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Ga, direct

Ga, inclusive

Ga, dir. & inc.
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In, direct

In, inclusive

In, dir. & inc.
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Sn, direct

Sn, inclusive

Sn, dir. & inc.

-8

-6

-4

-2

0

2

4

6

8

B
IP

M¡ B
N

M¡

IM
G

C

K
R

IS
S

M
SL

N
IM�

N
M

L� N
PL

N
R

C

N
R

L
M� PT
B

SM
U

V
N

II
M

V
SL

D
iN

IS
T�  = (T i-T

N
IS

T
) 

/ m
K

Zn, direct

Zn, inclusive

Zn, dir. & inc.
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Al, direct

Al, inclusive

Al, dir. & inc.
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Sensitivity Analysis
Length of HPD as a function of prior on between country variance
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Dual Meter Experiment Design for Flow Transfer Standard Testing

Run Day Flow Rate Upstream
Meter

Downstream
Meter

1 1 high 1 2
2 1 low 1 2
3 1 low 1 2

4 1 high 1 2
5 1 low 2 1

6 1 high 2 1
7 1 high 2 1
8 1 low 2 1

9 2 high 2 1
10 2 low 2 1

11 2 low 2 1
12 2 high 2 1
13 2 low 1 2

14 2 high 1 2
15 2 high 1 2

16 2 low 1 2
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¢ � ª �6�-���7� ª �-�	� � ��� �m� �����Ò�G��Ø$�|� � ��� �5ª �-�É�É�,��½/�Ò� ª �$�W� �	ª � � �'�-�$�Y�i� � �,���e�i��½/�	�W�Â�/�^�$·!���W�*�E�� ª �1�7�W���Y� � �;�����Y�W��£1�W�-�$¤ Ê ���¸�<�1��� �	� � �	�5ª�� ���$��� ��� �7���e�Y� � �-��½e�$�Z� � �3�*�m�Z�W�G���$�5à��E�6�6�$�C¤ Ê ����6�,�Z�Y� � �/�Y���[� �	�5ª�� �	�$���Â�-�r�Z�W�*�-�$�^�Z� � ��©	�$�(���,�-�Z� � �<�Y� � �|� Ê ²�Õ ¢(¤ Ê � ���$�!�s�7�9�$���,�I�Y�E£!��� � �*�L�9� � ¯� �$�Y�6�C� � ���/£��$�<�1½'� � �$��� � ©,�L�W��£��$�e�i��½/�	�W�-�$¤ ² � ��� �����/£��$�<�1½�����½��'�7���8�i��½/�	�W�*���1�����W�G��½/���$�^©,�$�(�$�� �w�W�Z�Y� � �/�Y�'� ��� �7���N���'�*�/�Y�I£!�8�Y� � �f�(�,� � ���$�Y� � �<�1¤ Ã ���-��½������$½/�6�'�(�i� � �e� ª �*�-��� ��� ���'��� � �������6�$�Z¯ª�� �-�/�Y�N�i�	�9�/£��$�<�1½'� �!� �7���^�'�*��½/���$�5�i��½/�	�W�-� � ��� � �1�¸�$·!���W�*�E�5� ª �1�7�W�w�Y� � �9½/�6�-�|©	�$�(�$� � � � ����W�Z�Y� � �/�Y� ��� �7��� Ê ²�Õ ¤ ­ �m�W�Z�Y� � �/�Y�X�7��� ª��$� �W�¹�1��� ª �	�$�(�N� ª �$�Y�7�6� � � � �	� �7�,�-�y���1�Y�$� ª	� �-�C�Y�$��i��½/�	�W�6¤ Ê � � � �Y���$�Y� ��� �µà��E���Y�$�c�/Èµ�$�Y�6�C�'�7��� ª	�1� �$��� ª �$�Y�7�6� � �*� � ���E�Y� ª �G���$�;©W�
£f¤B¥�¦�§©¨6ª« ¨¬3­a® � ���$���ª« ¬ �-� � �s�y�W�Z�Y� � �/�Y� �!� �7���N�Z�6�1���	�$�6�5���R£!�-�/�Y� � � �!� �i�	�8à}�I���Y�$��� � �-�(�k¤
Ý £��$�2�7���f�-�$�Z�c���W�1�(� � �N�1�7� �,��ª �*�-�(���W�^�7��� ��� �*� �$� �-��½�¤
¬�¯LÃ ���7�$���6�W���1��� �!� �Z� � �X©	�$�(�8�,�-�Z� � �<�Y� � �;�W�Z�Y� � �/�Y�W�C¶��1�7�Z� ª �Y�$� ��� � ª �s©,�G���Z�/�Y� � �N��� �°=�=�= � å�ð$ê	í �ð,è(ì�é�æ�ê	íXæ�ê±�¡ê�í�ì¡åLñ$ó�ãCê:ì�ð	ì�é¡æ�ê�ðWê�þ)iÎãCðWí/ñWåiã�óÁãCê�ì�í ¤
¬ � �5ª � � £!�$� � �s� ª � � �7�$�,�s��� ��� ���W�Z�Y� � �/�Y���	½3�7���8£��1���-�1�	�7� �!� �7���X�Y� � ����½3à}�I���Y�$��� � �-�(�k¤ ­ � � �Y�m����<� � � ª � ª �$�(� ¯ Í[�,� ª �Y�I£��9�W�Z�Y� � �/�Y� � � �!� Ì �,� �7¯\�z�W�1��¯�Ñ1·,���$�6���<Ìc�zÑ/¢��Y� � ����½[à��I���Y�W��� � �*�L�s¤�¶
¬9Õ �R£!�'� �	ª �$�w� � �$�Z��� ��ª �-� � �$���6�/�Y� � � �!�:� ���y�i�-½'�	�'���W�*�-½'� � �$�1�y� � ���k¤
¬|Õ �\£��'� �,ª �$�Ï�¿� � ���Y� Ô �1�6� � �i� � ���*�/�Y� � �É� � ���w� � ·,���1���Y� � �¿�<�1��� �,� �$���É�6�,�Z�Y� � �/�Y�-�f�$�Z� � ������ ª �	�$�(�e�1��� ª��$� �$�3� ª �$�Y�7�<�W���W�Z�Y� � �/�Y�'�8�!�s�9� � �i�	�mà � �-���X�'È:�$�Y�6� �!� �1���,�E�Y�I£!�w� � �-�(�	���Y� � ����½à��E�6�6�$�A� � �-�(�	�	�$�Z� � ���3�-� Ê ²�Õ �'�7�Y� � �/�6�W�C���$�Y� � �<�r���ÉÌ��zÑNà��I���Y�W�A� � �-�(�^�'�7�Y� � �/�6�W�C�	�1�����$�Z� � ���r�-��i��½/�	�W���'�*��½/� � �$���/¤
¢ ê�þkñWíCì�å�é�ãCímì�â�ð	ìAøÂé*ïGïyú	ãCê�ãRç�ì2ò�å7æ�ó×ì¡âkãeþ�ãWû/ã\ï�æWä�ó�ãCê:ìyæ$òÂì�â�ã�ê�ã$ø óÁãCðWí/ñWåiã�óÁãCê�ìAè�ð/ä�ð	úWé*ï*é�ì�ëð$å7ã;é-ê:û'æ$ï�û'ã$þÁé-êÅì�â�ã;ò<æ$ïGï�æ�øÂé�ê,îÉì�ã$èYâ�êkæ$ï�æ$î'é�ãCí3²;öké*î1ð	úWé�ì�=�ì�â�ãCåZêkã1ì[êkã1ì<ø8æ�åa`�í(ýX÷Wé<ú1å7ã³�	â�ð$ê�ê�ãRï�ý�K´ ��µ ýyí�ð	ì�ã\ïGï*é�ì¡ã ��µ ýbì¡ã1ì�â�ãCå7ã$þ�óeé�èYå7æ�ø[ð	û'ã¸ð$ê:ì¡ãCê�ê�ð$í�ý8æ'ä2ì}é¡è�ð'ï3ì¡ã\ï�ã$èZæ�ó�ó¿ñ$ê,é¡è�ð	ì�é�æ1ê�í�ý�æWä2ì�é�è�ð'ïè7æ�ó;ä�æ�ê�ã�ê:ì�íµð$êkþfì�ãCí�ì�ã � ñ/éGä�ó�ãCê:ì�ý/� � ��= � g1�"?�¶ b íiëWê�èYâ�å7æ�ê�æsñ$ícæ'ä2ì}é¡è�ð'ï'ê�ã1ì<øXæ�å·`|g�í�ëWê�èYâ�å7æ�ê�æ�ñ$íþ1é*î'é�ì�ð/ïkâ,é�ãCå�ð$å7èYâsëfé�ê�þkñ$í�ì�åYë e ð$ê�þ¿õfé�å7ã\ï¡ãCí�í �

Û M



��������¸ y¹7v%v!L%(�m0+%(�dx|!/�W,º���z 6��~·��#�»��w!1�����m�z��¼½�w!"45 |%3 /#h�/~¾�O�"%(�dx&!6��¿��mÀ� 6#+0
Ô ¤s�Þ¤ ­ �$��½�,ì�ð	ì�é-íCì�é¡è�ð'ï>=�ê,îWé-ê�ã$ãCå�é�ê,î�?Âé�û\é-íié¡æ�ê�ý@� �"A
Ê ¤L<$¤ Õ �<� ª �'�*�� ä2ì�æ	ã\ï�ã$è(ì�å7æ�ê,é¡è�í�?Aé�û\é�í7é�æ1ê�ý@=�=�= A

124.0 124.5 125.0 125.5 126.0

0
1

2
3

4

Horizontal width

¥ �-½C�s���EH u « Ä �*�Z� � ½/�<� � �$��� ª � � ©	�1©,�G�*�I�����	�$�	�i�I��� � �s���Y�Y� � � �!� � � �6�Á� � ���6�W� � �-���7�	� �!� �1�¸�'�G�*� ª �(�� �I�7�}Â º¹Ú,Ç��1���EÃzº¹Ú,¨�¤

� J



U¡x|�|?�J'P|V!@ v @/BGM!j,@WVÀJ¿]RM�HCKLJW]ZK¸F�D*]LS7M�F;@LKL@'SfO<M!S9J$]R](Q,SYJRKL@ÉF^@'JWPLQ,SZ@'F^@'HCK�M/OfM!j/KLDG](J'BGT��sU,@/SM1Q'KL@'SwV1DIJWF^@LKL@'SC_Ä�1?�@Ï]LM!HCK(J$]ZK|F�DG]RS7M�F;@(KR@/S;DGP�Q,P\@WVÉKLM�F;@/JWPRQ!S7@®SZ@RO<@/S7@'H!]L@��kU!@'SYPeK\?1JRK�JWSZ@JWS�KLD§O�J$]ZK(PrQ!P�@WV9U$`8KR?�@AKL@/BG@W]LM!F9F9Q!H1D*](JRK(D*M�H�P3DGH!V1Q!P7KRS6`�O<M�Sy]LJ/BED*U�SZJLKLDIH�p[KR?!@CDISyM1gfH�F^@'J'PRQ!S7@'F^@'HCKPL`�PZKR@/F^P�_�[Ï@�j,SZ@'P�@/HCKXJ�F;M!V,@CB1O<M�SAV1DIJWF^@LKL@'SZPbF^@'JWPLQ,SZ@WVeU$`8K\?�@f]RM�HCKLJW]ZK3F9DG]RSZM!F^@LKL@'SC_OÅ	JWP�@'VM�HeK\?$DIP^F;M!V!@/B}q�KR?!@wj!S7M!U!JWU�DEBEDdK(`ÁV1DIP7KRSYD*U1Q/KLDGM�HÁM'O¹KR?!@wV1DIJWF;@(KR@/S�DIP^V!@'SYD v @WVÁJWH!VeK(gmM�V1DIJWF^@LKL@'S@'PZKLDIF^JLKR@/PXJ'S7@Nj!S7@'P\@'HCKR@'V:_

P ��� ª �-�Z�W�W���-��½����$¯ �5� ���y�6�'���$� �	�5� �s�!���Z�/�Y� � �	� �	ª �Z�-�Z�W� ¼ ©��$���*�2���W�1���I���7�����7���-�$�k�1�	�f�	�$���b½��-�$���è7æ�å7ãm��� �1© � �,�{HLJ$Æ � �����,�-� � �C�6�$�������Z� � �s�	���$��©W�5�;½��-�$��� è�ï�ð!þ�þ1é�ê,î�� �I�7���$� � �!�Y�$�[�!�-� � �C�Y�$��!� �1© � �,�oH�¨ � Æ � ¤�Ùc���C�	¯��(�Z�'�����6�,�Z�Y� � �Â�1�������(�$�e©W�9�7�����-���,���Z�7�¡�9� � �	�C�Y�$� � �-���b�7���N�7�-�1�	�,����½�,�*� � ���Y�$�k�7�	�/� � ���Z��©	� � �W�$�i�s���$�N�1�	�9� � ���7� � �*�-�$� � �E�i�!���
J�¤�HoÆ � � � �$�	�1©,�-�A�i�	� � �1�,� � �1�Y�Z���6��!� �&Ç¸�7���$��� ¼ ©	�$��� � �	���$�Y� � �<���i�,�/�2� � � � �2���$·!������� � �$�,���W�W�1�1à����Z� � �$���/¤c�z�'�$�i�s��� � �W���6� � �1�	�� �I�7��½'�<�/�	¯i�(�Z�W�-�¸�6�,�Z�Y� � � � �C�®�i��È:�$� � � �,� ���6�,�Z�Y� � �/�Y�-���W�Z� � � ��� � � � � �6�$���7�	�hÆ � ¤À�f��Ñ Ê���R£!�'� �	ª �W���b� � ���6�1�Y� � �-�(� �,� �C�6�$�s�7�	�/���Z�1� � �1Ø$�3�7�-�$���,���	½r�,�-� � �C�6�$� � �W�$�i�s��� � �$���6���1�7�7�s�<�/�6�� � J�¤�J Û Æ � ¤ Ê ���b� � �����1�Y� � ����� �	� �C�Y�$�s�-�����(�$�8� � �7�$���Z� � �fÑ/�6�1���	�$�6�eÌ�� � �$���$���Z���À�/�Y�$���-�W���}Ñ�Ìc�Ï¢¼ ©��W���[� � �7�	�C�c�7���f�����!���Z�i�¡�w�	�$�Â�1�<�Y� � �$�Z��� ��� ���Z�W�*�-©��<�/�Y����½3�i�	�'����½/�<�/�	¯i�L�Y�W���f�6�,�Z�Y� � �$¤
ÍÞ� � ���6�$�Z� � ����� �	� �C�Y�$�A� � �	�i�*�7��� ��� �e�Z�6�C�Z� � �	�$��� ª�� �Z�b�Z�'�*���W�|�1�¸�1��£!�G�����1�	�|� ��� £!�'�1©,��� ª �1�<��Z�W�G���$�¿�|� ª ���	�,���k¤Ï�z�W�$�i�s��� � �$���6�N�$�6� ª �$� ��� � � �$�®©W� ¼ �<�7� ª ���W���i���	½;�7��� ¼ ©��$��©	�C� � �$�W�Á�7���� ª ���	�,���w�1�����7���w�1��£!�*�����$���|�7��� ª�� ���E�Y� � � �!� �7���e� ª �����,�-�w�*� �5� �,�E� � ���$�Á�����6�$� � �$� �,� �C�7�����Z�W�G�I��¤Ê ���$�����i�	� ¼ ©	�$�r�-�N��� �5� £!�$�Ï�$�����7���w� ª �����!���e�-�N©�� � �s½'�1���-��� � � � �1�6�1�Y� � �E�7�|�7���w�1��£!�G�Y¤ Ê ����,�GÈµ�$���$�	�7�^©���� � �$�$�^�7����� �N�5ª�� �i�I�Y� � �	�r�*�A�i�	�9�,�*� � �C�Y�$� �!� �i�	� ¼ ©	�$�C¤A� �k� � ��� ���'���7���9��� � ����(�$�Y�Y� � � �!� �i�	� ¼ ©	�$�A©W���1�5�'�*�G� ª �(�	�$�7���^� � ���6�$�Z� � ����� �	� �C�Y�W� � �W�$�i�s���W���7���^� � �6�Á� � ���6�W� � �-���7��!� �7���8�'�*�G� ª �(�X�$�c�i�	���,�*� � ���Y�$� �!� �7��� ¼ ©	�$�C¤ Ê ���f� � �6��� � �1�6�W� � ���1�i� �!� �7���f�'�G�*� ª �(�X�-���(� �$� �N� �©�� ÈÊÉpËBÌ Ã ¨�ÍÏÎ�Ð ¨�ÑoÒ Â ¨�ÓfÔ3Í°¨ Ñ� �I�7� Ñ ���$� � �Y����½[�7�����1�	½C�-��©��C� � �$�$�f�i�	� � ��à � ���(^$�-���$���m�7��� ª	� �i�I�Y�I£��ÖÕ�¯��+^$�-�C�BÂ �*�c�i�	�8�(� � ��¯� �Cà � �Â�(^$�-�3�-�$��½R�i�����1����Ã��-�[�7���^�(� � � � ��� � �y�(^$�-�3���W��½\�7�2¤ Ê ��� ª � �c��� È �Z�1�|©	�e���$�6�E£!�$�¸©$��$���i� � ����½m�7�	�C� Ñ �-�m�!�-�Z�7�6��©!�,�Y�$�Á�s�,� ��� � � �I�¸���Ø× Ù ®

Ë(Ú1Û ¤ Ê ���5�$�7� �	�5ª �1�1�!����½ ¼ ½��s���¸�!�-� ª �-�C�,�f��,�*�7� � ½/��� � �!� È � ©1�6�W���	�$� � � �,� HLJKJ���JKJKJw��� � �	�-�/�Y�W�w£��W�G�s�W� �!� Ñ � �E�i�±Â ÉÝÜvÞ �1���tÃ É¹ÜvË ¤Ê ���N�i� ª �$��� �5ª�� �(�$�e�*�-�����-���7��� ª � ����� È ¤
² �$�(�$� � ���7��� ª � �	ª	� �(�$� �5� ���/� ��� �X�!�-� � �C�Y�$�<� � �W�$�i�s���$�¿©W�|�7����� � ���6�$�Z� � ����� �	� �C�Y�W�L�s� �N�� �C�7� � �	� ��� �r�W�Z�Y� � �/�Y����½8�7���;�7�-�$���,���	½9�,�*� � �C�Y�$�Â�1�����E�6�X�����7�$���6�W���1��� ��� �¹�i�	�;Ñ�Ìc� ¼ ©��$�Â�1���ª ���W�(�$���6�$�2¤Á��� ª ��� ª �1������½wÑ�Ìc� ¼ ©��$�<�C� � �e���1Ø$� � �W�$�i�s��� � �$���6���/���$·,���'�*�I�Á� ª �1�7�$�¿�1��½����-�1�� �����$�1�6�/�Y� � �f�1�������(�r© � �7� � �C�7� � �	��� � �$���i�s���[�1�f�1�7�7�s�<�/�6�r�W�Z�Y� � �/�Y� ��� �7���[�i�*�1���,�-��½[�!�-� � �C�Y�$��!�k¼ ©��W���$¤
> â�ã[ä�å7æWä�æ1í�ãWþ5óÁã1ì�â�æ	þ!íXâ	ð	û'ã5ú	ã$ã�ê®ñ$í\ã$þÁì�æ�ãCí�ì�é�ó5ð	ì�ãwì�â�ã^è6ï-ð,þ�þ1é�ê!î�þ1é-ð$óÁã$ì�ãCårð$êkþeé�ì�í�ñ$ê �è7ãCå(ì�ð'é-ê:ì�ë¸ò<æ�å�ð|å7ã\ò<ã�åiã�ê�è7ãeç�ú	ãCå b � C i l ü l"ß·e � � âkãwóÁã$ì¡âkæ�þ!í;è�ð$ê®ð'ï-í\æÀú	ãÁñ$í\ã$þ�ì¡æ�æsú�ì�ð'é-ê®ðþ1é�ðWóÁã1ì¡ãCårãCí�ì}é-ó�ð,ì�ã8ò<æ1å�ð�ó�ãCð$íCñ$å7ãCó�ãCê:ìµí�ëWí�ì�ãCó â�ð	û\é-ê,îwì�â�ãbç�ú	ãCåræ�å6é¡ãCê:ì�ãWþ;ð	ìµð$êsëNð$ê,îWï¡ã �
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Ó[¤�<$¤ Ô � �1Ø$���R�;�1���wÙX¤ Ü ¤Wáµ�1��½�,ì�ð	ì�é-íCì�é¡è�ð'ï>=�ê,îWé-ê�ã$ãCå�é�ê,î�?Âé�û\é-íié¡æ�ê�ý@� �"A
¾ ¤�ÌA¤ Ä ��È � �$�:���Þ¤EÑ�¤ Õ � � �R��� Õ ¤*�Þ¤�Ù2�*�*�G�-� ���æ�ê,é�åYé�ê!î C ð,þ1é-ð	ì�é�æ�ê±?Âé�û\é�í7é¡æ�ê�ý@æ A

stationary background rate / neutron trap filling rateç
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cutoff point for presence of contamination
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Half-life time series from moving window data: m= 30
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Distributional Fitting of Radionuclides(47 Distributions / Element)
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Errors in Variables for Gas Metrology

©¦ª�«­¬[® ¯�G�G"²<3U¯Þ¼�ÆÞ¶nª¾ËV¯�¿o¶ÉÆ¦µÄÇ¹Æ�®ÉÇ´ÇÄ¯0Ë�ª�Æ­¶oª�º¹µ�»"¼�º¦¶É¿hÇÄ¯�® ª¾Ë�¯2ÇçÖØ®Éº"Å Æ¦În¶n¬%Æ2¼�ÎoÆ2¼Ðª�ÊÄ®FÆÞ¶nª�º"µç¼;ª�µÄ¯2¿�¿�¸Äº¦Áçª�µÄ«¶È¸Ä¯|º"ÎÈÎÈ¬[®o® ¯�µ¹ÎÈ¯äºVÖ�¯2Æ¦ÎX¸Ýº�Ö2¶È¸Ä¯h¶È¸Ä® ¯�¯|Ååº¹ÇÄ¯Ã¿dÖØº¹®U® ¯�«Þ® ¯2¿X¿'ª�º¹µ�Æ¦µ¹Æ2¼�á"¿'ª�¿Þ² � ���E�/��½)� ����� �ç½)������ � Ñ\â�¸¹¯´¿�ºV¼;ª�Çå¸Äº"®ÉªRAÈº¹µ¦¶ÉÆ2¼QL�ÑÐÏ�I
¼;ª�µÄ¯�® ¯�»Ä® ¯2¿�¯�µV¶É¿~¶'¸¹¯´Æ2¿�¿'¬[Åå¯�ÇI® ¯Ã¼;ÆÞ¶nª¾Ë�¯Û¿o¶ÉÆ�µÄÇ¹Æ¦® ÇåÇÄ¯yË�ª;ÆÞ¶nª�º"µIª�µ¶È¸Ä¯��¨ËVÆ¦® ª�ÆÞ¶n¯"½�¶È¸Ä¯�¿o¶ÉÆ¦µ¹Ç¹Æ¦® Ç-«­Æ�¿|ÎÈº¹µÄÎo¯�µV¶È®FÆÞ¶nª�º¹µ�Ñ

N¦ì



0 óYüÃòÃø�ñ�ï � �Èõ¦û;õVü­÷ãò �7� îVïçú¾ó � ï��oó�ò � úÐõVó�òÞûÄø � ò2ó�öVò��oö�ø�õ��nüÃòÃó¦ú��¤ò � úÐõ�óVøÝûÐï � ï­û � ÿ"�Èï�,¦ð"ïÃó � ý¤òÃû�úÐô��oò � úÐõ�óõÞÿ�òÃð � õ�ñYò � ï2ö¨ý0õVó�ý0ïÞó � �oò � úÐõ�ó�ñ�ïÃòÃø0ð��ÈïÃñ�ïÃó � øàò2üÞòÃú¾óVø � ý¤ò��oï0ÿ�ðVû�û�÷ � �oï � ò��oï2ö¨ò2ó�ö¨ý0ï�� � ú%$[ï2öÀüÞò2øý0õVó�ý0ïÞó � �oò � úÐõ�ó�ø � ò2ó�ö�ò��ÈöVø)úÐø«�oõVð � úÐó�ï 
<� ÷ � úÐý¤òÞû�û¾÷ � ø¤ð¹ý0îÛö�ò � ò|î¦ò � ïSô�ï2ïÞó�òÃó�òÞû�÷��yïÃö�ð�ø0ú¾óVüSý¤û¾ò2øyø¤ú;ý�òÃûû�ú¾ó"ïÞò��j�oïÃü	�ÈïÞøyø0úÐõ�ógñãï � îVõ�ö"õ¦ûÐõ�ü­÷ ��� F ' $ ��� ú¾óVü � 
 ú � îÛòÃøyøDõ�ý¤ú¾ò � ï2ö��Àõ��'þ2ú¾óVü � � õ � ï­û¾û�ú¾óVüÝò2ó�öU��ú;ï­û�û;ï	�� � �Èõ � òÃüÃò � úÐõ�ó � õÞÿ � ï	�.�Èõ���ôVò2øDïÃöW!�ý¤òÞû¾úÐô��oò � úÐõ�ó�ô"õ¦ð�ó�ö�ø 
�� ð � ú � î¦ò2ø�ô"ïÃïÃóIõ�ôVøDï�� � ï2ö � î¦ò � õÃÿ � ïÃó � îVïôVò2ø0úÐýçòÃøyø0ð�ñ � � úÐõVó�ø´õÞÿ�û�úÐó�ïÞò��|ûÐïÃòÃø � ø�,Vð�ò��ÈïÃø´ò��ÈïYó�õ � ñ�ï ��� ø � ï2ý¤ú%$[ý¤òÞû¾û�÷ � � îVïãý|�oð"ý¤ú¾òÃû ����$� ���� 
ó � 
 ò2ø � îVï�û¾ò ��� ï�� � îVò � ûÐï2ö � î�ï �&�Y� �g�ßï	�Èñ�òÃó�!kö�ïÞûÐïÃüÞò � ú;õVó � õ � î�ï-ó ' � �\òÃø � óVòÃû�÷Vø0ú¾ø��Àõ��'þ2ú¾óVü�X�Èõ¦ð � �'3 7<��� � õàö"ï � ï­û;õ � ò2ó�öàø � õVó�øyõ�� � î��Èõ¦ð�ü2î � õÌò2ö"õ � � úÐõ�ó-òIó"ï 
 ��òÃø � óVòÃû�÷Vø0ú¾ø ' � ò2ó�öVò��oö�`ó ' � {�7'�%ù 
g  ! � 
 î�úÐýyî�ú¾økô�òÃøDï2öçõ�ó � îVï|ð�øDïÝõÃÿPð��.�Èõ��oø~ú¾óh¡ßò��oú¾ò�ô¦ûÐïÃø~ñãï � îVõ"ö�õ¦û;õVü­÷SÿFõ�� � îVïÝòÃóVòÃû�÷Vø0ú¾øõÞÿiüÞò2ø�ñYú � � ð��Èï´ý0õVñ � õ�ø¤ú � úÐõ�óIý�òÃû�úÐô��nò � ú;õVóVø 

0 Á�º¹®nÙ�ª�µÄ«�ÇÄ®FÆ2Ö;¶Y¿o¶ÉÆ¦µÄÇ"Æ¦® Ç¨Á�Æ2¿IÎÈª�® ÎÈ¬Ä¼�ÆÞ¶É¯�ÇzºÃËV¯�®YÆp»Ä¯�®Éª�º¹Ç×ºVÖ�GÌáV¯2Æ¦®F¿
»Ä®Éª�º¹®ç¶nºzÆ�ÇÄº¹»V¶nª�º¹µÆ¦µÄÇIÎoº¹ÅåÅ-¯�µ¦¶n¯�Ç
º¹µ
Ê2áIÆ2¼Ð¼%ÎÈº"µÄÎÈ¯�®nµÄ¯�Ç
µ¹ÆÞ¶nª�º¹µ¹Æ2¼¹¿o¶ÉÆ¦µÄÇ¹Æ�®ÉÇ"¿�º¹® «­Æ¦µ"ªBAÈÆÞ¶nª�º¹µ
»¹Æ¦®?¶oª�ÎÈª�»¹Æ¦µ¦¶É¿­½V¯Xé2ÎÈ¯�»V¶ÖØº¹®S¶'¸¹¯zMYÑT:�Ñ�Á�¸"ª�ÎX¸�¸¹Æ�Ç�µÄº�º�VÌÎÈª�Æ2¼�®É¯2»Ä® ¯2¿�¯�µV¶ÉÆÞ¶nª�º¹µ�ÆÞ¶�¶'¸¹¯·Å-¯�¯D¶oª�µÄ«­¿�Ç"¬%®Éª�µ¹«I¶È¸"ª�¿Û¶nª�Åå¯·»Ä¯�æ®Éª�º¹ÇßÑ@891":2âÀµÄº¦¶É¯�Ç�¿�¯0Ë�¯�®FÆ2¼U¶È® º�¬%Ê"¼;ª�µÄ«�ÖØ¯2ÆÞ¶n¬[® ¯2¿�º�Ö\¶È¸Ä¯
µÄ¯­Á ¿o¶ÉÆ�µÄÇ¹Æ¦® ÇßÑo1�µÄÎÈº"®o® ¯�În¶S¼;Æ¦µÄ«D¬%Æ¦«Þ¯�ª�¿¯�Åå»"¼�ºÃáV¯�Çd²ZD"®n® º¹®F¿�ª�µ®UiÆ¦®Éª;Æ¦Ê"¼�¯2¿�ª;¿�¶n¯�®nÅ-¯�Ç+>�¯�µÄ¯2® ÆÃ¼;ªRAÈ¯�Çtê�¯ÃÆ�¿o¶�:�E"¬%Æ¦® ¯2¿�ÑYâ�¸Ä¯-Æ�Ç¹Æ¦»V¶ÉÆ­¶oª�º¹µeº�ÖD"®o® º"® ¿kª�µZUiÆ�®Éª�Æ�Ê"¼�¯2¿kÅå¯­¶È¸Äº¹Ç¹º�¼�º"«yá�½�¶nºã¿'¬[»Ä»�¼�Æ¦µV¶)³�ê�:Ä½�ª�¿k® ¯�ÎÈº¹ÅåÅå¯�µÄÇÄ¯�ÇIÆ¦ÎX® º"¿X¿h¶È¸Ä¯�ÊÄº�Æ¦® ÇU½�ª�®oæ® ¯2¿�»Ä¯�În¶nª¾ËV¯Ûº�Ö¹¶È¸Ä¯ÝË¦Æ¦®Éª;Æ¦µÄÎÈ¯�»¹ÆÞ¶ ¶n¯�®nµ¹¿)ª�µ´¶È¸Ä¯çÇ¹ÆÞ¶ÉÆ�ÑHSk¼;¿¤º�½Ã¶È¸Ä¯2D"®o® º"® ¿kª�µ=UßÆ¦®Éª;Æ¦Ê"¼�¯Ã¿i¶n¯�ÎX¸Äµ"ª E"¬[¯�ª�µ¶È¸Ä¯�µ¹¯­Á ¿o¶ÉÆ¦µÄÇ¹Æ�®ÉÇåª�¿�ª�Åå»"¼�¯�Å-¯2µV¶n¯�ÇIª�µã¶'¸¹¯´ÖØº"®oÅ º�Ö\Æ�µÌ¯'é�¯�ÎÈ¬"¶ Æ¦Ê"¼�¯gÎÈº"ÇÄ¯�Ñ³1�¶|ÎoÆ¦µ-ÊÄ¯Y¿'¬[®nÅ
ª;¿¤¯2Ç¶È¸¹ÆÞ¶�¶'¸¹¯�Îoº¹Åå»"¬"¶n¯�®´»Ä® º"«Ã®FÆ¦Å ª�¿YÆ¦µ�Æ¦Ç¹Æ¦»¦¶ÉÆÞ¶nª�º"µzºVÖ�ÆE�|>�¯2µÄ¯�®FÆ2¼;ªBA'¯2Ç¸ê2¯2Æ�¿o¶=:�E"¬%Æ¦® ¯2¿bô
® º�¬"¶nª�µÄ¯ÖØ® º¹Å Ô[® ¯2¿X¿ ½2xWuK\�]�y6s}a�^¶h�\Ws�yRv<\�c{yY~K¯ Ñ
õf¯�Æ¦® ¯�ª�µ�¶È¸Ä¯S»¹®Éº"ÎÈ¯2¿X¿)ºVÖ¹ÎnÆ¦® ¯ÃÖ�¬Ä¼;¼�áÛ®É¯0Ë�ª�¯DÁÛª�µÄ«|»¹Æ�®F¶ßºVÖV¶È¸Ä¯|¼;Æ¦® «Ã¯SÎoº¹®o»�¬%¿�ºVÖ/8916:2â<;�¿7>hÆ�¿�5Ò¯­¶È® º�¼�æº¹«0á@>�® º�¬[»/;�¿|Æ�®ÉÎX¸"ª�ËVÆ2¼¹ÎoÆ2¼Ðª�ÊÄ®FÆÞ¶nª�º¹µãÇ¹Æ­¶ÉÆÄ½ÃÁçª¾¶È¸ãÆ�Ë�ª�¯DÁ ¶nº�Á�Æ�®ÉÇIÇ¹¯yËV¯Ã¼�º"»"ª�µÄ«�ÆÛ¿o¶ÉÆÞ¶nª�¿o¶nª�ÎoÆÃ¼;¼¾á��Ø¬%¿o¶nª�æÍ Æ¦Ê�¼�¯�¿�¯­¶dº�Ö"»Ä® º¹Îo¯�Ç"¬[® ¯2¿ßÖØº¹®[¶È¸Ä¯|Æ�µ¹Æ2¼¾á"¿'ª;¿�º�Ö�¿'¬[ÎX¸ÛÇ¹ÆÞ¶ÉÆ�ÑPõf¸"ªÐ¼�¯~Á�¯�Æ¦«Þ® ¯�¯~Áçª¾¶È¸�¶È¸Ä¯�»"¬%¿�¸çÖØº"®[¶È¸Ä¯¬%¿�¯Sº�Ö�DVª¥Uà¶n¯�ÎX¸ÄµÄºV¼�º¹«0áçª�µ�¶È¸"ª�¿ßÆ¦® ¯2ÆÄ½yÁ´¯SÊ¹¯Ã¼;ª�¯yËV¯|¶È¸Ä¯ÝµÄ¯DÁ9ì�Ï­êHG%Ñ;°~¶nº�ÊÄ¯�¬[µ¦¶n¯�µ¹Æ¦Ê�¼�¯Ä²[¿�»Ä¯�ÎÈª Í ÎnÆ2¼;¼�áª�µãª�¶É¿|¿'¬[Ê¹¿o¶nª¾¶n¬"¶nª�º¹µåº�Ö�ÆYÊ�¼�Æ¦ÎXÙVæXÊÄºyéãÎÈº"Å-»�¬"¶n¯�®)ÎÈº"ÇÄ¯�ÖØº¹®~ÎoÆ¦® ¯ÃÖ�¬Ä¼Ä¿È¶ ÆÞ¶nª�¿o¶nª�ÎoÆ2¼¹¬[µÄÇÄ¯�®F¿o¶ÉÆ¦µ¹Ç"ª�µÄ«ÛÆ�µÄÇÆ¦µ¹ÆÃ¼¾á"¿'ª�¿kº�ÖdÇ¹ÆÞ¶ÉÆ2¿¤¯D¶É¿�º"µåÆgÎoÆ�¿�¯�æXÊ2á¹æXÎoÆ�¿�¯�Ê¹Æ�¿'ª�¿�Ñ
D"®o® º"® ¿äª�µ2UiÆ¦® ª�Æ¦Ê"¼�¯2¿~ª�¿|Æ´Îoº¹Åå»"¼�¯'é�¿'¬[Ê���¯�În¶~Å
ÆÞ¶ ¶n¯�®�½�¯yËV¯�µãÖØº¹®)¿o¶ÉÆÞ¶nª�¿o¶nª�ÎÈª�Æ�µ¹¿�Ñ�1�ÇÄ¯�µ¦¶oª Í Æ¦Ê"ªÐ¼;ª�¶?áIÆ�µÄÇ¯2¿o¶nª�Å
Æ¦Ê"ªÐ¼;ª¾¶�áp»Ä® º¹Ê"¼�¯�Åå¿YÆ¦® ¯àÆ¦ÎÈ¬"¶n¯�Ñp³äÖ;¶É¯�µe¶'¸¹¯·¯Xé�ª;¿o¶oª�µÄ«å¼Ðª¾¶n¯2® Æ­¶o¬%®É¯Ìª;¿�µ¹º¦¶gÎÈ¼�¯2Æ¦®É¼�áe¯'éV»Äº"¿'ª�¶n¯�ÇU½¶n¯�µ¹Ç"ª�µÄ«ã¶nºp¼;ª�µÄ«Þ¯�®çºÃË�¯2®çÆ¦® ÎoÆ¦µÄ¯ÌÎÈº�¬[µ¦¶n¯�® ¯'é2Æ¦Åå»"¼�¯Ã¿�®FÆÞ¶È¸Ä¯�®�¶È¸¹Æ¦µÀ»Ä® ¯2¿�¯�µ¦¶oª�µÄ«Ì»¹® Æ�Îo¶nª�º¹µÄ¯�®F¿çÁçª¾¶È¸ÎÈ¼�¯2Æ�®ÉÎÈ¬"¶)«D¬Äª�ÇÄ¯Þ¼;ª�µ¹¯2¿|Æ¦µ¹Çå»¹®Éº"ÎÈ¯�Ç"¬%®É¯Ã¿¦Ñ¶õf¯´¿�¯�¯�ÙÛ¶nºã¼�ÆÞáIÇÄº¦Á�µ
Æ�ÎÈ¼�¯ÃÆ¦®i¼�º"«­ª�ÎkÖØº"®ß¶'¸¹¯´¼Ðª�µÄ¯2Æ�®�ÎoÆ2¼Ðª�æÊÄ®FÆÞ¶nª�º"µÌ»Ä® º"Ê"¼�¯�Å Áçª¾¶È¸
¿¤»¹¯�ÎÈª Í Î�® ¯ÃÖØ¯2®É¯2µÄÎÈ¯�¶nºz8916:2â<;a¿�>hÆ�¿�5Ò¯D¶'® ºV¼�º¹«0áÌÎoÆ2¼Ðª�ÊÄ®FÆÞ¶nª�º¹µå¯XéV»¹¯�®Éª�¯�µÄÎÈ¯�Ñõf¯Û¯'éV»Ä¯2Îo¶\¶È¸Äº�¿�¯Û«­¬¹ª�ÇÄ¯Ã¼Ðª�µÄ¯Ã¿ß¶nºãÊÄ¯çÇÄº¹ÎÈ¬[Åå¯�µV¶ÉÆ�Ê"¼�¯¹½­ÁÛª�¶'¸�Î'¼�¯2Æ¦®�® ¯ÃÖØ¯�® ¯�µÄÎo¯S¶nºãÊ¹®Éº�Æ¦Ç"¼�áãÆ�ÎÈÎÈ¯�»V¶É¯�Çª�µ�ÖØ¯�® ¯�µV¶nª�Æ2¼U»Ä® ª�µÄÎÈª�»�¼�¯2¿­½Ä¿'¬[ÎX¸ÌÆ�¿�Å
Æyé�ª�ÅI¬[Åq¼;ª�Ù�¯Ã¼Ðª�¸Äº"º¹Ç·º¹®�è�Æ­á�¯2¿'ª�Æ�µÌ¯2¿o¶nª�Å
ÆÞ¶nª�º"µßÑ¬õf¸¹¯­¶È¸Ä¯�®~Æ¦µ¯'é�ª�¿o¶nª�µÄ«·ÎnÆ2¼;ª�ÊÄ®FÆÞ¶nª�º¹µ�¬[µÄÎo¯�®F¶ÉÆÃª�µV¶?á¨»Ä® ¯2¿�ÎX®Éª�»¦¶oª�º¹µpÁÛªÐ¼;¼äÊÄ¯·¬%¿�¯�ÇÒº¹®´ÆpµÄ¯DÁ º¹µÄ¯�ÇÄ¯0Ë�¯Ã¼�º¹»Ä¯�Ç�½)Á�¯¿�¯�¯�Ù
¶ÉºpÅ
Æ¦Ù�¯ÌÎÈ¼�¯2Æ¦®ä¶È¸Ä¯
ÖØºV¬[µÄÇ¹Æ­¶oª�º¹µU½U¶È¸Ä¯
ª�Åå»"¼�¯�Åå¯�µV¶ ÆÞ¶nª�º¹µ�½�¶È¸Ä¯ÌÊ"¬¹ª;¼¾¶ÈæÈª�µfÆ�¿X¿'¬[Åå»V¶nª�º¹µ"¿Þ½\Æ�µÄÇ¶È¸Ä¯´»Äº¦¶É¯�µV¶nª�Æ2¼[¼Ðª�ÅIª¾¶ÉÆÞ¶nª�º¹µ¹¿äº�Ö�Æ¦µVáIÅ-¯D¶'¸¹º¹Ç¹¿ä¿X¬%«Ã«Þ¯2¿o¶n¯�ÇßÑ
0 g<>¹g&r aW~/��aW].��cjv�^Ya���uzx�^"rYyBv�^6\9��y ]q\�s§r/].dW^6\�c«y ~o~�a�rYy6d�~�a�^Ha�~/�=yY~�r`\b]�~�a&rFy`d�~�a�^�s.d�u?uK\b].s.\&­�»6~�y"rYy"�a�rYy6d�~=aW~/�2x�^6r`]�a¬fwaWc�r&a&��a	v¶rYa�rYy`d�~�dWf&cbx&s�[=c�rYaW~/��aW].��c{���¬~�a�rYy`d�~�a�^Wy ~/�QxWc�rw]�y`\bc{rw]�aW~�c.^ a�r6\)r6d=��yY].\Ws�rs.d�u?ue\b].s�y a�^�^6\�p�\b]�a��&\¬yY~�>�î�¯�ïªaW~/�orw[&y ]q���q�)d�]�^`�Zu?aW]��&\WrYc�­�½Z»}g © ��aW~Q�orw[/\�dHrw[/\�]��)d�]�^`�Zc�rYaW~����aW].��c¤d�]"�WaW~&yRû.a�rYy6d�~�c��P��\baW]j��yY].\Ws�r�].\bc�v<d�~�c.y"��y�^�y6rw�³f}d�]«\�~�cbxW]�y ~&��rw[/\�r6\Ws�[�~&y`s�a�^�yY~�r`\_��]�y"rw�Zd�fHcbx&s�[c�rYaW~/��a�]q��c�­

N¹ë



À¬Á£¢ ¤¦¥U§ ¨ Æ7Ë�©«ªG¬�Ë�¬�È�Æ¶Å9Ã�Ä{Ë�¨�­¤Å ÉHÊ�Ë4®
Ì/ÍLK/ÍYÏ ÐbÑ�Ò�ÛCBQÒ�à)B¹ý¶Þ�Ü�Þ�à_Þ�Û/Õ�ÞAD Ò�ÑbÞ�à§Ó Ò�Ö Ô
í'Æ¦Å-¯Ã¿jí2Ñ[©¦ª;¼Ð¼;ª�Ê¹¯�µU½bSk¼;Æ¦µ®éÛ¯�ÎXÙ�¯�®F¶g&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
:Þ¶ÉÆ¦µ¹Ç¹Æ¦® Ç 3�¯ÃÖØ¯�® ¯�µ¹ÎÈ¯ 5¨ÆÞ¶n¯�® ª�Æ2¼;¿àÚF:�375¨¿oÜgÆ¦® ¯�Æ¦®?¶oªÐÖ�Æ¦În¶É¿åº¹®
ÎX¸Ä¯�ÅIª�ÎoÆÃ¼SÎÈº"Å-»Äº�¿'ª¾¶nª�º"µ¹¿
¶È¸¹ÆÞ¶IÆ¦® ¯Å
Æ¦µ"¬ÄÖ�Æ¦În¶n¬[® ¯�Ç¨Æ¦ÎÈÎÈº"® Ç"ª�µÄ«à¶nº ¿o¶È®Éª�Îo¶Y¿�»Ä¯2Î'ª Í ÎoÆÞ¶nª�º¹µ¹¿IÆ¦µ¹Ç×ÎÈ¯�®?¶oª Í ¯�Ç×Ê2á 8916:2â�ÖØº¹®�º"µÄ¯Àº"®�Ååº¹® ¯ÎX¸Ä¯�ÅIª�ÎoÆÃ¼�º¹®ß»Ä¸Vá"¿'ª�ÎoÆÃ¼¹»¹®Éº"»Ä¯�®?¶oª�¯2¿�Ñj8916:2â?:�375¨¿)Æ¦® ¯�ÇÄ¯0Ë�¯Ã¼�º¹»Ä¯�Ç�º¹µ�Æ�ÎÈº¹µ¦¶oª�µ"¬Äª�µÄ«ÝÊ¹Æ�¿'ª�¿ß¶Éº�Åå¯�¯­¶¶È¸Ä¯ÛÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶ßÆ�µÄÇãÎoÆ2¼Ðª�ÊÄ®FÆÞ¶nª�º¹µãµÄ¯2¯�Ç¹¿kº�Ö�»"¬%Ê"¼;ª�Î)¸Ä¯2Æ2¼�¶'¸YÆ¦µÄÇ�¿XÆ2ÖØ¯­¶�á�½¦¯�µVË�ª�®Éº"µÄÅå¯�µV¶ÉÆ2¼¹Ååº¹µÄæª¾¶Éº¹®Éª�µÄ«V½�MYÑT:�ÑVª�µÄÇ"¬Ä¿È¶È®6á�½�Æ¦µÄÇI¿�Î'ª�¯�µÄÎÈ¯ÛÆ�µÄÇY¶n¯�ÎX¸ÄµÄºV¼�º¹«0á�Ñ
â�¸Ä¯�:Þ¶ÉÆÞ¶nª;¿È¶nª�ÎoÆ2¼�D"µ¹«­ª�µÄ¯�¯�® ª�µÄ«?Ckª�Ë�ª�¿'ª�º"µ·»Ä® º2Ë�ª�ÇÄ¯2¿S¶n¯�ÎX¸Äµ"ª�ÎoÆ2¼\¿'¬[»Ä»¹º¹®F¶ä¶nº-¶È¸Ä¯o:�375 Ô[®Éº"«Ã®FÆ¦Å Ê�áÎÈºV¼;¼�Æ�ÊÄº¹®FÆÞ¶nª�µ¹«�Ç�ª�® ¯�În¶n¼¾á�ÁÛª�¶'¸´¼�Æ¦Ê¹º¹®FÆÞ¶nº"®�á�ÎX¸Ä¯2Å
ª;¿È¶ ¿hÆ¦µÄÇgº¦¶È¸Ä¯2®�¿�ÎÈª�¯2µV¶nª�¿o¶É¿�¯2µÄ«ÞÆ�«Ã¯�Ç´ª�µç¶È¸Ä¯�Ç¹¯yËV¯Ã¼�æº¹»¹Å-¯�µ¦¶�Æ�µÄÇãÎÈ¯�®?¶nª Í ÎoÆ­¶oª�º¹µãºVÖ¹¶È¸Ä¯2¿�¯�:�375¨¿�Ñ�Cä¯0Ë�¯Ã¼�º¹»ÄÅå¯�µV¶�º�Ö[ÆÛµÄ¯­Á :�375 ¶?á¹»"ª�ÎoÆ2¼;¼�á�¶ÉÆ¦Ù�¯Ã¿�¶ Á�º¶nº Í ËV¯ÛáV¯2Æ¦®F¿|Æ¦µ¹Çå¯2µÄÎÈº¹Åå»¹Æ�¿X¿�¯2¿Þ²

� UiÆ2¼;ª�Ç¹ÆÞ¶nª�º"µ
º�Ö%¶'¸¹¯gÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶)Åå¯­¶È¸Äº¹ÇI;� C|¯2¿'ª�«Ãµ
º�Ö[¶È¸Ä¯´»Ä® º¦¶nº�¶?á¹»Ä¯�¿�»Ä¯�ÎÈª�Å-¯�µC;� Uh¯�®Éª Í ÎoÆÞ¶nª�º¹µ
º�Ö�¿o¶ÉÆÞ¶nª�¿o¶nª�ÎoÆÃ¼[ÎÈº¹µ¦¶'® ºV¼¯;� âÄ¯2¿o¶nª�µ¹«�ÖØº¹®~¸Äº"Å-º"«Ã¯�µ¹¯Ãª¾¶?áC;� Õd¸¹Æ¦®FÆ¦În¶n¯�® ªRAoÆÞ¶nª�º"µIº�Ö%¶'¸¹¯gÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶)¯�®n®Éº"®°;� C|¯2¿'ª�«Ãµ
º�Ö[¶È¸Ä¯´»Ä® º¹Ç"¬[În¶nª�º"µå¿�»Ä¯2Î'ª�Å-¯2µI;� D�¿È¶nª�ÅåÆÞ¶nª�º¹µ
º�Ö%¶È¸Ä¯´ÎÈ¯�®F¶nª Í ¯�ÇYËVÆ2¼Ð¬[¯<;� D�¿È¶nª�ÅåÆÞ¶nª�º¹µ
º�Ö%¶È¸Ä¯Û¬[µÄÎÈ¯�®?¶ÉÆ2ª�µV¶?á�ÖØº¹®i¶È¸Ä¯´ÎÈ¯�®F¶nª Í ¯�ÇgËVÆÃ¼;¬[¯�Ñ
:&DQCÂ¿È¶ ÆÞ¶nª�¿o¶nª�ÎÈª�Æ¦µ"¿�Æ¦ÇVË�ª;¿�¯pº¹µ�¶'¸¹¯pÇÄ¯2¿'ª�«Ãµ Æ�µÄÇzÆ¦µ"Æ2¼¾á"¿'ª�¿ãº�Ö�¯'éV»Ä¯�® ª�Åå¯�µV¶É¿IÆÞ¶YÆÃ¼;¼|»Ä¸¹Æ�¿�¯2¿�;|Æ�µÄÇÎÈº"Å-Ê"ª�µÄ¯�Æ2¼;¼%ª�µ"ÖØº¹®nÅåÆ­¶oª�º¹µg¶nº
»Ä® º"Ç"¬[ÎÈ¯gÆ Í µ¹Æ2¼"Ë¦Æ2¼;¬[¯�Æ¦µ¹ÇI¬%µÄÎÈ¯�®?¶ÉÆ2ª�µ¦¶?á�Ñ
S×¿'¬[ÅåÅåÆ�®�áIº�Ö�:&DQC :�375 Æ¦ÎÈÎÈº"Å-»�¼;ª�¿�¸ÄÅå¯�µV¶ ¿kª�µÄÎÈ¼;¬[ÇÄ¯Ã¿)¶È¸Ä¯ÛÖØº�¼Ð¼�º�ÁÛª�µÄ«"²F2ò2ô

3
ð"ø � õVñãï	�oø

1Øâ<ê·¯'é�ÎÈ¯2»V¶n¯�ÇU½iÆ2¼;¼¤8916:2âÒ¼;Æ¦ÊÄº"® Æ­¶nº¹® ª�¯2¿g¸¹ÆÞËV¯à¿�Î'ª�¯�µV¶nª�¿o¶É¿�Á�º¹®nÙ�ª�µÄ«-º¹µ²:�375¨¿ÛÁ�¸ÄºÀ® ¯�ÎÈ¯Ãª�Ë�¯4:&DQC¸Ä¯Ã¼�»ßÑHSk¿hª�µ�á�¯ÃÆ¦®F¿)»¹Æ�¿o¶0½¦ÕP:2â<ê�ÎÈº"µV¶nª�µ"¬[¯Ã¿ß¶nº�Ê¹¯S¶È¸Ä¯�¸Ä¯2ÆÞË�ª�¯2¿o¶ßÎÈº"µ¹¿'¬[Å-¯2®ßºVÖ�:&DQC±:�375s¿�¯�®6Ë�ª�ÎÈ¯2¿­½Áçª¾¶È¸ãÕP:2â<ê&;�¿XSäµ¹Æ2¼¾á¦¶nª�ÎoÆ2¼"Õd¸Ä¯�ÅIª�¿o¶È®6á?C~ª¾Ë�ª�¿'ª�º¹µ�Ê¹¯Ãª�µÄ«|¶È¸Ä¯çÇ�ª¾Ë�ª�¿'ª�º¹µ´Áçª¾¶È¸"ª�µ?8916:2âI¬%¿'ª�µÄ«|¶È¸Ä¯çÅåº"¿o¶:&DQC :�375 ¶n¯�ÎX¸Äµ"ª�ÎoÆ2¼%Æ2¿�¿'ª;¿È¶ Æ¦µÄÎÈ¯�Ñò�ð�ñãô�ï��|õÃÿ ' 1²± ø
3
ï�� � ú%$[ï2öâ�¸Ä¯g¶È® ¯�µÄÇàÖØº¹®�:�375¨¿�Æ�Îo¶n¬%ÆÃ¼;¼¾áÌÎo¯�®F¶nª Í ¯�ÇàÇ"¬[® ª�µÄ«�¶'¸¹¯IÎoÆ2¼�¯2µÄÇ¹Æ¦®�á�¯2Æ¦®~ª�¿�Æ¦«­Æ2ª�µàº"µ-¶'¸¹¯�ª�µÄÎX® ¯2Æ�¿�¯�Ñ1�µfÏ�J�J�JÄ½�¶È¸Ä¯Yµ"¬[ÅåÊÄ¯�®~º�Ö�¿'¬[ÎX¸åÎÈ¯�®F¶nª Í ÎoÆÞ¶nª�º"µ¹¿äÁÛÆ�¿�G�LY;¹ª�µf°�L�L�LYª�¶|ÇÄ® º¹»Ä»Ä¯2Çå¶nº�°�LY;¹Æ�µÄÇåª�µf°�L�L�Ïª¾¶�ª�µÄÎX® ¯2Æ�¿�¯�Çg¶Éº�Á�¯Ã¼Ð¼[Æ¦ÊÄºÃË�¯@G�L�Ñ

' ðQñ ' � ò)5 �
ò�� � úÐý¤ú � ò � úÐõVóCäº�ª�µ¹«+:�375 Îo¯�®F¶nª Í ÎoÆÞ¶nª�º"µÒª�¿IÆ·¶ÉÆ�¿�ÙÀª�µÀÁ´¸"ª�ÎX¸ Ååº"¿o¶@:&DQCÂ¿o¶ÉÆ�ö�Åå¯�ÅåÊÄ¯�®F¿
»¹Æ¦®?¶oª�ÎÈª�»¹ÆÞ¶É¯�Ñ9â�¸Ä¯µ"¬[ÅåÊÄ¯�®Yº�Ö�:�375¨¿å»Ä¯�®Y¿È¶ Æ�ö9Ë¦Æ¦®Éª�¯2¿�ÁÛª�ÇÄ¯Ã¼¾áÒÖØ® º"Å ÆÀÖØ¯­Á=»Ä¯�®Ûá�¯2Æ�®�¶nºBÅ
Æ¦µVá�¶n¯2µ¹¿å»Ä¯�®´áV¯2Æ¦®­Ñ:Þ¶n¯ÃÖ�Æ�µ®ê�¯Þª�«Þ¸Yª�¿~ºV¬[®�Ååº"¿o¶hÆ¦În¶oª�Ë�¯�:&DQC ¿o¶ÉÆ�öÌÅ-¯2Å-ÊÄ¯2®dÁçª¾¶È¸o:�375¨¿h¶?á¹»"ª�ÎoÆ2¼Ð¼¾ágª�µ�¯Xé2ÎÈ¯2¿X¿~º�Ö\±�L�»Ä¯2®á�¯ÃÆ¦®­Ñ�\ò2ñgð � õÞÿ ' 1²±�ø

â�¸Ä¯�¿�ÎÈº¹»¹¯YºVÖX:�375¨¿)¶'¸"ÆÞ¶kÊÄ¯2µÄ¯ Í ¶~ÖØ® º"Å�:&DQCBÆ�¿X¿'ª�¿o¶ÉÆ¦µÄÎo¯�Î'¬�¶É¿�ÊÄ® º�Æ¦Ç"¼¾áIÆ¦ÎX® º"¿X¿|Æ2¼Ð¼�º�Ö%¶È¸Ä¯�Æ2ÖØº¹® ¯�æÅå¯�µV¶nª�º"µÄ¯�Ç�êÝ«Þ¯�µÄ¯�®FÆ2¼ÃÎoÆÞ¶É¯�«Ãº"®Éª�¯2¿dÚ�¸Ä¯2ÆÃ¼¾¶È¸��Ã¿�ÆÃÖØ¯­¶?á�½D¯�µ¦Ë�ª�® º¹µÄÅå¯�µV¶0½0ª�µÄÇ"¬%¿o¶È®6á�½DÆ¦µÄÇÝ¿�Î'ª�¯�µÄÎÈ¯9�­¶n¯2Î�¸¹µÄº�¼�º¹«0á¦Ü³;
N�N



¯'é2Æ¦Åå»"¼�¯2¿�º�Ö&:�375¨¿UÁ�º�¬Ä¼�Ççª�µÄÎÈ¼;¬%ÇÄ¯Ä²Ä¿'ª;¼Ðª�ÎÈº"µç® ¯2¿'ª�¿o¶nª¾Ë�ª�¶?á�½­Ç"ª�¯Þ¼�¯�În¶È®Éª�Îo¿­½­»Äº�¼;Æ¦®ÉªBA'¯�ÇçÇ"ª�¿�»Ä¯�®F¿'ª�º"µU½­¿'¬[®oæÖ�Æ¦ÎÈ¯å® º�¬[«Þ¸ÄµÄ¯Ã¿�¿­½<:&D�5 Å
Æ¦«Þµ"ª Í ÎoÆÞ¶nª�º"µU½�¶nºV¼;¬[¯�µ¹¯¹½\Æ�¿�ÊÄ¯2¿o¶nº�¿Þ½�µ"ÆÞ¶n¬[®FÆ2¼i«ÞÆ�¿­½d¬[®nÊ¹Æ¦µeÇ"¬%¿o¶0½�¶oª�¶ÉÆÌÆÃ¼�æ¼�ºÃá"¿­½"µ"ª�ÎXÙ�¯Ã¼�æXÎ�¸¹®Éº"Å
ªÐ¬[Å Í ¼�Å ÇÄ¯�»V¶È¸U½V¼�¯ÃÆ¦Ç�ª�µ
ÊÄºÃË�ª�µ¹¯gÊ�¼�º¹º"ÇU½"Ç"ª�¯2¿�¯Ã¼%º�ª;¼�½�Å-¯�® ÎÈ¬[®6áãÎÈ¯�Åå¯�µV¶0½�¼�¯ÃÆ¦Ç»¹Æ2ª�µV¶0½¤DV¬[® º¹»�ª;¬[Å ¿�»Ä¯�În¶È®FÆÄ½i¬%®Éª�Î´Æ¦ÎÈª�Ç�½)º¹»V¶nª�ÎoÆ2¼ Í ÊÄ¯2® ¿­½)¸�¬[ÅåÆ�µÀ¿¤¯2®É¬[Åf½�CäæX«­¼Ð¬[ÎÈº"¿�¯¹½�Á�ÆÞ¶É¯�®FÁÛÆÞá¿�¯�Ç"ª�Å-¯�µ¦¶y½ Í ¿¤¸�¶oª;¿X¿X¬%¯¹½VÇÄ®É¬%«Þ¿~ª�µI¸¹ÆÃª�®¤½�Å
¬%¿X¿�¯Ã¼V¶oª;¿X¿X¬%¯¹½ÃÁ�Æ­¶n¯�®äÔ[Õièß½¦Æ2¿¤¸¹¯�ÇIÊÄº¹µ¹¯�® Æ�Ç"ª�º"µ"¬[ÎÈ¼;ª�ÇÄ¯2¿­½»Ä¯2Æ�µ"¬"¶YÊ"¬�¶É¶É¯�®¤½äÎX¸Äº¹ÎÈºV¼�ÆÞ¶É¯¹½~º¹În¶ÉÆ¦µ¹º�¼?½~Æ¦®FÆ¦ÎÈ¼�º¹®¤½h¶È®FÆ¦µ¹¿�æÈÖ�ÆÞ¶ ¶?á¨Æ�Î'ª�Ç¹¿­½)Æ¦µ"ª�º¹µ¨¿¤ºV¼;¬"¶nª�º¹µ¹¿­½)¿�»"ª�µ"Æ¦ÎX¸U½Ë�ºV¼�ÆÞ¶nªÐ¼�¯´º¹® «­Æ¦µ"ª�În¿Þ½"ÎÈº"µÄÇ"¬[În¶nª¾Ë�ª�¶?á�½VÆ¦µÄÇ�¶oª�¶ÉÆ¦µ"ªÐ¬[Å�Ç�ª�ºyé�ª�Ç¹¯�ÑóØó � ï	�ÈóVòÃû��pï2ô
�
òÃü2ï

S~¼�Æ¦µ4é�¯2Î�Ù2¯�®F¶|ÎÈº"µV¶nª�µ"¬%¯2¿k¶nº-ÅåÆ2ª�µV¶ÉÆ2ª�µ�:&DQC�;a¿9891":2â�æ'Æ¦ÎoÎÈ¯2¿X¿'ª�Ê"¼�¯´ª�µV¶n¯�®nµ¹Æ2¼ÄÁ´¯2ÊÌ»¹Æ¦«Þ¯gÇ"ª�¿�»"¼;ÆÞá�ª�µÄ«¶È¸Ä¯�¿o¶ÉÆÞ¶n¬%¿�ºVÖ\Ç"ª�Ë�ª�¿'ª�º"µo:�375¨¿�Ñ
' 1´± 3

õVñ � û;ï � ú � ÷â�¸Ä¯ÛÇ¹¯�ÅåÆ�µÄÇ¹¿kº�Ö[¿�ÎÈª�¯�µ¹ÎÈ¯�Æ¦µ¹Ç´¶n¯�ÎX¸ÄµÄºV¼�º"«yá�ÎÈº"µV¶nª�µ"¬%¯Ý¶nºã«Þ® º¦Áã½�Æ2¿äÇ¹º´¶È¸Ä¯ÛÎÈº"Å-»"¼�¯'é�ª¾¶?á�ºVÖQ:�375¨¿�ÑSäµgª�µ¹Î�® ¯2Æ2¿Xª�µÄ«Sµ"¬[ÅåÊÄ¯�®ßº�Ö�ÅI¬Ä¼�¶oª�æXÎÈº¹Åå»Äº¹µ¹¯�µV¶�:�375¨¿~Æ¦® ¯�Æ¦»Ä»Ä¯2Æ�®Éª�µ¹«�½�¿�º"Å-¯�®É¯�E"¬Äª�® ª�µÄ«S¿�¯�»¹Æ�® Æ­¶n¯ÎÈ¯�®?¶nª Í ¯�ÇYË¦Æ2¼;¬[¯Ã¿|Ú�Æ¦µÄÇI¬[µÄÎo¯�®F¶ÉÆÃª�µV¶nª�¯Ã¿ÈÜdÖØº¹®�Æ�¿|ÅåÆ�µVá�Æ�¿�±�Lç¶nº-Ï�L�LYÎoº¹µ¹¿o¶nª¾¶n¬[¯�µ¦¶É¿�Ñ
' õÃÿ � 
 ò��oï
â�¸Ä® º�¬%«Ã¸×¶'¸¹¯��6º�ª�µ¦¶å¯�öUº¹®?¶É¿·º�Ö�:Þ¶n¯ÃÖ�Æ�µ ê2¯Ãª�«Þ¸U½jS~¼�Æ�µ éÛ¯�ÎXÙ�¯�®?¶0½�Æ�µÄÇ±í'ª�Å ©¦ª;¼Ð¼;ª�ÊÄ¯�µU½SÆÒÕdº"µ¹¿�¯�µÄæ¿'¬%¿�5Ò¯ÃÆ¦µfÎÈº¹ÅåÅåÆ�µÄÇ-Á�Æ�¿�ª�µ¹¿�¯�®?¶n¯�Ç·ª�µV¶Éº¹CkÆÞ¶ÉÆ�»"¼�º�¶ÃÑ´â�¸�ª�¿ÛÎoº¹ÇÄ¯å¯�ÅåÊÄº¹Ç"ª�¯2¿çÆãËVÆ�®Éª�¯D¶?áfºVÖh¿�ºV¼;¬[æ¶nª�º"µ¹¿SÇÄ¯0Ë�¯Ã¼�º¹»Ä¯2ÇÌºÃË�¯�®i¶È¸Ä¯�á�¯ÃÆ¦®F¿SÚ�»Ä®Éª�ÅåÆ¦® ª;¼�áIÊ2áK8916:2âà¿o¶ÉÆ­¶oª;¿o¶oª�ÎÈª�Æ¦µ¹¿Þ²<5¨Æ¦µÄÇÄ¯Ã¼�æDÔ"Æ2¬¹¼�¯¹½�:¦ÎX¸"ª;¼Ð¼�¯�®næD"ÊÄ¯�®n¸¹Æ¦® ÇV¶0½�UiÆ�µÄ«Ã¯Þ¼�æ�3U¬[ÙV¸"ª�µU½�è�³çè9Ú}ê�¯0Ë�¯2µ¹¿�º¹µVÜo½�¯D¶nÎ2ÑaÜ ¶nº Æ¦Ç¹ÇÄ® ¯2¿X¿I¶È¸Ä¯ª8916:2â�æn¶?á¹»"ª�ÎoÆ2¼�Å
¬Ä¼�¶nª�æ¼�Æ�Ê���ÅI¬Ä¼�¶oª�æXÅ-¯­¶È¸Äº"Çf»Ä® º¹Ê"¼�¯�Åå¿S¶È¸¹ÆÞ¶ÝÆ�®É¯ã¿�ºfÎÈº"Å-Ååº¹µÄ»�¼�Æ¦ÎÈ¯�ÖØº"®SÎÈ¯�®?¶ÉÆ2ª�µfÎÈ¼�Æ2¿�¿�¯2¿�ºVÖj:�375¨¿�Ñçâ�¸Ä¯ÎÈº"ÇÄ¯
ÁÛÆ�¿´ÇÄ¯0Ë�¯Ã¼�º¹»Ä¯�Ç�¶Éºp¿XÆÞË�¯ã¶oª�Å-¯åÆ¦µÄÇeÎÈº¹Åå»"¬"¶ÉÆ­¶oª�º¹µ¹ÆÃ¼)¯�öUº¹®?¶y½�Æ¦µ¹ÇÀ¸¹Æ�¿´ÊÄ¯2¯�µe¿'¬[ÎÈÎo¯2¿X¿XÖ�¬¹¼ßª�µ¶È¸¹ÆÞ¶~®É¯2«ÞÆ¦® ÇßÑ
�
òÞ÷VïÃø0ú¾òÃó ' õ¦û�ð � úÐõ�óVøè[ÆÞá�¯Ã¿Xª;Æ¦µgÅ-¯­¶È¸Äº"Ç¹¿~¸¹ÆÞËV¯ç¸"ª;¿o¶nº¹® ª�ÎoÆ2¼Ð¼¾á´ÊÄ¯�¯�µgÆ¦»Ä»"¼Ðª�¯�Ç´¶Éº�:�375 »¹®Éº"Ê"¼�¯2Åå¿kº¹µ�¼¾áYº"ÎÈÎoÆ�¿'ª�º"µ¹Æ2¼Ð¼¾á´Æ�µÄÇº¹µ�¼¾á�ÖØº¹®ß¶È¸Äº"¿�¯´Ç"ªRVàÎÈ¬Ä¼�¶�:�375¨¿)ÁÛª�¶È¸
Æ�µI¯2¿�»Ä¯�ÎÈª�Æ2¼Ð¼¾á�ÎÈº"Å-»�¼;ª�ÎnÆÞ¶n¯�Ç
Ååº¹ÇÄ¯Ã¼Ðª�µÄ«�¿È¶È® ¬[În¶o¬%®É¯[Ñj1�µåÎoº¹µÄæ�Ø¬[µ¹Îo¶nª�º¹µ�ÁÛª�¶'¸ã¶È¸Ä¯-è[ÆÞáV¯2¿'ª�Æ¦µe5Ò¯­¶È® º�¼�º"«yáeÔ[® º'��¯�În¶0½%¸Äº¦Á�¯0Ë�¯�®�½%ÆãÅåº¹® ¯gÖØº"Î'¬Ä¿¤¯2Ç-¯�öUº¹®?¶�¸¹Æ�¿SÊÄ¯2¯�µª�µ�ª¾¶nª�ÆÞ¶É¯�Ç´¶nºã¿Éá"¿o¶n¯2ÅåÆÞ¶nª�ÎoÆ2¼;¼�ágÆ¦»Ä»�¼¾áÌè[ÆÞá�¯2¿'ª;Æ¦µãÅå¯­¶È¸Äº¹Ç¹¿kÆ¦ÎX® º"¿X¿~Æ´ÊÄ® º"Æ¦Ç¹¯�®)®FÆ¦µÄ«Þ¯Ûº�Ö/:�375¢»Ä® º¹Ê¹æ¼�¯2Åå¿­½VÆ¦µÄÇY¶nº
ÇÄºI¿�ºãª�µIÆg®ÉºV¬"¶nª�µÄ¯ÛÖ�Æ�¿�¸"ª�º¹µßÑ�è%¼�Æ�AoÆ�âÄº"ÅåÆ¦µ
¸¹Æ2¿|¿�»Ä¯2Æ¦®n¸Ä¯2Æ¦Ç¹¯�Çg¶È¸Ä¯´¯�ödº"®F¶É¿�ª�µg¶È¸"ª�¿® ¯�«­Æ¦® ÇßÑ

' 1´± � ý0ý¤õVð�ó � ú¾óVüâ�¸Ä¯fÆ¦ÎÈÎÈºV¬[µV¶nª�µ¹«àº�Ö¬:�375¨¿I¸¹Æ�¿gª�Åå»Ä® ºÃË�¯�Çzº2ËV¯�®�¶È¸Ä¯f¼;Æ�¿o¶çáV¯2Æ¦®­ÑÀâ�¸Ä¯eÅ
ÆÞ¶nÎX¸"ª�µÄ«ÌÆ¦µ¹ÇzÅå¯Ã¼�Ç�ª�µÄ«º�Ö�êzÇ�ª�öU¯�® ¯�µV¶IÚ�Æ�µÄÇBÇ"ª�öU¯�® ª�µÄ«0Ü9:�375 Æ¦ÎÈÎÈºV¬[µV¶nª�µÄ«f¿Éá"¿o¶n¯�Å
¿�Á�Æ2¿åÆ�ÎÈÎÈº¹Åå»"¼Ðª�¿�¸Ä¯�ÇÀÁÛª�¶'¸�¶'¸¹¯ÀµÄ¯­¶¯�öU¯�În¶Ý¶'¸"ÆÞ¶�¶È®FÆ¦ÎXÙ�ª�µÄ«åÚ�Æ¦ÎX® º"¿X¿?8916:2âzº¹® «­Æ¦µ"ªBAÈÆÞ¶nª�º¹µ¹Æ2¼i¬[µ"ª�¶É¿oÜ|¶È¸Ä¯Ì¿o¶ÉÆÞ¶n¬%¿Yº�Ö~ª�µÄÇ"ª¾Ë�ª�Ç"¬%Æ2¼j:�375¨¿�ª�¿µÄº�Á Å
Æ¦®oÙ�¯2Ç"¼¾áp¯2Æ2¿Xª�¯�®ÝÆ¦µÄÇ�Ååº¹® ¯ÌÆ¦ÎÈÎÈ¬[®FÆÞ¶É¯�Ñàâ�¸"ª;¿�® ¯�Îoº¹µÄÎÈª;¼Ðª�ÆÞ¶nª�º¹µ·ÁÛÆ�¿gÎÈº"Å-»"¼Ðª�ÎoÆ­¶n¯�Ç�Ê2á 8916:2âª�¿X¿'¬[¯2¿
ºVÖ):�375 Ö�¬[µÄÇ�ª�µÄ«V½�Ê2á :&DQC�Ç"ª�Ë�ª�¿'ª�º"µ¹Æ2¼kª�¿X¿'¬[¯2¿
ºVÖ�Ê"¬[ÇÄ«Þ¯­¶IÊ¹Æ2¼�Æ�µÄÎÈª�µÄ«V½äÆ�µÄÇ×Ê2áÒÁçª¾¶È¸"ª�µÄæ¼�Æ�ÊÄº¹®FÆÞ¶nº"®6á·ª�¿X¿'¬[¯2¿�ºVÖj:�375 »Ä® ª�º¹® ª¾¶nªRAoÆÞ¶nª�º"µßÑ�â�¸Ä¯Yá�¯2Æ�®�¸¹Æ�¿�¿�¯�¯�µàÆ¦µÌ¬[µ¹»Ä® ¯�ÎÈ¯�ÇÄ¯2µV¶n¯�Çfº¹»¹¯�µÄµÄ¯2¿X¿Æ¦µÄÇeÆ¦«Ã® ¯�¯2Å-¯�µ¦¶�Æ¦Å-º"µÄ«I¼�Æ¦Ê¹¿­½ßÇ"ª�Ë�ª�¿'ª�º"µ¹¿­½�:�3�5�Ô�½hè[¬%ÇÄ«Ã¯D¶y½ßÆ¦µÄÇ£:&DQC ª�µÀÇÄ¯­¶n¯2®oÅIª�µ"ª�µÄ«-¸¹º¦ÁÂ¶nº¿o¶È®É¯ÃÆ¦Å
¼Ðª�µÄ¯ÛÆ�µÄÇIÆ¦ÎÈÎÈºV¬[µV¶h¶È¸Ä¯Z:�375 »Ä® º¹ÎÈ¯Ã¿�¿�Ñ

N�J



Ì/ÍLK/Í6ü �²��Ò�à|Ò�Õ|ÑbÞ�à�Ó�Ù�Ó ÛQþµc¤ÓFÞ�ÖFÞ&Õ|Ñ�à§ÓFÕeD Ò�ÑbÞ�à§Ó Ò�ÖYÔ
íXº�¼�¯2µÄ¯Z:¦»"¼�¯­¶ ¶0½Y�U¯yË�ª�µ-Õdº�Æ¦Ù�¼�¯0ág&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
5�ª�Ù2¯�í'Æ¦µÄ¯	Anª�ÎD½H3�Æ2ª�Æ�µ¶��Æ2ª;¿�¯�®hPa���y6d � ].\�·Qx&\b~Qs�� © \Ws�[�~/dW^`dW����ï¤y6p_yYc.y6d�~��XîHîHîHº

 

 

2.532
¸

2.533
¸

2.534
¸

2.535
¸

2.536
¸

2.537
¸

2.
53

2
2.

53
3

2.
53

4
2.

53
5

2.
53

6
2.

53
7

Sample #9 Permittivity

S
am

pl
e 

#3
6 

P
er

m
itt

iv
ity

©¦ª�«­¬[® ¯oGDê�²�S|µ-¯'é2Æ¦Åå»"¼�¯Yº�Ö\Æ�ÎÈº¹µ Í ÇÄ¯�µÄÎo¯�¯Ã¼Ð¼;ª�»"¿¤¯ç¶nºàÅåº¹µ�ª¾¶nº"®�¶ Á�ºÌÎÈº"®o® ¯Ã¼�Æ­¶n¯�Çà® ¯2¿�»Äº"µ¹¿�¯2¿�Ñ~â�¸Ä¯ÎÈª�® ÎÈ¼�¯2¿ä® ¯�»Ä® ¯2¿�¯�µV¶~¸"ª�¿o¶nº"®Éª�ÎoÆ2¼�Ç¹ÆÞ¶ ÆÛÁ�¸"ªÐ¼�¯�¶È¸Ä¯´ÇÄº¦¶ä® ¯�»¹®É¯Ã¿¤¯2µV¶É¿�ÆgµÄ¯­Á º¹Ê¹¿�¯�®6ËVÆ­¶oª�º¹µßÑ

J�L



ó ' � ú¾ø
ö"ï � ï­û;õ � úÐóVü·ó�ï 
 ñ�ïÃòÃø0ð��ÈïÃñ�ïÃó � ñãï � îVõ"öVøgÿFõ��Yýyî¦ò��nò�ý � ï��oú���ú¾óVüeö¦úÐïÞûÐï2ý � �oúÐýIñ�ò � ï	�oú¾òÃû¾ø

 ú � î��ÈïÞø � ï2ý �{� õ � ï	�ÈñYú ��� ú � ú � ÷Yò2ó�ö�ûÐõ�øyø � ò2óVüÃïÃó � ÿFõ�� � îVï � ð�� � õVøDïYõÞÿhö�ï � ïÞûÐõ � ú¾óVü�ø � ò2ó�ö�ò��Èö@�oï0ÿ �ï��oïÃó�ý0ïàñYò � ï��oú¾òÞûÐø 
 ' ðQñ�î¦ò2ø
ô�ï2ïÞó�ý0õ¦û¾û¾ò2ô"õ��oò � ú¾óVü 
 ú � î²ðHðHð�F-ø � ò)5ÒÿFõ���øDï � ï	�oòÃûß÷VïÞò��oø
õVó � î�ú¾ø� �Èõ�(�ïÃý � � ò2ó�ö � î�ïo$H�nø � ý|�oõ�øyø � û�úÐó�þ�ïÃö � õVû�÷Vø � ÷��ÈïÞó"ï ' 1´± ø
øDîVõVðVûÐöÀô�ïÌò � òÃú�û¾ò�ô¦û;ï�ÿFõ��´øyòÞû;ïàøyõ�ñ�ï
� ú¾ñ�ï�öVð��oú¾óVüd�	¹

 
8	8
 &


í ¸Ä¯ÝÅ
Æ2ª�µo:&DQCBÎoº¹µV¶È®Éª�Ê"¬"¶nª�º"µ¹¿k¶nºY¶È¸"ª;¿�»Ä® º��6¯�În¶)ª�µY¶È¸Ä¯´»¹Æ�¿o¶iá�¯2Æ¦®�Æ�®É¯Û¼Ðª�¿o¶n¯�ÇåÊÄ¯Ã¼�º¦Á-Ñ
Ï[Ñ�Cä¯�®Éª�Ë�¯�Ç·Æ¦µ"Æ2¼¾á¦¶nª�ÎnÆ2¼;¼�áI¶'¸¹¯�Ë¦Æ¦®Éª;Æ¦µÄÎÈ¯�Ö�¬%µÄÎn¶oª�º¹µÌÖØº"®|¶È¸Ä¯IÆ¦Ç¹Ç"ª¾¶nª¾ËV¯
µÄº�ª;¿¤¯IÆ�¿X¿�º¹ÎÈª;ÆÞ¶n¯�ÇåÁçª¾¶È¸-¶È¸Ä¯® ¯2¿�º¹µ¹Æ�µÄÎÈ¯ÌÎÈ¬[®6ËV¯-ÖØº¹®�¶'¸¹¯Ì¿�»Ä¯�ÎÈª�Æ2¼iÎoÆ2¿¤¯-º�Ök¯WE�¬%Æ2¼\ËVÆ¦® ª�Æ¦µÄÎo¯2¿�Æ¦µÄÇÀµ¹ºpÎÈºÃËVÆ�®Éª�Æ�µÄÎÈ¯àÊÄ¯D¶ÉÁ�¯�¯�µà¶È¸Ä¯® ¯2Æ2¼äÆ¦µÄÇ¨ª�Å
Æ¦«­ª�µ¹Æ¦®6ázÎÈº"Å-»¹º¹µÄ¯�µ¦¶É¿åº�Öä¶È¸Ä¯p¿�ÎoÆ­¶É¶É¯�®Éª�µÄ«f»¹Æ¦®FÆ¦Åå¯­¶n¯�®DÑ�â�¸Ä¯pÇÄ¯2®Éª¾Ë¦ÆÞ¶nª�º"µ×»Ä® ºÃË�ª�ÇÄ¯2¿�Ø¬%¿o¶nª Í ÎoÆÞ¶nª�º"µ�ÖØº¹®i¶È¸Ä¯�ËVÆ¦® ª�Æ¦µÄÎo¯çÖ�¬[µÄÎn¶nª�º¹µIÇ¹¯yËV¯Ã¼�º"»Ä¯�ÇÌ¯ÃÆ¦®É¼Ðª�¯�®DÑ
°%Ñ¸ìk¬%Æ¦µV¶nª Í ¯�ÇÒ¿ á"¿È¶É¯�ÅåÆ­¶oª�Îg¬[µ¹ÎÈ¯�®F¶ Æ2ª�µV¶nª�¯2¿�Æ�¿X¿�º¹ÎÈª;ÆÞ¶n¯�ÇpÁÛª�¶È¸ ¯2¿o¶nª�Å
ÆÞ¶n¯2¿�º�Ö~¶'¸¹¯pÎoÆÞË�ª�¶?á�¼�¯�µÄ«0¶È¸U½ÎoÆÞË�ª�¶?ázÇ"ª;Æ¦Åå¯­¶n¯�®�½)Æ¦µÄÇz¿XÆ¦Åå»"¼�¯à¶È¸"ª�Î�ÙVµÄ¯Ã¿�¿g¬%¿'ª�µÄ«·Æ¦În¶n¬%Æ2¼kÇ"ÆÞ¶ÉÆpª�µzÎÈº"µ	�Ø¬[µ¹Îo¶nª�º¹µ�Áçª¾¶È¸¨Æª5Òº"µV¶n¯ÕUÆ¦® ¼�ºI»Ä® º"«Ã®FÆ¦ÅÀÑ
G%Ñ�Cä¯2¿'ª�«ÞµÄ¯�Çf¯'éV»Ä¯�® ª�Åå¯�µV¶É¿�¶nºfÇÄ¯�Ååº¹µ¹¿o¶È®FÆÞ¶n¯�¶È¸Ä¯I¿È¶ Æ¦Ê"ª;¼Ðª¾¶?á·º�Ö\¶È¸Ä¯
Å-¯ÃÆ�¿'¬[® ¯�Å-¯2µV¶�»Ä® º¹ÎÈ¯2¿X¿ÛÆ�µÄÇÆ¦µ¹ÆÃ¼¾á�AÈ¯�Çà¶È¸Ä¯-® ¯2¿'¬Ä¼¾¶nª�µ¹«IÇ¹ÆÞ¶ÉÆ�Ñ�M�¿¤¯2Ç·¶È¸Ä¯Ì® ¯�»¹¯2ÆÞ¶ÉÆ¦Ê�ª;¼;ª�¶?á�¿o¶n¬[ÇVáeÇ"ÆÞ¶ÉÆàÆ¦µ¹Ç¹5Òº"µV¶n¯·ÕUÆ¦® ¼�º·¿o¶n¬[ÇVá® ¯2¿'¬Ä¼¾¶ ¿~¶nº
ÇÄ¯0Ë�¯Ã¼�º¹»åÆ¦µã¬[µÄÎÈ¯�®?¶ÉÆ2ª�µV¶?áã¿È¶ ÆÞ¶n¯�Åå¯�µV¶ÞÑ
ê\Ñ7C|¯0Ë�¯Ã¼�º¹»Ä¯2ÇçÆSÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶�Æ�¿X¿'¬[®FÆ¦µÄÎo¯ä»Ä® º"«Ã®FÆ¦Å�¶nºçÅåº¹µ"ª�¶nº¹®%¶'¸¹¯|ÊÄ¯�¸"ÆÞË�ª�º"®�ºVÖ2¶'¸¹¯|Åå¯2Æ�¿'¬[® ¯�æÅå¯�µV¶�¿Éá"¿o¶n¯�Å ºÃË�¯�®Ä¶nª�Åå¯�Ñ�â�¸Ä¯|»Ä¯2®oÅIª¾¶ ¶nª¾Ë�ª¾¶�á�Æ¦µÄÇ�¼�º"¿X¿�¶ÉÆ¦µ¹«Ã¯�µ¦¶\ºVÖ2¶ Á´º�Î�® º�¿�¿�æÈ¼;ª�µÄÙ�¯�Çç»Äº�¼�á"¿È¶�á¹®É¯2µÄ¯¿XÆ¦Åå»"¼�¯2¿�Áçª;¼Ð¼SÊÄ¯¨Åå¯2Æ�¿'¬[® ¯�Ç×º"µÒ¶'¸¹¯À¿�Æ�Å-¯ÀÇ"ÆÞá�Ñ â�¸Ä¯2¿�¯ÀÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶É¿�Áçª;¼;¼�ÊÄ¯¨ÎÈº¹®n® ¯Ã¼�ÆÞ¶É¯�Ç¼�Æ�®É«Þ¯Ã¼�ápÇ"¬[¯
¶nº�¯2µVË�ª�® º¹µ¹Å-¯�µ¦¶ÉÆ2¼hÖ�Æ�Îo¶Éº¹®F¿�Ñàâ¹º�Å-º"µ"ª¾¶nº"®ÛÊÄº�¶'¸�Åå¯2Æ�¿'¬[® ¯�Åå¯�µV¶ ¿�¿Xª�Å
¬¹¼¾¶ÉÆ¦µ¹¯�º�¬%¿'¼�á�½Á�¯Ì¬%¿�¯ÌÆf»Ä® º¹ÎÈ¯2Ç"¬[® ¯fÖØº"®Û«Þ¯�µÄ¯�®FÆÞ¶nª�µ¹«åÆfÎÈº"µ Í ÇÄ¯2µÄÎÈ¯·¯Ã¼Ð¼;ª�»"¿¤¯[Ñfâ%®FÆ¦Ç"ª�¶oª�º¹µ¹ÆÃ¼~ÎÈº¹µ¦¶'® ºV¼kÎ�¸"Æ¦®F¶É¿ÛÁçª;¼;¼Æ2¼;¿¤ºIÊ¹¯�¬Ä¿¤¯2Ç�¶Éº-Ååº¹µ"ª�¶nº¹®�ª�µÄÇ"ª¾Ë�ª�Ç"¬%Æ2¼Ä¿�Æ�Å-»"¼�¯2¿äº2ËV¯�®i¶nª�Åå¯�Ñ
±%Ñ�C|®FÆ2Ö;¶n¯2ÇÌÆã»¹Æ�»Ä¯�®|Ç¹¯2¿�Î�® ª�Ê"ª�µÄ«g»Ä® º¹ÎÈ¯�Ç�¬[® ¯2¿SÖØº¹®|¯Ã¿È¶nª�ÅåÆÞ¶nª�µÄ«�¶'¸¹¯�E"¬%ÆÃ¼;ª¾¶�áåÖ�Æ¦În¶nº¹®~Æ¦µÄÇà® ¯2¿�º"µ¹Æ¦µV¶ÖØ® ¯WE"¬[¯2µÄÎ áI¶È¸¹ÆÞ¶~Áçª;¼;¼dÊÄ¯ã¿'¬[ÊÄÅIª¾¶ ¶n¯�Çå¶Éº »�îHîHî © ]�aW~�c�a�s§rYy`d�~�c=d�~£i¹y6s�].d��¬a&p�\ © [/\Wd�]���aW~Q� © \Ws�[��~&yº·Qx&\bc Ñ
ì�Ñ�ÕUº¹Åå»"¼�¯­¶É¯�ÇãÇÄ®FÆ2Ö;¶�ÇÄº"Î'¬%Å-¯�µ¦¶ÉÆÞ¶nª�º"µYÖØº¹®U¶È¸Ä¯9:�375 ¶È¸¹ÆÞ¶\Áçª;¼Ð¼ÄÊ¹¯ç¿'¬[ÊÄÅIª¾¶ ¶n¯�Ç´¶Éº�¶È¸Ä¯ ½Z»"g © ¼	dHxW]§�~�a�^Xd�f7h¶\bc_\baW].s�[ Ñ
í [/\�\_^6\Ws�rw].d�~&y`s���uoy6s�].d���a�p�\b�³s.d�u?uzxW~&y6s}a�rYy6d�~���aW~Q�Ka&\b].d�c�v/a&s.\�yY~/�QxWc�rw]�y`\bcZ[�a�p	\�u®a�~��®a	v¶�v�^�y`s�a�rYy6d�~�c7f}d�]«��y6\_^`\Ws�r`]�y6s<u?a�r6\�]�yYa	^Yc7yY~Qs�^"x&��yY~��H��v/]�yY~�r`\W�@s�yY].s§x�y"r<��d�aW].��c��Hcbx���c�rw]�a�r6\bc���\_^`\Ws�rw]qd�~&y6saW~/� uoy6s�].d��¬a&p�\±s.d�u@v<d�~/\b~�r c��2c_\b~�c_d�]-�{yY~/�Hd��¬c��ZaW~�r6\�~�~�a ]�a&�Hd�uK\bc®aW~/�±^6\b~�c�\�c��ZaW~Q� uoy"�s�].d��¬a&p�\�a���c_d�]|��\b]�c�­

J�Ï



Ì/ÍLK/Í6Ì �²��Ò�à|æ-(e×�è.Û/Ú�ÑbÕ'�±ý¶Þ�Ü�Þ�à|Þ�Û/Õ�Þo×{Ò�Ö�Ø�Þ®å{Û/Õ�Þ�à.Ñ�Ò�Ó�Û�Ñ)(
í'Æ¦ÎXÙ2õ·Æ¦µ¹«�½�í�ºV¼�¯�µ¹¯2:¦»�¼�¯­¶ ¶g&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
Õd¸Ä® ª�¿�5ÒÎXÕdº¦ÁÛÆ¦µU½VâÄº"Å :2ª�¯­Á�¯�®?¶y½HCkÆ¦µ2U�ª�«D¼;ª�º�¶ ¶oªiªa�r6\b]�yYa�^ c�h�\|^�yYa���y�^�y6rw�@ï¤y"p_y c.y6d�~��Pi g&îHº

©¦ª�«D¬[® ¯�G¦±"²�S�Å
Æ�¿o¶n¯�®�Õd¸"Æ¦®o»2áIª�Å-»¹Æ�Îo¶)Å
Æ¦ÎX¸"ª�µÄ¯�ª�µIÆ¦În¶nª�º¹µ�Ñ

J"°



í îVï
3
î¦ò�� � ÷Iú¾ñ � ò2ý ��� ïÞø � úÐø�õVó"ïgõÞÿ � îVï´ñãõVø � ý0õVñ�ñ�õ�ó � ïÃø � øÝð"øyï2ö � õo,¦ð�ò2ó � úaÿ�÷ � îVïYô��ÈïÞò�þ2ú¾óVüø � �ÈïÃóVü � îzõÃÿÛñYò � ï��oú¾òÃû¾ø 
 � îVï � ïÃø � ú¾øÌú¾ñ � ûÐïÃñãïÞó � ïÃö ô�÷Òø � �oúÐþ2ú¾óVüeòeøyñ�òÞû�û � �oï2ý � ò2óVü­ð�û¾ò��åñ�ï � òÃûø � ï2ý¤ú¾ñ�ïÃó 
 ú � î´ò�û¾ò��nü2ï � ïÃó�ö¦ðVû¾ð�ñ ò2ó�ö2�Èï2ý¤õ��oöVú¾óVü � î�ïçïÃó�ï��nüÞ÷�ò�ôVøDõ��Èô"ïÃöãô�÷ � îVïçø � ï2ý¤ú¾ñãïÞó�òÃø|ú �ô��ÈïÃò2þ�ø 


16:2âàÆ¦ÇÄÅIª�µ�ª�¿o¶n¯�®F¿ÝÆI»Ä® º¹«Þ®FÆ¦Å ¶nºåËV¯�®ÉªÐÖ;áã¶È¸Ä¯I»Ä¯�® ÖØº¹®nÅåÆ¦µ¹ÎÈ¯�ºVÖhÕU¸¹Æ¦®o»2á-ª�Åå»¹Æ¦În¶�ÅåÆ�Î�¸�ª�µÄ¯2¿�Ê�á¿�¯Ã¼;¼Ðª�µÄ«k¿�»Ä¯�ÎÈª�Åå¯�µ¹¿dÁÛª�¶È¸YÎÈ¯2®F¶nª Í ¯2ÇgÊ¹®É¯ÃÆ¦Ù�ª�µÄ«|¿o¶È® ¯�µÄ«0¶È¸ßÑdâ�¸Ä¯|Ë�¯2®Éª Í ÎoÆÞ¶nª�º"µg»¹®Éº"«Ã®FÆ¦Å Á�º¹®nÙV¿iÆ�¿iÖØºV¼�æ¼�º�Á�¿�Ñ7891":2âIº¹ÊV¶ÉÆÃª�µ¹¿�Æ�»"ªÐ¼�º¦¶ß¼�º¦¶iºVÖdë�±ÝÕU¸¹Æ¦®o»2á´¿�»Ä¯2Î'ª�Å-¯2µ¹¿iÖØ® º¹Å�Æ�¿'¬[»Ä»"¼Ðª�¯�®\Æ¦µ¹ÇÛ¶È¸Ä¯�µgÅå¯2Æ�¿'¬[® ¯2¿¶È¸Ä¯�Ê¹®É¯ÃÆ¦Ù�ª�µÄ«�¿o¶È®É¯2µÄ«y¶È¸-º�Ö�¶È¸Ä¯g¿¤»¹¯�ÎÈª�Åå¯�µ¹¿ä¬Ä¿Xª�µÄ«�¶È¸Ä® ¯�¯Y® ¯ÃÖØ¯2®É¯2µÄÎÈ¯gÅåÆ¦ÎX¸"ª�µÄ¯2¿�Ñ�1ØÖ�¶È¸Ä¯gÅå¯2Æ�¿'¬[® ¯�æÅå¯�µV¶É¿�Å-¯�¯D¶gÎÈ¯�®?¶ÉÆ2ª�µzÎX®Éª�¶n¯�® ª�ÆÄ½\¶'¸¹¯�µÀ¶È¸Ä¯f® ¯2¿o¶YºVÖk¶È¸Ä¯·¿�»Ä¯�ÎÈª�Åå¯�µ¹¿gÆ¦® ¯eÅ
Æ¦ÎX¸"ª�µÄ¯�ÇÀÆ¦µÄÇ¨¿�¯�µV¶�¶nº8916:2â\ÑHSäµpÆ¦ÇÄÇ"ª�¶nª�º¹µ"Æ2¼äÏV±å¿�»Ä¯�ÎÈª�Åå¯�µ¹¿çÆ¦® ¯Ì¿�¯Ã¼�¯�În¶n¯2ÇpÆÞ¶Û®FÆ¦µÄÇÄº"Å ÖØ® º¹Å ¶È¸Ä¯-¼�º�¶çÆ¦µÄÇ�ÊÄ® º¹Ù2¯�µßÑ²1ØÖ¶È¸Ä¯�ÊÄ® ¯2Æ¦Ù�ª�µÄ«S¿o¶È® ¯�µÄ«0¶'¸Yº�ÖV¶'¸¹¯�Æ¦ÇÄÇ�ª¾¶nª�º"µ¹Æ2¼�¿�»Ä¯�ÎÈª�Åå¯�µ¹¿ßª�¿hª�µgÆ¦«Þ® ¯�¯�Åå¯�µV¶dÁçª¾¶È¸ç¶È¸Ä¯�»�ª;¼�º�¶ß¼�º�¶y½­¶'¸¹¯�µ¶È¸Ä¯à¼�º�¶´ª�¿IÎo¯�®F¶nª Í ¯�Ç�Æ�¿�Æe® ¯ÃÖØ¯�® ¯�µÄÎÈ¯fÅ
ÆÞ¶n¯�® ª�Æ2¼)Ê�á¸8916:2â\Ñ�:¦¯­¶É¿ãº�Ö Í Ë�¯f¿�»Ä¯�ÎÈª�Åå¯�µ¹¿gÆ¦® ¯�¿�ºV¼�Çp¶nºÎÈº"Å-»¹Æ�µ"ª�¯2¿)¶È¸¹ÆÞ¶hÁÛÆ¦µV¶i¶nº
ÎÈ¯�®?¶oªÐÖ;á´¶'¸¹¯Ãª�®)Õd¸"Æ¦®o»2á
Å
Æ¦ÎX¸"ª�µÄ¯2¿�Ñ
è[Æ�¿'ª�ÎoÆÃ¼;¼¾á�½¹¶È¸Ä¯IÕd¸"Æ¦®o»2á-ËV¯�®Éª Í ÎoÆÞ¶nª�º¹µ·»Ä® º¹«Þ®FÆ¦Å ª�¿çÎÈº¹µ¹Ç"¬[În¶n¯�Çàª�µ·Æ¦ÎoÎÈº¹® Ç¹Æ¦µ¹ÎÈ¯gÁÛª�¶È¸�S¤:2âX5 :Þ¶ÉÆ¦µÄæÇ¹Æ¦® ÇzD%°�G%Ñ�éÛº¦Á�¯yËV¯�®¤½"¶È¸Ä¯g¿o¶ÉÆ¦µÄÇ¹Æ�®ÉÇ·Ç¹º¹¯2¿ÝµÄº�¶�»Ä® º2Ë�ª�ÇÄ¯I«D¬Äª�ÇÄ¯Þ¼;ª�µ¹¯2¿|ÖØº¹®äÎÈº¹Åå»"¬"¶nª�µÄ«Û¶È¸Ä¯´¬[µÄÎÈ¯2®oæ¶ÉÆ2ª�µV¶?á�Æ2¿�¿�º"Î'ª;ÆÞ¶n¯�Ç|Áçª¾¶È¸�ª�µÄÇ"ª¾Ë�ª�Ç"¬%Æ2¼0¶É¯2¿o¶�¿¤»¹¯�ÎÈª�Åå¯�µ¹¿dº"®ÄÁçª¾¶È¸�¶'¸¹¯äÎÈ¯2®F¶nª Í ¯2ÇSËVÆÃ¼;¬[¯kº�Ö­¶'¸¹¯|® ¯ÃÖØ¯�® ¯�µÄÎo¯¿�»Ä¯�ÎÈª�Åå¯�µ¹¿�Ñ{:&DQC9¸¹Æ2¿Ý¯2¿o¶ÉÆ¦Ê"¼Ðª�¿�¸Ä¯�ÇåÆ�¿o¶ÉÆÞ¶nª�¿o¶nª�ÎnÆ2¼;¼�á�ËVÆÃ¼;ª�Çå¬[µÄÎÈ¯�®?¶ÉÆ2ª�µV¶?áå¿o¶ÉÆÞ¶É¯�Å-¯2µV¶kÖØº¹®h¶È¸Ä¯ãÎÈ¯�®?¶nª�æÍ ¯�Ç�ËVÆÃ¼;¬[¯¹½2Áçª¾¶È¸
ÇÄ¯�«Þ® ¯�¯2¿�ºVÖ�ÖØ® ¯�¯2ÇÄº¹Å ÎÈº"Å-»�¬"¶n¯�ÇI¬%¿'ª�µÄ«S¶'¸¹¯2:�Æ­¶É¶É¯�®F¶È¸VÁÛÆ2ª¾¶É¯´Æ�»Ä»Ä® ºyé�ª�Å
ÆÞ¶nª�º"µßÑ
©¦¬"¶n¬[® ¯ÌÁ´º"®oÙpª�µVË�ºV¼¾Ë�¯Ã¿IÎÈº¹Åå»¹Æ¦® ª�µÄ«-¶È¸Ä¯t8916:2âÒË�¯2®Éª Í ÎoÆÞ¶nª�º"µz»Ä® º"«Ã®FÆ¦ÅÓÆ¦µÄÇ�¬[µÄÎÈ¯2®F¶ÉÆ2ª�µV¶?á�¿È¶ ÆÞ¶n¯�æÅå¯�µV¶É¿h¶nº´¶È¸Äº�¿�¯Ûº�Ö�º�¶'¸¹¯�®hÎÈºV¬[µV¶È®Éª�¯2¿­½�ª�µÄÎÈ¼Ð¬[Ç"ª�µ¹«´è�¯Ã¼�«­ªÐ¬[Å Æ¦µÄÇZí'Æ¦»¹Æ¦µ�½¦Æ¦µÄÇ´Á�º¹®nÙ¦ª�µÄ«|ÁÛª�¶'¸?5±:&DQê¿o¶ÉÆ�öÌ¶nº
¸¹Æ�®oÅåº¹µ"ªBA'¯�Õd¸"Æ¦®o»2á
»¹®Éº"«Ã®FÆ¦Å
¿SÆ¦® º�¬%µÄÇã¶È¸Ä¯�Á�º¹® ¼�ÇßÑ
0 s.s§xW]�a�r`\_^w�4�H\�r6\b]�u�y ~&yY~&�zrw[/\®��].\baW�WyY~��?cbrw].\b~&��rw[¹dWf7ue\�rYa�^ c�yYc=s�]�y"rYy`s�a�^XyY~trw[/\?s.d�~�c�rw]|x�s§rYy`d�~dWfj��]�y6���&\bc����Hx	y�^6��y ~&��c���aW~/�2v/].\bc�c	x�]q\=cbrw]§x&s�r�x�]q\�cW­�»`~ ��J �&¡�¡W�b�Pa���d�x�rj��¡�¡�¡Zs|x�cbr`d�uK\�]�c¤v/a�]§rYy6s��yRv/a&r6\W�2yY~erw[/\@¯�[�aW]�vQ�=y uov/a&s�r�u®a&s�[&y ~/\2p�\b]�y�´Ps}a�rYy6d�~@v/].dW��]�aWu²­

J&G



Ì/ÍLK/Í�Î �¶Þ�à.Ñ_Ó�»<Õ	Ò�Ñ_ÓFÚHÛ+Ú&ÜhD�Ú�ÓYÔ§Ñ�ØQà|Þ?Ó Û¼�Pà§ØIB/Þ¶½�ÓRÖL¾�ý¶Þ�Ü�Þ�à|Þ�Û/Õ�ÞÐbÑ�Ò�ÛCBQÒ�à)B�¿�ý�D Ô®ü%�Hü�ÏC¿wü%�HüHü/Í)Ý�Ú�Ñ�Ò�à_Ú�Ø&Ñ_Ó Û/Þ�ÿ³ÛQÒ�ÖR(�Ô	Ó Ô
Õd¸¹Æ�®É¼�¯Ã¿�éçÆ¦«0Á´º"º¹Çg&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
:�Æ¦ÅI¬[¯Ã¼/5¨Æ¦® «ÃºV¼;ª�¿·�~�a�^w�&rYy`s�a�^�¯�[/\buoyYc�rw]���ï{y"p_yYc.y`d�~��Xï¤y6p�­«¿�l<�

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

day

W
at

er

1.0 1.5 2.0 2.5 3.0 3.5 4.0
À80

90
10

0
11

0
12

0
13

0

©¦ª�«D¬[® ¯@GÃì%²P:�375 °Vë�°¦°"²�:2ª�ÅI¬Ä¼¾¶ÉÆ�µÄ¯�º�¬Ä¿|Õdº"µ Í ÇÄ¯2µÄÎÈ¯Iè[Æ¦µÄÇ¹¿|ÖØº"®<Uhº�¼Ð¬[Åå¯­¶È®Éª�Î«õ·ÆÞ¶É¯�®

JÃê



ù ú�û � ð"ñ � ïÃöIÿ"�ÈõVñ 
 ïÞû�û¾øgý0õVó � òÞúÐóVøgòIý0ï	� � òÃú¾óàò2ñ�õVð�ó � õÃÿ~ñãõ¦ú¾ø � ð��oï 
��
ðV÷Vï	�oø 
 ò2ó �³� õàý0ï	� � úaÿ�÷� î¦ò �)� îVï-õ¦ú�û � îVïD÷fôVðV÷fý¤õ�ó � òÃú¾óVø � ï	�n÷·û�ú ��� û;ïãñ�õVú¾ø � ð��Èï 
 1´± ø

 	Á	 
7Ìò2ó�ö

 	Á	 	  
 ï��Èï � �Èõ�öVð"ý0ïÃö
� õãîVïÞû � ú¾ó � î¦ú¾ø�ý0ï	� � ú%$[ý¤ò � úÐõVó 
7� î�ïÛø � ò � ú¾ø � úÐý�òÃû"ò2óVòÃû�÷Vø0ú¾ø�õÃÿ � î¦ò � ý0ï�� � ú%$[ý¤ò � úÐõ�ó�ú¾øÝö¦ú¾øDý¤ð�øyøDïÃö 
j� î�ú¾øó�õ � ïÛú�û¾û�ð�ø � �oò � ïÃø � îVò � ø � ò � ú¾ø � úÐý¤òÃû¹ý0ï	� � ú%$[ý¤ò � úÐõVóIý¤òÃóIõÃÿ � ïÃó � úÐñ�ïÃø�ô"ï�ó�ïÞú � î�ï	�äó�õ � ï­û%ó�õ��{�Èõ¦ð � ú¾ó�ï 

0 Ë¦ÆÞ¶çº�ÖkÎX®É¬%ÇÄ¯ÌºVª;¼iÆ¦µÄÇfÁÛÆÞ¶n¯�®Sª�¿�Á�¯Ã¼Ð¼�æXÅ
ª�é�¯�ÇfÖØº¹®�Æ-¼�¯2µÄ«y¶È¸eº�Öi¶nª�Åå¯-Æ�µÄÇf¶È¸Ä¯ÌÎoº¹µV¶n¯2µV¶É¿´Æ¦® ¯Æ2¼Ð¼�º¦Á�¯�Çà¶nºp¿o¶ÉÆ¦µÄÇ�Æ¦µÄÇp¿�¯�»"Æ¦®FÆÞ¶n¯�Ñ
â�¸Ä¯I¶nº¹»p¼;ÆÞá�¯�®ÝºVÖhÁ�ÆÞ¶É¯�®oæ'¿XÆÞ¶n¬[®FÆÞ¶n¯�ÇeÎX®É¬[ÇÄ¯-º�ªÐ¼hª�¿´Ç¹¯�ÎoÆ¦µV¶É¯�Çª�µ¦¶nºàÆ
¿¤¯2ÎÈº¹µÄÇfÎÈº"µV¶ÉÆ2ª�µÄ¯�®|Æ�µÄÇf»"¬"¶Sª�µàÆ¦Åå»Äº�¬Ä¼�¯2¿�Ñçâ�¸¹¯ãÆ¦Å-»¹º�¬Ä¼�¯2¿�Æ�®É¯I¿�¯WE"¬%¯�µV¶nª�Æ2¼Ð¼¾á Í ¼Ð¼�¯�ÇàÆ�µÄÇÎoÆ¦»¹»Ä¯�ÇeÆ�ÎÈÎÈº¹® Ç"ª�µÄ«g¶nºfÆÌÇ¹¯­¶n¯�®nÅ
ª�µÄ¯�Ç�ÇÄ¯2¿'ª�«ÞµßÑgâ�¸Ä¯å¯yË¦Æ2¼;¬%Æ­¶oª�º¹µ�º�Ö�Å-ºVª�¿o¶n¬[® ¯-ÎÈº"µV¶n¯�µ¦¶Ýª�¿�Ê"Æ�¿�¯�Çº¹µà¶ Á´ºÌ¶nª¾¶È®FÆÞ¶nª�º¹µà¶n¯�ÎX¸Äµ"ª E"¬[¯2¿Þ²äË�ºV¼;¬[Åå¯­¶È®Éª�ÎçÆ¦µÄÇeÎÈº�¬¹¼�º¹Åå¯­¶È®Éª�Î2Ñ9S~¼�¿�º�½\Æ-® º�¬[µ¹ÇÄæX®Éº"Ê"ª�µÀ¿o¶n¬[ÇVáàª�¿ÎÈº"µÄÇ"¬[În¶n¯�Ç�Ñ�â%ª�¶È® Æ­¶oª�º¹µU½[Æ
ÎÈº"Å-Ååº¹µàÆ�µ¹Æ2¼¾á¦¶nª�ÎoÆ2¼�ÎX¸Ä¯�ÅIª�¿o¶È®�áÌÅå¯­¶È¸Äº"ÇU½%ª�¿Ý¬%¿�¯�Ç
¶nº·ÇÄ¯D¶n¯�®oÅIª�µ¹¯´¶È¸Ä¯¬[µÄÙVµÄº�Á´µ�ÎÈº"µÄÎÈ¯�µV¶È®FÆÞ¶nª�º"µeºVÖhÆ
¿'¬[Ê¹¿o¶ÉÆ�µÄÎÈ¯Iª�µ·¿�º�¼;¬�¶oª�º¹µ�Ê�á·Æ2¼;¼�º¦Áçª�µÄ«gª¾¶�¶nºf® ¯2Æ¦În¶äÁÛª�¶'¸·Æ-ÙVµÄº¦Á�µ® ¯2Æ¦«Þ¯�µV¶ä¬[µV¶nªÐ¼UÆ�µÄ¯Ã¬"¶È®FÆ2¼;ªBAÈÆ­¶oª�º¹µ-»Ä® º¹ÎÈ¯2¿X¿�º¹ÎÈÎÈ¬[®F¿�Ñ�©�º¹®ä¯XéÃÆ¦Åå»"¼�¯¹½V¶nºàÇÄ¯­¶É¯�®oÅIª�µÄ¯Û¶È¸Ä¯ãÎÈº"µÄÎÈ¯�µV¶È®FÆ¦æ¶nª�º"µ·º�Ö�ÆIÊ¹Æ2¿¤¯gª�µÌÆI¿�º�¼Ð¬"¶nª�º"µU½%Æ¦µÌÆ¦ÎÈª�Ç-ª�¿ÝÆ¦ÇÄÇ¹¯�ÇÌ¬[µV¶nª;¼[¶È¸Ä¯�¿�º�¼Ð¬"¶nª�º¹µÌª;¿�µÄ¯Ã¬"¶È®FÆ2¼;ªBA'¯2ÇßÑ�â�¸Ä¯2µ
¶È¸Ä¯Æ¦Ååº�¬[µ¦¶kº�Ö�Æ¦ÎÈª�ÇIÆ¦Ç¹ÇÄ¯�ÇåÇÄ¯­¶n¯�®nÅ
ª�µÄ¯2¿�¶È¸Ä¯´ÎÈº¹µÄÎo¯�µV¶È®FÆÞ¶nª�º¹µåº�Ö%¶È¸Ä¯´Ê¹Æ�¿�¯�Ñ
â�¸Ä¯���Æ¦® ¼U©¦ª;¿¤¸¹¯�®i® ¯2Æ�«Ã¯�µ¦¶hª;¿h¶'¸¹¯ÛÎÈº¹ÅåÅåº¹µg¶nª¾¶È®FÆ¦µV¶i¬%¿�¯�ÇYª�µãÅåº�ª�¿o¶n¬[® ¯ÛÆ¦µ¹ÆÃ¼¾á"¿�¯2¿­½�ÊÄ¯2ÎoÆ2¬%¿�¯�ª�¶)Îoº¹µÄæ¶ÉÆ2ª�µ¹¿i®É¯ÃÆ¦«Ã¯2µV¶É¿d¶'¸"ÆÞ¶d®É¯ÃÆ¦În¶�Áçª¾¶È¸�ÁÛÆÞ¶n¯�®DÑ�è�¯�ÎoÆÃ¬%¿�¯~¶È¸Ä¯�º�ªÐ¼�ª�µ@3�5¨¿~°Vë�°�Ï|Æ¦µÄÇY°Vë�°¦°kª;¿hÎX®É¬%ÇÄ¯¹½0¶È¸Ä¯�® ¯Æ¦® ¯äª�µV¶n¯�® ÖØ¯�®Éª�µÄ«�Æ¦«Þ¯�µV¶É¿ßº¦¶È¸Ä¯2®%¶È¸¹Æ¦µ�Á�ÆÞ¶É¯�®%¶È¸¹ÆÞ¶d® ¯2Æ¦În¶%Áçª¾¶È¸S¶È¸Ä¯h�UÆ�®É¼"©�ª�¿�¸Ä¯�®�® ¯2Æ¦«Þ¯�µV¶0½­ÅåÆ�Ù¦ª�µÄ«i¶È¸Ä¯¼�Æ�ÊÄº¹®FÆÞ¶nº"®6áàÆ�µ¹Æ2¼¾á"¿�¯2¿�Ç"ª�VÌÎÈ¬Ä¼¾¶ÞÑkâ�¸"¬%¿­½"¶È¸Ä¯ãÇ¹Æ­¶ÉÆãÆ¦® ¯�µ¹º¦¶kË�¯�®6áÌÎÈ¼�¯2Æ�µU½ÄÅ
Æ¦Ù�ª�µÄ«�¶È¸Ä¯ãÎo¯�®F¶nª Í ÎoÆÞ¶nª�º"µµÄº"µÄæX®ÉºV¬"¶nª�µÄ¯[Ñdâ�¸"ª;¿ßª;¿�µÄº�¶ßÇ"¬[¯ä¶nº�¶È¸Ä¯S¿�ÎÈª�¯�µ¦¶oª;¿o¶_;a¿ßÎoÆ¦® ¯Ã¼�¯Ã¿�¿�µÄ¯Ã¿�¿­½­Ê"¬�¶d¶nº�¶È¸Ä¯Ýµ¹ÆÞ¶n¬[® ¯Sº�Ö¦¶È¸Ä¯ÝÅåÆ­¶n¯�æ®Éª;Æ2¼2Áçª¾¶È¸ÛÁ�¸"ª�Î�¸´º"µÄ¯Ýª;¿ßÁ�º¹®oÙ�ª�µÄ«%Ñi©�º¹®�¯'é2Æ�Å-»"¼�¯¹½�º"µÄ¯�¸¹Æ�¿�¶ÉºYÊ¹Æ�Î�Ùçº�¬"¶d¶È¸Ä¯|ÁÛÆÞ¶n¯�®�ÎÈº"µÄÎÈ¯�µV¶È®FÆÞ¶nª�º"µÖØ® º¹Å ¶È¸Ä¯IÁÛÆÞ¶n¯2®ç»"¼Ð¬%¿Ûª�µV¶É¯�®ÉÖØ¯�® ¯�µ¹ÎÈ¯-Åå¯2Æ�¿'¬[® ¯�Åå¯�µV¶ ¿�Å
ª�µ"¬%¿�¶È¸Ä¯åª�µV¶n¯2®ÉÖØ¯�® ¯�µÄÎo¯-Åå¯2Æ�¿'¬[® ¯�Åå¯�µV¶É¿�Ñ©¦¬[®?¶È¸Ä¯�®oÅåº¹® ¯¹½¦¿�º"Å-¯ÛºVÖÄ¶'¸¹¯Ûµ"ª�Îo¯Ý¶È¸"ª�µÄ«­¿äº¹µÄ¯Û¯'éV»Ä¯2Îo¶ ¿kÖØ® º¹Å Æ�ÎÈ¯2®F¶nª Í ÎnÆÞ¶nª�º¹µ�»Ä® º¹ÎÈ¯2¿X¿kÖ�Æ2ª;¼�¯�ÇßÑ�â�¸Ä¯Ç¹ÆÞ¶ ÆãÖØº¹®�375 °Vë�°�Ï�¿�¸Äº¦Á�¯�Ç·µÄº"µÄ¸Äº"Å-º"«Ã¯�µ¹¯Ãª¾¶?áÌÆ¦µ¹Çå¶'¸¹¯IÎÈº�¬Ä¼�º¹Åå¯­¶È®Éª�ÎSÅ-¯2Æ2¿X¬%®É¯2Å-¯�µ¦¶É¿Ý¿¤¸¹º¦Á�¯�ÇÆgÇ¹ÆÞáI¯�öU¯�În¶ÃÑ7D�Ë�¯�µYÁçª¾¶È¸Y¶'¸¹¯2¿�¯gÇ�ª�VÌÎ'¬¹¼¾¶nª�¯2¿�¶È¸Ä¯´® ¯ÃÖØ¯�® ¯�µÄÎÈ¯�Å
ÆÞ¶n¯2®Éª�ÆÃ¼"Á�Æ2¿�ÎÈ¯�®?¶nª Í ¯�Ç�Ñ
í [/\�ue\baWcbxW].\bue\b~�rZdWf=��a�r6\b]2yY~ s�]|x&�H\£dWy�^{yYc�aW~ \Ws�d�~/d�uoy6s�a	^�^w�eyYu@v<d�]§rYa�~�r�ue\baWcbxW].\bue\b~�r��\Ws�a�xWc_\®rw[/\?dWyR^XyY~/�QxWc�rw]��e�{yYc�[/\bc�r6dK\_^�y u�y ~�a�r6\?s�[�aW]"��\bc�f}d�]���a�r6\b]=�¬[Q\b~ev�x�]qs�[�a�cqy ~&�KrYaW~��&\b]^6d�rYc)dWf¶s�]|x&�H\ZdWyR^�­

J"±



Ì/ÍLK/ÍLK ÿ�ÑbÚHãzÔ@ÚHÛ$c¬Þ�ãzÒ&ÛCB
í'Æ¦Å-¯Ã¿[Z\¯�µU½	SäµÄÇÄ® ¯­Á 3U¬[ÙV¸"ª�µU½&:Þ¶n¯ÃÖ�Æ¦µ4ê2¯Ãª�«Þ¸g&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
í'Æ¦ÊÄ¯	A³5ÒÎXÕ�¼�¯Ã¼;¼;Æ¦µÄÇU½�:¦¸¹Æ�µÄµÄº¹µ®é�ª;¼Ð¼îW^6\�s§rw].d�~?aW~/�e>¶v¶rYy6s�a	^<¦�[���c.y6s�c�ï{y"p_y cqy`d�~��X¦Xº

©¦ª�«­¬[® ¯@GVë�²71?Å
Æ¦«Þ¯YºVÖdÆYÎÈ¼�º�¬%Ç-ºVÖU¬Ä¼�¶'®FÆ¦Îoº�¼�Ç-Õd®)ÆÞ¶nº"Åå¿k¶È®FÆ¦»Ä»¹¯�Çåª�µåÆYÅåÆ�«ÃµÄ¯D¶nº¹æXº¹»¦¶oª�Î~¶È®FÆ¦»ßÑiâ�¸"ª�¿¶?á¹»Ä¯gº�Ö%¶È®FÆ¦»
ª;¿ä¬%¿�¯�ÇIÆ�¿äÆ´¿¤ºV¬[® ÎÈ¯´º�ÖU¿Xª�µÄ«D¼�¯ÛÆÞ¶nº"Åå¿kª�µIÆ¦µIÆÞ¶nº"Å-æXº"µÄæXÇÄ¯�Å
Æ¦µÄÇIª�Åå»"¼�¯�Åå¯�µV¶ ÆÞ¶nª�º¹µ�Ñ

J¦ì



í îVïZðVûÐï2ý � �ÈõVóåò2ó�ö � � � úÐý¤òÞû � î�÷Vø0úÐý¤ø�ñßú � ú¾ø0úÐõVó�
aø � � õ�ñ�õ�óKñhïÃñ�òÃó�ö � �Èõ�(�ïÃý � øDïÃï2þ�ø � õåö�ï � ïÞûÐõ �� õ"õ¦û¾øÌò2ó�ö¨ò�ý � ð�òÃûäî¦ò��Èö 
 ò��ÈïàÿFõ�� 
 õ��'þ2ú¾óVü 
 ú � î�ø0ú¾óVüÞûÐïeò � õVñ�ø-úÐó�òpý0õVó � �Èõ¦û�ûÐï2öÒö"ï � ï	�ÈñYú¾ó¦ú¾ø � úÐý
 òÞ÷ 
 � $H�oø � ñgú¾ûÐïÞø � õVó�ïãúÐøgö�ïÞû�ú � ï��É÷fõÞÿäò
ö�ï � úÐý0ï � î¦ò � ý¤ò2ó � �Èõ�ö¦ð¹ý¤ïåòÃó�öàø0ð�ø � òÞú¾ó·õ�ó�ïIò � õVñ õÞÿòàü­ú � ïÃó�ø � ï2ý¤úÐïÃø � ð � õ�ópö"ïÞñ�ò2ó�ö � ÿFõ���òÌð�øDï¤ÿ�ð�û � ú¾ñãï
ú¾ó � ï�� � òÃû 
+� î�ï � î�÷Vø0úÐý¤ú¾ø � øåö"ïÞø0ú¾üÃó¦ú¾óVü � î�ú¾øö�ï � úÐý0ïpý0õVó�ø � òÃó � û�÷Òð � ö�ò � ï � òÃø � îVïÞúB�ãð�ó�ö"ï	�oø � ò2ó�ö¦ú¾ó�üÀõÃÿ � îVïeð�ó�ö�ï��oû�÷¦ú¾óVü � �oõ"ô¦ûÐïÃñYøfö"ïÃï � ïÃóVø �ø0ú¾ñYðVû¾ò � úÐõ�ógý0õ�ö�ïÃø � õgö�ïÃøDý|�nú;ô�ï 
 î¦ò � ú¾øÝî¦ò ��� ïÞóVú¾óVüçú¾ó � îVïÞúB�~ö�ï � ïÞûÐõ � ñãïÞó � òÞû%ö�ï � úÐý0ï 
�� îVï�ûÐïÞò�ö�ï��õÞÿ � îVï � ïÃò2ñqý0õVó � ò�ý � ïÃö ' ðQñ � õ®�g7	! � �Èõ¦ð¹ô¦ûÐïÃøDîVõ�õ ��� îVï�õ � ï	�oòÃû�û�ñ�ò � îVïÃñYò � úÐý�òÃû[ûÐõ�ü­úÐýçð"ó�ö�ï��oû�÷¦ú¾óVü
� îVïÛö�ï � ú;ý¤ï�ÿFõ�� � õVøyø0úÐôVûÐï � �Èõ�ô¦û;ïÞñ�ø � òÃó�ö��

 
!Uö�ï � ï��ÈñgúÐó�ï 
 îVï � îVï	�kòÃó¦÷ãõÞÿ � îVï�ú¾øyø0ð"ïÞø�ô�ïÞú¾óVüÛö�ïÃòÞû �
 ú � î � ú¾ò�ø0ú¾ñYðVû¾ò � ú;õVóIý¤õVðVûÐöIô"ï�î¦òÃó"ö¦ûÐï2öIñãõ��Èï�ø0ú¾ñ � û�÷ � ú¾ó�ò´ý¤ûÐõVøDï2ö�ÿFõ��Èñ 


� º¹®d¶'¸¹¯I»Ä® º¹Ê"¼�¯�Åsº�Ößª�¿�ºV¼�ÆÞ¶nª�º"µ·º�Öß¿'ª�µÄ«D¼�¯�µÄ¯Ã¬"¶È®FÆ2¼\ÆÞ¶Éº¹Å
¿ç¿o¶nº¹® ¯�Çàª�µàÆ
ÅåÆ¦«ÞµÄ¯­¶Éº¹æXº¹»V¶nª�ÎoÆ2¼�¶È®FÆ¦»Ú"5Ò³~â¹Üo½VÆç¿o¶n¯ÃÆ¦ÇVá¹æ'¿o¶ÉÆÞ¶n¯ÛÇ�ª�¿o¶È®Éª�Ê�¬"¶nª�º¹µÛÁ�Æ2¿äÇ¹¯­¶n¯�®nÅ
ª�µÄ¯�ÇßÑUâ�¸Ä¯ç® ¯�ÎÈ¬[®F¿'ª¾ËV¯çÅåº¹ÇÄ¯Ã¼"ÖØº¹®U¶È¸Ä¯çµ"¬%Å-ÊÄ¯2®º�ÖVÆ­¶nº¹Å
¿h»¹®É¯Ã¿¤¯2µV¶�ª�µÝ¶È¸Ä¯�5Ò³)âgÆÞ¶dÆ¦µVá�«Dª¾ËV¯�µ�¶nª�Åå¯k¬[µÄÇ¹¯�®%¶È¸Ä¯|ÖØ¯�¯2ÇÄÊ¹Æ¦ÎXÙS® ¯�«Dª�Åå¯~Á�Æ2¿i¯Þ¼;¬[ÎÈª�Ç"ÆÞ¶n¯�ÇßÑâ�¸Ä¯àº"»V¶nª�Å
Æ2¼)® ¯�«Dª�Åå¯åÖØº"®S¶È¸Ä¯pÔ"º�ª;¿X¿¤º"µe¼�º�Æ¦Ç"ª�µÄ«ãÁÛÆ�¿ÛÖØºV¬[µÄÇßÑÌâ�¸Ä¯
ËVÆÃ¼;¬[¯2¿´ºVÖh¶È¸Ä¯-¼�º�Æ¦Ç"ª�µÄ«åÆ�µÄÇ¼�º�¿X¿)»¹Æ¦®FÆ¦Åå¯­¶n¯�®F¿i¶È¸¹ÆÞ¶ßÅåÆyé�ª�Å
ªBA'¯ä¶È¸Ä¯�»Ä® º¹Ê¹Æ�Ê"ª;¼Ðª¾¶?á�ºVÖ[¯'é2Æ¦În¶n¼¾á´º¹µÄ¯�ÆÞ¶nº¹Å ª�µ�¶È¸Ä¯|¶È® Æ�»�Á�¯�® ¯�ÖØº�¬%µÄÇ¶È¸Ä® º�¬[«Þ¸å¯XéÃ¶É¯�µ¹¿'ª¾ËV¯o5Òº"µV¶n¯gÕUÆ¦® ¼�º�¿'ª�ÅI¬Ä¼;ÆÞ¶nª�º¹µ"¿¦ÑUâ�¸Ä¯´ÇÄ¯2¿'ª�®FÆ¦Ê�¼�¯�® ¯Ã¼�Æ­¶oª�º¹µ¹¿�¸"ª�»
ÊÄ¯­¶ Á´¯2¯�µã¼�º"Æ�Ç"ª�µÄ«»Ä® º¹Ê"Æ¦Ê"ª;¼Ðª¾¶nª�¯Ã¿)Æ¦µÄÇ�¶È¸Ä¯�ÇÄ¯­¶É¯�În¶oª�º¹µÛ¶oª�Å-¯ÝµÄ¯2¯�ÇÄ¯�ÇÛ¶nº�Ê¹ÆÃ¼�Æ¦µÄÎo¯|¶È¸Ä¯�Æ¦ÇVË¦Æ¦µV¶ÉÆ¦«Þ¯çºVÖ¹¼�º¹µÄ«Þ¯�®ßÇÄ¯­¶n¯�În¶nª�º"µ¶nª�Åå¯ÛÆ¦µÄÇ�¶È¸Ä¯´»Äº"¿X¿'ª�Ê"ªÐ¼;ª�¶?á
ºVÖ�¶È¸Ä¯@5Ò³)âàÎX¸¹Æ¦µ¹«­ª�µÄ«�ª¾¶ ¿�ÎÈº"µV¶n¯�µV¶hÁ�Æ�¿äÆ2¼�¿�º�ÖØºV¬[µÄÇßÑ
1ØÖ"¶È¸Ä¯�® ¯|Á´¯�® ¯�µÄºgÆ­¶É¶É¯�Å-»¦¶\¶nº�ÎÈº"µV¶È® º�¼�¶È¸Ä¯ÝÆÞ¶nº"Å »¹º¹»"¬Ä¼;ÆÞ¶nª�º"µ�º�Ö�¶'¸¹¯25Ò³)âã¬%¿'ª�µÄ«|ÖØ¯2¯�ÇÄÊ¹Æ¦ÎXÙ%½2ªÉÑ�¯�Ñ�½º¹»¹¯�µ"ª�µ¹«�º¹®SÎÈ¼�º"¿'ª�µÄ«ç¶È¸Ä¯ãÇÄº"º¹®ä¶nº
¶È¸Ä¯g¶È®FÆ¦»U½Ä¶È¸Ä¯�µå¶È¸Ä¯ãµ�¬[Å-Ê¹¯�®�º�ÖßÆÞ¶Éº¹Å
¿�ª�µ
¶È¸Ä¯g¶È® Æ�»·ÎÈº�¬Ä¼�ÇfÊÄ¯Ååº¹ÇÄ¯Ã¼�¯�ÇYÆ2¿hÆç¿'ª�Å-»"¼�¯ÝÊ"ª�®?¶'¸¹æ�Ç¹¯2ÆÞ¶È¸Y»¹®Éº"ÎÈ¯2¿X¿�Ñ¶:2¬[»Ä»¹º"¿�¯�¶È¸Ä¯�ÇÄº¹º"®d¶Éº�¶È¸Ä¯=5Ò³~â
Îoº�¬Ä¼�Ç�ÊÄ¯�º¹»Ä¯2µÄ¯�Ç¶È¸Ä¯�ª�µ¹¿o¶ÉÆ¦µV¶ßª�¶)Ê¹¯�ÎoÆ¦Åå¯ç¯�Åå»V¶?á�º"®hÎÈ¼�º�¿�¯�Ç�ÆÞ¶�¶È¸Ä¯�ª�µ¹¿o¶ÉÆ¦µV¶iª�¶)Ê¹¯�ÎoÆ¦Åå¯çº"ÎÈÎÈ¬[»"ª�¯2ÇßÑdâ�¸Ä¯2µU½Ã¶È¸Ä¯Ûµ"¬[ÅåæÊÄ¯�®)ºVÖUÆ­¶nº¹Å
¿äª�µ�¶È¸Ä¯�¶È®FÆ¦»
Æ¦«­Æ2ª�µIÎÈºV¬Ä¼�Ç
ÊÄ¯´Ååº¹ÇÄ¯Þ¼�¯�ÇIÆ�¿äÆ´Ê"ª�®?¶'¸¹æ�Ç¹¯2ÆÞ¶È¸
»Ä® º¹ÎÈ¯2¿X¿�Ñ«éÛº¦Á�¯yËV¯�®¤½�¶È¸Ä¯µ"¬[ÅåÊÄ¯�®)ºVÖdÆÞ¶Éº¹Å
¿|ª�µY¶È¸Ä¯�¶È® Æ�»-ÎoÆ�µÄµÄº¦¶kÊÄ¯YÅåº¹µ�ª¾¶nº"®É¯2ÇÌÎÈº"µV¶nª�µ"¬[ºV¬%¿'¼¾á�½�Æ¦µÄÇ
ÊÄ¯�ÎnÆ2¬%¿�¯´º�Ö\»¹¸Vá"¿'ª�ÎoÆ2¼¼;ª�Å
ª�¶ÉÆÞ¶nª�º"µ¹¿­½2¶'¸¹¯ç¶È®FÆ¦»åÎoÆ¦µ
º¹µ�¼¾áåÊ¹¯gÎX¸Ä¯2Î�Ù2¯�Ç
¯yËV¯�®6áGÂ�¿�¯�Îoº¹µÄÇ¹¿�Ñ«1�µY¶È¸¹ÆÞ¶~ª�µV¶n¯�®6ËVÆÃ¼<ÂÛ½"Ååº¹® ¯�¶'¸"Æ¦µº¹µ¹¯�ÆÞ¶Éº¹Å ÎoÆ¦µ�¿�µÄ¯2Æ�Ù�ª�µ"¿Xª�ÇÄ¯ä¶È¸Ä¯�¶È®FÆ¦»gÊÄ¯ÃÖØº"®É¯|¶È¸Ä¯ÝÇÄº¹º"®�ª;¿)ÎÈ¼�º�¿¤¯2ÇßÑ\³|µÄ¯ÝÎoÆ¦µÛ¬%¿�¯ä¶'¸¹¯�ÎÈº"µÄÇ"ª�¶oª�º¹µ¹ÆÃ¼»Ä® º¹Ê"Æ¦Ê"ª;¼Ðª¾¶nª�¯Ã¿Sº�Ö�Æ
Ô¹ºVª�¿X¿�º¹µå»Ä® º¹ÎÈ¯2¿X¿k¶Éº-Ååº¹Ç"ªÐÖ;áY¶È¸Ä¯´Ê"ª�®F¶È¸
Æ¦µÄÇ
ÇÄ¯2ÆÞ¶È¸
»¹Æ¦®FÆ¦Åå¯­¶n¯2® ¿|¿¤ºIÆ�¿)¶nºIÆ¦»Äæ»Ä® ºyé�ª�Å
ÆÞ¶n¯�¶È¸Ä¯�¯	öd¯�În¶�º�Ö�Æ�µ¹º¹µÄæ�AÈ¯�® º�ÂYÑUâ�¸¹ÆÞ¶)ÎX®É¯ÃÆÞ¶n¯2¿~ÆU�XÖØ® Æ­¶n¯�®oµ"Æ2¼�¶ Áçª�µ�ôSÊ�ª�®F¶È¸ÄæXÇÄ¯ÃÆÞ¶È¸ã»Ä® º¹ÎÈ¯Ã¿�¿¶È¸¹ÆÞ¶h¸¹Æ2¿�Æ�¿o¶ÉÆ­¶oª�º¹µ¹Æ�®�ágÇ"ª�¿o¶È®Éª�Ê"¬"¶nª�º"µ�E"¬Äª�¶n¯çÎÈ¼�º"¿�¯�¶Éº�¶È¸¹ÆÞ¶iºVÖ"¶È¸Ä¯ç® ¯2ÆÃ¼¹»¹®Éº"ÎÈ¯2¿X¿�Ñ�©�º"®oÅI¬Ä¼�Æ�¿iÖØº¹®�¶È¸Ä¯¿o¶ÉÆÞ¶nª�º"µ¹Æ¦®6áIÇ"ª�¿o¶È®Éª�Ê"¬"¶nª�º"µåºVÖ[¶È¸Ä¯�¶ Áçª�µ
»Ä® º¹Îo¯2¿X¿�ÎoÆ¦µg¶È¸Ä¯2µåÊ¹¯�¬Ä¿¤¯2Çg¶nºIÆ¦Ç	�Ø¬%¿o¶ß¶È¸Ä¯Û¼�º"Æ�Ç"ª�µÄ«ç® Æ­¶n¯´º�ÖÆÞ¶nº"Åå¿ä¿�º
Æ2¿~¶nº
Å
Æyé�ª�ÅIªRAÈ¯Ý¶È¸Ä¯´»Ä® º¹»Äº"®F¶nª�º"µàº�Ö%¶nª�Åå¯�¶'¸"ÆÞ¶~Æ´¿'ª�µÄ«D¼�¯ÛÆ­¶nº¹Å�ª;¿äª�µg¶È¸Ä¯�¶È®FÆ¦»ßÑ
í [/\�ï{y"p_yYc.y`d�~®�H\bued�~�c�rw]�a�r6\W�ZfwaWc�r���r�x�]�~�aW].d�x�~/�@].\bc�v<d�~�cqy6p�\b~Q\bc�c�y ~oc	xbvHv<d�]§r<dWfQa�v<dHr6\�~�rYyYa�^R^w�p�\�]��£yYu@v<d�]�rYaW~�r³v/].d|�q\Ws�r³f}d�]®½Z»"g ©-@ ce¦�[���c.y6s�cKºWa���d�]�a�r6d�]���­ ·³r6d�u d�~ ï�\bu?aW~/�¸r6\�s�[�~/dW^6d�����{y�^�^{\b~�a���^6\�~/d�p	\_^�·QxWaW~�r�xWu�s.d�u@v�x�rYa&rFy`d�~£c_s�[/\bue\bc��³xW~�v/].\Ws�\W�H\b~�r6\��ts.d�~�rw].dW^{d�p	\b]Z�Hd�v/aW~�rYcyY~ou?a�r6\�]�yYa	^Yc��/a�~/��\�p	\b~�r�xWa�^/].\ba�^RyRû.a�rYy6d�~-dWf¶rw[/\�x�^6rFy u®a&r6\�yY~o~�aW~QdHr6\Ws�[�~/d�^6dW�����Pa�r6d�uK�����&��a�r6d�us.d�~�cbrw]§x&s�rFy`d�~¶­

J¹ë



Ì/ÍLK/Í`_ ��ØQÛ/Õ|Ñ_ÓFÚHÛ ý¶Þ&þ�ÓYÔ§Ñ�à|Ò�Ñ�ÓYÚ�ÛzÓ Û�D Ò�ÑbÞ�à�ÓYÒ�ÖYÔ-ý¶Þ�ÔWÞ&Ò�à_Õ��
õ·Æ2¼�¶n¯�®¬êÞª�«Þ«Ã¯­¶ ¶g&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º

10.0 10.5 11.0 11.5 12.0 12.5 13.0

TIME (s)

-0
.1

8
-0

.1
6

-0
.1

4

IN
D

E
N

T
E

R
 D

E
P

T
H

 (
m

m
)

Replicate 1
Replicate 2
Replicate 3
Replicate 4
Replicate 5
Replicate 6
Replicate 7

©¦ª�«­¬[® ¯=G�N%²ßÔ[® º¹«Þ® ¯2¿X¿~º�Ö"¶È¸Ä¯Sª�µ¹ÇÄ¯�µV¶n¯2®\ª�µV¶nºç¶È¸Ä¯�¶É¯2¿o¶hÊ"¼�º"Î�ÙSÁÛª�¶'¸gÆ¦»Ä»"¼Ðª�ÎoÆ­¶oª�º¹µgº�ÖV¶'¸¹¯�Å
Æ���º"®\¼�º"Æ¦Ç�Ñ

J�N



� ð�ó"ý � úÐõ�óVòÞû\ñãïÞò2ø0ð��ÈïÞñãïÞó � ø � îVò � ò��Èï � ò�� � õÃÿ�ñ�ò � ï	�oú¾òÃû¾ø-�oïÃøDïÞò��Èý0î¨ò � ò�ó ' � ò2ó�ö¨ïÞû¾øDï 
 îVï��oïú¾ñ � õ�øyï´øyõ�ñ�ïÛø � ïÃý¤ú¾òÃûH�oï�,¦ðVúR�oïÃñ�ïÃó � øçõ�óÛÿ�ð"ó�ý � úÐõ�óo�oïÃü­úÐø � �oò � úÐõVóãò2ó�ö � î�ð�øÝúÐóVø � úB�Èï�ø � ò � úÐø � úÐý¤ø��Èï �øDïÞò��Èý0î 
 �¦ð�ó"ý � úÐõ�ó=�oïÃü­ú¾ø � �nò � úÐõVóÛú¾øhÿFïÞò � ð��oï�òÞû¾ú¾üÞóVñãïÃó �¶� î��Èõ¦ð�ü2î � �oò2óVø'ÿFõ��ÈñYò � úÐõVó´õÃÿ � îVï�úÐó�ö�ï � ïÃó �ö�ïÃó � � ò��oú¾ò2ôVûÐï 
¶� îVï � �Èõ � ï��kò ��� �oõ�ò2ýyî � õ � î�ú¾ø�ú¾øÝò ��� û�úÐý¤ò � úÐõVóãö�ï � ïÃó�ö"ïÞó � 
�¦ð�ó�ý � úÐõVóVòÃû)ñ�ïÃò2ø¤ð&�oïÃñ�ïÃó � øåò��núÐøyïÌúÐó � ïÞø � ñ�ï � îVõ�ö�øgÿFõ��YñYò � ï��oú¾òÞûÐø 
 ' õ�ñ�ï·õÃÿ � îVïÞøDïàñãï � îVõ"öVøý0õVóVø0ú¾ø � õÃÿ � �Èõ�ô¦úÐóVü � îVï�ñYò � ï��oú¾òÞû)ò2ó�öÒõ"ôVøDï�� � ú¾ó�ü � îVïK�ÈïÞø � õVóVøDï 
 � ó¨ï � ò2ñ � ûÐïfú¾ø�ÿFõ��oý¤ú¾ó�üeò2óú¾ó�ö"ïÞó � ï��´ú¾ó � õ � îVïàñ�ò � ï��núÐòÞû�òÃó"ö�õ�ôVøDï�� � úÐóVü � îVï4�oïÃø0ðVû � ú¾óVüfö"ï � � î 
ª� îVïIÿFõ��oý0ïfò ��� û�úÐï2ö � õ � îVïú¾ó�ö"ïÞó � ï��çò2øgò�ÿ�ð�ó�ý � úÐõVó�õÃÿ � ú¾ñãïãú¾ø�ø � ï2ý¤ú%$[ï2ö 
®� î�ð�ø � � î�ú¾øãï � ò2ñ � ûÐï-õÞÿ�ÿ�ð�ó�ý � úÐõVóVòÃûiö�ò � òåö¦ús5iï	�oøÿ"�ÈõVñ ï � òÃñ � û;ïÞøäú¾ó � î�ïSø � ò � ú¾ø � úÐý¤ø~û�ú � ï	�oò � ð��Èï�ú¾ó � î¦ò �<� î�ïÝý�òÃð�øDï�õÃÿ � îVï � ò��oú¾ò � úÐõ�ó�õ�ôVøDï�� � ï2ö�ú¾øäó�õ �û¾ò � ïÃó � ô¦ð � ø � ï2ý�ú�$[ïÃö 
�¦ð�ó�ý � úÐõVóVòÃû¦ñ�ïÃò2ø¤ð&�oïÃñ�ïÃó � økòÃû¾øDõ�ò��oú¾øDï|ú¾óÛý¤õ�ñ�ôVú¾óVò � õ��oú¾òÃû�ñ�ï � î�õ�öVøiÿFõ��ßñ�ò � ï��núÐòÞû2øyý¤úÐïÃó�ý0ï 
 óØóçõVó�ï
� ÷ � ï
õÞÿ�ý0õVñãô¦ú¾ó�ò � õ��oú¾òÃûdñãï � îVõ"ö � � ò��oú¾ò � ú;õVóàò2ý|�ÈõVøyø�ò
ø � ï2ý�úÐñ�ïÃóàú¾øgò�ýyî�úÐï � ï2öfô�÷Ìú¾ó�ý0õ�� � õ��oò � ú¾óVüü	�oò�ö¦úÐïÃó � ø�ú¾ó � îVï´ñ�ò � ï��núÐòÞû � �Èõ�ý0ïÃø0ø0ú¾ó�ü�ÿ?ò�ý � õ��oø 
{� îVïZ�oïÃø0ðVû � ú¾óVü � ò��oú¾ò � úÐõ�ó�ò�ý|�oõ�øyø � îVïgø � ïÃý¤ú¾ñãïÃóú¾ø � îVïäÿ�ð�ó�ý � úÐõVóVòÃû�ñãïÞò2ø0ð��ÈïÞñãïÞó � 
 óÐÿ � î�ïÝü	�oò�ö¦úÐïÃó � ø � ò��É÷Ýÿ"�ÈõVñ ø � ïÃý¤ú¾ñãïÞó � õÛø � ï2ý¤ú¾ñ�ïÃó � ÿ�ð�ó�ý � úÐõVó�ÈïÞüÞú¾ø � �oò � úÐõ�óãú¾ø�ó�ï2ï2ö�ï2ö � õIý0õVñ � ò��oïgø � ï2ý�úÐñ�ïÃóVø 
 �ÀîVïÃó � î�ï � ò��oú¾ò � ú;õVó�ú¾ø � 
 õ � ö¦ú¾ñãïÃóVø0úÐõVóVòÃû � òÃøú � õÞÿ � ïÃó�ú¾ø � � î�ïkÿ�ð�ó�ý � úÐõVó��oïÃü­úÐø � �oò � úÐõVógñgð�ø � ô�ï � 
 õ � ö¦úÐñ�ïÃóVø0úÐõVó�òÞûVúÐóVø � ïÃò2ö´õÃÿ\õVó�ï � ö¦ú¾ñãïÃóVø0úÐõVóVòÃû �ò2øSú¾óãñ�õ�ø � ý�ò2øDïÞøçö¦ú¾øDý¤ð�øyøDïÃöãúÐó � îVïçû�ú � ï��nò � ð&�oï 

0 ¿�Æ¦µ·¯'é2Æ¦Åå»"¼�¯IºVÖhÆIÖ�¬[µ¹Îo¶nª�º¹µ¹Æ2¼dÅ-¯ÃÆ�¿'¬[® ¯�Å-¯2µV¶|Æ¦®Éª;¿Xª�µÄ«gÖØ® º"Å ÆY¶n¯2¿o¶�Åå¯­¶È¸Äº"ÇU½dÎÈº"µ¹¿'ª�ÇÄ¯2®~¶È¸Ä¯¶nª�Åå¯äËVÆ¦® ª�ÆÞ¶nª�º"µ´ª�µ´ª�µÄÇÄ¯�µ¦¶n¯�®�ÇÄ¯�»V¶È¸YÎoÆ2¬%¿�¯�ÇgÊ�á�ÖØº¹® ÎÈ¯ÝÆ¦»Ä»"¼Ðª�¯�ÇgÆ�¿�¿�»Ä¯�ÎÈª Í ¯�ÇÛÖØº¹®\Æ�3�º¹ÎXÙÃÁ�¯Ã¼;¼¹¸¹Æ¦® ÇÄæµÄ¯2¿X¿SÅå¯2Æ�¿'¬[® ¯�Åå¯�µV¶ÞÑhâ�¸Ä¯Y¿�»Ä¯�ÎÈª Í ÎoÆÞ¶nª�º"µ
ª�µÄÎÈ¼;¬[Ç¹¯2¿�Æ¦»Ä»�¼¾á�ª�µ¹«´Æ�µÄÇÌ¸ÄºV¼�Ç"ª�µÄ«�¶È¸Ä¯�ÅIª�µÄº"®~¼�º"Æ¦Ç�½ÄÆ¦»Äæ»"¼�á�ª�µÄ«
Æ¦µÄÇe¸Äº�¼�Ç"ª�µÄ«ã¶È¸Ä¯ÌÅ
Æ���º"®Ý¼�º"Æ¦ÇU½ßÆ¦µÄÇe® ¯Ã¼�¯2Æ2¿Xª�µÄ«Y¶È¸Ä¯àÅ
Æ���º¹®S¼�º�Æ¦ÇU½U¶È¸Ä¯�® ¯�Ê2á�¼�¯2Æ­Ë�ª�µÄ«
º¹µ�¼¾á¶È¸Ä¯�ÅIª�µÄº"®i¼�º�Æ¦ÇßÑ\â�¸Ä¯ Í ®F¿o¶ Í «­¬[® ¯´Ú�Æ¦ÊÄºÃË�¯DÜß¿�¸Äº¦ÁÛ¿)¶È¸Ä¯´ÇÄ¯2»V¶È¸
Æ2¿äÆÛÖ�¬[µ¹Îo¶nª�º¹µãºVÖ[¶nª�Åå¯�Ç"¬[® ª�µÄ«�¶È¸Ä¯¶È®FÆ¦µ¹¿'ª¾¶nª�º"µeÖØ® º¹Å Æ¦»Ä»"¼�á�ª�µÄ«�¶È¸Ä¯àÅ
Æ���º¹®Ý¼�º�Æ¦Ç�¶nºÀ¸ÄºV¼�Ç"ª�µÄ«åª�¶ÞÑ�Õdº¹Åå»¹Æ¦® ª�¿�º¹µpº�Öh¶È¸Ä¯à¿�¯yËV¯�µÀ® ¯�»"¼Ðª�æÎoÆÞ¶É¯2¿|¿�¸Äº�Á´µI¿�¯�¯�Å
¿äÆ´® ¯2Æ2¿¤º"µ¹Æ¦Ê"¼�¯�¿È¶É¯�»
ª�µI¯'éV»"¼�º"® Æ­¶nº¹®6áåÆ¦µ"Æ2¼¾á"¿'ª�¿kºVÖ[¶È¸Ä¯2¿�¯´Ç¹ÆÞ¶ Æ�ÑßÕ�¼�¯2Æ¦®É¼�á�½¦¿'¬[ÎX¸ÎÈº"Å-»¹Æ�®Éª�¿�º"µå® ¯WE�¬Äª�® ¯2¿S® ¯�«Dª�¿o¶n¯2®Éª�µ¹«Ý¶È¸Ä¯´®É¯2»"¼;ª�ÎoÆÞ¶n¯2¿äÆ¦µÄÇ
ÎÈ¯�µ¦¶n¯�®Éª�µÄ«Ý¶È¸Ä¯�ÅÀÑ
è�¯�ÎoÆ2¬Ä¿¤¯g¶È¸Ä¯Y¶È®FÆ¦µ¹¿'ª¾¶nª�º¹µÌª�µ·Æ¦»¹»"¼;ª�¯�ÇàÖØº¹® ÎÈ¯
¸¹Æ�¿�Æ-Ç�ª�¿�ÎÈº¹µ¦¶oª�µ"¬[ºV¬%¿ Í ®F¿o¶�Ç¹¯�®Éª�ËVÆÞ¶nª¾ËV¯IÆ¦µÄÇfÊÄ¯�ÎoÆÃ¬%¿�¯® ¯�«Dª�¿o¶È® Æ­¶oª�º¹µÒ® ¯WE"¬Äª�®É¯Ã¿�¿�Å-º"º¦¶È¸"ª�µÄ«�½)¿�¯Ã¼�¯�În¶nª�µÄ«åÆe® ¯�«Dª�¿o¶È®FÆÞ¶nª�º"µÒÅå¯­¶È¸Äº"Ç¨ª;¿ãÇ"ªRVàÎÈ¬Ä¼�¶ÃÑ¨³�µÄ¯·»Äº�¿¤æ¿'ª�Ê"ªÐ¼;ª�¶?á�ª;¿I® ¯�«­ª;¿o¶'®FÆÞ¶nª�º¹µÒÊ�áÒÆÃ¼;ª�«Þµ"ª�µÄ«å¶È¸Ä¯fÖØº"® ÎÈ¯�ænË�¯�®F¿'¬%¿�æn¶nª�Åå¯�º"Ê¹¿�¯�®6ËVÆÞ¶nª�º¹µ¹¿YÁçª¾¶È¸Ò¯2Æ¦ÎX¸¨º¦¶È¸Ä¯�®DÑSäµÄº¦¶È¸Ä¯�®ç»Äº"¿X¿'ª�Ê"ªÐ¼;ª�¶?á�ª�¿g® ¯�«Dª�¿o¶È® Æ­¶oª�º¹µ�Ê2ápÆ2¼;ª�«Ãµ"ª�µÄ«å¯2Æ¦ÎX¸�ÖØº"®ÉÎo¯àº¹Ê¹¿�¯�®6Ë¦ÆÞ¶nª�º¹µeÁçª¾¶È¸f¶È¸Ä¯àµ¹º¹ÅIª�µ¹Æ2¼¼�º�Æ¦ÇÒÎ'¬%®�ËV¯pÎÈº"µ¹¿'ª�¿o¶nª�µÄ«Ìº�ÖSÆ¦»¹»"¼¾á�ª�µÄ«å¶È¸Ä¯fÖØº"® ÎÈ¯�Æ­¶gÆpÎoº¹µ¹¿o¶ÉÆ¦µ¦¶�® Æ­¶n¯fÖØºV¼;¼�º¦Á�¯�Ç Ê2áz¸ÄºV¼�Ç"ª�µÄ«å¶È¸Ä¯ÖØº¹® ÎÈ¯�ÆÞ¶)ÆgÎÈº¹µ¹¿o¶ÉÆ�µV¶�ËVÆÃ¼;¬[¯�ÑUâ�¸Ä¯´¿¤¯2ÎÈº¹µÄÇ Í «D¬[® ¯gÚØÊ¹¯Ã¼�º�Á�Üßª;¿)¶È¸Ä¯´® ¯2¿'¬Ä¼¾¶~º�Ö[¶'¸¹¯ Í ® ¿o¶~»Äº"¿X¿'ª�Ê"ªÐ¼;ª�¶?á�Ñ
>�®FÆ¦»Ä¸�ª�µÄ«ã¶'¸¹¯ÌÆ2¼;ª�«Ãµ¹¯�Ç�® ¯�»"¼;ª�ÎoÆÞ¶n¯Ã¿gÆ2¿YÇ¹¯yË�ª;ÆÞ¶nª�º¹µ"¿gÖØ® º¹Å ÆfÎÈ¯�µ¦¶'®FÆ2¼�ËVÆ2¼Ð¬[¯-ª;¿gÆÃ¼�¿�º�ª�Å-»Äº"®F¶ÉÆ�µV¶Ûª�µÆ¦µ¹ÆÃ¼¾á�Anª�µÄ«ç¶È¸Ä¯2¿�¯ãÇ¹ÆÞ¶ Æ�Ñ=:2ª�Å
ªÐ¼�Æ¦®h¶nºå¶È¸Ä¯I»Ä® º"Ê"¼�¯�Å ÁÛª�¶'¸·® ¯�«Dª�¿o¶È®FÆÞ¶nª�º"µU½%¶È¸Ä¯2®É¯�ª;¿ÝÆ
»Ä® º¹Ê"¼�¯�Å Áçª¾¶È¸ÎÈ¯�µ¦¶n¯�®Éª�µÄ«)ÆÞ¶%¶È¸Ä¯|ÆÞËV¯�®FÆ¦«Þ¯|ÊÄ¯�ÎnÆ2¬%¿�¯)¶È¸"ª;¿�®É¯�E"¬Äª�® ¯2¿\¿�Ååº¹º�¶'¸�ª�µÄ«V½­Æ¦µÄÇç¿�Ååº¹º¦¶È¸"ª�µÄ«h¶'¸¹¯|ÎÈº"®oµÄ¯�®%ª�µ�¶È¸Ä¯ÇÄ¯�»¦¶'¸IÖ�¬[µÄÎn¶nª�º"µY¶'¸"ÆÞ¶~ª�¿|ÎoÆ2¬%¿�¯�Ç
Ê2áã¶È¸Ä¯´ÎÈº¹®nµÄ¯�®�ª�µY¶È¸Ä¯�¼�º�Æ¦Ç
Ö�¬%µÄÎn¶oª�º¹µ
ÎoÆ¦µ
ÎX® ¯2ÆÞ¶n¯�Á�¸¹ÆÞ¶kÆ�»Ä»Ä¯2Æ¦®F¿¶nº´ÊÄ¯äËVÆ�®Éª�Æ­¶oª�º¹µ´ÎÈº"Å-Ååº¹µ�¶nº�Æ2¼Ð¼V® ¯�»"¼;ª�ÎoÆÞ¶n¯Ã¿¦Ñß©¦ª�«­¬[® ¯Û°�Æ­Ë�º�ª�Ç¹¿�¶È¸"ª;¿�Ê2ágÎÈ¯2µV¶n¯�® ª�µÄ«�º"µ�¶'¸¹¯�µ¹º¹ÅIª�µ¹Æ2¼ÇÄ¯�»¦¶'¸åÎÈ¬[®6Ë�¯�Ñdâ�¸"ª�¿ Í «­¬%®É¯�¿�¸Äº�Á�¿k¶È¸¹Æ­¶h¶È¸Ä¯´ÇÄ¯�»V¶È¸åÎÈ¬[®6Ë�¯2¿äÆ¦® ¯g® ºV¬[µÄÇÄ¯�Ç
ÆÞ¶i¶'¸¹¯gÎoº¹®oµ¹¯�®�Æ¦µÄÇY¶È¸¹ÆÞ¶¶È¸Ä¯�® ¯Ûª�¿|º¦¶È¸Ä¯�®ßË¦Æ¦®Éª;ÆÞ¶nª�º¹µ
ÎÈº"Å-Ååº¹µY¶nº�¶È¸Ä¯�Æ¦»Ä»"¼Ðª�ÎoÆ­¶oª�º¹µ
º�Ö%¶È¸Ä¯Û¼�º�Æ¦ÇßÑ
í [/\Pc�\�s.d�~/�¤´��HxW].\�[�aWcX~/d³u?a��qd�]�y uov�^Ry6s�a�rYy`d�~�c/f}d�]<h�d�s����)\_^�^�[�aW].��~/\�c�cXue\baWcbxW].\bue\b~�rw�H�¬[�y6s�[xWc_\bc�d�~�^w�®r}��d2v<dWyY~/rYc¬fw]qd�u rw[/\��H\|v¶rw[zs§xW]qp�\��¬rw[/\��H\|v¶rw[£��\_f}d�].\9a	vHv�^�y`s�a�rYy6d�~?aW~/�4r`[Q\@�H\|v¶rw[

J�J



a�f�r6\�]=]q\|^6\baWc_\edWf)rw[/\®u?a��qd�]�^`d�a&�P­ © [/\b].\�yYc��¤[/d��)\�p	\b]��¤y ~�r6\b].\bc�r�y ~ rw[/\K\b~�rYyY].\K�H\|v¶rw[ s§xW]qp�\f}d�]���yRú7\b].\b~/r{^`d�a&�zc�v<\Ws�y�´Ps}a�rYy6d�~�c�­ª»`~�c�r`]§xWue\b~�r6\W�zyY~Q�H\b~�rYa�rYy`d�~��)��[&y`s�[²y co��[�a�r�rw[&yYc�aW].\ba-yYcs�a�^R^6\W����aW~/�@s.d�u+��y ~�a�r6d�]�yYa�^&ue\�rw[/d���c«aW].\9��dHrw[���xWc�rP�H\�p�\_^`d�v�yY~��/­�¯�^6\baW]�^w���/\�a&s�[?dWf�r`[Q\bc_\�aW].\baWcyY~�u?a�r6\b]�yYa�^/c_s�y6\b~Qs.\Zs�aW~z��\b~/\_´XrQfw].d�u f�xW]§rw[/\�]{c�rYa&rFy c�rFy`s�a�^<�H\�p�\_^`d�v/uK\�~�r.­

8 10 12 14 16

TIME (s)

-0
.0

02
0.

00
0

0.
00

2
0.

00
4

0.
00

6
0.

00
8

IN
D

E
N

T
E

R
 D

E
P

T
H

 (
m

m
)

Replicate 1
Replicate 2
Replicate 3
Replicate 4
Replicate 5
Replicate 6
Replicate 7

©¦ª�«­¬[® ¯9G�J%²X1�µÄÇ¹¯�µV¶n¯�®�ÎÈ¬[®6Ë�¯Ã¿�® ¯�«Dª�¿o¶n¯�® ¯�ÇgÊ�á´ÅåÆ­¶nÎX¸"ª�µÄ«|®É¯2»"¼;ª�ÎoÆÞ¶n¯2¿iÆ¦µÄÇ´ÎÈ¯�µ¦¶n¯�® ¯�Çgº¹µç¶'¸¹¯�µ¹º¹ÅIª�µ¹Æ2¼ÎÈ¬[®6Ë�¯�Ñ

Ï�L�L



Ì/ÍLK/Í�� ."ãKæQà_ÚY,�Ó ÛQþµM�Ø�Ó�Ö`B�Ó ÛQþ¶�¶Ú�B/Þ�ÔG,�ÓYÒ+âjâ²�´��*QÔ§Ñ_Ó ãzÒ�Ñ_ÓFÚHÛ
í'Æ¦Å-¯Ã¿jí2Ñ[©¦ª;¼Ð¼;ª�Ê¹¯�µU½bSk¼;Æ¦µ®éÛ¯�ÎXÙ�¯�®F¶g&rYa�rYy cbrYy`s�a�^¶î�~&��y ~/\W\b]�yY~&��ï{y"p_y cqy`d�~��X» © º
D"ÅIª;¼Q:2ª�ÅIª;¬g&rw]|x&s�r�xW]�a�^Pg	��cbr`\bu®c�aW~/�®ï�\bc.y��W~4ï¤y6p_yYc.y6d�~��<¢ � h«º

0 10 20 30 40 50 60 70 80 90 100

-0.1

-0.05

0

0.05

0.1

Comparison of Extreme Wind Distributional Models (100 U.S. Sites)

Site

D
if

fe
re

n
ce

 =
 P

P
C

C
(R

ev
er

se
 W

ei
b

u
ll)

 -
 P

P
C

C
(G

u
m

b
el

)

If Difference > 0: Reverse Weibull Fits Better than Gumbel (88 sites)

If Difference < 0: Gumbel Fits Better than Reverse Weibull (12 sites)
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Category 1
90th Percentile = 0.17
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Category 2
90th Percentile = 0.13
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Category 3
90th Percentile = 0.14
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Category 4
90th Percentile = 0.11

90th Percentile for Modified ARI Parameter
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Ós¿^x+��Ã Zm_ mD¿]kLwKnom�x�¾n`p]�f»0¹Lq�vD~�a
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Y 1 :  -10.88 12 :  3.18 13 :  -22.82 14 :  -2.77 15 :  -16.58 16 :  0.52 17 :  -3.43

X2

2 :  -2.77 23 :  -3.43 24 :  -10.88 25 :  0.52 26 :  -16.58 27 :  -22.82

X3

3 :  -16.58 34 :  0.52 35 :  -10.88 36 :  -2.77 37 :  3.18

X4

4 :  3.18 45 :  -3.43 46 :  -22.82 47 :  -16.58

X5

5 :  -22.82 56 :  3.18 57 :  -2.77

X6

6 :  -3.43 67 :  -10.88

X7

7 :  0.52

Industrial Filtration Time (Box, Hunter, & Hunter / Wiley, p. 424)
Interaction Effects Matrix

Step 4
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¡ÌäÃàáí�ÓRâ�ÓgíUÓ!³³×�ú<õêä³ÖåÜ9äÃÓgà<â�äÃÓgí^×�¤Qèéà<Ö�ä³æY×eþ�è`Ü	ãÃäÃà�ÖHÝ�Ü	ÖH×3¡RD�îLñgî�D4îLñgî�D4îLñgîLñU¤�çTæY×�ÖH×=@ ñ�@Ógâ<ß�ÓgãÑÜ�äÃ×'ÝÏä³æY×bè`Ü	ãÃäÃà�Ö[ÝÞ×�äHäÑÓRâYÔ�ÓNÝ4Õ-â�ÓRí�ë<à<ÖåäHÜ	â/ä9ñ
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¬�æY×�ü'ôGÔ9ÖåÜ	ëYæ�ÓRãÑÜ'õ<äÃ×'ãÞæ<â�Ógÿ�Õ�×'Ý4Ü�Ö2×
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Bayesian Metrology Project
The NIST Statistical Engineering Division is developing the use of Bayesian statistical methods to
solve NIST metrology problems as a NIST Competence Project. 
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Additional information 
The above graph contains a link to a Bayesian
analysis of the Michelson light data (in PDF format).

If you cannot view PDF format files from your
browser, the Adobe Acrobat Reader can be freely
downloaded. You may also contact the SED
webmaster to request a printed copy of the
document. 

Date created: 8/28/2001
Last updated: 9/12/2001
Please email comments on this WWW page to sedwww@cam.nist.gov. 
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ö�æ<Ü�Ö2õg×�ÝP«�Ü	Ô6ç�à�à<ßÔ+q`x^q`nÂ¹�q`nom�x�¾O|�p+}�nÂp]k0k�v�n`p+}KÐ1n<¼�nÂ¹·noj�pA½�Ó,Ò%0
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ü'ýCñL-?ñNÒ�ñ�.WÕ�ä³æYÖ2ÓR×S¡ÌçbÓ�ä³æC¥�ñ�4�ñ'Û�Ü�âA®	Ý9î�­�ñÂ¯4ñ�§ ù ×�ÖÑæ<Ü�Ö2ß	ä)î(4�ñNø ñX.WÓÌõNõ¯î�ø ñ°­Cñ�4'×)ï/×�â<ÝÞà<âIî «^ñ�­�ñ14�ÓÌÕ]îø ññ.ìñ�ÅWÜ�âYÔ�×9õ¯î%/�ñ!«�ñ��]×�âCîCÜ	â<ß+ûdñÌÒ�ñG29æ<Ü�âYÔ î�©4âK©4ëYëYÖHà Ü	ãÍæ¶äÃàAöIà<í ù Ógâ�ÓRâYÔ9¯C×'Ý£ÕYõ�ä2Ý�Ò ÖHà�íø+ÕYõêäÃÓgë õg×�øE×�ä³æYà�ß<ÝÏøEà	äÃÓêï	Ü9äÃ×�ß ù òhä£æ<×P�Z­ ¦F.�8�ø¾@�î {�j[»0vDpAx�¾^j�t[��k�¹�k�x0v�mD¿Jj0t[q�¿]kLnTx^q`nZj�pAx�¾ÓZpA¹Lq`n<q>»^qokJj0t�Ô+q`x0pf��x0v���¹Sx0p]�eÒ�k0mD¿Apfj0¾Zj0}�~ îXÅQà õ2ñYü'ô+£ î�ûìà]ñ/Ø�î-Ù�ô	ô	ôYî�ëYë´ñX£/þ'ü���£/þ9óCñ
ü'óCñL-?ñNÒ�ñ�.WÕ�ä³æYÖHÓg×<î
¡ÌçbÓ�ä³æ"ø ñ¿-$ñ�ö�ÖH×'ÝÍÝÑçT×�õNõLî�ûdñNø ñ` �ñ�.WÕYÓNõÌõRÜ'Õ�í�×<î�-$ñV§]ñe4�×�×<îG¯4ñ ©�ñ\©ÏõNõg×'âIî¯4ñRûdñ�.[æ<à�ÝÞæ/ä2Ü	Ô9à<ÖH×<î�2Yñf¦�Ý ù à�ÖÑâY×<î²ûdñf­'ÕYõÌõNÓ�ï/Ü	âeÜ�âYß;4�ñ¿-$ñ[4�ÓRâYæYà/õgí(¤s§�´�ä³ÖåÜ	ãÃäÃÓgà<âáà/è\­	æ<×�×�ä¯I×'Ý£ÓNÝ³äHÜ	âYã³×�èéÖHà<í Ò à/Õ-Ö	��¬<×�ÖÑíUÓgâ�Ü'õ�­	æY×�×�ä&¯C×'Ý£ÓRÝÑäÃà<ÖåÝ=¯C×�ë�õÌÓgãÑÜ9ä2×�ß�ÓRâ�øEà�âYà<ãÍÖºò�ÝÑä2Ü'õÌõNÓgâ<×bÒ�ÓNõgí�ÝçbÓ�ä£æ^ûìà<âA�L YõRÜ�â<Ü	ÖH.[×�à<í^×�ä³Ö2ÓR×'Ý�î Ó>|X|X|�ÒLv>x�pA¹,x+mcqÇnoj�pA¹Sj�pKÔ�kLwKnom�j�p]�f»+mcqZj v1È.x0p�»�t�x�m�q>»0v�n`p+} îÅQà õ2ñ-ü/Ù î�ûìà]ñ�Ù îYü'ó	ó	óYî�ëYë´ñ�ü�£=Ø+�°ü?7+£�ñ
Ù�ôCñ�ö�ñ[«bÜ	Ô6çTà<à<ß*¡Nç�Óêä³æT4�ò<âYâ<×K¯Cà�ÝÞ×�â	ä£æ�Ü'õ�¤�¯C×�õNÓNÜ ù ÓÌõNÓêäLò^à è�ö�à<â èéà<ÖÑí�Ü	âYãÑ×E¬<×'ÝÑä2Ý�î Ó>|X|X|�Ò�v�x0p^¹�Àx+mcqÇnoj�pA¹Pj�p;��k�¾!n`xAÅ�n!¾Vn<qÇ~ î[£�ô�¡LÙ�¤³î-Ù�ô�Ø+�6Ù�ô	ýYî�Ù�ô	ô ü-ñ
Ù�ü-ñ�ö�ñ+«�Ü	Ô6ç�à�à<ßIî�¡Ìç�Óêä³æ*¥Tñ�­	æY×�ë<æY×�ÖHßIîA¯4ñ�Ò	Óg×9õgß<Ý	¤O§�ï/Ü'õÌÕ�Ü9äÃÓgà�âGà/è�ä³æY×�§/õg×6ï/Ü�äÃ×�ßJ¬<×�í^ëY×�ÖåÜ9äÃÕ-ÖH×ö�ÖH×�×�ë;­9ä³ÖH×�âYÔ6ä£æeà è�¬�æYÖH×�×°4'×'Ü	ßA�6Ò ÖH×�×(­	à õgß<×�Ö�©ÏõNõRà'ò�Ý�ÓRâg­	à õRßY×�ÖH×�ß�/Íà Ógâ	ä2Ý�îC×'íÈ/Íà Õ-ÖÃâ<Ü'õ�à è¬Y×'ÝÑäÃÓgâ<Ô�Ü	âYßg§�ï/Ü'õÌÕ�Ü9äÃÓgà�âIî�/£Õ<õêò�Ù�ô	ô ü�î[±�ý	ô ��±�ý�7Cñ

ü�±=Ø



Ù	Ù�ñ=­Cñ`¥Tñ
4'×�ÓgÔ9æIî+¡ÌçbÓ�ä£æe �ñ+­9äÑÕ äD³³í�Ü	â�¤Wö�à�í�ë<à�Ý£ÓêäÃÓgà�â<Ü'õ�©4â<Ü'õêò�Ý£ÓNÝ�à èWûH�Z­�¬�¯I×9èé×�ÖH×�âYã³×Uø�Ü9äÃ×�ÖHÓRÜ'õöCõNÓRâA®�×�Ö�ý�Ø�ý�7Yî u[v�jAmLÃ2ÓZp]qZk�v	p^x^q`nZj�pAx�¾Ph]k�w;k�prqPÈ4nZmDv�j�¹�m�j�º]~3ÕR¹,¹Lj^m�Ã4È k0k0qÇnÂp+} îf©4ëYÖ2ÓÌõ�±�ôYîÙ�ô	ô	ôYî�øEà�â/ä³Ö2×�Ü'õÃñ
Ù ±�ñ=­Cñ`¥Tñ�4'×�ÓgÔ9æIî�¡ÌçbÓ�ä£æB¯4ñ`¥Tñ�­	æ�ÕYõÌõ¯î�¯4ñ`¥Tñ øEã=ø+ÓRãÍæ<Ü	×�õLî�4�ñú/�ñ�­9çbÜ	Ö¯äD³³×�âYß<Ö2Õ ù ×'Ö%¤�© ù ÝÞà õÌÕ�äÃ×�ø�Ü�Ô��âY×�äÃÓgã�øEà�í�×�â	ä�øE×�Ü�Ý£Õ-ÖH×�í�×'â/ä2ÝÏà èIû�Ógã,®�×�õ^­	ëYæY×�ÖH×'Ý�ñ {�j[»�v	pAx�¾]j0t�Õ\ºXº[¾Vnok0�3u[¿[~�¹�nZm%¹ î/ý<þT¡`ó�¤Ñîø�Ü9ò¶Ù�ô	ô	ôYî ë´ñ[£�ó	ó�Ù"9�£�ó	ó�Ø]ñ
Ù=Ø]ñ=­Cñ`¥Tñ�4'×�ÓgÔ9æIî ¡Ìç�Óêä³æÍ.hñ!4�ñ���Ü	âYÔ/î�/'ñNÒ�ñ�-¶ÓRßYí^Ü�âYâIî ­CñÂ¯4ñ'ö�æ<Ü	ÖåÜ	Ô=Õ-âYß�õNÜYî�öÏñA -ÖH×'ÝÍÝÞ×�Ö%¤�©$öIà<ÖÑÖH×�ã,�äÑÓRà<âbèéà<Ö�­	ë<ÖHÜ�òJ�Lâ/ä2×�â<Ý£Óêä¯òdøE×'Ü�Ý£Õ-ÖH×�í^×�â/ä2Ý�¦ ù äHÜ'ÓgâY×'ß�ï ÓNÜE -æ<Ü�ÝÞ×�¥4à<ëYë õg×�Ö\�Lâ/äÃ×�ÖHèé×�ÖHà<í^×�ä³Öºò²ñÕ=k�v�j�¹�j0¾�Ô�m�nZkLp]m�k
x0p]�eÒ�k0mD¿Apfj0¾Zj0}�~ î^±	ÙE¡s7�¤Ñî�/³Õ-âY×GÙ�ô	ô	ôYî�ë´ñ�Ù"9/ü'óCñ
Ù £�ñ=­Cñ`¥TñE4'×�ÓgÔ9æIîX¡Ìç�Óêä³æ&/'ñNÒ�ñ%-¶Ógß<í^Ü	â<âIî�ö�ñr -ÖH×'ÝÍÝ°×'Ö%¤R�Lí�ë<Ö2à�ï ÓRâYÔGëYæ�Ü�ÝÞ×9¥4à<ëYë�õR×�ÖÏï/à õNÕ�í�×'BYÕ ´í�×'Ü'ÝÍÕ�Ö2×'í�×�â	ä2Ý�Ógâhõgà	ç ß<Ü9äHÜhÖHÜ�äÃ×�Ü	ëYë õNÓgãÃÜ9äÃÓgà<â�Ý	ñ È k�x0¹�»0v�k�w;k�prqAÔ�m�nZk�pfm�kIx0pf�3Ò�k0mD¿Ap]j�¾Zj0}�~ îü/Ù î1/³Õ-âY×GÙ�ô	ô ü�î�ë´ñYü	ü'ý	ô�9/ü	ü'ó	ôCñ
Ù�7Cñ=­Cñ`¥Tñ
4'×�ÓgÔ9æIî+¡ÌçbÓ�ä£æG©Tñr¯CÕ[®/æ�ÓgâIî1��ñYöCÜ	Ö2õÌÓgâY×�ä6î�Å�ñ�.WÜ'õêäÃÓg×'Ö°îG­�ñ�ø+ÓNõÌõRÝ	¤WöIÜ'õÌÓ ù ÖåÜ9äÃÓRâYÔbÜ	âE©�ãÃäÃÓêï/×ûì×�äHç�à�Ö	®+ûìà<ßY×�ñ u[v�jAmLÃiÔ�k�m�j�p]� Ì j v	É�¹,¿]j�º j�p�ÕSmcqÇnZ¼�k;È4nZ�X� ¾ok � x0v�k9Ô�k�v·¼�nZm�kL¹ î]©�Õ�Ô�Õ�ÝÑäÙ�ô	ô	ôCñ
Ù/þYñ=­Cñ`¥Tñr4�×�ÓRÔ�æCîS¡ÌçbÓ�ä³æI/�ñ1­'ÓR× ù ×�Ö<¤�öI×�ÖåäÃÓNú�ãÑÜ9äÃÓgà�â�à è
­A¯Qø ü'ý�Ø�ýÆ -öWø2¦8©�ß<ß�ÓêäÃÓêï/×Æ �Ü	ã,®'Ü�Ô�×�ñu[v·j^m�Ã! #"�q�¿JÕ1p^p�»0x�¾OÐ
kLpr¼�k�vH¤=À,��x�~Kh]j�p+t%k�v�k�pfm�k î�©�Õ-Ô=Õ�ÝÑä�Ù�ô	ô	ôYîf¥�×'â/ï ×�ÖÞî ö�à õRà<ÖåÜ	ßYà]ñ
Ù�ýCñ=­Cñ`¥Tñ�4'×�ÓgÔ9æIî�¡Nç�Óêä³æe/�ñ�ÅQ×�ÖD®�à Õ äÃ×�ÖH×�â�¤Wûì×�ç 4'à	çE���LâYß<×,´Í4�Ógÿ ÕYÓgßK¯I×9èéÖHÜ�ãÑäÃÓ�ï ×H�¯â<ßY×·´E­9ä2Ü	âYß�Ü	ÖHß�Ú­A¯Qø ü'ó�Ù	Ù�ñr¦ v�k�¹�k�p�n%»0¹0Ö�{�j[»0vDpAx�¾Oj0t[ÕRpAx�¾Ç~+qÇnom�x�¾&hA¿]k�w3n`¹Lq�vD~ î]±�7<þG¡Z±�¤Ñî(/£Õ-â<×�Ù�ô	ô	ôYî�ë´ñ�Ù	Ù�7�9Ù ±�ü-ñ
Ù�óCñ=­Cñ`¥Tñ�4�×�ÓRÔ�æCî�¡Ìç�Óêä³æ=©�ñ�¯CÕ[®/æ�ÓgâIî"Å�ñX.QÜ'õ�äÑÓR×�Ö°î���ñ9öIÜ�Ö2õNÓRâY×�ä6î1­�ñ/ø+ÓÌõNõRÝ	¤]§�´/ëYÖH×'ÝÍÝ£ÓgâYÔ�øE×�Ü	â�Ógâ<Ô�ègÕYõ -Ö2à�ã³×'ÝÍÝ£ÓgâYÔT¯I×'ÿ�ÕYÓgÖH×�í^×�â/äHÝWÜ	í^à<â<ÔP«b×�äÃ×�ÖHà<Ô9×�âY×'à Õ�ÝÏûìà<ßY×�ÝWÓgâ�Ü	âs©4ãÑäÃÓ�ï ×�ûì×�äHçTà<ÖD®�ñ u[v�jAmLÃ¡�p]� Ì ÑRÔ+uiÀ Ì j�v	É�¹,¿]j�º�j�p9Ô�j0t�q � x�v·kJu[k�v>t%j�vDw9x�p]m�k î+­	×�ë/äÃ×'í ù ×'Ö°î�Ù�ô	ô	ôYî+¦¦ä2äHÜ9çTÜ�ñ
±�ôCñ=­Cñ`¥Tñ
4'×�ÓgÔ9æIî+¡ÌçbÓ�ä£æG©Tñ�¯IÕX® æ ÓgâIî?/�ñA­	à	ä2àCî�/'ñCûì×�ãÍæ/ï/Ü9äHÜ'õ¯î�×�ä�Ü'õ'¤f© ­9ä2Ü9äÃÓNÝ³äÃÓRãÑÜ'õX¬<×'ÝÑä�­'ÕYÓêä2×�èéà�Ö¯CÜ	â<ßYà<í Ü	âYß   ÝÞ×�Õ-ßYà�ÖHÜ�âYßYà<í û�Õ-í ù ×�ÖÍ.Q×�âY×�ÖåÜ9äÃà�ÖåÝ^èéà�ÖGö�Öºò<ë/äÃà�Ô�ÖåÜ	ë<æ�ÓgãG©�ë<ë�õNÓRãÑÜ9äÃÓgà�â<Ý�ñûH�<­�¬g­	ëY×�ã³ÓRÜ�õ� YÕ ù õÌÓgãÑÜ9äÃÓRà<â�ý	ô	ô �6Ù	Ù�ñO¦�ãÃäÃà ù ×�Ö°î�Ù�ô	ô	ôCñ
±�ü-ñ=­Cñ`¥Tñ14'×�ÓgÔ9æIîL¡Ìç�Óêä³æP/'ñNÒ�ñ�-¶Ógß<í^Ü	â<âIî�ö�ñ� -Ö2×�ÝÞÝÞ×�Ö<¤[§�¶�×'ãÑä�à/è�Û�Õ-ÖåÝ³ä��,­	ë�õÌÓêäHäÃÓgâYÔs§�ï ×'â/ä2Ý´à<â( -æ�Ü�ÝÞ×¥�à�ëYë�õg×'Ö��Lâ/äÃ×�ÖHèé×�ÖHà<í^×�ä³Öºò�øE×'Ü�Ý£Õ-ÖH×�í^×�â/ä2Ý�ñ u[v�jAmLÃ £ "�q�¿=Õ=ÓVÕ�ÕBÕ=kLv·j ¹�º]x�m�k1Ô�m�nZkLp]m�k�¹\È k0k q�Àn`p+} î<ë<Ü�ëY×�Ö4Ù�ô	ô ü��°ü	ü�±�ôYî<ý �°ü/ÙP/ÍÜ�â�Õ�Ü	ÖºòCîYÙ�ô	ô ü�î]¯C×�âYà�îCû^Å�ñ
±	Ù�ñ=­Cñ`¥Tñ?4'×�ÓgÔ9æIî�¡Nç�Óêä³æ1©�ñ�¯IÕ[®/æ�ÓRâIî�©Tñ�«T×�ã,®�×'Öåä6î  �ñ�.[ÖHà	ä³æY×�ÖÞîV/�ñ� -æ�ÓÌõNõNÓRë<Ý�î'ø ñ�øEà<à<ß	òCî�­4ñ�­²â�ÓNÝ�®'×�ÖÑâIî­CñX«T×'Ü�ä£æ ¤O¬�ÖåÜ	â<Ý£èéà<ÖÃí^Ü�äÑÓRà<âIîf¯�Ü	âA®�ÓgâYÔ/î<Ü�âYß�ö�õNÕ�ÝÑäÃ×�ÖHÓgâYÔ�èéà�Ö�Ò/Ü	ã³×3¯C×�ã³à<Ô9â�Ó�äÑÓRà<â�©�õRÔ�à�Ö2Óêä³æYí <×�ÖHèéà<ÖÃí^Ü	â<ã³×�ñ u[v�jAmLÃ�Ò�¿+n`v�� Ì j�vDÉ�¹,¿]j�º�j�pBÕP»^qZj�wBx^q`nZmEÓ��Xk�prq`n}d�m�x^q`nZj p*ÕS�[¼�x0pfm�k0�ÚÒ�k0mD¿rÀp]j0¾Zj�}�nZkL¹ySUÕP»^qZjXÓ>ÐHÎ�¡"YXÓD|X|X|�U îIø�Ü�Ö2ãÍæeÙ�ô	ô�Ù î�¬<Ü	ÖÃÖºò	äÃà	çTâIîCû^��ñ
± ±�ñL-?ñ'­Cñ�49ÓgÔ9Ô�×=ä2ä6î�ûìà<â<ë<Ü	ÖåÜ	í^×�ä³Ö2Ógã�Ü	âYßK­	×�íUÓgë<Ü�ÖHÜ�í�×�ä³ÖHÓgã�øEà<ß<×�õRÝ�Ógâ�ö�à<í^ë<Ü	ÖHÓRÝÞà<âUà/è�¦ ù ÝÞ×�Ö	�ï/Ü9äÃÓgà�â<Ý�à/èIÜK  Ü	ÖåäÃÓRã£õR×H­'Ó!³³×C¥ÏÓRÝÑä³Ö2Ó ù Õ�äÃÓgà<âCî u[v�jAm	k0k0� n`p�} ¹Tj�t\q�¿]k�ÓoprqZk�vDpAx^q`nZj�p^x�¾Oh]j�p+t%kLv·kLp]m�kj�p�nEk � Ò�v�k�p]��¹In`pgh]j w3º�»^qÂx^q`nZj�pAx�¾fÔ+q`x^q`nÂ¹�q`nom�¹ � nZqo¿=\Xnoj�w�k�� nZm�x�¾0Õ\ºXº[¾VnZm%x^q`nZj�pA¹ îX/£Ü	ë<Ü	â<×'ÝÞ×­	à<ã³Óg×�äLò�à/è�ö�à�í�ë Õ�ä2Ü9äÃÓgà�â<Ü'õf­9ä2Ü�äÑÓNÝÑäÑÓRãÑÝ�îYÙ�ô	ô ü�î<ëYë²ñ-ü�±�ü�9/ü�Ø�ýCñ
±=Ø]ñL-?ñ'­Cñ14�ÓgÔ9Ô9×�äHä)î�¡Ìç�Óêä³æC �ñ�¦Ïï ×'Ö%¤G8�âYßY×�ÖåÝÑä2Ü	âYß ÓgâYÔR¬�¯�§�ö;¯I×'Ý£ÕYõ�ä2Ýu9�ä³æY×H¯Ià/õg×�à/è^­9äHÜ9äÃÓRÝÑäÃÓgãÑÝ�î \O»�¾<À¾Zk q`n`p2j0tPq�¿]k;ÓoprqZk�vDpAx^q`nZj�p^x�¾1Ô+q`x+qÇnÂ¹LqÇnom�x�¾sÓZpA¹Lq`n<q>»^qok�½r¢ £ v���Ô�k�¹,¹�nZj�p2u[v�jAm�k0k0� nÂp+} ¹ î&�Lâ/äÃ×�ÖÃâ<Ü �äÑÓRà<â<Ü�õf­9ä2Ü9äÃÓRÝÑäÃÓgãÑÜ�õr�Lâ<ÝÑäÑÓ�äÃÕ�äÃ×<î�Ù�ô	ô ü�î<ë<ë´ñ/ØX£"99Ø�ýCñ

ü�± £



± £�ñL-?ñ'­Cñ�4�ÓRÔ�Ô9×�äHä6î�¡ÌçbÓ�ä£æìö�ñ'Û�Õ-ã,®	õR×)ò ¤(N4Õ-×�ÖºòH§�´/ë�Ü	â<Ý£Ógà�â�­	×�×�â=¬�æYÖHà Õ�Ô�æ(¯C×�äÃÕ-ÖÃâ�¦�ÖHßY×�Ö-à/èX¯I×9õg×0�ï/Ü	â/ä�¥�à�ã£Õ�í�×�â	ä2Ý�î Ò�¿fk^n=nÂprq�¿BÒ�k � qA�I|Xq�v�nZk�¼�x�¾^h]j�p+t%kLv·kLp]m�k�S%Ò��I|[hrÀ$"pU î�×�ß<Ý�ñ�§]ñRø ñ�ÅQà�à<ÖÑæ<×�×'ÝÜ	âYß�¥�ñ}­�ñX«�Ü	ÖÑí�Ü	âIî�ûH�Z­�¬g­	ë<×�ã³ÓRÜ'õ� YÕ ù õNÓRãÑÜ9äÃÓgà�âg£�ô	ô �6Ù=Ø�óYî�Ù�ô	ô ü�î ëYë´ñ[£�ü�9�þ9ôCñ
±�7CñL-?ñ'­Cñ�4�ÓgÔ9Ô9×�äHä4î+¡Ìç�Óêä³æC­CñÂ¯4ñ�4'à	çdî[¥�ñú/�ñA YÓêäÃãÍæ�Õ-ÖH×<îX/'ñ�­	à�âYÔ�¤²öIÜ�ë<Ü ù ÓÌõNÓêäLò�Ógâ*¯Cà<ã,®�çT×�õNõ-ö9­	ãÑÜ'õR×«bÜ	ÖHßYâ<×'ÝÍÝ9î {�jX»0v	pAx�¾Oj�t&��kL¹LkLx0v�m	¿;j0t\qo¿fkKnTx^q`noj�pAx�¾OÓopA¹LqÇnZq>»^qZk(j�tOÔ+q`x0pf��x0v���¹Sx0p]��Ò�k0mD¿Ap]j�¾<Àj0}�~ î<ü'ô+£ î�Ù�ô	ô	ôYî<ëYë²ñf£�ü	ü�9�£ ± ±�ñ
±/þYñ
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