
���������	��
���
���������
����

� �����	
���������� �����	!"�	#"���$���%�����&�'��
(���)� ���

��*,+-+/.10/243524*,687

9;:=<%9?>	@A>)B%<DCE@A>	FHGIBD:1@KJMLANOGPBQJSRT9HCUNV:XWSN

YM:ZGT9 NVF%RI>�B\[^]AL%_`:XJ\]AL%@ba%>

ced

NV9bL%@AG L%@bFfa%>INVLQ:

��gh�i.1j^kVgmln
�7�o�*p3q7H
�7�+/2-*,24r�24.�6qst�t.Zj^k�7�68u,68v d lOwyx8xez
{|g}�Tgmln��68+/2-687A
�7�*m~8.10/+-*m2 d lOwXx8x8�

��r c'� *m2-24.ZoH*p7H��3q0�24*�35u�s�r�um��upu � .Z7�2�6qs$2-k�.

0/.1��r�*p0/. � .17e24+�s�680 2-k�.�o�.1v80/.1.�6qs

��6�j�24680�65s���k�*,up68+/68��k d

�5�8�q�



�)����0/6X~8.1o ced

#$*p0/+/2���.y3qo�.Z0
! 3 � 0-.Z7�j1.I�Pg � r�u�3��nl���kVgh� g
��0-65s�.1+-+/680�6qs���k d +-*,j1+

��.1jZ687�oU��.y35o�.10
��o � 3q0-oA�	g��	.y3q0/7�+1ln��kVgh� g
��+-+-6 j1*p3524.P��0-65s�.1+-+/680�6qs$� k d +-*,j1+

��k�*p0/ob��.y3qo'.10
��k'.1upo'687b!�g � u�35+-k�6 � ln��kVgh� g
��0-65s�.1+-+/680�6qs���k d +-*,j1+



���������
	���
�������
������


 � 6qr�upoK��0/+/2Pup* �q.T2-6H2-k�3q7 � �Td 3qo�~�*,+-680�! 3q0/0 d ��r�u�3 � l � k'6Av8652 � . *,7e~868um~8.1o *p7U2-k�.

��r�� .10�� � .��'� .10/* � .17e2�3q7�o k�3q+�v8*,~q.17 � . .���j1.Z�'24*,687�3qun35o'~ *pj1.5lek�.1u,�S3q7�oS+-r'����6q0/2�24k'0-68r�vqk��

68r'2�24k�.Pj16qr�0-+/.I6qs �Td v80-3qo�r�3 24.�jy3q0/.1.Z01g�
 � 6qr�upoA3qup+/6\3qup+/6\u,* �5.�246S24k�3q7 �H� o �	.y3q0/7�+�s�680

k�*p+ o�3 d 246Ko�3 d v8r�*po�3q7�j1.5l 3qo'~ *pjZ.ql .17'j168r�0-3qv8. � .Z7�2\357�o � 3 � *,7�vU+/r�0-.%
P7�.Z~q.10Sup6q+-. �Td

s�6�jZr�+1g 
�3 � 3qu,+-6%v80-3524.�s�r�u$2-6! q* � � 2-687�. s�680	�'r�+-k�*,7�v � .T2-6%��7�*p+/k �Id 24k'.1+-*,+�687K24* � .qg

{Ar�j^k 6qs�24k�. � 680 �"*,7 2-k�*p+ 24k'.1+-*,+ k�3q+ c .1.Z7 o�6q7�.A*,7 j168u,u�3 c 68043 24*p6q7 � *,2-k ��up.1jA�)3 c *pv�l

�Sgt��*m2-243A3q7'o �)g���3#"/* g;
 � 68r�upo up* �5.\2-6b24k�3q7 � .y3qj^k 6qs�24k�. � s�680I��3524*,.17e24u d .�����u�35*p7�*,7�v

� 3q7 d 24k�*,7�v8+ 6=~q.10Q. � 35*pu � k�.17 � . � .10-.K+/.1��3504352-.1o 24k'68r�+4357�o�+Q6qs � *pu,.1+ 3 � 3 d g 
\3 �

3qup+/6 v80-3524.�s�r�u�246 6q2-k�.10\r�� � r � . � c .10-+ up* �q.;�	3y~8. � 3q+/��.Z01l��i6�o'o��)3q*,7�.1+Zl��	g ��3#"/*m2^3'l

�	3q7 � 3 �	*,.1upj%$1. � + � 3'l� q68k�7D! .13q0-7'.1oVl �Tg � � 3qo�3'l���k'*pv8.�{b352-+-r�7'6�l ��352-.���j^k�68u c .Z0-v�l �)7�o d

� 2^3qj^k d 043�lt� 6 c � ~86 c 6 o�3'l { gV�$3 � *m2^3'lV3q7�o& q.%')( *pu �5.1+)s�6q0	3Qup6q2)6qs k�.Zup�VlVjZ6 �\� .Z7�2-+	687

�Td � 680 �Q3q7�o � 357 d +/2-* � r�up3524*,7�vTo'*p+-jZr�+-+/*p687'+�6=~q.10�. � 3q*,u 3q7'o;*,7%��.Z0-+/687Vg 
�3 � *p7'o�. c 2-.1o

246Q� .168�'up.T6qr'24+/*po�.P24k�.Ij168u,u�3 c 68043 24*p6q7Qs�680�3q7'+ � .10-*,7�v%3qu,u �Td � r'.1+/2-*p687'+	3q7�oK35up+-6D6*' .Z0-*,7�v

~8.10 d r'+-.Zs�r'u +-r'v8v8.1+�24*,687�+ � k�*,j^kQk�3y~8. c .Z.17Q*,7�j1680/��6q04352-.1oVl +-r�j^kH35++ q6e3q��r�* � � o'+,"/6�l'�$3q68u,6

� 687'o�68up6'l��)7�o'0-. � � 68r'upoVl � .10-3q0-o- qr�7'v � 357Vl {b3q0/j ��3 � *p6q7 �q6 � + ��* l��t.Z0-.1+-3Q{A6q7�243q0-r'up* l

� *,.10/6 
�upu,*p6T6q7b��k�3q�'24.Z0/.}z1032n��6 c ��r�7'jy3q7Vl ��.�~ *p7;��r�0/up. d l� q* � ��k�6e3qo�+�357�o;��*p7�v54 k�3q7�v

687U��k�3q�'24.Z0/.7680 l��t6 � � 3q*,+-+/.101l��	0/u�3q7'o�6\�t.10/.1+�3q7�oA�	3y~8.I��.1j �5.1ui687A��k�3q�'2-.109.h�10 g


 � 68r'upo 35up+-6�up* �q.�246�24k�357 �	6q24k'.10 � . � c .Z0-+ 6qs �Id 24k�.Z+-*,+$j16 � � *,2/24.1.�u,* �5. �	.Z7 ��0/.1j^k�.Z01l

��k�.1u,u d � u�3q+/k�6 � 3q7�o"��k d 3 � ��0-043 � *,upup*is�680Pj^k�3qupu,.17�vq*p7�v � . � *,2-k 246qr�v8k ��r�.Z+/2-*p687�+T3q7�o

6*' .Z0-*,7�v ~8.10 d r�+-.�s�r�uOs�.1.Zo c 3qj �%687 �Td � 680 �Ug

��.Z*p7�vA3q+/+-6 j1*�3 24.1o � *,2-k 2-k�. ��3q0/2-*pj1u,.\3q+/2-0-68��k d +-*,j1+Iv80-68r'� 352T��68+�24687 
�7�*m~8.10/+-*m2 d k�3q+

c .Z.17U357;.���j1.1u,up.Z7�2�u,.y3q0/7�*p7�v .�����.Z0-*p.Z7�j1.5g 
 3 � ~q.10 dH� r�j^k;v804352-.Zs�r�uV2-6S�)up.Zj��)3 c *pv�l ��352-.

��j^k�68u c .Z0-vH3q7�o|��k�0/*p+:( 3qum24.10 � k�6%240-3q*p7�.Zo � . 687 ��r�� .10;� � +-6qs 2 � 3q0/. 357�o 3q7�3qu d +-*p+)3q7�o

3qu � 3 d +�k�3qoA3q7A3q7�+ � .Z0�2-6 35upu �Td � r'.1+/2-*p687'+1g�
 3qu � 3 d +�.Z71"/6 d .Zob24k�.�jZ6 � ��3q7 d 6qstj1r�0/0-.17e2

3q7�o ��35+/2 � . �Tc .Z0-+T*,7 68r'0Tv80/68r�� +/r�j^k 3q+ � j16q2/2S��u�350 �q.5l {b352/2 � 3q0/u l���.10/v8.%!O* ��k�6 o�.1o l
*p*,*



{A* �5.I!O*m2468+Zln{b3q0 �H{A.1+/+-*,.101l���k�0/*p+���0/2-kA357�o (|.1* ( 3q7�v'g

( k�*,up. +/��.Z7�o�*,7�vHup687�v � 687e24k'+P*,7& 83q��3q7 
�.171"/6 d .Zo|2-k�.Sj16 � ��3q7 d 65s�6q2-k�.10I��r'��.Z0�� �

� . � c .Z0-+P+-r�j^k 3q+ � .17'. � r�*pu,up*�357VlV�	3 � .1* ! *,rVl${b352-2-k�. � {A3qup. � l${A*,j^k�3q.1u�� �Td l$��r'+43q7

�tr�0/jy3q7|l�3q7�ob{b3q0 �D��3qv8*,7�+1g

��r'��.Z0�� � c .17�.���24+�s�0/6 � 2-k�. +-r'��.Z0 c up.13qo�.10/+-k�*,�K6qs�� g��t6q2-+-r � 3 � �'0-*p6q0�246;{A3 d �q�8�e���

3q7�oQ� g ��r $1r ��* � � 68+�2�{A3 d �q�8�e��� 3q+ � .ZupuO35+���3q7 �Q��6 c .1u 3q7�o- q* � � 2-687�.qg�
�3qup+/6S3qo � *p0/.

24k�.Z*p0 24.Z7�3qj1*m2 d 3q7�o 0-.Z+-68um~8.Ho�r�0/*p7�vK2-k�.%2468r�vqk � .10/*p6 o � .Hs 3qj1.Zo 35s 2-.10 2-k�.b35j1j1*,o�.17e21g 


� 68r'upo 35up+-6Hu,* �q. 2-6A24k�3q7 � 3qu,u$24k�.\.���� .10�24+T65s�24k'.\~53q0/*p68r�+�o�.�24.ZjZ246q0I+/r c jZ6 � ��687'.17e24+Ps�680

24k�.Z*p0	k�3q0/o � 680 �K3q7�oK� ��*,7�vH��0-6 c up. � +�*,7U24k�. � *po�o�u,.T6qs 2-k�.S7�*pv8ke21lV246%.17'+-r�0/.Q��r'��.Z0�� �

k�3q+�~8.Z0 d v86 6�oHu,*,~8.�24* � .5g


)3qup+/6Au,* �q. 2-6A2-k�3q7 �K6q2-k�.10�jZr�0-0/.17e2 3q7'o|��35+/2I
�7�o�*�357|v80-3qo�r�3 24.\+/24r'o�.17e24+T352I��68+�24687


�7�*m~8.10/+-*m2 d s�6q0H2-k�. � 687'o�.10�s�r�uP2-* � . � .|k�3qo +-r�j^k`35+;��0-7�3 c {b3#"/r � o�3501l  83q7�3 � "/. d 3

��k�6 � o�k�r�0 d l �t3q043q7e243q�U� k r � up3'ln��0-*m24k � *p+/kb� 35+-r l�3q7�o � 357 dQ� 680/.qg

��.�s�680-.b
�"/6q*p7�.Zo 24k�.K��r�� .10�� �fvq0-68r���
Sv8652%3 up652Q6qs�k�.Zup�Vl�3qo�~�*,j1.5l�.Zo�r�jy3 24*p6q7�3q7�o

+-r���� 680�2 s�0-6 � ��k'*p� ��68k'.17Vl�{b350 �|#n0/*p.Zo�u lt3q7�o"��3q* (|.1*p+/+1gA�)up+/6U
	k�3y~8.Dup.y350-7�.Zo"3bup652

6qsP3q+/2-0-68�'k d +/*pj1+Qs�0/6 � 24k�.A2468r�vqk v80-*,upu,*p7�vK��r�.Z+/24*,687�+%35+ �q.Zo c�d ��o���.10�24+/j^k�*p7�vq.101l��$35r�u

��j^k�.1j^ke2-.101l 3q7�o;��0/r�7�6D��68����*V2-6\+/��.13��q.Z0-+�*p7%24k�.I{A
�� 3q+/2-0-68�'k d +/*pj1+�j16qupup6 ��r�*pr � +/.10-*,.1+Zg

��upu �Id 0-.Z+-.y350-j^kU357�o;2-043y~8.Zu k�3q+ c .Z.17Hs�r�7�o�.Zo ced 
Pg ��gn��.Z��3q0�2 � .17e2�6qs$� 7'.10-v d g

*,~



9;:=<%9?>	@A>)B%<DCf@A>	FHGPBQ:1@KJ LANOGPBQJSRT9HCUNV:XWSN YM:ZGT9

NVF%RI>�B��O]AL%_ :=J\]AL%@ba%>

� ��0-o�.Z0���6�g �

NV9bL%@AG L%@bFfa%>INVLQ:

� 68+/2-687b
�7�*,~q.10/+-*,2 d � 0-3qo�r�352-.P��j^k�6 68uO6qst�)0�24+�3q7�ob��j1*,.17�jZ.1+Zl �5�8�q�

{b3/"/680�� 0/6qs�.1+/+-680 � !i3 � 0/.17�jZ.T��g ��r�up3��nl���0-6qs�.Z+-+-6q0�6qs$��k d +/*pjZ+

��� �����������

��k�*,+Do�*,+-+/.10/243524*,687 ��0/.1+/.17e24+%~53q0-*,68r�+ ��k d +/*pjZ+H3q7�o 3q+�240-6q7�6 �Td 0-.Z+-r�um24+ � *m24k r�� � 3q0-o

v868*p7'v � r�687�+�r'+-*p7'vS2-k�.	��0-+�2���~8. d .13q0-+�6qsto�35243Ts�0-6 � 24k�.I��r'��.Z0�� ��3 � *p6 � 3q7'o�.�o�.�24.1j�24680Zl

� k�*pj^k"*,+ 3 z � ��*,up6q2-687 � 352-.10S��k�.Z0-.Z7 �q6X~ o�.�24.1j�24680Tup6 jy352-.1o *,7  83q��357Vg 
�� � 3q0-o � r'687�+

��0-6 o�r�jZ.1o ced 7�.Zr'240/*p7�6q+i*,7e24.10-3qjZ2-*p7�v�*,7�2-k�. 0-6 j � c .Zup6 � 24k�.�o�.Z2-.1j�24680 0-.Z��0-.Z+-.Z7�2t24k�.�k�*,v8k�.1+�2

.17�.Z0-v d 7�.Zr'240/*p7�6q+�+/.1.Z7A*,7b� r���.Z0�� ��3 � *p6��5357�o�.qg


�+-*p7'v 2-k�.1+/.A.�~8.Z7�2-+1l 
Ik�3y~8.;+-.13q0-j^k�.Zo s�680 2-k�.H+-*pvq7�3524r'0-.1+ 65s	3q7�7'*pk�*,u�352-*p687�+P6qs�o�3q0 �

� 352/24.Z0���3q0�24*,j1up.Z+ 2-6 k�*pvqkQ.17�.Z0-v d 7�.Zr'240/*p7�68+�*p7D2-k�.�j1.Z7e24.10�65si��350/24k l���r�7H357�oQ24k�. � 3qup3qj��

24*pjQ��.17e24.Z01g ��687�+�240435*p7e24+ 6q7"o�3q0 � � 352-2-.10T+/jy352/24.Z0-*p7'vUj10/68+-+;��+-.ZjZ2-*p687�+ � *m24k"7�r�jZup.1* r�+-*,7�v

24k�.Z+-.	0-.Z+-r�um24+ � *pupu c .)��0/.1+/.17e24.ZoVg � ��3qj1.���2-* � .�jZ68*p7�jZ*po�.Z7�j1.Z+�s�0-6 � 35+/240/68��k d +-*,jy3qun240-3q7�+-*,.17e2

+-68r�0/j1.Z+�+/r�j^kU3q+�ve3 � � 31��0-3 dDc r'0-+/2-+�3q7�o;+-6qs 2�ve3 � � 31��0-3 d 0/.1� .y352-.10-+�3q0/.�0-.1� 680�24.1o g


	k�3y~q.%o�.Z~q.1up6q��.Zo 357"3qupvq680-*m24k � 2-6K*p+/68u�352-.D3A+43 � ��up. 6qs�.Z~q.17e24+Zl j13qupu,.1o��/+-k�6 � .10/*p7�v

r�� � 3q0/o v868*p7'v � r�6q7�+���l � k�*pj^kKu,68+-.T.17�.Z0-v d 24k�0/68r�v8kK0-3qo�*p3524*m~8.P��0-6 j1.Z+-+-.Z+1g ( .I+-k�35upu$r'+-.

24k�*,+t+/r c +-.�2yl � k'68+-. ��3q0-.Z7e2$7�.Zr'240/*p7�6�.17'.10-v d *,+i3q����0/6/��* � 352-.1u d w �i.Z�Tl 2-6�o'6�3q+�240-6q��k d +/*pj13qu

+-.y350-j^k�.Z+\*,7 24k'.Qk�*pvqk .17'.10-v d 0-.Zv8*p6q7Vl � k�.Z0-.D2-k�.%352 � 68+/��k�.Z0-*pj 7�.1r�240-*,7�6 c 35j � vq0-68r�7'o *,+

0-.1o'r�j1.ZoVg

~



� �����������	�

L�

����������������������� �"! #$#%#

L'&(!)�+*
,-
.� /

G0,-&1�$�2�43	W5�4� �6��� �"! /

78#$!)�9��3)G0,:&(����! ;�#%#

78#$!)�9��3=<>#��4?�*"��! ;�#@/

78#$!)�9��3)L'&�&1*"�A/�#�,:�"#��4�1! ;B;C;�#%#

D :)� �6*"����?1
.�6#$�4� D
w8gmw 
�7e2-0-6 o�r�jZ2-*p687%2-6 
�� � 3q0/o � 68*p7'v\{Ar�687�+)gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w

w8g � ��r'0-0-.Z7e2	� 243524r'+�65s���.1r'2-0-*p7'6 ��k d +-*,j1+ gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �

w8gFE ��2^352-r�+�6qs���.1r'2-0-*,7�6S�)+/2-0-687'6 �Td gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �

w8g � 
 � � 680/243q7�j1.	65s�
�� � 3q0/o � 68*p7�v\{;r�687�+ gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �

w8g z ��r'2-up*,7�.�6qsi24k�.���k�.Z+-*,+ gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �

G G5H�� N�?�IJ�K* �V]L,M�	#��4��,M�����Ka��A�6��
.�6��* D�N
� gmw 
�7e2-0-6 o�r�jZ2-*p687 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6

� g � !O6 jy352-*p687H357�ob��*p+�24680 d gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�
~ *



� gFE ��k'.10-.Z7 �q6X~A��3qo�*�3 24*p6q7 gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�

� g � ��.�24.ZjZ246q0)��240-r'jZ24r'0-. gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg wXx

� g z ��k�65246 � r'u,24*,��up*,.10��tr c .Z+ gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q�

� g z�gmw 
(��� {;� gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q�

� g z�g � �	� ��{A��+|gIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q�

� g 6 �	3 2^3 �)jZ��r�*p+/*,24*,687A� d +/2-. � gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �8�

� g 6'gmw 
(��� u,.1j�240-6q7�*pjZ+�357�o;����� gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �8�

� g � �	����up.1j�240/687�*pjZ+�3q7�oA����� gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � E
� g�� �i0-*,v8v8.Z0-+ gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �5�

� ghx ��3qo�6q7A��r'2 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � z

� gmw � � 35up* c 04352-*p687 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � z

� g,w � g,w���.1u�3 24*,~q.���{A� � 3q*p7;� 3qu,* c 0-3524*,687 gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � 6

� g,w � g � � c +-68u,r'24.P��{A� � 3q*,7b� 35up* c 04352-*p687%gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g,w � g E ��{A� ��* � *,7�vS� 3qu,* c 0-3524*,687%gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� gmw8w)( 352-.10��t0-3q7�+/��3q0-.Z7�j d gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� gmw � � r���.Z0�� ��3 � *p6��5357�o�.���j1j1*,o�.17e2DgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E �

� F�IC� ,-*
��_ ?��4��a�,:�6, B'���1?�
.�"#�� � ���

E'gmw 
�7e2-0-6 o�r�jZ2-*p687 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E �
E'g � � .17'.10435ui��687�+-*,o�.10-3524*,687�+AgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E 6

E�g � gmw ��3q+-*,jP��k�3q0-vq.T��r�2 gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E 6
E�g � g � #$*m2-24.Z0-+�
�+-.1o gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg Ee�

E'gFE ��3q+-*,j���.1j1*,+-*,687;! 6qv8*pj�*,7;
�� � r;��.1o�r'jZ24*,687 gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E8x
E�g E'gmw ��r'2-+)
�+-.1oH246 ��.;"/.1j�2: qr�7 �%��~8.Z7e24+ gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �e�

E�g E'g � ��r'24�'r'2�6qs���.1o'r�jZ2-*p687EgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w

E�g E'gFE �t.Z0/s�680 � 357�j1.�6qs$#$*,2/24.Z0-+�*p7A��.Zup.ZjZ24*,7�v\
�� � 3q0-oU{Ar�687�+ gPgIg�gPgIg � E
~ *,*



E'g � ��0/.1j1*,+-*,687;#$*,2/24.10�357�oH*,24+��i.10�s�680 � 3q7�jZ. gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � z

E�g � gmw 
�� � rb#t*,2MgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � z

E�g � g � �	� #t*,2�gIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

E�g � gFE ����� #t*,2%gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

E�g � g � �t.Z0/s�680 � 357�j1.�6qs$��0-.1jZ*p+/*p687;#$*m2-24.Z0 gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � x

E'g z #t*p7�3qu ��~8.17e2	��.1u,.1jZ2-*p687;3q7'ob��up3q+-+/*,��j13524*,687UgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z �

E�g z�gmw � ����.Z0/2���jy3q7'7�*p7�v gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z �

E�g z�g � � 2-68���5��k�0/rA+/.1��3504352-*p687 gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z �

E�g z�gFE !O.17�v524kA��.Z24.Z0 � *p7�3 24*p6q7 gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z�w

E'g 6 �)2-k�.10��)+/��.ZjZ2-+�6qs$��.1o�r�j�24*,687 gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z.E
E�g 6'gmw ��.1j13 d ��up.1j�240/687U� .1up.ZjZ2-*p687�gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z.E
E�g 6'g � !O*,~q.Z24* � .	� 3qupjZr�u�352-*p687?gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z.E
E�g 6'gFE 
�um240-31�(��*pv8k%��7�.Z0-v d ��~q.17e24+ gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z*6

E'g � 
�7e2-.10 � .1o'*�352-.P� 2^3qvq.I��.1o'r�jZ2-*p687 gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z*6

E'g�� ��+�24* � 352-*p687Q65s�� 35j � vq0-68r�7'oAs�0-6 � ��68+ � *,j���3 d {Ar'687�+ gIgPgIgPgPgIg�gPgIg z �

� F�IC� ,-*
��_ ?��4� NB,-��I(��� ,-�1� >=;BIJ��
.�+��� <>�$?�; N��
� gmw �t3524k ��up.Z7�vq2-kb��r�2TgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6 �

� g � �	3 2^3 ��*p+�240/* c r'2-*p687'+ gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6e�

� g � gmw ��68+ � *,j���3 d {Ar'687U��6q7�243 � *p7�352-*p687|gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6e�

� g � g � ��+/2-* � 3524*,687%6qs$� 3qj ��v80-6qr�7�ob��687e2^3 � *p7�3 24*p6q7 gPgIgPgIgPgPgIg�gPgIg 68x

� gFE � c +/.10�~8.1oU#$upr��%gIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg ��w

� g E'gmw � ' .ZjZ2-*,~8.P�)0/.y3�gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g E'g � ��.Z2-.1j�24*p6q7A���\j1*,.17�j d gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g E'gFE � d +/2-. � 3524*,jP� 0/0-680/+ gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g E'g � �i6q2^3qui� c +/.10�~8.1ob#$upr � gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �*6
~ *p*,*



� g E'g z ��.Zr'240/*p7�61��*p7'o�r�j1.ZoA{Ar�687�+�� c 6X~8.I��680/* $Z687 gPgPgIgPgIgPgPgIg�gPgIg �8�

� g � � ��� .1jZ2-.1o���r��A3q7�oA{A6q7�2-. � 350-up6\� * � r�up3524*,687 g�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g � gmw � 2 � 68+/��k�.10/*pjP��.Zr'240/*p7�6\#$u,r�� gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �qx

� g � g � ��.Zr'240/*p7�61�(��r'j1up.Z687A��0-68+/+���+-.1j�24*,687 gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g � gFE {Ar�6q7b��0-6q��3qve352-*p687 gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g z ��~q.17e2 � .17'.1043 24*p6q7 gIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �'w

� g 6 {;687e24.I� 3q0-u,6 �'3 � ��up. gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � E
� g 6'gmw 
�7'j1.10�2^3q*,7e24*p.Z+�*p7;� �'� .1j�24.ZoU#$u,r�� gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g � ��6 � ��350-*p+/687%6qs��	352^3 3q7'ob� ����.ZjZ2-.1oU#tupr�� gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �ez

� g ��gmw ��k�0/r�v868*,7�v {Ar�687�+%gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � 6

� g ��g � � 2-68����*,7�v {Ar�687�+)gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g ��gFE ��k�0/r�v868*,7�v �8� 2-68����*,7�vS��3524*,6 gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g�� ��6q7�j1u,r�+-*,687|gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �8x

� :)�1��#�*
��
.�QNC�K,-*

 H���!93 ��*\Y :Z_ R ! � D
z�gmw 
�7e2-0-6 o�r�jZ2-*p687 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x'w

z�g � ��~ *po'.17�jZ.Ps�680��	350 �%{A352-2-.10�*p7H68r�0 � 3qup31� d gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x �

z�gFE �	350 �%{A352-2-.10���u�3q+/+-*m��jy352-*p687 gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x E
z g E'gmw ��6q7��(� 350 d 6q7�*pj��	3q0 �%{b3 2-24.Z0�gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x �

z�g � � up6 c 3quO��6q+ � 68up68vq*pjy35u �t3q043 � .Z2-.10/+ gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg xez

z�g z ��6qupo;�	3q0 �Q{b352/24.10IgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x 6

z�g 6 � r���.Z0-+ d��\� .Z240 d 3q7�o ( 
�{b��+ gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x8x

z g 6'gmw {A*,7�* � 3quO� r���.Z0���+ d � � .Z2-0-*,j�� 2^357�o�3q0/oU{A6 o�.ZuDgPgIgPgIgPgPgIg�gPgIg w � w

z g 6'g � ��k�.I��.Zr'240-3qup*,7�6 gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � E
z�g � �)~q.10/~ *,. � 6qs�( 
�{b� ��.13q0-j^k'.1+;gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � z

z�g�� ( 
�{A� ����r�jZup.Z687U��0/68+-+;��+/.1jZ2-*p687 gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � z
* �



z�ghx ��.1r'2-0-*,7�68+�s�0-6 � ( 
�{b� �)7'7�*pk�*,u�352-*p687 gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

z�gmw � ( 
�{A� � 3q�'24r'0-. gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � x

z�gmw8w)( 
�{A� � 3q�'24r'0-.�04352-.1+�*p7%2-k�.I��r�7A3q7�oA��350/24kKg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w8w

z�gmw � ( 
�{A� �)7�7�*,k�*pup3524*,687Q��352-.1+ gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w=z

z�gmw6E ( 
�{A� �)7�7�*,k�*pup3524*,687D*,7%24k�. � 3qu�3qj�24*,j	��.17e2-.10bg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8wXx

z�gmw � ( 
�{A� �)7�v8r'u�3q0���*,+/2-0-* c r'24*,687`gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �q�

z�gmw=z � r���.Z0�� ��3 � *p6��5357�o�.:( 
�{b� +/.y3q0/j^k�.1+ gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �8�

z g,w=z g,w 4 .17'*,24k;3q7'v8up.P��6 � ��3q0/*p+/687"gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �8�

z g,w=z g � � r���.Z0�� ��3 � *p6��5357�o�.	#$u,r��H!O* � *m24+ gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �5�

z�gmw/6���6 � ��350-*p+/687 � *,2-kb� ��� .1jZ2-.1ob#$upr��UgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � 6

z�gmw=� !O* � *m24+�6q7A��7�7�*pk'*pu�3 24*p6q7Q��3524.Z+ gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

z�gmw ����6 � ��350-*p+/687 � *,2-kb��*,0-.ZjZ2���.�24.1j�24*,687A��.y3q0/j^k�.1+ gPgIgPgPgIgPgIgPgPgIg�gPgIg w � x

z�gmwXx�{;6�o�.Zu ��
�7�o�.1� .17'o�.17e2���6 � ��3q0-*,+-687%6qs$��*p0/.1j�2

357�oA
�7'o�*p0/.1jZ2�� .y3q0/j^k�.1+ gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E E

N J �6H��K*QL�! �6*"�4I1H���! #%
 ,M��NB�K,-*


H���! D � �
6'gmw 
�7e2-0-6 o�r�jZ2-*p687%2-6 � ����+ gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � E

6�g,w8gmw �������'� � ��� o�352^3 gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �8�

6�g,w8g � �t6q+-+-* c up.�7�.Zr'240/*p7�6S. � *,+-+-*,687 � .1j^k�3q7'*p+ � +�s�0-6 � � ����+ gPgIg�gPgIg w � z

6'g � � ��3qj1.�����* � .	jZ68*p7�jZ*po�.Z7�j1.Z+ c .�2 � .Z.17 � ��� +�3q7�o;r�� � r�+ gIgPgIgPgPgIg�gPgIg w � 6

6�g � gmw #$u,r�.17�jZ.�up* � *,2-+�s�0/6 � � ��� + gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

6'gFE 
�7e2-0-6 o�r�jZ2-*p687%2-6D� � ��+ gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � x

6�g E'gmw ����35j1.�����* � .P��68*p7'j1*po'.17�jZ.1+ c .�2 � .Z.17b7'.1r'2-0-*p7'68+�3q7�ob� � ��+ g�gPgIg w=z �

6'g � ��* ' r'+-.�#$u,r��;��.13q0-j^k'.1+�s�0-6 � � 3qup3qjZ2-*pj���up3q7�. g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z.E
6'g z � .y3q0/j^k�.1+�s�0-6 � ��2-k�.10��i68*p7e2���68r'0-j1.Z+ gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z8z

�



� NBH���� �K*
#%��� F�IC� ,-*
�O[4_ ?��4��! D � �
��gmw 
�7e2-0-6 o�r�jZ2-*p687 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=zqx

��g � {;r�687A� 7'.10-v d up68+/+QgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=zqx

��gFE ��3q+-*,jP�	r�24up*,7�.�6qst24k�.���upv8680/*,2-k � gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 �

� g E'gmw ��k�3q0/v8.I��680-0/.1j�24*p6q7 gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 E
� g E'g � ��r�24+�687A� {;��+)
�+-.1o&gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6ez

� g E'gFE �)o'o�*,2-*p687�35uO� d +/2-. � 3524*,jP� '�.1j�2 gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 6

� g E'g � ��k�3q0/v8.P��.1� .17�o'.17�jZ.I687A��7�.10/v d ��.Z��68+/*,2-.1obgPgPgIgPgIgPgPgIg�gPgIg w/6 �

��g � ��24043 24.1v d 246 ��.Zup.1j�2)��k�6 � .Z0-*,7�vQ{;r�687A��~q.17e24+ g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=� �

� g � gmw �)u,v8680/*,24k � s�680�
�o'.17e24*ms d *,7�v ��k�6 � .10-*,7�vD{Ar�687A��~8.17e2-+ gPgPgIg�gPgIg w=��w

� g � g � ��.Zk�3y~�*,680�6qs���k�6 � .Z0-*,7�v\��350-*�3 c up.Z+ gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=� �

��g z 
�� � 3q0/oK��k'6 � .10/*p7�vD{Ar�6q7�+ gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�.E
��g 6 ��*,+/2-0-* c r'24*,687Q6qs���k�6 � .10-*,7�vD{Ar�687A�	352^3AgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=� �

� g 6'gmw � 3qj ��v80/68r�7�oU��r c 2-043qj�24*,687%s�0-6 � ��68+ � *pj	0-3 d {Ar�687�+ gPgPgIg�gPgIg w=�8z

��g � ��+/j1*pu,u�352-*p687 �)7�35u d +-*,+\gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�8�

� g ��gmw � '�.1j�24+�6qs���.1r'2-0-*,7�6S� c +/680-�'2-*p687 gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�8�

� g ��g � ��+-jZ*pupup3524*,687D��7�3qu d +/*p+ � *,2-kLE �	*,7�o�+�6qs�
�� � 350-ob{Ar�687�+\gPgIg�gPgIg w=�qx

��g�� ��+/2-0-68��k d +-*,jy3qut��.13q0-j^k'.1+ gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �'w

� g �'gmw ( 
�{b� ��.13q0-j^k'.1+;gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

� g �'g � ��* '�r�+/.�#$upr��H��.y350-j^k�.Z+%gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

� g �'gFE �)24k�.Z0��)+/2-0-68�'k d +/*pjy35u$� .y3q0/j^k�.1+ gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �ez

� W5�4�1
A�$?�!+#$�4� D � D

L a���!+
 *
#$I��"#��4� ��3�_ ?��4���1� �6�K* ! D � �
�Ig,w � 2-68� � rVw1+/2 gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg wXx E
�Ig � {;r c 6 d gPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg wXxez

��*



�Ig E ��2468� � r � 7�o gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q�8�

�Ig � ��k'0-r � r wy+/2�gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� E
�Ig z?#t+/2 � r gPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� z

�Ig 6?��k'0-r � r � 7�o gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� �

�Ig �?������2�gIgPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� x

� #$&1�%#�����*
,:I(H�� G�D �

��*,*



� � � � ��� � ��� �1� �

� gmw � r � � 3q0 d 6qsi240/*pv8v8.Z0-+�r�+/.1o;*p7A��r�� .10 � ��3 � *p6 � 3q7�o'.qg gPgIgPgIgPgPgIg�gPgIg �5�

E'gmw � 6 6�o�7'.1+-+���r'2-+�r�+-.Zob*p7%~53q0/*p68r�+ �'2-24.Z0-+ZgOgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg ���

E'g � � r � � 3q0 d 65s�24k�.D2-6q2^35u 7�r � c .10T6qs�.Z~8.Z7e24+S*p7 .13qj^k"j^k�3q0/v8.%04357�v8. � k'*pj^k

� k'*pj^k � .Z0-.P+43y~8.ZoU3q7�o;0-. "/.1j�24.1o g�gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg ���

E'gFE �i.10/j1.17e243qv8.H6qs�.Z~q.17e24+ � k�*,j^k 3qr'2-6 � 3 24*pj13qupu d v8.�2 +43y~8.Zo 35s 24.Z0 .y3qj^k"��2/24.Z0

357�o;2-k�.�0-.13q+-687 g gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg ���

E'g � �i.10/j1.17e243qv8.P6qs�.�~8.17e2-+�0/.;"/.1j�24.ZoU35s 2-.10�.y3qj^kH��2/24.10�*,7H2-k�.�0-.Zo�r�jZ2-*p687 gAg�gPgIg � E
E'g z #�0/.1��r�.17'j d 6qs�6 j1j1r'0-0-.Z7�j1.�6qs�~53q0-*,68r�+ ~53qupr�.Z+t65s
	���
�
���� ������
������	~53q0-*p3 c up.�s�6q0

35upu52-k�.�r�� � 3q0-o � r�687	.�~8.Z7�2-+t*,7P��r�� .10 � ��3 � *,6 � 3q7�o�.��^w8l � k�.10/.�	
��
�
���� ������
������
*,+�o�.Z��7�.1oA*p7;��� 72E'gmw8g%gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � 6

E'g 6 ��r � c .10�6qs � r�687;.Z~q.17e24+ � *m24k w=�8z �q�8�8���  �"! � �8�8�$# �I�'0-.1+/.17e2	3 2
.�~8.Z0 d +/24.Z�Q6qsV2-k�.���0-6 j1.Z+-+ *,7�~q68u,~q.1o *p7D+/.1u,.1jZ2-*p7�vIr�� � 350-o � r'687�+ s�0-6 � 2-k�.

0-3 � o�35243 gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z8�

E'g � ��r � c .10 6qs 24k�0/r�v868*,7�v�3q7�o\+/2-68����*,7�v�j168+ � *,j�043 d � r'687�+ 7�.y350 2-k�.�k�680/* $16q7

*,7K3 c 68r'2 6 � w o�3 d +	6qs���r�� .10 � ��3 � *,6 � 3q7�o�.Io�35243'g	�)u,ut.�~8.17e2-+I*,7b24k�. up3q+/2

0/6 � 350-.�r�+/.1o%s�680 .1+/2-* � 3524*,687D65s j1687e2^3 � *,7�3524*,687 s�0/6 � o�6 � 7%v868*p7'v � r�687'+

*,7%24k�.�r�� � 3q0-o � r�687H+43 � ��u,.qgIgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6'w
��*p*,*



� gmw � r � � 3q0 d 6qs 6 c +-.10�~8.ZoT+ d +�24. � 352-*pj�.10/0-680/+Vs�680Vr�� � 3q0-o�24k'0-r�v86q*p7�v�3q7'oP+�2468� �

�'*p7�v � r�6q7�+1gHgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �*6

� g � ��r � c .10�6qstv8.17'.1043 24.1ob{A687e2-. � 3q0/up6 .�~8.17e2-+)*p7;3 �e� � d 0�.1��r�*,~53qu,.17e2�352 � 68�

+/��k�.Z0-*pj�7�.Zr'240/*p7�6S+-3 � �'up.qg�gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

z�gmw � ��.ZjZ240/r � 6qst��3q0�24*pjZup.Z+�3q7�oH��.1u,o�+�*p7%24k'.T{b����{ gIgPgPgIgPgIgPgPgIg�gPgIg w � E

6'gmw � r � � 3q0 d 6qs�� 68*p7e2	+/68r�0/j1.S+-.13q0-j^k�.Z+Ir'+-*p7'v;r'� � 3q0/o 2-k�0-r�vq68*p7�v � r�687�+	*,7

� r���.Z0�� �Sg gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z8�

��gmw ����3q+�3 s�r�7�j�24*,687H6qs � r�687H��352-k���u,.17�vq2-k gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/68x

��g � � c +/.10�~8.1o 3q7�o .���� .1j�24.1o|r�� � 350-o +-k�6 � .10-*,7�v � r�687�+	*,7Kj1687'.1+ � *,2-kKk�3qu,s �

357�v8up.Z+ E�� � z���3q7'o w � ��350-68r�7'oU��r'7Vln� 3q0/2-kA357�o � 3qup3qjZ2-*pj���.Z7�2-.10ZgOgIg�gPgIg w �ez

�Ig,w ��r � c .10	6qs�24r c .Z+Pk'*,2P3q7�oK2-k�.Sj1680/0-.1+/��6q7�o�*p7'v;u,6 � .Z0Pu,* � *,2�687K24k�.\��{A�

j^k�3q0-v8.�6qs$3qu,uV+-.Zup.1j�24.Zo;2-r c .Z+�*,7��
	���
��Ds�680 2-k�.	��0-+�2�jZup.13q7�*p7'v\jZr'2yg g�gPgIg wXxez

�Ig � !O6 � .10�up* � *,2�687A2-k�.�7�r � c .10�6qs�7�.13q0-.Z+/2)7�.1*,v8k c 680/+�j1680/0-.1+/��6q7�o�*p7'v\2-6\2-k�.

7�r �Tc .Z0�65st2-r c .Z+�+-.1u,.1j�24.1ob35s 24.Z0 24k�.	��0/+/2�j1u,.y3q7'*p7�vSj1r�2ygigIgPgIgPgPgIg�gPgIg wXx 6

�Ig E?��k'0-.1+/k�68u,o j^k�350-v8. j1r'2;6qsI.y35j^k r�+/.1o � {;� *p7���������� g 
�7 2-k�.|+/.1jZ687�o

jZ68upr � 7  *p+t2-k�. 24652^3qu�j^k�3q0-vq.�*p7T2-k�.�.Z~q.17e2 3q7�o�������� �i*p+$2-k�. 246q243qu 7 r � c .Z0

65st2-r c .Z+�k�*,2�*,7H2-k�.�.Z~q.17e2 gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w8w

�Ig � ��k'0-.1+/k�68u,o;2-* � .�j1r'2"!$#&%'�ts�680�.y3qj^kH24r c .�*p7H3 ��352-j^kVg ��k�.�+-.Zj1687�oAj168u,r � 7

*,7�o�*,jy352-.1+ 24k�. 24* � . 6qs�2-k�. ��{A�"r'+-.1o � � k�.Z7S3q0-0-3q7�v8.ZoT*p7P*p7'j10-.13q+-*,7�v)6q0-o�.Z0

65s$k�*m2�24* � . � 3q+�24k�.	2-k�0-.Z+-k�68u,o(!)#&%'�t~53qu,r�.qgSgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w8w

��*,~



� � � � ��� � ����� � ���

w8gmw {;.y3q+/r�0-. � .Z7�2-+�6qsij168+ � *,j)043 dD� r�687 ��r��H3q+�3Ps�r�7�jZ2-*p687%65sto'.1�'2-k%*p7Kw �8�q�

�����
	���
�3qup687'v � *m24kHup6 jy3 24*p6q7�+�6qst~53q0-*,68r�+ r�7'o�.10/v80-68r'7�obo�.�24.ZjZ246q0-+ . w 0 g gIg �

w8g � � j^k�. � 3524*,j�~ *p. � 6qs$3q7Ar'� � 3q0/obv868*,7�v � r�6q7;.�~8.Z7�21g gPgPgIgPgIgPgPgIg�gPgIg E
w8gFE ��.1r'2-0-*,7�6S.17�.Z0-v d +/��.ZjZ240/r � 6qsto�* '�.10/.17e2�o�35243q+-.�24+�*p7A��r�� .10;� � g%gPgIg�gPgIg �

w8g � ����6 � � .17'o�*pr � 6qs � .y3q+/r�0-. � .Z7e24+�6qs o�6qr c up. 04352-*p6�6qs����
�����is�680$o�352^3�6X~8.Z0
{;687e24.I� 3q0-u,6�g #$*,v8r�0-.�s�0-6 � ��.Zs(g . w/610 g�gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �

w8g z 
�����o'6 � 7 $1.Z7�*,2-k 3q7�vqup. 3q+ d��\� .Z240 d 3q+t3�s�r'7�jZ2-*p687P6qs � 6 � .17e24r � s�680 �%��u,* �q.
35+ � .1upu$3q+)s�680�� ��up* �5.I.�~8.Z7�2-+1gP��k�. k�3 24j^k�.ZoKup*p7'.1+)+/k�6 � 24k�. .�����.ZjZ2^3 24*p6q7�+

� *m24k�6qr'2�68+-jZ*pu,u�352-*p687�+Zg$��k�.�o�35+-k�.Zobup*,7�.	+-k'6 � +�24k'.P.�����.ZjZ2^3 24*p6q7;s�680������
���I3q+-+/r � *,7�v�����
 ! � � �8� EezT.Z� 
 � ���"!�
 �$# ! w �h� .7680 g gPgIgPgIgPgPgIg�gPgIg �

w8g 6 ��352-*p6H6qs�o�3 2^3H6=~q.10S{;687e24.D� 3q0-u,6b3q+T3Hs�r'7�jZ2-*p687|6qs&%'�
(*)8g%��k�. o�3q+-k'.1o
u,*p7�.�*,7�o�*,jy352-.1+ 24k�. c .Z+/2���2�3q+-+/r � *,7�vP68+-jZ*pupup3524*,687�+ � *m24kS24k�. c .Z+/2���2�~q35upr�.Z+

+-3 � .�3q+�*p7;#$*pv'g w8g z . 680 g gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x

w8g � � 68u�3q0�7�.1r'2-0-*,7�6S��.13��%3q+�+-.Z.17A*p7A��r�� .10;� ��3 � *p6 � 3q7�o'. gPgIgPgIgPgPgIg�gPgIg w �

w8g�� ��.1r'2-0-*,7�6U.17'.10-v d 04357�v8.Q6qs�~53q0/*p68r'+To�.�24.1j�24*,687 24.Zj^k�7�*p��r�.Z+1g|#$*pvqr�0-.\s�0-6 �

��.Zs(g�. � 6#0 g�gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w

w8ghx ��u,.1jZ2-0-687 �5��6q+-*,2-0-687%.Z7�.10/v8*p.Z+�3q7�oH0-.Zu�352-*,~8.�2-* � .1+ 65st2-k�.I�'� wXx �e� � .Z~q.17e24+

0/.1jZ680-o�.ZoVg�#$*pvqr�0-.�s�0/6 � ��.Zs(g�. w/680 g"gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �

w8gmw � � up6 c 3qu�~ *,. � 65st2-k�.P352 � 68+-�'k�.10/*pj	7�.Zr'240/*p7�6S+-� .1j�240/r � . � 0 gOgPgIgPgPgIg�gPgIg w �
� ~



� gmw 
�u,upr�+�240-3524*,687 6qs���r d v8.17�+�� j1687�+�240/r�jZ2-*p687"6qs�2-k�. � 3y~8.�s�0-687e2\6qs)��k�.Z0-.17 �q6X~

0-3qo�*p3524*,687Vg gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �

� g � �`0/68r�v8kH+-j^k'. � 3524*,jP65s���r'��.Z0�� ��3 � *p6 � 3q7'o�.�o�.�24.1j�24680Zg gIgPgIgPgPgIg�gPgIg wXx

� gFE � j^k�. � 3524*,j�~ *p. � 6qsi24k�.Iz � ��j � 
(����{A�	g gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w

� g � ��k�65246 jy352-k�6�o'.P��r�357�2-r � . � jZ*p.Z7�j d 3q+�3 s�r�7�j�24*,687A65s � 3y~8.1u,.17�v524kVg g�gPgIg � w

� g z ��3 � �'up.�+/*p7�v8u,.	��k�6q2-6�.Zup.ZjZ240/687Ho�*p+�240/* c r'2-*p687 g gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g 6 ��� � 3q�%s�680�3 2 d ��*,jy3qu ��{A�	g gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g � ��k'.T352/24.Z7 r�3524*,687Hj16 . �\j1*,.17e2 � w��
% ��� � � � .y35+-r�0/.1o;*p7A��r�� .10 � ��3 � *,6 � 3q7�o�.
3 2D~53q0-*,68r�+ � 3y~q.1up.Z7�vq2-k�+H3qup6q7�v � *m24k 2-k�.U.Z+/24* � 3 24.1o up.Z7�vq24k � +-6qup*po up*,7�. �

6 c 2^3q*,7�.1oHr�+/*p7�v {A6q7�2-.��(� 3q0-u,6\+/* � r'u�352-*p687�+ gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � x

� g�� �����	�

����� ~8.Z0-+/r�+���s�680VjZ68+ � *pj�0-3 d�� r�6q7�+O*p7�3 +/*p7�v8u,.�0-r'7P65s�� r���.Z0�� ��3 � *p6��5357�o�.
o�352^3 2^3 � *,7�v�gHgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E �

� ghx ( 352-.10����t0-3q7�+/��3q0-.Z7�j d 3q+H3 s�r�7�jZ2-*p687�65sP2-* � .Ur�+/*p7�v"jZ68+ � *pjU0-3 d�� r�687'+

o'r�0-*,7�v ��r�� .10�� �P3 � *,6 � 3q7�o�.���
^g�gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg E'w

� gmw � �f2 � 61��o�* � .Z7�+-*,687�3qu�~ *p. � 65s 24k�."#$�����	3qj10 d up*pj j16X~q.10-*,7�v�r�+/.1o`687 2-k�.

��{A��+�*p7A��r'��.Z0�� ��3 � *p6 � 3q7'o�.���
-
^g'��upuV*,7�o�*,jy352-.1o%o�* � .Z7�+-*,687�+�3q0/.P*,7 � � g E E

E'gmw � +-j^k�. � 3 24*pj o�*�35v8043 � +/k�6 � *p7�v�24k�.�2 � 6	o�* ' .Z0-.17e2 � *,7�o�+�65s�r�� � 350-o � r�687'+

� k'*pj^k;7�.1.ZoA246 c .�o�.Z2-.1jZ2-.1oVgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg Eez

E'g � �i6q243qu j^k�3q0-vq. *p7A��k�6q2-68��.Zup.1j�240/687�+�3q+�3 s�r'7�jZ2-*p687 � r�687A��3524k ��up.Z7�vq2-kAs�680�3

+-3 � ��up.	6qs$o�6 � 7 � 3q0/ob24k'0-r�v86q*p7�v\3q7�o;+/2-68����*,7�v � r�687�+ � *m24k;��3524k ��up.Z7�vq2-k

� � � g gPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg Ee�
� ~ *



E'gFE ��7�v8r�up3q0�o�*p0/.1j�24*p6q7 c .Z2 � .1.Z7U24k�.I��0-.Zj1*p+/*p687;��2)3q7�oA2-0-r�.P��2�o�*p0/.1jZ2-*p687'+�s�6q0

r'� � 3q0/o`2-k�0-r'v868*p7'v � r�687'+ � u,.Zs 2b��3q7�.Zu � 357�o r�� � 350-o`+/2-68����*,7�v � r�687'+

� 0-*,v8ke2I��3q7�.1u � 35+ � .y3q+/r�0-.Zo � *,2-k 3 �e� d .y3q0 {A687e24.Q� 3q0-u,6A+-3 � ��up.5g%��k�.

+/k�3qo�.Zo k�*,+/2-68v8043 � 0-.Z��0-.Z+-.17e2-+ 6 ��� 6qs�2-k�. 246q243qu 3q0/.y3;3q7�o j1680/0-.1+/��6q7�o�+

2-6��&w � � z ��357�o�� w � z � s�680 2-k�0-r'v868*p7'v 357�oH+/246q����*p7'v � r�687�+�0-.Z+-� .1j�24*,~q.1u d g � x

E'g � �����������
	 o�*p+�240/* c r'2-*p687 s�680�r�� � 3q0-oD2-k�0-r'v868*p7'v � r'687�+ 3q7�oDr'� � 3q0/oQ+/2-68����*,7�v

� r�687�+Zg ��k'.A24k'0-.1+/k�68u,o ~53qupr'.;s�680�������������	Q2-6 +/.1��3q0-3524.;24k�0/r�v868*,7�v s�0-6 �
+�2468�'��*p7�v � r'687�+�*p+	w � g$gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z�w

E'g z ����� ����	 o�*,+/240/* c r�24*p6q7Us�680�r�� � 3q0/o 24k'0-r�v86q*p7�v � r�6q7�+ � 2468� ��3q7'.1u � 3q7'o|r�� �

� 3q0/oA+�2468���'*p7�v � r�6q7�+ � c 6q2-2-6 � ��357�.1u � gigIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z �

E'g 6 � up*m~8.Z2-* � .�24* � *,7�vSo�*�3qvq043 � � k�*,j^kU*pu,upr�+�240-3524.Z+ � k'.17 3q7U*,7e24.10�~53qu 6qs�24* � .

c .Z2 � .1.Z7;2 � 6 .Z~q.17e24+�*,+�j16q7�+-*,o�.10/.1oHo�.y35oH3q7�o � k�.Z7%*,2 *,+�jZ687�+-*,o�.10/.1o;3qu,*,~8.

s�6q0�o�.Z2-.1jZ2-*p687;6qstr�� � 350-o � r�687�+Zg gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg z*6

E'g � ��~q.17e2���*p+/��u�3 d 65sO3q7 r�� � 3q0/oD24k'0-r�v86q*p7�v � r�687 *p7D��r�� .10 � ��3 � *,6 � 3q7�o�.�*,7

j^k�3q0-v8. � 6�o'.qg ��k�. � 3q*p7"up3q0-vq.Q0-.ZjZ2^357�v8up.%*,7"24k�.Ho�*,+-��up3 d 3q7�o"24k'.H2 � 6

jZ*p0/j1up.Z+�3 c 6=~q.T357�o c .1u,6 � *m2�0-.1�'0-.1+/.17e2)2-k�.���0-6#"/.1jZ2-.1o � �(� ~ *p. � 6qsi24k�.�
(�

357�oA2-k�.To�6524+�*p7�o�*,jy352-.P2-k�.Pj^k�3q0-vq.T6qs 357b
(� ��{A� s�0/6 � 24k�. � r�687 g���k�.

+/68up*,oDu,*p7�.�+-k'6 � + 2-k�.��'2-24.Zo;��k�.10/.17 �56X~%j1687'.qg���k�.�+ � 35upup.Z0 0-.1�'up*pj13I6qs 24k�*,+

*,7%24k�.�r���� .10�0/*pv8ke2 ��k�3q7�o%jZ680-7'.10�+-k�6 � +�24k�.�+43 � .�s�680��	� g gIgPgPgIg�gPgIg z �

E'g�� ��~q.17e2���*p+/��u�3 d 65s 3q7br'� � 3q0/oK+/246q����*p7'v � r�6q7b*p7U��r�� .10 � ��3 � *,6 � 3q7�o�.�*,7

j^k�3q0-v8. � 6�o�.5gQ��k�.\~q350-*p6qr�+���3q0/2-+I*,7 2-k�.\.Z~8.Z7e2 o�*p+/��u�3 d 350-.\+43 � .D35+I*,7

#t*pv E'g ��g gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg zqx

E'ghx #tup6 � j^k�3q0/2 r�+-.ZoDs�680 24k�.���0-+�2���3q0/2 6qsOr�� � rD0/.1o�r�j�24*,687 � +/2^350/24*,7�v�s�0-6 � 2-k�.

0-3 � �	35243T246 �
	���
�� � s�6q0�3q7A.�~8.Z7�2 � *,2-k � �8�8� !�
 � 
 w=�8z �8�q�8� ��.5gQgPgIg 6 �
��~ *,*



E'gmw � #tup6 � j^k�3q0/2�r�+-.ZoU*p7H24k'.I+/.1j16q7�oK+/243qv8.P6qs�r�� � rb0/.1o�r�j�24*,687 � +/2^350/24*,7�vSs�0-6 �

� ��
���� 	����
	|2-6;2-k�.D.Z7�o � s�6q0T3q7|.Z~q.17e2 � *,2-k � �q�8� !�
 � 
 w=�qz �8�8�8� � .

*,7�o�*,jy352-*p7�v�24k�.�o�.1jZ*p+-*,687 up6qv8*pj r�+/.1o 246	+-3X~q.�680$0/.;"/.ZjZ2�24k'. .Z~q.17e2�35s 24.Z0�.Z~q.10 d

�'2-24.Z01g�gIgPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6 �

E'gmw8w � r � � 3q0 d 65s$35upu +�24.Z��+�*p7e~868um~8.Zo;+�2^3q0�24*,7�vTs�0-6 � +/.1up.ZjZ2-*p7�v 2-k�.	043 � o�352^3T2-6

2-k�.S��7�3qu r�� � 3q0-o vq68*p7�v � r�6q7|+/.1up.ZjZ2-*p687|3q7�o|.Z~8.Z7e2 j1up3q+-+/*,��j13524*,687 3qup687'v

� *m24k 3q���'0-69��* � 3524.%7�r � c .10S6qs � r�687 .�~8.17e2-+D� .10So�3 d ��0-.Z+-.Z7�2D352\.Z~q.10 d

+�24.Z�A*,7H2-k�.���0-6 j1.Z+-+ gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6 E

� gmw ��k'. o�6524+�0-.Z��0-.Z+-.17e2 2-k�.So�*p+�240/* c r'2-*p687K65s .%'�.1j�24*m~8.\o�.1�'2-k 6qs �5� E%j16q+ � *pj��
0-3 d *p7'o�r�j1.Zo r'� � 3q0/o ��*,687�+�jZ680-0/.1+-� 687�o'*p7�v	246P3 c 68r'2 w8g z d .y3q0/+�65s u,*,~8.�24* � .

� .y35+-r�0/.1o ced 24k'.Q{A��� � � jZ68upup3 c 6804352-*p687 . � E10 gQ��k'. u,*p7�.S+-k'6 � +T3q7 .�� �
� 687�.Z7e24*�35un�'2�246I24k�. � .13q+-r�0/. � .17e24+�v8*,~q.17 ced ��� # � ��� 6 � ��w�
 ���h� w8wXz*6'w���� �
� k'.10-.��U*,+ 24k�.P3 � 68r�7e2�6qstv80-3 � � 3qv8. � .13q+-r'0-.1o;*p7�� 	���� 
 g gPgPgIg�gPgIg 6ez

� g � 4 .Z7�*,2-kU3q7'v8up.�o�*,+/240/* c r�24*p6q7;65s 3qupuO.�~8.Z7�2-+	*po�.Z7e24*,��.1oU35+�r�� � 3q0-oU2-k�0-r'v868*p7'v

� r�687�+ � up.�s 2 � 357�oQr�� � 3q0-o;+/2-68����*,7�v � r�6q7�+ � 0/*pv8ke2 � *p7%��r�� .10�� �P3 � *,6 � 3q7�o�.5g�6e�

� gFE 4 .Z7�*,2-k 3q7'o 3*$Z* � r'2-k�3qu�o�*,+/2-0-* c r'24*,687|65s�k�680/* $16q7�243qu 3q7�o r�� � 3q0/o 24k�0/r�v868�

*,7�v � r�687'+ � up.�s 2 � l 357�o|k'680-* $1687e2^35u�3q7�o r�� � 350-o +�2468�'��*p7�v � r'687�+ � 0/*pv8ke2 �

jZ680-0/.1+/��687'o�*p7�v\246 3 c 68r'2:6 � w8g � o�3 d +�*p7U��r�� .10�� �P3 � *,6 � 3q7�o�.5g���k�.Po�.17'+-.

c up6 c +)3q0-6qr�7�o�� ! w �8� �	3q7�o�� ! �q�8� ��j1680/0-.1+/��6q7�oK246D2-k�*p7U��3q0/2-+)6qs�2-k�.

� 68r�7e243q*p7Vg"gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 6 �
� ~ *p*,*



� g � ��k'. 38$1* � r'24k�35u5o�*,+/2-0-* c r'24*,687�6qs�3qu,u524k'0-r�v86q*p7�v � r'687�+V*,7P��r�� .10�� �P3 � *,6 � 3q7�o�.

� *m24k 
Pw �h��
 	 � � � #�� 
 ���h� �D��k�. 0/.1v8*,687bup3 c .Zup.Zo � ��� � k�*,j^kKj1680/0-.1+/��6q7�o�+

2-6!6 � � 
 � 
 �5�e� � 0-.Z��0-.Z+-.17e2-+T24k�.\24k�*,7|0/6�j �K0/.1v8*,687 6qs 24k'. � 68r�7e2^35*p7Vl

� k'.10-.13q+�2-k�.P0-.1vq*p687;u�3 c .1u,.1o � w � 0/.1��0/.1+-.Z7e24+)2-k�.P2-k�*pj �%0/6�j �%0/.1v8*,687;6qs$2-k�.

� 68r�7e243q*p7Vg$��k�.�+-k�3qo'.1obk'*p+/2-68v80-3 � 0/.1��0/.1+/.17e24+�24k�.�3*$Z* � r�24kHo�*p+�240/* c r'2-*p687

65s�3qu,uVr�� � 3q0-oH24k�0/68r�v8k ��v868*,7�v � r�6q7�+1gSgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg 68x

� g z ��k'. 38$1* � r'24k�35u5o�*,+/2-0-* c r'24*,687�6qs�3qu,uq+/2-68����*,7�v � r�6q7�+O*p7P��r'��.Z0�� ��3 � *p6 � 3q7'o�.

� *m24k 
Pw �h��
 	 � � � #�� 
 ���h� �D��k�. 0/.1v8*,687bup3 c .Zup.Zo � ��� � k�*,j^kKj1680/0-.1+/��6q7�o�+

2-6!6 � � 
 � 
 E'w � �P0-.Z��0-.Z+-.17e2-+T24k�.\24k�*,7|0/6�j �K0/.1v8*,687 6qs 24k'. � 68r�7e2^35*p7Vl
� k'.10-.13q+�2-k�.P0-.1vq*p687;u�3 c .1u,.1o � w � 0/.1��0/.1+-.Z7e24+)2-k�.P2-k�*pj �%0/6�j �%0/.1v8*,687;6qs$2-k�.

� 68r�7e243q*p7Vg$��k�.�+-k�3qo'.1obk'*p+/2-68v80-3 � 0/.1��0/.1+/.17e24+�24k�.�3*$Z* � r�24kHo�*p+�240/* c r'2-*p687

65s�3qu,uVr�� � 3q0-o;+/2-68����*,7�v � r�687�+Zg gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g 6 ��.y3q0;��k�6q0-* $Z687e2^3qu�o'*p+/2-0-* c r'24*,687 6qs�+�2468���'*p7�v � r�687�+�s�680 
 � � w 
 	 � � � #�� 

� � � ��*p7\24k�.�24k'*p7D0/6�j �S357�oD24k'*pj � 0-6 j � 0-.Zv8*p6q7Q35s 2-.10 3PjZr'2 687 .Z~q.17e24+ � k'*pj^k
.Z7e24.10I24k�.\2468�Vg;��k�.Qu,*p7�.\0-.Z��0-.Z+-.Z7�2-+S3 c .1+/2�����2 � r�+/*p7�vb��� 7 � g ��� 246;24k�*,+

o'*p+/2-0-* c r'24*,687Vg�gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg ��w

� g � ��.y3q0;��k�6q0-* $Z687e2^3qu o�*,+/2-0-* c r'24*,687A65s�24k�0/r�v868*,7�v � r�687�+�s�680 
 ��� w 
 	 � � � #�� 

� � � ��*p7\24k�.�24k'*p7D0/6�j �S357�oD24k'*pj � 0-6 j � 0-.Zv8*p6q7Q35s 2-.10 3PjZr'2 687 .Z~q.17e24+ � k'*pj^k
.Z7�.Z2-0 24k�.�2-68�%680 .���*,2 2-k�. c 6q2-2-6 � g$��k�.	up*,7�.)0/.1��0/.1+-.Z7e24+�3 c .Z+/2 � ��2 � r�+-*,7�v

����7 � g ��� 2-6 24k�*,+�o�*p+�240-* c r'2-*p687Vg gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� g�� 4 .Z7�*,2-kS3q7�v8u,. o�*,+/240/* c r�24*p6q7T6qs�3qu,u'r�� � 3q0-oS24k�0/r�v868*,7�v � r'687�+ � u,.Zs 2 � 3q7�oSr�� �

� 3q0/oI+�2468���'*p7�v � r�6q7�+ � 0/*pv8ke2 � 35s 24.Z0 c 3qj ��v80-6qr�7�oT+/r c 2-043qj�24*p6q7�s�0/6 � jZ68+ � *pj

0-3 d � r�687�+ZgQ��k�. .10-0/680�*p7 24k�.\u�35+/2 c *p7 *p7'j1upr'o�.1+P+ d +/2-. � 3524*,j .Z0-0/680	s�0-6 �

c 3qj ��v80-68r'7�ob+/r c 240-3qjZ2-*p687 g�gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �.E
� ghx � '�.1j�24*,~q.	3q0/.y3I*,7%��r'��.Z0�� ��3 � *p6 � 3q7'o�.�s�680 3 � r�687 � k�*pj^kQ2-043y~8.Zup+ 3 2�u,.y3q+�2

� � .Z2-.10-+�*,7H2-k�.�
(� 35+�3 s�r�7'jZ24*,687H6qs
$1.17'*,24kA3q7�vqup.qg%gPgPgIgPgIgPgPgIg�gPgIg � �
��* �



� gmw � ���\j1*,.17�j d s�680I0-.Zj1687�+�240/r�jZ2-*p7�vKr�� � 3q0-o ��24k'0-r v868*,7�v � up.Zs 2I��3q7'.1u � 3q7�o"r�� �

� 3q0/oU+/2-68����*,7�v � r�687�+ � 0/*pv8ke2���3q7�.Zu � 3q+�3\s�r�7�j�24*,687b6qs$0-.Zj1687�+�240/r�jZ2-.1oKj161�

+/*p7�.�6qs
$1.Z7�*,2-k;3q7�v8u,.qg$gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �8z

� gmw8w ��k'.�6 c +-.Z0/~8.Zo ��r �	6qs�r�� � 350-o�24k�0/r�v868*,7�v � r�687'+ � up.�s 2O��3q7'.1u � 3q7�o�+/2-68����*,7�v

� r�687�+ � 0/*pv8ke2���3q7�.1u � g gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �*6

� gmw � �t3524k ��up.Z7�vq2-k 0-.Z+-68u,r'24*,687|s�680Pr�� � 3q0-o"24k'0-r�v86q*p7�v � r�687�+ � u,.Zs 2I��3q7�.Zu � 357�o

+�2468�'��*p7�v � r'687�+ � 0-*,v8ke2 ��3q7�.Zu � g$��k�.�+-k�35o�.1o 0-.1vq*p687Sj16q7�243q*p7'+�6 � � 65s�2-k�.

2-6q2^35u�3q0-.13H3q7�o *p+	.Z� r�3qu�246 � zDj � s�680�24k�0/r�v868*,7�v � r�6q7�+P3q7�o 6 � j � s�6q0

+�2468�'��*p7�v � r'687�+1g gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �8�

� gmw6E #tupr���65s�3qu,u87�.1r�240-*,7�68��*p7�o�r'j1.1o�24k'0-r�v86q*p7�v � r�6q7�+ � up.�s 2 ��3q7�.Zu � 3q7�oP+/2-68����*,7�v
� r�687�+ � 0/*pv8ke2���3q7�.1u � *p7A��r�� .10 � ��3 � *p6 � 3q7�o'.qg�g�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� gmw � ��6 � ��350-*p+/687U6qs�357�v8up.��(3y~8.Z043qvq.1oK352 � 6q+-��k�.Z0-*,j���7'.1r'2-0-*p7'6 ��r��K352 ��3 � *p6��53

ced o'* '�.10-.Z7e2�vq0-68r��'+1g�#$*pvqr�0-.	6 c 2^3q*,7�.1o%s�0-6 � ��.Zs(g�.}z.E80 g gIgPgIgPgPgIg�gPgIg � �

� gmw=z #�0-3qjZ2-*p687H6qs ��� s�0/6 � ��*,687�+�3q7�o � 3q687�+�3q+�3 s�r�7�jZ2-*p687;6qst7�.1r�240-*,7�6\.17�.Z0-v d g

� 68up*,o u,*p7�.�0-.Z��0-.Z+-.17e2-+ ��r��%3 2�~8.Z0/2-*pjy35u 3q7'oQo�3q+/k�.1oHup*,7�.�0-.1�'0-.1+/.17e24+ ��r��%3 2

6 � � g #$*,v8r�0-.	6 c 2^3q*,7�.1o%s�0/6 � ��.Zs(g�. � 0 g?gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �'w

� gmw/6 ��352-*p6 6qs�k'680-* $1687e2^35u � � 
 � 	 � � #�� 
 ��� E8�8z � 246 ~8.Z0/2-*pjy35u ��r�� � ��� 6e�8z 


� 	 � � #�� 
 w � 65s 352 � 6q+-��k�.Z0-*,j 7�.1r'2-0-*,7�68+�3q+P3Qs�r�7�j�24*p6q7 65s�.Z7�.10/v d g\#$*,v8r�0-.

6 c 2^3q*,7�.1o%s�0/6 � ��.Zs(g�. � 0 g�gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � �

� gmw=��� 	��	��	� s�6q0 � r'687 *,7 0-6 j � . w � x80�*p7'j1upr'o�*p7�v;j16q7�2-0-* c r'24*,687�+	s�0-6 � *,687�* $y352-*p687

357�oA0-3qo�*p3524*m~8.���0/6�jZ.1+/+-.1+ZgngPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � E
� gmw ��{;r�687;043q7�vq.P*,7 �/+/243q7�o�350-o;0-6 j � � 3q+�3 s�r�7�j�24*p6q7;65s$.Z7�.10/v d . w � x10 g�gIg�gPgIg � �

� gmwXx���6 � ��350-*p+/687\6qs 3 c +/68upr�24.�r�� � 3q0/o � r�6q7 ��r��D3q+ jy3qu,j1r�up3524*,687 � *,2-k �e� d .13q0

{;687e24.	� 350-up6 � *m24kQ357�3qu d 2-*pj�jy35upj1r'u�352-*p687 s�680 24k'0-r�v86q*p7�v � r�6q7 � u,.Zs 2 ��357�.1u �

357�oA+�2468�'��*p7�v � r'687�+ � 0/*pv8ke2���357�.1u � g�gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �ez
� �



� g �q� ��7�.Z0-v d +-� .1j�240/r � 65s���3q0/.17e2 7�.Zr'240/*p7�68+ � 3 � *,7�v;r�� � 3q0/o 24k�0/r�v868*,7�vU357�o

+�2468�'��*p7�v � r'687�+�3q+ � .13q+-r'0-.1o � *,2-k%24k�. �e� � d .13q0�{A687e24.T� 3q0/up6�g gIg�gPgIg � 6

� g � w"��7�.Z0-v d +-� .1jZ2-0-r � 6qs)r'� � 3q0/o���2-k�0-r�vq68*p7�v 3q7'o +�2468�'��*p7�v � r�687�+\3q+ � .y31�

+/r�0-.Zo � *m24k%24k�. �e� � d .13q0�{A687e2-. � 3q0/up6�g?gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �e�

� g �8� ��+/j1*pu,u�352-*p687 0-.Z+-r�um24+�r�+-*,7�vSr�� � 350-o�� 24k�0/r�v868*,7�v � r�687�+Zg)gPgIgPgIgPgPgIg�gPgIg � �

� g � E���+/j1*pu,u�352-*p687 0-.Z+-r�um24+�r�+-*,7�vSr�� � 350-ob+�2468�'��*p7�v � r'687�+1gfgPgIgPgIgPgPgIg�gPgIg �8x

� g �5� ��+/j1*pu,u�352-*p687T0-.1+/r�u,2-+ r�+-*,7�vP2-k�.�04352-*p6	6qs ��r��\6qs r�� � 3q0/oD+�2468���'*p7�v � r�687'+ 2-6

2-k�0-r'v868*p7'v � r�687�+ZgKgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg x �

z�gmw � d ��*pj13qun0-6q243524*,687 j1r'0/~8.�6qs 3P+/��*p0-3qu�ve3qup31� d � � � � 68z � E � g$��k�.�o�3q+/k�.1o%357�o
o'6q2-2-.1oTjZr�0/~q.1+�*,7�o�*,jy352-.�2-k�. .Z+/2-* � 3524.ZoTj16q7�2-0-* c r'24*,687�246�24k�. 0-6q243524*,687�j1r�0�~8.

s�0/6 � 2-k�.�ve3q+�3q7�oHo�*,+ �Q0/.1+/��.ZjZ24*m~8.Zu d g #$*,v8r�0-.)*p+ s�0-6 � ��.�s(g�.}zqx80 g gIg�gPgIg x �

z�g � ��k'*p+A��v8r�0-. j16 � ��3q0/.1+A2-k�. c .1+�2U��2b��6 � .10Uup3 ��� � ��{ � 6�o�.ZuP2-6 2-k�.

( {;��� 24. � � .10-3524r�0/.P3q7�v8r�up3q0���6 � .10�+-� .1j�240-r � g ��k'.Tv80-3 d o'6q24+�3q0-.	2-k�.

r'7 c *p7�7�.ZoAo�352^3'g #t*pv8r�0/.	*p+�6 c 2^3q*,7�.1o%s�0-6 � ��.Zs . w=�10 g$gPgPgIgPgIgPgPgIg�gPgIg x 6

z�gFE ��61� � 6=~ *,7�v 7�r � c .10%o�.Z7�+-*m2 d 6qsI3 0-.Zup*,jA24k'.10 � 3qu���3q0/2-*pjZup.b*,7 24k�. � 3q0/u d

r'7�*,~q.10-+/.qg #$*pvqr�0-.)s�0/6 � ��.Zs(g�.76e�10 g gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg xe�

z�g � ��r�7�7'*p7�v 65s jZ68r���u,*p7�v j1687'+/2^357�2-+���� � � 
 � ��� c 35+-.1o`687 0/.17�6q0 � 3qup* $y352-*p687

vq0-68r�� gA��k�. ��up652T687|24k�. up.Zs 2I*p+�s�680�24k�.Q� 2^357�o�3q0/o {A6 o�.1u��'
 � z � � 
��	g

��k'.D��u,6q2T6q7 24k�. 0-*,v8ke2I*,+Ps�6q0 {U���'{ �'
 � z � � 
��	gt� 3q7'o�+T*,7�o�*pj13524. 2-k�.

� 68+�2 �(! � � .��'� .10/* � .17e2^35uVr�7�jZ.10/243q*p7e2-*p.1+Zg�#$*pv8r'0-.�s�0-6 � ��.Zs(g�.}� �80 g gIg�gPgIg w �8�

z�g z ��6q7�2-68r�0/+�65stu,*pv8ke2-.1+/2 7�.1r'2-043qu,*p7�6 � 3q+/+	��
 s�680 ~53q0/*p68r�+ ~q35upr�.Z+�6qs�� 
 357�o
�$g���k�.P~53qu,r�.	6qs 

� !�� *,+�3q+-+/r � .Zo;2-6 c .Sw � g g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �q�

z�g 6 #�. d 7 � 3q7Ho�*p3qv80-3 � + � k�*pj^kAj1687e240/* c r�24.	246S7�.Zr'240-3qup*,7�68����r�350 �\+-jy35u�3q0�*p7e2-.10��

35jZ24*,687�+Zg #$*pv8r'0-.�s�0-6 � ��.Zs(g�. �'w 0 gDgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � 6
� ��*



z�g � #�. d 7 � 3q7	o'*�3qv80-3 � + � k�*,j^kIjZ687e240-* c r'2-.�246�7�.Zr'240-3qup*,7�68����r�350 ��+-��*,7���o�.Z��.Z7�o�.Z7�2

*,7e24.10-3qjZ2-*p687'+1g #$*,v8r�0-.�s�0-6 � ��.Zs . �'w 0 g�gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � 6

z�g�� ��k'.%04352-*p6b65s�24* � .D+/jy3qu,.Ds�680 ( 
�{b�&3q7'7�*pk�*,u�352-*p687K2-6 c .Q*,7 .1��r�*,up* c 0-*,r �

� *m24k jy3q��24r�0/.S2-6;2-k�.\3qv8.S6qs 24k�.\� 3q0/2-k 35+T3Qs�r�7�j�24*,687|65s�( 
�{b� ����0-6q2-687

+/jy3qup3q0	j10/68+-+;��+/.1jZ2-*p687 s�680�3 ( 
�{b� � *,2-k � 3q+-+Sw � � .Z� � 2-68� ��3q7�.Zu � l w �q�

� .Z� � � *,o�o�u,.T��3q7'.1u � l�w �8�q� � .�� � c 6q2-2-6 � ��3q7�.1u � gI�)v8.S6qs 24k'.S��350/24k *,+

35+-+-r � .Zo 2-6 c . � g z � d 0 2�� 
 ! ��� E � .Z� �5j1j 2���� � � ! �8�q� � � �5+-.ZjA357�o


 ����� � ! E
	|w � � 
�� 	�� � � ��	 � � g gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w �

z�ghx ��k'.%04352-*p6b65s�24* � .D+/jy3qu,.Ds�680 ( 
�{b�&3q7'7�*pk�*,u�352-*p687K2-6 c .Q*,7 .1��r�*,up* c 0-*,r �

� *m24k jy3q�'2-r�0-.A246 2-k�.U3qvq.b6qs�2-k�.K� r�7 3q+Q3 s�r�7�jZ2-*p687 6qs�( 
�{b� ����0-6q2-687

+/jy3qup3q0	j10/68+-+;��+/.1jZ2-*p687 s�680�3 ( 
�{b� � *,2-k � 3q+-+Sw � � .Z� � 2-68� ��3q7�.Zu � l w �q�

� .Z� � � *,o�o�up.D��3q7�.Zu � l�w �8�8� � .Z� � c 6q2/246 � ��3q7�.Zu � g �)vq.;65s)24k'.U��r'7 *,+

35+-+-r � .Zo 246 c . � g z � d 0Zg;3qupu�6q2-k�.10 ( 
�{b�`��3q0-3 � .�24.Z0-+I3q0-.\+43 � . 3q+T*,7

#t*pv\z�g��'g gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w8w

z�gmw � ( 
�{A�`j13q�'2-r�0-. 04352-.1+P*p7 24k�. � 3q0/2-k 3q+I3;s�r�7'jZ24*,687 65s � 3q+-+�s�680�( 
�{b� �

7�r�jZup.Z687%+-j13qu�3q0 j10/68+-+;��+-.ZjZ2-*p687%6qs w � ��
 � 	���
Xg���k�.	� .y3���+ 6 j1jZr�0�352)w/6 � .Z� l
� � � .Z�Tl � � � .Z� 3q7�o"z86 � .Z� � k�*pj^k j1680/0-.1+/��6q7�o 246;0-.Z+-687�3q7�j1. .%'�.1j�24+

� *m24kH69� d vq.17Vl � 3qv87�.Z+-*pr � l�+-*pu,*pjZ687H3q7�oH*p0/687H0-.Z+-� .1jZ2-*,~q.1u d g'gPgIgPgPgIg�gPgIg w8w �

z�gmw8w)( 
�{A� jy35�'24r�0/.U043 24.1+%*,7 24k'. ��r�7 3q+Q3 s�r�7�jZ2-*p687 6qs � 35+-+Ds�6805( 
�{b� �

7�r�jZup.Z687A+/jy3qup3q0�j10/68+-+;��+/.1jZ2-*p687;6qs w � ��
 � 	���
Xg`gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w �

z�gmw � ( 
�{A�bjy3q��24r�0/.�0-3524.Z+ *p7	24k�.�� r�7T35+t3 s�r�7'jZ24*,687�6qs � 35+-+Os�680 ( 
�{b� ����0-6q2-687

3#�'*p3qu � ~8.ZjZ246q0 j10/68+-+;��+-.ZjZ2-*p687A6qs�w � ��
 � 	���
Xg�gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w8w=z
z�gmw6E ��0/6 c 3 c *,up*m2 d 6qst3 7�.1r'2-0-*,7�6 � *,2-k%.17�.Z0-v d (�))2-6 .1+/jy3q� .	s�0-6 � 24k�.	��r�7 � 2-68�

��3q7�.1u � g��'3 � .	��u,6q2�*p+�+/k�6 � 7b*,7 c 6q2/246 � ��3q7�.ZuVs�680�3q7e24* ��7�.Zr'240/*p7�6�g g�gPgIg w8w �

z�gmw � � �'3 � ��up.Z+ 6qs�o�* ' .Z0-.Z7�2t� 68+-+/* c u,.�+/��* �5. o'.17�+/*,2 d ��0-65��up.Z+1gt#$*pv8r'0-.�2^3��5.17Ps�0-6 �

��.Zs(g�. w � w�0 gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �q�
� ��*,*



z�gmw=z {A31��* � r � ��r��U6qs 7�.Zr'240/*p7�6%*,7�o�r�jZ.1o � r�687'+)s�0-6 � ( 
�{b� 3q7�7�*,k�*pup3524*,687�+

*,7%24k�. � 3qu�3qj�24*,j	��.17e2-.101g #$*,v8r�0-.�243��q.Z7;s�0/6 � ��.Zs(g�. w � w%0 g gPgIgPgPgIg�gPgIg w � w

z�gmw/6���6q7�.1+ � k�*,j^k jZ687e2^3q*,7 x � � 6qs ��r�� s�0-6 � ( 
�{b� 3q7�7�*,k�*pup3524*,687�+\*p7 2-k�.

� 3q0�24kVl � r�7b357�o � 3qup3qjZ2-*pj	��.Z7e24.10�s�680 ~53q0/*p68r�+ ( 
�{A� � 3q+/+-.Z+1g gIg�gPgIg w �8�

z�gmw=� ��k'.�u,.Zs 2 ��357�.1u�+/k�6 � +�$1.Z7�*,2-k\3q7�v8u,.�o�*p+�240-* c r'2-*p687 6qs�o�35243�3q7�o c 3qj ��v80-6qr�7�o

� *m24k 0/.1+/��.ZjZ2S246K� 3q0�24kVg ��k�.%0/*pv8ke2T��3q7�.Zu�*p7'o�*pj13524.Z+T24k�.D+43 � .Q*p7 j1687�.Z+

� *m24kHk�3qums �(3q7'v8up.Z+�s�0-6 � z � 2469E � � g gIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � E

z�gmw � ��k'.\u,.Zs 2	��3q7�.1u$+-k�6 � +�24k�. $Z.17�*m24k 3q7�v8u,. o�*,+/240/* c r�24*p6q7U6qs o�352^3%357�o c 3qj � �

vq0-68r�7'o � *m24k 0-.Z+-� .1jZ2P246%2-k�. ��r�7Vg\��k�.\0-*pvqk�2���3q7�.Zu�*,7�o�*,jy352-.1+�24k'.\+-3 � .

*,7 j1687�.Z+ � *m24k k�3qums �(3q7�vqup.1+Ps�0-6 � z �S2-6�E � �1g �)u,u u�3 c .1u,+S3q0-.H+-3 � .H35+ *,7
#t*pv�g�z�g,wX��g gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �5�

z�gmwXx ��k'.\u,.Zs 2	��3q7�.1u$+-k�6 � +�24k�. $Z.17�*m24k 3q7�v8u,. o�*,+/240/* c r�24*p6q7U6qs o�352^3%357�o c 3qj � �

vq0-68r�7'o � *,2-kQ0-.Z+-� .1j�2�246I24k�. � 3qup3qjZ2-*pj���.Z7�2-.10Zg���k'.�0-*,v8ke2 ��3q7�.1u *p7'o�*pj13524.Z+

2-k�.�+-3 � .�*p7QjZ687�.Z+ � *,24kDk�3qu,s ��3q7�v8u,.1+ s�0-6 � z ��2-6 E � �Zg��)upu u�3 c .Zup+ 3q0-.�+-3 � .
35+�*,7;#$*pv�g�z�gmw=��g gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � z

z�g �q� ��6 � ��350-*p+/687�6qs ��r�� .10;� �?x � � jqg}u g .���j1.Z+-+b7'.1r'2-0-*p7'68��*,7�o�r�jZ.1o r�� � 350-o

� r�687 ��r�� u,* � *,24+\s�0-6 � 24k�.|� 3q0/2-k *,7 o�* '�.10/.17e2;j1687�. k�35u,s �(357�v8up.Z+ � *,2-k

2-k�68+/.�s�0/6 � 6q2-k�.10�.�����.Z0-* � .17e2-+1g gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � 6

z�g � w ��6 � ��350-*p+/687�6qs ��r�� .10;� �?x � � jqg}u g .���j1.Z+-+b7'.1r'2-0-*p7'68��*,7�o�r�jZ.1o r�� � 350-o

� r�687 ��r �%up* � *m24+�s�0-6 � 2-k�.���r'7;*,7Qo�* ' .Z0-.17e2�jZ687�.�k�3qu,s ��3q7�v8u,.1+ � *,24k 24k�68+/.

s�0/6 � 6524k�.Z0�.�����.Z0-* � .17e2-+1g gPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

z�g �8� ��6 � ��350-*p+/687�6qs ��r�� .10;� �?x � � jqg}u g .���j1.Z+-+b7'.1r'2-0-*p7'68��*,7�o�r�jZ.1o r�� � 350-o

� r�687 ��r��\u,* � *,24+ s�0-6 � 24k'. � 3qup3qjZ2-*pj���.Z7�2-.10�*p7So�* ' .Z0-.17e2�j16q7�.�k�3qu,s ��3q7�v8u,.1+

� *m24k%24k'68+-.	s�0-6 � 6q24k'.10�.���� .10/* � .17e24+Zg gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �
� ��*p*,*



z�g � E�� r���.Z0�� � x � � jqg}u g+( 
�{b� ��*,7�o�r�jZ.1oKr�� � 3q0-o � r�687 ��r �bu,* � *,2-+ s�0-6 � 2-k�.

� 3q0�24kPs�680 o�* '�.10/.17e2 ( 
�{b� � 3q+-+/.1+t3qup6q7�v � *m24kPj1680/0-.Z+-� 687�o�*,7�v)u,* � *,24+�s�0-6 �

6524k�.Z0�o'.Z24.ZjZ2-680-+Zg|gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � x

z�g �5� � r���.Z0�� � x � � jqg}u g+( 
�{b� ��*,7�o�r�jZ.1oKr�� � 3q0-o � r�687 ��r �bu,* � *,2-+ s�0-6 � 2-k�.

� r�7As�680�o'* '�.10-.Z7e2�( 
�{A� � 3q+/+-.1+�3qu,687�v � *,2-kAjZ680-0/.1+/��687'o�*p7�v\up* � *m24+�s�0-6 �

6524k�.Z0�o'.Z24.ZjZ2-680-+Zg|gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E �
z�g � z � r���.Z0�� � x � � jqg}u g+( 
�{b� ��*,7�o�r�jZ.1oKr�� � 3q0-o � r�687 ��r �bu,* � *,2-+ s�0-6 � 2-k�.

� 3qup3qjZ2-*pj	��.Z7e24.10�s�680�o�* ' .Z0-.Z7�2 ( 
�{b� � 3q+/+-.Z+)3qu,687�v � *m24kHj1680/0-.Z+-� 687�o�*,7�v

u,* � *,2-+�s�0/6 � 6q2-k�.10�o�.�24.ZjZ246q0-+1g gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E'w
z�g � 6 � ��� .1jZ2-.1o r�� � 3q0/o � r�687 ��r�� s�0/6 � � 3q7�7�*,k�*pup3524*,687�+;.Z~53qu,r�3524.Zo`r�+-*,7�v

����	
� 	����������). �'w 0O3qup687'v � *,24kA��r'��.Z0�� ��up* � *m24+ s�680 24k�.�j13q+-.�6qs$� 3q0/2-k � up.Zs 2

��3q7�.1u � 3q7�ob��r�7 � 0/*pv8ke2���357�.1u � g gPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E �
z�g � � � r���.Z0�� � x � � jqg}u g$r'����.Z0�up* � *m2O687 ( 
�{A� 3q7�7'*pk�*,u�352-*p687	0-3524. *,7I2-k�.�� 3q0/2-k

s�6q0�o�* '�.10/.17e2�3q7�7�*,k�*pup3524*,687Dj^k�357�7�.1u,+1g�gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E E
z�g � ��� r���.Z0�� �&x � � j5ghu g�r���� .10�up* � *m2�687 ( 
�{b� 357�7�*pk'*pu�3 24*p6q7D043 24.�*p7Q2-k�.I��r�7

s�6q0�o�* '�.10/.17e2�3q7�7�*,k�*pup3524*,687Dj^k�357�7�.1u,+1g�gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E �
z�g � x ��7�7�r�3qu � 6�o'r�u�352-*p687 c .Zjy3qr'+-. 6qs � 6q2-*p687)6qs'��r�7�24k�0/68r�v8k�ve3qup3qjZ2-*pjtk�3qup6�357�o

� 3q0�24k �}+T.�~868u,r'24*,687 350-68r�7'o|24k'.%��r�7 gA
�7  qr'7�.D+/r � 6qs�� 3q0/2-k"3q7�o"��r�7 �}+
~q.1u,6�jZ*,2 d 0/.y3qj^k'.1+�3 � 31��* � r � 6qs �5� � � � �5+-.Zjql � k�.Z0-.y35+�*,7H��.1jZ. � c .10 2-k�.

+/r � 6qs�� 3q0�24k 3q7�o"� r�7 �}+T~8.Zup6 j1*,2 d 0-.y35j^k�.1+ 3 � *,7�* � r � 65s � wXx � � �5+/.1j5g

#t*pv8r�0/.�6 c 243q*p7'.1oHs�0-6 � ��.�s(g�. wqw/680 g gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6Eez
z�gFE � ��7�7�r�3qu � 6 o�r�u�3 24*p6q7 6qsO2-k�.	0-.Z+-*,o�r�3qu�+-*p7'v8up.���k�*m2�.�~8.17e2�043 24.�*,7D24k�.�����{A�

.�����.Z0-* � .17e2�35+	3 s�r�7�j�24*,687K6qs�24* � .5g���k�.T2-6q2^35u$.���� 68+-r'0-. r�+/.1o *p+Iw � �8�.E�w
��v\o�3 d g�gPgIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E 6

z�gFE'w ��k'.U���	{A� E � 35upup6 � .1o 0-.Zv8*p687 246qv8.Z2-k�.10 � *,24k x � �?jqg}u g u,* � *,24+Is�0-6 �

6524k�.Z0�o'*p0-.ZjZ2�o�.�24.ZjZ24*,687;.�����.Z0-* � .Z7�2-+1g gPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6Ee�
� ��*,~



z�gFE � 
���� .10 3q7�oDu,6 � .Z0�u,* � *,2-+$s�680�� � � 
 � *p7 c 6524k ��350/24kD3q7�oQ��r�7Vg #$*,v8r�0/. s�0-6 �
��.Zs(g�. �'w�0 g�gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w6E �

z�gFE E�{A31��* � r � 3q7�o � *p7�* � r � 0-3524*,6 6qsio�*p0/.1j�2 ~ +�*p7�o�*,0-.ZjZ2�o�.�24.ZjZ24*,687%043 24.1+ s�6q0

+/jy3qup3q0�3q7�o;+-�'*p7���j168r��'up.1o ( 
�{b��+Zg�#$*,v8r�0/.)s�0-6 � ��.�s(g�. ��w 0 g gIgPgPgIg�gPgIg w6E8x
z�gFE � ��6 � c *p7'.1o #$upr �Uu,* � *,24+�s�0-6 � 24k'.S��350/24k|3q7�o|��r'7|35+I3Ds�r'7�jZ2-*p687 6qs 7�.1r �

2-043qu,*p7�6 � 3q+/+1gngPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �e�

z�gFEez � r���.Z0�� � x � � j5ghu g%.���j1u,r�+-*,687 0/.1v8*,687 � +-68u,*po up*,7�. � s�680I3 ( 
�{b� ��7 r'j1.1u,687

+/jy3qup3q0 j10/68+-+;��+-.ZjZ2-*p687D3qup687'v � *m24k\j1680/0-.Z+-� 687�o�*,7�vI0/.1+/r�u,2-+�s�0/6 � 6q2-k�.10�o�*p0/.1j�2

o'.Z24.ZjZ2-*p687;.���� .10-* � .Z7e24+1g gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � w

z�gFE 6�� r���.Z0�� �?x � � j5ghu g .���jZupr�+/*p687 0-.Zv8*p687 s�6q0 ( 
�{b� ����0/6q24687 31��*p3qu)~8.ZjZ2-680

jZ0-68+/+���+-.1j�24*,687H3qup6q7�v � *m24kQjZ680-0/.1+-� 687�o'*p7�v x � � jqg}u g�.���jZupr�+/*p687Qu,* � *,2-+�s�0-6 �

6524k�.Z0�o'.Z24.ZjZ2-680-+Zg|gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w ���

z�gFEe� ��+�24* � 352-.1+�65s�� r���.Z0�� ��u,* � *,24+�6q7 ( 
�{b� ����0/6q24687%+/.y3q0/j^k�.1+ � 3qo�. ced 
�upu,*p6

�������
	�� 3qu,687�v � *m24k%24k�.I���	{A��3qu,up6 � .ZoH0-.1vq*p687Hr�+/*p7�v 24k'.1*p0�357�7�r�3qu � 6�o��

r'u�352-*p687K*,+Pj13qr�+/.1o ced 3 ( 
�{b� � *,2-k|+/��*p7���j168r'��up*,7�v%246;��0-6q2-687�+ZgQ#$*,v8r�0-.

s�0/6 � . w � �10 g gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w ���

6'gmw ��* � .I��0-65��up.I6qs�3 2 d ��*pj13qu � ���)g !O*,v8ke2)jZr�0/~q. 6 c 2^35*p7�.Zobs�0-6 � ��.Zs(g . w6E8z10 g
��6q24. 2-k�352P24k�.Z0-.\*p+�240/. � .17�o'68r�+Po�*,~q.10-+/*,2 d *,7 2-k�.1*,0�2-* � . +/2-0-r�j�24r�0/.1+ 357�o

2-k�.�043q7'v8.	6qs$2-k�.1*,0�o�r�0-3524*,687�+ E � � + 246S6X~8.Z0�w �8�8� +Zg|gPgPgIgPgIgPgPgIg�gPgIg w �8�
6'g � � ��3qj1.�����* � .�j16q*p7�jZ*po�.Z7�j1.Z+ c .Z2 � .1.17 � r���.Z0�� � r�� � 3q0/o � r�6q7�+)357�o � ��� +

*,7 3|2-* � . ! � *p7'o�6 � 6qs�� 
 !
� w �8�8� �8g ( *m24k�*,7 2-k�*p+S24* � . � *p7�o'6 � � .

u,6�6��q.1o%s�680�357�v8r�up3q0 j16q*p7�jZ*po�.Z7�j1.Z+�*,7A3\z � � *p7'o�6 � gMgPgPgIgPgIgPgPgIg�gPgIg w � �

6'gFE � ��3qj1.�����* � .�j16q*p7�jZ*po�.Z7�j1.Z+ c .Z2 � .1.17 � r���.Z0�� � r�� � 3q0/o � r�6q7�+)357�o � ��� +

*,7;3 � w�o�3 d 2-* � .�� � *,7�o�6 � gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �
� � ~



6'g � ��k'. ��r�.17�jZ. � � 0-.Z.17Ks�r�7�j�24*,687 �Hup* � *m24+ � s�680	3Ho�.1um2^3%+-� .1j�240/r � � s�6q0 � ���

*,7�o�r�jZ.1o;r�� � 350-o � r�687�+�3q+�3 s�r�7�j�24*p6q7;65s���.1r'2-0-*p7'6 ��7�.Z0-v d gAgPgPgIg�gPgIg w � x

6'g z #tu�3q0/.b6 c +/.10�~8.1o s�0-6 � � � � wXx �8� � w � g`� u,6q2Q6 c 2^3q*,7�.1o s�0-6 � ��.�s(g�. w �8� 0

� k'*pj^k � 3q+ � 3qo�.�s�0-6 � o�35243 j168r�0�24.Z+ d �	.Z~ *p7A��r'0-up. d g gPgIgPgIgPgPgIg�gPgIg w=z�w

6'g 6 � ��3qj1.�����* � .P��68*,7�j1*,o�.17'j1.1+ c .Z2 � .1.Z7K� � ��+�357�oA��r�� .10�� � r�� � 3q0-o � r�687'+

*,7b3 � 
 ! � wTo�3 d � *p7�o'6 � g���k�.Ik�352-j^k�.1o c 69�;*p7�o�*,jy352-.1+�24k�.�24652^3quO24* � .

*,7e24.10�~53qu�*p7 � k�*,j^k � 680-. 24k�3q7 wD� � � c r�0/+/24+I3q0/.\*,7|jZ68*p7'j1*po'.17�jZ. � *m24k w

r'� � 3q0/o � r�6q7Vg�gIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z �

6'g � ��6T6qs c r�0-+�24+�s�0/6 � � � � wXx �8� � w � � .10 o�3 d o'r�0-*,7�v � r���.Z0�� ���4w)68� .10-3524*,687Vg
��u,6q2�o�687�.�r�+/*p7�vS
(� � o�35243SjZ68r�0�24.1+ d �	.Z~ *p7A��r�0/up. d g gPgIgPgIgPgPgIg�gPgIg w=z.E

6'g�� 4 .Z7�*,2-k 357�v8up. o�*,+/2-0-* c r'24*,687�6qsS� � � wXx �8� � w � � *,2-k 0/.1+-� .1j�2b2-6���r�� .10 �

��3 � *p6��5357�o�.�o�r�0-*,7�v *,2-+ c r'0-+/2-+ c .�2 � .Z.17 � 6524k;{A3 d 3q7�o � �=24k;{b3 d wyx8x �'g

��k'.b+-k�3qo�.1o�0/.1v8*,687 *,7�o�*,jy352-.1+D��r�� .10�� �P3 � *,6 � 3q7�o�.H6*'���2-* � .H3q7�o�3q0/0-6 �
*,7�o�*,jy352-.1+ 24k'.I350-0-*m~53qu�2-* � .�6qstr�� � 3q0/o � r'687 g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z �

6'ghx #tupr���.1+ 6qs � r�6q7Q7�.1r�240-*,7�68+�s�0-6 � j16q+ � *pj�043 d *,7e24.10-3qjZ2-*p687'+ � *m24kD2-k�.�*p7e2-.10��

+�24.Zupu�350 � .1o�*,r � 246 � 350-o"24k�.%v83qu�3qj�24*,j jZ.17e24.Z0 � r���� .10 +/68up*,o j1r�0�~8. � 3qup687'v

� *m24kH24k�. ��r��;s�0/6 � 352 � 68+/��k�.Z0-*pj�7�.Zr'240/*p7�6q+�*,7;2-k�.Ik'680-* $1687e2^35u 3q7�oH~8.10�24* �

j13qu�o�*,0-.1j�24*,687 � o�3q+/k�.1o � lio�* '�r�+-. ��r � s�0-6 � � � � � o'6q2-2-.1o � gD#$*,v8r�0/. s�0-6 �

��.Zs(g�. w � x#0 g"gPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z8z

6'gmw � � 3qup3qjZ2-*pjSu�352-*,2-r�o�.\o�*p+�240-* c r'2-*p687|6qs�r�� � 350-o"24k�0/r � r�6q7�+ � u,.Zs 2T��3q7�.Zu � 357�o

r'� � 3q0/ob+/2-68����*,7�v � r�687'+ � 0-*,v8ke2���3q7�.Zu � g�gIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=z*6

6'gmw8w"����r�352-680-*p3qu�j16 680-o�*,7�352-.1+Q6qsP35upu�r�� � 3q0/o � r�687�+D*p7 ��r'��.Z0�� ��3 � *p6 � 3q7'o�.qg

0/*pv8ke2�3q+/j1.Z7�+-*,687A*,+�*p7Hk�68r'0-+�3q7�o;o�.1jZup*,7�3524*,687Q*,+�*p7Ho�.1vq0-.1.Z+1g�gIgPgPgIg�gPgIg w=z �

��gmw {;r�687;.17�.Z0-v d u,68+-+�3q+�3 s�r�7�j�24*,687H6qs$.Z7�.10/v d gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 �
� � ~�*



��g � {;r�687%.17'.10-v d up6q+-+ *,7 � 352-.10�35+�3Ts�r�7�j�24*p6q7%6qs .17�.Z0-v d *p7�jZupr�o'*p7�vIj1687e240/* c r �

2-*p687'+ s�0-6 � *p687�* $y352-*p687Q3q7�o;043qo�*p3524*m~8.��'0-6 j1.1+/+-.Z+ . w � x80 g���k�.Po�6q24+�*,7�o�*pj13524.

��� ( � ����� 6 c 2^35*p7�.Zo ced +/* � r'u�352-*p7�v�3 c 68r'2 w �8� � r�687 .�~8.Z7�2-+ 352t.y3qj^k � r'687
.Z7�.10/v d g gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6'w

��gFE � .16 � .�240 d 6qs���k�.10/.17 �56=~A. � *p+/+-*,687 gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 E
��g � ��7�v8r�up3q0�3qj1jZ.1�'243q7�jZ. 3q7�oA+-k�35o�6 � *p7�vD3q+)3 s�r�7�j�24*,687b6qs$j168+ � #�� � k�.Z0-. # *,+

+/k�6 � 7b*,7H��v8r�0-.I��gFE gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/6 �

��g z ��k'.�.���� 687�.Z7�2-*�3qu 352/24.Z7 r�3524*,687I65s�j^k�3q0/v8.�3 s 24.10ij16q0-0-.ZjZ2-*p7�v�s�680io�*p+�2^3q7�jZ.�357�o

��{A� 3qj1jZ.1�'243q7�j1.I3q+�3 s�r�7�j�24*p6q7;65s$��k'6q24687H240-3y~8.1uOo'*p+/243q7�jZ.qg gPgPgIg�gPgIg w/6ez

��g 6 ��k'.�3X~q.10-3qv8.	j16q0-0-.ZjZ2-.1oHj^k�3q0/v8.	r�+-*,7�v .1��r�3 24*p6q7H��g � 3q+�3Ts�r�7�j�24*,687%6qs ��k�61�

2-687b2-043y~8.Zu$o�*,+/2^357�j1.Ts�6q0 � r�6q7�+)6qs�~53q0/*p68r'+)��352-k���u,.17�v524k�+Zg)�)+ � . j13q7K+-.Z.

2-k�.P3y~8.10-3qv8.�j16q0-0-.ZjZ2-.1obj^k�3q0-v8.�*,7�j10/.y3q+/.1+ � *,24k � r'687H��3524k ��up.Z7�vq2-kVg g�gPgIg w/6e�

��g � ��3 � . ��up652 3q+ *,7 ��g 6'l�.��'jZ.1�'2 2-k�352 s�6q0I24k'.H{A687e24.;� 350-up6A.Z~q.17e24+S*p7|24k�*,+

�'up6q2 2824k�.�+-j1352-2-.10/.1oD�'k�6q246q7 v8.�24+�3 c +/680 c .1o g��)+ � .�j13q7 +/.1.�s�0-6 � 24k�*,+���up6q2

2-k�. � .13q7Hj1680/0-.ZjZ24.Zobj^k�350-v8.�*p+�*,7�o�.Z��.Z7�o�.17e2�6qsi24k�. � r�6q7;��3524k���up.Z7�vq24k g g w/6 �

��g�� {;.y3q7 jZ680-0/.1j�24.1o j^k�3q0-vq. 
  # � � � � 3q+ 3Hs�r�7�jZ2-*p687 6qs � r�687 u,.17�v524k 357�o

2-k�.�+-.Zj1687�oA680-o'.10���2 gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w/68x

��ghx 
  # � � � � ~ +�� �
�
� s�6q0 7�6q7���+/k�6 � .Z0-*p7'v � r�687'+ 6 c 2^3q*,7�.1o r�+-*,7�v �e� d .13q0

{;687e24.I� 3q0-u,6 � *,24k'*p7Q24k'.P+-3 � .P0-3q7�v8.	65s$��3 24k���up.17'vq24k�+ gIgPgIgPgPgIg�gPgIg w=� �

��gmw � o�� � o
	 o�*p+�240/* c r'2-*p687T6qs�3�7�680 � 3qu *p687'* $1*,7�v � r�687 {A687e24.�� 350-up6).Z~8.Z7e2 � up.Zs 2

��3q7�.1u � 3q7'oA3I+-k�6 � .10-*,7�v � r�687%.�~8.Z7�2 � 0-*pvqk�2���3q7�.Zu � � *m24kD2-k�.	+43 � .�.Z7e240 d

� 68*,7�2�357�oHo�*p0/.1jZ2-*p687 g�gPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=��w

��gmw8w"��*,+/2-0-* c r'24*,687�+)65s 2-k�. ~q350-*�3 c up.Z+ � 
 � up.�s 2���3q7�.Zu � 3q7'o � � 0-*,v8ke2���3q7�.Zu � s�6q0

o�352^3S3q+ � .1upu 35+�{A687e24.T� 3q0-u,6�g�gIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=� �

��gmw � ���\j1*,.17�j d 6qs$2-k�. � 
�j1r'2�*p7H*po'.17e24*ms d *,7�vS+-k�6 � .10/*p7�v � r�687A.Z~8.Z7e24+ � * g}.qg�3qupu

� r�687�+�s�680 � k�*,j^k��
�
�
� �`� g��ezS{A.Z� �5j � � gPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�.E

� ��~ *,*



��gmw6E ��.1r'2-0-*,7�6S.17�.Z0-v d +/��.ZjZ240/r � 6qs$3qupu 24k�. ESjy352-.1v86q0-*p.Z+�6qstr�� � 3q0/o � r'687�+1g gIg w=� �

��gmw � {;r�687;.17�.Z0-v d +/��.ZjZ240/r � 6qs$3qupu 24k�. E jy3 24.1vq680-*,.1+�6qstr�� � 3q0/o � r'687�+1g gPgIg w=�8z

��gmw=z ��7�v8r�up3q0�o�*p0/.1j�24*p6q7 c .Z2 � .1.Z7U24k�.I��0-.Zj1*p+/*p687;��2)3q7�oA2-0-r�.P��2�o�*p0/.1jZ2-*p687'+�s�6q0

r'� � 3q0/o�+-k�6 � .10-*,7�v � r'687�+ 3q+ � .y3q+/r�0-.Zo � *,2-k 3 �e� d .y3q0%{A687e24.U� 3q0-u,6

+-3 � ��up.5g���k'. +-k�35o�.1oUk'*p+/2-68v80-3 � 0-.Z��0-.Z+-.17e2-+ 6 � � 6qs�2-k�.I2-6q2^3qui3q0/.y3Q357�o

jZ680-0/.1+/��687'o�+�2-6��&w � � z � gPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=�*6

��gmw/6 ��k'. 38$1* � r'24k�35u5o�*,+/2-0-* c r'24*,687�6qs�3qu,uq+-k'6 � .10/*p7�v � r�6q7�+V*p7P� r���.Z0�� ��3 � *p6��5357�o�.

� *m24k 
Pw �h��
 	 � � � #�� 
 ���h� �D��k�. 0/.1v8*,687bup3 c .Zup.Zo � ��� � k�*,j^kKj1680/0-.1+/��6q7�o�+

2-656 � � 
 � 
��5�e� � 0-.Z��0-.Z+-.Z7�2-+�2-k�.	24k�*,7;0/6�j �D0-.1vq*p687H6qsi24k�. � 68r�7e2^35*p7Vg�gIg w=�8�

��gmw=� ��.y3q0;��k�6q0-* $Z687e2^3quOo'*p+/2-0-* c r'24*,687;6qs�+/k�6 � .Z0-*p7'v � r�687'+�s�680 
 � � w 
 	 � � � #�� 

� � � �"*,7 2-k�.K24k�*,7 357�o 2-k�*pj ��0/6�j � 0-.1vq*p687Vg ��k�. up.�s 2H��3q7�.Zu�+-k�6 � +H24k�*,+

o'*p+/2-0-* c r'24*,687 � *m24k�68r�2%24k�. ������� 	�� ����� jZr'2;3q7�o 24k'.K0-*pvqk�2H��3q7�.1u)+-k�6 � +

2-k�*p+)o�*p+�240-* c r'2-*p687 � *,24kU2-k�. ������� 	�� ��� �KjZr'2ygT�)24k�.Z0�j1r�24+P3q0-.T+43 � . 3q+	*,7

#t*pv�g � g � gIgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w=� �

��gmw � 4 .Z7�*,2-kb357�v8up.�o�*,+/2-0-* c r'24*,687%6qs�35upuO.Z~q.17e24+)*po�.Z7�2-*,��.Zob35+�r�� � 3q0-ob+-k�6 � .10-*,7�v

� r�687�+ � *,2-k�68r'2 c 3qj ��v80/68r�7�o +/r c 2-043qj�24*p6q7 � u,.Zs 2\��3q7'.1u � 3q7'o 35s 2-.10 c 3qj � �

vq0-68r�7'oA+/r c 240-3qjZ2-*p687 � 0-*pvqk�2���3q7�.1u � *p7;��r'��.Z0�� ��3 � *p6 � 3q7'o�.qg�gIgPgPgIg�gPgIg w=�qx

��gmwXx���6 � ��350-*p+/687%6qs$r�� � 3q0/oA+/k�6 � .Z0-*,7�v � r'687Ho�352^3S3q7'oU{A6q7�2-.I� 3q0-u,6�g$g�gPgIg w � �

��g �q� ��*,+/2-0-* c r'24*,687	6qs�+/k�6 � .Z0-*,7�v)r�� � 3q0-o � r�687T{A687e2-.�� 3q0/up6 � *,2-kT3q7'o � *m24k�68r�2

3 c +-680/�'24*,687Vg gPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �'w

��g � w ��+/j1*pu,u�352-*p687 0-.Z+-r�um24+�r�+-*,7�vSr�� � 350-ob+/k�6 � .Z0-*,7�v � r'687�+1g�gPgIgPgIgPgPgIg�gPgIg w � �

��g �8� ��upu,6 � .1o 0-.Zv8*p687'+ r�+/*p7�v|r�� � 350-o 7�6q7���+/k�6 � .Z0-*p7'v�l�r�� � 350-o�+/2-68����*,7�v 357�o

r'� � 3q0/ob+-k'6 � .10/*p7�v � r�6q7�+1g gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � E
� � ~ *p*,*



��g � E���6 � ��350-*p+/687 6qs)2-k�.A3qupu,6 � .1o 0-.Zv8*p6q7�+Sr�+-*,7�v 35upu E jy352-.1v8680/*p.Z+\65s	r�� � 350-o
� r�687�+i3qu,687�v � *,2-kP2-k�. 6 � �Qlqx � �Qlq3q7'oTx8x � � !Q3qu,up6 � .ZoI0/.1v8*,687�+ � 7�.y3q0O2-k�.

350-0-6 � � 6 c 243q*p7'.1o c�d o�6q*p7�vH68+/j1*pu,u�352-*p687U3q7�3qup3 d +/*p+�r�+-*,7�vA3qupu$2-k�.\7�.1r'2-0-*,7�6

o�352^3q+/.Z2-+�*,7A��r�� .10�� � g gPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � E

��g �5� #tupr�� 6qs�35upu EKj13524.Zv8680-*,.1+S6qs�r�� � 350-o � r�687�+ 2-68v8.Z2-k�.10 � *m24k"24k�. c .1+�2 ���'2
� *m24kH68+/j1*pu,u�352-*p687'+�r�+/*p7�v\3qu,u 24k�. E jy3 24.1vq680-*,.1+1g g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � �

��g � z �i68*p7e2�������0/.y3qo s�r�7�j�24*p6q7 c .Z2 � .1.17 7�.Zr'240/*p7�6q+ 3q7�o � r�687'+Is�680�24k�. r�� � 350-o

+/k�6 � .Z0-*,7�v +-3 � ��up.5g ��k�3qo'.1oA3q0-.13 *p7�o�*,jy352-.1+ 6 � � 6qsi24k'.�246q243quO3q0/.y3 3q7�oH*,+

.Z��r�3quV246 � � w��1g gIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �ez

��g � 6 ( 
�{A� ��*p7�o'r�j1.Zo r'� � 3q0/o � r�687 ��r �"up* � *m24+�s�0/6 � � 3q0�24k r'+-*p7'vK687�u d r�� �

� 3q0/oA+/k�6 � .Z0-*p7'v � r'687�+�3q7�oA3qupu�r��'2-k�0-r � r�687�+Zg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w � 6

��g � � ( 
�{A� ��*p7�o'r�j1.Zo;r'� � 3q0/o � r'687 ��r��Qup* � *,2-+�s�0-6 � 24k�.�� r�7Hr�+-*,7�v 687�u d r�� �

� 3q0/oA+/k�6 � .Z0-*p7'v � r'687�+�3q7�oA3qupu�r��'2-k�0-r � r�687�+Zg�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �e�

��g � � ( 
�{A� ��*p7�o'r�j1.Zo r�� � 3q0-o � r�687 ��r�� u,* � *,24+\s�0-6 � 24k�. � 3qu�3qj�24*,jK��.17e2-.10

r'+-*p7'v\6q7�u d r�� � 3q0/ob+/k�6 � .Z0-*p7'v � r'687�+�3q7�oA3qupu�r��'2-k�0-r � r�687�+Zg gPgIg�gPgIg w �e�

��g � x � 3qup3qjZ2-*pj)up3524*m24r�o'.�o�*p+�240/* c r'2-*p687%65s$r�� � 3q0-oA+-k�6 � .10/*p7�v � r�687'+1g gPgIg�gPgIg w � �

��gFE � ����r�352-680-*p3quqjZ6�6q0-o�*,7�3524.Z+V6qs'3qupu r�� � 3q0-oP+-k�6 � .10/*p7�v � r�687'+O*p7P��r�� .10 � ��3 � *p6 � 3q7�o'.qg
��*pvqk�2�35+-j1.Z7�+-*,687;*p+�*p7Hk�6qr�0-+�3q7�oHo�.Zj1u,*p7�352-*p687%*,+�*p7Ho�.Zv80-.Z.1+1g gPgPgIg�gPgIg w � �

��gFE'w �
�
�
� o'*p+/2-0-* c r'24*,687	s�680 � r�687 {A687e24.�� 3q0/up6�.Z~8.Z7e24+�352 ~53q0/*p68r�+ � r'687I.Z7�.10/v8*p.Z+
s�0/6 � �q� � .Z� 2-6Kw � �i.Z� g ��k�. o�3q+/k�.1o up*,7�.T*,7U.y35j^k �'up6q2)0-.1�'0-.1+/.17e24+	2-k�.

2-k�0-.Z+-k�6qupo%r�+/.1oH246 +-.Z��3q0-3524.	+/k�6 � .Z0-*p7'v 357�o%7�687���+-k�6 � .10/*p7�v � r�6q7Q.Z~q.17e24+

� k'*pj^k;j1680/0-.1+/��6q7�o�+�246 �
�
�
� ! � � �ezS{A.�� �5j � g g�gPgIgPgPgIgPgIgPgPgIg�gPgIg w �8x

��gFE � ��~q.17e2)o'*p+-�'u�3 d 6qs�3q7Hr�� � 350-ob+/k�6 � .Z0-*,7�v � r�687Vg�gPgIgPgPgIgPgIgPgPgIg�gPgIg wXx �
� ��* �



�Ig,w !O.Z7�vq24k;o�.�24.10 � *,7�352-*p687H*p7 � r c 6 d s�680�3S+/2-68����*,7�v � r�687Vg���k�.Pk�*p+�2468v80-3 �

+/k�6 � +)24k'.
	��
	�� o'*p+/2-0-* c r'24*,687%s�680�3 +�2468���'*p7�v � r�687Vg 24k�.Io�3q+-k'.1oUu,*p7�.�*p7'o�* �

j13524.Z+	24k�. � 	 �	�� � #&%'��� 	 	 3q7�oK24k�. ��0-+/2 c *p7 � *,2-k 3%~53qu,r�. u,6 � .10�2-k�3q7K24k'*p+�*,+

j^k'68+-.Z7A246 c .	24k�.�up.Z7�vq2-k;65st2-k�.�+/246q����*p7'v � r�687 gIgPgPgIgPgIgPgPgIg�gPgIg �q�8�

�Ig � ��*,+/2-0-* c r'24*,687�6qs�24k�.�2 � 6	vq6�6 o�7�.Z+-+t~53q0/*�3 c up.1+ir�+/.1o *p7 �
	���
��Ps�6q0tk�6q0-* $Z687e2^3qu

� r�687 .Z~q.17e24+ � k�*pj^k � .Z0-. j1up3q+-+/*,��.Zo 35+ c 6q2-k 2-k�0-r'v868*p7'v 3q7�o +/2-68����*,7�v

s�6q0 � k�*,j^k � r c 6 d ve3y~8.bvq6�6 o �'24+1g #�680 3qupu�.Z~q.17e24+D*p7 2-k�*p+\��u,6q2 2-k�.A�'2

� 3q+Hj16q7�+-*,o�.10/.1o ��v86�6 o ��2�� � k�.Z7 2-k�. k�3q7�o ����2;o�*,0-.1j�24*,687 3qv80/.1.1o � *,2-k

2-k�. � r c 6 d o�*p0/.1jZ2-*p687 � *,24k'*p7 � � �1g ��k�.U~q.10/2-*pj13qu)u,*p7�.A0-.1�'0-.1+/.17e24+%2-k�.

2-k�0-.Z+-k�6qupoA~53qu,r�.1+�s�680�24k�.P2 � 6Dv86�6 o�7�.Z+-+/.1+�r�+/.1oU*,7A2-k�.I0/.1o�r'jZ24*,687bs�680�2-k�.

�'2�2-6 c .�j16q7�+-*,o�.10/.1o;v86�6 oVg gPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� w

�Ig E � j^k�. � 3524*,j�~ *p. � 6qsi24k�.�v86 6�o'7�.1+/+�~53q0/*�3 c up.�� # �
� � gIgPgPgIgPgIgPgPgIg�gPgIg �q�e�

�Ig � � j^k�. � 3524*,j�~ *p. � 6qsi24k�.	~53q0-*p3 c u,.1+�r�+/.1oHs�680�jy3qu,j1r�up3524*,7�v ��
�� # ��� � ! � � � 	 g �q�q�

�Ig z?��*,+/2-0-* c r'24*,687U6qs�+/2-68� � r � 7�o�v865s � 2468� ��3q7'.1u � 357�o�� # ��� � � up6 � .10���3q7�.Zu � *,7

� ��
���� 	����
	Ks�680�k�680-* $1687e243qu�+/2-68����*,7�v � r�687 .Z~q.17e24+I*p7 � k�*pj^k 24k�.S��2 � 3q+

jZ687�+/*po�.Z0-.1o v86 6�o � r�+/*p7�v%24k'. +43 � . j10/*,2-.10-*,687 3q+	*,7 #$*pvQ�Ig ��� gT��k'. ~8.10�24* �

j13qu�up*p7'.1+P0-.1�'0-.1+/.17e24+ 2-k�. 2-k�0-.Z+-k�68u,o ~53qupr'.1+Is�6q0P2-k�. � ��
 ���
	���� 	 ��2T2-6 c .

jZ687�+/*po�.Z0-.1o;v86 6�o g gIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� z

�Ig 6 ��*,+/2-0-* c r'24*,687U6qs�� # �
� �)r�+-.Zo *p7��	����	 �
	�
 � �Ks�680	.Z~q.17e24+Ps�680 � k�*pj^k *,2�v83X~q.

vq6�6 o �'24+ � r�+-*,7�vb2-k�.D+-3 � .\j10/*,2-.10-*,687|3q+T*,7 #$*,vA�Ig ��� gH��k�. ~q.10/2-*pj13qu u,*p7�.

0/.1��0/.1+/.17e24+�2-k�.T24k'0-.1+/k�68u,ob~53qupr�.�s�680�� # �
� ��s�680�24k�.P��2)2-6 c .Ij1687'+-*po'.10-.Zo 3
vq6�6 o%687�.5gMgPgPgIgPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� 6

�Ig �?��*,+/2-0-* c r'24*,687�6qs�
�� � �
	 vq6�6 o�7�.Z+-+Hs�680Hk�680-* $1687e243qu�24k�0/r�v868*,7�v .Z~q.17e24+bs�6q0

� k'*pj^k *,2%v83X~q. v86�6 o ��2-+ � r�+/*p7�v +43 � .UjZ0-*m24.10/*p687 35+%*p7 #$*,v"�Tg ��� g ��k�.

~q.10�24*pj13qu up*p7'.�0/.1��0/.1+-.Z7e24+�24k�.�24k�0/.1+/k�68upo%vq6�6 o�7�.Z+-+ ~53qu,r�. � k'.10-.�24k�.)�'2 � 3q+

jZ687�+/*po�.Z0-.1o;v86 6�o`gPgIgPgPgPgPgPgIgPgIgPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg �q� �
� � �



�Ig � ��*,+/2-0-* c r'24*,687A65s � # �
� ��2465s�+-v � 3q7�oU0�246qs�+/v � r�+-.Zo *p7 �	����	�� 	����
	bs�680�k�680;�

* $1687e243qu$24k'0-68r�vqk���v86q*p7�v � r�687�+	s�680 � k'*pj^k *,2�ve3y~8.Sv86 6 oU��24+ � o'.Z24.Z0 � *p7�.Zo

r'+-*p7'v +-3 � .Pj10/*,2-.10-*,687;3q+�*p7A#$*pv'g��Tg ��� g ��k�.I~q.10�24*pj13qu up*,7�.1+�0/.1��0/.1+-.Z7e24+)2-k�.

2-k�0-.Z+-k�6qupo v86�6 o�7�.Z+-+S~53qupr�.Z+\352 � k�*pj^k 24k�. �	����	��
	�� �
	 ��2\*p+Sj16q7�+-*,o�.10/.1o

vq6�6 o � k�.17;24k�.�o�*,0-.ZjZ24*,687 � 35+�k'680-* $1687e2^35u g gIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w �

�Ig x ��*,+/2-0-* c r'24*,687 6qs ��������� vq6�6 o�7�.Z+-+ s�680 k�680-* $1687e243qu�24k�0/68r�v8k ��v868*,7�v � r�687'+ *,7

� k'*pj^k ��2�*,+$v86 6 o � o'.Z24.Z0 � *p7�.Zo r�+-*,7�v�+-3 � .�j10-*m24.Z0-*p6q7 3q+�*,7 #$*,v�g=�Tg ��� gt��k�.

~q.10�24*pj13qu up*p7'.1+�0-.1�'0-.1+/.17e24+�2-k�.�2-k�0-.Z+-k�68u,oD~53qupr'.�s�680 24k�. ��� �����Dvq6�6 o�7�.Z+-+ 3 2

� k'*pj^kH24k�.	��2�*p+�jZ687�+/*po�.Z0-.1o;v86 6�o g gPgPgIgPgIg�gPgIgPgPgIgPgIgPgPgIg�gPgIg � w6E

� � �'*



��� � �����-�����	� 
�
 �
� � � �����

����� gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZ�)7�3qu,68v 246\��*pvq*,2^35uV��687e~q.10/2-.10

� � � gZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg ��jZ24*m~8. � 3qu�3qj�24*,j���r'j1up.Z*

�	{A�)�)��� g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1g/�)7e2^350-jZ2-*pjI{Ar�6q7b3q7'oA��.1r'2-0-*,7�6\��.Z24.ZjZ2-680��)0-0-3 d

�������'� gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1g(� r�0-+�2)357�oA�i04357�+-*,.17e2)��68r�0/j1.P� �'� .10/* � .17e2

� ��{ gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1g ��68u,oA�	350 �%{A352-2-.10

� ��{U� g1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg ��0 d 6qv8.17�*,jP�	3q0 �Q{b352-2-.10���.13q0-j^kA� �'� .10/* � .17e2

� � ���?gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g ��6 � ��24687 � 3 � � 31��0-3 d � c +/.10�~q3 24680 d

����{A� g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg(�	3q0 �Q{b352-2-.10���.13q0-j^kA� �'� .10/* � .17e2

����� gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1�	3 2^3 �)jZ� r'*p+-*m24*,687

#���� g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg=#$* c .10���.1*,7's�680/j1.1oA��u�3q+�24*,j

� �)� gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZg � 3qupu,*pr � ��.1r'2-0-*p7'6D� c +/.10�~q3 24680 d

� ��� g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g � up6 c 3quV�i68+-*m24*,687�*p7'v\� d +/24. �

� ���?g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1g � 3 �\� 31��043 d ��r�0/+/2

� 
�� gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg � 0-3q7�o;
�7�*m��.1o;��k�.Z680-*,.1+

�)��{ gZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g ��6q2��	350 �%{A352-2-.10

�)� gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1g5��*,v8k;� 7'.10-v d

�)� ( g�g1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1g �)350/~53q0-o;��r�0/o�r�. ( *p+-jZ687�+/*p7


(� g1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1g^
�7�7'.10���.Z2-.1jZ2-680


�{b� g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g8
�0�~�*,7�.I{A*pj^k'*pve3q7H� 0-6 6 ��k�3y~8.17


(���Eg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�
�7e24.Z0-��up3q7�.�2^3q0 d ��.�2 � 680 �

!i� gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg=! 6 � � 7'.10-v d

!i� � gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1g1! 3q0-v8.P��up.ZjZ2-0-687����t68+/*,2-0-687A� 2-68043qvq.���*,7�v

{A��� ��� g�g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1g�{;687�68� 68up.�357�oU��6q+ � *pj���043 d � c +/.10�~q3 24680 d

{A
(����� g1g�g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1g�{b3q*p7H
�71"/.ZjZ2-680���.1r�240-*,7�6 ��+-j1*,upup3524*,687H��.13q0-j^k
� � ��*,*



{U����{ g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZg {A*p7�* � 35uV��r'��.Z0-+ d �\� .�240/*pjP� 243q7�o�3q0/oU{;6�o�.Zu

��� gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g ��r'24.Z0���.Z2-.1jZ2-680

� {;� g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1ge��k�6q2-6 � r�um24*,��up*,.10��tr c .

�	��� gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g(��k�350-v8.	246S��* � .P��687e~q.10/2-.10

��� � � g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1ge��6X~�*,.Z2�� � .10/*pj13q7 � 3qu,up*,r � � �'� .10/* � .17e2

� � � g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg=��6qs 2 � 3 �\� 3#��043 d ��.1� .y352-.10

�'! �MgZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZg���r'��.Z0�u,6 � .17'.10-v d

�'��� g1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg ��r�o c r�0 d ��.1r'2-0-*p7'6D� c +/.10�~q3 24680 d

�'
����fgZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1g ��r'��.Z0-+ d �\� .�240 d

����� gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g ��* � .�246\��*pvq*,2^35uV��687e~q.10/2-.10

���?g1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1gZg1g�g1g1gZg1gZg1g1gZg1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg ��* � .P��k�3q0/v8.

��{b� g1gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1gZgZgZg1g1gZg1gZg1g1gZg1g1� .Z0-+-3D{A6 o�r�u,.���r�0-68� .

( 
�{b� gZgZgZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1gZg1gZg1g1gZg1g1( .13���u d 
�7e24.Z043qj�24*,7�vQ{A3q+-+/*,~8.P�t3q0/2-*pj1u,.

( {A��� gZg1g1g�g1gZg1gZg1g1gZg1gZg1g1gZgZgZg1gZg1g1gZg1gZg1g1gZg1g�g1gZg1g1g;( *pu ��*p7�+/687;{A*pjZ0-6 � 3X~q.I��7�*p+/6q240/68� d ��0-6 c .

� � ��*p*,*



���������
	�� 


� � � � ��� � � � � ���

��k�*p+D2-k�.1+/*p+%o�.13qup+ � *,24k ~q350-*p6qr�+Q��k d +-*,j1+H3q7�o 35+/240/687�6 �Id +�24r�o�*,.1+%o�6q7�.Kr�+-*,7�v r�� � 3q0-o

v868*p7'v � r�6q7�+ � *,2-kA2-k�.S��r�� .10 � ��3 � *p6 � 3q7�o'.Ir�7'o�.10/v80-68r'7�oKo�.Z2-.1j�24680�*,7  83q��357Vg (|.T��0/+/2

+/2^350/2 � *m24kb3 c 0-*,.Zs�*,7e240-6 o�r�j�24*,687b357�oUk�*,+/246q0 d 6qs r�� � 3q0-oKvq68*p7�v � r�6q7�+�3q7'ob24k�.Z7U0-.�~ *p. �

24k�.%* � � 680/243q7�jZ.Q6qs�7�.1r�240-*,7�6 3q+�240-6q7�6 �Td 3q7�o 7�.1r�240-*,7�6K��k d +-*,j1+1g #t*p7�3qu,u d � .Hk�*pv8k'up*pvqk�2

k�6 � r�� � 3q0-oAv868*p7'v � r�687�+�j13q7 c .�r�+-.ZoA2-6\+�24r�o dHc 6q2-k%24k�.Z+-.I3q+-� .1j�24+1g


���
 ��������������� ��!"��� �
� #$��%��&�'� ()��!*��+ , ������-

�)7 d ��350/24*,j1u,.I��k d +-*,j1+�.���� .10/* � .17e2	j16q7�o�r�j�24.1o 687U2-k�. v80/68r�7�ob*p+�+ � 3 � � .1o ced 2-k�. 6X~8.Z0��

� k�.1u � *,7�v c 35j � vq0-68r�7'oK6qs � r�687'+)��0/6�o�r'j1.1o ced j168+ � *,jT0-3 d *,7�2-.10-3qjZ2-*p687�+�*p7;24k�. � 3q0�24k �}+
352 � 68+-�'k�.10/.qg ��6 � .Z~8.Z0A2-k�*p+%*,7�2-.17�+/*,2 d o'.1j10/.y3q+/.1+A.�����6q7�.17e24*p3qupu d � *m24k *p7�jZ0-.13q+-*,7�v 0-6 j �

6=~q.10 c r�0-o'.17 3q+P+-k�6 � 7"*p7|#$*,v�g�w8gmw8gH��6 j � 6X~8.10 c r�0/o�.17"*,+Ir�+/r�3qu,u d *,7�o�*pj13524.Zo *,7|r�7'*,24+P6qs

o�.17�+/*,2 d 	Uj16qupr � 7�o�.1�'2-kT240-3y~8.10/+-.Zo *p7 �����
	 � 
 � � k�.Z0-.�w k'v ! � g,w ��v � 6q0i*,7 � .�24.10/+t65s � 31�
24.10�.1��r�*m~53qup.Z7�2 � � � . � l � k�.10/.Tw � � . ! w �q� � � �
	���
yg���.Z+-*,o�.1+�24k�.�j168+ � *,j�043 d ��0-6 o�r�jZ.1o
� r�687�+ � � k�*,j^k jZ6 � .Ds�0-6 � ~8.Z0/2-*pjy35upu d 3 c 6X~8.Q2-6K7�.y350T24k�.%k'680-* $1687 � l�3b~8.Z0 d + � 35upu�s�043qj��

24*p6q7A6qs � r�687�+�k�3y~8. c .Z.17U6 c +-.Z0/~8.ZoU246\24043y~q.1uir�� � 3q0/oU*p7e2-6\2-k�.To�.�24.ZjZ246q01g���k�.1+/. � r'687�+

jy3q7�7'6q2 c .�s�0/6 � jZ68+ � *pj)043 d *,7�2-.10-3qjZ2-*p687�+�+-*p7'j1.�24k'. d � 68r�u,o%k�3y~8.�246 240-3y~8.10/+-. � 680-.�2-k�3q7
w



�

10
−13

10
−12

10
−11

10
−10

10
−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

0 2 4 6 8 10 12 14 16 18

Depth (10
3

hg cm
−2

 )

In
te

ns
ity

  (
cm

−2
s−1

sr
−1

 )

Super−Kamiokande

Soudan 2
Minos

IMB

Homestake
Gran Sasso

Crouch World Survey, 1987
Crookes and Rastin, 1973
Bergamasco et al., 1971
Stockel, 1969
Castagnoli et al., 1965
Avan and Avan, 1955
Randall and Hazen, 1951
Bollinger, 1950
Clay and Van Gemert, 1939
Wilson, 1938

I
ν
µ

π,K−muons
π,K−muons + I

 = 2.17x10 −13

ν
µ

 cm −2s−1sr −1

#$*pv8r'0-.Hw8gmw � {A.13q+-r�0/. � .17e24+T6qs�j16q+ � *pjS043 d � r�687 ��r�� 3q+T3;s�r�7'jZ24*,687 6qs�o�.Z�'24k *,7 w �q�8�� ���
	���
�3qup687'v � *,24kHu,6�j13524*,687�+ 6qsi~53q0-*,68r�+�r�7'o�.10/v80-68r'7�oAo'.Z24.ZjZ2-680-+ . w%0 g

6 �8�8� � � 24k�0/68r�v8kS24k�.�0-6 j �ng���k�.1+/. � r'687�+ � k�*pj^k � .�+-k�35upu�0-.�s�.10 246I3q+ �/r�� � 350-o � r'687�+��'l

3q0-. ��0-6 o�r�jZ.1o ced j^k�3q0-vq.1o���j1r�0/0-.17e2 *,7e24.10-3qjZ2-*p687'+I6qs � r�687|7�.1r'2-0-*,7�68+T*,7|2-k�.D0/6�j � c .1up6 �
24k�.Qo'.Z24.ZjZ2-680T0/.1+-r'u,24*,7�vU*,7 3 � r�687 � k�*,j^k 240-3X~q.1u,+Tr�� � 3q0-o"24k'0-68r�vqk 24k�. o�.Z2-.1j�24680ZgU��k�.

7�.1r'2-0-*,7�68+�350-. � 3q*,7�u d ��0-6 o�r�jZ.1oUs�0-6 � ��*p687b3q7�o � 3q6q7bo�.Zjy3 d +�s�0-6 � jZ68+ � *pjP043 d *p7e24.Z043qj��

24*p6q7�+ *p7 24k�.�352 � 6q+-��k�.Z0-.	687Q2-k�.�68�'��68+/*,2-.�k�. � *p+/��k�.Z0-.	6qsO2-k�.�� 3q0/2-kVg���k�*p+�*,+ *pu,upr�+�240-3524.Zo

*p7K#$*,v�giw8g � g	��.Z7�j1. 2-k�.10/.S3q0-. � 7'6 � 7 3q+ �-352 � 68+/��k�.10/*pjI7�.1r'2-0-*,7�68+��'g�( *,24k'*p7A2-k�. ��r �K6qs

352 � 68+-�'k�.10/*pj 7�.Zr'240/*p7�6q+�24k�.Z0-.�j168r'upoS3qu,+-6 c .�+-6 � .�7�.1r�240-*,7�68+��'0-6 o�r�j1.Zo\s�0/6 � .�� 24043 24.10/0-.Z+��

240-*p3que3q+�240/68��k d +-*pj13qu�+-68r'0-j1.Z+1g���r�j^k r�� � 3q0-o � r�687'+ � .10/.���0-+/2to�.�24.1j�24.Zo 3q0/68r�7�o\wXx 6ez *,7�2-k�.

��6qu�3q0 � *,7�.1+t*p7 
�7�o�*p3 . � 0 � up6 jy352-.1o 352�3�o�.1�'2-kS6qs �8z �8� � � . � 357�o *p7T2-k�. ( *,2-+ � 3524.Z0-+-3q7�o�+

� *,7�.�*p7b��68r'2-kb��s�0/*pj13-. E80 � u,6�j13524.Zob3 2)3\o�.1��24kb65s � � �q� � � . � g���r c +/.1��r�.Z7�2-u d 24k�. d k�3y~8.
c .Z.17 � .y3q+/r�0-.Zo ced ~q350-*p6qr�+�r'7�o�.10/v80-6qr�7�oUo�.�24.ZjZ246q0-+�+/r�j^kK3q+�{A��� ��� l ��3���+43q7Vl ��r�+/.���l

�)� (`l�� 68r�o�3q7 l�#�0-. "/r�+1l��'��� li
�{b�)lt{A
(������l ��3 � *p6 � 3q7�o'.qlt��r�� .10;� ��3 � *p6 � 3q7�o'. � 24k�*,+

24k�.Z+-*p+ � 357�oD35up+-6�r�7'o�.10;� � 3524.Z0 �5r�7'o�.10;��*pjZ.�o'.Z24.ZjZ2-680-+ +-r�j^kD3q+ ��{A������� 3q7�o � 3q* � 3qu gi��k�.



E

Earth

(primary cosmic ray)

(nucleus in Atmosphere)
π K
+ +

−

µ+

νµ

Super−K
µ

#t*pv8r�0/. w8g � � ��j^k�. � 352-*pj�~ *p. � 6qs$3q7;r�� � 350-o;v868*p7'v � r�687H.Z~q.17e2yg

� .13q+-r�0/.1o ��r��Q6qs$r'� � 3q0/o � r'687�+�*p+�3 c 68r�2	w � �
� � 	�� � 
 � ��	 � � ��� � � 3q7�oH*p+�*,7�o�.Z��.Z7�o�.17e2�6qs

o�.1�'2-kVg ��k�*p+ *,+ +/2-*pupu +/.Z~8.Z043qu�6q0-o�.Z0-+ 6qs � 3qv87�*m24r�o�. + � 3qupu,.10�24k�357 24k�.%o�6 � 7 � 3q0-o v868*,7�v

� r�687 ��r�� � 352I��r�� .10;� � o�.1�'2-kVl *,2�*,+�3 c 6qr'2Sw � ��� 24* � .Z+�+ � 3qu,up.10 � gI��k�. r'� � 3q0/o � r'687�+

3q0-. � 3q*,7�u d +/r c o'*,~ *po�.Zo"*p7e246U2 � 6Kjy3 24.1vq680-*,.1+ � r�� � 3q0-o 24k�0/r�v868*,7�v � r�687�+ � k�*,j^k"��r�7�j^k

24k�0/68r�v8kb2-k�.To'.Z24.ZjZ2-680	3q7�obr�� � 3q0/oK+/2-68����*,7�v � r'687�+1l � k�*pj^kbo�.1j13 d *p7'+-*po'.P2-k�. o�.�24.1j�24680Zg

��.1j13qr�+-.A6qs)2-k�. w ��� � w;043 24*p6K65s�o�6 � 7 � 350-o 2-6|r�� � 3q0-o � r�687�+S*,7 ��r'��.Z0�� � l � .b7�.Z.1o

~8.10 d +-6q��k�*p+�24*,jy352-.1o � r'687K0-.Zj1687�+�240/r�jZ2-*p687 3qu,v8680/*,24k � + � k�*,j^k j13q7K*po'.17e24*ms d 2-k�. o�*,0-.1j�24*,687

6qs � r�687�+ � *,24kA~8.10 d v86 6�oU3q7�v8r�up3q0�0-.1+/68upr�24*p6q7K3q7�oK. � jZ*p.Z7�j d 246%*p+/68u�3 24.�24k�.T~q.10 d + � 3qupu

+-*pvq7�3qu 6qs r�� � 3q0/o � r�687�+Zl c r�0/*p.Zo *p7T2-k�. 7�68*,+-. 65s 3 � *,upu,*p687�680t+-6	o�6 � 7 � 350-o � r�687 .�~8.Z7�2-+1g

��.Z+-*,o�.1+�r�� � 3q0/o � r�6q7b.Z~q.17e24+Zl 24k'.T6q2-k�.10�jy352-.1v86q0 d 6qs 352 � 6q+-��k�.Z0-*,jP7'.1r'2-0-*p7'6D.Z~q.17e24+

+-.1.Z7%*p7Q��r�� .10�� �`3q0-.�jy3qu,up.1o �/j16q7�243q*p7'.1oD.�~8.Z7�2-+���l�*,7 � k�*,j^kQ7�.Zr'240/*p7�68+ *p7e24.Z043qj�2 *,7�+-*,o�.�2-k�.



�

� 352-.10	6qs 2-k�. o�.�24.1j�24680�2-6%��0-6 o�r�jZ. 3Qup.Z�'246q7Vg	��k�.1+/.Sj1687e2^35*p7�.ZoK.Z~8.Z7e24+I3q0-.Ts�r'0/24k'.10�+/r c �

o�*,~ *po'.1o"*p7e2-6As�r�u,u d ��jZ687e2^3q*,7�.1o|.Z~8.Z7e24+ � *p7 � k�*pj^k"2-k�.Q��0/6�o�r'j1.1o"u,.1�'2-687"+/2-68��+ *,7�+-*,o�. 2-k�.

o�.Z2-.1jZ2-680 � 3q7'o ��3q0/2-*�3qu,u d ��jZ687e2^3q*,7�.1oA.Z~8.Z7e24+T*,7 � k�*pj^kK2-k�.Sup.1��24687K.��'*m24+	24k'. o�.Z2-.1jZ2-6801g\�)s

3qupu�24k'.1+-. .Z~q.17e24+ 2-k�.Dr�� � 3q0-o � r�687�+Ij1687'+/24*m24r'2-.\2-k�.Dk'*pv8k�.Z+/2T7�.1r'2-0-*,7�6b.Z7�.10/v d o�352^35+-.Z21g

��*p7�jZ. c 6q24k 2-k�.K7�.1r�240-*,7�6"j10/68+-+;��+/.1jZ2-*p687 357�o 24k�. � r�687�04357�v8.U*,7�j10/.y3q+/.1+ � *,2-k�.17�.Z0-v d l

24k�.P.%'�.1j�24*,~q.P243q0-vq.Z2�~868u,r � .�s�680�7�.1r'2-0-*,7�6S*p7e24.Z043qj�24*p6q7�+�~�*p3 r�� � 3q0/o � r�6q7�+�.�� 24.Z7�o�+)+/.Z~ �

.10435u ��*pu,6 � .Z24.Z0-+�*p7e246\24k�.I0-6 j �b35+�24k'.T7�.Zr'240/*p7�6Q.Z7�.10/v d *p7�jZ0-.y35+-.1+Zg)��k�.T7�.1r'2-0-*,7�6Q.17'.10-v d

+-� .1jZ2-0-r � 65s$.13qj^kb6qsi24k'.1+-.Pjy3 24.1vq680 d 65s$.�~8.17e2-+)*p7;� r���.Z0�� �&*p+�+/k�6 � 7b*p7;#$*,v�g wqg E

Eυ (GeV)

E
ve

nt
s/

10
00

 d
ay

s

 Fully contained (νµ)

 Partially contained

Upstop

Upthru (non-shower)

Upthru (shower)

0

200

400

600

800

1000

10
-1

1 10 10
2

10
3

10
4

10
5

#$*,v8r�0-.Tw8g E � ��.1r�240-*,7�6S.17�.Z0-v d +/��.ZjZ2-0-r � 6qsto�* ' .Z0-.17e2�o�35243q+-.�24+�*p7A��r'��.Z0�� � g


���� � ��� ��	�������� � �
��- ����� 	����
�'!*��� � �
	 -
!*� -

��.1r�240-*,7�6)�'k d +/*pj1+$k�3q+$r'7�o�.10/v8687�.�3�0/.Z~86qupr'2-*p687P*p7P24k�. ��3q+/2�z d .y3q0/+1g���k'*p+$+�2^3q0�24.Zo *p7\wXx8x ��l

� k�.17%s�680 24k�.���0-+�2�24* � .�*p7'j1687e240/6X~8.10�24* c up.�.Z~ *po�.Z7�j1. � 3q+ s�6qr�7�oDs�680 352 � 68+/��k�.Z0-*pj�7�.1r�240-*,7�6

68+-jZ*pupup3524*,687�+V*,7 � r���.Z0�� ��3 � *p6��5357�o�. .hz l86#0 *p7�o�*,jy352-*p7�v�2-k�352i7�.1r�240-*,7�68+ik�3y~8. 7'687�� $Z.10/6 � 3q+-+Zg



z

��r c +/.1��r�.17e2-u d lVs�r'0/24k'.10).�~ *po�.Z7�j1.Ps�680)7�.Zr'240/*p7�6 68+-jZ*pu,u�352-*p687�+�k�3q+ � 68r�7e2-.1oUr�+/*p7�v o�* '�.10/.17e2

7�.1r'2-0-*,7�6 c .y3 � +�+-r'j^k 3q+�+-6qu�3q0	7�.Zr'240/*p7�6q+ .}� l �80 li0-.y35jZ246q0P7'.1r'2-0-*p7'68+ .}x80�357�o 35j1j1.Zup.Z04352-680

��0-6 o�r�jZ.1oD7'.1r'2-0-*p7'68+ *p7\3	up687�v c 35+-.1u,*p7�.�.�����.Z0-* � .17e2:. w � 0 g$� 7�687�� $1.Z0-6P7�.1r'2-0-*,7�6 � 3q+/+ k�3q+

s 3q0t0/.y3qj^k'*p7�v�j1687�+/.1��r�.Z7�j1.Z+1g�
�2$jZ68r�upoI��0-6X~ *po'.�j1u,r�.1+i246�7�. � ��k d +-*,j1+ c . d 687�o 2-k�. ��2^3q7�o�3q0-o

{A6�o'.1u+. w8w 0 l c 3q0 d 68v8.17'.1+-*,+5. w � 0�35+ � .Zupu$3q+�s�680�j168+ � 6qup68v d g)
�7K+�2^3q7�o�3q0-o c *,v c 3q7'v � 6 o�.Zu

6qs�jZ68+ � 68up6qv d l'2-k�.P7 r � c .Z0�o'.17�+/*,2 d 6qs$7�.1r'2-0-*,7�68+���.Z0 ��3X~q680�*p+�v8*,~q.17 c�d ! ) ! �� � !�� . w6E10 g

�+-*,7�v 24k'.�6 c +/.10/~q.1oH~53qupr�.�6qs ��� 
 �&w � � � .Z� 
 s�0/6 � 352 � 68+-�'k�.10/*pj)7'.1r'2-0-*p7'6 68+-jZ*pu,u�352-*p687�+

*p7�o�*,jy352-.1+	24k�352�24k�.So�.Z7�+-*m2 d j1687e240/* c r�24*p6q7|6qs 7�.Zr'240/*p7�68+P*p+�� ��� w � . w � 0 l � k'*pj^k *,+�+43 � .

24k�352�6qsi24k'.�~ *,+-* c up.�+�2^3q0/+1g

��*,7�j1. 7'.1r'2-0-*p7'6;6q+-j1*,upup3524*,687�+)*,+�3q7 * � ��680�2^3q7e2)j16 � ��6q7�.17e2P6qs�24k�*,+�24k�.Z+-*p+Zl � .\68r'2-up*p7'.

24k�. � 35*p7 ��k d +-*pjZ+Q6qs)7�.1r'2-0-*,7�6|6q+-j1*,upup3524*,687�+ 3q7'o *p7'o�*pj13524.Q2-k�.A.�~ *po�.Z7�j1.;s�0-6 � ��r'��.Z0�� �

� � *,2-kDjZ687e2^3q*,7�.1o .Z~8.Z7e24+ � � k�*pj^k ��*p7�7'.1o 2-k�.�jy3q+/.�s�680�7�.1r�240-*,7�6P68+-jZ*pupup3524*,687�+Zg${;680-.�o�.Z243q*pu,+

6qs�24k�.���k�.17'6 � .Z7�68u,68v d 6qsn7�.Zr'240/*p7�6)68+-jZ*pupup3524*,687�+ 3q7'o 3)j16 � ��u,.Z2-.�o�.Z0-*,~5352-*p687Ijy3q7 c .�s�68r�7�o

*p7;��.�s(g . w=z10O3q7�o;0-.Zs�.Z0-.Z7�j1.Z+�24k'.10-.Z*p7Vg


�s�7�.1r�240-*,7�68+ k�3y~8.�7�687 � $1.Z0-6 � 3q+-+O24k'.17�24k�. 7�.Zr'240/*p7�6 �n3y~86q0t.Z*pv8.Z7�+/243524.Z+ij13q7 c . � 0-*m2-2-.17

3q+ 3b+/r�� .10-� 68+/*,24*,687 65s�*,24+ � 3q+-+I.1*pvq.17�+�2^352-.1+1gA�)+/+-r � *p7�vA2 � 6U7'.1r'2-0-*p7'68+T24k'.D68+/j1*pu,u�352-*p687

��0-6 c 3 c *pu,*,2 d *p+�v8*m~8.Z7 ced �

� � ��� � ��� � ! ���"! 
 �
# ���"! 
�� w � � �$� ��
 � .Z� 
 � % ��� � �
( �
	 ��� � 
 �

� w8gmw �

� k�.10/.*� � 
 *,+t2-k�. � 3q+-+t+-��u,*,2-2-*p7�v c .Z2 � .1.17S24k'. 2 � 6 � 3q+/+�.1*,v8.17'+/2^3 24.1+ � ��� 
 ! � 
 � 
 � 

 � l
(`*,+�24k�.�7�.Zr'240/*p7�6�.Z7�.10/v d l % *,+�24k�.�o�*,+/2^357�j1.�240-3y~8.1u,.1o ced 24k�.�7�.Zr'240/*p7�6�l�357�o # *,+ 3q7\3q7�v8u,.
24k�352$j^k�3q0-3qjZ2-.10-* $1.Z+ � * ��*p7�v c .Z2 � .1.17 2-k�. 2 � 6	+/243524.Z+1g$��k'. � 35*p7P.Z~ *po�.Z7�j1. s�680$3 2 � 68+-��k'.10-*,j

7�.1r'2-0-*,7�6H68+-jZ*pupup3524*,687�+�s�0-6 � ���Q2-6 ���S*p7|��r'��.Z0�� ��3 � *p6 � 3q7'o�.TjZ6 � .Z+	s�0-6 � 24k�. s�68u,up6 � *p7'v

��*p.Zj1.1+�6qst.Z~ *po'.17�jZ.1+ �

� � c +-.Z0/~53524*,687 65s 24k�.\o�68r c up.\04352-*p6;6qs����A*,7�o�r�jZ.1o|.Z~8.Z7e24+ 246 ����*p7'o�r�j1.Zo .Z~q.17e24+T*p7



6

o�35243\6X~8.Z0	{A6q7�2-. � 350-up6\+ � 3qu,up.10 24k�3q7A687�.5g���k�*,+�*,+�+/k�6 � 7U*p7A#$*,v�gVw8g � 35up687�v � *m24k

j1680/0-.Z+-� 687�o�*,7�v � .y35+-r�0/. � .17e24+�s�0-6 � 6q2-k�.10�.���� .10/* � .17e24+Zg

� � c +-.Z0/~53524*,687 6qsnr'����o�6 � 7S3q+ d � � .Z2-0 d *p7 ���#��*p7'o�r�j1.Zo .Z~q.17e24+�3q+$3�s�r�7�j�24*,687 6qs $Z.17�*m24k
3q7�v8u,.%3q+ +/k�6 � 7 *,7"#$*pv'g�w8g z�g ��*p7�jZ.%7�.1r�240-*,7�68+ jZ6 � *p7�vbs�0/6 �?c .1u,6 � 2-043y~8.Zu � r�j^k

u�3q0/v8.10i��352-k up.Z7�vq24k'+t24k�3q7 24k�6q+-. jZ6 � *,7�v�s�0/6 �`c .Zup6 � 24k'. d k�3y~8.�3)k�*,v8k�.Z0$68+/j1*pu,u�352-*p687

��0-6 c 3 c *,up*,2 d 3q7�oH24k�r�+�24k'.10-.P+-k'68r�upo c .I3So�.���j1*m2�*,7%24k�.P7�r � c .10�6qs�r'� � 3q0/ob.Z~q.17e24+

3q+�j16 � ��3q0/.1o%246\.���� .1j�2^352-*p687Vl�3q7�oH24k�*,+�*p+�*p7'o�.1.ZoA6 c +-.10�~8.ZoVg

� � o�.Z��j1*,2S*,7 24k�.%0-3524*,6U6qs�o�35243U246 {A687e2-.b� 350-up6As�680����b*p7�o�r'j1.1o .�~8.17e2-+D352Sup3q0-vq.
~53qupr�.Z+�6qs$65s %'�
( 3q+�+/k�6 � 7b+-k'6 � 7A*p7;#$*,v�g w8g 6'g

� ��k�.�$Z.17�*m24k%3q7'v8up.�o�*p+�240-* c r'2-*p687\6qsOr�� � 3q0-o%2-k�0-r�vq68*p7�vT3q7�oQ+�2468�'��*p7�v � r�687�+�3q+ � .1u,u
3q+�24k�.�0-3524*,6 6qs$+�2468�'��*p7�v 2-6S2-k�0-r'v868*p7'v � r�687�+�*p+�jZ687�+/*p+/2-.17e2 � *,2-k;6q+-j1*,upup3524*,687�+1g

��k�. c .Z+/2���2 ~q35upr�.Z+�s�680 ��� 
 3q7�o ��� ! 
 �
# 3q0-.	350-68r�7'o � 	Kw � � � 3q7�oKw8g � 0-.Z+-� .1jZ2-*,~q.1u d g
��k�.b.���35jZ2%35upup6 � .1o 0-.Zv8*p687'+ � *,upu c .A+/k�6 � 7 *p7 ��k�3q��24.10Q��g���.Z+-*,o�.1+S24k�*,+ .�~ *po�.Z7�j1.;s�680

7�.1r'2-0-*,7�6H68+-jZ*pupup3524*,687�+ZlV3q7�6524k�.Z0	* � ��680�2^3q7e2)o�.Z~q.1up6q� � .Z7e2I*,7 7�.1r'2-0-*,7�6H��k d +/*pjZ+Pk�3q+�j16 � .

s�0-6 � j168+ � 68u,68v d g 
�7 2-k�.Su�3q+�2	s�. � d .y350-+1l 24k'. o�.17�+/*,2 d ��r'jZ24r�3524*,687 ��6 � .10�+-� .1j�240-r � k�3q+

c .Z.17 � .13q+-r�0/.1o � *,2-k�r�7���0/.1jZ.1o�.Z7�2-.1o 35j1j1r'043qj d 6X~8.Z0A3 � *,o�.10D~53q0/*p.�2 d 6qsP+-j13qup.Z+%r�+-*,7�v

��{b�)l�ve3qu�3#� d 0-.Zo�+-k�*ms 2b+/r�0/~q. d +1lI! d � 3q7 � � ��r�3q+-3q0b3 c +-680/�'24*,687 +-� .1jZ2-043 .Z24j5g ��*,7�j1.|3

+ � 3qupun7�.Zr'240/*p7�6 � 3q+/+�jy357%.10435+-.�+ � 3qu,un+-jy35up. ��r�jZ2-r�3524*,687�+Zl�24k'.1+-. � .y35+-r�0/. � .17e24+ 65s ��6 � .10

+-� .1jZ2-0-r � k�3y~8.U.Z7�3 c u,.1+Qr'+ 246 6 c 2^35*p7 r'����.Z0Qup* � *m24+ 687 7�.1r'2-0-*,7�6 � 3q+-+Zg ��k�.bj1r�0/0-.17e2

r���� .10Du,* � *,2-+ 687 7�.Zr'240/*p7�6 � 3q+/+D6 c 2^3q*,7�.1o c�d j16 � c *p7'v|o�3 2^3|s�0/6 � ( {A��� 3q7�o � �	#

ve3qu�3#� d +-r�0�~8. d *,+ ��� ��) 
�� � � ��� 352�x8z � � ! . w=�10 g


�7�+/��*,2-.I65s�24k�*,+�v80-.1352)�'0-68v80/.1+/+�24k'.10-.T3q0-.P+/2-*pu,u � 357 d r'7�+-68um~8.ZoU��0-6 c up. � +�*p7;7�.1r�240-*,7�6

��k d +/*pjZ+1g (|. � 6qr�upo u,* �q.�246 ��7�6 � 24k�. 3 c +-6qupr'2-. � 3q+-+�65s 3qupu�24k�. E)7�.1r�240-*,7�6�+/��.Zj1*p.Z+1l 3qu,u�2-k�.
EH7'.1r'2-0-*p7'6 � * �'*,7�vQ357�v8up.Z+ � � k�*,j^k v86X~8.10/7K24k�. 68+/j1*,upu�3 24*p6q7b��0/6 c 3 c *,up*m2 d 6qs�.y3qj^k 7�.1r�240-*,7�6



�

0 0.5 1 1.5

Kam. III (sub-GeV)

Kam. III (multi-GeV)

IMB 3 (sub-GeV)

IMB 3 (multi-GeV)

Frejus

Nusex

Soudan 2

Super-K (sub-GeV)

Super-K (multi-GeV)

(µ/e)data/(µ/e)MC

#$*pv8r'0-.Dwqg � � � ��6 � � .17�o'*pr � 6qs � .y3q+/r�0-. � .Z7e24+�6qs�o�6qr c up.I04352-*p6 6qs ����������s�680�o�352^3 6=~q.10
{A687e24.T� 3q0-u,6�g�#$*,v8r�0/.�s�0-6 � ��.�s(g�. w/6#0 g

*p7e246K24k'.%6q24k�.Z0 2 � 6 � l 7'.1r'2-0-*p7'6 j^k'. � *pjy35u ��6524.17e2-*�3qu l�7�.1r'2-0-*,7�6 � 3qvq7�.Z2-*pj � 6 � .17e2yg)(|.

� 68r'upo up* �q. 246 ��7�6 � 6qs 3q7 d � � ~ *p68up3524*,7�v�.%'�.1j�24+1l � k�*,j^k � 6qr�upo * � �'u d 24k�352$2-k�. 68+/j1*pu,u�352-*p687

��0-6 c 3 c *pu,*,2 d 6qst7�.1r'2-0-*,7�68+�*p+�o�* ' .Z0-.Z7�2�s�0/6 � 3q7e2-* ��7'.1r'2-0-*p7'68+1g


���� ���
� ����- ��� � 	����
� !"��� �$- �
��� ����� 	

�)��3q0�2�s�0-6 � j168+ � *,j	043 d +1ln3qu � 68+�2�3qu,uV68r�0 ��7�6 � up.Zo�v8.P6qsi24k�.�r�7�*m~8.Z0-+-.�k�35+�jZ6 � .�2-k�0-6qr�v8k

.1up.ZjZ2-0-6 � 3qv87�.�24*,jT3q+�240/687�6 �Td +/��3q7�7�*,7�v%3q�'��0-69��* � 3524.Zu d 6 � 6�j�2^3y~8.Z+�*p7A��k�6q2-687bs�0/.1��r�.17'j d

s�0-6 � w � 
 j � 0435o�*p6 � 3y~8.Z+�2-6%w � �
� 
 j � g���k�68r'v8k%24k�.Z0-.	k�3q+ c .Z.17H7�6 o�*,0-.1j�2�.Z~ *po'.17�jZ.�s�680

v8043y~ *,243524*,687�3quO0-3qo�*�3 24*p6q7Vl�*p7�o'*p0-.ZjZ2�.Z~ *,o�.17�jZ. k�3q+ c .Z.17U6 c 2^3q*,7�.1o � *,2-kA24k'.Tk�*,v8kb��0/.1jZ*p+-*,687

24* � *p7'vI6qst���'��wXx'w6E � w/6�s�680 � 680/.�24k�3q7Q2 � 6So�.Zjy3qo'.1+ . w �80 3q+ � .1upu 3q+ +/6 � .)6q24k�.Z0 c *,7�3q0 d
��r�up+-3q0-+ . wXx80 g



�

10
-1

1 10 10
2

-1

-0.5

0

0.5

1

10
-1

1 10

-1

-0.5

0

0.5

1

e-like

µ-like

FC PC

(U
-D

)/
(U

+
D

)

Momentum (GeV/c)

#$*pv8r'0-. wqg z � 
�����o�6 � 7�$1.Z7�*,2-k 3q7�v8u,.U3q+ d � � .Z2-0 d 3q+%3 s�r�7'jZ24*,687 6qs � 6 � .17e24r � s�680 �%�
up* �5.Q3q+ � .Zupu 3q+Ts�680�� ��up* �5. .�~8.Z7�2-+1g ��k�.Qk�3524j^k�.Zo"up*,7�.1+P+-k�6 � 24k�. .���� .1jZ243524*,687�+ � *m24k�6qr'2
68+-jZ*pupup3524*,687�+Zg ��k�. o�3q+-k�.Zo up*,7�. +-k'6 � +P24k�.\.���� .1j�2^352-*p687 s�680 ��� � ���D3q+/+-r � *p7�v ����
 !
��� �q� Eez .Z� 
 � ���"! 
 �
# ! w �h� .7610 g

��.1r'2-0-*p7'6	3q+/2-0-687'6 �Td *p+�+�24*pu,u�*p7S3�+/243qv8. 65sn*p7's 3q7'j d gt�t6�o�3 24.ql524k�.�687'u d .�� 240-3524.Z0-0/.1+/2-0-*p3qu

7�.1r'2-0-*,7�68+ 6 c +/.10/~q.1oIk�3y~8. c .Z.17�s�0-6 � 2-k�. ��r�7I3q7�oI��r�� .10/7�6X~53PwXx �e�5�Tgy��.1r�240-*,7�68+ 0-.Z+-r�um24*,7�v

s�0-6 � 7�r�jZup.y350�s�r'+-*p6q7|*,7 2-k�.Q� r�7 k�3y~q. c .1.17|6 c +/.10/~q.1o � *m24k|��6 � .1+�2^3��5.ql � 3qu,up.�� � � ��� l

��� � ��l ��3 � *p6��5357�o�.ql���r�� .10�� ��3 � *,6 � 3q7�o�. 3q7�o �����M.�����.Z0-* � .17e2-+ . �5� 0 g 
�7"24k'.Qu�3q+�2 E
.�����.Z0-* � .Z7�2-+1l�3 o�*p0/.1jZ2;jZ680-0/.1u�3 24*p6q7�k�3q+ c .Z.17 +/.1.17 c .�2 � .Z.17 2-k�.|o'*p0-.ZjZ2-*p687 6qsI24k�. ��� �
*p7�o�r'j1.1o .Z~q.17e24+�357�o\2-k�.)��r�7Q35+�+/k�6 � 7Q*p7\#$*,v�g�w8g ��g���k'.�6 c +-.10�~53524*,687�+ 6qsV+/68u�350�7�.1r'2-0-*,7�68+

o�. � 687�+�24043 24.1oT3q7T* � � 680�2^3q7e2 ��k d +-*,j1+$�'0-68� .10�24*p.Z+t65s�7�.Zr'240/*p7�68+Zl5~ * $5gt7'.1r'2-0-*p7'6�68+/j1*,upu�3 24*p6q7�+1g

��k�.\��0-+�2 357�o 687�u d *p7'+/2^357�j1. 6qs .���2-043qv83qu�3qj�24*,j\7'.1r'2-0-*p7'68+ c .1*,7�vbo'.Z24.ZjZ2-.1o k�35����.Z7�.1o

*p7 wyx �e� � k'.17 3 c 68r'2 �q� 7�.Zr'240/*p7�6q+ � .10-.Do�.Z2-.1jZ2-.1o ced 2-k�.D
�{A� . � w�0 357�o ��3 � *p6 � 3q7�o'.

j168u,u�3 c 68043 24*p6q7!. �8� 0V3q7'o%3 c 68r'2�z�24.17e243524*m~8.).�~8.Z7�2-+ c�d 24k'.���� �I� ��� ��6qupu�3 c 680-3524*,687Vgi��k�.

.17�.Z0-v8*,.1+�6qs�24k'.1+-.P.Z~q.17e24+�3q+)3Ss�r�7�j�24*p6q7A6qst24* � .	*,+�+/k�6 � 7U*p7A#$*,v�gVw8ghx'g ��k�.�24652^3qu .17'.10-v d

0-.1u,.y3q+/.1o�*,7 7�.Zr'240/*p7�68+ � 3q+Q.1+�24* � 352-.1o 246 c . 6 	 w � � � .Z0-v8+ . � E80 g ��k�.Z+-.K6 c +/.10�~q3 24*p6q7�+



x

1 10 10
2

10
3

10
4

10
5

0

0.5

1

1.5

L/Eν (km/GeV)

D
at

a 
/ M

on
te

 C
ar

lo

e-like

µ-like

#$*pv8r'0-. w8g 6 � ��3 24*p6 6qs�o�3 2^3|6X~q.10H{A6q7�2-. � 3q0/up6|3q+Q3|s�r'7�jZ2-*p687 6qs %'�
(*)8g ��k'.bo�3q+/k�.1o
up*p7'. *,7�o�*pj13524.Z+P2-k�. c .1+�2T��2 3q+-+/r � *p7�vA68+-jZ*pupup3524*,687�+ � *m24k|2-k�. c .1+�2T��2I~53qupr�.Z+T+-3 � . 3q+I*p7
#$*pv�g�w8g z-.7610 g

��0-6X~ *po�.ZoK3 � .y35u,24kA6qs�*,7's�680 � 352-*p687H3 c 68r'2�+/2-.1u,u�3q0�j16qupu�35��+-.5l�7�.1r'2-0-*,7�6D��0/68� .10/2-*p.Z+1l�3q+ � .1u,u

3q+T24.Z+/2-+ 6qs�+-� .1jZ*�3qu 3q7�o"vq.17�.Z043qu�0-.Zu�352-*,~ *,2 d . � E80 gK�)~8.Z0T24k'. d .13q0-+ � 680-.S24k�3q7"k�r�7�o�0/.1o�+
6qs$��3q��.Z0-+�k�3y~8.P3q��� .y350-.1o;o�*,+-j1r'+-+-*,7�vS24k�.Z+-.P.Z~8.Z7e24+)*,7Hv80-.1352�o�.Z243q*pu,+1g�� 0/.1u�3 24.1oH+/68r�0-jZ.I*,+

o�* '�r�+-.�0-.Zup*pj�7�.Zr'240/*p7�68+ s�0-6 � 35upu���3q+�2 +/r���.Z0-7�6X~53q.�*,7 2-k�.Tw �#� E � {A.Z� 0-.1vq*p687Vg$��k�.1+/.�k�3y~8.
7�6q2 c .1.17 6 c +-.10�~8.ZoVg ��k�.Sj1r'0-0-.Z7e2 c .Z+/2Pup* � *m24+�3q0-.Is�0-6 � ��r�� .10�� � . �5� 0�3q7�oK24k'*p+�.Z7�3 c u,.1+

r�+�246\6 c 2^35*p7%+/2-0-687'v jZ687�+/2-043q*,7e24+�687H+/243q0�s�680 � 3524*,687Q0-3524.	*,7;v83qu�31��*,.1+ . � z#0 g

��6524kH24k�.I��r�7b3q7�oU�'� wXx �e�5� k�3X~q. c .1.Z7b6 c +/.10�~8.1ob687�u d 352){A.Z� .17�.Z0-v8*,.1+Zg��i6 o�3 24.

24k�.Z0-.�k�3q+ c .Z.17D7'6T3q+�240/68��k d +-*pj13qun6 c +/.10/~5352-*p687'+ 3 2 � .Z� .17'.10-vq*p.1+Zg���k�. � 35*p7Sv86e3qu�65s k�*,v8k

.17�.Z0-v d ��� � .Z� � 7�.Zr'240/*p7�6 3q+/2-0-687�6 �Td *p+ 246|��.Z.10D*,7e246|2-k�.b*,7e24.10/*p680/+S6qs�3q+�240-6q��k d +/*pj13qu

6 c "/.1j�24+ 357�o 246A��0-6 c .\24k�. k�*pv8k|.17�.Z0-v d r�7'*,~8.Z0-+/.%352T~q.10 d k�*,v8k 0/.1o�+/k�*,s 2-+1gA
�7�u,* �5. ��k'68�

24687�+Zl$k�*,v8k 7�.1r'2-0-*,7�68+P043q0/.1u d +/jy352/24.Z0 3q7�o|o�* '�r�+/.\s�0/6 � 24k'.1*p0P� 68*p7e2P6qs 6q0-*pvq*p7Vg �)up+/6;2-k�.

043q7�vq.P65s��i.Z���K043 d +�*,+�up* � *,2-.1oD2-6D3 c 68r�2Iw � {;��j . � 680 l � k'.10-.13q+)k'*pv8kH.17'.10-v d 7�.1r'2-0-*,7�68+



w �

0

0.1

0.2

-1 -0.5 0 0.5 1
cosθsun

E
v
e
n
t/
d
a
y
/k

to
n
/b

in SK-I  1496day  5.0-20MeV  22.5kt

#$*pvqr�0-. w8g � � ��6qu�3q0 7'.1r'2-0-*p7'6 � .y3��Q3q+�+-.Z.17b*,7A��r�� .10�� ��3 � *,6 � 3q7�o�.

jy3q7 ��0/6 c . 2-k�. ~8.Z0 d o�*,+/243q7e2�r�7�*,~q.10/+-.qg � k'68u d v8043q*,ut65s�r�um240-31��k�*,v8kb.Z7�.10/v d 7�.Zr'240/*p7�6;3q+;�

240-6q7�6 �Td � 68r�u,o c .\246Ao�.Z2-.1jZ2T24k�. *p7e24.Z043qj�24*p6q7�+Ps�0/6 � *p7e2-.10435jZ24*,687�+P6qs�jZ68+ � *pj\043 d +T7�.13q0

24k�. � 4 � j1r'2���6*' � *m24k 24k�.9E�� � ��68+ � *pj\{A*,j10/6 � 3y~8.D� 3qj ��v80-6qr�7�o . � �10 g%�)2-k�.10�v86e35up+	6qs

7�.1r'2-0-*,7�6 3q+/2-0-687'6 �Td 3q0-. 246K+-.13q0-j^k"s�680I7�.1r�240-*,7�68+Ts�0/6 � j168+ � *,jQ3qjZj1.1u,.10-3524*,687 ��0/6�jZ.1+-+/.1+

up* �5. � *,j10-6 ��r�3q+-3q0-+Zl +/r�� .10-7'6=~53P0-. � 7�3q7e2-+1l�3qjZ2-*,~8.�ve3qup3qjZ2-*pj�7�r�jZup.1* l�ve3 �\� 31��043 dIc r�0-+�24+ .Z24j5g

� c +-.10�~53524*,687�+�6qs�24k'.1+-.I7�.1r�240-*,7�68+�j168r'upo;.17�3 c up.Pr�+�2-6D6 c 2^3q*,7;*,7�+-*,v8ke24+�687H24k�.I��k d +/*pjZ+)6qs

��3q0/2-*pjZup.�3qjZj1.1u,.10-3524*,687%*p7%24k'.1+-.P.�� 2-0-. � .P3q+/2-0-68�'k d +/*pjy35uO6 c "/.1j�24+Zg

��7�6q24k'.10)* � � 680�2^3q7e2�+-6qr�0-jZ. j168r'upo c .�24k�.T3q7�7�*,k�*pup3524*,687%6qs ( 
�{b��+Zg)�)+�o�*p+/j1r�+/+-.ZoK*p7

��k�3q�Vg�z�l +-r�j^kQ3q7 6 c +-.Z0/~53524*,687\*p+ * � ��6q0/2^357�2 c 6q2-k\s�0/6 � ��3q0�24*pjZup.���k d +-*,j1+�3q7�oDjZ68+ � 68u,68v d g

�	7'.�6qsn24k�. � 3q*p7T*p7�v80/.1o�*,.17e24+$6qsn24k�.�jZr�0-0/.17e2�+/2^357�o�3q0/o\k'6q2 c *,v c 3q7�v � 6�o'.1u . � �80'*p+$2-k�352 *m2

j1687e2^35*p7�+�3 c 68r'2 � � � jZ68upoHo�3q0 � � 352-2-.101g���6 � .�~8.Z0�24k'.P*,o�.17e2-*,2 d 65si2-k�.�j168u,oHo�3q0 � � 3 2-24.Z0

*p+	+/2-*pu,u$3 �Td +/2-.10 d 3q7�o ( 
�{b��+P3q0-. 6q7�. 6qs�24k�. ��0/68� 68+-.Zo j13q7�o�*,o�352-.1+1g � c +-.10�~53524*,687�+	6qs

7�.1r'2-0-*,7�68+)s�0/6 � ( 
�{A� 3q7�7'*pk�*,u�352-*p687�+�jZ68r�upoK.Z7�3 c u,.Tr�+�2-6%��*p7bo�6 � 7 +/6 � . 6qs�24k'. c 3q+-*,j

��0-68� .10�24*,.1+	6qs ( 
�{b� o�3q0 � � 352/24.Z0�+-r�j^k|3q+	*m24+ � 3q+-+ZlVj168r'��up*,7�v8+�.�24j-. � x�l�E � 0�3q+ � .1u,u�3q+



w8w

GeV    TeV     PeV     EeV

Air Showers

Underwater

Energy

Underground Radio, Acoustic

#$*pv8r'0-."w8g�� � ��.Zr'240/*p7�6 .17'.10-v d 043q7�vq. 65sI~53q0/*p68r�+Ho�.�24.ZjZ24*,687 24.1j^k'7�*p��r�.Z+1g #t*pv8r�0/.Us�0-6 �
��.�s(g�. � 6#0 g

24k�. ( 
�{b� 0-.Zup*,j�o�.17�+/*,2 d . E'w%0 g #�0-6 � 24k�.���6q*p7e2 6qs ~ *,. � 6qs ��3q0�24*pjZup.���k d +-*,j1+Zl'6 c +/.10�~q3 24*p6q7�+

6qs�7'.1r'2-0-*p7'68+	s�0-6 � ( 
�{b� 3q7�7'*pk�*,u�352-*p687�+ � 68r�upo � 68*p7e2�2-6;.�~ *po�.Z7�j1.Ss�680�+/r���.Z0-+ d��\� .Z240 d

3q7�o;.�����u�35*p7%24k�.�680/*pv8*,7Q6qst.1u,.1jZ2-0-6 � .y3��%+ d��\� .Z240 d%c 0/.y3���*p7'v�g


�� � 3q0/o v868*,7�v � r�687�+\*p7 r�7�o'.10-vq0-68r�7'o o�.�24.1j�24680/+Q3q0/.;2-k�.;*po�.13qu�jy3q7'o�*po�3 24.1+S246|o�6

+/24r'o�*p.Z+I6qs�k�*pvqk|.Z7�.10/v d 7�.1r�240-*,7�6A3q+/2-0-687�6 �Td *p7K24k'. .Z7�.10/v d 0-.1vq*p687Ks�0-6 � � .�� 2-6A�i.Z�Tg

�t.�� 246T�t.Z� .17�.Z0-v8*,.1+�j13q7 c .)��0/6 c .1o ced j1r�0/0-.Z7�2�3q7�oDs�r'2-r�0-.�r�7�o�.Z0 � 3524.Z0 � � 
 o'.Z24.ZjZ2-680-+
+-r�j^k 3q+\�	{;���)���Tl �)7e2^350-.1+Zl�� 3q* �535u l � 3���+43q7 l�
�j1.1jZr c .ql���.Z+/246q01g � 2Q.Z7�.10/v8*p.Z+Q3 c 6X~8.

3b�t.�� lt3qj16qr�+/2-*pj 3q7�o 0-3qo�*,6Ao�.�24.ZjZ24*,687|2-.1j^k�7'*p��r�.1+T7�.1.Zo 246 c .\r�+-.ZoVgH��k�*p+P*p+P+-k'6 � 7 *p7

#$*pv�g�w8g��'g

� 2H~8.Z0 d u,6 � .17'.10-vq*p.1+ c .1u,6 � �	.Z�Tl 24k�.Z0-. *p+H3"v8r�3q0-3q7e24.Z.1o +/68r�0/j1.Ks�0-6 � 24k�. 0-.Zup*,j

7�.1r'2-0-*,7�6 c 35j � vq0-68r�7'o up.�s 2D6X~8.Z0 s�0/6 � 24k�.b��*pv|� 3q7'v � � k'68+-.A.���*p+�24.17'j1. � 3q+D�'0-.1o'*pjZ2-.1o

.Z~8.Z7 c .�s�680-.�24k�.�o'*p+-jZ6X~8.10 d 6qsO2-k�.�7�.Zr'240/*p7�6 . w+E80 � g ��6 � .Z~8.Z0 24k�.Z+-.�3q0/.).���2-0-. � .Zu d k�3q0-o 246
o�.Z2-.1jZ21g

#�680P24k�.Z+-.H0-.13q+-687'+ *,2 *,+T* � � 680/243q7e2T24k�352 24k'.%7�.1r'2-0-*,7�6 � *p7�o'6 � 246U2-k�.%r�7�*m~8.Z0-+-. c .



w �

0 2 4 6 8 10 12 14

Relative Time  (seconds)

0

10

20

30

40

50

E
n

er
g

y 
 (

M
eV

)

Kamiokande II 
IMB
Baksan

Kamiokande II
IMB
Baksan

#$*pv8r'0-.Uw8ghx � ��u,.1jZ2-0-687 �5��6q+-*,2-0-687".Z7�.10/v8*p.Z+\3q7�o 0-.Zu�352-*,~8. 24* � .1+ 65s�2-k�.A�'� wXx �8�5� .Z~q.17e24+
0-.1jZ680-o'.1oVg #$*pvqr�0-.)s�0/6 � ��.Zs(g�. w/680 g

.�����up6q*,24.Zo � 680-.5g���up+-6D3q+�2-k�. ��35+/2�k'*p+/2-680 d 6qs�3q+/2-0-687�6 �Td k�3q+)+/k�6 � 7 r�+�2-k�352 � k'.17�.�~8.10

3 7�. � � *p7�o�6 � 2-6 24k'.Tr�7�*m~8.Z0-+-. c .Z.17U6q��.Z7�.1oU*m2)k�3q+�2-k�0-6 � 7Ur'�U+-r�0/��0-*,+-.Z+�3q7�ob0-.Z~q.y3qu,.1o

7�. � +/68r�0/j1.1+ � k�*,j^k � .I7'.Z~8.Z0)357�2-*pjZ*p��352-.1oVg


���� � � � ���
�
����� 	 ��� #$��%��&�'� ()��!*��+ , ������-


�� � 350-obvq68*p7�v � r�687�+�j13q7 c .�r�+-.Zo;s�6q0�+/24r'o�*p.Z+�65s c 6q24k;7�.Zr'240/*p7�6S68+/j1*pu,u�352-*p687'+�3q+ � .1u,uO3q+

s�680 7'.1r'2-0-*p7'6 3q+/2-0-687'6 �Td 3 c 6X~8. � .Z� .17�.Z0-v8*,.1+Zg���k�. � 3q*p7\0-.13q+-6q7Q*p+ 24k�3 2�24k'.10-.�*p+ 3qu � 68+�2

7�6 c 3qj ��v80-68r'7�o;s�0/6 � 6524k�.Z0�2 d � .1+�6qst.Z~8.Z7e24+)0/.1+/r�u,2-*p7�v *,7A3 +-3 � �'up.	j16q7�+-*,+/24*,7�v 6qs$3qu � 68+�2

w �8� � ��r�0-. � r'687 7�.1r'2-0-*,7�68+1g"��*p7�jZ.%24k�.Z*p0 7�.Zr'240/*p7�6q+S2-043y~8.Zu 24k�0/68r�v8k"2-k�.H.y3q0�24kVl�r�+-*,7�v

� 352/24.Z0\.�' .ZjZ2-+Dr�� � 3q0-o 24k�0/r�v868*,7�v � r�687�+\3q0/.Ar�+/.1o 2-6|o'*p+/2-*p7�vqr�*p+/k c .Z2 � .1.Z7 ��� � ���



w6E

s�0-6 � ��� � � � � � � � � �D68+/j1*pu,u�352-*p687'+!. E � 0 g��)up+/6 c .Zjy3qr'+-.K6qs�24k'.1*p0Dk�*pv8k .17�.Z0-v8*,.1+Q24k'. d 3q0/.

j1680/0-.1up3524.Zo � *m24k|2-k�.Q357�v8up.Z+I65s�24k'.1*p0P��3q0/.17e2 7'.1r'2-0-*p7'68+1g%��k�. � .13q7 357�v8up. c .Z2 � .1.17 2-k�.

0-.1jZ687�+�240-r'jZ24.Zo � r�687 3q7�o ��3q0-.Z7�2T7�.1r�240-*,7�6b*,+T3 c 68r�2 � � � � s�680Ir'� � 3q0/o +/2-68����*,7�v � r'687�+
3q7�o E � E���s�6q0)r�� � 3q0-oU2-k�0-r�vq68*p7�v � r�687'+1lV35+-+-r � *,7�vQ3q7U352 � 68+-�'k�.10/*pjT7'.1r'2-0-*p7'6D+-� .1j�240/r �

� � k�*,j^k v86 .1+�35+ ( � ��� � � gt#n6q0$3q+�240/68��k d +-*pj13qu 7�.1r'2-0-*,7�68+ � k'.10-. 24k�. +-� .1jZ2-0-r � jy357 c .�k�3q0/o�.10Zl

24k�.%0/.1u�3 24*,~q.Q3q7'v8up. *p+ � r'j^k"+ � 3qupu,.101gb��k�*p+ *,+ *p7 j1687e240-3q+/2 2-6Kj1687e243q*p7�.Zo".Z~q.17e24+Zl � k�.Z0-.

24k�. � .y357"3q7�v8u,. c .Z2 � .1.Z7 2-k�.Q7�.Zr'240/*p7�6U3q7�o u,.1�'2-687 jy357 c .D3q+ u�350-v8. 3q+ � E � 352 # � ! w8g �
� .�� �5j . 6#0 gH��k�*,+I+�240-6q7�vbjZ680-0/.1u�3 24*p6q7|.Z7�3 c u,.1+Pr�+I2-6b� 68*p7e2�24k�. r�� � 350-o � r'687�+ c 3qj �K246

24k�.Z*p0�+/68r�0-jZ.1+ � *m24kU~8.Z0 d v86�6 oK3qjZj1r�0-3qj d gP#n0/6 � 24k�. � 68*,7�2)6qs ~ *p. � 6qs 7'.1r'2-0-*p7'6%��k d +/*pjZ+1l

24k�. r�� � 3q0-o � r'687K+43 � ��u,.T��0/6=~ *,o�.S3q7K*p7'o�.1� .17�o'.17e2 � .13q7�+�65s �'0-6 c *,7�v � r'687K7�.1r�240-*,7�6

o�.Z��jZ*,2A3q+;3"s�r�7�jZ2-*p687 6qs c 6q24k ��352-k���u,.17�vq2-k�+ � � k'*pj^k 0-3q7�v8.Z+%s�0-6 � z �8� 246 w6E �8�q� � � �

3q+ � .1u,u�3q+I7�.1r�240-*,7�6b.Z7�.10/v d � � k�*,j^k +-��357�+Ts�0-6 � w � .�� 2-6b6X~8.Z0Qw � �i.Z� � gt��k�*p+ � 68r'upo

��0-6X~ *po�.�3q7\*p7�o'.1� .17�o�.Z7e2 j16q7'��0 � 352-*p687S6qsV352 � 68+-�'k�.10/*pj�7�.1r�240-*,7�6P68+-jZ*pupup3524*,687�+Zgi��+-+/r � *,7�v

� � 
 �&w � � � .�� 
 3q7�o ���"! 
 �
# �&w � � l�3 o�.Z��j1*,2�65s$r�� � 3q0-o � r�6q7�+�+-k�6qr�upo � 3q*p7�u d\c .	+/.1.17
352�24k�.P7�3qo�*,0�3q7�o;7�6q2)352�24k�.�k�680/* $Z687Vg�
�7b3qo�o�*m24*,687Q24k�.Z0-.P+-k�6qr�upo c .P3Sv80-.13524.Z0�o�.���j1*m2�*p7

r�� � 3q0/o +�2468���'*p7�v � r�687'+I35+PjZ6 � ��3q0-.Zo 2-6%24k�0/r�v868*,7�v � r�687�+ZgD��6 � .�~8.10P24k�.Z0-.\*p+	+�24*pu,u�3

�q� � r�7�j1.Z0/243q*p7e2 d *,7b24k'.S3 c +-6qupr'2-. ��r��U6qs�r�� � 350-o � r�687'+	3q7�oKr�7'up* �5. j16q7�243q*p7'.1oK.Z~q.17e24+

� . jy357�7�6q2 � .y3q+/r�0-.U2-k�. ��r���6qsP7�.1r'2-0-*,7�68��*,7�o�r�jZ.1o � r�6q7�+H3 c 6=~q.U24k�. k�6q0-* $Z687Vg��)u,+-6

s�0-6 � 24k'.Q��6q*p7e2 6qs�~�*,. � 6qs�3q+�240/687�6 �Td 2-k�. � 3q*p7|*p0-0/.1o�r'j1* c up. c 3qj ��v80-6qr�7�o"j16 � .Z+Ts�0-6 �

352 � 68+-�'k�.10/*pjQ7�.Zr'240/*p7�6q+ � k�*pj^k v8.�24+ 0/.1o�r�jZ.1o *p7 2-k�.%.17'.10-v d 04357�v8.Q0/.1up.�~53q7e2 246Kr�� � 3q0-o

v868*p7'v � r�687�+Zg���6 � .Z~8.Z01l 24k�*,+�jy3q7 c .�2-r�0-7�.ZoD350-68r�7'oD3q7'o r�� � 3q0-o v868*,7�v � r�687'+�jZ68r�u,o c .

r�+-.Zob246 � .13q+-r�0/.I2-k�.Ik'*pv8k;.17�.Z0-v d 04357�v8.P6qs$2-k�. 352 � 6q+-��k�.Z0-*,jP7'.1r'2-0-*p7'6D+-� .1j�240/r � g���k'*p+

j168r�u,o c . r'+-.Zs�r'u$s�680�7�.�� 2�v8.17�.Z04352-*p687Kr'7�o�.10;� � 3524.Z0	7�.1r�240-*,7�6Q24.Zup.Z+-j16q��.Z+	o�.1+/*pv87�.Zo +-68u,.1u d

s�680 7�.Zr'240/*p7�6\3q+�240-6q��k d +/*pjZ+1g � v8up6 c 3qu�~ *,. � 6qs 24k�.�352 � 6q+-��k�.Z0-*,j�7�.1r�240-*,7�6S+-� .1j�240-r � s�0-6 �

3 c 6qr'2;w=z|{;.Z� � c .1up6 � � k�*pj^k *,2S*p+S+ � 3 � � .1o ced 2-k�.H+-68up3q0S7�.1r'2-0-*,7�6 c 3qj ��v80-68r'7�o � 246

3 c 6qr'2Pw �8� �t.�� � � k�.10/.P2-k�. ��r��;6qs�7'.1r'2-0-*p7'68+�s�0/6 � ��*,687�+�3q7�o � 3q687�+ c .1j16 � .Z+�.Z� r�3quO246



w �

10-18

10-16

10-14

10-12

10-10

10-8

10-6

10-4

10-2

100

102

10-2 100 102 104 106 108

E
νd

N
/d

E
ν 

 (
cm

-2
 

 s
-1

)

Eν  (GeV)

#t*pv8r�0/. w8gmw � � � up6 c 35u�~ *p. � 6qst24k�.P352 � 6q+-��k�.Z0-*,j�7�.1r�240-*,7�6\+-� .1jZ2-0-r � . � 0 g

��r��Hs�0-6 � j^k�3q0 � ��0/6�o�r'jZ24*,687 � . � 0 *p+�+/k�6 � 7b*,7H#$*pv�g w8g,w � g


���� � �����*!"��	 ��� �
��	 � ��	�-
!*-


�7 ��k�35�'24.Z0 � l � .So�.Z+-j10/* c . 24k�. ��r�� .10 � ��3 � *p6 � 3q7�o'. o�.Z2-.1j�24680 � k�*,j^k|*,+	r�+-.Zo 2-6;0/.1jZ680-o

68r�0�o�35243q+-.�2yg ��k�.Z7b*p7;��k�3q�'24.Z0 E'l � .Io�*,+-jZr�+-+�24k'.P+�24.Z��+�*,7e~868um~8.1oH*,7H2-k�.�o�35243S0/.1o�r'jZ24*,687
246 .�� 240435jZ2D2-k�.br'� � 3q0/o v868*,7�v � r�687�+D3q7�o 2-6 j13qupjZr�u�352-.%24k�.Aup*,~q.Z2-* � .qg 
�7���k�3q�'2-.10 � l

� .Sv8*m~8.S3%o�.Z243q*pu,.1oK+/r � � 3q0 d 6qs 68r�0)6 c +-.Z0/~q.1o o�352^3q+/.Z2I3q7�o o�.Z+-jZ0-* c . 24k'.D{;687e24. � 3q0-u,6

r�+-.Zo 2-6 +/* � r'u�352-.U352 � 68+/��k�.Z0-*pjbr�� � 3q0/o vq68*p7�v � r�687�+43 � ��u,.qg ( .Ko�*,+-jZr�+-+ � k�352%2-k�.

r�� � 3q0/oQ+/2-68����*,7�v 357�o 2-k�0-r�vq68*p7�v � r'687Do�3 2^3q+/.Z2�24.1u,up+ r�+ 3 c 68r'2�7�.1r�240-*,7�6T6q+-j1*,upup3524*,687�+1g 
�7

��k�3q�'2-.10-+)zS3q7�o-6 � .Po�*p+/j1r�+/+)3q+�240/68��k d +-*pj13qu +-.13q0-j^k�.Z+)+/r�j^kU3q++( 
�{b��+)3q7�oH6q24k'.10���6q*p7e2

+-68r�0/j1.Z+1g 
�7 ��k�3q�'2-.10D� � . c *,s�r�0/jy352-.%24k�.Hr�� � 3q0-o 24k�0/r�v868*,7�v � r�687 o�35243q+-.�2D*,7�2-6K2 � 6

jy352-.1v8680/*p.Z+ � � r'687�+ � k�*pj^kUr'7�o�.10/v86Q0-3qo�*�3 24*,~q.�.17�.Z0-v d up68+/+-.Z+)jy35upup.Zo ��+-k�6 � .10-*,7�vQr�� � 3q0-o

� r�687�+ �e3q7�o%2-k�68+-. � k'*pj^k;o�687 � 2yg��i6 24k�. c .1+�2�6qs$6qr�0 ��7�6 � up.Zo�v8.ql�2-k�*p+�k�3q+ c .1.17;o�687'.�s�680



w=z

24k�.���0-+�2 2-* � .�*p7\3q7 d 7�.Zr'240/*p7�6 � � r�687\o�.Z2-.1j�24680Zg #$*p7�35upu d � .)0/.1� .y352 3qu,u�24k�.�+-.13q0-j^k'.1+ � *m24k

24k�.�+-k'6 � .10/*p7�v r�� � 350-o � r�687;+43 � ��u,.qg



���������
	�� �

� � � � � � � ����� ��� � �
	 � � � � � � ��� � ��� �

����
 ��������������� ��!"���

��r�� .10�� ��3 � *,6 � 3q7�o�.�+�2^3q7'o�+�s�680 �4��r�� .10 � ��3 � *p6 � 3���.1r'2-0-*,7�6T��.�24.ZjZ24*,687\� �'� .10/* � .17e2yg$�)+

24k�.S7�3 � . *p7'o�*pj13524.Z+�24k�. ��r�� .10 � ��3 � *p6 � 3q7�o'. *p+�3%7�.1r�240-*,7�6Ho�.Z2-.1j�24680I3q7�o *p+�u,6�j13524.ZoK*p7

�P3 � *,6 � 3'l  83q��3q7Vg �-��r�� .10��D*p7 ��r'��.Z0�� ��3 � *p6 � 3q7'o�.I0/.1��0/.1+/.17e24+ c 6q24kK*m24+�~q.10 d u�350-v8.P+-* $1.

� +-r'0/s 3qjZ. 3q0/.y3D6qs�3 c 6qr'2 Eqx �8� ��
 � 3q+ � .Zuput3q+�2-k�.I~53q+�2).Z7�.10/v d 0-3q7�v8.I6X~8.10 � k�*pj^kU*m2�jy3q7
o�.Z2-.1jZ2)7�.1r�240-*,7�68+�+-��3q7�7�*,7�vD3 c 68r�2 �\o�.1j13qo�.Z+)*p7H.Z7�.10/v d 043q7�vq.�s�0/6 � 3 s�. � {;.Z��246\6=~q.10

wI�i.Z�Tg

��k�. ��r�� .10�� �P3 � *,6 � 3q7�o�.P.���� .10-* � .Z7e2�k�3q+ c .Z.17Kr�+/.1oU246D+/24r'o db�Id 0/*�3qob��k d +/*pjZ+	3q7�o

3q+/2-0-687�6 �Td 2468�'*pj1+ c 35+-.1oT687I7'.1r'2-0-*p7'68+t+/r�j^k 3q+i+-6qu�3q0 7�.Zr'240/*p7�68+Zl57'.1r'2-0-*p7'68+is�0/6 � c 6q24kIj1r�0;�

0-.17e2�3q7'o\0/.1u,*pj�+/r�� .10-7'6=~53q.5l 352 � 68+-�'k�.10/*pj 7�.Zr'240/*p7�6q+1le7�.Zr'240/*p7�68+ts�0-6 � ( 
�{b� 3q7'7�*pk�*,u�352-*p687

3q7�oKk�*,v8kU.17'.10-v d 7�.Zr'240/*p7�68+)0-.1+/r�u,2-*p7�v\s�0-6 � ~53q0-*,.Z2 d 6qs�j16qupu�35��+-.ZoK3q+/2-0-68�'k d +/*pjy35u$6 c "/.ZjZ2-+1g

��r�� .10�� �P3 � *,6 � 3q7�o�.Qk�3q+\3qup+/6 c .Z.17 r�+-.Zo 246Ks�680 7�r�jZup.Z687 +�2^3 c *pup*m2 d +/24r'o�*p.Z+\u,* �5.%��0-6q2-687

o�.1j13 d 3q7�oD7�.1r'2-0-687 �(3q7e24*,7�.1r�240-6q7D68+/j1*pu,u�352-*p687'+1g 
�2 j13q7Q3qu,+-6Io�.Z2-.1jZ2�j168+ � *,j�0-3 d � r�687�+ 3q7�o

jy3q7 c .�r�+-.ZoS2-6	+/2-r�o d jZ68+ � *pj 0-3 d 0-.Zu�352-.1o ��k'.17�6 � .17'687Vg ��r'��.Z0�� ��3 � *p6 � 3q7'o�. 3qu,+-6�+/.10�~8.1+

3q+)24k'. s 3q0)o�.�24.ZjZ246q0�s�680�2-k�. � � � up687�v1� c 3q+/.1u,*p7�.P7�.1r�240-*,7�6Q68+/j1*,upu�3 24*p6q7A.��'� .10/* � .17e2yg	��k'*p+
w/6



w=�

24k�.Z+-*p+�*,+ c 3q+/.1o;687Hk�*pv8k%.Z7�.10/v d 7�.Zr'240/*p7�6q+�+-.1.Z7b*,7;��r�� .10�� �P3 � *,6 � 3q7�o�.5g�
�7%24k�*,+�j^k�3q�'2-.10

� .H+-k�3qupu v8*,~q.%3 c 0-*,.Zs�o�.Z+-j10/*p�'2-*p687"65s�2-k�.Q~53q0-*,68r�+ jZ6 � ��687'.17e24+ 65s�2-k�.%o�.�24.1j�24680Zg"{A6q0-.

o�.Z243q*pu,+�jy3q7 c .�s�6qr�7�o;*p7;��.�s(g�. E E80 g

����� � ��� � ��!"��� ����� ��!*- �
��� 	

��k�.���r'��.Z0�� ��3 � *p6 � 3q7'o�. o�.Z2-.1jZ2-680$*,+i2-k�. � 680/upo �}+tup3q0-vq.1+/2ir�7'o�.10/v80-68r'7�o � 3 24.10;����k�.Z0-.Z7 �q6X~
o�.Z2-.1jZ2-6801g�
�2�jZ687e2^3q*,7�+�z �8�8�q� 2-687�+ 6qs�r�u,2-0431����r�0/. � 352-.10�3q7�o\*p+�u,6�j13524.ZoS*p7 � *,s�r\��0-.Zs 35jZ24r'0-.

*p7  83q��3q7%*p7H3 $Z*p7�j � *,7�.)r�7'o�.10	w �q�8� � 6qsi0-6 j � 6X~8.Z0 c r'0-o�.Z7Vgh��k'.IjZ68+ � *pj�0-3 dD� r'687%04352-.

*p7 ��r�� .10�� �P3 � *,6 � 3q7�o�.Q*,+\3 c 6qr'29E|��$qg 
�2Dr'+-.1+\��k�65246 � r'u,24*,��up*,.10�24r c .1+S246 o�.�24.1j�2 2-k�.
��k�.10/.17 �56=~ u,*pv8ke2yg ��k�.Hv8.Z68v80-3q��k�*,jQj168��680-o'*p7�352-.1+ 65s	��r'��.Z0�� ��3 � *p6 � 3q7'o�.Q3q0/. E 6�� � z�� �

!i3 24*,2-r�o�.�3q7'o|w6E8� �1w ��� � ! 6q7�v8*,2-r�o�.5g
��r'��.Z0�� ��3 � *p6 � 3q7'o�.T+�2^3q0�24.1o o�352431��243���*p7�vQs�0/6 � ����0-*,u�wXxqx 6H3q7�o j1687e2-*p7�r�.1o r�7�*,7e24.10;�

0-r��'2-.1o�u d r�7e24*,u� qr�u d �q�q� w � k'.17 *m2 � 3q+\+-k�r'2���o�6 � 7 s�6q0\0/.Zs�r�0 c *p+/k�*p7'v 2-k�.Ao'.y3qo ��k�6q2-68�

� r�u,2-*p��u,*p.Z0�2-r c .Z+1g #�680	0-.Z+/2P6qs�24k�.S24k�.Z+-*,+ � .S+-k�35upu�0-.�s�.10	246%2-k�*p+	��k�3q+-. 3q+I� � �:�4w8g ��.13q0

24k�.P.17�ob6qs$2-k�*p+�r���vq043qo�.I*p7A��6X~8. � c .10 �q�8� w � k�.17A24k�. � 3 24.10�up.�~8.1u *,7;2-k�.Io'.Z24.ZjZ2-680 � 3q+

3 c 6qr'2�k�3qums ��s�r�u,u 2-k�.10/. � 3q+�3S3qj1jZ*po�.Z7e2�*p7 � k�*pj^k;3 c 68r'2�6 � �8� ��k�652468� 24r c .1+�v86q2 o�.1+�240-6 d .1oVg

��*p7�jZ.Q24k�.Z7"24k�.%o�.�24.ZjZ246q0\k�3q+ +/243q0/2-.1o 0-.���2^3 � *,7�vUo�3 2^3Us�0-6 � 3 c 68r'25 8357 r�3q0 d �q�8� E � *m24k

3Do�* '�.10/.17e2	jZ687'��v8r'04352-*p687Vg���k�0/68r�v8k�6qr'2�24k'. 68� .1043 24*p6q7b6qs�� r���.Z0�� ��3 � *p6��5357�o�.�24k�. � .10;�

s�680 � 3q7�jZ.	6qs 24k�.�o�.�24.1j�24680�3q7'oH~53q0/*p68r'+ j16 � � 687�.17e2-+1l�o�352431��243���*p7�vS357�oH.17e~ *p0-6q7 � .Z7e2�k�3q+

c .Z.17 � 687�*m24680/.1o �5� k�6qr�0-+�3 o�3 d%ced ��k d +-*pjZ*p+�24+�*p7%24k'0-.1. � k�68r�0�+/k�*,s 2-+���.Z0�o�3 d g

����� � ��	���	���� ��� 	 �&��! � ��! � �

( k�.17 3 j^k�3q0-v8.Zo ��350/24*,j1u,.Q��3q+/+-.1+\24k�0/68r�v8k 3 � .Zo�*pr � � *,2-k 3K+/��.Z.1o � k'*pj^k *p+Sv80-.13524.Z0

24k�3q7 24k'.\+/��.Z.1o 6qs up*pvqk�2�*p7K24k�. � .1o'*pr � *,2�j10/.y352-.1+P3q7 .1u,.1j�240-6 � 3qvq7�.Z2-*pj +/k�6�j � � 3y~8. 3q+



w �

+-k�6 � 7Q*,7D#$*,v8r�0/. � g,w8g$��k�*p+ � 35+ ��0/+/2 o�*p+/j16X~8.Z0-.1o%*,7Awyx E � ced �ig\��k�.10/.17 �56X~%3q7�o\*p+�jy35upup.Zo
��k�.10/.17 �56=~ .%'�.1j�2ygH��k�. � 3y~8.�s�0-687e2 6qs�24k�.\0-.Z+-r�um24*p7'vA0-3qo�*�3 24*p6q7 �'0-68��35ve3524.Z+ 352I3q7 3q7�v8u,.

v8*,~q.17 ced # ! 	 � ��� � � #
��� � � k'.10-. 		*p+ 2-k�.I+/��.Z.1oU65s$u,*pv8ke2�*p7%~53qjZr�r � l �D*p+ 24k'.P~q.1up6 j1*m2 d 6qs

24k�. ��3q0/2-*pjZup.\3q7�o ! *p+�24k'. 0/.Zs�0435jZ24*m~8. *p7�o�.��|6qs�2-k�. � .1o�*,r � gH��r�� .10 � ��3 � *,6 � 3q7�o�.Sr�+/.1+
24k�.I��k�.Z0-.17 �q6X~b.�' .ZjZ2�246\o�.�24.1j�2���3q0/2-*pjZup.1+�357�o;2-k�.I��k�.10/.17 �56X~b��k'6q24687'+�350-.	o�.�24.1j�24.Zo ced

��k�6q2-6 � r�um24*p�'up*p.Z0�2-r c .1+ � ��{A��+ � +-r'0-0-6qr�7�o�*,7�v ��r�� .10�� � g

θ
c/n

v > c/n

#$*pv8r'0-. � g,w � 
�u,upr�+�24043 24*p6q7b6qs���r d v8.17�+��Vj16q7�+/2-0-r�j�24*p6q7K6qs�24k�. � 3y~8.�s�0-687e2P6qs ��k�.Z0-.Z7 �q6X~K0-31�
o�*�352-*p687 g

��k�.�7�r � c .10 6qsO��k�.10/.17 �56=~ ��k�6524687�+�. � *,2/24.Zo � � � ��.Z0 r�7�*,2 � 3y~8.1u,.17�v524k � � � � 3q7�o\� .10
r�7�*,2�u,.17�v524k � o�� � *p+�vq*,~8.Z7 ced . E � 0 �

� 
��
� � � � ! ��� �

� 
 � w 
 	 

� 
 ! 
 ��� � 
 � � gmw �

��.10/. �`*p+ 2-k�.A��7�.���+/240/r�jZ2-r�0-.KjZ687�+�2^3q7e2yg #�680 ��3q0/2-*pj1u,.1+ � 6X~ *p7'v 352\24k�.b+-� .1.1o�65s	up*,v8ke2

� E �8�8� �'k�6q246q7�+ �5j � 3q0-.�. � *,2/24.Zo c .Z2 � .1.Z7 E �8� �(z �8� 7 � � k�.Z0-.I2-k�.T��r�� .10�� � ��{A��+	3q0/.

� 68+�2�+-.Z7�+-*m24*,~q.qg



wXx

����� �)	 � 	�� �
��� ���
� ��� ������	

#$*,v8r�0/. � g � � �`0-68r�vqk;+/j^k�. � 352-*pj�6qs���r�� .10�� �P3 � *,6 � 3q7�o�.�o'.Z24.ZjZ2-6801g

��r'��.Z0�� ��3 � *p6 � 3q7'o�.Sj1687�+/*p+�24+T65s�3Aj d up*p7'o�0-*,jy3qu�+�2^3q*,7�up.Z+-+P+/24.Z.1u�2^3q7 �nl(E8x � o�*p3 � .�24.Z0

3q7�o �e� � k�*,v8kVgQ
�2I*p+�68��24*pj13qupu d *,+-68up3524.Zo *,7e246H2 � 6A0-.1vq*p687�+ � 
�7'7�.10I��.Z2-.1jZ2-680 � 
(� � 3q7�o

�	r�24.10 ��.�24.ZjZ246q0 � �	� � g5
(� jZ687�+-*,+/2-+�65s 3�jZ687�jZ.17e240/*pj�j d up*,7�o�.Z0�*p7�+/*po�.�2-k�. 2^357 � � *m24kSk�.1*,v8ke2

6qs8E 6'g � � 357�oKo�*�3 � .�24.10=E E'g�� � g	��k�. 0-. � 35*p7�*,7�vD0/.1v8*,687 � k�*,j^kK*p+	3 c 68r'2 � g � z � 24k�*,j �

3qup687'vD24k�.To�.Z2-.1jZ2-680 � 3qupu,+�3q7'o � � 2-k�*pj �;687b2-k�. 2468�U3q7�o c 6q2-2-6 � j1687�+�24*m24r'2-.1+�24k'.S�	� g

��k�.T
(��*p+�+-r�0/0-68r'7�o�.1o c�d w8wql,w � 6 �5� ��*,7�j^kb��{A���}+�s 35j1*p7'v *,7 � 3q0/o�+)357�oA2-k�. �	��j1687�+/*p+�24+

6qs�w � �ezS68r'2 � 3q0-oUs 35j1*p7'v �D*,7�j^k ��{A��+1g	� z8z#��j � o�.y3qob0-.1vq*p687UjZ687�+�24*,2-r'24.Z+)24k'.T+-r'����6q0/2

+/240/r�jZ2-r�0-.%s�680 c 6q2-k �	�M357�o 
(� � � 24+Zg ��k�. � 3qupu,+ 6qs�24k'.;��� 3q7'o c 6q2-k 24k�.Q2-68� 3q7�o

c 6q2/246 � 6qs)24k�.;2^3q7 � 3q0/.bjZ6=~q.10/.1o � *,2-k 0-. ��.1j�24*m~8.U� d ~8. � � � 3q7�r's 3qj�24r�0/.1o ced ��r���6q7�2 �

246;.17�k�357�j1.S24k�. 2-6q2^3qu$up*pvqk�2�j168u,up.1j�24.ZoVgS��k�. 0/. ��.ZjZ2-*,~ *,2 d 65s 2-k�.S� d ~8. �|*,+�3 c 68r'2Px � � 352

�e�8� 7 � s 3qu,up*,7�vI2-6D3 c 68r'2�� � � 352�3 c 68r�2 E �e� 7 � g
�i6 � 31��* � * $1. � 352-.10	240-3q7�+-��3q0-.Z7�j d 357�o c 3qj ��v80-68r'7�o�+Po�r�. 246H7�3 24r�0-3qu�0435o�*p6e35jZ24*m~ *,2 d l

24k�. � 352-.10 *,7 2-k�.)o�.�24.ZjZ246q0�*p+�r�um24043#����r�0/*,��.Zo ced 3I+/��.Zj1*�35u � r'u,24* ��+�24.1�\��r�0/*,��j13524*,687\+-j^k�. � .



�q�

� k�*pj^k *,7�j1u,r�o�.Z+\��um240-3524*,687Vl�0-.Z~q.10/+-.U68+ � 6q+-*p+ 3q7�o o�.1v83q+-*m��jy352-*p687 g {A680/.bo�.�2^3q*,up+S687 2-k�.

� 352-.10���r�0/*,��j13524*,687K+-j^k'. � . j13q7 c . s�68r�7'o|*,7|��.Zs(g . E E10 g ��up+-6%2-k�. *p7�7'.10	+-r'0/s 3qjZ.1+P6qs 2-k�.
2^3q7 � jZ687e2^3q*,7"3 c 68r'2 � 6b��.1u � k�68um2 $Sj16q*pup+ � k�*,j^k 0-.Zo�r�j1. 24k�. � 3qvq7�.Z2-*pjS��.1u,o 352I24k�. +-*,2-.

s�0-6 � � z � � � � � k�*,j^kA*,+���0-6 c up. � 352-*pj�s�6q0 24k�.P��{A��+ � 246 z � � � g

����� � ��� �
��� � � ��!"� �*!"	�� � ��� 	�-

� k'6q246 � r�u,2-*p��u,.10n24r c .1+ � ��{A��+ � 3q0-.�2-k�.�up*,v8ke2V+-.Z7�+-*m24*m~8. .1u,. � .17e24+O6qs�2-k�.���r�� .10 � ��3 � *,6 � 3q7�o�.

o�.Z2-.1jZ2-680 � k�*pj^k o�.Z2-.1jZ2\24k'.b��k'.10-.Z7 �q6X~ ��k�6q2-687�+Zg ��k�. d � 680 �"687 24k�. c 3q+/*p+S6qs���k�6q2-68�

.1up.ZjZ2-0-*pj	.�' .ZjZ21g

��������� 	�
 ��
 �

��k�.H
(� jZ687�+/*p+/2-+S6qsPw8w8w � 6Uz � ��j � ��{A���}+ � � 3q7�r's 3qjZ2-r�0-.Zo c�d �)3 � 3 � 3524+/r � � *m24k �e� �

��k�6q2-68��j13524k�6 o�.QjZ6X~8.10-3qv8.5g|� jZ6 � ��up.�24.Do'.1+-jZ0-*,�'24*,687"6qs�24k'.Hz � ��j � � {;� j13q7 c . s�68r�7�o

*p7 . Eez#0 g�� +/j^k�. � 352-*pj�~ *,. � *p+�+-k�6 � 7H*p7D#$*pvqr�0-. � gFEI��k�.��'k�6q246 jy3 24k�6 o�.)*,+ 3q�'��0-69��* � 3524.Zu d
k�. � * ��+-��k�.Z0-*,jy3qu *p7 +/k�3q� .�3q7�o jZ687�+/*p+/2�6qs 3 c *�35u � 3qup* � � c � ���(��+ � �'k�6q246 jy3 24k�6 o�. � *m24kS3)� .y3 �

� r�3q7e24r � . � jZ*p.Z7�j d 6qs 3 c 68r'2 �q� ��3528E 6 � � �e�8� 7 � g$��k�.�3y~8.Z043qv8.�240-3q7�+/*,2 � 24* � . +-��0/.y3qo\s�680
wT� .T+-*,v87�3quO*,+ � g � 7�+1g���k�. 3X~q.10-3qv8.To�3q0 �%7�6q*p+-.P043 24.I352 � g � zS��.Pup.�~8.Zut*,+)3 c 68r'2 E'g z �	k�$5g

��k�. d k�3y~q.T3 ve3q*,7H6qs�w � � � *,24kH~86qu,2^35v8.1+�0-3q7�v8*,7�v s�0-6 � w=� �8� 2-6 � � �8� � g

��������� ��
 ��
 � �

��k�.%�	� jZ687�+-*,+/2-+T6qs	w � �ez �q� ��j � ��{A��+1g;��k�.1+/.%��{A��+ � .10/.D0-.Zj d j1u,.1o s�0/6 � 24k'.D
�{b�

.�����.Z0-* � .Z7�2;3 s 24.10 24k�352Q.�����.Z0-* � .Z7�2 � 3q+Q2-.10 � *,7�3524.Zo�*p7 wyx8x'w8g`�i6".17�k�357�j1.K24k'.Uup*,v8ke2

j168u,up.1j�24*,687 . �\jZ*p.17'j d 6qsn2-k�.���� l � 3y~q.1+-k'*,s 24.Z0 ��u�352-.1+ 3q0/.�352/2^3qj^k�.Zo\2-6	.y3qj^kD�	� � {;� . E 610 g
��k�. � 3X~q.1+/k�*,s 2-.10 ��up3524.Z+ 3q0/. +/��r�3q0-.Q3qj10 d u,*pj\��3q7�.Zup+I6qs�up.Z7�vq2-k 6 � j � 3q7�o"3 c 68r'2 w8gFEAj �



� w

ph
ot

os
en

si
tiv

e 
ar

ea
 >

46
0

φ

<
φ

52
0

70
00

0
~

720~

)20610(

φ 
82

2

φ 
25

4
10

φ 
11

6
ca

bl
e 

le
ng

th

water proof structure

glass multi-seal

cable

(mm)

#$*,v8r�0/. � g E � ��j^k�. � 352-*pj�~ *p. � 6qsi24k�.Iz � ��j � 
(�&��{A�	g

#t*pv8r�0/. � g � � ��k�6q2-6�j13524k�6 o�.���r�3q7e24r � . �\j1*,.17�j d 3q+�3 s�r'7�jZ2-*p687H6qs � 3y~q.1up.Z7�vq2-kVg

24k�*,j � 3q7�o\3q0/.�o�68� .1o � *,24k z � � v �5u�6qs c *p+;��{U�'��ge��k�.�� {;� *p+ � 68r�7e2-.1oS*p7e246P3 � 3qj^k�*p7'.1o

k�68up.P352�24k'.IjZ.17e24.Z0�6qs$2-k�.P��u�352-.qg ��k'.1+-.T��u�352-.1+�3 c +/680 c r�u,2-0431� ~�*,68up.�2�up*,v8ke2�3q7�oA0-.���043qo'*�352-.

*p7H24k�. c upr'.���vq0-.1.Z7 � k�.Z0-.P24k�.I��{A� +-.Z7�+-*m24*,~ *m2 d ��.13���+1g���k�. � 3X~q.1+/k�*,s 2-.10���up3524.Z+�*p7�jZ0-.y35+-.

24k�.;up*,v8ke2Sj168u,up.1j�24*,687 . �\j1*,.17�j d 65s)24k'.U�	� ced 3 c 68r'2 6 � �Qg ��k�.A2-* � *p7�vK0/.1+-6qupr'2-*p687 6qs

24k�.S�	�&� � 24+�*,+IwXz 7�+ � *m24kA2-k�. � 3y~8.1+/k�*,s 2-.10	��up3524.I3q7�o w6ED7�+ � *m24k�6qr'2�2-k�. � 3y~8.1+/k�*,s 2-.10
��u�352-.5. E*680 g���k'*p+�*p+�3qo'.1��r�352-.Ps�680 2-k�.I�	��+/*p7�jZ.P*m2�*p+ � 3q*,7�u d r�+-.Zob35+�3 ~8.�246\j168r'7�2-.10Zg



�8�

����� �)� �
� �$��� ��!*-
! �
!"��� �
	 - �
	 �

��k�.�o�.�24.1j�24680�o�352^3T3qj1��r�*,+-*,2-*p687\+ d +�24. � � ����� � *p+ 0-.Z+-� 687�+-* c up.�s�680�0/.1jZ680-o�*,7�v 357�oQ+/2-680-*,7�v

24k�.Q+/* $Z.Q3q7�o|24* � .\6qs�.1u,.1j�240-6q7�*pj ��r�up+/.1+Ps�0-6 � ��{A��+ *p7 3As�680 � 352P+/r�*,243 c up.Ss�680T� k d +-*,j1+

3q7�3qu d +/*p+ZgU��0/*p.Zs o�.1+/j10-*,�'24*,687�+I6qs�
(� 3q7�o �	� ����� *p+Iv8*,~q.17 *,7|24k'.Q7�.�� 2 2 � 6K+-.ZjZ2-*p687�+Zg

{A680-.�o�.�2^3q*,up+�j13q7 c .�s�68r�7'oA*,7A��.Zs(g . E E10 g

����� ��� 	�
 � �;
�� � � ��� � � � � ��� 
 ���

��k�.I+/*pv87�3qup+�s�0/6 � 2-k�.�
(�&��{A��+�3q0-.�s�.Zo;2-6 � � �t0/*p+/243q7�� �P� ��687�up*,7�.�jZ04352-.1+1g � 3qj^k;j1043 24.

j1687e2^35*p7�+ 3 � 687'v � 6 o�r�u,. � k�*,j^k"o�*p+�240/* c r'2-.1+P24k�.Q2-0-*pvqv8.10P*p7's�6q0 � 3524*,687Vlt3 c r�+;��*p7e2-.10/s 35j1.

��r�� .10��(��687e240/68upu,.10Q��.y3qo'.10%3q7'o �q� �)7�3qup68v ��* � *p7�v {A6 o�r�up.Z+ � k�*,j^k � 680 � c 6q24k 35+%3q7

����� � �)7�3qup68vA246Ko�*,v8*,243qu j1687e~8.Z0/2-.10 � 3q7'o 3 ����� � ��* � .D246Ko�*,v8*,243qu j1687e~q.10/2-.10 � g"� 3qj^k

j^k�3q7�7�.Zu 0/.1��r�*,0-.1+P3%24k�0/.1+/k�68upo 6qs � g E � � . s�680P3;+/*pv87�3qu$246 c .\0/.1jZ680-o�.ZoVg ( k'.17|3;+/*pv87�35u
*p7H3 j^k�3q7�7'.1uO*p+�0/.1jZ680-o�.Zob357 �^w8w � � l �q�8� 7�+ � *,o�.	��r�u,+-.	*p+�v8.17�.Z04352-.1oVg ��k�.Z+-.P��r�u,+-.1+�3q0/.

3qo�o�.ZoH2-68v8.�24k�.Z0 � *,24kH35upu 6q24k�.Z0�j^k�3q7�7'.1up+�357�oH*,sO24k'.	+-r � .���j1.Z.1o�+�3 j1.Z0/2^35*p7Q24k'0-.1+/k�68u,oVl�3

v8up6 c 3qu�o�.�24.1j�24680	2-0-*pvqv8.10	*,+	*p+-+/r�.1o g\��k'*p+	240/*pv8v8.Z0�24k�.Z7|vq.Z24+���35+-+-.Zo|2-6b3;��r�� .10 � . � 680 d

��3q0/2-7�.10 � 6 o�r�u,.	s�680�2404357�+/s�.Z0�246\24k�.I687�u,*p7�.�j16 � ��r�24.10/+1g���k�.Z+-. 3q0/.P2-k�.17b0-.y35o ced �D��r�7

� 680 ��+/2^3 24*p6q7�+�24k�0/68r�v8k;3 c *,2>E �	{b� ��+ c r�+�3qo�3q�'2-.10�j13q0-oVg ��k�*,+�*p+ 2-k�.17;+-.Z7�2�2-6 3 jZ.17e240-3qu
687�up*,7�.�k�6q+/2�j16 � ��r'2-.10 � k�.Z0-.�24k�.�o�35243 v8.Z2-+�35+-+-. � c u,.1o;*p7e246\3q7H.Z~q.17e2yg

� 3qj^k .Z~q.17e2P*p7 � � k�3q+ � *,7�o�.Z��.Z7�o�.17e2�24* � .I+/243 � �'+1gP��k�. 0-.Zu�352-*,~8.I24* � *p7'v c .Z2 � .1.Z7

2 � 6%*,7�o�.1� .17'o�.17e2	.�~8.17e2-+P*,+ � .y3q+/r�0-.Zo � *,2-kK3 � �#� c *m2�jZ68r�7e24.Z0�o�0/*,~8.Z7 ced z � {b� $Ij1up6 j �ng

��k�*p+\j1u,6�j � j13q7 c .;r�+-.Zo 246 � .13q+-r'0-.H24k�.%24* � . c .Z2 � .1.Z7 2 � 6|+-r�jZj1.Z+-+-*m~8.K.�~8.17e2-+D246|3q7

3qj1jZr�043qj d 6qs � �5� 7�+Zg���k�*,+�jZup6 j � *p+�r'+-.1o\s�680�jy35upj1r'u�352-*p7�v�2-k�.�r�� � 3q0/o � r'687 u,*,~q.Z24* � .�3q+

.�����u�35*p7�.Zo;*,7;��.1j�2yg�E'g ��g���k�.P3 c +-68u,r'24.�2-* � .�6qst.y3qj^k;.Z~q.17e2�*p+�3qu,+-6 6 c 243q*p7'.1o%s�0-6 � 3 � ���

0-.1jZ.1*m~8.10 � *,2-k;3q7b35j1j1r'043qj d 6qs$3 c 6qr'2Pw � � ��+/.1jqg�{;680-.�o�.�2^3q*,up+�jy357 c .	s�68r�7�oH*p7;��.Zs . Ee�10 g



� E

����� � � � �"	�� ��������!*� - ����� � ���

��k�.��	� ��{A� +-*,v87�3qu,+�3q0/.�s�.ZoQ*p7e246P24k�.)k r�24+1g�� +-*,7�v8up.�j16831��*�3qunjy3 c up.�s�.1.1o'+ k�*pvqk ~86qu,2^35v8.

246)2-k�. ��{A��+ 3q7'o 0-.Zv8*p+�24.10/+$*m24+t3q7�3qu,68v�+/*pv87�3qup+Zg$��*pv8kP~868um2^3qv8.�*p+to�*p+�240/* c r'2-.1o c�d � !O.���0/6 d

w � z � � 35*p7's�0-3 � .Z+�j1680/0-.Z+-� 687�o�*,7�v 2-6 .13qj^kU.1u,.1j�240-6q7�*pj�k�r'2yg�� 3qj^k � 3q*,7's�043 � .�jZ687e240/68up+ � �

j^k�3q7�7�.Zup+�6qs k�*,v8kT~q68u,243qv8. 68r�2�6qs � k�*,j^k �8� 3q0-. 3qjZ2-r�3qupu d r�+-.ZoVg�� 3qj^kSk�*pvqk ~868um2^3qv8. j^k�3q7�7'.1u

*p+�j1687'7�.1j�24.1oA246Q3 �/��35o�o�up.�j13q0-o � � k�*,j^kAs 3q7�+�68r'2�~q68u,243qv8.1+�246;w � ��{A��+1g���k�.Z+-.I��3qo�o�u,.

jy3q0/o�+�350-.�r�+-.ZoD246�o�*,+/2-0-* c r'24.�k�*,v8k ~868um2^3qv8.�2-6\w � ��{A��+�3q+ � .Zupu 3q+�246P��*pj �Tr�� 2-k�.�3q7�3qu,68v

� {;� +/*pv87�35up+ 24k�0/68r�v8k%3Ik�*pv8k\~868um2^3qvq.)jy35��3qj1*m24680 3q7�oD0-.1+/*p+�24680 7�.Z2 � 680 �D3qupu,6 � *p7�vI3T+-*,7�v8u,.

jy3 c u,.	246 c .�r�+/.1oHs�680 c 6q24k;k�*pvqkQ~868um2^3qv8.�357�oA+/*pv87�3qu g

��k�.b��{A� +-*pvq7�3qup+ s�0/6 � 24k�.A��3qo�o�u,.Aj13q0-o'+Q3q0/.As�.1o 246 j^k�3q0-v8.;246 24* � .Hj1687e~q.10-+/*p687

� 6 o�r�u,.1+ � ����� �h+ � � k�*,j^k � .Z0-.�o�.Z+-*,v87�.1oQ3q7�oD2-.1+/2-.1o;352���68+�24687%
�7�*,~q.10/+-*,2 d o�r�0/*p7�v wXx8x � �

x 6'gi��k�. ����� �}+ � .y3q+/r�0-.�j^k�3q0/v8. 3q7'oI24* � *,7�v�*p7�s�680 � 3524*,687�s�0-6 � ��{A�"��r�u,+-.1+$3q7�oIj1687e~8.Z0/2

*,2%*,7�2-6 3"s�6q0 � +-6 24k�352H*m2%jy357 c . 0-.13qo c�d 24k�. ����� �}+1g 
�sP24k�.Kk�.Z*pv8ke2H6qsP24k'. � {;�

��r�up+/. .���j1.Z.1o�+ � � g � z\��. 2-k�. ����� � 6 o�r�up.Iv8.17'.1043 24.1+�3Qu,68v8*,jI��r'up+-.5g���k�. +/243q0/2	65s�2-k�.

up68v8*,jI�'r�up+/. *p7�o�*,jy352-.1+�24k�. k'*,2�2-* � .I6qs�.13qj^k � {;� +/*pv87�35u$3q7'oU24k�. � *,o'24kK6qs�2-k�. ��r�u,+-. *,+

��0-68� 680�24*p6q7�3qu�246b2-k�. 2-6q2^35u j^k�350-v8. *p7 2-k�.Dj^k�357�7�.1u gU��k�. d 3qu,+-6bvq.17�.Z04352-.Q3 � z � � 3q7�o

�q�8� 7�+ � *,o�. ��r�u,+-. � k�*,j^k *p+�r�+/.1o s�680�v8.Z7�.10-3524*,7�vQ24k'.\���&2-0-*,v8v8.10ZgP��35j^k ����� � 6 o�r�u,.

jy3qu,j1r�up3524.Z+�24k�. �-��*m24+-r � � ced 3qo�o�*,7�vT24k'.1+-.	�'r�up+/.1+1g ��k�.���*,2-+-r � + s�0/6 � .13qj^k � 6 o�r�u,.�3q0/.

24k�.Z7 +/.17e2 246	24k�.�jZ.17e240-3qu�k�r'2 � k�.10/.�2-k�. d 3q0-.�+-r � � .1o 2-6�s�6q0 � 2-k�.�v8up6 c 3qu���*,2-+-r � � k�*pj^k

*p+�r'+-.1o%2-6 v8.17'.1043 24.)2-k�.	�	� 240/*pv8vq.101g�{A680-.�o�.Z243q*pu,+�6qsO2-k�. ����� � 6 o�r�u,.�3q7�o%+-.�24r��%r'+-.1o

246 24.Z+/2�24k�. ����� �h+�jy357 c .	s�68r�7�o;*p7;��.Zs(g�. E �80 g
��k�. 68r'2-��r'2Ps�0-6 � 2-k�. �����&��r'up+-. *p+�o�*,v8*,2-* $1.Zo c�d !O.X��0/6 d w �8�8�;#n3q+�2 c r'+T��* � .�� 2468�

��*pv8*m2^3qu���6q7�~q.10�24.10 � ����� � � k�*pj^k 0/.1jZ680-o�+i24k�.�+/243q0/2�3q7�oI+/246q�I24* � . 6qs'24k�. ��� !H�'r�up+/.qg��	�

o�352^3\v8.Z2-+�0/.1jZ680-o�.ZoU687�u d *,s�3\v8u,6 c 3quV2-0-*,v8v8.10�*,+�0/.1jZ.1*,~q.1obs�0/6 � 24k'.Tj1.Z7e240435uik�r'21g�����k�*,2-+

v8.Z2�+-3y~8.1o;*p7Q3 � *p7�o�6 � � k�*,j^k%+/2^350/24+	w � �K+-.Zj c .�s�680-.	3Iv8up6 c 3qu 2-0-*,v8v8.10�3q7�oQ2-.10 � *p7�3524.Z+ 6



�5�

�t0/*pv8vq.10�2 d � . ��k�0/.1+/k�68upo ��6S6qstk�*,2-+ ��7�.10/v d �t0/*pv8v8.Z0���3 24.
� r���.Z0�! 6 � � 7'.10-v d �8�8� � � �q� E'g zS{A.Z� z8z � ��$
! 6 � � 7'.10-v d E �q� � � � x zS{A.�� w8wI� $
��*,v8kH��7�.10/v d E �e� � � E'w 6\{A.�� 6S� $
��r'2-.10���.Z2-.1jZ2-680 � � � wXx � �5� ES� $
�$3 c up. � gmw � ��r �\� 350 d 6qst2-0-*,v8v8.10/+�r�+-.Zob*,7b� r���.Z0�� ��3 � *p6��5357�o�.qg

�K+-.1jP35s 2-.10 *m2yg���k'.P������o�35243 3q0-.)+-.17e2�~ *�3 3 #n3q+�2 c r�+�� � 3q0�2���043 24.P��687e240/68upu,.10 � 6 o�r�u,.
246;3H��r�7 � 680 ��+/243524*,687 � k�.10/.S*,2�vq.Z24+	+/.17e2�246;3q7K687'up*p7'.Tk�68+�2	s�680	3qo'o�*,2-*p687b2-6%24k�. .�~8.17e2

o�352^3�g�{A680-.�o�.�2^3q*,up+�3 c 68r'2�2-k�.I�	� ������j13q7 c .	s�68r�7�o;*p7H��.Zs(g�. E8x80 g

����� � �'!"+ + 	��'-

��r�0-*,7�v ��r�� .10 � ��3 � *,6 � 3q7�o�.Do�352^3U243���*p7�vK~53q0-*,68r�+ 2-0-*pvqv8.10/+ 3q0-.Hr�+/.1o *p7�jZupr�o'*p7�vK+/��.Zj1*�35u

240-*,v8v8.Z0-+�s�680�j13qup* c 04352-*p687Io�35243'g���k�*,+�k�.1u,��+ *p7 o�.Z+-*pvq7�*p7�v�jZr'24+�246	��um24.Z0�68r'2 680�+/.1up.ZjZ2�.Z~q.17e24+

o�.1� .17�o'*p7�vQ6q7b24k�.I��k d +-*pjZ+	3q7�35u d +-*,+�+/6 � .Z687�. � 357�2-+)246Do�6�g�� ��*,24+/r � +-*,v87�3qu 6qs 3 � ��u,* �

24r�o�. �4w8w � � 3q7'o � *,o'24k �q�q� 7'+P*,+	v8.17'.1043 24.1o � k�.Z7 3%
(� ��{A�&.���j1.Z.1o�+I*,24+�24k�0/.1+-k'68upo

~q35upr�.5gt��k�.Z+-.���*,2-+-r � +/*pv87�35up+i3q0-. 24k'.17 3q7�3qup68v1��+-r � � .1o�� .10i� r�3qo�04357�2�3q7�oP24k�.Z7 +-r �\� .1o

246Uv8.Z7�.10-3524.\24k�.Dv8up6 c 3qu ��*m24+-r � +/*pv87�3qu gH��k�*,+T*p+�24k'.17 s�.1o|246 � 3q7 d o�*p+/j10/* � *p7�352-680-+�+/.Z2

352 o�* ' .Z0-.Z7�2I24k�0/.1+/k�68upo'+I246bv8.17�.Z04352-. 2-k�.H�'! ��l$! �`3q7�o �)� 240/*pv8v8.Z0-+ZgA��k�.%��� 240-*,v8v8.Z0

o�.1� .17�o'+ 687"2-k�.%~q35upr�.D2-k�.;��*m24+-r � +-*,v87�3qu v8.17'.1043 24.1o ced 24k'. ����� �}+1g"� +-r � � 3q0 d 6qs

24k�.%~53q0-*,68r�+ 240/*pv8vq.10T2 d � .1+1l 24k�0/.1+-k'68upo�+\3q7'o 2-0-*pvqv8.10 0-3524.Z+\r'+-.1o *p7 ��r�� .10 � ��3 � *p6 � 3q7�o'.

*p+	+-k'6 � 7|*p7K2^3 c up. � gmw8gS��k�. 240/*pv8vq.10	+-*,v87�3qu,+	3q0/.Ss�.Zo 2-6H*p7e246%24k'.S2-0-*,v8v8.10 � 6 o�r�up. � k�*pj^k

v8.17�.Z04352-.1+�3 v8up6 c 3qu�2-0-*pvqv8.10�+/*pv87�35u g



� z

����� 	 �&����� �����

�	r�24+-*,o�.�2-k�. � *p7�. .17e240-3q7�j1. 2-6)24k'.���r�� .10 � ��3 � *,6 � 3q7�o�. o�.Z2-.1j�24680$2-k�.10/.�.���*p+�24+�3��'0-.Zs 3 c 0-* �

jy352-.1o%k�r'2 � k�*,j^kQj16q7�243q*p7'+ 24k'.�043qo'687Ds�0-.Z.�3q*,0 + d +/24. � 3q7'oQ*p+ jy3qu,up.1o\24k�.�043qo'687Qk�r'2yg���k'*p+

*p+Pr�+-.Zo 246A+-r����'u d 043qo'687���s�0/.1. 3q*p0�*,7 2-k�.Q3q*,0���+-��3qjZ.\3 c 6X~q. 24k'. � 3524.Z0I2^357 �ng;��k'.D0435o�687

s�0-.1. 3q*p0�*p+�v8.17�.Z04352-.1o ced o�0 d *p7'vD24k�.T*p7���r�2	3q*,0)3q7'oU��3q+/+-*p7'vQ*,2�24k�0/68r�v8kUj^k�3q0-jZ6e3qut��u,24.Z0-+Zg

��k�.Sjy3q0 c 687 *,7U24k�.Sj^k�3q0/j16e35u�3 c +/680 c +	2-k�. 043qo'687 ve3q+�24k�r�+���0/.Z~q.17e24*,7�vA*m2�s�0-6 � .Z7�2-.10/*p7�v

24k�.	o�.�24.ZjZ246q01g ��k�.P3q*p0 *p+�2-k�.17%��um24.Z0-.1o;3q7'o;*,71"/.1j�24.Zo%*p7e246 2-k�.	0-.Zv8*p687H3 c 6X~8.�2-k�. � 3524.Z0�*p7

24k�.S2^3q7 � g ��k�.\*p71"/.ZjZ24.Zo 35*p0	j16q7�j1.Z7�2-04352-*p687|*p+P3 c 68r'2Sw � ��������� � gQ{A6q0-.\o�.Z243q*pu,+�3 c 6qr'2
24k�.P3q*,0���r�0-*m��jy3 24*p6q7%+ d +/2-. � jy357 c .	s�68r�7�o;*p7&. E E80 g

��k�.D043qo�6q7 k�r'2S3qu,+-6bjZ687e2^3q*,7�+To'r�3qu � ��� 3q7e24.Z7�7�3q.Q3q7�o"0-.Zj1.Z*,~8.Z0-+ r�+/.1o s�680I��0-.Zj1*,+-.

3 c +-6qupr'2-.)24* � .�+ d 7�j^k�0/687�* $13524*,687Vg���k�. � ���D0-.1jZ.1*m~8.10/+�3q0-.�u,*p7 �5.1oQ2-6 24k�.	o�3 2^3 3qjZ� r'*p+-*m24*,687

+ d +/2-. � +�*,7H2-k�.I��r�� .10 � ��3 � *,6 � 3q7�o�.)o�.Z2-.1jZ2-680�~ *�3S3 � � � u,687�v 68��24*pj13qu � c .10�j13 c u,.qg ��k�.

� ��� 0/.1j1.Z*,~q.10-+ 3q0-.�r�+-.ZoQ246T�'0-6X~ *po�.)3 c +-6qupr'2-.�2-* � .1+/243 � ��+�s�680���r'��.Z0�� ��3 � *p6 � 3q7'o�.�o�352^3�g

��k�. � ���I0/.1jZ.1*,~q.10/+�0-.1jZ.1*m~8. 24k'.1*p0to�35243 � � *m24k �`w �8� 7'+�3qj1jZr�0435j d � s�0-6 � 2-k�. � � �P+4352-.1upu,*,2-.

7�.Z2 � 680 �nl ��0-6X~ *po'.1o c�d 24k�.P
��H�)3y~53qui� c +/.10/~5352-680 d g

����
�� � � �*! ����� �
!"���


�7�o�.Z0-+�2^3q7�o'*p7�v%24k'. c .Zk�3y~�*,680	6qs ~53q0-*,68r�+�jZ6 � ��687'.17e24+	6qs���r'��.Z0�� ��3 � *p6 � 3q7'o�. *p+�3D~8.10 d

* � ��680�2^3q7e2 +/2-.1�%s�680�3q7 d ��k d +-*pjZ+�3q7�3qu d +/*p+ o�687�.5g #$*p0/+/2 �'0-68� .10 j13qup* c 043 24*p6q7�+ 65si2-k�.	��{A��+

7�.1.Zo 246 c .�o�687�.�2-6PjZ687e~8.Z0/2�24k�.������ 3q7�o\�����"j168r�7e2-+ 0/.1j16q0-o�.Zo *,7�2-6P� {;� j^k�3q0/v8.�3q7�o

24* � *p7'v\*,7's�680 � 352-*p687H*,7b��*,j168��j168r�u,6 � c +�3q7'oU7�3q7�61��+-.Zj1687'o�+�0-.Z+-� .1j�24*,~q.1u d g)��k'. k�*,2�j^k�3q0/v8.

7�.1.Zo�+�2-6 c .	j16q7�~q.10�24.1oA246\3q7;.17�.Z0-v d +/jy3qu,.qg

��up+-6 up*,v8ke2)+/jy352/24.10/*p7�vQ3q7�o 3 c +/680-��24*p6q7b*p7A24k�. � 352-.10�r�+/.1oK*,7b24k�.I2^3q7 �;3q+ � .Zupu�35+)*,2-+

24* � .�~53q0-*p3524*,687�+�*p+ * � � 680/243q7e2 *p7 680-o�.Z0�2-6Ir'7�o�.10/+/243q7�o%k�6 � � 3q7 d ��k�6q2-687�+ . � *,2-2-.1oSs�0-6 �



� 6

��k�.10/.17 �56=~A0435o�*�352-*p687Dv8.Z2�3 c +-680 c .Zo��5+-j1352-2-.10/.1o c .Zs�680/.	0-.13qj^k�*p7'v\2-k�.P� {;��+1g

��.10-. � .S+-k�3qu,u c 0/*p. � d o�.Z+-j10/* c . 24k�.Sjy35up* c 04352-*p687�+�r�+-.Zo 2-6Hr�7�o�.Z0-+/243q7�o 3q7�oK24r�7'.S2-k�.

� {;� �'0-68� .10�24*p.Z+1g�( . +-k�3qu,u�+ ��*p�T2-k�.�o'.Z2^35*pup+t3 c 68r'2t.17�.Z0-v d jy35up* c 04352-*p687	r�+/*p7�v�! 
(����� 3q7�o

��� v8.17'.1043 24680 � k�*,j^k *p+ � 3q*p7'u d * � ��680�2^3q7e2	s�680�u,6 � .17�.Z0-v d 7'.1r'2-0-*p7'6b3q7�3qu d +-*,+1g ��.Z243q*pu,+

3 c 6qr'2 .Z7�.10/v d j13qup* c 04352-*p687 3q+ � .Zupu 3q+ j^k�3q0/v8.%3q7'o 24* � *,7�vAj13qup* c 043 24*p6q7|j13q7 c .Ds�68r�7�o *p7

��.�s(g�. E E#0 g

������� ��� � 
�� � � � 
�
 � 
 � � � � ��� � � � �	� � � � ���

� 2)24k'. c .1v8*,7�7�*p7'v 6qs$24k�.I.�����.Z0-* � .Z7�21l 2-k�.Tk'*pv8kH~868um2^3qvq.1+)65s 3qupu ��{A��+ � .Z0-. +/.Z2�+/6D24k�352

3qupuV65st2-k�. � k�3X~q.I.Z��r�3quOve3q*,7�+1g

!O*pvqk�2 � k�*pj^k *p+)v8.17�.Z04352-.1o ced 3 	�. up3 � �Uv8.Z2-+	��3q+/+-.1o 24k'0-68r�vqk|357 r'u,240-3y~�*,68up.�2���u,24.Z0

� k�*pj^k v8.Z2-+S*p71"/.ZjZ24.Zo *,7e246 3K+-j1*,7e24*pu,u�352-680 c 3qupu�~�*p3 3q7 68�'24*,jy3qu � c 0-.5g ��k�.A+/j1*,7�2-*pu,u�352-680I*,+

3q7 3qj10 d up*pj c 3qu,u�o�6q��.Zo � *,24k � ����� +-j1*,7e24*pu,u�352-680\3q7�o {Ave� � 6 � o�.10Zg ������� 3 c +-680 c +

r�u,2-043y~ *p68u,.Z2�u,*pv8ke2�357�o 0/.���. � *,24+$*,2 *p7 2-k�. c upr'.���vq0-.1.Z7 0/.1v8*,687 � *,2-k\3�� .y3 � 352�3 c 68r'2 �8�8� 7 �

� k�.10/.T24k�.I��{A��+	3q0/. � 68+/2�+/.17�+/*,24*m~8.5g���k�.I*p7e24.Z7�+-*m2 d 6qs�2-k�.Tu,*pv8ke2�*p+ � 687�*,2-680-.ZoAr'+-*p7'vQ3

� ��k'6q246 o�*p6 o�.Z+�3q7�oA3 � ��*,7�j^k;� {;� � k�*pj^k;*p+�35up+-6Sr�+/.1o;246 240/*pv8v8.Z0�24k'.Po'.Z24.ZjZ2-6801g

��k�.Ak�*pvqk ~86qu,2^35v8.b6qs�.y3qj^k ��{A� *p+ 3qo1"/r'+/24.Zo�+-6 2-k�352\24k�. �/j1680/0-.ZjZ24.Zo j^k�3q0/v8. � 3 s �

24.10;3qjZj168r'7�2-*p7�v"s�680H��{A� 3qj1jZ.1�'243q7�j1.5l	up*,v8ke2H352-2-.17�r�352-*p687 o�r'. 2-6 o�*p+�2^3q7�jZ. 3q7�o ��7�*,2-.

� 352-.10;��240-3q7�+/��3q0-.Z7�j d *,+ 24k�.�+-3 � .�s�6q0�3qupu � {;��+1g���k�*p+ � .y3q+/r�0-. � .Z7e2�*,+�o�687�.	s�680 ~q350-*p6qr�+

��68+/*,2-*p687�+�6qsO2-k�.)+/j1*p7e2-*pupup35246q0 c 3qupu 3q7'o%k�*pv8k\~868um2^3qvq.�+/.Z2-2-*p7�vq+1g���k�.�u,687�vP24.10 � +�2^3 c *pup*m2 d 6qs

� {;� ve3q*,7 � 3q+ � 6q7�*,2-680-.ZoKr�+-*,7�v;2-k�.S+43 � . � .�24k�6 o 3q7�o 3q0-68r'7�o|��.1�'2-. � c .10\wXx8x �%2-k�.

+/2^357�o�3q0/oKo�.Z~ *�3 24*p6q7b6qs�2-k�.T0/.1u�3 24*,~q. ��{A�`ve3q*,7b*,7�j10/.y3q+/.1oU246Q3 c 6qr'2���g � �Qg���k�.T+-��0/.y3qo

*p7H0-.Zu�352-*,~8.	v83q*p7�+�*,+�j1680/0-.ZjZ24.Zob*,7Q24k�.�+-65s 2 � 3q0/.qg



� �

������� ��� ����� ����� � 
 � 
 � � � � ��� � � � �	� � � � ���

��k�.T3 c +-68u,r'24.�ve35*p7;6qs$.13qj^kK��{A� 3 2�2-k�.P+-*p7'v8up.	��k'6q2468��.1u,.1jZ2-0-687Hu,.Z~8.Zu *p+ � .13q+-r'0-.1oAr�+-*,7�v

ve3 �\� 3\043 d +�s�0/6 � 3%��*pj �5.1u ��� 3qu,*,s�680/7�*pr � +-68r�0/j1.5gT��k�*,+�3qupu,6 � +�r�+�246%jZ687e~8.Z0/2�24k�. � {;�

j^k�3q0-vq. � .13q+-r'0-.1oS*,7T��*,j168�(��68r�up6 � c + � �n� � 2-6)24k'. 7�r � c .10�6qs ��k'6q2468��.1u,.1jZ2-0-687'+ � � gh.5g � g���k�.

��k�6q2-687�+�3q0-.�v8.Z7�.10-3524.Zo ced 7�.1r�240-6q7Aj13q�'24r'0-.P687b��* � *,24kH.Z7�.10/v d 6qs�3 c 68r�2)x\{A.�� g���r�j^k

up6 � .17�.Z0-v d .Z7�+-r�0/.1+ 2-k�352�2-k�.)7�r �Tc .Z0�6qs ��k'6q2468��.1u,.1jZ2-0-687'+ o�.�24.ZjZ24.Zo c�d .13qj^kH��{A� 043q0/.1u d

.���j1.Z.1o�+Kw8g ��k�.10/.Zs�680/.A24k'.A0/.1+-� 687�+/.U6qs).y3qj^k���{A� 2-6|2-k�.1+/.b.Z~q.17e24+Dv8*,~q.1+ 2-k�.;+-*p7'v8up.��

��k�6q2-68��.Zup.1j�240/687 o'*p+/2-0-* c r'24*,687Vgi� +-3 � ��up.�o�*,+/2-0-* c r'24*,687 s�680 687�.�� {;� *p+ +-k'6 � 7D*p7 #$*pv�g � g z g

��k�.P2-k�r � c 0-r�u,.�s�680�j1687e~q.10-+/*p687 c .�2 � .Z.17b� {;� j^k�3q0/v8.P3q7�o;�Vgh.5g *p+ � � �h� z5�n���&wy�Vg}.qg

#$*pv8r'0-. � g z � �'3 � ��u,.�+-*,7�v8up.	�'k�6q246 .1u,.1j�240-6q7;o'*p+/2-0-* c r'24*,687Vg

������� ��� � 
 � � � � � ��� � � � � �	� � � � ���

��k�.I0/.1up3524*m~8.	24* � *,7�v 6*'�+-.�2)6qst.y35j^kK��{A� � r�+�2 c . � .y3q+/r�0-.ZoA~8.Z0 d 3qjZj1r�0-3524.Zu d s�680�.�~8.17e2

0-.1jZ687�+�240-r'jZ24*,687Vgt��k�*p+io�.1� .17'o�+t6q7T+-*,v87�3quqjy3 c u,. up.17'vq24kI3q+ � .Zupu 3q+O24k'. .Zup.1j�240/687�*pjZ+ 0-.1+/��6q7�+-.

24* � .qg



� �

� up3q+-.Z0Tj13qup* c 04352-*p687|+ d +/2-. � *,+Tr�+/.1o"246 � .y35+-r�0/.Q24k�.Z+-.%6*'�+-.�24+1g � ��r'up+-.Zo"7�*,2-0-68vq.17

u�3q+/.10 � *,2-k�� E ! �P��r'up+-. � *,o'24kH*p+�3 2-2^35j^k�.1oH~ *�3 3q7H68�'2-*pj13qu � c .10 2-6 3 o�* ' r'+-. c 3qu,uV*p7Q2-k�.
o�.Z2-.1jZ2-6801g ��k�.�2-* � *p7�vI6*'�+-.Z2-+�3q0-. � .13q+-r�0/.1o;352 ~53q0/*p68r'+�up*,v8ke2 u,.Z~8.Zup+�2-6 v8.17'.1043 24.�3 �/��� �

� 3q� � k'*pj^k%*p+ 3 up6 6 ��r��Q2^3 c up.)65si2-k�.�24* � *,7�vP6*' +/.Z2�s�680�.y3qj^k;��{A� 24r c .�3q+�3Ts�r�7'jZ24*,687%6qs

24k�. � .y3q+/r�0-.ZoAu,*pv8ke2yg$�`2 d ��*,jy3quO��� � 35�;*,+�+-k�6 � 7A*p7;#$*pvqr�0-. � g 6

Typical TQ map

880

890

900

910

920

930

940

950

960

970

980

0 20 40 60 80 100 120 140

Q (p.e.)

T
 (

ns
ec

)

#$*,v8r�0-. � g 6 � ��� � 35�Hs�6q0�3 2 d ��*,jy3qu ��{A�	g

����
 
 � � � 	�� � �'����-
���&��	���� 	

� k'6q24687'+)v8.Z7�.10-3524.Zo ced ��k�.10/.17 �56=~A0435o�*�352-*p687H*,7U��r'��.Z0�� ��3 � *p6 � 3q7'o�.	v8.Z2)3 c +/680 c .1ob3q7�o

+-jy3 2-24.Z0-.Zob*p7%2-k�. � 3 24.10�0/.1+-r'u,24*,7�vS*p7;3q7H.���� 687�.Z7�2-*�3qu 3 2-24.Z7�r�3524*,687%6qst7�r � c .10�6qst��k�6q2-687�+

3q+	3Ds�r�7�j�24*,687U6qs�o�*,+/2^357�j1.Ts�0/6 � 24k�. d v8.�2	. � *,2/24.ZoVg	��k�*p+)68�'24*,jy3qut352/24.17�r�3 24*p6q7Uup.Z7�vq24kb*p7

� 352-.10�*p+)jy3qu,up.1o � 352-.10	240-3q7�+/��3q0-.Z7�j d 3q7�o � .13q+-r'0-.1+�2-k�. j16 � c *p7'.1o .%'�.1j�24+�6qs�+-j1352-2-.10-*,7�v

3q7�o\3 c +/680-�'2-*p687 gt
�7 ��r�� .10 � ��3 � *p6 � 3q7�o'. 24k'. � 352-.10�2-043q7�+/��3q0/.17�j d 3q+�3)s�r�7'jZ24*,687 6qs � 3X~q.��

up.17'vq24k � *p7�jZupr�o'*p7�v	24k'.�+-j1352-2-.10-*,7�v 357�o%3 c +/680-��24*p6q7D��3q0-3 � .Z24.Z0-+ � *p+ � .y3q+/r�0-.ZoQr�+-*,7�v 3Po d .

3q7�o 7�*,2-0-68v8.Z7 u�3q+/.10-+ZgQ{;680-.So�.�2^3q*,up+�687 24k'*p+�jy3q7 c .Ss�6qr�7�o *p7 . E.E10 g ��k�.SjZ6 � ��3q0-*,+-687 6qs



� x

� .13q+-r�0/. � .17e24+T6qs � 3 24.10 352-2-.17�r�352-*p687|up.17'vq24k � *m24k 2-k�.1+/. � .Z24k'6�o�+ � *,2-k 24k�. .1+�24* � 352-.1o

352-2-.17�r�352-*p687Qu,.17�v524kQr�+/*p7�v {A687e24.���� 3q0/up6 +/* � r'u�352-*p687�+ *,+�+-k'6 � 7%*,7%#$*,v � g ��g ��.10-. � .�+/k�3qu,u

s�6�jZr�+Q687 3q7�*,7�o�*,0-.1j�2 � .Z2-k�6�o r�+-*,7�v"j168+ � *,jb0-3 d � r�6q7�+D246 � .y35+-r�0/.b24k�. � 3y~8.Zup.Z7�vq24k

3X~q.10-3qv8.1ob352-2-.17�r�352-*p687Hu,.17�vq2-kVg

10
-3

10
-2

10
-1

200 300 400 500 600 700

Mie scattering

Rayleigh scattering

absorption
total

Dec.-3,4-96 Dec.-14-96
Dec.-17-96 Dec.-27-96
Jan.-18-97 Mar.-6-97

wavelength (nm)

at
te

nu
at

io
n 

co
ef

fic
ie

nt
(1

/m
)

#$*pv8r'0-. � g � � ��k�. 3 2-24.Z7�r�3524*,687 jZ6�. � jZ*p.Z7�2 � w��
% ��� � � � .13q+-r'0-.1o�*,7 ��r�� .10 � ��3 � *p6 � 3q7�o'.
352I~53q0/*p68r'+ � 3y~8.1u,.17�v524k�+ 35up687�v � *,2-k|2-k�.D.Z+/24* � 3 24.1o|up.Z7�vq24k � +/68up*,o|u,*p7�. � 6 c 2^3q*,7�.1o|r�+-*,7�v
{A687e24.���� 3q0/up6S+-* � r�u�3 24*p6q7�+

��k�. jZ68+ � *pj�0-3 d�� r�687P04352-.�*p7I��r�� .10 � ��3 � *p6 � 3q7�o'.�*p+ 3 c 68r'2�E�� $5g���68+ � *,j�043 d	� r'687�+
� k�*pj^k"u,68+-. .17�.Z0-v d ~�*p3b*p6q7�* $13524*,687 o�.1� 68+-*m2 3UjZ687�+/243q7e2 7�r � c .10 65s���k�.10/.17 �56=~ ��k�6q2-687�+

��.Z0�r'7�*,2�2-043qj �Qu,.17�v524kVg���k�.P7�6S6qst�Vg}. �}+�o�.�24.ZjZ24.Zo ced 3S��{A� jy357 c .	.�����0/.1+-+/.1o 3q+

 ! j16q7�+/2
	 � #��
� .���� � 
 �

% 
 � � � g ���

� k�.10/.  le*p+t.�����0/.1+-+/.1o *p7 24.Z0 � +�6qs ��lq24k'. ��*pv8ke2�o'*p+/243q7�jZ.�s�680$2-k�.���k�.10/.17 �56X~S��k�6q2-687 s�0-6 �
24k�. � r�6q7Q240435j �D246 24k'.�� {;�	l
	 � #�� l'2-k�.���{A� 3qjZj1.1��2^3q7�jZ.P3q+�3 s�r�7�jZ2-*p687%65st2-k�.�3q7�v8u,. #
� k�*pj^kQ*,+�2-k�.�357�v8up. c .Z2 � .1.17H7�6q0 � 3qu�246P24k�.)� {;� 357�oD��k'6q24687Do�*p0/.1jZ2-*p687 l %�l 24k�.)3X~q.10-3qv8.
� 352-.10�352-2-.17�r�352-*p687%u,.17�v524k � k�*pj^kA3qj1jZ68r�7e24+�s�680 c 6q24kH+/jy352/24.10/*p7�v\3q7'ob3 c +-680/�'24*,687Vg



E �

�i6U��7�o"24k'.Q~q35upr�.Q65s %�3U��2 *,+ � 35o�.D246KjZ68+ � *pjD043 d � r'687�+ ��35+-+-*,7�vK24k�0/68r�v8k 2-k�.

j1.17e2-.10b65sT24k'.|o�.�24.ZjZ246q0 � *m24k 246q243qu	��. �h+ c .�2 � .Z.17`z �8�8�8� 3q7�o�w � z �q�8� +-6 35+;2-6 3y~86q*po

+-.1u,.1j�24*p7'vT3q7 dS� r'687�+ � k�*pj^k r�7�o�.Z0-v86T��0-. � +/+/240-3qk�u,r�7�v�g�� ��u,6q2�6qs  � � 	 � #�� 3q+ 3�s�r�7'jZ24*,687
6qs���3524k���up.Z7�vq24k j13q7 c . s�68r�7�o *p7 #t*pv8r�0/. � g��'g ��k�.\+-up6q��. 6qs�24k'*p+�j1r�0�~8.\v8*,~q.1+	24k'. � 352-.10

2404357�+-��350-.17'j d � � k�*,j^kU*p+�.1+�24* � 352-.1oA2-6 c . 3 c 68r'2Iw � w � � 3q7'ob24k�.��:��*p7e24.Z0-j1.Z�'2�v8*,~q.1+�2-k�.

� {;� ve3q*,7 � k�*pj^k;*p+�.1+�24* � 352-.1oQ2-6 c .�3 c 68r'2 �e� zT� . . �e� 0 g

200

300

400

500

0 1000 2000 3000 4000 5000

  192.0    /    19

P1   5.987  0.4609E-03

P2 -0.9487E-04  0.4444E-06
RUN 3106

l (cm)

(Q
l/f

(θ
))

#$*pv8r'0-. � g � � � � �	 
 ��� � ~8.10/+-r�+��ns�680$jZ68+ � *pj 0-3 d � r�6q7�+�*p7 3�+-*p7'v8up. 0/r�7 6qs ��r�� .10 � ��3 � *p6 � 3q7�o'.o�352^3 243���*p7�v�g

��k�.U2-* � .b~53q0-*p3524*,687 65sI2-k�. � 3 24.10Q2-043q7'+-��3q0/.17�j d 3q+H3 s�r�7�j�24*,687 6qs�24* � .bs�0/6 � 2-k�.

c .Zv8*p7�7'*p7�v 2-6\2-k�.�.17�o;6qs���r�� .10�� �P3 � *,6 � 3q7�o�.���
 jy3q7 c .�s�68r�7�o;*p7%��v8r'0-. � ghx

����
 � ����� 	������ � � !"� ���&����	 �$� � !*��	����

�)+ � .17e24*,687�.ZoK*p7A2-k�. c .1v8*,7�7�*,7�vD6qs�2-k�*p+)j^k�3q�'2-.101lO��r�� .10�� �P3 � *,6 � 3q7�o�.P+/2-68��� .1o 0-.Zv8r�u�350

o�352^3b243���*p7�vb*p7  qr�u d �5�8� wD2-6K0-.Zs�r'0 c *,+-k 3 c 68r'2 �q�8� o�.13qo ��{A��+S*p7 c 6q24k 
(�M357�o �	� g

�t6 o'6 24k�*,+\2-k�. � 3524.Z0D*,7 24k'.A2^357 � � 3q+D+-up6 � u d o'043q*,7�.1o 3q7�o c 6q24k o�.y3qo 
(� 3q7�o �	�

� {;��+�+/2^350/24*,7�v�s�0-6 � 24k'.�246q�D246P24k�. c 6q2/246 � � .10/.�0-.Z��u�3qjZ.1oQr'+-*p7'v c 6e3524+ ��6e352-*p7�vP687D2-k�.

� 352-.10Zg���k�.�0-.Z��u�3qjZ. � .17e2 � 3q+���7�*,+-k�.Zo\*,7\��.1��24. �Tc .Z0 �q�8� w�357�oS687%w �52-k\��.1�'2-. � c .10 �q�q� w



E'w

 No of Days after Apr. 1 1996

 A
tt

en
u

at
io

n
 L

en
g

th
 (

m
)

0

20

40

60

80

100

120

140

0 200 400 600 800 1000 1200 1400 1600 1800 2000

#$*pv8r'0-. � ghx � ( 352-.10;���i043q7�+/��3q0/.17�j d 3q+ 3�s�r�7�j�24*p6q7 6qs�2-* � . r�+/*p7�v	jZ68+ � *pj�0-3 dT� r�687'+�o�r�0-*,7�v
��r�� .10�� �P3 � *,6 � 3q7�o�.���
^g

� 352-.10 ��u,up*,7�vIk�3qo%0-.Z+/2^350/24.ZoVg ��7H��6X~8. � c .Z0�w � 2-k � k�.17%2-k�. � 3524.Z0�up.Z~q.1u�*p7D2-k�.)2^357 � � 3q+

3 c 6qr'2 E � � l�3 +-*,7�v8up.)��{A� 352�2-k�. c 6q2-2-6 � 65st2-k�.�2^3q7 �D* � ��u,6�o�.ZoVg$��k'.P0/.1+/r�u,2-*p7�v j^k�35*p7

0-.y35jZ24*,687bo'.1+/2-0-6 d .Zo 3 c 6qr'2�68�8�qxS
(� � {;��+ � 3qu � 6q+/2�3qu,ui65s�24k�. � � .Z0-. � z � c .1up6 � 2-k�.

� 352-.10�+/r�0/s 3qjZ. � l�� �ez �	�`��{A��+�3q7�o;3 c 68r'2�� �8� � 3y~8.���+-k'*,s 24.Z0���u�352-.1+Zg���k�.	+-6qr�7�oHjy3qr'+-.1o

c�d 24k'.D* � ��u,68+-*,687�+	u�35+/24.Zo"3 c 68r'2 z#�^w � +-.Zj1687'o�+1gK��r'0-*p7'v;2-k�.%3qjZj1*po'.17e2T2-k�. 2-0-*pvqv8.10P04352-.

*p7�jZ0-.y35+-.1o 246 3 c 68r�2)w�{b� $�s�0-6 � 3 c 68r'2�w � � $�357�oQj1u,68v8v8.Zo\2-k�.������ g���k�.)24652^3qun.17'.10-v d

0-.1u,.y3q+/.1o%*,7 24k'.�* � ��up6q+-*p6q7�+ k�3q+ c .1.Z7%.1+�24* � 352-.1o ced � g7(`g'#�68+�24.Z0�. � w 0 246 c .�0-6qr�v8k�u d w=� �

{  'g

� d up6 6 ��*p7�vT352�24k'.	.Z~8.Z7e2)o�*,+-��up3 d +�*,7Q24k�.���0-+/2�� � +�35s 2-.10�2-k�.P3qj1jZ*po�.Z7�2�2-k�.	��0/6 c 3 c u,.

� {;� � k�*pj^kU* � �'up6 o�.1oQ��0/+/2 � 35+�240-3qj1.ZoA2-6D687�.P6qs � ��{A��+�3 2�2-k�. c 6q2/246 � � 687�. � 35+�3

� {;� � k'*pj^k � 3q+t*p7�+�2^3qu,up.1oPo�r�0/*p7�v�24k'.�r���vq043qo�.�*p7I+-r �\� .10 �q�8� w�3q7�oT3q7�6q2-k�.10i687�. � 3q+$3q7

68upo;��{A� � k�*,j^k � 3q+�*p7�+�2^3qu,up.Zo%*p7 wXx8x 6�g���jZ6 �\� *m2-24.Z. � k�*,j^k � 3q+�+-.Z2�r��H246\*p7e~8.Z+/2-*pve352-.

24k�.\jy3qr'+-.D65s�3qjZj1*po'.17e2 3q7'o 2-6b68r'2-up*,7�. s�r�0/2-k�.10P��0/.Z~8.Z7e24*,~q. � .y3q+/r�0-.Z+Ik�35+I7�350-0-6 � .1o 2-k�.



E �

jy3qr�+/.S6qs 24k�.S3qjZj1*,o�.17e2�2-6;6q7�. 6qs 24k'. 2 � 6H� 68+-+/* c *,up*,2-*p.Z+ c .1u,6 � o�.Z��.Z7�o�*,7�v%687 � k�*pj^k � 3q+

24k�.	��0/+/2���{A� � k�*,j^kA* � ��u,6�o'.1oVg

� ( k�*pu,.�0-.1�'u�3qjZ*p7�vS24k�.P24r c .1+)352�24k�. c 6q2/246 � 6qs�24k'.To�.�24.1j�24680�� 2 d 0-6qs�683 � ��3qo�+ � .Z0-.

��r'2\687 2468� 6qs�
(�M� {;���h+D3q7�o ��.Z68��up. � 3qu �q.1o 3q0/68r�7�o 24k�.Z+-.H246 0-.Z��u�35j1.%24k�.H
(�

24r c .1+�3 2�24k�. c 6q2/246 � g���k�*,+ � *,v8ke2)k�3X~q. jy3qr'+-.1o +/2-0-.Z+-+	687U2-k�. 68upoU� {;� j13qr�+-*,7�v

*,2�2-6\* � �'up6 o�.qg

� 
�7 j13q+-.S24k�.S��0/+/2I* � ��up6 o�.1oU2-r c . � 3q+ 3H7�. � 687�.\*,2-+ c 3q+-.\j168r'upo k�3y~8.D+/r '�.10-.Zo"3

+-u,*pv8ke2�j10-3qj �Qo�r'0-*p7'vS2-043q7'+-� 680/243524*,687%*,st*,2 � 3q+�7�6q2�k�357�o�up.ZoA�'0-68� .10/u d g

�`j16q0-0-.ZjZ2-*,~8. � .y3q+/r�0-.�246\��0-.�~8.Z7�2�+-r�j^kU* � �'up68+/*p687�+�*p7%24k�.�s�r'2-r�0-. � 35+�o�.Z+-*,v87�.1o g �)u,u

� {;��+ � 68r'upo c .b.Z7�j1u,68+-.Zo�*p7 3|+-.1jZ687�o�350 d +-k�.Zupu)jZ6 � ��0-*,+-.1o 6qsP3|2-043q7�+/��3q0/.17e2H3qjZ0 d up*,j

k�. � *p+/��k�.10/.Q+-r'0-0-6qr�7�o�*,7�vb24k'.D��k�652468��jy352-k�6�o'.Q3q7�o 3;� c 0/.���v8u�3q+/+T+/k�.1u,u � *m24k + � 3qu,u k�68up.Z+

+-r�0/0-68r�7'o�*p7�v;24k�.\0-.Z+/2I6qs�2-k�.S24r c .qgQ
 � ��u,68+-*,687K24.1+�24+Ik�3y~8. c .1.Z7 o�6q7�. � *m24k 24k�*,+Io'.1+-*,v87

3q7�oQ*m2 k�3q+ c .1.Z7Qo�. � 687�+�240-3524.ZoD24k�3 2�*msO3T��{A� � *m24kD+/r�j^kH3IjZ6e352-*p7�vP* � ��up6 o�.Z+ 2-k�.�+-k�6 j �

� 3y~8.Iv8.Z2-+�j1687e2^35*p7�.Zo � *m24k�*,7%24k�.���0/6q24.ZjZ24*m~8.�+-k'.1upuV2-k�r�+��'0-.Z~q.17e24*,7�v 3q7 d j^k�3q*,7A0/.y3qj�24*p6q7�+1g

��k�. ��r'��.Z0�� � .�����.Z0-* � .Z7�2Pk�35o 2-6 c .S0-.Z+/2^350/24.Zo � *m24k�*,7 3 d .y3q0�246H0/.1+-r � . 24k'. � � �

.�����.Z0-* � .Z7�2T3q7�o|*,2 � 3q+T7�652T� 68+-+/* c u,. 246 � 3q7�r's 3qj�24r�0/.56 �8�8� 6�o'o ��{A��+ � *m24k�*,7 +/r�j^k 3

+-k�680�2�24* � .I+-��357VgP��.17'j1. 24k'. .���� .10-* � .Z7e2 � 35+	0-.1+�2^3q0�24.Zo � *m24k�*,7U3 d .y3q0�65s�2-k�. 3qjZj1*,o�.17e2

c�d r'+-*p7'vS2-k�.�0-. � 3q*,7�*p7'v 
(�`2-r c .1+���upr�+�3 s�. � +-��3q0-.Z+1ln.17�jZup68+/*p7�v 2-k�. � *,7%24k�.	� c 0/.�v8u�3q+/+

�`35j10 d u,*pj)j13q+-.Z+�3q7�o%0/.1o�*,+/2-0-* c r'24*,7�vP2-k�.1+/.	6X~8.10 24k�.�.Z7e24*p0/.�
(� g � 2 � 68��o�* � .Z7�+-*,687�3qunjZ0-68+/+��

+-.1j�24*,687 6qsn#$��� � � k�.10/.�#����U+/2^357�o�+$s�680 � c 0/.�0/.1*p7�s�680-jZ.1oT�'u�3q+�24*pj � � 35j10 d u,*pj�jy3q+/.�*p+i+-k'6 � 7

*p7;#$*pv'g � gmw � g

��k�3q+/. � 6qs�24k'. .��'� .10/* � .17e2Pjy3qu,up.Zo ��r�� .10�� �P3 � *,6 � 3q7�o�.���
-
�jZ687e2^3q*,7�+Iz�w � EH��{A��+P*p7
24k�.�
(� � *,2-kQ3 c 68r'2 �q� �&�'k�6q2461��jy3 24k�6 o�.�j16X~8.Z043qv8.5g ��k�.)7�r � c .10 6qs ��{A��+ *,7 2-k�.��	� *,+

+43 � .�3q+ c .Zs�6q0-.qg$��r�� .10 � ��3 � *p6 � 3q7�o'.�k�3q+i0-.���+/243q0/2-.1oPo�352^3�2^3 � *,7�v � *,24k�24k'*p+Oj16q7'��v8r�0-3524*,687

s�0-6 �  83q7�r�3q0 d �q�8� E'g���r'��.Z0�� ��3 � *p6 � 3q7'o�.���
-
�*,7A2-k�*p+�j1687���v8r�0-3524*,687b*,+�+/j^k�.1o�r'up.1oU2-6D2^3 �q.



E E

1
5

5
1

8
4

R 176 

R 341

6
2

4

184

Acrylic

Front

Part

20−inch PMT
FRP Rear Part

2
1

#$*pv8r'0-. � gmw � � � 2 � 68��o'* � .17�+/*p687�35u�~ *p. � 6qsn2-k�.�#���� �	3qjZ0 d up*,j�jZ6=~q.10/*p7�vPr�+-.ZoS687 24k�.���{A��+
*p7A��r�� .10 � ��3 � *,6 � 3q7�o�.���
/
^g'�)u,uV*p7'o�*pj13524.Zo;o'* � .17�+/*p687�+ 3q0-.�*p7 �\�

o�352^3\r�7e24*,uV24k�.Iu�352/24.10�k�35u,st6qs �q�8� z�g ��k�.�s�r�upuOo'.Z24.ZjZ2-680 � *m24kb
(� ��{A� j16X~8.Z043qvq. +43 � .P3q+

*p7 ��r�� .10 � ��3 � *,6 � 3q7�o�.���
 *p+�+/j^k�.1o'r�up.Zo 246 c .�0-.1+�24680/.1oD3q0-68r'7�o �q�8� z�g�{A680/.�o'.Z2^35*pup+�6q7S2-k�.

3qj1jZ*po�.Z7�2�j13q7 c .	s�68r�7�o;*p7H��.Zs(g�. ��� 0 g



���������
	�� �

� ��� � � � � ��� � � � � � � � � � � � ���

� ��
 ��������������� ��!"���

��r�� .10�� ��3 � *,6 � 3q7�o�. +�2^3q0�24.Zo|2^3 � *,7�vHo�35243;687 �)�'0-*pu�wAwXxqx 6H3q7�o jZ687e24*,7 r'.1o o�352^3Q2^3 � *,7�v

r�7�*p7e2-.10-0/r��'2-.1o�u d � .���j1.Z�'2�s�680�j13qup* c 043 24*p6q7 ��r'0-� 68+-.Z+ � r�7e2-*pu  qr�u d wXx52-k �q�8� wqg$��k�.	o�3 2^3T+/.Z2

r�+-.Zo%*p7S24k�*,+�2-k�.1+/*p+�jZ6X~8.10/+�24k'*p+�.17e24*,0-.���.Z0-*p6 oQ357�oD*,+ 0/.Zs�.10/0-.ZoD246T3q+ � r���.Z0�� �P3 � *,6 � 3q7�o�.���


680�� � w g

��k�.Do�352^3A*p+P+-r c o�*,~ *,o�.1o"*,7�2-6b0/r�7�+ � k�6q+-. � 31��* � r � 24* � .���+-��357 *p+ �5� k�6qr�0-+ZgU��k�.

� � w)0-r'7Q7�r � c .10-+ +-��357�7�.1oQs�0/6 � w �8�q� 2-6Dw �q�q�8� g�� 3qj^k%0/r�7DjZ687�+/*p+/2-.1oQ65sO+-r c 0-r�7�+ � k�*pj^k

+-��3q7 w � � *,7 r�24.1+�680�r�7e2-*pu�2-k�.�u,.17�vq2-kQ6qs 24k'.�+-r c 0-r�7 � 3q+	w � { ced 24.Z+1g���k�.�24652^3qu 7�r � c .10

6qs .�~8.17e2-+ *p7 043 � ��r'��.Z0�� ��3 � *p6 � 3q7'o�. o�35243;0-3q7�v8.Zo s�0/6 � 3 c 68r'2 w � � 	 w � � .�~8.17e2-+T� .10
o�3 d � � *m24k 24652^3qu ��up. +/* $Z. c .Z*p7�v w � � ced 24.1+ � 3q0-68r'7�o 24k�.�+�2^3q0�2 6qsn24k�.�.�����.Z0-* � .17e2�2-6�3 c 6qr'2

w �h� 	 w ��� .Z~q.17e24+�� .10�o�3 d � � *,2-kb24652^3qu ��up.T+-* $Z. c .1*p7'v � gmw=z � ced 24.1+ � 352�24k'. .17�oK65s � �Swqg

��k�*p+ � 3q+ c .1j13qr�+/.\2-k�. ��r�� .10���!O6 � .17�.Z0-v d 2-0-*,v8v8.10 � � k�*,j^k|jZ687e240-6qup+	24k�.S7�r � c .10�6qs up6 �

.17�.Z0-v d .Z~q.17e24+�*p7 24k�.)��r�� .10 � ��3 � *p6 � 3q7�o'.�o�352^3q+/.Z2 � � 3q+�up6 � .Z0-.ZoD+-.�~8.Z043qu 24* � .1+�+/*p7�jZ.�2-k�.

+/2^350/2�65s�24k�. .�����.Z0-* � .Z7�2 . E E#0 gt� � 687�v�24k�.Z+-.ql82-k�.10/.�3q0/. 3 c 68r'2 � � z 	Tw � � .�~8.17e2-+�o'6 � 7 � 3q0-o
v868*p7'v � r'687�+ � 246q243qu +-* $1. c .1*,7�v � � � � g�#n0/6 � 24k'*p+�o�352^3\+-.�2yl 6qr�0���7�3qutvq6e3qu *p+�246 *p+-6qu�352-.

E �



Eez

r�� � 3q0/o � r�687�+ � k�*pj^k 350-.Q��0/6�o'r�j1.Zo c�d 7�.Zr'240/*p7�6U*,7e24.10-3qjZ2-*p687'+T*p7 24k�.D0-6 j � c .1u,6 � 2-k�.

o�.Z2-.1jZ2-6801l 3q7'oH2-6 jZu�3q+/+-*ms d 24k'.1+-.P*p7e2-6 2 � 6 jy352-.1v8680/*p.Z+ s�680���k d +-*pjZ+)357�3qu d +/*p+ �

� F�IC� ,-*
� !)�6��I�I(#$��� � ?��4�1! � ��k'.1+-.T3q0-. � r'687�+���0-6 o�r�jZ.1o ced 7�.Zr'240/*p7�6\*p7e24.Z043qj��
24*,687�+�*p7 24k�.S0/6�j � c .1u,6 � 24k�.\o�.�24.1j�24680I3q7�o 24k�.\0-.Z+-r�um2^3q7e2 � r�6q7|+�2468��+P*p7'+-*po'.S2-k�.

o�.Z2-.1j�24680Zg

� F�IC� ,-*
���"H�*
?����4#$���2� ?��4��! � ��k�.1+/.)3q0/. � r�687�+ ��0/6�o'r�j1.Zo ced 7�.1r�240-*,7�6�*p7e24.Z043qj��
24*,687�+�*,7S2-k�.�0-6 j � c .1u,6 � 2-k�.�o�.Z2-.1j�24680�3q7�o 2-k�.�0-.Z+-r�um2^3q7e2 � r�6q7\.���*,24+�2-k�.�o�.�24.1j�24680

� g

��r'��.Z0�� � o'.Z24.ZjZ2-+�3 c 68r'2�w8g � r�� � 3q0-o � r'687�+i��.Z0$o�3 d gt� +/j^k�. � 352-*pj ~ *,. � 6qs�3q7Tr�� � 3q0-o

24k�0/68r�v8k���v868*,7�vS3q7�oA3q7Hr�� � 350-o���+/246q����*p7'v � r'687H*p+�+-k'6 � 7A*p7;#$*,v�g-E'gmw8g

Upward Thrugoing Muon Upward Stopping Muon

µ
µ

#$*pv8r'0-. E�g,w � �&+/j^k�. � 352-*pj o�*p3qv80-3 � +-k�6 � *p7'vQ24k�.T2 � 6Ho�* '�.10/.17e2 ��*p7'o�+�6qs r�� � 3q0-o � r'687�+
� k�*pj^k;7�.1.ZoA2-6 c .�o�.Z2-.1j�24.1o g

��.Z+-*,o�.1+�*p+/68u�3 24*p7'vD24k�.Sr�� � 3q0-o|v868*,7�v � r�687'+�s�0/6 � 2-k�.Su�3q0/v8. c 35j � vq0-68r�7'o 6qs j168+ � *,j

043 d%� r�6q7�+�24k�.�r�� � 3q0-o � r�687H0-.Zo�r�j�24*p6q7A7�.Z.1o�+�246S� .10�s�680 � 24k�.	s�68u,up6 � *p7�vI2^3q+ � + �

w8g��t6%+-3y~8.S3qu,u � r'687�+�jZup68+/.T246D2-k�. k�680/* $Z687 � � 
 	 � � # 
 ��� w � *,7U680/o�.10)2-6Q.1+�24* � 352-.

24k�.Tj1687e2^3 � *,7�3524*,687b65s o�6 � 7 � 3q0/o vq68*p7�v � r�687'+�*p7b2-k�. r�� � 3q0-o v86q*p7�v � r�687Uo�3 2^3

+-.�2yg
���������
	���
������������������������������������� ����!�"��#�$&%'��()��%'���������*%������+���
����
,��-.����-����
	���
�/0�1
2%3
�-+
'45����-����
	���
�/�6



E 6

� g��t6 +-3X~q.%24k�.%o�.Zjy3 d .Zup.ZjZ240/687�+S3q+/+-6 j1*p3524.Zo � *m24k"r�� � 3q0-o 3q7�o"k'680-* $1687e2^35u�+/2-68����*,7�v

� r�687'+1g

E'g��t6\+43y~q.P2-k�.�r�u,2-0431��k�*pv8kD.17�.Z0-v d .�~8.17e2-+�s�680 s�r�0�24k�.Z0�3q7�3qu d +/*p+Zg

� ��� ()	���	���� � � ����-
!*��	 �'� ��!"����-

��.y3q0/j^k�*p7'v\s�680�3 s�. � +-*,v87�3quV.�~8.Z7�2-+�3 � 687�v\3 � *pupu,*p687 .Z~q.17e24+)3q7�o;0-.;"/.ZjZ2-*p7�v 24k'.I0/.1+/2 � *m24k

~8.10 d k�*pv8k;. �\jZ*p.17'j d * � ��6q+-.1+�s�680 � *,o�3 c u,.�o�35243 357�3qu d +/*p+�j^k�3qu,up.17'v8.1+Zg��i6 � .1.Z2�2-k�*p+�j^k�3qu �

up.17'v8. � .�r'+-. 3�24652^3que6qsn����2/24.Z0-+1lq+-6 � . 6qs � k�*,j^k 3q0/. +/��.Zj1*�35up* $Z.1o�246���2t��3q0/2-*pjZr�u�3q0Oj13524.Zv8680 d

6qs�.Z~8.Z7e24+ c r'2 � k�*,j^kKk�3y~8.So�0-3 � c 3qj ��+�s�6q0)6q2-k�.10/+1gI��35j^k �'2-24.Z0	k�3q+�o'* '�.10-.Z7e2	��0-6 j1.Z+-+/*p7�v

+-� .1.1o'+�3q7�o;3qjZj1r�0-3qj d g�� 3qj^k;6qsi24k�.Z+-.Po�6 .1+�687�.�680 c 6q24k;6qsi24k�.	s�68u,up6 � *p7'vT2^3q+ ��+ �

� ��u�3q+/+-*ms d 24k'.U2468� 68up6qv d 65sP2-k�. � r�687 .�~8.17e2A*p7e246 2-k�0-r'v868*p7'v�l�+�2468�'��*p7�v'l � r'u,24*,��up.
� r�687'+ � *p7 � k�*pj^k � 680/.S2-k�3q7|687�. � r�687 3q��� .y3q0/+I*,7|.13qj^k .Z~q.17e2 � l�j1680/7�.10;��jZup*p�'��.Z0

.Z2-jqg

� � 3qupjZr�u�3 24.�24k'. � r�687H.17e240 d ��6q*p7e2�*p7%2-k�.	2^3q7 �Q3q+ � .Zupu 3q+�*m24+�o�*,0-.1j�24*,687Vg
��6 � .��'2-24.Z0-+$3q0-.�68�'2-* � * $1.Zo	246��'2$��350/24*,j1r�up3q0 ��*p7�o'+t6qs � r�687�+Zg�� 3qj^k .�~8.Z7�2�*p+ ��3q+/+-.1o

s�0-6 � 6q7�.��'2-24.Z0t2-6�3q7�6524k�.Z0tr�7e2-*pu�*,2i*p+i.1*m24k�.Z0t+-3y~8.1o ced 3���3q0/2-*pj1r'u�3q0V��2/24.Z0$680 0-. "/.1j�24.1o

352�24k'.P.Z7�oVg

� ������� � � � � � ��� � � ��
 � � �

�)+ .�����up3q*p7'.1o"*p7|24k�.%7�.�� 2Sj^k�3q�'2-.10 � .%687�u d r�+/.%r�� � 3q0/o � r�687�+ � k�68+-.H0/.1j16q7�+/2-0-r�j�24.1o

��3524k ��up.Z7�vq2-k *p+Pv80-.13524.Z0T24k�3q7 � � .Z2-.10Is�6q0T��k d +-*,j1+S3q7�35u d +-*,+1gb��k'. c 3q+/*pjDj^k�3q0-v8.Dj1r'2 � .

r�+-.\246H+-.Zup.1j�2 � r�687�+P*p+	24k�352�246q243qu�
(� j^k�3q0-v8. �  � *p7K24k�.\.Z~q.17e2 +-3524*,+/��.Z+ � � �8�8� # � 
 !
 
 w=�8z �8�q�8� # �8g��	7A3y~8.Z043qv8.I3q+ � .Ij13q7A+/.1.�s�0-6 � #$*pv9E'g � l  � # � � � � z � % � 	 � � � k�.Z0-.



Ee�

 *p+�24k�. 2-6q2^3quij^k�3q0/v8. o�.Z��68+/*,2-.1o ced 24k'. � r�687K*,7U
(� 3q7�o % *p+)2-k�.T24652^3qutup.17'vq24kU65s�2-k�.

� r�687Vg ��k�r�+I3 � r�687 � *m24k ��352-k���u,.17�vq2-k j1up6q+-. 246A� � .Z24.Z0 � *pu,u$k�3y~8.\687 3y~8.Z043qv8.;w=�8z �8�

��k�6q2-68��.Zup.1j�240/687�+1gt��k�r�+ 3)j1r�2 352 � �8�8� ��k'6q2468��.1u,.1jZ2-0-687'+$*p+$3)+43 s�. j1r'2�3q+$24k'.10-.�*p+$7'6�o�3q7�vq.10

6qst2-k�0-6 � *,7�v 6qr'2�3q7 d .Z~q.17e2 � *m24k � r�6q7;��3524k���up.Z7�vq24kHv80/.y352-.10 2-k�3q7b� � .Z2-.10Zg

Muon Path-length (cm)

T
ot

al
 C

ha
rg

e 
(p

e)

Q=8000 pe

Q=1750000 pe

10 3

10 4

10 5

10 6

1000 1500 2000 2500 3000 3500 4000 4500

#$*pv8r'0-. E'g � � �t6q243qu�j^k�3q0/v8.;*p7 ��k�6q2-68��.Zup.ZjZ240/687�+\3q+\3Ks�r�7�jZ2-*p687 � r�6q7 ��3 24k���up.17'vq24k"s�680\3
+43 � ��up.	65s$o�6 � 7 � 3q0-o;24k�0/r�v868*,7�v\3q7�oH+/2-68����*,7�v � r�687�+ � *m24k;��3524k ��up.Z7�vq2-k � � � g

��~8.Z7e24+ � *,24k  
 � �8�8� � .H3q0/.;+/k�680�2 ����3524k up.Z7�vq2-k � r�687�+ 680 jZ687e2^3q*,7�.1o .�~8.17e2-+D6qs

up6 � .Z0 .17'.10-v d g ��6 � .Z~8.Z0 � .H3qr�246 � 3524*,jy3qu,u d +43y~8.;3qu,u�.�~8.Z7�2-+ � *,24k  � w=�qz �8�8�8� ��. s�680

+-� .1j1*p3qup* $1.ZoA35+/240/68��k d +-*,jy3quO+/.y3q0/j^k�.1+Zg

� ������� � � � ��
 � ��� � 
��

( .P7�6 � u,*p+/2�2-k�.	��2-2-.10/+�r�+/.1oA*p7H24k�.�0-.Zo�r�j�24*p6q7A*,7H2-k�.P+43 � .�680-o�.Z0�24k�352�3q7;.Z~q.17e2�k�3q+�246

��3q+-+�24k'0-68r�vqkVg��)u,u ��2-2-.10/+�350-.�o�.1+/j10/* c .1o;*p7Ho�.Z243q*pu *p7H�)��� .17'o�* � wqg

w8g � ��
����
	�
 � � �



E �

� ��
����
	�
 � � *p+%2-k�.K��0-+�2A��2/24.Z0;r'+-.1o *p7�24k'.|0/.1o�r�j�24*,687 j^k�3q*p7 g 
�2;687�u d jZu�3q+/+-*,��.1+

2468� 68u,68v d 6qs�2-k�. � r�687 .Z~q.17e2 r�+/*p7�vH687'u d 2-k�. �	r�24.10;�(��.�24.1j�24680�*,7's�680 � 352-*p687 � �	� �

3q7�o;��3q+/+-.1+�24k'.P.�~8.Z7�2�246S24k'.P7'.�� 2���2-2-.101g

� g ��	
��
��

��	
��
�� *,+I2-k�. � 3q*p7 ��2-2-.10 � k'*pj^k"v8.�24+ 0/*po 65s � 68+�2 6qs�2-k�. c 35j � vq0-68r�7'o s�0-6 � j16q+��

� *,jS043 d � r�687'+1gA{A680/.16X~8.Z0T*,2P*,+P2-k�. 6q7�u d ��2/24.Z0 � k�*,j^k ��0/6=~ *,o�.1+T3;��2T3q+ � .Zupu�3q+

j1up3q+-+/*,��j13524*,687%6qs � r�687H2468� 68u,68v d g

E'g � ��
����
	�� �
	

� ��
����
	�� �
	 *,+�o�.1+/*pv87'.1o 246	. � jZ*p.Z7�2-u d ��2�+/2-68����*,7�v � r�6q7�+ 3q7�o *,+�0-r�7S687 6q7�u d 24k�6q+-.

.Z~q.17e24+ � k�*pj^kA3q0-.�jZu�3q+/+-*,��.1o;3q+�+/2-68��� .10-+�.1*m24k�.Z0 ced ��	
��
��%680 � ��
 ���
	�
 � �

� g �	����	��
	�
 � �

�	����	��
	�
 � �|*p+I3Hs 35+/2 � r�687 ��2-2-.10P+-� .1jZ*�3qu,* $1.Zo s�6q0�2-k�0-r'v868*p7'v � r'687�+I3q7�o *,+ � 680/.

up* �q.1u d 2-6\0/.1+/r�u,2 � *p+���24+Zg

z�g 
�� � �
	


�� � �
	;*p+�3 s 3q+�2 � r�687%��2/24.10�+/��.Zj1*�35up* $Z.1o%s�680 2-k�0-r�vq68*p7�v � r�687�+Zg

6'g �	����	��
	�� �
	

�	����	��
	�� �
		*,+V+-� .1jZ*�3qu,* $1.Zo�246���2 � r�u,2-*p��u,. � r�6q7�+ 3q7�o���0/. � +-+�240435k�upr�7'v � r�687	.Z~q.17e24+Zg

��g ���
�����

���
�����|*p+ 3H��2-2-.10 � k�*pj^k"*,+I+/��.Zj1*�35up* $Z.1o s�680P�'2-24*,7�vU� 0-. � +-+�240-3qk�upr'7�v � r�6q7 .Z~q.17e24+

� k�*pj^k;k�3y~8.Pk�*,v8kHj^k�3q0-vq.qg



E8x

� ��� � �&- !*� �)	�� !*-
!"��� � � + !"� !*� #$� � � 	 	 ����� �
!"���

��k�. 3q* � 6qs�2-k�.T0/.1o�r�j�24*,687b*,+�2-6D+43y~q. 3qupuO2-k�.Tr�� � 3q0-oU3q7�oUk�6q0-* $Z687e2^3qu � r'687b.�~8.17e2-+	3q7�o

246 0/.;"/.1j�2%o�6 � 7 � 350-o � r�6q7�+Q3q7'o 6q24k'.10 "/r�7 � .�~8.Z7�2-+ � *,2-k � 3#�'* � r � . � jZ*p.Z7�j d g ��k�.

"/r�7 � .Z~q.17e24+Q*,7�j1u,r�o�.Hj16q0-7�.Z0 jZup*p�'��.Z0-+1l o�68r c up. � � r�u,2-*p��u,.Qo�6 � 7 � 350-o � r�6q7�+1l o'6 � 7 � 3q0-o

��0-. � +/+/240-3qk�u,r�7�v .�~8.17e2-+1l���3q0�24*p3qupu d 680�s�r�upu d ��j1687e243q*p7�.Zo .�~8.Z7�2-+ � � k�*,j^kH3q0-.�7�.1r�240-*,7�6T*,7e24.10;�

3qjZ2-*p687�+ *,7\2-k�.�� r���.Z0�� ��3 � *p6��5357�o�. ��o�r'j1*�35u�~868u,r � . � l�+-�'up*,2 .�~8.Z7�2-+ � *,7 � k'*pj^kD6q7�.���3q0/2�6qs

24k�.So�.�24.1j�24680	*,+	j16 � ��u,.Z24.Zu dAc u�357 �As�68u,up6 � .1o ced 3q7�6524k�.Z0	687�. *p7 � k'*pj^k 24k�. jZ6 � �'up. � .17 �

2^3q0 d ��3q0/2T*p+ c u�3q7 � � .Z2-jqgA�t6A+-� .1.1o"r'� 24k�.D0-.1o'r�jZ2-*p687|��0-6 j1.Zo�r�0-.Q3qupu .Z~q.17e24+ � *m24k|687�u d

24k�.%!O6 � �(��3q7�o �5680 ��!i� 2-0-*pvqv8.10 c *,2T+-.�2 � .Z0-.Q~q.Z246 .1o 
1gU��k�*p+I0-.Zo�r�j1.Z+ 24k�. 7 r � c .Z0 6qs
.Z~8.Z7e24+)2-6 c .P0-.y35o ced 3 c 68r'2�x � �%g��)+�3Sv8.17�.Z043quOvqr�*po�.Zup*,7�.)24k'.Ps�68u,up6 � *p7'v 0-r�u,.1+�3q0/.Pr'+-.1o

s�680	.Z~q.10 d ��2/24.Z0P+�2^3q0�24*,7�vQs�0-6 � �
	���
��K*p7K680/o�.10	2-6;o'.1j1*,o�. � k�.Z2-k�.10�246;+43y~q.D3q7 .�~8.17e2T680

� k�.Z2-k�.10�246S0-. "/.1j�2)*m2�680 � k�.�24k�.Z0�2-6 ��35+-+�*,2�687%2-6S2-k�.�7�.�� 2���2-2-.10Zg

� 
�s�3q7 .�~8.Z7�2S*,+IjZu�3q+/+-*m��.1o"35+I24k'0-r�v86q*p7�v � +/246q����*p7'v ced .1*m24k�.Z0 ��	���
�� 680 � ��
����
	 
 � �

3q7�o%*,+ j1687'+-*po'.10-.Zo;3 v86�6 o�� ��2 � *m24kQo�*,0-.ZjZ24*,687Qr�� � 3q0-o � � k'.10-.	vq6�6 o����'2 o�.Z��.Z7�o�+�687

24k�. ��2/24.Z0Pvq6�6 o�7�.Z+-+ � *m2	*p+	+-3y~8.1o 3q7�o 24k�.S0/.1o�r�j�24*,687 ��0-6 j1.Z.1o�+�246%24k'. 7�.�� 2I.Z~8.Z7e2yg

��k�.�687�u d .��'jZ.1�'2-*p687\*p+ � ����	��
	 
 � � � k�.10/.�24k�.�.�~8.17e2 *p+���3q+-+/.1oD6q7S2-6�24k�.�7'.�� 2 ��2-2-.10

.Z~q.17 *,s�2-k�.D��2 *,+Tv86 6 o 3q7�o 2-k�.Q.�~8.17e2\*p+Ij1up3q+-+/*,��.Zo 3q+Tr�� � 3q0-o l�+/*p7�jZ.Q*,2T*p+ � 680/.

up* �q.1u d 2-6\0/.Z2-r�0-7 � *,+�� ��24+�2-k�3q7;6q24k'.10-+Zg

� #�680T357".Z~8.Z7e2Sj1u�35+-+-*m��.1o 3q+T+�2468���'*p7�v ced .1*m24k�.Z0 � ��
 ���
	�
 � � 680 ��	���
�� 3q7�o � k�*pj^k

v8.Z2-+%��3q+/+-.1o�2-6 � ��
����
	 ���
	nl�3q7�.�~8.Z7�2;v8.�24+Q+-3y~8.1o *,s � ��
���� 	�
 � ��j1up3q+-+/*,��.Z+Q*,2Q3q+

k�680/* $16q7�243qu � r�� � 3q0/oH680�*,st*,2�vq*,~8.Z+�3\7�61����2 c r�2�*ms �
	���
��%j1up3q+-+/*,��.Z+�*m2�3q+�k�680/* $Z687e2^3qu g

� 
�s�3q7b.�~8.Z7�2�*,+�jZu�3q+/+-*m��.1oK35+)o�6 � 7 � 350-o � *,2-kK3 vq6�6 o����'2 ced 3q7 d ��2-2-.10�2-k�.T.�~8.Z7�2�*,+

0-. "/.1jZ2-.1ob3q7�oH24k�.�0-.Zo�r�j�24*p6q7;�'0-6 j1.1.Zo�+�246 24k�.�7�.�� 2).�~8.17e21g

������� -+
����3���	�
�
 '����-+
3��- �������*�1
�% �����
� ���1	�/�����#'�*���
� -+	*%'��� ��� �
��������	�-�
 ���
����������-�
�6



�e�

� 
�s�3q7A.Z~q.17e2�*,+�jZu�3q+/+-*m��.1oH24k�0/r�v868*,7�v �5+�2468�'��*p7�v ced .1*m24k�.Z0 �
	���
��H680 � ��
����
	 
 � �A3q7�o

*,2-+Io�*,0-.ZjZ24*,687 *,+Ik'680-* $1687e2^35u 357�o *p+Pj16q7�+-*,o�.10/.1o 3Avq6�6 o|��21lt2-k�.D.�~8.17e2S*,+ ��243qv8v8.Zo �

3q+Dk'680-* $1687e2^35u�3q7�o *,+ ��35+-+-.Zo�687 2-6|2-k�.b7�.�� 2D��2/24.10 r�7e24*,u�*m2\*p+\j1u�35+-+-*m��.1o 3q+Dr'���

� 350-o��5o'6 � 7 � 3q0-o ced 24k�. 7�.�� 2 ��2/24.Z0-+1gU#n6q0T3 � r�687 .�~8.Z7�2SjZu�3q+/+-*m��.1o"35+T+/2-68����*,7�v

24k�. o'*p0-.ZjZ2-*p687K*,+�j1687'+-*po'.10-.Zo k�680-* $1687e243qu$*ms ��
 jZ68+ #�� 
���� w � l � k�.Z0-. 	 � � #�� *p+)2-k�.
$���o�*p0/.1jZ2-*p687 jZ68+-*,7�.;3q7�o j168+ #�� ! 
IwA3U~8.Z0/24*,jy3qu�r'����v86q*p7�v � r'687Vg #�680S3qupu 6q24k'.10

� r�687'+�2-k�.�.Z~q.17e2)*,+�j1687'+-*po'.10-.Zobk�6q0-* $Z687e2^3qu *,s � 
 j168+ #�� 
 � � wSg
� 
�s�3q7 .Z~q.17e2Qj13q7�7�6q2 c .AjZu�3q+/+-*,��.1o .1*,2-k�.10 c .1jy35r�+-.A6qs	3 v86 6�o�7'.1+-+S~53qupr'. � k'*pj^k *,+

c .Zup6 � 24k�0/.1+-k'68upo 680 c .1j13qr�+/.H2-k�.Q��2/24.10 j13q7�7�652 c .%0/r�7 687"24k�.%.�~8.17e21l 24k'.17 *,2 *,+

��3q+/+-.1o 687|2-6;2-k�. 7'.�� 2T��2/24.Z01gQ
�s�7'6q2I3A+-*,7�v8u,.S�'2-24.Z0Ij13q7|�'2I*m2�24k�.Z7|24k'. .�~8.17e2 *,+

0-. "/.1jZ2-.1o 2 � k�.10/.y3q+ *msO*,2 *p+�j1up3q+-+/*,��.Zo%3q+�k�680/* $16q7�243qu c�d 352�up.13q+/2 687�.���2-2-.10�6q0 r�� � 3q0-o

ced � ����	��
	 
 � � wy+/2�24k�.Z7A*m2�v8.�24+�+43y~8.ZoVg

� �)u,u5��2/24.10/+Os�680 � k�*,j^k � r�687�.17e24.Z0-+O24k'.�2468�	6qs 24k'.�2^3q7 �)3q7�o	s�680 � k'*pj^k�� � 
��� � ��� 
� � � 

w6E � x � � � k'*pj^k *,+$.1+/+-.Z7�2-*�3qu,u dP� 680-. 24k�357 E � s�0-6 � 2-k�. .1o'v8.1+�65s�24k�. *p7�7�.Z0$o�.�24.ZjZ246q0 �

3q0-.�jZu�3q+/+-*,��.1oHo�6 � 7 � 3q0/oVg

��k�.I.Z7e24*p0/.�0-.1o'r�jZ2-*p687;+-j^k�. � .P*p+�+/r �\� 3q0/* $Z.1o � *,2-k;2-k�.�k�.1u,�A6qs$3 ��6 � j^k�350/2�*p7;#$*pvq+1gME'ghx
3q7�o E'gmw � g

��up+-6S+/*p7�jZ. � .Tj13q7�7�6q2�38'�680/o;2-6 v8.�2)0/*poH6qs�3q7 d r�� � 3q0/o � r�6q7�+�3q+�2-k�.1*,0�04352-.P*,+�~8.10 d

+ � 3qupu's�6q0 � 3q7 d 65s�2-k�.���2-2-.10-+�up6 68+/.10�jZr'24+ 3q0-.�r�+/.1o 687 24k�.�v86 6�o'7�.1+/+1l *p7Sjy3q+/.�24k�.�.Z~q.17e2 *,+

j1u�35+-+-*m��.1oH35+�r�� � 3q0/o;3q+ 68��� 68+/.1o%246 *msO24k�.�.�~8.Z7�2�*,+ j1up3q+-+/*,��.ZoH3q+ k�680/* $Z687e2^3qu �5o�6 � 7 � 3q0/o g

��k�.�7�r � c .10 6qs k�680/* $16q7�243qu � r�687'+�up6q+/2 c .Zjy3qr�+/.	6qsV2-k�*p+ j1r'2�*p+�.1+/2-* � 3524.ZoD246 c .�up.Z+-+�2-k�3q7

E � g��)u,+-6\3q7�6524k�.Z0�35* � *,+ 246Sv8.�2�0/*po%6qsto�6 � 7 � 350-oUv86q*p7�v � r'687�+ � *,2-k;k'*pv8kH. �\jZ*p.17'j d g

� ��� ��� � � � � � ��
�� � � � 
�� 
�� �	� ����� � 
�
���� �

��k�.Ps�6qupup6 � *,7�v j1r�24+�3q0-.�r�+/.1oH246\v8.Z2�0/*poH6qst7�687�� � r�687H.�~8.17e2-+�3q7�o;6q2-k�.10 c 35j � vq0-68r�7'oVg



� w

� R ������!)�+,M�0
A?�� � ��upu � .1o'.1+/243quO.Z~q.17e24+�3q0/.�0-. � 6X~8.ZoA6q7 c 3q+-*,+�6qs 24k�.Z*p0 � .1o'.1+/243qu �n3qv'g
��k�*p+�jZr'2�2^3��5.1+���u�3qjZ.	*p7 � ��
 ���
	�
 � � g

� W5�4*
���K* 
A�$#$I�IJ�K* 
A?�� � � *p7�jZ."��	���
�� jy3q7\0-.Zj168v87'* $1.�jZ680-7�.Z0���j1up*,��� .10-+ � .�r�24*pu,* $Z.�24k�*,+

*p7's�6q0 � 3524*,687�246�vq.Z2t0-*poI6qs�jZ680-7�.Z0$jZup*p�'��.Z0-+1gi�)7T.Z~8.Z7e2�*p+i0-. "/.1jZ2-.1oS3q+t3)jZ680-7�.Z0$jZup*p�'��.Z0

*,st.1*m24k�.Z0�6qst2-k�.	2 � 6\j16q7�o�*,2-*p687'+�3q0-.	+-3524*,+/��.Zo �

� ��	
��
��%j1up3q+-+/*,��.Z+ 24k�.�.�~8.17e2�3q+�j1680/7�.10;��j1u,*p��� .10 3q7�o;v86�6 o�7�.Z+-+�~53qupr'.	*p+ � � g Eez g
� ��	
��
��"j1up3q+-+/*,��.Z+ 24k�.H.Z~q.17e2D3q+ 24k�0/r�v868*,7�vK680S+/2-68����*,7�v 3q7�o � r�687 up.Z7�vq2-k *,+

up.Z+-+ 24k�357 � � .Z24.Z0S3q7�o � r c 6 d � � 	 *,+ v80-.13524.Z0S2-k�3q7 � gFEezK3q7�o o�*p0/.1jZ2-*p687"*,+
o�6 � 7 � 3q0/oVg

��k�.P. �\j1*,.17�j d 6qst2-k�.P3 c 6=~q.�j1680/7�.10�j1u,*p��� .10�jZr'2�*p+ � � � �

� a�� ?�&1�$�K_ ?��4� W ?�� � 
�s���� ��� �
	���
��;3q7�o � ��
���� 	�
 � �bjZu�3q+/+-*ms d 3q7;.Z~8.Z7e2�3q+ � r�u �

24*,��up. � r�687 24k�.Z7Q24k�*,+�.Z~q.17e2�v8.Z2-+ 0-. "/.1j�24.1o g���k'.�. �\j1*,.17�j d 6qsO2-k�*p+ j1r'2 *p7D0/. � 6X~�*,7�v

� r�um24*p�'up. � r�687�+�*p+ � 6 � � �

�)upu�24k�.	v86 6 o�7�.1+/+�j1r'2-+�r'+-.1o;*p7Q2-k�.	~53q0-*,68r�+���2/24.Z0-+�3q0-.	+/r �\� 3q0/* $Z.1o%*p7%�t3 c u,. E'gmw8g�
�st2-k�.
v86�6 o�7�.Z+-+ ~53qupr�.Z+ 6qsV357 d 65s�2-k�.)3 c 6X~8.���2/24.10/+ *p+�3 c 6=~q. � c .1u,6 � 24k'.�2-k�0-.Z+-k�68u,o\~53qu,r�.1+ *,7S2-k�.

3 c 6X~q.P243 c up.5l'24k'.P.�~8.Z7�2�*p+�jZu�3q+/+-*m��.1oA3q+�3S7�68���'2�3q7�o;��3q+-+/.1oA687%246 24k�.�7�.�� 2���2/24.Z0-+1g


�7 �t3 c u,.>E'g � � .�vq*,~8.�+-6 � . +/243524*,+/2-*pj1+t6qsn24k�. 246q243qu'7�r � c .10$6qs .Z~8.Z7e24+ +-��357�7�*p7'vPz d .13q0-+
6qs���r�� .10;� � o�3 2^3 � k�*pj^kb2-k�.T0/.1o�r'jZ24*,687bk�3qoA2-6 ��0/6�jZ.1+/+1g��$3 c up. E'gFE *p7'o�*pj13524.Z+�7�r � c .10�6qs
.Z~8.Z7e24+ � k'*pj^k;v8.Z2�+43y~q.1oU3 s 24.10�.�~8.10 d ��2-2-.10Zg

�t3 c u,. E'g � *,7�o�*pj13524.Z+ 24k�.�7�r � c .10�6qst.Z~q.17e24+ � k�*pj^k;v8.�2�0/.;"/.ZjZ24.Zob3 s 24.10�.�~8.10 d ��2-2-.10Zg

� ��� ��� � � ��� � � ��� � 
�� ��� � � ���

�)+ � .Z7�2-*p687'.1oP*p7	24k�. c .1v8*,7�7�*p7'v�65s'j^k�35�'24.Z0t24k'.�vq6e3que6qs'r�� � rP0-.Zo�r�jZ2-*p687 � 3q+i2-6�+-3y~8.�k'680-* �

$1687e2^35u'3q7'o r�� � 350-o � r�6q7T.Z~q.17e24+ 357�oT246)0-.;"/.ZjZ2$6q24k�.Z0 ��*p7'o�+$6qs�.Z~8.Z7e24+1g���k'.�246q243qu�7�r � c .10



���

<>#@�+�6�K* > / ��� ����#$*"��
.�"#��4� <'�B��������!+!QW ?��
��	���
�� ��6 � 7 � 350-o vq6qs � ���}� z
��	���
�� ��680/* $16q7�243qu vq6qs � ���}� z�� 	 # �
� � � ��� �
��	���
�� 
�� � 3q0/o 	 # �
� � � ��� �

� ��
����
	 ���
	 �)u,u +�2468� � r � 7�o'v86qs � ��� �8z�� 0-jZ687�. 
 ��� �
� ����	��
	 
 � � 
�� � 3q0/o��q��6 � 7 � 350-o � r d 7 ! w�� 0/j1687�. 
���� �
� ����	��
	 
 � � ��680/* $16q7�243qu � r d 7 ! w��&0-jZ687�. 
 � � � z

�� ���
	 �)u,u v86 6 o�7�.1+/+ 
 w �

� ����	��
	 ���
	 ��6 � 7 � 350-o 0/j1687'. 
 ��� � 3q7'oH2-6qs�+-v � 
 � 3q7�o;0/2-6qs�+-v � 
 ���h�
� ����	��
	 ���
	 
�� � 3q0/o � 0/j1687�. � � gFE ��246qs�+/v � �.E'g � � 
 � �}� 357�oA0�246qs�+/v � 
 ���}�
� ����	��
	 ���
	 ��680/* $16q7�243qu 0/j1687'. 
���� ES3q7�oH246qs�+/v � 
 E �h� 3q7�o;0/2-6qs�+-v � 
 � �h�

� � ����� ��680/* $16q7�243qu v86 6�o�7'.1+-+ � z �h�
� � ����� 
�� � 3q0/o��q��6 � 7 � 350-o v86 6 o�7�.1+/+ 
 w �h�

�t3 c u,. E'gmw � � 6 6 o�7�.1+/+���r'24+�r�+-.ZoA*,7%~q350-*p6qr�+ ��2-2-.10/+1g

W H�,-*"�4� *
,-������� IJ��� @L����3 �K/4��� �"! ! ,A/4��� @L����3 �A/4��� �"! *"�	� ��
.�6���
� �8�8� !�
  
 w=�8z �8�q�8� �8xqx'w8w � � ��w8w � 6e� w

 �"! w=�qz �8�8�8� z � w � � �
 
 � �q�8� E8x8� � z � �5�

�$3 c up. E�g � � ��r �\� 3q0 d 6qsO24k'.�24652^3qu 7�r � c .10�65s .Z~8.Z7e24+�*p7D.y3qj^k%j^k�350-v8.�043q7�vq. � k�*,j^k � k�*pj^k
� .Z0-.P+43y~8.ZoK3q7�oH0-. "/.1j�24.1o g

<>#��+�+��* L'3 �6�K*9� H�#$
 H 
 ��3 �A/ ��� �6!9!),K/4��� B'�K,M! �4�
>=/4��� � ���A�"!�!),K/4���

��	���
�� x'g � � 
�� � 3q0-o ced ��	
��
��
� ��
���� 	����
	 �q� g�� � 
�� � 350-o ced � ��
���� 	����
	
� ��
���� 	����
	 � x'g � � ��6q0-* $Z687e2^3qu c�d �
	���
����

��6\�'2 �5k�6q0-* $Z687e2^3qu c�d � ��
����
	 ���
	

�� ���
	 � g���� 
�� � 3q0-o ced 
�� � �
	

�	����	�� 	����
	 � ghx�� 
�� � 350-o ced �	����	�� 	����
	
��������� 6'ghx�� 
�� � 3q0-o ced � � �����
��������� � �'g � � ��6q0-* $Z687e2^3qu c�d 3 2�up.y35+/2�w	��2-2-.10�� 7'6

��2-2-.10�j168r'upoHj1up3q+-+/*,s d *m2�3q+�r�� � 3q0-o

�$3 c up. E'gFE � �t.Z0-jZ.17e2^3qvq.\65s .Z~8.Z7e24+ � k�*pj^k 35r'246 � 352-*pjy35upu d v8.Z2�+43y~8.Zo|3 s 24.10).y3qj^kU��2/24.Z0	3q7�o
24k�.�0-.13q+-6q7Vg



� E

<>#�� �6�K* 
 ��3 �K/4��� �"! *"�	� ��
.�6��� B'�K,M! �4�
� ��
���� 	�
 � � E �}� � �i.1o�.Z+/2^35ui6q0����`6*'tg

��	���
�� �e� � 6 � ��6 � 7 � 3q0/o
��	���
�� w �h� � ��680/7�.10;����up*,��� .10
��	���
�� � � x � ��68r c up.��({Ar�687

� ��
���� 	����
	 ��� w � ��6 � 7 � 3q0/o
�	����	�� 	�
 � � ��� x � ��6 � 7 � 3q0/o

�� ���
	 w �h� � ��6 � 7 � 3q0/o

�	����	�� 	����
	 ��� x � ��6 � 7 � 3q0/o
��������� ��� w � ��6 � 7 � 3q0/o
��������� ��� w � ��6 ��2 ced 3qu,u ��2-2-.10/+

�t3 c u,. E'g � � �t.10/j1.Z7�243qv8.P6qst.Z~8.Z7e24+)0/.;"/.ZjZ24.ZoU35s 2-.10�.13qj^kA��2/24.Z0�*,7Q24k�.�0/.1o�r�j�24*,687Vg

6qs�.�~8.17e2-+ � *,2-k;2-6q2^3quOj^k�3q0-v8. c .Z2 � .1.17 � �8�8� 3q7�o|w=�8z �8�q�8� ��.P35s 2-.10�24k�.�68r'2-��r'2�6qs�0/.1o�r'j��

24*p6q7D*p+�3 c 68r'2 z � � .10 o�3 d g�� � 687�vP24k�.Z+-.ql�24k�.�7 r � c .Z0�6qs r'� � 3q0/o � r�687�+�3q7�oQk'680-* $1687e2^35u

.Z~8.Z7e24+D*,+S3 c 68r'2 � z l � k�*,j^k � .y357�+ 24k�.H��r'0-*,2 d 6qs�24k�.%r�� � r 0/.1o�r'jZ24*,687 *p+S3 c 68r'2 z � �Qg

� c 68r'2 �e� �E65s�2-k�.A0/. � 3q*p7'*p7�vK.�~8.17e2-+Q3q0/. � 3q*,7�u d o�6 � 7 � 3q0/o���0/. � +-+/2-043qk'upr�7�v � r'687�+

� k�*pj^kKv8.�2 � *p+���2 ced 3q7 d 6qs�24k�. �\��2/24.10/+�3q+)r�� � 3q0/o��5k�6q0-* $Z687e2^3qut3q7�ob7�687�. 65s�24k�.I6q24k'.10

��2-2-.10-+ j168r'upoD0/.;"/.ZjZ2 *m2 � *m24kD3Iv86 6�o\v86 6�o'7�.1+/+1g���k�.�0-. � 3q*,7�*p7�vSw � �&6qsO.Z~q.17e24+ 3q0-.�o�68r c u,.

� r�687�+�680 j16q0-7�.Z0 j1u,*p��� .10/+ � � k'*pj^kHj168r'upoQ7�652 c .)0-.;"/.ZjZ2-.1o � l�.Z~q.17e24+ � *,2-k � *,+-+/*p7�vI+-.1j�24*,687�+

6qs$o'.Z24.ZjZ2-6801ln.1u,.1j�240-6q7;+/k�6 � .Z0-+Zl���350/24*p3qupu d 3q7�oHs�r�upu d ��j1687e243q*p7�.Zo%.Z~q.17e24+Zl�.�24jqg

��k�.Pr�� � 3q0-o � r�687;0-.1o'r�jZ2-*p687A��0-6 j1.Z+-+ � 3q+�o�687�. � *,2-kA2-k�.IjZ687�o�6q0�k'*pv8kH24k�0/68r�v8k'��r'2

c 3524j^kb��0-6 j1.Z+-+-*,7�vDjZ6 � ��r'24*,7�v\.17e~ *p0-6q7 � .Z7e2)687Ao�* '�.10/.17e2�+-r c 0/r�7�+�*,7A��3q043qu,up.ZuV��0-6 j1.Z+-+/*p7�v

� 6 o�.qgi� 246q243que6qs zqx8z8�qx 6�+-r c 0-r�7'+�j1687'+/24*m24r'2-*p7�v�24k'. .Z7�2-*p0/. ��r'��.Z0�� ��3 � *p6 � 3q7'o�.���
�o�3 2^3q+/.Z2

� .Z0-.P��0-6 j1.Z+-+-.ZoU3q7'oA*m2�246 6 �Q3q�'��0-69��* � 3524.Zu d � � *,7 r�24.1+�2-6\�'0-6 j1.1+/+�6q7�.�+-r c 0/r�7Vg

� ��� ��� � 
 � ������� � ��� 
 ��� � � � ��
 � � � ����
���
�� � � ��� � � 	 � � � 
 �������

( . r'+-.S3 2-6q2^3qui6qs 6 �'2-24.Z0-+�*,7Uo�.Zj1*po'*p7�v � k�.Z2-k�.10�2-6Q+43y~8. 6q0�0-. "/.1jZ2)24k�. r'� � 3q0/o � r�687�+Zg

��k�.10/.�350-.�3�246q243qu'65sBE 6 � 68r'2 6qs E8x �q� ��6q+-+-* c up. � 3 d + � o�* '�.10/.17e2 j16 � c *p7�3524*,687�+$65s o�.Zj1*,+-*p6q7�+



�8�

c�d ~53q0/*p68r�+ �'2-24.Z0-+ c .Zjy3qr'+-.T65s � k�*,j^kU3qu,uV24k�.�r�� � 3q0-o � r�687�+�r�+-.ZoAs�680�68r'0�357�3qu d +/*p+ � .Z0-.

+43y~8.ZoVg �i6\r�7�*p��r�.Zu d *po�.Z7�2-*,s d 24k�.�0/.y3q+/687 c .1j13qr�+/.P65s � k�*,j^k;3q7Hr�� � 3q0/o � r'687H.Z~8.Z7e2 � 3q+

+43y~8.ZoI24k'.�o'.1j1*,+-*,687�6qs'.13qj^k���2-2-.10 687P3q7�.Z~q.17e2 � 3q+i.17�jZ6�o'.1oP*p7	24k�.�~53q0/*�3 c up. 	�� 
�
���� ������
������
� k�.10/. 	�� 
�
���� ������
���� � *p+�o�.���7�.Zob*p7;����7 E'gmw8g

	�� 
�
���� ������
���� � ! w � � � ��	�� %�� ��� � w � 
 � ��	 � ������� % 
 � 	�� w � � � ��	'� � � %�� % � � �

� w � 
 � ��	 	 � �	� % � w � � ��	�� � � %�� % 
 � 	�� � ��	 � � 	 ��� � E'gmw �

� k�.10/. 24k'.S~53q0/*�3 c up. � ��	 6qs 3qupu$�'2-24.Z0-+ � .���j1.1��2���	���
�� � jy3q7 2^3��5. 6q7�. 65s 2-k�.\s�6qupup6 � *,7�v �

~q35upr�.Z+ �

� � � 
 � ��u,*p.1+ 24k�352�2-k�.	��2-2-.10�ve3y~8.P7�6 ��21g
� � � 
 � ��u,*p.1+ 24k�352�2-k�.	��2-2-.10�j1up3q+-+/*,��.Zo;2-k�.�.Z~q.17e2�35+�k'680-* $1687e2^35u
� E � 
 � ��u,*p.1+ 24k�352�2-k�.	��2-2-.10�j1up3q+-+/*,��.Zo;2-k�.�.Z~q.17e2�35+�r'� � 3q0/oVg

� x � 
 � ��u,*p.Z+�24k�352	24k�*,+���2-2-.10 � 3q+�7�6q2�0-r'7 6q7 2-k�.S.Z~q.17e2ygS��k�*,+	jy3q7 k�3q�'��.Z7|*ms�2-k�.
.Z~q.17e2 � 35+	3qup0/.y3qo d +43y~8.Zo c .Zs�6q0-.I2-k�352�24k�.P��2-2-.10 � 3q+�0/r�7U680�*,s�2-k�.T.�~8.Z7�2 � 3q+�7'6q2

j1up3q+-+/*,��.Zo 35+ +/246q����*p7'v ced ��	���
�� 680 � ��
�� �
	�
 � ��l�*p7 � k�*,j^k j13q+-.%*m2 o�6 .1+S7�6q2Sv8.�2

��3q+/+-.1o;246 � ��
 ���
	���� 	ng

�)upu).Z~8.Z7e24+ � *,24k � �q�8� !�
  
 wX�8z �8�8�q� ��.Kk�3X~q. 2-6"��3q+/+H2-k�0-6qr�v8k ��	
��
��ng ��.Z7�j1.

� ��	�� %
� ���Qjy357 7'.Z~8.Z0 c .Hx'g 
�s�24k�. � r�687"��352-k���u,.17�v524k jZu�3q+/+-*,��.1o ced ��	���
�� *,+ up.Z+-+ 2-k�3q7

E � l c r'2T*,s 2-k�. � � 	 
 ��� EezH2-k�.17 2-k�.D~53q0/*�3 c u,. � ��	�� %
� ��� ! 6'gb�)24k�.Z0 � *p+/.D*ms�3q7 .�~8.17e2

*p+Pj1u�35+-+-*m��.1o 3q+Tr�� � 3q0-o l�k�680/* $16q7�243qu 680P7�68���'2ylt2-k�. ~53qu,r�.1+I6qs � ��	�� %�� ��� 3q0/.D+43 � . 3q+I2-k�.

~q35upr�.Z+$6qs�2-k�. � ��	 ��������!D~53q0-*p3 c u,.�65sn6q24k�.Z0t��2/24.Z0-+1g$��k�. 7�r � c .10t6qsnr�� � 350-o � r�6q7�+$+/k�6 � *p7�v
o�* '�.10/.17e2I~53qu,r�.1+P6qs 	���
�
���� � ����
������K*p+�+-k'6 � 7 *p7 �$3 c up.�E'g z gD�)+ � . jy3q7|+-.Z.D3 c 68r'2Tx E �
6qs .�~8.17e2-+Tk�3y~8. 	�� 
�
���� ������
���� � ! E8xqx8x8x'gS��k�.Z+-.\.Z~8.Z7e24+ 3qr�246 � 3524*,jy3qu,u d v8.�2P+43y~8.Zo"35s 24.Z0



� z

�
	���
�� � *m24k�68r�2 ��3q+/+-*p7'vU24k�0/68r�v8k 3q7 d 6q24k'.10T��2/24.Z01g �)u,u 24k'.1+-.%k�3X~q. c .Z.17 j1up3q+-+/*,��.Zo ced

�
	���
��H3q+�24k�0/r�v868*,7�v 680�+�2468���'*p7�v�l�r'� � 3q0/oU3q7�o � *m24kHv86 6�o�7'.1+-+�v80/.y352-.10�24k�3q7;2-k�0-.Z+-k�6qupoVg

� ��� � ��	�� !*-
!"��� � ! � �
	�� ����� ! ��- � 	�� � ��� � ����� 	

��k�.���0/.1j1*,+-. � r�687 ~q.10�24.��%3q7�oQo'*p0-.ZjZ2-*p687 *p+�o�.Z2-.10 � *p7'.1oQr�+/*p7�vP24k�.)��0-.Zj1*p+/*p687\��2-2-.10 � k�*pj^k

*p+�r�+/.1oKs�680	35upu 24k�. 357�3qu d +/*p+)o'687�. *p7A24k�*,+)24k�.Z+-*,+1gP�)upui.Z~q.17e24+	s�0/6 � 2-k�. 68r'2-��r'2	65s r�� � r

0-.1o'r�jZ2-*p687 v8.�2���3q+-+/.1o 246H��0/.1j1*,+-*,687U��2-2-.10Zg ��k�.S��0-.Zj1*,+-*p6q7U��2-2-.10�*p+ � 3qo�.Tr��|65s0EQ��2/24.Z0-+
jy3qu,up.1o 
�� � r�����21l��	� ���'2yl�357�o ����� ��21gb
�2 k�3q+ c .1.Z7 � 3q*,7�u d o�.Z~q.1u,68��.Zo ced � gt��*,2/2^3'g

��k�*p+P*p+	jZ6 � �'r'2^352-*p687�3qupu dA� 680/.\*,7e24.17'+-*,~q.\3q+IjZ6 � ��3q0-.Zo 2-6;2-k�. ��2-2-.10/+Ir�+/.1o|*p7 24k�.S7�680;�

� 3qut0-.Zo�r�jZ2-*p687 +-*,7�j1. 2-k�*p+��'2-24.Z0	*p+	*,7�2-.17�o'.1o 246H6 c 243q*p7K��0/.1jZ*p+-. ��2�o'*p0-.ZjZ2-*p687�+�3q7�o .17e240 d

��68*,7e24+1l � k'.10-.13q+�35upu 2-k�.	��2-2-.10-+�*p7H24k'.P0/.1o�r'jZ24*,687 � .Z0-. 35up+-6So�.Z+-*,v87�.1o;246S0-. "/.1j�2�2-k�.Iup3q0-vq.

c 3qj ��v80-6qr�7�oAs�0/6 � "/r'7 �%3q7�o;o�6 � 7 � 350-o � r�687;.Z~8.Z7e24+1g

� ��� ��� � ��� � � � �


�� � r���2bk�3q+ c .1.Z7 3qo�3q�'24.Zo s�0/6 � 24k'. { �(� ��2/24.Z0 . � 610Pr�+/.1o *p7 24k�. j1687e243q*p7�.Zo .�~8.17e2

3q7�3qu d +/*p+�3q7'o c .1.Z7 � 6�o'*,��.ZoQs�680�r�� � 3q0/o � r�687A3q7�3qu d +/*p+Zg

��k�. c 3q+-*,j�*po�.13 *p7�24k'.���2-2-.10O*p+�24k�352Os�6q0V.y3qj^kI��{A�|2-k�.�.���� .1j�24.1oI3 � 68r�7e2 6qs'��k�.Z0-.17 �q6X~

up*pvqk�2P*,+Tjy35upj1r'u�352-.1o 357�o jZ6 � ��3q0-.Zo 246;24k�.Q6 c +-.Z0/~8.Zo ~53qupr�.Z+1g;��k�.Q.��'� .1j�24.Zo 7�r �Tc .Z0T6qs

�Vgh. �h+�o�r�.	2-6D��k'.10-.Z7 �q6X~Aup*,v8ke2�*p+�v8*m~8.Z7 ced �

�
��� �
� !�� � � w

� � � +/*p7 # � � � � 	 �	 � � +-*,7 
 # � � ���� � # � ��� .���� � 
 � �
%
	 � � ��� � 	 ��� � ��
$� �

� E'g ���

� k�.10/. � ��*p+$3)7�680 � 3qu,* $13524*,687�s 3qjZ2-6801l # ��*p+i24k�.�*p7�jZ*po�.Z7�2�3q7�v8u,. 7'680 � 3qu�246)2-k�.���������{A�	l � ��
*p+�24k'.�7�r �Tc .Z0�65sV�Vg}.qge.��'� .1j�24.Zo s�0-6 ��� ��043 d �'0-6 o�r�jZ2-*p687 l %
	 � � ���P*,+�24k�. ( 3 24.10 3 2-24.Z7�r�3524*,687
up.17'vq24kVli3q7'o 	 ��� � *p+	24k�.S.�' .ZjZ24*m~8.\��k�6q2-68+-.Z7�+-*m24*m~8.\3q0-.13;65s�3H��{A� 3q+P3%s�r�7�jZ2-*p687 6qs � g



� 6

���+�6�K* H�#%!)�+�4* � @L����3 ?�IC� ,-*
� � ?��4�1! ��#@�"H �"H�#$! /:,M�$?��
Eqx8x8x8x8x �q�q� w
x E E8x8x �5�
x E � E8x w=z
� E8x8x8x8x w=z
� x E E8x8x w6E
Eqx E E8x8x w �
x � E8x8x w8w
x �8� E8x w �
x �8�8� E x
E8x8x8x8x �

�q� x8x8x8x �
E E8x8x �
� x �8� E8x E
Eqx E � E8x �
Eqx � E8x8x �
E8x8x �
� E8x w

� x �8� E8x w
� x �e�q�8� w
� x � E8x8x w
� x �q�e� E w
� x � E8x8x w
� x E �8� E w
� x E � E8x w
� x8x8x8x w
E �8� E w
E � E8x w
E E w

Eqx �8�8� E w
Eqx E � E8x w
6.E8x8x8x8x w
6qx �8� E8x w
x �8�8�e� w
x �8� E � w
x �8� E E w
x � E E8x w

�$3 c up. E'g z � #�0-.Z��r�.17�j d 6qs 6 j1jZr�0-0/.17�jZ.)6qs ~53q0-*,68r�+�~53qupr'.1+ 6qs 	���
�
���� � ����
������T~53q0-*p3 c u,.�s�680�3qupu
24k�.	r�� � 3q0-o � r'687%.Z~q.17e24+�*p7%��r�� .10�� �P3 � *,6 � 3q7�o�.��^w8l � k�.Z0-. 	���
�
���� ������
���� �\*p+ o'.Z��7�.ZoH*p7
� ��7 E'g,wqg



� �

��k�.\s 35jZ246q0 w�� � � � +-*,7 # � � � � 	 �	 � � 0-. ��.1jZ2-+P2-k�.Sj^k�3q7�vq. *,7 2-k�. ��k�.10/.17 �56X~ 3q7'v8up. o�r'.\2-6H2-k�.
.17�.Z0-v d u,68+-+�6qsO24k�. � r�687Vg���k�.�2-6q2^35u up* �q.Zup*pk'6�6 o *,+�24k'.17Hjy3qu,j1r�up3524.ZoDs�680�35upu�� {;��+ � *m24k�*,7

3\jZ687�.�up.Z+-+�24k�357 wqg zT24* � .Z+ 24k�.I��k�.Z0-.Z7 �q6X~;�)7�vqup. �

� ! ������ � � � ���
� � �

� � �
� � �

� � �
� � � E'gFE �

��k�. s�r�7�j�24*p6q7 � � �
� � �
� � � ��� �� � *,+)24k'. ��0-6 c 3 c *,up*,2 d o'*p+/2-0-* c r'24*,687b65s 6 c +-.Z0/~ *p7'v � � � �� ��k�6q2-68�

.1up.ZjZ2-0-687�+�v8*m~8.17 �
� � �
� ��k'6q2468��.1u,.1jZ2-0-687'+�3q7'o *,+ 35����0-69��* � 352-.1o ced 3 � 3qr�+-+/*�3q7So�*,+/2-0-* c r'24*,687

� k�.17 �
��� �
� � �q� � k�.Z0-.y35+ � k�.Z7 �

� � �
� 
 �5� 2-k�.\��0-6 c 3 c *pu,*,2 d *p+�j16 � ��r'2-.1o c 3q+/.1o 687|3

+-*p7'v8up.	�Vg}.qg o�*,+/2-0-* c r'24*,687Q2^3 c up.qg$��k�.P�'2-24.Z0�24k�.Z7Aj13qupjZr�u�352-.1+�3 � 
�vq*,~8.Z7 ced

� 
 ! 
 � � ��� �
� # �
� � � E'g � �

��.10/. � *,+�o�.1+/j10-* c .ZoA*,7;� ��7 E'g ES3q7'o � # ��� ��*p+ 2-k�.�+43 � .�s�r�7�j�24*,687;3q+�r�+-.Zob*p7;����7A�Ig ��g
��k�.P��2-2-.10�24k�.Z7Kr�7�o�.Z0-v86 .1+ � 3q7 d *,2-.10-3524*,687�+�246 � 31��* � * $Z.	24k�. � 
)v8*,~q.17 ced � ��7 E'g �

246 ��7�o;24k�.	~8.Z0/2-.��A3q7�o;.17e2-0 d � 68*p7e21g

� ��� ��� ��
 � � �


�� � r ����2�*p+ ~8.10 d +/.17�+/*,2-*,~8.�246P24k�.�.Zo�v8.�6qsV24k'.	��k�.Z0-.17 �q6X~Q0/*p7�v�g�#n6q0 � r'687D.�~8.17e2-+ � k�*pj^k

r�7�o�.Z0-v86 ��0/. � +-+/2-043qk'upr�7�vU2-k�.%.1o'v8.%6qs�24k�.;��k'.10-.Z7 �q6X~ 0/*p7�vK*,+ ��r�*,2-.Ds�r�$ $ d g"#�680P24k�.Z+-.

.Z~8.Z7e24+H24k�.U��2D~8.10�24.�� 3q7�o�o�*,0-.1j�24*,687�*p+Q6 c 2^3q*,7�.1o�r'+-*p7'v 3q7 �	� jZupr�+�24.Z0-*p7'v 3qupv86q0-*,2-k �

jy3qu,up.1ob�	� ��2)3q+ � .1u,ui3q+)r�+/*p7�v ����� ��2)o�.1+/j10-* c .ZoU*p7b��.ZjZ2 E�g � gFEAg�
�7U������2�2-k�. � r�687

.17e240 d 3q7�o .���*,2�� 68*,7�2�*p+	j^k�68+/.17 r�+-*,7�vH687�u d 24k'.D�	� � *,2-k 3HjZupr�+�24.Z0-*p7'vH3qupv86q0-*,2-k � gT�	�

��2 � 3��5.1+�j1u,r�+/2-.10/+I350-68r�7'o|3;��{A�&*ms�*m2	k�3q+P352�u,.y3q+�2 �%7�.y3q0/.1+�2I7'.1*pvqk c 680/+Pk'*,2 c .Z2 � .1.Z7

� �8� 7�+�3q7�o"w6E �q� 7�+1g	��k'. j1u,r�+/2-.10 � *m24kb2-k�. .y350-up*,.1+�2	3y~8.Z043qv8. 2-* � .I65s�3qupui��{A��+�*p7A*,2�*,+
j^k�68+-.Z7U3q+ 24k�.	.Z7�2-0 d � 68*,7�2�3q7�o%24k�.	jZupr�+�24.Z0 � k�*pj^kHk�3q+ 2-k�. � 31��* � r � 7�r � c .10�6qst��{A��+



� �

*p+�j^k�68+/.17b3q+�24k�.�.���*m2�� 68*,7�21g

� ��� ��� ��
 � � � �

��������2 *p+ o�*,+-jZr�+-+/.1o;*p7Qo�.�2^3q*,u *,7H��k�3q�'2-.109.hz10V6qst��.�s . � 6#0 3q7�o%u,* �q.)
�� � r'��2yl'*,2 k�3q+ c .Z.17

3qo�3q�'2-.1oHs�0-6 � j1687e2^35*p7�.Zo;.�~8.Z7�2�3q7�3qu d +-*p+Zg

(|.Sv8*,~q.S3H~q.10 d c 0-*p.�s�+ d 7�68��+/*p+1g\��������2�*,+ c 3q+-.Zo|6q7 2-k�0-.Z. +�24.1�'+ � �t68*,7�2���21li��*,7�v

� o'v8.P#$*,2�357�o;��7�.	~8.10�24.��H24r�7�*,7�v�g�
�7 �-�t6q*p7e2���2 �\3 0-6qr�v8k%~8.Z0/24.��A3q7�oH240-3qj �Q*p+ s�6qr�7�oH+-6

24k�352�2-k�.	24* � *p7'v 0-.Z+-*po'r�3qup+�65s�3qu,uV��{A��+�3q0-.P3q�'��0-69��* � 3524.Zu d .1��r�3qu g

��k�.�7�.�� 2)+�24.1�;j16q7�+-*,+/24+�6qs �4��k�.Z0-.17 �q6X~;0-*p7'v\.Zo�v8. � +/.y3q0/j^kb*p7 � k�*,j^k;2-k�.�o�*p0/.1j�24*p6q7;*,+

~q350-*p.ZoH+-6S24k�352�2-k�.�.%'�.1j�24*,~q.Ij^k�3q0-v8.�v8*m~8.Z7A*,7A����72E'g z *,+ � 31��* � * $Z.1oVg

 !
���������� �	��
 � #�� � � #��

���"! # �
	
� � � � ��
 � #��
� # 
 
 ��� # � 
 � # �
	
� � 
 # # � 


� � 
� 
 � E'g z �

� k�.10/. # #S*,+D24k�. ��k'.10-.Z7 �q6X~ 68� .17'*p7�v"357�v8up.5l ��
 � #�� *,+D24k'.K3q7�v8u,. c .Z2 � .1.17 24k'.U240435j �
o�*p0/.1jZ2-*p687 3q7'o 2-k�. �'k�6q246q7 2-043y~8.Zu�o'*p0-.ZjZ2-*p687VgS��k�.\240-3qj �Uo�*,0-.1j�24*,687 3q7�o # ��	
� ��350-. ~53q0-*,.1o
+-6%24k�3 2  *,+ � 31��* � * $1.ZoVg�
�7K24k'. ����7�. ~q.10�24.��U24r�7�*,7�vQ+�2^3qv8. �Q24k�. ~q.10�24.��K3q7�o o�*,0-.1j�24*,687

3q0-.�s�r�0�24k�.Z0 0/.Z��7�.ZoQ35s 2-.10�2^3 � *,7�v�*p7e246I3qjZj168r�7e2 .%'�.1j�24+�6qsV+/jy352/24.10/.1o up*pvqk�2�357�o � 31��* � * $Z*p7�v

3Uv86�6 o�7�.Z+-+ s�r�7'jZ24*,687 � k�*,j^k o�.1� .17�o'+\6q7 24k�.D2-* � *p7�vA0-.Z+-*po'r�3qup+Zg ��k�.%u�3q+�2T2 � 6K��24+S3q0/.

*,24.Z04352-.1o"r�7e2-*pu 2-k�.Qo�*,+/243q7�j1. c .Z2 � .1.Z7 2-k�.D~q.10/2-.�� *,7 2 � 6 jZ687�+/.1j1r�24*,~q.H*,24.Z04352-*p687'+T*p+Iup.Z+-+

24k�3q7bz � j � g

#�680 .13qj^k .�~8.Z7�2Q3 ~q.10�24.�� 357�o 2-043qj �"o'*p0-.ZjZ2-*p687 *p+ s�6qr�7�o r�+-*,7�v 35upu�2-k�.LE ��2-+1g ��k�.
3q7�v8r�up3q0 o�*p0/.1j�24*p6q7 c .Z2 � .1.Z7%.y3qj^kD6qs 2-k�.=E	��2-+�*p+ jZ6 � ��3q0-.ZoD3q7'o 24k'.���7�3qu���2�*,+ r�+-.ZoDs�0-6 �
687�.�6qsi24k�.Z+-.���2-2-.10-+�r�+/*p7�v\j10/*,2-.10-*,687%o�.Z+-j10/* c .1o;*p7H�)�'��.Z7�o�* �H� 6qs$��.Zs . � �#0 g



� x

� ��� ��� � 
 � ������� � ��� 
 ��� � � 
�� � � � ��� � � ��� 
 �

��k�.	3qjZj1r�0-3qj d 6qsO24k'. � r�6q7D��2 o'*p0-.ZjZ2-*p687 ced 2-k�.)��0/.1jZ*p+-*,687D��2/24.Z0 � 3q+�24.Z+/2-.1o ced 35����u d *,7�v

24k�. �'0-.1jZ*p+/*p687b�'2-24.Z0)246Q3q7U.1��r�*m~53qup.Z7�2 �e� d .y3q0	3 2 � 68+-��k'.10-*,jT7�.Zr'240/*p7�6%{A687e24.S� 350-up6D3q7�o

j16 � ��3q0/*p7�vH24k�. ��0-.Zj1*,+-*p6q7|��2Io�*p0/.1j�24*p6q7�+T357�o 24k'. 240/r�.D{A687e24.H� 350-up6;o�*,0-.1j�24*,687�+1gH��k�.Z+-.

��up6q2-+�s�680�24k�0/r�v868*,7�v � r'687�+	3q7'oK+/246q����*p7'v � r�687'+	3q0-.I+-k�6 � 7 *p7U#$*pv8+=E'gFE'g���k�.S3q7'v8r�u�350
0-.1+/68upr�24*p6q7 s�680 r�� � 3q0/o 24k�0/r�v868*,7�v � r�687�+ *p+ 3 c 6qr'2Uw �h� z � 3q7�o s�680\+/2-68����*,7�v � r'687�+D*,+
3 c 6qr'2�w � z �

Angular resolution of  thrumus
Entries

Mean

RMS

OVFLW

          19726

  1.050

  1.136

  73.00

Angle between precision fit and truth fit

N
o 

of
 e

ve
nt

s

0

250

500

750

1000

1250

1500

1750

2000

0 1 2 3 4 5 6 7 8 9 10

Angular resolution of  stopmus
Entries

Mean

RMS

OVFLW

           7070

  1.372

  1.050

  45.00

Angle between precision fit and truth fit

N
o 

of
 e

ve
nt

s

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5 6 7 8 9 10

#$*pv8r'0-. E'gFE � �)7'v8r�u�350 o�*p0/.1jZ2-*p687 c .Z2 � .1.Z7 24k�.H��0/.1jZ*p+-*,687"��2 3q7�o 240/r�.%��2\o�*p0/.1jZ2-*p687'+ s�680
r�� � 3q0/o 24k�0/r�v868*,7�v � r�687�+ � u,.Zs 2I��3q7�.Zu � 3q7�o r�� � 3q0/o +/2-68����*,7�v � r�687�+ � 0/*pv8ke2I��3q7�.Zu � 3q+
� .13q+-r�0/.1o � *m24k 3 �e� d .13q0�{A687e24.�� 3q0-u,6�+43 � ��u,.qgi��k�. +-k�3qo�.1oSk�*,+/2-68v8043 � 0-.1�'0-.1+/.17e24+ 6 � �
6qs�24k'.P2-6q2^3qu 350-.y3 3q7�oAj1680/0-.1+/��6q7�o�+�2-6 � w �h� z ��3q7�o � w � z ��s�6q0�2-k�0-r'v868*p7'vD3q7'ob+/2-68����*,7�v
� r�687�+�0/.1+-� .1j�24*m~8.1u d g



z �

� ��� � !*��� � � ��	���� � 	 �"	 � �
!"��� �&��� � �"��-
-
!�� � � �
!"���

� ������� ��� � 
 � � ��� � ��� � ���

�	7'j1.���0/.1jZ*p+-.).17e240 d � 68*p7e24+�3q7�oQo'*p0-.ZjZ2-*p687�+ k�3y~8. c .1.Z7Qs�68r�7�oQs�6q0 .�~8.10 d +43y~q.1oH.Z~q.17e2�s�0-6 �

24k�.H0-.Zo�r�j�24*p6q7Vl�s�6q0 3qupu .Z~q.17e24+D3K��7�3qu +/.1up.ZjZ2-*p687 k�3q+ 2-6 c .Ho�687'.Q246 +-.Zup.1j�2S24k�.%r�� � 3q0-o

v868*p7'v � r�687�+H357�o�246 j1up3q+-+/*,s d 2-k�. � *p7e246"2-k�0-r�vq68*p7�v 357�o +/246q����*p7'v�g&��upu�.�~8.17e2-+ � *m24k

��0-.Zj1*p+/*p687 ��2 $���o�*,0-.ZjZ24*,687 jZ68+-*,7�. � � � * gh.5g *ms�24k'.b.Z~q.17e2 � 3q+Qj1up3q+-+/*,��.Zo�3q+ r�� � 3q0/o ced

24k�.H��0/.1j1*,+-*,687"��2-2-.10 � 350-.H+-.Zup.1j�24.ZoVg ��k�.%246q243qu 7�r � c .10S6qs�+-r'j^k .Z~q.17e24+ *p+ ��� 6 6'g"� 3qj^k

6qs�24k�.Z+-. .�~8.17e2-+P*,+�2-k�.17K+/jy3q7�7'.1o *p7�o'.1� .17�o�.Z7e24u dAced � g ��*,2/2^3 3q7�o �Td +/.1u,s 2-6D24k�0/6 � 6qr'2

��6q2-.17e24*p3qu 7�6q7���r�� � 3q0-o � r�6q7".Z~8.Z7e24+1g ��k�.Z+-.A3q0-. � 3q*p7'u d o�6 � 7 � 3q0/o � r�687�+ � *p+/�'2 ced

24k�.���0-.Zj1*,+-*p6q7\��2/24.Z0�3q+ r�� � 3q0-o c�dS� 680/.�2-k�3q7DzPo�.Zv80-.Z.1+Zl�.Zup.1j�240/687D+/k�6 � .Z0-+�6q0�6524k�.Z0 "/r�7 �

.Z~8.Z7e24+1g�� 3qj^kSjy357�o�*po�3524.�r�� � 3q0-o � r�6q7 *p+$~ *p+/r�3qu,u d j^k�.1j �5.1oDs�6q0�j1687'+-*p+�24.Z7�j d c .Z2 � .1.Z7Q�	�

3q7�o;
(�`2-* � *p7�v 357�o � k'.Z24k'.10�24k�.�o�*,0-.1j�24*,687%*p+�r�� � 3q0-o g

��k�*,+$+/r c +-.�2�*p+t2-k�.17 jZu�3q+/+-*m��.1o *,7�2-6�r�� � 3q0-o 24k'0-r�v86q*p7�v)3q7�o r�� � 3q0-oS+/2-68����*,7�v	3q7'oS3q7 d

j1687e2^35*p7�.ZoA.�~8.17e2-+�3q0/.�24k�.Z7A24k'0-6 � 7A6qr'2�r�+-*,7�v\j10-*m24.Z0-*�3 o'.1+-jZ0-* c .ZoA*,7H2-k�.�7�.�� 2�+-.ZjZ2-*p687Vg

� ������� �+� � ��� � �	� � � 
 � � � � � � ���

�t6 � 3��5.Q3;��7�3qu�j1u�35+-+-*m��jy3 24*p6q7|6qs�2-k�.Dj13524.Zv8680 d 65s 24k�. � r�687|24k�.\s�68upu,6 � *,7�vH��r�3q7e24*m24*p.Z+

3q0-.�jy35upj1r'u�352-.1oVg

� � � � ����	 ! ��r � c .10�6qs��	�&k�*m24+ � *,24k'*p7 � �8� 7�+)3q7�o w+E �8� 7'+�3q7�o � � 6qs���0/61"/.1j�24.1o

.17e240 d ��6q*p7e2�*p7;�	�

� � � ��������	 ! ��r � c .Z0 6qs)�	� k�*,2-+ � *,2-k�*p7 � �8� 7�+S3q7'o�w6E �8� 7'+S3q7�o � *,2-k�*p7 � � 6qs

��0-6#"/.1jZ2-.1oA.���*,2�� 68*p7e2�*,7b�	�

� � r�687H*p+�jZ687�+-*,o�.10/.1oA+/246q����*p7'v\*msi*,2�+43 24*p+���.1+�3qu,u 24k'.PjZ687�o�*m24*,687�+ c .1u,6 � �



z�w

Nexitod

 N
o 

of
 e

ve
nt

s

Thrugoing

Stops

0

50

100

150

200

250

300

350

400

0 10 20 30 40 50 60 70

#$*pv8r'0-.'E�g � � ������������	So�*,+/2-0-* c r'24*,687|s�680Ir�� � 350-o 24k'0-r�v86q*p7�v � r�687�+ 357�o r�� � 3q0-o +/2-68����*,7�v
� r�687�+Zg���k�. 24k�0/.1+/k�68upoU~53qu,r�.Ts�680 � � ��������	�246Q+/.1��3q0-3524. 2-k�0-r'v868*p7'vDs�0-6 � +/2-68����*,7�v � r'687�+
*p+	w � g

w8g � � ��������	 
 w �

� g � � � ����	 �"! w �

� � r�687H*p+�jZ687�+-*,o�.10/.1o;24k�0/r�v868*,7�v *,st*,2�+-3524*,+/��.Z+�3qupu 2-k�.�j1687'o�*,2-*p687�+ c .Zup6 � �

w8g � � ��������	 �"! w �

� g � � � ����	 �"! w �

��k�.To�*,+/2-0-* c r'24*,687�+�6qs � ����� ����	�3q7�o � � � ����	�s�680�r�� � 3q0-oA24k�0/r�v868*,7�v\3q7�ob+�2468�'��*p7�v � r�6q7�+�*,+
+-k�6 � 7b*,7;#$*pv8+ E'g � l�E'g z 0/.1+-� .1j�24*m~8.1u d g

� ������� � 
���� � � 
 
 � 
 ��� � � � � � ���

#n6q0 3�24k�0/r�v868*,7�v � r�687\24k�.�up.Z7�vq24k *p+ v8*m~8.17 ced 2-k�.)o'*p+/243q7�jZ.�s�0/6 � 24k�.�.17e2-0 d ��6q*p7e2 246I2-k�.

.���*,2���6q*p7e2�*p7%24k�.P
(� gn�)7 d;� r�687 � k�*,j^kbjy357�7�6q2 c .Pj1up3q+-+/*,��.Zob35+�2-k�0-r�vq68*p7�v\680�+/2-68����*,7�v



z �

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70

Thrugoing

Nentod
N

o 
of

 e
ve

nt
s

Stopping

Nentod

N
o 

of
 e

ve
nt

s

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70

#$*pv8r'0-. E'g z � ����� ���
	)o�*,+/240/* c r�24*p6q7Ds�680�r�� � 3q0-oH24k�0/r�v868*,7�v � r�6q7�+ � 2-68�H��3q7�.Zu � 3q7�oHr�� � 3q0-o
+/246q����*p7'v � r�687�+ � c 6q2/246 � ��3q7�.Zu � g

*p+���0-6 c 3 c u d 3;��3q0/2-*�3qu,u d ��jZ687e2^3q*,7�.1oU.�~8.Z7�2 3q7�o|*p+�o�*p+/jy3q0/o�.1o gQ#�680�3H+/246q����*p7'v � r'687 2-k�.

up6 jy352-*p687 6qs 2-k�.D+�2468���'*p7�vA��68*,7e2T*,+Io�.�24.Z0 � *p7�.Zo s�0-6 � 2-k�. � r�687 � 6 � .17e24r � 3 2I2-k�.D
(�

.17e240-3q7�j1.5lOs�0-6 � � k�*pj^k 687'. jy3q7 v8.�2�24k�. � r�687K04357�v8. r�+/*p7�v%u,6�6 ��r��U243 c u,.1+�*,7 . � z/0 gI��k�.

� r�687 � 6 � .17e24r � *,+T6 c 243q*p7'.1o"r�+/*p7�vb2-k�.Q.Z7�2-0 d ��68*,7e2 3q7�o"o'*p0-.ZjZ2-*p687 ced j168r�7e2-*p7�vb2-k�.

.%'�.1jZ2-*,~q.\7�r �Tc .Z0P65s�7�r � c .10	65s�� . � 35s 2-.10	jZ680-0/.1jZ2-*p7�v%s�680 � 352-.10P352-2-.17�r�352-*p687 357�o � {;�

3qj1jZ.1�'243q7�j1. � *,7�+-*,o�.�3	j1687�. � *,2-kQ� � ��68��.Z7�*p7'vI357�v8up. � *m24k�*,7\3�2-* � . � *p7�o'6 � c .�2 � .Z.17 
)z �

3q7�o � z � 7�+�6qs�24k�. 24* � .T��.13��ng\��k'.\jZ687e~8.Z0-+-*,687|s�0/6 � � 6 � .17e24r � 246;j16q0-0-.ZjZ2-.1o ��k�6q2-68�

.1up.ZjZ2-0-687�+�*,+P6 c 2^3q*,7�.1o r�+/*p7�vHjZ687e~8.10/+-*,687|243 c up.Z+�6 c 2^35*p7�.Zo s�0/6 � {;687e24.D� 3q0-u,6H3q7�o � 680/.

o�.Z243q*pu,+�687%24k�*,+�jy3q7 c .	s�68r'7�oA*,7;��.�s(g�. 610 g



z.E

� ��� � ����	�� �$-
� 	�� �
- � � 	 	������ ��!"���

� ��� ��� 
 
�� ��� � �;
�� � � ��� ��
���
�� � � ���

�������	�	
��

������
��������
��	���	��������� ���	�"!#�$��
�%&�$���'�)(�*+�#�$�",-��,&���
�.�
!#,/��,-�	�	0-��
��$���)(����1�
���$,-�2��!	,
,&(�,-0-�����$�	���#���3�	�	0&,-�54�67�
!#,"�	,&0&�867��9:���5�	���������;�$�1!	�$��
�%&�$���
��(<�=�
�$�#�	
��	�>*��	�$�@?�AB!	,-��,
,-�$,-���
���)��,C�	��,-�D���E,-�F��
�*E�)�
,1��!	,C�
�)��
��"��9 ���+���HG�������I�	
���0-�	���F,&�J
��LKM,N9O?QPSR6E�TVUW?
X 
��	0&,C�
!#,&��,�,-�$,-���
�C���F,Y��9Z*+�	0'!J(��[�\,&�],&�	,-����6L��!^���J*+�#�$�7,N�$,&�����&_`��!	,�*E��
��D0'!^���F�$,

���	�>�
�F
��$�$,-�/0&���
�I�	��,-�a
��b�
!	,��F,&�	�#0-�

��$�D����,�4�63�^���F��,-�@?\AB!#,C9c��(�(��8�I
��	���=�
,&�#�]�)��,��	�F,&�D
��
��,&(�,&0N�

��#�E���	,-0���6L,&(�,&0-�����$�`d

�fe (�(Z,-��,&���
�g��,-(�,&0N�
,-�h����!	����
�%-�$���'��(i�$���	���/�)���j�=�
�$�#�	
��	�>*��	�$�H����,"�
���$�$,-�;�I
��
!H�
���k,&0-
l��(@mn�)�	?

�po �$��,��)0'!q,N�$,&���g�
!	,��F,&�	�	0N�

��$�;0'!	,&0'rs��
�92�
!	
��1mn���L
������@?+�t9\���L
��������$,&�Y��(�(i,-��,&���
�
u 
�����,-���k,&0N�

���,I��9`��!	,B�
���
��(	�s�	*+4k,&�2��9v�	!	�����)w�,-(�,-0-�
�F�$�	�2�$�Z��!	,],N�$,-�s�:�
�F
��$��,&�'x<�I
��
!	
��
y T$T$T�T��#�M�)9<��!	,C�^����,-���]�=�
�$�#�	
��	��*+�#�$�@?

� ��� ��� � � 
�z@{ �F| z � �2}O~ � }
� { �=�\�

e �	��,-0&
���,/�)��(��#,/��9n(�
��$,N�

�* ,:
��Z�	,-0&,-���
�)�F6"
��+�$���#,&�Z�
�10���(�0&�	(��)�
,:�
!	,/m^�3�"��9n�	����������*+�#�$�	�
9c�$�]�#!s63�F
�0&�1���^��(�63��
��M���I�\,&(�(<���I9c�$�I0���(�0&�	(��)�

��	�"�
!	,g,N���k�$���#��,Y���b����6D�����	��0-,Y9c�$�M���=�
������w
�$*�6p���^�)(�63��
��&?����	�F
��	�;�
!#,7,&����
���, X �	�k,&�OwO���^�V�'�Vw��'��rs
��#�;��!	,7�#,-�
,-0-���$���$�k,&���)�
,-���I
��
!
��4v���#����T ���	�#��6D0N6�0-(�,)?/AB!	,��F,&�=����9<�
!	,C�

�*E,)_	�
!	,g�	,-��,&0N�
�$�I�/�)�]�
�#���	,-�J���59c�$�I�����#�

��	,
*���
����
,&�	���	0&,��$�i0&��(�
�4	�
�)��
��$�g�$�<
��+0&����,B��9n�F�$* ,�* 
��	�$�Q*E��(�9c�	�#0-�

��$�Y�I!#
�0'!"!	
��	�	,&�F,&�"�^�V�'�
�'��rs
��#�	?LAB!	,b�	����������*+�#�$�j(�
��$,N�

�*E,�
��g�	,N�^�	,&�f�)�Y�
!#,E�
�)�'��(.�

�*E,��I!	,-�h4v�)�
!j��!	,��O�
���	�7�C���\,&��,C�'�)r3
��	�"�	�$�F*��)(@�^�)�
� �)�	�a0-�$�	(��D!	�8��,Y�#,-�
,-0-��,&�7�#�s�����F�7*+�	���	�&?
��� X �	�k,&�O�3�g�)*E
��$rV���	�	,)_/(�
��$,-��
�* ,>
�� 0���(�0&�	(��)�
,-��9c�$� ,-��,&�=6��F�	4	���#���$������,-��,&���L4�6

,-�$,-���E4	����
��&?;A<�50&��(�0-�	(l�V�
,E��!	,>(�
��$,N�

�* ,�9c�$��,&��0'!f���	4	�F�	�f
���0���(�0&�	(��)�
,-���
!	,E�
���
��(��^�V�'�



���
�'��rs
��#� ��
�* ,C���	�7�F�	4#���
��0N�
�I���)��
����	�I���$�	�F0&,-�1��9i�	,����D�

�*E,������$,N�M��!	,C�
���
��( (�
��$,-��
�* ,��k,&�
���	4	�F�	�@?\AB!	,g�����'�)(@(�
��$,-��
�* ,�
��B��4#�'��
��	,&�D4�6L���	�#
��	�"�
!#,Y(�
��$,N�

�*E,��)9Z��(�(@���#4	���	�#�]�	�F,&�a
��
�
!	,g���^�)(�63��
��&?.AB!	,C�
���
��(@�^�V�'�Vw��'��rs
��#�+�

�* ,��k,&�I���#4	���	�D
��B��
��$,-�a4�6����s� y ?��#?

	 	 	�
 	
��� � �� �
���
P 	 ��� ��� 	

�
U u y ?���x

�I!	,-��,�	 � 
��1��!	,"�

�* ,��)9�,&��0'!q,N�$,-�s�g�$4��'��
��	,&�;�	�F
��	�b��!	, ��� 4	
���0&(��30'rJ�)�	�5�
!	,����#*
,N�3�
,-�	�	�1�8��,&�M��(�(`,-�$,-���
�M,N��0&,-�#�1��!	�$��,��I!	
�0'!a!	�8��,Y���	(�6b��(��8�/w������ X�� ���
�F
��$�$,-�/4	
��I��,-�&?
AB!	,��)���F
��$�	�B�F�$�	�F0&,&�M��9<�	,��)�#�

�*E,C���F,�
��	�#
�0��V�
,&�L4k,&(��[�Cd

� �"!$#&%(')#+*-,/.+% �0	 �21�1 3 	 1 �8di�t9 �)�s6��)9`�O� ���$�Fr"�F�
�)�

��$�	�2
��.���L���:
�9v��!	,B�

�*E,B
��s��,&�=���)(
4v,N����,-,&�L�����"�F�	0&0-,&�F��
���,C,-�$,-���
�I
��:�$��,&�)�
,-���
!	��� � �F,&0&���	�	�&_	��!	,&�b��!	,1��
�* ,]
��s��,&�=���)(
4v,N����,-,&�H�
!	
���,-��,&���Y���	�J�
!#,"�	��,N��
��$�	��,N�$,&���g
��10&�$�	����,&�q�����	,&���5�

�* ,��#�	,+�
�>�O�
4v,-
��	����� u 	 �21�1 3 	 1 xN?

�546')7/,98&:;'<*=,?>A@B!C%(')#EDF,?.+% �0	�G�	IH ��dY���H,��)0'!h���	�;�
!#,&��,E���F,E�30&0&����
��$�^��(.�k,&�	,-�F�
��(
,-��,&���
�i�I!#
�0'!+�)��,:���k,&0&
���(s�	�	�F�v�$�F,\0&��(�
�4	�
�V�

�����,-�$,-���
�&? o �$� ��!	,&�F,�,-��,&���
�-_s�]�k,&�	,-�F�
��(
mn���q�$,-������,N�b
��p��!	,7,N�$,&���>�=�'�)���	�Em^���j0-�$���F,&���k�$�	�#
��	�H�
�j,&��0'!�,N�$,&���>
�� X �	�v,-�O�
�C��*E
��$rV���	�	,)? o �$�Y�
!	,-��,L,-��,&���
���
!	,>��
�* ,�
�����,&�F�)��(�4v,N����,-,&����!	
���,-�$,-���b���#�f��!	,
�	��,N�3
��$�	� ,-��,&���>
�� 0-�$�	���
,-����� �	,&������
�* ,>�	�	,a���q�k,&�#,&�F�
��(M,-�$,-���
�&?��������	�	
��

��$�
�
!	,-��,5�)��,7�)�
!	,-�b���#���)w�0&��(�
�4	�
�V�

�����,-�$,-���
� u 9c�F�$*KJ�,5�)�	��(l�)��,&� 0��)(�
�4#�
�)��
��$�nx+
����
�$
���,&�;���#�;�I!#
�0'!;�	,&,-�H���L4v,"0-�$�	���
,-�j�����#,����5�

�*E,)?YAB!#,&��,�,N�$,&���������F,"
��	
��

��)�
,-�
4�6"�1�F�v,-0&
l�)(ML � ���
��
��$�$,-�Q9c�$(�(��8�\,&�+4�6Y0���(�
�4	���)�

��$�Y,N�$,-�s���&_3�)9 ��,&�=w��
�F
��$�$,-�<,N�$,-�s���2���	�
�)9 �
,-�=wt�	�	(��F,�,N�$,&�����&?5AB!	,-��,>�����
�)wt0���(�
�4	���)�

��$�;,-�$,-���
�",&�#�h
��h4k,-���\,&,-�������J,N�$,-�s���&?

e ��6C�

�*E,.
��s��,&�=���)(s��!^�)�Q9 ��(�(��@�I
���!	
�� y T
Nvw��F,&029c�$(�(��[�I
��	�/�
!#,OL � ���
�F
��$��,&��
���0&���	���
,&�
�����)�#�
�)wt0���(�
�4	���)�

��$�b�	,&����w��

�* ,�?BAB!#,Y�
�)�'��(��	,&���7�

�*E,C�	�#,Y�
�E�v,-�	,&�=�'��(<���	�7���#���)w
0���(�
�4	���)�

��$�b�	,&���L�

�* ,�
��B0&�$�	����,&�70&��(�
�4	�
�V�

����b�	,��)�D��
�* , u 	�G�	IH � x ?



� �
� � ! # %(')# *=,/. % �0	�� 1�1 3 	 1 �Dd��t9]��!	,D��� 
��+������!	,&����!	,>�

�* ,�
����
,&�=�)��(�4k,-���\,&,-�
�
!	
��B,-��,&���]���	�>�
!	,��#��,-�3
��$�	�B,-��,&���]
��/0-�$�	���
,-�7���B�#,����L�

�*E,]�	�	,��
�E����4v,-
��	�"�)�
u 	�� 1�1 3 	 1 x ?

��� > � ! #&'<*-' �0	����	� 1�1 	�
 	 �/d<�t9#�
!	,/�s�	*�4v,-�i��9k����!#
��
�Q
��<T]
��	���#
��
,:��9	��!	,B����4k,&
��	�
�$�L���	�>��!	
��/�#,����b��
�* ,10��)�	�	���I4k,��)�F�
��
�4	�#��,&�b�
�8�������#��
��
���	,&���>�

�*E, u �	,-��0&�F
�4k,&�

��H�	,N�3��4	�	(�(�,-��
��nx _@�
!	,-�q�
!#, ��
�* ,"
����
,-�F�)��(24v,N����,-,&�h��!	
��C,-��,&���"�)�	�q��!	,E�#��,-�3
��$�	�
,-��,&���.
���0-�$�	���
,-�"���Q�	,����g�

�*E,2�	�	,2�
�]�	�����p�^�)�'�I,-��,&�+��!	�$�	�$!g
��Q
��Q��� u 	����	� 1�1 	�
 	[x ?

��� ��� !C% 'M# *=,/. % ��	 � � � �;d�
��
� �=�'���#�	��9c�$��������������� �"!$#%�'&'�'�N?)( !	,&��AI� L+* �
��,-0&,&
��$,q�f����
��$�$,&�b��!	,-6 �����	,&��� 9c���L�f9c,N� *E
�0&�F�$��,-0&�$�	�#�&_1�I!	
�(�,5�
!#,-6 �
����,q!	
��

��#9c����*E�)�

��$� �����+4	�#�v,&�I���F,��+
����
!	,-
��/* ,&* �$�=6$?.���	�F
��	�Y�
!	
����

�*E,]
����
,-�F�)��(`AI� L+* �
0����#�	���2��,-0&�$�F� ����6+* �$��,/!#
��
�-?iAB!	
��Z�	,&���"�

�* ,�
��Z0��)(�(�,-�,
��
�q�#,����+��
�* ,B���	�"�=�'���=�
�

��>�
!#,g��
�* ,�
����
,-�F�)��(@4k,-���\,&,-�J����� ,-��,&���
���)�	�a,-�	�	�M
��L�
!	,���
�* ,�
����
,-�F�)��(@4k,-���\,&,-�
�����L����!	,&��,N�$,-�s���&?,
��
� �	,����5��
�* ,�4k,&�$
��	� �CNvw��F,&0��)9 ��,&�1��!	,"0&�#����,-���Y,N�$,-�s�&?"AB!	,

��
��,&�	� �

�*E,I
��2�$
��$,-��4�6��
!	,]�	
��v,&�F,&�	0-,]4k,-���\,&,-�b�
!	,M�

�* ,I�)�:�
!	,M,&�#�b��9@��!	,+
\�
�
��
��$�^��(����#�D��!	,��

�* ,���9<�
!	,C���#(�
��B����
��$�$,&�B�F
��$�	��(@��9<�
!	,CAI� L1?nAB!	,-
��
���	,&���a��
�* ,

��B�$
��$,-�a4�6>�	
��`,-��,-�	0&,g4v,N����,-,&�.
��
���F�
���F�]���#�a,-�	�D��
�* ,&�-?

AB!	,g�����'�)(@�	�	*+�L(�
��$,N�

�*E,�
��B�	,-�	�	,&�a
������3�	�)�

��$� y ?0/

	�H � � 3 

�
� 3 � 	

1 	�
 	 � �21 ��� ��� P 	
�21�1
3 	 1 3 	�G�	IH 3 	�� 1�1 3 	 1 3 	����4� 101 	�
 	 3 	 � � ��U u y ?5/$x

AB!	,\��,&��* �i���Y�
!#,���
��$!��Q
��	�	
�0��)��,.���)��
����	�<�F�$�	�F0&,&�<��9^�	,&������
�* ,2�I!#,&�+�	����*E��(��^�)�
�M�'�)r3
��	�
�/���M�	���I�k�$�F��
�4#(�,�9c�$�B�F,����F�$�	�M,N���	(l�)
��	,-�D
��L�$�#�
(�
��	,-�>
��D��4k�8�$,C��,-0-�

��$�@?

6M���
,���!^�)�"
�9]���87���(�
��$,�9J,-��,&��� u 9c�$���I!#
�0'!f4v�)�
!��O� ���	����� ����,b�
��rs
��	�5�	�)�'�;xY
��
9c�$(�(��[�\,&�H4�6H�:7=�	,����;97,-��,&������!	,&�H�
!	,��

�*E,"
����
,&�=�)��(.4v,N����,-,&�h��!	,&�F,�,-��,&���
�Y
��C0&���	���
,&�
�
�8�/�)���	�C�	,&���5�

�* ,"���#�H
������#4#�
����0-��,&�;9c���$* �
���
��(i�^�V�'�Vw��'��rs
��#���

�*E,)?F�.(��F,"
�9\��7F�	,&���<9



� �
,-�$,-����
��I9c�$(�(��8��,-�a4�6a��� 7F��(�
��$, 9 ,-��,&����_k�
!	,g�

�*E,�
��s��,&�=���)(Q4k,-���\,&,-�J�
!	,-��,+,N�$,-�s����
��M0&����w
��
��#,&��,-�>�
�"4k,C��0-��
��$,�9c���/�	���/�)���D*+�	�$�	�/���	�>�
!	
����

�*E,]
����
,-�F�)��(v
�� 61��A 0&���	���
,&�L�
�+��!	,
�	,����L�

�*E,)?ZAB!	
��I��
�* 
��	���	
l�����
��* 
��I
�(�(��	�=�
���)�
,-�b
�� o 
��	? y ?��

2 541 3

LiveDeadLive Dead

Event #
Live Event Status Live DeadDeadLive 

o 
��$�#��, y ?��#d e (�
���,-�

�*E,E�

�* 
��#�5�	
l�����
��* �I!	
�0'!p
�(�(��	�=�
�
�V�
,&�+�I!#,&���)��
��s��,&�=���)(B��91��
�* ,
4v,N����,-,&�5������,-�$,-���
��
��M0&���	��
��	,&�F,&�5�	,&���5���	�a�I!	,&�J
��1
��]0-�$�	�F
��	,-��,&�;�)(�
���,�9c�$�]�#,-�
,-0-��
��$�
��9i�#�s�����F�7*+�	���	�&?

� ��� ��� � } { �������	��
 � � � z ��
 � �
� z � {��

���Y�
!#,\,-�s��
��F, X �#�v,-�O���C��* 
��$rV���#�	,Nwt�v�^�V�'�Vwt��,-����!	,&�F,����F, ��� R � � ,-��,&���
�<�I!	
�0'!Y�	,&�k�$��
��Q*E�$�F,
�
!^���;R / � T$T$T$T+�#!	���
�Vw�,&(�,&0N�
�����	�&?��a���F�M��9Q�
!	,-��,C,-��,&���
�]�
�)���	�
�)��,��
!	,C,-�s��
��F,��O� ���#�D�#�$�	,
��9^�
!	,\��,-�$�	(l�)�i*+�	���Y�	�F�
,&�F�i�\�$�	(��Y���$�FrY���+���	0'!�,N�$,&�����&?��a�$�=�.��9^��!	,&�F,/,-��,&���
�:���F,�,&
��
!	,-�
,&(�,-0-�����$�	
�0��	��
���,��$���	�8�I����������
��F,&* ���F���
��!#(��	�	� *��	�$�h,N�$,&�����&?��]�8�\,-�$,-�����	0'!f,-��,&���
�
0&�$�	(��H��(��F�>��,&�F�	(���9c�F�$* �	(����
�Vwt!	
��$!7,&�	,-����65�#,&�#����
��#�$��9c���$* ���F�����$�#!s63�F
�0��)(.���$�	�F0&,-� u ���	0'!
��� e�� 6]�'x ?2AB!	,&�F,g,N�$,-�s���B��,-��,��^�F�F�M���^�)(�63%&,-�b�I
��
!L�+�F�v,-0&
���(�
�%&,&�E�	����,&���I!	
�0'!L�	��,-�B�$�	(�6
�C� 
��#9c����*E�)�

��$�54�6 o o �8�I(�,-� u �a!	
��$!;��0'!	�3�$(:!	�$�	�����g�F�
�#�	,&��� xC�	�	�F
��	� X �	* *E,-� � T$T#R�?
AB!	
��1��(��$����
���!	*������1��!	,&�a9c�	�F��!	,&�]��,-�	�	,&�54�6a�"?��a0 L��$�	�	,-(�(<���	�J�F,&�F�	(����14^���F,&�J���7�
!	
��
0����D4v,�9c�$�#�	�a
��LKM,N9O?QP � � U�?

�
� � �����! #"%$  #&('*)+�! ,��-)/.0 12 3&(4(56�!'879�

o ���>��(�(M��,-�$�	(�����*+�#�$��,-��,&���
�L�I
���! � T$T$T �;:=< : R / � T�T$T$Tj�	!#���
�)wt,&(�,&0-�����$�#�&_I(��3�$��,-�
0&�#���+�
!^����
��j�
!#,��^�^��(\�F�
���$,b��9B��!	,b�	�#*+����,-�	�	0-��
��$����,-�����#�	(�
�,&�q���5,-��,&���
� �)9 ��,&�Y��!	,
>@?�ACBEDGFIH�JC? �)�	��K FMLNA�O �F�
���$,E���	�j��!	,&�F,�,N�$,&����������, �F���$��,-�h
��j�a��,-�^�����)�
, �^(�,)?>���j�
!	
��
�F�'�)�$,]�)9@��,-�	�	0N�

������$�	(�6+�
!#�$��,M,-��,&���
��9c���2�I!#
�0'!9K FMLNA�O 0-(l���F��
��^,&�����E,N�$,-�s�B���\�#�[�I���������



� /
� % #���� *=,9>A@�� *-'��A% ��>+>
	 .�� >A@ %
��% @�*��

KM��� �^�)�
� � � �@� T �(� �@�
�����
,-��* ,&�	
��)�
,CKI,&�	�#0-�

��$� � / yE� / � �
o 
��^��( X �'�)�$,gKM,-�	�	0-��
��$� � �$�#R$R

�.��,&0-
��F
��$� o 
����
,-� �M� � ��Z6$, X 0&��� ��� � /
X �
�$���V�
!	�F� X ,&�^�)�
�)��
��$� R � � � u �#�#�
!	�F�	�'x� � / u �	�	�=�
�$�	�
x

Ai��4#(�, y ?��#d 6M�	*+4k,&�+��9I*��	�$�h,N�$,&�������I
��
!�R / � T$T$T�T � < � � � T$T�T��
�>�	�F,&��,-��� �)�
,-�$,-�F6D�F��,&�D��9Q�
!	,C�	�F��0-,&���M
������$(���,&�D
��L��,-(�,&0N�

��	���	���/���F�7*+�#�$�	�B9c���$* �
!	,C���8� �^�)�
�

���	���I
��
!��$�3�3���	� u *+�	4k�86b�$�)9�� T�� y�� x ����,D��,��F,&0-��,&�@? e ��,-��,&���>!	,-��,J
���0-�$�	��
��	,&�F,&�
�	�8�I�s�����F�J
�9Od

�po �$�I���L,-��,&����0-(l���F��
��	,&�D���I�F���$�	�	
��	��4s6L,-
���!	,&� >�?�ACBMDGF�H�JC? ��� K FMLNA�O _������ �"!#��T�� �

�po �$�I��(�(v���
!#,&�I,-��,&���
�]0&�$�$�"!%��T���R

e (�(@����!	,&�B,N�$,-�s���1�$,N�M�
���$,-�5�)9 �
,-�/�
!	
��I
����
,-��* ,&�	
��)�
,��=�
,-�@?\AB!s�	�I�
!#,&��,Y���F,��	�E0-�$���#,&�
0&(�
��	�k,&�&_��	�$�	4#(�,�*+�	���D���/�
!	,C0&���I�$�L,-�$,-���
�1,-���
,&�F
��	�"��!	,��
�$�L��9Q�
!#,C�
���	r����I���	�	(�
�,-�>
��
�
!	,�*E��
��;��,-�	�	0N�

����@?�AB!	, �����'�)(Z�s�	*+4k,&�C��9\,-�$,-���
�������$,&�h�)9 �
,-�C��!	
���
����
,&�F*E,-�	
l�V�
,"�F��,&�

�� � / yE� / � �b�I!	
�0'!H
��g��4k�$�#� y T>�

�*E,-��*E����,+�
!	���q��!	,��3�#*+4v,-�Y�)9/�	�$�F*��)(Z0'!^���F�$,E*��	�$�
,-�$,-���
�1
��>�
!	,��^�^�)( �F�'�)�$,C��,&�#�	0-��
��$�@?
AB!	
��.�^�	
��F!	,&����(�(^�=�
,-�	�/���#���	�F��0-,&���F,&�\
����$�$(��$,-�b
����
!	,M��,-�	�	0N�

����@?ZAB!	,],&���

���,I�	���30&,-���

��(��$�#�q�I
���!��s�	*+4k,&�E��9C,-��,&���
�L
���,-��,&�F6��F��,&��
��E���	* *E����
�%&,&��
�� o 
��	? y ?�R$R$? e (����q��!	,
�j���	* *E���F6f��91�
!	,7�����'�)(M�s�	*�4v,-����9C*+�#�$��,N�$,&�����D
�����!	,7,-�s��
��F, X �	�k,&�����C��* 
��$rV���	�#,
�^�)�'�)��,-�M
��B���	* *��)��
�%-,&�L
��LA<��4	(�, y ?���?
AB!	,]�	���/�)���>�$�$
��	��*��	�$���	�)�'�g��,-�/�$4#�'�)
��	,-���	�	�F
��	�g�
!	,1,&���

���, X �	�k,&�O�3�g�)*E
��$rV���	�	, w

R"���	�	�#
��	�>�k,&�F
��3�J
����#,&��0-��
�4v,-�H
��7�
!#,"�	,N�3�C0'!^�����
,&�-? e �5,-��,&���g�	
��F�	(l��6a��9\���
!	�F�	�$�$
��	�
*+�	�$�7��(��$�#� �I
��
!a��!	,C�	����,&�1�#
���,-0-��
��$�D
��M��!	�8�I�J
�� o 
��	? y ?5/�_n�I!	,&�F,����M�
!	,Y,-��,&�����	
����	(��86
9c�$�I���D�	���/���F�7�=�
�$�	�#
��	��*+�	���D
��B��!	�8�I�a
�� o 
�� y ? �



� �

Super-Kamiokande
Run 1003 Sub 1 Ev 1656
96-04-01:03:01:07  0001 4a5f c6c6

Inner: 7119 hits, 62259 pE

Outer: 112 hits, 155 pE (in-time)

Trigger ID: 0x03

D wall: 1690.0 cm

Upward-Going Muon Mode
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Super-Kamiokande
Run 1769 Sub 5 Ev 34078
96-06-03:21:53:10  0023 fc1f 07fe

Inner: 0 hits, 0 pE

Outer: 0 hits, 0 pE (in-time)

Trigger ID: 0x0b

D wall: 1690.0 cm

Upward-Going Muon Mode
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Zenith vs Azimuth for thrugoing muons (641.4 days)
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Zenith vs Azimuth for stopping muons (641.4 days)
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Azimuth distribution of all thrugoing muons
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Azimuth distribution of all stopping muons
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Near-Horizon Distribution of Upward stopping Muons
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Near-Horizon Distribution of Observed Thru-going Muons
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Null Oscillation ( α=-0.193, ε=0.06 )

∆m2 = 0.0033 sin2 2Θ =1.00
(α=-0.022, ε=0.002)
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Null Oscillation ( α=-0.511, ε=0.018 )

∆m2 = 0.00385 sin2 2Θ =1.00
(α=-0.063, ε=0.009)
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Upward thru muons  in galactic coordinates
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Angular resolution of  Showering thrumus

Angle between precision fit and truth fit
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Azimuth distribution of all showering muons

Φ (degrees)

N
o 

of
 E

ve
nt

s
(1) (2) (1)

1

10

10 2

10 3

0 50 100 150 200 250 300 350

Zenith vs Azimuth for showering muons (641.4 days)

Φ (degrees)

co
s 

Θ

-1

-0.8

-0.6

-0.4

-0.2

0

0 50 100 150 200 250 300 350

	 - T L"�$� E5E !�� � ,K�"� & P - 6 L  � &]8 H�-;G  ��- P L  - /0I)/0R &0898 G$� / F ����- I�Ti6 L /#I G - I � L O ��� ��� & 6 - / � & I H"�
F -  �

�
! �%$ � K � � � # � � $���$ � ,K���(�$� T - /0I 8j&0P � 8 ��H � / � F �"-9M��<M / �$�$�3G O /#I H�G  $/ � $ � � � �/ & $ � �$� O �$�3G$� I[ G  �"�  ��- I � / M � ��� T - /#I�/0R  ��� 6+/ L I[ & - I E

� � � � � � ����� ��� � � 	 � 	 � � 6 � � �
�  )I �3L  ��- I�/ � I �3� T -;��G /0R &0P / L  ! , � + & I HW�"- T ���3�  ��� I ��L  �$- I"/ / G�M�- 8;8j&  - /#I�O � / P�&]P - 8 -  \
� & G�G$L 6 - I�T � f , � $���$ $ / � + , � & I H ����� , / # @ ! ��$ � -9G I � T 8 - T - P�8 � E ,K�JL�G  ��� / P G���� 1 ��H
H�-9G  �$- P L  - /#Ih/0R G$� / F ���$- I�T=6 L /#I G G$� / L 8 H & T �$�3� F -  �  ��� O ����H�-;M  - /#I G R � /06 I�/=/ G$M�- 8989&  - /#I E
� � RS/ ��� F �KH / & R L 898 Y G$M &08 � / G$M3- 8;8j&  - /#I & I &08 \ G$-9G � F �iM /#6+O & �$�  ���  ��� I L 6 P ��� H�-;G  �$- P L  - /#I
/0R / P G$�3� 1 ��H G$� / F ���$- I�T H &  &'& I H 8 /#I[ � � & � 8 / & R  �3� I�/ � 6 &08 - P - I�Th 4/ � & M�� /0 ���3� E�� G F �
G$��� R � /#6 	 - T E E E ! � �  ��� \(& T �$�3�`�$� & G /#I &0P�8;\ F � 898 E � / F � 1 ��� F � F / L 8 H 8 - � �  4/ H�� 6+/#I G  � &  �
 ��-;G F -  � & RS/ � 6 &08 / G$M3- 8989&  - /#I & I &08;\ G�-9G E

��� ����� � 	 ������� � ��� � � � 
 � �	� � � � ��

	 �������

�  =1 �3� \ ��- T �
� I ��� T -9�3G �  ���U� & �  � P ��M /#6 �3G /#O5 -9M &0898 \  ��-9M �  4/ZI ��L  �$- I�/ G & I H I ��L  �$- I�/ G
M & I � & 1 � & ��I -  � O � / P�&0P - 8 -  \ /0RUT �  � - I"T &0P G / � P ��H � ! � & ��E ,K��� I �3L  ��- I�/ &]P G / � O" - /#I



! E �
Cut on top of tank and bottom
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Showering  Upthrumus

 without effects of absorption
 with effects of absorption
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Null Oscillation ( α=-0.127, ε=0.019 )
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Stopping  Upmus
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Observed Flux

Null Oscillation (α=-0.203 ε=0.069 β = -0.37)

∆m2 = 2.29e-03 sin2 2Θ =0.986
(α =-0.056 β = -0.09 ε = 0.009)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Non-Showering Upmus

Observed Flux

Null Oscillation ( α=-0.203, ε=0.069)

∆m2 = 2.29e-03 sin2 2Θ =0.986
(α =-0.056 ε = 0.009)
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Null Oscillation ( α=-0.203, ε=0.069 γ = 0.05)

∆m2 = 2.29e-03 sin2 2Θ =0.986
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Point-Spread Function for showering upthrumus

Entries

Mean

RMS

OVFLW

           3129

  2.184

  2.052

  4.000

Angle between µ fit and truth υ direction (°)

 N
o 

of
 e

ve
nt

s

0

50

100

150

200

250

300

0 2 4 6 8 10 12 14 16 18 20

	 - T L"�$� E5E � � � * / - IJ Y � O �$� & H R L I M  - /#I P �  F ��� I I ��L  �$- I�/ G & I H 6 L /#I G RS/ �  �"�
L O F & �$HG$� / F ���$- I�T G & 6+O 8 � E � � & H"��H & �$� & - I H�-9M &  �3G � �
� /0R� ���  4/0 &08 & ��� & & I H -9GK� � L &08  4/ � � ! � E
� & �  � � L I � &]8j& M  -9M � � I[ �3�

� /#I � � &  & � & M � T � / L I H � &  & � & M � T � / L I H � &  & � & M � T � / L I H� � $ $ E ! $ $ E%� $ $ E����� $ $ E%� $ $ E � $ ! E �! $ � � � E � � � E ! � �5E��
, &0P"8 � E5E � � � P G$�3� 1 �3H & I H'�'& O �3M  ��H+L O F & ��HZG�� / F �3�$- I�Th6 L /#I GQ- I M /0I ��G F -  �'� &08 R Y & I�T 8 ��G� � � � � & I H ! $ � & � / L I H � L I � � & �  � & I H � &08j& M  -;M6� � I[ ��� E

	 - T E E5E � � � I�/ G  &  -;G  -9M &]898;\ G�- T#I - � M & IJ � &5M���G�G F & G�G$�3� I & � / L I H � @ $ � E

����� � � � ���	��
 � � ��

� 	 � � � ��� ��� � ����

� �	� �
� / � � 
 G & I H � 
�� G F �3�$��G$�3� I F -  ��- I 5 ! H & \ F - I H / F & I H � # @ � � & � / L I H & I \
/0RK ���ZG$� / F ����- I�T L O"6 L�G E � G �[\ 6 & O /0R &0898 G$� / F ����- I�T L O�6 L�GN-9GUG$� / F I - I 	 - T E E E�� $ E
� � & ��M�����GQL"G$- I"T & I�T L 8j& � M 8 L�G  ���$- I�T & G F � 898"& G R � /#6 G$� 8 ��M  �3H O / - I[ G / L��$M3��GQ� & G P ��� I H /#I �
F -  �
L O F & �$H>G�� / F �3�$- I"T 6 L /#I G�� ! � � � E � / � 1 -;H�� I M3� RS/ � O / - I[ G / L��$M3��G F & G=G���� I - I: ��-;G



! � �

Super-K (all upthrumus)
Super-K (showering upthrumus)
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Super-K (all upthrumus)

Super-K (showering upthrumus)

Mass of Neutralino (GeV)
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Upward showering muons in galactic coordinates

Data (1679.6 days)
M.C. (no oscillations)
M.C. with  oscillations

Galactic latitude (in Degrees)
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Super-Kamiokande
Run 2101 Sub 3 Ev 15239
96-07-05:01:46:37  0013 dee4 0606

Inner: 10877 hits, 191405 pE

Outer: 249 hits, 863 pE (in-time)

Trigger ID: 0x0b

D wall: 1690.0 cm

Upward-Going Muon Mode
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