
� ������� ���
	����������� �����
��	�������	���������� ����� ���! "�#��$��
�% &���
�'�(�)������	��*�����+� �,������$��-��	.�

/1020436587:9:;2<>=?3A@CBD9:E>=F0HGJILKAM:NO=P3Q0>0R3AS.T2BVUXWZY
[]\_^]` acbdafe+g(hDi8` acjkihPl m

ncokodn i+g
pfqqpfr bZsut+gvafeui_w+x n i8` izyh{w+|~}8hDi8eu\_a

���z���(���z���
oL� h{�Pif\�a��ziz�c�l�e���g_hDa�i+g_�>afe+g�m�y_w��l mv\_^8af` ium�g-l \#�2i+gvauh�l i8` m�ihDa�^u�?xgvaue�\_^]e�m�l �zafhDa���e�^���iu�zi_w�m�g�^�afezsui8eu\_ac�]l m�m�l{�ui+g�l ^]e�l{e�m_sua_a(g��2a�gviz`
izeu��` iz��l{eui�g�a��:� ` i�m�m��uih{g�m�¡¢bL^]e�m�g_hDil{el{e���` i_w�afh£mRihDa:eua�a��za���g�^¤l{e+x
\fhDa�i�mvaRm_sua�ihL` a(�uau` m�l{eQg(sua¢�l mv\_^8au` iumFg�l \¢�¥sl \fs2l m¦g_sua>�fhPl{�>ih£w�m�^ � hD\�a^f�>�]l m�m�l{�ui+g�l ^]e8¡.§Qsua¨�zi8���l{e���yafsui+�l ^zh4^u�¥m � \fs�mvi8eu��Ql \fs¨g�wz�a_mm�g(h � \�g � hDa_m6l mdmFg_h£^ e��]` w>l{e+© � afeu\�a_�:y(w4g(sua¢\fsuihDiu\(gvauh�l m�g�l \(mL^u� g(suaZ\_^ e+xm�g(h?il{el{e��ª` i_w+afhOi8eu��g(sua¥�za��P^zh��2i+g�l ^ ec�>^8�za(m¢^u�Lg(suaQm�g_h � \(g � h?af¡R« g4l m
¬ h£m�g�m_s�^+�¥e�g_sui+g ¬ el gvacaf` af�>afe+gc�¥^8�zaf` mªyui�mva���^ e�\f` i�m�m�l \�i8`L` iz��l xeui+gva����z` i+gvaRg_sua(^8h{wc�b�®]j~§4¯��%^�e�^fg�iz` ` ^+��iª�fh£^ �afh6hDaf�hDa_m�afe+gvi+g�l ^]e
^f��yf^ � eu�zih{w¤\_^ eu�]l g-l ^ e�mQ^u�¢g(sua2�l mv\_^8au` iumFg�l \ci8eu��g(suac\(^ e�m�g(h?il{el{e��` i_w�afh°�>sl \us�` a�iu�%mRg�^�ize�l{euiu\�\ � hDi�g�ac�fh?a_�]l \(g�l ^ e:^u�Jg_suaªyafsui+�l ^zhd^u�g_sua4�zi8���a��2m�g(h � \�g � hDa¡6±#` i_w�afhDa���m_suaf` ` ²um�^]` l �8²um(suaf` `u�>^8�zau`fl m�l{e+g(h£^fx� � \�a��cizeu�ªm_s�^+�¥e2g�^c\_^zh�hDa�\(g�g_sua_m�a>m_s�^zh{gv\_^]��l{e��m�¡Z§QsuaQ�ui8` l �]l g�w>^u�g_sua��fhD^]�^fmva��C�¥^8�zaf`Ol m¥�zaf�¥^ e�m�g(h?i+gva_��y(w�\_^zh�hDaf` i+g�l ^]e���l g(s�a-³8�%afh{x
l{�>afe+g�i8` h?a(m � ` g�mQ^]y+gvil{eua���^]ecg(sua�´¦±�µ°§¥¶°·4µ o¦n xV±�´dx-¸ p g�a_m�g_ya��O¡§Qsua>�ziz���l{e���g_hDa�i+g_�>afe+gZ^u�dg(sl mZm�g_h � \(g � h?a2l m¢i¤` i_w+auh~^f��« od¹ ¸¸ q Vi�l mv\(^8af` i�m�g�l \��>ize � ��iu\(g � hDa��Cy_w¤º n ¯>\_^]e�m�g_hDil{eua��Cy_w¤i8e�i8` � �:l�e � ��z` i+gva¡�§°a_mFg¤izeu��i8euiz` w�m�l mª�ziz���l{e���` a��uaf` mcihDa ¬ h£m�gcm_s�^+�>e�g�^�ya�uafh{w���af` `Z\(^8h�hDaf` i+gva_�O¡»§°af���%afhDi+g � hDa¼�zaf�afeu�zafeu\_a¼i8eu��\_^ ��� � gvi+xg�l ^ euiz`Og�l{�>a_m�ihDa ¬ eui8` ` w��]l mv\ � m�mva��Cg�^¼�zl �ua�� � h{g_suafh�l{e�m�l �]s+gcl{e�g(sua�h£^]�^fmva��¼�>a(g_s�^8�%^]` ^�uw+¡

½�¾�¿RÀ�ÁJÂªÃ�ÄRÅ�À�¾£Âc¿
oL� h{�Pif\�a��ziz�c�l�e��Rg_hDa�i+g_�>afe+g�m°�Ql g_s��l mv\_^8au` iumFg�l \Q�>i�g�afhPl i8` mdihDa�^f�?g�afel{e+g(hD^8� � \_a���l{e�a-³%l m�g�l�e���m�g_h � \(g � h?a�g�^�iz` ` a��l i�g�aªe�^8l mvaªizeu���l{yhDi+g�l ^]e�h£^]yz` af�¥m�¡Æ}]hDa�a�x�` i_w+afh¥g_hDa�i+g_�>afe+g�m¼` a�iu��g�^�g(h?iu\(g-l ^ e+xF\_^]�c�fhDa_m�m�l ^]e
�za(�?^8h��>i+g�l ^]e�m¢^u�dg(suaQ�l mv\_^8af` i�m�g-l \|�¥sl \fsceua�a��%mZg�^�ya¥m�g-l ÇCl{e2^zhD�zafh
g�^¼\�ih�h£w�i�m�l � el ¬ \_i8e+g¥��hDiu\(g�l ^]e¨^f�Qg(sua�` ^%iu�Cizeu�.g_s � m:�]l m�m�l{�ui+gva¤ie�^fg-l \�a�izyz` a2�Fh?iu\(g-l ^ eª^f�Zg_sua:aueuafh£�fw+¡2bL^]e�m�g_hDil{eua��¼` i_w+auh¦g_hDa�i+g_�>afe+g�m
� mvaªg(suacmFg�l ÇJeua_m�m�^f�¢g_sua¤\(^ e�m�g(h?il{el{e��C` i_w�afhJg�^¼l{eu� � \�a�sl �]s.` a(�uau` m^f�¥m_sua_ih��za(�P^zh��>i�g-l ^ eCl{e¨g_sua��l m�\_^8af` i�m�g�l \�izeu��ih?a�g(s � m�g�wz�l \_i8` ` w�¥^zh?a:a�È�\�l afe+g�¡
bL^]e�m�g_hDil{el{e��:` i_w+auh]a(ÇLa�\(g�m6\�ize�ya4a�i�m�l{` w¥l{e+g_h£^8� � \�a���l{eRm(sua�a(g��2a�gviz`izeu��` iz�:l�eui�g�a����]` ium�m¤�uih{g�m:izeu��sui+�ua�` a���g�^.g_suaª�za(�uaf` ^]�z�>afe+g2^u�
\_^]�c�>afhD\�l i8`8�h£^8� � \(g�mZm � \fs:i�m¢ÉOÊ%Ë Ì(ÊzÍ8Î�ÊfÏFÐJy(w okÑ ®]®f±Zb.�¥sl \fs>mva�auÒg�^ � mva¤g_sua¤afezsui8eu\_a��¼�ziz�c�l�e��Cl{e.e�^8l mva¤i8eu���l�yhDi�g-l ^ e.h?a_� � \(g�l ^]eiz�z�z` l \�i+g�l ^]e�m�¡d§�sua¥�za(�uaf` ^]�z�>afe+gJ^f���¥^8�zaf` m¢i8` ` ^+��l{e��>g_sua��za_m�l �]e2^u�
g_sua��wzeuiz��l \�y%afsui+�l ^zhJ^u�4m � \us�m�g(h � \�g � hDa_m�l m¥g(sua � ` g�l{�>i+gva:il{�Ó^u�g_sua¥�Z^8h�Ò��fhDa_mvafe+g�a��.suafhDa¡

§Qsua>�wzeuiz��l \_mZ^f�dmvizeu���l \us>g�wz�a¥m�g(h � \(g � hDa_mZ��l g_s¥�l mv\_^8af` ium�g-l \:�2i+xgvauh�l i8` m_|8�zaf�%aueu�%m>e�^fg¢^ ez` w:^ e:g(sua2\fsuihDiu\(gvafhPl mFg�l \_m¢^f�dg_sua¥�l mv\_^8af` i�m�x
g�l \ª���hDa�Ô � afeu\�w+| g�af���%afhDi+g � hDa�izeu���%a_^]�>a(g_h{wf¯�y � gRi8` m�^¤�uafh{wªm�l � el �?xl \�ize+g_` w.^]e¼g_sua¨�%a_^]�>a(g_h{w�izeu��yf^ � eu�zih{wC\_^]eu�]l g�l ^ e�mc^f�¥g_sua�\_^ e+xm�g(h?il{el{e���` i_w+afhV¡>§�sua¤bZ` i�m�m�l \�i8`°®fiz�:l�eui�g�a��Cj¦` i+gva�§�sua(^8h{w¼�bZ® j~§¢¯
` a�iu�%mQg�^¨i ¬ el g�a�af` af�>afe+g��¥^8�zaf`8�¥sl \fsª�%^8a_m�e�^fg:hDaf�fh?a(mvafe+g¥m_sua�ih�za(�?^8h��>i+g�l ^]e�m�l{e¼g_sua��l mv\_^8af` ium�g-l \.�uafh{w���af` `Jizeu�#\�izeze�^fgªgvizÒ_aCl{e
iu\�\_^ � e+gZg(sua:yf^ � eu�zih{w�\_^ eu�]l g-l ^ e�mZ^u�Lg(sua>�ziz���l{e���izeu�ª\_^]e�m�g_hDil{e+xl{e���` i_w+auhDm_¡�±�m(suaf` ` ²�m�^ ` l �8²um_suaf` `d�¥^8�zaf`dl m>g_s � m�l{e+g_h£^8� � \�a��Cl{e�g_sl m�uiz�%afhV¡�§Qsua�hDa_m � ` g-l{e��¼�¥^8�zaf` � m�a_m:izy^ � g¥g��Ql \�aªiumc�2ize+w¨�za_�]hDa�a_m^f�Q�FhDa�a��%^ �Ay � g2g(sua � mva�^f���¥^8�zaf`JhDa�� � \�g�l ^]e�gva�\fszel Ô � a_m>�?^8h¢�l m�x\_^8af` ium�g-l \�m�g(h � \�g � hDa_m¨Õ Ö�×>` a�if�¼g�^¼��il{h�` w�hDa�i�m�^]eui8yz` a�\(^ ��� � gvi+g�l ^]eui8`\_^fm�g�m�¡ o a_\(g�l ^]e q �]l mv\ � m�mva_mRg_sua(^8hDa(g-l \�iz`zi�m_�a�\(g�m�^u�6g_suacb�®]j~§�|]g(suaeua(�#g(szh?a_a:` i_w+afhd�>^8�zau`�|zizeu�¨�¥^8�zaf`8hDa�� � \(g-l ^ e�gva_\fszel Ô � a_m � mva_���?^8hiu\(g � iz`z\_^]��� � gvi+g�l ^]e�m�¡
§Qsua_mva�g(sua_^zh?a�g�l \�iz`¥h?a(m � ` g�m.ihDa�g_suaue#iz�z�z` l a��#g�^�g_sua�´6±�µ°§�¶°·4µ
o¦n xV±�´dx-¸ p gva(m�g_ya�� Õ Ø�× l{ecmva�\�g�l ^]e�º]¡2§Qsl m�m�g_h � \(g � hDac�za(m�l � eua_�¨�?^8h� h£^ � eu���l{yfhDi�g-l ^ e�gva(m�g�l{e�����i�mZgva_m�g�a���y_wc¸ q ¶ � hD^]�%a_i8eª` i8yf^zhDi�g�^8hPl a(mg�^.a(�uiz` � i�g�acg(sua�hDaf` l izyl{` l gVwª^f�¢�uihPl ^ � m¤�¥^8�ziz`Ogva(m�g�l{e���i�m:i�µ~^ � eu�µ~^ yl�e�a�³fauh?\+l mva¡Q·�ez` l{Ò(a2�hDa(�l ^ � m4a-³fafhD\�l mva_m>µ~^ � eu�¨µ~^ yl{e2a�³fafhD\�l mva_ml{e��>^8�ziz`¦g�a_m�g-l{e�� Õ Ù�× |¢m�l �]el ¬ \�i8e+gª�ziz���l{e��#` a(�uaf` mc��afhDa¼^ y+g�i%l{eua_�g_szh£^ � � s:g_sua � mva�^f��ic\_^ e�mFg_hDi%l�eua��¤�l mv\_^8au` iumFg�l \ª` i_w+afhV¡
j¦hDa��]l \�g�l ^]e�mc^u�ª�¥^8�ziz`d\fsuihDif\(g�afhPl m�g-l \_mªih?a ¬ h£m�g��>iu�za��P^zh¥i.��l�e��^ ez` w#�>^8�zau`¢l{e�^zhD�zafh>g�^�\_^]���uih?a.g(sua�b�®]j~§�au` af�>afe+g�m�i8eu��g(sua
g_szhDa�a�` i_w+afhc�¥^8�zaf`�¡�§QsuaCif\_\ � hDif\(w�^u��g_sua�g(szhDa�a�` i_w+auhc�¥^8�zaf`�l mg_suaue��zaf�¥^]e�m�g_hDi+gva��»y_w�\_^zhVhDaf` i�g-l{e���a�³8�afhPl{�>afe+gviz`QhDa_m � ` g�m�^u�cg(sua´¦±�µ°§¥¶°·4µÓa�³fafhD\�l mva���l g_s)�fhDa��]l \(g-l ^ e�m��P^zh�g_sua�afe+g-l{hDa�m�g(h � \(g � hDa¡§°af���%auh?i+g � hDaC�zaf�afeu�zafeu\_aCi8eu�#\_^]��� � gvi+g�l ^]eui8`dg�l{�>a_m¨ihDa ¬ eui8` ` w�]l mv\ � m�mva��¤g�^��8l �ua2� � h{g_suafhJl{e�m�l �]s+g�l�e�g_suaª�fh£^ �f^mva��C�>a(g_s�^8�%^]` ^�uw+¡

Ú Û¼ÂªÃ�ÜdÝk¾�¿�ÞßÂcà�á:¾£âLÅ¢ÂªÜdÝ � â~À�¾DÅ�â � ¿�Ã�ãä¾DÅQå�æ¢Ý � À�Ü~â
ÚOç?½èÅ¢é �%���(ê �u� é¦Ý �8ë�ê�ìz��-íî æ6é ��-í À�ï íð8��ñ
§Qsua�bZ` i�m�m�l \_i8`¢®iz��l{eui+gva���j¦` i+gva�§�sua_^zh{w#�b�®]j~§¢¯��¥^8�zaf` m.�z` i+gva(m
\_^]e�m�g�l g � gva���y(w>g��Z^:^zh¦�¥^zhDa�` iz��l{euiua¡¦§Qsua:Òul{euaf�>i+g�l \(m6^f�da�iu\fsc�z` wihDa�i�m�m � �>a���g�^c�P^ ` ` ^+�1g(sua¤µ°a�l m�m(euafh{x n l{eu�k` l�e>g(sl \fÒ��z` i+gva2i�m�m � ���+xg�l ^ e�m>` a�if�]l�e���g�^�i�` l{eua_ihO�uihPl i�g-l ^ e2^f�6g(sua>m�g(hDi%l{e ¬ af` �ªg(szhD^ � � s�g(suag_sl \fÒeua_m�m

òuó(ô�õÆök÷�øzù�ú#û8òfü°ôèò�ýdô>õ�özý°øzù v¸�¯



�¥suafhDa òuó(ô l m¢ium�m�^8\�l i+gva���g�^:g_sua:�>af��yhDizeua¥izeu��y%afeu�]l�e����za(�P^zh��>i�xg�l ^ ecizeu� ò�ýdô g�^¤g_sua>m_sua�ihd�za(�P^zh��>i�g-l ^ e8¡
§Qsua:\_^ e�m�g-l g � g-l �uachDaf` i�g-l ^ e�m4�?^zh6a�iu\fs¨` i_w�afhdih?a

ò+þ8ÿ%ô2õ�� ��� ÿ��PòfóVÿô ò��	�Fô�õ�� 
�� ÿ	�Pò�ýfÿô  q ¯

�¥suafhDa � � ÿ ����� õ�� �������%¯¨ihDa¼g_sua�hDa�� � \�a��#m�g-l ÇJeua_m�m��?^8hª�z` izeuam�g(h?a(m�m¥i8eu� 
 � ÿ ����� õ�� ���¯_|8g_suac�z` w�m_sua�ihdm�g�l ÇJeua_m�m�¡
§Qsua�\_^ e�mFg�l g � g�l �ua�hDaf` i+g�l ^]e�m¥�?^8hZg(sua��z` i+gvacihDa��za�� � \�a��¨��h£^ � l{e+g�a(x� hDi+g�l ^]e�^f�Q q ¯Ri8eu� � mva�^u�Rv¸�¯��� �� � � õ"!$# � ÿ&%'� ÿ%(� ÿ*)+� ÿ-, � ÷�øÿü ÿ.� ò ����� õ�� ���/��� ô Vº%¯

�Ql g_s ò # � ÿ � % � ÿ � ) � ÿ%ô�õ1032�4 Ø5 264 Ø �7� ÿkö8� � û � û Ø ù:98û ò ����� õ�� ���/��� ô
�¥suafhDa�g(sua��>af��yfh?izeua2�P^zhD\�aªi8eu�¼yafeu�]l{e��.�¥^ �>afe+g:hDa_m � ` gvize+g�m¥ihDa�za ¬ eua���i�m � m � iz`�¡
§Qsua>�P^zh��ä^u�6g_sua>�]l m_�z` iu\�af�>afe+g ¬ af` �.` a�if�%m�g�^¤\_^ e�m�g�i8e+g¢g_hDize�m��uafh£mvam_sua�ih6m�g_hDa_m�m�a_m>g(szhD^ � � scg_sua�g_sl \fÒeua_m�m¥^u�Zg_sua��z` i+gva|]�>sl \us�ihDaªl{e+x\_^]�c�ui+g�l�yz` a¦��l g_s���hDa�aQy^ � eu�zih£wR\_^ eu�]l g�l ^]e�m~^ e4g(sua � �z�%afh%i8eu�:` ^+��afh��iu\�a_m�izeu��g_sua4�]` ^ yuiz`�a�Ô � l{` l{yhPl � �#^u�~g_sua>�z` i�g�a¡6§~^:m�^]` �ua4g_sl mR�fh£^ y+x` af��` l{ezÒ(a���g�^�g(sua � mvaQ^f�Li ¬ h£m�gZ^zhD�zafh g_sua_^zh{w+|m(sua�ih~\_^zh�hDa�\(g-l ^ e���iu\(xg�^zh£m�ihDa � m � iz` ` w¨l{e+g_h£^8� � \�a��Cl{e�g_sua�g_hDize�m��uafh£mva�m_sua�ih¢\_^]e�m�g�l g � g�l �uahDaf` i+g�l ^]e�m�; ý°ø<	= izeu� ý°ø>�= ihDaChDa_m(�%a�\�g�l �uaf` w�hDaf�z` if\�a_�#y(w@? Ö ý°ø<	= izeu�? Ø ý°ø>�= ¡�§Qsua�m(sua�ih�\_^]e�m�g�l g � g�l �ua.hDaf` i�g-l ^ e�m��?^8hQg(sua¼�z` i�g�a�ihDa¨g(s � m�8l �uafe�y_w �BA >A < � õ"! ? ØØ #'C�C ? Ö ? Ø #'C�D? Ö ? Ø #'C�D ? Ø Ö #ED�D , � ý°ø>�=ý~ø<	= � Fz¯
�Ql g_s # � ÿ�õ 032�4 Ø5 2�4 Ø 
�� ÿ698û ò ���G� õ�� �H� ô �¥sl \fs�\�ize�y%a¤�¥hPl g�g�afe
ò A ô�õJI8K#ML ö ý°ø ù
§Qsua¼i8�z�fh£^%iu\fs � mva���suafhDa�g�^��za(gvafh���l{euaN? Ö izeu�O? Ø l m.yui�mva���^ ebZs�^+� Õ C × �¥s�^�m�g�ih{g�m4�FhD^]�äg(sua�ium�m � ���+g�l ^]e:^f��\(wz` l{eu�khPl \�iz`]yafeu�]l{e��^f�Jg(suaEP�i8eu�RQ�i�³fa_mQg�^��za(g�afh���l{eua2g_sua2m(sua�ih¦�Pif\(g�^zhDm_¡R§°i8Ò�l{e��ªg(sua
\�i�mvaC^f�c\(wz` l{eu�khPl \�iz`¢yafeu�]l{e���i8` ^]e���g_sua@P�i+³%l m_|Rg_sua¼\_^]e�m�g�l g � g�l �uahDaf` i+g�l ^]e�m4�P^zh¦a�iu\fs¨�z` w:gvizÒ(a¥g_sua¥�P^zh��

þTS� õU�7S� ÿWV %YXÿ�Z ú�û )NXÿ�ZE[�� Z ò ���G�\��] õ1� �H� ô  r ¯
�¥suafhDa þ Ö õ þ < izeu� þ8^#õ þ <	> ¡ % X i8eu� ) X ihDaC�za ¬ eua��ßy_wl{e+�uafh{g-l{e���Vº¯� ÷ ø�ü � � õ_!N# X� ÿ % X� ÿ% X� ÿ ) X� ÿ , ��� ÿ� ÿ � ò ���G� õ1� ��� ô �`%¯
bL^]�cyl�el{e��ca�Ô � i�g-l ^ eª r ¯¢�Ql g_s2g_sua2a_Ô � l{` l{yfh�l � �ßa�Ô � i+g�l ^ e�mRizeu�cg(sua� ` ^ yuiz`La�Ô � l{` l{yfhPl � �Æ^f��g_sua¼�z` i+gva¤wl af` �¼g_sua¤�?^ ` ` ^+�Ql{e��¼�P^zh�� ^u�¥g(suam_sua�ihLg_hDize�m��uafh£mva:m�g(h?a(m�m�aS� õ�b	S�'c �7S� ÿ û � V � %YXÿ�Z ú#û )NXÿHZ [ A Z ò �����\��] õ1� ��� ô �d%¯
�¥suafhDa A Ö õ A < izeu� A ^ õ A > ¡�§Qsua�\_^ e�mFgvize+g b S� l m:�za(g�afh��:l�eua��y_w�g(sua¤y^ � eu�zih£wª\_^]eu�]l g�l ^ e�m�| ium�m � ��l{e��¤g_sui+g � <	= �uizel m_sua_mQ^]ecg(sua

yf^fg�g�^ �Æ�z` w+¡6§�sua>�uiz` � a2^u�e? Ö l m4^ y+gvil{eua��¨y_wca�Ô � iz` l f+l{e��:g_sua>\_^8a(�?x¬ \�l afe+g�^u� A < l�eªg(sua�m(sua�ihJm�g(h?il{e¤afeuafh£�8l a_m2�za_� � \�a�����h£^ � F%¯>izeu��d%¯4�¥sl \fscihDa��za ¬ eua��.hDa_m(�%a�\�g�l �uaf` w�y(w
ò A ô6g I K# L 5 Ö ò A ô i8eu� 0�ö/� S ù g Iih S L öW� S ùW98û �j%¯

�¥suafhDa � h � ÿ	� ����� õk� ���¯>l mRg_sua2g(h?ize�m��uafh£mva�m_sua�ih6\_^ ���z` l i8eu\�ac�2i+xg_hPl ³]¡
}u^8hd^zh{g_s�^fg(h£^ �l \ª�z` l a_m�|zg_sua>m_sua�ih¦\_^zhVhDa�\�g�l ^]ec�Pif\�g�^zhZl mR�8l �uaue�y(w? Ø Ö õ �#ED�DEl 0 2�4 Ø5 2�4 Ø h D�Dnmpo S V û [�q ØHr 5 Ö  p ¯

�¥suafhDa o S V û [ õ�b S Ö ú sTtGt =Ø�uwv tptHxetpt 5zy|{tptH} V � % ÖvÖ c # ÖvÖ û [
§Qsua��l m�\_^8af` i�m�g�l \:�>i+gvafhPl iz` m�\_^]e�m�l �zafhDa��¤l{e�g_sl mQ�uiz�%auh~ihDa¥m � �z�^fmva��g�^¨ya2�za_mv\uh�l�y%a��¨y_w�i�\_^]���z` a�³:�Fh?a_Ô � afeu\(wc�zaf�afeu�zafe+gQ�¥^8� � ` � m�~(�i�m � m � iz`Ll{e¼` l{eua�ihJ�l mv\(^8af` i�m�g�l \+l g�w¼Õ D�� ^ ×V¡�§Qsua�\_^]�c� � g�i�g-l ^ e�^f�4g(suam_sua�ihO\_^zh�h?a_\(g�l ^]e2�Pif\(g�^zhdl mJg_s � mRe�^ugJg_hPl �l iz`�¡6§Qsua�ium�m � ���+g�l ^]ec�>iu�zasuafhDa�l m>g�^�gvizÒ(aª\_^]e�m�gvize+g>m_sua�ih�\_^zh�hDa�\(g�l ^ e��Pif\(g�^zhDm�\(^8h�hDa_m_�f^ eu�]l�e��
g�^�g_sua�m�g�i�g-l \��h£^ yz` au��i�g�� õ�� |zg_suaQ�l mv\_^8au` iumFg�l \:�¥^8� � ` � mQl m�g(suafehDa�iz`�¡
¶%³�gvafe�m-l ^ e�m¤g(sui�g���afhDa�e�^ug�\_^]e�m�l �zafhDa��O|�y � g��h£^ yuizyz` w.�Z^ � ` �1e�^ug\_^zh�hDa�\(g�g(sua��>i���^zh¢m_s�^zh£g�\_^ ��l{e��fm�^f�4g_sua¨b�®]j~§X�¥^8�zaf`�|d�Z^ � ` ��yag�^�hDa�\(^ ��� � gvaRg_suaQ\(^8h�hDa�\(g-l ^ e¥��iu\(g�^8h � m�l{e��2g(suaRm�g�^zhDiu�a��¥^8� � ` � mJ^u�g_sua��l mv\_^8au` iumFg�l \¥i�g4a�iu\fs��Fh?a_Ô � afeu\(w�izeu�ªg�^�l{e+g(hD^8� � \_a>i�\_^zh�hDa�\(g�l ^ e�P^zh�g_sua¨l��2i��8l�euih£w.�uih£g2^f�Rg(sua¤m�g-l ÇJeua_m�m¤�>i+g_hPl ³ � m�l�e��.i�\_^ e�mFgvize+g` ^fm�mR��iu\(g�^zhL�P^zh¦g(sua�af` i�m�g-l \ª�>i�g�afhPl iz` m�¡

ÚOç�Ú À�ï íN� Ý/���\� Ï � ï í é é � �(ð é ê î � � ï í é é ë¤ðOî8í é
±Zmc�Ql{` `Jya¨m_s�^+�>e�l{e�mva�\(g-l ^ e¼º ¡ q |Jg_sua�b�®]j~§��¥^8�zaf`�suium�m�l � el ¬ x\�ize+g�m_s�^zh{gv\(^ ��l{e��m_¡�§~^Ci8` ` a(�l i+gva:g_sua_m�a.�h£^ yz` au�>m_|Lg(sl m2m�g � �w.l{e+xg_h£^8� � \�a(mJi8eQi8` g�afh�eui�g-l �ua ¬ el gva¢af` af�>afe+gZ�¥^8�zaf`_�?^zh m�i8eu��Ql \fs��z` i�g�a_m�¡§Qsua�m_�%a_\�l ¬ \�l g�w�^u�Rg_sl mª�>^8�zau`dl m2g�^ � mva�\f` ium�m-l \�iz` ¬ el gva¤af` af�>afe+g�m�P^zh¦a�iu\fs¨` i_w+afhL^u�6g_sua2m�i8eu��Ql \fs8¡J§Qsua:\_^]e�m�g_hDil{eua���izeu��\_^ e�mFg_hDi%l�e��
�>a(gviz`u` i_w+afh£m � mva�g��Z^�Ffx-e�^8�za+² q Ffx ¹¢Ñ }2\f` ium�m-l \�iz`(m(suaf` `_af` af�>afe+g�m¦izeu�g_sua¥�l mv\_^8af` ium�g-l \ª` i_w�afh � mva_mQi+jux-e�^8�za+² q Ffx ¹¢Ñ }�m�^ ` l ��af` au�2aue+g> o a�a}]l � � hDa¨¸+¯_¡¤}u^8h¦g_sua��2a�gviz` ` l \ª` i_w+afh£m��>^8�zau` a����Ql g(s¤m_suau` ` m�|kg(suaªau` a(x�>afe+g�e�^8�za_m6ihDa¢^uÇ~xVmva(gLg�^�g_sua¥�z` i8eua¢l{eR\_^ e+g�if\(gL�Ql g_s¢g_sua��l mv\_^8af` i�m�x
g�l \�l{e�m�g�a�if��^u�Zg_sua2m�g�i8eu�zihD�.��l �k�z` izeua¡Z§Qsl m:hDa_m � ` g�m>l{ec\_^8l�eu\�l �zafe+ge�^8�za_m¥izeu��g(s � m�i8e¤iu\�\�af�+g�i8yz` a2\_^ � �z` l�e��k¡ o suaf` `Oh£^ugvi+g�l ^]e�m�ih?a�e�^ug\_^ � �z` a���a(�uaue:g_s�^ � �]sªl gQl m � eu�zafh£m�g�^z^8�¤g_sui+gZg_sl m¥h?a(m � ` g�m�l{e�i�e�^ e+x\_^]e+�P^zh��:l�e�� ¬ el gva�af` au�2aue+gL�?^zhV� � ` i+g�l ^ e8¡4}u^zhzg_sl mdm�g � �w�|�g(sua����/�\���

Sandwich plate Finite Element Model

z

viscoelastic

metal
●●

●● � � � � � �
 offset

� � � � �
● ●

● ●

metal

� � � � � �
 offset

à ê �:� ��í ½/ �À�ï íN� Ý � ï í é é � �(ð é ê î � � ï í é é í é í%ë¤ízì%�:��ðkìz�-�(�p�8����ê ð ì



g_sl \fÒ�m_suau` `8af` au�2aue+gR^f�Jg(sua od¹ §�Õ ¡�×Zl m � m�a��O¡4§Qsl m�af` af�>afe+g � mva(m>i¢ �\£�¤¤�P^zh�� � ` i�g-l ^ e¥�P^zh°g_sua��>af��yhDi8eua¥izeu�¤i ¢ ��¥���¦�¦n�ª�?^8h�� � ` i+g�l ^]e�P^zh¢y%afeu�]l�e��k|z��l g_s:g_sua:\u` ium�m�l \�iz` r ²6`�m_sua�ih¦\_^zh�h?a_\(g�l ^]e���iu\(g�^zhV¡R§Qsuaº ®#�¥^8�zaf`Lg_s � m¨` a�iu�%mcg�^�i§Fux�e�^8�za�²6F�j�x ¹4Ñ }�af` af�>afe+gª�za ¬ eua���l{eg_sua � �z�%afhd^zh¢` ^���auh¢�z` izeua2^u�Jg_sua>�l m�\_^8af` i�m�g�l \¤` i_w+afhV¡�§Qsl m�af` af�>afe+g\_^]�c�fhPl mva_m�g���l \_a¨g(suaCe � ��yafhQ^u� ¹¢Ñ }fmª\_^]�c�uihDa��Cg�^�iC\f` ium�m-l \�iz`g_sl \fÒQm_suaf` `au` af�>afe+gQy � gJg_sua�iu�z�]l g�l ^ e¥^f� ¹¢Ñ }umRl m�\_^ ���afe�mvi+gva��¨y_whDa�� � \(g-l ^ e�g�a�\fszel Ô � a(mQ�za_mv\fhPl{ya���l{e2g_suaªeua�³�gRm � y�mva�\(g-l ^ e8¡

ÚOç � Á í%î:�8����ê ð ì�ð�¨ª©ê �(��ðkí é �%����ê ��ë¤ðOî8í é �
§Qsl mJmva�\(g-l ^ e¥m � ���>ihPl f�a(m��¥^8�zaf`zhDa�� � \�g�l ^]eQgva�\fszel Ô � a_m�l{e+g(hD^8� � \_a��l{e Õ Ö�× g�^¤^]y+gvil{e�hDa�i�m�^ euizyz` a�\(^ ��� � gvi+g�l ^]eui8`f\_^fm�g�m�izeu� � mva_��l{e�g_sl mm�g � �w+¡4}u^zhzg_sua4a-³fi8���z` a_m¦\_^ e�m-l �zafhDa��ªsuafhDa|u^ euaZ��l�` `_^]ez` w�\_^]e�m�l �zafh]im�l{e��]` a�g�wz�a4^f�k�l mv\_^8af` ium�g-l \>�>i+gvafhPl iz`_�¥sl{` aZg_sua>hDa_m�g¦^f�Og(sua4m�g(h � \�g � hDal m>ium�m � �>a���g�^Cya¤af` ium�g-l \¡2§�sua:�P^zh�� ^f��g_sua¤l{ez� � g-²�^ � g_� � g>�¥^8�zaf`l m4g(s � m I c � �RØ ú «¬�ú ~(� V � [ « � L ò�® V � [ ô�õ¯� °��Pò	± V � [ ôò Q V � [ ô�õ�� b��Pò6® V � [ ô v¸�²%¯
�¥suafhDa «¬ l mRg(sua�af` i�m�g�l \c�uih£g�^u�Jg_sua:m�g-l ÇJeua_m�m��>i+g_hPl ³�i8eu� « �cg(sua�l mv\(^8af` i�m�g�l \c�uih£g¢�P^zhJi � el g´³°^ � e��:µ m:�¥^8� � ` � mª~(�8¡
§Qsuacg_hDiu�]l g�l ^ euiz`]i8�z�fhD^if\us¤�P^zh¢\_^]�c� � g-l{e�����hDa�Ô � afeu\�w¼hDa_m_�f^ e�mva_m�l mg�^��h£^H�Va�\(g2g(sua¨�¥^8�zaf`dv¸	²¯2^ e¨i¼yui�m�l m � A � |~��l g(s¤g(sua¤i�m�m � ���+g�l ^]eg_sui+g ò	®zôE¶�� A ��ò�®�·Zô ¡J§Qsua��h£^��Va�\�g�l ^]e2^u�J�>^8�zau`f^]e>g(suaQ\_^ e�m-l �zafhDa��yui�m�l m2` a_if�%m�g�^�i�` ^+�1^8hD�zafhZ�¥^8�zaf`OVi�m2�>ize+w��%afeuafhDiz` l f_a�� ¹¢Ñ }umQi�ml{eu�zaf�afeu�zafe+g¢\_^]` � ��e�m¥l{e:g(suaª�>i�g(h�l ³ A ¯I c A g � A � Ø ú A g « V � [ A L ò�® · V � [ ô2õJI A g ° L ò	± V � [ ôò Q V � [ ô2õ�� b��Pò6® · V � [ ô v¸f¸�¯

}u^8h:i1�¥^8�zaf`Z��l g(s�i1hDa�i8`¢izeu���FhDa�Ô � afeu\(w#l{eu�zaf�afeu�zafe+g¤m�g�l ÇJeua(m�m�>i�g(hPl ³]|ug(sua>�¥^8�zaf`ul m¦g_hDiu�]l g�l ^]eui8` ` w>�fh£^��Va�\(g�a���^ e¥i:yui�m�l mJ\_^]e+gvil{el{e��
g_sua ¬ h£m�g �¹¸ e�^8h��>iz`¥�¥^8�za_m$º ÿ¼» Ö � ½ · \_^f�uafhPl{e��#g(sua��Fh?a_Ô � afeu\(whDi8e��a2^f��l{e+gvafhDa_mFgQizeu�ªg_sua2mFgvi+g�l \�h?a(m_�^]e�mva2g�^cg_sua�\(^ e�m�l �zauh?a_�.` ^%iu�I « 5 Ö � °H� L ¡
§Qsua>�h£^��Va_\(g�l ^]e¥\�ize�y%a4i8�z�z` l a���g�^�iQ��hDa�Ô � afeu\�w¥�zaf�%aueu�zafe+gd�zi8���a���¥^8�zaf`6y(wCh?au�z` if\+l{e���g(sua�e�^zh��2iz`¦�¥^8�za_m�y(w�a�l g(suafh�e�^8h��>iz`¦�¥^8�za_m
\_^]�c� � g�a��:�P^zh~g_suaR�uiz` � aQ^f�Lg_sua�hDa�i8`8�uih{g�^f�°g_sua�m�g-l ÇJeua_m�m�i+g¢^]eua¥^zhg��Z^��FhDa�Ô � afeu\�l a(m Õ ¾�× ^zhQ��mva � �%^fx-e�^zhV�>iz`°�>^8�za(m Õ Ö�× Kº ÿ�» Ö � ½ · �>sl \fsihDa��za ¬ eua��¨iumQg_sua:m�^]` � g�l ^ e�mQ^f�Jg(sua:�%afeuafhDiz` l f_a��¨a�l �%aue+�ui8` � a¤�fh£^ y+x` af� I c � K�RØÿ ú µ°a V « V K� ÿ [�[ L Kº ÿ�õ�� v¸ q ¯
§~^ªg(sua_mvaª�¥^8�za_m4�¥sl \fs:\fsuihDif\(g�afhPl f�a¥g_suac` ^����Fh?a_Ô � afeu\(w¨hDa_m_�f^ e�mva|^ eua�iu�z�%m6g_sua4mFgvi+g�l \2hDa_m_�f^ e�m�a�g�^ � el g4` ^%iu�k�m-¯ � °H� Õ ¾�× g�^�if\�\(^ � e+g6�?^8h` ^+�»��hDa�Ô � aueu\(w�a(ÇLa_\(g�m¥^f�¥sl � sc��hDa�Ô � aueu\(w.�¥^8�za_m�¡2§�sua��h£^H�Va�\(g�l ^ eyui�m�l m4g(s � m2suiumRg(sua>�P^zh��� A v �~õ I Kº ÿ¼» Ö � ½ · � µ°a ò�« V �e¿�ÀÂÁ [ ô�� 5 Ö � °H� L�Ã v¸�º%¯
±Zm�m_s�^+�>e�l{e Õ Ö�× |°y%a�g�gvauh6iu\�\ � hDiu\(wc^ e�g_sua��ziz���l{e����fhDa��]l \(g-l ^ e�mQl m^ y+g�i%l�eua��¤y_w:l{e+g_h£^8� � \�l�e���i ¬ h£m�g�^zhD�zafh~\_^zh�hDa�\(g-l ^ e¥g�^�g(sua2yuium�l m � A v �y_w�\_^ ��� � g-l{e���g_sua:m�g�i�g-l \¨hDa_m(�^]e�mvacg�^¨g(sua�` ^%iu���afeuafhDi�g�a���y(wªg(sua

l{�>i��8l{euih{w��uih£gR^f��g_sua:m�g�l ÇJeua_m�m��>suafe¤a�³f\�l g�l{e��¨i¤�zl �uafe�e�^8h��>iz` ^zh
��mva � �%^ux-e�^8h��>iz`k�¥^8�za� A|Ä ÿ �°õ�� µ°a ò�« V K� ÿ [ ô�� 5 Ö � «�� ò6« V K� ÿ [ ô���ö Kº ÿ ù Ã v¸¼Fz¯
§Qsua¥yui�m�l m � A v A|Ä ÿ¼» Ö � ½ · � \_^]e+gvil{e�m°gV�Ql \�aJg_suaQe � ��y%auhz^f�de�^8h��>iz`�¥^8�za_m6l{eZg_suaZ\_^ e�m-l �zafhDa��:yui8eu��y � g~g_suaJiu\�\ � hDiu\(w¥l��c�fh£^f�uaf�>afe+gLizeu�l{eu\fhDa�i�mva��ª\_^ e ¬ �zafeu\_a:l{e>g_sua:h?a(m � ` g�m�g�wz�l \�iz` ` w´� � m�g�l �Dw�g_sua:hDaf` i+g�l �uau` w��l{e�^zh6l{eu\fhDa�i�mva�^f�Z\(^ ��� � gvi+g�l ^]eui8`\_^fm�g�¡

� ¾�Ý ÝkÄ4â~À�Á � À�¾£Âc¿�â� ç?½ Û ðOî8í é ð�¨4� ï í Þ � Á6À�Ü¦Ä¥Á �-íf���(�]í%î
§Qsua�´6±�µ°§�¶°·4µ o¦n xV±�´dx-¸ p m�g(h � \(g � hDa�Õ Ø�×���i�m�gva_mFgva���y(wC¸ q ` izy+x^zhDi�g�^8hPl a(m��Fh£^ � ¶ � h£^ �a�ize¼\_^]���ui8el a(m�|RhDa_mva�ihD\fs.\�afe+g�afh£m¤izeu� � el x�uafh£m�l g-l a_m2l{e�}]hDizeu\�a|~´JauhV�>ize+w+|kg(suaÆÅ6a(g_suafh�` izeu�%m�| o ��a��zafe¤izeu��g(sua·¢el gva��¹ÇJl{e��%�%^]�Ói�m¥i�µ~^ � eu�Cµ~^]yl{eca�³fafhD\�l m�a�g�^�a(�uiz` � i�g�a2g_sua¤hDa(x` l izyl{` l gVw�^u�¦�uihPl ^ � m>�¥^8�zi8`ugva(m�g�l{e�� ¡Z§�sua>�za(gvil{` mZ^u�¦g_sua ¬ eui8`�za_m�l � eihDa�m � �c�>ihPl f_a��#l{e Õ Ø�× ¡�§�suaC�>i���^zh¥�]l È¤\ � ` g�w�^f�¥g_sua�gva_mFgc��i�m�i� h£^ � ��^f�Rg(szhDa�ac�uafh{w�\f` ^mva¨�>^8�za(m�¡ n ^mFg�^f�¢g_sua¨�uih£g-l \�l{�uize+g�m�ya(xl{e���l{e+��^]` �ua���l{eª� h£^ � eu���l{yfh?i+g�l ^ e�gva_mFg�l{e���^u�Ril{hD\fhDi+�?g�| g_sua2gva(m�g_ya����i�m2�>if�za�sua�i��+w� r ²�Ò_�z¯�g�^ªg_h{w���l{el{��l f+l{e����>a�i�m � hDaf�>afe+gRa_Ô � l{�+x�>afe+gR` ^if�]l�e���a(�uafe��¥suafe � m�l{e��:a_Ô � l{�z�>afe+g6�za(m�l � eua_�:g�^2gva(m�gQ� � \fs` ih£�%auhdmFg_h � \(g � hDa_m_¡¢§Qsua�i+�ui%l�` i8yl�` l g�w2^u�R�>i8e+w�^]�%auez` wci��uil{` izyz` aQgva_mFghDa_m � ` g�m>^]e�g_sl m¥mFg_h � \(g � hDa¨�>^ug�l �ui+gva_�¼l g�m � m�a�l{ecg_sua��hDa_mvaue+g>mFg � �wa(�uafe�g_s�^ � � s�m_s�^zh{g�gvafh�� i8�z�z` l \�i+g�l ^]e�m�ihDa�h?a_i8` ` w�g(sua��hDa��]l \�g�l ^]e
^f�R�zi8���l{e���` a(�uau` m�l{e�^ y��Va�\(g�m¤�>if�za���l g_s�m�g�a�af` ²+�l mv\_^%²um�g�a�af`°mvizeu�x
�Ql \fsua_mQm � \uscium¥ÉkÊzË Ì(Ê%Í8Î{ÊfÏVÐ4�>if�zacy_w oOÑ ® ®u±�b�¡
§Qsua ¬ el gva4au` af�>afe+g��>^8�zau` � mva��cl{eQg(sl m¦mFg � �w2l m6m(s�^��¥e�l{e:}]l � � hDa q ¡§Qsua�� ` ^ yuiz`¢�¥^8�zaf` � mva_m qfq ` q ¹¢Ñ }um�| q ` q e�^8�za_m�| qq j�af` af�>afe+g�ml{eu\f` � �]l{e���¸+º\j�² ¹¢Ñ }um�|~¸¸ r e�^8�za_m�|°¸	j\²�au` af�>afe+g�m¢�P^zh¦g(sua>��l�e��k¡

à ê �n�]�Ví Úa :à ê�ì8ê �-í¨í é ízë¤ízì%��ë¤ðkî]í é ð�¨�� ï í��-íf���(� íî
§Qsua � eu�zi8���a��c�uih{gd^f�Og(sua¢m�g(h � \(g � hDa�l m��¥^8�zaf` a��>�Ql g(s3Ffx-e�^8�za+² q Ffx
¹¢Ñ }¼�z` i�g�a�af` af�>afe+g�m�¡R§Qsua��zi8���a��¼�uih{gQ^f�Zg_sua2�Ql{e���l m��¥^8�zaf` a��
� m�l{e���i�¸ q y(wÈF#� hPl �#^f�¤b�®]j~§�m(suaf` ` m�^zh�º ®)�¥^8�zaf` m¼�m�a�aCmva�\(xg�l ^ e q ¯_¡�§Qsua�af` i�m�g�l \¼�fhD^]�%auh£g-l a_m�gvizÒ(afe��?^zhQg_sua¨i8` � �:l�el � �H�uih£g�mihDaY~ õ¯É � ���\Ê �RË ] Ø |ÍÌ õ¯� Ã Î i8eu�ÆÏ õ � Ã É@�	� Ù ?�Ð Ë ] Ù ¡�µ°a�iz`�|gvau�c�afhDi+g � hDa>izeu�c�FhDa�Ô � afeu\(wªl�eu�zaf�%aueu�zi8e+g6�uiz` � a_m � mva��c�P^zh~g_suaQ�l m�x\_^8af` ium�g-l \�ihDaÑÌ õ�� Ã � ��i8eu�YÏ õ1� Ã ��?�Ð Ë ] Ù ¡



§Qsua��ziz�c�l�e���g_hDa�i+g_�>afe+g¼l m¼\(^ ���^fmva��ß^u��i � Ã É ]ÓÒ É ��]@]ÔÒ� Ã � �6]$]'�l mv\(^8af` i�m�g�l \�mvau` �?xFiu�ksua_m�l �ua ¬ ` � \_^]e�m�g_hDil{eua��#y_w¼i � ]@]g_sl \fÒ�iz` � ��l{el � � �z` i+gva¤i8eu�Cmva(g�^]e�g(sua¤��l�e��¼�>sl \usCl m�i�hDa�\(gvize+x� � ` ihT��]ÕÒ ���\� ]$]BÒ ��� ]@] i8` � �:l�el � �ä�z` i+gvaf¡Z§~�Z^ ���\� ]$]ÕÒ����� ]@]ÖÒ ��� ]$] h?a_\(gvize�� � ` ihd�kh � �¥m�ihDa:\�afe+gvauh?a_��^ eªa�iu\fs:��l�e��g�l��8¡¨§�sua��l mv\(^8af` i�m�g�l \�l m�g_sua�º n x�« od¹ ¸¸ q iu\fh{wz` l \.�f^ ` wz�>afh��>s�^fmva�ziz�c�l�e����fhD^]�%auh£g-l a_m�ihDa��fhD^u�l �za���y(w.º n Õ Ê × l{e¤g_sua¤m�g�i8eu�zihD��hDa(x� � \�a���g�af���%auh?i+g � hDa��?^zhV�>i+g�¡ÓbL^ e�m-l �zafhPl{e���g(sua�hDaf` i+g�l ^]e�ya(g���a�afe��hDa�Ô � aueu\(wCizeu�¼gvaf���afhDi�g � h?af|6g_sua�m�g�^zhDi��%aC�>^8� � ` � m�i8eu�Cg_sua.` ^fm�m��iu\(g�^8hdihDa¥g(s � m4�zl �uafe�i�mQi�� � eu\(g-l ^ e2^f�Í�ª× g |z�>suauh?a(× g |zg_sua�gvaf��x�afhDi�g � h?aRm(sl �?g6�Pif\�g�^zhV|]l mZize¥i8y�m�^]` � gva4� � eu\(g�l ^ e�^f�~g�af���%auh?i+g � hDa Õ Ö ø × ¡~ V ��� A [ õUØ V ��× g V A [�[ v¸ r ¯
�¥suafhDa�®f^f� V × g [ õ c b Ö V A c A ø [ Ë V A c A|Ù [ ¡
§Qsua�g��Z^ ¬ h£m�g�m � yz�z` ^fg�m¨^f� ¬ � � hDa�º#�zl �ua¼g_sua��>ium�g�afh�\ � h{�ua_m�i+g� �\Ú�
 ^u�¼g_sua)º n x(« oL¹ ¸f¸ q mFg_h£^zh?i��%aä�¥^8� � ` � m�i8eu��` ^m�m��Pif\(g�^zhF¡§Qsua.�h£^ �afh{g�l a(m��P^zhQi�m_�%a_\�l ¬ \¤gvaf���afhDi�g � hDa A ihDa��za�� � \_a��.��h£^ �g_sl m�\ � h{�ua�y_w�izeß^uÇ~xFm�a(g�^]eßg_sua»` ^f�fx���hDa�Ô � afeu\�w�i+³%l m�^f���ui8` � a®u^� V × g V A [ Ë × g V � � [�[ |k�¥s�^m�aª\ � h{�ua¤l m��8l �uaue¨l{ecg_sua2g(sl{hD��m � yz�z` ^fg^f� ¬ � � hDacº]¡
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§Qsua)´¦±�µ°§�¶L·¢µ�g�a_m�g_ya��»��ium��za_m-l � eua��»g�^Ósui+�uaßhDaf` a(�uize+gCgva_mFg
�¥^8�za_m�l{e�g_sua r g�^ r ²-ÝTf�h?ize��%af¡ä}]l � � hDa.º�l{eu�]l \�i�g�a_m�g_sui+gcg(suah£^z^ ��x�gvaf���afhDi�g � hDac` ^fm�m4��iu\(g�^8h°^u�¦g(suaª« od¹ ¸¸ q l m¢izy^u�uaE² ¡ p l�e2g_sl mhDi8e��a¥�¥sl \fsª�>^ug�l �ui+gva_�ªg_sua�mvaf` a_\(g�l ^]e�^u�¦g_sl m¥�uih{g�l \ � ` ihk�l mv\_^8af` i�m�xg�l \¡
«�e�g_sua¨hDa_m�g>^f�4g(sua��uiz�%auhF|Lize¨a_m�g-l{�>i�g-l ^ eª^f�¢g_suaª�zi8���l{e��¼hDi+g�l ^@Þ
` l{ezÒ(a��2g�^ci8e2i8�z�fh£^+³%l��2i+g�l ^ e>^f�°g_suaQm�g(h � \�g � hDi8`8` ^fm�m¢�Pif\�g�^zh8ß¤�Ql{` `zya
� mva��O|¦\_^ e�m-l �zafhPl{e��¨g_sua�hDaf` i+g�l ^ e�m_sl{�Yß ¶ ��Þ ¡¨§�sua¤mFg_h � \(g � hDiz`¦` ^fm�m��iu\(g�^8h�l m��hDa��]l \�gva�� � m�l�e��.g_sua�m�g(hDi%l{e�afeuauhD�uw��>a(g(s�^8��iu�ziz�+gva��.g�^\_^]�c�f^m-l gvacm�g_h � \(g � h?a(m�¡�§�sua¨�hPl{eu\�l��z` a�^f��g_sl m��>a(g_s�^8�¼l m>g(sui�gQg(suam�g(h � \�g � hDi8` ` ^m�mR��iu\(g�^zh¦\�i8e�ya�a_mFg�l{�>i+gva���y(w:g_suaªhDi+g�l ^c^f�Jg(sua2�]l m�m�l x�ui+g�l ^]e�afeuafh£�uw�g�^�g(suaªm�g(hDi%l{e�afeuafh£�fw¼l{eªg_sua � eu�zi8���a���m�g(h � \(g � hDa¡}u^8h¦\_^]�c�f^m-l gva�m�g(h � \(g � hDa_m�|8g_sua>m�g_h � \(g � h?iz`O` ^fm�mR��iu\(g�^8h6\�ize:g_s � m2ya\_^]e�m�l �zafhDa���ium¥g_sua�m � �Æ^f��g_sua��>i�g�afhPl i8`°` ^fm�m2�Pif\(g�^zhDm¥��a�l �]s+gva���y_w

g_sua�h?i+g�l ^�^f�:g(sua¼af` i�m�g�l \.m�g_hDil{e�afeuafh£�uw�l{eCg(suaCa�iu\fs#�uih{g�^f��g(sua
m�g(h � \�g � hDa>g�^ªg_sua>g�^fgviz`zm�g(hDi%l{ecaueuafh£�fw�l{e:g_sua � eu�zi8���a��¤m�g(h � \�g � hDaß ¶áà xàeâ õáã u Z } ß u Z } à u Z }âã u Z } à u Z }â v¸�`%¯
�¥suafhDaäß u Z } l m�g_sua�` ^fm�m¨��iu\(g�^zh2�?^zh:a�iu\fs��2i+gvauh�l i8`�|Ri8eu� à x g(sua�]l m�m-l{�ui�g-l ^ eCafeuafh£�fw�^f�:g(sua¼afe+g-l{hDa.m�g_h � \(g � hDa¡ à´â hDaf�fh?a(mvafe+g�m�g(suaaf` i�m�g-l \¤m�g�i%l{e�afeuafh£�fw�^f�Rg(sua�afe+g�l�h?acm�g_h � \(g � hDa�i8eu��l m�a�Ô � i8`kg�^�g(suam � �)^f�di8` ` à u Z }â |g(suaQaf` i�m�g�l \Rm�g_hDil{e�aueuafh£�fw�^u�La�iu\fsª�uih{gZm�g(h � \(g � hDa¡
«�e��fh?iu\(g-l \�a|Jg_sua¼�¥^8�ziz`6�ziz���l{e���hDi�g-l ^ÈÞ�l mª\_^]�c� � g�a��C��l g(s�g(sua��mva � �%^ux-e�^8h��>iz`k�¥^8�za_m � m�l{e��Þ V K� ÿ [ õ �� ö Kº ÿ ù g � ß ¬ « ¬ ú «�� V ~ V K� ÿ [�[ « � ��ö Kº ÿ ùö�Kº ÿ ù g � µ°a V « V K� ÿ [�[ ��öMKº ÿ ù v¸�d%¯

§°a_m�g }O¶ n���ÝTf�¯ Þ.Gå�¯ ���ÝTf+¯ Þ.Gå¤¯ n ±Zbß ¬ õ�� ß ¬ õ�� Ã ��å` ¡ º\j ¸¡ º\² ` ¡ r ` ² ¡ j p ² ¡ pfp ¸	²�²
¸�` ¡�¸	² ¸¡ º\² ¸¼Fk¡ d\` ¸%¡ d\² ¸%¡ j�² p ººfº ¡�¸ q ²]¡ jº º�` ¡�¸	² ¸%¡�¸+º ¸%¡ q º d pºfº ¡ r º ¸¡ ²\² º�` ¡ q º ¸%¡�¸+º ¸%¡ q º j\`
º r ¡ ` r ¸¡�¸	² º p ¡ d q ² ¡ d r ² ¡ j r p `F\j ¡ º\j q ¡ º\² r ¸%¡ º p q ¡�¸	` q ¡ qfr ppF p ¡ F%º ²]¡ F�` r º ¡ ²\d ² ¡ q º ² ¡ ºfº p d
rfr ¡ ²\j ²]¡ q ² r d ¡ ²\` ² ¡ ²º ² ¡�¸�º ¸	²�²
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§°i8yz` a�¸��8l �ua_m�g_sua n ±�b)\_^]���uih�l m�^ e�ya(g���a�afe�a�³8�afhPl{�>afe+gviz`°izeu�\_^]�c� � g�a��»��mva � �%^fx-e�^zh��>i8`��¥^8�za_m.^u�ªg(sua�mFg_h � \(g � hDa¡�§�sua#�f^z^8h\_^zh�hDaf` i+g�l ^]e��?^zh2�¥^8�za_mcºCi8eu�¹F�l m�` l{ezÒ(a���g�^.g_sua��]l m�m�wz���2a�g_h{w.^u�
g_suaciu\(g � iz`]m�g_h � \(g � h?a:�¥sl \fs�` a�iu�%m¥g�^¨g�^zhDm-l ^ e¼�¥^8�za_m¥g_sui+g¥ihDa¨e�^ugg_h � ` w¨mFwz�c�>a(g(hPl \¡�§�sl m�iz` m�^.i�ÇLa_\(g�m��¥^8�zaF.�¥sl \fs.l m��uafh{w.\f` ^fmval{e:�Fh?a_Ô � afeu\(w+¡¥}f^zhLg_sua¤�fh?a(mvafe+g��uiz�%auhF|8�¥sl \fs:�P^8\ � mva_m¥^ eª�zi8���l{e���hDa��]l \(g�l ^]e�m�|ze�^2� � h{g(suafh a(Ç°^zh£g¦��iumZ�%^]eua¢g�^:�za�gvafh���l{eua�g(sua4^zhPl �8l{e�^u�g_sua2e�^ug�l \_a�i8yz` aRafh�h£^8hO^ e¥g_suaRmva�\(^ eu���>^8�zaQ^zhOg�^ � �%�zi+gva¢g(sua2�¥^8�zaf`g�^¤^ y+gvil{e�ya(gFgvafhd\_^zh�hDaf` i+g�l ^]e�^f�Jg_sua¥��hDa�Ô � afeu\�l a_m�¡
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§Qsua�� � hV�f^m�a¼^f�:g_sl m¤mva�\�g�l ^]e#l m�g�^�m(s�^���g_sua�hDa_m_�a�\(g-l �ua�hDi8e��a_m^f�:i8�z�z` l \�i8yl�` l g�w.^u��g_suaCb�® jO§�izeu�#º ®1�¥^8�zaf` m�¡�§°^��%^�m�^k|Q^]eua
�Ql{` `z\(^ e�m�l �zauhd^]ez` w�g_sua���l{e��¤^f�6g(sua�´¦±¥µ°§�¶°·4µ�m�g(h � \�g � hDa�izeu� � mvag_sua��Pif\(gcg_sui+g�\ � g�m�l�e¼\_^]e�m�g_hDil{el{e���` i_w�afh£m¤ihDa�a�³8�a�\(gva_��g�^#sui+�uam�l �]el ¬ \�ize+g�l{���uiu\(gR^]e:g_sua��ziz���l{e��¨` a(�uaf` mQ^u�6�uihPl ^ � m��¥^8�za_m Õ ÖvÖ�× ¡
§~^c�¥^ug�l �ui+gva6g_sua � mvaJg_sua�º ®��¥^8�zaf`�|�^]eua ¬ h£m�g��hDa��]l \(g�m~g_suaZ�zi8���l{e��hDi�g-l ^m¥^f�Zg(sua:g��Z^ ¬ h£m�g��>^8�za(m>^u�¥hDa�iz`]g_sua���l�e��k¡3ì�l{e��¤^ ez` wªgva_m�g�m��afhDa.�afh{�P^zh��2a_��ya(�P^zhDa�i�m�mvaf��yz` w�^f�Qg(sua ¬ eui8`km�g_h � \(g � hDa�i8eu��g(sua



�kh � �¥m���afhDa>g(suafe �	� \u�Ó` ^ e��afhV¡Z§°i8yz` a q m_s�^+�4m�g_sua¥a�³8�%auh�l��2aue+gviz`izeu��e � �>afhPl \_i8`��zi8���l{e��ch?i+g�l ^m�¡J§Qsua�hDa_m � ` g�mJ^ y+gvil{eua��¥��l g(s�g_suaQº ®�¥^8�zaf`kih?a�m_` l � s+g_` w�` ^+��afhJg(sui8ecg_s�^fmvaª^]y+gvil{eua����P^zhJg_sua:�Ql{e�����l g(s
g_sua:�ziz���l{e��ªg(hDa�i�g(�>afe+g�¡4§�sua�\_^]�c� � g�i�g-l ^ e�m¢��afhDa¨�afh{�P^zh��>a���i�m�xm � ��l{e���e�^C�zi8���l{e��¼l{e�g(sua�i8` � �:l�el � � �uih{g�m�¡§í � g>gva_m�g�mc\�ih�h�l a��^ � g¢^ e2g_sua¥�Ql{e��¨y%a��P^zhDa�if�z�]l g�l ^]e2^u�¦g_sua>�zi8���l{e��:g(h?a_i�g(�2aue+gQl�eu�]l x\�i+gvaQm�^]�2a:` a(�uau` mZ^f�d�]l m�m�l��ui�g-l ^ e8¡d§°i8Ò�l{e��cl{e+g�^:if\_\_^ � e+g�i2m(�2iz` `z` ^fm�m��iu\(g�^8hZ�?^8h�g_suaªi8` � �:l�el � �ä�Z^ � ` ��g_s � mc` a�iu��g�^�ya(g�g�afhQ�hDa��]l \�g�l ^]e�m^f�dg_sua>º ®¨�>^8�zau`�¡ Ñ e2g_sua>^ug_suafhZsuizeu�O|%g_sua�b�® jO§1af` af�>afe+gZg�^fg�i8` ` w
� eu�zafh��hDa��]l \(g�m�y^ug_s�^u�6g_sua>�zi8���l{e��¨hDi�g-l ^m�¡Q¶z�uafe�hDa�iu�¼� � m�g-l{e��cg(sua` ^fm�mR��iu\(g�^zhd^f�Ziz` � ��l{el � �1�Z^ � ` ��e�^fg2` a�if�cg�^�ic\_^zh�h?a_\(g��hDa��]l \(g�l ^]e8¡

�¥^8�za gva_m�g�m gva_m�g�m º ® b�®]j~§
ya(�?^8hDa i��Dgvafh

g(h?a_i�g(�2aue+g g(h?a_i�g(�2aue+g
yafeu�]l{e�� ² ¡ º ¸%¡�¸ ²]¡ p ¸�a(x rg�^zh£m�l ^]e ² ¡�¸ ² ¡ p ²]¡ j ¸�a(xG`
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§Qsua#hDa_m � ` g�m�^u�:g_suaCº ®1�>^8�zau`Z^ e�g_sua.�Ql{e����Ql g_s�g_suaC\(^ ���z` a(g�a�ziz�c�l�e��cg(h?a_i�g(�2aue+g>�ï�ð�ñ�òYó4¯Rafeu\_^ � hDi��%a � m4g�^ � mva�l g¢g�^�a�³fiz�:l�euag_sua¥a(ÇLa�\�g�m�^f�¦\ � g�mRl{e2g(sua��zi8���l{e���g(h?a_i�g(�2aue+g�¡J§O�Z^ª\�ium�a_m4^u�6\ � g�m�mva�a¼}8l � � hDa+F%¯:ih?a¤\_^ e�m�l �zafhDa���suafhDa¡¼«�e�g_sua ¬ h£m�g�\�i�mva.�ï�ð\ñ�òÈôJ¯_|^ eua4\ � g6^u� � Ã � ���ßl mJ�%^ eua4i8` ^]e��>g(sua¢��l �g_sQ^u�Og_suaR�ziz���l{e���g_hDa�i+g�x�>afe+g4l{e�g_sua���l �z�k` a¢^f�°g_sua�` afe��ug_s��¥sl{` a4g_suaRm�a�\_^ eu�ª\�i�mva��ï�ð�ñ�ò�õJ¯
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