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] Ë ºy]N`acn�¢]_qlb-vR^�` ~ �¢^�`aºZ\7^�uZd-ba\ZceqÀ¾ » �
��`a^ÂÁ�ba\

6 Ð 8�ÑILN8469DÇÙ�;IQ�ÕSÑZDF=76¢Ñ>:Ì×�DF8�à¢Hj;>ÓÍÑILNÕ Ð ÑZØAÔ�ìAQRÓ�YILNÑlàÌ6 Ð Ù4ÑZ=AÔM69DF69Øy6N8�Ô¢;3ÕA;>L969DÇÙ4ØAQR;IL9QRÚ
;l6M6NLN;ZÙÂ6NDF×Z8i6N8�ÔM69DR=CY�YZL9ÑZØC=AT%:ÒÑILÊ;���������� �!�"���#�!$�%ÊÙ4ÑZÓÈÕS;>LNDRÔ9ÑI=%ÑI:E84çyÕ�8�LNDFÓÍ8�=Z6_;>Q³TC;>6N;
;>=ATï6 Ð 8�ÑZL98�69DÇÙ�;IQ{;>ÕAÕCL9Ñ7;IÙ Ð 8�Ô*Ô9DF=AÙ�8Äú<DÇû*6 Ð 8�L983;>LN8É=CÑI6È;I=7Ú¿QRÑI=CYÄLN;I=CYI8%ÑZLNTC8�LNDF=CY
Õ Ð 8�=AÑIÓÍ8�=A;Äú<;ZÔiDR=K8�ÕADe6_;lçyDR;IQ/YZL9ÑlàÌ6 Ð ÕCLNÑ�Ù�8�ÔNÔM8�ÔNûÌ69ÑÉP�8X8�çyÕS8�ÙÂ698�T³H�úÒDRDÇû16 Ð 8X8'&¤8�Ù46
Ñ>:Ì698�L9L_;IÙ�8�:ÒÑZL9Ó�;>69DRÑI=";>=ATjHj6 Ð 8�LN84:ÒÑILN8IHj6 Ð 8)( Ð LNQFDÇÙ Ð Öa5yÙ Ð à{Ñ�8�P�8�Q�8�&�8�ÙÂ6XP�8�DR=CY Ô9DRY>Ö
=CDeì�Ù�;>=76�:ÒÑILi8�ÕCDF6N;lçyDÇ;>Q/YILNÑlàÌ6 Ð ÕCLNÑ�Ù�8�ÔNÔM8�Ôi;IL98*;IPAÔM8�=76�H¤;>=AT"ú<DFDRDÇû16 Ð 8XYILNÑlàÊDR=CYÈìAQFÓ
Ô Ð ÑZØCQÇTÉP�8*ÔMÕS;l69DÇ;>QRQRÚ%DRÔ9Ñ>6NL9ÑZÕCDÇÙ>@*�ØCL*Ù4ÑZ=Z6NL9DRPCØy6NDFÑZ=ÄDÇÔäÑILNYZ;I=CDRG�8�TÄ;IÔ.:ÒÑZQFQRÑlà1Ô�@ ñ ="Ô98�Ù469DRÑI=âÝIH³àx8ÈPAL9DR84áAÚÄL98�×�DF8�à
6 Ð 8ÄPA;IÔ9DRÙ�Ô�Ñ>:ä6 Ð 8 Ù4ÑZ=AÔ9DRTy8�L98�T�84çyÕ�8�LNDFÓÍ8�=76_;>QiÔ9ÚyÔa6N8�Ó ;>=ATâ6 Ð 8Ä;I=A;>QRÚ�G�DR=CY¿69Ñ�ÑIQÇÔ
:ÒÑILÊ6 Ð 8*ÔMØALM:<;ZÙ48¢ÓÍÑILNÕ Ð ÑZQFÑZYIÚI@ ñ =KÔ98�Ù469DRÑI=KÞyHCàx8¢ÓÍÑ>6NDF×l;l6N8ä6 Ð 8*:ÒØC=AÙÂ6NDFÑZ=A;>Qj:ÒÑILNÓ Ñ>:
6 Ð 8Í;>ÕCÕAL9ÑZÕCL9DÇ;l6N8XÓÍÑyTy8�Q 8�ÛZØS;l69DRÑI=¿;>=ATjHSDR=¿Ô98�Ù469DRÑI= îAH¤L98�QR;>698*6 Ð 8Í8�=7698�L9DR=CYÉ698�LNÓ�Ô
69ÑÍ6 Ð 8¢ØC=ATy8�L9QRÚ�DF=CYÍÕ Ð ÚyÔ9DRÙ�;>Q¤L98�QR;>çC;l69DRÑI=�ÓÍ8�Ù Ð ;I=CDRÔ9Ó�ÔÌÑ>:06 Ð 8*TC8�Õ�ÑZÔ9De6N8�T3ÕA;>L969DÇÙ4QR8�Ô�@
5�8�Ù469DRÑI=KõÉTC8�;>QÇÔ1àÊDF6 Ð 6 Ð 8ÈÙ4ÑZÓÈÕS;>LNDRÔ9ÑI=�Ñ>:�=�ØCÓÍ8�LNDÇÙ�;>Q0ÔMDRÓXØAQR;>69DRÑI=AÔiÑ>:�6 Ð 8XYILNÑlàÌ6 Ð
8�Û7ØA;l6NDFÑZ=�;>=ATÈ84çyÕ�8�LNDFÓÍ8�=Z6_;>QCTC;>6N;äP�8�DR=CYX;}×l;>DRQÇ;>PCQR8ÌØCÕÈ69Ñ*;.ìAQRÓ Ð 8�DRY Ð 6�Ñ>:¤õ+,>=CÓ�ë
ÕCL98�TyDÇÙÂ69DRÑI=SÔÊ:ÒÑILi6 Ð 8ÈÔMØAPAÔM8�Û7ØC8�=76i8�×IÑIQRØy6NDFÑZ=3ÑI:�6 Ð 8*ìAQFÓ ØCÕK69Ñ�Þ-,-,-,I=CÓð;IL98XYIDR×I8�=
DF=
Ô98�ÙÂ6NDFÑZ=/.C@CÿCÑZLÌ:ÒØCLM6 Ð 8�LiL98�ÔMØCQF6NÔ�Hyàx8.LN84:Ò8�LÌ69ÑÍ6 Ð 8¢L98�:Ò8�LN8�=AÙ�8�ÔäÜtö�í�Ý0,lßs@
1 24365�798:5
ÏÌÐ 8
YI8�=C8�LNDRÙ3Ô98469ØAÕâÑI:.;ÄìAQRÓ YZL9ÑlàÌ6 Ð ÕCLNÑyÙ48�Ô9Ô�H�ÙÂ:a@�;IQRÔ9Ñ¿ÿ0DRYA@1ÝZH�Ù4ÑZ=AÔMDÇÔM6NÔÍÑ>:ä;>=
DF=CDF69DÇ;>QRQRÚ�;IQFÓÍÑ7Ôa61á�;l6.Ô9ØCPAÔM69L_;l6N8�;I=AT
;%×l;>Õ�ÑIL�ÕA;>L969DÇÙ4QR8XP�8�;IÓ�6 Ð ;>6�DÇÔ�Ty8�698�L9ÓÍDR=C8�T
P7Ú36 Ð 8ÈTC8�Õ�ÑZÔ9De6NDFÑZ=KáAØyç ;I=AT³H�DF= 6 Ð 8ÈÓÍÑZÔM6.8�QF8�ÓÍ8�=76N;IL9Ú3×I8�LNÔ9DFÑZ=
Ñ>:{Ô9ØAÙ Ð ;3Ô98469ØAÕjH
PA;IÔ9DRÙ�;>QRQFÚÈTyDRL98�ÙÂ698�TÍÕS8�L9Õ�8�=STyDRÙ�ØCQÇ;>L�6NÑä6 Ð 8.ÔMØAPAÔa6NLN;>698Z@ ñ =�×l;>Õ�ÑIL{TC8�Õ�ÑZÔ9De6NDFÑZ=�84çyÕS8�L9DFÖ
ÓÈ8�=76NÔäÜ õ>í�;>ßrHI6 Ð 8äTy8�Õ�ÑZÔ9DF69DRÑI=�áAØCç%ÕSÑ7Ô9Ô98�ÔNÔM8�Ô�6aàxÑ�Ù Ð ;ILN;ZÙÂ6N8�LNDRÔM69DÇÙÊÕCLNÑIÕ�8�L969DR8�Ô�<Sú<DÇû ñ 6
DRÔ{6aÚ�ÕCDÇÙ�;>QRQRÚÈQRÑlàÌÖs8�=C8�L9YZ8469DÇÙÊDRÓÍÕCQFÚ�DR=CY�6 Ð ;>6x=CÑ�ã�DRÙ_ã7ÖsÑ=&�ÑILx8�×I8�=ÉTy8�ÔMÑZL9Õy6NDFÑZ=%Ñ>:0ÔMØCL9Ö
:<;IÙ48äÕA;ILM6NDRÙ�QF8�ÔxÑ�Ù�Ù4ØCL_ÔÌ;>=AT¿úÒDRDüûxPA;IÔ9DRÙ�;>QRQFÚ%Ù�ÑI=AÔM6N;I=76xDR=3Ô9ÕA;ZÙ48¢;>=AT%69DRÓÍ8¢àÊDe6 Ð Ô9ÑIÓÍ8
à{8�;>ã¢ÔMØAÕS8�L9DRÓÍÕSÑ7ÔM8�T*ÔMÕS;l69DRÑ>Ör698�ÓÍÕSÑZLN;IQ>áAØAÙ469ØA;>69DRÑI=AÔ0ÑZL9DRYIDR=A;l6NDF=AYÊ:ÒL9ÑZÓ 6 Ð 8xÕA;>L969DÇÙ4QR8
ÔMÑZØCLNÙ�8I@ ÏÌÐ 8ÌÕA;ILM6NDRÙ�QF8�ÔE:ÒLNÑIÓÎ6 Ð 8ÌP�8�;>Óæ;>LN8xTy8�ÕSÑ7ÔMDF698�TÍ;l6 6 Ð 8ÊÔ9ØCL9:<;IÙ48Ì;>=STXØC=STy8�LNYIÑ
×};IL9DRÑIØSÔEÔ9ØCLM:<;ZÙ48xTyD>&¤ØAÔ9DFÑZ=*ÕCLNÑyÙ48�ÔNÔ98�ÔjØA=Z6NDFQ76 Ð 8�Ú¢;>LNLNDF×Z8�;l6/6 Ð 8�DFL/ìA=A;IQ7Õ�ÑZÔ9DF69DRÑI=j@ ÏÌÐ 8
YILNÑlàÊDF=CY�QÇ;}ÚI8�L1PCØCDRQÇT
ØCÕKP�Ú�6 Ð 8ÈTy8�Õ�ÑZÔ9De6N8�T
ÕS;>L969DÇÙ4QR8�ÔÊ:ÒÑZL9Ó�Ô�;ÉÔ9ÕA;l6NDFÑIÖ�6N8�ÓÍÕSÑZLN;IQFQRÚ
8�×IÑZQF×�DR=CY.:ÒL98�8iÔ9ØCLM:<;ZÙ48x6 Ð ;l6�DÇÔ�Ù Ð ;ILN;ZÙÂ6N8�LNDFG�8�T*P�Ú�De6_Ô@?A%��>B�?���ÑILDC�E�F#G�?AE�H�EIB-JLKòú MON9PMû
;l6Ê69DRÓÍ8QP{;I=AT�;l6Ì6 Ð 8*Ô9ØCPAÔM69L_;l6N8äQFÑyÙ�;>69DRÑI=/M4RåúTSUN9VCûÂ@SJ
DRÙ�L9Ñ7Ô9Ù�ÑIÕCDÇÙ�;IQFQRÚ%Ô9ÕS8�;>ã�DF=AYAH
6 Ð 8�8�×ZÑIQRØy69DRÑI=Ñ>:�6 Ð 8
Ô9ØCLM:<;ZÙ483ÓÍÑILNÕ Ð ÑIQRÑIYZÚÄLN8�Ô9ØCQF6NÔ�:ÒLNÑIÓ 6 Ð 8
Ù4ÑIÓÍÕCQRDÇÙ�;l6N8�T;>=AT



���¢^�`aº7\Z^�uZd�[ \7cnq�W¤c » �å�{`a^ÂÁ�ba\�X��È^ ¼ ] » cnq7� ~ q ¼ h ~ bgba]N`aq�W7^�`a� ~ bacn^�q �0���
ÑI=CQRÚÄÕS;>L969QRÚ 84çyÕCQRÑILN8�TïDR=7698�LN;ZÙÂ69DRÑI=ïÑI:ÌÕS;>L969DÇÙ4QR8�Ôä6NÑKPS83Ty8�Õ�ÑZÔ9DF698�T";>6*6 Ð 8�Ô9ØCLM:<;ZÙ48
;>=ATÄ6 Ð 8É;>QRL98�;ITyÚÄÙ4ÑI=STy8�=AÔ98�TÄÕA;ILM6NDRÙ�QF8�Ô�@Eê�Ô¢84çyÕ�8�LNDFÓÍ8�=Z6_Ô¢LN8�×I8�;>Q1Ü õlíY;lßsH Ð Ñlà{8�×I8�L�H
6 Ð 8{8�×IÑZQFØC69DRÑI=*ÑI:76 Ð 8ÌÔMØCL9:<;IÙ�8�ÓÍÑILNÕ Ð ÑZQFÑZYIÚiÑZ=X;ÊÓÍ8�Ô9ÑZÔNÙ4ÑZÕCDÇÙ�Ô9Ù�;>QR8�DÇÔE=CÑI6AøaØAÔM60TCÑIÓÈÖ
DF=A;>698�TÍP7ÚÈL_;>=ATyÑZÓæÔ9ÕA;l6NDR;IQA×l;>LNDÇ;l69DRÑI=SÔ�;IÔ�DR=�6 Ð 8iÙ�;ZÔM8ÊÑI:jLN;I=ATyÑZÓæTy8�ÕSÑ7ÔMDF69DRÑI=j@ ÏÌÐ 8
ÑIPAÔ98�LN×I8�T�6aÚ�ÕS8ÈÑ>:�ÕS;l6M6N8�LN=K:ÒÑZL9Ó�;l6NDFÑZ=ÃÜ õlí�;>ß Ô9ØCYZYI8�ÔM6NÔ.Ô9ÑIÓÍ8*6aÚ�Õ�8�ÑI:aH¤;ZTyÓÍDe69698�TyQFÚ
=CÑ>61Õ�8�L9:Ò8�Ù46�HCØC=STy8�LNQFÚ�DR=CY�ÑIL_Ty8�L9DR=CYÈÕ Ð 8�=AÑIÓÍ8�=A;È6 Ð ;l6iÔM698�Ó�:ÒLNÑIÓ 6 Ð 8¢DR=7698�LNÕCQÇ;}Ú%Ñ>:
Ù4ÑIÓÍÕ�846NDF=CY�LNÑIØAY Ð 8�=CDF=AYÈ;I=AT�Ô9ÓÍÑ�Ñ>6 Ð DF=CYÍÓÍ8�Ù Ð ;>=CDÇÔMÓ�Ô�@

J
ÑyTy8�LN=K84çyÕ�8�LNDFÓÍ8�=Z6_;>Q0DF=�×Z8�ÔM69DRYZ;l6NDFÑZ=
69Ñ�ÑZQRÔ.ÔMØSÙ Ð ;IÔäÔNÙ�;>=A=CDF=AY%69ØA=C=C8�QRDR=CY�ÓÍDFÖ
Ù4LNÑZÔNÙ4ÑIÕ�ÚKÙ�ÑIÓXPADF=C8�T àÊDF6 Ð DRÓ�;>YI8ÍÕCLNÑyÙ48�Ô9Ô9DF=AY3;IQFQRÑlàÎ:ÒÑZL*;
Ty846_;>DRQF8�T LN8�Ô9ÑIQRØy69DRÑI=¿Ñ>:
6 Ð 8 Ô9ØCL9:<;IÙ�8
ÓÈÑZL9Õ Ð ÑIQRÑIYZÚò;>=ATâDF6NÔÉÔ9ÕA;>69DRÑ>Ör698�ÓÍÕ�ÑIL_;>QÊ8�×IÑIQRØy6NDFÑZ= Ü õlíY;lßs@�5�DR=AÙ48
6 Ð 8
ÑIPy6_;>DR=C8�TÄTC;l6_;�Ô9846äDRÔ�6NÑ7Ñ3DRÓÈÓÍ8�=AÔM8Í;>=ST
6 Ð 8ÍTA;l6N;3;>QÇÔ9Ñ�Ù4ÑZ=76N;>DR= Ô9ÑIÓÍ8ÍTy8�YZL98�8XÑ>:
Ôa6NÑ�Ù Ð ;IÔM69DÇÙ4DF6aÚÃTyØC8�6NÑï6 Ð 8KÔ9Ó�;>QRQiTy8�Õ�ÑZÔ9DF69DRÑI=�=CÑIDÇÔ983LN8�Ô9ØCQF69DR=CY¿:ÒL9ÑZÓ 6 Ð 8
ÕA;>L969DÇÙ4QR8
ÔMÑZØCLNÙ�8IH76 Ð 8Z?A%��>B0?Y� [ ?�%'�>B�?��#[9\]E�F^FI%�H_���#�`E��ba]�Y�c\'�#�`E��dÍúTe�NIPMûfRhgIgMÜ Kòú`MjilkmN9PMû6nog Kqp"rAßsÜ Kòú`MONIPMûsntg`KqpurCßTpuv-p r�w'x@ymz úMÝ�û
Ty846N8�LNÓÈDR=C8�Ô¢;>=Ä;IÕCÕCLNÑIÕCLNDÇ;l698ÍÛ7ØA;>=76NDe6_;l69DR×I8ÍÔM6N;l6NDRÔM69DÇÙ�;IQ ÓÈ8�;IÔ9ØCLN8X:ÒÑZLä6 Ð 8ÍDR=y:ÒÑILNÓ�;lÖ
69DRÑI=�ÑI= Ð 8�DFY Ð 61×l;IL9DÇ;l6NDFÑZ=AÔÌ;>=AT3QÇ;l698�LN;IQjÙ4ÑZL9LN8�QÇ;l6NDFÑZ=AÔ�@ ñ ={(�Û�@ÇúaÝ}ûÂH|g9}_}�} p9vÈL98�ÕCL98�ÔM8�=76NÔ
;>= ;}×Z8�L_;>YI8¢Ñl×Z8�L.TyD>&¤8�LN8�=76äÔ9;IÓÈÕAQF8�Ô�ú<8�=AÔ98�Ó�PCQF8È;}×I8�LN;IYI8�û4H|gu}�}�} p r R�~D���|�s��l� �'S|}�}�}
6 Ð 8�ÔMÕS;l69DÇ;>QÌ;}×I8�LN;IYI8ÍÑl×I8�L�;ÄÔ9;IÓÈÕAQF83;>LN8�;
ÑI:iÔMDRG�8�~f�>H�;I=AT�g`K�p r R�g`Kqp r ú`PMû�Rg`Kòú MON9PMû9p r 6 Ð 8�Ô9ÕA;l6NDR;IQFQRÚ�;}×Z8�L_;>YI8�TXÔ9ØCL9:<;IÙ48ÊÕAL9ÑIìAQF81;>6�69DRÓÍ8DPÂ@ ÏÌÐ 8 Ð 8�DRY Ð 69Ö Ð 8�DFY Ð 6MÖ
Ù4ÑILNLN8�QÇ;l69DRÑI=Ã:ÒØC=AÙ469DRÑI=�dÍúTe�NIPMû�Ù4ÑZ=Z6_;>DR=AÔÈ6 Ð 8�6aà{Ñ"ÓÍÑZÔM6�DFÓÍÕ�ÑIL96N;I=Z6%YZQFÑZPA;>Q1Û7ØA;I=yÖ
69DF69DR8�Ô�6 Ð ;l63Ù Ð ;>L_;IÙ4698�LNDRG�836 Ð 8ÄÔMØCL9:<;IÙ�8
ÓÍÑILNÕ Ð ÑIQRÑIYZÚc<1úÒDüû ÏÌÐ 8�\]E�F^F�%'H_�=� �`E=��H_%'��B=�T?��� úTPMûX6 Ð ;l6ÍDRÔÈYZDF×Z8�=òP�Úï6 Ð 8ÉìAL_ÔM6ÈÓ�;lçyDRÓXØCÓ ÑI:�dÍúTe�NIPMû*:ÒÑZLÍ=CÑI=yÖsG�8�L9Ñqe7H�Dr@ 8I@ P�Ú��� úTPMû�RýÓÍDR=:��e���,�� � z dÍúTe�N9PMû�Rh,�NI�c�z dÍú`e�N9PMû���,Y�7H�;I=AT³H�6 Ð 8�L98�:ÒÑILN8IH¤Ty846N8�LNÓÍDF=C8�Ô
6 Ð 8Ê6aÚ�ÕCDÇÙ�;IQCQR8�=CYI6 Ð ÔNÙ�;>QR8ÌÑl×I8�L�à Ð DRÙ Ð�Ð 8�DRY Ð 6�áAØAÙ469ØA;>69DRÑI=AÔ�;IL981Ù�ÑILNL98�QR;>698�T³H>;>=AT�ú<DFDüû
6 Ð 8��^�YFTa'�\�%@F�E��-B�?���%'�]����úTPMû³ÑZLjLNÑ7ÑI6jÓÍ8�;>=¢ÔNÛ7ØA;>LN8�Ty8�×�DÇ;l6NDFÑZ=.ÑI:�6 Ð 8�LN8�QÇ;l6NDF×Z8 Ð 8�DRY Ð 6
áAØAÙÂ6NØA;l6NDFÑZ=AÔx6 Ð ;l6ÊDRÔÊTC84698�L9ÓÍDR=C8�T3P�ÚÍ6 Ð 8QeQR�,lÖsQFDRÓÍDe6ÊÑ>:6dÍúTe�NIPMûÂHA�L�7úTPMû�R�dÍú ,AN9PMû4@
êiÔ1;ÍÓÍDR=CDFÓ�ØCÓ�L98�ÛZØADFLN8�ÓÍ8�=76Ê:ÒÑZL1;�ÔMØAÙ�Ù48�Ô9ÔM:ÒØCQjÓÍÑyTy8�QRDR=CY%;l69698�ÓÍÕy6�Ñ>:06 Ð 8XÔ9ÕA;>69DRÑ>Ö
698�ÓÍÕ�ÑIL_;>QÊ8�×IÑIQRØy6NDFÑZ=ÑI:�Kòú MON9PMûÂH 6 Ð 8
×l;>QRDRTA;l69DRÑI=âÑ>:.6 Ð 8�6N8�ÓÍÕ�ÑIL_;>QÊ8�×ZÑIQRØy69DRÑI=âÑ>:� � úTPMû1;>=AT��XúTPMû1DF=
Ù�ÑIÓÍÕA;>LNDÇÔMÑZ=ÉàÊDF6 Ð 6 Ð 8*;}×};IDFQÇ;>PAQF8ä84çyÕ�8�LNDFÓÍ8�=Z6_;>QETA;l6N;È=C8�8�TCÔÊ69Ñ
PS8*;ZÙ Ð DF8�×I8�T³@

  ¡£¢�¤L¥|¦¨§{©@ªL3¬«Y79¢f¯®�¢f°t±³²´¢�°�µ�¶D¢�ªL5l·¸¶L7Iº¹�7I¦9² »³°A¢U¼l«A¶
êiÔÉ;ïYZ8�=C8�LN;IQÊ69Ñ�ÑZQÊ:ÒÑILÉ6 Ð 8KØA=ATy8�L_ÔM6N;>=STyDF=AYò;>=AT�DR=7698�LNÕCLN846_;l69DRÑI=âÑ>:ä6 Ð 8KYILNÑlàÌ6 Ð
TyÚ�=A;>ÓÍDÇÙ�Ô�Hjà{8�ØSÔM8Í6 Ð 8ÉÙ4ÑZ=AÙ48�Õy6*Ñ>:ÊÔM69ÑyÙ Ð ;IÔM69DÇÙÈìA8�QRT¿8�Û7ØA;>69DRÑI=AÔÉÜeÝ4í�îlßs@ ÏÌÐ DÇÔ¢Õ Ð 8�Ö
=CÑIÓÍ8�=AÑIQRÑIYIDÇÙ�;IQ�;IÕCÕCLNÑZ;IÙ Ð TyDRÔ9LN8�YZ;ILNTAÔ�6 Ð 8ÄÓÍDÇÙ4LNÑZÔNÙ4ÑIÕADRÙÄTy846_;>DRQRÔ3Ñ>:X6 Ð 8¿ÕA;>L969DÇÙ4QR8
;>LNLN;I=CYI8�ÓÈ8�=76ä;I=AT DR=7698�LN;ZÙÂ69DRÑI=ï;>=STÄÙ�ÑI=AÔ9DRTC8�L_Ôi6 Ð 8�YILNÑlàÌ6 Ð ÕCLNÑyÙ48�ÔNÔ.ÑI=";�ÔMQRDRY Ð 6aÚ
QR;IL9YZ8�L*QR8�=CYI6 Ð Ô9Ù�;>QR8IHj6 Ð 83=A;>=CÑ7Ô9Ù�;>QR8IH/à Ð 8�LN8�6 Ð 8¿ú�Ù4ÑZ;ILNÔ984ÖsYIL_;>DR=C8�TAûäÔMØALM:<;ZÙ48%ÓÍÑIL9Ö
Õ Ð ÑIQRÑIYZÚ�Kòú MON9PMûÊÙ�;>=
P�8*LN8�YZ;ILNTC8�T3;IÔi;�ìA8�QÇT�×l;>LNDR;IPCQF8¢8�×IÑZQF×�DR=CY%Ù4ÑZ=Z6NDF=�ØCÑZØAÔ9QFÚ�DF=
ÔMÕA;ZÙ48i;I=ATÍ6NDFÓÍ8I@ ÏÌÐ 8�=jHZ6 Ð 8iìALNÔM6{YZÑZ;IQADÇÔ�6NÑ*ìA=ATÉ;>=É;IÕCÕCLNÑIÕCLNDR;>698Ì:ÒØC=SÙÂ69DRÑI=S;>QS:ÒÑILNÓ
:ÒÑIL�6 Ð 8�Ô9ÕA;l6NDFÑIÖ�6N8�ÓÍÕ�ÑIL_;>Qy8�×ZÑIQRØy69DRÑI=Í8�ÛZØS;l69DRÑI=�ÑI:mKòú`M@N9PMû�6 Ð ;>6�DÇÔ�Ù4ÑZÓÍÕA;l6NDFPCQR8ÊàÊDF6 Ð
ØC=ATy8�L9QRÚ�DF=CYÍÕ Ð ÚyÔ9DRÙ�;>QjÔ9Ú7ÓÍÓÍ846NL9DR8�ÔÌÑI:E6 Ð 8¢YILNÑlàÌ6 Ð ÕCLNÑ�Ù�8�ÔNÔ�@



����½ Ælba]Nv ~ q��ZÅ��Scnq
	�p���Å� ~ ce� » ] ~ q ¼ h¤Å
��w~ q7����c
êiÔNÔMØCÓÍDR=CY�6 Ð ;l6*6 Ð 8ÉÔ9ØCLM:<;ZÙ48ÍÓÍÑILNÕ Ð ÑZQFÑZYIÚqKòú MON9PMû.DÇÔXÔ9DF=AYIQR84Ös×};IQFØA8�T¿DF=¾M ÑIL�H

Õ Ð Ú�Ô9DÇÙ�;>QRQRÚ*ÔMÕ�8�;Iã7DR=CYSH�6 Ð ;l6�Ñl×Z8�L Ð ;>=CY7Ô³DR=X6 Ð 8ÊÔMØCL9:<;IÙ�8{ÓÍÑZL9Õ Ð ÑIQRÑIYIÚ¢TyÑ.=CÑI6�;IÕCÕ�8�;>L�H
6 Ð 8¢YZ8�=C8�LN;IQ¤;I=AÔN;l69G.:ÒÑZLÌ6 Ð 8*Ù�ÑILNL98�ÔMÕ�ÑI=ATCDF=CYÈ8�×ZÑIQRØy69DRÑI=�8�Û7ØA;>69DRÑI=3L98�;ITCÔ¢ÜFÝÂíyîlß�
¿ÀKÁR�Â�Ü Ã�K�ßAilÄ�ú`MONIPMû úrÞIû
à Ð 8�LN8ÅÄ�ú`MON9PMûÊL98�ÕCL98�ÔM8�=76NÔÌ6 Ð 8�Ty8�ÕSÑ7ÔMDF69DRÑI=�áSØyç�;I=AT36 Ð 8*:ÒØC=AÙ469DRÑI=A;IQUÂ�Ü Ã�K�ß Ù�ÑIÓÈÖ
ÕCL9DÇÔ98�Ôi;IQFQ0Õ Ð ÚyÔMDÇÙ�;IQ/ÓÍ8�Ù Ð ;>=CDÇÔ9ÓÍÔiQF8�;ITyDR=CYÉ69ÑÉYZL9ÑlàÌ6 Ð ;>=ATKL98�QR;>çy;>69DRÑI=A;IQjÕCLNÑyÙ48�ÔNÔ98�Ô
ÑI=�6 Ð 8XÔMØALM:<;ZÙ48I@ ñ =j(�Û�@RúrÞIû4Hy6 Ð 8X6 Ð LN8�8¢ÓÍÑ7Ôa6iDRÓÍÕSÑZLM6_;>=76�Ô9Ú�ÓÈÓÍ8�69LNÚÉLN8�Û7ØCDRL98�ÓÈ8�=76NÔ
Ü Þlß�:ÒÑIL�ÔMØCL9:<;IÙ�8%YILNÑlàÌ6 Ð ÕCLNÑyÙ48�ÔNÔ98�Ô Ð ;}×Z8�PS8�8�=ò;IQFLN8�;ZTyÚ DR=AÙ4ÑZL9Õ�ÑIL_;l6N8�T:<{úÒDüûä=CÑ Ty8�Ö
ÕS8�=ATy8�=SÙ48äÑ>:Ìú�ÞIû{ÑZ=É6 Ð 8¢ÔMÕ�8�Ù�DeìSÙäÙ Ð ÑZDRÙ�8�ÑI:E6 Ð 8äÑILNDFYZDF=�Ñ>:E6NDFÓÍ8�úÒDR=�×l;>LNDR;I=AÙ48.ØC=ATy8�L
69L_;>=AÔ9QR;>69DRÑI=�DF=�69DRÓÍ8�ûÂHCú<DFDüû0=CÑäTy8�Õ�8�=STy8�=AÙ�8ÊÑ>: ú�ÞIûEÑI=�6 Ð 8ÌÔ9Õ�8�Ù4DFìSÙÌÙ Ð ÑZDRÙ�8{ÑI:A6 Ð 8xÑZL9DFÖ
YIDR=ÈÑI:S6 Ð 81Ù4Ñ�ÑZLNTyDR=A;>698ÊÔMÚyÔM698�Óæ;l6 6 Ð 8iÔ9ØCPAÔM69L_;l698¢ú<DF=�×l;>LNDR;I=AÙ48ÌØC=STy8�L�6NLN;I=AÔ9QR;>69DRÑI=ÈDF=
6 Ð 8.TyDFLN8�Ù469DRÑI=�Õ�8�LNÕS8�=ATyDÇÙ4ØCQÇ;>L�69Ñ¢6 Ð 8iYZL9ÑlàÌ6 Ð TyDFLN8�Ù469DRÑI=Sû4HZ;I=AT
úÒDRDFDüû�=AÑXTy8�Õ�8�=STy8�=AÙ�8
Ñ>:ÈúrÞIûÈÑZ=Ã6 Ð 8KÔMÕ�8�Ù�Deì�Ù3Ù Ð ÑIDÇÙ48�Ñ>:�6 Ð 8
ÑZL9DRYIDR=ÃÑI:i6 Ð 8jK�Ös;>çyDRÔ�úÒDR=�×l;>LNDR;I=AÙ483ØC=ATy8�L
69L_;>=AÔ9QR;>69DRÑI=�DR=KYILNÑlàÌ6 Ð TyDRLN8�ÙÂ6NDFÑZ=SûÂ@ ÏÌÐ 8�Ô98�Ô9Ú�ÓÍÓÈ8�69LNÚ�LN8�Û7ØCDRLN8�ÓÍ8�=76NÔ184çCÙ4QRØATy8È;>=�Ú
84çyÕCQRDRÙ�De61Ty8�ÕS8�=ATy8�=SÙ48äÑ>:j6 Ð 8.:ÒØC=AÙ469DRÑI=A;IQcÂ�Ü_}�} ßjÑZ=%6 Ð 8�6NDFÓÍ8�PÂH�6 Ð 8.Ô9ÕA;l6NDR;IQ¤ÕSÑ7ÔMDF69DRÑI=Æ HA;>=AT�6 Ð 8 Ð 8�DRY Ð 6DK"HyLN8�Ô9ÕS8�ÙÂ6NDF×Z8�QRÚI@

ÿCÑILÈ×l;>Õ�ÑILÍTy8�Õ�ÑZÔ9DF69DRÑI=ò8�ç�Õ�8�LNDRÓÈ8�=76NÔ3Ü õ>í�;lßsH/6 Ð 8�Ty8�Õ�ÑZÔ9DF69DRÑI=òáSØyç"DRÔÈPA;ZÔMDÇÙ�;IQFQRÚ
Ù4ÑI=SÔa6_;>=76{àÊDF6 Ð ÔMÑZÓÈ8.ÔMÓ�;IQFQ¤ÔMØAÕS8�L9DRÓÍÕSÑ7ÔM8�TÉÔM69ÑyÙ Ð ;IÔM69DÇÙ4DF6aÚÍL98�ÔMØAQe6NDF=CYX:ÒL9ÑZÓ�6 Ð 8.ÕA;>L9Ö
69DÇÙ4QR8äÔ9ÑIØALNÙ�8I@�êiÔÌ;�Ù�ÑI=AÔ98�Û7ØC8�=AÙ48ZH76 Ð 8¢Ty8�ÕSÑ7ÔMDF69DRÑI=ÉáAØyçÉÙ�;I=ÉP�8¢ÔMÕCQRDF6ÌDR=769ÑÍ;�Ô9ÕA;>69DRÑ>Ö
698�ÓÍÕ�ÑIL_;>QRQFÚ�Ù�ÑI=AÔM6N;I=Z6ÌÓÍ8�;I=�Ty8�ÕSÑ7ÔMDF69DRÑI=�áSØyç�ÇÎ;I=ATÉ;*áAØAÙÂ6NØA;l6NDF=AY�ÕA;ILM6�Ä�ú`MON9PMû�RÇ�i�È³ú`MONIPMûÂH à Ð 8�LN8)È³ú MON9PMûXL98�ÕCL98�ÔM8�=76NÔXÔ9ÕA;>69DRÑ>Ör698�ÓÍÕ�ÑIL_;>QOÉä;>ØAÔNÔMDÇ;>=Ãà Ð De6N8É=CÑZDRÔ98
YIDR×I8�=�P�ÚjgTÈ³ú`M�NIPMû9p v R�,�;I=AT¸gTÈ³ú`MONIPMû�È³ú`MsÊ9NIPuËRûIp v R-Þ6ÌtÍyú`Mjn�MsÊ�ûYÍyúTPUnjPuËÇûÂ@CV18�L98ZHgu}�}_}Îp v Ty8�=CÑ>6N8�Ôx6 Ð 8¢8�=AÔ98�Ó�PCQF8¢;}×Z8�L_;>YI8ZH7;I=AT/Ì�6 Ð 8äáAØAÙ469ØA;>69DRÑI=
ÔM69LN8�=CYI6 Ð @

5�DF=SÙ48�6 Ð 8ÍÓÍ8�;I=ÄTy8�ÕSÑ7ÔMDF69DRÑI= áAØyç�Ç DÇÔäÙ4ÑZ=AÔa6_;>=76äDe6¢;>QÇÔMÑ3ÕCLNÑ�Ñ>:<Ô�ØAÔM8�:ÒØCQ 69Ñ3DR=yÖ
69LNÑ�TCØAÙ48�6 Ð 8 Ð 8�DFY Ð 6ÌÕCLNÑ>ìAQR8�Ï/ú`MONIPMû�R�KÃú`MON9PMûmnjÇ�P�DR=%6 Ð 8i:ÒL_;>ÓÍ8äÙ4ÑIÓÍÑl×�DR=CY*àÊDF6 Ð
6 Ð 8¢×Z8�QRÑ�Ù�De6aÚ�ÇÍ@ ÏÌÐ 8�=jH/ú�ÞIûÌÔ9DRÓÈÕAQFDFìA8�ÔÊ69Ñ� ¿ Ï�R�Â�Ü Ã¨ÏyßAi¾È³ú`MONIPMû^} ú�îZû
5�ÕS8�Ù4DFìSÙ�;IQFQRÚ3:ÒÑIL.;>ÓÍÑILNÕ Ð ÑZØAÔÊYILNÑlàÌ6 Ð ÕAL9ÑyÙ48�Ô9Ô98�Ô�Hy6 Ð 8XDÇÔMÑI69LNÑIÕ�Ú3Ñ>: 6 Ð 8È;>ÓÍÑILNÕ Ð ÑZØAÔ
Õ Ð ;IÔ98ÈDFÓÍÕCQRDF8�Ô��!��$���F^�`���c\]%b�Y�cÐ-%�FZFIE=�À�=� �`E=�Ñ���cÐ/FI% ÒO%]\�� �`E=��DR=Ä6 Ð 8ÍÕCQÇ;>=C8ÈÕ�8�LNÕS8�=yÖ
TyDRÙ�ØCQÇ;>LÊ6NÑÍ6 Ð 8¢YZL9ÑlàÌ6 Ð TyDRLN8�ÙÂ6NDFÑZ=j@ ÏÌÐ DÇÔÊ8�çyÙ�QFØSTy8�Ô1;I=�Ú%ÑyTCT
Ty8�LNDR×};>69DR×I8�ÔÌÑ>:�Ï�DF=jÂ
;>=AT�DFÓÍÕCQRDR8�Ô 6 Ð ;l6fÃXÖrÑZÕS8�LN;>69ÑZLNÔ/8�=7698�L9DR=CY.6 Ð 8x×l;IL9DRÑIØAÔ�Ù�ÑI=769LNDRPCØy69DRÑI=SÔ/DR=¨Â�Ó�ØAÔa6�P�8
ÓXØCQF69DRÕCQRDF8�T¢DF=*Ù�ÑIØCÕAQF8�Ô³P�Ú.ÔNÙ�;IQR;IL³ÓXØCQF69DRÕCQRDRÙ�;l69DRÑI=E@�êiÔNÔ9ØCÓÍDF=CY16 Ð ;>6/;>QRQIÔ9ØCLM:<;ZÙ48�LN8�QÇ;lç�Ö
;l69DRÑI=ÍÕCLNÑyÙ48�Ô9Ô98�Ô�;IL98ÌQRÑ�Ù�;>QrH>àx8ÌìA=A;>QRQRÚX84çyÕA;I=AT�6 Ð 8Ì:ÒØA=AÙÂ6NDFÑZ=A;>Q�Â�DR=%;äÕSÑlàx8�L�Ô98�LNDR8�Ô
DF=É;IQFQSÕSÑ7Ô9Ô9DRPCQF8.ÔMÕS;l69DÇ;>Q�Ty8�LNDR×};>69DR×I8�Ô�Ñ>:UÏ�;>=ATÍãZ8�8�Õ�ÑI=CQRÚÈ6 Ð 8i698�LNÓ�Ô�6 Ð ;l6Ì;>LN81QFDR=C8�;>L
ÑILÊÛ7ØA;ITyL_;l6NDRÙ�DR=/Ï3;>=STÉÑZ=CQFÚ�Õ�ÑZÔNÔ98�ÔNÔx;�Ó�;lçyDRÓXØCÓ�ÑI:E:ÒÑZØCLDÃ*ÖsÑIÕ�8�L_;l6NÑIL_Ô�@�êiÔÌ;ÈLN84Ö
ÔMØCQF6�Ñ>:S6 Ð 81;>:ÒÑILN84ÖsÓÈ8�=769DRÑI=C8�T*ÔMÚ�ÓÍÓÍ846NL9DR8�Ô�H}6 Ð 8ÊTy8�698�L9ÓÍDR=CDRÔM69DÇÙxÕA;>L96�Ñ>: ú<îZû0Ù�;>=XÑZ=CQRÚ
Ù4ÑI=SÔMDÇÔa60Ñ>:y6 Ð 8�6N8�LNÓ�Ô¬Ã���ÏjH�ú Ã¨Ï�ûu�ZH�ÃZÓ�ÏjH�Ã��Zú#Ã�Ï�ûu�IHyú Ã��0Ï�ûu�IHl;>=ATÅÃqÔ�ÜRú Ã¨Ï�û4ú#ÃZ��Ï�ûsßs@
ÏÌÐ 8¢QR;ZÔa6Ì6N8�LNÓðÙ�;I=�P�8*Ô9QFDRY Ð 69QRÚ%LN8�;IL9L_;>=CYZ8�T�DR=�6 Ð 8ä:ÒÑZL9Ó

ÃlÔNÜFú#Ã¨ÏSû�ú Ã � Ï�ûsß:R Ý
Þ Ã � ú Ã¨Ï�û � i3Þ-Õ àÊDF6 Ð ÕÖR�Ty846�× �c�Ø ÏÙ��Ú�� Ø Ï� Ø �
Ú=ÏÖ� �Ú ÏÜÛ }Aú<õ7û

ô{ÑI=AÔ98�Û7ØC8�=Z6NQFÚZHE;4�^J��^�À%�C����#�`\¢84çyÕA;I=AÔ9DFÑZ=¿ÑI:Ì6 Ð 8�:ÒØA=AÙÂ6NDFÑZ=A;>Q�:ÒÑILNÓ�Ñ>:Ì6 Ð 8%YILNÑlàÌ6 Ð
8�Û7ØA;l6NDFÑZ=3úrÞIû/6 Ð ;l6�6_;>ãI8�Ô DF=76NÑ*;IÙ�Ù�ÑIØC=761úÒDüû/6 Ð 81ÔMÕ�8�Ù�DeìSÙÊÔ9Ú�ÓÍÓÈ8�69LNDF8�Ô�Ñ>:¤;>ÓÍÑILNÕ Ð ÑZØAÔ



���¢^�`aº7\Z^�uZd�[ \7cnq�W¤c » �å�{`a^ÂÁ�ba\�X��È^ ¼ ] » cnq7� ~ q ¼ h ~ bgba]N`aq�W7^�`a� ~ bacn^�q �0�}�
ìAQFÓ YZL9ÑlàÌ6 Ð ;>=ATåúÒDRDÇû3;>QRQä;ITyÓÍDÇÔ9Ô9DFPAQF8¿Ù4ÑIÓ�PCDR=A;l6NDFÑZ=AÔ%ÑI:¢698�LNÓ�Ô3PS8�DF=CYQFDR=C8�;>L3ÑIL
ÛZØS;ITyL_;l6NDRÙ.DR=qÏEú Æ N9PMûÊ;I=AT�Ù4ÑI=76_;>DR=CDF=AYÈØAÕ�6NÑ%;ÍÓ�;lçyDFÓ�ØCÓ ÑI:/:ÒÑZØCL�ÃXÖsÑIÕ�8�L_;l69ÑZLNÔxDÇÔ
YIDR×I8�=384çyÕCQRDÇÙ4DF69QRÚÉP�Ú Ü ùlß�
¿"Ï�R�ÝAÞ'Ã � Ïfi)Ý � Ã Ó Ïfi)Ý�ß�Ã � ú#Ã�Ï�û � ibÝ Ó ú#Ã¨ÏSû � i)Ý
àIú Ã � Ï�û � ibÝ�á�ÕâibÈ�}�ú#.Iû
ÏÌÐ 8%L Ð Ô*ÑI:�({Û�@Rú#.IûäÙ4ÑZ=AÔ9DRÔM6NÔ¢ÑI:Ì6aà{Ñ
QRDF=A8�;>LX698�L9Ó�Ô*;I=AT¿:ÒÑIØCL�=CÑI=AQFDR=C8�;IL¢698�L9Ó�ÔXDF=Ïj@s(�Û�@Çú .IûXÙ4ÑZ=Z6_;>DR=AÔXÔ98�×Z8�L_;>Q{ã7=AÑlàÊ="QFDRÓÍDe6NDF=CYïÙ�;ZÔM8�ÔXÔ9ØAÙ Ð ;ZÔ¢6 Ð 8�ã¢;ILNTC;ILMÖgU�;>LNDÇÔMDFÖ
ó Ð ;>=AYâú ã¢Uxó³ûX8�Û7ØA;>69DRÑI=jH�� ¿ Ï�RÜÝ Þ Ã��0Ï�i�Ý Ó ú Ã¨ÏSû9��i�È¤H�P�8�DR=CY¿6 Ð 8�ÕA;ILN;ZTyDFYZÓ
:ÒÑIL{;XÔa6NÑ�Ù Ð ;IÔM69DÇÙÊL9ÑZØCY Ð 8�=CDR=CY*ÕCLNÑyÙ48�Ô9Ô1ÜFÝIÝ�ß�;I=ATÈ6 Ð 8.=CÑZDRÔ9Ú�ãäØALN;IÓÈÑI69ÑIÖg5�DR×l;IÔ Ð DR=AÔMã�Ú
8�Û7ØA;l6NDFÑZ=¿ÜFÝ�ÞlßrHA�
¿uÏ)R�ÝAÞ'Ã���Ï�ilÝ � ÃZÓ�ÏÅilÝ Ó ú Ã¨Ï�ûu��ilÈ¤@

5�Ñò:<;IL�Hxà{8 Ð ;}×Z8KÑI=CQRÚ�Ty8�698�LNÓÍDF=A8�Tþ6 Ð 8¿QF8�;ITyDR=CYÃÑZLNTC8�L�:ÒØC=AÙÂ6NDFÑZ=A;>Q�:ÒÑILNÓ Ñ>:
6 Ð 8�YILNÑlàÌ6 Ð 8�Û7ØA;>69DRÑI=j@ ÏÌÐ DRÔ�;>ÕCÕAL9Ñ7;IÙ Ð TyÑ�8�Ôi=CÑ>6iLN8�×Z8�;IQE;>=�Ú3DF=y:ÒÑZL9Ó�;>69DRÑI=�ÑI=
6 Ð 8
ÔMDRYI=âÑ>:.6 Ð 8ÄÙ4Ñ�8'ä%Ù4DR8�=76_Ô�Ý
å9H�æ)R Ý-N�}_}�NI;AH�;>=ATÃ6 Ð 8KÕ Ð ÚyÔMDÇÙ�;IQ1ÔMDRYI=CDFìSÙ�;>=AÙ�83ÑI:�6 Ð 8
Ù4ÑILNLN8�Ô9ÕSÑZ=ATyDR=CYÍ698�L9Ó�Ô.DF=ú .Iû4@³ÿCÑyÙ4ØAÔNÔ9DF=CY�ÑI=
6 Ð 8XÕ Ð ÚyÔ9DRÙ�ÔiÑI:�;>ÓÍÑILNÕ Ð ÑZØAÔ1YZL9ÑlàÌ6 Ð H
6 Ð 8XÙ�Ñ�8'ä%Ù4DR8�=76NÔLÝ
å�àÊDFQRQjP�8XÙ4ÑZ=C=C8�Ù4698�TÉ6NÑÍ6 Ð 8XØC=ATy8�L9QRÚ�DF=CY�ÓÍDÇÙ4LNÑZÔNÙ4ÑZÕCDRÙ�ÕCLNÑyÙ48�ÔNÔ98�Ô
DF=36 Ð 8¢=C84ç�6iÔ98�ÙÂ6NDFÑZ=j@

ç ·¸¶D¥�è�¶�éD5�798:54êQ¥|¶�79�¤º«Y¶L¥ë»t°A¢U¼l«A¶º§{©@ªL3¬«Y79¢f
É.ØCDRTC8�TÈP�Ú¢6 Ð 8ÌÕCLNDR=AÙ4DRÕCQR8{6 Ð ;l6�;I=�Ú¢ÓÍ;>6 Ð 8�Ó�;l69DÇÙ�;IQFQRÚX;ZTyÓÍDRÔNÔMDRPCQR8x698�LNÓÎÓÍDRY Ð 6 Ð ;}×I8
ÔMÑZÓÈ8¢Õ Ð ÚyÔ9DRÙ�;>QEÔ9DRYI=CDFìSÙ�;I=AÙ48ZHCàx8¢=C84ç�6iLN8�QÇ;l6N8*;>QRQ³698�L9Ó�Ôi;IÕCÕ�8�;>LNDR=CYÍDF=�6 Ð 8*YILNÑlàÌ6 Ð
8�Û7ØA;l6NDFÑZ=¿ú#.Iû{6NÑ�6 Ð 8ä:ÒÑIØAL1Ù4ÑIÓÍÕ�846NDF=CY�ÓÍDÇÙ4LNÑZÔNÙ4ÑZÕCDRÙ�ÓÍ8�Ù Ð ;I=CDÇÔMÓ�Ôì ÔMØALM:<;ZÙ48.698�=AÔMDRÑI=ïÜFÝ�îlßì Ù4ÑZ=AÙ48�=Z6NLN;>69DRÑI=�8�Û7ØCDRQFDRPCL_;l69DRÑI=3Ñ>:�Ty8�ÕSÑ7ÔMDF698�TÉÕA;ILM6NDRÙ�QF8�Ô¢ÜeÝ�õAHRÝ0.lßì Ôa6N8�8�L9DR=CYÍÑ>: ;>LNL9DR×�DF=CYÈÕA;ILM6NDRÙ�QF8�Ô¢Ü +>ßì DF= Ð ÑIÓÍÑIYZ8�=C8�ÑIØAÔÌTy8�=AÔ9De6aÚ3TyDRÔM69LNDRPCØy69DRÑI=ïÜ +CH ùlß
6 Ð ;>6�H�;IÔ�àx8iÔ Ð ;>QRQSÔ98�8ÊDR=�6 Ð 81=C84ç�6ÌÔM8�ÙÂ69DRÑI=EHZÔ98�8�Óå69ÑÈTyÑIÓÍDR=A;l6N8ÊÕ Ð Ú�Ô9DÇÙ�;>QS×l;>Õ�ÑIL�Ty8�Ö
ÕSÑ7ÔMDF69DRÑI=�;>=STÈ;IL98Ê;IQFQrHI;l6�QR8�;ZÔa6�;>6�ÔMÑZÓÈ81ÔM6N;IYI8�Ô Ñ>:�6 Ð 8ÊYZL9ÑlàÌ6 Ð ÕCLNÑyÙ48�Ô9Ô�HlDFÓÍÕ�ÑIL96N;I=Z6�@
ê1QÇÔMÑ�6 Ð 8�Ô9DFYZ=AÔä;>=ATK6 Ð 8ÍÑZLNTy8�L�ÑI:�Ó�;>YZ=CDe6NØATy8È8�ÔM69DRÓ�;l698�Ô.Ñ>:xÔ9ÑIÓÍ8ÍÙ4Ñ�8'ä%Ù�DF8�=Z6_Ô.DF=
ú .Iû4HA;IÔÌàx8�QRQj;IÔÊ;ÈÕ Ð ÚyÔ9DRÙ�;>QRQFÚ%ÓÍÑI69DR×};>698�T3Ô9DRÓÈÕAQFDFìSÙ�;>69DRÑI=3Ñ>:Êú .Zû{;IL98äÑZPy6N;IDF=C8�T³@

ÏÌÐ 8ÉQRDF=A8�;>LX698�L9Ó ÕCLNÑIÕ�ÑIL969DRÑI=A;IQ�69Ñ�Ý � DR=Ñ(�Û�@Çú .Iû*Ù�;>=ÃPS8�DF=7698�L9ÕAL98�698�T";ZÔ*6 Ð 8
L98�ÔMØCQF6{ÑI:E;ä6aÚ�ÕS8.Ñ>:E;*ÓÈDÇÙ4LNÑZÔNÙ4ÑZÕCDÇÙ1ÔMØALM:<;ZÙ48Ê6N8�=AÔ9DFÑZ=%8'&¤8�Ù46x;ZÔ�ÑZL9DRYIDR=A;>QRQRÚ�Ô9ØCYIYZ8�ÔM698�T
P7ÚïJ
ØCQRQRDF=AÔ�ÜeÝ�îlßs@ ÏÌÐ 8%PS;IÔ9DRÙÍDÇTy8�;KPS8 Ð DF=STï6 Ð DÇÔ*8�&�8�ÙÂ6�ú�ÙÂ:a@ ;>QÇÔMÑ�6 Ð 8%ÓÍDÇTCTyQR8%ÕA;>L96
Ñ>:�ÿ0DFYS@�ÞIûÊDRÔÌ6 Ð ;l6�6 Ð 81øaØAÔa6.Ty8�Õ�ÑZÔ9De6N8�T
ÕS;>L969DÇÙ4QR8�ÔÌ:<;}×ZÑILNDe6N8�QRÚ%ÓÍÑl×I8ä69ÑÉÕSÑ7ÔMDF69DRÑI=AÔi;l6
6 Ð 8�ÔMØALM:<;ZÙ48%6 Ð ;l6 Ð ;}×Z8ÉÕ�ÑZÔ9De6NDF×Z8�Ù4ØAL9×l;l6NØCLN8�Ã��0Ïí�º, Ô9DF=AÙ�8É6 Ð 8�LN8IH/6 Ð 83;IQFLN8�;ZTyÚ
Ù4ÑI=STy8�=AÔ98�T3Ô9ØCLM:<;ZÙ48äÕA;ILM6NDRÙ�QF8�Ô�:ÒÑZL9Óð;�QRÑyÙ�;IQ³×7DÇÙ4DR=CDF6aÚÉàÊDF6 Ð�Ð DRY Ð 8�LÌPCDF=STyDF=AY�8�=C8�L9YZÚI@
ÏÌÐ DRÔäYZDF×Z8�Ô�L9DÇÔ98X6NÑ3;�TyD_&�ØSÔMDRÑI=¿Ù4ØCLNL98�=76�î�ïñðòÃ�ú#Ã���Ï�û16 Ð ;l6�HjTy8�Õ�8�=STyDF=AY3ÑZ= 6 Ð 8
QFÑyÙ�;IQÊÙ4ØCLN×l;l69ØAL98ZH0Ù�;>=ÃP�8�ØCÕ Ð DRQRQÊÑILÍTyÑlàÊ= Ð DRQFQr@ ÏÌÐ 8�TyDR×I8�LNYI8�=AÙ48�Ñ>:16 Ð DÇÔ�Ù4ØCLNL98�=76�HnLÃhÔ^î�ï�R�Ý � ÃZÓ0ÏEH�Ù�ÑI=769LNDFPAØy698�ÔÌ69ÑÉ6 Ð 8XÔ9ØCL9:<;IÙ�8*8�×ZÑIQRØy69DRÑI=�DR=Ãú .ZûÌàÊDe6 Ð Ý � P�8�DR=CY=C8�Ù�8�ÔNÔ9;IL9DRQFÚï=C8�YZ;>69DR×I8I@ ÏÌÐ DÇÔÈ698�L9Ó PA;ZÔMDÇÙ�;IQFQRÚ¿69LNDF8�Ô�69Ñ¿ÓÈDR=CDRÓÍDFG�8�6 Ð 8
;>LN8�; Ñ>:i6 Ð 8
ÔMØCL9:<;IÙ�8¢;>=AT³HC;ZÔÊ;ÍÙ4ÑI=SÔM8�ÛZØA8�=AÙ�8IH�69Ñ%Ô9ÓÍÑ�Ñ>6 Ð 6 Ð 8*ÔMØCL9:<;IÙ�8äÓÈÑZL9Õ Ð ÑIQRÑIYZÚI@

ÏÌÐ 8¢=CÑI=AQFDR=C8�;ILÊ698�L9ÓðÕCLNÑIÕ�ÑIL969DRÑI=A;IQ¤69ÑbÝ ß Ù�;I=�PS8*LN8�QÇ;l6N8�T�69ÑÍ6 Ð 8¢6N8�=ATy8�=AÙ4Ú3Ñ>:
8�Û7ØCDRQFDRPCL_;l69DR=CYä6 Ð 81=CÑZ=yÖ Ð ÑIÓÍÑIYZ8�=C8�ÑIØAÔ Ù4ÑZ=AÙ48�=769L_;l69DRÑI=¨óÌÑ>:�6 Ð 8iTy8�Õ�ÑZÔ9DF698�TÍÕS;>L969DÇÙ4QR8�Ô



����� Ælba]Nv ~ q��ZÅ��Scnq
	�p���Å� ~ ce� » ] ~ q ¼ h¤Å
��w~ q7����c
b

amorphous filmô amorphousô
film
õ

����� ¸�öA¸ �ÈcnfN`a^�dgf_^�ºZcef�]I÷C]_fNbad.^�v ~ �¢^�`aº7\Z^�uZd�dguI`gv ~ fN]Í��`a^ÂÁ�ba\SÅ|�A]NvRbäº ~ `gb^Xjo�qø7]_fNbacn^�qK^�v
º ~ `gbacnf » ]_d ¼ u7]�ba^1cnq>ba]9` ~ ba^��¢cnf�cnqlba]N` ~ fNbacn^�qSÅ�Èc ¼7¼I» ]�º ~ `gb^X>Æ>uZ`gv ~ f_] ¼ cÎ÷Cu7dgcn^�q*^�v ¼ ]_ºy^�dgctba] ¼
º ~ `gbacnf » ]_d ¼ u7]�ba^�dguI`gv ~ fN]{`a] »e~�ËZ~ bace^�qSÅ-��ce��\lb�º ~ `gb^X-ùUúlu7c » cn�Z` ~ bace^�q�^�vSba\Z]xcnq7\Z^��¢^���]_qZ]_^�uZd
º ~ `gbacnf » ]1f_^�qZf_]_qlbg` ~ bacn^�q ¼ uZ]xba^.ba\7]x��]_^��¢]Nbg`gkX^�v³ba\7]xdguZ`gv ~ f_]

øaØAÔa6Ì;l:ü6N8�L{;IL9LNDR×7DR=CY*;>6�6 Ð 8.ÔMØALM:<;ZÙ48I@ ÏÌÐ DÇÔ�8'&¤8�Ù46 Ð ;ZÔ�ÑZL9DRYIDR=A;>QRQRÚXP�8�8�=�ÔMØCYZYI8�Ôa6N8�TÈP�Úû DRQFQÇ;>DR=ÜFÝ�õIßÊú�ÙÂ:a@j;IQRÔ9ÑÄÜFÝ0.lßüû4@ ÏÌÐ 8ÍØC=STy8�LNQFÚ�DR=CYÉLN8�;ZÔMÑZ=KDÇÔ�ÑI:�ÕCØCLN8�QRÚ
YI8�ÑIÓÍ846NL9DÇÙ*=S;lÖ
69ØCLN8I@¤ê1QF6 Ð ÑZØCY Ð 6 Ð 8ÍTy8�ÕSÑ7ÔMDF69DRÑI=
áSØyçKDRÔ�PA;ZÔMDÇÙ�;IQFQRÚ Ð ÑIÓÍÑIYZ8�=C8�ÑIØAÔ�HAÓÍÑILN8XÕS;>L969DÇÙ4QR8�Ô
ÕS8�LxÔ9ØCL9:<;IÙ48�;>LN8�;¢;>LNLNDF×Z81;l6{Õ�ÑZÔ9DF69DRÑI=AÔ{àÊDe6 Ð ;XÔ9Ó�;>QRQAÑZL�G�8�L9ÑXÓÈÑyTyØAQFØAÔ{Ñ>:EÔ9QRÑIÕ�8�Ã¨Ï
6 Ð ;I= ;l6.ÕSÑ7ÔMDF69DRÑI=AÔ�P�8�DR=CY�ÔM69LNÑI=CYZQFÚ3DR=AÙ4QRDF=A8�TKàÊDF6 Ð L98�ÔMÕ�8�Ù46169Ñ�6 Ð 8XÕA;ILM6NDRÙ�QF8�PS8�;>Ó�H
ÙÂ:a@{;IQRÔ9Ñ¿6 Ð 8
LNDRY Ð 6�ÕA;>L96%Ñ>:¢ÿ0DFYS@{Þy@ ÏÌÐ 8�LN84:ÒÑILN8IH 6 Ð 8
QRÑ�Ù�;>QiÙ�ÑI=AÙ�8�=769L_;l6NDFÑZ=ÃÑI:.6 Ð 8
TyD>&¤ØAÔ9DF=AY%ÕA;>L969DÇÙ4QR8�Ô1L9DRY Ð 6i;l:ü6N8�Li6 Ð 8XTC8�Õ�ÑZÔ9De6NDFÑZ=
DRÔÊ=AÑ>6�Ù�ÑI=AÔM6N;I=Z6�HCPCØy6.DRÔià{8�DFY Ð 698�T
P7Ú�6 Ð 8ÈQFÑyÙ�;IQ0Ô9QRÑIÕ�8�ÑI:�6 Ð 8ÍÔ9ØCLM:<;ZÙ48ZH�óÅð�Ý�üAý Ý�i�ú Ã¨ÏSû � H¤ÑZL�DR=Ä;3ÔMÓ�;IQFQ0YIL_;ITyDR8�=76
84çyÕA;>=SÔMDRÑI=jH
óDðýÝ�n Þ� ú Ã¨ÏSû � @ ÏÌÐ 8�=jHZ6 Ð 8�698�=ATy8�=SÙ4ÚÍ69Ñ�8�Û7ØCDRQFDRPCL_;l6N816 Ð 8.Ù�ÑI=AÙ�8�=769L_;lÖ
69DRÑI=�DRÔiL98�áA8�Ù4698�T�P�Ú3;�TyD>&¤ØAÔ9DFÑZ=
Ù4ØCLNL98�=76�î � ðþnLÃ�óLðíÃ3ú#Ã�Ï�ûu�ZHCÑZL�HA;>:ü698�LÊ6N;Iã7DR=CY
6 Ð 83TyDF×Z8�LNYI8�=AÙ48ZH³P7ÚÄ6 Ð 8%698�L9ÓÿnLÃòÔ�î � R¯Ý ß Ã��Iú Ã¨Ï�ûu�É6 Ð ;>6�Ù4ÑZ=769LNDFPCØC698�Ô¢69ÑK6 Ð 8
Ð 8�DRY Ð 6%Ù Ð ;>=AYI8�Ô�DR= ú#.IûÂ@O*�P7×�DRÑIØAÔ9QRÚIH Ù4ÑI=SÙ48�=76NLN;>69DRÑI=Ã8�Û7ØCDFQRDRPCLN;>69DRÑI=L98�ÛZØADFLN8�Ô�6 Ð ;l6
6 Ð 83Ù4Ñ�8'ä%Ù48�=76ÅÝ
ßÉDRÔX=C8�Y7;l6NDF×Z8%;>=AT";IQRÔ9Ñ�69LNDF8�Ôä69ÑÄÔMÓÍÑ�Ñ>6 Ð 6 Ð 83ÔMØCL9:<;IÙ�8�ÓÍÑILNÕ Ð ÑIQFÖ
ÑIYIÚZ@Eê�Ô9DFÓÍÕCQR8ÉTyDRÓÍ8�=AÔ9DRÑI=A;IQ�;>LNYIØCÓÍ8�=Z6*QR8�;ZTCÔä6NÑ ;>="8�Ôa6NDFÓ�;l6N8Í:ÒÑIL�Ý
ßI@U({ÛZØS;l69DRÑI=
ú .IûXDRÓÈÕAQFDR8�Ô�6 Ð ;l6È6 Ð 8
Ù4Ñ�8�ä�Ù�DF8�=76�Ý�ß Ð ;IÔ�6 Ð 8�TyDRÓÍ8�=AÔ9DFÑZ=ÃÑI:iQF8�=CY>6 Ð ß�� 69DRÓÍ8I@ ÏÌÐ 8
ÓÍ;IYI=CDF69ØSTy8äÑ>:¬Ý�ß.=C8�Ù48�ÔNÔN;>LNDFQRÚ%Ty8�Õ�8�=STCÔÌÑI=�6 Ð 8¢Ty8�ÕSÑ7ÔMDF69DRÑI=�áAØyç�Çý6 Ð ;l6ÊÕSÑ7Ô9Ô98�ÔNÔ98�Ô
6 Ð 8ÉTCDFÓÍ8�=SÔMDRÑI="ÑI:xQR8�=CYI6 Ð � 69DRÓÍ8É;>=ATÄ6 Ð 8%ÓÍ8�;I=òTyD>&¤ØAÔ9DFÑZ="QF8�=CY>6 Ð�� à Ð DRÙ Ð DÇÔ¢6 Ð 8
ÑI=CQRÚ�L98�QF8�×l;>=76{QR8�=CYI6 Ð Ô9Ù�;>QR8�Ty8�698�L9ÓÍDR=CDF=AYX6 Ð DRÔÌÕAL9ÑyÙ48�Ô9Ô�@ ÏÌÐ 8äÑI=CQRÚ�Ù4ÑIÓ�PCDR=A;l6NDFÑZ=ÉÑ>:Çý;>=AT � QR8�;ITCDF=CY*69Ñ�6 Ð 8äÙ4ÑZL9LN8�Ù46{TyDRÓÈ8�=AÔ9DFÑZ=%Ñ>:|Ý�ß�DRÔ@Ç � �I@ ÏÌÐ 8�LN84:ÒÑILN8IHZÑI=C8�84çyÕ�8�ÙÂ6_ÔÝ ß ðhnDÇ � �>@�ê�6 Ð ÑILNÑIØCY Ð TyDRÔNÙ4ØSÔ9Ô9DFÑZ=%Ñ>:E6 Ð 8äÙ4ÑZ=AÙ48�=Z6NLN;>69DRÑI=�8�ÛZØADFQRDFPALN;>69DRÑI= Ü +lß³ÔMØAÕyÖ
ÕSÑZLM6_Ô16 Ð DRÔ.;>LNYIØAÓÈ8�=76�;>=ATKÚ7DR8�QÇTCÔi6 Ð 8�84çyÕCQRDRÙ�De6äLN8�QÇ;l69DRÑI=jÝ ß Ròn Þ

� Ç � �>@¤JKÑILN8�Ñl×I8�L�HÑI=C8Í84çyÕ�8�Ù46NÔä6 Ð ;l6¢6 Ð 8Í6aÚ�ÕCDRÙ�;>Q�Ó�;>YZ=CDF69ØATy8�ÑI: � DÇÔ¢Ñ>:{6 Ð 8�ÑZLNTC8�L¢Ñ>:ÌÔM8�×I8�LN;IQ ;>69ÑZÓ
TyDR;IÓÍ84698�LNÔ�@

ÏÌÐ 8*6aàxÑ�698�L9Ó�Ô�DF=ú .Iû16 Ð ;l6.;IL98XÕCL9ÑZÕSÑZLM6NDFÑZ=A;>Qj69Ñ�Ý Þ ;>=ATqÝ á Ù�;I=KÓÍDRÙ�L9Ñ7Ô9Ù�ÑIÕyÖ
DRÙ�;>QRQFÚ�P�8ÄLN8�QÇ;l6N8�Tâ69ÑÃ6 Ð 8ïÔM698�8�L9DR=CYÑ>:¢6 Ð 8¿;IL9LNDF×�DR=CY"ÕA;ILM6NDRÙ�QF8�Ô�@ÌV18�L98ZH�6 Ð 8 PA;ZÔMDÇÙ
DRTy8�; Ü +lß DRÔ�6 Ð ;l6.6 Ð 8ÈÕA;ILM6NDRÙ�QF8�ÔÊ:ÒLNÑIÓ�6 Ð 8ÈP�8�;>ÓÀ8�çyÕS8�L9DR8�=AÙ�8�Ù�QFÑ7ÔM8X69Ñ%6 Ð 8ÈYILNÑlàÊDF=CY
ÔMØCL9:<;IÙ�8
;¿TC84áA8�ÙÂ69DRÑI=�TyØC8�6NÑ¿6 Ð 8
DR=7698�L_;l6NÑIÓÍDÇÙ3;>6M6NLN;ZÙÂ69DR×I83DR=Z6N8�L_;IÙ469DRÑI=âàÊDe6 Ð 6 Ð 8
;>QRL98�;ITyÚ
Ù4ÑZ=ATy8�=AÔM8�TÄÔ9ØCL9:<;IÙ�8�ÕA;ILM6NDRÙ�QF8�Ô�@³ê�Ô¢;3Ù�ÑI=AÔ98�Û7ØC8�=AÙ48ZH�6 Ð 8ÍÕA;ILM6NDRÙ�QF8�Ô.TCÑ3=AÑ>6
Ð De6x6 Ð 8äÔ9ØCL9:<;IÙ�8iÕ�8�LNÕS8�=ATyDÇÙ4ØCQÇ;>L{69Ñ�6 Ð 8äÔ9ØCPAÔM69L_;l698�ÑILNDF8�=76N;l6NDFÑZ=jH7PCØy6ÌÕS8�L9Õ�8�=ATCDRÙ�ØCQR;IL
69Ñ�6 Ð 8%ÔMØCL9:<;IÙ�8ÍDe6_ÔM8�Qe:a@ ÏÌÐ DRÔäDRÓÍÕCQRDF8�Ô¢6 Ð ;l6*ÓÍÑILN8ÍÕA;>L969DÇÙ4QR8�Ô¢;IL9LNDF×Z8È;>6*ÕSÑ7ÔMDF69DRÑI=SÔ¢;l6



���¢^�`aº7\Z^�uZd�[ \7cnq�W¤c » �å�{`a^ÂÁ�ba\�X��È^ ¼ ] » cnq7� ~ q ¼ h ~ bgba]N`aq�W7^�`a� ~ bacn^�q �0���
6 Ð 8%Ô9ØCL9:<;IÙ48ÍàÊDF6 Ð =C8�YZ;l6NDF×Z8ÈÙ�ØCLN×};>69ØCLN8IH|Ã��0ÏÑ�ë,CH¤6 Ð ;>=";l6¢Õ�ÑZÔ9De6NDFÑZ=AÔäàÊDe6 Ð ÕSÑ7ÔMDFÖ
69DR×I8XÙ�ØCL9×l;>69ØCLN8ÅÃ��0Ïq��,C@�(6&¤8�ÙÂ6NDF×Z8�QRÚIHA6 Ð DÇÔ1QR8�;ZTCÔÊ6NÑÉ;È698�=ATy8�=SÙ4Ú369Ñ%LNÑIØAY Ð 8�=�6 Ð 8
ÔMØCL9:<;IÙ�8�ÓÍÑZL9Õ Ð ÑIQRÑIYIÚZ@Z÷¿8¢LN84:Ò8�Lx6NÑÍO184:a@jÜFÝ�;lß¤:ÒÑZLÊ84çyÕS8�L9DRÓÍ8�=76N;IQ¤DF=ATCDRÙ�;l69DRÑI=SÔÌÑ>:E6 Ð 8
L98�QF8�×};I=AÙ48ÊÑI:¤6 Ð DÇÔ�8�&�8�ÙÂ6�@ Ï ÑXÓÈÑyTy8�QC6 Ð DRÔ{Ô9Ù�8�=A;IL9DRÑäDF=�;¢TyÚ�=A;>ÓÍDÇÙ�;>QAàx;}Ú3Ü +>ßrHZà{8ÊØAÔ98
6 Ð 8%DÇTy8�;>QRDFG�;l69DRÑI=¿6 Ð ;l6*6 Ð 8ÉÕS;>L969DÇÙ4QR8�Ô¢ØC=STy8�LNYIÑ
;KÙ Ð ;I=CYI8�ÑI:ÌTCDFLN8�Ù469DRÑI="ÑI=AQFÚ¿;l:ü698�L
L98�;IÙ Ð DR=CYÍ;ÈÙ�L9DF69DÇÙ�;IQjTyDÇÔa6_;>=AÙ�8��lH�6 Ð 8¢8�&�8�ÙÂ69DR×I8äL_;>=CYZ8äÑ>:E6 Ð 8¢DR=Z6N8�L_;IÙ469DRÑI=jH7:ÒLNÑIÓ�6 Ð 8
ÔMØCL9:<;IÙ�83;I=ATâ;>LN8É6 Ð 8�=�;l6969L_;IÙÂ6N8�TÔMØAÙ Ð 6 Ð ;l6Í6 Ð 8�ÚÃ;>LNLNDF×Z8ÉÕ�8�LNÕS8�=ATyDÇÙ4ØCQÇ;>LÍ6NÑÄ6 Ð 8
ÔMØCL9:<;IÙ�8IH�Ù4:a@�6 Ð 8
QR84:ü6%ÕS;>L96%Ñ>:.ÿ0DRYA@{ÞC@�êÀTy846_;>DRQF8�TâÓÍ;>6 Ð 8�Ó�;l69DÇÙ�;IQ1Ty8�LNDR×};>69DRÑI= Ü +>ß
ØAÔMDR=CY%;ÈLN8�ÕA;ILN;IÓÈ8�69LNDFG�;l6NDFÑZ=%DF=36 Ð 8XÙ4Ñ�ÑZLNTyDR=A;>698�ÔxÑI:/6 Ð 8¢DFÓ�;IYIDR=A;>LNÚ%ÔMØALM:<;ZÙ48äà Ð 8�LN8
6 Ð 81DR=7698�LN;ZÙÂ69DRÑI=ÈP�8�Ù4ÑZÓÍ8�Ô�8�&�8�ÙÂ69DR×I8�ú<ÙÂ:a@I6 Ð 8�TyÑ>69698�TÈQRDF=A81DF=Í6 Ð 8ÊQR84:ü6�ÕA;ILM6�ÑI:jÿ/DRYA@7ÞIû
;>=ATò;ÄÔMÓ�;IQFQ{YIL_;ITyDR8�=76X8�ç�ÕS;>=AÔ9DFÑZ="DF=tÏòDR=":<;ZÙÂ6ÈÔ Ð Ñlà1Ô*6 Ð ;>6X6 Ð DRÔÍÔNÙ48�=S;>LNDFÑ
YZDF×Z8�Ô
ÔMDRÓXØCQF6N;I=C8�ÑZØAÔ9QFÚ
LNDRÔ98�69Ñ36 Ð 8Í6aàxÑ�Ù4ÑI=76NL9DRPCØy6NDFÑZ=AÔ�Ý Þ Ã��0Ïï;I=AT�Ý á Õ,DR=âú#.IûÂ@jJKÑILN84Ö
Ñl×I8�L�H¤6 Ð 8ÉÙ4Ñ�8'ä%Ù�DF8�=Z6_Ô Ý Þ ;>=ST¸Ý á Ù�;>=ïP�8%L98�QR;>698�T 6NÑ�6 Ð 8ÉÓÈ8�;>="Ty8�ÕSÑ7ÔMDF69DRÑI=ïáAØCçÇå;>=ST%6 Ð 8ä8'&¤8�ÙÂ6NDF×Z8äLN;I=CYI8	�1ÑI:E6 Ð 8.DR=7698�LN;>69ÑIÓÍDÇÙiDR=7698�LN;ZÙÂ69DRÑI=�Ú�DF8�QRTyDR=CY�ÝAÞ�R�nDÇ
�
;>=AToÝ�áqRÁÇ
�^�¿Ü +lßs@�ê1QF6 Ð ÑZØCY Ð �ÉÙ�;>=C=CÑI6ÈP�8
TyDRL98�ÙÂ69QRÚ"ÓÍ8�;ZÔMØCLN8�TÃDe6_ÔÍÓ�;>YI=ADe6NØATy8
Ô Ð ÑZØCQÇT%P�8i6aÚ�ÕCDÇÙ�;IQFQRÚÍÑ>:j6 Ð 8�ÑZLNTC8�L�ÑI:EÑI=A8.;>69ÑIÓÍDÇÙiTyDÇ;>ÓÍ8�698�LÌ;>=ST³H76 Ð 8�L98�:ÒÑILN8IH7ÓXØAÙ Ð
ÔMÓ�;>QRQR8�LÊ6 Ð ;>=�6 Ð 8*L_;ITyDRØAÔÊÑI:/6 Ð 8XÔ9ØCLM:<;ZÙ48*Ù�ØCL9×l;>69ØCLN8I@ ÏÌÐ DRÔiDFÓÍÕCQRDF8�ÔÊ6 Ð ;l616 Ð 8¢6N8�LNÓ
ÕCL9ÑZÕSÑZLM6NDFÑZ=A;>Q 6NÑqÝ�á%DÇÔ*ÑI:ÌÓÍDR=CÑIL�L98�QF8�×l;>=AÙ�8�DF=òÙ�ÑIÓÍÕA;>LNDÇÔMÑZ=Ä6NÑ
6 Ð 8)ÝAÞNÖr698�LNÓ ;>=AT
Ù�;>=3P�8¢=C8�YZQF8�ÙÂ698�T³@AJ
ÑZL98�Ñl×I8�L�HZ6 Ð 8*Ô9DRYI=3Ñ>:¬ÝAÞ�DÇÔÊ=C8�YZ;l6NDF×Z8I@

ÏÌÐ 8ÄÕ Ð ÚyÔ9DRÙ�;>Q.ÑILNDFYZDF=�Ñ>:X6 Ð 8¿=CÑI=CQRDR=C8�;IL�6N8�LNÓ�ÔÉÕCLNÑIÕ�ÑIL969DRÑI=S;>Q�69ÑtÝ Ó ;I=AT�Ý�à
DRÔ�Ty846N8�LNÓÈDR=C8�T�P7ÚÉ6 Ð 8XÕSÑI698�=76NDR;IQE×l;>LNDR;>69DRÑI=AÔ1Ñ>:06 Ð 8ÈÙ4ÑZ;ILNÔ984ÖsYIL_;>DR=C8�T%Ty8�=SÔMDF6aÚ¿Ütö�H +lßs@
ÏÌÐ 8�Ô98x698�LNÓ�Ô�Ù�;I=C=CÑ>6�LN8�Ô9ØCQF60:ÒLNÑIÓåÕA;>L969DÇÙ4QR8ÊTy8�Ô9ÑILNÕy69DRÑI=ÍÔ9DF=AÙ�8x6 Ð 81Ô9ØCPAÔM69L_;l6N8{DÇÔ Ð 8�QRT
;l6�LNÑ�ÑIÓÎ6N8�ÓÍÕ�8�L_;l69ØAL98i;I=ATÈ6 Ð 81ÕA;>L969DÇÙ4QR818�=C8�LNYIÚ�DF=Í6 Ð 8i×l;>Õ�ÑIL�PS8�;>Ó DRÔ�LN;>6 Ð 8�L�QRÑlà
úü6aÚ�ÕCDÇÙ�;>QRQRÚ"Ñ>:16 Ð 8�ÑZLNTC8�L¨,A}RÝ�8 û ûÂ@ ÏÌÐ 8�L98�:ÒÑILN8IH���H!H ;>LNL9DR×�DF=CY ÕA;>L969DÇÙ4QR8�Ô�ìA=A;IQFQRÚòÙ4ÑZ=yÖ
69LNDFPCØC698%6NÑ
6 Ð 8�Ô9ØCLM:<;ZÙ48%YZL9ÑlàÌ6 Ð @/ê�ÔX;KÙ�ÑI=AÔ98�Û7ØC8�=AÙ48ZH/;I=7ÚÄ698�L9Ó�6 Ð ;l6ÈÙ�;>=C=AÑ>6XP�8
L98�Ù�;IÔM6XDR=ò:ÒÑZL9Ó Ñ>:16 Ð 8�TCDF×Z8�LNYI8�=SÙ48%ÑI:i; Ù4ØAL9LN8�=76XDR=�ú .ZûX;IL9DÇÔ98�Ôä:ÒLNÑIÓ Ù Ð ;I=CYI8�Ô*Ñ>:
6 Ð 8¿Ù4ÑZ;ILNÔ984ÖsYIL_;>DR=C8�TÃTy8�=AÔMDF6aÚI@xêiÔNÔMØAÓÈDR=CY":ÒÑZL%6 Ð 8 ÓÍÑIÓÍ8�=Z6�6 Ð ;>6%6 Ð 8ÄTy8�ÕSÑ7ÔMDF69DRÑI=
=CÑIDÇÔM8�DÇÔ*G�8�LNÑòúTÈlR ,7ûÂH/ÕA;>L969DÇÙ4QR8%Ù4ÑZ=AÔM8�L9×l;>69DRÑI=ïDFÓÍÕCQRDR8�Ô¢6 Ð ;l6X6 Ð 8%L_;l6N8�Ñ>:1Ù Ð ;I=CYI8
Ñ>:�6 Ð 8�=�ØCÓXP�8�L¢ÑI:{ÕA;ILM6NDRÙ�QF8�Ô.ÕS8�L*ÔMØCPSÔa6NLN;>698�;>LN8�;�;>P�Ñl×I8Í;�YZDF×Z8�=¿ÔMØCPSÔa6NLN;>698ÍQFÑyÙ�;lÖ
69DRÑI=jH6dÈH/DÇÔXTC84698�L9ÓÍDR=C8�TòP7Úï;
PA;IQR;I=AÙ48É8�Û7ØA;l6NDFÑZ=l�
¿"dÁR nLÃñÔ0î��li� � ÇÍ@0V18�LN86 Ð 8%TyDR×I8�L9YZ8�=AÙ�8ÍÑ>:�6 Ð 8%Ù4ØAL9LN8�=76Lî���DÇÔ¢YZDF×Z8�=¿P7ÚK6 Ð 8ÉÙ�ÑIÓ�PCDF=S;l69DRÑI=¿Ñ>:Ì;>QRQ�Ô9ØCLM:<;ZÙ48
L98�QR;>çy;>69DRÑI=�ÕCLNÑyÙ48�ÔNÔ98�ÔXú�ÙÂ:a@�6 Ð 8�;l:ÒÑZL98�ÖrÓÍ8�=Z6NDFÑZ=C8�T
;IL9YZØCÓÍ8�=76NÔ_ûÂHSD�@ 8I@�P�Ú4nLÃþÔ^î��tR
 � Ü ÝAÞ'Ã��0K�i/Ý � ÃZÓ�Kíi/Ý�ß�Ã��Zú Ã�K ûu�mi/Ý�á0Õ-ßr@IêiQFQRÑlàÊDR=CY¢:ÒÑIL{Ty8�=AÔ9DF6aÚ�×l;>LNDÇ;l69DRÑI=SÔ�;l6
6 Ð 8*YZL9ÑlàÊDR=CY�Ô9ØCLM:<;ZÙ48ZHy6 Ð 8XLN;>698*ÑI: Ù Ð ;I=CYI8¢ÑI:fdåDÇÔ1LN8�QÇ;l6N8�T�69Ñ%6 Ð 8*L_;l6N8¢Ñ>:�Ù Ð ;I=CYI8
Ñ>:x6 Ð 8 Ð 8�DFY Ð 6ÅK P�Ú�� ¿ d¯R��ú#ÃZKÄûu� ¿ K"@EVi8�LN8�¤ú Ã�K û*Ty8�=CÑI698�Ô.6 Ð 8%Ty8�=AÔ9De6aÚ¿;l6
6 Ð 8äÔMØALM:<;ZÙ48I@�÷þDF6 Ð ÑZØy6Ì6 Ð 8.DR=AÙ4ÑZL9Õ�ÑIL_;l6NDFÑZ=�Ñ>:/Ty8�=AÔ9De6aÚ%Ù Ð ;I=CYI8�Ô�ú��R� � R�ó�������P^} û4H
6 Ð 8�L98�DÇÔ�;¿TCDFLN8�Ù46ÍÕAL9ÑZÕSÑZLM6NDFÑZ=A;>QRDe6aÚl� ¿ d£R� � � ¿ K"@ ñ :.Ô9ÓÍ;IQFQ1TC8�=AÔ9De6aÚÃ×};IL9DÇ;l6NDFÑZ=AÔ
;>LN8K6N;IãI8�=�DF=76NÑâ;ZÙ�Ù4ÑZØC=76�H��ú#Ã�K û3Ù�;>=�PS8ï84çyÕA;I=ATy8�T�DR=�6 Ð 8¿Ty8�L9DR×l;l6NDF×Z8�Ô�Ñ>:ZK
Ú7DR8�QÇTyDR=CY��ú#Ã�K ûfR� � ÜeÝ�i�� Þ ú Ã�K ûu�Oi�� � Ã���K
ßEDF=�QRÑlà{8�Ôa6ÌÑIL_Ty8�L1;>ÕCÕCLNÑ}çyDFÓ�;>69DRÑI=j@
ÏÌÐ 8�LN84:ÒÑZL98ZH�� ¿ K R� � Þ� ÜFÝÅn�� Þ ú Ã�K û � n�� � Ã � K�ß!� ¿ d Ð ÑIQÇTCÔ�@ ñ =AÔ98�L969DR=CYï6 Ð DRÔÉDF=
6 Ð 8ÄPA;>QÇ;>=AÙ�8K8�Û7ØA;>69DRÑI=�:ÒLNÑIÓ ;>P�Ñl×I8ZH�84çyÕCQÇ;>DR=AÔ%6 Ð 8ÄÕCL98�ÔM8�=AÙ48 Ñ>:ä6 Ð 8 6aà{Ñò698�LNÓ�Ôn �0Þ^Ç�ú#Ã�K ûu�¾R�Ý Ó ú Ã¨Ï�ûu�K;I=AT�n � � ÝYÞ>ú Ã��0K ûu�¾R�Ý�àIú Ã���ÏSû9�
;>ÕCÕ�8�;IL9DR=CYïDR=Îú .Iû4@
ÿCLNÑIÓæ6 Ð 8.Õ Ð ÚyÔMDÇÙ�;IQAÕ�ÑIDR=Z6xÑ>:³×�DF8�à¢H Ð Ñlà{8�×I8�L�HITy8�=AÔ9De6aÚ�Ù Ð ;I=CYI8�Ô�;>LN81ÕCLNDFÓ�;IL9DRQFÚÍÙ4ÑZ=yÖ
=C8�Ù4698�T%69ÑX6 Ð 8�YIL_;ITyDR8�=76NÔ�Ñ>:³6 Ð 8.Ô9ØCL9:<;IÙ�81ÕCLNÑ>ìAQR81LN84áA8�ÙÂ69DR=CYX6 Ð 8�QFÑyÙ�;IQ�;IL9L_;>=AYI8�ÓÍ8�=Z6



����� Ælba]Nv ~ q��ZÅ��Scnq
	�p���Å� ~ ce� » ] ~ q ¼ h¤Å
��w~ q7����c
Ñ>:ä6 Ð 8 ÕA;>L969DÇÙ4QR8�Ô%;>6%6 Ð 8 ÔMØALM:<;ZÙ48K;>=ST=AÑ>6�Ô9Ñ"ÓXØAÙ Ð 6NÑ"6 Ð 8 ÔMØALM:<;ZÙ48KÙ4ØAL9×l;l6NØCLN8I@
ÏÌÐ 8�LN84:ÒÑZL98ZH/DF6�DRÔÍÕA;IØAÔ9DFPCQR8�69ÑïTyDRÔ9LN8�YZ;ILNT"6 Ð 8�698�L9Ó Ý�àZú Ã��0Ï�ûu�3DR=;ÄÓÍDF=CDRÓ�;>Q1Ty8�Ö
Ô9Ù�L9DRÕy69DRÑI=
ÑI:�6 Ð 8ÈYILNÑlàÌ6 Ð 8�×IÑIQRØy6NDFÑZ=j@�5�DR=AÙ�8*6 Ð 8ÈTy8�=AÔ9De6aÚ�×l;>LNDR;>69DRÑI=AÔ1L98�ÔMØCQF6i:ÒLNÑIÓ ;
àÊDRTy8�=CDR=CY¢Ñ>:S6 Ð 8ÊÓÍ8�;I=ÍDF=7698�LMÖsÕA;ILM6NDRÙ�QF8ÌTyDÇÔa6_;>=AÙ�8�Ô�;l6�6 Ð 81Ô9ØCLM:<;ZÙ48ÌÑI=A8 Ð ;IÔ069Ñ¢8�çyÕS8�ÙÂ6
6 Ð ;>6Ê6 Ð 8�ÚÉQRÑ�Ù�;>QRQFÚ�Ty8�Ù�L98�;IÔ98i6 Ð 8*Ty8�=SÔMDF6aÚ%DRÓÈÕAQFÚ�DR=CYÍ6 Ð ;>6LÝ Ó �o, Ð ÑZQRTCÔ�@

Ï ;Iã7DR=CY�DR=Z6NÑ
;IÙ�Ù�ÑIØC=76ä6 Ð 8É;l:ÒÑZL98�ÖrÓÍ8�=76NDFÑZ=C8�T Õ Ð Ú�Ô9DÇÙ�;>Q�;IL9YZØCÓÍ8�=76NÔ�H¤6 Ð 8Í698�LNÓ�ÔÝ
àZú Ã���ÏSû9��;I=ATqÝ�á�Õ2;>LN8*=C8�YZQFDRYIDRPCQR8�DR= QR8�;ZTyDR=CYÉÑZLNTy8�L�;I=AT³H³;IÔ.;%ìS=A;>Q LN8�Ô9ØCQe6�HSàx8
ÑIPy6_;>DR=É6 Ð 8¢ÓÍÑ�TC8�Qj8�ÛZØS;l69DRÑI=�:ÒÑIL1;IÓÍÑILNÕ Ð ÑIØSÔ�ìSQFÓðYILNÑlàÌ6 Ð Ütö�í¤Ý�,>ßrH�
¿"Ï�R�ÝAÞ'Ã � ÏÅiÑÝ � Ã Ó ÏZiÑÝ�ß�Ã � ú#Ã¨ÏSû � iÑÝ Ó ú Ã¨Ï�û � ilÈ ú ;Zû
àÊDe6 Ð ÝAÞ�NIÝ � N�Ý
ßäP�8�DR=CY�=C8�YZ;>69DR×I8ä;>=AT/Ý Ó PS8�DF=CY�Õ�ÑZÔ9DF69DR×I8I@èiÔ9DF=CYÔa6NÑ�Ù Ð ;IÔM69DÇÙ
=�ØCÓÍ8�LNDRÙ�;>Q�Ô9DRÓXØCQÇ;l6NDFÑZ=AÔ%ÑI:.6 Ð 8ÄÔ9ØCL9:<;IÙ�8KYILNÑlàÌ6 Ð 8�Û7ØA;>69DRÑI=
ú`;ZûÍÔM6N;ILM6NDF=AY :ÒLNÑIÓ ;ÄáS;>6ÉÔMØAPAÔa6NLN;>698ïúü:ÒÑZL%Ty846_;>DRQRÔ�ÑI:i6 Ð 8
ÓÍ846 Ð Ñ�T�Ô98�8
;>ÕAÕS8�=ATyDFç
ô DF=âÜ +>ßüû4HSàx8ÈDF=�×I8�Ôa6NDFY7;l6N8*DF= 6 Ð 8ÈLN8�Ó�;>DR=ATy8�LiÑ>:�6 Ð DÇÔäÙ4ÑI=76NL9DRPCØy6NDFÑZ=
6 Ð 8È8�×ZÑIQRØy69DRÑI=
Ñ>:.Ù�ÑILNL98�QR;>69DRÑI="QR8�=CYI6 Ðt� � ;>=ATÔMØCL9:<;IÙ�8�LNÑIØAY Ð =C8�Ô9ÔZ�À;IÔÍ; :ÒØC=AÙÂ6NDFÑZ=�Ñ>:16 Ð 8�84ç�Ö
ÕS8�L9DRÓÍ8�=76N;IQFQRÚ
ÓÍ8�;IÔ9ØCL_;>PCQR8ÈQR;}ÚZ8�L�6 Ð DÇÙ_ã�=C8�ÔNÔ K"@ ÏÌÐ DÇÔ.Û7ØA;I=769DF6aÚKDRÔäTy8�698�L9ÓÍDR=C8�TÄP�ÚKÙR gIg`Kòú MON9PMûIpuv-pur�RÁÇ�PfihgIg Ï/ú`M�NIPMû9puvp"r�;>=ATÃDRÔ�H/DR=âYI8�=A8�L_;>QrHEDRÓÈÕAQFDÇÙ4DF69QRÚÃÙ4ÑZ=yÖ
=C8�Ù4698�T
69Ñ�6 Ð 8*6NDFÓÍ8ÅPÊ×�DÇ;Í6 Ð 8�Ô9ÑIQRØy69DRÑI=
ÑI:Êú ;Zû4@ ÏÌÐ 8�QR;>6M6N8�LiLN8�Ô9ØCQF6NÔ1:ÒL9ÑZÓ 6 Ð 8*:<;ZÙÂ6
6 Ð ;>6{6 Ð 8.Ô9ØCL9:<;IÙ�81ÕCLNÑ>ìAQR8iYZ8�=C8�LN;>698�T%P7Ú�({ÛS@Çú`;7û�Õ�ÑZÔNÔM8�Ô9Ô98�Ô{;¢ìA=ADe6N8�8�çyÙ�8�ÔNÔ�×Z8�QRÑyÙ4DF6aÚIH
! RhgIg`�
¿9Ï�p v p r R�g9g Ý Ó ú#Ã�Ï�ûu��p v p r @I5yDF=AÙ�8�Ý Ó DÇÔ0ÕSÑ7ÔMDF69DR×I8x6 Ð 8Ì;}×Z8�L_;>YZ8�Ñ>:S6 Ð 8ÊÔ9ØCLM:<;ZÙ48ÓÈÑZL9Õ Ð ÑIQRÑIYZÚqKòú`MONIPMûZR Ç�P6iíÏ/ú`MON9PMû¢YILNÑlà1Ô¢àÊDe6 Ð ;3:<;IÔM698�L�Ô9ÕS8�8�Tï6 Ð ;>=lÇÀ;ZÔ*;
L98�ÔMØCQF6ÊÑ>:06 Ð 8¢DR= Ð ÑZÓÍÑIYI8�=C8�ÑZØAÔÌTy8�=SÔMDF6aÚÉTyDÇÔa6NL9DRPCØy6NDFÑZ=j@

" #�¢�²ëµ�3s°�795
¢f¯¼�7u«Y¶¯§%$�µQ¥m°�79²´¥|�«A5
ñ =Í6 Ð DÇÔ�Ô98�Ù469DRÑI=jH>àx8iÔ Ð Ñlà6 Ð ;>6�6 Ð 8iÓÈÑyTy8�QA8�ÛZØS;l69DRÑI=
ú ;Zû DÇÔ�DR=ATy8�8�T�;>PCQR8Ê6NÑXÛ7ØA;>=769DFÖ
6N;l6NDF×Z8�QRÚäL98�ÕCL9ÑyTyØSÙ48�8�ç�Õ�8�LNDRÓÈ8�=76N;>Q7TC;l6_;1ÑZ=¢6 Ð 8xÙ4ÑZL9LN8�QÇ;l6NDFÑZ=¢QF8�=CY>6 ÐÅ��� ;I=AT*Ô9ØCLM:<;ZÙ48
L9ÑZØCY Ð =A8�ÔNÔ���DF:j6 Ð 8.Ù�Ñ�8'ä%Ù4DR8�=76NÔ@ÝAÞ}HYÝ � H�Ý�ßIH�Ý Ó ;I=ATbÌ ;IL98�;>ÕCÕCLNÑIÕAL9DÇ;l6N8�QRÚÈÙ Ð Ñ7ÔM8�=j@
ÿCÑIL/6 Ð 8{Ô9ÕS8�Ù4DFìSÙ�8�çC;>ÓÍÕCQR8�Ñ>:y6 Ð 8xYILNÑlàÌ6 Ð Ñ>:�ó¤L á�à êiQ'&)( à ô{Ø � &)( à ìAQRÓ�Ô{Ü õlíAö�ßsH�;iÕA;>L_;>ÓÈÖ84698�L18�ÔM69DRÓ�;l6NDFÑZ=3ÕAL9ÑyÙ48�TyØCLN8*TyDÇÔ9Ù�ØAÔ9Ô98�T3DR=
Ty846_;>DRQEDR=ïÜtö�ß/Ú7DR8�QÇTCÔ1:ÒÑILÊ6 Ð 8*Ù4Ñ�8'ä%Ù�DF8�=Z6_Ô
DF=Ãú ;Zû�Ý Þ R´nD,�} ,+ZÞ=;I=CÓ � � Ô�H�Ý � R´nD,A} îCÝ�ù>=CÓ Ó � Ô�H�Ý ß R´nD,A}RÝ�,I=CÓ ß � Ô�HS;I=AT{Ý Ó R,A} ,.-.>=CÓ � Ô³;I=ATä:ÒÑILE6 Ð 8xÔa6NL98�=CY>6 Ð Ñ>:y6 Ð 8{Ty8�ÕSÑ7ÔMDF69DRÑI=¢=AÑIDÇÔM8fÌ R�,A} ,CÝlö}õI=AÓ�Ó � Ô�@ ÏÌÐ 8
84çyÕS8�L9DRÓÍ8�=76N;IQFQRÚ
Ty846N8�LNÓÍDF=C8�T
ÓÍ8�;I= Ty8�Õ�ÑZÔ9DF69DRÑI=KáSØyç
DRÔ�YIDR×I8�=KP�Ú/ÇòRh,�}tö>ù>=CÓ � Ô�@
ÿCÑIL%6 Ð DÇÔÉÔ9846ÉÑI:¢ÕA;>L_;>ÓÍ846N8�L%×l;IQFØC8�Ô�H�à{8 Ô Ð Ñlàð6 Ð 8ÄTy8�Õ�8�=ATC8�=AÙ�8KÑ>:ä6 Ð 8 Ù4ÑZL9LN8�QÇ;lÖ
69DRÑI=KQR8�=CYI6 Ðq��� ;>=ATKÔ9ØCL9:<;IÙ�8*L9ÑZØCY Ð =C8�ÔNÔ�� ú�ÔMÑZQFDÇT
QRDF=C8�ÔNû1ÑI=�6 Ð 8X6 Ð DÇÙ_ã7=A8�ÔNÔ1Ñ>:�6 Ð 8
;>ÓÍÑILNÕ Ð ÑZØAÔäìAQRÓ DF=Ãÿ0DRYA@0îK;>=ATòDF=y:Ò8�L�;
×Z8�LNÚÄYZÑ�Ñ�T";IYILN8�8�ÓÈ8�=76*àÊDe6 Ð 6 Ð 83Ù4ÑZL9LN84Ö
ÔMÕ�ÑI=ATCDF=CY.84çyÕ�8�LNDFÓÍ8�=Z6_;>Q�TC;l6_;C@lÿCÑZL0Ù�ÑIÓÍÕA;IL9DÇÔMÑZ=jH�6 Ð 8ÌÙ4ÑZL9LN8�Ô9ÕSÑZ=ATyDR=CY1LN8�Ô9ØCQF6NÔ0Ñ>:C6 Ð 8ãäØCLN;IÓÍÑ>69ÑIÖg5yDF×l;IÔ Ð DR=AÔ9ã7Ú.QRDFÓÍDF6Ìú Ý
ß�R�,CH}TC;ZÔ Ð 8�T*QRDF=A8�Ô_û/;IL98{YIDR×I8�=j@}5yDF=AÙ�8x6 Ð 8ÌÙ4ÑZL9LN8�QÇ;lÖ
69DRÑI=�QR8�=CYI6 Ð Ù48�;IÔ98�Ô 6NÑ*84çyDÇÔa6x;l6{;IPSÑZØy6{î-,,>=CÓæDF=Í6 Ð DÇÔ�QRDFÓÍDF6{àx8i;>QÇÔMÑ*Ù�ÑI=AÙ�QFØSTy8Ê6 Ð ;l6
PSÑI6 Ð =CÑI=CQRDR=C8�;IL�6N8�LNÓ�ÔäÕCL9ÑZÕSÑZLM6NDFÑZ=A;>Q/69Ñ{Ý�ßÍ;>=AT¸Ý Ó ;>LN8�=C8�Ù48�Ô9ÔN;>LNÚ369Ñ�L98�ÕCLNÑ�TCØAÙ486 Ð 8¢8�ç�Õ�8�LNDRÓÈ8�=76N;>Q³TC;>6N;A@CBj8�;}×�DR=CYÈÑ=&
6 Ð 8ä698�LNÓ 6 Ð ;l6iTy8�Ô9Ù�L9DRP�8�Ô{6 Ð 8¢8�&�8�ÙÂ61ÑI:0Ty8�=yÖ
ÔMDF6aÚKDR= Ð ÑIÓÍÑZYI8�=A8�DF69DR8�Ô�HmÝ Ó Rò,AH³6 Ð 8%ÔMØCL9:<;IÙ�8ÍL9ÑZØCY Ð =A8�ÔNÔ�DR=AÙ�L98�;IÔ98�ÔäÔa6NL9ÑZ=CYIQRÚ
àÊDF6 Ð
69DRÓÈ8¢;I=ATÉTyÑ�8�Ô{=AÑ>61Ô Ð Ñlà�6 Ð 8¢Ù4LNÑZÔNÔMÖrÑl×Z8�L�6NÑÈ;ÈÔ9;>69ØCL_;l6NDFÑZ=É;l6ÊQÇ;}ÚI8�L�6 Ð DRÙ_ã�=C8�Ô9Ô98�ÔxÑ>:
;>P�ÑIØy6�õ
+-,I=CÓðúÒ:ÒÑIL�ÓÍÑZL981Ty8�6N;IDFQÇÔ�Ñ>:¤6 Ð DRÔ{QRDFÓÍDF6{ÙÂ:a@�OÊ84:a@ÇÜ +lßÒûÂ@ZJKÑILN8�Ñl×I8�L�H}P�Ñ>6 Ð QFDR=C8�;>L



���¢^�`aº7\Z^�uZd�[ \7cnq�W¤c » �å�{`a^ÂÁ�ba\�X��È^ ¼ ] » cnq7� ~ q ¼ h ~ bgba]N`aq�W7^�`a� ~ bacn^�q �0�0�

0* 100* 200* 300* 400* 500*
layer thickness [nm]+

10

15

20

25

co
rr

el
at

io
n 

le
ng

th
 R

c [
nm

]

ZrAlCu
,

a)

0* 100* 200* 300* 400* 500*
layer thickness [nm]+

0.0

1.0

2.0

3.0

su
rf

ac
e 

ro
ug

hn
es

s 
w

 [n
m

]

-

ZrAlCu
,

b)

����� ¸/.A¸ ÆI^ » c ¼É» ceqZ]_d�0 ¼7~ dg\7] ¼%» cnq7]_d21IX�30^�`g`a] »e~ bace^�q » ]_q7��ba\5476 ~ q ¼ dguI`gv ~ f_]ä`a^�uZ��\7qZ]_dgd98
vR^�`1ba\7].] Ë ºy]N`acn�¢]_qlb ~�»n» k�cnq>|}]_dsbacn� ~ ba] ¼ ba\7cnf9m>qZ]_dgdÊcnq>ba]9`a| ~�»;:=< >?< ½�� : q7� f ~�» fNu »e~ ba] ¼
vF`a^��ýba\7]ÊqZ^�q » cnqZ] ~ `���`a^ÂÁ�ba\�]^úlu ~ bacn^�q50 � 1 u7dgcnq7�.ba\Z]Êº ~ ` ~ �¢]Nba]N`adA@CB;DFE :HG : �0��� qZ�JI�K�d_p@ I DLE :MG �I�^� q7�
N�K4d_pO@ N D :HG : ��� qZ�JK�d_pOPQD :MG : ���'½ qZ�
N�K�d ~ q ¼ @HR%DLE :HG � : q7� R K4d0S@ R D : q7� R K�d219ÅUTÌc ~ �¢^�q ¼ d{`a]_ºZ`a]_dg]Nq>bxba\7].fN^�`g`a]_dgºy^�q ¼ cnqZ�È] Ë ºy]N`acn�¢]_qlb ~�» `a]Ndgu » bad_ÅS[ \7cnd
¾7��uI`a]Êced�b ~ m}]_q�vF`a^�����]NvrÅWV ��X
698�LNÓ�Ô ÕCLNÑIÕ�ÑIL969DRÑI=A;IQZ6NÑ ÝAÞx;>=AT¨Ý � ;>LN8x=A8�Ù48�Ô9ÔN;>LNÚä69Ñ¢8�çCÙ4DF698x6 Ð 8iYILNÑlàÌ6 Ð DR=AÔM6N;IPCDFQRDF6aÚ;l6Ê6 Ð 8*DF=ADe6NDR;IQ/ÔM6N;>YZ8�ÔÌÑI:06 Ð 8¢YILNÑlàÌ6 Ð ÕCLNÑyÙ48�Ô9Ô¢Ü +lßs@�ô{ÑI=SÔM8�ÛZØA8�=769QRÚIH�({Û�@Rú ;ZûxÓXØSÔa61P�8
Ù4ÑI=SÔMDÇTy8�LN8�T�;IÔx;ÈÓÈDR=CDRÓ�;>Q¤ÓÍÑ�TC8�Q¤:ÒÑILx6 Ð 8äYILNÑlàÌ6 Ð ÑI:0;>ÓÍÑZL9Õ Ð ÑIØAÔÊó�L áIà êiQ'&)( à ô{Ø � &)( àìAQFÓ�Ô�@

ÏÌÐ 8X8�ç76NLN;IÕSÑZQR;>698�T�ÕS;>L_;>ÓÍ846N8�L_ÔLÝ Þ HcÝ � HcÝ ß H�Ý Ó H�;I=ATjÌ ;IQRÔ9ÑÉ;>QRQRÑlà-:ÒÑZLiÓÍDÇÙ4LNÑ>Ö
Ô9Ù�ÑIÕCDÇÙX8�Ôa6NDFÓ�;>698�ÔÍÜtö�ßs@�úÒDüû.5yDF=AÙ�8�Ý Þ R nDÇ
�lHS6 Ð 8È6aÚ�ÕCDRÙ�;>Q L_;>=CYZ8��¢ÑI:�6 Ð 8ÈDR=7698�LN;ZÙÂÖ
69DRÑI=òP�846aàx8�8�="6 Ð 83ÔMØALM:<;ZÙ48É;>69ÑIÓ�ÔÈ;>=AT¿6 Ð 83ÕA;>L969DÇÙ4QR8�Ô*69Ñ P�8�TC8�Õ�ÑZÔ9De6N8�T"DÇÔ�;IPSÑZØy6,A}RÝ�=CÓ�H0D�@ 8I@0Ñ>:Ê6 Ð 83Ô9DRG�8%ÑI:Ê6 Ð 83LN;ZTyDRD�ú`,�} Þ>=CÓ%û*ÑI:Ê6 Ð 83ÔMØALM:<;ZÙ48É;>69ÑIÓ�Ô�@xú<DFDüûÈ5�DF=SÙ48Ý
ß)RÁnDÇ � � ü�+CHj6 Ð 8ÉTCD>&¤ØAÔ9DFÑZ="QF8�=CY>6 Ð�� DRÔ�;>P�ÑIØy6ÉÝ} ,I=CÓ�@0ô{ÑI=SÔM8�ÛZØA8�=769QRÚIH³6 Ð 8ÉTy8�Ö
ÕSÑ7ÔMDF698�TþÕA;>L969DÇÙ4QR8�ÔÉ84çyÕ�8�LNDF8�=AÙ48¿;ÃÔ9ØCLM:<;ZÙ48 TCD>&¤ØAÔ9DFÑZ=�ÑI=�;Ã=A;>=AÑIÓÍ846N8�L�ÔNÙ�;IQF8Ä;>=AT
TyÑ =CÑI6iøaØAÔM6�Ôa6NDRÙ_ã";l6�6 Ð 83ÕCQÇ;IÙ�8�Ô�à Ð 8�LN8%6 Ð 8�Ú Ð DF6�6 Ð 8�ÔMØCL9:<;IÙ�8I@xúÒDRDFDüû ñ :Ê6 Ð 83ÕA;>L9Ö
69DÇÙ4QR8�Ôä;>LNL9DR×I8¢DR=ATy8�ÕS8�=ATy8�=Z6NQFÚ ÑI=
6 Ð 8ÈÔ9ØCL9:<;IÙ�8IHC6 Ð 8ÍTy8�Õ�ÑZÔ9De6NDFÑZ= =CÑZDRÔ98XDÇÔ�L98�QR;>698�T
69Ñ
6 Ð 8�ÕA;ILM6NDRÙ�QF83×IÑZQFØCÓÍ8ZY�;>=ST"6 Ð 83ÓÍ8�;>=�Ty8�Õ�ÑZÔ9De6NDFÑZ=ÃL_;l6N8�Ç�P7ÚÃÞ-Ì RÁÇ�Y Ü +lßsH
Ú7DR8�QÇTyDR=CY�YÁR¯,A} ,>õH�\[ ß @ ÏÌÐ DRÔXDRÔXØCÕ"6NÑ ;�:<;IÙ469ÑZL*Ñ>:Ê6aàxÑ�6 Ð 83;}×I8�LN;IYI8�T ÕA;>L969DÇÙ4QR8
×IÑIQRØCÓÍ8.Ñ>:�ó¤LNêiQüô{Øj@jú<DF×Cû ÏÌÐ 8äQRÑyÙ�;>Q³Ty8�=AÔ9De6aÚ%ÑI:E6 Ð 8¢YILNÑlàÊDF=AY¢ìAQRÓ ×l;>LNDF8�ÔxàÊDe6 Ð 6 Ð 8
ÔMØCL9:<;IÙ�8�ÔMQRÑIÕ�8-<U*�=ï;>=¿DF=SÙ4QRDF=C8�TïÔMØCL9:<;IÙ�8È;IL98�;%6 Ð 8�QRÑ�Ù�;>Q�Ty8�=AÔ9De6aÚKDÇÔ¢Ty8�Ù4LN8�;IÔ98�T P�Ú
�ú#Ã�Ï�ûfR] � ü�^
àÊDe6 Ð ^�RýÝ�iþú Ý Ó ü�Ç*û�ú Ã¨ÏSû � úÒà Ð 8�L98�Ý Ó ü=ÇýDÇÔÊ;>P�ÑIØy6�,A} ,7öIûÂ@ ÏÌÐ 8�Ô98
ìA=CDF698
Ty8�=SÔMDF6aÚ"×l;>LNDR;>69DRÑI=AÔÈ;>LN8�Õ Ð ÚyÔ9DRÙ�;>QRQFÚ"Ù�ÑIÓÍÕA;l6NDFPAQF83àÊDe6 Ð 6 Ð 8
ÔMÓ�;IQFQÊTyD_&�ØSÔMDRÑI=
QF8�=CY>6 Ð_� ÑI:�6aà{Ñ�6NÑ%6 Ð L98�8�;>69ÑIÓ TyDÇ;>ÓÍ846N8�L_Ô�@¤êx6i6 Ð 8ÈQR;}ÚZ8�LÊ6 Ð DRÙ_ã�=C8�Ô9Ô�õ+,>=CÓ�HA6 Ð DÇÔ
QFÑyÙ�;IQ³Ty8�=AÔ9DF6aÚ%L98�TyØAÙ469DRÑI=`^"ú�;}×I8�LN;IYI8�T%Ñl×I8�L{6 Ð 8äÔ9ØCL9:<;IÙ�8�û{ÕSÑ7Ô9Ô98�ÔNÔ98�Ôx;�ÓÍ8�;>=¿Ý-} ,ZÞyÝ
;>=AT3;�Ôa6_;>=ATA;>L_TÉTy8�×7DÇ;l6NDFÑZ=�,�} ,AÝ}öy@



½ :�: Ælba]Nv ~ q��ZÅ��Scnq
	�p���Å� ~ ce� » ] ~ q ¼ h¤Å
��w~ q7����c

0a 500a 1000 1500 2000
layer thickness [nm]b

5

10

15

20

25

co
rr

el
at

io
n 

le
ng

th
 R

c [
nm

] a)

0a 500a 1000 1500 2000
layer thickness [nm]b

0

1

2

3

4

su
rf

ac
e 

ro
ug

hn
es

s 
w

 [n
m

] b)

����� ¸�c�¸ Æ>^ » c ¼Ã» cnq7]_d%0 ¼7~ dg\Z] ¼"» ceqZ]_d21IX730^�`g`a] »F~ bacn^�q » ]_qZ��ba\d4 6 ~ q ¼ dguZ`gv ~ f_]É`a^�u7��\7qZ]_dgd8 vR^�`�ba\Z]Éba\ZcefMm>q7]_dgd�cnq>ba]9`a| ~�»9:�< >e< � :�:/: qZ� f ~�» f_u »e~ ba] ¼ vR`a^���ba\7]Éq7^�q » cnq7] ~ `
��`a^ÂÁ�ba\�]^úlu ~ bacn^�qf0 � 1/uZdgcnq7�1ba\7]�º ~ ` ~ �¢]Nba]N`adO@ B DFE :HG : ����� q7� I K�d_pM@ I DFE :HG �I�]� qZ� N K�d_p@ N D :HG : ��� qZ�JK�d_pCPgD :HG : �h��½ q7�
N�K�d ~ q ¼ @HRiDFE :HG � : q7� R K4dj0S@HRiD : qZ� R K�d21
k lO¢f²´¥íè�°A¥|¤L7I8�«A7u¢f�54êL365
¥|¤â¢fº«A¶D¥þ»t°�¢|¼l«A¶º§{©OªD3¬«A7u¢f
ñ =K6 Ð DRÔ.ÔM8�ÙÂ6NDFÑZ=jHSàx8X8�çyÕCQFÑZL98ÈÔMÑZÓÍ8¢:ÒØCL96 Ð 8�L.ÕAL9ÑZÕS8�LM6NDF8�Ô1Ñ>:�6 Ð 8�YILNÑlàÌ6 Ð ÕCLNÑyÙ48�ÔNÔ�DF=
;�QÇ;}ÚI8�LÌ6 Ð DÇÙ_ã�=C8�ÔNÔÌL_;>=CYZ8�ØCÕ36NÑÉÞ=,-,,>=CÓ 6 Ð ;l6 Ð ;IÔ1Ô9ÑÈ:<;>LÊ=CÑI61ÚI84618�çyÕS8�L9DRÓÍ8�=76N;IQFQRÚ
DF=�×I8�Ôa6NDFY7;l6N8�T³@ ÏÌÐ 8�LN8�Ô9ØCQF6NÔ�DF=¿ÿ0DFYS@�îÉØCÕK6NÑ�;%QÇ;}ÚI8�L16 Ð DRÙ_ã�=C8�Ô9Ô�Ñ>:{õ+-,I=CÓ ÔMØCYZYI8�Ôa6
6 Ð ;>606 Ð 8ÌYILNÑlàÌ6 Ð ÕCL9ÑyÙ�8�ÔNÔ Ð ;ZÔ =CÑ>6 ÚI8�6�L98�;IÙ Ð 8�T*;�ìA=A;>QrHl=CÑI60=C8�Ù48�Ô9ÔN;>LNDFQRÚ¢Ôa6_;l6NDFÑZ=A;>LNÚ
Ôa6_;l698Z@AèiÔ9DR=CYÉ;>Y7;>DR=É6 Ð 8X;>:ÒÑILN84ÖsÓÈ8�=769DRÑI=C8�TÉÕA;ILN;IÓÍ84698�LÊ×l;>QRØC8�Ô�Hy6 Ð 8XTy8�Õ�8�=STy8�=AÙ�8*Ñ>:
6 Ð 8*Ù�ÑILNL98�QR;>69DRÑI=%QR8�=CYI6 Ð{� � ;>=AT�Ô9ØCL9:<;IÙ48.LNÑIØCY Ð =C8�ÔNÔ@� ú<Ô9ÑIQRDRT3QRDF=C8�ÔNû{ÑZ=É6 Ð 8ä6 Ð DÇÙ_ã7Ö
=C8�ÔNÔiÑI:�6 Ð 8È;>ÓÍÑILNÕ Ð ÑZØAÔÊìSQFÓ DÇÔ�Ô Ð ÑlàÊ=KDR= ÿ0DFYS@�îÄúü6 Ð 8�TC;ZÔ Ð 8�T
QRDF=A8�Ô�L98�:Ò8�L�69Ñ%6 Ð 8
ÔMÕ�8�Ù�DR;IQ0Ù�;IÔ98ZÝ�ß0R�,7ûÂ@m*�P7×�DRÑIØAÔ9QRÚIHC6 Ð 8ÍÔMØCL9:<;IÙ�8*LNÑIØCY Ð =C8�ÔNÔ Ð ;IÔ�L98�;IÙ Ð 8�T
;>=Ä;IQFÓÍÑ7Ôa6
Ù4ÑI=SÔa6_;>=76X×l;>QRØC8%:ÒÑZLÈ; QR;}ÚZ8�L¢6 Ð DÇÙ_ã7=A8�ÔNÔXQÇ;>LNYI8�L¢6 Ð ;I=Ñ;-,,>=CÓ�6 Ð ;l6ÍDF=AÙ�L98�;IÔ98�Ô¢ÑZ=CQRÚ
×I8�LNÚÍà{8�;>ã�QRÚÍ;ZÔ{6 Ð 8äYILNÑlàÌ6 Ð ÕCL9ÑyÙ�8�ÔNÔ�ÕCLNÑyÙ48�8�TCÔ�@ ñ =�Ù4ÑZ=769L_;IÔM6�69ÑÈ6 Ð ;l6�HZ6 Ð 8¢Ù4ÑZL9LN8�QÇ;lÖ
69DRÑI=XQR8�=AY>6 Ð Ôa6N8�8�ÕCQFÚ*TC8�Ù�;}ÚyÔ0;l:ü6N8�L L98�;IÙ Ð DR=CY.;1Ó�;lçyDRÓXØCÓÎ;I=AT¢6 Ð 8�=ÍÔ9;>69ØCL_;l6N8�Ô/DF=È;>=
;>QRÓÈÑ7Ôa61Ù�ÑI=AÔM6N;I=Z6Ê×l;>QRØC8.:ÒÑIL1;ÍQÇ;}ÚI8�L�6 Ð DÇÙ_ã7=A8�ÔNÔÌQR;IL9YZ8�Lx6 Ð ;I={;-,-,I=CÓ�;IÔx6 Ð 8¢YILNÑlàÌ6 Ð
ÕCL9ÑyÙ�8�ÔNÔÌÕCL9ÑyÙ�8�8�TAÔ�@CÿAÑILÊ:ÒØCL96 Ð 8�L1LN8�Ô9ØCQF6NÔ�HCDF=�ÕA;ILM6NDRÙ�ØCQÇ;>LÌ6 Ð 8¢ÕCL9ÑZÕS8�LM6NDF8�ÔÊÑ>:06 Ð 8*Ù4ÑIL9Ö
L98�QR;>69DRÑI=*:ÒØA=AÙÂ6NDFÑZ=Í;I=ATX6 Ð 8ÊLN8�QÇ;l6N8�T Ð 8�DRY Ð 6�TyD>&¤8�LN8�=SÙ481Ù4ÑZL9LN8�QÇ;l6NDFÑZ=¢:ÒØC=AÙ469DRÑI=�;IÔ0àx8�QRQ
;IÔ.×�DRÔ9ØA;>QRDRG�;l6NDFÑZ=AÔ1ÑI:�6 Ð 8ÈÔ9ØCL9:<;IÙ�8�ÓÍÑILNÕ Ð ÑZQFÑZYIÚ�;>=ATÄ;%6 Ð 8�ÑZL98�69DÇÙ�;IQ/DR=7698�LNÕCLN846_;l69DRÑI=
Ñ>:06 Ð 8¢×l;>LNDRÑIØAÔÌÔM6N;>YZ8�ÔxÑ>:06 Ð 8¢YILNÑlàÌ6 Ð ÕAL9ÑyÙ48�Ô9Ô�Hyàx8.LN84:Ò8�LÌ69Ñ�OÊ8�:a@RÜFÝ�,>ßr@

Ï Ñ
ÑZPy6N;IDF=ï:ÒØCL96 Ð 8�LXDR=AÔ9DFY Ð 6*DF=769ÑK6 Ð 8ÉÔ9ÕA;>69DRÑ>Ör698�ÓÍÕ�ÑIL_;>Q�8�×IÑIQRØy6NDFÑZ="Ñ>:x6 Ð 83ÔMØCL9Ö
:<;IÙ48iÓÈÑZL9Õ Ð ÑIQRÑIYZÚIH}à{8iÕCL98�ÔM8�=76�DF=%ÿ0DRYA@
.ä;äLN8�ÕAL98�ÔM8�=Z6_;l6NDF×Z8xÑZ=C84ÖgTyDRÓÍ8�=AÔ9DFÑZ=A;>QSÙ4LNÑZÔNÔaÖ
ÔM8�ÙÂ69DRÑI= Ñ>:�6 Ð 8�YZL9ÑlàÌ6 Ð Ñ>:�6 Ð 8ÈÔ9ØCL9:<;IÙ�8XÕCLNÑ>ìAQR8�úÒ:ÒÑIL�V�Rþ,ZûÊàÊDF6 Ð DF=SÙ4LN8�;IÔ9DR=CY�69DRÓÍ8
ÑIL�QÇ;}ÚI8�LÈ6 Ð DRÙ_ã�=C8�Ô9Ô�@�ÿCÑZL%Ty8�ÓÍÑZ=AÔa6NLN;>69DRÑI=âÕCØCLNÕSÑ7ÔM8�Ô�H 6 Ð 8
LN8�QÇ;l69DR×I8 Ð 8�DFY Ð 6�áSØAÙÂ6NØyÖ
;l69DRÑI=SÔ Ð ;}×I8ÍP�8�8�=ïàx8�DRY Ð 698�T P�Ú¿;É:<;ZÙÂ6NÑIL¢Ñ>:1Þ=,3LN8�QÇ;l6NDF×Z8�6NÑ�6 Ð 8�ÓÍ8�;>=Ä6 Ð DÇÙ_ã�=C8�ÔNÔg`Kqp r Rhg Kqpnm Ø w Ú�o @�ÿCLNÑIÓ-ÿ0DRYA@�.yH46 Ð LN8�8�LN8�Ó�;>LNãl;>PCQR80:Ò8�;>69ØCLN8�Ô/Ù�;>=äP�8�LN8�;ZT�Ñ-&0@�ÿ0DFL_Ôa6�H
;IÔE6 Ð 8{69DRÓÍ8{ÕCLNÑyÙ48�8�TCÔ/;>=AT*6 Ð 8xQR;}ÚZ8�LjPAØCDFQÇTCÔ0ØCÕjH�6 Ð 8xÔ9ØCL9:<;IÙ�8�ÓÍÑILNÕ Ð ÑIQRÑIYZÚ.TC8�×I8�QFÑZÕAÔ
DF=769Ñ�;�ÕCLN8�TyÑZÓÈDR=A;I=Z6NQFÚ%;IQFÓÍÑ7Ôa6ÊÕ�8�LNDFÑyTyDÇÙ�ÔM69LNØAÙ469ØCLN8äàÊDe6 Ð ;I=3;}×Z8�L_;>YI8�TÍÕS8�L9DRÑyTyDÇÙ4DF6aÚ
QF8�=CY>6 Ð YZDF×Z8�=ÉP�Ú�6 Ð 8¢Ù4ÑZL9LN8�QÇ;l6NDFÑZ=%QF8�=CY>6 Ð���� ;I=AT�Ô9ÑIÓÍ8äÔMØAÕS8�L9DRÓÍÕSÑ7ÔM8�T�ÔM69ÑyÙ Ð ;ZÔa6NDRÙ



���¢^�`aº7\Z^�uZd�[ \7cnq�W¤c » �å�{`a^ÂÁ�ba\�X��È^ ¼ ] » cnq7� ~ q ¼ h ~ bgba]N`aq�W7^�`a� ~ bacn^�q ½ : �

0p 50 100p 150q 200p
x [nm]

0

500

1000

1500

2000

2500

20
*[

H
−

<
H

>
(x

,y
)]+

<
H

>

r
(x

,y
) [

nm
]

0p 50 100p 150q 200p0

500

1000

1500

2000

2500

����� ¸/sC¸ut cndgu ~�» c 	 ~ bace^�q�^�výba\7]Àf9`a^�dgds½
dg]_f9bace^�q1^�v>ba\7]jdgº ~ bacn^�½Òba]_�¢ºy^�` ~�» ]_|}^ » uZbacn^�q
^�v¤ba\7]Ê��`a^4Á�cnqZ�¢dguZ`gv ~ f_]1^�v¤ba\Z]x¾ » �

×};IL9DÇ;l6NDFÑZ=AÔ�@�5�8�Ù�ÑI=ATjH46 Ð 8�8�×ZÑIQR×�DF=CYÊÓÍÑZØC=AT¢;>=ST¢TyDFÕ�Ôa6NL9ØAÙ469ØCLN8�DÇÔ/;ZÔMÚ�ÓÍÓÍ8469LNDÇÙ DF=¢6 Ð 8
ÔM8�=AÔM8x6 Ð ;l6 6 Ð 81TyDFÕSÔ�;>LN8xÙ�ÑIÓÍÕA;>L_;l6NDF×Z8�QRÚ¢=A;>LNLNÑlà"DF=ÍÙ4ÑZ=Z6NLN;ZÔa6069Ñ.6 Ð 8ÊàÊDRTC8xÓÍÑZØC=ATCÔ�@
ÏÌÐ DFL_TÈ;>=AT�ÓÍÑZÔM6 LN8�Ó�;IL9ãl;>PAQFÚZH�6 Ð 8ÊÔMØALM:<;ZÙ48ÌÓÍÑILNÕ Ð ÑIQRÑIYZÚ¢TyÑ�8�Ô0=CÑ>6�;IÕCÕCLNÑZ;ZÙ Ð ;äÔa6_;lÖ
69DRÑI=A;IL9Ú�ÕCLNÑ>ìSQF8äDR=�6 Ð 8ä6 Ð DRÙ_ã�=C8�Ô9ÔÌL_;>=CYZ8�Ý0,-,,>=CÓLv�g`Kqphm Ø w Ú)o v�Þ=,-,,>=CÓ�@Cw�8�Ô9ÕCDe6N8
6 Ð 8 :<;IÙÂ636 Ð ;l63ÔM6N;>69DÇÔa6NDRÙ�;>Q.ÛZØS;>=769DF69DR8�Ô3ÔMØSÙ Ð ;IÔ%6 Ð 8ïÙ4ÑZL9LN8�QÇ;l6NDFÑZ=âQR8�=AY>6 Ð ;>=AT�6 Ð 8
ÔMØCL9:<;IÙ�8*LNÑIØCY Ð =C8�ÔNÔi;IL98�;>QRÓÈÑ7Ôa6äÙ4ÑZ=AÔa6_;>=76iDR=
6 Ð DRÔ�6 Ð DRÙ_ã�=C8�Ô9Ô�DF=76N8�LN×};IQ�HA6 Ð 8ÍÔ9ØCLM:<;ZÙ48
ÕCL9ÑIìAQR8äÔM69DRQRQj×l;>LNDF8�ÔxÔ9DRYI=CDFìSÙ�;I=769QRÚ%àÊDe6 Ð 69DRÓÈ8Z@

0 200
0

2000

x [nm]

Ft
 [

nm
]

����� ¸/xC¸yt cndgu ~�» c 	 ~ bace^�q.^�v7ba\7]/dgº ~ bac ~�»I¼ ]_qI½
dgctbrkÈ| ~ `ac ~ bacn^�qZdÌcnq ~ fN`a^�dgds½<dg]_fNbacn^�qÉ^�vjba\7]
�Zu » mÊ^�v ~ q ~ �¢^�`aº7\Z^�u7d¤¾ » ��^�v�ba\Z] \7]Nce��\lb
z�{|D � :/:�: qZ��u7dgcnq7�Íq>uZ�¢]N`acnf ~�» dgcn�.u »F~ ½
bacn^�qZdä^�vOùUú�ÅW0 � 19Å|WZ^�`ävRuZ`gba\7]9` ¼ ]Nb ~ c » d¢f9vrÅ
� ~ ceqXba] Ë b

êiÔ1àx8 Ð ;}×I8*;>LNYIØA8�T3DF=ÄÔM8�ÙÂ69DRÑI=Kî�;>=AT�õSHSTy8�=AÔ9De6aÚ�DR= Ð ÑIÓÍÑZYI8�=A8�DF69DR8�Ô1ÑZ=
=A;>=AÑ>Ö
Ô9Ù�;>QR8�ÔxÔM8�8�Ó�69ÑÈÕCQÇ;}ÚÍ;X=CÑI=CÖr=C8�YIQRDFYZDFPAQF8�L9ÑZQF8Ê:ÒÑZLx6 Ð 8.ØC=ATy8�LNÔM6N;I=ATyDR=CYXÑI:E;>ÓÍÑILNÕ Ð ÑZØAÔ
ìAQFÓ YILNÑlàÌ6 Ð @Aô{ÑI=SÔM8�ÛZØA8�=769QRÚIH�ÑI=A8 Ð ;ZÔ{69ÑÍ84çyÕ�8�ÙÂ6Ì6 Ð ;l6Ì6 Ð 8.à Ð ÑIQR8.YZL9ÑlàÊ=%ìAQFÓð;>QÇÔMÑ
84ç Ð DRPCDe6_ÔEÔ9ÑIÓÍ8IH�;>QRPS8�De6/Ô9Ó�;>QRQZÔ9ÕA;l6NDR;IQITy8�=AÔMDF6aÚ.×};IL9DÇ;l6NDFÑZ=AÔ¤ÕCLNÑl×�DRTy8�T�6 Ð ;>6j6 Ð 8{Ty8�=AÔ9DF6aÚ
DF= Ð ÑIÓÍÑIYZ8�=C8�De6NDF8�Ô³Ñ>:�6 Ð 8�Ó�;l6N8�LNDR;IQI;l6j6 Ð 8�Ô9ØCL9:<;IÙ48{;>LN8 :ÒL9ÑZG�8�=¢;ZÔ³6 Ð 8�YILNÑlàÌ6 Ð ÕCLNÑyÙ48�ÔNÔ
;ITy×l;>=SÙ48�Ô�@ Ï ÑÉTy8�ÓÍÑI=AÔM69L_;l6N8¢6 Ð DÇÔ�8'&¤8�ÙÂ6�HSàx8*ÕCLN8�Ô98�=76iDR= ÿ0DRYA@c;%;�×�DRÔ9ØA;IQFDRG�;>69DRÑI=
Ñ>:
;�=�ØCÓÍ8�LNDRÙ�;>QEÙ�;>QÇÙ4ØCQÇ;l6NDFÑZ=3ÑI: 6 Ð 8XTC8�=AÔ9De6aÚ�TyDÇÔa6NL9DRPCØy6NDFÑZ=
DF=K;%L98�ÕCL98�ÔM8�=76N;l6NDF×Z8¢Ù4LNÑZÔNÔaÖ
ÔM8�ÙÂ69DRÑI= úTV�R ,Zû�Ñ>:ä;ÄìAQFÓ YILNÑlàÊ=ÃØCÕ69Ñò; Ð 8�DFY Ð 6ÍÑI:�Ç�P)R Þ=,,-,>=AÓ3@ Ï Ñ¿6 Ð DÇÔ



½ : � Ælba]Nv ~ q��ZÅ��Scnq
	�p���Å� ~ ce� » ] ~ q ¼ h¤Å
��w~ q7����c
8�=AT³HAà{8 Ð ;}×Z8¢Ù�;>QÇÙ4ØAQR;>698�TÉ6 Ð 8¢QFÑyÙ�;IQETy8�=AÔMDF6aÚ%LN8�TyØSÙÂ69DRÑI=%^)n�Ý�R� � ü�¤ú Ã¨Ï�ûsnÝ�R
ú`Ý Ó ü=Ç*û4ú Ã¨Ï�ûu�ÊØSÔMDR=CY.6 Ð 81;>:ÒÑILN84ÖsÓÍ8�=769DRÑI=C8�TXÕS;>L_;>ÓÍ846N8�L ×l;>QRØC8�Ô0:ÒÑZLxó�L]áIà4êiQ &)( àlô{Ø � &)( à;>=AT Ã¨Ï*:ÒL9ÑZÓ ;1Ù�ÑILNL98�ÔMÕ�ÑI=STyDF=AYÌÔ9DRÓXØCQÇ;l6NDFÑZ=¢Ñ>:A(�Û�@Çú`;Zû4@/}iÑ>698�6 Ð ;>6j6 Ð 8�QRÑ�Ù�;>Q7Ty8�=AÔ9DF6aÚ
L98�TyØAÙÂ6NDFÑZ= ×l;>=ADRÔ Ð 8�Ôä;>6�6 Ð 8ÍÓÍ;>çyDFÓ�;É;I=ATKÓÍDR=CDRÓÍ;3ÑI:�6 Ð 8�Ô9ØCL9:<;IÙ48�ÕCLNÑ>ìAQR8IH�^¾R�Ý
úÒÓ�;>LNãI8�T%DR=ÉPCQÇ;IÙ_ã�DR=�ÿ0DRYA@A;Zû4H�à Ð 8�LN8�;ZÔA^
LN8�;IÙ Ð 8�Ô{De6_Ô{Ó�;>ç�DRÓXØAÓ ×};IQFØA8�ÔÌ;l6ÊÕCQÇ;IÙ�8�Ô
Ñ>:�6 Ð 8ÈÔM698�8�Õ�8�ÔM6.DR=AÙ4QRDR=A;l6NDFÑZ=KÑ>:�6 Ð 8ÍÔMØCL9:<;IÙ�8*ÕCLNÑ>ìAQR8�ú<Ó�;>LNãI8�T�DR= à Ð De6N8�DR=Äÿ0DRYA@c;Zû
DFÓÍÕCQRÚ�DF=CY�;3ÔMÓ�;>QRQR8�LäQFÑyÙ�;>Q Ty8�=AÔ9DF6aÚI@�~x846aàx8�8�=
6 Ð 8�ÔM8Í8�ç76NL98�Ó�;CHS6 Ð 8�L98ÈDRÔ¢;ÉYIL_;ITyØS;>Q
Ù Ð ;>=CYZ8¢Ñ>: 6 Ð 8*QFÑyÙ�;>QETy8�=AÔ9De6aÚïúÒÓ�;>LNãI8�T3P7Ú�6 Ð 8XTyD_&�8�L98�=Z6�YILN8�Ú�ÔNÙ�;IQF8�ÔNû4@ ÏÌÐ 8�L98�:ÒÑILN8IH
6 Ð 8�àÊDÇTy83TA;>LNã¿×Z8�L969DÇÙ�;IQxÔM69LNDFÕ�8�ÔÍ;IL98É6 Ð 83L98�QFDÇÙ�ÔÈÑI:16 Ð 83ÓÍÑIØC=STCÔÈÑ>:16 Ð 8�YILNÑlàÊDF=CY
ÔMØCL9:<;IÙ�8�ÕCLNÑ>ìAQR8IHjà Ð 8�LN8�;IÔ¢6 Ð 8ÉÔ9Ó�;>QRQ�TC;IL9ãÄ×I8�L969DÇÙ�;IQ�ÔM69LNDFÕ�8�Ô�;>LN8�6 Ð 8ÉLN8�QRDÇÙ�Ô¢ÑI:x6 Ð 8
Ù4ÑILNLN8�Ô9ÕSÑZ=ATyDR=CY"=A;>LNLNÑlàð×l;>QRQR8�ÚyÔ�@ ÏÌÐ 8ÄL98�QR;>69DR×I8 Ty8�=AÔ9De6aÚþTyD_&�8�L98�=AÙ48 PS8�6aà{8�8�=�6 Ð 8
PCQR;ZÙ_ãÉ;>=STÉà Ð DF698*;IL98�;IÔxDÇÔÌ6aÚ�ÕCDRÙ�;>QRQFÚ�;>P�ÑIØy6Ì698�=�ÕS8�LNÙ�8�=76�@

� #�¢�L8:¦9ª�5�7u¢f
êiÔx6 Ð 8.Ó�;>øaÑILÌÕSÑZDF=76ÊÑ>:/ÑIØCLÊÙ4ÑZ=769LNDFPCØC69DRÑI=jH�àx8 Ð ;}×I8�TC8�ÓÍÑI=AÔM69L_;l6N8�T%6 Ð ;>6x6 Ð 8*Ù4ÑZ=yÖ
Ù48�ÕC6ÌÑI:0ÔM69ÑyÙ Ð ;ZÔa6NDRÙ1ìA8�QÇTÉ8�Û7ØA;l6NDFÑZ=AÔÌ;>ÕCÕCQRDR8�TÉ69Ñ�6 Ð 8¢Ô9ØCLM:<;ZÙ48.ÓÍÑILNÕ Ð ÑIQRÑIYZÚ�ÑI:/YZL9ÑlàÌÖ
DF=CY�;IÓÈÑZL9Õ Ð ÑIØAÔ{ìAQRÓ�Ô*úÒDüûxÕCLNÑl×�DRTy8�Ôx×};IQFØS;>PCQR8¢DF=SÔMDRY Ð 6NÔÌDR=3ØC=ATy8�L9QRÚ�DF=CYÍÓÍDÇÙ4LNÑZÔNÙ4ÑIÕADRÙ
ÔMØCL9:<;IÙ�8ÍL98�QR;>çy;>69DRÑI=ÄÓÈ8�Ù Ð ;>=ADRÔ9Ó�ÔäÑ>:x6 Ð 8�YZL9ÑlàÌ6 Ð ÕCLNÑyÙ48�Ô9Ôä;>=STâú<DFDüû.8�×Z8�=ïQR8�;ITAÔ.69Ñ
;o��������� �!�"���#�!$�%%;>YILN8�8�ÓÍ8�=76�ÑI:.Ù Ð ;ILN;ZÙÂ698�L9DÇÔM69DÇÙ%ÓÍ8�;ZÔMØCLN8�Ô�Ñ>:�6 Ð 8KÔ9ÕA;>69DRÑ>Ör698�ÓÍÕ�ÑIL_;>Q
ÔMØCL9:<;IÙ�8äÓÈÑZL9Õ Ð ÑIQRÑIYZÚÈàÊDF6 Ð 8�ç�Õ�8�LNDRÓÈ8�=76N;>QjTA;l6N;A@
� \n���cE��OH_%]Ð�B
%�C¨%������ ÏÌÐ DÇÔEàxÑILNã Ð ;IÔEPS8�8�=XÔ9ØCÕCÕ�ÑIL9698�T¢P�Ú¢5yÑI=ATy8�LM:ÒÑZLNÔNÙ Ð ØC=CY7ÔMP�8�LN8�DÇÙ Ð
õZî-+Ãú Ï è JâWØC=AÙ Ð 8�= � èi=CDF×¤@ ê1ØCY7ÔMPAØCL9Y�ûÂH U�LNÑ>øa8�ÙÂ6�êXÝI@E÷¿8�6 Ð ;I=Cã"J"@0JKÑZÔ9ãI8IH¬ãÍ@
5y;>Ó�à{8�L�HC5¤@�ÉÈ@SJK;}Ú�L�Hy;>=ST%w�@�(i@y÷ÄÑZQe:0:ÒÑILÊØAÔ984:ÒØAQEÙ4ÑZ=7×Z8�L_Ô9;>69DRÑI=AÔ�@
� ¥|®�¥|°A¥|L8c¥U5
� Å ¹ Å
��Åy[�^�q7�Ip
�1ÅyÆyÅ ¹ c »e» c ~ �¢d]X��{qZqIuAÅ-�{]_|yÅZhj\>kId_Å�30\7]N�ÍÅ cCs p ½ : � 0 �^����½ 1� Å1�iÅ ½ �EÅ�� ~ ` ~ � ~ dgcüpc��Å�ù�Å�Æ>b ~ q » ]NkAX��������������;���/�C�2�����S���������M�'�n���2�¡ /�¢�/£��'¤%0�3 ~ �.�I`ac ¼ ��]
zxqZce|yÅZh³`a]_dgd_p�3 ~ �.�Z`ac ¼ ��]�p �^���}� 1� ÅL��ÅY� ~ `adgc » cüpC�1Å
� ~ `actb ~ qApYW0Åy[S^�cn��^IpY�ZÅ�� ~ q ~ | ~ `^X���]_|yÅ��È^ ¼ Å�hj\lkId_Å x�¥ p ����� 0 �^����� 1½ Å �{Å�{]_cnqZm}]N`Âp
��ÅY�È^�dgm}]�p�¦äÅyÆ ~ ��Á0]N`^XZhE\lkId_Å�{]_|yÅy§ s�x p ������� 0 �^�0��� 1

� ÅiÆCÅ7��Å�� ~ k>`ÂpY��ÅY�È^�dgm}]�py¦äÅyÆ ~ ��Á0]N`^XùEuI`a^�ºZ\>kId_Å
�S]NbgbÂÅ c�c p ½}��� 0 �^����� 1
� ÅiÆCÅ7��Å�� ~ k>`ÂpY��ÅY�È^�dgm}]�py¦äÅyÆ ~ ��Á0]N`^XZhE\lkId_Å�{]_|yÅy§ x�¨ p �_�0��� : 0 �^���0� 1� ÅL��Å=� ~ cn� » ]�pZÆCÅ>��Å� ~ k>`ÂpZÆyÅ=�ZÅ-�Scnq	�p��Å�È^�dgm}]�pIh³Å��.w~ qZ����cÒpH¦äÅIÆ ~ �iÁ ]N`^X=ùjuZ`a^�º7\lkId_Å�S]NbgbÂÅ s�¨ p �I� 0 � :�:/: 1� ÅL��Å
� ~ cn� » ]�pyÆyÅ��ZÅ
�Scnq	�p�h¤Å�.w~ q7����c!Xyhj\>kId_Å-��]_|yÅ
ù x�ö p �Â�0�>� 0 � :/:�: 1� ÅiÆCÅ�ZÅ��Scnq
	�p���Å� ~ ce� » ]�p�h¤Å�.w~ q7����c!XY�S]NfNbÂÅ�©{^�ba]_d�hj\lkZd_Å s�s�ª p ½���� 0 � :/:�: 1� : ÅL��Å�� ~ cn� » ]�p}ÆCÅ��ZÅ��Scnq
	�p�h¤Å��.w~ qZ����cTX}�{�¢^�`aº7\7^�u7d�ba\Zcnq�¾ » ����`a^ÂÁ�ba\�X�]�÷C]_fNbadj^�v ¼ ]_qZdgcnb�k
cnq7\7^��¢^���]_q7]_ctbacn]_d_pZdgu7�Z�¢cnbgba] ¼ vR^�`{º7u7� » cef ~ bacn^�q��� ÅL��Åy¦ ~ ` ¼Z~ `Âp���Å�h ~ `acndgcÒp�«.Å�3{Å�¬y\ ~ q7�X7hj\>kId_Å-��]_|yÅ
�A]NbgbÂÅ s�x p ���0� 0 �]����� 1

�^� ÅD�IÅ7[xÅyTx`a^�b ~ `ÂpH«.Å ½�h³Åy¬y\ ~ ^Zp7[xÅ ½À��Å
�SuAp7��Å ½3{Å ¹ ~ q7�XZhj\lkZd_Å-��]_|yÅù s�® p �h��� 0 �]�0��� 1
�_� Å ¹ Å ¹ Å
�Èu »e» cnq7d]X��ZÅy��º7º » ÅZhj\lkZd_Å ö�¥ p ����� 0 �^����� 1°¯��ZÅ7�{º7º » Å7hj\lkId_Å .�¨ p �/� 0 �^�}��� 1��½ ÅD�IÅ t c »n»e~ cnq�XY�ZÅ7hE\lkIdgc>úlu7]9± � p �]� 0 �^���I� 1
�Â� ÅL��Å��È^�dgm}]0X=²%���2¤y�/���'���2¤y�]³/�H�/���y�H�� ��°�´��� ��³C�)�Cµ����U¶�M��³C�2¤M�·�2¤��S£;���2¤M���S�H¸e�M��µ

³C�2¤M�S�2¤M�S������¹)�S�·�)���°�f0!� ~ �7c » cnb ~ bacn^�qÍba\7]Ndgced_p7zxqZce|�]N`adgctb4w~ b��{uZ��dg�ZuZ`a�Zp �^����� 1�_� ÅiÆyÅI| ~ qºTÌc »rm}]_qSp�jÅC3{Å
��^�`g`actbadg� ~ p��{Å7h¤^l] » dg]_� ~ X�hj\lkZd_Å-��]_|yÅ�S]NbgbÂÅ ¥�ö p ½ : ��� 0 �]�0��� 1


