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 Q'E � S X R " �1(!SWE ^ E � �7�� [ 7 ^ 9Q� � F 
�� E�(!F  8Q & % E ^ S�Q & �  �7 cO� _{� F \� [ _ �� & _!Q & 9 ��� E�Q' 8Q'FWQOW � �7 & 
 Q'Fa 8Q'9 �7���� Q & Q'F�� 7 \ FWQ �(_ Q ^  WQZ9 T * SWS "�$8" ; � U " � � Q & 
 QZFWFWQZF E�9 �Q'E�F � F � Q & 9 ��� E�Q' ^ E ��� QZ9 a Q & ��7 ^ � Q'F� WQ & �1(!SWE ^ E � �7�� "�� FW9*S�Q'9G(!FW WQ & Q¡E�9 �  8Q & � � 9 7 c�c]QZF ��7 F \X R E�9 ��� Q'F� WQ & T (P WQ &  8Q'F U W �8E�F R Q ^�^ Q'F _ & Q , � Q'F X T QZF U � FW Y WQ & T ��Q'QZc 7 F � U f FWQ & \ E�Q � F 
 ^ 7 &'"* � 9 X Q'E � ^ E ��� QZF % & �� FW 8Q'F 
 (!FWF � Q) WE�QZ9�E�c � 7,� c]QZF� WE�Q'9*Q & * & S�Q'E � FWE ����� & Q 7 ^ E�9*E�Q & � R Q &  WQ'F "
�,ª
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� F%$8Q'F1_'&)(+*�F \ Q \ *,F \ QZFWQ'F ��*��8E-,KQ ^ F R/. (0$WQ'F `1&,c �*,F8Q'F R �*,F2$WQ . F2$3$WQ4(GQ'F ` YPF5*�c]E 
 S�Q �
,+(6*'7 � ,KQ8,:9%`;*,S�Q=< R/. (6$WQ>$WQ4( f <@?�� . � $WQ=( � Q'cO��Q4(+*A, . (M_!Q=(6?5*'7 � ^��*'B0B6< \ ,:9��3<-,C$WQ=(EDF*'? \ QZ_G<@?` YG?5*,cH< 
 R/. (6$8Q]S�Q4(GQ4<-,6B�<@? ��*��2<-,*Q ^ $ 9-IKJ4<-?2J �3J=, � &G$2J�* . _ML J4N=J4< L ,:O�PH<-,�QEJ=R@7 � J=( � J4P ��SJ4(+*A, . (0J �TJ 
 ,+J�<@?U$2<@J�V YG?5*'PH< 
XW N=Q�9 WG,Y*�,6<@ZX<-?[,+J L (6<@J=(0,�Q\J4(0$2J4?]Z �&)?2?�J4?�9 �3<-,^$2J=P 	 �$� �
! � � 	 �3&)?[,+J �_*'(6R-& * R L &'(6<-, � P . B . ?�$X$2J4(CR@&'Z�*�R@J4? �3&)R-J4Z . R@*'( _ J=R@$2? �* � J4( . ? L B6&)R-R@J4?`<@?H$2<@JbaB6J=P * W B07 � ?2<c,6,`N=Q\J4</QEJ=<-,+J=(6J �3J=, � &G$2J4?ed)J4(fQEJ=?2$2J8,XQEJ=(6$2J=?�O . Pg$2<@JihjJ4PHkTJ=(+*�, . (KN .W J4(�l. 7YZGB0<@7 � ,+< L J4?m9nV1<-J4B0J a J4( _ * � (6J=?HQ\J4(0$2J4?`$5*'?2?`*'? L J8QEJ=?2$2J8,:O . Po$2<-J�h � J4(0P`&G$?YG?5*'PH<@Z
d)&'?%V1&)P%l*'?2J=?[Q�l*'?2$2J=?3N .3. ?[,6J4(6B . 7 � J=?�9
V1<@J\<@? $�<@J4B0J4P ��*'k2<-,6J4R L J4N=J4< L ,+J=? �^J=B . Rc,Y*�,6J W J=Nnl. L R@<@7 � $2J4(ph � J=(6PH&n$ Yn?2*'P`<-Z;d)&)?�hj(+*'?�Bfa
d)J=(6B6*'R@J=?`V1&'Pql*'?�J4?[Q�l*'?2$2J=?�O W J4(0J47 � ?2J8,CP`<c,6,+J=R@B �3&)R@J=Z . Rr*'( _ J4R-$2(6J=7 � ? . ? L J=?�O)J4?[,6B0,Y*�P`PHJ4?
$5* W J4<s* . B;$2J=(�V1<@k2R-&)P`*'( W J4<c,�d)&)?ut�9 ��*'N:*'?[,6B6J=d�*uvwIyxnO�z'{�|�9mV1<@J~}�( L J W ?2<@B0B6J�B6&'R@R@J=? � <@J=(
<@P � <-? W R@<-7YZ�* . _ $2<-J�Q\J4<-,6J4( L J � J=?2$2J � ?[,+J=(6B . 7 � . ? L d'&)? a &)(0,6J8�n$2&)P%l*'?2J=?�Q�l*�?2$2J4? . ?2$a &)(f,+J8�nBf,+( . Z�, . (6J=?�O2B0&yQ/<-J1<@P � <@? W R@<-7YZK* . _ J=<@?2J=? a J4( L R@J4<-7 � PH<-, �3&)?[,+J �_*�(6R@& �^J=7 � ? . ?naL J=?u$�<@B6Z . ,6<@J=(0,;Q\J4(6$�J4?�9F��P�}�?�$2JK$2J4B ��*'k2<c,+J4R-B1B6&'R@Rs$2*'?2?u?2&n7 � Z . (0NH$�J4(�}p<@?�� . � $�J4(
hjJ4PHkTJ=(+*�, . (/* . _ $2<@J�V YG?5*'PH<@ZH$2J=(>V1&'P l*'?�J4?[Q l*'?2$2J W J=,6(+*'7 � ,+J8,>Q\J4(0$2J4?m9
�/�f� �����s�1�C���\���i����� 
 ���8�j���C���C�����3�_����C�s���s��������C�
 �¡r¢£¡r¢ �C¤�¥£¦n§ ��¨ ¤©§8¥2ª ¨�«�¬�� �¥£¦ ¨ ¦G>¥5¦ �
® J8,+(+*�7 � ,6J=,�P�*'?eJ4<-?2Ji,+(+*�?2B0d'J4(6B6*'R@J%V1&)P%l*'?2J4?[QE*'?2$�OCB6&u¯5?2$2J8,XP`*'?eN=Q\J4< �%* L ?2J8,+<-B6<@Jba
( . ? L B6(0<@7 � , . ? L J4?m9�° . P"J=<@?2J=? � *�,>P`*'?3J=<@?2J �%* L ?2J=,6<@B6<-J4( . ? L <-? �/<@7 � , . ? L $2J=(>R-J4<-7 � ,6J4?
��7 � B6J±<@?²$�J4?�V1&)P%l*'?2J=? . ?2$²N . P
*'?�$2J4(0J4?�J4<-?2J �%* L ?2J=,6<@B0<@J4( . ? L B0(6<-7 � , . ? L B0J4?2Z�(6J=7 � ,
$5*'N . <-?�$2J=(~V1&)P%l*'?2J=?[Q_*'?�$�9 ® J=,6(+*'7 � ,+J8,�P`*'?�$�<@J4B0J �3* L ?2J8,+<@B0<@J=( . ? L B6Z'&'P`kS&)?2J=?�,6JX*'R-B³ . ?2Z[,+<-&)?K$2J4(�hjJ4PHkTJ=(+*�, . (4O'B6&�¯5?2$2J8,EP`*'?�O�$5* � $2<@J �%* L ?2J=,6<@B0<@J4( . ? L B0Z'&)PHkS&)?2J4?[,6J^B0J4?2Z)a
(6J=7 � ,�N . (;R-J4<@7 � ,6J4?´��7 � B0J W J=<sJ4<-?2J4(�ZG(0<-,6<@B67 � J4?´h�J=P`kSJ4(6*�, . (�µ>¶4OmQ\J4R@7 � J�ZGR-J4<-?2J4(;*�R@B1$2<-J
� . (0<@J=,6J4PHkTJ=(+*�, . (�µ � <@Bf,:Opd)J=(6B67 � Q/<-?2$2J=,49_V1<-J �3* L ?2J8,+<@B0<@J=( . ? L <@?�R-J4<@7 � ,6J4(H��7 � B0J4?2(0<@7 � a, . ? L]� <@? L J L J4?±Q/<-(6$iJ4(0B0, W J=<·$2J4( � . (0<@J8,+J4PHkSJ4(+*A, . (_µ � t . R@R�¸M� W2W 9S¹n9-I'OFvºz'{�O5»'¼2O£» $ |r½89¾ J4(6*'?[,¿QE&'(0,+R-<@7 � � <-J4(fÀbl. (1<@Bf,;N . PÁJ4<-?2J4?]$�<@J �>?2<@B0&',+(0&)k2<@J�Om*�R@R@J=(6$2<-? L B><@B0,�$2<@J~��?2<-B6&',6(6&)k2<-J
?2<-7 � ,�*'R@R-J4<@?uÀbl. ( $2<-J4B0J4?e}�ÂmJ=Z�,�d'J4(6*'?[,¿QE&)(f,+R-<@7 � 9pV1<-J�Z�(6<c,+<-B67 � J=?²h�J=P`kSJ4(6*�, . (0J4? � l*'? L J4?
Q\J4<-,6J4( � <@?ÃB0,Y*�(6ZÄd)&)?Ã$2J4(UÅ�J=7 � B6J=R-Q/<-(6Z . ? L $�J4(%P`* L ?�J=,+<-B67 � J=? �3&'P`J=?�,6JÆ* W 9 � ?Ã$2J4?
V1&)P%l*'?2J=? R@<-J L ,�* . À L ( . ?2$�$2J=(�k5*'(6*'R@R-J4R@J=?~� . B6(0<@7 � , . ? L $�J4(pP`* L ?2J8,+<@B07 � J4? �3&'P`J=?�,6J_J4<-?2J
B0,Çl*'(6Z�J4(0J ��&'k2k2R . ? L d)&)(=O2*'R-B_<@?�$2J4(�V1&'Pql*'?�J4?[Q_*�?2$�95V1<-J4BER©l* � ,EB6<@7 � *�P W J4Bf,+J4?iZ�Rr*�(_P�*ya
7 � J=?�OTQ\J4?2?]P`*'?3B6<@7 � $2<@J�� . Bf,Y* . B07 � QEJ=7 � B6J=R-Q/<@(0Z . ? L *�?2B67 � * . ,:9 � ?q$2J4?´V1&'Pql*'?�J4? � *�,
P`*'?�N�9 ® 9'*'R-B�� . B0,+* . B07 � Q\J47 � B6J4RcQ/<@(0Z . ? L B6J=?2J4( L <@J^N=Q/<-B67 � J=?�N=Q\J4<nP�* L ?2J=,6<@B67 � J4? �3&'P`J=?na
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� W2W <-R@$ . ? L ¹n9-I+*),�-/.10)-�2�354�672�358:9�;3�<7=$>?=�@�-/>?4BA7-�2DC?-/>FE�9�4G-/<18IH�JK9L352�4G-/< �ME�9ING-/<I2�>FE�9�4�6I<7=$N�.O35=$<7-�P4�>FN�>?-�2�6I<7=Q-/>F<I-�2R4G2�3�<INGS�-�2�N�3�C?-/< �MT . ;3�<7-/<�JU3�<LAWV�X�Y � �[Z]\_^ � � �[Z]\ � !$`
,+J4?[acb_dfe � d
g � eihjaOb_dkeyOA<-?�$�J4(�V1&)P l*�?2J4?[QE*'?2$ � *A,�P`*'?�acb+dke � d�g � elhmaOb_dkeT7=&)B�npoqacb_dfeAO
QE& W J4<�n $2J=(�Å <@?2Z�J4RFN=Q/<-B67 � J=?%$2J=?3P`* L ?2J8,+<-B67 � J=?��3&'P`J=?�,6J4?U<@Bf,:9
� W2W 92¹n9 x�N4J=< L ,\$2<-J>Z�(6<c,+<-B67 � J=?Xh�J=P`kSJ4(6*�, . (6J4?`µ�¶ . ?2$�µ � *'R@B ³ . ?2Z[,+<-&)?�$�J4(E�>?2<@B0&',+(0&)k2<-J'O$2<@J1� . B0,+* . B07 � Q\J47 � B6J4RcQ/<@(0Z . ? L Q . (6$�J�$2* W J=<�Z'&'?2B0,+*'?[, L J4R@*'B6B0J4?�9 �3*'?iJ4(6Z�J4?2?[,4OS$2* � $2<@J
� . (6<-J=,+J=P`kSJ4(6*�, . (Eµ � N . ?2<@PHP~,4OGQ�l* � (6J4?�$iµ ¶ * W ?�<@PHP~,:9���R-R@J=(6$2<-? L BE<-B0,E$2J4(ir^?�,6J4(0B67 � <-J4$N=Q/<@B07 � J4?]µ ¶ . ?�$]$2J4( � . (6<@J8,+J=P`kSJ4(6*�, . (/µ � (6J4R@*�,+<cdiZ�R@J4<-?3ÀYl. (>(6J4*'R@<-B0,+<-B67 � J���?2<-B6&',6(6&)k�<@J4?¸�sutLb 	 vxw Iy½89
V1<@J�� W8� l*'? L < L Z'J=<-,;$�J4( � . (6<-J=,6J4PHkTJ=(+*�, . (1d)&)?u$2J=(��>?2<@B0&',+(0&)k2<-J R¿l* � ,;B6<-7 � ? . ?�*'? L J W J=?
*'R@B�v z){�O£»)zy|

#_y µ �b h xiz ¼
I�{ s b z}|�~ s b#� � w ¸�¹G9-Iy½

V1<@J;� W8� l*'? L < L Z'J=<-,�d'&)?Uµ ¶ R l* � ,�B6<-7 � $ . (67 �
#_y µ ¶b � xQa vxw {+� s b ¸�¹G9 x)½

*'?�¯2,0,+J4?mOSB0&K$5* � B6<@7 � ÀM&)R L J4?2$�J�V1<-ÂTJ4(6J=?2N;$2J=(^Z�(0<-,+<-B67 � J=?3hjJ4PHkSJ4(+*A, . (0J4?UJ4( L < W ,�*
#_y ¸ µ � a�µ ¶ ½b � vxw { s b w ¸�¹G9��[½

{ v



�������R� %�� �	� ()���p����	�
 �����:� � �!� �	�  #"$	���%���%�&�� %�()�

0 0.1 0.2 0.3 0.4 0.5
Anisotropie D/J

1.6

1.8

2

2.2

2.4

T
C
 k

B
/J

 &
 T

*  k
B
/J

leichte Achsenrichtung
harte Achsenrichtung

� W�W <@R-$ . ? L ¹n9 x:*�� 8:9�;3�<7=$>?=�@�-/>?4MA7-�2 @�2 >?4�>FN�E 97-/<�,�-/.10)-�2�354�672�-/<���� 6I<LA�� ¶ S T <[AI-�2��M<I>FN T 4G2 T P0L>?-�V�� >?-l<�6I.O-�2�>FN�E 97-/<��M354G-/<�� ;672RAI>F-�� 6I2�>?-�4G-/.10)-�2�354�672 CF3�N�N�-/<pN�>FE�9 .O>F4 AI-/.3�<I3�C��+4�>FN�E 97-/<��M6IN�AI2�6IE�@��lC V���V! S�-�2�=$C?-/>FE�9I-/<WV"� >?-#� 354G-/<70L6I<I@�4G-#� ;672$� ¶ CF3�N�N�-/<N�>FE 9 .O>?4%� C V&��V('c3�< �I4G4G-/<WV�X�Y*),+ Z]\ `
° . ( ¾ J4(0B0,yl*�(6Z . ? L $�J4BX}�ÂTJ4Z[,+J=B4OE*'R@B0&�N . ( ¾ J=( L (:l& � J4( . ? L $2J4(`V1<-ÂTJ4(0J4?2NU$2J4(`Z�(6<-,6<@B07 � J4?
hjJ4PHkTJ=(+*�, . (6J=?�O~ZA*'?2?�P�*'?�$2<@J � WW� l*�? L < L Z'J4<c,�$�J4(ÆZ�(6<c,+<-B67 � J=? h�J=P`kSJ4(6*�, . (ud)&)? $�J4(
� . B0,Y* . B67 � Q\J47 � B0J4R-Q/<-(6Z . ? L * . B0? . ,+N4J=?�9�}p<-?2J ¾ J=( L (:l& � J=( . ? L $2J4(���?2<-B6&',6(6&)k2<-J W J=$2J . ,6J=,L R-J4<@7 � N4J4<c,+< L J4<@?�J ¾ J=(6(0<@? L J=( . ? L $2J=(�V1&'Pql*'?�J4?[Q_*�?2$ W (0J4<-,6J'9SV1<@J=B � *�,^N . ( ³ &)R L J'O2$5* � $2<-J
Å <@?�Z'J4R�N=Q/<@B07 � J4?H$2J=?HP`* L ?�J=,+<-B67 � J=? �3&)PHJ4?[,+J=?H<-?�$2J4(�V1&'Pql*'?�J4?[Q_*�?2$�d)J4( L (Çl& � J4(f,pQEJ=(fa
$2J=?�O2Q_*�B^N . ( ³ &)R L J � *�,4O2$5* � $2<-J1P`* L ?2J8,+<@B07 � J4? �3&)PHJ4?[,6J;<@?±$2J=(>V1&'Pql*'?�J4?[Q_*�?2$i?2<@7 � ,
PHJ � (>B6&XBf,Y*'(0Z L J4Z'&'k2kTJ=R-,�B6<@?�$�9mV;*�B.-;R@J4<-7 � J�R¿l* � ,>B6<-7 � * . 7 � $ . (67 � ° . B6*'PHP`J=?2$2(�l. 7YZ'J4?
$2J=(>V1&'Pql*'?�J4?[Q_*�?2$3J=(6(0J4<@7 � J4?�9m° . B+*�P`PHJ4? L J4$2(�l. 7YZ[,+J�V1&)P%l*'?2J4?[Q�l*'?�$2J�¯2?2$2J=,^P`*'?UN'9 ® 9
<@?�?5*�?2&)B0,6( . Z[, . <@J=(0,+J=? V1( l* � ,+J4?mO�QE&uN'9 ® 9�$2<@J ® (6J4<c,+Ji$2J=(`D·J=<-,+J=( W * � ? B07 � P`*'R@J=(H<-B0,H*'R-B
$2<-J>V1&'P l*'?�J4?[Q_*�?2$ W (0J4<-,6J>$�J4(C<@?K$2<@J=B6J=(ED·J4<c,+J=( W * � ? W J=¯5?2$�R@<@7 � J4?`V1&)P l*�?2J4?[QE*'?2$�O�$2J=(6J4?® (0J4<-,6J;$ . (07 � $2<-J �3*�,+J=(6<r*�R@k5*'(6*'PHJ=,+J=(\d'&)( L J L J W J4?3<@Bf,:95V1<-J4B/<@Bf,/N'9 ® 95$2J4( ³ *'R-RmQEJ=?2?%B0<@7 �
N'9 ® 9m*'?qJ4<-?2J W (6J4<c,+J~DFJ=<-,6J4( W * � ?qJ=<@?2J�B67 � P`*'R@J=(6J~*'?2B67 � R@<@J � ,Kvº¹A|�&n$�J4(�<-?qB6<-J D·J4<c,+J=( W * � ?na
d)J=(6J=? L . ? L J4?�OSB6& L J4?5*'?�?�,6J0/2143,57698�:9;=<KJ=<@? L J W (+*�7 � ,^B0<@?2$�vº»)¹GO£»){y|�9
� W�W 9�¹G9���N=J4< L ,>µ ¶ tyµ � *'R-B ³ . ?�Z�,6<@&)?3$2J4(1}�<-?2B67 � (Çl*'?2Z . ? L 9�V1<-J~V1&)P%l*'?2J=?[Q_*'?�$ W (6J=<-,6J~<@Bf,
$5* W J4< L (:l& � J4(>*'R-B�$2<-J ® (0J4<c,+J~$�J4B?>A@GBf,+J4PHB4OTB6&X$2* � J=<@?2J�J4<@? L J4B07 � (Çl*'?�Z�,6JKV1&)P%l*'?2J4?[QE*'?2$
d)&'(6R@<-J L , . ?2$q$2<-J�V1&'Pql*'?�J4?[Q_*�?2$ W (0J4<-,6J�$ . (67 � $�<@J�>A@GB0,6J4P W (0J4<c,+J�ÀMJ=B0, L J4R-J L ,><@Bf,:9 �3<c,>N . a
?2J � P`J=?2$2J=( ¾ J=(6J4? L . ? L ?2<@PHP~,F$2<-JCZ�(0<-,+<-B67 � J�hjJ4PHkTJ=(+*�, . (Fµ ¶ <@PHPHJ4(·PHJ � (j* W OÇ$2* L R-J4<@7 � a
N4J=<-,6< L $2<-J1� . B0,Y* . B67 � Z�&)k2k2R . ? L N=Q/<-B67 � J=?3$2J=?iP�* L ?2J=,6<@B67 � J4? �3&)PHJ4?[,+J=?U* W ?2<-P`P~,49GV1J4(
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Å�*'?2$�R-<@J L ,�? . (E?2&G7���<-?`R-J4<-7���,6J4(C��7��2B0J4?2(0<@7��[, . ? L J4<-?2J � * L ?2J8,+<@B0<@J=( . ? L d)&)(=O[QEJ=R@7��2J . ?naL R-J4<@7��Ut . R@R�<-B0,49® J8,+(+*�7���,6J=,�P`*'?qBf,+J4R-R-d'J4(0,6(6J8,+J4?�$´ÀYl. (1$2<@J�,+(6*'?2B0d'J4(0B+*'R-JKV1&)Pql*�?2J4?[QE*'?2$]J4<-?2J ® R-&n7��[QE*'?2$
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