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þ ì¢�]ì Û }`^l_abYR$NaR�NQRvMjiSigqEM*m$NQPg_QPym$MOi¼fÐU|êlR$N;�Ùì�ì ì�ìAì�ì ì�ì�ì ì�ì ì�ì ì�ì "DÛ
þ ì¢�]ì � �cnYNr_abYR$N�PSWxëORv^`_aPgXhM|_QPSUOWÐ^?ê�Pg_Qb î f]_aPSm-Mji!zÓê?R-R%$-R$N%^ ì ì�ì ì�ì ì�ì "&�

2 < àÐßIÝOâ=�Óé���à'ß 2,2
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KMLNK OQPSR�TVUNWXRZYNU\[]UN^`_ba�_dcSe�RMfSaBg

í!PSfYPy[Y^pm-MjW­bcM�ëDR�ë|MjNaPgUDnc^w^r_QNancm�_anYNQRv^$óObYR-MD[*XONaUOnYfc^#^QPh$$R-^-óDm%bÐMjPSW­igR-WYXj_abc^pMOWc[*m%bcMjNaXORv^
V­Mj�xPSWYX�_QbcR$V�_QbcRKm%bYR-VsPym$MOigiSqËVsUh^`_*[]PSëOR$N%^QR­XONaUOnYf�UOt1VsUDigRvm,nYiSR-^>PgW m,R$iSiy^$ìI}~W�_QbcPS^
PSWD_aNQU][]nÐm�_QPSUOWCêlR�ê�PgiSiÓm$UOWcm$R$Wh_QN%M|_aR UOW�f'UOiyMjN�iSPgfYPy[Y^-ìÐz	bYR-q�bcM�ëDRBM*bxqx[YNQUDfYbYPSigPym bYR-MD[
XONaUOncfçMjWc[çMÌbxqx[YNQUDfYbYUO�cPSm*_%MjPSi»ì�z	bYRK_`ê?UôMjNaRKm,UDWYWYRvm�_QRv[��xq�MÌM�XDigq]m,R-NQUDi?MOWc[�PSW
_QbcR�m$MD^rR­UOt	fcbYUD^QfYbYUDigPSfYPy[Y^BMjiy^QU�MCfYbYUD^QfYbcMj_QREo î

4

ìÓz	bcR­_aMOPgi?PS^Bm$UOV*f'UD^QR-[ËUjt	_`êlU
bxq][]NQU]m-MjNa�ÐUDWôm%bcMOPgWc^��Çt�M|_Q_`qôMDm,Py[Ëm%bÐMjPSWc^a�7_abcM|_>MONQR­WcUj_BWYRvm,R-^a^aMjNaPgiSq�PS[YR$Wh_QPym$MOi»ìhi �%j i "�j
}~W8ücXOncNQR � MjWc[ ücXDnYNaR��ôêlR�^rR-R6_QbYR�^r_QNancm�_anYNaR6UOt7_abYRC_`êlUËfcbYUD^QfYbYUDigPSfYPy[Y^­^`_anc[x÷
PSR-[�PSWú_abYPS^�_QbcR-^QPS^�k � ó �|÷°T7PSV>qxNQPy^r_QU|qxi�÷~^QW]÷~ûAiSq]m,R-NQUO÷ Û ÷¹owbcUD^QfYbYU]m%bYUOiSPSWYRÌ��TAL�o ñ �6MOWc[� ó¢��÷~T7PgfcMOigV*Pg_QU|qxig÷°^QW]÷`ûAigq]m,R-NQUO÷ Û ÷¹opbYUD^QfYbYU]m%bYUDigPSWYR1��T7owo ñ �,ìhz	bcR1UOWYiSq>[]Pgý@R$NaR$Wcm$R-^#�'R,÷
_`êlR$R$W�TAL�o ñ MjWc[�T7owo ñ Py^�_abYR$PSN m%bcMjPSWCigR-WYXj_ab!ó ��� NaR-^QfÐRvm�_QPSëOR-igq ��" m-MjNa�ÐUDWc^-ó]_QbYR
_`êlUµt�Mj_r_`q�MDm,Py[Cm%bcMjPSWc^lUjtI_QbYR-PgN	_%MjPSi!�'R$PSWYX­R�5hncMOigiSqEiSUOWYXsê�P�_abCWYUE[]UOnc�YigR �'UOWc[c^$ì

�IPgXDnYNQR �3l L�UOiSR-m$nYiSMON1^`_aNQnÐm�_QncNQR Ujt�T7L�o ñ

�IPgXDnYNQRB� l L�UOiSR-m$nYiSMON�^`_aNQncm,_QnYNaR Ujt#T�opo ñ
kln]_pWYUO_?MjiSiYfYbcUD^QfYbYUOiSPSfYPS[c^wnc^QR�XOiSq]m,R$NaUOix_aUB�YPSWc[s_QbcR1bYR-MD[*XONaUOnYfµ_QUB_QbYR�_%MjPSi»ì � fYbYPSW]÷
XOUDigPSfYPy[Y^#nc^QR�_abYR1iSUOWYXO÷°m%bcMOPgWcR-[sMjV*PgWcR1^rfYbcPgWYXDUD^QPgWcR�PgWc^r_QRvMO[¼ìhz	bYR1^QPgV*fYiSR-^r_pëOR-Na^QPSUOWsPS^
m,R-NaMOV*PS[]Rl_abcM|_wPy^wMAV­M|ù`UONwm$UOV*f'UOWYR-WD_#PSW­^r�xPSW*m$R$iSi]V*R$V>�cNaMOWYR-^-ìju1WYUO_QbYR-NwPSVsf'UONQ_aMOWh_
iSPgfYPy[EPSWKm$R$iSignciSMONpV*R$Vµ�YNaMOWYR-^pPS^	m%bYUDigRv^`_aR$NaUOi¹ìj}°_	bcMO^lMm5hnYPg_QR []Pgý'R-NQR-WD_	^`_aNQnÐm�_QncNQR7ê�P�_ab
M�^r_QR$NaUOPy[µNQPSWYX R$Wc[YR-[s�xqµM iSP�_Q_QiSR1bxqx[YNQU]m$MONQ�'UOWsm%bcMjPSWsPgWc^r_QRvMO[sUjt@bcM�ëxPSWYX�MAt�M|_r_`qsMOm$PS[¼ì
}°_�Mjiy^QUµbcMD^�M*ëOR-NQqE^QV­MjiSi¼bYR-MD[�XDNQUDnYfË�ï÷ î �A��ìhi �Jj
z	bYRlMjV*fYbYPSfYbYPSigPym?WcM|_anYNQR?UjtYf'UOiyMjNÓigPSfYPy[Y^�XDPgëDR-^!_QbYR-Vö_QbYRlfYNaUOf'R$NQ_`q7UOtc^rR-i�tÇ÷~MO^a^rR-V>�YiSPSWYX
PSWE_QbcR7fYNaR-^QR$WÐm,R�UOt!êlMj_QR-NlMOWc[*tïUONaV:�jTöMjWÐ[ Û Tö^r_QNancm�_anYNQRv^$ìxz	bYR7bhq][]NaUOfcbYUO�YPym�_%MjPSiS^
Ujt�_abYR>iSPgfcPS[CV*UOiSR-m$nYiSR-^�MONQRB^aM|tïR-igqK_QncXOXORv[CM�êlM�q­tïNaUOV _QbcRµ^QnYNQNaUOncWc[]PSWYX*êlMj_QR$Nvìcz	bYR

�



bxq][]NQUDfYbYUD�YPSmER,ý@R-m�_*Py^B_aUËMÌiSMONQXDRER,ex_QR-Wh_µUjt7R$Wh_QNaUOfYPym­UDNQPSXOPSW!ìI}~W�_QbYR6iSPh5hnYPy[çfYbÐMO^QR
ê	M|_QR-N>V*UOiSR-m$nYiSR-^>tïUONaV�MÌigUxUh^rREWcR,_`êlUONa�ôUOt1bhq][]NaUOXDR$W��'UOWc[c^B_abcM|_­MjNaR�m,UDWc^r_aMjWh_aigq
tïUONaV*R-[CMjWÐ[K�cNQUD�OR$W�ìYz	bYPS^�WYR,_`êlUONa�EPy^1^r_QNaUOWYXDigq�^r_aMO�YPSigPh$$Rv[K�xqKR$Wh_QNaUOfxqOìYz	bcRBbxqx[YNQUO÷
m$MONQ�'UOWËm%bcMjPSWc^AUjtp_QbYR*iSPgfYPy[ËV*UOiSR-m,ncigRv^Am-MjWn4 _ V*MO�OR*MjWxq�bxq][]NQUDXOR-W��ÐUDWc[Y^ ê�Pg_Qbô_QbYR
ê	M|_QR-N7V*UDigRvm,nYiSR-^-ó¼^rU6ê�bYR$WôigPSfYPy[Y^�MjNaR>fcn]_�PgWh_QU6ê	M|_QR-N�_abYR*bxqx[YNQUDXOR$W��'UOWÐ[]PgWcXKWYR$_r÷
êlUONa�ô^Qn]ý'R-Na^-ìÓz	bcR­tïUONaV­M|_QPSUOW�UOt1MjXOXDNQR-XDMj_QR-^ []Rvm,NaR-MD^rRv^ _QbYRKWxnYV>�'R$NµUjt�UO�]ù`Rvm�_%^BPSW
_QbcRC^Qq]^`_aR$V�MjWÐ[çbYR-Wcm,RCNaR-[]ncm$R-^µP�_%^sR$Wh_QNaUOfxqOìhi¢� j u m$R$NQ_aMOPgW m$UOWcm$R$Wh_QN%M|_aPgUDWçUjt7igPSfYPy[
V*UOiSR-m$nYigRv^APS^ WYR-R-[]Rv[�tïUDN _QbYPy^A_QUCU]m$m$nYN�^rPSWcm$RsPg_�bcMO^A_aUC�ÐR*R$WcR$NaXOR,_aPSm-MjiSigqCt�M�ëDUON%Mj�YiSR
_QU�tïUONaV m$ignc^r_QR-Na^-ì�}°_sPS^>NQR$tïR$NaNQRv[Ë_QUÌMD^�_abYRKm$NQPg_QPym$MOiwV*PSm$R$iSigR6m,UOWÐm,R$Wh_aNaMj_QPSUOW�� ñ L ñ �
UON7NaMj_QbYR-N�_QbcRµm,NaPg_QPym$MjiIMjXDXONaR$XDMj_QPSUOW�_QbYNaR-^QbYUOiy[¼ìhi "oj z	bYRB_`qhf'R>UOtwMjXOXDNQR-XDMj_QR-^l_abcM|_AMjNaR
tïUONaV*R-[�Py^7fcMjNQ_QiSq�[]R,_aR$NaVsPSWYRv[��xq6_QbYRsigPSfYPy[Y^AU|ê�W�V*UOiSR-m,nciSMONA^QbcMjf'ROóÐtïUONAPSWc^`_%MjWcm$R>Pgt
_QbcR$qKMONQR�m$qhiSPSWc[]NaPSm-Mji!UDN1m,UOWcR ^QbcMOfÐRv[¼ìcz	bYPy^�[]R-fÐR-Wc[Y^�UDW6_QbYR��Yncig�xPSWYR-^a^�UjtI_QbcRBbYR-MD[
XONaUOncf!ó@_QbYR�igR-WYXj_abËUOt	_QbYR*_%MjPSipMjWc[Ë_abYR­WxnYV>�'R$N>Ujt ñ ÷ ñ []UOnc�YigR��ÐUDWc[Y^E�»[]R$XDNQR-RsUOt
^aM|_QncNaMj_QPSUOWÐ�,ì�z	bYR�R$ý'Rvm�_aPgëDR�^rbÐMjf'REUjt1M�iSPgfcPS[�V*UDigRvm,nYiSREPy^µ[]Rv^Qm$NQPS�'R-[Â�xqËM�fcMOm%�xPSWYX
fcMONaMOVsR$_QR-N l

P =
v

al

� � �

�IPgXDnYNaR Û ^rbcU|ê1^�_abYR­[]Pgý'R-NQR-WD_ _`qxf'R-^ Ujt?igPSfYPy[ËMOXOXDNQR-XDM|_aR-^	_abcM|_Bm-MjW�tïUDNQV�MjWc[�_QbYR-PgN
m,UDNQNaR-^Qf'UOWc[]PSWYXçfÐMOm%�xPgWcX fcMONaMOVsR$_QR-N-ì

v, a
MjWc[

l
MONQRË[]R,ücWcR-[�_abYR$NaRÂMO^6ê?R-igi¹ì�u1iy^rU

_QbcR>_aR$V*fÐR-NaMj_QnYNaR>fciSM�q]^�MOW�PSVsf'UONQ_aMOWh_7NaUOiSR>PSWc[]ncm$PgWYXKNQUO_aMj_QPSUOWc^�Ujt#_QbcR ñ ÷ ñ ÷¹�'UOWÐ[Y^$ó
_Qbxnc^wPgWc[Yncm,PSWYXBm,UDW]tïUONaV­M|_aPgUDWcMjiYm%bcMOWYXORv^IPgW*_abYR�bxqx[YNQU]m$MONQ�'UOWsm%bcMjPSWc^-ìOz	bYPy^#PSWcm,NaR-MD^rRv^
[]Py^rUDNa[YR$N�MjWc[�_QbcR$NaR$�xq­PgWÐm,NaR-MO^QR-^?_abYR Uxm-m,nYfcPgRv[�ëDUOiSnYV*ROìhi Û�j d?^rf'R-m$PSMOigiSq�iSPgfcPS[K�YPSiSM�qDR$N%^
MjWÐ[�iSMONQXDRwëORv^rPym,iSR-^ÓMjNaRpUOtYPgWh_QR-NQRv^`_ÓtïUONIUOnYN�^r_Qnc[]qDìvz	bcR?V*UONaRpm$qhiSPSWc[]NaPSm-MjiD_QbYRligPSfYPy[Y^IMjNaR
_QbcR�V*UONaR�^r_aMj�cigR�_QbYR7�YPgiyM�qOR-N-ìD}°t¼_QbYR-q­MjNaR1WYUj_vóO_abYR�V*UDWYUOiyM�qOR-Na^#^QbYU|ê�M>^QfÐUDWh_aMjWcR$UOnÐ^
m,ncNQë|M|_anYNaROìI}°t�_QbcR6m$nYNQë|Mj_QnYNaRK^r_QNaR-^a^>Py^µ_QUxUÌbcPgXDb WYUDW]÷¹iyMjV*R-igiyMjNs^`_aNQncm,_QnYNaR-^>tïUONaV MO^
^QbYU|ê�W�PSW�ücXDnYNQR Û ì � U6P�_ PS^�_QbcRsbxq][]NaUOfYbcUO�YPym�R,ý@R-m,_7_abcM|_�[]NaPgëDR-^�_QbYR*^QR$igtÇ÷°MD^Q^QR$Vµ�Yigq
fYNaU]m,R-^a^	MjWc[E_QbYR�^QU­m$MjiSiSR-[�^Qf'UOWh_aMOWYR$UDnc^	m,nYNaë|M|_QncNQR7_QbcMj_1[]R-m$PS[]Rv^lUjt�_abYRA_`qxfÐR UjtÓ_QbYR
tïUONaV*R-[8^`_aNQnÐm�_QncNQRDìI}°_�^QbYUDnYiS[ �'R6WcUj_QRv[ç_abcM|_*_abYR�m,nYNaë|M|_anYNQR6UjtAXOPyMjWh_*nYWYPSiSMOVsR-igiyMjN
ëORv^rPym,iSR-^>�»û òqpw^%�1MOWc[6iSMONQXDR�igPSf'UD^QUOV*R-^�Py^�WYUO_7[]nYRB_QUEPSWh_QNaPgWc^QPym�m,nYNaë|M|_QncNQRB^r_QNaR-^a^$ìc}~W
t�MOm,_�_QbYR�m,ncNQë|M|_anYNaR?UOtÐëORv^rPym,iSR-^IPy^�[]nYRl_QUA_QbcRl�'UOncWc[YMjNaqBm,UDWc[]Pg_QPSUOWc^-ó�_QbcRlbxq][]NaUOfYbcUO�YPym
R,ý@R-m,_BtïUON%m,PSWYX6_QbcR­igPSfYPy[Â�YPgiyM�qOR-NA_QUÌm$igUh^rR*UOWÂPg_a^QR$igt`ìri Ûoj õôUDNr_abËf'UOPSWh_QPSWYX�UOnY_BPS^ _abcM|_
_QbcR�VsRvm%bcMjWcPS^QV­^	UjtI^QR$igtÇ÷~MO^a^rR-V>�YiSq­PgV*fYiSqK^QR$igtÇ÷°bYR-MOigPSWYX*fYNaUOf'R$NQ_QPSR-^-ì
í!PSfYPy[­V*R$Vµ�YNaMOWYR-^?MjNaR1ëOR-NQqµ_QbcPgW!óxUOt¼_QbYR7UON%[]R$N?Ujt þ WcV ^QPSWcm,RAMBiSPgfYPy[­�YPSiyM�qOR$N?UOWYiSqsPS^
_`êlUµV*UOiSR-m$nYiSR-^?_QbYPym%�@ì]z	bYR$NaRAMONQRAUjtIm,UOncNa^QR�ë|MjNaPyM|_QPSUOW6[]nYR7_QUs_QbcRAm$UOW]tïUDNQV­M|_aPgUDWKMOWc[
iSR$WYXO_Qb­Ujt@_abYR1t�Mj_r_`qh÷°MDm,Py[*m%bcMjPSWc^wUDN#_QbcR�[]R$XDNQR-R�Ujt¼bxq][]NaMj_QPSUOW*Ujt¼_abYR1V*R$Vµ�YN%MjWYR3i �oj ìDu
_`qxfYPym$Mji!û òSpGbÐMO^	Mµ[YPSMOVsR$_QR-NlUOtÓMj�'UOnY_ � �|÷ Û ��V*Pym,NaUOV*R,_aR$N%^$ìxu1ig_QbcUOnYXDb�V*R$Vµ�YNaMOWYR-^
MjNaR�^QUjtÇ_KV­Mj_QR$NaPyMjiy^*_QbYR-q8MONQR�ëDR$Naq _aUOnYXDbú[]nYR�_aUçbxq][]NQUDfYbYUD�YPSm6tïUDNam$R-^-ì � PSWcm$R�_QbYR
iyM|_QR-NaMOixVsUD�YPSigPg_`qBUjt'igPSfYPy[Y^#PSW­M�iSPh5hnYPy[sV*R$V>�cNaMOWYR?Py^#ëDR$Naq�bYPgXDb!ó�_QbcR$qBbcM�ëDR?WcUAUDN#igPg_r_aigR
NaR-^QPS^r_aMOWcm,R�_QUsPgW]÷°fYiyMjWYR ^QbYR-MONQPSWYXcìhz	bYR7_`ê?UsV*Ux[YR-^lUjtÓ[YR,tïUONaV­M|_aPgUDW�MjNaR��'R$Wc[YPgWYX­MOWc[
^r_QNaR,_am%bcPgWYX!s|m$UOV*fYNaR-^a^rPSWYXcìhi�� j
z	bYR fYbcMD^rRAUjt�MsV*Mj_QR-NQPyMji@NaR,øcRvm�_a^lPg_�4 ^1[]R-XONaR$R�UOtÓUDNa[]R-N-ì]í�PgfYPy[Y^	bcM�ëDR�_`êlU*^rR$_a^	Ujt�[]R,÷
XONaR$Rv^1UOtItïNaR$Rv[]UOVCó'fÐUh^rPg_QPSUOWÐMji?�ï_QN%MjWc^QiyM|_QPSUOWÐMjiÇ��MjWc[�UONaPgR-WD_%M|_aPgUDWcMjip�»m,UDW]ücXOncNaMj_QPSUOWcMOiy�,ì
z	bYREWxnYVµ�ÐR-N>MjWÐ[Ì_`qxf'REUjt�fYbÐMO^QR-^�ë|MjNaqÌ[]R-fÐR-Wc[]PSWYX�UDWÂ_QbYR­_`qxf'REUjt	iSPgfYPy[Y^>fYNQRv^rR-Wh_
PSW­_QbYR7V*R$V>�cNaMOWYROìh}~W­_QbcR7m$MD^rR�Ujt!fYbYUh^rfcbYUOiSPgfcPS[Y^-óOiSPS�OR1_abYR�fcbYUD^QfYbYU]m%bYUDigPSWYR-^pT7L�o ñ
MjWÐ[�T�owo ñ _QbcMj_KêlRÌMjNaRÌ^r_Qnc[YqhPSWYXÐópêlR�bcM�ëOR�MçV*MOPgW�fYbcMO^QR�_aNaMOWc^rPg_QPSUOWÏ�'R,_`êlR$R-W

� �



�IPgXDnYNaR Û�l � m%bYR-V*Mj_QPymEPSigiSnc^r_QN%M|_aPgUDWçUjt1iyMjV*R$iSiyMjNµMOWc[�WYUDW]÷°iSMOVsR-igiyMjNµigPSfYPy[çMjXDXONaR$XhM|_QRv^
tïUONaV*R-[ôPgWÂê	M|_aR$Nvì!z	bYRE[]Pgý'R-NQR-WD_>^r_QNancm,_QnYNaR-^ bcM�ëDRs[YP�ý@R$NaR$Wh_>m,ncNQë|M|_anYNaR*MOWc[ÂMjNaR­MjNQ÷
N%MjWYXDR-[EPSW�MOm-m,UON%[YMOWcm,RAê�P�_ab6_QbYR�ë|MjiSnYR Ujt�fcMDm%�hPSWYXsfcMjN%MjV*R$_QR$N

P = v/al
ìhi Û�j

M�^QUOiSPS[x÷°UON%[]R-NQRv[ÌMjWÐ[ËMCiSP95DncPS[x÷~[]Py^rUDNa[YR$NaR-[ôfYbcMO^QREMjiy^QUCm-MjiSigRv[ËXOR$i?MjWc[ôøcnYPy[ÂfYbcMD^rRv^$ì
� UDigPy[ÌMOWc[�iSPh5hnYPy[�NaR,tïR-N�_aUE_QbcRµf'UD^QP�_aPgUDWcMjiIUON%[]R-N7[]R-XONaR$ROó'P¹ì RDìÐ_abYRsUON%[]R$N7PgWÌ_QbYRsbYR-MD[
XONaUOncfc^$ì î Na[]R-NQRv[*MjWc[E[YPS^QUON%[]R$NaR-[sNaR,tïR-N#_QU>_QbYR1UDNQPSR$Wh_%M|_QPSUOWÐMjiYUDNa[]R-Np[]R-XONaR$ROóOP»ì R�Pgt¼_QbYR
t�M|_Q_`qËMDm,Py[�m%bcMjPSWc^µMjNaREMjiSipUONaPSR$Wh_QRv[ôPSW�_abYR�^aMjV*R�[]PSNQRvm�_aPgUDW�UONBPgt�_QbYR-qËMONQR­�'R$Wh_vìri �tj
owbYUh^rfcbYU]m%bYUOiSPgWcR-^AMjiy^rUEbÐM�ëORµM�fYNaR,÷¹_QN%MjWc^QP�_aPgUDWC_QbcMj_AfcNQRvm,R-[YR-^�MKNaPgfYfcigRv[�fYbcMD^rRDì'z	bYR
m,UDW]tïUONaV­M|_aPgUDWçUjt1_abYRCigPSfYPy[Y^*PSW _abYPS^sfYbÐMO^QRKPy^*^`_aPgiSi�nYWcm$igRvMjNvóI�cn]_­P�_­bcMD^>�'R$R-W8^QnYXj÷
XORv^`_aR-[ç_QbcMj_s_abYR$q MjNaRKPSW _abYR�^rUDigPy[x÷°UON%[]R$NaR-[ÂfcbcMO^QROì#z	bYR�MjV*fYiSPg_Qnc[]RCUOt�_QbcR6NaPSfYfYiSR
fYbcMD^rRv^�PSWcm,NaR-MD^rR*ê�Pg_Qbçm%bcMOPgWÂiSR$WYXO_Qb!ìhi �3�;j u�iS^QU�iSPgfYPy[ÂV*P�ex_anYNQRv^B^QbYU|êÙMCfcbcMO^QR*_QN%MjW]÷
^QP�_aPgUDW!ì¼}~WÌ_abYR*V­MjPSWÌ_aNaMOWc^rPg_QPSUOWôfYbcMD^rR*m,UxR,e]Py^`_aR$Wcm$RµU]m-m,nYN%^ MjWc[ÌPS^ �'R$iSPgR-ëORv[�_aUKXDPgëDR
NaPS^QR1_aUµ[]UDV*MOPgWEtïUONaV*Mj_QPSUOW!ìx�YUDN?PSWc^r_aMOWcm,R7PgW6M>TAL�o ñ s|T7owo ñ V*P�ex_anYNQRDóO_abYR T7L�o ñ
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bcM�ëxPSWYX�M1iSU|êlR$N!V*R$ig_QPSWYX�_QR$V*f'R$N%M|_anYNQR?ê�PgiSihPgW>_QbYRp_QN%MjWc^QP�_aPgUDW�V­MjPSWYigq �'R?PSW�_abYRpiSPh5hnYPy[x÷
[]Py^rUDNa[YR$NaR-[­fYbÐMO^QR MOWc[­_abYRBT7owo ñ ê�PgiSi¼V*UD^r_QiSqE�ÐR PSW�_abYR�^rUDigPy[x÷°UON%[]R$NaR-[EfYbcMO^QROì]z	bYR
fYbcMD^rR>_QN%MjWc^QPg_QPSUOW�Py^APgWÌ_QbYR-UONaqCMEücN%^`_ UON%[]R$N�_QN%MjWc^QPg_QPSUOW!ó'�Yn]_�Py^�PSWÌfYN%MOm,_QPym,RsM�Vµncm%b
V*UONaRµm$UOWh_QPSWxnYUOnc^�fYNaUxm$R-^a^1ê�Pg_Qb+5DncP�_aRs^r_QNaUOWYXEøcncm�_ancM|_aPgUDWc^-ìri �tj klq6PSWh_QR-XON%M|_QPSWYXEbcR-M|_
m$MOfcMOm$P�_`q6fYNaUjüciSR-^�igPS�OR>_QbYRµUOWYRv^7^QbYU|ê�W�PSW�ücXDnYNQR � Pg_7Py^�f'UD^a^QPg�YiSRB_aU�XDR,_AMEVsRvMO^QnYNaR
tïUON1_QbYRBR-WYR$NaXOq�_QbcMj_�WYR-R-[Y^	_aUE�'R>MO[Y[YR-[6PgW�UDNa[YR$N	tïUON�_QbYR>fYbcMO^QR _QN%MjWÐ^rPg_QPSUOW6_QU*_%Mj�DR
fYiyMOm$ROì

�IPgXDnYNaR �:l ��R-M|_>m-MjfcMDm,Pg_`qÌm,ncNQëDR-^AtïUON>fYnYNaRET7L�o ñ ��Mj�'U|ëOR��AMjWc[�M�TAL�o ñ sjT�owo ñ" � l � �>iSPSfYPS[6V*Pgeh_anYNaR*���ÐR-igU|ê��,ì
z	bYR-NQRsMjNaR>V­MjWxqCNQRv^rnci�_%^�PSWc[]Pym$Mj_QPSWYX�_abcM|_A_QbcRµUDNQXhMjWYPh$-Mj_QPSUOWCUjtpiSPSfYPS[ÌV*R$V>�cNaMOWYR-^�PS^
WYUO_?N%MjWc[]UDVCìDz	bYR-NQR7PS^?R$ëxPy[]R$Wcm$R�UOt�MBiyM|_QR-NaMOiÐ^QV­MjiSi�÷~^Qm-MjiSR�^r_QNancm�_anYNQR�PgWK�YPgiyM�qOR-Na^���MjWÐ[
V*UOWYUDiSM�qDR$N%^a�>PSW _abYR�WcMOWYUOV*R,_aR$N�MOWc[8V*PSm$NQUDVsR$_QR-N­NaMOWYXORDóI�'Uj_ab�PgWÏ�YPSUOiSUOXDPSm-Mji1MOWc[
V*U][]R$i!V*R-V>�YN%MjWYRv^$ì]z	bYRv^rR�^QU­m$MjiSiSR-[6[]UOV­MjPSWc^���UON	NaMjtÇ_a^%�	MjNaR7UOtÇ_QR-WC[YqhWÐMjV*PSmOìYí!PSfYPy[
�YPSiSM�qDR$N#øÐncm�_ancM|_aPgUDWc^?MONQR�R$Pg_QbYR-N?iSU]m$Mji'[]R$WÐ^rPg_`q*ë�MONQPyM|_aPgUDWc^wUDNpë|MjNaPyM|_QPSUOWÐ^#PgWKV*UOiSR-m,nciSMON
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m,UDV*fÐUh^rPg_QPSUOW!ì@T7UOV­MjPSW�tïUDNQV­M|_aPgUDWÌ[]UKWYUj_ UOWYiSq�MjfYf'R-MON7PSWÌiSPSfYPS[ÌV*P�ex_QncNQRv^$ó'�Yn]_Bm$MOW
Mjiy^QU7U]m$m$nYN#PSWsUDWYR,÷~m,UDV*fÐUDWYR$Wh_�igPSfYPy[µ�cPgiyM�qOR-Na^-ì � PgVµnYiSMj_QPSUOWc^#^QbYU|ê _QbcMj_I_abYR��YPSXOXDR$NI_QbYR
[]Py^rfÐMjNaP�_`q­PSW6m%bÐMjPSWKiSR$WYXO_Qb!óx_abYR �YPSXOXOR-Nl_QbYRB[]UDV­MjPSWc^$ìhi þ�j z	bYR$NaRAPS^	�'Uj_abKPSWc[]PSNQRvm�_�MOWc[
[]PSNQRvm�_*R$ëxPy[]R$Wcm$RKUOt7[]UDV*MOPgW tïUONaV­M|_QPSUOW�ì î WYR6PSWc[]PSNQRvm�_­êlM�qËPy^s_QUËnc^rRKøcnYUDNQRv^Qm$R$Wcm$R
NaR-^QUOWcMOWcm,RôR$WYR-NQXDq _aNaMOWc^rtïR$NÂ����{�dpz1�,ì�klq�nc^rPSWYXÏM [YUOWYUDNCMOWc[�MOW MDm$m,R-f]_QUDN�_abcM|_
bcM�ëDR MsfYNaUOf'R$WÐ^rPg_`q­_QU|ê	MjN%[Y^	[]Pgý'R-NQR-Wh_1fYbcMO^QR-^-óYêlR�m$MjWC�xqEiSUxUO�xPgWcX*Mj_�_QbYR�V*RvMO^QnYNQRv[
øcnYUDNQRv^Qm$R$Wcm$REPSWD_aR$Wc^QPg_`qË[]R$_QRvm�_s_QbYRKfYbcMO^QR­_aNaMOWc^rPg_QPSUOW�ìIu�WçPgWÐm,NaR-MO^QREPSW�øcnYUDNQRv^Qm$R$Wcm$R
tïNaUOVÎ_QbcR*[YUOWYUDN7Py^ R,e]fYiyMjPSWYR-[Ì�xq�M�iyMjNaXOR-NA[]Py^r_aMjWÐm,Rs�ÐR$_`ê?R-R$Wô[YUOWYUDNAMOWc[ôMDm$m$R$f]_aUONvó
_Qbxnc^wPgV*fYiSqxPgWYX�fcbcMO^QR�^rR-fcMjN%M|_aPgUDW!ì|z	bYPS^#_QR-m%bcWYPh5hnYR�Py^w^QR$Wc^QPg_QPSëORl_QUB[]UDV­MjPSW>tïUDNQV­M|_aPgUDW
UOWB_QbYRlUON%[]R$N�Ujt � ��WYVCìri � j u�^I[]PSNQRvm�_IR$ëxPS[YR$Wcm$RpêlRpbcM�ëDRp[]Pgý'R-NQR-WD_IPgV­MOXOPSWYX1_aR-m%bYWYP95hnYR-^
^Qncm%bEMO^wøcnYUONaR-^am,R-Wcm,R�V*Pym,NaUD^am,UDfhqµMjWc[­Mj_QUOV*Pym	tïUON%m,R�V*Pym,NaUD^am,UDfhqK��u���LÌ�Si þ�j ìD�IPgXDnYNaR
þ ^rbcU|ê1^løcnYUONaR-^am,R-Wcm,RAPSV*MOXORv^?UOt�[YUOV­MjPSWc^l_aMO�OR-WKê�Pg_Qb�M*m,UDW]tïU]m$Mji¼V*Pym,NaUD^am,UDfÐRDì

�IPgXDnYNaR þ!l ñ UOW]tïU]m$MOi�PSV­MjXORv^ Ujt û òSpw^$ì�í!R$tÇ_ l T7í�o ñ s|T7owo ñ Û � l �|�cìç{�PSXObh_ l
TAL�o ñ s|T7owo ñ þ � l¢þ �Yì
T7UOV­MjPSWc^	PSW6�cPgUDigUDXOPym$Mji@V*R$Vµ�YN%MjWYRv^lMONQRAUjtÇ_aR$W�^QV*MOigiSR$N1MOWc[KbcMjN%[]R$Nl_aU*^QR$R �xqK[YPgNaR-m,_
PSV*MOXOPSWYXcó?�Yn]_6_QbYR-NQRôMjNaRÌ^rR-ëOR-NaMOi�R,e]f'R$NaPgV*R-WD_%^�[]UDWYRô^QnYXDXOR-^r_QPSWYXÂ_abYRôR$e]PS^r_QR-Wcm,R�UOt
_QbcR-^QR�[]UOV­MOPgWc^>UjtÇ_aR$WçNaR,tïR-NQNaR-[ô_QUôMO^BN%M|tÇ_%^$ìÓd#e]fÐR-NQPSV*R$Wh_a^s^QbYU|ê _abcM|_sfYNaUj_QR-PgWÐ^>m$MOW
�'RB_QR-V*fÐUDNaMONQPSigq6m,UDW]ücWYRv[6_QUKMENQR-XOPSUOWCUjt�_QbcR>V*R$Vµ�YNaMOWYROóÐ[]P�ý@nc^QRµMONQUDnYWc[�MjWÐ[6_QbYR-W
ù`nYV*fs_QUBMOWYUj_abYR$N�NaR$XOPSUOW�ìjz	bYR-^QR	NaMjtÇ_a^#m,UDWh_aMjPSW*M7iSUj_#UOt@m%bYUDigRv^`_aR$NaUOi]MjWÐ[µ^QbYPSWYXOUDigPSfYPy[Y^$ì
ñ bYUDigRv^`_aR$NaUOipbÐMO^>M�_QR-Wc[]R$WÐm,qÂ_QUË^`_aP�ý@R$W V*R$V>�cNaMOWYR-^µMjWc[�PSWc[]nÐm,RKMÌigP95hnYPy[x÷¹UDNa[YR$NaR-[
fYbcMD^rRAê�bYR-W�fYNaR-^QR$Wh_?PSW6VsU][]R-i@fYbYUD^QfYbYUDigPSfYPy[EV*R$Vµ�YN%MjWYRv^$ìxz	bYPy^?fcbcMO^QR7m$UONaNQRv^rf'UOWc[c^
_QU fÐUh^rPg_QPSUOWcMOi�[]Py^rUDNa[YR$N�m$UOV>�cPgWYRv[8ê�P�_ab�MÂbYPSXObú[]R-XONaR$R�UjtBm$UOW]tïUDNQV­M|_aPgUDWcMji�UDNa[YR$Nvì
z	bYR-NQRwPy^!UDWYiSq7iSPgV*Pg_QRv[�R$ëxPy[]R$Wcm$R#_QbÐM|_�_abYPy^!êlUOnYiy[ �ÐRp_QbYR?m$MO^QRwPSW _QbYR?NaMjtÇ_�iSPg�DRp[]UOV­MOPgWc^
fYNaR-^QR$Wh_�PSW��YPSUOiSUOXOPym$MOi|V*R$V>�cNaMOWYR-^-ó$�YnY_�P�_IPS^Óm,iSR-MONQiSq7MOW�PgWh_QR-NQRv^`_aPgWcX	_QbYUDnYXObh_-ìhi þ�j z	bcR-^QR
N%M|tÇ_a^�MONQRsUjtÇ_aR$W�^QR$R$WÂMO^ N%M|_abYR$N�^r_aMj_QPymjó¼�Yn]_>m$UOV*fYn]_aR$NB^QPgVµnYiyM|_QPSUOWÐ^�^rnYXDXORv^`_A_QbcMj_BP�_
êlUOnYiy[��'R igPS�OR-igqEtïUON	_QbcR$V:_aU*�ÐRB^QnY�]ù`Rvm�_	_QU*iyMjNaXOR7øcncm�_ancM|_aPgUDWc^ui � � j ìckln]_	_QbYR�ê�bcUOiSR
N%M|tÇ_1ëOR-Na^Qnc^�[]UDV­MjPSWC[YPS^am,nc^a^QPgUDWKPy^S5hnYPg_QRBm$UOW]tïnc^QPSWYXEMjWc[6Pg_�Py^�bcMjN%[K_QUEm$igRvMjNaigq�[YR,ücWYR
ê�bcMj_ Py^ V*R-MOWD_��xq�_abYR­UOWYR­MOWc[�_abYR*Uj_abYR$Nvì!z	bYR$NaR­MjNaRs^QUOV*R*PSWc[]Pym$M|_aPgUDWc^7_QbcMj_�_QbYR
iSPgfYPy[Y^1MOigUDWYR�m,UDWD_aNQUDi@_QbYRµ[]UOV­MjPSWKtïUONaV*Mj_QPSUOWCMjWc[K_abcM|_1fYNaUj_aR$PSWc^1MONQR WYUO_1WYR$Rv[]R-[KtïUON
_QbÐM|_1fYNaU]m,R-^a^]i þoj ì
õ�bcMj_BNQUDigRE[]UxRv^A_QbYRv^rRE[]UDV­MjPSWc^�fYiyM�q�PSWô_abYR­tïnYWÐm�_QPSUOWÐMjiSP�_`qôUjt	VsR-V>�YN%MjWcR-^8�*õ�bcM|_
Py^A_QbYR-PgN�R$ý'Rvm�_�UOWËfÐR-NQV*RvMj�YPSigPg_`qOó@�YPSWc[]PSWYX�Mov­WYPg_`qOó¼�'R$WÐ[]PgWcX6NaPSXOPy[]P�_`q�MOWc[Ë^rU6UOW,�­}~W
_QbcPS^pV*MD^`_aR$N�_abYR-^QPS^pê?R�ê�PSiSicm,UDWcm,R-WD_aNaMj_QR	UOW*PSWxëOR-^r_QPSXDMj_QPSWYX bYU|êÏ[]UOV­MjPSWstïUONaV­M|_QPSUOWsPSW
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_QbcRBfYbcMD^rR _aNaMOWc^rPg_QPSUOW6NaR$XOPSV*RBM|ý@R-m,_a^	_abYRBR$iyMO^r_QPym,Pg_`q�UOtIV*U][]R-iÓTAL�o ñ s|T7owo ñ XDPSMOWh_
nYWYPSiyMjV*R$iSiSMON�ëORv^rPym,iSR-^-ì

KML=w OQPSR�TxT!yZW3T�zS^q{|RMfS^~}xP�{]g

ò�^QPSWYXCR$iSR-m�_aNQUOtïUONaV­M|_QPSUOWôê?R­V­MD[]R*XOPyMjWh_�nYWYPSiSMOVsR-igiyMjN�ëDR-^QPSm$igRv^7_QbcMj_Bê?RE^r_Qnc[YPgRv[ô�xq
V*R-MOWc^#Ujt@UOfY_QPym$MjiY_`ê?R-R%$$R-Na^�� î z1��ìhz	bYPS^wêlMD^#m,UOV*fYiSR$V*R-WD_aR-[s�xqsm-MjiSUONaPgV*R$_QNaPSml^`_anc[]PSR-^
Ujt?_QbYR­nÐ^rRv[ÌiSPgfcPS[ËV*P�ex_anYNQRv^�MO^ êlR$iSiwMO^ m,UDW]tïU]m$MOi�øcnYUONaR-^am,R-Wcm,RsPSV*MOXOPSWYX6Ujt?ëDR-^QPSm$igRv^$ì
z	bYRv^rR�_aR-m%bYWcPh5hnYRv^#ê�PgiSi'�ÐR1R$e]fYiSMOPgWcR-[*PSW­VsUDNQR1[YR,_aMOPgictïnYNQ_QbYR-NpUOW�ìOõËR�[]R,tïUDNQV*Rv[*igPSfYPy[
ëORv^rPym,iSR-^Ó�xqA_QPSXObh_QiSq tïU]m,nc^QPgWcXAM � � "&� WYV iyMO^QR$NI�'R-MjVÕPSWc^QPS[YRp_abYR$VCì|klUj_Qb>_QR-Vsf'R$N%M|_anYNaR
MjWÐ[BiyMO^QR$N�f'U|êlR$N�êlR$NaRpë|MONQPSR-[¼ì��YUDNÓRvMOm%b�_aR$V*f'R$N%M|_QncNQRp_QbYR	iyMO^QR$N�f'U|êlR$N�ê	MO^ÓXON%MO[YncMjiSigq
NaPS^QR$WÂtïNaUOV��jV7õ/_aUÌM�V­M|e]PSV>nYV Ujt þ � þ V�õÕì���R$NaR­tïUOiSigU|ê1^µMjW�PSV­MjXORE^QR$NaPSR-^�UOt�M
û òqp []R,tïUDNQV*R-[­Mj_#_`ê?UB[YP�ý@R$NaR$Wh_w_aR$V*fÐR-NaMj_QnYNaR-^-ìOu�igNaR-MD[]qBtïNaUOV _QbYPy^wêlR1m$MOW­^rnc^Qf'R-m�_
Mµ_QR-Vsf'R$N%M|_anYNaR [YR$f'R$Wc[]R-Wcm,R�UOtÓ_abYR�UO�Ð^rR-NQëDR-[�[YR,tïUONaV­M|_aPgUDWc^$ì

�IPgXDnYNaR "�l klNaPgXDbD_QücR$iy[�PSV­MjXOR ^rR-NQPSR-^ Ujt iSMD^rR-Nr÷°PgWÐ[]ncm,Rv[ []R$tïUONaV*Mj_QPSUOWc^-ìÂu1�'U|ëOR l
zS� �O�

◦
ñ ìIk?R-igU|ê l zS� ÛOÛ

◦
ñ ì�z	bYR�^aMjV*R­ëDR-^QPSm$igR­ê	MO^�nÐ^rRv[�M|_>�'Uj_abÂ_QR$V*f'R$N%M|_anYNQRv^$ì

z	bYR�NaR-[KigPSWYRv^	bYR$iSfCëhPy^QncMjiSPr$-PgWcXµ_abYRBm,UDWh_QUOncNlUOt�_abYR�ëORv^rPym,iSROì
õ�bxqKPy^�_abYRBUD�c^rR-NQë|Mj_QPSUOWCMjWc[�5hncMOWD_aP�ü'm$M|_aPgUDWKUOtw[]PgNaR-m,_7[]R$tïUONaV*Mj_QPSUOWCUjt�V*R$Vµ�YNaMOWYR-^
�xq>UDf]_QPym$MOi]_`ê?R-R%$-R$N%^�PgWh_QR-NQRv^`_aPgWcX�� � PgWcm$R�V­MjWxq î z8^`_anc[]PSR-^wMONQR	V­MO[YR1UOW*iSPgëxPSWYXBm,R-igiy^$ó
Pg_BPS^ NaR$iSR$ë|MjWh_ _QUC_aNQq�_QUCnYWc[]R-Na^r_aMOWc[Ì_QbYR­R$ý'Rvm�_a^BUjt?iSPSXObh_BUOWËV*R$V>�cNaMOWYR-^-ì@}~W]tïNaMONQRv[
UON	WYRvMjNQ÷¹PSW]tïN%MjNaR-[*iyMO^QR$N%^?MONQR7UjtÇ_aR$W6nc^rRv[EtïUDNl_QN%MjfYfYPSWYXµ�YPgUDigUDXOPym$MOi'm$R$iSiS^	^QPgWcm$RA_QbYR-qEMjNaR
_QbcUOnYXDbD_	_aUEM|ý@R-m�_	_abYR$V UOWYiSqEV­MjNaXOPSWcMjiSiSq�i #tj ìcu�i�_abYUOncXOb6�YPgUDigUDXOPym$MOi'V*R-V>�YN%MjWYRv^	MjNaR5hnYPg_QRµ[YP�ý@R$NaR$Wh_7MOWc[CV>ncm%bÌVsUDNQRBm$UOV*fYiSR,e¼ócPg_7Py^�^r_QPSiSiÓNaR$iSR$ë|MjWh_1_aU�^r_Qnc[]q6bYU|êöV*U][]R$i
V*R$Vµ�YNaMOWYR-^	MONQR�M|ý@R-m,_QRv[¼ì
õËR*m-MjWÌMOiS^QU6R,ex_QN%MOm,_7PSW]tïUONaV­M|_QPSUOWËMj�'UOn]_A_QbcRµV*R$Vµ�YN%MjWYRsR$iyMO^r_QPym,Pg_`qC�hqC_aNaMOfYfYPSWYXCM
û òqp PSWËUOf]_aPSm-MjiI_`ê?R-R%$-R$N%^$ì¼�1U|ê V>ncm%bËM6ëOR-^QPym,iSRs[]R$tïUONaV­^7Py^ bYPSXObYiSqÌ[]R-fÐR-Wc[]R-WD_BUDW
fYbcMD^rRAMjWc[EbYR$Wcm$R7m-MjWE�'RAm$UOWh_QNaUOiSiSR-[s�xqsë|MONQqxPSWYX�_QbcR�_aR$V*fÐR-NaMj_QnYNaROìxklq*fYNQUD�YPSWYX�_QbcPS^
[]R-fÐR-Wc[]R$WÐm,RAê�P�_abKV*R-MOWc^?Ujt î z óxêlR7m,UDnYiy[­_QbcR$WKm$UOV*fcMONQR�_QbYR m,NaP�_aPSm-Mji'iSMD^rR-N?f'U|êlR$N%^
M|_­ê�bYPym%b�MÂ[]P�ý@R$NaR$Wh_E[]R$tïUONaV*Mj_QPSUOW NQR-XOPSVsRCU]m$m$nYNaNQRv[çê�Pg_QbÏbYR-Mj_Em$MjfÐMOm,Pg_`q�fYNaUjüciSR-^
V*R-MD^rnYNaR-[��xq�[]Pgý'R-NQR-WD_aPSMOi!^Qm-MjWYWcPgWYX*m$MOigUDNQPSV*R,_aNQqDìhz	bYR fYbÐMO^QR [YR$f'R$Wc[]R-Wh_1R$iyMO^r_QPym��'R,÷
bcM�ëxPSUON�Ujt'igPSfYPy[*VsR-V>�YN%MjWcR-^IV*PgXDbD_w�'R�bYPSXObYiSqBNaR$iSR$ë|MjWh_�tïUON#�cPgUDigUDXOPym$MjihtïnYWÐm�_QPSUOWÐ^w^rPSWcm$R
_QbcRlfcbcMO^QRp_aNaMOWc^QP�_aPgUDWµm$MOW>�'R�^rbYPgtÇ_QRv[s�hq�V­MOWhqB[YP�ý@R$NaR$Wh_#R$WxëxPgNaUOWcVsR-Wh_aMjiDt�MOm,_QUDNa^�^Qncm%b
MO^	fÐ�BóYfYNaR-^a^QnYNQRAUON	_aR$V*f'R$N%M|_QncNQRDì
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 � ãDè��Óà�ä
T7P�ý@R$NaR$Wh_QPyMji � m$MOWYWYPSWYX ñ MOigUDNQPSV*R,_QNaq��»T �cñ ��Py^�MÂf'U|ê?R-NrtïnYi�_QUxUOi�tïUON�_QbYRÌ^r_QnÐ[]q UOt
R$WÐ[]Uj_abYR$NaV*PSmKMjWc[ÂR$exUO_QbYR-NQV*PymEfYNaU]m,Rv^Q^QR-^�iSPS�ORKm%bÐMjPSW]÷¹V*R-i�_aPgWYXÌfYbcMO^QR­_aNaMOWc^rPg_QPSUOWÐ^BPSW
V*R$Vµ�YNaMOWYR�^rq]^r_QR-V*^-óY�'Uj_ab6�cPgUDigUDXOPym$Mji!MOWc[6MjNQ_QPgüÐm,PyMjiMi � � j ìcT �cñ PS^�Mjiy^rUs_QbcRBV*UD^r_�[YP�÷
NaR-m�_?VsR$_QbYU][s_aU>MOm-m,R-^a^I_QbcR1_QbcR$NaVsU][]qxWcMOV*PSm-Mji]V*R-m%bcMOWYPy^rV­^w�'R$bcPgWc[­m$UOW]tïUDNQV­Mj_QPSUOWcMOi
m%bcMOWYXORv^?UOtÓ�YPSUOiSUOXDPSm-Mji'V­MOm,NaUOV*UDigRvm,nYiSR-^-ìh�cUON	PSWc^`_%MjWcm$RA_QbYR�V*R,_abYU][�Py^	nc^QR,tïnYi@tïUDN	_QbYR
^r_Qnc[]q�UjtÓ�cPgWc[YPgWYXsfYNaU]m,R-^a^QR-^ligPS�OR7_QbcRAPSWh_QR-NaMDm�_QPSUOWÐ^p�'R,_`êlR$R-WKV­MOm$NQUDV*UOiSR-m,ncigRv^7��PgWh_QR-Nr÷
V*UOiSR-m$nYiSMON!NaR-m,UDXOWYPg_QPSUOW'��ó�fYNaUj_aR$PSW tïUOiy[]PgWcX1MjWc[�^r_aMO�YPgiSPg_`qs��PgWh_QN%MjV*UDigRvm,nYiyMjN¼NaR-m$UOXOWcP�_aPgUDWÐ�
UON?M�m,UOVµ�YPSWcM|_aPgUDWsUOt'�'Uj_ab!ìO}~W*_abYUD^QR1m$MD^rRv^wT �cñ PS^#UOtÇ_QR-WEm,UOVµ�YPSWYR-[sê�Pg_Qb­Py^rUO_QbYR-NQV­Mji
_QPg_QN%M|_aPgUDW­m$MjiSUONaPSVsR$_QNaqOìjzÓU��xWYU|ê V*UDNQR1^QR$R�i ��#�j ó:i � � j MjWc[�i¢�j� j ìDõôR�ê�PSigiÐWYU|ê tïUxm$nc^wUDW
_QbcRs^r_Qnc[Yq�UjtpiSPgfcPS[ÌfYbcMO^QRB_aNaMOWc^QP�_aPgUDWc^��xqCV*R-MOWc^AUjtpT �cñ ì � V­MjiSi�VsUDigRvm,nYiyMjN7ê?R-PgXDbh_
V*UOiSR-m$nYigRv^BiSPg�DR­igPSfYPy[Y^sm$MjWcWYUj_>�'RER$e]MOV*PgWYRv[Â�xqËT �cñ nYWYiSR-^a^�_abYR$qôtïUONaV�MjXOXDNQR-XDMj_QR
^r_QNancm�_anYNQRv^ui �O� j ìc�YUDNr_anYWcM|_aR$iSqEiSPgfYPy[Y^	V*R$Vµ�YN%MjWYRv^�MjNaR7bYPSXObcigq6m,UxUOf'R$N%M|_aPgëDROì
uö[]Pgý'R-NQR-WD_aPSMOi¼^Qm-MjWYWYPSWYXsm$MjiSUONaPSVsR$_QR-N?bcMD^?_`ê?U*m,R-igiy^?_QbcMj_�MONQRAMO[]PyMj�ÐM|_QPym$MOigiSq*PS^QUOiyM|_aR-[¼ì
î WYRlPS^IüÐigiSR-[µê�P�_ab>_abYR	NQR$tïR$NaR$Wcm$RlMOWc[>_QbYR	Uj_abYR$N�ê�Pg_Qbµ_QbYR�^aMjV*fYiSRl^QUOiSn]_aPgUDW!ìjz	bYR?_QR$Vs÷
f'R$N%M|_QncNQR Py^�m%bcMOWYXORv[KMj_�M­m,UOWÐ^`_%MjWh_�NaMj_QRBMjWÐ[�_abYR�_aR$V*fÐR-NaMj_QnYNaR�[]Pgý'R-NQR-Wcm,R��'R,_`êlR$R-W
_QbcRµ_`êlUKm$R$iSiS^ Py^AV­MjPSWD_%MjPSWYR-[ôM|_u$$R-NQU�i �D� j ì¼}°t	M�fcNQU]m,Rv^Q^�_aMO�ORv^�fYiyMOm$RµPSWô_QbYR­^aMjV*fYiSR
�Yn]_�[YUhRv^lWYUj_�U]m$m$nYN	PgW6_QbcRANaR,tïR-NQR-Wcm,RDó][]P�ý@R$NaR$Wh_�f'U|ê?R-Na^lMjNaR7WcR$R-[YR-[�_QU*bYR-Mj_�UON�m,UxUOi
_QbcR _`ê?U­m,R-igiy^-ìri¢� �8j

�IPSXOnYNaRB� l � m%bcR$V­M|_aPSm []N%M�ê�PgWcXµUOt�M*[]Pgý'R-NQR-Wh_QPyMji!^am$MjWcWYPgWcX*m-MjiSUONaPgV*R$_QR$Nui � � j ì
�YUDN1M*[]R,_%MjPSigRv[6[YPSMOXON%MjV Ujt�M�p�oúm$MOigUDNQPSV*R,_aR$N�^rR-RAücXOnYNaR �%� ì � PgWXi¢�j� j ì
z	bYR�bYRvM|_1[]Pgý'R-NQR-Wcm,R

∆ � PS^	fYNaUOf'UONQ_QPSUOWÐMji'_QU*_abYR fÐU|êlR$N1[]Pgý@R$NaR$Wcm$R ∆
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∆Q
PS^�PSWÂ_QncNQW�fYNaUOf'UONQ_QPSUOWÐMji�_QUC_abYRER$e]m$R-^a^�bYRvM|_µm-MjfcMDm,Pg_`q

∆Cp

�xq�_abYR­tïUDigiSU|ê�PgWcX
_QbcR$NaVsU][]qxWcMOV*PSm-Mji¼NaR$iyM|_QPSUOW l

∆Cp = (
∂Q

∂T
)p ≈

∆Q

∆T
≈

∆P
∆T
∆t
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õ�bYR-NQR
∆T
∆t

Py^l_QbYRB^am$MOWKN%M|_aR�i � � j ì
}°tw_abYR>_abYR$NaV­MjiIR$ëDR$Wh_�_abcM|_ U]m$m,ncNa^7PS^AR-Wc[]Uj_abYR$NaV*PSmB_QbYR-WÌV*UONaR>bcR-M|_APS^AWYR-R-[]Rv[ÌMOWc[
_QbcR$NaRBPS^AMjW�ncfhê	MjN%[�[]R$øcR-m,_QPSUOW�UOtI_abYR ñ fY÷°m$nYNQëDROìÐ}°t#_QbYRµfYNQU]m$R-^a^1Py^1R,e]UO_QbYR-NQV*Pym _QbYR
[]R$øcR-m,_QPSUOWCPS^�[YU|ê�Whê	MjN%[�i¢�O� j ì
z	bYR�R-WD_abcMjiSfxq�m%bcMOWYXOR

∆H
m-MjW6�ÐR�UD�]_aMOPgWcR-[K�hq�PgWh_QR-XON%M|_aPgWYXµ_QbcR ñ f]÷°m$nYNaëOR�^rPSWcm$R

∆Cp = (
∂H

∂T
)p
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tïUON1MsNaR$ëDR$N%^rPS�YiSR7fYNaU]m,Rv^Q^-ì
z	bYRBR-Wh_QbcMOigfxqKm%bÐMjWYXDRBm$MjW��'RBnc^QR-[6_aU�m$MOiSm$nYiyM|_QR _abYRB�'R$Wc[YPgWYXKV*Ux[YnYignÐ^1UjtwM*V*R$Vs÷
�YN%MjWYR�Mj_l_abYR�V­MjPSWCfYbcMO^QRA_QN%MjWc^QPg_QPSUOW!ì
õËRsm-MjWÌMOiS^QU�XDR,_�_abYR*m%bcMjWYXDRBPSWÌR$Wh_aNQUDfhq�MD^Q^QU]m,PyM|_QRv[Cê�P�_ab�_abYR>_aNaMOWc^QP�_aPgUDW�i �D� j ì@ul_
_QbcR�VsR-i�_aPgWcX­fÐUDPgWh_	_QbYRBm%bÐMjWYXDRAPSW�ûAPg�c�c^ltïNQR-R�R$WYR-NQXDq

∆G = 0
i¢� Ûoj ì

∆G = ∆H − T · ∆S
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�YUDNA_QbYR­m$MOigUDNQPSV*R,_aNQqCR,e]f'R$NaPgV*R-WD_%^ � �KV­L ^r_QU]m%��^QUOiSn]_QPSUOWc^AUOtlTAL�o ñ MOWc[ËT�owo ñ
êlR$NaR?fYNaR$fÐMjNaR-[¼ì|z	bYR	iSPgfYPy[sfÐU|ê1[YR$N���uÓë|MjWh_QP]o�UOiyMjN#í�PgfYPy[Y^-óju1iyMj�cMD^`_aR$Nvó|u�íwójò � u7�Iê	MO^
[]Py^Q^QUOiSëORv[EPSWh_QU � V*i¼UOtÓUONaXDMOWYPym�^QUOiSëOR$Wh_�kxMµV*P�ex_anYNQR UOtIT7PSm%bYiSUONaUOV*R$_QbcMOWYR�sjL�R,_abcMjWYUDi
PSW M�ëDUOiSnYV*RÌN%M|_QPSUçUOtµ� lh� ì	�YNaUOV _QbYRv^rRË^`_aU]m%�Ï^QUOiSn]_aPgUDWc^EêlRôm$UOnYiy[Ï_QbcR$W�fcNQR-fcMjNaR
^aMjV*fYiSR-^#PSW*_QbYRA[]R-^QPSNQRv[µV*UDiSMONwNaMj_QPSUD^#N%MjWcXOPSWYXAtïNQUDV � �O� l �7_QUB� lr� �O� PSW � �|÷~^r_QR$fÐ^$ìjz	bYR
^aMjV*fYiSR-^ êlR$NaR*[YNQPSR-[ô�xqÌ�'R$PSWYXCbYR-Mj_QR-[ËnYWÐ[]R$NBMCëDR$Naq�igPSXObh_>MjPSNB^r_QNaR-MjVÎ_aU�bYR$iSfË_QbYR
R$ë|MOfÐUDNaMj_QPSUOWBUOtY_QbYR	iyMO^r_IUOtc_abYR�^rUDigëDR$Wh_-ì�z	bYR�[]NaPgRv[>^aMjV*fYiSR-^Iê?R-NQR?fYn]_#PSWsMA[]R-^QPym$m$Mj_QUDN
U|ëOR-NQWcPgXDbD_�MjWÐ[E_abYR$WC�OR-f]_�PgW6_abYR tïNQR-R%$-R$Nvì
klR,tïUDNQRlV­Mj�xPgWcX1_QbcR	m-MjiSUONaPgV*R$_QNaq ^am$MOWc^Ó_QbYR�^aMjV*fYiSR-^Óê?R-NQRlNaR$bxq][]NaMj_QRv[�ê�P�_ab>_abYR�^QMOV*R
ëOUDigncVsR�Ujt!V*PgiSiSPgf'UONaR�ê	M|_aR$N7��ê�P�_abKM>NQRv^rPy^`_%MjWcm$R1Ujt ��# L
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R$ë|MOfÐUDNaMj_QPSUOW!ìhT�nYNaPSWYXB_abYPS^?fYNaU]m,R-^a^#_abYR$q*êlR$NaR1bYRvM|_QRv[­nYf­_aU " �
◦
ñ MjWc[E^r_QPSNaNQRv[*ê�P�_ab

M1V­MOXOWYR$_�tïUONIUOWcRwbYUOncN-ìvdwëOR-NQq � �|÷ �vþ V*PgW>_QbYRl^QMOV*fYigR?êlMD^�ëDUONQ_QR$exRv[APgWµUON%[]R$N�_QU�bcR$iSf
_QbcRAiSPSfYPS[c^l_QU*[]R,_%MOm%bEtïNaUOV _abYR PgWÐ^rPy[]R Ujt!_abYR XOiyMO^a^pëxPyMji¼MjWÐ[�V­Mj�DR1_abYR�^QMOVsfcigRAV*UONaR
bYUDVsUDXOR-WYR$UDnc^$ìxT7nYNQPSWYXsNQR-bxqx[YNaMj_QPSUOWE^QV*MOigi@VµnYi�_aPgiyMjV*R-igiyMjN	ëORv^rPym,iSR-^ptïUONaV PSW�_abYR igPSfYPy[
^Qnc^rf'R$WÐ^rPSUOWxi �D� j ì!klR$tïUONaRµfYnY_ PSWh_QUK_QbYREm-MjiSUONaPgV*R$_QR$N7_QbcR*^aMjV*fYiSR*MjWc[�_QbYR*NaR,tïR$NaR$WÐm,ROó
PSWôUDnYN�m$MO^QRsVsPSiSigPSfÐUDNQRsê	M|_QR-N-ó@êlR$NaRs^r_QPSNaNQRv[�ê�Pg_QbÂM�V­MjXDWYR,_�PSWËMKë|MOm$nYnYV3fYncVsfËPSW
UON%[]R-N?_aU­NQR-V*U|ëOR7MOPgN��cnY�Y�YiSR-^	_abcM|_�m$UOnYiy[KbcM�ëOR�[]Py^`_anYNa�ÐRv[E_abYR�V*R-MO^QnYNaR$V*R$Wh_%^$ì
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zÓU�V*MO�ORl_QbcR�bYR-Mj_pm$MjfÐMOm,Pg_`q�V*R-MD^rnYNaR$V*R-WD_%^#Mup�o�[]Pgý'R-NQR-Wh_QPyMjic^am$MOWYWYPSWYX�m$MjiSUONaPSVsR$_QR-N
tïNaUOV�L�Pym,NaU ñ MOi#��ð1UDNr_abYbcMOVsfY_QUOW�ócL�uBóÐò � uA�lêlMD^?nÐ^rRv[¼ìc�IPgN%^r_l_abYR�V*PgiSiSPgf'UONaR êlMj_QR$N
ê	MO^1fcn]_APSWh_QU�_QbYRsNQPSXObh_7m$R$iSiÓUOt#_QbYR*m$MOigUDNQPSV*R,_aR$N1ê�Pg_QbôbYR$iSfÌUOtpMEXOiyMO^a^1^QqxNQPSWYXORDìÐz	bYR
m,R-igiy^#m$MOW>bYUDiS[s�Yó þ!��þ �1Vsi]RvMOm%b!ì|z	bYR	R$e]m$R-^a^IigP95hnYPS[µê	MO^Ó_QbYR-W­m$MjNaR,tïncigiSq�NQR-V*U|ëOR-[!ìvz	bYR
R-[YXORBUOtI_abYR>m$R$iSiÓê	MO^�RvMO^QPgiSqEtïUDnYWc[C�xqC^riSPgXDbh_QiSqK�'R$Wc[YPgWYXE_QbYRµWYR$Rv[]igR>ê�bYR$WC_%Mj�xPgWcXEP�_
UOnY_-ìOz	bYR7^QMOVsR	ê	MO^w[YUOWYR�PSWs_QbYR1iSR,tÇ_lm,R$iSiYê�Pg_Qb*_abYR�igPSfYPy[­^QMOV*fYigRDìOz	bYR�R$e]m$R-^a^w^aMjV*fYiSR
ê	MO^	fYn]_1�ÐMOm%�­PSWK_abYR�ëxPSMOi@tïUON1Msf'UD^a^rPS�YiSR�iSMj_QR$N�nÐ^rRDì

�IPgXDnYNQR #:l z	bYR nc^rRv[*p�o�[]Pgý'R-NQR-WD_aPSMOi�^am$MjWcWYPgWcXsm-MjiSUONaPgV*R,_aR$Nvì
p�ow÷¤p7PgR-ê?R-N7ê	MO^�nc^rRv[6_QU6m,UOWh_aNQUDi!_QbcRµ^am$MjW�fÐMjN%MjV*R,_aR$N%^$ìczÓêlUEnYfô^am$MOWc^1êlR$NaRBV­MO[YR
M|_BMC^am$MjWËN%M|_QRsUjt þ

◦
ñ s|bYUOncN MD^ ê?R-igiwMD^7_`ê?U�[]U|ê�WÂ^Qm-MjWc^7tïUDNBm,UOWh_aNQUDi»ì¼z	bYR­^r_aMjNQ_r÷

PSWYX�_QR-V*fÐR-NaMj_QnYNaR�êlMD^E^QR,_E_aU � �
◦
ñ MjWc[8_abYR�ücWÐMji1_aR$V*f'R$N%M|_QncNQRC_aU þ �

◦
ñ ì?z	bYR

ücig_QR-NQPSWYXsfÐR-NQPSU][Eê	MO^l^rR$_?_aU � �>^QR-m,UDWc[Y^-óh_QbYPy^l�ÐR-PgWYXµ_QbcR7_aPgV*RAPgWh_aR$Naë�MOi¼[]nYNaPgWYXµê�bYPym%b
m$MOigUDNQPSV*R,_aNQPymµ[cM|_aMKPy^Bm,UDigiSR-m,_QR-[ôMjWc[ÂM�ëDR$N%MjXORv[¼ìcõËREm%bYUh^rR*M6bYPgXDbÌtïR-R-[]�ÐMOm%�Ì^QU�_abcM|_
_QbcR m-MjiSUONaPgV*R$_QR$NlêlUOnYiy[ENaR-MDm�_lt�MO^r_l_aUsm%bÐMjWYXDR-^lPgWK_QbcR ^Qq]^`_aR$VCóh_QbYRA_aNaMD[]R,÷°Ujý��'R$PSWYX­M
iSU|ê?R-N	^QR$WÐ^rPg_QPSëxP�_`qDìYk?R$tïUONaR�^`_%MjNQ_QPSWYX*R$ëOR-NQqE^am$MOW�_abYR�fYNaR-^a^rncNQRAêlMD^	^rR$_�_QU þ �sfc^QP»ì
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z	bYR�m,UDW]tïU]m$MOihV*Pym,NaUD^am,UDfÐR � ñ LÌ�Im$UOV>�cPgWYRv[>ê�Pg_QbµøcnYUDNQRv^Qm$R$Wh_�iSMO�ÐR-igPSWYX UjtÐ_QbYR�^aMjV*fYiSR
bcMD^ �ÐRvm,UOV*REM6f'U|ê?R-NrtïnYi�_aUxUOi#WYUO_BUOWYiSq�tïUON Û T PSV*MOXOPSWYXCUjt	^QMOVsfcigRE^r_QNancm�_anYNaROó¼�Yn]_
Mjiy^QU>tïUDN	_QbYR PSV*MOXOPSWYX*MjWc[KnYWc[]R-Na^r_aMOWc[]PSWYX*Ujt�m,R$iSi@tïnYWcm,_QPSUOW!ìYz	bcUOnYXDb�_abYRBm,UDWcm,R-f]_lUOt
m,UDW]tïU]m$MOiwV*PSm$NQUh^Qm$UOfxq�ê	MO^BfÐM|_QR-Wh_QR-[ÂPSWÂ_QbcR�iyM|_QREüYtÇ_QPSR-^-ó�Pg_µNaR-MOigiSqÌ�'R-m-MjV*REf'UOfYnYiyMjN
UOWÐm,RwfYNaUOXDNQRv^Q^@PSW>m$UOV*fYn]_aR$N!_aR-m%bYWcUOiSUOXOq�V*MD[]RpPg_�RvMO^Qq�_aU�^`_aUONaRpMjWÐ[ ê?UDNQ�7ê�P�_ab>[]PSXOPg_aMji
PSV*MOXORv^$ìhi � ��j z	bYRµm$UOW]tïU]m$MOiÓiyMO^QR$NQ÷~^Qm-MjWYWYPSWYX*V*PSm$NQUh^Qm$UOf'R�� ñ í � LÌ��êlMD^7m$UOV*V*R$N%m,PyMjiSigq
M�ë|MjPSiSMO�YiSR7PSW � � # �6i¢�D� j ì
}~W*ê�PS[YR,ücR-iS[*V*Pym,NaUD^am,UOfxq _abYR�ê�bYUOiSR1^aMjV*fYiSRlPy^#PSigiSnYV*PSWcM|_aR-[¼ìhz	bYR�R$V*Pg_r_QRv[*igPSXObh_#tïNaUOV
MjNaR-MD^wMj�'U|ëOR1MOWc[*�'R$iSU|ê _abYR�tïU]m$MOicfYiyMjWcR1Ujt¼_abYR1UO�Yù`R-m�_aPgëDR1iSR$Wc^?m,UOWh_aNQPS�Yn]_aR�_QUBUDn]_r÷°UjtÇ÷
tïU]m,nc^��YiSnYN-ì@z	bYPy^1NaR-[]nÐm,R-^7m,UDWD_aNaMD^`_�MOWc[CNaR-^QUOiSn]_QPSUOW�MjWÐ[CV*MO�ORv^1Pg_7bcMONa[]R-N�_QUK[]R,_aR-m�_
^QV*MOigih^`_aNQnÐm�_QncNQRv^¼PgWB_QbYRl^QMOVsfcigRDì$}~WBm,UDW]tïU]m$MOiOV*PSm$NQUh^Qm$UOfxq�MOigV*UD^r_ÓMOigiO_QbYRwUDn]_r÷°UjtÇ÷¹tïU]m,nc^
iSPgXDbD_�bcMD^��'R$R-W>R$iSPSVsPSWcMj_QR-[!ìjz	bYR?PSiSignYV*PSWcM|_aPgUDW>UOtY_QbYR	^aMjV*fYiSR?Py^Ó^QR�5hnYR-Wh_QPyMji¹ì�z	bcR?iSPgXDbh_
Py^#tïU]m,nc^QR-[*UDWh_QUBM�ëDR$Naqµ^QV*MOigiÐ^rf'Uj_w_abcM|_	^Qm-MjWc^#_QbYR�^aMjV*fYiSR1PSWEM�N%MO^r_QR$NpfcM|_Q_QR$NaW!ìOz	bcPS^
MjiSNaR-MO[Yq>NaR-[]ncm$R-^w_QbYR1PSiSignYV*PSWcM|_aPgUDWEUjt@_abYR7MONQRvMO^#UDn]_pUjt@tïU]m,nÐ^?MOWc[*bYR$WÐm,R1NaR-[]nÐm,R-^w_QbYR
�YiSnYNvìOkln]_#_QbYR�V­Mjù`UON�tïR-Mj_QnYNaR	Ujt'_QbYR ñ L Py^#M�^rfÐM|_QPyMjixüÐi�_aR$NvóOMAfYPgWcbYUOiSROó|_abcM|_wUDWYiSqBigR$_a^
_QbcNQUDnYXObô_QbYR*iSPgXDbh_�m$UOV*PSWYX6tïNQUDV _QbYRstïU]m$MOi#fYiyMjWYR���^QR$R*üÐXOnYNaR��h��ìhi � �oj i �&� j uÙ�cMjNaNaPgR-N
ücig_QR-N m-MjWÌMOiS^QUE�'RµnÐ^rRv[��'R,tïUONaRB_abYRsfYPgWcbYUOiSRs^QUE_abcM|_ UOWcigqCê	MjWh_QRv[�êlM�ëDR$iSR$WYXO_Qbc^�MjNaR
iSR,_�_QbcNQUDnYXOb!ìY�cUON	_`qxfYPym$MOi!m,UOWYtïUxm-Mji¼PSV­MjXORv^	^rR-R�i¢� #oj ì

�IPgXDnYNaRG� l k	MD^rPym#[]R-^QPSXOW UjtYM�m,UDW]tïU]m$MOijV*PSm$NQUh^Qm$UOf'R�tïUON!nc^QRwPSW øcnYUDNQRv^Qm$R$Wcm$RIV*Pym,NaUD^am,UDfhqi¢� �oj ì
z	bYR�^QPh$$R�Ujt'_QbcR�tïU]m$Mji'^rf'Uj_pMOWc[s_Qbxnc^#_QbYR1NaR-^QUOiSn]_aPgUDWsUOt@m$UOW]tïU]m-MjicMD^#ê?R-igiÐMO^#ê�Py[]R,üÐR$iy[
V*PSm$NQUh^Qm$UOfxqµ[YR$f'R$Wc[Y^?UOWE_QbYR7êlM�ëDR$iSR$WYXO_Qb­Ujt¼_abYR�PSiSignYV*PSWcM|_aPgWcX>iSPgXDbD_	MjWc[­_QbYR7WhncVsR-Nr÷
Pym$MjiIMjf'R$NQ_QnYNaR-^>��ð�uA�1UOt�_QbYRµUO�]ù`Rvm�_QPSëORµMjWc[�m$UOWc[]R-Wc^QR$Nvìcz	bYR>ð7u UjtpMEigR-Wc^�[]R-fÐR-Wc[Y^
PSWsNaR,_anYNaWsUDWs_QbYR1bÐMjigtÇ÷°MOWYXOiSR

α
Ujt'_QbcR1m,UOWcR�Ujt@igPSXObh_pMOm-m,R-f]_aMO�YigR��xqBUDNwR$V*R-NQXDPgWYXAtïNaUOV

Pg_7MjWc[K_abYR�NQR$tïNaMDm�_aPgëDRAPSWc[]R$eË��WÐ�	UjtI_QbcRBV*R-[]PSnYV �ÐR$_`ê?R-R$W6_QbYR�iSR$WÐ^1MjWc[K_abYR>^aMjV*fYiSRi¢�D� j ì

��#



NA = n sin α
�°�j�

�YUDN1R,eYMOVsfcigRDócPgt
α
PS^�PgWÐm,NaR-MO^QR-[K_abYR�tïU]m$MOiÓ^QfÐUO_7^rPh$$RB[YR-m,NaR-MD^rRv^ui Û � j ìÐõËR>m$MOW�[]PS^r_QPSW]÷

XOncPS^QbÌ�'R,_`êlR$R-WÌiyM|_QR-NaMOi?��fcMjN%MjiSigR-iI_QUE_abYRstïU]m$Mji�fYiyMjWcRv�7MjWc[�Mje]PSMOil�»MjiSUOWYX�_QbYR*UOfY_QPym$Mji
M|e]Py^�UOt#_QbYRsV*PSm$NQUh^Qm$UOf'Rv�1NQRv^rUDign]_aPgUDW!ì@�YUON m,UDW]tïU]m$MOiÓV*Pym,NaUD^am,UOfxqDóYiSMj_QR-NaMOiÓNaR-^QUOiSn]_QPSUOWÐ^
�'R,_`êlR$R$W �%� �OWYV MOWc[�� þ �jWcV MjWÐ[EM|e]PyMjiYNaR-^QUOiSn]_QPSUOWÐ^w�'R,_`êlR$R$W þ �O�OWYVÙMOWc[ �

µ
V bcM�ëDR

�'R$R$W NQR-fÐUDNr_aR-[©i � �oj i �&� j i Û � j ì�z	bYREPSV­MjXOR­PSW�tïU]m,nÐ^BUjt1MOW�PgW]üÐWYP�_aR$iSq�^rV­MjiSiwiSnYV*PgWcUOnc^
f'UOPSWD_�Py^	WYUj_	PSW]ücWYPg_QR-igq6^rV­MjiSi¹óh�cn]_1PS^	M*m,PSN%m,nYiyMjN	u1PSNQqK[]P�ý@N%MOm�_aPgUDW�PSV­MjXORAê�Pg_QbCMsm$R$W]÷
_QN%MjiI�YNaPgXDbh_A[]Py^r��MOWc[Ì[]PSV*R$N m,UDWcm,R-WD_aNQPym>[cMjNa�6MOWc[��YNaPSXObh_7NaPgWcXD^-ìÐz	bYRsNaMD[]PSnc^1UOtw_QbYR
[]Py^r��PS^ l

rAiry = 0.61
λo

NAobj

� # �

ê�bYR-NQR
λo

PS^�_QbYRËê	M�ëOR$iSR$WcXj_QbÏUOtBigPSXObh_KPSWúë|MOm$nYnYV MOWc[
NAobj

Py^E_abYRÌWxnYV*R$NaPym$Mji
Mjf'R$NQ_QncNQRCUjtA_QbcR�UO�]ù`Rvm�_QPSëORDì � UË_`êlUËR�5hncMjiSigq �YNaPgXDbD_E^QfÐUO_a^EMONQRCNaR-^QUOiSëORv[ MjWÐ[8^QR$R-W
MO^A_`êlUCP�t	_abYRE[]Py^`_%MjWcm$RE[ô�'R,_`êlR$R-WË_QbYR-V+Py^�R�5hncMOi�_QU�UON�XDNQRvM|_aR$NA_QbcMOW

rAiry

ì�z	bcPS^
Py^­�xWYU|ê�W�MO^*_abYRÌ{1M�qxiSR$PSXObÏm,NaP�_aR$NaPgUDW!ìri¢�D� j u1iy^rUÂ_abYRÌ^QPr$-R�Ujt _QbYR�fcPgWYbcUOiSR�V­M|_r_aR$N%^$ì
z	bYR-UONaR,_QPym$MOigiSqOó�_abYR�fYPSWYbYUDigR�^QbYUDnYiS[8�'R�UjtA_QbcRÌ^rPh$$R�UOt7_abYRÌu�PgNaq []Py^Q� PSW�UON%[]R$Ns_QU
PSWcm,NaR-MD^rREMjexPyMjipNQRv^rUDign]_aPgUDW!ì�z	bYPy^µPS^µMOm$m$UOV*fcMOWYPgRv[ô_QbYUDnYXOb��xqÂM�[]R-m$NQRvMO^QR­PgW�PSV­MjXDR
�YNaPgXDbh_QWYRv^Q^�_QbcMj_�VsPSXObh_C�ÐR�M fYNaUO�YiSR$V ê�bYR-WG^r_QnÐ[]qxPgWYXÏ[]PSV ^QfÐRvm,PSVsR-Wc^-ìri¢� �oj z	bYR
nYig_QPSV­M|_QR7igPSV*P�_	Ujt¼NaR-^QUOiSn]_QPSUOW��»^rfÐMOm,PSWYX>Mj_pê�bYPym%b­_QbcR�PSV*MOXOR�m$UOWh_QN%MO^r_wUjt!f'R$NaPSUx[YPSm-MjiSigq
^QfcMOm$R-[*UO�Yù`R-m�_%^?[YNQUDfc^#_aUm$$R-NQUx��UO�Y_aMjPSWcMO�YigR�ê�P�_abKm,UDbYR$NaR$Wh_?m$UOW]tïU]m-MjicV*Pym,NaUD^am,UDfhqµbcMO^
�'R$R$WÌtïUOnYWÐ[�_QU6�'RµPy[]R$Wh_aPSm-MjiI_QU�_QbYRsUOWYRsUO�Y_aMjPSWcMO�YigRµê�P�_abÌPSWcm,UDbYR$NaR$Wh_AWYUOW]÷~m,UDW]tïU]m$MOi
V*PSm$NQUh^Qm$UOfxqOì?�1U|êlR$ëOR-N-ówMD^­_abYRÌ^QfcMOm$PgWYX fÐR-NQPSU][ÏPS^�PgWcm$NQRvMO^QR-[Ïm,UDWh_QN%MO^r_ENQPy^rRv^EVµncm%b
V*UONaRs^QbcMONQfYiSq�ê�Pg_Qb�m,UDbYR$NaR$Wh_�m,UOWYtïUxm-Mji�V*PSm$NQUh^Qm$UOfxqOó¼^QU�_abYR­fYN%MOm,_QPym$Mji�NaR-^QUOiSn]_QPSUOWÌPS^
R,e]f'R-m,_QR-[K_aUs�'R�XONaR-Mj_QR-Nlê�Pg_Qb�m$UOW]tïU]m$MOi¼UOf]_aPSm-^$ìhi¢�D� j
z	bYR7�YPgXµMO[]ë|MjWh_%MjXOR�UOt ñ L MO^?^QMOPS[*Py^w_abcM|_lUOWYiSqsPgW]÷¹tïU]m,nc^?iSPgXDbD_?NQRvMOm%bYRv^�_QbYRA[]R,_aR-m,_QUON
ê�bYPym%b PSWcm$NQRvMO^QR-^sm,UOWh_aNaMD^`_­MjWc[ []R,_aR-m,_QPSUOWÏ^rR-Wc^rPg_QPSëxP�_`qDì#}°_EMjiy^rUÂMjiSigU|ê1^µ_aUË^QR-m,_QPSUOWÏM
^aMjV*fYiSR�ê�Pg_QbYUDn]_lfcbhq]^QPSm-MjiSigq­^QigPym,PSWYXµP�_vì � PgWcm$R�UDf]_QPym$MOi'^QR-m,_QPSUOWYPSWYX>Py^lNQR-iSMj_QPSëOR-igqsWYUOWcPgW]÷
ë|MO^QPgëDRBPg_AV­Mj�DR-^�P�_AR-MO^QPSR$N1_aUK^r_Qnc[Yq�igPSëxPgWYX6^QMOV*fYigRv^$ìÐ}~V­MjXOPSWYXEPSW�_abYRBe]qh÷°fYiSMOWYRBPy^�UOt
m,UDnYN%^rR�f'UD^a^rPS�YiSROóÐ�Yn]_AMOiS^QU*e!$,÷	MjWc[Cq¨$,÷~^QR-m�_aPgUDWc^1m-MjW��'RBV­MO[]RB�xqK_aMO�hPSWYXEUDWYRBN%MO^r_QR-N
iSPgWYRµtïNaUOVÎR-MDm%b�e]qD÷°PSV*MOXORBPSW�_abYRm$$÷°^r_aMDm%�@ì � PSWcm$RB_QbcRµUDf]_QPym$MOiI^QR-m,_QPSUOWc^AMjNaR>UD�]_aMOPgWYRv[
PSWúM�[]PgXDP�_%Mji�tïUDNQV­Mj_EP�_�Py^­RvMO^Qq�_QUçfcNQU]m,Rv^Q^s_abYRÌ[YMj_aM�MOWc[ tïUONER$e]MOV*fYigR�V­MO�OR Û T
fYNaUjù`Rvm�_QPSUOWÐ^?UOtÓ_abYRB^QfÐRvm,PSVsR-W!ìhi � �oj
ñ í � L�^r_QPSigi@bcMD^	MBtïR-ê�iSPgV*Pg_aM|_aPgUDWc^-ìxz	bcR$NaR7Py^�M>iSPSVsPg_QRv[�N%MjWcXOR�UOt�ê	M�ëOR$iSR$WcXj_QbÐ^?M�ë|MjPSig÷
Mj�cigRôtïUONKøcnYUDNQRv^Qm$R$Wh_KR$e]m$P�_%M|_aPgUDW!ì?}~WGm,UDWhëDR$Wh_QPSUOWÐMji1øÐnYUONaR-^am,R-Wcm,RôigPSXObh_KV*Pym,NaUD^am,UDfhq
V*R$N%m,nYNaq�iyMjV*fc^­MjNaR6UjtÇ_QR-WÏnc^rRv[ç_abcM|_Em-MjW8fYNQU|ëxPy[]RCMôê�Py[]RCN%MjWYXDRKUOt7ê	M�ëOR$iSR$WcXj_QbÐ^
nc^QPgWcXE[]P�ý@R$NaR$Wh_�ücig_QR-Na^�i � �oj ì'z	bYR$NaRBMjNaR�Mjiy^rU*fYbcUj_QUD�YiSR-MOm%bcPgWYX*Py^Q^QnYRv^1MjWc[6UDWYRB^rbcUOnYiy[
�'Rµm$MONQR$tïnYiIWYUj_7_QUEU|ëDR$NaR,e]fÐUh^rR _abYRµ^aMjV*fYiSR�_aUE_QbcR>iyMO^QR$N�iSPSXObh_-ì � UOV*RBiyMO^QR$NAm$MOWn4 _A�ÐR
nc^QR-[ÂM|_>_QbYR-PgN�tïncigi?fÐU|êlR$N>^QPSWcm,R­Pg_>êlUOnYiy[Â[YMjV­MjXDR*�YPgUDigUDXOPym$MOiw^QMOVsfcigRv^$ì � UDV*R,_QPSV*R-^
MjnY_QUjøÐnYUONaR-^am,R-Wcm,RAUjtI�YPgUDigUDXOPym$MOi@^aMjV*fYiSR-^�m-MjW6�ÐRBMsfYNaUO�cigR-V6ìhi¢�t� j
õËR­ê�PgiSi#WYU|ê iSUxUO�ÌMj_�^QUOV*Rµt�MOm,_QUON%^ M|ý@R-m,_QPSWYX6_QbYRª5hncMOigPg_`q�Ujt	m,UOWYtïUxm-Mji#PSV­MjXOPSWYXÐì@u
[]Pgý'R-NQR-Wcm,R�PSW6_QbYR>NQR$tïNaMDm�_QPSëOR PSWc[]R$eK�'R,_`êlR$R$W6_abYRB^QMOV*fYigRBMOWc[K_QbYR�UD�]ù`R-m,_QPSëOR�PSV*VsR-Nr÷

� �



^QPgUDWKV*R-[YPSM*m$MOW6m-Mjnc^QRA_QbYR tïU]m-Mji¼fYiyMjWYRA_aUsV*U|ëDR7V*UONaR UON	iSR-^a^l_QbcMOWK_abYR�V*PSm$NQUh^Qm$UOf'R
^r_aMjXDROìxz	bYPy^lMjý'Rvm�_%^p_abYR NQRv^rUDignY_QPSUOW!óhR-^QfÐRvm,PyMjiSigqs_abYR�M|e]PSMOi»ìhi¢� "�j i �&� j z	bYRAm%bcUOPym,R�UOt�iSR$Wc^
Py^1PSVsf'UONQ_aMOWh_-ìc�cUON1R$e]MOV*fYigR _abYRBbYPSXObcR$N�_abYR>ð�u Ujt�_QbYR>UO�]ù`Rvm�_QPSëOR�iSR$WÐ^$ó]_abYR�_abYPgWcWYR$N
_QbcR ^QiSPSm$R1_QbÐM|_1m$MOW��'R�«Qm,n]_N¬%ì]z	bYPy^	MjfYfcigPSR-^	m,iSUD^QR1_aU>_abYR�m,U|ëDR$N%^riSPgf�ì � fYbcR$NaPSm-Mji@Mj�'R$NaNaMj÷
_QPSUOWÐ^�^QbYUOnYiy[�MOiS^QU­�ÐR>_aMO�OR$W�PSWh_QU�MDm$m$UOnYWh_-ìÐ}°tp[]Pgý'R-NQR-WD_A[]qORv^�MjNaRBnc^QR-[CPg_7Py^A[]P­vEm$nYi�_
_QU�m$UOV*fcMjNaRB_abYR­V*R-MD^rnYNaR-[�øcnYUONaR-^am,R-Wh_APSWh_QR$WÐ^rPg_QPSR-^�^QPgWÐm,Rs_QbYR­^QR$Wc^QPg_QPSëhPg_`q�UjtlfYbYUO_QUj÷
V>nci�_aPgfYiSPSR$N _Qnc�ÐRv^ PS^QWn4 _A_abYR­^QMOV*R>tïUDN MOigi#ê	M�ëOR-igR-WYXj_abc^-ì'z	bYRsnc^QR-[Ë^rfÐM|_QPyMji#^aMjV*fYiSPgWcX
[]Py^`_%MjWcm$RKPy^*Mjiy^rUôPgV*f'UONQ_aMOWD_vì�}°_­^QbYUDnYiS[ M|_*igRvMO^r_s�'R6bcMjigt�_abYR6^QPh$$R6Ujt1_abYR�^rV­MjiSiSR-^r_
PSWYfYn]_�tïRvM|_QncNQRDìri¢� "�j
z	bYR-NQR*MjNaRµ[]Pgý@R$NaR$Wh_7_`qxf'R-^AUjtlm,UOWYtïUxm-MjiIV*PSm$NQUh^Qm$UOf'R-^-ìÐ}~WôUOnYNAR,e]f'R$NaPgV*R$Wh_%^7êlR>nÐ^rRv[
Mç^QigU|ê	÷~^am$MjWÏ�'R-MOV ^am$MOWYWYPSWYX m$UOW]tïU]m$MOi�V*Pym,NaUD^am,UOf'ROì?u3�'R-MjV ^am$MOWYWYPSWYX ñ L nc^QR-^
N%MjfYPy[]iSqB^Qm-MjWYWYPSWYXAV*PgNaNQUDNa^ÓUOW*MA^`_%M|_QPSUOWÐMjNaqB^rf'R-m$PgV*R$W�ìjz	bYR$q>MONQR?UjtÇ_aR$W*nc^QR-[�_aU�^`_anc[]q
øcnYUDNQRv^Qm$R$Wh_QiSq�iyMj�'R$iSigRv[B�YPSUOiSUOXDPSm-Mji]^QMOV*fYigRv^$ì�}°_w^QbYUOnYiy[B�'R�f'UOPSWD_aR-[µUOn]_I_QbÐM|_w^riSU|ê	÷~^Qm-MjW
ñ í � L+m$MOWn4 _l�'R nc^rRv[­_aUµPSWxëOR-^r_QPSXDMj_QR7NaMOfYPS[EfYNQU]m$R-^a^rRv^?^QPgWÐm,RAP�_l_aMO�OR-^lMjfcfYNQU�e]PSV­M|_QR-igq
bcMOi�t	MKV*PSWxn]_QRs_QUCXDR,_BMKm$UOV*fYiSR,_aRsPSV­MjXDRs^r_aMDm%�'ì¼�cUON _QbcPS^�MKëxPS[]R-Uj÷°NaMj_QR ñ í � L m$MOW
�'Rµnc^QR-[!ì'z	bYR-q�MjNaR>Mj�cigR>_QUKm-Mjf]_anYNaR>fYNaU]m,R-^a^QR-^�_abcM|_A_aMO�ORBfciSMDm,R>PSW�_abYRsVsPSiSigPy^rRvm,UDWc[
N%MjWYXDROì#z	bYR$NaRCMjNaRKMjiy^QUË^r_aMOXORC^Qm-MjWYWYPSWYXÂm,UDW]tïU]m$Mji	V*Pym,NaUD^am,UOf'R-^µPSW ê�bYPym%b8UOWYiSqÂ_QbYR
^aMjV*fYiSR1PS^pV*U|ëOR-[!ìDu1iSi@m,UOWYtïUxm-MjiYV*Pym,NaUD^am,UDfÐRv^w[]UBWYUO_?nc^QR�m$UObYR-NQR-WD_?iSMD^rR-NwigPSXObh_vì � fYPSW]÷
WYPSWYX­[]Py^r�6m,UOWYtïUxm-Mji¼V*Pym,NaUD^am,UOf'R-^lnc^QR ê�bYPg_QR�iSPgXDbD_	tïNaUOV MµV*R-Nam$nYNQq­iyMjV*f!ìhi¢� þ�j î _abYR$N
V*R,_abYU][Y^pm-MjW*Mjiy^rU��'R�nc^QR-[µ_QUBV­MO�ORløcnYUDNQRv^Qm$R$Wcm$RlPSV­MjXDPgWYXÐìjL�nYig_QPSfYbYUO_QUOW­R$eYm,Pg_aM|_aPgUDW
V*PSm$NQUh^Qm$UOfxq�XDPgëDR-^�_abYR�MD[]ë|MjWh_aMOXOR­Ujt�WYUôUOn]_Q÷¹UOtÇ÷»tïU]m$nc^�fYbYUO_QUD�YigRvMOm%bYPSWYX�MOWc[ÂfYbYUO_QUj÷
[YMOV*MOXORDì�u1WçMOi�_aR$NaWcM|_aPgëDR­êlM�qôUjt�NQR-V*U|ëhPSWYXCUOnY_r÷°UjtÇ÷¹tïUxm$nc^�iSPgXDbh_>PS^�_QU�nc^QREê�Py[]R,üÐR$iy[
V*PSm$NQUh^Qm$UOfxq MOWc[8_QbYR-W�[]Rvm,UOWxëDUOiSëOR6_QbYRÌUO�]_%MjPSWYR-[ÏPSV­MjXORv^$ì?T�Rvm,UOWxëDUOiSn]_QPSUOW�m$MOW��ÐR
nc^QR-[C_aU�PSV*fYNQU|ëDR ñ L�PSV­MjXORv^�MD^1êlR$iSi»ì@�YUDNAMEm$UOV*fcMONQPy^rUDW�Ujt#_abYRB_`êlUEV*R,_abYU][Y^ ^rR-R
m%bcMOf]_QR-N�� Û PgWXi¢�D� j ì

�n�9�n�9� �A� æ¡ �â�ã* I
|ã3  � 
 � è���à'ß
z	bYR*^QMOV*fYigRµfYNaR$fcMONaMj_QPSUOW�ê	MO^AMjiSVsUh^`_7_QbYR*^aMjV*RBtïUDN�_abYRsm$UOW]tïU]m-MjiIVsPym,NaUD^am,UDfxq6MOWc[
UOfY_QPym$MjiÐ_`êlR$R%$-R$N%^7� î z1�wR$e]fÐR-NQPSV*R$Wh_a^-ì � V*X¨s|Vsi'iSPgfYPy[�^r_QU]m%�­^QUOiSn]_QPSUOWc^lUOtÓT7L�o ñ MOWc[
T7owo ñ êlR$NaR�fYNQR-fcMjNaR-[µê�Pg_Qb�m%bYiSUONaUjtïUDNQV MD^#UONaXDMOWYPyml^QUOiSëOR-Wh_-ìOu�iS^QU _QbYR�igPSfYPy[]igPS�OR1øcnYUj÷
NaR-^am,R$Wh_¼V­MjNa�OR-Na^¼T7Pg}°÷ ñ ��# � � ó � 4 ÷°[]PSU]m�_%MO[]Rvm,qxi�÷ Û ó Û ó Û 4Só Û 4 ÷»_aR,_QN%MjV*R$_QbxqxigPSWc[]U]m$MONQ�'U]m,qhMjWYPSWYR
f'R$N%m%bYigUDNaMj_QR��,��T7PS}r�BMjWÐ[çklUx[YPgfxqÏ�»��÷�� � ó � ÷°[YP�øcncUONaUj÷ þ ó��v÷~[]PgV*R$_Qbxqxi�÷ � ÷°�ÐUDNaMj÷ Û MYó � M|÷~[]PyMo$-Mj÷
^r÷¹PSWc[YMDm,R$WcR,÷ Û ÷°fÐR-WD_%MjWYU|qxiÇ�I÷ � ÷°bYR,eYMO[YR-m$MOWYU|qxi�÷~^QW]÷¹XDigq]m$R$NaUj÷ Û ÷»fcbYUD^QfYbYU]mabYUOiSPSWYRv��tïNaUOV:}~W]÷
ëxP�_aNQUDXOR-W�ê?R-NQRµnc^QR-[¼ì¼z	bYR­TAL�o ñ MOWc[ÌT7owo ñ ^`_aU]m%��^rUDign]_aPgUDWc^7ê?R-NQRµVsPge]R-[ôPgWÌ_QbYR
[]Rv^rPSNQRv[ËVsUDiSMON�NaMj_QPSUD^-ì!T�PS} êlMD^�MO[Y[YR-[ÂM|_>M�m$UOWcm$R$Wh_QN%M|_aPgUDWôUOt	�cì � � þ

×
� �

3
V*UOi.s|í8PSW

_QbcR�VsUDiSMON	NaMj_QPSU*T7PS} l iSPgfcPS[Y^ �&l¢þ �O�cìhklU][]PSfxqEêlMD^�MO[Y[YR-[�_QUs_QbYRB^aMjV*fYiSR-^�Mj_1Msm$UOWcm$R$W]÷
_QN%M|_aPgUDW�Ujtp�cì �3�-Û

×
� �

3
V*UOi.s|í�PSW�_abYR>V*UDiSMON�N%M|_QPSU�klU][]PSfhq l igPSfYPy[Y^ �3l � þ �cìcz	bYR*^rUDigëDR$Wh_

ê	MO^�_abYR$W R$ë|Mjf'UON%M|_aR-[Â�xqÂbYR-Mj_QPSWYXÌncWc[]R$N*M�XDR$Wh_QiSR�WYPg_QNaUOXDR$Wç^r_QNaR-MOV6ìIõ�bYR-W []NaPgRv[
zÓNQPgøcnYUDNQUxR,_abcMjWcUOi���z��Id?� ê	MO^�MD[Y[]Rv[�_aUC_QbYRE^aMjV*fYiSR-^ PSWË_QbYRE^aMjV*REMjV*UDnYWh_�MD^A_QbYR
m%bYiSUONaUjtïUDNQV:fcNQRv^rR-WD_1�'R,tïUDNQR�R-ë|Mjf'UON%M|_QPSUOWÂ�»�O�O�

µ
iy�,ìcz	bYR>^aMjV*fYiSR-^�êlR$NaRB^r_QUONaR-[6PSWC_QbYR

tïNaR$R%$-R$Nvì]õ�bYR$W�fcNQR-fcMjNaPgWcXµtïUDN�R,e]f'R$NaPgV*R$Wh_%^$ó "
µ
i!UjtI_QbcRB[]R-^QPgNaR-[C^aMjV*fYiSR�êlMD^	fYn]_�UDW

MjWÂ}~Wc[YPgnYV�z	PSW î e]Py[]REm,UhM|_aR-[Ë�Yì � ��V*V3_QbcPSm%�Ëk?UDNQUh^rPSiSPSm-M|_QR*z	bYPSW ûAiSMD^Q^�m$U|ëOR-Na^QigPSf
�ï}`z î �,ìÓz	bYRKfYNaR$fcMONQRv[Ì}`z î ^>ê�bYR$NaREfYn]_µPgW M�[YR-^QPSm-m$M|_aUONBU|ëDR$NaWYPSXObh_ _QU�NaR$V*U|ëOREMOigi
^QUOiSëOR$Wh_	NQRv^rPy[]nYRv^$ì

�O�



�n�9�n�h' ® â�ãxÝOè%
|à,¯°à,
|æ � è��»àÐß
z	bYRsëORv^rPym,iSRBtïUDNQV­M|_aPgUDW�ê	MO^A[]UOWYRµPgWÌ_QbYR­m%bcMOV>�'R$N%^1nc^QR-[�tïUON m,UDW]tïU]m$MjiIPSV*MOXOPSWYX�NaR,÷
^QfÐRvm�_QPSëOR-igq UOf]_aPSm-Mji�_`êlR$R�$$R-Na^*R$exf'R$NaPSVsR-Wh_a^-ìwdwëOR-W�P�tA_QbcR�_`ê?Uçm%bÐMjV>�'R$N%^*fYNaR-^QR$Wh_QRv[
^QUOV*RA[YP�ý@R$NaR$Wcm$R-^l_abYR V*Mjù`UON?tïR-Mj_QnYNaR-^�^r_aM�qDR-[*_abYR�^QMOVsRDìYz�êlUs}`z î ^?êlR$NaR ^rR-fcMjN%M|_aR-[
�xq�M Û V*V NaR-^QfÐRvm�_QPSëOR-igq Û �D�

µ
V _QbYPym%��^rfÐMOm,R-N�V­MO[YR>Ujtwf'R$R-����MEëDR$NaqKNaUO�cnc^`_7fYiSMD^`÷

_QPym>_QbcMj_Am$MOW�bYUDiS[�ncf�_QU ��" �
◦
ñ �'R,tïUDNQRs[]Py^`_aUONQ_QPSWYXh�,óÐV*UOncWD_aR-[�UDWÌMEV*R$_aMji�^aMjV*fYiSR

bYUDiS[]R-N�_QbcNQUDnYXOb�ê�bYPym%b�ê	M|_QR-N�m,UDnYiy[C�ÐR�øÐnc^rbcR-[¼ó@^rR-R�ücXDnYNQR � �Yìcz	bcR>^QMOV*fYigR>bYUOiy[]R$N
ê	MO^#m,UDnYfYiSR-[s_aUBM bYR-Mj_w�cM|_ab!óO�YNaUOncXObh_#nYf*_QU " �

◦
ñ MjWÐ[>_abYR$NaR$�xqµbYR-Mj_QR-[µ_abYR�^aMjV*fYiSR

_QU*M�_aR$V*f'R$N%M|_QncNQRAMj�'U|ëOR�_abYR7fcbcMO^QR1_aNaMOWc^rPg_QPSUOW�ìhz	bYRAR$iSR-m,_QNaPSm-Mji'm,UOWcWYR-m,_QPSUOWE�'R,_`êlR$R-W
_QbcR��ÐUO_r_QUDV:}`z î MOWc[KP�_%^�m,UONaNaR-^QfÐUDWc[]PSWYXµR-igRvm�_aNQU][]RAêlMD^lëOR$NaPgücR-[¼ìYz	bcRAiSPSfYPS[KüciSV�UDW
_QbcRE�ÐUO_r_aUOV+}`z î ê	MO^�NaR$bxq][]N%M|_QRv[�ê�Pg_Qb�fYNaR$bcR-M|_aR-[ÂL�PSigiSPSfÐUDNQR­ê	M|_aR$N�ê�Pg_QbçMCV*PgWcP�÷
V>ncV NQRv^rPy^`_%MjWcm$R>UOt ��# L

Ω
ì,pwMDm,nYncV3XONaR-MD^rRBê	MO^7nc^QR-[�_QU6V*MO�OR>_QbYRs}`z î ^ ^`_aPSm%�6_QU

_QbcRµ^QfcMOm$R$Nvìcu ^QV­MjiSi�bYUDigRDóÐ^QR-MjiSR-[Cê�Pg_Qb�ë|MDm,nYnYVÎXDNQRvMO^QRAê	MO^�V­MO[]RBPSW�_abYR�_QUDf�}`z î
� � VsV _QbcPSm%�Y�sPSW�UON%[]R$N­_aU�V*UOWYPg_QUDN­_QbYR�_QR$V*f'R$N%M|_anYNQR�ê�Pg_QbúM�_QbYR-NQV*U]m,UDnYfYiSR$N­PSW
_QbcR î zúR,e]f'R$NaPgV*R-WD_%^$ìYu1tÇ_QR-N�MjfYfcNQU�e]PSV*Mj_QR-igqE�j�µ_aU � �sVsPSWxn]_QRv^�UjtIbxqx[YNaMj_QPSUOW�PSW6_QbYR
[YMONQ�@ój_aUsM�ëDUOPy[sfYbYUj_aUO�YiSR-MDm%bYPSWYXBUjt�_QbYRA[]qORv^$óD_QbYR ^QfcMOm$R$Npê	MO^pR$iSR-m,_QNaPSm-MjiSigq­m,UDWYWYRvm�_QRv[
_QUEMstïncWcm�_aPgUDW�XOR$WcR$N%M|_QUDN�^rnYfcfYigqxPSWYX � �D�q$DóÐ�op ^QPgWxnc^QUOPy[YMOi!Mjig_QR$NaWcMj_QPSëOR�m,nYNaNaR$Wh_-ìYz	bYR
[]nYN%M|_aPgUDWEUjt¼_abYRAR$iSR-m�_aNQUOtïUONaV­M|_QPSUOW­ê	MO^?Mjiy^rUµUjt�MO�ÐUDn]_	�O��_QU � �>VsPSW!ìxõËR7XDUj_?V*Uh^`_aigq
^QR$V*P�÷~^QfYbYR$NaPym$Mji]ëDR-^QPSm$igRv^wM|_Q_aMDm%bYR-[µ_QU _abYR1�'Uj_Q_QUOVÙ}`z î ój�YnY_?PSWE^rUDVsR1m-MO^QR-^I_abYR1iSPgfYPy[Y^
tïUONaV*R-[ []R,_%MOm%bYRv[ ^QfYbYR$NaPym$MjilëORv^rPym,iSR-^-ó�R-^QfÐRvm,PyMjiSigqÂPgt�_abYR�m,nYNaNQR-Wh_µê	MO^sigR$tÇ_­UOWçtïUDN­M
iSUOWYXDR$N7_QPSVsRDì¼z	bYRs^aMjV*fYiSRsêlMD^�ücWcMOigiSq�m,UxUDigRv[�[]U|ê�WÌUDWÌMKê?R-igi#m,UDWc[]ncm,_QPSWYXK^QnYNQt�MOm$R
�'R,tïUONaR*fYn]_�PSWD_aU6_QbYR­V*Pym,NaUD^am,UOf'ROì@��M�ëxPSWYXK_QbYR­ëDR-^QPSm$igRv^AMj_r_%MOm%bYRv[�_QU6_abYR­^rnYNQt�MOm$RµUOt
_QbcR��ÐUO_r_QUDV:}`z î ê	MO^�MOW6MD[]ë|MjWh_aMOXORAPgW6UOncN1m$MO^QROó]V­MO�hPSWYXsP�_1f'UD^a^QPg�YiSRAtïUON�nc^l_aU­nc^QR
_QbcRB^QMOVsR ëDR-^QPSm$igRA_QbcNQUDnYXObYUDn]_�MµV*RvMO^QnYNQR-V*R$Wh_1^rR-NQPSR-^-ì

�IPSXOnYNaR � � l � MjV*fYiSR bYUOiy[]R$N	tïUDN�R$iSR-m,_QNaUjtïUONaV­M|_aPgUDWKMjWÐ[Km$UOW]tïU]m$MOi¼V*PSm$NQUh^Qm$UOfxqOì
z	bYR�V*Rvm%bcMjWYPy^QV*^EUjt�ëORv^rPym,iSR6tïUONaV*Mj_QPSUOW�MjNaR�WYUO_�ê?R-igi��hWcU|ê�W!ìpd#e]f'R$NaPgV*R-WD_%^EbcM�ëDR
�'R$R$WKV­MO[]RAê?R-NQR1_QbYR ^QMOV*fYigRAê	MO^wUD�c^QR$NaëOR-[­[YnYNQPSWYXsëORv^rPym,iSR�tïUONaV­M|_aPgUDW°i � � j i ��þ�j ì]z	bYR
^r_QNaR$WYXO_Qb6UjtI_QbYRBR-igRvm�_aNQPym7ücR$iy[CMjWc[K_QbcR _QbYPym%�xWYR-^a^�UjtI_QbcRB[]NQPSR-[6iSPgfcPS[KüciSV MONQRA_`êlUsUOt
_QbcR7m,NaPg_QPym$MjiÐfcMjN%MjV*R$_QR$N%^�tïUDN?ëDR-^QPSm$igR1R-igRvm�_aNQUOtïUONaV*Mj_QPSUOW!ìDz	bYR1_abYPgWcWYR$N?_QbYR7igPSfYPy[*üciSV PS^

� �



�IPgXDnYNaR �&�3l dpigRvm�_QNaUjtïUDNQV­Mj_QPSUOW l u1�'U|ëORv� � MjV*fYiSRlbYUOiy[]R$Nvó-tïnYWcm�_aPgUDW>XDR$WYR-NaMj_QUONÓMjWc[�bcR-M|_
�cMj_Qb!ìcklR-igU|ê�� ñ iSUD^QR7nYfCUDWK_abYR�m%bcMjVµ�ÐR-N-ì

_QbcRAbcPgXDbYR$N?_QbYR qxPSR$iy[EUjtÓnYWYPSiSMOVsR-igiyMjN	ëDR-^QPSm$igRv^$ì � êlR$iSigPSWYX>U]m-m,nYN%^	MjiSVsUh^`_lPgV*V*R-[YPSMj_QR$iSq
M|tÇ_aR$Np_QbYR MjfYfcigPym$Mj_QPSUOW­Ujt�MOW­R$iSR-m,_QNaPSm1ücR$iy[­UOWh_aU�_QbYRA^QMOV*fYigRDìDu�m-m,UON%[]PSWYX�_aUµu1WcXOR$iSU|ë|M
R,_­Mji¹ì�i � � j ^`_aNQncm,_QnYNaR-^µê�Pg_Qb Môm,PSNam$nYiyMjNµm$UOWh_QUDnYN>XDNQU|êÙ_aUôMË^rPh$$RKUjt�MjfcfYNQU�e]PSV­M|_QR-igq� �

µ
V:M|tÇ_aR$N�ê�bYPym%b6Mµtïnc^QPSUOW6fYNQU]m$R-^a^l^r_aMONr_%^$ì¨p#Rv^rPym,iSR-^ltïnc^QRA_QUDXOR,_abYR$N1MOWc[KXONaU|êÏ_QU*�ÐR

_QR-Wc^AUjt
µ
V PSWô[]PyMjV*R$_QR$N MjWÐ[�ücWcMOigiSq�[]R,_%MOm%bôigR$_r_QPSWYX6WYR$êÕëDR-^QPSm$igRv^�XDNQU|êöUDn]_7UOtw_QbYR

iSPgfYPy[CüciSVCì¼z	bYPS^7ê	MO^�MOiS^QU­UO�Ð^rR-NQëDR-[C�xq6LÌM|_QbcPgëDR,_7R$_AMOi»ìIi ��þ�j ì'u1tÇ_QR$N MjfcfYNQU�e]PSV­M|_QR-igq
UOWcRAbcUOnYN	_abYRB^QMOV*fYigR�^r_aM�q]^	V*UONaR7UDN�igRv^Q^l_abYRB^aMjV*ROì

�D�



� UBê�bÐM|_l[YNQPSëORv^�_QbYR7ëORv^rPym,iSR-^�_aUBtïUDNQVª� î �c^rR-NQë|Mj_QPSUOWc^#êlR$NaR1V­MO[YR1Ujt!M�ëxPS�YNaMj_QPSWYXBV*Uj÷
_QPSUOW*UOt@MOigi]_abYR1ëDR-^QPSm$igRv^�PgW­M�^aMjV*fYiSR�V*Mj_am%bYPSWYX _abYR	tïNQR�5hnYR$Wcm$q>UOtÐ_abYR�MjfcfYigPSR-[sR-igRvm�_QNaPym
ücR-iS[¼ìwz	bcPS^­m$UOnYiy[ �'R�m,UDWD_aNQUDigiSR-[ �xq�ë�MONQqxPSWYXô_QbYRCPSWD_aR$Wc^QPg_`q MjWc[ _QbcRKtïNaR�5hnYR-Wcm,q�UOt
_QbcRBücR-iS[¼ì'z	bYPy^1V*R-m%bcMOWYPym$MjiIMjXDP�_%M|_QPSUOWCVµnc^`_AM|_�iSR-MD^`_��'RBUDWYRBUjt�_abYR>V*R-m%bÐMjWYPy^rV­^�UOt
ëORv^rPym,iSR�R-igRvm�_aNQUOtïUONaV*Mj_QPSUOW!ìhi � � j z	bYR1tïUDNQV­M|_aPgUDWEUjt�û òqpw^lNQR�5hnYPgNaR-^pigPSfYPy[EiyM�qOR-N?^QR$fcMONaMj÷
_QPSUOWôMjWc[��'R$WÐ[]PgWcXcì@z	bYRµu ñ ücR-iS[�bÐMO^7�ÐR-R$WÌ^QbYU|ê�WC_QUKbcM�ëORBMK^`_aNQUDWYX­R,ý@R-m,_7UDW�_QbYR
WYUDNQV­Mji�tïUON%m,Rv^	_QbcMj_Am-Mjnc^QRBNaR$fYnYiy^QPgUDW��ÐR$_`ê?R-R$WC_QbcR>iSPgfYPy[�iyM�qOR-Na^-ì]õËUONQ_Qb�V*R$Wh_aPgUDWYPgWcX
Py^AMOiS^QUK_QbYR*f'UD^a^rPS�YiSRµR$ý'Rvm�_a^ UOtw_QbcR*u ñ ücR$iy[�UDWôiSPSfYPS[ôiyM�qOR$N7_QUDfÐUDigUDXOqDóctïUDNAR$eYMjV*fYiSR
f'UONaRµtïUDNQV­Mj_QPSUOWô_QbcMj_>m,UOnciS[ôt�M�ëOUDnYNA_QbYR­bxq][]N%M|_aPgUDWôUOt?_abYR­igPSfYPy[ôücigV MjWc[ô_abhnÐ^ _QbYR
ëORv^rPym,iSRAtïUONaV­M|_QPSUOW�ìri �%��j
î _QbcR$N1V*R,_abYU][Y^1m-MjWC�ÐR>nc^rRv[K_QU­tïUDNQVÎû òqpw^-óYtïUON�R$eYMjV*fYiSR�R$iSR-m�_aNQUOtïUONaV­M|_QPSUOW6nc^QPgWcX
o#_�ê�PSNQRsR$iSR-m,_QNaUx[YR-^�i ��"�j ì!u1iy^rUK_QbYR*XDR$Wh_QiSRµbxq][]N%M|_aPgUDWÌMjWc[Ì_QbcRs^QUOiSëOR-WD_ R$ë|MOfÐUDNaMj_QPSUOW
V*R,_abYU][Y^1MjNaR nc^QR-[¼ìcz	bcR$NaR�PS^�WcU*m$UOWc^QR$WÐ^rnc^	UDW6_QbYRBm$UOWc[]Pg_QPSUOWÐ^�WYR-m$R-^a^QMONQq*_aU­UO�]_%MjPSW
û òqpw^K�Yn]_K_QbYR-NQRôMjNaRC_`ê?UçPSV*fÐUDNr_%MjWh_Km$UOWc[]Pg_QPSUOWÐ^ l _QbcMj_E_QbYRÌ_QR-Vsf'R$N%M|_anYNaRÌ[]nYNaPgWcX
ëORv^rPym,iSR6tïUONaV­M|_QPSUOW8^rbcUOnYiy[ �'R�Mj�'U|ëORK_QbcR�VsR-i�_aPgWcXÂ_QR$V*f'R$N%M|_anYNQRCUOt7_abYRCnc^rRv[8igPSfYPy[
V*P�ex_anYNQRôMjWc[8_abcM|_K_QbYRÌ^aMjV*fYiSRÌ^QbYUOnciS[]WA4 _��'RôMOXOPg_aMj_QR-[Ï[]ncNQPSWYXçëDR-^QPSm$igRCtïUDNQV­M|_aPgUDWi �%�oj ì]z	bYR7fcNQUsMjWc[Km,UOWÐ^pUOt!_QbYRv^rR []Pgý'R-NQR-Wh_lV*R,_abYU][Y^lbcM�ëOR��ÐR-R$W�PSWxëORv^`_aPgXhM|_QRv[­PSW±i �-Û�j
MjWÐ[²i �%�oj ìjdwiSR-m,_QNaUjtïUDNQV­M|_aPgUDWµ^QR$R-V*^I_aU XOPSëOR	NQPy^QRp_aUBM7bcPgXDbYR$N�qxPgR-iS[sUOtÐWYUDW]÷°[YR,tïR-m,_#nYWYPSi�÷
MjV*R-igiyMjNlëORv^rPym,iSR-^?ê�P�_ab6MµV*UONaR7bcUOV*UOXDR$WYR-UOnc^?^rPh$$R []Py^`_aNQPS�Yn]_aPgUDWË��VsUh^`_aigq­�'R,_`êlR$R-W � �
MjWÐ[ Û �

µ
V PSW*[]PSMOV*R,_QR-N%��m$UOV*fcMONQRv[�_QU _abYR�XOR-Wh_QiSRlbxq][]N%M|_aPgUDWµV*R,_abYU][¼ìOkln]_wPSW*NQR$_QnYNaW

_QbcR>iyM|_r_aR$N m$MOW��ÐRµnc^rRv[CtïUON7V­Mj�xPgWcXKû òqpw^Am,UDWD_%MjPSWYPSWYX�Mª5hnYPg_QRµbYPgXDb�f'R$N%m,R$Wh_%MjXOR�UOt
m%bcMONQXDR-[EiSPSfYPS[c^$óYê�bcPSm%b6PS^1V>ncm%b6V*UONaR [YP­vEm,nci�_1nc^QPSWYX*R$iSR-m�_aNQUOtïUONaV­M|_QPSUOW�i �vÛ�j ì
}~W­ücXÐì � �Aê?R7m$MjWE^QR$R7^rUDVsR1øcnYUONaR-^am,R-Wcm,R�V*Pym,NaUD^am,UDfhq>PgV­MjXDR-^#UOt!ëORv^rPym,iSR-^-ìOz	bYR-qs^QbYU|ê
R,eYMOVsfcigRv^�UjtI_QbYRµ[]R,tïRvm�_a^�m,iyMO^a^rPgücR-[CMOWc[�5DnÐMjWh_QPgücR-[6�xqK{1Ux[YNQPSXOnYR�$ R,_7MOi»ìni �-Ûoj ì'z	bYR$q
[]R$ücWYR7Mµ[]R,tïRvm�_	MO^pM>igPSfYPy[E^r_QNancm�_anYNQRv^#_abcM|_lV*MO�ORv^pMµû òSp []Pgý@R$N?tïNQUDV MBnYWYPSiSMOVsR-igiyMjN
ëORv^rPym,iSROì|z	bYNaR$R?_`qxfÐRv^IUjtÐ[]R$tïR-m,_a^#MjNaR	[]R-^am,NaPg�'R-[!ì��IPSNa^r_-ó|M�³�WYRv^`_#UOtcëORv^rPym,iSR-^�³#ê�bYR-NQRlUOWcR
UON�VsUDNQR�ëDR-^QPSm$igRv^1MjNaR�R$WÐm,iSUD^QR-[6PgWÌR-MOm%bCUO_QbYR-N1igPS�ORµ{�nc^a^rPyMjW�[]UDigiy^$ì'z	bYR>^QR-m$UOWc[K_`qxfÐR
Py^p^QV*MOigiSR$NpëOR-^QPym,iSR-^#UDNwigPSfYPy[Y^lMjXOXDNQR-XDMj_QR-^IPSWc^QPS[]R7M�iSMONQXDR	ëOR-^QPym,iSROìDu�Wc[s_QbcR1_QbcPgN%[*PS^w_QbYR
fYNaR-^QR$Wcm$R�UOt!_QR$_QbYR-Na^lm,UDWYWYR-m,_QRv[­_QU>_QbYRAPSWc^rPy[]RAUON?_QbYRAUOnY_a^QPS[]R7Ujt!_abYRAVsR-V>�YN%MjWcROìx�YUON
V*UONaRE[]R,_%MjPSiS^BUOWÂ_QbcR�[]Py^`_aNQPS�Yn]_aPgUDW�Ujtl_QbYPy^>[]R$tïR-m,_a^>[YR$f'R$Wc[]PSWYX�UDWÂ_QbYR�nc^rRv[ËëOR-^QPym,iSR
tïUONaV­M|_aPgUDW>V*R,_abYU][¼ój^rR-R´i �-Ûoj ìjkliSR-MOm%bcPgWYX7R,e]f'R$NaPgV*R$Wh_%^ÓêlR$NaR	m$MjNaNaPgRv[�UOn]_��xq>L�Mj_QbYPSëOR$_
R,_�Mji¹ìSì'�IiSnYUONaR-^am,R-WD_7igUDWYXj÷~m%bcMjPSWYRv[CfYbYUD^QfYbYUDigPSfYPy[Y^1êlR$NaRµMD[Y[]Rv[C_QU�_QbYRsigPSfYPy[�V*P�ex_anYNQR
MjWÐ[EMBf'UONQ_QPSUOWEUOt!_QbcRA^aMjV*fYiSR�ê	MO^w_QbYR-W��YiSR-MDm%bYR-[¼ìxz	bYRA�YiSR-MOm%bcR-[­ëDR-^QPSm$igRv^wNaR-m,U|ëDR$NaR-[
_QbcR$PSN�øcncUONaR-^am,R$WÐm,RwM|tÇ_aR$NIM1m,UDnYfYiSRwUjtYV*PSWhnY_QR-^-ì�z	bYPS^Ó^rncXOXORv^`_%^!M1m$UOWYWYRvm�_aPgëxPg_`q7�'R,_`êlR$R-W
ëORv^rPym,iSR-^A[]nYNaPSWYX�_abYR­^rêlR$iSiSPgWYX6f'R$NaPgU][¼ì î WYRsbxqhf'Uj_abYR-^QPy^7Py^7_QbYR*R$exPy^r_QR$WÐm,RsUjtp_aR,_abYR$N%^$ó
�Yn]_µ_QbYR-q�m,UOnciS[�WcUj_>�'RK[]PSNaR-m�_aigqÂUD�c^rR-NQëDR-[¼ìhi �vþ%j ò7^rPSWYX�_`êlUj÷°fYbYUO_QUDWËR$eYm,Pg_aM|_aPgUDW�V*P�÷
m,NaUD^am,UDfxqKk	MjXhM|_QUDigiSP�R$_ MOi»ì'êlR$NaRµMj�cigR>_QU�UD�c^QR$NaëOR�_abYRsm$UxR,e]PS^r_QR-Wcm,RµUjtp^r_aMO�YigRµ_QR$_QbYR-Na^
UONp_QnY�'R-^?ê�Pg_Qb�iSPSfYPS[EëOR-^QPym,iSR-^-ìDz	bYR-qµtïUDnYWc[EMBbYR,_aR$NaUOXOR-WYR$Pg_`qsPgW­_abYR7^QbYR-igiÐ_QbYPym%�xWYR-^a^wUOt
_QbcR-^QR ^r_QNancm,_QnYNaR-^�^QnYXOXDR-^r_QPSWYXB_abYR�R,e]Py^`_aR$Wcm$R UjtÓ�'Uj_abCnYWYPSiSMOVsR-igiyMjN�MOWc[�VµnYig_QPSiSMOVsR-igiyMjN
_Qnc�ÐRv^$ìhi ���tj z	bcR*øcnYUONaR-^am,R-Wcm,R*PSWh_QR$WÐ^rPg_`q�Py^�fYNaUOf'UONQ_QPSUOWcMOi�_QUC_QbcR­WhncV>�'R$NBUOt?øcncUONaR-^r÷
m,R-Wh_QiSq6iyMj�'R$iSR-[C�cPgiyM�qOR-Na^-óc^QU­_QbYRsnc^QRBUjt#øÐnYUONaR-^am,R-Wcm,R�V*Pym,NaUD^am,UOfxqKV*MO�ORv^1Pg_7f'UD^a^rPS�YiSR
_QU�[YPS^r_QPSWYXOncPS^QbÂ�ÐR$_`ê?R-R$WËV>nYig_QPg÷7MjWÐ[ôncWYPgiyMjV*R-igiyMjN�ëDR-^QPSm$igRv^�i �vÛ�j i �%�tj ì�z	bcPS^Bm-MjWË�ÐR­UOt
XONaR-Mj_lbcR$iSf!ì
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�IPgXDnYNaR � � l Mh�`ð1Rv^`_aR-[­ëDR-^QPSm$igRv^$óh�Ð� î WYR�nYWcPgiyMjV*R$iSiyMjNlëOR-^QPym,iSR-^pMOWc[­ëDR-^QPSm$igR�MOXOXDNQR-XDM|_aR-^-ó
m-�	í�PgfcPS[CMjXDXONaR$XhM|_QRv^wPSWc^QPS[]R�ëDR-^QPSm$igRv^$ó][c�rz�nc�ÐRBiSPS�OR�^`_aNQnÐm�_QncNQRv^$ì
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õËR�êlMOWh_QR-[ _aUçëxPS^QncMjiSPh$$R�[]UDV*MOPgWÐ^­UOW8_QbcRô^QnYNrt�MDm,RCUjt>û òSpw^$ìlõôRÌigUxUO�DR-[8M|_K[YP�tÇ÷
tïR$NaR$Wh_�iSPgfcPS[GV*P�ex_anYNQRv^�M|_�[]Pgý'R-NQR-Wh_�VsUDiSMON�NaMj_QPSUD^ l T7í�o ñ s|T7owo ñ Û � l �j� �»T7í�o ñ l� ó¢��÷~T7PgiyMjnYNaU|qxi�÷~^QW]÷~ûAiSq]m,R-NQUO÷ Û ÷¹owbcUD^QfYbYU]m%bYUjiSPgWcRô� � � l �D�Q�*tïNaUOV u�ë|MOWD_aP oIUDiSMONKí�PgfYPy[Y^%��ó
TAL�o ñ s|T7owo ñ þ � l¢þ �sMjWc[��|� l Û �Yì
õËRsnÐ^rRv[�_QbcRsV*Pym,NaUD^am,UDfÐR6�¤µ'R-PS^a^7÷°í � L þ�� �KL�dpzIuÙð7í î ó ñ MONQiGµ'R$Py^a^$ó¼ZDR$WcMcó¼ûAR-Nr÷
V­MjWxqY�wPSWK_QbYRAøcnYUDNQRv^Qm$R$Wcm$R�V*U][]ROó]nÐ^rPSWYX*Mµ��R-ð1R iyMO^QR$NvóO_aUµR$eYm,Pg_QR�T�PS}?Mj_ þt�DÛ WYV:PSW
UON%[]R-N#_QUs^rR-R�_QbYR7ëORv^rPym,iSR-^wMOWc[sücWc[�MjW�MOfYfYNaUOfYNaPSMj_QR	UOWcR�_QUµê?UDNQ�µê�P�_ab!ìhz	bcR$WEêlR1fYn]_
UOWE_QbYR u1NaXOUDW­iSMD^rR-N?PSWEUON%[]R-Nw_QUµR,eYm,Pg_QR klU][]Pgfxq­MO^pê?R-igi¼Mj_lMBê	M�ëOR-igR-WYXj_ab­Ujt ��#&# WYVCì
õËR*^Qê�Pg_am%bYRv[�_QUK_QbcR*m$UOW]tïU]m-MjiIVsU][]RDì¼z	bYR*fYPgWcbYUOiSRµê	MO^A^QR,_ _QU # �

µ
V PSWÂ[]PSMOV*R,_QR-N-ó

_QbcR6$,÷~^`_%MOm%��PSWh_QR$Naë|Mji#ê	MO^��cì þ
µ
V�MjWÐ[Ì_abYRE^am$MjWÂ^QfÐR-R-[X5hnYP�_aREbYPSXOb!ì�õôR­UD�]_aMOPgWYRv[ÂM

^r_aMOm%�ÂUOt�PgV­MOXOR-^µtïUDNµR-ëOR$Naq�^Qm-MjWYWcR-[çëDR-^QPSm$igRË� � R-R�T7Mj_aMËMjWc[ R$NaNQUDNµMjWÐMjiSqx^QPy^a�,ìIz	bYR
nc^QR-[CUD�]ù`R-m,_QPSëOR-^1ê?R-NQR�R-P�_abYR$N7êlMj_QR$N�PgV*V*R$N%^rPSUOWCUD�]ù`R-m,_QPSëOR-^1ê�P�_ab�MEð�uÕUOt � ì¢�*UON�MOW
MjPSN�UO�Yù`R-m�_aPgëDR ê�P�_abCM*ð7uöUjtI�cì¢� þ ì
õËRµMjiy^QU­V*MD[]RB^QUOV*RBbYRvM|_�R$exf'R$NaPSVsR-Wh_a^1UDW�T7L�o ñ s|T7owo ñ þ � l¢þ �sëORv^rPym,iSR-^�_QUEëxPy^rn]÷
MjiSPh$$R1_abYR�[]Pgý'R-NQR-WD_	fYbcMD^rRv^pUOt!_QbcR7iSPgfcPS[�VsPgex_QnYNaROìxõËRA^r_aMONr_aR-[KM|_	�&�

◦
ñ óh_QbYR-WKm$UhUDigRv[

[]U|ê�W�_aUC�O�
◦
ñ ó@bYR-Mj_QR-[ÌnYf�_aU � �Yì "

◦
ñ MjWc[�ücWcMOigiSq�m,UxUOiSR-[ô[]U|ê�W�_QU Û �

◦
ñ MjXDMOPgW�ì

}~W6_QbYR>�YPgWÐMjNaqEV*P�ex_QncNQRv^�ê?R�nÐ^rRv[¼ócklU][]PgfxqKfYNQR$tïR$N%^l_QbYRBøcnYPy[CfYbcMO^QR�MjWc[�T7PS}?fYNaR,tïR-Na^
_QbcR�XOR$icfYbcMO^QR�i Û��;j ìOklqµm%bYUxUh^rPSWYX []P�ý@R$NaR$Wh_pm$UOiSUON%^ItïUON�_QbcR�klUx[YPgfxq>MOWc[µ_QbYR�T7PS}I^QPgXDWcMji
m%bcMOWYWYR$iy^	êlR m$UOnYiy[KëhPy^QncMjiSPr$-R�[]UOV­MjPSWc^	UDW�_abYRB^rncNrt�MDm,R UjtÓ_QbYRB^r_Qnc[YPgRv[KëDR-^QPSm$igRv^$ì

w�L=¶ ·�[qT�UN��RMY�¸�}+anaA¹7ane:W
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o��æçãxß@è � âpévãhè��� 
õ�Pg_QbCUOf]_aPSm-Mji@_`êlR$R�$$R$N%^lP�_1Py^	f'UD^a^rPS�YiSR7_aU*VsRvMO^QnYNaR�tïUDNam$R-^lPgW6_abYR�fYPym,UDð�R$ê	_aUOW6NaMOWYXORDì
z	bYPy^AV*MO�ORv^�_QbcR$V3MEf'R$NQtïR-m,_AV*R$_QbYU][�tïUDN�^`_anc[]qxPgWcX�êlR-Mj�6PSWD_aR$N%MOm,_QPSUOWc^A^rnÐm%bÌMO^�_QbYR
V*Uj_aPgUDWÌUjtl^rPSWYXOiSRsfYNQUO_QR-PgWc^7PSWËMKfYiyMO^QV*M�V*R$V>�cNaMOWYREi Û&"oj i Û � j MOWc[�_abYR­^`_aNQR$_am%bYPSWYX�UOt
TAð�uºi ÛDÛoj ì-õËR?ê�PSiSiDüÐNa^r_ÓXDU�_QbYNaUOncXOb�_abYR?fcNQPSWcm,PSfcMOiS^ÓUjtYUDf]_QPym$MOiO_aNaMOfYfYPSWYXcì�u [YPgR-igRvm�_QNaPym
fcMONr_aPSm$igRsWYR-MONA_QbYRµtïU]m,nc^ UOt?MK_QPSXObh_QiSqCtïU]m,nc^QR-[ÌiSMD^rR-NA�'R-MOV ê�PgiSi#R,e]f'R$NaPgR-Wcm,R*M�tïUON%m,ROì
z	bYPy^EtïUDNam$RÌbcMD^E_aNaMD[]Pg_QPSUOWcMOigiSqÏ�ÐR-R$W [YPgëxPy[]R-[�PSWh_QU _`ê?U m,UOV*f'UOWYR-Wh_a^-ólM8^Qm-M|_Q_QR$NaPSWYX
tïUON%m,RAMjWc[KMBXDNaMD[]PgR-Wh_ptïUON%m,RDìhz	bcR$NaR�Py^lM>WYR,_�V*UOV*R-WD_anYV _QN%MjWÐ^`tïR-NwtïNaUOV _QbcR7PSWcm,Py[]R-WD_
fYbYUO_QUDWc^?_QUµ_QbYRAfcMjNQ_QPym,iSRAWYR-MONp_abYRA_QN%Mjf!ìx}°t�_abYR ^Qm-M|_r_aR$N	Py^?Py^QUj_QNaUOfcPSmOóhMD^wtïUDN	Ms^QfYbYR$NaROó
UOWcigqA_QbcRwtïUON%m,R?PgWB_QbYR	[]PSNQRvm�_QPSUOW�UOtYfYNaUOfcMOXDM|_aPgUDW Ujt]_QbcR?iSPgXDbh_I^QnY�c^QPS^r_a^-ìri ÛDþ�j õ�bYR-W>iSPgXDbh_
fcMD^Q^QR-^w_QbYNaUOnYXDb�M�tïUDNp_abYRAigPSXObh_p_aNaMOWc^QfcMjNaR$Wh_pUD�]ù`R-m,_pøcncm,_QncMj_QPSWYX>R-igRvm�_aNQPym�[]PSf'UOiSR-^lMjNaR
PSWc[]ncm$R-[�i Ût�tj ì!z	bYRµPgWh_aR$N%MOm�_aPgUDW�Ujtp_QbYRv^rR*[]PSfÐUDigRv^7ê�Pg_QbÌ_QbYR*PSWYbYUDVsUDXOR-WYR$UDnc^1R-igRvm�_QNaPym
ücR-iS[CM|_	_abYR tïU]m,nc^	XDPgëDR-^lNQPy^QR7_aUs_QbYR�XDNaMD[]PgR-Wh_?tïUDNam$R�i ÛDþ�j ìcz	bYPy^ltïUON%m,R Py^	fYNaUOf'UONQ_QPSUOWcMOi
_QUB_QbYR�^QfcMj_QPyMjiYXDNaMD[]PgR-Wh_�PSW­iSPgXDbD_?PgWh_QR-Wc^QP�_`qsMjWc[­MDm�_a^wPgW*_abYR�[]PSNQRvm�_aPgUDWsUOt@_QbYR1XDNaMD[]PSR$Wh_i Ût�oj ì�}°_BPy^BMjiy^QU�fYNQUDfÐUDNr_aPgUDWcMjiI_aUC_QbYREf'UOiyMjNaPh$-Mj�cPgiSP�_`qÌUjtl_QbYR­_aNaMOfYf'R-[Â[]PSR$iSR-m�_aNQPymjìÓ�YUON
^r_aMj�cigR>_QN%MjfYfYPSWYX�MEëOR$NaqC^`_aR$R$f�XDNaMD[]PSR$Wh_�Py^�WYR-R-[]Rv[¼ó'bYR$Wcm$RB_abYR>WYRvm,Rv^Q^QP�_`qK_QUK^rbcMONQfcigq
tïU]m,nc^s_abYR�iyMO^QR$N*�ÐRvMjV nÐ^rPSWYX�MjW8UO�]ù`Rvm�_aPgëDR6ê�Pg_Qb8bYPSXObÏWxnYV*R$NaPSm-Mji�Mjf'R$NQ_QncNQRDì#õ�P�_ab
M�^r_QR$R-fÏXON%MO[]PSR$Wh_­PgWÏiSPgXDbh_EPgWh_QR-Wc^QP�_`q _QbYR�MjexPyMji1m$UOV*f'UOWYR-WD_EUOt7_abYR�XON%MO[YPgR-WD_*tïUDNam$R
U|ëOR-Nam$UOV*R-^l_abYRBWYR$_A^am$Mj_r_QR-NQPSWYX*tïUDNam$RBfYnc^QbYPSWYX­_QbcR>fcMONr_aPSm$igRBM�ê	M�q­tïNaUOV _QbYR>tïUxm$nc^1UOt
_QbcR1_QN%Mjf�ìhz	bYPy^?�cMjiyMjWcm$R1�'R,_`êlR$R$WE_QbYR7_`ê?UBtïUON%m,R-^pNQRv^rnci�_%^wPSWKMjW�R�5hnYPSigPS�YNaPgnYV f'UD^QP�_aPgUDW
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^QigPSXObh_QiSq �ÐR-qOUDWc[ _QbcRptïU]m$MOiDf'UOPSWh_-ì|z	bYRlUOf]_aPSm-MjiD_QN%Mjf>m-MjWB�'R	^rR-R$W>MD^ÓM7�1UxUO�DR-MjWB^QfYNaPgWcX
ê�Pg_Qb�M*^`_aP�ý@WYR-^a^�fYNaUOf'UONQ_QPSUOWÐMji'_QUs_QbcR�igPSXObh_�PgWh_aR$Wc^QP�_`qDìri ÛDþ�j

�IPgXDnYNaR �-Û�l u:NaM�qh÷°UOf]_aPSmµfYPym�_QncNQREUOt?_abYR­XON%MO[YPgR-WD_�tïUDNam$R­m,UONaNaR-^QfÐUDWc[]PSWYX�_aU�_QbcREL�PgR
NaR$XOPSV*ROìjz	bYR1[cMjNa�BXON%M�qBMjNaNQU|ê1^Im,UDNQNaR-^Qf'UOWc[B_QbYR�NaR$fYNaR-^QR$Wh_%M|_QPSëORlN%M�qx^�MOWc[µ_QbYR�iSPgXDbh_QR$N
N%M�qx^�m,UONaNaR-^QfÐUDWc[A_QU�_abYRlNQRvMOm�_aPgUDW tïUON%m,Rv^$ìvMD�!u fcMjN%MjiSiSR$iO�'R-MOVöUjtYiSPgXDbD_Iê�P�_ab>M1XDNaMD[]PSR$Wh_
PSW�PgWh_aR$Wc^QP�_`qC^QbYPgWcR-^�_abYNaUOnYXDb�M*_QN%MjWc^QfcMONQR-WD_1^QfYbYR-NQRBê�Pg_QbôM­bYPSXObYR-N1NQR$tïNaMDm�_aPgëDR�PgWc[YR,e
_QbÐMjWçPg_a^>�cMOm%�xXONaUOncWc[¼ì�z	bYR�PgWc^QR,_*^rbcU|ê1^�_QbcR�m%bcMjWcXOREPSWçV*UOV*R$Wh_anYV+tïUDNB_abYR�NaPgXDbh_
N%M�qOìx�Ð�	uö^rPSWYXDigR �'R-MjV:_QN%Mjf6ê�bYR$NaRA_QbYR�iSPgXDbh_	Py^	�YNaUOnYXDbh_?_aU*MµtïU]m,nÐ^$ìYz	bYPy^�fYncigiy^l_QbYR
�'R-MO[6nYfxê	MjN%[Y^-ìxz	bcRAPSWc^QR,_�^QbYU|ê1^l_QbcR m%bÐMjWYXDRAPSWCV*UOV*R$Wh_QncV tïUON	_abYR�igR$tÇ_�N%M�qOì�i Û&�oj
o#MjNQ_QPym,iSR-^	ê�Pg_Qb�^QPr$-R-^	ë|MjNaqxPgWYXstïNaUOV�^QR$ëDR$N%Mji@WcMOWYUOV*R,_aR$N%^	nYf6_QUs_QR-Wc^�UOtIV*Pym,NaUOV*R,_aR$N%^
m$MOWB�'R?_aNaMOfYf'R-[6i Ût�oj ì|z	bYR$NaR	MjNaR#_`ê?U7igPSV*P�_aPgWcX m-MO^QR-^!tïUONIê�bYPSm%b>_QbYR?tïUON%m,Rv^�UDWµM7^rfYbcR$NaR
m$MOW��'RµNaR-MD[]PgiSq�m$MOiSm$nYiSMj_QRDìc}°tw_abYR>_aNaMOfYf'R-[�fÐMjNQ_QPym,iSR>Py^�Vµncm%b�iyMjNaXOR$N�_QbcMOW�_QbcRµê	M�ëOR$÷
iSR$WYXO_Qb�UOt#_QbYRµ_QN%MjfYfcPgWYX�iSMD^rR-Nµ�Ç_abYRsNaMD[]PgnÐ^�M

� λ
��_abYRsL�PgRµNQR-XOPSVsR>PS^A^QMj_QPy^`üÐR-[�MOWc[

^QPgV*fYiSR1N%M�qBUOf]_aPSm-^pMOfYfYiSqOìD{1R,tïN%MOm�_aPgUDW*Ujt@_QbYR�PgWcm$PS[YR$Wh_piSPgXDbD_lm,UONaNaR-^QfÐUDWc[Y^Ó_QU>M>m%bcMjWYXDR
PSW�V*UOV*R$Wh_anYVCìxu�m-m,UDNa[]PSWYX�_aUsð�R$ê	_aUOWn4 ^w_abYPSNa[�iSM�êúMOWER�5hncMOi'MOWc[EUDfYfÐUh^rPg_QR7V*UOV*R$W]÷
_QncV m%bcMjWYXDR�Py^>PSV*fcMjNQ_QRv[�_aU�_QbcRKfcMONr_aPSm$igRDìIz	bcRKN%M|_aR�UjtAm%bcMjWYXDREPSW V*UOV*R$Wh_*XOPSëORv^
_QbcRBtïUON%m,RµMOm�_aPgWcXEUOWC_abYRµ^QfYbYR-NQR>MOWc[CPy^�fYNaUOf'UONQ_QPSUOWÐMji¼_aU­_QbYRµigPSXObh_�PSWh_QR-Wc^rPg_`qOì'õ�bYR-W
_QbcR�PSWc[]R,e­UOt!NQR$tïNaMDm�_QPSUOW­UOt¼_QbYR7fcMjNQ_QPym,iSR�Py^wXDNQRvM|_aR$Nw_abcMjWE_QbYR7UOWYR7Ujt¼_QbcR7^QnYNQNaUOncWc[]PSWYX
V*R-[]PSnYV+_QbYR­tïUDNam$R*PS^ PSWË_QbYRE[]PSNaR-m�_aPgUDWÂUjtp_abYREPSWh_QR$WÐ^rPg_`q�XON%MO[YPgR-WD_vì¼}~WxëOR$N%^QR$iSq�P�tl_QbYR
NaR,tïN%MOm�_aPgUDW�PSWc[]R$e�UjtI_QbYR fcMONr_aPSm$igR Py^�^rV­MOigiSR$N	_abcMjWK_QbYR�UDWYR UjtÓ_QbYR�V*R-[YPgnYV:_QbYR tïUDNam$R
Py^pPSW­_QbcR7UDfYfÐUh^rPg_QR7[]PgNaR-m,_QPSUOWEUOt¼_QbYR7PgWh_aR$Wc^QP�_`q*XDNaMD[]PgR-Wh_-ìO}~WE_QbYR {1M�qxigR-PgXDb­NQR-XOPSV*R�_QbYR
[]PSV*R$Wc^QPgUDWc^?Ujt@_QbYR7_QN%MjfcfÐRv[­fcMjNQ_QPym,iSR�MONQR1Vµncm%b�^QV­MjiSigR-Nw_QbÐMjW­_abYR�ê	M�ëOR-igR-WYXj_absUOt¼_QbYR
_QN%MjfcfYPgWcXôiyMO^QR$NC��M

� λ
��ì#}~W _QbcPS^*m$MD^rRK_QbcRKiSPgXDbh_*m-MjWYWYUO_s�'RCNQR-fYNaR-^QR$Wh_QRv[��xq�NaM�q]^-ó

�Yn]_l_QN%MjfcfYPgWcXµ^r_QPSigi@U]m$m$nYNa^-ì � PgWcm$R7PSWE_abYPy^piSPgV*Pg_	_QbYR7R$iSR-m�_aNQUDV­MjXOWcR,_QPym	ücR-iS[�PS^?nYWYPgtïUONaV
MOm$NQUh^Q^#_QbYR�_QN%MjfYf'R-[E[YPgR-igRvm�_QNaPym1fcMONr_aPSm$igR1Pg_�m$MjW­�'R7_QNaR-M|_aR-[­MD^pMBf'UOPSWh_l[]PSf'UOiSR7MjWÐ[*_QbYR
^am$M|_Q_QR-NQPSWYXôMOWc[�XDNaMD[]PgR-Wh_sm,UDV*fÐUDWYR$Wh_a^sm$MOWç�'RKNaR-MD[]PgiSq�^rR-fcMjN%M|_aR-[¼ì�z	bYRC^Qm-M|_Q_QR$NaPSWYX
tïUON%m,RµPS^ []ncR>_aU6MO�c^rUDNQfY_QPSUOW�MjWÐ[�NaR$N%MO[]PyM|_aPgUDW�UjtwiSPgXDbD_ �xq6_QbYR­[]PSfÐUDigRDì¼z	bYRµXDNaMD[]PSR$Wh_
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tïUON%m,R Py^�^`_aPgiSi!fYNaUOf'UONQ_QPSUOWÐMji'_QUs_QbcR�PgWh_QR-Wc^QP�_`qKXON%MO[]PSR$Wh_-ì]ò�W]tïUONQ_QnYWÐM|_QR-igq�VsUh^`_1�cPgUDigUDXOPg÷
m$MOi!êlUONa�*t�MjiSiS^�PSWh_QU*_abYRBPSWD_aR$NaV*R-[]PyM|_aR�NQR-XOPSVsR ê�bYR-W6_QbYR>^QPh$$R�UjtI_QbcR�_QN%MjfYf'R-[6UD�]ù`R-m,_
Py^�m,UOV*fcMONaMO�YiSR�_aU

λ
ìhi Ûhþ�j i Û&�oj

z	bYRp^QPSVsfcigRv^`_ÓMOWc[ V*UD^r_Ó^r_QN%MjPSXObh_¼tïUONaêlMONa[APSV*fYigR-V*R$Wh_aMj_QPSUOW�Ujt]UDf]_QPym$MOi|_`ê?R-R%$-R$N%^¼PS^!_QbYR
V­MjWYPSfYnYiyM|_aPgUDW�Ujtp[YPgR-igRvm�_QNaPymBUO�Yù`R-m�_%^$ó'^rnÐm%bÌMO^�VsPym,NaUOV*R$_QR$NQ÷~^rPh$$Rv[CfÐUDigq]^r_`qhNaR$WcRB�ÐRvMO[Y^i ÛOÛ�j ìjz	bYR-^QRl�ÐRvMO[Y^�MjNaRpXDUxUx[B_QUAê?UDNQ� ê�Pg_Qb*^rPSWcm$R?_abYR$qBMONQR	^QqhV*V*R,_aNQPymlMjWc[µMjiy^rU7R-MO^QPSigq
m,UhM|_aR-[Bê�Pg_Qb­[]PSëOR-Na^QRlVsUDigRvm,nYiSR-^-ì|z	bYPy^�V*MO�ORv^�_abYR$V nc^QR,tïnYiYMD^�bcMjWc[YigRv^I_QUAV*MOWYPSfYnYiyM|_QR
UO�Yù`R-m�_%^?_QbcMj_�MONQRAR$Pg_QbcR$N	ëOR-NQqE^QV­MjiSi'UDN�MjNaR$Wn4 _lRvMO^Qqs_QUs_QN%Mjf!ì]z	bYRAt�MDm�_	_QbcMj_	_QbYR-qEMjNaR
^QfYbYR$NaPym$Mji?Mjiy^rU�V­MO�OR-^BP�_sfÐUh^Q^QPg�cigR­_aUÌ[]UÌM�fYNQRvm,Py^rR�fÐUh^rPg_QPSUOWçMOWc[ËtïUON%m,R�m-MjiSPg�cNaMj_QPSUOWi ÛDþ�j ì
î WYR?êlM�qAUjtcV­MO�hPSWYX1iyM|_aR$N%MjiOtïUON%m,R?m-MjiSPg�cNaMj_QPSUOW�Ujt'MjWBUDf]_QPym$MOiO_aNaMOf�PS^Ó_QU7nc^QRw_QbcR?Rv^Qm-Mjf'R
V*R,_abYU][ �hqAMjfYfcigqxPSWYX1M�[]N%MjX	tïUON%m,R#UDWA_QbYR#_aNaMOfYf'R-[AfcMjNQ_QPym,iSROì$}°_�PS^�XON%MO[]nÐMjiSigq1PSWcm$NQRvMO^QR-[
nYWh_QPSiÓ_QbYRsfcMjNQ_QPym,iSRBRv^Qm-Mjf'R-^-ì'z	bYPy^7PS^A[]UOWcRB�xq6V*U|ëxPSWYX­_QbcRs^aMjV*fYiSRBNaR$iyM|_QPSëOR-igqK_QU�_QbYR
_QN%MjfcfÐRv[ÂfcMjNQ_QPym,iSR�M|_sM��xWYU|ê�WÂëOR-igU]m,Pg_`qËnc^rPSWYXÌM�fYPgR�$$UÌ^r_aMOXORDì��YUDNµ^QV*MOigi?ëOR-igU]m,Pg_QPSR-^
_QbcRB[]NaMOX>tïUDNam$R��çPy^	fYNQUDfÐUDNr_aPgUDWcMji'_aU*_QbYR ëOR-igU]m$P�_`q

v
l

F = γv
�=�D�

z	bYRB[]N%MjX*m,UxR%v­m$PgR-Wh_
γ
PS^	XDPgëDR$W6�hq � _QUD�OR-^�4Yí�M�ê l

γ = 6πηr
� � �D�

ê�bYR-NQR
η
Py^¼_QbcRwëxPS^am,Uh^rPg_`q�UOtD_abYRpV*R-[YPgnYVöMjWÐ[

r
Py^¼_abYRwN%MO[]PSnc^¼UOth_abYRw_aNaMOfYf'R-[ ^rfcbYR$NaPSm-Mji

UO�Yù`R-m�_vì|z	bYPS^IXDPgëDR-^�_QbYR	V­M|e]PSV>nYVötïUDNam$Rw_QbcR?_aNaMOfµm-MjW>R$e]R$NQ_-ì�z	bYR	nYWcm,R-Nr_%MjPSWh_`qAUOtY_QbcPS^
V*R,_abYU][�Py^7UOtl�j�¨» MjfYfYNaU�e]PgV­Mj_QR$iSqOì'�YUDNA^QV­MjiSigR-N�tïUDNam$R-^�MKV*UONaR>fYNaR-m$PS^QRµm-MjiSPg�cNaMj_QPSUOW
V*R,_abYU][Cnc^rPSWYX­_abYR�_abYR$NaV­Mji!V*Uj_aPgUDW�UjtwMs_QN%MjfcfÐRv[C�ÐRvMO[�m$MOWC�ÐRµnc^rRv[¼ìY}~WC_abYR>fYiyMjWcR
f'R$NafÐR-Wc[]Pym,nYiyMjN>_QU�_abYR��'R-MOV�Pg_>tïR-R$iy^µMOWçMjfYfcNQU�e]PSV*Mj_QR-igqôbcMjNaV*UOWYPym­f'Uj_QR-Wh_QPyMjipWcR-MjN
_QbcR tïUxm$nc^1[]ncR7_aU*_QbYR>û MOnc^a^rPyMjW6^rbcMOfÐR�UOt�_abYR�PgWh_aR$Wc^QP�_`q�fYNQUOüciSROì

U(x) =
1

2
κxx2 � �&� �

ê�bYR-NQR
x
PS^l_abYR iSMj_QR-NaMOi'f'UD^QPg_QPSUOW�UOt�_abYR �ÐRvMO[6MjWc[

κx

Py^l_QbYR iyM|_QR-NaMOi¼^rfYNaPSWYXsm$UOWc^r_aMOWh_
Ujt#_abYRµ_QN%Mjf!ó'P»ì ROìÐ_QbcR>_aNaMOfÌ^`_aP�ý@WYRv^Q^-ì'z	bcRsklUOig_�$-V­MjWYWÌ[YPS^r_QNaPg�cn]_QPSUOW�UOtwfÐUh^rPg_QPSUOWÌPgWËM
bcMONQV*UOWcPSmAf'Uj_QR-Wh_QPyMji¼Py^ l

p(x) ∝ exp(−x2/2σ2
x)

� � �D�
klq*üY_r_aPgWcX>_abYPS^	R$e]fYNQRv^Q^QPSUOW*_QU*MµbYPS^r_QUDXON%MjV UjtÓfÐUh^rPg_QPSUOWc^?Pg_	Py^lfÐUh^Q^QPS�YigR�_QU*[]R,_aR$NaV*PgWYR
σx

ìcz	bYR�R�5DncPgfcMONr_aP�_aPgUDW�_abYR$UDNQR-V:qxPgR-iS[c^ l

σ2
x =< x2 >= kBT/κx

� �-Û �
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z	bYPy^­XOPSëORv^*Môë|MOignYRCtïUDN*_QbYRC_aNaMOf8^r_QPgý@WYR-^a^
κx

ìpz	bYR-NQRCPy^­MjWÏPgWÐ[]R$f'R$Wc[YR$Wh_EêlM�q�UOt
XOR$_r_aPgWYXC_abYR*_QN%Mjf�^r_QPgý'WcR-^a^$ì�z	bcR­VsUO_QPSUOWÂUjtl_QbcR­�ÐRvMO[ËPgWË_abYR­_QN%MjfËPy^B[]R-^am,NaPS�ÐRv[ô�xq
_QbcRBí�MjWcXOR$ëxPSW�R�5DnÐM|_QPSUOW l

F (t) − κxx − γẋ
� �%� �

ê�bYR-NQR��	�Ç_���NQR-fYNaR-^QR$Wh_a^Ó_QbcR	_QbYR-NQV­MjixtïUDNam$R-^#MOWc[
γ
PS^I_abYR1[]N%MjX m,UxRJvEm,PSR$Wh_-ìD�YNaUOVÕ_abcM|_

_QbcR tïUOiSigU|ê�PSWYXsfÐU|êlR$N1^QfÐRvm�_aNQnYV�PS^�UD�]_aMOPgWcR-[ l

Sx(f) =
kbT

π2γ(fc
2 + f2)

� �vþ �

ê�bYR-NQR
fc = κx/2πγ

PS^µ_QbcRKm,UDNQWcR$NBtïNaR�5hnYR-Wcm,qDìIklqËüY_Q_QPSWYXÌ_abYPy^>R$exfcNQRv^Q^QPgUDWÂ_QUÌ_QbYR
[YMj_aM

fc

m$MjW �ÐR6tïUOncWc[çê�bYPym%bç_abYR$W XOPSëORv^B_abYR�_aNaMOf ^r_QPgý'WYRv^Q^-ì#u1iSi	_QbYPy^*Mjiy^rUôqxPgR-iS[Y^
PSWÏ_QbYR�qh÷~[]PSNQRvm�_QPSUOW�ì ñ UOV*fcMjNaPSWYXË_QbYR�ë|MOignYRv^­Ujt

κx

�ïUON
σx

�­UO�]_%MjPSWYR-[8�xqç_abYR�_`êlU
iyM|_r_aR$NEm-MjiSPg�YN%M|_aPgUDW V*R$_QbYU][Y^­fcNQU|ëxPy[]R-^*MËV*R,_QbcUx[ tïUDNEm$MjiSPS�YNaMj_QPSWYXË_QbYR�NaR-^Qf'UOWc^QRKUOt
_QbcR�5hncMD[]N%MjWh_7fYbcUj_QU][]PSU][]RC�ïPSWôëDUOig_a^%��_aU�_abYRµf'UD^QPg_QPSUOWÌUOtp_abYRµ�'R-MD[ÌPSW�_abYRs_QN%Mjf8�ïPSW
V*R,_aR$N%^a�,ìri ÛOÛ�j i Ût�oj i Û3"�j
z	bYR*[]Pgý'R-NQR-Wcm,RsPgWËNaR,tïN%MOm�_aPgëDR>PSWc[]R$e��ÐR$_`ê?R-R$W�_abYR*PgV*V*R$N%^QPgUDW�UOPSi#MjWc[�_QbYRs_QN%MjfcfYPgWcX
V*R-[]PSnYV iSR-MO[c^*_QU ^QPSXOWYPgüÐm$MOWh_�^rfYbcR$NaPSm-Mji�MO�ÐR-NQN%M|_aPgUDWc^$ìp}~W�fYNaMDm�_aPSm$ROó#_abYRÌnc^QR�UOt�MOW
UOPSi�PgV*V*R$N%^QPgUDWÌUO�Yù`R-m�_aPgëDR>iSPgV*Pg_a^A_abYR­M|e]PSMOiÓN%MjWcXOR>UOtw_QbcRµ_aNaMOf�_aU6MOfYfYNaU�exPSV­M|_aR$iSqC�O�
V*PSm$NQUDV*R,_QR-Na^IPSWh_QUA_QbYR	_aNaMOfYfYPSWYX m%bcMjVµ�ÐR-N-ìhi Ûhþ�j uÏê	M|_QR-N�PgV*V*R$N%^rPSUOWsUO�Yù`R-m�_aPgëDRlm-MjWs�ÐR
nc^QR-[�ê�bcR$W�Pg_APy^7WYR-m$R-^a^QMONQq�_QUE_aNaMOfÌ[]R-R$f'R$NAPgW�_abYR*m%bcMjVµ�ÐR-N-ì'z	bYRB_aNaMD[]R>UOýËPy^1_abcM|_
ê	M|_QR-N�PgV*V*R$N%^QPgUDW�UO�Yù`R-m�_aPgëDR-^	UOtÇ_QR$W�m$UOV*R ê�P�_abCMsiSU|ê?R-N�ð�uÕMjWÐ[KbcR$Wcm$R MsiSR-^a^�^`_aR$R-f
XON%MO[YPgR-WD_lMjWc[EM>�YPg_lêlR-MO�OR$Np_QN%MjfYfcPgWYX>tïUON%m,R�tïUDNp_abYR ^QMOVsR7iSMD^rR-Npf'U|ê?R-N-ìhz	bYRAXONaR-M|_aR-^r_
iSPgXDbD_CiSUD^a^EPSW î z iSPgRv^�PSWú_abYRËUO�]ù`Rvm�_QPSëORDìlz	bcRôUDn]_QfYnY_6iyMO^QR$N6fÐU|êlR$NKPS^QWn4 _6R-Wh_QPSNQR-igq
_QN%MjWÐ^rV*Pg_r_QRv[�_abYNQUDnYXObÌ_QbYR*UD�]ù`R-m,_QPSëOR²i Ût�tj ì!�cUON�MKí�R$Pym$MKUOPSi�PgV*V*R$N%^rPSUOWÌUO�]ù`Rvm�_QPSëOR*MO^
êlRAnÐ^rRv[¼ó]_QbcR _QN%MjWc^QV*P�_Q_aMjWÐm,R UjtÇ_aR$WCigPSR-^	�'R,_`êlR$R-W þ �*MjWc[ " �¨»Eì
î f]_aPSm-Mji¼_`êlR$R�$$R$N%^�MjNaR�êlR$iSiÓ^QnYP�_aR-[6tïUDN1ê?UDNQ�xPSWYX*ê�P�_ab��YPSUOiSUOXOPym$MOi!^QMOV*fYigRv^$ócR-^QfÐRvm,PyMjiSigq
PSW*_QbYR1WcR-MjNpPgW]tïN%MjNaR-[­MOWc[sPgWYtïNaMONQRv[µNaR$XDPgUDW��¹� þ �|÷ � �O�O�1WcV­�wê?R-NQR	_abYR$NaR�Py^pM�V*PSWYPgVµnYV
PSW6iSPSXObh_�Mj�c^QUONaf]_aPgUDWô��^QR$RAücXÐì Û PgWXi Ût�oj ��ìÐz	bYPS^1ê�PgWc[YU|ê�Ujt�WYRvMjN	_QN%MjWÐ^rfcMONQR-Wcm,q­Py^�[]nYR
_QUCM6[]R-m$NQRvMO^QRBPgWÂMj�Ð^rUDNQf]_aPgUDW��xq��YPgUDigUDXOPym$MOiÓm%bYNaUOV*UOfcbYUONaR-^7^rncm%bËMO^7bYR$V*UDXOiSUO�YPSW�UON
fYNaUj_aR$PSWc^>MOWc[ÂêlMj_QR-NµMj�Ð^rUDNQf]_aPgUDWÂPS^s^`_aPgiSi�5DncP�_aR�iSU|ê Mj_B_QbcUD^QREêlM�ëDR$iSR$WYXO_Qbc^ªi Ûhþ�j i Ût�tj ìî WYR­m,UDV*VsUDWôiyMO^QR$NAtïNaR�5hnYR-Wcm,qC_aU6êlUONa��ê�Pg_QbÂPS^ � � "&� WYVCó!ê�bYPym%bËê?R­Mjiy^QUKnc^QR-[ôPSW
UOncN7R$exf'R$NaPSVsR-Wh_a^-ì@z	bcR>ê	M�ëOR>�'R$PSWYXCm,UDWD_aPgWxnYUDnc^1Py^ Mjiy^rUKPgV*f'UONQ_aMOWD_vì'uÙfYnciS^QR-[ÌiSMD^rR-N
êlUOnYiy[ô[YU�XONaR-M|_aR$N�[YMOV*MOXORDó'RDì XÐì@t�MOm$PgiSP�_%M|_aRET7ð7u:[]R$WÐM|_QncNaMj_QPSUOW©i þ � j ìÓz	bYR*R,ý@R-m�_BUOt
WYRvMjN!PSW]tïN%MjNaR-[7iSMD^rR-Na^@UDWAV*U][]R-iOV*R$Vµ�YNaMOWYR-^¼MOWc[A�YPSUOiSUOXOPym$MOij^QMOV*fYigRv^@ê�PgiSiO�'Rp[]Py^am,nc^a^rRv[
tïnYNQ_QbYR-N�PgW6_abYRB[]Py^Qm$nc^Q^QPSUOWCm%bcMjf]_aR$Nvì
z	bYRËUOf]_aPSm-Mji7_`ê?R-R%$-R$N%^�^QR,_QncfúêlMD^��ÐMO^QR-[�UDW�MjWúPSWxëOR-Nr_aR-[�V*Pym,NaUD^am,UOf'ROìlz	bYRËiSMD^rR-N
nc^QR-[ôêlMD^�MCð�[ l ¼ p î

4

iyMO^QR$N ê�Pg_Qb�MCêlM�ëDR$iSR$WYXO_Qb�UOt � � "&� WYVCì¼klR,tïUONaRsR$Wh_QR-NQPSWYX6_QbYR
V*PSm$NQUh^Qm$UOf'R>_abYR­iyMO^QR$N �ÐRvMjV3ê	MO^ ê	MjiS�ORv[�_abYNQUDnYXObÂMC^rR-NQPSR-^AUOt?iSR$Wc^QR-^�MOWc[ÌV*PSNQNaUON%^-ì
� R-R	ücXOnYNaR �%� ìv}~Ws_abYR1^rR$_QnYf*nc^QR-[µtïUDN�_QbYRv^rR	R,e]f'R$NaPgV*R-WD_%^�_QbcR	_QR$iSR-^am,UDfÐR�Mj_#_QbYR�R-Wc[>UOt
_QbcR7fcMj_QbKnc^rRv[EUDWYR�UOt!_QbYRAiSR$Wc^QR-^?PgWÐ^rPy[]R7_QbYRAV*PSm$NQUh^Qm$UOf'ROìxz	bYR��cMDm%�­Mjf'R$NQ_QnYNaR�UOt!_QbYR
V*PSm$NQUh^Qm$UOf'R#UO�]ù`Rvm�_aPgëDR�� � �O�|e,s � ì � ð7uBóvUOPSi»óví!R$Pym$Mh�@ê	MO^!U|ëDR$NQüciSigRv[7ê�Pg_Qb _abYRpiyMO^QR$N��ÐRvMjV
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�IPgXDnYNaR ���:l � m%bcR$V­M|_aPSm []PyMjXDNaMOV Ujt�_abYR�UOfY_QPym$Mji@_`êlR$R�$$R-Na^	^QR,_Qncf+i ÛOÛoj ì

_QU­R-Wc^QnYNQR _abcM|_�_QbYR�iSPgXDbh_�m,UOWxëDR$NaXOR-[E_QU�Ms_aPgXDbh_�^rf'Uj_vìcz	bYR>^aMjV*fYiSR�êlMD^	PgiSiSnYV*PgWcMj_QRv[
tïNaUOVöMj�'U|ëOROì-u ñ�ñ T1÷~m$MOV*R$N%M	êlMD^¼nc^QR-[AtïUONI^QMOV*fYigRpPgV­MjXDPgWcXcì$z	bYRw_QN%MjfYfYPSWYX�iyMO^QR$N!ê	MO^
Mjiy^QUEnc^QR-[CtïUDN�_abYR>f'UD^QP�_aPgUDWÌ[]R$_QR-m,_QPSUOW�UOt#_QbYRµ_QN%MjfcfÐRv[�UO�]ù`Rvm�_vì'u1tÇ_QR$NA�'R$PSWYXEtïU]m,nÐ^rRv[
UOW _QbYR�^aMjV*fYiSRK�xqÂ_abYRCUO�]ù`Rvm�_QPSëORK_QbcR6iyMO^QR$Ns�'R-MjV êlMD^µm$UOiSigRvm�_QRv[ç�xqçMÂm,UDWc[]R$WÐ^rR-N
ê�Pg_QbCbYPSXObCð�uÕMjWÐ[�fYNaUjù`Rvm�_aR-[KUOWCM�5hncMD[]N%MjWh_lfcbYUj_aUx[YPgU][]R �xq�M*[]Pym%bYNQUDPSm7V*PgNaNaUONvìxu
fYPSR%$-UhR-igRvm�_aNQPymB^r_aMjXDR�êlMD^�V*UOnYWh_aR-[CUOW�M�^rfYNaPSWYXj÷°igUhMO[�_QN%MjWc^QiyM|_QPSUOWÐMji!^r_aMjXDRBV­Mj�xPSWYX­P�_
f'UD^a^rPS�YiSR7_aUsm$UOWh_QNaUOi@f'UD^QP�_aPgUDWYPSWYXµê�Pg_Qb6WYV fYNQRvm,Py^rPSUOW�ìri ÛOÛ�j uGV*R$N%m,nYNaq­iyMjV*fKê	MO^lMjiy^QU
V*UOnYWh_aR-[K_QUs_QbcR�VsPym,NaUD^am,UDfÐRAPSW6UDNa[YR$Nl_QU*_%Mj�OR7øcnYUDNQRv^Qm$R$Wcm$R PgV­MjXDR-^lUjtI_QbcRB^QMOVsfcigRDì
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 � è���à'ß
z	bYR6^QMOVsfcigRKfYNQR-fcMjN%M|_aPgUDW�êlMD^�_abYR6^aMjV*R�MD^BtïUDN>_abYRKm$UOW]tïU]m-MjilVsPym,NaUD^am,UDfxqÌR,e]f'R$NaP�÷
V*R$Wh_a^�R,eYm,R-f]_QRv[CtïUON�_QbYNaR$RB_QbYPSWYXD^-ìÐT7Pym%bYigUDNQUDV*R,_QbÐMjWYRos|L�R$_QbcMOWYUOi¼PSWÌM­ëDUOiSnYV*R�NaMj_QPSU
Ujtw� lh� ê	MO^�nc^QR-[6PSWc^r_QR-MD[6Ujtwm%bYiSUONaUjtïUONaVCó]MjPSN1êlMD^	nc^QR-[CPSWc^`_aR-MD[KWcP�_aNQUDXOR$W6_aUE[]NQq�_QbYR
^aMjV*fYiSR-^�MjWÐ[�UDWYigqE_QbYRB[]qDRBT�PS}lêlMD^?nÐ^rRv[¼ì
uÏWYR-ê m%bcMOV>�'R$N�êlMD^�V­MO[]RltïUONI_abYR î zçR$exf'R$NaPSVsR-Wh_a^���^QR$RlücXDnYNaR �3� �,ìv}°_wê	MO^�[]R-NQPSëORv[
tïNaUOV _abYR UOWYR nc^QR-[�tïUON�V­Mj�xPSWYX*m,UOWYtïUxm-Mji¼PSV­MjXOPSWYXÐóh�cn]_�_QbYR�^QfcMOm$R �ÐR$_`ê?R-R$WK_QbYRA_`êlU
}`z î ^sbcMO[ _QUÂ�'R�V­MO[]RCV>nÐm%b8^QV­MjiSigR-N�k Û �D�

µ
V�_aU þ �O�

µ
V�PgWc^r_QRvMO[ Ujt MÌtïR-ê�V*PSi�÷

iSPgV*R,_aNQRv^$ìhz	bYPy^wêlUOnYiy[*bcM�ëOR��'R$R-WENaR-MjiSiSq>PSVsf'UONQ_aMOWh_pP�t�MDm$m$nYNaMj_QR	tïUDNam$R1V*R-MO^QnYNaR$V*R$Wh_%^
m,UDnYiy[*bcM�ëOR��'R$R-W�m$MONQNaPgRv[sUOn]_vóO�Yn]_	^`_aPgiSi'P�_lXDM�ëOR�M��'R,_Q_QR-N?PSigiSnYV*PSWcM|_aPgUDWEUjt@_QbcR7^aMjV*fYiSR
MjWÐ[ÌME�'R,_Q_QR-N�PgV­MjXDR�5hncMOigPg_`qOì¼z	bYRsëORv^rPym,iSR>fYNaR$fÐMjN%M|_QPSUOW�ê	MO^7Uj_abYR$Naê�Py^rRµPS[]R-Wh_QPym$MjiÓ_QU
_QbcR�UOWYR�m$MONQNaPSR-[EUDn]_�tïUON	_abYRBm,UDW]tïU]m$MOi¼PgV­MjXDPgWcXµR$exf'R$NaPSVsR-Wh_a^-ì
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�IPgXDnYNQR ��þ!l î f]_aPSm-Mji@_`êlR$R%$-R$N%^	^rR$_QnYf!ì

�n�h'A�h' ¢ �Óã�ã�£7 pã�
o��æ ãhß@è
z	bYRËUOn]_aigPSWYRôUjtB_abYRôR$e]fÐR-NQPSV*R$Wh_Kê	MO^�_QU VsRvMO^QnYNaR�_QbcRÌ_aR$V*fÐR-NaMj_QnYNaRô[YR$f'R$Wc[]R-Wcm,R
Ujt _abYRÌ[]R$tïUONaV*Mj_QPSUOW8Ujt>û òqpw^��xq V*R-MOWc^­Ujt�UDf]_QPym$MOi�_`ê?R-R%$-R$N%^$ìw�cUONER-ëOR$Naq m%bYUh^rR-W
_QR-V*fÐR-NaMj_QnYNaR�Ms^QR$NaPSR-^	UjtIPgV­MOXOR-^	êlR$NaR7_aMj�DR$W6ê�P�_ab�^`_aR$fxê�PS^QR PgWÐm,NaR-MO^QR-[KiyMO^QR$N	fÐU|êlR$Nvì
zÓUA�'R1Mj�cigR	_aU m$UOWh_QNaUOix_abYR	_QR-V*fÐR-NaMj_QnYNaR	PgWc^QPy[]R	_QbYR1m%bÐMjV>�'R$Nvó|êlRlbcR-M|_aR-[C�ïUDNwm,UxUOiSR-[Ð�
_QbcR>^QMOV*fYigR�bcUOiy[]R$N�ê�Pg_QbC_abYRBbYR-igfCUjtwM*bYRvM|_1�cMj_Qb!ìÐz	bYRBUOPSi!UD�]ù`R-m,_QPSëOR WYR$Rv[]R-[6_aU­�ÐR
_QR-V*fÐR-NaMj_QnYNaR1m,UDWD_aNQUDigiSR-[sMO^wê?R-igic^QPSWcm,R	_abYR1PSVsV*R-Na^QPgUDWµUDPgicPS^wM XDUxUx[sbYRvM|_pm$UOWc[]nÐm�_QUDN-ì
�YUDN¼_QbcPS^¼fcnYNQf'UD^QR#êlR#nc^rRv[�M�^rR-i�tÇ÷~[]Rv^rPSXOWYRv[�UD�]ù`R-m,_QPSëOR#bYRvM|_aR$N�m$UOWYWYRvm�_aR-[7_QU	_abYRp^aMjV*fYiSR
bYUDiS[]R-N7MD^�êlR$iSiIMD^�_abYRµbcR-M|_A�cM|_ab��xq�^rPSigPym,UDW�bYUh^rRv^$ìÐ}~W�UON%[]R$N�_QUKUO�]_%MjPSW�_QbYRµê�PS^QbYRv[
_QR-V*fÐR-NaMj_QnYNaRKPSWc^QPS[YR�_abYR6m%bÐMjV>�'R$NvóIê?R6V­MO[]RCMÌm-MjiSPg�YN%M|_aPgUDW m,ncNQëDRô��^QR$RKücXDnYNQR ��" �
_QU�V­MO�OR�Pg_ER-MO^QPSR$N*_QUÂüÐWc[8_QbYRÌfYNQUDfÐR-N­bYR-Mj_E�cM|_ab�^rR$_r_QPSWYXh^$ìpz	bcR�_QR-Vsf'R$N%M|_anYNaR6UOt
_QbcRÂ^aMjV*fYiSRÌê	MO^6^r_QPSigi�V*UOWcP�_aUONaR-[��xqúM _QbYR-NQV*U]m,UDnYfYiSR$NC[]nYNaPgWYX8R,e]f'R$NaPgV*R-WD_%^$ì�ð�U
m,UDV*fÐR-Wc^QMj_QPSUOWÌtïUON7_QbYR*iSUD^a^�UOt?bYRvM|_A_QbYNaUOnYXDb�_QbcR*m$UOWc[YR$Wc^QR$NAêlMD^�V­MD[]ROì!�IPSXOnYNaR ��"
^QbYU|ê1^?_QbYR�R$ý'Rvm�_1UjtI_QbÐM|_1iSUD^a^?UDW6_QbYRB^aMjV*fYiSRA_QR$V*f'R$N%M|_anYNQRDì
î Wcm$R�_QbYRs^QMOV*fYigR>êlMD^1fYn]_APgWh_aU­_QbYRµV*PSm$NQUh^Qm$UOf'ROóYêlR>nc^QR-[6_abYR>iyMO^QR$N7M|_AMEfÐU|êlR$N1UOt
MjfcfYNQU�e]PSV­M|_QR-igqÂ� þ �CV7õJ_QU�ücWÐ[Ë_QbYR6^rnYNQt�MOm$R­Ujtl_QbYRK�ÐUO_r_aUOV }`z î �xqËigUxUO�xPSWYXCtïUON

Û �
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Tt with condensor
Tt without condensor
Tt = Tvb

�IPgXDnYNaR ��"�l ñ MjiSPS�YNaMj_QPSUOWCm,nYNaëORv^?tïUON	_QR-V*fÐR-NaMj_QnYNaR�m,UOWh_aNQUDi'UOtÓ_abYRBm%bcMOV>�'R$Nvì

_QbcR6NaR,øÐR-m�_aR-[ iSMD^rR-NsiSPSXObh_sUDW _abYRCXOiyMO^a^µ^QnYNQt�MOm$ROì#z	bYPy^*êlMD^µëDR$NaqÂbYR$iSf]tïnYi�^QPSWcm,RK_QbYR
ëORv^rPym,iSR-^-óYMO^a^QnYV*PgWYXs_abYR$NaR ê?R-NQR�MjWxqDóYê?R-NQR MjiSV*UD^r_�_QN%MjWc^QfcMONQR-WD_�MjWÐ[�_abYR$NaR,tïUDNQR Vµncm%b
bcMONa[]R-N�_aU6^Qf'Uj_A_QbcMOW�tïUONAR,eYMOVsfcigR*MEf'UOiSq]^`_`qxNaR$WYRµ�ÐRvMO[¼ì@õËR*[YPS[ÌWYUj_�m$MOigPS�YN%M|_QR>_QbYR
_QN%Mjf6^rPSWcm$R1_QbcRAiSPSXObh_lê	MO^l[]PSNQRvm�_aigq­PSWh_QR$N%MOm,_QPSWYX>ê�Pg_Qb�_QbYR iSPgfcPS[�VsR-V>�YN%MjWcROìxz	bYR iSMD^rR-N
f'U|ê?R-NwWYR$Rv[]R-[­_QU�_aNaMOfEM��ÐRvMO[­bcR-M�ëxPgiSqµ[YR,tïUONaV*R-[s_abYR�ëDR-^QPSm$igRv^pMjWÐ[*V*MD[]R�MOWhqsëxPSMO�YiSR
tïUON%m,RKV*R-MO^QnYNaR$V*R$Wh_sPgV*f'UD^a^rPS�YiSROì#u1iSi	iSMD^rR-N>f'U|ê?R-Na^>VsR-Wh_QPSUOWYRv[çPSWç_QbcPS^sNaR$f'UONQ_µê�PSigi
�'R�iyMO^QR$N>UDn]_Qfcn]_sf'U|êlR$N%^BMjWc[çWYUj_µ_QbYRKiSMD^rR-N>f'U|ê?R-Na^>PgW�_abYRE_aNaMOfYfYPSWYXÌNaR$XDPgUDW!ì�z	bYR
f'U|ê?R-NwPgWE_QbYR�_QN%Mjf­Py^pMjfcfYNQU�e]PSV­M|_QR-igq*�j�¨»ÕUOt'_abYR�UDn]_Qfcn]_?f'U|ê?R-N-ìDz	bYR7^QnYNQt�MOm,R�Ujt@_QbYR
�'Uj_r_aUOV }`z î ê	MO^�^QR,_�MD^	_QbYR�$-R$NaU*igR-ëOR$i?���

µ
VE��ìcz	bcR$W�êlRAiSUxUO�DR-[�tïUON1ëDR-^QPSm$igRv^	ê�P�_ab

_QbcR6bcR$iSf Ujt�øcnYUONaR-^am,R-Wcm,RKV*PSm$NQUh^Qm$UOfxqônÐ^rPSWYXÂMÌí!R-PSm-MôL�R$N%m,nYNaqh÷¹iyMjV*f�ê�Pg_QbÏMôz�½ �
��zÓR,eYMD^wNaR-[,s|XONaR$R$W'�Óüci�_aR$Nlm,nY�'R�bcM�ëxPSWYXBMBklo þt� �|÷ þt# �jWYVÕR$eYm,Pg_aM|_aPgUDW*ücig_QR$N	MjWÐ[­MBklo" � # ÷ "&# �|WYV ^QnYfYfYNaR-^a^rPSUOWÌücig_QR$Nvì�z	bYRv^rRsücig_QR-Na^�MOfYfYNaU�e]PgV­M|_aR$iSqCüY_�_QbcR­R$V*PS^a^QPgUDWËMOWc[
Mj�Ð^rUDNQf]_aPgUDWK^QfÐRvm�_aNaMsUjt#T7Pg} ��^QR$RAücXDnYNQR � �j��ì
õ�bYR-WçMC�YPgX�ëDR-^QPSm$igR­ê	MO^AtïUDnYWc[¼óÓê�P�_abçM6_`qxfYPSm-Mjip^QPh$$R­ë|MjNaqxPgWYXC�'R,_`êlR$R-W ��þ MjWc[ Û �
µm

MjWc[ÂMCWYPym,R­NaUOnYWÐ[Ë^QbcMOfÐRDó¼_QbYRKm,R$Wh_aR$NBUOt?_abYR­_QN%MjfÂê	MO^ fYiyMOm$R-[ÂMjfcfYNQU�e]PSV­M|_QR-igq
UOWcR _QbYPSNa[6nYf6tïNaUOV�_QbYRB�ÐMO^QRAUOtÓ_abYRB^QR$V*P�÷~^QfYbYR$NaPym$Mji¼ëDR-^QPSm$igRDìYu�tÇ_aR$N7^QR,_Q_QPSWYX*_QbcR _QR$Vs÷
f'R$N%M|_QncNQR*MjWc[ÌigR$_r_aPgWYX6Pg_�^r_aMO�YPSigPh$$Rsê?RsNaR-m,UDNa[YR-[�ê�Pg_QbËM²p ñ { ê�bcM|_ ê	MO^Am$MjncXObh_A�xq
_QbcR ñ�ñ T�÷~m$MjV*R-NaMcìDí�Mj_QR-N-óxPSV*MOXORA^rR-NQPSR-^lUjtÓëOR-^QPym,iSR-^l[]R,tïUDNQV*PSWYXBtïUDN	^r_QR-fxê�PS^QR7PSWcm$NQRvMO^r÷
PSWYX­fÐU|êlR$N%^�m,UDnYiy[K�'RBXDNaMO�Y�ÐRv[EtïNaUOV�_QbYR>ëhPy[]R-U*_aMjf'ROìÐ�YUON�R$ëOR-NQq�iSMD^rR-N�fÐU|êlR$N1M�« � �D^
Ujý�ó � �O^BUOW!ó � �D^�Ujý�ó � �O^>UOW!ó � �O^>UjýI¬°÷°^QR$NaPgRv^�ê	MO^�NaR-m$UON%[]R-[¼ìIz	bYREiyMO^QR$NµfÐU|êlR$NBê	MO^
m,UDWh_QNaUOiSigRv[��xq6PSWcm$NQRvMO^QPgWYX�UON []R-m$NQRvMO^QPgWYXE_QbYR*iyMO^QR$N7[YPgU][]R*m,nYNaNaR$Wh_7PSWô�cì � u�÷~^`_aR$fc^-ì'u
^QV*MOigiSR$NE^r_QR-f8^QPh$$RCê?UDnYiy[ bcM�ëDRC�ÐR-R$WÏfYNaR,tïR$NaNaR-[¼ó��Yn]_�m$UOnYiy[ WYUj_E�'R�UO�]_%MjPSWYR-[!ìw�YUON
^QV*MOigi#iyMO^QR$N f'U|ê?R-Na^7iSPg�DRµ_abYR­UOWcR-^Anc^QR-[ôPgWô_QbYPy^�R$exf'R$NaPSVsR-Wh_-ó@_QbcRsNaR$iyM|_aPgUDWÌ�'R,_`êlR$R-W
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�IPgXDnYNaR � � l u1�Ð^rUDNQf]_aPgUDWsMOWc[>øcnYUONaR-^am,R-Wcm,RlR$V*Py^Q^QPSUOW*^rf'R-m,_QN%M�UOt'T7Pg}I�ÐUDnYWc[µ_QU�MAfYbYUh^`÷
fYbYUDigPSfYPy[6�YPgiyM�qOR-N	VsR-V>�YN%MjWcR-^�i Û � j ì

[]PSU][]Rµm$nYNQNaR$Wh_7MOWc[CUOnY_QfYn]_ iyMO^QR$N1f'U|ê?R-N�ê	MO^�WYR-MONQiSq�iSPgWcR-MjNvì z	bYPS^�NQRv^rnci�_aR-[�PSWÌME^r_QR-f
^QPr$-RAUOtIMOfYfYNaU�exPSV­M|_aR$iSq Ûhþ ÷ � �>V�õÕìcz	bYR iyMO^QR$N	f'U|ê?R-Nlê	MO^lPSWcm,NaR-MD^rRv[EnYWh_aPgi¼_abYR�^`_anc[x÷
PSR-[�ëDR-^QPSm$igRµNQRvMOm%bYRv[�MKm$NQPg_QPym$MOiI[YR$XONaR$R>Ujt?[]R$tïUONaV­M|_QPSUOW�_QbcMj_7_abYNQRvM|_aR$WYRv[C_QU6V­Mj�ORµP�_
�YnYN%^r_-ì�u1tÇ_QR$Nµê�bcM|_>_QbYR*_aR$V*fÐR-NaMj_QnYNaR­ê	MO^�NaR-^QR,_>MOWc[ô_QbYR�^aMjV*R*fYNaU]m,R-[YnYNQR­ê	MO^ NaR,÷
f'R-M|_aR-[¼ì î WYRµëORv^rPym,iSR>N%MjNaR$iSq�V­MO[YRµPg_7_abYNaUOnYXDb�VsUDNQR>_QbcMOW�_`êlU­_QR-V*fÐR-NaMj_QnYNaRµ^QR$NaPgRv^$ì
z	bYRBUD�]_aMOPgWcR-[CPSV*MOXORv^1êlR$NaR _QbYR-WÌMjWcMOigq]^QR-[K_QU�XOR,_ M*V*R-MO^QnYNaR�tïUON�_QbYRµ[]R,tïUDNQV­M|_aPgUDW
UjtI_QbcRAëDR-^QPSm$igRv^$ì

Û �



¾ ¿À� � ��� �*CÁ��@I@I��@ � � ���;Â 	AHJ	

¶�LNK ��U\��ane�aAf�T�U\RMY�����RMfSfSU�fq�`��RMY\y�e:UN_Za7T!e!{

u1Ws}~XOUDNQopNQU1fcNQUDXON%MjVGêlMD^ÓnÐ^rRv[�_QU MjWÐMjiSq�$-Rp_abYRlbYR-Mj_�m-MjfcMDm,Pg_`qBm,nYNaëORv^�UD�]_aMOPgWYRv[�tïNaUOV
_QbcR T �cñ ^Qm-MjWc^-ìx}~WKUDNa[YR$N?_QU*XOR$_lUDWYigqE_QbYR�^QPgXDWcMji'tïNaUOV _abYR igPSfYPy[Y^$óx_abYR �cMO^QR$iSPSWYR7ê	MO^
^QnY�]_QN%MOm,_QRv[ÌtïNaUOV�_QbcREigUhMO[]Rv[ÂbYR-Mj_>m$MOfcMOm$P�_`qËm,nYNaëORDì�z	bYPy^BiyMOm%�]^BMCiSPgWY�ô_QUÌfYbxqx^QPym$Mji
_QbcR$UONaq8�Yn]_CPgW NQR$_QnYNaWúPy^�ëDR$Naq RvMO^Qq _aU []U8MjWc[�XOPSëOR-^KMçXDUhU][�MOfYfYNaU�exPSV­M|_aPgUDW8UOt
_QbcR�R$Wh_QbcMOigfxq�m%bÐMjWYXDR�i Û&#oj ìcz	bcR��cMO^QR$iSPgWcR7üc_r_QPSWYX­ê	MO^�[]UDWYR �xqEüY_Q_QPSWYXEMsfÐUDigqxWYUDVsPyMji
tïnYWcm,_QPSUOW�ê�Pg_QbË[]R$XDNQR-R�ë|MjNaqhPSWYXE�'R,_`êlR$R-W Û MOWc[ þ _aUE_QbcR>bYRvM|_Am-MjfcMDm,Pg_`q6m$nYNaëOR>MjtÇ_QR$N
NaR$V*U|ëxPgWYXE_QbYRµ_QN%MjWc^QPg_QPSUOW�f'R-MO�x^-ì@k?qCPSWh_QR$XDNaMj_QPSWYX­_abYRsMONQRvM­nYWc[YR$NA_QbYR*m,ncNQëDRµM|_7_QbYR
V­MjPSW>fYbÐMO^QRw_QN%MjWÐ^rPg_QPSUOWBêlRlUO�]_%MjPSWYR-[BM7V*R-MD^rnYNaRwtïUDN

∆
�>ó�_QbYR	m%bcMjWcXORpPSWB_abYRlR$Wh_QbcMOigfxq

Ujt?_QbYRE^Qq]^`_aR$VCì�z	bYRs_%MjWYXDR$Wh_�VsR$_QbYU][Ëê	MO^Anc^QR-[ô_QU�[]R$_QR$NaV*PgWcRµ_abYR­�'R$XOPSWYWYPSWYX�MOWc[
_QbcRµR-Wc[�UOtw_QbYRsV­MjPSWÌfYbÐMO^QRB_QN%MjWÐ^rPg_QPSUOW�PSWËUON%[]R$N�_QU6�YnYPSiS[ôM�fYbÐMO^QRµ[]PyMjXDNaMOV UOtw_QbYR
TAL�o ñ s|T7owo ñ ^Qq]^`_aR$VCì]u1iy^rUs_QbcRAV*R-i�_aPgWYXs_aR$V*fÐR-NaMj_QnYNaR­��z

m

�?êlMD^l[YR,_QR-NQV*PSWYR-[!ì]}~W
ücXDnYNQR ��# êlRBm$MOW6^QR$R bYU|ê�_QbYPy^�ê	MO^	[]UOWcROì

�IPgXDnYNaR ��#:l T7R,_aR$NaV*PgWcMj_QPSUOWBUOtY_QbcR?fYbÐMO^QRp�'UOnYWc[cMjNaPgRv^¼tïUON#TAL�o ñ sjT�owo ñ # � l �O��nc^QPgWcX
_QbcR _aMjWcXOR$Wh_�V*R,_abYU][¼ì
î WYRAUjt!_abYR�^rUDnYN%m,R-^pUjtIR$NaNQUDNpêlRA^QbYUOnciS[��ÐR M�êlMONQR7Ujt�Py^?_QbcMj_lUOt�_abYR7�ÐMO^QR$iSPgWYR7üY_Q_QPSWYXcì
z	bYR-NQRsPS^QWn4 _?ù`nÐ^`_�UOWcRµê	M�qCUjt?[]N%M�ê�PSWYXE_abYRs_aMjWcXOR$Wh_ MjWc[�_QbYPy^�M|ý@R-m,_a^A�ÐUO_Qbô_QbYRsR$WÐ[
�
Tl

��MOWc[�^r_aMjNQ_QPSWYX��
Ts

�	f'UOPSWh_a^�UjtI_QbYRBfcbcMO^QR _QN%MjWc^QPg_QPSUOW�MO^�êlR$iSi�MD^	_QbYR>ë�MOigncR�Ujt�_QbYR
R$Wh_abcMjiSfxq*m%bÐMjWYXDROìDz	bcUOnYXDb!óhMD^?^aMjPy[­�'R,tïUDNQRDóO_abYR�fYbÐMO^QR1_QN%MjWÐ^rPg_QPSUOWEbÐMO^?WYU>NaR-MOiÐ^QbcMjNaf
�'UOnYWc[cMjNaPgRv^$ó]^QUµ_abYR nYWcm$R$NQ_aMjPSWh_`qEPSW�_abYR�fÐUh^rPg_QPSUOW6UjtÓ_QbYR�R-Wc[6MjWc[6^`_%MjNQ_QPSWYXsfÐUDPgWh_a^	UOt
_QbcR _QN%MjWc^QP�_aPgUDWKPy^	WYUO_�_QbcMj_1�cMO[¼ì

ÛDÛ



z	bYRsigPSfYPy[�f'U|ê1[]R$NAê	MO^7ê?R-PgXDbYR-[�UDWÌM6^Qm-MjiSR>ê�Pg_QbôM�fYNaR-m,Py^QPgUDW�Ujt � V*X�ê�bYPym%bÌV­MO[YR
_QbcPS^w^r_QR-f*ëhncigWYR-NaMO�YiSRp_aU�R$NaNQUDNa^I^rPSWcm$R�ê?R	êlR$NaRlêlR$PSXObcPgWYXAV­MO^a^rRv^�Ujt@M�tïR-ê V*PSigiSPSXON%MjV­^$ì
zÓU�V*PgWcPgV*Ph$$Rµ_QbYPy^7^QUOncNam$RBUjtwR-NQNaUON7ê?RµV*MD[]R>R-WYUOncXOb�iSPgfYPy[Ì^r_QU]m%�C^rUDignY_QPSUOW�_aU�V­Mj�DR
^QR$ëOR-NaMOiY^QMOV*fYigRv^pMj_w_QbYR7^QMOVsR1_QPSVsRDìDL�MO�xPgWYXB^QR$ëDR$N%Mjic^aMjV*fYiSR-^pM|_w_abYR�^aMjV*R�_QPSV*R�Mjiy^QU
^QbYU|ê?Rv[­_aU­�ÐR _aPgV*RB^aM�ëhPSWYXÐì

¶�L=w ��y�fS¥8y���RMY6¦§U���e�y�W¨��yG[�{

z	bYRsí � L¡Ã1� ñ	� ^QUjtÇ_`ê	MjNaR�_QbYRµV*PSm$NQUh^Qm$UOf'RBêlMD^1R�5DncPgfYf'R-[Ìê�P�_abÌ�xq±µ'R$Py^a^1ê	MO^1nÐ^rRv[
_QU�m$UOWh_QNaUOil_QbcR�m,UOWYtïUxm-Mji�V*Pym,NaUD^am,UOf'RCMjWc[ V­Mj�ORK_QbcR�ëOR-^QPym,iSRKPSV­MjXORv^$ì#o#MONr_­Ujt7_QbYR
êlUONa�­UOWK_QbYR�m,UDW]tïU]m$MOi¼PgV­MjXDR-^lê	MO^	[]UOWcRAê�bcPgiSR�^Qm-MjWYWYPSWYXs_QbcR ^aMjV*fYiSR �xq�m,UDNQNaR-m,_QPSWYX
tïUONl_abYR7fcbYUj_aUO�YiSR-MDm%bYPgWcX>Ujt�_QbYR�[]qDR-^-óDRv^rf'R-m$PSMOigiSqEklUx[YPgfxqOì]u1tÇ_QR$Naê	MjN%[Y^$óxM*�jT�÷IUDN Û T1÷
fYNaUjù`Rvm�_QPSUOW�UOtY_QbcR?PSV­MjXORl^`_%MOm%� m,UDnYiS[B�ÐRlV­MO[]R	MjWc[�_QbYR	m,UDWD_aNaMD^`_ÓNQRvMO[�ù`nc^r_QRv[ tïUONIR-MDm%b
m%bcMOWYWYR$i¼^QR$fcMONaMj_QR-igq*UONl_aUOXOR$_QbYR-N-ì]u�iS^QU>_abYR�m,UDigUDNa^?NQR-fYNaR-^QR$Wh_QPSWYXB_abYR�^rPSXOWÐMji'tïNQUDV _QbYR
[]Pgý'R-NQR-Wh_�m%bcMjWYWcR$iy^$óxbYR-Wcm,R _abYRB[]Pgý'R-NQR-WD_�[YqOR-^-óYm,UDnYiy[��'RBm%bYUD^QR$W�tïNQR-R$iSqOì
� UDVsR$_QPSV*R-^�_abYRENaPgV Ujt	_abYR�ëDR-^QPSm$igREMOfYfÐRvMjNaR-[Ë�YNaPgXDbh_QR$NB_QbcMOWÂ_QbYRKNQRv^`_vìÓz	bYPy^>m$UOnYiy[
�'R�[]nYR­_aU�UOf]_aPSm-MjiwR$ý'Rvm�_%^$ìÓdwP�_abYR$N>_QbYRK^QMOVsREMOV*UOnYWh_BUjt�fYbcUj_QUDWc^�ê	MO^ R-VsPg_r_aR-[��xq
_QbcR6NaPSV Ujt1_abYRCëORv^rPym,iSR6MD^µtïNQUDV�_QbYR6_QUDf fÐMjNQ_-ó��Yn]_ER-Wc[]R-[ nYf8UOW8Mô^QV­MjiSigR-N*MONQRvM
Ujt	_abYREfYbYUO_QU][]R$_QR-m,_QUDN-ì!}°_sm,UOnciS[ÂMjiy^QU��ÐR­_abcM|_µê?RE^r_aMONr_aR-[Â^Qm-MjWYWcPgWYX�MCiSPg_r_QiSR��'R$iSU|ê
_QbcR�R�5hncMj_QUDNpUjt¼_abYR�ëDR-^QPSm$igR7MjWc[*_abYR$NaR,tïUDNQR�XOUj_l^rR-ëOR$N%MjicfYPSm,_QnYNaR-^?PSW­_QbYR ^r_aMOm%�>_QbcMj_	MOigi
m,UDWh_QNaPg�YnY_QR-[B_QU�_QbYR	^QMOV*R?fcMONr_IUjtY_abYR��jT�÷¹fYNaUjù`Rvm�_aPgUDW!ó$V­Mj�xPSWYX7_QbYRlNQPSVöigUxUD���YNQPSXObh_aR$Nvì
z	bYR�_aR$V*f'R$N%M|_QncNQR1m$UOWh_QNaUOiYUOt@_QbYR1R$e]fÐR-NQPSV*R$Wh_pê	MO^#WYUO_ � �D��»öMDm$m$nYNaMj_QRDìO�1RvM|_QPSWYX�_aUxU
t�MO^r_�PgWc[Yncm,Rv[µM7êlMj_QR-N�øcnYe>PgWÐ^rPy[]R?_QbYR�m%bcMOV>�'R$NÓtïNQUDVö_QbYR	PSWc^rPy[]R	UOnY_	��V*M�qx�'Rl^r_aMONr_aPgWcX
tïNaUOVÎ_QbcR>_abYR$NaV*Uxm$UOnYfcigR-N%�7m$MOnc^rPSWYX�_QbYRsëORv^rPym,iSR-^�_QU6V*PgXDNaMj_QR*M�êlM�qKtïNQUDV _QbYR­m,R-Wh_QR$N
UjtI_QbcR m%bÐMjV>�'R$Nvì

¶�L=¶ ·�[qT�UN��RMY�¸�}+anaA¹7ane:W

��M�ëxPSWYX�[]UOWcR­UOnYNBR$e]fÐR-NQPSV*R$Wh_a^ êlR­R$Wc[YR-[ÂnYfÂê�Pg_QbçMCiSUj_BUjt	PSV*MOXORv^ Ujt	ëOR-^QPym,iSR-^�M|_
[]Pgý'R-NQR-Wh_#_QR$V*f'R$N%M|_anYNQRv^wMjWÐ[>iyMO^QR$N#f'U|ê?R-Na^-ìj�YUDNwR$ëDR$Naq�iSMD^rR-N#fÐU|êlR$N�_aR$W­fYPym�_anYNaR-^�êlR$NaR
^aM�ëOR-[>_QU�XDR,_pV*RvMjWYPSWYXjtïnciYR$NaNQUDN#�cMjN%^�nc^QPgWcX _QbYR�^r_aMOWc[YMONa[*[]R-ëhPyM|_aPgUDWµUOt@_QbYR�[cM|_aM­�ï_QbYR
R,eYm$R$f]_aPgUDWc^�ê�PSigiÓ�ÐRµfÐUDPgWh_QRv[CUOn]_���ì'z	bYRBPSV*MOXORv^	ê?R-NQR�XDNaMO�Y�ÐRv[KtïNQUDV�_abYRBëxPS[YR$U*_aMOfÐR
nc^QPgWcX�}`L�u � p7PS^QPSUOWúklnYPSiS[]R-N�MjWÐ[8L�R-MO^QnYNaR$V*R$Wh_%^­MjWc[�u�n]_QUDV*Mj_QPSUOW!ì?u�^EêlR�ê�PSigi
[]Py^Qm$nc^a^7PSWÂV*UONaRs[]R$_aMOPgi#PSWÌ_abYR*NQRv^rnci�_%^�m%bcMjf]_aR$Nvó@ê?R*ê	MjWh_QRv[�_QU�m-Mjiym,nYiyM|_aR>_abYR*NaMj_QPSU
�'R,_`êlR$R$Wµ_QbcR	m$PgN%m,ncVµtïR-NQR-Wcm,R	MjWÐ[B_abYR�MjNaR-M7Ujt'MAm,NaUD^a^r÷°^QR-m,_QPSUOWBUOtc_QbcR	^r_QnÐ[]PgRv[>ëDR-^QPSm$igRv^$ì
z	bYR>m$UOWh_QN%MO^r_1�'R,_`êlR$R$WC_abYR>m$UOWh_QUDnYN1Ujt�_abYRBëORv^rPym,iSRBMjWÐ[6_QbYRµ�cMOm%�xXONaUOncWc[��'R$PSWYX­_aUxU
iSU|ê Pg_BêlMD^ ëOR-NQqÌ[YP­vEm,nci�_B_aU�nc^QREL�M|_aiSMO�n4 ^BPgV­MjXDRs_QUxUOiS�ÐU�eÂ[]PSNQRvm�_QiSqOìÓz	bYR$NaR,tïUDNQR*êlR
V­MjNa�ORv[ _QbYRlNaPgVÕUOtY_QbYRlëORv^rPym,iSRpPSW>R-ëOR-NQq PSV*MOXORu³��xq bcMjWc[�³#nc^QPgWcX�_abYRptïncWcm�_aPgUDW

roifill
ì

z	bYPy^#XDM�ëDR?nÐ^wM �YiyMOm%�>MOWc[sê�bYP�_aRB��klõ���PSV­MjXORltïNaUOV ê�bYPSm%bsêlR1m,UOnciS[sXOR$_#_QbYR1MONQRvM�UOt
_QbcRwëORv^rPym,iSRwm,NaUD^a^`÷~^QR-m�_aPgUDW��xq7^QnYV*V*PgWcX�nYf _QbYRpPgV­MjXDR,÷°V­M|_QNaPge@ì,z	bcR#tïnYWcm,_QPSUOW

edge
ê	MO^

_QbcR$W�nc^QR-[CUDWC_QbYRsklõ�PSV­MjXDR�_QUEXDR,_1_abYRµm$PgN%m,ncVµtïR-NQR-Wcm,RDìcz	bYRµNaMj_QPSUEm,PSNam$nYVstïR$NaR$Wcm$R
_QbcNQUDnYXObÏMjNaR-MÏ� ñ sju7�sê	MO^­m-Mjiym,nYiyM|_aR-[ tïUON­R$ëDR$NaqçfYPym�_anYNQRDì ñ s|uÎê	MO^s_abYR$WÏfYiSUj_Q_QRv[
MjXhMjPSWc^r_ÓiyMO^QR$NIfÐU|êlR$NÓtïUONIR$ëDR$Naq7_aR$V*f'R$N%M|_QncNQRlMjWc[>igPSfYPy[µm$UOV*fÐUh^rPg_QPSUOWK��TAL�o ñ s|T7owo ñ
þ � l þ �µMOWc[��|� l Û �h��ì

Û&�



õËR MOiS^QU>ê	MjWh_aR-[*_aUµ�xWYU|ê�Pgt�_abYR$NaR7ê	MO^lMµiSMD^rR-N?f'U|ê?R-NlMj_lê�bcPSm%bKê?RAm,UOnciS[�UO�c^QR$NaëORAM
[]N%MjV­M|_aPSm	m%bcMOWYXOR	PSWs_QbYR�[YR,tïUONaV­M|_aPgUDW!ó|P»ì ROìOPgWs_QbcR1NaMj_QPSU ñ sjuBìOT7R,_aR$NaV*PgWcMj_QPSUOW*Ujt'_QbcPS^
m,NaPg_QPym$Mji#f'U|êlR$N�ê	MO^ V­MO[]R­�xqÌüY_r_aPgWYX�M6tïUDnYNQ_QbÂXON%MO[]R*f'UOiSqxWYUOV*PyMji�_QUC_abYREUD�]_aMOPgWYRv[
[YMj_aM7nc^rPSWYX V­M|_aiSMO�!ìjz�êlU7_aMjWcXOR$Wh_%^ÓêlR$NaR?_QbYR-W*[YNaM�ê�W!ì�õËR�[]R,ücWcR-[>_QbYR-PgN#PSWh_QR$N%^QR-m�_aPgUDW
MO^l_abYRBm,NaPg_QPym$Mji¼f'U|êlR$N	o

c

ì
î WYR�UOtÐ_abYR�R$Wcm$UOnYWh_aR$NaR-[µfYNQUD�YiSR$V­^�êlMD^I_QbcMj_wUOWYR�ëDR-^QPSm$igR	N%MjNaR$iSqB^rncNQëxPSëOR-[µV*UONaRl_QbYR-W
_`êlUsV*RvMO^QnYNQR-V*R$Wh_1^rR-NQPSR-^���VsRvMO^QnYNaR$V*R$Wh_a^�M|_�_`êlU*[YP�ý@R$NaR$Wh_�_QR-V*fÐR-NaMj_QnYNaR-^%��ìYdpëOR$WCPgt
_QbcR$qµ[YPS[sWYUO_w�YnYN%^`_�_QbcR$q>êlR$Wh_#_abYNQUDnYXOb*^QUOV*R	WYUOWYR�NaR$ëDR$N%^rPS�YiSRl^QbcMOfÐR�m%bcMOWYXORv^IMj_#_QbYR
�cMD^rR	_abcM|_pPSW]øcncR$Wcm$R-[s_QbcR1ê�bYUOiSR�ëORv^rPym,iSR1^QbcMjf'ROìhL�Mj�xPSWYX VsRvMO^QnYNaR$V*R$Wh_a^wUOW­[]Pgý'R-NQR-WD_
ëORv^rPym,iSR-^­Mjý'Rvm�_aR-[8_QbcRÌ^`_%MjNQ_QPSWYXÂfÐUDPgWh_%^EUjtA_QbcR ñ s|u m$nYNQëDR-^-ów�Yn]_6^rbYUDnYiy[ WcUj_�bcM�ëDR
M|ý@R-m,_QRv[�_abYR�U|ëOR-NaMOigi'�'R$bcM�ëxPSUON	UjtI_QbYR�ëDR-^QPSm$igRv^$ì
î WYR­^QUOnYN%m,RsUjt	R$NaNQUDN7ê	MO^A_abYR­[]NaP�tÇ_BPSWË_QbYRE^Qq]^`_aR$V+[]ncNQPSWYXCR,e]f'R$NaPgV*R$Wh_%^$ì!z	bYR�$-R$NaU
iSR$ëOR-i	WYR$Rv[]R-[ç_QUÂ�ÐR6NaR-MO[|ù`nc^`_aR-[çtïNQUDV�_QPSVsR6_aUÌ_aPgV*RCê�bYPym%b V*R-MOWc^>_QbcMj_­MËm,R-Nr_%MjPSW
[]Py^Qm$NQR-fcMjWÐm,qBV­M�q>bÐM�ëOR	U]m$m,ncNQNaR-[µ�ÐR$_`ê?R-R$W*_abYR1V*R-MD^rnYNaR-[ ñ s|uÏN%M|_aPgUBMOWc[µ_QbYR7MOm�_ancMji
ñ s|u N%M|_QPSUCM|_A_QbYR*NaPgXDbD_ bYR-PgXDbD_vì¼z	bYPS^�m$UOnYiy[�bÐM�ëORµMjý'Rvm�_aR-[Ì_QbYR­^QVsUxUO_QbYWYRv^Q^AUOtw_QbYR
fYiSUj_%^$ì
uç^QV­MjiSigR-N!^`_aR$fB^QPr$-RwMjWc[AbYR-Wcm,R#V*UONaRw[YMj_aM	f'UOPSWD_%^w�ïRv^rf'R-m$PSMOigiSq7Mj_�bYPSXObYR-N¼iSMD^rR-N!f'U|ê?R-Na^%�
êlUOnYiy[�Mjiy^rU�bÐM�ëOR­bYR-igf'R-[�XDR,_Q_QPSWYXÌ^QVsUxUO_QbYR-Nµm,ncNQëDR-^BMOWc[ÂV­MO[]R­_abYRK[YR,_QR-NQV*PSWcM|_aPgUDW
Ujt	_abYRKm$NQPg_QPym$MOipf'U|ê?R-NBV*UONaREMOm$m$nYN%M|_QRDì z	bcR­ëOR-^QPym,iSR-^BMOiS^QU�XOUO_BUOn]_sUjt	tïU]m,nc^µM|_>bcPgXDb
f'U|ê?R-Na^-ì'z	bcPS^ m,UDV>�YPSWYRv[�ê�Pg_QbÂ^`_aNQUDWYX�^QbcMjf'R>øÐncm�_ancM|_aPgUDWc^AigRvMO[�_aUKiyMjNaXORµR$NaNQUDN��cMONa^
^QPgWcm$R�tïR-ê?R-N	PgV­MjXDR-^lm,UDnYiS[K�'R�_%Mj�OR-WKMOWc[­_abYR�m,UOWh_aUOnYNlUjtÓ_QbYRAV*R$V>�cNaMOWYR7XDUj_	bcMjN%[]R-N
_QU­[]R$_QR-NQV*PSWYROì
î WYR*Uj_abYR$NB_QbYPSWYXC_QbÐM|_BWYR-R-[Y^A_aU��ÐR­nYWÐ[]R$NaigPSWYRv[ôPy^ _abYR*t�MOm,_�_QbcMj_Bê?R­MjWÐMjiSq�$-R-[Ì_QbYR
^QbcMjf'R6m%bÐMjWYXDR�UjtAMôm$NQUh^Q^r÷°^QR-m,_QPSUOWÂUjt M�ëDR-^QPSm$igR6MjWc[ WYUj_*_QbcR6^QbcMjf'RCm%bcMjWYXDR�UOt1_QbYR
ê�bYUDigR û òqp>ìxõËR7bÐM�ëOR�tïUDN?R$e]MOV*fYigR7WYUµm$igncR�UOWE_QbYR []Py^rfYiyMOm$R$V*R$Wh_lUjt!_abYR1_aUOf�UOt¼_QbYR
ëORv^rPym,iSROì

Ûhþ
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ÆqLNK ��U\��ane�aAf�T�U\RMY�����RMfSfSU�fq�`��RMY\y�e:UN_Za7T!e!{

z	bYRôVsRvMO^QnYNaR-[8bYR-Mj_6m-MjfcMDm,Pg_`q fYNaUjüÐigRv^­Ujt�_abYR�_`êlU ^r_Qnc[]PSR-[úVsPgex_QnYNaR-^KMjNaRÌ^QbYU|ê�W
�'R$iSU|ê�ì
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Cp-profile of DMPC/DPPC 70:30 10mM

�IPgXDnYNQR � � l �1RvM|_1m$MOfcMOm$P�_`q�fYNQUOüciSRAUOtIM*TAL�o ñ s|T7owo ñ �j� l Û �>VsPgex_QnYNaROì
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�IPgXDnYNQRB�O� l �1RvM|_1m$MOfcMOm$P�_`q�fYNQUOüciSRAUOtIM*TAL�o ñ s|T7owo ñ þ � l¢þ �>VsPgex_QnYNaROì
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z	bYR ñ fY÷¹fYNaUjüÐigRv^	UjtwT7L�o ñ s|T7owo ñ V*Pgex_QnYNaR-^�UDWYiSq6^QbYU|êGUOWYR�V­M|e]PSV>nYVCì'�YUON�igPSfYPy[
V*P�ex_anYNQRv^�ê�Pg_Qb>XONaR-M|_aR$NIm%bcMjPSW�igR-WYXj_abBUON�^r_QNancm�_anYNQR?[]PS^QfcMONQPg_QPSR-^�_`ê?U�VsR-NQXDR-[ f'R-MO�x^Im$MOW
�'R�UO�c^QR$NaëORv[�[]nYR _aU­M*�YPgX­[]Pgý@R$NaR$Wcm$R�PgWCV*R$ig_QPSWYXs_QR-Vsf'R$N%M|_anYNaR6i �,�;j ìYz	bcR _QN%MjWc^QP�_aPgUDW
f'R-Mj�APy^��YNaUDMD[]R$N@tïUDNÓTAL�o ñ sjT�owo ñ þ � l þ �l_QbcMOW�tïUON#�|� l Û �	^QPgWÐm,R#_abYRw_`êlU�m,UDV*fÐUDWYR$Wh_a^
m,UDWh_QNaPg�YnY_QR*MO^ V>nÐm%b�_QU6_abYR­fYbcMD^rRµ_QN%MjWc^QPg_QPSUOWÌfcNQU]m,Rv^Q^-ì¼z

m

Ujt þ � l¢þ ��PS^�MKiSP�_Q_QiSR­�YP�_
m,iSUD^QR$Nl_aU*_QbYRBz

m

UOt�MsfYnYNaR�T7L�o ñ igPSfYPy[6^QUOiSn]_aPgUDW!ì � R$R _%Mj�YiSR PgW6_abYPS^�^rnY�Ð^rRvm�_QPSUOW�ì
�1R-NQR*tïUDigiSU|ê1^BM6_%Mj�YiSR­ê�P�_ab�_QbcRE^`_%MjNQ_���z

s

��MOWc[ËR$Wc[YPgWYX ��z
l

�A_aR$V*f'R$N%M|_QncNQRv^ Ujt	_QbYR
fYbcMD^rRC_aNaMOWc^QP�_aPgUDW!ó#_QbcR�V*R$ig_QPSWYX�_QR-V*fÐR-NaMj_QnYNaRç��z	VE�EMOWc[ _QbYR�_QN%MjWc^QP�_aPgUDWÏR$Wh_QbcMOigfxq
m%bcMOWYXORË�

∆
�7�µtïUDN*TAL�o ñ sjT�opo ñ þ � l¢þ �ÌMjWc[��|� l Û �Yó�MO^µê?R-igi1MD^sz

m

MOWc[
∆
� tïUON

fYnYNaR�T7L�o ñ MjWc[6T�opo ñ igPSfYPy[6^Qnc^QfÐR-Wc^QPgUDWc^$ì
í!PSfYPS[Cm$UOV*fÐUh^rPg_QPSUOW z

s(
◦C)

z
l(
◦C)

z
m(◦C) ∆H(J/mol)TAL�o ñ s|T7owo ñ þ � l¢þ � � þ Ût� Û �Yì Û � þ �t� þ

TAL�o ñ s|T7owo ñ �j� l Û � � � Û � � " ì # � Û�# � �
opnYNQRBTAL�o ñ ÷ ÷ � Û ì þ � ���hþ �
opnYNQRBT7owo ñ ÷ ÷ �:� � Û � #DÛ

� PSWcm,R*_abYRs_QN%MjWc^QPg_QPSUOWËfÐRvMj��Py^B^QUKWcMONQNaU|êÕtïUDN�fYnYNaR*TAL�o ñ MjWÐ[ôfcnYNQR­T7owo ñ _QbcR$NaR
Py^BWYU�NaR-MOiwf'UOPSWD_µPgW�Rv^`_aPgV­M|_aPgWcXÌz

s

MjWc[�z
l

ìIz	bYREë|MjiSnYRv^ tïUON>_QbYRER-Wh_QbcMOigfxqÂm%bcMjWYXDR
m$MOW*�ÐR1nÐ^rRv[>_aU�R-^r_QPSV­M|_QR1_QbYR��'R$Wc[YPgWYX>VsU][]ncignc^pUjt'_QbYR�VsR-V>�YN%MjWcR]i �DÛoj óO_QbYUDnYXObs_QbcPS^
ê	MO^QWn4 _1[]UDWYR PgW6_abYPS^�_QbYRv^rPy^$ì
ñ f]÷°fYNaUjüciSR-^?UjtINaMj_QPSUD^?NaMOWYXOPSWYXBtïNaUOV � �O� l �µT7L�o ñ s|T7owo ñ _QU­� lh� �D�>TAL�o ñ sjT�owo ñ
PSW � �j÷°^r_QR-fc^Cê?R-NQR Mjiy^rU�V*R-MD^rncNQRv[¼ì7�cNQUDV _QbcR-^QR fYNaUjüciSR-^ÌMjWc[önc^QPSWYX�_QbcRç_aMOWYXOR-Wh_
V*R,_abYU][���^QR$RC^QR-m�_aPgUDW Û ì � �Bê?R6m,UDWc^`_aNQnÐm�_QRv[çMôfYbcMO^QRK[YPSMOXON%MjV Ujt1_abYRK�cPgWcMONQqÂV*Pgeh÷
_QncNQR�TAL�o ñ s|T7owo ñ �»^rR-RAücXOnYNaRB� � ��ì
z	bYR�iSU|êlR$N­�'UOnYWc[cMjNaq UOt7_abYRÌfYbÐMO^QR�[]PSMOXON%MjV PS^­WcUj_KMD^EêlR$iSi�[]R,üÐWYR-[úMD^*_QbcR�nYf]÷
f'R$N>�'UOncWc[YMjNaqOìIz	bYRE_%MjWYXDR$Wh_>V*R,_abYU][ÂPS^µWYUO_µMjW�R$e]MDm�_>V*R$_QbYU][Â_aUô[]R$_QR$NaV*PgWcR­_QbYR
�'UOnYWc[cMjNaPgRv^µUOt1_QbcR6fcbcMO^QR�_aNaMOWc^QP�_aPgUDW!ó��Yn]_*_QbYR-NQRCêlUOnYiy[ç�'RCWYUÂ^rR-Wc^rR6PSW bcM�ëxPSWYXÂM
V*UONaR1MOm-m,nYN%M|_aRlV*R$_QbYU][­^QPgWcm$R�_QbcR$NaR�PS^pPgW­fYN%MOm,_QPym,R	WYU>^QbcMONQf*�'UOnYWc[cMjNaq�_QU�_abYR1fYbÐMO^QR
_QN%MjWÐ^rPg_QPSUOWÏMjWc[ ê�bYR-NQRCPg_�^`_%MjNQ_a^­MjWÐ[ R-Wc[Y^E[]Pgý@R$N%^­^riSPgXDbh_QiSq�tïNQUDV UOWcR�^Qm-MjW _QUË_QbYR
Uj_abYR$Nvì î WYiSqEPgWK_QbcRAPy[]RvMji!m$MD^rR7_QbcR$NaRAPy^	M*^rbcMONQf6MjWc[KêlR$iSi@[YR,ücWYRv[6igPSV*P�_�i �:�;j ì � _QPSiSi!P�_
Py^1NaR$iSR$ë|MjWh_�PSWC_QbYRs^rR-Wc^QR�_QbcMj_�Pg_7XOPSëORv^�nc^7MEm,iSnYR>UDW�ê�bYR$NaR _QUKigUxUD�EtïUON7fYbYR-WYUOV*R$WÐM
NaR$iyM|_QRv[ô_QU�_abYREfYbcMD^rR*_aNaMOWc^QP�_aPgUDWËiSPS�OR­_abYREfYbcMD^rREm$UxR,e]PS^r_QR-Wcm,R�Ujtl_QbYR6^rUDigPy[x÷°UON%[]R$NaR-[
MjWÐ[>iSPh5hnYPy[x÷~[]Py^rUDNa[]R-NQRv[BfYbÐMO^QRlMOWc[B_abYR�NaR-^QnYi�_aPgWcX [YUOV­MjPSWBtïUDNQV­M|_aPgUDW!ì|dwëDR$Wµ_QbYUDnYXObsP�_
Py^�fÐUh^Q^QPS�YigRA_aU*ücWc[C[]UOV­MOPgWc^1UOn]_%^rPy[]RA_QbYRB_QN%MjWc^QP�_aPgUDW!óY[]UDV*MOPgWKtïUONaV­M|_aPgUDWKPy^�fYNaR$f'UOW]÷
[]R-NaMOWD_Aê�bYPSigRs_QbcRs^Qq]^`_aR$V Py^7PSWô_QbYRµ_QN%MjWc^QPg_QPSUOWÌNaR$XDPgV*RDì � _aPgiSi�_QbcR$NaRµPy^ ME5hnYPg_QRsXOUxU][
m,UDPgWÐm,Py[]R$Wcm$R ê�P�_ab6RvMjNaigPSR$N�m$UOWc^r_QNancm�_aR-[KfYbcMD^rR�[]PyMjXDNaMOV*^]i Û � j i � � j ì
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�IPgXDnYNQRB� �&l owbcMD^rR�[]PyMjXDNaMOV UjtI_QbYR�iSPSfYPS[6�YPSWcMONQqEV*Pgex_QnYNaR�T7L�o ñ s|T7owo ñ ì

ÆqL=w ��y�fS¥8y���RMY6¦§U���e�y�W¨��yG[�{
� U t�MjN6ê?RËbcM�ëDRôM _QbYR-NQV*U][]qxWcMjV*Pym$MOi7ëxPSR$ê3UOtB_QbYRËfYbcMD^rRô_QN%MjWÐ^rPg_QPSUOW!ì î WYRËV*UONaR
ëxPS^QncMOi�ê	M�qKPy^1_aU�nc^QRµm$UOW]tïU]m-Mji!øÐnYUONaR-^am,R-Wcm,RBV*Pym,NaUD^am,UDfhq�_QUKUO�c^QR$NaëOR _abYRBtïUDNQV­M|_aPgUDW
MjWÐ[K^r_QNancm�_anYNaRAUOt�[YUOV­MjPSWc^	UOWK_QbcRB^rnYNQt�MOm$R UjtÓëDR-^QPSm$igRv^$ì
î WYR�_QbYPSWYXB_abcM|_	m$MOWE�ÐR7PgWxëDR-^r_QPSXDM|_aR-[*Py^#_abYRA^r_QNancm,_QnYNaROóDP»ì ROìD_QbYR ^QbcMjf'R1Ujt¼_abYR7tïUONaVsRv[
[]UDV*MOPgWÐ^p[]R-fÐR-Wc[]PSWYXµUDWEiSPgfYPy[�m$UOV*f'UD^QP�_aPgUDW!ìOõËR�_aUxUO�sPgV­MjXDR-^?Ujt�TAí!o ñ sjT�opo ñ MOWc[
TAL�o ñ s|T7owo ñ ëDR-^QPSm$igRv^6� � R$RCüÐXOnYNaR��O�O�,ì#z	bYR��YPSWcMjNaq�V*P�ex_QncNQRCUjt�TAí!o ñ sjT�owo ñ
^QR$R$V­^µ_QUÂXDPgëDRKNaPS^QRK_QUÂNQUDnYWc[ []UOV­MjPSWc^sê�Pg_Qb�MjW8MjfYfYNaU�e]PgV­Mj_QRK[YPSMOVsR$_QR-N­Ujt �

µ
V

m,UDWYWYRvm�_QRv[ _QUÂR-MDm%b UO_QbYR-N-ì î W8_QbcR�Uj_QbcR$N­bcMOWc[ÏMËTAL�o ñ sjT�opo ñ þ � l þ ��V*P�ex_anYNQR
XOPSëORv^*NQPy^QRK_aUÂVsUDNQRCR-igUDWYXDMj_QR-[8MjWÐ[8^QbcMONQfÏ[]UOV­MOPgWc^-ó#�Yn]_EPSWh_QR-Nam$UOWYWYRvm�_aR-[8MO^­êlR$iSi»ì
z	bYRK�YNQUhMO[]WcR-^a^�Ujt�_abYR-^QR��cMOWc[Y^s^rR-R$V­^�_aUÌë|MjNaqË�ÐR$_`ê?R-R$W �cì þ MOWc[ þ

µ
V �»^rR-R�Mjiy^QU

ücXDnYNQR*� Û ��ì@z	bYPS^7Py^pù`nÐ^`_�MEbYPSWh_AUOtpê�bcMj_Am$MOW��'RµUD�c^rR-NQëDR-[CUDW�_QbcPS^A^rnc�]ù`R-m,_-ì î _QbYR-Na^
bcM�ëDR�[]UOWcR�V>nÐm%bEV*UONaR1_QbcUONaUOnYXDbE^`_anc[]PSR-^?UOW­_abYR7PSW]øcncR$Wcm$R7UOt!igPSfYPy[�m,UDV*fÐUh^rPg_QPSUOWEUDW
[]UDV*MOPgWC^r_QNancm�_anYNQR�i � � j ì
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�IPgXDnYNaRÕ�D� l í!R$tÇ_ l TAí!o ñ s|T7owo ñ Û � l �j� ëORv^rPym,iSRöM|_�NQUxUDV _QR-Vsf'R$N%M|_anYNaROì­{�PSXObh_ l
TAL�o ñ s|T7owo ñ þ � l¢þ �µëOR-^QPym,iSR Mj_1zS� �t�Yì �

◦
ñ ì

õËR Mjiy^QUúfÐR-NrtïUDNQV*Rv[G_QR$V*f'R$N%M|_anYNQR8[]R$f'R$WÐ[]R$Wcm$R R$exf'R$NaPSVsR-Wh_a^ËMjWc[G_aUhUD�öfYPSm,_QnYNaR-^
^QbYU|ê�PgWcXC_QbYR�[YP�ý@R$NaR$Wh_>fYbÐMO^QR-^�UOtl_abYRKTAL�o ñ sjT�opo ñ þ � l þ �6igPSfYPy[Â�YPgWÐMjNaqÌV*P�ex_anYNQR
��^QR$RµücXDnYNQR­� Û ��ì@õËRsm-MjWôm$igRvMjNaigq�^QR$R*MKm%bÐMjWYXDR>PSWÌ_abYRµNaR$fÐMjNQ_QPg_QPSUOWÌUOtw_QbcRµ_`êlUK[YqOR-^
[]R-fÐR-Wc[]PSWYX�UOWÂ_aR$V*f'R$N%M|_QncNQRDì�klUx[YPgfxqÏ�ïXONaR$R-WÐ�AbcMD^BM�XONaR-Mj_QR-NBMov­WYPg_`q�tïUON>_QbYREøcnYPy[
�ïiSP95DncPS[x÷~[]Py^rUDNa[YR$NaR-[c�sfYbÐMO^QRÌMjWc[�T7PS}C��NQRv[c�*tïUDNE_abYR�XOR-iµ�»^rUDigPy[x÷°UON%[]R$NaR-[c�µfYbÐMO^QROì?ul_
_QR-V*fÐR-NaMj_QnYNaR-^�zS� � "

◦
ñ MOWc[ËzS� �t�Yì �

◦
ñ m,UDNQNaR-^QfÐUDWc[]PSWYXK_QU6_QbYR­fcbcMO^QRs_QN%MjWc^QP�_aPgUDW

êlR>m$MOW�^rR-RB_QbÐM|_1_abYRB_`êlU�[]qDR-^�MONQR>ê?R-igiI^rR-fcMjN%M|_aR-[CMjWc[6_abcM|_ []UOV­MOPgWc^7MjNaR�tïUONaV*R-[¼ì
z	bYR­MjV*UDnYWh_7Ujt	T7L�o ñ PSWÌ_abYR*XONaR$R-W�igP95hnYPy[ô[]UDV­MjPSWc^APS^AiSPg�DR$iSqC_QUC�ÐR*bYPSXObcR$N7_QbcMOW
_QbcRµMjV*UDnYWh_7UjtwT7owo ñ MjWc[CëxPym,R>ëDR$N%^QMcóc^QPgWcm$R>TAL�o ñ bcMD^7MEigU|êlR$N�_aNaMOWc^QP�_aPgUDWC_QR$Vs÷
f'R$N%M|_QncNQRCz

m

_QbcMOW8T7owo ñ ìlu1�'U|ëORK_QbYRC_aNaMOWc^QP�_aPgUDW!ó#M|_EzS� � �cì "
◦
ñ _QbYRC_`êlUË[YqOR-^

MjNaR65hnYP�_aREbYUDVsUDXOR-WYR$UDnc^riSq�V*P�e]Rv[�MjWc[ËWYU�^QPgXDWc^ Ujt�fYbÐMO^QR*^QR$fÐMjN%M|_QPSUOWÂm$MOWÂ�ÐR�^QR$R-W
R,eYm$R$f]_lV*M�qx�'R1tïUDNlM tïR-ê�^QV*MOigi@[]UDV*MOPgWÐ^wiSR-^a^w_abcMjW�M>V*PSm$NQUDVsR$_QR-Np�YPSXcìxklUj_QbKT7L�o ñ
MjWÐ[�T�owo ñ ^rR-R$V�_QU��'REPSW�_QbcREigP95hnYPy[x÷°[YPS^QUON%[]R$NaR-[ËfYbÐMO^QROì�ul_*zS� �O�]ì �

◦
ñ óÐù`nc^r_µM|_

_QbcR�igU|êlR$N*�'UOnYWc[cMjNaq�UjtA_QbYRCfYbcMD^rR6_aNaMOWc^rPg_QPSUOW8Ujt7_QbYR�TAL�o ñ sjT�opo ñ VsPgex_QnYNaROó?M
V­M|ù`UDNQPg_`q>UOt¼_QbYR7igPSfYPy[Y^p^QbYUOnciS[­�'R�PSW*_QbcR7^QUOiSPS[x÷°UON%[]R-NQRv[µfcbcMO^QROóD�Yn]_p_abYR$NaR1Py^pMµ^`_aNQUDWYX
^QR$XONaR$XhM|_aPgUDW>UjtÐ_QbYR1_`ê?U�[]qDR-^#MjWÐ[sMj_wigRvMO^r_#UOWYR1[]UDV­MjPSWµPy^wm,iSR-MONQiSqBëxPy^rPS�YiSROìOz	bYPy^wm$UOnYiy[
�'R MOW�R$ý'Rvm�_	Ujt�N%MjfYPy[�m$UxUOiSPgWYXÐóO_abYR�T�PS}pWcUj_	bcM�ëxPgWYX>_QbYRA_aPgV*R7_QUsVsPge�ê�Pg_Qb�_QbYR Uj_abYR$N
V*UOiSR-m$nYigRv^E�'R,tïUDNQRÌ_QbYRôVsR-V>�YN%MjWcR�XOUO_�V*UONaR�UON%[]R$NaR-[ÏMOWc[Ï_QbcR$NaR,tïUONaRÌ^r_QPgý'R-N-óp_Qbxnc^
V­Mj�xPSWYX­[]P�ý@nc^QPgUDWCfYNQU]m$R-^a^rRv^l^QiSU|ê?R-N-ì
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�IPgXDnYNaR?� Û:l T7L�o ñ s|T7owo ñ þ � l¢þ �lëDR-^QPSm$igRv^$ì$zÓUOf>igR$tÇ_ l zS� �O�]ì �
◦
ñ ó,_QUDfBNaPgXDbD_ l zS� � "

◦
ñ ó

�'Uj_r_aUOV igR$tÇ_ l zS� �&�Yì �
◦
ñ óY�'Uj_Q_QUDV�NaPgXDbD_ l zS� � �cì "

◦
ñ ì

ÆqL=¶ ·�[qT�UN��RMY�¸�}+anaA¹7ane:W

/��h'A��
 Ç6È évã�
�É � è��»àÐßIé
õËRBbcM�ëORBM­_QbYR-NQV*U][]qxWcMjV*Pym$MOi�[]R-^am,NaPSf]_QPSUOWCUjt�_abYR>fYbÐMO^QR _QN%MjWc^QP�_aPgUDWC�ÐR$_`ê?R-R$W�^QUOiSPS[x÷
UON%[]R-NQRv[>MjWÐ[>iSPh5hnYPy[x÷~[]Py^rUDNa[]R-NQRv[>^r_aMj_QR-^�MOWc[µMAê	M�q�Ujt'ëhPy^QncMjiSPr$-PgWcX7_abYR	NQRv^rnci�_aPgWYX fYbÐMO^QR
^QR$fcMONaMj_QPSUOW­MjWc[�[]UOV­MjPSW­tïUDNQV­M|_aPgUDW!ìDkln]_lê�bcM|_lbcMjfcfÐR-Wc^w_aUB_abYR�V*R$Vµ�YN%MjWYR34 ^pR$iyMO^r_QPym
fYNaUOf'R$NQ_QPSR-^­ê�bcR$WúPSWÏ_QbYRÌ_QN%MjWc^QPg_QPSUOW�NaR$XOPSV*R���õôRôê�PgiSi7^r_aMONr_��xq8igUxUD�hPSWYXçMj_�_QbcNQR-R
_`qxfYPym$MjiI�YNaPgXDbh_rücR-iS[ÌPgV­MjXDRµ^QR$NaPgRv^1UOt?MEëDR-^QPSm$igRs[]R,tïUDNQV*R-[ôM|_ m,UOWÐ^`_%MjWh_�_aR$V*fÐR-NaMj_QnYNaR-^
zS� �O�Yì �

◦
ñ óczÊ� �&�Yì þ

◦
ñ MOWc[6zS� ÛOÛ ì þ

◦
ñ MjWc[6^r_QR$fxê�Py^rR PSWcm,NaR-MD^rPSWYXsiSMD^rR-N	fÐU|êlR$Nvì

� �



�IPgXDnYNaR�� �:l u1iSiE_QbcNQR-R�PgV­MjXDRú^rR-NQPSR-^�MONQR�UOtK_abYR�^aMjV*R�ëORv^rPym,iSROìµí!R,tÇ_ l � R-NQPSR-^ T>ó
zS� �O�Yó �

◦
ñ ópUDn]_Qfcn]_KiyMO^QR$NEf'U|êlR$N­tïNaUOV _QUDfÏ_QUç�'Uj_Q_QUOV l �jV�õÕó � �D�jV7õÕó?� " �jV�õÕó

�t� Û V7õÕó þ �O�OV�õÕì]L�Py[Y[]iSR l � R-NQPSR-^ld1óYzS� �&�Yó þ
◦
ñ ìY{�PSXObh_ l � R$NaPgRv^	�?óYzS� ÛDÛ ó þ

◦
ñ ó]UDn]_r÷

fYn]_1iyMO^QR$N	f'U|ê?R-N	tïNQUDV _QUDf�_aU­�ÐUO_r_aUOVCó]�ÐUO_Qb6tïUON�V*Py[Y[]iSRBMjWc[6NaPgXDbh_ l �jV7õÕó � �D�jV�õÕó
� " �jV7õÕóc�t� Û V�õÕó Û �|�jV7õÕì
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ul_lzS� �D�]ì �
◦
ñ � � R-NQPSR-^?TA�w_QbYR�û òqp PS^?ëxPS^QPS�Yigq*iSR-^a^?Mjý'Rvm�_aR-[­�xqs_QbYR7iSMD^rR-Nw_aNaMOf*_QbcMOW

M|_EzS� �&�Yì þ
◦
ñ � � R$NaPSR-^sd?�*MjWÐ[ zS� ÛDÛ ì þ

◦
ñ � � R$NaPgRv^­�#��ì#õ�Pg_Qb8_QbYRCiyMO^QR$N*f'U|ê?R-N

^QR,_1_aU6�t� Û V�õ _abYR>ëDR-^QPSm$igR�Py^7^r_QPSiSi�5hnYPg_QRµ^QfYbYR-NQPym$MOi»ójù`nc^`_ ^`_%MjNQ_QPSWYX­_aU�^rbcU|êö^QPSXOWc^�UOt
[]R$tïUONaV*Mj_QPSUOW!ìvul_ þ �O�jV7õ �ïbYPSXObYR-NÓf'U|êlR$N¼_abcMjW�_abYRpëDR-^QPSm$igR?m,UOnciS[B^r_aMOWc[�M|_�zS� �t�cì þ

◦
ñ

MjWÐ[�zS� ÛDÛ ì þ
◦
ñ �	P�_APS^Am,iSR-MONQiSqK[YR,tïUONaV*R-[¼ì'ul_AzS� ÛOÛ ì þ

◦
ñ ê�Pg_QbÌM­iyMO^QR$N�fÐU|êlR$N�^QR,_

_QU � �D�ÌV7õ _abYRCëOR-^QPym,iSRKMjiSNaR-MO[YqÂ^QR$R-V­^>_aUÂ�ÐR�M|ý@R-m,_QRv[ç�xqÂ_QbYR6_aNaMOf PSW8MË^rPSV*PgiyMjN
ê	M�qôMO^>M|_ þ �O�OV�õ/tïUONµzS� �D�]ì �

◦
ñ ìIul_*�t� Û V�õHêlR�m$MOWç^rR-REnYWc[]nciSMj_QPSUOWc^>Ujt	_QbYR

V*R$Vµ�YNaMOWYROìYz	bcR-^QRBMjNaRAëDR$Naq²5hnYPym%�Eøcncm,_QncMj_QPSUOWc^1ê�P�_ab6�cPgXEMOVsfcigPg_Qnc[YR�_QbcMj_�m$MOW6iSR-MD[
_QUs_abYR NQnYfY_QnYNaR7UOt�_abYR VsR-V>�YN%MjWcR7Pgt�_abYRA_QN%Mjf6PS^l�OR-f]_1^rê�Pg_am%bcR-[EUDW�tïUDN	VsUDNQR7_QbÐMjWCM
tïR$êö^QR-m,UDWc[Y^-ì]z	bYR-^QR øcncm,_QncMj_QPSUOWc^	êlR$NaR V>ncm%b6ê?RvMj�DR$N	M|_ þ �D�>V7õ�MOWc[6zS� �O�]ì �

◦
ñ ì

ul_>zS� �&�Yì þ
◦
ñ _abYR*ëORv^rPym,iSR­^rR-R$V­^7_QU��'RsPSW�^rUDV*RµPSWh_QR$NaV*R-[]PyM|_aR­^`_%M|_QR*ê�bYR-NQR*Pg_�PS^

M|ý@R-m,_QRv[EV*UONaR�_abcMjW6M|_�zS� �O�Yì �
◦
ñ óx�Yn]_1M>igPg_r_aigR iSR-^a^p_abcMjW6M|_�zS� ÛOÛ ì þ

◦
ñ ì � PgXDWc^pUOt

[]R$tïUONaV*Mj_QPSUOWEMONQR7ëhPy^QPg�YiSR7Mj_	� " ��V7õ MjWc[­øcncm�_ancM|_aPgUDWc^lUjt¼_abYR7V*R-V>�YN%MjWYR7MjfYf'R-MON?M|_
�t� Û V7õÕì!z	bYRµV*R-i�_aPgWYX6_aR$V*fÐR-NaMj_QnYNaRsUjtw_abYR*�YPgWÐMjNaq6iSPSfYPS[ôV*P�ex_anYNQR­TAL�o ñ sjT�owo ñ
þ � l þ �Ìê	MO^µtïUDnYWc[ _QUÂ�'R

Tm

� Û �cì �
◦
ñ ��^QR$R�^QR-m,_QPSUOW � ì � ��ów^QUÂPgV­MOXOR�^rR-NQPSR-^sd R,_

�öêlR$NaR­_aMO�OR$W Ujt�_QbcRKëDR-^QPSm$igRK�ÐR-PgWYXôPgW _QbYR6fYbcMD^rRE_QN%MjWc^QP�_aPgUDW MjWÐ[ç^rR-NQPSR-^sTÎ^rbcU|ê1^
_QbcRsëDR-^QPSm$igRsM|_�ME_aR$V*f'R$N%M|_QncNQR7ù`nc^r_ �'R$iSU|êÕfYbcMD^rRµ_QN%MjWÐ^rPg_QPSUOW!ì � PSWcm$Rs^QR$NaPgRv^�döMjWÐ[Ì�
^QbYU|êöXONaR-M|_aR$N�[YR,tïUONaV­M|_aPgUDW�M|_7iSU|êlR$N�iyMO^QR$N�fÐU|êlR$N%^�_abYPS^Am,UDnYiy[��ÐRsM­ücN%^r_7PSWc[]Pym$M|_aPgUDW
Ujt1MOWËPSWcm$NQRvMO^QR-[ôR$iyMO^r_QPym,Pg_`qÌUjt	_abYREV*R$Vµ�YNaMOWYR­M|_B_abYREfYbÐMO^QR*_QN%MjWc^QP�_aPgUDWÂUONBM|_µigRvMO^r_
M*m,iSR-MON	_QR$V*f'R$N%M|_anYNQRB[YR$f'R$Wc[]R-Wcm,RDìY}~W6_QbYR�WcR,ex_�^rnc�c^rRvm�_aPgUDW6êlR ê�PgiSi¼_aNQq�_QUª5hncMjWh_aP�tïq
_QbcR-^QR>^rbÐMjf'R>m%bcMjWcXOR-^	PSW�UDNa[]R-N	_QU�m$UOV*fcMONQR _abYRµ[]R$tïUONaV­M|_QPSUOWCUOtwû òSpw^�Mj_7[]Pgý'R-NQR-WD_
_QR-V*fÐR-NaMj_QnYNaR-^	PSW�MµV*UDNQR�MOm-m,nYN%M|_aR7ê	M�qOì
uÙtïR$ê NQR-igR-ë|MjWh_AUD�c^QR$Naë�Mj_QPSUOWc^ m$UOnYiy[ô^r_QPSiSi#�ÐR­V­MO[YR7ù`nÐ^`_B�xq�iSUxUO�xPgWcX6Mj_A_abYR*PgV­MOXOR-^
MjWÐ[ ëxPy[]R$UËfYbYUO_aMjXDRKUOt�_abYRCR,e]fÐR-NQPSV*R$Wh_a^-ì#õËR6UD�c^QR$NaëOR-[�_QbYRCtïUDigiSU|ê�PgWcXôR$ý'Rvm�_­Ujt M
iyMO^QR$Nl_QN%Mjf6UOWCXOPyMjWh_�ëORv^rPym,iSR-^ l
•
z	bcRµ�'Uj_Q_QUOVÎ}`z î ê	MO^Am,U|ëDR$NaR-[6ê�P�_abôM�igPSfYPy[�üciSVÎtïNQUDVÎê�bYPSm%b�_QbYRsëORv^rPym,iSR-^�XONaR$ê

[]nYNaPSWYX�R$iSR-m,_QNaUjtïUONaV­M|_aPgUDW!óO^QU _QbYR1ëDR-^QPSm$igRv^#êlR$NaR�igPS�OR-igqµ_QU��'R7m$UOWYWYRvm�_aR-[s_QU _abYR�ê�bcUOiSR
^QnYNrt�MDm,R*MjWc[ôPSWË^QUOV*R*^rR-Wc^rRs_aU6RvMOm%bôUj_QbcR$Nvì@z	bcPS^ ê	MO^ m,UDVstïUONQ_QR-[Ì�xq�_QbYRstïUDigiSU|ê�PgWcX
UO�Ð^rR-NQë|M|_aPgUDW!ì]õ�bYR-WC_QbYRBUDf]_QPym$MOi¼_QN%MjfCê	MO^	tïU]m$nc^�N%MjWc[]UDV*igqKUOW6_QbYR>}`z î ^QnYNQt�MOm,RBMOigi
_QbcRAëDR-^QPSm$igRv^?MONQUDnYWc[*_abcM|_�^QfÐUO_	êlR$NaR7Mjý'Rvm�_aR-[¼ó]^QR$R7ücXOnYNaR�� þ ìxz	bYPy^lêlMD^pUD�c^rR-NQëDR-[­ncf
_QUË�j�

µ
V�M�êlM�q�tïNaUOV+_QbYR�_QN%MjfYfcPgWYX�NaR$XDPgUDWôUDN>M|_µigRvMO^r_µM|_>[]Py^r_aMjWÐm,R-^>V>ncm%bÂiyMjNaXOR-N

_QbÐMjWç_abYRC[]PSMOV*R,_QR-N*Ujt1_abYR�_aNaMOfYfYPSWYXÌNaR$XDPgUDW���MOfYfYNaU�e]PgV­M|_aR$iSq �
µ
V�PSW8[]PyMjV*R$_QR$N���ì

z	bYRBëDR-^QPSm$igRv^�V*PgXDbh_�R$ëDR$WCbcM�ëOR��'R$R-WÌm,UDWYWYRvm�_QRv[6�hqC^QV*MOigi�_QR$_QbYR-Na^-óY_aUhUE^QV­MjiSi!_aUE�ÐR
^QR$R$W��»^rR-R�^QR-m�_aPgUDWE�]ì¢�]ì Û UOW­R$iSR-m,_QNaUjtïUDNQV­M|_aPgUDWÐ��ìjz	bcR1V*R-m%bcMOWYPS^QV­^wiSPg�DR$iSqB_aU>M|ý@R-m,_w_QbYR
iSPgfYPy[6V*R$V>�cNaMOWYR ê�PgiSi!�'RB[]PS^am,nÐ^Q^QR-[KPgW6V*UONaR�[]R,_%MjPSi!PgW6_abYRBT�Py^am,nc^a^rPSUOW�ì
õËR�ê�PgiSi!WYU|ê�tïUxm$nc^	UOW6_abYR R,ý@R-m�_7Ujt�_abYR�iyMO^QR$Nl_QN%Mjf6UOW�^QPgWYXDigR ëDR-^QPSm$igRv^$ì

•
u7^p^aMjPy[*�ÐR$tïUONaROój_abYR�tïU]m,nÐ^wUjt@_abYR�iyMO^QR$Nw�'R-MOV ê	MO^p^rR$_?M|_?MOfYfYNaU�e]PgV­M|_aR$iSqBUOWcR�_QbYPSN%[

nYfstïNaUOV _abYR��cMD^rR	Ujt'_QbcR1bcMjigtÇ÷~^rfYbcR$NaPSm-MjixëORv^rPym,iSR-^-ì|õ�bYR$W*_abYR	_QN%Mjfsê	MO^I_QncNQWYRv[sUOWs_QbYR
UO�Ð^rR-NQëDR-[�[]R$tïUONaV­M|_QPSUOWËê	MO^APgWÐ^`_%MjWh_aMOWYR$UDnc^$ì@u1iy^QUK_abYR­NaR,_QncNQWÌ_QU6_QbYR*NaR-^r_QPSWYX�^rbÐMjf'R
ê	MO^	PSVsV*Rv[]PSMj_QR UOWÐm,RA_QbYR�iyMO^QR$N�ê	MO^	^Qê�P�_%m%bYR-[6UOýIì

•
z�êlUA[YP�ý@R$NaR$Wh_�_`qxfÐRv^ÓUOt'[]R$tïUONaV­M|_QPSUOWsm,UDnYiS[>�ÐR�^QR$R-W!ì|ul_�PSWh_QR-NQV*R-[YPSMj_QRliSMD^rR-NIf'U|êlR$N%^

_QbcR�ëORv^rPym,iSR�^QbcMjf'R�m%bcMOWYXORv[­^riSPSXObh_QiSqOóDnc^rnÐMjiSigq*MO^?M>^QV*MOigiÐPgWÐm,NaR-MO^QR�PSW­_QbYRA[]PyMjV*R,_aR$NpUOt
_QbcR7UD�c^rR-NQëDR-[­m$NQUh^Q^r÷°^QR-m,_QPSUOW!ìhkln]_	Mj_?bYPSXObKfÐU|êlR$N%^#_abYRAVsR-V>�YN%MjWcR�nYWc[YR$Naê?R-WD_	V­M|ù`UDN
^QbcMjf'RAøcncm�_ancM|_aPgUDWc^	_abcM|_�^r_QUDfYfÐRv[�UDWYiSqEUOWcm$RA_QbYR _aNaMOfKê	MO^�^Qê�P�_%m%bYR-[KUjý�ì

� �



�IPgXDnYNaR	� þ!l T7L�o ñ s|T7owo ñ þ � l¢þ ��ëORv^rPym,iSR-^ÓPgWs�YNaPgXDbh_rücR-iS[¼ì�}~W]øÐnYR$Wcm$R?UOtc_abYR?iyMO^QR$N�iSPgXDbh_
UOWK_QbcR�ê�bYUOiSR igPSfYPy[�üÐigVCìczÓUOf l iyMO^QR$Nl_aNaMOfKUOýIìYklUj_Q_QUDV l iSMD^rR-N?_aNaMOfKUDWKê�Pg_Qb�Msf'U|ê?R-N
Ujt Û � " V�õÕìxz	bYRANQRv[­V­MjNa�*^QbYU|ê1^w_QbYRAfÐUh^rPg_QPSUOWKUjt!_abYR7_QN%Mjf!ìxz	bYRA�YigncRAMONQNaU|ê1^#f'UOPSWD_
UOnY_�m%bcMjWYXDR-^lPSW6ëDR-^QPSm$igR ^QbcMjf'ROì

•
ul_�_QR-Vsf'R$N%M|_anYNaR-^�m,UDNQNaR-^Qf'UOWc[]PSWYX�_QUC_QbcRsV­MOPgWÂfYbcMD^rRs_aNaMOWc^rPg_QPSUOW�ó@_QbYR�û òSpw^B[]R,÷

tïUONaV*R-[6M|_1Vµncm%bKiSU|êlR$N	iSMD^rR-N	fÐU|êlR$N%^?_QbcMOWKtïUDN	_QR-Vsf'R$N%M|_anYNaR-^	�'R$iSU|ê MjWÐ[6MO�ÐU|ëDROì

•
ul_A_aR$V*f'R$N%M|_QncNQRv^Am$UONaNQRv^rf'UOWÐ[]PgWcXE_QUK_QbcRsiSP95DncPS[x÷~[]Py^rUDNa[YR$NaR-[�fYbÐMO^QROó'_QbYR-NQV­MOiÓøÐncm�÷

_QnÐM|_QPSUOWÐ^Bm,UDnYiS[Ë�'R­UO�c^QR$NaëORv[�PSWÂ_QbYR­V*R-V>�YN%MjWYR*ê�Pg_QbYUDn]_B_abYR­iSMD^rR-N��ÐR-PgWcX�UOW!ì � _QPSigi
û òqpw^>PgWË_abYR­igP95hnYPy[x÷°[YPS^QUON%[]R$NaR-[ôfYbcMD^rR*êlR$NaR*igRv^Q^BMjý'Rvm�_aR-[Ë�xq�_QbcR­iSMD^rR-N _QN%Mjfô_QbcMOW
û òqpw^1PgW6_QbcR�V*MOPgW6fYbcMD^rRA_aNaMOWc^rPg_QPSUOW�ì
•
uöëOR-^QPym,iSRA[]R$tïUONaV*R-[�[YP�ý@R$NaR$Wh_QiSq�[]R-fÐR-Wc[]PSWYX*UOW6ê�bYR$NaR7_QbYRA_QN%Mjf6ê	MO^ptïUxm$nc^QR-[¼ìYz	bYR

_QN%MjfK^rR-R$V*R-[E_QU]«rfYnc^QbKM�ê	M�q3¬l_abYRAfcMjNQ_lUOt¼_QbYR V*R$Vµ�YN%MjWYR�_abcM|_	ê	MO^p_QbYR m,iSUD^QR-^r_-ì � R$R
ücXDnYNQRmË!ËÐì

�hÛ



�IPgXDnYNaR>� "�l û òqp []R$tïUONaV*PgWYXE[YP�ý@R$NaR$Wh_QiSqC[]R$f'R$Wc[YPgWYX�UOW6_QbYR>igU]m$Mj_QPSUOWCUjt�_abYRBUOfY_QPym$Mji
_QN%Mjf�ìOz�UDf­igR$tÇ_ l í�MO^QR$NpUjýÌìhz�UDf­NQPSXObh_ l z�N%Mjf­m,R-Wh_QR$NaR-[6ìOL�PS[Y[YigR7igR$tÇ_ l zÓN%Mjf*PgWm«rnYfYf'R$NN¬
fcMONr_ Ujtw_abYR*ëORv^rPym,iSR�ì¼L�Py[Y[]iSR*NQPSXObh_ l zÓNaMOf�PSW�«rigU|êlR$NN¬�fcMjNQ_AUOtw_QbcRsëDR-^QPSm$igRKì!klUj_r_aUOV
iSR,tÇ_ l zÓNaMOf­PgW�«`iSR,tÇ_�¬�fcMjNQ_?UOt¼_QbYR7ëORv^rPym,iSRBì]klUj_r_aUOVÙNQPSXObh_ l zÓNaMOf­PgW�«`NaPSXObh_\¬�fcMjNQ_?UOt¼_QbYR
ëORv^rPym,iSROìYz	bcRANaR-[6V­MjNa�]^	^rbYU|ê�_QbYR�f'UD^QPg_QPSUOW6Ujt�_abYR _QN%Mjf�ì
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u1WcUj_QbcR$NsfÐUh^Q^QPg�cigREUD�c^QR$Naë�Mj_QPSUOWÂ_abcM|_sWYR$Rv[Y^�tïnYNQ_QbcR$NsPgWxëORv^`_aPgXhM|_aPgUDW�êlMD^ _QbcMj_sncWc[]R$N
m,R-Nr_%MjPSWçm,UDWc[]Pg_QPSUOWc^ _abYRE_aNaMOfYf'R-[ÂëORv^rPym,iSR*ücN%^`_s^rbYU|êlR-[ÂMOW�PgWc^r_aMOWh_aMjWcR$UOnÐ^B[]R,tïUDNQV­Mj÷
_QPSUOWsMO^�[]Rv^Qm$NQPS�ÐRv[B�'R,tïUDNQRDóv�cn]_�_QbYR-WsMOiS^QU7MA^rRvm,UDWc[�UOWcRlMj_�M7V>ncm%bµigU|êlR$NIN%M|_QR �ïV­M�qx�'R
^QUOV*Rw^rUDNr_ÓUjt]NQR-iSMjeYM|_QPSUOWAfYNaU]m,R-^a^%�~êlR$NaRÓ_abYRwëDR-^QPSm$igRv^!^rR-R$V*R-[A_aU1�'R-m,UDV*RwR$ëDR$W NQUDnYWc[]R-N-ì
z	bYPy^1ê	MO^�UO�c^QR$NaëORv[6Mj_�PSWD_aR$NaV*R-[]PyM|_aRBiSMD^rR-N�f'U|ê?R-Na^-óY�'R,_`êlR$R-WC_QbYRµUOWYRv^#ù`nc^r_A^QigPSXObh_aigq
M|ý@R-m,_QPSWYX*_QbcR�VsR-V>�YN%MjWcR MOWc[�_QbYR�UDWYR-^�[]R$tïUONaV*PgWYX*Pg_�bYRvM�ëhPSiSqEMjWc[CM|_�ê�bYPym%b6øcncm,_Qn]÷
M|_aPgUDWc^�MjfcfÐRvMjNaR-[¼ì

/��h'A�9� Ì ãhè&Ígésè�
�-8è-àXÎ7� � ß@è��=¯¤-
z	bYR-NQRCMjNaRKV­MOWhq�ê	M�q]^sUjt�_aNQqxPSWYXô_QU¡5hncMjWh_QPgtïqÂ_QbcR�[]R,tïUDNQV­M|_aPgUDW UOt7MËëOR-^QPym,iSROì�õôR
m%bYUh^rRA_QUKm$Mjiym,nciSMj_QRA_QbYR>NaMj_QPSUs�'R,_`êlR$R-WC_QbYRµm,PSNam$nYVstïR$NaR$Wcm$R*� ñ ��MjWÐ[�_abYR>MONQRvM6�»u7�	UOt
M�m,NaUD^a^r÷°^QR-m,_QPSUOW>UOt@_QbYR�^r_QnÐ[]PgRv[*ëORv^rPym,iSROìjõËR1fYiSUj_Q_QRv[ ñ s|uÏëOR-Na^Qnc^�UDn]_QfYnY_piSMD^rR-Nwf'U|ê?R-N
tïUONpR-MOm%b­^r_Qnc[YPgRv[*_QR-Vsf'R$N%M|_anYNaROój�'Uj_ab­tïUONpTAL�o ñ sjT�opo ñ �|� l Û � MjWc[­TAL�o ñ sjT�owo ñ
þ � l þ �Yìc��U|êG_QbYR*[YM|_%M­ê	MO^�üc_r_QRv[�Py^7[]Rv^Qm$NQPS�'R-[CPSW�_QbYR*TAM|_aM�u1WcMOigq]^QPS^7m%bcMjf]_aR$NvìÐz	bYR
^QV*MOigiSR$Np_QbYR7NaMj_QPSU ñ s|u�_QbYR7VsUDNQR7m,PSNam$nYiSMONw_abYR�ëDR-^QPSm$igR�m$NQUh^Q^r÷~^rRvm�_QPSUOW�ój^rPSWcm,RAM�f'R$NQtïR-m�_
m,PSN%m,iSRAêlUOnciS[KV*PgWYPSV*Pr$-R�P�_vì
í!UxUD�hPSWYXEMj_1_QbYRµfYiSUj_a^1tïUONAT7L�o ñ s|T7owo ñ �j� l Û �C� � R-RBücXDnYNaR>�D�j�,óY_`êlUE[]Pgý'R-NQR-WD_ []R,÷
tïUONaV­M|_aPgUDWKNaR$XDPgV*R-^�m$MjWC�'RB[]Py^`_aPgWYXDnYPy^rbYRv[¼ìÐ�IPSNa^r_�_QbcRBNaMj_QPSUOW ñ s|uöPy^1MjfcfYNQU�e]PSV­M|_QR-igq
m,UDWc^r_aMjWh_vìOz	bYPy^pV*R-MOWc^�_abcM|_?_QbYR�[YR$XONaR$R�UOt�[]R,tïUDNQV­Mj_QPSUOW*PS^?m,UDWc^`_%MjWh_-ìDu�tÇ_QR-N?NaR-MDm%bYPSWYX
Msm,R$NQ_aMOPgWKiSMD^rR-N?f'U|êlR$N?_QbcMj_	êlR m%bYUD^QR1_aUsm-MjiSiÐ_abYR�m,NaP�_aPSm-Mji@f'U|ê?R-NA��o

c

���ï_QbYR�PSWh_QR-Na^QR-m,÷
_QPSUOW�Ujt¼_QbcR1_`êlU�_aMOWYXOR-WD_%^wUOt¼_QbYR�üY_r_aR-[�m$nYNaëORv�,óDMµ^`_aR$R$f�PgWcm$NQRvMO^QR�PgWE_QbYRANaMj_QPSUBm$MOWE�ÐR
^QR$R$W�ó]bYR$Wcm$R�MjW6PgWcm$NQRvMO^QR7PSWC[]R,tïUDNQV­M|_aPgUDW!ì]z	bYR�iyMO^QR$N	fÐU|êlR$N%^lMj�'U|ëORAo

c

MONQR7_QbYUh^rR M|_
ê�bYPym%bK�cPgX*øcnÐm�_QnÐM|_QPSUOWÐ^	UjtI_QbYR�V*R$Vµ�YN%MjWYR m,UDnYiS[6�'R�UO�c^QR$NaëORv[¼ì
TAL�o ñ s|T7owo ñ þ � l þ ��Mjiy^rUs^rbcU|ê1^#_QbcPS^l�xPgWÐ[EUjtÓ�ÐR-bcM�ëxPgUDN7� � R$R7ücXcìY� # ��ìxkln]_lbcR$NaR�êlR
^QR$R$V _QU�UO�Ð^rR-NQëDRlM ^QigPSXObh_w[]R-m$NQRvMO^QR?PSWs_QbYR ñ sjuÏNaMj_QPSU7�'R,tïUDNQR	XDR,_r_aPgWcX�PgWh_QUA_abYR1^rRvm,UDWc[
[]R$tïUONaV*Mj_QPSUOW*NaR$XOPSV*ROìOz	bcPS^pPS^pR-^QfÐRvm,PyMjiSigq*m,iSR-MON�tïUON?^QR$NaPSR-^wT M|_?z��G�O�Yì �

◦
ñ ìDul_w_abcM|_

_QR-V*fÐR-NaMj_QnYNaRs_QbYR*V*R$Vµ�YNaMOWYRsPS^ V­MjPSWYiSq�PSWÌ_abYR­^rUDigPy[x÷°UON%[]R$NaR-[�fcbcMO^QRsMOWc[ôPS^A_abhnÐ^�M
�YPg_µ^r_QPgý'R-NB_QbÐMjWçM�V*R$Vµ�YN%MjWYR­PSWÂ_QbYR�igP95hnYPS[]÷°[]Py^QUON%[]R$NaR-[ôfYbcMD^rRDì�õËREUO�c^QR$NaëORv[�_abcM|_
ëORv^rPym,iSR-^pM|_w_aR$V*fÐR-NaMj_QnYNaR-^w�ÐR-igU|ê _QbYR7fYbcMD^rR	_aNaMOWc^rPg_QPSUOW�ójê�P�_abYUOnY_lMjWxqµiSMD^rR-Nw�ÐR-PgWcXBUOW!ó
[]Py[­WYUO_pbcM�ëOR1M f'R$NQtïR-m,_l^QfYbYR-NQPym$MOic^rbÐMjf'ROìDz	bcR1PgWcP�_aPSMOi'[]Rvm,NaR-MD^rR	Ujt@_abYR�N%M|_aPgUBm$UOnYiy[*�ÐR
R,e]fYiyMjPSWYRv[��xq*_QbcR m$NQUh^Q^r÷~^rRvm�_QPSUOW�Ujt�_abYR ëORv^rPym,iSR�üÐNa^r_�XOR,_Q_QPSWYXsNQUDnYWc[]R-Nlê�bcR$W6R,e]fÐUh^rRv[
_QUs_abYR�UOf]_aPSm-Mji@tïUDNam$ROóx_QbcR��hPSWY�]^	UjtI_QbcR�VsR-V>�YN%MjWcRA�'R$PSWYX­^QUONQ_	UOtIfcnc^rbcR-[KUOn]_vì

�xþ



0 50 100 150 200 250 300 350 400 450
0.01

0.0102

0.0104

0.0106

0.0108

0.011

0.0112

0.0114

0.0116

0.0118

output laser power (mW)

C/
A

  Pc

Series A
35,2 °C

0 100 200 300 400 500 600
0.0085

0.009

0.0095

0.01

0.0105

0.011

0.0115

0.012

0.0125

output laser power (mW)

C/
A

  Pc

Series B
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f'UD^QP�_aPgUDWKUOtÓ_abYR��YPSiSM�qDR$Nvìri �&��j

}~W�_abYR-^QR�R,e]f'R$NaPgV*R-WD_%^­_abYR "&� �xì � WYV igPSWYRÌtïNQUDV M
Kr+

iSMD^rR-NEê	MO^­nc^QR-[ú�ÐUO_QbÏ_QU
_QN%Mjf8MjWc[ç_QUËV­Mj�ORCMË{1MjV­MjW8^Qm-M|_Q_QR$NaPSWYXôMOWcMjiSq]^rPy^>UOt�nYWYPSiyMjV*R$iSiSMON­T�owo ñ ëDR-^QPSm$igRv^
ê�Pg_QbçM�[]PyMjV*R,_aR$NBUOt Û _aU

5 µm
ì�z	bYREm,UDW]tïU]m$MOip[]R-^QPSXOWÂUjtl_QbYR�VsPym,NaUD^am,UDfÐR*V­MO[YR­P�_

f'UD^a^rPS�YiSR­_QUÌ[YPS^r_QPSWYXOncPS^QbÂ_QbYR�PgWc^QPy[]REUjt1M�ëDR-^QPSm$igR*tïNaUOV�P�_%^>UDn]_a^QPy[]ROìIz	bYREV­M|e]PSV>nYV
iyMO^QR$Npf'U|êlR$NpMj_p_QbcR1tïU]m,nc^?ê	MO^ Û ��V�õÕìhdwëDR$W�Mj_ " V7õ _QbYR7ëORv^rPym,iSR-^?^rbYU|êlR-[*^QPgXDWc^wUOt
[]R$tïUONaV*Mj_QPSUOW!ìju�ù`nYV*f­PgWs_QbcR1MjV*UOnYWh_wUOt'fYbcUD^QfYbYUOiSPSfYPS[*MOWc[sfÐR-Nam%bYiSUON%M|_aR?PSUOWÐ^#ê�P�_abYPSW
_QbcR­UOf]_aPSm-Mji�_QN%MjfÂm,UDnYiy[Ì�'R­V*R-MO^QnYNaR-[¼ì¼z	bYPy^Bm$UOnYiy[ÌPSWc[]Pym$Mj_QRs_QbÐM|_>MC^rRvm,UDWc[Ì�cPgiyM�qOR-N
ê	MO^p[YNaM�ê�W­PSWh_QU�_abYRAm$R$Wh_QR-NpUOt¼_QbYR�_QN%Mjf�� � R$R1üÐXOnYNaR-^ Û�� MOWc[ Û �D��ìhi �3��j�" V�õ Py^�5hnYPg_QR
iSU|ê m,UDVsfÐMjNaR-[�_aU6_QbYR*iyMO^QR$N fÐU|êlR$N êlRµWcR$R-[YR-[ôPgWËUON%[]R$NA_aUC^QR$R*MjWxq�m%bcMOWYXORsUjt?_QbYR
ëORv^rPym,iSR�^QbcMjf'ROì î WÂ_QbcR�Uj_abYR$NsbcMOWc[Âê?RKUOWYiSqËigUxUO�DR-[�Mj_sMCe]qh÷°m$NQUh^Q^>^rRvm�_QPSUOW�UOt�_QbYR
ëORv^rPym,iSR-^lMjWÐ[Em,UDnYiS[YWn4 _	ëxPS^QncMOigPh$$R�_QbYR MOm,_QncMOi Û T ^QbcMOfÐRAUjt!_abYRAVsR-V>�YN%MjWcROìxz	bYR$q­Mjiy^QU
nc^QR-[ÂMjWËUj_abYR$N�ê	M�ëOR-igR-WYXj_abôMOWc[Ëê?UDNQ�DR-[�ê�Pg_Qbç^QV­MjiSigR-NAëDR-^QPSm$igRv^$ì � _QPSigi#_abYPy^B^rbcU|ê1^�M
^QPgV*PSiSMONµfYbcR$WYUDVsR-WYUOW _QUôê�bcM|_*ê?RCm,UDnYiy[�UO�c^QR$NaëORDìIí�PgfcPS[ VsR-V>�YN%MjWcR-^s^rR-R$V _QUË�ÐR
M|ý@R-m,_1�xqEUOf]_aPSm-Mji@tïUDNam$R-^-ì
u1WcUj_QbcR$N�5hnYPg_QR�R$eh_aR$Wc^QPSëOR�^`_anc[]qµbcMO^��'R$R-WsV­MD[]R�ê�P�_ab­M ��#&# ÷ þ��%� WcV u1NaXOUDWµiyMO^QR$N#UDW
û òqpw^I�xq�k	MjNQ÷\µ'PSë�R$_�MOi»ì�i �hþ�j i ��"�j i � � j ì|z	bYR-q NQR-fÐUDNr_�UOtÐ^QfÐUDWD_%MjWYR-UOnc^!ëOR-^QPym,iSRpR,e]fYnciS^QPgUDW
tïUOiSiSU|ê�PgWYXsR,e]f'UD^QnYNaR�_aUsUDf]_QPym$MOi'_`ê?R-R%$$R-Na^-ìxz	bYR iSMD^rR-Nlê	MO^?tïU]m,nÐ^rRv[EtïUDN	MµtïR-ê�V*PgWxn]_aR-^
ê�Pg_QbÌiSU|ê f'U|ê?R-N�UDW�_QbcRµiSPgfcPS[ÌVsR-V>�YN%MjWcROó@fYNaR-^a^rnYNaPh$$PSWYX­_QbcRµëDR-^QPSm$igRsMjWc[ÌV*MO�xPgWYXKP�_
_QR-Wc^QROì��YUONsMÌ^QPgWcXOiSREnYWYPSiSMOV*R$iSiSMON>ëORv^rPym,iSR­_abYPS^µR,ý@R-m,_*m$UOnYiy[ÂiyMO^r_µiSUOWYX ��bYUOncNa^%�BMjtÇ_QR$N

þ �



_QbcR7iyMO^QR$NlbcMO[E�ÐR-R$WK^Qê�Pg_am%bYRv[EUjý�ìxz	bYR$PSN	bhqxf'Uj_abYR-^QPS^?PSW�R,e]fYiyMjPSWYPSWYXµ^Qf'UOWh_aMOWYR$UDnc^wR$eh÷
fYnYiy^QPgUDWÌPy^�_abcM|_A_QbcRsiyMO^QR$N7_QN%MjfÌfYnYiSiS^ iSPgfcPS[Y^AUDn]_AUOýÂ_QbYR*�YPSiSM�qDR$NAMjWc[�_QbcMj_ M6m,UDigiSUOPy[
^Qnc^rf'R$WÐ^rPSUOW6tïUONaV­^��'R,_`êlR$R$WC_abYRBPSWYWYR-N�MjWc[6_abYRBUDn]_QR-N1ëORv^rPym,iSR-^�XDPgëxPSWYX*NQPy^QR _QU�MOW6Uh^`÷
V*Uj_aPSmKfYNaR-^a^rnYNaROìIz	bYR6UOn]_aR$NsVsR-V>�YN%MjWcR�bcMD^B_aUÌ�'R�_aR$Wc^QRKPSW UDNa[YR$NBtïUDN>_abYR6ëOR-^QPym,iSR
R,e]fYnciS^QPgUDWs_QU�_%Mj�OR	fYiyMOm$ROìhz	bYR	_`ê?U�ëDR-^QPSm$igRv^wm$MOW*�ÐR1UOtÐ_abYR�^aMjV*R1^QPr$-ROìDu�iS^QU�R,e]fYnciS^QPgUDW
nYWc[YR$N?m$UOWc^r_aMOWh_#_`ê?R-R%$$PSWYX�bcMD^#�'R$R$W�UO�c^QR$NaëORv[¼ìjT�ncNQPSWYX�_abYR-^QR1R,e]f'R$NaPgV*R-WD_%^�_QbcR�^`_anc[x÷
PSR-[KUOWYR$÷°m$UOV*fÐUDWYR$Wh_ � �

µm
ëORv^rPym,iSR-^A��TAL�o ñ ócT î o ñ MjWc[KUj_abYR$N	nYWcm%bÐMjNaXOR-[EigPSfYPy[Y^a�

êlR$NaRAPSWK_QbYR�iSPh5hnYPy[6fYbcMD^rRDì
í�MD^rR-Nr÷°PSWc[]ncm$R-[­_aR$Wc^QPSUOW�[]NaUOfc^	^QPgXDWYP�ü'm$MjWh_aigqEê�Pg_QbCê	M�ëOR-igR-WYXj_ab l

ΣL ∝
1

λ2

� ��" �

ê�bYR-NQR
ΣL

Py^�MjW nYfcfÐR-N�iSPgV*Pg_ÓUOWA_abYR#_QR-Wc^QPgUDW _QbcMj_Óm,UDnYiS[ �'RwPSWc[]ncm$R-[ PSW _QbYRpVsR-V>�YN%MjWcR
MjWÐ[

λ2
PS^#_QbYR�ê	M�ëOR-igR-WYXj_abBUjt'_QbYR�iyMO^QR$N�iSPgXDbh_�i � � j ìtp#Rv^rPym,iSR	R,e]fYnYiy^QPgUDWµV*PSXObh_�_QbYR-NQR$tïUONaR

�'RE[]P­vEm$nYi�_�_aUCUO�c^QR$NaëORsnc^QPgWYX�M � � "t� WYV+iyMO^QR$Nvó¼M|_�igRvMO^r_�VsUDNQRs_abcMjWÂ^rf'UON%MO[YPSm-MjiSigqDì
î nYNlUO�c^QR$Naë|M|_aPgUDWc^pMj_?PSWD_aR$NaV*R-[]PyM|_aR�iyMO^QR$Npf'U|êlR$N%^$óhM|_	ê�bYPSm%bK^rUDVsR7ëORv^rPym,iSR-^?^rbYU|êlR-[�M
^QR-m,UDWc[�[YR,tïUONaV­M|_aPgUDWKM|_�MsV>ncm%b6^riSU|êlR$NlNaMj_QR*��^QR$R�^rRvm�_aPgUDW � ì Û ì � �,óDV*PSXObh_1m,UDNQNaR-^QfÐUDWc[
_QUËM�iyMO^QR$NQ÷¹PSWc[]nÐm,R-[Ë_aR$Wc^QPSUOWçPSW�_QbcRKV*R$Vµ�YN%MjWYRDìIz	bYR6m,NaUD^a^`÷~^QR-m�_aPgUDWÂUjt�_QbcRKëDR-^QPSm$igRv^
^QR$R$V*Rv[E_aU­�ÐRvm,UOV*R NaUOnYWc[YR$NvìYz	bYPS^l_aUxUO�EfYiyMOm$R ê�bYPgiSR _QbcR�iSMD^rR-Nlê	MO^�^r_QPSiSi!UOW!ì

 n��
��9� Ì�� évã3
E��ßIä��IÝOãxäÓ�Iã � è���ßIå
ò�^QPSWYX7WcR-MjNQ÷°PgW]tïN%MjNaR-[ iyMO^QR$N%^�tïUONIUOf]_aPSm-Mjih_QN%MjfYfcPgWYX7NQRv[]ncm$R-^IWYUOWh_abYR$NaV­MjihfYbYUj_aU][YMjV­MjXDR
Ujtl�YPSUOiSUOXOPym$MOi�V*Mj_QR-NQPyMjiy^$ì¼õËR*ê�PgiSiwXDR,_��cMOm%��_QU6_QbcMj_BPgW�^QR-m,_QPSUOW þ ì � ì � ì¼ð1U|ê ê?R*ê�PSigi
m,UDWcm,R-Wh_QN%M|_QR UDWK_abYRBbYRvM|_aPgWYX­R$ý'Rvm�_�UOtIbcPgXDbYigqKtïU]m,nc^QR-[6iyMO^QR$N��'R-MOV*^-ìc��R-M|_aPgWcXEUjtI_QbYR
^aMjV*fYiSRµ�xqC_QbcR>_aNaMOfYfYPSWYX�iyMO^QR$NAPgWÐm,NaR-MO^QR-^�_QbcR$NaV*MOi�VsUO_QPSUOW�UOtw_QbcRµ_aNaMOfYf'R-[�fÐMjNQ_QPym,iSR
MjWÐ[ []Rvm,NaR-MD^rRv^>_abYRCëxPS^am,Uh^rPg_`q�UjtA_QbYRCV*R-[YPgnYVÔi ��#�j ìwõ�bcM|_­Py^*_QbcR6R$ex_QR$Wh_EUOt7iyMO^QR$NQ÷
PSWc[]ncm$R-[CbYRvM|_QPSWYX­�xqCM � � "&� WYV iyMO^QR$N;� ñ UDnYiy[KPg_��'RBR$ëDR$WCfcMONr_aPSMOigiSq�NaR-^QfÐUDWc^QPg�YiSR tïUON
_QbcR�UO�c^QR$NaëORv[�[]R$tïUONaV*Mj_QPSUOWc^8�
í!PSnCR,_1Mji¹ì7i � � j V*RvMO^QnYNQRv[­_aR$V*fÐR-NaMj_QnYNaR�m%bcMjWcXOR-^l�xqEUD�c^rR-NQëxPSWYXsfYbcMO^QRA_QN%MjWc^QPg_QPSUOWc^lPSW
V*R$Vµ�YNaMOWYR-^-ì î WYR1m$UOV*f'UOWYR-WD_ � �

µ
V iSPSfÐUh^rUDVsRv^#êlR$NaRliyMj�'R$iSR-[*ê�Pg_QbEíÓMjnYN%[YMOW!óOM�[]qDR

fYNaUO�'R>^QR$Wc^QP�_aPgëDR _QU­_aR$V*f'R$N%M|_QncNQRDìÐz	bYR>[YqOR�ê	MO^�R$e]m$P�_aR-[��xq6MEòqp �ÐRvMjV�� Û&"hþ WYVE��ì
õ�Pg_Qb _QbYR�Mj�Ð^rUDNQf]_aPgUDW UOt�PgWYtïNaMONQRv[çN%MO[]PyM|_aPgUDW�tïNQUDV�_QbcRK_aNaMOfYfYPSWYXÌ�'R-MOV ��ð7[ l ¼ u1û
iyMO^QR$Nvó � � "t� WcV­�,óv_QR$V*f'R$N%M|_anYNQR?PgWÐm,NaR-MO^QR-[BPgW�_abYR	^QMOVsfcigRlMjWc[µM|_�_abYRlVsR-i�_aPgWcX1_QR-V*fÐR-Nr÷
M|_anYNaR1M�fYbcMD^rR�_aNaMOWc^QP�_aPgUDWµtïNaUOVÙXOR-i]_QUBøcnYPy[­fYbcMD^rR�U]m$m$nYNaNQRv[µPSW*_QbcR�iSPgfYPy[*V*R$Vµ�YNaMOWYROì
z	bYPy^Ó_QN%MjWc^QP�_aPgUDW>ê	MO^IMOm-m,UOV*fcMOWYPSR-[��xq�M�iyMjNaXOR � _QUD�ORv^Ó^QbYPgtÇ_�PSWB_abYRløcnYUDNQRv^Qm$R$Wcm$RpR$V*Py^`÷
^QPgUDW6UOt�_QbYR>[YqOROìÐ�YNaUOV:_abcM|_�_QbYR-q6m$UOnYiy[C[]R$NaPgëDR _QbYR>XOR$WcR$N%MjiSPr$-R-[KfÐUDiSMONQPh$-Mj_QPSUOWÂ�»ûAo?�
MO^�MµtïnYWÐm�_QPSUOWCUOtÓ_aR$V*fÐR-NaMj_QnYNaROì

GP =
(Ig − Il)

(Ig + Il)

� � �O�

ê�bYR-NQR
Ig

MjWÐ[
Il

MONQR	_abYR�øcncUONaR-^am,R$WÐm,R	PgWh_aR$Wc^QP�_aPgRv^#V*R-MD^rnYNaR-[sM|_p_QbYR1V­MjexPSV>ncV R$V*Py^`÷
^QPgUDWEêlM�ëDR$iSR$WYXO_Qbc^wUjtÓíÓMjnYN%[YMjW­ê�bcR$W­_abYR7V*R-V>�YN%MjWYR7PS^?PSWE_QbcR7XDR$icNaR-^Qf'R-m�_aPgëDR$iSqsøcnYPy[

þOÛ



fYbcMD^rRDì]�YUON�MµUOWYRAm,UDVsf'UOWcR$Wh_liSPSfYPS[KV*R$Vµ�YNaMOWYR7_QbYR7_QN%MjWc^QPg_QPSUOW�f'R-MO�­PS^lëDR$Naq­WcMjNaNQU|ê
^QUB_QbcRAm$UONaNQRv^rf'UOWc[YPgWYXB^QiSUOfEPSW6ûAo8PS^?ëOR-NQq*^r_QR$R-f!ì]u m-MjiSPg�cNaMj_QPSUOWEm,ncNQëDR�ê	MO^wV­MD[]R7�xq
V*R-MD^rnYNaPSWYX6ûAoGëOR-Na^Qnc^�_aR$V*f'R$N%M|_QncNQRµtïUON MEtïNaR$RsiSPgf'UD^QUOV*ROì¼�cNQUDV _abYR*iSMD^rR-Nr÷°PSWc[]ncm$R-[
m%bcMOWYXOR1PSWKûAo�_abYR$q­m$UOnYiy[s_QbYR-W�XDR,_w_abYR1_aR$V*fÐR-NaMj_QnYNaR7m%bÐMjWYXDR1MO^pMBtïnYWcm,_QPSUOWEUOt!iSMD^rR-N
f'U|ê?R-N-ì'�YUON7iSMD^rR-N�f'U|ê?R-Na^�nYf�_aU

∼
Û �D�­V�õ _QbYR>_QR$V*f'R$N%M|_anYNQRsm%bcMjWcXORBê	MO^�^QR$R-WC_QU

�'RsiSPSWYR-MONQiSq�fYNaUOf'UONQ_QPSUOWcMOi!_QU6_abYR­MjfYfYiSPSR-[�f'U|êlR$Nvì@�cUON iSPgf'UD^QUOV*R-^AMKbYR-Mj_QPSWYXCNaMj_QR>UOt
≈ 1.45± 0.15 ◦C/100 mW

m$UOnYiy[6�ÐR�V*R-MD^rncNQRv[¼ì�i � � j
� _anc[]qxPgWcX­_QbYR�bcR-M|_aPgWcX­R,ý@R-m�_7UOWCigPSëORBm$R$iSiS^1PS^	_aNQPym%�xPgR-N�ê�P�_abC_QbYPy^1V*R$_QbYU][C^rPSWcm$R _QbYR-PgN
V*R$Vµ�YNaMOWYR�[]UxR-^QWn4 _p^rbYU|ê8M []PS^r_QPSWcm,_pfYbcMD^rRl_QN%MjWÐ^rPg_QPSUOWc^-ì ñ R$iSiSnYiSMONpûAo�V*R-MO^QnYNaR$V*R$Wh_%^
MjNaR	_QbcR$NaR,tïUONaR1iSR-^a^p^QR$Wc^QPg_QPSëOR�_aU>^rV­MOigic_QR$V*f'R$N%M|_anYNQR7m%bcMjWYXDR-^-ój�Yn]_lUOW*_abYR�UO_QbYR-NwbcMjWÐ[
Pg_�PS^�fÐUh^Q^QPS�YigR�_aUS5hncMjWh_aP�tïq7_QbYRpigU]m$MOigPh$$Rv[AbYR-Mj_QPSWYX�U|ëOR-N!M	iSMONQXDR$N@_QR-V*fÐR-NaMj_QnYNaRp^QfcMjW!ì-�YUON
ñ bYPSWYR-^QR bcMjV­^r_QR-NlU|ë|MONQq�� ñ � î �lm,R$iSiy^�MµbcR-M|_aPgWcXµN%M|_aR7UOt

≈ 1.15± 0.25 ◦C/100 mWê	MO^µVsRvMO^QnYNaR-[¼ìhi � � j �YUON*iSPgëDRK^QfÐR-NQV m$R$iSiS^µ_abYR$qÂtïUDnYWc[8MÌm,UDNQNaR-^Qf'UOWc[]PSWYX�N%M|_aRKUOt
≈

0.92± 0.70 ◦C/100 mW
i þ � j ì

L�UDNQR­NaR-m$R$Wh_QiSqÌo�R,_aR$NaV­MjWÂR,_µMOi»ì�i ��#�j bÐM�ëOR*V*R-MO^QnYNaR-[ËbYRvM|_QPSWYX�PSWc[]ncm$R-[Â�xqÂM � � "&�
WYVÙiSMD^rR-N#ê�bYR$Ws_aNaMOfYfYPSWYXB^rPSiSPSm-M�MjWc[sf'UOiSqx^r_`qxNQR-WYR	�ÐRvMO[Y^wPgWE[]Pgý@R$NaR$Wh_wV*R-[]PyMYìhu�m$m,UDNa[]÷
PSWYXE_aU�_abYR$PSN7V*U][]R-iÓ_abYRs�YPgXDXORv^`_7m$UOWh_QNaPS�Yn]_QPSUOW�_QU�bcR-M|_aPgWcX�Py^�_abYR*Mj�c^QUONaf]_QPSUOW�UOt#_QbYR
iyMO^QR$N�iSPgXDbD_��xqE_abYRB^QUOiSëOR$Wh_�ê�bYPym%bCPS^�Vµncm%b6iSMONQXDR$Nl_QbYR-WC_QbYR�bcR-M|_�MO�c^QUONaf]_QPSUOWK�hq�_QbYR
_QN%MjfcfÐRv[ÌfcMONr_aPSm$igRsPg_a^QR$igt`ì!�1R-Mj_QPSWYX6�ÐUO_QbÂPgWÐm,NaR-MO^QR-^�_QbcRµ_abYR$NaV­Mji�V*Uj_aPgUDWôUOtpfcMjNQ_QPym,iSR-^
MjWÐ[Ì[]Rvm,NaR-MO^QR-^1_QbYR*ëxPy^Qm$UD^QP�_`q6Ujtw_abYR*V*R-[]PSnYVCó!^rU�_QbYR-q�V*R-MO^QnYNaR-[C_abYRs_QR-Vsf'R$N%M|_anYNaR
m%bcMOWYXORv^µPSWÏ_QbcRCtïUxm$nc^­UOt MËiyMO^QR$N*_QN%Mjf8�xq MOWcMjiSq¨$$PSWYXË_QbYR�klNaU|ê�WYPSMOW V*Uj_aPgUDWÏUjt�M
_QN%MjfcfÐRv[��'R-MO[!ì!�YUON þ �O�EWcV+^rPSiSPSm-M��'R-MD[Y^APgWËêlMj_QR-N�_abYR$q�V*RvMO^QnYNQRv[ÌM�_QR-Vsf'R$N%M|_anYNaR
PSWcm,NaR-MD^rRKUjt

7.7 ± 1.2 K/W
MjWc[ ^riSPgXDbh_QiSq�VsUDNQR�tïUON*M �3�&� WcV��ÐRvMO[��

10 µm
tïNaUOV

_QbcR6XDiSMD^Q^r÷~^rUDigëDR$Wh_>PSWD_aR$NQt�MOm$Rv��ìwzÓU�[]R$V*UDWc^`_aNaMj_QRK_QbYRCPSV*fÐUDNr_%MjWcm$R6UOt�_abYR�^rnYNaNaUOnYWc[]÷
PSWYX�V*R-[]PSnYVCó!_aNaMOfYfYPSWYXÌMCf'UOiSq]^`_`qxNaR$WYR­�'R-MD[ÂUjt	_QbYRK^QMOVsRK^rPh$$R­PSWçXOiSq]m,R-NQUDi#XOPSëOR-^>M
_QR-V*fÐR-NaMj_QnYNaR PgWcm$NQRvMO^QR7UOt

42.2± 0.5 K/W
ì

u1iSi'iSMD^rR-NwfÐU|êlR$N%^#XDPgëDR$WE^QU�t�MjN?PgW*_abYPS^l^QR-m�_aPgUDWEMjNaR1iyMO^QR$Nwf'U|ê?R-Na^wWYR-MON#_QbYR�_QN%Mjf*tïU]m,nÐ^$ì
z	bYR1NaR-^QnYig_a^pUjt!í!PSn­R,_?MOi»ìh^rfÐMjW­�'R,_`êlR$R$W ��� ì þ �ms�õ tïUON?igPSfÐUh^rUDV*R-^wMOWc[6�Yì¢� �ms�õ tïUON
^QfÐR-NQV m,R$iSiy^$ì!z	bYPy^�Py^�MC^riSPgXDbh_QiSqÌbYPSXObYR-N�bYR-Mj_QPSWYXCR,ý@R-m,_�_QbcMOWô_abYR­UOWcRsV*RvMO^QnYNQRv[ÌUDW
�'R-MO[c^#�xq>o�R,_aR$NaV*MOW*R,_?MOi»ìc���ÐR$_`ê?R-R$WK�]ì¢�7MjWÐ[ # ì � �ms|õ���ìOu�i�_abYUOncXObs_QbYR-qµêlUONa�ORv[>UDW
^QPgiSPSm-MBMjWÐ[*fÐUDigq]^r_`qhNaR$WcR1�ÐRvMO[Y^w_QbYR-q*R-^r_QPSV*Mj_QR�_abcM|_?_QbYR-PgNlNaR-^QnYi�_%^pm-MjW­�'R�XOR-WYR$N%MjiSPh$$R-[!ì
z	bYR-qsbÐM�ëOR7^QbYU|ê�W­�'Uj_ab�R,e]f'R$NaPgV*R-WD_%MjiSigq­MOWc[­PSWE_QbcR$PSN?V*U][]R$i'_abcM|_?_QbYR m,UDWD_aNQPS�Yn]_aPgUDW
Ujt'_QbcR	_QN%MjfYf'R-[sfcMONr_aPSm$igRl_QU _abYR�bYRvM|_QPSWYX�Py^G5hnYPg_QR1^QV*MOigi¹ì|}~WEMO[c[]P�_aPgUDW>_aU _QbcMj_#_QbYR�bcR-M|_
m,UDWc[]ncm,_QPSëxP�_`q MOWc[8Mj�c^QUONaf]_QPSUOW m,UxRJvEm,PSR$Wh_*tïUON­ê	M|_aR$N­MjWÐ[ iSPgfcPS[Y^­MONQR�5hnYPg_QR�^rPSV*PgiyMjN
V­Mj�xPSWYX­bYR-Mj_�m,UDW]ücWYR-VsR-Wh_�PgWÐ^rPy[]RBM­m,R-igiÓUON�M*iSPSfYPS^QUOV*R�N%M|_abYR$N1ncWYigPS�OR-igqDì � U*_abYR�_`êlU
NaR-^QnYi�_%^µ^QbYUDnYiS[ç�ÐRCm,UDVsfÐMjN%Mj�YiSROì î WcR�f'UD^a^rPS�YiSR�R,e]fYiyMjWÐM|_QPSUOW�UOt1_QbcRK[]Py^Qm$NQR-fcMjWÐm,qËPS^
_QbÐM|_	PgW�_QbYRAR,e]f'R$NaPgV*R$Wh_%^pUOtÓí!PSn�R$_	MOi»ìD_QbYR V*R-[YPgnYV ê	MO^?WYUO_?fYnYNaRAêlMj_QR$NvìhõônYNaiSP�_Õ$$R$N
R,_>MOi»ì�VsRvMO^QnYNaR-[ËM6_QR$V*f'R$N%M|_anYNQR­m%bcMOWYXOR*UOt

≈ 5 K/W
PSWÂ_QbYR*tïU]m$nc^�ê�bYR-WËV­MO�hPSWYX

UOfY_QPym$Mjic_`ê?R-R%$-R$N%^#R,e]f'R$NaPgV*R$Wh_%^pM|_?_QbYRAMjPSN;s|êlMj_QR-N#PgWh_QR-Nrt�MDm,R�UOt�í�MjWcXOV>ncPgNQ÷¹V*UDWYUOiyM�qOR-Na^i þ!�;j ìOz	bYPy^#Py^#Mjiy^rU�5hnYPg_QR1m,UDWc^QPS^r_QR-WD_#ê�Pg_Qbs_QbcR�Uj_QbcR$N#NaR-^QnYi�_%^#m,UDWc^rPy[]R-NQPSWYXAP�_wPy^wMjWsUj_abYR$N
_`qxfÐR­UOtl^Qq]^`_aR$VCì!u�^a^rncVsPSWYXCo�R,_aR$NaV*MOWn4 ^ NQRv^rnYig_a^�MONQRµ_QbcR­VsUh^`_BMDm$m,ncNaMj_QRsê?R*êlUOnYiy[
XOR$_?tïUDN?V*Uh^`_	UOf]_aPSm-MjiÐ_`ê?R-R%$-R$N%^wR,e]f'R$NaPgV*R-WD_%^ � � �D��V�õ WYR-MONptïU]m$nc^$ó ��" ��V7õ UOnY_QfYn]_
iyMO^QR$N	fÐU|êlR$N��lMµ_QR$V*f'R$N%M|_anYNQR PSWcm,NaR-MD^rR UOtI�Yì # �*ì

þt�



õ�bYR-WµRv^`_aPgV­M|_aPgWcX7_abYRl_QR-Vsf'R$N%M|_anYNaR?NaPS^QRlUjtÐ^aMjV*fYiSR-^IPSWµUDnYN�R,e]fÐR-NQPSV*R$Wh_a^Ó_abYR�m,UxUOiSPgWcX
R,ý@R-m,_7UOtI_abYRB�'Uj_Q_QUOVÎ}`z î ^rbcUOnYiy[�Mjiy^rU­�'Rµm$UOWc^QPy[]R$NaR-[¼ìÐz	bYRBiyMO^QR$N1PSWc[]ncm$R-[�bcR-M|_aPgWcX
m,UDNQNaR-^Qf'UOWc[]PSWYXµ_QUEM þ �h�µWYV�f'UOiSq]^`_`qxNaR$WYR �'R-MO[K_aNaMOfYfÐRv[6PgWCXOiSq]m,R-NQUDi'ê	MO^	V*RvMO^QnYNQRv[
_QU

55.3 ± 1.5 K/W
MOWc[

37.0 ± 1.8 K/W
tïUONµMô[]Py^`_%MjWcm$RE�ÐR$_`ê?R-R$W�_abYRKtïUxm$nc^sMjWc[

_QbcR1XOiyMO^a^#^rncNrt�MDm,R	Ujt��j�ANaR-^QfÐRvm�_aPgëDR$iSq
2.5 µm

i �3#tj ìOT7nYNaPgWcX�UOnYNwR$e]fÐR-NQPSV*R$Wh_a^�_abYR�_aNaMOf
ê	MO^	tïU]m,nÐ^rRv[ � �s_QU

5 µm
tïNaUOV _QbYR>}`z î ^QnYNQt�MOm$ROìcz	bYRsm,UxUOiSPSWYX­R,ý@R-m,_�V*PgXDbD_7�ÐRµigRv^Q^

[]N%MjV­M|_aPSm�PgW�êlMj_QR$Nvóh�Yn]_�^rbYUDnYiy[E^`_aPgiSi@�ÐR7_aMO�OR-WEPgWh_aUµMOm-m,UDnYWh_-ì î ncN?V*R-MD^rncNQR-VsR-Wh_a^wUOt
_QbcR _QR$V*f'R$N%M|_anYNQR øÐncm�_ancM|_aPgUDWc^1[]nYNaPSWYX­R,e]f'R$NaPgV*R$Wh_%^�MjNaR m$UOWc^QPy^`_aR$Wh_1ê�P�_ab6_QbYR>MO�ÐU|ëDR
NaR$f'UONQ_QR-[ôNaR-^QnYi�_%^$óÓMjig_QbYUDnYXObËWYUj_>MD^ fYNaR-m,Py^QR*^QPSWcm,R*_abYR­nc^QR-[ô_QbYR-NQV*U]m,UDnYfYiSR$N�ê	MO^QWn4 _
fYiyMOm$R-[�R$eYMOm�_aigq�PSWô_QbYRs_QN%MjfôtïU]m,nc^-ì î Wcm,R*nc^QPSWYX�_abYR*UO�]ù`Rvm�_aPgëDRµbYRvM|_aR$N ê?RsUO�Ð^rR-NQëDR-[
_QR-V*fÐR-NaMj_QnYNaR7m%bcMOWYXORv^#UjtI�Yì � _QU

0.2 ◦C
ìxL�R-MD^rncNQRv[­m%bcMjWYXDR-^pê?R-NQR1WcR$ëOR-Np�YPSXOXDR$Np_QbcMOW

bcMOi�t!MB[]R-XONaR$RDìOz	bYR1V­M|e]PSV>nYVÙUOnY_QfYn]_liSMD^rR-Nwf'U|ê?R-Nwê?R�nc^rRv[*êlMD^ þ � þ V�õ � ÛDþ � V7õ
M|_#_abYR	tïU]m,nc^pMO^a^rnYV*PSWYXA_QbYR1^aMjV*R	UO�Yù`R-m�_aPgëDRl_QN%MjWc^QV*PS^a^rPSUOWsUjt " ��»öM|_

λ = 1064nm
MO^

PSW¡i ��#�j �,ìcu�m$m$UON%[]PSWYXs_QU­o�R,_aR$NaV*MOWn4 ^�NQRv^rnci�_%^	_QbYPy^�êlUOnYiy[Cm,UDNQNaR-^QfÐUDWc[�_QUEM*V­M|e]PSV>nYV
iyMO^QR$NQ÷¹PSWc[]ncm$R-[�bYR-Mj_QPSWYX*Ujt

2.8 K
ì

z	bYRµbYR-Mj_QPSWYXj÷°PgWÐ[]ncm,Rv[�m%bcMOWYXORBPSWÌëxPy^Qm$UD^QP�_`qC^QbYUOnYiy[�MOiS^QUE�'Rsm$UOWc^QPS[YR$NaR-[�MO^AM­f'Uj_aR$W]÷
_QPyMji!^QUOncNam$RAUOtÓR-NQNaUON�MjWÐ[K^QbYUOnciS[K�ÐR _%Mj�DR$W6PgWh_QU­MDm$m,UDnYWh_lê�bcR$W�m$MOigPS�YN%M|_QPSWYXµ_QbYR _aNaMOf
^r_QPgý'WYRv^Q^�i �3#oj ì ñ UDnYiy[B_abYR�m%bcMjWYXDR?PSWsëhPy^am,UD^QPg_`qBMjiy^rU M|ý@R-m,_I_abYR�UO�Ð^rR-NQëDR-[B^QbcMjf'Rløcncm,_Qn]÷
M|_aPgUDWc^#PSWEUOncNwR,e]f'R$NaPgV*R$Wh_%^Õ�7z	bYR$NaV­Mjicøcncm�_ancM|_aPgUDWc^#êlR$NaR1UO�Ð^rR-NQëDR-[sM|_w_aR$V*fÐR-NaMj_QnYNaR-^
Mj�'U|ëOR	_abYR�fcbcMO^QR�_QN%MjWÐ^rPg_QPSUOW!óD�Yn]_?_QbYR-qµêlR$NaR�^QV*MOigiSR$Nw_QbYR-W­_QbYR7iSMD^rR-Nr÷°PSWc[]ncm$R-[µøcncm,_Qn]÷
M|_aPgUDWc^�UO�Ð^rR-NQëDR-[sM|_#_QR-V*fÐR-NaMj_QnYNaR-^#m$UONaNQRv^rf'UOWc[YPgWYX7_QU _abYR	_QN%MjWÐ^rPg_QPSUOWsP�_%^rR-i�t`ìD}°_wPS^wbcMjN%[
_QUK^QM�qKP�t#_abYR>m%bcMOWYXOR�PSW�ëxPS^am,Uh^rPg_`q�UOt�_QbYR>^QnYNaNQUDnYWc[]PSWYX­V*R-[YPgnYVÎbcMD^1Mª5hncMOWD_aP�_%M|_aPgëDR
R,ý@R-m,_-óY�cn]_�M|_1iSR-MD^`_�Pg_�[]UxR-^	WYUO_�^rR-R$V _aUs�'R�5hncMjiSPg_aM|_aPgëDROì
u�^a^QnYV*PgWYX6ê	M|_QR-NAMD^1_abYR*^rUDigëDR$Wh_-ó'iSMD^rR-Nr÷°iSPgXDbD_AMj�c^QUONaf]_QPSUOWÌbcMO^AMK^QV­MjiSiÓ�cn]_�VsRvMO^QnYNQ÷
Mj�cigRµbYR-Mj_QPSWYX�R$ý'Rvm�_-ì¼z	bYPy^7PS^7WYUj_AigPS�OR-igq6_aU��'R>_abYRµm-Mjnc^QR>UOt#_QbYR*^rbÐMjf'RBøcncm,_QncMj_QPSUOWc^
UO�Ð^rR-NQëDR-[*PSWEUOnYNlR,e]f'R$NaPgV*R-WD_%^p�cn]_	^QbYUDnYiS[E�ÐR�_aMj�DR$WEPSWh_QUsMOm$m$UOnYWh_lR$ëOR-W­PgW�_QbYRAWYRvMjNQ÷
PSW]tïNaMONQRv[�NaR$XDPgUDW�ê�bYR-W�[]UOPSWYX*UOf]_aPSm-Mji@_`êlR$R�$$R$N%^lR,e]f'R$NaPgV*R$Wh_%^$ì

 n��
��h' ( ��ãxâ»ãhÝOè%
o��Ý6ÝOà'ßIé$è � ß@è-é
ð1U|ê _QbÐM|_�êlR�bcM�ëOR R$e]m$ignÐ[]R-[6iyMO^QR$N�PSWc[]ncm$R-[CbYRvM|_QPSWYXEMD^	_QbYRµ^rUDnYNam$R Ujt#[]R,tïUDNQV­M|_aPgUDW
êlRBm$MjWCêlUONa�­nYWc[]R-N�_QbcRBbxqhf'Uj_abYR-^QPy^	_QbcMj_�_QbYR>UOf]_aPSm-Mji@tïUON%m,R�R$e]R$NQ_QR-[K�xqE_abYRBUOfY_QPym$Mji
_`êlR$R%$-R$N%^	M|ý@R-m�_%^l_QbYR�V*R-V>�YN%MjWYRDì
T7R-^QfYP�_aRB_abYR þ WYV�_abYPym%�hWcR-^a^1Ujt�_abYR>iSPgfcPS[��cPgiyM�qOR-N-óYê�bcPSm%b�Py^�Vµncm%b�^QV*MOigiSR$N1_QbcMOW�_QbYR
ê	M�ëOR$iSR$WcXj_QbCUOt � � "&� WYV:UOt#_QbYR>iSMD^rR-N-ó]_abYRsû òSpw^7MONQRB[YPgNaR-m,_QiSq6Mjý'Rvm�_QRv[C�xq�_abYR>iSPgXDbh_
MjWÐ[>_abYR1V*R$Vµ�YN%MjWYR	Py^p[]R$øcR-m,_QR-[sPSWh_QU _QbcR�tïU]m,nc^#UOt@_QbYR	_aNaMOfC�»^rR-R1^rRvm�_aPgUDW þ ì � ì � ��ì î WcR
Ujt?_QbYR*UD�c^rR-NQë|Mj_QPSUOWc^AV­MO[]R­[]ncNQPSWYX6UOnYN R,e]f'R$NaPgV*R-WD_%^ ê?UDnYiy[Ì^QnYfYf'UONQ_A_abYPy^$ìnp#Rv^rPym,iSR-^
[]R$tïUONaVsRv[�[]Pgý'R-NQR-WD_aigqÏ[]R-fÐR-Wc[]PSWYX UDWÏ_QbYRôfÐUh^rPg_QPSUOW�UOt�_QbYRÌ_QN%Mjf8tïU]m,nc^Kê�P�_abYPSW�_QbYR
ëORv^rPym,iSR���^QR$RsücXDnYNQRE� " ��ì!z	bcPS^ êlUOnYiy[Ë^rnYXDXORv^`_ _QbÐM|_�_QbcRsV*R-V>�YN%MjWYR*NaR-MOigiSq�Py^ fYnYiSigRv[
PSWD_aUs_QbYR tïU]m,nÐ^�UjtÓ_QbYR _aNaMOf!ì
z	bYR-NQRAPS^	M>iSMONQXDR7[]Pgý'R-NQR-Wcm,RAPSWK[]PSR$iSR-m,_QNaPSmAm,UDWc^`_%MjWh_?�'R,_`êlR$R-WE_abYR�^rnYNaNaUOnYWc[YPgWYX>êlMj_QR$N
MjWÐ[Ì_abYR­iSPgfYPy[ËV*R$V>�cNaMOWYROì!ul_

20 ◦C
êlMj_QR-NAbÐMO^�M�[]PSR$iSR-m,_QNaPSm*m,UDWc^r_aMjWh_�Ujt # �cì � i þjÛ�j

MjWÐ[ Mj_sNaUxUOV�_QR-V*fÐR-NaMj_QnYNaR�MÌiSPgfcPS[8�YPSiSM�qDR$NsbcMO^*MÂ[]PSR$iSR-m,_QNaPSm6m,UDWc^`_%MjWh_*Ujt �Ì_aU � �i þ � j ìYz	bYPy^?Py^	m,UDVsfÐMjN%Mj�YiSR1_aU>_abYR7UDWYRAUjtIM>fÐUDigq]^r_`qxNQR-WYR7�'R-MD[Eê�bYPym%b�bÐMO^	Mµ[YPgR-igRvm�_QNaPym

þDþ



m,UDWc^r_aMjWh_�Ujt1�]ì � _QU��]ì��±i þOÛ�j ìÓz	bYR*NaR$iyM|_QPSëOR­[]PSR$iSR-m,_QNaPSm­m$UOWc^r_aMOWh_a^AV*R$Wh_QPSUOWYRv[ËPgWË_QbcPS^
fcMONaMOXON%MjfYb�MONQR�[]R$ücWYRv[6MD^?tïUOiSigU|ê1^ l

εr =
εs

ε0

� ��# �

ê�bYR-NQR
εs

PS^p_QbYR ^r_aM|_aPSm�fÐR-NQV*Pg_r_aPgëxPg_`q­Ujt¼_QbcR7V­M|_aR$NaPSMOi'MOWc[
ε0

PS^p_QbYRAë|MOm$nYnYV fÐR-NQV*Pg_r÷
_QPSëxP�_`q�i þOÛ�j ìYz	bYR�igU|êlR$Nl_abYRB[]PSR$iSR-m�_aNQPym m,UDWc^`_%MjWh_	_QbYR��'R,_Q_QR-N�_QbYRB[YPgR-igRvm�_QNaPym�i þOþ�j ì
z	bYPy^ �YPSX6[]Pgý@R$NaR$Wcm$RsPSWÂ[]PgR-igRvm�_aNQPymµm$UOWc^r_aMOWh_A�'R,_`êlR$R-W�_QbcR­igPSfYPy[ÌV*R$Vµ�YN%MjWYRsMjWc[Ì_QbYR
^QnYNQNaUOncWc[]PSWYX*VsRv[]PSnYV m-MjW6�ÐR>NQR-iSMj_QR-[K_aU*_QbYRB[]Pgý@R$NaR$Wcm$R�PgW�NaR,tïN%MOm,_QPSëOR PgWÐ[]R,e6�hq�_QbYR
tïUOiSiSU|ê�PgWYXsR,e]fYNaR-^a^QPgUDW l

εr = m2 � � �h�
ê�bYR-NQRAV:Py^p_abYR�m,UDVsfcigR$eENQR$tïNaMDm�_QPSëOR7PgWÐ[]R,e

m = n− ik
ìx}°t�êlR7UDWYigq­iSUxUO�EMj_l_abYRANQRvMji

fcMONr_lUjt��'Uj_ab�_abYRA[YPgR-igRvm�_QNaPym�m,UDWc^r_aMjWh_	MjWc[E_QbYRANQR$tïNaMDm�_aPgëDR�PSWc[]R,eEêlR�XDR,_
εr = n2

ìhi þt"�j� U�M*�cPgX�[YP�ý@R$NaR$Wcm$RBPSW�[]PgR-igRvm�_aNQPymBm,UDWc^r_aMjWh_%^��ÐR$_`ê?R-R$WC_abYRBiSPgfYPy[�V*R$Vµ�YN%MjWYRBMOWc[6_QbYR
ê	M|_QR-N�m,UDNQNaR-^Qf'UOWc[Y^­_QU Mç[YP�ý@R$NaR$Wcm$R�PSWúNQR$tïNaMDm�_aPgëDR�PgWc[YR,e]R-^-ì?z	bYPy^EPSW�_anYNQW�XOPSëOR-^�M
m%bcMOWYXOR*PSWÂ_QbYR­V*UOV*R-WD_anYV�m$MjNaNaPgRv[Ì�xq�_abYR­iSPgXDbD_>MOWc[ô_QbYR�VsR-V>�YN%MjWcRsPy^BPSV*fcMjNQ_QRv[
MEV*UDVsR-Wh_QnYV3m%bcMOWYXOR>PgW�UDfYf'UD^QP�_aRµ[]PSNQRvm�_aPgUDW!ì'z	bcRµV*R$Vµ�YN%MjWYRBPy^ ^rnc�c^rR�5hnYR$Wh_QiSq�[]R,÷
øcRvm�_QRv[­_aU|êlMONa[Y^#_QbYRAm,R$Wh_aR$NlUjt¼_QbcR�_aNaMOfEê?R-NQR1_QbYRAigPSXObh_lPgWh_QR-Wc^QP�_`q*Py^w_abYR�bYPSXObcR-^r_A��^QR$R
^QR-m�_aPgUDWC�Yì Û ì � ��ì
õËUONQ_QbsVsR-Wh_QPSUOWYPSWYX�Py^I_QbcMj_pM7iSPSfYPS[s�YPSiyM�qOR$N#m-MjW*MjiSVsUh^`_#�'R�NQR-XDMONa[]Rv[>MD^#M �OT�^rncNrt�MDm,ROì
}~W�_abYRBe]qh÷¹fciSMOW!óYê�Pg_QbYPSW�_QbcRB_QN%MjfcfYPgWcXEëOUDignYV*RDócPg_a^�^QPh$$R>Py^�m$UOV*fcMONaMO�YigR _aU

λ
óÐ�YnY_7PSW

_QbcR�$,÷~[]PSNQRvm�_QPSUOW6_abYR�_QbcPSm%�xWYRv^Q^�UOt�_QbYRB�cPgiyM�qOR-N1PS^1V>ncm%b�^QV­MjiSigR-N�_QbcMOW
λ
ì'z	bYPy^1êlUOnYiy[

m,UDNQNaR-^Qf'UOWc[Y^w_QU>_QbYR {1M�qxigR-PgXDb­NQR-XOPSV*Rµ��^QR$RA^rRvm�_aPgUDWK�]ì Û ì � �,ìhkln]_lR$ëOR-WEPgt!_QbYR7_QN%MjfcfYPgWcX
fYNaU]m,R-^a^#Py^wV*UONaR�m$UOV*fYiSR,es_QbcMOWE[]R-^am,NaPg�'R-[­MO�ÐU|ëDROóDigPSfYPy[*VsR-V>�YN%MjWcR-^pm-MjW­�'R�_QN%MjfcfÐRv[
�xqEUOfY_QPym$Mji@_`êlR$R�$$R-Na^-ì

 n��
��r/ Ö àxá3ÝDà,�Iâ�äÏè��Óã�â � évã3
 �!× ãxÝjè­â���ÉÐã�ÝDãhâ»â�é Ë
z	bYR*û òqpw^Aê?R*^r_Qnc[]PSR-[ÌMjNaRµm,UDV*fcMjN%Mj�YiSRBPSWÌ^QPr$-RB_QUCm,R-igiy^-ìÐowNaU]m$MONQqDUj_QPym�m,R-igiy^AbcM�ëORµM
^QPr$-RAUOtIMOfYfYNaU�exPSV­M|_aR$iSq � V*Pym,NaUOW±i þ � j MjWc[�_QbYRB^QPh$$RAUjtÓR-ncm$MONQqDUj_aPSmAm,R-igiy^	igPSR-^l�'R,_`êlR$R-W� �KMjWc[ � �O��V*PSm$NQUDWc^�PSWô[YPSMOVsR$_QR-N�i þt#�j ó@�Yn]_ V*UD^r_ m$R$iSiS^AMjNaR>Vµncm%b�V*UONaR>NaPgXDPS[�_QbcMOW
û òqpw^-ìÓz	bcREm,qh_QUh^r�DR$iSR,_QUDW!ó!MjWÂR-ëOR$Wh_ancMji#UDn]_QR-NBV*R$V>�cNaMOWYR­MO^ tïUDN�d1ìÓm$UOiSPwUON�qDR-MO^r_-ó
[]R-Wc^rR-igqAfcMDm%�OR-[ UDNQXhMjWYR-igiSR-^@fcNQR-ëOR$Wh_!_abYRpfciSMD^rV­M�V*R$Vµ�YN%MjWYR#tïNaUOVö[]R$tïUONaVsPSWYX1bcR-M�ëxPgiSqOì
u1ig_QbcUOnYXDb!ó$NaR-[ �YiSUxU][�m,R$iSiy^!^rbcU|êËMq5hnYPg_QR?[]P�ý@R$NaR$Wh_��'R$bÐM�ëhPSUONvì$z	bYR-qAMONQRw[YP�ý@R$NaR$Wh_!tïNaUOV
Uj_abYR$Nlm,R-igiy^pPSW­_abcM|_w_abYR$q­[]UDWn4 _?bcM�ëDR�MjWxqsWhnÐm,iSR$nc^pUONpUDNQXhMjWYR-igiSR-^-ìOz	bYR-PgNlm,qh_QUh^r�DR$iSR,_aUOW
Mjiy^QU7bcMD^ItïR$êlR$N#f'UOPSWh_a^�Ujt¼MjWÐm%bYUONaPgWcX1_QUA_abYR�fYiyMO^QV*MAV*R$Vµ�YN%MjWYRDì�z	bcPS^wMOigiSU|ê1^Ó_QbYR-VÕ_QU
[]R$tïUONaVÙRvMO^QPgiSqsPgWKUON%[]R$N#_aUs^Õ5hnYR$R�$$R�_abYNaUOnYXDbE^rV­MjiSi@m$MjfcPgiSiSMONQPSR-^-ìhi þ � j î f]_aPSm-MjiÐ_`ê?R-R%$-R$N%^
^r_Qnc[]PSR-^wbcM�ëOR��'R$R-WsV­MD[]R1UOWs_abcM|_p^QnY�]ù`Rvm�_-ìDdwëOR-W*P�t@_QbcR$q*[]U�WYUj_p[YR,tïUONaV m,R$iSiy^w^rbcUOnYiy[
tïR$R-i!Pgt#MµtïUDNam$R�PS^�MDm�_QPSWYX­UDW�_abYR$PSN1V*R$Vµ�YNaMOWYROì]}°_7PS^�bÐMjN%[E_aUEMO^a^rRv^Q^?_QbcR>MOm,_QncMOi¼R,ý@R-m�_
_QbcPS^?m,UOnciS[sbcM�ëDRlUDWEm,R-igi]tïncWcm�_aPgUDW!óO�YnY_pP�_l^rR-R$V­^wnYWcigPS�OR-igq>_QbcMj_w_QbYPy^#êlUOnYiy[]Wn4 _pfYnY_w_QbYR
m,R-igi�nYWc[]R-N1^rUDVsR�^QUONQ_�UjtI^r_QNaR-^a^-ì

þ&"



z	bYR6V*R$V>�cNaMOWYRKPy^QWn4 _s_QbcR6UDWYiSq�fcMjNQ_µUOt7Môm$R$iSi	fÐUO_QR$Wh_aPSMOigiSqçM|ý@R-m,_QR-[ �xqçM�tïU]m,nÐ^rRv[
iyMO^QR$NB�'R-MOV6ì î WYREê	M�q�_aU�PgWxëDR-^r_QPSXDM|_aR*_QbYRK[YMjV­MjXDREm$MOnc^rRv[Ë�hqËUOfY_QPym$Mjip_`ê?R-R%$-R$N%^ PS^
_QUÌVsUDWYPg_QUONµ^rf'R-m$PgV*R$W�fcbhq]^QPgUDigUDXOqÌ[YnYNQPSWYXC_aNaMOfYfYPSWYXcìIz	bYR­ëxPSMO�YPgiSPg_`qôUOtl_abYR�^r_Qnc[YPgRv[
m,R-igiy^�m$MOW>�'R	MD^Q^QR-^a^QR-[ �xq�igUxUD�hPSWYXAM|_#V*Uj_QPSiSP�_`q6i "��;j ó�NQUO_aMj_QPSUOW>N%M|_aR-^ÓUjtYø'MjXOR-igiyMjNIV*Uj_aUON%^i "OÛ�j ó|m,iSUOWYPSWYX7MO�YPSigPg_`q�i " � j ó�m,R-igi][]RvM|_abªi þ � j ìvõËRlê�PgiSixigUxUO� M|_I_QbcR?ê	M�ëOR-igR-WYXj_ab!ó,R,e]f'UD^QnYNaR
_QPSV*RBMjWc[Kf'U|ê?R-N1[]R$Wc^QPg_`q�[]R$f'R$WÐ[]R$Wcm$R�UjtI_QbYRv^rR �YPSUOiSUOXDPSm-Mji'tïnYWcm,_QPSUOWc^-ì
z	bYRlêlM�ëDR$iSR$WYXO_Qb>[YR$f'R$Wc[]R-Wcm,R	UOtcfYbYUO_QU][YMjV­MOXORpPSW>d�ìjm,UOiSP][]UxR-^QWn4 _#^QbYU|êçMOWhqB^QPSVsPSiyMjNQ÷
Pg_`q _QU1_abYR	Mj�c^QUONaf]_QPSUOWB^Qf'R-m�_aNQncVÕUjtc^Qnc^rf'R$WÐ^rPSUOWc^ÓUjtÐd1ì|m,UOiSPxm,R$iSiy^$óv_QU7êlMj_QR-NIMO�c^rUDNQfY_QPSUOW
UONB_QU�_abYR�Mj�Ð^rUDNQf]_aPgUDWÂUjt�V*UOiSR-m,nciSMON�U�exqxXDR$W!ì�í�PgXDbh_>m,UOnciS[Â�'R�Mj�Ð^rUDNQ�'R-[Ë�xqôUDWYR­UON
V*UONaR1^rf'R-m$P�ü'm1fYbYUO_QUDfYPgXDV*R$Wh_a^-ìOz	bYR-NQR1Py^pMBNQRv^rR-V>�YiyMjWcm$R	_QbYUDnYXOb­ê�Pg_Qb�fYbYUj_aU][YMjV­MjXDR
PSW ñ bcPgWYRv^rR­bÐMjV­^`_aR$NBU|ë|MONQqç� ñ � î ��m$R$iSiS^E�»^rR-R*ücXOncNQR ÛOÛ ��ìhi "DÛ�j �cNQUDV3_QbcREm,UOiSiSR-m�_aPgUDW
Ujt#[YMj_aM*^rbcU|ê�WKPSW6_QbYR _%Mj�YiSR UOWCWYR,ex_�fcMOXOROóx_abYR�V*UD^r_�[YMjV­MOXOPSWYXµê	M�ëOR-igR-WYXj_abc^	^rR-R$V
_QUµ�ÐRB� � � _QU

760 nm
MOWc[EMONQUDnYWc[

900 nm
ìxz	bYPy^	m,UONaNaR-^QfÐUDWc[Y^�_aU>ê	M�ëOR$iSR$WcXj_QbÐ^#_`ê�Pym,R

_QbcUD^QR>Ujt#_abYRBøÐnYUONaR-^am,R-Wcm,RBR$eYm,Pg_aM|_aPgUDW�V­M|e]PgV­M­UOt#tïNQR-Rµð7u�Ts�ïo?�r�ÙMOWc[CøÐM�ëxPSWc^�i " � j ì# �D�B_aU
850 nm

^rR-R$V­^l_QU*�'RBM�5DncP�_aR�XOUxU][�ê	M�ëOR-igR-WYXj_abENaMOWYXOR7_QU­nÐ^rRDóYM|_�igRvMO^r_�igUxUO�h÷
PSWYXËMj_*_QbYR6NQR-fÐUDNr_aR-[ fcMjN%MjV*R,_aR$N%^$ì

1064 nm
êlMD^sXOUxU][çU|ëOR-NaMOigi?R,eYm,R-f]_stïUON­m,iSUOWYPSWYX

RJvEm$PgR-Wcm,q­M|_ligUDWYXOR-NpR$exf'UD^QnYNaR�_QPSV*R-^-ì�� þ � _aU
990 nm

êlMD^#_abYR7UDf]_QPSV>ncVÙê	M�ëOR-igR-WYXj_ab
PSWD_aR$Naë|MjiÐ_QUsê?UDNQ�sPgWKê�bYR$WKigUxUD�hPSWYXsM|_�m,iSUOWYPSWYX>R%vEm,PSR$Wcm$qOìh}°_	MOiS^QU>XhM�ëOR1iSP�_Q_QiSR�[YMjV­MjXDR
_QU*d1ì ñ UOiSP!m,R-igiy^$ó]�cn]_1ê?RB[YUOWn4 _�bcM�ëOR�MO^	Vµncm%bC[YM|_%MsMD^ltïUON

1064 nm
ì

�IPgXDnYNaR ÛDÛ�l z	bYR6êlM�ëDR$iSR$WYXO_Qb []R-fÐR-Wc[]R-Wcm,RCUjtAfYbYUO_QU][YMjV­MOXOR�PSW8d1ìwm,UDigP	fYiSUj_Q_QR-[8MO^
LD50

[YMj_aM�tïUDNlMµiyMO^QR$Npf'U|êlR$NlUjt � �O��V7õ ��[YMD^rbcR-[EiSPSWYROóxUOf'R$W6m,PSNam$igRv^a�pm,UDVsfÐMjNaR-[s_QU
ñ � î m,R-igiy^­��^QUOiSPS[ôiSPgWYRDó�^QUOiSPS[ôm,PSNam$igRv^a�,ì!z	bYR­[YM|_%MKUDW ñ � î m$R$iSiS^�4!m,iSUOWYPSWYXCRJvEm$PgR-Wcm,qi " � j ê	MO^	[]R$_QR-NQV*PSWYR-[CM|tÇ_aR$N þ V*PgWCUOtÓ_aNaMOfYfYPSWYX­M|_ #&# V�õÕìAi "DÛ�j

þ �



õÂM�ëOR$iSR$WcXj_QbË�ïWYVE� ñ igUDWYPSWYX RJv*÷
m,PSR$Wcm$q ��R,e]fÐUO÷
^rncNQR UOt _abYR
Wxncm,iSR$nc^%�´i " � j

p7PSMO�YPSigPg_`q MOWc[
V*UO_QPSigPg_`q Ujt
^Qf'R$NaV m$R$iSiS^
�»Mjn]_aUjøcncUj÷
NaR-^am,R-Wcm,R��i "��Jj

ñ UOiSUOWxqÕtïUDNQVs÷
PgWcXÙ�»^rPh$$RÏMjWc[
WxnYV>�'R$N UOt
m,R-igiy^a�]i " � j

{1Uj_aMj_QPSUOWçN%M|_aR
��d#÷~m,UOiSPÇ�]i "DÛ�j

" �|�|÷ "&# � ð1U�[YMOV*MOXOR	M|_
iSMD^rR-N f'U|ê?R-Na^
bYPSXOb R$WYUDnYXOb
_QUC_aNaMOfË�'R-MD[Y^
�»�jVsPSW R,e]f'Uj÷
^rncNQR��

�j�O� fÐUxUDNÙØ � �¨»
R,e]f'UD^QnYNQR
_QPSV*R-^

≥ 5min� � �|÷r� " � V*PgWYPSV>ncV �|÷
�j�¨» �cPgX m%bcMjWYXDR

ê�Pg_QbcPgW � V*PgW!ó
NaR-[Yncm,Rv[
V*UO_QPSigPg_`qOó
fÐMjN%MjiSqx^QPy^$ó
ëxPyMj�YPSiSP�_`qEiSUD^a^

# �O�|÷ #Dþ � XOUxU][ þ �j÷Ú�D��»
R,e]f'UD^QnYNQR
_QPSV*R-^

≤ 3min

ð�Usm%bÐMjWYXDR7M|tÇ÷
_aR$N � �jV*PSWôR$eh÷
f'UD^QnYNaROóxWYU*ëxP�÷
MO�YPSigPg_`qEiSUD^a^

í�R-MD^`_�[YMjV­MOXOR

# �|� L�UD^r_�[cMjV­MjXDR�D�O� fÐUxUDN Ø � �¨»
R,e]f'UD^QnYNQR
_QPSV*R-^

≥ 5min� Û � L�UD^r_�[cMjV­MjXDR� þ �|÷Û�&�D� UOf]_aPgVµnYV " �|÷� �D��» í�R-MD^`_�[YMjV­MOXOR
� � "&� fÐUxUDN Ø � �¨»

R,e]f'UD^QnYNQR
_QPSV*R-^

≥ 5min

ð�U ëxPyMj�YPSiSP�_`q
iSUD^a^

ð1U�[YMOV*MOXOR	M|_
iSMD^rR-N f'U|ê?R-Na^
bYPSXOb R$WYUDnYXOb
_QUC_aNaMOfË�'R-MD[Y^
�»�jVsPSW R,e]f'Uj÷
^rncNQR��

zÓê�Pym,R _QbcR
^QR$WÐ^rPg_QPSëxP�_`q Ujt#DÛ � MjWc[Ü�x�|�
�cn]_sWcUôV­M|ù`UDN
[cMjV­MjXDR

z	bYRµ_aMO�YigR*Mj�'U|ëORs^rbcU|ê1^1_abYRµê	M�ëOR-igR-WYXj_ab�[]R$f'R$WÐ[]R$Wcm$R*Ujt?MEtïR$ê m$R$iSignciSMON�tïnYWÐm�_QPSUOWÐ^$ì
ð1U­[YMj_aMsê	MO^�M�ë|MjPSiSMO�YiSR�tïUDN	_QbYR�R-VsfY_`q�R$Wh_aNQPSR-^-ì

þ&#



T7nYNaMj_QPSUOWCUjt#R$exf'UD^QnYNaR�Mjiy^rU­fYiyM�q]^�MjW�PSV*fÐUDNr_%MjWh_1NQUDigR�PSW6_QbYR>R,ex_QR-WD_7Ujt�_QbYRµ[YMjV­MjXDR
PSW]øcPym�_QRv[Ï_QU M m,R-igi¹ì?�cUON � � "&� WYV iSMD^rR-Na^-ó#_QbcNQR-RÌV*PgWxn]_aR-^�UjtBR,e]f'UD^QnYNaR�M|_6MçiSMD^rR-N
f'U|ê?R-N?UOt � � " V�õ PgW�_QbYRA_QN%MjfEtïUxm$nc^	NaR-[]ncm$R-[*_abYR�m,iSUOWYPSWYXsRJvEm,PSR$WÐm,q*_QU Û �¨»�ì]õ�P�_ab
MjWËR,e]f'UD^QnYNaRµ_aPgV*R­UOt?UOWcRsV*PSWxn]_QREM��O�

%
m,iSUOWcPgWYX6RJvEm$PgR-Wcm,qôêlMD^7NaR$f'UONQ_QRv[¼ì � U6tïUON

^QbYUONQ_µR$exf'UD^QnYNaR­_QPSV*R-^>_QUËM � � "t� WcV iyMO^QR$N>_QbYR6ëxPSMO�YPSigPg_`qÂUjt ñ � î m$R$iSiS^µPy^>bcMONa[Yigq
Mjig_QR-NQRv[¼ìhi " � j u�WYRvMjNaigq�iSPSWYR-MONs[]Rvm,iSPgWcR6PSWç_abYR�M�ëOR-NaMOXOR­Ujt7_QbYR6WYUDNQV­MjiSPh$$R-[ NQUO_aMj_QPSUOW
N%M|_QRÌê�P�_ab�_QPSV*RÌê	MO^­tïUDnYWc[ÏtïUDNKMOigiAPgWxëDR-^r_QPSXDM|_aR-[8ê	M�ëOR$iSR$WcXj_QbÐ^EMjWc[ÏiyMO^QR$NKfÐU|êlR$N%^-ì
z	bYPy^>êlUOnciS[�^QnYXOXDR-^r_B_QbÐM|_µfcbYUj_aUx[cMjV­MjXDREPS^µM�XDNaMD[]ncMjipfYNQU]m$R-^a^Bê�Pg_QbçWYUËMjfYfÐMjNaR$Wh_
_QbcNQRv^rbYUDiS[�i "DÛoj ì'}°_ êlUOnYiy[ÌMOiS^QU��'RµPSWh_QR-NQRv^`_aPgWYXK_QU�ücWc[ôUOn]_ Pgtp_QbcR$NaR>Py^AM6m,ncV>nYiyM|_aPgëDR
R,ý@R-m,_-ìcT7UE^QbYUONQ_l�cn]_�NaR$f'R-M|_aR-[KR,e]f'UD^QnYNQRv^lPgWc[Yncm,RBMOWhq�fYbYUj_aU][YMjV­MjXDR��
�1U|êÏVµncm%bE[YMjV­MOXOR�MBm$R$NQ_aMOPgW­iyMO^QR$Nwf'U|êlR$NpPSWc[]nÐm,R-^?Mjiy^rUµ[]R$f'R$Wc[c^pUDW*_QbYRA^rPh$$R1UOt¼_QbYR
tïU]m$MOi�^rf'Uj_�i " � j óÐê�bYPym%b�VsRvMjWc^�_QbcMj_�ê�bcM|_1Py^�MDm�_ancMjiSigq6m,Nancm,PyMji¼Py^�_abYRBf'U|ê?R-N1[]R$WÐ^rPg_`qOì
z	bYRsbYPSXObYR-N7_abYRsfÐU|êlR$N []R$WÐ^rPg_`qOó'_QbcRµbYPSXObcR$NA_QbYRsfYbYUO_QU][YMOV*MOXORDì � UDV*Rs[YMj_aM�PS^ Mjiy^QU
NaR$f'UONQ_QR-[ MO^*R-WYR$NaXOqç[]R-Wc^QP�_aPgRv^*ê�bYPSm%b8Py^­[]R,ücWcR-[ÏMO^sf'U|ê?R-N*[YR$Wc^QP�_`q V>nYig_QPSfYiSPgRv[ �xq
R,e]f'UD^QnYNaR7_aPgV*RBMOWc[�nÐ^rncMOigiSqEXDPgëDR$W6PgW�Z!s|m,V

2
i " � j ì

�YUDNwd1ìhm,UOiSPYXDNQU|ê�W*MjWcMOR$NaUO�YPym$MOigiSq _QbcR$NaR�êlMD^wMA_QbYNaR$R$÷!_QUB^QPgehtïUDiS[sPSWcm,NaR-MD^rR	PSW*_QbYR1_QPSVsR
�
LD50

� M|_�ê�bYPym%bÌ_abYR­NQUO_aMj_QPSUOWÌN%M|_aR*Ujtp_abYR­�cMDm�_QR-NQPSnYV+[YR-m,NaR-MD^rRv[�ê�Pg_Qb þ �
%
ì@z	bcPS^

^QnYXOXDR-^r_a^�M�m,NaP�_aPSm-Mji]NaUOiSRltïUON#U�e]qxXOR$WµPgWs_abYR�[YMOV*MOXORlfcM|_abxêlM�qDì|}°_wPS^QWn4 _pm,iSR-MjN#Pgt@U�exqxXDR$W
Py^�[]PgNaR-m,_QiSq�NaR-^QfÐUDWc^QPg�YiSR7tïUON	_QbcRB[YMjV­MjXDR UON	P�t#Pg_�_QNaPgXDXOR-Na^l^rUDV*RAUO_QbYR-N�fYNaUxm$R-^a^$ì7i "OÛoj
}~W�ð1R-nYV­MjW6R,_�Mji¹ì7i "OÛ�j _abYRB^QR$Wc^QP�_aPgëxPg_`qEPy^�[]R,ücWcR-[CMO^l_abYR NQRvm,PSfYNQU]m-Mji@UjtI_QbYR iSP�tïR$_QPSV*ROì
�YUDN­êlM�ëDR$iSR$WYXO_Qbc^µUjt # �j�ÌMjWÐ[ � � "t� WYV�_abYR$qçtïUOnYWc[ _abcM|_*_QbcR�^rR-Wc^rPg_QPSëxP�_`q UjtAm$R$iSiS^
ê	MO^	iSPgWYRvMjNaigq�NQR-iSMj_QR-[�_QU*_abYR�PSWD_aR$Wc^QPg_`qOóYbYR-Wcm,RA_aU­iSMD^rR-N�fÐU|êlR$Nvì]z	bYPS^�^rnYXDXORv^`_%^l_QbcMj_�M
^QPgWYXDigR$÷¹fcbYUj_aUOW>fcNQU]m,Rv^Q^�iSR-MD[Y^I_QU fYbcUj_QU][YMOV­MjXORlPSWµ_abYR�PSW]tïNaMONQRv[BNaR$XDPgUDW!ì î W>_abYR�Uj_abYR$N
bcMOWc[B_`êlUj÷°fYbYUO_QUDW>fYNaU]m,R-^a^QR-^IbcM�ëORl�'R$R$W*NaR$f'UONQ_QRv[BPSWµ_abYR�ëxPS^QPS�YigR	iSPgXDbh_�N%MjWcXOR]i þ � j i "��Jj ì
u1iy^QUK_abYRs_`qxfÐR­UOt?iyMO^QR$N nc^QR-[ôfYiSM�q]^�MK�YPSX6NaUOiSR*PgWô_QbcR­R,ex_QR-WD_�UOtp_QbcR­fYbYUj_aU][YMjV­MjXDR
PSWc[]ncm$R-[��xqC_abYR>_aNaMOfYfYPSWYXcì@{�Rv^rnYig_a^7tïNaUOV3m$UOWh_QPSWxnYUOnc^7ê	M�ëOR��»m,ê��1_QN%MjfYfYPSWYX6M|_ � � "&�
WYV+^QR$R-V _QU�^QnYfYf'UONQ_ _QbYR­m,UDWcm,iSnc^QPgUDW�_abcM|_�PSW]tïNaMONQRv[�iyMO^QR$NA_`êlR$R%$-R$N%^ []UKWcUj_�PgWÐ[]ncm,R
^QPgXDWYP�ü'm$MjWh_1fYbxq]^QPgUDigUDXOPym$Mji¼m%bcMOWYXORv^�PSWC_QN%MjfYf'R-[Cm,R-igiy^�i þ � j ��^QR$RBMOiS^QU*_QbcR�_aMO�YigR>UOW6_QbYR
fYNaR$ëxPSUOnc^�fcMOXOR���ìjownciS^QR-[siyMO^QR$N%^�fYNQU][]nÐm,R�MA_QN%MjWc^QPSR$Wh_#_QR-Vsf'R$N%M|_anYNaRlPSWcm$NQRvMO^QR?_abcM|_wê	MO^
tïUOncWc[Ë_QUCt�MDm,PSigPg_aMj_QRETAð�u:[]R-WcM|_anYN%M|_QPSUOWÂfYNaU]m,Rv^Q^QR-^-ì¼z	bYR$qËV*PgXDbD_>MOiS^QUCPgWÐ[]ncm,R*_`êlUj÷
fYbYUO_QUDWË[YMOV­MjXORsfYNaU]m,R-^a^QR-^-ìri þ � j L�nYig_QPgtïNaR�5hnYR$WÐm,qÌm$ê iyMO^QR$N%^7iSPS�OR*z	P l � MjfcfYbYPSNQR*iyMO^QR$N%^
m$MOWEXOPSëOR�NQPy^rR�_QUµnYWc^r_aMj�cigR7igPSXObh_?fcnYiS^QR-^-ìxz	bYR$PSN?PSWh_QR-Wc^rPg_`q*êlMD^#_abYR�bYPSXObcR-^r_lM|_�M�ê	M�ëOR$÷
iSR$WYXO_QbsUjt¼� " �OWYVCìri "��8j z	bYPy^�V*PgXDbh_�R$e]fYiSMOPgWµ_QbcRlbcPgXDbs[]R-XONaR$RlUjt'fYbYUj_aU][YMjV­MjXDR?Mj_I_abcM|_
fcMONr_aPSm$nYiSMON êlM�ëDR$iSR$WYXO_Qb�NaR$f'UONQ_QRv[Ì�xq��'Uj_abË�7\OWYPSX6R,_>Mji¹ìMi "��;j MOWc[ôí�PSMOWYXCR,_BMji¹ìMi " � j
^QPgWcm$R*�ÐUO_QbËXONaUOnYfc^Anc^QR-[Ì_QbcPS^ _`qxf'R*Ujt?iyMO^QR$Nvì¼u1iy^rU�ð�R$nYV­MjWËR,_>MOi»ìBi "OÛ�j []PS[Ë^QUcó¼�Yn]_
M|_�bYPSXObcR$N êlM�ëDR$iSR$WYXO_Qbc^-ì'}~WD_aR$NaR-^r_QPSWYX6_QU6WYUj_aPSm$R*PS^A_abcM|_ � ì þ V�õJPgNaN%MO[]PyM|_aPgUDWÌM|_ Û&"hþ
WYV3�»òqp�u7��ócê�P�_abKM þ �Bõ bYPgXDb�fYNaR-^a^QnYNQR�VsR-Nam$nYNaqsiyMjV*fKUjtÇ_QR-WKnÐ^rRv[EPSWEøcnYUDNQRv^Qm$R$Wcm$R
V*PSm$NQUh^Qm$UOfxqOó¼ê	MO^BR$WYUDnYXObË_QU�m-Mjnc^QR­_abYREfcMONaMOigq]^QPS^�MOWc[Â^rnY�Ð^rR�5DncR$Wh_QiSq�_abYRK[]RvM|_abËUOt
_QbcR�R,e]fÐUh^rRv[K^Qf'R$NaV�m,R-igiy^�i "��;j ì
u1iSih_QbYRv^rRlfYNaU]m,R-^a^QR-^IMjNaR�5hnYPg_QR	[]P�ý@R$NaR$Wh_ItïNQUDVG_QbYR	ëORv^rPym,iSR?[YR,tïUONaV­M|_aPgUDWc^!êlR?UD�c^QR$NaëOR-[!ì
}°_wêlUOnYiy[>�'R�PSWD_aR$NaR-^r_QPSWYXA_QU ücWÐ[µUDn]_#P�t¼MjW*R-ëOR$Wh_ancMji]^r_QNaR-^a^�UOWµ_QbYR�fYiyMO^QV­MAVsR-V>�YN%MjWcR
m,UDnYiy[­bcM�ëOR1MOWxqsMD[Y[]Pg_QPSUOWcMOiÐR$ý'Rvm�_?UDWEm,R-igi'ëxPSMO�YPgiSPg_`qOìh}~W�m,UDWcm,iSnc^QPgUDW!óOUDf]_QPym$MOiY_QN%MjfcfYPgWcX
ê�Pg_Qb�MBm$UOWh_QPSWxnYUOnÐ^wê	M�ëOR

1064 nm
iyMO^QR$N?PgWÐ[]ncm,Rv^wiSP�_Q_QiSR�fYbcUj_QU][YMOV­MjXOR1MD^wiSUOWYXµMO^#_abYR
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û òqpw^7ê�bYPym%b�êlUOnYiy[�^rncXOXORv^`_AM­fYbcMD^rR>^QR$fÐMjN%M|_QPSUOW�ìÐz	bYPy^1bcMD^1�'R$R-Wô^QbYU|ê�W��xqKV­MjWxq
XONaUOncfc^mi � � j i "Dþ�j i¢� #�j i � � j ì@õôR*bcM�ëDRsMOiS^QUK^QbYU|ê�WôMOWôPSWcm$NQRvMO^QR>Ujtp_QbYR*R$iyMO^r_QPym,Pg_`q�Ujt?_QbYR
iSPgfYPy[�V*R-V>�YN%MjWYRBtïUON7_QbYR*m,UDNQNaR-^QfÐUDWc[]PSWYX*_QR-V*fÐR-NaMj_QnYNaR>PSWh_QR$Naë|Mji¹ì'u�NQR>_QbYRv^rR>_`ê?UKUO�]÷
^QR$Naë�Mj_QPSUOWc^liSPgWc�OR-[,�Bz	bYR �'R$Wc[]PSWYX­UOtIMs�YPSiSM�qDR$N	PgWxëDUOiSëOR-^l�'Uj_ab6M*^r_QNaR,_am%bcPgWYX*UOtÓUOWcRAUOt
Pg_a^?igRvM|øcR$_a^pMOWc[s_QbcR7m,UDV*fYNQRv^Q^QPSUOW*Ujt@_QbcR�Uj_abYR$N´i¢� j ì � U�_abYR�iSPgfcPS[Y^?PSW­_QbYR7UOn]_aR$N?igRvM|øcR$_
WYR-R-[>_QUAUxm-m,nYfxqBMAiyMjNaXOR$N�MjNaR-M1_QbcMOW>ê�bYR-W>_abYR	V*R$V>�cNaMOWYR?Py^#M|_�NaR-^r_#MOWc[�_abYR	igPSfYPy[Y^�PSW
_QbcRBPgWcWYR$N1iSR-MjøcR,_1WcR$R-[K_aU­Uxm-m,nYfxq6M­^rV­MjiSiSR$N1MjNaR-McìYò1f'UOWCV*R$ig_QPSWYXEiSPgfcPS[6V*R$Vµ�YNaMOWYR-^
^QbYU|ê MjW*MjNaR-M�PgWÐm,NaR-MO^QRpUOt@�O�1_aU�� þ »bi �DÛ�j i�� �oj ìjz	bYPy^�PS^#[]ncR?_aUA_QbYR	PSWcm,NaR-MD^rR?Ujtc_abYR�UONaPg÷
R$Wh_%M|_QPSUOWÐMjiÐ[YPS^QUON%[]R$NpPgW�_QbYR7bhq][]NaU]m$MONQ�'UOW­m%bcMOPgWc^pUjt¼_abYR�iSPgfcPS[�VsUDigRvm,nYiSR-^-ìO}°t�_QbYR7igPSfYPy[
V*R$Vµ�YNaMOWYRCm$MjW NQRvMjNaNaMOWYXORK^rUô_QbcMj_­igU]m$MOigiSqOó�ê�bYR-W �'R$WÐ[]PgWcXcó�_QbcR6UDn]_QR-N*VsUDWYUOiyM�qOR-N
m,UDWh_aMjPSWc^	V*UONaR igPSfYPy[Y^�PSW6_QbYR øcncPS[6fYbcMD^rR�MOWc[K_QbYR�PSWYWYR-N�VsUDWYUOiyM�qOR-N	PS^�m$UOV*fÐUh^rRv[�UOt
V*UONaR7iSPSfYPS[c^?PSWK_QbYRAXOR-i'fcbcMO^QROóh_QbcR$W6P�_1^QbYUOnYiy[E�'R R-MD^rqs_QU*[]R$tïUONaV6ì]íÓM|_QR-NaMOi'[YP�ý@nc^QPgUDW
PSWK�YPSiyM�qOR$N%^?PS^�MOigNaR-MD[]q65DncP�_aRu5hnYPym%�@ó]PgWK_QbcRAN%MjWcXORAUjt�WcMOWYUD^QR-m$UOWc[c^$óxR-^Qf'R-m,PyMjiSiSq­PgWK_QbYR
øcnYPy[6fYbcMD^rR�i �&j ìYu�[c[]P�_aPgUDWcMjiSiSqOóYM|_	_abYR fYbcMO^QRA_QN%MjWc^QPg_QPSUOW!óh_QbcR�igPSfYPy[�V*UOiSR-m$nYiSR-^�m$MOW�XDU
tïNaUOV _QbcR7UDNa[]R-NQRv[*_QUµ_QbcR [YPS^QUON%[]R$NaR-[­m$UOW]üÐXOnYN%M|_aPgUDW�MjWc[�ëxPSm$R7ëDR$N%^QM�ê�Pg_QbcUOn]_	bcM�ëxPgWcX
_QUËU|ëOR-Nam$UOV*REMjWxqÂR$WcR$NaXOqÂ�cMjNaNaPgR-N-ìIz	bYPS^sm,UDnYiy[çR,e]fYiyMjPSW�_abYRKPSWcm$NQRvMO^QR�PSW R$iyMO^r_QPym,Pg_`qOì
}~Wô_QbYR­fYbÐMO^QRµ_aNaMOWc^QP�_aPgUDWÌPg_>m,UD^r_a^ iSR-^a^7_QUC�'R$Wc[ô_QbcR­VsR-V>�YN%MjWcR>_abcMjWÂUOnY_a^QPS[]RDì¼}°_�PS^
WYUO_ UDWYiSq�_QbYR*V*R$ig_QPSWYX6_QN%MjWÐ^rPg_QPSUOWô_QbcMj_�bcMO^�MOWÌR,ý@R-m,_BUOWËV*R$V>�cNaMOWYRµ�'R$WÐ[]PgWcX6R-iSMD^`÷
_QPym,Pg_`qOìÓz	bYR­PgWxëDR$N%^rRsPS^>Mjiy^rUK_QNanYROì � PgWÐm,RE^QbYP�tÇ_aPgWcXC_QbYR­UDn]_QR-N�VsUDWYUOiyM�qOR-N�4 ^�_QN%MjWc^QP�_aPgUDW
_QU�iSU|êlR$NA_QR-Vsf'R$N%M|_anYNaR-^ MjWc[ô_abYR­PgWcWYR$N�V*UOWcUOiyM�qOR$N�4 ^1_aNaMOWc^rPg_QPSUOWô_QU�bcPgXDbYR$NA_QR-V*fÐR-Nr÷
M|_anYNaR-^-óc�'R$Wc[]PSWYX6Ujt#_abYR>V*R$Vµ�YN%MjWYRµê�PgiSiIMOi�_aR$N7VsRvMO^QnYNaR-[�bYRvM|_ m$MjfÐMOm,Pg_`q6fYNQUOüciSR-^1�xq
�YNaUDMD[]R$WYPSWYXµ_QbYR-VÀi �DÛ�j ì
k	MjnYV*XhMjNQ_�R,_�Mji¹ì´i "t�tj i "Dþoj bcM�ëDRô^r_Qnc[YPgRv[�_QbcRËm$UhR$e]PS^r_QR-Wcm,RôUjtBiSPh5hnYPy[x÷°UON%[]R$NaR-[Õ�
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^QbcMjf'R-^wMOWc[*[]UOV­MOPgW*V*UONafYbYUDigUDXOPSR-^�[]Py^`_aPgWcm,_QiSqs[YP�ý@R$NaR$Wh_wtïNaUOV ëOR-^QPym,iSR-^�ê�Pg_Qb­XOR-iÞs�øcnYPy[
fYbcMD^rRKm,UxR,e]Py^`_aR$Wcm$ROìÓ�IiSnYPy[ç[]UOV­MOPgWc^B_QR-Wc[Ë_QUôVsPSWYPSV*Pr$-RE_QbcR$PSN>�'UOnYWc[cMjNaqôf'R$NaPgV*R$_QR$N
[]nYRl_aUAiSPSWYRl_QR$WÐ^rPSUOW!ìju��ÐU|ëDR�^rUDVsRliSPgV*Pg_QPSWYX��ÐUDnYWc[YMONQq�iSR$WcXj_Qb*MA^rfYbcR$NaPSm-Mjix�Ync[µtïUONaV­^$ó
ê�bYPym%bËm-MjWÂiSR-MO[Ì_QU6üÐ^a^QPgUDW!ì¼}~WVi "hþ�j _QbYREm$UONaNQR-iSMj_QPSUOWô�ÐR$_`ê?R-R$WÂ[]UOV­MjPSWÂm,UOV*f'UD^QP�_aPgUDW
MjWÐ[*igU]m$MOiYV*R$Vµ�YNaMOWYR1m,ncNQë|M|_anYNaR�PS^?^rbYU|ê�W*�xqµ_`ê?UO÷¹fYbcUj_QUDWsøcnYUONaR-^am,R-Wcm,R	V*Pym,NaUD^am,UOfxqDìp#R-^QPym,iSR-^#ê�Pg_Qb*XOR-icMjWÐ[BøcncPS[­[]UDV­MjPSWc^#[]UOWA4 _p^QbYU|êç_abYR-^QR��YPSXB[]Pgý'R-NQR-Wcm,Rv^�PgW­m,ncNQë|M|_anYNaR
�'R,_`êlR$R$WC_abYRB_`êlU­fYbcMD^rRv^$ì'z	bYR$PSN�[]UDV­MjPSWc^1bcM�ëDR�PgNaNaR$XOnciSMON1^rbcMOfÐRv^1XDPgëxPSWYX­NQPy^QR�_QU�MOW
R$iSUOWcXDM|_aR-[ô�ÐUDnYWc[YMONQqDìri "t��j ñ nYNaë�Mj_QnYNaR­m$MOWËfciSM�qËMC�YPgX�NaUOiSR*PgWÂ�YPSUOiSUOXDPSm-Mji�tïnYWÐm�_QPSUOWÐ^$ó
R-^Qf'R-m,PyMjiSiSq6m$nYNQë|Mj_QnYNaRBm%bcMjWcXOR-^1igPS�OR tïUDN�R,eYMOVsfcigRBPSW�m,R-igiSnYiyMjN�_QN%MovEm%�xPgWYX*R-ëOR$Wh_%^�^Qncm%b
MO^1fYPgWÐm%bYPgWcXEUjýÌUOt#R$Wc[]U]m$qD_aPSmBëOR-^QPym,iSR-^-óxtïnc^rPSUOW�óc�Ync[c[]PgWcXEUON�_anY�YnYiyM|_aPgUDW¡i "3"�j ìc�1PSXObYiSq
m,ncNQëDR-[�V*R$Vµ�YN%MjWYRv^IMONQRptïUOnYWÐ[>PSWBtïnYWÐm�_QPSUOWÐMjiSigqB[]Py^r_QPSWcm�_#NaR$XOPSUOWÐ^�UOtY_QbYR	fYiyMO^QV­M1V*R$Vs÷
�YN%MjWYRµ^rncm%b�MD^1V*Pym,NaU|ëhPSiSigP¹óÐ^QR-m$NQR$_QUONaq�ëDR-^QPSm$igRv^$óÐfcMjNQ_a^1Ujt#_QbcR>R$WÐ[]UOfYiyMO^QV*PSmBNQR$_QPym,nYiSnYV
MjWÐ[ç_abYR�ûAUOiSXOP1MjfcfcMjN%M|_anc^²i "t�tj ìpT7UOV­MOPgWc^*m$UOnYiy[ MOiS^QUËbcM�ëORCMôtïnYWcm�_aPgUDW8MD^­^rPSXOWÐMjig÷
PSWYXCfYiSMj_rtïUDNQV­^-ó@m$UOWh_aMOPgWcPgWYX6fYNaUj_aR$PSWc^ UON fYNaU][]ncm,PSWYX6igPSfYPy[Y^BMOWc[ô[YP�ý@R$NaR$Wh_�V*R-^a^rR-WYXOR-N
V*UOiSR-m$nYigRv^$ì]opbcMO^QR�fÐR-Nam$UOiyM|_aPgUDW�Py^	_QbYR-W�M*bYPgXDbYiSqENQR-igR-ë|MjWh_�PS[]RvMs_QU­[]Py^Qm$nc^a^$ìY}°t�êlR MD^`÷
^QnYV*R­_QbcMj_sMCV*R$Vµ�YN%MjWYR­Py^BV­MO[YREUjt	_`êlUÌm,UxR,e]Py^`_aPgWcX�fYbcMO^QR-^�tïNQUDV�ê�bYPym%b�UOWcREbcMO^
Pg_a^A[]UOV­MjPSWc^�PgWh_QR-Nam$UOWYWcR-m�_aR-[¼ì@L�UDigRvm,nYiSR-^�bcM�ëxPgWYX�bYPgXDbYR$NAMov­WYPg_`q6_QUE_abcM|_AfcMjNQ_QPym,nciSMON
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fYbcMD^rRAm,UDnYiS[­_QbYR-WK[]Pgý'nÐ^rR MjNaUOnYWÐ[stïNQR-R$iSqµ_abYNaUOnYXDb*_QbYRAê�bYUOiSR�V*R-V>�YN%MjWYRDìhz	bcR�Uj_abYR$N
fYbcMD^rR7PS^p_QbcR$WK[YPS^QfÐR-Na^QR-[EPgW6[]R$iSPgV*Pg_QRv[�[]UDV*MOPgWÐ^$ìxu m%bÐMjWYXDR1PgW�_QR-Vsf'R$N%M|_anYNaR�UONlm,UDVµ÷
f'UD^QP�_aPgUDW�m$MOWE_QNaPSXOXOR-N?Mµ^rbYPgtÇ_�PgW�ê�bYPSm%bKUjt!_abYRAfYbcMO^QR-^p_QbÐM|_	PS^?fÐR-Nam$UOiyM|_aPgWYXÐì î tIm,UOncNa^QR
�'Uj_Qb fYbcMO^QR-^µm$MOW��ÐRKfÐR-Nam$UOiyM|_QPSWYX�_aU�ë|MjNaPgUDnc^BR$ex_QR$Wh_µMj_>_abYRK^aMjV*R­_aPgV*ROìhi "&"�j í!PSfYPy[
[]UDV*MOPgWÐ^>MjNaREWYUO_s^r_aMj_QPymjìÓz	bcR$q�m$MOW�R,e]fcMjWÐ[çMjWc[çVsPSXON%M|_aREMjNaUOnYWÐ[Ë_QbYRKVsR-V>�YN%MjWcR
^QnYNrt�MDm,RDìhz	bYR-PgNlV*Uj_aPgiSP�_`qs_abYUOnYXDb�Py^?[YR$f'R$Wc[]R-Wh_lUOt!_QR-Vsf'R$N%M|_anYNaROìxz	bYR7V*UDNQR�_abYR7_QR$Vs÷
f'R$N%M|_QncNQRAPS^	NaR-[Yncm,Rv[E_abYR igRv^Q^l_abYR$qEV*U|ëDROì�i � � j }~W6Uj_QbcR$N�êlUON%[Y^w_abYR�iSPgfYPy[KVsR-V>�YN%MjWcR
Py^�PSWÌm,UDWc^r_aMjWh_�NaR-MONQN%MjWcXOR$V*R-WD_vìY}~W�UDNa[]R-N�_QU6m,UDWD_aNQUDi��YPSUOiSUOXDPSm-Mji!fcNQU]m,Rv^Q^QR-^�igPSWY�DR-[6_QU
�'Uj_Qb�m$nYNQë|Mj_QnYNaR­MjWc[Â[]UDV*MOPgWËNaR$fcMONr_aP�_aPgUDW!ó@_QbYREm$R$iSiwbcMD^ _QUCbcM�ëDRsV*Rvm%bcMjWYPy^QV*^�m$UOW]÷
_QNaUOiSiSPgWYXK_QbcRsiSPSfYPS[Âm$UOV*fÐUh^rPg_QPSUOWôUjtlP�_%^ V*MOWxq�V*R$V>�cNaMOWYR-^-ì � UONQ_QPSWYXCVsRvm%bcMjWcPS^QV­^7�xq
ëORv^rPym,iSRsUONA_QnY�cnYigR­�cnc[Y[]PSWYX�MjWÐ[�R$W:$$qxV*R*MDm�_aPgëxPg_`qÌMjNaRsMj_�igRvMO^r_A_`êlU6Ujtp_abYR­ê	M�qx^7PSW
ê�bYPym%b*_QbYRAm,R-igi'[]UxR-^#_abYPy^qi "&"�j ìOowbÐMO^QR�^rR-fcMjN%M|_aPgUDW­^rR-R$V­^�_QU>fYiSM�q*MB^QPgXDWYPgüÐm$MOWD_wNaUOiSR�PSW
�YPSUOiSUOXDPSm-MjiSigq*NaR$iSR$ë|MjWh_	fYNQU]m$R-^a^rRv^$ì]z	bYPy^	m,UOnciS[KPgV*fYiSq­_abcM|_	_QbcRBm,iSUD^QR$WYRv^Q^?UjtÓ_QbYR V*R$ig_r÷
PSWYXs_QR$V*f'R$N%M|_anYNQR�UOtÓ�YPSUOiSUOXDPSm-Mji@V*R$Vµ�YNaMOWYR-^l_aU*�YPgUDigUDXOPym$MOigiSq­NQR-igR-ë|MjWh_	_QR$V*f'R$N%M|_anYNQRv^$ó
^Qncm%b6MD^	�ÐU][]q�_QR-Vsf'R$N%M|_anYNaRAUDN�XONaU|ê	_Qb�_QR$V*f'R$N%M|_anYNQRDó]PS^QWn4 _#ù`nc^r_�Msm$UOPSWcm,Py[]R-Wcm,RDì
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m$MOW��ÐRµnc^QR-[¼ó'�Yn]_AUOWYiSq�_aUK[]R$_QR-NQV*PSWYR�_QbcR>�'R$Wc[]PSWYXKVsU][]ncignc^7UjtwV*R-V>�YN%MjWYRv^�PSW�_QbYR
øcnYPy[EfcbcMO^QROìxõ�Pg_Qb�V*Pym,NaUOfYPSf'R,_r_aRAMD^rfcPgN%M|_aPgUDW­P�_�Py^pf'UD^a^rPS�YiSR�_aU>V*R-MD^rncNQR7�ÐUO_QbK^QnYNQt�MOm$R
m,UDV*fYNQRv^Q^QPS�YPgiSPg_`qçMjWc[ç_QbYR��'R$Wc[YPgWYXÂV*U][]nYiSnc^*Ujt MÌ�cPgiyM�qOR-N-ì��1U|êlR$ëDR$Nµ_QbYRCfYNaUO�cMO�YiSR
m,UDnYfYiSPgWcX­PgWC_abYRBXOR-i�fYbÐMO^QR��ÐR$_`ê?R-R$WC_QbcR�_`ê?U­V*UDWYUOiyM�qOR-Na^lV­Mj�DR-^	_abYRBR-^r_QPSV­M|_aPgUDW6UOt
_QbcRE�ÐR-Wc[]PSWYXÌV*U][]nYiSnc^>VsUDNQRE[YP­vEm,nci�_vìIz	bYR�VsR$_QbYU][�Py^�_abYR$NaR,tïUDNQR­V*Uh^`_aigqËnc^QR-[ËtïUON
[]R$_QR$NaV*PgWcPgWYX�R-iSMD^`_aPSmCfcNQUDfÐR-Nr_aPgRv^*Ujt�V*R$V>�cNaMOWYR-^*PSWÏ_QbYRCøÐnYPS[ÏfcbcMO^QROìhi " � j u�iS^QU�V*P�÷
m,NaUOfcPgf'R,_Q_QR�R$iSR-m,_QNaU][]R-^�bÐM�ëOR��'R$R$WCnc^QR-[!ì � PSWcm,R>R$iSR-m�_aNQUDfÐUDNaMj_QPSUOWKPS^�PgWc[Yncm,Rv[C�hqKiSMONQXDR
R$iSR-m,_QNaPSmpücR-iS[Y^	���%pusjm,VE��ó�UDf]_QPym$MOiD_aR-m%bYWcPh5hnYRv^Óê�Pg_QbsM�ëDR$Naq bYPgXDb>NaR-^QUOiSn]_QPSUOWµMjNaRpWYR-R-[]Rv[
_QUsNaR-^QUOiSëOR�_abYR�^rnY�cVsPym,NaUOV*R$_QR$Nl[]R,tïUDNQV­Mj_QPSUOWc^?PgWÐ[]ncm,Rv[��xq­Ms^rV­MjiSiSR$N?ücR$iy[¼ì]z	bYPy^?ê	MO^
[]UDWYR?�xq�nc^QPSWYXA[YP�ý@R$NaR$Wh_QPyMjixm,UDW]tïU]m$MOihV*Pym,NaUD^am,UDfhq�i��|� j ì�}~W>_abYRpøÐnYPS[µfYbcMD^rR?R$iSR-m,_QNaPSm-MjiSigq
[]NaPgëDR$WÌ[YR,tïUONaV­M|_aPgUDWc^�êlR$NaR>WcUj_ UO�c^QR$NaëORv[�^rPSWcm$RB_QbcRsV*R-V>�YN%MjWYRµV*Uj_QPSUOWôêlMD^7[YUOV*P�÷
WcMj_QR-[E�hqµ_QbcR$NaV*MOiYøcnÐm�_QnÐM|_QPSUOWÐ^$ìhi "3#�j û òqpw^?bcM�ëOR1MOiS^QUB�'R$R$WK^rbYU|ê�W*_aU>[]R$tïUONaVÙncWc[]R$N
_QbcR?PSW]øcnYR-Wcm,RlUjt'[]PgR-igRvm�_aNQPym#tïUDNam$Rpf'Uj_QR-Wh_QPyMjiy^$ì|z	bYRptïUON%m,R-^ÓPSWc[]ncm$R-[B�xq _abYR?nÐ^rRv[�U]m�_QU][]R
[]PSR$iSR-m,_QNaUOfYbYUDNQR$_QPym7ücR$iy[Cm$MjXDRBMjNaR ê?R-igi!�xWYU|ê�WCMjWÐ[�m,UOnciS[6�'R�nc^rRv[6_QUE[]R$_QR-NQV*PSWYR _QbYR
�'R$Wc[]PSWYX­V*U][]nYiSnc^�UOt�_QbcR _QN%MjfYf'R-[�û òqpw^-ìhi¢� �;j
î f]_aPSm-Mji	_`êlR$R%$-R$N%^­m$MOW �'R�nc^QR-[ÏMO^­MËê	M�qçUjt ^`_%Mj�YPSigPh$$PSWYX�ëDR-^QPSm$igRv^µPSW�m,UDV>�YPSWcM|_aPgUDW
ê�Pg_Qb MOWçUj_abYR$NµVsR$_QbYU][¼ì��YUxUôR,_sMOi»ì�i��j� j i¢� Û�j nc^rRv[çM � � "t� WcV iyMO^QR$NsM|_µMOWçUOnY_QfYn]_
iyMO^QR$N*fÐU|êlR$NsUjt��j�D�jV�õ _QUË_QN%Mjf8T�owo ñ MOWc[ TAL�o ñ

10 µm
ncWYPgiyMjV*R-igiyMjN*ëORv^rPym,iSR-^

��ò7í&pw^%��ì	u�m$m$UON%[]PSWYX�_QUç_QbYR-V _abYPy^�XhM�ëORC_QbcR�_QN%MjfcfÐRv[�ëORv^rPym,iSR-^EM V*UONaR�R$iSUOWYXhM|_QRv[
^QbcMjf'ROì�z	bYR	ò�í3pw^�êlR$NaRw_abYR$Ws^rnY�Yù`R-m�_aR-[ _aU7[]Pgý@R$NaR$Wh_ÓøÐnYPS[BøcU|êÂëOR-igU]m,Pg_QPSR-^IM|_�[]Pgý'R-NQR-WD_
_QR-V*fÐR-NaMj_QnYNaR-^AMjWc[�_QbYR*NaR-^QnYig_QPSWYXK[]R$tïUONaV­M|_QPSUOWÐ^�êlR$NaR>V*UOWcP�_aUONaR-[¼ì@u�^AêlRs[]Py[¼ó'_QbcR$q
UO�Ð^rR-NQëDR-[CM�m$UONaNQR-iSMj_QPSUOWC�ÐR$_`ê?R-R$W�_abYR*[]R,tïUDNQV­Mj�cPgiSP�_`q6Ujt#_abYRsëOR-^QPym,iSR-^�MOWc[6_QbcRµfYbÐMO^QR
_QN%MjWÐ^rPg_QPSUOW!ì]z	bYR-q�Mjiy^QUµXDPgëDRAMOWKRv^`_aPgV­M|_aPgUDWKUOt�_abYRB[]R$ëxPyM|_aPgUDW�UjtÓ_QbYRB[YNaMOXBtïUON%m,RAtïNaUOV
_QbcRÌfYNaR-[]Pym�_aPgUDWc^KV*MD[]R�PSWú_abYRôm-MO^QR�Ujt>Mç_QN%MjfYf'R-[ÏNaPgXDPS[�^rfYbcR$NaROì?z	bcPS^KV*R,_QbcUx[úPS^
nYWYiSPS�OR$iSq­_abYUOnYXDbE_aUsXDPgëDRAMOWxqEMOm$m$nYN%M|_QR]5hncMjWh_QPg_aMj_QPSëOR [YM|_%M>UDW�_abYR R$iyMO^r_QPym,Pg_`q­UjtIigPSfYPy[
ëORv^rPym,iSR-^-ì
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tïUONwM7fcMjNQ_QPym�÷
nYiyMjN#_aR$V*f'R$N%M|_QncNQRDìOz	bYPy^#êlMD^#NaR$f'R-M|_aR-[sê�Pg_QbEMjW*PSWh_QR$Naë|MjiYUOt@_`ê?U�[]R-XONaR$R-^ItïUDN#_QR-V*fÐR-Nr÷
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MD^l_QU­XOR$_�_QbYR�fcbcMO^QRA_QN%MjWc^QP�_aPgUDWKê�Pg_QbCXDUhU][6V­MjNaXOPSWc^-ì

}~W�m,UDV*fcMjNaPgWcXµ_abYR$PSN�NaR-^QnYig_a^	tïUDN
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ê�P�_ab�[YM|_%M­UO�Y_aMjPSWYRv[K�xqC^rf'R-m,_QN%Mji�MOWcMjiSq]^rPy^l_QbcR$q
tïUOncWc[�WcUµV­M|ù`UDN�[]PS^am,NaR$fÐMjWcm$PgRv^$ìhi " � j �1U|êlR$ëOR-NlM>tïR$ê UjtÓ_QbYR-PgN�MO^a^QnYV*f]_QPSUOWc^	MOWc[K^QPSVµ÷
fYiSP�ü'm$M|_aPgUDWc^pMONQR1MBigPg_r_aigRA^rbcMO�xqOìO�cUONpR$eYMjV*fYiSROóOPg_?Py^wWcUj_pV*R$Wh_aPgUDWYR-[*bYU|ê8_abYR$qsXOUO_w_QbYR
ë|MjiSnYR>UOtw_QbcRµêlUONa�6[YUOWYRµ�hqC_abYRsUOf]_aPSm-MjiÓtïUON%m,ROì'õËRµV*PSXObh_7bcM�ëDR>nc^QR-[Ì^rUDVsRs^rPSV*PgiyMjN
ê	M�qÌUjt1NaUOncXObYiSqÌRv^`_aPgV­M|_aPgWcX�_QbcR��'R$Wc[]PSWYXôVsU][]ncignc^-óI�Yn]_>tïUDN>bYPSXObcR$N>iyMO^QR$NµfÐU|êlR$N%^-ó
M|_7ê�bYPSm%bCøÐncm�_ancM|_aPgUDWc^1UOtI_abYR>V*R-V>�YN%MjWYR�U]m-m,nYNvóY_abYPS^�V*R,_QbcUx[�ê?UDnYiS[YWn4 _7bcM�ëOR��'R$R-W
f'UD^a^rPS�YiSR7_aU­nc^QROì
T7PgV*U|ë|MBR$_	MOi»ì�i¢� �tj nc^QR-[�MOWEUOfY_QPym$MjiÐ_QN%Mjf�ê�P�_abE_`êlUµm,UDWh_QN%MjfYNaUOfcMOXDMj_QPSWYX iSMD^rR-N?�'R-MOV*^
ê�bYPym%b RvMOm%b m$UOnYiy[ç�'R�^rfYiSPg_sPSWh_QUô_`ê?UËfcMjN%MjiSiSR$ip�'R-MOV­^µê�Pg_QbÏMôV*Mje]PgVµnYV []Py^`_%MjWcm$R
�'R,_`êlR$R$W�_QbYR-V Ujt Ûhþ

µ
VCì]z	bYR ^rR$_QnYfKêlMD^wtïRv[��xq­MjW þ!�%� ì þ WYV:MjNaXOUDWEPgUDWEiyMO^QR$Nvìhz	bYR

[]Rv^rPSXOW�UOtI_abYRB_aNaMOf�MjiSigU|êlR-[CM­iSU|êlR$N1iyMO^QR$N1f'U|êlR$N1_aUE�'R>nc^QR-[¼ó " V�õ PSWc^QPS[YRB_QbcRBtïUj÷
m,nÐ^$ìhz	bYPS^pPS^�5DncP�_aR�iSU|ê8m$UOV*fcMjNaR-[>_QU>fÐU|êlR$N%^#WYR-R-[]Rv[stïUONp^r_aMOWc[YMjN%[sUOf]_aPSm-Mji]_`êlR$R�$$PSWYXcì
z	bYR-qsnÐ^rRv[EV*PSm$NQUDW]÷~^rPh$$R1iyM|_aR,e­�'R-MO[c^w_aUµfYNaUO�'R1_abYRAëhPy^am,UOnÐ^pMjWÐ[­R$iyMO^r_QPym1NaR-^QfÐUDWc^QR-^wUOt
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TAL�o ñ û òSpw^A[YR$f'R$Wc[]PSWYXKUOW�_aR$V*fÐR-NaMj_QnYNaROì'�YUDN�_aR$V*fÐR-NaMj_QnYNaR-^7Mj�'U|ëOR�_abYR>V*R-i�_aPgWYX
_QR-V*fÐR-NaMj_QnYNaR��

Tm ≈ 23.4 ◦C
�7_QbYR-q�nc^QR-[ô_QbcNQR-RsV*R$_QbYU][Y^ l ^QR-[]PSV*R$Wh_aMj_QPSUOWËê�bYR$NaR­M

�'R-MO[­Mj_r_%MOm%bYRv[>_aU _QbYR�VsR-V>�YN%MjWcR�êlMD^#NQR-igRvMO^QR-[sm,iSUD^QR	_QU _abYR1nYfYf'R$N?fÐUDigR�Ujt'_QbYR1ëDR-^QP�÷
m,iSR�MOWc[ÂXOiSPS[YR-[�[]U|ê�WË_QU|ê	MjN%[Y^A_abYR�iSU|ê?Rv^`_Bf'UOPSWh_-óIk?NaU|ê�WYPyMjWËV*Uj_QPSUOWçMOWcMjiSq]^rPy^BMOWc[
UOfY_QPym$MjiI_aNaMOfYfYPSWYX�[]qxWcMjV*Pym$^Aê�bYR$NaRs_QbYRs_aNaMOfÌê	MO^ ^rê�Pg_am%bcR-[ôUOWÂMEtïR-ê V*Pym,NaUOV*R,_aR$N%^
M�ê	M�q1tïNaUOV _QbYR?�ÐRvMO[¼ì��YUDN!_QR-V*fÐR-NaMj_QnYNaR-^Ó�ÐR-igU|êË_abYRpfYbÐMO^QR#_QN%MjWc^QPg_QPSUOW!óvm,UONaNaR-^QfÐUDWc[]PSWYX
_QU*_abYR�XOR-i¼fYbcMD^rRDóx_QbYRB[]UDnY�YiSRA_QN%MjfCm,UOWYücXOnYN%M|_aPgUDW�ê	MO^	nc^QR-[KUOW6_`êlU*�ÐRvMO[Y^-ó]UOWYR �'R,÷
PSWYXB�OR-f]_wüYe]Rv[¼ìDõ�bcR$W­_abYR�UO_QbYR-N#_QN%Mjf­ê	MO^pVsU|ëDR-[µ_QbcR�V*R$Vµ�YNaMOWYR�R$iyMO^r_QPym,Pg_`qsê?UDNQ�DR-[
MjXhMjPSWc^r_	MOW�PSWcm,NaR-MD^rRAUjtÓ_QbYR�[]Py^`_%MjWcm$RA^QR$fÐMjN%M|_QPSWYXµ_QbYRA_`êlUµ�'R-MD[Y^-ìYk?Rvm$MOnc^rR�_QbYR�iyM|_aR,e
�'R-MO[c^7MONQRBV­MDm,NaUD^am,UOfcPSm7_QbcR$q�[]Py[�R,e]f'R$NaPgR-Wcm,RB_QbYRsiSMONQXDRB^Qm-MjiSRBëxPS^am,Uh^rPg_`q

νs

ì'ul_
Tm

ó
MjfcfYNQUhMOm%bYPSWYX*tïNaUOV �ÐR-igU|ê�óÐ_QbcR>R$iyMO^r_QPym�NaR-^QfÐUDWc^QRBUjt#_abYR>V*R$Vµ�YN%MjWYRBë|MOWYPS^QbYRv^�MjWÐ[�P�_
m$MOW*�ÐR7NQR-XDMjN%[]Rv[µ^QPgV*fYiSq*MO^wM ëxPy^Qm$UOnc^�øÐnYPS[!ìDð1U>ëhPy^am,UxR$iyMO^r_QPym	�ÐR-bcM�ëxPgUDN#êlMD^w[]R$_QR-m,_QRv[
PSWÌ_abYRsøcnYPy[ôfcbcMO^QROì ñ iSUD^QR>_aUK_abYR*V*R$ig_QPSWYX6_QR$V*f'R$N%M|_anYNQRDó!MjfYfcNQUhMOm%bYPSWYX­tïNaUOV+MO�ÐU|ëDR
�
T ∼ 23.3 ◦C
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NaR-^QfÐUDWc[Y^I_QUB_QbYR�RvMjNaigPSR$N#NaR$f'UONQ_QRv[s[YR-m,NaR-MD^rRlPSW*_QbYR1R-iSMD^`_aPSmlNaR-^QfÐUDWc^QROìO�cNQUDV _QbÐM|_#_QbcR$q
m,UDnYiy[*NQUDnYXObYiSq>Rv^`_aPgV­Mj_QR�_abYR�m,ncNQë|M|_anYNaR�VsU][]ncignc^-ìO}°_lêlMD^#bYPSXOb­PSW*_QbYR7XOR-iYfYbcMD^rRDóO�Yn]_
m,iSUD^QR�_aUE_QbcRµV*R$ig_QPSWYX�_QN%MjWc^QP�_aPgUDW�P�_�[]Rvm,NaR-MO^QR-[CMO�YNQncf]_QiSqOì'}°_7_abYR$WÌPgWcm$NQRvMO^QR-[�^QigPSXObh_aigq
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^QPgXDWc^ Ujt�[]R,tïUDNQV­Mj_QPSUOWôMOigNaR-MD[]q�M|_m5hnYPg_QR­iSU|ê iyMO^QR$N f'U|ê?R-Na^-ì¼z	bYR$NaR­MO^ �'R$R-WËNaR$f'UONQ_a^
^QbYU|ê�PgWcX _QbcMj_?M _QN%MjfcfÐRv[*igPSfYPy[­�YPSiSM�qDR$N#Py^w�'R$Wc[­PSWh_QU�_abYR�tïU]m,nÐ^pUOt'_abYR�_aNaMOfYfYPSWYXBiyMO^QR$Nvì
z	bYPy^ PS^AV*UD^r_�fYNaUO�cMO�Yigq�[]ncRµ_aU�_abYR*�YPSXC[YP�ý@R$NaR$Wcm$RµPSWÂ[]PgR-igRvm�_aNQPym*m,UOWÐ^`_%MjWh_7�'R,_`êlR$R-W
ê	M|_QR-NKMOWc[8_QbYRËiSPgfYPy[�V*R$Vµ�YN%MjWYRDópê�bYPym%búPy^�UOt>MjiSVsUh^`_6MÂt�MOm,_QUON � �cìpõ�bYR-W�nc^QPgWcX
V*U][]R$N%M|_aR�iSMD^rR-N1fÐU|êlR$N%^���MONQUDnYWc[ �&� �*V�õ M|_�_QbYR�_aNaMOfCtïU]m,nc^%��MjWÐ[KR$e]fÐUh^rnYNaR _QPSV*R-^
�ïncWc[]R$NsMCV*PgWxn]_aRv� � � "t� WYV�m,UDWh_QPSWhncUOnc^ ê	M�ëOR*iyMO^QR$N%^�MjNaR­NaMj_QbYR-N�XOUxU][ÌtïUDNBUOfY_QPym$Mji
_QN%MjfcfYPgWcX�Ujt1�YPSUOiSUOXDPSm-Mjip^aMjV*fYiSR-^-ì î WcR�^rbcUOnYiy[ç^r_QPSigil�OR-R$f�PSWçV*PgWc[�_QbcMj_µ_abYR�bYPSXObcigq
tïU]m,nc^QR-[CiyMO^QR$N��ÐRvMjVÎ[]UxR-^1bÐM�ëORBM­WYUO_QPym,RvMj�YiSRBR,ý@R-m,_�UOWC_abYRµ^r_QnÐ[]PgRv[�^QMOV*fYigRDìÐíÓMO^QR$NQ÷
PSWc[]ncm$R-[ÂbYRvM|_QPSWYXÐóÓMjig_QbcUOnYXDbËN%M|_abYR$Nµ^rV­MjiSiwPSWçM&5hnYR-UOnc^B^QUOiSn]_aPgUDWc^BMjWÐ[ËMj_>V*U][]R$N%M|_aR
iyMO^QR$N#f'U|ê?R-Na^-ó|[]UxR-^wMjý'Rvm�_#_QbcR�ëhPy^am,UD^QPg_`qBUjtÐ_QbYR�^QnYNaNQUDnYWc[]PSWYXAV*R-[]PyM�MjWc[µV*PgXDbh_pM|ý@R-m�_
�YPSUOiSUOXDPSm-Mji!fYNaU]m,Rv^Q^QR-^-ìÐð�UOW]÷¹_QbYR-NQV­MOi�fYbYUO_QU][YMOV*MOXORBm-MjWYWYUO_7�'RBtïnYiSiSq�M�ëOUOPy[]Rv[¼ìcu�^7PSW
UOncNÓR$exf'R$NaPSVsR-Wh_a^-ó�[YR,tïUONaV­M|_aPgUDWBUjtciSPSfYPS[>V*R$V>�cNaMOWYR-^Im$MOWBU]m$m,ncN�MOWc[BM7fÐUh^Q^QPS�YigRl^`_aNQRv^Q^
R$ëDR$W6UOW6V*UONaRANaPSXOPy[Km$R$iSignYiyMjN�fciSMD^rV­MµVsR-V>�YN%MjWcR-^�m$MOWn4 _	�'R�R,eYm$ignc[YR-[¼ì
z	bYR�üÐNa^r_?^r_QR$f*tïUDNwnc^pPgWE^r_Qnc[YqhPSWYX�_abYR�_aR$V*fÐR-NaMj_QnYNaR1[]R-fÐR-Wc[]R$WÐm,R�UOt'V*R-V>�YN%MjWYR�R-iSMD^`÷
_QPym,Pg_`qCêlMD^	_QU�NQRvm,UOXDWYPh$$R _QbcR>R,e]Py^`_aR$Wcm$RBUjtwM­fcbcMO^QR�_QN%MjWÐ^rPg_QPSUOW�PSW�igPSfYPy[��YPSiSM�qDR$N%^$ìÐ�YUON
_QbcRsTAL�o ñ sjT�owo ñ _`êlUj÷~m,UDVsf'UOWcR$Wh_7^Qqx^r_QR-VÎê?R*^`_anc[]PSR-[�_QbYR-NQRµPS^AUOWcR>V­MjPSWÌfYbÐMO^QR
_QN%MjWÐ^rPg_QPSUOW��'R,_`êlR$R-WBM1^rUDigPy[x÷°UON%[]R$NaR-[AMjWÐ[�M�igP95hnYPy[x÷°[YPS^QUON%[]R$NaR-[AfYbÐMO^QROì$õËR?^QbYU|êlR-[7_QbcPS^
�xq­NQncWYWYPSWYX­[]P�ý@R$NaR$Wh_aPSMOi@^am$MOWYWYPSWYX*m$MjiSUONaPSVsR$_QNaq­^Qm-MjWc^lUjtÓUOnYN	iSPgfYPy[6V*P�ex_QncNQRv^$ì]ul_	_QbYR
_QN%MjWÐ^rPg_QPSUOWEMBm%bÐMjWYXDR1PgW�bYR-Mj_?m$MOfcMOm$P�_`q

Cp

m-MjW­�'R�V*R-MD^rnYNaR-[!ìDz	bYPy^?m$UONaNQRv^rf'UOWÐ[Y^I_QUsM
m%bcMOWYXORwPSWBR-WD_abcMjiSfxqAtïUON!_abYR	^rq]^r_QR$VG_abcM|_�m$MjNaNaPgRv^!M1iSUj_IUjt]_QbcR$NaVsU][]qxWcMOV*PSm-MjiOPSW]tïUDNQV­M|÷
_QPSUOWsMj�'UOn]_I_QbcRlV*R-i�_aPgWYXAfYNaU]m,R-^a^ÓUjtY_abYR?iSPSfYPS[µV*R$Vµ�YNaMOWYROìvõËRlMOiS^QU7[]Py[s^rUDVsRlm,UDW]tïU]m$Mji
PSV*MOXOPSWYX�Ujt!TAL�o ñ sjT�owo ñ þ � l þ �7ëDR-^QPSm$igRv^w^QbYU|ê�PgWcX [YUOV­MjPSW*tïUONaV­M|_QPSUOW­Mj_w_QR-Vsf'R$N%M|÷
_QncNQRv^pm,UDNQNaR-^Qf'UOWc[]PSWYX _aUB_QbcR�fYbcMD^rR1_QN%MjWc^QP�_aPgUDW!ìDz	bcR$UONaR,_aPSm-MjicMOWc[­R$exf'R$NaPSVsR-Wh_aMjiÐê?UDNQ�
bcMD^1^rbcU|ê�W�_abYRBPSVsf'UONQ_aMOWcm,R�UOtIiyM|_aR$N%Mji¼PSWYbYUDVsUDXOR-WYR$Pg_`qEtïUDN1[]P�ý@R$NaR$Wh_��cPgUDigUDXOPym$Mji@fYNaUj÷
m,Rv^Q^QR-^�iSPS�OR�V*R$Vµ�YNaMOWYR	_QN%MovEm%�xPSWYXcó�tïUDN#R,eYMjV*fYiSR�R$Wc[YUj÷ÓMOWc[sR,e]U]m,qh_QUh^rPy^$ìjklqsMjfYfYiSqxPgWcX
MjWôUOf]_aPSm-MjiÓtïUON%m,RµUOWô^QR$V*Pg÷°^QfYbYR-NQPym$MOiÓTAL�o ñ sjT�owo ñ û òSpw^ nc^rPSWYXKUOf]_aPSm-MjiI_`ê?R-R%$-R$N%^
� � � "&� WYV:iyMO^QR$N��pê?RAPgWÐ[]ncm,Rv[K[YR,tïUONaV­M|_aPgUDWc^$ìxõËR�5DnÐMjWh_QPgücR-[E_QbYRv^rR�[]R$tïUONaV­M|_QPSUOWÐ^?�xq
m$MOiSm$nYiyM|_QPSWYXC_abYRKm$PgN%m,nYVstïR-NQR-Wcm,R*_aUôMjNaR-M6N%M|_aPgU�UOt�MCëOR-^QPym,iSR�m,NaUD^a^`÷~^QR-m�_aPgUDW!ì!z	bYPy^BR$eh÷
f'R$NaPgV*R$Wh_Bê	MO^ f'R$NQtïUONaV*R-[ËM|_>[]Pgý'R-NQR-Wh_�_QR$V*f'R$N%M|_anYNQRv^�MjWc[ÌtïUONµ^`_aR$fxê�PS^QR*PgWÐm,NaR-MO^QPSWYX
iyMO^QR$Npf'U|êlR$NpncWD_aPgiÐ_QbcRA^r_Qnc[YPgRv[­ëORv^rPym,iSR1ê	MO^wUDW­_QbcR7ëDR$NaXOR�Ujt!�cNQRvMj�xPgWcXcìDzÓêlU>[]Pgý'R-NQR-WD_
_`qxfÐRv^BUOt�[]R,tïUDNQV­M|_aPgUDWÂê?R-NQREUD�c^QR$NaëOR-[!ì�ul_µV*U][]R$N%M|_aR­iSMD^rR-N>f'U|ê?R-Na^ êlRKm$UOnYiy[ÂUOWcigq
^QR$R�MBm%bÐMjWYXDR�PgW­_abYR�m$PgN%m,nYVstïR-NQR-Wcm,R1UOt@_QbYRAm,NaUD^a^`÷~^rRvm�_aPgUDW!ó|�Yn]_	M|_pbYPSXOb�fÐU|êlR$N%^�bYR-M�ëxq
øcncm,_QncMj_QPSUOWc^1Ujt�_QbYR>VsR-V>�YN%MjWcR m$UOnYiy[6�ÐRµ^rR-R$W!ì'k?q6[]R,üÐWYPgWcXEM­m,NaP�_aPSm-Mji!f'U|ê?R-N

Pc

MO^
_QbcR1_QN%MjWÐ^rPg_QPSUOWEf'U|êlR$Np�'R,_`êlR$R-W­_QbcR-^QR1_`êlU>[]R,tïUDNQV­Mj_QPSUOW­NaR$XOPSV*R-^-óOêlR7m$UOnYiy[Em,UDV*fcMjNaR
UOncNB[YM|_%M�tïNaUOV+_QbYR*_`êlR$R�$$R-N�R,e]fÐR-NQPSV*R$Wh_a^ ê�Pg_Qb�[YMj_aM6tïNaUOV _abYREm$MOigUDNQPSV*R,_aNQq�^am$MOWc^$ì
z	bYPy^­^rbcU|ê?Rv[ MX5hncMjiSP�_%M|_aPgëDR6m$UONaNQR-iSMj_QPSUOWç�'R,_`êlR$R-W PSWcm,NaR-MD^rRv[çbYRvM|_Em$MOfcMOm$P�_`qçMOWc[8M
[]Rvm,NaR-MO^QRAPgW6_QbcR�iSMD^rR-N�fÐU|êlR$N	WYR-R-[]Rv[�_aU­[]R,tïUDNQVÎû òqpw^-ìcz	bYPy^	ê?UDnYiS[C^QnYXOXDR-^r_	MOWKPSW]÷
m,NaR-MD^rR�PgW�_QbYR7R$iyMO^r_QPym,Pg_`qsUOt!_QbcR�iSPgfYPy[E�cPgiyM�qOR-N?M|_l_QR-V*fÐR-NaMj_QnYNaR-^?m,UONaNaR-^QfÐUDWc[]PSWYX�_QU>_QbYR
V­MjPSWÌfYbÐMO^QR>_aNaMOWc^rPg_QPSUOW�ì@�cUON MKTAL�o ñ sjT�opo ñ �j� l Û ��VsPgex_QnYNaRµ_QbYR*V*R$Vµ�YNaMOWYR>ê	MO^
tïUOncWc[�_aUC�ÐR*_`ê�Pym,R­MO^ARvMO^QqC_QU�[]R,tïUDNQV+PgWô_QbYR­fcbcMO^QR>_aNaMOWc^QP�_aPgUDWÌ_abcMjWËUOn]_%^rPy[]RDì!�YUON
TAL�o ñ s|T7owo ñ þ � l¢þ ��_QbYRKm,UONaNaR-^QfÐUDWc[]PSWYXKë|MOignYR­ê	MO^ � ì ÛDÛ ì!z	bYRv^rR­NaR-^QnYig_a^�MONQR­Mjiy^QU

"3"



PSWD_aR$NaR-^r_QPSWYX tïNaUOV MjW­R,e]f'R$NaPgV*R-WD_%MjiYf'UOPSWh_pUjt¼ëxPSR$ê�ìO}~W�V*MOWxq>fYnY�cigPy^rbcR-[EMONr_aPSm$igRv^#igPg_r_aigR
m$MONQR�Py^1XDPgëDR$W6_QU�ê?R-NQR�PSWC_QbYR>fYbcMO^QR>^QfcMOm$R�Ujt�_QbcR>^`_anc[]PSR-[�^Qq]^`_aR$V�_QbYRµR,e]fÐR-NQPSV*R$Wh_a^
MjNaR�m$MONQNaPgRv[EUDn]_-óYUDN�M|_1iSR-MO^r_�P�_1Py^QWn4 _1V*R-WD_aPgUDWYR-[!ìÐûAPgëDR$WK_QbYR�N%M|_abYR$N1[YNaMD^`_aPSm m%bcMOWYXORv^
êlR>UO�Ð^rR-NQëDR-[6PgW�_QbYRµR$iyMO^r_QPymBfYNaUOf'R$NQ_QPSR-^�Ujt�_QbYRsiSPgfYPy[�V*R$Vµ�YN%MjWYR>Mj_�_abYR>V­MjPSW�fYbÐMO^QR
_QN%MjWÐ^rPg_QPSUOW!óD_QbcPS^lV*PgXDbh_lM|_	iSR-MO^r_?�'RAPgWh_QR-NQRv^`_aPgWcXB_QUsm,UDWc^rPy[]R-N-ìxz	bYR�NaUOiSR�UOt¼_QbYRAR$iyMO^r_QPym�÷
Pg_`q�PSWcm,NaR-MD^rR M|_�_abYRBfYbcMD^rRA_aNaMOWc^rPg_QPSUOW6Py^�WYUj_�tïncigiSq�nYWÐ[]R$N%^`_aUxUx[CMj_�_QbYR�V*UOV*R-WD_vóY�Yn]_
Py^7V*Uh^`_�m,R-Nr_%MjPSWYigq�m$NQnÐm,PyMjiÓtïUON nYWc[]R-Na^r_aMOWc[]PSWYXE_abYRstïnYWcm,_QPSUOWËigPSfYPy[�V*R$Vµ�YNaMOWYR-^AbcM�ëDR
PSWCMOigi!m$R$iSiS^-ì

" �



Å ��âo��@I���*F���	
i �Jj î iSR ûsì�L�UOncNQPg_a^QR$W!ó í!PgtïRç÷�MO^ËMúV­Mj_r_QR-NôUOt­t�M|_vìAz	bYR8R$V*R-NQXDPgWYX ^Qm$PgR-Wcm,RçUOt
iSPgfcPS[]UDV*PSm-^$ó � fcNQPSWYXOR-N�p#R$NaiSMOXcó]�1R-PS[YR$iS�ÐR-NQXÐóc�j�O� þ óxf � �|÷`� þ ì

i¢� j î iSR ûsì�L�UOncNQPg_a^QR$W!ó í!PgtïRç÷�MO^ËMúV­Mj_r_QR-NôUOt­t�M|_vìAz	bYR8R$V*R-NQXDPgWYX ^Qm$PgR-Wcm,RçUOt
iSPgfcPS[]UDV*PSm-^$ó � fcNQPSWYXOR-N�p#R$NaiSMOXcó]�1R-PS[YR$iS�ÐR-NQXÐóc�j�O� þ óxf Û:� ÷ ÛOÛ ì

i Ûoj î iSR ûsì�L�UOncNQPg_a^QR$W!ó í!PgtïRç÷�MO^ËMúV­Mj_r_QR-NôUOt­t�M|_vìAz	bYR8R$V*R-NQXDPgWYX ^Qm$PgR-Wcm,RçUOt
iSPgfcPS[]UDV*PSm-^$ó � fcNQPSWYXOR-N�p#R$NaiSMOXcó]�1R-PS[YR$iS�ÐR-NQXÐóc�j�O� þ óxf �xþ ÷ þOþ ì

i �tj î iSR ûsì�L�UOncNQPg_a^QR$W!ó í!PgtïRç÷�MO^ËMúV­Mj_r_QR-NôUOt­t�M|_vìAz	bYR8R$V*R-NQXDPgWYX ^Qm$PgR-Wcm,RçUOt
iSPgfcPS[]UDV*PSm-^$ó � fcNQPSWYXOR-N�p#R$NaiSMOXcó]�1R-PS[YR$iS�ÐR-NQXÐóc�j�O� þ óxf:� þ ÷ �&� �]ì

i þ�j î iSR ûsì�L�UOncNQPg_a^QR$W!ó í!PgtïRç÷�MO^ËMúV­Mj_r_QR-NôUOt­t�M|_vìAz	bYR8R$V*R-NQXDPgWYX ^Qm$PgR-Wcm,RçUOt
iSPgfcPS[]UDV*PSm-^$ó � fcNQPSWYXOR-N�p#R$NaiSMOXcó]�1R-PS[YR$iS�ÐR-NQXÐóc�j�O� þ óxf �vÛOÛ ÷ �%� �xì

i "oj TAM�ëxPS[sklUDMji¹ó|L�R-m%bÐMjWYPym$^IUjtÐ_QbYR1m$R$iSi»ó ñ MOV>�YNaPy[]XOR	ò1WYPSëOR-Na^QPg_`q�owNQRv^Q^-óO�j�D�D�Yó-f �vÛ �j÷���DÛ ì
i�� j TAM�ëxPS[sklUDMji¹ó|L�R-m%bÐMjWYPym$^IUjtÐ_QbYR1m$R$iSi»ó ñ MOV>�YNaPy[]XOR	ò1WYPSëOR-Na^QPg_`q�owNQRv^Q^-óO�j�D�D�Yó-f ��þ!� ÷��"&# ì
i #oj d1ì ZÐì ûsìYo�R$_QR$NaV­MjW!óÐ�?ì@ûAP�_Q_QRv^$ó ñ ì �lì � m%bcVsPy[x_vìÐ�j�D� Û ìYíÓMO^QR$NQ÷¹PSWc[]nÐm,R-[�bYR-Mj_QPSWYX­PSW
UDf]_QPym$MOi@_QN%Mjfc^-ìYklPgUDfYbxqx^QPym$Mjihù`UDnYNQWÐMji #t�,lr�vÛ � # ÷ �vÛ���" ì

i � j ñ ìYí�R$Py[]qOó]õÕì �lìYõôUDig�DR$N%^$óY�*ìYZ�ãjNaXOR-Wc^QR$W!ó î ì ûsìYL�UOnYNaP�_%^rR-W!óYZÐì �>ì ñ NQU|êlROì]�j�D� � ì
íÓM|_QR-NaMOixUONaXDMjWcPr$vM|_QPSUOWµMjWc[*[]UDV*MOPgWµtïUONaV­M|_aPgUDW>PSW*M7_`êlUj÷~m,UDVsf'UOWcR$Wh_IiSPSfYPS[sV*R$Vs÷
�YN%MjWcRA^Qq]^`_aR$VCìcklPgUDfYbxq]^rPym$MOiDù`UDnYNaWcMji # � lh��#�� �|÷ ��# � # ì

i � � j �>ì L�ì � R$R-XOR-N-óOLçìD�IPS[YUONaNaMcójz ìD�1R-PgVµ�YnYNaXcìD�O�O� þ ìjT7UOV­MjPSWE^rPh$$R1MOWc[søcncm,_QncMj_QPSUOWc^
Mj_ []UDV­MjPSWôPSWh_QR$NQt�MOm$R-^APSWôiSPgfcPS[ËV*P�ex_anYNQRv^$ì¼L�MDm,NaUOV*UOiSR-m$nYiyMjN � qxVsf'UD^QPyM6� � � l #Dþ ÷� " ì

i �&�Jj ûsìlo#Mj�c^r_-ó	�Bì�u1V*R-WYP�_%^Qm%b�ó	Tµì oIì � bcMONaMO�OU&$Dówo�ì�í�MjXDXOWYR-N-ó?L�ì�{1MjfYf'UOig_-ì��j�D� � ì
� _aNQnÐm�_QncNQR�MjWÐ[çøcnÐm�_QnÐM|_QPSUOWÐ^*Ujt fYbYUD^QfYbcMj_QPy[]qxiSm%bcUOiSPgWYRv^sPgW8_QbcR6ëxPym,PSWYPg_`q Ujt7_QbYR
V­MjPSWK_QN%MjWc^QP�_aPgUDW!ì]owbxq]^rPym$MOi¼NQR-ëxPgR-ê�d��|�có �h� � �D� # ì

i � � j L�ì }�ì7u�WYXOR-igU|ë|Mcó � ì � irävMjn!ó7owb!ì L�ä$ihä-MONa[!ó�Zcì �lì7�ÐMjncm$UOW!ó7oIì klUj_abYR$NaR$i¹ì � �3�D�Yì
owNaR$fÐMjN%M|_QPSUOW�UOt1XOPyMjWh_>ëDR-^QPSm$igRv^>�xqÂR,ex_QR-NQWÐMji?u ñ R-igRvm�_aNQPym­ücR-iS[c^$ì#� PSWYR,_aPSm-^µMOWc[
MOfYfYiSPSm-M|_QPSUOWÐ^$ìxowNaUOXDNQRv^Q^lPSW ñ UDigiSUOPy[6MjWc[Ko�UOiSqhV*R-N � m,PSR$Wcm$R # � lh� �h�v÷ �-Û:� ì

i �-Ûoj ð>ì'{�U][]NaPSXOnYR�$Oóc�lì'owPgWÐm,R,_vó � ì ñ NaPS�YPgR-N-ì@�j�D� þ ìcûAPyMjWh_AëOR-^QPym,iSR-^	tïUDNQV*R-[��hq6XOR-Wh_QiSR
bxq][]N%M|_QPSUOWKMjWc[�R$iSR-m�_aNQUOtïUONaV­M|_QPSUOW l uöm,UDVsfÐMjNaPS^QUOW­�xq*øcnYUDNQRv^Qm$R$Wcm$R�V*Pym,NaUD^am,UOfxqDìñ UDigiSUOPy[Y^	MjWc[ � ncNrt�MDm,R-^	k l klPSUOPSWD_aR$NQtïR$NaR$Wcm$R-^ � � lr� � þ ÷ �vÛ �Yì

i �%�tj ípì u>ì�k	MOXDM|_aUOiSigP¹óÓz ì�o#MjN%MO^aMO^a^QP»ó!d�ìpûANaMj_r_QUDW!ì#�j�O�D�Yì�ûAPSMOWD_*owbYUh^rfcbYUOiSPgfcPS[�ëDR-^QP�÷
m$igRv^ l m,UDV*fcMjNaPS^QUOW MjV*UOWYXÌ_QbYRCê�bYUDigR6iSPgfYPy[8^QMOVsfcigRCm%bcMjN%MOm,_QR-NQPy^`_aPSm-^Bnc^QPSWYXË[YP�tÇ÷
tïR-NQR-WD_AfYNaR$fcMONaMj_QPSUOWCV*R,_QbcUx[c^$ì@u _`êlUEfYbcUj_QUDW�øcnYUDNQRv^Qm$R$Wcm$RBV*PSm$NQUh^Qm$UOfxqK^r_QnÐ[]qOì
ñ bYR-V*PS^r_QNaq�MjWÐ[�owbxq]^QPSm-^	Ujt#í!PSfYPS[c^ � � þ!lh�-ÛDþ ÷ ��� �]ì

i �vþ�j ípìvL�Mj_QbYPSëOR$_-ó � ì ñ NQPS�YPSR$Nvó-opb!ì|T�R-ë�MOn]e¼ì � �&� " ì � bcMjf'R?m%bÐMjWYXDRpMjWc[>fYbxq]^rPym$MOiOfYNaUOf]÷
R-Nr_aPgRv^EUjtBXDPSMOWh_KfYbYUh^rfcbYUOiSPgfcPS[ÏëDR-^QPSm$igRv^EfYNaR$fcMONQRv[ÏPgW�_QbYRôfYNaR-^QR$Wcm$R�UjtµMOWúu ñ
R-igRvm�_QNaPym�üÐR$iy[¼ìcklPgUDfYbxq]^rPym$MOi@ZDUOncNQWcMOi��|� lh�&�3� �|÷ �3� � � ì

"3#



i ��"oj ípì u>ìxk	MOXDM|_aUOiSigP¹óhd1ìcûANaMj_r_aUOW!ì � �3�&�YìxzÓê?UO÷¹owbcUj_QUDW­øcnYUDNQRv^Qm$R$Wcm$R�V*Pym,NaUD^am,UOfxqsUO�]÷
^QR$Naë|M|_QPSUOW�UOt7^QbcMjf'R6m%bÐMjWYXDR-^>Mj_µ_abYR6fYbcMO^QRE_aNaMOWc^QP�_aPgUDWçPgW8fYbYUh^rfcbYUOiSPgfcPS[�XDPSMOWh_
nYWcPgiyMjV*R$iSiyMjN	ëORv^rPym,iSR-^-ìYklPgUDfYbxqx^QPym$Mji¼ZDUOnYNaWcMOi!�D� l �j�3�O�|÷`� � � � ì

i � � j �>ì � R-R$XOR-N-ìv�j�O� " ì,� PSWYR,_aPSm-^¼UjtY[]UDV­MjPSW7tïUDNQV­Mj_QPSUOW fYNaUxm$R-^a^rRv^@PgW�iSPSfYPS[ V*R-V>�YN%MjWYRv^$ì
owb�ì Tµì]_QbcR-^QPS^-ìcò1WcPgëDR$N%^rPg_`qEUjt#ûuã|_Q_QPSWYXOR-W!ì

i ��#oj }�ìhZOR-igRv^QMONQU|ë@ó|�Bì {�ìDklUh^Q^QbcMjN%[¼ì � �&�&�cì|}`^rUO_QbYR-NQV­MOi]_QPg_QN%M|_aPgUDW*m-MjiSUONaPgV*R$_QNaq>MjWc[­[YP�tÇ÷
tïR-NQR-WD_aPSMOi�^Qm-MjWYWYPSWYXÂm$MOigUDNQPSV*R,_QNaq�MO^*m,UDV*fYigR-V*R$Wh_aMONQqÂ_aUhUDiS^µ_aUËPSWxëORv^`_aPgXhM|_QR�_QbYR
R-WYR$NaXOR$_QPym$^µUjt7�cPgUDVsUDigRvm,nYiyMjNsNaR-m,UDXOWYPg_QPSUOW�ìIZDUOnYNaWcMOi?UOtAL�UDigRvm,nYiyMjN*{�R-m$UOXDWYP�_aPgUDW� � l Û ÷ ��# ì

i � � j ûsìOklNanYqxiSMOWh_a^-ó�ZÐì|õËUOn]_aR$N%^$ó ñ L�Pym%bcMjn]e¼ìO�O�O� þ ì|T�Pgý'R-NQR-Wh_QPyMjiY^am$MjWcWYPgWcX m-MjiSUONaPgV*R$÷
_aNQqÂPSW iSP�tïRC^Qm$PgR-Wcm,R l z	bYR$NaV*Ux[YqhWÐMjV*PSm-^$óI^`_%Mj�YPSiSP�_`qDóIV*UDigRvm,nYiyMjNµNQRvm,UOXDWYPg_QPSUOW MOWc[
MOfYfYiSPSm-M|_QPSUOWKPgW�[]NanYX­[]Rv^rPSXOW!ì ñ ncNQNaR$Wh_�V*R-[]Pym,PSWcMjiÓm%bYR$V*Py^`_aNQq � � l �j� �3� ÷`�j�h�j�Yì

i¢�j� j klPSUxm-MjiSUONaPgV*R$_QNaq l MjfYfYiSPym$M|_aPgUDWc^úUOt m$MOigUDNQPSV*R,_QNaq PgW _abYRÙ�YPgUDigUDXOPym$MOiÌ^Qm$PgR-Wcm,Rv^$ì
dp[YP�_aR-[C�xq�ZÐì d1ìÐí�MO[Y�YnYNaq�MjWc[CkAìåµIì ñ bYU|ê1[]bYNaqOì � �&� # ì]ZOUDbYWCõ�PgiSR$q � UOWc^�í!_a[¼ó
ò7�*ì

i¢� �Jj �>ì!�1R$R-NQ�xiSUj_Õ$Oì!�j�D� � ì@z	bYR*V*PSm$NQU]m-MjiSUONaPgV*R,_aNQqCUOt?iSPgfYPy[ôVsR-V>�YN%MjWcR-^-ì@ZDUOncNQWcMOiÓUOt
fYbxq]^QPSm-^ l ñ UDWc[]R$WÐ^rRv[�V­M|_Q_QR-N-ì ��"�l { �&�,� ÷~{ �3" �xì

i¢�O� j {�ì ðBì?L�m,dwiSbcMOWYR$qDì � � # �]ì#z	bYRCnc^QR�Ujt []P�ý@R$NaR$Wh_aPSMOi1^Qm-MjWYWYPSWYX�m$MOigUDNQPSV*R,_aNQqçMOWc[
[]Pgý@R$NaR$Wh_QPyMjiÐ_QbYR-NQV­MOiÐMjWÐMjiSqx^QPy^wPSWK^r_Qnc[]PSR-^?Ujt!V*U][]R-i@MOWc[­�YPSUOiSUOXDPSm-MjiYV*R-V>�YN%MjWYRv^$ì
ñ bYR-V*PS^r_QNaq�MjWÐ[�fYbxq]^QPSm-^	Ujt�igPSfYPy[Y^ Û � l �D�t�|÷`� þ �Yì

i¢� Ûoj L�ìA�IPS[]UDNQN%MYìA�j�O� � ì�ò�Wh_QR$N%^Qncm%bxnYWYXú[]Rv^�owbcMD^rR-WxëOR$NabcMOi�_aR$Wc^�ëDUOWÕL�R-V>�YN%MjWYR-W
[]ncNam%bÂ�OUDW]tïUO�|MOigR­L�PS�xNQUh^r�DUOfYPSR*nYWc[���MjiSUONaPSVsR$_QNaPgRDì!T�PSfYiSUOV­MjNa�'R$Pg_-ìÓûuãj_r_QPSWYXDR$W!ì
f ��# ÷`�O�Yì

i¢� �tj ñ R-igiI�YPSUOiSUOXOPym$MOi�MjfcfYigPym$Mj_QPSUOWc^7Ujtpm$UOW]tïU]m-Mji�V*Pym,NaUD^am,UDfhqDóc^QR-m,UDWc[�Rv[]P�_aPgUDW!ì'dp[]Pg_QR-[
�xq�kAìYL�Mj_a^QnYV*Uj_QUÐìc�j�D�D�]ì]u�m-MO[]R-VsPymAowNaR-^a^$ó]dwiy^QR$ëxPgR-N � m,PSR$WÐm,ROóÐò � u>ìYfÐ��÷ �-Û ì

i¢� þ�j ñ R-igiI�YPSUOiSUOXOPym$MOi�MjfcfYigPym$Mj_QPSUOWc^7Ujtpm$UOW]tïU]m-Mji�V*Pym,NaUD^am,UDfhqDóc^QR-m,UDWc[�Rv[]P�_aPgUDW!ì'dp[]Pg_QR-[
�xq�kAìYL�Mj_a^QnYV*Uj_QUÐìc�j�D�D�]ì]u�m-MO[]R-VsPymAowNaR-^a^$ó]dwiy^QR$ëxPgR-N � m,PSR$WÐm,ROóÐò � u>ìYfÐ� � ÷ �xþ ì

i¢� "oj ñ R-igiI�YPSUOiSUOXOPym$MOi�MjfcfYigPym$Mj_QPSUOWc^7Ujtpm$UOW]tïU]m-Mji�V*Pym,NaUD^am,UDfhqDóc^QR-m,UDWc[�Rv[]P�_aPgUDW!ì'dp[]Pg_QR-[
�xq*k7ìxL�Mj_a^QnYV*Uj_QUÐìh�O�O�D�YìOu�m$MD[]R$V*Pym�owNaR-^a^$óDdwiy^rR-ëhPSR$N � m,PSR$WÐm,ROóxò � uBìhf �vþ �|÷ ��"t� ì

i¢�D� j �7MjWc[]�'UxUO�ÕUOt6klPgUDigUDXOPym$MOi ñ UDW]tïU]m$Mji­L�Pym,NaUD^am,UDfxqOó7_QbYPSNa[ R-[YP�_aPgUDW!ì�dp[]Pg_QRv[ �xq
ZhMjV*R-^#kAìjo#M�ê�iSR$qDìD�j�D� " ì � fcNQPSWYXOR-N � m,PSR$WÐm,R�æAklnc^QPSWYR-^a^#L�R-[YPSMcóDí�í ñ óOð ¼ óDò � uBì
owNaPSWD_aR-[KPgW � PSWYXhMjf'UONaROì]f � ÷ � �]ì

i¢� #oj ZÐì]��UDNQiyMOm%b!óDo�ì � m%bxê�PgiSiSROóxõÕì õÕì]õËR$�c�!ócûsì õÕìÐ�YR$PSXOR-Wc^QUOW!ì � �3�&�Yì ñ bcMONaMDm�_QR-NQPh$-Mj÷
_aPgUDW6UOt#igPSfYPy[C�YPgiyM�qOR-N�fYbcMD^rRv^��xq6m$UOW]tïU]m$MOi!V*PSm$NQUh^Qm$UOfxqEMjWÐ[6øcnYUONaR-^am,R-Wcm,R�m$UONaNQR$÷
iyM|_aPgUDW*^Qf'R-m�_aNQUh^Qm$UOfxqOìOowNQU]m$R$R-[YPgWYXh^#Ujt@_abYR7ð7M|_QPSUOWÐMjicu�m-MO[]R-V>qsUjt � m,PSR$WÐm,R-^?ò � u� "�l #t�3":� ÷ #t��"&" ì

i¢�t� j {�ì	u1iSë|MjNaR%$$÷°{�UDV6çjW!ópu>ìlð7MjPS�@ó ¼ ì ðBì	��MjiSPyMYó?�>ìl�cR-^a^rP¹ó?{Bì �>ì�ûAncqOì��j�O� � ìMp7P�÷
^QncMjiSPh$-M|_aPgUDWçUjtA^r�xPSW f'R$WYR$_QN%M|_aPgUDW nc^QPgWcXËm$UOW]tïU]m$MOi?iyMO^QR$N­^am$MOWYWYPSWYXÌV*Pym,NaUD^am,UOfxqDì
dwncNQUDfÐRvMjWCZOUDnYNQWÐMji@UjtIowbcMjNaV­MOm$R$n]_aPSm-^�MjWc[CklPgUDfYbcMONQV­MOm$R$n]_aPSm-^ þ&#�l Û � � ÷ Û���" ì

i Û � j u>ì#dwXOWYR-N-ó � ì õÕìp��R$iSi»ìp�O�O� þ ì��ÓiSnYUDNQRv^Qm$R$Wcm$RKV*Pym,NaUD^am,UOfxqÂê�Pg_Qb�^rncfÐR-Nr÷°NQRv^rUDigëDR-[
UDf]_QPym$MOi!^rRvm�_QPSUOWÐ^-�»{�R$ëxPSR$ê���ìYzÓNaR$Wc[Y^	PSW�m,R-igi!klPSUOiSUOXOq­ëDUOi lr��þ WcN l � ì

" �



i Û��Jj L�ìA�IPS[]UDNQN%MYìA�j�O� � ì�ò�Wh_QR$N%^Qncm%bxnYWYXú[]Rv^�owbcMD^rR-WxëOR$NabcMOi�_aR$Wc^�ëDUOWÕL�R-V>�YN%MjWYR-W
[]ncNam%bÂ�OUDW]tïUO�|MOigR­L�PS�xNQUh^r�DUOfYPSR*nYWc[���MjiSUONaPSVsR$_QNaPgRDì!T�PSfYiSUOV­MjNa�'R$Pg_-ìÓûuãj_r_QPSWYXDR$W!ì
f "3" ÷ " �]ì

i Û � j bh_r_af l s&s�fcNQUD�ÐRv^$ì PgWxëxPg_QNaUOXOR-W!ì m,UOV²sj^rR-NQëxiSR,_a^;s|^Qf'R-m�_aNaM��$ücigR-PS[�� � # ��iSPSf
i ÛOÛoj ípì î [Y[]R-Na^QbYR-[YROó � ìxûANQR-XOUÐó � ì �lìhð1UONaNaR$iSqh�x�DROój�*ìOklR$NaXj÷ � UDNQR-Wc^rR-W!ìj�j�D� � ì î fY_QPym$Mji

zÓê?R-R%$-R$N%^ l owNaUO�YPSWYX­klPgUDigUDXOPym$MOi � ncNrt�MDm,R-^-ì]owNaUO�'RBL�Pym,NaUD^am,UOfxqE� lh� �&�|÷ �-Û �xì
i Ût�tj �*ì � ëOUD�ÐU][YMcó � ì L�ì]kligU]m%�@ì � �&� � ìOklPgUDigUDXOPym$MOicMjfYfcigPym$Mj_QPSUOWc^pUjt!UOfY_QPym$MjictïUON%m,Rv^$ìhu1W]÷

WxncMOi¼NQR-ëhPSR$ê UjtI�YPgUDfYbxq]^rPym$^�MOWc[��cPgUDVsUDigRvm,nYiyMjN�^r_QNancm�_anYNaR�� Û�l � � �v÷ #Dþ ì
i ÛDþ�j �*ì ñ ì�ð1R$ncV*MOW!ó � ì L�ì1kligU]m%�@ì1�j�O� � ì î f]_QPym$MOi7_aNaMOfYfYPSWYXcì�{�R-ëxPgR-ê3Ujt*^Qm$PgR-WD_aP�ü'm

PSWc^r_QNanYV*R$Wh_a^	ëDUOi l � þ WYN l �Yì
i Û&"oj ípì î [Y[]R-Na^QbYR-[YROó!ZÐì!� PS^Q�xqOR­T�NaR$qDR$Nvó � ìÓûANaR$XDUcó � ì�klNaU|ê�W!ó¼�*ì�klR$NaXj÷ � ãjNaR$WÐ^rR-W!ì

�O�O�D�Yìcz	bYRµVsUO_QPSUOW�UOtpM�^QPgWcXOiSRBV*UOiSR-m,ncigRv^$óÐ_QbYR
λ − receptor

ó@PgW�_abYR>�ÐMOm�_aR$NaPSMOi
UDn]_QR-N�VsR-V>�YN%MjWcROì]klPgUDfYbxqx^QPym$Mji¼ZDUOnYNaWcMOi #DÛ�l Û���þ ��÷ Û���"�� ì

i Û � j ípì î [c[]R$N%^rbcR-[]RDó��>ìj�Iigqxëx�]ù`R$NaXcó|�*ì|klR$NaXj÷ � R$NaXj÷ � ãONQR-Wc^rR-W!ì-�O�O� Û ì � PSWYXDigR$÷¹V*UOiSR-m$nYiSR
R$exf'R$NaPSVsR-Wh_lê�Pg_QbCUOfY_QPym$Mji'_`êlR$R�$$R$N%^ l PSV*fYNaU|ëOR-[�MjWcMOigq]^QPS^lUjtÓ_QbYR�[]Pgý@nc^rPSUOW6UjtÓ_QbYR
λ − receptor

PSWÌd1ì ñ UOiSP=4 ^7UOn]_aR$N�V*R-V>�YN%MjWYRDìÐZDUOnYNaWcMOi!Ujtwowbxq]^QPSm-^ l ñ UOWc[YR$Wc^QR-[
L�Mj_r_aR$N �vþ�lr� � Û �v÷ � � ��" ì

i Û&#oj klPSUxm-MjiSUONaPgV*R$_QNaq l MjfYfYiSPym$M|_aPgUDWc^úUOt m$MOigUDNQPSV*R,_QNaq PgW _abYRÙ�YPgUDigUDXOPym$MOiÌ^Qm$PgR-Wcm,Rv^$ì
dp[YP�_aR-[C�xq�ZÐì d1ìÐí�MO[Y�YnYNaq�MjWc[CkAìåµIì ñ bYU|ê1[]bYNaqOì � �&� # ì]ZOUDbYWCõ�PgiSR$q � UOWc^�í!_a[¼ó
ò7�*ì]f �-Û ì

i Û � j o�ì�õÕìIL�ìIpwMjW�T�P ùrm%�@óIu>ì ZÐì���MOfÐR-N-ó��>ìIu>ìÓZÐì î UOWc�'óÓZcìIT�RKûAPSR$Nvì � �h�D�xì!L�Py^`÷
m$Pg�YPSiSP�_`qËfYNaUOf'R$NQ_QPSR-^�UOt	�cPgWcMONQqôfYbYUh^rfYbÐM|_QPy[]qxiym%bYUOiSPgWcR­VsPgex_QnYNaR-^-ìÓklPSU]m%bYR$V*Pym$MCR,_
klPSUOfYbxq]^rPym$Msu�m�_%M � �|� l þ&# ÷ " �cì

i � � j ñ ì|{�ìjL�Mj_QR-UcójZO÷ ñ ì|klNQU]m%bYUDW!ó�L�ì|o�ìjí!PSigiSUcóju>ìjòBìju�m,ncWcMYì � �3� Û ìví�PgfYPy[sm,iSnc^`_aR$NaPgWcX
PSW��YPSiSM�qDR$N%^B[]R,_aR-m,_QR-[ç�hqô_QbcREøcnYUDNQRv^Qm$R$Wcm$R­�xPgWYR$_QPym$^µMjWc[çMOWYPy^rUO_QNaUOfxq�Ujt	_aNaMOWc^`÷
fcMONQPSWcMONQPym7MDm,Py[¼ìYklPgUDfYbxq]^rPym$MOi@ZDUOncNQWcMOi "Dþ!l �O� Û ��÷~�D� � �]ì

i �:�Jj � ì�L�MONQ�YNaR$qDóÓZÐìILçì � _anYNQ_QR$ë|MOWD_vì � �h� " ì!}~WxëORv^`_aPgXhM|_aPgUDW�Ujt1fYbcMD^rRE_QN%MjWc^QP�_aPgUDWc^BUOt
iSPgfcPS[Y^�MOWc[EiSPSfYPS[6V*Pgeh_anYNaR-^l�xqEbYPSXObK^QR$WÐ^rPg_QPSëxP�_`q�[YP�ý@R$NaR$Wh_QPyMji¼^am$MOWYWYPSWYXsm-MjiSUONaPgV*R$÷
_aNQqDìlopNQU]m,R-R-[]PSWYXh^KUOt>_abYR�ð�M|_aPgUDWcMjiBu�m-MO[]R-V>q�UOt � m,PSR$WÐm,R-^-ó1ò � u�ëOUOi>� Û ð�U�3�&l Û&#&" ��÷ Û&#3"&" ì

i � � j ípìvu>ì�k	MOXDM|_aUOiSigP¹ó,d1ìjûAN%M|_Q_QUOW�ì��O�O�O�cì$u8m,UONaNaR$iyM|_QPSUOW �'R,_`êlR$R-WBigPSfYPy[>[]UDV­MjPSW>^rbÐMjf'R
MOWc[��YPSWcMjNaq6fYbYUD^QfYbYUDigPSfYPy[�V*Pgeh_anYNaRµm,UDV*fÐUh^rPg_QPSUOW�PSW�tïNaR$Rs^`_%MjWc[]PSWYXK�YPgiyM�qOR-Na^ l u
_`êlUj÷°fYbYUO_QUOWµøcnYUDNQRv^Qm$R$Wcm$R	VsPym,NaUD^am,UDfxqB^`_anc[]qOìhklPgUDfYbxqx^QPym$MjiYZDUOncNQWcMOic�o� l �DÛ&� ÷ �&� �xì

i �DÛoj z ìA�1R$PSV>�cnYNQXÐì � �&� # ì1L�R-m%bÐMjWYPym$MOi>MO^QfÐRvm�_%^�Ujt­V*R$Vµ�YN%MjWYRÂ_abYR$NaV*Ux[YqhWÐMjV*PSm-^$ì
dp^r_QPSV­M|_aPgUDWçUjt1_abYR�V*Rvm%bcMjWYPym$MOi?fcNQUDfÐR-Nr_aPgRv^BUjt1iSPSfYPS[ V*R$V>�cNaMOWYR-^µm,iSUD^QRE_QUÌ_QbYR
m%bcMOPgW�V*R-i�_aPgWYXE_QN%MjWc^QP�_aPgUDWCtïNQUDV m-MjiSUONaPgV*R$_QNaqOìcklPSUxm%bcR$V*PSm-M*R,_ k?PSUOfcbhq]^QPSm-M­u�m�_%M���:�vþ�lr��� ��÷ ��" �]ì

i �&�tj Tµì]o�ì ñ bYR$NaWYR$qDó]z ì]d1ìYklNQPy[]XORv^$ó]ZÐì]L�ìY��MONQNaPS^-ìY�j�D� � ì î f]_QPym$MOi@_QN%MjfYfcPgWYXsUjtÓnYWYPSi�÷
MOVsR-igiyMjNµfYbYUh^rfYbcUOiSPgfYPy[�ëDR-^QPSm$igRv^ l }~WxëOR-^r_QPSXDMj_QPSUOWÂUjt�_QbYR6R,ý@R-m,_sUOt1UOf]_aPSm-Mji?tïUON%m,R-^
UDWÏ_QbYR�iSPSfYPS[úVsR-V>�YN%MjWcR�^rbcMOfÐRÌ�hqÏm,UDW]tïU]m$MOi�÷°NaMOV­MjW8VsPym,NaUD^am,UDfxqOìpu�WcMjiSqh_QPym$Mji
m%bYR-V*PS^r_QNaqK� ":l � �D�j�j÷~�&�D� # ì

�j�



i �hþ�j {�ìhk	MjNQ÷\µ'PSë@ójz ìO�YNaPy^Qm%b!óOd1ìhL�UD^QR-^-ì � �3� þ ì|dpWD_aNQUDfYPym	R,e]fYnYiy^rPSUOW*PSW­ëORv^rPym,iSR-^-ìjowbxq]^`÷
Pym$MOi¼NQR-ëhPSR$ê igR$_r_aR$N%^�� þ!l Ût��#�� ÷ Û&�3#t� ì
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