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 1 ��7 q f í���ÊRÅfÓGÎ�Í�È�ÓMËzÖ�È�Ó�1¡ò�$CËdÎ

5 jml
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	 1 nq Ç�Í�Ó;È�É�ÕIÍ�Î�Î�ÕMË�Ô�È�ÖIÄ	ÅfÈ�ÓGÎ�É�Å�å61 q Í�Ó;Ö 1 l�qÍ�Ó;Ö @ lSl �85 jml
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	 1 n �#ÇZÍ�Ó;È¶É�ÕWÈ¶ÖMËzÓqÎ�È¶ÊdÍ�Ì�ÌÏÐ£ÅfÓ 2 q ÑEÉ�Å£Î�Õ;Í�ÎVÆbËdÄ8ËzÍ�Î�È¶ÓMâ7Î�Õ;Ë�Í�ä	Å!Ç�ËÍ�Æ�âfã;Ô�ËzÓGÎ#ô�Ë�Ç�ËdÆbÈÏå�Ð�Î�Õ�Í�Î
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� � Ö�ÈÏÇ�ÿ82 � � t ��É�È�Ó;â�È�ÓqÎ�Ëdâ�Æ`Í�Î�ÈÏÅfÓ�äCÐ7Ä�Í�ÆbÎ�É,ÅfÓ�ËzÍ�Ê`Õ�2 � ÑMô?Ë=Å�ä;Î�Í�È�Ó	
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� f îÈ¶Ó Î�ÕMË�É�ËzÓ;É�Ë�Å�å � � l
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ízç �����������
	�������
	���������������	

ó âfÍ�È¶ÓEÑ;Ö;ãMË�Î�Å � <Mò�íF�#Í�Ó;Ö � <Mò�ïw�`Ñ

� ? 1 �"� c 5 ' � 1 5��3� 4 5 � 9 � � �
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0 q

465 4 l
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0 q465 4 �

� 7 l
	 s � � j���n#� l
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465 4 OR �� 7 l
	 s �� j��>n � l
	 1 � ��5 j��>n ' 8 1 5 j���n � l
	 1 SU ; ��5 j�lon � q � ��5 j&sVn � q � �� < 5 j&qVn � l >4 ) ; �� jmlon � q l
	 1 � �� j&sVn � q l
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�#4 ; ��5 j&qVn � l � �� < 5 j3qVn � l > � t
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3 ) ��� �85 l
	 � � c � ��ò�ídÍ|�

� ! A l�q��5 jml
	 ��n � A qSq��5 j&q�	 �on � A qSs��5 j3s�	 ��n # f ��� � f 3��
3 � � � c � ��ò�íRäS�

� ! A l�s��5 jml
	 ��n � A qSs��5 j&q�	 �on � A sSs��5 j3s�	 ��n # f '&� j3sVn � f ' 3��
3 ) ��� �85 s�	 � � � � t � ��ò�ídÊF�

:�Ó�Î�ÕMË�Í�ä	Å!Ç�Ë=ËzðCã;Í�Î�ÈÏÅfÓ�É �5 j�
 	 ��n ÖMËzÓMÅ�Î�ËzÉ�Î�ÕMË�Î�È�Ô�Ë�ÖMËdÆbÈÏÇ�Í�Î�ÈÏÇ�Ë�Å�åD5 j�
 	 �on c� f í c ï c ìCò
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õ�ËdÎ � l Í�Ó;Ö � q ä	Ë�Îsô?Å ã;Ó;È�Î�Î�Í�ÓMâ�ËzÓGÎ�Ç�ËzÊRÎ�Å�Æ`É%Å�å 1 É�ÅWÎ�Õ;Í�Î ��� c � l c � q �|å�Å�ÆbÔ�É�Í�Ó Å�Æ�Î�ÕMÅfÓMÅ�ÆbÔ�Í�Ì
É�ÐPÉ�Î�ËzÔ�ÅfÓ 1¡ò+ü�Í(�PÈ�ÓMâ�È¶Ó;ÓMËdÆ,Ä;Æ�ÅPÖ;ã;ÊRÎ.ô�È�Î�Õ�� l c � q È�Ó � �Vò�íF�`Ñ�ô?Ë=Å�ä;Î�Í�È�Ó

�5 j&q�	 �on < � � f ' A l�q �5 j�l
	 ��n < � � � A qSs��5 j3s�	 ��n < � �A qSq c � f í c ï�t � �Vò�ïw�

õ�ËdÎ�ã�É#È�ÓGÎ�Æ�ÅCÖ�ã;ÊRË2Î�ÕMË�ÇZÍ�Æ`È�Í�ä�ÌÏËzÉ" �l f í� �5 jml
	 �on < � c " �q f í� �5 jml
	 ��n < �bl c " �s f í� �5 jml
	 ��n < � q c " �
 f í� �5 j&q�	 ��n < � c" �� f í� �5 j&s�	 �on < � c " �� f í� �5 j&s�	 ��n < � l c " �� f í
� �5 j&s�	 ��n < � q t

ü�Í(�PÈ�ÓMâ�È�Ó;ÓMËdÆ�Ä;ÆbÅCÖ;ã�ÊRÎ�ô�ÈÏÎ�Õ���� c � l c � q �2È�Ó � ��ò�íF�së-� ��ò�íF�?Í�Ó;Ö�ã;É�È¶ÓMâB� ��ò�ïw�RÑGÅfÓMËVÉ�ËdËzÉ?Î�Õ;Í�Î?Î�ÕMË#å�ÅfÌ�ÌÏÅ!ôVÈ�ÓMâ
É�ËdÇ�ËzÓ�ËzðCã;Í�Î�ÈÏÅfÓ�É#Ô�ã�É�Î#ÕMÅfÌ�Ö£ÅfÓ 1 �

� q ! A lSl " �l � A l�q " �
 � A l�s " �� # f '&� j�lon � < � c � ��ò�ì�Í|�

� q ! � l " �q � � q " �� # f '&� jmlon � < � l c � q ! � l " �s � � q " �� # f '&� jmlon � < � q c � ��ò�ìZäS�

�9q ! A l�q " �l � A qSq " �
 � A qSs " �� # f ��� c � ��ò�ì�ÊF�

�9q ! A l�s " �l � A qSs " �
 � A sSs " �� # f '&� j3sVn � < � c � ��ò�ì�Ö��

� q ! � q " �q � � s " �� # f '&� j&sVn � < � l c � q ! � q " �s � � s " �� # f '&� j&sVn � < � q c � ��ò�ìZË5�

ô�ÕMËdÆ�Ë

� l f A lSl ' � A l�q � qA qSq c � q f A l�s ' A l�q A qSsA qSq c � s f A sSs ' � A qSs � qA qSq t

A�ËRþPÎdÑ�ô�Ë�ô#ÆbÈ�Î�Ë�Î�ÕMË�å�Å�ÆbÊRË

� f ! � j�lon � < � c � jmlon � < � l c � jmlon � < � q c ' ��� c � j&sVn � < � c � j3sVn � < � l c � j&sVn � < � q # @
ÅfÓ 1 Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ ôVÈÏÎ�Õ Î�ÕMË�Í�Æ�Æ`ÈÏÇZÍ�Ì+Å�å?Î�ÕMË7ô�Í!Ç�Ë�å�Æ�ÅfÓGÎ�Î�ÆbÍzÇ�ËzÌ¶È�ÓMâ�ô�È�Î�ÕÉ�Ä	ËdËzÖÊ�È�Ó Î�ËdÆ`Ô�É�Å�å.Î�ÕMË�Ó;Ëdô
ÇZÍ�Æ`È�Í�ä�ÌÏË�� � f ��" �l c=<=<=< c " �� � @ òY)MÅ�Æ�Î�Õ�Í�Î�Ä�ãMÆ�Ä	ÅfÉ�Ë�Ñ<Æ�ËzÊdÍ�Ì�Ì�Î�Õ;Í�Î�ÅfÓ Î�ÕMË£É�ãMÆ�å Í�ÊRË 1¡Ñ+Î�ÕMË£É�Î�ÆbÍ�È�Ó Î�ËzÓ;É�Å�Æ) �� �85 j�
 	 ��n ��ÊdÍ�Ó�ä	Ë�ô#ÆbÈÏÎ�Î�ËzÓ�È¶Ó£Î�ÕMË�å�Å�ÆbÔ æèï'6PÑ�ì�çZé

) �� �85 j�
 	 ��nJ� f íï ! 3 5 j�
 	 ��n�3 7 � � 3 5 j�
 	 ��n�3 7 � # f ' íï ! � � í� �5 j�
 	 ��n� � � � í
� �5 j�
 	 ��n� # c� f í c ï c ì�t � �Vò7<Y�

��Ð£ã�É�È�ÓMâ � ��ò7<Y�,È�Ó£Î�Õ;Ë�ÊRÅfÓ;É�Î�ÈÏÎ�ãMÎ�È�Ç�Ë�Æ�ËzÌ�Í�Î�ÈÏÅfÓ�É7�§ïCò�ì�Í|���S�§ïCò�ì�ÊF�2Í�Ó;Ö�ÖMËRÒ�Ó�È�ÓMâ%Î�ÕMË�Ô�Í�Î�ÆbÈ¶ÊRËzÉ

� � f
3�
�
�
�
�
��
�5
A lSl î î A l�q A l�s î î
î � l î î î � q î
î î � l î î î � qA l�q î î A qSq A qSs î îA l�s î î A qSs A sSs î î
î � q î î î � s î
î î � q î î î � s
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+ jmlonD
	 � ï%$ jmlonD
	 î î � j�lonD
	 - j3sVnD
	 � $ jml�sVnD	 î î
î $ jmlonD
	 î î î lq $ jml�sVnD
	 î
î î $ j�lonD
	 î î î lq $ jml�sVnD	� jmlonD	 î î �  �'#	 D
	 � j&qVnD	 î î- j3sVnD
	 � $ j�l�sVnD
	 î î � j3qVnD
	 + j&sVnD
	 � ï%$ j&sVnD
	 î î
î lq $ jml�sVnD
	 î î î $ j&sVnD
	 î
î î lq $ j�l�sVnD
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Î�ÕMË�ËzðCã;Í�Î�ÈÏÅfÓ;É4� �Vò�ìw�#ÊdÍ�Ó�ä	Ë�Æ�ËzÉ�Î�Í�Î�ËzÖWÍ�É#å�ÅfÌ�ÌÏÅ!ôVÉ
��q � � � � f ' � f � � � � ÅfÓ 1[t � �Vò�ûw�

=2Ó£Î�ÕMË�Å�Î�ÕMËdÆVÕ;Í�Ó;ÖEÑMÍ�Ä;Ä�Ì�ÐCÈ�Ó;â � ��ò7<Y�.È¶Ó �§ïCò�ïw�RÑMô�Ë�ÊRÅfÓ;ÊdÌ�ã;ÖMË2Î�Õ;Í�Î,Î�Õ;Ë�É�Î�ÆbÍ�È�Ó£ËzÓMËdÆbâ�Ð|ÖMËzÓ�É�ÈÏÎtÐ � ÅfÓ 1
ÊdÍ�Ó�ä	Ë2ô#ÆbÈÏÎ�Î�ËzÓ�È�Ó£Î�ÕMË�å�Å�ÆbÔ

� � � � � f íï � � � � @ � � � � c
É�Å�Î�Õ;Í�Î � �Vò�ûw�#ÊdÍ�Ó�ä	Ë�É�Î�Í�Î�ËzÖ�È¶Ó£Î�ÕMË�ËzðCã;ÈÏÇ�Í�ÌÏËzÓqÎ,å�Å�ÆbÔ

�9q � � � � f ' � f 3 � � � � �3 � � t � �VòZ�w�

$CËdÎ
� � f � � � 1� � � � � � 1� c Í�Ó�Ö C� � f � �

1� � �9t
ü#ÕMËzÓEÑ;È¶Ó£Î�ËdÆbÔ�É,Å�å<Î�ÕMË�Ç�Í�ÆbÈ�Í�ä�Ì�Ë C� � Ñ_� ��ò�ûw�,ÊdÍ�Ó�ä	Ë�Ä�ã;Î.Í�ÉVÍ�Ó�ËzÈÏâ�ËzÓGÇZÍ�Ì¶ãMË=Ô�Í�Î�ÆbÈÏþ7å�Å�ÆbÔ��

� � C� � f �9q=C� � c
Í�Ó;Ö�Î�ÕMË�É�Î�ÆbÍ�È�Ó�ËzÓMËdÆbâ�Ð|ÖMËzÓ�É�ÈÏÎtÐ � ÅfÓ 1 ÊdÍ�Ó�ä8Ë2ô#Æ`ÈÏÎ�Î�ËzÓ�Í�É,å�ÅfÌ�ÌÏÅwô�É=�

� � C� � � f íï � C� � � @ � � C� � t � �Vò�ñ��

ü#ÕMË�É�ËdÇ�ËzÓ�ËzÈÏâ�ËzÓGÇZÍ�Ì�ã;ËzÉ � � � � q c * f í c=<=<=< c ñ c È�Ó£Î�ÕMË�ËzðCã;Í�Î�ÈÏÅfÓ
ÖMËdÎF��� � ' � q 6 � f î c

Í�Æ�Ë�Î�ÕMË2ô�Í!Ç�Ë2É�Ä8ËdËzÖ�É¡Å�å�Î�Õ;Ë�É�ÐPÉ�Î�ËzÔ�òb);ÅfãMÆ,Å�å�Î�ÕMËzÔ'ÊRÅ�Æ�Æ�ËzÉ�Ä8ÅfÓ�Ö�Î�Å%Î�ÕMË2É�ÕMËzÍ�Æ,Ô�ÅPÖMËzÉ¡Å�å1Ä;Æ�Å�Ä�Í�âfÍ�Î�ÈÏÅfÓ�Ñ
ô�ÈÏÎ�Õ ÅfÓ;ÌÏÐ Îsô?Å Å�å#Î�Õ;ËzÔ ä	ËzÈ�Ó;âWÖ;È32	ËdÆ�ËzÓGÎdÑ+Í�Ó;Ö Î�ÕMË£Å�Î�ÕMËdÆ%Î�ÕMÆ�ËdË|Î�Å:Î�Õ;Ë£ÊRÅfÔ�Ä;Æ�ËzÉ�É�È�ÅfÓ;Í�Ì¡Ô�ÅPÖMËzÉdò õ1ËdÎ
� � c * f í c=<=<=< c ñ c ä	Ë�Î�ÕMË7É�ËdÎ�Å�å,Å�Æ�Î�ÕMÅfÓ;Å�ÆbÔ�Í�Ì�ËzÈÏâ�ËzÓGÇ�ËzÊRÎ�Å�ÆbÉ�Å�å � � Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ ô�ÈÏÎ�Õ Î�ÕMË7ËzÈÏâ�ËzÓGÇZÍ�Ì�ã;ËzÉ� � � � q c * f í c=<=<=< c ñGÑ � Î�Õ;Ë�Ô�Í�Î�Æ`Èkþ�ÊRÅfÓqÎ�Í�È¶Ó;È�ÓMâ�Í�É�ÊRÅfÌ¶ã;Ô�Ó;É¡Î�ÕMËVËzÈ�â�ËzÓqÇ�ËzÊRÎ�Å�ÆbÉ � � ÑCÍ�Ó;Ö 9 Î�ÕMË2Ö;È�Í�â�ÅfÓ�Í�Ì
Ô�Í�Î�ÆbÈkþ�ÊRÅfÓGÎ�Í�È�Ó;È�ÓMâ�Î�Õ;Ë�ËzÈÏâ�ËzÓqÇ�Í�Ì�ãMËzÉ4� � � � q ò¡ü#ÕMËzÓ£ô�Ë=Õ;Í!Ç�Ë=Î�ÕMË�å�ÅfÌ�ÌÏÅwô�È�ÓMâ�Ö;È¶Í�â�ÅfÓ;Í�Ì�ÈÏêzÍ�Î�ÈÏÅfÓ�å¢Å�ÆbÔ

� @ � � � f 9 t
õ�ËdÎ

�
f ! �5 j�lon < � c �5 jmlon < �[l c �5 jmlon < � q c �5 j&qVn < � c �5 j3sVn < � c �5 j&sVn < �bl c �5 j3sVn < � q # @
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ä	Ë|Í:â�ËzÓMËdÆbÍ�Ì�Ç�ËzÌÏÅPÊdÈÏÎsÐÒ�ËzÌ�Ö ÅfÓ 13Ö;ãMË|Î�Å Î�ÕMË�É�È�Ô�ã;ÌÏÎ�Í�ÓMËdÅfã;É�Í�Æ�ÆbÈÏÇ�Í�Ì?Å�å�ô.ÍzÇ�ËzÉ�ô�È�Î�Õ É�Ä	ËdËzÖ;É � � c * f
í c=<=<=< c ñGòh$CËdÎ�Î�È�ÓMâ

C
�
f � �

1� �
c

ÓMÅ�Î�È�ÊRË�Î�Õ�Í�Î#Î�ÕMË�Å�Æ�Î�ÕMÅ�â�ÅfÓ�Í�Ì�ÈÏÎtÐ£Å�å<Î�ÕMË � � A É#Í�Ì¶ÌÏÅ!ô�É�ã;É,Î�Å�Æ�ËdÄ�Æ�ËzÉ�ËzÓGÎ C � È�Ó£Î�ÕMË=å¢Å�ÆbÔ
C

�
f � � � � � < C � � � � f � � ; � � < � �

1� �
> � � t

õ�ËdÎ�ã�É#ÖMËzÓMÅ�Î�Ë

C
�
� � f � �

1� �
� � � f í

� � ; � � < � �
1� �
> � � t � �Vò�çw�

?#ËzÊdÍ�Ì�Ì�Î�Õ;Í�Î � � È�É�Í�Ó3ËzÈÏâ�ËzÓGÇ�ËzÊRÎ�Å�Æ:Å�å � � Ñ�Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ3ôVÈÏÎ�Õ ËzÈÏâ�ËzÓGÇZÍ�Ì�ã;Ë � q� ò ü#ÕCã;É C � � � È�É�Í�Ì�É�Å«Í�ÓËzÈÏâ�ËzÓGÇ�ËzÊRÎ�Å�Æ�Å�å � � Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ�ô�ÈÏÎ�Õ£Î�ÕMË=ÉbÍ�Ô�Ë�ËzÈÏâ�ËzÓGÇZÍ�Ì�ã;Ë � q� �
� � C � � � f � q� C � � � c � �Vò 6w�

Í�Ó;Ö�Î�ÕMËdÆbËdå¢Å�Æ�Ë�Ñ�Í�ÊdÊRÅ�ÆbÖ;È�ÓMâ�Î�Å � �Vò�ñ��`Ñ8ô�Ë�â�ËdÎ

� � C
�
� � � f íï � C � � � � @ � � C � � � t

ó Ì¶É�ÅMÑ;ã;É�È�Ó;â � ��òZ�w�#Í�Ó;Ö � ��ò�ñ��`Ñ�ô�Ë=É�ËdË�Î�Õ�Í�Î#Î�ÕMË�å�Å�ÆbÊRË � � Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ�ô�È�Î�Õ C � � � ÉbÍ�Î�È�ÉxÒ�ËzÉ,Î�Õ;Ë�ËzðGã;Í�Î�È�ÅfÓ
� 1� 3 � � C

� � � �3 C
� � � f � �

1� � � C � � � f � � �
� � f ' � � t

ó É�É�ã;Ô�È¶ÓMâ7Î�Õ�Í�Î�Î�ÕMË�È�ÓGÎ�ËdÆbÍ�ÊRÎ�ÈÏÅfÓÍ�Ô�ÅfÓ;â�Î�ÕMË�Ö;È32	ËdÆ�ËzÓGÎ�ô.ÍzÇ�ËzÉ�Í�Æ�ÆbÈ�ÇCÈ�Ó;â|Í�Î�Í£âfÈÏÇ�ËzÓ È�ÓqÎ�ËdÆbå�Í�ÊRË 1«È¶É
É�Ô�Í�Ì�Ì�ÊRÅfÔ�Ä�Í�ÆbËzÖ ôVÈÏÎ�Õ Î�Õ;Ë7Î�Å�Î�Í�Ì.ËzÓMËdÆbâ�Ð È�ÓGÇ�ÅfÌÏÇ�ËzÖ � É�ËdË $PÍ�ÓGÎ�ÅfÉ öd÷�ø�ùÏú æèìfñwé.å�Å�Æ�Î�Õ;Ë|Ç�Í�Ì�È�Ö�ÈÏÎtÐ Å�å�Î�Õ�È�É
Í�É�É�ã;Ô�Ä;Î�ÈÏÅfÓIÈ�ÓÎ�ÕMË�ÊdÍ�É�Ë£Å�å�Í É�È¶ÓMâfÌÏË7É�ÅfÌ�È�ÖÄ�Õ;Í�É�Ë5�`Ñ+Î�ÕMË|Î�Å�Î�Í�Ì,É�Î�ÆbÍ�È¶Ó ËzÓMËdÆbâ�Ð ÖMËzÓ;É�È�ÎtÐÅfÓ 13È�É�ËzðGã�Í�Ì
Î�Å£Î�ÕMË�Ébã;Ô Å�å¡Î�ÕMË%Ä�Í�Æ�Î�È�Í�Ì�ËzÓMËdÆ�âfÈÏËzÉ�Í�Ó;Ö:Î�ÕMË�Î�Å�Î�Í�Ì<å¢Å�Æ`ÊRË � ÅfÓ 1 È�É�ËzðCã;Í�Ì�Î�Å£Î�ÕMË�Ébã;Ô Å�å+Î�ÕMË�å¢Å�ÆbÊRËzÉ
Í�É�É�ÅPÊdÈ�Í�Î�ËzÖ�ôVÈÏÎ�Õ£ËzÍ�ÊbÕWÎtÐCÄ	Ë�Å�å�ô.ÍzÇ�Ë�Ñ8É�Å�Î�Õ;Í�Î

� � C
�
� f � � � � C

�
� � � c

Í�Ó;Ö
� f � � � � f ' � � � �

1� � � C � � � t � ��ò�ídî|�

A�ËRþPÎdÑ�Ö;ËzÊRÅfÔ�Ä	ÅfÉ�Ë � � � 1� � È¶Ó£Î�ËdÆbÔ�Å�å�Î�ÕMË�ËzÈÏâ�ËzÓGÇ�ËzÊRÎ�Å�ÆbÉ � � Í�É,å�ÅfÌ�ÌÏÅ!ôVÉ=�
� � � 1� � f � � ; � � < � � � 1� � > � � t � ��ò�í�íF�

:�Ó�Î�ÕMË�Ô�ËzÍ�ÓGô�Õ;È�ÌÏË�ÑMã;ÉbÈ�ÓMâ � ��ò�çw�të-� �Vò 6w��È¶Ó � �Vò�ídî|�`Ñ�ô?Ë�Õ;ÍzÇ�Ë

� � � 1� � f ' � � � � C � � � f ' � � � q� C � � � f ' � � � ; � � < � �
1� �
> � � t � ��ò�ízïw�
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ü#ÕCã;ÉdÑMå�Æ�ÅfÔ � ��ò�í�íF�,Í�Ó;Ö � �Vò�ízïw�,ô?Ë�ÊRÅfÓ;ÊdÌ�ã;ÖMË�Î�Õ�Í�Î
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z-component velocity solid phase 3 at  t = 410 ms
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