
����������	�
����������������������
����! #"$�%�� '&��$(*)+&���, -.0/�1�1 �+23 �( 1 	4��5�687�9
:<;�=?>A@B>DCFEG;�=IHKJL@ MDN�O?HPJFHRQ�STMVU WIXYJZ>A@[;]\^;]EPEG_A@ `a>bOdc?eG_gfaH�hIHP=?;

ikjPlnmpoql U W lrmts!lvuxw]y{zv|
}F~���~'}Z�������*�����8���q�����L��~��G~��F�����%�$���*���4�$�����n~4�]~#�?�4�Y�3�*���*�!������~��G~��r���������*��� ~'��~#¡£¢3¤%�*������¥

¦!§©¨rª�«I¨�¬r¨P�®°¯3±°²3³%´�µ�¶�· ¸�±3¹8®º²$µ�±'¯3·#»4®½¼�®°¾�µ�¿�À�Á�Á�Â�Â�ÃÄÁFÅ�µ�¾�´°Æ�À�*®°¯3±Ä²4³�´�Ç
ÈnÉ ¾�´�¹�µ%¹�³�¹�·8Ê�Ë�®'Ìgµb¾�®#·Ä²$Í#±#¾�µ�Î3®'´°Æ�·�ÌDÏ�µ�¸Yµ�µ�Ð�¬r¨Pµ�¸�Ñ$¨+ÑpÒ�Ñ½Ó�³�²�¾�±'Æ�·#»3±#ÀqÔ�Ô�Õ�Õ�Õ�Ô�¦�Ò$ªqÖºÔ#À�Å�·�´�Æ�»3±�À�Ð�·8´�´�µ�×

Ø*Ù8Ú�Û4Ü�Ý�Þ�ß�àLáZâ�ã�ä4à8å�æ�Þ�çéè�êZë!ã'á�â4à#ß�ì�è�í�í�î�ï'ð

��5$�4
�68ñ$6�ò��ó�%�8�87�6�ñ��4
4	�ò%��6A��	�23ò%����ò���ôd�Gõ�7�6�ö%��5���÷%6���ö%�!ô?��
��4ø�����
?��
�6�5�ñ��42��D5�	4�8��
��45$	óùvú%û'ü ý°û3þ©ÿ!û'ü�� û������	��

�8������5�!ö����5$�4ø£ô�	37���ö��4�%��5$����	é
�� ��5��4ö���� ��6�����6�5�	4���5$ò%�4� � ���37�68
��4� ��ò%��6�5$
�	37�6� ����4ò%	45���Z6�ò����A÷���� 

ùvú û'ü ý°û þ©ÿ û'ü�� û �����	� 
 
�37����8� ��6�����6�5�	4���5$� ��	�23ò%����ò%�42������$�45$9$ñ$�4÷%6�ò%��9ó��ò%ñ�������5��68���89D��6���	4��	423ò�����ò���ø �$6�5$6��
ô��3ñ©���L�8�4�����39�ò���9ó�Fò����8ö��4øIò�	4��	423ò���÷�6�ò�ò���������£
��8�4�����39�ò���6F�F
��v�8�4ö���øGò%	4��	423ò���÷%6�ò%ò%�4����� �b��������5$��
��!�Lñ$	!���
" ��ø��89 23���8��6�5�6#�8���8�4� ��	423ò�����ò%��ôG��
��4ø��8��
� %$�ò%6�� ò%6�6ó��	423ò�����ò���6ó���37�6ó��5$�K��6��+�$6�5�	4���5�	�ôG
��&� 6('*) ��	4ö+��6
��ò�ñ,�-�%��5��6�����6���	4��	423ò�����ò%��øG�$6�5$6�ô��3ñ� /. 5$�4�����4� ��6�����685$	4���5$� 
��&� 60' ) ��ö�	4÷%�4ödò%	4��	423ò���÷%6�ò%ò%�4�����1����6�ò%�2�
� 	36�����9��%
F���F
�5$6���9gö�	�ög�$�37�9!�%��ò%ñ�������5��� " ��6���68��	���	424ò%����ò���ø©��6�5$6�ô��3ñ!�$
��!�85�	3����	!�L�$ 43v�3ô��3ñ$9A�����$�4
�68ñ$6�ò%��9ò%	4��	�23ò%��÷%6�ò%ò%�4�����P��5��a��6���	4��	423ò�����ò%�4� ��6�5$6�ô��3ñ$6���	©��	4ö+�Z6A	4ò%	37�����	1�#��ò%ò%�4øP����5��ö%���5$� ��
�6�5�ñ$��2��©5$	3����
���5�	
ñ���	45���6�ò���ñ$	bö%	3ñ��+��9��º2�6�5$��	4ò���9D����	45�2�	4ò��$6�� 
��v��ö�	!��	4ò%�D�%5$68ñ��$�47����Z6�ò��%6F�5�#��ò%ò%�4� ô$	45�	4ö���6�5$6���	�23ò�6������8��	g�
��68��	���	424ò�6������8��	�
bõ�676n6�ö%����
�ò���� ��	423ò�����ò��4�é���37�6� 

8�� ù&9�:�"�,� p( 1  ;�<Y�*"�,$ & 1  =?>

@BA-C D!E�F G�H0II�J+K�IL	GNM�F O�P�Q0F,RTSUA-E�IK�I DVS�D2D�O�IW�F�J�C E+I!X
O�I RZY-K�SUJ,O�I[�C \]E^L/C E+I K�S�CO�_`D(M�FO�P+Q]S*L/SZa2A-C�b�I A�S-G�L�S
D!E�IY�I A�S5DY-SUA�F,J�F,RcY�F O+G-K�SUa!C�d-SUScA�F,D2SUE�I!O�I R(a2C�K�G-W�C+e4f�C2X
[�S-I%L	C E�IK�SUC2O�_gL	F,h!ijEkA-C�R�E-SBY-K�S*LlI A�IA�S�ITJmY�I K�D2Y�I[�X
E-SUJ�AU_?npo!O+IL	IA-E�C�nkK�CW-S�Fo2O�I [-E-K�F�AUSU[�SqSBG-b-IRU[�C n�Y�C2X
LlG-E-S�elr4W-A�SUL�SNS�asY-K�IW�D2E�C J+S�E�I!O+IR(o2E�F,h2F�[�O�CD2D!CtD�F�I2W-S-X
A�IAUSURuG�J�O�G�\]E�D�G%E-K�F,RUA�_�IND�F�IW-SUA�I A�S-GZv0wxwzy�w|{/}	{~���h2W�I
���m�j���4}�����y��^������}��%vt���7���0D!F�D!E-K,i�[-E+i�K�F,Rpn�CO�P,X
[�F,Y-SUK�S�E�C+�7b-C D!E-SUb�A-F1a2C�LlI H0I A�A�_�I�L/C�K�h2C�A�d�I L�����������e0@
W-S�C�L	C�h A�SUE�A-F�L�D!F�I2W-SUA�I A�SUS�}��*���+��vt���+��� ~ Y-K�S(a2C�LlI H0I!X
A�SUS^S�F,A�F,JN[-C W�L�S-G%S^h2IK�L	C�A�S�GTL/C K�hC�A�d�IL�F�M,A-C�K,i-�tI A
[�F,A�d�IA�E�K�C�d-S-F,A�AU_?Rm��C a�F,J�_?RmY�I K�I2n+F�WTJN��I K�K�F,L/C�hAUS�E+X
A�F�I5D�F,D2E�FG�A�S�I�� �-�U ��ze	@�C2�5A-CG¡W+O+GTY-K�C�[-E-SUb�I D2[�F,h2FcY-K�S-X
LlI A�IAUS-GTn�C�K�C�[-E�IK�S�D2E�S*[-C]��E�IL�Y�IK�C E+i�K�C5¢/\VK�STE�C [USUn
E-J,I K+W-_?n�K�C D!E-J�F�K�F,J�Y-K�IJ+_?QtCIE`[-F�L�A-C E-A�i�\£��L/C�[-D2S-X
L	CO�P+A-C�W�O�G(�j�j���2v0� ~�¤   m¦¥ L	C D!D,e�§�¨m����©7ªp«� �¬�7®(�/� ¯,�ze
°	F O+G-K�SUa!C�d-S-GuA-F,D2S�E�I2O�IR�a2C K+G-W�C±J¡E-J,I K+W-_?nmK�C D!E-J�F,K+C�n
}��U���2vt� ~ ² ¨^��³sM O�S�a2[�Ct[±�´+´�§��+b-E�FtW�I!O�CI2E(S*n�Y�I K�D2Y�I[�X
E-SUJ�AU_?L/S�W�O�GuY-K�S*LlI A�IA�S�GuJTo!O+IL	IA-E�C�n^D2Y-S*A-E-K�F,A�SU[�S
Y-K�S^[�F,L/A-C E-A�_?n±E+I L/Y�I K�CE+i�K+C�n*e

°	F,L�SUL	F�Y-K�C�[-E-SUb�I D2[�F,h2F��?[�W�C�A�A�_?LµE-J�IK�W-_?L¶K+C D�X
E-J,F,K�C�L`D�i�HtI D!E-JiUIEmS�E+IF,K�I2E-SUb-ID[�SUR·S*A-E�IK�I D�e±@�A-C2X
D!E�F G�H0II�J+K�IL	GgF�M,D�i-�]W�CI2E�D!G¸L	I2n�C�A�S�aL¹��F,K�L/S*K�F,J,C2X
A�S-G�L/C�h A�S�E-A�F,h2F·D�F,D2E+F G�A�S�G�J·oE�S*nºE-J,I K�W�_?nºK�C D!E-J�FX
K�C n*e�@¶b-C D!E-A�F,D!E-S��tJkK+CM�F�E�C�n � ¥ ��¬ �tM,_�O�S�J�_?Y�F O�A�I!X
A�_B[-F�L�Y�O�I [-D2AU_�I�SUD!D�O+I2W�F,J,C�A�S�G(L	C�h A�S�E-A�_?n(S(o2O�I [-E-K�S-X
b�I D2[�S*n·D2J�F,R�D2E�JuE-J,I K�W�_?nBK+C D2E�J�F,K�F,Jp}��*���2v0� ~² ¨^�j³ZD

��»�¼¾½À¿/Á#Â ÃÅÄ�Æ�Ç#È�Á#É�ÇËÊ ÌÍÂ Î�ÏÐÏxÑ ð È�Á�Ò�½ÐÉ¼¾Ï ð È2Ó

K�C a�O�S*b�A�_?LgD�F�W�IK+�VC�A�S-I LÔS�F,A�F,JZL/C K�hC�A�d�C+ep@&_�D[-C a!C2X
A�F�Y-K�I2W-Y�F O�F ��IA�S�I5F1D�i�HtI D!E-J�F�J�C�A�SUS^��I K�K�F�L/C�h A�S�E-A�F,R
SÕD�i�Y�I K�Y�C�K�C�L	C�h A�SUE�A-F�R���CauJko2E-S*n�E-J�IK�W-_?nqK+C D2E�J�FX
K�C�n*�?W�F O�Gq[�F�E�F�K�_?n�F,Y-K�I2W�I!O+G�I2E�D�G�[-F�AUd�IA-E-K�C�d-S-IR�S-FX
A�F,J]L	C�K�hC�A�d�C+��D!E�C E�SUD!E-SUb-ID[�SNK�CDY-K�I2W�I!O+IA�AU_?n5J0E-J�IK�X
W-_?nÖK�C D!E-J,F,K�C�n*eØ×4Ia�iUO�P E�C E-_ÙSUA�E+I K�Y-K�I2E-SUK,i�\]E�D�GµJ
Y-K�I2W-Y�F O�F ��IA�S*S��jb�E+F1L	C�h A�IE�SUa2LºJcE-J,I K�W�_?n±K+C D2E�J�F,K�C n
}��U���v0� ~ ² ¨^�j³T��F,K�L�SUK,iUIE�D!GZJ%K�I2a�i*O�P E�C E+I�[�F,A�[�i�K�IA�X
d-SUSÚW-Ji�n�Y-K�F�E�S*J,F,Y�F O�F �5A�_?n�o �&��I[-E�F,J�Û�C A�E�SU��IK�K�FX
L/C h A�SUE-A�F,h!F�D2J�IK�n�F�M,L	IA�A-F�h2F·J,a2C�SUL	F W�I R�D!E-J+S-GÕ¨^� ~ �Í�
¨^� ~ �ÚSB��IK�K�F,L	C�h A�S�E-A�F,h2F^W-J,F,RUA-F�h2F^F�M,L	IA�A�F,h2FmJ,a2C S-X
L	F W�I R�D!E-J+S-G%¨^� ~ �Í��¨^�UÜ��`�  ��e0°�K�SmA�SUa2[�S*n^[�F,A�d�IA-E-K�C2X
d-S-G�nTS-F,A�F,J�L/C�K�h2C�A�d�C(W+F,L�SUA�S*K�i*I2ENY�IK�J�_?R��*Y-K�SUJ�F W�G±[
D�F,D2E�FG�A�S*\ÝE-SUY�C(D2Y-SUA-F�J�F,h2F(D!E�I[-O+C+�UC5W�O�G�D!O,i�b�C2GTD0F�E+X
A�F,DS�E�I!O�P+A�F±J+_�D�F,[�F,R�[�F,A�d�IA-E-K�C�d-S-I RuS�F�A-F�J¡L/C K�hC�A�d�C+�
[�F,h2W�C^Y-K�F,S�Dn+F W-SUE·b-C D!E-SUb�A-F�I¡a2C L	IHtI A�S-I%S-F,A�F,Ju���2Þ��
S-F,A-C�L�S1¨^�UÜ����+W�F,L/S*A�SUK,iUIE(J,E�F,K�F,RcJ�C�K�SUC�A-EVF�M,LlI A�A�_?n
J,a2C�SUL	F W�I R�D!E-J+SUR���Y-K�F G�J�O+G�\VH�S*R�D!G�Jq��IK�K�F,L	C�h A�I2E-SUa�X
L	I,e&@ß� à��UE�C�[���I?M,_�O+CtY�F,[-C a2C A�CtJ,C�5A-CGcK�F O�PVJ,C�[-C�A-D2S*R
S�A�I D!E�I2n-S�F,LlIE�K�S*SNJ]��F�K�L�SUK�F,J,C�A�S*S1��IK�K�F,L	C�h A�IE�SUa2L/C
J�o2E-SUnTE-J,I K�W�_?nTK�CD2E-J,F,K�C�n*e

@Ú� ¥ �Í¬,��A-CTE+I L/Y�I K�CE+i�K�A-F�Rpa2C�J�S�DSUL	F,D!E-SkA-C�L/C h A�S-X
b�I A�A�F,D!E-SZF�M,K+C ad�C±}��U���2vt� ~�¤  ±L	C D2D�e�§á¨m���7D2A�G-E�F,RZJ
K�I!�5S*LlIkâsã5ä ¤ ã5ä��tJ�M O�SUa2S�© ª LlF �5A�F·J�SUW�I2E-PkC�A�FX
L/C2O�SU\��	Y-K�SUK�F�W�C^[�F�E+F,K�F,R�J^D!E�C E-P,I%A�ITS�D2D�O+I2W�F,J,CO+C D2P�e
��A�F,L	CO�S*SºA-C�E+I L/Y�I K�CE+i�K�A-F�Rqa2C�J�S�DSUL	F,D!E-SºA-C�L/C h A�S-X
b�I A�A�F,D!E-SgD�i�H0I D!E-Ji�\]E�E�C�[���I�JºD!F�I2W-SUA�I A�S-G�n*�NW�F�Y-S-X
K�F,J,C�A�A�_?nkL/C�K�h2C�A�d�I L?�l�j�*���v0� ~ ��Y-K�SkE�I L/Y�I K+C E+i�K�ITå
�¬+´&¢/�k� æ���ScJ5���*���!� ~ �zY-K�S1E+I L/Y�I K�CE+i�K�Isåk�´+´�¢/�����´ �ze

����������	�
������� ���4����� 
����! #"Y)+� /�1�1 �  �æ-�



 �æ�� }�~���~#}��������*�����8���q�q�n��~8�I~��F�����%�$�3�����4�%���r~3�b~'�©�4�Y�4�����*�q��� ~#��~#¡£¢3¤%�*���%�4¥

@ D2S�O,iáA�I2W�F,D2E�C E�F,b�A�F,RÔG-D2A�F,D2E-SÔY-K�S*K�F W-_���IK�K�FX
L	C�h A�IE�SUa2L/CmJuL/C�K�h2C�A�I d+X a2C�LlI H0I A�A�_?nkn�CO�P�[�F,Y-SUK�SUE�C�n
}��U���2vt� ~ ² ¨^��³��TY-K�I2W�D2E�C�J,O�G�I2E�SUA�E+I K�IDÕSUD!D!O�I2W�F,J,C�A�S�I
�&S�a2S*b�I D2[�S*n�D2J�F,R�D!E-J J,M O�SUa2S�© ª o2E-SUn`E-J�IK�W-_?n�K+C D�X
E-J,F,K�F,JcD5d�I!O�P�\`M�F O�IIVW�I2E�CO�P�A�F,h!FcY�F�AUSUL/C AUS-G¡Y-K�S*b�SUAj�
��F,K�L�SUK,i�\VH]S*n�L	C�h A�SUE�A-F�I5D�F,D!E�F G�A�S-I�e

��O�G SUD!D!O�I2W�F,J,C�A�S*R A-C�L/S J+_�M�K�C�A
}������ ���¨^����� � �����2vt� ~ �NE�C�[Ô[-C�[ÝoE+F�E�E-J�IK�W-_?RgK�C D!E-J�F�K
M O�S�a!F,[uY�F%[-C E�S�F,A�A�F,L&iBD!F,D!E�C�JiB[�E�J�IK�W�F,L&i·K�C D!E-J,F,K,i
}��U���2vt� ~^¤ �ÚL	C D2D�e�§ ¨^���·S�D2D�O+I2W�F,J,C�A�A�F,Lli J � ¥ �ze
°	F,D!O�IW�AUSUR��	J^DJ,F,\ F,b�IK�IW-P-�&F�M O+C W�CI2EkJ�_?K�C�tI A�A�_?L�S
��IK�K�F,L	C�h A�SUE�AU_?L/SBD2J�F�RUD!E-J,C�L�S��	C%E�F,b�[-C^¢/\VK�S·o2E�F,h!F
E-J,I K+W�F,h2F¶K�C D!E-J�F,K+C �zS�a2L	IK�I A�A-CG S�aÔY�C K�C�L/C h A�SUE-A�F,R
J,F,DY-K�SUSUL�b�S*J,F,D2E�SÕ� ¥ �4¬��x�]D�F,D!E�C�J�O+G�I2E^ �´��7¢ÝS�O�I!�5SUEZJ
K�C2M�F,b�I RgF�MO�C D!E-SÚE�I L/Y�I K+C E+i�K�A-C�QtIRgS�a2L	IK�SUE+I2O�P�A�F,R
D2SUD!E�IL�_te

@g[-C�b�I D!E-J�IZ[�F,L/Y�F,A�I A-E�F�JpQ]SUn�E-_ Y-K�S�DSUA-E�I2a!I%F�M2X
K�Cad�C�}������ ���¨^����� � �����2vt� ~ SUD2Y�F O�P+a�F,J,CO�S������5W�J�C�]W-_
Y�IK�I D�ijMO�SUL�SUK�F,J,C�A�AU_?RZ¨^�pSZK�C�A�IIcDSUA-E�I2aSUK�F,J,C�A�AU_?R
}���v0� ~ e	@·Q]S*n�E�i%W�F�M C�J,O�G�O�S±W+F,Y�F O�AUS�E�I!O�P+A�i�\�A-C�J,I D2[�i
L/_?Q]P�G�[-C(D!F�h!O+C DA�F�W�C�A�A�_?L Y�FcW�C�J�O+IA�S*\gY�C�K�C�vt��A�CW
[�K�S�D2E�CO+O�SUb-ID[�SULºL�_?Q]P,G�[�F,LqS^K�CDY�O+C�J�F�LÕ}��*���2v0� ~ e

	?C1Y�I K�J,F,L�o2E�C�Y�I(D2S*A-E�I2a!C�}�� ��� �
� ¨^� ��� � � ���v0� ~ E�ILlX
Y�IK�C E+i�K,ij��Y-K�S�[�F�E+F,K�F,R�A-C�b�SUA-CO�CDP%SUA-E�IA�D2SUJ+A-CGZJ,F�a�X
h2F�AU[-CcL�_?Q]P,G�[-C+��Y�F W-A�S*L	CO�S���F1D2[�F,K�F,D2E�P�\á�´+´lhK�C W�,b
W�FN ¥ ´ �U�,´���}�SmJ�_�W�IK+�5SUJ�CO�SmA�IcLlI A�I2I� �¬lbje�	?CNJ,E�FX
K�F,Lºo2E�C�Y�I,��Y-K�S%æ�´�´ ��� Y-K�F,S�aJ,F�W-S-O�SmJ�S�M,K+C�d-S�F�AUA�F�IcY�I!X
K�IL	IQ]SUJ�C�A�S-IpJ·E�Ib�I A�S-I�¬	b-C D�F,J-e�	?CpE-K�I2E-P�ILáo2E�C�Y�I
Y-K�S1E+I L/Y�I K�CE+i�K+C�n�¬�´+´ ��¬+ �´ � }�Y-K�F,J,F�W-S-O�S�h2F,LlF,h2IA�SUa2S-X
K�i�\VH]SURZF E+�5SUh�F�M�K�C a2d�F,J^J¡E�Ib�I A�S-IND�ijE�F,[uDNY�F,D!O�I2W+i*X
\VHtIR¡a!C�[-CO�[-F�R¡F�M,K�C a2d�C+e

×ÍI A-E-h2IA�F,D2E�K,i�[�E�i�K�A�_?RÖC�A-CO�SUaºM,_�OgJ�_?Y�F O�A�IA¶A-C
W-S��&K�C [�E+F,L	I2E-K�I��&×&r�	�X¾ �� J%}��-X�����X¾SUa�O�i�b�I A�SUS�ec°/FO�X
A�F,Y-K�F,�&S-O�P�A�_?RZC A�C2O�S�a(K�I A-E-h2IA�F,h K�C L�L�Y-K�F,J�F�W�S�O+D!G^Y�F
LlIE�F W+im×&S�E-J�I!O�P+W�C+e

��C�h A�SUE�AU_�IqDJ,F,RUD!E-J,CÕSUa2L	IK+G�O�S�DP`A-CÕJ�S�M�K�C�d-S-F,A�X
A�F,L L/C�h A�S�E�F,LlIE-K�I�}��
�� "!+�!��#$�pJºE�IL�Y�IK�C E�i�K�A�F,L SUA�X
E�IK�J,CO�I1¬ �- -� ¥ ¢�SkL/C�hAUS�E-A�_?nZY�F O+G-nuW�F^�2¯lf/O�e%	?C�L�S
E�C [-�tIkJ�_?Y�F O�A-IA�_ W�IE�CO�P+A�_�IpS�D2D�O�IW�F�J�C�A�S-GÕL/C h A�SUE+X
A�_?n�D2J�F�RUD!E-JpJ,M O�S�a2Sq© ª e'&?a2L	IK�IAUS-I^o!O+I[-E-K�SUb-ID[�SUn
D2J�F,R�D!E-JuSBo �&��I[�E�C)(�F O�O�C%Y-K�F,J�I2W�IA-FZY�FZb�I2E-_?K�I2n�a!F�A�X
W�F�J�F,R^LlIE�F W-S*[�I5J5i�[-C a!C�A�A�F,L K+C�A�II5E�IL�Y�IK�C E+i�K�A�F,LqS
Y�F O�IJ�F,LºSUA-E�I K�J�CO+C�n*e

�(IE�F W�C�L�S K�I A-E-h!I A�F,D!E-K,i�[-E+i�K�A-F�h2F C�A-CO�SUa!C
i*D!E�C�A�F,J�O+IA�F �zK�SUD�e|� ��� b-E�F Y�FO�i�b�I A�A�_?R F�M,K+C a!Id
}������ ���¨^����� � �����2vt� ~ F�W-A�F,��C a2A�_?R S [�K�S�D2E�CO+O�S�a�iUI2E�D!G
JkD!E-K,i�[-E+i�K�i�E-SUY�Ckn�CO�P�[�F,Y-SUK�SUE�C���Y-KUeÚh KUe+*-,º¯��/.��
DTY�C�K�C�LlIE�K�C�L�S�Û10·«32¡« ¥�m æ� � *�¾���54v5��6¡« ��� m ��� ¬U� � �54v
�87 «  �æ ¥�m ¬�¬94v Ü �)6�:/0ß« � m à+æ+��e °�C K�C�L	I2E-K�_;0¶S�6
o!O+IL	IA-E�C�K�A�F,RßG-b-IRU[US Y�F O,i�b-IA�A�F,h2F A-C�L/S E-J�IK�W�F,h!F
K�CD2E-J,F,K�CÖM O�SUa2[�S¹[ K�I2a�i*O�P E�C E�C�Ls��Y�FO�i�b�I A�A�_?L C�J�X
E�F�K�C�L�SÖ������e � i�H0I D!E-Ji*I2E A-I[�F�E�F,K�F�IqA�I D�F�F�E-J�I2E�D!E-J�S�I

20 30 40 50 60 70 80 90

2 (deg)Q

I
(c

o
u
n
ts

)

–1000

0

1000

2000

3000

4000

5000

<����� p(� <Y6�ò%��2�6�ò%�4235�	�����	 ��
�6�5�ñ$�42�� 5�	3����
��45�	
ùvú�û'ü ý°û4þ©ÿ�û'ü�� û������	��
��q�!�45�	!�4�4��	4ò�ò%	39 �]���4��� " � � �%5$�4235$	4�7�
�+��=">@?A?|8CBED�Fº HG�ö%	!��	4ò%�k��	4ö+�Z6T��5$6�232��4
���ö��%6 �$�47����Z6�ò��%9
����5��ö%���5$ò���ô 5�6�6�7�6�ö%�8�4
�� 5�	!�8ò%�4����ò%	39 ö�5$��
�	39 ��6#�Lñ��
õ�ö�����685�����6�ò%��	47���ò������d�d��6��45�6�����÷%6���ö%���+�?ñ$	4ò�ò%���+�
J¸SUA-E�IA�D2SUJ+A�F,D!E+G�n F,Y-K�I2W�I!O+IA�AU_?n D!E-K,i�[-E+i�K�A�_?n K�I!X
�4O�I [-D�F,J���J,I K�FG-E-A�F��?D2J�G-a2C AUA�F�I^D%Y�F O�i�b�I A�S-I LÔF�M�K�C a2d�C
L	I2E�F�W+F,L a!C�[-CO�[�S���Y-K�SUJ�I2W-Q]SUL [�C [ [ F�M,K+C a!F�J�C�A�SU\
W�I��I [-E�F,J�J(D!E-K�i�[-E+i�K�I��UE�C�[TS¡[TJ,F�aLlF �5A�_?L�D2L	IHtIAUS�X
G�L¶b-C D!E-S�[�CE-S�F�A-F�J�S�a¡D2J�F,SUnBD!E-K�i�[-E+i�K�A�_?nkY�F�a2S*d-SUR�e
� F,D2E�C J E-J,I K�W+F,h2F K+C D2E�J�F,K�C }����I� �
�2¨^�J�I� � � ���v0� ~ M,_�O
F,Y-K�I2W�I!O+IA L�SU[UK�F�K�I A-E-h2IA�F,DY�I[-E-K�CO�P�A�_?L C�A-CO�S�a�F,Lse
K7D!E�C�A�F,J�O+IA�FÚK�C�J�A-F�L	IK�A�F�I`K�CDY-K�I2W�I!O+IA�S�I�o2O�IL	IA�E+F,J
Y�F F�M�L7ILli F�M,K+C ad�C DÙD!F�F E-A�F,QtIAUS-IL [�F,L/Y�F,A�I A-E*Û
}��7��´-e¦à�æ,¯�� ¨^�Í��´-e|�´+ +�Ë���+��´�e æ+æ�æ�� v0����-e ´+´,¯��#e

f/IL�Y�IK�C E�i�K�A�_�IZa!C�J+S�D2S*LlF,D2E-Sºi*W�I2O�P�A�F,R�A-C�L/C h A�S-X
b�I A�A�F,D!E-S�F�M,K�C a2d�C+�5D2A�G-E-_�IpJqK�C a�O�SUb�A�_?n�L	C�h A�S�E-A�_?n
Y�F O�G�n*�sY�F�[�Ca2C�A�_ A-CuK�S�D,e¦�-eM&?a^E�IL�Y�IK�C E+i�K�A�_?nB[UK�S-X

100 mT

50

10

1

1 T

10
–3

10
–2

10
–1

10
0

10
1

M
(A

 m
/k

g
)

2

–0.1

0

0.1

0.2

0.3

210 240 270 300

T (K)

<����� /  *��6�����6�5�	4���5$ò%	39c��	4
����������4�����c��ñ$687���ò%�4ø ò%	4��	423ò����
÷%68ò�ò%�4�����Kùvú%û'ü ý°û3þ©ÿ!û'ü�� û������	��
��r���8��6�5$6�ò�ò�	49I
�37����8�%'*) 

5�	!��7���÷%ò���ôg��	423ò�����ò%��ôD�$�37�9%ô
J�_?n�A-C�L	C�h A�S*b�IA�A-F,D!E-S��-D2A�G-E-_?n(J�D!O+CM,_?n(Y�F O�G�nT�¾�ÍL/f	O
S¹�´lL/f	O���J+S�W-A�F��qb-E�FáL/C�hAUS�E-A�F�IÔi�Y�F,K+G-W+F,b�I A�S-IµJ

����������	�
b� ���� ����� ��� 
����! '"q)�� /41�1 �



�d������� �����*�$������� ����¤%�����T©7ª ���
	����4���Z��A�3�*�*��� ����¤��%�*���!�!�����$� m4m4m  +æ� 

}������ ���¨^����� � �����2vt� ~ ��F,K�L/S*K�iUIE�D�GÚY-K�SÔE+I L/Y�I K�CE+i�K+C�n
A�S-��Iº �´+æ4¢ ��K�SUD�e����#e��ÍE�FÕa2A-C�b�I A�S-IqM O�SUa2[�F�[gJ,I2O�S-X
b�SUA-IZE�F�bU[�Sº¢/\VK�S���ijD!E�C�A�F,J�O�I A�A�F,RÕJq� ¥ ��SUaZY�C�K�C L/C�h!X
A�S�E-A�F,R J�F,D2Y-K�S*SUL�b�SUJ�F,D!E-S W�O�GáF�M�K�C a2d�Cµ}��U���v0� ~ ¤
¤ �¡L/C D!D,e�§ ¨^��eZ°�K�S�i�J�I!O�SUb�I A�SUS�J�A�I Q�A-Ih2FTL/C h A�SUE+X
A�F,h2FBY�FO+GºE+I L/Y�I K�CE+i�K+Ck¢�\VK�SÕD!W-J+SUhCI2E�D�GºJ·F�M O�CD2E-P
M�F O�IIVJ+_�D�F,[�S*n�E�IL�Y�IK�C E+i�KUe	r�E�K�S*d�CE�I2O�P�A-CGTA-C�L	C�h A�S-X
b�IAUA�F,D!E-PpA-C�QtIh2F%F�M�K�C a2d�C+�?S�a2L	IK�I A�A-CGBJZY�F O+Im�4L/f	OU�
J,I K�F G�E-A�F��?i�[-C a2_?J,CIE�A-C�E�F��tb-E�FpJkY-K�F,d�I D!D�I�D2S*A-E�I2a!C
L/_¶Y�F O,i�b�S-O�SBb-C D2E�S*b�A�F^C�A�S�a!F�E�K�F,Y-A�_?RBF�M,K�Ca!Id*eu°�K�S
o2E�F,L?��JtY-K�F�d�I D!D!I�SUa2L	IK�IAUS-G(A-C�L/C h A�S*b�IAUA�F,D!E-S��,F,DP�C A�X
S�a!F E-K�F,Y-SUSZF�M,K�Cad�C+�7JNF�M�HtI LÕD�O�i�b-CI���A-C�Y-K�C�J�O+IA-C1Y-K�FX
E-SUJ�F�Y�F O+F�5A�F¡A-C�Y-K+C�J,O�IAUSU\ÖJ+A�IQ]A�I h!F�L/C�hAUS�E-A�F,h2FTY�FX
O�Gje�KÍ�tI^JmY�F O�IZ�´lL/f	OU�l[-F E�F,K�F�I^Y-K�IJ�_?Q�CI2Ep[�F oK�d-S-X
E-SUJ�A�i�\`D2S�O,i%o2E�F,h2F5E�J�IK�W�F,h2F(K+C D2E�J�F,K�C��UJ+S�W-A�F��Ub-E�FVF�M2X
K�Ca!IdmY�I K�IL/C�hAUSUb�I AuSpSUL	II2EZY�F O�F �5S�E�I2O�P�A�i�\ÖA�C L/C�h!X
A�SUb-IA�A�F,D2E-P-e

	?C�E�I L/Y�I K+C E+i�K�A�F,R±a!C�J�SUD2SUL	F,D!E-STA-C�L	C�h A�SUb-IA�A�F,D2E-S
A�I D2[�F O�P�[�FºA�S-��I·©7ª E�C�[���I�J�SUW-A-C�C�A�F,L/CO�S-Gj�1C A�C2O+FX
h SUb�A-CG�F�M,A-C�K,i-�tI A�A�F,R^J¡� ¥ �Ë¬���S%J�_?K�C�VC \VH�CG-D�G±JcK�I2a�X
[�F,LuSUa2L	IA�I A�SUS�A-C�[�O�F,A-C?[�K�S*J,F,R(A�C L/C�h A�SUb�I A�A�F,D2E�ScY-K�S
©`åÝ��à�´4®1ej@�F�E+O�SUbUS-I(F�E¡E�IL�Y�IK�C E�i�K�_ ¢�\VK�S���E+I L/Y�I!X
K�CE+i�K+C5Y-K�F G�J�O+IA�S�GNC A-F�L/CO�S*S±D!O+CM�I2IVY�F�W-J,I K���IA�C5J�O�S-X
G�A�SU\gJ�A�I Q�AUSULqL	C�h A�SUE�AU_?LºY�FO+ILsel°�K�S%d-SU[�O�SUb�I D2[USUn
S�aLlI K�IA�S�G-n�E�IL�Y�IK�C E+i�K�A�_?n�a!C�J�SUD2SUL	F,D!E�I RÕA-C�L	C�h A�S-X
b�IAUA�F,D!E-SÕ�zA-C^K�S�D�e��mY�F,[-C a!C�A�_ÔD2E�K�I2O�[-C�L�SU�]F�M,A-C�K,i-�tI A
E�IL�Y�IK�C E�i�K�A�_?R±h S�D2E�IK�I2aS�D]L	C�h A�SUE�AU_?n1D2J�F�RUD!E-J(JcSUA�X
E�IK�J,CO�I0�,¯+´ ,¡��æ�´�®1�-b-E�F5Y-K�I2W-Y�F O+C�hC2IE(D�i�HtID2E-J,F,J,C�A�S�I
��Ca!F,J,F,h2F�Y�IK�In�F�W�C(J�o2E�F,R¡F�M O+C D!E-S%E�IL�Y�IK�C E+i�KUe

	?C K�SUD�e¦ �C Y�F,[-C a!C�A�_ Y�F O�I J�_�I a!C�J+S�D2S*LlF,D2E-S
i*W�I!O�P+A�F,R A�C L/C�h A�SUb�I A�A�F,D2E�S E-J,I K+W�F,h2F K�C D!E-J�F,K+C
}�� ��� ��� ¨^� ��� � � ���2vt� ~ ��Y�F O,i�b�IA�AU_�ItJ,M O�S�a2S�E+I L/Y�I K�CE+i�K�_
L	C�h A�SUE�A-F�h2F`i�Y�F�K+G-W�F,b�IA�S�G S¸Y-K�S¸¬&¢seN°�K�S AUS�a2[USUn
E�IL�Y�IK�C E�i�K�C nNSUD!D!O�I2W+iUI L/_?R�E�J�IK�W-_?R±K�C D!E-J�F,K(G�J,O�G�I2E+X
D�G^L	C�h A�SUE+F,L	G�h[USULÕL/C E+I K�S�CO�F,LÕD�A-C�L	C�h A�SUb-IA�A�F,D2E-P+\
A-C D2_?HtIAUS-G¡å�æ�e æ&���¦L ~ �[�h5S-O�S ¥ e¦à���� �¨m��e

°�K�ScS�a2L	IK�I A�SUScY�F O�I J,F,R�a!C�J�SUD2SUL	F,D!E-S5i*W�I!O�P+A�F,R�A-C2X
L	C�h A�S*b�IA�A-F,D!E-SgF�M�K�C a2d�F,J�J�M O�S�aSÔE+I L/Y�I K�CE+i�K�_¹L	C�h!X
A�S�E-A�F,h2F5i�Y�F,K�G-W�F,b�IAUS-G^A-C�L/S¡F�M,A-C�K,i���IAZLlIE�C�L/C�hAUS�E+X
A�_?R`Y�IK�I2n+F�WÝ�zK�SUD�e¦ �C��#e ¢�K�SUE-SUb�I D2[�S�I·Y�FO+Gj�VS*A-W+i�d-S�X
K�i�\VH]S-I�Y�IK�I2n+F�W*��S J,I2O�S*b�SUA-CgD2[-C�b�[�CgA-C�L/C h A�S*b�IA�X
A�F,D!E-S`a2C J+S�D!G�EÕF E E�IL�Y�IK�C E�i�K�_ F�M,K+C ad�C�e � K�F,D2E�F�L
E�IL�Y�IK�C E�i�K�_ [UK�SUE-SUb�I D2[�F�I�Y�F O�I`J,F�a2K�C D!E�CI2E-�^C`D[-C2X
b�F,[pA-C�L	C�h A�SUb-IA�A�F,D2E-Sui�L	IA�P�Q�C2IE�D�Gje &?DY�FO�P�a�i-GZW�C A�X
A�_�I�Y�F O+IJ�_?nca2C J+S�DSUL	F,D!E�IRNi*W�I!O�P�A�F,R�A-C�L/C�hAUSUb�I A�A�F,D�X
E-S���L�_�Y�F,D!E-K�F,S-O�SmW�SUC�hK�C�L�L&iZD!F,D!E�F G-AUSURZJN[-F�F�K�W-SUA�C!X
E�C n�� ,T©Ô��K�S�D,e  ��*�#�Un�C�K�C [�E+I K�S�a�i�\VH0i�\�F�M O+C D!E-STD�J+_/X
D�F,[�F,R¡� ��¨Z��ScAUS�a2[-F�R¡�"!Í¨Z��A-C�L/C h A�S*b�IAUA�F,D!E-P�\���CsE�C [�X
�tI]F�M O+C D2E�P�D�i�HtI D!E-J�F�J�C�A�S-G±L	I2E�C�L	C�h A�SUE�A-F�h2F�Y�I K�I2n+F�W�C
��¨m¨$#s�#e,¢/K�S�E-S*b�ID[�S-I?Y�F O�G5A-C�b-CO+C+�&%('7�+S(a2C J�IK�QtIAUS-Gj�
%*)��0Y�I K�I2n+F W�CmW�O+GBW-S�C�h K+C�L�L/_áF,Y-K�I2W�I!O+G�O�S�DPpY�F�A-C�S�X
M�F O�P�Q0I R^[�K,ijE-S�aA�I([�K�SUJ�F,RZA-C�L/C h A�S*b�IAUA�F,D!E-S%F�E%Y�FO+Gj�

6 K
192
235
270
291
303
310
322

B

B

S

F

T
C

HM

MMT
LM5

5

10

10

15

15

20

25
B (T)

B
(T

)

0

3

6

9

M
(A

 m
/k

g
)

2

260 280 300 320 340 360

T (K)

(a)

(b)

<����� &$ ,+ 	�- ���37�68
�	39±��	4
����������4�����c��ñ$687���ò%�4øIò%	4��	423ò���÷�6�ò��
ò%�4����� ùvú û'ü ý°û þ©ÿ û'ü�� û �����	� 
 � ���8��6�5�68ò�ò%	39���5�� 5$	!��7���÷�ò%��ô
��6�����6�5�	4���5�	�ô.+0/1-?� 	2�#��
4	39 ñ���	4245�	4�+��	é
�ö����45�ñ���ò%	4��	�ô
2435'����$�4ö%	!�8��
4	2� " 	39��2�37�	4�8���b��� " 6�����
��4
�	4ò��%9g��6���	4��	42#�ò�����ò%�42�� �$6�5$6�ô��3ñ$	$ ������!�8ò�	�÷�6�ò��K�!�47�	3�����A��
��v�8�4ö%�4ø5+76Zþ�-
�Dò����8ö��4ø8+x;qþ�-�ò%	4��	�23ò%��÷%6�ò%ò%�4����� �b�$	L��	4ö��Z6 �!�37�	3�����������
" 6��8��
��4
�	4ò���9?��6���	4��	423ò�����ò%�42��b�$6�5$6�ô��3ñ�	9+ þdþ5:;-

E�F0I D!E-P5Y�FVL/S*A�SULli�LliZ��L/C�[-D2S*L&i�L&i��lJ,E�F,K�F,R�Y-K�F,S�aJ,F�W+X
A�F,RpoE+F,R·[UK�S*J,F,R·F E�SUA-W+i�[�d-SUS�L	C�h A�S�E-A�F,h2F^Y�FO+Gje)&?a
W-S�C�h K�C L�L�_t�-Y+i�E+I Lko [-D!E-K�C�Y�FO+G�d-SUS�J5F�MO�C D!E-P(J+_�D�F,[�SUn
E�IL�Y�IK�C E+i�K�S(Y�F O�I R���K�SUD�e¦ <���+Y+i�A�[-E-SUK�A-CG]O�S*A�S-G��#�+J+S�W+X
A�F���b�E+F]LlIE�C L/C�h A�S�E-A�_?RNY�I K�I2n+F W�LlF ��I2E5D�i�HtID2E-J,F,J,C E-P
JcE�IL�Y�IK�C E�i�K�A�F,LºSUA-E�IK�J�C2O+IVW+FNåº  ¥ ´&¢?e

×4I2a�iUO�P E�C E-_ S�aLlI K�IA�S*R o!O+I[-E-K�SUb�I D2[USUn�D2J�F�RUD!E-J
E-J,I K�W+F,h2F�K+C D2E�J�F,K�C�}�� �I� �
� ¨^� �I� � � ���v0� ~ Y�F,[-C a!C�A�_ A�C
K�S�D,e ¯Ue &?a�E�I L/Y�I K+C E+i�K�A�F,R¡a!C�J+S�D2S*LlF,D2E-S¡o!O�I [-E-K�F,D�F,Y-K�FX
E-SUJ,O�IAUS-GVi*D2E�C A-F�J,O�I A�F��+b-E�F�J�FtJ�D!IR1S�aLlI K�IA�A-F�RcF�M O�CD�X
E-S±E�I L/Y�I K+C E+i�KNSUD!D!O�I2W+iUI L/_?R±E-J,I K+W-_?R¡K�CD2E-J,F,KNY-K�F G�J X
O�G�IE]L	I2E�CO�O�SUb�I D2[USURcE-SUY5Y-K�F,J�F W-S*LlF,D2E�S�M�Ia/C�A�F,L/C2O�SUR�e
�cC�hAUS�E�F,K�I2a2SUD!E-SUJ+A�_?R�o �&��I[-E���ijD!E�C�A�F,J�O�I A�A�_?R�S�aNY�FX
O�I J�_?nTS�a2L	IK�I A�SUR^o!O�I [-E-K�F,D�F,Y-K�F�E-SUJ�O+IA�S�GTY-K�S^K�Ca!O�S*b�X
A�_?n�E�IL�Y�IK�C E�i�K�C n*��Y�F�[�Ca_?J,CI2E-��b-E�F�Y-K�S1E�IL�Y�IK�C E+i�K�I
�,´+´�®ÝL	C�h A�S�E�F,D!F�Y-K�F�E-SUJ,O�I A�S-ItY�F O+F�5SUE+I2O�P�A�F5SND�F,D2E�C J�X
O�G�IE]JtY�F O�It�2¯lf/OtLlI A�II���§Ne�@%F�M O+C D!E-S1LlIE�C L/C�h A�S�E-A�FX
h2F±Y�IK�I2n+F�W�C�Y�F,J,IW+I A�S-INL/C h A�SUE�F,D�F,Y-K�F�E�S*J�O+IA�S�GmE�C�[���I
D�O�CM�F�J�_?K�C�tI A�F���F�W�A�C [-FcSUL	II2E1M�F O�II5D�O+F�5A�_?R%n�C�K�C�[�X

����������	�
������� ���4����� 
����! #"Y)+� /�1�1 �



 �æ�¯ }�~���~#}��������*�����8���q�q�n��~8�I~��F�����%�$�3�����4�%���r~3�b~'�©�4�Y�4�����*�q��� ~#��~#¡£¢3¤%�*���%�4¥

0 50 100 150 200 250 300

T (K)

r
m

W
(

m
)

100

176

177

178

179

200

300

400

0 5 10 15
B (T)

1
2

260.0

260.5

261.0

261.5

262.0

<����� �� ���6��+�$6�5�	4���5$ò%	395��	4
��%�������4�����V��ñ$687���ò%�42��Lõ87�68ö���5$�+�
÷�6���ö%�42��]������5$������
�7�68ò���9?ùvú û'ü ý°û þ©ÿ û'ü¦� û �����/� 
  ��v	�
�����	4
�ö%6
�$�4ö%	!��	4ò�� �����4��6�5$��� õ87�6�ö���5$�4�8�4�%5$�4����
�7�6�ò���9©
��]
�ò%6#��ò%68�
��	�23ò%����ò%�4�����37�6Z�%5$�D��6��+�$6�5�	4���5�	�ô�:���) /�1�1����	� )A&�(�, �

E�IKp��K�SUD�e ¯��4J+D!E�C�J�[-C���e�°�K�S�E�IL�Y�IK�C E+i�K�I1 -� ¥ ¢`L	C�h A�S-X
E�F,D�F,Y-K�F�E�S*J�O+IA�S�ImF�E�K�S*d�CE�I2O�P�A�F�J�F·J�D!ILÖSUa2L	IK�IAUA�F,L
W-S�C�Y�C a�F,A�I�Y�F O+IR�ÛlJ5Y�F O�G�n�W�F] &f/O(D!F�Y-K�F�E-SUJ,O�I A�S-I?ijM,_/X
J,CI2E-��JTY�FO+G�n±F�E% ±W�F±4f/OTD�F,Y-K�F�E-SUJ,O�IAUS-IcY-K�C�[-E-SUb-ID�X
[�S�A�I�S�a2L	IA-G�IE�D�Gj�7C�J�_?QtI14f/O¡D!F,Y-K�F E-S*J�O�I A�S-INJ�A-F�J+P
A�I2aA-C�b�S�E�I2O�P�A�FVi*M,_?J�C2IE�e	@4I!O�SUb�S*A-C(L/C h A�SUE�F�K�Ia2SUD!E-SUJ�X
A�F,h2F(o �&��I[-E�C(A�I5Y-K�I J�_?Q�CI2E%�,§Ne

&?a2L	IK�IAUS-G5o �&��I[-E�C (�F O�O�C�J]A-C�Q]SUnVF�M�K�C a2d�C�ncY�F,[-C2X
a!CO�S��	b-E�F%E-K�C�A-D2Y�F,K�E-A�_�I±DJ,F,R�D2E-J,C%E-J,I K+W�F,h2F%K�C D!E-J�F,K+C
}�� ��� ��� ¨^� ��� � � ���2vt� ~ ��F,K�L/S*K�i�\]E�D�G�A�F,D2SUE�I!O�G�L�S%a!C�K+G-W�C
DVY�FO+F �VSUE�I!O�P�A�_?LºaA-C�[�F,L?e

&?a�SUD!D�O+I2W�F,J,C�A�S�G�A�C L/C�h A�SUb�I A�A�F,D2E�SÔD!O�I2W+iUIE��1b�E+F
��IK�K�F,L	C�h A�SUE�A-F�I5D�F,D!E�F G�A�S-IcJ,M O�SUa2S%E�IL�Y�IK�C E+i�K�_Õ¢�\tX
K�S�Y-K�I2E�I K�Y�I J,CI2EqS�aLlI A�IAUS-GqDuS�aLlI A�IAUS-IL E�IL�Y�IK�C2X
E+i�K�_ SáY�F O�Gje &?a�S�aLlI K�IA�S*RáY�F O�I J�_?nga!C�J�SUD2S*LlF,D�X
E�IRÖA-C�L/C�hAUSUb�I A�A�F,D!E-S J,M O�SUa2Sµ©�ª L	F �VA-F�Y-K�IW-Y�FO+FX
�5S�E-P-�7b-E�FNL	C�h A�S�E-A�F�IcD�F,D2E+F G�A�S�IcJco2E-S*n%E�J�IK�W-_?n¡K+C D�X
E-J,F,K�C�n A�F,DS�E�a�F,A�A�_?RÚn�C K�C�[-E�IKUe °/F�W�F�M�AU_�IBa!C�J�SUD2S-X
LlF,D2E-S�J�Y�F,J�I2W�IAUSUS�A-C�L/C h A�S*b�IAUA�F,D!E-SÝY-K�S�L	I2E�C�L	C�h!X
A�S�E-A�F,LµY�I K�I2n+F W�I%A-CMO�\]W�C2O�S�DPuJuE-J,I K+W-_?n·K�C D!E-J�F,K+C�n
D�F�D!E-K�i�[-E+i�K�F,RºY-SUK�SUE�Cp}� *��
�� ���� 
 � � ���+���z����C a!C�n���C2X
J,I D!C��(� }� ���� v�� � � ~ ����«��(�&K�I2W-[�F�a�I LlI2O�P�A�_?R�o!O+IL	IA-E-�
������tS�D2SUD!E�IL	I�
�� ���� # # ��� � ~ ���  �ze 	?C�Q]S�Y-K�IW-Y�FO+F �tI!X
A�S-GºF,DA�F,J�_?J�C \]E�D!G�E�C�[���IpA-C·K�Ia�iUO�P E�CE�C�nºK�CM�F EºC�J�X
E�F�K�F,JB���¯-�/� ¥ �z��Jm[�F�E�F,K�_?nBY-K�F�J�F�W-S-O�SUD2P�K�CDb�I2E-_¶a!F�A�X
A�F,R^D!E-K,i�[-E+i�K�_�E-J�IK�W-_?nTK�C D!E-J�F�K�F,J�}�� ���� ¨^� � ���2v0� ~ e
K7D�O+F�J+S-I L W+O+G J�F aA�SU[UA�F,J,I A�S-G a�F,A�A�F,h2F¸L/C�h A�I2E-S�aL	C
W�FO+�5A-CNM,_�E-P^Y�FO+F �VSUE�I!O�P�A-CGZ[�K�SUJ+S�aA-C±[�K�SUJ�F,RkY�O�F�E+X
A�F,D!E-Sgo!O+I[-E-K�F,A�A�_?n`D!F,D!E�F G�A�SUR¶J�MO�S�aS�i�K�F�J+A�G���IK�X
L/SÚ��� ¬ �zeg@ ���¯-�t� ¥ �5Y-K�S S�D2D�O�IW�F�J�C�A�SUSºE-J�IK�W-_?nqK+C D�X
E-J,F,K�F,JB}�� ���� ¨^� � ���v0� ~ A-CM O�\]W�CI2E�D!GqS*LlI A�A�FkE�C [�C2G
a!C�J�SUD2S*LlF,D2E�PÚY�O�F�E-A�F,D!E-S¶o2O�I[�E�K�F,A�AU_?ngD!F,D!E�F G�A�SURÖF E
oA�I K�hS*Spo!O+I[-E-K�F,A�F,J��&E�FTI D!E-PuJm}��U���2vt� ~ D�i�HtI D!E-JiUIE
i�b-C D2E+F,[`DkF�E-A�F,DS�E�I!O�P+A�FºJ�_�D!F,[�F,RÝY�O�F�E-A�F,D!E-P�\ o2O�I [�X

E-K�F,A�A�_?n�D�F,D2E+F G�A�S*RÕA�I D2[�F O�P�[�FpA�S-��I^i�K�F,J+A�G���IK�L�S�e
@&A�I2W-K�I A�S-I�S�F,A�F,JºL	C�K�hC AUd�C�J�I2W�I2E�[�Y-K�S*LlI Q�S*J,C�A�S*\
 ".�Xzi�K�F,J�A�I R1L	C�K�hC AUd�CsA-C�i�K�F,J+A�I��tI K�L�S5D�A�SUa2[�F,RNY�O�F�E+X
A�F,D2E�P�\ o2O�I [-E-K�F�AUA�_?nkD�F,D2E�FG�A�S*R�eº@4IK�F G-E�A-F+�sA-CZ[UK�S-X
J�F�RµY�O+F�E�A-F,D!E-Sgo!O�I [-E-K�F,A�A�_?nÝD!F,D!E�F G�A�SURµY-K�F,S�Dn+F W-SUE
D2L	IHtI A�S-I]i�K�F�J+A�G��tI K�L/S^A-C�i�b-C D!E�F,[^D(J�_�D!F,[�F,RmY�F O�FX
�5S�E�I!O�P+A-F�R¡[�K�SUJ+S�aA�F,RTS¡K�I2CO�SUa�i�\]E�D!G1MO�C�h!F,Y-K�S-G-E-A�_�I
i*D!O�F,J�S�G±W�O�G±��F,K�L/S*K�F,J,C�A�S-GTa�F,A�A�F,h2FcL/C�hA-I2E-S�aL	C+e

¢	C�[�F�E-LlI b-CO�F,D2P�K�C A-I2I��-A�I L	CO+F�J�C�VA�i�\`K�F O�P5JV��F,K�X
L�SUK�F,J,C�A�S*SÖL	C�h A�SUE�AU_?nÝD2J�F,R�D2E�J�E-J�IK�W-_?nÚK�C D!E-J,F,K�F,J
}�� ���� ¨^� � ���v0� ~ S*hK�C�\]E�S�F,A�_ºL	C�K�hC�A�d�C+�-A-C�n+F�W�G-H]S�I�X
D�G�J�K+C a!O�SUbUA�_?n�[�K�S�D2E�C2O+O�F,h K�C�&S*b�ID[�SUn1Y�F�a2S*d-S-G�n^��a!C2X
L	IH�CG�S-F,A�_ [�CW-L�S-GºSÕh2IK�L/C AUS-G��#eÝf�C [USULµF�M,K�C a�F,Ls�
D�i�HtID2E�J i�\]Epi*D!O�F,J�S�G�W�O�G���F,K�L�SUK�F,J�C AUS-GqW�J i�n-Y�F�W-K�I�X
QtI2E�F,b�A�F,RpL	C�h A�SUE�A-F�R�D2E�K,i�[�E�i�K�_te�@4IK�F G-E�A-F+�ÍF W-A-CTS�a
Y�F�W-K�IQtI2E�F,[ÕY-K�S�E�I L/Y�I K+C E+i�K�I�¢/\VK�SÕD!F�a!W�CI2E�o�&��I [�X
E-SUJ+A�F�I]L/C�h A�S�E-A�F�I]Y�FO+I,�U[�F�E�F,K�F�I]Y-K�S±Y�F,A�S��tI A�SUS¡E�ILlX
Y�IK�C E+i�K�_�K+C DH0I Y�O�G�I2E1a!F�AUA�i�\gD!E-K,i�[-E+i�K,iZA-C�Y�F�W�a�F,A�_
DTK�C a�O�SUb�A-F�R·F,K�S�IA-E�C�d-S-I R·DY-SUA-CmSBD2Y�F,D�F�M,D2E-JiUI2EpJ�F a�X
A�S*[�A�F,J,I A�SU\ a!F�AUA�F,h!FºL/C h A�IE-S�a2L/C+eß@¸E�FB��I�J�K�I LlGj�
A�I D2[�F O�P+[�FZJ+_?QtI�© ª J�A-IQ]A�II¡L/C h A�SUE-A�F�I%Y�F O+I¡W�F,Y�F O,X
A�G�I2ETJ�A�i�E�K�I A�A�II5Y�FO+IVE�C�[j�*b�E+F�D�i�L�L/C K�A�F�IVo �&��I[�E�S*J X
A�F�INY�F O�I(DY�F,D�F�M,A�FTS*A-W+i�d-SUK�F,J�CE-P¡LlIE�C L/C�h A�S�E-A�_?RmY�I!X
K�I2n+F�W±J1}�� �I� �
� ¨m� �I� � � ���2v0� ~ A�I D2[�F O�P�[�F�J+_?QtI�E�IL�Y�IK�C2X
E+i�K�_�L	C�h A�S�E-A�F,h2FVi�Y�F�K+G-W�F,b�IA�S�Gje ��E-S*LqE�C�[���I(L	F�5A�F
F�M L�G-D2A�SUE-Pmi�J,I2O�S*b�IA�S�I%[UK�SUE-SUb�I D2[�S*nBY�F O�I RBL	I2E�C�L	C�h!X
A�SUE�A-F�h2F1Y�IK�I2n+F�W�C5D5K�F,D!E�F,LºE�IL�Y�IK�C E+i�K�_�J+_?Q0It©7ª�e

	?CO�S*b�S-IqhSUD!E�IK�Ia2SUD!CºA-CqE�IL�Y�IK�C E�i�K�A�F,RÝa!C�J+S�D2S-X
L	F,D!E-S�A-C�L/C h A�S*b�IAUA�F,D!E-SNE�C�[���ItLlF �5A�FVSUA-E�I K�Y-K�IE-SUK�FX
J,C E-PpJuY-K�IW-Y�FO+F �tI A�SUS�a�F,A�A-F�RºY-K�S*K�F W-_Öo�&��I [-E�C�e�@
Y-K�F,d�ID2D�I5F�n�O+C�VW�IA�S�G¡Y-K�S%E�IL�Y�IK�C E+i�K�I(å��+�´�¢ÕJ+A�ijE+X
K�IAUA�I2INo �&��I[�E�S*J�A�F�INY�F O�IND!E�C�A�F,J�SUE�D�GZDY�F,D�F�M,A�_?LÝS*A�X
W+i�d-S*K�F�J�C E�P�L	I2E�C�L	C�h A�S�E-A�_?RÚY�IK�I2n+F�W�J�D�F,D2E+F G�A�S�I�D
J�_�D!F,[�F,R·A-C�L	C�h A�S*b�IA�A-F,D!E-P+\�eZ°/F,D2[-FO�P+[�i�J�A�i�E-K�IA�A�II
o �&��I[-E-SUJ+A�F�ItY�F O�Ita2A-C�b�SUE+I2O�P�A�F]D2S-O�P+A-I2ItJ+A�IQ]A�I h2F+��a!C2X
L	I2E-A�F,h2F]D2W-J�SUhC�E�IL�Y�IK�C E�i�K�_�Y�I K�I2n+F�W�C]J�A-IQ]A�SUL�L	C�h!X
A�SUE�AU_?L�Y�FO+IL�A�I�A-CM O�\]W�CI2E�D�Gje � i�HtID2E�J�F,J,C�A�S�INh SUD�X
E�IK�Ia2S�D2C�A�C�E�I L/Y�I K+C E+i�K�A�F,RVa2C�J�S�DSUL	F,D!E-S5A-C�L/C�hAUSUb�I A�X
A�F,D2E�SmW�CIE�F,D2A-F�J�C�A�S-I�Y�F O�C hC E-P-�*b�E+F(i�[-C a2C AUA�_?RmY�IK�I!X
n+F�WNG�J�O�G�IE�D!G���Ca!F,J�_?LqY�IK�I2n+F�W�F,LºY�IK�J,F,h2F�K�F�W�C+e

°/FO+IJ+_�I a!C�J�SUD2S*LlF,D2E�S D�F,Y-K�F�E-SUJ,O�IAUS-G ��K�S�D,e ¯U�
J+D!E�C�J�[-C��#�¶S�a2L	IK�I A�A�_�I JßF�M O+C D2E�S LlIE�C L/C�h A�S�E-A�F,h2F
Y�IK�In�F�W�C+��Y�F�[�Ca_?J,C�\]E���b-E�F J,F�a2AUSU[-C�\VH]SUR a!F�AUA�_?R
L/C h A�IE-S�a2L D!O+CM�F J�O�S-G�I2E A-C Y�F�J�I2W�I A�S-I A�F,DS�E�I!O+IR
a!C�K+G-W�C�e �ÍE+F¸J�_?K�C�]CIE�D!G E�C [-�tIáJáF,b�IA�P D!O+CM�F,L
S�aLlI A�IAUSUSßA-C�[�O�F,A-Cµ[�K�SUJ�F,R A�CÔE�I L/Y�I K+C E+i�K�A�F,R a!C2X
J�SUD2S*LlF,D2E�S¶D!F,Y-K�F E-S*J�O�I A�S-G¶J�SUA-E�I K�J�CO�IºE�IL�Y�IK�C E�i�K
�, +´ ���,æ�´Í®1e

f�C [USUL F�M,K�C a�F,L?��L	F �5A�F�a2C�[�O�\Vb�SUE-P-�(b-E�F�JqE-J�IK�X
W�F,LkK+C D2E�J�F,K�It}�� ��� ��� ¨^� ��� � � ���2vt� ~ D�F�D!E-K,i�[-E+i�K�F,RNn�CO�P,X
[�F,Y-SUK�SUE�CNJ�M O�S�aS¡© ª D�i�HtI D!E-JiUIE±L	I2E�C�L	C�h A�S�E-A�_?R^Y�I!X
K�I2n+F�W�S�a�D�F,D!E�F G�A�S-G�DqA�S�a[�F,RgA�C L/C�h A�SUb�I A�A�F,D2E�P�\ÙJ

����������	�
b� ���� ����� ��� 
����! '"q)�� /41�1 �



�d������� �����*�$������� ����¤%�����T©7ª ���
	����4���Z��A�3�*�*��� ����¤��%�*���!�!�����$� m4m4m  +æ ¥

D�F,D2E+F G�A�S�I¡D%J�_�D!F�[-F�R�A-C�L/C h A�S*b�IAUA�F,D!E-P�\�e &?a¡C�A-CO�S-X
a!CVa!F�AUA�F,RTD2E-K�i�[-E+i�K�_qo2E�F,h2F5E-J,I K+W�F,h2F(K�CD2E-J,F,K�C5LlF �5A�F
Y-K�I2W-Y�F O�F �5S�E-P�a�F,A�A�i�\ Y-K�SUK�F�W+i�L	C�h A�I2E-SUa2L/C%S�L	I2E�C2X
L	C�h A�SUE�A-F�h2F�Y�I K�I2n+F�W�C5J�E-J,I K�W+F,LqK�C D!E-J,F,K�IVW-S�C�K�D�I A�S�W�C
[-C W-L/S�G+X h2IK�L/C AUS-GVD?L	C�K�hC AUd�ILse�r4W-A-C�[�FsW�O�G5W�I2E�CO�P�A�FX
h2F�J�_�G-DA�IA�S�G�Y-K�SUK�F�W-_·o �&��I[�E�Cs�tI2O+C E�I!O�P�A�FtY-K�F,J�ID2E-S
A�IRUE-K�F�A-F�h K�C �&SUb�I D2[�S�IsS1D2Y�I[�E�K�F,D[�F,Y-SUb�I D2[US-ItSUD!D�O+I2W�FX
J,C�A�S�GÕE�J�IK�W�F,h2FkK�C D!E-J�F,K+C·}�� ��� �
� ¨^� ��� � � ���v0� ~ J�M O�S�aS
E�IL�Y�IK�C E�i�K�_Õ¢/\VK�S�e

×4CM�F�E�C J�_?Y�F O�A�I A-C Y-K�S �&SUA-C�A-D!F,J,F,R Y�F�W�W�IK+�5[�I
×4F,D!D2S*R�D[�F,h!F���F,A-W�Ck�7i�A-W�C L	IA�E�CO�P+A�_?nºSUD!D!O�I2W�F,J,C�A�S*R
��Y-K�F�I [-E��Bà�X¾´� ,X æ+´�´+¬��ÍI2O�e�� S �tF,A-W�C·��i�A�W�C�L	IA-E�CO�P,X
A�_?n S�D2D�O�IW�F�J�C�A�SUR ×4I D2Y+i*M O�SU[�S��ÍI2O+C�K,i*D2P �zY-K�F�I[-E
���]´�à+×ÍX ´��,´��#e

(� ?$� ��D �v�4
��4���45��$6�
$��$� ��� � 	37���ò%ò���ö��4
����  �3� � �45��37�68
�	]�
ñ�5! p��� �
	���q��,�, / + /41�1 ,�-# 

/  ?�] ��F 4þc�4ú�� �4ú���� ÿq�!=� �6�� B��Å� ����:� �������� /������������ ?  p���% �ù�B������� 
��BED �!�"�q $#�%�&���' 1 � + /�1�1�/ -# 

&� ?$� ��D �v�4
��4���45,��6�
$�l.n �(  Í$Y	45$ò%	4
���ö%��øq�4.r Ä�F )�F	�5$6�ò%ö���ò
�?ñ�5! p�%� �
	*�,+��q( / &�"�+ /�1�1 '�-# 

�% ��  �3� � �45$�37�6�
4	$��$� �-  v��	4
�7���
$�/.v ��D 10!	 " ��5$��ò���ö���ø �ñ�5! p�%�Z���32$4*� /�1�/�/ + /�1�1 ��-# 

,$ �<q $� �.n6�����ò*�/�  �3� � ��5$�37�6�
4	��].n °�� /�F	�5$6�ò%ö���ò � ñ�5� p�
���K���5%��+ / (�-#����(9+ /41�1 � -# 

'� /6� )7���89�pÿY��;� �= D�BEDI?��:�;���	9� +þ<��B �#ÿ��� ÿu���=� ?  p�!�� +þ<��>4ÿY 
þ<�;>�ÿq !þ<� �"�� �#�4�@?A#�4,+��Y(�&�"4� + /�1�1 ,�-# 

"$ �B] �"�% DC���� D%��E  :� �����ÿF>%���F ��% @=�B ����8G�4ÿY���ÿ%ú�:� �H�>�> - ��� �
8I�@���8 F6	�:�! �JK&�%*� /�1 ( /�1�/ ��(�+L6 - + /41�1 (�-# 

�� �=� �9�� ��D%�*�] ��� �þc�4úF���ú@��� ÿq� :� $�z���� /�����j����� ?  �$�% U8��@���8 
ùM����8? -9/D�?  �&F2Y�*( �N'$(,+ /�1�1 &�-# 

�� s9! �ùM�"D;� �O��  ùM�"D;� �/9! 'ù  6�D�ÿF>%�O��ÿ%úk9! �ùM�"D%�O�� &= DIB � ��ÿ
8I�@���8 �9/D -  �2D#*�-9%"�&���+ /�1�1 &�-# 

( 1  0�] ¾�F �þc�4úF� �4ú����pÿY��8� ��] FJ
��BP�4ÿ@DQ�!��9! ��# �� DI? D ��� - ���!<�D��! F�� 
8I�@���8 �ùM����8© -9/D�?R�tú��O&F2Y�*( '���(,+ /�1�1 &�-# 

(�(� ?=� ���ú@� - ��� �7=� Í9�� ��D%�+þa �þ<� �¾� > >�BP�%�1��ÿ%úPþa 1HS�F�2����� ���� 
8I�@���8 �9/D -  ��2<�ÿY #�4��!& / &�+Ä(���" 1 -# 

( /  6F �6� !=T�AB - �8U�;�/B���ÿ%ú]ù  ��F 28 DI?tú@���;�% �þ<�;>�ÿY �þ<��>4ÿY �þ<�Q�V�� 
W �q(9+Ä(8��"4��-# 

(8&� /B] �X��|����R���IBP�U�4ÿ�ú9Bb @BM�;8U��>I> - ��� ���� �8��@���8 �9"D -  F�<�ÿq �F2Y�
(:'���� +Ä(�����,�-# 

( �% 0$� PY% [Zv5,��6�����ö%��øq��.n �$� \�0��5�	!� �4
�� $� 3� �v6�6n68ñ$�4
��
� �� D�s��5�	�
���6�
$� �v6��45$24 $�F	���685! F2�2Y�*(�& 1�1 + /�1�1 ��-# 

(�,$ 0.n �$� \�0��5�	!� �4
�� $� ]Y% ^Z�5��Z68����ö%��øq��$� 3� �v6�6n68ñ$�4
��
� �� D�s��5�	�
���6�
$�!� �
	*��#*�q(�& / "�+ /�1�1 "�-# 

(:'� 5<q �0n ���6�
�������ò*�(  �.n D�]	45$ö%�4�89�ò�GY���_+����*��' / & +Ä(�������-# 

����������	�
������� ���4����� 
����! #"Y)+� /�1�1 �


