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Ereignisrate [Hz]

10000

400

100

50

Entscheidungszeit
des

Triggersystems [µs]

0.1

25

100
-

1000

Trigger
Stufe

0

1

2

Hardware Komponenten

p-

Target

LH  LD SVX JDC CsI(Tl)

ECL Logik

* Strahltrigger
* Veto Zähler

Lichtpulser

* Kalibration
  des CsI(Tl)

γ

CPM

geladene
Multiplizität

FACE

Gesamt-
Multiplizität

Diskriminator

DL300

FADC

CAMAC

2282 ADC
Energiebereich
(0..400 MeV)

ECL

4300B FERA
Energiebereich

(0..2 GeV)

VSB

JDC Auslese

* Linearisierung
* Driftzeitberechnung
* Berechnung des dE/dx
* Zwischenspeicherung

VSB

Kristallauslese und Software Trigger

* Energieerhaltung
* Suche nach lokalen Maxima
* Invariante Massen
* Zwischenspeicherung

VMV

Ereignisprozessor

* Triggerkontrolle
* Ereignis-Information

Zwischenspeicherung

Kontrollkonsole

(MacIntosh IIx)

* Runkontrolle
* Trigger-
# Einstellung
* Monitor
* Datenbasis

Haupt-Computer

(  VAX 3600)µ
* Massenspeicher
* Magnetbänder
* Trigger und
# Detektor
# Monitor
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�h-OA.5F73>?+8°W>9-609is-609-O°:X6-O°�-O+8°:-60�24-624-65g-O°:-O°���(EDFA8+.>9G,*:-I(I+.>�*:-O°�Dg-60?(]G:>9+.-609>9-O°�Ço-O+8A@RSM:-O°ºÄs5g-O+1X6cl-O+<NH*H-O0
(E-OM:0�+8*:-O°h>9+87SRSM:-O°�Ço-O+8A@RSM:-O°�+8( ��G:792W;C°:2W73XOG,73>S;C°:*gÆf*F;C7|/10324-65F°,+87�c`-O79-O°h>9A8+@RSMU5g-6-O+8°+*FG,7973-O°�d�mgG,*:-O(
cl-609*:-O° ^1-O03X6cl-O+.2WG,°:2479VC-O09MoZ;CA.>9°,+87979-UMoZ;CG 5,2Ë;CG:ieG,°h>3-60?7?RSM,+.-O*,A8+@RSM:-^�n09>JG,°:* ��-�+873-^5ª-O03-�RpM:°:-6> �lT^;CA
cl-609*:-O°^Xhd~_�d��h-OA.5F73>?+8°W>9-609is-609-O°:X6-O°^*:-60|��(ED,A8+.>?G,*:-O°^5g-60BZGFR 6H79+@RpMW>?+.24>O\g(�;BA¹°,+@RSMh>Odg��GFRSM�cf+.0?*�(�;B°FRSMHP
(�;CA[*F;C7 ^1-O03X6cl-O+.2WG,°:2479VC-O09MoZ;CA.>9°,+87liSZG:0f-O+8°:-O°r5g-O73>?+8(I(�>9-O° Z'n5g-6092W;C°:2É;CG:i¹*,+.-]¾�-O7?;C(t>9+8°h>9-O°,79+.>»Z;=>}-O+8°HP
7?RSM,A8+.--,WA8+@RSM�;CA8A.-60���°W>9-609is-609-O°:X6-O°�°:NC0?(I+.-609>|G,°,*�(I;C°FRSM,(�;CA¹73>S;=>9>e*H-O0t¾�-O7?;C(t>?+8°W>9-O°,79+.>»Z;B>�*,+.- �xG:(I(E-
*:-60)/1+8°:X6-�A8+8°W>9-O°,79+.>»Z;B>3-O°L24-O73-6>9X6>�d
��°q*:+.-�M,+.-60�5g-609-�RSM,°:-6>9-O° ^1-609X6cl-O+.2WG,°H2W73V4-60?M Z;CA.>9°,+87973-�°�5FA.-O+.5g-O°U��°W>9-609is-609-O°:X6-O°JX6cf+87SRSM:-O°LV4-60?7?RSM,+.-QP

*:-O°:-O°q��(EDFA8+.>9G,*:-O°rG,°,* �h-OA.5F73>?+8°h>3-609is-609-O°:X6-O°JG,°h5g-60 ZGFR 6H79+@RpMW>?+.24>Od
�k+8A8A�(�;C° cd agP,^1-609X6cl-O+.2WG,°H2W73V4-60?MoZ;CA.>9°,+87973-�(I+.> cd
d P,^1-609X6c`-�+.24G,°:2W73V4-60?M�Z;CA.>?°,+87973-�VC-O032WA.-O+@RSM:-O°�\h>903-O>3-O°°:N:RSM�cl-O+.>3-O03-"�HRSMhcn+.-609+.2964-O+.>9-O°!;CG:i�d{m¤G:°oZ;4RSM,73>Z6B;C°,°Ë(�;B° cd a¤P���°:°,+8M,+8A@;B>9+.NW°:-O° °xGH0E(E-O7?73-O°�\¹+8°:*:-O((�;C°��)°h>?+.D:09N4>3NW°:-O°É;BG:i�-�+8°�½)-�GH>9-60?+8G,(y>S;B0324-6>{7SRSM,+.--,4>OdW½|;B*,G:0SRSM 6B;C°,°I-O7�73N=clNWM:A,X�G cd a¤P<;CA87�;CGFRSMIXOG

cd
d Pw��-�;=6x>9+.NW°:-O° 6CNW(I(E-O°�d¤½)-60��)°h>9-O+8A¹*H-O0 cd a (]G:7?7�+8°�*H-�°�_`-609-�RSM,°xG,°H24-O°�5g-60CZG,R 6x7?+@RSMh>9+.24>�c`-60?*:-O°�d



Ñ,d³´:d ^1-O03X6cl-O+.2WG,°:2479VC-O09M Z;CA.>9°,+87979- Î��9�

½)-�73c`-�+.>3-609-O°J(tG,797}5g-O+�*:-60f_`-609-�RSM,°xG,°H2I*:-60 ^1-609X6cl-O+.2WG:°:2W73V4-60?M Z;BA.>?°,+87973-�*,+.-eÇ�;B>97S;CRpMH-�(I+.>3-O+8°:24-OM:-O°�\
*F;C797�5g-O+ cd a¤Pw��-�;=6x>?+.N4°:-O°�*:-60��)°h>9-O+8A1*:-60���P���-�A8A.-O°HP��)°,°,+8M,+8A@;=>?+.NW°�73-OM:0eVH+.-OA<240 ZN ,4-60e+879>O\�;CA87�5g-O+ cd�d P��-»;�6x>?+.NW°H-�°[d
�)GFRSMy(]G,797¹5g-60CZG,R 6x7?+@RSMh>9+.24>¼cl-60?*:-O°�\B;CG,7¹c`-OA@RpMH-�(��)°:iÁ;C°:2W73XOG,73>S;B°,*y*,+.-f��-�;=6x>?+.N4°t-603isNWA.24>�\ �x+8°:24GHP

A.-6>9>�P�G,°:*�Ço09+.DFA.-6>9>3P�mgG,73>»Z;B°,*:-|>903-6>9-O°qG,°h>3-60?7?RSM,+.-O*,A8+@RSMJ79>?;B0�6J;CGHi�d
'n( (I+.>q;C°,*H-O03-O° cd a¤PE5,X6c�d cd
d P��)°F;CA�
H73-O°KV4-60924A.-�+@RSM:-O°ºXOG 6[ZN4°,°:-O°�\lcnGH0?*:-�M,+.-60q73NË°:N409(I+.-609>O\;CA87)N45�*:+.-]24-O7?;C(t>9-t�)°,°,+8M,+8A@;=>?+.NW°�;CG,7�-O+8°:-O(%5g-O73>?+8(E(t>9-O°���°:iÁ;B°:2W73XOG,73>S;C°,* ÄjXWd~_�d p�� g Æf79>?;B>9>%5F°,*:-O°c ZGH0?*:-Wdx¿ ZGH0l24-O73>9N4D:D,>9-��)°h>?+.D,03N4>9N4°:-O°É+8( * ZG,797?+.2C-�°L½)-OG:>9-60?+8G:( ;C°,°:+8M,+8A8+.-609>�*F;C7 cd a¤PP�1
x79>3-O( XOG���� 	

Ä LWÍSl ´WÆ�� ;BG,7f*:-60	��P���-OA8A.-ÉÊÌ² �BÏÀd
½�;C7 ^1-609X6c`-�+.24G,°:2W73V4-60?M�Z;CA.>?°,+87�
CR ;C°k-O+8°:-O( 5g-O73>?+8(E(t>9-O°�YnGM6HA.-6NW° Y +8°K-O+8°:-O°k5g-O73>?+8(E(t>9-O°

/{°,*HX�G:79>?;C°,* {�� \4(I+.>�
 i ;CA87��hDª-�6h>S;B>3N403P)YnGM6HA.-6NW°I+879>{24-624-65g-O°�;CA87$�xG,(I(y-�ZG:5ª-O0`;CA8A.-n(�ZN42WA8+@RSM:-O°y5:XOced;C°:2C-�°HNW(I(E-O°:-O°r��°:iÁ;B°:2W73XOG,73>»Z;C°,*H-HÊÌ² �»ÏH�


CRyÄ cd 
�e {�� Æ%	 � ��� ´�� �kÎ
�� � 
CREÄ3Ä cd 
^Æ�������� ��� e {�� Æ Ä�Ñ:d �hÆ
	 � i Ê

Î
L 
CRyÄ9Ä cd 
^Æ � i � e {!� Æ�� �L 
CREÄ3Ä cd 
^Æ#" i � e {!� Æ�Ï �

����Ê �ÎO´ 
�REÄ9Ä cd 
�Æ�� � � e {!� Æ�� ÎÎ�´ 
CRyÄ9Ä cd 
^Æ " � � e {!� Æ
� �Î�´ 
CRyÄ9Ä cd 
^Æ " � � e {!� Æ�� ²Î�´ 
CREÄ3Ä cd 
^Æ " � � e {�� Æ�Ï Ä�Ñ:d LHÆ

(I+.>�� �$� �,��°h>3-�+8AK;B° �)°,°,+8M,+8A@;B>9+.NW°:-O° ;CG:7�;CG:7 *:-O( �WP"5,X6c �<P���-OA8A.-�°xP
��°:iÁ;C°H2W73X�G:79>?;C°,*�Ä&%;	kÍ]5,X6c�d�Î»Æ


�� �g¾�-O7S;B(t>9X�;CM,A[;CA8A.-60)mgG,73>»Z;B°,*:-eiSZG:0�-O+8°r2C-O2C-O5ª-�°H-�7�4

CREÄ3Ä cd 
^Æ ������� ��� e {!� ÆQ�:Dª;B09>9+.-OA8A.- ^1-609X6cl-O+.2WG,°H2W73V4-60?MoZ;CA.>9°,+8797 ;CG,7 -O+8°:-O( 5g-O73>?+8(I(�>9-O° cd a¤P��°:iÁ;C°H2W73X�G:79>?;C°,*�d
/{7]2W+8A.>'� i 	�Ä�Î�'(�$�¼Æpd1½�;C7y5ª-�*H-�GH>9-6>�\¹*F;C797yXWd³_�d}Î�²)� *:-60 cd a P���°,°:+8M,+8A@;B>?+.N4° ;CG,7E*H-�( p � g P��°HiÁ;C°:2W73XOG,73>S;C°:*�64NW(I(y-�°[d
�)A8A.24-O(E-O+8°E2W+8A.>{iSZG:0l*F;C7 ^1-603XOc`-O+.2WG,°:2W73V4-609MoZ;CA.>?°:+87{*:-O7fmª-609iÁ;CA8A87{*:-O7`��°h>9+.D,09N4>3NW°HP)Yf-�GH>909N4°HPP�1
H73>9-O(I7

ZG:5g-60}-O+8°:-e��-O73NW°F;C°:X|G,°,*L-O+8° �{+.NW°�Ä�;B°F;CA.N42]iSZGH0�-O+8°:-���-O73NW°F;C°:X|G,°,*J-O+8°r��;BNW°gÆ{+8°J*:-O°q/{°,*HX�G:79>?;C°,*
{!� �


�REÄ9Ä cd 
�Æ �*���+� � � e R j e {!� Æ 	 
CRyÄ cd a e {!� Æ �-, Ä cd a e R j e {!� Æ � 

, Ä , a {/. a/02143�56187 . a:9xÆ

Ä�Ñ:dµ²WÆ



Î��=L �|�5���wÇ�/ 4 Ñ,dq½�+87 6HG,7979+.NW°rG,°,*U��°h>9-609D:09-6>S;B>9+.NW°

(I+.>��

CREÄ cd afe {!� Æ �>^1-603XOc`-O+.2WG,°:2W73V4-609MoZ;CA.>?°:+87}*H-�7 cd agPP�1
H73>9-O(I7f+8°r-O+8°:-O°q/{°,*HX�G:79>?;C°,*
, Ä cd a e R j e {!� ÆQ�,�)°h>9-O+8A.-�;CG,7�*:-O°q��°:DF;C797?G:°:24-O°q*:-60�-O+8°:X6-OA8°:-O°r�e;B°oZ;CA.-�79+.-OM:-eÇ�;B5g-OA·P

A.-O°q±,d~Ñ,\,±,d8ÎF�yG,°,*�±:dµ´CÍ

 �F¿F;=6x>3N40fG,( ;CGHi<;CA8A.-VR j 5,X6c�d R�v�P�mª-O03i3Z;CA8A.-�X�Gr°:N40?(E+.-O03-O°
Gn+.-O0L73NWA8An-Q¶H-O(EDFA@;=0?+87?RSM ;B° *:-O( mg-609iÁ;BA8A cd a e k j e v cv j ;CG,7L*:-O( p � g P���°HiÁ;C°:2W73XOG,73>S;C°:*24-6X6-O+.24>}cl-609*:-O°�\:cf+.-e*,+.- ^1-609X6cl-O+.2WG,°H2W73V4-60?MoZ;CA.>9°,+87973-|*H-O0�-O+8°:X6-�A8°H-�°�mª-609i3Z;CA8A.-�5g-609-�RSM,°:-6>fcfG:0?*H-�°*�


�REÄ9Ä cd a¼Æ � i � e k j e vhgi v <=j gQÆ 	

CRyÄ cd a e v gi v&< j g Æ �4, Ä cd afe k j e v gi v&< j g Æ � LÍMTOÎO² Ä�Ñ:d �hÆ

½�+.-�^1-603XOc`-O+.2WG,°:2W73V4-609MoZ;CA.>?°:+87?73-�*:-60�;C°,*:-609-O°^��-�73NW°,;C°:X6-O°^;CG,7)*H-�°^;C°,*:-609-O°U��°:iÁ;C°H2W73X�G:79>�Z;C°,*:-O°
isNWA.24-O°r;C°F;CA.N42Fd
��°�*:-60�Ç�;=5g-OA8A.-EÑ:dµ´�79+8°,*�*,+.- ^1-609X6c`-�+.24G,°:2W73V4-60?M�Z;CA.>?°,+87973-�7�Z;C(t>9A8+@RSM:-60�mg-609i3Z;BA8A.-];CG,7|;CA8A.-O°���;C°oZ;CA.-O°

;CG:is2C-OiSZG:M:09>Od

����� �¸����� ¬ �|§O�`� ����� �E�|� ��")"����^��� � ¥ � &¥y¬ � ��� ¦ �����|§O� ¥ �������
/{+8° ^1-6092WA.-O+@RSM�V4N4°�X6cl-O+�P�73NW°,73>e+8*:-O°h>?+87?RSM:-QP�mª-609iÁ;CA8A87 64-6>3>9-O°�+8°�X6cl-O+1G:°h>9-60?7?RSM,+.-O*,A8+@RSM:-I/{°:*:XOG,73>»Z;C°,*H-
X6-O+.24>�\h*,;C797}*:+.-�73-�+8°,°:-60?MF;BA.5J*:-60�¿:-�M:A.-O032409-O°:X6-O° ZG:5g-609-O+8°,73>9+8(I(E-O°�dx½�+.-O7`>909+.Â¤>l°hG:0lX�G[\hcl-O°,°L(�;B°L*,+.-
��(yDFA8+.>?G,*H-�°JNWM:°:-C�h-OA.5F73>?+8°h>3-O03is-609-O°:X6-O°q;C°:DF;C7979>Od
_`-O+h-O+8°:-60<��°HDª;C7979G,°:2|(I+.>¹��(ED,A8+.>?G,*:-O°�\»*,+.-J�h-OA.5F73>?+8°W>9-609is-609-O°:X6-O°�5ª-�+8°:MF;CA.>9-O°�\�>903-6>9-O°]�)5hcl-O+@RSMxG,°HP

24-O°rV4N4°r5,+87fXOGr-O+8°:-O( ¿ª;�6x>9N40}V4NW°U´E;CG:i�d

����� �¸����� ¬ �|§O�`� ������� �{�E�	����§(")"�� � § ¦ ¥ �������{�|� 
�
� ¢ � ���y�	����§(")"¹���
½�+.-E-60?73>9-O°��)°F;CA�
H73-O°�V4N4° cd a e v cvqPw��;C°oZ;CA.-O°�cnG:09*:-O°�+8°�*:-O° �4Í=-O0��W;BM:09-O°�(I+.>e_lA@;C73-O°M6B;C(I(E-60�P
½�;B>9-O°!*,GH0SRSM:24-6iSZG,M:03>�d��C-O*:N:RSM�c�;B0t*:+.-/�W>S;B>9+879>9+]6�5g-O+`*,+.-O79-O°!��°F;BA�
H73-�°�°:N:RSM�73-OM:0�24-60?+8°:2 �{ÎELhÍ^/10�P
-O+.2W°,+87973-r+8(���;C°F;CA cd a e vhgi v <=j g»\{´�Lx´�/103-�+.24°,+87979-r+8(���;C°F;BA cd a e vhgi vhg j < \¹clNC5g-O+�M,+.-60E°xG:0
*F;C7l-O+8°:-�vhgi +8°J73-O+8°:-O( 24-OA@;C*H-�°H-�°rmg-609iÁ;BA8A¤+8*:-O°h>9+ 5,XO+.-609>`cl-609*:-O° 64N4°,°h>9-W\x*F;B7�;C°,*:-603-���;BNW°rvhgW6B;C°,°
73N=clN4M,A[*F;C7)v gi +8°r79-O+8°:-O°r5ª-�+8*H-�°�mg-609iÁ;BA8A87?(yNH*:-O°q;CA87f;CGFRSMq*F;B7�v g� 73-O+8°�d,/{+8°:-O° ^1-60924A.-�+@RSMLX6cn+87?RSM:-O°*:-O° ^1-O03X6cl-O+.2WG,°:24790?;B>9-O°ÉX6-�+.2C>nÇ�;B5g-OA8A.-eÑ:d �,d
�)GFRSM�5g-O+8( È`0&
H73>S;CA·Pw_l;B0903-�A·Pw/¹¶HDg-60?+8(E-O°h>ncnGH0?*:-E*:-60���;C°F;CA cd a e vhgi v <=j ge7?RSM:NW°^is0CZG:M:-60e;C°,;=PA�
H79+.-609>�Ê~²4²»ÏÀ\`M,+.-60!ZGH5g-60r*:-O°®mg-609iÁ;BA8A)*:-O7rvhgi e j g j g»d`��GFRSM *F;B(�;CA87Éc};B0L*,+.--�h>?;B>?+873>?+]6Ë(I+.>qÅC´C±

/103-�+.24°,+87979-O°J°:N:RSMq73-OM:0f24-609+8°:2ªd



Ñ,d Lªd ^1-O032WA.-O+@RSMJ*:-60)/10324-65F°,+87973-�(I+.>n;C°,*:-603-�° cd a�Pw/10324-65F°,+87973-O° Î��W²

mª-O03iÁ;CA8A ^1-609X6cl-O+.2WG,°H2W73V4-60?MoZ;CA.>9°,+87973-
cd a e vhgi v <=j g cd a e vhgi vhgi j < cd a e vhgi vhg� j <

��;C°F;CA Ä3ÎO±MT ��lYÎ T �WÆ � ÎOÍ?<�x Ä�ÎEL T9±Sl ´ T?ÍWÆ � ÎOÍ?<�x Ä�´:Î9T?´�l �MT LxÆ � ÎOÍ?<�xV4NW( cd a¤P��)°:iÁ;C°:2479XOG,73>?;C°,* p � g Ä3Î�´XlYÎ�Æ � Ä�´WÅXl LxÆ � Ä�ÑSl �WÆ �

CRyÄ cd a e v N ÄÁ±4Ñ4ÍhÆ�v�Æ ÄA� TSÅXlºÍMT?±WÆ � ÎOÍ <�x ÄA�Sl ´4Æ � ÎOÍ <�x ÄA� TPL�lYÎ T?ÍWÆ � ÎOÍ <�x
CRyÄ cd a e Ä�v j Æ i <���������� v�Æ Ä3Î���l ÅCÆ � ÎOÍ <�x ÄÀ´C±�lYÎ4Î�Æ � ÎOÍ <�x Ä�´:ÎVl �WÆ � ÎOÍ <�x
CRyÄ cd a e k Ä3ÎEL?�4²WÆ j Æ ÄA�hÅ l LxÆ � ÎOÍ?<�x ÄU�W²�l ÅCÆ � ÎOÍ?<�x
CRyÄ cd a e k Ä3Î»ÅBÍCÍhÆ j Æ Ä3Î�´Xl ´4Æ � ÎOÍ?<�x Ä�Î�²�l LxÆ � ÎOÍ?<�x
CRyÄ cd a e { g Ä�Î��hÅBÍhÆ j Æ ÄU�9�Sl ÅCÆ � ÎOÍ <�x
CRyÄ cd a e { g Ä�Î�²CÍ4ÍhÆ j Æ Ä�ÎO±Sl ´4Æ � ÎOÍ <�x
CRyÄ cd a e { 
 Ä�Î�´WÅBÍhÆ j Æ Ä L�lYÎ�Æ � ÎOÍ <�x
CRyÄ cd a e {��
 Ä�Î�²4´4²WÆ j Æ Ä�ÎO±Sl LxÆ � ÎOÍ?<�x
CRyÄ cd a e v N Ä�ÎELªÎOÍhÆ�v�Æ Ä�Í TSÅXlºÍMT �WÆ � ÎOÍ <�x Ä3Î9T9ÍSlºÍMT LxÆ � ÎOÍ <�xV4NW( cd a¤P��)°:iÁ;C°:2479XOG,73>?;C°,* o � p ÄÀ²C±�l LxÆ � ÄU�,ÎVl �WÆ � ÄA�4Ñ�lYÎ»ÅCÆ �

CRyÄ cd a e v N ÄÁ±4Ñ4ÍhÆ�v�Æ Ä3ÎEL5��lYÎ��hÆ � ÎOÍ <�x Ä�Î�´4´XlYÎOÑWÆ � ÎOÍ <�x Ä�ÎOÍW²Xl L?�WÆ � ÎOÍ <�x
CRyÄ cd a e . 
 Ä3ÎF�W´CÍhÆ j Æ ÄÀ´�lYÎ�Æ � ÎOÍ?<�x Ä3Î9T��SlºÍMTS²4Æ � ÎOÍ?<�x
CRyÄ cd a e 	¹Ä�ÎOÍW´CÍhÆ�v�Æ Ä�Î��Sl �WÆ � ÎOÍ?<�x
CRyÄ cd a e v N Ä�ÎELªÎOÍhÆ�v�Æ ÄÀ´MT?²�lºÍMT �WÆ � ÎOÍ?<�x Ä L TSÅXl ´ T?ÍWÆ � ÎOÍ?<�xV4NW( cd a¤P��)°:iÁ;C°:2479XOG,73>?;C°,* p � p Ä3Î�´Xl ´4Æ � Ä�Î�²�l �WÆ � Ä�ÑSl �WÆ �

CRyÄ cd a e v N ÄÁ±4Ñ4ÍhÆ�v�Æ Ä�ÑW´XlYÎ��hÆ � ÎOÍ <�x Ä�Î�´4´Xl ´CÍWÆ � ÎOÍ <�x Ä�±4Ñ�l ´CÑWÆ � ÎOÍ <�x
CRyÄ cd a e Ä�v j Æ i <���������� v�Æ Ä3ÎOÍ�lº±WÆ � ÎOÍ <�x Ä3ÎO±�lYÎ��WÆ � ÎOÍ <�x Ä�ÎEL�l LxÆ � ÎOÍ <�x
CRyÄ cd a e . 
 j Æ Ä3Î�´Xl LxÆ � ÎOÍ <�x Ä�±Sl ´4Æ � ÎOÍ <�x
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mª-609iÁ;CA8A _l�%Ê Ñ=LCÏwÊ��nÎOÍ�xSÏ *:+.-�73-���°F;CA�
x79-hÄ cd a e v gi v&< j g Æ6Ê��nÎOÍ#x9Ï� ��� Ä cd aoÆ 	kÍ <
cd a e v N v ²�lYÎ � TSÅXlºÍ T9±
cd a e k j g Lx´�lYÎ6Í �hÅXl L

� ��� Ä cd aoÆ 	"Î <
cd a e v N v Î�²HÎVl ´:Î ÎEL?�Sl®Î��
cd a e . 
 j g L�l ´ ´�lYÎ

Ç�;B5g-OA8A.-EÑ,d�� � 
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/{7)X6-O+.24>)7?+@RSM�\F*F;C797�*,+.-y/10924-65F°:+87?73-t*,+.-O79-60��)°F;CA�
H73-](E+.>�*:-O°�_lA@;B79-O°M6B;C(E(E-603Pw/10324-65F°,+87973-�64NW°,79+·P
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+873>�d
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H73-e+873>f7?RpMWcn+.-60?+.2ª\x*F;E*:NC09>�64-O+8°:-/�<;B09>9+@;CA·Pcl-OA8A.-O°F;C°,;CA�
H73-);C°H24-6is-O03>?+.24>1cfG:0?*H-hd �C-O*:N:RSM�79>9+8(I(E-O°I*,+.-��)°h>9-O+8A.-n*:-60}v N Pw��-O79N4°F;C°:X6-O°É;C(¸24-O7?;C(t>3-�°
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H73-BÆ�G,°,*!ÄU�9� lEÎ»Æ ��ÄÁ;C°,*:-609-���°F;BA�
H73-BÆeZGH5g-609-O+8°�d
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7?RSM:NW°]79-OM:0¹VH+.-OA.-��n09>9+]64-OAÀ\�XWd³_�d,ÊÌ±4²:\C²�Lª\B±9�=Ï�dB/{+8°:-60<*:-60<5ª-�*H-�GH>9-O°,73>9-O°I'n°h>9-6097SRSM,+.-O*:-}*:-60<5ª-�+8*H-�°E��-�;=6hP
>?+.N4°:-O°�A8+.-O2C>`+8°�*H-�(b��°h>3-O+8Ag;C°,�<P���-OA8A.-O°HP��)°,°,+8M,+8A@;B>9+.NW°:-O°�d4½�+.-O73-O0���°h>3-�+8AF+873>�5g-O+ cd
d P���°,°,+8M:+8A@;B>?+.NW°H-�°+8° *<ZG,7979+.24-O(�� 
 24-60?+8°H2ª\[73NH*,;C797e*,+.-�(E-O+873>9-O°��)°F;CA�
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½)-�GH>9-60?+8G,(Z64-60?°�;CA87`;CGFRSMI03-�A@;=>?+.V]XOGÉ*H-�( YnGM6HA.-6NW°�\4*F;C7l;C°�*H-O0`��°:°,+8M,+8A@;B>9+.NW°E>9-O+8A8°,+8(E(t>�d4½�;C797�*,+.-O79-
��°:°F;CM,(E-fiÁ;CA87?RpME+873>�\BcnGH0?*:-n+8°EV4N40?MH-O09+.24-O( �)5F7?RSM,°,+.>3>�7SRSM:N4°E24-6X6-�+.2C>�\B*:-O°,°�*,+.-n��°:°,+8M,+8A@;B>9+.NW°,73c�;CMH03P
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'n( cd
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CRyÄ cd a e p � g e 	 < Æ

CREÄ cd�d e p � g e 	 g Æ 	���� �


�REÄ9Ä cd a¼Æ�� i � e 	 < Æ

CRyÄ9Ä cd�d Æ�� i � e 	 g Æ�� ��� 	Y´ T?Í Ä�Ñ:d Å4Æ
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CRyÄ cd�d e o � p e 	 g Æ 	�� B �


CRyÄ9Ä cd aoÆ#" i � e 	 <¤Æ

CREÄ3Ä cd�d Æ " i � e 	 g Æ�� � B 	"Î9T?´4² Ä�Ñ:d³±hÆ
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���lG,°,*
� B cfG:0?*:-O°U;CG,7�-Q¶HDg-60?+8(y-�°W>9-OA8A.-O°r½|;B>3-O°r-609MF;CA.>9-O°�Ê Ñ=LCÏ�d��°É*:-O°LÇ�;B5g-OA8A.-O°ÉÑ:d LtG,°,*LÑ,d³²e79+8°,*É*:+.-�/10924-65F°:+87?73-�;B°,*:-609-60`��°F;CA�
x79-O°�G,°,*É*,+.-�/10324-65F°,+87973-�*,+.-O73-60
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½)-60�^1-6032WA.-O+@RpMLX6cn+87?RSM:-O° cd
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x79-O°e*,+.-}v j Pw�f-O73NW°F;B°:X6-�°e+8(yP(E-601(I+.><*:-O° �h-OA.5F73>?+8°W>9-609is-609-O°:X6-O°y;C°H24-6Dª; ,4>¹cnGH0?*:-O°�d9YnG:0<5g-O+,*:-O°y5g-O+8*:-O°y��°F;CA�
x79-O° cd
d e vhg� vhg� j g

ÊÌ²CÍ=ÏnG,°,* cd�d e vhgi v�� j�
 Ê~´=�BÏ�cnG:09*:-O°u*,+.- �h-OA.5F73>?+8°h>3-609is-609-O°:X6-O°�-�A8+8(E+8°,+.-609>�d�_`-O+}-60?73>9-609-O(�A@;B7?73-O°79+@RSMº*,+.-�v j Pw��-O73NW°F;C°:X6-O°º°:+@RpMW>IV4-6092WA.-O+@RSM:-O°�\<*F;�5g-O+n*H-�( cd
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d e v gi v � j 
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