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GH<1 D:LH>B�>EY�E1L1/<BO�?E?F?GL1<G:�HKGH<1 &X3E%L6H�H�<�>m^yd
Q_jg�\_pvd_�\�^^�e_ggy�1gklblmlm�ijh[e_f�fZl_j�ZehagZ\kl\Z�f��1�F��NjZgp_\bqZ�G:G MdjZ�gb��\me��1�<�ev^_�����Q_jg�\p��������H�PDLO��FKLPVS#XQLFRP�FY�XD

Ij_^klZ\e_gh j_amevlZlb� ^hke�^`_ggy &X3E%L6H� yd� Zdlb\gh�� dZlh^gh�j_qh\bgb _e_f_gl�\� gZ� ���� < a� e�l�}\bf� Zgh^hf�� >ey� ^`_j_e� `b\e_ggylbihjhaf�jm Ä����´� a \bdhjbklZggyf ��F /L%)� \ J�[mlbjheZdlhg�� yd� _e_dl�jhe�lm \bagZq_gh�iZjZf_ljb�ijb�g_i_j_j\ghfm jhajy^��kljmfZfb�j�agh��]mklb�gb��HljbfZg��\bkhd��agZq_ggy�iblhfh��h[¶}fgh��_g_j]�� �ihgZ^ ����<l�]h^�^f��k\�^qZlv�ijh�j_Zevg��ijZdlbqg��i_jki_dlb\b�\b\q_gh��_e_dljho�f�qgh��kbkl_fb�:gZe�am}lvky�f_oZg�af�kljmfhl\hjqh��j_Zdp���
KmqZkgbc� _lZi� jha\bldm� l_ogheh]��i_j\bggbo�]Zev\Zg�qgbo�_e_f_gl�\�oZjZd�l_jbam}lvky� �gl_gkb\gbf� ihrmdhf� gh\bo_e_dljh^gbo� fZl_j�Ze�\� ±� ^_r_\bo�� ^hk�lmigbo� \ ^hklZlg�c� d�evdhkl��� _dheh]�qgh[_ai_qgbo� lZ� lZdbo�� yd�� [ aZ[_ai_qm\ZebfZdkbfZevg�� iblhf�� _g_j]_lbqgm� }fg�klvlZ� ihlm`g�klv�� I�^\bs_ghx� m\Z]hx� ^h�ke�^gbd�\� lZ� dhjbklm\Zq�\� Z\lhghfgh�jZ^�hZiZjZlmjb� dhjbklmxlvky� ^`_j_eZkljmfm�a e�l�}\bf�Zgh^hf��Yd�Zdlb\g��fZ�l_j�Zeb� ihablb\gbo� _e_dljh^�\� e�l�}\bo[ZlZj_c� aZijhihgh\Zgh� \_ebdm� d�evd�klvkihemd >�±�@�� yd��� h^gZd�� g_� ^ha\heyxlvagZqghx f�jhx� j_Ze�am\Zlb� \_ebq_agbcihl_gp�Ze� e�l�}\h]h� _e_dljh^Z��P_� klbfm�ex}� jh[hlm�ih� kbgl_am� gh\bo�fZl_j�Ze�\�yd��fh]eb� [ gZ]jhfZ^`m\Zlb� [�evr_� e�l��}\bo�Zlhf�\�gZ�h^bgbpx�h[¶}fm�GZ� ^Zgbc� qZk� k_j_^� i_j\bggbo� e�l��}\bo� ^`_j_e� kljmfm� ^hf�gmxlv� ljb\hev�lh\���Z deZk�a ghf�gZevghx�gZijm]hx�����<^hkblv� h[f_`_gbc�� H^gZd� kZf_� hklZgg�[ZlZj_�� fZxlv� hq_\b^gm� i_j_\Z]m� lZ� fh�`mlv� [_aihk_j_^gvh� aZf�gblb� ljZ^bp�cg�_e_dljho�f�qg�� kbkl_fb� �jlmlgh�pbgdh\��kj�[gh�pbgdh\�� lhsh��� AZ� kmdmig�klx� iZ�jZf_lj�\� gZcdjZsbfb� i�\lhjZ\hevlh\bfb_e_f_glZfb� \\Z`Zxlvky /L�&X2� lZ/L�)H6��� Hkgh\gbfb� �o� g_^he�dZfb� }gbavd��jhajy^g��kljmfb�lZ�\�^ghkgh�\bkh�

dZ�\Zjl�klv�Zdlb\gbo�dZlh^gbo�fZl_j�Ze�\�M ^Zg�c�jh[hl��yd�dZlh^gZ�j_qh\bgZ�\i_j�r_�^hke�^`m}lvky�kihemdZ�&X3E%L6H���ydmh^_j`m\Zeb�reyohf� ijyfh]h� kieZ\e_ggykl_o�hf_ljbqgh�� d�evdhkl�� dhfihg_gl�Kbgl_a�ijh\h^b\ky�m \Zdmmfh\Zg�c�^h�aZ�ebrdh\h]h�lbkdm�a���� ff jl��kl��lZ�aZiZ�yg�c� d\Zjph\�c� Zfime�� ijb� l_fi_jZlmj�a����hK ijhly]hf �y��]h^�?dki_jbf_glb� \bdhgm\Zebky� ^ey� ^bk�dh\bo� _e_f_gl�\� klZg^Zjlgh]h� lbih�jhaf�jm�Ä����´��^�Zf_lj����ff��\bkhlZ����ff���DZlh^b� ^ey� gbo� \b]hlh\eyeb� aZ� ih�jhrdh\hx� l_ogheh]�}x�� I�key� f_oZg�q�gh]h� ih^j�[g_ggy� fZl_j�Ze� h[jh[ey\ky� \dmevdh\hfm� febg�� ÄKZg^´� a f_lhx� hljb�fZggy� ^j�[gh^bki_jkgh]h� �^�Zf_ljhf� ^h���fdf�� ihjhrdm��>bkdhih^�[g�� _e_dljh�^b� ^�Zf_ljhf ����� lZ� \bkhlhx� a����� ffnhjfm\Zebky�ijb�d�fgZlg�c�l_fi_jZlmj��mki_p�Zevg�c� ij_knhjf�� i�^� lbkdhf� [ebav�dh� ��� d]�kf���Ijb� pvhfm� f_oZg�qgZ�f�p�g�klv� lZ[e_lhd� aZ[_ai_qm\ZeZky� \bdhjbk�lZggyf� \¶y`mqh�� j_qh\bgb��>ey� _n_dlb\�gh]h�\bdhjbklZggy�&X3E%L6H���ijhl�dZggykljmfhl\hjqh��j_Zdp���m \kvhfm�h[¶}f��^hdZlh^gh��kmf�r��^h^Z\Z\ky�lZdh`�\biZjh�\m\Zq��I�key�l_jfhh[jh[db�m \Zdmmf��ijbl_fi_jZlmj�� ���hK ijhly]hf� ^\ho� ]h^bgnhjfm\ZeZky� ihjbklZ� kljmdlmjZ� _e_dljh�^Z�a \�^ghkgbf�h[¶}fhf�ihj�[ebavdh ����
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Yd� _e_dljhe�lgm� kbkl_fm� \bdhjbklh\m\Z�eb�h^ghfheyjgbc�jhaqbg l_ljZnlhj[hjZ�lm�e�l�x�/L%)� \ J�[mlbjheZdlhg���Z yd�k_�iZjZlhj�±�g_ldZgbc�ihe�ijhi�e_g��Lh\sb�gZ�e�l�}\h]h�^bkdZ�Zgh^Z�\b[bjZeZky�a lh�]h�jhajZomgdm��sh[�aZ[_ai_qblb�jhajy^gm}fg�klv�g_�gb`q_�����f:�]h^��LZd�yd�e�l�caZ\`^b� [m\� m gZ^ebrdm�� hljbfZg�� dh�_n�p�}glb� \bdhjbklZggy� dZlh^�\� h[f_`m�\Zebky�iZjZf_ljZfb�&X3E%L6H��?dkiemZlZp�cg�� oZjZdl_jbklbdb� \b�agZqZeb�ijb�g_i_j_j\ghfm�jhajy^��ihkl�c�gbf� kljmfhf� j�agh�� ]mklbgb�� KihqZldme�l�}\�� _e_f_glb� jhajy^`Zeb� ^h� ���� <kljmfhf� �� f:�� i�key� qh]h� gZ\ZglZ`_ggyihgb`m\Zehky� ^h� ���� f:�� ?dki_jbf_glbaZ\_jrm\Zeb�ijb�jh[hqhfm�kljmf������fd:lZ�l�c�`_�gZijma��\�^k�qdb�Lbih\m� jhajy^gm� djb\m� kbkl_fb/L�&X3E%L6H� ijb�ljbklmi_g_\hfm�j_`bf�jhajy^m� � d�fgZlg�c�l_fi_jZlmj��gZ\_^_ghgZ�jbk�����Z j_amevlZlb�^ey�^_d�evdho�_e_�f_gl�\�maZ]Zevg_gh�\ lZ[ebp�����HljbfZgZ}fg�klv� ^`_j_eZ� kljmfm� ^ey� h^ghf�e��Zfi_jgh��^�eygdb�klZgh\blv�a����f:�]h^�Z kmfZjgZ� ±� a���� f:�]h^�� Lh[lh� ijbghf�gZevg�c� gZijma�� ���� < _dki_jbf_g�lZevgh� hljbfZg_� agZq_ggy� _g_j]��� klZgh�\blv� a���� f<l�]h^�� sh� a mjZom\Zggyfh[¶}fm�_e_f_glZ�\�^ih\�^Z}�iblhf�c�h[¶}f�g�c�_g_j]���a����<l�]h^�^f���Hkd�evdb \Z]ZZdlb\gh]h� dZlh^gh]h� fZl_j�Zem� klZgh\beZ����]��lh�^ey�_dki_jbf_glZevgh��iblhfh��\Z�]h\h��_g_j]���fZ}fh�agZq_ggy�a����<l�]h^�d]�

Jbk�� ��� Jhajy^gZ� oZjZdl_jbklbdZ� _e_f_glZ/L�&X3E%L6H��
<�^hfh��sh�iblhf��_dkiemZlZp�cg��iZ�jZf_ljb� ^`_j_e� kljmfm� aZe_`Zlv� \�^� �olbihjhaf�jm�� dhgkljmdp���� l_ogheh]��� \b�]hlh\e_ggy�� j_`bfm� jhajy^m� lhsh�� yd�� \k\hx� q_j]m� \bagZqZxlvky� h[eZklx� dhg�dj_lgh]h� ijZdlbqgh]h� aZklhkm\Zggy�� OZ�jZdl_jbklbdb�Ä����´�_e_f_gl�\�a e�l�}\bfZgh^hf��sh�k_j�cgh�\bimkdZxlvky�ijh\�^�gbfb� n�jfZfb� k\�lm�� ijb� \dZaZghfm� j_�`bf��jhajy^m�g_\�^hf���>ey� lZdh]h�` lb�ihjhaf�jm� ^`_j_e� kljmfm� _e_dljho�f�q�gh�� kbkl_fb� /L�&)[ n�jfb� Ä3DQDVRQLF´� aghf�gZevghx� gZijm]hx� ���� <�� ahdj_fZ�gZ\�lv�ijb�^m`_�gbavdhfm�kljmf��jhajy�^m ��� fd:�� jhajy^gZ� }fg�klv� klZgh\blv��� f:�]h^�� \�^ih\�^Z}�_g_j]�������f<l�]h^�P_�hagZqZ}��sh�&X3E%L6H� yd�Zdlb\gZ�j_�qh\bgZ� e�l�}\bo� ^`_j_e�`b\e_ggy� g_� ih�klmiZ}lvky�j_deZfh\Zgbf�ZgZeh]Zf�

LZ[ebpy����Jhajy^g��iZjZf_ljb�_e_f_gl�\�/L�&X3E%L6H�
Kj�f:�]h^� <Z]ZZdlb\gh]hfZl_j�Zem��] ��f:����< ����f:���< ����f:����< 6Kj��f:�]h^

� ��� ����� ����� ����� ���� ��� ����� �� �� ������ ��� ��� �� �� ���� ��� ��� ���� ���� �����
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Jbk�� ��� Af�gZ� lh\sbgb� a ]eb[bghx� jhajy^m� ^ey/L�&X%L6H�� ���� lZ� /L�&X3E%L6H�� ���� _e_f_gl�\lbihjhaf�jm�Ä����´�
<�^hfh�� sh� \k�� ^`_j_eZ� kljmfm� ae�l�}\bf� Zgh^hf� ^_sh� gZ[moZxlv� m ijh�p_k�� a[_j�]Zggy� i�key� �o� \b]hlh\e_ggy�ijbqhfm� fZdkbfZevgZ� af�gZ� lh\sbgbkihkl_j�]Z}lvky� \ ihqZldh\bc� i_j�h^��LZ�dbc� ijhp_k� \bagZqZ}lvky� \aZ}fh^�}x� f_�lZe�qgh]h� e�l�x� a dhfihg_glZfb� _e_d�ljhe�lm� lZ� dZlh^gh��fZkb��ch]h�g_�fh`gZmgbdgmlb��fh`gZ�l�evdb�f�g�f�am\Zlb��>eyhp�gdb� ` i_jki_dlb\� ijZdlbqgh]h� \bdh�jbklZggy�[�evr�\Z`eb\bf�fhf_glhf�} ih�lh\s_ggy�_e_f_gl�\�[_aihk_j_^gvh�\ ijh�p_k�� �o�jhajy^m��JZg�r_�\b\q_g�� lZdh]h�`lbihjhaf�jm� i�\lhjZ\hevlh\�� ^`_j_eZkljmfm� a Zdlb\gbfb� dZlh^gbfb� fZl_j��ZeZfb� gZ� hkgh\�� rZjm\Zlbo� k_e_g�^�\\�kfmlm� %L�6H��� %L�6H� � �� fZk��� &X�f�^gh\�kfmlh\h]h�k_e_g�^m�&X%L6H��lZ��Fjhaqbghf� /L%)� yd� _e_dljhe�l� >�y�@ oZ�jZdl_jbam\Zebky� agZqghx� lh\sbghx� \d�gp�� jhajy^m� ����y���� ff��� >ey� ^hke��^`_gh� gZfb�_e_dljho�f�qgh��kbkl_fb�gZ�

[moZggy� g_� \by\e_gh� � d�gp_\Z� lh\sbgZ^`_j_eZ� ijZdlbqgh� g_� i_j_\bsm}� ����ff�jbk������sh�} ihablb\gbf�nZdlhjhf�J_gl]_ghnZah\bc� ZgZe�a� dZlh^�\� ih\�g�klx� jhajy^`_gbo� kbkl_f� /L�%L�6H��/L�,Q6H�� /L�*D6H >�@ ^ha\heb\� �^_glb�n�dm\Zlb� f_lZe�qg�� kdeZ^h\�� lZ� oZevdh�]_g�^� e�l�x� /L�6H�� IblZggy� ijh� kljmfh�l\hjqm� j_Zdp�x� ^ey� ^hke�^`m\Zgbo� gZfb^`_j_e�kljmfm�gZ�^Zgbc�qZk�} \�^djblbf�lZ\bfZ]Z}�� ahdj_fZ�� ZgZe�am� d�gp_\bo� ijh�^mdl�\�� >himkdZxqb� ZgZeh]�qgm� o�f�qgm^bkijhihjp�cgm� j_Zdp�x� ijb� jhajy^��� h[�qbkebfh�l_hj_lbqgm�iblhfm�\Z]h\m�_g_j]�xaZ� ki�\\�^ghr_ggyf :� (��4�����P �(� ±j�\gh\Z`gbc� ihl_gp�Ze� m \hevlZo�� 4 ±fZdkbfZevgZ�\_ebqbgZ�aZjy^m��ydm�fh`gZhljbfZlb� \�^� _e_f_glZ� ijb� ijhl�dZgg�� \gvhfm�j_Zdp����\ dmehgZo��lZ�P ±�fZkZ�j_Z�]_gl�\� m d�eh]jZfZo���Ijb�(� ����< hljb�fm}fh�:� ����<l�]h^�d]��H[qbke_g_�agZ�q_ggy� �klhlgh�gb`q_�\�^�j_Zevgh�hljbfZ�gh]h�� P_� k\�^qblv�� sh� f_oZg�af� kljmfh�l\hjqh�� j_Zdp��� g_� } lZdbf� ijhklbf� lZ�cfh\�jgh�� g_h[o�^gh� lZdh`� ^h^Zldh\h\jZoh\m\Zlb� \aZ}fh^�x� e�l�x� a f_lZ�e�qgbfb�dhfihg_glZfb�dZlh^m�LZdbf� qbghf�� ij_^klZ\e_g�� j_amevlZ�lb� \b\q_ggy� \eZklb\hkl_c� &X3E%L6H� ih�dZamxlv��sh�py�kihemdZ�} i_jki_dlb\ghxyd� Zdlb\gbc� dZlh^gbc� fZl_j�Ze� e�l�}\bo^`_j_e� `b\e_ggy� gZ� ���� <�� Ih^Zevr_i�^\bs_ggy��o�iblhfbo�}fg�kgbo�lZ�_g_j�]_lbqgbo� iZjZf_lj�\� ih\¶yaZg_� a hi�lbf�aZp�}x� kbgl_am� &X3E%L6H��� _e_d�ljhe�lgh]h� jhaqbgm�� l_ogheh]�c� dhfiZd�lm\Zggy� _e_dljh^�\� lZ� \b]hlh\e_ggy� _e_�f_gl�\�
E�l_jZlmjZ

�� B� :� D_^jbgkdbc�� <� ?� >fblj_gdh�B� B� =jm^ygh\� Eblb_\u_� bklhqgbdblhdZ��Wg_j]hZlhfba^Zl��Fhkd\Z���������� :�Kdmg^bg�� ?�Gb`gbdh\kdbc� We_d�ljhggu_�dhfihg_glu��� ����� ��������� L�Djhfilhg��I_j\bqgu_�bklhqgbdb� lh�dZ��Fbj��Fhkd\Z��������

�� <�G�<ZjuiZ_\�� F�:�>Zkhyg�� <�:�Gb�dhevkdbc��Obfbq_kdb_�bklhqgbdb� lhdZ�<ukrZy�rdheZ��Fhkd\Z��������� A� >� Dh\Zexd�� 1� < F�glygkvdbc�I� 1� KZ\bpvdbc lZ� �g��� =Zev\Zg�qgbc_e_f_gl�� IZl_gl� MdjZ�gb� ������� &��������
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�� :�<�AZkehgd�g�� A�>�Dh\Zexd�� 1�<�F�g�lygkvdbc� lZ� �g��� E�l�}\bc� _e_f_gl�IZl_gl�MdjZ�gb��������: ��������� :�<�AZkehgd�g�� A�>�Dh\Zexd�� 1�<�F�g�lygkvdbc� lZ� �g��� GZmd�� \�kgbd� Q_j�g�\_pvdh]h�mg�\_jkbl_lm��N�abdZ��?e_d�ljhg�dZ����������������

�� :�<�AZkehgd�g�� A�>�Dh\Zexd�� 1�<�F�g�lygkvdbc� lZ� �g��� <�kgbd� Ev\�\kvdh]hmg�\_jkbl_lm�� K_j�y� o�f�qgZ�� ���� ������������ K�<�=Z\jbexd��:\lhj_n_jZl��^bk��dZg^�n�a��fZl��gZmd��QGM��Q_jg�\p���������
1(:�&X3E%L6H��%$6('�&$7+2'(6)25�/,7+,80�(/(0(176

2�9�'XG\DN
&KHUQLYWVL�'HSDUWPHQW�RI�,QVWLWXWH�IRU�3UREOHPV�RI�0DWHULDOV�6FLHQFH�8NU��1DW��$FDG��6FL���,U\QD�9LOGH�6W�����&KHUQLYWVL�������H�PDLO��FKLPVS#XQLFRP�FY�XD

&X3E%L6H��LV�VWXGLHG�DV�D�FDWKRGH�PDWHULDO�IRU�����9�SULPDU\�HOHPHQWV�ZLWK�OLWKLXPDQRGH� KDV� EHHQ� H[DPLQHG�� &RQVWDQW� GLVFKDUJH� SDUDPHWHUV� IRU� �����W\SH� EDWWHULHVZLWK���0�/L%)� LQ�J�EXW\URODFWRQH�DV�HOHFWURO\WH�DUH�GHWHUPLQHG�DW�GLIIHUHQW�FXUUHQWGHQVLWLHV��7KH�REWDLQHG�KLJK�VSHFLILF�YROXPH�HQHUJLHV��RYHU�����:�K�GP���JLYH�WKHHYLGHQFH�IRU�SURPLVLQJ�DSSOLFDWLRQV�RI� WKH�HOHFWURFKHPLFDO� V\VWHP�XQGHU� LQYHVWLJD�WLRQ��7KH�PHFKDQLVP�RI�WKH�FXUUHQW�IRUPLQJ�UHDFWLRQ�LV�DQDO\]HG�
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