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Å O$nF�5NvQ*C,HIx=qRC n}<L�_H6[JH�u6qGO=QpnFCFEgn,H8�3q � E"~mNmO5HIEGCI<0Q,�5Nor n±Æ l EGC,NvEgOfn![5HIQFZCFNPxJnFNPqRO�qGr�T5~Pn,C`EGQ,qGT5O3[$NPu�Eg:RNPO3:�Z�EGO
SLH;qGSJn`EgNmO5HI[6ShUMQ qR~PlhNmO5:3<RT5O3[JHIC�ZHIC n`EgNmO�EGQFQ T5u6xJnFNPqRO3QI< n,�5H-HUÇfT3E nFNPqRO6n,�3Egn�:Gq lRH�CFO3Q��_E�lRH x5C,qRx3Eg:fE nFNPqRO�NmO
EgO�NmO5�5qRu6qG:GHIO5H�qRT3Qtu6HI[5NPT5u�2tX �5H(nF�5H�qRC,UMqgr0~mNPO3HIEgC_Q UJQ n,HIu6Q�NmQ��	HI~P~L[JH�lRH�~mqGxLHI[�EGO3[6�	HI~P~=HIQ nFEGS5~PNvQ,�5HI[6NmO
Q,NP:RO3Eg~gx3C,qJZH}Q,Q,NmO5:³È�E(~mNPO5H}EgC [5HIQFZCFNPxJnFNPqRO*NmQ&n,�hT3Q&T=Q H�r T5~gr qRC Z�ERQpnFNPO5:(T3~onFCFERQ qRT5O3[!NPu�EG:GNmO5:(NPOfnFq-E_r CFEGu6H��_qGCF�
n,�=E n;NvQ �	HI~P~&T3O3[JH�C`Q n,qhqJ[�EGO3[�r qRC(�(�5NvZ`��u�Egn,�5HIu6Egn,NvZ�EG~�n,qhqG~vQ(Eg~mC,H}EG[JU�HmÉJNmQ nI2
@ H�nF�5H�O Z�qGOhlGHIC nMqGT5C6~mNPO5H}EgC6u6qJ[JH�~ nFq Z�qGu6x5~mH�É EGO3Eg~mUfn,NvZ"CFH�x3C,H}Q HIORn`E nFNPqRO EgO3[�[JHIC,NmlGH�n,�5H�Q nFEGO3[5EgC`[
CFHIQ,T5~on?�(�5HIC,HIShU�Q xLHIZ`�h~mH6NmQ?lhNmH��_HI[ EGQ!nF�5H�C,H}Q T3~on?qgr(ZqRO3Q n,CFT3Z nFNPlRH6EGO3[ [JHIQ n,CFT3Z nFNPlRH6NPOfn,HIC r HIC,HIO3ZH6�(�5Nm~mH
r qGCFu6NPO3:�n,�3H!Q,T5u qgr E�~vEgCF:GH;OhT5u�S=HIC	qGrYQ u�EG~P~LlGH}Z n,qRCFQ�NPO"n,�5H*ZqRu6x5~PHmÉ�x5~mEGO5HG2YÊ3C,qRu�nF�5NvQ�<hnF�5H\Ë=CFQ n_EGO3[
Q,HIZqRO3[�qGC`[JH�C(Q nFE nFNmQ n,NvZ�Q qGrYr T3~P~mU�[JHIlGHI~PqRx=H}[�Q,x=H}Z`�h~PH?Z�EGO�SLH�[JHIC,NmlGH}[02

\ OhT5u8SLH�C(qGr�qGn,�5HIC;EgTJnF�5qGC`Q_�3E�lGH!x5T5S3~PNvQ �3HI[��	qRC,��NmO�n,�5NvQ;EGC,H}E52 X �5H?x3EgxLH�C(ShU�K!qRC,H?EGO3[?Ì H�HIu6EGO�Í�ÎKÏ
NvQ?qGO5H�qGr	nF�5H�Ë3C`Q n�x5T5S5~mNmZIE nFNPqRO3Q!n,q��3E�lRH�[JH�lRH�~mqGxLHI[ E�C,H}Eg~mNmQ n,NvZMu6qh[5H�~Dr qRC?T5~Pn,C`EGQ,qGO5NvZMS3EGZ`�JQFZ�E n,n,HIC,NmO5:
NmO��hT5u�EGO�nFNmQFQ,T5H*SfU�EGQFQ T3uMNmO5:6�_HIEg��Q,ZIE n nFH�CFNPO3:MEGO3[�E��(NmO3[Jq �_HI[�u6qGO5qJZ`�5CFqGu�Egn,NvZ!Q,H�x=EgC`EgS5~mH�NmO3Z�Nm[JHIOfn
x5T5~vQ,HG2 \ u6qRC,H	n,�5qRC,qRT5:G�MEgO3EG~PUJQ,NmQY� EGQ Z�EGC,CFNPH}[?qGT5n ShU81RH�O=Q HIO%Í ÐNÏ5�(�5q?[JH�CFNmlGHI[�n,�5H � E�lGH	HUÇfT3E nFNPqRO�r CFqGu
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Ë3C`QpnDx3C,NmO3ZNmx5~mHIQDEGO3[6Q qR~PlRHI[�NontnFq?qGSJn`EgNmO�EgO�EgO3EG~PUfnFNmZ_H�ÉJx5CFHIQFQ,NPqRO8r qRC n,�5H;S=EGZ`�JQ,ZIE n,n,H�CFHI[8CFER[JNmq�Æ r C,HKÇRT3H�O3Z�U
� >\Ê���nFCFERZH!NPO�n,�5H!nFNPu6H?[JqGu�EGNPO&2�|LHIu6x������
	���Í dJe Ï&x5CFq lhNm[5HI["EGO"q lRH�CFlfNmH�� qGr n,�3H!Q,qG~mTJn,NmqGO�qgrYn,�5H*� E�lGH
HUÇfT3Egn,NmqGO�EgO3[�H�ÉhnFH�O3[JH}[�n,�5H?~mNPO3HIEgC(u6qJ[JHI~0r T5C,n,�5HIC n,qMn,�5H�Z�qGu6x5TJn`E nFNPqRO�qGr�Q,NP:RO3Eg~&Q nFEgn,NvQpnFNmZIQ�2
 T5C�EGO3Eg~mUJQ NvQ!�5H�CFH�NvQ�Q,NPu6Nm~mEGC!n,q�n,�5H6nFC,H}E nFuMHIOfnFQ*ShU K!qGCFH�EgO3[ Ì&HIH�u�EgO4Í�ÎUÏ	EgO=[�ShU�1RH�O3Q,H�O4Í ÐNÏ 2"Ì NP�RH
1RH�O3Q,H�O&<=qGT5C!EgNmu NvQ(nFq"HmÉhx3C,H}Q,Q nF�5H�S3ERZ`�JQ,ZIE n nFH�CFHI[�>5Ê n,C`EGZ�H�EGQ;n,�5H�C,H}Q T5~Pn-qGr ~mNmO5HIEGC,~mU"Ë3~Pn,HIC,NmO5:"E�u6EGx
qgr(nF�5H�EGZqRT3Q n,NvZ�NPO3�5qGu6qG:RH�O5HINonFNPH}Q8NmOWnF�5H�Nmu�Eg:RHI[ CFH�:GNmqGOWShUWE�nFCFEGO3Q r H�C�r T5O3Z nFNPqRO [JH�n,H�CFu6NPO3HI[ ShU n,�3H
:GHIqGu6HnFC,U�EgO3[�u6H}Z`�3EgO5NvZ�Q-qgrtnF�5H�T5~Pn,C`EGQ,qGO5NvZ*nFCFEGO3Q,Z�H�NmlhNPO5:�x3C,qRS=HR2;7;q �_H�lGHICI<3�	H��=E�lGH*nFEG�GHIO�n,�5H�H�Éhn,C`E
Q n,H�x"qgr0x5CFq lfNmO5:=<gr qGCDn,�5H!Q xLHIZ�NmEG~=Z�ERQ H-qgr&E�CFHIZnFEgO3:GT5~vEgCtNmu�Eg:GNmO5:�Q,HnFT5x&<fn,�3Egn�nF�5H;xLqGNmORn±Æ Q,x5CFHIER[Mr T5O3Z nFNPqRO
� B_z§Ê���qGr&n,�3H-Nmu6EG:GNmO5:�Q,UJQpnFH�u NvQ_Q,�5NPr n Æ l EgCFNmEGORn_qGO5~mU6NPO�n,�5H*EHÉJNvEg~�[JNPCFHIZn,NmqGO&2YÊ3qGC	n,�5H*Q,EG�GH;qGr Z~vEgCFNonpUR<fEG~P~
u�E nF�5H�u�E nFNmZIEg~0�_qGCF�hNPO5:��3EGQ SLH�HIO�[JH�~mNPSLH�C`E nFH�~mU�x5CFHIQ,H�Ofn,H}[�NmO�Q qRuMH*[JH�nFEgNm~ 2t@ H?�3E�lRH!EG~mQ,qMH�O3Q,T5CFHI["n,�3Egn
Eg~m~�ERQ,Q,T5u6xJn,NmqGO=Q*u6ER[JH�EgCFH6H�ÉJx5~mNmZ�NonF~PU Qpn`E n,H}[ Q q�n,�=E n?n,�3H�~PNmu6Non`Q?qGO n,�3H�uMqJ[JHI~�� Q?l Eg~mNv[JNonpU EgCFH6Z�~PH}EgCF~PU
Nv[JH�Ofn,N¢Ë3H}[02
V$EGOfUMEgTJnF�5qGC`Q T3Q,H;E?ZqRuMx3~PHmÉ8u6qh[5H�~5r qRC n,�5H�EgO3EG~PUJQ,NmQ qGr�Q,x=H}Z`�h~PHMÍ �J< e Îf< e ÐJ< dGi Ï <RC,HI~PUhNmO5:*qGO�EgO�EGO3Eg~mqG:RU
�(NPn,��n,�3H?n,�5HIqGCFU"qGr�~vEGQ,H�C;Q,x=H}Z`�h~PH*r qRCt�pT3Q n,N¢Ë=Z�Egn,NmqGO0Í �HÏ 2	@ H�EgCFH?O5qgn-E�� EgCFH*qgrtEgO�HmÉhx3~PNvZNPn;x5CFHIQ,H�OfnFEgn,NmqGO
qgr n,�5H*~mNPO5�"S=H�np�	HIH�O�nF�5H?>5ÊWT5~Pn,C`EGQ,qGT3O3[�Q,NP:RO3Eg~0EgO=[�NPnFQ CFH�x5CFHIQ,H�OfnFEgn,NmqGO�NmO"nF�5H?ZqRuMx3~PHmÉ�x5~mEGO5HG2tX �5NvQ_NmQ
n,�3H�CFHr qGCFH;Zq lRH�CFHI[�NPO�Q,qGu6H;[JH�nFEGNP~=NPO6nF�5H-x5CFHIQ,H�OfnDx3EGx=HICtn,q�Q �5q � n,�3H-EGQFQ T3uMx5n,NmqGO3QtqRO��(�5NvZ`��Non�NvQDS=EGQ,HI[
EgO=[�nF�5H?C,HI~mEgn,NmqGO3Q,�5Nmx3Q SLHnp�_H�H�O�n,�3H�ZqGu6x5~mH�É^ÇRT=EgOfn,NPn,NmHIQ(EGO3[�n,�5HINPC;EGO3Eg~mqG:RT5HIQ_NmO�nF�5H?CFHIEg~��_qGCF~m[&2
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s	qGOhlRH�Ofn,NmqGO3EG~gT5~Pn,C`EGQ,qGT5O=[*NPu�Eg:RNPO3:(NPOfn,HIC,CFqG:fE nFHIQ&E(u6H}[JNPT3u �(NPn,�8�5NP:R�?r CFHUÇfT5H�O=ZU!S3EgO3[§Æ ~mNPu6NPn,H}[�EGZ�qGT3Q n,NvZ
� E�lGHIQ(EGO3[�[JH�n,HIZnFQ�HIZ`�5qhH}Q;Q,ZIE n,n,H�CFHI[�ShU�NPO5�3qGu6qG:RH�O5HINonFNPH}Q � EG~mQ,q�CFHr H�CFCFHI["n,q�ERQ������
��� ��!"��!��#� �(NPn,�5NmO�n,�3H
u6HI[JNmT5u�2t\ Q NmO5:R~PH(x5CFqGSLH(x5~vEGZ�HI[�NPO�Z�qGOfnFERZ nt�(NonF�6n,�5H;Q,T5SJ�pH}Z n�NvQtT3Q,HI[�r qRCtS=qGn,�6n,�3H(:GH�O3H�C`E n,NmqGOMqgrLn,�3HIQ,H
� E�lGHIQ�EgO=[?n,�3H_CFHIZ�H�xJnFNPqRO8qGr3n,�3H�NmC�H}Z`�5qhHIQI2  O�n,�5H(Z�qGOfnFERZ ntQ T5C,r EGZ�H�qGrLE-npUfx3NmZIEg~hx5CFqGSLH_NvQYr qGT5O=[�EGO�EgCFC`E�U
qgr5x3NPH%$�qhH�~mHIZn,CFNmZ	ZCFUhQ nFEG~mQ � CFHr HIC,CFHI[!nFq�EGQ n,�3H���&'��!(��)*!+�#�< HIERZ`��qgr5�(�5NvZ`��SLH��3E�lRHIQYEGQ�EgO�HI~PH}Z n,CFqGu6H}Z`�3EgO5NvZ�EG~
n,C`EgO=Q,[JT=ZH�C}2(\_n-nFCFEGO3Q u6NvQ,Q,NmqGO&<3E�Q T3S3Q H�n-qgrDER[�� EGZ�H�Ofn�ZCFUJQpn`Eg~vQ�<=C,H�r H�CFC,H}[�n,q"ERQ(n,�3H,�-����.0/1����&'��!(��)*!+�<�EgCFH
H�É5Z�NonFHI[ ZqR�5H�CFH�OfnF~PU n,q x5CFqJ[JT3Z�H�E r qJZT3QFQ,HI[ SLHIEgu�2�\_n�C,H}ZH�x5n,NmqGO&<_n,�3HIQ,H QFEgu6H$ZCFUJQpn`Eg~vQ�[JHnFHIZn"n,�3H
QFZ�E n,n,HIC,H}[ H}Z`�5qhHIQ8�(�5NmZ`� EGC,H�Q,T5u6u6HI[WT3x ZqR�5H�CFH�Ofn,~mU$nFq$UhNPHI~m[WE�Q NmO5:G~mH">5Ê lRqG~PnFEg:RHMn,C`EGZHR2�V�T5~Pn,Nmx5~PH
>5Ê nFCFERZHIQ_EgCFH-ERZmÇfT5NmC,H}[�ShUMu6q lhNmO5:�nF�5H!Z�H�Ofn,CFH-qGr&n,�3H!ERZ n,NmlGH!EgxLH�C,n,T5CFH�EGO3[�CFH�xLHIEgn,NmO5:�nF�5NmQ_x5CFqJZH}Q,QUÈRShU
~mNPO5NmO5:�T5x�n,�3HIQ,H?NPO3[5NPlhNv[JT3Eg~&n,C`EGZH}Q_O5H�Éhn(n,q6H}EGZ`��qgn,�3H�C(NmO�Nmu�Eg:RH*Q,x3ERZHG<5EGO�>\Ê Nmu6EG:GH*NvQ_r qGCFuMH}[02
\_n	H}EGZ`�6nFCFEGO3Q u6NvQ,Q,NmqGO&<Rn,�5H�H�u6NPn n,H}[�� E�lGH(x5CFqGx=Eg:REgn,NmO5:*n,�3C,qRT5:G�6nF�5H-u6HI[5NPT5u :RNPlRHIQ�C,NvQ H;n,q�EGO2.034��.65-��37�
&4!+�(���()*!"��89��	:5g<hEGO3[6nF�5H!QFZ�Egn nFH�CFHI[6� E�lGHIQD:GNmlGH;CFNmQ,H(nFq�E������
���;�<!"��5=&4!+�(���()*!"��89��	:5g2YÅ n_Z�EGO�SLH!Q,�5q �(O6n,�=E nI<
E n(EgOhU�u6qGu6HIORn NmO"nFNPu6HG<hnF�5H!n,qGnFEg~�x5CFHIQFQ,T5C,H\Ë3H�~v[�NmQ	n,�3H*Q,T5u qGr&n,�3HIQ,H-np�_q{Ë=H�~v[5Q � Q,H�H*Q H}Z nFNPqRO>�52 e �2t\_n
CFHIZHIxJn,NmqGO <fH}EGZ`��x3NPH%$�qhH�~mHIZn,CFNmZ�ZCFUhQ nFEG~=NmO�nF�5H?EGZn,NmlGH�EGx=HIC nFT5CFH�[JH�n,HIZnFQ	n,�3H!QFZ�Egn n,HIC,H}[�x5CFHIQFQ T3C,H\Ë3H�~v["EGO3[
n,�3H�CFHIQ,T5~Pn,NmO5:8>5Ê lRqG~PnFEg:RH(n,C`EGZ�H;NvQ�H�?LH}Z n,NmlGHI~PU6qRSJnFEGNPO5H}[�ShU�Q T5u6u6NmO5:�nF�5H!QFZ�Egn nFH�CFHI[6x5CFHIQFQ T3C,H�Ë=H�~v[�q lGHIC
n,�3H-Q T3C r ERZH(qgrLn,�3H-EGZn,NmlGH;EgxLH�C,n,T3C,H;EGO3[xË3~onFH�CFNPO3:?n,�5NvQ�Q,T5u�SfU�n,�3H;H�~mHIZn,CFqGu6HIZ`�3EGO5NvZ�Eg~hNmu6x5T5~vQ H;CFHIQ,xLqGO3Q,H
qgr�n,�3H*Z�C,UJQ nFEG~mQhÍ d <³ÐJ< dJe Ï 2
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Q,u6EG~P~mHIQ n;ZNmCFZ�~PH*�(NPn,�5NmO��(�5NvZ`��nF�5H�EGZn,NmlGH*EgxLH�C,n,T5CFH?Z�EGO�SLH?NPO=Q,Z�C,NmS=H}[02

Å nDu�E�U?S=H(NmO3Q n,CFT3Z nFNPlRH_n,q?Eg~vQ q*ZqRO3Q,Nm[JHIC HUÇfT3E nFNPqRO3Q e Ð*EgO=[ dGi r CFqGuAnF�5H(xLqGNmORn±Æ qGr Æ lhNmH�� qGr=~mNPO3HIEgCDQ,UJQpnFH�u�QI2
@ H�CFHr H�C"n,q3Ë3:GT5CFH d � E �<(�(�5NvZ`� NP~m~mT3QpnFCFEgn,H}Q�:GC`Egx3�5NmZIEg~m~PU �5q � n,�5H Q,NP:RO3Eg~�	m�R���8����"6NmQ�ZqRu6x=qfQ H}[ qgr
u6qGO5qRx=qR~PH6EgO=[ [JNmxLqG~mH�ZqGu6xLqGO5HIOfnFQ � CFHIZIEg~m~ r C,qRu Q T3S3Q H}Z nFNPqRO �52 e n,�3Egn�l5�R��"*EGO3[ pt�R��"*EgCFH�u6qRO5qGxLqG~mH
EgO=[ [5NPxLqG~mH6n,HIC,u�Q?CFHIQ,x=H}Z nFNPlRH�~mU*�2%Ê5CFqGu E�Q UJQ n,H�u�Q%�&xLqGNmORn±Æ qGr Æ lhNmH��?<elt�S��"?EGO3[*p@�S��"?EGC,HMnp�_q�[5NmQ n,NmO3Z n
NmO5x5TJn?Q Nm:GO=Eg~vQ�<LHIERZ`�$ZqGOhlRqG~mlGHI[��(NPn,� E"[JN:?LHIC,HIOfn*Q,x3E nFNPqGn,HIuMxLqGC`Eg~²Ë3~onFH�C*SLHr qGCFH8SLH�NmO5:�Q T5u6u6HI[�T5x�EGO3[
n,HIu6x=qRCFEG~P~mUiË3~Pn,H�CFHI["n,qMx5CFqJ[JT3ZH 	m�S���8�A��"2YÅ n NvQ_qGO5~mU"Egn E�ÉhNvEg~0[JNvQ nFEgO=ZHIQ_:RC,H}E n,HIC�nF�3EgO�n,�3H�[JNPu6HIO3Q NmqGO=Q
qgr=n,�5H;ERZ nFNPlRH EGx=HIC nFT5CFH	nF�3E ntnF�5H(CFHIQ,x=qRO3Q H}Q�qgr3nF�5H(u6qGO5qRx=qR~PH(EGO3[�[5NPxLqG~mH;Q x=E n,NmqgnFH�u6xLqGC`Eg~!Ë3~Pn,H�C`Q SLHIZqRu6H
Q,T
	�ZNmH�Ofn,~mU�Q Nmu6NP~vEgC NmO8u�Eg:RO5NPn,T3[JH	r qGC�nF�5HIQ,H	NmO5x5T5ntQ,Nm:GO3EG~mQ n,q!S=H(Z�qGu8S3NPO5H}[�NmOfn,q*E�Q,NPO3:G~mH�NmO5x5TJnDEGQ Q,�5q �(O
NmO%Ë3:RT5CFH d � S � 2YÅ O"n,�5H?Q,x=H}ZNvEg~0Z�ERQ H-n,�3Egn_HINonF�5H�C qGrYu6qGO5qRx=qR~PH�qGC([JNmx=qR~PH*QFZ�E n,n,HIC,NmO5:8NvQ [JqGu6NmO3EgOfn}<fqRO5H!qgr
n,�3H�S5C`EgO=Z`�5HIQ-NPO�n,�5H�S5~PqJZ`��[JNvEg:RCFEGu qGrCË3:GT3C,H d � E �(NvQ�H�?LH}Z nFNPlRH�~mU�CFH�O=[JH�CFHI[�O5HI:G~mNP:RNPS3~PHR<�EGO3[�nF�5H�~mNmO5HIEGC
Q,UhQ n,HIu [JHIx5NmZn,H}[�NmO�n,�5NvQ(S5~mqJZ`�"[JNvEg:RCFEGu NmQ CFHI[JT=ZHI[�nFqM�=E�lfNmO5:!�pT3Q n;qGO5H*NmO5x5TJn-Q,Nm:GO3EG~�2

$&%� (*)	+�� =��7-s2A.10��s+ (�6<0 ��+
@ H!O3q � uMqJ[JHI~�n,�5H*HI~PH}Z n,CFqGu6H}Z`�3EgO5NvZ�EG~=Z�qGOhlGHICFQ,NPqRO�qgr&nF�5H!r qGC`ZH!qGO"n,�5H?EGZn,NmlGH!EgxLH�C,n,T5CFH�NmOfn,q6E8lRqG~PnFEG:GH
n,C`EGZ�HG2¸Å r5�	H_[JH�Ë3O3HDn,�3H	HI~PH}Z n,CFqGu6H}Z`�3EgO5NvZ�EG~ n,C`EgO=Qpr HIC&r T5O3Zn,NmqGO8n,�3EgnYu6qJ[JH�~vQ&nF�5NvQYZ�qGOhlGHICFQ,NPqRO!n,q-SLH���� �S��"
EgO=[�n,�3H�lRqG~PnFEg:RH?n,C`EGZ�H�nFq�SLH�� �S���8�A��"<0�	HM�3E�lGH��E�R���<�A��" L ���E� ��" 	m�R���<�A��"{Í Ð5< dJe Ï�È Q,T5S3Q n,NPn,TJnFNPO3:
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Ê�NP:RT5C,H d �D{	~mqJZ`�"[JNvEg:RCFEGu C,HIx5C,H}Q HIOfnFE nFNPqRO3Q	qgr � E �	HKÇRT=E n,NmqGO e Ð6EGO3[ � S � HKÇRT=E n,NmqGO dgi 2

NmO�nF�5H?H�ÉJx5CFHIQFQ,NPqRO�r qGC 	m�R� � �A��"	r CFqGu HUÇfT3E nFNPqRO dGi <
� ��� � �A��"�� � � � D#H � " � ��"
� � � ��"� I ZH 	���� 9 Z� ��� V b � � ����"�� l5�S� V " b p@�S� V "�� ��� � V � dJe �

Ê5qRC_Z�qGOhlGHIO5NmH�O3Z�HG<G�_H-:RC,qRT5x6n,�3H�x5CFqGxLH�C,n,NmHIQ�qgr&nF�5H-u6H}[JNPT3u n,qG:RHnF�5H�C_EgO3[�n,�5H�H�~mHIZ nFC,qRu6HIZ`�3EGO5NmZIEg~LZ`�3EgC±Æ
EGZn,HIC,NvQpnFNmZIQ qgr n,�3H�x5CFqGSLH*n,qG:RHnF�5H�C}2�@ H�EG[JqRxJn�[JHmË3O5NPn,NmqGO3Q-Q Nmu6NP~vEgC(nFq6n,�5qfQ H?:RNPlRH�O�NmO0Í ÐNÏ EgO3[��(CFNonFH?n,�3H
lGqR~on`Eg:RH-nFCFERZH?EGQ

� �S� � �A��"�� � &�� � ��" 9 Z� � b �/����"�� � � � �R��"����� ��� ��� � dGd �

�/&��3� ��" L � � � ��"��R��" ��� �R��" � d � �

� � ����" L D ZH G<H� � Q G
�R��"G8H b Q D��S��"D Hr\ Q D��R��" � � d u �
Å O �GH�HIx5NmO5:��(NPn,� n,�3H6n,H�CFu6NPO3qG~mqG:GU�NmOfn,CFqh[5T3ZH}[�NmO�Í ÐNÏ <&�_HMCFHr HIC!n,q�n,�5H�ÇfT3EGORnFNonFNPH}Q�� &�� �S��"�EGO3[ � � �S��"
CFHIQ,x=H}Z n,NmlGHI~PU EGQ!n,�3H &4)*	 ��� # ��� �8h
	 �
/
��	:�<��EGO3[ n,�5H ��. ���()7��!"��� ���<��.0/%.0� !$qRC �<��� ���;�<!+�<! 89��	:5g2�9;qGn,H6nF�3E n?nFq
qGS5nFEgNmO�nF�5H*H�ÉJx5CFHIQFQ NmqGO�r qGC � � ����"	NPO�HUÇfT3Egn,NmqGO d u <f�	H!�3E�lRH!Q,T5S3Q n,NPn,TJnFHI[�NPO�n,�3H*[5H�Ë3O5NPn,NmqGO=Q	qGr IKHR<:l5�S��"
EgO=[Up@����"	r C,qRu HUÇfT3Egn,NmqGO3Q e EgO=[ u 2

Ð



@ H�Z�EgO�Eg~vQ,qMHmÉJx5C,H}Q,Q	nF�5H?lGqR~on`Eg:GH�n,C`EGZ�H*NPO�n,�5H*nFNPu6H�[JqRu�EgNmO�ERQ

� �R� � �C��"���� &�� �S��" � � �/&�� � b �/�C��"�� � � � �R��" ���� ��� � � � dGj �

� &��3�R��" L�� ����� ��&��/�S��"
	 L,b � � ��"� � � ����"�� � � �E�S��" � d � �

� &�� �R�/�C��" L�� ����� 9kZ� �R�/�A��"� � d Î-�
��"��R��" L�� ����� ��"W�S��"
	 � d � �
� � �R��" L�� ��� � ���E�S��"
	 � d Ð �

Å rD�_H8CFH�:REGCF[�nF�5HxÇfT3EGORnFNonpU � � �S��"�EGQ(nF�5HMNPO5x3TJn!Q,NP:RO3Eg~�EgO3[ � �R� � �C��";EGQ-n,�3H8qGT5n,x5TJn*Q Nm:GO=Eg~ <=HKÇRT=E n,NmqGO=Q
dGd EGO3[ dGj Q �3q � lGHIC,U Z�~PH}EgCF~PU n,�3Egn�n,�5H�Nmu�Eg:GNmO5:WQ,UhQ n,HIu NvQ�~mNPO5H}EgC��(NPn,� EWQ,x3E nFNPqGn,H�u6xLqGC`Eg~_n,C`EgO=Qpr HIC
r T5O3Zn,NmqGO � &�� � ��"/9 Z� � b �/����"�qGC&Nmu6x5T5~vQ H	C,H}Q xLqGO=Q H�� &�� �S��" � � �/&�� � b �/����"52  T3C [JH�Ë=O5NonFNPqRO?qgrJnF�5Htn,C`EgO=Qpr HICr T5O3Zn,NmqGO�qgr;nF�5H�NPu�Eg:RNPO3: Q,UhQ n,HIu�NPO n,�3NmQM� E�U O3HIE nF~PU [5NmQ n,NmO5:GT3NmQ,�5HIQMSLHnp�_H�HIO n,�3H�HI~PH}Z n,CFqGu6H}Z`�3EgO5NvZ�EG~
Z`�3EGCFERZ n,HIC,NvQ n,NvZ�Q(qGrDn,�5HMx5CFqGSLH � C,HIx5C,H}Q HIOfn,HI[$SfU�nF�5H�x3T5~mQ,H�Æ HIZ`�3q"� E�lGH�~mHn�� &�� � ��""�-EGO3[�nF�5HM:GH�qRu6Hn,CFU�qgr
n,�3H?x5C,qRS=H � C,HIx5C,H}Q HIOfn,HI[�ShU�n,�3H?x5T5~vQ HmÆ H}Z`�5q8nFCFEGO3Q r H�C r T5O3Zn,NmqGO 9 Z� �R�/�A��""� 2
� � �^Ä��K¾���� �p¿-Ä<�{½?Ãr� Ä�½ ¾]�������"Ä<����� Äd¿ ��Ã�¾¸Ä�À{½
XYq$lhNPHI��T5~Pn,C`EGQ,qGT3O3[ NPu�Eg:RNPO3:�r C,qRu E�x5T3C,HI~PU Q Nm:GO=Eg~Dx5CFqJZH}Q,Q,NPO3:�xLqGNmOfn Æ qgr Æ lhNPHI�?<Y�_H"Z�EGOWZqGu�S5NmO5H�n,�3H
H�~mHIZn,CFqGu6HIZ`�=EgO5NvZ�EG~-CFHIQ,x=qRO3Q H � &��3�R��"�EgO3[ n,�5H x5T3~mQ,H�Æ HIZ`�5q NPu6x5T3~mQ,H C,H}Q xLqGO3Q,H � &�� �R�/�C��""NmOfn,q E Q,NmO5:G~mH
NmuMx3T5~mQ,H?CFHIQ,x=qRO3Q H!qGC(B_z§Ê_2)Å r��_H*r qGCFu�Eg~m~PU�[5H�Ë3O5H � �S�/�C��" L � &��3����"�� � � &��3�S�/�C��"J<JnF�5H�O

� �R� � �C��" � � � b �/����" � � � � �S��" ���� ��� � � � � i �

@ H-Z�EGO�:fEgNmO6E*~mNPn n,~mH;u6qGCFH NPO=Q Nm:G�fnDNmORnFq*n,�5H-S=HI�3E�lhNPqRT5C qgr�n,�5H(B_z§Ê�ShUMEG[JqRxJn,NmO5:*n,�3H;ZqhqGC`[JNmO3E nFH Q,UJQpnFH�u
Q,�5q �(O�NmO�Ê�Nm:GT5CFH �3<0�(�5H�CFH�n,�5H�� < �$EGO3[* �E�ÉhH}Q*EgCFH�Eg~mNm:GO5H}[$�(NPn,�$nF�5H6~mEgn,HICFEG~�<�H�~mH�l Egn,NmqGO3EG~ EGO3[�E�ÉJNmEG~
[JNmC,H}Z nFNPqRO3Q C,H}Q xLHIZn,NmlGHI~PUR2

Å O�E8C,H}Z n`EgO5:RT5~mEGC�Nmu�Eg:GNmO5:8Q,UJQpnFH�u�<JE?np�_q�Æ [JNmuMHIO3Q,NPqRO3Eg~L>5Ê NPu�EG:GH-NvQ_EGZmÇfT5NmCFHI[�ShU�Z�EGxJn,T5CFNmO5:�>5Ê nFCFERZH}Q
E n-[5N ?�H�CFH�Ofn-~vE nFH�C`Eg~0xLqRQ,NonFNPqRO3Q�2_\ n,�5CFH�HmÆ [5NPu6H�O=Q NmqGO3EG~ >5Ê NPu�Eg:RH?NmQ-EGZmÇfT5NmCFHI[�ShU�n,C`EgO=Q ~vE nFNPO5:MnF�5H�x5CFqGSLH
NmO�nF�5H?H�~mH�l Egn,NmqGO3EG~&[JNPCFHIZn,NmqGO&2	X �5H�CFHr qRC,HR<hn,�5H?lRHIZ nFqGC&����qRO5~PU�Z`�3EgO5:RHIQ_~vE n,HICFEG~P~mU"EGO3[�H�~mH�l E nFNPqRO3Eg~m~PUR<JN�2 HG2
NmO�n,�5H5� EGO3[ ��[5NPCFHIZn,NmqGO3Q-qGO5~mU8È=NPnFQM "Z�qfqRCF[5NPO3Egn,H?O5HIlGHIC-Z`�3EgO3:GHIQI2(7;HIO3ZHR<L�(NPn,�3qGTJn-~mqRQFQ;qGrD:GHIO5H�C`Eg~mNonpUR<
�_H$Z�EgO CFHIQ n,CFNmZn�n,�5H Q T5C,r EGZ�H�qgr*n,�5H$ERZ nFNPlRH$EgxLH�C,n,T5CFH�n,qW~mNPH�qGO�n,�5H7�8� x3~mEGO5HG2 @ H$ZIEgO�n,�3H�O �(CFNonFH� � L"! � � 
$# EGO3[U� L"! � �  # <3EgO=["HKÇRT=E n,NmqGO � i ZIEgO�S=H?�(CFNon,n,HIO�qRTJn(NPO�r T5~m~ ERQ

� �S�]��������"�� ��%	 	 	
� %

� �S� V b ���C� V b ���C V ����" � � �S� V �C� V �C V " � � V � � V �# V � � e �

@ H!Q,H�H-r C,qRu HUÇfT3E nFNPqRO � e n,�3Egn	nF�5H�B_z§ÊWNvQ_Q,�5NPr n Æ l EgCFNmEGORn_Eg~mqGO5:8n,�5H*EHÉJNvEg~�[JNPCFHIZn,NmqGO�S3TJn Q,�5NPr n Æ NPOhl EgCFNvEgOfn
Eg~mqGO3:8nF�5H?~mEgn,HICFEG~&EgO3[�H�~mH�l E nFNPqRO3Eg~&[5NPCFHIZn,NmqGO3QI2

e}i



(0,0,0)

Active aperture

z (Axial)

x0

x (Lateral)

y (Elevational)

Ê�NP:RT5CFH��3��s	qhqGC`[JNPO=E n,H Q,UhQ n,HIu r qGCt[JHIuMqRO3Q n,C`E n,NmO5:�n,�5H(Q,�5NPr n Æ l�EGC,NvEgO=ZH�qGr3nF�5H B	z§Ê�NmO8nF�5H(EHÉJNvEg~J[JNmC,H}Z n,NmqGO 2

\;O H�É5Egu6x5~mH"qGr;�5q � E�npUhx5NmZIEg~_B	z§Ê l EgCFNPH}Q��(NPn,��EHÉJNmEG~	[JHIxJn,� NmQ�:GNmlGHIOWNPO3Ê�Nm:GT5CFH u 2 X �5NvQ�B	z)Ê �_ERQ
x5CFqJ[JT3ZH}[MSfU6Q,NPu�T5~mEgn,NmO5:*n,�3H;C,H}Q xLqGO=Q H(qGr�E �32 j V$7 $-x5CFqGSLH n,q?Nv[JH}Eg~3xLqGNmOfn	QFZ�E n,n,HIC,HICFQtEgn�[JN ?�H�CFH�Ofn	E�ÉJNmEG~
[JHIxJn,�3QI2(X �5H�x5CFqGSLH�ZqROfnFEgNmO3Q e�d �Mx5NmH�$IqfHI~PH}Z nFC,NvZ*H�~mH�u6H�Ofn`Q-EgO=[�n,�5H8ERZ nFNPlRH�EgxLH�C,n,T5CFH?T3Q,HI[�n,q�ZIEgxJnFT5CFH�E
Q,NPO5:R~PH�>5Ê n,C`EGZH?�=EGQ � d H�~mH�u6HIORn`Q�2(y	EGZ`��H�~mH�u6HIORn!NmQ i 2 ��u6u � ~vE n,HICFEG~ �_ShU2��u6u � H�~mH�l Egn,NmqGO3EG~ �;�(NonF�$E
~vE n,HICFEG~h:REgx�qgr i 2 e u6u�SLHnp�_H�H�O6EG[ � EGZHIOfn�HI~PHIuMHIOfnFQI2�X �5H(EGx=qJ[JNvQ,Egn,NmqGO8EGx5x5~mNPH}[8� EGQ E!7-EGO5O5NmO5:*�(NPO3[5q �?2
{_qgnF��n,�3H!~vE nFH�C`Eg~�EgO3["H�~mH�l E nFNPqRO3Eg~=r qJZ�EG~L~mH�O3:gn,�=Q	�_H�CFH*Q H�n	nFq dGi u6u�2tX �5H?Q Nmu8T5~vE nFNPqRO�x3ERZ`��EG:GH�T3Q H}[�nFq
Z�EGC,CFU�qGT5n!nF�5H�Q,NPu�T5~mEgn,NmqGO �_ERQhÊYNmH�~v[ Å Å¦Í e}i Ï < �(�5NvZ`� T=Q H}Q�E�[JNmQFZCFHnFH�Egx5x5CFqNÉJNPu�Egn,NmqGO�nFq�nF�5H�>;E�Uh~mH�Nm:G�
NmORnFH�:RCFEG~0n,q�ZqGu6x5T5n,H�nF�5H�Q,x3Egn,NvEg~ Nmu6x5T5~vQ H�C,H}Q xLqGO=Q H�qGrtn,�5H�x5CFqGSLHG2-X �5HMEHÉJNvEg~Y[5H�xJnF�3Q-�_H�CFH8ZIEg~vZT5~vE nFHI[
EGZIZqRCF[JNmO5:"n,q�n,�5H�EGx5x5CFqNÉJNPu�E nFNPqRO7 � �Z IKH[� <&�(�5HIC,HMn,�3HMl EG~PT5H6qGrrIKH�� EGQ�nFEG�GHIO$n,q�SLH e}j u i u � Q � n,�5H
r EGZn,qRC�qgr �Z NvQ�O5HIHI[JH}[�SLHIZ�EGT3Q,H�E?x5T3~mQ,H;nFCFE�lRH�~vQ np�(NmZ�H;nF�5H!E�ÉJNmEG~=[JHIxJn,��NmO�nFNPu6HM� <Gr CFqGu n,�3H-x5CFqGSLH;nFq�n,�3HQFZ�E n,n,HIC,HIC EGO3[�n,�5HIO�S3EGZ`�6nFq6n,�5H?x5CFqGSLH#�2
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7-E�lhNmO5:6[JH�CFNPlRHI[�EgO�H�ÉJx5CFHIQFQ NmqGO�r qRC � �S���C������"_NmO�nFH�CFu�Q	qGr nF�5H?x=qRNPOfn;Q,x5C,H}EG[�r T5O3Z nFNPqRO�EGO3["n,�5H�QFZ�Egn n,HIC,HIC
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