�7üe·��e·��o¹xºNûbÞIq]¬_å�þ:Ù!q[#6åaÿHûbÞeý`��¸Rü"�o¹HºNû9ý�ûbÿNÞeý`��¸Rü¡�8ûbÞ
&�¹HºNûbÞ��
*	üe·RûbÿHûÐþu¶N¶N·A¸RºT¼N¹N½p1H¾�e F *�¾��_�oüuþM¶Z�
��¼Hûb¹�ºNû|ü�Ù�Ý�ÿN¹Hû|û|üW��¹�ºNûbÞ���û|ü�ü�ü��
���e·��o¹5¼N¹HºÁ·A¹�·AÿNÞ�ûbÞ ; ýX½8û�#
¶N¼N¹N½'ü�·A¹Hº���¹Nÿ���¹Hº9ûb·A¹N·A½8ûbÞ��1�\�"�7ü.*)��¼���½8ûb¹1�oýXý�ûb¹m��¼HüÑÝb·AÞ�Ý���e0 �ýÆq4¹,�(�	ûbÞe¹�¼N¹N½�*u·A¹�þu¶N¶N·A¸RºT¼N¹N½
1H¾�e�çXº1��Þe½8û|ü���ûb¸A¸��/*��1�\�"�7üMýX·����	Þ�ûb¼N¹HºT¸A·RÝ�ÿHûbÞ��:ûb¹HûbÿNýX·A½7¼N¹N½rºNû|üMþNò/ñÛGsÞ�ûbý�ûbÞeÿ��h�8ûb¹E*�¾



w >��B>�� v s���ú C|v_C|� ú W F �

(­³�í�³,»�±�»�À�»�²�ì�þ�ð�ïN³�ákº�í�³,µ0*.�E¼Hü
��ýXý�ûb¹����oü�üe¼N¹N½pºNûbÞ�������ûb¹�¹��oÝ�ÿ5Ïu·RÝh�o¸l��¼Hüió$ô+õ\��ö1* á*�*�*�8*e*
�u·Rû��Bûb·��rºNûbÞI��û|ü�ü� *��ý%����½7¹HûÁ¸l&oü�ü"�püe·RÝ�ÿ ·A¹�
h�iûb·ÑºNûb¼Z�e¸A·RÝ�ÿ
¼N¹���ûbÞ�ü�Ý�ÿN·Rû|ºT¸A·RÝ�ÿHû9ý�û$��ûh�oÞ"�o¸��o½7·Rü�Ý�ÿHû
^4ÿ��oü�ûb¹�¼N¹Hºpûb·A¹HûMº1��
h�+·Rü�Ý�ÿHûb¹N¸A·Rûb½8ûb¹HºNûb¹a¼u¶BûbÞe½���¹N½8ü��Nÿ��oü�û���ûb·A¸Rûb¹d��ºT·RûMºT¼NÞ�Ý�ÿ'ºNûb¹j¼M¶�ûbÞe½���¹N½����o¹
ò ·A¹,��ûbÞ�
|¼�Ù!�oýXý�ûbÞI½8û$�NÞ
&�½*���g��Þ�ûb¹�Ö

e7¾�^4Þ
&oü�Ý�ÿNý�ûb¸�
h�Nÿ��oü�û7Ö��Ñ·Rû_^4ÿ��oü�û_���oÞ+ºNûbý á�r�¾Z����·��+��ÞIºT¼NÞ�Ý�ÿkòÀû$����ûbÞ+ýX·��+ �¸l��Þ�ûbý ÚM·AýXý�ûb¸
¶�û|ü��e·AýXý���¾

áT¾MÙ�Ý�ÿNý�ûb¸�
h�Nÿ��oü�û7Ö?�Ñ·Rûj^4ÿ��oü�û�¹��oÝ�ÿ�ºNûbý á�r�¾[����·g�+��ÞX½8û$�NÞ
&�½*��ºT¼NÞ�Ý�ÿ�¶�û|ºNû|Ý" !��û|ü�òÀû$����ûbÞ��
�g�oüÐüe·RÝ�ÿ����oÞ���¸A¸RûbýÎºT¼NÞ�Ý�ÿ«ûb·A¹Hûb¹,ºTÞ
�oü��e·Rü�Ý�ÿHûb¹«þu¹Hü��e·Rûb½'·A¹,ºNûbÞÑ¸l��¹N½*�sûb¸A¸A·A½8ûb¹�Ù,�eÞ
��ÿN¸A¼N¹N½¡½
��¸Rü"�ÀºNûbÞ`ò/&�Þeý�û|ü��eÞ
��ÿN¸A¼N¹N½�ºNûbÞ`q4Þ�ºNû¡½���ý á�r�¾��76T¾?��¶Z
�ûb·RÝ�ÿN¹Hû$��û2*	üe·RûbÿHû�Ïu·RÝh�o¸l��¼Hü�ó$ô�õ\��ö
* á*�*�*�8*��Óþu¶N¶N·A¸RºT¼N¹N½«á*�8*�¾]����Þ
��¼Hü�Þ�û|üe¼N¸��e·RûbÞ�ûb¹Hº�ü��e·Rûb½ÀºT·Rû'3?¼�������ûbý%�BûbÞ
���e¼NÞp¶N·Rü��N¶BûbÞ�ºNûb¹
��û��	Þe·RûbÞ��N¼N¹Z ,��¼N¹HºÀ¶N¸A·Rûb¶���¶àºT·Rû|ü�ûbý �Bûb·����N¼N¹Z !��ü���û$��üm·Aý �o�7üe·��e·��8ûb¹Åå�ûbý%��ûbÞ
���e¼NÞe¶BûbÞ�ûb·RÝ�ÿ
*	üe·RûbÿHûÑÏM·RÝh�o¸l��¼Hü0ó$ô4õ*��ö3* á*�*�*�8*iþu¶N¶N·A¸RºT¼N¹N½XáoÝ�*�¾!��ûbÞsá�r�¾!����·Bý`��Þ� �·RûbÞ���ûuü"�oýX·��aº1�oügq4·A¹Hü�û$�(#

�ûb¹ÁºNûbÞMÙ�Ý�ÿNý�ûb¸�
h�Nÿ��oü�û*�N·Aý<�E¼N½8û�ºNûbÞ�ûbÞ+üe·RÝ�ÿÁºT·Rû)Ù�Ý�ÿN¹Hû|ûb¶�û|ºNû|Ý" �¼N¹N½1�N¶�û$
|·Rûbÿ_¼N¹N½8ü��sûb·Rü�û)ºT·Rû
q4·Rü�ü�Ý�ÿN·RÝ�ÿ,�u·Aý¢��n��oÞ�º7�NºNûb¼Z�e¸A·RÝ�ÿ��8ûbÞeÞe·A¹N½8ûbÞ���û7¾

�u·Rû��Nÿ�µ�ü�·� \��¸A·Rü�Ý�ÿHûb¹�q4·A½8ûb¹Hü�Ý�ÿ��}����ûb¹àºNûbÞmÙ�Ý�ÿN¹Hû|û�#Ñ¼N¹Hº	q4·Rüe¶�û|ºNû|Ý" �¼N¹N½�¸l�oü�ü�ûb¹Àüe·RÝ�ÿ	�+·Rû%���o¸A½*��
|¼�#
ü
��ýXý�ûb¹��)�oü�ü�ûb¹�Ö

× Ù�Ý�ÿN¹Hû|û�#s¼N¹Hºaq4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���Ö
q4¹,�e¸l��¹N½�ºNû|ü+Ù�Ý�ÿN¹Hû|û$�NÞ"��2H¸Rü��+��ÞaºT·Rû:Ù�Ý�ÿN¹Hû|ûbÿ1÷oÿHûÐü�ûbÿNÞiÿ1�oýf�o½8ûb¹'ýX·��+ûb·A¹HûbÞaýX·����e¸RûbÞ�ûb¹ÁþM¹�#
����¹N½8üeÿ1÷oÿHû0���o¹� �¹����Z�9á*�XÝbý�¾�þu¶�ºNûbýòGaûb½7·A¹N¹�ºNûbÞ�Ù�Ý�ÿNý�ûb¸�
�ûm¹���ÿNýòü�·Rû:Þ
���N·RºNû.��¶�¾�þMý
á F ¾�����·1�+��Þ�ûb¹�û|üÛ¹_¼NÞÛ¹1��Ý�ÿ�e*e7¾[6)Ýbý~¼N¹Hº�e7¾' 7¼N¹N·��g��Þsüe·Rû+¹���ÿHû$
|¼¡��¼��O�T¾[6ÐÝbý��8ûbÞeýX·A¹HºNûbÞ��
¼N¹Hº¡�g��Þ����oýyüe·RÝ�ÿ'º1��¹N¹'¶N·A¸RºNûb¹HºNûb¹k�8ûbÞ��+·�����ûbÞ���ûb¹aq4·Rüg *��¼Ný ¹1��Ý�ÿ¡
|¼'¼N¹,��ûbÞ�ü�Ý�ÿHûb·RºNûb¹�¾1�Ñ·Rû
q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���¶�û$�eÞe¼N½`
|¼�þu¹��)��¹N½Ir\ç�Ýbý ¼N¹Hº�ÿ����Mü�·RÝ�ÿa�+&�ÿNÞ�ûb¹Hº5ºNûbÞMGaûh�o¶��oÝ�ÿ��e¼N¹N½8ü���û�#
Þe·���ºNûr¹N·RÝ�ÿ��f�8ûbÞ
&�¹HºNûbÞ���¾]å|����ü
&oÝ�ÿN¸A·RÝ�ÿ ü��e·Rûb½9ºT·Rûkq4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·��pü
�o½���Þ%��¼���ç�1,Ýbýª��¹4*(e7¾
 7¼N¹N· *���¶Bû|ºT·A¹N½*�MºT¼NÞ�Ý�ÿ�ºT·Rû)Gs·A¸RºT¼N¹N½pºNû|üIþu¼�� ûb·Rü�û|ü65�¾

× Ù�Ý�ÿN¹Hû|û|ºT·RÝ�ÿ���û7Ö
�Ñ·RûI��¹���&�¹N½7¸A·RÝ�ÿHû�Ù�Ý�ÿN¹Hû|û|ºT·RÝ�ÿ���û'·A¹�ºNûbÞ�ûbÞ�ü���ûb¹Å^4ÿ��oü�ûp¶Bû$�eÞe¼N½

268 ± 40 kg/m3 ¾�Ù�·Rûpü��e·Rûb½
��¼��

357± 42 kg/m3 ¶Bûb·Aý qÓ·A¹Hü�û$��
�ûb¹�ºNûbÞuÙ�Ý�ÿNý�ûb¸�
�û.��¹�¾NþMý e7¾& 7¼N¹N·�����¸Rüa¹_¼NÞI¹1��Ý�ÿ�ç�Ýbý
Ù�Ý�ÿN¹Hû|û���¼�-���½8û'½8ûbý�û|ü�ü�ûb¹	�iûbÞ�ºNûb¹Å ��o¹N¹���ûb¹d�|�+��ÞmºT·Rû`�Ñ·RÝ�ÿ���ûj��¼��

366 ± 40 kg/m3 ��¹N½8û�#
ü��e·Rûb½8ûb¹�¾

× Ù�Ý�ÿN¹Hû|û�� ûb¼HÝ�ÿ,��û7Ö
þu¼HÝ�ÿ�ÿN·RûbÞÛ2H¹HºNûb¹�üe·RÝ�ÿ'ºT·RûMºTÞ�ûb·�òÀû$����ûbÞ��Nÿ��oü�ûb¹¡�+·Rû|ºNûbÞ�Ö_´4�oÞaGaûb½7·A¹N¹rºNûbÞIÙ�Ý�ÿNý�ûb¸�
�ûÑ¸l��½mºT·Rû

798 Û(Î}Û(Ü1:�;�Ü=<�Ð�É
Ü)ÜNÜ9;�Ö$>�É®Î@?ZÓ*ÛØÞ�Û=;BA�ÜdÓ*Û(Ü"A�Û=>}Û(Ï\Ð¶Û=CD<@EGFBA�ÛØÞ�Û=C�:H;�ÜOÓI;JF Ð¶Û�ALK
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�Hûb¼HÝ�ÿ��e·A½* 8ûb·��)·A¹9ü
&�ý��e¸A·RÝ�ÿHûb¹	åa·Rû��	ûb¹9ºNû|üÑ½8ûbý�û|ü�ü�ûb¹Hûb¹�^4Þ"��2H¸Rü�¶�ûb·
< 0.2%vol

¾EGaûb·|q4·A¹Hü�û$�(#

�ûb¹ÁºNûbÞMÙ�Ý�ÿNý�ûb¸�
�û0��ý á�r�¾[6T¾! ��o¹N¹���û:ûb·A¹ÁþM¹Hü"�e·Rûb½m·A¹ÁºNûbÞ��Hûb¼HÝ�ÿ,��û�¶N·Rü+
|¼�ûb·A¹Hûbý �5·�����ûb¸����NÞ
ü
&�ýi�e¸A·RÝ�ÿHû�Ù�Ý�ÿN·RÝ�ÿ,��ûb¹m���o¹

3.3%vol
�_��¹��oÝ�ÿ	�8ûbÞe¼NÞ�ü
�oÝ�ÿ���û�º1�oü_�)�oÞ���ü�Ý�ÿNÞ�ûb·���ûb¹HºNû�þM¶Hü�Ý�ÿNý�ûb¸c#


�ûb¹zûb·A¹Hûb¹'�iûb·���ûbÞ�ûb¹»þu¹Hü��e·Rûb½}ºNûbÞk�Hûb¼HÝ�ÿ,��û,·Aý ��·�����ûb¸0��¼��m¶N·Rü¡
|¼
11%vol

¾E�Ñ·Rû�¸Rû$��
h��ûb¹
��û|ü�üe¼N¹N½8ûb¹d�O��¸Rü:¹�¼NÞ)¹1��Ý�ÿ��T¾��7Ô'ý Ù�Ý�ÿN¹Hû|ûf�N¶NÞe·A½a�+��Þ�ûb¹d�7
�ûb·A½*��ûb¹àûb·A¹Hû�ýX·����e¸RûbÞ�ûI�Hûb¼HÝ�ÿ,��û
���o¹

8.7%vol
¾

× Ù,�eÞ
���e·A½7Þ
���NÿN·Rû7Ö
�Ñ·Rû���¹��)&�¹N½7¸A·RÝ�ÿHûMÙ�Ý�ÿN¹Hû|û|ºNû|Ý
 8û��g��ÞiºNûb¼Z�e¸A·RÝ�ÿX½8û|ü�Ý�ÿN·RÝ�ÿ���û$��¾�Gaû|ü��e·AýXý���û+½7¸Rûb·RÝ�ÿ���Þ��e·A½8ûuÙ�Ý�ÿN·RÝ�ÿ�#
��ûb¹� ��o¹N¹���ûb¹�·A¹���·Rûb¸Rûb¹pÙ�Ý�ÿN¹Hû|ûb½7Þe¼N¶�ûb¹�·RºNûb¹��e· 21
|·RûbÞ��4�sûbÞ�ºNûb¹d�*�o¶��g�oÿN¸H·AÿNÞ�û+��&oÝ�ÿ��e·A½* 8ûb·��Ó¼N¹Hº
�Hû|ü��e·A½* 8ûb·����*��Þe·l��¶Bûb¸g�g��Þ�¾[�Ñ·Rûr¼N¹���ûbÞ�ûb¹

0 − 6 cm
�+��Þ�ûb¹}ºT¼NÞ�Ý�ÿ}º1�oüÐ´4�oÞeÿ���¹HºNûb¹Hü�ûb·A¹����o¹


h�iûb·
5 − 20 mm

ºT·RÝ" 8ûb¹:q4·Rü�ü�Ý�ÿN·RÝ�ÿ,��ûb¹ÀÝ�ÿ���Þ
�� !��ûbÞe·Rüe·RûbÞ���¾7�Ñ·Rû|ü�û�Ù�Ý�ÿN·RÝ�ÿ,��ûb¹:�+¼NÞ�ºNûb¹:��¹����oü��
��¸A¸Rûb¹àÙ,��ûb¸A¸Rûb¹«ºNû|ü�å¿û|ü����NÞ"��2H¸Rü)½8û��	¼N¹HºNûb¹d�o�iûb¹N¹N½7¸Rûb·RÝ�ÿÅ��¼HÝ�ÿ«·AÿNÞ�û�Ú_&�Þ���û*��¶�û$
|·Rûbÿ_¼N¹N½8ü��sûb·Rü�û
·AÿNÞÓ�ÑÞ
�oºmºNûbÞ�´ÓûbÞ�ûb·Rüe¼N¹N½1��¸l����ûbÞ
��¸��\��Þe·A·RûbÞ���û7¾8���+·Rü�Ý�ÿHûb¹XºT·Rû|ü�ûb¹.qÓ·Rü�ü�Ý�ÿN·RÝ�ÿ���ûb¹%�+¼NÞ�ºNûb¹�¸���Ý" 8ûbÞ�û
Ù�Ý�ÿN·RÝ�ÿ���ûb¹¡���o¹% �¸Rûb·A¹Hûb¹d�o½8ûbÞe¼N¹HºNû$��ûb¹¡q4·Rü� �÷oÞe¹HûbÞe¹f���o¹�û$�©�g�

1 mm
�Ñ¼NÞ�Ý�ÿNý�û|ü�ü�ûbÞÓ½8û��	¼N¹HºNûb¹�¾

þu¹mºNûbÞ�-u¶�ûbÞ(-�&oÝ�ÿHûE�+¼NÞ�ºNûsûb·A¹Hû
0.5 cm

ºT·RÝ
 8û?�sûb·RÝ�ÿHûIÙ�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ,�4¶Bûh�o¶��oÝ�ÿ���û$����
|¼N¹�&oÝ�ÿHü��
�g��ÞÑºT·Rû|ü�û_�NÞ
�� !�e·Rü�Ý�ÿa�eÞ"��Ý" 8ûb¹�¾
ò'&�ÿNÞ�ûb¹HºpºNû|ü?qÓ·A¹Hü�û$��
�ûb¹HüiºNûbÞaÙ�Ý�ÿNý�ûb¸�
�û��+¼NÞ�ºNûb¹rºT·Rû+¼N¹,��ûbÞ�ü���ûb¹

1−2 cm
ý�ûbÿNÞÓ¼N¹Hºpý�ûbÿNÞ

�8ûbÞ��g&oü�ü�ûbÞ��Á¼N¹HºÒ¸Rûb·RÝ�ÿ���ü
��¸A·A¹N·Rü�Ý�ÿ�¾aÏW�oÝ�ÿzºNûbý²á�r�¾g����·��+¼NÞ�ºNûb¹zºT·Rû9G��oüe·Rü(#6q4·Rü�ü�Ý�ÿN·RÝ�ÿ,��ûb¹
ºT·RÝ" 8ûbÞ:¼N¹Hº��+��¹HºNûb¸���ûb¹Àüe·RÝ�ÿ9·A¹9ûb·A¹Hûm¶NÞ��HÝ�ÿN·A½8ûpÙ�Ý�ÿN·RÝ�ÿ��)¼Nýa���g�oü�º1�oü�q4·A¹Hü�û$��
�ûb¹9ºNûbÞ:þu¼��u#
ûb·Rüe¶N·A¸RºT¼N¹N½�º1��Þ�ü���ûb¸A¸���û7¾��Ñ·Rû ; ¹,��ûbÞ�ü�Ý�ÿN·Rû|ºNû�
h�+·Rü�Ý�ÿHûb¹rºNûb¹f�iûb·RÝ�ÿHûb¹p¼N¹Hº��8ûbÞ�ûb·Rü���ûb¹�Ù�Ý�ÿN·RÝ�ÿ,��ûb¹
�+¼NÞ�ºNû0�sûb¹N·A½8ûbÞ���b?ûb¹Hüe·RÝ�ÿ,�e¸A·RÝ�ÿ5¼N¹Hº�ºNûbÞÑÙ�Ý�ÿN¹Hû|ûmûbÞ�ü�Ý�ÿN·Rûb¹5ü�ûbÿNÞI¹��oü�ü�¾
Ï_�oÝ�ÿ5ºNûbý¢á F ¾�����·�ÿ�������ûÐü�·RÝ�ÿ5ûb·A¹Hû

3 cm
ý`&oÝ�ÿ,�e·A½8û�þu¼�� ûb·Rü�ü�Ý�ÿN·RÝ�ÿ�����¼HüMºNûb¹�q4·Rü�ü�Ý�ÿN·RÝ�ÿ���ûb¹

½8ûb¶N·A¸RºNû$��¾M 8û|ºZ��Ý�ÿ:�+��Þ)º1�oü)þu¼��	ûb·RüÑ¹N·RÝ�ÿ,�)½7¼Z�:ýX·��:ºNûbÞ)º1��Þe¼N¹���ûbÞ)¸A·Rûb½8ûb¹HºNûb¹	qÓ·Rü"�o¶BûbÞ(-�&oÝ�ÿHû
�8ûbÞe¶N¼N¹HºNûb¹d�Nü"�mº1�oü�üaºT·Rû�å¿ûbý%�BûbÞ
���e¼NÞ(#4¼N¹Hº¡�Hûb¼HÝ�ÿ,��û|ü�ûb¹Hü"�oÞ�ûb¹�¸Rûb·RÝ�ÿ��+¶�ûb·

0 cm
ûb·A¹N½8ûb¶NÞ
�oÝ�ÿ��

�iûbÞ�ºNûb¹� ��o¹N¹���ûb¹�¾¿þMý¾å|��½�e�67á¡�g��Þ�ºNûbÞm�ÑÞ"�\�*��ûb·A¸ÛºNû|ü�Ù�Ý�ÿN¹Hû|û|üi��¶N½8û|ü�Ý�ÿNýf�o¸�
�ûb¹�¾|ñ!¹ÀºNûb¹
º1��Þ
��¼�b7�o¸A½8ûb¹HºNûb¹¡å|��½8ûb¹p¶�ûb½���¹N¹pºT·RûIþu¼��	ûb·Rü"�o¶�ûbÞ(-�&oÝ�ÿHû�
|¼f
�ûbÞ(�)��¸A¸Rûb¹�¾��u·RûÑ-u¶BûbÞ(-�&oÝ�ÿHûMü�û$��
$#
��û�üe·RÝ�ÿ'��¼Hürûb·A¹HûbÞ

0.5 − 1 cm
ºT·RÝ" 8ûb¹ Ù�Ý�ÿN·RÝ�ÿ��a��¼Hü'û$�6�+�

1.5 mm
½7Þ"�\�8ûb¹d�?�o�o¸Aµ�½��o¹���¸Rûb¹

q4·Rü� �÷oÞe¹HûbÞe¹�
|¼Hü
��ýXý�ûb¹�¾
× þu¸A¶Bû|ºZ�NÖ
ò'&�ÿNÞ�ûb¹Hº ºNûbÞ5ºTÞ�ûb·i�o¶Bûb¹ ½8ûb¹���¹N¹���ûb¹G^4ÿ��oü�ûb¹­&�¹HºNûbÞ���ûàüe·RÝ�ÿ­��¼HÝ�ÿ/ºT·RûÀ���o¹Hüe·Rü"��ûb¹Z
àºNû|ü
Ù�Ý�ÿN¹Hû|û|ü����o¹k�eÞ"��Ý" 8ûb¹Hûbýa�1 *��¸���ûb¹�Ù�Ý�ÿN¹Hû|û*�Z�N¶BûbÞM¹��oü�ü�û_
|¼k�g�oü�ü�ûbÞe½8û|ü
&����e·A½*��ûbý¢Ù�Ý�ÿN¹Hû|û)¼N¹Hº
ûb·A¹HûbÞ¡�8ûbÞeýX·A¹HºNûbÞ���ûb¹
þu¼��	ûb·Rü
�o¶BûbÞ(-�&oÝ�ÿHû7¾E�Ñ·Rû|ür¶Bû|ûb·A¹�-H¼Hü�ü"��û�ºT·Rû�ü���û$ !�eÞ
��¸Rû�þu¸A¶Bû|ºZ�Àü"�
��Þ� B¾
; ¹���ûbÞ�^4Þ
&}#JÙ�Ý�ÿNý�ûb¸�
|¶�û|ºT·A¹N½7¼N¹N½8ûb¹N* á�e7¾�����·PO��o��¸RüÑº1�oü���û|ûbÞ�ûb·RüÑ¹1��Ý�ÿ����o¹�ûb·A¹HûbÞ 25 cm

ºT·c#
Ý" 8ûb¹�Ù�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ,��¶�û|ºNû|Ý" !�i�+��Þ��O�+��ÞmºT·Rû�ü��Bû$ !�eÞ
��¸Rûpþu¸A¶�û|ºZ��ÿ1��Ý�ÿ	���NÞmü�·RÝ�ÿ��e¶���Þ�û¡òÀûb¸c#
¸Rûb¹N¸l&�¹N½8ûb¹'¼N¹HºfòÀûb¸A¸Rûb¹N¸l&�¹N½8ûb¹Á·Aý ¹���ÿHûb¹¡ñ ¹���Þ
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þu¼���½7Þe¼N¹Hº'ºNûbÞ ; Þ�ü
�oÝ�ÿHûb¹j �÷o¹N¹Hûb¹'ºT·RûÑþu¶��iûb·RÝ�ÿ_¼N¹N½8ûb¹���¶�ûbÞs·AýXý�ûbÞs¹1��Ý�ÿa��¸Rüi½8ûbÞe·A¹N½�½8ûb¹_¼N½
¶�û$�eÞ
�oÝ�ÿ���û$�_�sûbÞ�ºNûb¹d��¼Ný­ºT·Rû���û|ü�üe¼N¹N½�ýX·��ÑºNûbÞ�q]¬_å�þ:Ù!q[#6åaÿHûbÞeý`��¸Rü"�o¹HºNûf��¸Rü�
|¼Z�8ûbÞe¸l&oü�üe·A½

|¼�¶�û$
�ûb·RÝ�ÿN¹Hûb¹�¾

× �Ñ·RûD)Mû�-�û$ !�e·��o¹Hü�ûb·A½8ûb¹Hü�Ý�ÿ��}����ûb¹�¶�û|º��NÞ(�	ûb¹'¼N¹,��ûbÞIGsûbÞ��HÝ
 �ü�·RÝ�ÿ��e·A½7¼N¹N½8ûb¹�ºNûbÞ��NÞ
�� ,�e·Rü�Ý�ÿHûb¹aq4Þ(#
����ÿNÞe¼N¹N½8ûb¹:��¼��sÙ,�N·���
|¶�ûbÞe½8ûb¹�¹1��Ý�ÿ�ûb·A¹HûbÞW�iûb·���ûbÞ�ûb¹«-��Z�e·AýX·RûbÞe¼N¹N½'½8ûbÞ
�oºNûÐ·Aý¢Úu·A¹_¶N¸A·RÝ" ���¼��
ûb·A¹Hû��sûb·���ûbÞ�û�q4Þeÿ1÷oÿ�¼N¹N½�ºNûbÞ
)uû�-�û$ ,�e·���·��
&���¾

× �Ñ·Rûfò'&�Þeý�ûb¸Rûb·��e¼N¹N½,ûb¹��e¸l��¹N½9ºNûbÞXÙ!�o¹HºNû`�+¼NÞ�ºNûp·Aý%þM¹Hü�Ý�ÿN¸A¼Hü�ü���¹àºT·Rû|ü�ûI�5û|ü�ü" \��ý%����½7¹Hû
Þ�û|ºT¼Z
|·RûbÞ�����·A¹HºNûbýyºT·RûM¹�&oÝ�ÿHü���û��:ûb¹HûbÞ
���e·��o¹'ºNûbÞIÙ!�o¹HºNûb¹¡���o¹r·A¹N¹Hûb¹a��¼Hüe½8û|ü�Ý�ÿ�&�¼Ný��+�+¼NÞ�ºNû*�
¼Ný<ûb·A¹Hûm3?¼�����
|·AÞ� �¼N¸l���e·��o¹�·A¹5ºNûbÞÑÙ!�o¹HºNû)¼N¹Hº�ü
��ûb·A¹Hû�
|¼Hü
&���
|¸A·RÝ�ÿHû�q4Þ��+&�ÞeýÐ¼N¹N½j
|¼a�8ûbÞeÿN·A¹�#
ºNûbÞe¹�¾

× q4·A¹fò'&�Þeý�û|ü��eÞ"�oý ���o¹rºNûbÞiÙ�ûb·���ûIºT¼NÞ�Ý�ÿ�þM¹Hü�Ý�ÿN¹N·����ÛºNû|ü ; ¹���ûbÞe½7Þe¼N¹HºNû|üi¼N¹HºXGaû|ûb·A¹�-H¼Hü�üe¼N¹N½
ºNûbÞ4��û|ü�ü��iûbÞ���û+ºT¼NÞ�Ý�ÿpº1�oü4´ÓûbÞ(���N¸A¸Rûb¹�ºNû|ü4ûb¹���ü��
��¹HºNûb¹Hûb¹�3d��Ý�ÿHü�*��8ûbÞ
&�¹HºNûbÞ���ûuÙ,�eÞe¼Z !�e¼NÞGO|�+·Rû
¶�ûb·�ºNûb¹a^4å�e��*�*�%�eÞ�û$��ûb¹�¶Bûb·�ºNûbÞ�q4¬Wå¿þ�Ù!q[#JÙ!�o¹HºNûm¹N·RÝ�ÿ,�W��¼��e¾

× ò'&�Þeý�û�-1�Hü�ü�û�ûb¹��e¸l��¹N½�ºNûbÞ��0��¶Bûb¸N�+·RûÐ¶�ûb·ÕºNûb¹�^4å�e��*�*�I�eÞ�û$��ûb¹� \��¼Ný ��¼��(�Eº1�pû|üu¹_¼NÞ:ûb·A¹
ûb·A¹Z
|·A½8û|ü��0��¶�ûb¸+½7·A¶Z���[�iûb¸RÝ�ÿHû|üpüe·RÝ�ÿ}¹N·RÝ�ÿ��p·Aý ; ¹,��ûbÞe½7Þe¼N¹Hº7�Óü"�o¹HºNûbÞe¹���¹�ºNûbÞr-u¶�ûbÞ(-�&oÝ�ÿHû
¶�û�2H¹HºNû$��¾Bþu¼Z�8ûbÞ�ºNûbý¢·Rü���ºT·Rûiò'&�Þeý�ûb¸Rûb·��(��&�ÿN·A½* 8ûb·��)ºNûbÞÑ�0��¶�ûb¸4ºT¼NÞ�Ý�ÿ,ºT·Rû�ÏM¼Z��
|¼N¹N½ÁºNûbÞD²&³
´¶µ¸· óh#6�5û$�eÿ1��ºNû)û�æ��eÞ�ûbý ½8ûbÞe·A¹N½H¾



e*e�� ø sNù1ú tXW1vawdûdxvW�ü ù W1y s t7zdy ù y�C|{ ú v�üBW1ý¶ý}zd~d��W1~

× �Ñ·Rû�þu¶��iûb·RÝ�ÿ_¼N¹N½8ûb¹Å
h�+·Rü�Ý�ÿHûb¹�ºNûb¹	�5û|ü�üeý�û$�eÿ1��ºNûb¹àüe·A¹Hº9½8ûbÞe·A¹N½�¶Z
h�)¾?ºT¼NÞ�Ý�ÿ�ºT·Rû%q4¹��(� ûbÞ(#
¹_¼N¹N½�ºNûbÞa¶�ûb·RºNûb¹'ý�û|ü�ü�üeµTü���ûbý�ûW
|¼Hûb·A¹���¹HºNûbÞIûbÞ� �¸l&�Þe¶���Þ¹*	üe·RûbÿHû_�o¶�ûb¹SO��Nü"��º1�oüsºT·Rû_��û|ü�üeý�û�#
�eÿ1��ºNûÐýX·���ºNûbÞWq4¬Wå¿þ�Ù!q[#6åaÿHûbÞeý`��¸Rü
�o¹HºNû`��¸Rü�
|¼Z�8ûbÞe¸l&oü�üe·A½r¶�û$
�ûb·RÝ�ÿN¹Hû$�_�sûbÞ�ºNûb¹: \��¹N¹�¾EÏM¼NÞ
·A¹Áûb·A¹Hûbý ������ûb¹Hü
����
�* á*�T¾ # á76T¾��76T¾ºOaüe·A¹Hº�ºT·Rû:þM¶,�iûb·RÝ�ÿ_¼N¹N½8ûb¹5ü�ûbÿNÞs½7Þ"�\�1�NºT·Rû|ü�ûbÞ+q]b�û$ !�+ \��¹N¹
��¶�ûbÞMºT¼NÞ�Ý�ÿ�ºT·RûÐþM¶Hü"�oÞ��Z�e·��o¹����o¹�Ù,�eÞ
��ÿN¸A¼N¹N½V*	ü�¾ �N¾ºOsûbÞ� �¸l&�Þ����sûbÞ�ºNûb¹�¾

243u¦[3u¦ �¢J7Q,H?K}X�@?; L�R©A4L1PV�%R6K\K\Q�HER6Q�HNXa@?ANX*L1P¼»�JoS�TdP�S�L�D?R6A?BO@?A?BdL�A

q4·A¹Hû+�iûb·���ûbÞ�ûIþu¹��sûb¹HºT¼N¹N½8üeýf÷o½7¸A·RÝ�ÿZ 8ûb·��+ºNûbÞ4åaÿHûbÞeý`��¸Rü"�o¹HºNû+2H¹HºNû$�Óüe·RÝ�ÿX·A¹XºNûbÞÓGaûh�o¶��oÝ�ÿ,�e¼N¹N½mºNû|ü
þM¼���#Û¼N¹Hº�þM¶Z�
��¼Z�8ûbÞeÿ���¸���ûb¹HüW���o¹9Ù�û|ûb¹�¾�ñ!ý¢ �¸Rûb·A¹Hûb¹������8ü"�
��¶��+¼NÞ�ºNû�ºT·Rû|üIýX·��uûb·A¹HûbÞ_q]¬_å�þ:Ù!q[#
åaÿHûbÞeý`��¸Rü"�o¹HºNûÐ·Aýò3O��¶��oÞuüe·AýÐ¼N¸A·RûbÞ���¾EÚM·RûbÞ�
|¼��+¼NÞ�ºNû)ûb·A¹�åN��¹Z ÁýX·��u3�ûb·��e¼N¹N½8ü��g�oü�ü�ûbÞu½8û����N¸A¸��I¼N¹Hº
ºT¼NÞ�Ý�ÿ'Ù�ûb¹Z 8ûb¹�ºNûbÞÛ¼NýX½8ûb¶�ûb¹HºNûb¹r3?¼�������ûbý%��ûbÞ
���e¼NÞsº1�oüa��û���Þe·RûbÞ(#¿¼N¹Hºpþu¼����
��¼Z�8ûbÞeÿ���¸���ûb¹�ºNû|ü4òm�oü(#
ü�ûbÞ�üI¶�ûh�o¶��oÝ�ÿ,��û$��¾�����¶�ûb·�ü"�o¸A¸���û:¼N¹,��ûbÞW��¹HºNûbÞ�ûbý<½8û$��û|ü"��û$���iûbÞ�ºNûb¹d���o¶���¹Nÿ���¹Hº5ºNûbÞ�å�ûbý%��ûbÞ
���e¼NÞ(#
�NÞ"��2H¸Rû�ºT·Rûr�ÑÞ�ûb¹Z
�ü�Ý�ÿN·RÝ�ÿ,�i
h�+·Rü�Ý�ÿHûb¹À½8û��	Þ"�oÞ�ûb¹Hûbý¦¼N¹Hº,¹1��Ý�ÿ�-1�Hü�ü�·A½8ûbý¾òm�oü�ü�ûbÞ)ûbÞ� *��¹N¹��i�iûbÞ�ºNûb¹
 \��¹N¹À¼N¹Hº	�+·Rû�üe·RÝ�ÿàº1�oü���û��	Þe·RûbÞ��8ûbÞeÿ���¸���ûb¹àýX·����\��Þe·A·RûbÞ�ûb¹HºNûbý Ù���¸�
|½8ûbÿ���¸��mºNû|ü0òm�oü�ü�ûbÞ�ü�&�¹HºNûbÞ���¾
�_��
|¼��+¼NÞ�ºNûrºNûbý%3�ûb·��e¼N¹N½8ü��+�oü�ü�ûbÞ�Ù���¸�
p¶�ûb·A½8ûbý�ûb¹N½*���¿¼Ný �8ûbÞ�ü�Ý�ÿN·Rû|ºNûb¹HûÁÙ���¸A·A¹N·��
&���ûb¹�
|¼«ûbÞeÞ�ûb·c#
Ý�ÿHûb¹�¾

¿�³,±}þ¶·Nð\ïOþ�º1·Nî6´|º1·

�u·Rû��5û|ü�üe¼N¹N½8ûb¹f����¹HºNûb¹r·Aý�q4·Rüe¸l��¶o�oÞiºNû|ügñ!¹Hü"�e·��e¼Z��ü4���NÞs��ûh�\�Nÿ�µ�üe·� rü��
������¾�ñ ¹pºT·Rû|ü�ûbý 3O��¶o�oÞiüe·A¹Hº
q4·A¹Hü���ûb¸A¸A¼N¹N½8ûb¹�ºNûbÞI3?¼�������ûbý%��ûbÞ
���e¼NÞ����o¹ −3 ◦C

¶N·Rü −25 ◦C
ýf÷o½7¸A·RÝ�ÿ�¾�Gsûb·?ºNûb¹Á´ÓûbÞ�üe¼HÝ�ÿHûb¹a�+¼NÞ(#

ºNû)ûb·A¹Hû0��û|ü�ü���ûbý%��ûbÞ
���e¼NÞ����o¹ −20 ◦C± 1 ◦C
½8û$�g&�ÿN¸���¾�ñ ¹�ºNûbý<3O��¶o�oÞI¶�û�2H¹HºNû$�Müe·RÝ�ÿ�ûb·A¹�åN��¹Z 

ýX·����)�o¸A½8ûb¹HºNûb¹}þM¶Ný�û|ü�ü�¼N¹N½8ûb¹�Ö|�T¾�ç�ý æ�e7¾[6�ý æ��T¾�ç�ý�¾|�Ñ·Rû¡��¸A¸Rü�ûb·��e·A½8û¡ñJü"�o¸l���e·��o¹�ºNûbÞ.òm��¹N¹Hû
ûbÞe¸l��¼N¶Z�Ðûb·A¹Hûb¹:ò/&�Þeý�û���¼Hü"�
��¼Hü�Ý�ÿ����oÞ��+·Rûb½8ûb¹Hº:�N¶BûbÞ)ºT·Rû.�	Þ�ûb·Rû�-u¶BûbÞ(-�&oÝ�ÿHû�¼N¹Hº,üe·Aým¼N¸A·RûbÞ��Ðü"�oýX·��
¹�&�ÿHûbÞe¼N¹N½8ü��iûb·Rü�ûuºNûb¹r��û��	Þe·RûbÞ����oÞe½���¹N½Ðûb·A¹Hû|üiÙ,�e·A¸A¸A½8û$�g&oü�ü�ûbÞ�ü�¾����Ñ¶�ûb·TºNûb¹f��û|ü�üe¼N¹N½8ûb¹X½7¸Rûb·RÝ�ÿZ
�ûb·��e·A½
��¹HºNûbÞ�ûb¹i��û|ü�üe¼N¹N½8ûb¹ÐºT¼NÞ�Ý�ÿN½8û����NÿNÞ��|�+¼NÞ�ºNûb¹d��ºT·Rû]�N¶�ûbÞ�ºNûbÞO�5·�����ûÛºNûbÞOòm��¹N¹HûÛü��
�����(����¹HºNûb¹d�h�+¼NÞ�ºNû
ºT·Rû�åaÿHûbÞeý`��¸Rü"�o¹HºNû���ý±)���¹Hº�ºNû|ü]å|��¹Z �ü?��¹N½8ûb¶NÞ
�oÝ�ÿ�����º1��¶Bûb·N¶�û��)��¹HºNûb¹�ü�·RÝ�ÿXºT·Rûa¶Bûb·RºNûb¹f�o¶�ûbÞ�ü���ûb¹
Ù�ûb¹Hü"�oÞ�ûb¹XºNûbÞ4Ù!�o¹HºNûE�N¶BûbÞ�ºNûbÞ|òm�oü�ü�ûbÞ"�o¶�ûbÞ(-�&oÝ�ÿHû7¾oÏuûb¶�ûb¹�ºNûbÞ4Ù!�o¹HºNûE�+¼NÞ�ºNûb¹���·RûbÞ½*�·A¹�ºNûb¹�ûbÞ�ü���ûb¹
´ÓûbÞ�üe¼HÝ�ÿHûb¹SOÓ¶Bû$
|·Rûbÿ�¼N¹N½8ü��iûb·Rü�û_�oÝ�ÿ��g ��o¹��8ûb¹,�e·��o¹Hûb¸A¸RûW^?å�e��*�}#�ò ·RºNûbÞ�ü��
��¹HºNü"�eÿHûbÞeýf�oý�û$��ûbÞI·Aý å|��¹Z 
·A¹Hü��
��¸A¸A·RûbÞ����7¼Ný~ºT·Rû+å�ûbý%��ûbÞ
���e¼NÞ�ûb¹`
|¼% ��o¹,�eÞ"�o¸A¸A·RûbÞ�ûb¹�¾�òÀûb·���ûbÞeÿN·A¹f�+¼NÞ�ºNûb¹pºTÞ�ûb·Ný`��¹�¼Hûb¸A¸H¶�û$�eÞe·Rûb¶Bû�#
¹Hûmý`��½7¹Hû$�"�oý�û|Ý�ÿ���¹N·Rü�Ý�ÿHû'Ù�ûb¹Hü"�oÞ�ûb¹�
|¼NÞ:Gsû|ü"�e·AýXýÐ¼N¹N½�ºNûbÞ�q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·��Ð·Aý å|��¹Z ��N¸l����
|·RûbÞ���¾
; ý ºNûbÞ�Gs·A¸RºT¼N¹N½,ûb·A¹Hû|ü�¼M¶�ûbÞ�ºTÞe¼HÝ" Tü�¼N¹���ûbÞXºNûbý q4·Rü�¼N¹Hº�º1��ýX·���ûb·A¹HûbÞ�ýf÷o½7¸A·RÝ�ÿHûb¹�þu¹NÿHûb¶N¼N¹N½
ºNûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ,��ûb¹,�e½8ûb½8ûb¹Z
|¼��+·AÞ� 8ûb¹d�o�+¼NÞ�ºNû�
|¼Hü
&���
|¸A·RÝ�ÿ�ûb·A¹�¶BûbÿHûb·�
|¶���Þ�ûbÞ�þu¶�-H¼Hü�ü+·A¹Hü��
��¸A¸A·RûbÞ���¾ ; ý
º1�oü+þM¼����
��¼Hûb¹k
|¼'¶Bû|ü�Ý�ÿN¸Rûb¼N¹N·A½8ûb¹d�Z�+¼NÞ�ºNûb¹�ÚÑûb·�
|¶�&�¹HºNûbÞI·AýpåN��¹Z k��¼Hüe½8ûb¸Rûb½*��¾Z�Ñ¼NÞ�Ý�ÿ�Ù�ûb¹Z 8ûb¹�ºNûbÞ
; ýX½8ûb¶N¼N¹N½8ü���ûbý%��ûbÞ
���e¼NÞ0��¼�� −20 ◦C

�+¼NÞ�ºNûÐº1�oü�òm�oü�ü�ûbÞI½8û��	Þ"�oÞ�ûb¹�¼N¹Hº5ºT¼NÞ�Ý�ÿ�Úuûb¶�ûb¹5ºNûbÞ ; ý�#
½8ûb¶N¼N¹N½8ü���ûbý%�BûbÞ
���e¼NÞf��¼��

+5 ◦C
¼N¹Hº«GaûbÿHûb·�
�ûb¹}ºT¼NÞ�Ý�ÿ�ºT·RûrÚÑûb·�
�ü�Ý�ÿN¸l��¹N½8ûb¹��+¼NÞ�ºNû�ºNûbÞ.^ÓÞ"�\
�û|ü�ü

¼NýX½8û$ 8ûbÿNÞ���¾
�u·RûIòm��¹N¹HûI�+¼NÞ�ºNûrýX·���3�ûb·��e¼N¹N½8ü��+�oü�ü�ûbÞ�½8û����N¸A¸����¿ºNûbý ûb·A¹Å�5·�����ûb¸g
|¼NÞm´ÓûbÞeÿN·A¹HºNûbÞe¼N¹N½����o¹�þM¸c#
½8ûb¹_¶N·A¸RºT¼N¹N½�*��oÿN¹HûiqÓ·A¹�-H¼Hü�ü���¼��ÛºNûb¹,��û��	Þe·RûbÞ��N¼N¹Z !�GO+
|¼N½8û����N½*���+¼NÞ�ºNû7¾�Gaûb·O�sûb·���ûbÞ�ûb¹�´ÓûbÞ�ü�¼HÝ�ÿHûb¹



w >��B>�� v s���ú C|v_C|� ú W e*e*e

�+¼NÞ�ºNû5ºNûbý òm�oü�ü�ûbÞpº1��¹N¹»Ù���¸�
�·A¹¯�8ûbÞ�ü�Ý�ÿN·Rû|ºNûb¹Hûb¹x���o¹Z
�ûb¹,�eÞ
���e·��o¹Hûb¹C
|¼N½8û����N½*�r¼Ný 
h�sûb·��8ûbÞ(#
ü�Ý�ÿN·Rû|ºNûb¹Hû)Ù���¸�
h ��o¹Z
�ûb¹��eÞ
���e·��o¹Hûb¹�
|¼�ûbÞeÞ�ûb·RÝ�ÿHûb¹�Ö!qÓ·A¹Ný`��¸

5 kg
¼N¹Hº�ûb·A¹Ný`��¸

10 kg
��ü"�Ðº1�oü�üiüe·RÝ�ÿ�ûb·A¹

Ù���¸�
|½8ûbÿ���¸������o¹
1%

¶�û$
|·Rûbÿ_¼N¹N½8ü��sûb·Rü�û
2%

ûbÞe½���¶�¾�ñ!¹�ûb·A¹Hûbýp�sûb·���ûbÞ�ûbý<´ÓûbÞ�üe¼HÝ�ÿ��+¼NÞ�ºNû:¹��oÝ�ÿ�ºNûbÞ
Gi·A¸RºT¼N¹N½rûb·A¹HûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ,��
|¼Hü
&���
|¸A·RÝ�ÿ5ûb·A¹HûmÙ�Ý�ÿN¹Hû|û���¼���¸l��½8û)ÿN·A¹Z
|¼N½8û����N½*��¾
ñ!¹�þu¶N¶N·A¸RºT¼N¹N½p1H¾[á F ·Rü��IºNûbÞM´ÓûbÞ�üe¼HÝ�ÿHü
��¼��	¶���¼a� û|ü��e½8ûbÿ���¸���ûb¹�¾

þM¶N¶N·A¸RºT¼N¹N½:1H¾[á F Ö\��û|ü�ü
��¼��	¶���¼m·AýGq4·Rüe¸l��¶o�oÞ4ºNû|ü]ñ!¹Hü��e·��e¼Z��üN���NÞ4�:ûh�\�Nÿ_µTüe·� mºNûbÞ ; ¹N·��8ûbÞ�ü�·��
&��[���N¹Hü(#
��ûbÞ�¾HGs·A¸RºNÜ_¼Hûb¸A¸Rû7ÖHGs¸A·A¹HºZ�¶� ¼N¹Hºa^4·�����������¹2* á*�*��1�O�¾

(­³�þ�þ¶·|µN²�³,µ
�u·Rû�·A¹�ºT·Rû|ü�ûbý þM¶Hü�Ý�ÿN¹N·��������oÞe½8û|ü���ûb¸A¸���ûb¹�Gaûb·Rü��N·Rûb¸Rû¡
�ûb·A½8ûb¹�ûb·A¹Hûj�5û|ü�ü�¼N¹N½5ýX·���¹1�oÞeý`��¸Rûbý 3�ûb·c#
�e¼N¹N½8ü��g�oü�ü�ûbÞ��O
h�sûb·iýX·��.�8ûbÞ�ü�Ý�ÿN·Rû|ºNûb¹Hûb¹ÒÙ���¸�
|½8ûbÿ���¸���ûb¹�¼N¹Hº«ºT·Rû¡��û|ü�üe¼N¹N½�ýX·���ºNûbÞ�
|¼Hü
&���
|¸A·RÝ�ÿHûb¹
Ù�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ���¾o�Ñ·Rû�å�ûbý%��ûbÞ
���e¼NÞMºNû|ü�òm�oü�ü�ûbÞ�üa¸l��½f���oÞIGaûb½7·A¹N¹�ºNûbÞ[n û$�sûb·A¸A·A½8ûb¹���û|ü�üe¼N¹N½8ûb¹k
h�+·c#
ü�Ý�ÿHûb¹

5 ◦C
¼N¹Hº

15 ◦C
¾¶�5·��¿ºNûbýGq4·A¹Hü�Ý�ÿ���¸���ûb¹XºNûbÞÕ�_�NÿN¸A¼N¹N½�ü
��¹Z )ºT·Rûs3?¼�������ûbý%��ûbÞ
���e¼NÞ�·A¹N¹HûbÞeÿ���¸A¶

�iûb¹N·A½8ûbÞ��5·A¹_¼Z��ûb¹���¼��ÕºT·Rû)�E·Rûb¸���ûbý%��ûbÞ
���e¼NÞ����o¹ −20± 1 ◦C
¾,�Ñ·Rû_q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·����+¼NÞ�ºNû�ý`��¹�¼�#

ûb¸A¸�·A¹5þu¶Hü��
&�¹HºNûb¹����o¹���¹�����¹N½8ü�ûb·A¹HûbÞMÿ���¸A¶�ûb¹5¶N·RüMÿN·A¹�
|¼�ûb·A¹N·A½8ûb¹,Ù,�e¼N¹HºNûb¹�ýX·��Ñûb·A¹HûbÞ:��ûb¹���¼N·A½\#
 8ûb·������o¹5ûb·A¹Hûbý£�5·A¸A¸A·Aý�û$��ûbÞW��¹5ºTÞ�ûb·�Ù,��ûb¸A¸Rûb¹�·A¹5ºNûbÞ�òm��¹N¹Hû)½8ûbý�û|ü�ü�ûb¹�*	Gs¸A·A¹HºZ��� ¼N¹Hº�^4·�����������¹
* á*�*��1�OLO�¾��Ñ·Rû�q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·��_�+¼NÞ�ºNû)ºT¼NÞ�Ý�ÿ�ûb·A¹Hûb¹�ºT·AÞ�û$ !�I¹Hûb¶Bûb¹5ºNûbÞI´ÓûbÞ�üe¼HÝ�ÿHü®��¹1�oÞ�ºT¹_¼N¹N½�¸��\ \�}#
¸A·Rüe·RûbÞ���ûb¹,Ù�ûb¹Hü
�oÞM¶�û|ü��e·AýXý��.*	üe·RûbÿHûÐþu¶N¶N·A¸RºT¼N¹N½'1H¾[á F O�¾��Ñ·Rûi��¹HºNûbÞ�ûb¹«Ù�ûb¹Hü"�oÞ�ûb¹�
�ûb·A½*��ûb¹���¼��	½7Þe¼N¹Hº
·AÿNÞ�ûbÞÑÞ
&�¼NýX¸A·RÝ�ÿHûb¹«Ï_&�ÿHû�
|¼,ºNûbýÎ�_�NÿN¸A½8ûb¶N¸l&oü�û�¸Rûb·RÝ�ÿ,����¶��sûb·RÝ�ÿHûb¹HºNûfòÀûbÞ���û7¾o�Ñ·Rû�å�ûbý%��ûbÞ
���e¼NÞ�ûb¹
ºNûbÞE^4å�e��*�0�+¼NÞ�ºNûb¹r·A¹`�5·A¹_¼Z��ûb¹���¶Hü"�
&�¹HºNûb¹Q*)��¹���&�¹N½7¸A·RÝ�ÿ'ûb·A¹Hû��5·A¹_¼Z��û*�_·Aý��sûb·���ûbÞ�ûb¹r´ÓûbÞe¸l��¼��7���N¹��
��·A¹�¼Z��ûb¹SOÓýX·��sûb·A¹HûbÞ+�:ûb¹���¼N·A½* 8ûb·��E���o¹

0.1 ◦C
¶�û|ü��e·AýXý���¾!�5·��iºNûbÞEq4¬Wå¿þ�Ù!q[#JÙ!�o¹HºNû_�+¼NÞ�ºNûb¹'ºT·Rû
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å�ûbý%��ûbÞ
���e¼NÞ�ûb¹k��¸A¸Rû����N¹��d�5·A¹_¼Z��ûb¹�ýX·��iºNûbÞ�ü�ûb¸A¶�ûb¹'�:ûb¹���¼N·A½* 8ûb·��i½8ûbý�û|ü�ü�ûb¹�¾�òÀûb¹N¹�ºT·Rû�q4·Rü�ü�Ý�ÿN·RÝ�ÿ,�
ûb·A¹Hû¡��&oÝ�ÿ,�e·A½* 8ûb·��f���o¹

20 cm
ûbÞeÞ�ûb·RÝ�ÿ���û*�?�+¼NÞ�ºNû'ºT·Rû¡åaÿHûbÞeýf�7ü"�
���eÞ�ûb½8ûb¸A¼N¹N½«·Aý 3O��¶o�oÞ%��¼��

5 ◦C½8û|ü���ûb¸A¸��Ð¼N¹Hº:
|¼Hü®&���
|¸A·RÝ�ÿÅ�+¼NÞ�ºNûb¹àºT·Rû�ÚÑûb·�
|¶�&�¹HºNûbÞmûb·A¹N½8û|ü�Ý�ÿ���¸���û$����¼Ný%ºNûb¹�Ù�Ý�ÿNý�ûb¸�
h���oÞe½���¹N½�
|¼
¶Bû|ü�Ý�ÿN¸Rûb¼N¹N·A½8ûb¹�¾

�N�NÞ`��¸A¸Rû�´ÓûbÞ�üe¼HÝ�ÿHûk�+¼NÞ�ºNûb¹ ºT·Rû'ýX·��pºNûb¹}¶Bûb·RºNûb¹¯�5û|ü�ü�üeµ�ü"��ûbý�ûb¹�¶�û|ü��e·AýXýi��ûb¹�å�ûbý%��ûbÞ
���e¼NÞ�ûb¹
ýX·���ûb·A¹���¹HºNûbÞ¡�8ûbÞe½7¸A·RÝ�ÿHûb¹�¾��Ñ·Rû�^4å�e��*�m�g��Þ�ûb¹x·A¹ ûb·A¹Hûbý°��û|ü���ûb¸A¸�� û|ü��p·A¹Hü��
��¸A¸A·RûbÞ���¼N¹Hº¯ ��o¹N¹���ûb¹
º1��ÿHûbÞX·A¹�·AÿNÞ�ûb¹�åa·Rû�� ûb¹}¹N·RÝ�ÿ,�f�*��Þe·A·RûbÞ��.�sûbÞ�ºNûb¹�¾4�Ñ·Rû�Ù�ûb¹Hü"�oÞ�ûb¹�ºNûbÞX¶Bûb·RºNûb¹ÒÙ�µTü���ûbý�û'¶�û��)��¹HºNûb¹
üe·RÝ�ÿÀº1��ÿHûbÞ:¹N·RÝ�ÿ��)·A¹,û�æ1�� ,�:ºNûb¹Hü�ûb¸A¶�ûb¹	åa·Rû��	ûb¹�¾oqÓü0�+¼NÞ�ºNûb¹ÀºNû|ü��iûb½8ûb¹«ºT·RûØneûb¹N·A½8ûb¹àÙ�ûb¹Hü"�oÞ�ûb¹ÀºNûbÞ
q]¬Wå¿þ�Ù!q]#6åaÿHûbÞeý`��¸Rü"�o¹HºNûk
|¼Ný%´ÓûbÞe½7¸Rûb·RÝ�ÿ}ýX·���ºNûb¹Å^4å�e��*�5½8û$�+&�ÿN¸����ÕºT·Rû�ºT·Rû|ü�ûb¹���ý ¹�&oÝ�ÿHü���ûb¹
¸l��½8ûb¹�¾�ñ ¹I��¸A¸Rûb¹�´ÓûbÞ�üe¼HÝ�ÿHûb¹I
�ûb·A½*��ûuüe·RÝ�ÿd�8º1�oü�üÛºT·RûIþu¶��sûb·RÝ�ÿ_¼N¹N½8ûb¹k
h�+·Rü�Ý�ÿHûb¹rºNûb¹p¶Bûb·RºNûb¹¡�5û|ü�ü�üeµ�ü�#
��ûbý�ûb¹a���NÞ���¸A¸RûÐGaûb·Rü��N·Rûb¸Rûmü�ûbÿNÞI½8ûbÞe·A¹N½`�+��Þ�ûb¹�¾�Ù�·RûÐ¸l��½8ûb¹�·Aý£�5·�����ûb¸�¼N¹,��ûbÞ

1 ◦C
���+�oüuü�·RÝ�ÿ5ºT¼NÞ�Ý�ÿ

ºT·Rû%q4¹��(� ûbÞe¹_¼N¹N½8ûb¹�ºNûbÞmÙ�ûb¹Hü"�oÞ�ûb¹	
|¼Hûb·A¹���¹HºNûbÞÐûbÞ� �¸l&�Þ�ûb¹,¸l&oü�ü���¾oqÓü��+·AÞ�º	��¹ÀºT·Rû|ü�ûbÞ)Ù,��ûb¸A¸Rûpº1��Þ
��¼��
�8ûbÞ�
|·RÝ�ÿ���û$���¿ûbÞe¹Hûb¼Z�:ºT·Rû.�Ñ·l��½7Þ
��ýXý�û�ºNûbÞ:þu¶��sûb·RÝ�ÿ_¼N¹N½8ûb¹�º1��Þ�
|¼Hü���ûb¸A¸Rûb¹d��º1��ºT·Rû|üÑ¶Bûb·4ºNûb¹����oÞeÿHûbÞ
¶Bû|ü�Ý�ÿNÞe·Rûb¶Bûb¹Hûb¹��5û|ü�ü�¼N¹N½8ûb¹�¶�ûbÞ�ûb·���ü���¼Hü(���NÿNÞe¸A·RÝ�ÿ,½8û$�
��¹:�+¼NÞ�ºNû7¾�Gsûb·4ºNûb¹	��û|ü�üe¼N¹N½8ûb¹9·A¹ÀºT·Rû|ü�ûbý
þM¶Hü�Ý�ÿN¹N·�����ü�·A¹Hºm�sûb·���ûbÞ�ûr·A¹,��ûbÞ�û|ü�ü
��¹,��û¡^Óÿ�&�¹1�oý�ûb¹HûI
|¼�¶�ûh�o¶��oÝ�ÿ���ûb¹d��ºT·RûrÿN·RûbÞm·Aý ´4�oÞ�ºNûbÞe½7Þe¼N¹Hº
ü���ûbÿHûb¹�ü"�o¸A¸Rûb¹�¾

��³!ìuþ@W|ì�³,À�Ã�¾À¿?³,ìuí¶·NµN²�þ�äiºZþ�þ�³,±
ñ!ý å|��¹Z �¶�û�����¹HºÁüe·RÝ�ÿÁ¹1�oÞeý`��¸Rû|üu3�ûb·��e¼N¹N½8ü��g�oü�ü�ûbÞMýX·��Iûb·A¹Hûbý­�E¼Hü®����
0���o¹�þM¹,�e·l��¸A½8ûb¹NýX·�����ûb¸.¾��Ñ·Rû
�_�NÿN¸A¼N¹N½a�+¼NÞ�ºNû�¼N¹N½8û��)&�ÿNÞ

120
Ù,�e¼N¹HºNûb¹«¸l��¹N½���¼���Þ�û|Ý�ÿ��ÐûbÞeÿ���¸���ûb¹d��º1��¹��oÝ�ÿ	�+¼NÞ�ºNû�üe·Rû%��¼��

5 ◦C½8û|ü���ûb¸A¸��Ð¼N¹Hº�ºT·RûpÚÑûb·�
�ü�Ý�ÿN¸l��¹N½8ûb¹�·Aý òm�oü�ü�ûbÞ��
��¹Z Àûb·A¹N½8û|ü�Ý�ÿ���¸���û$��¾�þuý q4¹HºNû�ºNûbÞi��û|ü�üe¼N¹N½��g��Þ
º1�oü�q4·Rüg�+·Rû|ºNûbÞ� ��oý%�N¸Rû$���+½8û|ü�Ý�ÿNýf�o¸�
�ûb¹�¾Zñ ¹j��¸A¸Rûb¹�Gaûb·Rü��N·Rûb¸Rûb¹j�+·AÞ�º�¹_¼NÞIºNûbÞ�å¿ûb·A¸�ºNûbÞ���û|ü�üe¼N¹N½8ûb¹
º1��Þe½8û|ü���ûb¸A¸�����ºNûbÞIºT·Rû0qÓ·Rüe¶N·A¸RºT¼N¹N½p¶�ûb·A¹Nÿ���¸���û$�/*	º1��¹�¼NÞMºT·Rû|ü�ûbÞ����o¹�ñ ¹���ûbÞ�û|ü�ü�û_�g��ÞGO�¾
�u·Rû�¶�ûb·RºNûb¹��o¶BûbÞ�ûb¹ÒÙ�ûb¹Hü"�oÞ�ûb¹}¶�û�����¹HºNûb¹�ü�·RÝ�ÿ��N¶BûbÞXºNûbÞ%òm�oü�ü�ûbÞ"�o¶BûbÞ(-�&oÝ�ÿHû7¾4Gsûb·+·AÿN¹Hûb¹�·Rü��XºNûbÞ
q4·A¹�-H¼Hü�ü�ºNû|ü��_�NÿN¸A½8ûb¶N¸l&oü�û|ü�ºNûb¼Z�e¸A·RÝ�ÿ�
|¼�ü�ûbÿHûb¹d�¿ûbÞ�¶N·A¸RºNû$��üe·RÝ�ÿ���¸Rü�Ù�Ý�ÿ��+��¹Z �¼N¹N½,·A¹�ºNûb¹�å�ûbý�#
�BûbÞ
���e¼NÞ�ûb¹���¶d��·Aýpòm�oü�ü�ûbÞ+¶N¸Rûb·A¶Bûb¹�ºT·RûÐÙ�ûb¹Hü"�oÞ�ûb¹�º1�����o¹�¼N¹_¶�û|ûb·A¹�-H¼Hü�ü���¾��_�oü+ü�·A¹N½7¼N¸l&�Þ�û�q4Þ�ûb·A½7¹N·Rü
¶Bûb·�û$�©�g�Ir\�rÙ,�e¼N¹HºNûb¹�·Rü�����¼��Óûb·A¹k �¼NÞ�
h
�ûb·��e·A½8û|üuþM¼Hü�ü�Ý�ÿ���¸���ûb¹�ºNûbÞI�_�NÿN¸A¼N¹N½`
|¼NÞ��HÝ" !
|¼����NÿNÞ�ûb¹�¾
ñ!¹9ºNûbÞÑþu¶N¶N·A¸RºT¼N¹N½'1H¾��*�r¸l&oü�ü��uü�·RÝ�ÿ,Ü_¼���¸A·��
���e·���¶BûbÞ�ûb·���üÑ½7¼Z��¶Bûb·ÕºNûbÞ:Gsû$�eÞ
�oÝ�ÿ��e¼N¹N½�ºNûbÞ�å�ûbý%��ûbÞ
�}#
�e¼NÞ�ûb¹�º1�oü�þM¹,�g�oÝ�ÿHü�ûb¹}ºNûbÞiq4·Rü�ü�Ý�ÿN·RÝ�ÿ,��ûbÞ� 8ûb¹N¹Hûb¹�¾ ; ý ºT·RûÁ�ÑÞ�ûb¹Z
�û`
h�+·Rü�Ý�ÿHûb¹�½8û��	Þ"�oÞ�ûb¹Hûbý ¼N¹Hº
-1�Hü�üe·A½8ûbý òm�oü�ü�ûbÞ4½8ûb¹���¼HûbÞ4
|¼�¶�û|ü��e·AýXý�ûb¹d�*�+¼NÞ�ºNûb¹`å¿ûbý%�BûbÞ
���e¼NÞ(#6åa·Rû�� ûb¹Z�NÞ"��2H¸Rû�ûbÞ�ü���ûb¸A¸�������¼HüÓºNû�#
¹Hûb¹mºT·Rû?^Óÿ��oü�ûb¹N½7Þ�ûb¹Z
�ûb¹f��¸Rü�ºNûb¼Z�e¸A·RÝ�ÿHûbÞ[òÀûb¹HºNû$�N¼N¹Z !�¿·A¹�ºNûb¹m��¼NÞ��8ûb¹%��¶N½8ûb¸Rû|ü�ûb¹��sûbÞ�ºNûb¹� ��o¹N¹���ûb¹
*	Gsûb·Rü"�N·Rûb¸�üe·RûbÿHû)þu¶N¶N·A¸RºT¼N¹N½�1H¾���e@O�¾
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þM¶N¶N·A¸RºT¼N¹N½�1H¾��*�TÖ�����Þe¶Z ���ºT·RûbÞ���û��_��Þ�ü"��ûb¸A¸A¼N¹N½�ºNûbÞa½8ûbý�û|ü�ü�ûb¹Hûb¹jå¿ûbý%�BûbÞ
���e¼NÞ�ûb¹k���o¹'´ÓûbÞ�üe¼HÝ�ÿ:eM·A¹
þM¶Nÿ�&�¹N½7·A½* 8ûb·������o¹��Bûb·��I¼N¹Hºkåa·Rû�� û7¾
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þM¶N¶N·A¸RºT¼N¹N½�1H¾���e7ÖoGaûb·Rü��N·Rûb¸!���NÞÕºTÞ�ûb·�åa·Rû�� ûb¹Z�NÞ"��2H¸Rû¹*�å�ûbý%��ûbÞ
���e¼NÞ4·A¹�þM¶Nÿ�&�¹N½7·A½* 8ûb·��]���o¹�ºNûbÞ]åa·Rû��	û@O��
��¼HüsºNûb¹Hûb¹ÁºT·Rû_q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���ûb¹���¶N½8ûb¸Rû|ü�ûb¹j�+·AÞ�º?¾!��ûb¼Z�e¸A·RÝ�ÿÁ·Rü��sº1�oüaþu¹��+�oÝ�ÿHü�ûb¹�ºNûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ,�
��¹�ºNûbý ü�Ý�ÿ���Þ(� ûb¹¡òÀû|Ý�ÿHü�ûb¸?ºNûbÞIÙ,��ûb·A½7¼N¹N½�·A¹'ºNûb¹'��¼NÞ��8ûb¹'ûbÞ� 8ûb¹N¹�¶���Þ�¾��_��¶�ûb·� ��oÞeÞ�û|ü����o¹HºT·RûbÞ��+ºNûbÞ
n û$�sûb·A¸Rü+ûbÞ�ü���ûWòÀû|Ý�ÿHü�ûb¸À*(e@OÛýX·��+ºNûbÞI��Þ�ûb¹Z
$-�&oÝ�ÿHû:3?¼����®è�q4·Rü¹*.-u¶�ûbÞ� \��¹,��û:ºNûbÞ+qÓ·Rü�ü�Ý�ÿN·RÝ�ÿ��GOs¼N¹Hº'ºNûbÞ

h�iûb·���û�* á'OiýX·��uºNûbÞÑ�ÑÞ�ûb¹Z
�ü�Ý�ÿN·RÝ�ÿ��_q4·Rü®è}òm�oü�ü�ûbÞ/* ; ¹���ûbÞ�ü�ûb·���û)ºNûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ��GO�¾
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þM¶N¶N·A¸RºT¼N¹N½'1H¾��7áTÖB´ÓûbÞe½7¸Rûb·RÝ�ÿÀºNûbÞ�q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���ûb¹À·A¹9´ÓûbÞ�üe¼HÝ�ÿ�e*�EºT·Rû%��¼Hü�ºNûb¹�^Óÿ��oü�ûb¹N½7Þ�ûb¹Z
�ûb¹
·A¹�ºNûb¹aå�ûbý%��ûbÞ
���e¼NÞ��NÞ"��2H¸Rûb¹9ýX·��MºNûb¹Áý�û|Ý�ÿ���¹N·Rü�Ý�ÿ5½8ûbý�û|ü�ü�ûb¹Hûb¹�¶�û|ü��e·AýXý����+¼NÞ�ºNûb¹�¾

þM¹Hü�Ý�ÿN¸A·Rû$�8ûb¹Hºm�+¼NÞ�ºNûb¹�ºT·Rûpü
�Á½8û$�E�o¹N¹Hûb¹Hûb¹�q4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���ûb¹}ýX·���ºNûb¹«ý�û|Ý�ÿ���¹N·Rü�Ý�ÿ�½8ûbý�û|ü�ü�û�#
¹Hûb¹��8ûbÞe½7¸A·RÝ�ÿHûb¹�*	üe·RûbÿHû�þM¶N¶N·A¸RºT¼N¹N½Á1H¾��7á'O�¾oqÓü�����¹Hº5ü�·RÝ�ÿ,ûb·A¹Hû�ü�ûbÿNÞ�½7¼Z��û.¼u¶�ûbÞ�ûb·A¹Hü��e·AýXýÐ¼N¹N½1�?ºT·Rû
þM¶,�iûb·RÝ�ÿ�¼N¹N½8ûb¹«¸A·Rûb½8ûb¹9¼N¹���ûbÞ

1.5 cm
¾��u·Rû|ü�ûmþu¶��sûb·RÝ�ÿ_¼N¹N½�·Rü��Ñü�ûbÿNÞu½8ûbÞe·A¹N½1�����oÞ���¸A¸Rûbý­¼N¹,��ûbÞ:ºNûbÞ

GsûbÞ��HÝ
 �ü�·RÝ�ÿ��e·A½7¼N¹N½àºNûbÞ�å|����ü
�oÝ�ÿHû*�4º1�oü�üm¶�ûbÞ�ûb·���ü�ºNûbÞ%�HûbÿN¸RûbÞ�¶Bûb·Aý þu¶N¸Rû|ü�ûb¹�ºNûbÞ�òÀûbÞ���ûI���NÞ�ºNûb¹
^4ÿ��oü�ûb¹��sû|Ý�ÿHü�ûb¸Õ·A¹�ºNûb¹�å¿ûbý%�BûbÞ
���e¼NÞ��NÞ"��2H¸Rûb¹9Ýb·AÞ�Ý��

0.2 cm
¶�û$�eÞ
&�½*��¾

��³,ì�þÁW[ì�³,À�Â3¾ ß º1À�ã�²�³,ïNº1Àuí
1%

Gsûb·4ºT·Rû|ü�ûbÞ_��û|ü�üe¼N¹N½¡�+¼NÞ�ºNûb¹ÀºNûbý¢3�ûb·��e¼N¹N½8ü��g�oü�ü�ûbÞÐ6f �½ÁÙ���¸�
�ÿN·A¹Z
|¼N½8û����N½*�:¼N¹Hº9ü"�oýX·��ÑºT·Rû�Ù��}#
¸A·A¹N·��
&��`��¼��

1% ± 0.1%
ûbÞeÿ1÷oÿ���¾?�u·Rûj�5·Rü�Ý�ÿ�¼N¹N½:�+¼NÞ�ºNû'ýX·��XÚM·A¸c� û'ûb·A¹Hû|üXûb¸Rû$ ,�eÞe·Rü�Ý�ÿHûb¹Ã)��NÿNÞ�ûbÞ�ü

ÿ1�oýf�o½8ûb¹N·Rüe·RûbÞ���¾��Ñ·RûIûb¸Rû$ !�eÞe·Rü�Ý�ÿHûu3�ûb·��(��&�ÿN·A½* 8ûb·��iºNû|ü]òm�oü�ü�ûbÞ�üÓûbÞeÿ1÷oÿ���ûuüe·RÝ�ÿpºT¼NÞ�Ý�ÿrºT·Rûu�E¼N½���¶�û����o¹
Ù���¸�
%��¼��

15.56 mS/cm
¾��Ñ·Rû��5û|ü�üe¼N¹N½�º1��¼HûbÞ���û�û$�©�g��e�6*�ÁÙ,�e¼N¹HºNûb¹d���g�o¶Bûb·�¹��oÝ�ÿ,¼N¹N½8û��)&�ÿNÞ%e�á*�

Ù,�e¼N¹HºNûb¹5ºT·Rû:�_�NÿN¸A¼N¹N½¡��¶N½8û|ü�Ý�ÿ���¸���û$���+¼NÞ�ºNû7¾
�ÑûbÞaq]b�û$ !��ºNû|ü5Ù���¸�
�û|üÁ·Aý òm�oü�ü�ûbÞÁ·Rü��Á¶Bûb·:ºT·Rû|ü�ûbÞa��ûb¹N½8û,½7¼Z��üe·RÝ�ÿ��e¶���Þ��uº1��ºT·Rû:q4·Rüe¶N·A¸RºT¼N¹N½
¶BûbÞ�ûb·���üu¸Rûb·RÝ�ÿ,���8ûbÞ�
�÷o½8ûbÞ��W�+¼NÞ�ºNû7¾�Ù!�rº1��¼HûbÞ���ûÐû|üu¶Bûb·¿ºT·Rû|ü�ûbý<´ÓûbÞ�üe¼HÝ�ÿ5¼N¹N½8û���&�ÿNÞ�e��*�T¾��rÙ,�e¼N¹HºNûb¹d�
¶N·RüMüe·RÝ�ÿ5ûb·A¹Hûmá*�pÝbý<ý`&oÝ�ÿ��e·A½8û.q4·Rü�ü�Ý�ÿN·RÝ�ÿ���½8ûb¶N·A¸RºNû$�Ñÿ�������û*�1��&�ÿNÞ�ûb¹Hº�û|üI·A¹�ºNûbý­ûbÞ�ü���ûb¹�´ÓûbÞ�ü�¼HÝ�ÿ
ýX·���Þ�ûb·A¹Hûbý 3�ûb·��e¼N¹N½8ü��+�oü�ü�ûbÞ�Ýb·AÞ�Ý�� F7F ¾ F Ù,�e¼N¹HºNûb¹�º1��¼HûbÞ���û¼*�¶�ûb·s½7¸Rûb·RÝ�ÿHûb¹Ä)���¹HºT¶�û|ºT·A¹N½7¼N¹N½8ûb¹SO�¾
�Ñûb¹N¹1��Ý�ÿx·Rü��'ºNûbÞjq[b�û$ !�'ºNû$��û$ ,�e·RûbÞe¶���Þ�*	üe·RûbÿHû�þM¶N¶N·A¸RºT¼N¹N½�1H¾��*�'O�¾+q4Þ¡ \��¹N¹'��¼HÝ�ÿx¶�ûb·W��û|ûbÞ�ûb·Rü
¶Bûh�o¶��oÝ�ÿ���û$�+�iûbÞ�ºNûb¹�¾TGaûb·�ÿ1÷oÿHûbÞ�ûbý Ù���¸�
|½8ûbÿ���¸��aýÐ¼Hü�üsº1�oü4òm�oü�ü�ûbÞiûbÞ�ü��i¼N¹���ûbÞ −1.8 ◦C

��¶Z !�NÿN¸Rûb¹d�
¶N·RüIºT·Rû0q4·Rüe¶N·A¸RºT¼N¹N½�ûb·A¹Hü�û$��
h�/*�^Õû$�eÞ�ûb¹Z ���¼N¹Hºkò
ÿN·��6�g�oÞ��eÿ�e F7F7F O�¾
þM¼HÝ�ÿ`���NÞiºT·Rû|ü�ûb¹�´ÓûbÞ�üe¼HÝ�ÿI�+¼NÞ�ºNûb¹'ºT·RûW��¼HüsºNûb¹jå�ûbý%��ûbÞ
���e¼NÞ�º1����ûb¹���¶N½8ûb¸Rû|ü�ûb¹Hûb¹¡qÓ·Rüeý`&oÝ�ÿ,�e·A½* 8ûb·c#
��ûb¹�ýX·��MºNûb¹��
����ü
&oÝ�ÿN¸A·RÝ�ÿ�½8ûbý�û|ü�ü�ûb¹Hûb¹��8ûbÞe½7¸A·RÝ�ÿHûb¹2*	üe·RûbÿHûmþM¶N¶N·A¸RºT¼N¹N½r1H¾���1�O�¾��Ñ·RûÐþu¶��sûb·RÝ�ÿ�¼N¹N½8ûb¹
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þM¶N¶N·A¸RºT¼N¹N½�1H¾��*�TÖ�����Þe¶Z ���ºT·RûbÞ���û��_��Þ�ü"��ûb¸A¸A¼N¹N½�ºNûbÞa½8ûbý�û|ü�ü�ûb¹Hûb¹jå¿ûbý%�BûbÞ
���e¼NÞ�ûb¹k���o¹'´ÓûbÞ�üe¼HÝ�ÿ�á)·A¹
þM¶Nÿ�&�¹N½7·A½* 8ûb·������o¹��Bûb·��I¼N¹Hºkåa·Rû�� û7¾

üe·A¹HºÅ��¼HÝ�ÿ}ÿN·RûbÞ�Þ�ûb¸l���e·��«½8ûbÞe·A¹N½1�|�E�o¶�ûb·+üe·RûpýX·���½7Þ"÷\�8ûbÞ�ûb¹Ò�Bûb·���ûb¹}¸Rûb·RÝ�ÿ,�%
|¼N¹HûbÿNý�ûb¹�¾]ñ!¹Hü�½8û|ü
��ý��
¸A·Rûb½8ûb¹�ºT·Rû0�Ñ·cb�ûbÞ�ûb¹Z
�ûb¹fn û|ºZ��Ý�ÿ�¶�ûb·?ý`�}æT·Aý`��¸

2 cm
¾
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þM¶N¶N·A¸RºT¼N¹N½ 1H¾���1HÖr´ÓûbÞe½7¸Rûb·RÝ�ÿ�ºNûbÞ/q4·Rüeý`&oÝ�ÿ,�e·A½* 8ûb·���ûb¹d��ºT·RûG��¼HüxºNûb¹Æ^4ÿ��oü�ûb¹N½7Þ�ûb¹Z
�ûb¹Î·A¹­ºNûb¹
q]¬Wå¿þ�Ù!q]#6å�ûbý%��ûbÞ
���e¼NÞ��NÞ"��2H¸Rûb¹r¶�û|ü��e·AýXý��[�+¼NÞ�ºNûb¹XýX·���ºNûb¹�ý�û|Ý�ÿ���¹N·Rü�Ý�ÿX½8ûbý�û|ü�ü�ûb¹Hûb¹�¶Bûb·Aý/´ÓûbÞ(#
üe¼HÝ�ÿ�ýX·��uûb·A¹HûbÞÑÙ���¸A·A¹N·��
&������o¹

1%
¾



e*e�Ô ø sNù1ú tXW1vawdûdxvW�ü ù W1y s t7zdy ù y�C|{ ú v�üBW1ý¶ý}zd~d��W1~

��³,ì�þÁW[ì�³,À�Å�¾ ß º1À�ã�²�³,ïNº1Àuí
2%

�_�oü�¹�&oÝ�ÿHü���û'Gsûb·Rü"�N·Rûb¸i¶�ûbÿ���¹HºNûb¸��XºT·Rû¡��û|ü�üe¼N¹N½1�¿·A¹�ºNûbÞ�ºT·RûÁÙ���¸A·A¹N·��
&���ºNû|ü.òm�oü�ü�ûbÞ�ü���¼��
2% ±

0.1%
ûbÞeÿ1÷oÿ��.�+¼NÞ�ºNû7¾|�_��
|¼��+¼NÞ�ºNûb¹�ºNûbý òm�oü�ü�ûbÞ¡e��k �½�Ù���¸�
r¶�ûb·A½8ûbý�ûb¹N½*���N�E��ºT¼NÞ�Ý�ÿ}üe·RÝ�ÿ�ºT·Rû

ûb¸Rû$ ,�eÞe·Rü�Ý�ÿHûÁ3�ûb·��(��&�ÿN·A½* 8ûb·��pºNû|ü�òm�oü�ü�ûbÞ�üf��¼��
35.1 mS/cm

ûbÞeÿ1÷oÿ,��û7¾4�Ñ·Rû¡��û|ü�üe¼N¹N½,º1��¼HûbÞ���û'½7¼Z�
e¶r\��Ù,�e¼N¹HºNûb¹Ã*	�_�NÿN¸A¼N¹N½'¹��oÝ�ÿ,Ýb·AÞ�Ý���e�676�Ù,�e¼N¹HºNûb¹	��¶N½8û|ü�Ý�ÿ���¸���û$�GOu¼N¹Hº��+¼NÞ�ºNûm¶�û|ûb¹HºNû$���o��¸RüÑº1�oü
½8û|ü
��ý���ûiq4·Rü��+·Rû|ºNûbÞI½8û|ü�Ý�ÿNýf�o¸�
�ûb¹��+��Þ�¾
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þM¶N¶N·A¸RºT¼N¹N½�1H¾��76TÖ�����Þe¶Z ���ºT·RûbÞ���û��_��Þ�ü"��ûb¸A¸A¼N¹N½�ºNûbÞa½8ûbý�û|ü�ü�ûb¹Hûb¹jå¿ûbý%�BûbÞ
���e¼NÞ�ûb¹k���o¹'´ÓûbÞ�üe¼HÝ�ÿ�á)·A¹
þM¶Nÿ�&�¹N½7·A½* 8ûb·������o¹��Bûb·��I¼N¹Hºkåa·Rû�� û7¾
þM¼HÝ�ÿ5ÿN·RûbÞ� \��¹N¹��+·Rû|ºNûbÞuºNûbÞ_q[b�û$ !�MºNû|ü:Ù���¸�
�û|üM·Aý¢òm�oü�ü�ûbÞu¶Bûh�o¶��oÝ�ÿ���û$�_�iûbÞ�ºNûb¹d�Bº1��ºT·Rû.q4·Rüe¶N·A¸c#
ºT¼N¹N½�ºT·Rû|üeý`��¸ÛºNûb¼Z�e¸A·RÝ�ÿm�8ûbÞ�
�÷o½8ûbÞ��0�+¼NÞ�ºNûX*	ü�·RûbÿHû�þM¶N¶N·A¸RºT¼N¹N½�1H¾��76'O�¾¿Ù!��º1��¼HûbÞ���û�û|ü:¶�ûb·ÓºT·Rû|ü�ûbý
´ÓûbÞ�üe¼HÝ�ÿ�¼N¹N½8û���&�ÿNÞ¡e*e�áT¾�ç9Ù,�e¼N¹HºNûb¹d�Õ¶N·Rümüe·RÝ�ÿ�ûb·A¹Hû

20 cm
ý`&oÝ�ÿ��e·A½8ûkq4·Rü�ü�Ý�ÿN·RÝ�ÿ��X½8ûb¶N·A¸RºNû$��ÿ�������û7¾

�ÑûbÞ�´ÓûbÞe½7¸Rûb·RÝ�ÿzºNûbÞjq4·Rüeý`&oÝ�ÿ��e·A½* 8ûb·���ûb¹C
�ûb·A½*�k��¼HÝ�ÿxÿN·RûbÞ¡�+·Rû|ºNûbÞ'ûb·A¹¯�8ûbÞe½7¸Rûb·RÝ�ÿ�¶���Þ�û|ü�´ÓûbÞeÿ���¸���ûb¹
�+·Rû�
|¼Z���oÞ��,�iûb¸RÝ�ÿHû|üaüe·RÝ�ÿp·A¹r½8ûbÞe·A¹N½8ûb¹�þu¶��sûb·RÝ�ÿ_¼N¹N½8ûb¹�
h�+·Rü�Ý�ÿHûb¹'ºNûb¹¡��¼HüiºNûb¹rýX·��sºNûbÞEq]¬_å�þ:Ù!q[#
åaÿHûbÞeý`��¸Rü"�o¹HºNûs½8ûbý�û|ü�ü�ûb¹Hûb¹iå¿ûbý%�BûbÞ
���e¼NÞ�ûb¹X¶�û|ü��e·AýXýi��ûb¹m¼N¹HºmºNûb¹�ºT·AÞ�û$ !��½8ûbý�û|ü�ü�ûb¹Hûb¹.q4·Rü�ý`&oÝ�ÿ�#
�e·A½* 8ûb·���ûb¹���¼Hü�ºTÞ��HÝ
 ,�/*	þu¶N¶N·A¸RºT¼N¹N½p1H¾��7Ô'O�¾
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þM¶N¶N·A¸RºT¼N¹N½ 1H¾��7ÔTÖr´ÓûbÞe½7¸Rûb·RÝ�ÿ�ºNûbÞ/q4·Rüeý`&oÝ�ÿ,�e·A½* 8ûb·���ûb¹d��ºT·RûG��¼HüxºNûb¹Æ^4ÿ��oü�ûb¹N½7Þ�ûb¹Z
�ûb¹Î·A¹­ºNûb¹
q]¬Wå¿þ�Ù!q]#6å�ûbý%��ûbÞ
���e¼NÞ��NÞ"��2H¸Rûb¹r¶�û|ü��e·AýXý��[�+¼NÞ�ºNûb¹XýX·���ºNûb¹�ý�û|Ý�ÿ���¹N·Rü�Ý�ÿX½8ûbý�û|ü�ü�ûb¹Hûb¹�¶Bûb·Aý/´ÓûbÞ(#
üe¼HÝ�ÿ�ýX·��uûb·A¹HûbÞÑÙ���¸A·A¹N·��
&������o¹

2%
¾

��³!ìuþ@W|ì�³,Ài�M¾]°_ì�þ�þ�ð\ïNì�ð\ï�í`ëmìuí%ã�·Oþ¶ê�í�ã�À�ìuð\ïN³�± ß ð\ïNµN³�³,º1·MÆ[ºZ²�³2ÇL¿4³!ìuí¶·NµN²�þhä.ºZþ�þ�³,±'È
Gsûb·sºT·Rû|ü�ûbý%¸Rû$��
h��ûb¹à´ÓûbÞ�üe¼HÝ�ÿ��+¼NÞ�ºNû*�¿¹��oÝ�ÿHºNûbý üe·RÝ�ÿ«¹��oÝ�ÿ�r\��Ù,�e¼N¹HºNûb¹�ûb·A¹Hû

20 cm
ºT·RÝ
 8ûIqÓ·Rü(#

ü�Ý�ÿN·RÝ�ÿ���½8ûb¶N·A¸RºNû$��ÿ���������¼���ºT·Rû|ü�û9ûb·A¹Hû�
|¼Hü
&���
|¸A·RÝ�ÿHû�eÁÉ�ÝbýíºT·RÝ
 8ûàÙ�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ,����¼��	½8ûb¶NÞ
�oÝ�ÿ,��¾
�u·Rû|ü�ûbÞu´ÓûbÞ�üe¼HÝ�ÿ:�+¼NÞ�ºNû�½8ûb¹_¼Z��
h���B¼Ný 
|¼���û|ü���ûb¹d�o�o¶�´ÓûbÞ
&�¹HºNûbÞe¼N¹N½8ûb¹,·Aý å�ûbý%��ûbÞ
���e¼NÞ��8ûbÞeÿ���¸���ûb¹
ºNûbÞsÙ�Ý�ÿN·RÝ�ÿ���ûb¹'¼N¹���ûbÞsºNûbÞsÙ�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ,�sýX·��sÚM·A¸c� û+ûb·A¹HûbÞ?q]¬_å�þ:Ù!q[#6åaÿHûbÞeý`��¸Rü"�o¹HºNûÑ¹��oÝ�ÿ��iûb·Rü�¶���Þ
üe·A¹Hº?¾
ñ!¹'ºNûbÞg����Þ�ü���ûb¸A¸A¼N¹N½f��¸Rü�Ê?·A¹N·Rûb¹N½7Þ
�IË1 ¼*	þM¶N¶N·A¸RºT¼N¹N½.ÌH¾���r�O4�+·AÞ�º'ºNûb¼Z�e¸A·RÝ�ÿd�Nº1�oü�üsºNûbÞgq]b�û$ !�a½7¼Z�sºNû�#
��û$ ,�e·RûbÞe¶���Þa·Rü���¾!�Ñ·Rûu�_�NÿN¸A¼N¹N½��+¼NÞ�ºNûW �¼NÞ�
h
�ûb·��e·A½�¼N¹���ûbÞe¶NÞ"��Ý�ÿHûb¹d�1�g&�ÿNÞ�ûb¹HºÁºT·Rû:Ù�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ��W��¼��
º1�oüWqÓ·Rü_��¼��	½8ûb¶NÞ
�oÝ�ÿ,�0�+¼NÞ�ºNû*���g�oüÑ·A¹,ºNûb¹�������ûb¹����oÞ���¸A¸Rûbý­·A¹9ºNûb¹:�o¶BûbÞ�ûb¹ÀÙ�Ý�ÿN·RÝ�ÿ���ûb¹�ºNûb¼Z�e¸A·RÝ�ÿ
üe·RÝ�ÿ,�e¶���ÞÐ·Rü���¾�þu¹Hü�Ý�ÿN¸A·Rû$�8ûb¹Hº	�+¼NÞ�ºNû�ºT·Rû��_�NÿN¸A¼N¹N½�ûbÞe¹Hûb¼Z�mûb·A¹N½8û|ü�Ý�ÿ���¸���û$���O�+�oü)·A¹ÀºNûbÞÐþu¶N¹���ÿNý�û
ºNûbÞ4å�ûbý%��ûbÞ
���e¼NÞÛºNûbÞiÙ�ûb¹Hü"�oÞ�ûb¹�üe·RÝ�ÿ��e¶���Þ4�+·AÞ�º?¾*qÓü]�)&�¸A¸��4ü"���)�oÞ��4��¼��(�7º1�oü�ü4ºT·Rû+å¿ûbý%�BûbÞ
���e¼NÞ�ûb¹r¹��oÝ�ÿ
þM¼��	¶NÞe·A¹N½8ûb¹�ºNûbÞ�Ù�Ý�ÿN¹Hû|û|ü�Ý�ÿN·RÝ�ÿ,�f���oÞ%��¸A¸Rûbý ·A¹�ºNûb¹Å�o¶�ûbÞ�ûb¹}Ù�Ý�ÿN·RÝ�ÿ,��ûb¹�ºNûb¼Z�e¸A·RÝ�ÿ�ÿ1÷oÿHûbÞ�ü�·A¹Hº���¸Rü

|¼Z���oÞ�¾Z�u·Rû|üg ��oýXýi�Mº1��ÿHûbÞ��Tº1�oü�ü+üe·RÝ�ÿÁºT·Rû)Ù�ûb¹Hü"�oÞ�ûb¹�neû$��
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η = y
√
κ t
¼N¹Hº

ym
�NÞ"�\�o�oÞ��e·��o¹���¸N
|¼ √

κ t
·Rü"���Z ��oÞeÞ�û|ü��o�o¹HºT·RûbÞ��ÑºT·Rû0qÓÞ�ü��
��ÞeÞe¼N¹N½8üe½7Þ�ûb¹Z
�û�ýX·��

ûb·A¹Hûbýp ��o¹Hü��
��¹���ûb¹aòÀûbÞ��
ηm = ym/2

√
κ t
�TºNûbÞ+ßuÿN¹N¸A·RÝ�ÿZ 8ûb·���ü(#$é��,�oÞ�ºT·A¹�����û

η
¾Z�Ñ·Rû|ü�ûbÞ+òÀûbÞ����+·AÞ�º

ýX·��
ηm = λl

¶�û$
�ûb·RÝ�ÿN¹Hû$��¾��_��Þ
��¼HüuûbÞe½7·A¶Z�Müe·RÝ�ÿ�Ö

ym = 2λl
√
κ t .

*¸ÌH¾[á'O

qÓüÛ·Rü"�iûb¶�ûb¹Hü"�Ðüe·A¹N¹,���o¸A¸���ºT·RûuºT·Aý�ûb¹Hüe·��o¹Hüe¸��7ü�ûWå�ûbý%��ûbÞ
���e¼NÞ
θ = (T − T0)/(Tm − T0)


|¼r¹�¼Z��
�ûb¹�¾

qÓü+�)�o¸A½*�I¸Rû$��
h��ûb¹HºT¸A·RÝ�ÿ9ûb·A¹HûðçÑ¸Rûb·RÝ�ÿ�¼N¹N½1��ýX·��uºNûbÞ
λl
¶Bû|ü��e·AýXýi���iûbÞ�ºNûb¹� \��¹N¹�Ö

L
√
π

cp(Tm − T0)
=

e−(λl)
2

λl
ûbÞ(�
λl

,
*¸ÌH¾��'O

�E�o¶�ûb·�ñ5ºT·Rûu¸l����ûb¹���û�ò/&�Þeý�ûÑºNû|üE������ûbÞe·l��¸Rü¬*�·A¹�ºT·Rû|ü�ûbý ����¸A¸oòm�oü�ü�ûbÞGO4·Rü��Û¼N¹Hº
cp
ºT·RûÑü���û$
|·òË�ü�Ý�ÿHû

ò/&�Þeý�û$ *������
|·��
&��MºNû|ü+������ûbÞe·l��¸Rü�¾Zñ ü��aûb·A¹'¹_¼Ný�ûbÞe·Rü�Ý�ÿHûbÞ�òÀûbÞ��+���NÞaºT·RûÑ¸A·A¹Z 8û)Ù�ûb·���û_���o¹XçÑ¸Rûb·RÝ�ÿ�¼N¹N½
ÌH¾��X½8ûb½8ûb¶�ûb¹d�1 *��¹N¹

λl
·���ûbÞ
���e·��Á½8û��	¼N¹HºNûb¹��iûbÞ�ºNûb¹�¾Bþu¸���ûbÞe¹����e·��k \��¹N¹�ºT·RûÐÞ�û|Ý�ÿ,��û�Ù�ûb·���û����o¹¼çÑ¸Rûb·c#

Ý�ÿ_¼N¹N½QÌH¾�����¸Rü��N¼N¹Z !�e·��o¹����o¹
λl
º1��Þe½8û|ü���ûb¸A¸����iûbÞ�ºNûb¹}¼N¹Hº�ºT·Rû�Êd÷7üe¼N¹N½����NÞ�ûb·A¹Hûb¹�¶Bû|ü"�e·AýXý���ûb¹

òÀûbÞ�����¼���ºNûbÞM¸A·A¹Z 8ûb¹�Ù�ûb·���û:½7Þ
�IË�ü�Ý�ÿ�¶�û|ü��e·AýXý����sûbÞ�ºNûb¹�¾
ñ!ý�����¸A¸BºNûbÞs·A¹�é0���N·���ûb¸�ÌH¾[áT¾[áÐ¶Bû|ü�Ý�ÿNÞe·Rûb¶Bûb¹Hûb¹k��û|ü�üe¼N¹N½8ûb¹I�+·AÞ�ºrºNûbÞEòÀûbÞ��

ym
����¸Rü"�mºT·Rû�åa·Rû�� ûuºNûbÞ

çÑÞ�ûb¹Z
�ü�Ý�ÿN·RÝ�ÿ��.
h�+·Rü�Ý�ÿHûb¹�q4·Rü:¼N¹Hº�òm�oü�ü�ûbÞ���½8û|ü�¼HÝ�ÿ���¾O�_��
|¼m�+¼NÞ�ºNûb¹«ºT·Rû|ü�û�òÀûbÞ���û�ýX·��)Úu·A¸c�	û����o¹
�1�oÞeý�ûb¸HÌH¾��u¶BûbÞ�û|Ý�ÿN¹Hû$��¾�åN��¶�ûb¸A¸Rû½ÌH¾ Ì_
�ûb·A½*�ÓºT·Rû�^[��Þ
��ý�û$��ûbÞ��_ºT·Rû+º1��
|¼X¶�ûb¹_¼Z��
h�]�+¼NÞ�ºNûb¹�¼N¹Hº�åN��¶�ûb¸c#
¸Rû/ÌH¾JÉ�ºT·Rû�ý�û|Ý�ÿ���¹N·Rü�Ý�ÿÀ½8ûbý�û|ü�ü�ûb¹Hûb¹�¼N¹Hº�¶�ûbÞ�û|Ý�ÿN¹Hû$��ûb¹mqÓÞe½8ûb¶N¹N·Rü�ü�ûi���NÞ

ym
¾��Ñ·Rû�ÏM¼NýXý�ûbÞe¹ÀºNûbÞ

´ÓûbÞ�üe¼HÝ�ÿHû+ûb¹,��ü��NÞ�û|Ý�ÿHûb¹XÿN·RûbÞ�¹N·RÝ�ÿ,�ÓºNûb¹Hûb¹f��¼HüÝé0���N·���ûb¸&ÌH¾[áT¾[áT¾\�Ñ·RûsûbÞ�ü���ûb¹XºTÞ�ûb·���û|ü�üe¼N¹N½8ûb¹.�+¼NÞ�ºNûb¹
·A¹�Ê�ûb·��e¼N¹N½8ü��+�oü�ü�ûbÞ�ºT¼NÞ�Ý�ÿN½8û����NÿNÞ����EºT·Rûi�5û|ü�üe¼N¹N½8ûb¹ïÌp¼N¹HºVÉXûb¹���ü"�NÞ�û|Ý�ÿHûb¹,ºNûb¹Hûb¹�·A¹aòm�oü�ü�ûbÞMýX·��
ûb·A¹Hûbý­Ù���¸�
|½8ûbÿ���¸������o¹

1%
¶�û$
|·Rûbÿ_¼N¹N½8ü"�iûb·Rü�û

2%
¾



e�á7á ø sNù1ú tXW1vawdûdxvW�ü ù W1y s t7zdy ù y�Í|{ ú v�üBW1ý¶ý}zd~d��W1~

^[��Þ
��ý�û$��ûbÞ òÀûbÞ��
ñ

320 kJ kg−1

Tm 273 K

T0 253 K

cp 4 kJ kg−1 K−1

ó
2 W m−1 K−1

ρ 1000 kg m3

åN��¶�ûb¸A¸RûDÌH¾ ÌHÖ!^[��Þ
��ý�û$��ûbÞ�
|¼NÞ½ÒaûbÞ�û|Ý�ÿN¹�¼N¹N½`���o¹
ym
¾!�u·RûWòÀûbÞ���û_�+¼NÞ�ºNûb¹aå�¼NÞ�Ýh�\����û�¼N¹HºÁÙ�Ý�ÿ_¼N¶�ûbÞ��

* á*�*�7á'Oaûb¹��e¹1�oýXý�ûb¹�¾

´ÓûbÞ�ü�¼HÝ�ÿ�#!ÏuÞ�¾ �ð*	üGO
ym,theor

*	Ýbý�O
ym,exp

*	Ýbý�O õV*�¶�ûbÞ�û|Ý�ÿN¹Hû$�GO õV*�½8ûbý�û|ü�ü�ûb¹SO
e Ì1e¶r�Ð�e�á ��e7¾���Ð á*�T¾JÉ Ô*çT¾���e�� É�e7¾ Ì���Ð
á ��Ì�Ð7á*�*� á*çT¾ Ì_á á7áT¾�� Ô*çT¾���eÁÉ É7áT¾[Ô�É*�
� ��Ì��*ç*�*� á*çT¾[á*� á7áT¾JÉ Ô*çT¾���e�Ô É�ÌH¾[á7Ô*ç
Ì Ì��*��É*�*� ��e7¾[Ô�r á7áT¾[Ô Ô*çT¾��7á�É Ì�çT¾JÉ�Ì��
É É*�*��Ì��*� ��ÌH¾��7á á7áT¾�r Ô*çT¾���e�� Ì�ÉT¾��*ç7á

åN��¶�ûb¸A¸Rû�ÌH¾JÉTÖ�´ÓûbÞe½7¸Rûb·RÝ�ÿXºNûbÞ�·A¹/é0���N·���ûb¸�ÌH¾[áT¾[áMý�û|Ý�ÿ���¹N·Rü�Ý�ÿX½8ûbý�û|ü�ü�ûb¹Hûb¹ï*
ym,exp

O�¼N¹Hºm¶BûbÞ�û|Ý�ÿN¹Hû$��ûb¹
*
ym,theor

Ogq4·Rü�ý`&oÝ�ÿ��e·A½* 8ûb·���ûb¹�¾

ò ·Rû�·A¹,ºNûbÞ0åaÿHûh�oÞe·RûX¶�û|ü�Ý�ÿNÞe·Rûb¶�ûb¹d�?ým¼Hü�ü:ºNûbÞ0���� !�"�oÞ
a = ym√

κ t

 ��o¹Hü��
��¹��Ðü�ûb·A¹�¾7�_�oü�¶�û|ºNûb¼Z��û$���
º1�oü�ü�ºT·Rû4åa·Rû�� ûÛºNûbÞNq4Þ�ü��
��ÞeÞe¼N¹N½8üe½7Þ�ûb¹Z
�ûE�NÞ"�\���oÞ��e·��o¹���¸�ýX·��¿ºNûbÞ!îu¼��oºTÞ
���6�+¼NÞ�
�ûb¸NºNûbÞ!ÔBûb·��d
|¼N¹N·AýXýi��¾
ò ·Rûu·A¹¡å|��¶Bûb¸A¸Rû«ÌH¾JÉi
|¼rü�ûbÿHûb¹d��·Rü��_õ.���NÞiºT·Rûu¶BûbÞ�û|Ý�ÿN¹Hû$��ûb¹kòÀûbÞ���û� ��o¹Hü��
��¹,��¾��N�NÞaºT·Rûu½8ûbý�û|ü�ü�ûb¹Hûb¹
òÀûbÞ���û�·Rü��)ûbÞ)º1�oü�¹N·RÝ�ÿ,����º1�oü:¶�û|ºNûb¼Z��û$���?º1�oü�ü:º1�oü)þu¹��g�oÝ�ÿHü�ûb¹àºNûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ��Ð·A¹ÀºNûbýÎ´ÓûbÞ�ü�¼HÝ�ÿ
¹N·RÝ�ÿ��¡�NÞ"�\�o�oÞ��e·��o¹���¸uûbÞ(�)�o¸A½*��û7¾?����ýX·��p¸l�oü�ü�ûb¹Òüe·RÝ�ÿ ºT·RûïÎM¹,��ûbÞ�ü�Ý�ÿN·Rû|ºNû5·A¹ÒºNûb¹ ¶BûbÞ�û|Ý�ÿN¹Hû$��ûb¹ ¼N¹Hº
½8ûbý�û|ü�ü�ûb¹Hûb¹aq4·Rü�ü�Ý�ÿN·RÝ�ÿ,��ûb¹�ûbÞ� �¸l&�Þ�ûb¹�¾Z�ÑûbÞ�çÑÞe¼N¹HºI���NÞsº1�oüa¹N·RÝ�ÿ����NÞ"�\�o�oÞ��e·��o¹���¸Rû)þu¹��g�oÝ�ÿHü�ûb¹�¸A·Rûb½*�
·A¹5ºNûbÞ�å|����ü
�oÝ�ÿHûm¶Bûb½7Þ��N¹HºNû$���Bº1�oü�üuºT·RûmÙ!�o¹HºNû)¹���ÿ���ý�)���¹Hº5ºNûbÞ�òm��¹N¹HûÐ¶�û�� û|ü��e·A½*���g��Þu¼N¹Hº�ü"�
)���¹HºNû�b?û$ ,��û���¼����eÞ�û$��ûb¹f ��o¹N¹���ûb¹d�_ºT·Rûa·A¹�ûb·A¹Hûbý �eÿHûh�oÞ�û$�e·Rü�Ý�ÿr¼N¹Hûb¹HºT¸A·RÝ�ÿI��¼Hü�½8û|ºNûbÿN¹���ûb¹rÚ_��¸A¶NÞ
��¼Ný
¹N·RÝ�ÿ��u¶BûbÞ��HÝ
 �ü�·RÝ�ÿ��e·A½*�W�iûbÞ�ºNûb¹�¾
�N�NÞ�ºT·Rû�´ÓûbÞ�ü�¼HÝ�ÿHû×Ì�¼N¹Hº2Ék�+·AÞ�º�ºT·Rûrü�ûbÿNÞmºNûb¼Z�e¸A·RÝ�ÿHû'þu¶��sûb·RÝ�ÿ_¼N¹N½	���NÞjõ9º1�oºT¼NÞ�Ý�ÿ��8ûbÞe¼NÞ�ü
�oÝ�ÿ,�
¶Bû$
|·Rûbÿ�¼N¹N½8ü��iûb·Rü�û��8ûbÞ�ü��
&�Þ� !���4º1�oü�ü�û|üXüe·RÝ�ÿ�¼Ný Ù���¸�
h�g�oü�ü�ûbÞ�ÿ���¹HºNûb¸����]�iûb¸RÝ�ÿHû|üf�+·Rû'¶�û|ü�Ý�ÿNÞe·Rûb¶�ûb¹
ºT·Rû.qÓ·Rüe¶N·A¸RºT¼N¹N½k�8ûbÞ�
�÷o½8ûbÞ���¾d���oºT¼NÞ�Ý�ÿÀûbÞe½7·A¶Z�:üe·RÝ�ÿ:��¼Z�"�oý`���e·Rü�Ý�ÿ«ûb·A¹Hû�þu¶��iûb·RÝ�ÿ_¼N¹N½����oý �NÞ"�\���oÞ(#
�e·��o¹���¸Rûb¹«þM¹,�g�oÝ�ÿHü�ûb¹«ºNûbÞ�q4·Rü�ü�Ý�ÿN·RÝ�ÿ,��¾Oñ ý ����¸A¸]���o¹	å�¼NÞ�Ýh�\����ûX¼N¹HºÀÙ�Ý�ÿ�¼N¶BûbÞ��×* á*�*�7á'O��+¼NÞ�ºNû.���NÞ
ºT·Rû.�Ñ·RÝ�ÿ���û�ºNû|ü_òm�oü�ü�ûbÞ�ü

1000 kg m3 ��¹N½8ûb¹1�oýXý�ûb¹d��ºNûbÞ�òÀûbÞ��W���NÞÐÙ���¸�
h�g�oü�ü�ûbÞ:¸A·Rûb½*����¶BûbÞ:ûbÿHûbÞ
¶Bûb·

1100 kg m3 ¾,ò
·AÞ�º�ºT·Rû|ü�ûuÿ1÷oÿHûbÞ�û��Ñ·RÝ�ÿ���ûW���NÞs´ÓûbÞ�ü�¼HÝ�ÿ,Ì�¼N¹HºïÉ)¶�ûbÞ��HÝ" Tüe·RÝ�ÿ,�e·A½*���HûbÞe½8ûb¶�ûb¹�üe·RÝ�ÿ
òÀûbÞ���û%���o¹�É�e7¾�e�Ô�ÐÁ¼N¹Hº�Ì,r�¾�ç�ÌH¾d�Ñ·Rû|ü�ûX¸A·Rûb½8ûb¹«ü�Ý�ÿ1�o¹À¹�&�ÿHûbÞ.��¹àûb·A¹Hûbý¾ ��o¹Hü��
��¹���ûb¹�òÀûbÞ����7�eÞ"�\��
$#



wMÏõô�ÏÄö¹÷|�Ny�Í|�RW�ÍNv�ÍN� ú W e�á*�

ºNûbý ü�·A¹Hºp·A¹Hüe½8û|ü®��ý��+ºT·Rû�òÀûbÞ���û���¼HüaºNûb¹I���N¹���´ÓûbÞ�ü�¼HÝ�ÿHûb¹'¹N·RÝ�ÿ,�Iü"�� ��o¹Hü"�
��¹����!�+·Rûuü�·Rûuû|üs¶�ûb·BºNûb¹
¶BûbÞ�û|Ý�ÿN¹Hû$��ûb¹�üe·A¹Hº7���+�oü��!�+·Rû�ü�Ý�ÿ1�o¹'½8û|ü
��½*������¹ÁºNûb¹r¹N·RÝ�ÿ��+¶�ûbÞ��HÝ" Tüe·RÝ�ÿ,�e·A½*��ûb¹X)���¹HºNû�b?û$ ,��ûb¹'¸A·Rûb½*��¾
ñ!¹Hüe½8û|ü®��ý��)¸A·Rû$��üe·RÝ�ÿ«ºNûb¹N¹1��Ý�ÿ	
�ûb·A½8ûb¹d��º1�oü�ü)ºT·Rû%q]¬_å�þ:Ù!q[#6åaÿHûbÞeý`��¸Rü"�o¹HºNûb¹��NÞe·A¹Z
|·��N·Rûb¸A¸Ó½7¼Z�)½8û�#
ûb·A½7¹Hû$��üe·A¹Hº7�Õ¼Ný º1�oü×å�teW�{ s ~�#6^4Þ"�o¶N¸Rûbý 
|¼}¶�ûh�o¶��oÝ�ÿ,��ûb¹�¾4ñ!¹�ÔE¼Z �¼N¹����� �÷o¹N¹,��ûÁûb·A¹}´ÓûbÞ�üe¼HÝ�ÿ}·A¹
ûb·A¹HûbýÎ½7Þ"÷\�8ûbÞ�ûb¹�ç�û$�g&oü�ü�ûbÞÑ¼N¹,��ûbÞ:¹������NÞe¸A·RÝ�ÿHûb¹RÒaû|ºT·A¹N½7¼N¹N½8ûb¹:
�ûb·A½8ûb¹d�7�o¶,ºT·RûT)���¹HºNû�b?û$ ,��û�ºZ�oÞ��
�8ûbÞe¹��oÝ�ÿN¸l&oü�üe·A½7¶���Þ+üe·A¹Hº�¼N¹HºpºT·Rû���û|ü�ü�ûbÞe½8ûb¶N¹N·Rü�ü�ûMº1��¹N¹r¶Bû|ü�ü�ûbÞ4�8ûbÞe½7¸Rûb·RÝ�ÿ�¶���Þ+ýX·��iºNûb¹`�eÿHûh�oÞ�û$�e·Rü�Ý�ÿ
¶BûbÞ�û|Ý�ÿN¹Hû$��ûb¹5üe·A¹Hº?¾

óÐô$ø ù+ú:ø/ûB÷
� Å ÷ Ì ÷
� Ã�Å

ñ!¹ÁºT·Rû|ü�ûbý<þu¶Hü�Ý�ÿN¹N·������iûbÞ�ºNûb¹�
h�sûb·MÒaûb·Rü��N·Rûb¸Rû����oÞe½8û|ü���ûb¸A¸����HºT·Rû:ºNûbý�ÒaûbÞ�ûb·RÝ�ÿ�ºNûbÞIÚMµTºTÞ"�o½8ûh�o¸��o½7·Rû

|¼Z
|¼1�oÞ�ºT¹Hûb¹�üe·A¹Hº?¾!�_��¶�ûb·�½8ûbÿ��Iû|üs·AýyûbÞ�ü���ûb¹,Òaûb·Rü��N·Rûb¸�¼Ný ºT·RûÑýf÷o½7¸A·RÝ�ÿHû:ÏM¼Z��
|¼N¹N½�ºNûbÞ�åaÿHûbÞeý`��¸c#
ü"�o¹HºNûb¹k���NÞ+��û|ü�üe¼N¹N½8ûb¹�·A¹ï)���ýXý% 8ûbÞe¹Hü"�o¹HºNûb¹�¼N¹Hº�·Aýp
h�iûb·���ûb¹�Òaûb·Rü��N·Rûb¸?¼Ný ºT·Rû��Ñû$��û$ !�e·RûbÞe¶���Þ(#
 8ûb·������o¹aòm�oü�ü�ûbÞe·A¹,�eÞe¼Hüe·��o¹Hûb¹�¾

243Pü[365 �.M�J��©@4J�X�R�TOA/D4L�P�ýÅ@]X��1@EA4B�MOTOA'U¡H4L1P�;=J��6K�TOAED4L�A'R©AÕþ�J7;/;ÕÿdL1P�AEK�TOA?D?L�A
R6; »�JoS�TdP	@?AEDVR6; �]L��©D

ñ!¹,ºNûbÞ:ÚMµTºTÞ"�o½8ûh�o¸��o½7·Rû��iûbÞ�ºNûb¹,ÿ�&�¼�ËH½ï)W��ýXý% 8ûbÞe¹Hü"�o¹HºT·RûbÞe¼N¹N½8ûb¹	���NÞ�ûb·A¹HûXü�Ý�ÿN¹Hûb¸A¸Rû.Òaû$�NÞ"�o¶N¼N¹N½
ûb·A¹Hû|ü?��û|ü�üe½8ûb¶N·Rû$��û|üÛûb·A¹N½8û|ü�û$��
h��¾�����
|¼f�iûbÞ�ºNûb¹'ü�Ý�ÿNý`��¸Rû/*�
|¼Ný�ûb·Rü��+��¼Hü4�5û$�
��¸A¸E¶Bû|ü"��ûbÿHûb¹HºNû@O!)��oÿ�#
Þ�û9·A¹xºNûb¹'
|¼x¼N¹,��ûbÞ�üe¼HÝ�ÿHûb¹HºNûb¹ ÎM¹,��ûbÞe½7Þe¼N¹Hºz½8ûb¶o�oÿNÞ��Á¼N¹Hº
ºNûbÞïÒ+�oÿNÞ� 8ûbÞe¹¥��¹Hü�Ý�ÿN¸A·Rû$�8ûb¹HºC
|¼Ný
Òsûb·Rü"�N·Rûb¸W��¼���Ù�Ý�ÿN·RÝ�ÿ��(�)�o¸A½8ûb¹z¼N¹���ûbÞ�üe¼HÝ�ÿ���¾+�|�NÞ�çÑÞe¼N¹Hº��+�oü�ü�ûbÞe¼N¹,��ûbÞ�üe¼HÝ�ÿ�¼N¹N½8ûb¹C�8ûbÞe¶N¸Rûb·A¶Bûb¹xºT·Rû|ü�û
)��oÿNÞ�û_
|¼��sûb·A¸Rûb¹���¼HÝ�ÿÁ·Aý q4Þ�ºT¶���ºNûb¹Á¼N¹Hºj �÷o¹N¹Hûb¹�ü"��º1��¼HûbÞeÿ��}������¸Rü
Ò+�oÿNÞe¸���Ý�ÿÁ½8ûb¹_¼Z��
h���iûbÞ�ºNûb¹�¾
�u·Rû`�NÞ
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ºNûbý )��oÿNÞu·A¹Hü�½8û|ü
��ý��:û$�6�+�oü:ÿ1÷oÿHûbÞ0��¸Rü���¼Z�8ûbÞeÿ���¸A¶�¾1ÔE¼Ný­´ÓûbÞe½7¸Rûb·RÝ�ÿÀºNûbÞ��_����ûb¹��+¼NÞ�ºNûb¹,ºT·Rû�n û�#
�iûb·A¸Rü+ ��oÞeÞ�û|ü��o�o¹HºT·RûbÞ�ûb¹HºNûb¹�Ù�ûb¹Hü"�oÞ�ûb¹Áûb·A¹���¹HºNûbÞ+½8ûb½8ûb¹��N¶�ûbÞe½8û|ü���ûb¸A¸���¾Z����üe·RÝ�ÿÁºT·Rû_�Ñ·l��½7Þ
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��½8ûb¹
·Rü��mºT·RûIå�ûbý%��ûbÞ
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þM¶N¶N·A¸RºT¼N¹N½TÌH¾ Ì�ÌHÖ�å�ûbý%��ûbÞ
���e¼NÞIºNû|ü�Òg��ºNûb¹Z�NÞ"��ËH¸Rüa·A¹'þM¶Nÿ�&�¹N½7·A½* 8ûb·��+���o¹ÁºNûbÞ½ÔBûb·��¹*uæ!#!þ+Ý�ÿHü�û@OÛ¼N¹Hº
ºNûbÞ�åa·Rû�� û�*�µ,#!þ+Ý�ÿHü�û@O��u·Rûmü�ûb¹Z �Þ�û|Ý�ÿ���û�½8û$�N¼N¹Z !��û$��ûðÊ?·A¹N·Rûi 8ûb¹N¹Z
�ûb·RÝ�ÿN¹Hû$�:ºNûb¹QÔBûb·����N¼N¹Z ,���o��¹5ºNûbý
ºNûbý�Ò+��ºNûb¹�º1�oü�òm�oü�ü�ûbÞ�
|¼N½8û����NÿNÞ����+¼NÞ�ºNû7¾

ÌH¾ Ì�É'O�¾¿þu¼HÝ�ÿàÿN·RûbÞi�+¼NÞ�ºNûrºNûbÞmº1��Þe½8û|ü���ûb¸A¸���û�ÒaûbÞ�ûb·RÝ�ÿ�ûb·A¹N½8û|ü�Ý�ÿNÞ
&�¹Z !���¿¼Ný%ºT·Rû`�+·RÝ�ÿ��e·A½8ûb¹���û$�
��·A¸Rü
ÿHûbÞ����oÞ�
|¼NÿHûb¶Bûb¹d�Eû|üIüe·A¹HºÁ¹�¼NÞMºT·Rû:¸Rû$��
h��ûb¹�ºTÞ�ûb·ÕÙ,�e¼N¹HºNûb¹���¶N½8ûb¶N·A¸RºNû$��¾
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þu¶N¶N·A¸RºT¼N¹N½�ÌH¾ Ì�ÉTÖ1å�ûbý%��ûbÞ
���e¼NÞ��NÞ"��ËH¸�ºNûbÞ�e�ÔpÙ�ûb¹Hü"�oÞ�ûb¹a
|¼Ný ÔBûb·����N¼N¹Z ,�MºNûbÞ�òm�oü�ü�ûbÞe·A¹��eÞe¼Hü�·��o¹�¾
þM¹Nÿ���¹Hº�ºT·Rû|ü�ûbÞ�þM¶N¶N·A¸RºT¼N¹N½9·Rü���ºNûb¼Z�e¸A·RÝ�ÿ�ûbÞ� 8ûb¹N¹�¶���Þ��[�iûb¸RÝ�ÿHû�Ù�ûb¹Hü"�oÞ�ûb¹}üe·RÝ�ÿà·Aý Ò+��ºNûb¹�¶�û��)��¹�#
ºNûb¹�¼N¹Hº��sûb¸RÝ�ÿHû�º1��Þ��N¶�ûbÞ�¾o�u·Rû�çÑÞ
���NÿHûb¹ÀºNûbÞÐÙ�ûb¹Hü"�oÞ�ûb¹d��ºT·Rû�üe·RÝ�ÿ�·Aý Ò+��ºNûb¹�¶�û�����¹HºNûb¹d���sûb·Rü�ûb¹
�iû|ü�ûb¹,�e¸A·RÝ�ÿ	�sûb¹N·A½8ûbÞW �¼NÞ�
$�	Þe·Rü��e·A½8ûmßu¹HºNûbÞe¼N¹N½8ûb¹m��¼��g��¸RüÑºT·Rû�ºNûbÞ:Ù�ûb¹Hü"�oÞ�ûb¹d��ºT·Rû�üe·RÝ�ÿ:��¹,ºNûbÞ­Ê�¼����
¶Bû�����¹HºNûb¹�¾�Òsû$���oÞIº1�oügòm�oü�ü�ûbÞs·A¹ÁºNûb¹,Ò+��ºNûb¹Áûb·A¹HºTÞ
��¹N½1���+��Þ�ûb¹�ºT·RûWå¿ûbý%�BûbÞ
���e¼NÞ�ûb¹����oÞ���¸A¸Rûbý ·A¹
ºNûb¹,¼N¹���ûbÞ�ûb¹àÙ�Ý�ÿN·RÝ�ÿ���ûb¹�ü�ûbÿNÞ�½7¸Rûb·RÝ�ÿNý`&��7·A½H¾MÒaûb·

t = 21.45
Ù,�e¼N¹HºNûb¹À·Rü���·A¹	��¸A¸Rûb¹àÙ�Ý�ÿN·RÝ�ÿ���ûb¹àûb·A¹
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ü��NÞe¼N¹N½7ÿ��}����ûbÞÑþM¹Hü"�e·Rûb½%
|¼�ü�ûbÿHûb¹d�HºNûbÞI¹�¼NÞMºT¼NÞ�Ý�ÿ�º1�oüIûb·A¹HºTÞe·A¹N½8ûb¹HºNûiòm�oü�ü�ûbÞ��8ûbÞe¼NÞ�ü
�oÝ�ÿ��W�iûbÞ�ºNûb¹
 ��o¹N¹���û¼*	üe·RûbÿHûIqÓ¸A¸A·��Hü�û�·A¹�þM¶N¶N·A¸RºT¼N¹N½VÌH¾ Ì�É'O�¾N����¶�ûb·Û·Rü��mü�ûb¸A¶Hü��.��¹�ºNûb¹�Ù�ûb¹Hü"�oÞ�ûb¹��o¶�ûbÞeÿ���¸A¶�ºNûbÞ
Òg��ºNûb¹�è�Ê?¼�����çÑÞ�ûb¹Z
�ûIûb·A¹p¸Rûb·RÝ�ÿ���ûbÞsþM¹Hü"�e·Rûb½0
|¼X¶Bûh�o¶��oÝ�ÿ���ûb¹�¾!��ûb¼Z�e¸A·RÝ�ÿHûbÞÛ·Rü"�ÓºT·Rû�å�ûbý%��ûbÞ
���e¼NÞ�ûbÞeÿ1÷�#
ÿ_¼N¹N½X·A¹�ºNûb¹5Ù�Ý�ÿN·RÝ�ÿ���ûb¹5¼N¹���ûbÞeÿ���¸A¶�ºT·Rû|ü�ûbÞ�çÑÞ�ûb¹Z
�û_
|¼�ûbÞ� 8ûb¹N¹Hûb¹d�1��¶�ºNûbý ÌH¾�¼N¹HºÁºNûbý�ÉT¾�Ù�ûb¹Hü"�oÞ
*	ºNûbÞu½8ûb¹���¼:��¼��iºNûbÞDç�Þ�ûb¹Z
�ûm¸l��½�O+¶Bû$�eÞ
&�½*��ºNûbÞ¹çÑÞ
�oºT·Rûb¹���ý`�}æT·Aý`��¸¿¶N·RüW
|¼5ûb·A¹Hûbý çÑÞ
�oº?¾����pºT·Rû
��Þ�ûb·RûWq4¹HûbÞe½7·Rû�ºNû|üg�oºNü
�oÞe¶N·RûbÞ���ûb¹kòm�oü�ü�ûbÞ�üi¹N·Rû|ºTÞe·A½8ûbÞs·Rü"�g��¸RüaºT·RûuºNû|ü?����Þ�ûb·Rûb¹!��òm�oü�ü�ûbÞ�ü��8¶�ûb·A¹Nÿ���¸���û$�
ºNûbÞ0^4Þ"�\
�û|ü�ü)ºNûbÞ)þ+ºNü"�oÞe¶����e·��o¹m���o¹:òm�oü�ü�ûbÞ:·A¹,ûb·A¹Hûbý¾�eÞ"��Ý" 8ûb¹Hûb¹RÒ+��ºNûb¹Àûb·A¹Hû%�NÞ�ûb·Rü�û$��
|¼N¹N½a���o¹
q4¹HûbÞe½7·Rû�·A¹����oÞeýÆ���o¹�ò'&�Þeý�û7¾��5·�����¹HºNûbÞ�ûb¹:ò	�oÞ���ûb¹d�BºT·RûæÒaû��	ûb¼HÝ�ÿ��e¼N¹N½�ûb·A¹Hû|ü���¹���&�¹N½7¸A·RÝ�ÿ:�eÞ"��#
Ý" 8ûb¹HûbÞ�ûb¹�Ò+��ºNûb¹HüI·Rü��Iûb·A¹5û�æ��\�eÿHûbÞeý�û|ü�^4ÿ�&�¹1�oý�ûb¹�Úu·A¸A¸Rûb¸4eÁÐ�Ð*çT¾�ñ ¹�ºNûb¹�¼N¹,��ûbÞ�ü���ûb¹9Ù�Ý�ÿN·RÝ�ÿ���ûb¹�·Rü��
ºNûbÞiþu¹Hü��e·Rûb½)Þ�û|Ý�ÿ,�i½8ûbÞe·A¹N½1�!��¶BûbÞÛ¹1��Ý�ÿrºNûb¼Z�e¸A·RÝ�ÿk��¼Hü�
|¼Ný`�oÝ�ÿHûb¹�¾!���oü?òm�oü�ü�ûbÞÓ¶NÞ
��¼HÝ�ÿ��aûb·A¹HûI½8û$�+·Rü(#
ü�ûðÔBûb·����N¼Ný<üe·RÝ�ÿÁ¶N·Rü+·A¹�ºT·Rû:ûb¹,��ü��NÞ�û|Ý�ÿHûb¹HºNû.åa·Rû��	ûi��¼Hü�
|¼N¶NÞ�ûb·���ûb¹d�1�+�oü+½7¼Z����¹�ºNûbÞ+´ÓûbÞ�ü�Ý�ÿN·Rûb¶N¼N¹N½
·A¹�ºNûb¹a���}æT·Aý`��
|¼�ü�ûbÿHûb¹�·Rü��ð*	þM¶N¶N·A¸RºT¼N¹N½�ÌH¾ Ì�É'O�¾
ò ·AÞ�º'ºT·RûWåa·Rû��	û���¶N½8ûb¸Rû|ü�ûb¹d��·A¹ÁºNûbÞ+º1�oüg���}æT·AýÐ¼Ný ¹1��Ý�ÿj
|¼'ûbÞ� 8ûb¹N¹Hûb¹Á·Rü"�i¼N¹Hº'ºT·Rû¹ÔBûb·��i½8û$�+&�ÿN¸����
ºT·Rû5ü�ûb·��jq4·A¹�¶NÞe·A¹N½8ûb¹»ºNû|ü`òm�oü�ü�ûbÞ�ü`�8ûbÞ�ü��eÞe·RÝ�ÿHûb¹z·Rü����Ó¶N·Rü'ºT·Rû|ü�û�åa·Rû�� ûa���oý ���}æT·AýÐ¼Ný²ûbÞeÞ�ûb·RÝ�ÿ,�
�+¼NÞ�ºNû*��ü"�� *��¹N¹�ºT·RûÐþu¼Hüe¶NÞ�ûb·��e¼N¹N½8üe½8û|ü�Ý�ÿ��+·A¹HºT·A½* 8ûb·��:ºNû|ü�òm�oü�ü�ûbÞ�ü+·Aý�Ò+��ºNûb¹�¶�ûbÞ�û|Ý�ÿN¹Hû$�W�iûbÞ�ºNûb¹
¼N¹Hº�û|üMûbÞe½7·A¶Z��üe·RÝ�ÿ�·A¹�ºT·Rû|ü�ûbýÆ����¸A¸|��¼��Ûûb·A¹HûTç�û|ü�Ý�ÿ��+·A¹HºT·A½* 8ûb·��_���o¹

20 cm
�NÞ"��Ù,�e¼N¹HºNû7¾��Ñ·Rû|üM·Rü��

ºT·RûXÿ_µTºTÞ
��¼N¸A·Rü�Ý�ÿHû�Ê�ûb·��(��&�ÿN·A½* 8ûb·��mºNû|üðÒ+��ºNûb¹Hü�¾�Ù�·RûX·Rü��)ûb·A¹������1��¼Ný¦ºNûb¹��u¼NÞ�Ý�ÿ�-H¼Hü�üÐºT¼NÞ�Ý�ÿàûb·A¹
���oÞ"÷7ü�û|üi�5û|ºT·A¼Ný 
|¼À¶�û|ü�Ý�ÿNÞ�ûb·A¶�ûb¹�¾�Òaûb·ÛºNûbý Ò+��ºNûb¹À·A¹�ºT·Rû|ü�ûbý�´ÓûbÞ�üe¼HÝ�ÿàÿ���¹HºNûb¸���ûrû|üÐüe·RÝ�ÿ«¼Ný
ûb·A¹Hûb¹'ü®��¹HºT·A½8ûb¹�Ò+��ºNûb¹�¾�ñ!¹'ºNûbÞ½Ê?·���ûbÞ
���e¼NÞ�ËH¹HºNû$�+üe·RÝ�ÿÁûb·A¹jòÀûbÞ��g���NÞaºT·RûÑÿ_µTºTÞ
��¼N¸A·Rü�Ý�ÿHû¬Ê�ûb·��(��&�ÿN·A½\#
 8ûb·��g���o¹

10−5 ¶N·Rü 10−3 m/s
*	Úu·A¸A¸Rûb¸[eÁÐ�Ð*ç'O�¾,ò
·AÞ�º'ºNûbÞi·Aý ´ÓûbÞ�üe¼HÝ�ÿ'¶Bû|ü��e·AýXýi��û_òÀûbÞ��a¶BûbÞ�û|Ý�ÿN¹Hû$���

ûbÞe½7·A¶Z��üe·RÝ�ÿ}ûb·A¹�òÀûbÞ������o¹�¼N¹N½8û���&�ÿNÞ
5 × 10−5 m/s

¾N�Ñ¼NÞ�Ý�ÿ�ºT·Rû�½7Þ"�o¶�û'þM¶Hü�Ý�ÿ�&���
|¼N¹N½m��¼HüXºNûb¹
å�ûbý%��ûbÞ
���e¼NÞ�º1����ûb¹�ûbÞe½7·A¶Z�Mü�·RÝ�ÿ���¸Rü"�pûb·A¹Hû:ü�ûbÿNÞI½7¼Z��û0¼u¶BûbÞ�ûb·A¹Hü"�e·AýXýÐ¼N¹N½pýX·��uºNûbÞ
Ê?·���ûbÞ
���e¼NÞ�¾
�7ºZã�ìuí8Ö
òm�oü�ü�ûbÞe·A¹��eÞe¼Hü�·��o¹Hûb¹Å �÷o¹N¹Hûb¹�ýX·���ºNûbÞ.åaÿHûbÞeý`��¸Rü
�o¹HºNûr½7¼Z��ºNû$��û$ !�e·RûbÞ��i�sûbÞ�ºNûb¹�¾Õþu¼HÝ�ÿÅ�iûb¹N¹}ºNûbÞ
ÔBûb·����N¼N¹Z ,�)ºNû|ü_q4·A¹�¶NÞe·A¹N½8ûb¹HüÐºNû|ü_òm�oü�ü�ûbÞ�üÑ·A¹,ºNûbý¢´ÓûbÞ�üe¼HÝ�ÿ,¹N·RÝ�ÿ��:¶�û$ \��¹N¹,�:½8û$�iû|ü�ûb¹��+&�Þ�û*�o�g&}#
Þ�û:ºT·Rû|ü�ûbÞ+ºNûb¼Z�e¸A·RÝ�ÿ���¼Hü+ºNûb¹a������ûb¹ÁÿHûbÞ����oÞe½8ûb½���¹N½8ûb¹�¾��Ñ·Rû|ü�ûbÞ½Îuý�ü��
��¹Hºj *��¹N¹¡
|¼Z !�N¹����e·A½X½8ûb¹_¼Z��
h�
�iûbÞ�ºNûb¹d�8¼Ný ¶�ûb·Rü��N·Rûb¸Rü��sûb·Rü�ûuÙ�Ý�ÿ��oºNü��"����¹��eÞe¼Hüe·��o¹Hûb¹'·AýVòm�oü�ü�ûbÞ4
|¼X¶Bûh�o¶��oÝ�ÿ���ûb¹d��ºT·Rû+üe·RÝ�ÿpý`��¹HÝ�ÿ�#
ý`��¸sºT¼NÞ�Ý�ÿ�ÿ1÷oÿHûbÞ�û¡å�ûbý%��ûbÞ
���e¼NÞ�ûb¹���¶Z
�ûb·RÝ�ÿN¹Hûb¹�¾4þu¼Z�8ûbÞ�ºNûbý  ��o¹N¹���ûk��¼Hü�ºNûb¹Å������ûb¹�ûb·A¹�òÀûbÞ��
���NÞXºT·Rû'ÿ_µTºTÞ
��¼N¸A·Rü�Ý�ÿHûïÊ�ûb·��(��&�ÿN·A½* 8ûb·��I��¶N½8û|ü�Ý�ÿ�&���
h�`�iûbÞ�ºNûb¹d�ÓºNûbÞ�ü�ûbÿNÞ�½7¼Z�XýX·���òÀûbÞ���ûb¹¯��¼HüXºNûbÞ
Ê?·���ûbÞ
���e¼NÞ��N¶�ûbÞ�ûb·A¹Hü��e·AýXý���¾
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ñ!¹Áü
&�ýi�e¸A·RÝ�ÿHûb¹���û|ü�üe¼N¹N½8ûb¹�ºT·Rû|ü�û|ü�é0���N·���ûb¸Rü� ��o¹N¹,��û:½8û$
�ûb·A½*���iûbÞ�ºNûb¹d��º1�oü�ü+ºT·Rû_å�ûbý%��ûbÞ
���e¼NÞeý�û|ü(#
üe¼N¹N½8ûb¹�ýX·���ºNûbý ¹Hûb¼Hûb¹���û|ü�ü�üeµTü���ûbý ü�ûbÿNÞ�ûbÞ(�)�o¸A½7Þ�ûb·RÝ�ÿ��+��Þ�ûb¹�¾]���oü.��û|ü�ü�ü�µ�ü���ûbý%ûbÞ(���N¸A¸���ûk��¸A¸Rû
þM¹��)�oÞ�ºNûbÞe¼N¹N½8ûb¹R*"é0���N·���ûb¸d�'O���ºT·Rû���¹'º1�oügñ ¹Hü��eÞe¼Ný�ûb¹,�+½8û|ü���ûb¸A¸��E�g�oÞ�ºNûb¹k�g��Þ�ûb¹�¾Z�5·��i·AÿNý��+¼NÞ�ºNûb¹
�5û|ü�ü�¼N¹N½8ûb¹�·A¹k�8ûbÞ�ü�Ý�ÿN·Rû|ºNûb¹Hûb¹�þM¹,�iûb¹HºT¼N¹N½8üe½8ûb¶N·Rû$��ûb¹,ºT¼NÞ�Ý�ÿN½8û����NÿNÞ���¾�����¶Bûb·7�+¼NÞ�ºNû:¼N¹,��ûbÞ���¹HºNû�#
Þ�ûbý~½8û$
�ûb·A½*���8º1�oü�ü4å¿ûbý%�BûbÞ
���e¼NÞ��NÞ"��ËH¸Rûu·A¹�Ò+÷�ºNûb¹d�_Ù�Ý�ÿN¹Hû|û*��q4·RüÓ¼N¹Hº`��¹HºNûbÞ�ûb¹`������ûbÞe·l��¸A·Rûb¹rü"�¶�E�oÿN¸
·AýÑÊO��¶o�oÞ0��¸Rü���¼HÝ�ÿ9¶Bûb·N�h�Hûb¸RºT¶Bû|ºT·A¹N½7¼N¹N½8ûb¹!�X¼N¹���ûbÞ_��ûb·A¸��sûb·Rü�û�û�æ!�eÞ�ûbý�ûb¹:å�ûbý%��ûbÞ
���e¼NÞe¶�û|ºT·A¹N½7¼N¹�#
½8ûb¹�
|¼Z�8ûbÞe¸l&oü�ü�·A½�¶�û|ü��e·AýXý��.�iûbÞ�ºNûb¹� �÷o¹N¹Hûb¹�¾|�u·RûI�5û|ü�ü(�	ûbÿN¸RûbÞm·Aý¦´ÓûbÞe½7¸Rûb·RÝ�ÿÅ
|¼�ºNûb¹�
|¼Hü®&���
|¸A·RÝ�ÿ
½8ûb¹_¼Z��
h��ûb¹�^4å�e��*��¸l��½8ûb¹5¶Bûb·¿ºNûbý çÑÞ"�\�*��ûb·A¸ÕºNûbÞ���û|ü�üe¼N¹N½8ûb¹�·Aý¢��·�����ûb¸¿¶Bûb·

1 − 2%
¼N¹HºÁ¸l�oü�ü�ûb¹

üe·RÝ�ÿà·Aý¦þM¸A¸A½8ûbý�ûb·A¹Hûb¹�ºT¼NÞ�Ý�ÿ�ºT·Rû�þu¹1�oÞ�ºT¹_¼N¹N½9ºNûbÞ��5û|ü�üeµ�ü"��ûbý�û�
|¼Hûb·A¹���¹HºNûbÞ�ûbÞ� �¸l&�Þ�ûb¹�¾1Òaûb·ÛºNûb¹
�5û|ü�ü�¼N¹N½8ûb¹j��¼���Ù,�N·���
|¶�ûbÞe½8ûb¹�*"é0���N·���ûb¸SÌH¾[áT¾�e@O? *��ý�ûb¹j��¹HºNûbÞ�ûDÎuÞ�ü
�oÝ�ÿHûb¹I���NÞsºT·RûWå�ûbý%��ûbÞ
���e¼NÞe¼N¹�#
��ûbÞ�ü�Ý�ÿN·Rû|ºNûÐÿN·A¹Z
|¼d�HºT·Rû���¶�ûbÞIûb¶Bûb¹�����¸A¸RüIûbÞ� �¸l&�Þ����iûbÞ�ºNûb¹� ��o¹N¹���ûb¹�¾

ÔE¼Hü
&���
|¸A·RÝ�ÿ�ü"�o¸A¸Ó¶�û|ü"�o¹HºNûbÞ�üi��¼��MºT·Rû×ÔBûb·���ûbÞ�ü�����Þe¹N·Rü�ÿN·A¹N½8û$�+·Rû|ü�ûb¹m�sûbÞ�ºNûb¹d�¿ºT·RûrºT·Rû|ü�ûX¹Hûb¼Hû`��û|ü�ü(#
��û|Ý�ÿN¹N·� �ýX·��aüe·RÝ�ÿ�¶NÞe·A¹N½*��¾!ñ!ý ´ÓûbÞe½7¸Rûb·RÝ�ÿÁºNûbÞ�ÔBûb·�����ºT·RûI¶�ûb¹1÷\�e·A½*�E�+·AÞ�º7��¼Ný º1�oüEq]¬_å�þ:Ù!q[#JÙ�µTü���ûbý
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|¼NÞ«ÔBûb·�����ºT·RûÑ¶�ûb¹1÷\�e·A½*���+·AÞ�º7��¼Ný ûb·A¹Hû���û|ü�üe¼N¹N½%��¼��¿ÿHûbÞ� �÷oýXýX¸A·RÝ�ÿHû0òÀûb·Rü�ûW���oÞ(#

|¼N¶BûbÞ�ûb·���ûb¹d�o�+·AÞ�º�¶�ûbÞ�ûb·���üÑºNûbÞ:ûbÞ�ü���û�´4�oÞ���ûb·A¸4ºNû|üÑ¹Hûb¼Hûb¹àÙ�µ�ü"��ûbý�üÑºNûb¼Z�e¸A·RÝ�ÿ�¾oò/&�ÿNÞ�ûb¹Hº9º1�oü�¹Hûb¼Hû
Ù�µ�ü���ûbý ·A¹�½7¼Z�g���N¹��N�5·A¹_¼Z��ûb¹Á¶�ûbÞ�ûb·��+
|¼NÞg��û|ü�üe¼N¹N½�·Rü�����¶NÞ
��¼HÝ�ÿ,�Mû|üsýX·A¹HºNû|ü���ûb¹Hü+ûb·A¹HûÑ½7¼Z��ûÑÿ���¸A¶Bû
Ù,�e¼N¹HºNû*�o¼Ný/ºT·Rû+��û|ü�üe¼N¹N½1���+·Rûaüe·Rûg�N¶N¸A·RÝ�ÿHûbÞ��sûb·Rü�û+·A¹XºNûb¹�ç�ûh���+·Rü�ü�ûb¹Hü�Ý�ÿ��}����ûb¹pºT¼NÞ�Ý�ÿN½8û����NÿNÞ��4�+·AÞ�º
*	üe·RûbÿHû¹é0���N·���ûb¸?e7¾�e7¾[á'O��Z���oÞ�
|¼N¶�ûbÞ�ûb·���ûb¹�¾
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qGFIHj�iû|ü�û�H,�KJIFML�ÿHû�N�^GOPHZ !�RQBû�FTSNû�N�qGH��©��FML" UJIOPHPVWSNû|üRHHû�OHû�Hj��û|ü�ü�üYX�ü���ûbý�ü?�g��N�SZFRû�þ OHü®��NKQBû�F��KOPHPV
û�FIHHû�N��8û�NKQBû|ü�ü�û�N���û�Ha�5û$�eÿ1�USNû_
[OPN½Òsû|ü"�KFAýXý\OPHPVf���]Hkò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F���û�H��8û�N�üYL�ÿPFRû[SNû�HHû�N����}#
��û�NKFl��JIFRû�H
^N���oü���û|ü�ü��PNKFIHZ
[F��_SNû�N\HHû�OHû�HÅ�5û$�eÿ1�USNû�FRü���û�FIHHûfòÀû�F���û�N�û�H,�6��FML" UJIOPHPV`SNû�N\Q�û$ *��HPH���û�H
ñ µba ó c�ó�õ*ô �6í]d£·�e ó$#6��û$�eÿ1�fSNû�*	üKFRûbÿHûieg^ihZ^ih'O���ýjF���SNûbý�ÎkH���û�N�ü'L�ÿPFRû[S7�PS1�oü�üsü��
�����aû�FIHHû|ülJl��HPV8û�HmS��PH�#
HHû�Hon�û�V7ý�û�H���üE UOPN�
�û*�pNKFIHPV\�)÷]NeýjFIV8ûqV8û�HrOZ��
h�g�iû�NYSNû�H
^&ÔsOPN�Òaû|ü��KFAýXý+OPHPVtSNû�N?ò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F��
��FINYSfneû$�iû�FIJRüÑû�FIH8n�û�HHü
�]NkQ�ûbÿHû�F�
h�u^���û�N_å�ûbý%��û�N
���KOPN
��HHü��KFRû�V1�vSNû�NkSZOPNYL�ÿwSZFRû|ü�û|üW�� !�KF��8ûðÒaûbÿHû�F�
�û�H
�8û�NKOPN�ü
�]L�ÿ,����FINYS7�ZFRü��+û�FIHHû_�POPHZ ,�KF��]HxSNû�NRQ�û$ *��HPH���û�HzyÑû�F�
[JRû�FRü��KOPHPVjOPH{SmSNû�N+ò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F��
SNû|ü�������û�NKFl��JRü¶�{S1�oüqSZFRû|Q�ûbÿHû�F�
h��û/ÔBû�JIJRû|ONýjVgFIQZ�u^
�kFRû.��û$�eÿ1�fSNûi
[OPNÑþkOHü��sû�N��KOPHPV�ý+OHü�ü���û�û�Q�û�H��)��JIJRüuýf�fSZFòË1
[FRû�N��_�sû�NYSNû�Hd�vS1�WSZFRû�þ HPH���ÿNý�û�H8SNû�N
ñ µba ó}cZó�õ*ô �6í]d£·�e ó$#6��û$�eÿ1�fSNû�*bOPHHû�H{SZJIFML�ÿxJl��HPV8û�N OPH{SmS��PHPHHû~n�û�HHü"�]NGOlHPFML�ÿ,�Mý�ûbÿPNMû�N(���PJIJ����g��N�û�H
^
qÓüqVgFIQZ��
h�iû�F!ç}NKOZ�Z�Bû�H����]H��5û$�eÿ1�USNû�H�
[OPN«Òsû|ü"�KFAýXý\OPHPVoSNû�N�ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F�����
[ONýòû�FIHHû�H
ü��
���KFRüYL�ÿHû\OPH{Sa
[ONý ��H{SNû�N�û�H��KN
��HHüKFRû�H,��ûi��û$�eÿ1�USNû�H-*"Òaû���NYSNüeýf�]N�û�OPH{S¼�lOPJIJ�h*�*��e@O�^���FRû|FIHxSZFRû�#
ü�û�NÓþ NKQ�û�F��]���]NKV8û|ü���û�JIJ���û��5û$�eÿ1�USNû�V8ûbÿ1÷]N��4
[OPN4
h�sû�F���û�H×ç�NKOZ�Z��ûg^'Òaû�FZ�KN
��HHüKFRû�H���û�H¡�5û|ü�ü"��û[L�ÿPHPF� 8û�H
��FINYS�SZFRû�ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F��aû�FIHHû|ü?������û�NKFl��JRü4�PQ�û�N�SZFRû
)W����û�QBû|ü��KFAýXýi���8ýjF���SNû�NiüKFML�ÿWSZFRû�å�ûbý�#
�Bû�N
���KOPN�FIH�þkQNÿ�&�HPVgFIV* 8û�F��_���]HxSNû�N�V8û�HrOZ��
h��û�H:ò'&�Neý�û[�rOHû�JIJRû�&�H{SNû�N��u^�qÓüW��OPNYSNû�H��8û�N�üYL�ÿPFRû[SNû�HHû
þ HHü
&���
�û�
[OPNpþkOHü��iû�N��KOPHPV�û$�\��JIOPFRû�N��u^Eñ�SNû���J��g&�N�û�û�FIHHû���H���JIX!�KFRüYL�ÿHû��5û$�eÿ1�USNû*��S1�,üYFRû���ý�V8û�#
H���OHû|ü���û�H�FRü��u^NþkJIJRû�NYSZFIHPV8üIÿ����uüKFML�ÿzV8û$
�û�FIV*���sS1�oü�üqSZFRû0åaÿHûh�]NKFRûmü�ûbÿPN� ��oý%�PJIF�
[FRû�N��kOPH{S���H���JIX,�KFRü'L�ÿ
FAý )���ÿNý�û�H`SZFRû|ü�û�N)þkNKQBû�F��}HPFML�ÿ��0 ��oý%�PJRû$���0
[O8J�÷7ü�û�H-FRü"���?û�FIHÀû�N�ü���û�N:þ HHü
����
% ��]HPH,��û%�KN"�\��
uSNûbý
V8û��bOPH{SNû�H��iû�NYSNû�H
^�Ê�û$��
h��û�H{SZJIFML�ÿ,ÿ����:üKFML�ÿ9û�FIHHûjh\��#6��FIHPF���û�#6q�JRûbý�û�H���û�#6��û$�eÿ1�fSNû¡��JRüW��ýÎûbÿHû|ü���û�H
V8û|û�FIVgHHû$�)ÿHû�N
��OHüKV8û|ü���û�JIJ��u^Nñ�H8SNû�H��)�]JIV8û�H{SNû�H«þ QHü'L�ÿPHPF�����û�Hm��FINYS8SZFRûf��OHüYV8û$�g&�ÿPJ���û`��û$�eÿ1�USNû~QBû�#
üYL�ÿPNKFRû�Q�û�HxOPH{S�FAÿPN�ûÐþkH��sû�H{SZQ���N� 8û�F�����H5ý�ûbÿPN�û�N�û�HVÒaû�FRü��PFRû�JRû�H-SZFRü� UOZ�KFRû�N��u^3ÔsOZ���]N���FINYSzV8û$
�û�FIV*���
S1�oü�ü�SZFRû«ñ µ�a óqc�ó"õ*ô �6í]d£·�e ó$#6��û$�eÿ1�fSNû�
[OPNÛþkOHü��iû�N��KOPHPV+HPFML�ÿ,��FIH`�PN
��V8û� \��ýz^\òÀû�F���û�NeÿPFIH¡��FINYS�SNû�N
þ HHü
����
�SNû�NW��H���JIX,�KFRüYL�ÿHû�H���û$�eÿ1�fSNû0 fOPN�
|Q�û|üYL�ÿPNKFRû�Q�û�H
^
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qÓüMü"�]JIJ�V8û$�PN��������iû�NYSNû�Hd���]Q�SZFRû|ü�û���û$�eÿ1�USNû:ÿPFRû�NW��H,�iû�H{SZQ���N}FRü����{S1��
[O���FINYS���HNÿ���H{S����]H�
h�iû�F
Òsû�FRü"�PFRû�JRû�H�V8û$
�û�FIV*���\�iû�JML�ÿHû�qGNKV8û�QPHPFRü�ü�ûqSZFRû|ü�û+þkOHü��iû�N���ûbý�û$�eÿ1�USNû�Q�û�F{SNû�NÀÒsû�N�û[L�ÿPHrOPHPVtSNû�N]ò/&�N(#
ý�û�JRû�F��(�)&�ÿPFIV* 8û�F���û�NKQPNKFIHPV*�u^�ò§FRû-FIH4é0���PF���û�Jfeg^ihZ^ih}û�N��+&�ÿPH�������FINYS¨QBû�F|SNû�N�ñ µba óxcZó�õ*ô �áí]d�·Ke óh#
�5û$�eÿ1�USNûmû�FIHxJl��HPV8û�N��sS��PHPHHû�N���N
��ÿ���FIHxS1�oüW
[OxOPH���û�N�üKO{L�ÿHû�H{SNû%�5û[SZFIONý¢û�FIHPV8û�QPN
�]L�ÿ,�|OPH{S�ýjF��
 ��]HHü��
��H���û�N¬Ê�û�FRü��KOPHPV©Q�ûbÿHû�F�
h�u^���û�NkS1�]SZOPNYL�ÿ��8û�NKOPN�ü®�]L�ÿ���û�å¿ûbý%�Bû�N
���KOPN
��HHü��KFRû�VoFRü��Ñû�FIHHû��POPHZ !�KFc#
�]HWSNû�N�Q�û$ \��HPH,��û�HªyÑû�F�
[JRû�FRü��KOPHPV\OPH{SWSNû�N?ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F���SNû|ü�ONýjV8û�Q�û�H{SNû�HI������û�NKFl��JRüu^���FRû
« H{SNû�NKOPHPVwSNû�N.å¿ûbý%�Bû�N
���KOPN���FINYS2V8û�V8û�H¬SZFRû×ÔBû�F��%��O��bV8û$�KN
��V8û�H
^�þkOHü+SNû�N�n,��û�FIVgOPHPV-SNû|ü+JIFIHHû��}#
N�û�Hmå�û�FIJRü+SNû�NÐû�Neÿ���J���û�HHû�H��®è�åg#$é}OPN��8û`��FINYS`SZFRû%ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F��tQ�û�N�û[L�ÿPHHû$�×*	üYFRûbÿHûf�1�]Neý�û�J
eg^�ç'O�^!ñ�HªSNû�HoQ�û�FMSNû�H`�)�]JIV8û�H{SNû�H,Òaû�FRü��PFRû�JRû�Hj��OPNYSNû�H¡
h�sû�F7�5û|ü�üYOPHPV8û�Hd�fSZFRûuýjF���SNû�NlFIHoSZFRû|ü�û�Naþ N(#
QBû�F������]NKV8û|ü���û�JIJ���û�H�åaÿHû�Neý`��JRü
�]H{SNû+SZOPNYL�ÿPV8û����NÿPN��_��OPNYSNû�Hd�EýjF��kSNû�NDñ µ�a ó|cZó�õ*ô �6ígd�·Ke óh#6�5û$�eÿ1�USNû
��OHüKV8û$�iû�N���û$�u^��kFRû�qGNKV8û�QPHPFRü�ü�û)üYFIH{SoFAýp���]JIV8û�H{SNû�HxS1��NKV8û|ü���û�JIJ��u^
Òsû�FRü"�PFRû�J?eg­Zå�û�-��]H
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m = 0.5798 ⇒ k = 0.98 W m−1 K−1

þ QPQPFIJMSZOPHPV�ÉZ^�eg­¶Òaû�FRü��PFRû�J����PNjSZFRû,Òaû|ü��KFAýXý\OPHPV_SNû�N%ò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F��`���]H�å¿û�-��]HÒýjF���SNû�N
ñ µba ó�c�ó�õ*ô �áí]d�·Ke óh#6�5û$�eÿ1�USNûg^�®¯QBû$
�û�FML�ÿPHHû$�~S1��Q�û�F�SZFRûon,��û�FIVgOPHPVwSNû�N�û�FIHPV8û$
�û�FML�ÿPHHû$��û�HÕç�û�N
�]SNû
OPH{S ó FRü��qSZFRû�S1��N
��OHüW��QPV8û�JRû�F���û$��û0ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F��u^
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ý�U_�Z^�eÁÉ*��É ⇒ k = 1.9 W m−1 K−1

þ QPQPFIJMSZOPHPVQÉZ^ihZ­1Òaû�FRü��PFRû�J?���PNtSZFRû�Òaû|ü��KFAýXý\OPHPV8SNû�Niò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F������]Hmòm�oü�ü�û�NmýjF��+SNû�N
ñ µba ó�c�ó�õ*ô �áí]d�·Ke óh#6�5û$�eÿ1�USNûg^�®¯QBû$
�û�FML�ÿPHHû$�~S1��Q�û�F�SZFRûon,��û�FIVgOPHPVwSNû�N�û�FIHPV8û$
�û�FML�ÿPHHû$��û�HÕç�û�N
�]SNû
OPH{S ó FRü��qSZFRû�S1��N
��OHüW��QPV8û�JRû�F���û$��û�Q�û�N�û[L�ÿPHHû$��û�ò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F��u^
ñ!ý û�N�ü"��û�H�Òaû�FRü��PFRû�J�û�NKV���QrüKFML�ÿrû�FIH`òÀû�N��E���]H

0.98 W m−1 K−1 ���PN�SZFRû�ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F��+���]H
å�û�-��]H
^
³_�]L�ÿ`SNû�N¹ÊvF���û�N
���KOPN���OPNYSNûWn û[SZ�UL�ÿÀû�FIH�òÀû�N������]H

0.25 W m−1 K−1 û�N��+��N���û$�u^7òm�oü�ü�û�N
ÿ�����û�FIHHû�ò/&�Neý�û�JRû�F��(��&�ÿPFIV* 8û�F��k���]H

0.6 W m−1 K−1 ��SZFRû�þ H,�iû�H{SZOPHPV´SNû�Nïñ µba ózc�ó�õ*ô �áí]d�·Ke óh#
�5û$�eÿ1�USNûk��O��kSZFRûpýjF��~SNû�N%q]¬_å�þ|n!q[#6åaÿHû�Neý`��JRü"�]H{SNûmV8ûbý�û|ü�ü�û�HHû�H�������û�H±JIFRû�� û�N���û�û�FIHHû�H�òÀû�N��
���]H

1.9 W m−1 K−1 ^
Òsû�FMSNû.Òaû�FRü��PFRû�JRû�
�û�FIV8û�Hd�vS1�oü�ü|SZFRû%�5û$�eÿ1�USNû�ÿPFRû�N}HPFML�ÿ��.��H��iû�H{SZQ���N+FRü����vSZFRûtQBû�N�û[L�ÿPHHû$��û�HmòÀû�N(#
��û��sû�FML�ÿHû�H/
[O
ü"�
��N� ����]HµSNû�HHû�H'��OHüªSNû�N�ÊvF���û�N
���KOPNa��Q
^g�kFRû|ü�û���û$�eÿ1�fSNû� \��ý 
[OPN`�sû�F���û�N�û�H
þ OHü��sû�N��KOPHPVWHPFML�ÿ�� FIHa�{N
��V8ûg^
®IµNº1À�¶7í¶ìuþ¶ð�ïN³V¿�·�þ¶·|µN²	¸N³,±féÆêZ±�ëm³,À�³,ìuí¶·|µO²�þ�²�À�³,ì�ð\ï7·NµN²NÇ ß í�º1µN¸¯¸|³�±Iáaì�µN²�³HÈ
ñ!ý±)W��ÿNý�û�HWSNû|ü4�VÎ�^ÀÎ|n�#6^GN"��neû$ ,��û|ü­*	üKFRûbÿHû�qGFIHPJRû�F��KOPHPV�O]��OPNYSNû����]Hf��Nu^�����N�û$ æÒ���H��oü�
h UFRû$��FML$

��ý¯n,���]L|û�)Mû|ü�û���NYL�ÿ��sû�H��KN�ûWFIH:òm��N�üYL�ÿ���O�û�FIHHû`��H���JIX!�KFRüYL�ÿHû�ÊO÷7üKOPHPVk���PN�SZFRûXþ OHü��sû�N��KOPHPVxSNû�N
�5û|ü�üYOPHPV8û�H.
[OPN!Òaû|ü��KFAýXý\OPHPV�SNû�N[ò'&�Neý�û�JRû�F��(�)&�ÿPFIV* 8û�F��Óû�H,�6��FML
 8û�J��u^£ç�NKOPH{SZJl��V8ûE���PN�SZFRû+��û$�eÿ1�fSNû
FRü�� SZFRû�q�FIH���û�FIJIOPHPVoSNû�N�åaÿHû�Neý`��JRü"�]H{SNû+FIHa
[XUJIFIH{SNû�N(��÷]NeýjFIV8û.qGJRûbý�û�H���ûtOPH{SzSZFRû/Òaû�N�û[L�ÿPHrOPHPVmSNû�N
ò/&�Neý�û�JRû�F��KOPHPV8üKVgJRû�FML�ÿrOPHPV�ýjF���y FIJc� ûg���]H�ç�N�û|û�HHüYL�ÿHû�HI�POPHZ ,�KF��]HHû�H
^*��FRû|ü�û�Êd÷7üYOPHPV|Jl��V8û�H`��JRü�ì · ó�¸
ì ·Gµba ô � ���]N���ü"�+S1�oü�ü���OHü�FAÿPHHû�H'û�FIHHû HfONý�û�NKFRüYL�ÿHû:þkOHü��sû�N��KOPHPV~SNû�N���H���JIX!�KFRüYL�ÿHû�H,Êd÷7üKOPHPVi���PNlS1�oü
ò/&�Neý�û�JRû�F��KOPHPV8ü��PN"�]QPJRûbý û�N�ü���û�JIJ��4�sû�NYSNû�H` ��]HPH,��ûg^,���W
[OPN�ÔBû�F���H1�UL�ÿ�Ô��iû�Fc� û�J���ý çW�PJ��KFIV* 8û�F���üKQ�û�#
N�û�FML�ÿmSZFRû|ü�û�NRHrONý�û�NKFRüYL�ÿHû�HïÊd÷7üKOPHPV����]NKJIFRû�V8û�Hd�!��OPNYSNû�HoSZFRûÑþkOHü��iû�N��KOPHPV8û�HzSNû�Ngò/&�Neý�û�JRû�F��(��&�ÿPFIV\#
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Ö�OPÝ|å[O`ß�NKápß�HPH{ß�H`FMÚKÝ|QTß�F�áfJMß�FIH{ß�HàÝ�ß�FIÝYß�H.xbQPFMÚ\L�FINYLuÙ©Ý¤� � ?@?k�}SZFMßjùGFIHPJêÙ�OZÜ¼æPç¤Ù]ÚYßgí
SZFMßjSZFMßWnUÛ]H{SPß
Q�ß�H�h]ÝKFIVgÝuí�OPè#FIçPNYßáG�ß�èjæ�ß�N'Ù�ÝKOPN�Ù�H~SZFMß�SPß�N�ßkèjVpß�QPOPHPV�Ù�HPå[OPæ¤Ù]ÚYÚYß�H
^8¦�èìº�ß�NKVgJMß�FML'çjå[OPN��vOZÜ¼ÝKÝYß�è~à
æ�ß�N'Ù�ÝKOPNuíTSZFMß~SZFINYß�áfÝ�òPQTß�N�SPß�èâG�ß�èjæTß�N'Ù�ÝKOPNKæPJMÛ]Ý+Ù�QPVpß�QPFIJMSPß�Ý|FMÚKÝuísJêï]ÚYÚKÝ}ÚKFML'ç-ß�NKápß�HPH{ß�H
ívS{Ù]ÚYÚ}SZFMß
º�ß�NKJêï�OZÜ¼ß�æ¤Ù�N'Ù�JIJMß�J¤ÚYFIH{Sv^gØ}Ù]Ú�JêÙ�HPVpÚ Ù�è�ßqä H{ÚYÝYß�FIVpß�H�SPß�N��vOZÜbÝKÝYß�èjæTß�N'Ù�ÝKOPN�ÚKæPFMß�Vpß�JIÝ�ÚYFMLYçjFIè º�ß�NKç¤Ù�Jöà
ÝYß�H�SPß�N�G�ß�èjæTß�N'Ù�ÝKOPNYß�HªSPß�NRnUL'çPH{ß[ß[ÚYLYçPFML'çrÝYß�H©Þ�FMSPß�Nu^pã�FIÝGå[OPH{ß�çPè�ß�H{SPß�N:Ý�ß�FIÝGOPH{S~å[OPH{ß�çPè�ß�H{SPß�N
�vOZÜbÝKÝYß�èjæTß�N'Ù�ÝKOPN HPFIèjè+Ý�Ù�O{L'ç�SZFMßIG�ß�èjæTß�N'Ù�ÝKOPN FIHxSPß�HzÛ]Q�ß�NYß�H-nUL'çPFMLYçfÝYß�Hxå[O
^
³kß�QTß�H´SPß�NHG�ß�èjæTß�N'Ù�ÝKOPNKè�ß[ÚYÚKOPHPV2Þ�OPNYSPß�Ù�O{LYçµSZFMß�g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝªSPß[Ú©nULYçPH{ß[ß[ÚªFIH¬å[Þlß�F
G�FMß�Ü¼ß�HzQTß[ÚKÝKFIèjè+ÝuíPQ�ß�FváUH¤Ù�æPæ

5 cm
x�nUß�H{ÚYÛ]NÕ�k�lOPH{S

27 cm
x�nUß�H{ÚYÛ]N � �k��^

ÓRß�F�SPß�NRß�NYÚYÝYß�Hªã-ß[ÚYÚKOPHPV�x�nUß�H{Ú'Û]N � �k�GQ�ß�ÝKNKOPV~SZFMß Ø|Ù�O{ß�N�SPß[Úly�ß�FIå[ëpÛ]NKVrÙ�HPVpÚ � »@?tnUß�áUOPH{SPß�H
^fØ}ß�N
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G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêÙ�OZÜ�SPß[ÚRQTß�ç{ß�FIå[ÝYß�HmnUß�H{ÚYÛ]NYÚRFMÚKÝlFIH©äkQPQPFIJMSZOPHPV��Z^ � h�x¼Ú'LYçrÞ�Ù�NKåuß\nfXfè+Q�Û]JMß(��S{Ù�NKVpß�à
ÚKÝYß�JIJIÝu^
ä H±SPß�èãÓRß�FMÚYæPFMß�JRÞ�FINYS_QTß�NYß�FIÝYÚjSPß�OPÝKJIFMLYç
íGS{Ù]ÚYÚ~S{Ù�N'Ù�OZÜ�VpßuÙ]LYçrÝYß�ÝWÞlß�NYSPß�H¬è\O{Ú'Úuí�Þ�FMßªç{ÛULYç¬SZFMß
ykß�FIå[JMß�FMÚKÝKOPHPV©Vpß�ÞRï�çPJIÝ�Þ�FINYSv^�¦�H�SZFMß[ÚYß�è%â¤Ù�JIJ�Þ�Ù�NYß�H-ß[Ú

0.91 W
OPH{S�ß[Úkß�NKVrÙ�QxÚKFML'çxß�FIH{ß<G�ß�èjæ�ß�à

N'Ù�ÝKOPNYß�NKç�h]çrOPHPV�ëpÛ]HwVgOPÝ
15 ◦C

^�Ø�FMß[Ú}á]Ù�HPHwå[OPè!ä OZÜðÚYL'çPè�ß�JIåuß�H`SPß[Ú\nULYçPH{ß[ß[Ú|OPH{SwS{Ù�èjFIÝ�ß�FIH{ß�N
º�ß�N�Üðï�JMÚYL'çrOPHPV~SPß�NlùGNKVpß�QPHPFMÚ'ÚYß�Ü¼òPçPNYß�H
^pù�Úlç¤Ù�Ý�ÚKFML'çWVpß�åuß�FIVgÝuírS{Ù]Ú'Ú�SZFMßqy�ß�FIåuS{Ù�O{ß�N�QTß�F¤SZFMß[ÚYß�NRãxß[Ú�à
ÚKOPHPVjáfOPNKå}Vpß�HfOPV�ÞRÙ�NuíZOPè SPß�H�nULYçPH{ß[ß�HPFMLYçrÝ�Ù�OZÜbå[O{ÚYL'çPè�ß�JIåuß�Häx¼ÚKFMß�ç{ß}äkH{ÚYLYçPHPFIÝKÝ FIHoäkQPQPFIJMSZOPHPV
�Z^ � ?k��^
ØkFMß<g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ|Þ�OPNYSPßtÚYÛuÞRÛ]çPJ�èjFIÝ}â�ù�ã���äiÓ]å QTß[ÚKÝKFIèjè\ÝuíTÙ�JMÚ�Ù�O{L'çwèjFIÝkSPß�N|Ù�H¤Ù�JIXrà
ÝKFMÚYLYç{ß�H�ã-ß�ÝKç{ÛUSPßg^{Ø�FMß�ùGNKVpß�QPHPFMÚYÚYß\ÚKFIH{SoFIè Þlß�FIÝYß�NYß�Hxº�ß�NKJêÙ�OZÜ�S{Ù�NKVpß[ÚKÝYß�JIJIÝu^

0 50 100 150 200 250 300 350 400
−8

−6

−4

−2

0

2

4

6

8

Zeit (s)

T
em

pe
ra

tu
r (

°C
)

modellierte Daten
gemessene Daten

ρ
­
500 kg m3

cp
­
2106 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­��jÚ
y�ß�FIåuS{Ù�O{ß�Nu­ � »@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^�æ � g
Tinit

­ −7.88 ◦C

ä QPQPFIJMSZOPHPVS�Z^ � hZ­�º�ß�NKVgJMß�FMLYçìëpÛ]HõVpß�è�ß[ÚYÚYß�H{ß�HõOPH{Sõè�ÛfSPß�JIJIFMß�NKÝYß�H#Ø}Ù�ÝYß�H ëpÛ]HìnUß�H{ÚYÛ]N � �±å[OPN
ÓRß[ÚYÝKFIèjè\OPHPVªSPß�N-g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ ëpÛ]H-nUL'çPH{ß[ßg^
ÓRß�FsSPß�N�ä O{ÚYÞlß�NKÝKOPHPV~ß�NKVrÙ�QWÚKFMLYç©ß�FIH{ß:gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝRëpÛ]H

0.2 W m−1 K−1 èjFIÝ�ß�FIH{ß�N�èjFIÝKÝ�àJMß�NYß�H�ä QfÞlß�FML'çrOPHPV©ëpÛ]è@ãxÛUSPß�JIJvëpÛ]H
2.45%

^{Ø}ß�N]g`ß�NKÝqæ¤Ù]ÚYÚYÝ�JIFMß�VgÝ�VgOPÝqFIèçÓ�ß�NYß�FMLYç
í¤SPß�N FIHzSPß�N
�vFIÝYß�N'Ù�ÝKOPN�Ù�HPVpß�Vpß�Q�ß�H~Þ�FINYS�x¼ÚKFMß�ç{ß��vFIÝYß�N'Ù�ÝKOPNKÞRß�NKÝYß�FIè7ä HPç¤Ù�HPVJ��^�Ø|ÙqSPß�N�nULYçPH{ß[ßRHPFMLYçfÝ�è�ß�çPN�ÚYß�çPN
ÜbNKFMÚYL'ç8ÞRÙ�NuívFMÚYÝ�ß�FIH�g`ß�NKÝ�ëpÛ]H

0.2 W m−1 K−1 ÚKFIHPHfëpÛ]JIJ�^
ã�FIÝ�SPß�N\Ù�H¤Ù�JIXUÝKFMÚYL'ç{ß�HBãxß�ÝKç{ÛUSPßjÞ�OPN�àSPßWß�FIH2ï�çPHPJIFML'ç{ß�NNg`ß�NKÝ+Q�ß�NYß[L'çPH{ß�Ýuíáx
0.234 W m−1 K−1 ��í
ÞRÙ]Ú\OPHrÝYß�NYÚKÝKòPÝKå[Ýuí�S{Ù]ÚYÚ\SZFMßWã-ß�ÝKç{ÛfSPßQ�ß�NYß�FIÝYÚ�QPN'Ù�O{L'çrQ¤Ù�NYßtùGNKVpß�QPHPFMÚYÚYß\JIFMß�Ü¼ß�NKÝu^
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Ø�ß�N�å[Þlß�FIÝYßjy�ß�FIå[å[XUáfJIO{Ú�S{Ù�O{ß�NKÝYßH�8æ@?©nUß�áUOPH{SPß�H
^TØ�FMß+ã-ß[ÚYÚYß�NKVpß�QPHPFMÚYÚ'ß+ÚKFIH{SxFIH8ä QPQPFIJMSZOPHPV×�Z^ ���
x¼ÚYLYçfÞRÙ�NKåußjnfXfè+Q�Û]JMß(�RS{Ù�NKVpß[ÚKÝYß�JIJIÝu^sØ�FMß|ãxß[ÚYÚYOPHPVpß�HmÞ�OPNYSPß�HzHrOPNqèjFIÝqâ�ù�ã£�
äÕÓ å Ù�O{ÚKVpß�ÞRß�NKÝYß�Ýu^
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modellierte Daten
gemessene Daten

ρ
­
500 kg m3

cp
­
2106 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­��jÚ
y�ß�FIåuS{Ù�O{ß�Nu­s»@æ@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ih@�Eg
Tinit

­ −6.34 ◦C

ä QPQPFIJMSZOPHPVt�Z^ ��� ­Tº�ß�NKVgJMß�FML'ç`ëpÛ]H8Vpß�è�ß[ÚYÚYß�H{ß�H8OPH{Swè�ÛUSPß�JIJIFMß�NKÝYß�H`Ø|Ù�ÝYß�H8ëpÛ]H2nUß�H{ÚYÛ]NI�©å[OPNYÓ�ß�à
ÚKÝKFIèjè\OPHPV©SPß�N]g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ ëpÛ]HwnULYçPH{ß[ßg^
ØkFMß�ã-ÛfSPß�JIJIFMß�NKOPHPVtQPN'Ù]LYçfÝYß|ß�FIH{ß VgOPÝYßÕK QTß�NYß�FIH{ÚKÝKFIèjè+OPHPVtå[Þ�FMÚ'LYç{ß�Hoè�ÛfSPß�JIJIFMß�NKÝYß�HoOPH{SªVpß�è�ß[ÚYÚYß�à
H{ß�H`Ø}Ù�ÝYß�H&x¼äkQPQPFIJMSZOPHPV��Z^ ��� �kOPH{S8ß�FIH{ß�gñï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ�ëpÛ]H

0.13 W m−1 K−1 èjFIÝ�ß�FIH{ß�Nä QfÞlß�FMLYçfOPHPVoëpÛ]H
16.55%

^
¦�è4º�ß�NKVgJMß�FML'ç�å[OµnUß�H{ÚYÛ]N � �-Þ�OPNYSPß�S{Ù�èjFIÝWß�FIH¬Vpß�NKFIHPVpß�NYß�N�g`ß�NKÝjÜbòPN�SZFMß×g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ
Vpß�ÜbOPH{SPß�H
^vØ�FMß[Ú|Þ�OPNYSPßjÚYÛoß�NKÞ�Ù�NKÝYß�Ýuí
S{ÙoÚKFMLYçBnUß�H{ÚYÛ]N<�ªFIH8Vpß�NKFIHPVpß�NYß�N<G�FMß�ÜðßtQ�ß�Ü�Ù�H{S`Ù�JMÚ\nUß�H{ÚYÛ]N
� �Z^�¦�HwSPß�NÕG�FMß�ÜðßtëpÛ]H8nUß�H{ÚYÛ]N � �WFMÚKÝ}SZFMßtØ�FML'çrÝYßjSPß[Ú�nULYçPH{ß[ß[Ú}ç�h]ç{ß�NuívÙ�JMÚ�FIHwVpß�NKFIHPVpß�NYß�H5G�FMß�Ü¼ß�H
^
Ø}Ù+ÚKFML'ç©S{Ù]ÚRã-Ù�ÝYß�NKFêÙ�JTFIHoÚYß�FIH{ß�N]ÝsO{Ú'Ù�èjè�ß�H{ÚYß�ÝKå[OPHPV~HPFMLYçfÝ�ëpß�N'ï�H{SPß�NKÝRç¤Ù�ÝuíUÚYÛ]H{SPß�NKHoÚKFMLYç©HrOPN�SZFMß
è Û]èjæ¤Ù�áUÝKFMÛ]Hxß�NKç�h]çrÝkç¤Ù�ÝuíPè\O{Ú'Ú Ù�O{LYç-SZFMßYg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝkç�h]ç{ß�NkÚYß�FIH
^
ØkFMß[Ú'ß[Ú<Ó�ß�FMÚKæPFMß�J�åuß�FIVgÝuí�S{Ù]ÚYÚ\ÚYFMLYçàßkHrÝYß�NYÚ'LYçPFMß[SPß©FIHBSPß�NNèkÛ]èjæ¤Ù�áfÝKFMÛ]H_FIH2ß�FIH{ß�è ëpÛ]H_Ù�O��pß�H2Q�ß�à
ÝKN'Ù]LYçrÝYß�Ýªç{Û]è�Û]Vpß�H{ß�H¨nUL'çPH{ß[ß�æ¤Ù�ápß�ÝWFIH´ß�FIH{ß�N « H{SPß�NKOPHPVBSPß�N�g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ©Ù�QPåuß�FML'çPH{ß�H
^
ØkFMß[Ú'ß�ákh]HPH{ß�H¨èjFIÝoSPß�HÂG�ç{ß�NKèWÙ�JMÚYÛ]H{SPß�HõSPß�ÝYß�áUÝKFMß�NKÝoÞlß�NYSPß�HñOPH{SµSZFMßxã-ß�ÝKç{ÛUSPßxÚYÛ]èjFIÝmß�FIH{ß�H
ÓRß�FIÝKN'Ù�VWQ�ß�F
SPß�N-ßkHrÝYß�NYÚYO{LYçrOPHPV©å[OPN-ßkNYÚ'Ù]LYç{ß�ëpÛ]Ht��Ù[Þ�FIH{ß�HxJIFMß�Ü¼ß�NKHäx¼ÚKFMß�ç{ß�hZ^ihk��^
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¦�èÏ§�Ù�çPè�ß�HBß�FIH{ß�N<G�ß[ÚYÝKNYß�FIç{ßWÙ�è¯nfæ¤Ù]L[ß�§kß[ÚYßuÙ�NYLYçäðRß�HfÝKNYß�FIH�gBÙ�NYÚYL'ç¤Ù�OBÞ�OPNYSPß�H`OPHfÝYß�N+Ù�H{SPß�à
NYß�èâg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝYÚKè�ß[ÚYÚKOPHPVpß�H2FIH`³kß�O{Ú'LYçPH{ß[ßWÙ�OZÜ�SPß�èÏ¦�H{ÚKÝKFIÝKOPÝYÚYVpß�Jêï�H{SPß�SZOPNYLYçPVpß�Ü¼òPçPNKÝu^
ØkFMß�nUÛ]H{SPß�Þ�OPNYSPß S{Ù�å[O�ápÛ]èjæPJMß�ÝKÝlFIè¹nULYçPH{ß[ß FIH{ÚKÝ'Ù�JIJIFMß�NKÝu^päkHPç¤Ù�H{SWß�FIH{ß[Ú�Ó�ß�FMÚKæPFMß�JMÚ�Þ�FINYSjVpß�åuß�FIVgÝuí
S{Ù]ÚYÚGSZFMßág¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ�SPß[Ú�nULYçPH{ß[ß[Ú�èjFIÝGy FIJöÜðß�SPß�N�â�ù�ã��
äÕÓ å à�ã-ß�ÝKç{ÛUSPßlQTß[ÚKÝKFIèjè+ÝGÞlß�N�à
SPß�H`ápÛ]HPHrÝYßg^�Ø�ß�NNG�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêÙ�OZÜ ëpÛ]H_nUß�H{ÚYÛ]N � �mOPH{S`SZFMßjä HPæ¤Ù]Ú'ÚKOPHPV�SZOPNYLYç_S{Ù]Ú�ã-ÛfSPß�JIJ
ÚKFIH{SzFIH�äkQPQPFIJMSZOPHPV��Z^ �¡  S{Ù�NKVpß[ÚKÝYß�JIJIÝu^�ØkFMß\Q�ß�HfOPÝKåuß�Hxÿ�Ù�N'Ù�è�ß�ÝYß�N�ÜbòPN S{Ù]Ú�ã-ÛfSPß�JIJ�ÚYFIH{Szß�Q�ß�HZÜ�Ù�JIJMÚ
Ù�OZÜbVpß�Ü¼òPçPNKÝu^
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modellierte Daten
gemessene Daten

ρ
­
500 kg m3

cp
­
2106 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­ � ?jÚ
y�ß�FIåuS{Ù�O{ß�Nu­ � »@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ihg»Eg
Tinit

­ −9.95 ◦C

ä QPQPFIJMSZOPHPVS�Z^ �¡  ­�º�ß�NKVgJMß�FMLYçìëpÛ]HõVpß�è�ß[ÚYÚYß�H{ß�HõOPH{Sõè�ÛfSPß�JIJIFMß�NKÝYß�H#Ø}Ù�ÝYß�H ëpÛ]HìnUß�H{ÚYÛ]N � �±å[OPN
ÓRß[ÚYÝKFIèjè\OPHPVªSPß�N-g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ ëpÛ]H-nUL'çPH{ß[ßg^
ù�ÚWÞ�OPNYSPßxß�FIH{ß×gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝoëpÛ]H

0.075 W m−1 K−1 QTß[ÚKÝKFIèjè+Ýuí�ÞRÙ]ÚªFIè¢Ó�ß�NYß�FML'çµSPß�N
�vFIÝYß�N'Ù�ÝKOPNKÞlß�NKÝYßWÜbòPN�Ü¼NKFMÚYLYç{ß�H±nULYçPH{ß[ßjJIFMß�VgÝHx¼ÚKFMß�ç{ß�è�Ù�æPFIÝYß�JR»k��^vØkFMß~äkQrÞRß�FMLYçrOPHPVpß�H±å[O`SPß�H8è�Û�à
SPß�JIJIFMß�NKÝYß�H�QTß�ÝKNKOPVpß�HzFIè@ãxFIÝKÝYß�J   ^ih �

%
^
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¦�H5ÝsO{Ú'Ù�èjè�ß�H¤Ù�NKQTß�FIÝ|èjFIÝ}SPß�N|ØY�'§÷Ó�ß�NKJIFIHZà�ä�SZJMß�NYÚKç{Û�Ü�Þ�OPNYSPßjã-Ù�NYÚKà�ï�çPHPJIFMLYç{ß[Ú�ãwÙ�ÝYß�NKFêÙ�J�OPHrÝYß�N�à
ÚKO{LYçfÝu^lâPN'Ù�Vpß[ÚYÝYß�JIJIOPHPV_SPß�N©ãxß[ÚYÚYNYß�FIç{ßmÞRÙ�N©ß[ÚuíGÞ�FMß�SZFMßxâ{ß�O{LYçfÝKFIVgápß�FIÝmSPß[ÚªãwÙ�ÝYß�NKFêÙ�JMÚWSZFMßtg¨ï�N�à
è�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ©Q�ß[ß�FIH î O{Ú'ÚKÝ�OPH{S�Û]Q§SZFMß[ÚYß�NWù3Lvß�áfÝ©Ù�O{LYç�QTß�FqVpß�NKFIHPVpß�HÂß HfÝYß�NYÚYLYçPFMß[SPß�H¨FIH�SPß�N
â{ß�O{LYçfÝKFIVgápß�FIÝRèjFIÝlSPß�NlùOøYG�ä|nUù�à±G�ç{ß�NKèWÙ�JMÚYÛ]H{SPß�QTß[Û]Q¤Ù]LYçrÝKQ¤Ù�NRFMÚKÝu^pØ|Ù�å[O�Þ�OPNYSPß FIHWß�FIH{ß�èù��Ù�Q�Û]N
ß�FIHxÿGNYÛ]QTß�HrQTß�ç¤ï�JIÝYß�N�x¼yih]ç{ßth � L�èzí�ØkOPNYL'çPè�ß[ÚYÚYß�N � æ�L�è���èjFIÝkSPß�è ã-Ù�NYÚ�à�äkH¤Ù�JMÛ]VgèWÙ�ÝYß�NKFêÙ�J�Q�ß�à
ÜbòPJIJIÝ�OPH{S-èjFIÝkè�ß�çPNYß�NYß�HBnUß�H{ÚYÛ]NYß�HwQTß[ÚKÝKò{LYáUÝuí�å[OPè%ß�FIH{ß�HwèjFIÝ�å[Þlß�FGâ{ß�O{LYçfÝYß[ÚYß�H{ÚYÛ]NYß�H`OPH{S-å[OPè
Ù�H{SPß�NYß�H�èjFIÝqß�FIH{ß�N ùOøYG�ä|nUù�à±G�ç{ß�NKèWÙ�JMÚYÛ]H{SPß�x¼äkQPQPFIJMSZOPHPV��Z^ � �k��^

ä QPQPFIJMSZOPHPVH�Z^ � �Z­Zã-ß[ÚYÚ'Ù�OZÜ¼Q¤Ù�O©èjFIÝ�SPß�N�ÿGNYÛ]QTß}èjFIÝ:G�ç{ß�NKèWÙ�JMÚYÛ]H{SPß|OPH{Soâ{ß�O{LYçfÝYß[ÚYß�H{ÚYÛ]NYß�HàxbJIFIHPáZÚ
FIèúÓRFIJMS���ívSPß�N|ùGJMß�áUÝKNYÛ]HPFIáäx¼ãxFIÝKÝYß(�kOPH{SwSPß�èú��Ù�æPÝYÛ]æ8å[OPN+nfÝYß�O{ß�NKOPHPVzSPß�N}ã-ß[ÚYÚKOPHPV5xbNYß[L'çrÝYÚ|FIè
ÓlFIJMS���^

ä JMÚ�ã-Ù�ÝYß�NKFêÙ�JUÞ�OPNYSPßáÓRß�HfÝYÛ]HPFIÝ�Vpß�ÞRï�çPJIÝuí]S{Ù ß[Ú�ï�çPHPJIFMLYç{ß�ùGFIVpß�H{Ú'LYç¤Ù�Ü¼ÝYß�HjÞ�FMß�S{Ù]Ú�ÞkQ�ß�N î ï]L'ç{ß�HPèWÙ�à
ÝYß�NKFêÙ�JPç¤Ù�Ýuí]Þlß�JMLYç{ß[ÚRÙ�OZÜ�SPß�è ãwÙ�NYÚ�ëpß�NKè\OPÝYß�Ý�Þ�FINYSv^gØ|Ù]ÚOÓ�ß�HrÝYÛ]HPFIÝ�JêÙ�V�ß�FIHPèWÙ�JPFIHjÿGOPJIëpß�N�ÜðÛ]NKè ëpÛ]N
OPH{S�ß�FIHPèWÙ�J�Ù�JMÚYÖ�N'Ù�HrOPJêÙ�Ýu^sØ�FMß\â{ß�O{L'çrÝYßtSPß[Ú ãwÙ�ÝYß�NKFêÙ�JMÚ Þ�OPNYSPß|ëgÙ�NKFIFMß�NKÝuí{FIH{SPß�èûD�ß�ÞRß�FIJMÚkß�FIH�G�ß�FIJ
SPß[Úqã-Ù�ÝYß�NKFêÙ�JMÚ FIH�ß�FIH{ß�èüÞ Üðß�HmVpß�ÝKNYÛfL'áfH{ß�ÝkOPH{SoèjFIÝ SPß�èüÞkNKFIVgFIH¤Ù�JIèWÙ�ÝYß�NKFêÙ�J�ëpß�NKèjFMÚYLYçfÝ Þ�OPNYSPßg^
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ÝsOPH¤ï]LYç{ÚKÝ-Þlß�NYSPß�H SZFMßBã-ß[ÚYÚKOPHPVpß�HìèjFIÝ-SPß�è ÿGOPJIëpß�N-èjFIÝxå[ÞRß�F+OPHfÝYß�NYÚYLYçPFMß[SZJIFML'ç{ß�H÷â{ß�O{LYçfÝYß�H
x
10.8%

OPH{S
5.7%

�\èjFIÝYß�FIH¤Ù�H{SPß�N�ëpß�NKVgJIFMLYç{ß�H
^�ØkFMß�g`ß�NKÝYß©Ü¼òPNtSZFMßmâ¤ß�O{LYçrÝKFIVgápß�FIÝªOPHrÝYß�NYÚYL'çPFMß[SPß�H
ÚKFMLYçwSPß�OPÝKJIFMLYçwëpÛ]H{ß�FIH¤Ù�H{SPß�NuíTÞRÙ]Ú�FIH-å[Þlß�F�OPHrÝYß�NYÚ'LYçPFMß[SZJIFMLYç{ß�HVg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝYß�H8NYß[ÚKOPJIÝKFMß�NYß�H
ÚYÛ]JIJIÝYßg^vØ}ß�N�º�ß�NKVgJMß�FML'çBSPß�NzG�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜ¼ß�ÜbòPNáDKß�Þlß�FIJMÚ|SPß�H{ÚYß�JIQTß�H8QTß�ç{ß�FIå[ÝYß�H2nUß�H{ÚYÛ]N�x¼ä QZà
QPFIJMSZOPHPVt�Z^ � »k�kåuß�FIVgÝ|Q�ß�NYß�FIÝYÚ|SPß�OPÝKJIFML'ç`OPHrÝYß�NYÚYL'çPFMß[SZJIFMLYç{ß�è}OPNKëpß�H
^vØ|ÙoSPß�N�QTß�ç{ß�FIå[ÝYßWnUß�H{ÚYÛ]N|OPH{S
SZFMß y�ß�FIå[JMß�FMÚKÝKOPHPV\OPH{S�à�S{Ù�O{ß�N�FMSPß�HrÝKFMÚ'LYç©ÞRÙ�NuípágÙ�HPHªS{Ù]Ú�OPHrÝYß�NYÚYL'çPFMß[SZJIFMLYç{ß}º�ß�NKç¤Ù�JIÝYß�HoSPß�N�è}OPNKëpß�H
HrOPNqèWÙ�ÝYß�NKFêÙ�JêÙ�QPç¤ï�HPVgFIVoÚYß�FIH
^
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f = 10.3 − 11.3 %
f = 5.7 %

ä QPQPFIJMSZOPHPVÿ�Z^ � »Z­�G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêÙ�OZÜtSPß[ÚWQ�ß�ç{ß�FIå[ÝYß�HñnUß�H{ÚYÛ]NYÚjÜ¼òPNHÓ�ß�HrÝYÛ]HPFIÝ�à�ÿ�OPJIëpß�N©èjFIÝWå[Þlß�F
ëpß�NYÚYLYçPFMß[SPß�H{ß�Hwâ{ß�O{LYçfÝKFIVgápß�FIÝYß�H-Ü�^

ØkFMßYÓ�ß[ÚKÝKFIèjè+OPHPVWSPß�N:g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝqQTß[ÚKÝ'ï�ÝKFIVgÝqSZFMß}ä HPH¤Ù�çPè�ßgí¤S{Ù]ÚYÚ�ÚKFMLYçzSZFMß}QTß�FMSPß�Hmã-Ù�à
ÝYß�NKFêÙ�JIFMß�HµFIH§FIçPNYß�N�gñï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝmëpÛ]H{ß�FIH¤Ù�H{SPß�N©OPHfÝYß�NYÚYLYç{ß�FMSPß�H
^�â�òPNoS{Ù]Ú�Üðß�O{LYçfÝYß�NYßwã-Ù�à
ÝYß�NKFêÙ�J�ílÞRß�JMLYç{ß[Úoå[O{ß�NYÚKÝ©Vpß�è�ß[ÚYÚYß�H§Þ�OPNYSPßgí�ß�NKVrÙ�QµÚKFML'çµß�FIHÂg`ß�NKÝ©ëpÛ]H

0.09 W m−1 K−1 xbèjFIÝKÝ�à
JMß�NYßªäkQrÞRß�FMLYçrOPHPVJ�

1.78%
�~OPH{S`ÜbòPNtS{Ù]Ú\ÝKNYÛULYápß�H{ß�NYß©ãwÙ�ÝYß�NKFêÙ�JlèjFIÝ

0.04 W m−1 K−1 xbèjFIÝKÝKJMß�NYßä QfÞlß�FMLYçfOPHPVJ�
2.49%

�|ß�FIHzSPß�OPÝKJIFMLYç�Vpß�NKFIHPVpß�NYß�Nig`ß�NKÝNx¼äkQPQPFIJMSZOPHPVpß�H£�Z^ � �tOPH{St�Z^ � �k��^
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modellierte Daten
gemessene Daten

ρ
­
1000 kg m3

cp
­
700 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­
20 sy�ß�FIåuS{Ù�O{ß�Nu­

300 sy�ß�FIå[JMß�FMÚKÝKOPHPV{­
0.25 W

Tinit
­
20.1 ◦C

ä QPQPFIJMSZOPHPV<�Z^ � �U­�º�ß�NKVgJMß�FMLYçjëpÛ]H~Vpß�è�ß[ÚYÚ'ß�H{ß�HtOPH{S+è�ÛUSPß�JIJIFMß�NKÝYß�H�Ø}Ù�ÝYß�HtÜ¼òPN�Ó�ß�HfÝYÛ]HPFIÝ�à�ÿGOPJIëpß�N�èjFIÝ
ß�FIH{ß�N â{ß�O{LYçfÝKFIVgápß�FIÝ}ëpÛ]H

10.8%
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Zeit (s)

T
em
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r (

°C
)

modellierte Daten
gemessene Daten

ρ
­
1000 kg m3

cp
­
700 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­
20 sy�ß�FIåuS{Ù�O{ß�Nu­

300 sy�ß�FIå[JMß�FMÚKÝKOPHPV{­
0.25 W

Tinit
­
20.77 ◦C

ä QPQPFIJMSZOPHPV<�Z^ � �Z­�º�ß�NKVgJMß�FMLYçjëpÛ]H~Vpß�è�ß[ÚYÚ'ß�H{ß�HtOPH{S+è�ÛUSPß�JIJIFMß�NKÝYß�H�Ø}Ù�ÝYß�HtÜ¼òPN�Ó�ß�HfÝYÛ]HPFIÝ�à�ÿGOPJIëpß�N�èjFIÝ
ß�FIH{ß�N â{ß�O{LYçfÝKFIVgápß�FIÝ}ëpÛ]H

5.7%
^
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ä O{L'ç2Ü¼òPNjS{Ù]Ú�Ó�ß�HrÝYÛ]HPFIÝ�àòÖ�N'Ù�HfOPJêÙ�ÝWÞ�OPNYSPß�H±å[Þlß�FqÿGNYÛ]QTß�H¬èjFIÝ~OPHrÝYß�NYÚYL'çPFMß[SZJIFMLYç{ß�N©â{ß�O{LYçfÝKFIVgápß�FIÝ
èjFIÝYß�FIH¤Ù�H{SPß�Nkëpß�NKVgJIFML'ç{ß�H
^�Ø}ß�N-ßkHrÝYß�NYÚ'LYçPFMß[S-FIè@â{ß�O{L'çrÝYß�Vpß�ç¤Ù�JIÝ|FMÚKÝ S{Ù�QTß�F�HPFML'çrÝ}ÚYÛ�SPß�OPÝKJIFML'ç
í¤Þ�FMß
Q�ß�F�SPß�èôÿ�OPJIëpß�Nuí
ëpß�NKè\OPÝKJIFML'ç2Þ�Ù�N\SZFMßjº�ß�NKèjFMÚYL'çrOPHPV-HPFMLYçfÝ+Û]æPÝKFIèWÙ�J�^�Ø}ß�HPH{ÛULYç`Jêï]Ú'ÚKÝ�ÚKFMLYç_Ù�O{LYç
çPFMß�N QTß�NYß�FIÝYÚ FIH�SPß�H£G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜ¼ß�H`SPß�NkQ�ß�ç{ß�FIå[ÝYß�H8nUß�H{ÚYÛ]NYß�Hxß�FIH��©ÞRß�HPH-Ù�O{LYç-Vpß�NKFIHPVpß�N
��ß HfÝYß�NYÚYLYçPFMß[S-ß�NKápß�HPH{ß�Hàx¼äkQPQPFIJMSZOPHPV��Z^ � æk��^

ã-ß[ÚYÚKOPHPV�x¼³kNu^�� â{ß�O{LYçfÝYß�x�G�ØY§Õ�Ix
%
�

TA
x ◦C �

h �U^�� hghZ^��
  �Z^��+àR»Z^   h   ^ �

G�Ù�QTß�JIJMßí�Z^ � ­©â¤ß�O{LYçrÝKFIVgápß�FIÝìOPH{Súß èjVpß�QPOPHPVpÚKÝYß�èjæTß�N'Ù�ÝKOPNõå[OâÓ�ß�VgFIHPH!SPß�N¨ã-ß[ÚYÚKOPHPVpß�H èjFIÝ
ÓRß�HfÝYÛ]HPFIÝ�àòÖ�N'Ù�HrOPJêÙ�Ýu^
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f = 7.7 %
f = 5.8 − 6.4%

ä QPQPFIJMSZOPHPV��Z^ � æZ­�G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêÙ�OZÜlSPß[Ú�QTß�ç{ß�FIå[ÝYß�H-nUß�H{ÚYÛ]NYÚ�Ü¼òPN]Ó�ß�HrÝYÛ]HPFIÝ�àòÖ�N'Ù�HfOPJêÙ�Ý}èjFIÝ�å[Þlß�F
ëpß�NYÚYLYçPFMß[SPß�H{ß�Hwâ{ß�O{LYçfÝKFIVgápß�FIÝYß�H
^

ØkFMß�Ó�ß[ÚKÝKFIèjè\OPHPV8SPß�NEg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝjß�NKVrÙ�Q±å[Þlß�F�SPß�OPÝKJIFMLYç±OPHrÝYß�NYÚYL'çPFMß[SZJIFMLYç{ßtg`ß�NKÝYßWëpÛ]H
0.06 W m−1 K−1 èjFIÝ�ß�FIH{ß�NlèjFIÝKÝKJMß�NYß�HªäkQrÞRß�FMLYçrOPHPV~ëpÛ]H 1.68%

ÜbòPN�S{Ù]Ú�Ü¼ß�O{L'çrÝYß�NYß�ã-Ù�ÝYß�NKFêÙ�JsOPH{S
0.035 W m−1 K−1 xbèjFIÝKÝKJMß�NYß�äkQrÞRß�FMLYçfOPHPVJ� 3.74%

�kÜ¼òPNqS{Ù]Úqß�Ý�ÞRÙ]ÚkÝKNYÛfL'ápß�H{ß�NYßg^
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modellierte Daten
gemessene Daten

ρ
­
900 kg m3

cp
­
700 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­
20 sy�ß�FIåuS{Ù�O{ß�Nu­

300 sy�ß�FIå[JMß�FMÚKÝKOPHPV{­
0.32 s

Tinit
­
18.10 ◦C

ä QPQPFIJMSZOPHPV��Z^ih@?Z­{º�ß�NKVgJMß�FMLYç�ëpÛ]H�Vpß�è�ß[ÚYÚYß�H{ß�HzOPH{Soè�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HmÜ¼òPN]Ó�ß�HrÝYÛ]HPFIÝ�àòÖ�N'Ù�HfOPJêÙ�Ý
èjFIÝ ß�FIH{ß�N â{ß�O{L'çrÝKFIVgápß�FIÝ�ëpÛ]H

7.7%
^
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modellierte Daten
gemessene Daten

ρ
­
900 kg m3

cp
­
700 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­
20 sy�ß�FIåuS{Ù�O{ß�Nu­

300 sy�ß�FIå[JMß�FMÚKÝKOPHPV{­
0.32 s

Tinit
­
22.88 ◦C

ä QPQPFIJMSZOPHPV��Z^ih � ­{º�ß�NKVgJMß�FMLYç�ëpÛ]H�Vpß�è�ß[ÚYÚYß�H{ß�HzOPH{Soè�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HmÜ¼òPN]Ó�ß�HrÝYÛ]HPFIÝ�àòÖ�N'Ù�HfOPJêÙ�Ý
èjFIÝ ß�FIH{ß�N â{ß�O{L'çrÝKFIVgápß�FIÝ�ëpÛ]H

(5.8 − 6.4)%
^
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¦�HjSZFMß[ÚYß�è7º�ß�NYÚKO{L'çjÞ�OPNYSPß��rO¤Ù�JIFIÝ'Ù�ÝKFIë~SZFMß�ä QPç¤ï�HPVgFIVgápß�FIÝ�SPß�N3gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ�ëpÛ]H~SPß�N�ÿ�Û]NYÛ�à
ÚKFIÝ'ï�Ý�OPHrÝYß�NYÚKO{L'çrÝu^{Ø|Ù�QTß�FsÞ�OPNYSPß�HzSZFMß�ãxß[Ú'ÚKOPHPVpß�HoèjFIÝRëpß�NYÚ'LYçPFMß[SPß�H{ß�Nqÿ�Û]NYÛgÚKFIÝ'ï�Ýqß�FIHPèWÙ�J
Ù�H��
OZÜbÝ
OPH{S�ß�FIHPèWÙ�J{FIè º�Ù�áUOPOPè÷SZOPNYLYçPVpß�Ü¼òPçPNKÝu^räkJMÚ�ÿGNYÛ]QTß�HPèWÙ�ÝYß�NKFêÙ�JsSZFMß�HfÝYß�H�è}OPVpß�JIHªÙ�O{Ú�è�Ù�JIáUH¤Ù�ÝKNYÛ]HZà
VgJêÙ]ÚlèjFIÝ�å[ÞRß�F�ëpß�NYÚ'LYçPFMß[SPß�H{ß�HzØ�OPNYLYçPè�ß[ÚYÚ'ß�NKH
ífOPè�OPHfÝYß�NYÚYLYçPFMß[SZJIFML'ç{ß�ÿ�Û]NYÛgÚYFIÝ'ï�ÝYß�Hmå[OoÚYFIè\OPJIFMß�NYß�H
^
ØkFMß}áUJMß�FIH{ß�NYß�H�ÿGNYÛ]QTß�Hmç¤Ù�ÝKÝYß�H�ß�FIH{ß�HzØ�OPNYLYçPè�ß[Ú'ÚYß�NqëpÛ]H

(1.00− 1.25) mm
OPH{SmSZFMß}VgNYÛ8�pß�HzëpÛ]H

(3.7− 4.1) mm
^UØ|Ù]Ú'DKß�Þlß�FIJIFIVpß}ãwÙ�ÝYß�NKFêÙ�JTÞ�OPNYSPß FIHoß�FIH{ß�HmÿGNYÛ]Q�ß�HfQ�ß�ç¤ï�JIÝYß�N�Vpß�Ü¼òPJIJIÝROPH{SªSZFMß[ÚYß�NRFIH

ß�FIH{ß�Nlº�Ù�áUáfOPèjágÙ�èjè�ß�NRæPJêÙ�ÝKå[FMß�NKÝYx¼äkQPQPFIJMSZOPHPV��Z^ihghk��^fØ�FMß[ÚYßqÞ�OPNYSPßkëpß�NYÚYLYçPJMÛgÚ'ÚYß�H
íUÙ�QTß�N�å[OPH¤ï]L'ç{ÚKÝ
HPFMLYçrÝ+ß�ë]Ù�áUOPFMß�NKÝuívÞRÙ�N�Ú'Û]èjFIÝ\Ù�JMÚYÛoH{ÛfL'ç8èjFIÝI�vOZÜ¼Ý|Vpß�ÜbòPJIJIÝu^vØ�FMß[ÚYß~Þ�OPNYSPßjH¤Ù]L'ç`ß�FIHPFIVpß�H_nfÝKOPH{SPß�H
Ù�QPVpß�æPOPèjæPÝu^�Ø�FMßªãxß[ÚYÚYOPHPVpß�H`JIFMß�Ü¼ß�H_S{Ù�Q�ß�FlápÛ]HrÝKFIHfOPFMß�NKJIFMLYç´ÞRß�FIÝYß�Nu^�Ø�FMß[ÚYß�N+º�Û]NKVrÙ�HPVxÞ�OPNYSPß�ÜbòPN
Q�ß�FMSPß�ÿ�NYÛ]Q�ß�H�SZOPNYL'çPVpß�ÜbòPçPNKÝu^

���	��

��������������������������� �"!$#&%'����()()��!�*	+,�
(1.00−1.25) mm

�.-/�0
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JIFIÝ'Ù�ÝKFIëzOPHrÝYß�NYÚYL'çPFMß[SPß�H`Þlß�NYSPß�H
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â�ù�ã��
äÕÓ]åoà�ã-ß�ÝKç{ÛUSPßkQTß[ÚKÝKFIèjè+ÝuíPS{Ù\S{Ù]Ú�ã-ÛfSPß�JIJ�Þ�FMß�Q�ß�NYß�FIÝYÚ�å[OPëpÛ]N�ß�NKÞ�ï�çPHrÝuíPQTß�FPgñï�NKè�ß�JMß�FIÝ�à
Üðï�çPFIVgápß�FIÝYß�H©SPß�OPÝKJIFMLYç©OPHrÝYß�N
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FMÚKÝ Ù�Q�ß�NkÚYÛ~Q�ß�NYß�FIÝYÚ SPß�OPÝKJIFMLYç�å[OmQTß[Û]Q¤Ù]LYçfÝYß�H
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ä QPQPFIJMSZOPHPVt�Z^ih@�Z­Tº�ß�NKVgJMß�FML'çBSPß[Ú|ykß�FIå[ëpß�NKç¤Ù�JIÝYß�H{Ú\SPß�N|ëfFMß�N<Ö}ß[ÚKÝYß�FIH{ßgí
Ù�OZÜ�SZFMß[ÚYß�JIQTßjnfÝ'Ù�NKÝKÝYß�èjæTß�à
N'Ù�ÝKOPNqH{Û]NKèjFMß�NKÝu^

N'Ù�è�ß�ÝYß�N�ÚKFIH{SàD�ß�ÞRß�FIJMÚmFIHõSPß�HõØ�FêÙ�VgN'Ù�èjè�ß�HõèjFIÝzSPß�Hñè�ÛUSPß�JIJIFMß�NKÝYß�HõOPH{S¨Vpß�è�ß[ÚYÚYß�H{ß�H Ø|Ù�ÝYß�H
Ù�OZÜbVpß�Ü¼òPçPNKÝu^



��ÛFÜ'Û±°�$�½m²�$'#
%
$')3�(W�²��!�����b²�"r² � » �

� 7v����o!q
ØkFMß±èjFIÝ`SPß�N`ù�øÕG�ä}nUù�à�nUÛ]H{SPß�Vpß�è�ß[ÚYÚYß�H{ß�HíG�ß�èjæ�ß�N'Ù�ÝKOPNYS{Ù�ÝYß�H�ÚYÛuÞ�FMß¬SZFMß±FIè â�ù�ã£�
äÕÓ]åoà
ãxÛUSPß�JIJ ß�FIHPVpß[ÚYß�ÝKå[ÝYß�H.g`ß�NKÝYß�ÚKFIH{S¬FIH´äkQPQPFIJMSZOPHPVä�Z^ih@æ2Ù�HPVpß�Vpß�Q�ß�H
^lØ�FMßzä HPæ¤Ù]Ú'ÚKOPHPV`èjFIÝWSPß�è
ãxÛUSPß�JIJvVpß�JêÙ�HPVWÚYß�çPNqVgOPÝuíZÞ�FMß\SZFMß|S{Ù�å[OPVpß�ç�h]NKFIVpßNè}OPNKëpß�SPß�N�è�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HzFIHzäkQPQPFIJMSZOPHPV
�Z^ih@æ~åuß�FIVgÝu^
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modellierte Daten
gemessene Daten

ρ
­
2700 kg m3

cp
­
890 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­ � ?jÚ
y�ß�FIåuS{Ù�O{ß�Nu­Pæ@?@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ih@�Eg
Tinit

­
31.2 ◦C

äkQPQPFIJMSZOPHPV��Z^ih@æZ­Pº�ß�NKVgJMß�FML'ç�ëpÛ]HzVpß�è�ß[ÚYÚ'ß�H{ß�HzOPH{Smè�ÛUSPß�JIJIFMß�NKÝYß�H�Ø|Ù�ÝYß�HzQ�ß�F�Ö}N'Ù�HPFIÝu^
ØkFMß ä HPæ¤Ù]ÚYÚYOPHPV÷ß�NKVrÙ�QEß�FIH{ß¿g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ§ëpÛ]H

2.8 W m−1 K−1 ^�Ø�FMßñèjFIÝKÝKJMß�NYßìä QZàÞlß�FMLYçfOPHPV7Q�ß�ÝKNKOPV S{Ù�QTß�F
0.6%

^I¦�H SPß�NV�vFIÝYß�N'Ù�ÝKOPNàÔ{H{SPß�ÝBÚKFML'ç÷ß�FIH{ß,gñï�Nuí ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ_ëpÛ]H
2.9 W m−1 K−1 íZÞlÛ]èjFIÝkSZFMß�ä HPæ¤Ù]Ú'ÚKOPHPVªÙ�JMÚqß�N�ÜðÛ]JIVgNYß�FMLYçwÙ�HPå[O{ÚYß�ç{ß�HzFMÚKÝu^ØkFMßìä HPæ¤Ù]Ú'ÚKOPHPV èjFIÝ§SPß�è Ù�H¤Ù�JIXfÝKFMÚ'LYç{ß�H ÿGNYÛ]VgN'Ù�èjè ß�NKVrÙ�Q%ß�FIH{ß gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ¨ëpÛ]H
2.677 W m−1 K−1 ^
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ä O{L'çzSZFMß|ä HPæ¤Ù]ÚYÚYOPHPV~ÜbòPN nZÙ�H{SPÚKÝYß�FIHzß�NKVrÙ�Qzß�FIH{ß|ÚYß�çPN�VgOPÝYßzKkQTß�NYß�FIH{ÚKÝKFIèjè\OPHPV{íPÞ�FMß|äkQPQPFIJMSZOPHPV
�Z^ � ?~åuß�FIVgÝu^
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Zeit (s)
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°C
)

modellierte Daten
gemessene Daten

ρ
­
2600 kg m3

cp
­
710 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­ � ?jÚ
y�ß�FIåuS{Ù�O{ß�Nu­Pæ@?@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ih@�Eg
Tinit

­
31.7 ◦C

äkQPQPFIJMSZOPHPV��Z^ � ?Z­Pº�ß�NKVgJMß�FMLYç-ëpÛ]HmVpß�è�ß[ÚYÚYß�H{ß�HxOPH{Soè�ÛfSPß�JIJIFMß�NKÝYß�H-Ø|Ù�ÝYß�HzQ�ß�F�nZÙ�H{SPÚYÝYß�FIH
^
ä JMÚ¬ùGNKVpß�QPHPFMÚ´QPN'Ù]LYçrÝYßìSZFMßñãxÛUSPß�JIJIFMß�NKOPHPV èjFIÝ´â�ù�ã£�
äiÓ]å ß�FIH{ßSg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ�ëpÛ]H
2.0 W m−1 K−1 íTÞRÙ]Ú+SPß�è �vFIÝYß�N'Ù�ÝKOPNKÞRß�NKÝtß�HfÝYÚKæPNKFMLYçfÝu^�Ø�FMßjäkQrÞlß�FML'çrOPHPVwQTß�åuÛ]Vpß�H2Ù�OZÜqSZFMßjãxÛ�à
SPß�JIJMS{Ù�ÝYß�H�QTß�ÝKN'ï�VgÝqFIè ã�FIÝKÝYß�J�HrOPNi?Z^  ��

%
^

ä O{L'ç`SZFMßEÓ�ß�NYß[L'çPHrOPHPV�èjFIÝ�SPß�N�Ù�H¤Ù�JIXUÝKFMÚYLYç{ß�H2ãxß�ÝKç{ÛUSPßtQPN'Ù]LYçrÝYßªß�FIH8ÚYß�çPN}VgOPÝYß[Ú�ùGNKVpß�QPHPFMÚ|ëpÛ]H
2.01 W m−1 K−1 ^
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ØkFMß�äkHPæ¤Ù]ÚYÚKOPHPV�ÜbòPN�ãwÙ�NKè�Û]N�QPN'Ù]LYçfÝYß ß�FIH{ß�HPFML'çrÝlVrÙ�HPå ÚYÛ�VgOPÝYß]KkQ�ß�NYß�FIH{ÚKÝKFIèjè+OPHPV\å[Þ�FMÚYL'ç{ß�HªSPß�N
Vpß�è�ß[ÚYÚYß�H{ß�HwOPH{S-è�ÛfSPß�JIJIFMß�NKÝYß�H5è}OPNKëpß�x¼ÚKFMß�ç{ß~äkQPQPFIJMSZOPHPVt�Z^ �Ñ� �qÞ�FMßtå[OPèúÓ�ß�FMÚKæPFMß�J�Q�ß�F�Ö�N'Ù�HPFIÝuí
SPß�HPH{ÛfL'çõFMÚKÝmSZFMßwèjFIÝKÝKJMß�NYß`äkQrÞlß�FML'çrOPHPVµèjFIÝ � ^�æ@�@�

%
FIèjè�ß�NzH{ÛULYçñQTß[ÚYÚYß�NoFMÚKÝzÙ�JMÚoQ�ß�F|ëUFMß�JMß�H

ç{ß�NKá�h]èjèjJIFML'ç{ß�Hµã-ß�ÝKç{ÛfSPß�H
^GØ|Ù�QTß�F ÚKÝKFIèjè+ÝWS{Ù]Ú�ùGNKVpß�QPHPFMÚWëpÛ]H
2.6 W m−1 K−1 VgOPÝjèjFIÝWSPß�HSZOPNYLYç{ÚYL'çPHPFIÝKÝKJIFMLYç{ß�H��vFIÝYß�N'Ù�ÝKOPNKÞlß�NKÝYß�HwëpÛ]H

2.8 W m−1 K−1 òPQ�ß�NYß�FIH
^ØkFMß+Ù�H¤Ù�JIXfÝKFMÚYL'ç{ß�ã-ß�ÝKç{ÛfSPß|QPN'Ù]L'çrÝYß\èjFIÝ
2.677 W m−1 K−1 ß�FIH{ß�H�ß�QTß�H{ÚYÛjNYßuÙ�JIFMÚYÝKFMÚYLYç{ß�H�g`ß�NKÝu^
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)

modellierte Daten
gemessene Daten

ρ
­
2700 kg m3

cp
­
800 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­ � ?jÚ
y�ß�FIåuS{Ù�O{ß�Nu­Pæ@?@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ih@�Eg
Tinit

­
29.85 ◦C

äkQPQPFIJMSZOPHPV��Z^ �Ñ� ­Pº�ß�NKVgJMß�FML'ç�ëpÛ]HzVpß�è�ß[Ú'ÚYß�H{ß�HzOPH{Smè�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HzQTß�F
ã-Ù�NKè�Û]Nu^

ØkFMßÕÓ�ß[ÚKÝKFIèjè\OPHPVjSPß�N�gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ�SPß�N�Ó�Ù�O{ÚYÝYÛvLTßkVpß�JêÙ�HPV~VgOPÝu^fØ�FMß�ä QfÞlß�FMLYçfOPHPVpß�H�å[Þ�Föà
ÚYLYç{ß�HzSPß�Hoè�ÛUSPß�JIJIFMß�NKÝYß�HmOPH{SªVpß�è�ß[Ú'ÚYß�H{ß�HmØ}Ù�ÝYß�HmQTß�ÝKNKOPV~FIHoápß�FIH{ß�è�âsÙ�JIJvè�ß�çPN�Ù�JMÚ

20%
íUFIHmSPß�N

§ ß�Vpß�JqOPHfÝYß�N
5%
íGÞRÙ]Úªß�FIH´ÚYß�çPN�VgOPÝYß[ÚªùGNKVpß�QPHPFMÚ�FMÚKÝu^Gy�ß�NKákh]èjèjJIFMLYç{ß-ã-ß�ÝKç{ÛfSPß�H´åuß�FIVpß�H§â{ß�çPJöà

ß�NKVpß�H¤Ù�OPFIVgápß�FIÝYß�HìëpÛ]H
5% − 20%

í S{Ù�ç{ß�Nzá]Ù�HPHìSZFMß8ãxÛUSPß�JIJIFMß�NKOPHPV§SPß�NzùOøYG�ä|nUù�à�Ø|Ù�ÝYß�H#èjFIÝ
â�ù�ã��
äÕÓ å Ù�JMÚqèjFIH{SPß[ÚKÝYß�H{Ú ß�QTß�H{ÚYÛjå[OPëpß�NKJêï]ÚYÚYFIV�Q�ß�åuß�FML'çPH{ß�Ý ÞRß�NYSPß�H
^
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É�Ì1¹}»
³kß�QTß�H�SPß�H´FIè4ëpÛ]NKç{ß�NKFIVpß�H¨ä Q{Ú'LYçPHPFIÝKÝ�QTß[ÚYLYçPNKFMß�QTß�H§ã-ß[ÚYÚKOPHPVpß�H�Ù�HSÖ}ß[ÚKÝYß�FIH{ß�H´Þ�OPNYSPß�H¨Ù�O{LYç
Ù�H{SPß�NYß�g`ß�NKáZÚKÝYÛvLTß�OPHrÝYß�NYÚKO{L'çrÝu^�ä H`SPß�H_SZNYß�F�Ó�ß�FMÚKæPFMß�JMß�HBëpÛ]HàG�ß î Û]H
í�Ö}JêÙ]ÚYÚYLYç¤Ù�OPè OPH{S_nZÙ�H{S
ÚYÛ]JIJ�Vpß�åuß�FIVgÝ�Þlß�NYSPß�H
í�S{Ù]Ú'ÚjSZFMßmãxß�ÝKç{ÛUSPßoSPß�N�ÓRß[ÚYÝKFIèjè\OPHPVBSPß�N�gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ©Ù�O{LYç§Ù�H
ÚYÛ]JMLYç{ß�H-ã-Ù�ÝYß�NKFêÙ�JIFMß�Hzå[OPëpß�NKJêï]Ú'ÚKFIVpß�ùGNKVpß�QPHPFMÚYÚ'ß�JIFMß�Üðß�NKÝu^
\ 
^]�4��
ØkFMß+ÝKç{ß�NKèjFMÚYL'ç{ß�H`ùGFIVpß�H{ÚYLYç¤Ù�Ü¼ÝYß�H8ëpÛ]H�G�ß î Û]H8ÚKFIH{SxVgOPÝ}Q�ß�ágÙ�HPHrÝuíTS{Ù�ç{ß�N�á]Ù�HPH8S{Ù]Ú}ã-Ù�ÝYß�NKFêÙ�JGÙ�JMÚ
§ ß�Üðß�NYß�HPåtOPH{SwùGFML'çrOPHPVoÜ¼òPN|SZFMß+H{ß�O{ß�H�G�ç{ß�NKèWÙ�JMÚYÛ]H{SPß�H8Vpß�HfOPÝKå[Ý|Þlß�NYSPß�H
^
Ø}ß�N}ãxß[Ú'Ú'Ù�OZÜbQ¤Ù�O-FMÚKÝ
FIH�ä QPQPFIJMSZOPHPV��Z^ � h×xbJIFIHPáUÚ��RS{Ù�NKVpß[ÚKÝYß�JIJIÝu^
Ø�ß�Ni�vFIÝYß�N'Ù�ÝKOPNKÞlß�NKÝ�FMÚKÝ

0.25 W m−1 K−1 íZVpß�H¤Ù�O-SZFMß[ÚYß�N�QPN'Ù]LYçfÝYßtÙ�O{L'çxSZFMß}QTß[ÚKÝYß|äkHPæ¤Ù]ÚYÚKOPHPVªÙ�HSZFMß�ãxÛUSPß�JIJIáUOPNKëpßg^{Ø�FMß}èjFIÝKÝKJMß�NYß\äkQrÞlß�FML'çrOPHPV©Q�ß�ÝKNKOPV�?Z^ � »  
%
^

ä O{L'çzSZFMß�Ù�H¤Ù�JIXfÝKFMÚYL'ç{ß�Hxã-ß�ÝKç{ÛfSPß�JIFMß�Üðß�NKÝYß�ß�FIHmVgOPÝYß[Ú�ùGNKVpß�QPHPFMÚ ëpÛ]H
(0.26− 0.276) W m−1 K−1 ^
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modellierte Daten
gemessene Daten

ρ
­
2200 kg m3

cp
­
1250 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­��~Ú
y�ß�FIåuS{Ù�O{ß�Nu­¤»@?@?jÚ
y�ß�FIå[JMß�FMÚKÝKOPHPV{­�?Z^ih�g
Tinit

­
32.54 ◦C

ä QPQPFIJMSZOPHPV&�Z^ � hZ­:�vFIHPáZÚu­�G�ß î Û]HfQPJMÛfL'á¨èjFIÝzùOøÕG�ä}nUùGà±G�ç{ß�NKèWÙ�JMÚYÛ]H{SPßg^-§kß[LYçrÝYÚé­�º�ß�NKVgJMß�FMLYçõëpÛ]H
Vpß�è�ß[ÚYÚYß�H{ß�HzOPH{Smè�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HzQTß�F'G�ß î Û]H
^



��ÛFÜ'Û±°�$�½m²�$'#
%
$')3�(W�²��!�����b²�"r² � »@�

� �6��u�u768m
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ùGFIH´Þlß�FIÝYß�NYß[ÚªVgOPÝWSPß�Ô{HPFMß�NKÝYß[Ú�Ó�Ù�OPèWÙ�ÝYß�NKFêÙ�JkFMÚKÝ�Ö�JêÙ]ÚYÚ'LYç¤Ù�OPèzí�S{Ù]Ú'ÚWÙ�OZÜbVgNKOPH{S�ÚYß�FIH{ß�N�Vpß�NKFIHPVpß�H
g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ+ç¤ï�OÑÔ{VwÙ�JMÚ\ãwÙ�ÝYß�NKFêÙ�J�å[OPN<gñï�NKè�ß[S{ï�èjè\OPHPVwß�FIHPVpß[ÚYß�ÝKå[Ý+Þ�FINYSv^
Ó�ß�F�SZFMß[ÚYß�è
º�ß�NYÚKO{LYç§Þ�OPNYSPß�ß�FIH{ßtG�ç{ß�NKèWÙ�JMÚ'Û]H{SPß�ÝYß�FIJIÞRß�FMÚYßzFIH�ß�FIH{ß�è ÓRJMÛfL'á�Ù�O{ÚHG�ß î Û]H§OPH{S´ÝYß�FIJIÞRß�FMÚYßzFIH
ß�FIH{ß�èùÓRJMÛfL'á�Ù�O{ÚáÖ�JêÙ]ÚYÚ'LYç¤Ù�OPè÷FIH{ÚYÝ'Ù�JIJIFMß�NKÝu^ÑÝsOPè º�ß�NKVgJMß�FML'çªÞ�OPNYSPß�H©å[Þlß�FvnUß�H{ÚYÛ]NYß�HWQTß�H¤Ù]LYçfQ¤Ù�NKÝYß
xbOPH{S2S{Ù�èjFIÝjï�çPHPJIFMLYç±VgNYÛ8�pß(�tnUß�H{ÚYÛ]NYß�H2QTß�ç{ß�FIå[Ýuí�ëpÛ]H_SPß�H{ß�H±SPß�N+ß�FIH{ß©ÚKFMLYç_FIè¨G�ß î Û]H±OPH{S2SPß�N
Ù�H{SPß�NYßªFIèãÖ�JêÙ]ÚYÚYL'ç¤Ù�OPè Q�ß�Ü�Ù�H{Sv^�Ø|Ù�QTß�FlÞ�OPNYSPß©ß�FIH2VgNYÛ8�pß�N~åuß�FIÝKJIFML'ç{ß�N~äkQ{ÚKÝ'Ù�H{S2å[Þ�FMÚYLYç{ß�H¬SPß�H
Q�ß�FMSPß�Hµãxß[ÚYÚYOPHPVpß�H�ß�FIHPVpß�ç¤Ù�JIÝYß�H
ílS{Ù�èjFIÝ©ÚKFMßzÚKFML'ç´HPFMLYçfÝªVpß�Vpß�H{Ú'ß�FIÝKFIVBQTß[ß�FIH î O{ÚYÚYß�H
^�äkQPQPFIJMSZOPHPV
�Z^ �@� åuß�FIVgÝ SZFMß|QTß�FMSPß�H×G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜ¼ß+FIè º�ß�NKVgJMß�FML'ç
^
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Glasschaum
Teflon

ä QPQPFIJMSZOPHPVV�Z^ �@� ­�º�ß�NKVgJMß�FML'ç�SPß�N�G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜ¼ßxß�FIH{ß[ÚWnUß�H{ÚYÛ]NYÚjFIèãG�ß î Û]HZà±ÓRJMÛULYá xbVgNKòPHP�
OPH{SmFIèbÖ�JêÙ]ÚYÚYL'ç¤Ù�OPè xbQPJêÙ�OP��^

ä O{Ú�äkQPQPFIJMSZOPHPVz�Z^ �@� Þ�FINYStQTß�NYß�FIÝYÚ�SPß�OPÝKJIFML'ç
ígS{Ù]ÚYÚ�SZFMßRQ�ß�FMSPß�H~ã-Ù�ÝYß�NKFêÙ�JIFMß�H�SPß�OPÝKJIFML'çjOPHrÝYß�NYÚYL'çPFMß[SUà
JIFMLYç{ßNg¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝYß�H8ç¤Ù�Q�ß�H
í¤ÞRÙ]Ú�ÚKFMLYç-FIHxSPß�Hxëpß�NYÚYLYçPFMß[SPß�H{ß�H8äkH{ÚKÝKFMß�Vpß�HwSPß�NiG�ß�èjæTß�N'Ù�à
ÝKOPNKáfOPNKëpß�HxÙ�QPåuß�FML'çPH{ß�Ýu^
ØkFMßáÓ�ß�NYß[LYçPHfOPHPV\SPß�N3g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝGëpÛ]HHÖ�JêÙ]ÚYÚYL'ç¤Ù�OPè#èjFIÝGâ�ù�ã£�
äÕÓ å ß�NKVrÙ�Q~ß�FIH{ß�H�g`ß�NKÝ
ëpÛ]H

0.01 W m−1 K−1 OPH{S8JêÙ�VxS{Ù�èjFIÝ�Þlß�FIÝ�OPHfÝYß�N+SPß�è �
FIÝYß�N'Ù�ÝKOPNKÞlß�NKÝtëpÛ]H
0.045 W m−1 K−1 ^ù�Úqß�NKVrÙ�Q�ÚKFML'ç�ß�FIH{ß|èjFIÝKÝKJMß�NYß+ä QfÞlß�FMLYçfOPHPVªëpÛ]H-»Z^ ���

%
FIèóº�ß�NKVgJMß�FMLYçxå[O�SPß�H�ã-ÛfSPß�JIJMS{Ù�ÝYß�H
^
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modellierte Daten
gemessene Daten

ρ
­
2200 kg m3

cp
­
1250 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­��jÚ
y�ß�FIåuS{Ù�O{ß�Nu­s»@?@?~Ú
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^ � æ@æ�g
Tinit

­
32.54 ◦C

ä QPQPFIJMSZOPHPV×�Z^ �v  ­�º�ß�NKVgJMß�FMLYç8å[Þ�FMÚYL'ç{ß�HwVpß�è�ß[ÚYÚYß�H{ß�HwOPH{S�è�ÛUSPß�JIJIFMß�NKÝYß�H8Ø|Ù�ÝYß�H-ëpÛ]H5Ö�JêÙ]ÚYÚ'LYç¤Ù�OPè
èjFIÝ SPß�N â�ù�ã£�
äiÓ:åzà�ãxß�ÝKç{ÛUSPßg^
_E
Ju�q(o`;a;j���
��	�
�7cbbn�7E;5
��6
Jo!q7C±n�m�o6��p�
�o!qÕþ�4P� \ 
d]34P�a;Vo!qÕ����q�
�7vu768m�o6
�	3��oe6vm�
J�5�×
Jo6���6
Jo6u	f
q(������
��
ß è å[Oªåuß�FIVpß�H
írS{Ù]ÚYÚlSZFMß:gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ�OPH¤Ù�QPç¤ï�HPVgFIVtëpÛ]HªSPß�N�Vpß�Þ ï�çPJIÝYß�Hoykß�FIå[JMß�FMÚYÝKOPHPV\FMÚKÝuí
Þ�FINYSzFIH�SZFMß[ÚYß�è%ä Q{Ú'LYçPHPFIÝKÝ}SZFMß�ùGNKVpß�QPHPFMÚYÚYß+ß�FIH{ß�Nkã-ß[ÚYÚKOPHPV©S{Ù�NKVpß[ÚKÝYß�JIJIÝuí{FIH-SPß�N-G�ß î Û]H-èjFIÝkSZNYß�F
OPHrÝYß�NYÚYL'çPFMß[SZJIFMLYç{ß�H,�
ß�FMÚKÝKOPHPVpß�H`QTß�ç{ß�FIå[Ý|Þ�OPNYSPßg^
ù�Ú�Þ�OPNYSPßÕD�ß�ÞRß�FIJMÚtnUß�H{ÚYÛ]N ��� Vpß�HfOPÝKå[Ýuí
ÚYÛmS{Ù]ÚYÚ
Ù�JIJMßRÿ�Ù�N'Ù�è�ß�ÝYß�NlÙ�O��pß�N�SPß�NGy�ß�FIå[JMß�FMÚKÝKOPHPV|FMSPß�HrÝKFMÚYL'çjÞRÙ�NYß�H
^gØ}ß�NGãxß[Ú'Ú'Ù�OZÜbQ¤Ù�O~Þ�Ù�N�S{Ù�QTß�FZFMSPß�HrÝKFMÚYL'ç
å[O_äkQPQPFIJMSZOPHPV5�Z^ � hZ^�Ø}ß�N�nUß�H{ÚYÛ]NtÞ�OPNYSPß<DKß�Þlß�FIJMÚj»@?@?8nUß�áUOPH{SPß�H2JêÙ�HPVwQTß�ç{ß�FIå[Ý7T�SZFMß©Vpß�Þ ï�çPJIÝYß�H
ykß�FIå[JMß�FMÚKÝKOPHPVpß�H ÞRÙ�NYß�H

0.199 W
í

0.398 W
OPH{S

0.797 W
^ Ø�FMß�G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜðß2SPß�NzSZNYß�F

ãxß[ÚYÚYOPHPVpß�H_ÚKFIH{SBFIH_äkQPQPFIJMSZOPHPV��Z^ � ��S{Ù�NKVpß[ÚKÝYß�JIJIÝu^�äkJIJMßWÿ�Ù�N'Ù�è�ß�ÝYß�NuíGSZFMßWå[OPN�Ó�ß[ÚKÝKFIèjè\OPHPV8SPß�N
g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ}Q�ß�HfOPÝKå[Ý Þ�OPNYSPß�H
í�ÚKFIH{SzFIHtG�Ù�Q�ß�JIJMß��Z^ihWÙ�OZÜ¼Vpß�Ü¼òPçPNKÝu^¤Ø}Û]NKÝ]Ô{H{SPß�H-ÚKFMLYçwÙ�O{LYç
SZFMß+ùGNKVpß�QPHPFMÚ'ÚYß+SPß�N}ã-ÛfSPß�JIJIFMß�NKOPHPVªÜbòPN�SZFMß<gñï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝ|OPH{S�SPß�N}D�ß�ÞRß�FIJIFIVpß+æPNYÛ]åuß�HfÝKO¤Ù�JMß
â{ß�çPJMß�Nu^�Ø�FMßmS{Ù�å[OPVpß�ç�h]NKFIVpß�Hµº�ß�NKVgJMß�FMLYç{ßzå[Þ�FMÚ'LYç{ß�H§SPß�H�è�ÛfSPß�JIJIFMß�NKÝYß�H§OPH{S±Vpß�è�ß[ÚYÚYß�H{ß�H§Ø|Ù�ÝYß�H
ÚKFIH{SoFIH�äkQPQPFIJMSZOPHPV��Z^ � »jS{Ù�NKVpß[ÚKÝYß�JIJIÝu^
ä O{Ú�SPß�N�G�Ù�QTß�JIJMßkFMÚYÝRß�NYÚKFML'çrÝKJIFML'ç
í{S{Ù]ÚYÚ�SZFMßkäkHPæ¤Ù]ÚYÚKOPHPVpß�HoèjFIÝ�â�ù�ã£�
äiÓ å Ú'ß�çPNlVgOPÝRÞRÙ�NYß�H
í{Ù�JIJMß
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Heizleistung = 0.199 W
Heizleistung = 0.398 W
Heizleistung = 0.797 W

ä QPQPFIJMSZOPHPVz�Z^ � �Z­éº�ß�NKVgJMß�FML'çjSPß�N�G�ß�èjæTß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜðß�ëpÛ]H~nUß�H{ÚYÛ]N ��� QTß�FfSZNYß�FUëpß�NYÚYLYçPFMß[SPß�Htç{Û]ç{ß�H
ykß�FIå[JMß�FMÚKÝKOPHPVpß�H
^

ÿ�Ù�N'Ù�è�ß�ÝYß�N
0.199 W 0.398 W 0.797 W

ρ (kg/m3)
hgh@?@? hgh@?@? hgh@?@?

cp (J kg−1 K−1)
� h@�@? � h@�@? � h@�@?

Tinit(
◦C)

�Ñ� ^   æ �Ñ� ^�� � �Ñ� ^��  
ä QPÝ'Ù]ÚKÝKN'Ù�ÝYß�x¼Ú¤� � � �
ykß�FIåuS{Ù�O{ß�NNx¼Ú�� »@?@? »@?@? »@?@?
ykß�FIå[JMß�FMÚKÝKOPHPV£x6gÍ� ?Z^ � æ@æ ?Z^ � æ@� ?Z^��8æk�
g¨ï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝEx

W m−1 K−1 � gihkjml gihkj�n g�h�jmo
èjFIÝKÝKJ�^{ä QfÞlß�FML'çrOPHPV5x

%
� ?Z^�?@æ@? ?Z^   �   ?Z^��   æ

G�Ù�QTß�JIJMß×�Z^ihZ­GùGFIHPVpß[ÚYß�ÝKå[ÝYßmÿ�Ù�N'Ù�è�ß�ÝYß�N�Ü¼òPNtSZFMßmã-ÛfSPß�JIJIFMß�NKOPHPV8èjFIÝjâ�ù�ã£�
äÕÓ]å ÜbòPN�G�ß î Û]H¬Q�ß�F
SZNYß�F
ëpß�NYÚYLYçPFMß[SPß�H{ß�H-ykß�FIå[JMß�FMÚYÝKOPHPVpß�H
^
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L(�

ä QPQPFIJMSZOPHPVI�Z^ � »Z­�º�ß�NKVgJMß�FMLYçjå[Þ�FMÚYL'ç{ß�HjVpß�è�ß[ÚYÚYß�H{ß�H~OPH{Stè�ÛfSPß�JIJIFMß�NKÝYß�H�Ø|Ù�ÝYß�HtëpÛ]H�G�ß î Û]HjQTß�FUSZNYß�F
ëpß�NYÚYLYçPFMß[SPß�H{ß�H±ykß�FIå[JMß�FMÚYÝKOPHPVpß�HÂxðÙk�

0.199 W
í�QP�

0.398 W
í�L(�

0.797 W
��èjFIÝ\SPß�N\â�ù�ã£�
äÕÓ å à

ãxß�ÝKç{ÛUSPßg^
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sQ����	
ùGFIHzÞlß�FIÝYß�NYß[ÚkOPHrÝYß�NYÚYO{LYçrÝYß[Ú}ãwÙ�ÝYß�NKFêÙ�J�Þ�Ù�N�nZÙ�H{Sv^¤Ø�FMß[ÚYß�NqÞRß�FMÚKÝ ß�FIH{ß|ÞRß�FIÝYß<Ó�Ù�H{SZQPNYß�FIÝYß+Ù�Htg¨ï�N�à
è�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝYÚKÞRß�NKÝYß�H´Ù�OZÜ�í
Ù�QPç¤ï�HPVgFIVxëpÛ]H`SPß�HBã-Ù�ÝYß�NKFêÙ�JMß�FIVpß�H{Ú'LYç¤Ù�Ü¼ÝYß�H2OPH{S`SPß�N+â{ß�O{LYçfÝYßWSPß[Ú
nZÙ�H{SPß[Úix

(0.2−2) W m−1 K−1 ��^k¦�è çPFMß�N�QTß[ÚYLYçPNKFMß�QTß�H{ß�Hªâ¤Ù�JIJsç¤Ù�H{SPß�JIÝYßqß[Ú�ÚYFMLYç�OPè Üðß�FIHPákh]NKHPFIVpß�HnZÙ�H{Sví¤SPß�Nqå[OPëpÛ]NqFIHxß�FIH{ß�èbG
NYÛULYápß�H{Ú'LYçPN'Ù�HPázVpß�ÝKNYÛULYáUH{ß�Ý Þ�OPNYSPßg^Pß HPVpß�Ü�ï�çPNkh@?��vFIÝYß�NkÞ�OPNYSPß�H�FIH
ß�FIH{ß�H-ÿGNYÛ]QTß�HrQTß�ç¤ï�JIÝYß�N|Vpß�Ü¼òPJIJIÝkOPH{S-ß�FIH{ßNG�ç{ß�NKèWÙ�JMÚ'Û]H{SPß+FIHwSPß�N}ã�FIÝKÝYß+FIH{ÚKÝ'Ù�JIJIFMß�NKÝ�x¼ãxß[ÚYÚ Ù�OZÜbQ¤Ù�O
Vpß�èWïv�xäkQPQPFIJMSZOPHPV£�Z^ � �@��^�ù�Ú�Þ�OPNYSPß�HBè�ß�çPNYß�NYßmnUß�H{ÚYÛ]NYß�H2Q�ß�ç{ß�FIå[Ýuí
ß�IPß�èjæPJêÙ�NKFMÚYL'ç2ÞRß�NYSPß�H2çPFMß�N
SZFMß�ùGNKVpß�QPHPFMÚYÚYß�ëpÛ]H-nUß�H{ÚYÛ]NiætëpÛ]NKVpß[ÚKÝYß�JIJIÝu^

ä QPQPFIJMSZOPHPV��Z^ � �U­{ãxß[Ú'Ú'Ù�OZÜbQ¤Ù�OzÜbòPNqSZFMß|ùGNKèjFIÝKÝKJIOPHPVoSPß�N:gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ�ëpÛ]H-nZÙ�H{Sv^

ÓRß�F
ß�FIH{ß�N:gñï�NKè�ß�JMß�FIÝ�Ü�ï�çPFIVgápß�FIÝqëpÛ]H
0.35 W m−1 K−1 Þ�OPNYSPß|ß�FIH{ß|ÚYß�çPN�VgOPÝYß�äkHPæ¤Ù]ÚYÚKOPHPV�Ù�HzSZFMßãxÛUSPß�JIJIáfOPNKëpßªß�NKNYß�FMLYçfÝ�x¼ÚKFMß�ç{ßWä QPQPFIJMSZOPHPVj�Z^ � �k��^�Ø}ß�N<�vFIÝYß�N'Ù�ÝKOPNKÞRß�NKÝ+Ü¼òPN�ÝKNYÛULYápß�H{ß�H´nZÙ�H{S`JIFMß�VgÝ

ß�Q�ß�HZÜ�Ù�JIJMÚGQTß�F
0.35 W m−1 K−1 ��^gØ|Ù�Q�ß�FPQTß�ÝKN'ï�VgÝ�SZFMß�èjFIÝKÝKJMß�NYßkä QfÞlß�FMLYçfOPHPV+å[OPè)ãxÛUSPß�JIJ

1.47 %
^

ã�FIÝ�SPß�NqÙ�H¤Ù�JIXfÝKFMÚYL'ç{ß�Hzãxß�ÝKç{ÛUSPß�Þ�OPNYSPß�Hmè�ß�çPNYß�NYß�è�h]VgJIFMLYç{ß�ùGNKVpß�QPHPFMÚ'ÚYß�Q�ß[ÚKÝKFIèjè+ÝuíZÚYÛ~ß�NKVrÙ�Q�ß�H
ÚKFMLYç�g`ß�NKÝYß}å[Þ�FMÚYL'ç{ß�H

0.26 W m−1 K−1 OPH{S 0.53 W m−1 K−1 íUÞRÙ]Ú�åuß�FIVgÝuíPS{Ù]ÚYÚRH{ÛULYç�ß H{ÚYFMLYç{ß�N�àç{ß�FIÝYß�HzFIH�SPß�Nqã-ß�ÝKç{ÛfSPß|QTß[ÚKÝYß�ç{ß�H
^
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modellierte Daten
gemessene Daten

ρ
­
1400 kg m3

cp
­
800 J kg−1 K−1

äkQPÝ'Ù]ÚKÝKN'Ù�ÝYßg­��jÚ
y�ß�FIåuS{Ù�O{ß�Nu­ � h@?@?jÚ
y�ß�FIå[JMß�FMÚKÝKOPHPV{­P?Z^i»@?@��g
Tinit

­
15.92 ◦C

ä QPQPFIJMSZOPHPV��Z^ � �Z­Pº�ß�NKVgJMß�FMLYçxëpÛ]HzVpß�è�ß[ÚYÚYß�H{ß�HzOPH{Soè�ÛUSPß�JIJIFMß�NKÝYß�HxØ|Ù�ÝYß�HzQTß�F�nZÙ�H{Sv^



��ÛI��Ûqp�%
���3�Y�k²�$ 0 �����(%'$')Í#�²�*2�7��*
�k²�"r²��  10 ���'�6)�2�²��  �v�k²��(��%'$')�²�$ � � �

�YX�� r [ Ä Ètsus �G�+Ç[È Ä¤Ä [t�Ee ^ � vGw xZv2s �GÏY�GÐK�sÇyxq�tÐ�e�zq�GÐ�� Ä s � Ä¤Ä [+�Eeq�G�

¦�H�SZFMß[Ú'ß�èÁè�Ù�æPFIÝYß�J ápÛ]HPHfÝYß-Ù�HPç¤Ù�H{S�ëpÛ]H&Ó�ß�FMÚKæPFMß�JMß�H�Vpß�åuß�FIVgÝªÞlß�NYSPß�H
í�S{Ù]Ú'ÚWSZFMßmH{ß�O{ßxãxß�ÝKç{Û�à
SPß\å[OPNzÓ�ß[ÚKÝKFIèjè\OPHPVmSPß�NYgñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝ|èjFIÝ}â�ù�ã���äiÓ]å¯å[OPëpß�NKJêï]ÚYÚYFIVªÜ¼OPHPáUÝKFMÛ]HPFMß�NKÝu^�Ø�FMß
èjFIÝKÝKJMß�NYß�Hwâ¤ß�çPJMß�N}SPß�N�Vpß�è�ß[ÚYÚYß�H{ß�H�G�ß�èjæ�ß�N'Ù�ÝKOPNKáUOPNKëpß�H8FIèEº�ß�NKVgJMß�FML'çwå[O-SPß�H-èjFIÝ�â�ù�ã£�
äÕÓ å
Q�ß�NYß[L'çPH{ß�ÝYß�HäG�ß�èjæ�ß�N'Ù�ÝKOPNKëpß�NKJêï�OZÜðß�H±ÞRÙ�NYß�HBòPQTß�NKÞ�FMß�Vpß�H{S_ÚYß�çPN�Vpß�NKFIHPV{í
FIH{ÚYVpß[Ú'Ù�è\Ý+JêÙ�Vpß�HBÚKFMßjFIH
Ù�JIJMß�Hzâ�ï�JIJMß�HxSPß�OPÝKJIFMLYçzOPHfÝYß�N

20%
^Pä O{L'çmFIèóº�ß�NKVgJMß�FMLYçzå[OzSPß�H×�vFIÝYß�N'Ù�ÝKOPNKÞRß�NKÝYß�Hÿx${kO{ß�JIJMß�HxÚKFMß�ç{ß

ä HPç¤Ù�HPVJ� ß�NKVrÙ�Q�ß�H-ÚKFMLYçxòPQ�ß�NKÞ�FMß�Vpß�H{SxVpß�NKFIHPVpßtä QfÞlß�FMLYçfOPHPVpß�H
^vØ|Ù]Úkâ�ù�ã£�
äÕÓ�åzà�ã-ÛfSPß�JIJ�Þlß�FMÚKÝ
H{ÛfL'çtß H{ÚYFMLYç{ß�NKç{ß�FIÝYß�H�QTß�F1gñï�NKè�ß�JMß�FIÝ�Üðï�çPFIVgápß�FIÝYß�HwÙ�OZÜ�íPSZFMß�SPß�OPÝKJIFML'ç�OPHfÝYß�N

0.01 W m−1 K−1 JIFMß�àVpß�H�TZÜbòPNqSZFMß[Ú'ß�H×g`ß�NKÝYß�Q�ß�NYß�FML'ç�è+O{ÚYÚ S{Ù]Úqã-ÛUSPß�JIJvH{ÛfL'ç�Û]æPÝKFIèjFMß�NKÝ ÞRß�NYSPß�H
^
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¤.´m²µ±�¯KåyÅd¦	­X¤�¦	¯·¦	´Ê¤.´ÖºX´^¯·¦	©·²µÎYçX¤�¦y¨Í§.¤�ÎYçm¦	´Kª¬´^°Ì¦	´m¨ÍºX´XÅd²·Åd¦	­X¤�¦�Á
¯·¦	´Ø¨X¦	©NÖc¦y¼7°�¤�²·²µ¦	´m²·ÎYç�±'Ã`¯·¦	´�±�§�²cÅ/ºX¯·¦Ñª¬§.¯·¦	©B´�±�¯B¤.Æd¦jåyº8çm¦	©B¾khE¶Ñ¶Ñ§.¤�ÎYçm¦	´äG�çm¦	©B¶»±�§.¶Ê¦y²·²·²B¸Í²B¯·¦	¶Ê¦	´
¦	©B°�¤�¦y²·¦	´8ç�±�¯7ÔiÕ1¤�¦�Æd¼E©Kçm¦	©Ù¨X¦�Ôm´X¤�¦	©B¯·¦	´a¯·¦yÎYçX´X¤�²·Î'çm¦	´Âx`²B¤�¦�çm¦�èÙ±�æX¤.¯·¦	§ � �¬ºX´m¨�°�¤�²·²·¦	´m²·Î'ç�±'Ãe¯B§.¤�Î'çm¦	´
x`ªt­m²·Î'çX´X¤.¯B¯i¦&Úz��Ý¥¤�¦	§�¦«°�ºX©·¨X¦	´�Æd¼E§.§�²B¯µÈ�´m¨Í¤.Å»¦	©�Ã`ËX§.§.¯7Ô
¯·¦yÎ'çX´X¤�²·ÎYçm¦�Ûm¼E©·¨X¦	©BºX´XÅ �'h/²·ºX´XÅ
§�¦	¤�Î'ç^¯¬¯B©µ±�´m²Kæ®¼E©B¯µ±�­2¦	§ Öc¦	°�¤�Î'ç^¯1´^ºX©i�Ü¾�Å
©·¼E­Xºm²·¯ZÅd¦	Åd¦	´×gØ¦	¯B¯·¦	©·¦	¤.´ÍÐmËm²·²·¦ °5±E²·²·¦	©�Ã)¦y²B¯
Å/©·¼8�d¦	©iG0¦	¶jæ2¦	©µ±�¯BºX©B­®¦	©·¦	¤�Î'ç −50 ◦C

­X¤�²
+60 ◦C¦	¤.´ÍÃ$±EÎYçm¦�Ý1±�´m¨Zç�±�­XºX´XÅ Åd¦	©B¤.´XÅd¦	©1Ä�¦y²·²,±�ºÍÃe°5±�´m¨

çm¼]çm¦ÞªtºÍÐ�h/²BºX´XÅ Î	¶ÖÁ±Ó5¦	©·¦	¤�ÎYç�³ �7ß Â�¦	´m²·¼E©·¦	´�ºX´^¯·¦	©·¦	¤.´�±�´m¨X¦	©
¶�hEÅ/§.¤�Î'çm²B¯ çm¼]çm¦ÞÄ�¦y²·²·Åd¦	´�±�ºX¤.Å/¾d¦	¤.¯ ≤ ?ÍÔ � èÅd¦	©B¤.´XÅd¦ÞÄ�±�¯·¦	©B¤k±�§Iå7¦	©·²B¯�hE©BºX´XÅ Â�¼E´m¨X¦	´m¨ÍºX©·Î'çX¶Ê¦y²·²·¦	©

10 mmÅd¦	©B¤.´XÅd¦	©igÏÈ�©B¶Ê¦�Ðmºm²µ²�¤.´�Æd¦	©B¯B¤.¾/±�§�¦	©-§Z¤�Î'ç^¯BºX´XÅ ²·Î'çX§�¦yÎYçÀ¯¬°tÈ�©B¶Ê¦	§�¦	¤.¯·¦	´m¨X¦y²1Ä�±�¯·¦	©B¤k±�§
°S¦	´X¤.Å»Úà¦	©B¾/±�­®¦	§.ºX´XÅ ´ÀºX© � èÙ±�­2¦	§
Ó5¦	´ÀºX¯Kå7¦	©·²·¼�Ãe¯&°S±�©·¦ ºX¶ÖÃ$±E²·²·¦	´m¨X¦�Â�¼�Ã`¯×°5±�©·¦

GD±�­2¦	§.§�¦ ß Ô �/á Ý¥ºm²µ±�¶Ñ¶Ê¦	´ÍÃ$±E²·²BºX´XÅ»¨X¦	©¬ªt´ÍÃ)¼E©·¨X¦	©BºX´XÅd¦	´�±�´�¨m±E²¬Ä�¦y²·²µ²B¸�²·¯·¦	¶âºX´m¨Ó¨Í¤�¦<�'h/²BºX´XÅd¦	´�Ô
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GD±�­2¦	§.§�¦ ß Ô � å7¦	¤.Å/¯7³¥¨m±E²µ²¬¨m±E²zÖc¦	©µÈ�¯c¨Í¤�¦Þ¯·¦yÎ'çX´X¤�²·ÎYçm¦	´�ª¬´ÍÃ`¼E©·¨X¦	©BºX´XÅd¦	´�¦	©�Ã`ËX§.§.¯7Ô¥Õ«±E²1½
´m¨X¦	©BÅd¦	­X´X¤�²
°S±�©Ñ¦	¤.´3Ä�¦y²·²µ²B¸�²·¯·¦	¶�³�°S±E²Ö¤.´@²·¦	¤.´m¦	©HÖc¦	´�±�ºX¤.Å/¾d¦	¤.¯Ö¶Ñ¤.´m¨X¦y²B¯·¦	´m²Ñ²·¼�Å/ºX¯Ö¤�²B¯Ü°�¤�¦ªçm¦	©B¾khE¶Ñ¶Ñ§.¤�Î'çm¦
Ä�¦y²·²·Åd¦	©µÈ�¯·¦«ºX´m¨Ó°Ì¦	§�Î'çm¦y² åyºm²,È�¯Kåy§.¤�ÎYç�¦	´À¯·²·ÎYçm¦	¤�¨X¦	´m¨X¦�Úà¼E©B¯·¦	¤.§�¦Ù¶Ñ¤.¯¬²B¤�ÎYç�­X©B¤.´XÅ/¯7Ô®Â�¼Ñ¾E±�´X´¿¶Ñ¤.¯3D�¦�Á
¨X¦	©c¨X¦	©IG�çm¦	©B¶»±�§�²µ¼E´m¨X¦	´a¨Í¤�¦�G0¦	¶jæ2¦	©µ±�¯BºX©ÙºX´m¨�±�ºmÎYçØ¨Í¤�¦�gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯Þ¦	¤.´m¦y²«Ä�±�¯·¦	©B¤k±�§�²
Å/§�¦	¤�ÎYçPå7¦	¤.¯B¤.Å�¤.´ �7ß G5¤�¦�Ã`¦	´�­®¦y²·¯B¤.¶Ñ¶Þ¯«°Ì¦	©·¨X¦	´�Ô1Ó5¦	¤.¶ú¦×´m²·¯µ±�§.§.¤�¦	©·¦	´�¨X¦y²<Ö«¦	©µÈ�¯·¦y²¬°�¤.©·¨�¨m±E²1ºX¶ÑÅd¦�Á
­®¦	´m¨X¦ÜÄ�±�¯·¦	©B¤k±�§ ¤.¶¹Úà¦	©BÅ/§�¦	¤�ÎYç8åyº�±�´m¨X¦	©·¦	´�Ä�¦	¯Kçm¼�¨X¦	´�¾/±�ºX¶¹Åd¦y²·¯�hE©B¯7Ô¥Õ1¤�¦�Úà¦	©�Ã)È�§�²·Î'ç^ºX´XÅd¦	´Ø¨X¦	©
Ä�¦y²·²µ¦	©BÅd¦	­X´X¤�²·²·¦5¨ÍºX©·ÎYç»¨Í¤�¦�Ä�¦	¯Kçm¼�¨X¦�²·¦	§.­m²B¯
²B¤.´m¨Ö²·¼1°Ì¦y²·¦	´À¯B§.¤�ÎYçMÅd¦	©B¤.´XÅd¦	©Ì±�§�² ­®¦	¤Zçm¦	©B¾khE¶Ñ¶Ñ§.¤�Î'çm¦	´
Ä�¦	¯Kçm¼�¨X¦	´�Ô
Úà¼E©Ü±�§.§�¦	¶è­2¦	¤Ç¨X¦	©EÓS¦y²·¯B¤.¶Ñ¶ÞºX´XÅ�¨X¦	©<gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯Ö­X¤�¦	¯·¦	¯�¨Í¤�¦»¤.´a¨Í¤�¦y²·¦	©Üªt©B­2¦	¤.¯ÙÆd¼E©BÅd¦�Á
²B¯·¦	§.§.¯·¦¿Ä�¦	¯Kçm¼À¨X¦¿Å/©·¼8�d¦¿Úà¼E©B¯·¦	¤.§�¦¿Åd¦	Åd¦	´^ËX­2¦	©KËX­X§.¤�ÎYçm¦	©B°Ì¦	¤�²µ¦�Åd¦	´ÀºX¯Kåy¯·¦	´ÉÄ�¦	¯Kçm¼�¨X¦	´�ÔÇ½
¤.´m¦�é
©·¼�Á
­®¦	´m¦	´À¯B´�±�çX¶Ê¦:¨X¦y²\åyºØºX´^¯·¦	©·²·ºmÎYçm¦	´m¨X¦	´=Ä�±�¯·¦	©B¤k±�§�²�¦	´À¯�Ã)È�§.§.¯7ÔDÕc±E²�Ä�±�¯·¦	©B¤k±�§S¾/±�´X´a¨Í¤.©·¦	¾À¯�¤.´a²·¦	¤êÁ
´m¦	©t´�±�¯BËX©B§.¤�ÎYçm¦	´�ß¬¶ÑÅd¦	­XºX´XÅm³�ºX´m¨�±�ºmÎYç�ËX­®¦	©¬§kÈ�´XÅd¦	©·¦�Ý®¦	¤.¯B©µÈ�ºX¶Ê¦+çX¤.´^°S¦	Åm³�ºX´À¯·¦	©·²BºmÎYçÀ¯«°Ì¦	©·¨X¦	´�Ô
Õ¬¤�¦K­2¦y²B¯B¤.¶Ñ¶�¯·¦	´rgØ¦	©B¯·¦KÃ`ËX©Ê¨Í¤�¦�gÏÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯·¦	´F°S¦	¤�²·¦	´=¤.´=¨X¦	©�§¬¦	Åd¦	§�Åd¦	©B¤.´XÅd¦	©·¦�Ûm¦�çÍÁ
§�¦	©BºX´m²B¤�ÎYçm¦	©Kçm¦	¤.¯·¦	´�±�ºÍÃD±�§�²�gØ¦	©B¯·¦/³�¨Í¤�¦�¶Ñ¤.¯5±�´m¨X¦	©·¦	´MÚà¦	©�Ã$±�çX©·¦	´»­2¦y²B¯B¤.¶Ñ¶Þ¯S°�ºX©·¨X¦	´�Ô�½à²àÅ/¤.­X¯låy°S±�©
¾d¼E¶Ñ¶Ê¦	©Kåy¤�¦	§.§�¦iÖc¦	©µÈ�¯·¦/³E¨Í¤�¦5¦	¤.´m¦lç�h]çm¦	©·¦5Ä�¦y²·²BÅd¦	´�±�ºX¤.Å/¾d¦	¤.¯Ç±�ºÍÃ`°Ì¦	¤�²·¦	´×x`²B¤�¦�çm¦�èÙ±�æX¤.¯·¦	§ � Ô�ëÍÔ�ëk��³E¨Í¤�¦y²·¦
Öc¦	©µÈ�¯·¦Ì¦	©B§k±�ºX­2¦	´ÕD�¦y¨X¼�ÎYçÜ´^ºX© ½
¤.´På7¦	§.¶Ê¦y²·²·ºX´XÅd¦	´�Ô/ªtº��d¦	©·¨X¦	¶�¾khE´X´m¦	´Ü¶Ñ¤.¯D¤IçX´m¦	´Ö¾d¦	¤.´m¦Sé
©·¼vÔm§.¶Ê¦y²�Á
²BºX´XÅd¦	´ÖºX´m¨�Æd¼E©à±�§.§�¦	¶�¾d¦	¤.´m¦5§kÈ�´XÅd¦	©�Ã`©B¤�²B¯B¤.Åd¦	´ÊÄ�¦y²µ²BºX´XÅd¦	´�ºX´À¯·¦	©àÛm¦	§�¨Í­2¦y¨Í¤.´XÅ/ºX´XÅd¦	´»¨ÍºX©·ÎYçXÅd¦�Ã`ËPçX©B¯
°Ì¦	©·¨X¦	´�Ô
Õ¬¤�¦S°�¤�²·²µ¦	´m²·ÎYç�±'Ã`¯B§.¤�ÎYçm¦	´�Ý¥¤�¦	§�¦/³E¨Í¤�¦Råyº�Ó5¦	Å/¤.´X´Ê¨X¦	© ½à´^¯×°�¤�Îµ¾À§.ºX´XÅÜ±�´Ö¨m±E²ÇÂÀ¸Í²B¯·¦	¶�Åd¦y²B¯·¦	§.§.¯ °�ºX©·¨X¦	´�³
¾d¼E´X´^¯·¦	´�¦	­2¦	´ÍÃ$±�§.§�²Z¦	©�ÃeËX§.§.¯t°Ì¦	©·¨X¦	´ á

ì ¦&´�¨X¦	©�ÓS¼�¨X¦	´X¾�ºX´m¨X¦»¾khE´X´m¦	´@¶Ñ¤.¯Ö¨X¦	¶í´m¦	ºm¦	´@Ä�¦y²µ²·²B¸Í²B¯·¦	¶ G0¦	¶jæ2¦	©µ±�¯BºX©�ÁÙºX´m¨àgÏÈ�©B¶Ê¦�Á
§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯·²KæX©·¼vÔm§�¦�±�ºÍÃ`Åd¦	´m¼E¶Ñ¶Ê¦	´�°Ì¦	©·¨X¦	´�Ô�½à²�¾khE´X´m¦	´�îÀº�±�§.¤.¯µ±�¯B¤.Æd¦Ùªtºm²µ²µ±�Åd¦	´KËX­®¦	©Z¨X¦	´
Öc¦�ç�±�§.¯ZºX´m¨¿¨Í¤�¦«ÚÇ±�©B¤k±�¯B¤�¼E´¿¨X¦	©-Ó5¼�¨X¦	´ÍÃ`¦	ºmÎ'ç^¯·¦ÙÅd¦	¶»±EÎ'ç^¯1°Ì¦	©·¨X¦	´�Ô

ì ¦&¶üÓ5¦	©·¦	¤�ÎYçØ¨X¦	©cÝ¬¸�¨Í©·¼EÅd¦y¼E§�¼EÅ/¤�¦Ö¾d¼E´X´À¯·¦	´�ga±E²·²·¦	©B¤.´^¯B©Bºm²·¤�¼E´m¦	´Ø¨X¦	¯·¦	¾À¯B¤�¦	©B¯c°Ì¦	©·¨X¦	´�ÔiÕ«±�¶Ñ¤.¯
­2¦y²B¯·¦�ç^¯Ù¨Í¤�¦Ö­2¦	©·¦yÎYçÀ¯B¤.Å/¯·¦Êªt´X´�±�çX¶Ê¦/³0¨m±E²·²«±�ºmÎYçïÂ�Î'ç�±E¨X²B¯·¼�ðÊ´^¯B©Bºm²B¤�¼E´m¦	´@¦	´^¯·¨X¦yÎµ¾À¯Þ°Ì¦	©·¨X¦	´
¾khE´X´m¦	´�TPåyºX¾�ËX´ÍÃe¯B¤.Åd¦zGD¦y²B¯·²Z²·¼E§.§�¦	´Ó¨Í¤�¦y²�­2¦	§�¦	Åd¦	´�ÔXª¬º��d¦	©·¨X¦	¶ñ¾d¼E´X´^¯·¦«Åd¦�å7¦	¤.Å/¯Z°S¦	©·¨X¦	´�³m¨m±E²·²
¨Í¤�¦£G�çm¦	©B¶»±�§�²·¼E´m¨X¦	´G±�ºmÎYçò¤.´ÉÂ�¼E´m¨Í¤�¦	©BºX´XÅd²B©·¼]çX©·¦	´¨åyºX©�G0¦	¶jæ2¦	©µ±�¯BºX©B­®¦y²·¯B¤.¶Ñ¶ÞºX´XÅ=¦	¤.´XÅd¦�Á
²·¦	¯Kåy¯Z°S¦	©·¨X¦	´¿¾khE´X´m¦	´�Ô

ì ¦&´�¨X¦	¶úÓ5¦	©·¦	¤�ÎYç�¨X¦	©zÖc§k±�åy¤�¼E§�¼EÅ/¤�¦�¾d¼E´X´À¯·¦Ü§kÈ�´XÅd¦	©�Ãe©B¤�²B¯B¤.Åd¦�GD¦	¶jæ®¦	©µ±�¯BºX©KæX©·¼vÔm§�¦ÑºX´À¯·¦	©«¦�I�¯B©·¦�Á
¶Ê¦	´�ª¬º��d¦	´^­2¦y¨Í¤.´XÅ/ºX´XÅd¦	´=±�ºÍÃeÅd¦	´m¼E¶Ñ¶Ê¦	´@°S¦	©·¨X¦	´�ÔDÕ1¤�¦�gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯ÖÆd¼E´3Â�ÎYçX´m¦y¦
¾d¼E´X´^¯·¦ï¦	­2¦	´ÍÃ)±�§.§�²�­®¦y²·¯B¤.¶Ñ¶Þ¯¿°S¦	©·¨X¦	´�Ô¬ª¬ºmÎYçóºX´^¯·¦	©£�0±�­2¼E©B­®¦y¨Í¤.´XÅ/ºX´XÅd¦	´ô±�©B­2¦	¤.¯·¦	¯·¦	´ó¨Í¤�¦
G�çm¦	©B¶»±�§�²·¼E´m¨X¦	´´åyºXÆd¦	©B§kÈE²µ²B¤.Å�ºX´m¨@¾d¼E´X´^¯·¦	´=¨X¼E©B¯ÑºX´À¯·¦	©»±�´m¨X¦	©·¦	¶/åyºX©�ÓS¦y²·¯B¤.¶Ñ¶ÞºX´XÅØÆd¼E´
½
¤�²B¶»ÈEÎ'ç^¯B¤.Å/¾d¦	¤.¯·¦	´�¦	¤.´XÅd¦y²·¦	¯Kåy¯¬°Ì¦	©·¨X¦	´�Ô

ì ¦&¶çÓS¦	©·¦	¤�Î'ç�¨X¦	©]Ó�±�ºX¶»±�¯·¦	©B¤k±�§.¤�¦	´¿¾d¼E´X´^¯·¦	´�¨Í¤�¦YgÏÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯·¦	´¿Æd¼E´ÓÆd¦	©·²·Î'çX¤�¦y¨X¦	´m¦	´
Öc¦y²B¯·¦	¤.´m¦	´¿ºX´m¨¿±�´m¨X¦	©·¦	´tgØ¦	©B¾Í²B¯·¼vLi¦	´mæX©µÈ�åy¤�²·¦«­2¦y²B¯B¤.¶Ñ¶Þ¯Z°S¦	©·¨X¦	´�Ô
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ì ª¬ºmÎYçï¤.¶ Ó5¦	©·¦	¤�ÎYç3¨X¦	©EgØ¦	§.¯B©µ±�ºX¶ÖÃ`¼E©·²µÎYç^ºX´XÅ8ç�±�¯Ö²B¤�Î'çï¨m±E²�¤.´ï¨Í¤�¦y²µ¦	©Üª¬©B­®¦	¤.¯�Æd¼E©BÅd¦y²B¯·¦	§.§.¯·¦
Ä�¦y²·²·²B¸Í²B¯·¦	¶ó±�§�²DÅd¦y¦	¤.Å/´m¦	¯�çm¦	©µ±�ºm²BÅd¦y²B¯·¦	§.§.¯7³�ºX¶õ¶Ñ¤.¯>¤IçX¶�Ä�¦y²·²·ºX´XÅd¦	´�³"­2¦	¤À¨X¦	´m¦	´�gØ¦	§.¯B©µ±�ºX¶ÖÁ
­2¦y¨Í¤.´XÅ/ºX´XÅd¦	´äxeÚÇ±�¾�ºXºX¶�³X¯B¤�¦�Ã`¦<G0¦	¶jæ2¦	©µ±�¯BºX©·¦	´�Ô.Ô.Ô��Z²B¤.¶�ºX§.¤�¦	©B¯t°S¦	©·¨X¦	´�³�¨ÍºX©·ÎYçPåyºÍÃ`ËPçX©·¦	´�Ô

¦×´m²BÅd¦y²,±�¶Þ¯S¾d¼E´X´^¯·¦1Åd¦�å7¦	¤.Å/¯Ì°S¦	©·¨X¦	´�³Í¨m±E²·²Ç¶Ñ¤.¯S¨X¦	¶�´m¦	ºm¦	´KÄ�¦y²·²·²B¸Í²B¯·¦	¶ûGD¦	¶jæ®¦	©µ±�¯BºX©�Á
ºX´m¨�gÏÈ�©�Á
¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯·²KæX©·¼vÔm§�¦Ø¤.´FÆd¦	©·²·Î'çX¤�¦y¨X¦	´m²B¯·¦	´GÄ�±�¯·¦	©B¤k±�§.¤�¦	´òºX´m¨FºX´^¯·¦	©Ó¨X¦	´ÏºX´^¯·¦	©·²µÎYçX¤�¦y¨Í§.¤�ÎYçm²·¯·¦	´
§¬±�´m¨Í­2¦y¨Í¤.´XÅ/ºX´XÅd¦	´�¨ÍºX©·Î'çXÅd¦�ÃeËPçX©B¯1°Ì¦	©·¨X¦	´�¾khE´X´m¦	´�Ô¥Õ1¤�¦NÖ«¦	´�±�ºX¤.Å/¾d¦	¤.¯1¨X¦	©1Ä�¦y²·²·ºX´XÅd¦	´�§.¤�¦	Å/¯¬¨m±'Á
­®¦	¤i­2¦	¤�¨X¦	´m¦	´¿Æd¼E´mçm¦	©B¾khE¶Ñ¶Ñ§.¤�Î'çm¦	´�Ä�¦y²·²·²·¸�²B¯·¦	¶Ê¦	´KºX´m¨Ó¯·¦	¤.§.°S¦	¤�²·¦Þ±�ºmÎ'ç�¨m±�©BËX­2¦	©7Ô
ö [Ü÷�fÖø·ù·ú®z
¦×´�Ý¥ºX¾ÀºX´ÍÃ`¯>°�¤.©·¨Ü¨Í¤�¦SÄ�¦	¯Kçm¼À¨X¦RåyºX©3ÓS¦y²·¯B¤.¶Ñ¶ÞºX´XÅÙ¨X¦	©�gÏÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯à°Ì¦	¤.¯·¦	©
¼]æX¯B¤.¶Ñ¤�¦	©B¯7³EºX¶
¨m±�´X´¿±�ºmÎYç�gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯·¦	´�­®¦y²B¯B¤.¶Ñ¶Ê¦	´måyºÓ¾ÑhE´X´m¦	´�³X¨Í¤�¦c¨X¦	ºX¯B§.¤�ÎYç�ºX´À¯·¦	©

0.1 W m−1 K−1§.¤�¦	Åd¦	´�ÔmªtºmÎ'ç¿¨Í¤�¦Þ±�´�±�§.¸�¯B¤�²·ÎYçm¦�Ä�¦	¯Kçm¼�¨X¦c°�¤.©·¨Ó°S¦	¤.¯·¦	©·¦	´^¯×°�¤�Îµ¾d¦	§.¯«°Ì¦	©·¨X¦	´�Ô
gÏÈ�çX©·¦	´m¨3¨X¦	©Ê½
´À¯×°�¤�Îµ¾À§.ºX´XÅ�ºX´m¨ï¨X¦	´=¨ÍºX©·Î'çXÅd¦�ÃeËPçX©B¯·¦	´òÄ�¦y²µ²BºX´XÅd¦	´3¦	©BÅ^±�­®¦	´=²B¤�Î'ç�³>´m¦	­®¦	´=¨X¦	´
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kÍÔ�� Â�Î'ç�±�§.¯B­X¤.§�¨�ºX´m¨�Ä�¦y²·²KæX©B¤.´Påy¤Iæ�¨X¦	©¬½Oø()DªcÂ�½
Á�Â�¦	´m²·¼E©·¦	´�ÔÊÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ  @ 
kÍÔ ß Â�Î'ç�±�§.¯B­X¤.§�¨�ºX´m¨�Ä�¦y²·²KæX©B¤.´Påy¤Iæ�¨X¦	©¬½Oø()DªcÂ�½
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èÙ±�æX¯·¼E´ÍÁ×Û�¼E§.¤�¦/Ô�ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ   �
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²µ¦	¤.¯·¦«¨X¦	©ÕÖ1§k±E²�Ã$±E²·¦	©�Á±§-h]çX©·¦/Ô ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ   �
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kÍÔ �¡  ½à§�¦	¾À¯B©·¼E´X¤.¾ÀÁ±Ó5¼yIÓ¶Ñ¤.¯t²·¦yÎ'çm²tª¬¾À¾�ºm²�åyºX©¬ÂÀ¯B©·¼E¶ÞÆd¦	©·²·¼E©BÅ/ºX´XÅmÔ Ô«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü� ß
kÍÔ � �q½à¶jæÍÃ)È�´XÅd¦	©�Á±Ó5¼yI�±�¶b§t¦yÎYçX´m¦	©ZÃeËX©Z¨Í¤�¦ÙÛmºX´X¾^Ã)¦	©B´^Æd¦	©B­X¤.´m¨ÍºX´XÅ©åyºX©t½
§�¦	¾�¯B©·¼E´X¤.¾®Ô ÔÞÔü� ß
kÍÔ �7ß Þ¬©BÅ^±�´X¤�²,±�¯B¤�¼E´¿¨X¦	©1Â�¼�Ã`¯×°S±�©·¦/Ô
ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß ë
kÍÔ � �FÂÀ¯µ±�©B¯·²µÎYç�±�§.¯�Ð¥ÈEÎYçm¦Ü¨X¦	©tª¬´^°S¦	´m¨X¦	©·²·¼�Ãe¯&°S±�©·¦/ÔôÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ßv 
kÍÔ � �&Ó5¦	´ÀºX¯Kå7¦	©·¼E­®¦	©�Ð¥ÈEÎ'çm¦�¨X¦y²Zéà©·¼EÅ/©µ±�¶Ñ¶Ê²i§cÂ:ªtÅd¦	´À¯7ÔZÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ßv 
kÍÔ � æ ¾3-8~ �¸� � Ùd� | Â�Î	©·¦y¦	´m²Kçm¼E¯7ÔÓÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß �
kÍÔ�ë7mòÂ�Î	©·¦y¦	´m²Yçm¼E¯t¨X¦y²¬Â�¼E´m¨X¦	´ÍÁ×½à¨Í¤.¯·¼E©·²1ºX´m¨�¨X¦	©ZÛXºX´X¾�¯B¤�¼E´��"Â�¼E´m¨X¦	´�±E²·²µ¼]åy¤.¤�¦	©·¦	´/� Ô«ÔÞÔ ß/ß
kÍÔ�ë � Â�Î	©·¦y¦	´m²Yçm¼E¯t¨X¦y²*� -F434 ÙF�10Ï� ~ | Ù7
 -8~ Ô«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß/ß
kÍÔ�ë/ëòÂ�Î	©·¦y¦	´m²Yçm¼E¯t¨X¦y²�Ç -8{ ��6 - Ùd0*¬£ÙF�PÙ�+ |�~ �:ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß �
kÍÔ�ë7kÑ)D¼À¼E§�åyºX¶ÓÒt­2¦	©KæX©BËÍÃ`¦	´�¨X¦y²¬Âfæ®¦	¤�Î'çm¦	©�Á�ÂÀ¯µ±�¯Bºm²7Ô:Ô«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß �
kÍÔ�ë   Â�Î	©·¦y¦	´m²Yçm¼E¯à¨X¦	© ÛmºX´X¾À¯B¤�¼E´jåyºX¶÷ß¬¶Ñ©·¦yÎYçX´m¦	´»¨X¦	©O§t¼]çm¨m±�¯·¦	´ÖºX´m¨tåyºX©àÕ«±�©·²B¯·¦	§.§.ºX´XÅ

¨X¦	©ZÕ«±�¯·¦	´�ÔàÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß �
kÍÔ�ë@�&Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©t¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅMÆd¼E´�Õc±�¯·¦	´¿¶Ñ¤.¯t¨X¦	©-�i¤.´X¤�¦	´XÅ/©µ±�æPçm¦	´ÍÁòÞkæX¯B¤�¼E´�Ô Ô«ÔÞÔ ß æ
kÍÔ�ë ß Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©t¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅMÆd¼E´�Õc±�¯·¦	´¿¶Ñ¤.¯t¨X¦	©tÛ�±�©B­PæX§�¼E¯�ÁòÞkæX¯B¤�¼E´�Ô>ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ ß æ
  Ô � Ý®¦	¤.¯B§.¤�Î'çm¦ZÚÇ±�©B¤k±�¯B¤�¼E´K¨X¦	©Å)0¦	¶jæ2¦	©µ±�¯BºX©S¤.´»¦	¤.´m¦	¶íga±�§�¨Í­2¼À¨X¦	´»ÃeËX©Ç¨Í¤�¦ �7ß Â�¦	´m²·¼E©·¦	´

¨X¦	©,)�çm¦	©B¶»±�§�²µ¼E´m¨X¦/ÔõÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú� ß
  Ô�ë Ä�±'IÍ¤.¶»±�ºX´m¨qª¬¶jæX§.¤.¯Bºm¨X¦	´Ï¨X¦	©�)D¦	¶jæ®¦	©µ±�¯BºX©:¤.´ �7ß )5¤�¦�Ã`¦	´�³S±�ºÍÃeÅd¦	´m¼E¶Ñ¶Ê¦	´Ï¤.´

¦	¤.´m¦	¶ ga±�§�¨Í­®¼�¨X¦	´�ÔôÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�@�
  Ônk �0¼EÅ^±�©B¤.¯KçX¶Ñ¤�²·ÎYçm¦Üªt­X­X¤.§�¨ÍºX´XÅM¨X¦	©]gØ¦	©B¯·¦Þ±�ºm²Zª¬­X­X¤.§�¨ÍºX´XÅ   Ô�ëÍÔÞÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�@�
  Ô   Ý®¦	¤.¯B§.¤�Î'çm¦ZÚÇ±�©B¤k±�¯B¤�¼E´:¨X¦	©Å)0¦	¶jæ2¦	©µ±�¯BºX©Ì¤.´M¦	¤.´m¦	¶íga±�§�¨Í­®¼�¨X¦	´ÑÃ`ËX© �7ß Æd¦	©·²·Î'çX¤�¦y¨X¦	´m¦

)5¤�¦�Ã)¦	´KÃ`ËX©Z¦	¤.´m¦	´jÝ®¦	¤.¯B©µ±�ºX¶ Æd¼E´¿¦	¯&°S±�åy°Ì¦	¤�)>±�Åd¦	´�ÔÙÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�8�
  Ô�� Ä�±'IÍ¤.¶»±�ºX´m¨qª¬¶jæX§.¤.¯Bºm¨X¦	´Ï¨X¦	©�)D¦	¶jæ®¦	©µ±�¯BºX©:¤.´ �7ß )5¤�¦�Ã`¦	´�³S±�ºÍÃeÅd¦	´m¼E¶Ñ¶Ê¦	´Ï¤.´

¦	¤.´m¦	¶ ga±�§�¨Í­®¼�¨X¦	´ÓÃ`ËX©Z¦	¤.´m¦	´£Ý®¦	¤.¯B©µ±�ºX¶ Æd¼E´�¦	¯&°S±jåy°S¦	¤�)>±�Åd¦	´�ÔñÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�8�
  Ô ß Ý®¦	¤.¯B§.¤�Î'çm¦5ÚÇ±�©B¤k±�¯B¤�¼E´Ê¨X¦	©�)0¦	¶jæ2¦	©µ±�¯BºX©à¤.´Ñ¦	¤.´m¦	¶�ª�Îµ¾d¦	©B­®¼�¨X¦	´ÖÃ`ËX© �7ß Æd¦	©·²·Î'çX¤�¦y¨X¦	´m¦

)5¤�¦�Ã)¦	´�ÔZÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�8æ
  Ô�� Ä�±'IÍ¤.¶»±�ºX´m¨qª¬¶jæX§.¤.¯Bºm¨X¦	´Ï¨X¦	©�)D¦	¶jæ®¦	©µ±�¯BºX©:¤.´ �7ß )5¤�¦�Ã`¦	´�³S±�ºÍÃeÅd¦	´m¼E¶Ñ¶Ê¦	´Ï¤.´

¦	¤.´m¦	¶¹ª�Î·¾d¦	©B­2¼À¨X¦	´�Ô�ÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔú�8æ
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  Ô�� Ä�¦y²·²µ±�ºÍÃ`­�±�º�¨X¦	©ZÄ�¦y²·²BºX´XÅd¦	´�¤.´×�iºX­X§.¤.´�Ô�ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü� �
  Ô�æ Õ1¤�Bi¦	©·¦	´På�¨X¦	©>Åd¦	¶Ê¦y²µ²·¦	´m¦	´�)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´»¨X¦	©
­2¦	¤�¨X¦	´Ö½�ø()DªcÂ�½ Á�Â�¼E´m¨X¦	´M¤.´Ñªt­ÍÁ

ç�È�´XÅ/¤.Å/¾d¦	¤.¯¬Æd¼E´�Ý®¦	¤.¯ZºX´m¨�)5¤�¦�Ã)¦/Ô
Ô«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü� �
  Ô � m=Úà¦	©BÅ/§�¦	¤�Î'çÑ¨X¦	©0Åd¦	¶Ê¦y²·²·¦	´m¦	´3)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´Ê¨X¦	©D½�ø()DªcÂ�½ Á[)�çm¦	©B¶»±�§�²µ¼E´m¨X¦�¤.¶ Ó5¼�Á

¨X¦	´�¼]çX´m¦EÖ1©µ±E²·²·Î'çX¤�ÎYç^¯1¶Ñ¤.¯Z¨X¦	´m¦	´¿¨X¦	©téÅ) � m7mÍÔÓÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�7k
  Ô �7� Úà¦	©BÅ/§�¦	¤�Î'çÑ¨X¦	©0Åd¦	¶Ê¦y²·²·¦	´m¦	´3)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´Ê¨X¦	©D½�ø()DªcÂ�½ Á[)�çm¦	©B¶»±�§�²µ¼E´m¨X¦�¤.¶ Ó5¼�Á

¨X¦	´Ó¶Ñ¤.¯¬¨X¦	©ÕÖ1©µ±E²·²·Î'çX¤�ÎYçÀ¯t¶Ñ¤.¯t¨X¦	´m¦	´¿¨X¦	©¬éZ) � m7mÍÔ�ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�  
  Ô � ëÑ�c±EÎYçÀ°Ì¦	¤�²S¨X¦	©Ìª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯Ì¨X¦	©�gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯ÌÆd¼E´:¨X¦	©�Ó5¼À¨X¦	´ÍÃ)¦	ºmÎYçÀ¯·¦t¤.´

Æd¦	©·²µÎYçX¤�¦y¨X¦	´m¦	´�)5¤�¦�Ã)¦	´�ÔàÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü� ß
  Ô � kÑ�c±EÎYçÀ°Ì¦	¤�²S¨X¦	©Ìª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯Ì¨X¦	©�gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯ÌÆd¼E´:¨X¦	©�Ó5¼À¨X¦	´ÍÃ)¦	ºmÎYçÀ¯·¦t¤.´

Æd¦	©·²µÎYçX¤�¦y¨X¦	´m¦	´�)5¤�¦�Ã)¦	´�ÔàÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�k�
  Ô �¡  èÙ±�©B¯·¦Þ¨X¦y²ZÄ�¦y²µ²BÅd¦	­X¤�¦	¯·¦y²t±�ºÍÃÇÂfæX¤.¯Kåy­®¦	©BÅd¦	´ ÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔüæ7m
  Ô � �qÄ�¦y²·²·²·¯µ±�¯B¤�¼E´¿±�ºÍÃàÂfæX¤.¯Kåy­2¦	©BÅd¦	´�Ô�Ô«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔüæ �
  Ô �7ß ¦&´m²B¯µ±�§.§k±�¯B¤�¼E´¿¨X¦	©,)D¦	¶jæ®¦	©µ±�¯BºX©·²µ¦	´m²·¼E©·¦	´�Ô¿Ô«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔüæ/ë
  Ô � �3Úà¦	©B¯B¤.¾/±�§�¦�Â�Î'çX´m¦y¦�ÁÌºX´m¨�½
¤�²BÁ[)0¦	¶jæ2¦	©µ±�¯BºX©KæX©·¼vÔm§�¦/Ô Ô«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔüæ@�
  Ô � �qÛ�¼E¯·¼/²à¨X¦	©�ß¬¶ÑÅd¦	­XºX´XÅÞ¨X¦y²àÄ�¦y²·²BÅd¦	­X¤�¦	¯·¦y²
°tÈ�çX©·¦	´m¨Ê¨X¦	©ÌÕc±�ºm¦	©à¨X¦	©ÌÄ�¦y²·²·¾E±�¶jæ�±�Å/´m¦/ÔIæk�
  Ô � æqé>¼/²B¤.¯B¤�¼E´m¦	´Ê¨X¦	©ÇÂ�¼E´m¨X¦	´Ö°tÈ�çX©·¦	´m¨Ö¨X¦	© Õ«±�ºm¦	©
¨X¦	©
Ä�¦y²µ²B¾E±�¶jæ�±�Å/´m¦5±�ºÍÃiÂfæX¤.¯Kåy­2¦	©BÅd¦	´�Ô<æ@æ
  Ô�ë7mÑ)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�³ Åd¦	¶Ê¦y²µ²·¦	´�¶Ñ¤.¯Ö¨X¦	©Ö½Oø()DªcÂ�½
Á[)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÓÆd¼E¶ ë7mÍÔ0­X¤�²Öë � Ô

Ä�±�¤$Ô3ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m7m
  Ô�ë � )D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�³ Åd¦	¶Ê¦y²µ²·¦	´�¶Ñ¤.¯Ö¨X¦	©Ö½Oø()DªcÂ�½
Á[)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÓÆd¼E¶ ë7kÍÔ0­X¤�²Öë@�ÍÔ

Ä�±�¤$Ô3ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m �
  Ô�ë/ëÑ)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�³ Åd¦	¶Ê¦y²µ²·¦	´�¶Ñ¤.¯Ö¨X¦	©Ö½Oø()DªcÂ�½
Á[)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÓÆd¼E¶ ëk��Ô0­X¤�²Öë@�ÍÔ

Ä�±�¤$Ô3ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m �
  Ô�ë7kÑ)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�³�Åd¦	¶Ê¦y²·²·¦	´�¶Ñ¤.¯¬¨X¦	©Z½Oø()DªcÂ�½
Á�Â�¼E´m¨X¦ÞÆd¼E¶Ôm � Ôm­X¤�²:m/ëÍÔ$�/ºX´X¤$ÔtÔ«ÔÞÔ � m/ë
  Ô�ë   Ó5¦	¤�²KæX¤�¦	§�¦«ÃeËX©Z¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅ:¨X¦y²�å7¦	¤.¯B§.¤�ÎYçm¦	´�Ö1©µ±E¨Í¤�¦	´^¯·¦	´�¨X¦	©:)0¦	¶jæ2¦	©µ±�¯BºX©·¨m±�¯·¦	´�Ô � m7k
  Ô�ë@�qÕ«±�©·²B¯·¦	§.§.ºX´XÅ ¨X¦y² Æd¦	©B¯B¤.¾/±�§�¦	´Õ)D¦	¶jæ®¦	©µ±�¯BºX©BÅ/©µ±E¨Í¤�¦	´À¯·¦	´ ¨X¦	© Ä�¦y²·²·¨m±�¯·¦	´�Æd¼E¶

ë7kÍÔ�ÖEë@�ÍÔ�Ä�±�¤$Ô¬Ô«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m  
  Ô�ë ß Ó5¦	¤�²KæX¤�¦	§�¦«ÃeËX©Z¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅ:¨X¦y²�å7¦	¤.¯B§.¤�ÎYçm¦	´�Ö1©µ±E¨Í¤�¦	´^¯·¦	´�¨X¦	©:)0¦	¶jæ2¦	©µ±�¯BºX©·¨m±�¯·¦	´�Ô � m@�
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  Ô�ëk�=Õ«±�©·²B¯·¦	§.§.ºX´XÅ�¨X¦	©ÙÕ¬¤�Bi¦	©·¦	´På7¦	´`åy°�¤�²·Î'çm¦	´a¨X¦	´ØÄ�¦y²·²B°Ì¦	©B¯·¦	´�¨X¦	©Ù½Oø()DªcÂ�½
Á�Â�¼E´m¨X¦
ºX´m¨Ó¨X¦	´�éZ) � m7m7mÑÆd¼E¶¹ë7mÍÔÍ­X¤�²¬ë � ÔmÄ�±�¤$Ô�ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m ß

  Ô�ë@�&Ó5¦	¤�²KæX¤�¦	§�¦�Ã`ËX©1¨Í¤�¦ÖÕ«±�©·²B¯·¦	§.§.ºX´XÅ�¨X¦	©«Õ1¤�B2¦	©·¦	´På7¦	´8åy°�¤�²µÎYçm¦	´Ø¨X¦	´�Ä�¦y²µ²B°Ì¦	©B¯·¦	´�¨X¦	©
½�ø()DªcÂ�½ Á�Â�¼E´m¨X¦ÞºX´m¨�¨X¦	´¿éZ) � m7m7mÍÔ®Ô«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � mk�

  Ô�ë@æqÄ�¦y²·²µ±�ºÍÃ`­�±�ºK¤.¶ ½
¤�²B§k±�­2¼E©Z¨X¦y²]¦&´m²B¯B¤.¯BºX¯·²5Ã`ËX©]Ö«¦y¼]æPç^¸Í²B¤.¾:¨X¦	©]ß¬´X¤.Æd¦	©·²B¤.¯µÈ�¯tÄ�ËX´m²B¯·¦	©7Ô �7�7�
  Ônk7mqÛ¥±�©B­X¾d¼À¨Í¤�¦	©B¯·¦:Õ«±�©·²B¯·¦	§.§.ºX´XÅ�¨X¦	©�¶Ñ¤.¯�¨X¦	©�½�ø()DªcÂ�½ Á[)�çm¦	©B¶»±�§�²µ¼E´m¨X¦KÅd¦	¶Ê¦y²·²·¦	´m¦	´

)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�Æd¼E´�Úà¦	©·²BºmÎ'ç � ¤.´�ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯tÆd¼E´£Ý®¦	¤.¯ZºX´m¨×)5¤�¦�Ã)¦/ÔÑÔÙÔ«ÔÙÔ«ÔÞÔ �7� k
  Ônk � Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©t¨Í©·¦	¤�)5¤�¦�Ã)¦	´PæX©·¼vÔm§�¦�åyºX¶ ª¬­X§�¦y²·¦	´�¨X¦	©t½à¤�²B¶»ÈEÎYçÀ¯B¤.Å/¾d¦	¤.¯7Ô¢ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7� k
  Ônk/ë=Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©t½à¤�²B¶»ÈEÎYçÀ¯B¤.Å/¾d¦	¤.¯·¦	´�¤.´�Úà¦	©·²·ºmÎYç � ÔÌÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7�¡ 
  Ônk7kqÛ¥±�©B­X¾d¼À¨Í¤�¦	©B¯·¦ÓÕ«±�©·²B¯·¦	§.§.ºX´XÅ�¨X¦	©ÖÅd¦	¶Ê¦y²·²·¦	´m¦	´�)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´=Æd¼E´@Úà¦	©·²BºmÎ'ç3ë�¤.´

ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯tÆd¼E´�Ý®¦	¤.¯tºX´m¨�)5¤�¦�Ã`¦/Ô�Ô«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7� �
  Ônk   Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©t½à¤�²·¨Í¤�Î·¾d¦	´�­®¦	¤.¶ñÚà¦	©·²BºmÎ'ç�¶Ñ¤.¯t¦	¤.´m¦	¶�ÂÍ±�§IåyÅd¦�ç�±�§.¯¬Æd¼E´

1%
ÔiÔ«ÔÙÔ«ÔÙÔ �7� �

  Ônk@�qÛ¥±�©B­X¾d¼À¨Í¤�¦	©B¯·¦ÓÕ«±�©·²B¯·¦	§.§.ºX´XÅ�¨X¦	©ÖÅd¦	¶Ê¦y²·²·¦	´m¦	´�)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´=Æd¼E´@Úà¦	©·²BºmÎ'ç3ë�¤.´
ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯tÆd¼E´�Ý®¦	¤.¯tºX´m¨�)5¤�¦�Ã`¦/Ô�Ô«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7�7ß

  Ônk ß Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©t½à¤�²·¨Í¤�Î·¾d¦	´�­®¦	¤.¶ñÚà¦	©·²BºmÎ'ç�¶Ñ¤.¯t¦	¤.´m¦	¶�ÂÍ±�§IåyÅd¦�ç�±�§.¯¬Æd¼E´
2%

ÔiÔ«ÔÙÔ«ÔÙÔ �7� �
  Ônkk�Ø)D¦	¤.§k±�ºm²·²·Î'çX´X¤.¯B¯5¨X¦	©S¶Ñ¤.¯�¨X¦	©S½�ø()DªcÂ�½ Á[)�çm¦	©B¶»±�§�²µ¼E´m¨X¦cÅd¦	¶Ê¦y²·²·¦	´m¦	´×)0¦	¶jæ2¦	©µ±�¯BºÍÁ

©·¦	´Ó­2¦	¤iÚà¦	©·²BºmÎ'ç   ÔÍÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7� �
  Ônk@�Ñ)D¦	¶jæ®¦	©µ±�¯BºX©�Á[)5¤�¦�Ã)¦	´PæX©·¼vÔm§�¦tåyºmåy°Ì¦	¤OÝ®¦	¤.¯KæXºX´X¾À¯·¦	´�¶Ñ¤.¯tºX´m¨�¼]çX´m¦�Â�ÎYçX´m¦y¦7±�ºÍÐ¥±�Åd¦/Ô �7� �
  Ônk@æ&¦&§.§.ºm²B¯B©µ±�¯B¤�¼E´¿¨X¦y²pÙ1� ã � � �¥Á×é
©·¼E­X§�¦	¶Ê²7Ô ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë7m
  Ô   m=Úà¦	©BÅ/§�¦	¤�Î'ç:¨X¦	©j)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´MÆd¼E´:¨Í©·¦	¤®Â�¦	´m²·¼E©·¦	´»ºX´m¨»¨X¦	©ÌéZ) � m7mÞ¨X¦	©Å)�çm¦	©B¶»±�§êÁ

²µ¼E´m¨X¦	´Ó¤.´X´m¦	©Kç�±�§.­¿ºX´m¨¿±�º$?d¦	©Kç�±�§.­�¨X¦	©-§¬±�¶Ñ¶Ñ¾d¦	©B´m²·¼E´m¨X¦/ÔuÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë  
  Ô  �� Ä�¦y²·²µ±�ºÍÃ`­�±�ºÓ¶Ñ¤.¯Z¨X¦	´�­2¦	¤�¨X¦	´9)�çm¦	©B¶»±�§�²·¼E´m¨X¦	´�Ô�ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë@�
  Ô   ë=Úà¦	©BÅ/§�¦	¤�Î'çï¨X¦	©ÞÅd¦	¶Ê¦y²·²·¦	´m¦	´})D¦	¶jæ®¦	©µ±�¯BºX©·¦	´@¨X¦	©Ù­2¦	¤�¨X¦	´})�çm¦	©B¶»±�§�²·¼E´m¨X¦	´ï¤.´X´m¦	©�Á

ç�±�§.­ÓºX´m¨�±�º$?d¦	©Kç�±�§.­�¨X¦	©-§1±�¶Ñ¶Ñ¾d¦	©B´m²·¼E´m¨X¦/Ô�Ô«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë ß
  Ô   k=Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©ZÅd¦	¶Ê¦y²µ²·¦	´m¦	´9)0¦	¶jæ2¦	©µ±�¯BºX©·¦	´�¨X¦	©�)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÙºX´m¨�¨X¦	©ZéÅ) � m7m@Ô � ëk�
  Ô  @  )D¦	¶jæ®¦	©µ±�¯BºX©1¨X¦y²]Ó5¼À¨X¦	´PæX©·¼vÔm§�²"ÔØÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë@�
  Ô   �Ñ)D¦	¶jæ®¦	©µ±�¯BºX©KæX©·¼vÔm§ ¨X¦	© �7ß Â�¦	´m²·¼E©·¦	´�åyºX¶üÝ®¦	¤.¯KæXºX´X¾À¯¬¨X¦	©]ga±E²·²·¦	©B¤.´À¯B©Bºm²B¤�¼E´�ÔÙÔ«ÔÞÔ � ë@�
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�ÍÔ � Ó5¦	¤�²KæX¤�¦	§�Ã`ËX©
¨Í¤�¦:ÓS¦y²·¯B¤.¶Ñ¶ÞºX´XÅÞ¨X¦	©OgÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯ÇÆd¼E´�)0¦�Ð�¼E´Ñ¶Ñ¤.¯à¨X¦	©Å°3Ø�� |
2 | Ù7
Å� - � ~ � | Á×Ä�¦	¯Kçm¼À¨X¦/Ô5Ô«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � k/ë

�ÍÔ�ë Ó5¦	¤�²KæX¤�¦	§¬Ã`ËX©M¨Í¤�¦jÓ5¦y²B¯B¤.¶Ñ¶ÞºX´XÅ3¨X¦	©�gÏÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯ÓÆd¼E´.ga±E²µ²·¦	©M¶Ñ¤.¯K¨X¦	©
°OØC� | 2 | Ùd
Å� - � ~ � | Á×Ä�¦	¯Kçm¼À¨X¦/Ô ÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � k7k

�ÍÔnk ÛmºX´X¾À¯B¤�¼E´m²·²µÎYçm¦	¶»±¬¨X¦	©DÄ�¦	¯Kçm¼À¨X¦�åyºX©Dª¬ºm²B°Ì¦	©B¯BºX´XÅc¨X¦	©
gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯·²·¶Ê¦y²�Á
²·ºX´XÅd¦	´Ó¶Ñ¤.¯t¨X¦	¶ é
©·¼EÅ/©µ±�¶Ñ¶�Û>½ÇÄ���ªÕÓ å Ô«ÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � k ß

�ÍÔ   Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©t¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅ:¨X¦y²ZÛm¼E©B¯·²·Î'çX©B¤.¯B¯·²¬¨X¦	©ZÄ�¼À¨X¦	§.§�îÀº�±�§.¤.¯µÈ�¯7Ô�ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � k@�
�ÍÔ�� Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©Z¨Í¤�¦«½
´À¯×°�¤�Î·¾�§.ºX´XÅK¨X¦	©Z­®¦y²·¯·¦	´�ªt´Pæ�±E²·²·ºX´XÅ»±�´�¨Í¤�¦«Åd¦	¶Ê¦y²·²·¦	´m¦	´�Õ«±�¯·¦	´�Ô � k@æ
�ÍÔ ß Ó5¦	¤�²KæX¤�¦	§2Ã`ËX©t¨Í¤�¦«Õ«±�©·²B¯·¦	§.§.ºX´XÅ:¨X¦y²¹<�¦	°S¦	¤.§�²Z­2¦	©·¦yÎYçX´m¦	¯·¦	´�Û>½ÇÄ���ªÕÓ å Á×Ä�¼�¨X¦	§.§�²7ÔDÔÞÔ � k@æ
�ÍÔ�� ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯¬¨X¦	©ZÝ1¦	¤Iåy¾�ºX©BÆd¦«Æd¼E´¿¨X¦	©¬Â�¦	´m²·¼E©BÅ/©�hF?d¦/Ô�Ô«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡  ë
�ÍÔ�� ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯¬¨X¦	©ZÝ1¦	¤Iåy¾�ºX©BÆd¦«Æd¼E´¿¨X¦	©ZÝ1¦	¤Iåy§�¦	¤�²B¯BºX´XÅmÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡  ë
�ÍÔ�æ ª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯¬¨X¦	©ZÝ1¦	¤Iåy¾�ºX©BÆd¦«Æd¼E´¿¨X¦	©ZÝ1¦	¤Iå7¨m±�ºm¦	©7ÔØÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡  k
�ÍÔ � m Ô«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡ @ 
�ÍÔ �7� Û¥±�©B­X¾d¼À¨Í¤�¦	©B¯·¦ÌÕc±�©·²·¯·¦	§.§.ºX´XÅ¬¨X¦	©�)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´Ö¨X¦	© �7ß Â�¦	´m²µ¼E©·¦	´Þ¤.´Þª¬­Pç�È�´XÅ/¤.Å/¾d¦	¤.¯

Æd¼E´�¨X¦	©YÝ®¦	¤.¯ZºX´m¨�¨X¦	©,)5¤�¦�Ã)¦/Ô�ÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡  �
�ÍÔ � ë=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�Æd¼E´�Â�¦	´m²·¼E© � �ÍÔ¿ÔÙÔ«ÔÙÔ«ÔÞÔ �¡ ^ß
�ÍÔ � k=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�Æd¼E´�Â�¦	´m²·¼E©Õ�ÍÔ�ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �¡  �
�ÍÔ �¡  Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�Æd¼E´�Â�¦	´m²·¼E© � �ÍÔ¿ÔÙÔ«ÔÙÔ«ÔÞÔ �¡  �
�ÍÔ � �qÄ�¦y²·²µ±�ºÍÃ`­�±�ºÓ¶Ñ¤.¯Z¨X¦	©té
©·¼E­2¦«¶Ñ¤.¯:)�çm¦	©B¶»±�§�²µ¼E´m¨X¦ÙºX´m¨�Ûm¦	ºmÎ'ç^¯·¦y²·¦	´m²µ¼E©·¦	´�Ô¬Ô«ÔÙÔ«ÔÞÔ �¡  æ
�ÍÔ �7ß )D¦	¶jæ®¦	©µ±�¯BºX©BÆd¦	©B§k±�ºÍÃS¨X¦y²�­®¦�çm¦	¤Iåy¯·¦	´�Â�¦	´m²·¼E©·²5Ã`ËX©-Ó5¦	´^¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©c¶Ñ¤.¯qåy°S¦	¤�Æd¦	©�Á

²µÎYçX¤�¦y¨X¦	´m¦	´�Û�¦	ºmÎYç^¯B¤.Å/¾d¦	¤.¯·¦	´�ÔÑÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �7m
�ÍÔ � �3Úà¦	©BÅ/§�¦	¤�Î'ç�Æd¼E´�Åd¦	¶Ê¦y²·²µ¦	´m¦	´�ºX´m¨�¶Ê¼À¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�ÃeËX©ÕÓS¦	´À¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©«¶Ñ¤.¯

¦	¤.´m¦	©¬Ûm¦	ºmÎYçÀ¯B¤.Å/¾d¦	¤.¯¬Æd¼E´
10.8%

ÔGÔ«ÔÙÔ«ÔÞÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ � � �
�ÍÔ � �=Úà¦	©BÅ/§�¦	¤�Î'ç�Æd¼E´�Åd¦	¶Ê¦y²·²µ¦	´m¦	´�ºX´m¨�¶Ê¼À¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�ÃeËX©ÕÓS¦	´À¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©«¶Ñ¤.¯

¦	¤.´m¦	©¬Ûm¦	ºmÎYçÀ¯B¤.Å/¾d¦	¤.¯¬Æd¼E´
5.7%

Ô«ÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ � � �
�ÍÔ � æÑ)D¦	¶jæ®¦	©µ±�¯BºX©BÆd¦	©B§k±�ºÍÃS¨X¦y²�­®¦�çm¦	¤Iåy¯·¦	´�Â�¦	´m²·¼E©·²5Ã`ËX©-Ó5¦	´^¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©c¶Ñ¤.¯qåy°S¦	¤�Æd¦	©�Á

²µÎYçX¤�¦y¨X¦	´m¦	´�Û�¦	ºmÎYç^¯B¤.Å/¾d¦	¤.¯·¦	´�ÔÑÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �/ë
�ÍÔ�ë7m=Úà¦	©BÅ/§�¦	¤�Î'ç�Æd¼E´�Åd¦	¶Ê¦y²·²µ¦	´m¦	´�ºX´m¨�¶Ê¼À¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�ÃeËX©ÕÓS¦	´À¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©«¶Ñ¤.¯

¦	¤.´m¦	©¬Ûm¦	ºmÎYçÀ¯B¤.Å/¾d¦	¤.¯¬Æd¼E´
7.7%

Ô«ÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ � �7k
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�ÍÔ�ë � Úà¦	©BÅ/§�¦	¤�Î'ç�Æd¼E´�Åd¦	¶Ê¦y²·²µ¦	´m¦	´�ºX´m¨�¶Ê¼À¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�ÃeËX©ÕÓS¦	´À¯·¼E´X¤.¯�Á×é
ºX§.Æd¦	©«¶Ñ¤.¯
¦	¤.´m¦	©¬Ûm¦	ºmÎYçÀ¯B¤.Å/¾d¦	¤.¯¬Æd¼E´

(5.8 − 6.4)%
ÔiÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÙÔ � �7k

�ÍÔ�ë/ë=Úà¦	©·²·ºmÎYçm²µ±�ºÍÃ`­�±�º�¶Ñ¤.¯té
©·¼E­2¦	´�ºX´À¯·¦	©·²·ÎYçX¤�¦y¨Í§.¤�Î'çm¦	©cé>¼E©·¼/²B¤.¯µÈ�¯7Ô ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �  
�ÍÔ�ë7k=Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©A)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´ï¨X¦y²Ù­2¦�çm¦	¤Iåy¯·¦	´ïÂ�¦	´m²·¼E©·²Þ­®¦	¤àé
©·¼E­2¦	´Ø¶Ñ¤.¯Ù¾�§�¦	¤.´m¦	´

ºX´m¨KÅ/©·¼F?d¦	´£ècºXÅd¦	§.´�¤.¶ ÚÇ±�¾�ºXºX¶�Ô
ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �@�
�ÍÔ�ë   Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©A)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´ï¨X¦y²Ù­2¦�çm¦	¤Iåy¯·¦	´ïÂ�¦	´m²·¼E©·²Þ­®¦	¤àé
©·¼E­2¦	´Ø¶Ñ¤.¯Ù¾�§�¦	¤.´m¦	´

ºX´m¨KÅ/©·¼F?d¦	´£ècºXÅd¦	§.´�¤.´×�iºÍÃ`¯7Ô ÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � � ß
�ÍÔ�ë@�=Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©A)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´ï¨X¦y²Ù­2¦�çm¦	¤Iåy¯·¦	´ïÂ�¦	´m²·¼E©·²Þ­®¦	¤à¨X¦	©Þéà©·¼E­®¦Ñ¶Ñ¤.¯Þ¾À§�¦	¤êÁ

´m¦	©·¦	©¬éD¼E©·¼/²B¤.¯µÈ�¯¬¤.´×�iºÍÃ`¯ZºX´m¨Ó¤.¶ñÚÇ±�¾�ºXºX¶�ÔïÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �k�
�ÍÔ�ë ß Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©M)D¦	¶jæ®¦	©µ±�¯BºX©·¦	´�¨X¦y²Ì­2¦�çm¦	¤Iåy¯·¦	´¿Â�¦	´m²·¼E©·²S­®¦	¤2¨X¦	©�é
©·¼E­2¦t¶Ñ¤.¯5Å/©�hF?d¦�Á

©·¦	©Zé>¼E©·¼/²B¤.¯µÈ�¯¬¤.´t�iºÍÃ`¯�ºX´m¨Ó¤.¶ ÚÇ±�¾�ºXºX¶�Ô¹ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �@�
�ÍÔ�ëk�=Ä�¦y²·²µ±�ºÍÃ`­�±�ºmåyºX©]Ó5¦y²B¯B¤.¶Ñ¶ÞºX´XÅ:¨X¦	©]gÉÈ�©B¶Ê¦	§�¦	¤.¯�Ã)È�çX¤.Å/¾d¦	¤.¯1Æd¼E´�Öc¦y²B¯·¦	¤.´m¦	´�Ô�ÔÙÔ«ÔÞÔ � �@æ
�ÍÔ�ë@�=Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦y²ZÝ1¦	¤IåyÆd¦	©Kç�±�§.¯·¦	´m²1¨X¦	©�ÆÀ¤�¦	©ÕÖ«¦y²B¯·¦	¤.´m¦/Ô�ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß m
�ÍÔ�ë@æ=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�­2¦	¤�Ö1©µ±�´X¤.¯7ÔÓÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß]�
�ÍÔnk7m=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�­2¦	¤DÂÍ±�´m¨X²B¯·¦	¤.´�ÔôÔÙÔ«ÔÙÔ«ÔÞÔ �7ß ë
�ÍÔnk � Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�­2¦	¤�Ä�±�©B¶Ê¼E©7ÔòÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß k
�ÍÔnk/ë=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�­2¦	¤�)0¦�Ð�¼E´�Ô�Ô«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ßv 
�ÍÔnk7k=Úà¦	©BÅ/§�¦	¤�Î'ç ¨X¦	©Ï)D¦	¶jæ®¦	©µ±�¯BºX©BÆd¦	©B§kÈ�ºÍÃ)¦3¦	¤.´m¦y²�Â�¦	´m²µ¼E©·²�¤.¶Ú)0¦�Ð�¼E´ÍÁ±ÓS§�¼�Î·¾óºX´m¨G¤.¶

Öc§k±E²·²·ÎYç�±�ºX¶�Ô0Ô«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß �
�ÍÔnk   Úà¦	©BÅ/§�¦	¤�Î'çjåy°�¤�²·ÎYçm¦	´ÑÅd¦	¶Ê¦y²µ²·¦	´m¦	´ÖºX´m¨Þ¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´ÊÕ«±�¯·¦	´ÜÆd¼E´HÖ1§k±E²µ²·ÎYç�±�ºX¶�¶Ñ¤.¯

¨X¦	©ZÛ ½àÄ£��ªÕÓ]åKÁ×Ä�¦	¯Kçm¼À¨X¦/Ô�ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß/ß
�ÍÔnk@�=Úà¦	©BÅ/§�¦	¤�Î'ç¿¨X¦	©,)0¦	¶jæ2¦	©µ±�¯BºX©BÆd¦	©B§kÈ�ºÍÃ)¦ÞÆd¼E´�Â�¦	´m²·¼E© � kÜ­2¦	¤�¨Í©·¦	¤iÆd¦	©·²·Î'çX¤�¦y¨X¦	´�çm¼]çm¦	´

Ý1¦	¤Iåy§�¦	¤�²B¯BºX´XÅd¦	´�ÔóÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß �
�ÍÔnk ß Úà¦	©BÅ/§�¦	¤�Î'çxåy°�¤�²µÎYçm¦	´¿Åd¦	¶Ê¦y²µ²·¦	´m¦	´¿ºX´m¨¿¶Ê¼À¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´¿Æd¼E´9)D¦�Ð�¼E´�­2¦	¤0¨Í©·¦	¤

Æd¦	©·²µÎYçX¤�¦y¨X¦	´m¦	´�Ý1¦	¤Iåy§�¦	¤�²B¯BºX´XÅd¦	´�¶Ñ¤.¯t¨X¦	©ZÛ ½àÄ��0ªiÓ å Á×Ä�¦	¯Kçm¼�¨X¦/Ô@ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß �
�ÍÔnkk�=Ä�¦y²·²µ±�ºÍÃ`­�±�ºKÃ`ËX©Z¨Í¤�¦Ù½
©B¶Ñ¤.¯B¯B§.ºX´XÅM¨X¦	©-gÏÈ�©B¶Ê¦	§�¦	¤.¯�Ã$È�çX¤.Å/¾d¦	¤.¯tÆd¼E´�ÂÍ±�´m¨iÔïÔÙÔ«ÔÙÔ«ÔÞÔ �7ß æ
�ÍÔnk@�=Úà¦	©BÅ/§�¦	¤�Î'ç¿Æd¼E´�Åd¦	¶Ê¦y²µ²·¦	´m¦	´�ºX´m¨K¶Ê¼�¨X¦	§.§.¤�¦	©B¯·¦	´�Õ«±�¯·¦	´�­2¦	¤DÂÍ±�´m¨iÔÑÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �Fm
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ëÍÔ � Õ1ºX©·Î'çm²·ÎYçX´X¤.¯B¯B§.¤�Î'çm¦�¯Kçm¦	©B¶Ñ¤�²µÎYçm¦Þ½à¤.Åd¦	´m²·ÎYç�±'Ã`¯·¦	´¿Æd¼E´�Â�Î'çX´m¦y¦«ºX´m¨×Ó�h/¨X¦	´�ÔZÔ«ÔÙÔ«ÔÞÔ�ë@�
kÍÔ � èÙ±�§.¤.­X©µ±�¯B¤�¼E´m²Yæ�±�©µ±�¶Ê¦	¯·¦	©1¨X¦	©:)�çm¦	©B¶»±�§�²µ¼E´m¨X¦A)�éÅm � Ô>ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�7k
kÍÔ�ë §t¤�ÎYçÀ¯×°Ì¦	©B¯·¦ÞÃ`ËX©Z¨Í¤�¦Ùªt´På7¦	¤.Åd¦Þ¨X¦y²]�i¤�ÎYçÀ¯·²·¦	´m²·¼E©·²7Ô¿ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�k�

  Ô � ÂÀ¯µ±�¯B¤�²·¯B¤.¾:¨X¦	©tÕ1¤�Bi¦	©·¦	´På7¦	´zåy°�¤�²·Î'çm¦	´�)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÞºX´m¨�éZ) � m7mÍÔ Ô«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔü�@�
  Ô�ë é>¼/²B¤.¯B¤�¼E´m¦	´�¨X¦	©¬Â�¦	´m²·¼E©·¦	´�¨X¦	©,)�çm¦	©B¶»±�§�²·¼E´m¨X¦Þ°tÈ�çX©·¦	´m¨¿¨X¦	©tÄ�¦y²·²B¾/±�¶jæ�±�Å/´m¦/ÔõÔÞÔüæ@�
  Ônk ÂÀ¯µ±�¯B¤�²·¯B¤.¾:¨X¦	©tÕ1¤�Bi¦	©·¦	´På7¦	´zåy°�¤�²·Î'çm¦	´�)�çm¦	©B¶»±�§�²·¼E´m¨X¦ÞºX´m¨�éZ) � m7m7mÍÔ Ô«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � m@�
  Ô   é ±�©µ±�¶Ê¦	¯·¦	© åyºX©iÓS¦	©·¦yÎ'çX´^ºX´XÅ:Æd¼E´

ym
ÔÖÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � ë/ë

  Ô�� Úà¦	©BÅ/§�¦	¤�Î'ç�¨X¦	©Z¶Ê¦yÎ'ç�±�´X¤�²·ÎYç�Åd¦	¶Ê¦y²·²·¦	´m¦	´�ºX´m¨�­®¦	©·¦yÎ'çX´m¦	¯·¦	´�½
¤�²B¶»ÈEÎ'ç^¯B¤.Å/¾d¦	¤.¯·¦	´�ÔÙÔÞÔ � ë/ë
�ÍÔ � Û�¦	ºmÎYç^¯B¤.Å/¾d¦	¤.¯FºX´m¨¼ßt¶ÑÅd¦	­XºX´XÅd²·¯·¦	¶jæ®¦	©µ±�¯BºX©´åyºçÓ5¦	Å/¤.´X´ ¨X¦	©=Ä�¦y²·²BºX´XÅd¦	´ ¶Ñ¤.¯

Ó5¦	´À¯·¼E´X¤.¯�ÁòÖ1©µ±�´^ºX§k±�¯7Ô�ÔÙÔ«ÔÙÔ«ÔÞÔÙÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ � �/ë
�ÍÔ�ë ½à¤.´XÅd¦y²·¦	¯Kåy¯·¦Þé ±�©µ±�¶Ê¦	¯·¦	©1ÃeËX©t¨Í¤�¦�Ä�¼�¨X¦	§.§.¤�¦	©BºX´XÅ»¶Ñ¤.¯1Û ½àÄ��0ªiÓ:åèÃeËX©�)0¦�Ð�¼E´�­®¦	¤

¨Í©·¦	¤iÆd¦	©·²µÎYçX¤�¦y¨X¦	´m¦	´�Ý¬¦	¤Iåy§�¦	¤�²B¯BºX´XÅd¦	´�Ô®Ô«ÔÙÔ«ÔÙÔÞÔ«ÔÙÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÞÔ«ÔÙÔ«ÔÙÔÙÔ«ÔÙÔ«ÔÞÔ �7ß �
ß Ô � Ý¥ºm²,±�¶Ñ¶Ê¦	´ÍÃ)±E²·²·ºX´XÅ»¨X¦	©tª¬´ÍÃ`¼E©·¨X¦	©BºX´XÅd¦	´�±�´�¨m±E²ZÄ�¦y²µ²·²B¸Í²B¯·¦	¶ ºX´m¨�¨Í¤�¦I�'h/²BºX´XÅd¦	´�Ô � �Fk
ë )�çm¦	©B¶Ñ¤�²µÎYçm¦Sé>±�©µ±�¶Ê¦	¯·¦	©>Æd¼E´�Ä�±�¯·¦	©B¤k±�§.¤�¦	´�³'¨Í¤�¦à¤.´�¨Í¤�¦y²·¦	©0ª¬©B­2¦	¤.¯0Æd¦	©B°Ì¦	´m¨X¦	¯>°�ºX©·¨X¦	´�Ô � æ@æ

� �k�
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â×´�¨Í¤�¦y²·¦	¶uª¬´Pç�±�´XÅÓ°Ì¦	©·¨X¦	´�±�§.§�¦Ü©·¦	§�¦	Æ/±�´^¯·¦	´VÓ�±�ºÍÁ�ºX´m¨aÂ�ÎYç�±�§.¯KæX§kÈ�´m¦Ê¨X¦	©Ù½�ø()DªcÂ�½ Á×½à§�¦	¾À¯B©·¼E´X¤.¾
åyºm²µ±�¶Ñ¶Ê¦	´XÅd¦�Ã)±E²µ²B¯7³Í°Ì¦	¤.¯·¦	©·¦«Õc¦	¯µ±�¤.§�²�²B¤.´m¨M¤.´Ó¨X¦	´©åyºX¶bÖ«¦	©µÈ�¯SÅd¦�ç�ãE©·¦	´m¨X¦	´�Ýc±�´m¨Í­XËmÎYçm¦	©B´�äe­®¦�Ôm´ÍÁ
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½à²ÇÅ/¤.­X¯SÆ�¤�¦	§�¦:þ�¦	ºX¯·¦/³�¨Í¤�¦t¤.´M¤.©BÅd¦	´m¨X¦	¤.´m¦	©�ªt©B¯ÌºX´m¨*ýØ¦	¤�²·¦ åyºX¶��«¦	§.¤.´XÅd¦	´:¨Í¤�¦y²·¦	©Sªt©B­2¦	¤.¯Ç­2¦	¤.Åd¦	¯B©µ±'Á
Åd¦	´zç�±�­®¦	´�Tm­®¦	¤�¦	¤.´X¤.Åd¦	´�¶�ã�ÎYçÀ¯·¦Ù¤�Î'ç�¶Ñ¤�ÎYç�­®¦y²·¼E´m¨X¦	©·²Z­®¦y¨m±�´X¾d¦	´ á

ì â�ÎYç�¨m±�´X¾d¦ÖÝ¬¦	©B©B´�é
©·¼�ÃBÔ¥Õ1©7Ô")«ÔiÂfæ2¼]çX´�ÃeËX©c¨Í¤�¦£Ò¬­2¦	©B¯B©µ±�Å/ºX´XÅK¨Í¤�¦y²µ¦	©1ª¬©B­®¦	¤.¯1ºX´m¨�¨Í¤�¦��5¦�Á¯B©·¦	ºXºX´XÅ»­2¦	¤�¨X¦	©tÕ1ºX©·ÎYçÍÃ`ËPçX©BºX´XÅmÔ
ì â�ÎYç¿¨m±�´X¾d¦ÙÝ1¦	©B©B´¿é
©·¼�ÃBÔmÕ1©7ÔX½ZÔ� ÑÔ$�^¦�?/­®¦	©BÅd¦	©tÃeËX©Z¨Í¤�¦!�5¦	Å/ºX¯µ±EÎ'ç^¯BºX´XÅK¨X¦	©tªt©B­2¦	¤.¯7Ô
ì ý�ÔmÄ�±�©·Î�å7¦	°Z²·¾À¤$³XÄïÔ���±�´�±E²Kåy¾À¤�¦	°�¤�Î�å�ºX´m¨�Â®Ô��«±E¨X¼E¶Ê²B¾�¤�²·¼"°�¤�¦�±�§.§�¦	´�±�´m¨X¦	©·¦	´�­2¦	¯·¦	¤.§.¤.Å/¯·¦	´
Ä�¤.¯µ±�©B­®¦	¤.¯·¦	©B´M±�¶�Âfæ�±EÎy¦#"¬¦y²·¦7±�©·ÎYç%$S¦	´À¯B©·¦�¤.´=ýa±�©·²·Î'ç�±�º»¨m±�´X¾d¦5¤�ÎYçÖÃ`ËX©à¨Í¤�¦�Ûm¦	©B¯B¤.Å/ºX´XÅÙºX´m¨
¨Í¤�¦!&¬´^¯·¦	©·²B¯BËX¯KåyºX´XÅM°tÈ�çX©·¦	´m¨¿¨X¦	©�Åd¦y²µ±�¶�¯·¦	´�½
´À¯×°�¤�Îµ¾À§.ºX´XÅd²KæPç�±E²µ¦Ü¨X¦y²tÄ�¦y²·²µ²B¸�²·¯·¦	¶Ê²7Ô

ì â�ÎYçq¨m±�´X¾d¦ÓÕ1¤IæX§$ÔàéGçÀ¸�²"Ô' Ù±�¤ZÄ¿ºX§.¯Kç�±�ºPæ3Ã`ËX©Ê¨Í¤�¦Ó½
©·²B¯·¦	§.§.ºX´XÅï¨X¦	©(�5¦	´^ºX¯Kå7¦	©·²·¼�Ã`¯×°5±�©·¦¿ºX´m¨
²·¦	¤.´m¦! c©·¦7±�¯B¤.Æ�¤.¯µÈ�¯ZºX´m¨�Â�Î'çX´m¦	§.§.¤.Å/¾d¦	¤.¯¬­2¦	¤�¨X¦	©)&¬¶Ê²·¦	¯KåyºX´XÅÊ¶Ê¦	¤.´m¦	©)*¬´m¨X¦	©BºX´XÅd²B°�ËX´m²·Î'çm¦/Ô

ì Õc¦	©Üª¬©B­2¦	¤.¯·²BÅ/©BºPæPæ®¦:é
§k±�´m¦	¯·¦	´PæPçÀ¸�²B¤.¾�­Påy°ÙÔ��§)0¦	¤.§�Î'çm¦	´/��æPçÀ¸�²·¤.¾�¨m±�´X¾d¦:¤�ÎYç@¦	©·²B¯B¶»±�§5¨m±'ÃeËX©7³
¨m±E²·²Ñ°�¤.©»±�ºmÎ'ç=¯B©·¼E¯Kå�Âfæ�±�©B­2¦y²·¦	¯KåyºX´XÅa¦	¤.´m¦KÅ/ºX¯ÑÃ`ºX´X¾À¯B¤�¼E´X¤�¦	©·¦	´m¨X¦¿ªt©B­2¦	¤.¯·²BÅ/©BºPæPæ2¦K°S±�©·¦	´�Ô
+¥ºm²µÈ�¯Kåy§.¤�Î'çm¦	©�Õc±�´X¾qÅ/¤.§.¯:¦	ºmÎ'çqÃ`ËX©:¨Í¤�¦, t¼E©B©·¦	¾�¯BºX©K¶Ê¦	¤.´m¦	©:ª¬©B­2¦	¤.¯7³Ì¨Í¤�¦�±�´XÅd¦	´m¦�çX¶Ê¦�ªt©�Á
­2¦	¤.¯·²µ±�¯B¶Ê¼/²KæPç�È�©·¦/³X¨Í¤�¦1Õc±�©B¯B¯BºX©B´X¤�¦	©·¦/³�$�Â/âàºX´m¨.-()ªâBÂ®³Í¨Í¤�¦¬é
©·¦y²µ²·¦	¶Ñ¤.¯B¯·¦	¤.§.ºX´XÅd¦	´�³m¨Í¤�¦1Ä¿¤.´X¤êÁ
�5¦	¯B©B¤�¦	­m²µ±�ºm²�ÐmËXÅd¦ÞºX´m¨�¨Í¤�¦«ºX´På"È�çX§.¤.Åd¦	´/�«¦	§�¦	Åd¦	´Pçm¦	¤.¯·¦	´�³mºX¶0 cºmÎ'çm¦	´X©·¦�å7¦�æX¯·¦\åyºÓ¯·¦y²B¯·¦	´�Ô

ì ½
¤.´�Å^±�´PåÇ­2¦y²·¼E´m¨X¦	©·¦	©DÕ«±�´X¾cÅ/¤.§.¯DÄ�±�©B¾Àºm²>Â�ÎYçX© ã/¨X¦	©7³EÄ�¦	§k±�´X¤�¦1 pã]çX§�¦	©DºX´m¨�$lçX©B¤�²·¯B¤k±�´� c§�¦	¤.´ÍÁ
�«ã/²B¤.´XÅÑÃ`ËX©Z¨m±E²�¤.´^¯·¦	´m²·¤.Æd¦2 t¼E©B©·¦	¾�¯BºX©B§�¦y²·¦	´�¨X¦	©tªt©B­2¦	¤.¯�¤.´�ºX´XÅ/§k±�ºX­X§.¤�Î'ç¿¾�ºX©Kå7¦	©3+®¦	¤.¯7Ô

ì �5¦	¤0¨X¦	´¿Ä�¤.¯µ±�©B­®¦	¤.¯·¦	©B´�¨X¦y²:â&´m²B¯B¤.¯BºX¯·²5Ã`ËX©,ýØ¦	§.¯B©µ±�ºX¶ÖÃ`¼E©·²µÎYç^ºX´XÅ:¤.´,�1©µ±�å�²·¼7°�¤�¦Ù¨X¦	´�Ä¿¤.¯µ±�©�Á­2¦	¤.¯·¦	©B´ØÆd¼E¶èª¬§êÃe©·¦y¨�ÁXýØ¦	Åd¦	´m¦	©�Á[â&´m²B¯B¤.¯BºX¯Þ¤.´4�Ì©·¦	¶Ê¦	©Kç�±7Æd¦	´a¶�ã�ÎYçÀ¯·¦Ê¤�ÎYça¶Ñ¤�ÎYçØÃ`ËX©«¤IçX©·¦%+¥ºÍÁ
²µ±�¶Ñ¶Ê¦	´�±�©B­2¦	¤.¯
ºX´m¨�&¬´^¯·¦	©·²·¯BËX¯KåyºX´XÅ«­®¦	¤ÍÄ�¦y²µ²BºX´XÅd¦	´�³"¤IçX©·¦5�«±E²·¯�Ãe©·¦	ºX´m¨X²·Î'ç�±'Ãe¯ ºX´m¨Ü²·¼E´m²B¯B¤.Åd¦
Ý¬¤.§êÃ`¦c­2¦y¨m±�´X¾d¦	´�Ô

ì â�ÎYç�¨m±�´X¾d¦�Õ1©7Ô��1¼E©B­2¦	©B¯6�S§.¤.´m¨X¼7°óÃ`ËX©¬¨Í¤�¦ÞÄÏãEÅ/§.¤�ÎYçX¾d¦	¤.¯«¨X¦	©cÄ�¦y²µ²BºX´XÅd¦	´¿¤.¶�½
¤�²B§k±�­2¼E©¬ºX´m¨
¨X¦	¶ ýÏÈ�©B¶Ê¦y²µÎYçX©µ±�´X¾2³®ÃeËX©«¨Í¤�¦Ü²B¯µÈ�´m¨Í¤.Åd¦ÑÕ1¤�²B¾Àºm²µ²B¤�¼E´m²B­2¦	©·¦	¤.¯·²·ÎYç�±'Ã`¯7³¥¨Í¤�¦Ö²B¯·¦	¯·¦(�«±E²·¯�Ãe©·¦	ºX´m¨�Á
²·Î'ç�±'Ãe¯Ü¤.´�¨X¦	©7�c¦y¼]æPç^¸Í²B¤.¾Ñä`¨m±E²�Å/¤.§.¯�´�±�¯BËX©B§.¤�Î'ç3±�ºmÎ'çaÃ`ËX©�±�§.§�¦K±�´m¨X¦	©·¦	´ïÄ�¤.¯µ±�©B­2¦	¤.¯·¦	©�å«ºX´m¨
Å^±�´PåÙ­2¦y²·¼E´m¨X¦	©·²�Ã`ËX©Z¨Í¤�¦8 t¼E©B©·¦	¾�¯BºX©·¦	´�Ô
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ì �1¼ÀÎ'çX¶»±�§àÕc±�´X¾d¦Ñ±�´�Ä�¦	§k±�´X¤�¦ÜÃeËX©c¨Í¤�¦;"t¦	¯B¯BºX´XÅK¤.´�²Kæ�È�¯·¦	©�ÂÀ¯BºX´m¨X¦/³i±�§�²c¶Ê¦	¤.´/"¬¦yÎYçX´m¦	©|åyºÅ/ºX¯·¦	©t§�¦	¯Kåy¯1¨X¼ÀÎ'ç¿´X¤�Î'ç^¯1¶Ê¦�çX©¬²·¼Ñ°S¼E§.§.¯·¦Þ°�¤�¦Ù¤�ÎYç�³�ÃeËX©=<�²Z½à¤�²·¦y²·²·¦	´�ºX´m¨�¨Í¤�¦Ù¾�ºX©Kå7¦	´�é ±�ºm²·¦	´�³
¨Í¤�¦Ù¨X¼�ÎYç�¤.¶Ñ¶Ê¦	©t§kÈ�´XÅd¦	©Z°�ºX©·¨X¦	´�Ô

ì Õ«±�´X¾Ê±�ºmÎYçM±�´»¨X¦	´("¬¦y²B¯à¨X¦y²Zâ&´m²B¯B¤.¯BºX¯·² Ã`ËX©àé
§k±�´m¦	¯·¼E§�¼EÅ/¤�¦tÃeËX©à¨Í¤�¦5Å/ºX¯·¦Zª¬©B­2¦	¤.¯·²µ±�¯B¶Ê¼/²KæPç�È�©·¦ºX´m¨KÃ`ËX©Z¨m±E²tª1²B¸�§®­2¦	¤.¶>�«±�´XÅÊ¤.´�¨Í¤�¦«Ä�¦	´m²µ±ÍÔ
ì �1©·¼F?d¦	©ÖÕ«±�´X¾�Åd¦	­XËPçX©B¯(�«¦7±KÃ`ËX©�¨Í¤�¦?�S¦	°tÈ�§.¯B¤.Å/ºX´XÅ�¨X¦	©Ñ±�´ÍÃ)±�§.§�¦	´m¨X¦	´@�SËX©·¼E¾À©µ±�¯B¤�¦»Ã`ËX©�¨m±E²é
©·¼@<B¦	¾À¯7³'­2¦y²·¼E´m¨X¦	©·²�Ã`ËX©D¨Í¤�¦ÌºX´På"È�çX§.¤.Åd¦	´Ü¶»±�¤.§�² ±�´�ºX´m¨ÞÆd¼E´ÜÛX©µ±�ºÖÛSÔ�Ô�â�ÎYç�°Ì¦	©·¨X¦SÆd¦	©B¶ÞºX¯B§.¤�Î'ç
´X¤�¦Ç¨m±�çX¤.´À¯·¦	©0¾d¼E¶Ñ¶Ê¦	´�³"°S±E² ±�´�æ®¼/²·¤.¯B¤.Æd¦	´2 t¼E´À¯·¼E­®¦y²B¯µÈ�´m¨X¦	´Ö²·¼�´m¦	Å^±�¯B¤.Æc¤�²B¯7Ô��¬¼�ÎYçÙÆ�¤�¦	§d¶Ê¦�çX©
Õ«±�´X¾�Å/¤.§.¯cÕ¬¤.©c¨m±'Ã`ËX©7³¥¨m±E²·²1¨Íº�¤.¶Ñ¶Ê¦	©c¦	¤.´�¼@Bi¦	´m¦y²8-kçX©¬Ã`ËX©1é
©·¼E­X§�¦	¶Ê¦�<B¦	Å/§.¤�ÎYçm¦	©«ª¬©B¯¬ºX´m¨
¤.¶Ñ¶Ê¦	©tÅ/ºX¯·¦pþD±�ºX´m¦�ç�±E²B¯7Ô

ì â�ÎYç�¨m±�´X¾d¦«¨X¦	´Ó­2¦	¤�¨X¦	´KÄ�±�©B¯B¤.´m² á ÄïÔ]þ�¦	°Ì¦	§.¤.´XÅÑÃ`ËX©�²·¦	¤.´m¦«ÛXºX´X¾�¯B¤�¼E´¿±�§�²5¶Ê¦	¤.´mæ®¦	©·²­ãE´X§.¤�ÎYçm¦	©ª�¨Í¶Ñ¤.´X¤�²B¯B©µ±�¯·¼E©¬ºX´m¨:ÃeËX©Z¨Í¤�¦ÙÎ	¤.´m¦7±E²·¯B¤�²·ÎYçm¦	´¿Õ1¤�²B¾�ºm²·²B¤�¼E´m¦	´�Ô.Ô.Ô ºX´m¨¿Ä�Ô� c´�±�æX¶Ê¦	¸d¦	©�Ã`ËX©Z²·¦	¤.´m¦
Ý¬¤.§êÃ`¦c­2¦	¤0¨X¦	©Zª¬ºX¯·¼E¶»±�¯B¤�²B¤�¦	©BºX´XÅM¨X¦	©tÛ ½àÄÏþ�ª3�#AÓÁ×Ä�¼À¨X¦	§.§�¦/Ô

ì ª¬§�¦CB á Ä�ºmÎYç�±E²5Å/©µ±EÎ	¤k±E²�æ�±�©µ±Ü§k±Ö±E²B¤�²B¯·¦	´mÎ	¤k±ÜÎy¼E´Ó¦	§i¼E©·¨X¦	´�±E¨X¼E©7³Zæ�±�©µ±Ñ±EÎ7±�¶jæ�±�©Z¦	´:¦	§iÎ	º�±�©B¯·¼¨X¦Ù¦y²B¯µ±�©7³{æ�±�©µ±Ü§k±Ê±E²B¤�²B¯·¦	´mÎ	¤k±ÑÎy¼E´Ó§�¼/²¬¨X¦	­®¦	©·¦y²t¦y²Kæ�±�´m¼E§0¦	¯·Îy¦	¯·¦	©µ±ÍÔ
ì ½
¤.´ÑÕ«±�´X¾Ü±�ºmÎ'çÑ±�§.§X¨X¦	´m¦	´�³E¨Í¤�¦5¨Í¤�¦D+®¦	¤.¯ ´m¦	­2¦	´Ñ¨X¦	©>ª¬©B­®¦	¤.¯
²·¼1²·Î'ç�ãE´ÜÅd¦	¶»±EÎ'ç^¯Gç�±�­2¦	´ á Ä�±�©�Á¾�ºm²7³iÄ�±�©·Î	ºm²"³E$lçX©B¤�²B¯B¤k±�´F ÑÔ ÁG�cÔ.³H$lçX©B¤�²B¯B¤k±�´F�cÔ.³iÄ�¦	§k±�´X¤�¦7 ÑÔ.³�Ä�¦	§k±�´X¤�¦ÊÝ�Ô.³2ª¬§�¦CB2³iÄ�±�¤�²Kç�±Í³
¨X¦	¶ Â/)5ÚôºX´m¨I�ZÂÀÚÖ³�¨Í¤�¦�Æd¼E©c±�§.§�¦	¶�¤.´�¨X¦	©ÙÂ�ÎYçX§.ºm²·²YæPç�±E²·¦�¨X¦	©cª¬©B­®¦	¤.¯¬¶Ê¦	¤.´m¦\æPçÀ¸�²B¤�²µÎYçm¦	´
ºX´m¨ÓÅd¦	¤�²B¯B¤.Åd¦	´�ªtºm²�Ã$È�§.§�¦«²·¼ÖÅd¦	§k±E²·²µ¦	´¿¦	©B¯B©µ±�Åd¦	´�ç�±�­2¦	´�Ô

ì ½
¤.´=Å^±�´På¿Å/©·¼F?d¦	©»Õ«±�´X¾ïÅd¦�çÀ¯M±�´=Ä�±�©B¾Àºm²ÖÃ`ËX©·²Êª¬ºÍÃe­�±�ºm¦	´qºX´m¨3ªt´m²Kæ2¼E©B´m¦	´�³J�c¦y²YæX©µÈEÎYçm¦
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