
 

Mikrostruktur und mechanische Eigenschaften tribologisch 

beanspruchter nanoskaliger Eisen-Basis-Schichten 

U
N

IV
ERSITÄT

ULM
·

S
C

IE
N

D
O

·DOCENDO
·C

U
R

A
N

D
O

·

� � � � � 	 
 �  � � � � � � � � � � � � � � 	 � � � � � � � " # � � �

% ' � � � � ' 	 ) � � � � � � " # ' � � � �

- / 1 1 2 3 5 6 5 / 8 9

: 
 � � � 	 ' �  
 �  � � � > � ' � � � � � � � � ? � � � � � @ A �  � � � � 
 � � B ? � C @ A �  C D

� � � E ' � 
 	 � F � � G � A �  � � � � 
 � ) � � � � � � " # ' � � � �

� � � J � � K � � � � � F � J 	 L

K � � N

O P R T U V W Y Z U [ ] Y ^ ` a c e a f T `

' 
 � g � � : h i # � � �

� � � �  
 � ' " # � � � N g � � � C ? � C j C @ k C E � " # � l J � � K � � � � � F � J 	 L

m ) � � �  
 � ' " # � � � N g � � � C ? � C n C n " # L ' 
 � � � l % g � n � 
 � �  ' � �

� L � � � � � � � � � ? � � ' � N g � � � C ? � C j C @ k C g � 	 � � � � � � �

? ' � 
 L � � � g � � L � � � � � N s C t � K � L � � � u v v w

x y y z





Shaker  Verlag
Aachen  2004

Berichte aus der Materialwissenschaft

Gunter Bürkle

Mikrostruktur und mechanische Eigenschaften
tribologisch beanspruchter nanoskaliger

Eisen-Basis-Schichten

.



Bibliografische Information der Deutschen Bibliothek
Die Deutsche Bibliothek verzeichnet diese Publikation in der Deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet über
http://dnb.ddb.de abrufbar.

Zugl.: Ulm, Univ., Diss., 2003

Copyright  Shaker  Verlag  2004
Alle Rechte, auch das des auszugsweisen Nachdruckes, der auszugsweisen
oder vollständigen Wiedergabe, der Speicherung in Datenverarbeitungs-
anlagen und der Übersetzung, vorbehalten.

Printed in Germany.

ISBN 3-8322-2368-1
ISSN 1618-5722

Shaker  Verlag  GmbH  •  Postfach 101818  •  52018  Aachen
Telefon:  02407 / 95 96 - 0   •   Telefax:  02407 / 95 96 - 9
Internet: www.shaker.de   •   eMail: info@shaker.de

.



Danksagung 

� � � � � 	 � � �  � � � � � 	 � � � � � � � � � � � � � �  	 � � � ! � � � � 	 $ � � �  & � � � � � � � � � � � � � (  � ) � � � (  � 	 + � � � 	 � � � � � 	 � � � � 	
� � � � � � 0 �  1 � 	 & � � � ) ) � � � 	 6 � � & � 	 � � � (  � � & � � � � 	 9 � � � � 	 � � � � � 9 � ! :

; � � < � � � � � � � 	 � ! = (  � � � (  > � 	 	 � @ 	 � ) : � 	 : > : B C : D � (  � ) E 	 � � � $  � ! � � � � � � � 0 �  0 � � � � � ) � � � � < � � � � � F
� 	  � � � � � � � 	 � � (  � 0 � � � � � � � � � (  � ) � � � (  � 9 � � � 	 � � E � < 0 �  � � � & � � : > � 	 	 � @ 	 � ) : � 	 : G : G (  ! � 0 � � 	 � � � & �
� (  ) E 	 � � � � � � � � � � (  � ) � � � (  � K � � � 	 � � � � � � � � � � � 	 � 	 � � � � 0 � � � � � N � � 	 � �  ! � � � � O � 	 	 � ) � 	 � � � � :

+ � � � � � O � � � �  � � C : � 0 � 	 � � � � � F > : O � P � F Q : O � R � � ! � 	 F + : + �  � � (  F � : ; 	 � � 0 � � U : Q � 	  � 	 � � � � �
� � � � �  � � � � � � � � � � � 	 � � � � � � 0 �  G : O = � �  F C : � � & � � � 0 � � � : + � � & � � F � � � ! � (  � � � � � 	 V � 	 � � 	 � � � 0 �  F

� 0 	 (  ) E  	 0 �  0 � � � 0 � � � 	 � 0 �  � � � + � � � 0 �  � � 0 � � � � � � � 	 Q � � � � � �  0 �  � � � � 	 � 	 & � � � � � 	 0 � �  	 = W � B
	 � 	 @ 	 � � � � ! � X � � � 	 < � � � � � 	 � � � � � � � �  0 � � � 	 � � E � < �  � � � � F  � � � ! � � �  � 	 < � � (  � � � 	 � � � & :
1 � � � � 	  � � ! = (  � � � (  > � 	 	 � � 	 : + : � X �  � � � � &  �  ) E 	 � � �  	 � W � 9 � � � 	 � � E � < 0 �  � � � ! Q + Q D B @ 	 � X � & �

Z [ @ $ K O [ \ ] 0 � � ) E 	 � � � Q � � 	 � 0 0 �  ! � � � � 	 � � P � � ! � 	 � � � � 0 � � > � 	 	 � @ 	 � ) : � 	 : 9 : > � 	 	 ) E 	 � � � < �  � B
	 � � (  � � ) � (  � � (  � � � � � & 0 � � � � � � � � � � & � � : � � 	  � � < � � � � � � � � 0 �  1 6 $ � � � & � � (  ) E 	 � � � � �  � � �  ! �
0 � � & � � P � 	 � � � � � � 	 � � � � � � � ! � � P  � 	 � :

D E 	 � � � N � � 	 � � � � 0 �  < �  � 	 � � (  � 	 @ 	 � � � � � � � & � � (  > � 	 	 � � 	 : � : G �  � � _ D � 	 � (  0 �  � < � � � 	 0 ! 9 � ! � � 	
� � � ! � � 	 a  	 b � � � 	 � ; c F > � 	 	 � ; : � : a 	 � � P � � ( & _ U � e 0 � � ! � � � � $ � (  � � � �  � � � F U � & � D � 	 � � � f a � F 9 G � c
0 � � > � 	 	 � G (  E ) � 	 _ G 0 � < � 	 + � � ( � F > � � � � 	 �  � � ! c :

+ � � � � �  � 	 < � � (  � � � � � & ! = (  � � � (  > � 	 	 � � 	 : + � 	  � � � � � � � � � � 	 6 + @ � F $  0 � _ a > c 0 � � > � 	 	 �
+ : Q 0 (  ! � � � � � ! K D O Q � � 	 9 � � � � 	 � � � � � G � 0 � �  � 	 � F � � � � � � � � � � O � � � �  � � � � � � � 	 K � � � � � 0 � � � 0 � B
� P 	 � (  � � F � � � ! � 	 � � � � 0 ) � � �  � � � 0 � � � � � � 0 	 (  ) E  	 0 �  � � � + � � � 0 �  � � � 	 ! =  � � (  �  � � � � :

; � � < � � � � � � � 	 � � � � & � � (  ! � � � � � 6 � � � 	 � F � � � � � � (  � � � � � � 	 � � � � � � � ! � � ! = (  � � F ) E 	 �  	 � 0 � � � �  � B
� (  	 � � & � � 9 � � � 	 � � E � < 0 �  ! � � � � 	 � 0 � � � � � 0 �  :

9 � ! F \ � � � ! � � 	 n o o p ; 0 � � � 	 Q E 	 & � �





Inhaltsverzeichnis 

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

 � "  $ � � $ � � ' )  $ * � � � � , � � $ � -

. / 0 2 4 5 6 7 4 4 : ; < > ? @ : A B C 7 5 D @ : : 7 : E A F 7 G > ? @ H J @ H F A D E 5 5 @ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / M
. / 0 / 0 P @ B C 7 : > A B C @ < > ? @ : A B C 7 5 D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / R

. / 0 / 0 / 0 T G > @ U A V 7 : : 4 : ? W X 4 ? 5 @ A D > ? F @ > D 4 : ; Z [ H D @ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / R
. / 0 / 0 / . < G 7 A D > ^ > D [ D / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 0 _
. / 0 / 0 / ` b G 7 A D > A B C @ c @ H 5 E H d 4 : ? 4 : ; e H 4 B C f @ H C 7 G D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 0 `
. / 0 / 0 / g h 7 4 @ H 5 @ A D > ? F @ > D / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 0 g
. / 0 / 0 / M J 7 H d 5 @ A D > ? F @ > D / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 0 j
. / 0 / 0 / R e H 4 B C ^ [ C > ? F @ > D / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 0 j
. / 0 / 0 / k l H > 6 E G E ? > A B C @ < > ? @ : A B C 7 5 D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / . _

. / 0 / . o C @ d > A B C q b C r A > F 7 G > A B C @ < > ? @ : A B C 7 5 D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / . k
. / 0 / . / 0 s E H H E A > E : A f @ H C 7 G D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / . k
. / 0 / . / . l C @ H d > A B C @ < > ? @ : A B C 7 5 D @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / . j

. / . < : D A D @ C 4 : ? 4 : ; Z @ H A D @ G G 4 : ? : 7 : E A D H 4 F D 4 H > @ H D @ H P 7 D @ H > 7 G > @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / . x
. / . / 0 2 G D @ H : 7 D > f @ Z @ H A D @ G G 4 : ? A d @ D C E ; @ : : 7 : E F H > A D 7 G G > : @ H T @ o q y B C > B C D @ : / / / / / / / / / / / / / / / / / / / / / / / ` _

. / . / 0 / 0 l C @ H d > A B C @ { @ 5 | ? @ 4 d } 7 : ; G 4 : ? ; 4 H B C ~ 7 A @ H 6 @ A D H 7 C G 4 : ? / / / / / / / / / / / / / / / / / / / / / / / ` _
. / . / 0 / . { @ 5 | ? @ 4 d } 7 : ; G 4 : ? ; 4 H B C A D 7 H F @ V G 7 A D > A B C @ c @ H 5 E H d 4 : ? / / / / / / / / / / / / / / / / / / / / / / / / ` .

. / . / . l C @ H d > A B C @ A y V H > D ^ @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` `
. / . / . / 0 Z E B C ? @ A B C } > : ; > ? F @ > D A 5 G 7 d d A V H > D ^ @ : � Z c � T � / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` `
. / . / . / . ~ > B C D 6 E ? @ : q h H 7 C D A V H > D ^ @ : � ~ h y � / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` M
. / . / . / ` b 7 H D > F @ G ? @ A B C } > : ; > ? F @ > D / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` R
. / . / . / g � � > ; 7 D > E : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` R
. / . / . / M y B C > B C D 6 > G ; 4 : ? 6 @ > d D C @ H d > A B C @ : y V H > D ^ @ : / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` j

. / . / ` h 7 A ~ @ ? > @ H 4 : ? A A r A D @ d T @ q o / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ` x
. / . / g h 7 A ~ @ ? > @ H 4 : ? A A r A D @ d T @ � q o H � q e / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / g 0

� � � � � $ � � � $ � � $ , , $ � $ �  � � $ � � �

` / 0 � � : D ? @ : ; > 5 5 H 7 F D E d @ D H > @ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / g `
` / 0 / 0 e @ 4 ? 4 : ? 7 d s H > A D 7 G G ? > D D @ H / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / g `
` / 0 / . y D H 4 F D 4 H 6 @ ; > : ? D @ b @ 7 F f @ H 6 H @ > D @ H 4 : ? 4 : ; b @ 7 F f @ H A B C > @ 6 4 : ? / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / g `



� � � � � � 
 �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � 
 �  � � � � � " � � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � % &  � � 
 � ) � � � 
 � * � * � � � 
 �  � � � � � " % - � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � . 
 & *  � �   � � *  � ) � � � 
 � * � * � � � 
 �  � � � � � " . - � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � % &  � � 
 � 
 & 1 � � � � 
 �  � � � " 2 4 � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5

� � � 7 � 
 � �   9 * : < � 
 = > � 
 1 ) ? � � � * � � � � : 
 & � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A
� � � B * < � * � & � � � *  � � � � � < � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A

� � � � � � � � 
 � � ? 
 � � � 
 E 1 9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A
� � � � � F & * � � * < � * � & � � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � H
� � � � � J 
 9 � �  � & * * 9 * :  K J � � * 9 * :  K L 9 
 N � " 7 � 
 1 & � 
 � * * & � � � � ) � & * # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q �
� � � � � B * < � * � & � � � *  K R 
 9 � � � � � � & * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q �

� � � � � � � 7 � � � � 
  K B * < � * � & � � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q �
� � � � � � � - < : � K V � � � � � * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q �

� � Q R 
 9 � � W ? � � : � � � � " Y - F R K � � � � � < � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q A
� � � J [ * & � �  � � � � � � & * �  � � � 2 * & ) [  � " J � 2 # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ]

� � � � � R � � : 9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � ^ 
 � > � * � 
 ? � & 
 & � � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q

� � 5 % � � > _ � 
 � 9 * < 7 � 
  � � ) � � ` � �   9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Q
� � A - � : � *  � & * * 9 * :  > �  � � � � 9 * : * & � � < � 
 R � � 
 ) � � � � � � � � < � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5
� � H . � � 
 � �  � � � 2 9  < � � * 9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A

e f g h i j k l m n n j o p

� � � Y � 
 9 � � 9 
 9 * < - � : � *  � � & 1 � � * < � 
 * & * � � 
 �  � & ) ) � * � * = > � 
 1 ) ? � � � *  � � � � � � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � H
� � � � � 7 � 
 
 � 1 1 � ) 9 * : r � � � 
 � K 9 * < � & � 
 � 
 & 9 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � H
� � � � � L � 
 * : 
 s ` � r L & 
 > � < N � 
 � � � ) 9 * : 9 * < t � 1 E : �  � 
 9 � � 9 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 ]

� � � � � � � v * N � 
 ? * < � 
 � � 
 t 
 9 * < _ � 
 �  � � 1 1 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 ]
� � � � � � � F & * � � 
 �  � & ) ) � * � = > � 
 1 ) ? � � � *  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 �
� � � � � � � L � � ) � *  � � 1 1 N � 
 � � � ) 9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 �

� � � � � � � � � & * �  � � � - � : � *  � � & 1 � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 �
� � � � � � � x ? 
 � � 9 * < - K � � < 9 ) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 �
� � � � � � � J 
 9 � � 1 �  � � : � � � � 9 * < 4 ) � � `  � & * * 9 * : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 5 A
� � � � � � � y & 
 � � ? 
 � � 9 * < 2 * ) & ` N � 
 � & ) � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A ]

� � � � � . 
 � > � ) � : �  � � � - � : � *  � � & 1 � � * � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A �
� � � � � � � � < � * W 9 
 x � 
  � � ) ) 9 * : E > � 
  ? � � � : � � 
 * & * � � 
 �  � & ) ) � * � 
 4 � K V K � � : � � 
 9 * : � * � � � � � � � � � � � � � � � � � � � � � A Q

� � � � � Y � & 
 � � � ) &  � �  � � � 7 � 
 1 � 
 � 9 * : * & � � < � 
 R 
 � < : � � & * K � � � � � < � " Y ^ J # � � � � � � � � � � � � � � � � � � � � � A �



� � � � � � � 
 � � � � � � � � � �

� � � � � � � 
 � � � � 
 � � � � � � � � � � � � � � �  � " � $ � " � ( 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � * +
� � � � , . 0 � � " 1 � � 0 � � 2 ( � � $ � � 3 
 � � � � � � � 1 � "  2 4 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � * +

� � , 7 � � � � � 
 � 0  � � � ( � � 3 � " ( � � ( " � � � " � � � 
 � � � � < " � � = � � " @ � � B 0 � � � � 3 
 � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E G
� � , � G I " � 1 � � � 0 � � " � 0 2 � � � ( � � 3 
 � � 
 � � � � " � � � 2 2 ( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E G
� � , � � J �  K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E G

� � , � � � G N " � � � 0 2 2 � � � " O P � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E �
� � , � � � � I � 0 � � � 0 � 0 2 R � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E S

� � , � , 7 � � � � � < 0 � � ( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E E
� � , � � T � 
 � 0 � � � 
 � � 7 � � � � � 
 � 0  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G W G

� � , � � � G � 4 " � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G W G
� � , � � � � X ( �  � � � � � � � � � ( � � Y � � � � " � � = � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G W ,
� � , � � � , 7 � T � � ( 2 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G W S
� � , � � � � Y 0 ( � "  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G W E
� � , � � � \ B " ( 
 � = 4 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G G ,
� � , � � � S ] " � 1 � 2 � � � � 
 � � � ^ � " � 0 2 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � �

� � , � \ ] � � " � � � 
 � � " _ ( � � � � � ( � � � � � �   � = � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � \
� � � @ � � 2 � " � � �  2 ( P 0 � 0 2 R � � � � " Y T _ � Y " � � < ( � � � � B � � � � � T � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � +

� � � � G 7 d = � � � " � = � � 4 � � � � B � � � � � � � � < � 2 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � +
� � � � � . � � � 0 " � ( � � � ( 1 � � 
 � � I " � 1 � � � � � � � � " � �  � � 2 � " � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � *
� � � � , e 1 � " 2 0 � � " ( � � � � " T � P  � � 2 � " � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G , W
� � � � � T � P � � " � � � " � ( ( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G , �

f g � h i � j i i h k l m n f

\ � G o 0 � � � " � � � 0 2 2 � � � � � � 0 � � 2 ( � � � � 
 � � 
 � � 0 � � � " 3 
 � � � � � � � 1 � "  2 4 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G , \
\ � G � G 7 � � � � � � ( � � � � " � � � 0 � � 2 ( � � � � 
 � � 
 � � � � ( � � N 0 " 1 � � 0 (  2 O � ( � � � � � 
 � 0 � � � � ( � � � � � � G , \
\ � G � � � 4 " � ( � � � � � 
 � 0 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � W

\ � � ] � � " � � � 
 � � � � < " � � = � � 3 
 � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � ,
\ � � � G 7 2 0 � � � = � � 4 � � � � � ( 2 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � �
\ � � � � Y 0 ( � "  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � \
\ � � � , ] " � 1 � 2 � � � � 
 � � 7 � � � � � 
 � 0  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � S
\ � � � � B " ( 
 � = 4 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � +
\ � � � \ _ � � 1 R � T 0 < � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G � +

p g � j i q r r t l u q i i j l v m f m

� g � h w t x q w j x y t x � t h z { l h i m f f


