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É,a�Y/Ê�[7Ë"\ÌFc^NÍÎMcÏ·\7a�Y�q�FK[]ÐlY2ÑTFlÒu[]MlÓ*D�MlJLJN^NÒ�Y�[
Ô q�Ñ6D,Õ·^¤Ë�\]a�Y¶Ê�Ó�FKJ�\7YQË"\&McÏ0\7a�Y³Ög\7FKÓ�Ò�Fc[bÒ�×&MuÒuYQJ
Ø ^L\]a6\]a�Y:Òu^¤Ë]`�MIGKY�[7w9McÏ�\7a�Y:Ñe^NÐKÐgË»Ù�MgË"MlÓ�B�A�MK[�F9ÑT^LÐlÐlË
Í�FKË7Ë�ÐK[7YQFI\7Y�[T\]a�FKÓÌÚÛmQÜlk�Ý�ÞIß�V�F·[7Y�J¤FI\7^LGlY�JNw&`�JNYQFcÓ
Ë]^LÐlÓ�FI\7à�[7Y0^NËT\]a�Y(ÒuY�`�FHwÈáãâ�äæå�â7çQåTâ�äéèvêè½èvêèjV Ø ^L\]a
Ï½Mlà�[:JNY�ëu\7MKÓ�Ë:^LÓ�\7a�YeÊ�Ó�FcJ�ËS\bFI\]YlB�q�Y�ë�\]MKÓ�Ë:`�Mlà�J¤Ò�FcJ¤Ë"M
Ù�Y·ë�[7MuÒuà�`�YQÒÌ^NÓÌ\]a�Y?ÒuY�`�FHw�McÏTË]à�ë�YQ[7Ë]w�Í�Y�\][7^¤`�ë�Fc[]ì
\7^N`�JLY�Ë�V:Ë]à�`ba;FKË(á&í7î�í]ïoV�FcÓ�Ò³McÏ�Ó�Y Ø ë�Fc[]\]^¤`�JNYQË(Y�ð�ì
ë�YQ`�\]YQÒ�^LÓ�Í�Ml[]Y0Y�ðuMc\]^¤`�\7a�Y�Ml[]^NYQËQBeÉ,a�Y(ÒuY�\7YQ`#\7^LMlÓ�McÏ
ÍXà�MKÓ�Ë0\7FKñKYQËXë�J¤FK`�Y·^NÓ³\]a�Y?Mlàu\]YQ[]Í�MlË"\oë�FK["\(McÏe\7a�Y
ÒuY�\]Y�`#\]Ml[QV Ø a�Y�[7Y�Ù�MK\]a&Ù�Fl`bñgÐl[]Mlà�Ó�Ò?FcÓ�Ò?\][bFK`bñ·Íoà�JLì
\7^Lë�JN^¤`�^L\SwòFc[7YóJLM Ø Y�[�BReYQGKY�[]\]a�Y�JNYQË7Ë�V�Ë]YQFc[b`ba�^NÓ�Ð/Ï½MK[
YQGKY�Óg\bË�a�FHG�^LÓ�ÐÌ[7Fc\]YQË£McÏ6\]a�Y¶MK[bÒuY�[�MKÏoÚômQk�õ�ö�á�÷�V
Ø ^L\]a�FKÓ�MIGKYQ[7FKJLJ9YQGKY�Óg\·[bFI\7Y�McÏXÚômQkKøQá�÷ Ô FI\·\7a�Y
a�^NÐKa�YQË"\�Í�Fl`ba�^NÓ�YeJNà�Í�^LÓ�MgË"^L\Sw�Õ#Vlë�àu\7Ë:GKYQ[]wo\]^NÐKag\�`�MlÓuì
Òu^L\]^NMKÓ�Ë�MKÓ/\]a�Y�ÒuY�\]Y�`#\]Ml[�ë�YQ["Ï½Ml[]Í�FcÓ�`�YKB�Ö�^NÓ�`�YÈ\7a�Y
ÍXà�MKÓ�ÒuY�\]Y�`#\]Ml[ Ø ^NJNJ6`�MKÓg\][7^LÙ�àu\]Yã\]M³\7a�Y�Ê�[7Ë"\?JNY�GlY�J
\7[]^NÐKÐlY�[�Ë]Y�JNYQ`�\]^NMKÓ0MKÏ�a�^NÐKa�ù�úµÍoà�MKÓ�ËQVI^�\UÍoà�ËS\Uë�[7MIGg^¤ÒuY
F	Ï�FlËS\�ÍXà�MKÓ�^¤ÒuY�Óg\7^�Ê�`QFI\7^LMlÓ�FKÓ�Ò�FK`Q`�à�[bFI\7YUMKÓ�JN^LÓ�Y�Í�Mcì
Í�Y�Óg\7à�Í.Í�YQFlË"à�[]YQÍ(YQÓg\QB�×&Ml[]YQMIGKY�[�V�\7a�Y&\]^NÍ�Y&Ù�Y�ì
\ Ø Y�YQÓ0\ Ø M6Ù�YQFKÍ=`�MlJLJN^¤Ë"^NMKÓ�Ë Ô Z9D9p�Õ�Ù�Y�^NÓ�Ð0hKûUü�ýlVI^ B YlB
ÍXà�`ba¶Ë]a�MK[]\]YQ[6\]a�FKÓã\7a�Y(\]^NÍ(Y�Ó�YQYQÒuY�Ò�\7M�Ï½MK[7ÍþFcÓ�Ò
ë�[7Mu`�Y�Ë]Ër\7a�YeY�JNYQ`�\][7MKÓ�^¤`,Ë"^NÐKÓ�FcJ¤Ë�^LÓ�\7a�YeÒuY�\]YQ`�\]Ml[QVgFcJ¤Ë"M
\7a�Yeë�FK[]YQÓl\:ZeD9p�McÏµYQFl`ba�Íoà�MlÓ�Íoà�Ë"\:Ù�YT^¤ÒuY�Óg\]^LÊ�Y�ÒµB
A�MK[6\]a�Y�MKÿ�^NÓ�Y�[7YQ`�MlÓ�Ë"\][7à�`#\7^LMlÓ�V�`�Ml[][7YQ`�\6`ba�FK[]ÐlYXFKË"ì
Ë]^LÐlÓ�Í�Y�Óg\�ÍXà�Ë"\rFcJ¤Ë]MTÙ�Y�ë�[7MIG�^NÒ�YQÒ�à�ë0\]M�\]a�Y��TÞIß [7Y�ì
Ðl^LMlÓ�BrÉ,a�YQË]Y�\bFKË]ñuË:[7Y��gà�^N[]Y�Fo\]^NÍ(Y�[7YQË]MKJNàu\]^NMKÓ·Íoà�`ba

Ë"Í�FcJNJNY�[�\7a�FcÓ(hKûUü�ýlVHF,\][bFK`bñ6[]Y�Ë"MlJLà�\]^NMKÓ�McÏ�Ú¹mQklk����
Ô ÚòhKûck����1Ï½MK[:Ë]^NÓ�ÐKJNYeë�MK^NÓl\bË7Õ�FcÓ�Ò�FKÓ�FKÓ�ÐKà�JNFK[�[]Y�Ë"MKì
JLàu\7^LMlÓ�Ú m	��
����B�Ar^NÓ�FcJNJLw�FcÓ�MlÓ�JN^LÓ�Ye\][bFK`bñXË]Y�ÐlÍ�Y�Óg\
[]Y�`�MKÓ�ËS\7[]à�`�\]^NMKÓÌÍXà�ËS\(Ù�Y?ë�YQ["Ï½Ml[]Í�Y�Òó^LÓ��m	��ý�Ï½Ml[
\]a�Y�Ê�[bË"\eJLYQGKY�J»\7[]^NÐKÐlY�[�B
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É,a�Y�D	×¶Ö0ÍXà�MKÓ�ÒuY�\7YQ`�\]MK[�Ë]wuËS\7Y�Í¹^¤Ë�ÒuYQË7`�[7^NÙ�Y�Òo^NÓ

# m%$ B	PjÓÈ\]a�YXÙ�Fc[7[7Y�Jµë�FK["\e^L\T[7Y�JN^LY�Ë9MKÓÈ\7a�Y�&�[]^LÏ¬\6É�à�Ù�Y
Ô &6ÉeÕ	D�a�FKÍoÙ�Y�[bË�BrPjÓ�\]a�^NË�[]YQÐK^NMKÓ(\]a�YTY�ðuë�YQ`�\]YQÒ�ë�Fc[]ì
\]^¤`�JNY�[7Fc\]YÈ^¤Ë�Ú mQk:á�÷�')(*�Èö?FKÓ�Ò/\]a�Y&JNMKÓ�Ðl^�\7à�Òu^NÓ�FcJ
FcÓ�Ò([bFKÒu^¤FcJu`�MlÍ�ë�MlÓ�Y�Óg\7ËUMKÏ�\7a�YeË"\][bFHw�Í�FKÐKÓ�Y�\]^¤`�Ê�Y�J¤Ò
^LÓ�\7a�YãÐgFKË£Ò�M³Ó�Mc\?Y�ð�`�YQYQÒ�k,+ i³FcÓ�Ò�k,+ -��8[]Y�Ë"ë�YQ`�ì
\]^NGKY�JNwKB�tòË"Y�`#\]^NMKÓ·McÏ�F�\7à�Ù�YT^¤Ë�Ë]a�M Ø Ó�^NÓ?Ar^LÐ�BLmlBrÉ,a�Y
Y�JNYQ`#\7[]^¤`	Ê�YQJNÒ�^¤Ë�ÐlY�Ó�YQ[7Fc\]YQÒXÙ�wXF�`�Y�Óg\][bFcJ�FKÓ�MuÒuY Ø ^N[]YlV
\ Ø M0FKJLà�Í�^NÓ�^Nà�Í�`QFI\7a�MuÒuYeËS\7[]^Në�Ë�Fc\�\]a�YeÏ�Fc[�YQÓ�Ò�Ë�FKÓ�Ò
\ Ø M�Í�MK[7Y�Ë"\][7^Lë�ËoMlÓ2\7a�Y?Ó�YQFc[ Ø FcJNJNË�.�\7a�YÈJNFlËS\�Fc[7Y
Ë"Y�\(FI\(FcÓó^LÓg\7Y�[7Í(Y�Òu^¤FI\]Y·GKMKJL\7FKÐKY�^NÓÌMK[bÒuY�[0\]M�Í�FcñlY
\]a�YTÊ�Y�J¤Ò�FKË�à�Ó�^�Ï½Ml[]Í�FKË�ë�MlË7Ë]^LÙ�JNYKB�É,a�Ye\]à�Ù�Ye^¤Ë�Ê�JNJLY�Ò
Ø ^�\7aóF?Í�^�ð�\7à�[]Y�MKÏ	te[ Ô -gû0/(Õ]D9p ö Ô m�û1/(Õ#B�É,a�Y Ø ^L[7YË"^NÐKÓ�FKJU^NË�[7YQFlÒãMlàu\�Ùgw�FÈÉ2&�D Ø ^L\]aÌF·\]^NÍ(Y�Ðl[7FKÓ�àuì
JNFK[]^L\Sw£McÏ:Ú m�ü�ýKB
É,a�Y(\7à�Ù�Y�Ë�Fc[7YXFK[][bFcÓ�ÐlYQÒÈ^NÓãÏ½Mlà�[6JNFHwlY�[bËeÏ½Ml[]Í�^NÓ�Ð
FãË]à�ë�YQ[]J¤FHwKYQ[QVrFKËXË"a�M Ø ÓÌ^NÓ2Ar^NÐ�BEh43U\]a�[]YQY?Ë]à�ë�YQ[]J¤FHwgì
Y�[bËoÍ�FcñlY·FÈÏ½à�JNJ9`ba�FcÍXÙ�YQ[�.X\ Ø MãMcÏ,\7a�Y�Í a�FHGlY�\]a�Y
Ø ^L[7YQËXë�Fc[bFcJNJNY�J�\7M�\7a�Y?Ù�YQFKÍ FcÓ�Ò³\]M�\7a�Y�Í�FKÐKÓ�Y�\]^¤`
Ê�Y�J¤Ò�\]a�à�Ë&Í�Y�FKË]à�[]^NÓ�Ð ë�MlË]^�\7^LMlÓ FKÓ�Ò `�à�[7GIFI\7à�[]Yó^NÓ
\]a�Y65�7 ë�J¤FcÓ�YlV�\]a�Y2Mc\]a�Y�[�MlÓ�YÌa�FKË&\]a�Y Ø ^N[7YQË&^NÓ
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Cathode: Aluminium strips

Electrode strips

Anode wire

I-Beams

Ar^LÐlà�[]Y�mlB�q�FHwKMlàu\,McÏ�F &�[7^�Ï¬\9\7à�Ù�Y

\]a�YÈÓ�Ml[]Í�FKJ	Òu^N[7YQ`#\7^LMlÓ/FKÓ�Ò³Í�YQFlË"à�[]Y�Ë0\7a�Y?ë�MlË]^L\]^NMKÓ
^LÓ�\]a�YC50å ë�J¤FcÓ�YlBED:Fl`ba�Ë"à�ë�Y�[7J¤FHwKY�[·^NË?Y��gà�^Në�ë�YQÒ
Ø ^�\7aãF�Ë]Y�\TMKÏ�Z	à�Ó�`ba�FcÓ�Ò&É�[7Fl`bñ£PSÒuYQÓl\7^�Ê�Y�[bË Ô Z,É,P"Õ�.
\]a�Y�Ë"Y�Fc[7Y0YQJLY�`#\][7MKÓ�^N`XÒuY�G�^¤`�YQË Ø a�^¤`baã`�JNMu`bñ�\]a�Y Ø ^L[7Y
Ë"^NÐKÓ�FcJ¤ËÈ^LÓ \7^LÍ�Y2Ë]JLMK\7ËÈMKÏ�hlû;Ó�Ë�B t	\ãYQFl`ba�`�JLMu`bñ»V
à�Ë]^LÓ�Ð³F�ë�[7MKÐl[7FKÍ�Í�FKÙ�JNY�Òu[7^LÏ¬\£GKY�JNMu`�^L\SwKV�\]a�YQw/`�MKÍ(ì
ë�àu\7Y£F�Ë]Y�\�MKÏ�Y��gà�Fc\]^NMKÓ�Ë�FKÓ�Ò¶Ò�Y�\]YQ[]Í�^NÓ�Y Ø a�YQÓã\7a�Y
Ë"ë�FK`�Y�ë�MK^NÓg\7Ë,MKÙ�\7Fc^NÓ�Y�Ò�Ï½[7MKÍ1\7a�Y�Y�J¤Fcë�Ë]YQÒ·\]^NÍ�YQË9Fc[7Y
FcJN^LÐlÓ�YQÒ�B	F�a�YQÓ(F�Z	É,P�Ê�Ó�Ò�ËrF�Ë]Y�\rMcÏ�FKJL^NÐKÓ�YQÒ�ë�MK^NÓg\7ËQV
^�\(MKàu\7ë�àu\bËXFc\0\]a�Y�Ë]FKÍ�Y�\]^NÍ�YG.(\]a�Y·\][bFK`bñ�Ë"YQÐKÍ�Y�Óg\
Ô ^NÓg\]Y�[b`�YQëu\eFcÓ�Ò?Ë"JNMKë�Y�Õ�Vg\]a�Y�ë�FK[]YQÓl\9ZeD9p�FcÓ�Ò?F�H�FcÐ
\7FKÐKÐK^NÓ�Ð·ÑT^LÐla Ô Ñ�É�[7ÐgÕeMK[Tq�M Ø Ô quÉ�[7ÐgÕI�là�FcJN^�\Sw?\][7^LÐKì
ÐKYQ[QVuÐl^LGlY�Ó�Ùgw£Ï½MKà�[9Ml[,\]a�[7Y�Y�a�^L\7Ë,[7YQË]ë�YQ`#\7^LGlY�JNwKB

J�¿�Â��K!�ÂL� �M�N� Ã��O!�Æ�P�Â !
É,a�YK&�ÉOQ Ëeë�Y�[]Ï½MK[7Í�FcÓ�`�Y Ø FKË9Ë"\]à�Ò�^LY�ÒÈY�ðuë�MgË"^NÓ�Ð�F
ë�[7Mc\]MK\Sw�ë�YTË]à�ë�Y�[7JNFHwlY�[�VcÍ�FKÒuYTMcÏ�mQd�\7à�Ù�YQË�ë�YQ[:J¤FHwKY�[�V
\]M;Íoà�MlÓ�\]Y�ËS\�Ù�Y�FcÍ�ËÈFI\�D�D:CeR ^LÓ m�RGR0R # h$�FKÓ�Ò
hcklkKk # Ü)$ B�&�à�[7^LÓ�Ð0\]a�YeJ¤FI\]\]YQ[�[]à�Ó�\]a�Yeë�[]MK\]Mc\Sw�ë�Y Ø FlË
FcJ¤Ë"M�Y��gà�^Në�ë�YQÒ Ø ^�\7a�FÈË]Y�\�McÏ,Z	É,P*Q Ë # iG$ BXPjÓóhKkKk�mXF
Ï½à�JNJ�Ê�Ó�FcJU`ba�FcÍXÙ�YQ[ Ø FKËe\]YQË"\]Y�Ò�FcÓ�ÒÈ\]a�YX[]Y�Ë"à�J�\bËTMlÙuì
\7FK^LÓ�Y�Ò�Ï½[7MKÍ \]a�Y�ë�[]MK\]MK\Swgë�Y Ø Y�[7YT`�MlÓuÊ�[7Í�YQÒ # ûS$vBUÉ�M
`ba�YQ`bñ/\]a�Y�Y�T»YQ`�\?McÏ�Í�FcÐlÓ�Y�\7^N`�Ê�Y�J¤ÒµV9\]a�Yã`ba�FcÍXÙ�YQ[
Ø FlË£Ë]Y�\£^NÓ�Ë"^¤ÒuYãFóÍ�FKÐKÓ�Y�\QBò×�MK[7Y�MIGKYQ[QV�\]a�Yã`ba�FcÍ(ì
Ù�YQ[9Ë"à�ë�ë�Ml["\9FcJNJLM Ø YQÒ�^L\	\]M(Ù�Y6[]MK\7Fc\]YQÒ·Fc[7MKà�Ó�Ò£Ù�MK\]a
FIðuYQË�.�ë�Fc[bFcJNJLYQJ9\]M³\]a�Y Ø ^N[7YQËQVeFcÓ�Ò ë�FK[7FKJLJNY�Je\]MÌ\7a�Y
Òu[7^�Ï¬\�Òu^L[7YQ`�\]^NMKÓ�Vr^NÓ³MK[bÒuY�[�\7M&\]Y�ËS\X\]a�Y·ë�YQ["Ï½Ml[]Í�FcÓ�`�Y
McÏ�\7a�Y�`ba�FcÍXÙ�YQ[ Ø ^L\]a·^NÓ�`�JL^NÓ�YQÒ£\][bFK`bñuË	FcÓ�Ò Ø ^L\]a�Òu^LÏ¬ì
Ï½Y�[7Y�Óg\T`�MlÍ�ë�MlÓ�Y�Óg\7Ë,MKÏrÍ�FKÐKÓ�Y�\]^¤`TÊ�Y�J¤ÒµB
É,a�Y0Fc^NÍ�Ë9McÏr\]a�Y�\7YQË"\7Ë Ø YQ[]Y�YQË7Ë]Y�Óg\]^¤FcJNJLw£\]M£`ba�Y�`bñ
\]a�Y?à�Ó�^LÏ½MK[7Í�^�\Sw�McÏ	\]a�Y�Òu[7^�Ï¬\oGlY�JNMu`�^L\Sw¶FcÓ�Ò�\]M�Í�YQFcì

Ar^NÐKà�[7Y�huB�Ö�ñKY�\7`ba?McÏ�F(Ë"à�ë�YQ[]J¤FHwKYQ[�FcÓ�Ò·MKÏ�F0Ï½à�JLJU&6É
`ba�FcÍoÙ�Y�[

Ë]à�[7YT\7a�Y�Òu[]^LÏ¬\,GKY�JNMu`�^L\Sw�^�\bË"YQJ�ÏSV�\7a�YT\7^LÍ�Y Ô Ë]ë�FK`�Y�Õ:[]Y�ËSì
MlJLà�\]^NMKÓ�V�\7a�Y&`ba�FcÍXÙ�YQ[XY%V£`�^NY�Ó�`�w³FcÓ�Ò³\]a�YÈZ,É,P0Y�Ï¬ì
Ê�`�^NY�Ó�`�wKB ×&MK[7Y�MIGlY�[�V:FcÓ�FKJLwuË]^LY�Ë Ø YQ[]YÈÍ�FKÒ�Y&McÏ�\]a�Y
Ò�Y�ë�Y�Ó�ÒuYQÓ�`�YTMcÏ»YQFK`ba(McÏ»\7a�YQË]Y9Í�YQFKË]à�[7Y�Í�Y�Óg\bËUMKÓ(\]a�Y
GlMKJL\7FKÐKYQËQV�MKÓ&\7a�YXÍXà�MKÓ¶FcÓ�ÐlJLY0MKÏ:^NÓ�`�^¤ÒuY�Ó�`�YXFKÓ�Ò&MlÓ
\7a�Y�Í�FcÐlÓ�Y�\7^N`?Ê�YQJNÒ�BòÑeYQ[]Y�Ï½MlJLJNM Ø Ë�FÌË"à�Í(Í�FK[]w³MKÏ
\7a�YQË]Y0Ë"\]à�Òu^NYQËQB

J�¿�¾�¿�ÅNWXZYZ[]\_^1`ZaUbGXc[ed
É,a�YTÒ�[]^LÏ¬\:GKYQJLMu`�^�\Sw(`�FcÓ�Ù�YeY�GIFKJLà�Fc\]Y�Ò(FKÓ�Ò(^�\bË�à�Ó�^�ì
Ï½Ml[]Í�^L\Sw�^LÓ�Ë"ë�YQ`�\]YQÒ�FI\eFXÐKJ¤FcÓ�`�YTJNM�MKñ�^LÓ�ÐXFI\,\7a�Y6\]^NÍ(Y
Ò�^NË"\][7^LÙ�àu\]^NMKÓ£MKÏ»\]a�Y Ø ^L[7YTË]^LÐlÓ�FcJ¤Ë Ô Ar^NÐ�B ÜlÕ�.r^NÓ�Ï�FK`�\�^L\7Ë
Ø ^¤Ò�\7aò`�Ml[][7YQË]ë�MKÓ�Ò�Ë£\]M2\]a�Y�Í�FIðu^LÍXà�ÍæÒu[7^�Ï¬\�\]^NÍ�YKV
�Uf g�hXV�FKÓ�Ò�^L\7ËiH�FI\7Ó�YQË7Ë�^¤Ë:FKÓ�^LÓ�Ò�^N`QFI\]^NMKÓ·McÏ»\]a�Y�JL^NÓuì
Y�Fc[7^�\SwÈMKÏ:\]a�Y(Ë]ë�FK`�Y�ì \]^NÍ�YX[7Y�J¤FI\7^LMlÓ�Ë"a�^Lë�B Ô É,a�Y(ë�Y�Fcñ
Ó�YQFc[Nj�k kó^NË£[]YQJNFc\]YQÒ/\7Mó\]a�Y&YQJLY�`#\][7MKÓ�FHGIFcJ¤FcÓ�`ba�Y
Ò�Y�GKYQJLMlë�Í�Y�Óg\bÕ�B
t1Í�MK[7Y£FK`Q`�à�[bFI\7Y Ø FHwã\]M&Y�GIFKJLà�Fc\]Yl�Uf g�hÛ^¤Ë�\]M
Ê�Ó�Ò�\]a�Y·ë�MgË"^L\]^NMKÓóMcÏ	\]a�Y£ë�Y�Fcñ¶^LÓ�\]a�Y·Òu^¤ËS\7[]^NÙ�àu\7^LMlÓ
MKÏµ\]a�Y�×&Y�FcÓ·É,^NÍ�YG.�mn�okLpö Ô j pUq hj ö q jsr�Õ�V Ø a�Y�[7Yjutã^¤Ë�\7a�Y¶Ò�[]^LÏ¬\·\7^LÍ�Y�^NÓ�J¤FHwKY�[ v Ô A�^NÐ�B igÕ�B@PjÓ�Ï�FK`�\QV
Ù�w ÐKYQMKÍ�Y�\7[]^¤`�FKJ�`�MKÓ�Ë"\][7à�`#\7^LMlÓ�Vwmn�xky� f g�h Ï½MK[
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Ar^NÐKà�[7Y6Ü�B�É,^LÍ�Y0Òu^¤Ë"\][7^LÙ�à�\]^NMKÓ�McÏr\]a�Y Ø ^N[]Y�Ë]^LÐlÓ�FcJ¤ËQB

Í�MlË"\�McÏ:\7a�Y(\][bFK`bñuË Ô Ë]Y�Y�A�^NÐ�B�hKÕ�BXA�[7MKÍ A�^NÐ�B i�MKÓ�Y
Ê�Ó�Ò�ËeÏ½Ml[�^LÓ�Ë"\7FKÓ�`�Y0.2�Uf�g�h�k@Ü�n-�ü�ýlV�^²B YKBO�G�e����� ú k
ûlû4+ d�����'Iü�ýlB

     Meantimer       HV:3600/1800/-1200
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Ar^NÐKà�[7Y�i�B9&�^¤ËS\7[]^NÙ�àu\7^LMlÓXMKÏ pö Ô j p q hj ö q j r Õ����Uf g�h

s6^LGlY�Ó2FãÐlFlËo`�MlÍ�ë�MgË"^L\]^NMKÓ�Vr\7a�Y�Ò�[]^LÏ¬\(GlY�JNMu`�^L\Sw¶^¤Ë
ÒuY�\]YQ[]Í�^NÓ�YQÒ Ù�w¹\]a�Y�GKMKJL\7FKÐKY�ß �e����� ú�� Ô ß_�vú �����C�
ß_���búc� â �*� Õ�B2PjÓ te[ Ô -gû0/(Õ]D9p ö Ô m�û1/XÕX^L\£Ë]Fc\]à�[bFI\7YQË(FI\ß �e����� ú�� ÜKklkKk:ßô[]Y�FK`ba�^NÓ�Ð FòGIFcJNà�Y/MKÏN� �e����� ú��
ûlû�����'Iü�ýlB

É,a�Y���ùKù_�0
IÞ�ü�j�Òu[7^�Ï¬\UGKYQJLMu`�^�\Sw�FcJ¤Ë]MTË"a�M Ø Ë�F�ÒuY�ë�Y�Óuì
ÒuY�Ó�`�Y0MKÓ�\7a�Y0\7[7Fl`bñ·FcÓ�ÐlJLYlV �	V�^NÓÈ\]a�Y0ë�J¤FcÓ�Y�Ó�Ml[]Í�FKJ
\]Mó\]a�Y Ø ^L[7YQËQB�PjÓ;Ï�FK`�\£\]a�Y�Ë"ë�[7YQFlÒ;McÏ6\]a�Y&^NMKÓ�^�¡�Y�Ò
`ba�Fc[7ÐKY�^NÓÈ\]a�Y(Òu[7^�Ï¬\�Ò�^L[7YQ`�\]^NMKÓ�`�FKà�Ë]YQËeFKÓ&YQFc[7JN^LYQ[eFc[]ì
[]^NGIFcJKMKÏu\]a�Y	Ë"^NÐKÓ�FcJ¤Ë�FcÓ�Ò0a�Y�Ó�`�Y�FKÓ0Fcë�ë�FK[]YQÓg\�^LÓ�`�[]Y�FKË]Y
McÏ	� �e����� úbB�É,a�^¤Ë�Y%T�Y�`#\,Ù�Y�`�MlÍ(Y�Ë:G�^¤Ë"^NÙ�JNYTÏ½Ml[��6¢ hlû â B
Ar^NÓ�FcJNJLwlV9FcÓ�w2`�MlÍ�ë�MlÓ�Y�Óg\�McÏ6\]a�Y&Í�FKÐKÓ�Y�\]^¤`�Ê�Y�J¤Ò
Ó�Mc\�ë�FK[7FKJLJNY�Jg\7M�\7a�Y9Òu[7^�Ï¬\:Òu^N[7YQ`#\7^LMlÓ�VK`QFcà�Ë]^LÓ�Ð6F6Ù�Y�Ó�Ò�ì
^LÓ�Ð(McÏµ\7a�Y�Òu[]^LÏ¬\,ë�FI\7a�Ë�V�^NÓ�`�[7YQFlË"Y�Ë�\7a�Yw�Uf g�hXVga�Y�Ó�`�Y
ÒuYQ`�[]Y�FKË]YQËµ\7a�Y,Fcë�ë�FK[]YQÓg\£�G�e����� ú BrÉ,a�Y:Y�T»YQ`�\�MKÓ��G�e����� ú
McÏ�F¥¤*Ê�YQJNÒÈë�Fc[bFcJNJLYQJµ\]M�\7a�Y Ø ^N[]YlV¦¤M§	V�ÒuYQë�YQÓ�Ò�ËeMlÓ
\]a�YX\][bFK`bñ�^LÓ�`�JN^LÓ�Fc\]^NMKÓ�B�×&Ml[]YQMIGKY�[�VuÏ½Ml[M¤M§�¨òk + û��0V
\]a�Y0Òu^¤Ë"\]MK[]\]^NMKÓ?McÏ�\]a�Y0Òu[7^LÏ¬\,ë�FI\]a�Ë9Ë"ë�MK^NJNË	\7a�Y�JL^NÓ�Y�Fc[]ì
^�\Sw·Ï½MK[eÒu[7^�Ï¬\TÒ�^NË"\7FKÓ�`�Y�ËO¢òm�d�����B

J�¿©�µ¿l�wª«bGXc^�¬9b)d
É,a�YeË]^NÓ�ÐKJNY Ø ^N[7Y	Y%V£`�^NY�Ó�`�w Ø FlËrÍ(Y�FKË]à�[7YQÒ0à�Ë"^NÓ�Ð�F
Ë]FKÍ(ë�JLY�McÏ»\][bFK`bñuË�a�FHG�^NÓ�ÐoFc\:JLY�FKË"\�Ü0a�^�\bË:^NÓ£FoË]à�ë�Y�[]ì
JNFHwlY�[,FcÓ�Ò?`�MKÓ�Ë"^¤ÒuY�[7^NÓ�Ð0\7a�Y6Ï½[7Fl`#\]^NMKÓ?McÏ�iKì a�^�\,\][bFK`bñuËQB
É,a�YãMIGlY�[bFcJNJ9Y�V£`�^NY�Ó�`�w/^¤Ë?MKÓ�FHGKYQ[7FKÐKYãÚR0R1/·B@PvÏ
MKÓ�Y?à�Ë"Y�Ë0\7a�Y?Ê�\"\7YQÒÌ\7[7Fl`bñã\7M¶ÒuY�\]YQ[]Í�^NÓ�Y£\7a�Y?ë�MlË]^Lì
\]^NMKÓ�VlMKÓ�Ye`QFcÓ(GKY�[7^LÏ½w�\]a�Fc\�\]a�YT^LÓ�Y%V£`�^NY�Ó�`�wo^¤ËUÍ�FK^LÓ�JLw
Òuà�Y�\]M¶\]a�Y�ÐKYQMKÍ�Y�\7[]^¤`�FKJ�Fl`�`�YQëu\7FKÓ�`�Y0.£^NÓ2Ï�Fl`#\�^�\�^NË
¢®R0R,+Eû0/ Y�GlY�[7w Ø a�Y�[7Y&Ù�àu\È^LÓ�\7a�Y�Gg^¤`�^NÓ�^L\Sw McÏ�\]a�Y
`�FI\7a�MuÒuY Ø FcJNJNËQB
É,a�Y(Y�V£`�^LYQÓ�`�w�ÒuYQë�YQÓ�Ò�Ë6MKÓ�\]a�Y(ÐlFlËTÐgFc^NÓ�V�\]a�YQ[]Y�ì
Ï½MK[7Y�MKÓÈ\]a�Y0GKMlJ�\bFcÐKY0ß_�*¯ � � Ô ß §����e��� ß_�vú ����� Õ�B,É,a�Y
Y�V£`�^NY�Ó�`�w?Ë7FI\7à�[7Fc\]Y�Ë	Fc\�ß ��¯ ��k�Ú@m°-KkKk�ßoB
É,a�YXË"^NÓ�ÐKJNY Ø ^L[7Y�Y�V£`�^LYQÓ�`�w?^NË9Ó�Mc\TFT»YQ`�\]Y�Ò?YQ^�\7a�Y�[
Ùgwã\]a�Y(\7[7Fl`bñãFcÓ�ÐlJLY(McÏ,^NÓ�`�^¤ÒuY�Ó�`�Y�Ó�MK[�Ù�w&\7a�Y�Í�FcÐKì
Ó�Y�\7^N`TÊ�Y�J¤ÒµVg\]a�MKà�Ðla£GKYQ[]w(JNFK[]ÐlY9Ó�MKÓ�ì JN^LÓ�YQFc[7^L\SwXY%T�Y�`#\7Ë
Í(^NÐKag\eë�[7Y�GlY�Óg\,\]a�Y�\7[7Fl`bñ�[]Y�`�MlÓ�ËS\7[]à�`#\]^NMKÓ�B

J�¿�J�¿�ÃN^�±°a¦`Z²	[°Xca_¬
É,a�Y�\7^LÍ�Y�[7YQË]MKJNàu\]^NMKÓ�³�ú	`�FcÓ�Ù�Y0ÒuY�[7^LGlYQÒ·\]a�[7MKà�ÐKa
\]a�YóCe×ãÖ�McÏ0\7a�YCmn�þÒ�^NË"\][7^LÙ�àu\]^NMKÓ�B1A�[]MlÍéAr^NÐ�B i
MKÓ�Y�Ê�Ó�Ò�Ë�Ï½Ml[�^NÓ�Ë"\7FcÓ�`�YG.�³ ú k�Ü,+Nm�-�ü�ý�FcÓ�Ò£\]a�YQ[]Y�Ï½MK[7Y
F�Ë"ë�Fl`�Y6[]Y�Ë"MlJLà�\]^NMKÓU.�³ ´ �o�G�e����� ú ³ ú k mHnln9����B
q�^LñlY·\7a�YÈY�V£`�^NY�Ó�`�wKV:\]a�YÈ[7YQË]MKJNàu\]^NMKÓ2Ò�Y�ë�Y�Ó�Ò�Ë�MlÓ
ß �*¯ ��\7a�[]Mlà�ÐKa \7a�Y;ÐlFKËãÐlFK^LÓ�BéÉ,a�^¤ËóÒuY�ë�Y�Ó�Ò�Y�Ó�`�Y
Ù�Y�`�MKÍ�Y�Ë?FKJLÍ�MlË"\¥H�Fc\�Fc\Èß �*¯ �µkæm�-lkKk:ß ^ B YlB Fc\
\]a�Y Ë7FcÍ�Y GKMlJ�\bFcÐlY2\7a�FI\2FKJNË]M MKëu\7^LÍ�^�¡�YQËÌ\]a�Y�Y%V(ì
`�^NY�Ó�`�wKB�É,a�^¤Ë�GIFcJNà�YKVl\]MlÐKY�\]a�YQ[ Ø ^L\]a·ß_�e����� ú k�ÜKkKklk:ß
JLY�Ò�\7M/\7a�YÌ`ba�MK^¤`�Y�McÏo\]a�Y�Ï½MKJNJNM Ø ^LÓ�Ð Ë]Y�\&McÏoÓ�MKÍ�^�ì
Ó�FcJ9GlMKJL\7FcÐlYQË�.�ß §��¶�e� kþÜldKklk:ß 3Tß¦�jú ���·� k m�-lkKk:ß 3
ß¦���búc� â �*� k � m�hKkKk:ßXBÉ,a�Y9Ë]ë�[7YQFKÒ0McÏ�\7a�Y,^LMlÓ�^�¡�YQÒX`ba�Fc[7ÐKY	FcJNMKÓ�ÐT\]a�Y9Òu[7^LÏ¬\
Òu^L[7YQ`�\]^NMKÓ�V�ë�[]MuÒuà�`�YQÒ¶Ù�w&\][bFK`bñuË6a�FHG�^NÓ�Ð&FcÓ�^LÓ�`�JL^NÓ�Fcì
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Ø Ml[7Ë]Y�Ó�Ë:\7a�Y�[7YQË]MKJNàu\]^NMKÓ�V�FlË9Ë"a�M Ø Ó?^NÓ&A�^NÐ�BEûuB t0B

t

Angle of incidence(deg)
¸

R
es

ol
ut

io
n 

(µ
m

)

0
¹

100

200
º

300
»

400
¼

500
½

600
¾

-5 0
¹

5
½

10 15 20 25 30
»

35
»

40

Z
Layer 1
Layer 2
¿
Layer 3
Layer 4
¿

B (T)

R
es

o
lu

ti
o

n
 (

m
m

)

0
À

0.05
À

0.1
À

0.15
À

0.2
À

0.25
À

0.3
À

0.35
À

0.4
À

0.45
À

0.5
À

0
À

0.2
À

0.4
À

0.6
À

0.8
À

1
Á

Ar^LÐlà�[]Yãû�Bµ&�Y�ë�Y�Ó�ÒuYQÓ�`�YãMcÏ6\]a�Y&[7YQË]MKJNàu\]^NMKÓ;MKÓ;\7a�Y
FcÓ�ÐlJLYXMcÏ�^NÓ�`�^¤ÒuYQÓ�`�Y Ô t�Õ�FcÓ�ÒÈMKÓ&\7a�YoÍ�FcÐlÓ�Y�\7^N`0Ê�Y�J¤Ò
`�MlÍ(ë�MKÓ�Y�Óg\eë�Fc[bFcJNJNY�J�\]M�\7a�Y Ø ^L[7Y Ô Z9Õ#B

Ö�^LÍ�^NJNFK[]JNwKVc\]a�Ye[7YQË]MKJNàu\7^LMlÓX^NÓ�`�[7YQFlË"Y�Ë Ø ^�\7a�^LÓ�`�[7YQFKË"ì
^LÓ�Ð6Í�FKÐKÓ�Y�\]^¤`�Ê�YQJNÒ�Ë%.�^�\�^¤ËUYQË]ë�Y�`�^¤FcJNJLw0F)T�Y�`#\]Y�Ò0Ù�w�\7a�Y
`�MlÍ(ë�MKÓ�Y�Óg\�ë�FK[7FKJLJNY�Jc\]Me\7a�Y Ø ^N[7Y Ô Ar^NÐ�BEûuB Z,Õ�V�Ë]^NÓ�`�YlVHFlË
Ë"YQY�Ó&FcÙ�MIGKYlV�^�\e^NÓ�Òuà�`�YQË9Ó�MKÓuìvJL^NÓ�Y�Fc[7^�\Sw�Y%T�Y�`#\7ËQB
J�¿�Â�¿l�(Â0À ^0ª«b0Xc^�¬9b)d
teÓ�wTJNMlË7ËµMcÏu[7YQË]MKJNàu\]^NMKÓ6^NÓ�Òuà�`�YQË�F,JNMlË7ËµMKÏgY%V�`�^LYQÓ�`�w
McÏU\]a�YoZ,É,P*Q ËQV�FlË,\]a�YQw£Ï�FK^LJ�Í(Ml[]Y�Ï½[7Y��gà�YQÓg\]JNw£\]M£Ê�Ó�Ò
\]a�Yóë�MK^NÓg\7ËÈFcJN^LÐlÓ�YQÒ FI\&FcÓ�w;\]^NÍ(YlBÛÉ,a�YóZ	É,P�Y%V�ì

`�^LYQÓ�`�w Ø FKËoÍ(Y�FKË]à�[7YQÒÌGIFc[7w�^LÓ�Ð&\]a�Y?Í�FcÐKÓ�Y�\]^¤`�Ê�Y�J¤Ò
¤MÃ Ô Ó�MK[7Í�FcJ�\]MX\]a�Y�`ba�FKÍoÙ�Y�[#Õ�FKÓ�Ò�\7a�Y�Íoà�MlÓ?FcÓ�ÐKJNY
MKÏ�^NÓ�`�^NÒuYQÓ�`�YlBrÉ,a�Y�\7Mc\bFcJ Ô quÉ�[7^LÐ q Ñ�É�[7^NÐgÕ�Y�V£`�^NY�Ó�`�w^¤Ë,FcÙ�MKàu\2Rlû1/¹Ï½MK[	Ó�MK[7Í�FcJ�\][bFK`bñuË Ø ^L\]a?Ó�MXÍ�FKÐKÓ�Y�\]^¤`
Ê�Y�J¤ÒµB�Pv\e[7Y�Í�Fc^NÓ�Ë9FcJNÍ�MlË"\eËS\bFcÙ�JNY�à�ë�\]M?Ú�ÜgûKâ�MK[9à�ë
\7M?k + -��oB	É,a�YXÑTÉ�[]^NÐ£Y�V£`�^LYQÓ�`�wÈFcJNMKÓ�Yo^NË�Ú�-Kk�/1FI\
kgâTFKÓ�Ò·k���3l^L\9Òu[]Mlë�Ë:\]M£Ú�dgû0/¹Ï½MK[��Ck�ÜKkgâeFcÓ�Ò�\]M
Ú�ncû1/ Ï½Ml[Ä¤ Ã k k,+ -��0B�É,a�YTY%V�`�^LYQÓ�`�w�Òu[7MKë�Ë:Í�MK[7Y
Ò�[7FKÍ�Fc\]^¤`�FKJLJNw�^NÓ¶\7a�Y�ë�[7YQË]Y�Ó�`�Y�McÏ	FÈÓ�MKÓÅ¡�Y�[7M&`�MlÍXì
ë�MKÓ�Y�Óg\Æ¤w§	V�FKJLMlÓ�ÐX\]a�Y Ø ^N[]YlB�É,a�^¤Ë,ë�[]MlÙ�JNY�Í `QFcÓÈÙ�Y
Ò�YQFcJL\ Ø ^L\]a�ë�Y�[]Ï½MK[7Í�^LÓ�Ð0FKÓ�^LÓ�Ò�^LG�^¤Òuà�FcJ�\]à�Ó�^LÓ�ÐoMcÏ»\]a�Y
ë�[]MlÐK[bFcÍ�Í�FcÙ�JNY9Òu[]^LÏ¬\�GlY�JNMu`�^L\SwKVIÏ½Ml[�\]a�YTZ,É,P*Q Ë�Ë"^L\"\7^LÓ�Ð
^NÓ/\]a�YÈ[7Y�ÐK^NMKÓ�Ë Ø a�YQ[]Y�\7a�YÈÍ�FKÐKÓ�Y�\]^¤`£Ê�Y�J¤Ò2^¤Ë(Í(MgËS\
^NÓg\]YQÓ�Ë"YlB

Â�¿·Ç�ÄN!	�¹ÀQÇ Â��K!�Â�!
É,a�Y�ë�[]MuÒuà�`�\]^NMKÓ�MKÏ�&6Éó`ba�FcÍXÙ�YQ[7Ë�Ë"\7FK["\7YQÒ6^NÓohckKk�m
FKÓ�Ò�^L\�^¤Ë:ÐlMK^NÓ�Ð�MKÓ·^LÓ�\7a�[7Y�YTÒu^¶T»Y�[7Y�Óg\�YQà�[]Mlë�Y�FcÓ�J¤FcÙuì
Ml[7Fc\]Ml[]^NYQËQB

Ar^NÐKà�[7Y¶d�BÇ&6ÉY�V£`�^LYQÓ�`�w Í�YQFlË"à�[7YQÒ Ø ^L\]a�`�MgË"Í�^¤`
[bFHwuË�B�É�MlëU.�FHGIFc[bFcÐlY�Y�V£`�^NY�Ó�`�w0`�YQJLJ�Ù�w�`�Y�JNJ B�Z	Mc\]\]MKÍ".
Y%V£`�^NY�Ó�`�w�FlË�F�Ï½à�Ó�`�^NMKÓ£MKÏµ\]a�Y9\7[7Fl`bñXë�MlË]^L\]^NMKÓ�^NÓ�\]a�Y
`�Y�JNJ²B



Ar^NÐKà�[7Y�n�BÈ&�ÉþY�V£`�^NY�Ó�`�w Í(Y�FKË]à�[7YQÒ Ø ^L\]aò`�MlË]Í�^N`
[bFHwuË2FI\ q�R�q FlË;F¹Ï½à�Ó�`�\]^NMKÓ8McÏãFcÓ�M�Ò�^N`òGKMlJ�\bFcÐKY
Ô ß �vú ���·��k¹m�-Kklk:ß�Õ

t	\�\]a�Y�q�FcÙ�MK[bFI\7MK[7^uRTF)¡Q^LMlÓ�FcJN^�Òu^�q�Y�ÐlÓ�Fc[7M Ô q�R�q�Õ�V
m�kÌMKàu\�McÏ�\7a�Yã\7Mc\bFcJ�Ë]`ba�Y�Òuà�JNYQÒ�ë�[]MuÒuà�`�\]^NMKÓ�MKÏ(nIk
`ba�FKÍoÙ�Y�[bË Ø Y�[7Y·FcJN[7YQFKÒ�wãÊ�Ó�^NË]a�YQÒ/FcÓ�ÒÌ\]YQË"\]Y�Ò Ø ^L\]a
`�MlË]Í(^¤`�[bFHwuË�Ù�w¶\7a�Y·YQÓ�ÒÌMKÏ6p6`#\]MlÙ�YQ[(hKkKklh # d$vB�PjÓ
Ml[7ÒuYQ[r\]M�ÐKY�\r\7a�Y9Ó�Y�`�YQË7Ë7Fc[7w�Ë"\7Fc\]^¤ËS\7^N`QË�VlFT\7[]^NÐKÐlY�[�Ë]w�Ë"ì
\7Y�Í1Ù�FlË"Y�Ò�MKÓ�FXË]Y�\,McÏ�Ë7`�^NÓg\]^NJLJ¤FI\7MK[bË�FKÓ�Ò£ë�a�Mc\]MlÍoà�JLì
\7^Lë�JN^NY�[bË Ø FlË�Ë"Y�\0à�ë�V Ø ^L\]aó\7a�Y�J¤Fc[7ÐKYQË"\�ë�MgË]Ë]^NÙ�JLY�Fl`#ì
`�Y�ëu\bFcÓ�`�YKB�É,a�Y	^NÓg\][7^LÓ�Ë"^¤`�\7^LÍ�Y9ÉS^L\"\]YQ[�McÏ�\]a�Y9Ë7`�^NÓl\7^LJNJ¤FIì
\7MK[bË�Ë]ë�Ml^LJ¤Ë�\]a�Y6MKÙ�Ë"YQ[]GlYQÒ�[7YQË]MKJNàu\]^NMKÓ£\]a�Fc\�\7à�[]Ó�Ë�Mlàu\
J¤Fc[7ÐKYQ[T`�MlÍ(ë�Fc[7YQÒ�\]M·\]a�YX\]Y�ËS\�Ù�YQFcÍ Í�YQFlË"à�[]YQÍ(YQÓg\7Ë
ÑTM Ø YQGKY�[�VlFX[7YQË]MKJNàu\]^NMKÓ·Ë]^NÍ(^NJ¤Fc[	\]MX\]a�Y6MKÓ�YTÏ½Mlà�Ó�Ò?^LÓ
\7a�Y:\7YQË"\�Ù�Y�FcÍ Ø FKË�MKÙu\bFc^NÓ�YQÒXà�Ë]^LÓ�ÐTÏ½Ml[�\7a�Y	\][7^LÐlÐKYQ[rF
Ó�FK[][7M Ø `�MK^NÓ�`�^¤ÒuYQÓ�`�YeMKÏµ\ Ø MXË"Í�FcJNJ�Ë7`�^NÓg\]^NJLJ¤FI\7MK[bË�a�FHGgì
^NÓ�Ð�Ó�YQÐKJN^LÐl^LÙ�JNY�ÉS^L\"\7Y�[�BUCeMKàu\7^LÓ�Ye\]YQË"\7ËQV Ø ^�\7a£ËS\bFcÓ�Ò�FK[7Ò
a�^NÐKa&[bFI\7YQËQV�FK[]Y�à�Ë]YQÒ�\7M?`ba�Y�`bñ»V�`ba�FKÍoÙ�Y�[eÙ�wÈ`ba�FcÍ(ì
Ù�Y�[�V�\]a�Y�Y�V£`�^NY�Ó�`�w�FcÓ�Ò�\7a�Y:à�Ó�^�Ï½Ml[]Í�^L\Sw�McÏuÙ�MK\]a(Òu[]^LÏ¬\
GlY�JNM�`�^�\Sw£FKÓ�Ò�[]Y�Ë"MlJLà�\]^NMKÓ�B
É,a�Y�ë�[7Mu`�YQÒ�à�[]Y�Ë�Fc[7Y�\]a�Y?Ë]FKÍ(Y£FlË�ÒuYQË7`�[7^NÙ�Y�Ò�Ï½MK[
\7a�Ye\7YQË"\�Ù�YQFcÍÈB�É,a�Y�Y�V£`�^NY�Ó�`�w�`�FcÓ·Ù�Y�^LÓ�Ë]ë�YQ`#\7YQÒ·^LÓ
ë�JNMc\bË�McÏ,\7a�Y·ñ�^NÓ�ÒÌË"a�M Ø Ó�^NÓ2Ar^NÐ�B d,.0\7a�Y�wóFc[7Y�à�Ë]YQÒ
\7MãË"ë�Mc\(Ë"^NÓ�ÐKJNY£^NÓ�Y�V£`�^LYQÓl\o\]à�Ù�YQËXMK[�\7Mã`�[7MlË7Ë0`ba�Y�`bñ

A�^NÐKà�[]Y -�B�É,^LÍ�Yo[7YQË]MKJNàu\7^LMlÓ�GuËTë�MlË]^�\7^LMlÓ�^NÓ&\]a�Y�`�YQJLJ
Ô \]Mlë�Õ*3�Í�Fcðu^LÍXà�ÍÛÒu[7^�Ï¬\,\]^NÍ�Y�GuË�ë�MlË]^L\]^NMKÓ·^NÓ?\]a�Y�`�YQJLJ
Ô Í�^NÒ�ÒuJLYHÕÈFcÓ�Ò GuË?ë�MlË]^L\]^NMKÓ ^NÓò\]a�Yó`ba�FcÍXÙ�YQ[ Ô Ù�Mc\"ì
\]MKÍ£Õ�B

ë�MgË]Ë]^LÙ�JLY0`�MKÓ�Ë"\][7à�`#\7^LMlÓ?FKÓ�MKÍ�FcJN^NYQËQB
É,a�Y�Ò�Y�ë�Y�Ó�ÒuYQÓ�`�YÈMKÏT\]a�Y&Y�V£`�^NY�Ó�`�w³MKÓ/\]a�Y Ø ^L[7Y
GKMKJL\7FKÐKY Ø FKË�Ë"\]à�Ò�^LY�ÒXMlÓ£F6Ï½Y Ø `ba�FcÍXÙ�YQ[7Ë:FcÓ�ÒXÏ½MKà�Ó�Ò
\]M�Ù�Y�`�MKÍ�ë�Fc\]^NÙ�JLY Ø ^L\]a�\]a�Y�Y�ðuë�Y�`#\bFI\]^NMKÓ�Ë	FKÓ�Ò Ø ^�\7a
\]a�Y�ë�[7Y�G�^LMlà�Ë�Í�Y�FKË]à�[]YQÍ�Y�Óg\7ËQB É,a�Y `�à�[7GKYQËòFc[7Y
Ë"a�M Ø Ó�^NÓÈAr^NÐ�B�n�B
É,a�Yoà�Ó�^LÏ½MK[7Í(^L\Sw·MKÏU\]a�YoÒ�[]^LÏ¬\eGKYQJLMu`�^L\Sw?FKÓ�Ò�McÏU\]a�Y
[]Y�Ë"MlJLàu\7^LMlÓX`QFcÓ(Ù�Ye`ba�Y�`bñKY�Ò0Ù�w�ë�JNMc\7ËUJN^NñKY	\]a�Y,MlÓ�YQËU^NÓ
A�^NÐ�B - Ø a�Y�[7Y9\]a�Y6Í�FIðu^NÍoà�Í1Òu[7^�Ï¬\�\]^NÍ�Y6FKÓ�Ò�\]a�YT[7YQË"ì
MKJNàu\]^NMKÓ·Ë]a�M Ø Ó�MX`�JLY�Fc[:Ò�Y�ë�Y�Ó�ÒuYQÓ�`�Y�MKÓ�\7a�YTë�MlË]^�\7^LMlÓ
Y�^L\]a�YQ[ Ø ^�\7a�^NÓ?\7a�Y0`�YQJLJ�MK[ Ø ^�\7a�^NÓÈ\]a�Y0`ba�FKÍoÙ�Y�[�B

Ç(Ä£ÁãÇ�P:Æ�!�ÀQÄ£ÁÊ!
Ö�YQGKYQ[7FKJlÙ�YQFKÍ \]YQË"\7ËrMlÓ0ë�[7Mc\]MK\Sw�ë�Y�Ë�FKÓ�Ò�\7a�Y�MlÓ�ÐKMKì
^LÓ�Ð�`�MgË"Í�^¤`�\]Y�ËS\bË6MKÓ&\7a�Yoë�[7MuÒuà�`�YQÒ�`ba�FKÍoÙ�Y�[bËea�FHGlY
Ù�YQY�Ó;ÐK^NGg^NÓ�Ðó`�MlÓ�Ë"^¤Ë"\]Y�Óg\�FcÓ�Ò2ë�MgË"^L\]^NGKYÈ[7YQË]à�JL\7Ë�.£\]a�Y
ë�YQ["Ï½Ml[]Í�FcÓ�`�Y�MKÏu\]a�Y�&�ÉÌ`ba�FKÍoÙ�Y�[bË�FcÓ�Ò�McÏ�\]a�Y�Z,É,P*Q Ë
Ï½MK[9\7a�Y�Ê�[bËS\9JNY�GKYQJ»\][7^LÐlÐKYQ[	Í�Fc\7`ba�\]a�Y0Ë]ë�YQ`�^LÊ�`QFI\]^NMKÓ�Ë
Ï½MK[óD	×¶Ö�^LÓ \7Y�[7Í�ËãMcÏ�Y�V£`�^LYQÓ�`�w�FcÓ�Ò [7YQË]MKJNàu\]^NMKÓ�V



Y�GlY�Ó¶Ï½MK[�^NÓ�`�JN^LÓ�YQÒã\][bFK`bñuË�FcÓ�Ò¶^LÓ�ë�[7YQË]Y�Ó�`�YXMKÏ�Í�FcÐKì
Ó�Y�\7^N`£Ê�Y�J¤Ò�Ë(FKË�^NÓg\]YQÓ�Ë"Y�FKË�Y�ðuë�Y�`#\]Y�ÒÌ^NÓ/D	×ãÖ»BUÉ,a�Y
ë�[7M�Ò�à�`#\7^LMlÓ�^NË�ÐlMK^NÓ�Ð�MKÓ�FcÓ�Òo\7a�Y9Ê�[bË"\�\][7^NFKJ�`ba�FcÍXÙ�YQ[
Ø FlËXFKJL[7YQFlÒuwó^LÓ�ËS\bFcJNJLY�ÒÌ^LÓ2\]a�YÈÙ�FK[][7Y�J�wKMlñKY·MlÓ2teà�ì
ÐKà�Ë"\(hKkI\]a�V�hKkKkghuBÈÉ,a�Y£Ù�FK[][7Y�J�ÍXà�MKÓ³Ò�Y�\]Y�`#\7MK[ Ø ^NJNJ
Ù�Y6[7YQFKÒ�wX\7MoMlÙ�Ë"YQ[]GlY9\]a�YeÊ�[bËS\,a�^NÐKa0ù�úUJLYQëu\]MlÓ�Ë�Ï½[]MlÍ
ùKù�`�MKJNJL^¤Ë"^NMKÓ�Ë�^NÓ�hcklkgn�B

�£Ç�Ë&ÁãÄ�ÌÍPi�6Å�Î��w���6Á&Â�!
É,a�FcÓ�ñuË	\7M�\]a�Y(D	×¶Ö�ÐK[7MKà�ë�McÏ�q�R�q³FcÓ�Ò�^NÓÈë�Fc[]ì
\]^¤`�à�J¤Fc[6\7M�tTÓ�Ó�F�×&Y�Ó�YQÐKà,¡�¡�M Ø a�M�Ë]a�Fc[7YQÒ Ø ^�\7aãÍ�Y
\]a�Y0FKÓ�FcJNwuË"^¤Ë,McÏ�\]a�Y0`�MlË]Í�^N`�Ò�Fc\7F�B

ÃN�M�2��Ã���ÁãÇ��K!
mKB�É,a�Y;D	×ãÖ ×&à�MKÓ¹_�[7M)ÉSY�`#\�V�É�YQ`ba�Ó�^N`QFcJ�&�YQË]^NÐKÓ
C9Y�ë�MK[]\QB�D�D�CeR6fcq�Ñ�D9D�RgnHìvÜgh

huB�×ÌBoteÐlà�^NJNFK["ìjZ	Y�Ó�^L\]Y�¡/Y�\2FcJ BoReà�`�J²BoPjÓ�ËS\7[QB0FKÓ�Ò
×&Y�\7a�B�tei1-Kk Ô hKkKkghKÕ�dlû)-

Ü�B�×ÌB�D�Y�[7[bFKÒ�FXY�\TFKJ²BNV�D	×ãÖ�R6p6É2D�hcklk�mIfIkci�m
i�B�q�B�D	FlËS\7Y�JNJNFKÓ�^µY�\TFKJ²BNV�D	×ãÖ�R6p6É2D�hcklk�mIfIklû�m
ûuB1D	×ãÖ�R6p6É2D;^LÓÈë�[7Y�ë�Fc[bFI\]^NMKÓ
d�B1D	×ãÖ�R6p6É2D;^LÓÈë�[7Y�ë�Fc[bFI\]^NMKÓ


