
���������
	���
������������������
�������! #"%$'&)(�$'*,+�& -#"�.0/1&)(���2�-43650/17#������8����

��509;:�9<-!+�*=�>�%/176.0/1?A@�/15B���6C��������

DFEHGJIJK1L�MONQPRESKUT L VHL�MWNYX1GZEHK1N\[ NQP]EH^_L `aGJVbX'L c\dAe\egf
T KUhBVHNAi�h�^_jA[J[_L�XlkJX1jmESL kJ^_NnE>NnioT GJXpEHKUkJXUK'L�VqMrKU[

hsN\T k_jtVbK1M>N\[ uvK'EH^ MwESjA[JI_jtVqI xzy {zM

|~}���}��H���F�%������}��������_��|~}��H�H���%�
��}g�Z�>�H�S�����w���]����}��=���q�������H�����%� �¡��}'�

�=�£¢¥¤�¤¥¦

§�¨;©�¨Sª�«#¬�­W®w¯�°²±~³~´>µ�¨S¶F°²·t´
¸ ¨S¹º«w»p³#¼�½¡¾~¿�´W§�¨HÀ�­WÁ�­�Â�´

Ãt¨ ¸ ¨ ¸ ·�°,¬�Äq´HÅ�¨ ¸ ­>±q´S«w±wÆRÇn¨�ÈH­W¯�±

É



ÊFËWÌ'Í�Î¡Ï!Ð�Í

Ñ -Ò$1"�-Ó.Ô9;-�3!+�.Ô9;"�-�"�Õo�������m-#"�.0/���������� É 8�Ö�/b7#50/'&0/'-�.>3#7� !+�.Ô/' t5×/1&036*;.Ô&w"�-m.ÔØ#/b?Y/1+ �
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ÝØ#/n.09<?\9<-#:F9;-6Õå"�5×?ô+�.09<"�-�9<- �������J/pá%7�/1509;?Y/'-Ó.Ô&�� É�� Ø!+�&m@�/1/'-è.Ô+�2�/'- Õå5×"�?v@�"�.ÔØ
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Ý&ÔîpÜ�æs/1-#$'/�C�.0Ø#/t?Y+�9<-�:�"Ó+�*~"�Õq"�3#5B& .Ô3# 69</1&�+�.('�	*)£9<&�.Ô"F 6/+��/'*<"�7ß+
7#5×"�.Ô"�.�Þ%7�/qÕå"�5w.0Ø#/q.Ô9<?\/p� à1/'50"s$1"�3#-Ó.0/15>7650"��49< #9;-#:Ý.ÔØ#/�/+,¥/1$'.09���/�50/'&0"�*;36.Ô9;"�-mõ#"
$&%.-
í���þ�ÿZÕå"�5\?Y9;-#9<?A36? 9<"�-#9<à'9<-#:è7!+�5 .Ô9<$'*</'&1Ü0/ /�50/pÕå/15Y.0" õ#"
$&%]+�&ô+�-21×/ ,�/'$'.09���/
5×/1&0"�*<36.09<"�-43Y9<-_"�50 #/'5B.Ô"ô/1?\7#Ø!+�&×9<à1/Ò.ÔØ!+�.B.ÔØ#9;&&��+�*;3#/t9;&� #/ �!-#/1 ß-#"�.�"�-#*âÞ�@ÓÞg.ÔØ#/
$)Ø!+�5Ô+�$p.Ô/15×9<& .Ô9<$'&�"�ÕHÙ�Úg
Ý&1C�@#3%.�@ÓÞg.0Ø#/A/ á67�/15×9<?\/1-Ó.)+�*w/'-5�%9;50"�-6?Y/'-�.0&1C�+�&BÖ�/1*<*�Ü Ñ -
7!+�5×.Ô9;$13#*<+�51CÓ.0Ø#/�@!+�5×50/'*¥& .Ô5036$'.Ô3650/�"�ÕWí�8m.Ô9<?\/p� à1/'50"m&0$19;-Ó.Ô9<*;*,+�.0"�50&q9;&�/pá%7�/1$p.Ô/1 �.0"A@¥/
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?Y+�:�-#/p.Ô9;$<�#/1*< 6&�&09;:�-#9��!$U+�-Ó.0*;ÞQ50/' #3#$'/�+�?\7#*<9â.Ô3# #/'&�"�Õ�&09;:�-!+�*;&�+�-6 F #/'.0/15×9<"�50+�.Ô/�.ÔØ#/
.09<?\9<-#:A5×/1&×"�*<36.09<"�-�C#+�&ÝÖ�/1*<*�Ü

Ñ Õs"�50 69<-!+�5 Þ  %Þ%-6"% #/�ÙbÚ�
Ý&Q+�50/�9<- 3#&0/F.0Ø#/1- .ÔØ6/F"�-#*âÞ Ö�+UÞ .Ô"J/ á%$1*<36 #/F.ÔØ#/
9;->=!3#/'-#$1/J"�Õ�.0Ø#/_?Y+�:�-#/p.Ô9;$?�!/'*< 9<&\.Ô" ?\"���/JÙbÚ�&�"�3%.�"�Õ�.ÔØ#/Z50/1:�9<"�- "�Õ�Ø#9<:�Ø
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Ý&A+�50/ô+�.0.Ô+�$)Ø#/1  69<50/'$'.0*;ÞJ.Ô"g.ÔØ#/Y/1-# 6&
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ÝØ6/1&0/�?Y/1+�&03650/1?\/1-Ó.0&\Ö�/15×/
 #"�-#/BÖ�9â.ÔØY.�Ö�"A #9�,�/'50/'-�.�?\/'.ÔØ6"% #&��û� � Ü Ñ -\.ÔØ#/��!50& .�?\/'.ÔØ6"% Y50/1$'"�-#& .Ô5036$'.Ô/' F.Ô50+�$)2�&
"�Õq$'"�&0?\9<$Ò7!+�5 .Ô9<$'*</'&�Ø!+�&�@�/1/'-J3#&0/' J.Ô"� #/' #3#$1/Qõ#"
$&%~Ü�
ÝØ#9;&�?\/'.ÔØ6"% _5×/���3#9;50/1&��
9; #/1-Ó.Ô9;$U+�*¥$1"�36-�.0/15×&s9;-#&×.0503#?\/1-Ó.0/1 �Ö�9;.0Ø�8A9; #/1-Ó.09<$U+�*�ÙbÚ�
Ý&1Üb
ÝØ#/�&0/'$1"�-6 �?\/'.0Ø#"% 
9;&�.ÔØ#/q$'"%"�5× #9<-#+�.Ô/S?\/'.0Ø#"4 m9;-�Ö�Ø#9<$)Ø�.ÔØ6/H50/1&×"�*<3%.Ô9<"�-�"�Õ#ÙbÚ�
 Ø!+�&~@�/1/1-m #/p.Ô/15×?Y9;-#/1 
Õå5×"�? $1"4"�50 #9;-!+�.0/� #9;&×.Ô5×9<@#3%.Ô9<"�-t"�Õo*;9<:�ØÓ.C=o+�&0Ø6/1&q+�5×"�3#-# A.0Ø#/�2�-#"�Ö�-Q*<"4$U+�.09<"�-Ò"�Õ!.ÔØ#/
*;9<"�-#9;àU+�.09<"�-ô&0"�3#5×$1/�ÜB
ÝØ#/t*<"�-#:�9;.Ô36 #9<-!+�*�$1"4"�50 69<-!+�.0/1&ÝÖ�/150/t?Y/1+�&03#5×/1 ZÖ�9â.ÔØ�"�-#*;Þ��
9; #/1-Ó.Ô9;$U+�*#Ù�Úg
Ý&1C#+ .0.)+�$)Ø#/1 Q.Ô"�.ÔØ#/�/'-# #&b"�Õ�&×$19<-Ó.09<*<*<+�.Ô"�51ÜD/ /�7#5×/1&×/1-Ó.�.0Ø#/�3#7¥ #+�.Ô/' ��+�*;3#/1&Ý"�ÕWõ#"
$&%J"�@6.)+�9;-#/1 �Ö�9â.ÔØg�n249;-# #&�"�ÕW7#Ø#"�.0"���?t3#*;.09<7#*;9</15×&�9;-��%/1$p.Ô9<"�-%� �%Ü
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 #9;&0$'509<?\9<-#+�.Ô9;-#:�+�-# 7#50"4$1/'&0&×9<-#:#Üô
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7�/15 Õå"�50?Y+�-#$'/g"�Õ�Ö�Ø#9;$)Ø Ö�/150/�.Ô/'&×.0/1 W� � � 9<- ?ô+�:�-#/'.09<$X�!/'*< #&Q3#7 .Ô" �;:mÜZY�3#/�.Ô"
.0Ø#/F9<?\?A3#-69;.�ÞJ"�ÕBÚZ��Ùq&A.0"_?Y+�:�-#/p.Ô9<$[�!/'*< #&�� � � Ú_��Ù ÙbÚ�&t$1"�3#*; @�/�+�.0.Ô+�$)Ø#/' 
 #9;50/'$'.Ô*âÞ .Ô" &0$19;-Ó.Ô9<*;*,+�.0"�50&'Ü��%9;-#$1/�.ÔØ#/_Ú_��Ùz.Ô5Ô+�-#&09â.Ô9<"�- .09<?\/g9;&Y&×Ø#"�5 .UC�.0Ø#/Z&×9<-%�
:�*;/�/1*</'$'.050"�- 5×/1&×"�*<36.09<"�- "�Õ�Ú_��Ù ?Y+UÞl@¥/Z+�&\:�"%"4 +�&A@ ����þ�ÿ\� � � Ü]æs"¡Ö�/+��/15'C
+�.Q&×3#$)Øº*;/+��/1*Ý"�Õ�+�$1$'3#5Ô+�$pÞ�Cb.ÔØ#/�50/'&0"�*;36.Ô9;"�- "�ÕB&0$'9<-Ó.Ô9;*<*,+ .Ô9<"�- $1"�3#-Ó.Ô/15×&Y9;&Q?Y"�& .Ô*âÞ
 #9;$'.Ô+�.Ô/' _@ÓÞ_&×.Ô+�.Ô9;&×.09<$U+�*C=!36$'.Ô3#+�.Ô9;"�-#&�"�Õ�76Ø#"�.Ô"�-^]û&B.Ô9<?\9<-6:#Ü Ñ -J"�50 #/'5�.Ô"F/'&×.09<?Y+�.Ô/
Ø#"�ÖRÖ�/'*<*wÚ_��Ù ÙbÚ�&�?Y+�.Ô$)Ø�.Ô"n.ÔØ6/m5×/���3#9;50/1?\/1-Ó.0&s"�Õ>.ÔØ6/t��������/ á67�/15×9<?\/1-Ó.�Ö�/
Ø!+���/Ò7�/15 Õå"�50?\/1 �&0/ ��/'5Ô+�*�.Ô/'&×.0&sÖ�9â.ÔØ�.ÔØ#/m&0/p.Ô3#7g"�ÕW.ÔØ#/�&Ô+�?Y/�&×$19<-Ó.09<*<*<+�.Ô"�5�+�-# P�_a`
Ú_��ÙºÙ�Úg&X10ò�3#50*;/p�
ä�í���� É 36ÜH��-#*;Þ\.ÔØ6/m$'"%"�50 #9;-!+�.Ô/�?Y/p.ÔØ#"4 �9<&�+���+�9<*<+�@#*</�Õå"�5Ý&×3#$)Ø
.0/1&×.0&1Üô��.ÔØ#/'5m?\/'.0Ø#"4 #&�50/���3#9;50/Q?\"�50/A.0Ø!+�-ß.�Ö�"�9< #/'-�.09<$1+�*HÙbÚ�&1Ü\
ÝØ#/'50/'Õå"�50/�CwÖ�/
 #/'&0$'509<@�/�.ÔØ#/�$'"%"�5× #9<-#+�.Ô/�?\/'.0Ø#"% �9;-� #/'.Ô+�9<*�@�/1*;"�Ö�Ü
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Õå/'$'.Ô9���/mÙbÚ�
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ÝØ69<&�?Y/p.ÔØ#"4 �50/+�4369<50/'&�"�-#*;ÞF"�-#/�&0$'9<-Ó.Ô9;*<*,+ .Ô9<-6:t$1"�3#-Ó.Ô/15
Ö�9â.ÔØJ.�Ö�"g9< 6/1-Ó.Ô9;$U+�*>Ù�Úg
Ý&t+�.×.)+�$)Ø6/1 ß.Ô"�9;.0&�/1-# 6&1ÜQ
ÝØ#/Q50/'&0"�*;36.Ô9;"�-J"�Õ�Ù�Úg
 Ø!+�&
@�/1/'-A #/'.0/15×?Y9;-#/1 tÕå5×"�? .ÔØ6/�50/'&09< 63!+�*<&w"�Õ!?\/U+�&03#5×/1 A$'"%"�5× #9<-#+�.Ô/'&>"�Õ!9;"�-#9;à19<-6:s7#+�5×.09â�
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ÝØ6/n?Y/p.ÔØ#"4 J9<&�@#+�&0/' è"�-ß.0Ø#/A&×9<?\7#*</Ò50/1*<+�.Ô9;"�-_@�/p�
.�Ö�/1/'-ô.ÔØ#/B*<9;:�ØÓ.t=o+�&0ØY$1"4"�50 69<-!+�.0/vu�+�-# ô+�505×9���+�*6.09<?\/1&1C5wyxo+�-6 zw�{UC4"�Õ�&09<:�-!+�*<&HÕå5×"�?
.�Ö�"ôÙbÚ�
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w�| ú wyx4�7w�{ ú �;u
ï }z~ ï+�q��ÿ�w�� é É î

Ö�Ø#/'50/*u�9;&b.0Ø#/�$'"%"�5× #9<-#+�.Ô/s"�Õ�.0Ø#/�*;9<:�ØÓ.s=o+�&0Ø�C�w�|�9;&b.0Ø#/&��+�*;3#/B 69<:�9â.Ô9<à'/1 \@ÓÞô
<Y���C
ï }ô9<&F.0Ø#/è/+,¥/1$'.09���/è&×7¥/'/1 R"�Õt*;9<:�ØÓ.�9;-�&0$19;-Ó.Ô9<*;*,+�.09<-#: ?Y/' #9,+%C��t9;&F.ÔØ#/ß*</'-#:�.0Ø]"�Õ
&×$19<-Ó.09<*<*<+�.Ô"�5��4ï+�q��ÿ�w�+�$1$'"�3#-Ó.Ô&�Õå"�5�+�*;*�2�9<-# #&�"�ÕW7#5×"�7!+�:Ó+ .Ô9<"�-� #/1*<+�Þ4&'Ü


ÝØ#/B&×.)+�-# !+�5× F #/+�49<+�.Ô9;"�-Y"�Õ�w�|�5×/1*,+ .Ô/1&q.Ô"�.ÔØ6/�9<-6 #9��49< 63!+�*!*</pÕ².�+�-# ô5×9<:�ØÓ.�ÙbÚ�

5×/1&0"�*<36.09<"�-#&�+�&�Ôé�� w�| î ÷�� ú �Ôé�� wyx;î ÷ � ~ �Ôé�� w�{)î ÷ � ~ �Ôé�� w�%>�D��î ÷ � ~�� �ï+}�� ÷ �Ôé�� u¥î ÷�� é ��î

�



Ö�Ø#/'50/ �Ôé�� wyxM� {)î ÷ � +�5×/Ý.ÔØ#/Ý.Ô9;?Y9;-#:�&×.Ô+�-# !+�50 ô 6/+�49,+�.09<"�-6&SÕå"�5q*</'Õ².q"�5b5×9<:�ØÓ.bÙbÚ�
Ý&+�6Ö�/
+�&×&03#?\/�.ÔØ#+�. �Ôé�� wyxâî ÷ � ú �0é�� wyx<î ÷ � ú õ ÷"
$&% C �Ôé�� w�%>�D��î ÷ � 9;&>.ÔØ6/Ý9<-Ó.Ô5×9<-#&×9<$�5×/1&0"�*<36.09<"�-
"�Õw.ÔØ6/m
<Y���C �0é�� u¥î ÷ � 50/'7#50/'&0/1-Ó.0&B.ÔØ6/m&×9<à'/�"�Õ>.0Ø#/�5Ô+� #9<+�.Ô9;"�-F&×"�3#50$'/�Ü


ÝØ#/�9;"�-#9<à1+�.Ô9;"�- Ö�9â.ÔØ 2�-#"�Ö�-l$1"4"�50 69<-!+�.0/ô?Y+UÞ @�/�7#50"��49< 6/1 Ö�9;.0Ø +_-!+�5×50"�Ö
@�/U+�? "�Õ���� 7!+�5 .Ô9<$'*</'&�Õå50"�? .ÔØ#/�9;"�-#9;àU+�.09<"�-F&×"�3#5×$1/�Üq
ÝØ�3#&'CoÕå5×"�? .0Ø#9<&�Õå"�50?A3#*<+t"�-#/
$1+�-� 6/'.Ô/'50?\9<-#/�.0Ø#/�&09;-#:�*</�Ù�Úg
 50/'&0"�*;36.Ô9;"�-�+�&

õ#"
$&% ú É� �W� �Ôé�� w�|¡î ÷ � � �Ôé�� w�%>�D��î ÷ � � � �ï }�� ÷ �Ôé�� u¥î ÷ � é �Óî

/ /_9<*;*<3#& .Ô5Ô+ .Ô/�.ÔØ#/Z$1"4"�50 #9;-!+�.0/�?\/'.0Ø#"% º9<-0�>9;:#Ü É CÝ9<- Ö�Ø#9<$)Ø Ö�/_&0Ø6"¡Ö�.�Ö�"
9;?ô+�:�/1&�"�Õ�.ÔØ#/�50+� #9,+ .Ô9���/B&×"�3#5×$1/�9<-ô.0Ø#/ e � $1"4"�50 69<-!+�.0/�&×$U+�*;/�ÜH
ÝØ#/'&0/�9<?Y+�:�/'&bÖ�/15×/
+�$'$13#?t3#*,+�.0/1 QÖ�9;.0Ø\.�Ö�"E�B����ä���ÙbÚ�&�Õå5×"�?óæ�+�?ô+�?Y+�.0&03\+�.q.�Ö�".1×"B,o��*;9<-#/+3m/'-#/15×:�Þ
.0Ø#50/'&0Ø#"�*; #&nÕå"�5[����7!+�5 .Ô9;$1*</'&1Ü 
ÝØ6/�*;"�-#:�9â.Ô3# #9;-!+�*b$1"4"�50 69<-!+�.0/1&Q"�Õ&����7!+�5 .Ô9;$1*</'&AØ!+�&
@�/1/'-F #/'.0/15×?Y9;-#/1 \@ÓÞô�t�oÜ é É î ÜS
ÝØ#/�7�/U+�24&�+�.�+�@¥"�36.bà1/15×"A9<-6 #9<$1+�.Ô/Ý.ÔØ6/B9;"�-#9<à1+�.Ô9;"�-
&×"�3#50$'/Q7#*,+�$'/1 ß9<-_.0Ø#/n?\9< # #*;/t"�Õq.0Ø#/Q$1"�3#-Ó.0/151Üt
ÝØ#/Yí���ïpð Ö�9< #/n76*,+�.0/U+�3J9;&�.ÔØ#/
?Y+�-#9âÕå/1&×.Ô+�.Ô9;"�-F"�ÕW$1"�&0?\9<$�7!+�5 .Ô9;$1*</'&Ý&07!+�-#-#/1 �@ÓÞF.ÔØ#/�$'"�3#-Ó.Ô/'51Ü

e ~ nomÓÍqpCh^js�6m5��ÍUÎ Ï>�th��åÏ6Íqk�h�lZh
�*mQlCm�Îq�#�0jWm\�tm�lCjWm�l�Í õ Í�h �2r¢¡;r¢£*r�¤âÌ¥k�h�l fk�¦ÓÏ6Íqk�h�lsr �!50"�?�.ÔØ#/n"B,o��*;9<-#/t+�-!+�*âÞ4&09<&�"�Õ�.0Ø#/n !+�.Ô+A�#*</1&�+�$1$136?A3#*,+ .Ô/1 JÖ�9â.ÔØJ.ÔØ#/
50+� #9,+ .Ô9<"�-F&0"�3650$1/�Ö�/ÒØ#+���/� #/'.0/150?\9<-6/1 �.ÔØ#/� #/'7¥/'-# #/'-#$1/Ò"�ÕW.0Ø#/�ÙbÚ�
 5×/1&0"�*<36.09<"�-
3#7�"�-�.ÔØ#/Ò/1-#/'50:�Þ�"�Õt����7!+�5 .Ô9;$1*</'&1Üb
bÞ47#9;$U+�*~"�3%.Ô$1"�?Y/'&B"�Õ>&03#$)ØZ&×.Ô36 #9</'&�+�5×/m&×Ø#"�Ö�-
9;-g�>9;:#Ü��Q+�-# §�>9;:#Ü!�6Ü��q+�$)ØZ"�Õ>.0Ø#/1&×/Ò.�Ö�"¥�!:�3#5×/1&B$1"�-Ó.)+�9<-#&s7#*<"�.Ô&�Õå"�5�"�-#/m"�ÕS.�Ö�"
&×"�3#50$'/Y*;"%$1+�.Ô9;"�-#&'� ~ É í�ïpð +�-# ¨� É í�ï ðJCW5×/1&×7¥/'$'.Ô9���/'*;Þ�ÜYò�/'*<"�ÖÛÖ�/\/pá%7#*,+�9<-J.ÔØ#/
$'"�-Ó.Ô/1-Ó.0&B"�ÕW/U+�$)ØZ7!+�-6/1*�50/pÕå/15×50/1 �.Ô"\+�&z1 é 5Ô+UÖ���$'"�*<36?Y-oîy3#Ü© é É � É îpÜû�q-6/150:�Þ é�ª î�&×7¥/'$'.Ô50+�"�Õ«����7!+�5×.Ô9;$1*;/1&1Üt
ÝØ#/Y/'-#/15×:�Þß"�Õ«����7!+�5 .Ô9;$1*</'&�Ø!+�&

@�/1/'-� 6/'.Ô/'50?\9<-#/' g+�& ª ú­¬�® é�¯ x>�_þ4x<î é�¯ {°�_þ4{)î é ��î
Ö�Ø6/150/ ¯ x¢� {Ò+�-6 gþ#xM� {m+�5×/Q.0Ø#/Y+�?Y76*<9;.03# #/'&�+�-# è7¥/' #/1& .)+�*;&mÕå5×"�?²±*³X´m&�$'"�5 �
5×/1&×7¥"�-6 #9<-#:è.Ô" *;/'Õ².Y"�5ô5×9<:�ØÓ.Y&09; #/1&Y"�Õ�.ÔØ#/�$1"�36-�.0/15+� ¬ 9<&Q.ÔØ#/�$U+�*;9<@#50+�.Ô9;-#:
Õ�+�$'.Ô"�51Ü>
ÝØ6/�*,+�&×.bØ!+�&q@�/1/1-ô #/'.0/150?\9<-6/1 QÕå50"�? .0Ø#/<�#.�"�Õ�.ÔØ6/&����&×7¥/'$'.0503#?z@ÓÞ
.0Ø#/�Õå"�50?t3#*,+ � é�µ î ú·¶ é õ��¹¸~î éJµ î ® é�µ ÷ � É î éJµ ø°� µ î ÷ é í�î
Ö�Ø6/150/ µ ú ª6º ðA»×ï ÷ C�� éJµ îF9;&�.0Ø#/è-436?A@¥/'5�"�ÕA/+��/1-Ó.Ô&�Ö�9;.ÔØ]&07�/1$'9��!/' µ Cµ ø ú �%ëì��ä½¼·
q¾ º ðA»0ï ÷ &×7¥/'$19��!/1&Z.0Ø#/ 3#767¥/'5_*<9;?Y9â.�"�Õn.ÔØ#/7����&07�/1$p.Ô5×3#?�C ¶& .)+�-6 #&ÝÕå"�5�+¥¿�+�3#&×&09<+�-�Ü

í
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S1, High HV, Sr-90 at 0 cm
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�>9;:�3#5×/ É �A
ÝØ#/À1Á��� 5Ô+UÞQ3Z9<?Y+�:�/'&�"�ÕvÂ ø Ã 	�&0"�3#5×$1/Y9<- .�Ö�"_/'-#/15×:�Þ 9;-Ó.Ô/15Ä��+�*<&�"�Õ<���
7!+�5×.Ô9;$1*;/1&1Ü>
W"�7g7!+�-6/1*�� ªvÅ[Æ É ëì�L¼Ç
q¾ôÜqò�"�.0.0"�?a7#+�-#/1* � ª<Å[È É ë �[¼·
q¾\Ü
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© é �¡� É îpÜ 
ÝØ#/B 69<&×.0509;@#36.Ô9;"�-\"�Õ�/+��/1-Ó.Ô&Ý"���/15�.0Ø#/�*;"�-#:�9â.Ô3# 69<-!+�*6$1"4"�50 #9;-!+�.0/ e  #/p��#-#/1 g@ÓÞg�°�oÜ É 9<-É��ÿÓÜq
ÝØ#/�7�/U+�2F+�.sà1/15×"Y9;&�.ÔØ#/�9;?ô+�:�/�"�ÕW.ÔØ#/�&0"�3#50$'/�Ü
�4$U+�.×.Ô/15n76*<"�.0& e �4& ª Ø#+�&n@¥/'/1- +�*;&0"J$15×/U+�.0/1 lÕå"�5A@�"�.ÔØl*;"%$1+�.Ô9;"�-#&1Üß
ÝØ#/
/'-#/15×:�ÞY&0*<9;$1/'& É ���ËÊ§
q¾ÛÖ�9< #/BØ!+�&�@�/1/'-É�6.0.Ô/' F.ÔØ#/'-�@ÓÞF+[¿�+�3#&×&09,+�-�ÜS
ÝØ�3#&1C
.0Ø#/g #/17�/1-# 6/1-#$'/Jõ4Ì é�ª înØ!+�&ô@�/1/'-º?\/U+�&×3#50/' �Ü Ñ .ô9;&Y&×Ø#"�Ö�- 9<-l.ÔØ6/Z-#/ á%.
7#+�-#/1*�Ü© é É � ��îpÜû�q-6/150:�Þ� #/17�/1-# 6/1-#$'/1&�õ4Ì é�ª î ÜÝ��&s"�-#/m$U+�-Z&0/1/mÕå50"�? .ÔØ#/'&0/t76*<"�.0&Bõ4Ì��+�5×9</'&ô+�& É º � ª Ü ��@5�49<"�36&0*;Þl.0Ø#9<&\@¥/'Ø!+��49<"�5Y9<&ô 63#/�.0" .ÔØ#/Z9<-#$'50/U+�&0/Z"�Õ
.0Ø#/ô&×9<:�-#+�*â�=.Ô"�� -#"�9<&×/n5Ô+�.09<"#Ü��>á4.Ô5Ô+�7¥"�*<+�.Ô9;-#:gõ4Ì é�ª î�.0"�.ÔØ6/F/1-#/'50:�Þ  #/'7¥"�&×9;.
"�ÕS?\9<-#9;?A3#?a9;"�-#9;à19<-6:n7!+�5×.09<$'*</1& ª $�ÍÄ" ú �#ëû�X¼·
q¾ "�-#/t$1+�-Z/'&×.Ô9;?ô+ .Ô/�.ÔØ#/
/ ,�/'$'.09���/(��+�*;3#/�"�Õ>+YÙbÚ�
R50/1&×"�*<3%.Ô9<"�-�Õå"�5sÚ Ü Ñ ÜûÙWÜ & é õ
$�Íy"wîpÜ© é �¡� ��îpÜ 
ÝØ#/t/'-#/15×:�Þ_ #/'7¥/'-# #/'-#$1/n"�ÕH.0Ø#/A$'/1-Ó.Ô/'5�"�ÕH.ÔØ#/ Â ø Ã 	\9<?Y+�:�/ � e � é�ª îpÜ

ÝØ6/Q+�.0.0/1-Ó.Ô9;"�-J&0Ø#"�3#*< J@�/A7!+�9; _.Ô"F.0Ø#/AÕ�+�$'.�.ÔØ!+�.�.ÔØ#/'50/Q+�5×/A"�@5�49<"�3#&×*;Þ�"�7%�
7�"�&×9;.Ô/� 69<&076*,+�$'/1?\/1-Ó.Ô&Ý"�ÕW@�"�.ÔØg&0"�3650$1/�9;?ô+�:�/1&�Ö�9;.0Ø� #/1$'50/U+�&09<-6:Y/'-#/15×:�Þ�Ü

�ÎmÓÍqpWhDjÏ�Ðh�Î�nom�Ï!Ì�ÑwÎqmQnomQl¥Í¡Ìah
��Í�pCmÒl^ÑCnJËtm4Î<h
�^�wÎ;k�n Ï6Îq�¥�ÓpWh!Í�h f mQ��m4Ð�Í�Îqh�lwÌBr

ÝØ#/AÕå"�*<*<"�Ö�9;-#:ô?\/'.0Ø#"% JØ#+�&�@¥/'/1-è3#&0/' JÕå"�5�/1& .Ô9;?ô+�.09<-#:Y.ÔØ#/n-�3#?A@�/15�"�Õ�76509<?Y+�5 Þ
7#Ø6"�.Ô"4/1*;/1$'.050"�-6&1Ü²/ /  #/+�#-#/ .�Ö�" /'-#/15×:�9</'& Ô T�G;U RQIVT�S Õå5×"�? .�Ö�"�&09; #/1&Z"�Õn.ÔØ#/
$'"�3#-Ó.Ô/'51�t
���� ÷ é�ª î ú·¬ ��� ÷Hê é�¯ ��� ÷^�Qþ���� ÷ î C4Ö�Ø#/'50/ ¬ ��� ÷�� ¯ ��� ÷��=þ���� ÷�+�50/�.ÔØ#/s$1"�5050/'&07�"�-# %�9;-#:Q$U+�*;9<@#50+�.Ô9;-#:ÒÕ�+�$p.Ô"�5×&1C!�*Y��Õ��+�*<36/1&s+�-# g7¥/' #/1& .)+�*;&1C!5×/1&07�/1$p.Ô9���/1*âÞ�Ü�ò�"�.0ØÏ��+�*;3#/1&
+�5×/ÒÕå3#-6$'.Ô9;"�-#&�"�ÕS.ÔØ#/t"�509;:�9<-!+�*�/1-#/'50:�ÞZ #/17�"�&09â.�9;-�.ÔØ6/A&0$'9<-Ó.Ô9;*<*,+ .Ô"�5 ª Ü&/ /Ò #/'.0/15 �
?\9<-#/�.0Ø#/Ò.0"�.)+�*tÔ T�G;U R�I¹T�S /'-#/15×:�Þg #/17�"�&×9;.&
A+�-# g.ÔØ#/m #9�,�/'50/1-6$1/m"�ÕS.�Ö�"ô/1-6/150:�9</1&Ö 
t+�& 
 é�ª î ú 
�� é�ª î ~ 
U÷ é�ª î ¯ �^× Ö 
 é�ª î ú 
�� é�ª îÓ�À
U÷ é�ª î é 8Óî�!"�5�.0Ø#/�&×.)+�-# !+�5× � #/ �49,+�.09<"�-#&�"�ÕS@�"�.ÔØA��+�*;3#/1&'C# #/+�#-#/1 Z+�@¥"���/�C!Ö�/!�!-# 

õ ÷Ø » ú õ ÷» ú �Ôé�� 
�� é�ª î0î ÷ � ~ �Ôé�� 
U÷ é�ª î×î ÷ � é ý�î

Ö�Ø#/'50/sõ#»H9<&S.0Ø#/�&×.)+�-# !+�5× Y #/ �49,+�.09<"�-n"�Õ�.ÔØ6/s/'-#/15×:�ÞQ #/'7¥"�&×9;.q?\/U+�&×3#50/' \Õå5×"�? @�"�.ÔØ
&×9< #/'&s"�ÕW.0Ø#/�$1"�3#-Ó.0/151Ü Ñ .s9<&Ý"�@\�49;"�3#&Ý.ÔØ!+ .

õ#»
 ú ® Ù é�ª îÙ é�ª î � é äÓî

Ö�Ø#/'50/ Ù é�ª îb9;&q.0Ø#/�-�3#?t@¥/'5�"�Õ�7#509;?ô+�5 Þn7#Ø#"�.Ô"4/1*</'$'.050"�-#&b7#5×"% #36$1/1 ô@�ÞY+m7!+�5×.09<$'*</ #/'7¥"�&09;.09<-#:�/1-#/'50:�Þ ª 9<-ÉÚ `;PJO ÙbÚ�
Ý&1ÜH
ÝØ6/150/pÕå"�50/�CÓ.ÔØ#/Ý/'-#/15×:�ÞA #/'7¥/'-# #/'-�.b-�3#?A@�/15
ý
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S1, High HV, Sr-90 at-15 cm
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�>9;:�3#5×/��4� e ~ ?\/'.0Ø#"% QÕå"�5�ã�����ä���Õå50"�?óæ�+�?Y+�?Y+�.Ô&×3ô+�.sÂ ø Ã 	�*<"4$U+ .Ô9<"�-Ï� É ímïpðJÜ
ÙW+�-#/1*�� é É � É îm�m/1-#/'50:�Þ é�ª îA&07�/1$'.0503#? "�Õ�����7!+�5×.Ô9;$1*;/1&A� é ��� É îm�Ò$1"4"�5× #9<-!+ .Ô/ é e î
&×7¥/'$'.Ô5×3#?v"�Õ°��� 7!+�5 .Ô9<$'*</'&�� é É �
��îÝ��õ4Ì "�ÕH.0Ø#/A7�/U+�2É�4&(��� 7!+�5 .Ô9<$'*</�/1-6/150:�Þ é�ª î�� é �¡�
��îs� � e � "�Õ�.0Ø#/Q7¥/1+�2g�4&Ë��� 7!+�5×.09<$'*</A/'-#/15×:�Þ é�ª î ÜY
ÝØ6/Y7�"�&09â.Ô9;"�-J"�Õ�7¥/1+�2_"�-ß.ÔØ#/e � &0$1+�*</�Ö�+�&s+� ;Û×3#& .Ô/' �.Ô"Qà'/150"QÕå"�5Ý$'"�-5��/1-69</1-6$1/�Ü

ä



�>9;:�3#5×/��6� e ~ ?Y/p.ÔØ#"4 tÕå"�5Sã�����ä���Õå50"�?Ûæ�+�?Y+�?Y+�.Ô&×3n+�.ÓÂ ø Ã 	s*<"4$U+ .Ô9<"�-#& ~ É íBïpðJÜÙW+�-#/1*�� é É � É îm�m/1-#/'50:�Þ é�ª îA&07�/1$'.0503#? "�Õ�����7!+�5×.Ô9;$1*;/1&A� é ��� É îm�Ò$1"4"�5× #9<-!+ .Ô/ é e î
&×7¥/'$'.Ô5×3#?v"�Õ°��� 7!+�5 .Ô9<$'*</'&�� é É �
��îÝ��õ4Ì "�ÕH.0Ø#/A7�/U+�2É�4&(��� 7!+�5 .Ô9<$'*</�/1-6/150:�Þ é�ª î�� é �¡�
��îs� � e � "�Õ�.0Ø#/Q7¥/1+�2g�4&Ë��� 7!+�5×.09<$'*</A/'-#/15×:�Þ é�ª î ÜY
ÝØ6/Y7�"�&09â.Ô9;"�-J"�Õ�7¥/1+�2_"�-ß.ÔØ#/e � &0$1+�*</�Ö�+�&s+� ;Û×3#& .Ô/' �.Ô"Qà'/150"QÕå"�5Ý$'"�-5��/1-69</1-6$1/�Ü
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"�ÕW7#5×9<?Y+�5×ÞY7#Ø#"�.0"%/'*</'$'.Ô5×"�-#&�?Y+�Þô@¥/� #/p.Ô/'50?\9<-#/' �+�&

Ù é�ª î ú � 
 é�ª î
õ#» é�ª îq� ÷ ú � 
 é�ª î

õ Ø » é�ª î�� ÷ é �Óî

Ñ .�9;&�-#"�.�7�"�&0&×9<@#*;/�.Ô"n?\/U+�&×3#50/�õ#»�Ö�9â.ÔØ�.ÔØ6/�$1"�-Ó.Ô9;-�3#"�3#&�/1-6/150:�Þ�&07�/1$p.Ô5036?�Üqæs"¡Ö��
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Þ49</'*< #/' Q@�Þ e ~ ?\/'.0Ø#"% Q5×/1&0"�*<36.09<"�-n9;&H&0Ø#"�Ö�-ô9;-L�>9<:#Ü É í�9<-nÕå3#-#$p.Ô9;"�-Q"�Õ¥.0Ø#/sÚ_��Ù
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batourine/cosm_data_1003/SR_data_microch.plate/sr90mcp1pa-5-05-31--esxm

215.5-64.3=151.2(β)        (E/MeV)
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batourine/cosm_data_1003/SR_data_microch.plate/sr90mcp2pa-3-05-31--enppe

126.5pC=β-edge          (E/MeV)
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HV vs MCP Gain
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Resolution vs MCP gain
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ADC values vs Pulser rate
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