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� � � � � � � � � � � � � � � � � � � � � � � 	 � � 	 
 � � � � � � � � � � !
+ � 
 � � � � � 	 D � � 6 	 j , � � 	 � � 	 ' � 
  � 	 � � � � � � � 	 
 � 	 � � � 	 
 	 � 	 � � ; E 	 �  	 
 	 
 � 	 � 	 
 � 	 � � � , � 	 � 
 	 * � � * � 	 � � � � � 	
D � � 6 	 � � � � � �   	 
 � � 	 �  � � � � � 	 
 	 � � � �  	 � 	 
 � 	 � H 	 � � � 	 
 � � � � 	 � 	 � � 	 � � 	 
 � + � � � �  � 	 
 � �   � � 	 ' � 
  � 	 �
) � � 	 
 � � �  � 
 � � � 6 	 � � � � � � � � � 
 �  � � � � 	 � � � � � 	 
 	 
 	 
 ' 	 � � � 	 � 
 , �  � � j � � � � � 	 ) � � � � � � � � 
 �  � � � � � � � 
 � � � 
 � 	
� � 
 
 � � 
 
 � 
 �  � � � �P 	 �

	 

� 	 
 � 	 � � 	 
 � � � � 	 � 	 
 � 	 � � � �  � � � � 	 ' � 
  � 	 � E � 
 
 	  � 	 � � � 	 
 	 � � � ' 	 � � 	 � 
 
 	 � � �

� � 	 � 	 C � 
 � � � 
 � 	 � � � � � � � � � 
 � 	 � D 	 � � 	 � � � 	 � 	 � C 	 � 
 � � � 
 � 
 * � * � 
 �  � 	 * � � 
 * 	 � � 
 � � 	 � � ( � 	 � 	 	 U 	 � ? � � 	 � 	
* � � 6 	 ' � 
  � � � 	 � , � � 	 � � 	 H 	 
 � � � � � 
 * j � 	 � � � � � � � � � � 
 �  � � � , � � 	 � 
 � � � � � � 
 
 � �   � � 	 
 � , � � � � 
  j � �N ,� � �
 � � � 	 ' 	 � � � � � � 	 
 	 
 � � 	 � E � 
 
 	  � 	 � � � 	 
 	 
 � � � 
 � �  � 	 
 � �  � 
 � 	 � 
 � 	 � 	 � Q 	 6 � 	 	 
 
 � � � � � 
 	 �
� 	 i 
 � 	 
 � � 	 
 � 	 � � 	 �  	 
 Q 	 � � � 
 * 	 
 � � � � 	 
 	 
 � � 	 � ' 	 � � 	 
 � � � 	 � 	 � 
 	 * � � 6 	 � 	 ' � 
  � � 
 E � 
 
 	  � 	 � � � 	 
 	 
 �
� � 	 � � � � � 	 � 
 	 � � � � 
 �N � �   � � � 
 	 � 
 � 	 
 � � � � � B � � � � 	 i 
 � 	 � 	 
 
 � 


� �P � � � � d
� � � � �  � � � 	 � � � � * 	 D  	 � 	 
 � 
 * � � � � � 	 J 
 � 	 
 � � � � � � 	 � � ; E 	 �  	 
 	 
 � � C 	 � 
� ? � B P � � � 	 F � ? S � � B d
� 	 
 
 � � 
 � � 	 
 
 � 
 �  � � � � 	 
 � , � � 6 � � 	 J 
 � 	 
 � � � � � � 	 � � ; E 	 �  	 
 	 
 � � C 	 � 
 *  	 � 	 
 � 	 � 	 � � 	 
 � � � � � � �
� 	 � ' � 
  � 	 � 
 � 	 
 
 � 	 
 � � 	 � � �   	 
 	 
 C 	 � 
 	 , � � 	 � � 	 
 
 � � � 
 � � � � �  � 	 
 	 ' 	 � � �   � * 	 � 	 � � � � � 
 � � � �  � 	 
 	 � � � � � � � � � � � � � � � � � 	 � 	 � � 	 
 
 	 
 � � � � � � � �  � � � 	 f R g S T h h U m V K U O T K O R � � � � � � � � 	 � T h � � R g O U � R L O� 	  � P  � �� � 	�
* �  � , 	 � � 	 
 
 	 
 � � � �  � � , � � 6 � � 	 � R � R K U n T l R g K � 	 � C 	 � 
 	 � 
 � � 	 � * 	 
 , � 	 
 
 � � 	 E � � 
 � � � � � � � 
 � � � 	 � � � 	 
 � 	 
� � 
 � 	 
 � � � 	 � � � � � � H � � 	 � @ �   , � 	 
 
 � � 	 . 
 	 � * � 	 
 � 	 � � ; E 	 �  	 
 	 
 �  	 � 
 � � 
 � � � 	 � � � 	 Q � � � 	 
 � 	 � E 	 �  	 
 	 
 ,
� � 	 � � 
 
 	  
 � �   	 
 ?� 	 
 
 � � � � 
 
 	 
 � 	 
 , 	 � � � 
 
 � 	 
 � � 	 
 � 
 � 	 � 	 E 	 �  	 
 	 
 �  � W 	  � � � � 	 � 
 	 � � 
 
 	  
 B ,� 
 � � 	 � * 	 
 �
� � � � � 	 
 � 	 
 
 � 
 � 
 � � 	 � 	 � � � 	   	 
 � 	 
 � �  � 	 � � 
 	 
 , � � � � � * 	 � � � 	 W 	  � � � � 	 � 
 	 � � 
 � 	 � � �   	 
 � 	 
 C 	 � 
 	 
� � * 	 � � � � 
  � � 	 � � 	 
 � � 	 
 � 	 � 	 � 	 C 	 � 
 	 � 	 � � 	 
 
 � 	 
 � � � * 	 � � � � 
  � , � 	 �  C � � 	 � � � 	 � 	 
 � 	 � � * 	 � � 	   � 
 � � 	 
 C
� 	 � 	 
 E � � 
 � � � � � � � 
 � � � 
 � � 	 
 	 � 
  � 	 
 � 	 � � �  	 � 
 	 � �  � � 	 � W 	  � � � � 	 � 
 	 
 � � � � � � 	 I 	 � 	 
 � � � � 	 � � � 
 C 	 � 
 	 
 ,
� � 	 
 � � � 	 
 � 	 � 	 � 	 C 	 � 
 	 � � � � 	 
 � 	 
 � � 
 
 � 	 
 , � � � 	 �  � � 	 F � � 	 � * � � 6 , � � � � 6 � � � 	 � 
 	 
 � �  	 
 	 
 . 5 	 � �
� � � � � 	 � � � 	 
 � 	 
 � � 
 
 � 	 
 � I 	 � 	 
 � 	 � 	 C 	 � 
 	 � � 	 � 	 � � � � 	 � � 	 
 
 � 	 
 � � � * 	 � � � � 
  � C � � � � 
  � � 	 � � � � 	 � 	
I 	 � 	 
 � � � � 	 � 
 � � � 	 
 C � 	 �  � � 	 � 	 
 	 � * 	 � � � 	 
 
 � 	 
 � � � *  � 	 
 � � � 	 � � *  � D  	 � 	 
 � 
 * ? � � A B , � 
 � 	 � � � 	 A " ,� Q 	�
H � 
 � � 
 * � 	 
 	 � * � 	 � � � W 	  � � � � 	 � 
 	 	 � 
 * 	 � 	 � � � � � � � @ � �  	 � 	 
 � 	 � 	 C 	 � 
 	 � � � 	 � � 	 � 	 ' � 
  � 	 � �  � 	 
 �  	 � 
 	 � �
�  � � � � � � � 	 � � � � � � 
  � 
 * � � 
 � ; E 	 �  	 
 	 
 	 � 
 C � � � � � � � 6 � � � � 	 
 	 
 E � � 
 � � � � � � � 
 � � � 
 � � 	 
 	 � 
  � 	 
 � 	 � � 	 

� � � � I 	 � 	 
 � � � � 	 � 
 � 
 � . 
 	 � * � 	 * 	 � � 
 
 �
H 	 � � 	 � H 	 � 	 
 � 	 � � � 
 * � 	 � E � 
 
 	  
 � * 	 
 	 
 � � � � � � � 
 � � � , � � 6 � � 	 
 � � 	 � � � � ; E 	 �  	 
 	 
 � � C 	 � 
 � �  � 	 
 � 
 �
� � 	 � 	 � � 
 
 � � 
 
 	  
 � @ � � � 	 
 � � � � � 	 
  � 	 
 � � � � � 	 � 	 
 � 	 
 � � � * � 
 * � � � � �  	 
 	 � 
 	 E � 	 
 
 � 
 * 
 � � � �  � 	 
 
 � 	 
 �
� 	 �  � � � � � 	 
 � � � 
 � � 6 � 	 � � 	 
 	 F � � � � � 	 � 	 � � � � � � 
 * 	 
 � 	 � C 	 � 
 � � � � � 	 
 	 
 � 
 � 	 
 � � 	 
 , � � � � . � � � � �  � � � � 	 � ; � 	 
 	 � � � 	 �  � 	 
 , � � 6 � � 
 � � 	 
 � � � � 	 � � � � � � 	   � 
 * , � � 6 � 
 � 	 � � � � * 	 � � � � � 	 � � 
 � � 	 
 	 � 
  � 	 
 � 	 � � , � � 6 � � 	 

	 � 
 � ; E 	 �  	 
 	 
 � �  � 	 � � 
 � * 	 * 	 
 � 	 
 ) � � 	 
 � � �  � � 
 �  � � � � , � 
 � � � � � � � 	 E � � 
 � � � � � � � 
 � � � 
 � � 	 
 	 � 
  � 	 
 � 	 � �
� 	 � 	 
 � 	 � � � , � � 	 � � � � � 	 
  � 	 
 	 
 � 	 � 
 �  � 
 � � � 	 � 	 � � � ; ' 	 � � �   � 	 � � 
 � 	 
 � �  � 	 
 	 
 � � 
 
 �

: ; � � B � A B J � G� @ A J � G B � @ A D C � D C E � B � @ A � B � � B
+ � 	 
 � 	 � � � � � 
 � � � � 
 	 � � � � � � � 	 � 	 
 � � � � * � 
 � � 	 
 , � 
 � 	 � � 	  	 
 	 
 G � � � � 
 � 	 
 � 
 � � � 	 � ; E 	 �  	 
 	 
 � � � * 	 ;� � � � 
  � � 	 � � 	 
 , � 	 � � 	 
 � � � � 
 � � 
 � � 	 � 	 � � � � 	 
 
 � � � � � � � 	 
 . � * 	 
 � 	 
 � � � 	 
 � 	 � � � � * 	 � � � � 
  � 	 
 � ; E 	 �  	 
 	 

� 	 � 	 
 � � � � * 	 
 �
� � � 
 � � 	 
 � 	 
 � 
 � 	 � � * 	 � � 	   � , � � 6 � � 	 � ; E 	 �  	 
 	 
 � � 	 � � � 	 
 � � � � � � � * 	  � � 	 
 � � 
 � � � � � � � � * 	 
 � 
 � 
 � 
 ,
� � 	 � � 	 � � � Q � � 	 � � 	 � 
 � 	 	 
 � 	 � � � � � 
 * � � 	 � 	 
 � � � 	 � � � � � � � �  � � � � � � � 	 � � 	 
 � 	 � 	 
 � 	 � 
 � � � 	 � *  	 � 	 
 � � �
� 
 * 	  � � 	 
 	 
 , 	  	 � � � � � � * 
 	 � � � 	 
 	 
 X ; � � � � 
  � 
 * , � 	 � 	 
 � 	 	 
 � 	 � � � � � 
 * � � � Q � � 	 � � 	 � � � � 
 :@ ) ; # ; � 	 ;� 	 
 � � 	 � 	 
 
 � � 	 
 � � � � � �   	 
 � 	 	 
 � 	 � � � � � 
 * 	 
 � � 	 � C 	 � 
 � � � � � 	 , � � H � � � �  � � 
 * 	 
 � 	 � Q � � 	 � � 	 � 	 � 
 	 ,

o p o q p r s _� � � � � �  [ \ ! � � " " ^ f h # $ [ % ê f _ `
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� � � � � , ( � - � � �

� ; : � B � B � � � = D C E � C B = � � B
< [ Z [ Z = c � d B e >
G � � � � � 	 � � � � � 	 
 C � 
 � � � 
 * � � 	 
 � 	 � � � 	 � � � 
 � � � 
 � � Y � � � � � � 	 
 3 � � � � � 	  	 � � 	 
 	 � * � 	 
 � 	 � � ; � � � � � � � 
 *
�  � � � 	 6 	 
 � � � � 
 
 	 
 , � � � � 	 
 � � � � 
 � 	 � 	 
 	 
 3 	 �  � 	 
 � � � � � � � � 	 
 � � � � 	 � 	 � 
 	 � � � �  � � � 
 ( , A E � � �
� 
 � 	 � 
 	 � � 	 � � � � � 	 
 � � � � � 
 � � � 
 A A � � � � 	 � ; � � � � � � � 
 * � � 
 � � 	 � � � 	 � 	 � � � 	 � � � � � 	 � 	 Y � 	 � � 	 � 	 
 � 	 �
� � 
 � 	 
 	 � * 	 � � �  � 	 � ; � � � � � � � 
 * � 	 � . 
 	 � * � 	 # � " ! � 	� � � � � � � � � � 
 � � � 	 � 	 � 
 	 � * 	 � � 
 * 	 
 � � �  � * 	 � 	 � � 	 

� � � 	 
 , � 	 � � � 	 � � � � � � ; E 	 � �  � 	 
 � � � � . 
 	 � * � 	 , � � 	 � � � � � � � � � 
 �  � � � � � 6 	 
 � � 
 
 , � 
 � 	 � � � � � � � � � 	 �
� �  � 
 �  � � � � � � � � 	 � . 
 	 � * � 	 � � � 	 � 	 � � � � � 
 � . � 	 � * � � � � �  � � � � * 	 
 � 	 � � � 	 � � � � � � 	 � 	 � 
 	 � Q 	 6 � 	 � � � � 
� ( ( � 	  �

0 1000 2000 3000 4000 5000
Kanal

0

500

1000

1500

co
un

ts

� � � � � � � 
 * � � � � . �  � � � 	 � � � � � � � � � � 	 � �
H � � � 	 � � � � 	 
 � � � � � � � 
 � � 	 � 
 	 . 
 	 � * � 	 , � � 	 � � � � 
 	 � 
 	 � � 	 � � � � � � 	 
 C � 
 � � * 	 � 	 � � 	 
 � � � 	 
 � � � � � 	 �  � �
� � � . �  � 	 
 
 �  � � � � � � �  � � � 	 	 � * 	 
 � � �  � � � � 	 � � � � 
 	 � � 	 
 
 � 
 � 
 , � � 6 � 	 � C � 
 � � ( � 	 � . 
 	 � * � 	 ( 	�
	 
 � � � � �  � � � � � 	 � 	 
 � � � � �  � � � � � � 
 �  � � * � 
 � � 	 
 � � � � � �  � 	 
 H 	 * 	 � 	 
 � 	 � � 	 
 � � 	 � � 	 � * � 	 �  � � � � . �  � � 
 * 	 

� 	 � � 
 � 	 � 	 
 � 	 � � �  � 	 
 � 	 � * � , � � 6 � 	 � C � 
 � � ( � 
 * 	 � � � � S " ( � 	� � � 	 * � � � � 	 � � � � � � � 
 � 
 � 	 � 	 � 	 
 3 � ( � !
C � 
 � � 	 � � � � 	 � � � * � 
 * � � 	 � 	 
 � � � 	 
 , � 	 � � 	 
 � � � � 
 � 	 � � � 	 � � � � � � 
 � � �  � 	 � 	 � � 	 � � 	 
 , � 	 � 	 
 . � 
 � 	 � � � 
 � � 	
	 � � � � � 	 � � � � � � � 	� � � � � � � 	 
 � � � � 	 � � �  � � 	 � 
 	 � 	 � �  � � 	 � � 
 * � � " ( � 	� � � ( � ! C � 
 � � 	 
 �  � � � � � � � � � 	 �
� � � � G � � � 	 � 	 � � 	 � * � 
 * � � 	 	 � 
 + � � � � 
 * 	 � 
 � 	 
 � * � � � � � * � 	 �  � 	 
 , � 	 � � 	 
 � � � � � 
 	 � 
 	 � � � 
 � 	 
 	 � * 	 � � �  � 	 
� ; � � � � � � � 	 � # # ( ( � 	� � � � * 	 � 	 
 � � � � � � � � �  � � � 	 � ; . 
 	 � * � 	 � � 
 � � 	 � � , � � 	 � � 	 � 
 � 	 � � 
 � 	 � � � 
 * � 
 * 	 * 	 � 	 

� � � � � � 	 . 
 	 � * � 	 � 
 � 	 � � 
 * � 
 � 	 � 	 � 	  � � 	 
 Q 	 6 � � 
 � � 	 � * � 	 �  � � 
 � 
 � � � 	 � � � 	 ) � � � � 	 � 	 � 
 � 	 
 � * � � � � � � � 	 �
� 
 � � � 	 � 	 � � � � � 	 
 � � � � � � � � � � � � 	 � 	 
 � 
 
 � � � 	 
 	 � 
 	 * � 
 � � � � 	 � � � � � 	 . �  � � 
 * �

o p o q p r s _� � � � � �  [ \ ! � � " " ^ f h # $ [ % ê f _ `
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� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � �  � � � � 	 A �
� 	 � 	 � � � � 
 � 	 � � � � � 	 � 	 � � � 
 * 	 � � � � 
 � , � 	 
 � � � � � � 
 � � 	 � � � * 	 � 	 � 
 	 D � � * � 	 �  � � 
 * � 
 � � � 	 � � � � � � � � � * 	 
 � 	
) � � � � � � � � 
 � � � � � � � � � �  � 	 
 � � 
 � 
 � I 	 * � � � 
 + � � � � 	 � � 
 * � 
 * 	 
 � � * � � 
 � 	 , � � * � � � �


 � ?� B P 
 � � � / � �
� � � � / � � � � � /� d

Q � � � 	 
 � 	 � � 	 
 � � � � / P , ! ( E � � � , � � � � / P A , � � � # C , 
 � � � / P � � A � � � �/ - � 
 � � P A � � � � # C 	 � � � � � � � 

� � � * 	 
 � 	 G � � 	  � 
 � 
 * � � � � � 	 � �


 � ?� B P � � # " � � ( U � � � � �
 / - � � � � d ? � � � B

Q � � � 	 
 Q 	 6 � 	 � � 	 
 � � � � 	 � � � � � � � � 
 * � � # , � 	 
 � 
 * � � 	 
 � � � @ � � � 	 
 � �  � 	 � � � � 	 � � 
 � 	 � � � 
 * � 
 � I � � 	 ;
� � � � � � 	 � � 	 
 � � � � � 	 � �  � � 	 
 	 � * � � � � �  � 
 � 
 � � � * 	 
 � 	 E � � 	 � � 	 �

@ � � � 	 � �  � 	 � �  � � 	 � � �  � � � 
 	 @ � � � 	 � � �  � � � � @ � � � 	�
�

:� � ; 

�

: �
 / - ; � 	 :E � � � ; � � :E � � � ;

D � � � � � A � # � ( � A # � � ,� ! , � ,� � , � A � �" # "
+ �  � 	 � + � A � , � ( � A , " ,� ! , � ,� � , � " (

@ � � � � 	 � � �  � 	 
 	 � � 	 
 � � � 
 � 
 @ 	 � � 	 � � � 
 � ( E � � � � 
 , � � � 	 
 �  � � � 	 � � * � 	 � � 	 
 � 	 � � 	 � � � �  � � 	 � � � � � � 
 * 	  � 
 � 
 * � � � � � * 	 
 � + �  � D � � 6 	 � * � � � � �  � � � � * 	 
 � 	 @ 	 � � 	 � � � � � 	 � � � � ? � � � A B �

D �
�

P �
�

�
� �D 
 �

�� � � � � � �D 
 �
�� � � � ��
 �

�� � � S 
 �
�� � � � � � � D � �� � � � � � D �

��
�

� � � � 	 
 � ��  � � �  � � � � �� � � � � � � � � � � � � � � � �  � � � � � � � � � � � � �� � � � � � � � � �� � � � � � � � �
� �  

3
�  � � � � � � �  	 � � � �  ! � �

� � �
3
�  � � � � � ! � � 	 � � � � " � � �

# � � $ � � � � � � � �  � � � � � � � � �  � � � � � � � � � � � �� � � � � � � % � � � � � � &   $ � � � � � � � �� � � � ' � � �  �  � � � � � �  � � � � 

�  � � � � �  �  � � � �  � � � � � � � � ( � � � � � � � 
 ) � * + � � �  � � � � � � � � � � � � � � � � � � � � � � � ' � � �  �  � �  � � 
 � �  � � � � �� , � �� � �  � �  � � � ( � � � � � � �  � �  � - �   � + �  � � � � � � . / � � � � � � � � �  � � � � � � � �  �  � � � � � � # � � � �  � �  � � �  � � � � 0 � � 1
�  � � � � � � � � +  � � � � � �   � � � � � � � � � � 
 2 � + � � � +  � �  � � � - �   � + �  � � � � � � � �  � � � � $ �� � � � � � * � � � � � � +  �
�  � � � � ( � � � � � � � 
 ) � � � *  � � � � +  � � � + �  � � � � � � � � � � � � � � � � � � �  � � � � � �  � � � � � � 0 + 
  � � � � ' � � �  � � � �
� � � � � � � � � � � % � �� , � � 0 � � ��  $ � � �  � � � � � � �  � � � 
 ' � � � �

� 3
3
� 4 �  � 5 67 � 5

 � 67 � �  � 5 6 7 � 5
 8 9 : ; 67 8 9 : ; <  8 9 : ; 67 8 9 : ; � 6 7 � � = � �8 9 : ;= � 5 �8 9 : ; �

( �� � � � � ( � � � � � �  � � � � � � � � � �� � �   � � �  � % � � , �> � 3
3
� 4 � � 3

3
� 4 < ? @ A = B C8 9 : ;= B C8 9 : ; D � � @ A = E 5 C8 9 : ;= E 5 C8 9 : ; D �

� � � F � � � � �� � � � � � � � � �  � � � � � � � � � � � �� � � � � � � ' � � �  �  � �  � �  � � � � ' � � �  � � � � � � � � � � � � � � G � 4 HI J K L �� M N ) O � M � � � * �  � � � � � � � � F � � � � � �� � �  � % � � � / � � � &   $ � � / ( � �  � � � � � � � +  � � � � �  � � � � �  � � � � 
 ' � � �� � � � � � � �   � P � � 0 � � � � � � � � � F � � � � � �� � � � � � � � � �  � � � � � � � � � � � �� � � � � � � � � �� � � � ' � � �  �  � � �G � J H� 4 � � M  	 � � O � M � N N 	 MG Q
� H� 4 � � M ) � 	  O � M � �  � �

R  � � � � � � �   � �  � � � � �  � � � � � � � � � S# � � T 0 �  � � * � � , � � � � � � # � , + � � � � � � � � � � � �  � � � � 
 � � � � � � + � � � � �� � � � �� � % � � � � � � � � �� � � G � J H� 4 � � M  � � � � � �� � &   $ � � � � � � � �  � � � F � � � � � � �� � U � V � � � � � � W  � $ �  � � � �� � � � � � � � � � �  � �  � � +  � $ �   �  � S# � � T � � � � � � � � � � � � � � � � �� � � G Q
� H� 4 � � M N " 
 X � � � � � � � � � �� � � �  � � �� ,  �� � � , � � ( � � � � � � � �  � � � �  � � � � �  � �  � � � � � � � � � ��  $ � � � � � � � � � � � - �   � + �  � � � � � � � � �  � � 
 �  � �  � � 0 + � ��  � �  ,  � � � �  � � � � * � � � � �  � R � � � � �  � � � �  � � �  � � � � � � � R � � � � � 


Y Z Y [ Z \ ] �̂ � � _ ` a b c d e ` a f f g h i j k c l mg h ^ n



� � � � � � � � � � � � 	 
 � � � � � � � � 	 �
 �  � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � 0 � � � ' �  ! " �  � � " # � � � +  � �  � � � � # �  � � � � � � �  � � � � �$ � � � � $ � % $ � � � � � &  ! $ � � � �  �  � � � 
 ' � � �+  � " # � � � � P # # � ! " � $ ! " ' � � �  �  � � � � � �   � � 
 �  � � #  � � � � �   � � + $ � � � � % & �  � * � � � �  � � � � ' � � �  � � � �   ��  ! " � �  � �  ! $ � � � � ' � � �  �  � � � $ �  � # � � � � � � � � 
 & � # � � � �   � � $ � � � � � +  � "  � � � #  � � � # �  � � � � � �  � � � � �$ � � � *
 $ � # , +  � � � � �  � ( $ � � � � � � 
 � � � �  � �  ! $ � � � � ' � � / ( $ �  � # �  � � ! " � � � $ �$ � � � � 
 �  � �' � � � � � � � �  �  � � ( $ � � � �
� � � ! " ' � ' �$  � � � # ! " ( ) � �# , �   ! " �  � � # ! " � � � ! " ' �  � # �  ! " � � � $ � G ) �  � ( ) � � + � � $  � � � �  � � � *  $ � # , # � ! "
�  � � � � �  �  � � � � ! " � � � � ( � " � � � � $ � � � � � 	 
 � �  � � � $ � � � � � � � �  � � " � � � � �  � � 1 � # � � � , +  � � � � � � � G ) � � � ( )+ � ! "  � �  �  �  � � � � � # �  ! " � � 
R  � � �  � �   ! " � � � � � � � $ ! " � � " � � � � � R  � � � # �  � $ �  � � � * # � � � � � +( $ �  � � � � 
 � � � �  � � � � �$ � � � �  ! " � � � � � ! $ $ " � � ( $ �  � � � � ! $ �  � ( $ �  �G ) , ) S -. / 0 T 1 � S* $ � � T 1 � S* $ � � T' � � �  �  � � ' � � M N ) O � M � � � * ! " " ! N � * " 	 N  �  M ) " NF  � � � � �  � � � * $ � � # �  ( � " � � � � �� � �  � � � �� ! $ � � � �  � �   ! " "  � � �  � �  � �  ! $ � � � � ' � � �  �  � � / ( $ �  � 0 � +

( � 4 � �  M " ) O � M N  � 2 � �
W + # �   � � �  � � � � � # �  � � � ( � " � � � � � �$ , � � # �  � � 3 � # �  $ � � + #  � � �$ , � � # �  �  � � � � # �  � � � ( � " � � � � �  � � � ( $ �  � � /
�  ! $ � �  � � � � ' � � �  � � � � � * # � � � � #  �  � � � � � � � � � # � � � � � � $ , 0 �� �  � � � + �# " � � � � ( � " � � � � � �� � �  � � � �� ! $ � 
 � � �F � � � # �   ! "   � " � � � � � �� � � �  � # �  � +  � " $ 4 � � * � �   � �  # � ! "

� � � � 

5 67 8 9 : ; < = : > ? @ ; A < < B = 9 <& � � " # � � � +  � � �  � $ ! " � � � #  R � � � �  �  � � # � � �  � � � � $ �� � � � � � 
 F  �  � � � � � � � � � � � � � # �  � � � ' �  � # � �+  � � � �  $ �  � * +  � � � � �  � � � R  ! " � � � + # � * � 
 " 
 � C D 4 � � � � � 
 #  � � � � E F G � # " � � � +  � � � � � � � � �  ! "  � � � � � � � � �� ! $ � �  �  � ! � # � � �  � # � $ $ � � � � � � � & � � # " � � � � # � � 
 � # �  � - �  � � � � � �  � � �   � �  � � � � � �
� � � ! $  � # � $ # � �  � � � * $ $ � � � � � +  � �  � �  � 0 � � � � � & V � $ � � � � � � � � $ �  � � � � * $ " � � � #  �  � � � �$  ! " � � 0 � � ��   � � 
R  � � � # �   ! " � $ � � � � � �  � # � " � � � �  ! " � � � �   V � $ � � � � H  � E F G +

0 1000 2000 3000 4000
Kanal

0

100

200

300

co
un

ts

Energiestraggling

' � �  � � � � � 	 
 ! + ' � � � # " � � 0 � � R � � � �  � / & � � # � � �  � �
Y Z Y [ Z \ ] �̂ � � _ ` a b c d e ` a f f g h i j k c l mg h ^ n



� � � � � � � � � � � � 	 
 � � � � � � � � 	 �X � � � � � #  & � � # � � �  � � 0 � � � � � �  � ! " � � * � #  � � +  � �  � � � �  � � � � � � � � � � � �  � � $ � � # � � �  	 
 � � � 
  �  �( F � # � � � �  � 0 � � � � � � � # $  # � 
 F  � � � � �  �   � � � � � $ � � � � �  � � � � � � � � � $ � * + �# � � �  �  ! " �  � � � * �  � + # " � � �& � � � � � � � � � # � 0 � � �  � � 1 �  �  + �� � � � # � � � 0 � � � �$ , � � � � ( � " � � � � � �� " � � � * � # +  � � � � � � # V "   ! " # � � �  � � � � �+  �  $ �  � � � � � � � # � � �  � � � � ' � � $ �  � " � �  � $ � 	 
 � � � 
  � � � � � * � # , � � � #  ( F � # � � � # � � � # � � � � � � $ # � � 
F  � + � � � � � � � � % � �  ! " � � � � � 
 N � # � * � � � � � & � � # � � �  � � V # � # � � � � � . �� 0 � � �  �  � � � � 
 ' �  � � � " � � �+  � � #  ( F � # � � � # �   � � � � �  � * � N * $ � � 
 �  �  �  � � $ � 	  * N � 	 � �  � � � # � ! "  � " � � � � � �  � � � ( F � # *
� #  +  � 0 � � R � � � �  � # � ' �$  � � � � �  �  � � � " # � � � � � � $ � �   � � �  � * � * $ � � � #  ( F � # � �  	 ! * � � N � 
 �  � � � 
� � � � � �� ! $ � � � � � �   � � � � ( F � # �    � � � # � �� � �  ! " �  � . �   � � � � ( $ � � � � � � 
 N � 
 R  � � �  � �   ! " � $ � � � � � �
* # � � � � � *  � � � � +  � �  � U # � # � # � � �  � � � � � * �  � X � � � ! " � � � �  � �  � R � � � �  � � � � � �  � . �� �  � � � � � # � � � " # � � � 
F �  � � � "  � " # � � � +  � �  � � � �  � 	 
 � � �  � � � �� ! $ �  � �  ! " � � � � � � � � � ! " � � � � � � �  � # #   � � � � � � � � � � � � , < �� � �  � � � � * + $ � �  � � � � � �  � M � � O 	 M !  � � � � � � # �  $ � � � � ' �  � # � � � $ � � � � � � � � � � � � � � $ � $ �   � � � #
�  �  �  �  $ +  �  $ $ $ �  � # � �   � *   � �  � ( � " � � � � �  �  �  � � ' �  � # � � # � � � $ " � � � � � � � � � � � � 
 ' �  $ + �  � � � � �
�  � * # � � � � � +

1 U # � # � � �  ( F � # - �  � � � � � �  � ( F � # . ��
�  ! " � � , , < �S* $ � � T � � # $ / W � � � � � �  SU # � �# � � T S$ � � T S$ � � T S$ � � T S � � � � -. / 0 T S � � � � -. / � T� * � N 	 ) 	 " M " ! 	  M N � 	 �  � " � M " )  � M � � " ) � � M � � � N � M � � 	 � ! � 	 !  ! M ) N � � M ! � � �  � 	 � M " ) ! � M " ) � � 	 	 M � � ) N � M N " 	 M "  ) ! "� � � 	 �  ) M  �  � M 	 N 	  � " � " M � 	 N � M � ) �   � M ) � � N � M  ) N M " � N 	 )�  � 	 � �  M � �  ) M 	 	 � N � ! � 	 M ! � ) 	 M � N � � !  M " " � � � M 	 N � � M ) N ! �� � � 	 � � N M " � ! � M � �  " � 	 	 � M "  ) ! M � " ) � ! " M N N ! 	 M � ! �  M ) 	 � )�  � � N ) � M ! ! )  M " � N ! 	 " ) � M )  � � � M " " � � � � M ) ! � 	 M "  � " M N " 	 �	 � � �  � � M ) 	 � � 	 M � � ) 	 ! 	  M " 	 � ! � M N N � �  	 M � ) � � M N � � 	 M N  � �	  � � � ! N M  � � � " M " N � 	 � � � M ) � � N � M ! N " � ! 	 M ) " �  M  	 � N M N � � )� � � � " N � M ! � � ! M ) � 	 � ) � � M N " � ! N M �  " �  " M �  � ! M 	 � 	 � M ! ! "  �  � � ! � " M � � � ! N M � ) � � 	 	 � M � � 	 " M � � � 	 	 M N �  N M � � 	  M ! � ) � � � � � � � M ) � � ) N M  � ! � N � " M ) � � ! ) M 	 	  � ! 	 M � � � N M " 	 " M  ) ! "  � ) � � M "  N � � � M ! N  � � ! � M " � � " � M ) " � ) ) M 	 " � ) M ! " � 	 M  �  !! � � 	 ) ) M � � �  " M �    M  � � � N M ) �  � � � M � � ! " M � ) � N M  � � 	

& $ * P � � 0 � $ �$ � � � � +  � # �  $ � �  � � � � R � � � �  � / & � � # � � �  � � V # � # � � � � � . ��  � ' � " �# � �  � $ �  � � � � - �  � � � � � �  � � � � � ' � " �# � �  � $ �  � � � � # #   � � � � � � � � � � , < � V � $ � � � � 
 �  � �   � � #  R � � � � �   +

0 1000 2000 3000 4000 5000 6000
Energie in keV

0

100

200

300

E
ne

rg
ie

st
ra

gg
lin

gp
ar

am
et

er
 in

 k
eV

Stragglingparameter
in Abhaengigkeit von der Restenergie

0 10 20 30 40 50
Massenbelegung [Gramm/Quadratzentimeter]

0

100

200

300

E
ne

rg
ie

st
ra

gg
lin

gp
ar

am
et

er
 in

 k
eV

Stragglingparameter
in Abhaengigkeit von der Massenbelegung

' � �  � � � � � 	 
 N + R � � � �  �  � � # � � �  � � V # � # � � � � � . ��  � ' � " �# � �  � $ �  � � � � - �  � � � � � �  � � 0 + 
 � � �# #   � � � � � � � � � �� �  � � % � # V " � � 0 �  � � � � � � � � + # � � � � � � � � � � # � � + � �  " $ " � � - �  � � � � � �  � � * � � �  V � � ! " � � � $ � �  � � � # #   � � /� � � � � � � � � � *  � �  � � � � � & � � # � � �  � � V # � # � � � � � � �  + �  � � � � � R  � � �  � � � � � 0 + 
 + �  � � � � � R � � � �  � � � � � �  � � � 

Y Z Y [ Z \ ] �̂ � � _ ` a b c d e ` a f f g h i j k c l mg h ^ n



� � � � � � � � � � � � 	 
 � � � � � � � � 	 �
�  � $ � �  � � � � # �  � � * � �  � � � � � �  � & � �  � � � � # � ' # ! " � *   � � + # " �  ! " �  � �  ! " $ � �  � � � � ' �  � �  , � � $ � � � �  
" # � � � � �   ! " � � � � � �  ! " � * �  � � #  � # � $ � # �  � � # � � � � � * # � � � �  ! " �  � � �  � � � � � � � � # ! " � � � � � � # � � � � � ! $ �
  � � 
 ' �  $ �  � � �  � " � � +  �  � " �  ! " �$ � * +  �  � � � � � � � �  ! " �� � � � � # �� � $ � � # � �  & � � # � � �  � � � $ � �  � � � 
 � #    � � +  � � �  # � � � � � + # � � � � * � � � � � � � � � � �  ! " �� � � � 	

� �
� * + $ � �  � P # �  � # #   � � � � ' �  $ � � � � # � $ � �  � * � � � �  ! " � � +  � �  � � �  � � � � R � � � �  � �  $ +  �  $ �  ! " � 
 X � � � # � � " # � � � +  � � # � 0 �  � � � � �  � # � $ � # � �  & � � # � � �  � � + � �  $ � �  � � � - �  � � � � � �  � � � 0 + 
 � � $ , � � # #   � � � � � � � � � � � � � �# � � � � # � � � � � & � � # � � �  � � V # � # � � � � �

# � 
 F  � � � $ � � � � � �  �  �  � � � " # � � � � 0 + # � � �  � � �  � �  � � � � � � � 0 � � � � � 0 + 
 � �  � � � � F � � � * # � � � � #    � # � ! "$ � # � + � � � � � �  � � �  �  �  � � F � � �   � �  � - �  � � � � � �  � � � � � � � # �� � �  � � $ � � 
 X � � � �  � � �� � �  �  � � � � � �  ! "� � + # � � � � +  � P # # � � � � � � � � �  � � � � � � � " � / � � $ ! " / % � �  ! " � � � �  � # � $ � # � �  & � � # � � �  � � 
 � �  � � � $ $ � � � � � +  �  �
�  �  � � � � � �  ! " �  ! " � � � " � # � , + � � � � # � � � � " � � � * � # � # � � � �  � � E F G �  � � � # $  �  ! " � � � " � � $ � �  � �# � �  �
# � � � � � $ � � � � " �# � � � � � � � 
 ' � �  � � � � � 	 
 ! � � � �  $ �  � �  � ( F � # �  ! " � � � " � � �  �  � � � # �   � � 
 � � � � $ ! "� � � � � � �  ! " * � # , �  �  $ � ! " �  & � � # � � �  � � V # � # � � � � � / ' �   � $ � � � � � # � # � � � � � � + # � � � � � � & � � � � � � � � � �  ! " 0 �
 � " � �   � 
 F  � $ �$ � � � � # �  $ � �  �  � � � � � � * � # , �  � * " � $ �  � � $ � � $ " � 0 � � � �  ! " � �  � � � � � �  & � � # � � �  � �  �  ! " �
# �  � �  ! " � 
' � � �   � # � � � �   � � � � � � �  � ! " � � ! " � 0 � � �  � � � �  � � � � � � � � � � � # � � � � * + � � � � # � � $ � � � $ � � � � � � # �   � " � * �  �V �  � 0  V  � � � # � � � � # � , � � � " $ �  $ �  � � � � � � #  � � � # � � ' � � �  � � � � � 0 � � - �  ! " + �  � � � � " �$ � � � � � � � � �� ! $ � � 
% � � # � �  � � � � �  �   ! " �   � � � � � � �  � ! " �  � � � � �  ! " 0  � � �  ! " �� � � � 0 � � � � � � � � � � # � � � � 


Y Z Y [ Z \ ] �̂ � � _ ` a b c d e ` a f f g h i j k c l mg h ^ n



� � � � � � � � � � � � � � � 	 
 � � �

� � � $ � � � � � � � + $ � � � � +  � # � � �  � � � �  � ! "  V � $ � $ $ $ � � � � � � # � � � � � � R  V � �  � � � � �  � ( $ � � � �  ! " �  � � � � � � V � # $ /�  $ � � * �  � � $ � � �  � � � ! " � � � �� " � � + � � � � � � � � � #  � $ � �  � � � � � � � � $ � $ $ $ � � "  �   ! " � �  ! " � � � � " � $ � � �   ! " � �% � � � � � # � � � � � � �# � 0 � � * � � � + �   � � 
 ' � , � � � � �  � � � � � � +  � �  � � �   � � � � � �  � � � # � � � # � � * �  � +  � # �  � �# � $  � � �� �  ! " � # �  �  � 0  � � � 0 � � � $ � � � � �  � � � � � � � ' �  + � � � � � � � � � 0 � � � 

S( � / � T 2 
 ( �  � � * X 
 # �� � ! " + � �� � � � � � � � � � � � � � � � � � � * � � �  � ! " �  � ( $ � � � �  ! " �  � � � � � � V � # $ �  $ � � # �

� �  �  � � � � �� � U � � � V " �   $ 
 � � �  � ! "  V � $ � $ $ $ � � 
 U �$ � � * � " " �S( � /  T 2 
 ( �  � � * X 
 # �� � ! " + � � � � �  � ! � � � � � � � � � � � * � � �  � ! "   � ( $ � � � �  ! " �  � � � � � � V � # $ �  $ � � # �
� �  �  � � � � �� � U � � � V " �   $ 
 � � �  � ! "  V � $ � $ $ $ � � 
 U �$ � � * � " " �S( � / N T 2 
 ( �  � � * X 
 # �� � ! " + "  "  # � � � ! � � $ � ! * � � �  � ! " N  � ( $ � � � �  ! " �  � � � � � � V � # $ �  $ � � # � � �  �  /� � � � �� � U � � � V " �   $ 
 � � �  � ! "  V � $ � $ $ $ � � 
 U �$ � � * � " " �S( � / � � T 2 
 ( �  � � * X 
 # �� � ! " + %  � ! � � � � � � � � � � � * � � �  � ! " � �  � ( $ � � � �  ! " �  � � � � � � V � # $ �  $ � � # � � �  �  /� � � � �� � U � � � V " �   $ 
 � � �  � ! "  V � $ � $ $ $ � � 
 U �$ � � * � " " �S( � / � N T 2 
 ( �  � � * X 
 # �� � ! " + % � � �  �  "  � & $ � � � � � � � & � $ * � � �  � ! " � N  � ( $ � � � �  ! " �  � � � � � � V � # $ �  $ � �
# � � �  �  � � � � �� � U � � � V " �   $ 
 � � �  � ! "  V � $ � $ $ $ � � 
 U �$ � � * � " " �S* � 	 T � � $ � 
 ' 
 � # P � � + ( � $ � � $ � � � ) � $ * � + � � � , , , - . � � � � $ � � $ ) � � � � � 
 � $ � � �  � � �  �  �  ! " �  � � � $ �X 
 # �� � ! " 
 U �$ � � * F & � " " 	 / " �S- � ( � T - 
 � 
 ( � � � � # � * - 
 � 
 � �  � " � $ � * # 
 & # � �  + 0 $ + � � � �  1 � � � $ � � � 2 $ � �� 3 $ � * � + � � � * � # � � � � 
- 
 2 � � � � � $ � � � / � � � � # � # �� � ! " � � * F  � � * � " ! 	 � � � � � 
 � * � " ) N � � � 
 �S# # � T � 
 # # � �  � � + # $ � � & � + � � � , 
 " 
 ' � ' # � � 
 W �� �  ! " + � � � � # � � � � ( # ! " � � � �  � � * � " ! � * � " N NS# & T � 
 # # � �  � � * R 
 & " � � � $ � + * � + � � ) � � 4 � � ) � $ � � � � & � � � � ) � $ � * � $ � � � � � 
 ' ! # � � �  ! � � �   * � " ! "S� - T - 
 # 
 � �  $ � * ' 
 ' 
 - $ � � � �  $ � + 5 � � � � � � � � $ � $ � 2 + � � � � 2 2 � � � 2 � 4 � �& � � & � � � � ) � $ � 
 ' � � �  ! # �' 
 � " �  
 6 7 � � " ) � � * V 
 �  N

	 	



� � � � �

� h � f � ` c � � � d � � � ` a h � 	 
 �� � � f  � n ` i a ^ n � c 	 �� b � � � i d � � � � h � � � h � c 	 
 �
� c � n c � � ` � ^ n � � ` c a ^ n g h � 	 � 	 
 �� d � � � � � ` c c f � h h 	 
 � 	 � �� d � � � � � g d b c 	 
 
� d c f � b c d f m� � c h 	 � 	 
 
d c ` � � a b c � 	 
 � 	 � �� d a ` ` � g a h 	 � � � � � � � � � � � � d � � a f � � a � h
� a ^ n g h � 	 � �c ` � � � a � ^ n c � � m�  c 	 �� h c d � a c� � d � � � ` a h � 	 
 � 	 
 � 	 � �� h c d � a c � � � d � � � ` a h � � � d � f c � c d 	 
 � 	 � 
� h c d � a c � g ! m� � g h � 	 � �e c � h f � h 	 �e ` m� ^ n c h i a ^ n � c 	 
 "
� � f � k � e � # � � d 	 �
$ � ` � k c d � �  c a � 	 %
& f � g ` � n m� n c h � l c � n � i c 	 � %a h c ` � � � a � ^ n c � � m�  c 	 �& � h a � � � a � h � � � � c h � a � ` 'f a � � ` c d c � ( 	 �
� ` c c f � h h 	 � � � � � � d � � � � � ` c c f � h h� d � f c d � 	 � � � � � � � � � � � � d � � a f � � a � h
) c � c h � i � g c d 	 %) g * � m� + g a b � ` c h � 	 
 %l � � � c h � c ` c � g h � 	 
 "l � � � c h � d c f � b c d f m� � c h 	 
 "l � � � c h * � d f c `� c f a c f � a d a � ^ n c 	 �l c  i � � c h 	 
 � , � 

- c � � g h a g f � . c a n c 	 
h � d f � ` c � � � d � � � ` a h � 	 
 �- g # ` a i # � d � c 	 

/ � � c h � a � ` � � d d a c d c 	 �

. c a ^ n k c a � c 	 
 
 	 
 �� � d � � � ` a h � 	 
 �. c a ^ n k c a � c h � � � d � � � ` a h � � � d � f c � c d 	 
 �d c ` � � a b c � � d c f � b c d f m� � c h 	 
 �. c � � c h c d � a c 	 
 �. g � n c d * � d i � � � � c d a f c h � 0 � � d c g g h � 	 �
� c f a c f � a d a � ^ n c l � � � c h * � d f c ` 	 �� � d � � � ` a h �� h � f � ` c � 	 
 �i c d � h c d � a c 	 
 � 	 
 � 	 � �i c d . c a ^ n k c a � c 	 
 �i c � � � d c g k a h # c ` � 	 
 � 	 
 "� h c d � a c � � d � f c � c d 	 
 � 	 � 
h � d f � ` c � 	 
 �. c a ^ n k c a � c h � � d � f c � c d 	 
 �� � d c g g h �. g � n c d * � d i � 	 �� � d c g k a h # c ` 	 � � � � � � a h # c `
1 n � d a g f � . c a n c 	 
1 d m� � * ^ n c h f � i c ` ` 	 �1 d � h � f a � � a � h � # � c 2  a c h � 	 "1 g h h c ` c 3 c # � 	 "j d � h � � ^ � a h a g f � . c a n c 	 
j d � h � . � i a g f � . c a n c 	 

� � � � � � � d � � a f � � a � h 	 �� c h �  c ` 	 � � � � � � � � � � � � d � � a f � � a � h
� a h # c `� � d � � � ` a h � 	 
 � 	 
 "
4 m� n ` d � � c h � l c � n � i c 	 � �4 c h � d a * g � � ` � � � c h � a � ` 	 "4 c d * � ` ` � � c � c �  	 %4 c d * � ` ` � # � h � � � h � c 	 %4 c d * � ` ` � d c a n c 	 


	 �


