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Bkke_^h\Zgb_� y\e_gby� ]_l_jhabkZ�� dZd� \Z`gh]h� nZdlhjZ� ]_g_lbq_kdh]h� ]hf_hklZaZ� ihimeypbc��bf__l� [hevrh_� agZq_gb_� ^ey� ihgbfZgby� ]_g_lbq_kdbo� ijhp_kkh\� ijhbkoh^ysbo� \ gbo �/HUQHU�� �������Bamq_gb_� iZjZf_ljh\� ]b[jb^guo� b bg[j_^guo� hj]Zgbafh\ ± ^Ze_dh� g_� gh\Zy� gZmqgZy� ijh[e_fZ�� Gh�g_kfhljy� gZ� g_khfg_ggu_� ^hklb`_gby� \ bamq_gbb� y\e_gby� ]_l_jhabkZ�� ih� fg_gbx� fgh]bo�bkke_^h\Zl_e_c�� n_ghf_g� ]b[jb^ghc� kbeu� hklZzlky� ihdZ� y\e_gb_f�� hdjm`_gguf� hj_hehf� lZcgu��<ukdZau\Z_lky� fg_gb_�� qlh� y\e_gb_� ]_l_jhabkZ� b f_oZgbafu�� e_`Zsb_� \ _]h� hkgh\_� bf_xl�g_ihkj_^kl\_ggh_� hlghr_gb_� d \hijhkm� h kmsghklb� `bagb� �RZo[Zah\�� Q_rdh�� R_j_r_\kdZy�� ������RZo[Zah\���������< k\yab�k jZa\b\Z_fufb�gZ�dZn_^j_�]_g_lbdb�b pblheh]bb�OZjvdh\kdh]h�gZpbhgZevgh]h�mgb\_jkbl_lZ� bf�� <� G�� DZjZabgZ� ij_^klZ\e_gbyfb� h pblh[bhnbabq_kdbo f_oZgbafZo� ]_l_jhabkZ��6KDNKEDVRY��������b jheb�l_fi_jZlmju�\ nmgdpbhgbjh\Zgbb�de_lhqgh]h�y^jZ��\ dhlhjhc�hkh[h_�\gbfZgb_�Zdp_glbjm_lky� gZ� Zki_dlZo� ^bgZfbqghklb� b g_]wgljhibcghklb� [bheh]bq_kdbo� ijhp_kkh\�� k\yaZgguo� k]em[hdbfb� b ihdZ� fZeh� bamq_ggufb� nmgdpbyfb� y^_jgh]h� ]_ghfZ� �RZo[Zah\�� ����Z�� ����[�� ������RZo[Zah\��=jbgz\��>_gbkh\���������gZf�ij_^klZ\behkv�i_jki_dlb\guf�bamqblv�j_Zdpbb�\ukhdhbg[j_^guo�k_e_dlbjm_fuo�ebgbc�b f_`ebg_cguo� ]b[jb^h\ )� gZ�^_ckl\b_�ih\ur_gghc�b ihgb`_gghc�l_fi_jZlmj��JZg__� [ueZ� h[gZjm`_gZ� ih\ur_ggZy� l_iehmklhcqb\hklv� ]_l_jhabkguo� de_lhd�� ldZg_c� b hj]Zgbafh\� \kjZ\g_gbb� k bkoh^gufb� bg[j_^gufb� nhjfZfb� �RZo[Zah\�� ����Z�� ����[�� ������� Ijb� bamq_gbb�l_iehmklhcqb\hklb� m ebgbc� b ]b[jb^h\� ^jhahnbeu� mklZgh\e_gh�� qlh� kf_jlghklv� m qbklhebg_cguo�fmo�ihke_�\ukhdhl_fi_jZlmjghc ����K���� fbgml��h[jZ[hldb�gZ���±�� ��\ur_��q_f�m f_`ebg_cguo�]b[jb^h\��Q_i_ev�� :e_dk__\�� ������ OZkZg�� =jb]hjv_\Z�� RZo[Zah\�� ������� IhdZaZgh�� qlh� ih\ur_ggZy�l_iehmklhcqb\hklv� ]b[jb^guo� hj]Zgbafh\� dhjj_ebjm_l� k bo� [he__� \ukhdhc� mklhcqb\hklvx� d ^_ckl\bx�^jm]bo�nbabq_kdbo�nZdlhjh\��Z lZd`_�k f_gvr_c�\hkijbbfqb\hklvx�]b[jb^h\�d [he_agyf��qlh�iha\hey_l�f_lh^� l_jfhl_klZ� b ihdZaZl_ev� l_iehmklhcqb\hklb� bkihevah\Zlv� ^ey� hp_gdb� g_ki_pbnbq_kdhc�mklhcqb\hklb� hj]Zgbafh\� �RZo[Zah\�� ����Z�� ����[�� ������ �������< lh�`_� \j_fy�� \ hlghr_gbb� j_Zdpbb�bg[j_^guo� b ]b[jb^guo� hj]Zgbafh\� gZ� ^_ckl\b_� gbadbo� l_fi_jZlmj� ebl_jZlmjgu_� ^Zggu_� hdZaZebkv�[he__�ijhlb\hj_qb\ufb��LZd��bfZ]h�f_`ebg_cguo�]b[jb^h\�^jhahnbeu��Z lZd`_�f_`ebg_cgu_�]b[jb^u�fur_c� g_� ij_\hkoh^yl� ih� oheh^hmklhcqb\hklb� jh^bl_evkdb_� nhjfu� �RZo[Zah\�� >ZgbebgZ�� ������� <^jm]hc� jZ[hl_� �)RQWGHVLOD�� ������ [ueh� hlf_q_gh�� qlh� ijb� l_fi_jZlmj_� ± ��K \u`b\Z_fhklv� ]b[jb^guo�hkh[_c�^jhahnbeu�\ur_��q_f�jh^bl_evkdbo�nhjf�gZ���±�� ��< k\yab� k \ur_ijb\_^_ggufb� nZdlZfb� b jZa\b\Z_fufb� gh\ufb� ij_^klZ\e_gbyfb� h jheb�l_fi_jZlmju�\ nmgdpbhgbjh\Zgbb�de_lhqgh]h�y^jZ��RZo[Zah\���������p_evx�ij_^klZ\e_gghc�jZ[hlu�[ueh�bamq_gb_�g_ki_pbnbq_kdhc�mklhcqb\hklb�\ukhdhbg[j_^guo�ebgbc�b f_`ebg_cguo� ]b[jb^h\�ih�mjh\gx�l_iehmklhcqb\hklb� b ih� \j_f_gb� \hkklZgh\e_gby� ^\b]Zl_evguo� b hjb_glZpbhgguo� j_Zdpbc� bfZ]h�^jhahnbeu� ihke_� djZldh\j_f_ggh]h� oheh^h\h]h� \ha^_ckl\by��Hkh[h� ke_^m_l� ih^q_jdgmlv�� qlh� \ ^Zgghc�jZ[hl_�bamqZeZkv�g_�oheh^hmklhcqb\hklv��dZd�lZdh\Zy��lh�_klv�mklhcqb\hklv�hj]ZgbafZ�d ih\j_`^Zxs_fm�^_ckl\bx� gbadbo� l_fi_jZlmj��� Z j_Zdlb\ghklv� hj]ZgbafZ� �dZd� kbkl_fu�� ih� \hkklZgh\e_gbx�nmgdpbhgbjh\Zgby� ihke_� djZldh\j_f_ggh]h� �g_ih\j_`^Zxs_]h�� \ha^_ckl\by� km[hilbfZevghc�l_fi_jZlmju�H [ t _ d l u � b f _ l h ^ u � b k k e _ ^ h \ Z g b c� H[t_dlhf� bkke_^h\Zgby� kem`beb�\ukhdhbg[j_^gu_� k_e_dlbjm_fu_� ebgbb�G:� �gbadhZdlb\gZy�� b <:� �\ukhdhZdlb\gZy���D gZqZem� hiulh\�ebgbb� ijhreb� ���� ihdhe_gbc� bg[jb^bg]Z� \ khq_lZgbb� k jZaghgZijZ\e_gguf� hl[hjhf� ih� iheh\hc�Zdlb\ghklb� kZfph\� �DZc^Zgh\�� EhkbgZ�� ������ DZc^Zgh\� ������� ;ueh� ihdZaZgh�� qlh� hl[hj� b bg[jb^bg]�aZljhgmeb� p_euc� dhfie_dk� Z^Zilb\gh� \Z`guo� ijbagZdh\�� Ebgby� <:� ij_\hkoh^bl� ebgbx� G:� ih�ieh^h\blhklb�� kdhjhklb� jZa\blby�� `bag_kihkh[ghklb�� dhgdmj_glhkihkh[ghklb� b ^jm]bf� ihdZaZl_eyf��MklZgh\e_gh�lZd`_��qlh�ebgbb�<:�b G:�h[eZ^Zxl�\ukhdhc�dhf[bgZpbhgghc�kihkh[ghklvx�d ]_l_jhabkm��=b[jb^u� f_`^m� wlbfb� ebgbyfb� agZqbl_evgh� ij_\hkoh^yl� jh^bl_evkdb_� bg[j_^gu_� nhjfu� ih�i_j_qbke_gguf�Z^Zilb\gh�\Z`guf�ijbagZdZf��DZc^Zgh\��Km[[hlbg��������KljZrgxd��LZ]ebgZ��RZo[Zah\��������6DPLOR��6WUDVKQ\XN��6KDNKEDVRY��������< k\yab� k aZljZ]b\Z_fuf� \ ^Zgghc� klZlv_� \hijhkhf� h fZehbamq_gguo�nmgdpbyo� ]_ghfZ�� ke_^m_l�hlf_lblv�� qlh� jZaghgZijZ\e_gguc� hl[hj� ih� iheh\hc� Zdlb\ghklb� kZfph\�� ijb\_^rbc� d kha^Zgbx�
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gbadhZ^Zilb\ghc� b \ukhdhZ^Zilb\ghc� ebgbc� ^jhahnbeu�� gZ� ]_ghfghf� mjh\g_� \ujZabeky� \ baf_g_gbb�qbkeZ�dhibc�b jbkmgdZ�ehdZebaZpbb�fh[bevguo�we_f_glh\��Ijbq_f�\ukhdhZ^Zilb\ghklv�\ ^Zgghf�kemqZ_�iheh`bl_evgh�dhjj_ebjm_l� k m\_ebq_gb_f�qbkeZ�dhibc�F>=�ih� ]_ghfm�� Z gbadhZ^Zilb\ghklv��gZh[hjhl��khijh\h`^Z_lky�mf_gvr_gb_f�bo�qbkeZ��Kh]eZkh\Zggu_ «���������G_�f_g__�bgljb]mxs_�a\mqZl�\u\h^u�hlhf�� qlh� \ ebgbb� G:� fh]ml� ijhbkoh^blv� \g_aZigu_� kihglZggu_� ljZgkihabpbb� fh[bevguo� we_f_glh\��khijy`_ggu_� k j_adbf� m\_ebq_gb_f�ijbkihkh[ey_fhklb�b Z^Zilb\ghc�p_gghklb��Ke_^m_l�hlf_lblv��qlh�ih� ^Zgguf� ebl_jZlmju�� lZd� gZau\Z_fu_ ©ljZgkihabpbhggu_� \aju\uª�� ih� \k_c� \b^bfhklb�� g_� y\eyxlky�Zjl_nZdlhf��Jhev�gh\uo «���������Z g_kml�dZdmx�lh�g_ihgylgmx�ihdZ�gZf�nmgdpbhgZevgmx�gZ]jmadm�< gZr_f� bkke_^h\Zgbb� ebgbb� b ]b[jb^u� ^jhahnbeu� jZa\b\Zebkv� \ klZg^Zjlghc� kZoZjgh�^jh``_\hc�kj_^_�ijb�l_fi_jZlmj_���±���K�L_iehmklhcqb\hklv�bamqZeb�ijb�ihfhsb�f_lh^Z�l_jfhl_klZ��jZajZ[hlZggh]h�gZ�dZn_^j_�]_g_lbdb�bpblheh]bb�OZjvdh\kdh]h�gZpbhgZevgh]h�mgb\_jkbl_lZ�bf��<� G��DZjZabgZ��RZo[Zah\������Z������[��������dZd�f_lh^�ijh]ghabjh\Zgby�wnn_dlZ�]_l_jhabkZ�b g_ki_pbnbq_kdhc�mklhcqb\hklb�jZkl_gbc�b `b\hlguo��<ihke_^kl\bb� l_jfhl_kl� [ue� mki_rgh� ijbf_g_g� b ^ey� hp_gdb� g_ki_pbnbq_kdhc� mklhcqb\hklb� gZ�^jhahnbe_� �Q_i_ev�� :e_dk__\�� ������� Hkh[_gghklv� f_lh^Z� khklhbl� \ lhf�� qlh� h[t_dlu� ih^\_j]Zxlky�dhjhldhfm�� lhqgh� ^habjh\Zgghfm� l_ieh\hfm� m^Zjm�� LZdZy� f_lh^bdZ� bkdexqZ_l� wnn_dl� ijb\udZgby� biha\hey_l� g_ihkj_^kl\_ggh� km^blv� h[� mklhcqb\hklb� hj]Zgbafh\� d ^_ckl\bx� \ukhdhc� l_fi_jZlmju� b bo�kihkh[ghklb� d j_iZjZpbb� l_ieh\h]h� ih\j_`^_gby�� >ey� ^jhahnbeu� l_jfhl_klbjh\Zgb_� ijh\h^beb� ijb�l_fi_jZlmj_� ���K b� wdkihabpbb� ��� fbgml�� BfZ]h� ^jhahnbeu� ih^\_j]Zebkv� ijh]j_\m� \ kl_deygguo�ijh[bjdZo�� ih]jm`_gguo� \ \h^guc� l_jfhklZl��< ijh[bjdb� ihf_sZeb� ih� ���fmo� \ \hajZkl_� ^h� �� kmlhd��kZfhd�b kZfph\ hl^_evgh��KjZam�ihke_�ijh]j_\Z�ijh[bjdb�ihf_sZeb�\ oheh^gmx�\h^m��qlh[u�hklZgh\blv�^_ckl\b_�\ukhdhc�l_fi_jZlmju��b l_jfhklZlbjh\Zeb�ijb� ���K��Mqzl�\u`b\rbo�hkh[_c�ijh\h^beb�q_j_a����qZkh\��IhdZaZl_e_f�l_iehmklhcqb\hklb�kem`be�ijhp_gl�hkh[_c��\u`b\rbo�ihke_ ijh]j_\Z�F_lh^� hp_gdb� \j_f_gb� \hkklZgh\e_gby� ^\b]Zl_evguo� b hjb_glZpbhgguo� j_Zdpbc� bfZ]h� ebgbc� b]b[jb^h\� ^jhahnbeu� ihke_� djZldh\j_f_ggh]h� oheh^h\h]h� \ha^_ckl\by� bkihevam_lky� ^ey� hp_gdb� mjh\gy�g_ki_pbnbq_kdhc� mklhcqb\hklb� hj]ZgbafZ� b _z� aZ\bkbfhklb� hl� ]_ghlbiZ�� < hkgh\m� f_lh^Z� [ueb�iheh`_gu� gh\u_� ij_^klZ\e_gby� h jheb� l_fi_jZlmju� \ nmgdpbhgbjh\Zgbb� de_lhqgh]h� y^jZ� �RZo[Zah\������Z�� ����[�� ������RZo[Zah\��=jbgz\��>_gbkh\�� �������Kmsghklv�f_lh^Z� aZdexqZ_lky�\ lhf��qlh�bfZ]h�ebgbc�b ]b[jb^h\�^jhahnbeu� \ kl_deygguo�ijh[bjdZo�ihf_sZxl�\ \h^guc� l_jfhklZl�ijb� l_fi_jZlmj_���K gZ� ��fbgmlu��< j_amevlZl_�fmob� \iZ^Zxl� \ khklhygb_� oheh^h\h]h� hp_i_g_gby��Ihke_�ij_djZs_gby�oheh^h\h]h�\ha^_ckl\by�fmo�i_j_ghkyl�\ mkeh\by�l_fi_jZlmju����K b�nbdkbjmxl�\j_fy��aZ�dhlhjh_�bfZ]h^jhahnbeu�\uoh^yl�ba�khklhygby�oheh^h\h]h�hp_i_g_gby��Ijb�mdZaZgguo�l_fi_jZlmj_�b wdkihabpbb�\k_�hkh[b�\u`b\Zxl�K p_evx� \uykg_gby� \hafh`guo� f_oZgbafh\� j_Zdpbc� gZ� l_fi_jZlmjgu_� \ha^_ckl\by� bamqZeb�baf_g_gby� [bhwe_dljbq_kdbo� k\hckl\� de_lhqguo� y^_j�� Bf_xsb_ky� ^Zggu_� iha\heyxl� jZkkfZljb\Zlv�[bhwe_dljbq_kdb_� k\hckl\Z� y^_j� dZd� bgl_]jZevguc� ihdZaZl_ev� bo� h[s_]h� nmgdpbhgZevgh]h� khklhygby��mjh\gy� ]_g_lbq_kdhc� Zdlb\ghklb� b ]hf_hklZaZ� de_lhd� �RZo[Zah\�� Eh[ugp_\Z�� ������� Bkke_^h\Zeb�we_dljhdbg_lbq_kdb_� k\hckl\Z� de_lhqguo� y^_j� \ de_ldZo� kexgguo� `_e_a� ebqbghd� f_lh^hf�\gmljbde_lhqgh]h� fbdjhwe_dljhnhj_aZ� �6DPLOR�� 6WUDVKQ\XN�� 6KDNKEDVRY�� ������� >ey� hiulh\� hl[bjZeb�ebqbghd�\ dhgp_�,,, \hajZklZ��Kexggu_�`_e_au�ba\e_dZeb�gZ�kl_de_�we_dljhnhj_lbq_kdhc�dZf_ju�\ dZie_�jZkl\hjZ� Wnjmkkb�;b^eZ�� GZijy`_gghklv� we_dljbq_kdh]h� ihey� f_`^m� we_dljh^Zfb� dZf_ju� khklZ\eyeZ�� <�kf��kbeZ�lhdZ�\ dZf_j_ ± ��� f:��Ijb�ijhimkdZgbb�bfimevkh\�lhdZ�q_j_a�kj_^m��\ dhlhjhc�gZoh^bebkv�`_e_au�� gZ[ex^Zeb� kf_s_gb_� qZklb� y^_j� \ klhjhgm� Zgh^Z�� Hij_^_eyeb� ijhp_glgmx� ^hex�we_dljhhljbpZl_evguo�y^_j�\ dhgljhe_�b ihke_�^_ckl\by�l_fi_jZlmju�J _ a m e v l Z l u � b h [ k m ` ^ _ g b _� J_amevlZlu� bkke_^h\Zgby� l_iehmklhcqb\hklb� bfZ]h�^jhahnbeu�ij_^klZ\e_gu�\ lZ[e� ��
L Z [ e b p Z � � � L_jfhl_klbjh\Zgb_�bfZ]h�ebgbc�b ]b[jb^h\�^jhahnbeu>hey�\u`b\rbo�hkh[_c�q_j_a ���qZkh\�ihke_�ijh]j_\Z���=_ghlbiu �� ��<: �����r���� �����r����G: �����r���� �����r����<:îG: �����r���� �����r����G:îG: �����r���� �����r����

Ihemq_ggu_�^Zggu_�k\b^_l_evkl\mxl�h lhf��qlh�jZaghgZijZ\e_gguc�hl[hj�ijb\ze�d kms_kl\_gguf�jZaebqbyf� ih� l_iehmklhcqb\hklb�� Ebgby� <:� oZjZdl_jbah\ZeZkv� [he__� \ukhdbf� mjh\g_f�l_iehmklhcqb\hklb��ih�kjZ\g_gbx�k ebgb_c�G:��LZd��kZfdb�ebgbb�<:�gZ����� ���J!������ij_\hkoh^beb�ih�wlhfm�ihdZaZl_ex�kZfhd�ebgbb�G:��Z kZfpu ± gZ� ����� ���3!��������Ihemq_ggu_�^Zggu_�ih^l\_j`^Zxl�h[gZjm`_ggh_� jZg__� gZebqb_� iheh`bl_evghc� dhjj_eypbb� f_`^m� Z^Zilb\ghc� p_gghklvx� jZaebqguo�]_ghlbih\� b mjh\g_f� bo� l_iehmklhcqb\hklb�� Ijyfhc� b h[jZlguc� ]b[jb^u�� aZ� bkdexq_gb_f� kZfph\�<:îG:�� ^hklh\_jgh� ij_\hkoh^be� h[_� jh^bl_evkdb_ nhjfu� ih� bamqZ_fhfm� ihdZaZl_ex�� qlh� fh`gh�h[tykgblv� ijhy\e_gb_f� m ^Zgguo� ]b[jb^h\� Z^Zilb\gh]h� ]_l_jhabkZ�� >hklh\_jguo� jZaebqbc� f_`^m�
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���

iheZfb� ih� bkke_^m_fhfm� ihdZaZl_ex� g_� h[gZjm`_gh�� aZ� bkdexq_gb_f� ]b[jb^Z� <:îG:�� ]^_� m kZfhd�hlf_qZeZkv�l_g^_gpby�d ij_\hkoh^kl\m�ih�mjh\gx�l_iehmklhcqb\hklb�gZ^�kZfpZfb�J_amevlZlu� bkke_^h\Zgby� \ebygby� jZaebqguo� l_fi_jZlmj� gZ� we_dljhdbg_lbq_kdb_� k\hckl\Z�de_lhqguo�y^_j�ebqbghd�ebgbc�b ]b[jb^h\�^jhahnbeu�ij_^klZ\e_gu�\ lZ[e� ��
L Z [ e b p Z � � � >hey�we_dljhhljbpZl_evguo�y^_j� �\ ���de_lhd�kexgguo�`_e_a�ebqbghd�ebgbc�b]b[jb^h\�^jhahnbeu�\ dhgljhe_�b ihke_�^_ckl\by�\ukhdhc�l_fi_jZlmju
=_ghlbi \ dhgljhe_ ihke_����fbgmlgh]h\ha^_ckl\by ���K ih�hlghr_gbxd dhgljhex��� ihke_����fbgmlgh]h\ha^_ckl\by ���K ih�hlghr_gbxd dhgljhex���<: ����r��� ����r��� ����� ����r��� �����G: ����r��� ����r��� ����� ����r��� �����<:îG: ����r��� ����r��� ����� ����r��� �����G:î<: ����r��� ����r��� ����� ����r��� �����

KjZ\gbl_evguc� ZgZeba� ihemq_gguo� ^Zgguo� ihdZaZe�� qlh� \aylu_� \ wdki_jbf_gl� dhgljZklgu_� ihZ^Zilb\gh� \Z`guf� ijbagZdZf� ebgbb� ^jhahnbeu� ^hklh\_jgh� hlebqZebkv� ih�^he_� we_dljhhljbpZl_evguo�de_lhqguo� y^_j�� ;he__� `bag_kihkh[gZy� ebgby� <:� ij_\hkoh^beZ� ih� ^Zgghfm� ihdZaZl_ex� ebgbx� G:� \kj_^g_f� gZ� ���� �� �J!������� Z ]b[jb^u� )� ij_\hkoh^beb� bkoh^gu_� \ukhdhbg[j_^gu_� ebgbb�� JZaebqby�khklZ\beb� \ kj_^g_f� ih� kjZ\g_gbx� k ebgb_c�<: ± ���� �� �J!������� Z k� ebgb_c�G: ± ���� �� �J!��������J_pbijhdgh]h�wnn_dlZ�ih�bamq_gghfm�ihdZaZl_ex�g_�h[gZjm`_gh��Ke_^m_l�hlf_lblv��qlh�h[Z�bamq_ggu_�l_fi_jZlmjgu_� \ha^_ckl\by� ijb\h^beb d� kgb`_gbx� ^heb� we_dljhhljbpZl_evguo� de_lhqguo� y^_j��KjZ\gbl_evguc� ZgZeba� ihemq_gguo� j_amevlZlh\� ihdZaZe�� qlh� \aylu_� \ wdki_jbf_gl� ebgbb�� dhlhju_�hlebqZebkv� ih� Z^Zilb\gh� \Z`guf� ijbagZdZf�� hlebqZebkv� b ih� \_ebqbg_�� gZ� dhlhjmx� baf_gyeZkv� ^hey�we_dljhhljbpZl_evguo� de_lhqguo� y^_j� ih^� \ebygb_f� ih\ur_gghc� l_fi_jZlmju�� M ebgbb� <:� wlhl�ihdZaZl_ev�mf_gvrZeky�ih^�\ebygb_f�l_fi_jZlmju��� K gZ����� ���3!��������lh]^Z�dZd�\ ebgbb�G: ± gZ����� ���3!��������?sz�[he__�\ujZ`_ggu_�]_g_lbq_kdb_�hlebqby�\ baf_g_gbb�^heb�we_dljhhljbpZl_evguo�de_lhqguo�y^_j�f_`^m�wlbfb�ebgbyfb�gZ[ex^Zebkv�ijb�^_ckl\bb�l_fi_jZlmju��� K��LZd�\ ebgbb�<:�wlhl�ihdZaZl_ev� mf_gvrZeky� gZ� ���� �� �3!�������� lh]^Z� dZd� \ ebgbb�G: ± gZ� ���� �� �3!�������� =b[jb^u� )�oZjZdl_jbah\Zebkv� [he__� \ukhdbf� mjh\g_f� [bhwe_dljbq_kdh]h� ]hf_hklZaZ�� lZd� dZd� ih� kjZ\g_gbx� kbg[j_^gufb�ebgbyfb�^hey�we_dljhhljbpZl_evguo�de_lhqguo�y^_j�ih^�\ebygb_f�h[_bo�l_fi_jZlmj�m gbo�kgb`Zeky� gZ� f_gvrmx� \_ebqbgm�� Ih^� \ebygb_f� l_fi_jZlmju� �� K wlhl� ihdZaZl_ev� m ]b[jb^Z� <:îG:�mf_gvrZeky� gZ� ���� �� �3!������� Z m� ]b[jb^Z�G:î<: ± gZ� ���� �� �3!�������Ih^� \ebygb_f� l_fi_jZlmju����K m�]b[jb^Z�<:îG:�mf_gvrZeky�gZ����� ���3!��������Z m�]b[jb^Z�G:î<: ± gZ����� ���3!�������J_amevlZlu� bkke_^h\Zgby� ]_g_lbq_kdbo� jZaebqbc� ih� \j_f_gb� \hkklZgh\e_gby� ^\b]Zl_evguoj_Zdpbc�ihke_�djZldh\j_f_ggh]h�oheh^h\h]h�\ha^_ckl\by�ij_^klZ\e_gu�\ lZ[e� ��
LZ[ebpZ��� <j_fy�\hkklZgh\e_gby�^\b]Zl_evguo�j_Zdpbc� �\ k_d��m bfZ]h�ebgbc�b ]b[jb^h\�^jhahnbeu�ihke_�djZldh\j_f_ggh]h�oheh^h\h]h�\ha^_ckl\by=_ghlbiu �� ��<: �����r���� �����r����G: �����r���� �����r����<:îG: �����r���� �����r����G:î<: �����r���� �����r����

Ihemq_ggu_� ^Zggu_� k\b^_l_evkl\mxl� h lhf�� qlh� m ebgbb� <:� gZ[ex^Z_lky� l_g^_gpby� dmf_gvr_gbx� \j_f_gb� \hkklZgh\e_gby� ^\b]Zl_evghc� Zdlb\ghklb� ihke_� djZldh\j_f_ggh]h� oheh^h\h]h�\ha^_ckl\by� ih� kjZ\g_gbx� k ebgb_c� G:�� Ohly� ^hklh\_jghc� jZagbpu� ihemq_gh� g_� [ueh�� =b[jb^u� )�^hklh\_jgh�hlebqZebkv�hl�h[_bo�bg[j_^guo�nhjf�ih�bamqZ_fhfm�ihdZaZl_ex��LZd��kZfdb�]b[jb^Z�G:î<:�oZjZdl_jbah\ZeZkv�f_gvrbf�\j_f_g_f�\hkklZgh\e_gby�^\b]Zl_evghc�Zdlb\ghklb�ih�kjZ\g_gbx�k kZfdZfb�G:�gZ����� ���3!�������Z \�kjZ\g_gbb�k kZfdZfb�<:�^hklh\_jghc�jZagbpu�g_�h[gZjm`_gh��KZfpu�]b[jb^Z�G:î<:�[uklj__�\uoh^beb�ba�khklhygby�oheh^h\h]h�hp_i_g_gby�ih�kjZ\g_gbx�k kZfpZfb�<:�gZ� ���� ���3!������ b gZ� ���� �� �3!������ ± ih� kjZ\g_gbx� k kZfpZfb� G:�� KZfpu� <:îG:� [uklj__� \uoh^beb� ba�khklhygby�oheh^h\h]h�hp_i_g_gby�gZ�������J!������ih�kjZ\g_gbx�k kZfpZfb�<:�b gZ����� ���3!����� ± ih�kjZ\g_gbx� k kZfpZfb� G:�� >hklh\_jguo� hlebqbc� ih� bamqZ_fhfm� ihdZaZl_ex� f_`^m� iheZfb� g_�h[gZjm`_gh�� AZnbdkbjh\ZgZ� l_g^_gpby� m ]b[jb^Z� G:î<:� d ij_\hkoh^kl\m� kZfph\� gZ^� kZfdZfb� ih�kdhjhklb�\uoh^Z�ba�oheh^h\h]h�hp_i_g_gby�J_amevlZlu� bkke_^h\Zgby� \ebygby� gbadhc� l_fi_jZlmju� ���K�� ��� fbgml�� gZ� we_dljhdbg_lbq_kdb_�k\hckl\Z�de_lhqguo�y^_j�ebqbghd�ebgbc�b ]b[jb^h\�^jhahnbeu�ij_^klZ\e_gu�\ lZ[e� ��Ijb� oheh^h\hf� \ha^_ckl\bb� kgb`_gb_� ^heb� we_dljhhljbpZl_evguo� de_lhqguo� y^_j� f_g__�\ujZ`_gh�� q_f� ijb� ^_ckl\bb� \ukhdhc� l_fi_jZlmju�� LZd� ihke_� ���fbgmlgh]h� \ha^_ckl\by� ��K wlhl�ihdZaZl_ev� m ebgbb�G:� mf_gvrZeky� gZ� ���� �� �3!������� Z m� ebgbb� <: ± gZ� ���� �� �3!�������M h[_bo�]b[jb^guo�nhjf�^hklh\_jgh]h�kgb`_gby�^heb�we_dljhhljbpZl_evguo�de_lhqguo�y^_j�\h\k_�g_�hlf_q_gh��



Ba\_klby�OZjvdh\kdh]h�wglhfheh]bq_kdh]h�h[s_kl\Z �������������lhf�,;��\uimkd��±�<�kl��OZjd�\kvdh]h�_glhfheh]�qgh]h�lh\Zjbkl\Z ���� ��������lhf�,;��\bimkd��±�7KH�.KDUNRY�(QWRPRORJLFDO�6RFLHW\�*D]HWWH ���� ��������YROXPH�,;��LVVXH �±�±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±

���

Ih� \k_c� \b^bfhklb�� ijb� ^Zgghc� wdkihabpbb� b l_fi_jZlmj_� g_� ijhbkoh^bl� kms_kl\_gguo� ih\j_`^_gbc�y^_jguo kljmdlmj��\ hlebqbb�hl�^_ckl\by�ih\ur_gguo�l_fi_jZlmj�
L Z [ e b p Z � � >hey�we_dljhhljbpZl_evguo�y^_j� �\ ���de_lhd�kexgguo�`_e_a�ebqbghd�ebgbc�b]b[jb^h\�^jhahnbeu�\ dhgljhe_�b ihke_�^_ckl\by�gbadhc�l_fi_jZlmju=_ghlbi \ dhgljhe_ ihke_����fbgmlgh]h�\ha^_ckl\by ��K ih�hlghr_gbx�d dhgljhex���<: ����r��� ����r��� �����G: ����r��� ����r��� �����<:îG: ����r��� ����r��� �����G:î<: ����r��� ����r��� �����

<u \ h ^ u � LZdbf� h[jZahf�� wnn_dl� ]_l_jhabkZ�� aZnbdkbjh\Zgguc� m ^Zgghc� ]b[jb^ghc�dhf[bgZpbb�ih�mjh\gx�g_ki_pbnbq_kdhc�mklhcqb\hklb�b [bhwe_dljbq_kdbf�k\hckl\Zf�de_lhqguo�y^_j��ijhy\ey_lky�b \h�\j_f_gb�\hkklZgh\e_gby�^\b]Zl_evghc�Zdlb\ghklb�ihke_�djZldh\j_f_ggh]h�oheh^h\h]h�\ha^_ckl\by��GZ�kbkl_fghf�mjh\g_��\ khhl\_lkl\bb�k him[ebdh\Zggufb�jZg__�ij_^klZ\e_gbyfb�h^gh]h�ba�Z\lhjh\� h lhf�� qlh� kljmdlmju� de_lhqgh]h� y^jZ� y\eyxlky� [bheh]bq_kdbfb� ij_h[jZah\Zl_eyfb� l_ieh\hc�wg_j]bb� b fbdjhkdhibq_kdbfb� d\Zglh\ufb� ]_g_jZlhjZfb� we_dljhfZ]gblguo� dhe_[Zgbc�� dhlhju_�h[jZamxl�\ de_ld_�we_dljhfZ]gblgu_�ihey�b lhdb�bhgh\�b we_dljhgh\� �RZo[Zah\������Z������[���ih�\k_c�\b^bfhklb�� ijbqbgu� ]_g_lbq_kdbo� jZaebqbc� ih� \j_f_gb� \hkklZgh\e_gby� ^\b]Zl_evguo� j_Zdpbc� gm`gh�bkdZlv� \ jZaebqbyo� kljmdlmjgh�wg_j]_lbq_kdhc� hj]ZgbaZpbb� y^_jguo� ZiiZjZlh\� bg[j_^guo� ebgbc� b]_l_jhabkguo� ]b[jb^h\�� Kms_kl\h\Zgb_� wg_j]_lbq_kdhc� jZaghdZq_kl\_gghklb� y^_jguo� ZiiZjZlh\�]_l_jhabkguo� ]b[jb^h\� b bg[j_^h\� ih^l\_j`^Z_l� b h[gZjm`_gguc� gZfb� nZdl� jZaebqbc� \ dhebq_kl\_�we_dljhhljbpZl_evguo�de_lhqguo�y^_j�b l_jfheZ[bevghklb�wlh]h�ihdZaZl_ey�
KIBKHD �EB L ? J:LM JUDZc^Zgh\ E� A� :gZeba�]_g_lbq_kdbo�ihke_^kl\bc�hl[hjZ�b bg[jb^bg]Z�m 'U��PHODQRJDVWHU �� @��h[s��[bhe� ± ����� ± L� ����� �� ±K� ���±����DZc^Zgh\ E� A�� EhkbgZ F� ;� Bkke_^h\Zgb_�]_g_lbdb�iheh\h]h�ih\_^_gby�'U��PHODQRJDVWHU �� =_g_lbdZ� ± ����� ± L� �� ± K� ���DZc^Zgh\ E� A�� Km[[hlbg :� F�Bkke_^h\Zgb_�dhf[bgZpbhgghc �kihkh[ghklb�bg[j_^guo�ebgbc�'U��PHODQRJDVWHU��jZaebqZxsboky �ih�Z^Zilb\ghc�p_gghklb��� Pblheh]by�b ]_g_lbdZ� ± ����� ± L� ����� �� ± K� ���±����Dhl_gdh E� <�� RZo[Zah\ <� =� Hkh[_gghklb�l_iehmklhcqb\hklb ebg_cguo�fmo�'U��PHODQRJDVWHU \ k\yab�k ]_l_jhabkhf�m ]b[jb^h\��� =_g_lbdZ� ± ����� ± L� ����� �� ± K� ���±����Jhev� gh\uo� fh[bevguo� we_f_glh\� \ ljZgkihabpbhgguo� \aju\Zo � E� :�� H[he_gdh\Z�� K� E�� Dbk_ez\�� G� :�� Qmjbdh\�� L� B��=_jZkbfh\Z��� 9,�<k_khxa��kh\_s��ih�ijh[e_fZf�[bheh]bb�b ]_g_lbdb�^jhahnbeu��L_a��^hde� ± H^_kkZ������� ± K� ��±���Kh]eZkh\Zggu_� baf_g_gby� ehdZebaZpbb� fh[bevguo� we_f_glh\� \ ]_ghf_� 'U�� PHODQRJDVWHU�� hljZ`Zxsb_� j_amevlZl�gZijZ\e_ggh]h�hl[hjZ�ih�dhebq_kl\_gguf�ijbagZdZf �� ?� :��IZkxdh\Z��=� I��Dh]Zg��H� <��Bh\e_\Z�b ^j�� �� >hde��:G�KKKJ� ± ����� ± L� ������ �� ± K�KljZrgxd <� X�� LZ]ebgZ H� <�� RZo[Zah\ <� =� Wd^bahgaZ\bkbfu_ �baf_g_gby�Zdlb\ghklb�imnh\�hglh]_g_aZ�\ kexgguo�`_e_aZo�^jhahnbeu�� dmevlb\bjm_fuo � LQ� YLWUR�� \ k\yab� k wnn_dlhf ]_l_jhabkZ� b hl[hjhf� ih� Z^Zilb\gh� \Z`guf� ijbagZdZf��� =_g_lbdZ� ± ����� ± L� ����� �� ± K� ����±�����OZkZg :� F�� =jb]hjv_\Z G� G�� RZo[Zah\ <� =� H \deZ^_� O�ojhfhkhfu� \ ih\ur_gb_� mklhcqb\hklb� f_`ebg_cguo� ]b[jb^h\�'URVRSKLOD�PHODQRJDVWHU d g_dhlhjuf�nbabq_kdbf�\ha^_ckl\byf��� =_g_lbdZ� ± ����� ± L� ����� �� ± K� ��±���Q_i_ev E� F�� :e_dk__\ <� F� KjZ\gbl_evgh_�bamq_gb_�l_iehmklhcqb\hklb �bg[j_^guo�ebgbc�b ]b[jb^h\�r_edhijy^h\�b ^jhahnbeu��� Mklhcqb\hklv �d wdklj_fZevguf�l_fi_jZlmjZf�b l_fi_jZlmjgu_�Z^ZilZpbb� ± O�������� ± K� ��±���RZo[Zah\ <� =� =_l_jhabk�b l_iehmklhcqb\hklv ��� ;xe��Fhkd��h±\Z�bkiul��ijbjh^u��Hl^��[bhe� ± ����Z� ± L� ����� �� ± K� ���±����RZo[Zah\ <� =� Gh\Z�]_g_lbqgZ�]�ihl_aZ�gZ�hkgh\��[�hn�abqgbo�^hke�^�\��� Hj]Zg�af�yd�kbkl_fZ� ± D���GZmdh\Z�^mfdZ������[� ± K� ��±����RZo[Zah\ <� =� =_l_jhabk ± y\e_gb_�h[s_[bheh]bq_kdh_ � ± F���AgZgb_������� ± �� k�RZo[Zah\ <� =� Ijh]ghabjh\Zgb_ �wnn_dlZ�]_l_jhabkZ�k_fyg�k��o��jZkl_gbc�f_lh^hf�l_jfhl_klbjh\Zgby ��� =_l_jhabk�k��o��jZkl_gbc��_]h�nbabheh]h�[bhobfbq_kdb_�b [bhnbabq_kdb_�hkgh\u� ± F�������� ± K� ���±����RZo[Zah\ <� =� Gh\h_�ij_^klZ\e_gb_�h jheb�l_fi_jZlmju�\ nhjfbjh\Zgbb�[bhwe_dljbq_kdh]h �ihl_gpbZeZ�b ]_g_lbq_kdbo�nmgdpbc�de_lhqgh]h�y^jZ��� >hde��:G�KKKJ� ± ����� ± L� ������ �� ± K� ���±����RZo[Zah\ <� =� F_oZgbafu�nhjfbjh\Zgby� b ijhy\e_gby� ]_l_jhabkZ� �� Ijbjh^Z�� ijhy\e_gb_� b ijh]ghabjh\Zgb_� ]_l_jhabkZ� ± D���GZmdh\Z�^mfdZ������� ± K� �±���RZo[Zah\ <� =�� =jbgz\ >� <�� >_gbkh\ K� <� ;bhwe_dljbq_kdb_ �k\hckl\Z�de_lhqguo�y^_j��l_fi_jZlmjZ�b ^bgZfbdZ�fhe_dmeu�>GD��� >hi��G:G�MdjZ�gb� ± ����� ± � �� ± K� ���±����RZo[Zah\ <� =�� >ZgbebgZ <� <� =_l_jhabk�b oheh^hmklhcqb\hklv ��� Pblheh]by�b ]_g_lbdZ� ± ����� ± L� ���� �� ± K� ���±����RZo[Zah\ <� =�� Eh[ugp_\Z =� K� ;bhwe_dljbq_kdb_ � k\hckl\Z� y^jZ� b y^jurdZ� \ de_ldZo� jZkl_gbc� \ k\yab� k ]_ghlbihf�nbabheh]bq_kdbf �khklhygb_f�b ^_ckl\b_f�\ukhdhc�l_fi_jZlmju��� ;bhnbabdZ� ± ����� ± L� ;9,��\ui� �� ± K� ���±����RZo[Zah\ <� =�� Q_rdh <� N�� R_j_r_\kdZy P� F� F_oZgbafu� ]_l_jhabkZ� �� bklhjby� b kh\j_f_ggh_� khklhygb_� ijh[e_fu� ± O���Hkgh\Z������� ± ��� k�Rdhj[Zlh\ X� =�� RZo[Zah\ <� =� ;bhwe_dljbq_kdb_ � k\hckl\Z� de_lhqguo� y^_j� �� Mki_ob� kh\j_f�� [bheh]bb� ± ����� ± L� �����\ui� �� ± K� ���±����)RQWGHVLOD $� *HQRW\SH�WHPSHUDWXUH�LQWHUDFWLRQ�LQ�'��PHODQRJDVWHU ,��9LDELOLW\��� *HQHWLFD� ± ����� ± 9RO� ����� �� ± 3� ���±����/HUQHU ,� 0� *HQHWLF�KRPHRVWDVLV� ± 1HZ�<RUN��:LOOH\�DQG�VRQV������� ± ��� jS�6DPLOR 6� 0�� 6WUDVKQ\XN 9� <X�� 6KDNKEDVRY 9� *� *HQHWLF�DVSHFWV�RI�ILWQHVV�LQ�UHODWLRQVKLS�ZLWK�WKH�ELRHOHFWULF�SU RSHUWLHV�RI�FHOO�QXFOHL�DQG�IXQFWLRQV�RI�FKURPRVRPHV�LQ�'URVRSKLOD�PHODQRJDVWHU 0HLJ���� 6FKRRO�RI�)XQGDPHQWDO�0HGLFLQH�-RXUQDO� ± ����� ± 9RO� �� ± 3� ��6KDNKEDVRY 9� *� (XNDU\RWLF�JHQH�DFWLYLWLHV�LQ�FRQQHFWLRQ�ZLWK�KRPRORJRXV�FKURPRVRPH�LQWHUDFWLRQ�DQG� ELRHOHFWULFDO�SURSHUWLHV�RI�WKH�FHOO�QXFOHXV� ± *HQHWLFV� ± ����� ± 9RO� ����� ���SDUW �� ± 3� ���±����OZjvdh\kdbc�gZpbhgZevguc�mgb\_jkbl_l�bf��<� G��DZjZabgZ IhklmibeZ�����������
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6 800$5<
7KH� UHDFWLRQV� RI� KLJK�LQEUHG� VHOHFWHG� OLQHV� DQG� LQWHU�OLQH� K\EULG� RI� 'URVRSKLOD� PHODQRJDVWHU 0J� WR�H[WUHPH�WHPSHUDWXUHV�KDYH�EHHQ�VXEMHFWHG�WR�D�FRPSDUDWLYH�VWXG\�DW�RUJDQLVP�DQG�FHOO�OHYHOV��7KH�KHDW�UHVLVWDQFH�RI� WKH� LPDJR�� WKH� HOHFWURQHJDWLYLW\� RI� FHOO� QXFOHL� LQ� ODUYDO� VDOLYDU\� JODQGV�� DQG� WKHUPRODELOLW\� RI� WKH� ODWWHU�SDUDPHWHU� LQ� OLQHV� ZLWK� PDUJLQDO� DGDSWLYH� FKDUDFWHUV� KDYH� EHHQ� GHWHUPLQHG� DQG� IRXQG� WR� EH� GLIIHUHQW�� ,W� ZDV�HVWDEOLVKHG� WKDW� WKH� KLJKHU�DGDSWLYLW\� OLQH� KDV� KLJKHU� YDOXHV� RI� WKHVH� SDUDPHWHUV� WKDQ� WKH� ORZHU�DGDSWLYLW\� OLQH��DQG�WKDW�)� K\EULGV�KDYH�KLJKHU�YDOXHV�WKDQ�ERWK�SDUHQWV��7KH�K\EULGV�ZHUH�DOVR�REVHUYHG�WR�KDYH�VKRUWHU�DYHUDJH�UHFRYHU\� SHULRG� IURP� FROG� VWUHVV� WKDQ� WKH� KLJK�LQEUHG� OLQHV�� 2Q� WKH� EDVLV� RI� ERWK� RXU� H[SHULPHQWDO� GDWD� DQG�HYLGHQFHV� RI� RWKHU� VWXGLHV�� LW� LV� FRQFOXGHG� WKDW� WKH� REVHUYHG�GLIIHUHQFHV� EHWZHHQ�K\EULGV� DQG� LQEUHHGV�PD\� EH�H[SODLQHG�E\�FHUWDLQ�KHWHURJHQHLWLHV�LQ�WKHLU�QXFOHDU�VWUXFWXUH�DQG�HQHUJHWLFV���WDEV�����UHIV�


