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o^N � �yS K \p_�o^��QHu[|�Y���S`_�TH\^S K#� QH\p_>qIQH\pO#QHu�wp{yNUo6eH_�\ K NPu�wp\^N`�HxyN`uy�£�[{[THo^_�w^\�TVu[o^NPw^N`QHunTVu�|2w^{y_,\pQHS`_>�ySUT K _~| JLK
w^QR��QRSPQR�HNUj
THSX|y_�z�_�j�wpoFqIQHx[S`| J _>QHzj
QHu[o^NU|k_
\�T J S`_�NPu�w^_�\^_~odw~Y
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GP�^H,²�Yym�Y[³�Q�odwp_
\pSPNPw^a�TVu[|���Y[²�Yy}.{yQHxyS`_�opo�ly²[Y[Z]{ K o�Y[� �,+ �H�~Ïy�®¢d���L�rÐ�¥AY
G � H,²�Yym�Y[³�Q�odwp_
\pSPNPw^aRlL²�Y[Z]{ K o�Y[� ��+ � � Ñ�æ�¢c���L�§Ñ�¥�Y
G Ð�H,��Y[±>Y[M�_
SUocQRu2THu[|2fgY[sAY[·�THSP��_
\pNPu*lyZ8{ K o
Yy±F_�eXYyf Ýk÷ +�� ÑL¶R�£¢d���L�r��¥AY
G Ñ�H � Y[ZYLÌ8QHxyu[�[lyZ8{ K o�Yy±F_
eXY[f Ýk÷ + �~ÏR¶R¶£¢d�~���V�R¥AY
G ¶�H,²�YkW�N`SPSUTVN`u�l[²�YyZ8{ K o�Y�¢¨Z�TV\pNUop¥ î �,+ ¶VÏ[�7¢c�����H¶H¥�Y
G æ�H,±>Y�hkT§eLN�w~lyZ8{ K o
Yk±F_�e�Y�f Ý ��+ ��ÐHÑ � ¢d���L�rÏ�¥AY
Gi�ÃH,�]Y�ªgu[o^TH�H_�\�lkM6x[QreHQ£��N � _
u�wpQ#hLxy�y��Y ��+�� Ñ���¢c���HÑR�R¥�Y
G Ï�H,±>Y�ZYy¸y_ K u � THu�lkNPu !Eº�6M�#º»±^¸�¸�´}4�$�6 �¸� ±³²=¶>±³º»2�8s(eº»±Z!j·TÁ�¸�´µ1^¸¹� _~|kNPw^_�| JLK �gY[²�Y[��QH\^w^_�\
¢¤M6QH\^w^{k¬L·6QRSPSUTVu�|�l � � ocw^_
\�|yT � l��~�R¶R¶H¥AlLW�QRS¤Y��Rlk��Y��r�LY

G ��H,f�Y���{[TVwcw^QR�[TH|y{ K T K lkm�Y��gYym3TV{[TVw^Q[lyTHu[|�hXYy±>Y�hk{y_
uyQ K lyZ8{ K o
Yy±6_
eXY[f ù �5+ �§¶k�~¶H�#¢c���H�RÐR¥^9
�7Y � YyµN`SPS`N`T � o
lyZ]{ K o�Yy±F_
eXYy�*_�wcw~Y � ç + � �H� �®¢d�~�H�H��¥AY

GP� � H��7Y[³�QR{y\pNPuy��lk±>Y[´6Y[hk{y\^Qkj�OXlyTVu�|�ZYkµN`SPSUo�l[Z8{ K o
Yy±6_
eXYy��_
wcw�Y ý ��+ ��ÐR¶HÏ�¢c���RÏHæR¥�Y
GP�H�^H � Y[³®YyM6�Rx K _�u2THu[| � Y�hLx�| J`º lyZ]{ K o�Yy±F_�e�Yyf ý ��+ Ðy� � Ð#¢c���R�HÏR¥^9yZ8{ K o
Yk±F_�eXY[f �06�+ �~¶HÐ � ��¢d�~�H�R�R¥AY
GP� � H,m�Yy·�Y[�*THx�TVu[|��gY[��THo^�Hxy�kw�TylyZ]{ K o�Yk±F_
eXY[f î�÷ + � � � � ¢c���HÏR�R¥�Y
GP��Ð�H��gYy·�QHS � TVu�|#ËY�²RTHuyOH_RlL²�YyZ8{ K o�Y � ç ��+�� ¶H¶HÐ#¢c���H�HÑ�¥�Y
GP�
Ñ�H,ZYy|k_���_�uyuy_~oFTVu[|�²�YyZ8\pQRocw�l � · ±"!j·TÁ�¸�´µ1^¸B6	#%$"´'&�(e´ ¹*) º�Á�¸�8Ô2�úé¸ ¢¡��S`TH\^_�u[|kQHu�Z8\p_�opo�lyª��Lz�QR\p|�l��~�H�RÐR¥AY

¶VÏ



¶H�GP�~¶�H>µ{yN`S`_ � QRuyQH��QHS`_�o7N`u@uy_ � Trw^NUj
o�TH\^_�j�{[TH\pTRjAw^_�\^N`a
_~| JLK w^{[_�T J o^QHS`xkw^_�erTVS`xy_2QVz�wp{y_�N`uRwp_
�R_
\�j�{[TV\p�H_Rl
qF{y_�u � QRuyQH��QHS`_�o�qFNPw^{�j�{[TH\^�R_�oFÿºTVu[|¶» j
QRTVS`_�opj�_Rl�w^{[_�\^_~ocxySPw^N`uy�no^NPu[�HxySUTV\pN�w K j�TVu«{[T§eR_®j�{�TV\p�H_7QVz
_�N�wp{y_
\�~ ÿ,~�Íq~ »�~RQH\F~ ~ ÿ,~ / ~ »�~ ~R|y_
��_
u[|kN`uy�7QHu�wp{y_�j�QRTHSP_~o^j
_
u[j
_6�y\pQkj�_�opo�9�o^_
_��7YL´�YRW�QRSPQreLN`O7THu[|�W�YLZY
m�N`uy_�_
eXl[hLQreXYyZ8{ K o
Yy²�´]}FZ ù�ý + �H�~ÏHæ�¢d���L�rÏ�¥AY

GP��æ�H,M�Y[��Y�m�_
\ � NPu�ly±6_
eXY[m�Qk|�Y[Z]{ K o�Y ý�Ý + ¶V�[�7¢c�����V�R¥�Y
GP�§�ÃH,±>Y�fgYymn_ K _�\�lyZ]{yN`SPQ�o
YkmnTH�[Y ç �5+ Ñ � ¶#¢c���L�rÐR¥�Y
GP��Ï�H � Y[}�Y[��TV\p_
S ly²[Y�Z8{ K o
Y�¢¨Z�TH\^NUo�¥ î�÷ +X�R� ¶�¢d���L�rÏ�¥�9kW�Y�ZYym�NPu[_
_
eXl�hkQre�Y[hyj�N Yy±F_
eXY ¼ ç + �§�VÐ�¢c���RÏ � ¥^9
·�Y[M�THO§THuyNUoc{yN ly³®Yy·�T K THo^{yN lLTHu[|�·,Y[mnQH\pN¤l���Q �7� YymnTVw^{�Y�Z8{ K o
Y Ý�Ý ��+��V� Ð2¢d�~�HÏRÏR¥�9
·�Y[m�QH\pN�TVu�|�·�Y[M�THO§THuyNUoc{yN ly²�Y[Z8{ K o
YyhLQkjHY[²H�[u�Y ý �5+ � � Ïy�®¢d���RÏHÏ�¥AY

GP����H,ZY�´6Y���T �®� _
\^w�lX��Y�hXYX±FQHOL{[opTV\~l[THu[|�²[YX}�QHuy_�\�l�Z8{ K o
Y[±6_
eXY��*_�w^w�Y �`6,+ ��æ�¶ � ¢c���H�RÐR¥�l[Z8{ K o
Y�±F_
eXY�´
ý�ç + �§�R�rÏ2¢d�~�H�R¶R¥�9k²�Y[}*QRuy_
\~lyZYy´6Yy��T �®� _
\^w�lyTHu[|���Y�h�Y[±FQHOL{[opTV\~lkZ8{ K o
Yy±6_
eXYy´ ý�ç + ��Ï � �7¢c���R�R¶H¥�Y

G �V� H,ZY � Y[��_ J qIQH{[S�TVu[|��7Y[�*TRoc{[_
\~lLZ]{ K o�Yy±F_�e�Y � ù ��+ Ñk�rÏ � ¢c����� � ¥�Y
G � �^H��7Y[±,Yy��x[j�OL{Lxy\�odw6TVu�|�ZY�hkN � �[o^QHu�lymnQHS Y[Z8{ K o
Y ù �5+�� ¶k�®¢d���RÏ � ¥AY
G �H� H,��Y[¸[T JyJ \pN�TVu[|��gY ù THuyuyQHu[N¤lym�QRS¤YyZ]{ K o�Y ù + �VæHÐ2¢d�~�HÏHæ�¥AY
G � Ð�H��gY ù THuyuyQRuyN¤ly²�Y���{y_ � Y[Z8{ K o
Y � ù + Ñ � Ñ�¢d���RÏHæ�¥AY
G � Ñ�H��7Y[³�QR{y\pNPuy�®TVu�|�±>Y�´6Y[hL{y\pQkj�OXlyM6x[j
S¤Y[Z]{ K o�Yyf ç � ý + ¶ � Ñ�¢c���HÏL�V¥�Y
G � ¶�H,¸IY[fINUo^j�TV\pNPuyN l[�gY ù THuyuyQHu[N¤l��gY���{yNUj
j
QHS`N¤l�TVu[|2ZYyZ�THo^NPu[N¤lym�QRS¤YyZ]{ K o�Y � î + ÑRÐR��¢c���R�y�~¥�Y
G � æ�H ù Y ù {[TVuy��l�ª�Y[�7Y[m�QRxy\^NPwpo^_
u*lyTVu[|�m�Yy²�Y ù x[j�OR_
\ � TVuyu�lkZ]{ K o�Yy±F_
eXYy�*_�wcw~Y � ÷ l � Ï � Ð2¢d�~�H� � ¥�9ù Y ù {[TVuy��lym�Y[²�Y ù x[j�OR_
\ � THuyu�lkTVu�|�ª�Y[�7Y m�QRxy\^NPwpo^_
u*lym�QHS Y[Z8{ K o�Y �06 l��H����¶#¢c���R�HÐR¥�Y
G � �ÃH�hXYXfIQRopj�{yN lXm¯YXZYXfI\^x[uy_
S`SPN l*�gY ù TVuyuyQRuyN l��gY*��{yNUj
j
QHS`N¤l�THu[|nZY Z�THo^NPuyN l�svuRw~Y�²[YXm�Qk|�Y�Z8{ K o
Y�� �,+ ¶rÑk�
¢c���H�L�V¥�Y

G � Ï�H,·�Y§³�x[uyaITHu[|��7Y ù x ��J TRj�{�lrZ8{ K o
Y§��_
wcw~YVf ç�ý �5+k� �R��¢c���H�[�~¥^9VZ8{ K o
Y§±F_
eXYrf ù � lVæRæ � ¢c���R� � ¥�Y§hk_
_.TVSUocQ�l
hXYX�ITV\�THj
j
NPQRSPQ�l�±,Y��7Yy´]|kq.TV\�|yo�l � Y[Z_�SPNUo^o^_�w^w^Q�TVu�| � Y[��Y�hLQHOrTVS lyM6x�jVY[Z]{ K o�Yyf ù 6 î + ÑL�V¶�¢d�~�H�RÐR¥AY



æ �G � ��H,��Yy¦QRS�©l[Z]{ K o�Yk±F_
eXY[�*_�wcw~Y � ç + ÐHæ[�7¢c���RÏH�R¥�Y
G Ð � H,M�YyW�Y[Z]\^N`_
acbd_
e£THu[|�±>Y � Y�Z_
SUj�QreLN�w�o
lLZ8{ K o�Yy±F_
eXY[´ � î +�� æ � � �R� ¢ �V�H� �~¥�Y
G Ðy�^H � Y[m�Yy¸y_�\^\p_
u J _
\p�7THu[|�±>Y[·�Y�hLqI_
u[|yo^_
u*lyZ8{ K o
Yy±F_�eXYy��_�w^w�Y � Ý +�� æHÐ�¶#¢c���HÏRÏR¥�Y
G Ð � H,m�Y ù TV��QVw^Qkj�O K lyZYym���QRS`| J TV\^w�lyTVu�|�M�Y���QHSU|k_
uyz�_
SU|�l[Z8{ K o�Yy±F_
eXY[´ ý�Ý + � � ��æ2¢d���R�R¶R¥AY
G ÐHÐ�H,M�Y[��Y � u�w^xyu[_�o6THu[|��]Y[m�Y � Y[fI_�w^w^_
u�j�QHx[\cw~lyZ8{ K o
Yy±F_�eXYy��_�w^w�Y � Ý + Ð � ÏRÐ�¢c���H�RÏR¥�Y
G ÐVÑ�H,��Y � x�odwpNPu�l�´6Yy²�Y���QH��_
SUTVu[|�lyTVu[|�±>Yy²�Y[±FN`eH_�\po�lkZ8{ K o
Yy±F_�eXY � ùX÷ + Ñ � ÏR�#¢d�~�H�HÑ�¥AY
G ÐR¶�H��gY ù THuyuyQHu[N¤l�m�QRS¤Y*��\ K ocw�YX��NU��Y*��\ K ocw�YX��_�w^w�Y ùX÷ +�� Ñk��¢d�~���V�R¥�9��gY*��{yNUj
j
QHS`N¤l�ZY�Z�THo^N`uyN¤lXZY�fIN`opj
TH\^N`uyN l
THu[|¯�gY ù TVu[uyQHuyN lm�QHS Y*Z8{ K o�Y � ý + �~¶ � ¶;¢d�~�HÏRÏR¥�98�gY+��{yNUj
j
QHS`N¤lZY*Z�TRocN`uyN l�TVu�|��gY ù TVuyu[QHuyN l�svu�w~Y*²[Y
m�Qk|�YyZ]{ K o�Yyf Ý�Ý ���RÐ��£¢d���R���H¥AY

G ÐHæ�H,f�YyfI_
\p��TVu[|2m�Y[�´³x[o^j�{[_
\~lyM6x[j
S¤Y[Z]{ K o�Ykf ÝL÷ 6�+ ¸�hkÐyl[Ñ[� � ¢d�~�HÏ[�~¥AY
G Ð��ÃH,}�YkW8TRj�{[THo^�[TrwpN¤lyZ]{ K o�Yy±F_�e�Yy� ù�ù + Ð�� � Ð�¢c���R�y�~¥�Y
G ÐHÏ�H�hXY�±Fx[|yTHa�THu[| � Y[m�Y�hL\^N`erTHocwpT§erTylkm�Qk|�Y�Z8{ K o
Yy�*_�wcw~Y � �,+ ��ÑHÑ�Ð#¢d�~�H�RÐR¥AY
G ÐH��H,m�Yy·�NPu�| � TV\�oc{�l � Y  c�gY[�gT§eLNUo
lyTHu[|2±>Y[fI\pTHu[|k_�u J _
\p�H_�\�lLZ8{ K o�Yy±F_
eXY[� ùX÷ + �~�VÑHÑ�¢d�~�H�HÑ�¥AY
G Ñ � H,m�Yy·�NPu�| � TV\�oc{�l�Z8{ K o
Yy±F_�eXYy��_�w^w�Y � ý +�� ¶ ��� ¢c���H��¶H¥�Y
G Ñ[�^H � Y[·,YyµN`u[|kS`_Hl�·,Y[´�Y � opoc_�u[|k_
\~lyTVu�|2m¯Y�hXYy�*T§eLN`uy_HlyZ]\^QkjHYy±>Y[hLQkjVY[�*QHu[|�Y � î[ù ��+ �VÐ�¢c���H�HÑ�¥�Y
G Ñ � H,´�Yym�Y[}�_
\p_
u�w¨bd_�e�lyZ]{ K o�Yy±F_�e�Yy´ ý�Ý + �~ÐHÐ � ¢d�~�H��¶H¥AY
G ÑRÐ�H,m�Y ù TV��QVw^Qkj�O K THu[|�}�YX�gY[��x J _
u�ocO K l�¢¨xyuy�yx J SPNUo^{y_�|[¥�Y
G ÑHÑ�H,²�Yy·6Q J |k_�SPS�TVu[| � Y[µNPu[|ySP_Rl[��NU��Y���\ K ocw�Y ç�î + �~¶��£¢c���R���V¥�Y
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svu@w^{yNUo�j�{[TV�yw^_
\®qI_�odwpx[| K wp{y_�j�QRTH\po^_
u[NPuy�;| K u[T � NUj
o®QHz�wdqIQ;THu[|¯wp{y\p_
_�|kN � _�u[ocN`QHu�TVS J NUTr�kNUTVS.uy_ � TVw^NUj
S`N`��xyNU|«j�\ K ocwpTHS`o�l�x[o^N`uy�n�*THuy�H_�e�N`u«| K u[T � NUj
o�Y#�6uyS`N`OH_��y\p_
eLN`QHx[o�qIQH\pO�l*q�_�x[o^_£T � QL|y_
S8qFNPw^{�uyQnT2�y\pN`QH\pN
\p_
SUTrw^N`QHu�oc{yN`�£T � QRuy�>w^{[_6w^{[\^_�_6_
SUTHocw^NUj�j
QHu[ocwpTHuRw�o]TRo^o^Qkj�NUTrw^_~|7qFN�wp{#|kN`\^_~jAw^QR\�|k_
z�QH\ � Trw^N`QHu�o
Y+¦_��[u[|£T�\^NUj�{
erTV\pNP_
w K QVz�j�Q�TV\�oc_�uyN`uy� J _
{�T§e�N`QH\~lkN`u[j�S`x[|kN`uy�®w^{[_�ocN � x[S�w�TVuy_�QHx[oF|k_~j
T K QHz+u[_�TV\pS K _���x[THS���QR�yxySUTrwpNPQRu[oFQVz+w^{[_
w^{[\^_�_,j�SUTHopoc_~o.QVz{[TVSPzU¬�N`u�w^_
�R_
\F|kNUo^j
SPN`u[TVw^N`QHu�SPN`uy_~o
Y]}.{[_ J _�{[T§eLNPQR\Fq�_>Q J oc_�\^eR_�|�j
TVu J _>xyu[|k_�\pocw^QLQk|2QHu2w^{[_
J TRocNUo.QVz�w^{y_>\p_
SUTrwpNPeR_�erTHSPxy_~o.QVz+w^{y_>_�S`TRodwpN`j�j
QHu[ocwpTHuRw�o.TVu[|�w^{[_>\^_~ocxySPw^N`uy��|k_~j
T K j�{[THuyuy_
SUo.QVz+w^{[_,|k_�z�_~jAwpo�Y

À�°�¯ m��7��� ���µ���D;���
��E��
�F	,�!$����V�6�I�+����� �F��	>'��+�����
��E $�)���	,� �
�F�
}�QH��QHS`QH�HNUj
THS�|k_�z�_~jAwpo��ySUT K TVu«N � ��QH\^wpTHu�w,\^QRSP_®N`u«w^{y_�_~�Rx[NPS`N J \pTVw^N`QHu«�y\pQLj
_�opo�z�QHS`SPQrqFN`uy��T���xy_
u�j�{¦z�\pQ � T
|kNUocQR\p|y_
\p_�|¦w^Q3THu«QH\�|k_
\p_�|;�y{[TRoc_n¢
�^j
QRTV\�o^_
uyN`uy��| K u[T � NUj
op�R¥�Yn��Q�TV\�oc_�uyN`uy��| K u[T � NUj
o>N`u¯uy_ � TVw^NUj�S`N`��xyNU|
j�\ K odw�TVSUo
l��[TV\^w^NUj�x[S`TH\^S K qFNPw^{�xyuyNUTr�kNUTVS8QR\p|y_
\pNPuy��l�{[TRo J _�_
u«wp{y_#o^x J bd_�j�w,QVz � x�j�{«TRjAwpNPeR_�NPuLeH_~odwpNP��TrwpNPQRu¦N`u
\p_�j�_�u�w K _~TV\�o6N`u3wp{y_
QR\ K lX_��k��_�\^N � _
u�wpo�TVu�|3o^N � xyS`TVw^N`QHu[o GP�Hl � l�ÐylXÑ�H¡l�N`u3�[TH\cw J _~j
THx[oc_�QVz8wp{y_7\^NUj�{¦|k_
z�_�j�w
ocw^\px[jAwpxy\^_�QVz+SPNU��xyNU|�j
\ K ocwpTVSUo�Y�ªgu�w^{y_�QHw^{y_�\I{�TVu[|�lk\p_
SUTrwpNPeR_
S K SPNPwcwpSP_>TVwcw^_�u�w^N`QHu«¢�qFNPw^{�w^{y_�_��yj
_
�kwpNPQRu�QHz*w^{[_
wdqIQr¬L|yN � _
u�ocN`QHu[THS�qIQH\pO®QVz±F_�zdY|G � H�{[TRo J _
_�u���TVNU|£wpQ®j
QRTH\po^_
uyN`uy��| K u�T � N`j�oINPu J NUTr�kN`THSXSPNU��xyN`|2j�\ K odw�TVSUo
lLN`u

æy�
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a) b)

¸+NP�Rxy\p_#¶kY`�H�£¢¨T�¥,hkj�{y_ � Trw^NUj®N`SPS`x[ocw^\�Trw^N`QHu«QHz.T �c |yN`opj�S`NPu�Trw^N`QHu«S`NPu[_�z�QH\ J NUTr�kNUTVS8u[_ � TrwpN`j�o
Y2}.q�Q�|kN`\^_~jAwpQH\�o\pQVwpTVw^_ J�K �~Ï ��: TV\pQHx[u[|�w^{[_7j
QH\p_�QVz]w^{y_7SPN`uy_®TVu[|nw^{y_�w^{[NP\�|3QRuy_�ocwpT K ogxyu[|kNUocw^QH\^w^_~|�Y£¢ J ¥ � |kNUo^j
SPN`u[TrwpNPQRuS`NPuy_>QHz+ocw^\p_
uy�Hw^{«��N`oFo^{yQrqFu�lkqF{[_
\p_gwdqIQ®QHxkw6QHz*wp{y\^_�_,|kN`\^_~jAw^QR\po.TH\^_�\^QHwpTVw^_�| JLK ÐHæ �;: Y
�[TH\cw J _�j�TVx[o^_6QHz�wp{y_g|y_�TV\^w^{�QHz�_��k��_�\^N � _
u�wpTHS[\p_�THSPN`a�TVw^N`QHu[oQHz J N`TV�LNUTVS�SPNU��xyNU|£j�\ K odw�TVS`SPN`uy_F�y{[TRoc_~o
Y·6QrqI_
eR_
\~l
J NUTr�kNUTVSyuy_ � Trw^NUj
o8{[T§eH_ � TVu K xyuLx[ocx�TVSkwpQH��QHS`QH�HNUj
THSLz�_�TVw^xy\p_�o�lHqF{yNUj�{ � NP�R{�w J _g_��k��_~jAwp_�|7w^Q>N`ukÎ[x[_
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