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°Q±+²¾±2D E�FHGO¶JIb´+Á�¶{¼|ºC¶�ÀoÀj¶�Å
 "*U!�z{FLWb!$#+*Ghp!$2LD+!APSRC#E46!$2�03hÂ�"~qöÎ=jÊplsD+#k0XxK:G#+B)xK# v !c*�%Sz'lKl�K�46RK#kwyxK()!at �RKxK#jD$ZÉ "!$#A!cF�=
WÌ!c#+*Uh�!$26Dj!$:U: ! u R6t v 0XR�*<;oD"*G2 u"v ;jwyxK2C*UD+DQ]KZGY1Z [ v !3;jwyxC#+*U! v !c2�Z­ Q*U!�~q0 u ;aHjY1Y$�sN÷=j� v !c#g���0)wyxK!
PSRK#E46!q46RK#kwyx�lsWb03:UDj!$2�*GhL�Aë"�MWK#f�0XWb03#+*G!$#+DcZ6 Q*U!QP¨�RK#gtJ!$: tk�B1#jhp*U()!$2�~q0 u ;>=>z{*G2K�L#+*<;oDE03:U:U!Sh�*UD
V 0326Dj!$2K:>�0X2K()!$2�.sB)2M]X=>ó�hph hTRK�1Dj!$2�4K0XrcR�0XR6t8xC!$*Ur v 0X#+!M1�#+B v !$2LD+#f�0X()!$#�0XRLtJ(1!$�L:U!$h�h�D
P'!$#k46!$2�ZLöI*UD¾!$*U2C!$#"lsW�0X:UDjr30X2C(1!A*G2�46!$#H�AëQ�"=oV803hph�!c#��sB)2K26Dj!A!$*G2���!c*U:É46!$#H1�#+B v !O0 v (1!Ö=
;gWb03:UD+!c2�P¾!$#E46!c25H u"vKv Z�ô6Z ñ�NEZM�bRK#A�|!$# v !3;+;o!$#+RK2C(I4L!$#A7
�0X#jhp!$:G!$*UDjRK2K(TPSRK#E46!�46*G!N1{#jB v !
r$Rb; �03D+r$:G*<wExIhp*GDQde2b46*URChÂ0X2C(1!$: �B1D+!cD$Z� A0)46RK#kwyx�PSRK#E4L!$2�0XRbwEx9wyxK!chp*<;jw+xK!&��!303�6Dj*UB)2K!$2Ih�*UD
46!$hO4|R6=21�#+B v !c26Dj# �0X()!$#Q.s!$#+xK*G2b46!$#jD$Z

%'!c*K(1!$#j*U2K()!$2T%'!346!fwy�LRK2K()!$2OPü0X#+!c2�B3tJDÔh�!$xK#+!c#+!'RC26Dj!$#E;jwyxK*G!346:G*<wExK!'ùÉz|z| �=oöIR�;gD+!c#S46!$#
!$*U2Krc!$:U2K!c2IlsDE0)46*U!c2�46!3;Qì�*G:UhTPS01wExb;oD+RKh�;'032I.s!$#k;+wExK*U!34L!$2K!$2IlnD+!$:G:U!$2_46!$#P1�#+B v !¨rcR v !$B v =
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u"vKv *G:<46RC2K(Tô6Z ñ@-bVA:U!$h�h¨.sB1#+#j*<w+xLD+RK2C( t �RC#Q46!$2�~q0 u ;e=oVA#+*};gDk0X:U:|HQ1�#+B v !�-É46RK2C�s!$:÷N

01wEx6Dj!$2�Z u h��"032b4�46!$#R1�#+B v !A:G*U!atJ!c2p46*G!A�QRK�6:G!30XDj*UB)2b;>=�RK2�4�7�0)wyx�;gD+RCh�;gWK#jB1r$!f;+;g!q;+wExK2K!c:-=
:U!$#�0 v 0X:}; *G2546!$#S1{#jB v !$2Kh�*UD+Dj!sZ��bP'!$*¾ìb0X�LD+B)#+!$25���B12K2C!$2546*G!3; v !$PS*G#+�s!$2J-�!$*G2K!$#k;g!$*GDE;A*<;oD
46*U!&ë¨�B)xK!&46!$#P1�#+B v !&2b01wEx�lsW�0X:UDj!$2_[f=>ñ�hph��n;gB�4K03�ÎlnD+#E03xK:URC2K(s;o.s!$#+:GRb;gDj!O032�46!c2�ls!$*GD+!$2
RK2b4pz|wE�s!$2O!c*U2K!$2���!$hpWb!$#E03D+RK#j(1#k0146*G!$26Dj!$2O.s!c#+RK#k;+01wExK!$2¨���B12C26Dj!$2�Z u 2b46!c#+!$#k;g!$*GDE;��)0X2C2p46*G!
(1#f�B1�1!c#+!�lsDjR6tJ!$2b46*}wyxLD+! 0X2M4L!$2M%'#jRbwyxC�10326Dj!$2�46!$#T1�#+B v !�46*G!_�"RK�L:U!303D+*UB)2�46B1#jD�P¾!3;g!$2LDg=
:U*}wyx v !3;+wExK:U!cRK2K*U()!$2�Z u :U:U!T%'!c#+!$*}wyxK!T4LRK#EwExK:U*G!atJ!$2�0 v !c#$��P¾!$2K2503RbwEx�*U2�RK2LD+!$#k;+wExK*U!34L:U*<wExK!$#
~Q!3;+wEx6PS*G2b46*G(1�s!$*GD$�É46*U!3;o!$: v !�ls!VUsRK!$2KrT.sB12/öIRb;gDj!$#+2�Z�z|;O�)0X2K2/0X:<;oB�4K0$.sB12503Rb;g()!$(s032K(1!c2
P'!$#k46!$2��34C0X�846*G!|r$R v !3;jwyxK#j!$* v !$2�46!$2W1�#+B1rc!3;+;o!'*U2&03:U:U!c2O%'!c#+!$*}wyxK!c2846!$#X1�#+B v !ü46*U!|(1:G!$*<wExK!$2
PS03#+!$2�Zb Q*U! u 2K(n0 v !O.sB)2Î2CB1hp*G2K!$:U:G!$#¾%'!346!3wE�LRK2K(O*};gDS*G2I4L*U!3;o!$h�ìb03:U:�.+!f46BLwyx_*U#j#+!aty�RKxC#+!$2b4
RK2b4OPS*G#E4¨4K03xK!$#�*G2T46!$#�%'!3;+wExK#+!c* v RK2C(A46!c#�z�FLWÌ!c#+*Uh�!$26Dj!|P'!$*GD+(1!cxK!$2b48.s!$#+hp*G!$4L!$2�Z$deh
�"R6=
�6:G!30XDj*UB)2b;+;oDE014L*URKh H v *<;"2CB1hp*G2K!$:U:�Ï1�A�uZY NSPS*G#E4�;gDk0XD+Dk46!3;j;g!$2946*U!�lLwExK*<wExLDE46*}wy�)!O03R6tJ(1#jRK2b4
46!$#|*U2T4L!$2ÎùÉz|z| �=>%'*U:}46!$#+2T03R6tJDE03RbwExK!$2b46!c2pöI!$xC#gt@01wExb;oD+#+!cRKRK2K(80 v (1!f;+wEx �0XDjr$D$ZL "*G!S(1!$r$!c*U(X=
D+!$2 u R6tJ2b03xKhp!$2TPSRK#E4L!$2�hp*UD|ó)ÏO!$���L*U2K!cD+*<;jwyxC!$#|z�2K!$#j(1*U! 46!$#Sz�:G!$�6Dj#+B)2K!$2p()!$h�01wExLD$Zs "*G!
hp*UDjD+:G!$#+!OtJ#j!$*U!T7�!c(1:o�032K(1!�*Gh ìK!3;oD+���B1#+Wb!$#¨*};gD v !c*S46*G!3;g!$#�z�2K!$#+()*U![8 ó\�u Z�z�*U2K!�lLwExK*}wyxLD
~q0�ls!8*<;oD"Ên�\Ï �u xKBLwEx�Zb "*G!8%'!346*G2K(1RC2K(1!$2TtÖ�RK#SöI!$xC#gt@01wExb;oD+#+!cRKRK2K(�;g*U2�4Î4C0XxK!$#S2LRK#|tÖ�RK#S46*G!
!$#E;oD+!&öIB12CB1:<03(1!&!$#gty�RK:G:UDcZ

 A01;Îlnm62bwExK#jB1D+#jB12K:G*<wEx6D&PSRK#E4L!I03R6t&!$*U2C!$2�(1:}0XDjD+!$2�%'!$#+!$*}wyx9*U2�46!$#N1�#+B v !$2Khp*GD+D+!W.+R6=
;gDj*U!$#jD$Zs A0);Ôxb03D'r$RC#'ìKB):U(1!n�64C0X�¨4L*U!H1|z'l1=+lnWÌ!c�6Dj#+!$2p2LRK#|hp*GD�46!ch�ùÉzÔz| �=>%'*U:}4�4L!$#].+!$P'!$*G:<;
(1!$#j*U2K(n;gDj!$2_%'!346!3wE�6RC2K(��R v !$#j!$*U2�;gD+*Ghphp!$2�Z

z{*G2K!8r$Rb;c�0XD+rc:U*<wExK!qVAB12LD+#+B):U:Ghp!3;+;oRK2K(&46!$#H1�#jB v !$2LD+!$hpWb!$#k0XDjRK#S46RC#EwExp!$*U2C!$2�z|46!$:};gDE03xK:-=
�6:GB1Djr'hp*GD�!$*U2K!ch�rcP'!$*GD+!$2��303R6t�46!$#'lnDE0XxC:UWK#jB v !Q0X2K()!3;+wExLP'!$*G�1D+!c2¨�'xK!$#jhpBs!$:G!$hp!$2sDc�a:U*G!atJ!$#jD+!
!$*U2C!'VAB)#+#+!c�6DjRK#�rcR¨46!$h
03h^1�#jB v !$2Kxb03:UDj!$#|0X2C(1! v #k01wEx6Dj!$2¨�'xC!$#+hpBs!c:U!$hp!c26DcZE "*U!¾!$#+#j!$*<wExLD+!
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~"!c2b0XRK*G(1�s!$*GD'Pü0X#Q4K0)46RK#EwEx v !3;+;o!$#A03:<;�_�Y$ó	`a4QZb�Qh�!$*G2K!846!Ö`b2K*U!c#+D+!&lsR v ;oD+#E03D+Dj!$hpWb!$#E03D+RK#
.sB12I]nó1� ` 4�03R6tü46!$#S2b0)wyxÇ46!$hÂlsWb03:UDj!$2�[$=oñ�h�h�xKB)xK!$251�#+B v !¨r$R�!$#+#j!$*<wExK!$2��LPSRK#E4L!¨46*G!
1{#jB v !�!$#k;gD�[)�/h�*U252b01wEx�46!$h u RLt@;gD+!fwy�s!$2�03R6t�46!$2Mhp*GD¨�sB12b;oDE0X2LD+!ch lnD+#+B)h v !$xK!c*Ura=
D+!$2c1{#jB v !$2Kh 0X2K*GWKRK:<03D+B)# v !3;+wExK*<wExLD+!$DcZ�deh !$#k;gD+!c2M%'!34K03hpW6tJRK2C(s;+;jwyxC#+*UDjD¨PSRK#E4L!�ls!�03Rb;
!$*U2K!c#A;o!$Wb0X#k0XDj!$2edQRK!$:U:G!8RK2b4�*U2�4L!$2�4K0X#k0XR6,ÉB):U(1!c2b46!$25~q0�ls!T03Rb;A!$*U2K!c#"P¾!$*UDj!$#+!$2CdQRK!$:G:U!
(1!34K03hpW6tJDcZ u :G:U!P1{#f�0XWb03#E03D+*UB)2b;+;jwyxC#+*UDjD+!&PSRK#E46!c2Îh�*UDR1�xKB1DjBs!$hp*<;j;g*GB12�RK2b4IùÉz|z| �wExb0X#k0X�s=
D+!$#j*<;g*G!$#+DcZ�z|;OPSRK#E4L!$2�Ê�z�FLWb!$#+*Ghp!$2LD+!¨hp*GDO~q0 u ;ÖH+Y1Yc��N�46RK#kwyxK()!at �RKxK#jD$Z�z|; PSRK#k46!�4K0 v !$*
hp!$xK#ot@01wExp46*G!8(1:U!c*<wExK!AìKB):U(1!8.sB)2�ùÉz|z| �=o%'*G:<46!c#+2�(1!$P¾B12K2C!$2�Z

°Q±+²¾±2f E[GA´eºC¸gFQ´o¶JIb¶�Àg¸�ºC´+»S¼Q¶{¼ hA¶JILi�¶�´+Á�¶kjA¼lh hA¶JILm'¶�Åon�pQÀo»'ÅCÅK¶{¼�¶{¼
¿9n�pQ´�nqp|º

 "*U! u"vCv *U:}46RK2K(�ôLZ ]�r$!$*G(1DQ!$*U2C!pls!$#+*G!O.sB)2íùÉz|z| �=>%'*U:<4L!$#+2�� v !c(1*U2C2K!$2b4Ihp*GDA4L!$h *Gh �¾0$=
�6RKRCh�()!3;gWb03:UDj!$2K!$2IlnR v ;gDj#E03D$�|�R v !$#S!$*G2K*U()!OlsDk0146*G!$2�46!$#üVA!$*Uh v *U:}46RK2K( v *<;|r$RKh�(1!3;jwyxK:GBs;e=
;g!$2K!c2Mì�*G:Uh¤hp*UD&2KB1hp*G2K!$:G:AY$�)�1� �u  "*<wE�s!sZ� "*U!�lLwExK*<wExLDE46*}wy�s!¨*};gD�0XR6tJ()#+RK2b4M4L!$#pöI!cxK#g=
t@01wExb;gDj#+!$RKRC2K(T0 v ()!3;+wEx��03D+r$DqHe;aZ^BKZCV 03W�Zbô6ZGY1Z [�NEZ u :<;|r$P'!c*UD+!f;Ô%'*G:<4�HeôLZ ] v N|*};gDS4L*U! v !$�)0X2C26Dj!
Ysr|[$=o�S!$�sB)2b;gDj#+RK�LD+*GB12�2b01wEx�46!c#"ls!a= u"v ;jwyxC!$*<46RC2K(8.sB12�!$*U2C*U(1!c2pöIB)2KB1:}0X(1!c2 v !$*�46!$#Q~A0sls!
7�0)wyxb;oD+RKh ;gD+!chpWb!$#E03D+RK#¨]nó1�	`!4�0 v ()! v *G:<46!$DcZ' Q*U!3;o!$#Îl�wyxK#j*UDjD�PSRK#k46!�!$*G2K(1!at �RC(1D$�|RKh 46*G!
RK26.s!c#+hp!$*}46: *<w+xK!_~"#j!$2Kra���01wExK!$2K#j!30X�LD+*GB12�h�*UDpls!$:G!$2M(1!f;gB12�46!$#+D v !cB v 0)wyxLD+!$2MrcRM���B)2K2K!$2��
B1xK2K!Ç46RK#kwyx5r$Rb;c�0XDjr$:U*}wyxK!f;û~q0X:G:U*URCh r$RK#Th��B1():U*}wyxK!c2�%'*G:<46RK2C(�.sB12�~q0)îals!$ï v !c*Ur$RKDj#E03(1!$2�Z
 "*U!�ls!a=@*U2�46RKr$*G!$#+Dj!�Ybr|[$=o�S!$�sB12�;gD+#jRK�LD+*UB)2�*};gD v !$#+!c*UDE;¨.sB12���RMRK2b4�V 03xK2�Æ Y$[)�XËQ(1!$r$!c*U(1D
P'B1#k46!$2�Zbls*U!q!$26Dk;gWK#j*<wEx6D|!$*G2K!$#|�|!$#E4LB1WKWb!$:GRK2K(T46!$#Q� v !c#g���0)wyxK!c2K!$*U2CxK!$*UDk;gr$!c:U:U!¾*U2_�S*<wEx6DjRK2K(
46!$#HtX= u wyx�;g!A.sB)2ø~q0 u ;a�É46*U!q*U2_46!$#AlsR v ;gDj#E0XDjB v !$#o���01wExK!O:G*U!$()D$Z

�q01wEx�4L!$#íln!$:U!$2 v !$xb032b46:URC2K(MPSRK#E4L!$2�2KB)hp*U2C!$:U:&ó1� �u ~q0sls!M0 v (1!3;jwyxC*U!346!c2��"B)xK2K!
4K0X�_!$*U2��6:}0X#j!3;a��~q0�ls!Tr$RKrcRKB1#k462K!$2b4L!3;O%'!$RC(1RK2K(n;ghTRb;gDj!$# v !$B v 01wEx6Dj!$D8PSRK#E4L!�H u"vCv Z�ô6Z^]
wXN+NkZ�7901;I*G2�4L*U!3;o!$#C1�xb0);g!5032 ~q03:U:U*GRKh�=�RK2b4�ls!c:U!$2Kh�B1:U!c���RK:G!$2�x�0ftJD+!c2�(1! v :U*U! v !c2�*};gD$�
�1032K2�:U!f46*U():U*<wEx�r$RK# u Rb; v *U:}46RK2K(�46!$#O~Q#j!$2Kra���0)wyxC!$2KWKxb0);g! v !c*U(1!cD+#E03(1!$2�x�0 v !$2�Z� Q*U!pYbr|[$=
��!$�sB)2b;gDj#+RK�LD+*GB12T(1!$xLDS4C0 v !$*­.s!c#+:UB)#+!$2�Zs A01;SùÉz|zÔ S=o%'*G:<4�Pü0X#'*G2�46*G!3;g!$#R1�xb0);g!A�s!$*G2K!$#�!c*U26=
r$!$:U2C!$2&��!$�sB)2b;gDj#+RK�LD+*GB12¨r$RCr$RKB1#k462K!$2��XPü01;�03R6t�46*U!¾*U2¨4L*U!3;o!$h�lsDE0)46*URKh
46!f;�z�F6Wb!$#j*Uhp!$2LD+!f;
.sB1#+:G*U!$()!$2b46!&� v !$#o���01wExK!$2C*U2KxKB)hpB1()!$2K*GD3�0XDü;+wExK:U*G!$�1!c2p:o�03�1D$Z

z�*G2M�6:}0X#+!f;�%'*G:<4�4L!$#IlsR v ;gD+#k0XD�YsrüYy=>��!c�sB12b;oD+#+RC�6Dj*UB12Mrc!$*U()Dp;o*<wEx�!$#k;gDp2b0)wyx�4L*U!3;o!$h
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u"vKv *G:<46RC2K(Tô6Z^]o-­ùÉz|z| �=o%'*G:<46!c#Q46!$#S.s!$#k;+wExK*U!34L!$2K!$2T1�#3�0XW�0X#E03D+*GB12b;j;+wExK#+*GD+D+!}-b0�NS~q0 u ;ÖH+Y)Y$��N.Lwa:e� v NT~A0 u ;aHjY1Yc��N÷=kYCr5[@- ls!a=>��!c�sB12b;oD+#+RC�6Dj*UB12��|wy=÷tÖN~-�~q0�ln!a=oVA!$*Gh v *U:<4LRK2K(�HJ2KB1h�*U2K!$:G:QY$�v *<;�Ï)� �u Nk�'(6N 4��RK2K2K!�(1!f;+wExK:UBn;+;g!c2K!í~q0sls!a=jlLwyxC*<wEx6D�H v !$*82KB1h�Züô1� �u 03h 1�#+B v !$2C#E0X2�40XR6tJ()!$2KB)hphp!$2­Nk�sx­N|2KB1hÇZ­Y$�)�1�^�u HJr$RK# u"v ;jwyx��0XD+rcRK2K(T46!$#Al�wyxK*}wyxLDE4L*<wE�1!Q;aZbV803W�Z­ôLZUY)Z\[�N
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lsDE0)46*URKhÇ��P'!c2K2M03Rbwyx�%'!$*UDj# �03(1!I.sB)2�~q0�ln!I*Uh ùÉz|z| �=>öIRb;gDj!$#�46!$RCD+:U*}wyx/;g*<wExLD v 03#�P¾!$#g=
46!$2MH u"vKv Z�ô6Z ]Ç4ÌN+NkZÔ�S,É!$2 v 0X#&*<;gD�4K0X2�01wEx�4L*U!I~q01îaln!$ï+=+~Q#j!$2Kra���0)wyxC!$2KWKxb0);g!�03Rb;g()! v *G:<46!$D
RK2b4pPS*U#k4p46RK#kwyxIln!$:U!$2Ch�0X2K()!$:K2b0)wyx�!$*G2K*U()!$2�öIB12KB):<0X()!$2_0Xh�7�!$*GD+!$#jPS01wExb;o!$2�()!$xK*G2b46!$#jD$Z
~A0)îals!$ï8P&�01wExb;oDA!$#E;oD v !$*�x��B)xK!$#j!$2���!chpWb!$#E03D+RK#j!$2_0X:<;O~q0�ln!¨RK2b4 v #k0XRbwEx6Dq.sB1#803:U:U!ch�*Uh
ö�%Sz�=21�#+B)r$!$��!$*U2� Q#+RbwE�6.s!c#+x��03:UD+2C*<;Q46!$#8z�:U!chp!$2LD+!8.sB12�����V�����o�N��Y$�9Æ-YÖ]KYaË@��;gBÇ4K0X��RK2L=
D+!$#q46!$2�()!$(1! v !$2C!$2I7901wExb;gDjRKh�; v !f46*U2K()RK2K()!$2�~q01îals!$ïq2K*<wEx6DQP'!c*UD+!c#SPS01wExb;o!$2I�)0X2C2�Z� "*G!
ùÉzÔz| �=>%'*U:}46!$#QP'!$*};g!$2_2K*<wExLDA03R6t¾!$*U2K!&�|!$# �032b46!$#jRK2K(�46!c# ~q0 u ;>=j~"*GD+Dj!$#+�sB)2b;gDk0X2LD+!$2�46RC#EwEx
46*U!p~q01îaln!$ïg=j�bPS*<;jwyxK!c2b;+wExK*<wExLDSxK*U2�Z� "!$#��"2LD+!c#E;+wExK*G!34p*U2�46!$#&~"*GD+Dj!$#+�sB)2b;gDk0X2LD+!¨P&�0X#j!s�­PS*G!
46*U!&z�#+()! v 2K*};+;g!8hp*GDS~A0sls!1ð)ls*eHjY1Y$�sN v !$P'!c*<;g!c2��6�L:<03#Q0XR6tJr$RC:o�Bs;o!$2�Z

 Q*U!¨~q0�ls!¨lLwExK*<wExLDE46*}wy�s!S*Gh�!$#k;gDj!$2_%'*U:<4Thp*UD|xK!$FC0X()B12b03:U!$2 u 2LD+!$*G:U!$2�ô6Z^]T4ÌN|�)0X2K2Ç0XR6t
46!$RKDj:U*<wEx¨RK2LD+!$#¾!$*U2C!$#|öIB12CB1:<03(1!&0 v (1!3;jwyx��03D+r$D¾P'!$#k46!$2�Z��| "*G!Az�WK*GDE03F6*G!$#+!$:}0XDj*UB12T4L!$#SVA!$*Ghp!
:o�0X�)Dp;o*<wEx�0XRb;p4L*U!3;o!$h %'*U:}450 v :G!$*UDj!$2�Z u Rb;�4L!$h �Ô!c#+(1:G!$*<wEx�hp*UD u"vCv *U:}46RK2K(�ôLZ\ó�*};gDT46*G!
��*}wyxLD+RK2C(s;g*G2b46*Gr$*U!$#jRK2K(�Æ�� Y1Y$�3Ë ýKþ����e� Æ-YV� Y1YÖË ýKþ��@� RK2b4�Æ^[6Yc�XË ýKþ����e� Æ�� Y1Y1YÖË ýKþ��@� t �RK#�46*G!Ir$P¾!$*
 "B1h��032K!$290 v rcRK:U!3;o!$2�Z� "*G!I~Q*UD+Dj!$#gtJ!cxK:<032KWb01;j;gRK2C(�46!$#��"!$Djr$! v !$2K!$2�;o!$2K�L#+!3wExLD rcR�46*G!3;g!c2
��*}wyxLD+RK2C(1!$2p*};gDQ�L�\ó���Zb "*G! v !$*}46!$2� QB1h��032K!$2_;g*G2b4pRKhÂY$�L�\ó ` (1!$()!$2K!$*G2b0X2�46!$#S.s!$#k46#+!$xLD$Z

 Q#+!$* u ;gWb!$�LD+!q46!$#ü%'*U:<4L!$#Q�0X2�46!$#+2 ;g*<wEx v *<;|r$RK# u Rb; v *G:<46RC2K(¨46!c#Ô!c#E;gDj!$2pr$P¾!$*ÉöIB12KB):<0$=
(1!$2 v r$P8Zb4L!$h��|!$#E;jwyxLPS*U2�46!$2�46!$#AlL03D+!$:G:U*UDj!$2K#j!a�b!$FL!OH@%'*U:}4�!a=@(6N|(1!chp!$*U2�;+0XhM-

�  "*U!¨lsR v ;gDj#E0XDj#+!a��!$F6!8.s!$#k;+wEx6PS*G2b46!$2�Z
�  "*U!¨lL03D+!$:G:U*GD+!$2b;oWbB1DE;'.s!c#E;+wExLPS*U2b46!c2�Z
�  "*U!8�L:<03#+!��bRCB1#E4L26RK2C(pr$R�4L!$2 v !$*}46!$2_ "B1h �0X2K!$2_(1!$xLDQr$RK(1RC2b;gDj!$2I!$*G2K!$#Shp*GD+Dj:U!$#j!$2
�Q#+*U!c26Dj*U!$#jRK2K(O.s!c#+:UB)#+!$2�Z

1{RC2K�6Dq!$*U2b;SRK2b4IrcP'!$*�:}0XR6tJ!$2_Wb0X#k0X:G:U!$:�0 v RK2�4�;g*U2�4­� v !34L*U2K()D846RK#kwyxÇ46*U!8tJ#+!$*G! 7�!$(): �0X2C(1!
46!$#|z�:U!c�6Dj#+B12C!$2��);gW��03D+!3;oD+!$2b; v !c* u Rb; v *U:}46RK2K(84L!$#�r$P¾!$*UDj!$2&öIB12KB):<0X()!A0 v (1!f;+wExK:UBn;+;g!c2�Z u Rb;
46!$h �|!$#k;+wEx6PS*G2b46!$2�46*G!3;g!c#p�S!a�b!$FL!IPS*G#E4�*Gh .sB1#j:U*G!$(1!$2�46!$2Mìb03:U:q46*U!�lLwExK*}wyxLDE46*}wy�)!�0 v =
(1!3;jwyx��03D+r$DcZ­ Q*U!¨�|!$#3�032b46!$#jRK2K(�4L!$#O�Q#+*G!$26Dj*U!$#jRK2K(�;g!$Djr$DX.+!346BLwEx�.sB1#A*GxK#+!$hi�|!$#k;+wEx6PS*G2b46!$2
!$*U2�ZC%'!$#+!c*UDE;¾4K01;Sr$P¾!$*UDj! ùÉz|z| �=>%'*U:<4�ôLZ ]T!1N|2b01wEx u R6tJDj#+!$Dj!$2p.sB12�~q0�ln!Or$!$*G(1Dü46*U!A�|!$#jPS*-=
;+wEx6RK2C(846!$#|�Q#+*U!c26Dj*U!$#jRK2K(K�34L!$RKD+:G*<wEx v !c.sB1#�*G2¨ô6Z^]A!1N�46*U!ü[6ZsöIB)2KB1:}0X()!S(1!3;jwyxK:GBs;j;g!$2¨*};gD$Z) "*G!
�2���������V���!���������V�"�g� �V������¡£¢J��¡���¤¦¥¨§o¡�©aª#�"�V¡Q¤¦�V��ª	�����V©a¥H���V��«�«­¬®5¯&° �V�V�������V��¡X� �������±ª	�����V©a¥H���V��«�«² ° ¬®C³ ��´��V�:�V���Nµ¶��·V¸¹¤¦º�·V»V·�¼&·¾½a¿�·
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(00À 1)

GaSeÁ [120]

α=5.26°

GaAsÂ [001]

GaAs[
Ã
1-11]

GaSe[
Ã
-110]

(-11Ä 0)

GaSeÁ [210]

(10À 0)

(01Ä 0)

GaAs[
Ã
-111]

aÅ )
GaSe 1. Ordnung

GaSe SatelÆ litenreflexe

GaAs(110) 1x1

c*GÇ aAs

b
+

)

u"vKv *G:<46RC2K(&ô6Z\ó�-K0sN| "*G!"#j!$r$*UWC#+B1�s!c2p~"*GD+Dj!$#|.sB12I~q0 u ;aH+Y)Y$�sN|RK2b4Î~q0�ln!sHe�)�6YXN|h�*UD u 2C(s0 v !46!$#üz{WC*UDE03F6*G!$#+!c:<0XDj*UB)2K!$2�Z v N|z�*U2���!$*G:­4L!3;Ô!a,É!$�LD+*G.s!$2¨#+!cr$*UWK#jB1�s!$2�~Q*UDjD+!$#k;a-s�|!$#+.L*U!$: t@01wEx6RC2K(46!$#�r$P¾!$*-=> "B1h �0X2K!$2�lnD+#+RC�6DjRK#�H÷(1#jB1�)!�P'!$*G�1!1ðc(1!3;oD+#j!$*-tJDj!�V #j!$*<;o!1NT46RC#EwEx�46*U!5lL0XDj!$:U:G*UDj!$26=��!Ö�b!$FL!¨H÷�L:U!$*G2K!AP¾!$*U�)!1ð$()!3;gDj#+!$* tJD+!qV #j!$*<;o!1N|.sB12�~q0�ln!sHe�)�6YXN�46RK#EwEx[_ t�È �o�"ÉËÊ

�"hpB)#+*U!c26Dj*U!$#jRK2K( v !$(1*G2K26D'tJB):U():U*<wExT*U2_46!$h lnDE014L*URKhi4L!3;"lLwExK*<wEx6DoPü01wExb;gDjRKhp;Ö�1*U2_46!ch�46*G!
VA!$*Uhp!�!$*G2K!S~"#f�B1�)!S!$#+#j!$*<wExK!$2��E*G2¨46!$#�*GxK#+!ü�O�032b46!$# v !$(1*G2K2K!$28r$R�;+0Xh�hp!$2Kr$RLPS0)wyx�;g!$2�Zk�A01wEx
46!$h �|!$#E;jwyxLPS*U2�46!$2546!c#ÎlL03D+!$:G:U*GD+!$2b;oWbB1DE;¨;o*U2b4�46*U!_xK!$FC0X()B12b03:U!$2���!a��!$F6!�:G*U2b;o!$26t �B1#jhp*U(C�
hp*UD¨!c*U2K!$h¤xK!$:G:U!$2M�b!$2LD+#jRKh H u"vCv Z|ô6Z^]�tÖN+NEZ¾ "!$#T(1# �B1�)D+!���!$*U:Q46!c#Ì�"h�B1#+*G!$2LD+*U!c#+RK2K(_*<;oD
46!$hp2�01wEx v !c#+!$*GDE; *G2�4L!$#Or$P¾!$*UDj!$2�öIB12CB1:<03(1!�0 v (1!f;+wExK:UBn;+;g!c2�Z� "*G!Îl�wyxK*}wyxLDE4L*<wE�s! .sB)25w$0LZ
2KB1h�*U2K!$:G:QY$ó1�Í�u *};gDT46*G!�� v !$#j(1#j!$2Kr$!pty�RK#T4K0);û!c2b46(É�RC:UD+*G(1! u Rb;oPS0)wyxb;o!$2M4L!$#TìK!$xK:UB)#+*G!$26=
D+*G!$#+RK2C(¨*U2_46!$#H1�#+B v !$2Khp*GD+D+!nZ6 q01;S!$26Dk;gWK#j*<wEx6D|*G2ÎRC2K(1!atk�03xK#Q!$*U2K!c#'#+!f0X:U!c2�%'!346!3wE�LRK2K(O.sB)2
!$*U2C*U(1!c2�~q0�ls!Ö=+lLwExK*}wyxLD+!$*G2KxK!$*GD+!$2�Za Q*U!3;o!'de2LD+!$#jWK#+!cDE0XDj*UB)2¨46!$#|ùÉz|z| �=o%'*G:<46!c#�PS*G#E4O4LRK#EwEx¨46*G!
�Sz|öÎ= u RLtJ2b0XxKh�!$2�(1!3;oD)�RKDjr$DSRK2b4�*Uhi�bRb;+03hphp!$2Kx�0X2K(¨hp*GD|:U!$Djr$D+!$#j!$2p*G2 uQv ;+wExK2K*GD+DQô6ZGY1Z ó
0XRb;et �RKxK#j:U*<wEx_46*<;o�6RCD+*U!c#+D$Z

d>h u"v ;jwyxK2C*UD+D ñ6Z\[LZ ]�PSRK#E46!c2 v !$#j!$*UDk;p46*U!�#j!$r$*GWK#+B)�s!$2�~Q*UD+Dj!$#p.sB)2�~q0�ln!sHe�)�6YXN�RK2b4
~q0 u ;ÖH+Y1Yc��NS�sB)2b;gDj#+RK*G!$#+DcZLd>h�4K03#E0XRL,­B):U()!$2b46!$2 uQv ;+wExK2K*GD+DSñLZ\[LZ\ôOPSRK#k46!&4K0X#k0XRb;S!$*U2�!a,É!$��=
D+*G.s!3;'#+!$rc*UWK#jB1�s!3;"~Q*UDjD+!$#q46!3;8lsmK;oD+!$h ;'xK!$#+()!$:U!c*UD+!cD$ZÌ�bRC#"�|!$#k46!$RKDj:U*<wExLRK2K(T46!$#qz�WK*UDk0XFL*U!$#j!a=
:<03D+*UB)2�*};gD8xK*G!$#82KBLwyx9!$*U2Kh 0X:�!$*U29%'*U:}4�46!$#8#+!$rc*UWK#jB1�s!$2�~"*GD+Dj!$#&46!$#TYsrüYy=@#+!$�sB)2b;gDj#+RK*G!$#+Dj!$2
� v !c#g���0)wyxK!c2�.sB)2�~A0 u ;aHjY1Yc��N�RK2b4�~q0�ls!nHe�1�LYXN�(1!$r$!c*U(1DcZS "*G!�d>2�46*Ur$*G!$#+RC2K(�4L!$#_��!a��!$F6!
H÷xK�L:÷N�*Uh�#j!$r$*GWK#+B)�s!$26=�RK2b4_46!$#Q�S*<wEx6DjRK2K()!$2�ÆòRK.LPSË�*Uh�#+!303:U!$2��Q0XRCh�*<;oDQ46#+!$*}46*Uh�!$2b;g*GB12b03:



Y$[1ê ÐAÑ8ÒÔÓÖÕ�×|Ø9Ù1Ú�Û�Ü$Ý9Þ6ßEà¨á�Ü1Ü$â}ã+ä<åOßEÝ­ænçgÜcè6éJß

(1!$P �03xK:UDc�1RKh�46*G!S%'!$r$*G!$xLRK2K(Qr$Rp4L!$2T��*}wyxLD+RC2K(1!$2�46!3;|ìK!3;gDj� �B)#+Wb!$#j.sB1:URChp!$2b;­r$R¨.s!c#E46!$RCD+:U* =
wyxK!c2�Z î �bRb;$�03D+r$:G*<wEx�*};gD'!c*U2���!$*U:�46!3;|!a,É!$�6Dj*U.s!$2T#+!cr$*UWK#jB1�s!$2�~Q*UDjD+!$#k;'0 v (1! v *G:<46!cD$�K4L!$#S46RC#EwEx
�Ô!c#+.L*U!$: t@01wEx6RK2C(A46!c#�r$P'!c*-=> "B1h��032K!$2plsDj#+RK�LD+RC#Ô.sB)2Î~q0sls!sHe�)�6Y3N¾46RK#EwExÌ_�t ÈÎ£Ï�ÐÒÑ !$2LDE;gDj!$xLD$Z ï
zÔ;Sr$!$*G(1Dü0X:U:G!&öIRb;gDj!$#$�C46*U!8*U2_46!c2ÎB v !$2I.sB)#+(1!f;gD+!c:U:UDj!$2�ùÉzÔz| �=>%'*U:}46!$#j2I;o*<wEx6D v 0X#SP¾!$#E4L!$2�Z

u"vKv *G:<46RK2C(Tô6Z\ô�-b "*U!&ìKB1DjB1hpB)26Dk0X()! .sB)2�r$P'!$*�ùÉz|zÔ S=o%'*G:<46!$#j2��b46*G! 2�01wExÎ!c*U2K!$hÓ1�#3�03Wb0X#k0f=D+*UB)2b;+;jwyxC#+*UDjDQ0X2_.s!$#E;jwyxK*G!346!$2C!$2Ì1�#jB v !$2KWbBs;o*UDj*UB12C!$2�0XR6tJ()!$2KB)hphp!$2TPSRK#E4L!$2��b.s!$#E46!cRKD+:G*<wEx6D46!$2�7�!3wExb;o!$:�*U2/46!$29z{WC*UDE03F6*G! v !346*G2K(1RK2C(1!$2�.sB1h¤VA!$*Gh v *G:<46RC2K(s;j;gDE0)46*URCh rcRK#8(1!3;jwyxK:GBs;e=;g!$2K!c2�lLwExK*<wExLD$Z� "*U!�ùb*U2K*G!$25.s!$# v *U2b46!c2�4L*U!_��!Ö�b!$FL!I4L!$#�()!3;+wExK:GBs;+;o!$2K!$2MlLwExK*}wyxLDO*G2M46!$##+!3wEx6Dj!$2�ë¨�0X: tJD+!q46!3;S%'*U:}46!3;ÖZ u R6t�46!$#¾:U*U2C�s!$2Îln!$*UDj!"PSRK#k46!&46*U!që¨�03:-tJD+!q!$*U2K!f;'%'*U:}46!3;�.sB12�!$*-=2K!$#SxK!$*G�1!$#j!$2Ô1�#+B v !$2�;gD+!c:U:U!8hp*GD|(1!$#j*U2K()!$#+!$#Q%'!f46!3wE�6RK2C(¨4K03#)�R v !$#j(1!$:G!$(1DcZb "*U!¨lLwExK2K*GD+D+:G*U2K*G!*<;gDSh�*UD|!$*U2C!$#Q46RK#kwyx v #+BLwExK!$2C!$2Iùb*U2C*U!A()!$�s!$2K2Krc!$*<wExK2K!$DcZ

 q0X�5!3;p;o*<wEx�RKh !$*G2K!��"!cRKB1#j*U!$2LD+*G!$#+RK2C(�0XR6t�46*G!�hp*UDjD+:U!c#+!T1�Bs;o*UD+*GB12MRK2�4�2K*<wEx6DTRKh
4K01;'r$RLtk�0X:U:G*U()! u R�;gPS0)wyx�;g!$2T!$*U2C!$#¾46!$# v !$*}46!$2� QB1h��032K!$2Txb0X2b4L!$:UDc�6�)0X2K2 46RK#EwExp!$*G2K!qì�B)D+B3=
hpB12LDE03(1!A()!$r$!$*G(1D|P'!$#k46!$2�ZC "*U!q(1!3;jwyxK:GBs;j;g!$2K!&lLwyxC*<wEx6D�h�*UD¾46!$#¾!$2b46(É�RK:UDj*U(1!c2I�Q#+*U!c26Dj*U!$#jRK2K(
RK2b4�46*U! v !$*<4L!$2� "B)h��0X2K!c2p*Uh�VA!$*Uh v *U:G46RC2K(s;j;gDE0)46*URCh�PS0X#j!$2 v !$*�46!$h�;o!$: v !$2N1�#3�03Wb0X#k0XDj*-=
B12b;j;+wExK#+*GD+Dq46RK#EwEx�;o!$*UDj:U*}wyxK!f;'%'!$P¾!$(1!$2Ç46!$#P1�#+B v !¨r$R v !$B v 0)wyxLD+!c2�Z­ q0 v !$*�P¾!$#E46!c2Î�L:U!c*U2K!
 "#+!$xLRK2K()!$2��b46*G! v !c*Uh u RLt@;gD+!fwy�s!$2�46!$#H1�#jB v !O!$2LDE;oD+!$xC!$2�� �B)2K26Dj!$2��K.s!$#jhp*U!f46!$2�Zs Q*U! u"v =
v *U:}46RK2K(&ô6Z ôAr$!$*U()D�!$*G2K!QìKB1D+B)hpB12LDE03(1!Q.sB12Tr$P'!c*ÌùÉz|z| �=>%'*U:<4L!$#+2�46!3;j;g!$: v !c2Ì1�#3�03Wb0X#k0XDj*UB12�;>=
;+wExK#+*GD+D+!f;�.sB12T.s!$#E;jwyxC*U!346!c2K!$271�Bs;g*GD+*GB12K!$2��s46*U!S!c*U2K!$h
RK2LD+!$#k;+wExK*U!34L:U*<wExK!$2 u R�; v *G:<46RK2C(s;+;oDE0$=
Õ£ÖÒ��� ® �V��«Ø×©&�����Ù�:� ³ ��ª#���:��� ³ �V� ³ �����V����Úb©&«��V¥����V� ³ ��«��������V�����Ù�s´�×�V¡sÛ]��� ³ �V� ³ ¤¦�9�V��¡£ÜÒª	��¡ØÝË×¤¦���V�&·#ÖÒ�����ª#���:��� ³ ¡��VºVº	�R�:��¡XÞ¹¤ ® ��µ�¼&¼ ° ¿àßáÜÒª	��¡ØÝË×¤¦���V�£â#ãä�	¤��Jå&�"���:� ® �V��«Ø×©a�����!�V� ³ �"�Sµ¶��· ® �V�#¤¦� ³9æ�æ ¿ç~ÖÒ��¡£Þg��������¡�è&��å!��©&¡£é&êsë�ìbíî«���� ³ �������V��¡±Þ¹¤ ® ��µ�¼a¼ ° ¿ïß��oª#�"�V�&·
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46*URChÂ46!3;qì�*U:Gh�;�!c26Dk;gWK#j!3wyxC!$2�H@;aZ u"v ;+wExK2K*UDjDAôLZUY)Z\[�NkZ� "*G!pùb*U2K*G!$2�.s!$# v *U2b46!c2�46*G!T��!a��!$F6!
46!$#�(1!3;jwyxC:UBs;j;g!$2C!$2�lLwExK*}wyxLD­.sB)h^1�#jB v !$2K#k0X2b4­�)P'!$:}wyxK!�*U2¨4L!$#�#j!3wEx6Dj!$2&%'*U:<4Lx��0X: tJD+!�r$R�;g!$xC!$2
*<;oD$ZÉd>2Ç46!$#Q:U*G2K�s!$2_%'*U:}46x��0X: tJD+!8*<;oDA4L*U!¨ QB1h��032K!$2b;oD+#+RC�6DjRK#A03Rb;846!$#P1�#+B v !$2Chp*UDjD+!&4K0X#)�R v !$#
(1!$:G!$(1DcZ��S,É!$2 v 0X#8.s!$#j:<03R6tJ!$2�4L*U!�ùb*G2K*U!c2�*U2�46!$# öI*UD+Dj!Or$PS*};+wExK!$2Ç46!$h� "R v :G!$D+Dc�­P'BL4LRK#EwEx
46*U!SB v !$2 v !3;+wExK#+*G! v !$2K!S()!$hp*UDjD+!$:GD+!'�Q#j*U!$2LD+*G!$#+RK2C(A46!c#|0XR6tJPü01wExb;g!c2b46!$2p~q0�ln!a=+l�wyxK*}wyxLD�xK*U26=
;g*}wyxLD+:G*<wExp46!c#S*U2K*GD+*U!c:U:U!c2T "B1h��032K!$2b;oD+#jRK�6DjRK# v !3;gDf�0XDj*U(1DQPS*U#k4­Z

°Q±j²'±�ð EñIbm'¶£ò ¼Q´oÅKÅC¶�¸­jQÅ¨óôp�»ÔºC»"¶�Á�´oÅKÅC´g»S¼QÅÌÁ�¶�ÅCÅsjA¼Hm¾¶{¼
 "*U!õ1�#+B v !c2�PSRK#E4L!$2�2�01wExe.+!34L!$h %'!34K03hpW6tJRK2K(n;+;jwyxK#j*UDjDp03RK�1!$#_hp*UD�ùÉz|z| 0XRbwEx�hp*GD
1�xKB1DjBs!$:U!$�LD+#jB12K!c2b;gWb!$�LD+#jBs;g�sB)WK*U!�RK26Dj!$#E;oRbwEx6DcZ� "*U!T(1!cr$!$*U()D+!$2�lnWÌ!c�6Dj#+!$29;g*G2b4�*U29�"B)#+h�03:-=
!$hp*};+;g*GB12_0Xh��"~qöÎ=jÊp03R6tJ(1!c2KB1hph�!$2�ZK Q*U!71|z'l1=> A0XDj!$2�(1! v !c2��s!$*U2K!&46*G#+!$�LD+!c2IëQ*U2LP'!$*};g!
0XR6t�46*U!TlsD+#jRK�LD+RK#8RK2b4�z�WK*GDE03F6*G!$#+!$:}0XDj*UB12��­;o*U!O���B12C2K!$290 v !$#8xK*U: tJ#+!$*}wyxC!8de26tJB1#jh�0XDj*UB12��R v !c#
46*U!&%'*G2b46RK2K()!$2I.sB)2�~A03:U:G*URKh�RC2b4øls!c:U!$2_0X2Ç46!$#8~Q#+!$2KrÖ���01wExK!8(1! v !$2�Zb "*U!&öI!$�)WÌBn;gDj*UD+*GB12
*<;oD v !c*Als?�1'l90Xh �"~qöÎ=+ÊÇ46RK#kwyx�46!$25P¾B1xK:}46!a`b2K*G!$#+Dj!$25öI!$�3�b!3wE�äöÂY�hph î ()!$(1! v !$2�Z
 "*U!f;g!$#8PSRK#k46!�*G2�4L!$#W1{#jB v !$2Kh�*UD+Dj!¨WbBs;g*GD+*GB12K*G!$#+DcZ u R6tJ(1#jRK2b4�46!$#8*U2KxCB1hpB)(1!$2K!c2�7�0)wyxb;e=
D+RKh ;g(1!f;+wEx6PS*G2b46*U()�s!$*UD v !3;gDj!$x6DT!$*G2��bRb;j0Xhphp!c2Kxb0X2C(�26RK#Thp*GDT46!$2�ùÉz|z| �=>%'*U:}46!$#+2��'46*G!
! v !$26t@03:U:<;'*G2_46!$#H1�#+B v !c2Khp*UDjD+!803R6tJ(1!c2KB1hph�!$2�PSRC#E46!$2�H@;aZbô6ZGY1Z [�NEZ

 "*U!8ls!3ñ)4�=o�Q*U.s!303Rb;�*U2Tô6Z Ê80sN�(1! v !c2p46*G!A�S!303�6Dj*UB12T4L!$#|(1!3;oWb0X:GD+!$2K!c2Î~q0 u ;>=j� v !$#o���01wExK!
46!$RKDj:U*}wyx_PS*U!346!c#$Zb�A0)wyx�46!c#8 "!$WbBs;o*UDj*UB12�.sB)2�ls!$:G!$2Ir$!c*U(1!c2�;g*G!¨2b01wEx u 2KW�01;+;o!$2�.sB12�ì�*UDg=
�6RC#+.s!$2&r$P'!$*sRCh��L�\ê)ó !c�í()!$(1!c2K!$*U2�0X2b46!c#�.s!$#E;jwyxCB v !$2K!¾VAB1hpWbB)2K!$2LD+!$2�Z3 Q*U!3;o!'P'!c#E46!$2�0XR6t
.s!$#E;jwyxC*U!346!c2K!$2�~A0 u ;>=>ì�:>�01wExK!$2p2b0)wyx_%'!$x�0X2b46:GRK2K(¨hp*GDSls!$:U!c2 v !$B v 0)wyxLD+!cD&Æ-Y$�)ê6�EYÖ]s[6�EYÖ]sñ3ËeZ
 "*U!¾VAB1h�WÌB)2K!$2LD+!|hp*GD�46!$#�2K*G!346#+*G(1!$#j!$28%'*G2b46RK2K(n;g!$2C!$#+()*U!QHgls!nYXNÉPS*U#E4��R v :G*<wExK!$#+P¾!$*<;o!Ôln!$:U!$2
r$RK()!$B1#k462K!$Dc�ÌP¾!$:<wExK!3; u #E;o!$2�03Rb;A46!$#8� v !$#g���0)wyxC!O.s!$#k46#3�032K(1DQxb0XDcZ­ Q*U!&VAB1hpWbB12C!$26Dj!Ohp*GD
46!$#¾x��B1xK!c#+!$2_%'*U2�46RK2K(n;g!$2K!c#+(1*G!OHols!3[sN�PS*U#k4�4K0X()!$(1!$2_03R6t|~q0f=j� v !$#o���01wExK!$2�0XD+B)hp!$2�0)4K;gB)#g=
v *U!c#+D+!ch�ls!$:G!$28r$RK(1!cB1#E4L2K!$D$Z3ö�03!34K0S!$D�0X:eZ$.s!c#+DE03Rb;+wExK!$2&46*G!"�bRKB)#E462LRK2K(q46!$# v !$*<4L!$2¨ùb*U2K*G!$2
0XR6tJ()#+RK2�4�.sB12�PS*G2K�s!$:<03R6tJ(1!c:o�Bs;oD+!$2�öI!f;+;gRC2K(1!$290X2946!$#&~A0 u ;aHjY$�)��N�- ls!a=j� v !c#g���0)wyxK!øÆ-Y$�)óXË@Z
u RbwExO~q01î$ls!$ï�xb03D�rcP'!$*sls!3ñ)4�=jùb*U2K*G!$2��346*G!�.sB12&46!$#�;o!$:U!c2K#+!$�sB)2b;gDj#+RK*G!$#+Dj!$28� v !$#o���01wExK!|�)0XRKh
r$R5RK2LD+!$#k;+wExK!$*<4L!$25;g*G2b4�Æ-Y)Y$êXË@Z| "RK#kwyx�46*U!I~q03:U:U*GRKh�tJ!$xC:<;gDj!$:U:G!a2�*U2M~q01îaln!$ïp;o*U2b45[sð3ñ�46!c#
ls!$:G!$2b0XDjB1hp!_032�ñf=¨RC2b4�YXðfñ�26RC#�0X2�[í~q03:U:U*GRKh�03D+B1h�!�()! v RK2b4L!$2�ZS "*G!�VAB1h�WÌB)2K!$2LD+!$2
���B)2K2K!$2_*U2Ç46*U!3;o!$hiìb0X:G:�4LRK#EwEx�46*G!8RK26Dj!$#E;jwyxC*U!346:G*<wExK!$2�de26Dj!$2b;g*GD3�03D+!$2_r$RK(1!cB1#E4L2K!$DQP'!$#k46!$2J-
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u"vKv *G:<46RK2C(AôLZ-Ê�-sls?�1'l1=jlsWb!$�LD+#j!$2T46!$#�.s!$#E;jwyxC*U!346!c2K!$2OlsDk0146*G!$2T46!$#X1�#3�03Wb0X#k0XD+*GB12T.sB12T~A0sls!0XR6t&~q0 u ;ÖH+Y1Yc��NkZ|0�NOln!3ñ14�=>�SRKhpW6tJ2K*G.s!30XR�;ûHQübý � ê1�I!$�&N"h�*UD846!c2írcP'!$*¾VAB1hpWbB)2K!$2LD+!$2ls!sYpRK2b4�ls!f[�Heì�*UD+�LRK#j.s!$2­NE� v N u ;+ñ14s=o�SRKhpW6tJ2C*U.s!303Rb;¨H�übý � ê1�I!$�ONqhp*UD¨� v !$#g���01wExK!$26=RK2b4p�|B1:URChp!$2b0326Dj!$*U:���RC2b4p��H@ì�*UDj�6RC#+.s!$2­Nk�LwXN|�¾0X:U!c2Kr v 032b4K;gWb!$�LD+#j!$2�H�übý � [6Y8!$�ONkZ

 "*U!¨*G26Dj!$2b;g*G.s!$#+!¨ùb*G2K*U!&xb0XD&46*G!¨x��B1xK!c#+!T%'*U2�46RK2K(n;g!$2K!c#+(1*G!¨RK2b4I!$2LDE;oWK#+*}wyxLDStJB1:U():U*}wyx_2��0XxK!Ö=
#+RK2K(n;gP¾!$*<;o!Q46!$#'ls!f[f=>V B)hpWbB12K!c26Dj!Q46!$#'ls!Ö=e#j!30X()*U!$#jD+!$2T� v !$#o� �01wExK!sZ u R6tJ(1#jRK2b4¨46!c#�!$*U2�46!$R6=
D+*U()!$2��bRCB1#E4L26RK2C(Î*G2�~q0 î ls! ï RK2b4�46!$# z{#j(1! v 2K*<;j;g!¨.sB12�ö�03!34K0�!cDA03:eZÉ0X25~A0 u ;aHjY$�)��N�- ls!
;+wExK!$*U2LD¨03RbwEx/ty�RC#T46*U!I~q0 u ;aHjY1Y$�sN�- ls!a=j� v !$#o���01wExK!Ç46*U!I�bRCB1#E4L26RK2C(�.sB)2Íln!3[Ir$RKh *G2546*G!
� v !$#o���01wExK!�!$*G2K(1! v 0XRKDj!$2�ls!Ç;g*G2K26.sB):U:@Z�ìQ�RK#pln!s��P'!$:}wyxC!3; u ;¨0XR�;p46!$#_H+Y)Y$��NJ=+� v !$#o���01wExK!
.s!$#E46#f�0X2K()D$�K���B12K2C!$2�! v !$26t@0X:G:<;S46#j!$*�%'*G2b46RK2C(1!$2�r$R�~q0�032K(1!c2KB1hph�!$2pP'!c#E46!$2�Z

 Q*U! v !$*}46!$2�ls!Ö=oVAB1h�WÌB)2K!$2LD+!$2 v :U!c* v !$2I!c#+xb03:UD+!c2�� v *<;q46*U!T~A0sls!a=jlLwExK*<wEx6DQ(1!f;+wExK:UBn;+;g!c2
*<;gDqRK2b4�!$*U2K!&!$*U2Cr$!$:U2C!s�K�6:}0X#803R6tJ(1!f;gWb03:UD+!c2K!pls!$:G!$26=jùb*U2K*G!�ls!3ñ)4 �o���:� r$R�;o!$xK!$2�*};gDcZ�deh �bRL=
;+0Xh�hp!$2Kxb032K('h�*UDÉ46!$2&xK!$FC0X(1B)2b0X:G!$2¨ùÉz|zÔ S=o%'*G:<46!$#j2ORK2�4 4L!$28�'03:U!$2Cr v 0X2�4K;gWb!$�LD+#j!$28�1032K2
46*U!3;o!8!$*U2b4L!$RKD+*G(�~q0�ln!Or$RK()!$B1#k462K!$DQP'!c#E46!$2�ZK "!$# u 26Dj!$*U:É.sB12�ls!sY82K*Uh�h¨DÔh�*UD¾;gDj!$*U()!$2b46!$#
%'!346!3wE�6RC2K(S�sB12LD+*G26RK*G!$#+:G*<wExA0 v Z6lLwExKB)2 v !$.sB1#¾~A0sls!S*Uh�ùÉz|z| �=>%'*U:<4&;g*}wyxLD v 03#�PS*G#E4­�3*<;oDÔln!3[
46*U!T46B)hp*U2C*U!$#j!$2b46!Oùb*G2K*U!nZ­ "*G!¨.s!$#E;jwyxC*U!346!c2K!&d>2LD+!c2b;g*GD3�0XDq46!$# v !c*<46!$2�VAB)hpWbB12K!$2LD+!c2�Hgln!sY
RK2b4pls!3[�N�*U2T46*G!3;g!$h�lsDk0146*GRKh�P¾!$*<;oD|0XRLt�46*G! u Rb; v *U:}46RK2K(q!$*U2K!c#'~q01îals!$ï+=j�bPS*<;jwyxC!$2b;+wExK*}wyxLD$Z
%'!$*Uh �� v !$#+(n0X2K(&r$RK#|(1!3;jwyxC:UBs;j;g!$2C!$2plLwExK*<wEx6D��1032K2�46!$# u 2LD+!$*G:b46!$#�#j!30X()*U!$#jD+!$2�� v !$#g���0)wyxC!
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v r$P8Zb46!c#A~A0 î ls! ï =+�bPS*};+wExK!$2b;jwyxK*}wyxLDQHgls!f[�N|RK2b4_46!$# u 2LD+!c*U:b.sB12�~q0�ls!THols!3ñ14 �o���V� N¾032�46!c#
ls!3ñ)4�=+ùb*G2K*U!q2K*<wEx6D�RK26Dj!$#E;jwyxC*U!346!c2OP'!c#E46!$2��64C0O;g*G!"rcR�2b03xK! v !$*G!$*U2b032b46!$#|:G*U!$()!$2�Zs "*G!3;��)0X2K2
0X:}; %'!f;gD3�03D+*G(1RK2K(Ç4K0fty�RC#O032K(1!f;g!$xK!c2�P¾!$#E46!c2���4K03��ls!3[�*U2�~q0 u ;aH+Y)Y$�sN�--ln!�46!$2õ1�Bs;o*UDj*UB12C!$2
hp*UDü46#+!c*�~q0f=>%'*U2b4LRK2K(1!c2I*U2�~q01îaln!$ï v r$P8ZK*U2�~q0�ls!8!$2LDE;oWK#+*}wyxLD$Z

u 2b0X:GB1(¨r$R_46!c2øln!3ñ14�=jùb*U2C*U!$2�;o*U2b4�46*G!A�¾0X:G!$2Kr v 032b4K;oWÌ!c�6Dj#+!$2ph�*UD¾46!$2�B v !$2 v !3;+wExK#+*G!a=
v !$2K!$2�lsDk0146*G!$2�46!$#T1�#3�03Wb0X#k0XD+*GB12�r$RM*U2LD+!c#+WK#j!$D+*G!$#+!$2�Z� "*G!�lsWb!$�LD+#j!$2�46!$#�ls!a=@#+!303(1*G!$#+Dj!$2
� v !c#g� �0)wyxK!Ç;g*G2b4í.s!$#j(1:G!$*<wEx v 0X#Oh�*UD¨4L!$2�.sB)2�lLwExK# �B)D+!$#¨!cDp03:eZQÆ-Yc�X])ËA!$#+x�0X:UDj!$2K!$2� A03D+!$2�Z
 "*U!�RK2b;+wExb03#gtJ!$2MlsDj#+RK�LD+RK#j!$2 v !$*|tJB1#+Dk;+wExK#+!c*UD+!c2b46!$#&%'!346!fwy�LRK2K(_.sB1#¨4L!$h z�#j#+!$*}wyxK!c2�46!c#
(1!3;jwyxC:UBs;j;g!$2C!$2M~A0sls!a=jlLwExK*<wEx6D�;g*G2b4�DgmLWK*};+wEx�tÖ�RK#p~q01î$ls!$ïcZ| "*U!p�¾03:U!$2Kr v 0X2b4C;gWb!$�LD+#+!c2�03Rb;
46!$#�1�#jB v !$2Khp*GD+Dj! rc!$*U()!$2��K*U2 �� v !$#+!c*U2b;oD+*Uh�h¨RK2K(Oh�*UDQ46!$2�ùÉz|z| �=>%'*U:}46!$#+2�� v !$*�2KB1h�*U2K!$:G:
Ï1� �u 2KBLwExp�s!$*U2C!$2¨(1#jB1�1!c2 u 2LD+!$*G:K.sB12�~q0�ls!A*G2�46!$#SlLwExK*}wyxLD$Z) "*U!Q(1!f;+wExK:UBn;+;g!c2K!s�s2KB1h�*U2K!$:G:
Y$�)�1�^�u 46*}wy�s!Ol�wyxK*}wyxLD|P'!$*};gDQ4K03(1!$()!$2I()#+B)�1! �u xK2K:U*}wyxC�s!$*UD�h�*UDS4L!$h�.)0X�LRKRKhp()!3;gW�0X:UDj!$2K!$2
~q0�ls!a=>z�*U2K�L#+*};gDk0X:U:�03R6tjZ

u ;+ñ)4�r$!$*G(1DpP¾!$(1!$2µ46!$#Ç��!c:<0XFC0XDj*UB)2�46!$#�� v !$#o���01wExK!�2b0)wyx�lnWb0X:GD+RK2K(�r$P'!c*Oùb*U2K*G!$2�Z
�A01wExMls!a=> "!$WbBs;o*UDj*UB12�*<;oD�2LRK#¨2KBLwExM46*G!��ÔB):URKh�!$26=jùb*U2K*G!IHJ�ONOrcR�;o!$xK!$2���PS01;T46RK#kwyx�46*G!
�|!$#E46#f�0X2K()RK2K(�.sB12 u #k;g!$2�03Rb;O46!c#O� v !c#g���0)wyxK!¨rcR�!$#jPS03#+D+!c2�*<;gDcZ� A0);�~q0)ñ14�=> "R v :G!$D+D&*<;oD
26RC#¨;+wExLPS01wEx�0XRLtJ(1!3;oWb0X:GD+!$2�RC2b4�r$!$*G(1D8�s!$*G2K!¨(1#jB1�1!c2�wExK!$h�*<;+wExK!$2_�|!$#E;jwyxK*G! v RK2C(1!$2��bP'B3=
46RK#kwyx¨!$*G2K!¾0XRb;j;+03(1!$�L#3�0$tJD+*U()!Ade2LD+!$#jWK#+!cDE0XDj*UB)2O2K*}wyxLD�hø�B1(1:G*<wEx8*<;gDcZ1 Q*U!"ln?�1'l1=o q0XD+!c2����B12K2C!$2
0X:};�%'!3;oD �03D+*U()RK2K(84L!$#$�303Rb;�46!$2¨ùÉz|z| �=> A0XDj!$2p0 v (1!c:U!$*GD+!$Dj!$2 u Rb;+;j0X()!$2�� v !cr �RK(1:G*<wEx&46!$# u Rb;>=
v *U:}46RK2K(q!$*U2K!c#Ô~q01îaln!$ï+=+~Q#j!$2Kra���0)wyxC!$2KWKxb0);g!Q032K(1!3;o!$xK!$2¨P¾!$#E4L!$2�Zsls*U!¾.s!$#E46!cRKD+:G*<wExK!$2803RK�1!$#o=
46!$h�RK2b0 v x��0X2C(1*U(T.sB12 46!$2pB v !c2Î()!$r$!$*G(1Dj!$2p?8�Q �=> A0XDj!$2��K4C0X�T46*G!A(1!3;jwyxC:UBs;j;g!$2C!OlLwExK*<wEx6Dc�
.sB12�P'!c:<wExK!$#S4L*U!AxK!cFK03(1B12�0X:U!c2�ùÉz|z| �=o%'*G:<46!c#Q;gDE03hphp!$2��1DE03DE;$�0)wyxC:U*<wEx�~q0�ls!8*<;oD$Z

 A0X#)�R v !$#IxK*G2b0XR�;Î:o�03�1D_;g*}wyxµ0XR�;I46!$2µ�SRKhpW6tJ2K*G.s!30XR�;�46*G!�%S032b4K032KWb01;j;gRK2C( v !f;gD+*Gh�=
hp!$2�Z u ;+ñ)4I!$*U()2K!$Dq;g*}wyxÇ4K0 v !$*�0X:};A��!ÖtJ!$#+!$2Cr$2K*U.s!f0XR�ty�RK#8~q0 u ;Ö�­P'!c*U:�2b0)wyx�ls!a=> "!$WbBs;o*UD+*GB12
26RC#O2KBLwEx546*G!��|B1:GRKhp!$2 v *G2b46RK2K(n;g!$2C!$#+()*U!pHJ�ONQ(1!$h�!3;+;o!$2�PS*G#E4­Z�ì �RC#�~q0�ls!�*<;gD�46*U! v !3;gDj!
7�03xK:�4K01;Als!3ñ)4�=o�Q*U.s!303RÎh�*UDS4L!$#Sx��B1xC!$#+!$2Ç%'*U2b4LRK2K(s;o!$2K!$#j(1*G!�Hols!3[sNE�b4K0¨!3;Q;g!$xK#S2�0XxK! v !c*
ls!3ñ)4 �o���V� :U*U!c(1D|RK2b4�h�*UD|;oD+!$*G(1!$2b4L!$#¾%'!346!3wE�6RC2K(A*U2 46*U!3;o!3;A�R v !$#+()!$xLDAHe;ÖZ BCZ-NEZL "!c# uQv ;gDk0X2b4
46!$# u ;+ñ)4�=|RK2b4Ils!fñ14�=jùb*U2K*G!ÿþ �:� ï�� � ÉoÊ ï�� � Y$ñ � ñ1[¨�)0X2K2pty�RK#S.L*U!c:U!Q%'!346!fwy�LRK2K()!$2�()!$hp!3;j;g!$2RK2b48(1!$hp*GD+Dj!$:UDbP'!c#E46!$2�Z3d>2�46*U!¾%'!3;oD+*Ghph¨RK2K(|.sB12�� þ��	���b*G!$�1!$282LRK#�46*U!|*U2 u"vCv *U:}46RK2K(QôLZ\ê
RKhp#k0X2b46!cD+!$2_7�!$#jD+!&!$*U2��É4K0p;o*<wEx�*U2Ç46*U!3;o!$h�%'!$#+!c*<wExI4L*U!¨%S032b46.s!$# v *U!c(1RK2K(�*UhÂlsR v ;oD+#k0XD
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.sB1:U:};gD �0X2b46*G(50XR�;g(1! v *U:}46!$Dpxb03D$ZS Q*U!3;o!3;�P'!c*<;gD�*Uh �bRb;+03hphp!$2Cxb0X2K(�hp*GDT46!$2��sB12b;oDE0X2LD+!c2
%'*U2b46RC2K(s;o!$2K!$#j(1*U!f0 v ;oD3�0X2�46!$2�4C0X#E03R6t|xK*G2��b4K03�p46*G!¨lLwyxC*<wEx6D|(1!f;+wExK:UBn;+;g!c2IRK2b4pxK*G2K#+!c*<wExK!$2b4
46*<wE��*<;oD$Z��|!$#j:o�03�1:U*}wyxC!TöI!$�1P¾!$#+Dj!p!$#+x��0X:UD&h�0X290XR�;�46!c2 u"v ;oD3�0X2�46!$2�46!$#���RKh�W6tJ2K*U.s!f0XRb;Ö�
46*U!8*U2C2K!$#+x�0X: v !$*G2K!$#Qde2V.+!$�LD+*GB12p�LRK#jr 2�01wExK!$*U2�0X2b46!c#SRK2b4Îh�*UD'():U!$*}wyxC!$# u 2C#+!$()RK2K(s;o!$2K!$#j(1*G!
(1!$hp!f;+;g!c2¨PSRK#E46!c2�ZK "*G!"():U!$*}wyxCr$!$*UDj*U()!"lLwEx6Pü0X2K�LRK2K(&46!c#S0 v ;gB1:GRKD+!c2�%'*U2b4LRK2K(s;o!$2K!$#j(1*G!".sB)2
ls!3ñ14�RK2b4 u ;+ñ)4�*U2 u"vKv Z�ô6Z\ê��)0X2K25!$2LDoP'!346!c#A.sB12�l�1{� Hg� v !$#g���0)wyxC!$2KWKxKB)D+Bn;gWb032K26RC2K(K�
.s!$#+RK#k;+0)wyxLD846RK#kwyx9��!$hpWb!$#E03D+RK#k;+wEx6Pü0X2K�LRK2K()!$2 v !$*¾46!$#&öI!3;j;gRK2K(LNABL46!c#O!$*G2K!$#8 "#j*-tJD&46!$#
u 2K#+!c(1RK2K(n;g!$2C!$#+()*U!AHJ.s!$#+RC#E;+0)wyxLD�rsZ %AZ346RK#EwExO!c*U2K!¾2K!$RK!üd>2 .+!$�6Dj*UB)2­N­xC!$#+#)�RKxK#+!c2ORK2b4Ox�0XD��s!$* =
2K!$2�z�*U2L�bRK�T0XRLt¾46*U! u"v ;oD3�032b46!&46!$#Q%'*G2b46RK2K(n;g!$2C!$#+()*U!$2�ZL "!c#S�'03:U!$2Cr v 0X2�46BX,�;g!cD':o�03�1DQ;o*<wEx
hp*UD'~Q:G!$*<wEx6RC2K(&ô6ZUYARC2b4�46!$h v !$�)0X2K2LD+!c2Î7�!$#jDÔty�RK# u ;+ñ)4 v !$rC�RK():U*<wEx�46!3;'�¾0X:G!$2Kr v 032b46h�0$=
F6*Gh�RKh�;�þ �o��ÉoÊÉËÊ ï�� � �
� � ]n� � ]LÊ9Æ-Ya])]1Ë¾;gB3PS*G!p46!c2�03Rb; .L*U!$:G!$2�öI!3;j;gRK2K()!$290X25z�*U2C�6#j*<;gDk0X:G:U!$2(1!$hp*GD+Dj!$:UDj!$2¨!$2LDE;gWC#+!3wExK!$2b4L!$2p7�!$#+Dj!$2ptÖ�RK#�þ �o���V��V� ï�� � ��� � ó1ñ � ê1óp46*G#+!$�LDS032K(1! v !c2J-

�Ìþ���� � þ �Ë�"ÉËÊÉoÊ ï�� � �
��� þ �V� ï�� � ÉËÊ ï����äþ �o���V��V� ï�� � ��� H@ô6ZUY3N
� ]s� � ]6Ê � Y$ñ � ñ1[��5ó1ñ � ê1ó � � � �1ô��
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nominelle Bedeckung [Å]

 Rumpfniveaus mit Offset: 
 (Offset = BE-VB)
  Se3d   -53.85
  As3d   -40.47

1000

∆ Se3d-As3d
�

u"vKv *G:<46RK2C(8ô6Z ê@-L "*U!Q%'*G2b46RK2C(s;g!c2K!$#+()*U!$2¨.sB)2 u ;+ñ14¨RK2b4pls!3ñ)4­�L0XR6tJ()!$D+#k0X()!$2php*GD�46!ch��S,b=;g!$D��Ìþ���� � �	�'�$()! v !$2¨4L*U!R1�Bs;o*UDj*UB12&46!c#��¾0X:G!$2Kr v �0X2b46!c#�0X2�Z3 "!c#�öI*GD+D+!c:UP'!c#+DÉ46!3; u"v ;oDE0X2�4K;46!$#QöI!$�)WKRK2K�LD+!&0 v ]n� �u !$2LDE;oWK#+*}wyxLDS46!ch��¾0X:G!$2Kr v 0X2b46B3,�;g!$DcZ
z�*G2b;+wExK#3�032K�LRK2K(1!c2�46!$#S~Q!$2b03RK*U()�s!$*UD|.sB12 �Ìþ��
��!$#+()! v !$2p;o*<wExp03Rb;'4L!$h�.s!$#+P¾!$2b46!cD+!$2
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ls!3ñ)4�=e7�!$#jD$�'P¾!$:<wExK!$#T03:<;Î~q0�ln!a=o�S!atJ!$#j!$2Kr_(1!$2KB)hphp!$29PSRK#E46!n�S0 v !$#�4LRK#EwEx u 2LD+!c*U:U!_46!c#
!$2LDE;gWC#+!3wExK!$2b4L!$2p~q01îals!$ï+=jùb*U2C*U!&Hgls!3[sN�.s!$#gtk�03:<;+wExLD|;g!$*G2��)032K2�ZLìK!$#+2K!c#';o*U2b4T46*G! ùb*G2K*U!$2�ls!3ñ)4
RK2b4 u ;jñ14�hp*UDü46!$# u 2K#+!c(1RK2K(n;g!$2C!$#+()*U!¨ê)��!$��#+!c:<0XDj*U.pB v !$#g���0)wyxC!$2K!$hpWL`b2b46:G*<wEx�ZL A01;"x�0XD
r$RK#TìKB1:G(1!s��4K03��4L*U!�%'!34L!3wy�LRK2K(�2K*}wyxLD¨;o!$xK#&xKBLwyx�;o!$*U2��)032K2��|4K0�;oB12b;oDp46*G! u ;jñ14�=jùb*U2K*G!
2K*<wExLD�hp!cxK#�():U!$*}wyxCr$!$*UDj*U(Shp*GD�4L!$#Sls!3ñ14s=+ùb*G2K*U!Q;o*<wEx6D v 0X#�*};gDcZs%'!$*C46!$#|2K*U!f46#+*G(1!$2T%'!34L!3wy�LRK2K(C�
r$RKh�03:bhp*UD�!c*U2K!$#S~q01î$ls!$ïo=+�bPS*};+wExK!$2b;jwyxC*<wEx6Dc�1*<;oDS46*G!A%S032b4K;gDj#+RK�LD+RC#S.sB12I~q0�ln! 2CBLwyxp2C*<wEx6D
.sB1:G:�03Rb;g()! v *U:}46!$DQRK2b4�4K03xK!$#q0XRbwEx�46*G!¨%S0X2�4K0X2KW�01;+;oRK2K(�2KBLwEx�2K*<wExLDQ0 v ()!3;+wExK:UBn;+;o!$2�Z�ì �RC#
46*U!¨�|!$#jP'!$2�4 v 0X#j�s!$*UDQ4L!$# u"v ;+wEx��03D+r$RK2C(�;gWK#j*<wEx6Dq46!$2C2KBLwyx���4K0X�Ç46*U!T%S032b46.s!$# v *U!c(1RK2K(�*Uh
~q0 u ;|0 v (1!3;jwyxK:GBs;j;g!$2T*<;oD$�1RK2�4¨46*U!A~q0�ln! lLwExK*}wyxLD�*Gh�P'!$*GD+!$#j!$2O�|!$#j:<0XRLt�4L!3;�z�F6Wb!$#j*Uhp!c26Dj!3;
�s!$*U2C!S%S0X2�46.s!$# v *U!$()RK2K(Ar$!c*U(1Dc�XPü01;|46*G!SB v !$2T(1!$h�0)wyxLD+!c2Oz�*G2b;+wExK#3�032K�LRK2K(1!c2¨PS*U!346!c#�!$DoPS0);
#+!$:}0XDj*U.L*U!$#jD$Z

 "!$#Iùb!$*GD+RK2C(s; v 0X2b46B3,�;g!$D!� þ�"���RK2b4M46!c#Î~Q#+!c2Kra���0)wyxK!c2b46*UWbB):�Bø!c#+(1! v !c2�;g*<wEx5#+!$*G2
#+!3wExK2K!c#+*<;jwyxThp*GD��Ìþ ��� hp*GD'4L!$2 v !c�1032K2LD+!$2I~Q# �B1�1!c2Ît �RK#A~q0 u ;aH+Y)Y$�sN'RK2�4Î4L!$2_0XRb;'!$*G(1!a=
2K!$2_öI!3;j;gRK2K()!$2I()!$hp*GD+D+!c:UD+!c2¨7�!$#jD+!$2pty�RK#A~q0sls!O2b0)wyx_46!c2ø~Q:G!$*<wEx6RC2K(1!$2 ô6Z\[ORC2b4IôLZ\ñ@-

� þ�"�� � þ �o�"ÉËÊ�o� � � �Ìþ����!�#� þ �o���V��o� � HeôLZ\[sN
� Y � ]s[ � � � �1ô��5[ � �1[ � �A� � ô1ô

B � $
�o��ÉoÊ � � þ��	�%� $

�o���:� HeôLZ\ñsN
� ó � ó)ô&�5� � �1ô��5ó � ÊfÏ � �q� � [)Ï��

 "!$#A7�!$#jD".sB)2 $
�o�"ÉËÊ *};gD8ëQRK*¾.E;o!$#S!$Dq0X:eZ�Æ-YÖ]só3Ë�!$2LD+2KB)hphp!$2�ZL "*G! u R�; v *G:<46RK2C(pRK2b4��S*<wEx6=

D+RK2C(I4L!3; ~Q#+!$2Cra���01wExK!$2�46*UWbB1:};"*<;oD�UsRb03:U*UDk0XDj*U._0XRb;846!c#A(1#f�B1�1!c#+!$29z�:U!$�LD+#jB12K!$(n0XDj*U.L*UD3�03D".sB)2
ls!$:G!$2O()!$(1!$2��R v !$# u #E;o!$2¨r$R¨.s!$#k;gD+!cxK!$2ORC2b4O�)0X2K2�4K0Xh�*UD�0XR6t�46*G! u Rb; v *U:<4LRK2K(846!c#'~q01îals!$ï+=
�bPS*<;jwyxK!c2b;+wExK*<wExLD¨r$RK#)�R�wy�L(1!aty�RCxK#+DpP¾!$#E4L!$2�ZS "*G!��S!3wExK2LRK2K(1!c2M.sB12�lLwyxChp*<46DTRK2b4�%'!3wEx6=
;gDj!346D_Æ-Yc�1Ï3ËS!$#+()! v !$2�t �RK#T46*U!�ls!Ö=eDj!$#+hp*G2K*U!c#+D+!T~q0 u ;ÖH+Y1Yc��NJ=+� v !$#g� �01wExK!�!$*U2C!$25 "*GWÌB):Sr$PS*-=
;+wExK!$2T�L�-Ê3ê8RK2b4�Y1� [1ô !c��tÖ�RK#¾46*U!S.sB)2¨*UxK2K!c2ût@0$.sB1#j*<;o*U!$#jD+!$2�öIBL46!$:U:G!sZ)V Bs!c2b46!$#k;Ô!$D|03:eZÉÆ-YÖ]sô3Ë
xb0 v !$2Mty�RK#�lLwEx6P¾!atJ!$:Q03R6tp~q0 u ;aH+Y)Y$�sN�!$*U2K!c2M "*GWÌB):8.sB12µ�6�\Ï)[�!$�Â(1!$h�!3;+;o!$2�Z¾ A01;�ìK!$#g=
hp*U2C*U.s!303R�46!$#&;+wEx6P¾!atJ!$: v !cxb0X2b4L!$:UDj!$251�#+B v !�PS03#¨�L�\ñX]�!c�¤�R v !$#�46!$h¤�¾0X:U!c2Kr v 032b46h�03F6* =
h�RCh ()!$WK*G2K26DcZS�A0)wyxM!$*G2K!$#T(1!$:GRK2K()!$2K!$2�lsWb03:UD+RC2K(K�SB1xC2K!�rcRM.6*G!$:U!�lsD+R6tJ!c2��S;gDj!$:U:GD�;g*}wyx
0X2Ç46!$#"~q0 u ;>=j� v !c#g���0)wyxK!�ì�:<0)wyx v 032b4K;g*GD+Rb03D+*GB12p!$*G2�ZKö�032bwExK!¨lsWb0X:GD+RK2C(1!$2pty�RKxK#j!$2W.+!346BLwEx
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r$R�ìK!$#jhp*-=jùb!$.s!$:\=21�*U2K2K*G2K(T*U2�46!$#&öI*GD+D+!T4L!$#&%S0X2b46: �RbwE�s!�Æ-YÖ]só3ËeZ� A01;&ìK!$#+hp*G2K*U.)!30XR_46!c# WL=
46B1Dj*U!$#jD+!$2M~q0 u ;e=�1�#jB v !�:U*G(1D¨*Uh¤�|B1:GRKhp!$2�!cDgPü0��6�GY1Y�!$� �R v !$#p4L!$h©�¾03:U!$2Kr v 0X2b4É�|0X:<;oB
!$#+xK! v :U*}wyx&RK26Dj!$#+x�0X: v 4L!$#¾%S0X2b46:j�RbwE�s!$2Khp*GDgDj!sZ3 A0846*G!Q%'*U2b46RC2K(s;o!$2K!$#j(1*U!c2�*Gh�ùÉ0XRLt�46!3;|z�Fs=
WÌ!c#+*Uh�!$26Dj!3;�RKh��6� ôO!$��;oD+!$*G(1!$2��s:>�0X�1DQ;o*<wEx�.s!c#+hTRKD+!$2��s4K0X�T4L*U!OlsW�0X:UDjRK2K(¨r$RC#Sì�:}01wEx v 032b4�=
;g*UDjRb0XDj*UB)2M(1!aty�RKxC#+Dpxb03D�RK2b4M46*G!�%S0X2b46.s!c# v *G!$(1RK2C(�46RC#EwEx�46*U!�~A0)îfln!$ïg=j�bPS*<;jwyxK!c2b;+wExK*<wExLD
.s!$#+RK#k;+0)wyxLD'PS*G#E4­Z

δ = -0,29'  eV

Æ EVB =- 0,06 eV

EVB

EL( B

EVa) k

As3* d
Se3* d

E+ F

Æ ELB = -0, ,66 eV

GaA- s GaS. e

IGaAs =/   5,56 IGaSe =/   5,79  

ESe3d-VB0  = 53,85EAs3d-VB0  = 40,47 

Æ EAs3d-Se3
1

d = 13,32

u"vKv *U:<4LRK2K(Tô6Z Ï@-b%S032b4K46*}0X(1#k0Xhph 46!$#A~Q#+!$2Cra���01wExK!O~q0sls!1ð1~q0 u ;aHjY1Y$�sNEZ

°Q±+²¾±32 Ä ¼Q¸|À54QÅK¶ hA¶ I EÔGA´eºK¸±FQ´o¶JIb¶�Ào¸�ºC´g»S¼
 "*U!8z�#ot@0XxK#jRK2K(1!c2Îh�*UD|46!c#9UsRb01;o*-=@.1032_46!$#'790103:<;e=oz�WK*GDE0XFL*U!qr$!$*U()!$2��L4K03�T46*U!8lLwExK*<wEx6Dj(1*GD+D+!c#
v !c.sB1#+rcRK(1D803R6tS.)032�46!c#A7�0)0X:};>=>0X#+Dj*U(_D+!$#jhp*U2K*G!$#+Dj!a2�� v !$#g���01wExK!$2�PS0)wyx�;g!$2�Z�z{*G2�%'!$*<;oWK*U!c:
4K0fty�RK#QPSRK#k46!8hp*UD¾46!$h�lsmK;oD+!$hi~q0�ls!)ð1ls*@H+Y1Y)YXNS*Gh�.sB)#+*G(1!$2_V80XWK*GD+!$:É!$*U2C(1!$xK!c2b4 v !3;+wExK#j*U!a=
v !c2�Z�lLwyxChp*<46DQRK2b4�%'!3wExb;gDj!346DARC26Dj!$#E;oRbwyxC!$2�.s!$#E;jwyxC*U!346!c2K!¨öIBL46!c:U:U!Ot �RC#O4L*U!�;g!$:G!$26Dj!$#+h�* =
2K*U!$#jD+!�~q0 u ;ÖH+Y)Y$��NJ=oì�:o�01wExK!sZ u R6tJ(1#jRK2b4í*GxK#+!c#T��!3wExK2LRK2K()!$2 v !c.sB1#+rcRK(1!$2�;g*G!Î!c*U2�öIBL46!$:G:e�
*U2M4L!$h 46*G! u #k;g!$2b03D+B)hp!p*U2�46!$#�� v !c#g���0)wyxK!_(1!$()!$2�ln!$:U!$2�03Rb;g()!$DE03Rb;+wEx6D�RK2b4�4L*U!�~q0$=
u DjB1hp!8r$Rb;c�0XDjr$:U*}wyxN.+!$P¾!$*U:};�h�*UDS!$*G2K!$h©ln!a= u D+B)hiD+!$#jhp*U2K*G!$#+DQ;o*U2b4�Æ-YÖ]6ÊcËeZ�de2�46!$#8#j!3;gRK:GD+*G!a=
#+!$2b4L!$2�� v !$#o���01wExK!8*<;oD'2LRK#S!$*G2K!W1�Bs;o*UD+*GB12_46!3;"�b*G2K� v :U!$2�46!$(1*GD+Dj!$#E; v !3;g!cD+r$DcZb "*U!3;o!8��!$#+hp* =
2K*U!$#jRK2K(_P&�0X#+! 0XRbwEx�ty�RK#�46*U!�~q01î$ls!$ïg=j�bPS*<;jwyxC!$2b;+wExK*}wyxLDAh��B)(1:U*}wyx�RC2b4�.s!$#j!$*U2 v 0X#8hp*GD846!$#
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Ga6 Se

Ga6 As

u"vKv *G:<46RC2K(�ô6ZGY$��- dQRK!$#k;+wExK2K*UDjDg=>�Sz|ö u R6tJ2b0XxChp!�-b "*G!Î~q0�ln!a=+l�wyxK*}wyxLD+!c2�;g*G2b4�(1RKD8r$R�!$#g=�s!$2K2K!c2 RC2b4Or$!$*G(1!$28!$*G2K!$2Oh�B12KB)�6#j*<;gDk0X:G:U*U2C!$28ì�*G:Uh�ZÖ "*G!91�tJ!$*U:G!|h�0X#j�6*G!$#+!$2q!$*U2K!c2 ()!3;gD �B1#jD+!$2%'!$#+!c*<wExp032�46!$#A~Q#j!$2Kra� �0)wyxC!sZ

YsrüYy=>��!$�sB)2b;gDj#+RK�LD+*GB1254L!$#¨ùÉzÔz| �=>%'*U:}46!$#&r$R�%'!c(1*U2C2�46!f;�~q0sls!a=@7�0)wyxb;oD+RKh ;aZ��|B12�!$*G2K!$#
~q01îals!$ï+=j�bPS*<;jwyxC!$2b;+wExK*}wyxLD��)0X2K2_!$*U2C!$#E;o!$*UDk;Ô03R6tJ(1#jRK2b4_46!$#Qz�#gt@03xK#+RK2C(1!$2_0X2�46!$#+!c# u # v !$*GDE;>=
(1#jRKWKWb!$2���032b46!$#j!$#E;o!$*UDk;"03RbwEx�0XRLtJ(1#+RC2b4�4L!$# ùÉz|z| �=QRK2�4C1Ôz'l1=>z�#+()! v 2K*};+;g!T03Rb;g()!$(s032K(1!c2
P'!$#k46!$2�ZCz�*U2_ë"*U2LP'!c*<;|4K0X#k0XR6t{*<;gDQ4L!$#S;oW��0XDj!¨%'!$()*U2K2�4L!$#A~q0�ls!a=>�"RK�L:U!f0XD+*GB12�HJ2KB1h�*U2K!$:G:Éó1�
�u 03hÂ�Q0X2b4ÌNkZ­7�!346!$#q0XRb;q46!$2�ùÉz|z| �=o%'*G:<46!c#+2I2CBLwyx�03Rb;A46!$251|z�=jlsWb!$�6Dj#+!$2�;o*U2b4�r$RK.sB)#
u 2Kr$!c*<wExK!$2¨tÖ�RK#A~q0�ls!&r$R�!$#+�s!$2C2K!$2�Z

�ÔB)2546!$#W1�#+B v !pPSRK#E4L!p*U25�bRb;+03hphp!$2�0X# v !$*GDAhp*GDA "#cZÔlsR�!$*G2K!�dQRK!c#E;+wExK2K*GD+Dk;>=>�SzÔöÎ=
u R6tJ2b03xKhp!q0X2K()!atJ!$#jD+*U()D$ZLde2�46*G!3;g!$#QH u"vKv *G:<46RK2C(OôLZUYc��N|*<;oD'!$*G2��sB)2b;gDk0X2LDAYcñ �u xKB)xK!3;S%S032b4
r$R�!$#+�s!$2C2K!$2���4C01; P¾!346!$#&46!c#�lLwExK*<wExLD"2KBLwEx546!ch lsR v ;oD+#E03DOr$RCr$RKB1#k462K!$29*<;gDcZ� "*U!� "*<wE�s!
46!3;A%S032b46!3;Q*<;gD 0XRb;A4L!$h u"v ;gDk0X2b4�46!$#8~q0�ls!Ö=+lLwExK*}wyxLD+!$2Ç0 v ()!3;+wEx �03D+r$DcZ� A0��s!$*G2�lLwExK2K*GD+D
Wb0X#k0X:G:U!$:Sr$R�!$*U2C!$#¨2K*U!f46#+*G(�*U2b46*Gr$*U!c#+D+!c25ì�:o�0)wyxC!p(1!$:GRK2K()!$2�*};gD$��:>�0X�)Dp;o*<wExíP¾!$(1!c2M46!3;OtJ!$x6=
:U!$2�46!$2�VAB12LD+#k01;gDj!3; *Gh©lsR v ;gDj#E0XDo=ARC2b4/~Q#j!$2Kra���0)wyxC!$2 v !$#j!$*<wEx_46*U! u 2KB)#E462LRK2K(_46!c#8ìK!$xK:-=
;gDj!$:U:G!$2�2K*<wEx6DS!c*U2b46!cRKD+*G(¨�6:>�0X#+!c2�Zb "!$2K2CBLwyx�*};gDq0XRbwEx�46*G!3;S!$*U2_46!$RCD+:U*}wyxC!$#Së"*G26P¾!$*<;S03R6t¾46*G!
~q01îals!$ï+=j�bPS*<;jwyxC!$2b;+wExK*}wyxLD$Z� Q!$#+!$2/ "*<wE�s!�!c26Dk;gWK#j*<wEx6D&46!$h�2b01wEx�*U29!$DoPS0I4L!$h %'!$Dj#E0X(_!$*-=
2K!3;Î~q0 u ;$Æ^[1[1�3Ë-=j~Q*UD+Dj!$#+.s!c�6DjB1#E; v r$P8Z¾46!$#�46B)WKWb!$:UDj!$2�ù��032K(1!946!$#�ì�:o�0)wyxC!$2b46*}0X(1B)2b0X:G!�46!c#
�b*U2K� v :G!$2b46!a=>z�*U2KxC!$*UDk;gr$!$:G:U!)Z

u"vKv *G:<46RK2C(8ô6ZGY1Y"*};gD�!c*U2K!QVAB12�;gD+#jRK�LD+*UB)2�rcRKh u R87p2b4L!$2¨(1*GD+D+!c#E0X2C(1!$Wb03�1Dj!$#QH÷�sB1h�hp!a2L=
;gRK#k0 v :G!$#aNq�"!cD+r$! v !$2C!$2�Zb A03r$R�;o*U2b4�VA#j!$*<;o!¨hp*UDq46!$2��Q0146*G!$2�46!$#q�Ô!c�6DjB1#+!c2�46!3;"#j!$r$*UWC#+BX=
�s!$2�~Q*UDjD+!$#k;O.sB12M~q0�ls!�*G2�4C01;¨#+!$r$*GWK#+B)�s!Î~Q*GD+D+!c#¨.sB12M~q0 u ;ÖH+Y1Yc��N¨!c*U2K()!$r$!$*}wyxK2C!$D$Z�ö�032
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u"vKv *G:<46RK2C(�ô6ZUY)Y	-'ùb*G2K�K;&-|VAB12b;oD+#+RC�6Dj*UB12�r$RKh u R�7p2�46!$2�.sB)2í�sB)hphp!$2�;gRK#k0 v :G!$2�lsD+#jRK�s=D+RK#j!$2J-¾46*U!_�Q0146*G!$2�46!$#T(1#jB1�1!c2�V #j!$*<;o!I!$2LDE;oWK#+!fwyxK!c2�4L!$2M%'!$Dj#3�03(1!$2�46!$#T�Ô!c�6DjB1#+!c2M46!3;#+!$r$*GWK#+B)�s!$2M~Q*UD+Dj!$#E;¨.sB12�~q0sls!sZS "*G!Ir$RC(1!$x��B)#+*G(1!$2�03:U:U()!$hp!$*G2K!$25�S*<wExLD+RK2K()!$25*Uh ~q0�ls!Ö=~"*GD+Dj!$#p;o*U2b4C.+!cP'!$*G:<;¨*U2�;gWC*UD+rc!$2MVA:<03hphp!$#j250X2C(1!$()! v !$2�ZQ "*U!�lLwExK2K*UDjD+WKRC2K�6Dj!Ihp*GDT46!$h~A0 u ;>=j~Q*UDjD+!$#¾;g*G2b4T46RK#EwExTVA#+!$*};g!Sh�03#+�L*U!$#jD$Z)��!fwyxLDE;&-146*G!S!$2LDE;gWC#+!3wExK!$2b4L!$2T�"!$Djr$! v !$2K!$2&*Uh#+!303:U!$2_�Q0XRKhi;o*U2b4�46RC#EwEx tJ!c*U2K!Oùb*G2K*U!c2Î()!$�s!$2K2Cr$!$*<wExK2K!cD$Z
!$#+�s!$2C26D84C0146RK#kwyx���4K03��46*U!��Q#+*U!c26Dj*U!$#jRK2K(_46!$#&VA!$*Uh�!T46!$#82K*U!f46#+*G(s;gD&*U2b4L*Ur$*G!$#+Dj!$2��]U�Rb0);g* =
�sB1hphp!c2b;gRK#k0 v :G!$2�lsDj#+RK�LD+RK#&!$2LDE;gWC#+*<wExLD$Z��bP'!$*¾P'!$*GD+!$#j!ÎlnD+#+RC�6DjRK#+!$29hp*UD&46!$#k;g!$: v !$2M~"*GDg=
D+!$#otJ!$xK:<032KWb0);+;gRC2K(�P¾!$#E4L!$2�;g*}wyxLD v 0X# 6 Z­ls*U!q#+!3;oRK:UDj*U!$#j!$2�0XR�;"46!ch\UsRb01;o*�ñ@- [û�|!$#jx��0X:GD+2K*};'46!$#
~"*GD+Dj!$#+Wb03#E03hp!$D+!c#!-@? ýKþ��@� -A? ýKþ���� � Y � ó1�sÊsZA Q*U!�r$RK()!$x �B)#+*U()!$2µ�"!$D+rc! v !$2K!$2M*Gh #+!f0X:U!c2
�"03RKh�;o*U2b4T*U2 u"vCv *U:}46RK2K(�ô6ZUY)YA#+!3wExLDE;|0X:};{tJ!$*G2K! ùb*G2K*U!c2p!$*U2C(1!$r$!c*<wExK2K!$DcZ1 "*G!A�|!$#+x��0X:UDj2K*<;j;g!
46!$#Q�"!$Djr$! v !$2K!c2b0 v ;oD3�032b46!&;g*G2b4�4 ýKþ����B ���DC�E 8 �ï 4 ýKþ��@�B CFC��GE � 4 ýKþ��@�B îFHî �5E ZuQvKv *U:}46RK2K(Çô6ZGY$[Îh 01wEx6D&46!$RCD+:U*}wyx���4K0X�Ç46*U!�(1!atJRK2�46!$2K!�z�WK*GDE03F6*G!$#+!$:}0XDj*UB12�4L!$#¨VA!$*Ghp!
I~ÖÒ��� �V¡��"� §o¤a¤�¡�� ¡��KJ���ºV¡�©aå&��¡ Þ±��������¡�è&��å!��©a¡���� ¼ °&°ML8NKOQP5R ¼a¼ °ML8N5S8T�U ¼&¼ °ML8NKOQPVR&°&°MWXL�N5S8T �V�:�¼a¼ °ML8NKOQP5R ½a½V¼ L�N5S8T �#¤�ª	�����KYV¤¦åÙ� ³ «��"�����V�[Z:���V«�¤��Vº	¤������V� ³ ·/ÖÒ���ñÛ��KJ������!�V� ³ ��� �:��¡ÌÛ]����¡�×¤ ³ �C�V��¡�¡���ßJ"��º:¡�©&åa���õÞg��������¡�è&��å!��©&¡��"�õ�����V�C´�×�:¡NÞ¹¤ ® ��\^] W`_ ¼a¼ °a_�bc_ ½a½V¼ _�b _ °&°MWd_�beWXfQgL8N5S8T ª`J�¢¹·Ò´�×�:¡SÞ¹¤Mh!�_ ¼ °&°d_�b ¼ R ] W`_ ¼&¼ °d_�b%figL�NKOQP
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v !3;gB)2b46!$#k;�( �RK2�;gD+*G(�*<;oD!-|!$DoPS0�ñ1�)��~q0sls!sH � Y)Y$�sN÷=>�"!$D+rc! v !$2K!$2µH÷(1#k0XRK!�ùb*G2K*U!)NOWb0);+;o!$2Mr$PS*-=
;+wExK!$254L*U!I~q0 u ;aH+Y � YsYXNJ=o�"!cD+r$! v !$2C!$2���B)xK2K!�4C0X��!$*U2�ln!$:U!$2�0XD+B)h 4L!$#�~q0�ln!a=+l�wyxK*}wyxLD_�R v !c#
!$*U2C!$h©lsR v ;gDj#E0XDk0XDjB1h r$R�:U*G!$(1!c2��sB1hphTD$ZCd>2946!$#8RK2C#+!$�sB)2b;gDj#+RK*G!$#+Dj!$2í�b*G2K� v :U!$2�46!pHjY1Y$�sN÷=
� v !c#g���0)wyxK!_:U*G!$(1!$2/46*U! u D+B1h�!p*U2�~A0 u ;$Æ�� Y1Yc[XË-=>�S*<wEx6DjRK2K(�*U2�!$*U2C!$h ;jwyxCh�0X:G!$25%S0X2�4�H÷*G2
u"vKv *G:<46RC2K(pôLZUYc[p;+wExK#E0Q7p!c#+DaNkZbz�*U2K!TYsrüYy=>��!c�sB12b;oD+#+RC�6Dj*UB12��ÌP¾!$:<wExK!A!$*G2K!¨�b*U2K� v :G!$2b46!$WbBn;g*-=
D+*GB12�xK!$#j.sB1#+xC! v D$�LPS*U!84L*U!8.sB12�lLwExKhp*}46D�!$DQ03:eZ6.sB)#+()!3;+wExK:<03(1!$2C!�H@;aZ^BKZ-Nk�6.s!$#j!$2K()DS4K0);"%S032b4
;gB)(s0X#T03R6tQ!$*G2K!Îùb*G2K*U!nZ�VA!$*Ghp!s�b46*G!IYc�1�I2Kh¤(1#jB1�Ç;g*U2�4­��� �B12K2C!$2�03R6t 46!$h lsR v ;gD+#k0XD&!$*U26=
#E0);gD+!c2��KP'BL46RC#EwEx�46!$# u"v ;oDE0X2�4Îr$PS*};+wExK!$2IlLwExK*}wyxLD|RK2b4ølnR v ;gDj#E03D"hp*G2K*Uh�0X:bPS*G#E4­ZC%'!$*�46!c#
0X2K()!$2KB)hphp!$2K!c2O.)0X2�46!$#|79010X:};>=>0X#jD+*U()!$2p7�!3wExb;g!$:GPS*U#j�6RK2C("*};gD¾46*U!f;g!H1�Bn;g*UDj*UB)2p46*G!S!$2K!$#j(1!a=
D+*};+wExÎ(É�RK2b;oD+*U(n;gDj!sZ­öI*GD£.+!346!$#Q032b46!$#j!$2��Q#j*U!$2LD+*G!$#+RK2C(¨:o�0X�)DA;o*<wEx�!$*U2K!&;oB1:<wExK!&VAB12b;oD+!$:G:<03D+*UB)2
;g!$: v ;gD'ty�RC#A;o!$xK#Q�6:G!$*U2K!qVA!$*Uh�!A2K*<wExLD'#+!f0X:U*};g*G!$#+!$2�Z6 q01;"()*U:UDQ03RbwEx ty�RC#A46*G!8B v !$2I!c#+P&�0XxC26Dj!$2
u Rb;o#+*<wExLD+RK2K()!$2php*GD'*}46!$2LD+*<;jwyxC!$#S~"*GD+Dj!$#gtJ!$xC:<0X2CWb01;j;gRK2K(CZ

 "!$2K2KBLwEx v :U!$* v Dq46*U!T�"#j*U!$2LD+*G!$#+RC2K(p4L!$#8VA!$*Uh�! 2C*<wEx6DQ!$#+x�0X:UDj!$25He;ÖZ�ùÉz|z| �=>%'*U:}46!$#8ôLZ ]
RK2b4 uQv ;+wExK2K*GD+D8ôLZUY1Z ó�NkZ� Q*U!plLwExK*<wExLDE46*}wy�s!s� v !$*|P'!$:}wyxK!c#846*U!¨�|!$#f�0X2b4L!$#+RK2C(I4L!$#¨�"#j*U!$2LD+*G!a=
#+RK2C(p!$*U2�;g!$Djr$D$�LPSRK#E46!&*U2 u"v ;jwyxC2K*UDjDQô6ZUY)Z\óT46RK#kwyxÇ46*U!&öI!$xK#ot@01wExb;gDj#+!$RCRK2K(T0XRLt'!c*U2K!8xb03: v !
öIB12KB):<03(1!¨0 v (1!f;+wEx��0XDjr$D$Z�ls*U! v !$()*U2K2LDA4L!$hpr$R6tJB):U()!"P¾!$2K2�4L*U!&de2b;g!$:G2�r$RI!$*G2K!$#Q~"#f�B1�)!¨xK!$#g=
0X2K()!$PS0)wyx�;g!$2�;o*U2b4­� v !c*�46!c#8;g*G!¨0X2C!$*U2b032b46!$#k;gDjB1�1!c2�Z�z|;A:U*U!c(1Dq4K0XxK!c#A2b0XxC!s�Ì*G2�46!$#Q7�!fwyx6=
;g!$:GPS*U#j�6RK2C(I4L!$#&V !c*Uhp!8.s!$#k;+wExK*U!34L!$2K!$#q "B1hø�0X2K!$2��­!$*U2C!Ì�"#k;+0)wyxK!T4C0fty�RK#&r$R�;oRbwExK!$2�Z� q01;
*<;oD"*Ghiìb0X:U:G!&46!$#S�8467�zM4L!$2K� v 0X#c�­4K0T46*G! 7�!3wExb;g!c:UPS*U#j�6RC2K(¨hp*UDü46!$#P�"2LD+!$#j:<0X()!8.1032�46!c#
7�0)0X:};>=>0X#+Dj*U(5*<;oD$�¾46*U!�rcPS*<;+wExK!$2�46!c2�d>2�;g!$:G2M0 v !$#_46RC#EwExM;gDk0X#j�s!�wyxK!chp*<;jw+xK!�%'*U2�46RK2K()!$2
(1!atJ!f;gD+*G(1DSPS*G#E4­ZK7901wExb;g!c2�VA!$*Uhp!��0XxC2K:U*}wyxK!c#"~Q#3�B)�1!OrcRÎ!c*U2K!$#¾hp*UDjD+:G!$#+!$2p�Q#j*U!$2LD+*G!$#+RK2C(Or$R6=
;+03hphp!$2��Lh9�RK�)D+!$2 v !c*<46!&*UxK#j!��Q#+*G!$26Dj*U!$#jRK2K(¨r$RCh lnR v ;gDj#E03D RChÂó6� [1ô ` .s!c#3�0X2�46!$#+2�Zb "*U!3;o!
u #+Dü46!$#H�"h�B1#+*G!$2LD+*U!Ö#+RC2K(8*<;gD¾26RC#'tÖ�RK#'�L:U!$*G2K!qV !c*Uhp!Qh��B1():U*}wyx�ZnöI*UDS;oD+!$*G(1!$2�46!$#"~Q#f�B1�1!&46!c#
VA!$*Uhp!n�3;gD+!c*U(1D¾46*G! u 2Kr303xK:É46!$# u D+B1h�!S46!$#{ì�:o�0)wyxK!n�s46*U!Q4LRK#EwEx�.)032p46!c#Ô790103:<;e=oVA#3�0$tJD+!84L!$2
VA!$*Uh�0XRLtS4L!$hÂlsR v ;oD+#E03DA`bF6*G!$#+!c2[UsRb0)46#E03D+*<;jwyx���46*U! u 2Kr303xK:�46!$# u D+B)hp!80Xh �"032b4­�­.sB)2
46!$#j!$2p%'*G2b46RK2C(O4L*U!QVA#E0$tJDÔrcRK#¾ "#+!$xLRK2K(8�sB)hph�Dc�3;gDj!$*U()D|0 v !$#¾26RK#|:G*U2K!303#$Z6l�wyxb0)0X#o=+~q0 v #+*U!c:
v !3;+wExK#+!c* v D|*U2�;g!c*U2K!$#¾ "*};+;o!$#+Dk0XD+*GB12ÇÆ [)ôXË�HolbZbY$ó)ó�N|4C01;'7901wExb;gDjRKh�;g.s!c#+xb03:UD+!c2O.sB12�de2­ls!q0XR6t
lLwExK*<wEx6Dj(1*GD+D+!c#E;gR v ;gDj#E0XDj!$2 v !$*�xKB)xK!$2���!$hpWb!$#E03D+RK#j!$2J-b0$ Q*U!¨z�#jx��B1xLRK2K(_46!$#8lsR v ;gD+#k0XDjD+!$h�=
Wb!$#E03D+RK#Oty�RKxC#+DOrcR5;g!$xC#O�L:U!$*G2K!$2�!$WK*UDk0X�LD+*};+wExK!$2�de2b;g!c:U2�H�ö Yc�I2KhINk��4L*U!Tr$R5;g!cxK# �É0)wyxC!$2
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