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18Cr−12Ni
AISI 302

AISI 304

AISI 321

AISI 347

18Cr−12Ni, C<0.08

18Cr−8Ni, Ti

18Cr−8Ni, Nb

18Cr−8Ni, Mo

AISI 316

22Cr−12Ni

AISI 309

− C

+ Ti

+ Mo

+ Cr

+ Nb

+ Ni

H−Grade
0.04~0.10C

AISI 304H
AISI 321H
AISI 347H
AISI 316H

25Cr−20Ni

AISI 310

18Cr−8Ni, Nb

18Cr−8Ni,NbTi

optimisation
Chemistry

Cu addition

18Cr−8Ni,CuNbN

[168]

[136]

[147]

ASME TP347HFG

Tempaloy A−1

Super304H

25Cr−20NiNbN

[168]

HR3C
(SUS310J1TB)

(SUS304J1HTB)

(SUS321J1HTB)

Heat−treatment

21Cr−32Ni,TiAl

[80]

[100−120]

Alloy 800H

[140]

20Cr−25Ni,MoNbTiN

20Cr−15Ni,NbN

[186]

NF709
(SUS310J2TB)

[155]

Tempaloy−A3
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� |ex�olxCzeo	s Ñ t�xCm�z�q à s\w-z�q=x�q�� � |du-q=k ÒN� �8k\w-o	mpw-z8� � |§~°w-r�m���u3snzn�¯�
hih ±�[)[�ZEX�X=_�b²[)_
ÒN� �nknw-o	mvxCoQo�m�{C�8u3�³r	m��du3r�q=m�� � m�©-m�zVxCz´w"{C{Cug�Eo4{Cx>w"|n{Cm�q=u���u-r	�³x�q�u3zVw-�3m�xCzn�8�0jlknx�oQt�u3s8{C�µ|dm

�nsnmpq=u x�q=o4t�u-� �du3o	x�q=x�u3z�w-zn�µx�q=o4�3m�znm�r=w-{¢��m�w/q=snr�m�o0u"�®��u3r	� w"q	xCu3z � knx�t)k´w-r	mpznu-q�©3m�r����nx ª m�r�m�z�q
��r	u-�¶t�u-� �}u3z�§ � �nr�m�t�x��nx�q=w"q=m�o��

£·ql�3m�znm�r	w-{C{�� ��u3r�� o�u3ze�3r=w"xCz � |~u3s8zn�\w-r�xCm�o � ©-m�r���r=w-�8xC�n{�� � |ns8q4w-{�o	uau3z�q � x�ze|~u3s8zn�\w-r�xCm�oHw-zn�
� x�q	knxCz¬q=knm���w/q=r	x¹¸ ��� knm�r�mµx�q xCo�w-o	o�u^t�x>w"q	m�� � x�q=kº�8xCo	{�u^t�w"q=x�u3znoyâg�:�¤ã��±å�knm�z»x�q}��u3r	�}o � x�q�x�o
sno�s\w-{C{���w-o�w Î z8m'�nxCo��~m�r	o	x�u3zµu-���nw-r�q	xCt�{�m�owâz� �8� �:� �s�g  ã �~� k8xCt)kV��w"�-m�o0x�q�w"z´xCz�q=m�r	m�o�q=x�zn���nk\w"o	m
� knm�zµ�3uEu^��t�r	m�m��´�nr�u3�dm�r�q	xCm�oQw-r�m�o	u-sn�3k�q��4jlknma�}u3r	�8knu3{Cu-�-��k\w-o�|~m�m�z´r�m��du3r�q	m���q	u�|dm�m�x�q=knm�r
t�s8|~u3x��\w-{câz�:�¤ã¢u3rlr	uE� � {�xC�"m=â � �bã5�
jlknm�r�m x�o�w��-u^uE�Vw-�3r�m�m��}m�z�q�q=knw"qpx�qQ��u3r�� o�w/qvk8xC�3k´q=m�� �dm�r	w"q=s8r	m�o��L©�w-�-k\w�©-w"z¼_�]�`��p�Uâz� � ã

r	m��~u-r�q�x�q=o4��u3r	� w"q	xCu3ze�nsnr�xCzn��w-znznm�w-{Cx�zn�h� � k´w"q � �:�:� ½ � u-��w � ��� � �
t�u3z�q=w-xCznx�zn�5�8��� � | � q)¾
w-zn�]�8�z�:� �¼� q�¾ �-� x�q	kaw-zvu3r	x�m�z�q)w/q=xCu-zpr�m�{Cw"q=x�u3zno	k8xC�pxCzn�nx�t�w"q	xCzn�y�nr�m�t�xC�nx�q)w"q	xCu3z�xCzpq=knm�o	u3{�xC��o�q=w"q=m"�
Ö �iq	m�r�w-�3m�xCzn�5�:�:�:�}kµw"q��  3  ½ � x�q0x�o�o�q=x�{C{¯q=k8mv�nr�m��nu-� x�z\w-z�q0�8r	m�t�xC�nx�q)w"q	m-� � m � §��#è ~�¿�w-zn�µÀ �
�nk\w"o	m��\w-r�q=x�t�{Cm�olw-r�m��nr	m�o	m�z�q���jlknm�o	mpw-s8q	knu3r�olxCzn�nx�t�w"q	m0q=knw"qyw � �'olknm�w"q � q=r	m�w"q=�}m�z�qyw/q � �:���'½
xCo4o	s Ñ t�xCm�zªq�q=u �nxCo�o	u3{�©3maw"{C{¯q=k8m ÒN� �8k\w-o	mv�\w-r�q=xCt�{Cm�o �\� knxCt)k�xCo4znu-q�xCznt�u3zno	x�o�q	m�z�q � x�q=k�q	knm � u3r��
u-�V©4u-|nxCzno�u3z�_�]S`��p�@� à s8u-q=m�� x�z�âg� � ã �1� knx�t)k {�u^t�w"q=m�o®q=knmyo	u-{�©Esno�u-� ÒN� �nk\w"o	mlq=u�|dml|~m�q � m�m�z � �����
½Áw"zn� ��  ���'½Áx�zew}o�q=m�m�{.t�u3z�q=w-xCznx�zn�
{>w-r��3m�rHw-� u-snz�q=olu-�$znxCu3|8xCsn�Âw-zn��znx�q	r	u3�-m�z¯�

©4u-|nxCzno�u3z
w-zn� U w-t)�kâz�:�Hã\r	m��~u-r�qSq=k8mH��u3r	� w"q=x�u3z�u"� ÒN� �nk\w-o�mHxCz
wL����~�rI��� � x8o�q	m�m�{\t�u3z�q)w"xCznx�zn�
�8�z�:� ��� q�¾Ãw"zn�=�8���:� � | � q)¾Ä|dm�q � m�m�z	������w-zn� � �:��� È ~0� Ö q � ���:� È ~ ÒN� �nk\w"o	mHx�o$q=knm Î r	o�q:w-zn�
u3zn{��p�nk\w-o�mH��u3r	�}m��¯�¦£·qSx�o$��u3snzn�'s8znx���u3r�� {����nxCo�q=r�xC|ns8q	m��'w/�iq=m�rc�:�0�}xCz�|8s8q�t�u�w"r	o	m�znoSr=w"�nxC�n{��3� Ö q
���:� È ~Åx�q�o�q)w-r�q=o4q=u��8r	m�t�xC�nx�q)w"q	m�xCz�q	knm�� w"q	r	x�¸�w"�iq=m�r ��  k¯� Ö q�{Cu � m�r�q	m��}�~m�r=w"q	snr	m�o � @�u^� Dw"r	m��
_�]�`��p��âg�   ã¯r	m��du3r�qyw't�u3zno�xC�nm�r=w-|8{CmQ�nx�� m�zno	x�u3z\w-{~o�q=w-|nxC{�x�q��}u-� ÒN� �8k\w-o	m�x�zew�q��E�~mL� �g -¡*�p�^� x�q=kew
�}m�w-z}o	x B m4u-�   zn�Æw"�iq=m�rU���pk w"q   ��� È ~Çw-zn� � �pz8�Æw"�iq=m�r\�:���:�:��k�w"q�q	knm�o	w-�}m4q	m��}�~m�r=w"q	snr	m"�
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jlknu-r�©"w-{C�8o	o	u-zvw"zn� Õ snzn{Cu-�=âz���bã � o�q=sn�8�Ex�zn�lq=knmSm ª m�t�q=o¢u-�^o�q=w-|nx�{CxCo�xCzn��m�{�m��}m�z�q=o.x�z�w-sno�q	m�znx�q=x�t
o�q=w-xCz8{Cm�o�ovo�q=m�m�{Co � sno	m���w � �:� � ��o�q=m�m�{ � x�q=k��^� � @ � �8� � � � |¼w"zn���8� � � � w"q�¾�� Ö �iq	m�rT�(�:�:��k�w"q
�:��� È ~ � z8u ÒN� �8k\w-o	m¨k\w-�É��u3r	�}m�� � |ns8q�w×� � | � @ � �¬~ �Ê��� ��t�t�t�w-r	|du3znx�q=r�xC�nmµ��u3r�� m��°x�zno�q	m�w-�²�
Ö z8�nr Dm�zV_�]$`��p�@â � �¤ã �3� x�q=k}w�o�q=m�m�{\u-�dq=k8mlo=w-�}mlt�u3�}�du3o	x�q=xCu-z � x�z
©-m�r��'o	x�� x�{>w-r*t�u3z8�nx�q	xCu3zno � ��u3snzn� �
u3z�q	knm�t�u-zªq	r=w-r�� � q	k\w"q�q=knmp§ � �nr	m�t�xC�8x�q)w/q=m0knw-�ew-{ � w��Eoyw�o�q	u3xCt)knx�u3�}m�q=r��}znu-qH�Yw-r:��r	u3�¶§ �
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w-zn��t�u-zªq=w-xCz8m���o�m�zno�xC|n{���w-o4�asnt)kµt)knr�u3�}xCsn�Ìw"o � |+Í0@a� � u � m�©3m�r � q=knmpt)k\w-r	w-t�q	m�r	x�o�q	xCt�q=m�q	r=w-� �
u3z\w"{Cx�q�� � w-o0znu"q�u-|no	m�r�©3m��´w-zn�eq=k8m�w-s^q=knu3r�oyo	sn�3�-m�o�q	m���q	k\w"qyq=k8m�����u3snz8�µw'�nr	m�t�snr�o	u3r�o�q=w"q=m�u-�
q=k8m���s8{C{�� u3r��nm�r�m�� ÒN� �nk\w"o	m-�
hihih Î\Ù/b8f�hYcE_�X�`-]�h¬Ù/b8fdÙ/bµ]�Û\_�f�]·`�Ï�h��Ðhi]YÑiÙ!Ü�Ò¢Ó,Þ"Û8`/fg_
£·q:o	m�m�� o à snx�q	myr	m�w"o	u3z\w"|n{Cmlq=u��nr�u3�du3o	myq=k\w/q ÒN� �nk\w"o	myxCoSq=k8m4o�q)w-|8{Cm � |}t�u3z�q=w-xCznx�zn���nk\w-o�m�x�z

w-sno�q=m�znx�q	xCt�o�q)w-x�zn{Cm�o	o®o�q=m�m�{Co � x�q=k'knx��3kaznx�q=r�u3�3m�z²� � sn�3knm�o<â �g  ãno	s8�3�3m�o�q=oSq=knw"qSx�q$t�w-z
|dmHm�¸^�dm�t�q=m��
xCz�wvq��E�nxCt�w-{D� � �vo�q=m�m�{¯w-o�o	uEu3z�w-o�q=knm � m�xC�3k�ql�dm�r�t�m�z�q=w-�3mQu-� � xCo��3r	m�w"q=m�r�q=knw-zi�8�z�   �S½�znu � {Cm�o
âg���bã Î z8�no ÒN� �nk\w-o�m
xCz¨wj�����:�:�k�8� �*�g� | � q�¾�o�q=m�m�{ � x�q=k��8�z����� �Á� q)¾ �¢� k8xCt)k�t�u3sn{��¨x�zn�nx�t�w"q	m
q=knw"q$t)k8r	u3�}xCsn�Äw-z8�§�"u3r*znxCt)�"m�{nt�u3z�q=m�zªq®�n{>w��vw-zax�� �du3r�q=w-z�q*r	u3{�m�x�zvq=k8mHo	u3{�sn|nx�{Cx�q��Qu-�nq=k8xCo$�8k\w-o	m"�
jlknm��nr	u3|8{Cm��Ôw-r	x�o	m�o � x�z¬� w-z��¼o�q=m�m�{Co � q=u¨�ªznu �Õ� knm�q	knm�r � |§~Æu3r ÒN� �nknw-o	mexCo'q	knm��}u3r�m

o�q=w-|n{�m-�O@�m�r�����m � o�q=sn�8xCm�o
k\w�©-m��8m�w-{�q � x�q	k­w"�n�nx�q	xCu3z8o�u-� � | � ~Öw-zn� � q=u3�-m�q=k8m�r'xCz�w � w��
q=knw"q�t�u3sn{����nm�q=m�r�� x�znm � knxCt)k¼�nknw-o	m xCop� u3r�m o�q)w-|8{Cm-�'u"�iq=m�z � |�x�ovx�z�m�¸8t�m�o�o
w-zn��|du-q=k � |§~
w-zn�a~�r � | � ��u3r	��� æ znu¼_�]�`��p�nâg���bã���u3snz8�¨q	k\w"qpu3zn{�� ÒN� �nknw-o	m
��u3r	�}m��Vx�z�w � ��� � � � |�o�q=m�m�{
� x�q	k't�w-r�|~u-z�w-z8�}z8x�q=r�u3�3m�z � q=k8m4z8xCu3|nx�sn�Ät�u3z�q=m�z�q�|dm�x�zn��{Cu � m�rSq=k\w"z
q	k\w"q�r�m à snxCr�m��
q=u�t�u-�a|nxCz8m
m�x�q=knm�r0w"{C{¦~Åu3r�w-{C{ � �djlk8xCo � u3sn{���x�zn�nxCt�w"q=m�q=knw"q ÒN� �nk\w-o�mvx�o4�Yw"o�qQm�znu3sn�-k�q=u}��u3r	� Î r�o�q � knm�z
t�u-� �dm�q	x�q=x�u3zV|~m�q � m�m�z � |§~×w"zn� ~�r � | � x�o�{Cx��-m�{��´q=u�u^t�t�snr�� é z�q=k8m�u-q=k8m�r�knw-zn� � ½�znu � {Cm�o
âg���bã.r�m��du3r�q	m�� � |Ð�¬~ �Ê��� w"�iq	m�r<��k�w"q@���(� È ~�x�zew=�����:�:�po�q=m�m�{ � q=r=w"zno���u3r�� x�zn�vq	u ÒN� �nk\w"o	m � x�q=k
��snr�q=knm�r�w-�-m�xCz8�n� � r	u3�×q	knm0�8r	m�t�xC�nx�q)w"q	xCu3z
|dm�k\w�©ExCu-snr�u-� ��� �����Zâg�bã �E� knm�r	m ÒN� �nk\w-o�m0x�o�r�m��du3r�q	m��
w"�iq	m�r1w-�3m�x�zn��q	xC�}m�o¢u-� � � ç k'w"qc�:��� È ~ � w"zn�T~�t�u-zªq=w-xCz8xCzn�4�nk\w-o�m�oSw"r	ml§��#è ~�¿Sw-zn�
§�¿ ~�u3znm�t�w-z
xCz^��m�r®q=knw"q ÒN� �nknw-o	myxCoS�}u3r�m4o�q)w-|8{CmHq=knw-z � |§~­w"zn�}q	k\w"q�q=k8m4{Cw"q	q	m�r � x�{C{8�8xCo	o�u3{�©-ml��u3rSq=knml��u3r�� m�r
x�� � |�x�o�xCz}q=uEuao	� w-{�{ à s\w"zªq	x�q	xCm�o�� � u � m�©-m�r � ©4w-�3knwg©"w-z¨_�]:`��p�[âg� � ã~�nm��8snt�mQ��r�u3�Öw�t�u3�}�\w-r�xCo�u3z
|dm�q � m�m�z�� � ��� � ��� � � � x�q	k��8�z� � |Vw-z8���8���:�:~ � q�¾ � w-zn��� � � Ö�Ô � � �:� � � � x�q=kn�8�z� � | � �8�z�:� �p�
�8�z�:�:��~ � q)¾ � wµ�3r	m�w"q=m�rao�q=w-|nxC{�x�q��¨u-� � |"~ � o	x�znt�m Ò x�o���u3snzn��q	u´�nr	m�t�x��nx�q=w"q=m���r�u3�Øq=knm�o�u3{Cx��
o�q=w"q=m'|8s8q�q=knm � |§~Äx�oQ��u3snzn�¨w-o�r�m�o	x��ns\w-{$�\w-r�q	xCt�{Cm�o��ajlknm
t�u-znt�{�sno	x�u3zno�u-��o	snt)kOw�t�u3�}�\w-r�xCo�u3z
k\w�©3m�q	u |dm�m�¸8w-�}xCznm���t�w-r	m���sn{C{���w"oyq	knm�t�u3�}�du3o	x�q=xCu-zno � m�r	mp�nx ª m�r	m�z�q��
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Í m�znm�r	w-{C{�� � u3z8m4t�w-z}t�u3znt�{Csn�8m4q	k\w"q ÒN� �nknw-o	my�nr�m�t�x��nx�q=w"q=x�u3z'xCo�znu"qS��sn{C{��asnzn�8m�r	o�q=uEu^�²� Ô u3x�zªq	o

u-��w-�3r�m�m�� m�zªq'w-r	m�x�q=oao�q)w-|nx�{Cx�q���w/q'knxC�-k�q=m��}�dm�r=w/q=snr�m�w-zn�¼q=k8m���m�w"q	snr	m�o'u-�4x�q=o��nr	m�t�xC�8x�q)w/q=xCu-z
� Î znm �8xCo	�dm�r�o	x�u3z � � Ô r�u3�~u-o	m���o	u3{�©^s8opq	m��}�~m�r=w"q	snr	m�o��nx ª m�rp|dm�q � m�m�z�q=knm}©"w-r	x�u3sno�o�q	sn�nxCm�o � |8s8q
q=k8m�o	m��nx ª m�r�m�znt�m�o�w-r	m4t�u-zno	x�o�q=m�z�q � x�q	k �8x ª m�r	m�z�q�t�u3� �du3o�x�q=x�u3zno��s£·q�xCo��nx Ñ t�sn{�q�w-o��3m�q�q	u�|nsnx�{C�}w
t�u-knm�r�m�z�q0©ExCm � u-�1q=knmp�nx ª m�r�m�z�q��Ex�znm�q	xCt�o4u-|no	m�r�©3m��¯�@£·q0x�oyznu-q4t�{�m�w-r � knm�q	knm�r ÒN� �nknw-o	mpw-t�q=s\w-{�{��
��u3r�� oQ��r�u3�Û§ � �nr	m�t�xC�8x�q)w/q=m�ovw-o�o	s8�3�3m�o�q=m��¼|ª�´q	knm}r	m�o�sn{�q	o�u-�H½�znu � {Cm�oZâg���(ã:w-zn� Ö zn�8r Dm�zÉ_�]
`��p�aâ � �bã � u-rv�nx�r	m�t�q={��¨w-o�o�sn�3�3m�o�q	m��¼|���©4u3|8xCzno�u3zÉ_�]�`��p��âz���bã5�ejlknm�o	m�u-|no	m�r�©"w"q=x�u3znovt�u3sn{���|dm
r	m�t�u3z8t�xC{�m��}x��²u3znm0t�u3sn{�� �nr�ug©3m0q	k\w"q:q=knm4�nr	x�©ExCzn����u3r	t�m4��u-r:q	knm4��u-r	� w"q=x�u3z
u-� ÒN� �8k\w-o	m4xCz ww�(��~�r
� � � xU��©yu3|nx�zno	u3z¼_�]l`��p� � xCoyo	x��3znx Î t�w-z�q={����nx ª m�r	m�zªq4q=knw-z�q	k\w"q4xCz�w � ��� � �^��jlknmpxC�}�~u3r�q)w-z8t�m�u-�
ÒN� �8k\w-o	mpxCz�|~u-q	k���m�r	r	x�q=x�tvw"zn�´w-sno�q=m�znx�q	xCt��du � m�r0�n{Cw-z�qQo�q=m�m�{Co � r	m�zn�nm�r	oQ�\w"r�q=x�t�sn{Cw-r	{���znm�t�m�o�o=w-r��
q=k8mHw-o�o	m�o�o	�}m�z�q�u-�\q	knm�q=m�r	z\w"r��po��Eo�q	m��Y~�r ��� | ��� q	u0�nr�uÜ©Ex��nm�q=k8m�q=k8m�r	�}uE�8�Ez\w-�}xCt:�\w-r=w"� m�q=m�r�o
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znu-q®t�{Cm�w-r � w"{�q=k8u3sn�3k
wQt�u3z�q=r	x�|ns8q	xCu3z'u-�+q	knmyo�q=r	w-xCz
w"r	u3snz8�
q	knmlsnzn�8xCo	o�u3{�©-m��}�\w-r�q=xCt�{Cm�xCoSxCz�©-u3�-m��¯�
hihih �@Ùb�C_wÙ!ÜwÙ/]�Û\_�X�`����,Ù/Ñ/hibEëe_ �C_ Ú�_�b\]if
§��#è���¿®x�o � x�znx�q	x>w-{�{�� � w0t)knr�u3� x�sn� � xCr�u3z�t�w"r	|nx��nm-� � u � m�©3m�r � x�q	o1t�u3� �du3o�x�q=x�u3z�xCo*o	sno�t�m��8q=x�|n{Cm:q=u

{>w"r	�3mS©"w-r	xCw"q=x�u3zno�� � u3r1m�¸8w-�}�n{Cm � x�zaw4q��E�nx�t�w-{�
^��
:����r � §�u � q)¾ o�q=m�m�{ � §��#è���¿®k\w-oSw4t�u3�}�du3o	x�q=xCu-z
u-��w-|du3s8qd�8�z� � m � �8��������r � �8� � §�u � �8��
�
�� � u3{�ma��r=w-t�q=x�u3z¡�Yt�w"{Ct�s8{>w"q	m�� � x�q	k�§�j �#Õ<Ö j ÖC���.� knxC{�m
xCz�w�q��^�8xCt�w"{e�:� � x�qHx�oHt�{�u3o	m�r�q=u=�^��� �:� m � �^�   ����r � �8� �:� §�u � �8��
�
��0�^jlknm�r�m�xColw"{Co	u�m�©ExC�nm�znt�mQq	k\w"q �
��u3r�w��3x�©-m�z¼o�q=m�m�{Ht�u-� �du3o	x�q=x�u3z � §��#è���¿
t�u3�}�~u-o	x�q	xCu3z¨snzn�8m�r	�-u^m�o'{>w-r��3m t)knw-zn�3m�o'xCz�q	knm�m�w"r	{��
o�q=w-�3m�ovu-��q=knm �nr	m�t�x��nx�q=w"q=x�u3z¯� ¡ m � xCovw-zn� � w"q�q=m�r�o	{�m��¡â � � ã à snu-q=m w�o�q=sn�^�O|�� Ô knxC{�xC|dm�r�q�_�]Q`��p�
xCz � knxCt)k¼q=k8m�w-s8q	knu3r	o'�8r	u3�du3o	m q=k\w"q
§����vè'��u3r	�}o�x�z�q=knm�m�w-r	{���o�q)w-�-m�o'u-��w-�3m�xCzn��xCz¼w � �:���
o�q	m�m�{ � w-ovq=knm � m ® ��r�r	w"q=x�u�xCov� u-r	m�t�u3zno�xCo�q	m�z�q � x�q	k�q=k8m��ªznu � z¬t�u3�}�~u3o�x�q	xCu3z¨u-�lq=k8xCo��8k\w-o	m"�
�^x�� x�{>w-r�{�� � §�w"r	o	knw-{C{xâz�bã à s8u-q=m�ovw�o�q=sn�8�µxCz � knx�t)k¨q	knm
w-s8q	knu3r	o�o�knu � q	k\w"q�sn�Vq=u � � � q)¾ � m
t�w"z�|dm���u3snzn��xCz�§��#è���¿4xCz�q	knm�m�w-r�{���o�q)w-�-m�o4u-�$�8r	m�t�xC�nx�q)w"q	xCu3z � w-z8��q	k\w"qlq=k8m�§�u t�u3z�q=m�z�q0w-{Co�u
xCz8t�r	m�w-o	m�o � x�q	k�q=x�� m"�s£·qlx�o��nr�u3�~u-o	m���k8m�r	mQq	k\w"q�q=knm�o	m�t�u-� �du3o	x�q=x�u3z t)knw-zn�3m�olt�w-z�|dmQm�¸^�n{Cw-xCz8m��
|�� q	knm0�-r	u � q=k��}m�t)k\w"znxCo��Öx�z�©3u3{�©3m��²�U£�z�w��asn{�q=xCt�u3�}�~u3z8m�z�q�w-{C{�uÜ� � q=knmQx�z�q=m�r��Yw-t�m�k\w-o�q	ua�}uÜ©-m
w"q
w´r	w"q=m � knx�t)k�xCo't�u-zno	x�o�q=m�z�q � x�q=k�q	knm ä s^¸¼u"�0m�w-t)k­m�{Cm�� m�zªq � xCz¼u3r��nm�raq	u¨� w-x�zªq=w-xCzO{CuEt�w-{
m à snx�{Cx�|nr	x�sn���*jlknm�r	m���u-r	m � q	knm�xCz�q=m�r��Yw-t�x>w-{²t�u3�}�~u-o	x�q	xCu3z8oHw-r�mpz8u-qyxCz��3m�znm�r	w-{.�3x�©3m�z�|��ewaq=x�m � {�xCznm
�\w-o�o	x�zn��q	knr	u-sn�3kOq	knm}|nsn{C�´t�u3�}�~u3o�x�q	xCu3z � |8s8q�|��Ow-zOw-{�q	m�r�z\w"q=x�©3m'q=x�m � {CxCz8m � knxCt)kO�~m�r	�}x�q=o�q	knm
ä s^¸ � |\w-{>w"znt�mO���nm�q=w-xC{�oyw-r	m�u3s^q�u"�1q	knm�o	t�u-�~m�u-�*q=knx�olr	m�©^x�m ��� o	m�m���u3rlm�¸8w-�}�n{CmOâ �   ã¢u-rLâg���¤ã � �

£�z�q=knm�o=w"� m � w�� � u-z�q	knmSxCz�q	m�r	o�q=x�q=x>w"{-{>w/q	q=x�t�m � ïVt�w-z�o	sn|8o�q=x�q=s8q	mS��u3r��0ágknu � m�©3m�r1x�z�©-m�r���o	� w-{C{
à s\w-z�q=x�q=x�m�o��aï�u3r	u-z¨x�o�u-���\w-r�q	xCt�sn{>w-r�xCz�q=m�r	m�o�qvw-o�x�q��8r	u3�}u-q=m�oQq=knma��u-r	� w"q=x�u3zµu-��xCz�q=r	w-�3r	w-zªsn{>w-r
§��#èb�����)ï � ¿ �0jlknm�r	m'xCo�o	u3�}m�t�u3z�q=r�uÜ©-m�r�o��´w"|~u3s^q0q=k8ma� m�t)k\w-znx�o	�³xCz�©-u3{�©-m�� � |ns8q�x�q0x�o0�du3o	o�xC|n{�m
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q=knw"qvïÃxCz8t�r	m�w-o	m�ovq	knm {Cw"q	q	xCt�m}�nw-r=w-�}m�q	m�r�u-�4§��#è���¿ � q	knm�r�m���u3r�m�r	m��nsnt�xCzn��q=knm}� x�o	� w"q=t)k � x�q=k
q=k8m�w-s8o�q=m�znx�q	m-�ejlknm �nr	m�o	m�z8t�m�u-�lïÃxCz�§��#è���¿aknw-o�|dm�m�z�o	knu � z�s8o	xCz8�µw"q	u3� �nr	u-|~m Î m�{���x�u3z
�}xCt�r�u3o	t�u3��� � Ö�ÔS� £�§ � m-�;�n�áâ �:�(ã � �­jlknm�o=w-�}m�x�o
znu-q
q=r�snm���u-r'znx�q	r	u3�3m�z¯�Á£·q}k\w"o {�u3zn�V|~m�m�z
|dm�{Cx�m�©-m���q	u´k\w�©3m�wµo���w-{�{�o	u3{�sn|nxC{�x�q��´x�z�§��#è���¿y�Ym"�Ê�8� âg���¤ã � � � u � m�©3m�r � r	m�t�m�z�q
m�¸8�dm�r�xC�}m�z�q)w"{
r	m�o	sn{�q=oQo�sn�n�du3r�q	m��¨|���`�Ï}hib\hi]Yh¬Ùvt�w-{�t�sn{Cw"q=x�u3zno�xCzn�nx�t�w"q	m B m�r	ueo�u3{Csn|8xC{Cx�q���u-�:znx�q	r	u3�3m�zµxCz¨§��#è���¿ �
q=k8m�o�q=r�snt�q	snr	mpu-� � knx�t)k�x�ol�nm�o�q)w-|nx�{Cx�o	m���x��1w
o���w"{C{¯w"� u3s8zªqHu-�$t�w-r	|du3zexCo�r	m��8{>w-t�m���|ª��znx�q	r	u3�3m�z
â � �bã��

�$¸8t�m��8q�xCzVq=knm Î znm xCz�q=r	w-�3r	w-zªsn{>w-rQ��u-r	� � §��#è���¿��nr�m�t�x��nx�q=w"q=x�u3zVxCo�znu-qv�nm�o	xCr	w-|n{�m
��u-rp�-u^uE�
t�r�m�m��}�8r	u3�dm�r�q=xCm�o��1£·q�xCo®u-�iq	m�z
w-o�o	uEt�xCw"q=m�� � x�q=k'x�z�q=m�r��3r=w"zEs8{>w-r1t�u3r�r	u3o�xCu3z � w-oSx�q	o$��u3r	� w"q	xCu3zvw-{Cu-zn�
q=k8m��3r	w-xCz�|~u3s8zn�\w-r�xCm�o4t�w"sno	m�o�w�{CuEt�w-{.�8m��n{�m�q=x�u3zµx�z�t)knr�u3� x�sn�³w-zn���~u3o�o	x�|n{���{CuEt�w"{.{Cu3o�o0u-�Sq	knm
o�q=w-xCz8{Cm�o�oH�nr�u3�~m�r�q��n��q=k8m�o�q=m�m�{¯x�o�q=k8m�zeo=w-x���q=u
|dmQo	m�zno	x�q=xCo�m�� � h��Y_��So	s8o	t�m��8q=x�|n{CmQq	u'xCz�q=m�r	�3r	w-zªsn{>w"r
t�u-r	r	u-o	xCu-z � �
hiÚ WeÙb�ÐZ8Ï�h��Ðhi]�Ñ�`-bdc��/hib²_�]Yh5[)fwÙ!ÜxÞdX=_)[�h�Þdhi]·`-]Yh¬Ù/b
jlknm�o�u3{Csn|8xC{Cx�q��µu-�yt�w-r	|du3z�x�z�w-s8o�q=m�znx�q	m �$� x�q=k�r�m���w"r	��q	u´§��#è���¿ � knw-oa|dm�m�z��nm�o�t�r	x�|~m��¼|��

m��}�nx�r	xCt�w-{dr	m�{Cw"q=x�u3zno�knxC�no�o	snt)k�w-odâ � �bã5�
{Cu3�<â �\ã"!#!%$��&�('�� �*)   
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Ö o1t�w-z�|dm:o	m�m�zaxCz Î �3s8r	m+
^� �8� q	knxCo*xCo.©"w-{Cx�����u3r*wyq��E�nx�t�w-{ � ��� � 
yo�q=m�m�{ � |ns8q1u3znm:o	k8u3sn{C�v|~m:t�w"r	m���s8{
w-o4x�q�xCo4o	m�zno	x�|n{����}u^�nx Î m���|���q	knmat)knr�u3�}xCsn�³w-z8��znx�t)�-m�{1t�u3z�q	m�z�q��[£�znt�r�m�w-o�xCzn��q	knmat)knr�u3�}xCsn�
t�u-zªq	m�z�q�r�m��ns8t�m�o�q	knm�o�u3{Cs8|nxC{�x�q���u"��t�w-r�|~u-zºxCz­w-sno�q=m�z8x�q=m"��£·q�w-{Co�uOx�znt�r�m�w-o�m�o�q	knm��ªx�znm�q	xCt�o}u-�
§��#è���¿y�nr�m�t�x��nx�q=w"q=x�u3z � w-ol�nuEm�oyw-zex�znt�r�m�w-o�m�xCz�t�w"r	|du3zet�u3z�q=m�z�q��S��r	u3���8�z��
vq=u=�8�z�:��� � q�¾ � q	knm
znu3o�m�u-�1q	knm,� � t�snr�©-mvx�olo	knx��iq=m��e��r	u-� � �:�'keq=uO�8� � k¯�
§��#è���¿ Î r	o�q��nr	m�t�x��nx�q=w"q=m�oSu3z'�3r=w"xCza|du3snzn�nw-r	x�m�o � q	knm�z �ª� x�q=k'x�znt�r�m�w-o�xCzn�0q	xC�}m � u-z'xCznt�u3knm�r�m�z�q

q � xCz´|du3snz8�\w-r	x�m�o � t�u3k8m�r	m�z�q�q � xCz´|du3snzn�\w"r	xCm�o�w-zn� Î znw-{C{���x�z�q=k8m'��w"q	r	x¹¸�u3z´�nxCo�{CuEt�w"q	xCu3z8o��C£�z
q=k8m:� w"q	r	x�¸ � x�q.��u-r	�}o1w"o*m�©3m�zn{��po	�nw-t�m��aw-zn�-sn{>w-r¢|n{�u^t)�ªo�� Ö q1{Cu3z8��w"�3m�x�zn�lq=xC�}m�o � �-r=w-x�zp|du3snz8�\w-r��
t�w"r	|nx��nm�olt�w-z���u-r	�Ìw't�u-� �n{�m�q	m�{�� xCz�q	m�r	{�u^t)�"m���o�q	r	snt�q=snr�m-�
jlknmV�ªxCznm�q=xCt�o�u-�p�nr	m�t�x��nx�q=w"q=x�u3z»w-r�mVw ª m�t�q	m��É|ª��§�u �y� knxCt)kÉo�q=w-|nxC{�xCo�m�o�q	knm´t�w-r�|nxC�8mVw-zn�

w-t�t�m�{�m�r	w"q=m�o�x�q=o���u3r���w/q=xCu-z¯� é z�q=knmVu-q	knm�rek\w-z8� � znx�q=r�u3�3m�z�x�o � m�{C{ � �ªznu � zÉq	u­r�m�q)w"r	��|~u"q=k
q=k8mp��u3r���w/q=xCu-z�w"zn��t�u�w-r	o�m�znx�zn��r	w"q=m�o0u-��§��#è���¿ � w-zn�µw"zµu-�iq=m�z��nr�u3�du3o	m��µm�¸^�n{Cw-z\w"q	xCu3z�xColq=knw"q
znx�q=r	u-�3m�zer	m��nsnt�m�oyq=knmp�nx ª sno�x�©Ex�q���u-�-��r4w-z8�.��xCz�q=knmvw-sno�q=m�znx�q	mZâ   ã � â � 
¤ã�� � u � m�©-m�r �VÕ m���w-{>w"x�¸
w-zn� � u^t�q]â �*� ã¢��u3snzn�eq=k\w/q0x��1q	knmvt�w-r	|du3z�t�u3z�q	m�z�q � w-o4knxC�3k8m�rlq=k\w"zh�8�z�:� � q�¾ � xCznt�r	m�w"o	xCz8�}q	knm
znx�q=r	u-�3m�zet�u-zªq	m�z�qQt�u3sn{���k\w�©-mvq=k8mvu3�8�~u3o�x�q	mpm ª m�t�q��y§�u3r�mpr�m�t�m�z�qQx�zª©-m�o�q=xC�3w"q=x�u3znoyxCzn�8xCt�w/q=mQq=knw"q
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� w"t�q=snw-{C{���m�znknw-znt�m�oQq=knmv�nx ª sno�xCu3z�u-��o	sn|8o�q=x�q=s8q	xCu3znw-{¢m�{Cm�� m�z�q=o0|���xCznt�r	m�w-o	x�zn� q	knmv��u3r���w/q=xCu-z
u-�H©"w-t�w-znt�xCm�o � |ns^qa�nm�{>w��Eovq=k8m�zªsnt�{�m�w"q	xCu3zOu-�4§��#è���¿ � q=knm o�q	r	snt�q=snr�m�u-� � knx�t)k�xCop�nm�o�q)w"|nxC{�xCo	m��
� knm�z�t�w-r	|du3z�xCol�\w-r�q=xCw-{C{�� o�sn|no�q=x�q	s8q=m���|��eznx�q=r�u3�3m�z�â¯®T°(ã��
Ú �y_ ��`-]�hiÚ-_0f�]·`�Ï�h��Ðhi]YÑiÙ!Ü²±û�#è ¶ ¿
£�z�w
o	x�� �8{Cm0q��E�dm�³�° � o�q=m�m�{ � §��#èY��¿4xCoyu-�iq	m�zeq=knm�u3z8{���t�w-r	|8xC�nm���u3snz8��w"q�w-z��ew"�3m�x�zn�'q=xC�}m-�

Ö {�q=knu-sn�3k´o	u-� m�q=xC�}m�op§�¿��ÄxCoQ��u-snzn�Áâ � 
¤ã � x�q�x�o�w-opw�� x�znu3rQ�nknw-o	m w-zn�¨znue� m�z�q=xCu-z¨x�o���w"�nm
u-�®w-z�x�zno�q=w-|nx�{Cx�q���u-��§��#è���¿ � x�q	k�r�m���w-r���q	u�§�¿��0�\å�knm�zµ�}u3{��^|d�nm�zEs8�ÌxCo4w-�n�nm����iq��^�dm´³(®  �µ��
§��#è���¿pt�w-zV�\w"r�q=xCw-{C{���q=r	w-zno���u-r	��q	u�§�¿�� ��o	m�m}��snr�q=knm�r µ á*x�q�xCo�k8u � m�©-m�rvw-{ � w��Eopr�m��du3r�q	m��´q=knw"q
§��#è���¿ar�m�� w-xCz8opq	knm�� w-xCz¨t�w-r�|nxC�8m m�©3m�z¬w"�iq	m�rp{Cu3z8�µw-�3m�xCzn�8�j£�z��Yw"t�q � §��#è���¿
w-zn�¼§�¿��×w-{Co�u
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¼®�sno�m���s8� q=uvr	sn�^q=snr�mw��®   °�°�° � 
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��sn{�{²o�q=w-|nx�{CxCo	w"q=x�u3z¯�
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FHG�I:GÁÀ Þ à3ß
§�¿��×xCo�w-{Co�uµ�ªznu � z­w"o´Â � t�w-r�|nxC�8m � |8s8q � xC{�{�|dm�r�m���m�r�r	m���q=uVw-oa§�¿��Áq=uVw�©3u3x���t�u-z8��sno	x�u3z
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´eê�µ�¶d·*¸¤¹sº�»½¼t¾=·"¿¦»l¿1º�ÀH¸bº�»¦¼�¾Tº�¿Á·"Â¦¾�ÀH¼�¿1º�À¤º�Ãi¾�ÀH·"º�¿1Är¼�¾?¾T¾�ÀH¼F¼�Ä�¾ ì+?
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°�Ö � U � ÔUÕ �.®e� Ô
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u-�§³�®   k\w�©^x�zn��|dm�m�z�x�z o�m�r�©Ex�t�mQw/q  �¶ °,úÅ�­��u-r+
 ¾ °�°�°pw-zn�   °�°�°�°�k � xCz
©3m�r�� o	� w-{C{nw-� u-snz�q=o�w-zn�
w-{ � w��Eo4w-o	o�u^t�x>w"q	m�� � x�q	k�§��#è���¿g�
� x�q=r	u-�3m�zeo	m�m��}o4q	u knwg©-maw'{>w"r	�3m�x�z ä snm�znt�mvu3zµ§�¿��É��u3r���w"q	xCu3z²�®jlknxCm�ra_�]l`�×ÙØCâ � ³bã*�nx���z8u-q

ý zn�¼q	knxCoat�w-r	|8xC�nm�w/�iq=m�rÄ®T°�°�°µk¼x�z�w�q��^�dmþ³�®  �� x�q=kÿ°8�¹°�³�� �Â� q�¾ � |ns8qa��u3s8zn��x�q'w/�iq=m�r'u-zn{��
®�k�w-�-m�xCz8�´w"q���°�°.ú�� � knm�z¼q=k8m�znx�q	r	u3�3m�z�t�u-zªq	m�z�q � w-o�°8�¹°   � � q�¾�����wg©Er�xC{Aü�s8�Ow"zn��ï�m�r�zno
â¯®T°bã~o	sn�-�3m�o�qlq=k\w"q�q=knm�t�w-{�t�sn{Cw"q=x�u3zno:�~m�r���u3r�� m���|�� U w"r	�3m�{CxCs8o Ô!Ô m�q�q=m�r�o	u3znâ ¶ �¤ã¯r	w-xCo�m0t�u-zªq	r	ug©3m�r	o�� �
w-oQo�knm'o	k8u � o�q	k\w"q�w"z´xCznt�r	m�w"o	m'u-�:znx�q=r	u-�3m�zµx�z´w�
�°���r � 
 ¶-� x �~� � ¶ §�u � q�¾Ìo�q	m�m�{Sr�m��ns8t�m�o�q	knm
�nr�x�©ExCzn�´��u3r�t�me��u3r §�¿��0� ü�u � m�©-m�r � u3z8m��as8o�q znu-q=x�t�m�q=knw"q�§�¿��¶xCo à snx�q	m��duEu3r	{����nm�o	t�r�xC|dm��
xCzeq=k8mÆ����j*�»�\w"q)w"|\w-o	m�o � w-o0x�q�u-zn{��et�u3z�q)w-x�zno�x�z8��u3r���w"q	xCu3z�w-|du3s8q4q=k8ma§�u Ô r	x�t)k�t�w-r	|nx��nm � q=knw"q
xCovq=uVo=w���x�q'�nm�o	t�r�xC|dm�o
u3zn{���u3z8m�u-��q	knm��du3o	o�xC|n{�m�t�u3�}�du3o	x�q=xCu-zno�u-�4q=k8m Â Ô o�q=r�snt�q	snr	m"� Ò�z¼q=knx�o
r	m���w-r�� � x�qexCo��du3o	o�xC|n{�mµq=u¬o=w��»q=k\w/q�q=knmåÂ Ô o�q	r	snt�q=snr�mOx�o�xCz�|du-q=kÉt�w-o�m�o�o�q=w-|nxC{�xCo�m��»|ns8q � x�q=k
�nxÙÜ²m�r	m�z�q¢t�u3� �du3o�x�q=x�u3zno�� Ò�zv�\w"r�q=x�t�sn{Cw-r �gU w-r	�3m�{Cx�sno Ô#Ô m�q�q=m�r	o	u-zZâ ¶ �(ã3r	m��du3r�q=o¯q=knw"q1§ Ë �^x � xCo.w-{ � w��Eo�nr�m�o	m�z�q:w-zn�a�Yw�©3u3s8r	m��
|��ak8xC�3kaz8x�q=r�u3�3m�zat�u3z�q	m�z�q=o��-Ò·qSo	m�m��}o®q=knm�r	m���u-r	m�q	k\w"qSznx�q=r�u3�3m�z��3m�znm�r=w-{�{��
o�q=w-|nx�{CxCo�m�o�q	knm£Â Ô o�q	r	snt�q=snr�m � |ns8qyq	knm�t�u3�}�~u-o	x�q	xCu3z�u-�1q	knxCoy�nknw-o	m�©"w-r	x�m�o � x�q=k�q=knmpw-{�{Cug�3�
Ò�z�q��E�~m,³�
(®5�Yjlx Ô o�q)w-|nx�{Cx�o	m�� µ�� znu3znm�u-�*q=knm�o�q=sn�nx�m�ol��u3snz8��r�m��du3r�q	o0§�¿��0�

� è��#çhéÁó/ùñó3ò¸É�ñSò¸ì�é�ðeéYò¸í�ì
Ò�z�q��^�dm»³ � � � u3z�q=knm�t�u3z�q=r	w-r�� � q=knm��8r	m�o�m�znt�mvu"� � |�o�m�m�� oHq	u}�8r	u3�}u-q=m�q=knmQ��u3r���w/q=xCu-z�u-�1w

znx�u3|nxCs8�Ìr	xCt)k¨§�¿��0���Hw"r	m'o	k8u3sn{C�´|dm�q=w-�-m�zOw"o Ô u � m�{C{4_�]4`�×ÙØZâ   °(ã®knwg©-m
�3x�©-m�z´o	m�zno	x�|n{Cmaw-r	�3s Ô
�}m�z�q=o*o	knu � x�zn�4q	k\w"q�� Ô �nk\w-o�m:w-zn�'§�¿��Ok\w-�vu-�iq=m�zv|dm�m�za� x�o�q=w-�-m�z¯�]ü4u � m�©3m�r � x��Eq=knm:o�q	r	snt�q=snr�m�o
w-r�ma©3m�r��Vo	x�� x�{>w-r � q	knm
t�u3�}�~u-o	x�q	xCu3z�o	knu3s8{C�¨�nxÇÜ~m�r�m�z�q=xCw"q=m't�{Cm�w"r	{�� Ó m�è � |"è��Äu-r»��rIè � x����^x"���Yw-o
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xCz ��Ó �h°�� µ ��r�u3� � xxøY¿ � |\¿��Ex"����jlknm�m�¸^�~m�r	x�� m�zªq=w-{$�}m�q	knuE�no0�as8o�q�|dma{Cx�zn�-m�� � x�q	kµq=knm�r	m�o�sn{�q	o
u-�¯q	knm0�8xÇÜ~m�r	m�z�qHo�q	sn�nx�m�o��-Ò�z��3m�znm�r=w-{ �8� | Ô r�xCt)ke§�¿��Ço	m�m�� o:q=u���u-r	� u3zn{��}u3z�{�u3zn� Ô q=m�r��Æw-�3m�xCzn�n�
½�xC�ªsnt)knx®_�]�`�×ÙØ<â¯®e
bãd�nu�z8u-q�r�m��du3r�q�x�q�w"�iq	m�r²®T°�°�°�k�w"q_��°�°,úÅ�ÇxCz w´
h°�Ö�
 ¶ �ïÒ�z�w½® ¾ Ö ¾ o�q=m�m�{ � x�q�x�o
r	m��~u-r�q=m���|~m�q � m�m�z   °�°aw-z8� ¾ °�°´ú��»|ª��§�xCznw-� xS_�]�`�×ÙØ[â �3� ã.w"qH©3m�r���{Cu3zn�aq	xC�}mT��� ¶ °�°�°�°�k µ ��u-r
  °�° ú � |ns8q��Yw-o�q=m�rZ���,
h°�°�°�k µ ��u3r ¾ °�° ú �0�.jlk8m��V�nr�u3�~u-o	m��Ow�o	m à s8m�znt�m�xC{�{Csno�q=r	w"q=m��´xCz ý �3snr�m

^� ¶ �:jlknxCo4� m�t)k\w-znx�o	�Ìx�� �n{�xCm�oHm�¸^t�m�o	oQu"� � |�xCoy�nr�m�o	m�z�q���Ò·� � |�x�o4{�m�o�o4q	k\w-zeq=k\w"q�r	m à snxCr�m�����u-r

Nb

C

Fe  Nb

NbC

excess NbFe 3 C3

NbC
+

2

Ó xC�-snr	m»
^� ¶ ��ý ù¬î�øPözýbögô¥ï�ô�ö�ñ óQ��îC¤�ò¤îPó(ø!îcüzî
ï úHö�óÜ�vô�ñ ô ø ÷ ,Ðí¤îPó
þ¦÷�ö �Ðö�ó�î
	¤ø!î	�����Hï��eý¤ù¬ñ ý�ñ���î�ú[÷�� ô ö�óbï¨ðxö÷Í{Î�Ï�Ð¹Ñ§ö�ó'9 à/��<

t�u-�a|nxCznw"q=x�u3zeu-��w-{�{.t�w-r�|~u3z � znu o	snt)k´�8k\w-o	mvxCo4u3|no�m�r�©-m�� ��o�q=m�m�{1j1m�� �\w"{Cug� Ö ®vxCz�â �3� ã � o	x�� x�{>w-r
q=u}w�³�° �'� x�q=kþ°8�Ù®T³ � | � °8�¹°   jlx � °8��°���� � q)¾ µ

Ò�z´
h°�Ö�
 ¶ w-{�{Cug�Eo � w-o � r	x�q	q=m�z�w"|~ug©3m � §�¿Å��w-zn��� Ô �nk\w-o�m�k\w�©3m:�nr	u3|nw-|n{��Q|~m�m�zpu-�iq=m�zv�}xCo�q)w-�"m�z
�Ym"�Ê�8�@â   
¤ã µ x�z}m�w-r	{��'o�q	sn�nx�m�o � knm�r�m�x��nm�z�q=x ý t�w/q=xCu-z}r�m�{�xCm��
u3z
� Ô r=w��'u3r�m�{�m�t�q=r	u-z �nxÙÜ²r	w-t�q	xCu3z
u3z8{��3�
Ò·qHx�o��8x��}t�sn{�q�q	uat�u3z8t�{Cs8�nm � knx�t)k��nk\w-o�m0��u3r�� o:�nr	m���m�r�m�z�q=xCw-{C{��~����w-� w-o � w-�v�µ_�]:`�×ÙØ[â   ³(ã~r	m��~u3r�q
§�¿�� xCz�wå
�°�Ö�
 ¶e� x�q=k¼{�u � �Ex�t�u-zªq	m�z�q���°8�¹°�³ � q)¾ µ�� |ns8q
u-q	knm�r�o�q=s8�nxCm�o'r	m��du3r�q
� Ô �nk\w-o�m��M�Ex
t�u-zªq	m�z�qÚ°8� �hÔ °8��� � q�¾ µ �

å�knm�zVznx�q=r�u3�3m�z�xCoQ�nr�m�o�m�z�qZ�YxCz.³ � ��u3rQx�zå
�°�Ö�
 ¶�µ x�zµo	s�� t�xCm�zªq à s\w-z�q	x�q=x�m�o ���¸Ô �nknw-o	m���u-r	�}o
w-zn�ex�qyxCol�nx�� t�sn{�qlq	u
k\w�©3mvw-zexC�nm�w
u"�$x�q=olo�q=w-|nx�{Cx�q�� � x�q	ker	m��3w-r	�eq=u §�¿��0�

��r
è � xC�Å�^x�� æ�í�ê���� ð ù�æ�ì�ë
� Ô �nk\w-o�m �E� knxCt)k�x�o�t�u-zno	x��nm�r�m�����snr�q=knm�r � x�oHw-z�w-{�q	m�r	znw"q=x�©3m·�Ex Ô r�xCt)k �nk\w-o�m0q=u���r
è � x����^x"�0� Ö o

�}m�z�q=x�u3znm���w-|duÜ©-m � q	knm�t�u3� �du3o�x�q=x�u3zÃ��rIè � x����^x"�ÁxCop©3m�r��Oo	m�{��nu3�Ør	m��~u-r�q=m���xCz¨q=knm {Cx�q=m�r	w"q=s8r	m-�
jlx�q	t)kn� w-r	o�k�w-z8�jå�x�{C{CxCw-�}o�k\w�©-m�r	m��~u-r�q=m���x�q=ol��u3r���w"q	xCu3z�x�zexCr	r	w-�nxCw"q=m���o�q=m�m�{Co4u-�1t�u3�}�du3o	x�q=xCu-z
t�{�u3o	mQq	u}q	k\w"qyu-�g³�®  a� x�q	k�w-�n�nx�q=xCu-z�u-�_®3� ¾"� q)¾ � |¯��jlknm���znu-q=m��Óâ ¶"� ã.w-zn���nr	ug©ExC�nm���m�©^x��nm�z8t�m
â  -� ã.q	k\w"q�� Ô �nk\w"o	m���u3r	�}m��e�nr�m���m�r	m�z�q	x>w-{�{�� u3zn{�� � knm�z�t�w-r�|~u-z � w-o4znu-q4w�©"w-xC{Cw-|n{�m-�

Ò�z

�°�Ö�
 ¶eÔ¤� | Ô �Åo�q=m�m�{CoQq	knu3sn�3k �½Ô u � m�{C{�_�]4`�×ÙØZâ   ° �¯ �¶ ã � w-z8�Ã�St�u3|º_�]4`�×ÙØ	â  -  ã®k\w�©-m
��u-snzn�
� Ô �nk\w"o	m�w-zn�­u3|no	m�r�©-m��Çq	k\w"q � |[�Â�nw-r�q	x>w-{�{��¨q=r=w"zno���u3r�� o'q	u�� Ô �nknw-o	m � x�q	k¬q	xC�}m-�ßÒ·q�o�m�m��}o
r	m�w-o	u-z\w-|n{�m�q=u��nr�u3�~u-o	mµq=knw"q�xCzá
h°�Ö�
 ¶^� � Ô �nk\w"o	mµx�o�o�q)w"|nxC{�xCo	m�� � x�q	k�r	m��3w-r	�ºq	uñ��r�è � x����^xÞ� �
�nr�u3|\w-|n{���|dm�t�w-sno	mpu-�*q=knm�{Cw-r	�3m�r � x.t�u3z�q=m�zªq��
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ü�u � m�©3m�r � x�z ��Ó ��°��lâ �bã=��t�u3�}�du3o	x�q=xCu-zÇxCz­q)w-|n{�m ®3�Ù® µ�� ��r�è � x����^x��Õx�o�r	m��~u3r�q=m��¯� jlknxCo�x�o
xCz8t�u3zno�xCo�q=m�z�q � x�q=k�q=knmeo�q	sn�nx�m�o à snu-q=m��ºw-|dug©3m � knx�t)k­o�m�m��Ôq	uVxCzn�nx�t�w"q	m�� Ô �nk\w-o�m�w-o
w¨�}u3r�m
o�q=w-|n{�m��8k\w-o	m"�îÒ·q�x�o
znu-q t�{Cm�w-r
knu � m�©3m�r � knm�q	knm�r}q=knm��nr�m�o	m�znt�m�u-�Qt�w-r	|du3zÇu-r}z8x�q=r�u3�3m�z � w-o
xCz�©-m�o�q	xC��w/q=m�� u3rSq=knm�t�u3�}�du3o	x�q=xCu-zÄ��r�è � x����^x"�ºw-o	o�sn�}m��¯�-Ò�z�©3m�o�q	xC��w"q	xCu3z8o�u-�²q=knm4m�¸8w-t�qHz\w"q	snr	m4u-�
q=k8xCo0�8r	m�t�xC�nx�q)w"q	m�w"r	mar�m à snxCr�m��µq	u��nm�q	m�r�� x�znm � knm�q=knm�r�x�q0xCoQw znx�q	r	xC�8mvu3r0w�t�w-r�|nxC�8m-� Ö znx�q	r	xC�8m
� u3sn{C�O|~m}m�¸^�dm�t�q=m��¬w-opx�q � u3sn{���znu-qv|~m}xCz8t�u3knm�r	m�zªq � x�q	kOq=k8m ��u3r�� m�rvu3|8o	m�r�©"w"q=x�u3zno�q=k\w"q�� Ô
�nk\w"o	m�xCol�}u3r	m�o�q)w-|8{CmQq=knw-z.��r�è � x����^xÞ�°w-zn��q	k\w"qyq=knm£Â Ô o�q=r	s8t�q=s8r	m�xColo�q)w-|nx�{Cx�o	m���|��eznx�q=r�u3�3m�z²�

�����  �!�"$#&%(' #)"�*�+,+,-,. /102*�3$#&3

FHG�FHGYP 4�5
687ÆP:9�NQPSR8T
À Ô �8k\w-o	mvxCo4w � m�{�{ Ô �Ez8u � z�xCz�q=m�r	�}m�q)w"{C{Cx�tQ�nk\w"o	m � k8xCt)k���u3r�� oyx�z�q=k8m Ó m Ô ��r�o��^o�q=m�� �+� x�q	kµw

t�u-� �du3o	x�q=x�u3z Ó mT��r��]Ò�z�knx��3kn{��aw-{C{�ug�3m��
o�q=m�m�{Co � x�q=o�t�u3�}�du3o	x�q=xCu-z'xCoS©"w-r	xCw-|n{Cm"�ïÒ·q	o��8r	m�t�xC�nx�q)w"q	xCu3z'x�o
w-o�o	uEt�x>w/q=m�� � x�q=k�m���|nr	x�q	q={�m��}m�z�q�� Ò�zpt�r�m�m��vr�m�o	x�o�q=w-z�q¢o�q=m�m�{�o � x�q.k\w"o¢wy�8m�q=r�xC�}m�z�q)w"{-m�Ü~m�t�q*u3z�t�r	m�m��
�nr�u3�~m�r�q	xCm�o � knm�z¬�nr	m�t�x��nx�q=w"q=m��¼u3z¼�3r=w"xCz�|du3snzn�nw-r	x�m�o � |ns^q
{Cx�q�q={�m m�Ü²m�t�q � knm�z­x�qa�nr�m�t�x��nx�q=w"q=m�o
xCz�q	r=w-�3r	w-zªsn{>w"r	{��-�
h W+]YX�Z\[�]YZ^X=_a`-bdc�Î\ÙbÚ�Þ"Ùgf�hi]Yh¬Ù/b
À Ô �8k\w-o	mSknw-o¢wHq=m�q	r=w-�-u3z\w-{"snznx�q¯t�m�{�{§�Yo��\w-t�mS�3r	u3s8�<; � �>=@?�AB? µ²� x�q	k�w�� ¾ � ¾ ° �C w-zn��t�� � � ¶"� �C

� Ó m���r µ �Sjlk8xCoysnznx�qyt�m�{�{¯t�u-zªq=w-xCz8oÚ³�°}w/q=u3�}o��(�ym��du3r�q	m��eu3r�xCm�z�q=w"q=x�u3z�r	m�{>w"q	xCu3zno�knxC�8olw-r	m5â   ã��
��®�®�® µ5¦�¥ ��°�°(® µ
D
E ° ®�®GF ¦ ¥ ��® � ° µ
D

u3r
��®�®�® µ ¦ ¥ ��°�°(® µ D
E ®�®�°HF ¦ ¥ E ®�®T°HF D

jlknmQt�u3� �du3o�x�q=x�u3z
©-w"r	xCm�o à snx�q=m � x��nm�{�� w-zn��x�qHxCo��nx��}t�sn{�q:q=ua�-x�©3m0wv��u3r��asn{>w^� Ó u3r:m�¸8w-�}�n{Cm �
U w-r��3m�{�xCsno Ô ;1m�q	q	m�r	o�u3znâ ¶ �(ãdr�m��du3r�q	o�q=k8m���u3{�{Cu � xCzn��r	w-zn�3m�u-�.t�u3� �du3o�x�q=x�u3z'��u3r�À Ô �8k\w-o	m�xCz�w´
�°�Ö�
 ¶
� x�q	k�§�u
t�u3z�q=m�z�q�©"w-r��^x�zn�
|~m�q � m�m�z � � ¶ w-zn�   �¹° � q�¾��

È ôxë(ÉÃë(í¸ð �Ex ��r §�z Ó m � x §�u
ú�ð�Ê ° Ô ® 
�� Ô ³�
 ® Ô � ³ ¶TÔ�� ³ ¾aÔ ® ¶ ®T° Ô ®  
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��u3rywaq��E�~m»³�®   â ³��(ã � waq��E�nxCt�w-{.t�u3�}�du3o	x�q=xCu-z�xCoL��u-q=knm�rym�{Cm�� m�z�q=olznu-q4�3x�©3m�z µ �
È ôÁë¼Éõë¼í÷ð Ó m ��r §�u
ú�ð�Ê �3� 
��^�¥
 ¾ �¹³

hih ±�[)[�ZEX�X=_�b²[)_
C zµx�z Ô �8m��8q	kµr	m�©^x�m � u-�SÀ Ô �nk\w"o	ma�nr�m�t�xC�nx�q)w"q	xCu3z�xCz.��r Ô¤� x$w"sno�q	m�znx�q=xCtvo�q	m�m�{�o0k\w"oQ|~m�m�z´�nu-znm

|��ºï�w-r	t�xC�±â   �¤ã5� À Ô �nk\w-o�mµ�nr	m�t�x��nx�q=w"q=m�o ý r	o�qeu3zºq=r�xC�n{�m��du3x�zªq	o�q=k8m�z�u3zº�3r	w-xCz­�Yw-t�m�o�� C �iq=m�r
{Cu-zn��q=m�r	� w-�-m�xCz8��w/q�knxC�3k´q	m��}�~m�r=w"q	snr	m � x�qpw-{Co�u���u3r	�}o�u3zVxCznt�u3knm�r	m�z�qpq � xCzV|du3snzn�\w"r	xCm�opw-zn�
xCz�q	r=w-�3r	w-zªsn{>w"rvx�znt�{�sno	x�u3zno��¨jlknme�}m�t)k\w-z8xCo	� u-�4zªsnt�{�m�w"q	xCu3z¼x�oao�q	xC{C{�wµ� w"q	q	m�rau-��t�u-zªq	r	ug©3m�r	o�� �
�\w-r�q=x�t�sn{Cw-r	{��´u3z�q	knm�r	u-{Cm�u"�KJ Ô ��m�r	r�x�q	m�w-z8�¬§��#è���¿'xCz�q	knm�zªsnt�{Cm�w/q=xCu-z��nr�u^t�m�o	o��Ã�Eq=sn�8xCm�o�k\w�©3m
r	m��~u-r�q=m��´x�q	o0��u3r	� w"q	xCu3z�w-o	o�u^t�x>w"q	m�� � x�q	kµq=knm'�8xCo	o�u3{Cs^q=xCu-z�u-��§��#è���¿ � |8s8qpw-{Co�u�xCz8�nm��dm�zn�8m�z�q={��
â   ã��½Ò·qvxCoQ��u3s8zn�Ox�zO�}u3o�q�u-��q	knm
�3r=w-�8m�opu-�Hw"sno�q	m�znx�q=xCt
o�q)w-x�zn{Cm�o	o�o�q	m�m�{�o���q��E�~m½³�° �n� ³�®   ��§�u µ��
³�
(®j��jlx®o�q=w-|nx�{CxCo�m�� µ w-zn�
³ � �n� � |Vo�q=w-|nxC{�xCo�m�� µ ��m-�;�n�kâ �3� ã µ �´ü�u � m�©3m�r � x�qQ��u3r�� oQw"�iq=m�r��nxÇÜ~m�r�m�z�q
q=x�� m�o��®jlk8m´
 ¶ ��r Ô 
h° � x~o�q=m�m�{�o�t�w-zem�¸^knxC|8x�q4w-oy�asnt)k�w-oÚ
�° � q�¾Öu-�$À Ô �nk\w"o	m-�
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Ò�zOo�q)w-|8xC{Cx�o	m��¨�-r=w-�nm�o � x�q	o���u3r	� w"q=x�u3zµx�oQ�Yw-o�q	m�r�q=k\w"zOx�z¨u"q=knm�rp�-r=w-�nm�o���§�xCznw-� x4_�]Q`�×ÙØyâ �3� ã
r	m��~u-r�q��nr	m�t�xC�8x�q)w/q=xCu-z�u"��À Ô �nknw-o	m�w"�iq=m�r,®T°�°�° k�w"q£��°�°ÄúÅ�Åx�z.³ � �}w-zn��³�
(®k�Á³ � �
�nr	m�t�xC�8x�q)w/q=xCz8�
À Ô �nk\w-o�m�o�{CxC�-kªq	{����Yw"o�q=m�r q	k\w-z ³�
(® µ �îÒ�z ³�° �n� ³�®   w"zn�Çj*m��}�\w-{�uÜ� Ô C ® � À Ô �nk\w"o	m�xCo
��u3snzn�ºx�z
o	x��3znx ý t�w-z�q à snw-z�q=x�q	xCm�olu3zn{���w"�iq	m�r ®T°�°�°�°ak�� ý �Ä
E�  �µ �gÒ·qyxCo � u3r�q=keznu-q	xCzn�aq	k\w"qlj*m��}�\w-{�ug� Ô C ®Qx�o
� |¨o�q=w-|nx�{CxCo�m�� � |8s8q � x�q=kOw � |[Ö��Ãr=w"q	xCu�u-��®3� ¾3 8�.� knxC{�maq=knx�o�r=w"q	xCuexCoÆ®T�^� � °ex�z´q=knm½³ � �^�
jlknx�o
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t�u-r	r	m�{>w"q	m�o � m�{C{ � x�q	k�q=k8m}�Yw-t�q�q	k\w"qvÀ Ô �nknw-o	m}��u3r	�}o � knm�z�q	knm�t�w-r	|du3z�t�u3z�q=m�zªqv�Yw-{C{�o�|~m�{Cu � w
t�r�x�q	xCt�w"{ª©"w-{�snmlw-z8�aq=knmHt)k8r	u3�}xCsn�Äm à snx�©"w-{Cm�zªq®xCo$k8xC�3knm�r$q=knw-z ® ¾0� q�¾��gÒ�zaq	knm*³ � �4o�q=m�m�{ � w-{C�}u3o�q
w-{�{�q=k8m�t�w-r	|du3z�xCo'r	w-�nx��n{����nr	m�t�xC�8x�q)w/q=m��¬w-o � |[� �S� knxC{�m�q=k8m�{�u �Õ� |­t�u3z�q=m�z�q u-��j1m�� �\w"{Cug� Ô
C ®�{�m�w�©3m�o'o	u3�}m�t�w-r	|du3z�xCz�o�u3{Cs^q=xCu-z¯�Vjlknm��nxÇÜ~m�r�m�z�q'q=r�m�zn�¼��u3r�³�
(®�t�u3sn{C�¼|dm�{Cx�zn�-m���q=uµq	knm
xCz8o�q)w"|nxC{�x�q��Ou-�QjlxÞ� � x�q	kÇr�m���w-r��¬q	u¼§��#è���¿g�­jlknm��8r	m�t�xC�nx�q)w"q	xCu3z¼u"��§��#è���¿�{�u � m�r	o}|~u-q	k­q	knm
t�w"r	|du3z¬w-zn�¼q=knmet)knr�u3�}xCsn� t�u3z�q=m�z�q���jlknmer	m�o	sn{�q=o
u-�S��r�u-q}w-zn�ö�^�nr�snxCm�{C{�â � �Hãyo	knu � u-z¬q	knm
t�u-zªq	r=w-r���znu�À Ô �nk\w-o�mv��u3r�� x�zn�
sn��q	u 
�°�°�° k�x�zµw
q��^�dmÆ³�
¼®3�lÀ Ô �8k\w-o	mvxCo�w-{Co�u ��u3s8zn��x�zº
�°�Ö�
 ¶
� ý �»
^�¥� µ ��TQxÙÜ²m�r	m�zªq$�Yw-t�q	u3r	oSwaÜ²m�t�q®q	knmH��u3r	� w"q	xCu3zvu-�dÀ Ô �nknw-o	m"�-�S{Cm��}m�z�q	oS{CxC�"m���r �ª� | � jlxnu-r�§�u
w-r�m��ªznu � z�q	uv�nr�u3�}u-q=m4À Ô �8k\w-o	my��u3r���w"q	xCu3z²�g�^x�{Cx�t�u3z
�nr�u3� u"q=m�o:w-z8��w-t�t�m�{�m�r	w"q=m�o�x�q	oS��u3r	� w"q=x�u3z¯�
Ò�z}�3m�znm�r=w-{ � q=knmy��u3r	� w"q	xCu3z'u-�²À Ô �8k\w-o	myx�z�w-s8o�q=m�znx�q	m�x�o:w-|~u-s8q*®T°�°�q=x�� m�o:o�{Cu � m�r�q=k\w-z}xCz
��m�r�r	x�q=m-�
��u3zno�m à snm�zªq	{�� � q	knm��nr	m�o	m�znt�mvu-��J Ô ��m�r	r�x�q=m�w"t�t�m�{Cm�r=w"q	m�oyÀ Ô �8k\w-o	m��nr�m�t�xC�nx�q)w"q	xCu3z¯�xâ   �bã

C � m�q=knuE�°knw-oe|~m�m�zÅ�8m�©3m�{Cu3�dm��°|��lå�uEu^�^��w"q�q�_�] `�×ÙØ â   ã�q=u¬m�o�q=x���w"q	mµq=knm¨À Ô ��u3r	�}xCzn�
q=m�zn�nm�znt��eu-�$w-z�w-{C{�ug� � |nw-o	m���u3zeq=k8mpm�{Cm�t�q=r�u3z�©"w-t�w-z8t��ezªsn�a|dm�r U�V/�

U�V � °�'  - 3� xªÍ ®�'��(®e��u�Íñ
('  3 �Ó m�Í � '  3  �M��r*Í­§�u0Í�å µ
Í ¶ '  3  @­Í   '  3 M� r¢Í ®T°�'  3 3� | w"q)¾

Ò·� UWVQx�olknxC�3k8m�rHq=knw-z.
E� ¶ 
 � q=knmpw-{�{Cug� o	knu3s8{C����u3r	�¶À Ô �nknw-o	m"�
FHG�FHG�J X
P�Y�T*RZ9�NQPSR8T
¡ wg©-m�o��nk\w-o�m0xCoS��u3s8zn��x�z}©"w-r�xCu3sno��3r	w-�nm�o�u-�.w-sno�q	m�znx�q=x�t4o�q)w-x�zn{Cm�o	o�o�q	m�m�{Co��-Ò·q�xCo�u-�iq	m�z�wv�}xCznu3r

t�u-zno�q	x�q=s8m�z�q��-Ò·q��nr	m�t�xC�8x�q)w/q=m�o:xCz�q	r=w-�3r	w-zªsn{>w"r	{��axCz q	knm���u-r	�Æu-�¢m à snxCw/¸^m����nw-r�q	xCt�{�m�o � uEt�t�w-o	x�u3z\w-{�{��
u3zµ�-r=w-x�z�|du3snzn�\w"r	xCm�oTâ ¶ ®�ã���å�knm�q=knm�r ¡ wg©-m�o��nknw-o	maknw-o�w��nm�q=r�xC�}m�z�q)w-{*m�Ü~m�t�q�u3r�znu-q�u3z�t�r	m�m��
�nr�u3�~m�r�q	xCm�o�x�o�o�q	xC{C{1�nxCo�t�sno�o	m��¯�½Ò�z¨znx�u3|nxCs8�îo�q=w-|nx�{CxCo�m��´o�q=m�m�{Co�knu � m�©3m�r � x�q�xCo�{�xC�"m�{���q=knw"q ¡ wg©-m�o
�nk\w"o	mpw-r	m��nm�q=r�xC�}m�z�q)w-{²|~m�t�w-sno�mpq	knm���w-{C{�u � ��u3r���w/q=xCu-z�u-�®§�¿�����o	m�mp|dm�{Cu �Úµ �
h W+]YX�Z\[�]YZ^X=_a`-bdce[>[bÚ�Þ\[gf�hi]Yh][/b
¡ wg©-m�o��nk\w"o	myxCoSwQk8m�¸8w-�3u3znw-{n�nk\w"o	myu-�do	�\w"t�my�3r	u-sn�^;   è_=@?�?a` �3� x�q=k
w3� � �¥��³ �C w"zn�'tg�£�^����


�C �~jlknm
��w"xCz��Yw-t�q=u3r0�nm�q	m�r	�}xCz8xCzn��x�q=oQ��u3r���w/q=xCu-z�|dm�xCz8��q=knm'r�m�{>w/q=x�©-m'w"q	u3� x�t�o�x B m'u"�:q	knm't�u-z Ô
o�q	x�q	snm�z�q�w/q=u3�}o � q=knmvr=w-zn�-m�oQu-��t�u3�}�~u3o�x�q	xCu3z�w-r	m à snx�q	m�o	� w-{�{5� U w-r	�3m�{Cx�sno Ô ;1m�q�q=m�r	o	u-z�â ¶ �(ã$�}m�w Ô
o	s8r	m��eq=k8m���u-{C{Cu � x�zn�at�u-� �du3o	x�q=x�u3z���u3r ¡ w�©3m�o��nknw-o	mpxCz�wÕ
�°�Ö�
 ¶v� x�q=k ¶ §�u � q)¾��
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C �iq=m�r·®T°'� x�zew"q ¾�¶ °�úÅ�
È ôÁë¼Éõë¼í÷ð Ó m §�u ��r � x §�z �^x
úÕðhÊ 
��Kbî
 ³   b 
 ®T�cbî
 ®�³cb&® ®�' ¶ b °�' ¾ ®�' ¾ bö°�' ¶
C �iq=m�r*³�°�°�°'k�w"q ¾�¶ ° ú �
úÕðhÊ ³��cb&® ³ ¶ b ® ®e
db&® ® � b&® � ° °�'��Kbö°�'¥


jlknx�o®o	knu � oSq=knw"q ¡ w�©3m�o:�nk\w"o	ml�nr�u3|\w-|n{����8u^m�oSznu-q®��u3r��Áw/q�x�q=o$m�¸8w-t�q�m à snxC{�xC|nr�xCsn�ût�u3� �du3o�x�q=x�u3z¯�
Ò�zeo�q=w-|nxC{�xCo�m��e�3r=w"�nm�o �[Ó m�� � |�u3r Ó m��	jlxv��� u-r	mQo�m�{C�8u3� µ t�w-ze��u3r	���

TQm�znknw-� _�]�`�×ÙØ�â  �¾ ã¢�nr�u3�du3o	m�����u3r Ó m�� � |eq=knm���u3{�{Cu � xCz8�au3r	x�m�z�q)w/q=xCu-z�r	m�{Cw"q=x�u3zno�knxC�no��

��°�°�°(® µfe>g åihkj ¥ �{®�®�® µ5¦
�{®T°�l ®Y° µ
e>g å hkj ¥ �
l ®�®T° µ5¦

hih ±�[)[�ZEX�X=_�b²[)_
Ò�zµq��E�~mÕ³�° �8�¯¡ w�©3m�o��nknw-o	m'x�oQznu-qQ��u-snzn� � �ns8maq=u�q=k8m
w-|no	m�znt�m'u"�H§�u �¢� |´u3r0jlx5�£Ò�z´q��^�dm

³�®  ^�^� knx�t)k�t�u3z�q)w-x�znolq��E�nxCt�w-{C{��¿
 Ô 
^� ¶ §�u � q)¾ � x�qlxCoH��u-snzn��w"�iq=m�rHr	m�{>w"q	x�©-m�{�� {Cu-zn�
w-�3m�xCzn�aq	xC�}m�o��
§�x�z\w-�}xv_�]'`�×ÙØ¢â �-� ã4r	m��~u3r�q�x�q=o'��u3r���w"q	xCu3z¬w"�iq	m�r}wO�}xCz8xC�asn� u-�´®�°�°�°'k � |dm�q � m�m�z   
 ¶ w-zn�
¾ °�° ú �0�:jlknmµm�¸^�dm�r�xC�}m�z�q)w-{4r	m�o	sn{�q=o u-� ¡ w-x]â   �¤ãQw"r	m�x�zºw-�-r	m�m�� m�z�q � x�q	k­q	knm��nx�o	o�u3{Cs8q	xCu3z¬u-�
Ó m���§�u�w-|dug©3m ¾ °�°�úÅ�0�÷��u3knm�r	m�zªq	{�� � å�k8x�q=m�w"zn� ¡ mv§�w���â ��°(ã¢�nu}znu-qyr�m��du3r�q�w-z�� ¡ w�©3m�o4�nk\w"o	m
�nr�m�t�x��nx�q=w"q=x�u3zµ|dm�q � m�m�z  -� °ew-z8� ¾ °�°�úÅ� ��u3r�w"�3m�x�zn��q=x�� m�oQsn�Vq=uþ��°�°�k¯�wåOm�x�o	opw-zn�Ã�Eq	xCt)�ª{Cm�r
â ¶ ®�ã�r	m��du3r�q'w�o�{CxC�-kªq	{��Vknx��3knm�r�� w/¸^xC�asn� q	m��}�~m�r=w"q	snr	m}��u3r ¡ w�©3m�o'�nr	m�t�x��nx�q=w"q=x�u3z�x�zOq��E�~m�³(®  
w-oyq=knm�����u-snzn�µx�q0sn��q=u ¾ ® ¶ ú��0�¸Ò·q=o4��u3r	� w"q=x�u3z�xCz�q=m�r=w-t�q=o0x�zµw}t�u3�}�~m�q=x�q=x�©-m � w�� � x�q=k�q=k\w"q�u-�
À»w-z8� û �nknw-o	m�o�� Ó u3r�m�¸nw"� �n{�m � q	knm��nr�m�o�m�znt�m�u"�KJ Ô ��m�r	r�x�q	m �nm�{>w��Eo'x�q	ov��u3r���w"q	xCu3z¨|dm�t�w"sno	m�x�q
m�z8k\w-znt�m�oyq=k\w"qyu"�$ÀOw-zn� û �nknw-o	m�o��

Ò�z}q	x�q=w-znxCs8�Äo�q)w-|8xC{Cx�o	m��}�-r=w-�nm�o � q=k8mH��u3r	� w"q=x�u3zau-� Ó m��)jlx\x�oSznm�©-m�r�r	m��~u3r�q=m�� x�z}t�u3�}�~u3o�x�q	xCu3zno
o	x�� x�{>w-r~q=u0q	k\w"q®u"�dw ³�
(®�o�q=m�m�{���§�xCznw-� x¯_�]*`�×ÙØ®�nuQz8u-q®r�m��du3r�q$x�q*��u3r®w-�-m�xCz8��q=x�� m�o1s8�aq=u ¶ °�°�°�°'k
|dm�q � m�m�z   °�°�w-zn�þ� ¶ ° ú � � xCz�wpq��^�dm·³�
¼®3�-ü�u � m�©-m�r � x�q�x�o���u3snz8��|���ï�m�w"q	q	xCm0w-zn� ü�w-�3m�{câ¹�¼®�ã¯x�z
w C 
 ¾-  q��E�dm�w-{�{Cug� � t�u3z�q)w"xCznx�zn��®   ��r � 
  3� x¢w-z8�Ã®3� ¾ jlx � q)¾ � w"�iq	m�r£®T°�°�°}k�w"q ¾ ® ¶ úÅ�0�+jlknx�o4x�o
�nx�r	m�t�q={���r	m�{>w"q	m���q=u'q	knm�{>w-r��3m�w-�}u3snz�qyu-�1jlx.sno	m���x�z�o�snt)k�o�q=m�m�{Coyt�u3� �nw-r	m���q	u waq��E�nx�t�w-{Û³�
¼®3�

Ò�z�znxCu-|nxCsn�Öo�q=w-|nx�{CxCo�m���o�q=m�m�{Co ��Ó m�� � |exCo���r�m à snm�z�q	{���r�m��du3r�q	m���w"�iq	m�rH{�u3zn�'w-�-m�xCz8��q=x�� m�o � |8s8q
w-o�w q=r	w-zno�xCm�z�q��nk\w-o�m � knx�t)kµ�nxCo	w-�n�dm�w-r�o4��u-r Ó m�è � |*è��0�²Ò·qQx�o�r�m��du3r�q	m���q	u ��u3r��ÌxCzµw
q��E�~mÆ³ � �
� x�q	k.°8� ¾ � � |´w-zn�å°^��° ¶ � � q�¾ � w"�iq	m�r,®T°�°�°�k�|~m�q � m�m�z  �¶ °�w"zn� ¾ °�°ÄúÅ� � w-z8�µ�nxCo	w-�n�dm�w-r0w"�iq=m�r
¶ °�°�° Ô ®T°�°�°�°�k�â �3� ã��.ü�u � m�©-m�r � x�q=ov��u-r	� w"q=x�u3zVxCo��8m��dm�zn�nm�z�q
u3z�q=k8m�w�©"w-xC{Cw-|nxC{�x�q���u-�lznx�u3|nxCs8���
Ò�zµq=k8mao=w-�}mao�q=sn�8� � q=knm'o�q=m�m�{®j*m��}�\w-{�uÜ� Ô C ®i��® ¾ Ö(®T° � x�q=k.°8�Ç®�³ � |µ��u3r�°8�¹°���� � q�¾ µ �nuEm�oQz8u-q
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�nr�m�t�x��nx�q=w"q=m ¡ w�©3m�o��nknw-o	mlw/�iq=m�r$w-�3m�xCzn�0q	r	m�w"q=�}m�z�q=o$sn�aq=u£
 ¶ °�°�°0k²�]Ò�zno�q=m�w"� � u3zn{�� � |[�¼xCo1��u-snzn�
� ý �3snr	m,
^� ¶�µ �Sjlknmvo	w-�}m�r	m�o�sn{�q	o4w-r	m�r	m��~u-r�q=m���|��a�4w-�3knwg©"w-z¼_�]�`�×ÙØ�â 
 � ã �n� knu}��u-snzn� � |[�°w-zn�
¡ w�©3m�o
�nknw-o	m�x�z�w�q��^�dmþ³ � � � x�q=kÿ°8� ¾3� |¬w-z8�ÿ°8��°���� � q)¾ � ¾ °�°�°µk�w"qm�   °�°ºú�� µ�� |ns8q
u-zn{��
�¸Ô �8k\w-o	m0xCzewa�}u^�nx ý m��¿³ � � � x�q	k�°8�¹³ � |�w-zn��°^��°�� �°� q�¾��ÌÒ·qyxCo�q	knm�r�m���u3r�m��nr	u-|\w-|n{�m0q=k\w/ql|~u"q=k
� |��°w-zn� �¸Ô �8k\w-o	m�w"r	m�� u-r	m�o�q=w-|n{�mQq=k\w-z Ó m�� � |¯�
FHG�FHGYÝ no9�NQPSR8T

û �nknw-o	m}xCo��}u3o�q�u"��q	knm'q=xC�}m'we� x�znu3rQx�z�q=m�r�� m�q)w-{�{Cx�tv�nknw-o	m"�ÕÒ·qpx�o���w-x�zn{�����u3snz8�¨x�z´q��^�dm
³�®   w"|~ug©3m�� ¶ ° ú �
h W+]YX�Z\[�]YZ^X=_a`-bdce[>[qp�Þ\[gf�hi]Yh][/b

û �nk\w-o�m�x�o�w¨|~t�t��Y|duE�8� Ô t�m�z�q=r	m��ºt�s8|nxCt µ �nk\w"o	m�u"��o	�\w"t�m��-r	u3sn�öÒÅ® � ³r?´�»jlk8mµsnznx�q t�m�{�{
t�u-zªq=w-xCz8o ¶�¾ w"q=u3�}oyw-zn��k\w-o4w'{>w/q	q=x�t�mQ�nw-r=w-�}m�q	m�rH©"w-r��^x�zn�
|~m�q � m�m�z ¾ � ¾ °��aw-zn� ¾ � ¾ � ¾ �C �

C q��^�8xCt�w"{St�u3�}�~u-o	x�q	xCu3z�xCo Ó m�è�¿���r�øY��§�u(øts�|8s8q�q=knm
�nk\w"o	m
k\w-ovw�knxC�3k´q	u3{Cm�r=w-znt�ma��u3r�� m�q)w-{
xCz�q	m�r	t)knw-zn�3m�o���jlknm o�q=r�snt�q	snr	m�k\w-op{>w-r��3m
knu3{Cm�o � k8xCt)k�w"{C{Cu � �nr	m�o	m�z8t�m�u-��t�w-r�|~u-z � o�u3� m�q=x�� m�o
� w-�ªxCzn�aq	knxCol�nknw-o	mp|~m�q	q	m�ry�nm�o�t�r�xC|dm��µw"o�w}§åøtu���t�w-r�|nxC�8m-�ÌÒ·q4zEs8t�{Cm�w"q=m�o�u-z��3r	w-xCz�|du3snz8�\w-r	x�m�o �
xCz8t�u3knm�r	m�zªqyq � x�z�|du3snz8�\w-r	x�m�oy|ns8q4w"{Co	u
x�zªq	r=w-�-r=w-zªsn{Cw-r	{�� u-z��nx�o	{�u^t�w"q=x�u3zno��
hih ±�[)[�ZEX�X=_�b²[)_
C {�q=knu3s8�3k�x�qyxCo4o	u3�}m�q	xC�}m�oL��|ns8q�o	m�{��nu3� µ �nr	m�o	m�z�q0xCze©3m�r���o	� w-{C{ à s\w-z�q	x�q=x�m�oyxCz�³�
(®Zâ � �bã �¸û

�nk\w"o	mlxCo$u3zn{��awQo	x��3znx ý t�w-z�qS�nknw-o	myxCzvq��^�dm²³�®  8�"� knm�z
q=knmyw"�3m�x�zn�Qq=m�� �dm�r	w"q=snr�mHxCoSk8xC�3kam�znu3sn�-k¯�
Ó u3r0m�¸8w-� �8{Cm � x�qQx�oQr	m��~u-r�q=m��´|��¨§�xCznw-� xl_�]4`�×ÙØp��u3r�q=xC�}m�o�sn�´q=uþ
 ¶ °�°�°�kVw-z8�Vq	m��}�~m�r=w"q	snr	m�o
|dm�q � m�m�z¿��°�°�w-zn� ¾�¶ ° ú � � w-z8� |�� ¡ w-x1_�]®`�×ÙØ � w-o�|~m�xCzn��q=k8m4� w-x�z}�8k\w-o	m � x�q=k}À Ô �nknw-o	my|dm�q � m�m�z
�(® ¶TÔ�¾�¶ °�úÅ�×��u3r�q=x�� m�o�sn��q	u ¶ °�°�°�k � |ns8q'znu"q'|��ß�Eq=u"q=m�rkâ ¶�¾ ãlw"�iq	m�r�
 ¾ °�°�°µw-z8�   °�°�°�°�k�w"q
 �¶ °Æú��0�
FHG�FHGÁÀ v»Lr9�NQPSR^T

� Ô �nk\w-o�m�xCo4w o�xC{Cx�t�x��nm0��u3r�� x�zn�'xCz�w-sno�q=m�z8x�q=x�t�o�q)w"xCzn{�m�o	oyo�q=m�m�{Co4o�q=w-|nxC{�xCo�m�� � x�q	k�jlx¢u3r � |²�_Ò·q
k\w-o�|dm�m�z ý r	o�qvr�m��du3r�q	m��V|��Vï�m�w"q	q	xCm'w-z8�V@�m�r	o�zª�E�nm�rvx�z�®T� ¶- ^� xCzVw C 
 ¾3  q��^�dm'o�q	m�m�{ � q=k\w/q�xCo �
w'�nr	m�t�x��nx�q=w"q=x�u3z Ô knw-r	�nm�znxCz8��
  3� x Ô ® ¶ ��r � x�q	ke©"w-r�x>w-|8{CmO��°aq	u¿
^�¹³ � q0¾ µ jlx1w"zn� C {.t�u3z�q	m�z�q=o��_Ò·q
k\w-op{Cu-zn�e|~m�m�z�|dm�{�xCm�©-m��¨q=ue��u3r	� u3z8{��´snz8�nm�rvxCr	r	w-�nxCw"q=x�u3zµxCz¨o�q	m�m�{Co�u"��q=k8mÄ³�°�°�o�m�r	x�m�o�w-zn��x�z

�°�Ö�
 ¶ o�q=m�m�{�o���ü�u � m�©-m�r � ;*u � m�{C{�_�]�`�×ÙØ�o	knu � m�� � x�zö®�� ¾�¶ â   °bã:q	k\w"qpx�q���u3r�� m��Os8zn�nm�rvznu3r���w-{
w-�3m�xCzn�vxCz¿
�°�Ö�
 ¶p� |�o�q)w-|nx�{Cx�o	m���w-{C{�ug�^o � x�z q	knm0q=m�� �dm�r	w"q=s8r	m0r	w-zn�3m ¶ °�° Ô�¾�¶ °,úÅ� � w-z8��o	sn�3�-m�o�q	m��
q=knw"qyx�qlknw-��|dm�m�z�x��nm�z�q	x ý m���w-o�§�¿Å�ÉxCzem�w-r	{�xCm�r�o�q=s8�nxCm�o�u-�*q=k8mpo	w-�}m�o�q=m�m�{��
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h W+]YX�Z\[�]YZ^X=_a`-bdce[>[qp�Þ\[gf�hi]Yh][/b
� Ô �nk\w-o�mvknw-oQw}�3m�znm�r=w-{¢��u3r��asn{>w C øY¿�TQ¿%�_� � knm�r�m C w-zn�2TÁw-r	mpq=r=w"zno	x�q=xCu-z�m�{Cm��}m�z�q	o � w-zn�

� we�-r	u3sn�åÒ @Âm�{Cm�� m�zªq5â  3  ã�� C xCo0sno	s\w"{C{���znxCt)�"m�{ � TÖznx�u3|nx�sn� â   ° �¯ �¶^�. 3  ã�u3rQq=x�q)w-z8xCsn� â � �(ã��
�St�u3|¨_�]:`�×ÙØ[â  3  ã~� m�z�q=xCu-znm���q	knm0�du3o�o	xC|8xC{Cx�q��'u-�.o�sn|no�q=x�q	s8q=x�u3z � xCz�o���w"{C{ à s\w-z�q=x�q=xCm�o � u-�xT �¤h5_ � |
u3rljlx µ |ª� Ó m�u3r²��r � w-zn�W;1u � m�{C{�_�]�`�×ÙØ�â   °(ã¯� m�w-o	snr�m���q=knm���u3{�{Cu � xCzn�vt�u3�}�du3o	x�q=xCu-z¯�

È ôxë(ÉÃë(í¸ð � x � | �^x Ó m ��r
ú�ð�Ê ¶ ® 
�� ® � � � ¶ ®3� ¶

j$w"|n{Cm»
^� � �zy${}|&~�{}�
���
��{}�<{G�x����~����G�f�K|&���G���M�
�������a���,�}�
¡ w-x~��u3s8zn��w�q=x�q=w-znx�sn� Ô t�u3z�q=w-xCznx�zn�<� Ô �nk\w-o�m�xCzew�q��E�dm,³�
(®Qo�q	m�m�{ � w-z8���-x�©3m�oywat�u3�}�du3o	x�q=xCu-z

o	m�zno	x�|n{���r	x�t)knm�r0xCzµznx�t)�-m�{<��q)w"|n{Cm´
^� ¶�µ � � u-q	m�q=knw"q�znu3z8mau-��q=knm�o	m't�u3� �du3o�x�q=x�u3zno4t�{�m�w-r�{���o	knu � o
È ôxë¼Éõë¼í÷ð � x jlx �^x Ó m ��r
ú�ð�Ê   ³8��³ 
�°8�¹� ®e
E�¥
 ³8� � � °8�Ù®T³

j$w"|n{Cm»
^� ¶ �zy${}|&~�{}�
���
��{}�<{G�x����~����G�f�K|&���G���M�
�������a� �q�G�
o	s8|no�q	x�q=s^q=xCu-z�u"��T � knm�zeq=r��ExCzn�'q=u}� w"q=t)k�q=k8mpo�q=u3x�t)knxCu-� m�q=r	x�t���u3r��asn{Cw8�

� Ô �nk\w-o�m�k\w"oaw���t�t�o�q	r	snt�q=snr�m � x�q	k�w�{Cw"q	q	xCt�m}�nw-r=w-�}m�q	m�rpu-�£®�®3��
Æ�C � q	knxCopt�u-r	r	m�o	�du3zn�novq=u
w�t�u3z�q=m�z�qpu-�²®�®   w"q=u3�}oQ�dm�rQs8znx�q0t�m�{�{5��jlknm'o��\w-t�m'�-r	u3sn�µ��u-r0q=knx�oQo�q	r	snt�q=snr�m'xCo Ó �Ä³-��� Ò·q�x�o
r	m���w"r	�/w-|n{�mpq	k\w"qQq	knm'{>w"q�q=x�t�m��nw-r=w-�}m�q	m�r�o	m�m�� oQq	u�|~maq	knmao	w-� mv��u3r � x�øY¿ � |8¿��^xÞ�=â   ° �² �¶ ã®w-zn�
� x�øY¿=jlx�¿��^xÞ�xâ � � � �(® ã5�]Ò�z'w0m�w"r	{Cx�m�r¢o�q	sn�8� � �^sn�}m�r	{�xCzn�'_�]*`�×ÙØ@â   
¤ã � o�q	sn�8�ExCzn�Qw·
�°�Ö�
 ¶�� |�o�q)w"|nxC{�xCo	m��
o�q	m�m�{ � ��u3s8zn��w'{Cw"q	q	xCt�m0�\w-r=w"� m�q=m�rlu"�_®�®�'�
 ¶ b °�'¹° ¶ �C ��u3ryw'�nk\w"o	m�q=knm���xC�nm�z�q=x ý m���w-o�§�¿��0�

C o � m�zªq	xCu3z8m��Ç|dm���u-r	m � ;*u � m�{C{}_�]a`�×ÙØ°k\w�©3m�o	sn�3�-m�o�q	m��ºq	k\w"q�� Ô �nk\w-o�m � w-o�x��nm�z�q=x ý m��ºw-o
§�¿��ÉxCzem�w-r�{�� � u3r��Eo�u3z�
�°�Ö�
 ¶'� |�o�q=m�m�{Co � |dm�t�w-sno�m�u-�1t�{�u3o	m�t�u-� �du3o	x�q=x�u3znoyw-zn��o�q	r	snt�q=snr�m�o�� C
�nm�q)w-x�{Cm��vxCz�©3m�o�q	xC��w"q	xCu3zvu-�\q=k8mHo�q	r	snt�q=snr�mlxCo$o�s��}t�x�m�z�qSq=uQo�u3{�©-m�q=k8mH�nr	u-|n{Cm���â  3  ã � |ns^q�w-�n�nx�q=x�u3z\w-{
m�©Ex��nm�znt�m0k\w"o�|dm�m�z�o�u3sn�3k�q�|ª�
q	knm0sno�mQu-�Û�Ì� ¡ �h���S{�m�t�q	r	u3z¿��z8m�r	�"� ¡ u3o�o*�^�dm�t�q=r	u-o	t�u-�ª� µ �Yw-o�x�z
â   °bã µ u-r�w � wg©-m�{�m�zn�-q	k Ô �8xCo	�dm�r�o	x�©3m0t�r��Eo�q=w-{+o	�dm�t�q=r	u-� m�q=m�r�xCz½���:§ �Yw-o�xCz�â � �bã µ�� |du-q	k}q	m�t)knznx à snm�o
� w-�ªxCzn���du3o�o	xC|8{Cm à s\w-z�q=x�q)w"q	x�©-m'� m�w-o	snr�m��}m�z�q=o�u-��{Cx��3k�qQm�{Cm��}m�z�q	oZ��� � ��µ �.jlknm�o	m}o�q	sn�nxCm�o�k\w�©3m
t�u-z ý r	�}m���q	knmpw-|no	m�znt�mvu-�1xCz�q=m�r	o�q	x�q	x>w-{dm�{�m��}m�z�q=oyxCzW� Ô �nknw-o	m"�
hih ±�[)[�ZEX�X=_�b²[)_�[!Ü��HÓ,Þ"Û8`/fg_phibV`-Zªf�]�_�b\hi]Yh5[�f�]·`-hib�×C_)f)fQf�]�_)_�× f
jlknm��3m�z8m�r=w"{¯��m�w"q	snr	m�o�u-��� Ô �nk\w"o	mQ��u3r���w"q	xCu3zew"r	m-�

®3��Ò·qy��u3r�� oH©-m�r��e�nr	m��nu3�}xCz\w-z�q	{�� u3z��-r=w-x�z Ô |du3snzn�nw-r	x�m�oC�i��r	u3� � knm�r�mvx�q=olz\w-�}m µ �
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^��Ò·qvxCo�z8u � t�{Cm�w-r�q=k\w/q�x�q���u3r�� o�xCzÃ
�°�Ö�
 ¶�� |¨o�q=w-|nxC{�xCo�m��Vo�q	m�m�{�o�w"zn�¨q	u�w"zOm�¸^q	m�z�q � knxCt)k
�8m��dm�zn�no�u3z�q=knm,�^x.t�u3z�q=m�zªq��

³8��Ò·q4k\w"o�w"{Co	u
|dm�m�z�r�m��du3r�q	m���xCz�waq��^�dm»³�
(®�o�q	m�m�{ � |ns8q4u-q	knm�ryr�m�o	s8{�q=o4w-r�m�t�u3z�q	r=w-�nx�t�q	u3r��-�

� é��#çhéÁó/ù��m�=ñ1ù�æ�ìYë
Ò�z�u3z8mvu-�$q=knm ý r	o�qQo�q=sn�nx�m�o4u3z1� Ô �8k\w-o	mZâ �(®�ã � q	knmpjlx Ô r�xCt)k � Ô �nk\w-o�mvx�o�r�m��du3r�q	m���xCz�w C 
 ¾3 

q��E�~m�o�q	m�m�{5�îÒ·q xCo}znu-q t�{Cm�w-r
xCz � k\w"q�t�u3zn�8x�q=x�u3zno
u-��q=m��}�dm�r=w/q=snr�m�w-z8�­q=x�� mex�q}��u-r	�}o � w"o x�q
� w-olu-�iq=m�z���u3snzn��q	u'r	m�o�xCo�qHq=knm�o�u3{Cs^q=xCu-z Ô q	r	m�w/q=�}m�z�q��]ü�u � m�©3m�r � � Ô �nk\w-o�m � w-olznu-ql��u3s8zn��xCz�q	knm
w-{�{Cug�'t�u-zªq=w-xCz8xCzn�pu3zn{��Õ°8��°(®e�^x � q�¾ � |ns^q���u3r�� m���w"q�knxC�-knm�r:t�u3z�q	m�z�q=o � w-zn��q	knm�©-u3{Cs8� my��r=w-t�q=x�u3z
xCz8t�r	m�w-o	m�� � x�q=k�q	knm»�^x~t�u3z�q=m�z�q�� C �n�nx�zn�Õ
 � q�¾Æu-� C {¯o�sn�n�nr�m�o�o	m���q=knmQ��u-r	� w"q=x�u3z�u-�$� Ô �nknw-o	m"�
jlknx�o � u3r��Vw-{Co�u�x�znt�{�sn�nm���w�o�q	m�m�{�x�z � k8xCt)kOq	knm
jlx�t�u3z�q=m�z�q�x�op�}u3r�m'o	xC�}xC{Cw-r�q	u�q	k\w"qpsno�m���x�z
q=k8m,³�°�°ao	m�r	xCm�o � w-zn�eznu�� Ô �nk\w"o	m � w-o4��u-snzn�¯�
jlknmeu3zn{���r�m��du3r�q'��u3s8zn��u-�0jlx�r	xCt)k¡� Ô �nknw-o	m�x�z�q��^�dmþ³�
(®�k\w"o}|dm�m�z à snu"q=m��¬w-|dug©3m�â � �(ã��

jlknr�m�m�u3s8q
u-�0o	m�©-m�zÇq��E�dm�³�
(®eo�q=m�m�{�o}o�knu � � Ô �nk\w"o	m�w"�iq=m�r�®   °�°�°"k­w"zn� ¶ °�°�°�°-k�w/q   °�° ú �0�
jlknm't�u3� �}u3zµ�Yw-t�q=u3r�oQ|dm�q � m�m�z¨q=knmaq	knr	m�m'q��^�dmÕ³�
(®'o�q=m�m�{Co � knx�t)k¨w-r	ma��u3s8zn�´q=u���u3r��îjlx®r�xCt)k
� Ô �nk\w"o	max�zµq=knx�oQo�q	sn�8�´w"r	maq=k8m�xCr�o	� w-{C{1�3r=w"xCzµo�x B m�o�w-zn�Vw-zVm�¸8t�m�o�opu"��jlx � x�q=k´r�m���w"r	�´q=u�q	knm
w-�}u3snz�q4u-�St�w-r	|du3zµ�nr�m�o�m�z�q���ü�u � m�©3m�r � x�z�o	x�� x�{>w-r�t�u3zn�8x�q=x�u3zno � u"q=knm�r�o�q=sn�nx�m�o=â �3�^�~��¾ ã µ �nu�z8u-q
r	m��~u-r�q�� Ô �nk\w"o	m-�

� è��#çhéÁó/ù¢���	ñ1ù�æ�ì�ë
Ò�zõ
�°�Ö�
 ¶TÔ¤� | Ô �ûo�q)w"|nxC{�xCo	m��Vo�q=m�m�{�o � x�q�xCo�znu � t�{Cm�w-r�q=k\w/q�� Ô �8k\w-o	m
t�w-zO��u3r�� â   ° �¢ �¶E�¢ 3  ã:w-zn� �
��u3{�{Cu � xCzn�µq	knm�o	sn�3�-m�o�q	xCu3z­u-�£;*u � m�{�{
_�]a`�×ÙØ â   °(ã � q	knm � u3r��Eo�u-�£�^s8� m�r	{Cx�zn�º_�]'`�×ÙØ¢â   
bã�w-zn�
TQm � m��´_�]:`�×ÙØ@â ��
bã~��w��
|dm�r�m���w-r��nm���w-o�u-q	knm�r�m�©ExC�8m�znt�m���u3r8� Ô �nk\w-o�m���u3r���w/q=xCu-z}x��¯u3z8mQw-t�t�m��^q=o
q=knw"q4§�¿��»�asno�ql|dm�r	m�w"�ew-oK� Ô �nk\w-o�m-�-Ò�z�â   
bã � x�z��\w-r�q	xCt�sn{>w-r � q	knm�w-s^q=knu3r�ol� m�w-o	s8r	m���wa{Cw"q	q	xCt�m
�\w-r	w-�}m�q=m�rlu-� ®�®�'�
 ¶ b °�'¹° ¶ �C � knxCt)k�xCol�as8t)k�t�{�u3o	m�rHq=u'q=k8m�� Ô �8k\w-o	m��\w"r=w-�}m�q	m�r��

;1u � m�{C{
_�]'`�×ÙØ°o�sn�}��w-r�xCo�m��­q	knm�x�r � u3r��­x�zºwOjljc; �Yjlx�� m�j*m��}�~m�r=w"q	snr	m ;�r�m�t�xC�nx�q)w"q	xCu3z µ
�nxCw-�3r=w"�Öo�knu � z�x�z ý �3snr�m�
E�¥�^�-Ò�z�q	knm�x�ryw-{C{�uÜ���Á°8�  �¾3� | � °8��°�³���� � °8�   ®e�Ex � q�¾ µ�� � Ô �8k\w-o	mQ��u-r	�}o
|dm�q � m�m�z ¶ °�°pw-zn� ¾�¶ °»úÅ� ��ý r	o�q�u3z}r	m�o	x��ns\w-{+�3r	w-xCz
|du3snzn�\w"r��'�\w"r�q=x�t�{�m�o�u-� � |[� � w-zn�}u3zn{��
w"�iq=m�r
©3m�r���{Cu3zn��w-�3m�xCzn�au-z � |[�º�\w-r�q=x�t�{Cm�o�x�z�q=knm0��w"q	r	x¹¸²�$jlknm�w-s8q	knu3r�oH�nr	u-�~u3o�mQq=k\w/q�q=k8xCoHx�o��nsnm�q=u
q=k8mpm�w-o	x�m�rl�nxÙÜ²s8o	xCu-z�u"�$r�m à snxCr�m���m�{�m��}m�z�q=oyxCz�q	knm��3r=w"xCze|~u-snzn�\w-r�xCm�o��

�St�u3|­_�]l`�×ÙØwâ  -  ã � t�u-� �\w"r	xCz8�}q	knmvuEt�t�snr	r�m�znt�m'u-�z� Ô �nknw-o	mpxCz�o	xC�}xC{Cw-r*
�°�Ö�
 ¶eÔ�� |�o�q)w"|nxC{�xCo	m��
o�q	m�m�{Co � znu-q=x�t�m���q=k\w/q'w-{�{Cug�Eovw"�n�\w-r�m�z�q={��Oo�xC�}xC{Cw-r�xCzOt�u3�}�~u-o	x�q	xCu3z¨m�¸^knx�|nx�q	m����8xÇÜ~m�r	m�z�qar	m�{>w"q	x�©-m



âeêÇâ 	 í÷ðTëVçaÉõë�ðTæ�ôÁô�éÁó�ñ1ù�æ�ì�ë(ì I~?

M   C23 6

-phaseσ

-phaseσ

**

* *

* *

*

grain boundary
grain

boundary G-phase matrix

grain boundary 

Nb(C,N)

10

no Nb(C,N)
remaining at

grain boundaries matrix
G-phase

matrix

500

550

600

650

700

800

850

750

10 10 10

Time (h)

T
em

pe
ra

tu
re

 (
C

)

1 432

Ó x��3snr�m£
^���^� ìÐì ý úHö�ï���ù¬ï ðÓõ�ù�ñ�ð ý ñ),VîPü�ü�Í{Î§Ï�Ð¹Ñ19 à�¨=<C6

o�q=w-|nx�{Cx�q	xCm�o�u-� � |�� � x�q=kOr	m��3w-r	��q	u1� Ô �nknw-o	m"��jlknm��O��u3s8zn��q=knw"qaw"z�xCznt�r	m�w-o	m xCzOq	knm�u�¸E�E�3m�z
t�u-zªq	m�z�q'{�m��Oq	u´w��3r�m�w"q	m�rvxCzno�q)w-|nx�{Cx�q��µu-� � |[� � x�q=kOr	m���w-r	�Oq=u¤� Ô �nknw-o	m � w-zn���8r	u3�du3o	m���q=knw"q
u�¸E�^�-m�z¨w-zn�´o�xC{Cx�t�u3zµw-r	max�z�©3u3{�©3m��Vx�z´w�t�u Ô o	m��3r	m���w"q=x�u3z´�nr�u^t�m�o	o � w��3r	m�w"q=m�r�w-�}u3snz�q�u-�:u�¸E�E�3m�z
o	m��3r	m���w"q	xCzn�Ow-r	u-snzn� � |[�¶{Cm�w-�nx�zn�¨q	u�w¨�3r	m�w"q=m�r o�m��3r�m���w/q=xCu-zÇu-�»�Ex4x�z¬q	knm�o	w-�}m � w��3��jlknm
o	x�{Cx�t�u3z�r�xCt)k�r	m��3xCu3z�x�ol� u-r	mQ�Yw�©3u3s8r=w-|n{�m�q=um� Ô �nk\w-o�mQ��u3r	� w"q	xCu3z¯�

Ò�z�
�°�Ö�
 ¶TÔ¤� | Ô¤� o�q=m�m�{Colknu � m�©-m�r � w-olx�qlk\w-oy|dm�m�z��nx�o	t�s8o	o	m���x�z�q=knm�o�m�t�q	xCu3z�r	m���w-r��nxCzn�}§�¿�� �
x�qyo�m�m�� oyq=k\w/q ��r�è � x����^x � ��u-r	�}ol�nr	m���m�r	m�z�q=x>w"{C{�� q=u�� Ô �nk\w-o�m-� � u}r	m�o	sn{�q=o4t�u3sn{���|dm���u3snzn�eq=knw"q
o	s8�n�~u-r�qlq=k8xCoyk��^�du-q	knm�o�xCo��
Ò�z´t�u-� �}u3z ® ¾ Ö(®e
 Ô�� |µo�q=m�m�{Co � � Ô �nk\w-o�m'o	m�m�� oQq	u�|~ma��u-snzn�´u3zn{���s8zn�nm�r�x�r	r	w-�nx>w/q=xCu-zÓâ ¶"�n�§¶ ³(ã��
Ò�znt�r	m�w"o	xCz8��q=knm»�Ex~t�u3z�q=m�z�qlq	u  v� q�¾ r	m�o	sn{�q=m��ex�z q=k8mQ��u3r	� w"q=x�u3z}�nsnr	x�zn����snr�z\w-t�m�w-�3m�xCzn�au"� � |
� Ô �nk\w"o	m � w-{�q=knu-sn�3k��nr	ug©ExC�nm���q=knw"q0t�w-r	|du3z � w-o�znu-q0w�©-w"xC{>w"|n{CmQq	u ��u3r�� ��r
è � x����^xÞ�0�²ü�u � m�©3m�r �
znu
o�q	sn�8�ek\w"o4|dm�m�z���u-snzn� � knxCt)k�r	m��~u3r�q=oyznx�u3|nxCs8�¥� Ô �nknw-o	m�xCz�u-r	�nx�z\w-r���® ¾ Ö(®T
'o�q=m�m�{Co��
FHG�FHGYT ¦W§ �q¨ §�P(© À«ª\T­¬¤P$®8T�À¯9Sª\T¢Ý�5�9&5f®8P$®nT¢R

;Sr	m�t�xC�nx�q)w"q	m�o*o	snt)kaw-o � x-è)jlx �3� x-èb��jlxM� C { µ=� w-r�m�u-zn{�����u3s8zn��x�z�w4�\w-r�q	xCt�sn{>w-r¢t�{>w-o�o1u-�\w-sno�q	m�znx�q=x�t
o�q=w-xCz8{Cm�o�o�o�q=m�m�{�o��$q	knm��8r	m�t�xC�nx�q)w"q	xCu3z'knw-r	�nm�znxCz8�vu3z8m�o�� C q��E�nxCt�w-{\o�q	m�m�{~x�z}q	knxCo�t�w/q=m��-u3r��
x�o C 
 ¾3 8�
w ® ¶ ��r Ô 
 ¶"� x Ô C { Ô jlxSo�q	m�m�{5��jlk8m��¼t�u3z�q)w-x�z�q=x�q=w-znx�sn� w"zn��w-{Cs8� x�znxCsn� x�z à s\w-z�q=x�q=xCm�oao	s8|no�q=w-z Ô
q=xCw-{C{���{Cw-r	�3m�rlq=k\w-z�q=knm�³�°�°�o�m�r	x�m�o0w-zn�µr�m�{>w/q=m���t�u3�}�du3o	x�q=xCu-zno � q=u}��u3r	�±°w²¯u-r�u-q	knm�r � x � jlx � C {
�nr�m�t�x��nx�q=w"q=m�o � w-o�o�sn� � w-r�xCo	m��VxCz ý �3snr�m½
^� ¾ �½ü4u � m�©3m�r � q	knm�r�m�w-r�m'©3m�r��´��m � o�q=s8�nxCm�opx�z � knxCt)k
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Ó x��3snr�m£
^� ¾ ��µ N:î�ø!ôÐñ¨õ�ï üzòbðvö�ó¤ö�ò¤ð ï óbú@ô¬ögô¥ï¨ó¤ö�ò¤ð¡ñ ó@ô¬í¤î7îC¤�ò¤ö�ü�öz÷¤ù¬ö�ò¤ð�ý¤íbï���î	�Vý¤ù�î	��î�ó�ôeï¨ô
ª�¨�¨8¶ ÷ ö�óa�#¬ ÷ ùÁ rÿ�¬�þ½ö:ï¨ò/��ô�î�ó¤ögô¬ö�øS��ô�î�îPü ���?õ�ù¬ñ ð°9 
��=<C6

q=k8mpt�r	m�m��µ�nr�u3�dm�r�q	xCm�o4u"�$q=k8m�o	mpo�q	m�m�{Co�w-r	mp�3x�©-m�z�w"q	q	m�z�q=x�u3z � w-z8��{�u3zn�'q=m�r	�ÌxCz^��u3r	� w"q=x�u3z�x�o4z8u-q
w�©"w-xC{Cw-|n{Cm��Ym"�Ê�8�@â¹� � ã µ � Ó u3r®q	knxCoSr�m�w-o�u3z}w-zn�}|~m�t�w-sno�mlq=knmy�nr�m�t�x��nx�q=w"q=x�u3zax�zaq=knm�o	m4o�q=m�m�{�o:knw-oS|~m�m�z
r	m�©ExCm � m���xCz�â � ¶ ã � â ��³bã � x�qlk\w-ol|dm�m�z��nm�t�x��nm��eznu-qlq	u't�ug©3m�r�x�z��nm��^q=k�q=knm�o	m��nr�m�t�x��nx�q=w"q=m�o��Sjlknm�o	m
w-r�mOâ¹� ¶ ã5�

· ° ² xCoHw'��t�t � x-è C {¯u-r � xpè¤�Yjlx�� C { µ xCz�q=m�r	�}m�q=w-{C{�xCtyt�u3�}�du3snzn�eu-�1{>w"q�q=x�t�m0�nw-r=w-�}m�q	m�r�³^�   ° �C �
Ò·q4x�oyw-{Co�u
q	knm�q=r	w-zno	x�m�z�qyo�q	r	snt�q=snr�mvu"� � x,è=jlx��

· Â�x�olknm�¸8w-�-u3z\w-{U�Yw�� ¶ ��°�� �C t�� ¾ ��³�
 �C µ w-zn�exCoHq	knm�m à snxC{�xC|nr�xCsn�Öo�q	r	snt�q=snr�mvu"� � x-è)jlxY�
·¹¸ x�o � x C { � ��u3r	�}m��­w"q {Cu � m�r
q=m��}�dm�r=w/q=snr�m�o��Ysn�¬q=u��h°�°Ãú%� µ w-z8�Ço	k8u3r�q�w-�3m�xCzn�Vq=x�� m�o

��®T° Ô ®T°�°-k µ �

���>º »¼"�02#&%o/1%Q#&.K-,/1-½"$*<"�#S3

C q	q	m�z�q=x�u3zOknw-o�|~m�m�z¨t�u3znt�m�z�q=r	w"q=m���u3zV�nr�m�t�x��nx�q=w"q=m�o�� u3o�q�u-�iq=m�zOr�m��du3r�q	m��Ow-zn�¨o�q	sn�nxCm��Ox�z
t�r�m�m��µr	m�o	xCo�q)w-z�qQw-sno�q	m�znx�q=x�tpo�q)w-x�zn{Cm�o	o4o�q	m�m�{�o��²ü�u � m�©-m�r � u-q=knm�r0�nknw-o	m�oQw-r�mvo�u3� m�q=x�� m�o�r�m��du3r�q	m��
�nm��~m�zn�nxCz8�}u-z�q	knmpw-{C{�uÜ�Ex�zn�am�{�m��}m�z�q=o��
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FHGi¾lGYP ¿Àª ÿGÁ
Ò·qa��u3r�� oax�z¼znu3z Ô o�q=w-|nxC{�xCo�m���w"sno�q	m�znx�q=xCt�o�q)w"xCzn{�m�o	o�o�q=m�m�{�o � x�q=k¼k8xC�3k¼znx�q=r�u3�3m�zl��°8��
 � q�¾Ûw"q

��°�°�ú�� � x�q	kÿ
�° � x � q)¾ µ â � ®�ã5�.Ò·q�k\w-o'w�knt�� ��knm�¸8w-�3u-z\w-{�t�{Cu3o�m Ô �\w-t)�-m�� µ snznx�q�t�m�{�{�u-�y{Cw"q	q	xCt�m
�\w-r	w-�}m�q=m�r	opw�� � ��� ¾ �C w-zn�¨tg� � � �3� �C â   ã�� C {�q=k8u3sn�3k¨we��wÜü�u-r��nr	m�t�xC�8x�q)w/q=m
xCzVknx��3k Ô z8x�q=r�u3�3m�z
znu3z Ô o�q=w-|nx�{CxCo�m��»o�q=m�m�{Co � x�qexCo�z8u-q�xCzÉm�x�q	knm�reznx�q=r�u3�3m�z Ô |dm�w-r�xCzn��z8u3z Ô o�q)w-|8xC{Cx�o	m��Ét�r	m�m�� Ô r	m�o�xCo�q)w-z�q
w-sno�q=m�znx�q	xCt'o�q=w-xCz8{Cm�o�o�o�q=m�m�{�ov|dm�t�w-sno	m u-��q	knm
{Cu � m�r � t�u3z�q=m�zªq�sno	m�� � u3r�xCz¨o�q)w"|nxC{�xCo	m��Vznx�q	r	u3�3m�z
|dm�w-r�xCzn�v�3r=w-�8m�o � |~m�t�w-sno�m �¸Ô �nknw-o	mQo�m�m�� o�q	u���u3r��Â�nr�m���m�r	m�z�q	x>w-{�{��3� C �nm�q)w-x�{Cm���r	m�©Ex�m � u-� ä,ç �>�
t�w"z�|dm���u3snzn��xCz�â¯®T°bã��
FHGi¾lG�J M�55Lr©&5f®�ªw5{À�T

Ò·q�x�o�r	m��du3r�q=m���|ª� U w-r��3m�{�xCsno Ô ;*m�q	q	m�r�o	u3zÁâ ¶�¶^�ï¶ �(ã�q=ue��u3r	� x�z�w�znu3z Ô o�q=w-|nxC{�xCo�m��Ã
�°�Ö�
 ¶ o�q=m�m�{
� x�q	kþ°8�¥
¼® �Å� q�¾���jlknm�t�u3�}�du3o	x�q=xCu-zew"�iq=m�r·®T°'� x�zew"q ¾�¶ °�ú��Éx�o��

È ôxë(ÉÃë(í¸ð �^x §�z ��r � x §�u Ó m
ú�ð�Ê ®-��°mb °8��
 ®3�Ù®<b °8��³ � �^b ® 
�°Mb ® ®T³
b ® ®T�
b ®

Ò·q�knw-o4w
t�sn|nx�tpo�q=r�snt�q	snr	mpu-�1{>w"q�q=xCt�mQ�\w-r	w-�}m�q=m�ryw��   �¹³û�C â ¶�¶ ã��
FHGi¾lGYÝ ÂÀ5f®8P(©&5ÄÃ&7 Ý.PQª+J�Å:R�Ã&¬�9�N&5{À�T¢R
jlknmlq=x�q)w-znx�sn�Ät�w-r�|~u3o�sn{C�8knxC�nmljlx ç �����^�:xCo®r�m��du3r�q	m��}|�� ¡ w-x½â � �(ã\x�z}�8xÇÜ~m�r	m�z�q:q��E�dm²³�
(®lo�q	m�m�{Co

w-�3m��¬w"q
�   °�°åúÅ�Æ��u-r�q=x�� m�oa|~m�q � m�m�z ®   °�°�°´w"zn� ¶ ³�°�°�°µk � w"zn�­|��¼§�xCz\w"� x�_�]�`�×ÙØ�â �3� ãlx�z
w¼o	x�� x�{>w-r}o�q	m�m�{�ápq	knm���t�{>w-r�x��i�¬q=k\w/q�q=knx�o��nk\w-o�mOx�oew-{Cr�m�w-�8�Ç�nr	m�o	m�zªq�xCz»q	knmVo	u3{�s8q=x�u3z Ô q	r	m�w"q=m��
t�u-zn�nx�q	xCu3z²�gÒ·qyk\w-o4w
knt���o�q	r	snt�q=snr�mvu-�1{>w/q	q=x�t�mQ�nw-r=w-�}m�q	m�ryw��·³8��
(® �C w-zn��tg�´®�®-�Ç®e
 �C �
FHGi¾lGÁÀ ¿ÀÅ�9&9�T�ª¢9Sª\T*Ý�5�9&5i®nP$®8T¢R

Ó m � �nw"q)w¨w-r	m�w�©"w-xC{Cw-|n{Cm�t�u3znt�m�r�znxCzn�Vq=k8m�m�Ü²m�t�q u-�Qt�u3�n�dm�r}xCz�t�r�m�m��Çr	m�o�xCo�q)w-z�q�w-sno�q	m�znx�q=x�t
o�q=w-xCz8{Cm�o�o0o�q=m�m�{Co��Qj1u-kª�3w-� w¨_�]4`�×ÙØ=â¹�   ã$sno�m��
³ � q)¾³t�u3�n�dm�r0x�zµj*m��}�\w-{Cug� Ô C ® � w�o�q	m�m�{1o	x�� x�{>w-r
q=u�³ � � �1� x�q	k�w"�n�nx�q	xCu3z¨u-�Hw�o	� w-{�{�w-� u-snz�q�u-��q=x�q)w-znx�sn����jlknx�o�r	m�o	sn{�q=opxCzO�nr	m�t�xC�8x�q)w/q=xCu-z¨u"�lw
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(a) no capillarity (MT−DATA)

(b) with capillarity (MT−DATA)

(d) Fujita and Bhadeshia

(c) with capillarity, Eq. I.11
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µ1k�lM�nmpo ô�¶Oô á/i�k�l	��r�l>�fsq�1~�l>���hs©w�l$~�s©�>v�n�|c|�nzr_m/pN~_s©n�w8nN|!i�s��ÿsuw8~�k�l7� Ã � Ã ¹z���	v�~�lJlJo<v�~_})�h�sul­��thy�i�k�nzr_¼�pNoq��v�v�nzw Ô �>�z��Õ�� Â²Ã�Ä p�ouo©n�£Os©w�x¥nzw�ouy�i�s��åp�w)� Â²Ã�Ã�Ä pNo©o©n�£Osuw�x§���_���T�2pNw)�¢i�s»���v�k)n�£Osuw�x§�$o©l>pNr�o©y§~�k�l#suwª~_l>r�pz�1~�sunzw)v�pzv7~�k�l+~�£TnQ��r�l>�Jsu�)s�~°p�~_l­v]�$n�m2�al$~�l	|�n�r]�Jp�r_tan�w��:�������T�s©v�w)nN~7l$¸f�al>�$~_l>�§~�n#tal	pNw@l­Àz})suo©sut)r_s©}�m ��k�p�v_l:t)}f~7|�n�r�m/vT|�n�r2�hs©w�l$~�s©�>v�r_l­p�v_n�w)v>�
Í�~����n�M�/lM�
k|����o�m����9��k��M�n�{ÓTo����7o�o����nmpo���k|�nk�� �;��o�����mpojoÅçz�To��9��o��Ë���n� �Z���Y���n�M�poy�nm�o���o�����o���k��ÜslM�/m�o ô�¶Oô ����¡;��~|k��Æ�nmpo��nk�����k��M�Æk��>�b��k|~�~�m�oqù��nk�m�o��J���`�p�n���à��kâ%á���£���noj�M�n~��S�n�s���pojm�o�{¹��k��nk|�/l�;�<��o�m�����,i��k|o����+��l�o�k|�/ln�s���	lMk�¡Mo���Ó��j���no�oqù��nk|~�k�Ónmpk|�n{É�O�;~|���/~��;��k|�M� ¶ µs�Mmº���nk����/���no�{i���no�~¸�no�o��n����}�������M�/���	���Mmº���no��nk|�p���M~��/��k��M�y������m����n��k�o������n�s���po�� ¶

-/.�»2._ê âË;Jî�îcMR5>6§9<;$M#=óM+K�½@GCD7ò7;b½8;19c3:9cD�î 3	=@E 9cGC3	=@î<;$D�=#9¤½8B@3¯îcD7î�'��k|~�~|�n�b��m��;��o����no7{}o����n���£�n�po��>���+k�{i�/~|o�{}o����§���no)�nk|�p���M~��/��k��M�����n�nmpo���k|�nk�� �;��o��������no)oÅç/��{}�n~�o�������no�Í Ü Ð Ü Û á�· �b��o�o�~3�aÓT��¡MoFk|���n�po��`�;l���k|� ¶µ1k|l��nm�o ôc¶ ôNó�Ü>Ü ö����/���	�����s�;���§�;�<��o�m��p�M{}o£��k�{io;�0× �
�
%#[-�nm�o���k|�/k�� ����k|����mpoO��� �no��-���M{}�n~�o���k��M� ¶*+���7o�¡�o�m�����k&%���{i�Mmpoº�p���aÓn~�o¥���s�;�[× �

�
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�
%#[7k|�����M{}�n~�o���o��§�����no�����{i�T�M��k���k��M�5���¸���no+{i�;��m�k�çYk|��lMk�¡Mo���Ó��­× Z ���	�nk|� �¹k|���M�5���no	��k�o�"�~�k|�nolM�Mk��nli���nm����nlM�%���noÈÓ/�n~�ÏN���M{}�T�M��k���k|���`� ¶ ���nk|����k|oN"�~|k��noF���nk��<��k|�/lj�n�no��n�M{}o��n�M�%�¥���-oÅçz�n~|��k|�/o���nmpo�¡�k|�M�/��~�� ¶ è��/m�k|�/l¦���noy�/oÅç�����k�{ioi�p��o��§�)��k&%á�nm��O�	�5�O�;m­ÓT�M�J��m��M{ä���noy{i�;��m�k�ç���oÒçz�n~���k��nk|�/l���/o¹���/k��<� ó$· öF�;�	���Mk����¸× Z �]Ón�/�5�;~|����k|�n��m�o�����o��Yk����>���	�J¡M�M~��n{}oi��m��;����k��M� ¶ Ðzk|�/��o¹���noj{i�;��mpk�ç� �nmp�M{ik��n{å��������o����­k|�}�n���j�;Þ�o�����o�� Ó��Z���no¦����m�{i�;��k��M�Ë�;����k&%��+Ón�/�jk����}¡M�M~��n{io­��m��;����k��M��k��
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���noNù��s������k��������£���M~��/��o%�nm��O�	�Ä�n�/m�k|�/lË�
�pk|�nlM~�o¦��k�{io¦�p��o��§�����noÅ~��;�p��o�m(ÓTo�k��nl
��o9�N���Ë������%�/m�o�¡�o����i���M{}������k���k|�M�ª{i���nk�Üs�O�;��k|�M�/�£�	�nk�� �Ë�;m�oy�n���5�/o�lM~�k|lMk
Ón~|o5����{i�s�;m�o��
���`���no­{i�;��mpk�ç��������o����O�¥���5oÅçz�n~|��k|�no��BoO��mp~|k|o�m ¶ *�o�m�oN��lM��k|�§� ���noy��k|oN"�~�k|�noilMk�¡�k|�/lÅ���no­k|����o�mp�P����oy���M{}�T�M��k���k|����n�nmpk|�nl	�nk����p�M~|�/��k|�M��k���oÒçz��o�����o��>���¥ÓTo����no)�M�no)m�o��p��o�����k|�nl	���no)k|�p��"Ð�;����k�¡�k����+���n����m­ÓT�M� ¶ *+���¥o9¡Mo�m��
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�
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k��ª���aÓn~|o ôc¶Èq<¶ %¥�M{}�s��mpk|�p�M�n�£�	k����JoÒçz��o�m�k|{}o�������~7mpo��p�n~�������m�o¹m�oO�;���M�s��Ón~��S������k|�b�<��k|�nln���k��n��o�m�o��p�n~����2Ó��j���n��mp¡;��~|�/�������4´9Á¥ë�ì�í¥Ô · ' ÷ Ø¸���nlMl�o��p�¥���s�;���z���Mm7���nk��¥�p��o�o�~Í�n�nmpo���k|�nk�� �;��k|�M�i���3��k&%k|�F����{i�n~�o���o��J���<��o�m>�aÓT�M�/� · '½'½'N� ¶ *����7o�¡�o�m������noy���z���n�Mmp�>mpo��T�Mmp�>�¦�nk�������~|�/��k|�M�S���	��k&%¢����m
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µ1k�lM�nmpo ô�¶ Ö¿á:i�k)l��Jp�o©�J}�oqp�~_l­�2¼�nzou}�m2lO|�r°p��$~_s©n�w/n�|����_���T��p�w)�/i�s��®p�vTp]|�}�w)�$~_s©n�wQn�|�~_s©m#lsuw§pNw	� Ã � Ã ¹z�f�7v�~_l>lJo��ª��}�r_s©w�x+p�x�l>suw�x	pN~�¦N��� ¨ ���h�����­�T��s©v�l$¸f��l­�1~�l>�Qpzv�p]~�r�p�w)v�s©lJwª~!��k�p�v_ln�w�o©y��Ti�k�l¯¼�nzou})m#l]|�r°p��$~_s©n�wInN|!i�s����fnhl­vOw�nN~7s©w)�Jou})��l¯~_k�lRpNm2n�}�wª~7o©l$|»~�})w)�fsqv_v_n�o©¼�l­�§pN|»~_lJrv�nzou}�~_s©n�w§~_r�l>p�~�m2lJwª~>��1��Ón~|o ôc¶ Ûj���/���	�����n�;� ÿ "��/�s����o5k��-��~|�p�­oÅçz��o�����o��J���-oqù��nk�~|k�Ó/m�k|�/{ãk��%���no����M�n��k��no�mpo�� Í Ü Ð ÜÛ á�· �b��o�o�~ ¶ *����¥o9¡Mo�m��1k���k|�-�no�k����/o�m-�nmpo��nk�����o���Ó��`���no5�nm�o���o����£{}�z�no�~��n�Mm-�aÓn��o�mp¡Mo�� Ó��%���n�Mm$"¡;��~|�/������� Ô · ' ÷ Ø ¶ ���/oY{i���no�~1�n��o����/m�o��/k|���-�j�n�M��"ê^�o�mp�y�nm�k�¡�k|�nl¹����m���o£���Mm�k����+����m�{i�;��k��M�§���	�no���nmpo���k��nk����;��k��M�5���3��k&%��n���º��~�{i���p�)m�o���� �no��y���M{}�n~|o9��k|��� ¶ ���nk��¥k��RÓTo������n��o8ÓT�����i���/o�~|��������m­ÓT�M����n�%�/k|lM�`� �/m��M{}k|�n{#oÒç/�To��9��o��Æ�;�����s�;���p����lMo5��mpo>�P�O¡M�M�nm��aÓn~�o>��� ÿ "��n�s�;��oY���Mmp{¹�;��k|�M� ¶ Î+o9¡Mo�mJ"���/o�~|o����������nk|� �/m�k�¡�k��nl-���Mm���o�k|��������~|���Z���Mm����no����Mmp{¹����k|���Y��� ÿ "��n�n����o����F�������/m)k��5���}�½Ón��o�mp¡;�aÓn~�o��k�{io ¶
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(>= ËmÌÑ´£Ê�³8´MÔ�°�Ê,°­ÈzÄ�ÈÐ´�Î>ÉKÄ�îm´<Î8°­ÌÑ°­ÅHÄ�³�ÔMËmÌÑÊèËmÎq°­ÈÐ°­ËmÃ�ÎMÇ�ÎqË�ÈÐÉKÄ�È�H�ÖKÃ,±m´�³qÊ�³8°­ÃóÈ8°�Ã�± ÈÐ´�ÔzÉ,Ã�°�øó²�´MÎJI
ï�Ä�Î8´MÒ>ËmÃ�Ì¨°�Ô�³qË�Ä�ÃKÄ�Å­Æ�Î8°­Î�Ô�Ä�Ã�ïè´2Ä�Ìbï�°­±m²�Ëm²�Î�ÏFÉ,´�Ã>²,Î8´�Ò�ËmÃ�ÈÐÉ�´M°�³�Ë�ÏFÃ ò

ú ÈFÔ�Å­´�Ä�³qÅ­ÆÑ°�Î�Ã�´MÔ�´�ÎqÎÐÄ�³6Æ�ÈÐËr²�Î8´2ÔMËmÌÑÊ,Å�´�Ì¨´�Ã�ÈÐÄ�³qÆ¨ÈÐ´MÔzÉ�Ã�°�øó²�´MÎ ò é É�´2´[ò·Êõ´M³8°­ÌÑ´MÃóÈÐÄ�ÅUÊ�³qË·ÔM´�Ò�²,³8´°�Î�Ò,´�Ê�°­ÔMÈÐ´MÒ@°­ÃùÖK±m²�³q´ µdò + ò
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Heat-treatment Optical Microscopy

Hardness

General Observations

TEM : diffraction

extraction residue
X-Ray on

Structural identification

TEM: EDX

SEM: EDX

Composition

2 °�±�²�³8´ µ7ò +f&hgMiEjlk.monpjlnrq`sutwvyx%s\n$zu{.q.|~}J�.nr�����Xn$����i`v�|o�.npqJs\|���zptws\|oiEq�iw�?k.vynrzp|�k.|�sytws\n$�<twqW�Ó¸`npq�¾nrvytEm^iE�W�\npvy��t�s\|oiEq���iE��t[¸Enp|oqW¸�n��fnrz�sy�r�����b���fs\vutwqW�\jl|o�y�X|oiEq�npmonrz�s\vyiEq�jl|ozpv\iJ�\zpiEk'xE�l� ¿�� �UnpqWnpve¸Ex�!|~�\k�nrvy�\|��`n � ¾*vut�x�tEqWtwmox!�X|~�p�^�!�M�%�W�yzptwqWq.|�q�¸�nrm�n$zCs\vyiEq�jl|ozpv\iJ�\zpiEk'xE�
 �¡w¢ £ ¤¦¥¨§ª©¬«J¤®­J¯°¤ ä	å ± §�¤¦¥�²Z¥�©�§�¤¦¥ â § ä ¥�¯

é Ï¹ËùÎ6ÈÐ´M´�Å�Î�ÏFÉ�´�³q´bÊ�³qËWî�°­Ò�´�Ò	ï�Æ´³�Ä�È8°�ËmÃKÄ�Å¶µ�Ë�Ï¹´M³J&·³ 2¤µ�¸f¹ ÇõÄ�Ã�Ò	Ärî�Ä�³8°HÄ�ÃóÈ�Ô�Ä�Å�Å�´MÒº³ 2¤µ»¸f¹ ë
6 ïèË�È8É�ÌÓÄ�Ã�²·Õ$Ä�ÔMÈ8²�³8´MÒùïóÆ�³�°­Ê�ÊõË�Ã = ÈÐ´M´�Å¼8 ò ³ 2�µ»¸f¹ Ç·ïKÄ�Î8´MÒ�ËmÃ¾½ ¸À¿ ½f-�Ä�²�Î6ÈÐ´MÃ�°­È8°�Ô�Î6ÈzÄ�°­Ã�Å�´MÎ8Î�Î6ÈÐ´M´�Å�ÎMÇÉKÄ�Î¹ïõ´M´�ÃùÒ�´MÎ8°�±�Ã�´�Ò�³8´MÔ�´MÃóÈ8Å­Æ�Ä�Ã�Ò�°­Î�³8´M±�Ä�³8Ò,´�Ò�Ä�Î¹È8É�´'ïè´�Î6ÈFÔ�³8´M´�Ê�³8´MÎ8°­ÎqÈzÄ�ÃóÈ�Ä�²�ÎqÈ8´�Ã�°�ÈÐ°­Ô�ÎqÈÐÄ�°�Ã,Å�´�ÎqÎ
ÎqÈ8´�´MÅ�Ä�î�Ä�°�Å�Ä�ï�Å�´*È8Ë·ÒKÄ�Æ ò é É�´bÔzÉ,´�Ì¨°�Ô�Ä�Å�ÔMËmÌÑÊèËmÎq°­ÈÐ°­ËmÃ�Î�Ä�³8´�±m°­î�´�ÃD°­Ã>ÈzÄ�ï�Å�´ µ7ò + ò é É�´bÎ6ÈÐ´M´�Å�Î�Ï¹´M³8´

ÁªÂÄÃ�Å�Æ gMv Ç¶| �Èq �Èi �'| ÇÄ� �É| Ç g Ê Ë
ÌlÍ�Î ÏEÐ � ÏwÑ ÏwÒ � Ó`Ô ÕE� ÐEÐ Õ`� Ô Ð Ð � Ò Õ Ð � ÏEÖ Ð � Ð Ô Ð �oÕ Ö'× Ð � ÐEÖ Ð � Ð`Ð Ô Ð � ÐEÐ`ÖÁªÂÄÃWÅ»Æ�Ø gMv Ç¶| �Èq �Èi �'| ÇÄ� �É| Ç g Ê Ë
ÌlÍ�Î Ï`Ï � ÏEÏ Ï Ô!� Ù Ò Ð � Ó Ï Õ`� ÒJÐ Ð � Ù Ñ Ð � ÏwÒ Ð � Ð Ô Ð �oÕ ×wÐ Ð � Ð Ù Ð � Ð`Ð Ô Ð � Ð`Ï`Ï

é Ä�ï�Å�´ µ7ò +f&�gMiEjlk�iJ�X|�s\|oiEq�iE�Z�Xs\nrnpm~�¶�Úsy�W�!|onr�À��Ç�Û ×wÐ Ó`ÜA|~�Ätl��twvy|~twqJs¶iw�9s\{.n¬�Wvy�XsÄ�Xs\npnrmdk.vyi��'|o�.nr�ÀÝÇ�Û ×wÐ ÓWÝ�»�|�s\{ª|oqWzpv\n$tE�\nr��gMv¶tEqW��v\n$�!�Wzpnr�ªg��

³8´MÔ�´M°­îm´MÒç°�ÃDÈÐÉ,´�Õ¼Ëm³8Ì Ë�Õ/ÈÐ²,ïõ´MÎ'Õ¼³8ËmÌ¦ÏFÉ�°�ÔzÉ	È4Ï|Ë¾#�°­Ã�Ò�Î'Ë�Õ|ÎqÊõ´MÔ�°­ÌÑ´MÃ�Î'Ï¹´M³8´SÌÑÄ�Ò�´ ò ëFË�Ò�Î*Ë�Õ5ÞÌ¨Ì °­ÃÓÒ�°�Ä�Ì¨´MÈÐ´M³�Ä�Ã,Ò�î�Ä�³8°�Ë�²�Î¹Å­´�Ã�±�È8É�Î|Ï|´�³q´*ÌÓÄ�ÔzÉ�°�Ã�´MÒÉß·È8É�´MÆÑÏ¹´M³8´'²,Î8´�ÒùÈ8ËbÊ�³8´MÊKÄ�³q´'ÈÐÉ�°­ÃÓÕ¼Ëm°�Å­Î ò
= ´MÔMÈÐ°­ËmÃ�Î¤Ë�ÕèÈÐÉ,´�ÈÐ²�ïè´�Î¤Ï|´�³8´�Ô�²·È/Î8Ë�Ä�Î�ÈÐË2Ê�³qËWî�°­Ò�´�ÎÐÄ�Ì¨Ê�Å­´�Î�Õ¼Ëm³¤³q´�Ê�Å­°�Ô�Ä�ÈÐ°�Ë�ÃUÇ�ËmÊ·ÈÐ°�Ô�Ä�Å,Ì¨°�ÔM³8ËmÎqÔ�ËmÊ�Æ�Ç
ÉKÄ�³qÒ�Ã�´MÎ8Î�ÇGàEá ÷Jâãâãâ 6 ÖK±m²�³q´ µ7ò ½f8 ò é É�´S±m³8Ä�°�Ã@Î8°:)�´bÏ¹Ä�Î*Î8ÌÑÄ�Å�Å­´�³�Ä�Å�Ë�Ã�±ÑÈ8É�´S°�Ã�Ã,´�³*Ä�Ã,Ò	Ëm²,ÈÐ´M³�Ï¹Ä�Å�Å­ÎË�Õ¤È8É�´bÈÐ²�ïè´�Î ò é É�´SÅ­ËmÃ�±m°�ÈÐ²�Ò,°�ÃKÄ�Å�Îq´�ÔMÈ8°�ËmÃ,Î�Ï¹´M³8´rÌÑÄ�Ò�´bÔ�Ä�³8´[Õ¼²�Å�Å�Æ@ÎqË�Ä�Î�ÈÐËùÔM³8ËmÎqÎ*ÈÐÉ�´�È8²�ïè´rÄ�Ã�ÒÊ�³q´�Î8´MÃ�È�ÎqËmÌÑ´*³q´�±m°­ËmÃ�Î�Õ¼³qËmÌ¬ÈÐÉ,´�Ë�²,ÈÐ´M³�Ï�Ä�Å­Å�Ä�Ã�ÒùÈÐÉ,´�Ì¨°�Ò,Ò�Å�´'Ë�Õ�È8É�´*ÈÐ²�ïè´*Ï�Ä�Å­Å òµ¡Ä�°­³8ÎuË�ÕK´�Ä�ÔzÉ%#ó°�Ã�Ò 6 ³8Ë�ÒSÄ�Ã,Ò�Ê�°­´�Ô�´'8uË�Õ�ÎÐÄ�Ì¨Ê�Å�´/Ï|´�³8´¹Î8´�Ä�Å�´�Ò�°�Ã�Îq°�Å­°�Ô�Ä�È8²�ïõ´MÎ¡²�Ã,Ò�´�³¤Ä�Ê�³8´MÎ8Îq²�³8´Ë�Õ¡Ä�³8±�ËmÃ�Ë�Õ�Ä�ïõËm²·È ¸�ò +�Ä�È8Ì ò é É�´MÆùÏ|´�³q´�Ï¹Ä�ÈÐ´M³�øó²�´MÃ�ÔzÉ�´MÒ	Ä�È�ÈÐÉ,´�´MÃ�Ò�Ë�Õ�È8É�´2É�´�Ä�Èq×"È8³8´�Ä�ÈÐÌ¨´�Ã�È òä¹Ë�È8É1³ 2¤µ»¸f¹ Ä�Ã,Ò´³ 2¤µ»¸f¹ ë�Ï¹´M³8´�Ä�±m´MÒ>Ä�È µ - ¸�å�D Ä�Ã,Ò´æ ¸»¸�å�D Õ¼Ëm³�²�Ê�ÈÐË¾+.- ¸f¸f¸ É ò
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2 °�±�²�³8´ µ7ò ½a&¨ËîvynpkWtEvytws\|oiEqGiw�d�\k�n$z�|ojGnrql��v\i`j�v\n$z�np|o�En$��s\�.�»nr�r�îïUi`qW¸E|�s\�W�.|�qWtEmW�\nrzCsy|�i`qW�O»�npvyn¶�W�\nr���i`vZ�!�M�ðtwq���k.vynpkWtEvytws\|oiEq�iw�.vynpkWm�|~zpt`�pÝ$s\vutwq��X�`npvu�Xnî�\nrz�s\|oiEqW�d��iEvaiEk!sy|ozrtwmJjG|~z�vyi`�yz�i`k'x¨tEqW��{WtEvy�!qWnr�y�p��É{.n��ytwjlk.monr��tEv\n¨sÚx'k.|~zptwmomoxÈÕ�z�j
moiEq�¸ltEqW��Ô5jlj
s\{.|~zuñf�

 �¡�ò óõô´¥?«'ö<¤®­ â «'ö�©�÷�¯?ö�÷�ô ã

é É�´ðÎ8Êè´�Ô�°­ÌÑ´MÃ�Î�Õ¼Ëm³�ËmÊ,ÈÐ°­Ô�Ä�Å�ÌÑ°­Ô�³8Ë�Î8Ô�Ë�ÊóÆ�Ï|´�³q´üÉ,Ë�È�ÌÑËm²,ÃóÈ8´�Ò©ÏF°­ÈÐÉ©Ô�Ë�Ã�Ò�²�Ô[ÈÐ°­î�´üï�Ä»#�´MÅ�°­È8´
ÊèËWÏFÒ,´�³�Ç�±m³8Ë�²�Ã�ÒüÏF°�ÈÐÉðÎ8°­Å�°�ÔMËmÃçÔ�Ä�³qï�°�Ò,´ÑÊKÄ�Êõ´M³�Ò�Ë�ÏFÃ£È8Ë�+.½ ¸f¸ ±�³8°­È�Ä�Ã�ÒüÈ8É�´�ÃÜÊèËmÅ­°�Î8É,´�ÒçÏF°­ÈÐÉ�øÄ�Ã�Ò/+�0dÌÍÒ�°HÄ�Ì¨ËmÃ�Ò�ÊKÄ�ÎqÈÐ´ òFì Å�´�Ô[ÈÐ³qËmÅ­ÆóÈÐ°­Ô2´MÈÐÔzÉ,°�Ã�±¨Ï�Ä�Î�Ò�ËmÃ�´�°�Ã@ÄÑÎqËmÅ�²·ÈÐ°�Ë�Ã�Ë�Õl+ ¸Àù Ë�ò,Ä�Å­°�Ô�Ä�Ô�°­Ò
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Specimen

Stainless steel cathode

10% HCl
in methanol
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�¼ÿ��;��� î �
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� � þ � ���
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Ç�ôæõLöX÷©ø ï�ò¼ÈvÉ`Ê È�É°Ë À Ö ÌÍÀÑÀÑÌ�Å Ë ¿¯Â�¿ Î Ã È Å Ë Ö Ì Î�È Å�8 È�É$� Ó�À�Å�Æ ÉPÎ©É°È �{Å ËÐÈ ¿ � Â�Ì Î©É Å�Æqû ý�þuÿm� É Æ ÃÑ¿ È9 ÿ­ÿ}Ó É Ã�þ$�°ÿ�=&?�Ü × ÉTß Â�Å�H Ö É 8 Ë Ì@� Î¯É ÃÑÌ�Å Ë Ì Ö É 8�¿­Ü�H�ÌÄÃÏÓ·B�ËÍÌ&?}ÎPÅ Ë × Éi� ; ß<È ¿©ÀÑÌ�ÒaÁ É Â\ûE��ûÉ°Ë ÒOÅ Ë × É|�$9�ß 8 È�É Ì Ë �VÅ�Á Ë Ò É°È Ì�¿©ÀxÏh×L� ß ÓaÌ¼8�Ó Ö É 8 Ë Ì@� Î¯É ÃÑÌ�Å Ë Ì Ö É 8�¿}ÀÑÓaÅ�H�Ì Ë 8Ð×L� � ; ß�Ð � � Ó É ÀÑ¿�aÈ ¿ Î Ì � Ì�Ã É ÃÑ¿©À�Å ËÐÉ ÒAÌÍÀmÂ�Å Î¯É ÃÑÌ�Å Ë Ü É�Ë Ò�× Î_ß¤F�Ñ ÇyÀ � ¿ Î Ã È Á Ö Æ È Å Ö ÃÏÓa¿ ��É�È ÃÏÌ Î Â�¿_À�Ì�Òa¿ Ë ÃÑÌ@��¿©Ò`� ÊÃÑÓa¿ É°ÈÏÈ Å�HäÌ Ë ×�� ß ÜTÃÏÓa¿ ÀmÃ È Å Ë 8 Î Å ��� ¿ È ÀmÌ¼8 Ë�É Â Î Å Ö ¿©ÀXÆ È Å Ö ÃÑÓ�¿Q8 È ÌÍÒºÀÑÁ ��� Å È ÃÑÌ Ë 8<ÃÏÓa¿ È ¿ � Â�Ì Î¯É�à
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Ç�ô�õLöX÷©ø ï�ò@4jÉQÊ Óa¿\Õ É°È Ì�Å�Á�ÀkÂ�Å Î©É ÃÏÌ�Å Ë À É°Ë Ò Ö Å ÈÜ� ÓaÅ�Â�Å�8­Ì�¿_ÀcÅ�Æ3B ËÍÌ ? Î Ì Ë û ý�þuÿm� É Æ ÃÑ¿ È ;©ÿ�ÿ�Ó É ÃÔþ$��ÿ�=�?�Úa× ÉTßÆ§Å È Ö Ì Ë 87Å Ë 8 È�É Ì Ë �{Å­Á Ë Ò É�È Ì�¿©À©Ü�×L� ß�É À � Â É ÃÏ¿©À�Å Ë Ì Ë�Î Å�Óa¿ È ¿ Ë ÃXÃ)H�Ì Ë �{Å­Á Ë Ò É�È Ì�¿©À©Ü É°Ë ÒH× Î©ß Å Ë�Î Å�Óa¿ È ¿ Ë ÃkÃ)H�Ì Ë�{Å­Á Ë Ò É�È Ì�¿©À�×RÂ�¿_ÀÑÀ�Æ È ¿�Ý­Á�¿ Ë Ã ß�à ×æÒ ßEÑ ÌÄú È�É�Î ÃÏÌ�Å Ëg��É ÃÑÃÑ¿ ÈÑË Æ È Å Ö ÃÑÓa¿ ��È ¿ Î Ì � ÌÄÃ É ÃÏ¿�ÀmÓaÅ�H Ë Ì Ë × Î_ß Ü{ÃÑÓa¿�Ì Ë ÒA¿+JA¿©Ò� Å­Ì Ë ÃÏÀ É°È ¿7Æ§Å È É Á�ÀÛÃÏ¿ Ë Ì�ÃÑ¿ É°Ë ÒOÀÑÓaÅ�H ÃÏÓa¿<Ã)HÔÅ~Å È Ì�¿ Ë Ã É ÃÏÌ�Å Ë À\Å Ë ¿ É�Î Ó�ÀmÌÍÒA¿<Å�ÆkÃÏÓa¿<Ã)H�Ì Ë �{Å­Á Ë Ò É�ÈÑÊ Ï�B ËÍÌ ? ÎÓ É À É Â É ÃÑÃÑÌ Î ¿ �{É°È�É Ö ¿�ÃÏ¿ ÈfÉ �{Å­ÁAÃ�ÃÑÓ È ¿©¿\ÃÑÌ Ö ¿_À�Â É°È 8�¿ È ÃÑÓ É�Ë ÃÑÓ É ÃqÅ°Æ É Á{ÀÛÃÏ¿ Ë Ì�ÃÑ¿­Üm�aÁaÃqÓ É ÀXÃÑÓa¿�À É Ö ¿�ÀÛÃ È Á Î ÃÑÁ È ¿É°Ë Ò ÉüÎ Á��{¿+�æÃÏÅ$� Î Á��V¿OÅ È Ì�¿ Ë Ã É ÃÏÌ�Å ËáÈ ¿¯Â É ÃÑÌ�Å Ë ÀmÓaÌ �là ×R¿ ßGÞ Â É ÃÑ¿PÆ§Å È Ö Ì Ë 8 É°È Å�Á Ë Ò É ûQ�aÇ È ¿©ÀÑÌ�ÒAÁ É Â ��É°È ÃÑÌ Î Â�¿× Æ§Å È Ö ¿©ÒäÒAÁ È Ì Ë 8�ÀÑÅ�Â�Ì�ÒAÌ@� Î©É ÃÑÌ�Å ËäÉ°Ë ÒNÁ Ë ÒAÌÍÀÑÀÑÅ�Â�Õ�¿_Òe� Ê ÃÑÓ�¿HÀÑÅ�Â�ÁAÃÑÌ�Å Ë Ã È ¿ É Ã Ö ¿ Ë Ã ß Ü�×§Æ ß Ã Ê|� Ì Î©É Â\ÒAÌ�ú È�É�Î ÃÑÌ�Å Ë��É ÃÑÃÑ¿ ÈÏË Æ È Å Ö B>ËÜÌ&?}Î]H�Ì�ÃÑÓHÃÑÓ�¿ É Á�ÀmÃÑ¿ Ë ÌÄÃÏ¿ � Å­Ì Ë ÃÏÀ�Ì Ë Òa¿¦JA¿©ÒJÜ É°Ë ÒY×L8 ß Ã Êi� Ì Î©É Â F�Ñ Ç À � ¿ Î Ã È Á Ö à
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Ç�ô�õLöX÷©ø�� ò � É-Ê F B��������Üó�8���� ����ò � ��!�ó$÷"� ö�� �$#-÷Ló%� õ ó�÷ û ý�þuÿm� ù ��÷ öÜô � 9 ÿ­ÿ � � ö þ��°ÿG=�?'& ò(� ó�H)�*#�8+�8%�,�-�*#��
ómø�#/.��%�(0 . ô �¦ó���� öÍô .��10�B>ËÜÌ&?}Î2�-#�.3� õ �¼8%#�� ô # ö ó$÷ Ð � ��� � òÍôQ� �-� ö ��� õ¼ôxò & � ��!}ó$÷4�5� ô+��õ ���6��� ö)� �¼8 ��ô ��7��8%#��@���8� ö �¼ó%#
& ò(� ó�H)�*#�8 Ð � ��� � òÍôC� �-� ö ��� õ¼ôxò 8��Íó�H)�*#�8Ió%#9��.�� òÍõ ó:�8� ö �¼ó%#
;
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Ç^]`_�a4bdce�Af �3gdhAi�j g^i�kAl ]nm1o�prqS]`m�b i _�bdo k4h4gsi�t ÿ Çvu ��� o�_�c�w�� È ��� o�x4w È �����Wh o l y i�lyhzl c{q k c{byo�|l aAbdc g É y i�ldhWlyh c7_�byo�]nx�o�x4wW]nx4m i�h c{b8c{x lvl}j ]`x(y i a4xAwGo�bd]nc g o�bdc7m i w c{b8c{w j ] lyh m i o�b g c k bdc{m�] k ] l o l c g�~lyi _�c ldh c{b j ] ldh q i�g6l5i�t�ldh c�m i�h c�bdc�x l5l}j ]`x-y i a4x4wGo�bd]`c g f]µ}x l c{bdc g8l ]`x4_zbdc g a4p lyg m i a4pnwey�c i y l o�]`x4c�w

µ10 m

(a)

mµ20

(b)

10µm

(c)

50µm

(d)

Ç^]n_�a4b8cQ�Af � É �'��ö �*�8� õ �7�����Üó%����� ����ò ó�÷C�"�H����� �-� ô . � �{!"�m�-�%� � & � ��!C�-�%��� � � ö �$�%���d�'&�-#/. � �d!)���%�%� � & � .�!¤�-�%��� � � ö)� �%���y�
t b i qª{3|,byo1�So�xGo�pn� g ] gvi�t c$l l byo�m l c�w�bdc g ]nw4a4c g É lyh c3b8c{p�o l ] w c�]`x l c�x g ] l � i�tClyh c�q�o�]`x k c1o � t�i b ÿ y ÿ] g m{pnc1o�b8pn��b8c{w4aAm{c{w¹yCc l}j c{c�x lyh c g o�q k p`c g o�_�c{w�� È ����h o�x4w È ������h o l � ����	 é ~ o g ]`pnp`a g6l bdo l c�w]`x n _�a4b8c��Af�ð � fU� h ] g m{o�x¹yCc�o ldl bd]�y4a l c�w lyi o�w4] gdg8i p`a l ] i x i�t�lyh c�b8c g ]`w4aGo�p ÿ y ÿ lyi�ldh c k b i n li�t ¶ | k4h o g c î é b ÿ y ÿ ï f� m{o�bdc t a4p�c�lAo�qS]`xGo l ] i x i�t7lyh ce{3|,byo1� gdk c{m l bdo ~'t�i b�y i�lyh � È ����h o�x4w È ������h o l � ����	 é ~o�p gdi b8c w c1o�pnc{w�o g c k o�bdo l ] i x�]`x lyh c è qts�éIu k c1o � g�j h ]`m h�j o g x i�l w4c l c{m l c{w y���o�a lyi q�o l c�wqSc lyhAi w g f � g ]`pnp`a g6l bdo l c�w�]`x n _�aAbdcS�Af�ð � î m ï ~)lyh ] g ] g9l b8a4c t�i b gdk c{m�]`qSc{x�o�_�c�w�o l � ����	 é yAa lx i�l o l u È �Q	 é j c�bdc i xApn��o g q�o�pnp gdh4i aAp`w4c�b�] g w ] g ]py4pnc3x4c{o�b ldh c ldi�k�i�t)lyh c k c{o � fv� j�i w4] g8l ]`x4m lp�o ldl ]nm{c k o�byo�qSc l c{b g m i a4p`w�y�cec g8l ]`q�o l c�w m i bdb8c g8k�i xAw4]`x4_ lyi o3m{ajy4]`m k4h o g c7o�x4wQo3m�a�y4]`mew4]�o�q i xAw
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cos2(θ)/sin(θ) + cos2(θ)/θ

(d)

Ç^]n_�a4b8c��Af�ð � É�¤ ���,�y0 ò(�
ô � ö �Íø/�°ó$÷ ô J ö ����� öÜô .�� ôxò ��.�ø ôxò ÷¥�Üó%�¦�"�H�-�%�z�%� ô . � �{!e�m�-�%� ��-#/. � ��!I�-���%� � � ö�� ���z�y�'&A�%#/. � �d!5�+ó%� � �%�(� ò ó�#(� ô+ö H ôxô # ö���ô �m�-��� � � ö �$�-� �d���%#/.� �����y� ò(� ó�H)�*#��2�^� õ@ô �-� òÍô6� �%��� ö �¼ó%#5�*# ö(��ô^§y¨%¨ ��© �
ô �%ªbó$÷3B ËÜÌ � Î � öH� �%�2�d��Ï � ./!4�%�8�¦ø��,� öÜô. ô¦öÜô ���7�$#/� ö �¼ó%#(ó$÷ ö���ô�õ � ö�ö �*� ô � �-�,�-� ô+öÍô �2ó�÷EB ËÍÌ � Î �*#��"�H�����«�$÷ öÍô �����%�%� � � ö5� �%���d�'&�%�*¬1�$#���­7®�¯8�/° ¨����²±�
k4h o g c î(³�´¶µS´�· o�p`pvc w c{x j ] lyh ³�´Oµ�´¶· û¸ ��ý j c�bdc�o
y g c�x lWgdi?ldh o lzlyh c k c{o � gQt�i b lyh c g c]`xAw4]`m�c gvj c�bdc9aAx4]pzra4c�byo ldh c{b lyh o�x gdhAi�j ]nx4_ ldh c g c k o�byo l ] i xS]`pnp`a g6l byo l c{wSo
y i w c ï fv� h c3q�c{o g a4b8c{wp�o ldl ]nm{c k o�bdo�q�c l c�b g o�bdc k p i�ldl c{w�o g o t a4x4m l ] i x i�t m i�g q î(¹ ïdº g ]nx î»¹ ï ´ m i�g q î(¹ ïdº ¹ ~�lyh c ÿ c�p gdi x¼| � ]`pnc��t a4x4m l ] i x ~ o�x4w�c$l l byo k�i p`o l c�w ldi ¹ ¸ ����	 lyi qS]`xA]`qS] g c«c{bdb i b g w4a4c lyi o
y gdi b kAl ] i x¾½ ð � u�¿Ü» lyh ] g ] g
]`pnp`a g6l bdo l c�wS]nx n _�a4bdc«�Af�ð � î w ï fv�'o
y4pnc«�¼f�u k bdc g c�x ldg7lyh c�w4]��\c�bdc{x l p�o l8l ]`m�c k o�bdo�q�c l c�b g q�c{o g a4b8c{wt�i b ldh c g c?o�_�c{]`xA_ l ]`qSc g fÀ� h c�p�o l8l ]nm{c k o�bdo�qSc l c�b�q�c{o g aAbdc{w t�i b ldh c�w4]�o�q i x4wÀm�a�y4]nm kAh o g c ~
p�o l c{b�]nw4c{x l ] n c�w²o g é b s ÿ ] q-Á ] ÿ ] g�g ]`_�x4] n m{o�x l pÂ��_�b8c1o l c{b lyh o�x ldh c i x4c+bdc kCi b l c{w t�i b é b s ÿ ] q�Á ] éî ð � f*Ã��¦Ä� ~\Å é7Æ�Ç+Á ð�u�| ��È�È�� ï f3�'o � ]`xA_�o�m{m i a4x lUi�tvldh cWpn] l c�byo l a4bdc+m i w c{b8c{w�]`x?m h o kAl c�b+� ~Clyh c�bdc] g x izk b8c w ] i a g bdc�m i b8w i�t�lyh c�p�o ldl ]nm{c k o�byo�qSc l c{b i�t é b s ÿ ] q-Á ] ÿ fv� h c gdh4i a4p`w4c�b w ] g ]pyAp`c ]`x n _�a4b8c�Af�ð � î m ï ~Ct�i b ldh c k c1o � î µ ï ] g c w ]nw4c{xAm{c lyh o l9lyh cWp�o l8l ]nm{c k o�byo�q�c l c{b i�tvlyh ] g9k4h o g c ~\t�i bdqSc{w�o lp i:j c{b l c�q k c{bdo l a4b8c ~ ] g�g ]n_�x4] n m1o�x l pÂ��m{p i�g c�b ldi�lyh o l«i�t è qts�éIu f�� h ] g qS]`_ h�l y�c bdc�p�o l c{w ldi�ldh c
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m i q kCi�g ] l ] i xXm h o�x4_�c i�t é b s ÿ ] q-Á ]L{ î j h c{b8c·{Ëbdc t c�b g+lyi é i b ÿ ï�É)Ì ]np`p`]`o�q g ½ È È ¿5bdc k�i b l c�w¾og ]n_�x4] n m1o�x l ]`x4m�bdc{o g cW]nx ldh c è i m i x l c{x lUi�tvlyh ] g«k4h o g c j ] lyh?l c{q k c�byo l a4bdc î o
y i a l u j�l-ÍÎk c�b
ð ����	 é�ï ~4j h ]`m h m i a4p`w�c�l k p`o�]`x ldh c g ]`_�x4] n m{o�x l m h o�x4_�cz]nx lyh c+p�o ldl ]nm{c k o�byo�qSc l c{b�f

Æ h o g cWÏ � _�c{]`xA_ l ]`qSc � È ����h È ������hè qts�éIu ð � f$Ã�� È Ä� ð � f$Ã�� � Ä�
é b s ÿ ] q%Á ] ÿ ð � f*uvð È Ä� ð � f*u���� Ä�

�'o
y4pnc��Af�u É�Ê ��ô�õ � ö�ö �*� ôz� �%���%� ô+öÍô � ò ó�÷5Ð>ËÜÌd�}Îz�%#/.²���ºÌ6�"�¼ËdÑ1�Ò��� ö9� �����d�,÷Ló�� ö�Ó ó.:�$Ô ô � ô # ö �%� ô �$#�� ö �*� ôxò ;

��k è c�lAo�qS]`xGo l ] i x i�t^lyh ]nx t�i ]np g m i x n bdqSc{w ldh c k bdc g c{x4m�c i�t o�x4c j¦k4h o g c j hAi�g c m i q k�i |g ] l ] i x¾q�o l m h c g m{p i�g c{pÂ� ldh c�bdc k�i b l c�wÕm i q k�i�g ] l ] i x g i�t é b s ÿ ] q-Á ]�{(»7wA]���byo�m l ] i x¾m i x n bdqSc{wÕop�o ldl ]nm{c k o�byo�q�c l c{b«m{p i�g c ldi ð � f*uÖÄ� ~ o�xAw lyh c�w4]`o�q i x4w¼|,m{a�y4]nm g6l bdaAm l aAbdc t�i b j h ]nm h�k o�b l ]`m�a4p�o�b
c�l l ]`x4m l ] i x�b8a4p`c g c�l¼] g6l j h ]nm h=h o w c·yCc{c�x�qSc{x l ] i x4c{w�c{o�bdpn]`c{b�f�� h ] gUj o g{~'h4i:j c w c{b ~2i x4pÂ� g c�c{x
]`x?o t c j w4]��\bdo�m l ] i x k o l8l c�bdx g » lyh c k bdc g c{xAm{c i�tvldh cWa4x4c$l k c�m l c�w�w4]���byo�m l ] i x g8k�i�ldg î c�f×_4f+� ��� ï]`x�q�o�x�� i�ldh c{b g�j o g o l8l bd]�y4a l c{w lyi w i a�yAp`cUw4]��\bdo�m l ] i x ~ o g g8l b i x4_Sw4]��\bdo�m l c{w�y�c{o�q g7t b i q ldh c
o�a g6l c�x4] l cUq�o1��o�m l o g g c�m i x4w4o�b8��w4]��\bdo�m l ] i x g8i a4b8m{c g f

500 nm

0 2 0 γ

γ2 0 0

2 0 0 θ

Ç^]n_�a4b8c��Af�ð3ð ÉQÊ)Ø ÐÕ�7�*�6�Íó��%�,� ����ò ó$÷�� ö�� �$#:÷Ló%� õ ó$÷��"�H�����"�$÷ öÍô �C��Ù-��� � � ö �-Ù-�7�y�'& ò»� ó ÓÛÚ�$#/�7�7�+ó��-� òÍô ���ºÌ6�s� ËyÑ1�*� � � ô ��� � � ö � öÜô ó�#«�7�+ó ��ô � ô # ö}ö�Ó �*#«Ü
ó�ø/#/.��-��0%; Ñ �×Ô��,�%� ö �@ó�# � � ö�öÜô ��#ó$÷¼���ºÌ6�s� Ë8Ñ:��� � � ô ��� � � ö � öÜô &{Ý+ó�# ô ��Þ:� ò ����¯%&%�$#/. ô Þ ô .G÷Ló�����ø ò)öÜô #�� öÍôe�Òß !G�-#/.«���ÍÌ6�"� Ë8Ñ1��� �Âà !}&ò»� ó Ó �$#�� � �%� ö �*� õ�ô Þ ö �*#/� ö �@ó�#`ó$÷4�%�%�:÷¥�Üó%� ö���ôv� � ô ��� � � ö � öÍô��¥à !�;
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J�â�ã L MONQPSR�ä å æ�çUT V�KWPSPYåQèXT KWPSP�Pêé åzëÎN�K�PYåQèXT J�PSPìZC[

� gsj ]`pnp�í�c gdhAi�j xQ]`x lyh ] gsg c{m l ] i x ~�ldh c k bdc�m{] k ] l o l ] i x g c{îra4c�x4m{c t�i b lyh c���� é bsï�c�b g ] i xQ] g)t o�]`b8pn�w4]Âð\c�bdc{x l�t b i q lyh o l i�t ÿ Çvu ���A~ ]`x g8k ] l c i�t'ldh c{]nb�bdc�p�o l ]nï�c�pn� g ]`qS]`p`o�b5m h c{qS]`m{o�pÛm i q kCi�g ] l ] i x g f
(a) (b)

(c) (d)

Ç^]n_�a4b8c��Af�ð:� Ézñ ��ö �*�8� õ �7�����Üó%�%�,� �/��ò ó�÷\�'�G�-�%��òv&��-� ô . � ��!2�%Ù%�%� � �%#/. � Ü�!2Ù-���%� � � ö�-Ù%���y�'&��-#/. � �8!Û�%Ù%�%���-#/. � ./!)Ù%�%��� � � ös� �����y�'; Ê ��ô �%�(�Üó ÓEòC� ó%�*# ö¤ö ó�ó Ú���� � òÍô & Ó)� �*� � &��÷ öÜô �5�%Ù%�%� � � ö Ü
ó ö���öÜô � �
ô �,� ö ø/� ô�ò ó%��Ù-���%� � � ö2� �%�9�d�X� ò ÷Lómø�#/.�ó%# õ 0U�*# ö���ôGõ �%�(� ôxò�ö�$ø ò�öÍô #�� öÍô �%�,�-�*# ò ;
� tôl c{b3� È ���Wh o l u È ��	 é ~4ldh c+q�]nm{b i�g8l bda4m l a4b8czb8c�ï�c1o�p g b8c{p`o l ]Âï�c{pÂ��w4c�x g cz]`x l byo�_�bdo�xra4p�o�b k bdc-|m{] k ] l o l ] i xÛf Æ bdc{m�] k ] l o l c gWi�t x4c j q i b k4h4i p i _�]nc g o�bdc t�i a4x4w i x�_�byo�]nx¾í i a4x4wGo�bd]`c g{~vg ]`qS]`p�o�b lyi

lyhAi�g c gdh4i:j x�]`x�õG_�a4b8cW�Af�ð�� î í ï ~ o�x4w j ] lyh ]nx lyh cQ_�bdo�]`x g�~ o g9k�i ]`x l c�w?]`x²õG_�a4b8cW�Af�ð�� î o ï f3� h cp�o ldl c�b+o�bdc t�i aAx4w i xApn�X]nx=p`o�bd_�c�_�byo�]nx g fS� h c g o�qSc i í g c�b8ï�o l ] i x g m1o�x�íCc�q�o�w4cSo tôl c{b È ������ho l � ���S	 é ~ o�p ldh4i a4_ h�ldi o�pnc gdg c{b�c%ö l c�x l1~ o g ]`pnp`a g6l byo l c{w�ír��õ4_�a4bdcz�Af�ð�� î m ï j h c{b8czq i�g6l i�t^ldh cg q�o�pnp`c{b�_�bdo�]`x g w i x i�l7g8h4i:j x4c j�k b8c{m{] k ] l o l c g o l�lyh c9_�byo�]`xSí i aAx4wGo�b8]`c gei b�xAc j ]`x l bdo�_�bdo�xra4p�o�b
k b8c{m{] k ] l o l c g f

� tôl c{b È ������h o l u È � 	 é ~�ldh c�îraGo�x l ] l � i�tvldh c�m i o�b g cW_�byo�]`x¼|,í i aAx4wGo�b6�?o�x4w ~Ûk o�b l ]nm{a4p`o�bdpÂ� ~
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i�t2ldh c k p`o l c-| g8h o k c{w k bdc{m�] k ] l o l c g3h o g m i x g ]nw4c{bdo�í4pÂ�²]nx4m{b8c1o g c{w ~ o g9g8h4i:j xXír��õG_�aAbdcW�¼f�ð�� î í ï-új h ]np`cUo l � ����	 é ~4lyh c k p�o l c%| gdh o k c{w�]nx l byo�_�byo�xra4p`o�b k o�b l ]nm{pnc g o�b8c g8l ]`p`p�c g8g c{x l ]�o�pnpn� t�i a4x4w�]`x ldh cp�o�bd_�c�b7_�byo�]`x g f
û i�ldh�lyh c g cUx4c jOk o�b l ]nm{pnc gej c{b8cU]`w4c�x l ]nõ4c{w ~ a g ]nx4_ ÁAü è ~ o g7ý | kAh o g c ~4i�t m i q kCi�g ] l ] i x�m�p i�g clyi�þ�þ é b þ�� ÇGc·ð � ÿ ]"Ã è i4~ o l-Í�~Cj h ]`m h ] g ]nx g o l ] g6t �
]`x4_�o�_�bdc�c{qSc{x l9j ] lyh²ldh c þ Ã é b È �3ÇGc-ð � ÿ ]Ã è i�k b8c{w4]nm l c{w j ] lyh è � Ç � � � t�i b ldh c g o�qSc l c�q k c{bdo l aAbdc�f
� h c9]nx l byo�_�byo�xra4p`o�b k bdc g c{xAm{c i�tsý | k4h o g c i xApn�S]`x�p�o�b8_�c3_�byo�]nx g ] g c-ö k p�o�]nx4c{w�c{o g ]npn��]nx l c�bdq g

i�t)h c l c�b i _�c{x i a g x
aAm{p`c{o l ] i x É ý | k4h o g c9xra4m�p`c{o l ] i x�] g c1o g ]`c�b i x g ] l c g�g a4m h o gel bd] k p`c k�i ]`x lyg o�x4w_�bdo�]`x�í i a4x4wGo�b8]`c g f�ÿ}x¾_�bdo�]`x gzi�t�g q�o�p`p g ]��{c g{~^ldh c�o�q i a4x l i�t�g a4b t o�m�c t�i b o²_�]Âï�c�x�ï i pna4qScS] g
q i bdc lyh o�x?]`x�p`o�bd_�c _�byo�]`x g�~ o�x4w ldh c{b8cW] g3lyh c�bdc t�i bdc�o�_�bdc1o l c{b«x
aAqWí�c�b9w4c�x g ] l � i�t c{o g �?_�byo�]nx
í i a4x4wGo�b8�¾xra4m�p`c{o l ] i x g ] l c g�t�i b ý | k4h o g c�f û�c{m{o�a g c�xra4m�p`c1o l ] i xÀ] g q i bdc�wA]��Sm{a4p l�j ] ldh ]`x ldh c
_�bdo�]`x ~�ldh c l c{x4wAc{x4m%��] g�t�i b ý | k4h o g c ldi t�i b8q ]`x l bdo�_�bdo�xra4p�o�b8pn� i x4pn�W] t _�byo�]nx�í i a4x4w4o�b8� g ] l c g o�b8c
x i�l o1ï�o�]np�o�í4pnc ~ o�x4w�] tslyh czwAbd]nï
]nx4_ t�i bdm�c t�i b�xra4m{pnc1o l ] i x�] g p`o�bd_�cUc{x i aA_ h f

� g ] g�lyh c m{o g c t�i b ÿ Çvu ���A~ o g c k o�bdo l ] i x�] g i í g c{b8ï�c{wXíCc l}j c{c�x è���� é�� o�xAw é b �$ÿ ] � Á ] ÿ ~ ]nxlyh c�	3|,byo1�zw4]nð�byo�m l ] i x g8k c�m l bdo i�t c%ö l byo�m l c{w�b8c g ]nw4a4c g{~�t�i b ÿ Çvu �����z~ o tôl c{b È �����«h o l � ���3	 é íAa lx i�l o l u È �W	 é f � g�gdh4i:j x�]`x�õ4_�a4bdc+�¼f�ð È¼~
ldh c g c k o�byo l ] i x�] g x i�l o g�j c{pnp\w4c%õGx4c�w²o g ]`x ÿ Çvu ���A~o�x4w�o�m{m�a4byo l c«p`o ldl ]`m�c k o�byo�qSc l c{b g m i a4p`w�x i�l í�c3w4c l c{bdqS]`xAc{wÛf�
 i:j c%ï�c{b ~4l}j�iQk c{o � g o�b8c«m{pnc1o�b8pn�
i ï�c�bdp�o k4k ]`xA_ ~�ldh c i x4cQm i b8bdc g8k�i x4w4]`xA_ lyi�ldh c g q�o�pnp`c{b p`o ldl ]`m{c k o�bdo�q�c l c�b lyh ] g3l ]`qSc h o1ï
]`xA_�o�x
]`x l c{x g ] l � i�tAi x4pn� È ��ÍOi�tAldh c i�lyh c�b{f^� h ] g m1o�x í�c5c%ö k p`o�]`x4c�wQí�� lyh cem i q kCi�g ] l ] i xUq i w4]nõ4m1o l ] i x gk b8c g c�x l c{w�í�� ÿ Ç2u ����� É lyh c5c{pnc{qSc{x lyg p`] � c{pÂ� lyi m i x l b i p lyh c�o�q i a4x l'i�t é b ��ÿ ] � Á ] ÿ g a4m h o g Á ] i b
ÿ o�b8c k b8c g c�x l ]nx g ]nq�]np�o�bsîraGo�x l ] l ]nc g�~�j h ]`pnc ldh c o�q i a4x l2i�t é ] g^h o�pnï�c{w ~ o�x4w�o g o9m i x g c�îra4c{x4m�c ~lyh c o�q i aAx l i�t è���� é�� ] g b8c{w4aAm{c{w\f
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ü p`c{m l b i xQw4]Âð\bdo�m l ] i x o�x4w ü�Ç 	 ]`xz� ü è m i xAõGb8q�c�w lyh c k b8c g c{x4m�c i�tGý | k4h o g c ~ o g ]`pnp`a g6l bdo l c�w
]`x�õG_�a4b8c��Af�ð þ î m ï ~�j h ]`pncQbdc k p`]nm1o g bdc%ï�c1o�p`c{w ldh c k b8c g c{x4m�c i�t o�p`]n_�x4c{w��C| k4h o g c k bdc{m�] k ] l o l c g o gi í g c{b6ï�c{w?o tôl c�b�� ����hÛ~ õG_�a4bdcz�Af�ð þ î o ï f
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J�â%N ���Sè�æ�ç�� ë^ç���� å æSç �1è�æ �"!¦L MONWPSR åQèXT L MONWPSR�ä

� pnp g8k c�m{]`qSc{x gQj c�bdc�o�_�c�w o l pnc1o g6l ð �������²h o l í i�ldh¾l c�q k c{bdo l a4b8c g�~2lyh c�p i x4_�c g8l o�_�c{]nx4_
l b8c1o l q�c�x l bdc1o�m h ]`x4_gð:u È ���7h o l u È ��	 é t�i b ÿ Çvu ����� f$#UxApn�3bdc g a4p ldg a kUlyi ð �������7h o�bdc k b8c g c�x l c{wh c�bdc�f

Ç^]`_�a4bdc��Af�ð È g8h4i:j g�i�kAl ]`m1o�pGq�]nm{b i _�byo kAh4gei�t ÿ Çvu ��� o�x4w ÿ Ç2u ����� o tôl c{b ð �������+h o l u È ��	 éo�x4w � ����	 é f�� h c k bdc�m{] k ] l o l ] i xÕ] g m{p`c{o�bdpÂ�Àw4c�x g c�b�]`x ldh c g8k c�m{]nq�c�x�o�_�c�w�o l u È �=	 é ~vj ] lyh
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ô � ö �$¬ ô+õ 0:!\�%#/. � �%�{�6� � ÜU�-#/.9.3� ô�ò»�
ô � ö �*¬ ôxõ 0�!};

ÿ Ç2u ���=g8h4i:j ]`x4_¾o g8l b i x4_�c{b k bdc g c{x4m�c i�t è���� é�� o�xAw é b �$ÿ ] � Á ] ÿ i x l}j ]`x�í i a4xAwGo�bd]nc g o�x4w
]`x l byo�_�bdo�xra4p�o�bdpn� î õG_�a4b8c��¼f�ð È î o ï o�x4w î í ïxï%ú ÿ Çvu �����ÖgdhAi�j g o�q i b8c�c�ï�c�x�w4] g8l bd]`íAa l ] i x i�t7ý |
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&^]n_�a4b8c+�Af�ð1Ã('�) ��ô ���%�$#U.:�$Ô��,�%� ö �¼ó%# �
ô �-ª ÷Ló%�s�sÜ���& � ��!Û� ö �-Ù-� � ���%#/. � Ü�! � �%� � �"÷Ló%��"�H�����7�-� ô .3��Ù-�%���-#�.z¯d�%�%��� � ;
k4h o g c k p`o l c g o l u+* ��	 é î õG_�a4bdc��¼f�ð,* î m ï�ï f-& i p`p i�j ]nx4_ h c1o l | l bdc{o l qSc{x l o l � ����	 é ~\ý | k4h o g cQ] gk b8c g c�x l7i x�_�byo�]nx�í i a4x4w4o�bd]nc g o�x4w�]nx l byo�_�byo�xra4p`o�bdpÂ� î q�o�]nx4pn�Q]`x lyh c3p�o�b8_�c{b�_�bdo�]`x g ï ]`x ÿ &vu ����� f� h c.	3|,byo1� o�xGo�pn� g ] g�i�t c-ö l byo�m l c�w b8c g ]nw4a4c g b8c�ï�c{o�p`c�w ldh o l{~ ]nx ÿ &vu ���¼~ ÿ í ÿ m i q k pnc l c�pn�
w4] g o k4k c1o�bdc{w t�i p`p i�j ]nx4_ h c1o l | l bdc1o l qSc{x l o l � ����	 é o�x4w o�p`q i�g8l gdi o l u+* ��	 é î õG_�a4b8c��Af�ð:Ã ï f� h ] g q i�g6l p`] � c{pÂ� t�i pnp i:j gÛlyh c t�i b8q�o l ] i x i�t é b ÿ í ÿ î �C| k4h o g c ï f � g qSc{x l ] i x4c�wzc{o�bdpn]`c�b ~ �C| k4h o g c ~j h ]nm h ] gWi í g c{b6ï�c{wÕ]`x l byo�x g qS] gdg ] i xÀc�p`c�m l b i xÀqS]`m{b i�g m i�k �¾] g x i�lWt�i a4x4w a g ]nx4_ lyh ] g qSc lyhAi w ~
k b i íGo�í4pÂ��íCc{m1o�a g c g q�o�p`p é b ÿ í ÿ k o�b l ]`m�p`c g o�bdczw4] g8gdi pÂï�c{w?w4a4bd]nx4_ lyh czc%ö l bdo�m l ] i x k b i m{c gdg f � gt�i b g8k c�m{]nq�c�x g o�_�c�wS�+* ��� o�xAw/* �����«hÛ~ o g c k o�bdo l ] i x�] g ï¼] g ]ní4p`ceí�c l}j c�c{x è0��� é�� o�x4w é b ��ÿ ] � Á ] ÿ]`x ldh c g8k c�m{]nq�c�x�o�_�c�w�o l � ���z	 é í4a l x i�l�t�i beu+* �z	 é«ú lyh c�p�o ldl ]nm{c k o�byo�qSc l c{b g�j c{bdc3m1o�pnm{a4p`o l c�wlyi íCc1'

Æ h o g cWÏ � _�c{]`xA_ l ]`qSc * ������h ð �������Wh
è���� é�� ð � f$Ã�� þ Ä� ð � f$Ã�u � Ä�
é b � ÿ ] � Á ] ÿ ð � f*u����¶Ä� ð � f*uvð��¶Ä�

�'o�í4pnc��Af*�2'3) ��ô�õ � ö�ö �*� ôz� �%���%� ô+öÍô � ò ó�÷5Ð5476d�98z�%#/.²���:66�"�;4dÑ1�Ò��� ö9� �����d�,÷Ló�� ö�Ó ó.:�$Ô ô � ô # ö �%� ô �$#�� ö �*� ôxò ;

< g ]`x4_�� ü è ~ ] l«j o gUkCi�gdg ]`í4pnc ldi m i x¼õGbdq lyh c�x4o l a4b8c i�tvldh cW]`x l byo�_�bdo�xra4p�o�b k p`o l c g ' õG_�a4b8c
�Af�ð�u î o ï gdh4i:j g o ldh ]`x t�i ]`p i�t ÿ &vu ����� o tôl c�b�ð �������Sh o l u+* ��	 é ~ ]`x j h ]`m h p`o�bd_�c k p`o l c g3i�t�ý |k4h o g ceo�bdc t�i a4xAwÛf^� h c5w4] g p i m1o l ] i x g o�bdc�w4c�m i bdo l c�w j ] ldh �C| k4h o g c�]`x o g ]`qS]`p�o�b t o g8h ] i x o g"gdh4i:j x
]`x k b8c�ï
] i a g õG_�a4bdc g f�=so�bd_�c é b �&ÿ ] � Á ] ÿ k o�b l ]nm{p`c g�j c�bdc�o�p gdi�t�i a4x4w²í i�lyh?i x²_�bdo�]`x�í i a4x4wGo�bd]`c go�x4w�]nx l byo�_�byo�xra4p`o�bdpÂ��o g ]np`pna g8l byo l c{w�]`x�õG_�a4bdcz�Af�ð�u î í ï o�x4w î m ï f
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&^]`_�a4bdce�Af�ð:� gdhAi�j gvk bdc{m�] k ] l o l ] i x i x�o�xW]`x4m i�h c�bdc{x l2l}j ]nxWí i a4x4wGo�b8�Qo�x4w i xWo«_�byo�]`xQí i a4xAw¼|
o�b6�X]`x ÿ &2u ��� o tôl c{beð ��������h o l u+* ��	 é f)� h c k o�b l ]nm{pnc gUh o1ï�cSm i o�b g c{x4c�w�m i x g ]nw4c{bdo�í4pn� j h c{xm i q k o�bdc{w j ] lyh�g ]nq�]np�o�b i í g c{b8ï�o l ] i x g o tôl c{bgð ����hÛ~ o g ]`x�õG_�aAbdcz�Af$Ã î í ï f
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�^o�í4p`c�nAfj¡ g a4qSq�o�bd] g c gÛldh c k4h o g c g"i í g c{b6ï�o l ] i x g o l w4]Âð\c�bdc{x lsl ]nq�c g\t�i bD¢L&vu1£+¡ o�x4w¤¢L&vu1£+¡+¥

o�_�c�w�o l u+*1£"¦^§¶o�x4w0n+£+£"¦^§«f
¨�©«ª"¬®­°¯²± ³ ´R³1³ ´mµm³1³ µR³1³m³ ¶I³1³m³1³
·�¸z¹ ³1º �sÜ��

)@u��
» �"ÜG{ )@uS¼��

Ð 476 � 8 »¾½ ¼k Ú��,x rcQTV »B½ ¼�sÜ/� » Ú ¼)@u*�
» �"ÜG{ )@ul¼(�

Ð 476 � 8 »B½ ¼��q 6 �Du 4 Ñ$u�� »B½ ¼k Ú��,x rcQTV »B½ ¼)@u*��sÜ/� » Ú ¼» �"ÜG{ )@ul¼(�

Ð 4T6 � 8 »B½ ¼��q 6 �Du 4 Ñ$u�� »B½ ¼k Ú`�Rx rcQTV »B½ ¼)@u*��sÜ/� » Ú ¼» �sÜ¿{ )@ul¼(�

Ð 4T6 � 8 »B½ ¼��q 6 �zu 4 Ñ$u�� »B½ ¼k Ú`�,x rcQTV »¾½ ¼)@u���"Ü/� » Ú ¼» �sÜG{ )@ul¼(�
·�¸z¹ ³1ºRÀ )@u��

k Ú��,x rdQiV k Ú��,x rcQTV »B½ ¼Ð5476y�98 »¾½ ¼)@u*�
k Ú��,x rcQTV »B½ ¼Ð5476d�98 »B½ ¼��q 6 �Du 4 Ñ$u�� »B½ ¼ó »¾½ ¼)@u*�

k Ú`�Rx rcQTV »B½ ¼Ð54T6y�98 »B½ ¼��q 6 �Du 4 Ñ$u�� »B½ ¼ó »¾½ ¼)@u*�

k Ú`�,x rcQTV »¾½ ¼Ð¤4T6��98 »B½ ¼��q 6 �zu 4 Ñ$u�� »B½ ¼ó »B½ ¼)@u��
�'o�í4pnc/nAfj¡('QÑIg,t\t\rcqTÁÂU^]9Z x VL|Iu×Ô+VYq7VYs~Z �,x rcQTVvQ�uS|IVYs~Z7uÃ
RVh|ÄU�¬cVYq�Z x VÅr-�dVYu;s��-ZTq7Vvr^ZTt\VYs~Z7QreZ'�-Ù%�\r^sR| � �����y�b� »¾½ ¼�u;sR|IuSwYr^ZTVvQzr �Rx rcQTV}]aUcq7t�u;s���|Ig,q7u;s���Z x V�r%�cVYu;s���ZTq7Vvr^ZTt\VYs~Zh{ » Ú ¼@r�,x rdQiV�|IuSQTQTUcX*¬$ujs/�R��) x V�Q7r^t\V �,x rdQiVhQ Ó VvqTV�uS|IVYs~Z7uÃ
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å-æ«ç�è é+ê(ë+èMì � §Ùí�î�ï�î ê í çhð"ñ°òvð î ê ðdóGçhæ�ô�òvð~õöé+òvçhð~÷�ø ï ò í í ÷ ð í ó�ñ°ð~òvò í ç í ø ï ó ÷ ï ê î ç�ð~ó í ç í ø î çhð~ðdæ î

ø~é1óGç ï1í ó í ó ë5ì0é ù ï1î�& ð � ì0é � § ù+ç�è ð î ç�òvê ødçhê òhð î é1úâðcç í úÊð î òhðdñ°ðdòhòvð~÷®ç�é ï1î�û ð~ó ødé+úâõ ï1îhî ð î�ï ú_ê øeè
ü í ÷(ð~ò5ø~é+úÊõöé îhí ç í é1ó�ò ï ó(ë+ð�ý *1£Rþ ñ°òhé+úÿì � ì�� � 	 ç�é�ì � ì�� ��� ía	 ù ü è ðdòhð/ì í ó(÷ í ø ï ç�ð î5ï0î ê í î ç í çhê��
ç í é+ó ï æöð~æ�ð~úÊð~óyç î ê øeè ï1î\& ð�é1ò § ò~ù ü è í æ¾ð 	áí ó ÷ í ø ï çhð î�ï ó í óyç�ðdò î ç í ç íBï æöð~æ�ð~úÊð~óyç î ê øeè ï1î�§ é+ò ¢��
ûWí�îÅï ÷ íBï úÊé+ó ÷.ødê í í ø î ç�òhê(ødç�ê(òhð ü è é î ð5æ ï çhç í ø~ð�õ ï ò ï úÊðdçhð~ò ïmï ò í ð î�í ó.ç�è ð5ò ï ó ë+ð PI£��
	 � P���� þ�
å �
§ ò � ¢�í � � í�	 í¾î5ï õ ï òvç í ø~ê æ ï ò ødé+úâõöé îví ç í é+ó�é1ñ�çhè ð û�î çhòhê øcç�ê òvð1ù ü è é î ðÊæ ï çhç í ø~ð_õ ï ò ï úÊðdçhð~ò í�î

PI£��
	�� 
å���� §���� � P�� ����� £�� ù ü è í øeèMú ï�� ð î¤í ç ð ö ç�òvð~úÊð~æ�ô îhí ú í æ ï òLçhé�ì ��� § � ñ°òvé+ú ï.î çhòhê øcç�ê ò ï æ
õöé í óyç émñ ï¿í ð ü ù ï æ�çhè é+ê ë1è�ç�è ð®æ ï çhçhð~ò í�î ø~ê í(í ø ü è í æ¾ðÄçhè ð_ñ°é+òhúÊð~ò í¾î ÷ í¾ï úâé1ó ÷���ødê í í ø � � ð~òYô ñ°ð ü
î çhê ÷ í ð î òvð~õöé+òvç í ç î õ(òhð î ð~ó ødð`ê ó ÷ ðdò®ó é+òhú ï æ ï ë+ð í ó ë�ødé+ó ÷ í ç í é+ó î ù ü è í æ¾ð í ç í¾î úÊé+òhðÊñ°òhð î ê(ð~óyç�æ«ô
ñ°é+ê ó(÷ í ó í òhò ï ÷ í¾ï ç�ðd÷ ï ê î çhð~ó í ç í ø î ç ïmí ó æ�ð îhî�î ç�ðdð~æ î!�

ÿ ó P$¡+n(P ù�" í ç�øeè ú ï ò î è ï ó ÷$# í æ�æ íBï ú î ý * þ þ òhðdõ�é1òvç�ðd÷ í ç î õ òvð î ð~ó ødð í ó &%�5* þ n ù ïÂ¢�í"î ç ï�í í æ í¾î ðd÷
ï ðdò îví é+ó�é1ñÅç�ô¿õöð&� P'	 î ç ï1í ó æ¾ð îhî_î ç�ð~ðdæ ��ÿ ó�ç�è í�î_î çhð~ðdæ7ù § ò � ¢�í � � íB§ í¾î ó é1ç_ñ°é+ê(ó ÷�ê ó ÷ ðdò®ó é+òvú ï æ
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ï ë+ð í ó ë`ødé+ó ÷ í ç í é1ó ï ó(÷ í ç î ñ°é+òhú ï ç í é+ó í¾î¤ï çvç�ò íní ê(çhð~÷�çhé�çhè ðâê(ó¿ê î ê ï æ î ðdë+òhðdë ï ç í é+ó�õ è ð~ó(é+úâðdó ï
é¿ø~ø~ê(òhò í ó ë í ó í òvò ï ÷ í¾ï ç�ðd÷ î ç�ðdð~æ î?��ÿ ó�õ ï òYç í ødê æ ï ò~ùpõöé í óyç¤÷ ðdñ°ðdødç îhí ó �GîÄï òvðâémñ ç�ð~ó î ê(òhòhé1ê ó ÷ ðd÷ í ô
ï ó í ó ødòhð ïmî ð~÷ ï úâé1ê óyç\é1ñ � í ù í ðdø ï ê î ð í ç í�îeí é+ê ó ÷âç�éÂçhè ð-÷(ðdñ°ð~øcç î ù ï ó ÷ ¢�í ù í ðdø ï ê î ð í ç í�îoî æ¾é ü ð~ò
ç�è ï ó`é1ç�è ðdòÅð~æ¾ðdúâðdóyç î ç�é"÷ íÂð ê î ð ï ü ï ôWñ°òhé1ú ç�è ð îví ó �@�vÿ ó í é1çhè.ç�è ð ü é+ò �Gî é1ñA" í ç�øeè ú ï ò î è ï ó ÷# í æ�æ í¾ï ú î ý * þ þ�ï ó ÷�émñ4# í æ¾æ íBï ú î ý * � þ ù�ç�è ðWø ï ò í é+ó�ødé+óyç�ð~óyç"é1ñ § ò � ¢Lí � � í¾§ í�î®ï1îvî ê úÊð~÷ � "�è í�î
í¾î�î ê(õ õ�é1òvç�ðd÷ í ô�çhè ðÂñ ï øcç-çhè ï çCBC�:õ è ï1î ð1ù ï ó é1ç�è(ð~ò ¢�í ù � í ò í øeè õ è ï1î ðÄé1ñ�ødé+úâõöé îví ç í é+ó`ø~æ�é î ð¤ç�é
¢LíED � ¢�í � � íGFbï ó ÷ î õ ï ødð�ë+òvé+ê õ & úH�mú�ùIñ°é+òvú îDí ó î ç�ð ï ÷Äémñ § ò � ¢�í � � í¾§�í ó ïmï ò í¾ï óyç î ü í çhè ï æ¾é ü æ�ð ï ðdæ
é1ñÅø ï ò í é+óI� £��;£�� ü çKJ ��� å õ è ï1î ð îhí ú í æ ï ò ç�é § ò � ¢Lí � � í¾§ í¾î òvð~õöé+òvçhð~÷ í ôL� ï òhë+ðdæ í ê î � � ðdçhð~ò î é+ó
ý *+*,þDí ó ïM�1£�N��+*_¢ � í ð ï ò í ó ë î çhð~ðdæ7ù í ê(ç ï1î�ï ó í ç�ò í ÷ ð�ò ï ç�è ðdò\ç�è ï ó ï ø ï ò í í ÷(ð �"�è ð î ê í î ç í çhê(ç í é+ó ï æöø~é+óyçhð~óyçÅé1ñ § ò � ¢�í � � íB§ ê ó ÷(ð~òhë1é2ð î\îhí ë+ó ínõ ø ï óyç\øeè ï ó ë+ð îÅï1î ç�è(ð-ç�ðdúâõöð~ò;�
ï çhê òhð5é1ñ ï ë+ð í ó ë í¾î úâé¿÷ íÂõ ð~÷ � # í æ�æ í¾ï ú î ý * � þ òhðdõ�é+òYç î�í ó ødòhð ï1îhí ó ë ï úâé+ê(óGç î émñ�ì�é ï ó ÷ & ð î ê í �
î ç í çhê(ç í ó ë¤ñ°é1ò § ò ï ó ÷ ¢�í òvð î õ�ðdødç íÂï ðdæ�ô+ù ü è ð~óWçhè ð ï ë1ð í ó(ë¤çhð~úÊõ�ðdò ï çhê òhð í ó ødòhð ïmî ð î!��
 ð�ç�è ðdòhðdñ°é1òhð
õ òvé+õ�é î ð î çhè ð5úâé+òvð�ë+ð~ó(ð~ò ï æDñ°é1òhú_ê æ ï � § ò!O^ì�é � � � ¢�í O & ð � � � í¾§P� "�è í¾îÅî çhê ÷(ô ï æ î é®ë íÂï ð î ð ï2í ÷ ð~ó(ø~ð
ï ë ïmí ó î ç\ç�è ð í ÷ ð ï ç�è ï ç § ò � ¢�í � � í¾§ ñ°é1òhú î ñ°òhé+ú ì ��� § � í ô í ó õ æ�çhò ï ç í é+ó/é1ñ ¢�íDï ó ÷ � í��ÿ ç í�îoí óyç�ð~òvð î ç í ó(ëÂç�é¤ó é ü î çhê ÷(ôâø~æ�é î ðdæ�ô_çhè ð-õ òvð~ø í õ í ç ï ç í é+ó"é1ñ%BP��õ(è ï1î ð ï ó ÷ û ø ï ò í í ÷ ð�ê ó ÷(ð~ò
ø~é1ó ï ð~óyç í é+ó ï æ ï ë+ð í ó ë í ó �1£�N/�+*/î çhð~ð~æ î?� "�è ð"ñ°é+òvúâðdò õ è ï1î ð í¾î òhðdõ�é1òvç�ðd÷ í ó ïmï ò í é+ê î�î çhê ÷ í ð î é+ó�1£�N/�+* � ¢�í�î ç ï�í í æ í¾î ð~÷ î çhð~ð~æ î ý 	+£ ù 	y* ù 	�	,þ ù ü è í æ�ð.òhð~õöé+òYçâémñ-ç�è(ð0æ ï çhçhð~ò ü ï1î é+ó æ�ôÝñ°é+ê ó ÷ ñ°é+ò ï�1£�N/�+*â¢ � í ð ï ò í ó ë î ç�ðdð~æ7ù ü è ð~òvð í ç í�î ò ï ç�è ðdò ï ó í ç�ò í ÷ ðÂçhè ï ó ï ø ï ò í(í ÷ ð �Q� é ü ðdæ¾æR*�,S-/.10âý 	+£ ù 	y*,þ
ï ó ÷ ü ødé í *�,�-/.10Óý 	�	Rþ è ï1ï ð.ñ°é+ê(ó ÷TBC�:õ è ï1î ð í ó ïU�1£�N��+* ¢�í�î ç ï�í í æ í¾î ðd÷ î çhð~ð~æTù ï ó ÷ é í î ð~ò ï ð~÷ç�è ï ç ¢3í�§ õ ï òvç íBï æ�æ�ô`ç�ò ï ó î ñ°é1òhú î çhéVBP��õ(è ï1î ð ü í ç�è�ç í úÊð � ü ø~é í *�,P-/.10�ý 	�	Rþ è ï1ï ð/òvð~æ ï ç�ðd÷Mçhè ð
í ó(ø~òhð ï1îhí ó ë-òvð~æ ï ç íÂï ð í ó î ç ï�í í æ í ç�ô é1ñ ¢3í�§ ø~é1úâõ ï òhð~÷Âç�é�BP��õ è ïmî ð1ù í óÂçhè òhðdð�÷ ínð ð~òvð~óyç î ç�ð~ðdæ î ù1ç�é çhè ð
ï úÊé+ê óyç�é1ñoé ö ô2ë1ð~óÝõ(òhð î ð~óyç í ó�ç�è(ð î ç�ðdð~æ î!� "béXWvê î ç í ñ ô ç�è í¾î é í î ð~ò ï1ï ç í é1ó@ù@ç�è ðcô�õ òvé+õ�é î ð~÷�ç�è ï ç� ízî ðdë+òhðdë ï ç í é+ó ü ï1î ñ°é+æ�æ¾é ü í ó ë"é ö ô¿ë+ð~ó î ðdë+òhðdë ï ç í é+ó çhé/ç�è(ð ¢3í�§ õ ï òvç í ø~æ�ð î ùöç�è ðdòhðcñ°é+òhð_ødòhð ï ç í ó ë
ç�è(ð5çhè ð~òvúâé¿÷(ô¿ó ï ú í ø-ø~é+ó ÷ í ç í é+ó î òvð î ê í òhð~÷`ñ°é+ò\çhè ð�ñ°é+òhú ï ç í é+óWé1ñYBP��õ è ïmî ð ��¢�í ø � ðdæ î ð~ë1òhð~ë ï ç í é+ó
ú ï ôÊó émç í ð òhð î ê í òhðd÷ í ó î ê øeè î çhð~ð~æ î ù îví ó ødð-ç�è(ð ¢Lí ø~é+óyç�ðdóyç í¾î úÊé+òvðLç�è ï óW÷ é+ê í æ¾ð-çhè ï ç�é1ñDå ÿ � ÿ� P'	_î ç ï1í ó æ¾ð îhîÅî çhð~ðdæ �
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# ó`çhè ð í²ï1îví¾î émñbçhè ð î ð¤é í î ðdò ïmï ç í é+ó î ù í ç í¾î õöé îhîví`í æ�ð-ç�é ï òvë+ê ð çhè ï çSBP��õ è ï1î ð í�î úâé1òhð î ç ï�í æ�ð
ç�è ï ó § ò � ¢Lí � � í § í óâçhè ð î ð î çhð~ðdæ î~'}î ð~ë1òhð~ë ï ç í é+ó/õ òvé ï2í ÷ ð î ç�è ð í ó ødòhð ï1î ðd÷ � í æ¾ð ï ð~æöòhð î ê í òvð~÷@ù ü è í æ�ð
ç�è(ð.÷ í¾îvî é+æ�ê(ç í é+ó�é1ñ ¢3í�§ í¾î ð ö õöð~øcç�ðd÷ ç�é�ò ï1í¾î ð.æ¾é¿ø ï æ�æ�ô�ç�è ð.ø ï ò í é+ó æ¾ð ï ðdæ � û é1çhè õ è ð~ó(é+úâðdó ï
ï òvðÊð ö õ�ðdødç�ðd÷3ç�é í ð"ñ ï1ï é+ê(ò ï�í æ�ðÊçhé0çhè ð"ñ°é+òhú ï ç í é+ó�é1ñ § ò � ¢Lí � � íB§ ù ü è í øeè í¾î ó ð ï ðdòvç�è(ð~æ¾ð îhî ó(é1ç
é í î ð~ò ï ð~÷ �

ÿ ç î ðdð~ú î çhè ð~òvðdñ°é+òvð¤òvð ï1î é+ó ï�í æ¾ð ç�é îhï ô/ç�è ï ç í ñbð í çhè ð~ò�õ è ï1î ð ü ïmî çhé í ð�ñ°é+ê ó(÷ í ó ¢-&Z�1£1¡ é+ò
¢-&Y�1£+¡+¥ ù í ç ü é+ê(æ¾÷ í ðQBP��õ è ïmî ð ��
 é ü ð ï ð~òdù9ó é+ó(ð í�î é í î ð~ò ï ð~÷@ù ü è í æ¾ð § ò � ¢�í � � í¾¢ í¾î õ(òhð î ð~óyç í ó
îhí ë+ó íÂõ ø ï óyç î ê ï óGç í ç í ð î!�^ÿ ó"øeè ï õ2ç�ð~ò � ù í ç�è ïmîví ðdð~óÊõ òhé+õöé î ð~÷®ç�è ï ç�é í î ð~ò ïmï ç í é+ó î é+ó®ç�è ð�ð ð ðdødç�é1ñ
ó í ç�òhé1ë+ð~óWé1ó`çhè ð ñ°é+òvú ï ç í é+óâé1ñ}ì � § ü ðdòhð í ðcçhçhð~ò�ê ó ÷(ð~ò î ç�é¿é2÷ í ôWødé+ó îví ÷ ðdò í ó(ëÊì � § ï ó ÷`é1ç�è ðdò
ø~é1úâõöé îhí ç í é+ó î\ïmî é2ødø~ê òvòhð~ó(ø~ð î é1ñzç�è(ð î�ï úÊð û/î ç�òhê(ødç�ê(òhð � å-ë ï1í ó@ù¿ç�è ð�òvð î ê æ�ç î è(ð~òhð î ê õ õöé+òvçÅçhè ð
í ÷(ð ï ç�è ï ç5çhè ð û�î ç�òhê(ødç�ê(òhð í�î ë+ð~ó ðdò ï æ�æ�ô î ç ï�í(í æ í�î ðd÷ í ôMó í ç�òhé1ë+ð~ó@ù ü è ðcç�è ðdò í ç î ø~é+úÊõ�é îhí ç í é+ó í�î
ì�é��:ò í øeè0é1ò ¢LíEN � í �:ò í øeè �
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ø~é1úâõöé îhí ç í é+ó�øeè ï ó ë+ð î?� å î ð ö õ(æ ï1í ó ð~÷ í ó�øeè ï õ2ç�ð~ò � ù ý ��õ(è ï1î ðÂñ°é+òhú ï ç í é+ó í¾î ñ ï1ï é1ê òhðd÷ í ô í émç�è
ï è í ë1è § ò ï ó ÷ ï æ�é ü § ø~é+óyç�ðdóyç � "�è ð"õ òhð î ðdó ø~ðÊé1ñ ý ��õ è ï1î ð í ó ¢L&Z�1£+¡+¥ í ê(ç5ó émç í ó ¢-&Z�m£+¡
í¾î çhè ð~òvðdñ°é+òvð�ó(é1ç î ê òvõ ò í�îhí ó(ë ï ó(÷ í�î0í óÓñ ï ødç0õ òvð~÷ í ødç�ðd÷ ñ°òvé+ú ç�è(ð � B " ü � � ø í ð~óyç íÂõ øeB5òvé+ê õ"�è ðdòhúÊé2÷ ï ç ï ü ê òhé1õ�ð � ÷ ï ç ï�í ï1î ð î ù�ê îhí ó ëâìf"5� � åZ"zå 'gfh Ai( � gjh A�( �ik
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"�è ð®òhé1æ¾ðÄémñ ý ��õ è ïmî ð_é+ó�úÊð~øeè ï ó í ø ï æ}õ(òhé+õöð~òYç í ð î ù ï ó ÷�õ ï òvç í ødê æ ï òvæ�ô`é+ó�ødòhðdð~õ î çhòhð~ó(ë1ç�è@ù í ó
ï ê î ç�ðdó í ç í ø î ç ïmí ó æ�ð îhîLî çhð~ð~æ î ù í¾î ó(é1ç-ødæ¾ð ï òhæ«ô�÷(ð õ ó ðd÷@ù ï ó(÷ î é+úÊð ï çhç�ò í`í ê2ç�ð5ç�è ðÂú ï1í ó ø ï ê î ðÄé1ñ ï
òhðd÷ ê øcç í é1ó0émñbçhé+ê ë+è ó(ð îhî ç�é®çhè ð5ë+ð~ó ðdò ï æ@ñ°é1òhú ï ç í é+óWé1ñ}ø ï ò í í ÷ ð îÅï ó ÷0ó í çhò í ÷ ð î ý PI£+n,þ��"�è ð�ñ°é+òhú ï ç í é+óÂé1ñ9ødé+õ í é+ê î�ï úÊé+ê óyç î é1ñ ý ��õ è ïmî ð�ø ï ê î ðd÷/ë+òvð ï ç�ødé+ó ødð~òhó ï�í é+ê(ç�çhè ð�÷ ê øcç í æ í ç�ô
é1ñ ¢L&Z�1£+¡+¥Ùï ñ çhð~ò æ�é+ó ë/çhð~òhú î ðdò ï¿í ødð � "�è ð®òhð î ê æ«ç î é1ñ�ødòhð~ðdõ�ç�ð î ç î õ òvé ï2í ÷ ð~÷ í ô ¢�í õ õöé+ó � ç�ð~ðdæ
ü ð~òhðÄð ö(ï ú í ó ðd÷�ç�é í ÷ ð~óyç í ñ ô`ç�è ð_õöé îvîhí`í æ¾ðÄð ð ðdødç î é1ñ�ç�è ðÄõ òhð î ð~ó(ø~ð"é1ñ�ç�è í¾î õ(è ï1î ðÄé+ó�ç�è ðÄø~òhðdð~õ
÷ ê øcç í æ í ç�ô �2ÿ ç í¾î ó émçLødæ¾ð ï ò ü è ï ç ü ð~òhð5ç�è(ð¤ð ö(ï ødçLø~é+úÊõöé îhí ç í é1ó î é1ñzç�è ð î ç�ð~ðdæ î ê î ðd÷ í ó`çhè ð�ç�ð î ç î ù
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ï1î é+ó(æ�ô ï æ ï�í ðdæZ~ �/�+§ ò{� ü é+ê æ¾÷"÷ í�î ç í ó ë+ê í¾î è î é+úÊð�é1ñ�çhè ð�ø~é1úâõöé îhí ç í é+ó î çhð î çhð~÷ �vÿ ç ü ï1î�ï1îvî ê úÊð~÷
ç�è ï ç�ç�è ðf~ �/�+§ ò{�"æ ï�í ðdæ¾æ¾ðd÷W÷ ï ç ï ü ðdòhð5ñ°é+ò ¢-&Z�m£+¡+¥ ü è í æ¾ð ï æ�æ9é1çhè ð~ò î ü ðdòhð5ñ°é+ò ¢-&Z�m£+¡��
å î ø ï ó í ð î ð~ð~ó í ó õ ë+ê òvð n��3�1£ ùpçhè ðâòvð î ê æ�ç îÄï òvð®ç�è ðÊé+õ õöé îhí ç�ð"é1ñoç�è ðÊð ö õöð~ødç ï ç í é+ó î ù ü í ç�è

¢-&Y�1£+¡+¥ î è é ü í ó ë îhí ë+ó ínõ ø ï óyç�æ«ô í ðdçhçhð~ò¤ø~òvð~ð~õÝ÷ ê ødç í æ í ç�ô+ùDð ï ð~ó3ñ°é1ò î õ�ðdø í úâðdó î ü í ç�è ï òvê õ(ç�ê(òhð
æ í ñ°ð-é1ñ *1£+£+£ è ï ó ÷0úÊé+òhðmù ü è ðdòhð ý ��õ è ï1î ð í¾î ð ö õ�ðdødç�ðd÷ í ó îví ë+ó íÂõ ø ï óGç î ê ï óGç í ç í ð î!�
å-ó ï ÷ ÷ í ç í é1ó ï æ@ð ö õöð~ò í úÊð~óyç ü ï1î ø ï òvò í ðd÷�é1ê(çLçhé ï ð~ò í ñ ô.ç�è ðÂ÷ ðdñ°é1òhú ï ç í é+ó í ðdè ï1ï2í é+ê ò�é1ñ�çhè ð

î çhð~ðdæ î õ òhé ï¿í ÷(ð~÷ '}ï ñ ç�ðdò ï ë+ð í ó ë PI£+£1£+£ è ï ç �+*1£�¦^§ ù î�ï úâõ æ�ð î é1ñ í é1ç�è ¢-&Y�1£+¡�ï ó ÷ ¢L&Z�1£+¡+¥ ü ðdòhð
÷ ðcñ°é+òhúÊð~÷�� £ J í ó`ø~é1úâõ òvð îvîhí é1ó �
&}í ë1ê òhð n��«PI¡�î è é ü î ç�è ï çWë+ò ï1í ó í é+ê ó ÷ ï òvô ø~ò ï ø �Gí ó ë ü ï1î é í î ðdò ï ð~÷ ï ç ï1ï ò í é1ê î õ(æ ï ødð î/í ó

¢-&Y�1£+¡ ù í ê(çÅó é ü è ðdòhð í ó ¢L&Z�1£+¡+¥�� ì0é+òhðdé ï ð~òdù ç�è ð5ú í ø~òvé+ë+ò ï õ è îoî è é ü çhè ï ç�çhè ð í óyç�ò ï ë+ò ï óGê æ ï ò
õ æ ï ç�ð î ø ï ó0÷ ðdñ°é1òhú çhé ï æ í ú í ç�ðd÷Wð ö çhð~óyç �"�è ð î ðÂé í î ðdò ïmï ç í é+ó î�î ê õ õöé+òvçÅç�è(ð5ñ ï ødç�ç�è ï çÅø ï ò í í ÷(ð ï ó ÷0ó í çhò í ÷(ð õ òhðdø í õ í ç ï ç í é+ó í ó.ë1ð~ó ðdò ï æTù
ò ï ç�è ðdò\ç�è ï ó ý �:õ è ï1î ð ï æ¾é+ó ðmù ø ï ê î ð�ç�è(ð¤ðdú í ò í çhçhæ¾ðdúâðdóGç í ó.ç�è ð î ð î çhð~ð~æ î?�

50µm (a)
30 mµ (b)

&}í ë+ê òvð n��«PI¡(' ñ 7IZ7u;wvr^Xyt\u;wYqTU!>cq:rK7 x QöUc] » r~¼or%s@tvu!w�rcsR| » ym¼�rxs)tKu�w�ò�|IVY]aUcq7t\Vv|Ry~Á Ë u?:ujs�w[Udt57RqTVhQTQTujUds�re]lZ7VYq rK>cVvujsz>���u!u�u!u x reZ�tK��u%��6b�v�}q:r^u;s�y1Ucg,sm|,r^q7Á�w[q:rcw��$ujsz>Du;Q(U!yRQiVvq�<dVv|�r^ZZ x Vbw[Ucq7s,Vvq7Q(U^]+Z x VzQ�7mVhw[u;t�Vvs�ujs4rxs)tKu�w » s,U 8 x VYq7V@ujs\Z x Vcy,gRX
��t�reZTVvqTuSr^Xl¼�{cs,U^Zöu;s�r%s@tKu�w%ò��) x V�u;sdZ7q7r�>cq:r^s$g,XSr^q�7,X;r^ZTVhQ@U^]Gó/m�7 x rcQTV�rcqTV}]aUdg,sR|LZTU�|IVY]aUcq7t�ZTUÅr�X;ujt\ujZTVv|-V��~Z7VYs~Zv�
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&}í ë+ê òvð n��3�1£('�6�q7VYV�7/VvXjUds�>dr^ZTu;Ucs.r^sm|WqTVh|IgRw�Z7ujUdsWU^]�r^q7VvrÄ]aUdq�Z x VÄw[q7VYV�7âZ7VvQiZ7Q�qTVhQig,XjZ7Q7,q7Uv<~uS|IVh|Sy$ÁCrDu37�7mUds��~ZTVvVYX(reZ »1� ¼%tvu!u��v6b{ »1�\� ¼AtK�Ku4��6b{ »1�\�\� ¼%��u!u��v6b�2� r^q7V�]aUcq%rxs)tKu�wR{� ]aUcqcr%s@tKu�w����
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���:���iÐ   � ��Ï�ã Ø�^e�LØvÏC¡ ã²Õ ×ÙÔ �²×c¢DØYÔ�Ø�ã(�}ã²Ø;`oÏ"�è ð ç ïmî{� émñx£Gê ï óGç í ñ ô í ó(ëÄç�è ð ï úâé+ê(óGç\é1ñDç�è ð ÷ í¥¤ ð~òhðdóyçÅõ òhðdø í õ í ç ï ç�ð î ñ°é+ê ó ÷ í ó§¦�é1çhè ¢-&Z�m£+¡
ï ó ÷ ¢-&Z�m£+¡+¥ ï ñ ç�ðdòb÷ í¥¤ ð~òhðdóyç ï ë+ð í ó ë�ç í úâð î}ï õ(õ�ð ï òhðd÷ í úÊõ�é îhîhí ¦ æ¾ð í óÄõ ò ï ødç í ø~ð �x¨ óÂç�è ð�ñ°é1æ¾æ¾é ü í ó ë ù
ç�è(ð¤÷ í¥¤ ð~òhðdóyçÅúâðcç�è é¿÷ î�ï òhð�õ(òhð î ð~óyç�ðd÷ ü í çhè.ç�è ð í ò�æ í ú í ç ï ç í é+ó î?�© ªx« , ©�¬ -/.�­ ©�¬�®�¯'°'¬v¯v«�± -/²�³ °'¬ -/²)² © ²2´&*�.�* ¬ , ®�¯ ²V­ ©�¬�®�¯'°'¬v¯v«�±
& é+ò®é�¦�µ í é+ê î òhð ï1î é1ó î ùoúâé î çÊé1ñ-çhè ð`õ òhðdø í õ í ç ï ç�ð îÊï òvð`ó é1ç¶µ í¾îhí ¦ æ¾ð í ó é1õ(ç í ø ï æ\ú í ødòhé î ø~é+õyô �� ú ï æ¾æmõ òhðdø í õ í ç ï ç�ð îbï òhð�ó é1çcµ í¾îví ¦ æ�ð1ù ü è í æ�ð�æ ï òvë+ð~òpé1ó ð î ø ï ó(ó é1ç%¦�ð�÷ í�î ç í ó ë+ê í¾î è(ð~÷�¦Gô5úÊé+òvõ è é+æ�é+ë1ô

ï æ�é+ó ð �X· ó æ�ôj¸���õ(è ï1î ð$£Gê ï óGç í ç í ð î ødé+ê æ�÷U¦öð®ð î ç í ú ï çhð~÷¹¦öð~ø ï ê î ð"é1ñ í ç î õ ï òYç í ø~ê æ ï ò ï õ(õ�ð ï ò ï ó(ø~ð
í ó î ø ï ó ó í ó ë_ð~æ�ð~øcç�òhé1óWú í ø~òvé î ødé+õyô+ù ü è ð~ó.ê îví ó ëX¦ ï ø �Gî ø ï çhçhð~òhðd÷`ð~æ¾ðdødçhòhé+ó î�í ú ï ë+ð î �Eº²ë+ê òvð n��3�2P����

µm20

&}í ë+ê òvð n��3�2P+'¹»9rdw��IQTwvreZiZ7VYq7Vv|âVYX;Vvw[ZTq7Ucs/ujt�rK>dV�U^]Y>cq:r^u;s¼y1UcgRsR|,r^q7ÁârcsR|/ujs~Z7q7r�>cq:r^s$g,XSr^q½ m�7 x rcQTV�]aUcq7t\Vv|®u;sMrxs)tKu�w!��re]lZTVvqR�{u�u!u�u x reZ4t��Ku��{6b{²U!yIZ7rcujsRVv|_u;sÊQTwvr^s,sRujs�>ÂVYX;Vvw[ZTq7Ucst\u;wYqTU~QTwYU�7$Ác�Z»9Vvwvr^gRQTV ½ mG7 x rdQiV\|IU$VvQ}s,UcZ�wYUcs~Z7rcujsÂujs~Z7VYq:Q°Z7uÃZ7u;rcX(VvXjVvt\VYs~Z7Q�QTgRw x rdQY6�UcqYr�{uÃZ x rcQv{2u;sÊr�<dVYq:rK>cVd{Gr >cq7Vvr^ZTVvq�reZTUdt\u;w�s$g,t¾ymVvq�Z x r^s®Z x VÅt�reZ7qTu
�ÄrcsR|®rK7�71Vvrcq7Q�y,qTu3> x Z7VYqh�69r^q�y,uS|IVvQ�r^sR|�sRuÃZ7qTuS|IVvQv{=y$Á\wYUcs~ZTq:rcQiZv{~r^q7Vzu;s�r�<cVvq7r�>cV@X;u
> x Z7VYq�Z x rcs�Z x Vbt�reZ7qTu
�År^sR|�rK7�71Vvrcq|,r^q��cVvqv{IrdQpwYr^sPy1V�QiVvVYs-Ucs QiUdt�VY>dq7rcujsPymUdg,sR|,rcqTu;VvQv�
©E© ¿�À�® - ± -/²�-/. ±'°�©�°Á¯;Â *�Ã�, ® - ¬ ,�*{³ ® * °�© ³/Ä@* °"�è ð�õ òhé/¦ æ¾ðdú é1ñ�£Gê ï óyç í ñ ô í ó ë�ç�è ð ï úÊé+ê óyçpémñ2çhè ð�÷ í¥¤ ð~òvð~óyçzõ è ï1î ð î õ òhð î ðdóGç í ó ï õöé ü ÷(ð~òpñ°òhé+ú

í ç îPÅ �:ò ï ô�÷ í¥¤ ò ï øcç í é1ó î õöð~øcç�òhê(ú í¾î ü ð~æ�æ�ð î ç ï ¦ æ í¾î è ð~÷ �X¨ ç í¾î ó émç5õ�é îvîhí ¦ æ¾ðÄçhé`ø~é+úÊõ ï òvð®÷ í òvð~ødçhæ�ô
ç�è(ð ï òhð ï1î é1ñ�çhè ð�õ�ð ï/�Gî ¦�ðdø ï ê î ð�÷ í1¤ ðdòhð~óyç�õ è ï1î ð î è ï µ+ð�÷ í1¤ ðdòhð~óyç ï ¦ î é+òvõ(ç í é+ó_ø~é¿ð!ÆÊø í ð~óyç î ü è í øeè
ï ødø~é+ê óyçÊñ°é+ò"ú_ê øeè é1ñ ç�è(ð í óGçhð~ó îví ç�ô é�¦ î ð~ò�µ+ðd÷ �I¨ ó ë+ðdó ð~ò ï æ7ù�ñ°é+ò ï õ è ï1î ðjÇ í ó ï õ�é1æ�ô¿õ è ï1î ð
î õöð~ø í úÊð~ó�ý PI£+¡mþT' ÈzÉ3ÊKË�Ì
Í1ÎXÏÑÐ¼Ò�Ð É3ÊKË�Ì
Í1Î/ÓMÎÔ Î �\ÕcÖ Ô ��× � n���P'�
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ü è ðdòhð È�É|ÊKË�Ì
Í9Î�í¾î ç�è ð í óyç�ðdó îhí ç�ô�émñ\ç�è ðV��Ù@Ú�Û � ÷ í¥¤ ò ï øcç�ð~÷Ýæ í ó(ð"ñ°é1òÂõ è ï1î ð§Ç�ù ÐMÒ ï ø~é+ó î ç ï óyç_ñ°é1òí ÷(ð~óyç í ø ï æ�ð�Ü2õöð~ò í úâðdóyç ï æ î ðdçvç í ó ë î ù Ð É|ÊKË�Ì
Í1Î ï ødé+ó î ç ï óyç®ñ°é+òÂð ï øeè ÷ í1¤ ò ï ødç í é+ó3æ í ó ðV��Ù@Ú�Û � é1ñÅçhè ðõ è ïmî ðÝÇ í ó ç�è ð�úÊð~æ ï ó ë+ðmù Ô Î çhè ð�÷ ðdó îhí ç�ô é1ñ5ç�è(ð�õ è ï1î ðÝÇoùX�\ÕcÖ Ô � × çhè ð�ú ï1îhî`ï çvç�ðdó¿ê ï ç í é+ó
ø~é¿ð!ÆÊø í ð~óyç�é1ñzç�è ð5õöé+æ�ô¿õ è ï1î ð î õöð~ø í úÊð~ó@ù ï ó ÷ Ó¼Î ç�è(ð¤ú ï1îvî ñ°ò ï øcç í é1ó0émñYÇ í ó`çhè ð5úâðdæ ï ó(ë+ð �Þ ð~ø ï ê î ð¤çhè ð5ú ï1îvî�ï çhçhð~óGê ï ç í é+ó.ødé2ð�Æâø í ðdóGçL÷ ðdõ�ðdó ÷ î é+ó.ç�è ð ÓQßzàá Õ ÔZâ × Ï�ã ß á Õ ÔYâ ß � n��|�/�
ç�è(ð¤õ(òhé�¦ æ�ð~ú í¾î ú ï ç�è ðdú ï ç í ø ï æ¾æ«ô"ê ó ÷ ðcç�ðdòhú í ó ðd÷ �"�è ð®ø~é1óäµ1ð~óyç í é+ó ï æ�úÊðdçhè é¿÷ ç�é ü é+ò ��ï òhé+ê(ó ÷�ç�è í�î ÷ í Æâødê æ�ç�ô�ø~é1ó îhí�î ç î émñoê îhí ó(ë ï òhðdñ°ðdòhðdó ø~ð
ø~é1úâõöé+ê ó ÷_�°ø~é+òvê ó ÷ ê(ú �Wï ÷(÷ ð~÷�ç�é�ç�è(ðMõöé ü ÷ ð~ò í ó ïL� ó é ü óå£¿ê ï óyç í ç�ô � # í çhèÓç�è ð�è ðdæ¾õÓé1ñ
ø ï æ í ¦(ò ï ç í é+óHµ ï æ�ê ð î õ òvé�µ í ÷ í ó ë"ç�è(ðÂò ï ç í éÊémñ}ç�è(ð í óGçhð~ó îví ç�ô`é1ñ ï òvðdñ°ð~òvð~ó ødðÄõöð ï/� émñ�ç�è ð¤õ è ïmî ð5ç�é£Gê ï óyç í ñ ô.ç�éÊç�è ï çLé1ñ�ødé+òhê(ó ÷ ê ú0ù í ç í¾î õ�é îvîhí ¦ æ¾ð�ç�é ü é1ò � é+ê(ç ï ó ï úÊé+ê óyç�õ òvð î ðdóyç ï1î ï ò ï ç í é"é1ñ
ç�è ï ç�é1ñ�ø~é1òhê ó ÷(ê ú ��æ é ü ð�µ+ðdò~ù9çhè í¾î òhð!£¿ê í òhð î çhè ï ç ¨�N�¨�çéè�ê�ëKì=í�ëKî ï òvð � ó é ü ó � "�è í�î ü ï1î é1ó æ�ô.çhè ð
ø ïmî ð-ñ°é+ò�ìfï�ð §5ñÅï ó(÷§¸���õ è ï1î ðmù�¦ ê(çoç�è ð-õ�ð ï/�Gî é1ñpç�è(ð-æ ï çhç�ðdò ü ð~òvð ñ°é+òoçhè ð-úÊé î ç\õ ï òYç\è í ÷ ÷ ðdóò¦yô
õöð ï/�Gî é1ñbé1ç�è ðdòÅõ è ï1î ð î?�ó ê òvçhè ð~òLæ í ú í ç ï ç í é+ó î émñ�ç�è í�î úÊðdçhè é2÷ è ï µ+ð$¦öð~ð~ó õ òhð î ð~óyçhð~÷U¦�ðcñ°é+òhðÂø~é+ó ødð~òvó í ó ëâç�è ð îví�ô ðÄé1ñ
ç�è(ð�õ òhðdø í õ í ç ï ç�ð î òvðdç ï1í ó ðd÷&¦Gô/ç�è ðCº²æ«ç�ðdò�÷ ê ò í ó ëÁº²æ«ç�ò ï ç í é1ó ï ó ÷`ç�è ð�õöé îvîhí ¦(æ¾ð�÷ í�îhî é1æ¾ê(ç í é+óWémñbçhè ð
î ú ï æ�æ¾ð î ç�õ ï òYç í ø~æ¾ð î?�©E©E© õi® -/² ° ­ ©�°v°�©�¯ ²¹*�.�* ¬ , ®�¯ ²¹­ ©�¬�®�¯'°'¬v¯v«�±"�è ð î ú ï æ¾æ�ð î ç\õ ï òvç í ødæ¾ð î ø ï ó�é1ó æ�ô§¦öð î ðdð~ó ÷(ê ò í ó ëÊçhò ï ó î ú í¾îhîví é+ó`ðdæ¾ð~øcç�òvé+ó�ú í ødòhé î ø~é+õyô1ù ï ó ÷
í ó ç�è(ð ø ïmî ð�é1ñ�ö���õ è ïmî ð1ù�é+ó æ�ô é1ó ø ï ò�¦�é1ó òhðdõ æ í ø ï1î!�d¨ ó÷"�ø�ì�ù�õ(è ï1î ð îWî ê(øeè ï1î ì�ï�ð §5ñWï ó ÷
§ ò{ð ¢Lí ï � í¾¢ ï òhð ÷ í ÆÊø~ê æ«ç�çhé_÷ í¾î ç í ó ë+ê í�î èWé+óâç�è ðC¦ ï1îhí�î é1ñpç�è(ð í ò�úâé+òvõ è é+æ�é+ë1ô ï æ�é+ó ðmù ï ó(÷Wç�è ð ê î ð
é1ñoø ��Å ï ó ï æ�ô îhí�î�í¾î ð îvî ð~óyç íBï æ � "�è í�î ú ï/� ð î ð�Ü¿ç�òvð~úÊð~æ�ôÄç í úÊð��:ø~é+ó î ê ú í ó ëLç�è ð í ÷ ðdóyç í º ø ï ç í é+ó®é1ñ ï
óGê úÁ¦öð~òzé1ñ õ ï òvç í ø~æ�ð î æ ï òhë+ð�ð~ó(é+ê ë+èÄçhéLõ(òhé'µ í ÷ ð�òhðdæ íBï ¦ æ¾ðZ£Gê ï óyç í ç ï ç í µ1ðo÷ ï ç ï ù ü í çhè é+ê(çbúÊð~óyç í é+ó í ó(ë
ç�è(ð�ø~é1òhòhðdødç í é+ó î òhð!£Gê í òvð~÷Á¦öð~ø ï ê î ð5"�øoì í�îbí óÄõ ò ï ødç í ødð�çhè ð�é�¦ î ð~ò�µ ï ç í é+óÄé1ñ ï õ òhé�Wvð~ødçhð~÷Xµ1é+æ¾ê(úâð �
åù"�ø�ì ¦ ïmî ð~÷�ç�ðdøeè ó í £¿ê(ð ï õ(õ�ð ï ò î çhé�¦öð ï õ òhé1ú í�îhí ó(ë/úÊðdç�è(é2÷�ñ°é+ò òvð~æ íBï ¦ æ�ðX£Gê ï óyç í ç ï ç í µ1ð

é�¦ î ð~ò�µ ï ç í é1ó î?� ø�ó ðdòhë1ô$º æ�ç�ðdòhðd÷¼"�ø�ì í�î�îhí ú í æ ï òbçhéÂðdæ¾ðdødç�òvé+óÊð~ó ðdòhë1ôÊæ¾é îhî�î õöð~øcç�òhé î ø~é1õGô1ù�¦ ê2çoçhè ð
ü è é+æ�ð í ú ï ë+ð í ó î çhð ï ÷0é1ñ ï"îhí ó ë+æ�ð�¦öð ï ú í¾î º²æ«ç�ð~òvð~÷ ï ø~ødé+òh÷ í ó ë"ç�é"ç�è ð¤ð~ó(ð~òhëmô`é1ñ}çhè ð5ð~æ¾ðdødçhòhé+ó î!�¨ ó"ç�è í�î ü ï ô+ù ï ø~é+úÊõ�é îhí ç í é+óÄú ï õ"ø ï óH¦öðÅúâé+òvð�é+ò�æ¾ð îhî ð ï1îví æ«ô_é�¦(ç ï1í ó(ð~÷ �Aæ é ü ð�µ+ðdò~ù2çhè ð�úâðcç�è é¿÷
í¾î�î ç í æ¾æ9ê(ó ÷ ð~òÅ÷ ð�µ+ðdæ¾é+õ úÊð~óyç ï ó ÷`òhðdú ïmí ó î ðKÜ2çhòhðdúâðdæ�ôWç í úÊð���ødé+ó î ê ú í ó ë �
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"�è ð�õ òhðdø í õ í ç ï ç í é+ó î ð?£Gê ð~ó(ø~ð�émñ ¢RóZ�1£+¡�ï ó ÷ ¢PóZ�1£1¡+¥ è ï µ1ð�¦�ðdð~ó î ç�ê(÷ í ðd÷5ñ°é1ò@è ð ï ç��:çhòhð ï ç�úÊð~óyç î

é1ño÷ í¥¤ ð~òvð~óyç¤÷ ê ò ï ç í é+ó ï ç ���1£+¦e§Ùï ó ÷ n+£+£+¦h§P�%¨ ç¤è ïmî ¦öð~ðdó î è é ü óÝç�è ï ç$ùD÷ ð î õ í çhðÊçhè ð í ò îhí ú í æ ï ò
øeè ðdú í ø ï æDø~é1úâõöé îhí ç í é+ó î ù çhè ð î ð î çhð~ðdæ î ðKÜ(è í ¦ í ç-÷ í1¤ ðdòhðdóGç-õ òhðdø í õ í ç ï ç í é+ó&¦�ðdè ï µ í é+ê ò �R¨ ó�õ ï òvç í ø~ê2�
æ ï ò~ùGç�è ðdòhð í�î ð!µ í ÷(ð~ó ødð ç�è ï çoç�è ð�ó í ç�ò í ÷ ð § ò ¢ ¦ ¢ ù � ó(é ü ó ï1î ö���õ è ïmî ð1ù í¾î úÊé+òvð î ç ï ¦ æ�ð ï ç�è í ë+è ðdò
ç�ðdúâõöð~ò ï ç�ê(òhð îÅí ó ¢RóZ�1£+¡+¥ çhè ï ó í ó ¢PóZ�m£+¡�� å-æ î é ù@¸���õ(è ï1î ð í¾î ñ°é+ê(ó ÷ í ó�ødé+õ í é+ê î £Gê ï óyç í ç í ð îLí ó
ç�è(ð¤æ ï çhçhð~ò�¦(ê(ç�ó é1ç í ó.çhè ð�ñ°é+òhúÊð~ò �# í çhè î ê õ(õ�é+òYç®é1ñ�çhè ðWð�Ü í�î ç í ó ë æ í çhð~ò ï ç�ê òvð1ù}çhè ð/ñ°é+òvú ï ç í é+óMé1ñ § ò�ð ¢Lí ï � í�¢ í ó ¦öé1çhè ¢PóZ�m£+¡
ï ó ÷ ¢RóZ�1£+¡1¥ í¾î ç ï/� ð~ó ï1î ð!µ í ÷(ð~ó ødð5çhè ï ç\çhè ð ûWî ç�òhê(ødç�ê(òhð í¾î ë1ð~ó ðdò ï æ�æ�ô î ç ï ¦ í æ í¾î ðd÷ò¦yô.ó í ç�òhé1ë+ð~ó �"bé¼µ+ð~ò í ñ ô ü è ðcç�è ðdò ç�è ð¤ñ°é+òhú ï ç í é+ó`é1ñ�¸��:õ è ï1î ð ü ï1î ÷ ðcç�ò í úâðdóyç ï æDç�éÊç�è ð_úÊð~øeè ï ó í ø ï æDõ òhé1õ��
ð~òYç í ð î ù2ç�è ð5ø~òvð~ðdõ�÷ ï ç ï õ òhé'µ í ÷(ð~÷&¦yô ¢Lí õ(õ�é+ó � ç�ð~ðdæ ü ðdòhð¤ð�Ü ï ú í ó ðd÷ ï ó ÷ ï ë+ðd÷ î õ�ðdø í úâðdó î ü ðdòhð
÷ ðcñ°é+òhúÊð~÷@ù ü í ç�è ï ê ó í £Gê ð®ødé+ó ødæ¾ê îví é+ó�çhè ï ç ¢RóZ�1£+¡+¥ ð�Ü2è í ¦ í ç î î ê(õ�ðdò í é1ò ÷ ê øcç í æ í ç�ô ü è ðdóMødé+ú$�
õ ï òvð~÷ ü í çhè ¢RóZ�1£+¡��� í¥¤ ð~òvð~óyçzð�Ü2õ�ðdò í úâðdóGç ï æyç�ðdøeè ó í £Gê ð î è ï µ+ð¾¦�ðdð~óÂê î ðd÷Äç�é+ë1ðdç�è(ð~ò ï1îbí çzè ï1î ¦�ðdð~ó_÷ ðdúâé1ó î çhò ï çhð~÷
ç�è ï çÅð ï øeè�õ òhð î ðdóGç îLî ð~ò í é+ê î æ í ú í ç ï ç í é1ó îoí ó ï ÷ í¥¤ ð~òhðdóyçL÷(é+ú ïmí ó.é1ñbé�¦ î ð~ò�µ ï ç í é+ó ��¨ ó0õ ï òYç í ø~ê æ ï ò~ù
ð!µ í ÷ ð~ó ødð í¾î ë í µ+ð~óâç�è ï ç î ú ï æ¾æ�õ òvð~ø í õ í ç ï çhð î ÷ í¾îvî é+æ1µ+ð ÷ ê(ò í ó(ëÂç�è(ð-ð~æ�ð~øcç�òhé1æ�ôGç í øL÷ í�îhî é+æ¾ê(ç í é+óÊé1ñpçhè ð
ï ê î ç�ðdó í çhð �
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Þ ð í ó ë ï ¦ æ�ðÊçhé õ òvð~÷ í ødçÁ£Gê ï óGç í ç ï ç í µ+ð~æ«ô�ç�è ðâø~òvð~ð~õÝòhê õ(çhê òhðâæ í ñ°ðÊémñ ï�î ç�ð~ðdæ7ù�é1ò í ç î�9;:=< èÝø~òhðdð~õ
î çhòhðdó ë1ç�è í�î é1ñ�ð~ó(é+òhúÊé+ê î�í óGçhð~òvð î ç�ñ°é1òLç�è(ð®÷ ð îví ë+ó�é1ñ ï æ�æ¾éIô î ï ó ÷�çhè ð í ò ê î ð í ó ç�è(ð®õ�é ü ð~ò�ë+ðdó��
ð~ò ï ç í é+ó í ó ÷ ê î ç�òYô � åLæ�ç�è(é+ê ë+è çhð î ç î ø ï ó ó é1çP¦�ð ï µ1é í ÷ ðd÷@ù ï ë1é2é¿÷j£Gê ï óyç í ç ï ç í µ1ðÄúÊé2÷(ð~æ ï æ¾æ�é ü îLï
ø~é1ó îhí ÷ ð~ò ï ¦ æ¾ð�òvð~÷ ê(ødç í é+ó í ó.ç�è(ð¤óGê úX¦�ðdò�émñbçhò íBï æ î ó ðdð~÷ ðd÷�çhéâú ï ç�øeè.çhè ð5ð�Ü2õ�ðdødçhð~÷ õ(òhé+õöð~òYç í ð î?�#�è ð~óâø~é+úÊõ æ�ð�ÜÊõ òvé+õ�ðdòvç í ð î�î ê øeè ï1î ø~òvð~ð~õ/æ í ñ°ð�é1ò�çhé+ê ë+è ó(ð îhî�ï òhð ï ÷(÷ òhð îhî ðd÷@ù õ èyô îhí ø ï æöúÊé2÷��
ð~æ î"ï òhð`úÊé î çhæ�ô�é1ñC£Gê ï æ í ç ï ç í µ+ðWê î ð1ù¾¦ ê(ç ï òvð`ô1ðdçâó é1ç ï ¦(æ¾ðWç�é�÷ ðdæ í µ+ð~ò ï ødø~ê ò ï ç�ð&£Gê ï óyç í ç ï ç í µ1ð
õ òvð~÷ í ødç í é+ó îÊï1î/ï ñ°ê ó øcç í é+ó é1ñ-ç�è ð�æ ï òvë+ð`ó¿ê(úÁ¦�ðdò/é1ñ ø~é+óyç�òvé+æ¾æ í ó ë¹µ ï ò íBï ¦ æ�ð î!� � ê øeèÓõ òvé�¦ æ�ð~ú î
è ï µ+ðÊæ¾é1ó ëf¦öð~ðdó î é+æ¥µ1ð~÷Ýê îhí ó(ë ð~úÊõ í ò í ø ï æ}úÊé¿÷ ð~æ�æ í ó(ë ï ó ÷�ð�Ü2õ�ðdò í ð~ó ødð � ì�é î ç ü í ÷ ð~æ«ô�ê î ð~÷ ï òvð
õ òvé�¦ ï ¦ æ«ô�ç�è ðâú_ê æ«ç í �:æ í ó ð ï ò ï ó ÷3õöé+æ«ô2ó(é+ú í¾ï æ�òvð~ë+òvð îhîví é+ó î �°ñ°é1òÂðKÜ ï úâõ æ�ð1ù í ó'>@? ¨ ì ÷ ï ç ïmî è ðdðdç	�Þ ùpçhè ðÊçhð~ó îví æ�ð î ç�òhðdó ë1çhè í¾î úâé¿÷ ðdæ¾æ¾ðd÷�ê îhí ó ë ï �mòh÷Ýé1òh÷ ðdòÂõöé+æ�ô¿ó é1ú í¾ï æ �K� "�è ðâúâðcç�è é¿÷ î è ï µ+ð
î é1úâð ï ÷�µ ï óyç ï ë+ð î?à çhè ðdôÝòhð!£¿ê í òhð ï�î ú ï æ¾æ�ó¿ê(úÁ¦�ðdò®é1ñ�ø~é¿ð!ÆÊø í ð~óyç îÊï ó(÷ ï òhðWë+ðdó ð~ò ï æ¾æ«ô îví úÊõ æ¾ð
ç�éâø ï æ�ø~ê æ ï ç�ð �R· ó0ç�è ðÄé1ç�è ðdòLè ï ó ÷@ùöç�è ð í òBA²ð�Ü í ¦ í æ í ç�ô í¾î æ í ú í ç�ðd÷ � "�è ðcô�÷ éâó é1ç ï æ¾æ¾é ü î ê�ÆÊø í ð~óyç
í óyçhð~ò ï ødç í é+ó î ¦öðdç ü ð~ð~óWçhè ð-÷ í¥¤ ð~òhðdóyç í ó õ ê(ç�µ ï ò í¾ï ¦ æ¾ð î�ï ó ÷/ødé+ó î ð?£Gê ð~óyçhæ�ô/çhè ð í ò�ò ï ó ë1ðLé1ñoµ ï æ í ÷ í ç�ô
ú ï ôM¦öð ó ï òvòhé ü ��æ é ü ð!µ+ðdò~ù çhè ð�ø~é+óyç í óGê é+ê î�í ó ødòhð ïmî ð í ó/ø~é+úÊõ ê(ç í ó ë_õöé ü ðdò ï æ�æ¾é ü î ú_ê(øeè0úÊé+òvð
ø~é1úâõ æ�ð�ÜWòhð~ë1òhð îvîhí é+ó�úÊðdçhè é¿÷ î ç�é¶¦öð í úâõ(æ¾ð~úÊð~óyçhð~÷.òhðdæ ï ç í µ1ð~æ�ô/ð ï1îví æ«ô �
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å-æ�æoòvð~ë+òvð îhîví é+ó�úÊðdçhè é¿÷ î ø ï óT¦öðW÷ ð î ødò í ¦öð~÷ ë+ðdó ð~ò ï æ¾æ«ô í óÝçhð~òhú î é1ñÅó(ð~ê ò ï æ\ó ðcç ü é+ò �Gî?� "zé

÷ ð�º²ó ð ï ó(ð~ê ò ï æpó ðdç ü é+ò � ù í ç í¾î º²ò î ç�ó ð~ødð îvî�ï òYô0çhé"õ òhð î ð~óyç�ç�è ð îví ó ë+æ�ð�ó ð~ê(òhé+ó �
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ï1îvî é¿ø íBï ç�ð~÷ ü í ç�è`ð ï øeè í ó õ(ê(ç � "�è ð ï øcç í µ ï ç í é1ó��âé1ñbç�è ð5ó ðdê òhé+ó í¾î ÷(ð!º²ó ðd÷j¦yô à
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øZ£Gê ï ç í é+ó�� ��90î é1úâðcç í úÊð î ç ï/� ð î ç�è(ð0ñ°é+òvú � � �x� ������� Ù � ù ü è ð~òvð¹Ù í¾î ø ï æ¾æ�ð~÷ ç�è ð�¦ íBïmî ù5¦(ê(ç
í ó õ ò ï ødç í ødð1ù�ç�è í�î"ï ÷ ÷ í ç í é1ó ï æoçhð~òvú í¾î"í ó(ø~æ¾ê(÷ ð~÷ í ó�çhè ð`ë+ð~ó ðdò ï æÅó émç ï ç í é+ó+¦yô ø~é1ó îhí ÷ ð~ò í ó ë��.�
ï1îvî é¿ø íBï ç�ð~÷ ü í ç�è.ç�è ð5ødé+ó î ç ï óyç í ó õ ê(ç 9/�
å îhí ó ë+æ¾ð-ó ð~ê òvé+ó0é+ê(ç�õ(ê(ç í¾î�ï ñ°ê ó øcç í é+ó`é1ñ í ç îÅï øcç í µ ï ç í é1ó����x� �ZÏ�� �x� � ù ü è ðdòhð5ç�è ð�ñ°ê ó øcç í é+ó� ÷ ð~õöð~ó(÷ î é1ó`çhè ð5õ òhé/¦ æ¾ðdú ø~é+ó îhí ÷(ð~òhðd÷ �
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í óyçhð~òhødé+ó ó ðdødçhð~÷ ï1î ÷ ð î ø~ò í ¦öð~÷ í óeº²ë+ê òvð�� ��9/� "�è ð î ð0ó(ðdç ü é+ò �Gîâï òhð ï æ î é òhðdñ°ðdòhòvð~÷�ç�é ï1î ç�è òvð~ð
æ ï ô1ð~ò î ó ðdç ü é+ò � ü è í øeè ï òvðÂç�è(ð í ó(õ ê(ç î ùöçhè ðÄè í ÷ ÷ ðdó�ê ó í ç îLï ó ÷ çhè ðÄé1ê(ç�õ ê2ç � "�è ð î ð~ø~é1ó ÷�æ ï ô+ðdò
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¹*º �c»���¼p½c� ºG¾ ��¿G���À¼�½cÁw�ÀÂ ¹�¾ �cÃc�l» º Â º �-¼�¿�Á º ¼p� ¹ �§� ¾ �o{ º Â ¹ ��Ãc��¼p� ¹ ¼p�À¿�Â¾£�3�3K4
¤FÄ+{ º ��� º y ¾ �l»Bý+½-� ¹ ½ º �§�
���D¼p½c�l�m�§��Ãc�cÂ-Ã º ÂÅ¼#¿���Æ�¿��cÂcÃ¸¼�¿�y������§��� ¾ �f{ º ÂÅ¼ º ��� º zÇ� ¹ ¼���Ã º ñl����¿Sý¡�l����½Å¼*�mÈÉ½c���§�\��»+¼p½c�l���lÆ�¿G���
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È º y ¾ �Ê.Ì�À3�ª'ÈÉ½c�ÊÃc�}zÇ�l���lÂj¼��ÀÂcËc�-¼�»É��ÂL¼p½c�ÊÃ º ¼ º »��l¼��
é ¿�Á�Ëi¿�»§�À¼���¿�Â º6¾ Ã º ¼ º êq�����'¿GÆ×¼���ÂÊÁ���»�»§��Âc�-� � ÂÊ»§� ¹ ½ ¹ ��� ¹ �cÁ�»§¼ º Â ¹ �l»�Ä � ¾ ��Á���ÂÅ¼p»��c»§� ºG¾À¾ Í!ôjÂc¿Kê+Â

¼p¿Xyi�!Ã-� ¾ �_yi�l� º ¼�� º Ã-Ãc�À¼���¿�Âc»�ê¡�l���#»§�l¼2¼�¿Fñ����§¿�ê+½c� ¾ �m�ÀÁÙËc�-���À¼����l»�êq���§�#»��l¼¡¼p¿�¼p½-� º {���� º ���#¿GÆJ¼�½c�
º { º � ¾�º y ¾ �IÃ º ¼ º¸õ �G�¨�c�¡Ëc½-¿�»�Ëc½-¿����c» º ÂcÃì»�� ¾ Ëc½j�c�Rö	�2ÈÉ½c�l������»+�cÂcÃc¿G��y-¼p�lÃ ¾ Í º ���l������¼�¼ º y ¾ � ¾ ¿�»�»+¿GÆ
��ÂÌÆ�¿���Á º ¼p�À¿�Â¸ê+½c�lÂ|¼p½-� º Á�¿��cÂÅ¼�»�¿6ÆÉ� ¾ ��Á���ÂÅ¼p»�»�� ¹ ½ º »�ëì¿Î¿��yEryZËc���l»��lÂj¼ º »���Á�Ëc�c���D¼p�À��» º �§�
Âc¿G¼+�G�_{��lÂ�Ä º »É¼p½-�����Ê�À»É�f{´��Ãc�lÂ ¹ �Ê¼p½ º ¼É¼p½c�l»���� ¾ ��Á���ÂÅ¼p»+½ º {�� º Â���ÂÌ,f�c��Â ¹ ��£ Ø ¤F�
���9÷ øw� �!�#" �'v�"¸% v�� � �*����� ù �����!�

� ¼m�À»I�-»�� ºG¾ ¼p¿ º ¼�¼���Á�Ë-¼I¼�¿úËc�§��Ãc� ¹ ¼�¼p½c�y���cËÌ¼p�c�§��»§¼�����Â-�G¼p½¸Æ�¿G� º ���_{G��Â ¾ �ÀÆ��#¼p�ÀÁÙ�6� ó ¿Kê¡�o{��l��Ä
¼p½-� ¹ �§����Ë�»9¼p���l»�»É�À»¡¿�Â ¾ Í�Ëc���l»���ÂÅ¼ º » º �fÂc�À¼��!Âj�cÁ�y����2¿6ÆJÃc��» ¹ ����¼p��{ ºG¾ �c��»�ê+½c� ¾ �I¼p½-�!���cËÌ¼p�c�§� ¾ �ÀÆ��
��»ÉÁ�� ¹ ½ÎÁ�¿��§� ¹ ¿�ÂÅ¼p�ÀÂj�c¿��c» ¾ ÍL»§Ëc��� º Ã�Ä º ÂcÃ�¼p½-������Æ�¿����Ê»§����Á���Ã º ÁÙ¿��§� º ËcËc�§¿�Ëc�§� º ¼��m¼ º �§���l¼��Ä ½c��Â~¼�� º �ÀÂc��Âc� º Á�¿ÌÃc� ¾ Äd¼p½c� ¹ ½-¿�� ¹ �/¿GÆ���ÂcË-�-¼X{ º �§� º y ¾ ��»y��»�¿6Æ+����� º ¼\��Á�Ë�¿��§¼ º Â ¹ �6� ò ¾ »�¿-Ä
ê+½c�lÂ º|¹ ¿GÁ�yc��Â º ¼p�À¿�Âñ¿GÆ#¼p½c�l»��B{ º �§� º y ¾ ��»)�À»�y�� ¾ ���f{G��ÃC¼�¿My��¸¿GÆ!Ë º �§¼�� ¹ � ¾ûº �)�ÀÁÙË�¿��§¼ º Â ¹ �GÄ¡¼�½c�
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ê º »�¼�� º �ÀÂc��ÃZ¿�Âo¼p½c� ¾ ¿�� º ���À¼�½cÁþ¿GÆ2¼p½-�Ù�§�cË-¼p�-��� ¾ �ÀÆ��\� º ¼p½c�l��¼�½ º Â`¼p½c�����cËÌ¼p�c�§� ¾ �ÀÆ��)�À¼�»�� ¾ ÆOÄ º ÂcÃ
¼p½-� ¹�ºG¾�¹ � ¾ûº ¼p��ÃL»9¼ º y-� ¾ �À» º ¼���¿�Âú� º ¼���¿�ê º »+�c»��lÃ�Ä º »+���_{G��Â½yi� ¾ ¿KêHª

8 ¼ º yc� ¾ ��» º ¼p�À¿�ÂLH º ¼p�À¿V� E)y Ð 0�B ÈÉ� Ð �
é B E õ .Ì�À3�ÿGö

ê+½c�l���Ù¼�½c� ¹ ¿�Â ¹ ��ÂÅ¼p� º ¼p�À¿�Âc» º ������Â`ê¡�l����½Å¼�7/�LÈÉ½c��»���»Hy�� ¹*º �c»��ÙËc��� ¹ ��Ë-�À¼ º ¼p��¿GÂ`¿6Æ+ë�� õ ê+½c�l���
ë �À»m���D¼p½c�l�!E)y�¿��mÈÉ� º ÂcÃ�� ���D¼p½c�l� é ¿��!Emö��À»ty�� ¾ �À�f{G��Ã¸¼�¿�yi�y¿GÆ'Ë º �9¼p� ¹ � ¾�º �I�ÀÁÙË�¿��9¼ º Â ¹ �#¼p¿
¼p½-� ¹ �§���lËEyi�l½ º {Ì�À¿��c��¿GÆ º �c»9¼p�lÂc�À¼�� ¹ »§¼ º ��Â ¾ ��»�»�»§¼���� ¾ »�Ä º »qê+� ¾�¾ y��mÃc�À» ¹ �-»�»��lÃ���ÂúÁ�¿��§�IÃc��¼ º � ¾;¾ûº ¼������
Èd¿ º {�¿��ÀÃ�yc� º »��ÀÂc�y¼�½c�!Á�¿ÌÃc� ¾ ÄÅ¼p½-�m��Â-Ãc�_{´��Ã-� ºG¾ { º ��� º y ¾ ��»�Á º ôj�ÀÂc���cËÙ¼p½c�!»9¼ º y-� ¾ �À» º ¼���¿�Â\� º ¼p�À¿ º �§�
ºG¾ »�¿��ÀÂ ¹�¾ �cÃc�lÃ�Ä-»§¿�¼p½ º ¼ º Ãc���§� ¹ ¼2��ÂÌ,f�c��Â ¹ �#¿GÆ º ÂÅÍÙ¿GÆ�¼p½-��Á ¹�º Â ºG¾ »�¿Xy��!Ãc��¼p� ¹ ¼p�lÃ�� � ¼�½c���q��ÂcË-�-¼{ º ��� º y ¾ ��» º �§� º »+���_{G��Âì��ÂL¼ º y ¾ �Ê.-�D3G��¡� ¹�º �c»§�Ù»§¿�ÁÙ�\�ÀÂcËc�-¼�»!ê¡�l����Âc¿G¼ ºG¾ ê º Í´»Ê���_{G��Â õ ¼�½c�)»�¿ ¾ �-¼p�À¿�Â�¼p�§� º ¼�ÁÙ�lÂÅ¼#¼p��Á�Ë���� º ¼p�c�§�)Æ�¿G�
�o¢ º Á�Ë ¾ �Kö�Ä º yi¿G�-¼Ê3K4�4�4 º ÁÙ¿�Â-��»§¼É¼�½c���¡äG4�4\��ÂÅ¼������l»+¿GÆ&¼�½c�ÊÃ º ¼ º y º »§� ¹ ¿�� ¾ ÃìÂ-¿G¼)yi�#�c»§��Ã��

ò y�¿��-¼ú3���4ÎÂ-�l¼@êq¿���ôj»�êq�����Ù¼p� º ��Âc�lÃ|ê+�À¼�½|�cË|¼�¿oÿ�ÿ�½c��ÃcÃ-��Â~�cÂc�D¼p» º ÂcÃ Ø Ãc�_zi���§��ÂÅ¼�»§����Ã-»��
ò »É��¢ÌËi� ¹ ¼p�lÃ�Äf¼p½c�#Ë���� ¹ �l�_{��lÃ ¾ �f{G� ¾ ¿GÆdÂc¿��À»��#Ãc�-����Â-��¼p� º ��Âc�ÀÂc��Ãc� ¹ ��� º »��l» º »2¼p½c�#Á�¿ÌÃ-� ¾ y�� ¹ ¿�ÁÙ�l»
Á�¿���� ¹ ¿�Á�Ë ¾ ��¢Ç� ÈÉ½-�y�§��»�� ¾ ¼p»+¿GÆd¼p½-�Ê¼�� º �ÀÂc��Â-� º ���#»§½c¿Kê+Â¸��ÂE�f�G�c����.-� 0 �

ÈÉ½c��Ë-�c��Ë�¿�»�� º ÂcÃ¸Á��l¼�½c¿´ÃÎÆ�¿��)yc�c� ¾ Ãc�ÀÂc� º�¹ ¿�Á�Á��À¼�¼����ÊÁ�¿ÌÃc� ¾ ½ º »ty����lÂ�Ãc�À» ¹ �-»�»��lÃ�� º � ¾ �À������ ÂT¼p½c�À» ¹�º »��6Ä!¼p½c�`¿�Ë-¼���Á��-Á ¹ ¿GÁÙÁ��À¼§¼p���Îê º »ìÆ�¿��cÂcÃT¼p¿²½ º {�� � ÁÙ�lÁ�yi�l��»l�wÈÉ½c�`Ëi�l� ¹ ���_{G��Ã
»��À��Âc�}� ¹*º Â ¹ ��» Ñ � Æ�¿��2¼�½c��»§��Æ�¿G�c�+ÁÙ¿´Ãc� ¾ » º ���Ê»§½c¿Kê+Â¸��ÂE�f�G�c���y.-��.-�'ÈÉ½c�lÍ��§��Ëc�§��»��lÂÅ¼m¼p½-�y��¢Ì¼���ÂÅ¼
¼p¿`ê+½c� ¹ ½ º Ë º �9¼p� ¹ � ¾ûº ���ÀÂcËc�-¼ú�o¢ÌË ¾�º ��Âc»)¼p½-�6{ º ��� º ¼p�À¿�Â²¿GÆ!¼p½-�¸¿��-¼�Ëc�-¼�Ä�� º ¼p½-��� ¾ ��ô6� º Ë º �§¼�� ºG¾
¹ ¿G����� ¾ûº ¼���¿�Â ¹ ¿´�lk ¹ �À��ÂÅ¼m�ÀÂ º Á�� ¾ ¼���Ë ¾ � ¾ �ÀÂc� º �2���l�����l»�»��À¿�Â º Â ºG¾ ÍÌ»§��»l�

ÈÉ½c�#Ëc�§��Ãc� ¹ ¼p�À¿�Âc»É¿GÆJ¼�½c���fÂ ºG¾Ç¹ ¿�Á�ÁÙ�D¼�¼����mÁ�¿´Ãc� ¾
õ �f���-���#.-�D3K4Åö ¹ ¿�ÂÅ¼ º ��Â º {��l�§Í/Æ���êï¿��Ì¼ ¾ �À���§»
¹ ¿GÂc»��ÀÃc���§��Âc�m¼�½ º ¼ ¼�½c���§�É��» º ¼�¿G¼ ºG¾ ¿GÆ º y�¿��-¼�ÿG4G4�4!Ëi¿G��ÂÅ¼p»l�{ÈÉ½c�É�ÀÁÙËc�§¿~{���Á���ÂÅ¼ �À» ¹�¾ � º � ¹ ¿�Á�Ë º �§��Ã
ê+�À¼�½L¼p½c�Hy���»§¼�Á�¿ÌÃ-� ¾�ºG¾ ¿�Âc�6�
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ÈÉ½c� ¹ �����lË�»§¼�����Â-�G¼p½�Á�¿´Ãc� ¾ ê º »$Hc�c� ¾ ¼���»§»���ÂÅ¼�� ºG¾À¾ ÍL¼p¿ÙÆ ºG¹ � ¾ �À¼ º ¼p�'Ij� º Âj¼��À¼ º ¼p�KJ�� ¹ ¿�Á�Ë º ���À»�¿�Â-»
ê+�À¼�½ ¾ �À¼���� º ¼p�c�§�G�ML@Â)¼p½-��» ¹*º »§�GÄj¼p½c�+¼ º �§���l¼'ê º »q¼�½c��»§¼p�§��»§» º ÂcÃ�¼p½c� ¾ �DÆ��2¼p�ÀÁÙ�2ê º » º ÂÙ�ÀÂcËc�-¼��
ÈÉ½c�
»�¿ ¾ �-¼���¿�Â/¼���� º ¼pÁ���ÂÅ¼É¼p�lÁÙË���� º ¼p�c�§�#ê º »+Âc¿6¼I�ÀÂ ¹�¾ �cÃc�lÃ�¼�¿ ºG¾�¾ ¿�ê �c»§�y¿6Æ&¼�½c�Ê��ÂÅ¼p�À���#Ã º ¼ º H º »§�G�

L­¼�»����lÁÙ»�¿GÆ ¾ �À¼§¼ ¾ ����ÂÅ¼p�l���l»§¼�¼p¿����lËc��¿´Ãc� ¹ �ú½c�l��� ºG¾�¾ ¼�½c������»§� ¾ ¼�»#Æ���¿�Á ¼�½c�)¼p� º ��Âc�ÀÂc�L»�� ¹ ½ º »
¼p�l»§¼m�����§¿���¿��ONQPKæ º » º Æ��cÂ ¹ ¼p��¿GÂ¸¿GÆ Âj�cÁ�Hi�l�m¿GÆ ½-��ÃcÃc�lÂ¸�cÂ-�À¼p» º »+¼p½c�l�����#J�¿ ¾ �-¼���¿�Âìê º »I»��ÀÁÙ� ¾ûº �
¼p¿/¼�½ º ¼Ê¿RH-»�����J��lÃZÆ�¿��m¼�½c� ¹ �§���lËZ�§�cË-¼p�-��� ¾ �DÆ���Á�¿ÌÃc� ¾ �SL@Âo¼p½c�À» ¹*º »§�GÄ�¼p½-�\¿�Ë-¼p�ÀÁ��cÁþÂj�cÁTH����#¿GÆ
Á�¿ÌÃc� ¾ »q��Â ¹ ¿GÁÙÁ��À¼§¼p����ê º »+Æ�¿G�cÂcÃL¼p¿UH��\3�ÿÌ�
ÈÉ½c�ÊË����9Æ�¿���Á º Â ¹ �#¿GÆJ¼p½c� ¹ ¿�ÁÙÁ��À¼§¼p�l�m��»É»§½c¿Kê+ÂÎ�ÀÂ
V ���-����.-�D3K4-�

���XW Y "�"��*����x�% ������$

Z�[]\�[*^ _ `ba�c?d�e'fhg.i'j k�gmlon
p.nrq+s+tu^+g$emlvn
p.nwq�xy\
ÈÉ½c��Ãc�0zi���§��Â ¹ �{H��l¼@êq���lÂ ò L 8 L2�G� º Ãc�l»O�G4�| º ÂcÃ5�Ì3�}\����»§��Ãc�l»m�l»�»��lÂÅ¼p� º6¾�¾ Íú��Â�¼p½c� º ÃcÃ-�À¼p�À¿�ÂL¿GÆ

º H�¿��-¼#ÿ�êÉ¼R7 ¿6Æ'ÁÙ¿ ¾ Í9HiÃc�lÂj�cÁÎ�mÈÉ½c� ¹ ½c�§¿�ÁÙ�À�cÁ º ÂcÃ�Âc� ¹ ôG� ¾
¹ ¿�Â ¹ ��ÂÅ¼�� º ¼���¿�Âc» º ���y»�Á ºG¾�¾ ��� º ÂcÃ
¾ûº �����l��Ä{�§��»§Ëi� ¹ ¼p�KJ�� ¾ Í�Ä
Æ�¿G� ò L 8 L{�Ì3�} ¹ ¿GÁÙË º ����ÃZ¼p¿ ò L 8 L���4�|c��H+�cË-¼��c���ú»§¼p�§��»§»���»\Æ�¿���3K465)½ º ¼
}�~G4-� é º ���#�§��»§Ëi� ¹ ¼p�KJ�� ¾ Í º �§¿��cÂcÃ 0 4�ë�P º�º ÂcÃ`3�3K4�ë�P º�� 3�ÿR~����

ÈÉ½c���§� º �§�yÂc¿ú»�Ë�� ¹ � V ¹*º ¼p��¿GÂc» º »+¼p¿Ùê+½ º ¼m¼�½c��Á ºD� ��Á��cÁ ¾ ��J�� ¾ ¿GÆ'Á�¿ ¾ Í�H�Ãc�lÂ´�-Á »�½c¿�� ¾ Ã5H��
Æ�¿��2¼�½c� ò L 8 Lb��4�|)»§¼���� ¾ »��+L­¼���» ¹ ¿�ÁÙÁ�¿�Â/¼�¿ V ÂcÃÎ�-Ëì¼�¿ú4-��~�êÉ¼	7 ëì¿Ù�ÀÂ/¼p½c�l»���»§¼p�l� ¾ »��(�;¿G� ò L 8 L
�-3�}ÌÄ º Â º ÃcÃ-�À¼p�À¿�Âì¿GÆ�ÿ è �)êÉ¼R7 ëÎ¿Ù��»�»�Ë�� ¹ � V �lÃ��?L­¼m½ º »?Hi�l��Â�»§½c¿Kê+Â�¼p½ º ¼IÁ�¿ ¾ Í9H�Ãc��Âj�cÁ ½ º » º
H���Âc� V ¹ � ºG¾ �#zi� ¹ ¼q¿GÂ ¹ �����lËú»9¼p���lÂc�G¼�½�H�� ¹*º �c»���¿GÆ��D¼p» »§¿ ¾ �-¼���¿�Â\»9¼p�§��Âc�G¼�½c��Â-��Âc�y��¿ ¾ �GÄ ºG¾ ¼p½c¿��-��½�¼p½c�À»
�#zi� ¹ ¼ ¹�º Â¸Ã-��» º ËcËi� º � º Æ×¼p�l��Ë-��¿ ¾ ¿�Âc���lÃ º �G����Â-�ÙÃc�-��¼�¿Ù¼p½-��Æ�¿��§Á º ¼p��¿GÂL¿GÆ'ëÎ¿ è ��� ¹ ½5N º J��l»mËc½ º »��
� }D�F�

�{���G�c���+.-�D3�3�� ¾À¾ �c»9¼p� º ¼p��»
¼�½c��Ëc���lÃc� ¹ ¼p��ÃÙ�#zi� ¹ ¼2¿GÆÇÁÙ¿ ¾ Í9HiÃc�lÂj�cÁ ¿�Â�¼p½c��3K4 5 ½ú�§�cË-¼p�-����»§¼p�§��»§»��
ÈÉ½c�`��Âc�D¼p� ºG¾ �ÀÂ ¹ �§� º »§�Z�À» ¹ ¿�Âc»§��»9¼p��ÂÅ¼ìê+�À¼�½ �#I´� º ¼p�À¿�Âï.Ì�1.-ÄIê+½c� ¹ ½ Ëc���lÃc� ¹ ¼p» º »9¼p�§¿�Âc�²�#zi� ¹ ¼Î¿GÆ
»�Á ºG¾À¾2º ÃcÃ-�À¼p�À¿�Âc»�¿6Æ#ëÎ¿`��Â���4�|c�~ÈÉ½c�ìËc���lÃc� ¹ ¼p��Ã²��� º Ãc���lÂÅ¼ õFº »§»��cÁ���Âc� º�¾ �ÀÂc� º ��J º ��� º ¼p�À¿�Â;ö��À»
� 0 ë�P º�� êÉ¼	7�H��l¼@êq���lÂ)4 º ÂcÃ�4-��4ÅÿmëÎ¿�êÉ¼	7/ÄGê+½c� ¹ ½���» ¾ ¿�êq���d¼p½ º Ây¼p½-�q¿�Â-�¡���KJ���Â{HÅÍy�#Ij� º ¼p�À¿�Â
.-��.-��P º �§¼�� ¹ � ¾ûº � ¾ Í`��ÂÅ¼������l»§¼���Âc�o��»y¼p½ º ¼\¼�½c�/¼p�§��ÂcÃ�H��l¼@êq����ÂC4 º ÂcÃT3��D3LêÉ¼	7 ¿GÆ�Á�¿ ¾ Í9H�Ãc��Âj�cÁ
»�½-¿�ê+» º Â\� �Ì¹ � ¾�¾ �lÂÅ¼ º ���§����Á���ÂÅ¼ õ�¹ ¿��§��� ¾ûº ¼���¿�Â�4-�1.G.�~�öJê+�D¼p½ º'���&�]�Iõ ê+½c�l��� � ��»{¼�½c� ¹ ¿�Â ¹ �lÂÅ¼p� º ¼p��¿GÂ;ö
Ãc�lËi�lÂcÃc��Â ¹ ��� � Ëi� ¹ ¼p�lÃÎÆ�¿�� º »§¿ ¾ �-¼���¿�ÂL»9¼p�§��Âc�G¼�½c��Â-��Âc��ÁÙ� ¹ ½ º Âc�À»�Á � 3�ÿ�}D���

ÈÉ½c��, º ¼§¼p�lÂc��Âc�L¿6Æ�¼�½c� ¹ �c�%JG�)êq¿�� ¾ Ã�Hi� ¹ ¿�Âc»§��»§¼���ÂÅ¼#ê+�À¼�½�Ëc��� ¹ �ÀËc�À¼ º ¼p�À¿�Â¸¿GÆ º Á�¿ ¾ Í9H�Ãc��Âj�cÁ
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