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ô�õ iXx�ö"iXmp÷øö"jlm�ù 2 jlx�ö]k:i$wbúËi�npûtö$üýù õ i�w:iMk õ iMi�o�i�w:þpÿ
� i$wøn�k:m�û��löøn ÷,i$ù��Yi�����n�k:m�û mpwøjli�ö"ö$ü	�*ö úOi 2 m�û
�*o�þ npo
�*û � m�w"k9npoYk k:m�m�j��*o k õ �*o
��j*û q�i � mpö��lk��*mpo���ü�ö"i 2 mpo�q�n�w"ÿ��lm�o
û×npö"ö ö � i 2 k"w:m�û i�k"w"ÿ�� npo�q ö õ npjlj*m�ù��Kx�o 2 k��*mpo ÷,mpw:û×n�k��lm�o��pg
ô�õ i��*û � j¡n�o.k9n�k��*m�o×m�÷ 2 j*x�ö]k:i$w:ö��*oYk:m�ö"m�j��lq � w:m.q�x 2 i�ö�q����Ëi�w:i�oYk
� õ i�o�m�û i$o�n 2 m�û � n�w:i$q<k:m ö��lo�þ�j*i�n�k:m�û��lû � j¡npoYk9n�k��lm�o�ö$ü6npo�q
k õ iÎk õ i$mpw:i$k�� 2 n�j��Wo�m�ùØj*i$q�þ�i m�÷tk õ i ö"xWú��]i 2 k �lö"!Yi�w"ÿ � m�mpw
úËi 2 npx�ö"i�m�÷�k õ i 2 m�û � jli�# o�n�k:xWw:i=mp÷$�lk�g
%�mpwýö"j*m�ù&�lm�o�ö k õ iÎi�o�i�w:þpÿ jlm�ö"ö'�*ö � w:i$q�mpû
�*o�npoYk:jlÿMq�x�i

k:mXi�j*npö]k�� 2 2 m�jlj��lö��*m�o�ö úËi�k�ùei�i$o k õ i n�k:mpû ö$g ô�õ i i�o�i�w:þpÿ
m�÷ 2 j*x�ö]k:i�wSn�k:m�û ö(�löÎq�i � m�ö��lk:i$q)�*o n ö"û×npjlj*!�m�j*x�û i npo�q
k õ iÎq�i � m�ö��}k:i�qXi�o�i�w:þpÿ q�i$o�ö��lk�ÿ 2 npoMúOi õ x�þpi�g ô�õ x�ö k õ i
2 j*x�ö]k:i$w+�*û � n 2 k 2 n�o � w:m.q�x 2 iPû mpw:i�j*m 2 npj���,�i$q q�npû×npþpiPk õ npo
n ö��*o�þ�jli-�lm�o ù��}k õ 2 m�û � n�w9n�ú�j*i i�o�i�w:þpÿ�.pg /IxWw��*o�þ k õ i
� i�o�i�k"w9n�k��*mpo0�*oYk:mÈk õ iLû×n�k:i$w��*npj/ü�k õ i 2 j*x�ö]k:i�w�n�k:m�û öak õ n�k õ n1!Yi
n�û×n�ö"ö�þ�w:i�n�k:i�w k õ n�o k õ i<k9n�w:þ�i�k�n�k:m�û ö×û×npö"ö8i2# � i$w��li�o 2 i
o�m�o�j��lo�i�n�w i2�Oi 2 k:öýk õ n�k n�w:iFx�ö"x�npjljlÿ o�i�þpj��*þ3�lú�j*iF÷,mpw ö��lo�þpj*i
�*mpo úËm�û�úvn�w:q�û i$o.k5456 7pg ô�õ i o�m�o�j��lo�i�n�w��}k��*i$ö n�w��lö"i ÷,w:m�û k õ i
÷ n 2 kLk õ n�k�k õ i 2 jlx�ö]k:i$w8�lm�o�ö(i2# � i�w��*i$o 2 iÈk õ i��*o�9�x�i�o 2 i�m�÷Ëi�n 2 õ
mpk õ i�wPq�xWw��*o�þsk õ i � i$o�i�k"w9n�k��lm�o npo�q�k õ x�ö=k õ i×i$o:!;�lw:m�o�û i$oYk
�*o k õ i�û×n�k:i$w��*npj<�*öÈq����Ëi�w:i�oYkØ÷,mpwØi�n 2 õ �lm�o=�*o k õ i 2 jlx�ö]k:i$w�g?>�o
�*û � j*npoYk9n�k��*mpoaüak õ i 2 j*x�ö]k:i�w�ú�w:i�n@��ö0�lo.k:m ö��*o�þ�jli×n�k:m�û ö0A.x��lk:i
w9n � �*q�j}ÿYü?�*o k:i�o�öPm�÷È÷0i$û�k:m�ö"i 2 mpo�q�ö	�loÎk õ i 2 npö"i�öÐö]k:x�q��*i$qB�lo
k õ �*ö � n � i$w�g ô�õ i�ö��lo�þpj*iPn�k:m�û öÈk õ i$o 2 m�oYk��*o.x�i � i$o�i�k"w9n�k��lo�þWg
ô�õ x�öIk õ i � m�ö"ö��}úvjlitq����Ëi�w:i�o 2 iPúËi$k�ùei$i�o k õ iÐö]k:m ��� �*o�þ m�÷Lnpo
n�k:m�ûC�lo 2 j*x�ö]k:i�w�n�o�qsntö��lo�þ�j*i=n�k:m�ûC�*o�ö��lq�iIk õ i�û×n�k"w��D#Ëü 2 npo
2 npx�ö"i×q��D�Ëi$w:i$o 2 iE�lo�k õ i w9npo�þ�i×m�÷(k õ iE�lm�o�ö 2 m�û � n�w:i$q�k:m n
ö��*o�þ�jli0�*m�o=�*û � j¡n�o.k9n�k��*m�oOg
F�ö��lo�þ�û m�j*i 2 x�j*n�w�qWÿWo�npû
� 2 ö 2 mpû � x�k:i�w�ö��lûPx�j¡n�k��lm�oEG õ x�jlþYn

npo�q"G:�*þ�ûPx�o�qIH õ n1!Yi=o�mpk�� 2 i$q k õ n�kÈk õ i�ö]k:m ��� �lo�þ � m�ùei�w � i�w
þ�m�jlq n�k:m�û<üpù õ i�oÐúËm�û�úvn�w:q��lo�þKJ�x �L� 2 jlx�ö]k:i$w:ö$üM�lö
o�mpk�� 2 i�n�úvj}ÿö"û×npjlj*i�wN�lo�ö��lj�� 2 m�o×k õ n�o�÷,mpw(úËm�û�úvn�w:q�û i$oYk�ù��}k õ ö��lo�þpj*i�þ�m�jlq
n�k:m�ûtö$g ô�õ i�ÿ@ö"x�þ�þ�i$ö]k:i$qMk õ n�ksk õ �*ösi��Ëi 2 kO�*ö q�x�i�k:mFk õ i
P 2 j*i�n�w��*o�þPk õ i�ù�n�ÿ�QÐi��Ëi 2 k�ü�ù õ i�w:i�k õ i 2 jlx�ö]k:i$wØn�k:m�û öN�lo�k õ i
÷,w:mpo.kem�÷Ok õ i 2 jlx�ö]k:i�w 2 õ npo�þ�i�k õ i�k9n�w:þpi$k�n�k:m�û 2 m�o���þ�xWw9n�k��lm�o
÷0m�w k õ i 2 j*x�ö]k:i$w×n�k:m�û ötk õ n�k 2 m�û i úËi õ �lo�qOg ô�õ �lö i��Ëi 2 k
�lö
2 j*i�n�w:jlÿ�q�i � i$o�q�i$oYkØmp÷Bk õ iIö���,$i=m�÷Bk õ i 2 j*x�ö]k:i$w�n�o�q�k õ i�û×npö"ö

w9n�k��*m=m�÷Ëk õ i � w:m@�Ki 2 k��*jli�n�k:m�û npo�q k õ i 2 j*x�ö]k:i�wen�k:m�û<ü.ö"m=k õ n�k
õ i�n1!��li$w��*m�o�ö 2 npx�ö"iØûtmpw:i 2 j*i�n�w��*o�þ=m�÷vk õ iÈj��*þ õ k�k9n�w:þ�i$k:ö$g ô�õ i
q�i 2 w:i�npö"i"�lo k õ i û i�npo i�o�i�w:þpÿbjlm�ö"ö ÷,mpw 2 jlx�ö]k:i�w:ö8ù�npö<n�j*ö"m
ö"i�i$o<x�ö��lo�þ×j¡n�w:þ�i�w�J�w�R 2 j*x�ö]k:i$w:ö�Spg
TØi 2 i$o.k�i2# � i$w��lû i$o.k:ö�ú.ÿUJ�o�q�i�w:ö"i�oOV2WYX�Z3[�X]\(ö õ m�ùFk õ n�kDk õ i

û i�n�o�w9npo�þ�i�m�÷^J�x_�*m�o�öN�*o 2 m ��� i�w`�*öek õ i�ö:n�û iK�*o_J�x � n�o�qJ�x � �*û � j*npoYk9n�k��*m�oPù��}k õ n�oÐi�o�i�w:þpÿ�m�÷^a1b���i�����n�k:m�ûXú�xWk�k õ iw9npo�þ�i � w:m@�vjlic�*öPú�w:mYn�q�i�w	�*oÎk õ i 2 npö"i�m�÷ 2 jlx�ö]k:i$w:ö$ü?�/g i�g k õ i
ö]k"w9npþ�þ�j��*o�þ0�löLj*n�w:þ�i�w�g ô�õ iÈö:npû iÈi2# � i$w��lû i$o.k:ö
ö õ m�ù k õ n�k
k õ i
w9npo�þ�i � w:m@�vjli�ötn�w:ic�lq�i�oYk�� 2 npj(÷,mpw	ded�g]f=�Yi�����n�k:m�û�J�x � n�o�qJ�x H ù õ i�osnpû mpw � õ m�x�ögG;���löÈx�ö"i$q npöØntk9n�w:þ�i$k�gh i õ n�!Yi�ö]k:x�q��*i$qÎk õ �*öPi��Ëi 2 k�ù��}k õ û m�j*i 2 x�j*n�wÐq�ÿ�ovn�û
� 2 ö
ö��*ûPx�j¡n�k��*m�oOg iei 2 npx�ö"i k õ iMi$o�i$w:þ3�*i$ö n�w:iMö"x 2 õ k õ n�k k õ i
o�x 2 j*i�n�w ö]k:m ��� �lo�þ@x�o�q�mpx�ú�k:i$q�jlÿ q�mpû
�*o�n�k:i$ö$ü
j'/ 2 npo úËi
i�# � i 2 k:i$q�k:m 2 mpw"w:i 2 k:j}ÿ q�i�ö 2 w��lúËiIk õ i � õ ÿWö�� 2 ö��*oM!Ym�jD!Yi�qOg
h
n � i�w �*ö mpw:þYnpo���,$i$q npöý÷,m�j*jlm�ùØö$gkG�i 2 k��*m�ol>�>sq�i$ö 2 w��}úËi�ö

k õ i ö��*û�x�j*n�k��*mpoÎû i�k õ m�q npo�q�k õ i w:i$ö"x�jlk:ö�npo�qÎnpo�npjlÿ�ö��*öPn�w:i
q��D!��*q�i$qE�*oYk:m�ö"i 2 k��*m�o
>�>�>$J@÷,mpw`m(xtk9n�w:þ�i�k:ö(npo�q×ö"i 2 k��lm�oE>�>�>Li
÷0mpw0G:�Bk9n�w:þ�i�k:ö$g�J^ö õ mpw"k�ö"x�û û×n�w"ÿ n�o�q q��*ö 2 x�ö"ö��*m�o"�*ö�þe�D!Yi�o
�*o<ö"i 2 k��*mpoO>Y�Ðg
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G:�*ûPx�j*n�k��*m�o�ö ùei�w:i 2 n�w"w��li�qXm�xWkýx�ö��lo�þ@nbû m�jli 2 x�j¡n�wýqWÿ;R
ovn�û
� 2 ö 2 m�q�i^q�i�!Yi$j*m � i$q k:m k"w:i�n�k 2 m�j*j��*ö��lm�o 2 npö 2 npq�i�ö��Yrpg
ô�õ i k9n�w:þ�i$k ö]k"w:x 2 k:xWw:i ù�npö i1�}k õ i�wøn 2 m ��� i$w mpwøn ö��*j�� 2 m�o
j¡n�k"k�� 2 i8ù��}k õ � i$w��lm�q�� 2 úËm�x�o�q�n�w"ÿ 2 m�o�q��}k��*m�o�ös�*oÎk õ ictbn�o�q
u q��lw:i 2 k��lm�o�ö$g ô�õ i×n�k:mpû � m�ö��lk��lm�o�ö0�*oøk õ i j*npö]k�k�ùemsj*n�k"k�� 2 i
� j*npo�i�ö��*o�k õ i×o�i�þYn�k���!Yicv q��}w:i 2 k��*m�o m�÷ek õ i úOm1#øùei$w:iE�Yi � k
��#�i�qOüpù õ � 2 õ û
�lû
� 2 ö
npo	�*o���o��lk:ieö]k"w:x 2 k:xWw:i(k õ n�k
n�ú�ö"mpw"ú�ö�k õ i
� w:i$ö"ö"xWw:itn�o�qsk õ i$w:û×n�j�ù�n1!Yi$ö$g ô�õ i � m�ö��lk��D!Yisv×q��lw:i 2 k��*m�o m�÷
k õ i�úËmw# ù�n�ö�÷,w:i$i�k:m×ö��*ûPx�j*n�k:i=k õ i=ö"xWw:÷0n 2 i=m�÷Dk õ i=ú�x�j��sn�o�q
k õ i�w:û×npjan�o�q � w:i$ö"ö"x�w:i 2 m�oYk"w:m�jËùei$w:iK�lo 2 jlx�q�i$qsm�o�k õ i�mpk õ i�w
úOm�w:q�i�w:ö$g ô�õ i8j*n�k"k�� 2 i 2 mpo�ö]k9n�o.k�ù�npöPö"i�kPk:msk õ i*bsrx!pnpj*x�i
m�÷Ðk õ i � m�k:i�oYk��¡n�j�û m�q�i$j�x�ö"i$q npo�qMk õ i 2 i$j*j�k:i�û � i�w9n�k:xWw:i
ù�npötö"i�ktk:m',�i�w:m�gBy�m�j*q 2 jlx�ö]k:i$w:öPù��lk õ a8k:m(z n�k:m�ûtöÐùei�w:i
þe��!Yi$o n{AYxvn�j��lk9n�k���!Yi$jlÿýw:i�npö"m�o�n�ú�jli 2 m�o���þ�xWw9n�k��lm�oOü�k õ n�k=ù�npö
��w:ö]k õ i�n�k:i�q npo�q k õ i$o w:i$j¡n@#�i�qsk:mc,$i�w:m8k:i$û � i�w9n�k:xWw:i�g ô�õ �lö



� w:m 2 i�q�xWw:iÈþ3��!Yi$öLnIö]k9n�ú�j*i 2 j*x�ö]k:i�w 2 mpo���þ�xWw9n�k��lm�otö"x��lk9n�ú�j*iÈ÷,mpw
k õ �*ötö]k:x�qWÿYg ô�õ i ö���,$i<m�÷Èk õ i j¡n�k"k�� 2 i�ù�n�ötúËi�k�ùei�i$o��3bebebeb R
f��3b3bebebØn�k:m�û öaq�i � i�o�q��*o�þØm�÷�k õ i
k:mpk9npje�lû � j¡npoYk9n�k��lm�o�i�o�i�w:þpÿ�g
%�mpw�k õ i ö��lûPx�j¡n�k��lm�o�ö m�÷
a1b �Yi2����n�k:mpûkJ�x H �lû � j¡npoYk9n�k��lm�o�*o m(xOüek õ isj¡n�k"k�� 2 i<ö���,$isù�npö{a1b3d����Mz���n�k:mpû ö$g ô�õ isw9npo�þ�i
� w:m3��j*i$ö ö]k:x�q��*i$q ùei�w:ibo�m�kSö"i$o�ö��}k���!Yibk:m k õ ibö���,$i m�÷�k õ i
j¡n�k"k�� 2 i�g
%�mpw�k õ iøn 2 k:x�npj+�lû � j¡npoYk9n�k��lm�oOüØk õ i 2 jlx�ö]k:i�w<n�k:m�û ö8ùei$w:i

þe�D!Yi�oÎk õ i ö:n�û i<i$o�i$w:þpÿ � i$w n�k:m�û<üLö"mýk õ n�kÐk õ ic!Yi�jlm 2 �lk��*i$ö
m�÷×k õ i q����Ëi�w:i�oYk 2 jlx�ö]k:i�w:ö�ùei�w:iSk õ iFö:npû ipg ô�õ i �*û � n 2 k
� me�*oYk(ù�npö(w9npo�q�m�û j}ÿ 2 õ m�ö"i$o�÷¡w:m�û k õ i�x�o��lk 2 i$j*j6n�w:i�n�m�÷Ëk õ i
j¡n�k"k�� 2 i�ü�npo�qbk õ i 2 j*x�ö]k:i�w:ö�ùei�w:i w9npo�q�m�û j}ÿbw:m�k9n�k:i�qbúËi$÷0mpw:i
�*û � j*npoYk9n�k��*mpoag ô�õ isq��}w:i 2 k��*mpobm�÷g�lû � j¡npoYk9n�k��lm�o ù�npö 2 n�w:i2R
÷0x�jljlÿ 2 õ m�ö"i$o×ö"x 2 õ k õ n�k 2 õ npo�o�i$j��*o�þ=i2�Ëi 2 k:ö�ùei$w:iÈûs�*o��*û
��,�i$qOg
%�mpwPk õ n�k � xWw � m�ö"i×ùei�ö��lûPx�j¡n�k:i$qÎk õ iE�*û � j¡n�o.k9n�k��*m�oÎm�÷Èmpo�i
þ�m�jlqsn�k:mpû��lo k:m 2 m ��� i�w`�*o<ö"i�!�i$w9npjOo�i�n�w�R!o�mpw:û×npjOq��lw:i 2 k��lm�o�ö
ù��lk õ j"/gT�J�u0y	� ����6]�L� üaù õ � 2 õ�õ npöIúËi�i$o k:i�ö]k:i$qøo.x�ûti$w:m�x�ö
k��*ûti�öÐk:møþe�D!Yisnýþ�m.m�qFq�i$ö 2 w�� � k��*m�oFm�÷Èw9npo�þ�i � w:m3��j*i$ötúËmpk õ
2 m�û � n�w:i$q<k:mt÷0x�j*j<j'/ 2 npj 2 x�j¡n�k��lm�o�öØnpo�q<i�# � i�w��*û i$oYk:ö �L��
 �L4 g
ô�õ iÈq��lw:i 2 k��lm�o 2 õ m�ö"i$o ù�npö
k õ iÈmpo�i�ù��}k õ k õ iÈö"û×n�j*j*i$ö]k�û i�npo
w9npo�þ�ipg ô�õ ibq��lw:i 2 k��*m�o ù�npöÎö"x 2 õ k õ n�k k õ i � m�j*n�wSn�o�þpj*i
ù�npötk��*j}k:i�q����ýq�i$þpw:i�i$ö ÷,w:m�û k õ i<ö"x�w:÷0n 2 iso�mpw:û×npjØnpo�qSk õ i
n3,��*ûPxWk õ npjLnpo�þ�j*i×n�w:m�x�o�qøk õ itö"x�w:÷0n 2 i×o�mpw:û×n�j
ù�npö�w:mpk9n�k:i�q
��� q�i�þ�w:i�i$öb÷,w:mpû k õ i beb�a ö"xWw:÷ n 2 iXo�mpw:û×npj mp÷(m(xag J
� m�j¡n�w�npo�þ�j*i m�÷
����npo�q n�o n@,1�lûPxWk õ n�j�npo�þ�j*ism�÷0zýq�i�þpw:i$i$ö
ùei�w:i x�ö"i�qb÷0m�w_�lû � j¡npoYk9n�k��lm�o�öc�*o G:�/g m(jlx�ö]k:i�w:ö×ùei$w:isk õ i�o
�*û � j*npoYk:i�q'�*oYk:m8k õ iPk9n�w:þpi$k�û×n�k:i�w��¡npj üanpo�q k õ iÐû i�npo w9npo�þ�i
÷,w:mpû k õ i ö"x�w:÷0n 2 i8npo�q�k õ i ö]k"w9npþ�þ�j��*o�þsm�÷(k õ itw9npo�þ�i � w:m3��j*i
ùei�w:i 2 npj 2 x�j*n�k:i�qP÷,w:mpû n õ �*ö]k:mpþpw9npû m�÷��3b@R��@beb��*û � j*npoYk9n�k��*m�o�ö
÷0m�w*a
R	�c�Yi2����n�k:m�û�m(xøk9n�w:þ�i�kPnpo�q��cRUa�b=�*û � j*npoYk9n�k��*m�o�ö
÷0m�wÈk õ i
a1b	��i�����n�k:m�û 2 npö"i�ö$g
ô�õ i û×npoYÿ;R/úËm�qWÿ;R � mpk:i$o.k��*npj k õ n�k@ù�n�ö x�ö"i$q ÷0mpw J�x R

m(xMnpo�q m(x R=m(x �loYk:i$w9n 2 k��*mpo�ö<ù�npö<k õ i���J+j � m�k:i�oYk��¡n�j
÷0m�w:ûPx�j¡n�k:i$q ú.ÿ
%�me�*jli�ö��Y7�g >�k õ n�öLúËi�i$o×÷,m�x�o�q k:m=q�i$ö 2 w��lúËiÈk õ i
û i$jlk��lo�þ � w:m � i$w"k��li�ö�mp÷?m(x q�i 2 i$oYk:jlÿ �LHInpo�q_�*öÈnÐþ�m.m�q 2 õ me� 2 i
÷0m�wÎq�i$ö 2 w��}ú��*o�þ �*m�o úËi�npû û
�D#��*o�þ��YSpü úËmpk õ m�÷�ù õ � 2 õ n�w:i
�*û � m�w"k9npoYk�÷,mpw õ i�n�k�ö � ����iPi2�Ëi 2 k:ö$g ô�õ i � mpk:i�oYk��*npj õ npöØúËi$i�o
� w:i�!;�*m�x�ö"jlÿÎ÷0mpx�o�qÎk:m úËi�þ�m�m�q ÷0m�w 2 npö 2 npq�i�ö]k:x�q��li�ö��Y\�6 �Lr�6 ��r�g
%�mpw
k õ iNJ�x	R G:���*oYk:i�w9n 2 k��*m�o	/Kj m�j �2��üMJ�xUR�J�xsj mpw:ö"iw���enpo�q
G:��R$G;� ô i$w:ö"m3��� � � m�k:i�oYk��¡n�j�û m�q�i$j*ö�ùei$w:iÈx�ö"i$qag %�mpw�i�n 2 õ � m@R
k:i$o.k��*npj/ü�k õ i�w:i � x�jlö���!Yi � n�w"k�q�i�ö 2 w��lú��lo�þÐk õ i�i$o�i�w:þ�i�k�� 2 ö õ m�w"k�R
w9npo�þ�i	�lo.k:i�w9n 2 k��*m�o�ö�ù�npö�k õ i��Ii�� �*oYk:i�w9n�k:m�û
� 2 � mpk:i�oYk��*npj � .�ü
ù õ � 2 õ ù�n�öØö"û m�m�k õ j}ÿ	�Kme�*o�i$q<k:mtk õ i�û×npoYÿ;R/úËm�qWÿ � n�w"k�g ô�õ i
i$j*i 2 k"w:m�o�� 2 ö]k:m ��� �lo�þ ù�npö�q�i$ö 2 w��}úËi�qønpöIo�m�o�R!j*m 2 npj�÷,w�� 2 k��*mpovn�j
÷0m�w 2 iØnpo�qtk õ i+G:T�>Lj����e� .�6 ��4Èö]k:m ��� �*o�þ � m�ùei�w:öLùei$w:iÈx�ö"i$q×÷,mpw
k õ �*ö � xWw � m�ö"ipg

ë�ë$ë�ìaï�o��vò��Wî����Pí ñ��Pí����! ���ë"�

� ì�ó�å!#$#aâpæ

TØi$ö"x�jlk:ö8÷¡w:m�û k õ iO�*û � j¡n�o.k9n�k��*m�o�ö�n�w:isþe��!Yi$op�*o k9n�úvjli(a�g
% o�i 2 npotö"i$i�k õ n�kL÷0mpw
k õ i�i$o�i�w:þpÿÐmp÷$a �Yi�����n�k:m�û<ü�k õ i�û i�npo
w9npo�þ�i{�lö�npo��lo 2 w:i�npö��*o�þ ÷0x�o 2 k��lm�obm�÷ 2 jlx�ö]k:i$w8ö���,$i�ü(úvxWk×k õ i
q����Ëi�w:i�o 2 itúËi�k�ùei�i$o k õ i=atn�k:m�û n�o�q(z8n�k:m�û 2 jlx�ö]k:i�w 2 npö"i$ö
�*ö�j*i$ö"ö�k õ npo&�('J*)/npo n�úËm�xWk_dMb�+ �*o 2 w:i�n�ö"iýmw!Yi�w k õ iýmpo�i
n�k:m�û 2 npö"i-,9g ô�õ i�ö]k"w9n�þ�þ�j��lo�þ �lo 2 w:i�npö"i�öÐûtmpw:i8w9n � �*q�j}ÿ npo�q
k õ i��lo 2 w:i�npö"i��*ö�n�úËm�xWkUawf3b.+ úËi$k�ùei$i$osk õ i$ö"i=k�ùem8i2#�k"w:i$û i$ö$g
%�mpwLk õ i�i$o�i�w:þpÿÐmp÷/���Yi2����n�k:m�û k õ i`�lo 2 w:i�npö"i`�*otû i�n�o w9npo�þ�i
�*ö�n�úOmpx�kpa�b�+ úËi$k�ùei$i$o k õ iSi2#�k"w:i$û i$ö�npo�q k õ i �lo 2 w:i�npö"i

�*o ö]k"w9npþpþ�j��lo�þl�löSn�úËm�xWk0�3b�+8g ô�õ i�ö"ibw:i�ö"x�j}k:öSö õ m�ù k õ i
ö:npû i8i��Ëi 2 kU�loÎö]k"w9npþ�þ�j��*o�þ k õ n�k õ npö�úËi�i$oÎmpú�ö"i�w�!Yi�q(�loÎk õ i
i�# � i�w��*û i$oYk:ö$ü(npj}k õ m�x�þ õ k õ i i2# � i$w��lû i$o.k:öÐùei�w:i<q�m�o�i�ù��lk õ
a1b �Yi2����n�k:mpû<üÈù õ � 2 õ �*ö n k:m�m õ �*þ õ i$o�i�w:þpÿ ÷0mpw ÷,x�j*j�j'/
2 npj 2 x�j*n�k��*m�o�ö8ù��}k õ q�i 2 i$oYk�ö]k9n�k��*ö]k�� 2 öc�lobk õ i w9npo�þ�i � w:m3��j*ipg
ô�õ i
a1b���i�����n�k:m�û ö��lûPx�j¡n�k��lm�o�öøq�m�o�i �loXk õ �*ö � n � i�w�n�w:i
q�mpo�iSû×n3�lo�jlÿXk:m 2 m�û � n�w:i k õ iSi2�Oi 2 k:öýúËi�k�ùei�i$o q����Ëi�w:i�oYk
û×n�k:i�w��¡npjlö npö�q��*ö 2 x�ö"ö"i�q-�*o G.i 2 k��lm�o >�>�>�údnpo�q õ n1!Yi � m�m�w
ö]k9n�k��*ö]k�� 2 ö$glh i 2 n�j 2 x�j*n�k:i$qbk õ i ö]k:m ��� �lo�þ&) m�w k õ i ö"j*m�ù��lo�þ
÷0mpw 2 i1,32547684:9<;�4:9>=@?"ACB

?ED A
n 2 k��lo�þ m�o n ö��lo�þ�j*i

n�k:m�û ù��lk õ npo i$o�i$w:þpÿ m�÷
�"�Yi2� npo�q m�obnpo n�k:m�û �*oFk õ i
2 jlx�ö]k:i�wF) J�x H ,�ù��lk õ k õ i8ö:npûti8i$o�i�w:þpÿ npo�q n1!�i$w9npþ3�*o�þ mw!�i$wk õ is�*m�o�ö$g ô�õ iÐw:i�ö"x�jlk=ù�n�ö$ü�k õ n�k�k õ i ö]k:m ��� �*o�þ mp÷enpo n�k:m�û
�*oøk õ i 2 j*x�ö]k:i�w��*öPn�úOmpx�k*a�b_R�dMb.+ ö"û×npjlj*i�w�k õ npo ÷,mpwPn<÷,w:i$i
n�k:m�û<g ô�õ �*öDmp÷ 2 m�xWw:ö"ien@�Ëi 2 k:öBk õ i�û i�npo�w9npo�þ�iLú.ÿ0�*o 2 w:i�npö��lo�þ
�lkP÷0mpw 2 j*x�ö]k:i�w:ö$ü�ú�xWk�k õ i8i2�Oi 2 kU�*ö 2 m�û � n�w9n�ú�j*i×k:msk õ i×k��*ûti
k õ i 2 jlx�ö]k:i�weö]k9n�ÿWö�k:m�þ�i�k õ i$w�g J�÷,k:i�w8�}k(ú�w:i�n@�Wö(q�m�ùØo×k:mPö��lo�þ�j*i
n�k:m�û ö$üpk õ i�ö"i�n�k:mpû ö 2 m�oYk��*o.x�iÈnpöD÷,w:i$iÈn�k:m�û ö$g %�mpw�k õ iG�`�Yi2�
J�x H 2 j*x�ö]k:i$w:ö$ü�k õ iIú�w:i�n �Wq�m�ùØo õ n ��� i�o�öÈù��}k õ �*o<k õ ig��w:ö]k	�3b÷0i$û�k:m�ö"i 2 m�o�q�ö np÷,k:i�wtk õ i$ÿ õ �lktk õ i ö"x�w:÷0n 2 i�üLú�xWk k õ i<n�k:m�û ö
q�m o�mpk�ö]k:m � � i$o�i$k"w9n�k��*o�þ k õ iÐk9n�w:þ�i�k=û×n�k:i�w��¡n�j
x�oYk��*jLn�úËm�xWk
a1bebeb8÷,i�û=k:m�ö"i 2 m�o�q�ö$gKJ�ö�k õ iPi�o�i�w:þpÿ{�*o 2 w:i�n�ö"i�ö$üËùeiÐö"x�ö � i 2 k
k õ n�k�k õ �löLw9n�k��*m�úËi$k�ùei$i�otk õ iÈk�ùem=k��*ûti�ö 2 npjli�ö�q�i 2 w:i�npö"i$öen�o�q
ö"m k õ i=i2�Ëi 2 k�mp÷Dk õ i=q����Ëi�w:i�oYk�ö]k:m ��� �*o�þ�öØùempx�jlqsúËi=ö"û×npj*jli$w�g
ô�õ x�ö k õ isû i�n�o w9n�o�þpi<ùem�x�j*q n�j*ö"m�úËi 2 j*m�ö"i<k:møk õ i ö:npûti
!�npjlx�i�÷0mpwØö"û npj*j 2 j*x�ö]k:i$w:öØn�o�q<ö��*o�þ�j*i=n�k:m�ûtö$g ô�õ i=q��D�Oi�w:i$o 2 i
�*o ö]k:m ��� �*o�þ � m�ùei�w:ö8úOi�k�ùei$i�o n 2 j*x�ö]k:i�w<n�k:m�û npo�q nÎ÷,w:i$i
n�k:m�û^npj*ö"m õ n�ö(npo
�*o�9�x�i$o 2 iÈm�otk õ iÈö]k"w9npþ�þ�j��*o�þ�g?>�÷6m�o�iØn�k:m�û
�*o<k õ i 2 j*x�ö]k:i$wØþ�i�k:öØ÷,w:i$i=n�k�ö"m�ûti=ö]k9npþ�i=m�÷�k õ i � i�o�i�k"w9n�k��*m�oOü
�lk�ö"j*m�ùØö�q�m�ùØo ûtmpw:i w9n � �*q�jlÿFk õ n�obk õ iýn�k:m�û ö*�*o�ö��*q�i k õ i
2 jlx�ö]k:i�w�ü�ú�xWkPk õ i 2 jlx�ö]k:i�wtn�k:m�û öÐn@�Ëi 2 kÐi�n 2 õ mpk õ i�wÐö"m k õ n�k
k õ i8�*o�q���!��lq�xvn�j�n�k:m�û ö 2 npoÐi2!Yi$oPúOi(k:i$û � mpw9n�w��ljlÿPn 2$2 i$j*i�w9n�k:i$q
q�xWw��lo�þ k õ i � i$o�i$k"w9n�k��lm�oOg J�jlj�k:m�þpi$k õ i�w8k õ i�ö"i ÷0n 2 k:m�w:ö n�w:i
i�# � i 2 k:i$q k:m �*o 2 w:i�npö"i<k õ i<q�i�!;�¡n�k��lm�oFm�÷Øk õ isn�k:mpû öE�loFk õ i
i�n�w:j}ÿbö]k9npþ�iým�÷=k õ i � i$o�i$k"w9n�k��*m�oOg ô�õ �lö<q�m�i$ö o�mpk<i�# � j*n3�*o
k õ i8j¡n�w:þ�iE�vo�npj(q����Ëi$w:i$o 2 i$ö	�*oÎk õ i�ö]k"w9npþpþ�j��lo�þH) ö"i�i$oB�*o(��þ�g
�.,9üDúvxWkÐö õ m�ùØö õ m�ù 2 mpû � j�� 2 n�k:i$qÎk õ i8ö��lk:x�n�k��lm�oB�löPù õ i$oSn
2 jlx�ö]k:i�w��*ö � i�o�i�k"w9n�k��*o�þtk õ i�û×n�k:i�w��¡npj g
h i@ö]k:x�q��*i$q k õ i k��lû i@i2!Ym�jlx�k��lm�o mp÷sk õ i û i�n�o w9n�o�þpi

npo�q ö]k"w9npþ�þpj��*o�þ ÷,mpwEJ�x � ü J�x � ü J�x H ù��}k õ npo i$o�i$w:þpÿ m�÷
��Yi�����n�k:m�û<g ô�õ i<w:i�ö"x�jlk:ö 2 npoFúOi<ö"i�i$op�lo�%$�*þ�ö$g asnpo�qI��g
ô�õ is9�x 2 k:x�n�k��lm�o�ö��*oøk õ i û i�npoøw9npo�þ�i8n�w:itk õ i w:i$ö"x�jlk:ö�mp÷�n
j�� AYx��lq !Ym�jlx�û i 2 w:i�n�k:i�q ú.ÿbk õ i õ i�n�k<ö � �D�Yipü�k õ n�k k"w��*i$ö<k:m
i�# � npo�qøk:m�ù�n�w:qøk õ i ö"x�w:÷0n 2 i�g ô�õ i w:i$ö"x�jlk:ö�÷,mpw 2 j*x�ö]k:i$w:ö�n�w:i
!Yi$w"ÿ�ûPx 2 õ k õ i=ö:npûti�npöØ÷0mpw��lû � j¡npoYk9n�k��lm�o mp÷Dö��*o�þ�jliPn�k:mpû ö$ü
i�# 2 i � kD÷,mpwDk õ i(ö"j��*þ õ k:j}ÿ�j¡n�w:þpi$w�û i�npo�w9npo�þ�i�öD÷,mpwDk õ i 2 j*x�ö]k:i�w:ö$g
ô�õ ieö]k"w9npþ�þ�j��*o�þ=q��D�Oi�w:i$o 2 i$ö�úOi�k�ùei$i�oÐk õ i 2 j*x�ö]k:i$w:ö 2 mpû � n�w:i�q
k:mPk õ iIö��lo�þ�j*iIn�k:m�û !pnpj*x�i$ö$ü õ m�ùei2!Yi�w�ü�ö]k9n�w"kek:mÐþpw:m�ù@w9n � �lq�jlÿ
np÷,k:i�wak õ i?��w:ö]k8a1beb R$�@bebÈ÷,ö�npo�q 2 mpo.k��lo.x�iLþpw:m�ù��*o�þØx � k:m�f@bebeb
R8dMbebeb×÷,ö$g ô�õ i�ö]k"w9npþpþ�j��lo�þ*�löIn 2 j*i�n�w:jlÿ=�*o 2 w:i�npö��lo�þ8÷,x�o 2 k��*m�o
m�÷�k õ i 2 jlx�ö]k:i�wØö���,$ipg
h iØjlm�m3�Yi$q8n�kLk õ i�o.x�û�úËi�wem�÷ P j���A.x��*q�QPn�k:m�û ö	) ô�õ iØn�k:m�û

ù�npöÐj*n�úËi�jli�q P j�� AYx��lq�Q ù õ i$o(�lk õ npq npo i$o�i$w:þ�ÿÎn�úËmw!YicbWg�aJ�
i���,*�*o@k õ i�ö��*û�x�j*n�k��*mpoMúËmw# npö nF÷,x�o 2 k��*mpo m�÷Pk��lû ipü�n�o�q
o�m�k�� 2 i�qÎk õ n�kÐk õ i�k��lû i�ù õ i$w:i8k õ i ö]k"w9n�þ�þ�j��lo�þøö:n�k:xWw9n�k:i�ö	�*ö
!Yi$w"ÿ ûPx 2 õ 2 m�w"w:i�j*n�k:i�qÎk:m k õ i�k��lû i�ù õ i�w:i�k õ i õ i�n�k ö � ����i
ö]k9n�w"k:ösk:m 2 m�mpj=q�m�ùØoag ô�õ �lö mpú�ö"i�w�!�n�k��*m�o@ù�npö ö"x ��� mpw"k:i�q
ú�ÿl!;�*ö"x�npj
�*o�ö � i 2 k��*m�o m�÷8k õ iFö��*ûPx�j¡n�k��*m�oOü ù õ � 2 õ ö õ m�ùei$q
k õ n�kPk õ i õ i�n�kÐö � ����i�ö]k9n�w"k:ö�k:m"�*o 2 j*x�q�i<nsj¡n�w:þpi npû m�x�oYkÐm�÷
i�o�i�w:þ�i$k�� 2 m(x n�k:m�û ö<np÷¡k:i$w<�3bebÎ÷,ö$üØw:i�n 2 õ �lo�þFnÎû×n@#��lûPx�û
n�k0dMbeb R��3beb ÷0ö$g ô�õ i � õ npö"iÐù õ i�w:i×n j���A.x��*q'!Ym�j*x�û i 2 npoøúËi

�



2 j*i�n�w:jlÿ�mpú�ö"i$w�!Yi$qÎö]k9n�w"k:öP÷,w:m�û �3bebs÷0ö$g ô�õ i*!Ympj*x�û i8m�÷ek õ i
j���A.x��*qOü(ö"xWw"w:m�x�o�q��*o�þøk õ i_�*û � j*npoYk:i�q J�x n�k:mpû ö$ü(ö]k9n�ÿWöÐk õ i
ö:npû i�x�oYk��lj �lk�ö]k9n�w"k:öØk:m8q�i 2 w:i�n�ö"iÐn�o�q 2 m.m�j�q�m�ùØoýn�kgf3bebebsR
dMbeb3b8÷,ö$g ô�õ �lö�k��*û i��*oYk:i�w�!�n�j�m�÷ �3beb
R8dMbebeb ÷0ö��*ö�û×n�w��Yi$q"�lo
��þ�g8f�g

/IxWw��*o�þ k õ i õ i�n�kÎö � �D�Yibk��lû ip�*oYk:i�w�!�npj �3beb R{dMbebeb@÷0ö$ü
k õ i�!pnpjlx�ibm�÷ k õ i ûti�npo^w9npo�þ�i q�m�i�öÎo�mpk 2 õ npo�þ�i n�kSnpj*j
2 m�û � n�w:i$q k:m_�}k:ö+��o�npj$!pnpj*x�ipüanpo�q k õ iÐq����Ëi�w:i�o 2 i�ö�úOi�k�ùei$i�o
k õ iIû i�n�o_!pnpj*x�i$öÈq�mto�mpk 2 õ n�o�þpi�g ô�õ iIq����Ëi$w:i$o 2 i$öeúOi�k�ùei$i�o
k õ i�ö]k"w9npþ�þpj��*o�þs!�n�j*x�i�ö`�lö�ù��lk õ �*o k õ i�ö]k9n�k��lö]k�� 2 npjai�w"w:mpwØj��*û
�}k:ö
úËi�÷,mpw:i�k õ i ö � ���Yipü�ú�xWkE�lo 2 w:i�npö"i$ö 2 jli�n�w:jlÿÎq�xWw��lo�þýk õ i ö � �D�Yi
npo�qsö]k9n�ÿWöÈk õ i=ö:npûti=k:mtk õ i=i$o�qOg ô�õ �lö��lö��*j*jlx�ö]k"w9n�k:i�qO�*o k õ i
k"w9n �]i 2 k:m�w��*i$ö m�÷Øk õ i=�lm�o�öE�*o ��þ�g
f.g ô�õ �*ö×ö õ m�ùØö k õ n�ktk õ i
�*o 2 w:i�n�ö��*o�þ8ö]k"w9npþ�þ�j��*o�þ*�*ö�npo i2�Ëi 2 k 2 n�x�ö"i$q ú.ÿsn�k:m�û ûs��#��lo�þ
�*o k õ i�j���A.x��*q=!�m�j*x�û ipg

ÍËÓeÚ ����� Ì��×¦9ª�´×¨Kª�´YÀ�¦9º�ª�´YÂ8º�µK¨Kª�À�À�Á}¸}´YÀ�º(ª�ºe¹�¦½ª�ºK©Y¨�¦9Â×Ã*¨�¾�¹
µK»Y¦Lº�©Y¨�Ã¡ª�³:¦L¾�ÃWÓ(©	��³9Á}©Yº�µK¦9¨�ºB¸}¹�·YÁlª�´�µK¦:Â�¸Ê´�ÔD©�Ì
���Î¹�¦½ª�´Yº�ªeÃ*©YÁ}Á
��� ¨�©Y´×ª�´YÂ�
���� ����¸}º�µK»Y¦Øª�¹�¾�©Y´�µL¾�ÃË¸}¾�´Yº
´ ¸Ê´ÐµK»Y¦È³9Á}©Yº�µK¦9¨9Ì

� Ç�ª$µK¾�¹ 
���� ��� � ¦:µK»Y¾pÂ ² Ñ�µK¨Kª�À�À�Á}¸Ê´YÀ
Ä Å ¦:Æ Ä ��� ² Ó�
�� � Ä�Ä�� Þ�� ¯	�ÊÄ Ä�� ��� ¯ �}Ä

Ä ��� Ä�®!�}Ä"� ¯	�ÊÄ ®!� ��� ¯ �}Ä
® ��� Ä½° � #�� ¯	�ÊÄ Ý	�}Ä"� ¯ �}Ä
° ��� Ä�Þ!� ®�� ¯	� ® Ý	� ��� ¯ �}Ä
Ý ��� Ä�Þ!� #�� ¯	� ® Þ!� ¯�� ¯ �}Ä
$ ��� Ä $ � ¯�� ¯	� ° ¬ � ¬�� ¯ � ®

Þ Å ¦:Æ Ä ��� ² Ó�
�� � ®$Ý	� Þ�� ¯	�ÊÄ ¬ � #�� ¯ �}Ä
Ä ��� ®$Ý	� #�� ¯	� $ ¬ � $ � ¯ � Ý
° ��� ®%# � ¯�� ¯	� � # � $ � ¯ � Ý
$ ��� ®%# � ¯�� Ä&� Ý Ä�®!� ¯�� ¯ � $

Ä½¯ Å ¦:Æ Ä ��� ² Ó�
�� � ®%� � #�� ¯	�ÊÄ � � #�� ¯ �}Ä
$ ��� ° $ � ¯��ý® � ¬ Ä'# � ¯�� Ä�� °

101
2 5 102

2 5 103
2 5 104

2

Time (fs)

0

5

10

15

20

25

30

35

R
m

ea
n

(A
)

Au7

Au3

Au15 keV/atom Aun clusters -> Cu

¥ � ��Ì�Ä�Ì(� ¦½ª�´×¨Kª�´YÀ�¦È¼�ª�Á}©Y¦:ºe¾�ÃaÓ(©	��³9Á}©Yº�µK¦9¨�º(¸}¹�·YÁlª�´�µK¦9Ât¸}´�µK¾
Ô�©P¿�¸ÊµK»Ð¦9´Y¦9¨�À�¸}¦9ºL¾�ÃOÞ Å ¦:ÆÈÇ�ª�µK¾�¹ ª�º�ªIÃ*©Y´Y³:µK¸}¾�´t¾�ÃvµK¸}¹=¦�Ì

101
2 5 102

2 5 103
2 5 104

2

Time (fs)

0

2

4

6

8

10

12

14

(A
)

Au7

Au3

Au15 keV/atom Aun clusters -> Cu

¥ � ��Ìv®pÌÐÑ�µK¨Kª�À�À�ÁÊ¸}´YÀ�¼�ª�ÁÊ©Y¦9º=¾�ÃeÓ(©	� ³9Á}©Yº�µK¦9¨�º�¸}¹=·YÁ}ª�´�µK¦9Âý¸}´�µK¾
Ô�©Ð¿L¸ÊµK»t¦:´Y¦9¨�À�¸}¦9ºL¾�ÃaÞ Å ¦:ÆÈÇ�ª$µK¾�¹ ª�º�ªIÃ*©Y´Y³:µK¸}¾�´t¾�Ã6µK¸}¹�¦�Ì

102 103 104

Time (fs)

50

40

30

20

10

0

102 103 104

Time (fs)

7 separate Au ions One Au7 cluster
5 keV Aun -> Cu

Depth (A)

surface

¥ � ��ÌD°�Ì ÍL»Y¦ÎµK¸Ê¹=¦ÎÂY¦:¼�¦9ÁÊ¾�·Y¹�¦9´�µø¾�Ã×É:à ³9¾�¾�¨�ÂY¸}´.ª$µK¦9ºø¾�Ã×Ó(©
¸}¾�´Yº ³½ª�Á}³9©YÁlª$µK¦9Â Ã¡¨�¾�¹ µK»Y¦ýºK©Y¨�Ã¡ª�³9¦�Ì ÍL»Y¦ýÁ}¦9Ãlµ<·Y¸}³"µK©Y¨�¦øº�»Y¾�¿�º
¸}¹=·YÁ}ª�´�µ]ª$µK¸}¾�´ ¾�Ã $ ¸Ê´YÂY¦9·W¦:´YÂY¦9´�µ�Ó(©<¸}¾�´Yº�ª�´YÂ<¨�¸}À�»�µØ¾�´Y¦=º�»Y¾�¿�º
¸}¹=·YÁ}ª�´�µ]ª$µK¸}¾�´ ¾�Ã
¾�´Y¦�Ó(©*)�³9Á}©Yº�µK¦9¨9Ì ÍL»Y¦�¦9´Y¦9¨�À�«<·�¦9¨Iª$µK¾�¹ ¸}ºIÞ
Å ¦"Æ�ÌaÍL»Y¦PµK¸}¹�¦P¿L»Y¦9¨�¦ÐµK»Y¦Ð»Y¦½ª$µ�ºK·Y¸ Å ¦Ðº�µ]ª�¨�µKº�ª�´YÂ µK¸}¹=¦�¿�»Y¦:¨�¦
¸ÊµØº�µ]ª�¨�µKº�µK¾ ³9¾�¾�ÁBÂY¾�¿�´<ª�¨�¦=¹=ª�¨ Å ¦:Â<¸}´�µK»Y¦=¨�¸}À�»�µØ·Y¸}³:µK©Y¨�¦�Ì�ÍL»Y¦
ºK³½ª�Á}¸}´YÀI¸}º�µK»Y¦Èº]ª�¹�¦�Ã*¾�¨
§W¾�µK»Ð·Y¸}³:µK©Y¨�¦9º9Ì

+�ì ��,.-/,10�å32

J ö��*û
�lj¡n�w
i2�Oi 2 k �*ö�x�o�j�����i�j}ÿU�*oEG:�.úËi 2 npx�ö"i(k õ i 2 n�ö 2 npq�i$ö �*o
G;�
ú�w:i�n@��q�m�ùØo �*oYk:msö"xWú 2 npö 2 npq�i�öPn�k�ûPx 2 õ j*m�ùei$wPi$o�i�w:þe�li�ö
k õ n�o �lolm(xaü�ù õ i$o 2 iýk õ iøj���A.x��*q�R!j��D�Yi � m 2 �Yi$k:ö ÷0mpw:ûti�q@ú.ÿ
k õ iÈw:i 2 me�*jlöen�w:i�ûPx 2 õ ö"û×npjlj*i�w�npo�q 2 m.m�jvq�m�ùØo�÷ n�ö]k:i$w5� 7�6 ��H26 �Lrpg
4�i�o 2 i�k õ i�w:i �löDúËmpk õ j��lk"k:jli(k��lû i�npo�qÐö � n 2 ie÷,mpw�j¡n�k"k�� 2 ien�k:m�û ö
k:mMû mw!�i
�lo^k õ ibö"û×npjlj8j�� A.x��*q�R!j����Yi�,�mpo�i$ö$g54�m�ùei2!Yi$w�ü×k:m
2 m�o���w:û k õ �lö×n�w:þ�x�û i$oYk×ùei õ n1!Yi 2 n�w"w��*i$qFm�xWk×ö��*û�x�j*n�k��*mpo�ö
m�÷�k õ i{�lû � j¡npoYk9n�k��lm�obm�÷+J�x H 2 j*x�ö]k:i$w:ö ù��}k õ a1b �Yi2����n�k:m�û�*o n o�m�o�R 2 õ npo�o�i�j��*o�þ q��}w:i 2 k��*m�o �*oYk:m 2 w"ÿWö]k9npjlj��lo�i G:��÷0m�wøn
2 m�û � n�w��*ö"m�oýk:m{m(xagUJ�jlk õ m�x�þ õ k õ iti�# � i�w��*û i$oYk:ö�x�ö"i�q�n@R G:�
npö n k9n�w:þ�i�k�ü
ùei�ù�n�o.ktk:mýö õ m�ù k õ i_A.x�npj��}k9n�k���!Yi q��D�Oi�w:i$o 2 i
úOi�k�ùei$i�o m(xdn�o�q G:� û×n�k:i�w��¡npjlö$g ô�õ i ö��}k:x�n�k��*m�o-�lodn@R G:�
ö õ mpx�jlq úOi k õ i ö:npû i n�ö �lo 2 R G;��úËi 2 npx�ö"i k õ i q�i$o�ö��}k��*i$ö
n�w:i n�úËm�xWk k õ i ö:npû i npo�q õ i$o 2 i k õ i 2 m�jlj��*ö��lm�o 2 npö 2 npq�i�ö
ö��*û
�lj¡n�wMn�ö@ùei$j*j g ô�õ i �*û � j¡n�o.k9n�k��*m�o npo�þ�j*iXù�npöMn�þYn3�*o

f



ö"i$j*i 2 k:i$qFk:m ûs�*o��*û
��,�i 2 õ npo�o�i�j��*o�þ�g
h isö��*û�x�j*n�k:i$q m�o�j}ÿ��
�*û � j*npoYk9n�k��*mpoFi2!Yi$o.k:ö$üLúËi 2 npx�ö"i�ùei<n�w:i mpo�j}ÿB�loYk:i$w:i$ö]k:i�q m�o
k õ i 2 m�û � n�w��*ö"m�o m�÷Øk õ i<úËi õ n1!��*m�w×÷0mpw ö:npû isö���,�i$q 2 j*x�ö]k:i�w:ö
�*o q��D�Oi�w:i$o.k�û×n�k:i$w��*npj*öÈn�o�q�q�mto�mpk�o�i�i$q n 2�2 xWw9n�k:i�ö]k9n�k��lö]k�� 2 ö
÷0m�w�k õ iK!�npjlx�i�öÈk õ i�ûtö"i�jD!Yi�ö$g ��!Yi�w"ÿ<i�!�i�oYk�ö õ m�ùei�qsk õ i=ö:npû i
úËi õ n1!;�*mpw�g

ô n�ú�j*i �Øö õ m�ùØöDk õ i !�n�j*x�i�öD÷,mpw�û i�n�oPw9npo�þ�i�npo�qÐö]k"w9npþpþ�j��lo�þ
÷0m�w�npoU�*û � j*npoYk9n�k��*mpo � w:m3��j*i$öDm�÷�J�x � npo�qUJ�x H 2 j*x�ö]k:i�w:ö$g % o�i2 npo ö"i$ipüWk õ n�kek õ i�!�n�j*x�i�ö�n�w:i 2 jlm�ö"i�k:mÐi�n 2 õ mpk õ i$w:ö$ü�ù õ i$w:iIn
j¡n�w:þ�i�q����Ëi$w:i$o 2 iØù�npö(mpú�ö"i$w�!Yi$q 2 m�oYk"w9n�w"ÿ k:m�k õ i�úËi õ n�!��*mpw �lo
m(xOg
Í6ÓeÚ ��� � � Ì(Ñ�ª�¹�¦Èª�º
µ]ª�§YÁ}¦�Ä�­Y§Y©�µ�Ã*¾�¨L³9¨�«pº�µ]ª�Á}Á}¸Ê´Y¦�Ñp¸�µ]ª�¨�À�¦"µ½Ì

� Ç�ª$µK¾�¹ 
���� ��� �×¦:µK»Y¾�Â ² Ñ�µK¨Kª�À�À�Á}¸Ê´YÀ
Ä½¯ Å ¦:Æ Ä � � ² Ó�
�� � Ä9Ý�Þ � Þ��ý¯ � Ý Ý�®!� ¯�� ¯ � ®

$ � � Ä9Ý�¯	� °�� $ � ® ° $ � ¬�� ° � ¬

%$�*þ�xWw:i$ö d npo�q �bö õ m�ù k õ i 2 mpû � n�w��*ö"m�o m�÷tk õ iÎû i�npo
w9npo�þ�iSnpo�q ö]k"w9npþ�þpj��*o�þ�!�npjlx�i�öýnpöønb÷0x�o 2 k��lm�oXm�÷ k��lû i ÷,mpw
J�x H 2 j*x�ö]k:i$w:ö`�lû � j¡npoYk:i$q=�lo.k:m*m(xsnpo�q"G:� g ô�õ iIj¡n 2 ��m�÷ õ i�n�kö � ���Yi$ös�*o�G:�eö õ m�ùØö 2 j*i�n�w:jlÿ �*oB��þ�g d�ü�npöÐk õ i�û i�n�oSw9npo�þ�i
q�m�i$ö=o�mpk=mpö 2 �lj*j¡n�k:i�gs% �lþ�xWw:i ��npj*ö"m<ö õ m�ùØö�k õ n�k�k õ i þ�w:m�ùÈk õ
�*oFö]k"w9n�þ�þ�j��lo�þ õ n�ö m�o�jlÿ m�o�i � õ npö"i=�*o
G:�/ü�ú�xWktk�ùem � õ n�ö"i�ö
�*oBm(x�úËi 2 n�x�ö"i×mp÷(k õ i õ i�n�k�ö � ���Yipg*% �lþ�xWw:i �<ö õ m�ùØö=k õ iE,2R
k"w9n �]i 2 k:m�w��*i$ö�mp÷Lk õ is�*mpo�ö�÷,w:mpû J�x H 2 j*x�ö]k:i�w0�*û � j*npoYk:i�q �lo.k:mG:�/gBm(m�û � n�w��*ö"m�oSm�÷`��þ�ö$g(f npo�q�� ö õ m�ùØöÐk õ i�w:i�npö"m�o�öt÷,mpw
q����Ëi�w:i�oYk(ö]k"w9npþpþ�j��lo�þ 2 xWw�!Yi$ö �lo
�vþWg ��g ô�õ i�J�x8n�k:m�û ö �lo k õ i
2 j*x�ö]k:i$w:ö � i$o�i$k"w9n�k:i ö��*j�� 2 mpo@x�o.k��lj�k õ i�ÿ õ n1!�iøj*m�ö]ksnpjlj�k õ i��lw
i$o�i�w:þpÿ<n�kØö"m�û i=q�i � k õ npo�qsö]k9n�ÿ�k õ i$w:ipg

2 5 102
2 5 103

2 5 104
2

Time (fs)

0

20

40

60

80

100

120

140

160

R
m

ea
n

(A
)

0

10

20

30

40

50

R
m

ea
n

(A
)

Au7 in Si
Au7 in Cu10 keV/atom Au7 clusters ->Cu/Si

¥ � ��Ì�ÝYÌ�� ¦½ª�´×¨Kª�´YÀ�¦Ø¼�ª�ÁÊ©Y¦9ºe¾�ÃaÓ(©*)Ø³9ÁÊ©Yº�µK¦9¨�º(¸}¹=·YÁ}ª�´�µK¦9Â ¸}´�µK¾
Ô�©�ª�´YÂ=Ñp¸�¿L¸ÊµK»I¦9´Y¦9¨�À�¸}¦9ºa¾�Ã6Ä�¯ Å ¦"ÆÈÇ�ª$µK¾�¹ ª�ºBªeÃ*©Y´Y³:µK¸Ê¾�´I¾�Ã.µK¸}¹�¦�Ì

(¾�µK¦�µK».ª$µ
µK»Y¦È³9©Y¨�¼�¦9ºL».ª½¼�¦ÈÂY¸ÊÏ�¦:¨�¦9´�µ�ºK³9ª�ÁÊ¦9ºL¾�´ÐµK»Y¦�«Ðª$¶�¸Êº½Ì

2 5 102
2 5 103

2 5 104
2

Time (fs)

0

10

20

30

40

50

(A
)

0

5

10

15

20

(A
)

Au7 in Si
Au7 in Cu10 keV/atom Au7 clusters ->Cu/Si

¥ � ��Ì�ÞpÌ(Ñ�µK¨Kª�À�À�Á}¸}´YÀL¼�ª�Á}©Y¦9ºË¾�Ã�Ó(© ) ³9Á}©Yº�µK¦9¨�º6¸}¹=·YÁ}ª�´�µK¦9ÂÈ¸}´�µK¾eÔ�©
ª�´YÂ Ñp¸�¿�¸ µK»s¦9´Y¦9¨�À�¸}¦9º�¾�Ã�Ä½¯ Å ¦"ÆÈÇ�ª$µK¾�¹ ª�º�ª Ã*©Y´Y³:µK¸Ê¾�´s¾�Ã�µK¸}¹�¦�Ì

(¾�µK¦eµK».ª$µLµK»Y¦�³9©Y¨�¼�¦9º�».ª½¼�¦�ÂY¸ÊÏ�¦9¨�¦9´�µ�º�³½ª�Á}¦9ºL¾�´ÐµK»Y¦e«tª$¶�¸}º9Ì

102 103 104

Time (fs)

250

200

150

100

50

0
D

ep
th

(A
)

10 keV/atom Au7 -> Si

surface

¥ � ��Ì�¬�ÌLÍL»Y¦�µK¸}¹�¦ÈÂY¦:¼�¦9ÁÊ¾�·Y¹�¦9´�µ(¾�ÃËÉ:à ³:¾p¾�¨�ÂY¸}´.ª$µK¦9º�¾�ÃËÓ(© ¸}¾�´Yº
³½ª�Á}³9©YÁlª$µK¦9Â Ã*¨�¾�¹ µK»Y¦Øº�©Y¨�Ã,ª�³9¦�Ì
Í
»Y¦Ø·Y¸}³:µK©Y¨�¦ØºK»Y¾�¿Lº(¸Ê¹=·YÁlª�´�µ]ª�µK¸Ê¾�´
¾�Ã6¾�´Y¦ÈÓ(©*)�³:Á}©Yº�µK¦9¨
¸}´×Ñp¸,ÌBÍL»Y¦È¦:´Y¦9¨�À�«Ð·W¦:¨(ª$µK¾�¹X¸}ºÈÄ½¯ Å ¦:Æ�Ì

ë��×ìañPë"�Ëó�ò�� ��ë�ð=í �Pí ñ ó�ð=í×ó	�Dò���ë�ð=í �

%�mpwek õ i	a1b0�Yi2����n�k:m�û �*û � j*npoYk9n�k��*m�o�öN�lo8úËmpk õ G:�Ënpo�q{m(x
ùei 2 m�x�j*q=o�mpk � i$w:÷,mpw:ûXn 2 mpû � j*i�k:i8AYxvn�o.k��}k9n�k���!�i 2 m�û � n�w��lö"m�o
úOi�k�ùei$i�o�k õ i�i2# � i$w��lû i�oYk9npj�\=npo�q<ö��*ûPx�j¡n�k:i�q<w9npo�þ�i � w:m@�vjli�ö$ü
úOi 2 npx�ö"i�k õ i�i2# � i$w��lû i$o.k9n�j �*o�÷,mpw:û×n�k��lm�o�m�o8q�i � k õ ù�npö(m�o�jlÿ
þe��!Yi$oB�*oSx�o��lk:öÐm�÷�T�i�G 2 õ npo�o�i$j*ö$g 4�m�ùei2!Yi$w�ü
k õ i�j*m 2 n�k��lm�o
m�÷ k õ iFö"xWw:÷ n 2 i ù�npö'�Wo�m�ùØo ÷¡w:m�û k õ iSi2# � i$w��lû i$o.k:ö$ü n�o�q
ú�ÿ ö 2 npj��lo�þ k õ i n�w:i�npöøùeiF÷,m�x�o�q k õ n�køk õ iFö õ n � iFm�÷×k õ i
ö��*ûPx�j¡n�k:i�qønpo�qýi2# � i$w��lû i�oYk9npj�w9npo�þ�i$ö � w:m3��j*i$öIùei�w:iU�*o"!Yi$w"ÿ
þ�m�m�q<npþpw:i$i�û i$oYkØ÷,mpwØnpj*j 2 npö"i$öÈm�÷�ö��*o�þ�j*i2R �*mpo<úËm�û�úvn�w:q�û i$o.k�g
%vmpw k õ i 2 npö"iÎm�÷*f3bp�Yi2����n�k:mpû J�xMúËm�û�úvn�w:q�û i$o.kým�÷cG:�
k õ iÐi2# � i�w��*û i$oYk:ö�w:i � m�w"k=n � w:m@�Ki 2 k:i�q w9npo�þ�itm�÷ ���@b 'JPüan�o�q
ùei mpú�k9n3�*oS÷¡w:m�û npo j"/gT�J�u0y	�^ö��lûPx�j¡n�k��lm�o����3b 'JPg ô�õ i
þ�m�m�q<npþpw:i$i�û i$oYk��*o úËmpk õ k õ i�ö õ n � i�öØn�k�a1bU�Yi2����n�k:m�ûUn�o�q
û i�n�osw9npo�þ�iPn�kgf3bs�Yi2����n�k:m�ûUþe�D!Yi�x�ö 2 m�o���q�i�o 2 i�k õ n�k�m�xWw
ö��*ûPx�j¡n�k��*m�o�ö 2 npo � w:i�q�� 2 k�k õ ig�lm�o � i$o�i$k"w9n�k��lm�o � w:m 2 i$ö"ö�ùei$j*j g
% x�w8ö��*ûPx�j*n�k��*m�o�ö�mp÷K�lû � j¡npoYk��lo�þÎö"û×npjlj�þ�m�jlq 2 jlx�ö]k:i$w:ö*�*o

2 m ��� i�w�ü×ù��lk õ k õ ibö:npû i�!Yi$j*m 2 �}k�ÿ � i�wSn�k:m�û<ü�ö õ m�ùØöÎk õ i
i�# � i�w��*û i$oYk9npj*j}ÿ mpú�ö"i�w�!Yi�q=�*o 2 w:i�npö"i=ö]k"w9npþpþ�j��lo�þE�lo<k õ i�w9n�o�þpi

d



� w:m3��j*ipg$hÎi õ n1!�iØnpj*ö"mIw:i 2 i$o.k:j}ÿÐmpú�ö"i�w�!Yi�qtk õ iÈö:n�û iØi2�Ëi 2 k��lo
J�xc�lw"w9npq��¡n�k��*m�o�ú�ÿF��� R �Yi2� J�x���)�� 4 a 
 a1bebeb., 2 j*x�ö]k:i�w:ö ��Spg
ô�õ i ö:npû i ö��lûPx�j¡n�k��lm�o�öøö õ m�ù npjlö"m@npol�*o 2 w:i�npö"iB�loXk õ i

û i�npo w9npo�þ�i !pnpj*x�i$ö$üÎù õ � 2 õ ù�npö o�mpkMmpú�ö"i$w�!�i�q �lo k õ i
i2# � i$w��lû i�oYk:ö$g ô�õ �*ö_�*o 2 w:i�npö"iýw:i�ö"x�jlk:ö ÷,w:m�û n q�i 2 w:i�npö"i �lo
k õ iýn1!Yi�w9npþ�i ö]k:m ��� �*o�þ � m�ùei$w � i$w þpm�j*q n�k:mpû �*o 2 jlx�ö]k:i$w:ö$ü
2 m�û � n�w:i$q k:m k õ iMö��lo�þ�j*iMn�k:m�û !pnpj*x�ipg ô�õ �lö 2 m�x�j*q úOi
�*oYk:i�w � w:i$k:i$q<npöek õ i � w:m � m�ö"i$q 2 j*i�n�w��*o�þ3R/k õ i2R/ù�n�ÿ�i��Ëi 2 k5H�üWú�xWk
o�m 2 j*i�n�wÈi2!��*q�i$o 2 i�m�÷Bk õ i�w:i�npö"m�o�ù�npö�÷0m�x�o�q�úËi 2 npx�ö"iIm�÷ak õ i
÷ n�ö]k=ú�w:i�n@���lo�þ q�m�ùØo m�÷(k õ i 2 jlx�ö]k:i$w:ö$g % xWw�w:i$ö"x�jlk=k õ n�k=k õ i
w9n�k��lm�úËi�k�ùei�i$o û i�npo i�o�i�w:þpÿSj*m�ö"ö×÷0mpw�n�k:mpû
� 2 n�o�q 2 jlx�ö]k:i�w
úËm�û�úvn�w:q�û i$oYk{�*ösjlm�ùei�w ÷,mpw ��ü	a1bB�Yi2����n�k:m�û k õ npo ÷,mpw a
�Yi2����n�k:m�û ü��lö`�*osn�þpw:i�i$û i$oYk�ù��lk õ k õ i+��o�q��*o�þ�öÈm�÷?G:�*þpûPx�o�q
npo�qlG õ x�jlþYnMH�g G;�lo 2 i n�k a1bB�Yi2����n�k:mpû k õ i�q��D�Oi�w:i$o 2 i �lo
k õ i�û i�npoÎw9npo�þ�ic�löÐö"û×npj*j ü��lk	�*öÐo�mpkÐö"xWw � w��lö��*o�þ �lk õ npöÐo�mpk
úËi�i$oÐmpú�ö"i�w�!Yi�qti2# � i$w��lû i$o.k9n�j*jlÿ ) o�mpk:i(k õ n�k�k õ i�i�# � i�w��*ûti�oYk:ö
�*o
m(x �loM!Ym�j�!�i�q a1b"�Yi2����n�k:m�û&J�x � ü8J�x � n�o�q J�x � \�6 ��\<ö"mk õ i�i2# � i$w��lû i�oYk9npjvq��D�Oi�w:i$o 2 i��*ö(þ�m3�*o�þ�k:m=úËi�û�x 2 õ jli�ö"ö�k õ npo
ù õ n�kÈùei=mpú�ö"i�w�!Yi�úËi�k�ùei�i$o a1b	�Yi�����n�k:m�û�J�x � npo�qOJ�x H ,9gG:�lûPx�j¡n�k��lm�o�ö m�÷ 2 j*x�ö]k:i�w úOmpû�úvn�w:q�û i�oYk m�÷Ðö��lj�� 2 m�oMö õ m�ù
k õ n�k k õ isö]k"w9npþpþ�j��lo�þ npo�qSk õ i<û i�n�oFw9npo�þ�i=!pnpjlx�i$ö×n�w:i k õ i
ö:npû iF÷,mpw 2 j*x�ö]k:i�w:ö npo�q ö��lo�þ�j*i �*m�o�ö$ü×n�ö m�úvö"i�w�!Yi$q �*o k õ i
i2# � i$w��lû i�oYk:ö�\pg
ô m 2 m�o 2 jlx�q�ipü�m�xWw
ö��*û�x�j*n�k��*mpo�ö
ö õ m�ùFk õ n�kDk õ iei�# � i�w��*ûti�o�R

k9npjljlÿ×mpú�ö"i�w�!Yi$q_�lo 2 w:i�npö��*o�þ	�*o×k õ i�ö]k"w9n�þ�þ�j��lo�þÐm�÷aþ�mpj*q 2 jlx�ö]k:i�w
�*û � j*npoYk9n�k��*mpobw9npo�þ�i � w:m3��j*i$öc�*o 2 m ��� i�wc�lö�q�x�isk:m n�k:m�û
� 2
û
�D#��*o�þ �lo k õ i õ i�n�k8ö � �D�Yi�g�h i npjlö"mÎö õ m�ùUk õ n�k*�lo G:�Èo�m
�*o 2 w:i�n�ö"ismp÷�k õ i<ö]k"w9npþ�þ�j��*o�þ �lö×i2# � i 2 k:i$q úËi 2 npx�ö"i k õ i õ i�n�k
ö � ���Yi$ö��*o"G:�Bn�w:i=ö"û npj*j�n�o�q<ö õ m�w"k�R!j���!�i�qOg

�=ó�á í8ð�� �$oeñ��snpo(í î��

h itk õ npo��øhLw:m�÷�g 4Pg
4Pg�J�o�q�i�w:ö"i�o npo�q /�w�g �Øg$G�npj*m�o�i$o
÷0m�w
x�ö"i$÷0x�j�q��*ö 2 x�ö"ö��*m�o�ö$g ô�õ i�w:i�ö"i�n�w 2 õ ù�npöDö"x ��� mpw"k:i$qPú.ÿ=k õ i
J 2 npq�i�û�ÿImp÷�% �lo�j¡npo�q�x�o�q�i$w � w:m@�Ki 2 k:öau�m�g$d3d���aJ��npo�q0d��ez�����g
y�i$o�i�w:m�x�ötþpw9npoYk:ötm�÷ 2 mpû � x�k:i�wtk��lû i ÷,w:mpû k õ i{m(i$o.k:i�w ÷,mpw
G 2 �li�oYk��D� 2 m(m�û � xWk��*o�þ��*o �Lö � m.m�ü0% �lo�j*npo�q n�w:i þpw9n�k:i$÷0x�j*j}ÿ
n 2 �Wo�m�ùØj*i$q�þ�i$qag

� � Ì
	�ª�¹�ª�Â.ª�­���Ì�Ò(º�©Y¸0­Èª�´YÂSÍ�ÌLÍOª Å ª�À�¸0­�
(©Y³9Á0Ì � ´Yº�µK¨9Ì � ¦:µK»�Ì
Û »�«�º9Ì ² ¦9º9Ì�Ú�
�
�­vÄ½¯�#t¤�Ä'��#�#�±"Ì

� � ÌLÓ�Ì(Ñp³]»�¿�¦9¸ Å ¦9¨�µ½­��sÌ���ÌLÚ�Á}ª�¸Ê´�­��sÌ
Ó�Ì Û ª�¨ Å ­�ª�´YÂ � Ì
¥�Ì
Â.ªÈÑp¸}ÁÊ¼�¦9¸}¨Kª�­�
(©Y³9Á,Ì � ´Yº�µK¨9Ì&� ¦:µK»�Ì Û »�«pº½Ì ² ¦9º½Ì�Ú�����­�°�¯ $ ¤�Ä'����¯�±"Ì

� �sÌYÓ�ÌY¥.¾�ª�Â�­ ² Ì�Ö<¦9§Y§�­ ² Ì�Ñp¹=¸ µK»�­��.Ì	�8ª$µKºK©Y¾Y­YÓ�ÌYÓ�Ì.Ú�ª½«�ª�µK¸,­
ÍÈÌaÑWÌ6Ösª�´YÀY­aª�´YÂ ÍÈÌaÔ�©YÁ}ÁÊ¸}º½­���¾�©Y¨�´.ª�Á�¾�Ã�¼�ª�³9©Y©Y¹ ºK³9¸}¦:´Y³9¦��
µK¦9³"»Y´Y¾�Á}¾�À�«ÐÚ�����­.Ý�Ý�ÞP¤ ®�¯�¯�¯�±"Ì

� �sÌ���Ì�Ñp».ª�·Y¸}¨�¾Ðª�´YÂ8ÍÈÌWÓ�ÌWÍË¾�¹�§Y¨�¦9Á}Á}¾Y­ Û »�«�º9Ì ² ¦:¼WÌ � ¦:µ�µ½Ì ����­
��®P¤�Ä ����¯�±"Ì

! Û Ì.Ñp¸}À�¹�©Y´YÂ�­"�YÌYÆ�ª�³�Ì�Ñp³9¸0ÌYÍË¦9³]»Y´Y¾�Á0Ì.Ó$#�­�Þ%��¯t¤�Ä'�&#���±"Ì
% Æ�Ì � ÌvÑp»�©YÁ}À�ªY­ �<ÌWÆe¸Ê³½ª�´Y¦ Å ­�ª�´YÂ Û ÌvÑp¸}À�¹�©Y´YÂ�­ Û »�«�º½Ì ² ¦:Æ�Ì�Ó

"&�­�°�°�¬�¯Ð¤�Ä'��#���±"Ì) Æ�Ì � ÌpÑp»p©YÁÊÀ�ªÈª�´YÂ Û Ì�Ñp¸}À�¹�©Y´YÂ�­&
(©Y³9Á0Ì � ´Yº�µK¨9Ì � ¦:µK»�Ì Û »�«pº½Ì ² ¦9º9Ì
Ú(' #�­W®�°�¬t¤�Ä'����¯�±"Ì

) 	�Ì*	�ª�¹�ª�¹�©Y¨Kª�­ 
(©Y³9Á0Ì � ´Yº�µK¨9Ì � ¦:µK»�Ì Û »�«�º9Ì ² ¦9º9Ì�Ú+
"
�­LÝ ��°
¤�Ä ��#�#�±"Ì

, ��Ì���Ì�Ó(´YÂY¦9¨�ºK¦:´�­vÓ�Ì ��¾�».ª�´YºK¦:´�­ �sÌ Ù Á}º�¦9´�­vª�´YÂ×Æ�Ì�ÍË¾�©Y§�¾�ÁÊµ�à
ºK¦:¼W­�
(©Y³9Á0Ì � ´Yº�µK¨9Ì��×¦"µK»�Ì Û »�«�º9Ì ² ¦9º½Ì6Ú ¤ ®�¯�¯�°�±"­v¸*ÔDÓ(ÔLÑ ®�¯�¯�°
³9¾�´YÃ*¦9¨�¦9´Y³9¦Ø·.ª�·W¦:¨9­�ª�³:³9¦9·�µK¦9ÂtÃ*¾�¨L·Y©Y§YÁ}¸}³9ª�µK¸Ê¾�´�Ì

�.-�/ Ì 
(¾�¨�ÂYÁ}©Y´YÂ�­ �<Ì"�e».ª�ÁÊ«�­ ² ÌBÑWÌOÓ�¼�¦9¨�§.ª�³ Å ­ �sÌBÔ�ª$µK©Y¨�Álª�­BÍÈÌ
�e¸lª�É ÂY¦×Á}ª ² ©Y§Y¸lª�­Lª�´YÂ0�YÌ�ÍOª�¨�©Yº½­ Û »�«�º½Ì ² ¦"¼�ÌDÚ+�"#�­ $ Þ�Þ�¬
¤�Ä'�&��#�±"Ì

�1�2/ Ì 
(¾�¨�ÂYÁ}©Y´YÂ�­WÔD¾�¹=·Y©�µ½Ì �×ª$µK¦9¨9Ì�Ñp³9¸0Ì"
�­.Ý�Ý&#Ð¤�Ä ����Þ�±"Ì
�3� Ó ·Y¨�¦:ºK¦9´�µ]ª�µK¸Ê¾�´d¾�ÃsµK»Y¦5476�8:9<;>=>? ³9¾�¹=·Y©�µK¦9¨ ³9¾pÂY¦ ¸}º
ª½¼�ª�¸}Álª�§YÁ}¦�¾�´PµK»Y¦�Ö<¾�¨�Á}ÂÐÖÎ¸ÊÂY¦�Ö<¦9§t¸}´
@BA.ADC�E FGFIHKJMLON�P @QJ1RTSDUTVQWBUXP YKFOZ[WBVQ\O].^QRT_`VKFINa^`@KFINa^`@ CQ].\ObG].LON>P @OADNaR Ì

�D� �.ÌLÑp¸}ÁÊÁlª�´Y·2cª�cª�­d�YÌ Û ¦9ÁÊµK¾�Álª�­ / Ì 
(¾�¨�ÂYÁ}©Y´YÂ�­a�YÌ / ¦:¸}´Y¾�´Y¦9´�­�ª�´YÂ
�sÌ��.Ì Û ©Yº Å ª�­ Û »�«�º½Ì ² ¦:¼WÌ�Ú���
�­vÄ½°�ÝYÄ�Ä½°Ð¤ ®�¯�¯�¯�±"Ì

�.� �.Ì Û ¦9ÁÊµK¾�Álª�­ / Ì(
(¾�¨�ÂYÁÊ©Y´YÂ�­Iª�´YÂe�YÌ / ¦9¸}´Y¾�´Y¦9´�­ 
(©Y³9Á0Ì � ´Yº�µK¨9Ì
�×¦:µK»�Ì Û »�«pº½Ì ² ¦9º9Ì.Ú���&���­W®�¬��t¤ ®�¯�¯�®�±"Ì

�3!f/ Ì

(¾�¨�ÂYÁ}©Y´YÂ�­g�.Ì / ¦9¸}´Y¾�´Y¦9´�­ � Ì ² ª�©Y».ª�Álª�­Dª�´YÂýÍ�ÌaÓ(»YÁ}À�¨�¦9´�­
Û »�«pº½Ì ² ¦:¼�Ì.Úh�"i�­�Ä�ÞpÄ $ ¯t¤�Ä'����Þ�±"Ì

�D% ÑWÌ��sÌ�¥.¾�¸ÊÁ}¦9º½­��sÌ � ÌvÚ
ª�º Å ¦9º9­6ª�´YÂ �sÌvÑWÌ ��ª½¿Ø­ Û »�«�º9Ì ² ¦:¼WÌvÚ

"
�­ $ ��#�°t¤�Ä'�&#�¬�±"Ì

� ) �sÌWÑWÌ �Èª9¿Ø­WÑWÌ3�<Ì.¥.¾�¸ÊÁ}¦9º½­�ª�´YÂ��<Ì � Ì�Ú
ª�º Å ¦:º½­*�8ª$µ½Ì�Ñp³9¸0Ì ² ¦9·�Ì
&�­W®�ÞpÄ=¤�Ä'����°�±"Ì

�D)j/ Ì 
(¾�¨�ÂYÁ}©Y´YÂ�­&�sÌ��(».ª�Á «�­�ª�´YÂ ² Ì�ÑWÌ�Ó�¼�¦:¨�§.ª�³ Å ­`�YÌ�Ó(·Y·YÁ0Ì Û »�«�º½Ì
�"
�­vÄ�®�°�#t¤�Ä'�&��#�±"Ì

�D, ÍÈÌ3�e¸lª�É�ÂY¦ØÁlª ² ©Y§Y¸lª�ª�´YÂ �sÌ.ÖbÌ �(©Y¸}´.ª�´�­ Û »�«pº½Ì ² ¦:¼WÌ � ¦:µ�µ½Ì
�"��­W® $ ¬�¬t¤�Ä'�&��Ä�±"Ì

�3- / Ì	
(¾�¨�ÂYÁ}©Y´YÂ�­��.Ì / ¦9¸}´Y¾�´Y¦9´�­*�<Ì*�e».ª�ÁÊ«�­.ª�´YÂ ² Ì�ÑWÌYÓ�¼�¦9¨�§.ª�³ Å ­

eª$µK©Y¨�¦�
"&"��­.Ý&�t¤�Ä'������±"Ì

�k� �.Ì	�e¦9Á}Á}¦"«�­"�.Ì.Ô�»Y¦9¹tÌ Û »�«�º9Ì"&�i�­WÞ�¯�#Ð¤�Ä ����¯�±"Ì
�1� � Ì �<ÌØÍ6¾�¨�¨�¦:´Yº½­ �]�Y�!{"~K�$�/�ml��,z �L���/{:�Y�0�,��| � ¤,Ó(³½ª�ÂY¦9¹�¸}³ Û ¨�¦9ºKº9­

(¦:¿h	B¾�¨ Å ­�Ä'� $ ®�±"Ì

�n� �.ÌYÍË¦9¨�º�¾�ÏO­ Û »�«�º½Ì ² ¦:¼�Ì.Ú�
"��­*����¯�®P¤�Ä ��#�#�±"Ì
�3� �.Ì$¥�Ì`oW¸}¦9À�Á}¦9¨9­`�.Ì Û Ì�ÚD¸}¦9¨�ºKª�³ Å ­�ª�´YÂ�Ò�Ì � ¸Êµ�µK¹=ª�¨ Å ­2p2q {sr.� �ktQt��*�Ku
���W£:vL���wup{e�!�
�"���.�
�¡�yx����0�/{:~ ¤ Û ¦9¨�À�ª�¹�¾�´�­�
(¦:¿0	B¾�¨ Å ­.Ä ��#�Þ�±"Ì

�1! �.Ìt¥�ÌzoW¸}¦9À�Á}¦9¨9­�Ä ����¬�­ Ñ ² � � à���¬X³9¾�¹=·Y©�µK¦:¨S³:¾pÂY¦�­ ·Y¨�¸Ê¼�ª$µK¦
³9¾�¹=¹�©Y´Y¸Ê³½ª$µK¸}¾�´�Ì

�n% ÍÈÌ���¸}ª�É�ÂY¦�Álª ² ©Y§Y¸}ª8ª�´YÂ ��Ì{��Ì �(¸}Á}¹�¦9¨9­ Û »�«pº½Ì ² ¦"¼�Ì � ¦:µ�µ½Ì
#�'6­W®�Þ�¯ $ ¤�Ä'�&��Þ�±"Ì

� ) ² Ì�ÑWÌ�Ó�¼�¦9¨�§.ª�³ Å ª�´YÂøÍÈÌ"�e¸lª�É ÂY¦ Álª ² ©Y§Y¸lª�­
¸Ê´ rW��| �,£|rY�/���/{
� q ���]�,z:� ­�¦9ÂY¸ÊµK¦9Â�§�«>��Ì � »Y¨�¦9´YÃ*¦9º�µDª�´YÂI¥�Ì�Ñp·.ª�¦9·�¦9´×¤,Ó(³9ª�ÂY¦:¹=¸}³
Û ¨�¦9ºKº9­	
(¦:¿h	B¾�¨ Å ­�Ä'���&#�±"­�ÆB¾�Á0Ì�ÞpÄ�­�·Y·�ÌW®�#�Ä"Õ�Ý�¯�®pÌ

�n) � Ì
Ñ�ª�Á}¾�´Y¦9´�­ / Ì 
(¾�¨�ÂYÁÊ©Y´YÂ�­eª�´YÂ}�YÌ / ¦9¸}´Y¾�´Y¦9´�­�
(©Y³9Á,Ì � ´Yº�µK¨9Ì
�×¦:µK»�Ì Û »�«�º9Ì ² ¦9º9ÌBÚ ¤ ®�¯�¯�°�±"­ � ÔDÓ(ÔLÑ ®�¯8³9¾�´YÃ*¦9¨�¦9´Y³:¦t·.ª�·W¦:¨9­
ºK©Y§Y¹�¸Êµ�µK¦9ÂÐÃ¡¾�¨
·Y©Y§YÁ}¸}³½ª$µK¸}¾�´�Ì

�n, Ó(´YÂY¦9¨�ºK¦:´�­�·Y¨�¸Ê¼�ª$µK¦È³:¾�¹�¹�©Y´Y¸}³½ª$µK¸}¾�´�Ì

�


